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MepiAnyn

IMapovoialetat 1) mMAOTIKE) £pAPHROYT) SIOAKTIKIG CELPAG YIa TNV HEPAPATIKI] PEAETH) TG KIvIong pe TV
adloroinon OAOKANP®EVODL epyaoTnplakod IePBAANOVIOG IOL XPNOWOMOLEL TV TeXVONOYid TOV
Bivteo-petpriceav kat Swatifetar otovg padntég péoa amo to Owadiktvo. Ot pabntég extehodV Tig
QOKIOElg POVOL TODG aId TO OmiTL péow® Oladiktoakig mpooPaong Kat epydlovrat Pdoet dopnpévoo
doAov Epyaoiag. Ta gawvopeva mov nepthapfavoviat ot oelpd elvat owkela Kat 1) peAétn tovg péoa
arto 1o mePBAAOV TV BIVTeo-HETPI0E®V OLVEIOPEPEL OTNV evepyoroinon Tev pabntov. H oepa
EQPAPPOCTIKE MAOTIKA O8 IPAYHATIKEG OLVOT|KeG.

A€Ee1g KAEI81A: kivnon, epyaompiaky) peletn, Sta-Oiktvakég Pivieo-petprioetg

Elcaywyn

H epappoyn) tov Texvoloywwv ITAnpogopiag xat Emkoweviag (TTIE) ot didaokalia tng
Dooiknig avadekvoetl Tov obyxpovo Tpormo mov 1 Pooikr) mpoetorpadet tovg pabntég ya pa
KOW@Via OMov YPNOLHOIOoDVIaL To OladikTvo, AUTOPATOINOUHEVA OCLOTHHATA Kl
OIITIKOUKOVOTIKEG EPAPHOYEG KAl evioyxLet Tig dovatotnteg yia emokodopntikyy padnon. H
peydahn mpoonafeia va etoayOet n) Sdaokalia pe xprion tov TITE oty kabnpeptviy oxoAwk)
IIPAKTLKY] IOV YIVETAL OTI] XOPA PAS, IIPOCKPOVEL OTIV EANeWYn] KATAANANG KAt EMAPKODG
vAKoTe VKNG vrodopng. H xprjon tov dradiktoov propet va amoteléoet évav OOKIpo Kat
ebKolo Opopo mpog v etoaywyt) Tov TTIE otv didaokahia.

ZmVv epyaocta avtr] Oapovoldadetal 1) MAOTIKI eQPAPHROYT] Htag SIOAKTIKIG O1pdg yid TV
MEPAPATIKE] pelétn g Kivnong moo Onpiovpynonke pe adlomoinon oAoKANp@EVOD
epyaotpilaxkod meptpdariovrtog (VideoJavaLab) to omoio xprowpomnotetl v texvoloyia tov
Bivteo-petprioeav xat OwatiBetat otovg pabntég amo to Owadiktvo (Ppeldepikog &
Xat{nkpaviotng, 2003). H mpoofaor) ot 61daktikr) oelpd yivetatl péom 6tadiktdoo amod Ty
totooehida  http:/ /zeus.physics.auth.gr/videoLab tov «Epyaotnpiov Adaxtikng 11g
doowkrig xat Exnaidevtikrg Teyvoloyiag» tov tprjpatog Pookng A.IL.O.

OmTiKomoinon TWY QAIVOHEVWY Kivnong Kal YPA@PIKEG TAPACTACELG

H pelétn pawopévav kivnong amotelet éva amo ta Bépata g Pooikr|g mov n 6daokaiia
Toug oe pa tomikyy aitbovoa Sidaoxkaliag avtipetemilert Ao mpoPAnpa. H mpaotn
OLVIOTOOA TOL MPOPANHATOG, APOP OTNV OMTIKOIOUOl TOV PAVOHEVRV, IIOL OLXVA
otoxebel OTr) OLVOEDT TOV VONTIK®OV EIKOVAV TOV HABNT®V HE TG AVTIOTOL(ESG APXES TG
Dvowkr)g. Ot emleielg emTpémovy va Katavonooov ot padntég nmg eediooovial ta
@aivopeva KAt IPOOQPEPOLY TADTOXPOVA £VAV OMNTIKO OOVOEOHO TV QPALVOPEV®V HE TIg
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agnpnuéveg meptypagés tovg (Robert & Cadmus, 1990). Zoxva Op®¢ ta @Qaivopeva
eSellocovTat eSatpeTikd yprjyopd @ote pe amAr| enideln ot pabnrtég dev mpoAaPaivoov va
ONHLOVPYI|CODY VOITIKODG ODVOEOHOVG HETASD TOL OITIKOL £peBIOPATOG KAl TOV APX®V IOV
to meprypdagoov (Beichner, 1995). Xe éva tomko epyaotpro Pvoikrig dev pmopodv, yia
Iapddetypd, Va IAPOLOLAOTOdY KIVIOELS ONIMG 1 Kivnon evog modnAdrr, 1o @pevaplopa
evog aotokwvijtov, 1 BoAr evog kalaboopatpiotr, moo Ba avémroooav TV evepyoroinorn
TV pabntov kat m odvoeor) g Poowr|g pe v kabnpepwvr) (or| (Zollman & Fuller, 1994).

H 0debtepny ovviotmod, a@opd OtV avayveol, XPHOon Kat eppnvela ypapukov
HAPAOTACE®V, Yld TNV HEPLYPAPI] KAl AVAIIAPUOTAON TOV QAIVOPEV®OV TIG KIVIJHOTIKIG.
‘Epevveg avadeikvoooy mag ot pabntég abvvatody va xp1otoIowjoovy td dlaypdppata
KIWVIHATIKEG YA VA EPUNVEDOODY AAEG KIv|oels. ['ia v avTpeT®morn ToV SDOKOAIRV IO
éxoov avadeiyBel amod ) PipAoypagia (McDermott et al.,, 1987; Mokros & Tinker, 1987;
Thorton & Sokoloff, 1990) &g mpog Vv Katavonon/xpHon TOV YPAPKOV IAPACTACE®V
potabnkav SWOAKTIKEG IPOOEYYIOELG e XPI)OI OLYXPOVIK®V MEPAPRATIKOV dtatdlenv pe
HY (MBL: Microcomputer Based Laboratory), kat ooyxpovikr) kataypd@r) Tov Kivijoeav. Ot
0e€lotnTeg TOV pabntev ot Glaxeiplon Kat epUNVela ypagik®v Iapaotace®@V avidvovtal
onpAavtikda pev, aAAd adovatodv akopn va oovoLovy TV Kivhon pe Td avIiotolya Kpiotpa
onpela g YPAPIKIG IAPOoTAon S, AOym ¢ ypryopns eSéhlng (Beichner, 1994).

Ot obyxpoveg O0aKtTiKég epappoyeg Pivieo-petprioe®v amotehodV  oNoKAnpoupeva
epyaotnplaka mepipalovia Paoctopeva ot xpron too Pivieo (VBL: Video Based
Laboratory), pe ta omoia ot pabniég eivar Suvatdv va IAPATNPICOLY  OMOLOONIOTE
yngonoupévo Pivieo xivnong otov HY, kat ev ooveyela pe Ta epyaleia moo mapéxet to
neptpaMov va avaldooov kat va peletrjooov Oedodwkda 1o @aivopevo (Gamboa et al.,
2001). H ¢peova éxet avadeiler mog 1 évtain mepiBalloviov VBL ot 6idaokaiia trg
Pootkrig prropet va avdrjoet ONPAavTKA Td Kivtpd ToV padntev yia v evaoyoAnor) tovg pe
O¢pata xwvrioewv (Escalada et al., 1996; Zollman & Fuller, 1994), kaBmg Stepevvody pe evepyd
Kat aMNAemdpaocTIKO TPOIO PAVOEVA MOL KIVOLV TNV HePEPyela KAt va odnyroet oe
onpavtiki) Peitioon dedlotteg TV pabntav moov agopodyv oty eppnvela Kat oty xpnon
ypagmv napactacenv (Beichner, 1990; Zollman, 1996).

H Jovatdmta Swadiktvakrg xprjong evog mepiparloviog VBL, mpoogépetatr yia 1
Onpovpyla epyactplak®Vv dpaotnPloTTOV, IOV EUMAEKOLY evepyd Tovg padntég eite
adlonomvIag To LIIAPXOV OTO OXOAElO OLKTDO LIIOAOYIOT®YV, €iTe Ot pla ATIOTENECHATIKI) £
amnootdoeng Sdaxtikr) mpddn (Tsakiri & Hatzikraniotis, 2007) xat amodeikvoetat e§apeTikd
XPLOWD yla TG IEPUITMOELG ITOD TO oxoAeio dev drabétet Tov katdAAnho eonmAiopod yia v
EKTENEOT) MEWPAPATIKOV JPACTPLOTHT®V arId Tovg 18100¢ Tovg pPabnTég.

Meprypagn tng oeipdag kai Eqappoyn otn tagn

H oepa pe titho «Melétr) g Kivnong pe Pivieo-peTprioelg» aIooKOomIel OtV IEPAPATIKY)
pelétn g kivnong kau Ty obvOeor] g pe T Ovvapn. H avamroln ompixdnke oty
epappoyr] VideoJavaLab (VJL) mov ovlomotel éva S1adiktoakd exmatdentiko meptpailov
avaloorng Brvteookonmnpévev Kivijoeav (Ppetdepixog, 2004). Xy epappoyr) avtr) o pabdntrg
- xprotng €xet ) dovarotta va napaxkolovdrjoet my eSENEN g emeypévng Kivnong eite
0€ IPAYPATIKO XPOVO, elTe KAPE-KAPE, XPNOPOIOIOVTAG Ta MANKTPA IAOT)y10ng Tov Piveo.
Tavtoypova yvepilet oe mo YpPovikd OTlyptotumo g kivnong Ppioketat kabe xpoviki)
OTLYQI] Kat TOL HApéyetat 1) OuvatoTTd vd OTAPATHOEl O KAMOW0 OTLYHLOTOIO Kt
akolovOwg va ovveyloet v eSeAn Tov O emoOpeva 1 mporyovpeva ottypotond. Me
Olaitepa edKOAO TPOHO (KAK TOL MOVTIKIOD), O XPIOTNG HIIOPel VA HAipVEL TMELPAPATIKEG
petproetg g Béong Tov KvnTod yia Kabe oTLyPlOTOIIO, Ol OIToleg KATAX@POVVTAL O MiVAKA
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TIHOV KAl mapooolafoviat ovyxpovikd oe Owaypappa Oéong-ypdvoo Oimha amd to
napdbovpo tov Pivieo (Zxnpa 2). Iapéxetat n emAoyn, TG EPPAVIONG TAOV «IXVOV» TOV
HETPoe®V Kat 1] dovatotnta avaAdong TV MEPARATIK®OV 0edopevmy.

H epyaompraxryy oetpd mephapPaver €5t epyaotplakég OSpaotnplotnteg pelétng
Bivteookompévemv @aivopevav Kiviong. Ot pabntég ekteAobv pdVotl Tovg AaIIo TO OIITL PEC®
owadktoakrg mpooPaong kat epydlovrat Pdaocet Sopnpévoo PoAhov Epyaoiag (P
IMapaptnpa). Kabe Spaotnpromta oovodevetar amo éva PvANo Epyaociag moo emiong
rapéyetat SIKTLAKA KAt To onoto aroteleitat amnod dvo pépn:

A.TIQY ©A METPHZEIZ xat
B. MEAETH THX KINHZHX.

Ixnpa 1. a) Ot avanapaotaoceig Bivieo Twv £§1 dpaoctnprotitev ¢ oeipag, P) Ilapabopo
Bivteo pe ep@avi Ta v TOV PEIPIOEMV, MiVAKAG TIH®OV, mapddvpo dtaypapparog
0¢ong-xpovoo kat mapabopo MPooeyylOTIKNG KApmdAng

H epappoyr g didaxtikng oetpdg éytve mAoTikd oe dvo tprjpata g I” Mopvacioo pe 27
pabntég oto xabéva kat oto éva Tpnpa g A’ Avkeiov pe 26 padntég, too Ietpapatikon
Zxolelov ATLO. xatd ) oxohwkr) xpovid 2007-08. Ot pabnteg ftav eSowetopévot ot Xp1on)
H/Y oe amodexto eminedo. H epappoyr) g Odaktikng oelpdg éywve xopig va Swatapaydet
T0 ®poAoylo npoypappa didaockaiiag xkabmg {ntrdnke amod tovg padntég va exteAéooovv Tig
QOKI)OE1g OTO OIIiTL.

Axolovbnfnke pia vPpiokn OWOAKTIKI] TPOOEyylon Tmov Imep\dppave pabnpa oty
atBovoa (amod xabédpag ddaokalia Kl epyaoTnPLaKEG AOKNOELG Je HEIPCHATA ODYXPOVIKI|G
kataypapre-MBL) kat epyaoia tov pabnteov pe H/Y oto omitt pe Pivieo-petproetg. Ot
OpaotnPLOTNTEG PLVTEO-PETPHIOE®V TG OElPAg ATOTEAOLV TO TeAevTaio Prjpa tng ddaoxkaliag
g OXeTKNg Bepatikng evotnTag Kat £Xouv To PONO TG EQPAPHOYIG, EMEKTAONG KAl
AIOTIPNONG TOV YVOOE®V oL amoktdnkav katd v evoooxoAkr) Sidaokalia. ITptv
(i Bet amd tovg padnteg n extéAeon g IPOTNG HPACTPLOTNTAG TNG OEPAS aPlepbnke pia
odaktik] @pa oty enideldn Tov meptPAANOVTOG EPYAOIag, TOL TPOIOL AYING HETPHOEDYV,
XPHONS TOV  YPAPIKGOV IAPACTACE®V KAl TOLG TPOIODG AVIIHETI®INONG MmMOavev
npoPAnpatev Aettovpytag g diktoakng epappoyng. Metd v oloxAfpwon Tng xade
Opaotnpotntag ot pabntég émpeme va extonooovvy to POMo Epyaociag xat va to
Tapad®oovV ATIAVTHEVO.
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Jupnepdoparta

Amo ™V mMAOTIKI] €QAPHUOYI] TG OLlPpds, dlagaivetal 0Tt elvat OnNpAvTikeg ol O10aKTUKEG
duvatotnteg mov mpoogépovtal amod ta meptPdAlovia Pivieo-petprioemv yia T pelétn
KWI)OE®V Kdl ) obvOeon Tovg He T ypa@ikeg mapaotdoets. Onmg emonpaiverat ot
Biphoypagia (Beichner, 1990; Zollman, 1996), a\\d kat amd tig evOeielg pag, @aiverat 0t 1
XP1O1) EPYACTNPLAKAOY OPAOTIPLOTITOV PACIOHEVAOV OTIV TEXVONOYIA TOV Bivieo-peTpr)oemV
etval dovatov va odnyroet oe onpavtiky) Pedtioon TOv delot eV TOV padnt®v g mpog
my eppnvela kat Ty aflomoinol] T®V  YPAPIK®OV IMIAPAOTACE®V. AMO IOLOTIKEG
IIAPATNPI0Eg KATA TNV IT\OTIKI] EPAPHOYI] TIG CELPAG QAIVeTdl OTL KIVIOELS dId TNV
xabnpepvy) {or), OI®G TO COLT TOL OSOCPAIPLOTY), 1) «KOLPOM» TOL OPOPEd, TO AAHA TOL
aotpovanTr), TO PPEVAPIOHRA ADTOKLVIITOD, KAIIL, HIIOPODY VA OLVELOPEPOLY ONHAVTLIKA OTV
evepyomoinon t®v pabntov, kabwg avtol KaAodvTal Va PEAETI )OOV TIPAYUATIKEG KIVI|OELg
Kt Ox1 @awvopeva moo mnpooeyyifoviat mavta amo deateg kataotdoetg. H evepyog epmhokr)
TOV pabntov pe ta omod pelétr) Qavopevd, arotelel To KOPPKO onpeio oTig obYXPOVES
O0daxtikeg mpooeyyioeig 1oV Gvokov Emompev (Hake, 1998; Smith et al., 2005).
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MNapaptnua
ITINAKAZX 1: ®0A\o Epyaciag tng 61 6paoctnprotntag (B’ pépog)

B. MEAETH THX KINHXHX:

Na xaveig pe mpoooxt| Tig HETPIOEIG 0OV COUPMVA e TIG Iapandve odnyieg. Ot pdadleg mov £xovv Ta
dvo Payovakia eivat mi=0.265 kg kat m»=0.813 kg

I. IIpoto Payovaxt

ITape pe mpoooy1) Tig petprioetg Béong-xpoOvoL yid To IP®TO PAyovakt

1. oe mowa axp®g XPOVIKI] OTLypr] KAt O€ IOOIN aIIooTacy damd v dapxl) g Kivnorg too
OLYKPOLETAL pe To BebTEPO Paryovaky;

ta=.......5, Xx1=......m

2. Tixivnon) ékave 1o IPOTO PAYOVAKL IIPLV TV COYKPOLOT);

ITowa 1) TaxdTTA TOV; Vinpwy = weveee ../ o

3. Tixivnon ékave 10 IP®TO PAYOVAKL PETA TNV OLYKPOLOT);

Towa n tayvmTa T00; Ligera = -..ovev .../ .

IIpocoyn va 6dcels (Mg EIKOVA) 1] VO AVTIYPAYELS 6TO YAPTi TO S1oyPAPPATA TOV SOVAEYWES OO TAPUL
TPV TPOYMPNGELS TAPUKATO.

IL. Agotepo Payovaxt

Kave avavéwmon too browser 1) xheioe xat avoiGe tov Sava. Emavélafe oA v mpornyodpevn
dradkaotia pe mpoooxr) yta to Sedtepo Bayovaxt

4. TTowa 1 XPOVIKI| OTLypI] T1)g COYKPOVOIG TOD HE TO IP®OTO PAYOVAKL KAl I AIIOCTACH AIIO TNV dPXT)
g xivnong; Eivat idwa pe avtd mov Pprxeg yia to npmto Payovaxt,

te=.......5, Xx2=......Mm

5. Tixivnon ékave 1o 8e0TEPO PAYOVAKL TIPLV TNV OOYKPOUDOT), .vvvvneivnniinniinniinniinnanns

Tlota n) TaydTA TOV; L2mpry = e oo/

6. Tuxivnon ékave 1o SedTEPO PAYOVAKL PETA TNV COYKPOUOL]; «.evvvniiiniinniiiinnannn.

Towa n) TaydTA TOV; L2pera = -..oee .on/ .

** Ot napakdte epwtroeig aneofvvovtal povo otovg pabntég g A’ Avkeioo:

III. Tt €i8ovg kpovon frav;
7. AN\ACet 1) oppr) TTOD €xEL TO IPDTO BAyOVAKL IIPLV KAl PETA TV COYKPOLOL);

OVOHOATEIMVOHO: tut v vn et aaeanssinesseessasnsianernssssnsaisaines

Tpfpa: .....
** EKTon®OoTe 1) 0eAida Kat napad®ote v COPIANPOHEVI 0TO eENOpEVO padnpa **



