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MNEPIAHYH

H advvouio padntov vo kotovonoovv koi ve oviipuetmmioovy 10i0itepo. ovvleteg
QOKNOELS HaS 00NYNTE aTny avaliTnon VEWY OI00KTIKWOV TPOCEYYIoEWV. XTOX0G UaS OEV
ATAV § AVTIKOTOOTOOH TOV TOPAI0TIOKOD TPOTOV JLOACKOAIOS 0AAG N eVicyvaol Tov. XThV
gpyoaio. mov axolovlel ypnoionoieitor to Aoyiouikd Interactive Physics ue t Ponbeia
700 0TOIOV ONUIOVPYNONKE TEIPOYLO. TPOTOUOIWONS VIO THYV OVTIUETAOTION THS COKNONG
3.100 omb to Piplio Dvoikng e B Avkeiov yioo v Octikypy wor Teyvoloyikn
koatevBvvon. H Goknon mpayuotedetor v Kivijon QopTioUEVOD CWUATIOION 08 KEKALUEVO
EMITEDO, KATW OO TNV OOYYPOVH OPaoy OUOYEVODS PopuTikol TEIIOV KAl OVOUOYEVODS
NAEKTPIKOD TEDIOV OQPEIAOUEVOL 0 GKAOVHTO nleKTpikd @optio. Me tn Ponbeio. tng
TPOoOpOIWaNS 01 uadnTes ivar oe Béon vo, TOPOTHPHEOVY THY KIVHOH TOD GWUOTIOO,
UG UETOPOLEG TV IOVOOUGTOV TV ODVOUEWY, VO TGPOVY UETPHOEIS UEYEODY amo
KOTOUETPNTES, VO, TOPaTHPHoovY  UETOPorés  ueyebwv  daypouuotixy, kor  va
emovalafoovv ™y 0N OladiKaoio OCGES POPES KPIVOLY OTOPOITHTO TPOKEWEVOD VO
o0onynBodv ce ovumepaoUaTO.

EIZATQTH

H ewoayoyn tov Néov Teyvoroyidv oty Exraidevon kot wdwitepa 1 xprion
AOYIOHKOV OT®S avtd Tov Interactive Physics, néc® tov omoiov emituyydvetot o
oxedloIoUOC TEPOUATOV TPOCOUOImENG, odivel TV duvatdTTo oG KOAVTEPNG
ddokTikng mpocéyyiong Bepdtov Duowng to omoio mapovoldlovv  owénuéveg
SVOKOAIES KATAVONONG GTOVG HadNTES.

Aogopun v v mapovoa gpyacio £dwoe 1 Acknon 3.100 and to Biiio g
B’ Avkeiov Qoo Octiknc kou Teyvoloyixne Karevbovons tov Alodvvov, I'.Ntdvov,
AIIntta, X.Pant, exd. O.E.A.B., 2002, cer.140. H doknon avtr TpaypotedeTol v
Kivnon @opTicpéVoy coUATIOI0N TAve 68 KEKALLEVO EMIMEdO KAT® amd TV chyypovn
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dpdon tov Poputikod mediov TG YNG Kol €VOG avOROYEVODG MAEKTPLKOD TEdiov, TO
01010 0QEIAETOL OE GNUELNKO NAEKTPIKO QPOPTIO GTEPEDUEVO 0TI BAGT) TOV KEKALLEVOL
emmédov. Ta epotiuate ota omoio KOAOHVTOL Ot HaBNTEG VO AmavTGOLY Elvat avTd
TOV VTOAOYICHOV 1TNG HEYIOTNG TOYVTNTAG TOL GCOMATOOL Kot NG UEYIOTNG
OTOLLAKPVUVOTG GTNV OTTOi0 PTAVEL.

AIAAKTIKO IMAAIXIO

H dwaxtin) gumeipio Exet dei&et OTL etvor eEapeTikd SOUGKOAN 1) OVTILETMOTLION
pog térowg doknong omd pabntég mmg B'Avkelov. H doxnon BéPora  eivar
avTIKEEVIKE ovvBetn kot M Adorm g amortel apker) epmepio. Ot dvokoAieg
TPOEPYOVTOL KLPI®G amd TNV advvopio Tov padntadv va avitinefovv ) dpdon Tomv
SUVALEDY KOl TO OTOTEAEGUOTO OTIV KIVION TOL (QOPTIGUEVOD GOUOTIO0L OV
eMEPyovTaL OO TNV dlopkh HeTOPOAN TG cuvioTouévng dvvaung. To mAéov dvGKoAO
onueio givar n oAroyn TG EOPAG TNG CUVICTOUEVIG SOVOUNG 1 OTolo EMPEPEL TNV
aAloyn Tov €ldovg g Kivnong (emtayvuvopevn-enipadvvopevn TO60 KoTd TV avodo
0G0 Ko KOTd TV KAB0d0) Kol TNV HEYIOTONOINGN TNG TOOTNTOC.

To evdlapépov pag yio TNV GoKNoT aVTH, TEPO OO TO YEYOVOS OTL TPEMEL VoL
avTIHETOMIOTEL €QOcOV amevBivetar oe pofdntég mov efetdlovral TaveALadKd oTO
avtiotoyyo pdOnua, €ykertar kupiowg oty peyddn Swaktikny g afia. Ov pobntég
KOAOUVTOL VO YPYCUYLOTOMOoOoVY TEXVIKEG, va avoayvopicovv, va OGounbovv, va
gpapuocovy Kol kuplog va ovvdvdoovv peyébn, vopovg, eoawopeva, Bépota
mpogpydpeva amd v VAN OxL poévov g guoikng B’ katevBuvong aAld kot g
ovoikng B’ yevikig mowdeiog kot g AAvkeiov, omwg: palo, @optio, dvvoun,
Boputikn duvoutkn evépyeta, MAEKTPIKN OLVOIKY EVEPYELX, KIVITIKN €VEPYELD, KN
OHOAG petafaAlopevn Kivinor, avalvon Kot cOvBeon duvapemv, vouot tov Nevtwova,
niektpikd medio, vopog Coulomb, cuvinpntikd medio, SaTAPNON TNG EVEPYELNS.
[pénel emiong va ivan €EOIKEIOUEVOL [LE PETOTPOTES HOVAI®V KOl VO £XOVV EVXEPELD.
oe ahyePpikéc kot oaplOunTikég TPAEelg mTPoKEWEVOL v KATOANEOLY GE COOTA
OMOTELEGHLATOL.

H péypt tdpa avtipetdmion 1060 TG GLYKEKPUEVNS doknong 6co Kot
ovyyevav Bepdtov yvotav akolovBdvTas ta £ frpata: TpoTpon| TV HabnTdOV oF
TPOPANUATIONd Yoo TNV TEPLYPAPT] TOL QPOVOREVOD, oLLTNON TOV SVGKOM®MV,
avAKANOoN TOV CGYETIKAOV YVOCEMV, GVOAVTIKN TEPLYPAPT] TOV QOLVOLEVOD, OVOAVTIKN
Osopntikn  emilvom, Aemtopepeic  vmoAoyopoi,  GLATNON-GYOMAGUOG TV
OTTOTEAEGUATOV, EMEKTAON T.X., KAOOS0G TOL (QOPTIGUEVOL GCOUATIIIOV, GVLVEXNG
egmovaAnyn g kivinong. OAla 10 MOPOTAVEO OTOTEAOVV OTOLYEID KOVOVIKNG
ddaokoriog Ta omoia pe kavéva Tpomo dev Ba Tpémel vo, vIoTIUNBovY. AlumoTddnKE
OU®G OTL TOAD GVYVA HaONTEC omA®g “pudbowvav” v doknom yopic Pabdtepn
KOTOVONON KOl EI0KA TO GNUELD OOV 0 UNOEVIGHOG TNG OAIKNG dVVAUNG EMPEPEL TNV
LEYIGTOTOIN G TG TOXVTNTOG.

AIAAKTIKOI XTOXOI
Me dedopéveg 11 duokoiieg Tov avapépdnkav ftav edAoyo va avalnmbodv
TPOTOL EUTAOVTIGHOD NG ddaoKoAiaG Le GKOTO TNV KOAVTEPT KATAVONON KOl TNV
enoKOLoLON avtipeT®dmion kot Avor. H mepapatikn tpocéyyion pécm tov cupfatikod
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gpyaotnpiov dev eivor duvar] AOY® TOV GNUEWK®OV QOPTICUEVOV GOUATIOIOV Kot
BéPata ¢ advvapiog yro “ontikny” TopakolovONoN TG CAAAYNG 6TO UETPO KOl TNV
katevduveon g cvvictapévng duvoung. Hrav endpevo va otpapovpe oto Interactive
Physics yio v dnpovpyio Tov avtioTolyov TEWPAINTOG Tpocopoinons. Mécm g
TPOCOUOI®MONG aVTHG Yivetal duvaty Oyl HOVOV 1] OVTILETOMION TOV SVGKOAMY TOL
avaeépdnikay mponyoLHEveg 0ALG Tovtdypova divetor 1 duvatdtnTo EAEYYOL Kot
GTOJLKNG TOPOTIPNONG TOV QULVOLEVOL LEC® TNG “BHua mpog to. umpog” EKTEAECG
Tov mepdpatoc. [ivetar emiong ekt M emavAANYn TOL EAVOUEVOD, OCEG POPES
Kpivetal avaykaio, KATo akpiPog and Tis ideg cuvonKes.

MNEPII'PA®H THX IPOXOMOIQXHX

H dnuovpyia ¢ ocvykekpylévng mPocoUoimong Topovsioce, Topd v
(QOLVOLEVIKT TNG AmAOTNTO, OPKETEG SVOKOMEG TOV OQEIAOVTOL GE TEPIOPIGLOVE TOVG
omoiovg emPairet To Aoyiopikod Interactive Physics. Educotepas:

e H avdivon g ddvoung tov PApovs 6€ cuVISTOOES, TapdAAN e Kot kdbeta
ot0 kekMpévo emimedo, dev Nrtav duvvary. To mpdypoppo emrpémer v
avdivon dvvapemv povov oe “ocopfatikods” dEoveg x-y (opilovtio eminedo
Kot dtevBuvvon ¢ KatakopOEov).

e H «dbemn avtidpaon N amd 10 kexhpévo emimedo dev gppovilotav e
arotélecpa va &xope AavBacuévn oikn dvvaun oto goptio q. To mpoPAnua
avTd avtipeTeOnioTnKe Oe®pOVTOS TNV EAacTIKOTNTO (o) [LE TO UNOEV.

e To mpodypappo dev diver v dvvatdtnta ToL GUEGOVL TPOGOOPIGUOV TNG
NAEKTPIKNG duvopikng evépyetog. Ot podntég KaAovVTaL Vo VTOAOYIGOVV TO
péyebog owtd BepnTiKd.

Agv vmapyel 1 dSuvaTOTNTO EMAOYNG OTOOCONTOTE TNG Yo To. PeYEdn oprio,

pala, amoctacn. I'io o Adyo avTtd avoyKooHKoLE Vo SIpPOPOTOCOVLE KATOL0

amd o dedopéva g Goknong and avtd mov divovtar oto Bifiio. Ewdwdtepa 1

amootaon d petadd tov eoptiov téinke ion pe 4,046m avti g tipng 0,4m won 1

néa tov q ion pe 4.10° kg avri me 4,10%kg.

Ymv mpocopoimon epeavitovror ta @optie (q,m) kot Q og KeKAMpévo
eninedo. To Q elvan otepewpévo ot Pdom evd 10 q €xel T dvVATOTNTO VO KLveitat.
Xmv 086vn gpeoaviCovtal oe mAaiolo ot TIHES eopTiov, nalag (g,m) Kot T0 HETPO TNG
Bapvtikng dVvvoune. Evag petaforéag goptiov diver n dvvatdnta aAroyng Tov
POPTIOL g Y10 EMAVAANYT TOL TEPAUATOS HE SUPOPETIKEG TIUES Ko EMaAnBgvon TV
ocvounepacpdtov. Metaforeic g paloc, tov akivntov @optiov, ¢ HETOEd TV
Qoptiov apyikng amoctacng o NTov eniong dvvotol OpmG kATl TéTolo dev Kpibnke
OTOPUITNTO €QPOCOV TOAAEG EMAVOANWELS Kol SOPKEIS VTOAOYIGHOT OmOITOOV TTOAD
xpOvo Kat kovpdalovv Tovg pLobnTéc.

Katd ) e&€MéEn tov mepdpatog epeovioviol o€ Tvakes TV Yo KAOe
Béom oV q, N amdoTacn TV dVO Poptiv, N TayvTNTa Tov ¢, 1 dvvaun Coulomb, n
cuvioTapévn dbvaun KTl Tov dEove Kivnong, 1 Kivntikn Kot 1 Paputiky Suvapikn
gvépyewd Tov . YWAPYouv SloypapUoTo Toy\TnTaS-Xpdvoy Kot amdoTaonS-Xpovou
OOV Paivovtal ol avTIGTOXES YPOUPIKES TOPACTACEL. Xe kafe BEom Tov Qoptiov q
onpewdvovTaL o Stovvspata Tov Bapovg, s 6vvauns Coulomb kot tng cvvicTapéVNg
dovapng. ‘Exet étot ) duvardnta o pabntg va mapatnpiost m otafepdmmra Tov



438 2° TYNEAPIO =TH XYPO — TITE XTHN EKITAIAEYZH

Bapovg, v peiwon g dvvaung Coulomb kotd v dvodo kat Ty avénon g Katd
NV Ka00d0 Kot Kupimg TNV HETOPOAN GTO HETPO KL TNV KATEVOVLVGT TG CUVIGTOUEVNG
dvvoung.

®YAAO EPTAXIAX

H mpocopoimon cvvodedetarl amd Poilo epyaciogs yio tovg padntés. Xe ovtd
divovtan apyikd Baoikés yvawoels oXeTIKA e TOVG TOTOVS VTOAOYIGHOD TV dLVAE®Y
(ovvictdoeg tov Pdapovg kot dvvaun Coulomb) kor tov evepysiwv (Kwntikn,
Boputikr] dvvapukr, Hiektpikr dvvapky|, oAkn evépyela) mov Ba ypnoipomomfovv.
AxorovBobv Xprjoiueg Aemrouépeieg yia v mpooouoiwon, Omov o  pobnig
“Eevayeitar” oto mePPEAlov NG EMEAVELNS TNG TPOGOUOIMONG KOl OTN GUVEXELL
Brjuara yia v mpayuoromoinon g mpocouoiwong. TTo TUNUO oVTO 0 HobNTC
KoAgiToL Voo akoAOVONGEL TIG EVTOLES, Ol 0TT01eC TOV €EOIKELOVOLV LE TOV YXEIPIGUO TOV
AOYICHIKOD, TOV 00myohV OTn O®MOTH €KTEAEGN TNG TPOCOUOIOoNG Kol GTNV
CLUUTANP®GC TOV GTOLYEIOV oV {NTovvTaL.

H mpocopoimon ekteleitar apyikd KOVOVIKG KoL OT CUVEXEW HE TNV
Sdwdikacia fruo mpog to eunpog. O padntng £xet ) dvvatdtra va Topakorovbel tig
peTaPOoAEC TV SLOVUGUATOV TOV OVVAUE®DY, TOVG GYETIKOVG TIVOKES THOV Kol TO
SlypapUIOTO KOt VO KOTAYPAQEL TIG TIHEG Yo To HEYEOM ToydTnto, omdoToom,
duvapels, evépyeteg, mov Tov (nrovvral. Xt cLVEXEW KOAElTOL VO OTOVINGEL GOF
EPOTNCELS, Ol OMOVINGCEL, TV Omoiwv oTNPilovial 6To OTOTEAEGUOTO TOV EYOLV
mapatnpndetl Kot Kotaypoaeel, va mpoPel € VTOAOYIGHOVG (TNG NMAEKTPIKNG SUVOLLKNG
Kol TG OMKNG gvéPYelng) Kol v oxoAdoetl ta amoteAéopata. Kpivetoar okomun n
EMOVAANYN TOL TEWPAUNTOC HE LO. VR TIU TOL QOPTIOL ( TPOKEWWEVOD Vol
emoAn0evbel ek véov  Apyn Awatrpnong g Evépyetog.

‘Eva avtiotoryo @OAAO pe o Pollo epyaciog Tov pnobnty e GUUTANPOUEVOVG
OUMG TOVG TIVOKES, HE VTOAOYIOHOVG Kol OYOAlD omevbivetal 6Tov d1040KoVTa
TPOKELEVOD VO, YIVETOL EDKOAOTEPOG O EAEYYOG TV EPYACIDOV TV HAONTAOV.

AIIOTEAEEMATA
H mpocopoinorn evtumdvetar 6tov pobntn, mapd v @avopévn omAdTnTa
™g Kivnomg, yeyovog mov oeeiletar Kupiwg otig HETABOAEG TV JOVUCUATOV TOV
duvapeov (Coulomb kot cvvietapévng). O diddokmv €xel T€log TV duvatdTNTO VO
emekteivel TV SdaoKolior TPOTPEMOVTOC TOVG HOONTEG VO, TOPOTNPTIOOVY, KLPIMG
HECH TOV SLOYPAUUAT®VY, TNV TEPLOOIKOTNTO TG KIVNONG KOl VO TOVG ELGAYEL OTNV
£vvola TG TOAGVTMONG.

DYAAO EPI'AXIAY MAGHTH
Tithog evotTnTog: Hlextpikod medio
Tithog padipartog: Kivinon popticpuévov copatidiov kdt® amod tn cvyypovn dpdon
Boputikod Kot AeKTpLKoD TEdiov
Taén: B” Avkelov Ogtikn ko Teyvoroywn katevBovon
OVOPOTETOVURO POOMTI: ..o

0 (T
HEPEPOIMVIG: ..o
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Xpnoypomorodpevn Tpocouoimon:

[Ipocopoinon Baciopévn oty doknon 3.100 tov Bifiiov g B” Avkeiov «Duoikn
Betucng kot Teyvoloyikng KotevBvvong »twv A. lodvvov, I'. Ntavov, A. TIntra, X.
Pdann exd. O.E.A.B., 2002.

Baowkég évvoreg ko peyédn: Mala, smrdyvvon g PBapdtntog, Poputikny dvvoun,
NAEKTPIKO @opTio, MAeKTpK dvvaun, oviidpaon emmédov kiviong, PapuTikn Kot
NAEKTPIKY] OLUVOLKT EVEPYELD, TOYVTNTA, ATOGTAGT), OOTIPON TG EVEPYELS, Ymvia O
mov oynpariletl to kekMpévo pe 1o opdvtio enimedo.

Baowkés yvoeeig

Epoappolovpe 6Aeg TIg SUVANEIS TOL dPOVV GTO GMLOTION HAlag m Kot eoptiov g yio
VO LTTOPEGOLLE VO LEAETHCOVLLE TNV KivNon Tov.

Ynroloyilovpe ) Paputikn dvvaun Fg=m.g n omoia ackeitor 6to copatidio pafog m
e&attiog Tov Poputikod mediov g yNg mov £xel PapuTikn emitdyvvorn g. Avalvovpue
mv Fg og 800 ocvvictdoeg 6Toug dEoves X kat y, Omov X AEOVOG TapGAANAOG e TO
KkekApLévo eminedo kar y aovog kabetog 6T0 KeEKAMPEVO eninedo, Fgix) =m.g.sin ot
Foryy = m.g.cos® avtictoyya. YmoAoyilovpe to pétpo tng miAektpikng SOvoung

PE ,0mov k 1 niektpwn| otabepd tov vopov tov Coulomb, mov ackeitar 6T
eoptio q e&attiog Tov akivnTov eoptiov Q mov Ppicketon otepempévo ot Pdon Tov
KeKMPEVOL emmEdOV Kol o€ andotaot d and avto .

To @optiopévo copatidlo (q,m) Oev emttoyvveTOL 6TOV KABeTo G&ova y O10TL 1
ovviotopévn otov Géova y, Fry=0 dmiadn Fy= Fgy) , 6mov Fy m avtidpacn tov
KEKMPEVOL EMMESOL. ZTOV AEOVO X GTO COUATION OOKEITOL GUVICTAUEVT dOVauUN e

uétpo Fr= |FG(X) — FE| .

Ynohoyilovpe v Poputikny duvopikn evépyelo mov €yel TO0 ocwpatiolo (q,m),
BepdvTag ¢ eninedo uNdeviKNG PapLTIKNG SUVOLIKNG EVEPYELLSG TO 0Pl OVTIO EMITESO
ov SiépyeTal amd TV apyikn 0éon tov copatidiov (q,m), Us=m.g.y 07ov y 10 Dyog
tov Beswpovpevovr copatdiov and To eminedo pPNOEVIKNG PApLTIKNG SUVOLLKNG
evépyelag. YmoAoyifovpe Ty MAEKTPIKN SUVOLLKY EVEPYELD TOL GUGTILOTOG TV 6V0

k
(POpTiO)V qu’ UE: Qq .

d

1
Téhog vroroyilovpe TV KIvNTIKY EVEPYELR TOV COUATIOOL (q,m) K:E mv?, 6mov v N

TaYOTNTA TOV KAOE YpoviKn oTiyun Kot tnv oAkn evépyeld tov E = K+ Ug + Ug.
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XPHZIMEX AEIITOMEPEIEX I'lA THN ITIPOZOMOIQXH

Oa Eekivnoete HEAETOVTOG TNV TPOCOUOIMGEN TG KIviong Tov  QOPTIGUEVOL
copatidiov (q,m) TAVE o6& KEKAMPEVO emimedo. XT0 coUATiO €mdpd T0 PBapuTikd
nedio TG yNG Kot To NAekTpikd wedio Tov dnpovpyel axivnto optio Q to omoio givar
otepe@pévo otn Paon tov kekApévov emmédov. H kivnon tov copotidiov yivetot
KOTA PKOG TOV KEKAMUEVOL EMTEOV YWPIC TPPES.

Kafdg exteleitar ) mpocopoinon mopatnpodpe 6t otnv 086vn oynuotiloviar 600
dtaypdppota : HETPOL TAYLTNTAG-YPOVOL KOl amdOGTACNG HETAED TV dVO QOpPTimV-
xpoOvov. Xe mivaxeg epeoviCovtar kdfe ypovikn otiypn to €€NG: o) TO HETPO NG

TOYLTNTOS TOL g, |v|, B andotaon d peta&d tov dvo eoptimv Q xar q, y) To pétpo

¢ otabepng dvvaung Papvrog Fg , 8)to pétpo Tng NMAEKTPOSTATIKNG SOVOUNG
Coulomb Fg , €) 10 pétpo g cvvorikng dbvauns Fr mov ackeitor 610 copatidio ot) n
Kvntik) evépyeia tov q, K kot §) n duvopwn evépysia Papotrag Ug tov g, ) 1
otofepn pdla Tov eoptiov q ko 0) N Ty Tov akivnTov Poptiov Q. Téhog vrdpyet
petafoiéag pe Tov omoio pmopovpe va petafdAlovpe Ty TR Tov Poptiov g.
Hopaznpnon. O Tég tov peyebov mov eivar yvopeva evoc aptBpol eml po dHvopn
tov 10 gpoavifovtol oty TPoGOUOIMoT LE SLPOPETIKN LOPPT 0TO AVTH TOV GLVHOWG
xpncéuonowl’)ue. I1.y. o ap1Budc g mpocopoimong 4.00e-006 1codvvapel otov apBud
4.10™.

Emiong pepwcd omd ta cOpPoro mov eueavifoviot 6Ty TPOGOUOinoT Kot 6TO0 GOUAAO
gpyaciog 0ev aVTIOTOLYOVV GTO GUUPOAN TTOV GUVIOMG YPNCILOTOLOVVTIUL GTO. GYOALK
BBAria. ['a 1o oxomd avTd ToPUTIBETOL O TOPUKATM TIVAKAS .

L Zopuporo 6to GYOA. >opuforo oty 006vn
Pvowd péyedog Biprio tov Interactive Physics
Hiextpucn dvvoun Fc Fe
Coulomb
Baputikn dvvapun BnW Fg
Avtidpoon KekAL. ETTESOL N Fn
Yoviotopévn dvvaun >F Fr

BHMATA I'lA THN IPAI'MATOIIOIHXEH THX IPOXOMOIQXHX

"Eoto 611 10 copotidio &xet palo m=4.10kg ko poptio q=2.10"*C.To axiviyro poptio
Q éxet Tipn Q=4.10°C xar N petaéd Tovg apyh amdotacn sivon d=4,042m. Kdavre
KMK omv ektéheon g mpooopoiwong (kitpwvo P otig ypoppés epyareiov) Kot
Tapatnpeiote TV kivon Tov copoTdiov Kot Tig HeToPoAég TV davucpdtov Fg kot
Fr xofdc kot ta dtaypdpupato pHETPOL TayLTNTAS-XPOVOL Kot AmOCTACNG LETAED TV
500 eoptimv-ypovov. Kavte Kk oty emavappvduion ( mphovo |4 <« o1(g
YPOUUEG epyalelmV) Kot emavOLAPETE TNV EKTEAECT] TNG TPOCOUOIMONG Héca amd T
Swdikacio «Prpa Tpog ta epumpodcy. Mmopeite €tol vo mapatnpnoete KABe Ypovikn
otiyp ™ 0éom 1oV copaTdion, TG TWESG TOV daPoOpwV peyebdv mov eppavifoviot
GTOVG TVOKES KOOMG KOl TIG YPAPIKEG TOPUCTACELS,
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1. Zopumnp®doTe ToV TOPUKAT® TIVOKO.

d) | o | ] R | B | KO U0

Apyun
Béon

®éon
TT] g Vmax

Axpaio
0éom

Toyaio
Béon

2. ZopumAnpmoTe To TOPOKAT® KEVA:
Ot  dvvapelg mov  egvepyodv oto  ocopotidlo (qm) elvar ot &&ng:

X Béom, Omov mapatnpeital 1 LEYIOTN TOYVTNTO Vi , 1| oLVicTapévn duvaun Fr
etvo {om e ovveniiii

H toydmra pndeviCeton OTIC BEOEIC . vnveie i

H xivnon tov copotidiov (g,m) amd v apyn HEXPL T HEYIGTOTOINGN THG TOYVTNTAG
0 tegal
H «ivnon tov copatidiov (q,m) otn GuvEXELD OO TN LEYIGTOMOINGT TG TOYVTNTOG
péxpt v akpaion 80N dipax EVOL ceeeiii e STt

H «ivnon tov copatidiov (q,m) otn GLvEXELD OO TN LEYIGTOMOINGT TG TOYVTTAG
HEYPL TV APk  BE0M  EIVOL  oeoeiiiei i oot
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3. Noa vroloyicete v niektpiky duvapkn evépyeto, Ug Ko TNV OAIKY EVEPYELL
E o115 6¢0g1g MOV QaivovTal 6TOV TopoKATE TivaKo

K (J)

Ue (J)

Us (D

Eu (J)

Apyun
0éom

®éom g

Vmax

Axpaio
Béom

Toyaio
Béom

No 6Y0MAGETE KOl VO SIKOLOAOYNGETE TO, AMOTEAEGILOLTOL.

4. Kavte KAk omv emavappoduion. Amo to petaforéa tov poptiov emaééarte
mv T tov goptiov q=1,8.10°C yia 10 coparido. Kavie khk omv
ektédeon kot mapatnpeiote v e&EMEN g Tpocopoinons. Eravaldfete v
mpooopoimon péoca amd T Swdikacio «PRpo TPOg TO EUMPOCH Kot
GUUTANPDOOTE TOV TOPAKAT® TIVOKA

d (m)

v (m/s)

Foxy (N)

Fe(N) | Fr(N)

K ()

Us ()

Apyii
Béom

®éon
NG Vimax

Axpaio
0éom

Toyaio
0éom
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EnoAnOedote v apyn Sompnong g evEPYELNG GPOD GUUTANPDGCETE TOV
TOPOKAT® Tivako Yio TV vEa T TOL opTiov q.

K Us (J) Us () Eo. (J)

Apywn Béom

O&om ™G Vimax

Axpaio 0¢om

Tuyaio Béon

AIMANTHZXEIX I'lA TON KAGHI'HTH
5. ZopmAnpdoTe TOV TOPAKATE® TIVOKO.

d (m) v (m/s) Fox) (N) Fe (N) Fr(N)
i -5
Apyui 4046 0 2000 | 3991071 5399 107
0éom
?ecm ™mg 6.015 3,072 2.10° 1,990.10° | 1,025.107
Axpaio 8,898 0,012 2.10° 9,094.10° | 1,091.10°
0éom
Toyado: 7307 2,665 2.10° | 1,349.10° | 6,514.10°
Béom
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K@) Us (J)
Apycn 0éom 0 0
O£6T TNG Vinax 1,888.107 3,895.107
Axpaio O¢on 2907.10" | 9,661.10°
Toyaio Oéon 1,421.10° 6,478.10°

6. ZOUTANPOGCTE TO TAPUKAT® KEVAL:
Ot duvdpielg mov evepyovv 6to copatiolo (q,m) sivar ot €N i nlextpikn dovoun Fr,
n Popvtin dvvoaun Fg ko n aviiopaoy tov kekApévoo emmédov Fy .
Xt Béom, Omov mapatnpeital N LEYIOTN TOYVTNTO Vi , T oLVicTapévn duvvoun Fr
gtvon iom pe undév
H toydmra undevileton otic 0éoeig omov n amdoraon d eivar uéyiotn 1 eAdyiorn.
H xivnon tov copotidiov (q,m) amd v apyn HEXPL T HEYIGTOTOINGN THG TOYVTNTAG
gtvon evBoypouun emitayvvousvy SIOTL EVEPYEL 0TO GWUATIONO TUVIOTOUEVH OUVOUN WE

kQq
d 2

omoia [eTafalleTor Ue THY amOOTA0N Kol EIVOL OUOPPOTH THS TOYDTHTAG.

uéwpo Fr= |F G(X) —FE| = —mgsing| «kazd wikog tov Keklauévov emmédov n

H «xivnon tov copatidiov (q,m) otn cuvéxelo omd TN UEYIOTOMOINOY THG TOYVTNTOG
péxpt v okpaio 0éon dp. lvon eoboypouun emppadovouevy NoOTL  gvepyel aro

kQq

PE KOTO,

oWUOTIO0 cuVIeTOUEVH dDvaun UE uétpo Fr= |F c(x)— Fi E| = —mgsin @

HIKOG TOV KEKAUEVOD ETIMEIOD 1] OTOIO. UETOPAIAETOL e THY AmOOTOON KOI E€VOL
QVTIPPOTN THGS TOYVTHTOG .

H «ivnon tov copartidiov (q,m) amd v akpaio 86om dp. HEYPL TN LEYIGTOTTOMON TNG

TayvTnTaG glvon evddypouun emitoyvovouevy SOTL EVEPYEL 0TO CWUATIOO GOVIOTOUEVH

kQq
d2

KEKALUEVOD ETITEOOD 1 OTOL0, UETOPAIAETAL UE TV ATOOTAOT.

H «ivnon tov copatidiov (q,m) otn GLvEXELD OO TN LEYIGTOMOINGT TNG TOYVTNTAG
péxpL TV apykn 0éon eivor evfdypoun emPpadvvousvy NOTL  evepyel oTO0 OCWUATIOO

Sbvoun pe pétpo Fr= |FG(X)—FE|: mgsin 6 KOTd KOG  TOV
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ki .
ovvigrouévy ovovoun e uEtpo Fr= |F c(x)— Fi E| =‘ 9q —mgsin @ KOTG UNKog

d2

00 KEKAUEVOD EMITEIOV 1 omolo. puetafalletor ue v amootaoy koi Exel katedBovon
ovtiBetn omo v toydTHTO. .

7.  Noa vroloyicete v niektpiky duvapkn evépyeto Ug Kol TNV OAIKY EVEPYELL
E ot Béoe1c mov eaivovion otov mapakdte mivoako

K () Ue (9) Us () Eq (J)
Apyucr Béon 0 17,795.107° 0 17,795.107°
Oéon ™G Vinax | 1,888.107 | 11,970.107 3,895.10° 17,753.107
Axpaia 0éon 290710 8,092.107 9,661.107° 17,753.107
Toyoia Oéon 1,421.10° 9,854.10° 6,478.107 17,753.107

Noa oyoldoete Kot vo SIKAOAOYNGETE TO OMOTEAEGLLOTOL.
Awomiotawvovue 011 1000 0TIS akpaics Oéaels 6o kot oty Oéan OOV Vg, KOBWS KoL oTHY
wyoaio Géon n olikn evépyela tov cwuotidiov (q,m) drotnpeitar orobepn. Xe oieg Tig
wopomavew BGéoelg to dlpolouo. TG KIVTIKNG, THS HAEKTPIKNG OUVOIKHG KOL THG
Popotirng dvvapikng evépyeiag mopauével atalepo. Aev vmdpyovy ommieies evEpyelog.
H ovtiotaon tov oépa kol kor n il 100 cwUATIOIOD 0TO KEKAUEVO EMITEOO
Oecwpovvrar opelntésg.

8. Kdvte khk oty enavoppObuion. And 1o petaPoréa tov poptiov emilé&ote
mv T tov goptiov q=1,8.10°C yia 10 coparido. Kavie khk omv
ektédeon kot mapatnpeiote v e£EMEN g Tpocopoinons. Eravaldfete v
mpooopoimon péca amd T Swdikacio «Ppo mTPOg TO EUMPOCH Kot
GUUTANPDOOTE TOV TOPAKAT® TIVOKO.
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v Foxy (N) | Fg(N) U (J)

dm) | rs) x107 x107 Fr(N) KO x107
Ap
paLs

no| 4046 | 0 2 3959 | 1,959.10° 0 0
0éo
n
®¢éon

omov | 5,686 | 2,588 2 2004 | 4,022.10° | 1,340.10° | 3,237
Vmax

A&%‘ﬁ“ 8,008 | 0,055 2 1,011 | 9895100 | 5,964.10° | 7,880

ng‘g&“ 7.007 | 2,057 2 1,320 | 6,801.10° | 8466.10° | 5878

EnoAnBebote v apyn dwtnpnong e evEPYELNS apOL CUUTANPMOTE KOl TOV
TOPOKATO Tivake Yo TV vEa T TOL QOopTiov g.

Kuwnrum I;kamptm ?ap vt Ol evépyeta E
evépyeto K (J) VVOLIKT VVOLIKT| )
evépyewn Ug (J) | evépyeia Ug (J)
Apyuc
f 0 16,015.107 0 16,015.107
Béon
©éon 1,340.10° 11,396.10° 3.237.10° 15,973.10°
Tng Vmax
Axpaia 5,964.10° 8,091.10° 7.880.10° 15,972.10°
0éom
Té’gxg;“ 8,466.10° 9.248.10° 5878.10° 15,972.10°
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