YnoAoyioHOG TG eEvepyoUG Beppokpaaiag Tou ‘HAlou

1. Eilcaywyn

O 'HAIog pag givar éva noAu Bepuod avTikeipyevo. H Beppokpacia diapépel
oTIC O1IAPOPEC NEPIOXEC Tou (nupnvac, wToopaipa KTA.). O okonog auTtng TG
aoknong €ival va unoAoyioste ndéco Bepun eival n emipaveia Tou ‘HAiou. O
'HAIOG eknepnel evépyeia opaipikd oto HAIgkd pag ouoTnua onwe pia Aduna
EKNEMNEI WG PEOA O€ €va dwATIO. 'Eva WEPOG auTnG TNG EVEPYEIAC PTAVEI
otnv . H 18éa autng TNG Aoknong €ival va oUANGBOUPE PEPOC QUTAG TNG
EVEPYEIQC Kal va Tn METPACOUME. AV yVwpIilOUPE TI MEPOC TNG GUVOAIKNG
EVEPYEIAG €ival N EVEPYEIA MOU WETPrOAUE, TOTE MNOPOUKE va UMOAOYICOUME
Kal TNV OUVOAIKN) EVEPYEIa Nou eknépneTal and Tov "HAIo. AQou unoAoyiooupe
TNV OUVOAIKN EKNEUMOMEVN EVEPYEID, XPNOILOMOIWVTAC TNV Bewpia yia Ta
MEAGVa owpaTa, WNopoUPE va UMOAOYICOUME TNV €vepyo BOepuokpacia Tou
'HAiou.

To npwTo BriMa €ival va €nixeipriooUE va GUANABOUME €va PEPOG TNG
evepyelag nou Aappavoups anod Tov ‘HAlo. Autd Ba yivel xpnoiponolwvTag Jia
PIaAn Pe vepo. To vepd oTnv PIGAn Ba BepuavBei and Tnv BgppoTNTa Nou
gpxetal ano Tov ‘HAlo. Katda Tnv diapkela autng Tng diadikaciag 6a PETPAOETE
Tnv dlagopa oTnv Bepuokpaaia.

Apou peTpnBei n dlagopd oTnv Beppokpaaia Ba elodyeTe Ta dedopEva

0ac oTo QUAAO gpyaciac kal 6a unoAoyioeTe TNV evepyod Beppokpaaia.

2. Oewpia NeEIPapaTog

MNa va yivel alayn ortnv Bepdokpacia pia ougiag npénel va
kaTavaAwBei evépyela og popPry BeppoTnTac. H BgpuoTnTa nou anaireital yia
va HeTaBAnBei n Oeppokpacia unoAoyiletar and Tov TUNO TNG EIBIKNG
BepuoTNTAC:

Q=m-c-AT (1)
onou Q €ival To ndéoco TnG BepudTnTag, m €ivar n pada, ¢ n €Ok BepPPOTNTA
Tou UAIKOU kai AT n Oilapopa otn Oepuokpacia. Av n evépyeid nou 6Oa
xpnoigonoinBei yia Tnv Béppavon (Q) npogpxeral and Tov ‘HAlo, ToTE TO Q
OlaIpoUPEVO PE TNV EVEPYO ENIPAVEIA TNG PIAGANC Ba 10oUTal PE TNV BepuoTNTA
nou AapBavoupe and Tov ‘HAIo ava povada emipdaveiac. To PEyeBOG TNG

EVEPYEIQC MoU AauBavoupe ava povada enipavelac €ival €va XapakTnpIioTIKO
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HEyeBoc yia Tou ‘HAlou nou ovopaleTal nAiakr otabepd (eikova 1.) Enopevwg
To Q nou Ba unoloyioTtei and Tnv oxéon (1) diaipoUheEVO HE TNV EvepyO
EMIPAvela TNG QIAANG kal To XPOvikO OIA0TNHA OTO Onoio avTIoTOIXEI OTN
METABOAN TNG Beppokpaaiac €ivalr n nAiaky oTabepd. XpnoidonoiwvTac Tnv
e€iowon TnNG nAiaknc oTabepdc,

S~ @

dedopevou OTI T €ival n anooTacn and Tnv enipaveia Tou ‘HAIoU péxpl TNV

enipavela Tng ng, MNopei Kaveic va unoAoyioel TN GUVOAIKN nMoodTNTa TNG

EVEPYEIAG Mou eknePneTal ano Tov ‘HAo (Le) .

Zipaipa

akTivag 1 AU E.= Por Evépyeiag

and Tov 'HAlo

Eikova 1. xnuaTikr avanapaoTacn TNV EVEPYEIAKNG pong anod Tnv ‘HAlo.

'Onwg &€xel NOn avagpepbei o ‘HANIoG pnopei va BewpnBei, pe KaAn
Npoo<yylon, MEAav owpa. Xpnolponoiwvrac Tnv Bewpia péAavou owpaToc,
pnopei  kaveic va unoloyioel Tnv evepyOd Oeppokpacia Tou ‘HAlou
XPNOIKOMNoInVTAG Tov VOUo Twv Stefan — Boltzman,

L =4nR?.oT* 3

EninpooBeTa pnopei kaveic va unoloyioel pe Tnv Bonbeia Tou vopou

Tou Wien To PNKoG KUWATOG HEYIOTNG EKMOMNNG,

Ko = 4)
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3. NeipapaTikn diadikacia
To NpwTO PEPOG TOU NEIPAUATOG €ival n B€puavaon Tou vepoU oTnv

(1aAn kai va peTpnOei n Bepuokpaacia Tou.

YAIKaG:

e FTUGAIVN @IGAN (npénel va eivar kuhivdpikoU e ZTAPIYHA
OXNMATOG Kal KE Kandaki ano (GeAAO)

o XPOVOUETPO e 2 XApakeg

« Maupo peiavi o Nepd

o MovwTIka (Taivia kalr aAoUUIVOXapTo) o OgpUOUETPO
ExkTéAeon:

Ta npwTa BrpaTa Tou NeipapaTtog 6a yivouv aTnyv okid.
« MTpnoe TNV JIAGUETPO TNG PIAANG Kal oNUEIWOE TN aTo PUANO Epyaaiac.
o Kave pia pikpr) Tpuna otov @eANO £TO1 WOTE va XwpPAsl va nepdosl kai va
oPNVWOEl TO BEPUOPETPO.
o Mépaoce TO OepudueTpo péoa and Tov QeANO kal BeBaimwoou OTI €ival
OTEPEWHEVOC KaAQ.
o MEWIOE TNV PIAGAN PE VEPO. METPNOE TOV OYKO TOU VEPOU KAl GNUEIWOE TO OTO
@UANO gpyaoiac.
« [pOOBECE PEPIKEG OTAYOVEG MEAAVI KAl OPPAYIOE TN PIAAN PE TO PEAAO.
o Z(PPAYICE TNV AKPN TOU PEANOU HE HOVWTIKN Talvia.
o TUNEE TO KOINO PEPOC TNG PIAANG ME AAOUMIVOXAPTO.
« ZIYOUPEWOU OTI TO VEPO €xel TNV idla Beppokpacia Pe To NepIBAAAOV.

Mfyaive Twpa otov ‘HAIo.
« Kpatnoe Tov &€va xdpaka kABeta kal PE Tov OeuTEpO (ATNOE and éEva
oupMadnT OoU va HETPAOEI TNV OKIG TOU KAl ONUEIWOE Tn OTO QUANO
€pyaociac.
@ H péTpnon TnG okIAg NPENEl va Yivel auEocwS NpIv EEKIVAOEIC TIC JETPHOEIG
NG Bepuokpaaiac.
« TonoBETNOE TO OTAPIYHA KOVTA EKEI MOU PETPNOEC TNV OKIA.
« TonoBeTnoe Tn PIaAn avanoda navw oTo OTHPIYHA.

e Znueiwoe TNV apyikn Beppokpaacia Tou vepou kai Eekiva TO XPOVOUETPO.
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o 2nueive TNV Bepuokpacia kaABe AenTd paldi Pe TNV XPOVIKN OTIVMA TNG
METPNONG OTO PUANO €pyaciac.
e JUVEXIOE VA NAIPVEIC KAl VA ONUEIWVEIC JETPROEIC TNG OEPPOKPATIAC Kal Tou

XPOVOU YIa €ikoal Nepinou AenTa (MEXPI va YEUIOE! 0 Mivakac).
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Eikova 2. AvanapaoTaon ToU NeipayaToc.

EmpgAeia: TooupAidakn EAeuBepia
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4. EneEepyacia SeopEVOV

H neipapatikny diadikacia TeAsimoe kal Ta dsdopéva nou xpeldleoal
EXOUV OUMNA\exBei. Twpa Oa xpnoigonoinoesic autd Ta OedopEva yia va
unoAoyioeig Tnv evepyd Beppokpacia Tou NAiou. Ma va To kavelg auto Ba
XPEIAOTEI va Xpnoidornoinosic To QUAAO gpyaciac oac nou 6a Bpeic oTov
unoAoyioTn.

Mépog 1°:

Mape Ta duo ocT OeOOMEVWV Kal KAve éva diaypaupa Tng Beppokpaaiac
oav ouvapTtnon Tou Xpovou. (Xpovoc oTov X — agova, Bepuokpaacia oTov y —
agova).

AuTn n ypagIikn NapaocTaon NPENel va €ivalr kKatd NPooeyyIon YPAHIKA.
Bpec To PEPOG Mou npooeyyilel kKaAUTEPA Hia €uBsia ypappn Kal OnUEIWoE TO
apxikd kal To TEAIKO onueio auTou Tou PEpouc. H diapopd otnv Beppokpacia
METAEU Twv Ouo anpeiwv (AT) eival n péon dlagopd oTn Beppokpacia kai n
dla@opd oTov Xpovo (At) sival n peon xpovikn diapkeia (€ikova 3).

Snueiwoe TNV dlapopd oTn Beppokpacia kal To PEGO XpOVO GTO PUAAO
€pyaciac kabwc kai oTo dIaypaupa oou.
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Eikova 3. Mapadsiyya TnG Bspuokpaciag oav ouvapTtnaon Tou xpovou. Ta diaothuata AT kal Ta At
£XOUV ONUEIWOEI.
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Mépog 2°:

AvoiEe To QUANO epyaciac nou 6a BpPeIG oTOV UMOAOYIOTH. € AUTO,
unapyouv duo (PUAAa. To npwTo ovoudaleTal ‘PETPNOEIC’ Nou &ival idlo Pe auTd
MouU XPNOIKONoINoeg Kal To OeUTEPO ovopdaleTal ‘unoAoyiopoi’. AvTéypaye OAa
Ta Oedopéva Nou EXEIC Palewel PEXP!I TWPA OTO NpwTo GUANO. Ta KouTid nou
EXOUV KiTpIvO Xpwpa dsv Ba Ta oupnAnpwoelc eoU aAAd 6a cupnAnpwbolv
autopata. Ta KouTid nou NpEMNEl va CUWNANPWOEIC €ival Ta Asukd. MOAIg
EEKIVNOEIG va OUPNANPWVEIG KOUTIA Ba deig OTI Ta KiTpiva kouTia (€101ka OTo
QUAAO ‘unoloyiopwv’) oupnAnpwvovTal kai autd and Mpova Toug. AuTO
oupBaivel  yiaTi  OUPNANPWVOVTAG  KOUTIG  €loayel  Oedopéva  nou

XpnoiJonoloUvTal o€ KAanoloug UNOoAOYIoHOUC Mou KAvel autopaTa To Excel.

@ Mpénel va €ioar NoAU NPOOEKTIKOG HE TIC MOVADEC TWV HeyeBwvV mnou
OUMNANPWVEIC, va OUP@WVOUV PE TO QUANO epyaciac. Ma napadeiypya, o
XPOVOG Npenel va ival o deuTepOAenTa kai Ox1 o€ Aentd. Mpooege eniong OTI
napoAo nou €oU METPNOEC TNV OIAGUETPO TNG PIAANG OTO (QUANO epyaciag

{nTeital n akTiva Tou.

Mépog 3°:
MOAIG GUUNANPWOEIC TA KOUTIA YIa TO WNAKOG TOU XApaka kal Tnv okia
Tou, Ba eupavioTei £vag apiBPoc oto kouTi yia Tnv CeviBia andoTaon. H
anooTaon ano To (evid (eikdva 2) oTo neipapa pag €ival n ywvia HETa&u Tou
KaTakopupou afova kal Twv akTivwv Tou HAiou. ©a xpeiaoteic Tnv Cevibia
anoéoTacn yia va unoloyiosig Tnv datydoo@aipikn dlanepartotnta. H
aTpoogalpikn dlanepaToTnNTa €ival €vag napayovrac rou XpnoiKonolsiTal yia
va OlopBwBei TO @aivopevo TnG anoppoPnong Tou GWTOC anod Tnv
aTpoOCogaIpa Kkai TG okedaong anod Tnv PIAAn.
ApoU €xeic unoloyioel Tnv (eviBia andoTaon NAyaive oTto KATw HEPOC
Tou UANou ‘unoloyiopoi’ aTo ypapnua. O x — a&ovag civar yia Tnv Cevibia
anoortaon. Me Baon TIC KAIPIKEG OUVONKEG TNV wPA TOU MEIPANATOC OIAAEEE
TNV avTioTolXn YPAUMn kai Bpec Tnv atdoo@aipikn dianepatoTnTa oTov y —

a&ova (eikova 4). ZUPNANPWOE TO AVTIOTOIXO KOUTI.
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anoaTaon and To {evid (Loipeg)
Eikova 4. 'Eva napadelypya €Upeonc TNG aTHOOQAIpIKNG dlanepaToTnTac. ‘Onwg
unodeikvUeTal ano TnV KOKKIVI OIGKEKOUMEVN YPAPMN, Yid Wia PEpa Pe kabapd

oupavo av n CeviBia anooTaon eival 45 Joipeg, N aTdoo@aipikn dlanepaTdTnTa Eivai
0.76.

A@OoU oUPNANPWOEIC KAl TO KOUTI TNG ATHOOQAIPIKAG dlIanepaToTnNTAG N
OouAeid oou TeAsimoe! O unoloyloTnNG Ba kAvel OAOUG TOUG UMOAOINOUG
unoAoyiopoUg autopata. Av pi€eic Wia paTiad oto QUANO epyaadiac, oAa Ta
KouTia Ba eival oupnAnpwpeva. H evepyog Beppokpaacia €xel UNOAOYIOTEI

auTtopaTa os Babuouc KEABIV aAAa kai o€ KeAaoiou.

5. ZUYKPION HE TIG OEMPNTIKEG TIHEG
To TeAeutaio KoppdTl TNG AOKNONG €ival va OUYKPIVEIC Ta
anoTeAEOPATA OOU (Xnepapars) YIO TNV EVEPYO Beppokpacia kali TO HAKOG
KUMATOG PEYIOTNG EKMOUMNG KE TNV AVTIGTOIXN NPAYHATIKA TIMA (XeewpnTixs)-
Wake oTo d1adikTuo va BPEIG TIC NPAYMATIKEG TIMEG Kal XPNOIKonoinoe
TOV NApakdaTw TUMO YIA VA UNOAQYIOEIG TO OXETIKO OpaAua:

X S DX
SX = theoretical experimental 100%

X

theoretical
Mpawe pia pikpr Napdypa®o eKTINNONG TWV ANOTEAEOUATWY O0U. AwCE
KAnolec €EnNynoeIC yia TNV anokAion PETAEl BswpnTiKwWV Kal MNEIPAPATIK®V

TIHQV.
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6. NapapTnua: MANPoOPOPIEC UNOAOYICH®OV

>e autiv TNV napdaypa®o 6a Bpeig eneEnynosiC yia Toug TUMOUG Mou
XpnoigonoloUvTal 0TOUG AuTOUATOUC UNMOAOYIOPOUG nou kavel To Excel. Mpiv
napouaciaoTouV OPWC Ol TUMOI MPENEl va onuelwdei To €ERC: Av avoi&eig To
Excel 8a dsic navw and To GUANO pia pndpa. Kabs gopa nou emAEyeIC Eva
KeAi 0TO QUAANO, OTNV PNApa auTn €PpavileTal n TIMA TOu KEAIOU MOU EXEIC
€MIAEEEL. Av N TIUN oTO €mIAeyPEVO KeAi unoAoyileTal and kanola e&iowon TOTE
oTnVv Undpa autn epgavieTal autn n e€iocwon kai oTn B€0n TWV NApPayovIwv
Ol TAUNEAEC TwV KENIWV MOU XpnalponolouvTal. MNa napddelyua, av To keAi ‘C3’
€ival To abpolopa Twv TIHWV oTa keAid ‘A3’ kal ‘B3’, TOTE av €MIAEEEIC TO KeAI
‘C3’ otnv unapa 6a spgaviotei “=A3+B3"”. EAéyxovtac Aoinov Tnv pnapa
MMopeic ava naca oTiypn va O nw¢ UMoAoYi(eTe n TIUR O KAMOIO

OUYKEKPIPEVO KEAI,

ZeviOia anooraon (0): Av pieic yia pama otnv eikova 2 Ba deig OTl o
xapakac (H) kar To pnkog TnG okiag (S) cival duo NAEUPEC evoc opBoywviou

TPIYWVOU. Enopévwe, n epantopévn TNG ywviag ©  Ba

eivcu:tane=§: 0 =atan S
H H

Emaveia doxeiou (AF): Av r n akTiva Tou Soxeiou TOTE N EMPAVEIA TOU
doxeiou Ba eival A=n-r?

Evepyog nepioxn doxeiou (Aferr): Asdopévou OTI 01 NAIGKEG aKTiveG dev
NEPTOUV OTO OOXEIO KATAKOPUPA MPEMEl VA UMOAOYICEI KAVEIC TNV EVEPYN
neploxn Tou doxeiou, Aer=A-cos(B)

AcTtpovopikiy Movada (R): 1 AU sival ico pe 1,5x10 m, énou eivar n
anoaraon YeTa&u g kai ‘HAlou.

AU nepioxn (A): AU nepioxn €ival n ogaipikn enipaveia aktivag 1 AU,
A=4-n-R’

Ioxug (Q): H 1oxUc 1ooUTal pe TV BepudTNTa NOU ANOPPOPnONKE anod To

VEPO OTO DOXEIO OE GUYKEKPIMEVO Xpoviko dlaoTnua, Q=V-c -AA—I, ornou V o

OYKOG Tou vepoU, ¢ n €0k BepuoTnTa Tou vepou, AT n diapopd oTnv

Bepuokpacia, At To xpovikd didoTnua yia Tnv Oedopevn alayn oTnv
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Beppokpacia. Na onuelwbei 0TI oTov TUNO TNG €IOIKAG BEPUOTNTAC UNAPXE! N
pada kai Ox1 0 dykog Tou UNikoU. 'OpmE, N NUKveTNTa Tou vepol eivar 1gr/cm?
EMOPEVWC O OYKOG €xel TNV id1a TIUN We Tnv pala. Enopévwe xpnoiponoloUpe
OyYko avTi yia pala eneidr PETPATE Mo EUKOAQ.

HAlakn oTaBepa (So): ‘Onwc avapepdnke n nAiakn oTabepd ivai n eveépyeia
nou AauBaverar ano Tov ‘HAIo ava povada enipaveiac kai ava povada xpovou.
A@oU unoloyiooupe Tnv IoxU nou IgouTal HE TNV OepudTnNTa Mnou
anoppo@nonke ano To vepd aoTo Ooxeio, av dIAIPECOUNE AQUTAV TN NOoOTNTA
ME TNV EvePYO €MPAVEIa TNG PIAANG Kal TO XPOVIKO dIaaTnua 6a napoupe Tnv
nAlaky otaBepd. H Tiyn autn npénel va dlopbwbei yia TNV aTHOOPAIPIKN
anoppoPnon OMoTe npenel va TNV OIAIPECOUME HE TNV  ATMOOQAIPIKA

Q

= p
Aeff T

diangpatotnTa (), S, =

HAiakn AapnpotnTa (Leo): Asdopevou OTI n nAiakn oTabepa eival evepyeia
ava povada enmipaveiac av Tnv noAANanAaciaooupe Pe TNV EMIPAvEIa akTivag 1
AU naipvoupe TNV ouvoAikn 1oxU ano Tov nAlo o€ emi@aveia aktivac 1 AU.
AuTR n ouvoAikn 10xUG gival n nAiakry AaunpoTnTa, Le=4-n-R*Se
EKNEPNOPEVN €VEPYEIa ava povada emipaveiag: Eivai n digipeon Tng
nNIaknG AapnpoTnTag pe Tnv enipaveia Tou HAlou (A, =4 -n-R?), ;—@

(0]
Evepyog Oeppokpacia Tou 'HAIou (Tegr): H €€iowon nou divel TNV evepyo
Bepuokpacia eivar o vopog Twv Stefan — Boltzman yia Tnv akTivoBoAia

MEAaVOU owpaTog,

L 1 v
LO:4.n.Ré.c.Te“ff:>Lo=Ao-c-T:ﬁ:Teﬁ=4fAO onou O eival N
o)
(0]

oTabepa Twv Stefan — Boltzman.

MnkoG KUHAToG HEYIOTNG EKNOKNNG (Amax): Bacifopevol oTov vopo Tou

Wien pnopei va unoloyioel Kaveic TO PAKOC  KUMATOC — MEYIOTNG

EKMOMMNG, A

max

= TL onou b €ival n otaBepa Tou Wien.
eff

MeTatponn BaBpwv KeAhoiou og KEABIV: °K = 273° + °C
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#F  Mirpnon mg evepyobe

BepuoKkpaaciag Tov ‘HAlov

OVOMUTETTWVU IO HaBnTh:

Huepopnvia:
Mivakag Karaypagiig SeSoHEVIWIY
Metpnon | Xpovog (sec) EEP”E_EWM Ezpﬂ:liigsgiug
0
ﬂljf(l.lETpDF ﬁnxzin:f OyKoC VEPOU:
N :




#F  Mirpnon mg evepyoig

Bepuokpaciac Tov ‘HAlov

OVOMAT ETTWVUHO HadnTn:

Huepopnvia:

. v Mion mipn : : AsikTng fBeppoywpnriko-
'::““;pg:il:“;g XPOVIKIG ﬁuJ::iTt::ﬂ{m) .Um{i:::]pw OO POTo T TG THTO VER OU
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AU {m) AU Treproyn (m?) | loyug (Watty | oTabepa S i
(Wind) AapTrp oTnra (W)

1,5E+11 2,826 E+23 2.1 1087 3,07TE+26

Mz proyi otov ‘Hho Exmspmopevny Evipyaia ava BEE::T[I;itgniu BEE::[:;‘;M Mijkog kOpaTog
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