INIOAYTEXNEIO KPHTHX
TMHMA MHXANIKQN OPYKTQN ITIOPQN

AIITAQMATIKH EPT'AXIA

«Katavoun tov poptiov KpLGTUAAIKNG dOUNC GUEKTITOV GE
umevtovitn e Mniov»

IHOT'APIAOY EAENH

EstootiKn emvTtponn

Xpnotiong I'ewpyroc , Kabnyntc (EmPrénmv )
[Tepdwcatong Baciielog, Opdtipnog Kabnynng
Mapromovrog Oe6dwpog, Kadnyng

Xowvid,
deBpovdprog, 2011



HNEPIAHYH

H napodoa dumhopatikny epyasio £ywve vro v eniBieyn tov kabnynt k. ['edpylov
Xpnotion Tov Tunpatog Mrnyoavikdv Opvktov [opwv tov TToAvteyveion Kpnng.
Yxomdg TG epyoaciog eivor 1 HEAETN TNG KATOVOUNG (QOPTIOL GTOVLG EAANVIKOVG
UTEVTOVITEC. ZVYKEKPIUEVO, TPOCIIOPIGTNKAY TO OAIKO KPUOTOAMKO (OPTIO KOl Ol
aVOAOYIEC OTPOUAT®OV YOUNAOD KOl LYNAOL (OPTIOV OCUEKTITOV omd TPOPIA TNG
neployng Ayyepldc g viioov MnAov pe to mpdypoupa Layer Charge (Christidis &
Eberl, 2003). H npoctolpocio meptrappdvel amopdkpuvon apyiiikod KAAGUATOS TV 2
pm oand to apykd delypata pmeviovitn. Ev cvveyeio €yive kopeopdg avtdv pe KdAlo
KOl TOPOCKELT] TPOCAVATOMGUEVOV OEYHUAT®V, TO ONoio eKTEOMKOV o€ aTUOVG
atdvievoyAukoing otovg 60° C yio 24 opeg tovidylotov. Téhog ta delypota
petpndnkav pe ) pébodo g mepracipetpiog aktivov-X (XRD). Ta arnoteAéopata
OV TPOEKLYOV OO TNV €paproyn TG peBddov avtg ypnoomombnkay yo Tov

TPOGOLOPIGUO TOL POPTIOV KPUGTAAAMKNG OOUNG.



ITPOAOI'OX

Mo v apaypatonoinon g napodcos SIMAOUOTIKAG £pYAciag Bewmpd LVIOYPEMO|
pov va guyoptotom tov emPrénovto Kabnynt k. I'edpyro Xpnotion yio v moAdTiun
Bonbeld tov Kot To EVALOPEPOV TTOV €MESEIEE KO® OAN TN OLAPKELD TOV TEPOUOTIKMDV
JOKIH®V KaBDS KoL TNG GLYYPAPNS TNG.

Oéhw emiong va evyaptotiom tov Kabnynm k. Mapkdémovio Oeddwpo kot tov
Opotipo Kabnynm k.Boaociieo Tlepdikdton yio Tic €0GTOYES TOPATNPNOELS TOVG TAVED
0TO KEIHEVO KOt TOV TOADTILO XPOVO TOVG YidL TNV a&oAOYNGN TNG TapoVGAS EPYAGIOGC.

Opeih® éva moAd peydro evyapiot® oty Ilaydve Maxpr| yio v avektipnm
Bonbela g Tpokeévoy va odokAnpwbel pe emtuyio €va peydio HEPOG TV SOKIUDV
0G0 Kol KOt Tn SlpKELD TN GLYYPAUPNS TNG TOPOVoAS SMAMUOTIKNG Epyaciog, Kabmg
Ko yo, TG ypNotpes cUPBovAég g kad’ 6An ) ddpkela TG EKTOHVNONG TNG.

Yrnoypémon pov givar va guyopiotion 1 Baocilikr Xatlnotdpov yio tig ypnopes
oLUPOVAEC TG KOl Yo TO evolopépov mov emédele TOGO KOTA Tr OlApKEWD TV
TEWPAPATIKOV OOKIUDOV OG0 Kol KAt TN OldpKew T GLYYPOENS TNG TOPOLGOS
SMAOUOTIKNG Epyaciog.

Teleudvovtag Bo NBela va EVYAPIGTAG® TOVG YOVEIG LoV Kot TNV adePEN LoV XTEAAQ
Yoo TV aydmm Kot v otpié Toug Katd T SdpKELd TV GToud®V Hov, Kabmg emiong
Kol Tovg eidovg pov Baoiin, Xapd, Evn, EAcvbepia, IInyr, Avactacio, AnpocOévn, y

TN GLUTOPAGTAGY] TOVG GE OAN TN SLUPKELL TOV QOITNTIKMV OV YPOV®V.
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KEDAAAIO 1- MIIENTONITEX
1.1 TENIKA

O 06pog pmevrovitng ypnoomomonke tpwtn eopd to 1898, yia va meprypdyer pia
dpyto oe neootelakeés TEPpeg nAkiog Avotepov Kpnridwov oty meproyn Fort
Benton ¢ moAteiog Wyoming tov H.IL.A. To kbpro cuotatikd tov, gival To apyilko
OPVKTO HOVTUOPIALOVITNG, O 0TTO10G EAEYYEL TIG O1OTNTEG TOV UTEVTOVITN Kol £YEL TAPEL
70 6voud ToL amo pia epedvion oto Montmorillon g votiog ['aAAiog.

Youpovo pe tov R.E.Grim oto maykocuo ocuvvédpio apyilmv otn Madpitn, og
pmevtovitng yopoaktnpiletor pia dpythog, TAoVGLo 6E OPLKTE TNG OUAOOG TOV GUEKTITN,
pe KOHPLo AVTITPOCMOTO TOV LOVIUOPIAAOVITY).

O umevtovitng elvar pio dpythog mov £xel oynUoToTel amd TV eni TOTOL £EAAAOIOON
NEAICTEWKNG TEPPOS. AVOAOYO LE TOV UNYOVIGHO YEVECNG TOVG Ol UTEVTOVITEG
nepEyovy mowkida cvvopoua opvktd Onwg yoiolio, dotplo, omdAio wor yowo. H
TOPOLGIO TOV GUVOPOUM®V OVTMOV OPLKTAOV, UTopel va emmpedost tn Pounyavikn osio
TOV KOUTAoHaTog OeTiKd 1 apvnTIKd, AvAAOYa LE TNV EQOPLLOYY.

Ot koAAogdelg 1010t TES Kot 1 AENGT TOV OYKOL TOV OTAV £PYETOL GE EMAPN LE TO
vepd, He TV TanTOYXpovn dnuovpyic evog CEAOTIVOd0LS 1EMOOVG PELGTOD ATOTEAOVV
éva amd o KOPLoL YopaKTNPIoTIKG Tov pmeviovitn. Oplopéves 1010TNTEG TOL, OTMG 1
dwykwon, n Oi€otpomia, M TPOSPOENON VAOTOC Kot 1 EVLIATMOOTN, TO KahoToOV
TOAVTIHO VMKO HE peyaho @dcpo ypnoewv. H mo mpdceotn epapuoyr apopd v

nopaywyn vavosuviétmv. ( Christidis and D. Huff ).

1.2 TAZINOMHXH MITIENTONITQN

Q¢ Tpog TN YEVEST] TOLG LIOJOPOVVTAL GTIC EENG KOTIYOPiES:

*Mnevtoviteg mov mpoépyovtal amd eni tOmov €£OAAOIMON MNEOIGTEOKNG TEPPOS 1
TOOP®V. (NEAGTEIOYEVEIG-ILNUATOYEVEIC).

*Mnevtoviteg mov mpoépyoviar amd vdpobepukn eEAAAOIMOTN TVPLYEVAOV TETPOUATOV.
(neoroteloyeveic-udpobepkot).

* Mrevtoviteg mov mpoépyovtal amd deuTeEPOYEV] EEAALOIMOT TUPLYEVDV TETPOUATOV.

* A1dpopot TPOTOL YEVECTG UTEVTIOVITAV.



Me Bdon tov Pabud ddykwong, ol pmevroviteg pumopovv va taSivounbodv e 600
KoTnyopiec:

+ Aloykovpevor 1y vatprovyot. Kbpio avtadrdéyo 10v toug sivar to Na'. Ot prevroviteg
aVTOl SLOYKMVOVTAL TOAAUTAAGIO TOL OpykoD ENPod OYKOL Tovg Kot oynuatilovy éva
€100¢ MNKTONOTOC o€ TEPIGTELN VEPO.

*Mn d1oykobpevol 1 acBectovyot. Kvpro aviaAra&ipo 1dv tovg givar to Ca®* n 1o Mgz.
Ot umevtoviteg avtol dev dl0ykmvovTal 6to Podrd TV vatplody®mv Kol 6 TePicELN

vepovy kabdvouv ypnyopa.

1.3 TENEXH MIIENTONITQN
1.3.1. Ewti Tomov €£alhoimon NQoIoTEWOKNG TEQPPUS 1| TOPPMV

Ov pmevtoviteg avtol mepEyovv Opadopata MEOIGTEWKOD YLOMOD KOl GAA®V
VTOAAEILOTIKOV SOUADV TNG UNTPIKNG TEPPOAS KAOMG Kol YOpaKTNPIOTIKG LN OPYIAIKA
OPVKTA TLPLYEVODG TTPOEAEVOTNG. XE OPIGUEVEC TEPIMTOGELS £XEL YIVEL HETAPOPA KO
amofeon G eEOAAOLOUEVNC TEQPPAG, XWOPIG VO VIAPYOLV CNUAVTIKES KAUGTIKES
TPOGUIEELS.

To onpoavtikdtepa KOITAGUATO UTEVTOVITOV TA. OTToio dNpUovpyndnkay amd eni tOTOL
eEalhoimon neootelakng t€epog eivar avtd g Kpntidikng mepiddov oty meployn
Wyoming xotr Montana tov H.JILA. AMeg meployég oOmov epeavifovror téton
kourtdopata eivar m Apwlova, 10 TéEag ko n Kaiipopvia. EmmpocBétmg tétoteg
epupavicelg kortaopdtov vedpyovv otn [epupavia, v aponv ZoPietikn évoon, v
AyyAla v mponv Tovykochafioa kot 10 Mapodko. Iloap’ 6Ao mov O6Aot avtoi ot
UTEVTOVITES £0VV KOO TPOTO YEVEGC TAPOLGLALOVY CNUOVTIKEG SLOPOPES, GTI YNIKT
oLOTACY O6TO €i00C TOL GCUEKTITN KOl GTO TOGOGTO TV OVOYEVOV LN OPYIAIK®OV
0pLKT®V OTt®¢ (eOABoL Kot ¥p1oToParitng He AmOTEAEGHA VO TOPOLGLALOVY SLOPOPES
OTIG PLGIKEG O10TNTEC, OTIG PEOAOYIKEG 1010TNTEC KAOMG Kol GTIC 1010TNTEG SLOYKWOOTG .

To mepBdriov e£oAhoimong NEAIGTELNKOD YLOAOV TOIKIAAEL 0TS QaiveTal amd To
evph EAGHO TOV OYETIKOV nuotoyevav otpopdtov. H eEallioioon Aapupdver yopa
ocuvnbwg oe pyd Borkdccio TepPaiiov 1 KoTd TN dtbpkela TG dlayEveong, Om®S Yo
TOPAdELYLLOL 6TOVG pmevtoviteg tov Wyoming tov TéEag g AyyAiag kot g eppaviag.

H e&olhoimon o YAvkd vepod lvar omavidtepn Kol ELEAVICETOL GTOVG UTEVTOVITES TNG

Povpaviag, g Néag Zniavdiog kot g Zovndioc. Xtovg pumevtoviteg g Avotpoariog



kot tov Kavadd n evadloyn tov pmevrovitn pe yodvOpakeg delyvel 0Tt 11 e&ahdoimon
™G TEPPOG 1] TOL TOPPOL UITOPEL Vo YiVEL 6 TEPPAALOV GYNUATIGLOV YoravOpdKmy.

Ye oplopévec meployxés Omwg otnv Apyeviivp kot tov Kovadd, ot umevioviteg
Bpiokovioaw oe evdtnreg mov mepi€yovv BaAdocio kot yepoaio nuota. AmoO TO
TOPOTAV® OTOJEIKVOETOL OTL TO TePBdAlov Omuovpyiag dev eivar KOBOPIGTIKNG
onuacioc. Katd v dwdwoasio g eEarroiwong 1o Baldocio mepipdriiov Ponbd oto
VO TPOCPEPEL TO OMOPOITNTO VEPO YO TNV EVLOATOON TNG TEPPAC 1 TOL TOPPOV GE
opextitn ( Grim & Guven 1978).

O mepiocoOTEpOL umevtoviteg oynuotiCovior omd téepo ™G omoiag m ocvotaom
Kopoiveror and pvoABiky] ®¢ oKtk He TOVG Aotiteg va emkpatovv. [evikd
oLGTOCT TOV UTEVTOVITOV KLpaiveTor amd pvolBikn o¢ Bacoltikn. H dwdikasio g
eEolhoimwong gaivetar O6TL guvoeital omd éva evolaueso m1ocooto poyvnoiog (5-10%)
eV €va peyaro mocootd mupttiov ( >70%) dev guvoei TNV cvykekpyévn dwadikacio. H
obvBeon g téepag elvar onuavtiky otn pvouon ™m¢ cHGTACNG TOV GUEKTITN 7OV
onpovpyeitot.

Baoilopevog og avtd o Paterson 1o 1955 mpdteve 611 1 1ovtoevarlloyn opeiletol 6
ouvBeon g téepag. Emiong n petatpomn g NOAICTEWNKNG TEQPAG GE GUEKTITN £ivat
avaAOYN TPOG TNV TEPLEKTIKOTNTO TNG GE LLOYVIGLO.

H noowotewoxn téppa dev eEadrodvetor Tavio e pumevrovitn. Avtd @aiveton 6TIC
evaAlayég pmevtovitn kol pn eEoAlotopéVNg TéPpag oty Apyeviviy, GtV mTEPLOYN
Cheto otv Apilova Kot YEVIKA GE TEPLOYES TOL LIAPYEL UN EEQAAOIOUEVT TEPPO OTN
OTPOUOTOYPUPIKT] CTHAN.

H odwodwacio g eEarloiwong eivar ovclooTikd a@uéAmon e TEPPOS OMAOT
EVLOATMOT TOV YLOALOD Kol KPUGTAAAWDGT TOL CUEKTITN YUP® 0d TOAAOVG Tuprves. H
eEalhoimon ocvvodeveton and andielo aikorov. ['evikd n eEoaAloimon cvvodeveTon
a0 EKTAVGT TOV GUGTUTIK®V TNG TEQPOS .

H e&alhoimon g téppag oe cuektitn yivetar oxeddv Tantdypova LE T GLCCOPEVOT)
TOV TLPLYEVODS VAMKOD Kol oTtopotdel poMg oynuatiotel o opektitmg. Tétow
TOPUOELYLLOTO, KOITAGUAT®V TO. 0moia dOnpiovpyodvtal and tovtodypovn e€ailoimon g
téppag, eivarl ot amoBéoeig tov Cherry Lease oto TéEag o1 omoieg mepiéyovv opilovteg
GUPOV amd TOLG VIEPKEIUEVOLS GYNUOTIGUOVG, Ol omoiol epgavitouv o Pabpioio

petdfoon mpog Tov pmevrovitn. v wePoy] Tov Miocioou mopatnpeiton Padpoio
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HETAPOOT TOL PTEVTOVITY TPOG T, TAV® GE YAAVKOVITIKY QU0 , TOV TEPLEYEL KOVOVAOVG
UTEVTOVITN, 01 0Toiol LITOdEKVOOVY TN Yp1YopT e&aAloiwon tng Téppas. H dwadikacio
™G OPLEAWMONG TPOYUOTOTOLEITOL YEVIKA UE TNV TOPOLGIO VEPOL Kol OEV UTOPEl va
OewpnOel amotédespo eMPOVEIOKDV dlEpyacidV daPpmons. Ot dadikacies dtafpmong
dgV 001 YOLV GTO GYNUATICUO EVOS OLOLOLOPPOL apYIAkoD TeTpodpatog. [ap’ 6da avtd
Ol GUEKTITEC UTOPOVV VO GYNUATIGTOVV OO OPIGUEVOVS TOTOVS UNTPIKDOV TETPOUATOV
HECH NG omocdfpmone KAT® omd OPICUEVES KALUOTOAOYIKEG KOl TOTOYPOUPIKES
ouvOnkeg. Ot pmevtoviteg g Apyeviivig kot tng Avotpilag £yovv oynuUoTIoTEl Omd
amocdOpwon. Eniong o yapoktipog tov umevtovitn emnpedletol omd tn SeVTEPOYEVN
emoavelokn eEarloiwon mov akoAovBel v apvélwon. Tétown mapadelypata ivor ot
umevtoviteg g Pembina tov Kavadd, ot acPestovyor pumevroviteg tov Alepumaitldav
Kol 6Evol pmevtoviteg Tov amovtovv oty lamwvia.

O yprotoParitng mov amovtd oe TOAAOVS UTEVTOVITES Eival TPOIOV PLEAMGNC KOt OEV
amoterel cLOTUTIKO NG TEPPAS. Oplopéva TOPAdEIYIOTO UTEVIOVITAOV TOL TEPIEXOVV
yprotoforitn etvar or pmevtoviteg Helms tov TéEag, o1 pnevtoviteg tov Wyoming , g

AMdokag kot ot EAAnvikotl prevtoviteg.

1.3.2. YopoOeppixi eEarhoicmon Tupryevev TETPpOUATOV

H vdpobeppikn eEarroimon etvar évag GAAOG TPOTOG OMLOVPYIOG TV UTEVIOVITOV.
Ta xottdopata avtd Tapovsidlovior pe Eva peydrlo €0pog ELPAVIGE®Y GTN VO Kot
yopokmnpifovior amd T JWTNPNON TOV  OOUDV TOL UNTPIKOL TETPMOUATOS.
Xoapaxtnplotikd kortacpato epeaviCovral otnv Alyepia, v lomavia, v EAAGS kot
v Ovyyoapia. To povadikd mpoidv g eEarroimong eival cuviBwg 0 GUEKTITNG.

Yndpyovv OL®OC KOl TEPIMTMGELS OTIG 0Mmoieg eppaviovial, 68 PKPES TOGOTNTES, Kot
GAAo apylAkd opuktd, Omwg aAloboitng oe pmevtoviteg g Alyepiog oAAG Kot
aAAloboitng pe aAlopavr|, og kamolovg prnevroviteg ™ lanwviag. Etvon eakpipopévo,
0Tl HEGm NG LOPOBEPUIKNG EEOAAOIOONC LETALOPPOUEVDV, TUPLYEVAOV 1] I NLOTOYEVAOV
netpopdtov, oynuotifovior ddpopa apyilikd opvktd. Mécw avtig g dadkaciag,
EYouv oynNUaATIoTEL aPYIMKO OPLKTA OTIC TEPLOYES TV Bepumdv mydv tov EBvikod
ITapkov tov Yellowstone oto Wyoming tov H.ILA, omv IcAavdioa xor ot Néa

Zniavoia.
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Kotd ™ dwdikacio g vopobeppuxng eEarroimong, dnovpyeitor pio aAiniovyio
OPYIMKAOV OpLUKTOV T omoio epeaviCovtolr pokpld omd m Oeppukn myn, Ommg
ovpPaivel oty andbeon Poacikdv peT@Al®mv oto Butte g Movidva ko otig Oepuéc
myéc e Néag Zniavdiog. Xy meproyn Eureka ¢ Utah tov H.IL.A, o ahioboitng
&xel avamtuydel otn B€om evog avOpaKIKoL TETPOUATOG.

Ymhpyovv oA TOPASELYHO UTEVTOVITOV TOL Onovpynnkav amd vopobeppikn
eEallhoimon. Ta kuprotepa Kortdopato cuvaviovion oto Lalla Maghnis kovtd oto Oran
g AAyeplag, Omov €xel mpaypatonomel eEorlhoimon evdg pvoiBukol Puouaiifov ce
opextitn. O kaoAvitng oe avtnv Vv Tepinton anovid 6€ 10cootd 20% cav mpoidv
eEarroimwong. Tnv vdpobepuikn eEarroimwon moTevETAL OTL TPOKAAESE 1| KLKAOQOPin
TAOVGOL GE HOYVOL0 VEPOD, TOAVOTATE LETEMPKOD, LE OMOTEAEGUO TV amOOeoT
payvnoiov Kot tnv eKyOMOT TUPITIKOV oAdT®OV Kot oAkoAiov. Me avtoév tov tpodmo,
dwtnpeitor M pvoABikn doun KoL 0 OYKOG TOPOAUEVEL AUETAPANTOS GTO TPOIOV NG
eEailoimong.

Mia amd 116 mo moAéc amoféoelg vOpodepk®dV pureviovitdv eivar avt oto Tomesti
g Povpaviag. To puntpikd métpopa oty mepintmon avtn elvar €vag Mmapitng, Tov
omoiov M apywn doun owatnpeitar. H vopobepuikn mpoéhevon avtov TOL KOITAGHOTOS
amodetkvoeTal omd to Pébog g eEarloimong.

Ymv Appevia éyet dnmuovpynOel umevtrovitng omd vdpobepuikny  eorhoiwon
TOPPLPITIKOV TETPOUATOV OVOEGITIKNG-PAcAATIKNG cvoTaon. O pmevtovitng mepiéyet
VTOAEIUIATO TOPPLPITIKOV TETPOUATOV KOl 6€ KAmola onpeio epeaviCel petafacels
010 UNTpo mEtpopa. H pvon tov vopobepikdv StoAvUdTomv TPEREL VoL TOV OAKOAIKY)
v v ebvonBel 0 oYNUATICUOG GUEKTITT).

H mpoérevon tov umevrovitikov apyihov tng Askana, ot T'ewpylo amodidetor oe
vopobepkn eEaAAoimon TVPOKANCTIKOV TETPO®UAT®Y. OPIGUEVOL UTEVTOVITEG KOVTA
omv Almeria g pecoyelakng akmg ¢ lomaviag mpoépyoviar amd vopobeppkd
eEaAlotopévo Tpayeitn.

Kot 6 autmv Vv mepinmtwon n ve1 Tov pUNTPIKOV TETPOUOTOS SLOTNPEITAL KOl TO
Babog g eEarroimong mailer onuavtikd poro. Emiong pepicol 1tahkol pmevroviteg
&xovv oynuotiotel pe vopobepuikn efaAloimon kot cuvBmg to Mo eEOALOIOUEVO

VA6 PBpioketarl oto kEvpo g Lovng eEolioimong.
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O Itohkog pmevtovitng and to vnot Ponza tponife amd v eEarloiwonyv pvoiBucod
VOADIOVG TOPPOL LE VIPOOEPIKES O10OTKOGIES, TTOVL GLVOEOVTAL LE TO, TEAEVTOLN OTASLN
™G MNEAoTEWKNG dpactnpromras. H vdpobeppikny Opdon amodeikvietor amd v
KOTOVOUN TOV TPOTOVTOV NG £§0AA0ImoNG. e UEPIKES TEPUTTAOCELS 1| EEaALOIOT glvar
plo apketd omAn ynuikn avtiopaon, 0nmg cvpPaivel pe tov extopitn oto Hector tng
KoaMeopvia, 6Tov dtoAdpato mov LETaPEPOLY Tupttikd diata, ABo kot Odplo, Exovv
aVTIOPACEL UE OVOPOKIKA OPLKTH, HE OMOTEAEGUO TO OYNUATIGUO TOL OPYIALKOD
0pPLKTOV.

Ye GAdec TMEPITAOOELS TO. VOPOOepIKG SloAdpoTa Exovv JloPpPedoEl HECH TOL
UNTPKOD TETPOUATOS HETACYNUATICOVTAS TO, péoH amd TOAOTAOKES QVTIOPACELS, GE
OUEKTITN, EVO TOVTOYPOVA dtoTnpEital 1 SO TOL apy KoL UNTpKoH VAKoV. Mécm g
Jldkaciog avTAg TPOKOAEITOL EVLOATOON KOl EUTAOVTIGUOC TOV TETPMOUATOS OE
payvnoto. Omwg avaeépnke Tponyovpévmg, ot vVOpobepkég dradikacieg eEailoimwong
pmopel v EMKAALYOV TIG dlEPYATiEg APLVEAWDONG, OTWS GLVEPN GTOVG UTEVTOVITES TNG
Kothddag Amargosa g Nefdoda. X210 oynUaTICHd VTGOV TOV UTEVTOVITMV, OV £X0VV
poéAOel amd vOpobeppikéc diepyacieg, N amocdfpwon oev Exet maiEel oNUAVTIKO POAO.
Av16 amodetkvieTon amd to fabog eEalhoimong, TNV amovcio KOTaKOPLE®V UETAPBOADY

01N cLVOESN KoL TV OOVGiK OTOOVINTOTE £APLKOV TPOPIA.

1.3.3. Agvtepoyeviig €£0AloimMON TUPLYEVAV TETPOUATOV

Yrdpyovv pepikol pmevtoviteg yuw Tovg omoiovg 1 Ogvtepoyevng eEaAdoimon
eoaivetor vo eivar o povadikog tpomog yéveons. O Opog devtepoyevig eSodioimon
TEPLYPAPEL TIG HETOPOAEG OV TPOYLOTOTOOVVTOL GTO TUPLYEVY] TETPOUOATE OUECDG
petd omd v omdbecr] Tovg, AOy® T™C avTiOpaoNS TOV dePi®V Kol TOV OTU®V, TOL
Bpiokovtot otnv péla Tov.

Ievikd doev vmdpyet axpiPng opoBétnomn petald g devtepoyevols Kot NG
vopobepuikng  e€arroimong. TloAhoi todkol upmevtoviteg BOewpeiton Ot €yovv
oynpotiotel amd T deicdvomn evog TOAD VYPOV HAYLOTOS TOL YOYETOL YPIYOPO OO TN
dpdon TV agpiov Kot TOV aTUdV, ToL BPIcKOVTOL GTO ECMTEPIKO TOL TETPOUATOC.

‘Eva. dhdo mapddetypa devutepoyevong eSoAdoimong, ouvavtdtor og pion LOAMON

TeEPMTIKY pvoAbikn AdPa o pio neaiotelokn okolovbio Kovtd otnv Kopuen ToV
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Yepav Storberg tov cvotiuatog Karoo Awnciov miwiag, mov ekteivetoar amd tnv
Moloufikn vota péoa ot yopo tv ZovAov g moAteiog Natal ot Notia Agpikn.
Ymv mepintoon oavt| N eEaAloimon Tov TEpPAitn oe ouektitn eivon eEapeTiKa
ToAOTAOKY. Xe pepkég meproyég n e&oddoimon elvar TANPNG Kot €xovv dnuovpyndel
peydiec pnaleg pumevrovitn méyovg moAL®V UETPOV. Xe GAAAEG BE0EIG 0 GUEKTITNG elvan
OlECTAPUEVOC LEGO OTO YVLOAL 1 0 TepAitng elval apetdfAnTtoc 1 cvyvd GLVOVTOVTOL
OUEKTITIKOT KOVOLAOL 6TO £0MTEPIKO TOV TEPAitn. Emeldn dev €xel mapatnpndei kamola
oxéon pHe poyuég Ko Oeicdvon vopobepuikdv pevot®dv amd pio eEmteptkn myn,
Oewpeitar 6tL 1 devtEPOoyEVIS EEOAAOIMOT TTPOEKVYE (G GUVETELD TOV OEPIMV KOl TOV
ATUOV OV LANPYOV HEGOH OTO TLPLYeVES untpikd métpoue. H eEaldoimon elvon
evTovoTtepN OE MEPLOYEG OMOL TA afplo Kol ot atpoi Ppiokovror e peyoAdTEPM
OLYKEVIPMOT). ZTNV TEPLOYN TOV ZoLAOV 1 €EAAOIMOTN TOV TLPLYEVOV TETPOUAT®OV
dtver kaoAwvitn. Emiong vmapyovv meployég 0mov cuvavidvion detypata Eallotopévo
o€ OUeKTiTN 1 Kaolwitn, Tov omolwv o oynuatiopds eEaptnke mbovotota amd
oLGTACT TOV 0EPIOV KOl TOV ATU®OV /Kot omd TNV TOavOTNTO LETOVAGTELONG KOl TNV
TOTIKY] LETAKIVIOT TOV OAKOAI®V KOl TOV GAKAAK®OV YOOV,

Téhog ot eppavia meprypdeetar €vo KOITOGHO UTEVTOVITN, GTO KOTOTEPO TUNUOL
evog vepehMvikol Pacavitn mov £xetl eEadloiwbel amd devtepoyeveic depyaocies. Avtd 1o
Kottacpo amotelel v omddelEn OTL 1 dgvtepoyevng eEaAloiwomn, ®g UNYOVIoUOS

YEVESTC TV UTEVTOVITAV, OgV TEPLOPILETOL LOVO GE OEIVA TUPLYEVT] TTETPDLLATA.

1.3.4. ITowkilol TPOTOL YEVEOS UTEVTOVITAV

Ot ovvOnKeg TOV EMKPOTOVV GE OPIOUEVEC TEPLOYES OOV E€xovv OnmuiovpynOel
UTEVTOVITES, OTMG 1] ATOVGIN NOOLGTELNKTG OPAGTNPLOTNTOG 1) TUPLYEVDV TETPOUATMV 1)
ev yével doudv mov oyetilovrar pe v Ymapén T€epag 1 TOPP®V OmOdEIKVOEL OTL
vdpyel Kt GAAOG TPOTOG TpoAevong ov eivan aveEdptntog TV TpoavapepBivimv. Ot
EVOAAOKTIKOL TPOTOL Yéveong OUMG €lval OVGKOAO Vo TEKUNPLwOoVV Kal Yoo avTOV TOV
Adyo yivovtar omdvia amodextol. o mapddetypa €vag and Tovg TPOTOL YEVESNS TOL
&xel mpotabel, elvar eketvog g amosabpwong, av Kot LITdPYoLvV Alya TapadElylOTO GTA
omoio. gaivetar 0Tl €yel maiel onuavtikd poéro. ‘Eva amd ta mo yvootd kortdcpota

avtob Tov gidovg etvar g Apyevtivig. Emiong, oty lomwvia vrdpyet £va Koitacuo oto
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omoio tOP@ot Tprroyevovg nikiog éxovv e£oAlolwbel  eMPAVEIOKA OUOIOHOPPO. GE
opektitn. Ta mpoidvta amocdBpwong oty loamwvia amotelovvior amd pio mworkidio
OPYIMKOV OpUKT®V, HE TOV oAAoboitn va emkpoatel cov to cvvnbéctepo mpoidv
amocdfpmong TS NOOUGTEINKNG TEQPOG.

Eniong, 1o kourdopota tov pmevtovitn Tpitoyevodg mhkiog ommv Ivdola dev
ouvoéovtol e €EUAAOIMON MEOUGTEINKOD VAIKOD AGY® NG EAAEWYNMG NOOUIOTELNKDV
netpopatev. [Tibavoroyeitor 6TL Tar KOrTAGHATO ALTA TPONABAY ad TNV amocddpwon
[TpokduPpiov TupLyevodv Kot PETOUOPOOUEVOV TETPOUATOV GE VYPO KAlpM To omoia
peTapépnkay Kot amotédnkay ot cuykekpiévn teployn. BéPata yio va oynuotictodv
ot umevroviteg avtol Bo Tpémet va emkpdtnoay acvuvi0ioTeg GuVONKEC.

Evdwpépov mapovosualer kot n andbeon pmevtovitn omnv meproyr] Marcagee g
Avtikig Avotpodioc. [Tpdkettar yio éva koitacua mwov amotedeiton omd dV0 GTPMOUAT
umevtovitn pe mayog mepimov 30.5 cm to kabéva, mov oynuatioTnkov ce po. Mpvaio
Aekdvn oty épnuo. Iopduola mepintmon amotehel Kot 10 KOITAGUO TOL UTEVTOVITN
omv Alyvnto. e Kapio omd TIC TUPUTAVE TEPUTTMOGCELS OEV TAPATNPEITOL NPOLGTELNKT
dpacTNPLOTNTO.

O Millot (1970) emonuave 4t 1 ONovPYict TOL GUEKTITN UmOpel va ivar Gueon og
Wnuatoyevn mepiPdirovta (veooynuaticpoi). Ot Chamley kot Millot mepiéypayav to
(QOVOLEVO TOV VEOGYNUOTICUOD HOVIHOPIAAOVITY, 1ALt Kot yAopitn otn Zavtopivi).
Ta dwdtopa mov mapéyovv 10 MVPiTIo KABDOG Ko T0 opyillo, mpoépyoviar amd TNV
vopOAVOT TG Kioonpng Kdte amd Bardcoieg cuvOnKec.

Téhog €pevveg €0e1E0v OTL TOAAG apYIMKE 0pLKTE, UTOPEL VO TOPACKELOGTOVY KATW®
oo CLYKEKPIUEVES GLVONKEG Tieons kol Beppokpaciog and piypoto tov o&edinv Kot
VOPOLEBi®V TOVG. XTNV KATNYOoPio. AT OVIIKOVV Kol Ol CUEKTITEG. XTIV TEPIMTOON
avtn €xel amodeyBel 0Tl €val pUKPO TOGOGTO WOYVNGIOU UTOPEL VO EVLVONCEL TOV
oYNUOTICUO GUEKTITN, evd Tepimov éva mocootd mepimov 6% oe MgO, oonyel otnv

avAamTuEn ToLC.
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1.4 TAIOTHTEX MIIETONITQN

1.4.1. IovtoevoALOKTIKTY IKAVOTI|TO

Eivar n mo onuoviiky 1830mMto TovV CUEKTITIKOV opyidwv. Ogeiletor o€
avTOALGEILO 1OVTO, TTOV TPOCPOPOVTOL OPYIKA OTI EVOOCTPOUATIKEG EMPAVEIEG. Ta
ovvnBéotepa avtaArdSipo 16vta eival 10 aoPECTIO KOl TO HOYVIG10, EVA CTOVIOTEPO
eneavifovrar vaTplo kdAlo kot vopoyovo. Ta EVOOSTPOUATIKA KOTIOVTO EVOG GLLEKTITN,
UTOPOLV VO OVTOAAGYOUV oamd GAAG. avOpyovo Kol OPYOVIKE KOTIOVIO Kot M
LOVTOEVOAAOKTIKY] KOVOTNTO vEAvETOl avaAoyo HE TO MAEKTPOCTOTIKO (POPTIO TV
QOAM®V.

Extog Opmg amd to kotdvia mov  Ppiokovior HETOED TOV  OTPOCE®V, 1
LOVTOEVOAAAKTIKNY tKOVOTNTO Hitopel va opeileton ota decpevpéva 16vta mov Bpickovrol
oto Oplo. TOV KPLoTOAAwvV, efoutiag Opavopévov deocpmv. Me avgavoupevo pH
ONUIOVPYOLVTOL OTOL TAELPIKE Oplo. €VOG KPLGTOAAOL  QLAAOTLPLTIKOL OPLKTOV,
apvnNTIKa eoptia, Ta omoia ivor kova va despevcovy katovto (Kootdakng 2003).

opeova pe tovg Weaver & Pollard (1973), 1 ouvoAikn kovOTNTO OVTOAAAYNS
WVIOV TOV GUEKTITIKOV opyikov, ogeiletar katd 80% mepimov ota @optioe mOL
TPOKVTTOVY OO VLTOKATOCTAGES ©T0 TAEYHo Kot kotd 20% ota @option mwov
npoépyovtal amd Bpavcuévovg decos ota Opla TV KpuotdAlwy. E&attiag ynuikodv
KOl QUOIKAOV Tapoyoviov Kobng kot tov pedodwv avdivong, mn mocoOtTo TOV
AVTOALGE LV 1OVTOV, akOpa Kolu o€ oxetikd kobapolg ouextiteg, eivar cvvnBmg
HKPOTEPN A TNV 1OVIOEVOAAOKTIKY] 1KAVOTNTO TOL 10100 TOv opektitn. Znv
nepintwon O6mov 1 ToGHTNTA AVTUAAASI®Y 1OVTI®OV VIEPPAIVEL TNV 10VTOEVOAAOKTIKN
KOVOTNTO TOV GUEKTITN, N TAPOVGIA SIHAVTAOV OAATOV TPETEL VoL ANQOEL LTOYN).

To vatpro, e€autiog tov oBEvovg Tov, avtikadiotatar evkola amd 10 AGRECTIO Kol TO
LLOYVIG10, LE AMOTEAECHO Ol CUEKTIKES dpy1Aol va cuppikvavovtal. [a Tapdodstypa, to
vatplo, mov eueavietar otovg Kpntdwovg pmevioviteg tov ovaidpivyk kot tng
Notiag Ntakdtag, £xel aviikataotodel HEPIKMOC, 68 GYETIKA TPAOGPATOVS ¥POVOVG, Omd
acPéotio Kot payviolo pe  EkmAvon amd vmoyela vepd. To acPéotio Kot 10 poryviolo
nponABav amd vmepkeipevovg oylotoAMBovg 1 acPfectolbovs. H mocdtnta tov
acPectiov kot TOL poayvnoiov o©t10 opektitn ovgavetor kabdg TO TAYOG TOV
VITEPKEYLEVOD UEIOVETOL AV 1 GLYKEVIPOOT TOL VOTPiov oTa LROYELWD VEPE givor

EMOPKNG, TOTE aVTO Umopel €HKOAO VO OVTIKATOOTIOEL TO OGPRECTIO KOl TO LOYVIG10.
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Ouwg ot @vorn, omdvio TopaTnPeitol  OVTIKOTAGTOOT TOV ooPECTIOV KOl TOL
payvnoiov oand vdrplo. ‘Eva térolo moapdderypo ovvavidtor otig ovtikés Hvopéveg
[ToMrteleg, 6OV AAKOAIKE VOUTA APVOV EXOVV JIEICOVOEL OE GUEKTITIKEG aPYIAOLG,.

O porog TV avToOAAGE IOV 1OVTOV glval KaBopIoTKOS 0TI PLOUNYAVIKES EQAPUOYES
TOV GUEKTITIKOV opyiAwv. o mopdderypo, ol GUEKTITIKEG GPYIAOL TTOL £XOVV MG
Kuplopyo avtaAAdEo v to vaTpilo, aveEaptnto and 1o €100 ToVG, eppavilovy vynin
KavOTNTO O10YKMONG Kol PEOAOYIKES 1010TNTES. ALTO SvuPaivel yiati To vaTplo odmnyet
oe avanTuEn TOAAMDV TPOCAVOTOAIGUEVOV CTPOUATOV VEPOD OTIG EVOOCTPMUATIKES
emeaveleg. H evoddtwon, mov cuvdéetat e To VATPLo, UITOPEL Vo TPOKOAEGEL SLOYKMOT)
og onuelo TAPOVS SY®PICUOD TOV UEULOVOUEVOV GUEKTITIKOV QVUAA®V Kol £TGL Vo
odnynoet 6e VYNAO Pabud dacmopds Kot PEYISTN avATTLEN KOAAOEW®V 1010TNTMV,
ONradn vYNAO 1EDdeG. Avtibeta, cuektiteg pe TOPOUOL0 YNUICUO, OAAG LE aVTAALAELLO
0GPECTIO Kol HOyVNOL0 OKOMO KOl 6€ TANPN &vuddtwon eugovitouv pikpd Poduo
SOYK®ONC.

O poOlOg NG 10VTOEVOALUKTIKNG KOVOTNTOS OTNV EUTOPIKY] EKUETAAAELON TV
OUEKTITIKOV opYidov givar kKaBopltotikdc, av avoroylotel kavelg Tt AAAeg 1010TNTEG
OT®MG M IKOVOTNTO O1OYKMONG KOl Ol PEOAOYIKES 1O10TNTEC OPEIAOVTOL GTNV AVTOALOYN
auT.

Yrdpyovv oO1dpopot HEBOOOL VROAOYIGHOD 1TNG OVTOEVOAAOKTIKNG KOVOTNTAG,
Bopmyovikng 1 epyostnplokng KAMpokag 1 HETPMNONG TG OAIKNG 1OVTOOVTOAANKTIKNG
KOVOTNTOG TOV UMEVIOVITN M TOL OpeKTITN. XOopoKINPIoTIKA Tapodeiypota givor m

LéB0d0G Kvavol Tov PeBLAEVIOD KO TOL KOPEGLOV e OEIKO AUUMVIO.

1.4.2. Avoyk®on Kot voddtoon

Eivor onuovtikég 1010Treg yuo Ty TEAMKN (P01 TOV UTeEVTOVITOV. To patvopevo g
EVLOATMONG lval TOAD £VTOVO GTOVG VOTPLOVLYOVS UTTEVTOVITES, Ol omoiot dtav Ppefovv
oe VYpod mepPdriov, doykdvovtal. Me v €60d0 TOL VEPOL GTOV EVOOCTPOUATIKO
YDPO, 01 KPOHGTAALOL TOV GUEKTITN amoywpilovTal Tpog TV KatehBvven Tov dEova C Kot
N andGTAcT TOV dOUIKAOV povadwv 2:1 avédvetal. Meydin mocdtnta vepoL, umopel va
TPOKAAEGEL TANPN OMOYWPICUO TV PLALOPILV. Xe TepinTmon ENpavong Tapatnpeitot

10 avtifeto eavopevo, dnAadn cvppikvmen otn devbuven tov a&ova ¢. (Odom, 1984).
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Yoppova pe toug MacEwan & Wilson (1980), n evuddtmon TV CUEKTITOV

eCaptdror omd Tpeg AAANAOGLGYETILOUEVOLS TOPAYOVTEG:

o) 10 péyebog Tov aPVNTIKOL QOPTIOL TNG EVOOSTPOUATIKNG ETPAVELNS TOV OPYIALKOD

0pLKTOV,

B) to €ldo¢ TOV OVIOAMAEW®V  KOTOVTOV, ToL  epgovifovtor  petald  ToV

EVOOOTPOUATIKOV ETLPOVELDY KOl IGOPPOTOVV TO OAIKO 0pvNTIKO PopTio,

Y) ™V oAAAeniopacn tev popimv tov vepol (1 GAA@V ovdétepmv popimv) pe To

KOTIOVTO KOL TNV EVOOCSTPOUOTIKY ETPAVELL TOV OPYIAKOD OPLKTOV.

To ocvvolkd kaBopd apvntikd @optio kot 1M TPoéAevon Tov (OKTOEdPIKN N
TETPOEOPIKT] AVTIKATAGTAOT)) ToilovV GNUOVTIKO POAO GTOV EVTOTMIGUO TMV KATIOVI®V
Kot Kuplowg TV moAvcOevedv oty emedvelo. Tov oTpdpatos. To @optio, mov eivar
OTOTEAECO. TNG OVTIKOTAGTOONG OE TETPAEOPIKES B€oelg, @aivetar OTL mPoKaAel
dtevBémon kupiog TtV moAvcHevodv KaTtOvVIOv oto Tupltikd @UAA0. H  thon
dtevBémong TV avToAAAEIL®V KATIOVI®OV 0& GLUVOVTATOL GE CUEKTITEG LE OKTAEOPIKO
@optio, dedopEVOL OTL To KaBapd eoptio dravépetal Toyoio LETAED TNG EMPAVELNS TOV
o&uyovov. Avtd yel pueydAn onuoacio 6e OpIGUEVOVS TOUEIG PLOUNXOVIKOV EQUPLOYDV
TOV CUEKTITOV EMEWON Tailel onuavikd poOA0 6N SOYK®ON .

O White & Pichler (1959), swomictooay 6tt 6g amolnpopéveg GUEKTITIKEG apyiAovg
pe avioALAEo ooBEoTIO KO HOYVAGLO, TPOYUOTOTOlEITAL opyKa pio ypryopn
TPOGPOPNGT TOV VEPOL UEYXPL 1} EAAPPDOG TAPOTEvVe omd To Oplo VOUPOTNTAS, AvTiBeTal
otav ot dpyrhot &xovv ¢ mpocpopnuéva 1ovta vatplo kot Ao, 10 vepd pmopel
ovveyilel vo TPOGPOPATAL OPKETA TEPA Amd TO OPlO0 LOUPOTNTAG. XTOVG PLGIKOVG
OUEKTITEG M VYNAN KOVOTNTA TPOCSPOPNONG VEPOD 0 GLVOELETAL AUECH LE TNV LYNAN
TEPLEKTIKOTNTA GE VATPLO. Mepkég Popéc M HEYIGTN Tpocspdenon sppaviCetar Otav
nepimov 10 éva TETOPTO HE €vo TEUMTO TOV GLUVOMK®OV avTOAAAEIL®V 1OVIeV glval
acPEoTio Kot poyviolo. AvTi 1 oy€on Ogiyvel 0Tt TO AGPEGTIO KOt TO LOyVIGLO HUITOPOVV
Vo EVIGYOGOLV TN 00U TOV CTPOUAT®OV vEPOD, TOL PpioKovTol KOVTE GTIS TUPITIKEG
oTifddeg. Ot mupttikég oTiPdoeg EMTPEMOVY GTN CLVEXELD GE UEYOAO aplOUd AKOUTTOV
OTPOUATOV VEPOD Va. “eEVIcyDOVTOL” amd 10vTa voTpiov OGTE vo avartuyfovv.

SOUTEPAGLOTIKA, Ol QUOIKOL GUEKTITIKOL (PYIAOl, OvVAAOYO LE TO €100G KOl TNV

avaroyio Tov avtoAAdEipmy Katoviov Ca ko Mg, dtakpivovial o apyilovg pe vynin
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Kot YoOUnAn wavotnto ddykmwong. H mietoyneio Tov QUOIKOV CUEKTITIKOV apyilmv
EYOVV ®¢ KOP1oL AVTOAAAEILO KOTIOVTO 0GPBECTIO Kol LoyVIG10 Kol KOTOTAGGOVTOL OTIG
apyidovg pe younAn wKovotto O0ykmong. Am v GAAN, HEPIKOL OCUEKTITEG ME
avtoAAdEipo vatpo kot Ao eivor Gpytlotr vyming kavomrag Oidykwong. O
TPOCOOPICUOG  TOV  YOPOKTNPIOTIKOY — EVLOATOONG TPEMEL VO YiveTow  KOTd
TPOTEPOLOTNTA KATA TNV AS0AOYNOY TOV KOUTACUAT®V UTEVTOVITN, Ogdouévov OTL
TOALEG Prounyavikég epoproyEg e€apTdvTal amd TV 1010TNTO QLTH.

H mocdtta Tov vepod OV TPOGPOPATIL EVOOSTPOUOTIKG, KOOMG Kol 1) KOAAOEIONG
CLUTEPIPOPE TV UTEVTOVITAV, €lval ot KOpleg attieg omuiovpyiog mnktopdtov. Ot
VOTPLOVYOl UTEVTOVITEG ONUIOVPYOVV OYKMOEGTEPH TNKTAOUOTO OO TOVS AGPEGTOVYOVG
J0TL M d1dyKmo™ ov veiotavtol gtvar peyaldtepn Kot €161 10 péyefog TV IKKVAI®V
yivetal ToAD PIKPOTEPO ad AVTO TOV 0GPEGTOVYWOV UTEVIOVITAOV.

Téhog, KaAOTEPT EVVOATOOT EMTLYYAVETAL GLVNOME OTOV TO VATPLO OMOTEAEL TTEPTITOV
10 25% 10V QUGIKAOV avTaALAEI®V WVTeV. Tomg N mapovsio Tov ELoKoy vatpiov,
otov mpootifetor 1 emumAéov mocOTNTA. vaTpiov (£vdpo avBpaKikd VATPlO) OTO

CUOTNUO , VO, ETTPENEL TNV TATPT| AVTOAAAYT TOV 1OVTOV 0cBECTION Kot poryvnciov.

1.4.3. XovoeTui] IKavoTnTO

O pumevtovitng dpa ®G GLVOETIKO HEGO OTAV YPNOCLUOTMOEITOL GE TPOTAACUOTOL
xotevons  (KoAoOm)  UETOAA®V — KOL  OTN)  GQOIPOTOINCT  AEMTOKOKK®V
GLONPOUETOAAEVUATOV 1 YEVIKOTEPO GE OLOOIKAGIEG TOPACKELNG GPALPOTOUUEVOV
TPOiOVIOV (T.Y. LOOTPOPEC).

Xopupova pe tov Grim (1962), ot voatplovyol Umevtoviteg £Yovv TOAD 1GYVLPESG
OLVOETIKES KOVOTNTEG OTIG GUUOVG YuTNplwv PeTd v ENPOVOT, VYNAR ovioyn o€
ocvumieon gv Enpod (dry compression strength) kot pérpieg avtoyés o€ cuumieon Katd v
evuodtmon (green compression strength). Ot acPectovyor pumevioviteg cuvnwg Exovv
VYNAN OVIOYN O GLUTIEST KATA TNV EVLOATMOTN KOl UIKPN €0C UETPLOL OVTOYN OF
Enpavon. 'Etol o pmeviovitng onuovpyel cuvoyr Katd tn diepyacio. GQapomoinomng
VAMKAOV Kol ota oynrotilOpeve KOAOVTOL TV YLTNPiov HETAAL®Y, VA TaLTdHYpOVO

TPOCPOPA LYPAGia omd T0 TPOg emeEepyacio VAIKO OTIG EVOOSTPOUATIKEG OECELS.
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1.4.4. Awonoptéotnrta- Ikavotnto ar@pnong

Ot pumevtoviteg £xovv emiong IKavOTNTO S100TOPAG O PEVOTA, KOOMS Kol dnpovpyiog
QLOPNUATOV KoL YOAUKTOUATOV.

Ot 1B TEg aVTéG oYeTilovTotl AUESH e TNV KOAAOEDN GUUTEPLPOPE TOVS, 1| OToio
opeidetal oto pkpd pnéyebog tv tepaydiny. XapoKTnpioTikn W10TNTo TOV KOAAOEWMV
elval 0tL ta dtomoppéva tepoyidn oev KataBubiCovtal, aAAd oaiwpodvtal 610 HEGO
SLloTOPAG,.

AVTO 0QEIAETAL GTO OTL TOL LIKKVALO £XOVV OUDOVULLO NAEKTPIKA QOPTIQ, UE OTOTELECHLOL
va anwbovvtol apolfaio kot vo TopeRmodilovy T GLGCOUATOOT TPOG PapdTEP Kot

ueyadvtepa tepayiow (Van Olphen,1977).

1.4.5. KoAlog1d€ic 1010TNTES

Otov opiopévol GUeKTITIKOL ApYIAOL TPOooTifevTal 6 TOAD HIKPEG TOGOTNTES GTO VEPD,
N EVLOATOON KO Ol YNUIKEG TOVG WOOTNTEC TPOKAAOVV So(®PIGHO KOl OLCKOPTIGHO
TV KpuotdAhwv. EmmAéov, 1 avdmtuén mAextpukod OSuvapikov avayKalel Tovg
KPUOTUAAOVG V. atBovV 0 €vag ToV dALO Kol AOY® Tov HuKpov peyéBoug toug pumopet
VO TOPUUEVOVY OLOWPOVUEVOL GTO VYPO, £TGL MOTE Vo EMTVYYXAVETAL 1 dNovpyio EvOg
KOAAOELOOVG GLOTNLOLTOG,.

Ov 01eg opektitikés dpylthot Otav  mpootifevioaw ©T0 VvEPO O  UEYOADTEPES
ovykevipwoel (5- 6%) pmopei vo ovaykdoovy 1o vypd vo avilotéketal ot por. ‘Etot
otav apatpeitor 1 SloTUNTIKY TAoN 61O LYPO TO GUEKTITIKG HOPLOL OVATTOGGOLV
ocvvnBmg po dxoumtn doun mnktoudtov. H duvatomra avamtuéng vymiov 1E@O0VG
kol Oiotpomiog eivar o1 HOVOOIKEG 1010TNTEG TOL PUOIKOV HOVIHOPIAAOVITY, TOL
EKTOPITN KOl UEPIKAV GCOMOVITIKOV apyihkov, mov £€yovv HeYAAEG TOGOTNTES
avToAAGELoL vaTpiov.

AvtiBeta o1 a6BeCTO-UOYVIGLOVYOl GUEKTITEG, OV aVATTOGGOVY LYNAO 1EDOES, OVTE
EMOEIKVOOLV O1EOTPOTIKT) CLUUTEPIPOPE OKOUN KOL OTOV 1] TEPLEKTIKOTNTO, OE GTEPED
elvatl oA vymAn.

To 1Emdeg mov avamTHGGOVV 01 VOTPLOUYOL GUEKTITES OPEIAETAL KUPIMG:

+0T0 LIKPO HéEYeBog TV KPUOTAAA®Y
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TN HEYAAN 101K EMPAVELL
TNV LYNAN IkavoTnTa, va, dtackoprilovtal

* Kot OEVTEPEVOVTMOC OTIG NAEKTPIKEG OLVAUELS HETAED TOV KPLGTAAA®DY

H 01&otpomio 0onyel, A0y TG EAENG TOV 0pVNTIKA POPTIGUEVOV BACIKOV ETLPOVEIDV
Kol TV 0eTIKOV Qoptimv mov Bpickovial 6TIC AKPES TV KPVOTAAA®MY, 6T dnuovpyia
LG E0MTEPIKNG dopung tpamovAdyaptmv ( "card house"). 'Eva 0i€otpomikd opektitikd
apytukd cvotuo pmopel va petatponel o€ éva 1EMOEG cLOTNHO HECH OldTUNoNG 1)
avatapoyns. To 1Emoeg kat 1 BIEOTPOMIKY] CLUTEPLPOPE EIVOL ONUOVTIKES 1O1OTNTES TOV
OUEKTITIKAOV apYilmV OV YPNGUYLOTOLOVVTAL Y10 TV TPOETOLUAGIN TOV TOAPDV
YEDTPNGEMV.

To 1mdeg TV GUEKTITIK®OV opYilwv péoa oe o eviaio amdbeon 1 €vo Koitaoo
pmopeti va mapovcstdlel opotopopeio 1 évrovn dwakdpoveon. To Zynua 1.1 a deiyver tig
OWKVUAVOELS TOL QUVOUEVOL 1EMO0VS e dbpopes Bécelc evog pkpov opuyeiov
umevtovitn ota avatolkd g moAteiog [Novaiopivyk tov HITA. Avtifeta, to Zynua
1.1B deiyver 611 og éva. devTEPO opLYEio mov Ppicketan kovtd oto Belle Fourche, ot
Notw Ntakota, To QovOpevo 1EMOEG TOV VATPLOVYOV HOVIHOPIAAOVITY Tapovctilet

opotopopeio, aArd etvor TOAD YoUnAdTEPO.
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O, drill hole
17.0 natural apparent viscosity

15m

—_—

Yypa 1.1: Awaxopdveels tov guotkov 1EDO0VE TV VYNANG TEPLEKTIKOTNTOG
VOTPLOLY®MV CUEKTITOV GE POPETIKG opvyeia o) otn Bopeta Ntokdta kot )
oto [ovaiopivyk. Ot apBuol avtimpocsmrebovy T0 Pavopevo 1EDdeG o€ cp. Ot
LETPNOELG TTpaypatomomOnKoy e TOAPoVS pe meptektikomta 22.5 g/ 350 ml
vepoD pe ypnomn Emdouétpov dueong évosiEng (katd Odom,1984)

AvTég o1 dpopég oTo Patvouevikd 1EDdeC oyetilovtal, KATA TPOTO AOYO, HE TNV
KavOTNTO TOV £X0VV Ol APYIAOL Vo d1ooKOPTILOVTOL Ko SEVTEPEVOVTIMG LE TN (PLGIKN
OVTOEVAALAYY).

Ot povtpoptddoviteg pe vynAod 1EDdeg cvvBmg epeavifovtatl KAt and oyeTicd pnyd
VIEPKEIPEVO CTPOUATO, EYOLV KITPIVO YpOU, dedopévou OtL 0 d160gvig Gidnpog (Fe2+)
&xel 0&edwbel oe tprobevn (Feg+) KOl TEPLEYOLV UEPIKE avTOALAEL 10VTa acPeoTtiov
Kot poyvnoiov, eéottiog T@V LIOYEWV VEPDOV, TOL £YOVV OVTIKOTOUGTNGCEL TO 1OVTO.
vatpiov. Avtifeta ot povTpoptAloviteG pe YOUNAOTEPO KOl OUOWOHOPPO, MG TPOG TIC
TIEG TOV 1EDOES, eppavilovtol KAT® amd LIEPKEILEVH CTPOUOTO TAYOVG UEYUADTEPOV
tov 10m, £yovv peydAn avoloyio votpiov Tpog acPESTIO KOl LOYVIOL0 KOt EXOVV UTAE
N TPAGIVO PO, VITOOEIKVOOVTOG TN WIKPN EMIOPACT, TOL LRWOYEWOL VEPOL N TNG
oeidmong mov £xetl mporypaTomonoet.

H ovvovaouévn dpdon g 1ovroevarrlayng Kot e 0EEidmong, mov TPOKAAOLVTOL
amd ta vIoOYE VePd, avEAveEL TNV EVLOATMOGN KOl TNV 1KOVOTNTO TOV LOVIHOPIAAOVITH

va dtaokopmileTat, e amoTtéAecpa T HeydAn avénon Tov puGkov Tov EMOoVG. N'evikd,
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N emppon G avTiKatdotaong ond 10via vatpiov oTlG KOAALOEWElS 1010TNTES TV
a6PeCTO-PayVNGLoOY®V CUEKTITOV givan ampdfArentn kot YU avtd elvan omapaitnn 1

mpocekTikn aloddynon ke kortdopotog ( Odom, 1984 ).

1.4.6. Peoloyikég 1010t TES

H evuddtoon kot ot ymukég 1010TNTEG TOV GUEKTITIKOV apYyiA®V TPOKAAOVV
Sywpopd Kol SoKOPTIGHO TV KPuotdAiwv. EmmAéov n avémtuén miektpucod
duvapkol €xel g amotéAecua TNV am®ONon TOV KPUGTOAA®V Kot Tr OuvoTdTNTo
aLOPNONG TOVG GTO LYPO, SNUIOVPYDVTOS £TGL Eva KOALOEWES cvotnua (oynua 1.2).

Eniong ot dpytrot avtol dtav mpootiBevtar 6To vepd o€ PHEYOADTEPES GLYKEVIPMGELS,
UTTOPOVV VO TPOKOAEGOVV AVTIGTOGT GE pon.

H dvvarommta g avdmtuéng peydiov 1Emdovg ko Oi&otpomiog opeilovior otnv

omapén avtoAra&pov vatpiov ( Kootdxng 1999).

Yyqpa 1.2: Anpiovpyio KOAMOEW®OV A@PNUATOV VOTPLOVY®V GUEKTITMV.
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1.4.7. Ewown empdvera — péyedog kpvotdiiov

Ewdkn empdvela vog KOKKov ovopalovpe tn oyxéon e eEMTEPIKNG EMLPAVELONS TPOG

10 Bapog Tov. AnAaon:

Sw =S/W = (f/K*p)*1/d (1)

* OOV SW 1 €101KN EMPAVELD TOV KOKKOUL,
* S 1 €MTEPIKN EMPAVELL TOV KOKKOV,

* W 10 Bépog tov koOKKO,

* d 1 dudpeTpdg Tov,

* k pia otaBepd (k=n/6=0,524),

* p N mokvotTa ko f=n=3,14.

Onwg yivetar katavontd kot omd v &ficworn (1), n €0k emedveln sivon
avTIoTPOP®G avdAoyn ¢ Opétpov Tov kOKKov. ‘Oco pikpoivel 0 KOKKOG TOGO
peyodmver n €Ik emedveln (ZtopmoAdong 1994). To péyeboc tov ouekTitOV,
kopoiveror peta&d 0.01pum-0.2pum. Amd dmoyn popeoroyiag ot KpuotaAAotr eivol
poupikol M e&aywvikoi, ehacuatocdeic 1 wmdelc. H kpvotadlkn popen kol to
YOPOKTNPIOTIKG TOV GLOCOUATOUATOV EMNPEAlOLV ONUOVTIKG TIG (QULOIKES Kol
PEOLOYIKEG 1OLOTNTES TOV CUEKTITIKAV apYiAmV.

H xpuotoddikn popen Kot to YopOKTNPIOTIKE TOV GUGCOUATOUATOV UTOPOVV V.
emNPedlovy GNUAVTIKE TIG PUOIKES KOl PEOAOYIKEG 1O1OTNTEG TMV GUEKTITIKOV apyilmv.
Eivon evolapépov 0t1 o1 opekTitikol KpuoTaAlol akdpa Kot étav dlackopmiloviol 6To
vEPO TEIVOLV VO GYNUOTICOVV GUCCMOUATMOTO, TOPA LOVOKPVGTAAAOVC,.

270 €10 TV PLOUNYAVIKOV EQAPLOYDV TV GUEKTITAOV, £0LTIOG TNG CLGCOUATMOONG,
TO TPOYUOTIKO PEYENOG Kot 1 €01KN EMPAVELD TOV GUEKTITIKOV KPLOTAAA®V &lval
oLVl apkeTd HIKPOTEPO OO TO TPAYHATIKO HEYEDOG KOl TNV E01KN ETPAVELN TOV
HELOVOUEVOV KPUOTAAA®Y. AT cvpPaivel EXe1d” Katd Tn OdpKeLd TG AVATTLENG, Ol
KPUOTOAAOL aAANAOcLVOEOVTAL, LE amoTéEAECUE v givar OVGKOAO Vo S0 ®PIGTOVV
extoc av 1 dHvaun cuvaeelag dev etvar wyvpn. Ot dtaeopég oto Tpaypatikd péyebog

TOV GUEKTITIKOV KPVOTAAA®V EIvOl TOAD GNUOVTIKEG GTOV TPOGOIOPIGUO TOV 1O10TNTOV
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T0VG, Omm¢ M ovtoevarlayn (Neal & Cooper, 1983), to 1EmOeg Kot 1 am®AELRL KOTA TN
dmonon.

Ot QuoIKOl CUEKTITEG, TOV TEPLEYOVV VATPLO ®OC KOPLO OVTOAAGEIHO 16V, €YoV TO
HIKPOTEPO TTPAYUATIKO PEYEDOG KPLGTAAAOL KOl TN UEYOADTEPT EOIKN EMPAVEID GTO
ocvotiuata apyilov-vepov. Emedn to @uowkd kpuvotardikd péyebog teiver va elvan
HiKpo, M wieon OSOyKmong Teivel va  amoympicel TOvg OAANAOGULVIESEUEVOLS
KPLGTAAAOVG .

Avdroyo pe to péyeboc TV COHOTOIOV (HKKOAO) Kol TNV TEPIEKTIKOTNTA OE
HOVTHOPIAAOVITY, 1 EEMTEPIKN EMPAVELD TV pmeVTOVITOV Kvpoaiveton petald 30 wot
100 mz/g. H sootepucny emedveln, n omoia yivetonw 7Ppocitny HECH OlEPYACIDV
dwoykmong, etvar  400-700 mz/g Kot mpooodlopiletar cuvnbog pEcm TPOsPOPNONG
OPYOVIK®OV HOPl®V, E€VO 1 UEYIOTN EO0MTEPIKN EMEAvEIL €VOG  KPLGTAAAOL

povtpoptAdovitn vroroyiletat og 760 m? lg.

1.5 XPHXEIX MIIENTONITH

O pmevroviteg €xovv peydio eopog epappoymv. H a&ia tov umevrovitn, opesiletan
OTIC OPVKTOAOYIKES TOV OLOTNTEG, TNV LOVTIOEVOAAOKTIKY TOL KOVOTNTO OAAL KOl TIC
TPOCPOPNTIKEG TOV OOTNTEG,.

Ot Kup1OTEPES EPAPLOYES TOL €ivor o1 ENG:

* [ToApol yewtpricemv

» Xvmpla

*Brounyavia ypopdtov

[Tapaymyn c1onpov

*Brounyavia yéptov

* ApLLLOt LYLEVIG

*QapUOKEVLTIKA €101, KOAADVTIKG KOL WOTPIKES EPUPLOYEG
[ewpyia

*Epyo moA1Tikod pnyovikon

*Amoypopatiopds ehaimv

[ewtpnoeig metperaiov
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1.5.1. IHoigoi yemTprioce®V

AvTi 1 ¥pf|oM TOL UmEVTOVITY, avamTHYONKE AOY® TOV KOADY PEOAOYIKDOV 1010THTMOV
TOV GUEKTITN. AVIIKOLV GTO GLGTNUOTO TOL £XO0VV MG Pdor To vepo.

H amoxAeiotikny 1010T)T0 ALTAG TNG 0PYIAOL €lval 0 GYNUATICUOG AETTOV GTPOUATOV
méyovg 10-100 A° kar emedveiog mepimov 100-1000 A dtav avapeyydei e vepd. To
OLOPMUO. TOV ONOVPYELTAL PE TNV TPOCHNKN TOV UTEVIOVITN GTO VEPO €MOPA BTk
GTOV TOAPO Omd TAEVPAG EAEYYOV TOL 1EMAOVG TOL KOALOEIOOVG GUGTNLTOG,.

"Eto1 0 pmevtovitng dpa ¢ AEovTikd 6T Ye®TPOHTAVO KOl GTEYOVOTOLEL TO, TOLYDUOTO

NG YEDTPNONG.

1.5.2. Xvmipw

Atdpopot péBodot yHTELONG TOV UETAAA®Y YPNOUOTOOVVTOL BAGT TOV TUTO TOL
Kpapotog kot tov peyébovg tov yotwv. O pmeviovitng ypnowomoleiton ce piypata
TPOIOVTOV OV TEPLEYOLV avOpakikd VAWK Kot dAla TpdcheTa 6T HEBOdO ™G AoV
KOAOLTTLDV YLTNPILOV, Y10 TV TOPOy®YN GLONPOL Kot xdAvPa.

H avaueién oot yivetor €tor @ote, 1 QUUOC VO OTOKTNGEL TAAGTIKOTNTO KOl
OLVEKTIKOTNTO, Yoo Vo glval duvaty] 1 popeomoinon g o€ kaiovmie. Metd and 1
YOTELGN TOL OelylOTOC, O UmEVTOVITNG divel 6TV AUUO OPKET 6TABEPOTNTO LE GKOTO
va dwtnpel to oyNuo, TP, Kotd T OdpKE Kol PETA TNV YOTELGN TOL TNYUEVOL
UETAAAOV GTO KOAOVTIL.

Ta mpoidvta TV YuIPiOV ¥PNGLOTOIOVVTIOL EVPEMS GTNV CLTOKLVITORopn)ovia

KaODG KoL 6TV TOpoy®myN PLOUNYAVIKOV KOl YEOPYIKOV UNYOVILATOV.

1.5.3. Buounyoavia ypopdtomv

Ot Biéotpomucéc 1010t TEG TOV pmevTovitn Ponbodv oy THKVOGT TOL VAMKOD OOV
nmpootifevtiar kol gpmodilovv v kabilnomn. Avtd cvpPaiver yri ot opyavogiriot
UTEVTOVITEG GTNV EMOPN TOVG LE OPYOVIKE OLOADULOTO, OLOYKMVOVTOL LE OMOTEAEGILO VOL

av&avel To 1EMOES ko 1 B1&otpomia Tovg.
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H mpocOnim 0.5-2% opyavdéeilov pmeviovitn oe Paplég ypmOOTIKEG OVGIES OTMG TO
pivio kat 1 okovn yevdapyvpov, BEATIOVEL T 6TafepOTNTA TNG CVGTOCTC TOVS KoL TNV

KAVOTNTA TOVG VoL ONLLOVPYOVV ETKOAVYELC.

1.5.4. Hopaywyn ciénqpov

O pumeviovitng YPNOLUOTOLEITOL MG CULVOETIKO VLAIKO GTNV TOPOY®YT| COUPOImV
uetalAdevpatoc owdnpov (pellets).

Xg 0T T SdKacia, ¥PNGILOTO0VVTOL TOGO 01 PLGIKOL VATPLOVYOL KOl UTEVTOVITES
pe avtaAAAEYLo vATplo Kol To. AETTOSOUEPICUEVA GLONPOUETOAAEDLLATO, LETATPETOVTOL
o€ oQIPidl, KATAAANAL ©OC VAKO TPOQOJOGING TMV LYIKAUIVOV Yo TNV TOPAy®YN
YOTOV PARS®V G1O1POV.

H coapomoinon tov petailedpotog cdnpov npaypatoromdnke apywd otig H.ILA
ot AN g Odekaeriog tov 50. T v emitevén g oceapomoinong, To
OLONPOUETAAAED O KOVIOTOLEITOL £TOL MOTE VAL €ivat SLVOTOC O SOYMPIGHOG, GVVHO®E
o€ VYPO TEPPAALOV, TOL GLONPOL OO TIC TPOGHIEELS.

Ao TOVG UMEVTOVITEG OV YPNCLULOTOOVVTAL Y0 THV TOPAYOYN TOAETOV GLONPOVL,
LOVO Ol VATPLOVYOL UTEVTOVITEG TPOGIIOOVV GTIG CPAIPES GLONPOUETOAAEDLOTOS VYNAY|
avtoyn kotd ™ O€puavomn Kol ENPOvoT HETA TNV TUPMOT), VO TAPAAANAL EYOVV TNV
KavOTNTO VO 0EGUEVOVY TO TAEOVALOV VEPO TOL GLVOVTATOL GTO AEMTOOIOUEPIGUEVO

petdAievpa LeTd Tov EUTAOVTIGUO.

1.5.5. Buounyavia yaptov

Ta Bropnyovikd opuvktd YpNoHOTOOVVTOL TN Plopnyavio yapTov Mg TANPOTIKA
VAKE emedn] emnpealovy Tig OePEMMOELS 1O1OTNTES TOV YOPTLOD.

O pumevrovitng ypnowomoteiton ot Prounyavio yaptiod, vy  Pedtioon g
OTOOOTIKOTNTOG TNG UETUTPOTNG TOV TOATOV GE YopTi, T Pertiwon TG molOTNTAS TOV
XOPTIOV, TV ATOPPOPNOY TOV PNTIVAV oL UTopel va eumodilovv T Aettovpyio TV
UNyovev, Kofdg cUUPAALEL TNV ATOUAKPVVOT] VAV, PNTIVOV Kol GAA®V BAOTTIKOV

OVGLOV amd TOV  XOPTOTOATO. ( ).
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[IpocOnkn mepimov 1% upmeviovitn o610 YOPTOMOATO GVEAVEL TN GLVOYN TOV
YPOOTIKOV OVCLOV KOl TNV OLOIONOPOI0 KATOVOUNG TNG YPWOTIKNG 0vciog 6€ OAO TO
yapti. (Grim & Giiven, 1978).

H 13wmta mov €xel o umevtovitng oto vo amoypopotilel 1o yopti, Tov Kobotd
YPNOWO o711 Sladikacion ovaKOKA®oNG Tov yoptiov.(WWw.ima-na.org). Metd amod
YNUIKN ene€epyacia Yoo TOV OMOYPOUATIOUO Omd TN XPWOOTIKN 0VGia, YPNOUOTOlEITOL
Yl va dlockopmicetl ta poplo g Ko va to. tpoopoenoetl (Grim & Giliven, 1978). Xe
oLuVOLOoUO pE ToAvpepY|, pmopel vo cvuPdiiel ot PeAtimon TG GLVOYNG TOV
OLOTOTIKOV TOL TOAPOL OAAG Kol oTOV KOOOPIGUO TOL KLVKAMUATOS TOV VEPOV
( ).

H xatovéioon pmevtovitn and tic yoptofropnyavieg mapovstdlel GNUOVTIKY (vodo
Katd TV e evtaia dekaetio kot e TV KaTdAANAN enegepyacia, Oa pmopovoe va maiget
onuavTikd poro otn PBertioon g yeVIKOTEPNS TOOTNTOS TOV TOAPOV Ko TN peimon

TOL KOGTOVG Y10 TNV APy XoPTIoV ( ).

1.5.6. Appot vyretvig

H woavétrto mpocpdenong mov yopoktnpiler tovg upmevioviteg tovg KoboTd
YPNOLLUOVS KO Y10, GLLLLLOVS VYIEVNG.

To péyebdg tovg, wvpaivetow ovviBog omd 10-30 mesh. Ot aGpyilor mov
ypnowonoovvtat, Beppaivovior oe Bgppoxpacies 100°C-1000°C  yuo vo avoartdEovy
TPOGPOPNTIKEG tKOVOTNTEG KO va waparyfel VAIKO 10 omoio dgv dtacmdTol 68 KPOTEPX
Opavcpata. Ot To cvyvd xpncoTolovevol aupot ivat ot scoopable kot clumping pe
TOVG OEVTEPOVG VO YPNOLLOTOIOVVIOL TO GLYVO EMEWN OLUUOPPDVOLY GLUTOYELG
GpLpLoLG.

Mo va puBistet o €heyyog g oouNg Kot v, EEAGPAAGTOVV Ol OTOAVUOVTIKEG Kol Ol

EVIOUOATMONTUKES 1010TNTEG AVAUELYVOOVTOL LE OLAPOPOAL YT UIKAL.
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1.5.7. ®oppokevTIKA €101, KEIAAMVTIKG KOl LWOTPIKES EQUPUOYES

O umevtovitng pNOHOTOLEITAL O TANPOTIKO HEGO GTN Pappakoftopnyovio Kot Aoy
TOV WO0TNTOV TOV TPOGPOPNCNG-UTOPPOPNONG EMTPENEL TOV GYNUATICUO TOAPOV.
‘Eto1, Bpiokel epoppoyn 6€ TPOSTATEVTIKEG KPEUES, AOCIOV KO OVTIOIEYEPTIKEG KPEUES
v ekCEpoTaL.

Youpwvo pe tovg Grim kot Giiven, ot Cuciureanu «.a (1972) avagépovv 6tL M
otafepdTNTA HEPIKMY OVTIPLOTIKAOV QLEAVETOL OTAV QT EVOOUATMOVOVIOL GE TUCTEG
urevtovitn. O Novelli (1972) éxet emonudvet 6ti n ypNon TOL UIETOVIT TNV L0TPIKY
nepthoppavet:

* TNV OVTIOOTIKN EMIOPOCT TOVS G€ TOEIKEC OVLGIEG OTMG 1 HOoPPivn, M KOoKaivn, 1
VIKOTivT KO 1 oTpLYVivn

* 1 Peitioon TOV WIOTTOV TOV OpnUatov  Adiatog BOetikod Papiov mov
YPNOLOTOIEITOL OTIC PAOIOAOYIKES EEETAGELS

* TN ¥PNoM TOV 6TOV KAHUPICUO KOl TN GLYKEVIPWOOT TV PUPHOKEVTIKOV UEIYUAT®OV

TOV Brropuvav.

1.5.8. T'eopyia

O umevrovitng AOY® TNG OVIOEVOAAOKTIKNIG TOL 1KAVOTNTOG YPNOLUOTOEITOL ™G
BEATIOTIKO Kol TPOTOMOMNTIKO  €00LPMV, YIOTL KATOKPOATEL SLAPOPO 1YVOCSTOLXEIDL TTOV
givar amapaitnta yo v avamtoén g Practnong (Www.ima-na.org).

Zuvnbmg o v yempyio XPNOLOTOOVVTOL Ol 0GPEGTOVYOL UTEVTOVITEG, Ol OTOioL
Bewpovvtar TyEg acPestiov mov elval YPGILO Yo TV OVATTLEN TOV LTOV.

Ot umevtoviteg umopoHv va. SaTnpovV TV 0PYaVIKY VAN OGTE VO TPOGTATEVETAL OTO
™V amocdfpwon kot TV 0EEdmon).

Téhog o1 pumevtoviteg £xovv TNV WOTNTA VO TPOGPOPOVY KOl VO KATAKPATOOV UEYOAEG
TOGOTNTES VEPOV TPAYLLA TOV TOVG KAVEL TOAD VOOPOVG Kol TAUGTIKOVS. AVTO €xEl G
OTOTEAECLLO. TN GLPPIKVMOOT Kol TV GKANpLVeT Katd v ENpoven tovg, Kabiotdvtag
d0OKOAN TN dteicdvon TV Pdv TOV GUTOV Kol SVCKOAO T0 dpympa. ['Vavtd npénel va

Yivel 6O EMAOYN TOV TOTOL TOV PTEVTOVITN TOL Ba ypnoipwonombel ©¢ PeATimTiKd
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€041POVC, £TCL MOTE VO U1 GTEYVAOVEL TOAD YPIYOPA 1| VO TOPAUEVEL VYPO Y10, TOAD PO

(Grim & Giiven, 1978).

1.5.9. "Epyo TOMTIKOV pPnyavikov

O vatplovyog UTEVTOVITNG YPTOLUOTOIEITOL OAOEVOL KOl TEPICCOTEPO GE £PYQ
TOMTIKOV LNYOVIKOV, ®G 01E0Tpomikd TpOGHETO, VTOGTNPIKTIKO Kol MTAVTIKO HECO GE
SPPAYLOTIKA TOLYDOUOTO Kol OEpeEMMOOEL;, G ONPAYYEG, O OPLOVTIEG YEMTPNOELS
opilovtiog katehBvvong, oe vmOyElEg GLONPOOPOUIKES YPOUUES KOl GE  Oldvolln
Hkpoonpayywv pe tn péBodo TpodOnong coinvov ( ).

EmumAéov AOym tov 1E®O0VG Kot TG TAAGTIKOTNTAS TOV, YPTCLUOTOEITOL GTO TGUUEVTO
[T6pThavt kot oto acPectokovidpata pe okond (Odom, 1984):

*va. KAVEL TO GKUPOSELLN O EVTANGTO KOl VO TOV TPOGOMGEL GTEYOVOTOTIKES 1010TNTEG
*va. BEATUDGEL TNV 1KOVOTNTA AVTATONG TOL GKUPOOELOTOC
*va. 0LENGEL TNV TAAGTIKOTNTA TOV AGBECTOKOVIAUATOG

[Mo ovykekpéva, N TpocHnkn piKpdV Toocdv umeviovitn (1-2%) oto Towévto
[TopTtAavt 6T0 OKVPAOEUN KO OTO PHYHATO TOLUEVTOV, avapEpeTal 0Tt BEATIOVEL TV
wKavoTTa AEITOLPYinG, EAOTTAOVEL TO OLOYOPICUO TMOV AOPOVOV KOl EVIGYVEL TNV
KOVOTNTO GTEYOVOTTOIN GG,

O pumevrovitng ypnowomoteitol ¢ VMKO YOUNANG  dmepoatdOTNTOS Yo TN
oteyavomoinon ¢ Pdong kot TG EMKAALYNG YOPOV VYEWOVOUIKNG TOPNG, KaBmG
EMIONG KO Y10, TNV KATOGKELT TEPLPEPELNKDV, KAETMV TOYYMUATOV TOL AEITOVPYOLV
¢ doppaypato (Www.s.andb.gr). Eniong ot mpoopoentikéc tov 1810tteg givar oAy
YPNOUES YL TOV KOOUPIGHO VOATIVOV Avpdtov. TElog, ta mpoidvto Tov umevtovitn
Aertovpyohv G eVEPYA TPOCTATELTIKA GTpOLOTA OTIC ['ewovvOeTiKég ApytAikeég

Emevovoeig (GCLS) ( ).

1.5.10. Amoypopaticpdg eraiov

H wavotta mpocpoenong mov £xel o umevrovitng Ppiokel epapuoyn ot ddyoon,

ONAOON TNV OTOUAKPLVGT TOV YPOCTIKAOV Kol TOV OVGAPECTOV OGUDV TOV EAAIMV.
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H enetepyaocia kdbe elaiov mov amoypopatiletar eaptdror amd TOV TOTO TOL Kot
elval ocvykekplpévn. Amopaitnn eival 1 SodKacio Evepyomoinong Tov UTEVTOVITN UE
o&éa (0&vn evepyomoinon), | omoia Oev mpaypaTonoleital TO 1010 E0KOAN 6€ OAOVE TOVG
umevtoviteg Kot e£optdton amd dpopovg mapayovies, Onmg 1 Beppokpacio, n mieon

K.G.

1.5.11. T'eotprioeig meTperaiov

O umevtovitng YpNOULOTOLEITOL GTOV TTOAPO TV YEOTPNCEMV TETPEAAIOD Kot VEPOD.
O polog tov Kath KOpLo Adyo eivol va dpa ooV AEOVTIIKO GTO YEOTPOTOVO KOl VO
oteyavomolel To TOyYOMOTO NG yewTpnong. Emiong, Adyw g 6i&otpomiog ToUL,
ypnowonoteitor otov kabapiopd tov Toryoudtov avtov. H {fton pureviovit ya ™
GLYKEKPLUEVT YPNON GLVIEETOL KLPIOG e TIG OPACTNPLOTNTEG TAPAYWYNG TETPEAAIOL,

QAL YPTOULOTOLEITOL KOl Y10l VOPOYEDTPNOELG. ( ).

1.6 XAPAKTHPIXTIKA KOITAXMATA MIIENTONITH
1.6.1. Mnevroviteg otic H.ILLA

Ot pmevtoviteg mov cvvavidvior 6€ TOAAEG mepoyés twv Hvouévov IMoiteumv,
avanTOGGOVTOL KLUPIG 6 GYNUOTIGHOVG NG Avotepng Kpntdwmg kot Tpiroyevoig
nAciog.

H mepoyn otmv omoia ov pmevioviteg oapyikd Ppédnkav, meprypdonkav Kot
ovopdoTnKay, Yo va ¥pnoinonomBodv apyodtepa o mOAAES PlOpnyaviKES EQAPLOYES,
eivar n mepoyn Mavpov Aogpwv (Black Hills) peta&d tov molrteidv TNovaiopuyk,
Movtdvag kow Notag Ntaxkotag. Areg meproyég tov H.ILLA, otig omoieg cvuvavtovtot
KOtdopoto.  umevtovitov, sivar ot moMteieg tov TéEag, tov Micioumn kot TG
KoMpopviag, eved mold yvootd sivar kol ta kottdopoto otnv mepoy] Cheto g

Apilova kot oty kotkado Apopykdla e Nefada (Grim & Giiven, 1978).
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1.6.2. Ileproyn Mavpov Adpomv

2mv mepoyn Mavpov Adpwv, o pia éktaon mepimov 1220 pétpov, avantoiccovton
(POKOEIEIG-OTPOUOTOEDELG pumevToviteg nAkiag Avotepov kot Katdtepov Kpnridikov,
oe oakoAlovBio Wnuatoyevdv mETpOUATOV TOL TEPAOUPAveEl cLVIOOS OPYIALKODG
oy1oTOMBoVG, Hapyeg Kol apytlkovg yappiteg Bordcoag mpoéievons. H iopopeio
TOV KOITAGUATOV TOL GLVOVIOVTOL ival TéToln, OoTe Kdbe Tepipépeta eivarl dvvatod va
TEPLEYEL TOVAYIOTOV €IKOOL SOPOPETIKA oTpOMaTe umeviovitov (Zynua 1.3), tov
omoiwv 10 Thyog Kupaivetar amd PEPIKE £KATOGTA ®G 3 1 KOl TEPLGGOTEPO UETPOL. ZE
LEPIKES TTEPIMTAOGELS, TO TAXVTEPO CTPAOUOTO UTOPEl Vo Tpogpyovtarl amd Tn cuVOeoT
AAPOPOV GTPOUATOV, INA. AVTITPOSOTEVOVY L0, 0KOAOVOIO TTOGE®V TEQPPUG. APKETA
a0 TO CTPMUOTH EIVAL POKOEN, EVD UEPIKA AAAN HUTOPEL VO EKTEIVOVTOL GUVEXDG Y10l

TOALG Pl

Yympe 1.3: Opilovtec umeviovitn otovg oynuoticpovg New Castle 6to Mowry kat Tov
Belle Fourche (Grim & Guven,1978).

To kat®tato onueio Tov oploviwv pmevrovitn ivar GBS GUEMOG SUYOPIGUEVO
amd 1o vmokeipevo VAKO, TOo omoio TG MO TOAAEG Qopég eivar oylotdAbog. O
oylotOMboC owTOg €xel TOomIKA TLPITIOE], og mAyxog mov Eemepvd to 30 eKOTOOTA
(EMua 1.4). e mepurtdoeig Aentdv oploviov pumevtovitn 1 topovoo {Ovn Tupttioong

dev gpoaviletar emedn to mhyog g e€aptdral avaroya omd to mhyog g apyilov. To
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avaTeEPO onueio TV oploviewv pmevtovitny, onmAady To OplO0 HE TO VLREPKEINEVA
oTpOMOTa, 08V glvan capmg kabopiopévo kot yopaktmpiletoar cuvnbog amd Pabuiaieg

LETAPACELS TPOG TO VILEPKEILEVO TETPOLLAL.

Yyfqua 1.4: Toun umevrovitn pe to 6voua Clay Spur (Grim & Guven,1978)

210 HETOTO NG EUPAVIONG, O UTEVIOVITNG EYEL YEVIKO OVOIKTO KITPVO 1 TPAGIVO
YPOLO, TO omoio peTafdAdeTon 6 UTAE HOKPLEL OO TO PETMTO Kot GLVOSEVETUL Omd pia
voPdduon otig KoAogdelg 1010tNTéG Tov. Zopemva pe toug Knechtel ko Patterson
(1962), ot petaPoréc TOL YPOUOTOS TOV TOPAUTNPOVVTAL, OPEINOVTAL GTO SLOPOPETIKO
Babud o&eldmwong Tov o1dnpov, eved 1 vroPdduion otig KoALogdelg 1010t TEG 0PEileTOL
mOOVOTEPO OTNV  OVTIKATAGTOOT KATOWOV avTOAAGELOL KaTiOVTOG Vvatpiov omd
acPéoTio.

[Tépa amd v addayn TOL YPOUATOS GTO UETMTO ERPAVIONG, O UTEVTOVITNG TTOL €lvail
Knpodng, amocabpmdvetarl kot moipvel T Hopen vipddwv 1 kokkwv. H amocdbpwon
OLTY] TOL UTEVIOVITN OTO HETMOTO EUPAVIONGS, YEVIKA TEIVEL VO EVIGYVOEL TIG KOALOEWELG
1010 TEG TOL PmevTovity. E1ot Adym ¢ d10GTOANG KOl GUGTOANG TOV TPOKOAOVVTOL LUE
™ dwdoyikn Safpoyn kot ) ERpovon g apyilov, n dyn TV AOLAOVIIDOV KOl TOV
QLTAOV TOV LETMOTOL HOALEL UE TOTKOPV.

H moidtrta tov pmevrovitn oe éva dedopévo koitaoua dev givar 1 0w € OAn Vv

€KTOON TOV, ALY TTOKIAEL e TO KEVIPIKO TUMLO TOV VO £XEL TIC VYNAOTEPEG KOALOEWDELG
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W0 teg. To KATOTEPO GTPOUA IVOL OPKETEG POPES AUUMDIES, EVED TO AVAOTOTO UEPOG,
oL GLYVA amoppinteTal, £xel Kapé ypoua. Eniong oe opiopévoug opiloviec unevrovit
TapaTNPOVVIOL KOVOLAOL acPectoABov pe oduetpo uéxpt kot 4,5 pétpo, &V
OTOVIOTEPQ ATOVTAOVTOL KOVOLAOL GLOMpiTY.

[d1aitepo evolapépov Tapovstdlovy To YOPUKTNPICTIKE UEPIK®Y 0pllovImV, OT®G Ot
OLYKEVTPIKOL PAO01 TOL UmAe pmevtovitn. Avtol ot Ao10i, Tov amokaAovVTal "UTAe
avyd” kol pmopel va £yovv dtapeTpo 30 Ko TAEOV EKATOOTA, £YOVV TNV 1010, cVVOESN e
TOV VTOAOUTO UTTEVTOVITN KOt 1) TPOEAELGN TOVG deV eivan Eekabapiopévn.

Ot pmevroviteg £govv oymuatiotel amd dtayeveTikn eE0ALOI®MOT NPAICTEIOKNG TEPPOG
pLOMBIKNG cVoTaoNG OV €xEl TPodABeL amd po Stk Y. H mepiektikdtto o€
Hoyviolo Tov opektitn eivor vynAotepn omd avt| ™S mOAVAg UNTPIKNG TEPPOGS.
Tepdyo e €eppag mov dev Exovv e£oAholmbel, KOKKOL 0GTPIOV, KOOAVITN OE LUKPES
nocotNTES, Yohalioo ko Protitn amotelodv to 10% tOL pmeviovity, evd mepimov TO
vroromo 90%, otov KOpLo mapaywykd opilovta TOL KOUTAGUOTOS, OmoTeEAEiTOl amd
opextitn. Téhog o yprotoParing, o omoiog 6 Ppiokerol o€ OAO TO KOITAGUA, ATAVTEL
ocuvnbwg oe mocootd 25%, av KOl 68 OPIGUEVEG TTEPITTAOCELS TO TOGOGTO OVTO Elval
wkpotepo, mepimov 10-20%, Aoym g eugdviong acPeotitn (mepimov 5-10%) kou
KAMVOTTIAOAITN 6€ [Kkpd TOG.

Amd 6o TO. KOUTAGUOTA UTEVIOVITOV TNG TEPLOYNGS, LOVO EMTE €xOLV apKETO TAYOG,
elval ovveyn kol apkeTd TAoVo10 6 oueKTiTN. To To YvmoTd and avtd To Kortdopato
ovopaletar "Clay Spur™ kot Bpioketon otnv Kopven Tov oytotoAbov Mowry, niiog
Kototépov Kpntidwkov. And avtd to koitacpa pe mdyog mov Kvpaivetal amd 75 wg 120
ekatootd (cm), €xer e€opuybel 0 vaTplovyog pmeviovitng pe T eEpetikd VYNAEC
KOALOELOEIC 1010TNTES Y10 TIC OTTOTES M TTEPLOYT EXEL YIVEL YVOOTY.

AMo kowrdopoto tng 010G meployng, o€ avtiBeon HE TO TOPATAV®, TEPEXOVV
OUEKTITN OV PEPEL WG KLPIAPYO TPOSPOPNUEVO KATIOV TO 0GPEGTI0. ZOUP®VA LE TOVG
Knechtel kot Patterson (1962), dev vmapyel kopio cvoyétion petad e mopovsiog
vatpiov N aoPeCTION KAl TOV GYETIKOV KOITAGUAT®V, YOTi 1 @UOT] TOVL OVTOAAGELLOV
KaTOvVTog mHaVOV v TpoépyeTon amd 1Tn ovotacn S Téepos. Eva  daitepo
YOPOKTNPLOTIKO TOV VATPlovYoL Umeviovitn twv Mavpov Adpmv ivatl 6Tl 0 GUEKTITNG

dtaokopmiletal 610 vepO 0E GYETIKA PEYAAES Kot eEOUPETIKA AETTEC VIPAOEG. XVVeETEia
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OVTOV TOL YOPOKTNPLOTIKOV, €IVOL VO OMOKTO O UTEVTOVITNG OMUAVTIKEG KOALOEIOELS,
TAOGTIKEG KOl GUVOETIKES 1010TNTEG,.

ATO OpLKTOAOYIKEG LEAETEC IOV TTPALYLLOTOTTOONKOV G€ delyaTa OV EANGONGAY amd
mv mepoy] tov Mavpwv Ademv, mopatnpndnke 0Tl Ta TEPIGGOTEPA OO OVTH
TEPLEXOVLY KLPIWG VOTPLOVYO LOVTHOPIAAOVITY.

ATO TOpATNPNOE OTO MAEKTPOVIKO MKPOGKOTIO ot Oetypato tov T'ovaidpyk
CUUTEPAIVETOL OTL TO. LOPPOAOYIKA YOPUKTNPIOTIKO TOV TEPLOGOTEP®YV GUEKTITIKOV
KPUOTAAA @V Tovg eivar peta&h tovg mapopown. To ouektitikd poplo eppavifovral
KUPIOC G ELOCUOTOED] GUCCOUOTOUATO KOl €VIAiol KPLOTOAAiTEG. Xe avTd TO
GLUGGOUATOUOTO, AETTA Kol LEYOAN GUEKTITIKG VAL, £ivOl AKOVOVIGTO SUTAMUEVO KoL
dkAadopéva, Tpaypo mov Tovg dtvel uALOEWN eneavion. Tlapd to dimimpo Tovg,
oplopéva Aemtd pepovouéva @OAA0 eivar gvdidkpita. Eviovtolg pepikd amd to
EAAGULOTOEION GUCOCOUOTAOUATO EIVAL GOUTOYT], KO OTOTEAOVVTOL OO EMITEDA GLUTOYT|
oTolfayéva GTPOLATO.

Av Kol 0ol peohoyikég 100TMTEG TV OEYHOTOV  gpeavifouv  oplopéveg
SLUPOPOTONGELS, OE CNUEUDVETOL KOUIOL OTULAVTIKT O1POpE LETAED TV HOPPOAOYIKAOV

YOPOKTNPLOTIKOV TOV GUEKTITOV Tovg (Grim & Giiven, 1978).

1.6.3. Ilgproy) axt@V 100 KOATOL TOL MESIKOV

ZyMUOTIGHOL  UEVTOVITN avATEPNS KPNTIOIKNG Kol HECNG TPLTOYEVOUG MAIKIOG
CLVOVIMOVTOL KOl OTIS TOPAKTIEG TEOIAdEC TOL KOAmov Tov Mefikov. Avtol ot
oynuatiopot glvar yvootol g pmeviovites tov Misoioour kot tov TéEag Adyw
TNGAVATTUENG TOVG G OLTEG TIG TEPLOYES KOl TNG YPNOUOTOINONG TOLS Yo TNV
ToapUy®mYn  Guu®V, yutnplov, opyikov omoxpOUOTIGHOD A0V KOl  TOAPOV
YEDTPNCEMV.

210 PBoperoavatoiikd Micoiooinn, o oynuoticpuds Eutaw me avotepng kpnTidotkng
nAkiog TePEYEL SAPOPA GTPOUATO UTEVTOVIT, LEPIKA aO TO 01010 POAVOLV GE TTAYOG
ta 4 pétpa. Ta mo yvowotd ®etdco cuvavtovial otig enxopyieg Itawamba kot Monroe
OOV TPOAYLOTOTOIEITOL KOl OTULOVTIKT TOPOYy®YN. X° OOTAV TNV TEPLOYN TO LAIKO givor
KNPMOES HE YpdUa UmAe Otav glvol Tpoceato Kot Kitpvo otav €xel anocabpwbei. To

VIEPKEILEVO VAIKO elvar €0OpLTTY GUIOG, EVED TO VTOKEIPEVO TOIKIAAEL ad aPYIADON,
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LOPUOPVYIOKT GE YAOVKOVITIKY Gppo. [evikd, Kot o1 avaTepeg Kot YOUNAOTEPES EMUPES
napovctdlovv Babuiaieg petapdoets.

Mmnevtovitng pe mapdpoto yopaktipa mwoapxon oto tapelddv oty emapyio Pontotoc
ot0 Popelo Miciowf omd 10 oynuatiopnd Ripley niwiog Avotatov Kpntidwkov.
Inuovtikég mooodtnteg umeviovitn €xovv e€aybel omd TOV TPLTOYEVH GYNUOTIGUO
Vicksburg otig emapyiecc Wayne kour Smith otov kevipikdé Miciowmn. Ze avtég Tig
enapyieg lvol YvooTd d10popa KOITAGLOTO UTEVTOVITN UE TAYOC TOL PTAVEL HEYPL Kot
1,2 pétpo. To vrepxeipeva kol vmokeipevo otpdpoto gival oylotdOABol, ot omoiot
ATOVTOVV GE OVOPaKIKT akoAovBia, EVE To VTOKEILEVE GTPOUATO OEV EXOVV TLUPITIOOEL.
Mepwoi amd avtodg Tovg umevtoviteg eivar oyxeddv Kobapd GUEKTITIKOL, HE YPOUQ
dompo 1 ykpilokitpvo.

TENOG YOPAKTNPIOTIKO TOV GUEKTITOV OAMV TOV UTEVTOVITAOV Tov Miciout givor 0Tt
eépovv acPéotio g mpoospoenuévo kotov. O Reynolds (1940) éxer meprypdyet
EVOLLPEPOVTEG apyIAOABovg oty AAlaumdpa, o oynuaticpovs nakios Hokaivov, ot
omoiot Bewpeitor O6tL €rovv oynuotiotel and pvoibwn Téepa. Ot dpytlol oTovg
oynuatiopovg Clayton kot Nanafalia amotelobvton and povipopiddovitn, yprotofoaritn
Ko eovAavtitn, o€ avtifeon pe to otpopata tov Lower Tallahatta, mov amotedovvran
Hovo amd KAVOTTIAOALTY.

210 TéEag, o1 pmevroviteg amavtovv og (o evpeia {OVN TOPEAANAN GTNV OKTY, TOV
onpatodotel 10 pétowmo euedaviong tov Kpntwiwkov kot Tprtoyevov nuatov. Amo
OAOVG TOVG UmevToviTeS AVTNG NG CMVYNG 01 o oNUAVTIKOT BpicKOoVTOL GTOVG TPITOYEVEIS
oynuotiopovg Jackson kot Gueydan otic emapyieg Gonzales kou Lafayette, omov ko
VILAPYEL EKTEVIG TTapaywyn. [evikd, OAeg ot amobéoelg eppaviCovv d1dpopa cTpOLATO
umevtovitn mov evoAAdocovion pe HOAOKES Gupovg kKot oylotoriBovg. To kvpro
APYIMKO GLOTATIKO TV UmeVTOVITOV Tov TEE0c eivan o aoPectovyog ouextitng. Katd
0éoeic vapyst avioArdEpo Mg™ ko No™. Zopemvo pe tov Hagner (1939), siduodtepa
oT1g amobBécelg 010 POPELOAVATOAKSO UEPOG TNG TEPLOYNS TOV UETMTOL EUPAVIONS, O
OUEKTITNG CLVOVTATOL UEPIKES POPEC OVOUEUTYUEVOS HE KOOAViTN. AAAQ un apyltMKa
opuktd eivon o yaAaliog, ot dotprot kot o papuapvyiog (Grim & Giliven, 1978).
Youpwvo pe tov Roberson (1964), otovg upmevtoviteg tov Té€ag m ovvbeon tov

opektitn mokiAlel apketd. Emiong, pepukol pmevroviteg meptéyovv a&lOA0yEG TOGOTNTES
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un e€aAAotmpévon yuaAlov f/kat ypiotoPaiitn/ipdvpitn 6€ T0600TO TEPITOL PEYPL KOt
25% otovg opilovteg o€ PEPIKEC TEPLOYEC.

To ypodpo TOUL pmeviovitn moikidier omd AGTPO ©€ KITPWVO Kol TO LTOKEIUEVA
otpopota dgv Exovv mopttimbel. TELog o1 pmevroviteg Tov Misoioouny|, and TV exapyio
Itawamba, mepiéyovv acPecTO-HAYVNGLOVXO LOVTHOPIAAOVITN KOl UIKPES TOGOTNTEG UN

APYIMK®V 0pLKT®OV 0Ttm¢ yoralia, aotpiov ko papuapuyio (Grim & Giiven, 1978).

1.6.4. Ayyhia

O avdTepog KpNTIOKOS aoPEGTOVY0G UTEVIOVITNG TOPAYETOL EKTEVMOG KOVTO GTO
Nutfield oto Surrey yia va ypnoyomomdei o€ pio ToKIAio EUTOPIKGOV YPNCEDV,0mMMG Ot
dppot yompiov, ot Aol ye@TpNoe®V TETPEAAIOL, Ol OMOYPOOTIKEG Yoieg KAT. Ze
OPIGUEVOVG OGPECTOVYOVG UTEVTOVITEG ALTNG TNG TEPLOYNG eppavifovion pali pe tov
povtpoptihovitn kat {eoAbot. Ty tomobesio. Nutfield, didpopa otpdpata apyilov,
TOV TO OO TOVG KLUOIVETOL OO LEPIKA EKATOGTA PEXPL LEPIKA HETPA, PpickovTal GE
éva opilovta aofectovymv dupev oto oynuatiopd Sandgate tov  KatdTEP®OV
IMavkovitikov Appov (Emuoe 1.5). To ureviovitikd otpduate £(ouy Knpmon ven Kot
umAe ypopo kKatd v eEO6pvEn, mov yivetoaw kitpvo o0tav amocabpwbodv. O umie
UTEVTOVITNG TTEPIEXEL KOVODAOLG Gudmpomupitn Kot dAA®V coviewinv. Mia mapdpote
Gpythog omd v id otpopatoypaeikny 0éon e€dyetar xovtd oto Woburn tov
Bedfordshire.

rpopato acPectodyov upmevtovitn €yovv emiong Ppebel xovid ommv Pdon ToL
Iovpacikod oto Combe Hay cto Somerset. Toa otpdpaTo avTd £X0VV S1APOpO THYN KoL
yopiovior amd appuddn pdpye. H dpytlog kol 6e avtiv v mepintoon sivor apyucd
umAE Ko yiveton Kitpvn 0TV omocafpaoveTat.

Kot ot 600 mapomdve TOTOL OGPECTOVYMV UTEVIOVITOV TIGTELETAL OTL £YOLV
oynuatiotel amd Owayevetiky] €EaAlOlOON NG MNOOICTEWKNG TEPPOG, 1M Omoia
petapépnke amd motdpe Kot omotédnke otn Bdiacco. Evrodtowg, M amovoio
NPAICTEWKNG SPACTNPIOTNTAS KOTA TNV KPNTIOKN TEPI000 GTNV EVPVTEPT TEPLOYN EXEL
TPOKAAECEL, OE HEPIKOVS AYYAOUS YEMAOYOVS, EPOTNUATIKA ®C 7TPOG TOV TPOTO

TPOEAEVOTG TOL UNTPIKOV VAIKOVD.
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Yypa 1.5: Topn xortdopatog umevrovitn oty meproyn Redhill oto Surrey g Ayyliog
(Grim &Giiven, 1978).

Ov Poole et al (1971), éyxovv mepryphyer v Vmopén SGEOP®V GTPOUATOV
AGPECTOVYOL UMEVTOVITN TN HECOio TNAITIKN KOl OUU®OOT OHAdH TOV KATOTEPWV
ovkovirikov Appmv oty mepoyn Fernham tov Berkshire. Xe vt v mepoyn
VIapxovV 600 PacIKA CTPpOUOTA UTEVTOVITN, va omd To omoia eTdvel og hyog ta 3,5
HETpa Kot TEPLEYEL aoPectovyo povipopiilovitn oe mocootd 80-85%, khvomtikdiibo
og pkpn mocotnta Ko yoralio. Zouewvo pe tov Robertson (1961), n dueon ynukn
Wnuatoyéveon oe €va Bahdocio meptPBdAlov NTov 1 KuptodTEPN dadikacio GYNUATIGHLOD
TOV TOPATOVE CTPOUATOV.

Katd tov Grim (1933), "o ayyhkdg pecolmikog acfectovyog uneviovitng Oempeitan
OTL eivon TAOVG1EG ATOBECELG LOVTUOPIAAOVITY), TOV dNUIOVPYNONKAY AUECH OO TTMGCELS
TEPPOC, N OTOI0. CLGCMPEVTNKE OTIG WKPEC AUVODAANGGES, 0ALL Kol EUUEST, OO TN
SPpmoN Kot LETAPOPA TNG TEPPAS, TOL KAADTTEL TO TOpaKEipeEVa €04pN".

Ot umevtoviteg mepiEyovv kupimg aoPectoVy0 HOVIUOPIAAOVITH ®©C ONUAVTIKO
OLOTOTIKO TOVG, &v® Ol mpocpitelg oOmwg yohaliog, dotplol, ko pikeg, &ivon
OVLYKEVIPOUEVOL 6T0, IO adpOKokKo KAdopota (> 10um). EmmAéov kdmotot omd avtovg

TOVG HOVTHOPIAOViTEG TTEPIEXOLV pEYala mood tov Fe203 (Grim & Giiven, 1978).
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1.6.5. EALGOC

Xmv EAAGOa peydio kortdopato pmevtovitn vmdpyovv ota vinold Mnlog (oynuo
1.6), Kipwlog kot Xiog, pe omovdadtepa. ovtd e avatolkng Miiov. ITiotedeton o1t
Ol umevtoviteg &yovv oYNUATIOTEL JlayeveTikd amd eE0AAOI®MON TLPOKAUGTIKMV
OTPOUATOV HE OLOTOOT, TOL Kvpaivetol HETOEDL evpémv opiwv amd pvoAbo g
avoeoitn. H eolhoiwon élaPe yopo oe vrobordooto mepiPaAlov Kol oe YOUNAES
Beppokpacieg (Xpnotiong, 2000).

Ot amoBéoelg pmeviovitn g avatoMkng Mniov tov Koatwtepov I[TheiotoOKatvov
UTOPOVV VO YOPIGTOVV GE TPELS OUAdES COHQPOVO HE TN YeYpaplkn Oéon tovg . H
np®OTN opada mepthapPdver tig amobécelg Aonpo Xwpld, Toaviim kot Zovldg, M
devtepn 115 amobéoelg Ayyeprd ko Kovon, ko n tpitn tig amobéceic Aveo Kod, Kato
Ko, Pépa, T'apveardakava kon Mavpoyibvvng.

Metaéd tov amobéocemv g de1LTEPNC Kat TNG TPITNG OUASAG, VITAPYEL 1 ATOUOVOUEVT
amofeon Aypihiég, m omola dev pumopel va evoouatmbel o kamow omd TIC TPELS
npoavapepheiceg opuadec.

Ot amoBéoelg eivar oTpopaTOEdElg Kol 01 TEPIOGOTEPEG amd avTég givol ovVOeTES,
amoteAovvtal dNAadn amd meplocdtePovg amd Evav Eexympiotolg opilovieg umevrovitn
7OV £YOVV €iTE SAPOPETIKG AMOOLOYIKA YOPAKTNPIOTIKA EITE TO SOPOPETIKO YpdLa (N
andbeon ZovMog amoteAeitol and déka dlopopetikong opilovte pmevtovitn). To mhyog
Tov ektebepévav petomov kopaivetor oand 10 éog 40 pérpa. Ov pmevtoviteg g
TPAOTNG Kot OEVTEPNG OUAOES €YOLV GKOVPO TPACIVO 1 UTAE YPOUO, TO OmOoio
LETATPENETAL GE AVOLTO KITPVO GTOLG VYNAOTEPOVLS GTPOUATOYPAPIKOVS 0opilovTeg,
YEYOVOS oL TBOVMOG VoL 0peiheTal 0TV 0EEIOWGT TOV GLONPOV PETA OO TOPATETAUEVT
éxbeomn otic atpoceopikég ocvvnkes. Ot pmevioviteg g TPITNG OMAdOG KO TNG
andBeong Aypiiég €yovv avorytd ykpilo M vmdAievko ypopa. OAeg ot amobéoelg
KOKKWVOTES N/Kol KITPVOTES KNAdes, AOY® NG mapovsiog odnpovymv o&ediov Kot
COVAPOI®V avticToya.

Ta avdTepa Oplol TOV PTEVTOVITIKOV 0moBEcEV gival KoAd TPOGOopIoUEVA, ALY TO
voPabpod TOVG Oev eivor yvwotrd pe Peforotnta. H efarloiwon tov pntpkov
TETPOUOTOS €lvol oYedOvV TANPNG Kot UOVO UIKpol, OyeTkd VEOL, TUPNVES U

eEaAlotopévou vakov Exovv mapatnpndel. H éviaon g eEodioimong emtpénel udévo
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EUUECH CLUTEPACUATO YL TN @OUCN TOV UNTPKOV metpoudtov. Evtovtolg, to
YEOAOYIKA KOl TOTOAOYIKA XOPAKTNPIGTIKA TOVG OElyvouV 0Tt 01 amoBEaels TG devTEPNG
Kot Tpitng opddag £xovv oynuatiotel eni TOTOL, MOAVOG and TVPOKAACTIKEG POLS, EVD
ekelva TG TPAOTNG Oopadac oynuatiotkoy omd £€vo  EKTETAUEVO  MPOLGTELNKO
Aatvmomayés. Ta yemAoyikd, GTPOUATOYPAOIKA KOl TOANOVTOAOYIKG GTOLYElR dElVoUuV
0Tt M amdfeon TOV TLPOKANGTIKOV UNTPIKOV TETPOUATOV TPAYLATOTOMONKE ©E
vroBordooieg cuvOnkes. Tlapodia avtd dev givar ciyovpo av To UNTPIKA TETPOLATO
eCeppaynoav vmoyelog M o10 Bokacowd vepd. Ot mMEPIGGOTEPOL  UTEVTOVITEG

yopoktnpifovtol amd Aatvmonoyn cOOTAGT] TOV HOLALEL LE VOAOKAAGTITN.

Yympoa 1.6: Kowrtdopoto pmeviovitn oto vnoi g Mriov.

Ov meplocotepeg amobéoelg mepl€éyovv omAAo, TO omoio €Ttol Kot OAMDG
oLYKEVTIPOVETAL 68 YOPloth otpopata (opddeg 1 kot 2) | og OAn ) palo TV
umevrovitdv (opada 3 kot amdBeon Aypidiég). O ondiog Tov PpickKeTol 6To KOITAGHOTO
umevtovitn eUQOVIfETOL GE JLAPOPO. CTPOUATOYPUPIKA EMImEdD OAAY, KLPI®G OTIg
VYNAOTEPEG povadec. Avtd dev amoteAel €voeldn oG YEVIKNG UETOKivoMg TOL
ghevbepov mopitiov wpog ta kdtw (Christidis, Scott & Markopoulos, 1995).

Ot anobécelc Tov umevrovitov g MnAov mpoépyovtar oyedov €&’ oAoKANpoOL amd
vopobepkn e&aAloiwon, Tpdypo mov amodeikvoetal omd v vmapén AoV yOHyou
Kot Papitn, douéc stockwork mov yopoaktmpilovior omd petacouATiIcHo Bgiov,
TLPITIOON KoL NOOUOTEWNKEG TEPLOYEG BEPULAOV TNYDOV LE ATUOVG, 01 0Toieg eivar akdpa

evepyéc.
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O umevtovitng g Mnlov eivarl acfectodyog, pe KHPLO OPLKTOAOYIKO GLGTATIKO TO
povtpoptAlovitn Kot BEWOEAAITN, 6€ T0G0GTO oL KoTd BEoelg Eemepva To0 95%, 0 omoiog
QEPEL MG aVTOAAGELLO KOTIOVTO KUPIMG aoPECTIO HE OPKETO UAYVIOL0 1| TEPIGGOTEPO
Hoyvioto kat vatplo and ot acPéotio (Xpnotiong, 1992). And opuktohoyikég HEAETEG
&xel oamotOel 0Tt 0 S10KTOEOPIKOG GUEKTITNG €ival TO KLPIOPYO GLGTATIKO OAWV TV
anofécewv. Me elaipeon v amdbeon Toovtil, ot mAaylokAaotikoli dotplot givol
adeBovol oV TPMOTN Kot dEVTEPT OO, EVD GTIC VITOAOTES amoBECELS TapaTPOVVTOL
og pkpoTepn mocotTo. EmumAéov ot kalovyot dotpiot gival debovor oty Tpitn opdoa
kot v andBeon Toavtidi. Extog amd 10 opektitn, g d0gvtepoyeveils (AcES TV
aroféocemv TV pmevtovitdv eivor o kaoAwvitng, o acfeotitng kot ot (gdAifot
(KMvomtihoditng Kot popvtevitng). Qg cvvopopa 0pukTd amovtovv Osukd dloto Kot
covAQidlo (o1dmpomupitng M/Kkal HOPKAGITNG), TO OTOI0. GLYKEVIPOVOVTOL GLUYVO OTIC
OeAEPec. O KMVOTTIAOATNG KO O HOPVIEVITNG cLVAVTOVTOL 6TIS amofEcelg katabéoselg
Zoohdg, Aykepid xor Foapveaidxoawva. O kAwvomtihoAitng yopoaktnpiletoar g
"evoldpecoc”. Ot opddeg 1 ko 2 gival copmg ympiopéveg and v opddo 3 kot v
andBeon Aypumég mov mepi€Eyovv apbBoveg @doelg mupttiov. AAAO CLOTOTIKA TOV
umevtovitn  eivar  dotprol, yprotoforitng oaAAovoitng, pHopuopvyieg,  odnpitng,
avkepitng, yowog, Papvng, arovvitne. Ta ocpextitikd kpvotodia epgovifovior vmod
LOPON KLUOTIOTOV VIPAd®V, oynuotilovtag YopoKTNPIOTIKEG KOWEAMTEG OOUES, Ol
omoieg umopel va opeilovial oty apuddTt®on TOV SElYIAT®V 610 KeVO. Ol GUEKTITIKEG
VIQAdES EYOVV oYNUATIOTEL HES® 0V0 TPOTOV: ) €1C PAPOC TOL NPAIGTELNKOD YVLOALOD,
7oL £)EL OONYNOEL GE YEVOOUOPPES BOUEC OVTIKOTAOTAONG Kot B) amd ovTIKOTAoTAON
TOV TLPLYEVOV aoTpiv, Kuplog mayldkAooTa, TPAYHO TOV €MioNG £YEl OOMNYNGEL GE
YEVOOLOPPES OOUES.

To 0pLUKTOAOYIKA KO YNUIKE YOPpaKTNPIOTIKA TV amobécewv unevrovitn g Mniov
delyvouv 6tL pmopel va punv €xovv mpoéAbel amd €vav kowvd mpodpopo. Emiong ot
ONUOVTIKES SOPOPEG, MG TPOG TI GLYYEVELN, OLTOV TOV TETPOUATOV Oglyvouv TV
VmapEN TOLAGIGTOV dVO NPOIGTEINK®Y ETAPYLDOV TOL NTOV EVEPYEG KOTA TN SlApKEL
tov Katotepov I[TAeiotdkaivov. H mapovsio avbeviikdv KaAobymv actpimv deiyvel 0Tt
ol umevtoviteg g Mniov €yxovv oynuatiotel mbavog oe younin Oepuoxpacio. O
HEYOAOG OYKOG TV 0mobécewmv, mn oxeddv TANPNG €£0AAOI®MON TOL TMPAICTELKOD

YOOA00 G€ OUEKTITN Kot 1 €KTAVGYT TOL VaTpiov, TOV KoAiov Kot TOL acPectiov
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delyvouv pio oyk®ddn pevotn por kot moAD vepd. Eviovtolg, dev elvar cagéc yati m
PEVOTY| POT| EMKPATNOE KATA TN OdpKELD TNG eE0ALOTwONG.

Ot mpdopopotl Tv amobécemv Twv opadwv 2 kot 3 NTav mOavdS TVPOKANCTIKEG POES,
n Bepuokpacio T@v omoiwv ce veddpleg cvvOnkeg kvpaivetor amd 300 émg 850° C,
oOLHP®VO e TO pnyaviopd g ékpnéne. Tétoteg Beppokpacies etvar mapa TOAD LYMAES
YO TO CYNUOTICUO pmevVTOVITH) v Kol 6 vTofaldocio mepBaAlov ot Bepprokpocieg
TpEMEL Vo etvan apkeTd yauniotepes. H ovumeproopd pog vrdyelog mupoKANGTIKNAG
pong Katd v €ic0dd g 610 Badacoivd vepd dev gival yvooti. Me ta vrapyovta
YE®WAOYIKA oToryEla dev gival olyovpo av ot neaictelakég ekpnéetg ray vrobaAdoaoieg 1
vrdyeleg, ov kKoar o Pabuog egarroimong delyver Tig vmobBoldcoleg exprgerc. H
eEairoimon eivarl mBavo va eréyynke amd po Compn avtiopaon petalld evog oyeTikd
Oeprod LOAMOOVE TETPOUOTOC KOl TOV Kpvov Ooiaccovod vepold. Muwo Poabpiaio
petafoln ¢ Oepuokpaciog kabiepmOnKe OS1ELKOAOVOVTIOS TN PELOT PON Kol TN
LETAVACTEVOT TOV YNUWK®OV otoyeiov mov vréomoov £kmivon. H Bepupokpocia,
TOVAGYIOTOV KOTA TN O18pKELN TNG TTAGCNG TOV KOAMOVYOL aoTPiov, NTaV TOAD YOUNAN
delyvovtag pia mbavn peimwon g Katd T SdpKELR TOV GYNUOTIOHOD TOV UTEVTOVITN.
To ovomua Mrov OepUoOLVOIKGE  OVOIKTO EMOUEVOS OV  GUUTEPIPEPONKE ™G
YEOOVTOKAEIGTO Kol 0 GYNUOTIGUOC (eoAiBoV dev guvonOnke.

‘Exet evduwpépov 10 yeyovog OTL 1) TOPOLGIK OPLKTMV, OTMG O 1POsitng, o
aAovvitng/vatpoaiovvitng, ta omoio avtikabiotodv tov cidnponvpitn N sueaviCovran
oe QAePidwa, mov elvar otabepd ota 0&va mepiPdAlovta pe vynAn dpactnplOTnTO
Beukov dAatog, elval o dlpovia PE TIC PLOIKOYNLUKEG cVVONKeS ToL KaBopilovv Tovg
ToElG oTafEPOTNTUC TOV CUEKTITMOV KOl TOV KaAlovxov actpiov. Emiong, o ouekrtitng
aviikofiotoator ovvibwg omd  amopovopéva  KpUoToAlo 1 "@LAAGPLR”  KOAQ
KPLOTOAA®UEVOL Kaolvitn M/kat Tov PEAOVOEIBOVS GAAOVGITH GTOVE TEPIGGATEPOVS
UTEVTOVITES, T OTOlaL ELVOL YOPAKTNPIGTIKA VOPOBEPUIKA 0pVKTE TTOV oynpatiloviotl oe
oxeTik@ 0&veg ovvinkeg oe mapopoleg mepifarrovta oty Kipwio. Emumiéov ta
YEOAOYIKA YOPAKTNPIOTIKA TOV amofécemv Kot 1 EAAEIYN TOV GLGTNUATIKOV (OVAOV
eEallhoimong, mov Ppickovial TNV 0yK®ON OPYIMKY EEOAAOIMGT TV SEYHATOV TOTOV
Kovpoko, deiyver 011 1 vopobepuikny eodlroiwon pmopel vo unv eivar o KHplog
TOPAYOVTAG, O OMOI0C HETETPEYE TO UNTPIKE TMQUICTEIOKANCTIKG TETPOUATO CE

umevtoviteg, oAAG pmopel va gival éva ywploto, mo TpdcEato yeyovac. Ot 1ddtTeg Tov
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UTEVTOVITOV KVUA{VOVTaL HEGO GE EVPEN OPLOL KAOIGTMVTAG £TGL OVOYKaio T1 AETTOUEPY|
a&loAoynon tov kortacpdtov. Ta akpiPr amobépata dev eivan yvootd, oAl TioTEVETI
otL vepPaivouv ta 40 exat. tovovs. Ilaviwg n EALGSa eivar m debtepn mopaymyodg
Ydpa 670 KOGpo petd tig H.ILA, pe mapaywyn mov vaepPaivel tov 1 gkat. tovovg / £Tog
(Xpnotidng, 2000). [Mapopota mpoérevon Kot ye®AOYKd LVIOPabpo pe ta Koltdopoto
™G Mniov €yovv kail ot pmevtoviteg ¢ Kiudiov, ot omoiot ivon acfectovyotl kot
neptEyovv  alldAoyec mocotnTeg YploToParitn. Amd avTOVE TOLG UTEVTOVITEG, Ol
OTOVOAATEPOL GLVOVTAOVTAL, POPEIOOVATOAKE TOV VNGOV, GTIG TEPLOYEG TOV AOVTPMOV
kot tov [Ipdocwv (Mapkdémoviog & Xpnotidng, 1982) kot oto voTIo. 6TNV TEPLOYN TNG
davépoc. Amod To Topamdve Kottdopato povo avtd tov llpaccov, mov eivar Aevkdg
UTEVTOVITNG VYNNG TOLOTNTOS, VOIGTATOL CTIUEPA EKUETAAAEVOT).

Télog dAL0 YvOOTA pmeviovitiKd Kortdopato cvvaviovior oto vnoi [loAvaryog,

Bopeloavatohkd tng Mntov kot g Kipwiov (Grim & Giiven, 1978).
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KEDAAAIO 2- XMEKTITEX
2.1 T'ENIKA

Ot ouektiteg eival opdoa OPYIMIKOV OPLKTOV HE KLPLOTEPO OVTUTPOCOTO TOV
LOVTUOPIALOVITY.

H mowiMa g ynuiKknig ocOeTOoNS TOV CUEKTITOV EMOPA OTIG PUOTKEG KO YNUIKES
WOOTNTEG TOV UTETOVITOV, OTIMG EVOL 1] SLOYKMGN UE TPoSOHN KN vePoD, T0 VYNAS 1EDSEC,
N 01otpomia, 1 1OVTOEVOAAAKTIKNY IKOVOTNTO, 1) IKOVOTNTO O10GTOPAG KO OLdPTOT) KOL 1)
wKavoTTa TPOSPOENOoNS AdY® peyding wdtkng emeavelag(Christidis, 2000).

H opdoda tov opektitdv ektog and Tov LoVTHOPIAAOVITY), TEPIAAUPAVEL Kot TOL OPUKTE

BewdeAditn, vovtpovitn, cammvitn Kot ektopitn.

2.2 AOMH XMEKTITQN

Ot opexrtiteg amotehobvtal amd KPLGTAAAiTES, 01 0moiot Exovv péyebog pkpdTepo amd
2 um, ot PHeYOADTEPY] TOVG SLUGTAUGT.

[Ipdkettar yioo LUALOTUPITIKA OPLKTA 1 JOWUN TOV OMOIWV AmOoTEAEITOL OO Lol
OKTOEOPIKT] KOl OVO TETPAEOPIKEG GTOPASES Ol OTOieg GLYKPATOVVTOL LE EVOLAUESO
katwovta (oynua 2.1). H oxtaedpucn otiada anotereiton and Oetikd popticuéva 10via
apytMov mov mepiBdArovior amd apvnTikd ovta o0Euyovou kol VIPOELAIWYV, v Ol
TETPOEdPIKEG 6TO1AOES amotelobvior omd 1OvTo. mupitiov mov KATOAAUPAvOLY TO
KEVIPO TOV TETPALOP®V, KOl TO QOPTIGHEVA 16vta o&uyovov, kotaAouPdvouv Tig

Kopveég Tov (Brigatti et al., 2006) .
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Xympa 2.1: Aopn opektitn (Www.allco.co.nz/FAQs/What+Is+Bentonite.html).

Avdroya pe to abuo TApwoNg TG oKTAEIPIKNG OTOPASNC, Ol GUEKTITEG dlokpivovTal

o€ 010KT0EdPIKOVS Kat Tproktaedpikovs. (ITivaxag 2.1).

e H dopn TV S10KTOESPIKOV GUEKTITOV €lval avAAOYN UE OVTN TOV TUPOPVLAAITY,
pe 1 dwpopd 6t to oktaedpkd Al pmopei vo avicortaotofel omd opiopévo
KATIOVTO OO Mg2+, Fe?* kot Fe**, evo 1o tetpoedpicd Sitt ano A%,

e H dopn TV TPOKTOEIPIKOV CUEKTITOV £ival avAAOYT LE OVTN TOL TAAKY, LE TN
dpopd OTL TO0 KATWOV TOV pHoyvnoiov Mg2+ umopei va avtikatactadel ond to
KoTovra Mbiov Li' kot 618mpov Fe®* (Kootéxng, 1994). Eniong to mopitio Si**

e r 4 2 +
umopel va avtikatoaotadel amd apyiiio Al*
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IMivaxog 2.1 : Aoktoedpikoi kot tploktaedpikoi opektiteg (Brigatti et al. 2006).

AIOKTEAPIKOI ETMEKTITEX

MONTMOPIAAONITHE M, nH,0(Al,, Mg, )Si ;014 (OH),
BEIAEAAITHE M nH,0Al, (Siy_4 Al JSi4016 (OH),
NONTPONITHE M, nH,O0Fe3" (Si,_,Al, )Si,0;0(OH),

TPIOKTAEAPIKOI EMEKTITEX

LANQNITHEZ Mg, nH ZO(Mg 3y (AI Fe)v )Si 4-x Al )JO100H,

EKTOPITHE (Mn; nH,0)Mg,_, Li, Si,0,0 XOH),

Ot avTIKaTaoTAGELS WOVT®V GT) OO TOL GUEKTITN ONUOvPYoDV EAAELLLO GOPTIOL.
To é\leippa avtd eliooppomeitonr amd KoTOVTO, TO ONOl0 EGEPYOVIOL GTOV
EVOOOTPOUATIKO YDpo Kot gvudotdvovial. O Pabudg evuddtwons Tov KatiOviov

GUVEIGPEPEL GTNV EVOOKPLGTOAAIKT] O10YKMOT).

2.2.1. Xnmukéc tomog povrpoprrilovity

2ToV HOVTHOPIAAOVITY 01 TETPOEdPIKES 6TOIPAdES amoTeAovVTaL amd TeTpdedpa [SiOq]
oV TEPEXOVV TNV oKTaEdPIKN otoldoa [M(Os, OH)]- (6mov M= egvduqueco xatiov,
kopiog Al, 1 ko Fe) kot cuykpatodvtor peta&d toug pe evoldpuesa katiovra Kot popo
vepoy. O yevikog yMukdg TOmog Tov povipopiddovitn €xet v popen (Kootdkng ,
1999):
Mysyln™ (H2O)W{(AL,Mg) "™, 5(0H);SisyAl,01H )

Ot povtpoptrdoviteg pe (x+y)= 0,3 elvar cuvBmg Ta KOPLOL OPLKTA TOV UTEVIOVITMOV.
Av@ioyo pe v mocOTNTO TOV HOpiwV TOL VvEPOL TOoL Ppiokovtor HETAED TwV

KPLOTOAMTMOV TOV TPLIOV OTPOCEWV, OOYKMVETOL 1 OOUN TOL HOVIHOPIAAOVITNH

TopAAANAL TPOG TV KATEHOLVGT TOV KPVGTOAAOYPAPIKOV AEOVA €, TTPdypo Tov odonyel
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omv avénon g andctaons Hetald 600 oTpOUAT®V. AVTIOETA, KATO TNV OTOUAKPVUVOT)
TOV popiov 10V vepoy mov Ppiokovtal UETOED TOV — OTPOUAT®V, TPOKOAEiTOL
ovppikvoon mapdiinia mtpog v katevbuvon ¢ ( Odom,1984).

XopoKTNPIOTIKOL UTEVTOVITEG [LE LOVTHOPIAAOVITY, lval TNG TTEPLOYNG TG AYKEPLAS, 1
omoia PBpioketar oto Popeloavotorkd g Mniov. Ta kottdopato pmeviovitn otnv
mePLoyn avtn £xovv avartuydel o€ BAPOG NEOIGTEIOKANCTIKMOV TETPOUATOV OVOEGITIKNG
ovotaons. Ta apyikd LAIKA amotédnkay Katw and Baldooieg cuvOnkes, aAld Oev elval
evdlakprra e€outiog Kupimg TG APLEAMONG TOV APYIKOD NPOLGTELKOD YVAALOD 1 TNG
VOpobepuIKnc eEaAloimonc 1} Kot TV 600 S1adTIKAGUDY.

Ta koudopata oynuatiCovy Guumyn GTPOUATOEW COUATO UE TUXOS TO OMOio
Eemepvad ta 60 pétpa. O emapég TOVS e TOL VITEPKEIPEVA TETPOUATO EIVOL OTOTOUES EVED
70 VIOPUOPO AVTOV TOV KOITAGUATOV OEV €lval EVOIAKPLTO , TaPd POVO o€ pia Béon ,
OOV 0 UMEVTOVITNG OVOTTOGGETOL TAV® GTO UETOROPPIKO vtoPabdpo .Téhog apketd

Kortdopata €0koTepa eketva mov mponAbav amd 0&va metpopato givar TAOVCLO GE

onao-CT.

2.3 IAIOTHTEX XMEKTITQN
2.3.1. IovTtoevOALOKTIKT] IKOVOT|TO

H pétpnon ¢  10vtoevoAloKTIKG  WKovOoTNToS o€ Propunyovikn  kApoka,
TpoypaTomolEital pe ™ xpnom e pebddov kvavov tov peBvieviov. H pébodog avtm
elvan toyelo ko Ogv amantel EEE10IKEVUEVO TPOCHOTIKO.

[TAeovéknud ™¢ elvor 1 PETPNON NG LOVIOEVOAAOKTIKNG KOVOTNTOS HOVO TV
OUEKTITIKOV OPLKTAOV, 0OV 1 TEMKN TN Oev emnpealetor amd v VTapEn GAA®V
OPLKTAOV LLE VYNATN 1OVTOEVOAAUKTIKY tkavoTnTa, Ommg ot {edAbot. To pelovéKTnpo g
®oTHG0 glvar 6Tl 01 TYEG TNG LOVTOEVOAAAKTIKNG IKOVOTNTOG Etval YOUNAOTEPES OO TNV
TPOYLOTIKEG TIHEG TV ouekTitdv. Emiong n nébodog etvar evaicOntn oty vrokepevikn
Kpiom TOL AVOAVTY .

AMN  péBodog  pETpnong NG OVIOEVOAAOKTIKNG  KavOTnTag — mepthapPdvel
OVTIKATAOTOON TOV AVTUALAEIL®V KOTIOVTOVY, He dAAa Katidvta "deiktes" (appwviov 1
Bapiov) kol TPOGOHOPIGUOS TV KATIOVI®MV OVTMV, OTOTE TPOKLTTEL LETPTOT TNG OMKNG

LOVTOEVOAAOKTIKNG IKAVOTNTOG.
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Xoapakmplotikn t€tota. péBodoc eivar o kopeouds pe 0EIKO appdvio. AkOpo pmopet
VoL emTevyOel PETPNON GLYKEKPIUEVOV AVTOAAGEIOV KoTOVTmY, omm Na®, Ca*? K,
Mg+2 G€ GLVOVACUO YPNONG TNG PAOYOPMOTOUETPLOG KOl PUCLATOPMTOUETPIOG ATOUIKTG
amoppoéonons. Ta amoteréopota Tov pedddmv avtdv emnpedlovior and v VTapén
GAL®V OPLKTOV E VYNAES TILES 1OVTOEVAALOKTIKTG IKOVOTNTOS, OT®G TV (E0MOwV.

H 1ovtoevollokTikn tkavotnta givor Suvatdv akoUo Vo, VITOAOYIGTEL a0 TOV YMUKO
TOTO TOV OPLKTOV UETA OO YNUIKN ovAaAvon tov KabBapov ouektitn. Omwg givor
Katavontd yw va yivel autd mpémel vo givor dvvotn n dnpovpyio kabapng edong

OUEKTITI), YEYOVOC TTOV givarl TOAD dVGKOAO VoL GLUPEL.

Ta avtodldSpo 16vto T@V GpekTitikadv opyilov kobopilovtar cvvnbwg amd
YNUIKN GUGTOGCT] TOL UNTPIKOV TETPMUATOS, AV 1 YEVEST TOVS opeiietan og eEaAloiwon,
N and ™ GLYKEVIPWON TOV 1OVIOV 610 OldALVHA OTOV O GYNUOTICUOC OQEiAETAL GE
dwivpa. H mepiektikdmro, o aviaAAdSIpa KaTiovta, TV CUEKTITIKOV apyiA®V Tov
oynpotiomkay and €EAAAOIMON MNEUOTEIKOD YLOALOD, TO Omoio omotédnke o€
Bordocoo mepiBdAlov, pmopel va emmpeactel Katd dgvteEpPo Adyo amd TO WOVIQ TOV

daivpdatov Tov Topov (Odom, 1984).

2.3.2. Métpnon e101KNGS EMPAVELOS

E&attiag ™¢ tdong tovg yio cuoompdtmon 1o TpoyuoTikd péyefog kol M €101KN
EMPAVEID, TOV OUEKTITIKOV KPLOTOAA®V &givar cuyvd apketd pukpdtepa amd To
npoypatikd péyedog Kot TV 01K EMPAVEID TOV UEUOVOUEVOV KPUOTAAA®V. AVTO
ovpPaivel 10Tt koTd TN O1dpKeELd TG AVATTVENS, 01 KPOGTUAAOL OAANAOGVVOEOVTOL, LE
amotélecuo va eivarl givor SVOKOAOG 0 SYWPICUOS TOVG  €KTOG PEPata av 1 dvvoun
ouvapelog dev etvar woyvpn. Ot S109popég 6TO TPAYHOTIKO HEYEDOS TV GUEKTITIKMV
KPUOTOAA®V ToilEl oNUOVTIKO POLO GE WO1OTNTES OIS 1] LOVTOEVOAAAYY], TO 1EMOES KOL 1
anmdieto, katd tn ombnon (Neal & Cooper, 1983).

Ot puoikoi ouextiteg, KOpLo aviaALAEo 10V TV omoimv glval To vaTplo, £XoVV TO
piKpOTEPO TPAYUATIKO PEYEDOG KPVGTAAAOL KOl TN UEYOADTEPY] E0IKN EMPAVELD GTO
GLGTNHLOTA OPYIAOV-VEPOD, O10TL TO PLGIKO KPVOTOAMKO HEYeog Tetvel va elvar pikpo,
eEVO 1M Tieon SOYKOONG TEIVEL VO OTOYMPIGEL TOVS AAANAOGVVIEIEUEVOVS KPVGTAAAOVG
(Odom, 1984).
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H pétpnon g edwmg emodvelog mpaypoatonoteitor Pe mpospoéoenon atbvievo-
yAvkolpovoarBvlaBépo ( EGME). Ot Beopntikég Tég g €101KNG EMUPAVELNG TOV
KaBopoy GUEKTITN HE TPOGPOPNON T®V Tapomdve popiov gival g tdEng tov 800
m2/gr.

Juyvh  ypnowomoteitor 1 pEBOSOG VTOAOYIGHOL NG  EWOIKNG  EMPAVEWNS e
npocspoéenon N2, 1 omoia divel TOAD YounAOTEPES TIUEG, O10TL TPOGIIOPIleEl UoVO TNV
eEwtepkn empdvela. Qotdco 1 Tpospodenon N2 elvarl onuavtikny pébodog a&loAdynong
TOV OMOTELECUATOV TTOV EMPEPEL 1) evEPYOTOinoT pe o&éa oTIc apyilovg, dpa Kot TV

WO0TATOV ATOYPOUATIGHOV Kot dtavyaong edaiov (Christidis and Scott, 1993).

2.3.3. Evepyomoinon pe opyovikeg EVOOELS

‘Eva A0 YopoKTNPIOTIKO TOV CUEKTITOV €ivol OTL EMTPEMOVV TNV EVOOUATMOON
OPYOVIK®V EVAOCEMV LE TOAMKO 1 10VTIKO YOPOKTAPO LETAED TOV GTp®UdTOV tovc. H
TPOGPOPNGCN OPYOVIKOV EVAGE®V 0ONYEL GTO GYNUOTICUO OPYOVIK®OV GUOUTAOK®OV
opektitn. Ot KOpleg AVOKAAGES VTOV TOV COUTAOK®V e€aptdvtal amd 1o puéyebog Kot
™ dtevBétnon twv opyavikdv popiov. H petafoin tov kopiov avakidcewv opeiletan
0TO GYNUOTIGUO TV GUUTAOK®OV, TO, OTTOI0, YPTCLOTOLOVVTIOL GLYVE Y10l TNV AViXVELOT)

TOV LOVTIUOPIALOVITOV GE QUGIKd apythkd piyuato [Van Olphen, 1977].

H dvvatdtmra aAANAETIOPACTC TOV GUEKTITIKMOV OPYIA®V LE TIG OPYAVIKEG EVAOGCELS
Bpiokel epappoyn omv mpoopdPNnomn OPopwV opyovIKav pOT®V. Ol GUEKTITIKEG
Gpythot £x0Vv HEYAAN €01KT EMPAVELD TKOVY] Y10 TNV TPOCSPOPNGT OPYOVIKOV Lopimv
KO TV KOTAADGT TOV 0PYOVIKOV avTIOPACE®VY, AOY® TOL HKPOL TOVS HeyéBoug Kot G
YNUWKNG dpdons TV GTPOUAT®V 0ELYOVOV, OTIS POCIKES EMPAVEIEG TNG OPVNTIKA
eoptiopévng 2:1 doung.

Meydiog aplOpdc opyaviK®V evOGEMY CAANAETIOPOVV LE TIC GUEKTITIKEG apyilovg
Kupimg pe dnuovpyio deGUOV PETAED TOV EMPAVEIDV 0ELYOVOL KOl TWV OPYUVIKOV
popiov (Mortland 1970). TMopdoetypo avtidpaons (oG GUEKTITIKNG opyidov pe pio
OpYOVIKY] €VMOT), OV YPNOCUYLOTOLEITAL EVPEWS GTOV TPOGOOPIGUO TMV GUEKTITIKMV
apyihov, ivor 1 TEXVIKY TS TPOSPOENONG YALKEPOANG I aBLAEVOYALKOANG. AVTEG OL

OPYOVIKEG EVAOCELG AVTIKOOIGTOOV TO CTPOUOTO VEPOD OTIS EVOOSTPMUATIKEG EMUPAVELES

49



Kol 0VEAVOLY TV aOGTOCT TOV EVSIANES®Y GTPOUATOV o8 6tafdepd Stdotua 174, To

01010 O1EVKOAVVEL TOV TTPOGIOPIGUO e TEPOAaCIUETPia aKkTivev-X.

Tig tedevtaieg dekaetieg, £xel VAPEEL WOOHTEPO EVOLAPEPOV YO TO. OPYOVIKE HOPLOL
mov eivor oe B€om va PETAPEPOLY SLAPOPO. OVTO PETOAA®V OC COUTAOKO. AVTA TO
OPYOVIKG LOPLOL UTOPOVV VO XPNCIUEVCOVV ¢ LTOSTVAMUaTa (pillars) Ko va awéncovv

TNV KATOAVTIKY] OpacTnplOTnTO TOV EVOOCSTPOUOTIKMV ETLPAVELDY TOV CUEKTITMV.

Mo oMuavTIK KOTNyopio UTEVIOVITOV TOPAYETAL OO VOTPLOVYOVS UTEVTOVITEG UE
avTIKOTAoTOo — TOv  vaTtpiov  omd  EVOCELS  TETPO-OAKVAIKOD  OUU®VIOL

(m.x.(C, oM 37) 2N(C H 3) ,)- Me avtadroyn wWviov oxnpatiCovror opyavogurot previoviteg,

0l 0To{0l G€ OPYaVIKA VYPA Kot StoAvTikd péca oynuatilovy mktopata. Ot didpopot
TOMOL TOV 0PYAVOPIA®V UTEVTOVITAOV dtokpivovior cuviBe HeTa&d TOVS MG TPOG TO
YNUIKO TUTO TV TPOGPOPUEVOV OPYOVIKAOV OVCLMV, JCTEIPOVIOL GE OHAVTES OV
ocuviotavtol omd EAOQPDOG OTOAMKAE 1 OUTOAMKGE HOPLOL KOL YPNCUULOTOLOVVTIOL (G
dwotodtikd (extenders). Opyovo@lol UTEVTOVITEG UTOPOVV VO TOPOUCKEVAGTOVV Ko

OO UTEVTOVITEG TTOV TEPLEXOVV EKTOPLTN.

Xe Popnyovikn KA{poko ol opyovOQIAOL UTEVTOVITEG TOPAYOVIOL OO OPOLOUEVA
QLOPNUATO VOTPLOVYOV 1 EVEPYOMOINUEVOL UTEVTOVITN HE TPocHNKT OleAvudTmv
oAtV  oAkvAdppoviov. Méow oavtig ¢ dwdikaciag o umevtovitng yivetow
opyavoeIlog, anmbel to vepd, kpokddveTal Kot kKabldvel Adym tov dtoympiopod Tov
and 1o owwpnua. o v enitevén mANpovg avioArayng wOviov sivor amoapaitnta
nepimov 80-100meq opyaviKadv KatiOvImv.

Mio onUOvVTIKN EQOPUOYT TOV CGUEKTITIK®OV apYiA®V €ival 1 XpNGYLOTOINGY| TOVG ™G
HEGO  TPOGPOPNONG  OAPOP®Y  OPYOVIKOV KOl avOPYOvedV PUTTAVI®OV G  LYPA
Bopunyovikd amdPAnto. Xe avty v mepimtoon, ple piKpn mocoOtNTo  apyilov
TpooTifeTal 6To vePd Yol VO TPOGPOPNGEL TOVS POTTOVG, EVM Yol TV APaipesn TG amd
TO GUOTNUO YPNOCLUOTOOVVTOL GAAEC YMMKEG OVLGIEG TOL TPOKOAOVV KPOKIdOWGoN
[Odom, 1984].
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2.3.4. Alkoki) gvepyomoinon

H olkolxn evepyomoinon omotelel pion owovopikny HEOOOO UETOTPOMNG UIOG
acPeatodyov apyilov oe vatplovyo. Ot vatplovyol urnevrioviteg oynuotilovv yéAeC pe
0iotpomikéc W10 TEG. O pumevioviteg avtol Ppickovv epappoyr ot Popnyovio wg

OULVOETIKOT TOPAYOVTES, TAACTIKOTOMTESG KOl EVIGYVTIKG QPN UAT®V.

210 Zynuo 2.2, TopovclaleTol 1 KOTOVOUY TOV OPVNTIKOD (OPTIOVL €VOG UmEVTOVITN
a6 ™ Néo Znlovdio, mov €xel VTOOTEL TANPN WETATPOM|] WETA OmO OAKOAIKY|
gvepyomoinon. Av Kot T0 €0pog TNG KOTAVOUNG TOL QPOPTIOL T®V GTPOUAT®OV TOL

pumevtovitn petd v evepyomoinon kovpaivetor omd 0.32 éwog 0.45 eq/(Si,Al) 4010’

napatnpeitar 6t t0 péco @optio av&bvetar eldyoto and to 0.32 ota 0.34

eq/(Si,AI)4OlO.

Ye 00aTIKG M apotd OAVUOTE MAEKTPOALTAOV, TO GTPOUATO TGOV VOTPLOVY®V
opekTitov daympilovrar peta&d toug kot oynuatitovv kolhoedelg dwaomopés. Katd
JugpKel TG ENPOVONG TO CTPAOUOTO CLUGCOUATAOVOVTOL TOAL, OAAGL LE OLLPOPETIKO
TPOTO amd ovtdv TNV OPYIKY] QULOIKY APYIAO. ZT0 Zynuo 2.2, TEPLYPAQETOL M
amodOUNoN KOl 1 EMAVAOOUNCT] TOV OPYIMK®OV KPUOTAAA®V HE 000 OTPOUATO
SpopeTkoh eoptiov (OTOL T HOVPL CTPOUOTO EXOLV VYNAO QOpTio Kot To Aompa
YOLNAO). ApyKd To. GTPOUATO £Vl OLOIOLOPPO KOTAVEUNIEVO KOl 1| TUKVOTNTO TOV
EVOOOTPOUATIKAOV KATWOVI®OV givarl otafepn] o€ OA0 To EVOOSTPOUATIKE OLOGTIUATA.
Metd amd TV enavadOUnon N KOTAGTOC TOV CTPOUATOV SIOPEPEL OO TNV OPYIKT KO

1N TOVKVOTNTO TOV KATIOVTOV ELOVILEL ETEPOYEVELD.
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Yyqpae 2.2: Amodouncn Kot ETOVOOOUNCT] TOV  GCUEKTITIKOV KPLOTOAA®V T®V
OTPOUATOV HE DYNAO Kot YapnAd @optio otpopdtov mapovsio Wvtwv Na [Lagaly,

1981].

H mopackevn prypdtov KoOAOEWB®V SIHAVUATOV TOV HLOVIHOPIALOVITIKOV GTPOUATOV
Eymuoa 2.3a), mov €xovv YounAd @opTio kol TV oTpoudtev BeideAMm (Zynua 2.3¢),
T omoia £xovv VYNAO Poptio pumopel va amodeilel ) dadikacio Tov TPoavaPEPONKE.
H o¢von tov 0popPov (coagulates) mov oynuatiCovior petd v mpocsOnikn NaCl
peretnOnke amd tov Lagaly péocm tng avtaiioyng oviov aikvioppmviov. Ta 600
TPOIOVTO TOL TPOKLTOLV O TN ddIKacio avty, eEaptdvion and to péyebog TV
COUATIOIOV TOV apYIKOV ouekTItdv. Ta otpopata PeideAlitn kot povipopiAiovit

OVOULYVOOVTOL KOl Ol KPUGTOAAOL OVOTTUGGOVTOL GTAOIOKA OO OVTH TO CTPMUOTO LIE
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toyaia emaAiniia. H xoatavour tov @optiov 6e avthiv TV TEPITT®ON SOQEPEL OO TIG

KOTAVOUEC TV 000 apyikdv vAmv (Zyfua 2.3b) [Lagaly, 1981].

0k Beidellite
20
10

mixed-layer
30r coagulate

frequency (%)

Montmorillonite

Q25 31 42 eqISi,A O

Yympe 2.3: Katavoun ¢optiov otpopdtov. o). Movipopiliovitg (amd v Korpo), b).
Kpbotadlot pIKTOV OTIpOUATOV  TOPACKELAGUEVOL Oomd  UiyHOTO  KOAAOEW®OV
SWALHATOV VATPLOVYOL HOVTUOPIAAOVITN Kot vatplovyov PeideAditn, c). Beideliing
(Unterrupsrith, I'eppavia) [Lagaly, 1981].

Xe Propmyoviky KAMpoKo 1 0AKOAMKY EVEPYOTOINGT EMITLYXAVETAL UE OVAUEET TOL
aKOTEPYNOTNG apYiAoL (HE TN QLGIKY TG vypoaoia, mepimov 35-40% «.J. HZO) pe o0
N owlvua codac. o PEATIoTn OAKOMKY evepyomoinon mpEmMEL 11 TOGOHTNTU TNG
TPOoTIOEPEVIC GOO0G VO AVTIGTOXEL OTNV KOVOTNTA OVIOAAOYNG KOTIOVT®V. ZTIG
ocvvnbopéveg apyilovg tov gumopiov eivar mepimov 70-80meq/100g apyilov kot oe

avt avtietoryovv 3.7-4.2% (emi Tov Enpov apyilov) dvudpn cdda 6€ TEPITTOGT TOL TO
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+
apyKo VAKO elval evieAdg elevBepo Na . Me v avioAlayn Tov 1OvIov ot 1on Aentol
KPUOTOAAOL TOV HOVTHOPIAAOVITY amoywpilovTol 6€ aKOUd AETTOTEPOVS KPLGTAAAOVG.
Me tov TpOTO 0V TO TPOKVATEL Pia «EVEPYT» APYIAOG LE TOAD VYNADTEPT TAAGTIKOTNTA,

VOATOATOPPOPNTIKOTNTO, HIEOTPOTIKY TKAVOTNTA Kol TOAD VYNAOTEPO 1EMOEG.

2.3.5.'0&wvn evepyomoinon

H evepyomoinon twv apylAikdv opukTdV HEGH O0ALTOTOINGNG TOVG GE avOpPyovol
0&é0 SLPOPETIKOV GLYKEVIPOCEWV &ivol pio mTOAD cLyva €QapPUOlOUEVT YMMUIKY
emeepyacio Yy TV Topay®Y] TPOIOVIOV VYNANG E0IKNG EMPAVELONG KO LKOVOTNTOGC
npoopopnone. H dwivtonoinon Aapupdvel yodpa 1660 611 @on PEcw TG EMOPAONS
TV 6EVOV VOATOV TV PETOAAEI®V 1 TNG amocafpmang, 660 Kat otr fropunyovia.

H 6&wn evepyomoinom, SnAadn 1 HePKN SIAVTOTOINGT] TOV GUEKTITAOV GE AvVOPYaVa
oféa, etvar pio ocvvnOwopuévn emeepyacio mov epappoleTor ywoo TV TOPOYMYY|

TPOCPOPNTIKOV VAKADV, KOTOAVTAV, OVIIYPUOIKOD YOpTION YOpig Kopumov k.A.m. Me

avtd Tov TpoOTo avTikadiotavral ta avToAAdEipo Katdvta Toug and H+ Kot ovéAoyo pe
TIg ovvOnkeg g oavtidpaong, (Bepupokpacia, cvykévipwon tov o&fog, ovoroyio
o&éoc/apyilov, mieomn, ypOVOG Kot OVAOELOT)), OTOUAKPVVOVTIOL UEPIKMG T 1OVTO TOV
oKTaEdPIKOV 6T01PddwV Tov povipopiilovity [Christidis et al., 1997, Komadel, 2003].
Avto éyel og amotélecpa vo ONUOLPYOVVIOL GUOPEO TPOToVTa, KLpimg GUOpPEO
d1o&eidto tov mupttiov. Otav n wposPforn amd to 0EL dev ivar EKTETAUEVT, daTnpeiTon
&va LEPOG TV PLALOTTLPITIKAOV KPVGTOAMKAOV GTPOCEMV. XT0, TEPIIDOPLOL TOV TOKETMOV
TOV QLALOTVPLTIKOV CTPOCEWV amoTiBeTon 010&€id10 TOV TLPITIOL, e OTOTEAEGLO VL
armmbovvion petad TOVG Ol OTPAOCELS TOV TOKETOV Kol vo UETUPAAAETOL O

TPOGOVATOAGHOG TOVG (Zynua 2.4) [Fahn & Fenderl, 1983].
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Typpa 2.4: Iynpatiopog dpuopeov SiO, ota Ople TOV TOKETOV Kot HeTaBOAf Tov

TPOGOVOTOAIGHOD TOV TOKETM®V KOTA TNV OEIvn €VEPYOTOINGT CUEKTITIK®OV apyilwv
[Fahn & Fenderl,, 1983].

Ot ocvvOnkeg OV EAEYYOLV TNV EVEPYOTOINGT GUEKTITOV amd 0EEM OLPEPOLV GT
KAelotd kor avoyytd ocvotiuota. To kAewtd cvotiuato pe yopic mpooHnkn 1
HeTakivnomn Kamolag ovoiag Katd T dtdpkela TG avtiopaong, sivatl mo cuvndicuéva o
TEPALOTA TOV TPOYLOTOTOOVVTOL GE EPYACTNPLN, EVD TO OVOIKTO GLGTNUATO £ivot
YOPOKTNPOTIKE o€ dwdikacieg mov ovpPaivovv oty @Oom. Zvveyng mpocsOnkm
KOvouplov 0E£0G, TPOKOAEL ONUOVTIKY O10AVTOTOINGT GYETIKA OVOEKTIKMOV TUPLTIKAOV
OTPOUATOV, OO TOL TVPOPLAAITN. ALECT GVYKPION TOV OMOTEAECUATOV Y10, KAEIOTA
KO avoryTd cvotnuata pmopei va odnynoet oe Aavlacuéva copnepdopoto [Novak &
Cicel, 1978, Komadel, 2003]. Tevikd, ov&dvovtag tn ovykévipmon Ttov 0&E0C

OLEAVETOL 1) EOIKY| EMPAVELL, ONAAOT 0 OYKOG TOV WKPOTOP®V, 1| TOCOHTNTO A1203 +
FezO3 OV OMOUOKPUVETOL OO TO KPLOTOAMKO TAEYHO KOU 1 TEPLEKTIKOTNTO TOV
erevBepov SiO2 Emua 2.5), To omoio givar d10AVTO 6 aPAUL®UEVO S1AAVLO oVOPOKLKOD

vatpiov.
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Xymqpa 2.5: MetafoAn g €01kNg empdvelag (S), Tov 0yKov TV pikpondpwv (VM)
uéypt 800 A ml/g ko tov % (Fe203+A1203) (Kwotdkng, 1994).

Mo ™ perém g éktaong g OAVTOTOINoNG TOV GUEKTITOV amd o&éa, £xovv
ypnoporomel apketéc péBodol cupmepriapPavopévey tov ynuikov avalvcewv (CA)
TOV VYPOV KOUN GTEPEDV TPOIOVIMV NG avTidpaonc, g mepdlacipuetpiog aktivov-X,
g vrépLOpnc pacpatoskomniog (IR), tov Bepikdv avaldcemv, TOV LETPNCEDV EOTKNG
eMPAveLNS KA. ZuyKpivovtag v evousncio autdv TV TEXVIKOV, TN 01fecinotTTd
TOVG GTO EPYOCTNPLO KOL TO ¥POVO MOV OTOLTEITAL Y10l TIS OVOADGELS, TPOKVTTTEL OTL N
KaAvtepn péBodog elvar M acupatockonio VEEPHOP®Y, £POGOV TO PAGLATOGKOMLO,
gxouv peYAAn evacOncio otic HeTOPOAEC NG OPLKTOAOYIKNG OOuUNG Kotd v
eneéepyacia pe o&éa.

Koatd v 6&vn dwhvtomoinon twv opektitov omd oféa, 1 avVTIKOTACTOCT TMV
AVTOAAGE IOV KOTIOVTOV and TpomTovia eivarl TOAD To ypiyopn and ) dteAvtomoinon
TOV CTPOUATOV TOV OPLKTAOV Kol 1 emidpacn ot doun sivor onuoavtikny. Kabog ta
TPOTOVIOL O1EIGOVOVY GTO OPYIMKA GTPOUOTA Kol TPOSPAALOLY TG VOPOELALUKESG
opdoes, Aapupavel xydpa apudpoSuMmon Kot 014AVCT TG OKTAEIPIKNG GTORASNG,

O puBuodg draAvtomoinong TV CUEKTITOV 6T 0EEn SLAPEPEL AVAAOYQ LE TO AV oWTOL
KOTOTACOOVTOL G€ OlOKTOEOPKOVS 1 TplokTaedpikovs. [evikd ot tploktoedpukol
OUEKTITEG Ol0ALTOTOOVVTOL O  YpMyopa omd Tovg Oloktaedpikovs. O pvOuodg
dtAvtomoinong twv doktaedpik®mv ouektitdv o€ HCI av&dvetatl pe v aviikataotoom

TOV OpYIAiov omd Gldonpo Kol HOYyVAGLO otV oKtaedpikn otolBdoa. ‘Evag and tovg
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Adyovg Yo Tovg omoiovg 0 pLOUGS draAvTOTOINGNG TOL TLPOPLAAITY Eivar HKPATEPOG
omd OVTOV TOV HOVIUOPIAAOVITN &lvol TO WIKPOTEPO TOCOGTO TMV OKTAEOPIKMDV

avTiKotaotacemv. TELOC, Katd T dldpKeln TG eneEepyaciog e 0EEN AMOLOKPOVOVTOL

+3 +3
pe mopomAncoovg pvbuovg to Si kol Al avTioTtolymg amd TIG TETPOEOPIKES Kol

OKTOESPIKEC GTOPASES TV SLOKTUEIPIKADV GUEKTITIKOV oTpopdtov [Komadel, 2003].

2.4 TAPATONTEX IOY EINIHPEAZOYN THN IEPIEKTIKOTHTA KAI
THN IIOIOTHTA XE XMEKTITH

To moc0oTd ™G d1OYK®ONG VO umeviovitn e&aptdtol TOG0 amd TV TOLOTNTU AVTOV,
0G0 KOl OO TNV TEPLEKTIKOTNTA TOV o€ cuektitn . H mapdperpog g meplextikdtnrog
oyetiletol Le TIC TPOoUIEELS, ONANON LE TO LT OL0YKDOGLO OPLKTA.

H modtra e€aptdton amd 1o €id0g Tov cpekTitn mov amovtdtol Kot oxetileton pe tao
KPLGTAALOYM UK YOPAKTNPIOTIKA TOVL apylAKkoL opuktov. Emiong emmpedleton kon and
deVTEPOYEVEIG O1001KOGIES, OTMG N Hel®ON 6TO ph TOL TNKTMOUATOG TOV UTEVTOVITY, 1] O
OYNUOTICUOG CUEKTITN He YOUNAOTEPO 1 VYNAOTEPO QOPTIO KPLGTOAAKNG doung. Ot
yopnAotepeg twég tov pH tov mnktopdtov oesiiovior omnv  Opdon  OEvov
VOPOPEPLIKDY 1) AAL®Y PEVOTOV ML TOV KOITAGUATOS UTEVTOVITY).

H enidpaon oO0&wvev  vopobepuikdv  SoAvpdtov  emnpedlel TV OAKOAIKT
gvepyomoinon O0TL mPEmeL vo. LIAPEEL ap KA €EOVOETEPMOT TOV 0&EWG, MOTE 1

gvepyomoinon va glval emTuyng.
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IMivaxag 2.2: Opoioyio TOL ¥PNGUYLOTOLELTAL Y10 TO YOPAKTNPIOUO YEOVAIK®V TAOVGLO
o¢ opektitn ( Xpnotidng ,2005).
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KEDAAAIO 3- POPTIO KPYXTAAAIKHY AOMHX
3.1 T'ENIKA

To @optio KPLGTOAMKNG dOUNG EMNPEALEL ONUAVTIKA TIG CUEKTITIKEG 0pYiAove, Kabmg
KkaBopilel TIC PEOAOYIKES TOVE O1OTNTEC, TIG 1O10TNTEG SLOYKMONG Kol GUPPIKVMOONG, TNV
KAvOTNTO OEGUEVONG TOV AVTOAAAEIL®V 1OVIOV Kol TIG 1010TNTES 0pYIA®mV oL £YOVV
petoTpomel, OmmG eivon Yo TaPAOELY LD O1 < OPYAVOAPYIAOL > TOV YPTCULOTOLOVVTOL OLTTO
mv Propnyovio Kot Topaokevdloviol amd TV TPOoPOENCT KOATIOVIKMOV TUGIEVEPYDV
ovolov. (Lagaly 1994 ).

O 6pog poptio KPLOTAUAAIKNG OOUNG XPNOLOTOLEITAL Yo VAL EKPPACEL TO LEYEBOC TOV
KaBapoh apvnNTIKOD KPLGTOAAKOD @OPTIOL, TOL Elval YOPAKTNPIGTIKO Y. O TO
OUEKTITIKA OpYIALKA 0pLKTA Kot pwopel va kopovOet amo 0.2 £wg 0.66 poprtia avd S401p.

To kpvotaAlkd @optio elvar 10 apvnTikKd EOPTIO TOV OPYIMKOV GTPOUATOV TOV
eupaviCouv ot GUEKTITEG AOY® VTOKATAGTACEMV GTNV TETPAEOPIKT] KO OKTOEOPIKY|
oto1dda tov mAéypatog toug. To apvnrtikd goptio eEicopponeitor omd T KATIOVTO TOV
napepPariiovral petalhd TV SOUIKOV HOVAS®V oTIG €vOooTpOUATIKEG Ofcelg. Ta
KATOVTa aVTd £ivor cuvnOmG HETOALN TOV OAKOMOV Kol TOV OAKAAKOV Youmv Kot givot
EVLOUTOUEVO, OTIMG EVVONTMOUEV Elval KOL 1] ETLPAVELL TOV EVOOSTPOUATIKOV BEcE®MV
Kol UropovV Vo, aVTOAACYOUV KOl VO GUVEIGPEPOLV GTIV LOVIOEVUALOKTIKY] 1KOVOTNTO.
"Etotl 060 peyodivtepo givol To goptio TV GTPOUATOV VOGS GUEKTITN, TOGO UEYOADTEPN

givon 1 ovrogvaAlaxtiky tov wkavotnta. [Laird / et al, 1987].

3.2 ITIPOEAEYXH KPYXTAAAIKOY ®OPTIOY

Awokpivovpe 900 TOHTOLG POPTIOL OVAAOYO LE TOV TPOTO TPOEAELGTG Tov. To uoVIHo
Kol 10 petafPAntd eoaptopevo and to pH. To udévipo mpoxdmtel omd AvVIIKOTOAGTACELS
oTov kpOoTaALO, oyetiletal pe tn doun Tov OpPLKTOD Kol TN GVVOEST TOL Kol OeV
empedletar amd 1o pH. To petafAntd eoptio mpoépyetal omd Opavcuévovg desonS
oT0 dKpa TOV KPLGTAAA®V. [l Tovg oueKTiTEG TO POVIHO PopTio elval TOAD LYMAGTEPO

amd 10 PeTaPAnTO.
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3.3 MEGOAOI MPOXAIOPIXMOY KPYXTAAAIKOY
POPTIOY

3.3.1. Mé0060¢ avtarioyng 1OVTOV GAKVAGUROVIOV

Mo pébodog mov epapuoleTar CHUEPO YO TOV TPOGOIOPIGUO TOV KPLGTUAAMKOV
(QOPTIOL TOV CTPOUATOV TV apYiAoV gival 1 1€B0d0g Tov aAkvAappmviov. Ot TpdTEg
TPOCTAOEIEG Y10 TNV EKTIUNGCT TNG TLKVOTNTAG TOL (OPTIOL TPaypoTOTOMONKAY Omd
toug Weiss kot Kantner (1960).

H pébodog aikviappwmviov amortel v mpogtolpacio kot avaivon XRD pog oelpdg
JEIYUATOV TTOV LPIGTAVTOL KOPEGUO E KATIOVTO CAKVAOUUMVIOL HE YPOUUIKES OAVGIOES
OAKLMOV Kot LETAPANTA UK 0AVGIOMV.

Ta wWvto aAKvAapupoviov pe pkpr] oAvcido TomoBeTovvTal GTOV EVOOSTPOUATIKO
YDOPO GE LOVOSTPOUATO, EVAO TO 1OvVTa PE HeYOAN aAivcida oe dumhd otpopata. Tpio
OTPOUATO OVOPOKIKOV 0AVGIOOV HE KAUWES TopotnpodvTol HOVO GTNV TEPIMTOON
OUEKTITOV VYNAOD @optiov. Ot Sl0QOPETIKOL TOTOL UTEVIOVITOV UTOPOLY EVKOAO VO,
aviyveuBohv amd TIG KUPLEG AVAKAAGELS TOV PAGIKAOV EMTEOWV.

H xoatoAAnAdmmra avtig ¢ pebddov yuo 1OV YOPOKTNPIGUO TOL QOPTIOL TV

(QPLALOTIVPITIKOV OPLKTAOV lval Eva BEpa mov amattel TepeTaipw PEAETN KO EpEVVAL.

3.3.2. TIpocodrwopiopog optiov amé To yMUIKO THTO

To «pvotadkd @optio TV opektitov pmopel va  ektyunBel  amd  TOVG
OTOLEIOUETPIKOVG GUVTEAEGTEG GTOVLG YNUIKOVG TOTOVG TOV TPOKVTTOLV OO YNUIKES
avoAvoels opektitdv.Ol ynukol tomol mov vroioyilovior omd TV ovOAvLoT TV
OVOALTIKOV OEOOUEVOV KOTOVELOVY T GTOLYEIN OTIC TETPOESIPIKES KO OKTOEOPIKES
otopades. (Cicel and Komadel, 1994). To goptio ektiudtor cov 10 GOPOIGHO TOV
OVTIKOTAGTAGE®Y TOL AAUPEVOLY YDpa GTNV TETPAEOPIKT] KOl OKTOEIPIKY| GTIBAS0.

To @optio mov mpokHITEL OIS TOV dopKO TOTO ennpedleTor kKaBoploTiKd and GYETIKA
YOUNAEG OTOKAMOEIS TMV GTOLEIOUETPIKOV GUVIEAECTMOV GTOV TUTO KOl UTopel va

eCaptdton amd TPOCEYYICEIS TOV YPNOUYLOTOOVVIOL OTIG VLITOAOYIOTIKES HEBOOOVG.
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EmutAéov, ot ototyelopeTpikol cuvtedeotég eivar moAd gvaicnrtotl oty vmapén opuKTOV

npocui&emv kot Aavlaouévov mapadoynv (Laird et al., 1989).

3.3.3. [Ipocoropiopdg pe (pOGTIKG popLo

H pébodog xopeopov pe ypwotikd popla Poaciletor otnv Tpocpoenon KoTIOVIK®V
rpooTikdv popiov (Bujddk and Komadel, 1997). H mokvotnta @optiov eAéyyetl Tig
OTOCTAGELG LETOED OTOPPOPNUEVAOV YPOCTIKOV LOPimV, Kot (e aLTOV TOV TPOTO KOl TNV
TOGOTNTA KO TO €100G TNG LOPLOKNG PAPNS TOL GLCCOPEVETOL GTNV APYIAIKY| EMPAVELL
(Bujdék et al., 2002).

Ot popuokég Papés mTov GLCCOPELOVTAL UTOPOLY VO, EKTIUNOOVV pEe TN Yp1|oT TOL
VIEPLDOOOVS 0paToD PAcHaTOc. Ot TPOSUIEELS TV OpLKTAOV dgv emnpedlovy T0 PAGUA
¢ oktwvoPforiog To omoio pmopel va glvar moAd evaicOnto v mopovcia Kamolwv
avtoAla&pov katoviov. (Czimerova et al., 2004).

H ovykexpipuévn pébodog elvar  amhr kot ypryopn, ®GTOGO Ol TANPOPOPIEG TOV
TOPEYEL POPOVV GTOV TOLOTIKO YOPOKINPIGHO TOL (QOPTIOV Kol Ol GTOV TOGOTIKO.
(Cenens and Schoonheydt, 1990).

3.3.4. IIpocoropiopnog poptiov pe neprOiacipeTpio oktivoy -X

M véa péBodog yio Tov LTOAOYICUO TOL KPLGTOAAKOD (POPTIOV Kol TOL POoPTiov
KOTOVOUNG TOV GUEKTITOV, YPNOCLUOTOEL GUEKTITEG MOV £YOLV TPONYOLUEVEDS
KopeoTel pe kMo ko extedel oe mepifarlov atbvievoylvkoing. (Christidis & Eberl,
2003 ). Ta mpooavatolouéva detypata petpodvtar kot vroAoyilovtal pe ™ pébodo
XRD (mepibraon oxrtivov-X). H pébodoc ypnowwomomnke otmv mopovco

SMA®ULOTIKY Kot B0 TOPOVCIUCTEL EKTEVEGTEPO GTO EMOUEVO KEPAAOLO.
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KE®AAAIO 4 - IIEIPAMATIKA
4.1 T'ENIKA

210 KEQOAUO OVTO TEPLYPAPETOL OVOAVTIKA 1 HEDBOSOG  TPOGOIOPIGHOD TOV
KPUOTOAAKOD @OpTiov, To PACIKA YOPAKTNPIOTIKA TNG HEDBOOOV, M TEPOUATIKY
dwdwkacio, kabm¢ Kot T0 AoylopKo oto omoio Pacileton 1 uéBodog to TPHYpapLLL

layer charge.

4.2 MEOOAOX ITEPIOAAYXHY AKTINQN -X
4.2.1. I'evika

H pébodog g mepOracipetpiog aktivov-X Boaciletol oty kavonTo TOL £X0VV TO
NAeKTPOVIOL TOV OTOU®V TOV KPUOTOAA®V Vo OAANAETOpOVV pE TIG oKTiveg-X
(mepiBraom). To eawvdpevo g mepibBraong tov oktivov-X cvpPaiver dtav avtég
TPOCTUTTOVY VO OPIGUEVT YOVioL G TAEYUOTIKE EMITESA TOV KPLOTAAAOL (Zynua 4.1).
Amnotéheopa tng mepibiaong sivar n oxé€doon tov axktivov-X, n onoia petatd GAAwV,
gtvan avaroyn pe tov aptpd tov nhektpovioy.

Katéd tv mpoéontwon twv oktivov-X, mpokoaAeitor dBnon twv miekipoviov o€
eCOVAYKAGUEVEG  TOAOVIMOES  KOL  TOVTOYPOVI]  EKMOUM  MAEKTPOHOYVNTIKNG
axtivoPfoAiag g 1dwg ovyvoétrag pe Vv mTpwtoyevn oktvoPoArio-I (kKAoooikn

oK&OoM).

d

t

Yypa 4.1: Avéxkhoon oxtivov-X copgovo pe v e&icmon tov Bragg (nA=2dsind)
[Peckok et al., (1980)].
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Méow avtig g dtadtkaciog ta dTopa yivovtor onpeio amd to omoio EKTEUTOVTOL
KOLLOTO, TTOV GTNV TEPIMTOON TNG KAUGGIKNG 0KESAONG £Vl COUP®VA KOl £TCL KOTH TNV
apyn Euygens-Frensel copfdiovv. Avtd €xel o¢ omotélecuo vo TPOKLITOVV, KT
TOTOVG, SLAPOPES GTNV £VINGT TOV KUUATOV, AOY® SaPOop®dV PAGEMG.

Me ™ pébodo tov mepOAaciuéTpov oktivov-X givor dvvaty N amevbeiog pétpnon
1060 TOV YOVIOV OGO KOl TOV EVIACE®MV TOV OVOKAUCE®V TOV OoKTivov-X, mTov

TPOCTUATOLV TAV® GE £Va, TUPACKEVACLA KPVOTUAAKNG okovng [Kmotdkng, 1992].

4.2.2. H pé0odog XRD

‘Exel mpotabel pio véa péBodog yior Tov VToAoYIGHd TOV QOPTIOV KPVGTOAAIKNG SOUNG
TOV GUEKTITOV Kot NG €tepoyEveldg tov. H pébodog otnpiletan oe ocvykpioelg petald
TPOTLTMV KO OEMPNTIKOV OKTIVOYPUPNUATOV SELYHATOV TOV KOPESTNKAY GE KAMO Kol
extédnkav oe mepfaiiov aBvievoylvkoing. O Tpoodoptoog Tov eoptiov yivetol 6e
TpocavatoAlopéva delypota oto omoia ep@avifeTor Tuyaio £VOOCTPOUATOOT TPLOV
TONOV  oTPOUATOV. [evikd, TO OKTVOYPOENUOTO TOV OCUEKTITAOV UTOPOLY VO
povtelonomBovv Bewpdvtag 0Tl aAmoTEAOVVTAL OO TUYOIES SUCTPOUATDOCES TANPWOS
Swykdopov eodlov (17.1 A), pepcdc Soykdopov eodiov (13.5 A) kot pn
Sroykdoipov ooy (9.98 A).

H ovykekpyévn teyvikny Pabuovoundnke oe 48 detypoto KOAMG YOPOKTNPIGUEVOV
OUEKTITAOV. ZOUQVO e Ta akTivodtaypaupate XRD, ol opektiteg katnyoplomomOnkay
o€ VO OpAdES, TOVG GUEKTITEG YaUNAOD @opTiov (opdda 1) Kot vyniol poptiov (opdoa
2). H opdwoa 1 yopiletar o 600 vokatnyopies, v opdda la pe poptio <0.425 kou v
vroopdda 1b pe poptio and 0.42 wg 0.47. To poptio TV GUEKTITOV TNG Opddag 2 givar
>0.475.

To doywploTikd 6plo PETOED TV dVO0 OUAd®V €ival N T KPVGTUAAKOD QOpTiov -
0.475. Ztovg opektitec younkod @optiov kvpopxovv T @OAAa 17.1 A mov
SOYKAOVOVTOL TANPMGC, EVED GTOVG GUEKTITEC LYNAOD PopTiov povo 10 20% TV EOAL®Y
elvarl mAnpmg doykmotpa. Eropévmg, n Pacikn dtopopd HETAED TOV CUEKTITMOV YOUNAOD
Ko VYNAOL Poptiov eivar N emtkpdTnon TV GVAL®V Tov 17.1 A oe oxéon pe To AL
Tov 9.98 otovg mpdTovg. Ot mepiocdTepol cuektiteg TOmov Wyoming Kot €KTopiteg

amotehovVToL GYedoV €€ ohokMipov amd TAMpog Stoykdoipo eoAla (17.1 A) ko 1
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HOVOSIKT KOVOTNTO SOYKMONG TOLG OTOSIOETAL GTNV TOPOLGIN OVTAOV TOV QOAA®V
YOUNAOV QopTiov.

o tov mapoamdve Adyo, ot WO0TNTEG TOV GUEKTITOV KOl Ol PBLOUNYOVIKEG TOVG
gpapuroyéc opifovion o peydio Podud amd 10 mM0c06Td TV EUAA®V Tov 17.1 A.
EmumAéov, vyivetaw ocoapég TG ot QUOIKES 1010TNTeg OV0 GUEKTITOV UE 101
KPLOTUALOYMUIKG  YOPOKTNPIOTIKG UTOPOLV Vo, SPEPOLY oV EYOVV  OLOPOPETIKA
TO0GOGTA EOAA®V YOUNAOD Kol VYNAOD @opTiov. M1 SOYKOGIHO UAAL EAEYYOVV TNV
CLUTEPLPOPE TOV CUEKTITOV KOTA TNV amocafpmaon, S1EVKOAHVOVTOS TOV GYNUATIGUO
OTPOUATOV AT HETA 0O S10:00 KOV KOKAOLG dtaffpoyns kot ENpavong.

H axpipeta g pebddov eivar korvtepn amd 3.5% yuo poptio -0.50 €7/pon koyerioa.
Kotd ovvéneia, n pébodog avtn givor ypnoun yio Pacikn €pgvva Kot Yo POpnyovikég

EQUPLOYEGS.

4.3 IEIPAMATIKH ATIAAIKAXIA

Mo Tov vroAoyGO TOV POPTiOL GE pia GEPA detypdTwv akolovdndnke n mopakdTo
TEPOLOTIKN O1001KAGTL.

Amo Kda0e oelypa ocvAréyovion 10-12 gr amd 10 AEMTOKOKKO VLMKO, TO OMOi0
Koviomoteital pe ) ypnon vog youdod and aydn. To vAKd o1 GUVEKELD LETAPEPETOL
0€ TAAGTIKA PLOAISI0 PUYOKEVIPIKOV dtoywploth kot tpoctifeviar 200ml amovicpévov
vepol. XN GLVEXEW HETPATOL M OyOYLOTNTO TOL KOO O@loMdiov pe €010
AYQYOUETPO. AV N ayoydtTo TV ctopnudtov frav péxpt 50 uS cvveyllotav n
TEWPAPATIKy Swdkacio, evd av Ntav peyaAvtepn amd 50 pS énpeme va yivel
(QLYOKEVTPION CLOPNUATOS GE PLYOKEVTPIKO dlaympiloth ( Labware K-80 Ewodva 4.2)
Kol vo TpooTedel €K VEOL AmOVIGUEVO VEPO, UEXPLS OTOV VO PTACEL 1 AY®YILOTNTO OTO

emBountd 6po.
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Ewova 4.2 : Tvokevn puyokévipiong Labware K-80

INa va eil6éABovv Ta proiidia oty euyokevTpo {uyilovtav Kot TotobeTovvTay ava dVo
OVTIOLOLETPIKA OTIG VTTOJOYESG TNG PLYOKEVTIPOV, Y ion Katavoun Papovs. Ta detypata
ovyokevrpilovray yia 8 Aemtd pe ToyvTnTo TEpLoTpoPr|s 9000 cTpoPéc/ min.

Metd 10 mépog NG Odkaciog kot gpdcov Ta dstypoto €xovv TV embount
ayOYUOTNTO, O0CTEIPOVTIOL GE OMIOVIGUEVO VEPD KOl OPNVOVTOL Yo TEPITOV 2 DPES
oLUP®VO Pe Tov VOO Tov Stokes og motnpla (Ecemc, Yo va kabicel to delypa ko va
yiver o dtoy®plopdg ToOL AETTOKOKKOV LALKOD.

Me i yvédvn mpoyoido cvAréyovtar 20-25 ml amd tO0 oumpnue oL  £)El
onuovpynbei, 10 omoio axkoAoVOmG TOomObOetTEiTOl  OE  MANOTIKOUC GOANVES
ovyoxévipions. 'E&L coAnveg emiéyovtol KOs @opd yio puyokévipion, émov Luyilovton
Kol pmaivouv avtikplotd oty euyokevipo ( Biofuge 22R Ewodva 4.3). Ta deiypata
euyokevtpilovtor v déka Aemtd otic 9000 otpo@éc/min Kot PE OVTOV TOV TPOTO
OLAAEYETAL GTOV TVOUEVO TOV COAVOV TO 0PYIAKO KAAGHO TOV gival PIKPOTEPO Ao 2

pm.
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Ewéva 4.3 : Suokeun puyokévipiong Biofuge 22R

To amoviGpéVo vepd apalpeitol 6To TEAOG TG PLYOKEVTPIONG Kot Tpootifevtar 15 ml
KCI 1 M, o¢ k8¢ coriva. To kabe deiypo avadedetor oe cvokevn vrepiyov (Ewkova
4.4) vy, mepimov 20 devtepdienta dote T ilnpo va armpeiton kot torobeteiton Eovd ot
@UYOKeEVTPO oTovV 1010 Ypdvo kot otnv idw tayvnta. O kopeouodg pe KCI 1M
emovalopPavetor Kot, o apytMkd KAGoHATo oKETALOVTOL (e TAOCTIKY HEUPPAvN Kot

agnvovtal yio éva Ppadv péxpt va KopesToHVv.

Ewova 4.4 : Yuokevn EKTOUTHG LITEP YOV

Tnv endpevn pépa axorovbei o kabapiopdg tov derypatov and 1o KCI. Ta detypata
QLYOKEVTPOUVTOL 4-5 (OpPEC HE OAMIOVIGUEVO VEPO dAPOL TPMTO OVUOELTOVV GTNV

GLGKELN LLEPNXWV, Yo Vo EemAvBovv amd v mepicoeia Tov KCl.
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210 inuo IOV AmMOUEVEL GTOVG COANVES LETE TNV PLYOKEVTPIOT TPOoTIOETAL EAAYIOTN
TOGOTNTO VEPOL KO, OVAOEVETOL GTI] GLGKELY] VIEPNYWV. ME TN ¥pnon MG TETOG
AopPavetar mocdTTO TOON MOOTE Vo, KOAVEOEl €MOPKADOS M EMPAVEID YLAAV®OV
detypatopopémv, ta. onoio eivor otpoyyvAd kot Aegio. To piypa a@iveTon oTo YOOAGKLOL
LEYPL VO GTEYVMOGEL Kot Kot Vo dnpovpyndet Eva Aemtd otpdpo iIKnpHatog.

> ovvéyela tomobetovvtan og Evav Enpavtipa YAVKOANG Kot Emerta 6Tov KAIPavo
otoug 60°C vy 24 ®pec ko givor £Toa Yoo va aktvoypoenbodv pe mepbloaciuetpio
axtivov X (XRD).

H avaivon XRD yivetat yia €0pog yovidv and 2 o 35°26, pe ) ypnomn g GLGKELTG
Brucker (D8) Advance, ypnowonoidvrag aktivoforic. CuKa (40 kV, 30 mA), évav
povoyxpmudtopa ypagitn, pe pua 0.02°20, pe ypdévo ava Prua 4 devtepdienta. Ta
OKTIVOYPOPTLLOTOL LETOPEPOVTOL GE VTTOAOYLOTY, HETATPETOVTOL o€ poper; MS Excel kot

eoptdvovtol ato Tpdypappo Layer Charge (Eberl and Christidis,2002).

4.4 TO IIPOTPAMMA LAYER CHARGE
4.4.1. Layer charge

To mpoypappa Layer Charge pmopet vo epoplooTEL ETLTUYOS Y10 TOV VITOAOYIGUO TOV
GLVOAMKOD QPOPTIOL Kot TNV KaTavoun tov otovs ouektites. ‘Exel ypaogtel oe yAdooo
npoypappatiopod  Visual Basic, ypnowonoidvtag o c6epd  HOKPOEVIOADV GE
nepiBdrrov Microsoft Excel®.

To mpdypappa YPNOLLOTOLEITOL Y10 VO TPOGOIOPIGEL GLVOAMKA POPTIOL KPUGTOAMKNG
doung Kol KOTOVORES @optiov o€ Odelypota OUEKTiTn Kopeopéva o€ KOAO Kot
extebeléva oe atpovg abvAevoyAvkOANg o€ GUYKPIoTN UE TO TPOTLTTOL TOV VILEPYOLV
omv PProbnikn tov. H  pébBodog ypnowomotel eite mm 0éon tov Pocikodv
avakidoewv(peak position method), site mpoomabei va TovTicEl TO TEWPAUOTIKO
axTvodldypappo pe Bepntikd aktivoypaenpata mov Ppiokoviar oty PifAodnkn tov
npoypaupatog(whole-profile fitting method).

Mo opextiteg vyMAOD Eoptiov N PEBSOG TV BEcE®MV TV PACIKOV 0vOKAAGE®V ivorl
Myotepo axpipng, yiati  0éon mov vroloyiletan yio v Paciky avdixioaon (005), kat
uepkég Popég yo v avaxiaon (001), dev eivon mavta axpiPpnig. e avth TV TEPITTOON

YPNOOTOOVUE TNV HEBOSO TOOTIONG AKTIVOYPAPUAT®V.
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Eniong n mopovcio AA®V apytMKOV 0pUKTOV 1 U1 OPYIAIKOV OPUKTOV UE PBactkég
avaKAdoelg o mepimov 101ec Béoelc pe Tic Pacikéc avakidaoelc Tov K-ocuektitov (yo
TapAdeypo IAAMTNG ko yalaliag), umopel va odnynoel oe emioynq AdBovg mpoTLIIOV
dwypaupatog ovykpong, av 1 péBodoc mov ypnoipomoteitor eivor m péBodOC NG
TOOTIONG OKTIVOYPOUONUAT®OV, HE OmOTEAEGHO AavVOAGUEVN TOVTION. XE OLTH TNV
nepintoon, N nEBodog TV BEcE®V KOPLEOV Eival KATOAANAOTEPT Y10 TOV VITOAOYIGUO
TOL (PopTiov.

Mo v mhetoyneio TV GUEKTITOV oL e£eTdoTNKAY, KOl Ol 000 TPOTOL TPOGEYYIoNG
dtvouv mapdpolo amotérecpo, to omoio dwpépel kotd = 5% oTNV KoTAVOU| TOV
SPOPETIKOV TOUTT®V oTpOUITOV. H emppon avtng g amdkiiong eivor pkpr| Katd tov
TPOGIOPIGUO TOV KPLGTOAAKOD POPTIOL Kot dgv TPOKAAEL GPAALO HLEYOADTEPO AO +
2%. o avtd Tov AOY0, Kat o1 dvo péBodot givarl KaTdAANAOL Yio TOV TPOGIOPIGHO TOV
KPLGTAAMKOVD QOopTiov.

AVt TN oTIYUn M TEYVIKY LT Ypnotpomoteitont Vo Yo CUEKTITEG, VA VO EETAIOT
gtval 1 EpOPLOYN TNG 0€ delypaTa TOV TEPLEXOVV WKTES apYilovg AT -cpektity (I-S)

LLE TVY 010 EVOOGTPOUATMOT).

4.4.2. ITheovekTpnoto pedod0v

H pébodog eivor taybtepn oe oxéom HE TPONYOVUEVEG TEXVIKEC WHE ONUAVIIKO
TAEOVEKTNA TO OTL Ogv emmpedletol amd mpocpiels. Mmopel va mpocpEpel TOADTIES
TANPOQOPIES Yo TN HETOPOAN TOV POPTIOV KPVGTAAAIKNG OOUNG TOV CUEKTITMV KT TN
OLAPKELNL CNUOVTIKOV YEOAOYIKOV OlEPYACIOV, OTMC 1 ONUovpyio 1AM, KATA TN
dapkeln emoavorapPoavopevoy KOkAov dtopoyne kot ENpavong Kot Katd T OdpKeLn
NG SLLyEVEOTG.

Eniong, pmopel va ypnowomomBel ywoo v  aEoAdynon G EMPPONS  TOL
KPUOTOAALKOD QOPTION Kot TNG KOTAVOUNG TOV OTIC QUOIKES 1O10TNTEG TV GUEKTITAOV,
omog eivar 1 ddykwon (swelling) kot 1o 1€mdeg (viscosity), kar yi” avtd Ppiokel
ONUOVTIKY OVTOTOKPIGT OTIG PLOpNYOVIKES EQAPLOYEG.

Mo BeAtioon mov B pmopovoe va yiver oty péBodo avtn givar 1 aEoAdynon g
EMPPONG TG BEoNG TOV KPLGTOAAMKOD POPTIOL GTOV TPOGOIOPIGUO TOV KPVGTOAAIKOD

eoptiov (Christidis and Eberl,2003).
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Onwg avaeépdnke kot mapondve, n pEBodog avutn dev mpocsdlopilel TV emppon g
0¢onc Tov poptiov (TeTpaedpikd oe avtiBeon e OKTAEIPIKO POPTIO) GTOV TPOGOOPIGLO
TOL KPLOTAAALKOD popTiov (e.g Sato et al., 1992).

H éAewyn avtm Bo umopovce va givor aution GQOAUATOV, ENEWN TO TETPAESPIKO
eoptio emnpedlel TNV JOYK®ON TOV PUAA®V, KOl UTOPEL EV HUEPEL VAL GUVEIGPEPEL GTNV
dlpopd oL TopOTNPEITOL UETOED TOV HETPNUEVOV KOl VTOAOYILOUEVOV TIUOV

KPLGTAAMKOV QOPTIOV, AKOUN KOl G GUEKTITEG YOUNAOD POPTIOV.
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KEDAAAIO S - AITIOTEAEXMATA
5.1 T'ENIKA

210 KepdAao ovtd mopotifevior  To  AmOTEAECUATO TG OVAALONG TV
OKTIVOYPOPNUATOV Yoo kKabe Poabuido dstypoatoAnyiog, xabdc Ko mivokeg pe TNV

TOL0TIKN EKTIUNON TOV OPLKTMOV QPAGE®Y TOL VILAPYOVY GTO APYIAIKO KAAGHO TOV 2 pm.
5.2 AKTIVOYPO.QLOTO. LTEVTOVITOV
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Zymua 5.1: Axtvoypdonpa previovitov pe kmotkd AG 1.4-1.5.
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Xepa 2

Zymua 5.2: AKtivoypaonua Urevtovitov pe kKmotkd AG 2.3-2.4-2.5-2.6-2.7.
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W\File: AG 3.8.raw
F\File: AG 3.6.raw
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Zyua 5.4: Axtvoypdoenpa prevtovitav pe kwowo AG 3.6-3.7-3.8.
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Zymua 5.5: Aktivoypdonua prevtovitov pe kodkd AG 3.9-3.10-3.11.
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Yepa 4
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Zyua 5.6: Axtvoypdoenpa prevtovitov pe kwowo AG 4.3-4.4-4.5.
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Iynua 5.7: AKTvoypaonuo Prevtovitav pe kmowod AG 4.6-4.7-4.8-4.9.
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2-Theta - Si:oale
MIFile: AG 4.12.raw
MIFile: AG 4.10.raw
FAJFile: AG 4.11.raw

Zyuo 5.8: Aktvoypdoenua prevtovitav pe kmowo AG 4.10-4.11-4.12.
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Zyuo 5.9: Aktvoypdenua prevtovitdv pe kwdwd AG 5.3-5.4-5.5-5.6.
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MJIFile: AG 5.11.raw
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IJFile: AG 5.8.raw
File: AG 5.9.raw

Zyque 5.10: Axtvoypdonpo previovitdv pe Kodikd AG 5.7-5.8-5.9-5.11.
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Symua 5.11: Axtivoypdenuo previovitav pe Kodwo AG 7.3-7.4-7.5.
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Zyuo 5.12: Axtvoypaonpo previovitov pe Kodikd AG 8.6-8.7-8.8.
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Yyuo 5.13: Aktvoypdenuo previovitov pe kKodikd AG 8.9-8.10-8.12.
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Zymua 5.14: Aktvoypaenuo previovitov pe kodwd AG 9.1-9.3-9.4-9.6.

5.3 OpvukToroyIKY] 6VGTAGY] TOV UPYIAMKOU KAGOROTOS TOV 2

[m

[Moapaxdto moapatiBevtal ol TVaKeG e TNV TOLOTIKY EKTIUNGT TOV OPVKT®V TOL

Bpiockovtal 6To apyilkd kAo TV 2 pm.
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[Tivakag 5.1: OpukToA0YIKN) GLGTAGCT] TOV APYIAKOD KAAGHOTOG TV 2 pm

[Tivakag 5.2: OpukToAOYIKT] GVGTACT) TOV APYIAMKOD KAAGUOTOG TV 2 um

[Tivakag 5.3: OpukToAOYIKT] GLGTACT] TOV APYIAKOD KAAGHOTOG TV 2um




[Tivakag 5.4: OpukTOAOYIKN] GLGTACT] TOV OPYIAMKOD KAAGHOTOG TV 2um

[Tivaxkag 5.5: OpukToA0yiKn] GLGTACT] TOV APYIAKOD KAAGUOTOG TV 2um

[Tivaxkag 5.6: OpukToAOYIKN) GUGTACT] TOV APYIAMKOD KAAGUOTOG TV 2um




ZOUTEPACHUATIKA TPOKVTTEL OTL OTOL TMEPLGGOTEPO OElypato &ivorl EUEAVAg 1
TOPOVCID. KOAOVY®V aoTPlwV. XTN CUVEXEWN Kol G HKPOTEPN OVOAOYiOL OTAVIOUV O
yoroliog Kot To TAOYIOKANGTO. X& HKPOTEPO TOGOGTA, LVILAPYOVY HOPUAPVYIES KOOMDC
KOl TO QLAAOTLPLTIKO OpVKTO, KooAwitng. Téhog oe dvo pe tpia delypata PAémovpe

apatit, acBeotitn,crdnpomvpitn Kot ovotdon/Bpovkit.
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KE®AAAIO 6 - EIIEZEEPTAXIA AIIOTEAEXMATQN-
XYMIIEPAXMATA
6.1 'ENIKA

210 KEPAAO aTO Ba doVUE T S1OYPALLLLOTH KOTOVOUNG TOV OALKOV, YOLUNA0D Kot
VYNA0D QOPTION TOV GUEKTITIKAOV CTPOUATOV TOV TPOPIA TG Ayyeplds, kKabmg Kot Ta

CLUTEPACUATO TTOV TPOKVTTOVV OO TOL EV AOY® O10LYPALLOTOL.

6.2 Avdypoppo KoTavopuns oAKov gopTiov

0.42 0.44 0.46 0.48 0.50 0.52 0.54
Syquo 6.1: Zynpatikny omEKOVICT] TOV GUVOAKOD (OPTIOV KPUOTOAAIKNG SOUNG TMOV
GUEKTLTAOV.

270 TOPUTAVE SIAYPOLLILO TOPATIOETOL 1) ATEWKOVIOT] TG KOTOVOUNG TOL (POPTIOL TOV
npoeik g Ayyepidg.

Awokpivovron evvéa Pabuioeg, ol omoieg Pabuovopodvtar and kdtm mpog Ta méve. Ot
EYXPOUEG GEWPES AMOTEAOVV TIG TEPLOYEG MO TIG Omoieg CLAAEYONKOV To Ogiypota.
[Teproyég pe Aevkd ypodpA VTOIMA®VOLY TNV  odvvapio GLALOYNG  OELYUATOV.
[Mopatmpeitor pio kevy Pabpuido oty €ktn oelpd Adyw® tov OTL | detypatoAnyia fTav
advvaT.

H xotavoun yivetar aiobnt) pe TV ¥pOUATIKY d10popd oL emKpotel oTig Pabuideg.

[Teproyég pe poptio pikpotepo amd 0.425 e/ pon koyelMoa £Qovv YOUNAY CLUUUETOYN,



KaOdg poévo tpia detypoto mopovotdloviol He TIG YOUNAOTEPES TIUES TOV POPTIOV, UE
XPOUA pof.

Evdidueoec Tipég poptiov mapatnpovpe YEVIKE 6€ HEYOAO LEPOG TOL TPOPIA, UE TIUEG
a6 0.425 wg 0.47 e/ pon koyerida. Onmg propolpe va dtakpivovpe Hovo n TpmdTN Kot
N Tedevtaia 6EPA TUPoLGLALOVY OUOIOLOPPT] KATOVOUN O EVOLAUESES TILEG POPTIOV.

210 GUVOAO TNG GYNUOTIKNG OTEIKOVIONC Ol TILEC TOL POPTIOL AVEOUEIDVOVTOL, KOOMDC
wapatnpovvion Pobuideg mov mepthapPavovy  deiypoto  yopnAoD, EVOLAUEGOL Kol
VYN0 eoptiov. Apketd delypata onuei@vovy Tinég mavm and 0.475 e /puon koyelida,

OV OVTIOTOLYOVV GTO TOPTOKOAL KOl KOKKIVO YPMUO TNG OTEIKOVIONG,.

6.3 Aidypappo Koatavopig oTpORATOV (ounA00 @opTiov

0.15 0.30 0.45 0.60 0.75

Zyquo 6.2: ZynUotikny oTEOVIOT] TOV GUEKTITIKOV CTPOUATOV YOUNA0D (pOpTiov TOV

TPoPid TG Ayyepidc.

To mopamdve Odypoppo ometkovifel TV TOGOCTIOA0 KOTAVOUY] TMV GUEKTITIKAOV
OTPOUATOV YOUNAOD QOPTIOL.

2mv mpd Pabpida mwapatnpovviot delypata pe mocootd 30% CUEKTITIKOV QUAA®V
YopUNA00 eoptiov. Xtnv devtepn, tpitn Kot wéumtn Pabuida to T0GOGTE KOTAVELOVTOL

oe TES amd 15% , 1o omolo avtistoryel oV pKPOTEPT TIUT TOL YOUNAOV QOpTiov, GE
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evolqpeces Tég g tééng tov 30-50% ko og detypoto pe mocootd 60%, g
LLEYOADTEPG TIUNG TOL YOUNAOD QOpTiov.

v t€TapTn oelpd 1€ccepa drokpivovron delyparta pe mosootd 20% kat ta vdAouTa
TEPEXOVV TOGOGTA GTPOUATWV TOL YounAol eoptiov 30-45%.

Avefaivovtoag omnv £Bdoun oepd, mopatnpovpe dvo delypata pe mocootd 20%, Eva
detypo pe 40% xor 600 detypoto pe vynAan T 55% otpopdtov youniov @optiov.
2ty Oydom oepd vdpyovv evoldpeces THEG katavopng pe mtocootd 30-40% kot Eva
detypa pe mocootd 20% otpopdtov yopuniod eoptiov.

2y terevtaio Pobuida, éva delypo aviiotoryel oto 50% tOL TOGOGTOL YOUNAOD
QOPTIOL TOV CTPOUATOV GUEKTITIKOV QOUAA®V, VA To VIOAOITA OeiyloTo TEPEXOVV

TOGOGTA GCTPOUATOV Youniov eoptiov 30% kot 40%.

6.4 AvGdypoppo KoTovoung oTpORATOV VYNA0D QOPTIOV

0.00 0.10 0.20 0.30 0.40

Zymua 6.3: ZynUoTikny ameKOVIoN TOV CUEKTITIKOV GTPOUATOV LYNAOD @opTiov TOL

npo@ik TG Ayyeprig.

270 MOPOTAVED SIUYPOUIO TOPATIPOVUE TNV KOTOVOUN TOV CUEKTITIKOV (UAA®V
VYNAoD @optiov. Zav yeVIKN €KOve Slokpivoupe TG LIEPTEPOVV TIUEG  TOL

AVTIGTOLYOVV O€ TOGOGTO CTPOUATOV VYN0 @optiov 25-30%.
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HEeKVOVTOG o KAT® TPOG TO TAVM Kol GUYKEKPIUEVO OTIS TEVTE TPMTEG Pobuideg
TopaTNPEiTAL pio LEYAAT TTEPLOYT] CUEKTITOV LE TOGOGTO GTPOUATOV VYNAOL POpTiov
nepinov 30%. Avo delypata omn devtepn kot té€toptn Pabuida Egovv to LVYNAOTEPO
1060010 40% , evd delypato pumie kot YOAASIov ypdOUOTOS 6T0 0eE10 TUNO TNG TOUNG

AVTIGTOLYOVV GE TOGOGTA VYNADY CUEKTITIKOV QOpTiV Ttepimov avikovy 6to 10-15%.

2y £Booun Pabuida emkpatel to mocootd 30% ,evod oty 0ydon dtakpivovpe Eva
delypa pe 1o vynAdtepo T0c00Td ™S TAENG TOV 50% GUEKTITIKGOV GTPOUAT®V VYNAOD
eoptiov. Ta vrorowma detypata mepiéyovv pHeTa&y tov 25-30% ko 10-15% cpextitikd
OTPOUATO LYNA0D POPTiOL.

2ty évatn Pobuida mapatnpovpe dvo delypota pe mocootd 40% kot to veoroTa e

1060010 20% GUEKTITIKGOV POAA®V LYNAOL PopTiov.

6.5 I'evikd ocvunepaopata

2oppova pe 1o oxfua 6.1 mov amewkovilel v Katovoun Tov 0AkoD @OPTIOL GTO
Koitoopo TG Ayyeplic, mopaTnPOVUE OTL Ol OCUEKTITEG OTO OLTIKO TUNUO TOV
KOLTAGHOTOG €lval KaTd KOp1o A0yo vymAov @optiov (0.50-0.54 poptio/puor Kuyeloa),
evdd ovtifeto omd TO KEVIPO KOl OVATOMKO TOU KOUTAGUATOS Ol OUEKTITEG
yopoaktnpilovior kupimg og yoauniov kot evoldpesov eoptiov (0.42-0.47 eoptio/pion
KOYEAMOQ).

EmmAéov mapovcialetor €TepoyEVELD GTNV KOTOVOUY TOGO TMOV CTPOUATOV YOUNAOD
QOPTIOL OGO KOl TOV GTPOUATO®V DYNAOD QOPTIOV. LVYKEKPIUEVO COUPMVO, LLE TO GYTLLOL
6.2 otig Béoelg Tov TPoPidk mov Ppédnkav cuektiteg youniod @optiov vaepTEPOVV TOL
OTPAOUOTO CUEKTITOV YOUNAoD @optiov pe mocootd 40%-60%, evd oTig TEPLoyég He
OUEKTITEG LYMAOD POPTIOL TO CTPMOUATO YOUNAOD QOopTiov Kvpaivovtor petacd 15%-
35%. Téhog cObppova pe to oyfua 6.3, 6To SVTIKA TOV KOLTAGUATOS TOPATPOVUE OTL
KUPLAPYOVV GTPOUOTO GUEKTITOV TV 9.98A 6& 1060616 30%-40%, EVGO GTO AVOTOMKGEL
OV TPOQIA dev Eemepvovv 10 15% pe e€aipeon éva delypa oty 0ydon Pabuida tov
KOItdopotog 10 omoio €xel 50% mMEPLEKTIKOTNTO CE OCTPOUOTO CUEKTITOV VYNAOL

(QopTiov.
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