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Abstract

The effectiveness of the use of educational models in order to achieve comprehension of basic
concepts of science is continuously under review. Especially when it is about the representation of the
basic structures of matter such as: the atomic model, particle physics, the duality of matter. The
objective of this study is to select the most appropriate educational model of the atom so that it can be
used as the basic component for computer simulations. Based on that educational atomic model we
will construct many simulations aimed to depict many physical phenomena with particular emphasis
on interactions among atoms and not only the movement of only one atom as a wide range of software
packets usually does.

Introduction (Our Work’s Frame — The Questions — Qur Purpose)

An important concept in science’s curriculum, for every education level, is the structure of
matter. There have been proposed many didactic approaches about teaching that subject.
Many studies have concluded that in order to succeed in a comprehensive, and coherent
knowledge teachers should use epistemology references, educational models and references
about scientific theories of Modern Physics. (Kalkanis G., Stavroy D. et al 2002, Mikelskis-
Seifert S. 2002, Mikelskis-Seiferth S. and Leisner A.J. 2005, Clement J. 2000, Harrison Allan
G. and Treagust David F. 1996). The use of references about the micro-world in a lesson
may produce many of student's misconceptions mainly because they are used to think in a
more macroscopic way. For example many students use the planetary system as an
appropriate analogy of an atom's structure, where the sun is the nucleus and the planets are the
electrons. Interaction with pupils or students about their comprehension on: how an
educational model works, usually come across the same conclusion. That there are some
misconceptions that keep appearing more often than others. (NtaAaovtn I1. kou Toamaping I
2004, Warren J. 2003, Petri Juergen and Niedderer Hans 1998)

The frequency of pupil's/student's misconceptions that we come across during the discussions
about the structure of the matter lead us to the following questions:

e Is it possible for pupils/students to realize if an atomic model is consistent with Modern's
Physics Principles?

e Can they describe in micro-worlds level a physical phenomenon with the use of an atomic
model?

e s there an atomic model that pupils/students may choose (with their own criteria) to use it
in simulations?

Our aim in the present study is to select an atomic model that will cause the less
misconceptions. A selection among the most common models we can come across in
bibliography and in relevant software educational suites that use simulations. The key point of
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this study is that we don't look for an atomic model that can represents the Hydrogen atom, as
many studies do, but we are looking for the representation of a more complex atom, with
many electrons that will be ideal for simulating various physical phenomena and that will
contribute in our basic aim to represent those phenomena in micro-world’s level.

Our Proposal and Methodology

According the bibliography for schools, universities and in scientific articles about science
education, there are mainly two types of atom’s models:

1. Those that are based on Bohr’s Model
2. And those that are based on the Quantum Mechanical Model.

Those two types got some advantages and disadvantages regarding science education. In our
study we selected and worked with the most wide spread models (Table 1). Of course there
are many other. We selected atoms that were based on different theories, and that were
suitable for designing simulations of physical phenomena, by drawing snapshots on paper. In
the following table we note the advantages and disadvantages of every model according
relevant bibliography.

Table 1: A comparison table of the atomic models we selected for our study.

Key Characteristics: Electrons are fixed on orbits around the
nucleus.

Advantages: Based on the widely established (in education) Bohr’s
Model.

Disadvantages:

e No explanation of the stability of atoms,

e (Can’t be used for explanation of chemical bonds

e Not in agreement with quantum mechanics and modern Physics’
Theories
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Key Characteristics: To Electron consists of an extended
continuously distributed substance called “Electronium”, which is
distributed around the nucleus based on probability density. There is
no movement of the electron. White color symbolizes something
possible and black something impossible. It’s an atom’s intersection.

Advantages:
e Interpretation of the solutions of the Schrédinger equation
e (Can be used for explanation of chemical bonds

e In agreement with quantum mechanics and modern Physics’
Theories
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Disadvantages:
e Misconceptions about sub atomic particles
e No repulsive forces interact between electrons




Key Characteristics: Ta Electrons are like point objects with a
specific probability at a certain position. The number of those points
increases as time goes by creating areas with different probability
density. It’s an atom’s intersection.

Advantages:

e Interpretation of the solutions of the Schrédinger equation

e (Can be used for explanation of chemical bonds

e In agreement with quantum mechanics and modern Physics’
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Disadvantages:
e Misconceptions about sub atomic particles
e Unsuccessful representation of atom’s movements

Key Characteristics: Electrons are like point objects that appear
and disappear randomly in an specific area . Nucleus is consisted of
nucleons.

1(:/[ Advantages:
d e Electrons are point objects but their movements are in areas,
o according their probability’s density.
1 e (Can be used for explanation of chemical bonds
Disadvantages:
D e Not in agreement with quantum mechanics and modern Physics’
theories
e FElectron and nucleons movements and sizes can produce
misconceptions

Key Characteristics: Electrons are like point objects that appear
and disappear randomly in an specific area . Nucleus is also a point.

M
0 Advantages:
d e Electrons are point objects but their movements are in areas,
e according their probability’s density.
1 e Can be used for explanation of chemical bonds
Disadvantages:
E e Not in agreement with quantum mechanics and modern Physics’
theories

e Nucleus got no structure

(Anuomoviog 2005, Mikelskis-Seifert S. 2005, Dimopoulos V. and Kalkanis G. 2004-5, Budde M.,
Niedderer H et al 2002)

The models above are 2D representations. Three of them are intersections (Models A,B,C)
and the other two are like observing their 3D representation (Models D,E). The last two, when
the electrons are near the nucleus is supposed to be in front of the nucleus as we observe the
atom from a distance.

The sample

In our survey participated 18 undergraduate students ( 4 men / 14 women) of the Pedagogical
Department of Primary Education (National and Kapodistrian University of Athens ). Because




of their recently graduation from high school we can think of them partially as pupils (most of
their knowledge about physical phenomena comes from their school years), and because they
are studying to be teachers and they were interested in the subject of teaching science lessons
we can also think of them as teachers-to-be. We organized five meetings with those students.

The methodology of the survey

In our department every student must attend our Physics Lab. (Is a mandatory lesson). The
lab’s duration is two semesters, once a week, for two hours. Because there are many students
and they cannot work altogether at the lab, we split them in number of groups that perform
their exercises, different days and hours. From six of those groups we selected randomly three
students for our survey. We performed 5 meetings (once a week for one hour each) for five
weeks.

In our first meeting we gave them a pre-test with five (multiple choice) questions about the
atom’s structure, about the structure of a solid body, what happens to atom’s movements and
distances in the solid body if we increase the temperature and one question about the structure
of metals and electron cloud.

After the pre-test all the students attended a lecture about the atomic theories (old and
modern), advantages and disadvantages of each, an explanation about chemical bonds, a
quick presentation about Lennard — Jones potential. The structure of matter (solid-liquid-gas)
and how the atoms move. And finally the way the electron cloud moves inside the metals. The
purpose of that lecture and the pre-test was to discover if the students in our sample had
questions or misconceptions about the subject of our survey (and the phenomena that we were
about to experiment with).

After that first lecture and before every other meeting, we introduced to the student one of the
five atomic models (Table 1). Every meeting was dedicated to a different model. There was
always a simulation ready for every model, so that the students can watch the model in
motion. After the presentation of the model, the students had to complete a work sheet.

In the work-sheet first of all there was a question. We were asking the students to describe if
the specific model, as an image or as a moving image is clear for them what it represented. If
there was something that they thought it should be different. After that question there were the
snapshots. We were asking them to draw snapshots of physical phenomena into the micro-
world (two for every phenomenon) using the specific model as the representation of the atom.
The importance of drawing snapshots is obvious. By drawing two snapshots for every
phenomenon they could present how they imagined a representation of the matter, using every
atomic model. The phenomena that we asked the students to visualize were:

e Snapshots of the atomic model in two different times.

e Four (at least) atoms moving inside a solid/liquid/gas as we increase their kinetic energy
by rising the temperature of the environment.

e Two atoms in a chemical bond (Covalent Bond)

e The inner structure of a metal and the interactions between ions and electron cloud (with
or without a potential)



The snapshots that were produced from that procedure allowed us to observe how the students
imagined and designed all those physical phenomena and the interactions of the atoms, or
atoms and electrons into the micro-world. That way they realized that some models were
more suitable for that process that others.

After every meeting the participants had to decide and judge each model according to a
grading scale (Very Poor, Poor, Average, Very Good, Excellent) for every phenomenon. They
could rank as Excellent more than one models.

At the end of our meetings the students had worked with all the atomic models and they had
decided which models had advantages and disadvantages from an educational and/or
scientific point of view.

The results

Beginning with the results of the pre-test we have to note that most of the students were
completely correct. Obviously most of the students could imagine and describe the structure
of the matter in a micro-world level. At the first question of work sheets all the students could
understand what every model represented and tried to draw the representations we were
asking them. The results of the participant’s grades for every model are in Table 2. Those are
the grades of all the students, even if their snapshot were scientifically incorrect.

Table 2: The evaluation of the atomic models from the participants.(All the answers)

The percentage of students that evaluated the model as “Very
Phenomena to draw: Good” or “Excellent”

Model A Model B Model C Model D Model E
an atom in time 78% 11% 33% 83% 78%
atomic movements as the

. 72% 6% 6% 83% 78%

temperature rises
a chemical bond 39% 6% 22% 78% 83%
the structure of a metal 56% 6% 6% 83% 83%

We can point out that participants seem to prefer atomic models were the electrons are point
objects, especially Models D and E where their main difference is the visibility of the nucleus.
Their preference to those models was stronger for the more complex phenomena. On the other
hand when we asked for the simple representation of an atom, they also preferred Model A
(which is actually Bohr’s Model).

The snapshots of the micro-world that the students designed wasn’t correct (scientifically)
always. Some students thought they had understand the way to represent for example the
chemical bond but their designs were wrong. Especially when they were using the Model A.
Then the electrons that participated in the bond seem to be static and so was the atoms. Those
designs were similar with those static drawing that we usually come across in chemistry’s



school books. When they were using other models for the same phenomenon, at the area of
the bond the was a larger density of electrons, between the atoms.

Mistakes like the ones we mentioned about the chemical bond we could also found at the
structure of the metals. A common mistake was that when there was a electric potential
present near a metal, all the electrons (from the electron cloud and from ions) were moving to
a certain direction. Leaving only the nucleus behind. According the above observations we
ignored the evaluations for models that their snapshots were incorrect. We removed those
results from Table 2 and we constructed Table 3.

Table 3: The evaluation of the atomic models from the participants.(Only the scientifically correct the
answers)

The percentage of students that evaluated the model as “Very
Phenomena to draw: Good” or “Excellent”

Model A Model B Model C Model D Model E
an atom in time 78% 11% 33% 72% 78%
atomic movements as the 61% 6% 6% 78% 78%
temperature rises
a chemical bond 11% 6% 22% 72% 83%
the structure of a metal 44%, 6% 0% 67% 83%

After Table 3 we can point out that the Model E was evaluated with the higher grades and the
participants used it successfully for their snapshots for all the phenomena. The second best
was Model D.

Conclusions — Evaluation

This study was the beginning of a survey that will lead us in adopting an educational model of
the atom that will be used in simulations of physical phenomena, in micro-world’s level.
According to our observations on students evaluations of the models, they seem not to prefer
Bohr’s Model or a model that is like a interpretation of the solutions of the Schrodinger
equation for the representation of complex physical phenomena. Because it is necessary for us
to be able to represent various physical phenomena into micro-world’s level, we find useful
those atomic models that simulate complex phenomena. So the questions at the beginning of
the study were answered successfully by the students. There is an atomic model that they
selected, that they can understand it, and use it correctly.

Our survey’s participants were students of the Pedagogical department. Future teachers but
still students that are trying to learn and understand Modern Physic’s theories. Already during
their lessons at the university they have started to compose and design their own educational
models that they will use in the future as teachers. Our aim is to help them, by providing
simulations for the demanding subject of the micro-world.
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Hepitnyn

H oamoteleopatikdomnto | pun ¢ YPNONG EKTAUSEVTIKOV HOVIEA®V TPOKEWEVOL Vo emttevyfel m
KATOVONGOT POCIKMOY EVVOLOV TV PUOIK®V ETIGTNUOV givor povipa vrd eEétaon. Edwd og 0Tt €xet val
KOVEL HE TNV TOPOLGINoT TOV POCIKOV OOUOV NG VANG OT®MG: TO VTO-ATOUIKA COUOTIOW, TO
E0MTEPIKO TOV TPV, TO GTOLYELDON GOUATIA, TO OVIGUO TNG VANG. XNV TOpovGO. EPYACIN GTOXOG
glvar M emAoyn TOV KOTOAANAOTEPOL EKMUIOEVTIKOD HOVTEAOV TOV OTOUOL TPOKEWEVOD V.
xpnoomonBel cov dopkd oTotyelo yia T dnpovpyia ontikKonomoewy / Tpocopoiwcemy. H emioyn
aVTOV TOL OOMIKOV GTolXElov 0o mpémel vo yivel pe yvopova 1o 0Tl Oa ypnoonombel yoo v
TPOCOHOIMOT] PLGIKAOV EUIVOUEVOV 0T oTtoio, dtaitepn Eupacn Ba divetar oTig aAAnAemdpaoelg
petaéld Tov atopmV Kt Oyl omAd 1 TopovciooTn Vo Kol HOVO KIVOUUEVOD OTOUOV OO GUVAVTOLE
ocvVNBwg 6g avTioTOol o AOYIGLUKA (J1dIKTLAKA 1) L) Kal otn diebvn BifAtoypapia

Abstract

The effectiveness of the use of educational models in order to achieve comprehension of basic
concepts of science is continuously under review. Especially when it is about the representation of the
basic structures of matter such as: the atomic model, particle physics, the duality of matter. The
objective of this study is to select the most appropriate educational model of the atom so that it can be
used as the basic component for computer simulations. Based on that educational atomic model we
will construct many simulations aimed to depict many physical phenomena with particular emphasis
on interactions among atoms and not only the movement of only one atom as a wide range of software
packets usually does.

Ewayoyn (To MAaicwo — Ta Epotipota — O X16)01)

‘Eva Bacikd koppdtt g d0aKténg VANG TOV QUCIKOV ETCTNUOV Y10 OAQ TO EMITESQ TNG
exmaidogvong amotedel To BEpa g doung g YANG. ‘Eva 6épa mov etvar vmod diepedivnon, mg
TPOG TOV TPOTO TPOCEYYIonG Tov. Epevveg Exovv deitet 0Tt yia va emitevyBel ) kotavonon tov
OVTIKEYUEVOD OMOUTEITOL 1) YPNON EMGTUOAOYIKAOV OVOPOPADV, EKTOOEVLTIKOV HOVIEAMV
KaB®OG Kol o1 avapopéc oe gpeuvnTikd dedouéva g ovyypovng euvowkne. (Kalkanis G.,
Stavroy D. et al 2002, Mikelskis-Seifert S. 2002, Mikelskis-Seiferth S. and Leisner A.J. 2005,
Clement J. 2000, Harrison Allan G. and Treagust David F. 1996). H 61dackoiio e avapopég
0TO HKPOKOGHO OMpovpyel TOAAES POPES TAPOVONGELS GTOVG LadnTéG Tov €yovv cuvnBicet
Vo GKEPTOVTOL [E VAV TO HOKPOCSKOTIKO TpOTo. ['a mapddetypa n cvovning avaywyn otav
OKEPTOVTOL TN SOUN TOL OTOUOV HE TO TAAVNTIKO HOVTEAO givar evdekTiky), 6mov o "HAlog
nailel To pOAO TOVL TLPNVO TOV ATOUOL KOl Ol TAAVNTEG TO POAO T®V MAektpoviov. H
aAAMAETIOpaOT HE TOVG HAONTEC N POLTNTEG Kat 1) OlEPEHVNOT TOL KOTA TOGOV UTOPOVV VL.
avTAneBovV 1 OYL TL AVTITPOSMTEVEL £VOL EKTOLOEVTIKO HOVTEALD KATOANYEL TOALEG POPEC GE
mopopole cvumepdospota. Ot dnAadN VILEPYOLY KATOES, CLYKEKPIUEVEG TOPEPUNVEIEC TOV
ocuvavtdpe ovyvotepa amd dAlec. (Ntahaovtn I1. kot Toamaping I'. 2004, Warren J. 2003,
Petri Juergen and Niedderer Hans 1998)
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Avt| n ovyvotnTa pe TNV omoia cLVOVTAUE TIG oLVNOES Tapepunveieg TOV PadNTOV
/pourtnT@v Yo TN doun NG VANG Kol MO GLUYKEKPIUEVO Y10 TO OTOMKO TPOTLTO 0dNyel o€
GUYKEKPIULEVA EPOTILATOL:

e Mmopolv ot pobnTég/ortnTég va avTIAN@OoVY av €va atopukd TPdTLTTO Eival GOUE®VO LE
TIG OPYEG TNG GVYXPOVIG PUGIKNG;

e  Mmnopolhv pe KAmowo atopkd TPOTLTO, GOV OOUKO GTOLKEl0 TG VANG, Vo Teptypdyouv
KATOL0 PUGIKO PALVOUEVO UIKPOGKOTIKE,;

e Ymdpyel KOmMOWO OTOUIKO TPOTLTO 7OV VO, UTOPOVV VO TO EMAEEOLV (UE OKE TOVG
KPLTNpLoL) KoL TOVTOYPOVA VO, TO YPTGLULOTOLOVV LE GOOCTO, EMGTNUOVIKE, TPOTO;

210%0G TG Tapovcag epyasiog eivatl n emA0yN evOg LOVTELOL Yl TN OOUT TOL OTOLOV TOL VO
amoPeVYEL TNV TPOKANGN Tapepunvel®v. Emhoyn evog mpotdimov péoa amd 6o Pmopel va,
ouvavINoEl Kavelg oty 01ebvi) PBiAloypaeio kot og S14popa AOYIGUIKA TOV TEPIAAUPAVOLY
npocopolwoels. ‘Eva Pacikd otoryelo mov kdvel avt) v €peuva vo. JSlapEPEL o
npoyevéoTepeg TG PLAoYpapiag elval 6Tt dev apopd To ATOHO TOV VOPOYOVOL. AE LEVEL GTNV
amA] €QUPUOYY] €VOC TPOTLIOL GTO MO OTAO GTOHO TNG QVUONG, OAAGL EMOIDOKEL Vo
YPNOLOTOGEL £VOL ATOUO LE TEPLOGATEPO NAEKTPOVIO, DOTE VAL EIVOL IKOVO VO TPOGOUOIDGEL
0€ LETAYEVESTEPO GTAOL0 TN OO OTEPEMV, VYPMOV Kol 0epimV, KABDS Kol OAANAETIOPACELS
petaéy tov atdépmv. H ypron avtod tov mpotdhmov, cov dopKd GTOLEIO Yo TV KOTOGKELY|
TPOCOUOIMGEWV oL Ba Tapovstdlovv TANB0C PuoK®V Patvopévev Kot Ba cuppdiet oty
gpunveion Toug péEcO amd TO TPICUA TOL WKPOKOGHOL €lval 0 KATOANKTIKOG OTOYOG NG
épevuvoc.

H Ilpoétaon — H Me@oooroyia

2oppova pe t oxetikn Piproypapio gite avt) €xel vo KAVEL LE TOL GUYYPOVO GYOAIKE Kot
TOVETIOTNUOKG GUYYPAUUATO, €1TE €€l VA KOVEL HE TIS EMOCTNUOVIKEG ONUOGIEVCELS KO
OVOKOIWVAOOELS TOV TEAELTOLMV ETMV, 01 TPOTOL TOV EMAEYOVTOL Y10 VO ToPpAcTodEl £val ATOUO
yopilovion o€ dVO KLPLEC KOTNYOPIES:
1. TIpotumo mov mapoanépmovy 6o dtopo Tov Bohr
2. IIpoétuma mov wapovctdlovy 10 AToHo COUP®VO LE TIG apYES TS KPavTikng Bempiog
(o dopopeTikd Pabuod to kdbe Eva)

Ot dVo awtég Katnyopieg mapovctdlovy KAmolo TAEOVEKTNUOTO Kol LEWOVEKTHUOTO GE OTL
aQopd TN OWACKOAIL TOV QUOIKOV EMCTNUOV. XTO TANICIO TNG TAPOVCHS EPYOCIOG
eMAEYOMKAY KATOw amd To WO SLOOEGOUEVO ATOUIKA TPOTLTO. TTOL UTOPEL VO, GLVOVINGEL
kavelg otn PipAloypaeio. Ymapyovv @uokd Kot GAAQ, 7OV OUMG GE YEVIKEG YPOUUES
Bacilovtal otig 101eg apyég He avTd Tov £yovv emideyel. LkomOg TG EPELVOS OEV NTAV TO V.
eMAEYEl KATO10 LOVTEAO TTOV VO OVOTTOPIOTA OTAG [LE ETITUYIO TNV EIKOVA EVOG ATOUOV, OAANL
Kol vo. pumopel vo xpnotpomonbel yio vo. TPOGOUOUDGEL PACIKA POIVOUEVO TOV (PLGIKAOV
EMOTNUOV OTMG: TOVE YNUKOVG OeGLOVG KABMG Kal TIG AAAAYEG OTNV KATAGTOOT TG VANG.
Ta povtélo mov emAéyTray mapovcstalovtal otov mivaka 1. Ot mapatnpnoelg oTov Tivaxka,
OYETIKA UE TO, TAEOVEKTNLOTO KO TOL LEWOVEKTIATO TOV KAOE HLOVTEAOV TPOKVTTOLY OO TN
otk PipAoypapia.



IMivakag 4: Zuykpitiki TOPOVGINGCT) TOV ATOMK®OV LOVTIEAWDY TOL YPNCILOTOMONKAV 6TV €pgvva

Movtélo A

Movtého B

Movtélo I

Kopuo yopoxtnprotikd: To nAektpovia TepioTpEPoviol yOp® omod
TOV TUPNVA GE KABOPIGUEVES TPOYIES.

MMieovektpata: Axolovfei to mpoétvmo tov Bohr éva gvpémg
OL0OEOOUEVO EKTTALOEVTIKO LOVTEAO

Mewovektiporo:

o Acgv e€nyel ) otabepdnTa TOVL ATONOVL,

e Ag umopet vo TPOGOUOIDGEL T ONUovPYie YNUKOV SECUDY

e Agv glval 6€ CUHEOVIA LLE TO CUYYPOVO ETIGTNLOVIKE dedopéva

Kopwo yopoktnpiotikd: To miektpovia TopioTdvovTol ooV pio
EKTETOUEVT]  GLVEYN  Kotaveunuévn ovcio mov  ovopdleton
“Electronium™ 1 omoio €ivar yopm amd tov mwvpnve Pdacet v
nmokvotnto mhavotntoc. Ta niextpovia dev Kvovvtal. Metaforég
07O YPOUA TOV EKPPALEL TNV TLKVOTNTA TBAVOTNTOG divovTag TNV
EVIVTIOGN €VOG VYPOL Tov petafdiretal.. H ewdva tov atdpov g
Topn

Mieovektparta:

e Amotelel o Tpootadeilo Topovciaong TV AVGEMY TNG
eElowong tov Schrodinger

e  Mnopel va TPOGOUOIDGEL YN UIKOVS OEGIOVE

o Y& ovupovia pe Tic apyés e KPavtikng Bewpilog

Mewovektiporo:

¢ Anuovpyet mopepunveieg 6ToLG LAONTEG Y100 TNV AVATOPAGTACT
TOV NAEKTPOVIOV KOl TOV TUPNVA

e Agv umopel vo amodMGEL TIC NAEKTPOCTOTIKES SVVAUELS HETAED
nAekTpoviov kat peta&d NAEKTPOVIOY Kot Tupiva

Kopuo yopaxtnprotika: To nAektpdvia mopioTavovtal ooy onueio
OV TAPOLGIALOVY GLYKEKPIUEVT] TLKVOTNTO TOUVOTNTOG Vo, Bpedel
éva nlekTpovio ot Béomn avty avaroya pe to Toco Tukvd gival. Ta
onuein avtd avédvoviar pe TV TAPodo Tov YPOGVOL Cav Vo
aenvouy {yvn Ta NAEKTPOVIO. LE TNV TTAPodo Tov xpdvov. H ekdva
TOV OTOLOL GE TOUN

Mieovektporta:

e Amotelel o mpoonadela mapovcioons Twv AVGE®VY TNG
e&iomong tov Schrodinger

e  Mmnopel va TPOCOHOIDGEL YN UKOVS dEGHOVGS

o Y& ovppovia pe Tic apyés g KPavtikng Bewpilog

Mewovektipoto:

* Anuovpyet mopepunveieg 6ToLG LAONTEG Y100 TNV OVATOPAGTACT
TOV NAEKTPOViDV

* Ag umopet vo amod®GEL KIVIGELG ATOUMV LE EMTUYIN




Kvpw yopaxtnprotika: To nAektpdvio Tapiotdvovtol ooy Tereieg
mov oAAalovv tuoyaio Béoelg. O mupnvog TapovcslaleTor pe TNV
napovcio. voukieoviov. Ta mAektpdvio kol TO  VOLKAEOVIO
Kwvovvtal o€ Tuyaieg Béoeig péca og pa kaBopiopévn Teployn.

< MAeovektpata:
S o Tanlextpovia mapdTL TAPIGTAVOVIOL GOV COUATIOW LTOPOVV
B VO KIVOUVTOL O€ TEPLOYES LEYAANG TUKVOTNTOG TBAVOTNTOG
; e  Mnopel va TPOGOHOIDGEL YN IKOVG dEGUOVE
Mewovektipota:
e Agv glvar oOpQ®VO pe TG apyég TS KPavtikng Bempiog
e H xivnon tov vovkieoviov kot ot dl06TAGES TOV TLPNVO CE
oxéon HE TO MAEKTPOVIO ONUIOVPYOLV TOPEPUNVEIES GTOVG
padntég
Kvpuo yopaxtyprotikd: To nAektpovia mapiotdvovtol cov TeEAEieg
mov oAAdlovv Ttuyoio Béceic. O mupnvog eivar onueloxkos  Ta
NAEKTPOVIO. KIvOUVTOL GE TuYaieg BEoelg péoa oe pio KoBoplopévn
TEPLOYN).
= ,
2 Mieovektpata:
g e Ta nMK’rpovw mapOTL MAPLTAVOVTAL GOV quan&a’ UTOPOvV
§ VO KIVOUVTOL OE TEPLOYES LEYEANG TukvOTnTaS ThaVOTNTOG

e  Mmnopel va TPOCOHOIDGEL YN UKOVS dEG OV

Mewovektiporta:
e Agv givan cOppavo pe Tic apyég g KPavtikng Bempiog
e O mupnvag mapovcidletor cav onpeio

(Anpomoviog 2005, Mikelskis-Seifert S. 2005, Dimopoulos V. and Kalkanis G. 2004-5, Budde M.,
Niedderer H et al 2002)

H emioyn tov poviélmv €yve amd atopikd Tpdtume Tov ToPloTdvovTol o€ 000 JOTAGELG
(2D). Kémoto amd oavtd mapovcstdloviol Gov TORES TG TPLGOACTATNG TPOYLATIKOTNTOG
(Movtéha A,B,I'), evéd ta vroroura mapovstdloviol cav TV €KOVe ToV 0TOHoL eEMTEPIKA
Kot o andotaon (Moviéha AE).

To Agiypa

v €pevva cvppeteiyav eortntég tov [Hodaywyikov Tunuatog Anpotikig Exmaidevong tov
[Movemotpiov ABnvav, ot omoior pmopel va Bewpnbet 411 Ppiokoviar KovTd GTO YVOOTIKO
eminedo pobntodv Avkeiov. Eivar Opmg kot pia Katnyopio gortnTdv mov givol EKKOAUTTOUEVOL
EKTTAOEVTIKOL, TTOV Yvopilovy 0Tl Kamown otiyun oto péAdov Ba kAnBovv vo eénynoovv
Slapopa PLGIKA PovOLEVE 0TOVG pLoNnTég Toug. To BEua ¢ Epevvag, Yo apKeTOVS POITNTEG,
oLVEMITTE pe O1K0VS TOVG TPOPANUOTIGHOVS, GYETIKA LE TO TAOS PAvTalOVIOVGaV T JOUY| TOV
aTopoL Kot T0 TAOC B To SOAEouv GTOVE UEANOVTIKOUG HaONTEG TOLG. XNV €pevva
ovppeteiyav 18 teleidportor portntég (avoroyia: 4 dvipeg, 14 yuvaikeg) pe tovg omoiovg
TPOYLOTOTOMGOLE 5 GLVAVTNGELS.

Me0odoroyia g Epevvog
H épevva mpaypatomomdnke moapdAinio e TO EPYUCSTIPIO PLGIKNG, OV EIVOL VTOYPEDMTIKO
yw to [ITAE tov EKITA Kou 10 omoio dwopkel 2 dpeg tnv efdopdoa, yuo 2 eEqunva. Ze kdbe



cuvavinon vanpyov 3 eortntég, 0cot givol kol oe kdbe opdda Tov gpyastnpiov. O ypdvog
GUULETOYNG OTNV £PELVA NTOV TTEPITOL o dpa TV EfSopada Yo 5 fdopdoss.

v mpdTn GuvAvInon 000nke otovg portntég Eva pre-test (pe ™ péEB0do TV TOALATADY
EMAOY®OV) TOV TEPIAAUPOVE TEVTE EPOTACELS YOP® O T SOUN TOL OTOUOV, TO OV KIVOUVTOL
T ATOUO TTOV OTOTELOVV €Val OTEPED GAOMO, TO TMOG LETAPAAAETOL 1] KIVNTIKY| EVEPYELD (Ko Ot
amooTdoelg UeTald) TV oTOU®V avadAoyo HE TIC OAAOYEC TNG QUGIKNG KATACTOCNG TMOV
COUATOV KOl TO TMOG CLUTEPLPEPOVTAL TO. €AEVOEpA MAEKTPOVIOL OTO €CMTEPIKO €VOG
peTdALOvL.

AVEEAPTATOG TOV ATOVTIGEMY OV £01VAV Ol POITNTEG, OTN CLVEXELN TTapaKoAovbovoay o
OLAAEEN YOPp® amd TO TTOlEG NTAV Ol TOMOTEPES OTOKEG Bempiec, yati eykataleipOnkay kot
T motevovpe onuepa. Iodg mpaypoatonoovvtar ot ynuikoi deopoi. Ti elvar 10 dvvopikod
Lennard-Jones. I1ldHg Kivodvton ta ATORO GTO E0MTEPIKO £VOG GTEPEOD, €VOC VYPOV Kl €VOG
agpiov. Kot téhog mmwg Kivovvtal to eAehBepa NAEKTPOVIO GTO E0MOTEPIKO €VOC PETAAAOL. O
OKOTOG ALTNG TNG UIKPNG O1dAeEng Ntav to va. AvBolv Tuydv amopieg GYETIKA e TV OTOUIKN
Oeopla KOOOG KOl Yoo p GEPE CNUAVIIKOV QUCIKOV QOIVOUEVOV TOV UTOPOVV Vo,
eENynBodv LKpPOGKOTIKA.

210 TéA0G NG TPMOTNG GLVAVTNOTG (KOl 68 KAOE ol o TIC VITOAOITES TEGGEPELS GTH GLVEXELNL
™G épevvag) (NTovcapE Amd TOLG POLTNTEG VO XPNCLLOTO|GOVY £VOL A0 TO, TEVTE LITOYT|PLOL
povtéia. Xpnowomowovoav OMAadn €va o KABe ocuvvavinon aeod TPOTA TOVG TO
napovctdlope. Ypye mAvVTO W0 TPOGOUOI®MGT TOV €KAGTOTE TPOTLIIOL LE OKOTO Vo
eEokelmBoV LE TO KIVOOUEVO OTOMKO LOVTELO.

To @OAho a&lordynong tov kdbe atoptkoy TPOTHTOL {NToVoE OO TOVG GUUUETEYOVIEG V.

TEPLYPAWYOLV GULVOTTIKA oV Ovtwg umopel vo OBewpnbel 6Tt 10 poviélo mapovoidlet

gmruynuéva éva atopo. Kot va ekppdoovv av €govv kamola €vetocn 1 omopios oG TPog To

OYEOCHO TOV. XTN GLVEYELW TOVG (NTOVvCOUE VO GYESIAGOVY GTIYUIOTUTTOL OO Lol GEPA

eoawvopévov. H avaykoadmto oyxedloong oTyudtunmy, 0tV TPOKELTAL Y10, TPOCOUOIDGELS,

glvar popavng. OmoladnmoTe KIVOVEVY] avamopdotacn omoteleiton amd €va mTANn00g

oTafEPOV EIKOVAOV TOV EVOAALACCOVTAL LE TETOLO TOYVTNTO TOV Vo divouv v yevdaictnon

0TO HATL OTL €ivol KATL KIVOOUEVO. AV GYEOBCELS EMTUYNUEVO TO. EMUEPOVS OTLYHOTLTO,

€Xe1g oVo100TIKA ouvBéoel o omtikomoinor. Ta otypotuma mov (ninkov amd Tovg

QOLTNTEC VO GKEPTOVV KOl VO GYEOACOVY 0POPOVGAV:

® 7O TPOTLTO TOL ATOUOV pE PAOTN TO CLYKEKPIUEVO LOVTEAO

e téooepa (TovAdylotov) dropa pe to omoio vo deiEovv TIg Kol mov Ba kbvovv avtd
KaBmOg avéavel n Oepprokpacio Kot Katd CUVETELD AVEAVEL 1] KIVNTIKT TOVG evEPYEL (OTO
E0MTEPIKO EVOG 0TEPEOV/VYPOV/aEPiOV)

e 500 dtopa mov oynpatilovv Evav ynUIKO GO (OLOIOTOALKO)

® TO £0MTEPIKO €VOG UETAAAOL KOl TNV OAANAEmidpoon TV atOpmv pe to elebBepa
niektpovia (Le N HE xwpic TNV Tapovsio SLVOLUKOD)

Otav o1 portntég oyedialav oTIyHoTLTO O TO TO TV POIVOUEVA, YIVOTAV GOPEG TO TMOGC
QovTalovtol TG KIWWNOES TOV OTOU®V, TIG OAANAETOPACELS HETOED TOLG Kol TIG TLUYOV
adVVapIEG TOV KAOE LOVTELOV.

TeAkd o1ad10 TG KBe GLVAVINONG AoV NTaV Vo BABLOAOYNGOVV 01 GUUUETEXOVTES LE 0L
KMpokoe 5 emmédowv  (KaBorov, Aiyo, Métpw,. IloAd, Idavikd) to mdcG0
KATOAANAO/QTOTELEGATIKO EKPVOV TO EKAGTOTE TPOTLTO, GTO. EMUEPOVS POIVOUEVO, TOV
énpemne vo. €EETAGOVV, OAAL KOl GLVOMKA Yio OAa. Mmopovoav va emAEEovy Gav «IdaviKo»
TEPLGGOTEPA TOV EVOC.



210 tého¢ TV mEVTE gROOUAdMV Ol POITNTEG eiyov dOKINACEL OAO TOL VTOYN PO OTOLKA
TPOTLVIOL NG €peuvag Kot To emeepydotnkov evtomilovtag pe avtdév Tov TPOmMO TIg
EKTTOOEVTIKEG OOVVOUIEC KOl TO. EMGTNUOVIKA COAAULOTO TOV E€KOGTOTE HOVIEAOL GTO VO
TEPLYPAYEL TOL TTLO TAVD PLGIKA PALVOUEVA.

Ta Amoteréopata g Epeovag

HEKIVOVTOS O0 TO OMOTEAECUOTO TOL TPOEAEYYOL (pretest) OTNV GULVIPIMTIKY] TOLG
TAEOYNOI0L Ol POITNTEG OMAVINGOV CMOCTE OTIS EpMOTNOELS dglyvoviag OTL dbéTouy TIg
ATOPOLTNTEG YVAGELS Y10l VO TEPLYPAWYOVV UIKPOGKOTIKA T doUn TG VANG. & OTL apopd ta
QOALO 0EIOAOYNONG TOV OTOMUK®V TPOTUTTAV, OAOL 01 GUUUETEYOVTEG €015V OTL avayvopilay
¢ Bo uropovce va ypnolponombel to ekacTote HovTEAD cav atopkd tpotumo. Eviomlov
T OOIKA TOL GTOLEID KOl TOV TPOTO TOL KIVOUVTAL ETUEPOVS. XTO KOUUATL TG OYEOiNo™NG
TOV OTIYHOTUTTOV KOOMG Kl TG 0E0AGYNON TOV KAOE ATOpIKOD LOVTEAOL TO ATOTEAECLLATOL
eaivovtal otov Ilivaxa 2 mov akoiovBel. Xtov Ilivaxa PBéPora paivetar pdévo n Pabuoroyio
mov EPfaiav oL @ouNTéG Ympic vo Kplvetal ov To OTypOTULTO. TOL  oyedialav nNTov
EMOTNUOVIKOG 0pHd.

IMivakag 5: Zuykevtpmtikn Tapovsioon e a&loAdynong Tov KAOE LOVTELOL Ot TOVG POITNTEG

T1 m060616 TV PortnT®OV Padorldoyncav mg «ApKeTd
2yed100TE: anoterecuaTikon N «Idavikd» 10 ekAcTOTE LOVTELO
Movtého | Movtého | Movtého | Movtého | Movtéro
A B r A E
70 TPAHTLTO TOL OTOLOV 78% 11% 33% 83% 78%
KWWNOES otOpov  Kabmg
av&dvel n Beppoxpacio kot 7% 6% 6% 23% 78%
KOTA GLVETELL OVEAVEL M
KWV TIKN TOVG EVEPYELQL
dvo dropa moOvL oyMUOTi- 39% 6% 229 78% 83%
Covv évav ymuikd decpno
;0 ECMTEPIKO €VOG HETOA- 56% 6% 6% 23% 83%
oV

[MopatpnOnke por TpoTipnom 6€ aTOUIKA HOVTEAN TOV TOL NAEKTPOVIA. TopovctdlovTol cav
copatioln Kot cvykekpuéva ota povtéda A kat E mov 1 facikn toug dapopd givor o av Oa
eatvetar M dopr tov muprva N Ox.. H mpotiunon oe avtd ta 600 poviéha @dvnke
nePLocdTEPO O0Tav Tovg {Ntnbnke va meprypdyovv ohvOeTa, QAIVOUEVO, EVAD OTNV OTAN
AVOTOPAGTOCT TOV ATOHOL KOTAAANAO Kpidnke Kot To povtéAo A mov eivol ovolUGTIKA TO
poTLTO TOL Bohr.

Ymv mopeio g MEAETNG TV QUAA®V 0a&loAOYNONG MOV GULUTANPOCOV Ol POITNTEG
wapopnOnKav emomnuovikd cedipota. Ewdwd otav tovg {ntmnke va oyedidoovv tov
AMUKO Oecpd peTOED 000 aTtOU®V. XVVNOIGUEVO CEAAUO  NTOV, EWOWKA HE (PO TOV
HOVTEAOL A, TO Vo Topovotdloviol T MAEKTPOVIO, OV GULUUETEXOVV GTOV OLOLOTOAKO
deopd cav akivnra. Zav éva (guydpt niektpoviov mov Ta popdalovrol to. 000 dtopo. Mia
EIKOVA TTOL GLVAVTAUE TOAD GLYVA ot dacKaAin ¢ ynueiag oto Avkero. Kdtt avdioyo
OU®G O PUVOTOV VO TOPOVGLALETOL, Y10 TOVG 1010VG GUUUETEXOVTEG OTO. GTIYMOTLTO OV
oyeodlacav ylo ta vworoura, povtéda. Exel pawvotav vo vdpyet por peyoAdtepn mukvoTnTa,
GTNV TOPOVGIN TOV NAEKTPOVIOV OVALESO GTO OVO ATOUO TOV CLUUUETELYOV GTO OEGUO.




Avaioyo GEEALOTO DTIPYOV KAl Y10 TO CYEOOGHO TOL E0MTEPIKOD €VOG HETAALOV, OTOV
moAlol @oumtég Otav vINpYEe M Oopopd dvvaplkoy 6to pétaAdo oxedialav OAa T
NAekTPOVIOL (ATOMIKA KL EAEVBEPD) VO KIVOUVTOL TPOCAVATOMGUEVO OPTVOVTOS TOVG TUPTVEG
TOV atOp®V UOVo OTIG apyikéS Tovg Bécelg. Me Pdon Tic mo mhve TopaTpPNoES KL oV
apopéoovpe omd tov Ilivako 2 Tic afloAoyNoeElg TV OTOU®V TOL EYOV ECPOAUEVA
otypotuna Tpokovntet o [ivakag 3.

Mivaxag 6: ZuykevipoTikh Tapovcioon g a&loAdynong Tov Kabe LoVTEAOL amd Tovg PorTNnTES (TOV
glyav EMOTNUOVIKOG 0pBd oyedlacuéva oTrydTuna,)

T1 m060616 TV PortNT®OV Padorldyncav mg «ApKeTd
2xed10TE: anoterecuaTiko» N «Idavikd» 10 EKAGTOTE LOVTELO
Movtého | Movtého | Movtého | Movtého | Moviéro
A B I A E
TO TPOTLTO TOV ATOLOV 78% 11% 33% 72% 78%
KIVNoew otopmv  Kabdg
av&avel n Beppokpacio Kot
KAt ouvémew ovEavel 1 61% 6% 6% 78% 78%
KLVNTIKY] TOVG EVEPYELQ
000 dtopa mOL GYNUOTI-
Covv évav ynuid decpd 11% 6% 22% 72% 83%
;(())D?,cswrapmé €VOG UETOA- 449 6% 0% 67% 83%

Ot mopatmpnoelg mov mpokvmrovvy amd tov Ilivake 3 eivor 61t 10 Movtého E
YPNOUOTOMONKE GMOTA aTd OGOLE TO EMEAEEAV KO Yl TOL TEGOEPA EpOTNUATA. Evd 63ed0V
cg OA TOL VITOAOITAL TOPATPNONKE OTL €LYV €val 1] Kol TEPIGGATEPA EGPAAUEVO GTUYULIOTLTIO.
Opota dev vnpyav ceaipato kot 6to Moviého B, aAAd elxe moAD pukpn omodoyn amd Toug
GUULUETEYOVTEG.

Yopnepacpoto— H E@appoynq - H ASohdynon

2mv gpyacio £yve éva TpdTO Prpa TPOKEWEVOL va V10O Oel Eval EKTOOELTIKO LOVTELO
TOV OTOHOV, KATAAANAO Yo va xpnoipomoinfel Gov SOHIKO GTOXEID GE TPOGOUOUDCELS TOV
UIKPOKOGHOL. ZOp@mve e To amoteAéspota Tov [ivaka 3 ot portntég £6e1&av 0Tt emA&youvy
ATOMKG TTPOTLTTOL SlAPOPETIKE amd avtd tov Bohr, edwd yoo ovvleta eoawvoueva. o
eawvopeva dniadr mov Ba givar Kot To ¥PHGIUES aVTOD TOV £100VG 01 TPOGOUOUDGELS OO THV
dmoyn 011 6 avtd O avTipetomilel peyaAdTEPN TPOKANCT EVOG EKTOOEVTIKOG GTO £PYO TOV,
TPOKEWEVOL vaL Ta, e€NyNoetl 6tovg Lantég Tov. Ta epothpata mov elyape 0écel Lotdv oy
apyn amovtnOnkKov amd Tovg POITNTES KATAPATIKA. YTAPYEL KATO0 GLYKEKPIUEVO OTOMUIKO
TPOTLTO TTOL EMEAEENY KO TOV UTOPOVV VO TO YPTGLULOTOLOVV EMLGTNUOVIKADS 0pOdL.

H épevva mpaypoatomomOnke and @otrmtég tov IITAE tov EKITA mov sivon perlovrikol
EKTTAOEVTIKOL €lval OPMOC KOl TOLTOYPOVA QPOITNTESG MOV TPOoTafovv Kot ot {dot va
KatoAdPouv T1g Pacikég apyés g Xoyypovng Dvowmg. ‘Hom péca amd to poabnpato g
GYOANG TOVG €YOLV EEKIVIIOEL VO UTTOIVOLY GTN OOIKOGIO THG TPOGOPUOYNG TNG OOUKTENS
VANG ota 01KA TOVG HETPO oav OACKAAOL Kot 6T0 TTmg Ba tnv mapovsidcovy. [lpocsmabovv va
TPOCAPLOCOVV TO, EMGTNLOVIKA TPOTLTO TOV S1OACKOVTAL, GTO EKTALOEVTIKG TPOTLTTA TTOL Bt
OWdEovv pe TN CEPA TOLG TN OXOAIKY| TAEN. Xe emopevn gpyocio Oa avapepBodue ot
oNovpyia TOV TPOGOUOIOCEMY TOL TapnxOncay e BAcon avtd T0 LoVTELO.
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