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MepiAnyn

Ta pKpoBIOAOYIOTIKA OLOTHpATA  KAVOVTAG XPHon OOLYXPOVNG Texvoloyilag pmopobdv, epooov
evoopat®dovv katalnAa oe pia didaokalia, va amotedécovy éva 1oxvpo epyalelo epyaotnplakng
exraidevong ot Poowkég Emotpeg (P.E), agov Oivoov Svvatdmteg Omeg avamnapaotaor)
MEPAPATIKOV HETPHOEDV aKpPeiag, Tavtoxpovi) peétpnon ooV @uokev peyebmv, amodrkevon kat
ovykpton dedopévav K.a. Aekaglt gpottnteg Tov ITTAE Kprtg exnadedvtkayv oe dodeka epdopadiaieg
TPIWPEG OLVAVTNOELS, GOTE VA HUIOPEOOLY VA 0XedAOOLV KAl VA DAOIOUICOLV MId IELPAPATIKN
6daokaiia oe pabntég g E' xat Zt' talng dnpotikod oyxoleiov pe Paon ovotjpata Sedopévov
npaypatikod xpovoo. Kata myv exnaidevon tovg ot gottntég adtomoinoav oe peydlo Babpd v
duvatomTa JPEC®Y YPAPIKGOV AVAIAPACTACE®V TV Oedopéveyv, Kabmwg KAt TV Tavtoxpovi
Snpovpyla MOANATAGOV yPAPIKOV AVAIIAPAOoTAce®V. EmuAéov, ot @ottntég xprotpomoinoav ta
nelpapata yia emideln xatr pérpnon @uokeov peyebov 1mov pe mapadoolakd LAKA LIAPXOLV
OVLOKOALEG, OIIMG TO PIIKOG KOPATOG KAL TV €VIAOT] PAOTOG.
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Elcaywyn

2t 618aokalid TOV QUOK®V EMOTNHOV O PONOG TOL MEPAPATOS yld TNV ekpdabnorn)
EMOTNHOVIK®OV  evvol®v dMd  kat pebodeov  emotnpovikng  Olepedvnong  eivat
adiap@oprjtog (Abrahams & Millar 2008; Hofstein & Lunetta, 2004). Ymapyoov emiong
deSopéva OTL 1] XP1101) KATAAANA®V TEXVOAOYI®V KATd TV epydotnptakr| Sidaokalia propet
va vnofondrjcet onpavtka ) padnon (Lunetta, Hofstein & Clough 2007). 'Hdn amo
Oexaetia tov 1980 vIAPXOLV €PYACTIPLA QLOKMV EMOTEMV, OIOL XPIOLHOMOODVTAL
Hikpobnoloylotika ovompara (Micro-computer Based Laboratories, MBL). Ta
HIKPOBIIONOYIOTIKA OODOTPATA EVODUAT®VOLY Texvoloyla Omeg awobntrpeg pétrpnong
Ovvapng, Stofediov Tov avOpaxa, Mmeong K.AIL IIOL PIIOPOLV VA IAIPVOLY HETPOLL KAt
Péom KataAAnAng Stertagr)g (interface) va arrodidovtat oe HOPPL] YPAPIK®OV IAPAOTACEDV 1)
kat mvakev (Mokros & Tinker, 1987). Etot, AOy® g DIIOAOYIOTIKIG TOLG 10X0OG AANA Kat
mg OvvaTtoTTag yld JHECH) AVAIAPAOTAOl] YPAPWKAV IAPACTACE®V CPKETEG POPEG
analAacocovy tovg pabntég amod "doxoro Bdpog” Kat £T0t 0Ttalovy OTa ODOLACTIKA OTotyela
tov nepdparog (Friendler, Nachmias & Linn, 1990).

Ano ta mapandve eival @avepd OTL 1) €VOORAT®OON TRV PIKPODIIOAOYIOTIKOV
ovotnpatev ot 6waokalia pmopel va omootnpifet onpavtikda T pabnon otg O.E. H
évtady) Toug Op®G Of éva MAAIOl0  «AIOTEAEOpATKIg» pdabnorng amattel amd tov
exmatdevTKO va etval oe Béon va oovovdocel otpatnywkég pddnong, yvooelg yia To
AVTIKEIPEVO, YVOOES Y TI§ avIAelg TOV pabdntov, yveoelg yta tov eSomiopd moo
pmopet va xpnowpomoujoet kKot Tig dovartotnreg tov. Ilpoxepévov va propéoet o

M. Avactaoctadng, N. Zapdavng, B. Owovopidng & M. Kahoylavvakng, (Emy.), Mpaktikd 9% MaveAAnviou Suvedpiou pe Algbviy Suppetoxn
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ekIadevTIKOG Va aviarokpifel oTig MPoKANoelg avtég eivat amapaitnt 1 eknaidevor] Too
(Berry, Loughran, & Driel, 2008).

Baowopevot ota napamcdave 6edopéva, oto ITTAE Kprg Bpioketat oe autr t) ¢dorn) oe
e€eMln €pevva MmoOvL OKOIMO €Xel VA MENET|OEL TOV TPOIIO He TOV OIOLO Ot eKmadentikol
oxedafoov kat vAomowovv pwa melpapatikn) Owaokalia ot O.E. afomowwvrag
HIKPODIONOYIOTIKA  OLOTpATA. XtV mapovoa epydaoia Oa mapoootactody moteg
OLVATOTNTEG TOV MIKPOBIIOAOYIOTIKOV OLOTHAT®V dSlOIoobY Ol @QOLTNTEG KATA TO
oXedaoo MEPAPATIKOV NadiKaoimy.

Me@odoAoyia

Baowkodg okomog g €pevvag eivat 1) eKnaidevor PEANOVIIK®V EKIAIOEVTIK®V, OOTE VA
napaydei SIOAKTIKO DAKO ePyACTNPLAKOD MEPLEXOUEVOD HE TI) XPI)O1 HIKPOVIIOAOYIOTIKOY
OLOTUATOV. XTOX0G etvatl va dlepevvnfel katd mdco ot avplavoi OAOKANOl PIIOPOLY va
doprjooov pia dibaokalia P.E. moo Ba mepiéyel texvoloyia aiypng xat oe mowo Pabpo
ekpetalAedoviat Tig dovaATOTNTEG MOD MIAPEXOLY TA HIKPOBIIOAOYIOTIKA COOTHPATA. XTIV
é¢peova Aappavoov pépog 16 gottntég tov ITTAE Kprjng, ot omoiot yeplotnkav oe oKto
ovadeg. Kabe O6vada avélaPe ywa pwa eopovtepn evomrta Tteov D.E. (Mnyavi),
HAextpopayvntiopog, @epupodovapikr), IlepiBdAiov, YAn-Evépyeia, Xnpeia, Ormri),
Kopartikr)) va oxediaoet Melpapatiké OpaotnplotTeg He T XPIOl HIKPOBIOAOYIOTIKOY
OLOTIATDV.

Zovolikd npayparonoumjbnkav 12 tpiopeg ovvavtroes. Kabe efdopada oe éva mpoto
IIPO-EPYAOTNPLAKO KOKAO DII)PXE EKIAIOELON OTO AVTLKEIpEVO, OTr) OlepevVITIKY) pdbnorn Kat
omv extedeorn mepapdtov. H exnaidevorn mepieddpPave v efdopadiaia mapddoor
epyaotag, wote va eaopaliotel éva eNdyl0To eminedo KAatavonong yid To enopevo otdolo.
Ot mnyég mnpo@opnong oe OAn v dwadikaocia agednkav avoiytég, mote va peletndet o
TPOIIOG £VPEOT|G MANPOPOPIAOV KAl AVACITHONG KAOMG KAt 0 EAeEYXOG €K PEPOVS TOV POITITOV
mg adtomotiag  aotov mov éPprokav. Ta v alohoynon xpnotpomouwBnkav
EPAOTIPATOAOYLA IIPLV TL§ COVAVTIOELG KA PETA TIG OLVAVTIIOELG.

210 enOpEVO OTAOLO TO EPYAOTIPLAKO, Ol QOLTITEG eCOMAIOpEVOL pe éva MANpeg oOOTNHA
yia xabe evomra amd v etatpia PASCO (www.pasco.com) mov — mepllapfave
pikpodmoloytotég  (spark, GLX) awobntipeg xataypagrg, oOpyava PETPNONG K.AIL
DAOIOINOAV TEWPAPATIKEG Olatdlelg mov OxeTi{ovIial He @AIVOHEVA KAl €vVoleg ITOD
napovotdafovtat oto oxoAko PiAio g E' xat Zt' tadng tov dnpotikov oxoleiov.

Avantuén melpapatikwy 6pacTnPIoTATWY

e TIOA\EG TIEPUITOOELG Ol POLTITEG EKAVAV XPII01) TOV OLATASEDV OV EVA «KAAOKO» OPYAVO
pétpnong, oneg @atverat ota Xxfpata 1 kat 2, omov 1 oxediaopévn Sataln Oeiyvetl v
avodo g Oeppokpaociag Appov MPV KAl HETA TNV &viovn avakivnor g e AaAleg
MEPUITOOELS Ol POLTNTEG ASIOMOINOav TNV OLVEXI] KATAYPAQPI] HETPIOE®V KAl TV
AVAIIapdoTaocn avt®v oe ypa@ikn napdotaor). ITapadetypa amotelet i pérpnon too CO2
oovdéovtag éva petpnty CO2 oto Spark xata v @wtoobvleon amod v opdda
neptBaAovtog (Zynpata 3, 4).

H opdada g Xnpeiag emkevipovovtag oty 10ea g eovdetépmong pe petpntr ph,
€0e18e v avdnor) tov ph oe 6§tvo Stdhopa, otav oe avto mpootibetal Pacwo Sidhvpa pe
TaoToxpovn mapdarrpnorn g feppoxpactiag otnv GLapKeld TOL MELPAPATOG, ASIOMOI®VTAS
Vv dovatotta yia Tavtoypoveg petprioelg ph-Oeppoxpaociag avinuévng axpifeiag (oxrpa
5). H opada tg Omrikrg pe xprjon too GLX xat petpnty £viaong Tov peTog ¢0tnoe eva


http://www.pasco.com/
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netpapa yia va deiet v mtoorn g €viaong Tov POTOG {e TV AIIOPAKPOVOL) AIIo TV MY
P0® YPAPLKIG, IOV e mapadooiakd opyavda napoovotalet dookolieg (Zynpa 6).

Ixnpa 2. Métpnon Oeppokpaociag peta

Ixqpa 1. Métpnon Oegppoxpaociag ;
mV avakivnon

MPWV TNV avakivnon

Zxnpa 3. Metpntig CO2 poa oe
AEPOOTEYEG PITOVKANL 1€ OIIAVAKL

Zxnpa 4. I'pagwkn napdaotacn CO2
HE Xpovo

Ixapa 5. Taotoxpovn pétpnon é_, S,
Beppoxpaciag - pH pe xpovo xard Sxfqpa 6. Métpnon g €vtaong QwTtog

v eSovdetépwon M€ aIOpAKpuLVOn amoé TNV Inyn He
xpnon GLX
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Ot gottntég 0g KAIOLEG MEPUITWOELG EKAVAV XPI)O01] TOV OPYAVOV Yl VA HIOPECOLY vV
O®MOOLY HLA  «EKOVA» PAIVOHEVAV IIOD EMUTPENel AMAEG HETPrOelg amo Ta matdid.
IMapddetypa avtoo eivat 1) Snpiovpyla KOPAT®V oe OeSapev] Kat 1) EPQAVIoT] OTLyHIOTOIIOD
KOPATOG MOV EMITPENEL VA PETPIOOLY TO HIKOG KOHPATOG KAl PEO® aLTOL TV Taxbujta
d1adoorng xKopdtav oto vepod (oxrjpa 7,8).

a

Ixnpa 7. Epgavion otiypotonov  Iyppa 8. Asfapevi) vepod yia mapayeym
Koparog pe v Pondeia strobe-light SMPAVELAKDV KOPAT®V

Yupmepdopata

H ¢peova Ppioxetat oe e§ENEn. Mia npotn avalvon tov Sedopévav delyvet OTL ot QottnTég
dev xavouv MArpn Xp1ion oV SuvATOTHT®V IOL IAPEXODV TA  HIKPOBIIOAOYIOTIKA
ovotfjpata. Emkevipeovovtal kupimg ota melpdpatd mov npoteivet 1o oxoAko BiPpAio kat ta
TPOIONOOLY eAdyloTa KdvovTag "amhn)" ypron tov epydlei@v mov tovg 00Bnkav. Xto
mpooexeg Owdotpa  ta mepdpata  Imoo  oxedldotnkav - amd  Tovg  gottntéeg  Oa
npayparorownfodv amod pabntég dnpoTkeav oxolel@v oo v enifAeyn) OV GOUINTOV. Ao
ta 0edopeva TG LAOIOINON TOV HEPAPATIKOV dPACTPOTHTOV pe pabntég avapevovral
mpoobeta  ovpmePdopATd  OXETIKA HE TV AIOTEAEOHATIKOTNTA  adlomoinong  Ttov
SLVATOTTOV T®V PIKPOBIIOAOYIOTIK®V COOTNHATOV AIIO TOLG (POLTTEG.
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Eoyxapiotieg: O epyaotnplakog eSomAlopog Imov  xprotporoujdnke oty mapovod Epevva  €xel
xpnpatodot et amod tov EAKE tov ITavemotpiov Kprjtng oto mhaioto tov épyov pe KA. 3750.
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