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Algpelivnon €QAPUOY®V VAVOTEXVOAOYIOC PE EU@ACT OTNV ETUCTAPN TOU MN)XOaVIKOU

Oeppeg EvxapipTieg

O oxedlaopog Kal n UvAoTtoinon TN¢ Tapoucag €PELVOC OTIOITNOE  TOV
GUYKEPOOUO YVWOEWV OI0POPWV ETICTNUWY, OTIWC TG PUCIKAC, TNG Xnueiag,
¢ BloAoyiag kai Tn¢ XnUIKAG Mnxavikic.

2V TIpooTIabela autr) cuvEBaAav TTIOAAOI AvBPwWTIOI, yia TOUC OTI0I0LC VIWBW
™V avAykn vo eKQPAcw TIC IBIAITEPEC ELXOPIOTIEC POUL KOl GUYKEKPIUEVA VO
ELXOPIOTHOW:

« Tov emBAéTovta k. Kapakaagidn ©g0dwpo, Emikoupo kabnyntr tou TuAUOTOC
MOAITIKWV Mnxovikwv, yia v opBry kabodrynaor, tVv TOAVTIUN EUTIEIPIO Kal
TNV ETIOIKOJOOUNTIKI] CUVEPYOCia GTNV EKTIOVNON TN¢ TTapoVoOC Epyaaiag.

« Tnv o0luyd pou Bépa kal ta Tadld pou AAEEavdpo, Mdplo, NEoTtopa Kal
AAKNOTN yia Vv BonBela ou You TPoc@epav otnv alvtaén g epyaaiac.

« Kai  0Aoug 600u¢ CUPPETEIXaV Kal 3oriBnoav pe Tov TPOTIO TOUC OTIC TUTTIKEG
Ol08IKaaieg KATA TN SIAPKEID TWV UETATITUXIOKWY HOU OTIOUOWV.

TéNog, BEAW va TIIOTELW OTI N epyaacia ouvdadel Pe Toug oKoToLg TNE ETotAung
YEVIKOTEPA Kol OTl TIPOOOETEL €va HIKPO OANG  ONUAVTIKO  AIBapPAKI  OTO

0IKOdOUNUa NG YVWongG.

Oikovopidng A. lwavvng
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MepiAnWn ¢ AIMAWPATIKAG Epyaaiag pe BEpa:

AIEPEYNHZH EPAPMOIQN NANOTEXNOAOIIAZ ME EM®AZH ZTHN
EMETHMH TOY MHXANIKOY

TNV epyaaoia autn yivetal pia TPOoTIABEI aviXVELONC TWV EQPAPUOYWY TNG
vavotexvoAoyiag pe Eugacn ota €pya Tou MoAitikov Mnxavikou, e&gtalovtal
O0¢ 0l LTIAPXOUCEC EQOPUOYEC OE OXEON ME T ULAIKA TIOU XPNOIUOTIOIEL O
MNXOVIKOG OTIC KOTOOKEVLEC KOl Ol ETUTITWOEIC TIOU Ba €XOLV OUTA COTOV
OXEdIOOPA Kal TNV KOTOOKELN TwV €pywv. H dopun TG epyaciag opyavwvetal
0€ ETITA KEQAAQIQ.

270 TIPWTO KEPAAQIO, OpIleTal N VOVOTEXVOAOYiO Kol PEPIKA amo 1o BooIKd
XOPOKTNPIOTIKA TN, EPELVATAI £TTIONG N I0TOPIa, aTto Ta Bpafeia Tou Richard
Feynman, péow Mnxavwv g Anuiovpyio¢ tou Eric Drexler atn olOyxpovn
€kpnén TNG aVATITUENG TWV LAIKWV VOVOKAIPOKOC. MEXPL onuEPa, N avATITUEN
NG VAVOTEXVOAOYIOG EXEl ETTIKEVIPWOEI GTA KAIVOTOPA LAIKA Kal OTIC 1010TNTEC
TOUG TIC OTTOiEC YTTOPOUHE va TIPORBAEYOULUE PE TIPOCOMOIWATN GE LTIOAOYIOTH
KOl JE PovteAoTtoinon. Me autd 1o TTAqiolo, Ba UTTOpOVCAPE VO EPELVAUE
KOAUTEPO TIC VOVOTEXVOAOYIEC Ttou NdN LTIAPXOLV Ot @UON, KABWC Kal TIC
TPEXOLOEC EQAPUOYEC TouC. E&etaletan emmiong n onuepivr) kKatdotaon tng
VaVOTEXVOAOYIOC.

210 OeVTEPO KEPAANIO YVWPI(OLHE TOUC OPICHOUC Kal TIC KAIPOKEC, e&eTddovTag
T0 BOCIKA ETTIOTNPOVIKA Ttedia Kal Bewpieg OTIwC, N KBAVTIKA UNXAvIKA, Ta €idn
TWV XNUIKQOV OECUWV Kal N KPUGTOAAIKA) dOUN TwV LAIKWY, TIOU I6X00LV OTNV
VOVOTEXVOAOYIa. ZTO KEPAAQIO auTd €TtioNC opidovtal Ta VaVOUAIKA Kal Ta €idn
T0U¢, €€etdlovTag TIC PEBOdOULC TTapaywyr¢ Touc. H éupaor) didetal otnv
dnuiovpyia kal oTNV €VOTI0INGN TwV JIOKPITWY VAVOUAIKWY. MEAETATAI ETTIGNC
n dnuiovpyia x0AnNV vavoOAIKWV HE TIC TEXVIKEG EVOTIOBEDNC Kal TIC dIEPYATIE
HE 1OXLPN TIAOCTIKA TIOPOUOPQPWAON OTIWC N YWVIOKA WETamoinon ioou
KOVOAIOU Kol N aTPEWN pe uPnAn Ttieon. Kotomiv Teplypd@etal N onuacia mou
€XOUV 0l KAIHOKEC TOL peEYEBOLC TWV CwpaTIdiwy otV d0uncn Twv
VOVOUAIKQWV Kol EETACOVTOL Ol OIAMOPEC HOPPEC TWV VAVOSWUOTIdIWY Kal Ol
TPOTION dOPNONC TouG. O VavoowAnveg avBpaka eival éva amd ta LAIKG 100

€XOUV HEAETNOEI TIO TTOAD KOl KATEXOUV CNUOVTIKI) B€0n O€ PeYAAN TIOIKIAIO
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EQOPUOYWV. TO KEPAAAIO ALTO TEAEIWVEL E TNV €EETOCN TWV VOVOTWANV®WV
OTIOL  TIEPIYPA@OVTAlI Ol HUOVOQAOIKOI Kol Ol TTOALQAOIIKOI, divovtag TIG
ONUAVTIKOTEPEC TOUC 1010TNTEC AAAO KOl TOUC PNXOVIOUOUC HE TOLC OTIOIOUG
EU@aVICOLV TIPOPAAUATA KOl TIG ETUTITWOEIC AUTWV TWV TIPOBANUATWY.

210 TPITo Ke@OAalo Topouaialovial SlAPOPEC TPEXOUOEC EPAPMOYEC TNG
vavoTeXvoAoyiag kal eEETALETAI TIWC AEITOLPYOLV, YIATI N VavoTEXVOAOYia gival
{WTIKNC onuaaciag yia T AEITOLPYIa TOUC, KOl TIoIa  E€IKOVO TIPOCPEPOLV AUTEC
Ol EQOPUOYEC OTO PEANOV TNG VOVO-TEXVOAOYiaG. Ta vavoOAIKa TiiEouy Ta opla
¢ QUOIKNAG, TOUC VOPOUG Yla TNV ETTTELEN KOIVOTOUWVY  TEXVOAOYIWV,
XPNOIHOTIOIVTAC VEEC PEBADOUC YIO TN KOTOOKELN TWV VaVo-O0UwV, OTIWG N
OUTO-CLVAPUOAOYNGON. Epeguvmvtal o1 eQapuoyEég Twv vavoUAIKwY apXidovTag
OTIO TIC ETUTITWOEIC TIOU B0 £XOUV OTIC KOTOIOKEVEG YEVIKA, KOI OTNV CUVEXEIN
e€etadovtal ol ETUTITWOEIC TNE VOVOTEXVOAOYiaC oTIC 1810TNTEC TOL XAALBO Kal
Ta vEa TIpOoidvTa XAAUBa TIou TTapdyovTal PE TNV XPHon tng vOavoTeEXVoAoyiag.
To oKLPOJEPQ Eival TO ETTOPEVO UAIKO TIoL €EETALETAI. MEAETATAI N ETUTITWGON
NC XProNg VOVOUAIKQV OTNV TIOPAYWYr TOU TOIUEVTOU KOl TOU OKLUPOJEUATOC,
0€ OXEOn HE TNV QVUIOPOCTIKOTNTO TOU TOIYEVIOU, TNV QAVTIUETWTION TWV
TIUPITIKWV  OAKOAIKQV  OVTIOPACEWY Kol Tou  OI0&EIdiov TOou  AvBpoKa.
AlOTIIOTVETAL OTI T VAVODAIKG B0 ETTIIPEPOLV PEYAAEC OANAYEC OTIC IOIOTNTEC
TOU OKUPOOEUOTOC OTO HEAAOV KOl ETIOPEVWC OTIC KOTOOKELEC. KatoTv
BAETTOLPE TNV XPION VOVOUAIKWY GTNn dnuIoupyio TOU  YUOAOU KOl Ta WQEAN
TIOUL TIPOKOAEI OTOLC TOWEIC TNC oLVTPNONG, TN TIPOCTACING OTIO TNV NAIOKNA
oKTIVOBOoAia K.A.TI.. To &UA0, ol €TIKAADYEIC KOl N TIUPOTIPOCTACIa Eival Ta
BEPOTO PE TO OTIOION KAEIVOUUE TO KEQPAAQIO AUTO €EETALOVTOC TIC EQPAPHOYEC
TWV VOVODAIKWV O aUTEG TIC TIEPITITWOEIC.

210 TETAPTO KEPAAAIO €EETALOLUE TIC PEBOOOLC OXEAIOUOD Kal LTTOAOYIGHOU
otV VOVOKAipaka.  Apxidovtag omo v pPéBodo  aXedIOOHOU  LAIKWV
TIOMATIAWVY  JI00TACEWY, OULVEXICOLUE HE TNV TIOANOTIAR JIOKPIT) OVOAUGOH
LAIK@V. TiveTal pia TTPpooTIABEIn yia TOV LUTIOAOYIOUO TNG YEVIKELUEVNC TTiEaN(
KOl TWV PETPWY TIOPOPOP@PWAONE TNV VOVOKAIpaka. Katormiv géetddovtal ta
LAIKGO N-3100TACEWVY Kal N TIOANATIAN OVOAUGT TWV CUCTATIKWY VOUWY KOBWE
Kal TNV aAAnAeTtidopacn  PETOED  TWV  KAIMAKWY.  TENOG  HEAETATON I
HOVTEAOTIOINGN TIOAAOTIAWV  KAIMAKWY  TWV  UVAIKQV PE  €U@acn OTnv

povTeAOTIOINGN ToL XAALRa.
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210 TIEUTITO KEQOAQIO, €EETACOULUE MEPIKEC aTIO TIC TUO ONUOVTIKEG
TIEPIBOANOVTIKEC ETUTITWOEIG TNG XPrONE TWV TIPOIOVIWVY VOVOTEXVOAOYIaG. ZT0
010 TIVELO, €PELVWVTOI Ol KAVOVIOUOI Kol N VOouoBesio oe oxéon peE v
Xprion Twv vavoUAIKwv Ttpoadiopidoviag Ty avaykn yia d1ebvr) cuvepyaaoia
otov topéa. O1 Kivduvol g vavotexvoloyiag Kal oi TIEPIBAANOVTIKEG TITUXEC
NG €ival kAt 1o gpeuvatal 1dlaitepa, Pe TNV oL{ATNON VO ETIIKEVIPWVETOI OTO
€AV amaitouVTal AUCTNPOTEPOI VOUOL Kal KAVOVIGUOI.

2T0 €KTO KEQAAQIO, OIEPELVAVTAIL TO OIKOVOMIKA HEYEDN TN VOVOTEXVOAOYIOG
Kal TIopoucIAdeTal N €UTIOPEVLUATOTIONNCN TNG VAVOTEXVOAOYIAE ME TIC
TIPOOTITIKEG TOU OYKOU TNG OYOPAC Kal TwV PETOXwV. MEAETATAI N KOUPOA TNG
ONUOCIOC Kal IBIWTIKAC XPNHOTOdOTNONE TNE vavoTeXvoAoyiag. Mapouvaiadetal
N €KOva TN¢ dlABECNC TWV ETUXEIPNUATIKWVY KEQPOAQIWVY yla TNV €pELVO OTNV
uPnAR TEXVOAOyia. Tiverar pia avdAuon TOU OIKOVOMIKOU QVTIKTUTIOU OTIG
BEoeIg epyaaiag Kol OTIC ETUXEIPACEIC TNG vavotexvoAloyiag. Mapouaidletal n
KOTAOTOON TNE TEXVOAOYIKNG OVATITUENG TNG VAVOTEXVOAOYIOG OE GXEON HE Ta
OITTAWMATA EVPECITEXVIOC Kal TIC ETIICTNUOVIKEG ONUOCIEVTEIC KOl OVOQOPEC YIa
TNV vavoteXvoAoyia.

TENOG 01O £BOOPO KEPAAQIO TTOPOLGCIALOVTOL Ol TIPOOTITIKEC IO TO PEAAOV TNG

VAVOTEXVOAOYIOC Kal TwV EQAPUOYWV TNC.
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Summary

STUDY APPLICATIONS WITH EMPHASIS ON NANOTECHNOLOGIAS
SCIENCE OF ENGINEERING

This paper presents an attempt to detect applications for nanotechnology with
an emphasis on works of Civil Engineering, reviewed existing applications and
in connection with the materials used in mechanical engineering and the
impact they have on the design and construction projects. The thesis is
organized into seven chapters.

The first chapter, is defined the nanotechnology and some of the basic
characteristics, investigated also the story from the awards Richard Feynman,
“Engines of Creation” by Eric Drexler in the modern explosion of development
of nanoscale materials. Until now, the development of nanotechnology has
focused on innovative materials and their properties which we can predict with
computer simulation and modeling. In this context, we could better investigate
nanotechnology that already exists in nature, and current applications. It also
examines the current state of nanotechnology.

In the second chapter there are definitions and scales, considering the basic
disciplines and theories such as quantum mechanics, types of chemical
bonds and crystal structure of materials, applicable to nanotechnology. This
chapter also sets the nanomaterials and their species, considering their
production methods. Emphasis is given on the creation and consolidation of
distinct nanomaterials. Further, studied the creation of nanomaterials with bulk
deposition techniques and processes with a strong plastic deformation such
as equal channel angular processing and high-pressure torsion. After
describing the importance of the ranges of particle size on the construction of
nanomaterials and examined various types of nanoparticles and methods of
construction. Carbon nanotubes are one of the materials studied and more
prominently in a wide variety of applications. This chapter ends with an
examination of nanotubes describing as Single-walled nanotubes and Multi-
walled nanotubes giving the other most important properties and mechanisms

which have problems and the implications of these problems.
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The third section presents several current applications of nanotechnology and
examines how and why nanotechnology is vital to their operation and what
picture is provided by these applications in future nano-technology.
Nanomaterials are pushing the limits of physics, laws to achieve innovative
technologies using new methods for construction of nano-structures such as
the self-assembly. Investigates the applications of nanomaterials ranging from
the impact will be in construction in general and then examines the impact of
nanotechnology on the properties of steel and the new steel products that
have been produced using nanotechnology. Concrete is the next material that
is tested. Studied the effect of the use of nanomaterials in the production of
cement and concrete, compared with the reactivity of cement to address alkali
silica reaction and carbon dioxide. Found that nanomaterials will lead to major
changes in the properties of concrete in future and therefore in construction.
Then we see the use of nanomaterials in the creation of the glass and the
benefits resulting in the maintenance, protection from solar radiation, etc..
Wood, coatings and fire protection are issues that close this chapter by
examining the applications of nanomaterials in such cases.

The fourth chapter examines the methods of design and computation at the
nanoscale. Starting from the design method of multiple physical dimensions,
we continue with the multiple discriminant analysis of materials. An attempt is
made to calculate the generalized stress and strain measures at the
nanoscale. After examining the material n-dimensional and multi-component
analysis of laws and the interaction between scales. Finally we study the
multi-scale modeling of materials with emphasis on modeling of the steel.

The fifth chapter deals with some of the most significant environmental
impacts of nanotechnology products. Similarly, researched the regulations
and legislation on the use of nanomaterials identifying the need for
international cooperation. The risks of nanotechnology and environmental
aspects it's something that has being investigated in particular the discussion
focused on whether any more stringent laws and regulations.

The sixth chapter explores the fundamentals of nanotechnology and shows
the commercialization of nanotechnology on the prospects for market volume
and stock. Studied the race of public and private funding for nanotechnology.

The picture of availability of risk capital for research in high technology. Is an
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analysis of economic impact on jobs and business of nanotechnology. Shows
the state of technological development of nanotechnology in relation to
patents and scientific publications and reports on nanotechnology.

Finally in the seventh chapter, the prospects for the future of nanotechnology

and its applications.
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Algpelivnan QAPUOYWVY VAVOTEXVOAOYIOC E EU@Aan OTNV ETTICTAN TOU MNXavIKoD

KE®AAAIO |

EIZAMQrH

1.1 TMpoioyog

H vavotexvoloyia eival éva vEo Kal avartuocOuevo Tiedio TIou OxeTideTal
OXEOOV HE KABE KAGOO TWV OETIKWV ETIOTNUWV Kal TN¢ EMIOTAUNG TOL
pNxovikol. Me tnv taxeia TpOod0 O¢ TOUEIC OTIWG N HOPIAKK) NAEKTPOVIKN, N
olvBean BloPopIoKWY KIVNTAPWY, N 0LTO-CUVAPPOAOYNGON e Bdon 1o DNA, Kal
0 XEIPIOPOC MEPOVWHEVWY OTOPWV HPECW EVOC MIKPOOKOTIIOU aOrpayyog, n
VOVOTEXVOAOYIO €XEl KATAOTEI TO KEVIPO TOL €VAIAPEPOVTOC EVOC OUEAVOUEVOL
OpIOUOL ETTICTNHOVWY KAl UNXOVIKWVY, YEYOVOC TIOL AUEAVEL TO EVOIOMEPOV AN
Kal TNV @ovIogoio Tou Kolvou. To Tedio auTo opileTal Kupiwg oo pia povada
TOU UNKOUG, TO VOVOUETPO OTO OTIOI0 PPICKETAI O TEAIKOG EAEYXOC YIO TN HOPQN
Kal TN AEIToupyia twv LAIKWV. Mpdyuatl, 6ed0puévou 0TI Ta €idN TWV OTOHWVY KOl
ol BePENIOEIC  1O10TNTEC TOLC TieplopiovTal aTtd TOug VOUOUC NG KPRAVTIKAC
(UOIKNG, N MIKPOTEPN KAIPOKO HPEYEBOULC OTNV OTIoIO £XOUPE TNV EAELBEpIa va
e€aoKNooLPE TNV ONUIOLPYIKOTNTA HaC €ival 0 cLVOLACUOC TWV JIOPOPETIKWV
OpPIBUWV Kal EI0WV TWV ATOPWVY TIOU XPNOIYOTIOIOUVTAL VIO TNV KATAOKELN VEWV
Hop@wV TNC UANC. AUTO €ival 1o TIEdI0 €peuvag TnN¢ VavoTEXVoAoyiag: n
0IKOOOUNON TWV ULAIKWV KOl GUCKELWV YIO TOV EAEYXO WEXP! TO ETTTIEOD TWV
MEUOVWUEVWV OTOPWVY KOl POPIWV. AUTEC Ol IKAVOTNTEC TNG VOVOTEXVOAOYIOC
€XOUV QTIOTEAECPOTO OTIC I01I0TNTEC KOl TNV 0OTod00N TWV ULAIKWVY TIOAD
OVWTEPEC ATIO QUTEC TWV OCUPPBOTIKWY TEXVOAOYIWV KOI, OFE OPICHEVEC
TIEPITITWOEIC, ETUTPETIOLV TNV TIPOCBOCN O¢ EVIEAWCG VEX QOIVOUEVO TIOUL Egival

Ol00€a1ua POVO O€ auTAY TNV KAIPOKA.

1.2 Ti eival vavotexvoAoyia

H Navotexvoloyio opiletal w¢ n emiotiun Pdoel tng otoiag prmopolv va
KOTOOKELOOTOUV JIOTAEEIC KOl CUCTHUATO PE EAEYXO TNG VANG OTN VOVOKAIPOKQ,
ONA0dN 0€ KAHOKO pOPiWV Kol HOPIOKWY d0UWV, PE OTOX0 T dnuiovpyia
MEYOAUTEPWY OOUWV HE VEA HOPIOKA OPYAvVWan TIOU €U@AVi(OUV KAIVOTOUEC
(PUOIKEC, XNUIKEC Kal Ploloyikég 1810tntec, (Wood, 2002), O opIiopog NG
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Algpelivnon €QAPUOYWY VOVOTEXVOAOYIOC e EUQACT GTNV ETTICTIAKN TOL MNXaVIKOL

NavotexvoAoyiag eival Baclopévog oto TIpOBepa "vavo", 10 OTI0I0 OE TIIO
TEXVIKOUG Opoug "vavo" onuaivel 109 Mo va €xouue pia aiocbnon tou Opou,
évag 10¢ ival Tepimou 100 vavopetpa o€ péyeboc. O 6Pog vavotexvoloyia dev
0@OPA aTIAG TN YEAETN TIOAD PIKPWV TIPAYUATWY, OAAA TNV TIPOKTIKA €QAPHOYN
NG YVQong autnc.

BAKTHPIA DPANENA
ZYTPAPEAX
BloAoyia
10-,0m 10* 10* 104 102 10- 102 .
Mnxavikn
Airbus A380
KOKKOG
KPUOTOAAIKOD
UETAANOL
NANOZQAHNEZ ANOPAKA
Appa M1A1

Sxnua 1.1 Zoykpion twv dla@opwv KAIWAKWY JrkKoug otnv PloAoyia kai v
MNXAVIKI) O OXECN ME TNV VAVOTEXVOAOYIO.

Eival xprjo1uo va avatttuéoupe pia QUOIKN 10€a NG KAIJOKOCG UrKOUG, HECW TOU
oxnuato¢ 1.1 10 oToio TapouacIAlel TO @EACHA KAIJOKWY UAKOUC KOIvoD
EVOIOQEPOVTOC OTN WNXOVIKA Kal Blodoyia, (Ramesh, 2009). H armeikovion auth
EXEl OUMPTIEPIANQOED dI0TI ETUTPETIEL OE KATIOIOV VO QAVOTITUEEL pIa avOpwTIIVN
aioBnon tng KAipakag. Apxidel oo TIC HIKPEG KAILAKEG, T XAPOKTNPIOTIKA TIOU
OULVALOVTAI PE TIC ATOMIKEG OKTIVEC ival TNE TaéENg Tou TA (éva Angstrom), (10'10
m) o€ peyeBoc. H amodoToon OTO0 OTOHIKO TIAEYPO OTOUG TIEPIOCOTEPOUC
KPLOTAAAOUC gival TNG TAENG Twv 3 A. H SIGUETPOC TV VAVOTWANV®WY AvBpaKa
gival ttepimov 2 nm 1 20 A, kol autd cuoxeTiCeTal KAAG pe TN SIAPETPO NG
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AlgpelivnNOn EQOPHOYWVY VOVOTEXVOAOYIAC PE EUQOOT OTNV ETIICTHAUN TOLU MNXOVIKOU

OITTANC €AIKaC Tou DNA, (n ortoia dgixvel, TIOPEPTUTITOVIWG, OTI Ol VOVOCWANVEC
gival plo KoA TIpocEyyion yio TNV oUykplon pe 10 DNA).  Ta Boktmpla
(Cwvtavoi opyaviopoi) eival ermiong Tepimou Iyt oe  péyebog, eivalr i
LTTEVOLUION NG OEI00NUEIWTNC TTIOALTIAOKOTNTAG TNC QUONC. O cuyypagEac
QVTIOTOIXei otV KAipoka Tepimou 10 1,75 evw éva dpua pdaxng M1AL eival
TIEPITIOV TPIAVTO QPOPEC PEYOAUTEPO. 'Eva amo ta peyaAltepa {Wa oL €ival ol
UTIAE @AAQIveG, eival Tepitou 100m, ouykpiolueg o€ peEyeBog pe oplopéva

0EPOTKAQN.

1.3 H lotopia tng NavotexvoAoyiag

H vavotexvoAoyia 0Oev €xel POVO TIOPOV Ot UGN, OANG €xel ETTiONG
XpNolJoTtonBei ev ayvoia otnv avBpwTivn texvoAoyia yia aiwveg, (Allhoff et al,
2010). T TIOPABEIYHO OWHATIOID VAVOKAIMAKAC O1BGANG, Kupiwg aiBdAn
LYNANG TEXVOAOyiag, £XOLV XPNOIUOTIONBEl w¢ EVIOXUTIKO TIPOCBETNG LANG o€
EAAOTIKA yia oxedov 100 xpovia. NavoDAIKA €xouv xpnolgoTtioinBei emiong
aouvaiodnta amo TeEXVITEG yia alwvel. OTtav 0 XPLOoOC HEIWOEI onNUAVIIKA Of
pEyebog, Oev dlOTNnPEl TIAEOV TNV OIKEID KITPIVN-UETOAAIK €U@AVION TOU, OAAG
putopei va  TIApEl  pIo OEIPA OTIO  XPwHATA. TO KOKKIVO XPwHa  TI0U
XPNOIPOTIOIEITAL YIO TO KIVE(IKO ayyeia 1dn amod 1 duvaoteia Twv Mivyk gival 1o
OTIOTEAECPA TNC KIVEQIKNAG TEXVIKNG Agiavong Tou Xpuool O€ CWHATIOI TNG
TAENC pEYEBOLG PEXPI va Twv 25 nm. ETiong, o1 TeXVITEC Tou peoaiwva aTtnv
EvpwTn, avakdAvav OTl PE TNV AVAUEIEN XAwWPIOLXOUL XPUCOU O€ AIWHEVO
YUOAI Ba pmtopoloav va dnUIoVPYRCOULV €va TIAOUCIO POUUTIIVI PE BIAPOPEC
OTIOXPWOEIC. Me T PETABOAR} TOLU TIOOOCTOU TOU XPUOOU TIOL TiBeTal OTO
pEIYUa, TIapAyovTal JIO@OPETIKA XPWHATO. AV Kal N aitioc ATav ayvwotn Tnv
ETIOXI €KEIVN, TO MIKPOOKOTIKA o@aipidla Xpuoou eixav ouviovioBei yia va
OTIOPPOPOUV Kal OVTAVOKAOUV TO (WC TOU NAIOL O& €ADPPWE BlAPOPETIKOUC
TPOTIOVG, avaAoya pE TO pEyeBoc toug. NavoOMKA €xouv xpnoiuoTioinBei ev
ayvoia TOUG yla TNV Kataokeun PItpd pe v Aciavan Xpucol Kol apylpou  Oe
VOVOOWUOTIOIO e PIKPA PeyEdn. TOCO Ta vOVOoWUOTIOO Xpuool 600 Kal Tou
apylpou OAAGZOLV TO XPWHO TOUC CNUOVTIKA avaAoya pe 10 pEyeBOC Kkal TO
OXNUO TOUG. ZTa 25 nm o€ JIAUETPO Kal CPOIPIKOG, 0 XPUCOG Eival KOKKIVOC, OF
50 nm Kol o@AIPIKOC, €ival Tipdoivog, kal ota 100 nm Kal OXETIKA T@AIPIKOC,

eival TToptokaAi. To aonut gival umAe ota 40 nm, étav sival o@aIpiko, Kitpivo

Olkovopidng A. lwavvng

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 02:26:51 EEST - 3.145.162.204



AlgpelivnNOn EQOPUOYWV VOVOTEXVOAOYIOG PE EUPACn OTNV ETUCTAUN Tou MnXaviko0

ota 100 nm kal cQAIPIKO, Kal KOKKIVO ota 100 nm &tav ival TIPICUOTIKO. Av
KOl OUTEQ €ival 01 TIPWTEC XPNOEIC TNC VAVOTEXVOAOYIOC Yo va BEATIOCEL 1) va
OAGEEL TNV 1010TNTO EVOC ULAIKOU OUTEC oI Xpnoeic Ba prmopovoav va
XOPOKTINPIOTOUV ¢ Tuxaia vavotexvoAoyia. Mo va XOopOKINPIOTE OPWC W¢
vavotexvoAoyia, Ba Empere va eival okoTupn. H kopla dlo@opd PETAgL Tng
olyxpovng wOnong yio TNV TEXVOAOYIO Kol T TIPONYyOUPEVA  I0TOPIKA
Ttopadeiyyata ¢ Xprnong twv vavoowpatdiwv eival ot n olyxpovn Xxprnon
gival ek TIPOBECEWC KOl PE TNV KATAVONGN TWV UTIOKEIYEVWVY PNXOVIOHWY TIOL
TIOPAYOULV 01 VEEC 1O10TNTEC.

‘EXouv ypa@ei TTOAAA yio 10 vavoOAIKG, O10TI Bpiokovial OTo €THKEVIPO TOU
KOOUOUL TNC VOVOKAIUOKOC, KAT8 GUVETIEIN, TNV OVATITUEN TNC VAVOTEXVOAOYIOC.
QaoT1000, N vavotEXVoAoyia avTAei atoixeia amod éva eupl @ACUA ETTIICTNHOVIKWVY
KAGOwv. ETeIdr armaitei eupeia yvwon Ttwv XNUIKWV AAANAETIIOPACEWY OE
HOPIOKO ETUTIEDD, N XNMEIa €ival TTOAD GNUAVTIKN yia T VavoTteXvoAoyia. Emiong
OTNV VAVOKAIJOKQ, Ol VOUOL TNG @LONG TWV PeyAAwvV cwpatidiwy, culevyovral
ME TOUC VOHPOUC TwWV TIOAD MIKPWV OWHATIdIWY, (KBAVTOuNXavikh) Kol n
o0levéng autn €ival TTOAD GNUAVTIKA yla TNV KATOvOnaon tng VOvoTEXVOAoyiac.
Emeidr) 10 LAIKO gival {WTIKAG onuaciag yia T AEIToLpYia YIog GUOKELNG Kal TNG
O0MNG NG, N ETUCTAUN KAl N PNXOVIKA TWV LAIKWV TIaIEl HEYAAO POAO OTnV
OVATITUEN TNC VOVOTEXVOAOYIOG. ZUYKEKPIPEVEC EQPOPUOYEC ATIAITOUV YVWOEIC
o1te A0 TIedia, I0TPIKEC EQAPMOYEC, OTIWC N TIOPAYWYHR TwWV Ol0QOPwWV
QAPUAKWVY TIOL OTIAITEl YVWOEIG NG BIOIOTPIKAC. AKOUN TIEPICCOTEPEC YVWOEIG
I0TPIKNAG OTIATO0VTON VIO TIC CUOKEVEC VAVOKAIMOKOG TIOU TIPETIEL Va TIEPAGOLV
pEoa aTto TN KUKAOQOpIa Tou aiyatog. To B€pa €ival otl autd 10 €vpl @EACUA
ETIOTNUOVIKAV KAAOWV @EPVEL EVOIOPEPOVTEG EVKAIPIEC KOl TIPOKANGEIC YIa
TOUG €PELVNTEC. YTIAPXOULV EUKOIPIEC yla oXedOvV KABe emiotruova T1ouv Ba
OUMUETEXEL OTNV AVATITUEN NG ETUOTAUNG TNG vavotexvoAoyiag. Mia aAnbivn
ETIOVACTOTIKA]  OULVETIEID NG AVATITLUENCG NG VAVOTEXVOAOyiag eival o1l ol
ETUOTMOVEC OAWV TWV OIOPOPETIKWY KAAOWV ETUOTNUWY €pyalovtal arto
KOIVOU O€ Mo PEYAAN TIOKIAia oxediwv. Or TIPOKANCEIG Eival  ETTioNC
TToAvapIBueC. KdaBe medio @épvel tn Il TOU €UTIEIPIO KOl TNV OpoAoyia Tou.
AUTO KOBIOTA TNV €TTIKOIVWVIO PETAED TV ETIOYYEAUATICOV GTOUC TOMEIC autoug
O0OKOAN. Katd oULVETTEID, éva PEYAAO PEPOC TNC OAANAOETIIKAALYNG OTOV TOpED
¢ €PELVAC EVIAICOETAI OTOV TPOTIO KOl OTOV XPOVO TIOU OTTAITEITOl YO VO

HOIPOCTOUV Kal va KOTavonBoUlv Tto ETICTNUOVIKA dgdopéva. TMa va eTALBE
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oUTO TO TIPOPANUA, €ival TIOAAA TO SIETIICTNUOVIKA KEVIPA IO TNV KOBIEPWON
TOUC. Z€ auTd Ta KEVTPA, BIoAGyol Kal QUOIKOi epydlovial 0E oUVEPYATia PE TNV
EATTIOO OTI N TpoaCEyyion Ba Bonbrael T cuvepyaaio OTOV TOPED TNC EPELVAC,
T Katavonon Twv OI0QOPETIKWV TIESIWY, Kal T KAIVOTOMIO OTiO TIC VEEQ
TIPOOTITIKEG TIAVW OTa TIPOPANUOTA Twv TEdiwv. To TEPIBAANOV aUTO E€ival
avaykaio, €meldr), OTwC €idape kal Ba doLPE, N vavo-TEXVoAoyio aviAei armod
TTIOAAOUC dIOQOPETIKOUG KAGOOLC. ‘Eva TTapddelypa Xpriong tng vavoTtexvoAoyia
HE TN TIOPOTIAVW OULVEPYOOIa TwV ETICTNUOVWY O KATIOI0 €PyO0 €ival TO
OAuptako Z1édlo «PwAIG Tou TTOLAIoU» oTnv Kiva, oxnua 1.2. Otou otnv
KOTAOKELN TWV POCIKWVY yNTEdWVY, XPNOIKOTIONONKav:

e NOVO-ETIIOTPWOEIC.

e NQAVO-HOVWTIKA LAIKA.

e Navo-autokaBapI{OUEVO YUOAI.

e NavoOAIKd yia Tov KaBapioud tou agpa.

e Navo-xdAuBag oTIg TIOPTEG Kal Ta Ttapabupa, (Tinyn n

http://translate.google.gr/translate?hl=el&lanaoair=en%7Cel&u=http://www.gshinm.com/en/tjisplav.asD%3Fid%3D107. )

ZxAUa 1.2 OALUTIIOKO OTAdIO N GWAIA TOL TIOLAIOV oTo [Mekivo Tn¢ Kivag .

H vavotexvoloyia, OTwg Kal KABe AAAN ETUTUXNMEVN TEXVOAOYIa, €XEl TTOAAOUC
I0PUTEC. Kota pia €vvola, 1o idl0 1o TEdio TN XNueiog €xel aoXoAnBei pe

VOVOTEXVOAOYiO OTIO TNV €vapén tng, OTWC N ETUCTAMN TWV LAIKWY, Kal N
Oikovopidng A. lwdvvng
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(PUCIKN OTEPEOC KATAOTOONG. ZTNV VOVOKAIJOKO, gV gival TIpAYHATIKA OAQ VEQ.
AMG n digpelivnan Kol 0 OXEBIOOMUOC PE Eva EI0IKO PATI TNG VOVOKAIPOKAG Eival
KATI VEO - Kal ETIOVOCTATIKO.
O 0po¢g «vavotexvoloyia», pttopei va avaxBei ato 1974. 'Htav n mpwin xprion
arté tov Norio Taniguchi og éva €yypa@o pe Titho "H Bacikni 1déa Tn¢g «vavo-
TEXVOAOYyiag». ZTO0 Eyypa@o autld, TIOU TEPIyPA@ETal  w¢ Taniguchi
vavotexvoAoyia, opilovtal:

1. "Ti gival n vavotexvoAoyia” kal

2. "AT6 1N Bacikn évvoia tn¢ NavotexvoAloyiag,” n texvoAoyia tng

MNXAVIKACG TNG OANG o€ ETTITIESO VAVOUETPOU.

QoT000, N 10TOPIO TWV VAVOTEXVOAOYIWV, TIPolTINPXE autol. Katd mapadoon,
ol pidec TNC vavo-TEXVoAoyiog avayovtol O€ HIo OMIAIo TTou d06nKe ato Tov
vouTtieAdiota @uaiko Richard Feynman oto California Institute of Technology 10
AekEPPPIO TOL 1959 pE TOV XAPAKTNPIOUO:

«There's plenty of room at the bottoms».

Ze aut ) JIAAEEN, o ddvpav PIANoE yia TIC apXEC TNG MIKPOYPAPNaONG Kal o€
OTOUIKO €TTiTIEd0 OKPIBEIOC KOl TO TIWC AUTEC 01 €vvoleg Oev Trapafialouv
KOVEVO YVWOTO VOUO TNG QUOIKNG. Mpoteve OTI ATav duvaTto va OIKOOOUGOUUE
€Va XEIPOUPYIKO POUTIOT VOVOKAIMAKAG.

21N ouvéxela, 1o 1987, o Eric Drexler dnuoaicvoe 1o BIBAI0 pe Titho, «Kivntrpeg
NG Anuiovpyiag». O epxopog ¢ Emoxng tng vavotexvoloyiag. (Drexler,
1987). AmevBovetal o€ €va Un TEXVIKO OKPOOTNPIO, KAVOVTOC €KKANGN TIPOC
ToUC eTOTPOvVEC. To PIBAI0 autd Atav Eva 1Idlaitepa TIPWTOTUTIO £PYO TIOU
TIEPIYPAPEL IO VED  POp@r]  TEXVOAoyiog TIoU Paciletal oTn  POPIOKA
ouvapuoAdynon n oroia Ba gival og B€on va dleLBeTACEl TNV BEGN TWV OTOUWVY
Kal, GUVETIWE, VO ETUTPEWPEL TO OXNUOTIOUO LAIKWVY TIOU 01 VOUOL TN¢ @UONC OeV
TO ETUTPETIOVV. AUTO UTIOPEL va OKOUYETAI OOV HIO ELPAVTOCTN 1€, OAAd,
OTiw¢ eTuonuaivel o Drexler, autd gival KATI TTOL N QUGN €XEL AN KAVEL, XWPIG
BonBeia atto TOV aVOPWTIIVO OXEdiaoUd, Ue TOUC BIOAOYIKOUC LTTOAOYIOTEC PETO
OTO 010 TO CWHO Pag. YTIRpEe anuavTiK culATNON OXETIKA PE TIC SUVATOTNTEG,
TIoU LTIdéoXovTal, KAaBw¢ Kol TIPOPANUOTA PE OUTO TIOU CHUEPO OvouddeTal
«MOPIOKN Ttapaywyr». AKOPN Kol 0l dLUVOTOTNTAC TwWV HPNXOVWV  OUTWV

oudntoLvTal EVPEWC. APKE va TIOUYE, WOTO0O0, 0T MnXOavéEC ZNPATWV
Oikovopidng A. lwdvvng
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Algpelivnan €QOPPOYWY VOVOTEXVOAOYIAG e EU@Oan aTnV TICTAUN TOU MNnXaviko)

Anuiovpyiag ival éva SIOKEKPIJEVO CNUEI0 EKKIVNONG yla Tn vavoteXvoAoyia
KOl TN OULVEIPPIKA* ETIIOTNPOVIKA €peuva. Mapd 10 yeyovog 0Tl PEYGAO HEPOC
QUTAC TNG €peuvag Oev e€iXe KOO OTTOAUTWG OXECN ME HOPIOKI KOTOOKEUN, N
€0TiOON OTNV KAIJOKO TWV OVTIKEIMEVWVY TNC EPELVAC EYIVE O TIIO CNUAVTIKOG
TIOPAYOVTOC.

EpyaAeia Tou avarmtuxdnkav yia 10 XEIPIOPO PEPOVWHEVWV ATOPWY, OTIWG Eival
T0 MIKPOOKOTIIO odpwaong onpayyoc, Scanning Tunneling microscope - 1ng
IBM, VOUTIEA QUOIKNG TO 1986, ETIETPEYPE GTOUC EPELVNTEG VO PEAETACOLV KOl VO
XEIPOYWYNOOUV PEUOVWUEVO ATOUO KOl JOPIO PE TPOTIO TIOU TIOTE TIPIV OV RTOV
ouvatov. Ze pla TIOAD yVwOoTH €IKOVA, 0l EpeuvnTeg NG IBM petakivnoav dtopa
&&vou yUpw amo €va UTIOCTPWHO VIKEAIOLU HE €va HIKPOOKOTIIO 0APWONG
onpayyoac. Auti TNV €IKOVO XPNOIYOTIOIOUV WOTE UE Ta ATOPA va SIEVKPIVIOOUV
TO AOYOTUTIO NG €TaIpeiag, «IBM». Ta NAEKTPOVIKA PIKPOOKOTIO €X0UV €EEAIXOEI
o€ anueio Ttouv Ba pTtopoloav va gival OA0 Kol TIEPICCOTEPO XPOIPA OTO KABE
EPELVNTIKO TIEPIBAAAOV  (CUPTIEPIAOUPBOVOUEVWY, HEPIKEC QOPEC, Kal  TIC
BloAoyikeg e@apuoyeC).EEaANOL eival og Béon va €PQOVIOOLV HPEPOVWHEVA
ATOPO KOl TIC PULBUICEIC TOUG OTO ECWTEPIKO TwWV LAIKWVY. E&aitiag¢ auvtol ol
EPELVNTEC APXICAV VO UEAETOUV TNV OVATITUEN HEPIKWV UAIKWV Kal CUGKELWV
OTNV KAIHOKO TOU OTOPOL. H avokGAuWn VEWV UAIKWV OTNV VOVOKAIJOKA,
apxioe 10iwg pe 1o Tou Richard Buckminster "Bucky" Fuller @ouAAepévia**
(ovopddetan emtiong kai buckyballs). Ta buckyballs ovopdotnkav €101 Adyw ¢
OMOIOTNTAC TOUC ME  TOUG YeEWAAITIKOUC TPoUAOLC, oxAua 1.3, TOU O
apxitéektovag Richard Buckminster Fuller katéotnoe dnuo@IAEiq. AVvakoADPONKe
10 1985 ot1o Rice University, amoteAeital amo pia didtaén 60 atouwv avepaka,
oxnua 1.4.

O1 vavoowAnveg davBpoka atmo Sumio lijima ¢ NEC eivar éva t€tolo
TIOPABEIYUO PEANOVTIKNG TEXVOAQYIKNC OVATITLUENG, oxua 1.5.

‘2 UVEIPPOC oLVOEON TwWV TIAPACTACEWY TNV CULVEIdNGN HOC €101 TIOL, MOAIG
OVOKANBei oTnv em@dAveld TNG OULVEIdBNOAC MOC N MO ATIO QUTEG, VO
OvVOooUPOVTAL KOl Ol AAAEC.

““PouAAepEVIa Eival KABE POPIO TIOL ATIOTEAEITAI €€ OAOKANPOUL ATIO AVOPAKA..
Olkovopidng A. lwdvvng
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>xAua 1.3 Mewdaitikog 66Aoug Eden Project atnv KopvoudArn.

ZxAua 1.4 Moploko povtéAo C60, QOUAAEPEVIWVY.

Ol1Kkovouidng A. lwavvng
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ZxAUa 1.5 douvAAepevikol KpUGTAAAOI TOU AvBpaka. Kabe KpOOTOAAOC povada
aTtoteAEital amo 60 atopa dvepaka.

1.4 H onuepiviy katdotaon tng NavotexvoAoyiog

A@oU e€etdoape T PBaOIKA 1I0TOPIO TNG VOVOTEXVOAOYIOC, UTTIOPOUUE TWPO Va
OIEPELVCOLE ALTA TIOL I6XVOLV Cnuepa. EIdIKOTEPA, TIWC YiveTal n Epeuva
NG VAVOTEXVOAOYIOG O €pyacTipla o€ OAO TOV KOCOMO oruepa; Moia gival n
TpEXOLOO KateLBuvan TNG €PELVAC IO TN VavoTEXvVoAoyia; H amdvinon pag
BonBd va KOTavor|ooLUE TNV aVATITUEN, TOV XOPOKINPIOWO, KOl EVEPYOTIOINGN
TWV UAIKWV TNEG VOVOTEXVOAOYIOC Kal TwV ETICTNUWV TIOU T OIETIEL. AUTO
TIEPINAUBAvVEL TPEIC KOPIOUC OEOVEC TNG €PELVAC: ETUICTHUN VOVOKAipakag (A
QVOVOETTIOTNMEG» - TNV ETICTAUN TNG AAANAETIIOPACNG Kal TNG CUUTIEPIPOPAC
OTnN VOVOKAIPOKO), TO VAVOUAIKG avaTttuéng (N TIPAYMOTIKN  TIEIPAMATIKNA
OVATITUEN TNG VOVOKAILOKOCG UAIKWY, CUUTIEPIAAMBAVOUEVNG TNE XPHoNC Toug a€
EQAPUOYEC GLOKELNG), KOl pJovieAoTtoinan ( EVPECN TWV OAANAETUOPACEWY KOl
TV 1BI0TATWY TWV ULAIKWV VOVOKAIUOKOC HE TN XPHRON TWV NAEKTPOVIKWV
UTTIOAOYIOTWV ). H KOTovOnon Twv UTIOKEIUEVWY ETIIOTNUWY TNG VAVOKAIMOKOG
Kal  OAANAETIIOPACEWY €ival €EAIPETIKA ONMPAVTIKA yIO TNV AVATITUEN NG
vavoTexvoAoyioc. Ot aAANAETUOPACEIC OLTEC OTIOTEAOUV £vaV ATIO TOUC KUPIOUG
TOMEIC TNC €peuvag OTOV TOPED TNE vavotexvoAoyiag. Ot vopol TG QUOIKNG TIOU
AEITOLPYOUV TIAVW C€ AVTIKEIMEVA OTN VAVOKAIPOKA guvdudlouy TNV KAOGIKN (A

VEUTWVEIN) UNXOVIKI], N oTtoio pubpilel TIC dPaaTNPIOTNTEC TWV KABNUEPIVV

Olkovopidng A. lwdvvng
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OVTIKEIMEVWV, Kal TN KPOVTIKI) PNXAVIKH, N OTIoia JIETTEN TIC OAANAETUOPACEIC TWV
TIOAD PIKPWV TIPOYUATWV.

Av Kal TToANOI a1td Toug BEPEAIBEIC VOUOULC TNC LONG, TIOU AEITOLPYOUV OF
OUTO TO €TTITIEDO £XOUV AVOKOALMOEL, N ETICTNUOVIKA €PELVA TOUC EEAKOAOUDEI
Va €ival TIOAD dUOKOAN. H KBAVTIKI) PNXOVIKH 0pa G€ aUTH TNV KAIPJOKO, OAG KOl
Ol OAANAETIIOPACEIC PETOED €VOC PEYAAOL apIBUOD - dNAad HEYOADTEPO ATIO
000 - OTOPWV O€ ULAIKA VOVOKAIHOKOG UTIOPED va ival SUOKOAO va TIPORAEYEL
KOVEIC TO TIPAYMOTIKO OTIOTEAECHO QUTWY TWV AAANAETUOPACEWY. ETUTASOV, N
KAOGIKI) UNXAVIKN €QAPUOLETal O€ aUTH TN KAIHOKA, OAAG TO HIKPO PEYEBOC TwvV
LAIK®WV KOl N OTEVH KAIMOKO TV OAANAETIIOPACEWY UTIOPEL VO KAVEL TIC OUVALEIC
TIOU €ival KAaAG KOTOVONTEC O PEYOAEC KAIpOKEC (TI.X. TPIBR)  Kal IOXLPEC OF
OUTECQ TIC KAIJOKEG (TT.X., BapLTNTa) AlyOTEPO KOTOVONTEG Kal OI0BEVECTEPEC OTN
VAVOKAIPaKa. H Katavonon twv dLVALEWY Kal TwV BEWPIV OTO TTOIXVIdl EVTOG
TNC VAVOTEXVOAOYIaG gival pio pOVO TITUXA TWV VOVOETIICTNUWVY.

Mio GAAN TTOAD ONUOVTIKA TITUXA TWV VOVOETIICTNHUWY Eival N Katavonaorn Tou
oxnuaTiopov, dnAadn TNG O0PNoNG, TWV ULAIKWV KOl TwV OUCKELWV OTNV
vavokAipgaka. H e&€taon oTn VOVOKAIJoKa, Twv TIapadoCIoKwy (Un  nhano)
LAIKQV, OOMWV, KOl CUOKEUWV GLXVA ava@EPETal w¢ "X0ANV texvoAoyia”, “bulk
technology” Tlo va €ipaote aiyoupol, autd 1o "XOdnV" 0VEOC TNG TEXVOAOyiag
EXEl 00NyNoEl O€ TIOAAEG MEYAAEC ETUTUXIEC: KAVOUUE €UKOAO BOULPACIEC
UTTOAOYIOTIKEG OUOKEVEC, ECAIPETIKA I0XUPO OTAAAL, Kal TIOAD KOBAPA KEPAUIKA.
XpNOoIYoTIoIWVTaC XUUO TEXVOAOYIO, UTIOPOUHE VO dNUIOVPYICOLUE EEQIPETIKA
MIKPEC OUOKEVEC Kal LAIKA. QaT1O00, autr n dnuiovpyia e€akoAouBei va yivetal
HE KOTTN, EEPAOLDIOUO, OQUPOKOTINMA, TN, KABWC Kol TNV EKTEAECT GAAWV
TETOIWV OI0dIKOCIWY OTa XOUO UAIKG yia TN dnuIoupyia  HI0C VEOC OUOKELNC,
ooung, | LVAIKG. H kOpia dla@opd Pe TNV vavotexvoAoyia eivalr n diadikaaia
onuiovpyiag. Me Tn vavotexvoAoyia, EEKIVAPE OaTIO TNV OTOMIKN KAIHOKO Kal,
EAEYXOVTOC OTOMIKN / POPIOKA TOTIOBETNON Kol puBuion, Ba €dPAIWCOUME TNV
TEXVOAOYiO O€ HOVODIKEC OUOKEVLEG, ULAIKA Kal OOpEC. AUTOC 0 VEOG TUTIOC
oxnuotiogol araitei véoug TUTIOLG OUVBEONC, TIOU aTAITOUV  HIo  VEX
KOTOVONGN TOU OXNUOTIOHOU TWV ULAIKWV OTn VOVOKAigoka. Emiong, ToAAd
UDAIKG €XOuv TIOAD HOVAOJIKEC 1010TNTEG, OTAV OVATITUXBOUV O€ VOVOKAIPAKA.
MOAAEC OIAPOPEC ATOMIKEG PLOUICEIC TwV VAIKWV dgv EVIAGOOVTOl TNV X0

HOP@N  TWV ULAIKWV. H Katavonon Ttwv OoAAOYywV TIOU Ta ULAIKA autd
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LTTOBAAAOVTAI OTIWC OUTA SINPOPPWVOVTAl OF PIKPOTEPN KAIPOKQ, €ival {WTIKAC
onuoaciag yia v avamtuén g XPriong oUTWV TwV VAIKWV OTIC CUCKEUEC.

H vavotexvoAoyia Grjuepa ETIIKEVIPWVETAL, OTIWC EXOVUE NON OVOQEPEL, OXETIKA
HE TNV OVATITUEN, TNV KATAVONOTN KOl XPAOoN TwV UAIKWV 0T VOVOKAipoKa. Ta
LAIKA aTTOTEAOUVTOAL OTIO pIa PUBUICN CUYKEKPIYEVWVY OTOUWV - CLUVABWC YE éva
OUYKEKPIUEVO TPOTIO - TIOU Mag BonBav va kabBopicouvpe TI¢ 1810TNTEC TOU
LAIKOU. Mo Ttopadelypa, 0 XGAuBag Tou eival éva amd 1a IoXLVPOTEPA LAIKA
KOTOOKELWV, HPE TOV TPOTIO auTd N avtoxn tou Ba auvéndei, kabBw¢ AavBpakag
TIpOCTiBeTal 0g autov. O XAALBOC, TIOL TTOPAYETAI KLPIWE OTIO GidnNPOo Kol GAAa
oToIxEio OTIWC 0 avoéeidwtog XaAvBag, yia TTapdadelyua, TepIExel 10 TOIC EKATO

XPWHUIO YIO TNV TIPOCTACIO TOU LAIKOU aTt0 TN didBpwon.

Oikovopidng A. lwdvvng
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KE®AAAIO 2

BAZIKEZ APXEZ

2.1 Opiopoi kal KAipakeg

Mplv EEETAICOLIE TNV VAVOTEXVOAOYIO Kal TNV VOVOKAIUOKO OTNV ETTICTAPN TOU
TIOMITIKOD ~ pnxaviko0, Ba  TIpETEl va  €ival oO@EC T €EVWOOUUE  OTaV
XPNOILOTIOIOVPE  OPOLC  OTIWG  «VAVOTEXVOAOYIO»,  «VOVOETIICTAMES»  Kal
«VOVOKAipaka». Eival pio Bacikiy ovopyotoAoyia, n oTtoia XpnolgoTIolEiTal yio va
TIEPIYPAPEL OPIOHEVA XOPOKTNPIOTIKA GLOTNUATWY. Ol €V AOYW OVOMPATOAOYIEC
ouvnBwWC aTTOCKOTIOUV OtV €€AAEIPYN olyxuong Kol evBappUlvouv TV oKpIPA
XPron Tou TPoBEuaToC «vAvo» HETAED OUTWV TIOLU CLINTAVE VIO TA €V AOYW
ouaoTNUaTO.

To «vAvo» TIPOEPXETAl OTIO TNV €AANVIKI] AEEN VAVOCG, TIOU ONMaivel «TTOAD
KOVTOC GvBpwrog”. Ta TePIOCOTEPA ATIO TO TIPOBEUATA  PETPNONCG TIOL
XPNOIUOTIOIOVVTOI CHUEPA TIPOEPXOVTAL OTIO TNV EAANVIKN KOl AATIVIKA) YAWCOO.
21 pida NG, TO TIPOBEPA «VAVO-» OVAPEPETAl O HIa KAIJAKO TOU peyEBoug aTo
METPIKO olOTNUO. «Nano» XPnOIUOTIOIEITal OE ETIIOTNUOVIKEG MOVADEC, N OTIoIO
Xapaktnpilel 1o éva dioekatoppuploaTd (0,000 000 001) ¢ BaaIKng povAdac.
Otav MIAAPE yia T VOVOTEXVOAOYIa, HIAGUE yiO MO KAIMOKO - KOTO dio TAEn
pEYEBOULC - yio TO pEyebog, 1 To0 PAKOC. KAvouue pio ava@opd o€ QVTIKEIUEVO
TIOL E€ival KATIOIOL MEYEBOUC O€ KAIJOKO TIOU €XEl ONuAgio OTav HPIAAUE Yio
vavopetpa (nm). Me 1 Xprjon autig ¢ opoAoyiag eival 1o €0KOAO va
ava@epBolue 0To PEYEBOC TWV OVTIKEIMEVWVY TIOU POC OTIOOXOAEI OTOV TOUEQ
TN¢ VOVOTEXVOAOYIOC, KOl CUYKEKPIUEVA OTA ATOpa. Av ETIPOKEITO VO TIEPIYPAPEL
TO PEYEBOC TWV ATOPWV Kal Popiwv ae TIodIa 1 PETPa, Ba TIPETTEL va TIOVUE OTI
éva AToPo LAPOYOVOL (TO PIKPOTEPO ATOUO) eival 7,874x10"10 modia 1§ 2,4x10'10
HETPO. AVT' auTOU, PTIOPOUUE VO XPNOIUOTIOI)CGOUUE VAVOUETPO KOl VA TIOUUE
0TI T0 AToPo TOL LAPOYOVoU eival 0,24 nm.

NovokAipoka, Aoirtdv, €ival n kKAipoka peyéBoug oty ortoia Asitoupyei n
VavoTeEXVOAOYia. Av Kol €XOUHE EVO KATWTOTO OPI0 OUTAC TNE KAIHOKAG HEYEBOULG
(to péyeBog €vOC OTOUOUL), O OPICUOC TOU OVWTATOUL OPIOL AUTHE TNG KAIPOAKAG
gival 110 SVOKOAN. Mia XpPRoIPn Kal KaAd aTtodektr) olpPBaacn cival 6Tl KAt Ba
v@IioTOTOl OTNV  VOAVOKAIJOKO  OTav TOUAGXIOTOV pio om0 TG OI0CTACEIC TOU

(OYog, TAGToC 1 BaBog) eival pikpotepn aTo TEpiTtou 100 vavoueTpa. TNV
Oikovopidng A. lwdvvng
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TIPAYMOTIKOTNTA, Eival Ta Oplo TIOU  XPNOIPOTIOIOUVTIAl YIO TOV OPICUO TOU
VavVoTEXVOAOYIaCG: «H vavotexvoAoyia gival n Kotavonan Kol 0 EAeyXog NG LANG
o¢ Ol0oTAoEIC TEPITIOL 1 €wg 100 nm, GTIOL POVOSIKA @AIVOUEVA TIOPEXOLV
KOIVOTOWEG EQOPUOYEC». MO TO OKOTIO QUTO, gival XProIuo va TTpoateboly U0
OANeC ONAWOCEIC Yl va oxnuatioouvpe  €vav TIARPn oplopo. [pwtov, N
vavoTexvoAoyia TepIAaUBAvEl TN SIOPOPEWON Kal T XProN TWV ULAIKWV, TwWV
KOTAOKELWV, OTIC OUOKEVLEG Kal TO OUCTAMATA TIOU €XOUV HOVOOIKEG 1010TNTEC
AOYyw TOU PIKPOU peEYEBOLC TouG. AgVTEPOV N vavoTeEXVoAoyia TepIAAUPBAVEL TIG
TEXVOAOYIEG TIOU ETUTPETIOLV TOV EAEYXO TWV UAIKWV OTN VOAVOKAIPaKa. Av Kal
EXoupe OIOTIIOTWOEL OTL 0 OPIOPOC «VAVO-» OTNV  «VOVOTEXVOAOYIO»,
ONUATOOOTEl PO CUYKEKPIPEVN KAIPOKOA, €ival ONUOVTIKO va TIAPOUUE MIa KOAN
10€a yia TO T €ival N KAHOKa - dnAadr], TIwWC N VOVOKAIUOKO OXETI(eTal Ye TNV
KOBNUEPIVI) HOC epTtelpia. YTIApXOUV OIAMOPEC QVOAOYIEC TIOLU HTIOPOUME va
XPNOIUOTIOINCOLUE YIO VO €ENYOOLKE TO PEYEBOC TOU PETPNTH VAVO Ot oxéon
HE Ta peyEBN Tou eival evplTEPA YyvwoTd. lNa mapdadelyua, aipvel 50.000 nm,
TIPOKEIMEVOL VO KOAUPOEI TO TIAATOC MIOC eviaiag OEoung NG avepwtIivng
Tpixac. ‘Eva aAAo mapadelypa gival 1o €€1G: éva VOVOUETPO a€ GUYKPION HE TO
HEYEBOC EVOC PETPOUL €XEl TIEPITIOV TNV idla avaAoyia OTIWC Kal Pia PTIEAa Tou

YKOAP GUYKPIVOPEVN ME TO péyeBog ¢ M.

2.2 BOOIKG €TIICTNUOVIKA TIEdia — Bewpieg

EKTOC 0110 TIC TIPAYUATIKEG UNXOVEC KOl CUOKEVEC TIOU XPNOCIKOTIOIN0VTaL VIO T
MEAETN TNC VOVOKAIPAKAC, Ol ETTICTHUOVEC A&IOTIOIOVV TIOAAEC KOl OIOQOPETIKEC
Bewpieq, TIPOKEINEVOL VO TIPOBAEYPOULV Kal va €ENyrOOLY TA @AIVOPEVO TIOU
ouuBaivouv OTOV OOXOAOUVTOI MPE OQVTIKEIYEVA OTn VavokAipaka. Or Bewpieg
gival n Yuxn ¢ €MICTAPNG Kal NG TeEXvoAoyiag. AUTEC 0dnyolv TNV €peuva Kal
ETUTPETIOLY TNV AvATITUEN. Odnyolv OTn dNUIOLPYIO VEWV EPYOAEIWV Kal OF
VEEC CUUPWVIEC TOL KOOUOU YUPW Hag. MepIKEG POPEC, Ol Bewpieg PTIOPEL va
gemepAoouY Katd TIOAD TIC TEXVOAOYIKEC TTPOOSOUC TIOU ETUTPETIOLV. Av Kal N
VaVOTEXVOAOYia oTnpileTal o€ OAOKANPO OXEOOV TO QACHA TWV ETIICTNUOVIKWY
Bewplv Kal 0dnyei TNV TIANPN OVATITUEN TOUC, UTIAPXOUV OPICHEVEC BACIKEG
Bewpieg TOL KOBOPIloLV TO ONuEPIVO ETTITIEDD TNC vaAVOTEXVOAOyiag. MeTagw
TWV CNUAVTIKOTEPWVY BewpPIwV €ival N KBAVTIKA PNXAVIKY, 0l XNuIKoi deauoi , n
KpuotaAAikly dopn. O1 Bewpieg autég €€etadouv TNV dopr TG VANG wW¢ N
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OULVEXEC WECO. Ze avtiBeon pe TIC Bewpieq TOL CUVEXOUC PECOL TIOL €EETALOLV
TNV CUUTIEPIPOPA TNG UANC Of PEYAAEC KAIPOKEC. AC TIC €EETAICOULMPE PE TN

oelpa.

2.2.7 KBavtki pnxavikn

Zu{NTACAUE €V CULVTOMIO WEPIKEG OTIO TIC TTOPAEEVEC OAANAETIIOPAGCEIC TIOU
€XOUV TIPORAEWEL e TNV KBAVTIKA UNnxavikh, @BAvovTag € GnUAVTIKA ArtOKAIoN
OTIO TN TIAPAOOCIOKA VEUTWVEID QUOIKI. AUTO cLUBaivel yiaTi n vavotexvoAoyia
AEITOVPYEI OE APKETA HIKPN KAIPOKO, TOGO HIKPI TIOU KOl TO OTTOTEAECHOTO EVOC
HOVO ATOPOUL () MIKPEC OPADEC ATOHWY) Yivovtal onuavtikd. H KBavTikr Bswpia
gival KaBopIoTIKAG onuaciag yia oTtolodnTote €€fynon Twv @AIVOPEVWY OTNV
vavokAipaka. Edw, Ba uTteloéABoupE GE OPICHUEVEC OTIO TIC TUO EIOIKEC TITUXEQ
MC¢ KBAVTIKAC PNXAVIKNC.

Eival amapaitnmn n xprion ¢ KBavikAg Bewpiog yia va koatavondesi n
CUUTIEPIPOPA TWV CUCTNUATWY OTN VAVOKAIMOKO KOl O€ HUIKPOTEPEG KAIUOKEC,
Aoyw atotuxiag Tng Nevtwvelag Bewpiog va eEnynoel To QAIVOPEVO GE OUTEC
TIC KAIpOKeC. Edv o1 vopol tou NeOvtwva SIETIOLV TN AEITOupyia EvOC OTOUOU,
OPVNTIKA QOPTICUEVO NAEKTPOVIA Ba TIPETTIEL VO TIPOCEAKVUOVTOI OTOV BETIKA
QOopTIoYEVO TtLpAVA Kol Ba  aAANAoggoudeTEPWVOVTAY. AUTO @QUOIKA OgvV
ouuPaivel. H KPBavTiK pNXavikn TePIopidel Ta NAEKTPOVIO OTO NAEKTPOVIKO
KEALPOC YUPW OTIO TOV TIUPMVO TOU OTOHPOU. € OULTO OTNPICOVTOL TIOAAEC
OIOQOPETIKEG TEXVOAOYIEC, OCULUTIEPIAOPPBAVOUEVWY TwV @wTodI0dwv (LED).
HAeKTPOVIO UTTOPOUV VO KAVOUV €va GAHO ATIO TO éva GTO GAAO KEAUPOC Kal va
EKTIEUTIOUV QWC EVOC GUYKEKPIUEVOU UNKOUG KUUOTOC.

Kd0Be avtikeiyevo, €xel dLO KATACTACEIC, OTIWC YO TIAPASEIYUA TO PWE, W KOPO
KOl ¢ owpatidlo. MTIOPOUUE va TIOPATNPHOOUKE OIAPOPEC TITUXEC EVOG
OVTIKEIYEVOL, OTIWC TNV B€on Tou Kal TV OUVAUIKN Tou. H Tpaén g
TIOPOTAPNONG TOU AVTIKEIYEVOU ETTRAAEI OTO KUUO VO TIAPEL PIO CUYKEKPIYEVN
KOTAOTOON - OUTH TIOU TIOPOTNPOUVE.

Eival XOopoKINPIOTIKO peE TNV KPBOVTKA WNXavikg OTl N aopioTio  apXIKA
TIEPIOPICETOI OE QTOMIKO ETTITIEDO KOI WTIOPEI va MPETOTPATIEI O PAKPOOKOTIIK)
00pPIOTia, N OTIoI0 OTN CUVEXEID UTTIOPEL va ETUIALBEI pe duean Ttapatrpnon. Mag
eUTIOdidel e QUTOV TOV TPOTIO OTNV OTI000XH] WC EYKUPOU €vOC  «BoAoD

HOVTEAOUL» YO TNV OvVATIAPACTOCN NG TIPAYUATIKOTNTOC. ATIO povn g dev Ba
Oikovopidng A. lwavvng
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EVOWHOTWVEl TTOTA O0O@EG N OVTIPATIKO. YTIAPXEl Hia dla@opd PETAED HIOG
PWTOYPOQIOC TIOV OQPEIAETAI O€ KOKI| €0TIACN Kal €VOC GTIYMIOTUTIOU TWV VEQPWV
Kol NG ouixAng, (Schrodinger, 1980).
Eival aut] n muBavotnta mou odrynoe TOV OKETTIKIOUO tou Einstein yia tnv
KBAVTIKI HPNXOVIKA, 0Tl «0 @b dev Trailel {ApIo»: IO E0WTEPIKN QWVI] HoU
A€l OTI Oev €ival OKOPO TO TIPOYUOTIKO TIpAyuo». H Bewpio Aéel TTOAAG, OAAG
OTNV TIPAYUOTIKOTNTA OEV POC PEPVEL TIIO KOVTA OTO JUCTIKA TOU «TTOAAIOU». Ev
TIAON TIEPITITWOEL, €ipal TIETIEIOPEVOC OTI ALTOg dev Traidel (apla, (The Born-
Einstein Letters, 1926). H avtiBeon tou Aivotdiv otn KBOVIOUNXOVIKN ATav
BaoiKG OTO yeyovog OTI aKOun Kal n piyn €vog KEpUATOg N €vog KOPBoL Tou
UTIOPEL va TIEPIYPA@EL XPNOIYOTIOIVTAC TIBAVOTNTEG, AULTO deV anuaivel OTI ol
(QUOIKEC KIVNOEIG €ival OTTPOPAETITEG. Me TNV KPOVTIKK PNXOVIKr aTtiAd dgv
YVWPI(OLYE TOV UTIOKEINEVO PNnXovIoPO. Qatdoo, N KBOVIIKY) HNXOVIKN €XEl
oTtooeIX0ei 0Tl €ival TIOAD €TUTUXNG OTNV TIPOBAEYn kal oTnv €€Aynon Twv
@avopévwy. O AlvoTalv TIIOTELE OTI, OV Kal N KPBAVTIKA HUNXOVIKN €Enyei de
ETITUXIO TOCO TIOAAG QAIVOUEVO, HIO TIO OAOKANPWUEVN Bewpia TeAIKA Ba
OVATITUXOEI - Kal ouTO Ttapapével va oTtodelxBei. Ev tw PETOED, n KBavTIKA
Bewpia TTapapével Eva (WTIKO EPYOAEI0 yia TNV €€nynan Kol TIPORAEYN TIOAAWV
aTo 10 Bavpota Tov cupPaivouv oTo TESIO TNG vavotexvoAloyiag, OTiwg Ba
eavei. Ta Baoika NG KPBavtikng unxoavikng, (Allhoff et al, 2010), umopolv va
oLVOYIOTOUV O€ TECTEPIC POCIKEG APXEC:
1. H aBeBaidétnta Ttou Heisenberg dnAwvel katapxnv OTl dev gival duvato
Vo YVwpPI(oLPE TIC TIMEC TwV IBIOTATWY EVOC CULOTAUOTOC OUECWC UE
oKpiBela. ZTnv TIPAYHATIKOTNTA, OC0 TIEPICCOTEPO EEPOULME YO pIO
1010TNTa, TOoO AlyOoTepo BEPRalol PTTIOPOUPE VO EIPOOTE yio pia GAAN

1010TNTA. AUTO PaBNUATIKA TIEPIYPAPETAIl UE TNV OKOAoLBn e€icwaon:

DX * Ap>fil2

orou fi eival otaBepd tou MAavk (6,626 x 10'34 ] * s) diaipolpevo did 2,
Kal AX Kol Ap avTITtpoowTEVOLV TIC BEPAIOTNTEC GTN UETPNON TNE BEaNC
KOl TN¢ Opung €vog avTikeluevou. H apxn oautr) vrootnpilel ot dev
uTtdpxel  TPOTIOC Vo  Yyvwpilel Kaveic T  B6€on  €voC  KIVOUUEVOUL
OVTIKEIUEVOD, (OWMATIOIO 1 PEYOAUTEPO), OKOUO Kol av d0Bsi pe Kdabe

Olkovopidng A. lwavvng
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Algpelivnan EQOPHOYWV VAVOTEXVOAOYIOG HE EUOACN OTNV ETUCTIAUN TOU MNXOVIKOU

ouvatr) AeTtTopépEln. Q¢ €k TOUTOU, Eival adlvaTov va TIPORBAEPOLHE TIoU
Ba TTaEl pye amoAuTn BePaiotnta.

2. H duadikétnta KOPoToC-ocwuatidiwv o OAa 1ta Béuata. OTI0I0dNTIOTE
OTIANO TTEipapa UTIopei va Oeixtel &ite W 1010TNTEC KOPOTOC E€ite WG
1010TNTEC OWHATIOIOL aAAG OXI Kal Ta dUO.

3. KaBe olotnua () OVIIKEIYEVO) eival eVIEAWC TIEPIYPAYIUO amtd  pia
ouvaptnon Kopatog. ALt n TEPlypa@n €ival TIBOVOAOYIKA Kol )
TOAVOTNTO €VOC YEYOVOTOC OUVOEETOl e TO TIAATOC TOL KUPOTOC TNG
ouvavinonc.

4. O1 Teplypa@éC NG KPBOVTIKAC PNXOVIKNG TWV HEYOAWY CUCTNUATWVY €K
TOL oLVEYYULC TIPOCEYYICOLV TNV KAAGIKN TIEPIYPOQT).

Ol TEOOEPIC OULTEC OPXEC OEV TIAPEXOULV MIA OAOKANPWUEVN EIKOVA TNG KPAVTIKAC
HUNXOVIKNG OTIWC GAAWGCTE Kal oI vopol tou NeUTwva yia v Kivnon dev
TIEPIYPAPOUV TIANPWCG TO OUVOAO TNG KAACIKAC MNXOVIKAG. MAAAov autoi
TIAPEXOLY TN BepeAiwdn Bdon yia v Katavonon Tnv Evvola Tn¢ KPBavtkAg
UNXAVIKAC, Ba d0oUUE TIWC AUTEC Ol OPXEC TNC KBOVTIKAC MNXOVIKAC a@OopolV

OIOPOPETIKEG TITUXEC TNC VAVOTEXVOAOYIAC.

2.2.2 Xnuikoi deopoi

O1 Xnuikoi deapoi gival VTTELBLVOIL YIO TIC OAANAETIIOPACEIC PETAED TWV ATOUWV
KOl TWV HPOPIwV Kal, ETTOPEVWCE, TIOAD ONUOVTIKOL yio TNV avATITUEN NG Vavo-
TEXVoAoyiag. Av Kal I auaotnpn Bewpntikn €€fynon Twv dIAQOPETIKWY XNUIKWV
OEOPWV E€ival TO QVTIKEIUEVO Twv Bewplidv KPRAVTIKNG, Bewpntikoi cuvrnbwg
TIPOC@PEVYOLV OE TIIO TIOIOTIKEC TIEPIYPAPEC TIOU €ival TIIO €UKOAO VO
KatavonBouv. O1 Xnuikoi deopoi Pacilovial Kupiwg OtV  KATOVOPN TWvV
NAEKTPOVIWV N TWV NAEKTPOVIKWVY OAANAETIIOPACEWY, Oe0UeEVOVTOC TO ATOHO
HETOEL TOUC. Z€ YEVIKEC YPOUUEC UTIAPXOULV TEOOEPIC Baalkoi TOTIOI OEGUWY TIOU
OI0@PEPOLY W TIPOC TN dUVAUN MPE TNV OToia 0 SECHOC EVWVEL Ta Vo dtoua. Ol
IOXLPOTEPOI TUTIOI OECPWV €ival Ol OMOIOTIOAIKOI Kol Ol 1ovTiKoi dgapoi. Ol
aoBeveéatepol degpoi eival Tou vdpoyovou kal ol Van der Waals deopoi. H
OMOIOTIOAIK} OUVOECN XAPOKTINPIETOl attd TNV KOTOVOUR TWV NAEKTPOViwWV
HETOEL TwV atopwv, (Charitidis, 2006). e yevIKEC YPOUUEG, TO ATOUO
"TIPOTIHOUV" va €XOUV OKTW NAEKTIPOVIO OTNV EEWTEPIKN OTOoIBAdO TOULG, TN
otoIfdda oBevoug, E€KTOC av Eival N TIPWTIN OTIOTE CUUTIANPWVETOL [E OUO.

OlKovopidng A. lwavvng
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ZT0IxEia TIOL €XOULV Yepioel TNV €EWTEPIKN OTOIBAdO TOUG QUOIKA eival yvwaoTd
WC ELYEVN aEpla, €TTEIdN Teivouv va eival adpavr): dev OAANAETIIOPOUV pPE GANO
oTOIXEIO. ZTOUC OMOIOTIOAIKOUC OeOUOUC METOED TWV OTOUWV TO NAEKTPOVIA
TIpocTIabouy va poipaldovtal e TETOI0 TPOTIO WOTE VO SIOPOPPWVOVTaAl VIO
KABe ATOpO dNUIOLPYWVTACG EVa EVLYEVEC 0EPI0. AUTO UTIOPEI va cUMBE pe atoua
TOU 010V oTOoIXEIOL N e ATopA BIAPOPETIKWY OTOIXEiwv. Eva Ttapddelypa eival,
OTIWC T OTOIXEI TOU LOPOYOVOU, TO OTIoIa TIPOKAAOUV deaUOUC LAPOYOVoL. Ta
atopa YOPOYyOvou £X0UV €va NAEKTPOVIO Kal éva TIPWTIOVIO. H eEwTtepikn
oToIBAada oTa ATOPO AUTA UTIOPED VO €Xel TO TTOAD dU0 nAekTpovia. ‘Etaol, éva
ATopo decpol LAPOYOVOL HE KATIOIO GAAO ATOPO TOU LAPOYOVOU HECW
OMOIOTIOAIKC  OUVOEONC MTIOPEE  va  €xel  TIPOYMUOTIKA MO TIARPWC
CULUTIANPWUEVN €EWTEPIKN OTOIRAdA. AUTO OTIOTEAEI TO POPIO LAPOYOVOL pE BVO
atopa. ‘Eva mapddelypo  SIAQOPETIKWY  OTOPWV TIou  oxnuati(ouv  €vav
OMOIOTTIOAIKO OO0 Eival TO LOPOYOVO HE TO XAwPI0. To XAwPIo TIEPIAAUPBAVEL
EMTIA ATOPO OTNV  €EWTEPIKN) TOL OTOIBAdA, Kol €10l oxnuati(oviag €va
OMOIOTIOAIKO OECGUO e TO LOPOYOVO ETUTPETIEL VA POIPALOVTOL VA NAEKTPOVIO HE
T0 UOPOYOVO KOl WC OTIOTEAECHO €XOUME HIa TIANPN €EWTEPIKN oTOIRAdO
NAEKTPOVIWV. Ol 10VTIKEC EVWUOEIC BaaiovTal OTIC NAEKTPOVIKEC OUVAUEIC METAED
IOVIWV TWV atOhwv. lovia €ival ATopo TIOU €X0UV TIEPIOCOTEPA N AlyoTepa
NAEKTPOVIO OTIO TA TIPWTOVIA, AVAYKAOVTAC TO va €XOUV OPVNTIKY N BETIKN
NAEKTPIK @OpTion. Ta otoixeia Teivouv va oxnuoTi(ouv 10VTa WOTE va £X0ULV
€va KAEIOTO €€wTePIKO TIEPIPANUA. Ta TTapAdElyud, 1O VATPIO £XEl 11 nAeKTpoOVIa
- 000 OtV €0WTEPIK oTOIBAdA, OKTW OTn delTepn oToIBAdA, Kal éva OTnV
e€wtepIkn otoIfada. Q¢ ek To0TOL, OTIOTEAEI cLVNBWC €va 10V PE €va AlyOTEPO
NAEKTPOVIO. To XAWPIO €Xel 17 OUVOAIKA NAEKTPOVIO - dUO OTNV ECWIEPIKNA
otoIBada, oktw otn delTEPN OTOIRAdA, Kal ETTA OTNV €EWTEPIKN oTOIBAdA. QC
€K TOUTOUL, QTIOTEAEl ouvrBw( €va 10V Pe éva TIPOCOETO NAEKTPOVIO (ETTEION
"BENEI" OKTW NAEKTPOVIO OTO €EWTEPIKO TEPIPANUO TOu). To yeyovog outd
KOBIOTA TO VATPIO Kal TO XAWPIO OTOPA TIOU €VOEXETAI va €XOUV I0VTIKOUG-
OULHMOXIKOOG deapolg peTadld Toug Kal Tapdyouv XAwplovxo vatpio (NaCl)jo
KABNUEPIVO €TUTPATIECI0 OAATI. YAIKA 10VTIKWV Kal OMOIOTIOAIKWY CGUVOECEWV
TEIVOLV va €XOUV OIOPOPETIKEG 1OI0TNTEC. ZUVOETA 10VTIKA ULAIKA  TEiVOUV va
€xouv LYPNAOTEPa onpeia &N Kal Bpacuol aTto 0,T1 AUTA TWV OUOIOTIOAIKWV
evwoewy. E&aitiag¢ autol, ol EVWOEIC 10VIWY Eivaol OLXVOTEPEC CE OTEPEN

KOTOOTOON Of Bgpuokpacio dwpotiov, o0¢ aviiBeon Pe TIC OPOIOTIOAIKEG
Oikovopidng A. lwavvng
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EVWoelC. QOTO0O0, Ol IOVTIKOI KOl OMOIOTIOAIKOI OECHOI avTITIPOOWTIELOLY T
AKpa €vOC PACUATOC OECHWV TIOU CUVOETOUV TIC HOPEPEC TWV LAIKWY. Ol
E0WTEPIKOI OTOMIKOI OEOMOI, OTIC TIEPIOCOTEPEC EVWOEIC YivovTal HE KATIOIO
GUVOLACHO OUOIOTIOAIKWV Kal IOVTIKWV OEGHUWV.

Mia NTTIOTEPN HOPEPN TwV dECUWV TIPOKOAETal amo 1t "van der Waals duvaun"
pETAgL dVO OTOPWY. H dUvaun autr) TTPOEPXETAL ATIO TNV TIOAWGN TWV Hopiwv N
OTOUWV o€ dimoAa (dnAadn, OTIoL BETIKA Kal apvnTIKA @opTia dlaxwpilovtal Kal
0ev  €EOULOETEPWVOLY XWPIKA TO €va TO OGAAO). AUTO TIPOKOAEITOl HE T
TIEPIOTPOP]  TWV OPVNTIKA POPTICUEVLV NAEKTPOVIWV YUPw aTIO TO BETIKA
(QOPTIOYEVO TTILPAVA TOU aTOPOL. AV KOl AUTO €ival €vag adVUVOUOC OETUOC,
pttopei v TtpokOYPEl PeTal OAWV TWV OUCIWV Kal, ETIOPEVWC, Eival TIOAD
ONUOVTIKOC. YTIAPXOoUuV AAAOI TUTIOI OECUWY OTIO EKEIVOULC PETAED OTOUWY TIOU
gival onuavtikoi atov Topéa NG vavotexvoloyiag. H mpoowpivry alvdean vog
popiou TTAVW GTNV ETTIPAVEID EVOC UVAIKOD UTIOPEL va TPOTIOTIOCEL TIC 1O10TNTEC
MG aywylpuotntag tou. Otav KOTOOKEVLAETal PE TO OWOTO TPOTIO, OUTH
OLYKOAANGN JTIOPEl va XpnoIyoTtoinBei yia TNV avixveuon EIdIKWV XNUIKWV
EI0WV. Z€ OPIOPEVEC EPAPPOYEC, N CLUYKOAANGN €ival (WTIKNC onuaaciag yio tnv

KaTavonaon g AEIToupyiag Kol Tou oXedlaopol TnNg TEXVoAoyiac.

2.2.3 KpuoTOAAIKN doun

210 TIEPICOOTEPA  ULAIKA, TO ATOMO OPYAvVWVOVTIOl HE €Va  OUYKEKPIUEVO
TIPOCGAVATOAICUO TIOU ETTOVOAOUPBAVETOI PE TA Ol XOPOKTINPIOTIKA OTIC TPEIG
OI0OTACEIC O OAOKANPN TNV €KTOon TOU UAIKOU. AuTA n emavaAnyn tng
OIOTOENG TWV ATOPWV Eival YyvwaTr w¢ dIdpBpwan KPUOTOAANIKAG dounc. ‘Eva
€UPLU QEACUO EIBIKWV KPUOTAAANKWY OOMWVY LTIAPXOLV Kal €EAPTWVTal aTIO TN
oLVoeon HETa&D TV OTOUWVY TOUC Kol TN OO0 TOug, KOBWC Kal ard TTOANODG
GAAoug Ttopdyovteg (yia TIAapAdElyua, O TPOTIOC ME TOV OTIOI0 TO UAIKO
otepeoTolEiTal). H TIEPIODIKOTNTA TOU KPUGTAAAOUL TIEPIYPAPETOL OTIO €va
paBnuatiko TIAEyua. To 1845, o MAAAOC @UOIKOG Auguste Bravais atédelée ot
LTTAPXOULV UOVO 14 POVOSIKA TIAEYUOTO TIOU PTIOPOUV va ETTOVOAOUBAvouv (Kal
VO YEPioOLV) Tov TPIoSIACTATO XWPO. AUTA Ta 14 TIAEYHATA YVWOTA CHUEPD WG
KPUGTOAAIKO TIAEYHO TIPOC TIMAY TOU Kal €ival T €ENC:

H KPUOTOAAIKN) dopr] OTIOTEAEITON OTIO éva 1| TIEPIOCOTEPA  GTOMO  TIOU

eTavalauBavovtal o KABe onueio Tou TIAEYUATOC.
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Mivakag 1. KpuoTaAAIKG TIAEyUOTa

1 ATIAO KUBIKO

Me eTTiKEVTPO Kol OYn KUBIKO
ZWHO PE ETIIKEVTPO KUPIKO

ATIAO TETPOYWVIKO

ZHA YE ETTIKEVTPO TO TETPAYWVO

EEaywvIKo.

~N o o B~ ow DN

ATIAG orthorhombic
Kal @aivovtal oto oxrua 2.1.
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cubic
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cubic

Zwya e emikevipo orthorhombic
Baaoiko emikevipo orthorhombic
Ouyng ue emikevtpo orthorhombic
Rhombohedral

ATIAG HOVOKAIVA

Mg BaOIKO ETTIKEVIPO POVOKAIVY

Triclinic
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Body-centered
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Rhombohedral Monoclinic
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Triclinic
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ZxAUa 2.1 Mop@EC KPUGTOAANIKWVY TIAEYHATWV

H KPLOTOAAIKN) dopr €ival TTOAD ONUOVTIKN yia OAEC TIC 1O10TNTEC EVOC LAIKOU,

OTIO TN MNXOVIKA OVIOXN €W TIC NAEKTPOVIKEG KOl HPAYVNTIKEG 1010TNTEC. T

TTOPAdElyUa, T0 SlAPAVTI KOl 0 ypa@itng €ival @Tiaypeva armd 1o idlo XNUIKO

OTOIXEIO: TIEPIEXOLV POVO ATOpO AvOpaKa. H KPUOTOAAIKY dopr €vog dlapavtion

gival Pl KPUOTOAAIKY] O UE ETIIKEVIPO KUBIKO TIAEypa pE éva POVO ATOMO

Olkovopidng A. lwdvvng
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AvOpaka coe KABe onueio TIAEypaToq. Z€ QuTA T Popen, TO dloPAvTl €ival 10
OKANPOTEPO (PUAIKO UAIKO YyVwaoTO yia Tov AvBpwTto. Qotdcoo, 0 ypagitng eival
pio SIOOPETIK PUBUION TOu idloU TOTIOL ATOHPOUL. XTOV YPAEITN, TA ATOUA
AvBpoKa £X0UV HOP@H €EOYWVIKWY QUAAWVY, TO OTIOIO 0T GUVEXEID GLVOEOVTAI
HETOEVD TOUG péow piag van der Waals duvaung. O dvBpoka oe auth T Hopen
OEV €XEl ETIOUEVWCE TOOO I0XVPEC OUVOEDEIC O€ OAEC TIC KOTELOBVVOEIC, OTIWC TO
OIOUAVTL.

Mati AoITtOV Ta LAIKA TTaipvouV JIAPOPEC HOPPEC KPUOTOAAIKAC SOUNC; Av Kal N
OUYKEKPIYEVN aTtAVINGN Eival SI0@OPETIKA Yl KABE €ido¢ ULAIKOD, N YEVIKA
aTIAvInGn €ival Ot ta Atopd, SIELBETOLVTON PE TOV TIIO EVEPYEIOKA EUKOAOTEPO
OPOUO YIO TO OXNUATICUO TWV KPUGTAAAWV. AKPIBWC OTIWC 01 PTIAAEC KLUAOLV
OTO XOMUNAOTEPO anueio ag €va Ao@o. Ta dtopa, dlELBETOLVTAI GTNV KATAOTOON
HE TNV XOuUNAGTEPN dLVATH EVEPYEILQ.

H didtaén twv atdpwv ival 1810iTepa 10XLPN PE LAIKA OTNV VAVOKAIpaka. To
LAIKG o€ peYaADTEPN KAIMOKO, oxnuatiouv v idla dour KPLUGTAAAOL GAAG e
OIOPOPETIKEG KATELOVVOEIC TIPOCOVATOAMCUOU EVTOC TOU idlou LAIKOU. ETiong,
OVWHOAIEC 0TV KPUGTOAAIKY dopr| pttopei va cupfolv. Kal ta dVo @aIvopeva
uTIOpEl vo TIpoKOoAEoouv TNV €€acBévion TNg avioXng TwV ULAIKWV 1 TNV
LTTORAOUION TWV NAEKTPIKWV IBI0THTWV TOUC. QOTOC0, OTO UAIKG VOVOKAIUOKAG
KOKOI TIPOCOVOTOAICMOI Kol OTEAEIEC €ival TIOAD AlyOTEPO. ZTA TIEPIOCOTEPO
LAIKA OTNV VAVOKAIPaKa €ival oo@EC 0Tl N KPUOTOAAIKA dour) Toug €ival {WTIKNG
onuaaciag yia Tig 1010TNTEC TOU LAIKOU.

AuTa TO €pyoAgio Kal ol Bewpie¢ Ogv OVTITIPOCWTIELOUV OAOKANPO TO OET
EPYOAEIWV TIOL 01 ETIICTAPOVEG XPNOIKMOTIOIOVY GTNV AVATITUEN QUTHG TN VEAC
TEXVOAOYIOC Kal TNG KOTOvONonG TwV  ETICTNUOVIKWV  QAIVOUEVWY  OTN
VaVOKAipaka.  OToladnTote  TETOI0  QVTIPETWTION Ba  amaitodoEe  TIOAD
TIEPIOCOTEPO XWPO ATIO 0, Tl PTTOPOVUE Vo dlaBécoupe €dw. AVT 'autoU, autA N
Bepnaon €xel oav OKOTIO va OWOCEL JIa EI0AYWYN OTa €idnN TwWV EPYOAEiwV Kal
Ol0BIKOCIWV OKEWYNE TIOU Ol ETTICTHUOVEC XPNOIUOTIOIOLY YIa VO KOTOVONGOLV

KOl va XEIPIOTOUV OXEDI OTNV VOVOKAIUOKO.

2.3 Ti gival vavoOAIKG

NovoUAIKO €ival €va LDAIKO OTIOU OPIOUEVEC EAEYEINEC OXETIKA OIOOTACEIC TOU
eival ¢ tad€ng Twv 100 nm N PIKPOTEPEC. H armAn Ttapouaia Tng VAVOKAIPOKAG

otnv dour amo povn NG OEv €ival OPKETN yia va OpPIoTED éva VAVOUAIKO,
Oikovopidng A. lwavvng
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0ed0UEVOL OTI TO TIEPICOOTEPO v OXI OAO TA UAIKG TIOL £XOLV dour G€ auTd TO
@Aopa peyéBouc. H Ikavotnta €AéyXou NG OOMPNC O€ auTA TNV KAIpaka gival
armapaitt. @a JTIOPOUCE KOVEIC va LTIOOTNPIEEl, Ye auth TNV évvola, OTl
TIOAA aTIO Ta KAOGIKA KPAUOTO KOl OOMIKA UAIKA TTIOU TIEPIEXOULV CUVICTWOEC
VOVOKAIpaka¢ otov oxediaoud toug (.., OEcidlo-Alaomiopd-Evioxuuévn A
ODS kpauota) 6a pumopoloav va OVOUOGTOUV VOVOUAIKA. ZUUBOTIKA, woTOo0,
N oLOYyXpPovn XPron tou O0pou Oev TIEPIAAUPBAVEL Ta KAOGIKA OOMIKA LAIKGA. XN
oLyXpovn Xpnaorn, Ta vavoDAIKG TIou €X0ULV QVOTITUXBEI TTpOG@aTa gival Ta LAIKA
TWV OTIOIWV N OO OTNV VAVOKAIMOKO €AEYXETOL KOl KATEXEl OeoTtolovod
ETIIOPOCN OTNV ETIIOLUNTH CUUTIEPIPOPA TOU LAIKOU 1} TNC CUOKELNG. YTIAPXOLV

TPEIC OIAPOPETIKEC KOTNYOPIEC VOVODAIKWV:

l.AlOKPITA T0 VAVODAIK,
2. YAIKG OUOKELWV VAVOKAIPOKOC, Kal Ta

3. X0dnv vavolAIKA.

Alokpitd vavoOAIKG iy (discrete nanomaterials -dn) UAIKG OTOIXEIO €ival To VAIKA
TTou n pia didotacny Toug €ival TouAdxiotov 1-10 nm o€ KAigoka (oov
TIOPAdEIyUa  €XOUUE TO VOVOOWMOTIOID Kol VAVOI'VEC OTIWC VOVOOWANVEC
AvBpaka). YAIKA OUOKELWV  VOVOKAIOKOC €ival  OTOIXEID  LAIKWVY  TIOL
TIEPIEXOVTAI PECA GE GUOKEVLEC, OULVNBWC WC AETITOI LPEVEC (Eva TTOPASEIYA
€VOC TETOIOU LAIKOU Ba €ival To AETTITO OTPWHO OEEIOIOL TOU PETAAAOL TIOU
XPNOIUOTIOIEITOI TNV KATOOKELH OPIGUEVWV NUIOYWYWV).

Ma va KataAdBoupe T Ba XpnolpoTtolovvTal Ta VAavoUAIKA, Ba TIPETEl va
EXOULUE PIa oO@r EIKOVO OXI HOVO yIO TOV TPOTIO HE TOV OTIOI0 SIAPOPPWVOVTAL,
OAAG KOl TIWC dNUIoVPYyoLVTal Ol JIAPOoPEC CUVOETEIC TOLC. OAa EEKIVOUV UE TOV
avBpaka. Atopa dvBpoka eival TTaviol. ZTNV TIPAYMOTIKOTNTO, WTTOPEITE va 1o
Bpeite ae eKOTOPPOPIO POPIa. AUTAE TO POPIA £XOLV HIO ELPEID YKAUO 1D10TATWV,
TIOU CNuaivel 0Tl PTtopoLlV va BpeBolv ae kGBe duvatr) pHopen. ATIO 0EpIa OTIWE
T0 TIPOTIAVIO Of OTEPEA OTWC TO OIOUAVTIA, TO OKANPOTEPO UAIKO TIOU
OTIOVIATOL OTN QUOT).

2TOUC OMOIOTIOAIKOUC O€0POUC, Ta GTOMO TIoU Molpalovtal dU0 NAEKTPOVIQ,
ave€dpTNTO OTIO TO €AV MPETOKIVEITaI 1) 0dnyeital o€ aUTOUC, N OTIO KOIVOU
0&loTI0iNoN TWV NAEKTPOVIWV €ival auTr) TIOL KPATa OECHUELHPEVA TO ATOUO  OF

éva poplo. Av n IKavVOTNTO KABE atduou Vo TIPOCEAKUCEL APVNTIKA QOPTIoUEV
Oikovopidng A. lwavvng
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NAEKTPOVIO Eival OPKETA KOVTA (dNAadn, €av n dlo@oPA NAEKTPAPVNTIKOTNTO OEV
uTtepPaivel 10 2), TOTE UTTIOPEI VO GXNUOTIOTOUV OUIOIOTTIOAIKOI deopoi. Emeidn n
NAEKTPOPVNTIKOTNTA TwVv OTOPwV avBpaka eival 2,5 (mepimouv ot péan),
uTIOPOUV VO oXnUaTioouv 10xLPOUE, OTOBEPOUC, OPOIOTIOAIKOUG OECUOUC UE
TIOAAG GAAQ €i0N ATOPWVY PE LYNAOGTEPEG I} XOUNAOTEPEC TIUEC.

YTIApX0UV TPEIC CNPOVTIKOI AOYOl yia TNV €UPEID KAIHOKA TWV IOI0THTWY TWV
LDAIKQV TIOU TIEPIEXOLV AvOpoKa: ATOPO GvBpaka WPTTopolV va oxnuotiouv
0e0opOUC ME TIOAAG €idn aTopwv, MECW TnN¢ Oladikagio TIou  ovopddetal
OMOIOTIOAIKI) oUvdeon. Otav dtopa avBpoka oxnuatiouv Oeopolg e
OlOPOPETIKA €idn atOPwWY, OTIOTEAOLV MOpIa PE 1O10TNTEC, TIOU TIOIKIAAOUV
avAaAoya yla To AToUO auTd.

KaBe atopo avBpaka UTTopEi va dnuIoUPYNRoEl OPOIOTIOAIKOUC OECHOUE e GAND
T€00epa ATopa o€ pio oTiypn. Kdbe dtopo alwtou,(yio Tapddelyua, UTIOPED va
OXNMUATIOTEL POVO TPEIC OPOIOTIOAIKOUG deGUOUG, KABE ATouo 0§uyovo PTIOPED va
oxXNUOTIoTEl pOvo OVO OPOIOTIOAIKOUG deopolg, Kol o0Tw KaBe€ng. Aut N
IKOVOTNTA TECOAPWY OECUWV ETIITPETIEI OE ATOPO AVOPOKO OTO OECUO HE GAAND
ATopa AvBpoKa yio va KAVOUV TIC OAUGCIOEC OTOMWY, KOl va CUVOEEL PE OANX
€idN Twv atoPwV g€ dIA@OPA ONUEi KOTA PAKOC UTWV TWV OALCIdWVY. AUTO TO
€VPL PACUA TWV TIIBAVWY GLUVOLOCHWY TWV OTOPWY CE VO POPIO ETTITPETIEL HId
QVTIoTOIXO PEYAAN TIOIKIAIO TWV TIIBOVWV 1O10THTWV.

Ze Kavéva GANO OTOIXEIO OTOV TIEPIODIKO TIiVOKA auToi o1 deapoi dev eival TOa0
IoOXupoi 0600 o©tov  AvOpaka. ATtopa  AvBpoaka  PTIOPEl  dnuioupyolv
OMOIOTTIOAIKOUC Oe0poUC poldi pe aALCideEC, TIOLU O€ KATIOIEC TIEPITITWOEIC,
UTIOPOUV VO €XOUV TIC 10I0TNTEC €VOC OEPIOL. MTopolv  va dnuIoLPYHRCOLY
OMOIOTIOAIKOUC OeCPOUC padi Pe PEYAAEC OALGIdEC, TTOL Ba UTTOPOUGE VO HOG
dwoel évao OTEPED, OTWC €va TIAAOTIKO. 'H, pmopolv va  dnuioupyrjocouvv
0eopoUC padi oe 2 1 3 dIOCTACEWV TIAEYUOTO, TIOU UTIOPEI va KAVOULV HEPIKA

TIOAD OKANPA LAIKA, OTIWC Eival Eva SIOUAVTL.
2.4 MéBodol TTapaywyrg TwvV VOVODAIKWY.

Ol tpd1ol Ye Toug oTToiouC Yyivovtal Ta VaVOUAIKA dla@EPOLV OE PEYAAO Babuo,
Kol OEV UTTAPXEl OPKETOC XWPOE yia va avaTttuXBolv 0ol autoi. ATIO TV OAAN
TIAELPA, Eival ONUOVTIKO VA KOTOVONOOUUE OPIoHEVO XOPOKTINPIOTIKA TWV

OI08IKACIWY TIOL XPNOoldoTtololvTal TN olVOEon TwV VAavoDAIKwY, OEd0UEVOL

Olkovopidng A. lwavvng
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OTl Ol PETOTIOINTIKEC OIOBIKATIEC ETIIKPOTOUV GUXVA TNC CUUTIEPIPOPAC TOU KAOE

LAIKOU. H éugacn €dw divetal ota Bépata emegepyaaniag 1wV VOVOUAIKWY, Kol

Oxl OTo €upUTEPO  BEpata Tou  cuvdéovtal Pe TNV  emegepyacia g

vavotexvoAoyiag, (Ramesh, 2009).

To BepeNdEC {ATNUA TIOU GUVOEETAI HE TNV KOTOOKELH TwV VAVOUAIKWVY gival

OTl KATIOIOC TIPOCTIOBEl va eAEyEel T doUr] €VOC UAIKOU O€ pia TIOAD MIKPN

KAihaka. 'H oANIWC, KATolog TtpooTiabei va eiodyel pia didtaén oty VAN o€

TIOAD HIKPN) KAigoKa, (1 100d0vauad, TIPOCTIOOEL va PEIWCEL TNV TIVKVOTNTO TNG

EVTPOTIIOC o€ OAO AUTO TO LAIKG). AUTH N TIPOCTIABEIN IO TN UEIWaN TNE TOTIKNG

TIUKVOTNTOG EVIPOTIIA £XEl 000 APECEC CUVETIEIEC.

* MMpwtov, o1 dIadIKACIEC AUTEC OTIAITOUV €VO GNUOVTIKO TIOOO EVEPYEING Kal
ETIOPEVWC AUTO UTIOPEI VO CUVETTAYETAI GNUAVTIKA dOTIAVN).

e Ae0TEPOV, TO LAIKO TIOU TIOPAYETOI GUXVA Eival BEPUOSLVAUIKA OOTABEC, Kol
UTIOPEl va  E€TTIXEIPNOEl VO  E€TIAVEABEl O pia  LYPNAOTEPN KOTOOTOON
evIpoTtiag, (yio TTOPAdElyUO HEGW TNC OVATITUENG TWV XOPAKTNPIOTIKWY TIOU
OPXIKA ATOV GTNV VAVOKAIUOKQ).

MEePIKEG aTIO TIC TIO ONMIOUPYIKEG TEXVIKEC ETIEEEPYATIOC TIOL XPNOIUOTIOIOVV

OUTO TO YEYOVOCG TIPOC OMEAOC TOUG: &EKIVOUV MeE TN Onuiovpyia eEAIPETIKA

Ol0TOPOYHEVNC KOTAOTAONG, N OTI0I0 OTNV 100PPOTIa TTOPAYEl TIC ETUOUVUNTEC

KOTOOTOCEIC VAVOOOUWV.

Y6 tnv €upeia évvola, 0l TIPOOEYYIOEIC TIOL XPNOCIYOTIOINONKOV yio TN

onuiovpyia LAIKWVY PTIOPOLV va 1600V g€ V0 KOTNyopIeC:

e amo TAvw TIPOC TO KATW TIPOCEyylon, (top-down) otnv oTtoio KATIOIOC
apxicel pe éva XOua VAIKO TTou ETteita eTte€epyadetal yio vo dnUIoVPYRaEl To
VAaVOUAIKO, Kal

e QTO KATW TIPOC T0 Avw Tipoaceyyioelg, (bottom-up), OTIC OTIOIEC TO VAVOUAIKO
eival xtiopévo apxiovtag amd tnv vavokAipaka, (dnuiovpyia vavoDAIKOU e
éva ATopo TN Qopd).

Eival Ttpo@aveg 0TI 01 a0 KATW TIPOC Ta AVW TIPOCEYYIOEIC OTIAITOUV EAEYXO

¢ dlepyaaciag ae TTOAD UIKPEG KAIMAKEG, OAAG aUTO dev eival T0G0 dVOKOAO 6G0

okoUyetal, OEQOPEVOL OTI Ol XNMUIKEC OVTIOPACEIC ep@avifovial Kupiwg Hoplo

TIPOC HOpIo, (TIPAYUOTI, To VOVOUAIKO TIOL dnuioupyoLvtal OTto T QOO

yivovtal pe Tnv amo KAtw Tpog Ta Avw TIPOCEyyIan).

Olkovopidng A. lwavvng
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2.4.1 Anuiovpyia dlakpitwv vavolAikwy, (discrete nanomaterials, dn).

O1 dlo0dIKagieg IOV aTtaItolvTal yio T dnUIoLPYia SIOKPITWVY VAVOUAIKWY Eival
oLVNBWC OPKETA OIOPOPETIKEG OTIO TIC OIOSIKAGCIEC TIOU ATIAITOUVTOL Yyid TNV
TIopaywyr] XOua vavoOAKwv. MoAAG X0dnv vavoOAIKA dnuioupyolvTal amo Ta
dn UVAKKA XpnolgoTtolwvTag éva delTEPO OTAdI0 emeéepyaaiag, (T.X. x0dnv
VAVOUAIKA AEyeTal OTI €X0UV dNUIOLPYNBEl XPNOIUOTIOIWVTOC MO dladikaaia dVo
oTtadiwv). AlakpItd vavoOAIKA yivovtal ouxva Pe T Xpron ¢ KAtw Tpog ta
TIAVW TIPOOEYYIONG, MUEPIKEC POPEC PaaileTal o€ AUTO-CLUVOPUOAGYNCN Yia TN
dnuiovpyia oL ETIBUPNTOU VOVOCWUATIOIOL 1 vavoivag. YTIO OpPICHEVEQ
OLVONKEC, PIO OWOTA PUBUICHEVN OTIO KATW TIPOC TO TIAVW dladIKaaia, (OTIwG
N CUUTIUKVWOT ATIO €va aTPoU), UTIOPED va XpnaoIYoTionBEi yia tnv mapaywyn
ONUAVTIKWVY TTOCOTHTWVY TwWV SIAKPITWY AUTWY VAVODUAIKWV OTIWC VOVOOKOVEC. H
TIASIOPN@I0 TWV YPOUUWVY €TeEEEpyaaiog yia Ta LVAIKG dn PBacilovial otov
EAEYX0 TNG TTLUPAVWONC* Kal T dladIKagio TNE OVATITLUENG, OEOOPEVOL OTI N
TIUPHVWAON TIOL KUPIOPXEL w¢ dlepyaaia Teivel va dnNUIOUPYNGCEL PIKPA HEYEDN.
‘Etol, Ba pmtopolcoe Kaveig va €xel TTupAVO VOVOOWMOTISIWY e CUPTIUKVWGON
OTUWV N KaBi{non €vog JIOADUATOC Kal, 0T CUVEXEID va TIAPEUPEL yio TOV
EAEYXO0 TNG OLENONG TWV CWUATIOIWY, YE OTIOTEAECHA Ta idla Ta VOVOowUOTidla,
(Ramesh, 2009). MepikéG amd TIC TUTIIKEG TIPOCEYYIOEIC yio TN dnuiovpyia
OIOKPITWV VOVOUAIKA TIEPIAOUBAVOLV:
e JUUTIOKVWON aTo pia @don atuou (Birringer et al., 1984).
e Katakpruvion amo 1o didAvpa (Meulenkamp, 1998).
e XnUIKEC avTIdPACEIC, Kupiwg pe T peiwon N v oéeidwon (Brust et al.,
1994).
e Xnuikf evamobeon atuov (Ren et al., 1998).
e O1 Jl0dIKOOIEC TIOL XPNOIPOTIOIOLVTAL YIO TNV TIOPAYWYH KOAAOEIOWV

@dacswv (Ahmadi et al., 1996).

*Muprivwon: apxikn dladikacia 1ou AauBdAvel xwpa OT0 OGXNMOATIOPO TWV
KPUOTAAAWVY aTIO éva dldAupa, éva Lypo, N atud, KAtd TNV OTtoia €vag PIKPOG
OpIBUOC 16VTWY, OTOUWV 1) HOPIwV opyavwvovTal g &va XOPAKTNPIOTIKO axXAua
€VOC OTEPEOL KPLOTAAAOU, TIOU OXNMATICOLVY pIa TIEPIOXN) TNV OTIoIa ETTITIAEOV

popla €xouv TIPOaTeEBEl KABWC 0 KPUOTAANOG PEYOAWVEL.

Oikovopidng A. lwdvvng
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e AUTO-CLVOPHOAGYNGCNC XPNOIMOTIOIVTOG ETIQPAVEIEC, Self-assembly using surfaces
(Li et al., 1999)

e Mnxoviki 1p1Bn (Nicoara et al., 1997)

‘Evag TOAD peydAoC aplBudg OI0dIKACIWY TIOL  XPNOIPOTIoIoLVTAL Yo TN
onuiovpyio  SIOKPITWV VAVOUAIKWY, €QAPHOLEl TEXVOAOYIEC OTIO OIAPOPOUG
TOEIC. MEPIKEC (POPEC TA VOVOOWUOTIOI KOl VAVOGWANVEC €ival LTTOTIPOIOVTO
TWV OVTIOPACEWVY TIOL £XOLV NON GNUOVTIKN BIOUNXAVIKY Ttapaywyn, KoBwg n
XPNOIHMOTNTO TWV TIOPATIPOIOVTWY OUTWV EXEL MOAIC TIPOCPATA OVAYVWPICHEI.

O XOPAKTNPIOUOG Kal N PETAPOPA TWV LAIKWV autwv dn eival Bépata peidovog
onuogciag yia tnv avdamrtuén g vavotexvoAoyiag. O opIoTIKOC XAPAKTNPIOUOG
TOU PEYEBOLG TWV VOVOOWUOTIOIWY KOl N KOTOVOUN TOU HEYEBOLC WTTIOPED va
oTtaitel  akpIBA NAEKTPOVIKA WHIKPOOKOTIION LWNAAG OVAALCNG, OTITIKWVY KOl
OKTIVOAOYIKWV  TEXVIKWV Ol OTIoie( METPOUV 1O MECO  PEyeBoC  Twv
VOVOOWUOTIOIWY o€ €VUAOYEC HEYAAEC TIOOOTNTEC TIOLU EXOUV  UEYAAO

Blounxovikd volOQEPOV.

2.4.1.1 Evormoinon twv YAKwv dn

H deutepn peydAn TtpocEyyion otn dnuiovpyia twv xOPa vavoDAIKWV atnpiletal
oTnNV RON KAAA QVATITUYUEVN IKAVOTNTA YO TNV TIOPAYWYN MEYAAWY TIOCOTHTWV
vavoowuomdiwy. H 10¢éa ival va AABEIC Eva HEYOAO OYKO VAVOCWUATISIWY Kal
OTN CUVEXEID VO TIOPAYAYEIC Eva VAVODAIKO XOua. TOAAEC aTtO TIC TEXVIKEC TIOU
XPNOIUOTIOIOUVTOL OTNV  KOVIOMETOAAOLPYIO KOl 0TV KEPOMIKN  Blopnxavia

MTIOPOUV Va EQPOPUOCTOUV GE OUTEC TIC VAVOOKOVEG, Ol €V AOYyw [Blopnxavieg

TIOPAYOUV XUANV LAIKA ATIO OKOVECG VIO OEKAETIEC. H TIPWTOPXIKI) OUCKOAIO TIOU

OVTIMETWTTI(OLV €ival N AUECN €QOPUOYN TWV ATIOTEAECUATWY TWV TEXVIKWV TNG

KAOCOIKAC OKOVNG O OlO@OPETIKOU peyeBoLC okovn. Ta TUTIIKA OTAdIO OTNV

gvoTtoinon Twv X0ONV LAIKWV aTtoé okoveg, (Ramesh, 2009), cival ta €€RC:

1. Avdpei€n tng OkKOvng, €Av  eival  amapaitnto, (UEPIKEC @QOPEC  Eival
OLUEEPOLON VIO VO EEKIVI|OOUUE HIO TIOIKIAIO PEYEBWV O€ OKOVN, KAaBwC Kal
OlAPOPEC OKOVEC ULAIKWV Tou Ba ptopoloav va xpnolgottoinbolv oe
TIEPITITWAON TIOL éva GUVOETO LAIKG gival ETIBLUNTO).

2. 'Eva pwto Prua gguyiovong, n Utk Kpla icooTtatikn Ttieon (CIPing) mou
onulouvpyei €va oTEPEd TIOL dTIOPEi va  emeepyadetal, Kal ovopdleTal

TIPACIVO 0WPO.
O1kovopuidncA lwavvng
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3. Zeg TEpAITEPW  €OPAILON  TOU  TIPACIVOU  OWUATOG,  EITE  PEOW
Beppocuvoocwudtwong N {0t 1000TaATIKAC oupTttieong (HIPing) yia va
eTutevxOei n emBuunt TLKVOTNTA. TOo Briua aUTO oLVABWC TIEPIAAUPBAVEL
gia uPnAn  Bepuokpacio  yiati  gival  ouvBwWC EAEYXOPEVN OTIO TOUC
MNXaviopoOg diaxuang.

4. Mia TeMK dl0dIKAGIO KATEPYOTiog yio TNV OQOipEan TIEPIOXWV TOU ULAIKOU
TIOL O€V £X0LV TIANPWC EVOTIOINBE.

Mia TToIKIAia aTtd GAAa pPETPA €ival duvatdv Vo LTTAPXOLY, TIEPIAOUBAVOUEVWV

TWV TIAACTIKWV TIOPAUOPPWOEWY PECW KUAIONG Kol a@upnAdaaciog, Kabwg Kai N

Omapén akpIBng cuvtayng TIoOU XPENOIMOTIOIEITal GUXVA OTnV Blounxovia wg

HUOTIKEG TIANPOQOPIEC OTIO Ta €PYACTAPIO Kal TIC ETUXEIPNOEIC. Ol EIOIKEQ

KOTOVOUEG BEpUOKPOCTIOG Kal TTieong TTOL XPNOIUOTIOIO0VTal OE pia dladIKaaio

€XOUV ONUOVTIKA ETIIPPEON OTNV TEAIKN MHIKPOdoPn. H OXETKN aoTtdbela Twv

VOVOUAIKQV Onuaivel 0Tl 0l KOKKOI o€ LWNAEC BepPOKpaaieg TTaPoUaIddouy pia

00TABEI0 TIOU TIPETIEL VO €EETOOTEL €AV TEAIKA €ival petald Twv €MIBLUNTWVY

TTIUKVOTHTWV KOl TOU ETIIBLPNTOV TEMIKOU HEYEBOLC KOKKOU.

KaBe opdda LAIKWY TIOU XPNOIYOTIOIEITOI 08 OKOVN QOIVETal Va £XEl DIAPOPETIKO

opIoPG TNC "TTAAPOLG TILKVOTNTOC', KATIOIEC [lopnxovieg, TIOL  TTOPAYOLV

VaVOUAIKG, 0pidouv w¢ TTARPN TIUKVOTNTA, T0 98% TN¢ BEWPNTIKAC TTUKVOTNTAG

(n oroia utoAoyiletal pe PACn TIC YVWOTEC TIUKVOTNTEC TWV OTOIXEIWY, Twv

EVWOEWV N TV QACEWV TIOU EUTIAEKOVTOL KOl €AV OEV UTIAPXEl TIOPWOEC).

MpoKeTal yio éva  onUovTIKG TIPORANUA, dI0TI 01 PNXOVIKEC I010TNTEC TOU

vavoDAIKOU pTtopei va e€aptwvtal TTOAD Eviova artd TNV TTapouaia ToU TTOPWOEC

OKOMN Kal 0€ MIKPEC TTO0OTNTEC. O1 1010TNTEC VO UAIKOU HE TTUKVOTNTO 98%

UTTOPEL va gival TTIOAD SIO@OPETIKEG OTIO EKEIVEC TOU idIOL LAIKOU pE T0 99,5% Tn¢

TTukVOTNTOG (18iLC 6oov agopd Tnv Bpavaon kol Vv actoxia), (Ramesh, 2009).

Mépog NG OUOKOAIOG HE TNV TIUKVOTNTO O@EIAETONI OTO YeEYovoC OTI Ol TIO

TIOPOOOCIOKEG OKOVEC METOAWV TIou  Ttapdyovial amo 1 Plounxavia

KOVIOPETOANOLPYIOC £XOUV OXEDIOOTEI IO EQOPUOYEC OTIOU Ol UIKPEC TTIOCOTNTEC

0L TIopwdoLG Ba agaipeboly pe TIC PeTayeveDTEPEC Odladikaaieq OTwWC n

o@LPNAATNON, 1) TO HIKPO TIOPWAEC Ba UTTOPOVCE AKOPN KOl va €ival ETTWEEANC

(6w oe ovothuata Airtavong). TETolEC JIEPYATIiEC @IVIPIOUATOC TUXVA OEV

XPNOIUOTIOIOUVTOL YIO TNV OVATITLUEN TwWV VAVODAIKWV, HE OTIOTEAECHO TO

UTTOAEIYPOTIKO TIOPWOEC. 'Eva auvageg TIPOBANUa gival 0Tl PuTtopei va gival TIoAD

OUOKOAO Vo O€ite T0 TIOPWOEC €VOC VAVOUAIKOU, O10TI og avtiBeon pe v
O1KovouidncA lwavvng
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TIOPOd0CIOKN ETIEEEPYOTIO GE OKOVN TO TIOPWOEC LAIKO Ba pttopolaoe va gival
TIOAOC AETITAC KATOVOUNCG O TIOAD UIKPEC KOIAOTNTEC. H ouveEmela eival 1o
XOUNAOTEPEC TEAIKEG TIUKVOTNTEC MTIOPEI va BewpnBolv aTIOdEKTEC ETIEIDN N
oloTNTa  EAEYXOUL Oev gival oe BEON VO EVTOTIIOEIC CUCTNUOTIKA TOUG TIOPOUC.

‘Eva mopddelypa evog vavoDAIKoU, (VOVOKPUGTAAAIVOG GidNpog) TIou EyIve aTto

TNV €VOTIOINOT OKOVNE TIAPOUCIAETal OTO ZXAUa 2.2.

Sxnua 2.2 NavoKpUGTOAAIKOG G101)pOU TIOU TTOPAYOVTAl PE EVOTIOIiNaN, TO
TIAATOC TOL N PWTOoYpPOQia avurpoowrievel 850 nm.

H diadikacia mapaywyng €xel wg €&ng: Mpwtov, vavodounuéva cwuatidia
o1dfpou TTapdyovTal amo pio PNXavikr dlepyaacia TPIRNE OTIOV EUTIOPIKA OKOVN
o1dnpov pe Kabapotnta 99,9% kal pio CEIpd Ao PeyEdn o€ oKOvn KOTA PEGOV
0pO0 YUpW OTa 5 YTl XPNOIPOTIOIETAl W¢ TIPWTN VAN YyIO TNV GAeon o€ PTtdAa. H

Olkovopidng A. lwavvng
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uttédAa dAeong (Malow et al, 1998) éyive og éva SPEX 8000 pOAo pe @loAidia Kol
UTIAAEC OTTO avoéeidwTto xAaAuvBa (SS440). To Bdapog avaloyiag Twv oceaipwy /
okovn Atav 4:1 kai 0 Xpovog dAeong ntav 18 h. To VAIKO Ntav c@PayIoPEVO OE
hio atuéo@aipa apyol TIou WOXETAL UE TN XPHON QAVEUIOTHPO KATA TN SIAPKEIX
¢ GAEONC. H OKOVN TWV CWUATIOIWY UETA TNV OAEDN EiXE ECWTEPIKO PEYEBOC
TWV KOKKWV TN¢ Ta&n¢ twv 10 nm (Malow et al, 1998). H diadikagia evoTtoinang
000 oTadiwVv XPNOIKMOTIOINBNKE yia T Hop@r) X0ONV VOVOKPUGTAAAIVOU CIOHPOU
UE TO ETIBLUNTO PEYEBOC KOKKOU. ZTNV TIPWTO PAUA, N OKOVN NTAV CUUTIIECUEVN
o€ Tieon 1.4GPa og Bepuokpaacia dwpatiov yia Tepitov 10 wpeg PE TN XPNoN
KOBou BoAgpapiov (WC). H TIpoKUTITOUCO CUPTIOYNG TIUKVOTNTA gival 72-75%
¢ BEWPNTIKNAC TTUKVOTNTOC.

210 3e0TEPO Priua, 0 LAIKO PETOQEPONKE g€ Eva peyoAUTEPO KUPBoC WC Tt0UL €ival
(eo10¢. H Bepuokpacia twv 753K kal ge Xpovo Tayiwong twv 30min pe Tieon
850MPa €xel xpnoiyotoindei. To YECo PEYEBOC KOKKWV gival POAIC KATW OTIO
100 nm Kal TEAIK) TIUKVOTNTA 0TO 99,2% TNG BEWPNTIKAG TTUKVOTNTOC.

‘Eva evdla@epoV XAPOKINPIOTIKO TOU VOVOKPUOTOAAIKOU GIONPOL TIOU (aiveTal
0€ AUTO TO OGXNUO €ival OTI OEV UTIAPXOLV OPOTA KEVA OTO LAIKO, £0TW Kal Qv
TIPETTEL VO LTTAPXEL 0,8% TOU TTOPWAOULC KATIOL OTO E0WTEPIKO TOU LAIKOU. Eival
TIOAVO OTI T KEVA €ival TIOAD UIKPA Kol €101 OeV €ival EDKOAO va @avolv, 1) icw¢
TO TIOPWOEC ATIORAAAETAN e TN JIOdIKATIO TNE TIPOETOILATIAC.

‘Eva GANO  eVvOIO@EPOV  XOAPOKTNPIOTIKO TOU VOVOKPUGTOAAIKOU ULAIKOU TIOU
@aiveTal 0¢ AUTO TO TIOOOCTO Eival EKEIVO TIOUL TIPETIEL VO OVOUEVETOL OTIO TO
EVOTIOINUEVO ULAIKO: TIOAAOI OTIO Ta KOKKOUC TIAPOLCIAdouv €VOEIEEIC yio TNV
OUCIOOTIKN] €K TWV TIPOTEPWV TIAOCTIKN TIOPAPOP@PWON TIOU EUTIAEKOVTAl OTN
olodikaaia gvortoinang, (UTTIAPXEL EKTEVNC dPaaTNPIOTNTO €€APOBPWaONG KATd Twv
KOKKWV).

AuTO pTtopEi va gival SUCKOAO VO TO OTIOCUVOEDEl KAVEIC ATIO TIC ETUTITWOEIG TNG
TIAACOTIKAG TIOPOPOP@WAONG Kal TI GUVETIEIEG TOU HPIKPOU HEYEBOUC KOKKWV OTIG
MNXAVIKEC 1010TNTEC TOL VAVOUAIKOD, Kol OO TV amoyn tng €MOTAUNG, auto
uTtopei va BewpnBei w¢ €va amo ta pelovekTuata ¢ dladikaagiog evoroinong.
ATIO TNV AToyn NG PNXAvIKNG, waotdoo, n dladikaaia evoTtoinang EMITPETEL va
TIapaxBo0V GNUAVTIKEC TTOCOTNTEC XUONV VOVOUAIKWVY, Kal Vo ETTWEEANBOVUE

TWV LQEICTAPEVWY TEXVOAOYIWV TNG METOAAOLPYIOG OKOVNG Kal TNG KEPAMIKAG
Blopnxaviac.

Oikovopidng A. lwavvng
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2.4.2 Anuioupyia x0dNV vavoOAIKwWV

YTapxouv d00 PBaACIKEC TIPOOEYYIOEIC yio TNV Ttopaywyn x0dNV vavoDAIKWV,
KOIVWC avagepovTtal w¢ bottom-up kai top-down 1tpoacéyyion, (Ramesh, 2009).
21V bottom-up TIPOGEyYYIaN, TO LAIKO £XEl dnuiovpynBei amo eva Atouo, PopIo,
OWUaTIOI0 | OTPWUO KABE @OPd, HE TO €VOIOEPEPOV VA ETTIKEVIPWVETAL GTOV
OKPIP €AeyX0 O€ QUTAV TNV KAipoka. Evw 1o LAIKG TIOL Kotaokevadovial pe
OUTOV TOV TPOTIO UTIOPEI VO €XOUV TTIOAD KOBOPEC UIKPOOOWEC, N TIPOCEYYION
gival okpIBr] kol Ogv €ival YEVIKA KATOAANAN yio TNV TIOPOYWYr HEYOAWY
TIOGOTATWV UVAIKWV. ZTnVv top-down TIpocEyylon, amod v OAAn TIAELPd, Ta
VAVOUAIKA yivovTal pe TNV e@apuoyn S1adIKaclwy TG MEYOANC KAIMaAKag, PE TNV
VOVOKAIUOKO  KATAOKEUNG VO ONUIOUPYEITOl €K TOV  LOTEPWV.  TETOIEC
TIPOOEYYIOEIC YeVIKA Ogv dnuIoLpyolV ULVWPWNAAC TIOIOTNTOC ULAIKA, OAAG Eival

OXETIKA @ONnva.

2.4.2.1 Texvikéc Evamobeonc

JTC TEXVIKEC €vartobeong TOL  XPNOIPoTIoIoLVTIAlL  yio TNV Tiopoywyn
VAVOKPUGTOAAIKWV LAIKWV TIEPIAAUBAVOVTAL:

* H nAektpoarméBeon, (Elsherik and Erb, 1995),

e XnuiKA evarméBeon, (Bhattacharyya et al., 2001)

* H evamoBeon @uaioloyikwv atuwv, (Musil and Vicek, 1998)

e Mo TIOIKIAIO TEXVIKWV TIOL OXETICOVTOI PE TNV KATAOKELT NUIOYWYWV.
AUTEC eival ouvnBwC apyEg dlEpyaaieg IOV XPNCIYOTIOIOLVTAL IO TNV OVATITUEN
TWV OXETIKA AETITWV HOPPWV TOU UAIKOD, HE TOV KOAUTEPO EAEYXO TWV
MIKPOSOPWV Kal TIApAyouv ouvriBwg Eva TIaxX0C TIoU €ival PIKPOTEPO amd 1 pm.
AUTEC Ol TEXVIKEC €ivaol KOAA TIPOCOPUOCMEVEC OTNV  OVATITUEN  TWV
ETUXPIOPATWY, TL.X., UE HNXOVIKEC EQPAPUOYEC OTNV avtioToon otn @Bopd Kal
OoTOoV €AeyxX0 NG TPIPAC. TO PEYGAO TIAEOVEKTNUA QUTWV TWV TEXVIKWV &ival N
HEYOAN OKpiBela éAeyxou TOU TIEPIBAANOVTOC TIOU ETITPETIEL GE KATIOIOV VO
OVOTITUEEl EAEYXOUEVEC UIKPOOOMEG PE MEYOAN OKPIBeEIa EAEyXOU, Kal £T1 XUONV
LAIKA TIOUL TTOPAYOVTOl PE QUTO TOV TPOTIO UTIOPEI va avattapaxBolv €UKOA.
Mepaitépw, €ivalr duvatd va dnNUIOLPYNOEL PIKPOOOUEG HE EIBIKEC TIPOCUIEEIC
(Tmpooeyyioelc ou eival 1Idlaitepa XPAOIYEC Yo €@APPOYEC auoBNnTtipwy). To

oxnuo 2.3 deixvel T HIKpodopr,  OTO  EUTIOPIKA  OVATITUEN
Oikovopidng A. lwdvvng
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NAEKTPOOTTOTEOEICOUEVOL  VAVOKPUGTAAAIKOD @IAU VIKEAIOL OTIO TN €TOIpia

Integran.

ZxNua 2.3 dwtoypagia Tou NAEKTPOVIKOU PIKPOOKOTIIOU VAVOKPUGTOAAIKOU
LAIKOU VIKEAIOL TTOL TTOPAYETOL OTIO NAEKTPOOTIOBeaN (Integran).

Me TIC dladIKaaieq EAEyXOU TIOU €ival SIBETIYEC OEV GNUAIVEL OTI TO LAIKA TTOU
Trapayovtal 8a eival Xwpig erattwpota. H avAttuén Twv TIANPWE EAEYXOUEVWV
TIUKVQV  VOVOKPUOTOAAIKWV  Oopwv  dev  gival €0KoAo €pyo. H  diadikaaia
BeAtioTtoTIOINONC €X€El PEYAAO KOOTOC. MO TO TIEPIOCCOTEPA VAVOKPUGOTAAAIKA
LDAIKA, ¢ €K TOUTOU, TIOPAMEVEL OUOKOAO va  €XOULUE  ATIOAUTWC
OVATIAPAYWYIKEG AWPIOEC PMECW TEXVIKWV OTT00e0ng. Mpdypat, peydAo pEPOC
NC TIPOWPNG OLYXLONC OXETIKA HE TIC IBIOTNTEC TWV VAVOKPUOTOAAIKWVY UAIKWV
TpoékuPav amd 1t  HETOPANTOTNTO TWV  MIKPOJOHUWVY TwV UAIKWV TIOU
ONUIOLPYOLVTAI PECW OUTWV TWV SIAEOPWY OI0SIKATIWV.

Eidikd {nmjuata T1ou  dnuioupyolv TIPORANUATIOUO gival TO TIOPWOEG, N
OVOUOIOYEVEID TWV MIKPOOOUWVY Kal IBIITEPA N PETORANTOTNTO TWV KOTAVOUWY
MEYEBOUC TWV KOKKWV TOL ULAIKOU. Autd KaBIoTG OUCKOAN T oUYKPIon TWvV
OTIOTEAEOUATWY TIOL TIPOKUTITOUV OTIO TO €VO EPYOOTAPIO OE €Va ULAIKO TIOU
€XOULV YiVEl PE TO OTIOTEAECUATA TIOU AaufBdvovtal amd GANO EpYacTrpIO OE éva
TIOPOUOIO OVOUAOTIKA UAIKO TTOL TToprX0n He SI0@OPETIKO TPOTIO.

Kotd ouVvETTEla, €ival aTtapaitnTog 0 EVIOIOC XOPAKTINPIOUOC Yia vo KotavonBei
N OULUTIEPIPOPA  TWV  ULAIKWV. Eviatikég OladikaoieC  XapoKtnplopov

TIpooTioBolV va Kabopioouvv T dour) 0€ pIa TIOAD AETIT  KAigoka, TU.X.,
Oikovopidng A. lwavvng
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xpnolyotmolwviag TEM, (Transmission electron microscopy), yia vo
KoBopioouv T0 HEYEBOC TV TOTIKWV KOKKWV. AUTI N €VTOTIKY dladikaaia gival
o€ B€an va TIOPEXEL TIOANEG TIANPOPOPIEC.

Ol TEXVIKEC EVATIOBEONC OTIWG OUTEC TIOU OVO@EPOVTAl OE OUTO TO TUNMA Eival
ouwvnBw¢ og BEan va TIapdyouv POVO AwPIGEC LAIKOU. AETITEC Awpideg cival Ta
TIO ©uvnBn TIPOIOVTO, OV KOl N XPHON TIOAAOTIAWV ETUTIEdWV MTIOPEL va
ETUTPEYEL O KATIOIOV VO ONMPIOLPYHOEl TIOXVTEPEC OLO OIOCTACEWVY OOUEC, Kal

MEPIKEC POPEC MEXPL KOl TO "Tuxaiov peyéBoug” Ttdxoc.

2.4.2.2 Algpyaaieg P 1oXLPN TIAACTIKH TIOPAUOPPWAT

Mio TIOIKIAIO QTIO TEXVIKEC €TeEepyaaiag yio XOPa VOVOUAIKA €@apuolel Tnv
IOXUPN TIAQCTIKI TIOPOPOP@PWAT). H TIPWTAPXIKA I0£0 € OAEC AUTEC TIG TEXVIKEG
eival va avattugouv TTOAD PEYAAN TIAACTIKI TIOPOUOPPWAN EVTOC TOU PETAAAOU,
HE TIC OXETIKEC €EOPOPWTIKEC LTIOOOUEG, KAl OTN GUVEXEID VO XPNOIUOTIOIO0UV
TIC OI0OIKACIEC OVAKTNONG, AVOKPUATAAAWGONG Kal avadlatagng tng MIKPodouNg
yla Qv avamtuén tng embuunt¢ o1ataéng. H avdakinon TePIAaPBAvEL Thv
BEPUIKA EVIOXULUEVN Kivnon TNG METOTOTIONG VIO TN HEIWON TWV €0WTEPIKWVY
TO0EWV PECW TNC AVOKATATOENG KOl NG €EOVIWONG, €VW OVOKPULOTAAAWGN
ouvemdyetal  avamtuén Twv VEwV  KPOOTOAwv. Ol  HEYAAEC TIAOCTIKEC
TIOPOUOPPWOEIC TWV METAAWVY Eival YyVWOTEG yia TIOANG xpovia, (Mughrabi,
1983), kal n Plopynxavio Twv PETAANWY TIC €XEl XPNOIUOTIOINOEl EKTEVWC TIPOG
0@eNOC TNG. MeyAaAeq TIAOCTIKEG TIOPOPOPPWAOEIC WTIOPEL va 0dnyrjoouv oTtnv
METOTOTTIION OOMWV TIOU 0OVAdIOPYAVMVOVTOl YIO va OGXNMOTIOOLV T OOMIKA
otoixeia, (KOttapa). To TEAIKO PEYEBOC TOU KOKKOU TIOU ETTITUYXAVETOI OF OUTEG
TI¢ dlodIKaoieg e€apTATAl 0 PEYOAO PBOBUO OTIO TIC AETITOUEPEIEC TWV OXETIKWVY
BepUoOUNXOVIKWVY OIOSIKACIWY. ZE YEVIKEC YPOUUEC, Ol HPEYAAUTEPEC TIIECEIQ
OVOTITUOO0UV I0XUPOTEPEC OOPEC, OANA Kal TO EAAXIOTO MEYEBOC KOKKOUL TIOU
uTIopei  va  emtevxBei, TOIKIAAEL amd UAKO Og TO  LAIKO. [payuoTika
VOVOKPUOTOAAIKOI KOKKOI (< 100nm) éxouv Ttapatnpnbei eviog 1wv KEVIPWV
olapatikwv {wvwv JIATUNCNG TIOLU AVOTITUCCOVTAl OTO TIAQICIO OPICHEVV
LAIKQV TIOU avartoxtnkav eriong Kotd T SldpKela TNC LWNANG TIEPICTPOPIKNAG
Tieong. Qotoco, o1 Teplocotepec SPD, (Severe plastic deformation),
OIOOIKATIEC, €XOUV WC QTIOTEAECHO EEAIPETIKA AETITA HEYEBN KOKKWV OTa

TIEPICCOTEPO LAIKA.
OIKovopidng A. lwavvng
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2 4.2.3 TwvioKn Petarmoinon ioou kavoAiou

H ywviok petamoinon ioou KavaAilol 1 Kovwg yvwotl w¢ ECAP, (Equal
Channel Angular Processing), (Ramesh, 2009), €ival pia TEXVIKI KOTA TNV oTtoia
OVOTITUOCOVTOL TIOAD PEYAAEC TIAACTIKEG TIAPAPOPPWOEIC, UTIOXPEWVOVTAC UIO
METOAAIKN) paBdo (1o deiypa), va JIEABEl pEcw €vog KUPBOoL, e Tov Géova Tou
KOBou va oAAalel KatevBuvon Ea@VIKA, (UE ATIOTEAECUO TN CNUOVTIKN
TIOPOAPOPPWAN dIATUNCNG). Mia TTapaAAayr NG TEXVIKN U €ival yvwoth w¢
olepyaacia o€ 100TINO YywVIOKO KavaAl diEhaong (ECAE), (equal channel angular
extrusion). '‘Eva  oXnNUOTIKO OIAYPOUUO  TIOU  QAVTITIPOCWTIEVEL  MIO  TETOIN

dladikaaia @aivetal oto oxfua 2.4.

‘EpBoAo

Agiypa

Agiypa petd
tov ECAP

IXAua 2.4  ZIXNUOTIKO dSldypauua dlodIKaoiog YwVIAKNAC HETOTIOINONG ioou
KOVOAIOD.

‘Eva akAnpo éupoio avaykalel eva dgiypa HETAANOL va JIEABEI avapeca ag dL0
KOVAAIO ioov peyéBoug TIOL CUVOEOVTOl HE IO ywvia. To péyebog g
SlATUNTIKNC TIAPAPOPPWAONG N OTIoia £XEl aVATITUXOEI 0E éva POVO TIEPACHO TOU
OelypaTog NECW TOL KUBOoL KaBopiletal amd N YEWUETPIO TOv, Kal 10iwg oTTO TV
KaBoplopévn @ ywvia TTou @aivetal atov oxXnua. H ywvia ® n ormoia @aivetal w¢
eEWTEPIKA €ival €TTIONG MIO ONPAVTIKA TIOPAUETPOG. AIOQOPETIKEC OIOOTATEIC
KOBWV Kal ywvIiwv JTTOpoLV Vo  XPNOIYOTIoIoUVTal, YIa va ETUTELXOEl HIa
aroteAeopatiknG oladikaoia¢ ECAP. Twvie¢ mio kovia ot 90 divouv
Olkovopidne A. lwdwng
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MEYOAUTEPN OIATUNGN, OAAG ATIAITOUV HPEYOAUTEPN AEITOLPYIKOTNTO TOU UAIKOU.
To Ociypa pETOANOL TIOUL avayKaletal va OIEABEl PECoW TNG PNATPAC TIOU Eival
ouvnNBw¢ Tepimov 1 ivica o€ OIAUETPO KOl HEPIKEC (VTOEC O PAKPOC
KOTOOKELALZETAl OTIO GLUPBATIKA LAIKA HEYEBOUC KOKKOU.

A&gdopévou 0TI N oAAayn TN¢ ywviag kaBiotd ) diadikacia eyyevwe aviooTpoTn,
OTIOTEAEI oLVNON TIPAKTIKA KATA TNV dladikagia ¢ SIEAELONC TOL dOKIYIoOL pEaa
ot Tov KUPBO auto va TEPIOTPEPETAl PETAED SIad0XIKWY dlaBAcewv. MoANATIAG
TIEPACUOTA  PTIOPOUV  ETTIONC VO Xpnolgotoinbolv  yia v  adénon Tou

KAGOUOTOC TOU OEiypaTog TIoU £XEl LTTIOPANBEL 0€ PEYANEC TIOPALOPPWOEIC.

2.4.2 4 ZpeYn pe vyPnAn Ttieon

‘Eva aANo €idoc tng dladikaoiag¢ SPD mapouciddetal oto oxnua 2.5, kal gival
YVWoT w¢ ouotpo®n VPNANC Ttieonc (Liao et al., 2006). ZXeTKA PIKPA deiypata
uTtIOBAANOVTOI € CGULVOLACHEVN ULWNAN TIiECN KOl Of I0XUPEC OTPETITIKEC
TIOPAPOPPWOEIC XPNOIUOTIOIVTOC HEYAAEC TIPECEC PE TIOAAOUC AEOVEC.

Meaeic ToAwv GPa xpnaoiyottolovvtal, Kal n oTpén Twv OTEAEXWV UTIOPEL va
gival TTOAD peydAn (avaAoyo e TN OUVOAIKN ywvia cuoTpo@ng). Mo Aemtd
OElyUOTO KOl YIO CUUTIECEIC OXETIKA HIKPEC YIO OTIOI0dNTIOTE TIPOCaVEnan NG
ywviag 6 otpifipatog, n totuk avénon ¢ SIATUNTIKNAC TIApauop@wang divetal

aTtd Tov TUTIO:

) o — (2-1)

OTIOU: r €ival N OKTIVIKI] OTIO0TACN ATIO TO KEVIPO TOu diokou Kal h gival 10
TIaX0¢ o dioKou.

MOAL peydAa pEYEDBN TIOPOUOPPWOEWY UTIOPOUV €ICG1 VO TIAPAYOVTIOL HE TN
Xpron MiKpoU 1téxoug dslypdtwy. Mo Tapddelyua, pia TIANpn meplotpo@r) 360°
Ba odnynoel og dATUNTIKN TTOPAUOPPWON NG Ta&ewg tou 30 mm/omu o¢ éva
ociypa 1ou eival 10 mm ag dIAPETPO Kal TTAXoug 1 mm. AUTEQ Ol TIOAD HEYAAEG
TIUECEIC 0ONYyoUV O€ TIOAD TIIO EKAETITUCHEVEC MIKPOOOWEC TIOU WTIOPOUV Vo

ETUTELXOOUV PECW TV ECAP d1adIKOTIWV.

Olkovopidng A. lwdvvng
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E@apuoopuévn Micon

Agiypa

E@appoopévn Pomn

SXAUa 2.5 IXNuatikr oreikévion ¢ dladikaaoiag LYnAng Tieong otpédng,
(Torsion , T®), éva AeTttd deiypa GUUTIIECETAL KOl OTN CLVEXEID UTTOBAAAETAl OF
MEYAAN oLOTPOPN PECO O €va OECUEVTIKO KUPBO. To TUTIKO pEyeBog deiypatog
eivan Trepimou 1 cm SIAPETPO Kal TIEPITIOL TTAXoUC 1 mm.

H emdvw mieon eival amapaitntn yia n dlatpnon Tou Oeiyhatog Xwpig va
OTIACEL, KOl TO OEUOTA AEITOVPYIKOTNTOCG KOTA KOVOva eE0KOAOUBOUV va aTtaitovV
TNV EKTEAECN OUTNC TNG ActToupyiag Td ae vPnAEg BeppokpaaieC. H peyaAlTtepn
OLOKOAIO PE TNV TEXVIKI QUTH, WOTOCO, €ival T0 PIKPO HEyeBOC Tou deiypatoq
TIOL LTTOBAAAETON O€ TIOAU PEYAAN KaTaTovnaon. Mepaltépw, n Katamovnaon eivai
OPKETA QAVOUOIOYEVAG, ME TO KEVIPO TOU OEiypOTog Vo pnv OEXETAl OXEOOV
KaBOAOU KOTOTIOVNON. Z& aUTO TO ONPEI0, WC €K TOUTOU, N TEXVIKA OUTH €ival
€voC KOAOC TPOTIOC VO KOTOVONOOUUE TIOIEC E€ival Ol CUVETIEIEC TWV CORAPWV
TIAQCTIKQWV  TIOPAPOPQPWOEWY  OTO  LAIKA, OAAG outy Oev €ival pio KaAn

TIPOCEYYIOT] VIO TNV TIOPAYWYH CNUOVTIKWY TIOCOTATWY TWV VAVODAIKWV.

OlKovouidng A. lwavvng
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2.5 KAipaka - Kupiapxo¢ pNnNXaviopog ota VavoOAIKA, (Scale-Dominant

Mechanisms in Nanomaterials)

O1 aouvRBIoTEC 1BI0TNTEC TWV VOVODAIKWY TIPOKOTITOUV ATIO UNnXaviopolg Tou
O0ev €ival avTANTITOL 0 Pag oTnv avepwTiv  KAiyoka pnkouc. o va
OTIOKTI)OOUUE TNV KOTAVONOT TWV I0I0TITWVY OUTWV - Kol Tov EAeyX0 Toug - Ba
TIPETIEL VA OVAKOAUWOUPE TOUC MNXOVICUOUG TIOU AEITOLUPYOUV CE QUTEC TIC
KAILOKEG PNKOLG Kal OXETIOVTAl PE TO OUYKEKPIPEVA VOVOUAIKA. ATIO T OKOTIA
¢ ETUOTAUNG, TIOAAEC ATIO OUTEC TIC OOLVABIOTEG IBI0TNTEG TIPOKUTITOLY OTIO
TIC OAANAETIIOPACEIC O€ AUTEC TIC KAIMAKEC, (TTOU GUVOEOVTOIN JE TNV UTIOKEIUEVN
TIOPAPOPPWAN | AUTWV TWV AEITOVPYIKWY HUNXAVIOU®WV), ATIO TIC EEWYEVEIC 1
€EWTEPIKEC KAIUOKEC PNKOULC TIOU OXETICOVTOI e TO VAVOUAIKA 1 aTto TNV idla
OLOKeLN. AUTH N TIOPAYPOQPOC OQOXOAEITAl PE MIO  TIOIKIAID QAUTWV  TWV
OANAETUOPACEWY, KOl TIEPIYPAPE! TIC ETUTTTWOEIC TOLG GE OPICUEVEG ATIO OUTEC
orte Vv Aamoyn TNG MPNXOVIKAC GCUUTIEPIPOPAC. H €éupacn odivetar otnv
TIOPOUOPPWAN KAl  TOUC MNXAVIOPOUC aoToxiog Kol Oxl TOG0  OTOouG
AEITOLPYIKOUG  PNXOVIOPOUC, OAG  TIOAAOI  ammd  TOug  PNXOVIoHOoUG
TIOPAPOPPWAONG TIOL AVOALBNKaY €8 £XOLV AUECEC CUVETIEIEC OTN AEITOLPYIA,
(Ramesh, 2009). 'Eva €up0 @QACHO OTIO TOUG ONMAVIIKOTEPOUC PNXAVICHOUG
TIOL CUVOEOVTAl e Ta VAVOUAIKA Ttapouaidlovtal atov Ttivoka 1.
Xpnoigorolwvtag 10 oLoTNUA Ta&ivounong TwV ULAIKWV TwWV TIPONYOUUEVWV
Topaypd@wy, OTO0 TIVOKO TIOPOTIOEVTON Ol TIPWTOYEVEIC MPNXOVIOUOI TIOU
ouvdéovtal pe dlaKPITA VaVoDAIKA (dn), LAIKO CUOKELWY VOVOKAILOKOG, KABWC
Kol XOdnv vavoUAIKA (nc).

Mia TToIKIAI0 aTtd pop@oAoyieC vavoowuotdiwy gival:e

Z@aIpIkd vavoowpatidla (nanospheres), oxfiua 2.6.

e Noavoowpartiola PABdwv - 01w ta (nanorods), oxnua 2.7.

e Navoowpartidla MAGKag - 0Twe 1o (nanoplates), oxAua 2.8.

e MepiKG TIOAD TIOAOTIAOKO ~ OXNMATO, CUMTIEPIAOMBAVOUEVWV  TWV

OeVopITWV.

Oikovopidng A. lwavvng
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Mivakag 2 KAipaka -

Kupiapxog

HNXQVIOHOG

ota

VOVOUAIKA,

KOTNyoploTtolouvTal CUP@WVO PE TOV TOTIO TwV UAIKWV TOgvounong,
Hop@oAoyiag, Kal TNE KAIMOKOC UAKOUC.

MoppoAoyia A

S, o
£QAPHOYNG
Alokpitd .
.. ; Equiaxe
VavoUAIKa VaVOooWUaTIOI
(dn)
NavoowAnveg
Navoiveg
YAIKG
O'UO'Kgud)V Navoowpatidia
VOVOKAIJOKOG
Nanowires kot
VOVOOWANVEC
Aopég NavoTtoprdeg
AETITA QA
X0onv
VGVOKpl:)O-TG)\ Mikpd MuAveg
AIKQ
VaVOUAIKG

Mikpo tdon T0U

deiypotog

E&wtepike
¢ KAHOKEG
MAKOUG

AloPETpou
OWUOTIdIWV

SlaopETPOU,
TIAX0G
TOIXWHOTOC,
TO WNKOG

AIGETPOC,
KOG

AlGpETPOG

AIGPETPOG,
prkog

Méxog

rnaxog

AlGpeTpog,
prikog

AIGUETPOG,
prikog

EowTteplk
€
KAIUOKEG
MriKoug

ATOMIKNG
anoéoToon

ATOMIKAC
anoéaotaon,
ENATIWHO
amoaoToon

ATOMIKAC
anoéaotaon,
Hoplako
Bapog

ATOMIKNG
didotnua

ATOMIKNG
digotnua, 10
didotnua
UETOED
EAATIWHOTOC

Méyebog
TOPWV,
TIUKVOTNTA
gvepyoroinong

ATOUIKO
didotnua, 10
didotnua
UETAEL TNG
QAVWHOAIOG
TiEPPAd
digotnua, n
TIUKVOTNTA
gvepyoTtoinong

MeyéBoug
KOKKwV, NG
TIUKVOTNTOG
e£apOpwoan

MéyeBog
KOKKwV

Mnxoavicuoi

Emugavelokn
e&looppoTINON
TOOEWV

Auylopog,
TNAECKOTIIKA,
KATay o

Opavan,
aAANAETIdPATEIQ
ETIPAVEIN

Evepyoroinon g
ETUPAVEIOKNG
TIUKVOTNTOG

Evepyoroinon g
TIUKVOTNTAG
gvepyoTtoinan g
TIOU TIPOKOAEITOL
aro
TIOPOUOPPWTEIS

ANMNAETUDPATEIC e
TO TIEPIBAAAOV

‘Evtaon otnv
Emugadvela , n
KIVNTIKOTNTO
emu@avela, 2D
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ZXAUa 2.6 Zeaipika vavoowuatiola CeCs:

Alopovtiol O¢&cidlo tou Yevdapyvpou

ZxAua 2.7 Alagopa vavoowuoTidla Papdwv

>xNua 2.8 Navoowpartidla MAAKag, ool
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AlgpelivnNon €QOPHOYWV VOVOTEXVOAOYIOG Pe EUPacn OTNV EITIOTAHN ToU MnXavikoO

AUTEC 01 HOpP@OAOYieC UTTopEl va £X0UV TTIOAD SIAPOPETIKEC IBIOTNTEC, Kal PAAICTA
0€ €VO MEYOAO (PACHO TWV EQOPMOYWV TIOU €XOUV aTIO00BEi O auTd Ta
VOVOOWMOTIOI. ZNUEIWOTE OTI 0 AOYOC Tou €PPRadOD TNG ETUPAVEING TIPOC TOV
OyKO TwV nanorods Kol nanoplates pmopei va gival TTOAD dIO@OPETIKOC OTIO
€KEIVO TV nanospheres.

A&gdopEVOL OTI N avoAoyia auTh KUPIlOPXEl o€ TIOANEC OTIO TIC EPAPHOYEC TWV
VaVOOWMOTIdIWVY, N HoP@OAoYia EXEl OPAPOTIKEG GUVETIEIEC VIO TNV EQAPMOYH.
MeydAa KAGOpATA TwWV VAVOOWUOTIOIWY TIOU XPNOCIMOTIOIOUVTAl OF TIOIKIAEG
TEXVOAOYieC eival eTtiong etepoyevr], aATOTEAOUVTOl ATIO OUVOETEC OOUEC Kal
TIEPIEXOULV TIEPICCOTEPEC ATIO €va LAIKA. MePIKA vavoowuatidla @aivetal va
gival oxedov Apop@a, dev €XOUV CAPWC KOBOPIGPEVN KPUOTOAAIKA doun, €V
AANO £XOUV KOBAPEC KPUOTOAAIKEC TIAELPEC. H TIOIKIAIO TV UNXAVIGUWY TIOU
gival  KatdAAnNAol yia TV TIOPOPOPPWAON TWV VAVOCWUATIdIWY gival td6G0
HEYOAN OCO0 KOl N TIOKIAIO TwV VavOoowHaTIdiwy. ©Od ETIKEVIPWOOUUE TN
oudtnor Mag OXETKA ME TO vavoowuoTtidlo Tov  €ival  oxedov  icwv
OlooTaoswy, OnAadn, He Adyo dlaotdoewv, (OO TN MIKPOTEPN TIPOC TN
heyaALTepn) OldoTacn, Kovid oTo €va. O1 €€WTEPIKEC KAIUOKEC WNKOLC TIOU
oxetiCovtal pe TA vovoowMaTidla gival N JIGUETPOC TWV OCWHATIOIWY (€€
oplopol, KAtw Twv 100 nm). H povn €0WTEPIKN OKAAO dloBABUIONG UrKOoLG
TIOU OXETI(ETAl PE TIC PNXOVIKEC 1010TNTEC TWV VOvoowuaTdiwy gival 10 dl0-
OTOMIKO dldotnua. To péyebog autAg tng amootaong sival ouvnBwg ¢ TA&NG
TV 3A yla Ta TIEPICCOTEPA OTOIXEIN, £TC1 WAOTE VO VAVOUETPO Va TIEPIEXEl I0WC
3 OTOMIKEC OTIOOTACEIC, OoXAua 2.9, Tou xwpilel 4 dAtopa, Kol €va KUBIKO
VOVOMETPO Ba artoteAeital amod 64 dtopua.

ZWPaTidla TIou artoteAoLVTAl OO Alyotepa oo 100 dtopa KOAOUVION GUXVA
(nanoclusters), vavo-cLCCWUATWUOTA .

OewpeioTe €Va VAVO-CLUOCWUATWHO TwV 64 ATOPWV o€ pIa KUPIKN dldtaén
TIAEYUOTOC - €0V ATOV €vag KUBoG TIAELPAC I nm, TO TIEPIOCOTEPA GTONO,
(mepimouv  80%), OBa ecival otnv em@Aveld TN VvavoouoTieipwong. Ta
ETUQAVEIOKA ATOpa Oev TEPIBAANOVTOl aTIO TIOPOUOIO ATOPO OTIO OAEC TIG
TIAEVPEC KOl ETAL €XOLV IO SIAMOPETIKA OTIOCTACT) ICOPPOTIIAG, PE OTIOTEAECUO
OTO KUBIKO TIAEypa va  GTPEPAWVETOL N GUVOAIKY] SIAUOPPWAON TN I00PPOTTIAC.
AUTA Ta XOPOKTNPIOTIKA TNC ETUQAVEINC UTIOPEI v 0ONYOOLY GE OGULVHBIOTEC
Oouég. EmumAéov, ta Atopa ¢ ETIQAVEINC PUTIOPOUV VO OAANAETIIOPOUV Eviova

HE OAAO ATOpO N} TO POPIO OTO TIEPIBAAAOV, 0ONYWVTIAC OTNV OVATITUEN TwWV
Oikovopidng A. lwavvng
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Algpelivnon QOPPOYWY VOVOTEXVOAOYING PE EUPOCT OTNV ETTICTAIN TOU MnXavIKoD

VAVOOWHATIOIWY TIOL €ival oucieq pe emmipavelakn dpdaon. Noavoowuatidla
TOTIOU KEAUPOUCG-TIUPHVO PTIOPOUV va OVATITUXBO0UV OXETIKA EDKOAO Kl WG €K
TOUTOU, Va €XOLV PEYAAN a&ia GTNV PNXOVIK).

AC uTtoBécoupe OTI N OTIOCTOCN ICOPPOTHOG OTNV  E0WTEPIKA  OTOUIKN)

amdoToon gival a oto KPOOTOAAO, EVQ N dIACTACH TWV CWHPATIdIWV gival To D.

I nm

ZXAUa 2.9 Zxnuatiki Tou KLBIKoL nanocluster TTou amoteAEital amo 64 dtoua,
TIEPITIOU 1 NmM G€ pIa TIAELPA. H TIAEIOVOTNTA TWV ATOPWV Eival TNV ETUPAVEIN
autri¢ TN¢ nanocluster, kol €10l Ba €xouv Mo BIAMOPETIKI)  IGOPPOTIIO
SlaoTAUATOC OTIO 0, TI ATOUA CE EVO GUVOAIKO dgiypa arto 1O id10 LAIKO.

Edv 1o owpatidlo eival évag KOBo¢ pe TTAeupd D Kal Ta ATopa €ival SIOTETayHEVA
0€ €Va KUPBIKO TIAEyPd, 0 GUVOAIKOC OYKOC Tou KUBou eival n D3, evw 0 OyKog
TIOU OVTIOTOIXEI OTa ATopa TIov Bpiokovtal péoa tov KOPO, (TTou dev eKTiBevTal
TIPOC TNV emPavela), ival (D-2a)3. To kKAdopa tou Oykou f Twv aTopwvY TIov
BpiokovTtal OtV ETIPAVEIA TOU VOVOOWUATIOIOU €ival: (ONUEIWOTE OTI TO KAACOUO

OyKOU €ival Tng idlog Ta&NG, OTIWC TO KAAGHO Tou aplBuoD)

2.2)

Mia ypriyopn A0on tng €€icwaong Tou TIPOKUTITEL dEiXVEl OTI TIEPITIOL TO MUICU
TWV atoPwv Ba eival oTnv €MmIEAvVEIA TOL VOVOowUaTidlou pe diaatacn D « 15a.
AedopEvou OTI N E0WTEPIKNA ATOUIKN artéotacn ival ouvhBwg NG Tééng Twv 3A,
KLPBOEION vavoowuaTidla €X0UV Kupiapxn emi@avela, (0oov a@opd T doun Kal

TNV PNXAVIKI artoKplon), EQOcoV €X0UV TUTTIKN dIACTOCoN MIKPATEPN TWV 5nm.
Oikovopidng A. lwdvvng
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Algpelivnon €QOPPOYWY VOVOTEXVOAOYIAG e EUPOCn aTNV ETICTAMN TOL MNXavikoO

MeyaAOTtepa vavoowpatiola, (Ewg kat 20 nm, BAEme oxnua 2.10), €xouv TTOAD
peydAoug Adyoug euBadol eTu@AvEIOG TIPOC TOV OYKO, O€ OUYKPIon HE TO
ouuBatikd cwpotidla peyebouc Mikpov, (BuunBeite ot autr) n avoioyio EOAVEL
1/D), oAAQ TO QTIOTEAECHO TNG ETUPAVEIOKNG €EI00PPOTINCNC OTNV EC0WTEPIKI)

ooy gival Alyotepo GNUAVTIKO.

1,00

0,80

0,60
KAdopa twv
otouwv oty 0,40

ETUPAVEIN
0,20
0,00

0 20 40 60 80 100
Méyebog Zwpuatdicwv, nm

xAua 2.10 KAdopa OyKou TwV OTOMWV OTNV ETIQAVEID €VOC KLPOEIBOVC
VOVOCOWHATIOIOL W¢ CLVAPTNON Tou PEYEBOLC Twv vavoowuotidiwy, pe Bdon
v e€iowon (2,2).

H dlokOpavon tov KAAoPATOC OYKOU TWV ATOPWVY TIPOC TN ETIPAVEIN GE OXEON
HE TO PEYEBOC TWV VOVOCWUATIOIWY @QaivETal OTO GXNMA 2.6 yia PIo UTTOTIBEUEVN
E0WTEPIKA OTOUIKN amootacn Twv 0,3 nm. H Ttaxeia avAtmtuén tou KAAoUATOC
TWV OTOUWV OTNV ETUPAVEIN WC TIPOC TO PEYEBOC TWV CWHATIOIWY HEIWVETAL
KOTW TV 20 nm, OTIWC TIPOKUTITEL, KOl TO KAAOUO ETUPAVEING KUPIOPXEL aTOV
OTO GUPTIAEYUO TOU VAVO.

Ta emipavelokd Atopa ePEavI(ouy PIa SIAQOPETIKI KATAVOMN TWV YEITOVWVY TOUG
O€ OXEON HE TO EOWTEPIKA ATOMA, KOl £TC1 €XOUV OIOQPOPETIKN EVEPYEID ATIO TO
E0WTEPIKA ATOUO. ZNUEIWOTTE OTI OEV €ival POVO Ol AKPWC OTIOKEVTPEC OTPWOEIC
TWV OTOMWV TIOU emnpeddovial amo v emidpacn NG em@aveinc. Ol
ETUOPACEIC €ival ouVNBWC AIOONTEC O APKETEG OTPWOEIC OTOUWV (avaAoya e
TNV €KTOON TOU E0WTEPIKOV ATOPIKOU duvapikol). O akping apibuog twv
OTPWUATWY TIOU TIPETIEL VO €EETOOTOUV UTIOPEL VO TIPOEPXETAL POVO OTIO
OTOUIKN) avaAuvon AduPdvovtag uToyn T E0WTEPIKA OTOMIKA OUVAMIKA. H
ETIPPON TOU KAACMATOG ETUPAVEING OTN MNXAVIK) CUPTIEPIPOPA EapTATAl OTIO
M d1a@opa PETA&L TNC EVEPYEIOG TWV OTOUWVY OTNV ETUPAVEIN Kal TNG EVEPYEING

O1KovoidNg A. lwavvng
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AlgpelivnNon EQOPUOYWV VOVOTEXVOAOYIOG PE EUPAC OTNV ETIICTANN Tou MnXavikoO

TIOU OXETi(eTal PE TA ATOPA OTO ECWTEPIKO TOU CcwpoTidiov. H culAtnon Twv
ETUTITWOEWY TNG EVEPYEIOG OTN ETUPAVEIN, TIOU OKOAOLBEl, €xel An@Bei oe
HEYGAO PBabud amo v TEPIANYN TWV PNXOVIKWV BEPATwV TIOU TTopEXOVTal
atto tov (Dingreville et. al, 2005). Av opicoupe T dla@opd PETagD TNG EVEPYEING
€VOC OTOUOL OTNV ETUPAVEIN Kal TNG EVEPYEIOC EVOC OTOPOL OTO EC0WTEPIKO TOU
e, TOTE MTIOPOUUE VA OPICOLPE MIO  ETIQAVEIR EAEVOEPNC EVEPYEIOKNAG

TILKVOTNTAG, WC TILKVOTNTA TNC TteploXnq I

rdA=>e (2.3)

OTIOU N ABpoion yivetal o€ OAA T ATOUO OTO OTPWUA TIOU €TTNPEAOVTOAL OTIO TO
otoixeio N emieaveiag dA, 10 Ke@AAAIo A Oeixvel OTI TO OTOIXEID ETTIPAVEING
eival oe katdotaon TOU  oxnuatiCetal ) KOTAOTOON  AVadIOHOPPWaNC,
(BupnBeite O T ATOPO  OVOKATAVEUOVTIOl G OTIOTEAECHA  QUTAC  TNG
ETUPAVEIOKAC OAANAeTIIOpAOEIG). To otoixeio da ouvdéetal e 10 otoixeio dA

HECW TWV ETTIPAVEIOKWV TATEWV:

da = dA(1+£ii + £h)) (2.4)

OTIou 01 opI{OuEVOl AEOVEC £XOUV ETTIAEYEI £T01 WOTE va gival KABETOI TIPOC TNV

ETIPAvEID (ONAadr), ol €TITOTIOL TACEIG €ival  €1l, €22 Kol €i2 ). AuTég ol

ETUPOVIOKEC TAOCEIC OXETICOVTOI MPE TNV TIUKVOTNTA TNC EVEPYEIOG HEOW TNG

TS
ETUQPAVEIOKNAG TTtieong  ““B pe v oxéon:

Tap = (2.5)

OTIOU O Kal B XPNOIYOTIOIoLVTAL YIO VO aTtodwao0ouy OTI 0l TTOoOTNTEG e€eTa(ovTal
HOVO ETTIQPOVEIOKA, HPE TOLG OEIKTEC va TIaPVOLV TIMEC POvo 1 Kal 2. AuTO( eival
€VaC OTIOTEAECUOTIKOC OPIOPOG TNG ETUQOVEIOKNAG TAONG, Kal PAETTOUME OTI
UTIOPEl va TIPOKOWEL OTIO TNV EVEPYEIOKN ETUQAVEIOK TTLKVOTNTA. [MWC N
ETUQPAVEIOKI TIUKVOTNTA evEPyElD [ e€apTATal aTIO TNV ETIPAVEIOKN TAon; Q¢ Hia
TIPWTN TIPOCEYYION, MUTIOPED KAVEIC va avaTttuEel TNV ETUQOVEIOKL EVEPYEIA LE

Oikovopidng A. lwavvng
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AlgpelivnNon €QOPHOYWV VOVOTEXVOAOYIOG Pe EUPacn OTNV ETIICTANN TOL MnXavikoO

bia Zeipa Taylor oto onueio  «B= 0, o did@opol Opol oe avt ¢ CeIPd
UTIOPOUV va  UTTOAOYIOTOUV. [Ma TOug OKOTIOUC HOC, €ival amAoUCTEPO Vo
UTTIOBEC0LE OTI VIO TIC MIKPEC TATEIC TNC ETUPAVEIOKNG EVEPYEIAKIC TTUKVOTNTOC
gival 1o TETPAYWVO TNG ETIIPAVEIOKAC TAONG, OUEAWVTAC TOUC OPOUG AVWTEPNG
T0ENG (n idla LTIGBeON YyiveTal 0T YPAUUIKY EAACTIKOTNTA KAl YIO TNV EVEPYEIAKN
TIUKVOTNTA TAOoNC). ETTOUEVWC, OTN GUVEXEIO EXOVLUE OTI N TTiEGN OTNV ETTPAVEIN

eival ion pe: (xpnolgotolwvtoag v e€icwan 2.5)

=G, Pk (2.6)

O1 ouvteheotég GaPY6 eival T OULOTOTIKG TOU  ETUQPOVEIOKOD  TOVUOTH
eEAOOTIKOTNTOG, O OToiog €ival éva  d10dIACTOTOGC OVAAOYOG TOU  METPOUL
EAACTIKOTNTOG, OAAG TIPOEPXETOL EIOIKA YIO ETUPAVEIEC, WC OTIOTEAECHO TOU
YEYOVOTOC OTI N ETUQOAVEIOKN evépyela [ gival dla@opeTikh attd v tdon W tng
EVEPYEIOG OTO ECWTEPIKO TOU OTEPEOD. ZNUEIWOTE OTI AV TAVLOTIC TOU PETPOL

EAOCTIKOTNTOC, £XOUVUE:

~oBySd — NMBayd — Oapdy — Gybap 2-7)

Ol TINEC TV CULOTATIKWVY TOU ETTIPOVEIOKOU TOVUCOTH EAACTIKOTNTOCG TIPETIEL VO
AN@OoUV E€ite YEGW LTIOAOYIOHWVY Kal 0T CUVEXEID PEOW NG €€iowaong (2.3), f
uE Aueon pETPNOTN, TIOPOAO TIOU TETOIOU €iOOUC METPNOEIC €ival EEAIPETIKA
OUOKOAEC.

H e€icwaon (2.6) pag Aéel 0TI TO OTIOTEAECHO NG EAELBEPNC ETIIPAVEIOG Eival Ol
AIYEC OTPWOEIC ATOPWY OTNV ETUPAVEIN VA CUUTIEPIPEPOVTOL TIPAYUATIKA GOV VO
gival  KOTOOKELAOPEVEC OTIO GANO  UAIKG OO0V  0@opa TNV  EAOCTIKNA
CUUTIEPIPOPA. Oa PTIOPOUCE KAVEIC va TIPORAAEI TO CWHATIOI0 WC Pia gUVOETN
oour), oxnua 2.11, pe TOV EO0WTEPIKO TILPAVA TIOU €XEl TIC GLVABEIC XVANV
I010TNTEC KOl TO EEWTEPIKO KEALQPOC HE DIAPOPETIKEG EAACTIKEG 1010TNTEG, Ue Bdon
MV eT@avelokn evépyela. Katd Tooov 10 €EWTEPIKO TEPIBAnUa €ival TII0
OKANPO N TIIO HOAGKO €EapPTATOl OTIO TO €i00OC TOU ATOPOU TIOU  €XOUUE,
(onuewaTe 0TI TIOANG vOvoowUaTiola OV Eival HOVO CWUATIOIO PE Eva OTOIXEIO,

ylo topadelypa, 10 ZnO (oeidlo tou Yeudapyvpou) kal 1o Cds (Beiovxo

Oikovopidng A. lwavvng
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AlgpelivnNaon €QAPHOYWV VOVOTEXVOAOYIOG PE EUOACT OTNV ETUCTAUN TOU MNXOavIKoU

Kaduiov) owpotidia). ATO PNXavIKAC OTIOYEWC, 1N CUMPTIEPIPOPA  TWV
ETUQPAVEIOKWYV OTPpWMATWYV dev Ba  eaptnbei povo amod Tov TOVULOTH
ENOOTIKOTNTA TNC ETIUQAVEIOG OAMA Kol armd 10 OXNUA TWV  CWHATIOIWVY,
(Mop@oAoyia), dedopévou 0Tl éva OXAUO CWUOTIdIWV «aOoTEPIO» UTIOPEL va
OVOUEVETOL OTI Ba €XEl WO SIOPOPETIKA ATIOKPION OTNV ETUPAVEIN, (OTO ETTITIESO
¢ e€iowong 2.3) arod o, T Eva o@AIPIKO CWUOTIOI0 TOU iBIoL UAIKOU. ZUOVOETECQ
MNXAVIKEG TIPOOEYYIOEIC MUTIOPEl VO XPNOIYOTIoMBoUV yia va UTIOAOYIOTED N
OTIOTEAECUOTIKI) EAOCTIKI] CUUTIEPIPOPA TWV HOPIWV TIOU €XOULV Wi TETOIO doN

TTUPAVA-KEADQOUC.

SxNua 2.11 Muprvag - KEAVPOC POVTEAO EVOC VAVOCWUATIOIOL TIOL BewpolvTal
W¢ é&va GUVOETO, PE MIa ETTIPOVEIAKT) OTPWAON VA EXEl SIAPOPETIKEC IOIOTNTEC WC
OTIOTEAECUO TNG ETUPAVEIOKIG EVEPYELQC.

Ma mopadelyua, (Dingreville et al. 2005) dgixvel 0Tt  CUUBOAA TNG EVEPYEIOKNG
ETUPAVEIOC  YIO  €va  OTIOTEAECHOTIKO  OUVIEAECTH]  €VOC  OQOIPIKOU
VOVOOWMOTIOIOL gival avTIoTPOQWC avaAoyn HeE TO PEYEBOC TWV CWHATIdIWVY.
Mo 1o peydAo OWUOTIOIO TO OTIOTEAECUO MTIOPED va  ayvonBei, oAAG TO
OTIOTEAECHA EiVOI GNUAVTIKO YIO TO VAVOOWUATIOIO.

E@appoyeg TTOAWVY vavoowpatidiwv Baaciovial oTo Yeyovog 0TI 0l ETUPAVEIEG
TWV VOVOOWMOTIOIWY UTTIOpoUV va TPOTIOTIOINB0VV YE TNV TIPOCGONKN Of QUTEC
OUYKEKPIUEVWVY HOPIWV Yyl TNV EKTEAEOT EI0IKWV AsIToupylwv. H dladikaaio
auty eival yvwotr] w¢ evepyortoinon, functionalization. Mo Topddelyua,
HETOAAIKG VOVOOWUOTIOIO UTIOPEl va  €ival €TIIKOAVUUEVO HE €va OTpWUd
OPYOVIKNG XNUIKAG €vwang, Kal Ot CULVEXEID, €10IKA BIOAOYIKG HOpIO TIOU
ouvdéovtal PE TN PIOAOYIKN) XNMUIKA €vwaon, (oxAua 2.12), €101 WoTe Ta
EVEPYOTIOINUEVO VOVOOWUATIOID PTIOPOUV va OAANAETIIOPOUV HE TO [BIOAOYIKO

TiepIBaArAov (Bruchez et al.,, 1998). Ta popla £XOLV ETTIAEYEL yia va ETIITEAECOUV
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Algpelivnan QOPUOYWVY VOVOTEXVOAOYIAG UE EUPOCN OTNV ETTICTAIN TOU MNXavIkoD

OUYKEKPIPEVN AEITOLPYIO, OTIWC N AvVayVwWPICOT EVOC HoPIiou oTo TIEPIBAAANOY, Kal
€101 OVOUAZOVTOl EVEPYOTIOINUEVA POPIA.

H amootaon METOED TwWV EVEPYOTIOINUEVWY HOPiwV opilel TNV TTLKVOTNTA
evepyottoinong. Aedopévou OTI TO POPIO TPOTIOTIOIOUV TNV KATACTOCTN TNG
ETUQOVEIAKNC TAONG OTav TIANCIAC0ULV  OTNV  ETUQPAVEIN, N TIUKVOTNTA
EVEPYOTIOINONG TPOTIOTIOIEI TNV TACN OTNV ETUQAVEID KOI PTIOPEI AKOPN Kal va

TpOTIOTIOINGEL TNV KaBapr SIATTAOCH TWV VOVOCWHATIOIWV.

Evepyomoinuéva popio

Z)’(r']ua 2.12 'Evg qcpalplxé VAVOOWMOTIOIO TIOU UETOPEPEL APKETA OPYAVIKA
HOPIO OTNV ETUPAVEIX TOU.

H diadikaaoia evepyoTttoinang aAAdel TNV ETIQAVEIOKT TGN TOU VOVOOWHATIOIOL
ME TNV OANOYR TWV TINYWV ETIIPAVEIOKNG EVEPYEIAC KOI, OVTIOTOIXWE, OpIouéva
€idn evepyottoinong €ival EVKOAOGTEPO YO TO VOVOOWUATIOIO TIOU £XOLV EIBIKNA
ETUPAVEIOKN TAON.

AuT| n TPOTIOTIOINGN TNC ETMIPAVEIOKNE TAONG Twv vovoowuatidiwv Ba
e€aptnOei amd v n TTUKVOTNTA IVTIWV EVEPYOTIOINTIKWVY HOPIO TIOL EQPAPPOLETal
otnV eTPAvela (N TTLKVOTNTO OpPIETal WCE 0 APIBUOC TWV POoPIWV EvEPYOTIOINaNC
OvA POoVAda ETIPAVEINC).

To avTioTpo@O €ival N TETPAYWVIKN pila auTr¢ TNE TIUKVOTNTAG EVEPYOTIOINONG
TIOU TIOPEXEl GAAN MIa €yyevhy KAHOKO PAKOUC OTO TIPOPRANUA. YTIAPXEl MO
ovéavopevn ocelpd  TwV  PIOIOTPIKWY  EQOPHOYWV TWV  EVEPYOTIOINTIKWV
VaVOO WUATISIWVY, oxnua  2.13, (Sanvicens kol Marco, 2008)
ouuTIEPIAAUBAVOUEVWY TV TIBAVWY BEPOTIEIV YIa OpIouéva  €idn Twv
Kakonon oykwv.
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Algpelivnan €QOPPOYWY VOVOTEXVOAOYIAG UE EU@OaCn aTnV ETICTAUN TOU MNnXavikoD

Tumor-binding ligand
Antibody

Imaging probe

Drug molecule

Coating molecule

ZXAUa 2.13 ZXNUOTIKN ATIEIKOVION €VOG TIOAD AEITOUVPYIKOD VAVOCSWUATIOIOL e
OVIXVEUTEG /KAl PE OVTIKOPKIVIKA @APUOKA EYKAEIOUEVA PEoa o€ €10IKA ligands
ME TO AVTICWHATA VO EPQAVICOVTal OTNV ETTIPAVEILQ.

AMNQ €idn evepyortoinong WTOpPEl va 0dnyrnoouv otnv aAAnNAETdpacn Twv
VOVOOWUOTIOIWY PE OTITIKA WNKN KOUOTOC, YEYOVOC TIOL 0Onyel o€ dIAPOPEC
EQAPMPOYEC aIoONTPwWVY, (Eva GUYKEKPIYEVO TIAPADEIYUA GTOV TOPED QUTO Eival
N €popuoyn UE TIC KPaVTIKEG TeAeieg, (Alivisatos, 1996).

2.6 NavoowAnVve.

Ymdpxel pia tepdotia PiBAloypagia OXETIKA Pe vAVOOWANVEG avBpaka. EE
OPIoHOU, VOVOOWANVECG €ival CWARVEC TIOL £XOLV SIAPETPOUE VOVOKAIPMAKOC Kal
KATIOIO TIPOKOBOPIOPEVO TIAXOC TOIXWHOTOG, ME MAKOC TIPOG OIGUETPO OF
avoAoyieg TTou ouvnBwC ival peyaAltepeg amo 10. O1 vavoowArveg avepaka,
oxnua 2.14, armotehovuvtal ard OOUEC PE POvVA 1) TIOAAOTIAQ TOIXWMOTO TIOU
MTIOPOULV va BewpnBolyv w¢ QUANO YPa@HUATOG TIOL TUAiyovtal, oxnua 2.15.
KaBe @UANO €xel éva TTaXL OTPWHO ATOPWY aTIO AvOpaKa SIATETAYUEVA OE MId
OUYKEKPIPEVN SO - avAAoya PE TO TIWC OKPIBWCE TUAiyovTal Ta @UAAQ, pia aTto
TIC TIOIKIAIEC TV VOVOOWANVWVY €ival yvwaoTr w¢ TIoALBpova, oTtpdA i dyk-
{ayK VOVOOWANVEC.

To €€aywVIKO d101A0TOTO TIAEyUa avTioTolXieTal o€ éva KOAIVOPO akTtivag R e
EAIKWOEIC TIOL XOPOKTINPI(ovTal aTIO TOLG AEYAUEVOULC TpOXaioug QopEig (n, 1),
KOBW¢ Ta dld@opa €idn vavoowAnveg xapaktnpidovtal amo avtda ta evyn (n,
m), oxAua 2.16.
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ZxAua 2.14 NavoowAnveg (NASA, 2008)

>xNua 2.15 duAAa ypagruatog, Graphite sheets, vavoowArnvwy
(Nanopedia,2008)
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Algpelivnon €QOPPOYWY VOVOTEXVOAOYIAG Ye EU@acn atny TICTAUN TOU MNnxavikoD

XAHa 2.16 ZXNUATIKA d0UNAC TWV VOVOOWANVWY AvBpaka.

O1 €€WTEPIKEC KAIUOKEG UNKOLC OXETI(OVTOl PE TO ECWTEPIKO OTOUIKO dlACTNUA
TWV VOVOOWANV®WY, KABWE Kol TNV amootoon Twv OTEAEIwV, (01 OTEAEIEG
MTTIOPOUV VO EAEYXOULV TIC UNXAVIKEG IO10TNTEC TWV VOVOTWANVWY).
YTmapxouv, (oxAua 2.17), TPEIC OXETIKOI UNXaVICPOI TTIapapop@waonc:

e AUYIOPOG OTAANG KOl KEADPOULC TOU CWANVA PE AETITA TOIXWUOTA,

e TNAECKOTIIKI) GUPTITUEN TOU CWANVa, Kol

e Bpavon Tov CwANva.
TNAECKOTIIKOC €ival €vag TPOTIOG TIAPOAPOP@WONG TIoL gival duvatdg Povo ae
VOVOOWANVEG YE TIOANATIAG TOIXWHATA, OAAA AUYIOUOC Kol Bpalon pttopei va
EUPAVICTOVV 0 OAOUC TOUC VOVOOWANVEC.
ALYIOPOC €ival Pl QOUIKN) 00TABEIO KOTA TNV OTIoIa pIo SOOI TIOPOUOPPWVETAI
EA@VIKA PE aTtOTOPN TITWOT TNG IKAVOTNTAC PETOPOPAC POPTIOL, Kal, GLVETIWC,

OTIOTEAEl HI0 AOTOXIO TTIOL OQEIAETal GE DIAPOPWTIKO PUNXAVIOUO.
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Algpelvnon QOPPOYWY VOVOTEXVOAOYIAG HE EUPOCN OTNV ETTIGTAUN TOU MNnXavikoD

SXAUO 2.17 ZXNUOTIKN ATIEIKOVION TWV 000 TIBOVWY TPOTIWV TIAPAPNOPPWANC
Kal aotoXiog Twv vavoowAnvwv. (A) Auylopgog oe pia Aty otAn. (B)
TnAeoKoTUKNA €vO¢ MoAUTOIXOL vavoowAiva. H Bpaldon Twv vavoswAnvwy gival
0 TPITOC TPOTIOC, OAAG OeV EU@AVICETAI OTO OXNMA.

YTtdpxouv TIOAAG SIO@OPETIKA €idN ALYIGUOU, O TIIO YVWOTOC Eival 0 BAITITIKOG
ALYIOPOC AeTTTHC OTAAN, (TTou ovopddetal Euler Avylopog). Auto eival pia
Ol0PBPWTIK acTdbela KAt TV OoToia n oTtAAN TOVEl VO TIOPOUEVEL (ala,
Ttaipvovtag pia KAion oto oxAua Otav 10 QopTio LTtEPPaivel pia Kpioun Tiun
TIOL ovopadeTal PopTio Aoyiopou Euler:

Pcr = TAEI/L.2 = iftA/iU?2 /pg)= TAEA/SR2 (2.8)

omouv U e€ival To TIPAYUOTIKO PAKOC TNG OTAANG, Kal 1= Apg2 €ival n porm

adpaveiag, pe A n em@dveia dlOTOUNRG TNG OTAANG Kal p9:I-'/\ HIO YEWMETPIKN
1010TNTa NG SIOTOPNG TIOU OVOUALETOl OKTiva TIEPIOTPOPNG. MO MO KUKAIKY
OI0TOWN AKTIVAG I,: pg = 12, eV yia éva CWANVAPIO PE ECWTEPIKI AKTIVA T Kal

TIAX0G TOIXWMATOC t, N OKTivVa TIEPICTPOPNC Eival:
pg = Vr0* + O /V2 (2.9)

H avaloyia Tou Tpayuatikol PAKOUG TNG OTAANG TIPOC TNV OKTIiVa TIEPIOTPOQNC
ovopadetal 1oxvoTNTa: sr = Le / pg . MeyaAog AOGYoC 10XvVOTNTOC —Onuaivel
XOUNAG Kpioio @optio Avylopol o€ cupTttieon. Aedopévou OTI TA UNAKN TWV
OlKovouidng A. lwdavvng
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AlgpelivnOn EQOPHOYWV VAVOTEXVOAOYIOG PE EUPACN OTNV ETIICTAN TOL MNXaviKoL

VaVOOWANVWV €ival ouvnBwg TAEEIC PeEyEBOLG peyaALTEPO OTIO TN OIAPETPO,
TETOI0C OAITITIKOC  ALYIOMOG UTIopEl va oLPBel TTOAD €0KOAQ, Kol €101 Ol
VOVOOWANVEG OTIAvVIO TIpoopidovTal yia xprion UTO BAITTTIKN @option. H KOpla
KOTOTIOVNOT TWV AETITWV VAV EiVOl TIAVTO 0 EQEAKUTHO.

QoT1000, OKOUN Kol OTtav TO EQOPUOCIUO  @QOPTIO  Eival  EPEAKLOUOCG, Ol
VOVOOWANVEC OLVABWC UTIOKEIVTOL O€ KOUTITIKEC QUVAUEIC (Y10 TIAPADEIYUA, WC
OTIOTEAECHA TWV EKKEVIPWV AEOVIKWY POPTIWV), Kol OTIC TIEPITITWOEIC OUTEC N
TIPOCOETN AEITOUPYIa TOU OCUUPHPETPOU AUYICHOU TOU TOIXWMOTOC TOU CWARVO
KoBiotavtal  duvatr). [MPOCOUOIWCEIC TOU  AUYIOHOU  €VIOIOU  TOIXWMUOTOC
VOVOOWANVO AvOPOKa UEAETWVTOI TOOO ME TN MEBODO TNC HOPIAKIC OUVAIKIC
000 Kal PE TNV PEBOSO ouveXOUC WEGOU aTIO TIOAAOUG CLYYPAPEIC, OTIWG Yia
apadeypa, (Cao kai Chen, 2006). 'Evac vavoowARvac avepaka TTIOAAATIAWY
TOIXWMATWVY OTOV KOTOTIOVNOED e EQEAKLCUO UTIOPED APXIKA VO OOTOXNOEl e
TNAECKOTIIKY SIEPYACia KATA TNV OTIoIO Ta E0WTEPIKA TolXwuata Tpaplovvral o€
oxéon e 1a €€wteplika (Cumings kai Zettl, 2000, 2004). Autdg¢ 0 TPOTIOC
00TOXiOg O@EIAETOI OTO yeEyovOG OTI N dlATUNTIKA avtoxr tng SIETIOQNG WETAED
TWV TOIXWHATWV Eival ONUOVTIKA XOUNAGTEPN ATIO TNV OVIOXH TwV TIOAAATIAWVY
TOIXWHATWY TWV VAVOCWANVWY. H OXETIKN 0AIGONCN TWV TOIXWHATWVY QaiveTal
va yivetal oxedov xwpi¢ tpIBR (Kis et al., 2006). H tnAeoKOTIKA AiToupyia
TIPOTEIVETAI ETTIONG O€ €QOPUOYEC WE AITONTIPEG VIO HIKPEC PETATOTIIOEIC KAl W
KwdIkoTtoINTéC (Jiang et al., 2007).

Av évag vavoowAnvag tebei uto BAITTTIKN Tdon, 0 KOPIOC TPOTIOC aaToxiag sival
n 6pacn (Yu et al.,, 2000b). O 1poOTIOG TNC Bpavong e€aptdtal aTo T doUN Kol
M o0vBeaN TOU VOVOOWANVa, KOBWC Kal aTto ToV apIiBPO Kal TIC OXETIKEC BETEIC
TWV ATEAEIDV OTO ECWTEPIKO TOU VAVOOWANVA, (CNUEIOTE OTI OTEAEIEC OTOUG
VOVOOWANVEG onuaivel 0TI A&iTTouv Kupiwg Aatoua 1 Bpiokovtal dtopa o AdBoC¢
0ean). Ze avtiBeon pe TIC OCLUPBOTIKEC KPUOTOAAIKEC UETOAAIKEC KOTOOKEUEC, Ol
VAVOOWANVEG dev  TIEPIEXOUV  €€apBpwoelg, Kal €10l N e€opOPWTIKN
TIAOCOTIKOTNTO PJE KOaBopr]  €TUTAXUVOMEVN aoToXio Oev MTIOPEl va cUPEL
MoAUToIX0l VAaVOOWANVEG AvBpaKa HUTIOPOoUV Vo XPNOIUOTIOIoUV TNV OAicBnaon
OVAPESO OTO OTPWHATA TWV TOIXWV yia va dnNUIOUPYr|COLV TIPOPAVI) TIAOGTIKN
TTAPAPOPPWAON TIPIV aTmmo TNV TEAK Bpavon, (outd oxetidetal Pe TNV
TNAECKOTIKA AEIToupyia), aAAD VOVOOWANVEC AvOpaKa HOVoD TOIXWHATOG O&V
éxouv avuty Vv duvartotnta. [oAUToIXol VAVOOWANVEG AvOpaka cuxvda

Bpavovtal AOyw eAAEIPEWG TOL TIPWTOL ATIO TO EEWTEPIKA KEALPN (auTOg O
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AlgpelivnNon EQOPHOYWV VAVOTEXVOAOYIOG Pe €U@acn oTNV TICTAMN Tou MnXaviko0

TPOTIOC MPEPIKEC POPEC OTIOKAAETal «oTtaBi-oTn-6nkn», “sword-in-sheath” ) (Yu
et al., 2000). Otav o1 O¢éopeC amd VAVOOWANVEG HE MHOVA  TolXWUOTO
KotartovnOouv ag OMITTTIKY) TAon, o dEoun @aivetal va Avyilel TipoC Ta KATW
TIPIV OO TNV 6pdon, oAAG auUTO AVTIOTOIXEI OTOV TIPOOJELTIKO OPIBUO TwV
TIOAMATIAWY  VAVOOWANVWY  ota  TtAaiola ¢ déopng (Yu et al., 2000).
MPOCOUOINCEIC  OEiXVOLV 0TI  VOVOOWANVEG AvBpaKa POvoD  TOIXWHATOC
EVOEXETAI VO OOTOXINOOLV TEAIKA PECW TNG avaAdIOPYyAVWAOTNE TNE ATOMIKIE TOUC
oouNg  MEXP!I OTOU HEPOVWHEVOL Oeopoi va  @épouv TO @opTtio. OI vavo-
OWANVEC UTIOPOUV va XPNOCIUOTIOINBOUV YIO TNV KATOOKELN) CUVOETWV ULAIKWOV
QIO {VEC TTOL PTTOPOULV VO KANPOVOUNCOULV KATIOIEG OTIO TIC EEQIPETIKEG 1010TNTEC
TV vavoowAnvwv, (Coe et al, 2009). MNa TapAadEyUa, VOVO-CWANVEG AvOpoKa
MTIOPOUV VO AVOWPEYVUOVTAl PE OPYIAO-TIUPITIKA LAIKA KOl VO TIOPAYOUV TIOAD
AETITEC TIAGKEG TIOUL €ival TIOAD QVOEKTIKEG Kal aywYIUEG. TO TTAPAYOUEVO UAIKO
uTopei  €miong va  xpnolgotoinBei w¢ €va  OKANPO, OVOEKTIKO, LWNAARC
Bepuokpaaiag kal XaunAng TPIRNG emioTpwpa. Ta TPEXOLCO OPYIAO-TILPITIKA
KOTOIOKELAOMATO OTIOTEAOUVTOL OTIO owaTidla JI0EEIdIoL TOU TILPITIOL OTO
@dopa ard 50 €wg 100 nm. Eivar duvat n BeAtioon Twv 1I810THTWY TOUG PE TN
peiwon Tou peyEBoLC TWV CWUATIOIWY TwV KLWEAIdwY, matrix, ge 5 10 nm.
AUTEC 01 KUWPEAIDEG UTTOPOULV va eviaxuBolv pe tnv Xprion 0,5% vavoowAnvwv
Kol vo €EAKOAOLBOUV Vo TIOPAYOUV UAIKO €EAIPETIKAC OVIOXNG Kol BEATIOTNG
NAEKTPIKAG AYWYIHOTNTAG.

2.6.1 Movo@Aolikoi vavoowAnveg AvBpoaKa, (single-walled nanotubes,
SWCNTS)

Ol povo@AolIKoi vavoowAnveg avBpoka , oxnua 2.18, armoteAolvial amo éva

YPA@ITIKO QUANO TUAIYUEVO a€ KaBopIopEvn dlebBuvan ag KUAIVOPIKO aXnua.
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ZxAua 2.18 Movo@Aolikog vavoowArvag dvopaka (SWCNT)

O1 SWCNTs uropei va eival KA€loToi 010 GKPO TOUG OTIO ‘KOTIOKIO' ME
NUICQAIPIKI] O0Jr], OTIWC OUT TWV @EOUAEPIVMV. ZUVETIWC, TIEPIEXOLV Kal
TIEVIAYWVA OTA AKPO TOUG EKTOC aTIO €Aywva. H SIAUETPOC TOLG dev EETIEPVAEL
T0 2 NI, VW TO PAKOG TOUC TTIOAAEC (POPEC PTAVEL Kal Ta 5 . O TpoTog 1 N
01ELBLVVON KOTA TNV OTIoi0 TUAIYETAl TO EEAYWVIKO YPOQITIKO QUAAO KaBopiletal

OTI0 T0 d1avuapa chiral, 0TIwC @aiveTal Kol gTo oxNUa 2.19.

\6

Jt—-

Sxnua 2.19 Tpa@Itiko TIAEYPO Kal aTtelkoviaon diavoopatog chiral

EmuAéyovtal d00 Atopa OTO ypa@ITIKO TIAEyda, O kal A. ‘Emerra TuAiyetal 10
(QUANO, wate T0 O va cuuTécel Pe 10 A kot 10 B pe 1o B’ To didvuopa chiral
éxel apxn 1o O, Tépag 10 A KOl TO PNKOC TOU 100UTAl PE TNV TIEPIPEPEID TOU
vavoowAnva. H d1ebBuvan Tou vavoowAnva gival Ttavta KABETN ue 1o dldvuoua

chiral (Ch) ,1o omtoio kaBopiletal amo 1o povadiaia diavoopata Tou d1dIACTATOU
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ypa@ITikoL TtAéypatog, al kalt a2 , wg Ch = n al+ m a2, é1ou n Kal m oképalol.
H ywvia 8 gival n ywvia tou diavioopatog Ch pe 1o didvuoua al.

Mo m=0 (6 = 00) o avrtioToIX0C vVavoowAnvag ovouadletal ‘zigzag. An m=n
(6=300) , tOTE TIPOKUTITEI 0 ‘armchair vavoowAnvag, evw yia m#n (0<6<300)
éxouvpe tov ‘chiral vavoowArva’. ‘Evag armd Ttoug KOPIoug OKOTIOUG Twv
gpeLVNTWV €ival va ouLvBECOUV POVOEAOIKOUG VAVOCGWANVEG AvOpaKa UE
TIpoKaBoplopévoug OeikTe m Kol 1. Z10 oxnua 2.20 @aivovtal ol TPEIC OOUEC

TWV HOVOPAOIIKWY VAVOCWANRVWVY GvOpaKa.

OAe¢ o1 TBOVEC OOHPEC TWV  HPOVOMAOIKWY  VAVOOWARVWY  avBpaka
amelkovidovtal oto oxnua 2.21. O TEPIOPICUOG a@oPA OTNV  ywvia Tou
olavoapuatog chiral (300 1 m<<n) O1 akéPaIOl M Kal N EKTOC ATIO TNV doun Kal
N SIAPETPO TOU VOVOOWANVO LTTOONAWVOULVY KOl TIC NAEKTPOVIKEC TOU IOIOTNTEG.
Otav 10 TNAIKO (n-m)/3 gival aképalog apiBPog, 0 VOVOOWANVOC TIOPOUCIAlEl
METOAAIKY GUUTTEPIPOPA (TIPACIVOL KUKAOI GTO OoXNua 2.21 ) evw o€ KABE AAAN
TIEPITITLON  €ival nuiaywylpgog (UTIAe onueioc oto oxfua 2.21). Aicel va

avagepBei 0TI 0AoI oI armchair vavoowAnVeC €ival JETOAAIKOI.

ZxAua 2.20 Armchair, Zigzag ko Chiral vavoowArveg avBpoaka
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llSl
armchair

SXAMO 2.21 MBAVEG SOUEG HOVOPAOIKWV VAVOTWANVWY GVOpoKa

2.6.2 MoAv@Aolkoi vavoowAnveg avBpaka, (Multi-walled nanotubes, MWCNTS)

Ol TTIOAU@AOIIKOI VOVOOWANVEG AvBpaka aTtoTEAOUVTOl ATIO IO CEIpd aTto
YPOQITIKA QUAAQ, TO OTIOIO €ival TUAIYUEVO OUOKEVIPIKA TO £va HECO OTO GAAO,
OTIWG Qaivetal oto oxnua 2.22. H dIAUETPOC TOLE CLVABWCE KLPAIVETAI PETAED
Twv 3 Kal Twv 250 vavo-pétpwv. H amootaon PETOED TwV TOIXWHATWY TOUC
Tipoaoeyyilel TNV améotacn YETA&L dV0 ypa@ITIKWV @UAAwWVY (0.335 nm ).

Id10iTEPO EVAIAPEPOV €XOLV TIPOCEAKUCEI TO TEAELTAIO XPOVIA Ol TIOAU@PAOUKOI
VOVOOWANRVEG AVOpaKa TIOU TIEPIAAUPBAVOUV dLO YPAPITIKA @UAAa (Double-
Walled Carbon Nano-Tubes, DWCNTSs). Ot 1310TNTeC TOUG Eival TIOPOUOIEG PE
OUTEC TWV POVOQPAOIK®WV. Mapouaiddouv 1O TIAEOVEKTNPA OTI TPOTIOTIOI0VVIAI
XNUIKA TTI0 €0KOAQ OTIO TOUG PMOVO@AOIKOUC, OTOUC OTIOIOLG YyIa VO TIPOOTEDEI
XNMIKA plo opdada XPpEIGdeTal va OTIAO0LY OPIOHEVOL BITIAOI deapoi. Me autov
TOV TPOTIO TIPOKOAOUVTIOL Kevd ot dopnl twv SWCNTS KOl GUVETIWG
METABAANOVTAI OI NAEKTPIKEG KOl Ol UNXAVIKEC TOUC 1I010TNTEG. Z€ AVTIBEDT), GTOULG

DWCNTS TpOTIOTIOIEITOl HOVO TO EEWTEPIKO TOiIXWHA.
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SXAMO 2.22 Aopr TIOAV@AOIKOD VaVOCowARva AvBpaoka, (Tinyn,

http://www.nanotech-now.com/nanotube-buckyball-sites.htm)

2.6.3 AtéAeleg ot d0UN TWV VOVOOWARVWY AvBpoKa

OTtw¢g Kol o€ KABe AANO UAIKO, €101 KOl OTOUC VOVOOWANVEG AvBpaka
evtorti(ovtal TTANBwWPA aTtO OTEAEIEC, Ol OTIOIEC PTTIOPOUV va LEIcTOvVTIAl HYE TN
HOP®N TWV OTOPIKWV KEVWV, OTtwG dOtixvel To oxnua 2.22a. Emiong, pmopolv
va TIapatnPnoolv véeg SOpEC OTwg Y- | T- dlakAadwaoelg (oxAua 2.2203 )
KOBWC Kol OAANOIWaN TOU KUAIVOPIKOU OXNAMATOC TOug, OTav aviikaBiotavial
e€aywva PE EMTAYWVA I TIEVIAYWVO OTO TIAEYHO TWV VOVOOWANVWVY. AAAN
KOTNyopio  OTEAEIOV  TIPOKOAEITOI OO OKOBAPOIEG-TIPOCHIEEI;  TTOL

EVOWUOTWVOVTal oTn douf Toug KAt TN OIAPKEID TNG AVATITUENG TwWV

Oikovopidng A. lwavvng
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VOVOOWANVWVY, OTIWE €ival Ta KOTOAUTIKA owpatidla. Mia GAAn Bacikry popen
ATEAEIV OTIOTEAEL 1N Tapoudia Auop@ov AvOepoKa OTa  TOIXWHATA  TWV

VOVOC WANVWV
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IXAHO 2.22 ATEAElEC OTn SOU TWV VOVOOWARVWY ) ATOUIKO Kevo B) Y-

Sl0KAGdwWaON

2.6.4 1310TNTEC VOVOOWANVWY AvBpoKa

OTtw¢g TIPOoaVAPEPONKE, Ol VOVOOWANVEC AVOPOKO ETIIOEIKVOOUV HOVADIKEC
IOI0TNTEC TIOU TOULCG ETUTPETIOUV VO XPNOIUOTIOIOUVTIAI C€ MO CEIpa  aTIo
EQPAPUOYEC. EKTOC TwWV  PNXOVIKWV, OOUIKWV KAl  NAEKTIPIKWY  IOI0TATWY,

TIOPOLCIAOLV OEI0ONMUEIWTEG BEPUIKEG KAl OTTTIKEG IDIOTNTEC.

2.6.5 MnXavIKEC IB10TNTEC

Ol VOVOOWANVEG AvOpaka gival Ta TIIO EAA@PPIA KAl OVOEKTIKA LAIKA. H €1d1Kn
TOoug eTu@Avela ayyidel ta 1000 m2/g, n TIUKVOTNTA TOLC Kupaivetal ota 1.3
g/cm3 kol n aviox) TIou ETUOEIKVUOUV Of EQPEAKUCHO TInyadel amod Toug
OMOIOTIOAIKOUC OeCHOUCE HETAED TWV ATOPWVY AVOPAKO OTO TIAEyUd Toug. EXel

ava@epBei 01 evag MWCNT 1tapouaciadel aviox) o€ €QEAKLUOUO ion pe 150
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AlgpevNON EQAPUOYWV VAVOTEXVOAOYIOCG PE EUOACT OTNV ETIICTAMN TOU MNXAVIKOU

GPa. AutO peTa@pAadeTal oTnV IKAVOTNTA €vog KoAwdiov pe dotouny 1 mm2 va

aviExel Bapog 15000 Kg.

Mivakag 3 Mnxavikég 1810TNTEG SIAQPOPWV LAIKWV

YAIKO MéEtpo Avtoxn og Emipnkuvon mpwv
EAAOTIKOTNTAC EQPEAKUCO ™ B6pavon ( % )
(TPa) (GPa)
Armchair 0.94 (©) 126.2 (©) 23.1
SWCNT
Chiral 0.92
SWCNT
Zigzag 0.94 (©) 94.5 (©) 15.6-17.5
SWCNT
MWCNT 0.8-0.9 150
Avoéeidwto 0.2 0.65 - 1 15-50
aTaAaAL
Kevlar29 0.062 3.8 35
Kevlar49 0.13 3.6 2.5
Kevlarl49 0.18 3.6 19

Emiong o1 vavoowAnveg avlpaka Tapouciddouv  TIOAD  uPNAO  HETPO
EAOOTIKOTNTOCG Young KOTA TNV a&ovikr) dlebbuvon. 210 cVUVOAO Toug, €ival TIOAD
EVAUYIOTOI AOYW TOU MEYAAOUL TOLCG PAKOULG O TTivaKAC 3 CLYKPIVEL TIC TIMEG TWV
MNXOVIKWV 1810TATWV JIAQOPWY UVAIKWY, TIOU €XOUV UTTOAOYIOTEI TIEIPAPATIKA,
OAG  Kal aTto  BewPNTIKOUG ULTIOAOYIOPOUG . A onueEiwbei 6t n Omopén
ONUAVTIKOU TTI0OCOOTOU OTEAEIWV OTO TIAEYUO UTIOPED VO EAATTWOEL TNV AVIOXT)

0€ EQPEAKLCHO UEXPL Kal 85 %.

2.7 Navoiveg

Navoiveg €€ opiopoU €ival OTEPEEC iveg OTIOU N SIAUETPOC Eival PIKPOTEPN ATIO
100 nm, kol OuVABWC TO MNAKN TWV VOV Eival TIOAEC TAEEIC peEyEBOLC
HEYOAUTEPA OTIO TNV SIAUETPO TIOPAYWYNG TWV VWV, H TIPWTOPXIKY €EWTEPIKNA

KAlUOKO JRKouG €ival w¢ €K TOUTOU N SIAPETPOG VWV Kal TO PAKOCG TWV VWV,

OIKovouidNng A. lwavvng
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Algpelivnon €QAPUOYWV VOVOTEXVOAOYIAC UE EU@ACT OTNV ETIICTAUN TOU MnxavikoD

(Charitidis, 2006). MapoAo 1oL UTTIAPXOULV JIAPOPEC Vavoiveg dIABETIPES, N
OULVIPITITIKA TIAEIOYN®@ia Twv vavoivv TIovu cuoxetidovial Pe TOV TOPEA TNC
VAVOTEXVOAOYIAC Eival KATAOKEVOOUEVEG OTIO TIPOOPOPES TIOALMEPEIC OULTiEC,
ouvnNOwg pe dlEPyaaieg OTIWG Ol NAEKTPOOTATIKEG, OXNHa 2.21. A TIOAVUEPEIC
VOVOIVEG, MIO E0WTEPIKN KAIMOKA PAKOULG TIOU QAiVETOl OXETI(ETAl PE TO POPIOKO
BApOCg TWV VWV, Kal UTIOPEI VA AVTILETWTIIOOEI YE d1IAPOPEC OVOPATiIEC OTIWG TO

MOPIOKO UNKOC €iTe WC TO PNKOC EPUOVNC*, (persistence length).

>xAua 2.21 Navoiva avepaka pe dour PopOKOKKOAO

To uNAKOC EPPOVNAC Eival TO MPAKOC KATA TO OTIOI0 O TIPOCOVATOAICHOCG €VOC
MEPOUC PEYAAOL POPIOL CUOXETIETAI PE TOV TIPOCAVATOAICHO €VOC GAANOUL, £T01
WOoTE 10 PBaCIKA PETPA, N OKOUYPio TOu pOpiou, Ta MPEYAAQ MNAKN EPPOVAG
OUVETIAYOVTOl OKOPTITO  popla. Mo TTopddelypa, TO MAKOC EUMOVACG  MIOC
AKauTITING PABdou Ba eival ATelpo, evw TO PNAKOC eupovng tou DNA eival
Tiepitouv 50 nm. XTI CUPPOTIKEG TIOAUPEPIKEC (VEC ME SIOPETPOULG VWV OTNV
KAIJOKO  PIKPO, TO MNAKOC €MUOVAC TOL TIOAUMEPOUC Eival ouvABwg TIOAD
MIKPOTEPO ATIO TN SIAPETPO TwV VAV, H akapyia twv vy kabopiletal oxl amo
TN MOPIOKN OKOpWio 600 Kal aTtd TNV TIOIKIAIO TWV CUVOECEWVY TWV TIOAAATIAWY
popiwv 1Tov armaptidouv TNV iva. Aut €ival yvwoTt w¢ evipoTtia duokauyiag,
ME TO OKETITIKO OTI €ival 1d1aitepa dloTapayPEVN KATACTOCT, ME TIOAAEG TTIBAVEQ
OlOUOPPWOEIC, TIOU TIPOTIUWVTIAI OE OXECN ME KOOOPIOUEVEC KOTAOTACEIC

(AlyOTEPEG dLVATEC BIOUOPPUTEIC) ATIO EVIPOTIIKAC ATtoyn .

*To UNKOG EUPOVNAC, persistence length, sival pia Baoik pnxaviki 1816tnta
TIOOOTIKOTIOINONG TNE aKOUYiag evog JOKPOoU TIOAUEPOUC.
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‘Otav n SIAPETPOC VWV TEIVEL VA TAVTIOTEI PE TO PNKOC EUUOVIG TOU [opiou,
TIPETIEL VO OVOPEVETAL PIO OPAMPATIKI) GAAQYH OTn CUMPTIEPIPOPA TNC ivag
(eTte1dn n poploKn akauyia gival n idlo TTAEOV ONPOVTIKA, Kal OXl OTIAWG N
evIpoTtia duoKauiog). AUTO LTTOONAWVEL OTI VAVOIVEG Ba TIPETIEL VA €XOULV
TIOAD SIO@OPETIKEC 1B10TNTEC ATIO TIC OLUPATIKOU HEYEOBOLC VEC. ZNUEIWOTE
OTl Ol TIEPICCOTEPEC OAULCIOEC TIOAVUEPWV EXOUV OXETIKA OKANPO avOpaka
OV PAXOKOKOAIG TG OAucidag. H dladikaoia Tng KATOOKELNG TWV
VOVoivwyv KAt KOvOVa CUVETTAYETOl HIO ATIOTEAECHOATIKY OXedioon Twv
VOV, ME OATIOTEAECHUO TO TIPOCOVATOAIOPEVA HOPIa VO €XOLV  TTAAL
MEyaAUTeEPN akapyia. ‘ETOl, O€ YEVIKEC YPOAPUEG, Ba TIPETIEL VO AVAUEVETAI
Ol n okouyia TNg vavoivag 6o utepPaivel TNV akapyio Twv Vv
OLUBOTIKOU  peyEBoUC. TPOCBETEC ETUTITWOEIS TIPOKUTITOLY AOYW NG
QUENMEVNG ETTIPAVEIOG WC TIOOOOTO TOU OYKOU TIOU OXETI(OvVTOl HE TIC
vavoiveg, yia Toug idloug evepyntikoG Adyoug Ttou culntiénkav otnv
TIEPITITWON TWV VAVOCSWHATISIWV.

YTtapxouv TIOAD Aiya TIEIPOUOTIKA OESOUEVA VIO TIC PMNXAVIKEG IOIOTNTEC TWV
TIOAUHUEPWVY VOVOIVWY, OAA LTIAPXOULV TIANOWPO OTOIXEIWV OXETIKA HE TIC
MNXOVIKEG IO10TNTEC TWV TIOAUPEPWV VOVOIVWY aTIO GUVOETIKA EVIGXULUEVO
VAIKG (Huang et al. 2003). Mg tétola ocUVOETa ULAIKA, Ol OAANAETUOPAOTEIG
TOU OUVOAOU TWV VWV YivovTtal KupiopxXog Opo¢ OTO KOBOPIoUO Twv
MNXOVIKWV 1810TATWV. H €LEAEiO Kal N avIOXr OUTWV TWV VWV TIC KOBIoTd
ETUIONC EAKVOTIKEG YIO EQOPUOYEC OE CUOKEUVEC, OTIOU N HEYAAN ETUPAVEIN
MTIOpEl va xpnolgotoinBei yia v evepyottoinon NG AUTEC Ol VEQ
XPNOIUOTIOIOUVTAl COUXVA ¢ OOMIKA OToIXEia yia TG MPEYOADTEPECQ
KOTOOKEVEC OTIWC ETUXPIoPATA PE VavOoived. Ol PNXOVIKEG 1810TNTEC TWV
VOV KOl T0 PaBWTA  IKPIWHOATA TIOAVPEPWVY Eival evOIAPEPOVTA, OAAA Ol
MEYAAEC €QAPHUOYEC TwV OOPWV OUTWV Eival n dnuiovpyia  PEYAANG

ETUPAVEING AAANAETTIOPACNC PE Ta BIOAOYIKA Kol XNMIKA TIEPIBAAAOVTA.
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AlgogvNon £QO0OLOVKV VAVOTEVWOAOVIOE 0TV cmcmiun tou MoAITIkov
MnvavikoO

KED®AAAIO 3
EPAPMOIEZ NANOYAIKQN

3.1 E@apuoyEC TNG VOAVOTEXVOAOYIOG KOl TWV VAVOUAIKWY OTIG

KOTOOKEVEC

H tpéxouvoa é€peuva Tou OIEEAyeTal OTOV TOPEN OUTO OTOXEVLEL OTNV
ETIOVEEETAON TWV TPEXOVIWV TIPOYPOUPATWY TNE VAVOTEXVOAOYIOG e
OKOTIO VA €EVIOTIOTOUV Ol TOMEIC €@appoyng Tou Ba ptopoloav va
ETIWPEANBOUV OTIO HIO OTEVI] OLVEPYATia PETAED TOU MPNXOVIKOU Kal TG
Blounxaviag Twv KATaoKELWVY Kal TNG EPELVNTIKNG KovoTNTag. H €peuva Ba
e€eTdoEl O TIPOYPAUMPOTO TNG VOvVOTEXVOAoyiag kal B8a cuvoyioel TIq
UTTAPXOUCEC YVWOEIC YyIO TNV Katavonon g, B0a  digpsuvnbolv ol
UTTAPXOUVOEC IOEEC TNE, Ol AVAYKEG Kal Ta TIPOIOVTA OE dIAPOPOLE TOUEIG TNG
Blopnxaviog, yia va didaxBolue €101 ATO TNV I0TOPIO TNG KOl aTiO TNV
UTIAPXOLOO  EUTIEIPIO  KATA TNV vAoTtoinon TWV  TIPOIOVIWV
VOVOTEXVOAOYIOG, OTO KATA TI000 a&ilel va EQAPUOOCTEI OTIC KATAOKEVEG. Ta
O@EAN KOl Ol TIEPIOPICHOI TWV  ETUAEYMEVWV  EQAPUOYWV NG
vavotexvoAoyiag Ba TIpETeEl va agloAoyolvTtal yia To OTIOTEAECUOTO TTOU
MTTOPOUV VO €XOUV OTOV TOPED TWV KOTOOKELWV.
YTIAPXEl MEYAAO €vIAPEPOV ATIO TOV AKASNMPOIKO XWPO, TNV ETTEVOUTIKI)
KOIVOTNTO KOl METOED TWV KOTOOKELOOTWV OXETIKA UE TIC OLVAPTIAOTIKEC
ELKAIPIEC TIOL TIPOCPEPOLV TA LAIKA TNG VOVOKAIUOKOC.
Ol KOTOOKEVLEC, OPWC, €ival €vag TOPENG OTOV OTIOI0 TIOAAEG EQAPUOYEC
€xouv non TpokLYEl. O1 TIOPAYWYOi TWV VAVOUAIKWY UTTOCXOVTOl TIOAAA
O@EAN OTIO VAVO-eVioXuon Twv OOPIKWV TIPOIOGVIWY, OTo  OTtoia
TiepIAapBdavovtal:

e  XOPNAG KOOTOC ocuvTpNoNg TIaPABupwv,

e peEYOAN Odlapkela wnNg Kol OVOEKTIKOTNTA OTIC XOPAEEIC Twv

OaTIEd WV,
e TIOAU 1oXLPA& dOUIKA OTOIXEIQ,
e BeAtiwon tng didpkelog {wNG Kol TNG HOVWTIKNG IKOVOTNTOG TWV

XPWHATWV,

O1kovopidng lwavvng
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AlgogvNoN €QOOVOVMV VAVOTEXVOAOVIOE OTNV €TTICTALVN TOL TMOAITIKOU
MnxavikoO

e ULYIEIVOTEPOC KOl ACQPOAECTEPOCG ECWTEPIKOC KAIMOTIOHOG,

e QULTO-KOBOPILOHUEVOL OLPAVOEVTTEC,

*  QVTI-MIKPOPIOKEG ETTIPAVEIEC OTOV CIdNPEO Kal Tov XAALBa,

e BeAtiwon tng BlopnXavikAg cuvtPnong TWV KIIPiwv,

e XOMNAOTEPN EVEPYEIOKI KATAVAAWGT TWV KTIpiwv,

e MEYOAUTEPN SIAPKEIN {WNC TWV 0O0CTPWHATWY Kal TWV YEQUPWV.
H xprion twv vavoOAIKWV ETUTPETIEI OTOVC KOTOOKEVOAOTEC VA TIPOCQEPOLV
TIAEOV PEYOAUTEPECG €YYUNOEIC OTA TIPOIOVTA. Ol ISIOKTATEC TWV KATOOKELWV
OVOMEVETAL VO ETIWEEANBOLY OO TNV PEIWON Twv daTTavVWY ouvtrpnong,

EVW 0l KATAVOAWTEC €ATTICOLV yIO OTIITIO TTOL B0 KATaoKELALOULV Ol idloL.

3.2 NavotexvoAoyia kal XaAvpag

O Xd&AuBag ecival eupeéw¢ OdlaBEcIuog armod T OeVTEPN  PBIOUNXOAVIKN
EMAVACTACN Kal a1t 1o TEAN NG deKaeTiag Tou 190 Kal OTIC apXEC Tou 200v
alVa, Kal Sl1odPAUATIOE CNUOVTIKO POAO OTOV KAGSO TWV KOTAOKELWV ATIO
TNV €TIOXN €KEivN. ZLVOAIKKA 185 mega tovol XAAuBa TtapdyovIal £INCiwg
omv EE kal ta o@éAn amo TNV gupeia xprjon tou oTIC BlopnXavieg, Kal TG
OXETIKEC  KOTOOKEVEC PBPIOKETOlI O€ HIA IKOAVOTIOINTIKA  KOTAVOMN] 1NG
XPNMATOdOTNONG OTNV £PELVA.
O KAGJOC TWV KATACKELWV UTIOPEL VO ETTWQPEANOEL aTIO TIC EQPAPUOYEG NG
VavoTEXVOAOyioG oTn  XOoAuvPBoupyia Kol KATIOIEG OTIO TG TIOAAK
UTTOOXOMEVEG TIEPIOXEC Ppiokovtal LTIO PEAETN 1) €ival dlaBEoIuEC anpepa,
Kal Ba dlgpeuvnBoOUV OTIC ETTOUEVEG TIAPAYPAPOLC.
H kOTwon eival éva onuaviiko {ntnua TIou PTTopEl va odnynoel otn
OloPOPWTIKA aduvapia Tou XAAULBA TIOU ULTIOKEITOI O KUKAIKN @QOPTWON,
OTIWC O YyEPUPEC N TIOPyouq. AUTO dTIopsl va OULUREl 0 ONUAVTIKA
XOUNAOTEPN TIPN OTIO TNV OPI0 EAACTIKOTNTAC TOU ULAIKOU KOl Vo 0dnynoel
O€ ONUAVTIKN PEiwon NG w@EANNG didpkelag {wr¢ g Kataokeung. H
TPEXOLCA OXEDIAOTIKA @PIAOCO@Ia ETURAAEL €va 1) TIEPICCOTEPO ATIO TPia
METPO TIEPIOPIOUOL. Mia Baon eivat:

e 1 OPAMOTIKN MEIWON NG ETUTPETIOPEVNE QOPTIONC,

e HIO MIKPOTEPN ETUTPETIOPEVN dlApKEIa {wNC,

e 1 n avdykn yia €va KOvovikKO cUOoTNua  ETIIBEWPNOEWV TN

OIKoVOouidNg lwavvng
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KATOOKELIC.
AUTO €xEl ONPOVTIKO QVTIKTUTIO OTO0 KOOTOC TOU KUOKAOU {wr¢ NG
KOTOOKEUNG KOl TWV 0PIwV TN OTTOTEAECUOTIKAG Kal OEIPOPOUE XProNG Twv
TIOPWV KOBWC KOl BEUATWV OCQAAEING TWV KATOOKELWV. H avénon Ttou
@opTiov eival n aitia yia TNV &vapén PWYyHwWV, T0 OTIOTEAECHO TWV OTIOIWV
gival n aotoxio AOyw TNg KOTIwoNG. H épeguva €xel deigel 0Tl n TIPOCOnKN
TWV VOVOOWMPATIOIWY XOAKOU HEIWVEL TIC ETTIPAVEIAKEC OIVOUOIOMOPQIEC TOU
XOAUBO, YEYOVOC TIOU TIEPIOPIZEL TOV OPIOUO TWV AULENCEWY TWV POPTICEWV
KOl w¢ €K TOUTOUL, TO PAYIOMOTO TIOU TIPOKOAOUVTOI AOYW KOTIWONC,
(NanoForum, 2006).
H 1tpoodog otnv TexvoAoyia autrl Ba odnynoel o€ AUENUEVN OOQAAEID, N
MIKPOTEPN OVAYKN Yl TIOPAKOAOUBNON Kol ATIOSOTIKOTEPN XPNON UAIKWV
OTIC KOTOOKEVEC TIOL Eival €TUPPETIEIC 0 BEPaTa KOTIwonG. H tpéxovoa
€PELVA yIa TNV TEAEIOTIOINCN NG CEPEVTITIKNG @ACNG TOU XAAUBa og pia
Vavo-uEYEBOLE @Aon HE TNV OTIoI0 TIOPAYOVTOl IOXLPOTEPA  KAAWDIA.
KoAwdla uvPnAng avioxng XAaAuBa, XPnOoIPOTIoIo0VTOl OTO EANCTIKA TwWV
OUTOKIVATWYV, OTNV KOTOOKELN YEQPLPWV KOl OTO TIPOTETAMEVO OKUPOJEUQ.
Ta 10XUPOTEPO ULAIKO KOAWdiwv Ba peiwve T0 KOOTOC KOl T TEPIOdO
KOTOOKELNG TOULG, I1OIAITEPO O KOAWODIAKEG YEQUPEC, OTIOU TA KOAWIIO
TPEXOULV aTIO AKpn O 'Gkpn TN yépupa. H acipopia evioxVeTal €TTioNg OO
N XPNon Twv KoAWdiwv LYPNASTEPNG avIoxXng, dedoUEVOL OTI 0dnyei o€ pia
TIO OTIOTEAECHOTIKY) XPNON Twv ULAKWvV. H avénon tou OYoug Twv
KOTOOKELWV, ATIAITEI LYNANC AVTOXNG APOBPWCEWV Kal AUTO HE TN CGEIPA TOU
odnyei otnv avaykn yia Bideg¢ vyning avioxng, (NanoFoo”, 2006). H
IKOVOTNTA TwV LYNAAC AVTOXNG KOXAIWV TIPAYMATOTIOIEITOl KATA Kavova
MEOW NG PBa@rg Kal NG OKANPUVONG, Ol MIKPOOOUEC TWV €&V AOYW
TIPOIOVTWYV ATIOTEAOUVTAL OTIO OKANPUPEVO POPTEVOITNG*™.
*0 OEPEVTITNG eival SIOPETAANKY évwan TOu OIdRPOL UE Tov AvBpaKa
(KapRidlo) pe xnuikoG toTto Fe3C kai ovotaon 93,31% k.B. Fe kai 6,69%
K.B. C. TMpokemal yio OKANPr Kal eVBpALOTn OTEPEd @Aon PE 1d1aitePN
onpagcia otV VETOAAOVVWGIO TOU YAALBQ.
**0 JOPTEVOITNG eival peTactadry @Acn Tou oxnuatiletal Otav €vag
XOAUBag Bepuavbei oe vynAn  Beppokpacia, WOTE va  OXNMOTIOTEI
watevitng (y-Fe), kal KatoTtv uTtooTei amotoun Youen.
OIKOVORIdNC lwdvvng
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Otav n avioxn o€ EQEAKUCPO aTIO OKANpuUEVO Maptevaitn xOaAuBa
uTtepPaivel Ti¢ 1.200 MPa akOun Kal pia TIoAD YIKPR TtoootnTa udpoyovo
OTa OpIa OKANPOTNTOC TOU UAIKOU TOU XAALPBQ PTTOPEi va aTtoTuXEl KOTA T
xpnon. H xprion twv vavoowuatidiwv Tou Bavadiou Kal poAuBdaiviou €xel
ociéel om  pmopei va  BeAuwoel T KOBLOTEPNON  EPEAVIONG  TWV
TIPORANUATWY KATAYPATWY TIOU CLUVOEOVTAl PE TNG LYNAARG avtoxn Pideg,
(NanoForum, 2006). AutO 1O @QIVOUEVO, TO OTIOIO €ival YyvwoTtd G
KOBLOTEPNUEVO KATOYUO, TIOU EUTIODIOE TNV TIEPAITEPW EVIOXLON TWV
KOXAIWV aTIO XAALPBO Kal N uPnAGTEPN QVTOXH TOLG €XEl €dW KOl TIOAD
KaIpO TIEPIOPicEl TNV avioxr o€ Tepiouv 1.000 €wg 1.200 MPa.

AULTO €ival TO0 ATIOTEAECHA TWV VAVOOWHOTIOIWY OTOV TIEPIOPICHUO TWV
CULVETIEIWV TN €UBPALOTOTNTOC LAPOYOVOL Kal TN PeATiwan Touv XAALBa
OTNV HUIKPO dOUN ME TN MEIWGCN TWV CLVETIEIWV TNE METOED TWV KOKKWV OTNn
@AC”N TOU ZEYEVTITN.

‘Eva dANOC TOpEQC OTOV OTIOIO N vavotEXVoAoyia uTtopei va Bonbnaoel eival
Ol OUYKOAANNOEIC Begpuaivopevng Cwvn (Heat Affected Zone) (HAZ) ol
oTtoie¢ uTIOpEl  va  gival  €0BPALOTEC KAl VA  ATIOTUYXAVOUV  XWPIG
TipogldoTtoinon, otav uLToBAANovTal Ot Ea@VIK) OUVAMIKA @OpTICN, 0
OVOEKTIKOTNTO TNG OCULYKOAANOCNG TOLC OUWC E€ival €va onuavtiko {Ntnua
10iW¢ OTIC TIEPIOXEC YE LYNAN CEICUIKN dpacTNPIOTNTA. Ol GUYKOAANCEIC ME
HAZ odnynoav o€ amotuxie OOMIKWV apUWV KaTtd TV JSIAPKEID TOU
ogilopoL tou priypatog Northridge Tou 1994 oto Los Angeles. AuTO €ixe wg
OTIOTEAECHUA VO  OAANGEOLV Ol TPEXOLOEC @IAOCOPIEC OXedIOOUOU TIOU
TIEPINAPPBAVOUY TNV ETUIAEKTIKA €€0BEVION TWV OOPWV YIO VO TIOPAYOULV
EAEYXOUEVN TIOPAUOPPWAN HAKPIA OTtO0 TO onueio Bpavong Ttwv
OUYKOAANUEVWVY OPUWV N TN OKOTUUN ULTIEP-OIO0TACIOAOYNON TWV OOPWV
yla va aviExouv, (NanoForum, 2006). H €psuva Ppioketal uTtO €&ENIEN,
woT6o0, €xel Oceifel 0T n TPOCONAKN vavoowpaTidiwv payvnaoiou  Kal
aoPeoTiov  KAvel TNV OULYKOAANONn Me HAZ va TapdAyel  KOKKOULCG
AeTtTOTEPOLG, (TIEPITIOL TO 1/5 TOU pEYEBOLC TOL CUMPBOTIKOU UAIKOD TWV
AOQUOPIVRV), KOl auTO odnyei oe avénon TNC OKANPOTNTOC OULUYKOAANONC.
MPOKeITal yio PIO BIWCIUN avATITLEN KABWCE Kal yia €va BEua ao@AAElag,
OTIwC N av&énaon TNC avOeKTIKOTNTAC TWV CUYKOAANUEVWVY apUwv, TIou Oa

odnNyrnoel GE HIO MIKPOTEPN OTIAITNON TIOPWV, ETIEIDN AlyOTEPO UAIKO Ba

OIKoVoMIdNG lwavvng
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gival avaykaio ylo va d1aTnprioel TNV avtoxr VIO ETUTPETIOUEVWVY Opiwv.
Av Kal ol vavoowAnveg avBpaka (CNT) eival éva cuvapTiaoTIKO UAIKO, HE
TEPACTIEG 1010TNTEC AVTOXNC Kal duoKapwiag, €xouv PBpel Alyeg €@apUOYEQ
w¢ TIPOCONKN o1o XAAUBa (AOYyw TNC VCNG TOUC AV YPAPITIKOC) TIPAyUd
TIOU KOBIoTA OUCKOAN TNV CUVOECT TOU HE TOV KUPIO OYKO TOU ULAIKOU Kal
OTIOBAAAETAI  €UKOAQ, KOBIOTWVTIAC TO QAVOATIOTEAECHOTIKO. ETUTIA0V, Ol
WNAEC BePPOKPOCTIEC TIOL EUTIAEKOVTIOL OTNV TIApPAywyr XAAuvBa Kol ol
ETUTTWOEI Toug otnv CNT mopoucidalouv pia TIPOKANGCT yia TNV
OTIOTEAECUOTIKI) XPrON TOLG WG €va OUVBETO CUOTATIKO. H vavo-olvBeon
TIOPAYETAl YE TNV TIPOCHONKN VAVOCWUATISIWY 0€ XOUA UAIKO TIPOKEIUEVOUL
va BeEATIWOOLY TIG IOIOTNTEC TOU OTO MEYOAUTEPO MEPOC TWV LAIKWVY. ALO
OXETIKA VEA TIPOIOVTA TToL €ival diabéaiya onuepa, (NanoForum, 2006),
eivat:

1. O xaAuvBag Sandvik Nanoflex (mou mapdyetal amd v Sandvik

TexvoAoyiag YAIKwWV).

2. O MMFX2 xd&AuBa (rtou mtapdyetal amté tnv MMFX Steel Corp).
Kai o1 800 e€ival avOektikoi otn JIARPwan, OANG £XOULV  OIAPOPETIKEC
MNXOVIKEC IOIOTNTEC KOl Eival TO ATIOTEAECHA TWV dlAPOPWV EQPAPHUOYWV TNG
vavotexvoAoyiag. Mapadooiakd, n  evoAlayny HETAED  avtoxng  Kal
OAKIJOTNTOC €ival €va onuavtikd ATNUa yia 1o XAAuvBa. O1 dUVAUEIC OTIC
OUYXPOVEC KATAOKEVEG, ATIAITOUV LYNAN avToXn, Evw N ac@aAsla (18iwg ot
OEIOMIKEG TIEPIOXEC) KOl N Ovadlavour TwvV @OPTICEWV aTIAITEl LYNAR
OAKIMOTNTA. AUTO €Xel 0dNYNOEl OTN XPNon €AOTOU LAIKOU XOPNANG avioxng
oc MPEYOAUTEPO HEYEDN OTIO O, T Ba NTOV SIOPOPETIKA duvaTH HPE LYNANAG
OVTOXNC €VBPAVOTO UAIKO Kal, KOTO OUVETIEIQ, TIPOKEITAL YO €va BEua g
BlowouodtnNTag Kal NG OTTOTEAECUATIKAG XPriong twv Topwv. O XAAuBag
Sandvik Nanoflex €xel t0o0 TI¢ €mIBLPNTEC 1IB10TNTEC TOL LYPNAOL HETPOL
Young kol TNV LYPNAR aAvioxr Kal €ival €miong avOekTtikog otn diappwaon
AOYW TN TIAPOUCIOC OKANPWY VAvoowupaTtidiwv otnv Baoiky doun Tou.
Mapouoiddel TIpayHOTIKA LYNAN avioxX UE EEAPETIKI OXNMOTIOTIKOTNTO KOl
ETIi TOL TTAPOVIOCG OUTO XPENOCIYOTIOIEITAI IO TNV Ttapaywyr €€apTNUATWY
TIOAD SIA@OPETIKWY OTIWC I0TPIKA PNXAVAUOTA Kal eEAPTAHOTA TTOONAATWY,
wWOoT000, UTIAPXOUV EQPAPHUOYEC KOl OTNV  KOTOOKELN  MNXOVWV  Kal

EPYOAEIWV yia TIC KOANEPYEIEG. FI xprjon tou avo&eidwtou XAAuvBa aoto
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OTTIAIOPEVO OKUPOJEUO €XEl TIEPIOPIOTEI POVO OTIC TIEPITITWOEIC LYNAOL
KIvOUVOUL, OTtw¢ Kol yia  TEPIBAAOVTIO OTIo0 N Xprion 1Ing  €ivai
OTIOYOPEVTIKI AOYyw  KOOTOC. QoT1d6c0, 0 MMFX2 xAaAuBag, evw E€xel TG
MNXOVIKEG 1010TNTEC TOU CULMPBATIKOU XAAUPBA, JIOBETEL HIa TPOTIOTIOINUEVN
VOvOo-00UN] TIOU TO KOBIOTA 0OvOeKTIKO o1 dldppwan Kal  gival  pia
EVOANOKTIKI) ADCN O OX€0N HUE TOV CUUPBOTIKO aVOEEIdWTO XAALBA, AAAA pE
MIKPOTEPO KOOTOC. H euTIpAyUOTn QUON TWV TEXVOAOYIWV TIOU EUTIAEKOVTOL
otV Topaywyn oIdNPoL Kol XGALPBO  ETUTPETIEL MIA  TUO AETITOPEPN
TIEPlypPaA@n NG OKPIBOUE QUONG TWV VAVOTEXVOAOYIKWV  TITUXWV OUTWV
TwV dU0 TIPOIOVTWV.

Epeuvntég otnv lamwvia €xouv avOKOADWYEL €va VEO TPOTIO yid TNV
gvioxuon tou xaAuBa. ‘Exouv dnuiovpynoel XAAuBa Ttou gival EKATO QOPEQ
IOXUPOTEPOC OE EPTILCUO™ OTIO TOV TIO IOXUPOTEPO TIOL dIATIOETAI OrUEPQ.
H pébodog Ba prtopoloe va 0dNyrnoEl GTNV OIKOVOUIKI KOTOOKELN PEYAANG
KAlMOKOG OTOIXEiwv  XAALBO  yia  €@APUOYEC LWNANG  Bepuokpaaiac,
(Taneike et al., 2003).

Epmuopdg cival 10 €ido¢ NG TOPAUOP@PWONG TIOU OTIOOULVOMWVEL A
METOAAQ KOl TO KPAUOTA TOUG, OTAV QUTA €ival EKTEBEIUEVA OE TACEIC KOl OE
VPNAEG Bepuokpaaieg. MNa v evioxuon tou XAAUBO KOTA TOU EPTIVCHOU,
glo@yovTal Kol SIOCTIEIPOVTAl PIKPGA CwHaTIdI - KUPIwG o&eidla - ag OA0 10
METAANO, OAAG N TEXVIKI OUTA €ivanl dattavnpn Kai Ogv €ival KATAAANAN yia
TNV KOTOOKEUN MEYAANG KAipokag. ETmumAéov AOyw OKARpwong Twv
cwpaTdiwv PE TO XPOvo MEIWVETAl N €vioxuan Ttng Oavioxng Toug. €
TLOAAOUG EVIOXUMEVOLC XOALBEC, Ol aLENOEIC TOL HPEYEBOLC TOU EPTTIVCUOU
OTIOTOMa  PETA aTid €va OPIOPEVO XPOVIKO Jdldotnua eival éva  deiypa
OTIaPENG PWYMWV. AULTH N Asyduevn "prén Pe Tov Xpovo" e€aptdtal aTo

NV TTooOTNTa ToU dl0&EIdiou Tou AvOpaka ato XAAvBa, (Nippon , 2005).

*EPTTUOUOC AEyETOl TO QOIVOUEVO KOTA TO OTIOIO éva  OTEPEG OWHA, OTO
OTIoi0 aoKeital pia duvaun tdong (to oroio dnAadn “"tpaBdaue” Tpog Ta
€€w) ouveyilel va TIOPOAPOPPWVETAL OKOPO KI OTav n dUVAMN TIOPAMEIVEL

otabepn 1) aKOPO PEIWOEI.
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Me tnv TIpocBnkn HOAIC 0,002% Ttou AVOPOKO O POPTEVOITIKOUG XAAUPBEC
TIoL TIEPIEXOLV NdN 10 9% oe Xpwulo. O Sawada Kal Ol CUVEPYATEC TOU
nrav oe Béon va av&noel v pnén Me tTov XpoOvo otoug 923 Kelvin pe
OULVTEAEDTH TIAVwW aTto 100 Kol OTNV KATOOKELN TOU TIIO AVOEKTIKOU XAALBa
gival  dlaBEoipog  onuepa  (TIou  TIEPIEXEL TIepiTov  AvBpaka 0,08%).
XPNOIYOTIOIWVTAC QVIXVELGN HE NAEKTPOVIKO HIKPOOKOTIIO, 1N Opada
Tsukuba, (epeuvnTiKO KEVIPO), TIAPATAPNOCE OTl TO dEiypa TOU TIEPIEIXE Eva
MEYAAO apIBUO Twv AETITIWV ocwpaTdiwv, HETaEL 5 kal 10 vavouetpa o€
pEyeBOC. AVTIBETO, Ol CUUPBATIKA €VIOXULUEVOL XAAULPBEC TIEPIEXOLV TIOAD
MEYOAUTEPO CcwpaTidla, cuvBwg 100 pe 300 vOVOUETPO OULVOAIKA. Ta
MIKPA CLMOTIOIO TIOU TIEPIEXOVTAI GTO PETOAAIKO KPAUQ €ite pe AvOpaka €ite
pe alwto Kol PBpiokovtal, «oLvdEovial», O €LAIOONTEC TIEPIOXEC. AUTEC

gival ouvdéaoelg evioxuong tou XadAuBa, (Taneike et al., 2003).

3.3 NavotexvoAoyia Kol oKupOdEUQ

To okupOdeua €ival I0WC T0 POVADIKO UVAIKO OTOV TOMUEN TWV KOTACKEUWV,
TIOU JTIOPEl N €€EAIEN NG €peuvag Ot AUTO Va €XEl WC OTIOTEAECHUA TNV
OIKOVOUIKI HEYEBLVON TWV ATIOTEAECUATWV TNG OXETIKAC Plounxaviag. H
OKOAOLBN eVOTNTA TIEPIYPAPEL PEPIKEG ATIO TIC TIIO EATUOOPOPEC EPAPUOYEQ
TN VAVOTEXVOAOYIOC OTOV KAGSO TwV KATOOKELWV, TIOU avaTitiooovTal
gival akoua diabéoiueg onuepa, (NanoForum, 2006).
210 BOOCIKO ETUTIESO TNC ETUCTAMUNG, VA PEYAAO PEPOC TNCG avAALONC Tou
OKUPOJEPATOC YIVETOI OE VAVO-ETTIEDD, TIPOKEIPEVOU VA KOTAVONBEi n
doun Tou, XPNOIHMOTIoIWVTAC JIAPOPEC TEXVIKEC TIOL AVATITUXONKAV yId TN
MEAETN O€ auTA TNV KAIJOKO OTIWC:
e ATOPIKAG MikpookoTmua Auvduswv,  (Atomic Force Microscopy),
(AFM),
e HAeKTpOVIKAG MIKPOOKOTTIO oapwang, (Scanning Electron
Microscopy), (SEM)
e Aéopn ectiacpévwy 10viwy, (Focused lon Beam) (FIB).
AUTEC £X0OULV TIPOKOYEL oav SEVTEPEVOV OPEAOC TNE AVATITUENG TWV €V AOYW
MECWV Yyl TNV PEAETN TNG VOVOKAIMAKAC €V YEVEL, OAAA N KOTAVONGON TNG
OOUNC KOl TNG CUMPTIEPIPOPAC TOU OKUPOJEUATOC O BEPEAIWDEC ETUTIESO

OIKOVOMIdNG lwavvng

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 02:26:51 EEST - 3.145.162.204



Alg0ogVNOT EPAOVOVOV VOVOTEXVOAOVIEK GTNV ETTTIOTIILN TOL MOAITIKOD
Mnxaviko0

gival plo onUavTiKr Kail TToOAD owaoTH Xprion tng vavotexvoAloyiag. Mia arod
TIC OEPEAIWDEIC TITUXEC TNC VOVOTEXVOAOYIAC €ival n SIETICTNPOVIKN NG
@uonN. YTIApXEl Non Hia dlooTalpwaon NG £PELVAC PETAED TWV PNXAVIKWV
MOVTEAWV YIO T OCTA OTNV IOTPIKI TEXVOAOYIO PE EKEIVN TOU OKUPODEPATOC
N oTtoia ETIETPEYE TN MEAETN TNC SIAXLONG TOL XAWPIOL OTO CKULUPOBEUA (N
oTtoia TIPOKAaAEi d1IABPwWON TOoL OTIAIGHOV). TO GKLUPOBEUA, TEAIKA, Eival Eva
MOKPO-LAIKO TIOUL ETINPEACETOl EVIOVA ATIO TIC VAVO-ISI0TNTEC TOU KOl N
KOTaVONGOT TOUC O€ AUTO TO VEO ETITIEDO TIPOKEITAI VO OWOEl VEEQ
TIPOOTITIKEG yIa TN PBeATiwon TN avioxng tou, TN¢ dldpkelag {wNg Tou Kal

TOU EAEYXOL TOUL, TIOU TIEPIYPAPOVTAI OTIC TIOPAYPAPOLE TIOU OKOAOLOOULV.

3.3.1 OpIopOCg TOU VAVOOKLPOBEUATOC

To vavo-OKUPOSEUA OpIleTal WC «Eva OKLUPOJEPD TIOU YIVETAI HE CWHPATIOI
Tolgéviov Portland 1ou €ival pikpotepa artd 500 vavo-pétpa“. Emi tou
TIOPOVTOG, TO PEYEDBOC TWV CWHATISIWY TOU TOIPNEVTIOL KLUAIVETAL OTTO Alya
VAVOMETPO PE aVWTATO OPIO TIEPITIOL Ta 100 PIKPO PETPA. ZTNV TIEPITITWON
TWV MIKPO-TCIYEVIOU TO HPECO MEYEBOC TWV CWHPATIdIWY HEIVETAI OTO 5
MIKPO péTpa. ZTo oxXnua 3.1 @aivetal 1o PEYEBOC TWV CWUATIdIWY Kal TwV

EIOIKWV JIOOTACEWV ETUPAVEIAC TIOL AVAPEPOVTAI OE TUYKEKPIPEVA LAIKA.

Nlanoengineered concrete------—--—-—-—-mmmeee —eeeee *

SXAUa 3.1 Méyebog owpaTIdILV Kol EISIKWY SIOOTACEWY ETUPAVEING TIOU
QVO@EPOVTAI OE CLYKEKPIPEVA LAIKA.

Karmolog pmopei  va 1oxuplotei  OTl  XPNOIYOTIOIEL  OUYKEKPIPEVEQ
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VOVOTEXVOAOYIEC ETTEIDN TO TIOPOYOUEVO UAIKO TIEPIEXEI VOAVO-CWHOTIOI,
onAadf T CULCTATIKA TOU CUMPTIEPIAAUBAVOLV VAVO-CWUATIOIN, VEPO Kal
KEVA vavo-agpa. QoTOCO, yla va LTIAPXEL N XPrNon tng vavotexvoloyiag, Ba
TIPETIEL VA €ival o€ BEon va EAEYXETAL N TTOOOTNTA KOl Ol BECEIC AUTWVY TWV
VAVO-CUCTATIKWY OTO E0WTEPIKO TWV TEAIKWV TIPOIOVTWY. Ol KAIMOKEG TWV
Sl0(POPWV CLCTATIKWVY TOU OKLPOJEUATOC TTapouaidlovtal oTo oxnua 3.2.
Edv pmopéooupe va dnUIOUPYACOUKE XNHIKA 1 UNXAVIKA €pYOAEia yio TOV
EAEYXO TWV TIOPWV VAVO-KAIUAKOC OTO OKUPOSEUA Kal TNV TOTIOBETNON TOU
TIUPITIKOV OGPBECTIOV OTO TIPOIOVTO EVUDATWONG TOTE TO OKLUPOAEUA YivETal

€va TIpOoIodV Tng vavotexvoAoyiag, (Balaguru, 2005).

. v/
-V /\ -w
MOLECULES e -S-n CEL CEMENT FINE COARSE TEST
COLLOIDS NETWORK CLINKER AGGREGATE AGGREGATE CYLINDER
GRAINS

ZXAUA 3.2 KAIJOKEG CUCTATIKWY CKUPOSEUATOG

Mepikoi  TTapAyovieq TIOU €ival ONPOVIIKOI OtV Ttopaywyry  Tou
okupodépatog, (COEet. al.,2009), siva:

1. To d10&idlo 1oL TLPITIOL (Si02) eival TIOPWV OTO0 CULHPPBOTIKO
OKUPOJEUA, WC PEPOCG TOU KOVOVIKOU Miypatog. Qotoco, €va atod ta
TIAEOVEKTIUOTA TIOL TIPOEKLYAV OTIO TNV PEAETN TOU OKUPOJEPATOC
0T VAVOKA{JOKO €ival 0Tl N TIPOTIOPOCKELH] TWV CWHATISIWY TOU
OKUPOJEUATOC UTIOPEI va BEATIWOEL Ye TN XPrion vavo-TtupITiov TIov
odnyei o€ evioxuon Twv HIKPO KAl VAVO OOUWV MPE OTIOTEAECHO TN
BeATiwon Twv pNXavikwv 1I810TATwY. H TIpocbrkn vavo-310&eidiou
TOU TIVPITIOU OTa PBACIKA ULAIKA TOU TOIUEVIOU WTIOPEL €TTioNg va
eAéy&el TNV vTtoPBAbpion NG BaoIkNg avtidpaong, (Evudpo TTLPITIKO
aoPéotio), (calcium-silicate-hydrate), (CSH), Tou GKLUPOJEPATOC TIOU

TIPOKANONKE aTtd v dlappor) aoPecTiov oTto vePO KOBwWC Oa

OlKovouidng lwavvng

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 02:26:51 EEST - 3.145.162.204



AlgogvNon €QOOVOVEOV VAVOTEYVOAOVIOE OTNV ETTIOTAIN TOU MOAITIKOV
MnvavikoO

euttodioel tn dieicduon 1oL VEPOU Kal, ETTOUEVWC, VO 0ONyroel o€
BeAtiwoelg otnv avtoxH.

2. ZXEUKO He TN PBeEATiWON TIPOTIOPOCKEVAC TOU OKUPOJEUATOC Eival N
VPNAAG evépyelag AGAean tou amAol Tolpéviou portland, (ordinary
Portland cement, OPC) KAiVvKep Kal TWV TUTIIKWV GUUWVY, TIAPAYEL
MIO HEYOAUTEPN MEiWON TOL PEYEBOLC TV owWUOTIdIWY o OoxEon ME
10 ovpPotikd OPC kal, w¢ €K ToUTou, N OAITITIKI avioxr Tou
€€eLyeVIOPEVOL ULAIKOU €ival 3 €wg 6 @opeC uvywnAotepo (o€
OlOPOPETIKEG NAIKIEQ).

3. Ekmopmég CO2 amd TtV TOyKOOPIO Plopnxavia Ttolpgévtou  eival
ONMAVTIKEG Kal €Xouv auvénbei. H Ttaykoouia Ttopaywyr] TOIUEVIOU
onuepa gival yopw otoug 1,6 d1oeKATOPULVPIO TOVOULC/ETOC, KOl PHECO
OTIO TNV TTUPWON TOU ACGRECTOAIBOL yia TNV Ttapaywyn o&eldiov Tou
aoPectiov Kkal dlo&ediov TOoL AvBpaka, TEpiTou 0,97 TOVOULG TOU
C02 1ou TTapAyeTal Yo KABe TOVO TOL KAivkep. [Mepimou 900Kg
KAlVKEp xpnolgortolgital oe kaBe 1000kg TOU TOIPEVIOUL TIOU
TIOPAYETAl £T01 N TIOYKOOMIO Blopnxavia TOIMEVIOL TTAPAYEl TIEPITIOL
1,4 dioekatoppLpla TOvoug CO2 KABe XpOvo. AULTO OVTITIPOCWTIEVEL
TIEPITIOL TO 6% TNC OUVOAIKAG TIOYKOOHIOG QavOpwTIOoyEVoUG-
TIapaywyng COo2

4. H mtapevn t€@ppa dev BEATIOVEL POVO TNV dIApKeIa {wng Kal v
OVTOXN TOU OKLPOJEUATOC OAAG €ival ONUAVTIKA yia TNV agipopia g
TIOPOYWYHC TOU OKUPOJEUATOC, HEIWVEL TNV ATIAITNON YO wpigavon
TOU TOIPMEVTIOUL KOl TNV €TIPPAdUVEl PE TNV TIPOCHNKN ITITAPEVNC
TEPPAC O OUYKPION PE KAVOVIKO OKUPOdeUa. Mg Tnv TpocBnkn tou
Si02 pEPOC aTo Ta VOvOoowaTidla Tou TolPEVTOU, avTikaBiotavtal,
OAAG N TTIUKVOTNTO KOl N AVTOXH NG ITITAPEVNG TEPPAC OKLUPOdEUA
BeAtiwveral 1dlaitepa ota ApXIKA  otadia.  ‘Epsuva yia 1A
vavoowpartidia aigatitn (F*0.-O mou mpooTiBevial oto okupddeua
€0e1€e OTl au&Avouv E€TTioNg TNV AVIOXN Kol TIPOOEEPOLV TNV
AuVaTOTNTA YIO TIOPOKOAOLONGCN TWV ETUTIESWV TWV TACEWV, HECW
NG METPNONG TNG NAEKTPIKNC aVTIOTOONC €VOG TUNMATOC.

5. 'Evag AAAOg¢ TOTIOC vavoowHoTIdiwv TIoU TIpoCTiOeTal  OTO

okupPOGdEA yio va BeATioel TIG 1IS16TNTEG Tou gival To OIOEEIdIO TOL
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Titaviou (TiO?) Tou eival pIo AEUKA XPWOTIKI] oUCia Kal UTTIOPEi va
XPNOIKMOTIOINOEl ¢ HIa €EAPETIK] AVAKAOCTIKN ETTIOTPWON, AOYW
NG QWTEIVOTNTAC NG Mropei emiong va o&eldwvel 0Euyovo 1
OpPYaVIKA ULAIKA, ¢ €K TOUTOU, TIPOCTIOETOlI OTA XPWMOTA, TA
TOIMEVTO, TIAGKAKIA, 1 GAAO TIpoidvIa yia TNV OTIooTEipwaon,
aTtOouNOoN Kol Pe avTudlaBpwTIKEG 1810TNTEC. OTaV EVOWUATWO0ULV e
€EWTEPIKA OOUIKA ULAIKA JTIOPOUV VO  MPEIWCOULV CNUOVTIKA  TIC
OUYKEVIPWOEIC TWV OEPOUETAPEPOUEVWV pUTIWY. ETimAéov, Otav 10
TiO2 éxel ektebei o LTIEPIWOEC PWC, YIVETAI OAO Kal TIEPICCOTEPO
VOPOPINO HE OTIOTEAECUO VA MTIOPED va XpnolpoTtioindsi yia tnv
KOTaTIOAéUNon 1N dnuiovpyiag vypaciag ota ermxpioyota | o€
autokaBapilopyeva  TTapadupa. Evowuatwvetal, onmw¢g 10
VAVOOWMOATIOIA yIa va UTIAOKAPOULV TO UTIEPIWOEG YwC. MpoaTiBetal
OTO XPWHOTA, TOIPMEVTA KOl Ta TIAPABupa yia TNV OTTOCTEIPWOT] TOUG,
AOYyw ¢ 1810TNTag tou Ti02 va SloAVEl OpyaviKoUG PUTIOUG,
TITNTIKWV OPYOVIKWV EVWOEWV, KABWC Kol BOKINPIAKEG MEMPPAVEC
MECW 1IO0XLPWV KATAAUTIKWV aVTIOPACEWY. AUTO UTIOPEL VO HEIWTEL
KOTG  OUVETIEID  TOUC  OEPOMETAPEPOPEVOLC  PUTIOLG,  OTOV
€QapuoOletal o LVTIAIOPIEC ETTIPAVEIEC. ETIITIAé0V, €ival LBOPOPIAO Kal
W¢ €K TOUTOUL divel TNV 181I0TNTO TOU AUTO-KABAPICHOU YIO ETIQAVEIEC
OTIC OTIOIEC €XEl e@appootel. H dladikaoia pe tnv ortoia cuuPaivel
QUTO €ival OTl To vEPO PPOXNE TIPOCEAKUETAI OTIO TNV ETUPAVEIN KOl
oxnuatidel AETITA @QUAAO TIOLU GUAAEYOUV TOUG PUTIOUG Kal  TIC
okaBapaoieg Ta OTIoia KATOKPNUVICOVTOl PE CUVETIIO TOV KOABAPIoUO
NG ETUPAVEIEC. TO OKUPOJEPA, TIOL €XEl NdN XPNOoIUoTIoINBEl Of
épya o€ OANO TOV KOOHO, E£XEl AEUKO XPwHa TIOU dlaTnpel TNV
AELKOTNTA TOU HE MPEYAAN OTIOTEAECHPOTIKOTNTA Of€ QvTtibson pe Ta
Xpwuatiopéva kripla, (COEet. al., 2009).

6. 'Eva okoun €ido¢ vavoowpatdiwv, Ta oToia €Xouv a&I0ONUEIWTEG
1010TNTEG, €ival 01 vavoowAnveg avBpaka, carbon nanotube, (CNT)
KOl N TPEXOUCO €peuva TIOL SIEEAYETAL VIO VO OIEPELVACEL TO OQPEAN
amo TpocBecn CNT oTo oKupOdepa. H  TIPOCOHNKN  PIKPWV
moocottwv (1% Ttou Pdpoug) CNT, pTopei va PBeAUwoel T

MNXAVIKEG IO10TNTEC TWV OEIYUATWY TIOU OTTOTEAOUVTOI OTIO TOIUEVTO
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Portland kat vepd. O1 0&e1dwEVOL TTIOAAATIAWY TOIXWV VOVOCWANVEC,
multi-walled nanotubes, (MWNT), mapoucidlouv TIC KOAADTEPEG
BeAtiwaoelg TNg avtoxng o€ BAIYN (+ 25 N/mmz2) Kol KOPTITIKY) avioxn
(+ 8 N/mm2) ot cUykplon pe Ta OEiypata ava@opag Xwpig tnv
gvioxuon. Ztnv Bswpia n VYPNAR CLYKEVIPWON OTIO TNV ETIPAVEIN
Twv o&edwpévwv MWNT's Ba  prtopovoe va odnyroel o€ pid
KaAUTEPN OX€ON METAED TWV VAVOSOUMWVY KOl TWV CGUVIETIKWY ULAIKWV
BeATivovTag €101 TIC PNXAVIKEG IOIOTNTEC KOl TNV TIOPAPOPPWON OTO
OTIAIOPEVO OKLPOdEUA. QOTOCO, LTIAPXOLV dVO TIPORANUATA HE TNV
TIPOOONKN TWV VOVOOWANVWY AVOPOKO CE OTIOIOONTIOTE ULAIKO TO
éva gival n ouykévipwon oe vPnAd Babud TV VAVO CWARVWV OF
MIa Tteploxn Kol OeVTEPOV N EAAEIPN OLVOXNG METAEL QUTWV KOl TWV
X0ONV LAIKWV. AOYW TN OAANAETTIOPOONC TIOL LTIAPXEL METAEL TwWV
VOVOOWANVWY, 0l GWAAVEG £XOLV TNV TAoN va oXNPati{ouv SECHEC
ME popEn oXOowiol, oxnua 3.3, Kal To OXO0IVIA PUTTOPOoUV OKOMPN Kal va

MTTEPOELOVTAL TO €Va HE TO AANO.

ZXNpa 3.3 Zxowid and vavoowAnveg AvBpaka e povo Toixwua (Gerhard

Wilde, 2009, oeA 135)
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MNa va emtevxBei n  opoldpop@n JSlOCTIOPA  TOUCG  TIPETIEL VO
OTIEUTIAOKOUV. ETummAéov, AOyw NG YPOQITIKAG @UONG, O&vV LTIAPXEL
owoT TIPOcEULUCN  HETOED TWV  VOVOOWANVWY KAl  TOU  UAIKOU
TIPOKOAWVTACG OUTO TIOU  OvVOopAdeTal oAiobnon. Qotdco, OtTav TIPOo-
Sl0AUBOUV 01 VOVOOWANVEC TIOPOATNPEITAL PIO AUENCN TWV PNXOAVIKWVY
OI0TATWY, KLUPIWG OTNV  TIEPITITWON TWV  VOAVOCWANVWY HE  HOVO
Toixwpa, (single walled nanotubes, SWNT).
Me v Xprion OAwWV TwvV TIOPATIAVW N HUNXAVIKI CUPTIEPIPOPA  TWV
OUYKEKPIMEVWV LVAIKWV €EAPTATAl OTIO Ta OOMIKA OTOIXEIO Kal TO QAIVOPEVA
TToOL coupPaivouv o€  PIKPO Kol VAVO  KAipokeG. Q¢ €Kk TOUTOUL, 0
VOVOTEXVOAOYIO  UTIOPEL:  va  TPOTIOTIOINCEL T MOPIOK  Oouf  Tou
OUYKEKPIUEVOL ULAIKOU yia Tn PeAtioon twv KOplwv 181I0TATwY Tou. H
TEXVOAOYiO aUT  BEATIOVEL ONPOVTIIKA TNV PNXOVIK  arodocon, 1
oTafePOTNTA NG EVOTABEING, TNV AVOEKTIKOTNTA KOl TN PIWCIUOTNTA TOU
OKUPOJEUATOC. H emmavaoTatikh dpdon aUTNC TNG TEXVOAOYIOC Ba eTIITPEYEL
TNV aVATITUEN OETIKWV  OTIOTEAECUATWY OTIO  TIAEUPAC  OIKOVOUIKIG
aTI0d0TIKOTNTAG, LYWNANG aTIOd00NG, Kal HaKpAg dldpkelag {wng ota
TIPOIOVTO Kal TIC PEBOSOLE TIOPOACKEVNG YIO TO TOIUEVIO KOl TO OKUPOJEUQ,
EVTOC TWV IOAVIKWV TNG AEIPOPOoL avaTttuéng. EmimAéov, n vavo-texvoAoyia
ME TNV TPOTIOTIOINGN TWV OULYKEKPIUEVWVY LAIKWV OKUPOJEPATOC UTIOPEL va
odnynoel 0€ AVEL TIPONYOUMEVOUL XPHOEIC TWV OCUYKEKPIUEVWVY LAIKWVY,
KaBWC €TTiong Kal VEEC TAEIVOPNOEIC TOU OKUPOJEUATOC, ME EKTETAMEVEC
EQAPUOYEC OTIC LTTOOOUEG TWV HETAPOPWV.
To péoo péyeboC Twv cwpatdiwv tolpévio Portland eival mepimouv 50
MIKPA. Z€ €Q@OPUOYEC TIOU OTIATOUV AETITOTEPA  TEAIKA TIPOIOVTIA  Kal
Tax0TEPO XPOVO OTEPEOTIOINCNG, XPNOIUOTIOIEITAl PIKPO TOIPEVTO PE PEYIOTO
pEYEBOC cwpaTIdiwV TNG TALEWC TWV 5 PIKPWV. ZUVETIWC, TO PEYEDBOC TwV
cwpatdiwv TIPETIEl va  pEIwBsi  Kotd  pia tagén  peyeboug  yia va
OTIOKTIOOVUE TO Vavo-tolpévio Portland. Edv autd ta cwpatidia vavo-
TOIMEVTIOU UTIOPOUV va ETIEEEPYOCTOUV HE TN XPrON VOVOOWANVWY Kal
aVTIOPACTIKWY VAVO CWUOTIdiwY TIupItiov PTTopEl va Ttapaxdoulv, 1oxupd,
OKANPJ, aywylua, Kal Pe eTieéepyaacia e BepUOKPATia dWHATIOU, KEPAUIKA
UDAIKA YIO €QAPUOYEC OTNV NAEKTPOVIKI Kal TIC €TIEVOUCEIC ETUIPAVEIWV.

Epocov o dvBpokag o&eldwvetal oe Bepuokpacie dvw twv 400°C, n
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emegepyaoia oe Bepuokpacia dwpatiov Ba  eival éva O@eAOC yio TN
3laTAPNCN TWV PNXAVIKWY ISI0TATWVY TWV VAVOCWARVWVY avBpaka. Mia Kal
T0  TIEPIOCCOTEPA  KEPOAMIKA  eTteepydldovial o€  BEPPOKPACTIEC TIOAD
vPnAoTepeg ato 400°C, ol iveg avBpaka dev PTIOPEL va Xpnolportoinéolv
O€ QUTEC TIC OIODIKOTIEC. Z€ PIKPO-ETUTIEDD, UTIAPXEl ETIONG MIa TIOAD KOAN
avoAoyio PETOED OTIAICPEVOU OKUPOJEUATOC KOl OUVOETIKWVY vav. H
EUTIEIPIO OXETIKA ME (VEC OTIO OTIAIOPEVO OKUPOJEPO MTIOPED €TioNg va
XPNOIYOTIOINBEI ATIOTEAECUATIKA yIo TNV c0VOEon LAIKWV TIOU yivovtal pe
M XPNon MIKPWV SIAKPITWV VWV, TOO0 O PIKPO- 000 KOl € VAVO-KAILOKA.
‘Eva mtapddelyua gival, onuavIiKo PEPOC TWV IVWV OTTIAICUEVO GKULPOJEUD
ov  TepiExel 0,5% Twv vV  XAAUBA, TIOU XPNOIYOTIOIOUVTAlI Of
TIPAYUOTIKEG KATOOKEVEG. H evioxuon Twv I1B10TATWY TIOLU TIPORAETTIOVTAI
aTto mapovacia 0,5% vawv XGALBa 0To OKLPOdEPD dev dIAPEPEL TIOAD OTIO
TNV €vioxuon Tou TapéEXeTal pe 10 0,5% TWV VOvOoWwANVwv Aavepaka
VYNANG aTtOod00NG. ZNUEIOCTE OTl Ol iveg AvOpaKa, TIAPEXOLV Egvioxuaon
OTIC MNXAVIKEG KOl NAEKTPIKEG IO10TNTEG. TO OKLPODEPA, OKOUN Kol aUTO TNG
VYNANG TIOIOTNTOG, TIEPIEXEL TPIXOEIdN ayyeia Kal HPIKPO PwypéC. AUTO
ETUTPETIEL TO VEPO VA TIEPACElI PECO ATIO TN OOWN TOu. TO TEPACHA TOU
VEPOL KOl TNG uvypaciag pe ™ HEBOdO auth) ovoudletal TPIXOEIdN

artoppoé@naon, oxnua 3.4.

YAIKO TIOU dgvV
EVLOATWVETAL

YAIKO TTOU
EVLOATWVETAIL

ZXNAHO 50

3.4 Evuddatwaon oKupodEUATOG
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AKOUN Kal TIUKVO OKLUPOdEPa LYNAWVY TIPOdIAYPAPWY Oev EOAEiPEl TNV
aTIOPPOPNCN TOU VEPOU HECW TPIXOEIdWV Kal TNV dIOTIEPATOTNTA TOU. TO
OKUPOJEPA TIOU OTIOPPO@PA TNV uLypacia eival eyyevwg OSIOAUTO  Kal

HOAUVETAL OTIO TO TIEPIBAAAOV.

3.3.2 ZKupOdEP VAVOKAILOKOC

H Boolk) €peuva otnv OAANAETIIOpACN HETAED ITITAPEVNC TEPPOCG KOl TNG
vavodourng Ttou Ttolpévto Portland Bpioketal oe  €€EANEn, oxnua 3.5,

XPNOIUOTIOIWVTAC TNV TEXVOAOYIO OKEDOONC VETPOVIWV.

Zxnua 3.5 To EMACO Nanocrete , oKUPOJEUATOC TNV ETIOPEVN YEVIAC YIA
KOviopa €TIOKELNC PE EEAIPETIKEG IOIOTNTECG.

H vavotexvoAoyia Ttapéxel 1 duvaTOTNTA yia pia KOAUTEPN €€€taon NG
EVUOATWONG TWV KOKKWV TOU TOIPMEVIOU KOl TNG OVTIOPOACTIKOTNTAG TNG
VAVOOOUNG TOU TOIUEVIOU WC EVUOPEC ETUQPAVEIEC TIOU QVOTITUCCOVTAI
OTOUC KOKKOUCG TOU. H duvatotnta Twv €EUTIVWV adPAVWV CTOIXEIWV w(
aoVPUATOl AICBNTHPEC YECA OTO TOIUEVTO N OTO €30@OC Eival LTIO €€€Taan.
MpoPBAAUOTO TOU OKUPOJEUATOCG, OTIWC N AVTIOPOAON TOUL OAKOAIOL TOU

d10&e1diov tou TLPITIOL (ASR) KOl N KOBLOTEPNON TOU CXNHOTIOHOU TWV
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ettringite*, TIOU €ival n AITio0 KATOOTPOENC TWV OUTOKIVNTOSPOUWY  Kal
YEQUPWV, OIEPELVWVTAI OE HPOPIOKO ETUTIEDD, XPNOIPMOTIOIWVTAC TEXVOAOYIT

VETPOViwV-okEdOOoNC Kal AAAeC dladikaaieg, (COE et. al., 2009).

3.3.3 H avudpaoTikOTNTa TOU TOIPEVTOU GTNV VAVOKAIJOKO

MNa v BeAtiwon tN¢ TOIOTNTAC TOU CKUPOJEPATOC €ival armapaitntog o
KAAUTEPOC EAEYXOG TOU XPOVOL OKUPOJEINONG H €€EMEN TNC METAPBOANCG
TOU vdpoyovou deixvel TO XPOVOdIAYPOUUO TNC KOTAOTPOPNG TWV
ETIIPAVEIOKWY OTPWHATWY ToU. AUTEC Ol TIANPOQOpPieg HTIOPOUV va
XPNOoIJoTIoINBoUV  yia TN MPEAETN NG OladIKACIOC OKLPOJETNONG W(
ouvApPTNCN TOU XPOVOoUL, TNG BePUOKPATIag, TNG XnUeiag Tou TolPévIou,
KaBWCg Kal PE AANOULG TIOPAYOVTIEC. la Trapddelypa,  €PeuvNIEG NG,
National Risk Retention Association, (NRRA,2009), diattioctwoav 01l 0tav N
evLOATWON TOU TOolYéviov Yyivetalr otoug 30°C, (COEet. al., 2009), n
KatooTpo®n TipaypotoToleital o 1,5 wpa. H em@avelokn didAvuon otn
OULVEXEID EKAVEI CULUOOWPEVPEVO TILPITIKO GAAC OTN  TIEPIOXH, TO OTIOIO
avTIdpa pe Ta 10vTa aoPectiov Kol Ta KAveEl va oxnuatiouv éva CeAE
€VLOPOL TILPITIKOU OCOPECTIOL, TO OTIOIO OECHEVEI KOKKOUC TOU TOIUEVTOU
KaBw¢ oxnuatidetal 10 OoKLPOdepa. "AUTO E€TUAVEL Pl ETIICTNUOVIKN
ounnon TIov ovuvexideTal €dW Kal TIEPICCOTEPO ATIO €vav alwva." To
ETIIPAVEIOKO OTPWHA TIAXOULE 20 VOVOUETPWYV EVEPYEI WG EVa NUI-OIOTIEPATO
EUTTODIO TIOL ETUTPETIEL OTO VEPO VO EICEABEL OTOUC KOKKOULG TOU TOIUEVTOU
Kal oTa 16vta aoBeotiou va dla@elyouv. QoTdo0, 1o PEYOAUTEPA TTUPITIKA
IOVTO TOU TOIPEVTOL TIAYIOEVOVTAIl TIIOW OTIO OUTO TO CTPWHA. AESOUEVOU
OTl N avtidpacn cuvexiletal, Eva TIVPITIKO (eAE oxnUOTIZETAL, TIPOKAAWVTOG

S10YyKwan TOU TOIPEVTOU.

3.3.4 H avTIgETWTIION TWV TIUPTIKWY OAKOAIKWY avTidpdocwy, Alkal

Silicate Reaction, ASR o1 vavokAipoka.

O1 TTUPITIKEG AAKOAAIKEC AVTIOPACEIC EN@avVIOVTal KATA TNV ETTOPN TWV

*Ettringite sival hexacalcium apyiAiko trisulfate évudpo , aTto yevikd TUTIO:
(Cao)stAlzo03)(Sos)s - 32 H20,
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OAKAOAIWV TOU TOIMEVTIOU Kal MIOCG AVTIOPOOTIKAC PMOPENE TOL TILPITIOL TIOU
Bpioketal ota Kupiwg adpavry LAIKA. Oi avTidpACEIC QUTEC MTIOPED va
TIOPAYOULV €va CeEAE OAKOAIKO / TTLPITIKO. EdGv UTIAPXElL OPKETH vypacia 1o
(eNé Ba  eTeKTOOEl, TIPOKOAWVTOC ONUAVTIKEG (NUIEC OTO OKULPOJEUQ.
Emeidr) ta ASR amoduvauwvouy 10 GKLUPOdEPa o€ dlAPOoPa CNUEIa Kal TO
KaBIoToUV 181aiTEPO  ELAAWTO OTIC EEWTEPIKEC OUVAUEIC, TO @AIVOUEVO
KoAgital kal «AIDS TOU OKUPOJEUOTOC». Ol XNUIKEG Kal (QUOIKEC
OlepyaaieC TIOL TIPOKOAOUV {nuIEC ovopdlovtal {eAé ASR. To edé ASR
gival évag PUNXavIoPOg €TTEKTOONG TIOU QOIVETAI VO CUVETTAYETAl Mo @Aon
METAOXNMOTIOUOU OTIO AUOPPO (EAE O€ TIOAU ETUTIEDN JIAPOPWON OXETIKA
ME TNV VAVOKAIpOKO. ETIopévwg, n €peuva TIEPIAAUPBAVEL TNV €QOPPOYN NG
OKEDAONC VETPOVIWV Kal TNE QACPOTOCKOTIIKNG £EO0VIWONCG TTIOJTPOVIWVY Yid
N METPNON TWV OAAOYWV OTIC VAVO KOl LTIO KAIUOKEC TNG MIKPOOOPNCE Tou
(eEAN€ 0og oLVAPTNON HPE TN XNMEIOG Tov CeAE, TN BepUOKPATIia Kal TN OXETIKN

uypaaia.

3.3.5 To vavookupodepa Kal 10 d10&eidlo Touv AvBpaka

Ol gpeuVNTEC OTIOOKOTIOUV OTn MEIWON TwV EKTTOUTIWV  OI0EEIdioL TOu
avepaka  pixvovtag ewg oTnv vavodour] Tou TOIUEVIOU. TO OKUPOJSEUO
€ival TO TIIO ELPEWC XPNOIYOTIOIOVPEVO TEXVNTO ULAIKO, KOBWC KATd TNV
TIOPAYWYH TOIUEVIOU Odnuiovpyeital 10 5 €wg 10 101 EKATO OAWV TWV
OVOPWTIOYEVWV EKTIOPTIWV  OI0&EIdiov Tou  AvOpOoKa, €va  0€Plo  TOU
BepuoknTtiov IOV 0dnNyei  OTNV LTIEPBEPPAvVON Tou TIAAVATN. Ol EPELVNTEG
oto MIT peAétnoav v vavodour Tou TOIPJEVTOU Kal EKOVOV HIa avaKaAuyn
TIOU Ba PTIOPOVCE VO 0ONYNOEl OE HEIWON TWV EKTTOPTIWV O10&E1diov ToU
avOpoka Katd TNV Trapaywyr] Toigéviov. O1 gpeuvntég dlaTtioTwaoav OTl Ta
OOUIKA OTOIXEIO TWV OCUYKEKPIMEVWV CWUOTIOIWV €Xouv PEyeBOC Aiya
VOVOUETPA, Kol OTI aUTd Ta voavoowuatidla eival dlotetayyéva oe dLo
SlO@POPETIKOUG TPOTIoUG. Emiong dlomotwbnke ot n puBuion ¢ doPNng
TWV VOvoowpaTIdiwyv Kabopilel TIg 1810TNTEC TOU OKLPOBEUATOG, OTIWCG N
OVTOXI Kal N okopyia. "To OPUKTO TOU  VOVOOWMOTIOIOL OV ATIOTEAE TO
KAEIDI ylo TNV ETTELEN TWV &V AOYW OTOXWV OT0 MPEANOV, OAAG 1

OLOKeLAoia Twv cwpatdiwy,” avagépel o (Ulm et al., 2009), kabnyntig
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w

pnxavoAoyia¢ oto MIT o omoio¢ nynbnke ¢ epyaciag. "ETol Oev
MTTOPOUHE VO OVTIKOTOOTIOOUHE TO OPXIKO OPUKTO e KATI GANO;" O oT1dX0(G
gival va dIaTUTIWOEl PO OVTIKOTACTOON TOU TOIPEVTIOU TIOU va dlaTnpEi v
pLOUION TNG OULOKELOACIOC TWV VAVOOWUATISIWY», OaAAG MPTIOPEl  va
KOTOOKEVAOTEl HPE XAMNAOTEPEC €KTTOUTIEG dlo&eldiov TOou AvBpoka. H
KOTOOKELN] TOU TOIUEVIOU TIPOKOAEI TNV EKTTIOPTIN TOL dlo&eEldiov 1oL
avopaka, OI0TI agopd OTnv KAadoN TwV KAuoigwv yia 1n B€puavon Ttou
MEypaTOog NG OoKOVNG TOU ACPBECTOAIBOUL KOl TOU TINAOL Ot BEPUOKPOTIEC
¢w¢ 1.500°C. Otav TO TOIUEVIO QAVOAMPEIYVOETAI HE VEPO, MO TIACTA
SlOPOPPWVETAL, APMOC Kal XOAIKIa TtpooTiBevial otnv Tdota. AAG ol
ETIIOTIMOVEG OEV KATOVOOUV TIANPWC TN OOMN TOU TOIPEVTOU, QAVAQEPEL | O
Ulm. To peyoA0TEPO PLOTAPIO Eival n dopr Kal ol 1I810TNTEC TWV BACIKWY
OOUIKWV OTOIXEIWV TOUL TOIPEVTOUL, TNG TIACTAC PE TO VEPO, TOU €VUOPOUL
TIUPITIKOU OOBe0TioOv, TO OTIOIO AEITOLPYEL WC OULVOETIKOC KPIKOG, TIOU
KATEXOUV OTIO KOIVOU OAO TO CUCTOTIKA TOU OKUPOJEPOTOC. «OAeg ol
MOKPOOKOTIIKEG  1I810TNTEC TOU  OKUPOOEUOTOC KOTA  KATIOIO  TPOTIO
OXETiCovTal PE OLTO TIOL O€ OUTR T @Aon €ival oTo ETTiTEdO  TOUL
VOVOUETPOL» ava@épel 0, (Thomas, 2008), KaBnyntng PNXovoAoyiag oto
Mavemiotuio Northwestern. Edv autr) n doun Ntav KaAVTEPA KATOvonTH, Ol
EPELVNTEC Ba PTTOPOVCAV TOTE PNXAVIKA VO TIPOCOPHOCOULV TIG IOIOTNTEG
TOU TOIYEVTIOU KOl TOU OKUPOOEUOTOC OTNV  VOVOKAIPOKO, OVO@EPEL O
(Hamlin, 2008) kaBnynti¢ emotnuwv oto Northwestern. Emeidr ol
EPeLVNTEC OeV YVWPIOLV TN CULUTIEPIPOPA TOU TOIUEVIOU OE VOVOKAIPOKA,
MEXPI TWPA, "N TIPOOdOC OTO CKLPOJEUA Kal OTNV £PELVA TOU TOIPEVTOU OE
MEYAAO PBaBPO €xel TIANYEL," avagépel o Hamlin. O Hamlin €ixe 1tpoBAEYEl
OTl TO €vLOPO TILPITIKO ACPECTIO Eival Eva CwPATIOI0 Pe PEYEBOC TiEPITIOL
TIEVTE vavouetpa. O Ulm kal 0 PETadIBOKTOPIKOC €peuvnThg Tou, George
Constantinides emupeBaiwoav auvty t doun XPNOIKOTIOIWVTAC HIO TEXVIKN
TTov ovopddetal vavo eooxn (nanoindentation), (Ulm, 2004), n ormoia
TIEPINAPPAVEL OXOAQOTIKEG TIAOTEC TOIUMEVIOU HE UTIEPAETITEC PBEAOVEQ
Slapavtiol. O1 gpeuvntég dlaTticTwoav 0Tl T0 aoBECTIO dlopyavwONnKe o€
€Vudpa  TILPITIKA VOVOOWUOTIOI, €ite KATA TPOTIO TIOPOUOIO HE T
TIOPTOKAAIDL TIOU  Bpiokovtal oTolBaypéva o€ €va Kouti N cav TNV

TIVPOUISIKY OIELBETNON TWV TIOPTOKAAIWV CE €va UTIAKAAIKO. Me Ta d00
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OUTA KOBEOTWTA, T0 CWHPATIOIO TIANPWONG, AVTIOTOIXOUV OTo 63 Kal 74 ToIq
€EKOTO TOU OYKOU TN¢G TIACTOC TOU TOIPEVIOU, EVW TO ULTIOAOITIO Eival TO
vepol Kal O a€pag. O OXETKOG OyKoG TIoU KatoAapBdavouv 1o
VOVOOWUATIOIO OTOV EAEYXO TTACTAC £TINPEALEl TIC PNXAVIKEG 1O10TNTEC TNG
TIAoTaC ToIPEVTOU, dlattioTwaoav ol gpeuvnteC. O Ulm kai o Constantinides
oXedIAloLY TWPA Va OAAAEOLV Ta CLUCTOTIKA TOU TaIYEVTOL. Mia 10éa ival n
UTIOKATAOTOCN TOUL MPOyvNOiou PE TO OOPBECTIO OUTWC WOTE va Xpelddetal
AlyOoTEPN BePUOTNTA YIO VA YiVElL TO TOIPEVTO, OAAG TO ATIOTEAECHO Eival Ta
VavoowHaTidla va €EKOAOLOOUV va €xouv TNV idla dIATaEn ouLoKeELOTIOG
OTIWC TO TIUPITIKO aoPéoTio Kal Ta évudpa vavoowuatidla. Emiong, Tto
OXEDI0 ylO TN MEAETN TWV VOVOOWUOTISIWY ETIEKTEIVETAI HEXPL VO 0
KOTOAAPBOUV OTO ATOMPIKO ETTITIEDO. AUTO B0 TOUG OWOEI AKOPO UEYOAUTEPN
eAevBepia oTnV vAvo pnxavik Ttou Ttolgéviou, O Ulm avagépel, "Oa
MTTOPOVCOUE VA TIPOCOECOLUE XNUIKEC OLCIEC OTO TOIUEVTO, TIPOKEIUEVOUL
va BeATIwWOOLV o1 €TIIOOCEIC PE I0WC AlYyOTEPO TOIUEVTO, 1) VO KATOPEPOULUE

TO {010 TO TOIPEVTO VO EXEl PEYAAUTEPN avToxn".

3.3.6 Zupmepdopata

Av 10 TOlgévio Portland pTtOpécel va  TIOPOCKELOOTEI 0€ pEyEBOC
vavoowuatidiwv, Ba avoifel éva peydAo aplOpo  egappoywv. TNa
TIAPAdEIyUA, TO TOIUEVIO UTIOPEI va XpnolhoTtoinbei wg pio avopyavn
KOAM\Q, pPE TNV Xprjon wvwv avBpoka. ETfti tou Ttapoviog, 10 pEyeBOg Twv
KOKKWV TOU TOIUEVIOU O€&V KAVEL ELVOIKI TNV XPrON TOU HE TIC iveg AvBpaka
TIOU €XOUV HEYEBOUC JIOPETPOL 7 HIKPOPETPA. To TolPéVTIo dev Ba eival
MOVO TIIO OIKOVOUIKO OTIO TO OPYOVIKA TIOAUMEPH], OAAG Ba gival emtiong Kal
Tupipaxo. ETUmAéov dev Ba EKTTEUTIEI TITNTIKEG OPYAVIKEG eVWOElg, (volatile
organic compounds, VOC), Kol 10 GUYMEIKTO LDAIKA TOUG TIOU PTTOPOUV va
ouvdebOLY OTO TOIYEVTEVIO UTIOOTPWHPO XPNOIUOTIOIWVTAC Mo cLPBOTA
KOANO. ©a egival €miong TIOAD QVTOYWVICTIKI] PE T TPEXOLCO AVOPYyavda
ouvOeTa ylaTi TIPETEl va  LTIORANBOUV ot eTe€epyacia age  vYNAR
Beppokpaaia.

Oplopéveg €peuveg  €xouv  dle€axbei yia v  avamtuén  €Euttvou

OKUPOJEPATOC ME TNV XPNON VvV avBpaka. AuTo Ba yivel TIpayUaTIKOTNTA
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ME TO VAVO-TOIPNEVTIO €TIEIDN Ol VAVO CWANVEC AvBpaKa eival TIOAD TTIO
OTIOTEAECHATIKEG ATIO TIC iveC AvBpaka. To TIAX0C TOL TOIPEVTIOL UTIOPEL va
MEIWBEl o€ PEYEDOC MIKPWV KOI, CULVETIWG, EVEAIKTO KOl €ELTIVO OUVOETO
TOIYEVTO UTIOPEI VA KOTAOKEVAGTEI.

MeyOAa TIOCA KEPOAQIWV KOl TIPOCTIOOEIV XPNOIUOTIOIOVVTAL YIa TNV
QVATITLEN TNG TEXVOAOYIAC VAvo. AKOPO KiI OV TO TOIHMEVTO KOl TO OKUPOJEUD
MTTOpEl vOo  OTIOTEAEI POVO €va  MIKPO MEPOC OULTAC TNC  OCUVOAIKNG
TIpooTIABeI0g, Ba PTTOPOoVOoE va TIANPWOEl TEPACTIO HEPIOUATA OTOULG
TOMEIC TWV TEXVOAOYIKWV KOIVOTOMUIWV KOl OTA  OIKOVOUIKA O@EAn. Ol
TpEXoLOEC TIpooTidbeieg, (COE et. al., 2009), scuialovtal:

e XTNV KATOVONGT TNE EVUSATWONG TWV CWHPATIOIWY TOL TAIYEVTOU, KOl

e Tou vAvo peyéBoug Tou BI0&EIdioV TOU TTLPITIOU.

e 2TC TIPOCONKEC PYE COUTIEP TIAACTIKOTIOINTEC KOl

e 2TOULG QIOONTHPEC.

H avdamtuén touv vavo-ToIYEVTOL UTIOPEL va 0dnyroel o€ PEYAAN OVATITUEN

TIC TEXVOAOYIEC TOU OKUPOJEUATOC KOl TOU KAAOOU TWV KOTOOKEUWV.

3.4 NavotexvoAoyia Kol yuaAi

H eupwttdikny ayopd TOTto0£TNONG LVOAOTIIVAKWY, TIOU QVTITIPOOWTIEVEL TO
45% 1n¢ TtaykOouIag ayopag, £gbace oe évav oyko 80.000 povadwv 10
2001, kal o€ €vav OyKo TtwANoswv €18bn. H tpé€xouvoa KaTAoTaCN NG
TIPOOdOL OtV €TevdLON eival €va evepyd ocUVOTNPO TIOU OKOAOULOE( TOV
NAIO, TOV O€pa Kal T Bpoxn TIPOKEIUEVOL Vva eAeyxOei 10 TIEPIBAAANOV
01IKOOOUNONG Kal VO CLUPBAAEL GTNV IKAVOTNTA LTTOCTAPIENG, OAAG QUTO gival
avogIOTIOTO KOl OUOKOAO va  dIaTNPNOEl. ZUVETIWG, LTTAPXEI TIOAAN £pEuva
TTOL OIEEAYETAl yIO TNV E€QAPUOYN TNG VAVOTEXVOAOYIOC OTO YUOAL Kol
MEPIKEC OTIO TIC TIO EATIOOQPOPEC TIEPIOXEC TIOL TIEPIYPAPOVTAL TIO KATW
KaBw( eTTionNg Kal PEPIKA TIpoiovTa TIou gival Adn diabsoipa, (NanoFon?,
2006).
1. To d10&idio 1oL TITAviov (T:O2) XPNOIKOTIOIEITAl PE HOPQN] VAVO
owWPATIdIWV yia TNV ETTEVOUAT TWV VOAOTIIVAKWY OESOUEVOL OTI EXEL
TI QATIOOTEIPWTIKEG KOl OVTIPPUTIOVTIKEG 1010TNTEC. Ta  popla
KATOADOUV TIC 1O0XUPEC QVTIOPACEIC HE OPYOVIKOUC pPUTIOUE TIG
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TIINTIKEG  OPYOVIKEG EVWOEIC KOl TIC POKINPIOKEG MEUPBPAVEC.
EmmAéov, 10 TIiO2 civalr vdpO@IAO Kal auth n €éAén oTo VvePO
SlOPOP@PWVEL TO QUANG OTIO TIC TITWOEIC BPOXIC TIOU TIAEVOULV ETTEITA
OTIO0 Ta popla PUTIOL TIOL XwpPIlovTal aTnV TIPOoNyoLuevn dladikaaia.
To YUOAI TIOLU EVOWMOTWVEL AUTAV TNV TEXVOAOyia KabaplopoL Egivail
Ol06£0IU0 OTNV ayopd CruEPA.

2. TO TIPOOTOTEVTIKO £vaVTI TNG TIVPKAYIAC YULOALD €ival pia GAAN
€QApUOYn NG VvVOVOTEXVOAOYIag. AUTO  ETUTUYXAVETOlI MPE TN
XPNOIYOTIOINON €VOC CO@OUC PMOVWTIKOU OTPWHOTOC Olo&Eldiov tou
Tupitiov (Si02), (éva evdIAPECO OTPWHPO VAVO OwaTIdiov), TIoU
OTPIUWXVETAl PETOED TWV OTPWHATWY YUOAIOU KOl PETOTPETIETON OF
GKOPTITN KOl adla@avr) aoTtida TTupKayldg otav Beppaivetal.

3. To peyOoAUTEPO MEPOC TOU YUOAIOU OTNV OIKOdOUNGCN E€ival, QUOIKA,
OTNV €EWTEPIKI ETUPAVEIN TWV KINPIWV YIa TOV EAEYXO TOU QWTOC Kal
NG OepuoTNTAg TIOU  EICAYETAl  HPECW NG  Olkodopnong. H
TOTIOBETNON TWV LOAOTIIVAKWV gival €va onUAvVIIKO {NTnua OUuTAG
NG IKOVOTNTACG. H €peuva OTIC VOVOTEXVOAOYIKEC AUCEIC YO OUTO
OPIOOETOVY TIEPITIOU TECOEPIC OIOPOPETIKEC OTPATNYIKEG YIO vd
EUTIOdIOOLV TO QWC Kal TN BEPUOTNTA TIOU MPTIAIVOUV HECW TWV
TIapadLpwV.

4. ApPXIKA, TO ETUCTPWHATO AETITWV TAIVIOV OvOTTTUOCOVTOL OTI0U
EXOUME €LAICOBNTEC EQAPUOYEC ETTIPAVEING VIO TO YUOAI TTAPaBUPWV.
AuTOi €xouv TN duVATOTNTA VA QIATPAPOULV KOl VO OTTOKAEIooOLY €Ew
TIC  QVETUOUUNTEG ULTIEPUOPEC CUXVOTNTEC TOUL  PWTOC  (TToU
Beppaivouy €TTAVW €va OWMATIO) KOl VA HEIWOOUV TO KEPDOC
BEpUOTNTAC OTA KINPIA, €VTOUTOIC, AUTA €ival ATIOTEAECHATIKA POVO
W¢ TTadNTIKA AVon, onua 3.6.

5. Zav gvepyO AUCT, Ol BEPUOXPWUIKEC TEXVOAOYIEC MEAETWVTAlI WOTE
va avTtidpolv oTn BEPUOKPOTia Kal vo TIAPEXOUV BepIK POvVwon
yla va dwoouv TNV TIPOoTAcia armod 1 BEpuavan TauTtoxpova

SlOTNPWVTAC TOV ETIOPKI QWTICHO.
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SXAUO 3.6 AvVOOTPEYIUN METATPOTI HIOG XNMIKAG ouciag peta&d d0o
MOPQWV aToppo@NoNG TNC NAEKIPOMAYVNTIKAC  OKTIVOPBOAIOG, OTIou
ol O00 HOPYEC EXOUV  JIOPOPETIKA  @ACUOTA  OaTIopPPOPNONG Ta
vavoowpatidla. WOs (0&€idlo tou BoA@pauiovu) PTtopolv avaoTpEPouV TIG
OTTTIKEC IOIOTNTEC YE TNV EQAPUOYH HIag eEWTEPIKNG Taong, (Bakker, 2008)

e. Mia Tpitn OTPATNYIKA, TIOU TIOPAYEl MO TIOPOUOIa E€KPBaCn HE HIa
OlOPOPETIKY S10dIKATIA, TIEPIAAMBAVEL TIC PWTOXPWHIKEC TEXVOAOYIEC
TIOU MEAETWVTOl YIO VO QVTIOPACOUV OTIC OAAAYEC OTNV EAAQPIA
évtaon amo v avavopevn artoppo@nan.
7. Kal TEAIKA, TO NAEKTIPOXPWHIKA ETUCTPWHPATA TIOL AVOTITOCCOVIAI
KOl avTIdPOoUV OTIC AAAAYEC PIOC EQPAPUOCHEVNG NAEKTPIKAG TAONG E
TN XPNOIPOTIoINON €VOC OTPWHATOC 0&EIdiwV BoA@papiov. Me autov
TOV TPOTIO YyivovTal TTIo adla@avig PJE TNV AP EVOC KOUPTIIOU, GXNHO
3.7.
‘OAEC QUTECG Ol EQPAPUOYEC TIPOOPIZOVTAL VO PEIWCOLV TNV EVEPYEIOKN XPrRon
otnv YOén Twv KInpiwv Kal 6a prmopovcav va GUPBAAOLY C€ IO CNUOVTIKA
MeEiwon ota  teEpAoTIO TTOCAG  TIOU  XPNOIPOoTIololvTIal  OTO  XTIOUEVO

TIEPIBAANOV.
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DWTOXPWHATIKO
YVOAIp: n
JlaTEPATOTNTA AUTOV
TOU YUOAIOU EAEYXETAL
amod TNV 1don - yla Tov
KAIMOTIONO YPO@EiwV
OTO PEANOV.

SXAUO 3.7 PWTOXPWHATIKO YUOAI TIOU EAEYXETOL OTIO TAON.

3.5 NavotexvoAloyia kal ZUAo

Ol VaOVOOWARVeC AvBpaKa gival Pio VEa avokaAuyn, evw to VA0 eival Eva
OpX0aio LAIKO TO OTIOIO €XEl XPNOIPOTIOINOE Ao TNV auyr] TOU TIOAITIGHOU.
Qot1000, iowg dev OTOTEAEl €KTIANEN TO OedOPEVO OTI OTNV EEEAIKTIKNA
dlodikaoia ¢ @OOoNG, To EVAO ATIOTEAEITAI ETTIONCG OTIO VAVOOWANVEC N
vavo-vidia, (nanofibrils),  dnAadn,  Atyvokuttapwvikr], (lignocellulosic),
(EuAWANC 10TOC), oTolXeio TToL gival VO POPEC TTIO IOXLPO ATIO ToV XAALBa.
SUAEYOVTOC aUTA Ta vavo-vidla Ba odnyolcoe o€ éva VEO TIPOTLTIO YIO
aglpopo dounaon Kabwg 1000 n Tapaywyrn 000 Kal n xpron Ba gival pépog
EVOC AVOVEWOIPOU KUKAOUL. OpPIoUEVOL TIPOYPOPUOTIOTEG £XOUV OKEPTEL OTI
N AEITOVPYIKOTNTO TOU KTIPIOU PE  AlYVOKUTTAPIVIKEG ETUQAVEIEC OTN
VOVOKAIJOKO Bo  JUTTOpoUOE va avoigel VEEC €LKAIPIEC OTIWC Ol aUTO-
OTIOOTEIPOUUEVEG ETUPAVEIEG, N ECWTEPIKN AUTO-ETUSIOPOWON, KAl N
KOTOOKELUN TWV NAEKTPOVIKWV AlyVOKUTTOPIVIKWY CUCKELWV. AUTEC Ol [N
EVEPYNTIKNG 1 TOONTIKAG VOVOKAiaKag aioBntmpeg 6a  Tapaoyouv
TIANPOPOPIEC OXETKA HE  TIC €TUOOCEI TOU  TIPOIOVTIOC KOl TIG
TIEPIBAANOVTIKEC GUVONKEC KATA TN OIAPKEID TG ULTINPECIag amod TNV
TIOpaKoOAOLONON Twv dlAPOPWTIKWY  QOPTIwV, TIC Bepuokpacieg, TNV
VypaCia, TOLC PUKNTEG ATTIOOVVOEDN, BEPUIKEG ATIWAEIEC I} TO KEPDN, KAl TNV
ATIWAEID TOU KAlJATIOPOU. ETi Tou  TTapoviog, woTtdoo, N €PELVA GTOUC

TOMEIC auToLCg eu@avileTal TIEPIOPIOUEVN. AOYwW NG PUOIKNG VTIAPENG Tou,
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T0 &OAO €ival TIPWTOTIOPOC OTNV OJIETUCTNPOVIKI] E€PELVA KAl TEXVIKWV
MOVTEAOTIOINONG TIOL €XOULV NN ATIOPEPEl KAPTIOUG G OV0 TOUAAXIOTOV
Topeig, (Moon et. al., 2006). MNpwtov, n BASF £xel avarmtvéel pia 1ToAD
adIapBpoxn EmMioTpwan 1oV BacileTal OTIC EVEPYEIEC TOL QUAAOL TOU AWTOU
W¢ ATIOTEAECHA TNCG EVOWMHATWONG TOU TIUPITIOU Kal TWV VAOVOOWHATIdIWY
oAoupivag Kal VdPOEPOPRwVY ToAUPEPWY. Kal, AgVUTEPOV, Ol HPNXOAVIKEG
MEAETEC TWV OCTWV €XOUV TIPOCOPHPOCTEI PE TO MOVIEAO OTtO EUAO, YA
mapadelyya oty dadikaoia  Enpavong. Me v euputepn  €vvoid, 0
VOVOTEXVOAOYIO OVTITIPOCWTIEVEL PIO CNUOVTIKI €UKAIPIa yio TN Blounxavia
ELAOUL YyIO TNV AVATITUEN VEWV TIPOIOVTWVY, KOl YIO VO PEIWCEL ONUAVTIKA TO
KOotog emelepyaoiag, 6Oa avoifel Ot veeq ayopECG  yia  BIOAOYIKA
KaBopildpeva, (Biobased), UAIKG. ZTa XOPAKINPIOTIKA Yyvwpiopata Tou
EOAOL TIOU TO KOTECTNOE MO HOVADIKN Kol evdla@épouca UAn yia 1n
vavoTtexvoAoyia TiepidappBavovtal, (Wegner, 2005) ta akoAouba:
1. To &0OAo eival éva amod 1a 10 AEOovn Kal TTavtaxol Topoloa
BIOAOYIKEC TIPWTEC VAEC.
2. To &OAO €xel P vavo-ivwdn  KUWEAOEIDN OPXITEKTOVIKI] TIOU
Bagoiletal otnv KLTTAPIVN TWV Vavoivwv.
3. To &UAO €ival OUTO-CUVOPUOAOYOUUEVO HECW TNG EAEYXOMEVNC
Kol eTtavoAaupBavopevng PBlo-eAeyxouevng dlepyaaiag olvBsong
OTIO TO ETTITIESO VOVOKAIUOKOCG OTO ETIITIESO PHAKPOXWPOOBETNON.
4. H Atyvokuttapivn w¢ vVavoOAIKO Kal 0l OAANAETIIOPACEIG TNG e
OANO

vovoOAIKG gival og peydAo Babpo avegepedvntn.

o

To EOAO €xEl TNV IKAVOTNTO VA YiVEl TIOAD-AEITOVPYIKO Kal

o

To &UAO aroteAei akpoywviaio AiBo yia tnv Tpowdnon ng
Blopadag pe BAoN TIC AVAVEWGCIYEG TINYEC KOl TNV OEIPOPO OIKOVOIa.
EmumAgov, 1o LAIKA pe Bdon 10 EOAO UTIOPOUV EVKOAO VO QVOKUKAWOOUV
Kal VO ETIOVOYPNOCIUOTIOIN60LV.

H Xpnoworoinon tng vavotexvoloyiag ota UAIKG pe Bdaon 1o E0A0 Ba
MTIOpOVCE va 0dNYyNOEl OTO PEANOV O€ TIEPA ATIO KABE QavIacia €LKAIPIEC
OVATITLUENG Yia Ta PBIOAOYIKG Tipoidvta. H vavotexvoAloyia Ba odnynoel ot
Mo HOVOSIKN) ETIOPEVN YEVIA BIOAOYIKWVY TIPOIOVIWVY TIOU Ba €XOULV ULTIEP-

arédoan Kal auté-ocuvtpnon. Ta Tpoidvia auvtd Ba €xouv 1B1I0TNTEC
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OVTOXNC TIOU TWPO UTIOPEI Kaveig del pOvo oTa CUVOETO LAIKA PE Bdaon Tov
avBpaka. AuTA Ta vVEa BIOAOYIKA TIPOIOVTA PE TIC BEATIWMPEVEC 1B10TNTEC, Ba
gival og B€on va avtéxouv ae TIEPIBAAOVTA PE TIOAD vypaacia. BeATIWoEIC
ylo TIC UQIOTAPEVEC XPNOEIC Ba TIEPIAAUPBAVOLY TNV AVATITUEN XWPIg
pNtivng twv Pio-cLVOETWVY 1 EUAO-TIAACTIKWVY EVIOXUUEVWVY  CGUVOETWV
UAIKQV O€ QVTOXNG KOl AEITOLPYIKOTNTA, AOYW TNG VOAVO-EVIGXULMPEVNG ivag
Kal XPnoIPOoTIoINONG NG £€W¢ TIAOCTIKO OUYKOAANGONG. H vavotexvoAoyia Ba
ETUTPEYEL TNV AVATITLUEN TWV €UPLWV EUAWV Kol TWV P10-CVVOETWVY
TIPOIOVTIWV HE MIO CEIPA aTIO VAVO-aIoONTAPEG YO TNV MPEIPNOEL TIG
OLVAUEIC, TWV QOPTiWV, TOu EeTtiTtEdOV Lypaaciag, NG Beppokpaacia, TNV
THiEON, KOl TWV EKTTIOPTIWV XNMIKWV TIPOIOVTIWY. H vavotexvoAoyia PTtopei
ETTIONG va avarttuxBei otnv avixveuon TpoeIdoTIoinong yio ETIOECEIC OTO
EVAO OTIO PUKNTEC KAl TEPMITEC TIOL TO KATAOTPEPOLY. H KATOOKELH KTIPIWV
TIOU PEPOULV  AlYVOKUTTOPIVIKEG ETIIPAVEIEC OTN VAVOKAIJaKa 6a prmopolce
VO  QVOI&el VEEC E€LKAIPIEC YO TIPAYMATO OTIWC OAUTO-OTIOOTEIPWANG
ETIQPAVEIWV, TIOPOAYWYI NAEKTPIKNG EVEPYEIOG, KAl TWV NAEKTPOVIKWV
OUCKEUWV PE AIlYVOKUTTOPWVIKA. H peydAn d0vapn g  Kuttapivng
TIPOOEEPEL TNV EVKAIPIA yIO EAAPPUTEPA, IOXUPOTEPA LAIKA HE PEYOAUTEPN
avToxr. AUTA TO VEQ LAIKG Ba €XOUV HEYAAEC ETUTITWOEIS OTNV XPron ToU
EOAOL O€ OAeC TIC PACEIC TN KATOOKELNG, BonBwvtag To EVAO KOl LAIKA E
Bdon autd OTNV AVTIUETWTIION TWV VQICTAPEVWVY EAAEIPEWV.

Néa TIpoidvVTO  vavoTEXVOAOyiOgC -Ttou  €ival  SIOOTIOPEG  TTOAUVHEPWV-
adlaBpoxoTtololy TIC EVAIVEG ETUIPAVEIEC BIEICOVOVTOC BaBid oTOoU( TTOPOUC
TWV ETTIPAVEIOV KAl ETIITUYXAVOUV XNMIKA TPOTIOTIOINCN AVTIOPWVTAC MPE TA
OouIK& cuoTtanka  (Kuttapivn,  Alyvivn, NUIKUTIAPIVEG), KABWC  Kal
ETUKOAOTITOVTOC TA MIKPOIvidla tou &vAov, (Moon et. al, 2006) 'Etol,
BeATiovovTial TOOO Ol UNXOVIKEC 1810TNTEC, 000 KULPIWG N JlOCTACIAKN
otafepotnTa (BA. pikvwon-d10ykwaon) Ttou &OAov. Kotd ouveEmeld, To
ATIEIPWC MIKPA VOVOOWHOTIOI «VTOVOUV» TNV TIOAD HEYAAN ECWTEPIKN)
ETUPAVEIO TOL EVAOL e€ao@aAiovTag TNV atwinNon Tov vepoL, oxAua 3.8,

N TNV OTOPAKPULVCN TIAPAYOVIWV dIARPWONG HE XNUIKEG SLUVAUEIC. 'ETol
ETUTUYXAVETAI CNPAVTIKY TtpooTtacia Tov EVAov. H Tipootacia autn @aivetal
OTl Ogv eTINPEAdeTal ATIO TPIPH, UNXOVIKN KOTATIOVNON, NAIOKA €Tidpacn 1
GAAN @BopAa.
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>xAua 3.8 Navo-mipootacia Tou E0Aov, (Moon et. al., 2006).

Emtiong, €€ao@alilel kal BeEATIwpEVN aviox otn ynpavorn, dnA. PE OTAd
AOyla €00 @OAIleTal PeyAAn avtoxr (QuoiKr JIAPKEID) OTO XPOVO, TIOU
pTTOopPEl va @tdoel Kal Ta 10 xpovia. MNa T KAIPJOTIKEC UVONKEG TN XWPOG
MOC - Ol OTIoiEC €ival «TTOAD OUCKOAEC» yla TO &UAO - @aivetal Ot n
LTTEPIWANG NAIOKN OKTIVOBOAIO dev eTINPEAdEl TNV €V AOYwW TIPOCTACIA, OUTE
TIPOKOAEI PETOXPWHATIOPOUVE (TT.X. KITPIVO XpwHa). Ta OKELACHOTA OUTA
ogv  dnuioupyolv @IAP  (coating) oOTnV  E€TUEAVEID KAl OUVETIWC O&V
OAAOIWVOULV TNV OAN EUPAVION TWV ETTIPAVEIDV, WOTOCO0, O TIAPATNPNOEIC
NAEKTPOVIKAC MIKPOOKOTIIOC OE POKPOMOPIOKO ETUTIEOO £XOUV KATAYPOPEI

METABOAEC OTNV APXITEKTOVIKI UTTOd0UN (UIKPOdOWN) Tou EVAOU.

3.6 NavotexvoAoyia kKal ETiKaAOYPEIC

Ta eTuxpicpata €ival yia TIEPIOXr) ONUAVTIKAG €PELVOC TN VAVOTEXVOAOYia
Kol SlEEAyovTal €pyaaTieq TIAVW OTO CKLPOJEPD KOl OTO YULOA, KaBwWC Kal
OTO XGAUBA. MeydAO PEPOC TWV EPYACIWV CLUVETTAYETAI XNUIKN Evamobeon
atyoL (CVD). H emkaALYn €XEl OKOTIO TNV TIOPpAYwYyr EVOC OTPWUATOC TO
OTToI0 €ival KOTAAANAO LAIKO BAconG yla TNV TIOPAywyr HIOC ETUQAVEING HE
TIC ETUOLUNTEC TIPOOTATEVTIKEG 1] AEITOLPYIKEG 110TNTEC. 'Epeuva dieEdyeTal
MEOW TOL TIEIPAPATOC KOl TNG MOVIEAOTIOINCNG ETUXPICHATWY Kol 0 €vag
OTIO TOUG OTOXOUC €ival N AVATITUEN SLVOTOTATWV ETTOVAWONG PECW MIOC

dladikaoia  «ouTO-cuvapuoAoynong”. H vavotexvoAoyio s@apuoletal ota
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XPWHOTA KOl OTIOKTOUV HPOVWTIKEG IOI0TNTEG, OTAV TIOPAYOVIOl HE TNV
TIPOCONKN KOTTOPWV VAVO-UEYEBOUC OTOUG TIOPOULC KOl TO CWHATIOI,
Oivovtag TIOAD TIEPIOPICHEVEC SIAOPOMEC YIO BEPUIKA AywYIHOTNTA (Ol TIMEG
TOU OUVTEAECDTN] BEPUIKNG aywyluotntag, R, €ival SITTAACIEC OTIO AUTEC YA
MOVWTIKOU a@pol Tou €ival onuepa d1ab£aipog). AuTo To €idog TG Bagng
gival TTou XpnolPoTIoIEiTal, TIPOG TO TIOPOV, YIO TNV TIPOCTACIa KATA TNG
lapBpwaong apoL gival LOPOPORO Kal ATIWOEI TO VEPO ATIO TO MPETOAAIKO
CWAAVO KAl UTIOPED €TTIONG va TIPOCTATEVEL TO PETOAANO OTIO TO OAPLPO
veEPO, oxNua 3.9. Emiong, umdpxouv Kal TUOaVEC XPrOEIC OTNV TIETPA HE
Bdaon ta idla LAIKA. Ze auTd 1o LAIKA €ival ouvrBng n Xprnon pnivwv yida
OKOTIOUG €VioXuong TIPOKEIUEVOU VO  OTIOPEVYOVTOl Ta  TIPORARuaTa
Bpavong, wotdoo, AUTEC Ol BEPATIEIEC Pe pNTiVv UTIOPEL va ETINPEACOLV

TNV AICONTIKN KAl TNV TIPOCE@LCN CTA LTTOCTPWHATA.

WwWith Nano

T

Without Nano

>xAua 3.9 Navo ermictpwaon vdpoPoRn

Me Baon to cuUCTAUATO VOVOOWHOTISIWV PTIOPE va dnuioupynBei KaAUTEPN
TIPOCPLON KAl JIAPAVEID O OXEDN HE TIC CUMPBOTIKEC TEXVIKEG. EKTOC aT1to
NV ETHOTPWON AUTO-KOBOPICPOU TIOU OVOEQEPETAl AVWTEPW YIO TOUG
UOAOTTIVOKEG, Ol O&IOAOYEC IOIOTNTEC TWV VOVOoWHOTIdiwV TiO2 01 oTt0ieg
UTTAPXOULV ONUEPO OE XPHON ¢ ULAIKO ETOTPWONG Yyia JOpPOUOLG
SoKIpAlovTal o€ EQPAPHOYEC O OAO TOV KOGO.

To TiO2 wg emioTpwong GUAAPBAvel Kol dlOCTIA  OPYyavIKOUC — Kal

avOpyavoug ATHOO@AIPIKOUC PUTIOUG. Z€ HIA (PWTOKATOAUTIKN dladikaaia
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(emtiotpwon tov dpdpov 7000mM2 oto MIAGVO €dwaE Hia PEiwon Katd 60%
o&e1diwv Tou adwTov). H €peuva auTr avoiyel hia evala@Epouvaa duvatoTnTa
BEToVTag dPOUOLC IO KOAN TtEPIBAANOVTIKY Xprion, (NanoForum, 2006).

OAa 10 emXpiopyata vAVOOWMPOTIOIWY  AETITWOV  @IAM €XOULV
auTOKABAPILOPEVEG 1010TNTEC €XOLV  KOTAOKELOOTEI ME QTIOBEON Of
OTPWUATA VavoowHoTIdiwv Tou Ti02 kat tou Si02, oxnua 3.10. To
TIOPWOEC Kal N XNMIKI oUOTACN TwWV ETUKOAVYPEWY TIPOCdIoPIoTNKAV
XPNOIPOTIOIVTAC I OTIA pEB0dOoC Tov PBaciletal otn EAAeopeTpia Kal
OEV ATIAITEI OTIOIEGONTIOTE LTIOOECEIC OXETIKA e TO deikTn dIdBAOCNG TOU

OTOIXEIOL VAaVOoWPATISIWV.

Substrate

TiO!

ZXNAua 3.10 At6Beon Og OTPWUATA VOVoowUaTidiwv Tou Ti02 Kal Tou Si02

YIO TNV KOTOOKELH AETITWV OUTO-KOBOPILOUEVWV QIAY.

H Ttapouacia twv vavo-mtopwv ota vavoowpatidia touv Ti02/Si02 €xel oav
OTIOTEAECHATA Ol ETUCTPWOEIC VA €XOLV LPNAR LOPOPIAIKOTNTA KOBWC Kal
ol 1IOI0TNTEG PN OVOKAACTNKEG. H uWnA LOPOPIAIKOTNTO TWV HOAUCHEVWV
ETUXPIOUATWV Ba PTtopoVloEe EVKOAO va avaKTInBei kal va diatnpnOei pe v
UTIEPIWAN OKTIVOPBOAIQ.

YTIApXEl pIa OEipd «EEUTIVWV» UAIKWV MPE TIPWTOTIOPIOKEC OLVOATOTNTEC,
TIOU O&l0TTIOIO0V TN dUVOUN TNG VOVOTEXVOAOYIaC. Ti KAvouv; METATPETTOLV
TIC OTIAEG KEPOAMIKEG N YUAAMVEG ETUPAVEIEC O AUTOKOBAPILOPEVEC Kal

QUTOATIOOTEIPOVUEVEC HOVO HE T Porfsila Tou NAIOKOD  @WTOC Kal
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AlgogvNoN £QO0OVOVKOV VOVOTEYVOAOVIOE OTNV ETIICTALN TOU MoAITIKOO
MnvavikoO

TIPOCTATEVOLV KABE AOYNC OIKOJOOUIKA UAIKG (TOIUEVTO, XAALPQ, TETPQ,
MAPHOPO, KEPOAUIOL, OANG Kol EVAO) OTIO TO VEPO KI OAEC TIC YVWOTEC
OPVNTIKEC ETUTITWOEIC OTIO TN dpAan TOU.

Ta vavoUAIKG aTtwB0oUV 10 VEPO -TIOU TIEPIOPILETAl VO OXNUOTIOEl «UTTAIEC»,
oxnua 3.11 otV ETUPAVEId TWV TIOPATIAV®W ULAIKWV Kol Bobuiaio va
€EATUIOTEI- XWpPIg va eTINPeALOLV TN QUOIKN EPJPAVIOT TOUC.

NeOTEPO VOVOUAIKA EUPAVICOUV AVTISIOPBPWTIKES IOIOTNTEC OTIC ETUKOAVWYEIG
YIO METOAAIKEG ETTPAVEIEC, HPE KOPIA EQAPHOYN OTO XWPO TN¢ VAUTIAAC,
OANG KOl Ol €TUKOALYEIC anti-graffiti, TTou i0w¢ PTTOPECOLV TEAIKA Va
dwoouv AUCn OTo0 TEPACTIO TIPOPRANUA TwV BavOaAICUWY ATIO TOUG

KKOAAITEXVEC» TOL OTIPEL, oxnua 3.12.

i i nuot.iof

Nopadootakd TPooTateuTkd — Mpoataoia SurfaPoreR

T "\ W\W\N\\/"" T

ETtipoviw Kepopdiol aTéyng
/ Neukol amid Gt EovdiiiptkA) hww {ikidwv aio [Jt;t  _— 33 1I>S
U N . P I(nuKk»;i<k

To V&00WHQIOKI «vruvouv* eowtepikd Toug  SurfaPore R

Coppo oianrg g |
QuipioYn TPOGIGUUNKNG ATEAOOTIKIE Topou, oZfOrMvtag v 2 nuiola

HiBpavne. 'i;
Ymépicadng aKTvoporG 13pogofk TWK
AUGEVELC KUIPIKES TUVBFKEC Yepiadng aktvoBolia
18 & AuojieveiC KaIPIKEG LLVBT'Keg

WV irwwiiinawas -
H Foomuiae,m :1tt30 >Mloeixn:. pepBpdvnc»
i QANTAIT/L KT KTTTOTTTPIQITOL CiM TV UINQAN

OKTivopoVo A "i6/Bpivi, <otpi«i ouverkeg

b hutiiiPwr Rewpijitu tq dpaan 1ov, ,vwn 1,,Tigdvio
TqU KTpnuidio «nwnvrfl» fWiifitpo

Tpotrtog dpdang Twv vavoowp andiwv g oeipdg SurfaPore R

>xNua 3.11 E@apuoyr udPOEORoL VAVOUAIKOD
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Alg0ogVNON EIPOOIIOVKV VAVOTEYVOAOVIOE TNV ETTICTALN TOU MOAITIKOV
Mnxavikov

Méoa og 24 WPEC, TO HEAAVI TTOU £XEl AEKIACEL €°a AEUKO TIAOKAKI OpXilel va SIOOTIATAl KOl VO «ORAVE». TO €181KO
VAVOUAIKO, TO OTToio oXnUaTilel Eva AETITO LUEVIO GTNV ETNQAVEIX TOU. €XEl 18N EEKIVIOEL TNV AUTO-KAB OPICTIKN KAl TNV
AUTO-ENTOCTEIPWTIKTT PACT TOU ME TN BONOEIN TOL PWTOC XWPIG TN XPEIX AAAWVY XNUIKWY OLTIOV

SXAMa 3.12 Navo-emKaAOWeIC yia anti-graffiti

3.7 NavotexvoAoyia kal Mupotpootacia

H avtiotaon ot @A TwV KATOOKELWV ATIO XAAUBA TIAPEXETAI TUXVA
OTIO PIa ETTIOTPWAON TIOU TIOPAYETAl PE WEKAOHUOC UE €Va TOIPEVTOEIDEC. Ta
ouvnBiopéva emixpiopata mov Poaoidovtal oto Tolpévio portland dev eival
ONUO@IAR, ETTIEION TIPETIEL Va €ival TTaXIA, TEIVOLV va gival e0BpaALVCTA Kal Ol
TIPOCONKEC TIOAVHPEPWV Eival ATIOPAITNTEG yia TN BeEATiwon NG TPOGPUCNC.
Qo1600, N €peLva OTO VAVO-TOIPEVTO (OTIO VAVO-TAEIVOUNUEVO POPIa) EXEL
N duvatotTNTa va dNPIOVPYNOEl €va VEO TIPOTUTIO OE QUTOV TOV TOMEX
€QPappoyng, Ol0TI TO TIOPOAYOUEVO UAIKO UTIOPEL va XPNOIPOTIOINBEl w(
OKANPO, OVOEKTIKO Kal KATAAANAO yIa ETTIOTPWON YIO LWNAEC BEPUOKPATIEC,
oxAua 3.13 AUTO ETUTUYXAVETOI PE TNV AVAUEIEN VAVOOWANVWY GvOpaka
(CNT), Me TOIMEVTIEVIO ULAIKO yiO TNV KOTOOKELH VWV OTIO CUVOETO LAIKA

TIOU MJTIOPEI va KANPOVOUNOOUV OPICHEVEG WEEAIPEC 101I0TNTEC TWV
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Alg0EVVTION €WOOVOVAOV VOVOTEVVOAOVKK OTNV ETTIOTIILN TOU MOAITIKOU
Mnvaviko0

VAVOOWANVWY OTIWE N 10X0C TWV VWV TIOALTIPOTILAEVIoV, (Zhi and Zhili,
2008).

Emiong, e€etalovtal w¢ pEBodOC av&nong Tng avtiotaoong otn QWU Kal
OUTO €ival pia @ONVOTEPN €TUAOYH OTIO TIC CLUPPBOTIKEG POVWOEIS. H xprion
TWV ETEEEPYOOTWV OTA CULCTHPATO  QAViIXVELONG TIVPKAYIAC TIOL  Eival
XTIOPEVO PECO O€ KABE QVIXVEUTA €ival OPKETA KOAA €dpOIwWPEVN CNUEPQ.
AULTECQ BeATIOVOULY TNV A&IOTIOTIO PE TNV KAAVTEPN TIPOCPRACINOTNTA KOl TNV
IKOVOTNTA  yla TOV EVIOTUOMO Yeudwv cuvayepuwyv. H  xprijon 1ng
VOVOTEXVOAOYIOG OTO  HEANOV  pPECW TNG  OVATITUENG TWV  VAVO-
NAEKTPOUNXAVIKWV CLUCTNUATWVY, Nanoelectromechanical systems,
(NEMs), Ba uttopolce va &l OAOKANPO TO KTiplo va yivetal éva diktuo
OVIXVEUTWV, KOBWC Ol CUCKELEC OUTEC EVOWHOTWVOVTOlI Of OTOIXEIO N
etu@aveieg, (NanoForum, 2006).

H Ttuporpootacia yia EOA0 pe dlAQOPO TIPOIOVTA Eival PIO TIPOCTATEVTIKN
ETUIKAALYN YIO TO OXETIKO LAIKO OE TIEPITITWON TIUPKAYIAC — TIou Baaciletal
OoXedOV 01N PUON, £XOVTAC WC KUPIO CULOTATIKO TO VEPO — SNUIOLPYWVTAC
ME OLTOV TOV TPOTIO ETTAVW TOU €Va POVWTIKO OTPWHA. TO TIPOCTATEVOUEVO
UAIKO UTIOPEL va OTIOTEAEITAl EVIEAWC OTIO EVAO, TARBAEC OTIO PEAAUIvVN 1
KOTIAQVTIOPEVO  KOVIPO-TIAOKE YIO OTEYVOUC E0WTEPIKOVG XwpPOoug. To
TIPOIOV OULTO YIO TNV TIVPOTIPOCTACIO TOL EVAOUL Egival IBIAITEPA PIAIKO TIPOC
T0 TIEPIBAANOV (AOOHUO Kal Oev TIEPIEXEL OAOYOVd, Papéa HETOANO 1
OIOAUTIKG pEo). MTIopei va e@appooTei eOKOAa (Ba@r PE TUVEAO, POAO N
PEKOOTNPA) Kal EVIEAWC Ola@aveC. To TIpoidv yia TupoTipocTacia EVAoL
TIEPIEXEL, WC KOPIO OULOTOTIKO, €vav  ULOPOYOVAVOPOKO OTIO  APUAO
apafoaitouv | TaTATAg. TO TIPOCTATEVLTIKO OTPWMPO TIOL Ba dnuiovpynoEi,
OVATITOOCOEl — O€ TIEPITITWON PWTIAC KAl EKTIEPTIOPEVNG BepudTNTAC — aépla
TIOL O&V Kaiyovtal (ME apEANTEQ TTapaywyr] KarvoL). Mpootatelel €101 10
EOAO aTIO TNV €MMidPACN TNG PWTIAG, OXNUATI(OVTAC VO HOVWTIKO aQPWOEC

OTPWHA, KATA TNE BEPUOTNTAC, ATIO AVvOPOKA,.
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SxAUa 3.13 Navo-TIopwdeC HOVWTIK) KOULRBEPTEG: MOAD XOUNA BgpuIKA
AyWyIuoTnNTa, avioxn o€ LYPNAEC Oepuokpaoisc. Mupitio agpotléN e
VaVOOoWHOTIOIo o€ cLuVOLOCOUO HE evioxuan vawv, (Bakker, 2008).
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Alg0gvNaT EWOOVOVAV VOVOTEYVOAOVIOE GTNV ETTICTAN TOU MOAITIKOO
Mnxaviko0

KE®ANAIO 4

MEGOAOI ZXEAIAZMOY KAI YTOAOIIZTIKEZ MEGOAOI

4.1 MeBodol ZxedI0apoL YAIKWVY MOAAATIAWY SI0CTACEWV.

O1 VEEC TEXVOAOYIKEG €EEAIEEIC 0OYNCAV O€ HIO CEIPA TIPONYHEVWY LAIKWV,
OUUTIEPINAPPBAVOUEVWY OUVOETWY ULVAIKWY OTIwG OECPEC ME VAVOIVEC,
MIKPOBSOMUNUEVO KOl TIOALVCTPWHOTIKA LVAIKA. TO @ACHA TWV EQPAPHUOYWV YA
aUTO TO €i00C TNG PEATIOTOTIOINCNG TWV LAIKWV €ival eEAIPETIKA €LPV, Kal
UTTOOXETOL VEO UAIKA YIO XPNOEIC O EAAPPIA OXMUOTO, OTPOTIWTIKEG
Bwpakioelg, otnv olvINén, OTNV OTIOBNKELGN TOU LOPOYOVOUL KOl OXEDOV
o€ KAOe €@ApPOyYr] TIOU OTIAITED LAIKG TIOL VO AEITOUPYOUV KATW aTIO
OKpaieC oUVONKeG. ZXEAIALOVTOCG TNV E0WTEPIKA dOUN TWV LAIKWV £ELTIVA,
MTTOPOUUE va EATTICOLME yia T dnuIoLPYIa VEWV LAIKWV HE ETIIBLUNTOVC
OLVOLACHOUC IBIOTATWY OTIWE N AVTOXH, N OKANPOTNTA Kol n Ttukvotnta. H
ALVOTOTNTA yla TNV ETUTELEN OULTOU TOU OTOXOU B0 ATIAITHOEl VEEC
UTIOAOYIOTIKEC MEBOSOULG TIOLU UTIOPOUV va  XPNolPoTtoinéoly  yia  va
TIPOPBAEYOLV HE OKPIBEID TNV POKPOXWPOBETNON TwVv I810TNTWY, ME BdAon
TNV E0WTEPIKA dOMI TOU LAIKOU KOl TV TIOAU HIKPGWV VOVOJOUWV.

‘Etol, 1O ETKEVIPO TNG TIOPAYPA@POL OULTAC Eival vo  TIAPOUCIACEL
EQAPUOYEC TWV IEPAPXIKWY CUOTATIKWY HOVIEAWV TIOAAATIAWV  KAIMAKWVY
KOl  UTIOAOYIOTIKWV  PEBOOWVY, o€ TIPORAAPATA  TIOL  TTAPOUVCIAloLV
EVOIOEPEPOV OTO OXESIOOUA Kal OTN PMOVIEAOTIOINGN TWV ULAIKQV. lepapXiK&
MOVTEAQ €ival €KEivO OTA OTIOI TO CUCTOTIKA TOUC QVTOTIOKPIVOVTIOl Of
TIOAD MIKPEC KAIMOKEC PNKOULC KOl XPNOIUOTIOIOVVTAl WC OEO0OUEVA EI00O0L
yla Ta TIPOPBANPATO GUVOPIOKWY TIHWY O HEYAADTEPEC KAIJAKEG Pnkoug. H
€icodog yivetal ouvnBWC PE TN HOPPN MIAC APXIKACG KOTAoTOOoNG, HE MIA
OUCTOTIKN] TIOPAUETPO N OPIOKK CLVONAKN. Ta 1EPAPXIKA HOVIEAO Egixav
ETUTUXIO yiO OpIoPEVOUG AOyouG. O €vag eivar n IKovotntd TOLg Va
EVOWUOTWOOULV TIC KAIMOKEC PAKOULC TOU ULAIKOU OTO OPOYEVOTIOINUEVA
MOVTEAQ, QUTO UTIOPE, yia TIOPAdEIYUA, va TIAPEXEL dLVATOTNTA PLBUIONC
OTIC apPIBUNTIKEC e@OPPOYEC. TeviKOTEPO, TO  IEPAPXIKA  HOVTEAO
TIPOO@EPOLV EVA (PUOCIKO TPOTIO YIO TNV EVOWHATWON MIKPNG KAiMOKAG

(PLOIKNC VANG, OTNV CLUTIEPIPOPA PEYAANC KAIMOKOG, TETOIA TTOUL N oV{ELEN
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TWV CLOTOTIKWV VA TIPAYUOTOTIOIEITAl PETOED TWV SIOQPOPETIKWVY KAIPAKWVY
pnKouc. Autrh n o0Zevén TTapEXEl TN duvatoTnTa va Ttpocdiopilovial, Kotd
MECO OPO, TO OTIOTEAECHUOTO TWV TIAPOPETPWY KOl TWV IBI0THTWY TWV
UAIKQV O€ TTIOAAEG KAIMOKEG PNKOULC, KOl KOAUTITEL WO KPIioIun avaykn ylo 10
oxediaopd Kal TNV avaiuon Twv LVAIKWvY, (Wing Kam Liu et al, 2006).

H oxéon peTagd NG MIKPOSOUNG Kal TWV ISI0THTWY TwV ULAIKWV Eival 10
KAEDI ylo TNV BEATIOTOTIOINON KOl TOV OXESIOOUA EAQPPIWV, IGXUPWV Kal
OKANPWV LAIKWV. O1 I310TNTEC TWV VAIKWV Eival €yyevwg pia ouvaptnon o€
OXEON ME TNV MIKPOOKOTUKY OAANAETIIOpaOn KABe &eXwpPloTNC KAIPMOKOC
TIOPOPOPPWONG O€ OAO TO UAKKO. ETi TOU TIAPOVIOG, Ol EPELVNTEC
otnpidovtal og gUTIEIPIKA O€SOPEVA YIA TOV KOBOPIOUO TwV IBIOTATWY TNG
KOTOOKEUNG OTNV OoAvcida oxedlaopol Tou ULAIKOU 'Eva  POVIEAO TIOoU
TIpOTEivETal €D €ival QUTO, KPE TO OTIOIO TO ULAIKO QTIOCUVTIOETAl PE

QULOIKOUC KOl JaBnNUOaTIKOUG TPOTIOUC 0€ KABE KAIJaKa evOIOQEPOVTOC.

Zxnua 4.1 MIiO YEVIKI) TEXVIKI] ylO TOV KOBOPIOPO TwV IBI0THTWY MIAG
oLVBETNC douNng LAIKoU, (Wing Kam Liu et al, 2006).

H Ttapapdpewaon Tou VAIKOU PTIOPEL 0T CUVEXEID va LTIOAOYIOBEI o€ KABE
Mio amtd auTéC TIC KAIUOKEG. H ouPTIEPIPOPA TOU CULOTOTIKOU GCE KABE
ETTITIEO0 UTTOPEI £TTIONG Va TIPOCdIoPIZETAl AVAAUTIKA 1) LTTOAOYICTIKA PE TNV
€€€TOON TNC MIKPOUNXOVIKAC 08 KABE KAipaKa..

To oxnua 4.1 mapoucidlel v {wrp €vO¢ CULOTATIKOU ATIO TNV APXIKN
ETMEEEPYATIO TWV TIPWTWV VAWV, PE OTIOTEAECUA TNV MIKPOSOUI TOU LAIKOU,
TIC TIOPOYOPEVEG IOIOTNTEC KAl TIC TEAIKEC ETIIOOCEIC TOL TIPoidvtog. Ol
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AlgogVNON €WOOLOVAV VOVOTEXVOAOVILX OTNV ETTICTAUN TOoU MOAITIKOV
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ETIOTNMOVEG TWV LAIKWV €0TIAJOLV TNV TIPOCOXI TOUCG OTn OXECTN METAEL
g emegepyaaiag KOl TWV QTIOTEAECHATWVY OTnV  PIKpodoun. Ol
ECEIOIKEVUEVEG  TEXVIKEGC  QTIEIKOVIONG,  CUUTIEPIAOUPBAVOPEVWV  TWV
NAEKTPOVIKWV MIKPOOKOTIIWV XPNOCILMOTIOIOUVTAL YO VO XAPOKINPIooLV TNV
MIkpodour. Katd 1 JIAPKEID TWV €TWV, Ol OXESIOOTEC E£XOUV OTIOKINOEI
TIOAD  PEYAAQ TIOOA  TIEIPAMOTIKWY  OeSOPEVWV  TIOL  OPOPOUV TNV
ETEEEPYATIa TWV TIAPAPETPWY, OTIWC N BEPUOKPATING ETIEEEPYATINAG KOl O
PLOUOC  TAPAPOPPWONG, OTNV  TEAKKN  MIKPodoun.  Alaypaupota
METATIOINONG KOl EPTIEPICTATWHEVO  HOBNUOTIKA HPOVIEAQ  Eival ELVPEWC
OloBEoiua. ZUVETIWE, €ival duvatov va oXedIAOTEl PIO YIKPOOOUN HE TOV
EAEYXO TWV TIAPAUETPWV UETATIOINCNG.

H oxéon peTal Twv II0TATWV Kal TNE amtodoong ival €Ttiong Katavontn.
Ol unxavikoi €ival avToi TTov oXedIAOLV Kal ETUAEYOULV T LAIKA pE BdAon TIC
OTIAITOVUEVEG ETUOOCEIC. TO UAIKA ETUAEYOVTIOI OVAAOYA HE TIC MNXOVIKEG
TOUC 1810TNTEC OTIWC N TILKVOTNTA TOLC, N XNMIKN avTox Kol GAAA XPNolua
QUOIKA XOPOKINPIOTIKA. H KATAAANAOTNTO €vOC LAIKOU Yid OUYKEKPIPEVN
EQapPOyn MTIOpei va TIpoodlopiletal AUECO  PE T XPrON  XOPTWV
OXedIAOUOU 1 LTIOAOYIOHUOU PECW OPIOPNTIKWY TEXVIKWVY OTIWE N PMEB0SOC
TIETIEPACPEVWV OTOIXEIWV.

€ €Va OTOIXEIWOEC ETUTEDO, 0 OXEAIAOPOC TOU LAIKOU €ival pla pEBodOC
TIOL OULVOEEl TNV ETEEEPYATIA TOU ULAIKOU MPE TNV OTTOd0CN TOU ULAIKOU.
YTIAPXEl YO OXEON QAITIOG-OTIOTEAECPATOC TIOU CUVOEEL TN PETABOON ATO
TNV ETegepyacia otnv amodoon, autd onuaivel o1l aAAalovtag pia
TIOPAUETPOC METATIOINONG Ba €XOUPE ETIIOPACEIC OTNV HIKPOOOWN OTIC
1O10TNTEC Kal TIC €TUOOCEIC TOUL UAIKOU. BAémOvVIOg TIPOC TNV avTiOeTn
KatebBuvon, 0 OTOXog E€ival va erteuxBel n  emBLPNT  IKAVOTNTA
AEITOLPYIOG YE TOV KOBOPICHO TWV AvayKaiwv ISI0TATWVY, OXETIKA HE TNV
OTIAITOVPEVN MIKPOJOUN KOl TEAIKA ME TNV €TUAOYN TNG OWOTNG TEXVIKAG
emegepyaaiag.

H oulntnon o€ auTO TO KEPAAAIO EEKIVA HE TNV TIOAAATIAN] GUVEXH OIOKPITH
OVAAUGN TWV UAIKWV HE T OUVOETN E0WTEPIKN OOUN TOLG, TIOL JIABETOLY
ONUAVTIKA CUCTATIKA OTOoIXEih O&  JIAPOPEC XWPIKEG KAIUOKEG. Q¢
OTIOTEAECUA  QUTNG TNG OVAALCONG, €ival n OTodEIEn TwV TIOAUTIAOKWVY

OXE0EWV HETOED TNG EOWTEPIKNG MIKPOOOUNG Kal TwV ETIIOOCEWV TOU
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AlgogvNon €QAOIIOVMV VOVOTEYVOAOVI(K 0TnV €TTIOTALVN TOL MOAITIKOV
MnvavikoO

LAIKOU.

Mia Ttapopola uEB0d0C KATAAANAN YIO CUYKEKPIPEVEC KAIMOKEG UNKOLC Kal
XPOVOU TIOL XPNOIMPOTIOIEITAl YIO TNV OVTIMETWTIION @OIVOUEVWY OTA LVAIKA
TIOLU A&ITOLPYOUV HOVO O€ Ox€on ME OUTEC TIC KAipokeg, (Karakasidis
Charitidis, 2007)

AlG@OPEC KATAAANAEG MEBODOULC Yyl TNV OULYKEKPIYEVN OIGPKEID  TWV
XPOVOJIOYPOUPATWY XPNOIPMOTIoOIoUVTAl YId TA @AIVOUEVA TWV UVAIKWV Ta

OTIO0i0 AEITOVPYOUV POVO OE OXECT ME AUTEC KAIMOKEG oXNpa 4.2.

10s

Continuum
Methods
Is
Monte Carlo
Methods
® 1ms
<0
i
é Molecular
P Ips Dynamics
Ins Density
Functional
Theory
Ips
LA 1 nm IOnm 100 nm 1 pm 10 pm

Length Scale

SXNHO 4.2 XapOoKINPIOTIKEG KAIUOKEG XPOVOU KOl WAKOUC Yia SIAQOPEC
MEBOBOLC TIPOCOPOIWOEIC LAIKWY, (Karakasidis Charitidis, 2007).

O1 péBodol, Bewpieg, TTOL @aivovtal oTo oxnua 4.2 givat:

1. H Bewpia ocuvvaptnolakng Ttukvotntag, (Density functional
theory, DFT) eivai pia KBaviikp  pnxavikg  Bswpia 10U

XPNOIYOTIOIEITAl OTNV QUOIKI KOl OTNV XNUEia yia tv digpebivnon
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Algpelivnon €QAPLOVAOV VAVOTEVVOAOVIOP OTNV €TNCTrIN ToU MOAITIKoO Mnvavikou

NG NAEKTPOVIKA dopn, (Kupiwg g BepeMwdoug Katdotaong), o€
TIOAAG  pEPN TOU ULAIKOU 1dlaitepa ota  ATopa, HOPIa, Kal OTIC
OUUTIUKVWMEVEG QACEIC, PE OUTH TNV Bewpia o1 1810TNTEC TIOAAWV
OULOTNUATWVY NAEKTPOVIWV PTIOPOUV VA TIPOCAIoPICTOUV.

2. H KAoolkny poplokry duvapikry, molecular dynamics, (MD), H
TIpOoOMOoiwaon TG  KBAVTIKAC MOPIOKAC  OUVAMIKACG MWTIOPED  va
OVTIUETWTIICEL €va TIPORANUA TIOL TIEPIEXEI MEPIKEC EKATOVTADEC
ATOMO KAl O€ TIPAYMOTIKO XPOVO HEPIKWVY pS. 'Eva TIpwTto Bripa g
aTIAOVCTEVUONG €ival n  Aapon Tou  PBaBuol  eAevBepiag  Twv
NAEKTPOVIWV pe TN XPrnon Tng Tpooeyyiong Born-Oppenheimer,
(BO). H oLVOAIKN gvépyela LTTOAOYIZETOI WC CLVAPTNON TWV BETEWVY
TWV TIVPAVWV KAl TNE SLUVAUIKNG evépyela, U (n, 12, ..., N), dnAadn ta
ATOMA AVTIPETWTTI(OVTAl WC KAACIKA owPaTidla TTou KivouvTal GTnVv
eTi@avela BO, kal n KBAVTIKA PNXOVIKN Kivnon Tou SIETIETAI OTIO TNV
egiowon touv Schrodinger avtikaBiotatal amtd v e€icwon Ttou

NeUtwva yio TNV KAAolki pnxavikn: (Karakasidis Charitidis, 2007)

Fj = rrijaj (3..1)

OToL: M, €ival n pala tou i-atdépov Kal n dvvaun F, TTou evepyei ot
OUTO ULTIOAOYIZETAl ATIO TO EVEPYEIOKO OUVAUIKO OTO E0WTEPIKO TOU
otopov,  oLUUEWVA e I €flowoelg Mg peBOdoL MD,
(Rapaport,1995).

F,=ViU (3.2)

YTiapxouv O00 PBOCIKEC TITUXEC Yyia TNV TIPAKTIKI  EQAPMPOY

NG MOPIOKNC SUVAMIKNC:

e 1N ApPIBUNTIK] OAOKANPWON TwV €EI0WOEWV NG Kivnong o€
OLVOLOCHPO HE TIC OPIOKEG OUVONKEG, KaBw¢ Kol KABe
TIEPIOPIOHUOC TOU SIKTUOUL KOl

e 1 ETIIAOYH TOUL SUVAMIKOU OTO ECWTEPIKO TOL ATOMOU.

MNa éva pOvo CUCTOTIKO OTOIXEID TOU CUCTHHOTOG, TO EVEPYEIOKO

OLVOUIKO U pTtopei va ypa@Ttei w¢ eTTEKTOON TOU SUVAMIKOU TWV N-
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OWHATWV:

URj) = a1 =1j U 2(Rij) + 1/3! —s—— U3 (Rij, Rik, Rjk)

+(3.3)

‘OT1ou: Rij = Ri-Rj gival n améotaon dloXwpIopPol 010 ECWTEPIKO TWV
OTOMWV Kal 10 U2 avTuTIPOCWTIEVE! TIC AAANAETUOPACEIC PETAED TWV
devyaplwyv Twv OoTopwv, 1o U3 €optdtal amd 10 OCULOXETIOUO
TIPOCOAVOTOAICHOUG TWV TPIOLPWV aTOUWV, KIA. H emiAoyn Twv
duvatotTwv Kabopiletal amod 1o €idog deOpwv, TNV ETOLPNTH
OKpiBela, T dLVATOTNTO METAPOPAC KOl TOUG UTIOAOYIOTIKOUG
TIOPOUC.

O PBaoIKOg TIEPIOPIOPOC NG HEBOdOL MD  egp@aviletal Otav ol
OlOBIKOCIEC OTIWC N OTOMIKI SIAXLONG EXEl PAIVOUEVA HE TIOANATIAEC
KAIUOKEC. TO XPOVIKO PBrpo TIPETIEL va Eival OPKETA PIKPO (TNG TAEEWC
Touv 1015 S) yla va UTIOAOYiIOEl TN QLVOUIKN TWV TPOTIWV dovNong, 1oi
(tNg 1&g twv 1013 s'l). MNAaviwg, ol XPOvol TIOPAPOVHG PETAED TwV
METAKIVIOEWV €ival TN TAENE TWV MIKPO-OEVTEPOAETITWY, KABWC Kal
Ol UTTIEVLOUVEC OAAANAETUIOPACEIC VIO TO @OIVOPEVA CULYKEVIPWONG
yivovtal o€ XIANIOOTA TOU QEVTEPOAETITOL O€ KOOt AeTt10, (Karakasidis
Charitidis, 2007).

3. H kivnukr} Monte Carlo (KMC) péBodog cival pia  péBodog Tou
Tipoopidovtal ylo UTTOAOYIOTIKN TIPOCOWOIWaN yla  va
TIPOCOPOIGCOLY TNV XPOVIKA €EEAIEN OPICHEVWVY BIEPYACIWY TIOU
UTIAPXOULV CTN QUON. ZULVNBWCE AUTEC Ol dlEPYaaieg TToL cLPBaivouy
ME €vav OUYKEKPIPNEVO pubud cival yvwotéc. Eival onuavikd va
KOTaAGBoupPE OTI OUTA Ta TIOCOOOTA E€ival Ol CUVIEAECTEC yld TOV
OAyop1Buo KMC.

4. Ol JOKPOOKOTIIKEG I} oUVEXEIC HEBODOI XPNOIMOTIOIOUY CUVEXEIG
e€lowaoel;, ouvNBwg HE TN HOPPN TWV  VIETEPUIVIOTIKWV A
OTOXOOTIKWV HEPIKWV SIAPOPIKWV  EEICWOEWVY, Eival aTnv Kopuen
NG lepapxiac. Or daPOPIKEC EEICWOEIC AVTEC SIOTUTIWVOVTAL OTIO TIC

BoOIKEG ApXEC TNG QUOIKNG, OTIWG n dloTAPNON NG EVEPYEIOG N N
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opun, KATL. O1 uEBOJOI AUTEC ETUTPETIOVV TNV €EETACT PMOKPOOKOTIIKNA
TIEPIOXEC OTO JIACTNPO KATA TN SIAPKEIA TIOPATETAPEVWV XPOVIKWV

TepIddwv, oxnua 4.3.

102

>xAua 4.3 Ixnuatik aroyn ¢ Si/Si3N4 nanopixel, (Karakasidis
Charitidis, 2007)

4.2 TIOANQTIAR} OLVEXNG JIOKPITH AVAAUGT TWV LAIKWV

H olyxpovn €TICTAPN TWV ULAIKWV Kal Ol €QAPUOYEC TNG VOAVOUNXOAVIKNAG
aTIaITo0V  TIPOCEYYIOEIC TIOL  ETUTPETIOUV  TIPOCAPUOCTIKY]  OVAAUOH
TIOAAQTIANG  OIOKPITIKAC IKOVOTNTAC OTOV TOUEA TwV TIEdiwV ouveXol(
péooug, oxnua 4.4, OTIOL KABOE ULTIOAOYIOTIKO TIAEYPO QVTIOTOIXEI O pIa
OUYKEKPIPEVN XWPIKA KAIJOKO TOU oLuoTuaTtog BAceEl TNE avAAuonc.

Koatd 10 oxediaopyd €vOC UAIKOU YyiO OUYKEKPIPEVN E@OPPOYR, HIO
ETIAVOANTITIKN d1adIKACio PBEATIOTOTIOINGONG €QOPUOLETAl YO TNV ETTITELEN

TWV ETIOLYUNTWV IBIOTTWV: €va UVAIKO ME EIDIKI MIKPOOOMUN TIOPAYETAl ME

OIKovouidng lwavvng
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OUYKEKPIYEVEC 1O10TNTEC, OTIWC N OVIOXN KOl N CLPTIEPIPOPA 0€ Bpavaon

TIOU LTTOAOYIZoVTOl TIEIPAUOTIKA.

IXAUO 4.4 SXNUOTIKN ATIEIKOVION UIOC TIPOCEYYIONC TIOAUTIAEYHATOG.

Mia VvEo MIKPOOOUN ETIIVOEITAl OTn OCUVEXEID, WOTE VA €XEl TIC TUO
BEATIWHEVEC 1810TNTEC. TO EPWTNUO TIAPAUEVEL: TIOIO LIKPOdOULN Ba ETTIPEPEL
tic emBuuntéC  1010TNTEC  TWV  LAIKWV; Mo TOAMA LKA,
OULUTIEPINAPBAVOPEVWV TNE ETTOMEVNC YEVIAC TWV EAAPPWV KPAPATWY, 1O
KOKKWON ULAIKA Kol Ta oUVOETA LAIKA, N Oxéon METAED MIKPOSOUN Kal TwV
IO10TATWV €ival TIOAUTIAOKN. TO YEVIKO TIPOBANUA TOU UTIOAOYIOHOU TwWV
EYYEVWV 1OI0TNTWV €VOC OUVOETOL LAIKOU HE TIOAAA CUCTOTIKA OTOIXEIO aTTO
M  yvwon Twv IBI0TNTWV TWV CUCTOTIKWY  OTOIXEIWV  TOU  «EXEI
aueoBnmndei». Ol KAUOKEC HPAKOUG O€  €va  ULAIKO  ouvhOw(g
OUMTIEPIAOUPBAVOULY LTIO-UIKPOMETPIKEC KAIMOKEG, EYKAEIOPOTA, UIKPOOOUEC,
Kal o0Tw KOBeENG. Mia TIOANATIAN €THIALON GUVEXOUC BlIOPOPPWONG Eival
SLVOTOV Va ETIIAUCEL T QUOIKA PAIVOUEVO O QUTEC TIG KAIUOKEC.

H 1epapxikl peBodoloyia, yvwaoTtr Kol wg oelplokr) eVEN N TIAPAPETPOG
TIOU OIEPXETALl, AVTITIPOCWTIEVEl PE €va TIIO €LOV TPOTIO yIa TNV EloAywWyn

g TIEPIOPICTIKNC dUOIKNG TIOAAQTIAWV Ol0OTACEWV otV

OIKoVopIdNG lwavvng
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MOKPOXwWPOBETNON TOU OUCTATIKOU VOPoU. Edw, n €0wTeEPIK KAiOKO

PONG TIANPO@OPIWV  ETIITUYXAVETOI oOLVABWC pe TN PBonbela &vog
UTTOAOYIOTIKOU/ OVTITIPOCWTIEVTIKOU TEXVIKOU KUTTOPIKOU HOVTEAOUL. H Katd

MECOV OpPO OCUUTIEPIPOPA TWV OCULCTOTIKWY TNG MIKPOTEPNG KAIPOKOG,
XPNOIYOTIOIEITAl yIO TOV TIPOGJIOPICHO TNEG CUMPTIEPIPOPAC OTNV ETTOPEVN
MEYOAUTEPN KAIpOKO, Kol 0o0Tw KOBEENG, MEXPI TO KOBOPIOHO NG
CUUTIEPIPOPAC OTNV XWPOBETNON TNG MEYAANC KAipaKag. Ol TIPOKUTITOVTEC

VOUOl  TWV UVAKKWV  BeATiovovial o€ oxéan ME TG  CUPPBATIKEG
OMOYEVOTIOINPEVEG  OXEOel oLOTOONG, KABWC  TIEPIEXOLV  KATIOIN
TIOPAUETPO g MIKPOKAIJaKAC. Qot600, €E0KOAOLOOLV va
XPNOIUOTIOIOUVTOl PECO O€ €va OCUMPBOTIKO OUVEXEC TIAQICIO yio TOV
KaBOoPIoUO TNC CUUTIEPIPOPAC EVOC deiyuaToq.

SUPPBOTIKEG auveXeig TIpooeyyioelg dev PTTIOPOUV va TIpoadiopicouy Tiedia
TIOPOLOPPWOEWY EVIOTIOUEVA O OXECN ME TO XAPOKINPIOTIKO WNKOC TNG
MIKpodoung. ETtiong, TtapoucidleTal n CLPTIEPIPOPA TWV CUCTATIKWV OF

OUTEC TIC MIKPOTEPEC KAIMOKEG va €ival ouvrBwC SIOPOPETIK ATIO TO PECO

OpPO0 TN CUUTIEPIPOPAC OTNV XWPOBETNON PEYAANG KAiUOKAC. H onuavTtiki o4
CUUTIEPIPOPA TOU ULAIKOU dgv dlvatal va Ppebei, OTwg n  eyyevig
OVOMOIOYEVEID TNE TIAACTIKAC TIOPAPOPPWONCG, 0 EVIOTUOMOC TNE TIAACTIKIG
pPONG TwV dIATUNTIKWY {WVWV Kal N €TidpACn ToU PEYEOOUC PWYHWV OTNV
YVEWMETPIO Kal TN OCUPTIEPIPOPA Twv Bpaloswv. Ta @AIVOPEVO QUTA
EAEYXOUV  ONUOVTIIKA TNV MPNXOVIK) CUUPTIEPIPOPA OTIWC N Ovioxn o€
Bpadon. Oa TPETIEl UTIOAOYIGOO0UVY yia T dniovpyia pIag oxéong HETAgD
NG OOUNC Kal TWV IBI0TATWV.

O Vernerey et al. (2005) kai o McVeigh et al. (2005) mpoteivav TG N-
OlOCTACEWY OULVEXEIC TIPOOoEeyyioel¢ TTov Ba dloTnNProcoLVV TNV TALTOTNTA
EVOC LAIKOU o€ KABe KAipaka evdla@epovtog, dnAadn, Ba emtpEPouv tnv
EYYEVN AVAALGCT TTOAAQTIANG SIOKPITIKNAG IKAVOTNTAC. ATIO TNV idla T @LOoN
NG TIOAAQTIANRG OIOKPITIKAG AVAALCNG, N AETITH KAiJoKa SlaKOpOvVong Twv
METPWV NG TAONCG KOBWC Kal NG TIEONC KOTAVEUETOlI OE MO OKOAOULBIa
070 TIC OIOKVHUAVOEIG OTIC dIAPOPEC KAIMOKEC UNKOLG. H Ttapapop@wan Kal
N OULOTOTIKI] CUMPTIEPIPOPA NG KABE KAIpOKAC €EETALETOl XWPIOTA YylO TOV
KOBOPIOPO TWV CUVOAIKWV IBI0TATWVY TOU ULAIKOU. Mg tOV TPOTIO OUTO, Ol

1016TNTEC dlacagnvidovtal amo v amoyn Twv BaCIKWY TIAPAUETPWY TNG
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MIKPOOOUNC TIOU EAEYXEL TNV MIKPOUNXOVIKY) O€ KABE KAiUOKa, TIpAyUa TIOU

ETUTLVYXAVETOI AVOAUTIKA 1) HECW TEXVIKWV TIPOCOMO0IWaNG.

4.3 levikevpévn Migon kal Metpa Mapapop@wang

‘Eva UAIKO PE TIOANOTTIAEC KAIUOKEG Kal ETTIONG PE MIKPOUOP@OAOYia gival Eva
UAIKO TIOU TIEPIEXEI MIO SIOKPITIKI] MUIKPOOOPNE OLCTOTIKWV 0€ N KAIPOKEG
evola@épovtog. Ma Tapddelyua, €va ULAIKO TIOU UTIOPED va  TIEPIEXEL
0oBevei¢ deopolC METOEL TWV CWHATIOIWY CTNV MIKPOKAIMOKO KOl GTNnV
VOAVOKAIPJOKO. 2Z€ auTd TO TIOPAJEIYMO, TPEIC KAIMOKEC Trapoualdlouvv
EVOIOPEPOV:
e N MEYAAN KAipaKa XwpoBEtnong,
* N MIKPOKAIpOKO Kal
* 1] VOVOKAIPOKAQ.
H oLuUTIEPIPOPA TWV LAIKWV O€ KABE KAipoKa, Ba dla@Epel anuaviika. ‘Eva
MOVTEAO TIOU €ATTICEl OTNV TIPOCOMOoIWON NG oXEong METAEL NG SOUNG Kal
TWV 1OI0TATWV TOU UAIKOU TIPETIEL VO  LTIOAOYIZEl TN MPIKPOUNXOVIK o
OUUTIEPIPOPAC Ot KABE OSIOPOPETIKA KAipoka. ‘Eva  TAQiclo  yevikAg,
TIOAAQTIANG, OULVEXNC KOl SIOKPITHC aVAALONG €ival EKEIVO TIOL OpIETal WC
e&nge:
1. n dopn ToU LVAIKOU Kal TO TIedio TTIapaAPOP@PWONC ETIAVOVIAI O KABE
KAIJOKOC TTOU TIOPOLCIALEL EVOIOEPEPOV,
2. 1N TIPOKUTITOLOO E0WTEPIKI dUVOUN €ival Pl TTOAUTIAOKN €K@POCN ME
TIC OUVEICEPOPEC TOU HPECOU OPOL TWV TIAPAMOPPWOEWV O KAOE
KAipoka (dnAadr], Ol OULVOAIKEC I0I0TNTEG €EAPTWVTAlI OTIO TN MPEON
TIOPOAPOPPWON o€ KABE KAIpOKQ),
3. 1 OLUTIEPIPOPA TNC TIOPAPOPPWONG O KABE KAiMOKO PBpioketal arto
TNV €€€Ta0N TNC MIKPOUNXAVIKNG O KABE KAipoKQ,
4. 1 OUCTOTIKI] OX€on UTIOPEL va avarttuxOei o KABe KAipoKa.
Oa E&EeKIVIOOUPE HE TOV UTIOAOYIOHO TWV E0WTEPIKWY OUVAUEWV €VOG
OTTIAOV dV0 dIACTACEWY LAIKOD TO OTIOIO TIEPIEXEI HIA PETOAAIKN TIEPIOXN ME
EYKAEIOPOATA 1) KEVA OTNV MIKPOKAIMOKaA. 'Eva TTapadelypa gival T0 TIOPWOEC
TOU ULAIKOU TIOU QVO@EPETAl OTo oxAUa 4.5. Zg €va TETOIO0 ULAIKO, 0

MIKPOOKOTIIKI] TIOPOUOP@WON EAEYXETOl HPE TNV aLENON Twv Kevwv. H
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OVATITUEN TWV KEVWV Eival Pl OYKOUETPIKN) dlodlkaoia kol Bpioketal o€
OuVAPTNON PE TNV LOPOCTATIKN TiEon MOvo. Eival Aoyikd va urtoteBei o
TO OYKOMETPIKO HEPOC TNG MIKPO TIAPOAHUOPEPWONG KATEXEL ONUAVTIKO POAO
OTN MIKPOOKOTIIKN TIAPAPOP@PWAT OUTWV TwWV LAIKWV. Edw, n cuutepipopd
OTn MEYAAN KOl OTNV MPIKPOKAIUOKAO Ttapoualalouy evdla@epov. Q¢ €K
TOUTOU, 0 OTOXOC €ival 0 UTIOAOYIOPOG TNG OOMNCG TOU ULAIKOU KOl NG
TIOPOPOPPWAONE TOU OTNV PAKPO Kal MIKPO KAIpPoKa. Ol YEVIKEG €EI0WOEIC
yia ¢ N KAipakeg 6a oudntnBOolV TTaPAKATW.

J€ MO OULVEXN OULUPOTIKI) TIPOCOUOIWGN, N OMOVEVOTIOINUEVI) CLCOTATIKNA
CUUTIEPIPOPA CE €va OnuEio gival TtpokaBopiouevn Kal Bpioketal oTn PEoN
NG CULUTIEPIPOPAC EVOC OeiyPOTOC TOU UAIKOU. AUTO UTIOPED va ETTITELXOEI
MECW TIEIPAPOATIKWV HUNXAVIKWVY OOKIJWY. EVOAOKTIKA, yia €va UAIKO e
TIOMOTIAQ  OUCTOTIKA  PE  YVWOTEC TIC  ETUPEPOLE  IB1I0TNTEC  TWV

KOTAOKEVLACOTIKWVY OTOIXEIWV,

106

Macro RVE

\
Microunit cell

>xNua 4.5 'Eva PJOKPO QVTITIPOOWTIEVTIKO OToIXeio Oykou RVE kal pia
KUWEAIdO pE TIC QVTIOTOIXEC TIECEIC TOULC KAl TOUG PLOPOVE TWV MPETPWV
TIOPAPOPPWCNC.

N UTIOAOYIOTIKI] TIPOCOMOIWON MTIOPEl va eKTEAECBEl oe éva deiypa TI0UL
ovopAdeTal  AVTITIPOCWTIEVTIKO OTOIXEi0O Oykou, representative volume
element (RVE). Auto €ival Gueca avaAOyo HE TNV TIEIPAUOTIKI SOKIUN.

MNa va TIpocdIoPICTEL N E€THOPACN TWV ULTTOKAIJAKWY, TIPOCOETa TIEdia
TIOPAPOPPWONG TIOU OVTIOTOIXOUV O€ KABE KAiHoKa, €XOuv eloaxBei. AuTO
ETUTUYXAVETAl PE POONPOTIKI] avaAvcn Tng 6€ong kol tax0INTag PECA O€
é¢va RVE 1wV OULCTOTIKWV OTOIXEIWV TIOU cLVOEOVTAl PE TNV KABE KAIPOKO |

To oxAua 4.5 oJeixvel ™V PaABNUATIKA OvAAUCH yia €va atmAoe  dvo
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OlOOTACEWVY MPIKPO HOPE@IKO ULVAIKO padi pe MO QUOIKN gppnveia. TMa pia

TETOIO TIEPITITWOTN, N B€0N Kal N TaXLTNTA EVOC ONPEIOL TOL LAIKOU Yyivovtat:

X =X + X2 vV=vl+Vv2 4.1)

otou V! gival n pakpo toxVuTNTa Kol V2 gival n OXeTikr pokpo toxutnta. H
HOKPO RVE eVOWUOATWVEL £Va XOPAKTNPIOTIKO UIKPOJSOUNG WG CUPTIAEYUQ.
‘Etol, n povada KOTtapou opiletal o KABs KAipaka €101 WOTE N KAion g
OXETUKAC MAKPO TOaXVINTO va JTopesi va BewpnBei otabepry péca oto
KOTTOPO, auTO OeiXVel OTI N OXETKN HAKPO TOXVTINTA JSlOQOPOTIOoIETal

YPOUHIKA,

V2 (X2) = L2 1 X2 (4.2)

To oxnua 4.4 aToTEAEL €va PJOKPO AVTITIPOOWTIEVUTIKO OTOIXEI0 Oykou, RVE
ME MECO OPO TNG MOKPO TTiEONC, Ol KAl POKPO TIUA TNG TTapapopewaong, L1 107
AUTECQ €ival 01 HECEC POKPO TIECEIC KOl TO TTOOOOTO TNG TIAPAPOPPWONG GE

€V JaKPOOKOTIKO, RVE TOU ULAIKOU, TO OTIOi0 €ival otaBepd péoa otnv

MIKPO KuWeAida. Me {oup o€ pia PIKPO KueAida otnv RVE, pmopoulue va
e€eTAooOLPE TN OUVOAIKN MIKPO  TriEoN, 02 KAl TI000O0TO
TIapauop@waorn, L2 1mouv ouvdéovtal pe pio HIKPO KuyeAida. Auvtd 6Ba
SlOPEPOLY ATIO TO AVTIOTOIXA HEYAAQ HETPO EQOCOV TO AVTITIPOCWIIELTIKO

oToixeio oOykouv, RVE 0dgv e€ival opoloyevr. To OXEUKO TI0000TO
MIKPOTIOPAUOPPWONG TIOL OXETETAl PE HIO MIKPO KLWEAIda opiletal wg

(L2-U). O1 pIkpO TIECEIC TIOU OXeTidovtal HE MO MIKPO  KLUWEAId
oULMPBOAIeTal pe To B2

H eowtepikp d0vapn HIOG KUWPEANIdOC JTIOPEI va  UTIOAOYIOTEL WG
OTIOTEAECUO  TNG  OULVEICQOPAC TOU  POKPOOKOTIIKOU  TT0C0C0TOU
Tapauopewong, L1,  kai  TOU TTOCOCTOU NG OXEUKAG  MIKPO

mapoauopewong, (L2-L1),

Pin, =0 LI + B2 (L2 - L) (4.3)
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H HIKpO Ttieon 1Tou cuvdEeTal Pe pia KLUWEAIdA, B2, opiletal wg n oxéon NG
OUVANNG HE TO OXETIKO TTIOCOOTO TNG MIKPO TIOPAUOP@wWoNnG. H PIKpO Ttieon
gival otaBepn eviog NG MIKPAG KLUYEAISAG.

H Ty tou B2 gival 0 PETPO NG TAONG €VOC TIESIOL TTiEONC KOl TIAPOYAYEL
TNV KAion tng Tdong OoT0 PECO NG TIEPIOXNG. Mia péon TIPN TNG ECWTEPIKAG
evépyelag (oe pia dlakpitry B€an x) eival arapaitntn yia mm Xprjon €viog tou
MOaBNuaTikoL TIAQIGIOU TNG TIOAD KAIpaKaG.

AULTO KaBopiletal apIBPNTIKA W¢ 0 PECOC OPO TN ECWTEPIKNG dUVAUNG OTNV
MIKPO ©éon empporng. ALt n 0éon eTAEystal €101 WOTE va  €ival
OVTITIPOOWTIEVTIK] TOU  @ACHUOTOC TWV OAANAETIOPACEWYV HETOEL TWV
XOPOKTINPEIOTIKWY NG MIKPOSOUNG Of MIKPOOKOTIIKI KAIJOKO. 210 OXNua
4.6, 0 MIKPO TOMEOC NG Tuppong, (domain of influence, DOI), €xel eTUAEEEL
ylo vo  TIEPIAOUPBAVEL TIC OAANAETUOPACEIC HETOED TwWV TIANCIECTEPWV

YEITOVIKWV KEVWV.

108

L

FPapMIKN PETOBOAN

L2

ZxXNUa 4.6 Topeig emIPPONG TIOU ETUAEYOVTAl OTNV UIKPOKAIUOKO, OTIOL TO
TI0OO0O0TO TWV UIKPOTIOPAPOPPUOEWY TIOIKIAAEL YPOAUMIKA OTO dlACTnUa.

H péon eocwTtepikny dvaun €ival ion Pe 10 YECO OPO TOU HIKPO TOMED TNG

emppornc, DOI:

OPint (X) = (1/Vv2) iz pint(x +y) aQ2 (4.4)
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Alg0ogVNOTN EWOAOVOVMOV VOVOTEXVOAOVIIK OTNV €TTICTALN TOL MOAITIKOU Mn)Xavikov

Mia €k@paacn yio TNV PETABOAN TOU TTOCOCTOU TNG MIKPO TIAPAPOPPWONG
evtog tou DOI pumopei va emiteuxBei péow piag oeipdg Taylor. O 6pog

TIPWTNG TAENG Oev AauPBAveTal LTIOWYN, Kal EXOUE:

La(x+y)= 127(X) +vy VI7(X) (4.5)

ortou L2 (x) €ival n péon TP ¢ PIKPO Ttapapopewaong touv DOI kal V L2
(x) e€ival n péon kAion Tov TTOCOCTOU TNG MIKPO TIOPAPOPPWONG PECO OTOV
TIOAO pIKPO DOI. H ypapuikry Tipocgyyion tng (4.5) dikaloAoyeital oto
oxnua 4.6 10 OTI0i0 BEiXVEl TN SIOKUPOVON TOU GUVOAOUL TWV UIKPO HOKPO
TIOPOUOPPWOEWV KATA PNKOC €VOC MIKPO DOI. H péon eowteplkni d0vapn

yla U0 KAIMOKEG MIKPO PMOP@IKOU LAIKOU divel .

Pnt=oc L +pB2 (L2-L> pB21V L2 (4.6)

ottou B eival 0 p€oog 6poC NG OXETIKNC MIKPO TtiEong TIAVW OTOV TOMED TNG 109
ETUPPONG Kal B eival 0 péoog 6pOC TNV TIPWTN OTYPR TNG UIKPO Tiieonc,
onAadrn, y * B, mavw otov Topéa TNC erppor). H egiocwon (4.6)
TIEPINAPPBAVEL TIC GUVEICPOPEC TNE TTLKVOTNTAC 10XVOCG ATIO TIC TINEC MAKPO
Kol  Pikpo Tapapopewoelc.  MepdauPavel, €miong, TV KAion  Twv
TIOCOOTWV aUTWV. AUTOC 0 OPOC TNG KAIONG aTIoppPEEl ATIO TN SIOKVPOVON
NG MIKPO TTOPOUOP@PWONG oTo Tiedio TNg emippong. Mpdyuat, 1o DOI Ba
TIPETIEL VO ETUAEYETAl KOTA TPOTIO WOTE N JSlOPOPA OULTH MPTIoPEl va
BewpnBOei ypapuik Kal TIPWING TAENG TIpootyylan g (4.5) 1ou 10XLEl
EVIOC TG MIKPOG DOl duoikd, n KAiOn TIPOKUTITEL AOYW NG
OAANAETTIOpOONG METOED TWV XOPOKINPEIOTIKWY TNG MIKPOSOUNG OTIW(
@aivetal oto oxXNpa 4.6. H amAOITNTa Twv ETUTIEdWV NG XProng evog DOI
ME MIO KAlUOKO PAKOULC OTO POBNPOTIKO TIAQICIO O MIKPOOKOTIIKI] KAIMOKO
OUVOEETOl OTEVA ME TO MEYEBOC TOU MIKPOTEPOL XAPAKTINPEIOTIKOU NG
MIKPOOOPNC 0€ auTAV TNV KAipoka. Oxl yévo KAvEl autd TO HOVTEAO TIIO
(UOIKO KOl PEOAICTIKO OANG Katapyei €mmiong tnv amoyn yia 1 OTapén
ONUOVTIKWV TIPORANUATWY TIOU CULVOEOVTOl HE TIC CUUPATIKEC GUVEXEIC
TIPOCEYYIOEIC.

INUEIWOTE OTl OE MId CULPPOTIK) CULVEXNG TIPOCEYYIon, OTIOLU POVO 1
OIKovouidNng lwdavvng
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AIEOEVVTIOTT EQAOVOVEV VAVOTEXVOAOVKY OTNV ETICTIIUTT TOU MOAITIKOU Mnxavikol

OMOYEVOTIOINUEVN XWPOBETNON NG MOKPO CULUMPTIEPIPOPAC Bewpeital, n
MOKPO TIEPIOXH ETUPPONCG, CUMPTUTITEL YE TNV avaypa@OPeVn Hakpo RVE oto
oxnua 4.6. To CUVOAIKO HIKPO TTO00CTO NG L2 mapaudpewaong sival ico pe
T0 OUVOAO WPIKPO TTOOOOTO TNG Ttapapopewong Ll kal tng ékppaong (4.6)
TIOU  MEIWVEL yIa va OWOEl TOV PECOV OPO TNG E0WTEPIKN dUVAPNG €VO(

OLUBATIKOU CLVEXOUC OUOYEVOTIOINUEVOL UAIKOD,

pint=0 1:1.1 4.7)

H €€wteplkn dUVOUN PTIOPEI OPOoIwG va ouvaxBei oe oxéan e TOLG PHECOULG
OpPOoLC TWV PETPWV. ME TNV €QOPPOY OTNV ApXr TNE EIKOVIKAC dUVAUNG Kal
XPNOILOTIOIWVTAG TO Bgwpnua NG OTOKAIONG, N TIPOKUTITOUCO IoXLpPN
pMop®@r dnuiovpyel éva cLOTNPO CULELYPEVWY TIOAAATIAWY TOPEWV TWV
OlO@OPIKWY E€EICWOEWV TIOU TIC OIETTOUVV. AUTO ATIOTEAEI TN PBdAon TOU
MOONUOTIKOU  POVTIEAOUL  TIOU  XPNOIUOTIOINONKE OTNV  TIPOCOMOIWaCN
TIOAAOTIAWV KAIJAKWVY OTNV UIKPO HOP@IKA TIETIEPACPEVWY CToIXEIwY. H

110
YEVIKEVPEVN TIIEGN KOl Ol TOVUOTEC TIAPAPOPPWONG MTIOPEL va 0pIoTOUV WC:

S=[o1P2B2], Y=[L[L- L]VL2] (4.8)

AUTEC €ival OUVOEDEPEVEC HECW €VOC EAACTO-TIAOCTIKOU MIKPO HOPQIKOU,

TIOAAQTIAWV KAIJAKWVY CLCTOTIKOU VOUOU.

4.4 N-3100TACEWV VAIKO

H TTOAAOTIAR} avAAuon NG €0WTEPIKNG d0vVaun, TAONG Kol TWV TAVLOTWV
Tlieong €xel aVaTITUXOED Kal YEVIKELTE PE TIC N KAIUOKEC TOU LAIKOU OTIO TNV
(Vernerey et al. (2005). H N-3l00TACEWY EOWTEPIKI TILKVOTNTA TNC

duvapng divetal armo Tov ToTOo !

Pnt=oc Ll +30=2 (Pa(La-Ll)+p“:VLa) (4.9

OTIoU dNAWVEL TIC XOVOPOEIdEIC KAADTEPEC KAIUOKEC HNAKOULC, OTIWC TNV
mpwtn kol v Niootr), avtiotolxa. H yevikevpévn Tiieon kol Ta HPETPO

Olkovouidng lwavvng
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AlgpelivnNOn £QA0IIOVOV VAVOTEVVOAOVIOP OTNV €TTITAVN TOL MOAITIKOU MnvavikoO

TIOPAPOPPWONC UTIOPEI VO 0pIoTOUV WG !

S=[o!l B2 B2 B3 B3. .. PN BN] (4.10)

Y = [IJ[L2- LIJVL2[L3-L1]VLS3...[Ln-L1]VLN] (4.11)

>€ oLVTOMIO PE OLUPBOAICHOUG, N ECWTEPIKN TIUKVOTNTA I0XVOC (4.9) uttopei
vVa YPOPTEI WG !

“0m=0-Y (4.12)

MNa TOV UTIOAOYIOMUO ME TIETIEPACHEVO  OTOIXEIQ, N apXr TNEG €IKOVIKAC Kal
SloKpITOTIOINPEVNC dUVAPNG UTTOPEL va e@apuoacTel. H yevikevuévn Ttieon Z,
KOl TO YEVIKEUMEVO TIOCOOTO TIOPOPOpPewong Y  gival  TOVUOTEQ
QVTIKOTAOTOONG TNG TIPOTUTING TIiEONC KOl TOU TavuoTA taong. E&ou kal n
TIPOCOEYYION TNCG TIOAAATIANG SIOKPITIKAG IKOVOTNTOC MUTIOPED va €QAPUOCTEL
ot éva TIPOTUTIO TIETIEPOCMEVWV OTOIXEIWY HE aLENUEVOLG BaBUOUC 111

elevbepiac.

4.5 TTOAAATIAN) aVAAUGT] TWV CUCTOTIKWY VOUWV

€ MO TTOANOTIAR] OVOAUGCH WE TIETIEPOACHEVA OTOIXEID, MIA YEVIKELUEVN
OUCTATIKI) OX€0N aTtarteital yio m oOvdeon TNG YEVIKEVLUEVNG TliEONC PE TN
YEVIKELPEVN TIOPOUOp@wan. To Tpwto Prpa €ival va  aviAnoel ta
ETIIMEPOLC OLOTOTIKA TWV OXECEWV OE KABE eTTiTedo peE TNV €EETOON NG
MIKPOUNXOVIKNG O€ KABe KAipoKa. To ETIPEPOLE CULOTATIKA OTOIXEID TWV
OXE0EWV 0¢ KABE KAIUOKO MTIOPEI OTN OULVEXEID VO OLVALOCTOUV Yid VO

ONMIOLPYOOULV HIO YEVIKELPEVN OLOTOTIKA OXEan,

2=Cep Y (4.13)

ortou Cep €ival n €QATITOPEVN TOU  YEVIKEUPEVOU EAACTIKOU-TIAQCTIKOU
OULVTEAEOTN. AVOAUTIKN] €€aywyn MPIOC YEVIKELUEVNC CLOTATIKNAC OXEONG Kal,

ETMOPEVWC, KaBoplopog Tou CEP, utopei va gival duvat av 0 PnNXoaviopog

Olkovouidng lwdvvng
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AlgogvNoN €QOOIOVV VOVOTEVVOAOVIOCG OTNV ETTIOTAIN TOU MOAITIKOO Mnxavikov

gival attAdg Kol KatavonTtog. Auth n TIPOCEYYIon KATAdEIXONKE yia éva TTOAD
KPUOTOAAIKO KOl KOKKWOEC ULAIKO armtd tov (Me Veigh et al., 2005).
Emuonuaivoupe 0Tl KATIOIOC UTIOPEL va XPNOIPOTIOINCEl QUTEC TIC TEXVIKEG
ylo va €TUAUCEl TO QVTIOTPO@O TIPOPRANUO - va Ppel 10 dpOUOo yia TO
oxediaopd ¢  MIKPOOOPNG TwV  UVAIKWV, ME Baon T¢ €mBuunTtég

MOKPOOKOTIIKEC IOI0TNTEC.

4.6 H aAAnAeTtidpaon HETAED TWV KAIUAKWVY

H xpron MIO¢ MIKPO MHOPQIKAG TIPOOEYYIONG TIOAAOTIAWY  KAIMAKWVY

ETUTPETIEL O KATIOIOV VO  €EETACEl TIC OAANAETUOPACEIC METAED TwWV

KAIUAKWY. Oewpnote €va Oeiypa TOU ULAIKOU TIOU TIEPIEXEL OVO HIKPOU

MEYEBOULC OwWATIdI OE  MIa  TIEPIOXN. 2T TIAQICIO  HIO¢  KOBapng
Kataotoong OlaTUNTIKWV  TACEWV, OCUPPBATIKA IEPAPXIKG  POVTEAD  Ogv

MTTOPOUV va TIPORAEYOULV TN OWOTH TOTIKI TACN KOl ETIOPEVWCG TN OWOTN
OULUTIEPIPOPA  TNC OKANPOTNTOC. TNV TIPAYMATIKOTNTA, TO ULAIKO TIOU
OTIOTUYXAVEL CUXVA HE OLTOV TOV TPOTIO AOYW TNG TIUPNVWONG TwV KATW 1z
OO0 TO MIKPO KEVWV OTO0 EOWTEPIKO NG {Wvn TIOU KOTOTIOVEITE Of
EQPEAKUOMPO KOl EU@AVICETAl PETOED TWV HEYOAWV KEVWV, OKOPN Kal UTIO
ouvonkeg kabapng dlATUNoNC.

‘Eva TTOAMOTIAWV  KAIUAKWVY  UIKPO  HOP@PIKO HOVIEAO ULAIKOU UTIOPED va
UTTOAOYIOEl TIC OAANAETUOPACEIC METOED TWV HOPIWV CE  JIOPOPETIKEG
KAIMOKEG TIOU TIPOKOAOUV QUTO TO HPNXOVIOUO TWV KEVWV TOTIOU QUAAWV.
MeploxXn KATW OTIO EQEAKUVOTNKEC TACEIC PMETOED TwV OVO HIKPO CWHATIOILV
B0 TIPOKOAECEl MO OTIOKPION OTO KATW atmmd To MIKPO pEyeboC Tou
OLVOUIKOU, Kal Ba odnynoel o€ cofapr] UETABOA NG OKAApuLVONG ToU
UVAIKOU. KdaBe KAipaka Ba uTTOoTEl PETABOAN TWV ETUTIEOWV CKANPOTNTAC,
OVAAOYQ ME TO PECO TIOOO TWV {NUIWV OTN CLYKEKPIYEVN KAipaka. Qotoco,
UTTAPXEl €TTioNG évag Baduog aAAnAeTidpaong METAED TwV KAIMAKwV. [Ma
TIOPAdEIYHA, OKOUN KOl OV N HOKPO Ttopapopewon Ll gival pndév kal n
pMEoN TIUR MIKPO TTapapopewaong L7 sival pia kabapr) toocotnta didtunong,
N OUVOAIK] OULOTATIKA aTtOKplon Ba  dcigel akopa  éva  PAAAKTIKO
OTIOTEAECHA. Ta HOAAKWHO EUPAVICETAl YEVIKA HOVO ULUTIO ULOPOCTATIKN)

@option. AuTO JTIopEl va €€nynBei amod Tnv e€€tacn twv KATw atod T

OIKoVOouIdNG lwavvng
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Algpelivnon £QOA0OVOVEOV VOVOTEYVOAOVIEK OTNV ETTICTAUN TOU TMOAITIKOU Mn)Xavikou

MIKPOKAIUOKO TteploXwv. Kotd péco O0po n LOPOCTATIKA TIiEON OTOV TOMEA
TIOL ep@avideTal OTn KATW om0 TN HIKPOKAIJOKO TIEPIOX AOYyw TOUL
EVIOTIIOMOU  TWV OWUOTIdIWYV OtV HIKPO  KAiJoka. AuTO odnyei o€
OKLPOTNTO TNG TIUPNVOTIOINONG KOl AVATITUEN TwV  KATW OTto 1N
MIKPOKAIPJOKO TIEPIOXWV. TO EVIATIKO TIEDIO PETOEY TV dV0 UIKPO KAIUGKWVY
€XEl LOPOOTATIKI] CULVIOTWOA. TO UAIKO OTO €0WTEPIKO TIEDIO TNG TOTIIKAG
TIiEONC TIEPIEXEI OWUATIOIA OTNV KATW aTtO TN MIKPOKAIJOKO TIEPIOXN TIOU
KaBiotatal evioxupéva. To LAIKO autOd TtOpouoIAoTnKE armd tov (Gurson,
1977).

ATIO MIO ULTIOAOYIOTIKI] ATIOPN, Ol TIPOCOMOIWCEIC CUVEXOUC HECOU UE
AETITOUEPEID POVO OE MIKPEC TIEPIOXECG, OTIWCG €vag Ppoxog avaiuong Ba
TIPETIEL VO TEAEIOTIOINOEI WOTE VO TIEPINAUPBAVEL TNV EYYEVI] KAIMOKO PIKOULC,
KOTd pECO OpO TIAVW OTIO TNV TIEPIOXN TNG ETUPPONG. € TIEPITITWON
MEYAANC KAIMOKOC TIPOOOMPOIwOoNg OTtaIteiTal Padi pe pIo AETITA  KAIMOKO
OVAAUGH, KOl Ol TIPOOEYYIOEIC PE OLVEXH TIOAAATIAN OSIOKPITIKI IKOVOTNTA
TIOU MTIOPEl va TIapAoxoLVv aKpIB TIEPIYPA@r] TNG OTIOKPIONG TwWV
ETUPEPOLC KAIMAKWY, EVW ETUAVETAlL  TO TIPOPRANUO  HEYAANG KAIPHOKOG

ouvexol¢ PETou.

4.7 MovtehoTtoinan TTIOAAATIAWY KAIMAKWY Y AIKWV

Katd tnv TeAevtaia OeKOETio, €XOULV  XPNOIUOTIOINOEl  TIPOOEYYIOEIQ
TIOAAQTIAWV  KAIJAKWY OULUVEXOUC PECOL yio TNV ETUTLXN  TIPOPRAEYN NG
CUUTIEPIPOPAC TWV dIAPOPWV HIKPO HOP@PIKWV UVAIKWV. EKTO¢ autol, ol
EPELVNTEC €XOUV ETTiIONCG KAVEL TIPOOTIABEIEC OTNV MOVIEAOTIOINGN  Kal
TIPOCOPOIWON oLVEXOUC PECOL TWV TIOPAYWYIKWY SIEPYATIWV TIOAAATIAWV
KAIMOKWY. ZTO TIAPOKATW KEIPEVO, TIEPIYPAPOVTIAL OPKETEC EVOINPEPOVLOEC
EQPAPUOYEC.

Mia PIKPO PNXOVIKA TIPOCEYYION MOVIEAOTIOINONG OTOIXEIWV, TIOPOUOIO HE
EKEiVN TIOL TIEPIYPAQETOI OTNV Ttapdypa@o 4.3, €xel xpnolportoinBei amod
Tou¢ (McVeigh «kat Liu, 2005), yia va TIpoBAEYoLV T  OLOTATIKA
CUUTIEPIPOPA TOU KPAPATOG AAoLUIVIOU - XaAkoU, Al-Cu, pe dU0 KAIJOKEQ
000evWC OLVOESEPEVWV HIKPWV I{NHATWY. ‘Eva OTTOKAEICTIKO KPITHPIO YyId

T0 KEVA TNG TTLUPHVWONG XPNOIUOTIOINONKE padi ge v POVIEAOTIOINGN TWV

OIKoVouidNg lwavvng
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AlgogvnNoN £QO0OVOVKV VOVOTEVVOAOVIEK OTNV ETTICTAUTT TOU MOAITIKOU Mnvavikov

OTOIXEIWV yla TOV KOBOPIOPO TOU POKPO OUCTATIKOU VOPO. XTO HOVTEAO
EVOWUOTWONKAV T METPO TV MIKPO PBAaBwv Kal XpnolgoTtoinocav éva
OUMBOTIKO CULUVEXEC TIAQICIO yIO TNV TIPOCOMO0IWoN Twv Bpadcewv Katd TN

SIAPKEIA TwV dIadIKACIWV Ttapaywyng (oxnua 3.6).

H mapamdvw Tpoceyyion €@OpPOdel TNV TEXVIKA MOVIEAOTIOINONG OTNV
TLOAAOTIAN aVAALGT TWV OTOIXEIWV YA T PEAETN TOU KOKKWOEC LAIKOU. 'Eva

KOKKWOEC UAIKO OTIOTEAEI MIO PEYAAN OULYKEVIPWON OIOKPITWY OTEPEWV

KOKKWV, OTIWCG OGP0, XwWHA, XOAIKI, KOKKOUCG KO@E, Kol oUTw KoBe&NC. Av

KOl N OUMPTIEPIPOPA TWV MPEUOVWHEVWY KOKKWV €ival TIOAD aTIAR, 0

OUVOAIK] GUUTIEPIPOPA TOL CUCTHPATOC €ival TTIOAUTIAOKN. H onuacia g
KOTOVONONG TWV HE KOKKWON ULAIKWV E€YKEITAI OTn XPrnon Toug OTIq
Blopnxavikeg dlepyaaieC Kol OTIC €TUPRAABEIC CLVETIEIEC TOUGC OE QUOIKA
@AIVOUEVA OTIWCG KOTOAIoONOoEIC eddpoug. H didxuon tng evéPyeElag Kal n

METAQOPA NG OPHNAC Eival TIEPITIAOKN €TIEId] cLPPaiIVEL Adyw TNE ApEONC
OAANAETTIOpOONG METAED TWV VYEITOVIKWY KOKKWV. Q¢ €K ToUTOL, TO
XOPOKTINPIOTIKA TN¢ POrN¢ OUTWV TWV ULAIKWV oLvOEovTal AUECO MPE TNV

KOKKwON dour. Bilopnxavikr, BeATioon tng¢ KAtavonong Twv KOKKWOWV 1
UVAIKWV JOC TIOPEXEL T OLVATOTNTA YIO TEPACTIO OIKOVOMIO XPNUATwWV,

(Knowlton et al, 1994).

Meipapatikn Mpocoopoiwaon

Pwyuéc AKpwv

Kevtpikn 6pavong

SXAUa 3.6 'EA0ONG Kol SIEAACNC XPNOIMOTIOIVTAG HIO PIKPO UNXOVIKA
TIPOCEYYION PMOVIEAOTIOINCGNG CTOIXEIWV.

OIKovouidng lwdavvng
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Alg0gVNON EYAOVOVOV VAVOTEXVOAOVIEK GTNV ETIIGTHMN TOU MOAITIKOU MnxavikoO

O1 (Kadowaki kai Liu (2004, 2005), xpnoigotoincav pia TIOAAATIAWV
KAIMAKWVY TIPOCEYYION TOU GUVEXOUC PECOUL yia TNV PEAETN TOU €VUPOLC TNG
TIAQOTIKOTNTOC ~ OIATPNONG, KABWC Kol 1 MEAETN  TNG OULVOETNG
CUUTIEPIPOPAC OOTOXIOC EVOC KOKKWOOUC ULAIKOU. O €AOCTO - TIAQCTIKOC
OULOTATIKO VOUOC TNG UANG XOPOKTINPIZETal amto TNV €£aywyr TWV OXECEWV
METOEL TWV MIKPO TACEWV Kal TNG TPIBAC METAD Twv KOKKwv, (Hao et
al.,2003, 2004a), TIOLU XPNOIUOTIOIEITOlI O QATOPICTIKEG TIPOCOMOIWCEIG OF
MOVTEAO TTOAAOTIAWV KAIUAKWVY KOl yid TNV TIPOCEyylon OU0 JI00TACEWY
MIKPO  HOP@IKWV  ULAIKQV YVWOTWV ¢ cybersteel, xaAvBag otov
KuBEPVOXwWPO. AUTH N ETIOPEVN YEVIA XOAUPBO TIEPIEXEI OCWMATIOIO GE TIOAD
MIKPEC KOl TIC UTIO MIKPEG KAiUOKEG. To HOVIEAO QVTICTOIXEI OTIC
OIETTIPAVEIOKEG OUVAUEIC KOl OTO EANTIWMATIKA KEVA O€ KAOe KAipaka. H
OVOTITUOCOPEVN Bewpia NG TIAACTIKOTNTA TIPOTEIVEL TNV  dnuiovpyia
YEWMETPIKA aVOYKaiwVv €E0pOPWOEWY TIOL  EAEYXOVTAL OTIO TNV KAION NG
TAonG. O ECWTEPIKN EPYyATia €XEl Pia oLVEICPOPA ATIO TNV KAion TN¢ Téonc.
AUTO gival cOPPWVO pE TwV dV0 JIOCTACEWY HIKPO HOP@PIKOU LAIKOU OTaVv N
MIKPO Ttieon €ival uNdEVIKA Kal N €TUpPON NG MIKPO TIEPIOXNG EXEl ETUAEYEI 1o
ylO VO OTIOTEAECEl TO 010 PE TO MIKPO QVTITIPOOWTIEVUTIKO OTOIXEIO OyKOU.
Mia tpéxovoa €peuva OTO OEua gival n €TMEKTACN TWV TIAPATIAVW, OTNV
YEVIKN] TIEPITTTwan N-d1a0Tdoewy, £101 WOTE VO ETIALOEL TIANPWC TO
TIAQio10 TTou B0 PTTOPOVCE VA OVOTITUXBEI.

Ev oAiyolg, n Tpoceyyion TIOANATIAWY KAIMAKWY OLVEXOUCG MECOUL Eival o€
0éon va cuvdéel TIC 1810TNTEC TOU GUVOAIKOU ULAIKOO HE TNV UTIOKEIYEVN
MIKPOJOUN HECW TNE MIKPOUNXAVIKAG O KABE KAIPOKO €vAIAQEPOVTIOG, ULTIO
TNV TIPO0TIO0e0n OTl 01 AETITOMPEPEIC TNG XNUEIOG, NG KIVNTIKNG Kal TNG
@Aaong PETABAONG 0€ TTIOAUTIAOKO CUCTHPOTA LAIKWV UTIOPEi va BewpnBolv
N HMEon TP TOL OuveEXOULC MPECOU. Ta MIKPNG KAIHOKOG  @aivousva
TIOPOAPOPPWAONC TIOL €XOUV GNUAVTIKO OVTIKTUTIO OTNV HMOKPOXwPOoBETNaoN
TWV  IOI0TATWY JTIOPOUV VO  UTIOAOYIOTOUV. H  TeEXVIK] MTIOPEl  va
XPNOIUOTIOINGEI Yo Ta LAIKA TIOU €PQPAVI(OLV SIAPOPETIKA CUCTATIKA OTN
CUUTIEPIPOPA KABE KAIpOKQ, KOl MTIOPEI VO E€QAPUOCTEI OE €va YEVIKO
TIAQICIO TIETIEPACUEVWV OTOIXEIWV. H TIPOCEYYION TIOANATIAWY KAIJAKWVY
ouveXOUC MPECOUL €xel TN duVATOTNTA VO OIEVKPIVIOEL TIC OUVOKOAOLBEC

MOKPOOKOTIIKEG IOIOTNTEC TWV IEPAPXIWV VAIKWV HECW TWV UTIOAOYICTIKWV

Olkovopidng lwavvng
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Algogvnon €0>00VU0VEOV VAVOTEVVOAOVIOG OTNV €TTICTALVN Tou MoAITIKoU Mnvavikov

MOVTEAWV TWV KUTTAPWV.

‘Ocov a@opd TO OXESIOOUA TOU UAIKOU, N TIPOCEYYIGN TNG TIOAAATIANG
SIOKPITIKAG IKOVOTNTAG €ival pia pEBodog TIou TIEPIYPAPEL TNV Kpiolun
oxéon PETOEL TNG MIKPOOOMNCG LAIKWV KOl Twv 1I810TNTWV. MNpoc@épel v
TIPOOTITIKY) va  €€aAelpOel n avaykn yio datmavnpeg Kol XPOvoPROpPEC
MNXOVIKEG OOKIUEC Kal TNV TIPOTUTIOoTIoinon. Kabwg n Blounxavia ttigder yia
EAQQPUTEPA KOl 1IOXLPOTEPA ULAIKA, n Bewpia TNC TIPOCEYYIONG TWV
TIOANATIAWV  KAIJOKWY TIPOC@EPEL PIO €LKAIPIa yio BEATIOTOTIOINCN TWV
1O10TATWV 000V A@OPA TNV APXITEKTOVIKN NG MIKpodour. O duvatotnteg
TIPOPRAEYNC NG Bewpiag pTtopei va Bonbrjoouv eTtiong tnv taxeia Tpoodo
TWV PBIO-EUTIVELOPEVWVY KAl OUTO-IACINWY CGUVOETWVY UVAIKWVY, TA OTIoiO ETTI
TOU TTOPOVIOG PBpiockovial 0€ TIPWIPO OTAdI0. H €K TWV TIPOTEPWV YVWOT
NG PBEATIOTNG MIKPOOOWNG TwV €V AOYw OUVOETWV ULAIKWV VEAC YEVIAG

pTTIopEl va Bondnoel tnv avaditnon oG dladIKaoiag KATAOKELNC.

4.8 TTOANATIAWV KAIMAKWVY cuoTatiky MovteAoTtoinan tou XaAuBa
116

‘Evag amd toug KUPIOUG OTOXOUCG TNG MEAETNG NG VAVOUNXOAVIKNAG TwV
VAIKQV Eival 0 UTIOAOYIOPOC TWV TIAPATNPOVPEVWY  QAIVOPEVWY KOl
IO10TATWV TWV POKPOOKOTIIKWY OTEPEWV CWHUATWVY, OTIWCG Eival Ta HEYEON
NG OKANPOTINTOC KOl TNG avioxXng o€ Bpadaon tou XAAuvBa, otn PBdon ng
KBOVTIKNG MNXAVIKAG Bewpiag Kal TNG OCULUTIEPIPOPAC TWV  OTOMIKWV
cwpoTIdiwv. H emmtuxia 6o €xel emteuxBei 01OV KOTOOTEl duVATOC 0O
UTIOAOYIOPOG TWV TIOCOTHTWV TIOU TIEPIYPAPOULV TN CUCTACT TWV LAIKWV
KOl TWV OVTIOPACEWV TOUC HE TIC MOKPOOKOTIKEC MNXOVIKEC OPIOKEC
OULVONKeG, aTIO TIC YVWOEIG TWV CUCTOTIKWV OTOIXEIWV KOl TWV IEPOAPXIKWV
OOPWV TOUC OTIO TNV OTOMIK] KAIHOKO OTIC TIOAD MIKPEC KAl MPEYAAEQ
KAlJaKeC. AUTO gival 1I310ITEPA ONUAVTIKO YIo TOV OXediaoud Tou XAALBa Twv
KOTOOKEVWV.

H okAnpotnta kal n avioxn o€ Bpavon eival Baoikég 1010TNTEC-OEIKTEC  YIa
TOuC XGALBeC. MapOAO TIOL 1N TIPONYUEVN TEXVOAOYIO TIAPEXEl ONUEPO
TIOAAOUC TPOTIOUC VIO va ETUTELXOED €ite LYNAAG avIOXNC €ite LYNAN
OKANPOTNTO TOU XAAULPBO HECW TWV JIOSIKACIWVY TIOPAYWYNG, TIAPAUEVEL IO

TIPOKANON yla TNV €TUTEVEN Kal TwV dV0 OULTWV IBI0TATWY TAUTOXPOvVA. AUTO
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AlgpelivnNOn EPAOVOVAOV VAVOTEVVOAOVIOO GTNV ETTIGTALN TOL MOAITIKOU MnXavikoO

O@EiAETal OTO YEYOVOC OTI N AVIOXHN XOPOAKINPIEl TNV avtiotaon evog LAIKOU

otn 6pavon og pla oplokn TYR. H dla@opd PETaEL NG TOTUKAG KOl TNG

YEVIKNC 1010TNTEC AVIAVOKAA TNV QUOIKI ETEPOYEVEIA TNG MIKPOSOMNG TwV

XOAUBwv. Mg 10 oxediaopd TOU XAALPBO ETUSIKOULUE TNV ETTTEVEN TWV

ETUOLYUNTWV HIKPO / VAVO dOPWV e BEATIOTOTIOINMEVEC IOIOTNTEC HECW TWV

OTOIXEIWV TOUL KPAPOTOC, TNG ETUAOYNG TNG QACNC KOl TWV HETAAAOUPYIKWV

OlEPYACIWV PE BACN TNV TIOCOTIKA KATOVONGCN TWV BOCIKWY PNXAVICUWV

TIOPOPOPPWONG KAl TIC OXETEIC METAED AUTWV OTIC dIAPOPEC KAIUAKEC.

Je QuTy TNV &voTnta, 6a TEplypd@el n amd KATw TIPOC T TIAVW

UTIOAOYIOTIKI] pEBodOAOyia TIou TIpoTeivel T B€oTrion €vOg 1EPAPXIKOV

MOVTEAOU COUCTOTIKWY TIOAAOTIAWY  KAIUAKWY TIOU EVIOXVEl TIC OXECEIQ

METOEL TwV dlaPOPwWV KAIUAKwY, Hao et al. . (2003, 2004a). O1 KOIVOTOMIEC

TIOU Ttapovacidlovial €6w UTTOPOUV VO GUVOWYIOTOUV WC ENC:

I'Eva OTOopIoTIKO HOVTEAO TIPOCSIOPICHOL TIOL ULTIOAOYIel Kol TIC OVO
e€apBpwWOoEI(: TOV dIAXWPIOHO TWV TIPOCEPATWY VEOSNUIOLPYNBEVTWV
€€apOpwWOoEwWV Kal TwV TIAQYIWG TIPOKOAOVPEVWY e€apBpwaoewv. O
KOVOVIKOG OIaXWPIoUOG TIEPIYPAPETAl WG N ONUIOLPYIO TWV KEVWV o
XWPWV, N OTtoia JTIoPEi va TIPOKAAECEL OAIOBNCN Kol OQEIAETal OTIC
€EOPOPWOEIC KOl HETATPETIEL OE TIC PPAXUTIPOBECPEC KUPOIVOUEVEC
OMOIOTIOAIKEC QUVAMEIC O€ €va HOKPA KUPOIVOPEVO VOPO ouvoxng. To
Kpitpio tou Rice (1992) xpnoIYOTIOIETAl YIO TOV TIPOCOIOPICUO AUTWV
TwV U0 AVTAYWVICTIKWY PNXAVIOHUWVY. TO LTTOAOYI{OUEVO ATIOTEAECUATO
TIOPEXEL PO TTOOOTIKN €€yNan, Yia TIIO AOYy0 dnAadN N TIPAKTIKI AVTOXNC
TOL XGALBa €ival TTIOAD XOUNAOTEPN aATIO TO MEYEBOC TIOU TIPOPAETIETAL
BAoel Tou ATOPIKOU dIaXwWPICUOU Kal TNE TIAACTIKOTNTAC TIOL gP@avideTal
oTov XGALfa.

2. Mia €€ apxng, ab initio, TEXVIKNG yla TOV LTTIOAOYICHO TNG YEVIKELPEVNC
EVEPYEIOG TQAAUOTOC G OXEQN HE TNV TIPOKAAOUPEVN aTtodidpBbpwaon
oAiocBnong os éva kpuoTtaAlo BCC-Fe.

3. Mia «3UVOUIKA TIPOCEYYION NUI CWHATIdIWY ", n oTtoia HETATPETIEL Eva
OTOMIOTIKO oUoTNPa o€ éva "oLOTNUA CWHATIdIWV", JlOTNPWVTAC
TIOPAAANAO TIC EYYEVEIC dIAPOPWTIKEG IOI0TNTEC OTIWC TIC KPUOTAAAIKEC
ENOOTIKEC OTOOEPEC Kal TNV HOPIAKN KIvNTKOTNTO. Kd&Be cwpatidlo

MTIOpEl va  TIEPIEXEL TuXOiO TIOAAG dATOpA, 1 VO QTIOTEAEiTOl OTTO
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owpaTidla TIov  €€apTwvTal aTIO TIC KAIJOKEC TOLC. AgdopEvoL OTI TO
oLOTNUO  PE TA OwuOaTidla JTIOPEl va  €xel AlyOtepoug  Pabuoug
eEAELOepiOG aTIO TO  OTOMIKO oLOTNPO, N PEBOSOC udTIOpPEl  va
XPNOIYOTIOINBEL yio T YEQUPWON TWV OATOMUIKWV KOl TWV GCGUVEXWV
KAIMAKWV.

4. 'Eva 1EpOPXIKO KOTOOTATIKO UTIOAOYIOTIKO POVTIEAO TIOU Baaciletal o€ Eva
evioio Beppoduvapikd TIAiol0. To POVTEAO aQUTO €QAPUOLETAl CE HIa
UTTOAOYIOTIK  dladikagia TIou OVOUALZETal  «OAKIUOC TIPOCOMOIWTHC
Opalong», ylo TNV UTIOCTNPIEN TG avAAuong TwV TIOCOTIKWV
OVTOAAOYWV TNEG MIKPOJOWNG Kal yio TNV BEATIOTOTIOINCN TNG OVIOXN O€
Bpavon.

5. 'Eva d1dypouua oKANPOTNTOG-avVIOXNG-TIPOC@UONG TIOU TIPOKUTITEL YIa
T0 oxediaopd Ttou XAAuBa. AuTO TO dldypauua KabBopilel m oxEon
METAED TNC OKANPOINTOC TOU KPAPOTOC, TNG OIETIPAVEIOKNC EVEPYEIQG

TIPOOKOAANGCNG AOYW TIPOCPLCNG Kal TNG AVvIoxXng o€ Bpavan.

118

ZXAUA 3.7 IXNMOTIKA E0WTEPIKAG SOUNE TOL XAALBO
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Alg0ogVNON EPAOVOVAOV VOVOTEYVOAOVKY OTNV ETTIOTAUN TOU TMOAITIKOO Mnvavikov

KE®AAAIO 5
I IEPIBANNONTIKEZ El 11 11TMEIZ THZ NANOTEXNOAOI 1AZ
5.1 Elcaywyn

Ta TIPOIOVIO VAVOTEXVOAOYIOC TIPETIEL VO TIANPOUV Ta LYWNAA ETTITIES
TIPOOTOCIOG TWV KATAVAAWTWY, TwV EPYAOMEVWVY Kal TOU TIEPIBAANOVTOC
TTou KoBopidel n KowoTtiK vopoBecia. Ta &v A0yw Tpoiovta Ba yivouv
OTIOOEKTA OTIO TO KOIVO POVO €AV Ol LTIOWN VOPOBETIKEG TIPAEEIC KAADTITOLV
ETIOPKWC TIC VEEC TIPOKANCEIC QTIO T TEXVOAOYIEC KOl €QOCOV Ol
KOTOOKELOOTEG MTIOPOUV va  OTIOOEIEOUV TNV  ACQ@AAEIX TOUG KOl Ol

KOTOVOAWTEC VO TIC OEWPHOOLY ACQPOAEIC.

4.2 NouobBeaia otnv Evpwraikr) ‘Evwon

Tov loOvio Tou 2008 n Eupwrttaikn) ETutpomr| e€£dwaoe Hia avakoivwon HE
TITAO «PUBMIOTIKEG TTITUXEC TwWV VAVOUAIKWV» (COM(2008)366,) TNPWVTOG 1o
m O€éopevcn Tou oxediov dpdong. H avakoivwon acuvodevotav Ao
EYYPOQO e€pyaciag twv LTINPEoIwV ¢ Emutpormng mou tepieixe mepiAnyn
TNG VOUOBECIOC OXETIKA ME TITUXEC TWV VAVOUAIKWVY TIOU a@OPOUV TNV
LyEia, TNV Ao@AAEID Kol TO TIEPIBAAAOV KOl OKIOYPO@OUCE TIC EPEVVNTIKECG
OVAYKEC OXETIKA ME TIC KOVOVIOTIKEC PUBUICEIC KOl TO OXETKA HETPA,
(SEC(2008)2036).

ATIO TNV &V AOYW QVOCOKOTINGN TNG VOUOBEaiag TIpoéKLUYPE TO CLUTIEPACHA
OTl TO KOIVOTIKA TIAQIOIO KOVOVWVY KOT apxiv Toug duvnTIKoUg KIvOUVoU( yia
TNV ULyeia, ™V ACEAAEI Kol TO TIEPIBAAAOV TIOU GCULVOEOVTOl MPE T
VOVOOAIKA. Xwpig¢ va aTtokAgiovtal aAAayEC TOU KOVOVIOPOU BAcEl VEwWV
TIAnpoopiwv, n Emrpomy tovice 01 n Tpootacia Tng vyeiag, g
OO@AAEIAC Kal TOU TIEPIBAANOVTOC OTTAITETOl VA eVIOXULOEI KUpIwg PHECW NG
BeAtiwong ¢ e@apuoyng Tng loxvovoag vopobeoiag. EKTOC amo 1n
otpPIEn TWV EPEUVWV HE OAVIIKEIJEVO TNV EKTIUNON TOU  KIvOUvVou, 1

Emtporty KOTaBAAAEl TIPOOTIABEIEC OE OEIPA KOVOVIOTIKWV TOPEWV YId va

BeAtiwoel TNV €@ApUOyr, va a&lOAOyroEl TNV ETAPKEID NG 10XVOLOOG
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vouoBeoiag Kal vo €EETACEl KOTA TIOCO OTIAITOUVIOL  OAAQYEC TV
KOVOVIOUWYV O CUYKEKPIPEVEC TITUXEC.

Tnv avakoivwon e&€dwaoav 10 Eupwtiaikd KowvofoUAlo, pe YR@Iiopa tng
24n¢ ATpidiov 2009 OXETIKA PE TIC PUBMIOTIKEG TITUXEC TWV VAVOUAIKWV,
(2008/2208(1 NI)), kat n EvpwTttdikr) OIKOVOMIKN) Kol KolvwviKr) ETUTpoT).
To Evpwradikd KowvoBoUAIo, €IdIKOTEPO, BETEL TO €PWINUA KOT& TTOCO,
eEAAEIPeEl pnTtwv dIATAEWY yia TNV VAVOTEXVOAOYIO OTO KOIVOTIKO dikalo,
gival duvatov va BeswpnBei 0TI n vouoBeTia TTAPKED yia va KOAOWEL TOUC
KIVOUVOULC TIOLU OULVOEOVTOl MPE T VOVOUAIKA. Mg dedouévn TNV AN
KOTGAANAWY OTOIXEIWV Kol PEBOdwWV eKTipnong, 10 KoiwvoBouAlo ntd
TIPOOEKTIKA ETTAVEEETACN TNG LPIOTAPEVNG VOUoBeaiag. KatoTiv altpatog
T0U EupwTtaikod KolvofouAiov, TIpootédnkav 1 eEETALETAl TO EVOEXOUEVO
va TIPOOTEBOUV OULYKEKPIPEVEC DIOTAEEIC TIEPi VOVOUAIKWVY OTn vouoBeaia
yla T0 KOAAUVTIKA, Ta VA TPO@IUA Kal Ta TIPOCHETa Tpogipwy. Bdaoel tou
TIPOYPAUUOTOC, N ETutpory 6a LTTORAAEl ETUKAIPOTIOINPEVN ETTAVEEETACT
TwV puBbpicewv 10 2011, amodidoviag IdIAITEPN TIPOCOXN OTA CnUEia TIov
nyepav 1t Euvpwtaikd KowvoBoUAlo kal n EuvpwTtaiky OIKOVOUIKA Kol 120
Kowvwvikny ETutpoTy. Avadoya pe TI¢ avaykeg n Emitporn eival duvatov va
TIpOTEivel aANaYEC OTnV vopoBeaia.

ATIO TTAELPAC Vop0oBEeTiag v@ioTavTal OEIPA AVOYKWVY TIOL XapaKTnpiovtal
ETIEIyOLOEC:

- H Xpnuatodotnan NG €pELVOC TIPETIEL VO ALENOEi Kal va edpalwdEi yia va
MTIOpEcEl v OLMPPOSdIcEl PE TNV OVATITUEN KOl TNV EUTIOPIO  VEWV
EQPOPPOYWV.

- TpoKeIpEVW va OCULAAEYOLV cuva@ry dedouéva, ol SIOBECIUEC OruEP
MEBODBOI EKTIUNONG KIVOUVOUL TIPETIEL VO TIPOCOPPOCTOUV, VA ETIKLPWOOLV
Kal v EVAPPOVICTOUV yia T0 VOVOUAIKA.

- 1d1ItépwC, TIPETIEL va BeATIwBOUV, va avarttuxbolv Kal va ETIIKUPWBOOoUV
pEBOdOI OTa TIEdIO TOUL XOPOKINPEIOMOU, NG EKTIPNONG TNg €kBeong, TOuL
TIPOCdIOPICUOU TWV OTIEIAWV, TN EKTIUNONG ToL KOKAOL {wn¢ Kol NG
Tipooopoiwong. Mpog 1o oKoTIO autd Ba arartnOsi emmiong €peuva OXETIKA
pe Bacikd NTAUOTA TIOU O@OPOUV TNV OAANAETIIOPACT] TWV VAVOUAIKWV HE

Tou¢ {WVTEC OpyavIoUOUC.
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-ATTAITOUVTOl  KOTAAANAO  VOVOUAIKA Ova@opdg yla Tnv avaTituén Kal
ETUKVPWON PHEBODOWV KOBWC Kal yia T dlac@AAIon TNE TIoIOTNTOC.

-Mpémel va  avarmtuxBovv dnuoocieg Pdoesl dedouévwyv  TIoL  Ba
XPNOIUEVLOOULV YIO TNV EKTIUNGN TNG ACPAAEING TWV VOVODAIKWV.

-To evdla@EéPOoV TIPETIEL VO ECTIOCTEI OTIC £PEVVEC Ol OTIOIEC ETUTOXVUVOUV
TNV KATAPTION KOTELOLVTINPIWYV YPOAPPWVY Kol TIPOTUTIWV Yyia OOKIPEC OTO
TtIAaiolo tou OOZA* | tou ISO** kal TNg CEN***,

AV Kal Ol YVWOEIC OXETIKA HE TNV TIAPOULCIO VOAVOUAIKWY OTnv ayopd
dleupvvovtal, n Ermutpor) €xel emiyvwon ¢ avaykng vo oxXNUOTIOTE
KOAUTEPN Kal akpiBEotepn eikova. To 2011 n Emutpor tpotiBetan va
TIOPOUCIACEl TIANPOPOPIEC OXETIKA HE TOLG TUTIOUC KOl TIC XPNOEIC TwWV
VOVOUAIKWYV, OCUPTIEPIAAMPBOVOUEVWY  Kal TITUXWV TIOU  O@OPOLV TNV
ao@AAeln, (avaKoivwaon TNG ETUTPOTING TWV ELPWTIATKWY  KOIVOTATWY,

20009).

5.3 T'e@LPWON TOL XAOUATOC TWV YVWOEWV
121

Id1aitepO €UTIOBIO TIOL TIPETIEL VA OPBED Eival N avaykn ylo KAAUTEPN yvwon
oe Tedia OTIWCG 0 XAPOKINPIOUOG TwV VOVOUAIKWY, N TOEIKOTNTA, N OiKo-
TOEIKOTNTA, N OO@AAEID KOl N €KTiuynon wng €ékbeong ot auvtd. Auto 6Ba
ETUTPEYEL TNV  TIPOCOPPOYN TWV EPYOAEiwV e@apuoyng, OTwg ol
EVOTIOINMEVEG  OTPOATNYIKEC OOKIUWV Kol Ta  KaBodnyntika  €yypaea,
TIPOKEIMEVOL va AN@OoLV TIANPWCE LTIOWN OTa VAVOUAIKA. Ta €pya Ttou
gixav oxedlaoTEl yla TNV AVTIPETWTION NTNUATWY  ACQAAEIOG  TOU
TIEPIBAANOVTOC Kal NG LYEIOG €ixav w¢ ATIOTEAECUA KOAUTEPN KOATOVONON
TWV  PNXOVIOPHWV  OAANAETTIOpOONG TwV  VOVOUAIKWV  PE  PBIOAOYIKA
CUCTAPOTO KOl 0dfynoav otV avamntuén HPeEBOdwWV  JOKIYWV, YA
TIOPAdEIYUA YIO TNV €KTiPNon ¢ €kBeang o auvtd. H d1ebvrg cuvepyaaia

OTOV TOUED QUTO gival IoXLPT).

‘0.0.Z.A., Opyaviopog OIKOVOUIKNG Zuvepyaaoiag Kal  AvArTuéng,
(Organization for Economic Co-operation and Development - OECD).
**|SO International Organization for Standardization, AieBvri¢ Opyaviouog
Turomoinong.

***CEN European Committee for Standardization, EuvpwTttadikry ETUTpOTIN
TuTtoroinong.
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H ETUTPOTI) CUMMETEXEL €VEPYA OTIC TPEXOVLOEC EPYOOIEC TNC OPAdAC
gpyaciog yia ta Blopnxavikd vavoOAIKG touv OOZA, 10U AvVaTITUOCEL
MEBOOOUC DOKIUWV Kal KAOTELOLVTIAPIEC YPAPMESG VIO TNV EKTiUNGN KIVOUVOU.
EmmAéov, o1 gpyacieg tumoroinong tou ISO 6a cuPBAAOULV GTN YEVIKA
OUYKAION TWV TIPOTUTIWV YIa TNV €QOPPOYH TNE vopobeaiac.

Katd tnv TeEAELTaIO TIEVTAELTIO Ol AVEEAPTNTEG ETIICTNHUOVIKEG ETUTPOTIEG TNG
Evpwraikng 'Evwong €xouv Katabéael €€n YVWHUOJOTNOEIC OXETIKA HE TNV
EKTIUNON TOU KIVOUVOU TwV VaVOOAIKWV. AauBdvovtag utoyn 1o
TIOPOUEVOVTA KEVA OTIC YVWOEIC, OTIC YVWUOJOTNOEeI Toviletal ot ol
OLVNTIKOI KivOLUVOl TWV VOVOUAIKWV TIPETIEL VA EKTIMWVTAI KATA TIEPITITWON
Kol SlOTUTIWVOVTOlI CUCTACEIC YIO TIEPAITEPW EPEVVEC OTOV TOMPED TNG

OO @AAEIOG.

5.4 AieBvni¢ ouvvepyaaoia

Bdoel tNg EVIOANG TIou €AAPBE aTtO TO ZUMPBOVAIO TOV ZETITEYPRPIoO Touv 2004, 122
n Emutpor &ekivnoe d1ebvry dIAAOYyO OTOV TOPEX TG VOVOTEXVOAOYIOC.
‘EKTOTE, n d1EBVAC oLVEPYOTIa KATECTN AVATIOOTIOOTO MEPOC TNC TIOAITIKNG
¢ Emutpomng oe OAa oxedov Ta Tedia tou oxediov dpacng. O1
TIOPEABOVOECG Kal 01 eV eEEAiEEl dpAoelg TNG ETuTpoTNg 01O dIEBVEC PETWTTIO
TIEPIAOUBAVOLV:

-ZUVEPYAOTIa O€ €PELVNTIKA £PYyd, CUPTIEPIAAUPBOAVOUEVWY KOl €PYWV HE
OVTIKEIUEVO TNV €KTiNOoN Kivduvou.

-Mapoxny otpiEng yia TN CLUPPETOXA EPELVNTWVY ATIO TPITEC XWPEC O £pya
TIOU Xpnuatodotouvtal amo v EE, KaBw¢ Kal yia SIKTUWON €PELVNTWV
OTIO TPITEC XWPEC OTOV TOPEN TNE VAVOTEXVOAOYIAC.

-Opydvwon, 1o 2008, 10U TpiTOL dIEBVOUC SIOAOYOL OXETIKA ME TNV
uTTIELBLVYN AVATITUEN NG vavotexvoAoyiag. H ekdNAwon aut KAAuYe n
SlOKUBEPVNCT, TOUC KWOAIKECG TIPAKTIKNAG, TNV aC@AAEIQ, T VOUOBETia Kal
ouvepyaaia, (n Z0vod0o¢ Tou ZUHPPBOLAIOL AVTAYWVIOTIKOTNTOG).

-H oUykAlon Twv VOP0BeaIV aTIOTEAET {NTNUA TIOL EKKPEPEL GTOV SIAAOYO

HE TOUG KUPIOLC EPTTOPIKOVG eTaipoug Tn¢ EE.
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-ZUMUETOXN oTg epyaoie¢ ™M WPN* 1tou OOZA OXETKA MPE TNV
SloKUBEPVNON TNEG VAVOTEXVOAOYIOC.

-Evepyoq ouppetoxny otnv WPMN** tou OOZA Ttou €ival To KUPIO JIEBVEQ
@OPOLY VIO TNV TIEPAITEPW XAPAEN TWV KATELOBULVTNPIWY YPOUPWY Kal TWV
OTPOTNYIKWV OC0V 0@opd TIC OOKIPMEG, TIOU OTTAITOUVTIAL yia TNV 0pon
€QapPoyn NG vouobeaiac.

->1ov I1SO kal T CEN n EmutpoTtir) cuuBAAAEl OTNV KATAPTIoN dIEBVWC
OTIOOEKTWV TIPOTUTIWV OTa TIEdia TnN¢ OPOAOYIOC Kal TOU QUOCIKOXNUIKOU
XOPOKINPEIOPUOU TwV VAVOUAIKWV, PE OKOTIO T dnuiouvpyia Pdong yia

OULYKAIivOLO O TIPOGCEYYION TWV SOKIUWY TWV VOVODAIKWV.

4.5. O1 Kivduvol TnNg vavotexvoAoyiag

H epttopevpATOTIOINGN TNG VAVOTEXVOAOYIOC €ival KUPIOAEKTIKA KATW OTIO
TO MIKPOOKOTIO. MOALAPIOUEC Un KUPBEPVNTIKEC OPYAVWOEIG €0TIALOULV TO
EVOIA@EPOV  TOUG OTa  TIEPIBAANOVTIKA  {NTAUOTA KOl T  ULYEia Twv
KATavoAWTWV. Ol Opyavwaoelg autég nNtouv va IoxXVoEl éva POoPaTOPIOLH 123
yla OA0 T TIPOIOVTO TIOU OXETICOVTAI PE TN VOVOTEXVOAOYia HUEXPIC OTOL Ol
Kivduvol Kal N ac@AAEIa TNE XPNoNG TWV TIApAYOHEVWY TIPOIOVTIWVY va gival
TIANPWC yvwoTty. O1 puBUICTIKOI OpyavIoPOoi KaAoUVTIOl va OvoTITuEouV
TIPOTLUTIO, OAAG TO oToIxeia dev eival dlabéoiya yia va eEakpiBwaoouy Ta
O0@OAN ETUTEdO O TIOAG VEX ULAIKA. TloAAoi amtd Ttoug dlEBVEIQ
opyaviopoug epyalovtal TIPo¢ TNV KATteDBLVAON E0EAOVTIKWV TIPOTUTIWVY YIA
TNV uyeia Kal 1O TIEPIBAAANOV O€ OXEOn MPE TNV  OOQ@AAEID NG
VOVOTEXVOAOYIAC.

To aItiuaTa ylo TV Kotavonaon Kal TNV OVTIMETWTIION Twv KIVOUVWVY OE
TIPAYUOTIKO XpOVOo, dnNAadr, KAtd T SIAPKEIA TNG AVATITUENG, TIPOCOECE

MIO 0KOUN OUCKOAN d1A0TACN OTNV AVATITUEN TN VAVOTEXVOAOYIAC.

*WPN, Working Party on Nanotechnology, Opdda epyaciag yia v
vavotexvoAoyia tou OOZA.

*WPMN Working Party on Manufactured Nanomaterials. Opada epyaaiag
yla v Kataokeury vavoDAIKwy tou OOZA
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AlgogVNON EYAOVLOVAOV VAVOTEVWOAOVIOK OTNV TTIOTIILN TOL TMOAITIKOO MTTyavikoU

H katavonon tng CLPTIEPIPOPAC OTN VOVOKAIUOKA Eival g€ TIOAD TIPWIPA
oTadla, Kol €ival TIPOwPO va TIoPOoUV POKPOXPOVIEC ATIOQPACEIC YIO TNV
VOVOTEXVOAOYIO Xwpig autr] TV Katavonon. Qotdco, Twpa eival n oTiyun
yla va EEKIVIOEL N avAALCON, EVW Ol TIPAYUOTIKOI Kivduvol aTto Ta VAVOUAIKA
gival pikpn yiati Ttapdyovtal ge XauNAQ €TiTteda Kal TTOAD Aiyol dvBpwTtol
gival eKteBeIuEVOL 0 TIOAD MIKPEC TTOOOTNTEG, YIA vO KOBodnynoouv TN
AMWPN Twv amto@eAcewy OTavV N XPnon Ttoug Yyivel eupéwg dladedouévn. H
OVTIJUETWTION TwV TIBAVWV €KOECEWV €ival 0 KOAUTEPOC TPOTIOC yla va
METPIOCTOUV Ol  HPOKPOTIPOBECSHOL  Kivduvol TwVv VAVODAIKWV  Kal TG

VaVOTEXVOAOYIaC TIou sival ofuepa dyvwaoTol, (Shatkin, 2008).

5.6 MePIBAANOVTIKEG TITUXEG TNE VAVOTEXVOAOYIOG

MOANEC QTIO TIC EQAPMUOYEC TG VAVOTEXVOAOyIag 6a w@EACOLY TO
TIEPIBAANOY, YO TIOPASEIYUO, N ETEEEPYAOia TOL TIOOIPOU VEPOU, N
€CAAEIPYN TWV TOEIKWV XNUIKWY OUCIWV, N HEIWON TNC KAaTavAAwaong vepoL
KOl EVEPYEIOCG PE TNV a&IOTIOINCN KABOPWVY EVEPYEIOKWVY TEXVOAOYIWV. Mwg 124
MTTOPOUV Ol  EQOPUOYEC TWV  VOVOETIIOTNUWY VO  ETNPEACOULV  TO
TIEPIBAANOV; Agv gival ca@EC ONUEPA TIOIEG €ival TIIBAVEG ETUTITWOEIG ATIO
T0 LAIKA VOVOKAIUOKOG OTOV a€pa, OTO VEPO Kal OTo £€da@og. Aev eival
KOTOVONTO av 10 VOVOOUAIKA €VOEXETAL va E€ICEABOLV OTNV TIAPAYWYN TWV
TPOYIPWV Kal va yivouv PEPOC TN avBpwTvnG dIATPOPNG, 1 €AV Kal TIW(
MTIOpEl va emnpedoouv ta OACN, TOUC KOPOAAIOYEVEIC V@OAOUC, N TNV
TIOIOTNTA TOU 0EPQ, YIO TIAPAdEIYHA.

Oa vTdpel pIa vavo-TIEPIBAAANOVTIKI] KANpovould; ‘Exouv ta vavoOAIK&
Nnon €1oéNBel oto TIEPIBAANOV pE TPOTIOUG TIOU Ba TOLG ETUTPEWPEL va
ouvexioouvv NV €IGBOAR KAl va SloTapAgouy TNV TPOQIKA oAucida; Oa
OKOAOLONGOULV Ta VOVOUAIKA TO OpPOUO TwV GAAWV pUTIWV, OTIWC O
MOALBOOC; Mg Ba TIpETel va KaBopIoTel av Ta dedopeEva dev TUAAEyOVTal
yla auto; @a PTTIopoLOoE KOVEIC va vTtootnpi&el 0Tl Ta TTood Ba gival PIKpd,
KOl OTO €yyluC MEANOV, €ival OARBela 0TI LTTAPXOUV AlYEC EQAPUOYEC TNG
VOVOTEXVOAOYIAC TIOU PTIOPOUV va ETUTPEYPOUV TNV €AEVBEPN €i00d0 TwWV

VOVOOWMOTI®IWV OT0 TIEPIBAANOV O€ ONUOVTIKEG TI000TNTEC. QOTOCO,

KaBWwC OAO KOl TIEPICCOTEPEC EPAPUOYEC  LIOBsTOLVTAI  OATIO TNV
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Algpeivnaon £QAOVOVOV VAVOTEYVOAOVIOG GTNV €TTIOTALN TOL MOAITIKOU MnyavikoO

VOVOTEXVOAOYIO, N TOpaywyr, Ol XPNOEIC Kal N €KAuon  Twv
vavoowuaTidiwv 8a avgndBolv GNUAVTIKA.

Q¢ TopAadelyua, oTa VOOOKOWEIa, €ival TTOAD onpaviikO va d1aTNPHOOULUE

TIC ETUQPAVEIEC ULYIEIVAC OTIOANQYPEVEC OTIO  POAUVOEIG, KOl TTOAAEQ
KOBOPIOTIKEG KAl OTIOAUMOVTIKEG XNMIKEC OLCIEC XPNOIUOTIOIOUVTAL YIO TOV
KaBaplopyd tou €OTTIAICMOL yia TO TIAUCIMO TwV OATIEdWV  Kal  TwWV
ETIIPAVEIOV  YIO va  oTfotpartei n  €€AmAwon  Twv  HIKPORiwv.
XPNOIYOTIOIWVTAC €va  TIPOIOV  TIOL  TIEPIEXEL  €va  VOVOUAIKO  w(
OTIOAUUOVTIKO JTIopei va  onuaivel ot Ba  Tpémel va  Pekalovtal,
oKouTTidovTal Kal va XOvovtal OTIC OTIOXETEVCEIC. 'Eva TIPOQAVEC EpWTNUA

TiBetal: TTOL Ba pTopoVCaV Ta VAVOUAIKA va KAtoArn&ouv; OTIOI0dATIOTE

XNUIKO TIOL TIAEVETAI PE TO VEPO KOATOANYEl OTO TIEPIBAANOV. AUTO UTTOPEL

va T 0dNnynoel oto £€3a@Oo¢, OTO VEPO Kal TEAIKA MUTIOPEL va HPETAKIVIOOLV

OTO TIANCIECTEPA TIOTAMIO Kal pEPOTa. PUOIKA, QUTO PTIOPEL va ETTNPEACEL

TIC TINYEG TIOCIUOL VEPOU Kal TOLG WKEAVOUC. Epeguvntég €xouv  avixveLOEl

XNMIKEC oLaieg, OTIwWC To triclosan, (gival pia XAWPIWHUEVN OPWHATIKE EVvwaon

N oroia €Xel AEITOUPYIKEG OPAdEC TNG TOCO AIBEPWVY OCO Kal (PAIVOAWVY), 125
TIOL PBPEOBNKE OTa AVTIUIKPORIOKA CaTIolVIO Kal Ta TIPoIiovTa KaBapiopou,
OT0 TIOTAMIO KOl OTIC TIOOIPEG TINyEC vepol. Oplopévol  TIAnBucopoi
Baktnpiwv ocuvnBwg ekTiBeVTOl 0 ovaieC TTOL ATIORAETIOUVV OTNV EEAAEIPN
Toug (T.X., TO @UTOPAPHOKO KOl TA IOTPIKG OvTIBIOTIKA) Kol Twpa
Bpiokovtal oto TIEPIBAANOV Kal £XOULV YiVEl OVOEKTIKA OTA OVTIBIOTIKA TIOU
XPNOIUOTIOIOUVTAl YIa TIC OVAYKEC TNG YEWPYIOG Kol yio TG avOpwTIIVEQ
000éveleq. H PIKPOBIOKN AVTOXH OTIOTEAEL Eva PEYAAO TIPORANUA ETTEIDN TO
Bokmpla dev gival TIAEov evaioBnTa oTig Bgparieie¢ Touv  avarttvoCOoVIal
ylo Vo T0 OKOTWOoOoULV. [ePIcOOTEPA EPWTNHATA AVASEIKVUOVTAl OTIWC: OV
T0 VAVOUAIKA XpnoiyoTtoinBolv oTnv avTUikpoflakr Bepartteia, uymopei va
TIPOKOAEOOLV avENon NG MIKPOPIOKAC avioxng Tou TEPIBAANOVTOC, TI
GANeC OKOUOIEC OULVETIElEC OBa  ptmopoloe  pia  ouvcia n  oToia
OTIEAEUBEPWVETAI OTO VEPO VO TIPOKOAETEL,

‘Eva oo 1o TTOAAG pOVOTIdTia OTtod 10 OTIoid Ta VOVOUAIKG PTTOPOUV va
EI0EABOLV OTO TIEPIBAAANOV €ival PHECO ATIO TOLG CWANVEC ATIOXETELONG TWV
voooKopeiwv. H 1o evdedelyyévn A0Oon Ba ATav autrp OTIoU TO VeEPO

ETIEEEPYALETAl KOl OTN OUVEXEIO OTIEAELOEPWVETAlI OTO TIEPIBAAAOV. To
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AlgpelivnNaon EQAOVOVAOV VOVOTEYVOAOVKY OTNV €TTICTIILN TOL MOAITIKOU Mnvavikoy

oxnua 5.1 deixvel TI¢ 0d00¢ amd TIC OTIoieC Ta VOVOUAIKA HTTOpoUV va
KivnBouv TIpog 10 TEPIBAAAOV. Ta VAVOUAIKA PTTOPOUV va POAUVOULV TO
VEPO KOl AUTO OTN CUVEXEID TO QUTA Kal Ta WA PE TEAIKO OTIOTEAEGHO VA
EICEABOLV OTNV TPOYIKN aAvcida. Agv €ival TIAVTA EVKOAO Va TIPOPAEYOLUE
Tl Ba cLPBEi KATA TNV €1I00YWYT LAIKWV O€ €va olkooUoTnua. Agdopévou ot
OAol o1 opyaviouoi xpelalovTal vepd yla va eTIRICOLY, auty n oultnon
ETIIKEVIPWVETOL OTO UBATIVO OIKOCUOTNUA, OAAA UTIAPXOUV TIOAAG QAN
TIEPIBAANOVTA KOl EIOIKOTEPO TIPETIEL VO €EETOICTOUV TA TIEPIBAANOVIO TWV
000wV, EPNPWVY, BOLVWV Kal Ta EVPUTEPA BOAACCIO CUOTAPOTO KABWC Kal
TA OIKOOUOTNUA TOL SOUNMEVOL TIEPIBAAAOVTOC, KTiplo KOl TIOAEIC.

H padik Ttapaywyr] Twv VOVOUAIKWY OTIOTEAED OTIEIAN yio TNV avOpwTTivn
uyEia, yia TIOAAOUCG AOyouG. [pwtov, peydAa Ttood vavoOAIKwv Ba
MTTOPOUCAV VO GUCCWPEVTOUV OToV AvBpwTto. NavoUAIKA Ba pTtopovcav
va amoppo@ndolv atod ta BOKINPIa Kol va TIEPACOLVY OTNV SIOTPOYIKN

oAvaida.

Airsiream

Airs (ream

In
products

Deposit*®
to plants Deposition to
food sources for
humans « net Bvestock

to soil

Deposition
to water Food chain

Sxnua 5.1 Odoi dla pPéow TWV OTIoIWV T VAVOUAIKA WUTIOPEi va KivnOolv
TIPOG TO TIEPIBAANOV.

Ae0TEPOV, Ol ovuoie¢ dTIopEl va ouvdeBolv pe TIPOoEIelg, OTIWC
TIOPOCITOKTOVA. A£SOPEVOL OTI OPICHUEVO CWMOTIOI TNG VOVOKAIUOKOG

pTTOPOUV va e1I0€AB0OLY aTa KOTTOPA XWPIG pia Avoon aTtavinacn, PMTToPEi va
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AlgogVNON €000VOVAOV VAVOTEXVOAOVIAE OTNV ETTICTALVN TOL MOAITIKOO Mn)xavikov

ETUTPEYOLV OTIC TOEIVEC Pl OTTOTEAECPATIKOTEPN dleicduan TNV AuuvVa TOL
owPaToC Tpitov, Ve VOVOCWAARVWY AVOBPOKO EVOEXETAL VO TIPOKOAECOULV
ooBapd avATIVELOTIKA TIPORANUATA. AOYyw NG MOVOdIKNG, BeAOVOEIdOLC
doung toug, Ba pttopovoav va "OTIEIPOLY TOV OAEBPO" KAl va yivouv «o
ETIOPEVO apiavtog». Mia ypryyopn HaTid oTo oxnua 5.2 divel v eviuTiwaon
OTl VOVOOWANVEC MOIAJOLV HE (VEC OMIAVTIOL, OTIWC TIPOPAAANOVTOL ME
NAEKTPOVIKO UIKPOOKOTIIO cdpwaong (SEM). (Me TIIO TIPOOEKTIKY €&€taon,
WOTO00, TO PEYEBOC TWV PWTOYPAPIWV OTIOKAAUTITEL OTI Ol VAVOCGWANVEC
TIOU gp@avidovtal €ival TIavw amd 60 @OPEC MIKPOTEPEG ATIO TIC (Ve
OMIGVTOU.)

TéNOC, OTaV TIPWTEIVEC TIEPIBAAAOVTOI ATIO VOVOCWUATIdIO EAEVOEPNC PONC
OTNV KUKAO@OPIO TOU QiPOTOC, TO OXAUA Kal N AEITOLPYIO TWV TIPWTEIVWV
PTTOPEl va OANGEEL. TPOTIOTIOINPEVEG TIPWTEIVEC UTIOPE VA TIPOKAAEGOULV
OVETIOUUNTEG KOl ETIKIVOUVEC OUVETIEIEG, OTIWCG OAAQyr) OTn por Tou
aipatog. Mpdypat, Ol avnouxieg KupaivovIal ormo TOV KOApKivo 1 v
YVEVETIKI] METAAANQEN MPEXPI TOV KivOLVO OTI Ta ULAIKG Ba pTtopolcav va

127

TIEPACOUV  OTO  UTIOYEld  0BOTA KAl VO KOTOOTPEWOULV  OAOKANpO

0IKOOULOTHHATA.

XAUa 5.2 Opodtnta 1wV VavoowARvwy Avepoka (apioTepd) Ot VEG

auIGvTOoL (O€Id).

KdBe véa texvoloyia @Epvel padi tng VEEG TIPOKANCEIC KAl VEEC ETTITITWOELG
oto TeEPIBAAOV. Ta  duvnuKA  TIPOPAAPOTO  TIOU  A@OPoULV TN

OIKovouidNg lwavvng

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 02:26:51 EEST - 3.145.162.204



AlgogivNon £QO0VOVKV VOVOTEYVOAOVIlX OTNV €TTICTAULN TOoUL MoAITIKoU Mnvavikov

vavoteXvoAoyia €ival TtoAvdpiOpa. To HIKPO MPEYEBOC TWV ULAIKWV NG
VOVOKAIUOKAC KOl TV CLOKELWV ALEAVEL TNV TUBAVOTNTA €KBEONC OE QLTA
T0 LAIKG, KAVEL TOV KOBAPIoPO dUOKOAO, Kal ETIIOEIVWVEL TO TIPORANPA TWV
TOEIKWV UAIKWV TIOL JIEPXOVTAl OTIO TN PEUPPAVN Twv KUTTApwVY. AUTO Ba
MTTOpOUGCE va dIATAPAEEl TNV NAEKTPOVIKL dIOUOPE@EWAON TOU 10TOU, ETTiIONG N
onuiovpyia opAdwv  eTIPAVEIDG Oa  PTIopoloAV va  AVTIOPACOULVY  E
Tiepiepyo TPOTIO e TO TIEPIBAANOV. ETmiong, ta vavoOAIKA eival cuxva
EVEPYA HE XNMIKEC OPADEC TIOL TO KOBIOTOUV KOTOAUTIKA OTO va Yivouv 1
VOPOPORa, (ATIWBOLY TO VEPD), I LOPOPIAA (EAKOLV TO VEPO). Ol OANAYEC
OUTEC TNG XNMEIOC TIOU UTIOPEI VO TIPOKOAECOULV TO VAVO-UAIKA Ba €Xouv
OaV OTIOTEAECUA TNV TPOTIOTIOINGN TNG ETUQPAVEING TWV KUTIAPWVY. AEgV
TIEPIOPI{OPOCTE POVO O€ TIPOPRANUATO TIOU TIPOKAAOUV aTIO Pova Toug, To
VOVOOWUATIOIO UTIOPOUV VA AEITOLPYNOOLY WE QOPEIC yia TIC TIPOCOUEIEEIC,
OTIWC METOANIKA owHaTidla. AULTA T METAAAIKA OwpaTidla UTTopEi va
EVIOXVOO0ULV TIC XNUIKEC OAAAYEC OTO KOTTOPO, TIOU EVEPYOUV WC CWHATIOI
KOATOAOTN.

To HOVAdJIKO  XOPOKINPIOTIKO  HEIOVEKTNHO  TWV  ETIEEEPYOCHUEVWV 128
VAVOUAIK®WV, gival n EAAEIPN EUTIEIPIOG pE OUTA TO LAIKA N oTtoia eUTTOdIZEl
TNV aloAdynon tou KivolvVou, TIOU E€ival ATIaPAItNTN yla TIC £YKAIPEC KOl
OWOTEC ATIOPACEIC yIO TNV TIPOANYN tN¢ PUTIOVONG, TNV TIEPIBAAAOVTIKN

g€uyiavan Kal TNV VIOBETNON PETPWV EAEYXOUL TNC PUTIOVONG.

4.7 Zuumepdaopota

Me Bdon Ta TTAPATIAVW, TIPOTEIVETAI KATA T ETIOPEVA XPOVIO va yivouv Ta

okOAouba:

-EpBaBuvon twv €PELVNTIKWY TIPOCTIOOEIWV KOl TWV XOPTWV TTOPEiag yia
Baolko0C TOPEIC TNG VOVOTEXVOAOYIOC TIPOKEIUEVOU VA eVIOXLOOUV n
KOIVOTOMIO KOl N avIaywvioTIKOTNTA. AUTO Bewpeital avarmooTiacTo aTto
TNV TIPowONoN ¢ BEPEAIDOLC KATAVONGCNE TOU TPOTIOU OAANAETIIOPACNG
ME TOug {WVTEC OPYyaVIOHOUCG TWV VAVOUAIKWY KaB' OAn Tn OSIAPKEID TOU
KOKAOL {wn¢ Toug, Yo va €E00@OAICTEL LYNAO ETTTIESO QACEAAEIAC Kal

TIPOOTOCiag TNE AvOPWTIIVNG LYEIOC Kal TOU TIEPIBAAAOVTOC.
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AlgogvNoN £QOA0OVOVKV VAVOTEXVOAOVIAC OTTV ETIICTALTT TOU MOAITIKOU Mnyavikou

-MepaItépw AVATITUEN TWV LTIOOOPWV Kal TOU EKTIAIOEVTIKOU CLCTNUATOC,
0€ OLVAPTNON HPE TOV TTIOAUKAOSIKO XOPOKTIAPO TNG VAVOTEXVOAOYIOG.
-Evioxvon twv pnxaviopwv 1ou dloTiBevtal yio BIOPNXavIK KalvoTouia,
uTTOYpPapHIdovTag TNV €Vvola TG AVOIKTAG KAIVOTOMIOG KOl SIEVUKOAUVOVTOC
N UETOPOPG TEXVOAOYIOG.

-YAoTtoinon OuPecOTEPOL, €0TIACPEVOL KOl OULVEXOUG OIOAOYOL WPE TNV
KOIVWVIO KOl TIOPOKOAOUONON NG KOIVAG yvwung Kal NTNPATwV TIou
OXeTiCOVTal PE TNV TIPOCTOCIA TWV KOATOVOAWTWY, TOUL TIEPIBAANOVTOC Kal
TwV EPyaloPEVwV.

-ZUVEXION NG €ETAONG TNG ETTAPKEIAC TNC VOUOBETIAg, HE KATAAANAN
TIPOCAPHOYN TWV TIPAEEWV EPAPUOYNG, TIPOTACT VOUOBETIKWY OAAAYWV
OTIOU OTTAITEITOl KOl CUOXETION OTIOU Eival dUVOTOV UE TIC dIEBVEIC e&eAielc.
-ETutpnon Mg ayopdg¢ yid T TIPOIOVIO  VOVOTEXVOAOYIOC,
OULUTIEPIAAPBAVOPEVWV KOl TWV XOPOKTNPEIOTIKWVY OCEQOAEIOG TOUC KOl TWV
TIBavwv e€eAiewv.

-AvaBaduion TG EPELVNTIKAC TIPOCTIABEING OTOV TOMED TNG EKTIMNONG TNG
OO@AAEING, CLMPTIEPIAAMBOVOPEVNG KAl TNG dlaXEiplong tou Kivduvou Ko’ 129
OAN N JIAPKEIO TOU KUKAOU {Wr¢ TwV TIPOIOVIWY. ZTNPIEN NG TIEPATEPW
QVATITLUENG Kal ETUKVPWONG TOU XAPAKINPIOWOU Kol TwV HEBOdWV SOKIUWV
TWV VOVOUAIKQV.

-Evioxuon Ttou ouvtoviopol Kol NG OVIOAAAOYNAC TIANPOQPOPIWV  TwWV
Sl10POPwWV Kpatwv. Me BAan 1o PEXP! TWPA ETUTEVYUOTA Kal AAUBAVOPEVWV

UTTIOYN AUTWV TWV OVAYKWV.
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KE®AANAIO 6

OIKONOMIKA MEFEGH THZ NANOTEXNOAOI'IAZ

6.1 Eicaywyn

H vavotexvoAloyia €xel T OLuvATOTNTA VA KOTOOTEL 1N TIAEOV  TIOAAG
UTTOOXOMEVN TEXVOAOYIO yio QUTOV Tov adlwva. [poo@épel éva TeEPACTIO

OUVOUIKO EQAPUOYWV KAl OIKOVOUIKWVY WEQEAEIWV KOl GUPBAAAEL GNUAVTIKA

OTNV €UPWTIOIKI OIKovouia. Ol TEXVOAOYIKEC TIPOOdOl Yyivovtal oTnv
TIOYKOOMIO KOUPOO yia TNV TIpoodo. H EupwTtadikn apxiki 6€on yia v v

AOYyw SIETUOTNPOVIKN TEXVOAOyia Tou PBaciletal otn yvwaon ULTIOoXETAl

ETUIONG TIOAAG. AANG TIOAAG TIPETIEL VA YiVOUV (WOTE VO HETACXNMATIOTED N

ApIoOTN  ETUCTNPOVIKA KAl  TEXVOAOYIKR avamtuén otnv Evpwnn o¢
OIKOVOUIKN aTt0d0Cr, HE TN HOPPN VEWV TIPOIOVIWY, OIEPYATIWOV
TIOPAYWYNC KOl TWV ETUXEIPNOEWY EVTACNG TEXVOAOYIOG. AUTO @QaiveTal Kal

otnv avakoivwon ¢ Evpwtaikng Emtpomng  «NOAVOETIOTAHES  Kal
VOVOTEXVOAOYieC: OXx€dI0 dpdong yia v Euvpwtn 2005-2009 » (COM 130
(2005) 243). H Evpwraikiy ETmutpor] oTtocKOTIEl oTnv €00 @AAICN
ELVOIKWV OCULUVONKWV Yyio T PBIOPNXAVIKA KAIVOTOPia OTOV TOMEQ NG
VOVOTEXVOAOYIOG TIPOKEIUEVOL VO €EOO@OAICTEL OTI N €peuva  Kal N
TEXVOAOYIKI] OVATITUEN METAQPALETAl O TIPOOITA, OO@AA Kol G&la
TIOPaywyng Ttpoiovta Kol diepyaoie. MNa va yivel auto, gival onuaviikd va
EXOUMPE MHIO OAOKANPWMEVN EIKOVO NG €EEAIENG TNG TEXVOAOyiag Twv
OyopwV, TWV ETUXEIPNOEWY, TNE XPNHOTOSOTNONG KAl TWV ETUOOTICEWVY TOU
ELPWTIOIKOU TAUEIOL MPE TNV TIPOOTITIKA NG AVATITVENG. Ol TTapoVCEQ
avoAvoelg  Paoidovtal o€ O€iKTeEC TNC  OIKOVOMIKNG  OVATITLUENG NG
vavotexvoAaoyiag. H €ugaon €xel d08ei otnv avaiuvon g Euvpwraikng
KOTaoTtaong o€ oVYKPIoN WE TOUG KUPIOUE OVTAYWVICTEG TNC.

H vavotexvoloyia €xel onuavIiKO OVTIKIUTIO OTOV KOOHO Tn¢G OIKOVOUIOG
YIOTi 0l VOVOTEXVOAOYIKEC EPAPPOYEC XPNOIUOTIOIOUVTOlI G OAOLG OXEOOV
TOUC TOMEIC. Ol ETUOTMOVEG, EPELVNTEC, OIOXEIPIOTEG, ETIEVOUTEC KOl (QPOPEIC
XAPOENC TIOMTIKAC O€ OAO TOV KOOHUO avayvwpilouv outd 10 TEPACTIO
OLVOUIKO Kal £X0OUV apxioel Eva €id0¢ vavo-aywvwy. XTI CUVEXEID YiveTal

jia avdAuon 1Tng Kotdotoaong tng TEXvNG TNC VAvOoTEXVOAoyiag aTtio

Olkovouidng lwdvvng

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 02:26:51 EEST - 3.145.162.204



Alg0ogvNON £QOA0OVOVKV VAVOTEXVOAOVIOE OTNV ETTICTALN TOU MoAITIKoU MnxovikoO

OIKOVOUIKNC ATtoPng, ME TNV TIOPOLUCIiOon OTOIXEIWV OXETIKA HE TIC AYOPEC,
N XPNHUOTOdOTNON, TIC ETAIPEIEC, TWV SITIAWUATWY EVPECITEXVIAC KAl TwV
ONPOCIELOEWV. ETIKEVIPWVETAlI 0TV OUYKPION METOED TWV TIEPIPEPEIWV
TOL KOOMOU, KOl CUYKEKPIPEVA TNG EupwTting Kal g Evpwrdikng Evwong
0€ OX€0N ME TOLC KUPIOLE AVTAYWVIOTEC TOUG OTIWG Ol Hvwpéveg MoAlteieg
Kal n lamwvia Kai ol avaduOPEVECG «VAVO - dLUVAUEIC», N Kiva, n Ivdia kal n
Pwaia.

2 aUTO TO KEQAAQIO, Ba avoAuBsi kal Ba TIOPOLCIACTEI N OIKOVOUIKN
€EENEN TNC VOVOTEXVOAOYIOG, TO OIOBECIUO OTOIXEID OXETIKA ME TIC AYOPEC
NG VOVOTEXVOAOYIOG Kol ol TIPORALYEIC yI QUTEC TIC AYOPEC, Yyia TNV
OTIOOXOANGCN, TIC ETUXEIPNOEIC KAl  OAOUC TOUC OPYOVIGUOUG TIOU
OpaCTNPIOTIOIOVVTAl GTOV TOMEA TNE VAVOTEXVOAOYIOG, yio TNV dnuocia Kal
BIWTIKA  XPNUOTOdOTNGT, OCULUTIEPIAAPBAVOPEVNG NG  XPNUOTOdOTNONG
ETUXEIPNUOTIKWV  KEQPOAQiwWY, Yyia TO OITIAWUOTA EVPECITEXVIAC, KAl TIC
ETIIOTNUOVIKEC ONUOCIEVOEIC. Ta Oedopéva €XOUV CUAAEXBEl aTO TI
ONUOOCIEC JIOBECIPEG TINYEC KOl Ba avagepBoluv avoloyw. Edikd otnv
TIEPITIIWON TwV dedoPEVWVY NG ayopdg, To OTIoio UTTOPEl va €ival povo 3t
EKTIUNOEIS, TO OTOoIXEia Ola@EPouy TIOAD HETAEL TOuG avAloya WE TOV
opIopo, TNV TINyr, TN MEBOBOAOYIO KOl TO OKOTIO TNG CUAAOYNCG Kal NG
TIapouaciaongc.

O OKOTIOC TWV OaVOADCEWV Egival dITTOC: ATIO T MO TIAELPA, 1
VOVOTEXVOAOYIO Kal Ol TIEPIOXEC EQAPUOYWV Tn¢ Ba avaiuboulv yia Tnv
TIapouciacn TnNg¢ ULTIAPXOLOAC KATACTAONG, YIO TOV TIPOCJOIOPICHO TwWV
TIAEOV  EATIOOPOPWVYV  TOMEWV Kal TNG TIPOPAEYNC TWV  HPEAAOVTIKWV
€€eAi€ewv. ATIO TNV GAAN TIAELPA, Ol AVOAUCEIC Ba PiEouV PWC OXETIKA ME
TN OUPPOAN TNG VOVOTEXVOAOYIOC OTOULC OIKOVOUIKOUG KOl KOIVWVIKOUG
otoxoug TN¢ Euvpwmaikng ‘Evwong, Omnwg n  aviodywvIoTIKOTNTA, N
OIKOVOWIKN QVATITUEN Kal N omooxoAnon, €otialoviag otv Euvpwrmn ot
oUYKPION HE TOLG AVTOYWVIOTEC NG, KLpiwg ot Hvwpéveg MoAiteieg, tnv
laTtwvia Kal TI¢ avaduOPEVEG VaVOo-OUVAUEIS, OTtwG N Kiva, n Ivdia kal n

Pwoaoia.
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6.2 EJTIOpELPOTOTIONGN TNG VAVOTEXVOAOYIOC: Ol TIPOOTITIKEC TOUL

OYKOU TNG ayopdg Kal TWV PHETOXWV.

Emeidn n vavotexvoAoyia avapéveTal va €XEl ONUOVTIKEG ETUTITWOEI OTNV
TIOYKOOMIO  OIKOVOMia, n €KTaon 1ng ayopdc eival €vag KOATAAANAOCG
ONUOVTIKOG OIKOVOUIKOG O€iKTNG. ATIO TNV GAAN TIAELPA, N VAVOTEXVOAOYiO
OEV AVTIOTOIXElI 0 €va KAADO TIOUL WTTOPEi EVKOAO VO TIPOCOIOPICTEI Kal va
TIOOOTIKOTIOINBEL. H vavotexvoloyia, €av €TITUXEl, B0 CULUPBAAEL CNUAVTIKA
OAMA Oxl €UKOAQ METPHOIUA, OTNV BEATiwon Twv TIPOIOVIWY Kal Ba
ETUTPEYPEL TNV TIOPAYWYN EVIEAWC VEWV TIPOIOVIWV. Ol TIEPIOCOOTEPEQ
TIPOBAEYEIC TNC AyOoPAC Yia TN VAVOTEXVOAOYIO TIPoEpXovTal attd TIC OPXEC
NG dekaetiag tov 2000, pe XPOVIKO opilovta peExpl to 2015. H iowg TIo
YVWOTA EIKOVA yIo TO HEANOV TNG VOVOTEXVOAOYiO OTnv ayopd Exel
onuooisuBei amod 10 EBVIKO ‘1Idpupa  Emiotnuwv, (National Science
Foundation, NSF), twv Hvwpévwv MoAiteiwv to 2001. H NSF ektipnoe pia
TIOYKOOMUIO ayopd yla TO TIPOIOVTO TN VAVOTEXVOAOYIOC TIOU OVEPXETAl OE
€Va TPICEKATOPMUPIO doAdpia HIMA yia 1o 2015. AvAAoya e TOV OPICHO TNG 132
VOVOTEXVOAOYIOG Kal T CLUPBOAN TNG OTnNV TIPOCTIBEUEVN agia Tou TEAIKOU
TIPOIOVTOC KOBWC KOl Tov BaBpo aiolododiag, TTOANEC AANEC TIPOPRAEWEIC
Kupaivovtalr petagd Twv 150 dioskatoppupiwv 10 2010, (votutoltou
Mitsubishi, 2002) kol Twv 2,6 TplogkaToppLpiwy T0 2014, (Epevva Lux,
2004). To teAevtaio, 1O CIC16O0E0 OevAPIO Ba onualve OTI N ayopd Ue
Bdaon ta Tpoidvta NG vavoteEXVoAoyiog Oa gival peEyoAUTEPN ATIO TNV
TEXVOAOYIa TNG TNAEUOTIKACG Kol Ba LTIEPPBEI TNV HUEANOVTIKI] ayopd TNng
BlotexvoAoyiag Katd déka @opeC. To oxnua 6.1 deixvel PHEPIKEC TIPOPRAEYEIC
OTIO JIOPOPETIKEG TINYEC (BAETIE LTTOCNPEIWON).

O TIPORAEWPEIC BIOPEPOVY ONUOVTIKA MPETOEL TOUG, OAAA €XOUV WC KOIVO
XOPOKTINPIOTIKO OTl TIPOPBAETIOVV  ONUAVTIKY abEnon TNg oyopdg Twv
TIPOIOVTIWV VOVOTEXVOAOYIOC HE HIO OTIOYEIWaON OTIC ApPXEC TNCG OEKAETIOG
Tou 2010-20. Ta OpPIBUNTIKA OTOIXEID TIOL TIOPOULCIACTNKAV TIAPATIAVW
deixvouv v TBavr) KAteLBLvVON, OANG dev eival €TTOPKNA yia Pabutepn
avAALCOT TNG €EEMENC TNG ayOPAC TNE VAVOTEXVOAOYIQC.

>tV épeuvva Lux kal otnv épeuva Tou NSF yivovtal KATIolEC TIPOOTIABEIEC

ylo TV avaTpoTir] Twv OTOIXEiwV 0piloviag oTn VAVOTEXVOAOYIa KATIOI
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UTTO TIESIA, TO TIPWTO OE Mia avAAuon Twv 5 €TWV KATA TO TIAPEABOV (1999-
2003), TO TeAevtaio OgiXvel TNV  OVOPEVOUEVN  KATOVOUN TOU  €VO(
TPICEKATOPMUPIOL TOUL pEPIdIOL TG ayopdg To 2015, oxnua 6.2. Ta
otolxeia  degixvouv OT OtV ayopd TOU GCHUEPA yia Ta TIPOIOVTA
VOVOTEXVOAOYIOC, Ol VOVO-CUCKEVEC KOl N VOvo-BloTEXVOAOyia eKTIUATAl OTI
EXOUV PEYOADTEPN WHEPISIa, NG TAENG Tou 420 kol 415 eKOTOPMLPIWV
doAapiwv HMA.
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SxAua 6.1 Maykoouio TIPORAEWN NG ayopdq Yyl T VOVOTEXVOAOYiO o€
dloekatoppLpla doAdapia HIMA. Tnyéc*
materials
electronics
pharmaceuticals
chemical processing
aerospace
healthcare
tools

sustainable processes

devices nanobio materials  tools 0 100 200 300 400

Zxnua 6.2 MNaykooula ayopd 1999-2003 Kai ol TIPoRAEWEIG yia To 2015 ot
dloekatoppLpla doAdpia HIMA. Mnyéc: aplotepd: ‘Epsuvag Lux 2004, dedid:
NSF, 2001

‘Ol TIPOPBAEYEIC TIPOEPXOVTAL OTIO TIC OKOAOULBOeG TiNyéq: eppaviky KuBépvnon, EE&EANEN Capital, NSF2001,
Capital Evolution 2001, Sal. Oppenheim 2001, n DG Bank to 2001, YToupyeio Eptopiov kol Biopnxaviag to
2001, twv HMA Zuppoyxio Nanobusiness 2001, Cientifica 2002, To Realis 2002, 10 1dpupa Epeguvwv Mitsubishi
2002, n Deutsche Bank 2003, Nomura Research votitovto 2003, BCC 2004, corp GEMZ. To 2004,Helmut

Kaiser Consultancy 2004, 'Epguva Lux 2004.
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Ta UVAIKG Kol Ta gpyoAgia Ttaidouv dsutepeovia POAO Kal €ival TN TAENG

Twv 145 kal 50 ekatoppLpla doAdpia HIMA avtioToixa.

e oUyKpIon PE TIC TIPORAEYEIC yia To 2015, OAoI Ol TOMEIC avauEveTal va
UTTOOTOUV ONUOVTIKEG ALENTEIG, TI.X. YIO Ta LAIKA attd 145 ekatoppupla o€
340 dioekatoupLpla doAdpia HIMA. H vavo-nAektpovikn 6a avéBel oe 300
0lo. doAdpia HIMA, akoAouBolpevn aTO 10 QOPHOKEUTIKA TIPOIOVTA, TIG
XNMIKEG eETIEEEPYATIEC KAl TNV AEPODIACTNMIKN.

QOoT1000, OTIOIdNTIOTE OUYKPION TWV TIPAYHOTIKWV OpPIBPWY  PE  TIG
TIPOPRAEYEIC aTIO TIC OIAPOPETIKEG TINYEC KOl HE OIOPOPETIKEC AVOAVOEIC
TIPETIEL  va  gpunvevovtal PJe  Tipocoxr). O1  JETPOEIC  TIoU
Tipaypotortoinénkav oo toug (Fecht et. al, 2003) pe T¢ €KBEoEIC
"Waxvoviag kpuppeva Mapyapitapia”, (Finding hidden pearls), eivai
TIEPICCOTEPO  OEIOTIIOTEG E€TEIDN €0TIAJOLV TIEPICCOTEPO OTO  XPOVIKO

opi¢ovta, dnAadn 2002 £wg 2006, oxnua 6.3).
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Sxnua 6.3 Maykdéopio ayopd ota Sid@opa TUAHOTO NG VAVOTEXVOAOYiag,
OpIoTEPG: o0€ OloekaTOUpUPIa doAdpla HIMA, de€id: o péooC  €TNOI0G
pLBUOC avaTITLENG NG TIEPIddoL 2002-2006, ce TtoooaTo %. Mnyn: (Fecht
et al., 2003).

€ QUTEC TIC EKTIMAOEI, TA VOVO-gEpyoAeia dladpapati(ouv ToV TIAEOV
ONUOVTIKO POAO OTNV TIAYKOOUIO Oyopd, Qv Kal HE MIKPOTEPO PLOUO
avamtuéng. Ol Vavo-OUCKELEC Kal T VAVODAIKA EEKIVOUV ATIO €va EAQPPWC
XOPNAOTEPO €TTITIEDO, OAAG Ol VOVO-CUCKEVEG £€XOUV QLENBEI OE PEYAADTEPO
TIOOOOTO. Z€ AVTIOETN TIPOC TIC AVWTEPW TIOPATNPNOEIC TNG £peuvacg Lux, n
vavo Blotexvoloyia gival oplokr, oAAA OLEAVEL ONUAVTIKA KATA TNV TIEPIOdO

ova@OopPAg. Me OLVOAIKN) al&non Katd PYEco 0po 15% etnoiwg, n omoia dev
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OVTIKOTOTITPIZEl KOO TNV TIPAYUOTIKY €TTAvVACTACH. ATIO T0 GTOIXEIO aUTd,
gival TIPO@AVEC TO CUUTIEPACHO OTI N VAVOTEXVOAOYIO Ogv €xel aKOMN
@TAcEl OTO oNuEio amoyeiwong ¢ TTAyKOOUIAC OIKOVOUIaG. 'ETol, Ol OTIOIEQ
e€eNiCelc petadL 2006 kai 2015 Ba 0dnyrnoouv o€ MIO ayopd €vO(
TPICEKOTOUMUPIOL yIa TNV vAVOTEXVOAOYIO. TTOAAEC GANEC MEAETEC £XOULV
TIPOOTIOONCEl v €U@AVICOLVY TNV TIPOOTITIKI] NG ayopdg NG

vavotexvoAoyiag. O TIapaKATw THVOKAG 6.1 GUYKEVTIPWVEL TIG TIPOPAEYEIC

Mivakag 6.1  MpoBAeméuevn Taykooula dnuocia xpnuatoddtnorn, oe
EKATOPMPLPIO €, yia T vavoTexvoAoyia 1o 2004 amto PEPOVWMPEVEC XWPEC.
*Ta otolxeia gival amo 1o 2003. Mnyn: EvpwTaikr Emitportr], 2005

A/A XOPA EKATOMMY  A/A XOPA EKATOMMY
PIA € PIA €
1. HMA (Federal) 910 21. divAavdia 14.5
2. loamwvia 750 22. Avuotpia 13.1
3. Eur. Emutpornn 370 23.  lomavia 12.5
4. HNA (uéAN) 333.3 24.  MeEkod 10.
5. Tepuavia 293.1 25.  Néa Zniavdia 9.2
6. ToAAia 223.9 26. Aavia 8.6
7. Noua Kopéa 173.3 27.  Ziykaroupn 8.4
8. Hvwpévo BaoiAeio 133 28.  NopPnyia 7.
9. Kiva 83.3 29. Bpadinia 5.8
10 TaiBav 75.9 30. TaiAGvdn 4.2
11 AuoTtpoAia 62. 31.  Ivdia 3.8
12 BéAyio* 60. 32. MoAaioia 3.8
13 ltalia * 60. 33. Poupavia 3.1
14 IopanA 46. 34.  N. A@pIKN 1.9
15 OM\avdia 42.3 35. EAGdO* 1.2
16 Kavaddg 37.9 36. MoAwvia * 1
17 IpAavdia 33 37.  AiBouavia 1
18 EABetia 18.5 38. AAAegq 2.8
19 Ivdovnaoia 16.7
20 Zoundia 15. ZUVOAIKA 3.85
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TIOL €X0ULV Yivel 0€ SIAPOPEC PEAETEC Kal SiVOUV HIO CUVOAIKY] ETIICKOTINGN
NG ayopdg TIPOGOOKIWV Kal MO TIPWTN €VvOEIEn yia TIold TUAUOTA NG
OyopA¢ UTIOPEL va SIadPAUATIOOUV €Va GNUAVTIKO POAO OTO PEAAOV.

J€ auTA TNV OULAANOYN TwV dlOPOPWV VAVOTEXVOAOYIKWVY UTIO-{WVWV,
EQAPUOYWV Kal ayopwv, To VAVO EVEPYOTIOINPEVA TIPOIOVTA OVAPEVETAL VA
gival uTeLOLVA yia TO PEYOAUTEPO HEPIdIO NG ayopdc. Ol EKTINNOEIC Yia
OAOKANPO TOV TOMEQ TNG VAVO-NAEKTPOVIKNG €ival Ttepitou 300 d10. €LPW
yia 10 2015, 01 oftoie¢ KOAOTITOLUV TOUG nNPIaYwWYyoUC, TOUC GCOUTIEP-
TIUKVWTEG KOl TOUCG vavo-alodntpeg. Ol EKTIPACEIC TNG Ayopdc Twv
VOVOUAIKWV  PTIOPOUV  va  avoAuBolv o€ TIEPICCOTEPO I AlyOTEPO
ONMOVTIKEG LTTO {WVeC, METAED TwWV OTIOIWV Kal T0 VOVOOWHATIdIN, Ol VOvo-
ETUIKOADWEIC KOl Ol TIAEUPIKEG VOVOOOUEG TIOU QVEPXOVTIAl TIAvw aTtto 300
Ol0. EVPW Yla OAO Ta VAIKG yUpw oto 2010. O1 apiBuoi autoi €pxovtal TToAD
KOVIA OTnVv e&KTiynon Ttou EBvikoL 18plpatog emiotnpwv Twv  HIA,
(National Science Foundation, NSF), yia 340 JioekatoppUpla dOAAPIO
HMA 1o 2015. Ta otoixeia, av Kol OTIOCTIOCMOTIKA KOl €V HEPEL, OEV
MTTOPOUV Va CLYKPIBOUV, €UKOAO 0dnyoLV OTNV LTIOBECN OTl Ta VOVOOAIKA 136
Ba €xOUV ONUAVTIKA] CUUPBOAN OTIC MEAANOVTIKEG OYOPEC KAl EQAPUOYEC. €
olyKplon pe ta dedopéva, oxnpa 6.4, 6a PTTOPOVOE KAVEIC VO CUUTIEPAVEL
Ol oI METPIEC QUENOEIC HEXPI To 2006 Ba  OAOKANPWVOVTIOL HE TIOAD
IOXUPOTEPN OUVOUIK OTO dlACTNUO PETAED 2006 kai 2010, avdioya pe TV
TIEPIOXN UVAIKWV.

O1 TPEIC PAcEelg TOL POVTIEAOL Epeuvag tng Lux tou 2004 mtapouaidlovial
MEXPL OTIYUNG Ol TIEPICOOTEPO OAOKANPWMEVEC YIO TNV TIPOOTITIKY TwWV
e€eliCewv otnv ayopd g vavotexvoAoyiog. AT 1o 2010 KOl PETA, N
vavoTeEXVOAOyia Ba  KOTaoTel KOIVOC TOTIOC Of€ METATIOINPEVA  TIPOIOVTA
OXETKA WE TNV ULYEIOVOUIKN TEPIOOAYN Kal TG eTioTApEG TNC LwrC,
EQPAPHOYEC TIOU EICEPXOVTAL OTIC AYOPEC TWV QAPUOKEUTIKWY KAl 10TPIKWV
ouokevwv. O1 vavo-BlotexVoAoyieC Ba CUPPBAAOLY CGNUAVTIKA OTNV €EENIEN
NG QAPMUOKELTIKA Plounxaviag. H 'Epsuva Lux tou 2004 UTIOAOYICE TO
MEPIdIO TNG ayopdg yia Ta TIPOIOVIA TG VavoTeEXVoAoyiog oTo 4% Twv
YEVIKWV PETATIOINUEVWY TIPOIOGVTIWY 10 2014, oto 100% C€& VOVOTEXVOAOYIEQ
ylo TIPOCWTIIKOVC UTIOAOYIOTEG, OTO 85% OTA KOTAVOAWTIKA NAEKTPOVIKA,

010 23% OTOV TOMEN TWV @QOPUOKEVTIKWVY Kol oTo 21% oTa autokivnta.
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AUTO Ba 0dnyoloe TN VAVOTEXVOAOYIO G OUVOAIKO MEPISIO Tou 15% Tng
TIOYKOOPIOG TIOPAYWYHC OTOV METATIOINTIKO Topéa 10 2014,

Mio avaAuon Tng ayopdg otn dlokivnon Twv @QOpPAKWY, ULTTOOTNPIZEl TIC
EKTIUNOCEIC YIO TO VOVO-EVEPYOTIOINUEVO QAPUOKO KOl TIC TIAPATIAVL
EP@AVICOPEVEG TIPOPBAEYEIC. To oxua 6.4 deixvel TOV OyKO Kal TO PEPISIO
NG AyopdC TwV EVEPYOTIOINUEVWY @QAPUOKWY O0€ OUYKPION ME TNV

TIAYKOG IO ayopd dlaKivnong @apuaKwy.
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IxNua 6.4 Oykog Kal pepidlo NG ayopdg otov KOOPO Twv VAVO
EVEPYOTIOINPEVWVY @APUAKwVY. Mnyn: Moradi, 2005.

H avapevopevn avdamtuén g ayopdg yilo Tnv dlakivnon Twv vavo-
EVEPYOTIOINHEVWVY POPHAKWY KATAJEIKVUEL PEON €Trola av&non kKatd 50%
peTaEL 2005 kol 2012. H av&non oto pepidlo g ayopdc OKOAOUBED tnv
idla Topeia, aAAG pE EAAPPWC XOUNAOTEPA TTO00COTA. To 2012, Tepitov 4,8
OIOEKATOPMUPIO dOAdpIa HIMA Ba armtoktnboulv pe T VOVOTEXVOAOYiIO OTov
TopEd TNG ayopdag otnv dlokivnon tou @Apuakou, n ottoia Ba civanl éva
pEPIdIO NG ayopdg oto 5,2%. Edv n avAatttuén oLVEXIOTEl, aUTO TO HEPIDIO
ayopdg Ba av&nbei oto 7% 10 2015 Kai 10% 1o 2020.

H euteipia deixvel 0Tl 01 TIOAITEG, Ol AVNOUXIEC KABWC Kal Ol AVTIANYEIC Yia
TOUC KIVOUVOUC KOl To O@EAN TIPETIEL va An@BoLv uTmoyn, dedouévou Ot
TIoPOoLCIA{OVV CNUAVTIKO OVTIKTUTIO OTNV ATIOd0XH TWV VEWV TEXVOAOYIWV
otV ayopd Kal PTtopolV va TIPOCdIopicouv TNV €TUTUXA TIOPEIa OTnV
ayopd 1 v armotuyxia. O1 ouveXI{OueveG CLUINTACEIC YIO TN VOVOTEXVOAOYia
Oeixvouv 0TI LTTAPXOULV OPICHEVEC AVTTIOPOABETEIC KOl OTI N ETUTLXIO TNG
ayopdg Ba prtopovoe va TeBei o€ Kivouvo €dv n dnuocia yvwun Bewpei ol

OIkovouidng lwdvvng

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 02:26:51 EEST - 3.145.162.204
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0EV QVTIYETWTTI(OVTAl KOI, KOTO OULVETIEIA, ETIOVOAAPPBAVEL HIO ETUIKPITIKA
OTACN OXETIKA PE TN VOVOTEXVOAOYia KATI TETOIO €XEl apXioel yio TNV LYyEia
Kal TOUC TIEPIBOAAOVTIKOUE KIVOUVOUC TwV VAVOoWHaTIdiwV. OTav HIAAUE
ylO OIKOVOMIKEG SLVATOTNTEC TNC VOVOTEXVOAOYIOG, Ol €V AOyw oulNTrOEIq
TIAVTA TIPETIEL VO AVTIUETWTIICTOUV Kal va An@Bouv cofapd uttogn*.

Ol TITUXEC AUTEC PTIOPOUV ETTIONC VA €XOUV CNUAVTIKEG ETUTITWOEIG OTNV
TIOYKOOMIO KOTOVOMPN TWV TIWANCEWV Kal OTNV OIKOVOUIKI OTt0d00n Twv
TIPOIOVTIWV NG VAVOTEXVOAOYIOG. EV oplopéveg TIEPIPEPEIEC TOL KOOHOUL
MTTIOPEi va gival TIEPICCOTEPO dIATEBEIPEVEC VO ATIOdEXOOVUV TOUC KIVOUVOU(
TIOL TIBAVWCG CUVOELOVTAl PE TN VAVOTEXVOAOYIQ, OKOPN Kol av Ogv eival
TIANPWC YVWOTOI 1] OKOUO Kal TIOOOTIKA, €VW OGAANEC UTIOPEi va eival TIo
ETTIPUAAKTIKEC Kal TTIO SIATOKTIKEG OTNV attodoxr Toug. H dia@opd PeTagy
NG aTTOd0XNC TWV  YEVETIKA TPOTIOTIOINUEVWVY KOAMEPYEIWY, HETAED TOU
ELPWTIATKOV KOl TOU AMEPIKAVIKOU KOIVOU QTIEIKOVIZEl QUTH TNV TIEPITITWON
ETIAPKWG. AUCTNPOTEPOI KAVOVIOUOI Kal AlyOTEPO CO@EC MAPKETIVYK TWV
OTOIXEIWV TWV VAVOTEXVOAOYIKWV TIPOIOVTWY UTIOPEL VO €XEI OLVETIEIEC YIA
TIC TTIO KPIOIYEG TIEPIOXEC. AVEEAPTNTO OTIO QUTEC TIC TITUXEG, N 'Epeuva Lux 138
Tou (2004) €xel KataAnéel ota TTOoA Twv TIPORAEYPEwVY (2,6 dloekatoppLpIa
0oAdpla TO 2014) avaAoya ME TNV TEPIOXN, OXApa 6.5. H T0
EVOIOPEPOLOQA, N TIO CNUAVTIKY TIEPIOXN YIA TIC TIWANOCEIC TWV TIPOIOVIWV
NG vavotexvoAoyiag e€ivar n Acia kol n  Teplox) Ttou  Eipnvikou,
okoAovBoLpevn arto ¢ HIMA kalt tv Eupwrin os tapopola emimeda. Evw
n Euvpwtn TIPOPRAETIETONI va €XEl HIA MIKPI] OAAA ouvexry avénon Tou
pepidiov tou, ol HMA Ttapouadiacav pia peiwon pExpl o 2008 Kal pia

*3T0  avokKolvwBevy  "TIpog¢  HIO EUPWTIAIKN)  OTPATNYIK]  yio 1N
vavotexvoAoyia” (2004) kai «NOVOETIOTAPEG KOl VAVOTEXVOAOYIeG: éva
ox€dlo dpdaanc yia Tnv Evpwrn yia 1o 2005 - 2009» (2005), n Evpwraikr)
ETUTpOT) LUTTOYPAUMPIOE T ONPACIA P0G OAOKANPWMEVNG Kol LTIELBLVNG
TIPOOEYYIoNG O BEuata vavoteXvoAoyiag, Ttpoadlopifovtag Oxl POVo TIC
ETIIOTNMOVIKEG, TEXVOAOYIKEG KOl OIKOVOMIKEG OUVONKEC, Ol OTtoieg €eival
ONUOVTIKEG Y10 TNV TIEPAITEPW OVATITLEN TNG VAVOTEXVOAOYIAC, OAAA Kal TNV
KOIVWVIKN d1d0TOoT), Kol TNV a&loAdynon Twv Kivouvwv.

BA. oxetikd http://cordis.europa.eu/nanotechnoloqy/actionplan.htm.

avénon otn ouvéxela, n Acia kal n TePIoXn tov Elpnvikod veictavtal Tnv
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avtifetn avamtuén. H Epeguva Lux deixvel 0Tl o1 aitieg yia TG €EEAIEEIC QUTEQ

€XOUV OXEON ME TO MOVIEAO TWV TPIV QACEWV TNC OTNV OVATITUEN TWV

VOVOTEXVOAOYIWV:
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[] Rest of
80% World
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>xAUa 6.5 MNMaykKOOUIEC TIWANCEIC TWV TIPOIOVIWY TIOU EVOWUATWVOUV TNV 139

VOVOTEXVOAOYIO ava TIEPIOXN - TIPOPRAEYEIC O€ EKATOOTIOIEC HOVADEC. nyn:
‘Epsuva Lux, 2004

OTO TIPOOEXEC MEANOV, T TIPOIOVTA Ba KupPlapXOoUV OTNV TIAYKOOUIa ayopd
TIOL KOTA KOPIO AOYO TIPOEPXOVTOIl OTIO I0XUPEC OCIOTIKEC ETAIPEIEC, OTIWC
Ol LTTOAOYIOTEG, POPNTEC CUOKEVEC N oxnuata. Metd 1o 2008, ta @AapuaKa
B0 KOTAOTOUV I0XUPOTEPO KOl OUTA KUPIOPXOUVTAl OTIO TIC OPEPIKAVIKEC

ETAIPEIEC.

6.3 H Taykéouia Kovpoa NG ONUOCIOG KOl ISIWTIKNG

XPNHATOdOTNONC TNC VOVOTEXVOAOYIAC.

O mivakag 6.1 TTapEXEl Pl €IKOVA TNG dNPOCIOG XPNHATOdOTNONG KATA TO
2005. H Evpwtaikl ETUTpOTI) €ival 0 HPEYOAUTEPOC OPYOAVIOUOC
XPNHATOdOTNONG NG €PELVAC OTNV VAVOTEXVOAOYia oTnv Eupwrin Kal wg
OpPYyaVIOUOC, OKOPO Kal g€ ONO TOV KOOMO. 210 6° Kal 7° Eupwtaiko
MAaiolo Mpoypdppatog yia v ‘Epsuva kal Tnv TeEXVOAOYIKI AVATITUEN
(FP6, FP7), n vavotexvoloyia €xel oploTei, amd Kool Ta UAIKA Kol ol
TEXVOAOYie¢ Ttapaywyng, Nanosciences, nanotechnologies, materials &
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new production technologies (NMP), w¢ TIpotEpAIOTNTA YIA TNV ELPWTTAIKA
é¢pevva. Ektipatal 6t 1,3 dICEKATOPHUPIO ELPW E€XOUV APIEPWOEl ag €pya
yla TNV vavotexvoAloyia petaéd 2004 kai 2006 (2004: 370 ekat. €LPW,
2005: 470 ekat. €vpw, 2006: 500 eKaAT. ELPW), KAl OE AAANEC TIPOTEPAIOTNTEC
arto ¢ NMP, OTtw¢ ol TEXVOAOYIEC TNG Kolvwviag tng TIANPo@opiag, twv
UTTOd0OPWV, TNG EPELVOC N Kal TIC dPACTNPIOTNTEC KATAPTIoNG. 'Hon ota
TIAQiola Touv TeETdpTov, FP4, kai tou TéuttTou, FP5, KOIVOTIKOU TTAaigiou
otipiEng amo 10 1994 €wg 10 2002, oxedia cuva@r HE T vAVOTEXVOAOyia
Xpnuatodotnénkav pe 300 ekatoppUpla ELPW CUVOAIKA. ZTO 7° KOIVOTIKO
TAaiciov  otpIEng (2007-2013, yio TIEPIOCOOTEPEC TIANPOPOPIEC PA.
(http://cordis.europa.eu/fp7), n vavotexvoloyio Ba  ouvexioel wg
TIPOTEPAIOTNTA OTO TTAAiIcIo Tou NMP va eival Bépa Kal avapéveTal va €XEl
TOUAQXIOTOV OITIAACIO TIPOUTIOAOYIOPO Ot OXEON ME TIC OPACTNPIOTNTEQ
TIOU OXETICOVTOl PE T GAAD BEPATA TOL 700 KOIVOTIKOU TTAQICIOU OTHPIENG
OTIw¢, (vysia, TPOPIUA, TIANPOPOPIEC & TEXVOAOYIEC TWV ETIIKOIVWVIWV, TNG
EVEPYEIONG, TWV  KOIVWVIKO-OIKOVOMUIKA]  €pEuva KOl  AO@AAEID), N
TIpOoypPAUUOTa (UE TIC UTTOOOUEG, MME, EKTIQIOELAT), KOIVWVIKWY TITUXWV). 140
ErumAéov, kamola Eugaan Ba d0Bei GTNV VOVO-NAEKTPOVIKY, N VAVO-IATPIKI)
W¢ BEpa TN ELPWTIAIKNC TEXVOAOYIKIG TIAATQOPHAC KOl TNG OOQAAEING, TO
TIEPIBAANOV KOl N LyEid KOBWC Kal TITUXEC OTIWC VOVO-UETEWPOAOYIa,
OULYKAIVOLOEC TEXVOAOYIEC Kal d1eBvy ouvepyaaia. Ocov agopd ta KPATn
MEAN TN¢ EE, 1o oToia avumpoowTtiebouy €va TIOAD HPEYAAO HEPISIO TwV
EVPWTIAIKWVY dNUOCIWV dATIAVWY OTN VavoTteXvoAoyia, n epuavia egival
oTnNV Kopu@r], akoAouBoLuevn arto 1 FMoAAia kal 1o Hvwpévo BaaiAelo.

H lamwvia kai n Notia Kopéa Bpiokovtal oe avaloyo ertimtedo. ETumAéov,
AOuBAvovTag uTIOYN TO YEYOVOC 0TI OV LTIAPXOULV ETIOPKI CTOIXEIO TTOL va
OVTIKOTOTITPI(OLV TNV AyopaacTIKr) dUvauNn Kal TIC TIPOoTIABEIEC NG Kivag, n
idla Ba TIpETEl va BewpnOei 6Tl TTapoualddel TNV PEYOAUTEPN OVATITUEN OE
oxéon ME OAO TOV KOOMO. Paivetal AOITIOV OTIO TA OTOIXEID OTI OAeC Ol
XWPEC aKoAovBoLV TIC Hvwpéveg TMOAITeEie¢, 01 OTIoiEC €XOUV dATIOVICEI
TIEPIOOOTEPA OTIO 1,2 dloEKATOPMUPIO evpw TO 2004 kot 1,7 dI¢ €LVPwW TO
2005. QoT1600, OTO CUVOAO NG, Kal HOvo AdpBdavovtag voyn 1 dnuocia
XpPNHOTodotTnon NG vavotexvoloyiag, n Evpwrn Ba sival oe Ttapouolo
eTNTIEDO pE TI¢ Hvwpéveg MoAreieg, (oxnua 6.6).

OIKOVOWIdNG lwdvwng

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 02:26:51 EEST - 3.145.162.204


http://cordis.europa.eu/fp7

Alg0givNON EQOOIIOVEV VAVOTEYVOAOVIaE GTNV €TICTALN TOU MNOAITIKOV
Mnyaviko0

MpocBétoviag ta otoixeio TG IIWTIKAG XPNUATodO0TNoNG, N €IKOva eival
Olo@opETIKA.  2ZTnv  Eupwtn, pOVO 1O €va  TPITO NG OULVOAIKNG

XPNHOTOOOTNONG TIPOEPXETAl ATIO IBIWTIKEG TINYEC.
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XAMa 6.6 Ektiunon d&nudolag Kal ISIWTIKNAE XPNUATOdOTNoNG yia 1N
vavotexvoAoyia, Research and development R&D, (€épguva Kal avAaTttuEn),
10 2005 0¢ OAO TOV KOOUO o€ €KaT. € (1 € = 1 $). Mnyn: apBunuK& otoixeia
¢ Evpwtaikng Emitporng, 2005.

>1¢ Hvwpuéveg MoArteieg, o1 IBIWTIKEG TINYEG €ival Ttepitou 54% Kal OTnV
laTtwvia avurpoowTevoLY oXedOV Ta VO TPITA. MNa OAEC TIC AANEG, KLPIWC
TIC OVATITUOOOUEVEC OCIOTIKEG XWPEC, TO TIOOOCTO eival TiepiTtov 36%. ¢
ATIOAUTOLC OpPIBUOLE, N €PeLVNTIKA  Kowwotnta Twv HIMA umopsi va
daTavnoel TIEPIooOTEPA aTto 3,5 d10. ELPW YIA TN VAVOTEXVOAOYIA, €V TO
TIOOO aVEPXETAl oTa 2,7 d10. LPW YIa TNV laTtwvia Kal Alyotepo aro 2,5 dig
ELPW Yo TNV Evpwrn. Auto deixvel Tn dlagopd PeTaéL g Evpwrng Kai
TWV OVIAYWVIOTWV TNG OTNV €peuva NG vavotexvoloyiag: To emimedo
onuoClag XPNUOTodOTNOoNg Eival aviaywvioTIKO, aAAd 1 EuvpwTtaikn

Blopnxavia voTtepei.
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6.4 ETuXelpnuotikd Ke@AAQIO yia TNV  €peuva  otnv  LYWNAAG

TEXVOAOYIag

Molol TEXVOAOYIKOI TOuEIG €ival ndn 1Id1aitepa SLUVAMIKOI Kal WC EK TOUTOU
EAKUOTIKOI ylO TOUC ETTEVOUTEG, Mia TIIO TIPOOEKTIKA HaATId OTnv ayopd

ETUXEIPNMOTIKWV KEQAAAiwV peEXPL To 2002 divel pia Evoeign.

Materials Tools

1999 2000 2001 2002

SXAUa 6.7 ETUXEIPNUOTIKA KE@AAAIO Ot OAO TOv KOOHO avAaloyo e TNV
epappoyn (oploTePA) Kal ava €10G, 0€ eKOTOPMUPIa doAdpia HIMA (d€giq). 142
Mnyn: (Pauli et a!., 2003).

To oxnua 6.7 Tapouaciddel 0Tl N vavo-BIOTEXVOAOYIQ €ival N TIIO EAKUCTIKN
ayopd yia TO ETUXEIPNUOTIKA KEQAAAIN, OKOAOLBOULUEVN ATIO TIC VAVO-
OUOKEVEC €VW Ta VAVOUAIKA KOl Ta vavo-gpyoAsia  1taidouv  Povo
TIEPIBWPIOKO POA0. O1 avaloyieg €xouv aAAG&el anuavtikd. O Kupiapxog
POAOC TN vavo-BlotexvoAoyiag dlatnpeital, oA pe TAoelg peiwong. H
OUVOAIKI] Xpnuatodotnan auvgnnke armo 63 ekatoppupia doAdpia HIMA 1o
1999 o€ TEPICCOTEPO ATIO 400 €KAT. €LPW TO 2002, dnNAAdN TIAPOLCIALETAI
av&non avw touv 500% eviog 3 €twv. AMNA TIAAL, N peiwon Kotd ta €1n
2000-2002, kupiwg ot vavo-Blotexvoloyia, Oecixvel 0Tl n  ayopd
ETUXEIPNMUOATIKOU KEQPOAAQIOU PTTIOPED va gival aKkOPa o€ KOTAOTACT OVAPOVIC.
H av&avopevn avAaTttuén 1oL ETUXEIPNPATIKOU KEQPAAQIOL OTNV TIOYKOOUIO
ayopd yla T vavoteXvoAoyia ttapoucidletal oto oxnua 6.8. Ta otoixeia
OEiXVouV pIa OTACIUOTNTA TNEG CUVOAIKNC XPNMATOdOTNGNG G AVATITUEIOKA
ETUXEIPNUOTIKA KEQAAaIO TO 2002 Kol IO PETPIO OAANG oTaBepry av&non
META. To MEPIdIO TNG VAVOTEXVOAOYIOC OTNV TIAYKOOUIA Oyopd Tng

XPNHUATOOOTNONG ETUXEIPNMATIKOV KEPAAQIOU LTIOBAAAETON GE HIO TIOPOUOIN
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eCENEN.

H peiwon katd ta €t 2000 - 2002 uttopei va €€nyndei amod 1o yeyovog ot
TA ETUXEIPNUOTIKA KEPAAAIO CUYKEVIPWVOUV TO EVIIOQEPOV TOUC YIO TNV
VOVOTEXVOAOYIQ, €I0IKA 000V a@opA TIC ou{NTNOEIC TTOL OXETI(OVTal PE TOUG
TOavoug Kivduvoug. Ot oudnTAoEelg £yIvav TIIO EVTIOVEG OTIC OPXEC TNG
dekaetiag Tou 2000 OtV TO TIPWTO OTIOTEAECHOTO TWV AVOAVCEWV
TOEIKOTNTOG TIOU €ixav ONUOCIELOE] €01V KATIOIEC dLVATOTNTEG KIVOUVOU
TIoU Oxeti(ovtal Pe 1o vavoowatidla. O1 ocudntioel auteg Ppiokovtal
OKOUN oc €€ENIEN KOl OPICPEVOL ETTEVOUTEC MTIOPED va TIPOTIPOLV va

TIEPIPEVOLV YIA TIEPICCOTEPO CAPEIC EVOEIEEIC O ALTA T ATIOTEAECUATA.

143

ZXAUa 6.8 XpnuotoddTnon e ETTXEIPNUATIKA KEQAAQiIo o€ GAO TOV KOGHO
OTNV VOVOKAIUOKO, O€ OTIOAUTOLC apPIBUOUE 000 Kol WG PETOXEC. TMnyéc:
1999-2003: Anquetil (2005), 2004/2005: 'Epsuva Lux, 10 2006, Price
Waterhouse Coopers 2006

ATIO TNV GAAN TIAEUPA, OPICHUEVOL EUTIEIPOYVWHOVEC TiIoTeEDOLV OTI Mia
MOdIKfy €TTIEVOLON CG€ VOVOTEXVOAOYIO UTIOPEI va 0dnynoel € TIPOIOVTA TA
oroio n kowwvia dev xpeialetal (Nanologue, 2005). Auti n €AAeyn
OUMMETOXNG TOU KOIVOU O OLVOLACHO HE TIC TEPACTIEC ETIEVOVCEIC KOl N
dnuoo1oTNTAa YOPwW aTIO TN VAVOTEXVOAOYia Ba 0dnyrnoel o€ Pia «@OVOKO»

TIoU Ba PTTopPOoUCE TEAIKA va oKAcoel. ETumAéov, n otaciyotnta tov 2002 Kal

N Meiwon g avamtuéng oTn CUVEXEIO UTIOPED €TTioNg va o@siAeTal oTO

Olkovopidng lwavvng
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YEYOVO(C OTI N ayopd €xel Ndn apxioel va gugavidel onueio kopeapoL. AuTO
O@eiAeTal OTO yeyovog OTl N dNTnon yla XpnNUatodoTNaon HE ETUXEIPNUOTIKA
KE@AAQIO €EOPTATOI O€ PEYAAO BOBOPO aTIO TOV OPIOPO TWV VEO I0PLBEVTWV
ETAIPEIOV. YTIAPXOUV OPKETOI ETUXEIPNUATIEC TIOL ACXOAOLVIAlI HE TNV
VAVOTEXVOAOYiO TIOU  PTIOPOUV va  aTtoppo@roouvv  TAvw ard 500
EKOTOPMUPIO  doAdpia  HMA  emoiwg, 1 2,2% twv  dlabéciuwv

ETUXEIPNUOATIKWV KEQPAAQiIWV € OAO TOV KOGO.

6.5 AvAAucon TOU OIKOVOUIKOU QVTIKTUTIOU OTIC B€0elg epyaaiag Kal

OTIC ETUXEIPNOEIC TNG VAVOTEXVOAOYIAC

H dnuiovpyia Twv ETAIPEIWV OTIOTEAEI €va ONUOVTIKO OEIKIN Yo TNV
OVATITUEN KOl TNV OIKOVOUIKY onuacio plag véag texvoloyiog. Ol VEEQ
gTaIpEieg ouvnNBwWC  EEKIVOUV pE £€va BOOIKO TIAEOVEKTNUO: TO SITIAWMA
EVPECITEXVIAC YO PIO VEQ TEXVOAOYIO TIOL VA UTIOPOUVV Va OEIOTIOIGOLV Ol
id101 1 KATOTIV AdEI0G PE AANEG ETAIPEIEC Ol OTIOIEG Eival TIEPICCOTEPO IKAVEG
o€ Bgpata Trapaywyng f dlavopng. Ta ETUXEIPNHUOTIKA KEQAAQIO OTIOTEAOVV 14
MIO ONPOVTIKA TINyR XPNUOTtodotnong o€ auToUC TOU TOMEIC TNG LYNANG
TeEXVOAOyiag Kal uPnAoL Kivdlvou. OTav TIPOKEITAL yia T dnuIoLPYia VEWV
BEoewV epyaaciag, mn dnNUIOLPYIA VEWVY, HIKPWVY Kal HECAIWY ETIIXEIPNOEWV,
(small and mediumsized Enterprises, SMES), £xel TN HEYOAUTEPN CUUBOAN.
O1 ekupnoelg N NSF €ival 0Tl TIEPITIOL 2 eKATOUPLPIO EpyalOpEVOL OTNV
vavoteXvoAoyia Ba XpelaoTolv o€ OAO TOV KOOUO MPEXPI To 2015 kai Ba
KOTaVEUNB0UV ag OAEC TIC TIEPIOXEG TOL KOOUOUL W €ENG:

e 0,8 -0.900.000 otig HMA,

0,5 éw¢ 0.600.000 otnv lamwvia,

0,3 - 0.400.000 otnv Evpwrn,

0,2 ekatopuLpla oTNV Acia kal otov Elpnviko pe g€aipeon tnv

laTtwvia Kal

0,1 eKOTOPMUPIO OE AANECG TIEPIOXEC.

EmmAéov, 6Oa dnuiouvpynbolv 5 ekatopuLpla BO€oelg epyaciag Tou
oxetidovtal pe Vv LvTOCTNPIEN, 1 G PYECO Opo 2,5 BEoelg epyaaiag avd
epyalopevo vavotexvoloyiog, (Roco, 2003). AkOun T1O0 01010d0&N, N
‘Epeuva Lux avapével €va apiBpo 10 ekatoppupinwv BEcewv epyaaciag oTiq
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KOTOOKEVLEC TIOU OXETIOVTOl ME TN vavoteExvoAoyia péxpl 1o 2014. To
SXAUa 6.9 deixvel TO CLUVOAIKO QPIBUO TWV BECcewWV Epyaciag oTtov TOPEQ
NG VAVOTEXVOAOYIOC Kal TOU HEPISIOU TNC ETTi TOU CUVOAOU TWV BE€CEWV
epyaaiac.

MoANEG attd auTég TIC BEaelg epyaaiag Ba dnuioupynbolv CTIC UIKPEC Kal
MECQIEC ETUXEIPNOEIC, OAAA OXI OTIOKAEIOTIKA. 2T OIAPKEIO TWV TEAELTAIWV
XPOVWV, TIOANEC ETAIPEIEC €XOULV ETIEKTEIVEL TIC OPACTNPIOTNTEC TOUC OfF
Bépota  vavotexvoAoyiag, TIPOKEIPEVOL VO dlatnprijcouvv Vv

OVTOYWVIOTIKOTNTA TOUC.

IXAMO 6.9 ApiBudg Twv Biécswv epyaciag Ot VOVOTEXVOAOyia o€
EKOATOMMUPIO KOl TO PEPIDIO TwV BETEWV gpyaaiag TNG VAVOTEXVOAOYIag o€
Ox€on HPE TO OUVOAO TWV BECEWV €pyaciag OTOV PETATIOINTIKO TOUED OE
TIOOOGCTO €TTI TOIC €KATO. Mnyn: ‘Epeguva Lux, 2004.

ALTO €€nyei yiati o1 etaipeieq €ixav emionuavOesi w¢ vavo-TEXVOAOYIKOU
TIPOCAVOTOAICHOU OKOUN KOl OTAV HUEPIKEC POPEC AUTEC LTINPXAV KOl TIPIV
attd 100 xpovia N Kal TIEPICOOTEPO. AVTITIPOCWTIEVLTIKA Ttapadeiypata ival
Ol MEYAAEC ETUXEIPNOEIC OTN XNMUIKA KAl QOPUOKELTIKA Blopnxavia, O1w(
ETTioONG Kal oTIg Blounxavieg OTITIKAC Kal TNG NAEKTPOVIKNC (Bayer, n BASF,
n Carl Zeiss, n Agfa-Gevaert, General Electrics, n Philips, 0Aeq
onuiovpynbnkav Tpiv T0 1900), av Kal Ol KOOIEPWUEVEG ETAIPEIEC
OTIOTEAOUV TNV MPEIOVOTNTO  OTOV  KATAAOYO  TWV  UQICTAPEVWV
VAVOTEXVOAOYIKWV ETTIXEIPATEWV.

To oxNua 6.10 deixvel Twv apPIBPO TWV ETAIPEIWVV VOAVOTEXVOAOYIOG OTa
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Algoglivnon EBOOVOVEV VAVOTEXVOAOVKK GTNV ETTIATAUN TOU MONTIKOO
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XPOVIO Kl TIC OEKOETIEC TIOL dNUIOLPYNOBNKAV TIOYKOOUIWC Kol O€ KABE
VEWYPOAQIKN TIEPIOXN. Ta dedopéva TIpoEpXovTal arto T dNUocia dlaBEaiun
Baon dedOPEVIV TWV VOVOTEXVOAOYIKWVY ETTIXEIPICEWV Kal TIOPEXOVTOAL ATIO
TNV I0TOCEAIdQ:

http://www. nsti.org/Nanotech2006/mediasponsor. html?id=21.

Movo yia Tig 522 etaipeieq amo éva obvoAo Twv 1000 eTaipeidv dOOBNKE 10
€T0¢ dnuIovpyiag amo v &V A0yw Pdaon dedopévwv. Ol TIEPIOXEC TOU
KOoUouL €ival Kupiwg n Fepuavia, n EABetia kal 10 Hvwpévo BaaiAeio yia
TNV Evpwrn, o Hvwpéveg MoAreieg kot o Kavadd yia tnv APEPIKA Kal N
lamtwvia, n Notiog Kopéa kal n Kiva yia v Acia. MoOvo Aiye¢ €K Twv
EVEPYWV ONUEPIVWV ETAIPEIWV TNEG VAVOTEXVOAOYIag egixav dnuiovpynodei
OTIC OKTW TIPWTEC OEKAETIEC TOL 2000 aIWVA, UE PECO OPO OEKA ETAIPEIEC

KGO dekaeTial.

>xAUa 6.10 Etaipeieg TTOU OXETI(OVTON PE TNV VAVOTEXVOAOYIO GE OAO TOV
KOOUO: €dw Kal OEKAETIEG yIa T Xpovia Tou dnuiovpyndnkav (1981-2005).
SNUEIDCTE OTl OPICPEVEC ETAIPIEC TIOU 10pLBNKOV TIpOo@ata, (2001 1
apyoTeEPO), OEV £XOUV CLMUTIEPIANPOEI TIANPwWC. Mnyn: NanolnvestorNews

2t Oekaetia tov 1980, 0 apIBUOC TOUC QLENONKE ONPOVTIKA, OAAX N
TIPAYUOTIKI OTIOYEiWwan dgV TIPAYHATOTIOINONKE TIapA PETA TO 1996. Ekeivn
N Xpovid 30 TIEPITIOL VAVOTEXVOAOYIKEC ETTIXEIPNOEIC dNUIOLPYNONKaV Kal

0 apBuog autog egtace TIC 50 etaipeie¢ 10 2000. AUTO ouvexiletal e
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Alg0givN O €0KIOPOVAOV VAVOTEXVOAOVIOE GTNV ETTTOTAULN TOU MNOAITIKOU
Mnxaviko0

au&avopevn taaon, n oToia dev AVTIKATOTITPIZETAI OTOUC OPIBUOLC YEYOVO(
TIOU O@EIAETAl OTO EAAITII) OTOIXEIO TTIOL LTTAPXOULV YIA TO TEAELTAIO XPOVIA.
YTIApXEl KATIOI S1a@OPA PETAEL TwV dIAQOPWV TIEPIOXWVY TOU KOOUOUL Yid
TOV OpIBPO  Kal 10 €T0C¢ TNG ONUIOLPYIAC TWV  VAVOTEXVOAOYIKWV
eTxeipnocwv. O1 apiBpoi pEXpl Kal T dekoeTia Tov 1990 dev Ba TIPETIEL va
BewpnBoLV LTIEPTIUNUEVOL, AOYwW TNG OTOTIOTIKNG OTPERAWONG  TIOL
o@eiAeTal oTNV VTTOPEN MIKPWV apIBpwV. EviolTtolg, aviavakAoLV TIC idIEC
OVOAOYIEC PETOEL TWV XWPWV HE TOV id10 oTaBePO TPOTIO: H AMEPIKN Eival
oTnV TIPWTOTIOPia, akoAouBolpevn amd v Euvpwtn kai tnv Acia. Zta
TEAN TNG dekaetiag Tov 1990, n EupwTin HEIWVEL TO XACHO HPE TNV AUEPIKN
KAt TO NUIoL €w¢ Ta dVO TPITa. H Xpovid TIOU TIPAYMOTIKA APEPIKN Kal
Evpwrin amoyesiwvovtal €ival to 1996, evw 10 2000 n Evpwrn
TIOPOLOIAZEl €va AAPO ETIITUXIWV KOl Ol POAOL avTioTpEPovTal To 2001 yia
NV ApePIKA. To oxAua 6.11 deixvel TO ATIOTEAECPO ATIO MIO €pELVA OTIO

NV Fecht et al, n omtoia KAALYE 357 ETTUIXEIPNOEIC OE OAO TOV KOOUO.
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xAUa 6.11 O etaipeie¢ o OAO TOV KOOUO Of SIOQOPETIKA TUNHOTA TNG
vavotexvoloyiag (apliotepd) Kal OTIC TIO OPACTHPIEC XWPES (0gd). Ta
otoixeio ava@epovial o €va deiypa Twv 357 €TAIPEIOV OTTO PIa EPELVA
g, (Fecht et al., 2003).

To éva TPITO TWV ETAIPEIWV TIOL TTIOPATNPENBNKAV dPaCTnPIOTIoIoVVTAl OTA
vavoOAIKd, To GAAO éva Tpito oTn vavo-flotexvoAoyia. Navo-epyaAeia Kal

VOVO-CUOKEVEC TIAI(OUV MIKPOTEPO POAO. YTIAPXOUV OHWC OCNUOVTIKEG
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OlOPOPEC PETAEL TWV TECOAPWVY TIIO dPACTAPIWV XWPWV OTOV KOOUO: EVK
ol Hvowpéveg TMMoArmeieq €ival Aiyo TIOA0 OTOV HECO OPO OAWV  TWV
Katnyoplwv, n Mepuavia gival 10XLPOTEPN OTA VAVOo-£pYyaAEia, T0 Hvwpévo
BaaiAelo, otnv vavo-piotexvoloyia kal n lamwvia eivalr e€icouv 1oxupn ota
VOVODAIKG KOl TO VAVO-£pYOAEia, Avw Tou PEGOU OPOU OTIC VAVO CUOKEUVEC
KOl TIOAD XOMNAN OTn vavo-BIloteXvoAoyia.

To oxnua 6.12 deixvel TO PEYEOBOC TWV ETAIPEIOV OE OXECN ME TOV KUKAO
EPYACIOV TWV TIEPICCOTEPO EVEPYWV  XWPwWV. Ol TIOpATNPOUPEVEC
ETAIPEIEC TIOVL €ival EYKATECTNUEVEC KLPIWC OTIC Hvwpéveg MoAIteieg Kal TN
Feppavia Kal o€ HIKPOTEPO PaBud oto Hvwpuévo BaaiAelo, lamwvia, IopanA,
EABetia, Kavaddag kai m Zoundia. H TAsloPn@ia Twv ETAIPEIOV OTIC
Hvwpéveg MoAlteie¢ yla ta oroio LTIAPXoULV dlaBECIPa oTOoIXEIa €ival
pecaiou peyeBoug, dnAadr KUKAoL gpyaciwv 10 €wg 500.000.000 doAdpia
HMNA. H mAsioyneio twv [EPUOVIKWVY Kal Ol €TAIpEiE¢ TOL HvwpEvou
BaaolAgiou €ival TTOAD PIKPOTEPEC ME KUKAO EPYOOCIWV KATw O1t0 10 €KOT.
OoAdpila HIMA, evwd 0 KUKAOU €PYOOIWV TWV IOTIWVIKWY ETAIPEIV Eival

pMeEYOAUTEPOC aTtO 500 ekat. doAdpia HIMA.
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XAUa 6.12 O1 staipeieq Pe VOVOTEXVOAOYIO OTIC TIPWTIOTIOPEG XWPEC
(aplotepd) Kal oe oxéan HE To pEyeBOC NG staipeiag(KOKAOC Epyaciwv o€
eKat. OOAdpla.) oT¢ TUO Odpactiple xwpeg (0e€id). Ta oToIXEia
avagepovtal o éva dciypya twv 357 etalpeie¢ amto pia €peuva amod tnv
(Fecht et al., 2003).

O1  1BIWTIKEG  €TaIpeieqg  dev  eival 01 POVEC OPYAVWOEIC  TIOU

OpPOCTNPIOTIOIOVVTAI GTOV TOHMEX TNG VAVOTEXVOAOYIa. O apiBuog OAWY Twv
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OPYOQVIOUWV TIOU  KAVOLV  €peEuva 1 TIAPAYOUV  VAVOTEXVOAOYia
OVTIKOTOTITPIZEl OAEC dPACTNPIOTNTEG TNG VAVOTEXVOAOYiag Kal Bonbd otov
TIPOGAIOPICPO  TWV  HOVTEAWV OpacTNPIOTNTAC HE TOUC OPOULG  TNG
ETIIOTNHOVIKNG KOl EQAPPOCHEVNG EPELVAC. ZTO OXNUa 6.13 TTapouaidletal
0 apIBUOC TWV OPYOVWOEWV TIOU OPACTNPIOTIOIOUVIAI OTOV TOMEA TNG
VOVOTEXVOAOYIOG, OTIC TIIO EVEPYEC XWPEC OCE OIAPOPEC TIEPIOXEC TOUL
KOopou. To OUVOAO Twv OedOUEVWV ATIOTEAEITAlL aTIO Tepitov 1100
OPYAVWOEIG, €K TWV OTIOIWV ol 460 ival UIKPEG KOl PECQIEG ETTIXEIPNOEIC N
VEOOUOTOTEG ETUXEIPNOEIG, Ta 390 gpeuvnTIKA 10pLPOTA, 01 120 peyAAeq
ETUXEIPNOEIC Kal ol 80 OuyatplkEG 1 KowvoTipagiec. AAMA  LTIAPXOLV
OlOPOPEC METAEL TWV TIEPIPEPEIWV TOU KOOMUOUL: Av Kal OTIC MIKPEC Kal
MEOQIEC ETTIXEIPNOEIC KAl TNV oVOTAoN VEWV 01 Hvwpéveg MoAlteieg €xouv 10
MEYOADTEPO  PEPIDIO, TO  TIOVETUOTAMIO KOl  EPELVNTIKA  KEVIPA

dladpapati¢ovv PeyaALTEPO POAO oTnv EvpwTin Kal v Acia.

149

IxAHa 6.13 18pluata vavotexvoAoyiag avd xwpa (aplotepd) Kal armd 1o
€idog 1oL opyaviopoL (Ag&ld). O OLVOAIKOG aplBPOC gival 1198 (aploTtepd)
Kol 1050 (d€€1d), avtiotoixa. Mnyn: Cientifica, 2003

Opadortololvtal o€ dU0  KOTNYOPIEC — YKPOUTT, OAEC Ol ETAIPEIEG
(CLUTIEPIAOUBAVOPEVWV TWV HIKPWV KOl PECTIWV ETTXEIPOEWVY, HUEYAAEG

ETUXEIPNOEIC KOl Ol BuyaTplkEG) OTNV pia TIAELPA KOl TO EPELVNTIKA
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1dpvpata  (TIOVETUOTAMIO KOl EPELVNTIKA KEVIPA) OTNV  GAAN TIAELPA.
Evdlag@Epouaeq dla@opEg PETAED TV XWPWV UTIOPEI va Ttapatnenbolv. To
MEPISIO TWV €EPELVNTIKWV IOPUHATWY OAWV TWV OPYAVICHUWV Egival TIOAD
vPnAG otnv lamwvia, 10 Hvwpévo Baaiisiov, otn Kiva, otn FaAiia, otn
AucoTpoAia kal otn Zoundia. Ztnv Avotpia, Tnv loTtavia, v ITaAia kal v
MoAwvia, &eTtepvolV apIBUNTIKWE aKOUN Kol TIG Talpeieq. H avaloyia gival
Sl0@OPETIKN oTi¢ Hvwpéveg MoArteieg, ™ Mepuavia, Tnv EABetia, 10 lopanA
Kol v TaiBdv, kabwg kal ot Notia Kopéa kar n divAavdia, Omou o
apIBPOC TWV  ETAIPEIWV SImAaotadetal 1 Kol TIEPICCOTEPO ATIO T
EPELVNTIKA IVOTITOUTO.

Mo GAAN  BAon OedOPEVWV  VAVOTEXVOAOYIOC  ETIIKEVIPWVETAL  OTIG
EvupwTtaiké( XWPeC Kol  KOTOOEIKVUETAlL o1td  Ta  Oedopéva  Tou
www.nanoforum.orqg. Aut €ival plo EvpwTtadikr) TTOAN oTo Internet yio
VaVOTEXVOAOYia, n oTtoia xpnuatodoteital amd v EvpwTtaikn Emitpor.
Tov A0youcoTo tou 2005, 1538 opyavwaoEelg €ixav Kataxwpnbei oe autn
Baon doedopgévwy, Ao TIC 33 EVPWTIAIKEG XWPEG. AV KAl TO AUICU TWV
KOTOXWPNOEWV TIpogpxovtal armod t lepuavia, avt n Bdacn dedouEvwv
oeixvel emiong, ™ OpPACTNPIOTNTA TWV MIKPOTEPWY Kal AlYOTEPO EVEPYWV
XWPWV OTOV TOPED TNG VAVOTEXVOAOYIOG, OTIWC gU@AVIETal OTO OXNUA
6.14. H TaAAia kai to Hvwpévo Baoiielo eival oto idlo ermimedo pe 250
OUMMETOXEC OTIO KOIVOU, aKoAoUBnoe &va peyaAlTEPO Avolyua aTto TIG
Katw Xwpeg, v Avotpia, tnv EABetia kol BéAylo. H ItoAia tponyeital ot
peoaia ypappn 1Tou TepIAapBavel Toexik Anpokpatia, Aavia, MoAwvia,
Ouyyapia, Zoundia, loAavdia, lopanA, AlBovavia, ZAofakia kal ZAoBevia.
e oOYKpPION PE TO PEYEBOCG TNG XWPAC, Ol 19 CUPPETOXEG aTto TNV loAavdia
KAvouv aioBbnon oe avtiBeon PE TO XAPNAOG OPIOUO TWV CULPPETOXWV 32
¢ ItaAiog. H dwvAavdia, n lomavia kat n NopBnyia €ivar o opadeg He
AlyOTtepO a1td 10 Kataxwpnoelg. ATIO Ta OTOIXEIO TTOL TtapoLaIAlovTal OTNV
EVOTNTO QUTI, PTIOPEL KAVEIC VO CUPTIEPAVEL OTI Ol TIIO CNPOVTIKEG EEENIEEIC
000V a@opd T dnuiovpyia Kal TN dPACTNPEIOTNTA TWV VAVOTEXVOAOYIKWVY
ETUXEIPNOEWV KOl TWV OXETIKWV BECEWV €pyaaciag oTnv vavoTeXVoAoyia
pTIopEl va TtapatnenBouv ot Hvwpuéveg MoAiteieq. Ztnv Euvpwtn, n
eppavia dladpapatifel TO CNUAVTIKOTEPO POAO, OAAA € Eva HAAANOV PETPIO

eTtintedo, o€ oVyKpIion pe TI¢ Hvwpéveg MoAlteieg.
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xAUa 6.14 Ta evpwTaikd BeopiKA Opyava (TIOVETIOTNMIOKA Kal GAAX
EPELVNTIKA 1I0PVMOTA, ETAIPEIEC) TIOL dPACTNPIOTIOIOVVTIAI CTOV TOMED TNG
vovoteExvoAoyiag. O GUVOAIKOG apiBuog eival 1538. Znueiwon: To lopanA
gival ouvdedepéva pe 1o €kto MAaiolo Mpoypdupatog yia Tnv EvpwTtaikn
‘Epeuva kal v TexvoAoylkry Avarttuén (2002-2006) kKol w¢ €K TOUTOU
TIEPINAUPBAVETAL OTIC OTATIOTIKEG ALTEC. Mnyr: Nanoforum, 11.8.2005.

H lamwvia gival o TII0 GNUAVTIKOC avTaywvIo TG Twv Hvwpévwy MoAITeiwy.
Otav TIPOKEITAI YyIO TNV AVIOYWVICTIKOTNTA Kal T dnuiovpyio B¢ocewv
Epyaaoiog, N onuAcio Twv ETAIPEIV TIOL dNUIOLPYOUVTAL VIO TNV VAOTIOINGN
EQPEVPECEWV OTIC VOVOTEXVOAOYIEC I TNV EQAPUOYI VOVOTEXVOAOYIWV OTIC
OpPaCTNPIOTNTEC TWV ETAIPEIWV TOUC Ba avgnBei. OI aVOSdUVOUEVEG XWPEC NG
vavotexvoAoyiag n Kiva, n Ivdia kat n Pwaia gival £€T01eG va aTtoyeiwBouv
KOl va Ttpooegyyioouv tnv Evpwrn. Mapd 1o yeyovog 0Tl Kapia attd auteq
OEV aVaYPAPETAl EVKPIVWC OTO OTATIOTIKA OTOIXEIO TNG €TAIPEiNG, UTIOPEL va
urtoteBei 6T B  TTOPOLCIACOUV  CNUOVTIKA OUVOUIKN] OTIC ETTOUEVEC
OEKAETIEC KAl PTIOPEI va YiVOUV OVTIAYWVIOTIKEG OTNV TIAYKOCHIA ayopd yia
Ta TIPOIOVTA, YA TNV €PELVA Kal TIC EYKATAOTACEIC TIApAywynS. Ta TIpwIta
otoixeio 10 Oivouv oI OEiKTEC yIiO TNV ETUCTNUOVIKA KOl TEXVOAOYIKN)

QVATITUEN, Ol OTTOI0I AVOAVOVTAlI OTNV ETIOPEVN TIAPAYPAPO.
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6.6 H TeEXVOAOYIKA QVATITUEN TNC VAVOTEXVOAOYIOg: QITAOEIC Yia
OITTAWUOTA EVPETCITEXVIOC

AVOEKTIKI] OIKOVOMIKA ETUTLUXiO dev Ba Atav duvatr XwpPIic MIa 1oxLpn
ETIIOTNMOVIKNA KOl TEXVOAOYIKN Bdon. ATIO TNV AAAN TIAELPA, N ETUCTNUOVIKN
KOl N TEXVOAOYIKN €TUTUXIO OV OIELKOAUVEL QUTOUOTA TNV OIKOVOMIKNA
ETUTUXIO KOl TNV Kolvotodia. AUTO €ival 1o ovopalopevo EupwTaiko
TIapAd0oo, TO OTI0I0 ava@EépeTal otnv d0vaun TNG EupwwTing oToug TOUEIQ
NG ETUOTAMUNG KAl 0TV adLVOMIa TNG OTNV TEXVOAOYIKI EQAPUOYI KOl KOTA
OUVETIEIO TNV OIKOVOUIKA €TTITUXIA, Eival éva eupwTtaikd TTapadoo yia
vavoteEXVoAoyia ekel. MPOoKEIPEVOL va amtavinBei 1o EpWINUA AUTO, €ival
OKOTIIUO VO €XOULPE TOUC OUVO KUPIOUC TIOOOTIKOUC OEIKTEC NG
ETIIOTNHOVIKNG KOl TEXVOAOYIKAG ETUTLXIOG: TA SITIAWMOTA EVPECITEXVIOC Kal
TIC ONUOCIEVOEIC. Ta OSITTAWUOTO EVPECITEXVIOC AVTIKATOTITPI(OLV TNV
IKOVOTNTO PETAQPOPAC TWV ETICTNPOVIKWY OTIOTEAECUATWY OE TEXVOAOYIKEG
EQPAPUOYEC. ATIOTEAOUV  €TTioNG TIPOUTIO0E0N  yla TNV OIKOVOUIKI)
EKMETAAAELON TWV EPEUVNTIKWV OTIOTEAECUATWY KOl WC €K TOUTOL TO
BaolKO yla KABE avAAUCT TIOU OOXOAEITOl PE OIKOVOMIKEG dLVATOTNTEC TNG
TEXVOAOYIOG KAl TOV EVIOTUOMO TWV TIAEOV EATUOOQOPWV TOPEWV KOl
TIOPAYOVIWVY OTIO TNV ATIoYPn TWV TIPOCWTIWY, OPYOAVIOUWVY | Xwpwv. To
Evpwraikd Mpageio AimAwpudtwyv Evpeoitexviag (EMFAE) €xel avatttogel pia
MEBODO TIPOKEIUEVOL VA EVTIOTIIOEl KOl VA TOAEIVOUNCElL TA SITIAWUOTA
ELPECITEXVIAC OTNV vaVOoTEXVOAOYia. O apXIKOC OKOTIOC NTAV VA SIEVKOAUVEL
T0 €pyo Twv €EETOOCTWV TWV OSITTAWPATWY  EVPECITEXVIAC YO  va
TIPOOdIOPIcOoLV TIC EEEAIEEIC O ALTOV TOV AVOSVLOPEVO TOMPEN, TIPOKEIUEVOL
VO  OVTIOTIOKPIVETOI OTn  AUEAVOUEVN QVAYKN TwWV VEWV EEETACTWV
OITIAWUOTOC EVPECITEXVIAC Kal SIETIICTNUOVIKNG CuLVEPydoiag. H sloaywyn
«TNC MEOBOdOC tagging*», €EUTINPETEl €TionNg TOUC €PELVNTEC TIOUL
eEVOIa@EPOVTAl  YIO TIC OVOAOCEIC EUPECITEXVIOG OTOV  TOMEA NG
vavoteXvoAloyia. 'ExXel T0 OO@EC TIAEOVEKTNPO  OTI T SITIAQWMOTA
EVPECITEXVIOG VOVOTEXVOAOYIO UTIOPEI va €VIOTUOTOUV HE TIEPIOCCOTEPN
ETIAPKEIQ KAl OTI Ol TIAYKOOUIEC CUYKPICEIC Eival TTIO AEIOTIOTEG.

*MEBOJOC TIOU OTNPICeTal OE MO AEEN-KAEIDI 1] OPO TIOL GUVOEETAl HE N

avateBel o€ Eva KOPUATI TWV TIANPOQOPIWV.
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To oxAua 6.15 Ttapouoiddel TNV €€EAIEN TOU OPIOPOL TWV OIKOYEVEIWV
eupeartexviog 1995-2003 Kal TIC CUPMETOXEC OTA dlA@OPA LTIO TIEdIO NG

VOVOTEXVOAOYIQC.

O Nanobiotech (Y01n2)

O Nanoelectronics (Y01n4)
O Nanomaterials (Y01n6)

O Nanodevices (Y01n8)

m Nanooptics (YOInIO)

O Nanomagnetics (Y01n12)

1995 1996 1997 1998 1999 2000 2001 2002 2003

IXAHa 6.15 AITTAOPOTO EVPECITEXVIOG OTNV VAVOTEXVOAOYIO O OAO TOV
KOOUO, O GOUVOAIKOC OpIBUOC TWV  OIKOYEVEIWV TWV  SITIAWPATWV
eupeattexvio¢ oty YOIN*. TMnyR: Evpwtaikd Tpageio AIMAWUATWVY
Eupeonexviag, (European Patent Office, EPO), 1o €tog 2006.

O apIBPOC TWV OIKOYEVEIWV EVPECITEXVIOC AUEAVETAI GUVEXWC, OAAA HEXPI
OTIYMNG OV €XEl TIPAYMATIKA OTIOYEIWOEl. AVO UIKPEC KOPLPEC To 1999 Kal
10 2002, emionuaivouv TNV Hia €KOETIK av&énon oAAG o€ KABe TepiTTTwon
TO ETIOMEVO £T0C QVOYKACTNKAV VO ULTIOOTOUV Mia  ETURPAdUVCN  TIOU
ETINPEALEl TO CUVOAIKA TTOOOOTA QVATITUENG KOTd Vv Tiepiodo. To 2003, ol
MEYOAUTEPEG OMUADEC TWV SITIAWUATWY EVPECITEXVIAC CTN VAVOTEXVOAOYia
€XOUV OXECN ME TN VAVO NAEKTPOVIKN. Ta VAVODUAIKA KOATEXOLV TN OeVTEPN
0¢aon, akoAoLvBoLV aTId ATIOCTOCN TA VAVO-UAYVNTIKA KOl T VOVO-OTITIKA TO

oxnHa 6.16 deixvel TNV dLVOUIKN TOU o€ KABE LTTIOTIEDIOU.

*Ma TIEPICCOTEPEC TIANPOYPOPIEC OXETIKA ME TIC AOYIKEG Kal T peBodoAloyia
NG vavo etikétag YOLIN, (Scheu et al, 2006). O1 €ukeETeg €ival Ta €ENC:
YOIN = Navotexvoroyia, YOIN2 = Navo-Blotexvoroyia, YOIN4 =
Navotexvoloyia yla Tnv emegepyaaia Twv TTANPOPOPIWY, TNV ATIoBrKeELON
Kal petadoon (Navo-nAektpovikr)), YO1N6 = NavotexvoAoyia yio 1o LAIKA
(NavoOAIKd), YOIN8 = H vavotexvoAoyia yia Toug aqioBntripeg Kal
EVEPYOTIOINTEC (VOVO-OUOKELEC), YOLIN10 = vavo-oTrtikr), YO1IN12=. Navo-
MOyvNTICHOC.
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xAua 6.16 Méoo emolo TOCOOTO avénong (%) oava uTtoTedio
vavotexvoloyiag yio dvo Tepiodoug: 1995-1999, 1999-2003. Mnyn: EPO,
10 €10¢ 2006. 154
TO OULVOAIKO TIOGOOTO QAVATITUENG TWV SITIAWPATWY EVPECITEXVIOG OTNV
vavotexvoAoyia petad 1995 kai 2003 cival 14% o€ €ola Baon peE Td
XAPNAOTEPA TIOCOOTA KOTA T Oe0TEPN TIEPIOSO CUYKPITIKA HE TNV TIPWTN
Tiepiodo. QoT1d00, Ol TEPACTIEC DIOPOPEC TIOL TIAPATNPOLUVTAl PETAEL TwV
Tediwv.  NOVO-NAEKTPOVIKK], VAVOUAIKA, VOVO-CUOKEUEC KOl vavo-
MayvNTIoOPOG €ixav Toug LYNAGTEPOLC PLBPOVC aVATITLENG OTNV TIEPIOdO
ToL 1990 aAAG XOUNAOTEPWV (UE APVNTIKN QVATITLUEN OTNV TIEPITITWAON TWV
VAVO OLOKELWV) PETAEL 1999 kai 2003. ATIO TNV GAAN TIAEUPd, N VOvo-
BlotexvoAoyia Kal n vAvo OTITIK @AiVETal va L@IoTATAl APVNTIKI AVATITUEN
ota TEAN NG Oekastiog Tou 1990, aAAG auv&nbnkav oe Tepimtov 20% avda
€TOC KaTd TO €10C 2000. QOT6C00, O ATIOAUTEC TIMEC Kal ol dVo €ival o€
TIOAD XOMNAOTEPO ETUTIEDO ATIO O,TI N VAVO-NAEKTPOVIKI KOl T VAVODAIKA.
Q¢ ek T00TOL, N AV&NOoN auTr dev PTIOPEL va BewpnBEel W TIpWIUN EVOEIEN
NG au&avopevng onpaaciag tng vavo-BloTeEXVOAoyiag ylia TNV ayopd Twv
TIPOIOVTWV VAVOTEXVOAOYIOC. ATIO TIOIEC TIEPIOXEC TOU KOTHOUL TIPOEPXOVTOL
OIUTEC Ol TIOTEVTEC TNV VAVOTEXVOAOYIQ;

To oxAua 6.17 Ocixvel TOV APIBUO TWV OJITIAWPATWY EVPECITEXVIOG
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VOVOTEXVOAOYIOC o€ OAO TOV KOOUO, KOTOVEUNMEVOA OE QITOUVIEC Kal
EQPEVPETEC ATIO TNV ApEPIKA (Kupiwg TI¢ HMA kai Tov Kavadd), v Acia
(Kupiwg otnv lamwvia kat Notia Kopéa) kal tnv Evpwtin (Kupiwg Mepuavia,

10 Hvwpévo BaoiAelo, MaAdio kot Katw XwpeC).

Nanotech patents by region of applicant Nanotech patents by region of inventor

1995 1996 1997 1998 1999 2000 2001 2002 2003 199 199 1997 199 1999 2000 2001 2002 2003

SXAUa 6.17 AITA®UATA EVPECITEXVIOG G OAO TOV KOOHO CUP@WVA HE TNV
TIPOCPelyovoa (OPIOTEPA) KOl TN XWPOA TOL €QELVPETN (8e&1).Mnyr: EPO,
TO £€1OC 2006.

Eival Ttpog@avég ot n APEPIKN €ival  POKPAV N TIO EVEPYN TIEPIOXH TOUL
KOOUOU OTnV eyypa@n OITTAWPATWY EVPECITEXVIOG OTOV  TOPED  TNG
vavotexvoAoyiac. Eival uttebbuvn KABE XpOvo yia Ta HIcA SITIAWUOTO TIOU
KOTATIBEVTOI TIAYKOOHIWG. TNV TIEPITITWON NG VAVOTEXVOAOYiIag, TTAVIWG,
EVOC ONUOVTIKOC OpIBUOC TWV EQEVPETWV €XOLV OCIOTIKEG OIEVLOVVOEIQ
KOTOIKIOG — €pyaaoiag OAAG Ol €TAIPIEC TIOL TIPOTEIVOULV TNV E€PYATia TOLG
gival apepikavikeC. E&aitiag Tou peydAou aplBpol Twv TIEPITITWOEWY, N
KIVNTIKOTNTA TWV €PELVNTWV OV Ba PTIOPOVCE VA EXEl PIO ETIOPKNA €ENynonN.
@a nrav dikalo va UTTOBECOUPE OTI N dlaEOPA AUTH OQEIAETAl €TTIONG OTO
YEYOVOC OTl 10 OOIOTIKA EPELVNTIKA KEVIPA, TIOU QAVIKOUV Of HId
OMEPIKAVIKY  €TaIpEia, Ogv  LTIOBAANOULV aitnon yia TO  diMAwPaA

ELPEOITEXVIOC Ta OO, OAAG OUTO TO @POVTICEl N OPEPIKAVIKN £dpa TOUC.
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AlgpedlivNon €QOOVOVV VAVOTEYVOAOVIOE GTNV €TUCTHIN TOU MMoAITIKOU
Mnyaviko0

Evdiagépouaoa sival n peiwon twv diagopwv 1o 2002 kat 2003. AuTo gival
Mo €vdEIiEn €iTe ylo TNV aAAOyr] Twv ouvnBelwv OtV KatoXLPWon HE
SimAwpa  gupeaitexviag 1 n avéavousvn dpacTtnPEIOTNTA TwWV ACIOTIKWV
ETIXEIPNOEWY TIOU aitolvTOl SIMAWUATOG. H  KAion NG OUEPIKAVIKAG
KOPTIOANG OEiXVEL ETTIONC OTI 01 KOPLPEC TNG TIAYKOOUIAC EVPECITEXVIOC OTN
vavotexvoAoyia (BA. oxAua 6.15), TPOKANONKav Kupiwg aTo  €va
aouvnRBIoTa PEYAAO APIBUO OUEPIKAVIKWY AITOUVIWV To 1999 kai 1o 2002.
O mivakag 6.2 TiepAapPBavel T 10 TIPWTEC XWPEC YIO KABE LTTOKOTNYOpPIa
YOIN t10 2003 «kou deixvel 011 ol Hvwpeveg TMoAmeieg sival n 1o evepyn
XWPO Yo Ta SITIAWPOTO EVPECITEXVIOC 0 KABE ULTIOTIEDIO, TOCO yia TOUCG
AITOUVTIEG OCO0 KOl OTOUG EQPEVPETEC. AANA Ol XWPEC TIOU OKOAOLOOUV
oAAGEouv T Béon toug avaloya pe 1o Tedio. H leppavia, MaAdia kat o
Kavadd, katatdooovtal o€ vPnAoTeEpn B€on yia T vavo-PlotexvoAoyia, ol
Kdtw Xwpeg kal n Zoundia otn vovo-nAEKTPOVIKN, €vw TOo BEAyio kal n
TaiBav, katalauyBdavouv vynAn 6éon otnv vavoUAIKwv. H EABetia eival
BlaiteEPa 1I0XLPN OTIC VAOVO-CUOKELEG, Kal T0 Hvwpévo BaaciAelo otnv vavo-

OTITIKN.

Mivakag 6.2 O1 TIPWTEG XWPEC O SITIAWPOTO EVPECITEXVIOC O OAO TOV
KOOPo o€ KAGBe Topéa TG vavotexvoloyiag, 2003. MMnyr: Euvpwrtaiko
pageio AimAwpdatwy Evpeoitexviag, 1o 2006.

Navo-Biotexvoioyia (YO1IN2)

XWPEC EQapUOYywV ApIBUOC  XWPEC EPELVWV Ap1Buog
HIMA 146 HIMA 188
eppavia 25 eppavia 27
laTtwvia 14 laTtwvia 17
IaAAia 11 Kavadag 12
Kavadag 10 UK 10
ITaAia 8 aAAia 9
Hvwpuévo BaaiAeio 6 ITaAia 9
Ivdia 6 Ivdia 6
lopanA 3 lopanA 4
Notia Kopéa 2 Notia Kopéa 4
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AlgogvNON £QAOVOVKOV VAVOTEXVOAOVIAE GTNV ETTICTHIIN TOU MNMOAITIKoD
Mnxaviko0

Navo-texvoAoyia (YO1N)

XWPEC EQPapUoywvV Ap1Buo6G XWPEC EPELVWV Ap1BuoC
HIMA 1136 HMA 117
laTtwvia 461 laTtwvia 600
epuavia 199 eppavia 200
Hvwpévo Baailelo 59 Notia Kopéa 73
raAAia 52 UK 68
Notia Kopéa 48 Kavadag 38
OA\avdia 37 raAAia 37
Kavaddag 32 TaiBav 29
ItoAia 16 OMavdia 29
TaiBav 15 EABetia 21
Z1ykaTtoupn 13 lopanA 19
BéAylo 13 Zoundia 19
EABetia 13 ItaAia 19
Kiva 13 Zykaroupn 17
>Zoundia 12 BeAyio 16
lopanA 12 Aavia 14
Aavia 10 Kiva 14
AuoTpOoAia 7 AuoTpoAia 10 157
Agpikavikn IPO 7 Appikn IPO 7
Ivdia 6 diAavdia 7
dvAavdia 5 Ivdia 6
loTtavia 3 Pwoia 5
Bpaliia 3 loTtavia 4
AuvoTtpia 3 KOTtpog 3
Pwaoia 3 BpadiAia 3
KOTtpog 2 AuvoTtpia 3
Navo-nAektpovikn (YO1N4)
XWPEC EQAPUOYWV ApIBuOg  XWpPEeC EPELVWV ApI1BuOC
USA 422 USA 413
laTtwvia 192 laTtwvia 258
eppavia 55 eppavia 60
OMavdia 28 Notiad Kopéa 40
NoTia Kopéa 24 OAavdia 19
Kavaddag 11 EABetia 12
IaAAia 10 UK 11
UK 8 >oundia 10
>oundia 6 TaiBav 10
TaiBav 5 Kavadag 10

OIkovouidng lwdvvng

Institutional Repository - Library & Information Centre - University of Thessaly
20/05/2024 02:26:51 EEST - 3.145.162.204



Algpedivnaon €QOAOIOVOV VAVOTEYVOAOVIOO GTNV €TTUCTHIN TOU MOAITIKOU

XWPEeG EQapUoywvV
HIMA
laTtwvia

UK

eppavia
FaAAia

Notia Kopéa
Kavaddg
lopanA
ZIykaroupn
Aavia

XWPEC EPAPUOYWV
USA
laTtwvia
eppavia

UK

IaAAia

Notia Kopéa
BéAylo
TaiBav
Kavadag
Kiva

XwpPEeg EQapPoywv
USA
laTtwvia
repudvia
OMavdia
IaAAia

Notia Kopéa
Kiva

Ivoia

lopanA
Bpadinia
ZIykaroupn

OIKOVOMIdNG lwavvng

MnxavikoO

Navo-omttikry (YO1N10)

ApIBUOC  XWPEC EPELVWLV

171
102
26

HIMA
laTtwvia

UK

eppavia
Notia Kopéa
Kavaddg
Aavia

ItaAia
Z1yKaTtoupn
lopanA

NavoOAIka (YOLNG)

ApIBUOC  XWPEG EPELVWIV

303
114
65

USA
laTtwvia
eppavia

UK

Notia Kopéa
TaiBav
aAAia
Kavaddg
BéAylo
ZIykaTtoupn

Navo-payvntuiopog (YO1N12)

ApIBPOC  XWPEG EPELVWIV

214
112

USA
laTtwvia
eppavia
Notia Kopéa
OAavdia
IaAAia

Kiva
diravdia
lopanA
Ivoia
Bpainia
Z1ykattoupn
BéAylo
TaiBav
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AlgogvNON £QO0OVOVKV VOVOTEXVOAOVIOE OTNV ETTIOTAUN TOU MOAITIKOV
MnxoavikoO

To oxnua 6.18 OJcixvel TNV KATAVOWN Yyia TIC 8 TIPWIEC XWPEC OTa
SITTAWMOTA EVPECITEXVIOG YIO TIG TAEEIG NG vavoTexvoloyiag to 2003, yia

OU0 JIOPOPETIKEG XPOVIKEG TIEPIOSOUC.

159
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2000-2005

IXAMO 5.18 AITTAQUATO EVPECITEXVIOC TTNV VOVOTEXVOAOYIO TWV 8 TIPWTWV
XWPWwv, oLUPWva Pe T0 Euvpwtaikd Mpageio AimAwpdtwy Evpeaitexviag
yia Ti¢ ta&€ei¢ YOIN2-YO1IN12. Mavw 1995-1999, Kdtw 2000-2005. Mnyn:
Evpwttaikd MNpageio AimAwpdtwyv Evpeaitexviag, 1o 2006.
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Alg0givnan EQOOIIOVAOV VAVOTEYVOAOVIOO GTNV ETTTOTHUN TOU MOAITIKOU
Mnxaviko0

JUYKPIVOVTOG TNV  KOTOVOMA TWV  UTIOKOTNYOPIwV MPETAED Twv  dUOo
TIEPIOOWV, HEPIKEG EVOIOPEPOVOEC METATOTIOEIC TWV KEVIPWY BApoug
MTTOpOUV va Ttapatnpendouv. Evw o1 Hvwpéveg MoAiteieq ouvéxioav atnv
idla katevBuvaon, n lamwvia, n Feppavia, n FoAdia, n Notia Kopéa kal o
Kavaddg Kivienkav 1tpog Ta vavoOAIKA. H eppavia, n Notia Kopéa Kal
10iwg ol KAtw Xwpeg €Xxouv BeATIwOEi GTOV TOPEQ TNG VOVO-NAEKTPOVIKNG,
EVW OTNV VOvo-oTttik 10 Hvwpévo BaoiAelo, OTIC VOVO-OUCKELEGC O
Kavaddg kal otov vavo-payvntiopo n Notia Kopéa. Eival evdlagépov o,
TO MEPISIO TV SITTAWUATWY EVPECITEXVIOG OTNV VOVO-PBIOTEXVOAOYIa €ival
OTACIPO 1| MEIWBNKE 0€ KABE Xwpa.

Ta €100 TTOCOOTA OVATITUENG TWV OSITTAWHATWY EVPECITEXVIOG OTNV
vavoTeXvoAoyia o€ KABe pia armd TIC OKIW Kopugaieg xwpeg 10 2003,
gEM@aviletal oto oxNua 6.19.

50 T

160

SXxAUa 6.19 Méon €ToI0 TTOCOOTA QVATITUENG TWV  SITTAWHATWY
EVPECITEXVIOG OTNV VaVOTEXVOAOYIag yia T0 2003 OTIC TIPWTECG 8 XWPEC Yyia
v YO1N. Mnyn: EPO, 10 2006.

H ab&naon tou apiBPoL TwV SITIAWPATWY EVPECITEXVIAG OTN VOVOTEXVOAOYIO
TIOU TIpogpxovial amod T¢ Hvwpéveg TMoAteieq cival Ttapopola e 1
OUVOAIKI]  avaTttuén  OAwv  Twv  JIMMAWUATWY  €UPECITEXVIOG  OTN
VOVOTEXVOAOYIa, N OTIoi0 XOopakInpiletal amo peyoAlTepn adénaon ota TéAn
NG dekastiog tTou 1990 Kol PIKPOTEPN OTIC apxEC tou 2000. Me 10 50%
OAWV TV OITTAWUATWY  EVPECITEXVIAG OTn  vaAvoTeEXVoAoyia  va
avarttbooetal ot Hvwpgveg MoArteieq. H avtiBetn eikova pmopei va
TIOPATNPENOEl yia OAEC TIG GAAEC XWPEC: Ol UIKPEG OULENOEIG I} OKOPN Kal

pelwaoelg otig, (MoAdia, Katw Xwpeg) otn dekaetia tov 1990 Kol ONPAVTIKN

OlKovouidNng lwavvng
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Alg0gVVNOT EQAOLOVEKV VAVOTEYVOAOVIOK GTNV €TTTOTAULN TOU MOAITIKOD
Mnvaviko0

av&énon 1o €to¢ 2000. H Teppavia, o Kavaddg, 10 Hvwpévo Baaoiielo

aKoAouLBoULpEVEC atto TNV OAAavdia kal Tnv Notia Kopéa €xouv deigel pia

TIOAU TTIO SUVOAIKI) OVATITLUEN KOTA TNV TEAEVTAIO TTEPIODO.

6.7 H emotnuoviki dAcn TN¢ VAVOTEXVOAOYIACG: ETIICTNUOVIKEG

ONMOCIEVCEIC KAl OVOPOPEG.

O ETIOTNUOVIKEG dNPOCIEVCEIC €ival 0 TIIO KATAAANAOG OeiKTNg yia 1N
METPNON TNG ETUOTNMOVIKNG ETUTLXIAC MPE TNV  TIOCOTIKOTIOINON  TWV
OTIOTEAECUATWV. QOTO00, 0 KOBOPOC apIBUOC OATIOTEAECPATWY Ba
MTTOpOUCE va E€ival TIOPATIAAVNTIKOG. AANOC OEIKTNG, OTIWC Ol OVOQPOPEC
OVTAVOKAOUV TNV TIOIOTNTA TWV ETICTNUOVIKWY XOPTIWV KAl TOV OVTIKTUTIO
TOLC OTNV ETIICTNUOVIKA KOIVOTNTO. ZULYKPIVOVTAC TIC TIEPIOXEC TOU KOGHOU,
T0 oxNua 6.20 deixvel v Euvpwrn otV TIPWTOTIOPIa ToL apIBPUoL TwV

ETIIOTNHUOVIKWV SNUOCIEVCEWY OTNV VOVOTEXVOAOYiIO.

161

ZXNAua 6.20 ETIOTNPOVIKEG dNPOCIEVOEIC OTOV TOPEN NG VAVOTEXVOAOYIAG
otn Bdon dedopevwv Tng Science Citation Index, SCI, avd tov KOouo,
1992-1995 kai 1998-2001. v «EupwTtn» TepIAapBavovtal Ta KpAtn
MEAN NG EE kou o1 ouvdedepéveg Xwpe. Mnyn: (Glanzel et al.,, 2003).
http://www.steunpuntoos.be/nanotech domain study.pdf

>N dekaetia Tov 1990, 10 EupwTtiaikd pePIdIo augnbnke eAa@pd, €vw 0

apIBPOC TWV ETUCTNUOVIKWY dNUOCIEVCEWVY TIOL TIPOEPXOVTAL aTto TIG HIMA
Kal Tov Kavadd peiwdnkav 1Idlaitepa, aAAd n Acia, dnAadn n Kiva, képdioav
onuavtikd. ‘Etol, PTIOpOoUPE vo CUUTIEPAVOULUE OTl N EupwTtin €xel pia

MEYAAN ETUICTNUOVIKY BAon OTOV TOPEA TNE VAVOTEXVOAOYIOG, O€ OUYKPION

Olkovopidng lwavvng
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Algogbivnon e@aovovv VavoTEyvoXoviac otnv etrtotrjun tou MoAmkoy
Mnxoaviko0

ME TOUC KUPIOLG AVTAYWVIOTEG. «AANEC XWPEC TNG Aciag» eival n To
OUVAIKN TIEPIOXI] TOU KOOPOUL. Mia TIO TIPOGEKTIKI MOTIA OTIC OIAPOPEC
XWpeg, Ba piel @w¢ otV TIPoEAeLon  TWV  ONPOCIEVCEWV  OTIG
VOVOETIOTNUEG. TOo oxNua 6.21 deixvel T OTOIXEIQ OXETIKA PE TOV APIBUO
TWV dNPOCIEVCEWV KATA XWPA KOl KATA ETIICTNPOVIKO KAGDO.

O1 Hvwpéveg TMoAlteieg cival 110 dpACTNPIEC PE OUVOAIKA TIEPICCOTEPEC
attd 18000 dnpooIeVOEIC OTIC VAVOETIIOTAUEG OTNV XPOVIKN TiEpiodo 1999 -
2004. H lamwvia kal n Kiva akoAouBouv, aAAd PE pia HEYAAN dlagopd. Ol
MEYOAUTEPEC EUPWTIOIKEG XWPEC €ival OTIC BEoeEll TECOEPA €wWC ETITA
akoAovBouv n Notia Kopéa, o Kavadd, n lomavia otnv mpwtn dekdada. H
EIKOVO OANALEL EAAPPWC OTAV KATIOIOC KAVEL TNV SIAKPIoN YETAED TWV TPIWV
VAVOETIIOTNHOVIKWOV UTTOTTED WV g XNMIKAG olvbeon, g

LTIEPAYWYILMOTNTO TOUC KBAVTIKOUG LTIOAOYIOTEG, KOl TO VAVODAIKA.

10000
8000
O Nanomaterials 162
6000 m Superconductivity & Quantum Computing
E) Chemical Synthesis
4000
2000
0 CB i
»1- 18 C 5% ncT I
£2 6705 Bogegiscse
g QLr?« re—S;gé 859%“:0
3 %) @ cb
0 J/

ZxAUa 5.21 ETMIOTNUOVIKEG SNUOCIEVTEIC OTIC VAVOETIOTAHESG AVA XWPA Kal
uTtoTtedio, 1999-2004 (SCI Baon dedopévwy). Mnyég: Igami, 2006, Science
Citation Index 1999-2004.

210 TIPpWTa dVOo TEdia, n Mepuavia sival KAatd TTOAD 1GXLPOTEPN ATIO TNV
Kiva, o€ Ttapopolo emimedo pe tnv lamwvia, kol 10 Hvwpévo BaaiAelo, n
FaAAia emtiong Bpiokovtal ae Ttapopolo ertiedo pe v Kiva. H Kiva givai
TIOAD 1o0XLPN OTa VAVOUAIKA, Kal otn delTepn B€on Bpioketal n lamtwvia.
Agv €X0OUV OAEG Ol ETICTNUOVIKEG ONUOCIEVOEIG TNV idla TToI0TNTa Kol agia

Kal dgv dnuioupyolv 1oV idI0 avTiktutto. 'Evag KaAOC Oeiking yla tnv
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Algogivnon £<pO0VOVHV VAVOTEYVOAOVIOE OTNV ETUGTAUN TOU MOAITIKOD
Mnxaviko0

TI010TNTO TWV ONPOCIEVCEWV Kal TNG CNUOCIOG TIOL €XOULV Ol ETUTITWOEIC
TOU( €ival 0 APIBPOC TWV AVAPOPWV TOUC TIOU €Xouv AdBer*. O Ttivakag 6.3
ocixvel Twv aplBud Twv ONUOCIELCEWV KOl  AVAQ@OPWV  CTNV
VAVOTEXVOAOYIAC OTIC 24 TIPWTEC XWPEC OTNV deKAETIO Tov 1990.

Otav TIPOKEITAl YIO TN OXETIKN ETUTITWON, OV0 MIKPEC XWPEC Eival ol
TIPWTEG: N EABetia kai n OAAavdia. ZTIG TPEIC TIPWTEC CLPTIEPIAAPBAVOVTOL
ol Hvwpéveg TMoAiteieq. O1 GAAeC TIIO dpaCTNPIEC XWPEC TO Hvwpévo
BaaoiAelo (Ttov ekmipoowTiEital €0w Ao ) AyyAia Kal TN ZkwTtia), n FoAAia,
n lamowvia kai n Fepuavia Bpiokovial povo otnv Yeoaia ypauun, Tiow aTto
Tov Kavadd, 1o BEéAylo, tnv IpAavdia kol ) Aavia. O1 TPEIC TII0O SLVAMUIKEC
Xwpeg n Pwaoia, n Kiva kai n Notia Kopéa OAOKANPwvouv TNV €lkova. H
AOTO TV TIPWTWV XWPWV OTOV TOPEA TNG VAVOTEXVOAOYIOC OVTOVOKAG
ETHIONC €va YEVIKO QAIVOPEVO. AV PIa XWpPa gival ayyAo@wvn 1 dev €XEl PIa
IOXUPN yAWooa amo TNV Amoyn Tou dapiBPol TwV TIPOCWTIWV TIOL TNV
MIAGEL, 1 va €ival TIOAD YAWOOIKA, €XEl M TIOAD HEYOAUTEPN TAON yid
ONUOCIEVCEIC OTa «TIEPIODIKA TIOYKOOUIOG €MPREAEIOG» OTNV  AyYAIKN
YAWOOO, 1o OTtoia €X0UV LWNAOTEPN AVTIKTUTIO ATIO NG €OVIKAG YAWOOOC 163
ME MIKPOTEPO OUVAMPIKO OTO QVOYVWOTIKO KOIVO KOl CUVETIWV, MIKPOTEPO
avtiktuTto. Ta kopu@aia TIEPIOSIKA OTa TIOIO TTAPATIOEVTAl £yypa@a yla TIG
VOVOETIIOTNHUEC €ival TO eLPWTIAIKO «Nature» Kol T0 «Science» twv HIMA.
Kal ta 000 TIEPIOBIKA €ival SIETIIOTNUOVIKA, KOl TIOAU KOATAAANAQ yid vOvO-
ETUOTNUOVIKEC ONUOCIEVOEIC. H OULVIPITITIKA  TIASIOYN@ia Twv  VAVO
ETUOTNPOVIKWVY EVIUTIWV Eival OTOLC TOMPEIC TNC XNMEIDC KAl TNC QUOIKNG,
MEPIKA OE QVOE@EPOVTAl KAl OTNV £PELVA TWV UAIKWV. TNV KOpLuern tng
katatagng, Ppiokovial ta Navodopikd YAIKKA TIOu €ival  pnté a@lepwueva
OTIC VOVOETIIOTHHESG HOVO.

AUTECQ Ol TTOPATNPENOCEIC LTTOOTNPI(OLVV TO JIETIICTNUOVIKO XOPOKIAPO TwWV
VOVOETIIOTNUWY: ‘Eva apBpo JTIopel vavoeTUOTAUNG MTIOPEl va  €ival
XPNOIPO O€ TTOAAOUC KAASOULC KOl VO €XEl OLVETIWC MEYOAUTEPO QVTIKTUTIO
OV TO AVayVwOTIKO KOIVO gival eupl, OTtw¢ cupPaivel pe To «Nature», Kal 1o
«Science».

Tia TIEPIOOOTEPO EEEAIYUEVEC QAVOADCEIC TIPETIEL VO €EETOCOEl 0 apIBUOC
TWV AVO@POPWV CXETIKA YE TOV PECO OPIOPO TwWV TIOPATIOPTIWV OTOV TOUEQ

TOoUC.
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AlgogvNoN €QOOVOVV VAVOTEYVOAOVIOG GTNV €TTIOTIULN TOL MOAITIKOU
Mnvaviko0

Mivakag 6.3 AplBuog Twv SNUOCIELCEWY KOl  OVOQOP®WV  OTNV
vavotexvoloyia otn Baon dedopévwv tou SCI 1o 1991-2000 yia Tg 24
TIPWTEG XWPEC TIOL ava@épovtal. MnynR: Thomson ISl 2001.

Ap1Bpo¢g Ap1BuoC AvVO@QOpPEQ

a/a XQPA (e iVe(0]eTe1)V; TIOAEWV avd TTOAN
1 EABetia 792 8233 10,40
2 OA\avdia 514 4767 9,27
3 HIMA 9993 92108 9,22
4 Kavaddg 754 5707 7,57
5 BéAylo 382 873 7,52
6 IpAavdia 131 926 7,07
7 AyyAia +ZKkwTia 1.545 10.325 6,68
8 EE-25 22069 145681 6,60
9 Aavia 217 1401 6,46
10 IoAAia 2673 17168 6,42
11 laTtwvia 4251 26267 6,18
12 Tepuavia 3634 22373 6,16 164
13 loTtavia 874 5.131 5,87
14 lopan\ 371 2063 5.56
15 Bpadinia 245 1253 5.11
16 AuvoTtpia 220 1103 5.01
17 ITaAia 958 4585 4.79
18 >oundia 381 1.729 4.54
19 AuvoTpalia 349 1508 4.32
20 Ivdia 636 2005 3.15
21 MoAwvia 387 969 2,50
22 Pwaia 1.708 4.240 2,48
23 Kiva 3.168 7.653 2,42
24 Notia Kopea 579 1243 2.15

‘Evag GANOG YeVIKOTEPOG AOYO(C €ival 0Tl JOVO LWNANG TToIOTNTAG, ApBpa
yivovtal 3eKTA 0€ aLTA Ta TIEPIODIKA, KATI TO OTIOIO Odnyei o€ PEYOADTEPO
opIBUO  eVOIO@PEPOUEVV KOl 0T dnuIovpyia TIEPICCOTEPWV  APOBPwV.

MTtopoUpE €TTioNC Vo KOTOANEOUVUE OTO CUUTIEPACHO OTI Ol ETIIOOCEIC TWV
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AlgogvNON EQAOVOVAOV VAVOTEYVOAOVIOG OTNV ETTIGTHLN TOL MOMITIKOV
MnxavikoO

VAVOETIIOTNPWY OTO  HEYOAUTEPO MEPOC TOU ELPWTIATKOU XWPEOUL Eival
Olpopolpeveg. Ol EVPWTIAIKEG XWPEC Eival TIOAD EVEPYOTIOINUEVES KOl
Tapoucidlouvy  éva  LYPNAG TIOOOOTO ETUOPACEWV OCOV  a@opd TNV
ETIIOTAMN, KATI TTOL CLUVAVTATAL €€I00V Kal OTNV TIEPITITWON Twv Hvwpévwy
MoAitelov. Ze OUYKPION MHE TO OTOIXEID TWV SITIAWUATWY EVPECITEXVIAC,
000 €ival T CNUAVTIKOTEPO CUMPTIEPACHATO TIOU  PTIOPOUV va €€axBo0v.
Mpwtov, n Evpwtn dev Ttapouciddel OUOIOYEVEIO OUTE OTIC EKOOTEIC OUTE
OTO JITIAWMOTA EVPECITEXVIOG. AgV LTTAPXOULV BERAIC OTTOSEIKTIKA OTOIXEIN
ylo TO «ELVPWTIAIKO TIAPASOED», TOPA M SIOCTIOPA TWV YVWOEWV Kal
TEXVOAOYIKWV E€QOAPUOYWV OE OAOKANpn TV Evpwrn. Asgltepov, ol
Hvwpéveg MoAlteie¢ amote Aol €va onueio avag@opdag, Otav TIPOKEITAL yid
TNV ETUCTNMOVIKN] KOl TEXVOAOYIKI E€TUTUXIO OTnV vavotexvoloyia. To

OULMTIEPACHO AUTO OEV €ival VED, OANA EVIOXVETAI PE OTTODEIKTIKA OTOIXEIQ.

6.8 Zuuttepdopata

H euttelpikry avdiuon Tng¢ OIKOVOMIKAC AVATITUENG TNEG VAVOTEXVOAOYIAC
TIPOPAVWC EEKIVAEL MPE TIC TIPOOTITIKEG TNCG OyopPdg. AUTEC Ol TIPOOTITIKEG
TIOU AVA@EPOVTAl OTNV VAVOTEXVOAOYIO, 0TO GUVOAO TNG dla@EéPOuV TIOAD
Kol dlapop@wvovtal amod To OKOTIO ylo Tov oTtoio Ttpoopidovtal. Auto
O@eiAeTal OTO OTI TIPAYHATIKA TIEPICTATIKA Ogv €ival EDKOAO va HETPnOolv
Kol oxedOv adlvato VO @OVEI €K TwV TIPOTEPWV N TIPOOTITIKA TOUC.
Qo1000, 1O OTOoIXEia Tapoucoiddovial ETMAPKWE a&loTioTa, d10T  €ival
OUVETIN Kal TIPOAAUBAVOUV TOLCG JIAPOPETIKOUE PUBPOUG, OE BIOPOPETIKOU(
TOMEIC TNC vavoTeXvoAoyiag Kal Twv dlo@OPwWV CGNUAVTIKWY OVOKOAVWYEWVY
OTIC XWPEC TIOU EVAIAPEPOVTAL YIO TNV VOVOTEXVOAOYia. META amo autd 10
OnuUEio, UTTOPOUVUE TIPAYHATIKA VO AVOPEVOUHE EVva AQUTIPO PEAAOV YIO TNV
vavoTeEXVOAOYia. AOyw TOUL XOPOKIAPO NG Kal g Idlaitepng onuaciag
ylo TN @appokopiopnxavia kai tn Biopnxavia NAEKTPOVIKWY €100V, LTIAPXEL
n duvatoTNTa TIOAD €UKOAO va EETIEPAOTEI 0 TIAPOASOOCIOKOC TOMPENC TG
BlotexvoAoyiog Kol OKOUN vo @BACcEl Kal va EETIEPACEl TO CNUEPIVO
ETMITIEd0 TIOL AEPOPA OTIC TEXVOAOYIEC NG TIANPO@opIiag Kol g
ETTIKOIVWVIAC.

O1 e&eliéelq auTeég Ba €xouv eTtiong TEPACTIA ETTIOPOCT OTOV OPIOUO TwWV
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AlgogvNon £QAOVLOVAOV VAVOTEYVOAOVILX GTNV €ITTOTALVN TOU MNOAITIKOU
Mnxavikov

Béocwv epyaciag ot Plopnxavieg. O1 etaipieg IOV aoXOAOUVTIAl MPE TN
VOVOTEXVOAOYia dnuiovpyndnkav Katd TO TIOPEABOV Kal OVAPEVETOL va
TIPOO@EPOLV  TIOANA  TIEPICCOTEPO OTO MPEANOV. 2e avriiBeon pe TNV
BlotexvoAoyia, TIOAAEC OTIO OUTEC TIC E€TAIPEieC Ba epyaoTolV OE TOWEIC
OTIOL TO MEYEBOC NG eTaIpiag Ba gival AlyOTEPO CNUAVTIKO yia TNV €peEuva,
v avantuén (E & A), Tnv tapaywyr | 10 HAPKETIVYK. MOAIC KOTAQEPOUV
KOl OTIOKTF)OOULV HIO TEXVOAOYIKN ETUTUXIO, OEV Ba gival KOTASIKAOUEVEC VA
KOTOKTNOOUV Kal va artoppo@nBoly armd pia peydaAn staipeia. Ol PHeEYAAEC
TIOAVEOBVIKEC  €TOIpEieC €XOuLV NON OECMELTEI OTN VAVOTEXVOAOyia  Kal
daTTavoUV €va OPKETA CNUOVTIKO TI00O0 XPNHATWVY YIo €PEVVEC TIAVW OF
outAv. EmmmAéov, ta eTUXEIPNUOTIKA KE@AAQIA YIO VEOCUOTOTEC ETAIPEIEC
TIOU 0O0XOAOUVTIOl HYE TO QVTIKEIYeVO eival dlabéaipya. Av Kal ta TIPAyPaTa
0ev @aivovtal T0C0 aIoI0d0&a OTIWG ME TNV €KPNEN NG «@OUOKAC» TOU
AladIKTOO0UL, Ol ETIXEIPNMATIEC £XOLV OVOKOAVWEL TN VOVOTEXVOAOYIO w¢ TO
ETIOUEVO PEYAAO TIPAYHO KOl AKOAOLBOUV UE TTOAAN TIPOCOXK Kol @POVTida
TIC EEEAIEEIC OTOV TOPEQ OUTOV.

‘Ocov a@opd TN XPNUOTOdOTnon 1N¢ €peuvag oOTnv  TEPIOX NG 166
VOVOTEXVOAOYIOG, OPICHEVEC SIAPOPEG METAED TWV BIAPOPWV TIEPIOXWV TOU
KOoPOUL yivovtal Tipo@aveic. ZTnv EupwTtin, ol I8IWTEC ETTEVOUTEC E£XOULV
MEivVEl TTiow o€ oxéon pe TG dNUOCIEC LTINPETIEC XPNUOTOdOTNONG, EVW Ol
Hvwpéveg MoAlteieg kal n larwvia €xouv TI0 ICOPPOTINUEVN KATAVOUN TNG
BIWTIKAG Kol dNuooIag XPNMatodotnong, T otTlyur) Tou n Euvpwrtaikn
€PELVA YIO TNV VAVOTEXVOAOYia Ba TIPETIEl VO LTIOPEPEL ATIO TN HEIWON TwV
IOIWTIKWV TINYWV XPNUATod0TNONG. A@ '€TEPOL Kal yia va TIPOooTedEi Kal pia
BeTIK TIAELPA, N dnUOCIa XPNUOTOdOTNCN TNC VAVOTEXVOAOyiag otnv
EvpwTmin eival aviaywvioTiKr) O€ TIOYKOOMPIO ETTTIEdO Kol OEiXvel Tnv
EyKaIpn avTidpacon NG ELPWTIAIKAC TIOAITIKIG OTNV €PELVA YIA TIC VEEQ
duvatotNTeC TIoL dlavoiyovtal aTtd T VAVOTEXVOAOYIO Kol TEAIKA OTN
TIPOOTIABEIO VO GUUUETEXOUV OGO TO SLVOTOV A&IOTEPA OTOV OywvaA Yyia TNV
KATAKTNON TNG KAIvoUPYIOG QUTHC TEXVOAOYIOC. QOTOC0, LTIAPXEL EAAEIYN
déopevong yio EuvpwTaikég IOIWTIKEC €TIEVOVOEIC OTNV VOVOTEXVOAOYiIQ,
KATI TIOLU VO TIapatnNPEnOsi OTIC OUVOAIKEG OATIAVEC yia TNV E£PELVA KOl
OVATITUEN, YEYOVOCG TIOL TIPETIEI VO OTIOOWOOULHPE GE GANOUC, TIEPICCOTEPO

YEVIKOUCG AOYyOUC TOU EVPWTIOIKOU PIOPNXaviKol oLOTRUOTOC €peuvag. To
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AlgpelivnNon £QAOVOVAOV VOVOTEYVOAOVIAE GTNV ETIICTHAMN TOL TMOAITIKOV
MnyavikoO

TIPOPBANUO €ival yVWOTO Kol €VIACOETOlI OTO TIAQICIO TNG OULVONAKNG NG
Bapkehwvng, (Evpwtaikd ZuuBouvAio, 2002).

To LvPNAG E€mimedo ¢ ONUOCIAC XPNMOTOdOTNONG NG €PELVAC OTN
vavoTeEXVOAoyia gival TTOAD TIIBavo va €xel BETIKO AVTIKTUTIO OTNV ETIITLXIO
OTIC ETUCTAMEC KOl TNV TeEXVOAoyia 1ng Euvpwnng. H yvwon kat n
TIVELUOTIKN IOI0KTNCIa dNUIOVPYEITAlI OTO €PELVNTIKA €pya Ta OToia o€
pMeEYAAO PBaBuo xpnuotodotolvtal ard 10 dnuocio. QoTtdc0o, N ETUTLUXNAC
EQAPPOYN TNEG TEXVOAOYIOC KOl N PETOTPOTIN TNG OE EUTIOPIKA ETUTUXNMEV
TIPOIOVTO €€APTWVIAL €TTIONG ATIO TNV €VOWUATWON NG TEXVOAOYIAC o€
oUTA Ta €pyq, N OTIoiO yivetal, OAANG TIPETIEl va BeATiwBEl. Ze auty Vv
OX€an, MUTIopEi va BewpnBEei wg TIAsovEKTNUO 0TI N EVpWTIN €TTIKEVTIPWVETAL
OTIC €QAPHUOYEC TOU TIOAITIKOU HNXAVIKOU OTNV VAVOTEXVOAOYIO, &vw Ol
Hvwpéveg TMoAlteieg £0deoLV  €va  PEYAAO peEPIdIO NG  dnuooliag
XPNHUATOSOTNCNG OTNV VAVOTEXVOAOYIO YIa OTPATIWTIKA €peuva. Mia AGAAN
BETIKA TITUXN TNG OUCIOCTIKAG TIOMTIKAG TNG ONUOCIag XPNUATOdOTNGNG
otnv Evpwtn gival n kolvwvikr didotaon: H vavotexvoloyia Ba €xel BeTIKO
OVTIKTUTIO OTNV OIKOVOMIKI OVATITUEN, €AV TIAPEXEl VEEC AUCEIC Kal OV 17
onuIovpyei véa TipoAnuata. MOvo o€ auTh TNV TIEPITITWON N Kovwvia Ba
gival UTIPOCTA aTIO TOUCG KATAVOAWTEG. Ol OpAdEC Ttieong Kal ol pUBUICTIKOI
OPYQVIOUOI TIPETIEL VA OTIOOEXOVTAl TNV ULTIOCTAPIEN TWV TIPOIOVIWV
vavoTeEXVOoAOYiac.

O1 TpéXovoeC OLINTNCEIC OXETIKA MPE TOUC EVOEXOPEVOULCG KIVOUVOULG TwV
VavoowHaTIdiwV atteuBvvovTtal 0Toug GUHBOANOPEVOULG HE TIC EPELVNTIKEC
OpaCTNPIOTNTEC TWV OXETIKWV Bepdtwv. H TIOANITIKA dpdon eival emtiong
arapaitnt) €4Av ol Kivouvol attodelxBovv 0Tl €ival  KOIVWVIKA [N
TIOPAGEKTOI 0€ PeEYAAO PBaBud. H duvatdtnta va KAteLOLVOEl TIOATIKA N
€peuva, ONAAdN 0 OPICUOC TWV TOUEWV TIPOTEPAIOTNTACG, OTIWG N €PELVA
OXETKA HE BOEuata  aoE@AAEIOG TG VAVOTEXVOAOYIOG, Yl TIC VEEQ
TIEPIBAANOVTIKEG AVCEIC, N NG VEEC IATPIKEC CUOKEUVEC, Eival €va peyAAo
TIAEOVEKTNUO TNG dnuociag xpnuatodotolpevng €peuvag. Emnpedloviag
TNV KatebBuvon TNG €peuvag oOTn  vVavotEXVoAoyia, 6a umopsi va
OVTOTIOKPIVETOl OTIC KOIVWVIKEC TIPOOOOKIEC KOl KOTA OCULVETIEID VA EXEI
BETIKO OIKOVOUIKO OVTIKTUTIO.

Ta TOAITIKA d1dAyUOTO ATIO TO OTOIXEio dev €ival véa. H EupwTtn Tdel
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AlgogVNoN €QOOVOVMV VOVOTEXVOAOVIOO TNV €TUICTAIN TOU MOAITIKOO
MnxavikoO

KOAG, OAAG €XEl VO MEIWOCElL TO KeVO Me TIC Hvwpueveg MoAiteie¢ kol TNV
laTtwvia o€ TTOAAOUC TOUEIC Kal yio TIOAAOUG dOeikteg. EmumAéov, n Evpwrn
EXEl VO TTOPOTNPENOEl TIPOCEKTIKA TNV €EEAIEN OTIC OVABVOPEVEC XWPEC NG
vavotexvoloyiag ottwg n Kiva, n Ivdia kot n Pwaoia. MoAAG eaptwvtal amno
TNV ETUCTNPOVIKL Kal TEXVOAOYIKNA ETUTUXIO OTNV ELPWTIN, TIPOKEIUEVOL VO
EVIOXUBEL N BacIK yvwaon Tng vAavoTEXVOAOYIOG OTOV TOPED TNE EPELVAC Kal
NG Prognxaviag, kal va pnv ayvondei n 1opdAANAN avdAykn yio KoAd
MOPQWMEVOLG €PELVNTEG TNG VOVOTEXVOAOYIOC OC€ €va KOOPO TIOAD

OVTOYWVICTIKO GTNV TIapaywyr] yvwongc.
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Alg0eVVTION €QOOVOVEV VAVOTEYVOAOVIOG OTNV ETTIOTALN TOU MoAITIKOO
MnxavikoO

KEDAAAIO 6

TO MEAAON THZ NANOTEXNOAOIIAZ

H kataokevooTikl Blopgnxavia eival 1000 TIOAIX 0G0 Kal N TIOAITIOMEVN
dlaBiwon Tou avOpwWTIOL, TIOU E£XEl UTIOOTEI TEPACTIEC OAAAYEC TOUC
TeAevtaiovg dVO aIWVEC. AUTO TIOU TNV E€TINPEACE TIEPICCOTEPO NTAV N
Blopnxavikn €TmavAcTaon Kal Ta TIPOKOTITOVTIO OTIOTEAECHUOTO NG OO0V
a@OopPa ToV XAALBA, TO TOIYEVTIO KOl T OAAO OOMIKA ULAIKG. ZTOV €IKOOTO
QIVO UTTIAPEE TIEPAITEPW PBEATIWON OTOV TOMEN TWV KATOOKELWV. TwpPQA,
TIPETIEL VA TIPOXWPEINOOULPE OTNV ETTIOUEVI @ACT, OTIOU TO ULAKA TwV
KOTOOKELWV Ba  €ival  OAO0  Kal  TUO  €AA@PUTEPA,  OVOEKTIKOTEPQA,
OIKOVOMIKOTEPQ, OTIOSOTIKOTEPO, KOBAPOTEPO KOl PE PEYOADTEPN OIAPKEIN
wng. Mo va emuteuxBolv autd TIPETIEL VA XPNOIPOTIOINCOUVUE TIC VEEC
TEXVOAOYIEC, OTIWC N vaAVOTEXVOAOYia. EISIKOTEPA N VOAVO-ETUCTAUN KOl N
VAVOTEXVOAOYIO TIPOKEITAl VO OAAAEEL OPOCTIKA TNV OIKOJOUIKY Blounxavia
T0 ETIOPEVO XPOVIa. H vavotexvoAoyia SIaBETEl pio oeipd attd dUVATOTNTEG
ME TIC OTTOIEC PTIOPEI va KOATOOTNACEN TNV PBIOPNXAvio TV KOATOOKELWY A&la
TWV TIPOOOOKIWV TNG ONPEPIVAC ETTOXNG. H vavotexvoAoyia TIpoo@EpEl
MEYOAUTEPN Odldpkeld {wn¢ OTa OOMIKA ULAIKA Kol TNV idla  oTiyun,
XAPNAOTEPO KOOTOC KATAOKELNG KOl OLUVINPNONG. ZTNV TIPAYUOATIKOTNTA, ME
TNV XPrion Twv vavoOAIKwv, N ouvinpnon o0&V Ba Pag aTTaOXO0AEL yio TTapa
TIOAD KaIPO. ZTIG TIEPICCOTEPEC TIEPITITWOEIG, N XPHON EVEPYWV LAIKWV TNG
vavotexvoloyiag Ba dwaoel TV duvatoTNTa OTOLC XPNOTEC TWV KIIPiwV va
T0 OUVTNPOUV MPE TIOAD XOMNAO KOOTOG. AUTO TIOU QTIAITETON €ival n
0é0PEVON TNCG ETUCTNMOVIKAG KOWVOTNTAC Yyia £PEuva OTNV  AVATITLUEN
KATAAANAWY EQOPPOYWV TN VAVOTEXVOAOYIOC KOl TWV VAVODAIKWV yla TNV
Blopnxavia Twv OOMIKWV  KOTOOKELWV, KOBWC Kl IO OTEVOTEPN
ouvepyacia MeTaL NG  Plognxaviag NG VOVOTEXVOAOYIOC Kal NG
KOTOOKEVLOOTIKNG  Blognxaviog, Oa@evog, Kal  O@ETEPOL  PETAEL  TWV
KOTOOKELAOTWY KAl TWV KATOVOAWTWV.

H xprion twv vavoOAIKWY UTIOPEL va BEATIWOEL TNV PELOTOTNTA, TN dVVAUN
Kal TNV avioxy TOU OKUPOJEPOTOG. Ta VOVOUAIKA €xouv €Ttiong T
duvaToTNTa va XPNOIYOTIoIN60oLV yia TN PBEATiwoNn Kal TNV €vioxXuon Twv
IOI0TATWV TWV AVTISIOBPWTIKWVY ULAIKWVY. H vavotexvoAoyia eTETPEYPE OTIQ
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AlgogVNOT EWAOVOVKV VAVOTEXVOAOVIOK GTNV €TTICTALN TOU TTOAITIKOU
MnxavikoO

ETUOTPWOEIC TWV OOMPIKWV ULAIKWV VO OTIOTEAOUV TNV TIO OCNUAVTIKN
EQAPPOYN TNC VAVOTEXVOAOYIOC OTOV TOMUEN TWV KATAOKELWV. Ta vovo-
TIPOIOVTA OTIWC APXITEKTOVIKA XPWHATA, OTEYAVOTIOINTIKA VEPOU Kal LAIKA
OTIOKOTAOTOONG  ETUQPOVEIV  XPNOIYOTIOIOUVTIAl OTI( KATOOKEVEC — Kal
TIPOOPEPOLV OVOEKTIKOTNTA OTIC XAPAEEIC TWV ETUCTPWOEWV TWV dATIEdWV
oo  BIVOAIO Kal OTIC MOVWTIKEG ETUKOAVUYEIS. Ta  VOAVO-TEXVOAOYIKA
TIPOIOVTO KAl Ol EPOPMOYEC TOUC, METAEL TwV AAAWV, PTIopEi va auv&noouv
TNV amodocn o€ OxECN ME TNV TIPOCTACIO OTIO TIC LUTIEPIWDEIC OKTIVEG, TNV
dla@Avelo Twv OOPWV KOl TNV OVTIOTOON OToug PUTIOUC KOl TIC OCMEC.
EmmAéov, Ta ETUXPIOPOTO VAVOTEXVOAOYIOC MTIOPEl va eTUTPEYPOULV TN
dnuiovpyia avto-kaBopIlOpeEVWY  ETTIIPAVEIWV. (Zhi, 2008). ToOAAeC aTtd
OUTEC €XOLV NON evowWUOTWOE oTa TOTHPIO, OTa TIOPABupa Kol OTIG
UOPAVLAIKEC EYKATAOTACEIC.

Oa TpeTEl, BERaIA, va yivouv oOBOPEC TIPOCTIABEIEG WOTE N EICAYWYH TWV
MOBNUATWY  VOVOTEXVOAOYIOC OTa TIPOYPAUPATA OTIOLdWV, OAWV  Twv
TIOVETUOTNUIOKWY OXOAWV TIOU OXeTI(ovTal HPE TIC OETIKEG ETIOTAUES, Va
gival emPeRANUEVN. XwpPIiC CLUCTNUATIKN EKTIAIOELON CTIC VOVOTEXVOAOYIEQ 170
oev egival duvatr) N AVTIPETWTION TWV TIPOKANCEWV TIOU OXETI(OVTal PE TNV
vavotexvoAoyia. 'Exouvpe 1dn kabuoteprioel TIApa TIOAD, O€ GXECN ME TIC
GAANEC XWPEC OTIOL LTIAPXEI UEYAAO QACHO OTIOLOWV CTNV VAVOTEXVOAOYia
o€ OAa 1O eTTITIEDQ.

O d18GoKwv Ba TIPETIEl va avatpegel o oTolxeio oL dev dIdAXONKe oTa
TIAQioI0 TV TMAVETUOTNUIOKWY TOU ZTIOUdWV OAAG €TTioNg Ba TIPETIEL
ETIIONC VA XPNOIKMOTIOINCOEl  KOTAAANAO  TIPOETOINOCHEVO  EPYACTNPIOKA
TiElpAapaTa r/kal dpaoTnpIOTNTEG, OTIWC KAl ETIOTITIKO UAIKO TIPOKEIUEVOU VO
TO aVOOEIEEl TNV ONUOCIO TWV OXETIKWV QAIVOUEVWY. Ziyoupa 0 POAOC TwWV
MOVTEAWV, TNG TIPOOOPOIWONG Kol  TNG  EIKOVIKAG  TIPAYUOTIKOTNTOG
TIPOOPEPETAL IDIAITEPA YIO TNV SIOOCKOAIQ TETOIWV BEUATWY TIPOKEIUEVOL Ol
MOONTEC va  «EPPuUBICOBOVYV» OTOV MHIKPOKOOWO Kal  va  guBabivouv
KOTOVOWVTOC TNV ATOMIKN Tipaypatikomnta, (Kapakaoidng, Bapouyuldg,
2006).

O1 TtpoPAnuaTIodoi TIou TiBevtal a@opolV TOUCG EUTIAEKOUEVOUC APECO 1
EUUECO OTNV EKTTIAIOEVTIKN dladikaaia kol 0Xl otnv OIdAKTIKN peBodoAoyia

oUTr KABE auTr) KOBWC KATI TETOIO ATIOTEAEI Oiyoupa TO AVTIKEIUEVO TTOAAWV
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AlgogvNon €QOOVOVV VOVOTEXVOAOVIiiX GTNV €TTOTILN TOU MOAITIKOD
MnxavikoO

Kal SIOPOPETIKWV ETUCTNHUOVIKWV-EPEVVNTIKWV TIEDIWV.

Emeldry avtiotoixe¢ TpooTidbele £€xouv ndN LAOTIOINOEI Ot XWPEC TOL
€€WTEPIKOL Kal 1dlaitepa oti¢ HMA Ttapouaoialovial oTnv €Pyacia Pag autn
OPIOUEVEC OTIO AUTEC TIC TIPOOTIABEIEC TIPOKEIPEVOL VO EVNUEPWOOULV ol
oppodiol TTapAyovieg. Ol EQAPUOYEG av Kal €YIVaV O SIO@OPETIKA ATIO TO
EANVIKO eKTTOIOEVTIKA CUCTAPOTO  KpivovTtal IBIATEPA  ONPAVTIKES  YIA
EQPAPPOYN META OTIO KOTAAANAN OVAUOPEWON - TIPOCOPPOYr OTa TIAdicIa
TOU EKTTAIOEVTIKO OULOTAPOTOG MOG. AC EATIIOOUME OTl PE TIC KOTAAANAEQ
UTTOOO0MEC, TIOL Ba TIPETIEL va dnuiovpynBolv AUECO KOl PE TIOAAR Kl
ocofapr] doULAEId Ba KOAUWOUPE TO XOMEVO €D0@OC yia TNV ElCAywWyr NG
VavoTEXVOAOYiIag otnv Kadnuepivr) {wn oTnv Xwpea Pog.

AgiCel va onuelwbei ot €1dIK& otic HMA uTtdpXouv TIPWTOROLAIEC yia TNV
OlIAd00N TWV OXETIKWV YVWOEWV KAl  OT0  XOPNAOTEPO  ETTITIEd
EKTIaIdELONG.

Eivat oiyoupo ou 6a xpelaotei va ouvdeBolv 01 YVWOEIC OTO ToV
MIKPOKOGOHO Kal TOV UIKPOKOOMO Yl TO AOYO OUTO Ol UNXOVIKOi Kal ol GAAOL
ETIIOTMOVEC TOL XWPOUL Ba TIPETIEL VO £XOULV SIETUICTNHUOVIKA TIPOYPAUMOTA. i
H e@appoyn MIO¢ 10XLPNE VAVOTEXVOAOYIOC OTO XEPIO TWV TIOAITIKWY
MNXOVIKWV TIPETIEL VA €ival EvOg OTIO TOUG POKPOTIPOBECTUOLE OTOXOLCE TNG
EMIOTAUNG. MEoa amd TNV TIOPACKELI CUTOAVATIOPAYOPEVWY POUTIOT Ol
VOVOTEXVOAOYIKEC €@APHPOYEC Ba pttopoloAV HE T OEIPA TOUC VA
XEIPAYWYoouv TNV UAn OTnV OTOMIKA KAIJOKA, Ta KTipla 6a prtopovoav va
KHUEYOAWOOUV» OTIO €Vav 0WPO TWV LVAIKWV, 01 ETIPAVEIEC Ba pTTopoLoaV
va KaBapidovtal Pe TNV aVOKUKAWGT NG PPWMIAC, Kol N alBaAOpiXAn 1ou
Ba pTopolOE va METATPETIETON O OEUYOVO. MEQPULPEC Kal GANEC MPEYAAEC
KOTOOKEVEG TIOU ULTIOKEIVTAI OTO @AIVOUEVO TOU GCUVTOVIOUOU AOYW TWV
OVEUWV Kal TWV CEICPWV Ba prtopoloav va HPETABAAOLV T dOPr Tou(
€ELTIVO  yId vO  TIPOOOPPOOTOUV OTIC KATATIOVNOEIS. AOKKOUBeC 6Ba
MTIOpOLCaV VO «BEPATIEDCOLV TOV EAUTO TOUG».

Edv kai otav n vavotexvoloyia Tepdoel otnv Kabnuepivry {wr], &V
TIPOKEITAl VO ETUQPEPEL €EWTEPIKA OPAUATIKEC OAANayEC. TMavta Ba apécoel
OTouC¢ QavOpwWTIoUC Vva KABovtal oTa  UTIAIBpIa  Ka@E, 0WC  OKOWN
TIEPIOCOTEPO AT OGO CrUEP, APOU 0 EVOXANTIKOC B0PULBOC TWV KIVNTHPWV

EOWTEPIKNG KaLuoNg 6Ba €xel avTIKOTOOTOBEl OTIO JIOKPITIKO, CUPICTIKO
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AlgoglvNON EQAOVOVAOV VAVOTEYVOAOVIOG GTNV €TTICTALVN TOL TMOAITIKOV
MnxavikoO

BouBo oav ekeivov TIOU OKOUYETOlI OTAV  KAEiVEL HIa  @payr]  TOu
dlaotnuoTiAolou Enterprise otnv tnAeotttikn) osipd Star Trek. Tn duowdia
TWV Kavoagpiwv Ba €xouv dladexOei OTIOPADIKEG, OXEDOV QAVETIAICONTEC
avabuUIAoEl JEBAVOANG, MIOG TIOU AUTH T Ba TPOEOSOTEI TIC KUWEAEC
Kavaipgou. H egumtnpétnon ota Kag@é Ba eival TTOAD ypriyopn: n €TUAOYN UE
TNV 0Qr] oo TOV NAEKIPOVIKO KoTdAoyo Ba kivnrortolei Tnv kouliva. O
TIEAATNG Ba TIANPWVEL TO AOYOPIOOUO, QPEPVOVTAC CGE ETTAPH TN XPEWOCTIKN
KAPTO TOU PE TO GUUPBOAO TOL ELPW TIOL BA €ival EKTUTIWHEVO OTO AKPO TOU
KataAoyou. Mo 1a @odwpruata Ba e€akoAovBolV va XPNCIYOTIOIOUVTAl
METPNTA, 0@OL NXoLV TOCO ELXAPICTA KOl, AAAWOTE, B0 PEPOLV ETIIKAALYN
LYIEIVAG OTTO aVTIBOKTNPISIOKA VOVOoWUaTidld. Ol  VOAOTIIVOKEG TWV KOQE
Ba eival TTOAD akpIBotepol, €Teldr] Ba eTUTEAOUV TIOAAEC AEITOLPYIEC -
OULVETIWG, TO TEAIKO KOOTOoC 6o eival pIkpOtepo: Ba  amwbolv Vv
okaBapaia, Ba sival avBekTikd otn xdapaén, 6a okoupaivouv, OTav 10 PWC
gival TTOAU évtovo, Ba PETATPETIOUV TO PWC OE NAEKTPIKN EVEPYEID Kal, OTAV
Xpeladetal, 6a avafouv oav TEPACTIEC 000veC. Oa gival SIOOKESACTIKO va
TIOPOKOAOULOEl KAVEIC TTayKOCGUIO TIPWTABANUATA padi YE GANOULG BAUWVEG 17z
MéOO OTa KA@E | UTIPOCTA oTa Ttapabupd toug. OTtav WPIPNACEL 1| vavo-
NAEKTPOVIKN, €ival TIIBavOY  va dnuUIoupyndBoUV CUCKEUVEC EVIUTIWOIOKNC
Kouyotntag, OTw¢ €vag Tipaypotikog PDA  (Personal  Digital
Assistant/TipoowTIKOC PYN@IOKOC Bonbog) o OXNUA TUOTWTIKNG KAPTOG
(6x1 Ttwg dev  Ba PTTOPOUCE va ETITELXOEI Kal PIKPOTEPO PEYEBOC, OANG
ETEION Oa TIPETIEL va gival TIPWT ATt OAA €UXPNOTOC YIO TA avOpPWTIIVA
XEPIO).

To Ttapayouevo TIPoidV NG VOVOTEXVOAOYIaC PTtopel va gival évag padpog
MOT MOVOAIBOG, XWPIC e€U@AVEIC OOPEC, ME TIC MOUPEC ETUPAVEIEC VO
OUAAEYOUV NAIOKO QWC Kal VO TO PETOTPETIOVV OE I0X0. Oa €ival avOeKTIKO
otn XApa&n, ETUKAAUMHUEVO HE AETITOTATO OdAUAVTIVO OTPWHA, KATW aTIO TO
oTtoio Ba vTIApPXeEl AETTT TUECOKEPAMIKY OTIBAdA, TTIOL Oa METOTPETIEL TOV
NXO OE NAEKIPIKN TACN, WOTE VA ETUTPETIEL TN QWVNTIKA ETUKOIVWVIA.
duolkd, Ba e€ao@aAilel e€miong TNV OTTIKA Kal acUpuatn petaBifoon
oedopevwy. To idlo TIpoidv Ba PTIopEi va €xel €TtioNg 0pacn, HECW €VOC
ETTEDOL (PAKOU KAl EVOC METATPOTIEA EIKOVWV HEYAANG OIOKPITIKIG

IKavotntag. Katd BouAnon, Ba avdfel aav 00ovn, TapEXOvTag €101 OE pia
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OUOKELN POYVNTOPWVO, QWTOYPA@IK pnxavr), BIVIEOKAUEPA, TNAEOTITIKO
O0KIN, KIVNTO TNAEQPWVO KaOl, HECW TOU OOPUPOPIKOU CULCTHHATOG
eviotuopol GPS, ponbnua TmpocavatoAlopol. Oa  gival  IKavo, otav
Xpeladetal, o éva TIAPIOIVO Ka@e, va OdloPAcel, va HETAQPACEl Kal va
€€NyNoel TOV KATAAOYO, VO MPETARIBACEL TNV TIOPAYYEAID KOl VO TIANPWOEL
T0 AOyoploopo. Oa avayvwpilel @UOIKA TN @wvh Kal 1o OAKTUAIKO
OTTOTUTIWHO TOU OTOPOL TIOL Ba €XEl TNV ABEID VA TO XPNOIYOTIOIEL Kal, €101,
0o auTO-TIpoCTATEVETAl ATIO Katdxpnon, (Schulenburg, 2007). OAa 10
TIOPATIAVW OTIOTEAOUV i0WCG OTOXOU( ETIICTNHOVIKAG @OVIACiog yio Tnv
vavotexvoloyia GAAa to péANOV Ba deifel av Ba Toug Ttpoceyyioel n Ba
Tipoxwprioovue otnv Miko-texvoloyia, (Pico-technology), 1 akoun ko1 otnv

depto-tEXVOAOYia, (Femto-technology).
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