Mia emiokewn orn untpoémoAn rou MiAdavo

H agopun yia avtd 1o apbpo Nrav pa enickeyn oto Duomo tov Middvov. Tpdketton yio
TOV UNTPOTOMTIKO vad Tov Mikdvov, évav mpdypatt peyolompenny vad yotdikov pvOpod.
Ymv €lc0do Tov vaov vmdpyel por Kotaokevn. Koatd pnikog tov voold kot kdbeto otnv
dtevbuvon Tov vaoL (M omoia OGS Kol € GAOVG TOVG YPLOTIAVIKOVS VAoVG gival 1 dievbuvon
avaToAng ovomg ) vmapyel o ypoppn ( pe devbvvon mpogovmdg Poppd vOTOL ) Kot
Coypapiopéva ta 12 {odw dimha akppog ard ) ypouun. IIdve oty opoen vadpyet o
TPOTTOL. TOV APNVEL TO P®G TOV NAOL va. Tepdoel uéoa o610 vao. Ilpoeavdg n Kataokeun
YPNOIUEVE WG NAOKSO POAOL, TO OTTOI0 OUMG OV UETPAEL TNV MPO. TOV EIKOGITETPAMDPOL OTMG
o, ouvnOn NAakd poAdytla, oAl tovg pnves. Kot avtd yiati 0tav xatd tn JtdpKelo g
nuépog o NAog eBdcetl oto Cevib, ot axtiveg Tov A0V Ba TGOV TN peonuPpvn gubeia kot
T0 onueio Toung Ba eavepmoel To (MO0 KoL TV NUEPOUNViK 6TV 0moio BPIoKOUACTE.

Av16 oL pov TTpo&évnoe TV amopia NTav OTL Ta (MO0 NTOV APKETA KOVTA oV 000 Kot OTL
eV otV apyn ot amooctdoels Tov {odiov NMrav pkpéc, 6co myaivape mpog tov foppd ot
amoGTAGELS LETOED TV (MAI®MV HEYOADVOVE GTO TEAELTAIO OUMG PIKPOLVE.

Me agopun ovTéG TIG TAPATNPNOES OKEETNKO OAN Tnv Kotackevn. H katoaokevr|
Tpopoveg Paciletal oto SlapopeTikd HPEYIOTO Vyog Tov @Bdvel o MAog oto (evib oTig
ouapopeg emoyés. Avtd PEPora Exel oxéon Kot e TN SPOPETIKY OEPKELN TNG NMUEPAS LE TN
viyto TIc dtdpopes emoyés. Ta eoawvopeva avtd ogeidovtal 6to yeyovdg OTL o G&ovag
TEPIGTPOPNG NG VNG Etvo oTtafepds 6T0 YMPO Kot oNUadevEL Tov ToAMKd actépa. 'Etotl katd
™ S1dpKelo TEPIOTPOPNG TNG YNG YOP® OO TOV NAL0, GALOTE Ol OKTIVEC TOV NALOV KTUTAVE
KkéOeto 0 oMuepvd emimedo TG Yng Ko owtd cvuPaivel oe Vo muepounvieg otg 21
Maoaptiov kot 23 Zemtepfpiov mov €yovpe TG wonuepiesg, yorti tOTe 68 OAQ TO. UNKN KO TO
TAATN TNG YNG M O1dpKea TS NUEPAS eivar iom pe TN dtdpKeLa TG VOYVTAG Kot GAAOTE KTUTTAEL
TAQYLOL TN VM.

Ot axtiveg Tov AoV axolovBovv v mapokdtm mopeia EOAvovtag 23,5 poipeg Bopewa (
o115 22 lovviov oto Bepvd nAlootdoto ) ko 23,5 poipeg votwo otig 22 Agkepppiov oo
yewepvd nlootdoto. Ta onueia g yng pe yewypaewkod midrog 23,5 poipeg Popeta opilovv
évav KOKAO TOL AEYETOL TPOTIKOG TOL KOPKIVOL, 0pov anTh TNV nuepounvia 6tav dVEL 0 NA10G
PAémovpe ot VoM TOV AGTEPIGUO TOL Kapkivov. Ta onueia TG YNG HE YE@YPOUPIKO TAATOG
23,5 votuo. Bpickovtot 6Tov Tpomikd Tov AtyOKEPOL Yo AvTIGTOLKO AOYO.

A

210 oyNUa Hog 0 NAMog méetel kaBeTa ot onueio pe Ye@ypopkd mAdtog ¢ Popeta. Avtn v
nuepopnvia o avtd to. onpeio 0 MA0g oto Levib Tov oynuatiCer 07 pe v KoTAKOPLEN TOV
TOTOV
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210 mopamive cynuo N yovio ¢ gival to Yeoypaptkd TAAToc evog TOTOL evd M Yovia O givan
N yovia mov oynuatifel o d&ovog g yng e to wonuepvo enimedo g yng. Emedn omwg
TPOAVAPEPAUE, O AEOVOC TEPIGTPOPNG TNG YNG TOPAUEVEL 6TaOEPOS KaTA TN dtdpKeld vOg
étoug, N yovia avt aAlalel and —23,5 poipeg émg 23,5 poipec.

Apa dtvetan amd ™ oyéon O=23,5(¥Uv2?ﬂt =23,5 ouv %t omov t=0,1,2,3,...12 o€ unvec.

[a t=0 06=0 mov avtictoyel otig 22 lovviov mov €yovpe 10 Bgptvdo nilootdoto. o t=3
avtiotoryel otig 23 ZemtepPpiov oty ebwomwpiv onuepia. T t=6 oavtictoyel 1
nuepounvia 22 Agkepfpiov mov Exovpe 10 YEWEPIVO NAIOGTAGLO Kol Yo t=9 avTioTolyEl oTIg
21 Maptiov mov £xovpe TNV €apivr) oM peEPiaL.

‘Etot av Bécovpe pia pdfdov dyovg H n pukpdtepn okid mov divel katd T dbpkelo g

nuépog elvan otav 0 nMog glvan 01O CeviO Kol 1600t
T
S =He(p—0) =Heg(g - 23.500v" 1)
["a to Middvo mov to yemypapikd mAdtog etvan 45 poipeg n oxéon Oa yivet:
T
S =Heg(45 - 23,577,ugt)
22 Maiov 22 Ampih 21 Maptiov || 22 Defp 22 Tavovap 22 Aekep
Tavpog Kpuog Ix00eg Ydpoydog Atydkepog To&otng
A
= a 1 \ 4
AN / I \
/ I \
/ I \
7 A}
22 Tovviov 22 TovAiov 22 Avyovo 23 Xentep 23 Oxtopp 22 Noeuf
Aidvpot Kapkivog Aéov MapBévog Zvyog 2Kopmog
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Tnv ewdva mepimov avt) €ida otn MntpomoAn tov Mikdvo. ‘Etol 1 amopior pov Avbnke
puéxpic €00. AAAG etvan evkarpio vo wape Ko Alyo moapamépa. No pHeAeTcovpe ONAaon
OLapKELN TNG NUEPOG OE GYECN UE TO YEOYPOUPIKO TAATOG KO [LE TNV NUEPOUNVICL.

BI'

or
And 10 apykd oynuo €yovus: £Pd=— Kol £PO0=—
Px. XNHo Exovp PP AT ¢ or

omoTe MOAAOmANGLALOVTOG TIC OVO OYECEIS KOTO HEAN
BT
naipvoope: — =£¢0-¢
pvove: ~=- =£¢0-£4¢

0AOKANPOG 0 KOKAOG avtiotoyel oe ypovikn Owdpkelo 24

MPEG.
Apa 2nR=24

O ¥p6vog mov Sopkei | Nuépa avTioTotyel 610 TO6E0 2AA

Apa A HMEPAX=2aR = 24a
T
AMG ovva = BU = BU =£00- PP APA
'n TA

A HMEPAX= ﬁTof(o-uv(gmﬁ- ePO)) = gTof(o-uv(e¢40 . 8¢(—23,40‘UV%I)
V4 V4

Ag mhpovpe Topa v wpaia pog Képrxopa mov €xet yeoypapkd madtoc 40 poipeg. Tote amod
TNV TOPATAVE GYEoT 1 OdpKela TG NUEPAG Katd T dtdpkeld Tov £Tovg Ba divetar amd v
TOPOKATO KOUTOAN

16 +

Aildpkeia npépag
— — — — — —
o N N w £ (@)]
L | L L 1 P\

©
I

(oo}

MnRveg

Omnov o unvag 0 givon 22 Tovviov mov €govpe ™ PeEYOADTEPT NUEPOA, O UNVOS 3 aVTIGTOLYET
o115 23 ZemtepPpiov mov Exovpe wonpepio KTA
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O MAog avatéddetl kol 0VEL axplPdg amd To YEOYPAPIKE onueiol TS AVOTOANG Kot TNG 0VONG
puoévo 300 POpEG TO YPOVO OTIC NMUEPOUNVIEG TV lonuepldyv. XTig 22 Agkepppiov o NAog
aVATEAAEL VOTIOTEPOL TNG OVATOANG Kot Vel e€ioov votidtepa ¢ dvong. Ztig 22 Iovviov o
NAog avatérlier Popeldtepa TG avatoAng Kot dveL Popetdtepa, daypapoviag £vo LeYOAo
T6&0 GTOV 0VPOVO, TTOL TO HEGO TOL TOEOV PpickeTal 6ToV pesnuPpivo tov TémovL.

Tpoyid tov niiov otig lonuepies Tpoy1é tov niiov otig 22 lovviov

Tpoyia tov niiov arig 22 Aekeufipioo
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H enduevn mpoondBeia mov Bo kdvovue eivor va €ENynoovpe Yot Kot Tn OpKED TOV
€10V 0 MAL0G dev pecovpavel mdvta v 10 dpa. Kavovikd oty Képkvpa Oa émpene va
pecovpavei otig 12:40 nepimov. Avtd cvuPaivet yori n EAMGSa avikel oty 2" {dvn. H k40e
Chvn avtiotoryel oe 360/24=15% Apa 0 fAog O pecovpavel otic 12 axptBdg ot kémowo pépn
peta&y Poéoov Kodmpov pe yeoypapikd unkog 30° avarodkd. H Képrupa €xel yewrypapikod
UNKoG 19,5° dpo  améyet 10,5 ano g 12 opa  TmOL  AVTIGTOWOLV  Gf
10,5x24/360=0,69h=41min.

Avtl 00100 pEpKEG opES TO Ypdvo PBAverl oto onueio va kaBvotepei 1) ko va Emeton katd 15
AemTd MEPiMOL, OO TO PpavVTEROL TOL, ONAAN TNV dpa oL Ba Tepdoet and to (evid. Ta Aentd
mov €netan N Kabvotepel Katd TN dtdpkeld Tov £Tovg divovtor and pio oyéon mov AEyeTol
e&lowon tov ypdvov. H ypapikn mopdotact e oxEons ot SiveTon mopaKaTo.
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Amo avt) ™ YpOelKn Topdotacn umopovue va Ppodue mdéco mponyeitoan N kabvotepel N
pecsovpdvnon tov NAov Kamow nuepounvia. Iy otig 14 Iovviov o MAlog givan cuvenng 6to
pavteBov tov evd otig 1 NoeuPpiov pecovpavel 16,5 Aentd vopitepo. ‘Etor pe oot mmyv
TOPOTAPNON KO UE TO TPONYOVUEVE UTOPOVUE Vo Ppodpe axpidg moOte avatéAdel mOTE
pecovpavel ko mote 6Vl 0 NA10g ot Képrupa kotd ) dtdpreior GA0v Tov £TOVG.

O A0 OTt®G PoaiveTal amd TNV TOPATAVED YPOPIKY TOPACTACT| VAL GUVETNG GTO PAVIEROV
oL HOVO 4 PopEG TO YPpoOvo, 16 Amtpiiiov, 14 Tovviov, 2 ZertepPpiov ko 26 AegkepPpiov.
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To epdTHO TTOL TiBETON TOPO ElVAL TOG TPOKLITEL 1] TOPATAV® KAUTOAN. Me GAla Aoy
YTt 0 MAM0G dev pecovpavel Tavta TV 0o dpa.

Ag mapovpe ta mpdypato pe m oepd. H mepiotpoen g yng yopw amd tov £00To TG
olopkel 24 dpeg. Av dev TePIoTPEPOTAV KOBOAOL YOp® 0md TOV HAL0, CUUTANPDOVOVTOG L0
TEPIOTPOPN YOP® 0md avTdHV, Ba glye KAVEL pia TEPIGTPOPN YOP® amd ToV €00TO TNG. Emeidn
AOwmOV M YN TEPLOTPEPETOL Kol YOP® GO TOV €0VTO TNG KO YUP® od TOV NAL0, OTOV KAVEL
365,25 nep1otpoég o€ oyéomn pe ta akivnta actépla, o kepdilel pia akdun TEPIGTPOPT, APa
Ba kdvel 366,25 mep1oTpoPEC YOPW amd Tov NAo. 'Etot Ba £yovpe

24%*365,25=H*366,25 apa H=23,93447 dpeg

Me dAlo Aoy m nAokn nuépa elvar pukpdtepn omd TV aoTpik Nuépa Katd 3,9min
nepimov. Avtd dev Ba glye Kol enidpacr 6To pavteBov Tov NAOVL UE TOV UECT|UPPIVO TOV
KaOe toémov, av M ToyvTNTO pE TNV omoio Kveitar o HAog Ntav otabepr]. AAAG dev givan
otabepn| Yo SVO AOYOUG.

O npoTog Tapdyovrag o@eileTan 6T KAion Tov AEova TEPLOTPOPNG TS YIS OE oYEom
RE TO eMimed0 Kivog TGS YOP® a6 TOV AL0.

210 mAootdolo 0 GEovag TEPLGTPOPNG TG YNG oynuatilel yovia 23,5 poipeg pe
dtevbuvon yng — NAoL evd GTIG Wonuepieg 0 dEovag TEPIGTPOPNS TG YNG YOP® 0mtd TOV NAL0
elvar kdBetoc ot devbuven yng nAiov. ‘Etol 6ta nAocTdola 1 TEPIGTPOPT| NG YNG KATH
UNKOG TOL 1oMUeEPVOD, &ivar UkpOTePn oamd OTL OTIG oMpepie Katd TOV TapAyovIia
ouv(23,5)=0,917. 'Etot av ta 3,9min mov €yovpe mpoavapépel ekepalovy to HEGo Opo TOL
xPOVOL TTOL M NAOKY] NUEPA Etvar HEYOADTEPT TG OCTPIKNG, Ba 1GYvEL

X min + X max ) X max+ 0.917 X max
=39mn — 5

— Xmax =4,07min xou Xmin =3,73min

=3.9mn

Ondte avaueoa o éva nAoctdoto Kot o wonuepia Ba €yovpe 90-(4,07-3,73)=30,6min
dlpopd ot drdpkeld g NAlakng nuépag. Avtd PBéPaia Ba cuvéfave av 1 dlpopd TV
0,34min Ntav otabepn yio 6A0 10 YPoviKd avtd ddotnua. H dapopd dpwe avtn Eekivdet
a6 v Ty 0,34min og éva NA106TAG10 Kot yiveton undév oty emodpevn wonpepio. ‘Etotl n
ouvoMkY] Kabvatépnon ( eav N eAdttoon Nrav ypapukn ) Oo eivor 30,6/2min=16min. [To
Aemtopepeig vmoroyiopol avefalovv avtd to xpovo oto 20min.

H petafoir avt pmopel vo mpoceyylotel pe por MUITOVOEWN KOUTOAN pe mePiodo
365,25/2 h kot tAdtog 10min.

¥t ocvvaptnon avt Ba vEhpyel Kol po apxiky edon agod apyiCovpe amnd vy 1"
Iavovapiov onradn 10 nuépeg petd 1o xeywepvd nmiootdoto. H apykn don Ba icovton pe:
10*47/365,25. Apa n e&icwon Oa givar:

4 - 10*4r
365,25 365,25

y; =10sin( ) (D

H enidpaon avtod tov pawvopuévov meptypdeetol omd v mPactvi KAUTOAN TOV TOPOKATM
OXNUATOG
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Ta vroroma Aentd KaBLoTEPNONG 1 TPMTOTOPIOG TOV NALOV GTO PAVIEBOL TOV WE TOV
peonuPpvo opeiretar oe Eva dELTEPO PALVOUEVO.

210 Yyeyovog 6TL 1| TPoyLd mov akorovdel  yn YOp® amd Tov Ao dev givan KOKAOG
OALG EXAEWT.

Avtd £yl og ovvémela, Aoy tov 2% véuov tov Kepler 6tav 1 yn mincidlet Tov Hio va
KWVEITOL IO YPYOpa, EVM OTOV OTOUAKPVVETOL VO Kiveital o apyd.. Ztig 1 lavovapiov 1 yn
Bpioketar o610 KOVTIVOTEPO omueio amd tov MAo evd otig 1 Iovdiov omv poaxpidTepm
anootaot. Ot oyetikég 0€oeig paivovror oty eikova (3).

H andotaon yng — niiov otig 1 lavovapiov, sivar 1.7% pkpdtepn, and 6011 n ondotacn yng —
nMov otic 1 TovAiov. 'Etor n yovwokn taydtra sivor 3.4% peyohdtepn oTIS OVTIOTOUYECG
nuepopnvies ( Avtd mpokvmTEL Amd TV apyn ST PNONGS TS GTPOPOPUNG).

‘Etol pe myv 1w Aoykn O0nwg mponyovpeva, Ppickovpe OTL N pUKpOTEPN YPOVIKT O10POPE
avApEsa GTNV AGTPIKN Kot 6TV nAtakn) nuépa Ba givat 3,83min evod 1 peyaidtepn 3,96min.
‘Etot érovpe pa dapopd 0,135min /muépa mov 610 ot Tov €51 unvev yivetor 49min
OV Y10 TOVG 1310Vg AOYOLG TTOL EIMALLE KO TAPATAVD AGY® TOV YEYOVHTOG OTL 1 SLopOpd oV
oLuVEXDG eEopaAvveTOL TEAKA gfvon 24,6min. Mo mo ektevig LEAETN odnyel og dapopd 15
min. H cuvéptnon avt pnopet va mpoceyyichel and po nutovoed| kaumoAn pe tepiodo
365,25nuépec, mAdtog 15/2=7,5min ko ywpic apyikn Aacn a@ov TO KOVIIVOTEPO GNUEID TNG
NS amd Tov Ao svpPaivetl otig 1 Tavovapiov.

H avtictoyn e&icwon OBa givar:

Yo =1

1 6Y£01M AVTH TOPIOTAVETOL OO TN UITAE SLUKEKOUUEVT] YPOLLLUY].
TPOGHETOVTOG AV TOVG TOVG dV0 Opovg Exovpe TV eElcwON TOV YPHVOL 1) OTOlN TOPIGTAVETOL
a0 TN GLUVEYT KOKKIVY] YPOLLUT.

%
Y=yt y, =10sin(—F 4 10747y 5 S6in(—27_4) H ESIZQEH TOY XPONOY

365 25 365,25 365,5
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Ewova (3)

Tnv e&iowon Tov ¥pdvov PmopovLE VO TN dOVUE GTOV oLPAVE AV

KkdOe pépa Katd TN SLUPKELD TOL ETOVG PYGAOVLE O GOTOYPOPTa,
Tov NAMov v B mavia Gpa my otg 12 +41°. Toéte av o
’ ’ , , , 7429 (MM/DD)
cuvovacovpe OAec TG 365 pwtoypapiec pali Ba mdpovpe v 503
TOPOKAT. o1
4/15
9/07
8/26
9/27
a/06
H ewcdva avt mov oynuoatileton ( 1o oxtdpt ) Aéyetanl avainupa 1o

2/13
11/06

1/25
11/26
12/16

e

®a tpocmadnoove Tdpa va Pydiovpe Ty eEICOGT TOL AVUATLLULATOG.

To péyroto Byog mov PBEver o Alog oty Képkupa pe yeoypapkd mhdtog 39,5 poipeg sivon
90-39,5+23,5=74° v 10 xaunAotepo onpeio mov EAAveL 0 fAtog otic 22 AekepPpiov givar
90-23,5-39,5=27". H S1agpopd avtr} Tov Hiyoug Tov NAiov cuvTeleital og SlioTnua 6 pnvav.
"Etot éyovpe o Stapopt 74-27=47" omig 365/2 nuépes. Avtd deiyvel 6Tl 1| KATAKOPLON
AOKALGT] TOV A0V GT1) dtdpKela EVOG £TOVG Umopet va Teptypagel amd T oyéon:

47 . 27 T
= —3- t —_—
y=siligsast ™)

UETOTPEMOVTOS TIG HOIPES G€ AEMTA TNG Dpag £xovpe OTL 0 MAog Kiveitor o 24 mpeg 360
poipeg, apa tig 23,5uoipeg Tig davoet og 1,50pec=90min
Ondrte:

Ilgvog Movpodlns 2008 -§-



27
365,25

3 = 90sin( t—%) 3)

H @don —n/2 pmaivel yati tov lovovdplo Bprokdpocte 610 EAI(IGTO TNG KOUTUANG TEPITOL
070 YounAdtepo onueio Tov aEova y.

H 6¢om tov NAov otov GEova y YOP® O0md Tov pecnUPpvo Katd T StUpKELD TOV £TOVS Ogv
elvo Kapio GAAN and v e&icmon ypovov mov Bprkape. Apa

.4 10%4 2
x = 10sin( 1 4 107470 5 s i 2F
36525 36525 365,5

1) (4)

Kdavoope ™ ypaeikt| mopdotacn g mapapleTpikng cuvaptnong (3) kot (4) kol €xovue 10
OO oG oVEAT UL

100

=100 -&0 -60 -40 -20 20 40 60 &0 100

=100

To 01x06 pog aveinuuao.
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