YTMOYPTEIO MAIAEIAZ, OPHZKEYMATQN KAI AGAHTIZMOY

INZTITOYTO EKMAIAEYTIKHZ MOAITIKHZ

EIZATQrH ZTH MHXANOAOTIA

A" ENA.A. - MAGHMATA EMIAOIHZ
B” EMA.A. - TOMEAZ MHXANOAOTIAZ

INZTITOYTO TEXNOAOTIAZ YNOAOTIZTQN KAl EKAOZEQN «AIODANTOZ»



EIZArQrH xTH MHXANOAOTIA

A’ EMA.A.
MAOHMATA ENIAOIHX

B’ EMA.A.
TOMEAX MHXANOAOTIAZ



2TOIXEIA APXIKHX EKAOXHX

ZYITPAO®EIZ:
¢ loidwpog-Mdpiog AviwveAdkng

¢ Mpokomiig MNamayswpyiou

2YNTONIZTHZ:

® NikéAaog Poldkog

ENITPONH KPIzZHZ:

* 'ewpylog BAayog

¢ Avaotaociog MmaAoukTong
¢ Mérpog Znupidwvog
FAQzZIKH ENIMEAEIA:

* Mapia Zn@dkn

ATELIER:

e COSMOSWARE

ITOIXEIA EMANEKAOXHX

H emavékdoaon Tou TTapdvTog BIBAiou TrpayuaTtotroinénke atd 1o lveTiTolTo
Texvoloyiag YmohoyioTwv & Ekd6oewv «AIGQavTogy JECW WNPIAKAG POKETAG.




YNOYPIEIO MAIAEIAZ, OPHZKEYMATQN KAl AGAHTIZMOY
INZTITOYTO EKMAIAEYTIKHZ MOAITIKHZ

EIZATQrH TH MHXANOAOTIA

loidwpoc-Mdapiog AvTwVveEAGKNE ¢ Mpokonng Nanayswpyiou

H ouyypaen] kal n emotnuovikn eruélela Tou BiBAlou mpayuatomnoiénke
und Tnv atyida tou Madaywylkou lvotitoutou

A" ENA.A.
MAGHMATA EMIAOIHX

B" EMA.A.
TOMEAZ MHXANOAOTIAX

INZTITOYTO TEXNOAOTIIAZ YIMOAOTIZTQN KAl EKAOZEQN «AIO®ANTOZ»






MPOAOIOz

To BiRAio autd areubuvetal oToug HaBNTES Kat OTIC HabriTpleg TNG A” TAENG
Twv EMAA. ™Q ouddag mpooavatoMouoU TEXVOAOYIKWY EPAPUOYWY Kal
™Q B' 1d&ng twv EMA.A. Tou Top€a pnxavoloyiag. To meplexduevd Tou ei-
VAL TIPOTAPUOOUEVO OTO eYKeKPIUEVO amd To YIEMNO avaAuTikd mpdypauua
omoudwv Tou pabnuatog “eiocaywyry oTn unxavoAoyia” kat mephauBdvel
dUo Baagikd Bepatikd nedia:

w Tr) BEPUODUVAUIKT)
m TIG BEPUIKEG UNXAVEQ

210 npwto nedio yivetal TPOooEyylon TwV BACIKWY EVWOLWV EPAPUOTHE-
vng Beppoduvauikng, evw oto deltepo eEetdalovtal ol apxeq Aettoupyiag,
T £(0N KAl TA XAPAKTNPLOTIKA TWV BEPUIKOV UNXAVKV.
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H Beppoduvapuiki unopel va Bewpnbel wg n emotun g evépyelag. H
ohogva kal MepLoodTeEPN XPriomn Tou Ayvitn, Tou metpeAaiou, Tou oupaviou
OaAAQ KAl TWV QvavewoLUwV TNYwV eVEPYELQG, kaBwg Kat 1 av&non g Ka-
TavAAwoNQ TOUG TAYKOOLA, ETIPEPEL BABIEQ KOWVWVIKOOIKOVOUIKES AANa-
Y€Q. Ia 10 Adyo autd, n eNAPKAG Katavonomn Twv PaciKwv apxXwv Kal Twv
eQAPUOYWV TNG Beppoduvaukig aroTeholy, edw kat TTOAAAG Xpovia, Baoikd
avTikeleva ekmaideuong Twv TEXVIKWV.

Kdbe dpaotnpldtnta g Unxavikng rephapfdvel aAnAerudpAoelg je-
Ta&U NG evépyelag kal Tng pdalag kat eivat duokoAo va Bpedei kdrmola Tepl-
oxN epappoywv, n oroia dev Ba €xel ox€on, €0Tw Kat Alyo, pe Tn Beppodu-
VOLKT).

Ta nedia epappoynig g Bepuoduvauikhg Bpiokovtal yéoa otnv Ka-
Bnuepwvn Cwr) Tou avBpwrnou. Qg NMapddelypa Urnopoule va avapEPoupe
Ta ouotiuara 8puavong, Yuéng, KAatiouou, Toug Boactnpes vepou Kal
AMa. Eniong naiCel onuavtikd péAo oto oxedlacud Kat v avdiuon twv
KWNTHPWVY QUTOKIVATWY UPaUAwv, agptwBouuevwy kat dAwv. Me Aya Adyla
elval n emuotun nou e&etdlel ) Beppoduvaikr) katdotaon Tng UANG.

OL BepuIkég unxavég amd Tn Uepld Toug €Xouv GUHBAAEL AMTOPACIOTIKA
ot auyxpovn TeXVOAOYIKA Pd0odo, TO00 OTo Blounxaviké Touga 600 Kat
010 Yewpyikd. H eEENEA Toug opeileTal Kupiwg oTo UeYANO €UPOG TOU TiE-
dlou epappoyrig Toug. Ard OAa Ta TPonyoUeva TIPOKUTTTEL ) avayKkaldTnTa
TV dUo Bactkwv Bepatikwy nediwv Tou BiAlou.

Mpoomnadrioaue va dwooupe TIS BATIKEG BewPNTIKES YVWOELG TTOU eival
arnapaitnteg otnv katavonon AAAwv EMAYYEAUATIKOV Jabnudtwy, Ta onola
Ba akohoubrioouv ota endueva €1 onoudwv (unxavoAoyia autokviTou,
OepUIKES Kal YWUKTIKEG eykaTtaoTdoelg Kat dAAa), kaBwg emiong Kat ekelveq
TI§ anapaitnTeg YVWOoELS Yla KABE TEXVIKO, WOTe UE EUKOAID va katavoel
VEEQ TEXVIKEG, VEQ EPYAAEIQ KaL UNXAVILATA KAl YEVIKA VA TIAPAKOAOUBE( T
paydaia eEEAIEN TNQ MIOTNUNG Kal TNG TEXVOAOYiag.

Ayarnté avayvwotn ota KepdaAala mou akoAouBoulv kateBAlaue mpo-
ondBela va dwooupe OAeq ekelveq TIG BATIkEG €vvoleg kat VOUOUG TNG Bep-
MOJUVAUIKNG e 600 To duvatdv amouotepo Tpono. Eipacte otn didbeon
0ag yla TG JIkEG 0ag TaPaAtnPNoElg e OKoTd TN BeATiwon Tou TapdvTog
BBAlou oe HEANOVTIKEG EKDOOELG.

Ou ouyypapeiq
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®‘ Emdiwkopevol oToxol:

[/]

€ E

Na yvwpileTe, 6Tl avTikeiuevo TG OgpUodUVAUIKNG elval 1 LEAETN TwV
QUOLIKWOV QavoUEVWY, TTIoU udlotatal ) UAN, wg popeag TG EVEPYELAG
TWV UNXAVWV , UE OKOTIO TN LHETATPOTTH TNG EVEPYELAS KAL VA AVAPEPETE
napadelyuara.

Na e&nyeite, 611 N OgpOdUVAULKY) AOXOAETAL e TA PUOIKA pavopeva,
Tou HeTaBAMouY, eKTOg amd Ta Pnxavikd PeyEen evog owpatog ou-
OTNHATOG, TA BEPUIKA KAl XNUIKA LEeYEDN TOU KAl va QvaPEPETE TIAPA-
delyuara.

Na ava@épere ta nedia epapuoywv TG OePUOSUVAULKNG.

Na e&nyeite kal va opilere TI Baoikég €vvoleg TNG OePUOSUVAMIKAG:
oloTtna - 4plo CUCTAPATOG - MEPIBANNOV - KAELOTO OUCTNUA - UOVWLIE-
vo - adlapatikd - avolktd ouotnua - OYKOg EAEYXOU - BEPLODUVALIKY
loopporia.

Na Siakpivere Ta (0N Twv cuoTNUATWY, €TOL WOTE va OLIEUKOAUVEDTE
otnv eniAuon Twv MPORANUATWY TNG OEPUODIUVALKAG.

Na yvwpilete Ta Bacikd uUOIkd UeyEon kal TI povAadeg OTIq omoieq
BaoiCetal To Alebvég ouotnua (S.1.), Ta napdywya pey€on kat Tig po-
vadeg Toug, oU cuvavtdue ouxva otn Oepupoduvauikr), dnA. g rie-
ong, edkoU dykou, Bepuokpaaiag, duvaung, evépyelag L.oxUog K.AT.,
Onwg emiong Kat PEPIKES KaTAPYNUEVES HovAdeg AAWV CUOTNUATWY
TIoU €xouV Kablepwbel.

Na ava@épete TIG SIAPOoPES LOPPEG EVEPYELAG KAl VA YVWPITETE TOUQ
TUMoug Tou TIG ekPPAlouy, TIG HovAdeg UETPNOTIG TOUG Kal va diveTe
oUVTOUO OpPLOUG.
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H yvwon g Aettoupyiag Twv Bepikwyv punxavwy, anoteAel Baotkd avtikeiue-
VO EKMaideuongq Twv TEXVIKWYV. 'Evag KivnTApag HOTOOIKAETAG, €vag KIvITY)-
pAG AUTOKLIVITOU, agpomAdvou eival pepikd napadeiypara autou Tou €idoug
pnxavav. Mpv mepdooupe, Aotmdy, va eEETACOUNE QUTEG TIG PNXAVEG TTOU
payuarornolouv tn petarpon g Bepudmmrag oe épyo, ivat avaykaio va
aoxoAnBoUue MPWTA e TN MEAETN TWV QAIVOUEVWV TIOU TIPAYUATOTOLOUV
QUTEG TIG UETATPOTIEG.

©a peletrjooupe TOUG VOUOUG TTOU JIETIOUV AUTA TA QAVOUEVA KAL TIG APXES
otiq omoleg omnpifovtar autd eival, ANwaTe, TO avTiKe(Uevo PHENETNG eKel-
VOU TOU PEPOUG TNG PUOILKIG TIOU ovopddeTal Beppoduvapiki.

H ©eppoduvauiki aoxoAeitat, Aowmdy, pe Ta GUOIKA palvopeva Tou le-
TaBdAovtal, ekTdg and Ta pnXavikd Peyeon evog owuaTog, Ta BepUkA kat
XNHIKA pey€0n tou. Aev UMOpoUpE EMOUEVWG OTN BEPUOdUVALLKY] va Bew-
poupe atabepd tov edIkO Oyko, TNV Ttiean, Tn BepUoKPATia Kal TN XNUKA
oU0Taon TOU OWUATOG, TIOU ugpioTatal To PAVOUEVO, TL.X. O’ €va Kivntrpa
QUTOKIVITOU TO piypa agpa Bevivng oupriéletal otov KUALVOPO Kal AKOAOU-
Bwq kafyetal. Katd tn didpkela g ouprieong petaBdMhovral ta & peygon
P, V, T kat akohouBei n kauon, érou aM\A&lel ) xnukA ouotaon @ Tou piy-
parog. Emiong, npénet va AapBdvoupe urt'oyn pag kat Tig aAnAerudpdaoelq
METAEU OAWV TWV UEYEBWV TIOU UTIELOEPXOVTAL OTO PAIVOUEVO, TLX., OTIWG
Ba doUpue oto KepdAhalo Twv agpiwv, HETAEU Twv PeyeBwv UTApXEL N oXEon
PV =m"R"T. Ztug unxavég, n UAn mou eival Kat 0 popeag TnG EVEPYELAG,
propei va eivat éva uypd 1} éva agplo.

2TOUG VOUOUG, TIOU JIETIOUV TIG PUOIKEG LETABOAEG QUTWV TWV dUO Op-
PWV TNG UANG, Ba ETIKEVIPWOOUE TN HEAETT LAG.

Emopévwg, n Beppoduvapiki €ival n emMOTAKN N omoia acyoAeital pe
TN HEAETN TWV EVEPYEIAKWV UETAOKXNHATIOHWV KAl TWV HETABOAWV TwV
S10pOpwWV PUOIKWV TMOCOTHTWV EVOG CUOTHHATOG Ol OToIEq EMNPEAlo-
vTai i} mpokaAoUv auTolg TOUG HETAOXNHATICHOUG.
H e&€raon Tng UANG uropel va yivel pe dUo Tpdmoug.

. M€ TN MIKPOOKOTIKY €GOS0 Kal

B. UE TN MAKPOOKOTIIKY

H pikpookomik p€00d0g apopd otn AemMTouePElakr) dour) TNG UANG,

TIPAYUATOTIOIETAL e OTATIOTIKOUG TPATIOUG KAl ACXOAETAL [E TIG EPAPO-
YEG TWV apXWV TNG UNXAVIKNG ota dtoua kat Ta popta. O Tpdmnog autdg g
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e&€taong ™G UANG evdlapEpel Kupiwg TOUG PUOIKOUG KAl TOUG XNMIKOUG Kal
Aly6TePO TOUG TEXVIKOUG.

H pakpookomiki eE€Taom apopd ata eEWTEPIKA XAPAKTNPLOTIKA TOU OU-
vOAOU TNG UANG, dnAadr| 0Ta YeVIKA XAPAKTNPLOTIKA Kal OTIG MApAUETPOUG
ekelveg, mou poadlopiCouv v katdoTtaon g UANG, dnwg n Bepokpacta,
N Tiieon KA. TTIoU prmopoUe va TIG avTiAn®Boupe He TIC alobroelg uag Kat
Va TIG METPHOOULE [E TIG HOVADEG TWV PUOIKWV UeyeBwV Tou yVwpIloupe.

Epeig 0’ autd 1o BiBA0 Ba akoAouBriooulEe TN LAKPOOKOTIKY €E€TAOM
NG UANG. Oa HeAETiCOUE TTPORAAUATA KAl EQAPUOYES TNG UNXAVOAOYIKNAG
TEXVNG. EMopévag, Ba emixelpriooupe tia TEXVIKY TIPOoEYYLoT TNG Bepprodu-
VAULKNG.

O epappoyeg g Beproduvapikng eivat mdpa moAEQ. Ta cuotruata B€p-
pavong, YUe&ng, KAatiopoU, wa avtAia, éva kounpeogp eival ueplkég amd
QUTEG TIOU TIG ouvavtdue otnv Kabnuepwvr) pag {wr. Ze PeyaAltepn KA(-
paka, Aordv n Beppoduvauikn mailel onuavtikd péAo oto oxedlaoud Ki-
VNTAPWY AUTOKIVATWY, OKAPWV avayuxnig, TAoiwy, ENKOTITEPWY, AgPOTIAG-
vav, TupatAwv. Emniong ot Blopnxaviki mapaywyrj, 6rou xpnotuoroleitat
n Bepudnra nou aneleubepwvetal and Tnv Kauon, oe PBlounxavieg kAde
HOPONQ TL.X., XNUIKES Blounxavieg, HeETAAOUPYIKEG KAwaToUPavToUpYieg,
Blounxavieg TpoPiuwv.(0x.1.2.0) ZTIq eNdUeveS apaypdPpoug Ba PEAETH-
OOULE TIG BaTIKEG €vvoleq TNG Oepoduvauikng kat 6a SWOOUNE XPNOLUOUG
opLouoUg.
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0. 2
anssnenattl

KOMUTIPETEP

€YKATAOTAOEIG eéppavan
Kal K\ipaTiopou

epyooTtdaia

Zxnpa 1.2.a lNedia epapuoywv e Opuoduvaukig
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2’ autd 1o BiBAio Ba xpnoyomnomBouv povadeg Tou Alebvolg ZUCTANATOG
povédwy (A.Z.) ) SYSTEME INTERNATIONAL D’ UNITES (S.1.).

To (Sl) kaBiepwbnke To 1960 Mo TO YEVIKO CUVEDPLO HETPWV Kal OTAb-
Mwv. BaoiCetal oe emtd uOoikd peyéon kat dUo cuUNANpwaTikd. Ta ouupo-
Aa kal ot HovAdeg Twv HeYEBWV autwv paivovral otov Tiivaka 1.1

Mivakag 1.1
AIEONEZ ZYZTHMA (Sl): ZUpBoAa Quokwv eyeBwv kat pPovAdeg.
Baoid peyéen ZUMTANPWUATIKA
peyedn
A | BEPHO o ostrral putenn | eninedn | orepea
pEyeBog | unkog | udala | xpdvog fl,- SUVAIKN ,n (P " , n p,
pedpa , | oudiag | évtaon | ywvia | ywvia
Bep/oia
oluBoho| ¢ m t T,0 n ly [0} Q
i , XI\G-  [deutepo- . . p . : atepa-
povada | YEtpo voauuo|| Memo Aunép | KEABv HOA kavtéNa | aktivio KTivio
oUpBoho| m kg s A K mol cd rad Sr

Ta peygbn autd ta ovoudloupe KUpia i BaciKA kal Ta eMNEYouUe aubai-
PETA WG MOVADEQ HETPNONG.

‘O\a Ta dA\a ta ovoudloupe mapdywya R deutepelovta Kal Ta opifou-
Me xpnolorolwvTag oxeoelg duotkng A Mewpetpiag mou Ta cuvdgouy e Ta
Baotka. T.x.

TaxutnTa =pnRKog / Xpdvogq Je povada peTprioewg m/s,
grutdyxuvon = taxdmra/ xpovo  He povada YETPRoswg m/s2,
OYKOG = UAKOG X UAKOG X UKOG e povada md,

e101kdg dykog = oykog / pdla ue povada m3/kg.

1.3.1. NMieon - £181k6¢ Oykog - OcppoKkpaaia

H povdda tng micong (Alvaun avd povada smipaveiac) sivat To N/m2 kat
ovopdZetal MaokdA, (Pa).
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Enedn n povada mieong Pa, eival mépa oAU uikper|, xpnotdoroleiral To
pmap mnou opiletal wg e&NG:

1 bar = 105 N/m2 = 10% Pa

To mAeovéKTNUa g XPriong autnig TG povadag eival 6t n Ty g eivat
nieplmou {on pe TV atuooPalpky) Tiieon.

1 kavovikr atpdopaipa = 1.01325 bar
1 atm = 101.325 Pa = 1013250 KPa = 1.01325 bar

E131ké¢g Oykog (v) evdg ouotuarog eival o dykog Tou cuotruarog avd
povada pdlag Tou GUOTAMATOG.

H povada pérpnong Tou edikou dykou eivat To m3/kg.

Xpnowonoteitat To GUPBOAO V yia Tov OYKO TOU CUCTAUATOG.

MNa Tn 6eppokpacia kal T Yétpnon g Ba yivel Aertropepniq avapopd
01O TPITO KEPAAQLO.

ZTov apakdtw mivaka 1.2 gaivovtal ol avTIoTolXieq HEPIKWY KATAPYN-
Hévwv ovAadwy e T Hovddeg Tou Sl., ol onoieg €xouv kablepwBel kat xpn-
OLUOTIOLOUVTAL OE TIPAKTIKEG EPAPUOYEG.

Mivakag 1.2
Metartpomn katapynuévwv Jovadwv oe povadeg Tou Sl
Katapynuévn povdda Movdda tou S
1Kp 9,81 N
1PS 0,736 KW
1 HP 0,746 KW
1 cal 4,186 J

M.x., dtav avapepouacte atnv LoxU evdg KIvNTHPA AQUTOKIVITOU, TNV EK-
ppdloupe mdvta oe (mmnoug.

Mapakdtw divoupe pePKOUg GUVTOUOUG OPLOMOUG YIa TIG JIAPOPES LOopP-
Q&c TG evépyelag. e endueva kepdhaia 6a avapepBoUe Og AQUTEG.
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1.3.2. Advapn - evépyela - I0XUG

MNa va opicoupe Tn ovada tng duvapng oto (S.1.), xpnoyornoloUye T oxé-
on 1ou ekppdlel To deutepo vouo Tou Nedtwva.
AUvaun = pdda x emutdyuvon
F=m-a
AvTikaBloTivTag oty napandvw oxgon émou m = 1 kg kat a = 1 m/s?
€xope
F=1kg-1m/s?

Autr| T oUvBetn povdada 1 kg - 1 m/s? ovoudloupe Niodtov, (N) 1 N
givat ) dUvapn rou divel 1 erutdxuvon 1 m/s2 oe odpa palag 1 kg.
Onwg yvwpifoupe and Tn Mnxavikn, n dovdda gpyou oto (SI) eival
(Epyo = Auvaun x Metatémon) N - m.
H 0gpudtnTa kat 1o épyo eival kal Ta dUo HoPPES EVEPYELAG TTOU EXOUV
povéda pétpnong to TTAouA, (J), dnAadn
1 TCAoul = 1 NwoUtov x 1 u€tpof1d =1N-m

H povada pérpnong Tng 10xuog oto (Sl) eivat to Bar, (W), dnA\adn
1 W = 1 TCAouA avd deutepdierton 1 W = 1 J/s
1 Bat eival n 1oxUq evég kivntrpa rou napadyet €pyo 1.J oe xpdvo 1s.

Mivakag 1.2
Movadeg ekTog Sl TTou EMITPEMETAI N XPNOIUOTOINCT TOUG
ISO 31
Méyebog Movada 2ZUppolo Mapatnproeiq
Xpovog MEWTO AeTTTO min 1min=60 s
wpa h 1h=60 min
nuépa 1d=24h
€10Q 1a=365d
Eninedn ywvia | yoipa 1°
TIPWTO AETT ' 1=(1/60)°
deutepo Aertrd " 1"=(1/60)"
OyKog Aitpo ? 1£ = 1dm3=1/1000 m?
hata Tévog t 1t = 103 kg
Evepyela NAEKTPOVIOBOAT oV 1e = 1,602x109 |
TUeon PEVOTOU | nap bar 1bar = 10° Pa
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® Mop@ég evépyelag ota Oepuoduvapikd cuoTiuara

Evépyela ovopdloupe TNV IKAVOTNTA EVOC CUCTAHATOG va apdayel €pyo.
H napouoia g evépyelag yivetal avtiAnmTn and Ta anoteA€ouata g Kat
QuUTA UropoUV va eUPavioTolV e JIAPOoPES LOPPEG.

H evépyela eppavifetal wg BePUIKY, UNXAVIKY, KIVITIKY, SUVALKY], NAe-
KTPLKY), XNMIKY], TIUPNVIKY).

H Beppoduvaplkn aoyoAeital e TIG METATPOTEG TNG EVEPYELQG.

Movdada p€tpnong Tng evépyelag oe OAeq NG TIG MOPPEG eival To TLA-
OUA, J Kal Ta moAanidota tou kd kat MJ.

1. Auvapiki evépyeia
Edv €va peuoTtd patag m Bpioketal o UPog Z anod €va eninedo avagpo-
pdg, TéTe auTO €XeL dUVANIKN evépyela:

Eq = mg Z, J kat avd povada pagag Eg = g - Z = 9,81 Z, J/kg

2. KivnTikn evépyeia

Edv éva peuatd Bpioketal oe kivnomn téTe €xel KIVNTIKA evépyela. Edv
péel pe TaxutnTa V, tote Ba €xel KivnTIKA evépyela avd povada palag:

V2
Eo == J/kg
3. EowTepikA evépyeia
‘O\a 1a peuoTa €xouv anoBnkeupEVn eVEPYEL TIOU OPeiAeTal aTNnV Kivn)-
on TWV atduwV Kal popiwv Toug, dnA. ot dour| TouG.
Autr TNV ovoudloupe EOCWTEPIKN EVEPYEIQ.
4. OgppdtnTa

OeppdTnTa eival n evépyela oe petagopd €€ artiag Tng dlapopdg Bep-
pokpaoiag.

5. 'Epyo

‘Epyo eival evépyela oe petagopd, émou n dlagopd Beppokpaciag dev
gumnéKeTal Aueoa.
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Ztn Mnxavikn, yia va yivel euKoAGTePN N HEAETN TwV TIPORANUATWV TNG
xpnouponondnke n évvola tou “eAelBepou owparTog” .. MNa va peAem)-
COOUWE TNV LOOppPOTTia TOU avaptnuévou owuatog pdalag m (ox. 1.4.a) avtl-
kaBwotoupe ) ompLEn pe Tnv Tdon tou vAuatog T kat epapuUOloupE TIQ
eElowoelg .oopporiag ato “eAelbepo cwua” (ox. 1.4.8).

T EAeUbepo
looduvapa owua
<> /

G

Zxfiua 1.4 -y: Zuotnua

Kat’ avaloyia, otn Ogppoduvapiki 6a xpnotuorojooupe Tov 6po “ou-
omua’, ox. (1.4.-y) ZuoTnua ovoudleTal To GUVOAO TWV PUOIKWV OCWUATWV
(oTeped, uypd, aépia) mdvw ora omoia epyalOuacTeE yia va METUXOUUE
€va OUYKEKPIUNEVO TKOTTO.

Av, yla tapddetyua, Bepudvoupe Uia oplopuévn moodtnta vepou, TéTe To
oUotnud pag Ba eivat autn n mogdtnta Tou vepou. Mpdyuatt, euelq mavw o’
auTn epyalduacTe, yla va TIETUXOUE §va GUYKEKPLUEVO akord, dnhadr va
au&rjooupe Tt Bepokpacia Tou.

To ouotnua, enouévwg, elval a GUOIKA ovtotnTa, n onoia €xel BApog
Kat kataAapBAavel Eva oplopEVo GYKO, 0 OTtolog TieplopifeTal anod wa emea-
VELA KAELOTT), TTOU OVOAoUE P10 TOU CUGTHHATOG.
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H meploxr tou xwpou mnou dev katahauPBdvel To oUoTnua, ovouddeTal
nepIBaALov. To riepiBANov Tou cuoTrjuatog dev Ba To Bewpoupe aneptdpl-
oto. To mepIBAMov Tou cuaTruatog Ba anoteAeital and puolkd owuara, Ta
omnoia Bpiokovtal o dueon enagn e To oUoTnUa Kat eival oe 6€om va alAn-
AerudpAoouV QUOIKWG e auTd. ZTnVv MePTwan Tou vepou mou Bepuaivou-
HE, Onwg npoavapgpape (ox.1.4.9), To ouotnua X anoteAeital and m paga
Tou vepou Tou Tiepléxetal oto doxelo. To dplo O amelkovieTal oTo OXAMUA
and TV eowTePIKN empdvela Tou doxelou Kat v eAelBepn emipdvela Tou
uypou. TareptBaMov () antoteAeitat and To Bepuavtikd otoieio Q, and 1o
UAIKO Tou doxelou kal and Tov dueaa rnepiBdA\ovta agpa Tou OUCGTAUATOC.

Yridpyouv duo katnyopieq ouoTnUdTwy, Ta KAEIOTA Kal TA AVOIKTA Ou-
oTApara, ou 6a eEETACOOUE OTN CUVEXELQ.

f

bR

Nepo

ZxfiHa 1.4.8: Z0otnua - 6pto ouotHuatog - reptBdaAlov

1.4.1. KAeloTd ouoThpara

Ta kAeloTd cuoTipara neplopilovral and eMmPAveleg, TIOU eV ETIITPEMOUV
™ peTagopda palag arnd to oUoTNnUa POog To MePIBAAAOV Kal avTioTpoda.
Ma ta kKAeloTd guotruata oxuel n oxéon: m = orab (ox. 1.4.1.0).
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Evépyela

Oplo
OUOTAMATOG

Mévwon

Zxnjua 1.4.1B: Movwuévo ouotnua

To kAeloTé ouoTnpa oto orolo dev undpxel evalhayn evépyeiag e To
neplBAMov, og omoladnroTe HoPPY), OVOUAleTal povwuévo auoTtnpa. MNa
TO povWUEVO oUaTnua oxuel n oxéon E = oral., drnou E n oAk evépyela
Tou cuoTtnuatog (oxrua 1.4.1 B kaw oxnua 1.4.1y.)

Yndpxouv Kal CUCTAKATA TIOU ETUTPEMOUV OE OPLOMEVEG LOPPES EVEP-
YELQG TN HETAPOPA KAl 08 ANAEG OXL, TL.X. O€ KAELOTO OVWMEVO DOXEID LEOW
avadeuTtrpa xopnyoupe €pyo 0To oUOTNUA, VW dev UTIApXeL evailayn Bep-
poétnTag ASYyw NG HOVWONG.

Enopévag, Ta ouoTtrjuata ekeiva rmou dev ertpéniouv Tnv evalayr Bep-
MIKAQ evépyelag e To TiepBAAov Toug ovopddovtal adiapaTika (ox. 1.4.1
0). AvtiBeta ekelva mou avtaA\dooouv evépyela ovouddovtal pn adiapari-
KA.
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Moévwaon

=

Mmatapia

Mévwaon

Zxrjpa 1.4.13: AdaBatikd ouotnua

Ané Toug Mapandvw opLoRoUs POKUTTEL OTL 0 OYKOG TOU CUOTYUATOG
dev eival anapaitnta otabepdg, mou onuaivel 6tt Ta 6ptd Tou Propouv va
petakivouvtat. To aéplo péoa otov KUAVSpo (oX. 1.4. 1€) amoteAel mapd-
detypua evég kAelotoU ouoTtriuatog, yiati To §uBoAo kAeivel ateyavd Tov KU-
Avdpo, Tou onpaivel éTL n oodTNTaA TOU dgpiou mapauével otabepn).

270 MapakdTw oxnua (1.4. 10t.) eaivovral peplkd KAELOTA CUOTHUATA

Ixfpa 1.4.1¢e: didra&n kuAivopou — guBdiou



BAZIKEZ ENNOIEZ 15

ZxAua 1.4.1 or: KAetotd ouotrjuara

1.4.2. AvoIKTd ouoTHHaTa

Ta avoiktd cuoTpara replopifovral and emEAveleg, TIOU ETUTPEMOUV OF
oplopéva onueia ) petagopd palag (ox. 1.4.2a,B.)

H 31étta Twv KAEIoTWY cuotnudtwy m = oTal. .oxUEL Kal yla Ta avol-
KTA ouoTtrpata, étav n pala mou igépyeTal eival ion pe Tn paa mou e&€p-
XETal.

Evépyeia

Mada

-~

,

MepIBaAAov \__.,/Wo

ZxfAHa 1.4.2a: Avoikté ouotnua dAng pong

/|

|

\ 20aTnpa

R —— Yy,

MepiBaAiov \f

ZxfiHa 1.4.2B: Avoikté ouoTtnua Uovig pong

Opio
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Mapddetypa avolktol ouoTAUATog JIMANG pong anoteAel evaAAAKING
BepudtnTag, mpokertal yia éva Yuyeio (ox. 1.4.2y), Tou omoiou ta otabepd
6pla, dnA. to mepiBANuUd Tou, emTPENouY Wa oTabepr por HAalag HeTagu
TOU OUCTAUATOCG KAl Tou TiEPIBAAOVTOG Tou. Emeldr} Ta dpla Tou cuotjua-
Toq eival otabepd, Ba eival otabepdg kal o dyKog Tou.

Na Ta avolkTd guoTrAaTa, TO HEPOG TOU XWPEOU Ttou Kabopilel To ouotn-
Ma, ovoudletal OyKog EAEyxXou.

Mapddetypa avolktoU CUOTAUATOG HOVIG PONG amoTteAel N QLaAn Tou
oxfuatoq (1.4.28), mou MePLEXEL Eva AEPLO, TIOU EKTOVWVETAL OTO TIEPLBAA-
A\ov Tou.

Ao  MepiBaov

—————— Y (oTnpa 3| | Opio

A1

~— 'ZUIJTI'L'JKVUL)HG (vepd)

ZxApa 1.4.2y: Wuyeio atuou avolktd ouotnua SmAnig porig

MepiBaArov

Zxfua 1.4.1.28: Ektévwon agpiou avolkté ouotnua Uovig porig

Eva pépog evég peyalltepou ouotruatog urnopel va Bewpnbel wg éva
1Blaitepo ouotnua kat va eEetaobel Eexwplotd.

Qg napddetypa PEYOAUTEPOU CUOTIUATOG AVAPEPOUE Evav KvnTrpa
QUTOKIVITOU OTOV OTo{0 UMopoUE VA AMOUOVWOOULE TO Puyelo vepou kat
va to e€eTdooupe oav Eexwplotd auotnua, (ox. 1.4.2¢,0T).
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Zxrua 1.4.2e: Yuyeio vepou ZxAua 1.4.2071: Kivntrjpag QutokvriTou
EVOG KVNTHPA QUTOKIVITOU

H ©Oepuoduvapikh 10oppotia evog cuoTruatog TpolnobéTel Tpia dAa
€(dn wopportiag énwg:
a) OepuIKn 100ppomia: H Bepuokpaaia Tou cuotruarog eival dla oe
OA\a Ta onueia.
B) Mnxaviki 10oppomia: ‘OAeq ol eowTeplkéG duvdpelg e€loopporou-
vtal, 6nwg Kat ot SuvAelg HeTa&U CUOTNATOG Kal TIEPIBAAAOVTOG.
Y) XnUIKA 100pporia: H eowTepIkr| dour Kal N XnuIKr) oUoTaoT mapapé-
vouv aTafepd.

Enopévwg, 6a Aéue éTL éva olotnua elval oe @eppodUVaNIKN 100ppo-
mia, étav eival oe Pnxavikry, BEPUIKN Kal XNUKN loopportia.

Ma va Aiooupe Bgppoduvapikd mpoBAfpara, eival anapaitrto va emAgé-
Eoupe e mpoooxn To ouoTnua. Autd onuaivel 0Tt TIPEMeEL va TIPoadiopi-
OOUpE PE akpipela To ouoTnua, dnAadr) Ta 6pia autou kat Tov EPIBAAlo-
VTa XWPO TOU.

Eotw 611 €éxoupe dUo empdvelegq oTepewv owudtwy €4 kat €, og enaen,
Tou Bplokovtal o OXeTIKN Kivnon peta&u toug (oxnua 1.6.a,B,y.) onwg
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ZxfAHa 1.6a: AavBaouévn erroyn ZxAHa 1.6B: Zwotr emAoyr) ouoTriUATOG.
ouoTHUATOG

Oplo
Ixnpa 1.6y: Swotn emAoyr ouoTiuaTog

Onwg yvwpifoupe and ™ Mnxavikd, 6a avarrtuxdel TPIPr Kal enouévwg
BepudtnTa. To mood Tng BepudtnTag nou napdyetatl and v TPPNA eival
yvwotd ot uropel va unoloylotel. Mapampwvrag to oxrua 1.6a, dla-
TIUOTWVOUNE OTL €va PEPOG TNG apayouevng BepudtnTag and v Tepn,
praivel oto ouoTtnua kat éva dA\o uépog urnaivel oTo eEnTEPIKO UEPOG TOU
cuomuarog. Ouwg dev elval duvatdv va uroAoylotolv Ta peygon Qrq kat
Q7o pe anotéAeoua va unootnpifoupe OTL To BepoSUVAMIKS TTPORANUA TTOU
napouctdletal 0’ autd To oUoTtnua, eival dAuto. MNa Tnv emAoyn Twv ou-
oTNUATwv Ba mpémel va anmoelyovral emMAOYEG, OTIWG N MO MAvw. Agv
evoxAel v emniluon Twv Bepuoduvaukwv MPoPANUATWY, eAv QUTEG OL ETL-
QAveleq Bplokovtal OAeq péoa i OAeg €Ew amnd to oUoTNUA, 0w MaPATN-
poupe ota oxrfjuata 1.6.8,y.

Ag doUe éva Beppoduvapiké mpdépAnpa rou napouatdletal ouxvda otnv
PAEN. 2’ €va KynTAPa AUTOKIVATOU, TO EUPBOAO TaAlvOpopel HEoa OTOV KU-
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Avdpo peTta&l Tou Avw Nekpou Znueiou (A.N.Z.) kat Tou Kdtw Nekpoul 2n-
pelou (K.N.Z.) énwg aivetal oto oxnua 1.65. BpiokdpaoTe otn ¢don Tng
EKTOVWONG TWV Kauoagpiwv kat {ntdue va urohoyiooupe To €pyo TTou ma-
pAyeTal KaTd TNV EKTOVWON TWV KAUCAEPIWV, TIOU 0T CuvEXela Aappdve-
TatL and to £UPROoAO Kal LECW TOU SLWOTHPA UETAPEPETAL TTN OTPOPANOPOPO
ATPAKTO, |E TN Hop®Pr punxavikoUu épyou. Ma tn Adon tou Beppoduvapikou
autoU PORAAUATOC, TIPWTN HAG evépyela eival va Tipoadlopiooupe To oU-
onua HEAETNG Tou TipoPAiuatog, dnAhadn To HEPOG NG UANG oto omnoio Ba
ETIKEVTPWOOULE TNV POCOXT] LAG.

KNS KN

N N

ZxfiHa 1.6d: AavBaouévn ermAoyn ZxfAHa 1.6e: Zwotr emAoyr ouoTruAToG.
ouoTHUATOG.

Mapatpoupe 6t1, av emAéEouue To oUaTnua, onwg ato (oX. 1.6d) ota
onuela A kat B, dnhadr ota épla Tou CUCTAKPATOG, UTIAPXOUV ETUPAVELEQ
0€ OXETIKA Kivnon UeTa&u Toug Kal, EMOUEVWG, EUMITTTOUNE OTNV TEPMTWon
orou To MPORANa givar dAuto. AvtiBeta, edv napatnpriooule 1o (oX. 1.6€)
Kal eMAEEOUE TO oUOTNUA TIoU PaiveTal 0To OxNAKa, TOTE dev UTIAPXEL TO
TPONYOUUEVO EUMOBLO KAl CUVETWG TO TTIPORANHa €xel Auon.
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Z
Z 2YNTOMH MNMEPIAHWH 1ou KE®AAAIOY

¢ H Oeppoduvapik aoxoAeital pe ta QUOIKA pawvdueva
Ttou petaBdi\ouy, ekTdg armd Ta PNxavikd peygon evog ou-
OTNMATOG, TA BEPUIKA KAL XNUKA HEYEDN TOU.

\\\

® Movddeg pétpnong tng riieong oto (S.1.) eivat to MaokdA (Pa), Tng evép-
yelag 1o T{aouA (J) kat g Loxuog to Bar, (W).

e H evépyela eupavifetal e dIAPOPeG HOPPEG WG BEPUIKN, UNXAVIKY),
KIVNTIKY], QUVAMIKY], NAEKTPLKY], XMMLKY], TTUPNVIKT.

¢ ‘Eva glotnua pe otabepr) pala ovopdletal KAEIOTO ouoTnua Kat éva
cUoTNA TIoU ETUTPETEL TN HETAPOPA HAlAG, MECW TWV OPLAKWY TOU ETIL-
pavelwv, ovoudletal avoikTé ouoTnua 1) 6ykog EAEyxou.

¢ H owotn emAoynR cuoTipaTog dleukoAUvel T emiAucn Beppoduvapi-
KWV TTPOBANHATWY.

H Beppoduvapikn 100ppomia evdg CUOTHUATOG MPOUTIOBETEL TNV BepL-
Kr], MNXQVIKN KAl XNUIKY looppoTtia.



KE®AAAIO

EMIAYZH OEPMOAYNAMIKQN
NMPOBAHMATQN

2.1 Emiluon 6eppoduvapikwv mpoBAnpdTwv
2.2 Mapauerpol ou opilouv Tn Beppoduvapikg katdoTaon TnG UANG

2.3 EEwTepIkEG MapApETPOI TIPOCBIOPIOHOU TNG B€0NG TOU EMAEYEVTOG
0gppoduvapIkoU GUCTAHATOG

2.4 EowTepIKEG MAPAUETPOI HIAG OEPHOSUVANIKNG KaTaoTaong TnG UANG
(Tou ouoTApATOG)

2.5 M£60d0g enihuong 6eppoduvapikwv TTPORANPATWY

21
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2.6 MabnuaTikég oxéoeig

2.7 Karaotatiki e&iowon Twv agpinv
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®’ Emdiwkdpevol oTéyol:

[/]

[/]

Na ava@épeTe Ta £(0n TwV MAPAPETPWY TIOU 0pilouv TN BEPUOBSUVAIKA
katdotaon g UANG.

Na yvwpileTe Tov aplBud Twv TAPAUETPWY TIOU araitouvtal, yla va
AUooupe Beppoduvaukd npofAuara.

Na g&nyeite v avaykadtnTa g Xerong Twv H/Y yia v eniluon twv
BePUOBUVAUIKWY TIPORANUATWY.

Na ava@épeTe TIG oUVONKeg Tou anatrouvral yia va poodlopiletal éva
Bepuoduvapikd pdpAnua and tnyv rieon kat I BepudtnTa.

Na yvwpilete Tiq uebddoug mou akolouBoupe, yia va AUooupe Beppo-

Suvapkd TPoANUATa Kal va avapgépeTe XAPaKINPLOTIKA tapadeiyua-
Ta.

Na ava@épete ) dladikaaoia mou akoAouBoUe, yia va AUooue Bepplo-
duvaukd npopAruarta.

Na ava@épete Ta €(dn TWV PABNUATIKWY OXECEWV TIOU ekPPAlouV Ta
Bepuoduvapikd pavopeva.

Na yvwpilere v KataoTatikr eElowon Twv agplwv.

Na opilete TIq €vvoleg: TENELO AEPLO, LOEWDEG, OXEDOV LOEWDEG, TIPAY-
MaTIKO.

Ma mv emiluon Twv 6gpHOSUVANIKWY TIPOBANHATWY, TTOU £lval KAl TO avTl-
Kelpevo autou tou BiBAiou, Ba mpérnel, Onwg mpoavaPpgépae, va emAexoei
owoTd To oUoTNHA, Iou Ba TPOadLoP(lel TO AVTIKENEVO UEAETNG MaG. 2T
ouvéxela, Ba mpémel va ypayoupe ox€0€Iq eTAEU TOU GUCTHUATOG KAl TOU
eEWTEPIKOU XWPOU.
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Mapatnpoupe ATt OAeq oL PNXAVIKEG OXEOEIG (DuvAELG eTPAVELQS KAl
andotaong), ol 0epHIKEG OXETEIG HETASOONG BEPHOTNTAG (LE AYyWYN UETA-
Popd kat akTvoBoAia) kal ot OEpHIKEG OXEOEIG Pe TTapaywyn 6eppdTnTag
HE TO Qaivépevo TNG TPIPAG METAEU TWV EMPAVELWDV OTEPEWV TWUATWY i
val dvtoTe OXE0ELG, TToU Ypdgovtal PeTtal TOU CUOTANATOG Kal Tou eEw-
TEPIKOU Xwpou autod.

O1 0eppIkég OXEOEIG TIOU YPAPOVTAL YIa TNV apaywyr| Bepudtntag and
XNUIKEG avTidpdoelg (kauom) kal and QUOIKEG avTIdPACelq YpdpovTal Kal
apopPOUV 1| TO ECWTEPIKO TOU CUOTNHATOG 1} TO eEWTEPIKSO HEPOG autou. H
Oeppoduvapikn karaoraon TnG UANG 0a eival yvwotn (Adon Tou mpoBAR-
parog), éTav eival yvwoTég OAeg o1 MapApPETPOI TTOU EAEYXOUV QUTH.

Ownapdpetpol mou opifouv Tn Beppoduvapiki katdoraon TnG UANG Slakpi-
vovtal og dUOo Katnyopleq :

a) EEwTepIkég mapdpeTpol.

AuTég ou opifouv tn B€0mn TOU CUCTHHATOG.

B) EOWTEPIKEG TAPAUETPOL.

AuTEQ dlakpivovtal o XNUIKEG TTapapEéTpoug oL oroieq kabBopilouv To

Babuo TpoXwWPENONG TNG XNMIKNG avtidpaong g kauong rmou cupBoAileTal
HE a.
To a divetat and ) oxéon:

_ aplBuég moles avridpWVTwv
OUVOAIKOG aplBuég moles Tou undpxouv

>& HNXAaVIKEG TTaPAPETPOUG TIOU OPICOUV TN UNXAVIKY) CUUMEPLPOPA TNG
UANG (evvéa og aplBud oTn YEVIKY) TOUG EKPPAOT)).

Ma Tiq OePHIKEG, KEVTPIKT MapdueTpo Bewpouie T Beppokpaaia T.

SNUELOVOULE OTL 0 APLOUOG TWV ECWTEPIKWY TIAPAUETPWY, TIOU avapgpa-
pe Kal o ndvw, elval o eAdxiotog anatroUpevog dixwg va amokAeletal va
elval meplogdrepeg.
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O1 eEwTePIKEG MAPAWETPOL TNG BEPPODUVAUIKIAG KaTdoTaong g UANG ma-
POUGCLAZouV UKPO EVILAPEPOV OTIG BEPUIKEG UNXAVES, KTOG BERata amnd TIg
USPAUNIKEG UNXAVEG.

Eivat yvwotd dt1, kabopifovrag éva ouotnua avapopdg O(x, v, z), mpé-
el va yvwpifoupe Tn BEom Tou EMNEYEVTOG CUCTNUATOG WG TIPOG TO oUOTN-
Ja avagopdg.

Edv 10 ouoTnud pag (exel mou emikevrpwvetal 1 HeEAETNQ Hag) elvat éva
onueio A, yla va kaboplotel ) B€on Tou wg PO To cUOTNUA avagopdg,
anarrodvral TPEIG MapAapeTpol (X, y, z) (ox. 2.3.a.)

A Z

A(x.y,z)

v,

ZxAHa 2.3a. H 6éon tou ouotruarog A (UAKG onueio) mpoadtopiCetal
anoé Ti§ TAPAUETPOUS X,Y,Z.

Edv 10 olUotnua eival éva oteped owpa (KUBOG) mou Kiveltal, Téte ap
Kouv €& mapdaueTpol, yia va kaboplotel n 6€on Tou wg TPog To cUoTNUa
avapopdg. Teelg (x, y, z) mou kaBopifouv Tn B€on Tou kEvTpou BApoug Tou
G kat Tpelg ou kabopifouv ) B€on Mou €xel AUTO, WG TIPOG TNV APXIKNA
Béamn Tou w1, Wy, w3, TG Paivovral oto (o). 2.3.8.).
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z A

) W

&
\

\
\

y
Zxpa 2.3B. H 6éon tou ouotriuarog (kuBog) mpoodiopileTal and Ti§ MAPAUETOOUS
X, ¥, ZKQl W1, Wy, W3.

Edv avtiotoixa To oUotud pag eival éva peuaTo mou Kiveital, TéTe na-
patnpoupe 4Tl autd CUVEXWG TIAPAOPPWVETAL Kal, CUVETIWG, Ba anaitou-
vTal AA\eg TpeIg emmAEov mapdpeTpol, Tou Ba poadlopiouv Tnv aA\ayn
™G HOPYPNG TOU, OXETIKA UE TNV apXIKn Tou B€on (o). 2.3.Y.)

zZ A

ZxApa 2.3y. To oUotnua, eKTOG ToU OTL MEPLOTPEPETAL WG P0G TNV APXIK TOU Béon
EMUTAEOV MAPAUOPPWVETAL.
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ZUVETIWG, YIA TOV POCdIOPIOUO TOU CUOTNATOG auTtoU wg TPog To oU-
otMua avapopdg, anatrouvtal 9 mapaueTPol.

Mapatnpoupe étL 1 8€on Tou cuUOTAPATOG, dnAadn 1 yvwon Twv Ew-
TEPIKWV MAPAPETPWV TOU WG TIPOG €va oUuoTnua avagopdgq eivat avaykaia,
ylati and tn 6€on Tou oUCTAHATOG EEAPTWVTAI S1IAPOPEG HOPPEG EVEPYEI-
ag onwg yla napddetyua n duvauikn) evépyela. Emiong oTig mepmrtwoelg mou
TO peuoTd eival uypd (avtAieg, udpoaTpdBINOL).

AvtiBetq, yia Tnv neplmtwon Twv agpiwv PEUCTWY 1| avAyKn Pocdlopl-
OuoU NG Béong mpokurttel &t and tn B6€an, al\d eEaptdral and tnv Taxu-
NTA, TNV OPUr, TNV KIVNTIKY) EVEPYELQ TOU PEUOTOU.

2.4. EZQTEPIKEZ NMAPAMETPOI MIAZ OEPMOAYNAMIKHZ KATAZTA-
2HZ THZ YAHZ (TOY ZYZTHMATOZ)

Ol eowTePIKEG MAPAPETPOI JlakpivovTal, OMwg TPOAVAPEPALE, T XNHI-
KE€G, O UNXAVIKEG KAl OEPHIKEG.

MNa Tiq epapuoYEG OTIG BEPUIKEG UNXAVEG KAl EPYOUNXAVES O aplBOG
TV XNUKWV TAPARETPWY TOU TIOCOO0TOU PETATPOMAG Tou AauBdvovtal To
TOAU 3Uo o€ apiBud, yvwpilovtag 6Tl Undpyouv Kal AAAeG. OewpwvTag
HOvo dUo TeTUXaivoule apKeTd akplReiq AUoelg.

MNa va mpocdloploTolv Ol UNXAVIKEG ECWTEPIKES TTAPAUETPOL EVOG OfO-
yevoUg OUCTANATOG anatTeltal n yvwaon 6 mapapérpwy, mou eival oL eow-
TEPIKEG TACELG TIOU QVAITTUCCOVTAL EVTOG TNG UANG (Ty, Oy, Oz, Tyys Tyzs Tzx)
oxnua 2.4.a.

4

<Y

y

Ixpa 2.4a. [1a Tov mpoodloploud UnXAVIKWY ECWTEPIKWY MAPAUETOWY TOU OUOTIUA-
TOG anairouvrat &L MAPGUETOOL (Ty, Oy, Oz Ty, Tyz Tox)-
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O npoadloplopdg Twv BEPUIKWY MAPAPETPWY EPLopileTal aTov MPoodi-
opLouS pIag uovo MapapéTpou, ekeivng Tng Oeppokpaaiag T.

‘ETol, mapatnpoupe 0T, yia Tnv emilkuon €vog Beppoduvapikou mpo-
BARUATOG OTN YEVIKN TOU HOPQH, anaiteTal va mpoadloplotouVv TOUAAXL-
otov 9 eEWTEPIKEG KAl 7 ECWTEPIKEG TTAPAWETPOL.

>ta 1o ndvw PEMeL va KAVOUE TIG EENG TIAPATNPENOELG:

= Maparipnon 1

H enitAuon twv 16 mapauétpwy poPavwg, anatrel Tn Alon evég cuomua-
Tog 16 e€lowoewv pe 16 ayvwotoug. Eival katavontd &1L n xprion tou H/Y
elval avaykaia yia tn Alon tétowwv npoBAnudtwy. Na to Adyo autd eipacte
uroxpewévol va Toviooupe OTL n avarttugn g MNXAVOAOYIKNG TEXVNG OTO
e&ng elval gnua avdrruéng twv H/Y.

= Maparipnon 2

Onwg avapgpbnke, yla Tov MPOCIIOPIOUO TWV ECWTEPIKWV TAPAME-
TPWV amaiTouvral TouhdyioTov 7 mapdpetpol. Nwg yiverai, Aoimdv, va Tnv
ka@opilouv pévo duo, n mmieon P (pnxavikn mapapeTpog) kai 6eppdTnra T
(6epuiki MapdpeTpog). Mmopei éva 6epuoduvapiké mpopAnpa va mpoo-
SiopileTral andé dUo mapapérpoug P kai T éTav:

1. To peuotd Bewpeital ot dev €xel IEWdeg (10avikg).

2. To peuotd pnopel va BewpnBel paypatikd, dnAadn 1Ewdeg # 0 aAAA N
TaxUTNTa PHETABOANG TNG MOPPNG TOU CUCTAMATOG YiveTal apyd.

3. Otav oto ouotnua dev HETaBANETAL 1) LOPPT) TOU.

>e OAeq TIQ AN\EQ TMEPUTTWOELG E(UAOTE UTIOXPEWEVOL va Bewpriooupe
€EL MapapETPOUG.
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MNa mv entAuon Beppoduvapikwv MNMpopAnudtwv epapudélovral duo Eexwpl-
0TéQ pEBODOL:

a) MéBodog kard Lagrange

B) M£6odog kard Euler

Me tn p€60do Tou Lagrange n mpoooxr KOG CUYKEVIPWVETAL OE OPL-
opévo PéPOog TNG UANG (oUoTnua) kat mapakoAouBoupe v eEENEN Tou 0To
Xpovo.

Me tn péBodo Tou Euler n mpoooxn HAG OUYKEVIPWVETAL O€ €va Ou-
YKEKPIUEVO XWPO (OYKOG eAEyXOU), Tou oplleTal and Jia MEMEPATEVN Kal
otabepn| empdvela mou dev TMAPAUOPPWVETAL, Kal UeAETAUE TL yiveTal oTo
XPOvo, 0TO E0WTEPIKO auToU Tou OYKOU Kal avw otnv emipAvela TIoU TepL-
opiCel autdv, dixwe va evdlapepel To Yeyovog OTL 1 UAN JIEPXETAL CUVEXWS
1 MEPLOJIKWG amnd auTtdv Tov GYKo.

Me 1 péBodo Tou Lagrange akohouBouUje TV “I10TOPIA” ULOG CUYKEKPI-
pévng patag, evw ue ™ pEBodo Tou Euler mapakohoubolpe v “loTopia”
TOU OyKOU TOmIKA oTO Xpdvo. Eival 8Uo diapopeTikoi péBodol eniluong
BePUOSUVANIKWY TIPORANUATWY TTOU OUwg 0dnyouv ota idia amoTeAéopara,
pe TN dlapopd 6TL, TTIOAEG POPEG, oL XPAOVOL TIOU anartoUvTal yia Tnv emiiu-
on eival SLaPopPETIKOL.

YApxouV TIEPIMTWOELG TIOU TPOTIUATAL O évag 1) 0 AAAOG TPATOG emilu-
omMg 1 Kapd ¢opd Kat ot duo padi.

Zuvrbwg n pEBOdOG Lagrange epapupdleral oe KAEIOTA cuoThuara,
evw Tou Euler oTa avoikra.

a

Extévwon oe MaMvOPOoUIKO KIvNTAPA E0WTEPLKNG kaluoewg. MeAetdue Tn
@Aon Qg ekTévwong oe €vav TIAAVOPOUIKS TETPAXPOVO KIVITIPA E0WTEPL-
KAQ kauoewg (ox. 2.5.0.)

En\éyetal wg ouotnua to peuotd pdlag m,. MNa va pyekemBel n Bep-
HOJUVAULKY) LETABOAY) TNG PAONG TNG eKTOVWONG Kal yia va Bpeboulv ol ra-
PALETPOL TNG E0WTEPIKAG KATAOTAONG TOU peuaTouy, eival mpopaveég OTL Ba
epapuootei n uéBodog Tou Lagrange. Edv epapuoldétav n uébodog Euler, n
AUon Ba rjtav meploadtepo TMOAUTAOKN Kat XpovoRopa.
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Opio

, KNZ
20oTnua

ZxAHa 2.5a. EKTovwon o€ maAvdpouUIKo KIvNTrpa E0WTEPIKIG Kauong.

Q MAPAAEITMA 2.2

Oewpoupe éva akpoPUualo, OrMwsg OTo OXNUa, TIou TpopodoTeiTal and wa
deEapevr| drou oL mapdpeTtpol Po, To napapévouv oTabepgq aTo Xpovo Kat
{ntouvtat ot P4, T4 otnv €€0do (oX. 2.5.8)

Emnedn undpyxel péviun por) oto akpo@ualo, eMAEYOUUE wg oUoTnua
€vav OyKo eAEyXou, ONwG paiveTal oTo OXNUA, Kal EPAPUOLoUpE TN pEBO-
0o Euler. H pébodog autr) oto ouykekplévo TiPdRANUa pag anar\dooel
ané didpopoug oUvOETOUG OPOUG Kal OXETELG TIOU TIPEMEL VA UTTOAOYLOB0UV
agrjvovtag Hovo TIG oXEoelg dlaTAENONG TNG EVEPYELAG.

Zxrjua 2.5.6. >xnuatikrj tapdotaon tou napadeiyuarog 2.2.
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a

Aivetal To akpopUaoLo Tou oXNUaTog 2.5y. Aivovtal oL ouverikeg Tng deEaye-
vNg Po, To, ol omoieq petaBdMovtat e To xpovo kat {ntouvtat ot Tapdye-
TPoL 0TV £€£080 TOU AKPOPUOLOU.

>’ aquthv TV nepimTwon ot ouvirkeq peTaBdlovtat pe to xpdvo. ‘Etal,
n porj and 1o akpoPuolo PetaBdMNetal, yiati ol ouvBrkeg petaBdAhovral
ané to ddelaopa g de€apevnq. 2’ autrv Tnv niepimtwon Ba epapudletal n
MEBOBOG Tou Lagrange.

Opio —»

20oTnua

IxApa 2.5y. Zxnuatkn napdotaon tou napadeiyuarog 2.3.

Ma v emiluon Twv BeppOdUVANIKWV TPORANUATWY, UETA TNV emAoYN
TOU GUCTHHATOG, LETA TOV TPOCGSIOPICHO TWV EEWTEPIKWY KAl EOWTEPIKWV
TTAPAPETPWY KAl LETA TOV TIPOadIopIouo TnNG peOOdou emiluong Lagrange
- Euler, ypdgpovtal oplopéveg HabnuaTikéG oXEOEIG, TIOU EKPPALOUV TOUG
vopoug rou dlémouy Ta didpopa Bepoduvauikd pavoueva.

©a neploploTolpe, va YPAYOUE TIG HABNUATIKEG OXETELS, TTIOU EKPPA-
{ouv TNV avAAuaT TWV QAVOUEVWV.

Orox€oelg mou ypdagovtal yla v emiluon Twv 0epUOSUVARIKWOV TTIPORAN-
pétwv eivat:

1. Zx€oelg mou ekppdlouv To VOpo TG diatipnong Tng UANG.

2. Zx€0elg TouU eKPPAouv To vOpo TG diatpnong Tng opung.

3. Zx€oelg mou ekppAalouv TRV apxn Tng diatipnong Tng POmNig TNG
opprig (oTpogopyr)).
4. Zxéoelg mou ekppdalouv TV apxn diatipnong Tng EVEpPyeiag.

5. Zx€0elq PaIvVOPEVOAOYIKEG, dSnNAadT| OxEaelg Tou ekppdlouv Ta did-
Popa PUOIKA palvopeva.
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Meta&u Twv TeAeuTainv SLaKPIVOUE :
a. KaraoTatikn g§iowon Twv agpiwv.

B. O vépog d1adoong Tng Beppodtnrag (Furrier).
Y. O vépog Tou Ohm.

8. O vopog Tng akTivopoAiag Stefan - Bolzman.

H e€iowon autr ekppddel ua ox€on HeTa&l Tng mieong, TG Oeppokpaaciag
KQl TOU €181KOU GYKOU.

P-v=R-T (2.7.0)

orou: P :mieom,
v : e1d1kdg éyKog,
T : Beppuokpaaia,
R : oTaBepd Qg eAaoTikdTNTag TWV agpiwv.

‘Otav yia éva aépto Bewpeital 6t n mapduetpog R autou eival otabepn,
OnA. aveEdptnmn and m petaBoAn g mieong kal g Bepuokpaaiag, To
agplo Bewpeital TéAEIO.

H otabepd Twv agpiwv R:

M (2.7.8)
orou: Ra n maykéoua otabepd Twv agpiwy,
M poplakn pdla tou agpiou yla TO Omoio YPAPETAL 1 KATAOTATIKTY)

e&lowon Tou aepiou.

Ra = 8,3143 KJ/kgmolK (2.7.y)

2TV nep(mTwon mou yla éva agplo n MapdueTpog autou eivat:
R = otab.
Cp = oTab.: e1dikr BepudtnTa Uno e181kr oTabepr|
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C, = oTal.: eldkr| BeppdtnTa und otabepd dyko oTabepn
TéTe, TO PEUOTO CUUMEPLPEPETAL AV EVa IBEWDES AEPIO.
Edv ywa éva agplo oxuouy :
R = otab.
C, = Cp (T) ouvdptnon g Beppuokpaciag
Cy = Cy(T) ouvdptnon tTng Bepuokpaciag
TOTE (AQE Yla éva Agplo OXEDOV IBEWDEG.

>uvrBwg Ta agpla PEUCTA TIOU CUVAVTAE OTn AeToupyia Twv BEPUIKWOV
KIVNTAPWV Kal EpyOoUNnxavwv eivatl mepimnou autou Tou TUmnou.

Mevikd yia Ta mpaypatika aépia loxuel n oxéon :

M-P-V=z-RT (2.7.5)

orou: M : poplakn pdla
R : maykéoua otabepd Twv agpiwv
Z : OUVTEAEOTNQ OUMTIECTIKOTNTAG TOU agpiou peuatou.

V : e1d1kdg 6YKOQ
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o——e
Z
ZYNTOMH NEPIAHWH 2ou KE®AAAIOY
Z
e H Beppoduvapiki kardotaon TnG UANG eival yvwotn,
(AUoM Tou MpoPAAUaTOg), dTav elival YvwoTEg OAeg oL Ta-
PAUIETPOL TTIOU EAEYXOUV QUTY).

e O napdpetpol Tou opifouv T Beppoduvapikhy kardoTaon TnG UANG
SlakpivovTal oTIC EEWTEPIKES KAl ETWTEPIKES TTAPAHUETPOUG.

*  OLeowTEPIKES MAPAPETPOI dlakpivovTal oe XNHIKES, HNXAVIKEG Kal Ogp-
HIKEG.

® O aplBudg Twv EEWTEPIKWY MAPAUETPWY, TIOU AMATOUVTAL YIA TOV TPOo-
d10pIop0 TNG B€0Ng evog ouoTRpaTog, ival 9 oe apldud kat mapouaotd-
Couv KPS evOLAPEPOV OTIG BEPUIKEG UNXAVEG.

® O apBudg TWV ECWTEPIKWV TIAPAUETPWY, TIOU ATTAITOUVTAL YIa TOV TPOOo-
S10pIo0H0 pIag OeppoduvapiKig KaTaoTaong TG UANG eivat 7 oe aplBud
Yl OOYEVEG OUTTNUA.

¢ H avanruén g pnxavoloyikig Téxvng eivat {Atnua avamtugng tTwv
H/Y.

® Mmopel éva Beppoduvauko npdpAnua va npoodlopifetal ané dvo na-
papérpoug P kat T, dtav IkavoroloUvTal OPLOPEVESG TUVONKEG.

® [a va Aiooupe Bepuoduvapikd TEoBAUaTd, ouvABwe ETINEYOUME TN
H€Bodo Tou Lagrange yia Ta kelotd ouoTtrjpara kai tn péeodo Euler yia
TA QVOIKTA.

e Ot paBnuaTikég ox€0elg TOU YPAPovTal yia v eniluon Twv Beppodu-
VaPIK@V TipoAnudTwv ekppdlouv Toug vOuoug Tiou Siénouy Ta dildgopa
Beppuoduvapikd eavépeva.

¢ H karaotatiki e€icwon Twv agpiwv ekppdlovtal and tn oxéon
P-v=R-T.

® To agplo Bewpeital TéAelo étav R = gtab dnA. aveEdptntn and Ty rieon
KaL ™ Beppokpaatia.



KE®AAAIO

2XEZEIZ MNOY EK®PAZOYN
TIZ APXEZ2 AIATHPHzH2

3.1 Apxr diatripnong TG pagag

3.2 Apxr diatripnong TG opprig

3.3 NO6po1 6eppoduvapikwV HETABOAWV

3.4 To didypappa Twv Karaordoewv (P-v), (T-s)
3.5 MeraBoAn
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3.7 H OgppdTtnTa kai n Osppokpacia
3.8 O1 xpioeig kai n mapaywyn TnNg OepHIKAG evEpyeiag
3.9 Eowtepikn evépyela

3.10 EvOaAmia
3.11 KukAIK peTapoAn - Oeppoduvapikég KUKAOG
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®‘ Emdiwkdopevol oTréyol:

V] Na ameikovilere ypapikd oto didypappa (P-v) kat (T-S) ) otiyuaia
KaTAoTaon TV — aAAayY] KATAoTAoews — TNV KUKAIKY aAayn.

V] Na AVAQPEPETE TIG XAPAKTNPLOTIKEG OEPOOUVAMIKEG LETABOAEG.

Y] Na e€nyeite Kal va opilete Tig vvoleg TNG Bepudmrag Kal Tng Bepplo-
Kpaoiag kat va yvwpileTe Tiq ovAadeq UETPNOTG TOUG.

V] Na yvwpilere Tn oupBatikr) ¢opd rmou kabopilel To mpdonuo ot por
™G BepudTNTaAg amd Kat mpog To oUaTNA.

V] Na YVwpileTe Tov TPOMO Mapaywynq g BepudtnTag kat mm Xprnon me.

V] Na e€nyeite TIq évvoleq E0WTEPLKY) eVEPYELQ, evOaATTa, elOIKr evBaATia
Kal va iveTe oUVTOUO OPLOUO.

21NV nepimTwon mou MPEMEL va YPAaPToUV OXETELG TTIOU EKPPATOUV TNV apxn
dlatmpnong Tng Hadag, dlakpivoupe dUO MEPITTWOELG:

a) Meputtwoelg katd Tiq onoieg n €€EMIEN TNG UANG yivetal katd tpdro
apyo .. (M.E.K. aepooupnieotég KATL).

B) Neputtwoelg oTig onoieg n e€EMEN TNG UANG yivetal katd Tpdmo oAU
YPRYOPO, (aePO0TPORINOL, KIVNTHPEG TIUPAUAWY K.A.TL.).

Ma v mpwTn nepimtwon ol oxgéoelg autég elval aniég, onwg gaivetal
0TO Lo KATW Tapddetyua:
Mapatnpwvtag To oxiua 3.1a urnopoue va Ypayoupe tnv apxn datn-
PNONG TG UANG:
mg = m, + my (8.10)
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orou: mg n pdda otnv apxr) TG ¢aong g Beplacuevng eEaywyng (EpBoro
ot1o K.N.Z)).

m, TO T00d TG KAlag evrdg Tou KUAvdpou aTtnv Tuxaia 6€om autou.
m, n pada mou €xel Byet HEXPL ekelvn TN oTiyur) €§w and Tov KUAw-
opo.

Ixnpa 3.1.a. 2xnuartikr napdotaon tou napadelyuarog

21 deltepn meplmTwaon ol ox€oelg elval meploadtePo TIOAUTAOKEG Kal
dev Ba avapepbouy, yiati eivat mé€pa and ta dpla autou Tou BiBAiou.

3.2 APXH AIATHPHZHZ THZ OPMHZ

Ol pabnuartikég ox€oelg mou ypdgovtal oty nepimtwon autr eivat ouvee-
TEQ KAl Mapouatdfouv peydAn duokoAia otnv emniluor| Toug. Eival aArBela
OtL, uéxpl orjuepa, dev €xouv erAuBel avaAuTikd, mapd pévo aplBunTikd ue
™ Xerion H/Y kat pdAiota oe anAoTIoNUEVES MOPPES.

To (310 kal akdun neploodtepo cupPaivel yla TG eEI0WOELG TTIOU EKPPA-
Couv v apxn] datripnong g oTpoPopunis. M’ autég TIg SUTKOAIES, OTIQ
BePUIKEQ UNXAVESG KAl OTIG epyOoUN)Xaveég, ouxvd, avtikabiotatal n e&lowon
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™Q datrpnong TG opung pe éva vouo Bepuoduvapikig UETABOANG Tou
TUnou: PVM = gtaBepd, e ekBETN m Ttou AauBdvel undyn ta anoteAéoua-
Ta TOU LEWAOUG Kal TNG TaxUtnTag TNG MapaudpPwong o’ €va mpayuatiko
peuaTd. O ekBETNG M poodiopileTal MEIPAUATIKA.

O1 Beppoduvauikég HeETABOAEG, dTwGg avagpape otnv ponyouuevn napd-
ypago, eival Tou TUMou:

PV"™ = oTabepd (3.30)

Mpwv avahUooupe Tnv riponyouuevn oxeon Ba avarruEoupe PHePIKES Ba-
OlKEG EVVOlEG TNG BEPUODUVAUIKAG.

2UuPwva e 60a avapEpage ae PoNyoUevn Iapdypago, yia va opiooupe
™ 6gpHOdUVANIKN KaTtdoTaon TnG UANG, xpelaléuaote dU0 mapapéTpoug,
mou and edw Kat oTo £€g Ba ovoudloupe KATAOTATIKA LEYED).

Enopévag, umopoue va arnekoviooupe ypa@ikd tn Ogpuoduvapikn Ka-
TAoTAON TOU OUCTAUATOG O éva KapTteolavd dldypauua, Tiou €xel AEoveg
Ta U0 KataoTtatikd Yeygon, ue éva onuelo.

Eotw 6t yvwpiloupe Tig TIHEG P4, v4 TEOEWG Kal £13IKOU GYKOU TOU OU-
oTAuaTog 0N Katdotaon OgpUoduvapkng looppoTtiag 1.

MriopouUpe va arneikovicoupe Tnv katdotaon 1 ue éva onpeio oe duo dko-
VEG, UE TETUNUEVEG TOV €I0IKO Oyko V Kal TeTayuéveg Tnv riieon P. (ox. 3.4.q)

To dldypauua autd ovoudletal didypaupua Twv KaTaoTdoewy 1 Kata-
OTAoEWV 1 KaTaoTaTikd didypappa (P-v)

b A

Vi j===--

0 P4

<

ZxfiHa 3.4.a. Karaotatko didypauua (P-v).
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Mapatnpoupe 0To MAPAKATW OXNHA, MHia dldtagn KuAivdpou eupoAou
mou mepLExel 1 kg agpa.

O aépag otV athooalpiki Tiieon kat otoug 20° C éxel e1d1k6 dyko 0,83
m3/kg. Stoug 411° C oe micon 4x103kPa €xel e81k6 dyko 0,5 mi/kg énwg
npokuTTTEL and Tivakeg.

MropoUpe va mpayUaTorno)ooupe autég TIG dUO KATaoTAoelg ToU agpa
1 kat 2 péoa otov KUAVOPO Kal pe KAaTAANAN KAaka va TG arneikoviooupe
oto ddypapua (P-V), édnwg gaivetal oto oxnua 3.4p.

PA

<Y

Ixnpa 3.4.B. Aidta&n euBoAou-kuAivdpou kat kataotatko Sidypauua (P-V).

Ta onpela 1 kat 2 anelkoviCouv oto didypapua (P-V) Tig napandvw Kata-
OTA0ELg TOU agpa.

Eniong éva ndpa moAUu xpriowo didypaupa yia ) MEAETN TNG AstToup-
yiag Twv BEPUIKWV UNavwv Kal epyounxavav eival To dldypauua 6gpuo-
Kpaoiag, T evrpomiag, S (T-s). MNa m Beppokpacia kal Tnv evrporia Ba
avapepboupe og eNdueva KePAAala.
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Mapatpoupe oto mnapakdtw oxnua 3.5a éva Oegpuoduvauikd ouotnua
otnv Katdotaon wopporiag 1 mou xapaktnpiletal and Tig Tiég Py, vy, Ty.
Edv to oUomua npayuatororjost evalhayn evépyeiag e To TepIBANov
TOU, N QUOIKN KATAoTaoN Tou ouoThpaTog 6a alAagel kat Ba ouvexilel va
aMAelL, €wg dTou ouvexiletal n evalhayn evEPYELAg e TO TIEPIBANOV TOU.

P A
Pop-======---- 72
1

1 1
Pil- :

1

| 1

1 1

| ! >
0 V4 Vo \

Zxrjpa 3.5.a. MetaBoAr.

‘Otav n evalayn evépyelag pe 1o mepIBANAOV OTAPATACEL, TO GUCTNUA
Ba Bpebel oe a katdotaon Oepuoduvauknig IgoppoTiag 2 SIaPOPETIKN
arod TNV apxkr kardotaon nou Ba xapaktnpiletal and Tiq TYES Py, vy, To.

MeTaBoAn} ovopdleral To GUVOAO TWV KATAOTACEWV AMO TIG OTOIEG
TIpEmnel va mepAcel To oUoTNUA, arré TNV apxIk HEXPI va Bpedei oTnv Te-
AIKA Tou KatdoTaon, AOyw Twv cuvalhaywv evépyelag e To mepiBailov
TOou. To OUVOAO TWV KataoTtdoewv amnd Tnv apxkn 1 éwg v TeAkn 2 6a
eknpoowrel pa petaBoAn kal 6a anekoviCetal oto dlaypapua (P-v) and pa
ypauun 1-2, énwg gaivetal oTo oxniua.

Mapatnpoupe Aortdv 4T, yia va npayuatoroin el n petaBoAn, eivat ava-
YKaio To oguotnua va evaA\dooel evépyeld e To TEPIBANOV Tou.

H popen g Ypauung, Héow Tng omolag amelkoviletal 1 HETABOAY,
eEaptdral and Tov TPOMOo Mou mpayuatoroletal n guval\ayr evépyelag
TOU OUOTNATOG.
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YridpXouv HEPIKEG XAPAKTNPIOTIKEG UETABOAEG e eOIKA ovouaTa Onwg:

1. lo66eppn peraBoln: H Bepuokpacia mapauével otabepry Katd

OlApKela TNG HETABOANG.
m = 1, (Pv = RT).

2. looBapng perapoAn: H nieon napapével otabepny katd ) ddpkela

™Q HeTaBOoAnG.
m = 0, P = oTtabepo.

3. lodxwpn perapoAr: O edkdg dykog mapauével otabepdg Katd

dldpKela TNG HETABOANG.

m = o0, Vv = oTaé.

4. AdiaBatiki peTaBoAn: Aev undpxel evalayr) Bepuikng evépyelaq
TOU OUOTAMATOG UE To TEPIBANOV Tou, KaTd Tn SIApKeLd NG KETA-

BoArg.

5. MoAutpomikr peTaBoAn:
m=m.

270 O KATW oMU 3.6a £XOUE OTL LOXUEL N OXEOM:

T-AS=C-AT (3.60)

orou: C eival n €181k 6gppdTNTA TOU PEUCTOU TIOU TPAYUATOTOLE( TN
BepUOBUVANIKA HETABOAY] TTOU MapLOTAvETAL 0TA OoxNuata 3.6a,pB.
Aut| urnopel va eival BeTikn 1§ apvnTtikn ox. 3.6a kat 0X.3.6B avri-

OTOIXA.
orou T: elvat n Bepuokpacia.
AT: eivaln petaBoAn g Bepuokpaciag.
AS: elvain petaBoAr Tng evrporiag.
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TA
®
>
0 C>0 s
Zxfpa 3.6.a. Eidikn Bgpudtnta C >0.
TA
®
® >
0 s
C<0
D a—

ZxAua 3.6.B. Etdikr) Bepudtnta C <0.

MNa neploodtepeg Aerropépeleg Ba avapepbolpe oto deltepo Beppo-
duvapkd vopo.

EivatCp > Cv *

I \a TNV 1000€ppn LeTABOAR €xoupe: C = +oo

I 1a v 1I00Xwpen peTaBoAr] €xoupe: C = C,,

Ma my 1ooBapn petaBoAn éxoupe: C = Cy
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Ma v adiapatikf petaBoAr) €xoupe: C = 0
Ma v moAutpomikn petafoAr) €xoupe: C = C

H avdluon twv Bepuoduvaukwy petaBolwv Ba mpayuarorombel oe
EMOUEVO KEPAAQLO.

~ Maparripnon *

Edv npayparorowrjooupe a PeTaBoln pe otabepd GyKo Kal pia pe ota-
Bepn miieon oe pia didta&n kuAivdpou gupdAou Tou Ta dpla HETABOAAG TNG
Bepuokpaaiag eival Ta ida, T6te C,, > C,. H Bepuotnra rnou npoaotibetal 1y
agaipeital, kard t didpkela NG PeTABOAAG e atabepn mieon, eival peya-
AUtepn armd ) BepudtnTa mou mpootifetal 1) agaipeital, katd ) didpkela
™G METAROANG e oTtaBepd GYKO.

Mpdyuartt, katd T pPeTaBoAr pe atabepn Tieon, To PeuoTd PETAKIVEL TO
€UBoANO Kal, EMOUEVWG, TIAPAYEL EPYO, EVW, KATA TN METABOAN] e oTaBePd
OYKo, TO €uBoA0 dev peTakiveltal kat, apa, dev mapdyel €pyo.

H OgpudtnTa civar pia HopPn evépyelag mMou HETAPEPETAI, TTPOCTIOETAI
N agaipeital and éva ouoTnpa cwpa €€ aitiag Tng diapopdg Bepuokpa-
giag.

H 6epuotnra péel and €va owpa uPnAig Oeppokpaciag oe €va AANo
XQUNAQ Kat toTé avTiotpoda, Onwg Ta notduia péouv and ta Bouvd rmpog
™ 6d\acoa, (oX. 3.7a kat ox. 3.7B).

Zxrjpa 3.7.a. Atia ¢ porig Twv peuoTtwv elivat n ugouetptkr dtapopd. Attia g
pon¢ Bepudtntag eivat n dtapopd Bepuokpaociag.
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TA>TB

Mdvwon

ZxnHa 3.7.p. Ogpudtnra péet and v uPnAn Bepuokpacia
oTn XaunAn Kat moté avrioTpoda.

H 6eppdtnTa eival, emopévg, popPn EVEPYEIOg 0 KATAOTAON HETO-
Qopdg mou yivetal avtiAnmr, étav dlarnepvdel Ta 6pla ToOU CUCTHATOG.

To ocwua A €xel evépyela kal, Adyw tng dlagopds Bepuokpaciag e To
neptBaMov, raipvel TN Hoper| Beppdtntag, pévo edv nepdoet To dpLo Tou
ouoTNUAaTog. And Tn oTyur) oy Ba repdoel oto nepBANov, yivetal uépog
™Q evépyelag Tou mepBdAovtog, (oX. 3.7Y).

5 kJ
OepuIkn
evépyela

ZxApa 3.7.y. H 6gpudtnta yiverat avriAnmrr, dtav dlarepvdel
Ta 6pla ToU oUCTHUATOG.

‘Oplo

ZxfApa 3.7.8. H Bgpudtnta rnou xopnyouue oTo ouotnua givat BTk
Kal Qutrj mou agatpoUue eivat apvnTikn.
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Zuppatikd 6a oupBoAitoupe (+Q) ™ porj BepudtnTag and To mMePIBAA-
Aov mpog 1o cuotnua (ox. 3.70).
H povada Bepudtnrag (Q) oto (SI) eival To TCAOUA, J .

Mia povdada Bepuotntag, mou dev avrikel oto Sl kat ou T cuva-
vidue ouxvo oe BIBAla Tou ekddBnKav TpLv and tnv kablEpwar Tou
S|, eivat n KihokaAopl (Kcal), tou avtinpoownelsl TV mogdtnTa g
BepudTnTag nou anarreirat, yia va avuPwbei n Bepuokpacia 1kg ka-
Bapou vepou 14,5°C o 15,5°C. MeTa&U Keal kat Kj untdpxet n axéon

1 Kcal = 4,186 K|

Erniong, ouvavtdue ouxvd oe BBAla ™) povada BepudtnTag Tou
AyyAikoU ouotripatog v B.T.U. Mwa B.T.U. avtioToixel mepinou oe
0,252 Kcal

1 B.T.U. = 0,252 Kcal

BubiCoupe Ta xépla pag ota tpia doxela Tou OXUATOG Kal JlATOTW-
voupe OTL To doxelo A €xel LeaTd vepd To doxeio B kpuo kat To Tpito doxeio
x\lapd (ox. 3.7¢).

IxApa 3.7.€. H aprj dev napéxet aopairj ektiunon e Bepuokpaciag.

ZuvnBiCoupe va Aépe &TL €va owpa rou elvarl {eatd €xel peyalutepn Bep-
pokpaoia ard €va dAo xAapd 1 kpuo.

Enouévwg, n BeppIKn EVEPYEIQ TIOU UTIAPXEL O KABE Cwua EXEL kat €va
XAPAKTNPLOTIKG: TN BeppoKpaaia mou pag deixvel méoo {eotd eival k&be
owua.

Etol, Aépe éti 1o vepd mou Bpddlel €xel peyalutepn Beppokpacia ard 1o
vepd NG Bpuong kat autd peyalutepn and to vepd Tou Yuyeiou.
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Enouévwg, urnopoupe va nouue 6t H Bepuokpaaia gival n évraon tng
aiobnong {eotol kpUou, TTOU XapakTnpilel TN BepHIKN KAaTdoTaon TWv
CWHATWV.

H évtaon g aiobnong tou (eotol Kpuou Jev Pag ETUTEETEL aKPIPN
ektiunon g Bepuokpaciag.

Ynapxouv OUwG HEPIKA PUOIKA pavopeva, OTwg n THEN Tou ndyou Kat o
Bpaoudg Tou vepoU, TTIOU §XOUV XAPAKTNPLOTIKEG TIUES Bepuokpaaiag umd
oplopévn Tileon. AUTEQ TIG TIHEG XPNOLoTIoloUpE wg onueia avapopdg, yia
va JeTpriooupe Tn Beppokpaaia.

Autd Ta onueia avapopdg eivat ol TYUEG ToU vepoU OTO TPITIAG onpeio,
0To omnoio cuvundpyouv dyog, uypd Kat atudg umd miieon 612,2 Pa kat oto
onueio Bpaocpou und nicon 981.000 Pa.

lMNa va petprjooupe ) Beppokpacia, XPNOYOTIOOUE TIG TIAPAKATW KA-
MOKEG:

¢ H kAipaka Kehaiou (Celsius) Aappdvel undyn g v €A avtioTol-
xla: Zto onpuelo mMEewg Tou vepoU oty emipdvela Tng BAAacoag kat oto
onuelo Bpaopou tou vepou, AN otnv empdvela g 6AAacoag avTioTol-
xoUv 0° C kat 100° C.

¢ H kAipaka dapevdir (Fahrenheit) 6swpel avriotoixa Toug 32° F kal
212° F, onueio m&ewg kat onpueio Bpaouou tou vepou. H yetatporr Bab-
Hwv Kelalou oe Babuoug dapevdit kat avtiotrpopa ekPppAleTal (e TV Ta-
pakdtw oxgon :

°‘C_°F-32

S 9 (3.70)

¢ H kAipaka KEABiv (Kelvin). H Beppokpacia evdg owpatog dev pnopel
va KatéPel kKAtw amnd pa eAdxiotn Tn, (on ya 6ha ta cwuara mnepinou
-273° C.

Htiun -273° C AapBdvetal wg Ao uag ed1kng KAUaKag 6eproKpaoiwy
Ttou ovoudZoupe KAipaka KEABLY i Twv anoAUTwv BepOKPAoIwY Kat LETPAEL
T Beppoduvapikn Beppokpacia v) andAutn Bepuokpacia.

H Ty -273° C avtiotoixel oto andAuto undév (0K 1) -273° C) g KAipa-
Kag KEABv.

SUpPBOAiloupe pe T Tnv andAuTtn Bepuokpacia kat pe t° T Bepuokpaaia
™G kApakag Kelaiou.

H petatpor) yivetal pe Tn oxéon:

T=t +273° (3.78)
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a

Na rpoodlopioete ) Bepuokpacia Tng omoiag n Tur ivat dla yia duo Bep-
popeTpa o €va TG KAipakag Kehoiou kat To Mo Qg kAipakag ®apevdrr.

Nuon
Ané ) oxéon petatponng (3.7a.) EXOULE:

°C_°F-32

5 9

Kal BaZovtag °C = °F Ba éxoupe :

Enopévwg, kat n kAipaka KEAoloug kat n kAipaka dapevAatt deixvouv v
(dl1a Beppokpacia atoug °40.

a

Mpoodlopiote Toug Babuoug otnv KA{Uaka GapevAlT Tou avTioTolKoUv Ot
Beppokpacia 50 °C.
Ndon

And ) ox€on petatrpornn (3.7a.) 6a €xoupe :

°C_°F-82
5 9
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9°C =5 (F-32)
9°C =5°"F-160
9°C+160 =5°F

_9°C+160
5

°F

QVTIKaBLoTOUE KAl EXOULE :

o = 9-50+160
5
]
o —160
5
°F = 122

Emouévawg, otoug 50° C avtioTotxouv 122° F.

Ta peyalUtepa mood BepUIKAG evépyelag mapdyovTal and Ta Kauoipa e T
pecOAGBNON TNG KaUuong TouG.

H Bepudtnra rmou aneAeubepwvetal and tnv kalaon xenotlomnoLeTal ota
JlApopa e(dn BEPUIKOV KIVNTHPWY, YLa TNV TIApaywyr NAEKTPLKNAG KAl Unxa-
VIKIAG EVEPYELQG, Yla TNV kivnom agpomAdvav kat Aoiwv, yia TI 0dIKEG Kal
OONPOJPOUIKEG LETAPOPEG.

H Bepuikn evépyela xpnoomoLeTal oe Ja pHeYAAn YKAUA BLOPNXAVIKWOV
EYKATAOTATEWV, OTIWG XNUKES Blounxavieg, ot HETAANOUPYIES, OTIG KAW-
oroupavTtoupyieg, otig Blopnxavieg TPoPipwy Kat TOAEG AAeG.
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Zxnrjua 3.8a. Mnxavikog ekokapéag ue Kadopopo Tpoxo, evw eEopuooel Alyvitn oTo
Myvitwpuxeio MroAeuaidag. AHMOZIA EMIXEIPHZH HAEKTPIZMOY

O Niyvitng, o Bavepakag, o avlpakiTng kat To meTpéAaio eival uepikd and
TA KAUOLUA TIOU XPENOLUOToLoUVTAL YIa TNV Tapaywyr] BEPUIKNG EVEPYELQG.

OepIKr| evépyela tapdyetal emniong and Tn PETATPOTH TNG NAEKTPIKAG
KQlL TNG PNXAVIKAG EVEPYELQG.

Yridpxouyv, eniong, puUOIKEG TINYES BEPUIKIG EVEPYELQG TIOU XPNOLUOTIOL-
ouvtatl ot Blounxavia, énwg eivat oL eykaTaoTtdoelq YEWOEPHIKAG EVEPYEI-
ag, otiqg oroieg 1 Beppdtnra Aappdvetal ano piypara vepou - atpou uPnAnig
Bepuokpaoiag, mou Bpiokovtal kdtw ard Tnv ermedvela g yne.

Mia Tétola eykardotaon, mou eEurnpetel Blounxavikeég avaykeg, undp-
¥eL oto Larderello Tng Itaiag.

Mia d\An puaikn Tinyn evépyelag eivat o Alog, and tov omnoio naipvoupe
™V NALOKA eVEPYELQ, TTIOU Ol TIOANATAEG TNG XProelg eEamAwvovTal EVIUTIL-
OlaKA PEPQ pe TN HEPQ.
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Zxnua 3.8.B. HAlakég otabudg Ayiag PouuéAng otnv Kprtn, woxuog 50 KW. Eivat o
NMEPWTOG NAIAKAG 0TabudG 0T XWea HAS Kat évag arnd TouG UEYAAUTEQPOUG
™m¢ Eupwnng. Metatpénet Tnv nAlaxr) eVEpyela amn’ eubeiag o€ NAEKTOLKY
Kat NAEKTPOJOTEL TNV OUWVUUN KOWVOTNTA.

3.9 EZQTEPIKH ENEPIEIA

‘Onwg yvwpiCoupe, n UAN anoteleitat and moAU UKed cwuatidla Ta pépia
Kal Ta dTopa.

¢ Ta otoleldn autd cwuatidia Tng UANG KivouvTtal, EPICTPEPOVTa,
TaAavreuovTal, EAkovTal, anwéouvrai.

Enouévwg, €va owpa mepLExeL EVEPYELQ, TTIOU OPEINETAL OTN HOPLOKY| KAl
QTOWMIKN TOU dopn.

® [epléxel KIVNTIKA evépyela Tiou opeiletal oty kivnor Toug.

® [epléxel SUVAPIKN EVEPYEID TTIOU OPEINETAL OTIG EAKTIKEG KAl AmwonTL-
KEG duvApELg peTagu Toug.

AuTéq ol duvdapelg arnoteAolv TO UNXavioud arobrkeuong Tng evépyel-
ag. MNa va umnepvikAooupe auTég TIG dUVALELG, TIPEMEL VA KATAVAAWOOUE
eEWTEPLKT) EVEPYELQ TLX. TTAPAUOPPWOT) VOGS owpaTog (oX. 3.9a), uypd rou
eEatpieral (ox. 3.9B).
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Zxfipa 3.9.a. EEaokouue SUVAUELS YIa va TAPAUOPPWOOUUE TO owua A.

Zxnipa 3.9.B. Xopnyouue Bepudtnta, yia va eEatutotel To uypod Tou doxeiou.
Emopévwg, TNV evépyeia mmou mepi€xel éva owpa U, mou avTinpoow-
TIEUEI OAEG TIG HOPPEG OE HIKPOOKOTIIKO EMITIESO TNV OVOPAOUNE EOWTE-
pIKA evépyela.
3.10 ENOAATIIA
21 Oeppoduvapikn pAg dleukoAUvel va elgaydyoupe €va akdun peyedog
mou 6a to ovoudloupe eveahmia.

H evBaAnia opiCetal and m ox€on:

H=U+pV (3.100)

H e1d1kn) evBahrmtia h Ba ekppddetal e Tn oxgon;:
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=E=u+pv (8.10B8.)
m

ortou m: n pdla Tou CUCTANATOG.

H povada pérpnong Tng evlaAmiag ivat J, KJ kat g €181kiG evOaA-
miag J/Kg, KJ/kg.

Eival éva péyedog moAU xproyio ot Beppoduvauikn kat Bpiokel epap-
HOYH OTNV QVTILETWTION TwV TIPORANUATWY TOU aTtuoU, Tou vepoU, ToU aépa,
TV YPUKTIKWOV JECWV KAl TWV EQAPOYWY TOUG OTA AVOIKTA CUCTHUATA.

Av pe a HeTaBOAY) TO oUCTNUA EMAVAPEPETAL OTNV APXIKY) TOU katdaTtaon,
TOTE N METABOAA AEyETAL KUKAIKN.

Mwa tétola peTaBoAr) eival autf mou amelkovietar oto oxrua 3.11a,
n omola &ekivdel and Tnv apxikr katdotaon 1 (Py vy, T4,), e€eNlooeTal kat
npaypatornoletal pe wa oelpd dladoxIkwy KATAOTACEWY KAl EMAVAPEPEL
TENKA TO OUOTNUA OTNV apxIKr| Tou katdotaon 1 (P4, vy, Ty, OTIG (Bleg, dn-
Aadn) TiEg Tieong, dykou Kat Beppokpaciag mou eixe To oUOTNUA, KATA TNV
évapén g MeTABOANG.

Av ¢’ éva ouomua ektehouvral katd npokaboplouévn oelpd duo 1 me-
pPLooOTEPEG METARBOAEG TIOU TO EMAVAPEPOUV OTNV APXLKN TOU KAtAoTaor,
TOTE TO OUVOAO TWV UETABOAWY QUTWV OVOpAZeETAL BEPHOSUVANIKOG KUKAOG.

P A

® 1(Py, vy)

¢
N 4

Zxfpa 3.11.a. KukAkrj uetaBoAn.

2Ta oxXrjuaTa Mou akoAouBolv @aivovtal ol BewpnTiKoi Bepuoduvapi-
Koi “KUKAOI” jiag TeTpdyxpovng Beviivounxaviig kat evog eTpeAAIOKIVITTAPA.
ox. 3.11B kai ox. 3.11y avrioToixa.
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ZxApa 3.11.y. Ocwpntikds Bepuoduvaulkos KUKAOG EpYou MeTpeAQIounXavrig.

v npaypatikdmmra dev eival Evag Beppoduvapikog KUKAOG, aAA €vag
KUKAOG €pyou pnxavig.
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>
Z
Z

e Q1 Bepuoduvapikég HeTaBoAEg eival Tou TUMou PVM =
oTadePo.

Tn 6eppoduvapikn katdoTaon v anekoviCoupe oto didypaupa (P-v)
Kat (T-s) pe éva onueio, TN PETABOAN HE WA YPAUUNA KAl TNV KUKAIKA OA-
AQyr| Je a KAELoT YPauun.

OL XapaKTNPLOTIKEG BEPUODUVAUIKES ETABOAEG elval n 1I060€pun, N 100-
Bapng, n 100XwpEN, N ICOEVTPOTTIKNA Kal ) TTOAUTPOTTIKN.

H BeppdTnTa cival pia pop@r) evEpyelag Tou HETAPEPETAL, TTpoaTiBeTal
1} apatpeital and éva ouotnua owpa € artiag g dlagopdc Bepokpa-
olag.

H 8eppdTnTa yivetal avtiknmt, étav dlariepvdel Ta 6pla Tou CUCTHUA-
TOG KAl PEeL amnod Tnv UPnAr| pog TN xaunAr Bepuokpaacia.

H 6gpudTnTa rou xopnyouue o’ éva oUotnua, eival BTIKNA kal auTr oy
agalpoUpe apvnTiky.

H 6gpuokpaagia eival n évtaon g aiobnong Ceotou-kpUou TouU Xapa-
KTNpPICel TN BePUIKY) KATAOTAON TWV CWUATWV.

H évraon Tng aiodnong Tou {eoTOU-KPUOU dev AG ETUTPETEL AKPIPA
eKTiUnoN TNG Oepuokpaaciag.

Ma va perpgoupe Tn Beppokpaaia, xpnotuonoloUpe TG kAipuakeg Keh-
olou, dapevdit kat KEABL.

Ta peyalUtepa mood Bepuikig evépyelag mapdyovTal and Ta Kauolpa
le TN JeTOAABNON TNG KAUoNG TOUG.

H Oeppikf evépyela xpnoywomoleirar oe mapd MOAMEG BLOUNXAVIKEG

EYKATAOTAOELG, OMWG XNMIKEG Blopnxavieg, ot Uetaloupyieg, oTig
KAWOTOUPAVTOUPYIEQ, OTIG Blopnxavieg TPOPipwY Kat TTOAEG AAEG.
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1. Na petatpéete TIg mapakdtw Bepuokpaaieq og Babuoug Tng KAiua-
Kag KEABv:
a)35°C
B) 62° C
y) 100° C
(Artavtnon: a) 308K, B) 335K, y) 373K)

2. Na petarpéyete oe Babuoug Kehoiou kat dapevdit, TI§ MAPAKATW
Beplokpaoieq :
a) 393 K
B) 223 K
y) 543 K
(Ardvtnon: a) 120° C, 248° F, B) -50° C, -58° C, y) 270° C, 518° F)



ExTeAeital épyo

KE®AAAIO

MOP®EZ MHXANIKOY EPIroy

4.1 'Epyo

4.2 Mnxaviko £€pyo

4.3 'Epyo otafeprig duvapng
4.4 'Epyo petaBAnTtig duvaung
4.5 'Epyo P-V (oykopeTaBoAng)
4.6 'Epyo pong

4.7 'AN\eG HOpPPEG Epyou

57
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®‘ Emdiwkdopevol oTréyol:

Na g€nyeite TV €vvola Tou €pyou.
Na ava@épeTte TIg JIAPOPES LOPPES EPYOU.
Na e&nyeite kat va avapépete TIG JIAPOPES LOPPEG UNXAVIKOU €PYOU.

Na opileTe TIq DIAPOPES HOPPES UNXAVIKOU EPYOU.

€ = E B E

Na yvwpileTe Toug TUTIOUG TIOU EKPPALOUV TIG DIAPOPEG OPPES UNXQA-
VIKOU €pYOU, Ta HEYEDN TIOU TOUG OPICouV Kal TIG MOVADES TOUG KAl va
TOUG EPAPMOLETE O AMAEG EPAPOYES.

[

Na yvwpilere T oguppaon, mou agopd To mPdonuUo Tou apayduevou
€pyou and &va ouoTnua oTn BEPUOSUVALKY.

To épyo napoucidletal e SIAPOPES HOPPEG - HNXAVIKO - NAEKTPIKO - XN-
HIKO £€pyo K.A.TL.

21N MNXQVIKNA TO €pY0 euPavileTal O UETAPOPES EVEPYELAG OTIG OMoieq
n Beppokpaaia dev mailel kavéva poAo.

‘Epyo eival evépyela oe petapopd, omou n diapopd Bepuokpaaciag
dev epunAékeral dueoa.

To £pyo opileTal cav To yIVOpEVO piag SUvapng ermi Tn HETATOMION TOU
onueiou epappoyng otn dietbuvon Tng idiag Tng duvaung (ox. 4.1.q)

‘Epyo = dUvapn x Hetatdrion
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///L////////]///
|
>

ZxApa 4.1.a To épyo rou napdyetat ivat avdloyo ¢ duvaunsg
Kat g uETATOmIonG

21 6gppoduvapikn To oUoTnua mapdyel épyo dtav n ddvapn mou e&a-
okel To oloTtnua Kat n Yetatdrion Tou opiou Tou €xouv TV idla disubuvon
ka1 ¢popd kal Ba cupBoAileTal oupBatikda pe (+W). (ox. 4.1-B,Y).

+W

Zxripa 4.1.B To €pyo rou mMPooBETOULE OTO OUOTNUA glval apvnTikG, Kat Qutd Mou
apatpouue BeTKS

‘ ' N3
38 . . | Metatdruon

ZxAua 4.1.y To ovotnua napdyet Epyo ylati n duvaun
Kat n etatoron gxouv (dta dieubuvan kat popd
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4.2. MHXANIKO EPIro

Eivat yvwotd and m Mnxaviki 6t a duvaun mapdyel €pyo, dTav HETAKI-
VEiTal TO onpeio epappoyng TnG.

Ot duvdpelg mou Tpokalouv Tnv kivnon 1 Tn Bondouv, mapdyouv €pyo
KivnTrplo. Ekeiveg mou avtioTékovtal, apdyouv €pyo KaTtavaAioKOHEVO 1
£€pyo avTioTAoswg.

210 OxMa 4.2a T duvaun F Tou epydtn A, ou mpokaAel Tnv kivnon, 6a
™ Aépe KivnTiipia dUvapn kal To €pyo Tou Mapdyel, KiviThpio kal 6a 1o
oUMBOAlouue oupBatikd e (+ W).

H dUvapn P tou epydtn B, mou avtiotéketal atny kivnon, Aéyetal duvapn
AVTIOTACEWG KAl TO €PYO TIOU TTAPAYEL, €PYO0 KATAVAAIOKOHEVO 1 avTioTd-
oewg kal Ba cupBoAileTal cupBatikd pe To (-W).

Zxnpa 4.2.a O epydmng A mapdyet kivitriplo €pyo Kat 0 B katavaAloKOuevo.

= Mapatripnon
Ooov agopd T ouppaon yia To TPAoNUo TOU £PYOU, 0T UNXAvikn yivetal
avapopd ot duvaun mou napdyel €pyo, evw oTn Beppoduvaulky yivetat
avapopd oto oUOTNUa, ou apdyet pYO.




62 EIZArQrH >TH MHXANOAOTIA

2TIG MAPAKATW TEPITTWOELG 1) dUvapn eival oTadepn kartd Pérpo, disv-
Ouvon Kai gopd.

4.3.1. AUvapn Kai peTatomon oxnpatifouv ywvia 0°.

To onpeio epappoynig petatomniletal katd éva ukog otnv eubeia evépyel-
ag ™G dUvaung Kat mpog tnv kateuBuvon g duvaung (ox. 4.3.1..q).
To napayopevo €pyo ekppdleTal e Tn oxéan :

W=F-¢ (4.3.1.0.)

SIS ////f/////// 777777

<
< >

ZxAua 4.3.1.a. Advaun kat uetatdnion oxnuaricouv ywvia 0°

A

/

7
l/*

hCEEE———

ZxApa 4.3.1.B. To épyo tooutat ue to uBaddv Tou naparnAdypauuou

To eupaddv Tou dlaypapopuévou TapaAnASypaupou oolTal Pe To
€pyo (ox. 4.3.1 .B).

W =F -/ = (euBaddv mapalnAdypapou)
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4.3.2. AUvapn Kal HETaTomon oxnuarifouv ywvia a’
To onueio epapuoyng petatormiletal katd éva urkog £ oe eubela, Tou oxn-
patiCel yovia a pe v kateubuvon g duvaung (ox. 4.3.2.q).

To mapaydpevo €pyo LoouTal e :

W=F-£ouva (4.3.2.a.)

SNV ////g/////// ////l///
< >

Ixfua 4.3.2.a. AUvaun kat ueTatonion oxnuatiouv ywvia a’

F.ouva ?

/A

ZxApa 4.3.2.B. To épyo tooutat ue to uBaddv Tou naparnAdypauuou

To eupaddv Tou dlaypapouévou TApaANASGYpaupou loouTal Pe TO
€pyo: (ox. 4.3.2B).

W =F./.ouva =(eupaddv nap / pou)
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4.3.3. To onpeio epapuoyng TG duvapung akoAouBei Tuxouoa diadpopn
To onueio epappoyng petaromnileral katd éva urikog ¢ og Tuxouoa eubeia
(0x.4.3.3.0).

To €pyo ekppdletal e T oxEon:

‘Epyo = AlUvapn x mpoBoAn TnG TPOXIAG TOU onueiou EQapHoyng
otn dievbuvon Tng dUvapng

W = F x pop. Tp. ony. epap. (4.3.3.a.)

onwg @aivetal oto (oX. 4.3.3.B).

Zxrjua 4.3.3.a To onueio epapuoyng ako- Zxrjua 4.3.3.8. To €pyo eivat (oo ue ™
Aoubel Tuxouoa dtadpoun duvaun erti Tnv mpoBoAn ¢ TPoXLAs
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‘Epyo avuywong R €épyo Bdpoug

To épyo aviywong eival To €pyo mou apdyetal evdvria otig duvduelg Tou
nediou Baputnrag. Emedr| n anartoupevn duvaun F eival ion pe 1o Bdpog,
TO épyo avuywong (ox. 4.3.3.y.) Ba wooutal e :

W = mgh = mg(Z>-Z1)

And ) oxéon 4.3.1a 6a €xoupe:

W=F.h, F=G
W=mg-h,

W = mgh = mg (22 -z1)

(4.3.3p)

Z2 h

Z1

FT777 777777777 77777777 77777777

Zxnua 4.3.3.y. Epyo Bdpoug

Q MNMAPAAEITMA 4.1

Na urtoAoyioeTe T0 €py0 TTOU KaTAvaAWVeL EpYATNG Yia va avuPwoel pdla m
= 30 kg o€ UYog h = 3 m oxrjua 4.3.3.3.
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G
T

ZxnHa 4.3.3.8. Epydmng avuypwvet Bdpog G
Auon

Ané tn oxgéon (4.3.1.0.) avtikablotwvrag kat AapBdvovtag g = 10 m/s?
Ba éxoupe:

W=F.h, G=F
W=G-h, G=m-g
W=m-g-h

W =30kgx 10 m/s?x3m

W =900J

W =900J

Q MNMAPAAEITMA 4.2

Na urohoyioete 10 €pyo TOU KaTAVAAWVETAL, YA va petagepBel pala
m = 200 kg oe éva kek\évo emimedo ywviag 30°, yvwpilovrag To prkog
Tou £ =5mkatg = 10 m/s? (ox. 4.3.3.€).
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a=30° L 4
LIS i rrrArrArrrrrr77r7777

ZxAua 4.3.3.&. ZWua UETAPEPETAL OE KEKALUEVO EMITESO
Ndon
Ané T oxgéon (4.3.1.0) avrikablotdvrag kat Aaupdvovtag g = 10 m/s2,

Ba €xoupe:

h
W=F.£=G-h,  nu3o° =,

W =G -nu30° £ = 200 kg10m/s? x 0,5 x 5m

G=mg

W =5.000J

W =5KJ

4.4. EPrO METABAHTHZ AYNAMHZ
4.4.1. 'Epyo ehatnpiou

Katd tnv éA&n 1) ouurnieon ehatnpiou n duvaun au&dvetal avaloya pe
dadpoun F = K- £, érou K eivar n otabepd tou ehampiou, (ox. 4.4.1a,B).

To £pyo ekppdletal pe tn oxgon:

W=lk€2
2
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- X
1.

\4
/777777777777

ZxAua 4.4.1.a. Zuunieon exatnpiou

FA

K/

<

>

ZxnHa 4.4.1.8. To €pyo eAatnpiou eivat (oo ue to euBadov Tou ToLywvou

Ané 1o oxrjua 4.4.1.8. éxous:

W = eupaddv dlaypapioUEVOU TPLYWVOU
W = gup. Tptywvou

W= 1/24-K- ¢

W = 1/2 K £2 (4.4.10)
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Q MNMAPAAEITMA 4.3

EAamplo BaABidag pnxavig auTOKIVITOU AETOUPYEl oav EAATHPLO CUUTTLE-
0ewg, (oX. 4.4.1.y). Eivait tonoBetmuévo e mpoévraon F; = 60N kat katd to
avotypa tng BaABidag, oupriédetat emmAéov katd £ = 1,2 cm, evw 1 dUvapn
oupurnieong Tou ehatnpiou naipvet v TR F> = 80N. Na umnoloyioete 10
€pyo Tou anatreltay, yia va avoitel n BaABida.

- !
DY AN

>

F2=80N

F1=60N

< >
r A

Ixnpa 4.4.1.8. Adypauua ehatnpiou

To didypauua €pyou Tou ghatnpiou oTnv TIPOKELUEVT TiepimTwor eival
Tparnédlo, To euBaddv Tou ormoiou avtioTolxel oTo €pyo ouprieong Tou eAa-
mplou (ox. 4.4.1.9).

Enopévag, Ba €xoupe :

W = gupaddv tpaneiou (ABIrA)

2

!
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_ 60+80

W x1,2Ncm

W=70x12Ncm
W=7x0,12Nm

W=0,84J

4.4.2. 'Epyo atpakTou

2Tn unxavohoyla eival mdpa moAU cuxvr n HETAPOPA evEpyelaq e atpd-
KTOUG, TIOU TeEPLOTPEPOVTAL, Onwg @aivetal ota Mapakdtw oxAuata.

(ox.4.4.2.0,8,Y).
To €pyo atpdkTou ekPPAlETAL UE TN OXEON:

Warp=2T1v-M

Zxpa 4.4.2.a. BapouAko

ZxAua 4.4.2.8. Bapka
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ZxAua 4.4.2.y. Autokivnto

A to oxrua 4.4.2.a. €XOUE:

W=F- /¢ L=2nmr

W = F 2mr, V = TIEPLOTPOPEQ

W = F 2mrv, M = F - r portj TG duvaung F

W =M 2nv

‘Epyo atpdktou:  Warp= 2 VM (4.4.20)

H 10xUg mou petagépetal P€ow TNG atpdkTou, eivat To €pyo Tng atpd-
KTOU 0N povada xpovou.

loxUG aTpdKTOoU: Porp = Way / XPOVOG
loxUg atpdkTou: Parp = 2vM (4.4.2B)
émou: n = 0.a.A.

Q MNMAPAAEITMA 4.4

Na urtohoyioete TV LloXU TOU PETAPEPETAL EOW TNG ATPAKTOU eVOG AUTO-
KiATou, étav n por Tou epapudletal oy dtpakto eivat 300 N - m kau
nieplotpepetal ue 3.000 o.a.A. (ox. 4.4.2.9).

Adon

And ) oxéon (4.4.2.3.) EXxOUpE :
Parp = 2mnM = 21t x 3.000 0.aA x 300 Nm

Parp = 3,14 Kw
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Ixnpa 4.4.2.3. Autokivnto
4.4.3. 'Epyo emiTayuvong
To épyo mou mapdyerai, otav éva cwpa palag m pyeraBdilel Tnv TaxuTn-
Ta TOU amd V4 o€ V, kKatd Tn didpkeia diadpopng, 8a To ovoudloupe Epyo

emrayuvong (ox. 4.4.3.0).
To épyo emiTxuvong ekppdAleTal e Tn OxEon:

W=%m(v§—vf)

V1 V2
m » Tty
ZxAua 4.4.3.a. Autokivnto riou erutayuvel and V1 og V2
W=F./
W =ma/,
F=ma
W=m V> ; Vi /

a= @ EMTAXUVOT 0NV oA erutaxuvéuevn kivnon

w=m¥a Vi, Vot Vi
t 2
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V, +V,

(= 1 3ldotnua otnv oJaAd emtaxuvouevn kivnon

‘Epyo smiTayuvong: W = %m(vg - Vf) (4.4.30)

H 1oxUg emTayxuvong eival To épyo emtdyuvong ot povada xpdvou

WEI'I
PEI'I =7
Xpovog
loYs . . W,
oXUG emTaxuvong: Pgp= ——1 — (4.4.3.8)
XpPovog

u

Na untoAoyioete Tnv LoXU Tou anatteital, yia va srutaxuvel éva oxnua palag
m = 2.000 kg, ané Tnv npeuia uéxpt va anoktioet taxutnta V = 60 km/h oe
Xpovo 10s (0. 4.4.3.B).

Adon
And ) ox€on (4.4.3B) €xoupe :
W,

Pen= —,En

Xpovog

1
WEH:Em(VS -V, V,=0

2
212_000 Kg 60.000 m 1KJ __
2 3.600S ) 1.000 Kg m°/s

W, =275,5KJ
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60 km/h <V

m=2000 kg

ZxnHa 4.4.3.8. Zxnuartikni ntapdotaon tou napadelyuarog 4.4

loxug: | Pen = 21705,35 =27,55 KW

4.5 EPFO P - V (OFKOMETABOAHZ)

Ma 1o épyo oykopeTaBoAng Ba yivel avapopd oto enduevo kepdAato. To
€pyo exkppdletal ue n oxéon: W = PAV

Q MNMAPAAEITMA 4.6

Y& pia S1dtagn Kuhivdpou - epBdAou Bpioketal agplo und micor 600 KN/m?2,
To aépto dlactéNAeTal e atadepr| riieon and 0,15 m3 og 1.15m3. Na urtolo-
yloete 10 napayoduevo €pyo ox. 4.5.y. kaL ox. 4.5.5.

Auon

Zxfpa 4.5.a. Aidta&n euBorou kuAivdpou
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—>
2 V, TV

<« —>

ZxniHa 4.5.B. To €pyo eivat ioo ue To guBaddv Tou napaiinioypduuou (P-V)

To épyo eival (oo pe To gupaddv Tou mapalknAoypdupou (12V,V4)
W=PAV

W =P (V2-Vy)
= 600 x103 (1,15 - 0,15)
=6x105x 1
=6x105Nm
=6x10%J

W = 600 KJ

Oewpeital To avolkté cUOTNUA TOU OXNMATOG, Orou untdpxel otabepn pon
evdg peuotou, Trou ugioTtatal pia petaBoAr aveEdptntn and 1o Xpdvo. Autd
onuaivet 61t n pdla nou unaivel, eivat (on pe ™ pdla nou Byaivel kat 4T
OAeqg o1 1BOTTEG ToU Oe KABe dlatoun elval aveEdptreg and 1o Xpdvo (oX.
4.6.0).
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Opio

A1 A2

@

@ TUoTNHO
= N
ual O DT leos

ZxfHa 4.6.a. AvoIKTS oUoTnua oTabeprig porig - E0yo porg

©a unoloylotel To épyo Tou anatteital, yia va darnepdoel éva oToLxel-
wdeg TUA Halag Tou peuatou prikoug £4 Tn dlatour) Aq TOU GUCTANATOG,.
Ma va nepdoel T dlaTour] MPETEL VA UTIEPVIKT|OEL TNV TIEEOT) TIOU ETIKPQA-
tel otn datopn 1.
Enouévwg, mpémel va aoknoel a duvaun Py - Ay,
To ywvéuevo Py - Aq - £4 elval To €pyo Tou anatreiTal, yla va nepdoet
dwatoun 1.
Wi =Py Ay €y=m (P4Vy)
Kat 1o épyo avd povdda pdlag : wy = Py vy
Avdloya yla tn diatoun| 2 : Wy =Py Ay £, = m (P,Vo)
Wo = Pa vy
TO KaBapo £pyo pong
ekppaletal Ye ) oxgon: W = P Vo - Py V4 (4.6.0) J/kg

a

Na urtohoyioeTe To €pyo pong o€ €va avolktd oUaTnua otabepng porg evog
peuotoU otV elcodo kal atnyv €€0d0. Aidovtal rieon el06dou Py = 300
KPa kat rukvétra peuatol p = 1.000 kg/m3. Ztnv €080 Peg = 200 KPa kat
TUKVGTITA PpEUaToU p = 250 kg/m?3 (ox. 4.6.8).
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AOon
P1= 300k Pa
Peio = 1000 kg/m3

P2 =250 kPa

) Peg = 200 kg/m3
Opi0

A1

@)
.

200Tnua

Zxpa 4.6.B. Zxnuatikr) Tapdotaon Tou napadeiyuarog 4.8.
To épyo elg6dou Ba eival:

W, =P v,, v1=X

— 300 KPOX———
1.000 kg / m®
3
_300.10° .M
m2 100 Kg
_goo Nm
Kg

w, = 300-M
kg

To €pyo €€6dou Ba eiva:

\Y
W=PV, Vo =— =
2 = Vo 2 p

<|3

1

=200 KPO x ———
250kg/mg

3
-200-10° N _m
m2 250kg
_ 300N_m
kg

w, - goo M
kg
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2TI¢ TiponyoUueveg mapaypdpoug eEETAOTNKAV Ol TIEPIOCOTEPESG UOPPEQ
MNxavikou €pyou.

Yiapxouv kat AANEG LOPPEG UN MNXAVIKEG, OTIWG TO HAYVNTIKO, NAEKTPI-
KO Kal XNHIKO €pyo.

[/
Z
z

® To épyo opiletal oav 1o ylvouevo piag duvaung eni
peTatomion Tou onueiou epappoyng otn dleubuvaon g
(dlag ™ g duvaung.

® 3T Ogpuoduvapikni To ouotnua rapdyel €pyo, étav n duvapun mou &a-
okel To oUoTNuA Kai n peTarémon tou opiou Tou €xouv TV idia d1gv-
Ouvon kal popd kat 6a cupBoAiletal cupBatikd pe (+W).

e Q1 duvdpelg ou pokahouv v kivnon 1} Tn BonBouv, mapdyouv épyo
KivnTiplo. Ekeiveg Trou avtiotékovtal, mapdyouv €pyo KatavaAloKOHEVO
| avTIOTACEWG.

e ‘Otav To onueio epapuoyng otabepric duvaung petarorideTal katd éva
unkog £ otnv eubela evépyelag g dUvaung Kat mpog TNV kateubuvon
g dUvaung, To apayoduevo Epyo ekppdletal e Tn ox€on:

W=F-2
e Otav 10 onueio epapuoyng otabeprig duvaung etarormiletal katd éva

urkog £ og gubeia, mou oxnuartilel yovia a ye v kateuBbuvon g duva-
ung. To napayduevo €pyo oouTal Je:

W = F - Z ouva.

® 3TNV nepimrwon mou To onueio epappoyng otabepriq dUvaung UETATO-

niCetal katd éva unkog £ og Tuxouoa gubeia. To €pyo ekppdaleTal e TN

oxgon:

W = F x £ npop. 1p. ony. E@ap.
¢ To €pyo avipwong 1) €pyo Bapoug ekppadetal e Tn oxEon:
W = mgh = mg (Z, - Z,)
® To épyo ehaTnpiou ekppdleTal e Tn oxEon :
W= %k["
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® To épyo aTrpdkTou ekppdleTal e TN OxXEaN :
Worp=21v-M.

® To épyo emTayxuvong ekppAaletal e T oxeon :
W, =1/2m(V23 - V?).

® To épyo oykOoHETABOANG ekPpAleTaL [UE TN OXEON:
W = pAV
® To KaBapd épyo pPong ekPPALETAL e TN OXEON:
W = pa Va2 - pevy

® YIdpXouv Kal AAAEG HOPPEG N MNXAVIKEG, OTwG TO HAYVNTIKO, NAEKTPI-
KO Kal XnHIKO €pyo.
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1. Evag epydtng LETAPEPEL Eva POPTIO e Eva KAPOTOL yia pia andota-
on 1,5 km e€aokwvtag pa otabepr) duvaun 180 N. Na urohoyioete
TO tapayduevo €pyo.

(Artdvinon: 270KJ)

2. Eva tpaktép pupoUAKel Jia Bdpka katd prikog evog motauou, eEa-
oKwvtag ua otabepr) duvaun 1200 N ya wa andéotaon 2 km. Edv
urnoBgaoupe 6t n dlelBuvon Tng dUvaung oxnuatilel yovia 30° pe ™
METATATILON, VA UTTOAOY(OETE TO MapayOuUeEVO €pYO.

(Arndvtnon: 2.070KJ)

3. Na unoloyioete To Tapayduevo €pyo oe Jia wpa and éva IAvta, Tou
Kwel pa Tpoxalia diap€tpou 40 cm, Tou mieploTpEpeTal e 5000aA.,
yvwpilovrag étL n kivimpla duvaun rou eEackel o (davtag, eivat 300 N.

(Ardvtnon: 11.304KJ)

4. Na unoloyioete 10 épyo Mou katavalwvel évag opelRdIng, yia va
METAPEPEL TO OaKidlo Tou udlag m = 15kg o UPONETPIKN dlapopd
1.000 m.

(Artdvtnon: 150KJ)

5. H otabepd evdg ehatnpiou eivat K = 10 KN/m. Na unoAoyioete to
€pYyo Tou anatreital, yia va guprieodel 1o ehatipto katd 80 mm.

(Artdvtnon: 32KJ)

6. Ze pa diatagn kuhivopou-eupolou Bpioketal agpto und riieon 500KN.
To aéplo dlaoTéNeTal pe otabepr) ieon and 0,1m3 oe 1,1m3. Na
urtohoyioeTe TO Mapayouevo €pyo.

(Artdvtnon: 500KJ)
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5.1 O mpwTOG VOHOG TNG OEPHOBUVAMIKAG
5.2 Apxn TnG I00duvapiag HeTagu €pyou kal OepudTnTag
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®‘ Emdiwkdopevol oTréyol:

[/]

Na 31aTuUnWVETE TOV MPWTO VOUO TNG BePUOSUVAUIKNG Yia TA KAELOTA
ouomuata (katd Lagrange), va yvwpileTe Toug TUMOUG TIOU TOV €K-
@pAalouv, Ta YeYEDN ToU ToV 0pI(ouV Kal TIG OVADES TOUG KAl VA TOUG
epapudlere oe anhd Beppoduvauikd mpofARuaTa.

Na 31aTUNWVETE TOV TIPWTO VOO TNG BePUOSUVANIKAG YIA TA AVOLKTA
ouotiuata (katd Euler), va yvwpilere Toug TUMOUG TIOU TOV eKPPA-
(ouv, Ta Pey€On mou Tov opifouv Kal TG HovAdeg TOUG Kal va Toug
epapudlere oe anhd Beppoduvauikd mpofAjuaTa.

Na SiaTunwveTe TV apxr| Mg looduvauiag HeTatu €pyou Kat Bepud-
™mrag.

O npwTog VOHOG TNG 0£pUOdUVANIKAG eival pia axéon mou ekppdlel v
apxn diatpnong Tng EVEpyeiag.

O mpwTOog VOHOoG TNG OeppoduVapIKAG ekPpdleTal Kal pe TIg dUo e-
B6d0ug enihuong Beppoduvaukwy pofAnudTwy katd Lagrange kai kard
Euler (yia k\eloTtd kat avolktd cuotriuara avtiototxa).

5.1.1. O npwtog véuog TnG 6epUOSUVAHIKAG YIa Ta KAEIOTA oUCTHHATA

(kata Lagrange)

©a peletnBel kat’ apyriv autog o vouog katd Lagrange:. ZupfBoAiletal e:

Q:
W,:

Uo:

1 OAIKY) BepudtnTa ou \aBe To oUCTNUA OTO XPOVIKO StdoTtnua At.
TO épyo Tou §Aafe To oUCTNUA OTO XPOoVIKO dldoTtnua At.

1 E0WTEPLKN EVEPYELQ TOU CUOTHHATOG UE OTTOLAdT|TIOTE OPPY] UNXa-
VIKT], BEPUIKT], XNMIKT] K.A.TL.

O mnpwtog voépog TG BepUOdUVAMIKAG Yia Ta KAEOTA cuoTtriuara (katd
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Lagrange) eiva:

Qrs AF WrS - AUO (5.1.1.0.)

mou onuaivel T n 6epudTnTa Mou €AaBe To CUCTNHA AMO TOV EEWTEPIKO
TOU XWPO 310 HETOU TNG EMAPAG TOU PE AUTO Kal TO €py0 MOU TO cUOTNHA
€é\afe amo Tov eEWTEPIKO XWPO, XApn oTIG duvauelg mou avraAlldooel pe
QUTO TO JETATPEMEI O HIO METABOAN TNG ECWTEPIKIG TOU EVEPYEIAG.

©a yivel mpoomndbeia va avaAubouv Ta pey£en rou eugaviovral otov
TIPWTO VOUO NG BePUOSUVAUIKNAG.

H eowTtepikn evépyela Ba divetal and ) oxEon:

AUy = AUy, + AUgp, + AUp a0 (5.1.1.8)

orou: AUy, Beplikn): elvat n ECWTEPLKN EVEPYELQ, TIOU OPEINETAL OTNV KiVN-
on Twv popiwv
AUp: elval n eowTepIkA XNULKY) eVEPYELQL.

AUy a0 elval evépyeleg IOU oPpeilovTal OTIG MAYVNTIKES, NAEKTPLKEQ
Kal ATOMIKEG K.A.TT. 1O1OTNTEG TNG UANG.

2TIQ EPAPHOYEQ TWV BEPUIKWOV UNXavwV To AUpjae = 0 OUVENIWG:
AUg = AUy, + AU,
To mood Tng BeppdTnTag pe deiktn Qs Oa divetal and tn oxéon :

ormou: Qgg: elvat n BepudtnNTa Mou 36ONKe amnd To eEWTEPIKO UEPOG TOU
ouUOTNUATOG e dlaywyn, HeTapopd kal akTivoBoAia oto glotnpa.
Qcws: elval n Bepudnra nou npogpxeTal anod TUXOV TPIREG eMapng
ETIPAVEIWY OTEPEWYV TWUATWY, HETAEU OUTTHUATOG Kal eEWTEPIKOU
XWPOU.
‘Onwg mpoavapépbnke, ora mpoPArjparta mou PeAETApE, MAVTOTE aro-
gevyetal n Urmmapén autrg TG TPIRG emAEyovTag katdAAnAa To ouoTna.

To épyo W,,, Ba divetal and tn oxéon:
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Wis = (Wis)ts + (Wes)im (5.1.1.9)

omou: (W,s)ss: elval To épyo Tou Aapupdvel To oUoTnua ar’ To §pyo Tou
napdyouv ot duvdpelg emedvelag mou epapudélovral otnv -
¢Avela dlaxwpLloUoU TOU GUOTNATOG.

(Wys)im: €lval To €pyo mou AapBdvel To oUotnua and SuvApeig
anéoTaong.

AnodelkvieTal OTL 1o €pyo Twv duvdpewy empdvelag ou divel To oUoTn-
Ma otov eEwTePIKS XWPO (KvnTripla pnxavr) eivat 1o We.

To €pyo mou divouv oL duvapelg andoTaong opeilovral OTIG SUVANEIG
TOoUu mediou BapuTnTag, ot SuvApeIg adpavelag Tou PEUCTOU Kal OTIq
SUVAHEIC PUYOKEVTPIKWV MEDIWV.

Auté Ba divetal and ) ox€on:

(Wrs)ss = — AEc - AEq; - AEg (5.1.1.¢)

orou: AE.: eivain peraBoAn Tng evépyelag rnou opeiletal otn perapo-
AR} Tng TaxuTNTAG TOU.

AE: eival n perapoAn Tng evépyelag rmou ogpeiletal ota guyo-
KEVTPIKA TIedia Tou ermdpouv Avw OTO PEUCTO Kal

AEg: givain peraBolr Tng evépyeiag mou opeiletal oTo Medio
BaputnTag.
To onpelo ( - ) yraivel urpootd, yiati ot dpol g ponyoUevng oxXEong
ekppdalouv dlapopd KIVNTIKNG EVEPYELQG.

O npwtog vouog TG BepUOdUVAULKNAG Yia TA KAELOTA cuoTtruata (Katd
Lagrange) ypdoetat:

Q = AUg + W + AE; + AE¢ + AEg (5.1.1.01.)

Ané v teleutaia ox€on pnopoupue va rnoupe, OTL To cuoTtnua d€xetal
€va nood BepudtnTag and Tov eEWTEPIKO TOU XWPO KAl TO UETATPEMEL OF
BePUIKT) EVEPYELQ TWV LOPIWV TOU PEUCTOU, O€ XNULKY) evépyela. Emiong, éva
MEPOG auToU xpnaludoroleiTal yia va napdyet €pyo duvApewv emmPAvelaq
OToV eEWTEPIKO XWPO, YIA VA AUENOEL TNV KIVNTIKIA TOU KATAOTAOT) Kal TEAOG
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va KataveépeTal yia va napdyel €pyo evavtia oto medio TwV PUYOKEVTPLIKWY
duvApewv kal TEAOG €va UEPOG YLa va KAVeL EpY0 evAvVTLa OTIG SUVALELS TOU
nediou BaputnTag.

Aivetal pa AM\n €kppaon Tou MPWTou Beppoduvapikol a§liwpaTog
KaTd yia Ta KA€loTd ouoTtrjparta (kard Lagrange) 6€tovtag ektdg and ta
o MAvw PEYEDN Kal T PEYEDN TWV ECWTEPIKWY TATEWV TOU peuaToU (1EwW-
0eC)

Q = AUp + PAV - AW, (5.1.1.7)

We = pAV_me_AEC_Ach_AEg (5.1.1.”.)

orou Wym: eilvat To €épyo mou oxetietal pe OAeg TG duvduelg mou dn
Moupyouvtal and to 1€Wwdeg Tou peuatol Tou eival 6pog
navta BeTikog.
OpiCetat o ywvouevo p - AV wg épyo avTioTpenTd kai Wy, Twv duvdpe-
wV TPIBAG and To 1IEWIEG WG £PYO N AVTIOTPENTO.
‘Otav dev Aappdvetat urdyn 1o IENdeG TOTE eliaoTte oty eIOIKN MePmTw-
on 1ou uropel va BewpnBel n 6eppoduvapiki HETABOAN WG AVTIOTPENTH.

a

Na urtohoylotel To €pyo Tou tapdyetal and Ty eKTOVWon Twv Kauoaepiwv
oe €va TaAvOPOouIKS Bepuikd kivntripa M.E.K.

Ma mv eniAuon autou Tou TPORAAUATOG, EMAEYETAL TO CUCTNUA OMWG
¢gaivetal oto oyua 5.1.1a. Onwg npoavapgpbnke to £€pyo W, mou apdyet
TO oUoTnua and Tiq duvapelg ermupavelag Ba divetal anod tn oxeon:

We =p - AV

O1 duvdpelg empdvelag, Tou eival kABeTeq oTnV ermPavela dlaxwpLopou
TOu cuoTuatog ota TuRpata AB, BI™ kal A dev mapdyouv €pyo. Aev peta-
KIvoUV TO Onuelo epappoyNng Toug, ylati ol empdveleq autég dev Unmopouv
va napapopwoouly.

O kdBeTeq duvduelg oty erupavela AA tapayouv €pyo. Metakivouv To
onueio epapuoyng Toug, apou To EUBOAO LETAKLVEITAL.

H duvaun F rou epapudletal oto gupoio Ba divetal and ) oxgon

F=P-S
orou: P eival n mieon, dnAadr] To pEyedog Twv KABETWY E0WTEPIKWY dUVA-
MEWV KaL
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S 10 euPBaddv Tng empdvelag Tou eupdAoU.

KNZ

Zxrjpa 5.1.1a. Aidra&n kuAivgpou guBdAou.

Edv To éuBolo petakivnBel katd AL, Téte To £pyo Tou Tapdyet n duvapn
F 6a eivau:

We=F-Al=p-SAL =p-AV
W, =p: Av (5.1.1.6)
Mapatpoupe 4Tl ol ePATTTOEVES ECWTEPIKES TAOEIG OTNV eripdvela di-
axwplopoU Tou ouctriuarog dev apdyouv €pyo, ylati ota otabepd pépn

Mg empdvelag dev LETAKIVOUV TO ONUEI0 EPAPPOYAG TOUG, EVW OTNV KIVNTA
empAvela autég €xouv dleubuvon KABeTn ot petakivnon.
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5.1.2. O mpwTOg BEPOSUVANIKOG VOHOG Yia TO AVOIKTA ouoTHpaTa (Katd
Euler)

O mpwTOoG VOHOG TNG OEPHOBUVAMIKAG YIA TA QVOIKTA ouoTAuaTa (Kartd
Euler) 6a divetal and m oxgon :

Q = AH + Wi+ AE; + AE¢ + AEg

(5.1.2.a.)

érou Q: eival To Moo TnG OeppdTNTAG TTOU dEXETAL TO OUTTNHA ATO TOV
eEWTEPIKO XWPO.

AH: eivain peTapoAn Tng evbaAmiag Tou oUCTANATOG
W;: eival 1o eowTepIkoO €pyo

AE_: eivain peraBoAn Tng evépyeiag nou opeiletal ot PeTaBoAn
NG TaxuTnTag

AE: eival n peraBoAn TNG evEpyelag Tou oPelleTal OTA PUYOKE-
vTpIKA Tedia, ou emdpouv nMdvw OTo PEUCTO

AEg: eivain peTapoAn Tng evépyeiag nou ogeiletal oTo medio fa-
puTnTOG.

= Maparipnon 1

H mo ndvw ox€on oxuel T0TE Kal povo TOTE, Qv OTO AVOIKTO oUOTNUA
UTIApXEL HOVIMN POR.

YrievBupiCoupe 6Tl poviun por| undpyel oe éva avolktd ouotnua, étav
n pdala mou praivel, eivat {on pe ™ pdla nou Byaivel kat ot dAeg ol apd-
METPOL TOU OUCTAMATOG 0g kABe dlatopr) eivat aveEdpTtnteg and To XPOvo.

= Maparipnon 2

YrievOupiCoupe 611 T0 006 TG BepudTNTAG MOU prnaivel oto oUoTnua, Bew-
peital BTk Kal To §PY0 TOU TIAPAYEL TO OUCTNUA OTOV EEWTEPIKS TOU XWPO
elvat BeTIkO.

= Maparipnon 3

Ta o dvw pey€dn avagépovtat avd povdda palag Tou peuotod.
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AnodeIkvUeTal MEIpaPaTIKa 4Tt HeTatu g nmoodtntag Bepudmrag Q, mou
divetar 0’ éva ouotnua, kat Tou pnxavikou épyou W, iou anodidetat and To
oUoTNUQ, UTIAPXEL N TIAPAKATW OXEON:

W =J=o0t1abepd
Q

(5.2.a.)

To nnAiko dnAadr] Tou pnxavikou €pyou kat g BepudtnTag eivat (oo pe
pla otabepd J, mou e€aptdral pévo anod Tiq PovAdeg katl ovouAleTal pnxavi-
K6 1008Uvapo TG OeppdTNTAG.

ZUMBoAiCeTal e :

IW 10 KaBapo €pyo, dnAadn To ahyeBpikd ABpOIoUA TWV EPYWV TIOU
npaypatonomnkav o €va BepUodUVANIKO KUKAO evOG OUCTANATOG.

2Q Tnv kabapn BeppdTnTa, dnAadr) To alyeppikd dBpoloua Twv oCo-
TV BepudTnTag nou avtardyonkav atov dlo Beppoduvaukd KUKAO Tou
(dlou guotiuarog, TéTE :

W =J32Q (5.2.8.)
H oxéon autr| anotelel TRV apxrj Tng 10o0duvapiag peTa&u €pyou Kai
OeppoTNTAG 1} TOV MPWTO VOHO TNG BEPHOSUVAHIKAG.

Me Bdom tn ox€on nou avapgpinke Mapanavw, 0 VOUOG autog dLatumnw-
VETAL : O MIa KUKAIK Sigpyacdia evog ouoTrjpaTog, To kabapo €pyo eival
avdaloyo mpog TNV kabapn BepudTnra.

Tiég Tou Unxavikou L.ooduvapou g Bepudtnrag (J) :

JogNm_y
J
J=4.186 J/kcal

a

"Eva povwuévo doxelo pe otabepd Toxwpara neptExel 10kg vepou.

a. Méow piag ENKag TTouU MEPLOTPEPETAL AMO VA NAEKTPOKIVITIPA XOPNYEl-
Tal unxaviké épyo 10KJ. ox.4.2.a.
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B. Méow piag avtiotdoewg xopnyeitatn dla Bepuikr) evépyela ox. 4.2.8. Na
urtoAoyioeTe TN PETABOAN TNG EIOIKNG ECWTEPLKNG EVEQYELAG TOU vePOU.

< MTrartapia

Movwon

+ -

Mmatapia

Mévwon

Zxfupa 5.2.B. 2xnuatikr napdotaon tou napadeiyuarog 5.1.8

Ndon
a. And Tov MPwTo VOO TNG Bepuoduvapikig katd Lagrange (kAelotd
ouoTtruata) 6a §xoups:
Q = AUg + W + AE¢ + AE¢ + AEg
Kau enetdn ot moodtnteg AE., AEg, A eival aueAnTeeg TPOKUTTTEL:
AUy = Q- W,
AUy = - W,, Q=0 oUoTNUa HOVWHEVO

AUy = We, - W, €pYyo TPOog To cUoTNua
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N €10 E0WTEPIKNA EVEPYELQ

AU, =W, ::8%:100 J/kg

g

Ayo = 1.000 J/kg

B. Eniong €xoupe :
AU = Q-W,

AU, = Q, We =0

10KJ
Au,=g=——=100 J/k
0=9 10Kg /kg

Aug = 1.000 J/kg

a

>e €va kAelotd ouotnua mou arnoteAeltat and 5,4 kg evdg peuotol mpay-
patoroleital Ya HeTABoAY). H eldik e0WTEPIKY] EVEPYELD TOU OUCTHUATOG
pelwvetal katd 60 KJ/kg kat and To ouotnua napdayetat Epyo 95 KJ/kg.

Na unoAoyioete T petapepduevn Bepudtnra.

Adon
Ané Tov npwTo Voo g Bepuoduvauikng katd Lagrange 8a €xoupe:

Q = AUg + W + AE; + AE¢ + AEg

Kau enetdn ot mooodtnteg AE., AEg, A givat apueAnTeeg PoKUTTTeL:
AUy = Q-W,

Aug = q— W, Au = - 60 KJ/kg
- 60= q -w,, w = 95 KJ/kg
-60=q-95

g = 35 KJ/kg

Q = 5,4 kg x 35 KJ/kg

Q=189 KJ
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Ixfpa 5.2.y. 2xnuatikr) napdotaon tou napadelyuarog 5.2.

a

>e pwa diata&n atpokivntou otpofilou avarrtiooovtal 1.000 KW. To ouotn-
Ma dlaypdgel Beppoduvakd KUKAO Kat oL evalayEg BepudtnTag kat €pyou
¢aivovtal oTo Mapakdtw oxrua 4.3.8.

Na urnohoyicete T por g pdag Tou atuou.

Adon
And v apxn TnG Looduvapiag yia KUkAKr) aAayr) 8a €xoupe :
3Q+3W=0
3Q = 2.900 - 2.300 KJ/kg = 600 KJ/kg
‘Eotw m kg/s n pdda Tou atuou
>2Q =600 m KW
>W = 10- 1.000 KW = - 990 KW
onote 600 m-990 = 0

. 990
m=——=165kg/s
600 9/
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]f\f;

- NEBNTO
2.900 kJ/kg( B

1000 kW
ZuoTnua Y \

Q
Wuyyeio
| 2.300 kJ/kg

AvTAia < /
w $ 1OMOQIO

IxApa 5.2.8. Sxnuatiki napdotaon tou napadeiyuarog 5.3.

Q MNMAPAAEITMA 5.4

3 kg aépa upioTaral pia petaBoAr] oe éva avolkté ouotnua and tnv Katd-
otaon 1 eldknig evbaAriag hy = 205 KJ/kg otnv katdotaon 2 eldIKg eVOaA-
niag h, = 1.342 KJ/kg. Na unoloyioete ) xopnyoUuevn Bepudtmra otov
aépa.

Adon
And Tov mpwTo VOO0 TG Bepuoduvapikng katd Euler (avolktd ouotua-
TA) £XOUME:

Q=AH
Ah =q
hy = hy =q

1342KJ/kg - 205KJ/kg = q
q = 1137KJ/kg
Q=23kg-q

Q=3411KJ

Q=3411KJ
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”
Z
Z

* O mpwWTOg VOHOG TNG BEPPOBUVANIKAG lval ia oxgan
TIoU ekPPACeL TNV apxn dlatrPNONG NG EVEPYELAG.
O mpwTOG VOUOG TNG BepHOdUVANIKAG Yia Ta KAEIOTA cuoThaTa (katd
Lagrance) ekppAadetal e ) oxEon:
Qrs + Wrs = AUO

mou onuaivel 6TL: n 6epudTnTa Mou éAae To oUCTNHA Ao TOV EEWTE-
PIKO TOU XWPO 310 MECOU TNG EMAPIG TOU HE AUTO Kal TO €py0 MOU
TO guoTnua €Aape amd Tov eEWTEPIKO XWPO, XAapn OTIG SUVAHEIG TTOU
avraAAdooel pe auto, To HETATPEMOUV O€ HIa METABOAN TNG ECWTEPI-
KNG TOU evépyelag.

Mia dAAN €kppaon TOU MPWTOU VOHOU TNG 6EPHOSUVAHIKAG YLa TA KAEI-
oTd cuotfpara (katd Lagrance) eivat:

Q = AU + PAV - AW,
OpiCetal wg €pyo avTioTPENTO:
W, = PAV.

O mpwTOG VOHOG TNG 6EPHOBUVAHIKAG YIO TO AVOIKTA ouoTHpaTa (katd
Euler) divetal and T ox€on;:

Q = AH + W; + AE; + AE; + AE,,.

AmodeikvueTal meipapaTika Oti, Yetagu g nmoodtnrag BepudtnTag Q,
rou divetal o’ éva cUoTNA Kat Tou pnxavikou €pyou W, Tiou anodidetat
and To oUoTNUa, LoXUeL N oxEon

w_ J = oTabepa
Q

Kal ovopadetal pnxaviké 10o0duvapo Tng 6epudTnrag.

2¢e pia KUKAIK petaBoAr evég ouotripaTog, To kabapd €pyo eivat avd-
Aoyo mpog Tnv kabapn) Bepudnra.
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Ze a petafoAry mou npayuatonoleiTal oe €va KAelotd oUoTnua, Xopn-
youvtat 2800 KJ Beppuikig evépyelag oto ouotnua kat naipvoupe 1600
KJ unxavikou €pyou.

Na npoodlopioete T UETABOAY TNG ECWTEPIKNG EVEPYELAG TOU OUOTN-
HaTOG.

(Artdvtnon: 1200 KJ)

>e pia petafoAry mou npayuatomnoleiTal oe €va KAeloTd oUoTNUa, Xopn-
youvtat 4000 KJ pnxavikou €pyou Kal €XOUlE [a LETABOAN TNG E0WTE-
PIKNG evépyelag Tou ouaTruatog 3200 KJ.

Na npoodlopioete TN BePIKY] evEPYELA TTIOU HETAPEPONKE Kal TN dlev-
Buvaon petapopdg.

(Artdvtnon:-800 KJ, and to ouotnua)

Katd m didpkela piag HeTaBoArq o éva KAelotd ouotnua agaipouvtal
1.000 KJ Bepudtnrag kal mapatmpeital al&nomn tng EoWTEPIKNAC EVEPYEL-
ag Tou ouoTtruatog katd 200 KJ.

Na urnoAoyioete To TapayOuevo 1 KATAVAALOKOUEVO €PYO Kal va TPOo-
dloploete, edv mpdkelTal yla ouprieon 1 ektévwon).

(Artdvtnon: -1.200, ouprnieon)
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6.7 O1 peraBoAéqg aTo didypappa (P - v)
6.8 O1 peraBoAéqg aro didypappa (T - s)
6.9 AvTIOTPENTEG KAl N AVTIOTPENTEG HETABOAEQ
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®‘ Emdiwkdopevol oTréyol:

VI Na AvaQEPETE TIQ XAPAKTNPLOTIKEG BEPUOSUVAMIKES UETABOAEG.

VI Na YVwpileTe TIq eELOWOELG TIOU EKPPALOUV TIG BEPUODUVAUIKES HETA-
BoAEg.

V] Na YVWPIZETE TIG OXEOELG TTIOU GUVIEOUV TA PEYEDN TNG APXIKNG KL TNG
TeAKNQ KaTdoTaong.

[V Na YVWPITETE TIG OXETELG TIOU EMITPEMOUV TOV UTIOAOYIOUO TWV EVAA-
Aaywv €pyou, BepudTNTAG, ECWTEPIKNG EVEPYELQG Kal va AUVETE TIPO-
BAuara.

VI Na amneikoviere oto didypappa (P - v) kat (T - s) TIG OePOSUVAIKEG
METABOAEG.

V' Na e€nyeite TNV €vvola NG QVTIOTPEMTAG KAl U QVTIOTPETNG UETA-
BoArg.

‘Otav 1o guotnua, 0’ autiv Tnv niepimtwon €va téAelo agplo, eEeNooetal €€
atiag Twv evalaywv evépyelag e To TepBaAov and Ja apxikr kardota-
on, mou TN cUpBOAlouue 1, o€ pia TEAIKA KaTtAoTtaon nou T cUpBoAlouue
2, TOTE Aée OTL uploTaTal Ja HETABOAN.

©a PENETNOOUE TIG AVAAUTIKEG OXECELG TTIOU CUVOEOUV TIG TAPAUETPOUG
™G APXIKAG KAl TNG TEAIKAG katdotaong, dnA. TIq eEl0WOELG ekelveg TIOU
XapaktMPIiCouv TIq HETABOAEG, KABE pia and autéq EexwploTd, OTIG OTIoIEq
Onwg avapEpape e PONYoUUEVO kePAAalo, €xel doBel Eva XapaktnpLoTL-
KO dvopua Y. 1060epun, 1odxwpen, WooBapng, adlapartikr), MOAUTPOTIKY). Z&
K&Be pia and autég Ba SWOOULE TIG OXETELG EKEIVES TTIOU [AG ETUTPEMOUV Va
urtoAoyiCoupe TIG eVOAAYEG EVEQYELAG TOU GUOTNUATOG [E TO TIEPIBANOV
Tou, dnA. TV evalayr] €pyou, BepudTNTAG, ECWTEPLKNG EVEPYELQG.
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Mpwv avaAUooupe TIG BePUOBUVAMIKES LETABOAEG Ba avapEpoule pePL-
KEQ BACIKEG EVVOLEQ XPNOLUEG YA TNV KAAUTEPN KATAVONOT) QUTWV.

e EIdiIkf BeppdTnTa ovopdletal To MNAIKO HETAEU TNG OTOIXEIWAOUG
0eppoTnTag AQ mou evalAdooel n povada palag Tou CUCTHHATOG, KATA
Tn SIApKeEIa pIag oToIXEIWdoug HETABOARG, Kal TNG METABOANG TnG Oep-
pokpaciag AT mou ugioTaral To oUOTNHA WG OUVEMEIa TG evalaynq
0eppoTnTag AQ.

AQ
C=— 6.1a
AT 6.19)
Edv avagepboupe o pia nenepacpévn YetaBoAn 1 2 mou ugiotaratl To
clotnua, 8a éxoupe T péan elOIKN BepudTnTa mou ekPpdAleTal e Tn oXEoN:

(6.1B)

H edikr Bepudtnta naipvel TIWEG and —wo €wg +oo. AO OAEQ TIQ TIMEG
Tou n edIkr| BepudtnTa uropel va Adpet, undpxouv dUo Tou ovoudgovtal
OcpeNiwdeIq:

H e1dikry 8gpudtnra pe otadepn micon (Cp), ™y omoia AduBdvoupe,
otav n evaAlayr BepudtnTag npayuatomnoleral Katd tn SLApKeLa Uag loo-
Bapoug HETABOAAG.

H €181kr} 0gppdTnTa pe otadepod dyko (C,) Tnv omoia Aappdvoupe, dtav
n eval\ayn Bepudtntag npaypatonoleital katd tn SIApKeLa Uag looXweng
METABOANG.

O1 e131kég BepudTNTEG Cp KO C Eival TOCOTNTEG TAVTA BETIKEG.

Ma v da xnuikR ouoTaon tou cuotruatog ot Cp kat Cv petaBdio-
vTal e TN Beppokpaacia.

lMNa v idia 8gppokpacia ot C,, kat C, peTaBdAlovtal pe ™ Xnuikn ov-
otaan.

H edikr) Beppdtnta evog peuotol eEaptdtal EKTOG A TNV XNKN) oU-
otaon kat tn Beppokpacia kat and ) petafoAn yiati ar’ autr e€aptdraln
evalayr) BepudtnTag.

e["la Ta TéAe1a aépia L.oxUouv ol OXETELG:
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»—C, =R (6.1y)

—P _K (6.13)

Ané v mpwtn (ox€on Tou Mayer) mapatnpouue 4ti, enedr| R eival mo-
oomrta BeTIkn, Cyy elval tavra peyaluTepn g Cy. H deltepn pag divel Tov
ekB8t NG adlapatikiAg HETABOANG, TIou Ba doUpe Ot CUVEXELd, O OTIOI0G
oUuQwva e 6oa eimaye mapandvw eival JeyaAlTtepog g Hovadag.

Eniong 1oxuouv ot oxéoelq:

Ma wa ioopapn petaBoAry Q2 = h, — hy, Kat

Q, h,-h,

C = =
P TL,-T, T,-T,

orou: Cpm HEON TN
Ma pa 106xwpn HetaBoAr) Qo = Ug, - Ugy Kat

o = Qe Up-Uy
T -T, T-T,

orou: Cypy, HEON TIuN.

a

1 kg O, upiotaral pa petaBoin 1,2 kat ) Beppokpaacia Tou aukdvetat and
773 K oe 1073 K. Na untoAoyioete tn HETABOAN TNG ECWTEPLKNG EVEPYELAG.

Ndon
Ané T oxéon:

Ug2—Up1=Cy (T2-Ty)

* O nivakag 6.1 pag divel TG METABOAEG TNG e1BIKNG BepudtnTag e otabepn mieon oe
ouvapTtnom e Tn Bepokpacia yia Ta o evdlapEpovta agpla.
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Mivakag 6.1 EiIdikA 6eppdTnTa

Ané Tov miivaka 6.1* yia 1o O, €xoule:

C, otoug 773 K = 33,4 kd/kmole K
C,, otoug 1073 K = 35 kJ/kmole K
MBo, = 32 kg / kmole

YrioAoyiCoupe Tn péon Tiun

C,= w =34,2kJ/kmol K
Kal
34,2
Cp 2—221,07 kJ/kgK

And ) ox€on Tou Mayer €xoupe
Cp - CV = R
Kal

70 R yia 1o O, eivat 260 J/kg K

T T T T T T T T T
TiuégTou MB|  kg/kmole = Aépag =28,9 O =32 co
- Hy=2 H,0=18 21
B N,=28 CO,=28 b
55
O
C,kJ /kmole K} © 5
50 ATpOG
H,0
45
= “rlo -
40
02
_ o r
35 :“ N, Aéppg
H
H20 — | N2 2]
C02 —_ Ho
0O, N, Air—
H2 bad 7
25 1 1 1 1 1 1 1 1 1 1 1 1
200 500 1000 1500 2000° K
KaptruAeg Cpkj /kmole .K
€XOULE: (To-Ty) =1.073-773 = 300K
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C,=1,07-0,26 = 0,81 x 300 = 243 kJ / kg
Tehkd: Ugz - Upy = 0,81 x300 = 243 kd / kg

lodBepun ovopdaleral n yeraBoAn kard Tn didpkeia TnG omnoiag n 6epuo-
Kpagia Tou ouoTiparog mapapével otabepl. m=1,p-v=R-T.

‘Eotw Wwa ddtagn kuhivdpou guBdrou dnwg ¢aiveral oTo oxnua 6.2q,
Omou mpayuaTomoloue Uia 1.odBeppun peTaBoAr| and tnv katdotaon 1 oty
katdotaon 2.

—
—>
P — |
1
V1 —> | <
T T
P, —>—{< Pq
) ——
1 kg Aépa Kartdotaon 1
) -
Pr S«
Vo > <
Ty _— «
—_— <P,

KardoTtaon 2

ZxApa 6.2a Adra&n kuAivdpou eupdiou

Kardotaon 1: py, vy, Ty,  pyvy = RT4

KardoTaon 2: ps, Vo, To,  paVva = RT,

Ané T1¢ dUo e&lowoelg Aappdavovtag undyn &t T4 = To EXOUE:

P1Vy = pav2 = OTAH.

Kal
p-v = otad
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H oxéon aut) ekppalel tTnv e&iocwon TnG 1000epung HETABOARG. ZTO
didypappa (P - v) aneikovileTal e To €va OKENOG |LAG ICOOKEAOUG UTIEP-
BoAng (ox. 6.2B).

P A N/m2
KAigaka: 1 cm =0.1 m3
1 cm = 100.000 N/m2
1 cm2=0,1 x 100.000 = 10.000 J
1 kg Aépa
2
P, T *
) &
' 1
] Shbhibbbbh P T °
O Vl M }
2 ! vm3/kg

ZxAua 6.2 lod6epun uetaBoAr
H gvaAAayn €pyou

H evaA\ayn €pyou TOU OTOIXELWDOUG €PYOU TOU CUCTAKATOG e TO EPIBAN-
Aov Tou Ba eivat:

AW, =pAv Av<O0

Mapatnpeital oto oxfua 6.2 4tL, yia moAU pkpd Av uropel va Bew-
pnBel n mieon oTabepr| Kat enouévwg To yivouevo p - Av gival To eyBadov
Tou dlaypauplopuévou TapalnAdypaupou. Apa, propoupe va oupe 6Tl To
otolxelwdeq €pyo divetal anod 1o epPaddv kATw and TNV KAUMUAN Tou OToL-
Xelwdoug MaparANASYPAUUOU, TTOU QalveTal 0TO oXNua.

Z0upwva pe N okéYn Tou Kdvape nmapandvw, urnopoUie va xwplooupe
™V ermPAvela KATw and TV KAUMUAn TG HETABOANG O€ OTOLXELWDN MAPaA-
AnAdypauua Tou avIimeoowneUouv Ta OTOXEIWdN €pya, Kal va Touue Tl
TO eUBAdOV KATW Ao TNV KAPMUAN elval To ABpotopua SAwV TwV OTOLXELWIWY
€PYWV KaTd T dldpKela TNG METABOANG.

Autd elval To épyo Tou evaAAdooel To oUaTnua e To epIBAAoV Tou
katd tn didpkela TG PetaBoAng and v katdotaon 1 otnv kardotaon 2.
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AnodelkvueTal 4Tt n evalhayr Tou €pyou avd povdada palag Tou ouoTh-
MaTogq yia v 1odBeppn eivat:

\% P,
(We)T =RT, InV—Q:RT1 InP—1

1 2

YrievOupiZetal 61t Inx = 2,3 log10x

MetaBoAn Tng eowtepikng evépyeiag Ugs — Ug,
MvwpiCoupe ot
Ug2—Up1 = Cy(T2-Ty)
T2 = T1 Kat T2 — T1 =0

Ugz2— Up1=0 |

Enopévwg, punopoupe va mouue OTL 1 1o6Bepun p - v = otad eival pa
KQUTTUAN, OTIOU 1) E0WTEPLKY) EVEPYELQ TIAPAUEVEL OTABEPT).

H evaAAayr BeppdTnTag
Ané Tov MPWTo VOO0 TNG BepUodUVAMIKAG Yia Ta KAeloTd ouoTrjuata (Katd
Lagrange) éxoulle:

Q = AUg + We + AEg, + AE + AE,

Bewpolpe Tig moodtnTeg AE,, AE, AE (0eG pe pndév
Eniong, éxoupe: Ugy — Ugy =0

ondte
Q=W,

And  oxéon Q = W, mapatnpouue 61t To mePIBAAOV TOU OUCTHUATOG
déxetal moodtnTa Bepudtntag Q ion ue To €pyo mou SEXETAL TO CUOTNUAL.
Enedn) €xoupe oupumieon, yla va napayeivel n Beppokpacia atabepn Kat,
EMOMEVWG, YA va TIETUXOUE TNV LO0BEPOKPATIaKN UETABOAY, Ba Tpémnel
va £odéPoupe €pyo .. Yuxovtag To oUoTnua.
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a

(Zxua 6.2a ka 6.2B) l06Bepun cuprieon 1 kg aépa

Kardotaon1: p; = 10 N/cm?

Vi =
T,=323° K -
YrohoyiCoupe vq: pqvqy = RTy, v, =—L orou R = 287 J/kg K

1

_ 287x323 92,500

v, = = ~ 0,925 m® / kg
100.000  100.000

Kardotaon 2: P, = 40 N/cm2
Vo =
T2 = T1 =323K

287x323 92,500

YrioAoy{Coupe Vo: v, = = ~0,231m° / k
YiGouRe Vi V2 = 0,000~ 100,000 9
H e&iowon Qg kaunuAng eivat:
p - v =0tab = RTy, p -V =287 x 323, pv = 92.500 J/kg

H kaumuAn eival pa .oookeAng unepRoAn oxriua 6.2p.
To épyo unoloyiletal pe ™ oxéon:

W, =R T, InY2 ~ ~128.000J / kg

vy

1 LETPWVTAG TO EUPAdSV KATW ard TNV KAUTUAN
W, = guaddv (17122 = 12,8 cm?
W, = 12,8 x 10.000 = 128.000 J/kg

H 8epudTnTa urntoAoyiletal and n oxeon:
Q = W, aMAa W, = -128.000 J/kg
Q =-128.000 J/kg.
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lodxwpn peTaBoln ovoudalerar n peTaBoAn, katd Tn diIGpKela TNG omoiag
0 £181K0G OYKOG, EMOMEVWG, KAl O YEWHETPIKOG OYKOG TOU CUOTAUATOG

nmapapével oTabepog.
H e€iowon Qg eTaBoAr| eKPpATeTal e TN OXEON:

v = oT1ab
210 didypappa (P - v) n petafoAr| ameikovileTal e éva eubUypappo

TuRpa 12 mapdAAnAo otov dEova P (oxnua 6.3a)

P A N/m2

P2
KAigaka : 1cm = 0,05 m3

1 cm = 106N/m2

1 kg Aépa

P16
1
! N
>
vm 3/kg

Zxpa 6.3a lodxwpn LETABOAT
Ané v eEiowon p - v = RT kat vy = v, yla v katdotaon 1 kat 2 mg

MeTaBOANGq Ba €xoupe:
Kardoraon 1: py, v¢, T4, plvy = RT;

KardoTaon 2: Py, vy, To,

P2V2 = RT2
Anté Tig dUo eElowoelg dlapwvTag Katd YéAn Ba €xoue:

P

P2

)
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a

MetapoAn 1 kg aépa pe otabepd dyko (oxnua 6.3a)

Kardotaon 1: p; = 100N/cm, 1 100 x 10* N/m?
V4=,
T, = 500 K N 227°C

And v e€iowon: p - v =RT
RT, 287x500

p, 100x10*

Kardoraon 2: T, = 2.500 K
Vo = V1 =0,143 m3/kg

YriohoyiCoupe v4: v, = ~0,143m® / kg

P2 =
And v e€lowon ol
2 T2
YroAoyiCoupe TNV p: P2 =P £=106@z5x106 N/m?
YIGOUUE TNV pi P2 = Py T, 500
‘Epyo
H eval\ayr] Tou €pyou Tou ouoTAUATOC He To epBAMov Tou Ba eivat:

W, = pAV
Kat emteldnr] AV = 0 8a €xoupe:
W, =0
MeTaBoAn TnNG E0WTEPIKNG EVEPYEING

Mvwpifoupe ot
Uo2—Ugq1 =Cv (T2 - Ty)
To- T4 =2.500-500 = 2.000 K
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YrohoyiCoupe Cp: Ano 1o OxeTIKS Tiivaka 6.1 yia Tov aépa. Oa €XoupE:
Cpm = 1,21 ki/kg K
orou: Cpm peoN TN, Ragpq = 0,287 kJ/kg K

Ar6  oxgon tou Mayer: C, - C, = R npokurrel
C, = 1,21-0,287 = 0,923 kd/kg K
Enopévag:
Ug2 - Ug = 0,923 x 2.000 = 1846 kd/kg
OeppoTnTa
Ané Tov MPWTo VOO TNG BepUOdUVAMIKAG Yla Ta KAeloTd ouoTrjuata (Katd
Lagrange) €xoupe:
Q = AUg + We + AE; + AE¢ + AEg
Bewpoupe Tig moodTNTEG AE,, A, AEg (08G pE undeév
kat enewdn We = 0 mpokUrtTeL:
Q = Ugo—Ugy = 1846 kJ/kg

H 10éoykn aA\ayn kataotdoews epapudletal aTig Beviivounxaveg ylati
MOlAZel W auTtrv 1 kador. ZTnv mepimtwon autni n kauon Jolddel e Ekpn-
&n. H noodmra g Bepudtnrag augdvel ) Beppokpaacia Twv kauoagpiwv
otoug 2.000° C mepimovu.

looBaprig perapoAn ovopderal n peraBoAn Tng mieong, Kard Tn didpkeia
TNG omoiag n mieon mapapével oTadepn.
H e&iowon g LeTaBoArq ekppdaleral e Tn OxEoN:

p = otab

210 diaypappa (P - v) n petaBoArn ameikovileral pe éva eudUypappo
THApa mapdAAnAo otov G€ova v. (oX. 6.40)



110 EIzArQrH =TH MHXANOAOTIA

p A N/m2
KAipoka : 1 cm —>» 0,2 m3
1 cm — 50 000 N/m?2

1 cm —> 0,2 x 50 000 = 10 000j
1 kg Aépag
2 1
p=pP, F—-—"—"===—~- . ?
172 | ’ )
1 1
1 / 1
1 ’ 1
1 1
g

2' 1

Vo vy vm)3/kg
Av<0

Zxpa 6.4a looBapric uetaBoAr

Ané v e€lowon p * v = RT kat p; = po yla v Katdotaon 1 kat 2 mg
METABOANG Ba €xoupe:

KGTdOTGO'n 1: pq, vy, T4, pi1vy = RT;,

KGTdOTGO'n 2: P2, Vo, T2, P2V2 = RT2

And Tig dUo eElowoelg, dlalpwvtag Katd YEAN, Ba €xoulle:

v,

il
Vo, T,

u

MetaBoAn| 1 kg aépa e otabepr] riieon
Kardotaon 1: p; = 101300 N/m?2
Vi=,

T,=300K
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RT, 287x300

= ~0,855m?® / kg
p, 101 300

Yriohoy(Coupe vy. v, =

KardoTtaon 2: p; = p, = 101300 N/m?
V, = 0,5 m3/kg
T2=;
, \ 0,5
YriohoyiCoupe To: T, = T, =2 = 300x —— ~ 175 K
vicoupe Tt To =Ty 7 * 0,855

1 )

‘Epyo
H evaAAayr] Tou OTOIXELWDOUG €PYOU TOU GUOTNATOG e TO TIEPIBAAAOY TOU
Ba eivat:
AW, = p - Av
To épyo W, = eupaddv (17122) = 3,60 cm?.
W, = 3,60 x 10.000 = 36.000 J/kg

To €pyo pmopoule va To UroAoyicoupue Kat wg eENG:

We =p - Av
al\a Av = V2 - V1
Tehikd
W, = p(V2-Vy)
W, = 101300 (0,5 - 0,855) = —36.000 J/kg

MeTaBoAn TNG ECWTEPIKNAG EVEPYEIAG

MNvwpiCoupe ot
Ug2 - Up1 = Cv(T2-Ty)
orou Cp, = 0,71 kJ/kgk

T Tou C, yla Tov agpa yla ouvr|Belg Bepokpaocieg
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U02 - U01 =0,71 (175 —300)= - 88,7 kJ/kg

O¢epudtnTa
Ané Tov MPWTO VOO TNG BEPUOSUVAMIKAG Yla Ta KAELOTA ouoTruata (Katd
Lagrange) 6a €xoupe:
Q = AUp + We + AE; + AE¢s + AEg, aMA AE + AE¢f + AEG= 0
ordte : Q = AUg + App(p-V)
Q=AU + pV)
Q=AH
Ané v napandvw oxgon nmpokUTTTeL OTL O€ [ia UETABOAN e aTabepr) Tiieon
peTapdMovtal n evlaAria Tou CUGTANATOG.
Q=hy-hy=Cp(T2-Ty)
MNa to mapddetyua 6a €XoupE:
Uga — Ugy = - 88,7 kJ/kg

W= -36.000 J/kg
onorte:

Q = AUg + W + AE; + AE + AEg, AE + AE¢ + AEg= 0
= - 88,736 = 124,7 KJ/Kg
Enedn C, = 1 kJ/kg yla tov agpa yla ouvriBelg Beppokpaoieq
Q= C, (To-Ty) = 1(175-300) = - 125 kd/kg

AdiaBaTiky ovopdaleral n petaBoAr kard Tn didpKela TG omoiag dev
undpyel evaAlayry OeppdTNTAG TOU GUCTHHATOG HE TO TIEPIBAAAOV TOU.
Enopévwg 0a éxoupe: (Q12)qs = O.

H e€iowon g peTaBoAg ekppaleTal e T ox€on:

p - VK = oT0l
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, C,
orou k = —
\

210 didypappa (P - v) n petaBoAr) aneikovileTal and pia KaprmuAn
(oxua 6.50).

pAN/mZ
1 kg Aépag
2
Poe-=----0
1
1
1
1
1
1
1
1
N
1
1
1
p ¢=-=-=--- m=-———— b
1 1
1 1 1
P4 T T *
1, 1 1,
12 1 11 >
0 Vo v =0,5m3 Vyq vm3/kg

KAipoka : 1cm  —» 0,1 m3
icm ——» 100 000N/m2
1cm2 —y 0,1X100 000=10 000J

ZxAua 6.5a AdtaBartikr uetaBoAn

Ané mv eEiowon p,vk = otab. ylamy katactaon 1 kat 2 Mg METABOAAS
Ba €xoupe:

Kardoraon 1: py,v4,Ty p,vk = otal.
Kardotaon 2: Py, v, Ty,  Povk = oTa8.

Enouévwg a €xoupe

K k
Py-Vy =Py Vs
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k

Pz _ (V_]

P4 Vo

1/k
v_z{&J
V, Ps

Amo Tiq napandvw kat ano Tn oxEon:

P:Vi _ PaVa
T T
"EXOULIE:
k k-1
Tp _PoVs _ (V—] Vo _ (V—]
Toopve (V) vy (Vv
Kal

1 1 k=1
_PeVe p_[p_j {p_z} ‘ (p_j ‘
PV Py P2 P4 P4

MeTaBoAn TNG ECWTEPIKNG EVEPYEIAG Kal EPYOU

Al

And TO MPWTO VOO TNG BEPUODUVALKNG YIa TA KAELOTA ouoTApaTa (Katd
Lagrange) 6a €xoupe:

Kat eMedn (Qq 2)qs = 0 MPOKUTTTEL:
—We = Up2 -Up1
MNvwpiCoupe ot
Ug2— Up1 = Cy(T2-T4)
Enopévwg prnopoupe va ypdyoupe:
We = Ugza— Ugy =Cv(T2-T)
YrniohoyiCoupe (To - T+)

T2 — pT:;IZ T1 — p1V1’ T2 —T1 _ 1

= ﬁ(pzvz —p1v1)
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C,
-W, =Up, — Uy, :_R ‘(pzvz —p1V1)

And tn ox€on tou Mayer : Cp —C, =R 0a €xoupe :

C,
-W, = _‘(pzvz - p1V1)

R
C
-W, = C, —VCV ‘(pzvz _p1V1)
1
-W, = S -(p2V2 _p1V1)
P 1
C

G,
Oorioy — =
C

\

Ma Tov aépa oe auvribn Bepuokpacia sivat K = 1,40:

Cp=1kJkg K, C,=071kikgK,  k=——=140
0,71
TehKdA:
1
-W, :E‘(pz Vo =Py V1)
Q

Adi&Batn oupurnieon 1kg aépa (oxiua 6.50)

Kardotaon 1: p; = 100.000 N/m?
V1 =,
T, = 288K

YrohoyiCoupe V4: v, = % R =287 J/kg K
1

_287x288 _ 808m® /kg

' 100.000

KardoTtaon 2: Vi 4
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YrohoyiCoupe V, : v, = 0 328 ~ 0,207 m* / kg
k
, . . (P |V
YriohoyiCoupe p, :  AmMO Tn oxeon—=| —
{ Vo
MPOKUTITEL: 2 = 4740
P4
Iog%: 1,40xlog 4 = 1,40 x 0,60 = 0,840
1
P

52 =7, P, =7x100.000=700.000N/m?
1

k-1
YriohoyiCoupe T, : and T oxgon Lo _ (ﬁj
T Vv

TIPOKUTTTEL :E _ 4(140-1) _ 4040
T

%: 1.76, T2=176x288=510K
H petaBoAr] Tng ecwTepIKng evépyelag Ba eival:
Uga-Ugy = Cv (T2 — Ty)
orou: C, = 0,71 kd/kg K
Ugz — Ups = 0,71 (510 — 288) = 158 kJ/kg
To épyo Ba eivat:

We = —(UOQ—U01) =-158 kJ/kg

H adiaBatikr| petaBoAn emutuyxAveTal oTiq BEPUIKEG UNXavEg TO00, 600
neploodtepo auEdvel 1 taxutnta tou euforou péoa otov KUAVOPO, yiatl
TOTE dev divetal apkeTdg Xpovog ot BepudTnTa va mepAcel Ta ToXWHATA
Tpog to TepBAArov. Etol eEnyeital kat yiati emudikoupe va Aertoupyouv ol
oUyxpoveg BepuIkég unxavég oe uPnAég Taxureg, va eivat dnAadn taxu-
OTPOPEG.
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MoAutpomikA ovopaloupe Tn HETABOAN TOU CUCTHHATOG TTOU KaBopileTal
amd Tn oxéon:
p-v™ = gTad
orou: m ovopdZeTal eKBETNG TNG TTIOAUTPOTIKNAG.
loxUouv ot {dleq ox€oelg TIou LoXUouV Kal yla Tnv adlafartikh HeETaBoAn,

av ot 6€on Tou k ToroBeTrooUlE M.

H peTaBoAn TG E0WTEPIKNG EVEPYEIAG EKPPATETAL |IE TN OXEDN:

CV
Ugz —=Ugs = E(pzvz —P4Vy)

To épyo ekppdleTal e Tn oxéon:

_W. =
° m-1

(pzvz - p1V1)

kat eival (oo pe To euBaddv 17 1227, dnwg @aivetal oto oxrua 6.6a

2
pAN/m

-

- >

0 2 T vm3/kg

Zxfpa 6.6a MoAutportkn UeTaBoAr
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O¢eppdTnTa

A Tov TPWTo VOUO NG Beppoduvapikig katd Lagrange (kAelotd ouoth)-
pata) Ba Exoupe:

Q = AUp + W, + AE; + AEg + AE;,  AE + AE + AEg = 0

Q = AUp + W,

CV
Q= F(pzvz —P1Vy ) e (p2V2 - p1V1)

c, 1
Q:(E__j(pz 2 —P1Vy)

Emiong €xoupe : Cp—Cv =R kat
c

v _

R c,-c, Cp k—1

TeNKA :

1 1
Q= (ﬁ—m](pzvz - p1v1)
k

T(pzvz —P1Vy)
m+k
k—1

Q=-W,-
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a

MoAutportki HETABOAY] pe ekBETn m = 1,3.
KardoTaon 1: p; = 100.000 N/m2, T; = 300 K
KardoTaon 2: P, = 400.000 N/m?2

m-1
YrohoyiGoupe To: ard Tn oxgon T _ [p—Zj

T P4
TIPOKUTTTEL

o
w

w

_ 1,
To =800(4)™ 1,-300x1.37 = 413K

To €pyo uroAoyiCetal and T oxéon:

1
-W, = m_1(p2 Vo — Py V1)

Eneidn duwg PoV, = RT, kat P4Vy = RT¢ Ba €xoupe:
R
M=)

_We=%(413—300) ~108.000 J/ kg

H BepudtnTa unoAoyiletal and m oxéon:

Q--w, .Mm-K
k-1
Q- 108y 2314

=27KJ/Kg

O moAutporikéq aAay€q maploTdvouv akpIBECTEPA TNV TPAYMATIKY
Aertoupyia Twv BEPUIKWV UNXavwyv, Katd tnv omoia, yia moAAoug Adyoug,

dev ertuyxdvetal Teeing kappia and Tig ponyoUleveg, TIG onoileg AdN
avartuEae.
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O1 vopoI Twv BEPHOBUVAHIKWY PETABOAWY, OTIWG YVWPICOUKE, OTN YEVIKN
Toug pop®r] EkppalovTal e T oxEon:

p-v™" = gtab

Edv petaBdroupe To m and to Pndev €wg AMELPO EXOULE:

em=0,V°=1,p =oTabd
looBaprig petaBoAn

em=1,p-v=o0T06.
lo60epun peTapoln

*m=Kk,p-vk=oTab.
AdiaBaTiki peTaBoAn

*m =0,V =0T00
lodxwpn perapoAn

pv™ =k = oTab.

mov™ = m/K = otas.

p/™v= k"™ = gTab.
yiam=oo, v=0taf.

*m=m,pV" = oTab
MoAuTtpomikr peraBoAn

Aneikoviloupe Ti¢ napandvw YetaBoAég oto didypaupa (P - v). Oswpolpue
eniong TI¢ MOAUTPOTIKESG e M < 1 katm < 0. (0X. 6.7q)

® ‘OAeqg oL MOAUTPOTIKEG UETABOAEG e eKBETN BeTIKG €xouv KAion ap-
VINTIKY).

¢ OL TOAUTPOTIKEG HE EKOETN apVNTIKO EXOUV KON BETIKA.

¢ OL MOAUTPOTIKEG e EKBETN UIKPOTEPO TNG Hovadag Bpiokovtal peta-
€U Qg 1ooBapouqg (m = 0) kat Qg 10dBepung (m = 1).
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® OL MOAUTPOTIKEG pE EKBETN EYAAUTEPO TNG HovAdag, Kat HeETA&U au-
Twv Kat 1 adlafatikr), Bplokovral eta&u g 1odbepung (M = 1) kau
™G LoOXWPENG (M = ).

p A @ @ @

<Y

Zxpa 6.7a Ospuoduvauikeg uetafBorég oto didypauua (P - v)
1. p=0ta@ m=20
2. noAutporukn m < 1
3. T=o0t106.m =1
4. AdwaBatikim = k> 1
5. v=01a6. m =
6. [lMoAutporukny m <0

Mapatnpoupe ot

= Maparipnon

‘Ooa avagépape mapandvw arodelkvUovTal e avwTepa HabnUaTikKa wg
efng:
Ané  oxéon p - VM = otab. £xoupe:

mpdv + vdp = 0

do__nP

dv Y,
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, d
To KAaoua &

dv
(P - V) kay, emnetdn] p, v eivat mogdtnteg BeTIKES, edv m eival BeTikd, TOTE TO
deutepo péNOQ eival apvnTiké kat avtioTpoga.

oT0 PWTo PENOG elval n kAlom TNG KAUMUANG oto didypauua

Edv AdBoupe wg napapétpoug Ty evrporia kat tn Bepokpacia, uropolpe
va anelkoviooupe tn BePUOSUVAUIKY KATAOTAOT TOU CUOTHUATOG 0TO Old-
ypappa (T -s).

Tnv evrponia, Tnv onoia ekppdlouue oe J/kg K, TonoBetoupe oTIq Te-
TUNUEvVEG, evd TN Beppokpacia oe Babuoug KEAPLY, TormobeTouue OTIG Te-
TAYMEVEG.

Ot Beppoduvauikég petaBolég amelkoviCovtal oto ddypapua (T - s),
onwg gaivovrat oto oxnua 4.8a.

TA

= oT08.
v
pe)

S

T = o108.

»
>
0] S

Zxnrua 4.8a Oepuoduvauikeés uetaBoAés ato didypauua (T-s)
210 dldypappa (T - s) ol 1060eppeg eival mapdAnAeg atov dEova g

evrporiag kat ot adlaBatikeég (looevtpomikeg) eival mapdAAnAeg atov dova
g Bepuokpaaiag.
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Ot 1ooBapeiq eival kaumUAeg e BeTikr) KAion Kat oL .odxwpeeg eival kat
QUTEQ He BeTIKN KAlom, aAAG e peyalUTtepn amd ekeivn Tou €Xouv oL Loo-
Bapelg.

310 didypaupa (T — s), To gupaddv g empdvelag, mou poadlopileTal
and TV KaunUAn TG METABOAAG, TIG akpaieq TETAyUEvE] TNG METABOANG
Kat Tov d&ova g evrporiag, anelkovilel Tn BepudtnTa ou evaAdooel To
olotmua pe 1o epIR&N\ov Tou Katd T SidpKela TNG UETABOAAS.

MNpdyuartl, Bewpoupe €va oTolxelwdeq TUAUA TG HeTABOANG (oX. 4.8B)
Kal eEPAPUOTOUpE TO (Bl0 OKETTTIKO TIOU KAVAUE YIA TO OTOIXEWWDEG EPYO
AW, = p - Av, ipokelp€vou va To anelkoviooupe oto didypaupa (P — v).
To otokelndeq eupaddv KATw amd Tnv KAUMUAN pe Baon As kat ugog T
elvar AQ = TAS kat anelkoviCel Tn otolxelwdn Bepudnta mou 1o cuoTnua
evaldoaoel pe To epBAANoV Tou, Katd Tn JLdPKeELa TNG OTOIXELWDOUG PETA-
BoAng rou upiotarat. H Bepudtnta mou To oUotnua evaAAACCEL [UE TO TIEPL-
BAaMov Tou, divetal and 1o euPaddv kATw and TNV KAUMUAN TNG METABOANRG.

iy |
[}

AQ

\4

Y

—| AS |«

Zxnjua 6.8 Adypauua (T-s)
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Oewpoulpe €va oUoTNUA OE Hia OPLOEVN PUOIKA KATAOTAON TIOU XAPAKTN-
piCetal and Tiq TEQ Twv apau€tpwy P, v, T kat avalntoupe moleq eival
oL avaykaieq ouvBnkeg, €10l wote 0To oUoTnUa va unopel va eEeiooetal
adldpopa pia LETABOAY| TLY. LA CUMTTiEON A pLa EKTOVWOT).

MNa va cupPaivel autd eival avaykaieg TPeIG CUVONKEG:

1. Na undpxel loopportia, oTtyur| ieog oTyur, HeTa&u Tng nieong P Tou
OUOTNUATOG kal TnG Tiieong P Tou mepiBar\ovtdg Tou.

Mpdyuarty, edv n nieon p ATav dlagopetiky and tnv P, To clotnua da
€telve va unootel a PetaBoAn Tpog Tnv Kateubuvon ekeivn, €T0L wWoTe va
undevioel ) dlagopd P - P,

2. Na undpxel looppoTtia, oTtyur) mpog oTLypr, METAEU TG Beppokpaaiag
T tou ouotAuaTog kat NG Bepuokpaciag T Tou mepIBAAovTOg Tou. Edv
urmpxe dlagopd Bepuokpaciag T — T, To cuotnua Ba €telve va unooTel pa
METABOAY TIPOG TNV Kateubuvaon ekeivn, €101 woTe va undevioel T dlapopd
T-T.

3. Na unv undpxouv TPIREG HeTAEU Twv cwuaTdiwv Tou peuotol aA\d
oUTe Kal peta&u Twv owpatidinv Tou peuatou Kat Tou opiou Tou. Edv unnp-
Xav, ol TPIREG autég Ba urnopolaav va eEoudeTepwBOUV UOVO EVEQYWVTAG
MPog pia oplopévn Kateubuvan.

Edv ol Tpelg auTéq ouvenKeg CUVUTIAPXOUV OTIYUN TIPOG OTLYMA 1) META-
BoAr} ovoudletal avrioTpenTn Kat propel va eEelixBel adldpopa Kal oTiq
dUo kateuBuvoelg. M.x. Ze pia petaBoAr) mou eEehiooetal and v kardota-
on 1 omv katdotaon 2, apkel va aMd&oupe Ta MPOONUA TWV EVAAQYWV
evépyelag, yla va egehxBel anod v katdotaon 2 oty kataotaon 1, xwpig
va aMdAEoupe Tov TPOTO ToU TIPAYUATOTOLETAL.

Enouévwg a avtiotperttr| wetaBoAr] eivat pia akoAoubia anelpwv otty-
Maiwv kataotdoewv Woopportiag. Tétolou eidouq HETABOAEQ eueiq eEeTd-
{oupe 0’ auTtd TO KEPAAQLO.

2NV MPAYUATIKOTNTA Ol TPELG AQUTEG OUVONKEG eV CUVUTIAPXOUV TIOTE
Kal Kupiwg dev eival moTé anouoa n TPIPA.

Ot mpaypaTikég LeTaBoAEG ovoudlovTal Un avTIOTPENTEG Kal JeV UIo-
pouv va gEeAixBouv adldpopa mpog TI§ dUo kateubuvoelg. Ot Kupldtepeq
attieg mou KAvouv TIg LETABOAEQ va eival un avtloTperTeg eival oL TpLREG.

Enopévwg, ol avTioTperntég PeTABOAES eival BewpnTikd poviéAa Tou
Xpnotdorolouvtal yia va dleukoAUvouv TNV eniluom BePPOdUVAIKWY TIPO-
BANUATWV.
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= Maparipnon 1

2e [ia adlaBatiky] avtioTeerTy HETABOAY, dnwg yvwpiloupe, dev untdpxel
evalayr] BepudtnrTag Tou ouoTUATOq e To MePIBAAAOV Tou. Emopévag,
Oev UTIAPXEL Kal LETABOAA TNG evTportiag Tou cuotnuatog. H tehkn evtpo-
niia Tou cuomMuatog eivat {on pe v apxiky. Zto ddypauua (T - s) anetkovi-
(etal e éva eubuypauuo TuRpa mapdAAnAo atov d€ova tng Bepokpaaiag.
H adiafaTikn avTIOTPENTH €ival IGOEVTPOTIKN.

b

® |066eppn ovoudletal n YetaBoAr, katd tn dldpkKela ™G
ornoiag n BepUoKPATia TOU CUCTANATOG TAPAUEVEL OTA-
Bepn.

H e&iowon NG 1000eppng LETABOANG ekppAleTal e TN OXEON:

r_\
\\\

p - v = otab.

lodxwpn ovoudletal ) YetaBoAr, katd m didpkela g onoiag o eldIKOG
OYKOG, ETTOMEVIG, KAL O YEWMETPIKOG OYKOG TOU GUOTYUATOG TTIAPAMEVEL
oTabepdq.

H e&iowon NG 100XwpPNG LETABOANG ekppdleTal e TN oxEon:
v = oTab.

¢ loopapng ovoudletal n HeTaBoAr], katd Tn didpkela g oroiag n mieon
napapével oTabepn.

H e&iowon NG 1I00Bapouq LeTABOAN|G ekPPATETAL |e TN OXEDN:

p = otab.

¢ Adiafatiki ovoudletal n pyetaBolr, katd tn didpkela g onoiag dev
untdpxel evahhayr) BepudTnTag Tou CUCTHUATOG e TO TIEPIRANAOV TOU.

H e&iowon Tng adiapaTikig LETABOANG ekppAleTal e TN oXEoN;:
p - vk = oTal.

¢ [oAutpomikn ovoudZetal n PETABOAY) TOU CUCTHUATOG TIoU kabopiletal
ard Tn oxéon:

p - v™ = oTal.
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e 370 didypappa (P - v) n 1000epun anekoviCetal pe To €va OKEAOG |Lag
LoOOKeAOUG UTIEPPBOANG, N 100XWPEN e Eva euBUYPAUUO TUAKA TTapdA-
AnAo atov d€ova P, n 100Bapng e éva eubUypauuo TUARA TTApAANAo
otov d&ova P, n 1ooBapnq pe éva eubUypaupo TUrua apdAAnAo otov
Aa&ova v, n adlaBaTikr) Kat TOAUTPOTILKY] e Jia KaumuAn otov dEova v, n
ad1aBaTIKn KAl TIOAUTPOTTKA e [ia KAUTTUAN.

e 370 didypappa (T - s) ol 106Bepeg eival TapdMnAeg otov dgova s Kat
ot adlafatikég (looevtportikeég) mapdMnAeg otov dEova T. Ot looBapeig
elval KaumUAeg e BeTikr) KAlom kat oL LodXwpeQ elval Kal auTéq e BETIKNA
KAlom aAAd e peyalUtepn and ekeivn Tou €xouv oL LlooBapE(g.

1. Ze pia didrag&n KuAivdpou-euBéAou 0 apxIkdg GYKOG TOU GUOTHATOG
givat ioog pe 0,01 m3 kat o TeAkSg 0,05 m3. Av n apxikn migon sivat (o ue
180 kPa kal dobel Bepudmmra oto ouotnua und otabepr} Bepuokpacia, va
poodloploeTe:

a) To épyo Tou Tipayatonolénke and To cUoTNA Kal
B) Tn Beppdnta nou dé6nke o’ Autod.
(Artdvtnon: 2,85 kdJ, 2,89 kJ).

2. 2e [a ddaragn kuAivdopou-gupoiou tou ormoiou To EUBONO €xel Ou-
YKOANOel mepipepelakd mepiéxetal agpaq und mieon 340 kPa kau Oep-
nokpaaia 10°C. Av d00el BepudtnTa otov agpa PEXPL va eOdoel n Bep-
Hokpaoia Tou otoug 270 °C, va mpoodlopi0eTe TV MOCOTNTA AUTH TNG
Bepudtntag. Aivovral akdun: 6ykog agpa = 0,8 mS3, kal yia Tov agpa
Cv = 0,7176 kJ/kg - K, R = 0,287 kJ/kg - K.

(Andvtnon: 625 kJ)

3. 'Eva aéplo Bplioketal und miieon 120 kPa kat €xel 6yko (oo ue 0,12
m3. Na rpoodlopiosTe Tov GYKO TOU, AV TO AP0 OUMTIEOTE! adlaBatikG
(k = 1,4) kau n miieor| Tou yivel ion pe 400 kPa.

(Art@vtnon: 0,05 m3)
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4. Aéplo apxikou Gykou 0,012 m3, kat Beppokpaciag 270 °C eKTOVOVEL-
Tat moAutporikd (m = 1,35) péxot o dykog Tou va yivel icog pe 0,08 m3. Na
npoodlopioete TV TeEAKN Bepuokpacia.

(Arndvtnon: 279,5 K).
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KE®AAAIO

O AEYTEPOZ NOMOz
THZ OEPMOAYNAMIKHZ

O 8eUTePOG VOHOG TNG OEPHOBUVAMIKAG

YnoAoylopog Tng evrpomiag

Z0ykpion TOV Qqyr Kal Qup avr

MNapadeiyparta urroAoyiopoU TNG EVTPOTIIAG OTIG TIPAKTIKEG EQAPHO-
YEQ
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®‘ Emdiwkdopevol oTréyol:

[Vl Na siatundvere o deutePO VOO TNG Oeppoduvauknig otig didgpo-
PEG LOPPEQ TOU.

V' Na YVWpileTe TI Ox€0€elg TTOU eKPPAToUV TN UETABOAY] TNG EVTPOTI-
ag TOU CUOTNHATOG, TOU TIEPIBANAOVTOG XWPEOU TOU KAl T GUVOAIKY)
evrporia (cuomua kat epBANov).

V1 Na YVWPITETE TIQ OXETELG TTOU ETUTPEMOUV TOV UTIOAOYLOUO TNG HeTapo-
AAG NG evrpormiag kat va AUvete poBAuaTa.

Ané v kabnuepivh epmeipia eival yvwotd 6Tt OAa Ta yeyovoTa 1j Ta ¢ai-
vopeva petaBdMovtal, eEghiooovral kat pdAlota mpog uia kareubuvon -
Popda oto xpodvo.

Ma v kaAUTepn Katavonomn autrg Tng npayuatikémmrag divovtal Ta o
KdTw napadelypata.

e Otav avapei§oupe yaia kat kapé (ouoieq kat ol duo o uypr| Katd-
otaaon), napatnpeouue 4Tl auTtég oL ouoieg dev Urmopouv va emaven-
Bouv oTnv apxIKr Toug QUAIKY katdotaon and pdveg Toug.

e Otav éva BiBAio méael oTo maTtwya and 1o Bpavio dev unopel autd
va avépel aTnv apxkr) Tou B€on, dnA. ato Bpavio and pévo tou. Autd
propei va yivel, apou Eodeutel evépyelq, yia va petapepBel mdvw oTo
Bpavio.

e Otav pia noodtmra and payeipiké ardr diakubei os vepod, TOTE, WG
YvwoTtdv, dnuoupyeltal éva uypd dtdAupa.
Mapampeital twg autd and pdéva toug dev pnopoulv va diaxwpl-
oToUv Kal va enavéNBouv oTnv apxIKr Toug GUOIKNA katdotaor). Autd
propei va yivel, agou eEatuiotei o vepd, dnhadr apou Eodeutel Bep-
MIKT) EVEPYELQL.

® >Tnv mepimtwon avapelEng vikehiou kat g1dQpou, wg yvwaoTdv, oxn-
patiCovral Ta vikeAlouxa Kpapuata tou adripou (XAAuBeg vikehiou).
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Eivat mpogpavég 6t autd dev uropoulv va dlaxwplotolv and péva
TOUG, Mapd Hovo pe TNV MPooPpopd evépyelag. (THEN Kat Tn ouvéxela
JLaXWPLOMAG).

® AkOun eival yvwoto 6Tt 0 aTHOTPALPIKOG AEPAG MEPLEXEL € KAT' OYKO
avahoyia 21% o&uyovo (O,) kat 79% alwto (N), 1% suyevr} aépla kat
AAA\eg ouoieg. MNa va diaxwpioTouv Ta agpla autd and péva toug, Ha
TPEmel va katavaAwBel evépyela (mapaywyn oEuydvou). And Ta na-
pantdvw rapadelyuata MPOKUTTTEL Ue oagrivela ott Ta yeyovota 1j Ta
eawvépeva cupBaivouv Tpog pia kateuduvon, popd katd tnv ornoia
eEehlooovtal (aAAAlouv) oto Xpdvo amd péva Toug. Ta ¢awvdueva
autd xapaktnpifovrat wg un “avacTtpéPipa”, apou and péva Touq
dev uropouv va enavé\bouv aTnv apxikr) Toug katdotaon.

H pnxavoloyikn emoTApn, Leta&l Twv ANy, otoxelel va epunveloel
Ta yeyovota rou ouppaivouv yUpw Hag, HEow TNG ©epUoduvaulkig, dlatu-
nwvovtag éva yevikdtepo pualkd vouo, ou va eEnyel Ye oagrjvela autd ta
HovO3popa paivopeva Kal yeyovoTa, mou ouppaivouv yupw Hag.

O vouog autdg daturnwvel T delTepn apxn TG OepUoSUVAUIKAG Kal
PEPELTO dvoua «AeUTEPOG OEPOBUVANIKOG VOHOG» 1] VOUOG TNG «EEENIENG».

O véuog autdg éxel epapuoyég Kal oe TIOANESG AN\eG eTOTNUES, OTTWG
OTNV a0TPOPUUIKY, OTNV Olkovopia, otnv Anpogopia. Etol, o véuog autdg
propel va dlatunwBel pe didpopoug TPToug.

Napakdtw divovTal HEPIKEG SIATUMTWOEIG TOU VOHOU:
1. NpWTN YeVIKN popPr S1aTUMWONG TOU VOHOU:

Ta yeyovora 1} gaivopeva e&ehicoovtal oTo XPOVO MPOG Hia Karteu-
Ouvaon, ouyKekpIpéva yeyovoTa yivovtal pe Kamola oeipd o1o Xpovo. M.x.
otav mapakoAouBoupue pia tawvia otnv Aedpaan, otnv MEAYUATIKOTNTA
TIAPAKOAOUBOUE LA CUYKEKPLUEVT dladoxr YeyovoTwy (elkdva) oe ouvap-
on pe to xpdvo. Otav napakoAouBoupe Tnv Bla Tawvia oe €va Bivreo, Tote
elval duvatdv fj va oTabepoToljooule TNV EIKOVA, YIA VA TN UEAETHOOULE
1 akdua uropoupe va tn yupiooupe avdnoda, yia va dobei n duvatdtnta
MEAETNG TiponyoUpevwy elkOVwY (oxrua 7.1.a). Mriopoupe dnA. va €xoupe
Hia AN YVWOoT Tou YeyovaTog og KABe XPOVIKY) OTLyUr).

Eivat mpogavég 61, yvwpilovtag oe k&Be XPOVIKY) OTLyur] TNV eEENEN TOu
OuOTNUATOG, YVWPEICOUKE KAl TO TEAIKO AMOTEAECHAL.
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Moiva

ZXAHa 7.1.a 2xnuatikr rapdotaon Tou SeUTEPOU VOUOU OTNV MPWT YEVIKI] TOU UOPQT]

2. Aeutepn yeviki Hop@n d1aTUNWONG TOU VOHOU:

Kda6e ouoTtnpa, dtav agebei povo Tou (amopovwoei), alAdlel ypriyopa
N apyd kai TeAIKd kataAfyel o€ pia katdoTaon igoppotmiag. Me d\\a A6-
yla, 0€ €éva arnopoVWHEVO gUOTNUA TA YEYOVATA 1 TA QAVOUEVA €XOUV [ia
popa EENENG (ox1ua 7.1.8.)

APXIKT @ @

KardoTaon ~
»0

TENIKNA
| katdoTtaon

O e

7.1.B Zxnuatkn mapdotaon Tou 20U vOUoU 0T SeUTEPN YEVIKT) TOU LOPPT.

3. Me d6poug porig BepHIKig evépyelag

21N guon dev eival duvatov va eEehixBei pia petapoAn, Tng omoiag Ta
amoteAéopara eivai n porj 6epudTnTag amd £va cwpa Pe XapnAn eppo-
Kpaoia o€ éva cwpa ue uPnAn Ogppokpaaia (ox. 7.1.y.)
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apxIkn TEAIKA
kardoTaon KardoTaon
Oev gival
duvarov
28°C 32°C AN 20°C 40°C

va
TTpaypartoTroinOei

7.1.y. 2xnuatkn napdotacn tou deUTEPOU VOUOU UE CPOUG BEDULKIG EVEDYELQS.
4. Me 6poug BepudTnTag Kai épyou

H evépyela, ekTég TOU OTI diaTtnpeiTal, uTTakouUel Kal o€ £va QuaIKS VOO,
mou kaBopilel mpog moia kareuBbuvon n idia evépyela peraoxnuarigerai.
H evépyela pmopei va peraoxnuarioTei otnv mpdgn oe evépyeia TG au-
THG MOIOTNTAG | O€ EVEPYEIA KATWTEPNG TTOIOTNTAG.

H mielpa deixvel éTL uropel va urtootnpixBel yevikd 611, KdBe @opd Tou
n evépyela petaoynuartifetal and €vav tumo oe €va AAAo TUMo evépyelag,
untdpxel MAVTOTE €va UEPOG aUTNG, TIOU JeETaogynuartiletal oe evépyela Ka-
TWTEPNG TIOLGTNTAG.

Mnopel yia mapddetypa, n BepIKY) EVEPYELQ VA LUETATPATEL OE UNXAVIKO
€0Y0, OUWG €va MEPOG AUTNG TNG APXIKNG BEPIKNAG evépyelag Ba petatpa-
niel oe evépyela KatwTePng oTABUNG.

Mia evépyela dlakpivetal og uPmnAr moldtnTa Kal o€ KATWTEPN MOLOTNTA.
‘Ocov apopd v MPWTN, autr Unopel va peTaoxnuatiobel oAkd oe evép-
YEId TNG AUTAG 1] KATWTEPNG 0TABUNG, evw, dgov apopd Tn deltepn, auth
dev unopel OMKd va petarparnel o evépyela avwtepng otdoung.

5. Mg 6poug MOCOTIKWV HEYEOWV:

Eva guotnua, dtav apedel uévo Tou peTakiveital:

e Amnd pia karaoraon ara&iag, oe pia kataoraon peyaAutepng aragiag.

¢ Ano pia karaoTtaon pIKpOTEPNG MOavOTNTAG Va GUpPBEi £va yeyovag,
o€ pia kardoTaon peyaluTepng moavoTnTag va cuppei auTo.

® Amd pia KaTaoTacn avayvwpiong evog yeyovoTtog, o€ pia Alyétepo
avayvwpicipn autou Tou yeyovoTog.

e Amd pia KardoTtaon pe MOAAEG MAnPoPopieg, O HIa KATAOTACN HE
NiyoTepeg mAnpopopieg.
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e Ano pia kardoraon wPENPNG evépyelag, o€ pia kardotaon Aiyétepo
wPENIUNG evépyeiag.

O napandvw napatneRoelg ou apopouv UETABOAEG, pag divouv pia
TIOOOTIKY| LETPENOT TOU YEYOVATOG 0TO XPAOvo. ArAA urtoAoyifouv To uéyeboq
™Q ata&iag, g mbavétnTag, g mMAnpopopiag. AUTEQ oL aPATNPENOEL]
elval xprjolueg oe dldpopa nedia emotnuwy, onwg otn Bewpia g mAnpo-
Qopiag, oTn OTATIOTIKY UNXAVIKY, OTN OTATIOTIKY) 6EQUOSUVAUIKY).

O véuog peTaoynuatiopoU TnG EVEPYELAG TTIOU OVOUAoTNKe deUTepn apXn
g Beppoduvapikng, €dwae tn duvatdtnra va ewcaxbel éva véo Bepuodu-
VapIKS pEyebog, mou ovopddeTal evrpormia kat GupBoAieTal e To Ypauua
S. Autd to péyebog pag divel Tn duvatdtnra va kabopiooupe T uropel va
Tpayuaroromn el kat Tt o1, OTO XWEO ToU Hag TEPIBANAEL.

Mag divel mAnpo@opieg, yla v kateUBuveom Kat Tov TPOTMO Tou Urnopel
va eEeAixBel éva pavouevo oTo XwWPo, o ouvdapTnom e To XpOovo, ola itav
N KatdoTaon Tou TPl and KAmola XPOVIKY OTlyur] Kat rota petd. Mropel
va deifel edv pa petaBoAr] pnopei va npayuaronoinbei 1y dev unopel va
npaypatoronBel. «H omoudaidmmra mou €xel yia T MnxavoAoyikr| Téxvn
TO Oepuoduvauikd autd PEYEDOG, ag UTIOXPEWVEL va dWCOUE €va, 600 TO
duvatd, anAouaTePO OPLOUO TOU».

Ma éva ouykekpLuévo auotnua LoxUeL N Tio KATw oxE€on;:

ASgyor = 0 (7.1.a.)

AuTd onuaivel 6t n HeTaBoAr] NG eviporiag Tou cuomuarog sivat é-
vToTe BeTIKN 1) (0N [e TO uNdév.

‘Onwg avagépbnke, étav éva olotnua repiBAMeTal arnd 1o yUpw Xweo

Tou (mepIBANov), TéTe 0" autrjv TNV nepimtwaon wxUel n napakdtw oxeon:

ASgyor + ASpgp= 0 (7.1.8.)

Ttou onuaivel 6t To dBpoloua ™G LETAROANG TNG EVTPOTTIAG TOU CUCTAUATOG
Kal Tou TePIBAAAOVTOG XWPEOU TOU UrmopoUv va augdvovtal 1) va pewwvovTal
0aA\d 10 dBpoloud Toug dev propel va pewdel. And ta mio mdvw TPOKUTTEL
6TL 1 OAIKA evTportia evog OUYKEKPIUEVOU OUCTAUATOG elval TdvToTe BETIKY).

ASg, = 0 (7.1.y)
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H evrpormia eival kataoTaTiko PEyeB0G TOU OCUCTAKNATOG, OTWG 1) ECWTE-
pikr] evépyela U kat, onwg n LeTaBoAn TNg eowTepIkng evépyelag AU eEap-
Tdtat and TV apxIKr Kal TeAKN] Katdotaon nou Bpioketal To agplo peuatd
€10l Kal N HeETaBOAY) Qg eviporiag eEaptdral and TNV apxIKA Kal TEAIKN
BepIkr| KatdoTtaon.

H evrpomia opiletal and T oxgon:

AS > ﬁ—(_? (7.2.0)

Ma Tov urmoAoyiop6 g o’ éva oUoTna mou Bpioketal otnv Katdotaon
1 Kal KaTaAjyel oTnv Katdotaon 2, xpnotornoleital n oxéon:

AS =32 A—TQ (7.2.8)

‘Onou AQ:eivat To moodv g Bepudtntag mou AauBdvel xwpa katd ) Bep-
MOBUVALKY] LETABOAR.

T: elvat n Tun TN Bepuokpaciag mou mpayuatomnoleTal n Beppodu-
VAUIKA HETABOAY.

>2: givat To dBpolopa and Ty Katdotaon 1 otV KatdoTaon 2 Twv
OTOIXELWOWV
AQ

T

yla n Beppoduvapkn petaBoAry. H mponyoupevn oxéon mou, énwg ava-
PEPONKE, XPNOLOTIOLETAL YA TOV UTIOAOYIOUO TNG METABOANG TNG evTpoTi-
ag AS, oxuel Hovo yla TIQ TIEPITTWOELS TWV QVTIOTPETTTIKWY OEPHOBUVApI-
KWV HETABOAWV.

Ma napddetypua, yia pa .oébepun avtloTPETIKA HETABOAY] Ba loxUel:

| Q=T "AS | (7.2.Y)

Ma Tov umoAoyiopd TnG peraBoAng Tng evrpormiag AS akoAouBeital n
mapakdTw diadikaaoia.



O AEYTEPOz NOMOZ THZ ©EPMOAYNAMIKHE 137

® [poodlopietal EekdBapa n apxIKA kal n TEAKN KatdoTtaon Tou ou-
OTAMATOG Kal uttoAoyileTal To MpayuaTiko mood BepudtnTag, Tou l-
Og€pxeTaL N apatpeiral ano 1o oUomua Qrpqy.

® >Tnv mepimtwon mou dev UTIAPXEL UNXAVIKH aLTia, TToU va TIPOKAAEL pe-
TaBoAn TNG Suvapikng evépyelag AEg, ™G KIvnTKNG evepyelag AE,,
EKTOVWO 1| gupriieon, gawvéueva TPIRNG 1 AAAN popdn €pyou, ToTE
Q = Qrpqy- KAl QVTIKABLOTWVTAG OTN OXEON

AS:Z?:A—TQ

urtoAoyiCetat n AS. (urtevBupiZetal dtL 1 ox€om autr] Loxuel uévo yla avtl-
OTPEMTEG UETABOALQ).

e Edv oT1g HeETABOAEG TNG UNXAVIKAG evEpYyelag epIAaBAVETAL KAl TO
eawvépevo TG TPIPNG, TOTE 0 auTv TNV MepimTwaon Ba npénel va
Bewpriooupe pia Llooduvaun avtiotperTh dladpopr], TIoU va CUre-
p\apBAveL TIG aAAAYEQ TNG UNXAVIKNG EVEPYELAG TIOU €X0UV OUMRBEL

IMa Tov urtoAoylopud g petaBoAng AS Ba epapudooupe Ty Bla oxéon,

agou eival yvwaotd 1o 10oduvapo Q g avTIoTPETNG METABOANG.

AkpIBwg n Bla dladikaoia XENOUOToIETaAl Yia TOV UTIOAOYIOUO NG

ASr[sp'

H d1dkpion KeTa&l auTtwy Twv oWV BepudTnTag eivat SUCKOAO va mpaypa-
TorotnBel, mapdAo nou Bewpeital MOAU oroudaio yia Tnv TExvn Tou Mnxa-
voAdyou n katavonom g dlapopdg yia v eniluon twv npopAnudtwy. MNa
To Adyo autd yivetal mpoomdBela, e TNV mapouciaon Tou o KATw napa-
delyparog, mou €xel 0a oTtX0 TNV Katavonan autrg TG dlapopdg.

u

Oewpoupe €va odko Tou mepLExel Aupo Padng 50 kg. Autdg Bpiloketal oe
Uyog 20 m amnd to £dagog.

Oewpoupe OTL 0 OAKKOG, TIOU aroTeAel kal TO UOTNUA HEAETNG, lval
TTIOAU kaAd povwuévog Bepuikd. Agrivetal va Tiéoel pog Ta KAtw, Onwg oTo
oxfHa (7.3.a) kat {nteital va urtoAoytotel n petaBoAn AS g evrportiag Tou
OUOTNATOG.



138 EIZArQrH xTH MHXANOAOTIA

apxIkn
KOTAOoTACN

N

0dKOG

—>

A
/
/
[
I
20 m !
I
r
50 kg | TEAIKN
KOTAOTACN
v ~

IXAHa 7.3.a SXNUAtiki mapdotacn Tou napadeiyuarog

Eivalt mpopavég otL n mrwaon Tou odkou eivat €va ¢pavopevo pn avtioTpe-
rd. Ouwg yia v epapoyr Tou TUMou ou uttohoyilel ) AS, n petaBoln
™G AQ (av untdpxetl) Ba mpénel va TPOKUTTTEL ard pia QVTIOTPETTTA UETABOAY
TOU OUOTAUATOG. Na To Adyo auTd €(uaoTe UMOXPEWUEVOL va Bewpriooupe
Hla avTIoTPETTTY 1oodUvapn HETABOAY e ekelvn ou oupBaivel oTnv pay-
patikéTnTa. Mpdyuartt, mPooPEpovtag oto cUoTNUa Beplik evépyela (o
Je ekeivn Tou tapnxon 9.810 J* katd Tnv mtworn tou, urnopoUle va Bewpn-
OOUUE TNV LoodUvaun PYeTABOAR] TOU OUCTHUATOG.

*  YnevBuuiCetal ot E; = mgh = 9.810J

Q NMAPAAEIrMA

Eva oaki pe dupo pdadng 50 kg néptetl and UPoqg 20 m oto €5apog KAtd T
OLAPKELQ OIKOSOUKWY EQYATLWV.
Na urtoAoyLoBei:

a) H petaBoln g evrporiag AS Tou oakioU TNG AUpOU.
B) H petaBolr] g evrporiag AS tou repBAAOVTOG XWPEOU ard TO OaKi.

Y) H oA\r| petaBoAn g evrportiag AS mou ouvéRn yU' autd To yeyovog.
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Aivetal &1L n Beppokpaacia Tou oaklou aTnv apxr| Kat oto T€A0G TNG TTw-
ong eivat 10° C (oxripa 7.3.8)

ApXIKN
KOTAoTAON

TEAIKN
KOTdaTACN

0dKoG

P

Bpaxog i

20m

50 kg TENIKA
KOTAoTAON

IxApa 7.3.B 2xnuatkr napdotaon Tou napadeliyuarog

Adon

lMa tn AUon tou mpoRAuaTog autol Bewpoule TO Gaki pe TNV AuUpo wg To
oUoTnua Tou TPOoRAAUATOG Kat Tov YUpw ard autd Xwpeo wg To epIBAAAoV
TOU OUOTNATOG.

Mapatnpoupe 4Tt Katd ) SLAPKELA TNG TTTWONG Tou oaklou Ba BewpnOel
ot n avtioraon Tou aépa Tou cuvavtd autd, Ba sival aueAntéa.

Eniong, n Bgpudnra mou mapr|xen, TN oTyur) katd tnv onoia To oaki
KTUrnoe oto €5agog, Adyw Tou ¢avopévou tng TPPNG, Ba Bewpndel ot
HETaQEPONKE oToVv MEPIBANAOVTA XWPO TOU OUCTANATOG, KABWg n Beppo-
Kpaoia rou Bpgbnke To oaki HETA TNV Kpouaon, ival ekeivn n apxikr Twv 10°
C. lNa va unoAoyiooupe Tn petaBoAr| Tng evrporiag AS yia kdbe mepimtw-
on, 6a akoAoubrjooupe TN dladikaaoia Mou avaPEPape oTnV PONYOUUEVN
napdypago.
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Oewpeital apxkn kardoraon 1 10 oaki 20 m ndvw and 1o £€3aPog e
Beppokpacia 10° C.

a) MNa 1o ovoTnpa “oaki Gupou” unopel va ypagtel n apxr| dlatrpnong
NG eVEPYELAG, «O TIPWTOG OePUOSUVAUIKOG VOUOG»:
Q=AU, +W, +AE, +AE +AE,
0

Ané n oxéon aut) mapatnpouue otL:

® H petaBoAr g ecwtepiknig evépyetag AUy Tou ouoTruatog eival ion
pe uNdEv, apou n TEAKN) Kal apXIKn Bepokpacia Tou ouoTruatog eivat idla
(AUg = Q - AT, AT = 0 kat AUg = 0).

¢ H petafBoAr) Tng KnTikng evépyelag AE. Tou cuotuarog eival ion pe
TO UNdEv, apou 1 TaxUTnTa TOU CUCTHUATOG OTNV apxIKr) B€on eival undevi-
K], OTWG Kal oTNV TEAKN.

® To €pyo eival (oo pe 1o undév, ywati To ouoTnua dev apryaye €pyo
Bewpwvtag OTL N eEWTEPIKN €MPAvELa JeV TAPAUOPPWONKE.

ZUVETWG, ard TV o TIAvVW OXEOT EXOUE:

Q = AE,
glval 6uwg: AEy = E - E4 = mgh, -~ mghy = 0 - mghy = — mgh;
kat Q = - mghy = 50 kg x 9,81 m/s2x 20 m = -9810 J

Ané Tnv Teleutaila oxgomn napatneouue OtL 1 BepudtTa eival apvnTIk,
ouvenwg éxel opd amnd To oUoTnua mpog To mepIBArov (urevBupiletal
0Tt Bewpoupe TO OGS NG BePUATNTAG OV Jrtaivel 0To cUOTNUA BETIKO Kal
apvnTiké autd mou Byaivel).

Ma 10 olotnua “caki Auuou” 1 MTWonN autol avTIMPEOCWMEUEL A N
QVTLOTEETTTY pUnXaviky dtadikaoia and povn tng Kal, CUVENWG, de Ba uro-
pouce va epapuoaTel 0 oxXeTIkOG TUTIOG Yia TOV UTIOAOYLOUS TNG evrportiag
TOU OUOTNATOG.

Ma va unohoylotel autr, Ba mpénel va mpoadlopicoupe pia Looduvaun
avtioTtperm) dladikaoia Tng rwong.

Ma to Adyo autd, Bewpoulpe €va cuotnua Ue Tpoxahia, dnwg eaivetal
oto oxnfua (7.3.y).
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apxIkn
KOTAOTAON

TEAIKA
KOTAOTAON

< 0AKKOG
<«— 10°C

IxAHa 7.3.y Zxnuartiki napdotaon Tou napadelyuaros

2’ autd mapartnpeital elkoAa 1 1ooduvaun avtiotperntr| dadikacia g
TTwong.

2’ autd To ouoTtnua n Bepudtnra nou xpeldleTal To oaki, ya va ¢tacel
010 €3apog, elval UNdEVIKY] KAl ETMTOUEVWG:

AQ,, < 0
= 21
T 283

B) MNa 1o mepiBdAlov napatnpeitat 6Tt dev undpxel LETABOAN TNG UN-
XQVIKNG evEpyelag autoU, aAAd povo petapopd Bepudtntag 9810 J and to
oloTnpua.

H Bepuokpaacia de autol Bewpeital otabepr otoug 10° C, apol dev
ennpeddletal, Adyw tou pey€0oug Tou and To o NMAvw ood NG EVEPYELAG.

Enouévwg, Ba 1oxuet:

AS,, =325 =0

guot

AS

nep

528y _ 5 92810 ~34,6J/K

83
2nueiwon: H Bepuokpacia otov TUMo eival ae KEABLY.

Y) ZUvOAIKA n peTaBOAN TNG EVTPOMIGAG TOU CUCTAHATOG KAl TOU TIEPL-
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BAaAovTog Xwpou Ba divetal pe ) oxéon:
ASe) = ASgyer + ASr{sp =0+ 346 =346JK

ANOTEAEOUA TIOU E(val CUPPWVO LIE TO «dEUTEPO VOO TG Oeppoduva-
HIKAG».
ASg) =0

7.4.1. Napadeiypara yia Ta 1Idavika agpia

Ze MOA\EQ TepUTTWOoELG anatteitat va Bpedel n yetaBoAr| Tng evrporiag yla
KABe katmyopia agpiwv peuotwv, (1IBavikd, 1Bewdn, oxeddv 10ewdn, mpay-
MATIKA).

©a yivel mpoomdbela urtoAoylopoU TG HETABOANG TNG evTpoTiiag oe au-
TEQ TIQ KATNyopieq Twv agpiwv PeUCTWV, XPNOIOTIOWWVTAG TIG EVVOLEG Kal
TOUG HaBnuaTikoUg TUTOUG TWV TIPONYOUUEVWY KEPaAaiwy.

Ma ™mv kaAUtepn katavénon twv napadetypdtwy mou Ba avapepbouyv,
Bewpoupe 4Tl ol HETABOAEG TOU €pyou Tou divouv ol duvApELlg andoTaonq
(AE; + AE¢ + AEg eival Indevikeg).

Eniong, ot pabnuatikoi Tunol ou 6a avaypagpoulv, Ba avapépovtal o€ 1
kg pdcag aepiou. TENog, Ba yivel mpoomdbela Ta agpta nou Ba peAetndouy,
va aviikouv otny katnyopia tou 1dewdoug (R = otab., C, = otal., C, atal.).

Mapakdtw unevBuuiovtal ot abnuatikég oxEoeLg ou 6a eQapPUOOTOUV:

¢ KaraoTaTiki e§iowon Twv agpiwv p-v=R-T
¢ MerapoAn TnG ewTepikng evépyelag AU = C, - AT
e MerapoAn Tng evBaAmiag AH = C, - AT
® MeraBoAn Tng evrpomiag

as-322Q

(YrmevBupiCetal étL n mponyouuevn ax€on epapudletal, étav To mood g
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Beppokpaciaq AQ avapgpeTal oe QVTIOTPEMTEG UETABOALQ).

* Avagepetain oxéon C, - G, = R pe C, kau G, = otab.

7.4.2. 1066eppn peraBoln

a

Aivetal éva aéplo 10ewdeq peuaTd, ou BpiokeTal ot ouvenkeg 1, Onwg
¢aivetal 0to oxfua (7.4.20) kat cupriEdetal and tnv apxikn kataotaon 1
otV TeAKN katdotaon 2 1008gppa.

Eivat yvwotd n nieon py = 10N/cm?, ) Bgpuokpaaia ty = 50° C, n nieon
070 TENOG TNG Cuprieang po = 40N/cm?2.

Edv eivat akéun yvwotd 6t R = 287 J/kg K kat ot KANUOKEG TwV PEYEDWV
oTo oxNua (7.4.2.q).

Znrouvrar:
1. Ot edkoi dykol Tou peuatou ota onueia 1 kat 2.
2. H Beppokpaaia Tou agpiou oto onueio 2.

3. To épyo nou anarrteiral, yla va guprieodel To aépto and v katdota-
on 1 omv katdotaon 2.

4. H petaBoAr) g eowteplkng evépyelag and tnv kardotaon 1 otnv
katdotaon 2.

5. To nood Tng BepudTnTag Mo aprxOnke Katd tn Bk LETABOAN.

6. H petaBoln ng evrportiag AS katd n Beppikr) autr HETAROAN.

7. H petaBolr g nicong P oe ouvdptnon ue tov e8IkO GYKOo V.

Nuon

Ma ™ AUon autol Tou TPoRAUaTOg Bewpoupe wg ouoTnua tn pada 1
kg aépa.

1. Epapudloupe ™ oxéon p - v = RT* yia v katdotaon 1, Advoupe wg
TIPOG V4 KAl avTIKaBLoToUe TIG TIEG Twv Heyebwv P, R, T, omdte Ba €xoule:

*YrievBupiZetal 6tL n ox€on autr loxUel yla ta 1davikd peuoTd.
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ps-vy =RT,,
RT,
v, =—
P,
P A N/m?
Khipaka: 1 cm=0,1m?3
1 cm = 100.000 N/m?2
1.em’ = 0,1 x 100.000 = 10.000 J
1 kg Aépa

2
P,@-=-====-=-= [ )

1

1

1

1

: Y

1

! 1
P -=-=-=--- e e - - TEE— 'Y

1 1

1 1

6 e v >
vmkg

ZxApa 7.4.2a lod6epun uetaBoAn

MpLv QvTIKATAOTAOOUE, HETATPEMOULE TIQ TIUEG QUTWY TWV LEYEBWY o€
povédeg tou S..

Kardoraon 1
P;=10N/cm? 1  100.000 N/m?
T; =273 +t =273 + 50° = 323K

R = 287 J/kg K
v, = 287x323 _ 0,92701m? / kg
100.000

Apa, 0 e1dIkog OYKog: | v4=0,92701 m3/kg
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Kardoraon 2
P,=40N/cm? 1 400.000 N/m?2
T, = T4 = 323 K, yiati n Beppoduvauikr) petapoAn eivat .od0epun.

Oewpwvtag oTo onueio 2 To PeuoTd WG IBAVIKS 1 TEAELO, LOYXUEL N OXEDN:
Povs = RT,, ané v omnoia mpokurtet:

Apa, 0 e181KOG 6YKOG: | Vo = 0.23175 m3/kg

2. Onwg avagépdnke, n HetaBolr eival .oéBepun kat ouvenwg To = Ty
=323K

3. Na va Bpebel 1o €pyo, epapudloupe TV apxn g dlatrienong Mg
evépyelag (mpwtog vouog g Oepuoduvapikng katd Lagrange).

Q= AU, + W, + AE, + AE + AE,

épyo duvduewv €pyo duvduewv
ermepavelag andéotaong

>V teleutaia ox€on napatnpoupe Ot
AUy =0 vyuati AUy=C,-AT kat AT =0
OewpouUpe akdun OTL N KETABOAN TNG KIVNTIKAG eVEPYELQG, N METABOAY
Mg evépyelag Tou oPelleTal oTta PUYOKeVTPLIKA Tedia Kat n HETABOAY TNG

evépyelag rou opeiletal oto nedio Baputntag, eival ioeq e Undev.
Tehikd Ba €xoupe:

Q=W,
Onwg avagépbnke, To §pyo TG aupnieong W, divetat and t oxéon:
W, =p - AV

OUVETIWG, Yla TN cuprnieon and v kardotaon 1 omv katdotaon 2 6a
€XOUE:
AV

AV
o =22p-AV =52 F{TT=RTZ$T

W,

e

enedn R kat T eival otabepd
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W, ~RTE22Y _RTin2 _ 287323 m223175
| v Vi 0,92701

=287x323[(n0,23175-/n 0,92701] = -128.511J

W, = —128511J

MNa va ocuuriecBel 1o agplo and tnv kardotaon 1 omnv kardoTaon 2,
npénel va katavahwbouv 128.511 J (To onueio — onuaivel &1t 0 eEwTtepikdg
XWpP0og €dwae €PYo OTO oUCTNUA).

4. H perapoAn Tng eowTePIKNG evépyelag Oa divetal and tn oxgon:

AUg = Uge-Up1 =G, To-C, T4 =G, (To-Ty) =0

YlClT[ Ti=Ts

5. 210 gpwtnua 3 and TNV EPApoyn ToU MPWToU VOUoU Tng Beppodu-
VAUIKNAG TPOEKUYE:
Q=W,

ouvenwg, Q = - 128.511 J (To onpuelo — onuaivel 611 To M00d NG Bepud-
™mrag Yetapépetal and 1o oUoTnua otov eEWTePIKS Tou Xwpo. Autd eival
autovénTto agou Katd T cuurnieon Tou agpiou peuctou, yla va Tapaueivel
n Beppokpacia Tou otabepr} Ba npénel va agaipeital Bepudnra Katd
dldpKela TNG HETABOANQ).

6. a Tov unoAoyloud Tng evrpomiag AS Tou CUCTAUATOG Ba €XOULE:

As-132 pa-taq, -89 128511 aq0 674/kg K
T T T 323
Ma tov unoAoyloud g AS pnopoUie va XENOLIOTIOW|COUE Kal T OxE-

on:

AS = —Réni =287 x fnw

= -397,87J
v, 0,23175
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7. H peraBoAn Tng mieong o ouvdptnon pe To edIkd dyko divetal and

™ oxéon:
0 =RT . = 287x323x . = 22701
\Y \

H ouvdptnon aut eivat .oookeAg utepPBoAY, yiati €xel T HopPn

_otab
X

1cm20,1msd

1c¢m £ 100.000 N/m?

1cm22 0,1 x 100.000 = 10.000 J

pA
1 kg Aépa
2
Py=4 @eccocan-- []
:
1
1
}
| ¥
! 1
Pi=1¢------ Hm e e e e e - T =)
1 1
1 1
5 . . >

v2=2,3175 vi=9,2701 v

ZxAua 7.4.2.8 loookeArig unepBoAr

Ma m oxediaon g petaBoAng autnig xpnodoroleital PAeTpE XapTl
kat Aapdavovral urtdyn ol KAHakeg:
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7.4.3. looBapng Ocppoduvapiki HeTaBOAR

a

Me ta dedouéva g rponyoupevng doknong Py = 10 N/m?, t; = 50° C, P, =
40 N/cm?, R = 287J/kg K, t, = 50° C kal pe v napatripnon 6Tt To peuotd
and v katdotaon 2 rnyaivel pe 1woBapr) Oeppoduvaukn JETaBoA (p =
otab.) otnv kardotaon 3 ywa v omnoia eivat P3 = P, = 40 N/cm2, V3 =V, =
0,92701 m3/kg kat C, = 1 KJ/kgK. (oxrua 7.4.3.q)

N/m?2
PA
1 kg Aépag
2 3
P=P3¢ == - - - - * > 14
1
. I
1 1
1
. 1 I
1 1
1 1
1 1
1 1
1 1
1 1
& & A
* d >
0 v, vy=v, vmd/kg
Zxnpa 7.4.3.a looBaprig uetaBorn
Znrouvrar:

1. H Beppokpacia T3 (katdotaon 3)
2. H petaBoAn tng evrportiag AS katd tn ©epuoduvapuiki autr] HETABOAY
3. Tnypagikn napdotaon Tng LETABOANG TNG Mieong oe ouvAPTNOT KE TO V.

Ndon

1. OewpwvTag To peuaTd Oaviko 1) TEAeL0 yia 1 kg pdlag peuotou epap-
uéloupe T oxéon:
p - v = RT yla v katdotaon 3

Ba €xoupe:
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P3 + V3 = RT3

P, v, 400.000x0,92701
R 287

T, = =1.292 K
JUVeNWG, yla v katdotaon 3 6a €xoule:
Ty = 1292 K
vg = vy = 0,92701
P3 = P, = 40 N/cm?
2. H peraoAr Tng evrpomiag 6a divetat and ) ox€on:

AQ
AS =35 —Sgp =S3-S;, = ZST

(umtevBupiCeTal 6Tt AQ avapEPETal 08 QVTIOTPETTTY) LETABOAY)).

MNa v epappoyr] g Mo ndvw oxéong, anarreiral va Bpebel To oAk
1ood Qg BepudTNTAG, MoU AapBAvEL XWPa Katd Tn Beppoduvapikr] petapo-
1.

MNa tov untohoylopd autol Tou Tooou epapudletal n dla diadikacia pe
Ta ponyouueva.

En\éyetal wg ouotnua to agplo peuoTo mou ugpiotatal Tn Beppoduva-
MIKA peTaBoAn pddag 1 kg, n péBodog katd Lagrange (kAeloTd cuoTruata)
Kal epapuoleTal 0 MPWTOG VOUOG TNG OePUOSUVAUIKAG.

Q= AU, +W, +AE, + AE; + AE,

o

21N Ox€omn autr, yla Toug AGYyouqg ToU avapEPaE OTnV TIPONYOUEVN
Aoknon, ol LeTaBoAEQ eival (oeq e TO UNdEv.

Suvenwg: Q = AUy + W,

To €pyo Twv duvduewv ermupdvelag We wg yvwatdv eivar:

W, =33p-AV =p 33 AV (p = oTab)
QKOUN propel va ypagrtel:
We zzg(pV) :Ao)\(p'v)

Q =AU, +W, =AU, +A, (p-V)=A(U, +p-V) = AH
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(umevBupiCetat 6Tt Ug + p -V = H)
Q=C,-AT
ZUVETIWG

C, AT

AS =
T T PR T TP,

(Cp = 0Tab. aEPLO PEUTTO 1BEWDEC)

AS = Cpﬁnk =1x/¢n 1292
T. 323

2

=1,386 KJ/ kg

3. Mpogpavwg n ypagikn napdotaocn eival pa eubeia mapdAnAn wg
npog Tov d&ova Twv TETUNUEVWY, agou p = otab. oxnua 7.4.38

KAigoka : 1cm — 0,1 m?3

PA KAijaka : 1 cm — 100.000 N/m2
KAipaka : 1 cm — 0,1X100.000=10.000
1 kg Aépag
2 3
p2= p3 N I * ) T
1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
l ! >
0 v,=2,3175 vy =V, =9,2701

Ixripa 7.4.3.8 looBaprig uetaBoAn
7.4.4 looxwpn Oeppoduvapikn peTapoin

a

Me Ta dedouéva Twv mponyoUUEVWY AoKNoewv va Bpedolv
1. H petaBoAn Tng evrponiag and tn Ogpuoduvapikr) katdotaon 3 otnv
katdotaon 1, étav autr yivetat .lodxwpa (oxnua 7.4.4.q).

2. H ypagpiki napdotaon
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PA N/m?2
3
P === - e - - - D)
1 kg Aépag
Y
P1 P = e e e e e e e e e . e ... .- - —-m———— - o1
1
1
0 Vyq
ZxApa 7.4.4a lodxwpn ueTaBoAn
Adon

1. H perapoAn Tng evrpomiag AS 6a eivat:

AQ
3 :Z;—

AS=S_, -S
=

apx

Epyaléuevol émnwg nponyouueva, Ba €XoUpE:

Q =AU, + W, +AE,; + AE + AE,
0

W, =3ip-AV =0 yiat( V, =V, =oTa.
>uvenwg : Q = AU,
AU, =C, =AT

elvaterniong:C, -C, =R

C,-C, -R=1000-287 =713 J/kg K

H petaBoAr] Tng evrpormiag AS 6a eivat:

vm3/kg
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AS=3] A9 _ P2 C.AT _ c,z! ﬂcvﬁnl
T T T 3

AS=C, fnL= 713 /n 3232 =-987,87J/kg

3

AS = -987,87 J/kg K

AS=-987,87J/kg K

2. H ypagiki mapdotaon Ba eivat pia mapdAnAn otov d&ova twv TeTAy-
pévwv V = atab. (ox. 7.4.4B)

P A
KAigaka : 1 cm — 0,1 m3
1 cm —> 100.000 N/m?
3
Y e el °
1 kg Aépa
Y
R e il H 1
1
& A
0 L
V= V= 9,2701

Zxpa 7.4.4.8 lodxwpn petaBorn
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7.4.5 AdiapaTiki peTapoAn

a

2¢e éva KIVNTIPa e0WTEPLKAG kauong To epyalduevo peuatd atnv apxr] TG
PAoNG TNG EKTOVWONG BPIOKETAL OTIC OUVBNKES p3 = 700.000 N/m? Kat T
= 2.020 K, e1d1kn} Bepuotnra Twv kauoagpiwv Cp'= 0,394 Keal/kg Kkat R =
0,086 Kcal/kg K kat ektoviveTal HEXPL TIG OUVOrKeg Tou aneiou 4 adapartl-
KA (dixwg ouvalayn Bepudtntag peta&l Tou CUCTANATOG KAl TOU TIEPLBAA-
AOVTOG XWPOU TOU).

Znreitan:
Na urtoAoylotel n) peTaBoAr] Tng evrporiag Tou peuotou katd T didpkela
™G OePUOSUVANIKAG QUTAG METABOANRG.

Adon
H petafoAr) tng evrporniag AS divetal and tn oxEon:

AQ
TeA _S(:lp)( :S4 _SS :Zg—:o
T
pe dedopévo ott AQ = 0, dnAadn] dixwg avtarlayr| Bepudtntag autou e To
nepBAN\ov tou.

And ta o ndvw MPOKUTTEL:

AS=8;—-S3=0
S4 - 83 =0

S4 = S3 OnA. Katd tn Begpoduvauikr) autr) KETABOAR 1 evtportia Tou ou-
otuarog napapével otabepn.

Qg oupnépacpa mpokUNTEl OTL Lia adiaBaTiki peTapoAn givail kai 100-
EVTPOTIKN.

To avTifeTo dev IoXUEL, dnA. LA LOOEVTPOTIIKY UETABOAY] dev eival uro-
XPEWTIKA Kat adlapatikr).

AS =S
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2e OPIOUEVEG EPAPMOYEQ OTNnV TIPAEN, onwg ota Yuyela, otoug katayu-
KTEG, OTIQ UNXAVEQ TIOU Kivouvtal e atud, ota KAUATIOTIKE, OTIG avTAieg
BepudTnTag, aeplooTPoBiloug, oTa KAIHATIOTIKA QUTOKIVITWV KAl OTOUG
armovioTEg, Xpnotuorotouvtatl didpopa PeucTd.

Ma kdBe a anod Tiq o navw EPAPUOYES XPNolonoleiTal kal Eva eldIko
peuaTd, ou PeTaBArovTag TIG ouvBrkeg Tiieong kat Bepuokpaociag divel Ta
avtioTota anoteAéouata OTIG IO TIAVW PNXAVES.

2’ autrv v napdypago Bghoupe va emonudvoupe 4Tt yla TNV KaAUTe-
pn anddoan Twv o dvw Pnxavav, Ba rpénel va eival yvwotég ol Bepuodu-
VAUIKEG METABOAEG, KATW amd Tig omoleg epyddeTal To BewpoUpevo PeuaTo.
Eniong, Baowkd p€yebog To onoio npénet va eivat yvwoto, eivat ot LETABOAEQ
g evrporiag mou ugiotaral autd. MNa v neplTwon katd v onoia Ta
peuoTd eival aépla, énwg eidaue mponyouueva, 0 UMOAOYIOUOG TNG UETA-
BOANG TNG evrporiag yivetal Ye TV EQApUOYT) HABNUATIKWY OXETEWV, TIOU
npogkuav and v epapuoyr] Twv vOuwv Tng dlatrpnong, (MPwtog VOUog
™G OePUOSUVAUIKNG).

AuOTUXWG YLa PEPIKA PEUOTA, YA TA OTO(a TAPOUCLAZETAL TO PAVOUEVO
Tou Bpacpou Kal Tng uyporoinong, dev undpXouv YeVIKEG eElOWOELS, Yia
TIG OTtoleq UMOPOULE VA XPNOLIOTIO|TOoUE TN HETABOAN NG eviporniag oe
autd.

>’ aQuTtrv TNV Mapdypapo napouctdeTal 0 UMoAOYIoNOG TNG METABOANG
™G evTpomiag Twv XPAOWY QUTWY PEUCTWY, JIvovTag XPrOoES YPAPIKES
napactdoelg Kat rivakeg kabwg Kat AANAeG XProLUES TIANPOPOPIEG.

7.5.1 Evrpomia ka6apwv ouciwv

Ma 11g Kabapég ouaieq 0 UTIOAOYIOUOG TNG LETABOANG TNG evTpoTiiag Yive-
Tat and TI§ Mo KATW OXE0ELG:

a) MNa petaBoréq g Beppokpaciaq xwpeig alayn ¢acews (Uypd—ag-
pLO) Kal e aTabepr| TV Tieon xpnolomoleital n oxgon:

» m~CpAT

z12A_Q:z1 T

T

AS = (7510a)

B) lNa Tiq BepuoduvauIKEG UETABOAEG, OTIG omoleq umdpxouv alayEg
Paoewg, n YetaBoAr g AS 6a diveral:
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m-Ah,g
T

AS (751B)

ortou: m eival n pada Tou peuotou
Ahyg glvat n uetaBoA g evBaAriag otnv alayn ¢aong ané uypod
oe agplo.
2TIG TIPAKTIKEG EQAPHOYEG, TIOMEG POPEG, XPnaluornolouvtal dlaypd-
pata, 6nwg oTo MApaKATw oxAiua 7.5.a

4 s r
E Y /”/
3 Y /|
@ /&5 4
&| «piopo bolgl) GQ\}Z’Q"«{" I A
onueio / QR G
/ RN l[

-

- T/Eappr'] KOPEOWEVOU UYPOU

EVTPOTTIQ
ZxAua 7.5.1.a Adypauua h-s

AuTO eival éva KAaolké apddetyua UTIOAOYIOMOU NG METABOAAG TNG
evrportiag oe ouvApTtnon We N YetaBoAn g evbaAmiag yia to vepd (dd-
ypaupa Mollier) h-s

"Eva dA\o tapdadelyua UttoAOyLopoU NG evIpOTiiag eival kat To Tio KATw
dlaypaupa T-S. (oxAiua 7.5.8)
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C=—_—0
‘?
>

Kpioipo <0
onueio

A

T, K
o

Qo %,
%y
T

YPAUMA KOPEGUEVOU
uypou . . .
YPOMUI KOPETHEVOU aTHOU

EVTpOTTia

Ixpa 7.5.1.8 Adypauua T-S

® 0 deuTepog BepUOdUVAHIKOG VOHOG: ArtO TNV KaBnuepi-
v epmelpia eival yvwotd 6Tt 0Aa ta yeyovoTa 1) Ta ¢al-
vépeva petaBdlovral, eEeliooovtal Kal HAAoTa TPoG
pia kaTedOuvon-popd oto xpovo.

1. MpwTn yevik popon diatinwong Tou véuou: Ta yeyovota 1 ¢ai-
vopeva gEeAicoovTal 0To XPOVO P0G HIa KaTeUBUVOT), CUYKEKPIPEVA
yeyovoTta yivovrai ge kamoia aeipd oTo Xpovo.

2. AeuTepn yevikn Hop@rj diaTUTIWONG Tou vopou: Kabe auotnua, étav
agebei povo Tou (amopovwOei), aAAdlel ypriyopa i apyd kai TeAikd
karaAjyel o€ gia KaTdoTacn 160pPOTTiag.

3. Mg 6poug porig OeppIKig evépyelag: ZTn puon dev eival duvartév
va e&ehixOei pia perapoAn, Tng omoiag Ta amoreAéopara givai n pon
OeppdTnTag amd éva owpa pe XapnArl 6sppokpacia o€ Eva CwWHa e
uynAn 6gppokpaaia

4. Me 6poug BepuodTnTag kai Epyou: H evépyeia, eKTég Tou OTI diaTn-
peiTal, urmakouel kKal o€ €va PuOIKG VOpOo, Tou Kabopilel mpog moia
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kateuluvon n idia evépyela peraoxnpariferal. H evépyela pmopei va
HETAOXNHATIOTEI OTNV MPAEN oc evépyela TNG auTrig moIdTNTAG | OE
evépyela KaTwTePnG moidTnTag.

H mieipa deixvel OTL unopel va urtootnpixBel yevikd 6t1, KABe Popd mou
n evépyela petaoxnuatideral and évav Tumo oe éva AAAo TUTO evépyelag,
undpxel MAvtoTe €éva UéPog auTng, TIoU JeTaoxnuartiletal oe evépyela Ka-
TWTEPNG TOLGTNTAG.

Mriopel yia apddelypa, n BepIKY) EVEPYEL VA LETATPATEL 08 PNXAVIKO
€pY0, OUwG éva UEPOC aUTNQ TNG APXIKAC BeplIkig evépyelag Ba petatpa-
niel o€ evépyela KatwTeEng oTadung.

Mua evépyela dlakpivetal og UPnAY] TOLOTNTA KAl O KATWTEPN TOLOTNTA.
‘Ooov agopd TNV MPWTN, AUTA UMopPEl va PeTaoxnuatiobel oAkd og evép-
YEIO TNG QUTAG 1 KATWTEPNG OTABUNG, evw, dgov apopd tn deltepn, auth
Oev unopel OAKA va petatpanei oe evépyela avitepng oTadung.

5. Me 6poug MOCOTIKWV HEYEOWV:
‘Eva guotnua, étav apedel uovo Tou petaxiveita:

® And pia kardoraon aragiag, o€ pia karadoraon peyaiutepng ara&iac.

e Amd pia katdoTaon pIKPOTEPNG MOAvOTNTAG Va CUpPEi €va yeyovog,
o€ pia kardoTtaon peyaluTepng moavoTnTag va ouppei auto.

® Amd pia KataoTacn avayvwpiong evog yeyovoTtog, o€ pia Alyotepo
avayvwpicipn autou Tou yeyovoTog.

e Amd pia kardoTtaon pe MoOAAEG MAnPoPopieg, O HIa KATAoTaCN HE
ANiydtepeg mMAnpogopicg.

® Amo pia katdotaon wPENPNG evépyelag, o pia kardotaon Alyétepo
wPENIPNG evépyelag.
® [la éva ouykekpluévo ouaTnua Loxuel n o kdtw oxgon:

ASgyor =0

¢ ‘Eva ouomua nepiBaretat anod to yUpw Xwpo Tou (mepiBdAlov), téte
0’ auTtAv TNV meplmTwon LoxUel N MApakdTw oxEon):

ASguor + ASpep = 0
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® HoAikn evrpomia evdg GUYKEKPLUEVOU OUOTHAATOG elval TIAVTOTE BETIKT).

ASg), =0

® H evrpomia opiletal and ) ox€on:

AS > ﬁ—(T) (7.2.0)

Ma Tov urroAoyiopd TG 0’ €va oUoTnua Nou BpiokeTal oTnv Katdotaon
1 KaL KATAAYEL OTNV KATAOTAOT) 2, XpnolJomnoleital n oxéon:

zfA_Q

AS = (7.2.8)

‘Ornou AQ: gival To moodv g Bepudmrag mou AauBdvel xwpa Katd ) Bep-
MOBUVAULKY] METABOAN.
T: elvat n Tn Tng Bepuokpaciag mou mpayuatomnoleral n Beppodu-
VAIKY] LETABOAR.

242 eival To GBpotopa and v katdotaon 1 oV KATAoTAoT 2 TWV

OTOIXELWOWV
AQ

T

yla N Beppoduvauikn hetaBoAry. H mponyoupevn oxgéon mou, énws avapép-
Bnke, xpnoldoroletal yia Tov UrmoAoylopd g UeTaBoAng TG eviporiag
AS, 1oxUel Yévo yla TIG MEPUTTWOELG TWV AVTIOTPEMTIKWY O0EPHOSUVAHIKWY
HETaBOAWV.



O AEYTEPOz NOMOZ THE ©EPMOAYNAMIKHZ 159

1. Na 1g BeprodUVAIKEG METABOAEG TOU OXNUATOG UMOAoyioOnkav
82 - 81 = 40 kJ/kgK, 83 - 82 = 1,38 kJ/kgK, S1 - 83 =-0,98 kJ/kg/K

a) Na unohoyioete T peTaBoAr] Tng evrporiag yia m dadpour] 1 - 2 kat
1-3-2.

B) Na urnoAoyioete ) HeTaBoAr| NG evrportiag yia Tov KUKAo 1-2-3 - 1.

Y) Na oxoAdoeTe Ta anoteAéopara

P A PA

\ 4
Y
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®‘ Emdiwkdopevol oTtéyol:

VI Na avagEépete Tov KUKAO Tou Carnot Kat va TiepLy pAPETE TIG EPAPUOYES
TOU OTIG BEPUIKEG UNXAVEQ

VI Na opilete 1O BaBuUS andd00Ng TWV BEPUIKWOV UNXAVWY TIOU AKOAOU-
Bouv To vouo Tou Carnot

[

Na diatunwvete Ta Bewprjuata Tou Carnot

[

Na neptypdepete Tov avtiotpoo kKUKAO Tou Carnot kat va avapgpete
TIC EQAPMOYES TOU

[V Na e&nyeite v avaykadtnTa g €vvolag g eEEPYELAG KAl va UTTONO-
yiCete autrv oe anAgq epapuoyEq

O mpwTeg TMYEQ TToU UNdEXouV, Yla TNV Tapaywyn unxavikou épyou and
™ BepudtnTa, avapépovtal otnv apxaia EANAda pe tn xprion Tou atuou
and Tov Apxiundn kat to idwva. H avakdAuyn ouwg Tou atpoAEpnTa g
atpounxavrg avrkel otov ‘Hpwva tov ANeEavdpivd (100u.X).
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Y 0

Zxnfua 8.1.a: O npwrtog atuoAéBntag and tov Hpwva tov AAe&avdptvd, kabwg eriong
Kat GAAEG KATAOKEUES TOU

H mepLoTpoPIkY] auTrh atgounxavr] avapgépeTal wg aloAdopalpa 1] atuo-
otiAn 1 AléAou TUAN.

Autn eival pia pikpen) kotAn ogaipa, n onoia eival TonobeTnUévN MAvw o’
€va KAeloto AéPnta. H emowvwvia Tou AéBnTa Kkat g opaipag yiveral pe
oTPOPLYYEG.

O atuég mou mapdyetat oto AERNTa eLCEPXETAL OTN oPaipa péoa anod Tiq
oTPOPLYYEG Kal eEEpxETAL and duo akpoPuaola, Ta omoia eival Tonodetnuéva
avtiBeta. O atudg nou dloxeteleTal Byaivel Ye riieon and ta akpopuala Kat
Kwvel Tn ogaipa (oxrua 8.1.0).
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Autr n a&lohoyn avakdAuyn xenouuonoubnke oe ndpa MOAESG epap-
MOYEG, aAAd Be BeATindnke otnv mopeia. Autd, ouvéPn dOTL | evépyela
Tou atpol Bewpribnke apddo&o aivépevo. MNMapdia autd, n “oeaipa Tou
"Hpwva” givat n eNAnvikr) GUUBOAY) 0TV avakdAuyn Tng atounxavig.

‘Enperte va niepdoouv oMol alwveg and tote, éwg dTou oTa Uéoa Tou
100u ai. o0 Watt oxediaoe kat mpdTelve a BEPIKY Unxavn yia v napayw-
yn €pyou.

Tn pnxavr) autr| katackeuaoe o pabntg tou Wilkinson, repi Ta t€An Tou
160u ai. ‘Etol yevwnbnke n mpwtn OepIKr pnxavr), n atpounxavn.

lMa va AettoupynoeL autr, xPnolomnololae oav PeucTtd popea BepUdTn-
Tag Tov atpd. H dnuioupyia Tou atpou mpogkurTe and Ty atonoinoT Tou
vepoU, OTo omoio MPooPePdTAV BEPUIKN evEpyela UETW KAUoNG KAuCluwy
UV, onwe Ta EUAa kal Ta oTeped kaualua (ABdvepakeg, avBpakiteg K.a.).
H mapaywyr) Tou €pyou and autég TIG Unxavég €dwae TNV eukaipia otov
AvBpwrto va €xel otn ddbeon Tou, dxt UOvo UeydAa oad pnxavikol €pyou
A Kal peydhn Boribela otnv mapaywyr ayabwv.

Mvetal avtiAnmréd to péyebog autng g avakdAuyng, apou aveéTpeye,
™ HEXPL TOTE PINOCOPIa KAl TIPAKTIKA TNG TIapaywyng ayabwv kat Tng emt-
Kolvwviag Twv avepwnwv kal Tnv §6eoe o a véa Bdon kat avtinyn.

Me TIG BEPUIKEG QUTEG UNXAVEG, KIVIBnKav Unxaveg epyootaaciov, ava-
tUxenkav ol emKolvwvieg Ye TNV avdrtuén kat ) Xperjon Tou o1dnpodpd-
pou, Kiviienkav atpdriola kat didpopa HEoa Hallkhg HETaPoPAG.

Bpé€bnke dnAadn o AvBpwItog Unpootd o pia al\ayr TETolou peyEdoug,
TIOU Ol LOTOPIKO( TN XapaKtrploav wg Plounxavikr enavdaotaan. Hrav 1éc0
évroveg auTtég ol alayég otn {wrj Tou avepwriou, TIou KANNOTA Urmopouv
va OUYKpPLBoUV pe auTég, ol onoieg oupBaivouv orjpepa yupw pag, érou Oha
aAAACouv T600 Ypriyopa, Kat aduvatoUpe MOAEG POPEG va TIG TTAPAKOAOU-
Briooupe. OL AvBpwrol ekeivng TG emoxrq dnAadn £Inoav KATL TaPASOL0 e
auto Tou {oUpE elelq onjepa OV NMavAcTaan NG MANPOPOPIKAG.

And Ta mpwTa BAKATa Qg vEag autrg TEXVOAoyiag TEBNKE TO EPWTNHA
TOU UTtOAOYIo0U TNG MéYIoTNG TToodTNTAG TOoU §pyou, Ttou Ba urnopolaoe va
dWOEL LA OUYKEKPLUEVT TIOTATNTA KAUT([OU.

Ma napddetyua, Eva Bayovt yepdro kdpBouvo Ba €ptave, yia va Kivroel
HIa aTpounxavr] yia KArmolo ouykekpluévo TagidL rj 6a urmopoucape va Ké-
voupe éva oAOKANPo Ta&idl e wa kahutepn atpounxavr; Me d\ha Adyla
TEONKe TO TIPOPANUA TNG KAAUTEPNG dUVATNG EKUETANAEUONG TNG BEPUKNAG
evépyelag, dnAadn g kaAutepng duvatig anddoong Kag BepUKNG UNxa-
VIG.

Ma v enihuon autou Tou TPOoRArUaTOG BepEADONKE Kal avartuxonke
N emoTun ™S OePUOSUVAUIKIAG.
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Evag MA\0G oTpaTiwTikog InXavikdg ATav and Toug PWTouG Mou MPoaoTtd-
Bnoe va AUoel autd To mpdPAnua. Autdg, xwplg va éxel aoxoAneel pe v
KATAOKEUN TwV atuounxavawy, anédel&e otL eival duvatr n nmapaywyr tou
€pyou and tn petatporn g BepuUkng evépyelag. Me dAAa Adyla, €6e0e TIQ
Bdoelg NG Bewpiag Tou pETAOXNUATIONOU TNG evépyelag, dnAadn ouota-
OTIKA TIG apXEQ Tou delTePOU VOUOU TNG BEPLOBUVALIKNG, TIOU 1101 €XOUE
eketdoel.

Mapatmpoupe dnAadr| 6t n Bewpia Tou Baoiotnke og anoteAéouaTa g
eQApPUOYNAG Tou 2°V véuou Tng Bepoduvapikig TIoAU vwpitepa and ) dla-
TUnwon kat Tnv anodoxn Tou 1°V Beppoduvaukol vouou.

H avd\uon tou Carnot erutpénel va katavonoel akdua kaAlTtepa n €v-
vola g evrportiag, rou 110N €xel avapepBel oTo 20 BePUOSUVAUIKS VOO.

Av BewpnBel TN “BepuIkA unxavr)” wg éva avolkTd ouoTtnua eivat ekeivn
N MNxavr), Tou PETATPENEL TN BEPUIKY| EVEPYELD O €PYO, TOTE UMopouv va
MEAETNBOO0UV OL TILO KATW TPELG TIEPUTTWOELG:

— H anoppdpnon Bepudtrag ard a rmyr UPnAig kat otabeprq Bep-

Hokpaoiag, T4 arnd To clotnua.

- H andédoon tng Bepudtnrag oe a rmmyr XaunAng kat otabeprq Bep-

pokpaaiag T, and To olaTnua.

— To oUotnua napdyel €pyo oTov EEWTEPIKO TOU XWPO.

21NV NApaKATw YPAPIKY) MapAdoTaon GaivovTal ol TpoavapepOuEVEG Tie-
PUTTWOELG.

m™myn

uWwNANG Kal oTabepng @

Bepuokpaaciag a
—_— \ 4 v D W
’Q myn (v)
XAUNAAG Kal oTaBepng
@ Bepuokpaaiag
(o) (B)
ZxAua 8.1.8

Me tnv unéBeom 4Tt a Beppikr| punxavr] dlabétel pévo ia Tmyr| Bepud-
™tag kat 6Tt To epyalduevo peuatd o’ autr Bploketal oe ouvenkeg povi-
Mou pong Kat dlaypdpel KAEIOTEG BePUOBUVAMIKEG METABOAESG (Beppoduva
HIKOUG KUKAOUG), TéTe Ba unopouaoav va UltdpxouV OL TILO KATW TIEPUTTWOELG.
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Q Q‘ Q Q‘
v v
@ @ P> @ > @ e
(o) (8) (v) (%)
Zxfipa 8.1.y

Ma v nepimrwon naparnpeital 611, av epappootel 0 10g vépog TNG
©ePUOdUVAUIKAG, dNA.

Q = Ay + W, + AE, + Ay + AE, (1)

T6Te apatnpeital 4t enewdr] To PeuoTtd dlaypdPel BePUOSUVANIKOUG
KUKAOUG, ot HETABANTEG Ap, AE¢, AE s kal AEg, looUvTal Je UNdEv.
"ETOL N mponyouuevn oxéaon ypdeetal
Q = Wi

Me 11 mapadox€q mou €xouv 1dn yivel, 6Tt dnAadn| n BepudtnTa Bew-
peltal BeTikn), dtav unaivel 0To cUCTNUA Kal To Unxaviké épyo Bewpeital
BeTikd, dtav To oUCTNUA TAPAYEL EpY0 OTOV EEWTEPIKO TOU XWPO, TOTE:

Q=W;=0

H teAeutaia oxg€on dev Loxuel, dnAadn otnv (a) nepimrwon tou oy. 8.1.y
dev unopel va undpxet, 3ot napafldletat o 10g vouog g Bepoduvaplt-
KAG.

Kat ot (B) mepimtwon, ue tov idlo cuhhoyloud dev propel va undpéel,
yiati kat o’ aut napapidetal o 10g BepUOdUVAUIKOG VOLOG.

Ma mv (y) nepimtwon o 10g Bepuoduvapikdg vOUog YpdpeTat:

Q = Ap + W; + AE; + AE + AE,

la Toug {8loug Adyouq ta Ap, AEg, AEy, AEg eival Undevika katn oxEon
ypdpeTat:

Q = Wi

Mapatmpeital 6Tt " autrjv v niepimTwon WxUel 0 10q BepUodUVAIKOG
vouog al\d oUte autr unopel va untdpéel, didtt mapaBidletal o 20g Beppo-
duvaukdg vouog.

Mpdyuartt, n napandvw oxgon deixvel 6Tl €va ocd BepudtnTag mou
uraivel oto olotnua, petarpénetal 6Ao oe €pyo. ZUUPwva He To 20 Bep-
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poduvaukd vopo, n Bepudtnta, Adyw Tou OTL eival kKatwtepng noldtnTag
evépyela, dev unopel va petatpartei €€ 0AokAr)pou og unxavikd €pyo.

Ma mv () nepimrwon naparnpeital 41t loxUeL Kat 0 10G kat 0 20g Oep-
poduvaukdg véuog. Eivat dnAadn n povadikn mepimrwon mou unopel va
untdp&el BepkA Unxavn pe wa mnyn Bepuomrag. ‘Eva mapddetypa wag
TETOLOG ePAaPUOYNQ eival N NAeKTPIKY| BepudoTpa, OTnV oroia MPooPEPOULIE
NAEKTPIKNA evépyela Kal mapdyel Bgpudmnra.

Av BewpnBoulv Twpa oL ponyoUeveg ouVOrkeg e Tn dlapopd OTL €xoupe
dU0 mnyEg BeppdTnTag, TOTE Hnopouv va mapoucLtacTouV Ol TAPAKATwW Te-
puTtWoELS: (oxrua 8.1.9).

(B) (v) (5)

v
@G>V G <€
v 4

Kpuo T, T,

oot (a) T
£0TO 1
ot

Q |

N -
"

Aev epapudlovTal yiati

£€pyovTal o€ avTiBeon Pe

Tov 10 Beppoduvapikd
véuo.

[
\

O1 poveg evOIaQEPOUOEG
TTEPITITWOEIG

kpuo T2 T2 T2
AvTITiOgTON Mn evdiagépouca E@apuodoipo AV€¢f3PH00Tﬂ
aTov TEPITITWON AaAAG N TTEPITITWON TIEPITITWON
20 BgpuoduvapIKd (3) givai n avTiTi@eTal aTov 20
vouo. KOAUTEPN BepuodUVapIKG VOUO.
Zxfipa 8.1.3

Ané ta napandvw eaivetat kabapd étL ot guvduacpol ou uropoulv va
epapuoatolv oty npdén eival oL meputwoelg (y) Kat ().
O ouvduaaopog (y) eival ekeivog mou epappoleTal OTIG OEPUKES UNXAVEG,

Tou akoAouBouv Tov KUkAo Tou Carnot.

O ouvduaopudg (d) eival ekeivog ou epappdletal oTig avriieq Bepudt)-
TG, TIOU akoAouBoUv Tov avTioTpoPo KUKAO Tou Carnot.



MHXANIKO EPro AMo TH ©EPMOTHTA 169

8.2.1. OepuIkég unxaveég mou akoAouBouv Tov KUkAo Tou Carnot

21a nponyoupeva anodeixtnke 6Tl dev pnopel va napaxbel unxaviké €pyo

and pia BePUIKY unxavr, ou xpnotuorolel pia pévo nnyn Bepudmrag. Ma-

vta xpelalduaote duo TNyEGg, Wa uPnAig Bepuokpaciag kat pa xaunidte-

png Bepuokpaociag, n omnoia 6a anoppodd T BepudtnTa Mou aroBANeTAL.
270 apakdTw oxrua eaivetat autr n dadikacia

Ty uPnAiig Beppokpaaiag

T+
Q,
Hnxav v
Tapaywyng epyou
L 2
-_— 1,

TTNYN XapnArig Beppokpaaiag

Zxrjpa 8.2.1.a: Ocputkr unxavr rou akoAoubel Tov kUkAo tou Carnot

Av uia Beppikr] pnxavr) akohoubel autr| ) dladikacia mapaywyng €pyou,
opiletal wg Bepuikdg Badudg anddoong autrig To mnNAIKo:

_ w@éNpo amotéAeopa - Q-Q,
® katavAAwaon eveEPYELAG Q,

Z0upwva pe tov 10 BgpUodUVAIKG VOO TO WPEAO arOTEAECA elval
n dlapopd YeTta&l Twv Moowv TNG BepudTnTag Mou yraivel oto oUoTnua Kat
ekelvng mou Byaivel ar’ autd dnA. Q- Q,

H katavdAwon evépyelag yla TiG BepUIKEG UNXaveg eival tavta 1o Tood
™Q BepuotnTag rou divel n Tmyn uPnAig Beppokpaaiag.

"ETOL €XOUE:

Q1 _Q2

99 4 &

° 01 Q1

10 Oewpnua Tou Carnot

«Av 0g U0 BeplkEQ UNXavEQ TO epyalduevo peuatd AauPdvel Bepuo-
mta ar’ v nnyn udnAng otabepr|q Bepuokpaaiag T4 kat anodidel Pépog
QUTAG TNG BepudTnTag oTNV YN XaunAnig otabeprq Beppokpaaiag To kat
pe TV undéBeon 6Tt autd yivetal kat’ avtiotperntd Tpdmo, ot dUo autég Bep-
MIKEG UNXaVEQ €xouv ToV D10 Beppikd Babud anddoong.»
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20 Oswpnua Tou Carnot

«H anddoo uag un avtioTEemTig BepUKAG MNXavrq eivatl mdvta pikpo-
TeEPN arr’ TNV andédoon ag avIloTPETTTNG, Tav Kat ot duo AEIToupyouV e-
Ta&U Twv Blwv Bepuikwv deEapevavs. H évvola TNg aviloTPemTrq BEPUIKAG
pnxavng elvat éti To epyalduevo peuatd dlaypAPel avTIOTPEMTOUG KUKAOUG.

N6 = 118,
(QVT. = QVTIOTPETTTT] UNXavr], JavT = W QVTIOTEETTTY] Unxavn)

30 Oswpnua Tou Carnot

«[a v da uPnAnf Beppokpaaia Ty, N BEPUIKA pNxavr), n omoia expe-
TaMeUeTal peyaAutepn dlagopd Bepuokpaciag AT, éxel KakUTepo Babud
andédoong, ylati mapdyel meploadtepo €pyo.»

H anédel&n Tou Bewpnuatog autol gaivetal OTo T KATW OXrUa.

MeAETN Suo pnxavwv

A
To idl0 £pyo pe TNV
T1 T T1 T4 T (- PG 1n HNXAVH]
@i @

T2 i é-}w3 T2 + (- Sl1a@opd £pyou

@oPw:
T3 L T3 *

Zxfpa 8.2.1.8

Edw napatnpouue 411, étav n Bepuokpaaia T pewwvetal, To Epyo W au-
Edvetal kai n noodtnta Bepudmrag Qo pelwveTal. Auth n mapatripnon odn-
ynoe tov Kelvin atov oplopd tng yvwotrg 1dn KAipakag Twv BepUokpactwv
oe povadeg Kelvin.

8.2.2. KAipaka 6eppokpaciwv Tou Kelvin

Metd tnv ndpodo nepimou 30 eTwv and v avakoivwon tng Bewpliag Tou
Carnot, 0 Adpdog Kelvin mpdtelve a véa KAipaka PETpnong Twv Beppo-
Kpaolwv, n orola de Ba Baoilétav oTiq SIATTOAEG TWV UYPWVY fj Twv agpiwv,
aAAd Ba Baaollétav ot Bewpia Twv BEPUIKWY pnxavwy Tou Carnot.
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Autdg Bewpnoe pia oelpd and BepUIKES UNXAVEG TToU akoAouBouoav Tov
Bepkd KUkAo Tou Carnot, dmou n kdBe wa Ba naprjyaye €pyo (oo pe 10

povAadeg Tou Ba Asttoupyouaav kat 6a epydlovrav oe Bepuokpaacieg, dnwg
OTO TAPAKATW OX1Ua.

T'=100
;100=Q1

@o-Pw=10
% * 20=Q,
90
L
80
80 30
@o—p 10

70
20 +20

@b 10

@10
WO

ZxHa 8.2.2.a KAiuaka Bepuokpaoctwv Kelvin

21T ouvéxela autog eine: «Ag eruAéEoupe a kKAluaka Beppuokpaciag T,
TETOLO WOTE va elvat avaloyn Ue To oad Tng Beppdmrag Q». MNa napddety-
Ma, 6tav 1o Q = 90 autdg npdtelve 1 Bepuokpacia T, n onoia avriotowxel 0’
auTtAv TNV TNyn, va eival T = 90 Baduol kat autd va oxuel yla kabe BeppIkn
pnxavr dnA. Ty avdAoyo Tou Q4 kat

T, Q
TI 1 C)1
Av AnoeBel urntéyn n oxéon
Q,
ne = |-
Q

TOTE Ba €XOUE
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T2
ng =1 ?1 (8.14)
AuTr| n KA{uaka BepOKPACLWY, TIOU 0pIoTNKE e OPOUG UNXavikoU €pyou
Kal BepudTnTag o€ I pnxavr) Tou akoAouBel Tov kUkAo Tou Carnot, ovoud-
otnke kAluaka Kelvin T
‘Onwg npokurtrel and ta mapandvw, auth N KAUaka BepUoKpactwV TTpo-
ékue and kabapd Beppoduvapikég évvoleg Kal dev Uropel va guvdéetal e
TIG d\\eg kAuakeg poodloplopou g Beppokpaaiaq énwg Tou Kehalou
(C) ) Tou Papevarr (F).

21a napakdtw Ba yivel mpoomdbela va KATAoOKEUAOTEL Ja BEPLKY| punxa-
1], n ornoia propel va nmapdyel £pyo cUUPWVA UE TIG apxEg TNG Bewpiag Tou
Carnot. To epyalduevo peuotd Bewpeital 1davikd kat OtL €xet pdla 1 kgr kat
auTd, Onwg €xoupe NON avapEgpel, yia Tnv anlornoinon Tou MPoRAAUaATOS.

Ma va umdpxel wa térola pnxavr, Ba mpemnel va Unopel va cuuriecel
adapatikd To peuoTtd amnd TG ouverkeg Tou onpueiou B, oTig ouvbrikeg Tou
onuelou I'. Auté unopel va npayuaronoinbel cupriEdovtag 1o PeUoTo Péoa
0’ €va KUNVOPoO.

2T1q ouvlrkeg Tou onueiou I Ba mpénel To peuoTtd va dExeTal LodBep-
pa mood BepudtnTag and tnv mmyn uWnAng otabepnq Bepokpaciag. Autd
uropel va mpaypatoron el pe T xprion evog evalhdkt Bepudmrag. Metd
™ AMyn Tou moooU autoU Tng Bepudtnrtag To peuotd Ba PBpioketal OTIq
ouvBrKeg Tou onpeiou A.

270 aéplo peuoTd Tou Bpioketal 0’ autég TIG ouvOnkeg, divetal n eu-
Kalpla va exktovwBel adlaBatikd péxpl TIG ouverkeg Tou anueiou A. Autd
Mropel va paypatoroindel xpnouonowvTag To UNXavioud UBoA0 — KUAV-
0pog. And auTéq TIq ouverkeg Ba npénel va dobei ) duvatdtnTa oTo PeUCTO
va anofdAel Bepudtnta otnv mnyr XaunAng Bepuokpaciag Kat auth n e-
TaoAr| elvatl EQIKTY) kAl TO PeUOTO Uropel va PTdoel PeTd Tnv anoBoAn g
BepudtnTag oTIg oUVONKeG Tou anpeiou B.

Mapatnpoupe 6Tl To PeUoTd Tipayuatonoinoe éva Bepuoduvapikd KUKAO
Kal OUVETIWG, av autd epyactel ota KvnTd pépn g unxavig, a napdyet
€pyo.

O Bepuikdg Babuédg autrg TNG Unxavng Ba eival o kaAUTepog and omnola-
dNnrnote AAAN unxavr), otnv onoia To peuotd Ba AauPdvel Tiq (Sleg OUVONKE,
A\ ot peTaBoléqg Ba eival un avtiotpenTteqg. Akdua tov Blo KUKAO, av Tov
dlaypdyel éva npayuatikd peuotd ou Ba epydletal, autd Ba Exel UIkpdTe-
po Babud anddoong.
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O1 peTaoAég
BI' ka1 AA
eival adlaBarikég

p

A v, .
A‘ a4 T1, oge 6An TN
[ MeTaBOAR
B AB
w w
- > » =
q=0 q_OTz,oséAnTn
peraBohy [ |
A T2 A A r
A 4 v
| 4 q w
W, a, r )V 2 2 o
v, m3/mol s, J/mol-K ”
Zxfiua 8.2.2.8

Me unédetypa ta mponyouueva ox€dla, ag mPooTabgoule va UTtoOAOYi-
OOoUE TO BeppIKO Babud anddoong Tou KUKAOU.

_ W@ENo anotédeopa - Q-Q,
®  katava\won evépyelag Q,

To nood Bepudtrag Q; Ba umoloylotel wg ekeivo To OO BepudTN-
Tag rou anoomndaotnke 10oBepua oto oUotnua, dtav autd avIloTPENTA miye
and TIg ouvenkeg 3 otnv 4. '’ autr ™ YetaoAr} ypdpoupe v apxr g
dlatPnNong NG evEPYELAQ

Q=AU + W, + AEC + AE + AEg

>mv teleutaia e&iowan woxvel 61t AU = 0 (ywati AU = C, - AT kat AT =
0). Eivat emiong AE,, AE 4, undevikd and undébean. ‘ETol n oxéon ypdeetal:

Qi =W,

Eivat yvwotdv 611 To W, eival 1o €pyo Twv duvduewv emipaveiag tou
CUOTNUATOG Kal loouTal:
W, =5P-AV = zgm%: RT;Q%: RT, In%

3

onA

Q, =RT, InY%
V,

3
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Ma Tov unoAoylopd tou Q2, epyalduacte, OMWG MO TAVW, KAl KATAAT)-
youpe

Q, =-RT, Inﬁ =RT, Ini
V1 V2
To onueio (-) detxvel étLn Bepudmra Byaivel and To ouoTnua
T1

Mapammpeital 6Tt Bpebnke 1 dla oxéaon, mou eixe mpoteivel 0 A6pdog
Kelvin yia Tnv kKA{paka Twv anoAUTwv BEPUOKPACLWV.

Autd anodelkvUel OTL 1 KApaka Beppokpaciag Twv Idavikwv agpilwv sivat
looduvaun pe TV KAipaka €pyou tou Kelvin kat T = T°. Qg ek Toutou, 6a
Xpnotdoroloupe ndvra ) Bepuokpacia T.

Enedn o Kelvin ékave autrv tnv avakduyn, ovoudoape v KApaka
andéAutng Beppokpaaiag mpog Tiur Tou KAipaka Kelvin, ‘Etot pnmopoupe va
TIPOXWPNOOULE alyoupol OTL N GUVNOLOUEVN KA(LOKA LOQVIKWY agpiwV CUTT-
TITel e N Oeppoduvaukn KApaka Bepuokpaciag.

YrievOupiZetal akdun pia popd ott Bewpeital BeTIkS To M00d ekelvo Tou
praivel kat apvnTiké autd rou Byaivel and To ouoTnua.

_Q2 T2

Q1 1
1 aKOuN
&4_&:0
T, T
Oewpeitar évag Tuxaioq Beppoduvaukdg KUkAOG, OmMwg OTo OxAua
8.2.2.y

QVTIOTPETTTH
Siadikaoia

----- adiapatiki

— |0OOEPUN

) 4

Ixnpa 8.2.2.y
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Ané autd mipokUrtTeL OTL 0 BePUIKOG KUKAOG propel va BewpnBel dtL aro-
Teleital and dnelpougq eni p€poug kKUkAoug Carnot, ou yia Tov kaBéva Ba
LoxUeL 1) TAPAKATw oXEoN

Q.S
T2 T1

=0
ZUVETIWG, Yia OO ToV KUKAO ag Ypdyoule

T, T, T,

+..=0

AuTi 1 TogdtnTa LoXUEL YIa TIG QVTIOTPETTEG KUKAIKEG BEPUODUVAUIKEQ
METAPBOAEQ Kal eKPPALeL TN UETABOAN NG evIpOTIag TOU CUCTAUATOG.

Etol, yia kdBe avriotperr BepUOSUVAUIKA HETABOAY] TOU CUCTAMATOG
Kal Tou TIEPIBANAOVTOG 1) LETABOAY TNG evTporiag sival undevikn.

Kal yla

Av oL Bepoduvaukég UeTABOAEG elval un avTioTpenTég —Onwg ouppaivel
OTNnV MPAYMATIKOTNTA- TOTE N METABOAY] TOU CUOTIUATOG KAl TOU TIEPIBAA-
AoVTOG XWpou —dnwg rdn avapépdnke oto ponyouusevo kepdlaio- sival
TTAvVTOoTE BETIK).

Zonks AS > 0

8.2.3 AvrioTpo@og kUkAog Tou Carnot

2V mponyouuevn napdypapo anedeixdn Ot eival duvatdv va undpxel
BePUIKNA pnxavr), 0nwg oto oxnfua 8.2.3.a
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Mnyr uwnAig Beppokpaciag
T, o

Qe W
fa

Mnyr xapnArg Beppokpaciag

2

Zxpa 8.2.3.a

onAadn oxUel n mepimrwor, Katd v onoia UrnopoUe va AvTA|OOUlE
nood BepudtnTag and v TmMyn XaunAnig otabepnrig Bepuokpaaiag otnv
TINY" UPNARG otabepn|q Bepuokpaciag (T4) Mpoopépovtag atn BEPUIKN Un-
xavr éva eowteplkd €pyo W. Mapdderypa t€Tolou eidoug unxavig eivat To
NAeKTPIKS Yuyeio.

yuyeio

Q1, aTTWAEIQ OTO XWPO
unxavry

‘ W Mapoxn pelpatog

Q1, aTTWAEIO OTOV XWPO

ZxriHa 8.2.3.B: HAekTpIKG Yuyeio

O Bepuikdg Babudg anddoong oTIq UNXAvES QUTEG, TIOU TO epyaldueEVO
peuoTo dlaypdpel éva avtiotpo@o kUKAO Tou Carnot, opietal e duo dla-
QOPETIKOUG TPOMOUG. Ma Ta PUKTIKA pnxavruata Kat Ti§ avtAieq Bepudm)-
TOG TO KAAOKA(PL KAl yia TIG avtAieg BepudTNTAG TOU XEUWVA.

21 deUtepn miepimtwon opiletal

WukTikd popTio

COP = - -
KatavaAwon eveépyelag

COP = Coefficient of performance kat onuaivel ouvteAeotrig anédoongq

cop-__T
W oT-T,

IMa m deltepn neplimrwon opiletal
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Bepkd poptio
KATAVAAWOT) EVEPYELQG

COP' =

a_ T

CoP' =t-_1_
W T,-T,

Mapatmpeital 41t IoxUouv oL OXETEIQ
(COP)npoyuchKé < (COP)IBQVLKé
(COP')T[pOYuGTlKC') < (COP’)@OVLKé

8.2.4. Aidypappa T - S yia Tov KUKAO Tou Carnot

210 oXNUaTa ou akoAouBouv aivetal o Bepuikdg KUkAog Tou Carnot aTto
dlaypaupa cuvteTayuévwy T - S.

>V MePImTwon g BEPUIKNG MNXAVAG TTIAPAYWYNG MNXavikou €pyou o
KUkAoG Tou Carnot gival énwg oto oxrua 8.2.4.a.

T4

v
& v
q
TzJ_2 T2 }---pl D m— T

Q, H H > s

ZxAupa 8.2.4.a

Napartnproeig

YrievOupiZetal 6Tt To euBaddv, Tou TepikAeleTal and tn BepUodUVALKA
petafoAn] kat and tov d&ova Twv TeTayuévwy oto didypauua T-S, naplotd-
VEL TO 006 TNC BepudTnTag.
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TA
2 1
7% >
So, s
TA
Q
3 %4
/ :
Zxfiua 8.2.4.8

8.2.5. KUkAog Tou Carnot yia mpayHaTikéG OEpHIKEG UNXaveég

O kUkAog Tou Carnot anoteleital and T€ooeplq BEPUOIUVAUIKES UETABOAEG
Kal ouykekpléva and duo 1060epueq kat duo adlaBatikég. AuTEQ amote-
AoUv Tiq 13avikég ouvONKeg, KaTd TIq oroieq unopel va epyaoctel éva 1daviko
PEUOTS Yla TNV APAywyr) Epyou.

>INV MpaypatikémTa Spwg oute Ta PeuoTd eivat Idavikd al\d ouTe Kal
Ol BePOOUVAUIKEG UETABOAEG QVTIOTPEMTEG. ZUVETIWG, O TIPAYUATIKOG KU-
kAog Tou Carnot dlagpgpel and ekeivo To Bewpntikd. H mpoomdbela nou ou-
vexwg yivetal, eival o mpayuatikdg kUkAog Tou Carnot, mou dlatpgxel éva
MPAyMaTiKO peuaTd va nAnoldlel, 6co 1o duvatdv, eKeiVo TO BEWPNTIKO,
eEeNMooovtag TV TEXVOAOYIa TWV BEPUIKWOV UNXAVWY.

2TO MAPAKATW OxAMa, paivetal éva napddetyua evég KUkAou Tou Carnot
pe €va BewpnTiko.
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A TTPOCPOoPa BepudTNTAg OTO EPYalOUEVO PEUCTO

MET“'MM

apayoUEVo Epyo r
T2....'l=4-':f"-‘:-_i_'r )
13 T2 A »
wusn N To — rT2
7

Zxfua 8.2.5.a
Elval mpo@aveg OtL LoxUouv oL OXECEL

¢ Na 11q Bepukég punxaveég mapaywyng €pyou

an avtiotpenTd < w QVTIOTPETO

¢ Na 1ig avtAieq BepudTag

Wun QVTIOTPETTTO <W QVTLOTPEMTO

Q NMAPAAEITMATA

1. Alvetal Bepikr] Pnxavr mapaywyng unxavikou €pyou, n onoia avtAel
Bepudtnra and deEauevry uPnArg otabepnc Bepuokpaaiag T = 100°C kat
Vv anodidet ot de€apevr) XaunAng otabepr|g Bepuokpaaiag T, = 0°C. Zn-
Teltal va Bpebel 0 Bepuikdg Babudg anddoong autig TG BEPUIKNG UNXAVAG

[10000

S

<

J

e > \V

q2' 0°C

Zxrjpa 8.2.5.8
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Ndon

OewPWVTAg OTL Ol UNXAVEG EXOUV HEYAAN XWENTIKATNTA, UMopoUpe va
ypdyoupe

Ng :ﬁ:p%:pk
eival
T,= 273+ 100 = 373K
T, =273 + 0 = 273K
H rponyouuevn ox€on divel
o =L 278 _0.268
373

onhadr o Babudg anddoongq eival 26,8%.

2. ©€Noupe va Bepudvoupe pe avtAia BepudTnTag To E0WTEPLKS olkiag
otoug 27° C, pe ) Xprion avtAiag BepudtnTag mou XenolUomole{ To vepd TNg
Auvng (dnwg oto oxrua 8.2.5.y), To omoio éxel Bepuokpacia 7° C, mpoodi-
dovtag atn Bepikn pnxavr) unxaviké €pyo 1 KWh. Na Bpebei to COP’

Adon
>T0 TLO KATW oXNUa Ppaivetal n apxn Aettoupyiag Tng BEPUIKAG UNXAVAS

T,=27°C

_‘:

@4- W =1 Kw- hr
4

Q2
T,=7°C

Ixpa 8.2.5.y

O ouvteAeotg COP’ Ba divetal amnd tn oxeon
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Q__T
W oT,-T,

COP' =

orou T4 eivat 300K, T, = 280 K kat to mpoadiddpuevo €pyo 1 KWh.

Ané 1 nponyoupevn ox€on
LTI T
T,-T, 300-280
Q¢ = 15KWh
ZUVETWG, TO
COP' — 15 KWh 15
1KWh

Mapammpeital 6t autd eival oAU peydio kat otny mpdén to COP = 3
ASYW TV S1apépwV AMWAELDV.
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Eivat og 6houg yvwoTd 4Tl oL evepyelakol mépoL Tou TIAQVITN pag eivat Te-
ploplopévol. Autd omuaivel 4Tt eival urtoxpeéwon OAwv 0 TEEPLOPLOUOG NG
OTIATAANG TWV EVEPYELAKWY AUTWV TIOPWY, YA va UIopEael va avteneEENBel
OTIC avAyKeg TwV MEANOVTIKWV YEVEWYV. TNV TipooTtddela auTr] GUUBANEL
N olkovouia Twv MOPWV autwy, 1 onoia odrynoe otnv avantuén uag véag
TEXVIKAG NG “eEoikovounong evépyeiag”.

Eivat yvwotd 61t 0 mpwTog OEpHOBUVAMIKOG VOHOG eKPPAleL TNV apxn
dlampnong g evépyelag kal autd xpnaoluomnoleital oav éva avaykaio ep-
yaAeio yla To 1oofUylo g evépyelag, katd n didpkela uag Bepupoduva-
MIKAG MeTaPoAng, Xwpig duwg va mpoapgpel oto MnxavoAdyo dlaitepeq
TIANPOPOPIEG OTNV KATAOKEUN Kal AEITOUPYIA TWV UNXAvQV.

AvtiBeTa, 0 20G OepuOSUVANIKOG VOHOG, OTwG €xel 1O avagepbel,
aoxoAeital pe Tnv moidTnTa TNG evépyeiag Kkat eldIkOTEPa, apopd:

& >tov uroBiBaoud tng evépyelag katd t didpkela wag Bepuoduvapll-
KNG METABOANG
¢ 21N PeTABOAR TNG evTpoTiag Twv CUOTNUATWY

¢ 271G Xauéveg eukalpieq duvatdtnTag napaywyng €pyou, autdg dnA.
PooPEpeL atnv TEXVN Tou Mnxavohdyou éva gupl Tedio yia BeATt-
Woelg TwV MnxavoAoyIkwV EQAPHOY®Y, TOOO YIa TNV EKUETANEUON,
400 Kal yla Tnv €£0IKOVOUNON NG EVEPYELAG.

Enouévwg, o deltepog Oeppoduvapikog vopog amnodeixbnke OtL gival
éva 10xupd epyaleio otn di1dBeon Tou MnxavoAdyou, 1600 yia Tn Behti-
won g anddoong Twv BEPUIKWV unxavwy, 6co Kat yla tn BeAtioTornoinon
OUVOETWYV BEPUOBUVAUIKWY TTIPORANUATWY.

210 KeAAalo autd yivetal mpoomdbela va eEetaotel 0 oxedlaoudg Kat
n Aettoupyia MnxavohoyIKWV CUCKEUWY [E TNV EPAPUOYT TWV TIOPLOUATWV
TOU 20U VOuOoU TNG OePUOSUVAUIKAG.

H npoomndBela autr| apxiel he v eloaywyn TG évvolag g EEpyelag
0T OgPUOSUVAULKY| ETILOTUN.

Tnv évvola autr unopel kaveiq va ) ouvavtroel pe tov 6po d1a0eaipod-
™Ta (availability).

AuTh opileTal weg To WPEANIKO amoTéleopa (€pyo), mou pmopei va ma-
paxBei anmd €va ouoTnpa, TO OTOI0 BPICKETAI € IO CUYKEKPIPEVN KATA-
OTaON KAl 0 €Va GUYKEKPIUEVO TIEPIBAAAOV.
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211 ouvéxela n mpoomdbela autr| cuvexietal Le TNV eloaywyn Tng évvol-
ag TOU QVTIOTPETTOU £PYOU, TTOU E{val TO HEYLOTO WPEALO QYO TIOU Urtopel
va AneBei and éva olotnua, ou uplotatal pia etaBoAr ueTagl duo kabo-
PLOUEVWV BEPUODUVAUIKWV KATACTACEWV.

TENOG, ouUIANPWveTAL 1 av@Aucon auTr Je TNV €vvola TNG KN avTioTpe-
NIMKOTNTAG, 1 orola TaploTdvel TO Xauévo duvapikd €pyo Katd Tn SLdpKela
uag Bepuoduvauikic METABOANg, eEattiag ™Q eUPaAVIoEWS U avTloTPE-
TITWV UETABOAWV KAl KATAA)YEL OTOV OPLOMS TNG OEPHIKAG anmddoong e
™V eQappoyn Tou delTepou vOuou.

210 BBA0 autd Ba aoxoAnBoupe AETTOPEPWS MOVO [e TNV €vvold NG
e&€pyelag, evw yla ta dAa duo Ba doBouv pévo napadeiypara.

8.3.1. Méyiotn duvartdTnTa TnG EVEPYEIAg yia TNV mapaywyn €épyou

Kdbe popd mnou BplokduacTe unpootd oe €va edRANUa apaywyng Knxa-
VIKOU épyou amd Tnv ekUETAN\EUOT Iag TMYNS evEPYELag, MPWTO UEANUA
Mag eival va eKTUr)ooupe TNV MoadtnTa NG EVEPYELAG, TIOU TIEPLEXETAL O
auTtAv TNV yn. MNa napddetypa n avakdluyn evog yewBepukou mnyadiol
TO MPWTO HEANUA pag sival va exTiunBel n moodTa TG EVEPYELAG TIOU TiE-
piExetal ¢’ autr) tn mnyn. Eivat autovénto étin minpogopia auth and uévn
g dev eival apkeTr, yla va ano@aaclotel 1§ 1 n eykatdoTaon pag povadag
apaywyrg NAEKTPIKOU peUATog. AUTO TIOU MPAYHATIKA Ba TIPEMEL va Jag
elval yvwotd, yla va npoxwproel n eykardotaon eival n duvatdtnra napa-
YWYNG €pyou 1} To Suvauko €pyo NG MNyNg 1, he AAa Adyla, n mogdtnrta
™G evépyelag mou propel va eEaxOel e n Hop®r WPEALOU €pYOU Yia TNV
TIapaywyr) NAEKTPIKAG EVEPYELAG.

To undhouro PEPog TnG evépyelag Ba netaxBel TeAkd oa xapévn evép-
yela kat dev a&ilet va AauBdveral undy.

Enopévwg, 6a ritav blaitepa xproo va undpyxel a mapaueTpog, n
oroia Ba pag emTpENeL €K TwV MPOTEPWV TOV KABoPLoUS TnG duvatdtnTag
napaywyng weéNou €pyou amnd uia dedouévn oodtnTa eVEPYELQS, TIOU
€XEL CUYKEKPLUEV Lop®r| Kal BplokeTal oe guykekpluévn katdaotaon. H na-
pdueTpog auth eivatn “e&€pyela”, n omnoia, dnwg mpoavaPEpage, ovopdle-
TaL kat “dlabeoiudtnTa” i dlabéaiun evépyela.

‘Otav éva ouotnua Bploketal oe CUYKEKPLUEVT BePOSUVAIKY| KaTAoTa-
on, To SUVaUIKO €pYO TNG EVEPYELAG TIOU TIEPLEXETAL Uéoa og auTd, eival
arAd To YEYLOTO WPEAIO §pYO, TIOU Uropel va dwoel auTtd To aUoTNUa.

YrnievOupiZetal 611 To €pyo Tou mapdyetat katd T didpkela pag Beppo-
SUVAUIKNAG HETABOANG eEapTdTal:
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a) Amrd Tnv apxiki kardoTaon, otnv ornoia Bpioketal To cUoTNUa
B) And v TeNIKN KatdoTaon, Tou Bpioketal To gUoTNnua

y) Anod n diadpopn, uéoa and v onoia npayuatornoleiral n 6eppodu-
VOUIKA HETABOAN.

>mv avdAuon g Mapap€Tpou TG eEEPYELag N apxikn kardoraon ei-
val avtote KaBopLopEévn, UE AMOTEAETUA va unv anoteAel ueTaBANTr Tou
npopAjuarog. Onwg €xel avapepbel ota mponyouueva, To €pYO TIOU TIPAY-
patortolel éva ouotnua oto mepBANOV Tou peylotonoleital, dtav autd
npogpxetal and pa BeppoduUVaLKn LETABOA] avTioTPETTY) MeTAEU duo Bep-
MOJUVAUIKWY KATAOTATEWV.

Elval mpopavég 4Tt yla va peylotoron el To épyo autd, Ba mpémnel To
ouoTtnua oto T€Aog TnG BepUoduVapIkAg HETABOAAG va Bpedel oTo TENOQ
™G MArpouq eEAVTANONG.

‘Eva oUotnua Aéyetal 6t Bpioketal oTnv Katdotaon nApoug eEAVTAN-
ong, étav Bpioketral oe BepUOdUVALKY) LOOPPEOTIA e TO TIEPIBANAOV TOU.
270 o KATw apddetyua divetal éva ouoTtnua rou Bpioketal o mAfpen eE4-
VTANGO™N 0g oxéon e To epIBANoV Tou.

T;=25°C
P =101kPa

101kPa
V=0
z=0

ZxApa 8.3.1.a

>U0otnua rou Bploketal oe loopportia pe To meptBaMov, Aéyetal Tt Bpi-

OKETAlL 0€ KatdoTaaon nMAfpouqg eEAvTANongG.
270 TIO TIAVW OXTUa TO oUCTNUA:

a) €xel Bepuokpacia kat rieon neptBAMovTog, dnA. BpiokeTal o€ pUnxavikn
Kal BepIKY) looppoTIa e autd

B) dev €xel KABOAOU KIVNTIKY 1 SUVAIKNA EVEPYELQ OE OXEOM HE TO TEPL-
BAaM\ov Tou (n Taxutnta Tou peuatou V= 0, ylati npepei kat Z = 0, yiati
Bploketal otnv emnipdvela g 6dhacoag)

y) Oev avtidpd ue To TiepiBaAriov Tou. EmmAgov, dev undpyouv aotadr| gpal-
voueva payvntikoU 1) nAekTpikoU TUMou PeTagU TOU CUOTHUATOG Kal TOU
nepBANovTOG.
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H €vvola Tng peyloTornoinong Tou €pyou e£G30U VoG OUOTAATOG UTTAP-
Xel, 0tav autd ¢tdoel oe katdotaon TArpoug eEAVTANONG LETA TO TEAOG
™G OepoduvapIkig HeTaBOANG Kat propel va eEelixBel wg e&Ng:

Edv n Beppokpacia Tou ouoTtrjuatog otny TeAIKN kardoTaon sival peya-
AUtepn 1 kpdTepn and Tn Beppokpacia Tou repBAMovTdg Tou, TéTE elval
navra duvarn n mapaywyn €pyou e Tn Aettoupyia uag Bepknig unxavig
HETAEU auTwV TwWV dUO BEPUOKPATLV.

Edv n TehiIkA migeon Tou cuotruarog eivat peyaAUtepn and tnv Tiieon Tou
neptBéMovTog, TéTe eival akéun duvarty n mapaywyn €pyou, epocov erl-
Tparel n ekTévwon Tou CUCTHUATOG OTNV Tieon Tou TIEPIBAAOVTOG.

Edv n TeMikn TaxuTnTa ToUu ouoTApaTog dev elval Undevikr, TOTE N Kivn-
TIKN) auTn evépyela prnopel va xpnowomnotnbel oe éva aTpdfilo, ou Ba
METATPEYEL OE PUNXAVIKO €PYO.

‘Eva ouoTnpa mou BpiokeTal apxika o kardoTaon mApoug eEAvTAN-
ong, dev umopei va mapdyel €pyo. MNaparnpeital 6t1 n atydoealpa mou
pag mePIBANAeL, TIEPLEXEL A TEPAOTIA TIOOOTNTA EVEPYELAG OUWG, N EVEP-
yela autr| Bploketal oe katdotaon TAPoug eEAVIANONG Kal dev TIEPLEXEL
Suvauko €pyo.

Enopévwg, urootnpiletal 6t éva guotnua 6a HeETaPEPEL TO PEYLIoTo du-
vato épyo, étav autd Ba mpayuaTomnolel Ua avIIOTEETTTH BePUOSUVANIKNA
peTaBoAr] and tnv Kaboplouévn apxlki katdotaaon, éwg ekeivn Tnv katd-
otaon Tou neplBarovtog Tou. Auté naplotdvel Tn duvatdTnTa TOU CUOTY)-
HaTog Yla TNV rmapaywyr] weghiou épyou kat eivat autd mou ovopdletal
“cEépyela”.

Eivat onuavtikdé va katavonBel étL n napduetpog “eE€pyeia” dev napt-
OTAVEL TNV TPAYUATIKY] TOGATNTA TOU £PYOU, TIoU Ba Mapdyel e TV eyKa-
TAoTaon TNQ U CUCKEUN Iapaywyng épyou. AvtiBeta, maploTAvel TO avw-
TEPO OPLO NG MOadTNTAG TOU £PYOU, TTIOU UIopel va mapdyel pia OUoKeUN,
Xwpig va napapldlel karotov anod Toug vopoug g Beppoduvapikng. Mavra
Ba undpyxel pa Pikpn A ua peyain diagopd avapeoa oTny EVEPYELQ KAl OTO
payuatikd épyo, mou Ba mapdyetal arnd pia ouckeur). H dlapopd auty
unootnpiCetal 6Tt eival Ta meplbwpla, ota oroia ol Texvikol €xouv T duva-
TOTNTA VA KAVOUV TIG BEATIWOELG YLA TNV €E0IKOVOUNON EVEPYELAG. ZNHUELWVE-
Tal 611 n e€épyela evdg ouaTruaTog o pia dedouévn katdotaon eEaptdtal
and TI§ ouvenkeg Tou TIEPIBANNOVTOG TOU 1, UmopoUpe va TIoUpE, and v
katdotaon mARpoug eEAVIANONG Kal amnod TiG MAPAPETPOUS TOU CUCTHHATOG.

Enouévwg, n e€€pyeia sival pua mapdaueTpog Tou OUVSUACHOU «GUOTH-
parog — mepIBAAAOVTOG» Kal OxL éVO Tou CUCTHUATOG. AnA. TO va uetaBd-
AelL kdrolog To TiepIBAAov evég cuotripatog eival évag dA\og Tpdrog, yia
va auEnoel v eE€pyela Tou, aMd kATt TéTolo, TEAOG, dev eival TOOO EUKOAO.
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Avagépetal 6ti, avti yia Tov 6po “dlabeoiudtnTa” mou xpnaoornouonke
yla npwtn eopd otig H.MN.A. katd mn dekaetia Tou 1940, oruepa xPNOLUO-
roleitat o .oduvapog 6pog TG eEEPyELaq oU Xpnaotuorowmonke otnv Eu-
pwrn g dekaetiag Tou 1950, kal yU' autd To Adyo Bewpr|OnKe UMOXPEWTIKA
n eloaywyn o’ autd to BiRAIo.

a

MpPoadloplondg HEYLOTNG LoXUOG QVELOYEVVATPLAG
O avepduuhog mou gaivetal aTo oxrua, €xel Eva pdtopa dlauétpou 14 m ka

TpoKeltal va eykaraotadel oe a rieploxr, Orou o agépag guaodel e V = 10
m/s. Na urtoAoyloBel n dlabEaiun LoxUg yia Tov avepduulo. (Zxriua 8.3.2.a)

10 m/s
«—
«—
«—
«—
«—

Ixrjua 8.3.2.a

Adon

O aépag mou Kiveltal, €xel TIG (Bleg 1BIOTNTEG e TOV agpa Tou BpiokeTal
oe npeia, pe T dlapopd 4Tl 0 MPWTOG Exel TAXUTNTA, APA KIVNTIKY) eVEP-
yela.

O aépag Ba epBdoel oe katdotaon TAPoUg eEAVTANONG, dTav avayka-
otel va otauatroel Teleiwg. Emopévwg, otnv mpokeluévn meplmrwon n
“eEépyela” Tou agpa mou Kiveltal, dev elval AAAN apd n KIVNTIKNA Tou eveép-
yela dnAadn:
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V, 100m?/s?

E€pyela = ?2 — 50 /'S,

2 kg
=m?kg/s® =50J/kg =0,05KJ / kg

Auté onpaivel 4Tt kABe povada pdlag Tou agpa Tou Kiveital pe 10m/s,
€xel T duvardmnrta va napdyel €pyo oo pe 0,05 KJ/kg. AnA. évag TéAel0g
avuwtpag, mou avaykdalel Tov aépa va otapatioel Tehelwg, étav autdg
néoel endvw Tou, Ba ekueTaleletal éva duvauikd €pyo (eE€pyela) (0o e
0, 05 KJ/Kg.

Ma va Bpedei n dlabgoiun LoxUg auTng, TIPEMEL va elval YVwoTr 1 moodTn-
TA TOU 0€PQ, ToU JIEPXETAL LA LECOU TWV TITEPUYIWV TNG AVEUOYEVVNA TPLOG
ot povada Tou Xpdvou, dnA. n napoxr| g Halag tou agpa. Mapoxr| nafag

m=p-A-V

4rou : m : mapoxr TNg HAaag

p: UKvATNTA TOU agpa

A: 1003Uvauog dlaToun MPOOTITWOEWS TOU agpa

V: taxUtnTa Tou agpa

.n~D2-V
4

A6 mivakeg Bpiokoupe 6TL og miieon 1 kgs / m? kat Bgpuokpacia 25° C
KQlL 1) TTIUKVATITA Tou aépa eival p = 1,18 kg/md.
Me Tnv avtikatdotaon €Xoupe

e (1’18/m3),(%j(14 m)2(10%j ~129,68 kg/s

Enopévwg, n uéylotn dlabéoiun woxug da eivat:
Mégyiotn dlabéaun oxug = m : x e&€pyela

= 129,68 kg/s x 0,05 KJ/kg = 6,48 KW

Mapatnpeital 6t n e€€pyela eivat {on pe TNV KIVNTIKY EVEPYELQ TOU agpal.
AuTé ogeileTal 0TO Yeyovag OTL 1 KIVNTIKY| EVEPYELA gival pia eVEPYELQ avd-
TePNQ noldTNTag.
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8.3.3 Mapaywyn OepuIKAg evépyeiag amd Eva kauoThpa

Aivetal KQuoTPAG TIOU UMOPEL VA TIEPIEXEL EVEPYELA [IE TN LOPPT) OEPUSTN-
Tag pe pubud 2.016 Keal/s otoug 1.111 K, kat {nteitat va Bpebei n eE€pyela
Mg dabgoung evépyelag, otav n Bepuokpacia tou mepBArovVTOg eival
25° C.

Auon

O Bepuikdg Babudg anddoong autng Tng Unxavig Ba divetat and v
TIAPAKATW OXEoM Me TNV undBeon OTL N BePUIK UETABOAY| TIOU TTPAYUATO-
roleiTal eivat avrotperTn

WPENUO ATMOTEAECUA
KatavAAwaon evépPYELag
298

&—1_£—1 —_—
Q Q, T, 1111

No max =Ng, vt =

Q-Q,

2 -

=1-0,2682=0,732 1 73,2%

Auté onuaivel 4Tt a BepULKN Unxavr Uropel va JetatpéPel autiv Tnv
napexOuevn BepUIKY) evEPYELQ TNV KAAUTEPN TepimTwon To 73,2% Tng Oep-
pétnTag mou AauBdvel and Tov kauotripa o €pYo.

H eE€pyela autou Tou KauaTrpa eival .ooduvapn e v oxU nou napd
yetal and Tn BepuIK pnxavr), otnv oroia ot BepuodUVAUIKES HETABOAER
elval avriotpenTég.

Mapampeital 6Tl To 26,8% NG EVEPYELAG TIOU PETAPEPETAL amd ToV Kau-
oTPA He T pHopdr) Bepudmrag, dev eival SLaBEaio yia TV mapaywyn €pyou.

To TuAMa NG evépyelag rou dev eivatl dlabéaiuo, ovoudletal un dlabéol-
un evépyela. H un diabgoiun evépyela eival anid, oe autrv v nepimTwon,
n dlagopd avdueoa oTtn GUVOALKY) EVEPYELD VOG OUCTAKATOG OE [ia Kabo-
pLouévn KaTtAaoTaon Kat v eEEpyela Qg eVEPYELAS QUTAC.

a

Aivetal BepuIkn unxavr), mou gaivetal oto oxrfpa 8.3.4.a. Autr d€xetal Bep-
pétnTa and wa rnyn Beppokpaaciag 1200 K e pubud 500 KJ/s kat arnoppi-
TIreL ) xapévn Bgpudtnta oe €va peoo Beppokpaaiag 300 K. H oxug €&o-
dou g BepUIKAG punxavng eival 180 KW. Na urtohoylotei 1 1oxug, v omnoia
Mropel va dwaoel 1 Bepikr] unxavr], 4tav ot BePUOdUVAIKEG LETABOAEG TOU
peuoToU autrq BewpnBolv avTioTPEMTEG kal va Bpebel o pubudg ™TQ Un
QVTIOTPEMTIKOTNTAG QUTNG TNG MNXAVAG.
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Mnyn uwnAig Bepuokpaaiag : T4= 1200 K

G =

Mnyn xapnAng Beppokpaaciag : To= 300 K

Zxfupa 8.3.4.a
Nuon
2NV MPWTN MePIMTWon, N moodTNTA TG LoXUOG TOU TTAPHyaye N BEPIKY
pnxavr) 8a eivat; ion e ekeivn TG BePUIKNAG UNXavrG TTou TO peuaTd Ba Aet-
Toupyouoe UpPwva |e To KUKAO Tou Carnot ota idia dpla Bepuokpaciag.
>’ autrjv TV niepimtwon Ba eival

o __w@ENuo amoTéAeopa _ We, ave
%7 katavdhwon evépyelag 1

OUVETIWG

W, o =Ng aur - Qq = 1-t2 -Q, =(1—ﬂJ.500=375KW
: ' T, 1200

Autn eival n péylotm 1oxUg, mou unopel va mapdyel pia BepuLKr) punxav,
otav To epyalduevo peuotd dlaypdpel Eva KUKAO Tou Carnot ota ouykekpl-
péva dpla g Beppokpaciag.

O pubudg g un avtiotpertikdtnTag Ba eival mpopavwg n dlapopd pe-
Ta&u Tng Loxuog mou divel n punxavr, étav To peuatd epyddeTal aviioTpenTtda
Kal NG wPENUNG Loxuog e€6dou

i=W, - W, =(875-180) KW =195 KW

Mapatmpeital 6Tt Adyw TNG U avIloTPEMTOTNTAG TWV BEPUIKWY UeTABO-
AWV xdvovtatl 195 KW duvauikig loxuog. Mapatnpeitat 6t ta 125 kW, nou
npokumTouv and tn diagopd 500 — 375 = 125 KW, Ta onoia anoppimrovrat
Je TN Hop®n BepudtnTag otnv mnyn XaunAng Bepuokpaciag, dev eival di-
abéolua va petatparnolv oe §pyo Kal, CUVETIWG, dev elval HEPOg Twv anw-
Aeldv, AGYW TNG U QVTIOTPEMTIKOTNTAG TWV UETABOAWV.
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”
Z
Z

e Av pia Bepuikn pnxavry akoAouBel autr) tn dladikaocia
napaywyns épyou, opiletal wg Bepuikdg Babudg anod-
doong autrg To mnAiko:

- w@EAo anotédeopa  Q,-Q,
" karavdhwon evépyelag  Q,

. 10 Oswpnua Tou Carnot

«Av g€ dU0 BeplIkég unxaveég To epyaldpevo peuatd Aappdavel Bep-
péTNTa arr’ Tnv Tnyr udnAng otabeprq Bepuokpaciag T4 kat arodi-
Oel éPOG auq NG BepudTag TNV NYN XaUNAN g otabeprig Bep-
pokpaaiag T, kat pe Tnv unébeon 6Tl autd yivetal kat’ avtioTpenTto
TPOTO, oL dUO QUTEG BEPUIKEG UNXAVEG EXOUV TOV (B10 BepIKO Babud
andédoong.»

° 20 Oewpnua Tou Carnot

«H anddoomn pag pn avrotperng Oepkng unxavig eivat mavra pi-
KpdTePN art’ v anddoon Uag avTIoTPEMTAG, dTav kat ot duo Ael-
TOUPYOUV HETAEU TWV (OL1v BEPUIKWOV DEEQUEVWV.

. 30 Oswpnua Tou Carnot

«[la Vv dla uynAn Beppokpaaia T4 n BePUIKA Unxavr, n orola ek-
petalAeleTal peyalUtepn dlapopd Bepuokpaaiag AT, €xel kaAUtepo
Babué anddoong, ylati mapdyel MePIOTOTEPO EPYO.»

. loxUel n mepltwon, katd v omoia uropoupe va avtArjooule Tood
BepudTnTag amd Tnv mnyn XaunAng otabepnrq Bepuokpaciag atnv
mmyn uPnAnq otabepnq Beppokpaaiag (T4) mpoopgpovtag ot Bep-
MK unxavr éva eowteplkd épyo W. Mapdderypa tétolou eidoug un-
xavig elvat to nAekTpikd Yuyeio.

. O Beppuikdg Babudg anddoaong OTIg UNXAVEQ AUTEG, TTIOU TO epyaldpe-
Vo peuoTo daypdgel Eva avtiotpopo KUkAO Tou Carnot, opiletal pe
dUO JLaPOPETIKOUG TPATIOUG.

. Elval og 6Aoug yvwoTd dTL ol evepyeLaKo( TIOPOL TOU TAAVITN Jag eival
neploplopévol. Auté onuaivel Ot eival unoxp€won GAwv 0 TePLoPL-
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OpOG NG OTATAANG TWV EVEPYELAKWV QUTWV TOPWV, YIa VA UIMopEaeL
va avteneEENBeL OTIG aVAYKEG TWV UEANOVTIKWY YEVEWV. ZTNV POCTIA-
Bela autr} GUMBANEL N OlKOVOUIa TV MOPWV AUTWVY, 1 oroia odrynoe
otnv avdmtuén wag véag TeXVIKNG Tng “eEoikovopnong evépyeiag”.
Qq e&€pyeia opileTal TO WPEALO anoTEAEOUA (EPYO), TIOU UopEl va
napayBel and éva ouoTnua, To omnoio BPIOKETAL O LA GUYKEKPLUEVN
KATAOoTAOM KAl 0 €va OUYKEKPLUEVO TIEPIBAAAOV.






9.1
9.2
9.3

9.4

KE®AAAIO

OEPMIKEZ KINHTHPIEZ MHXANEz

Cevika

OepHIKEG KIVNTAPIEG PNXAVEG EEWTEPIKAG KAUONG

OeppoduvapIkog KUKAOG BEpHIKAG pnXavhg eEWTEPIKNAG Kauong.
KikAog Rankine

Kivntripieg pnxavég eowTePIKAG Kauong

193
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®‘ Emdiwkdépevol oTréyol:

[/]

[V/]

€ E E

Na divete TOug OPIOMOUG TWV KIVITNPWV ECWTEPIKNG Kal EEWTEPIKNAG
Kauong

Na yvwpilete Tov KUKAO Tou Rankine kabwg emiong kat TIG MPAKTIKES
EPAPLOYEG TOU

Na avayvwpilete kal va meplypdpete TIG aAAYEG Twv PACEWY TOU
vepou

Na avagépete Toug Tpdmoug ReAtiwong tou Baduou amnddoong Twv
OePUIKWY EYKATAOTATEWY

Na yvwpilete Tov avtiotpopo kikAo Tou Rankine
Na divete TOUg 0pLOPOUG TOU 4XPOVOU KL TOU 2XPOVOU KivnTrpa

Na avaggépete Toug KUkAoug Otto, Diesel kat Sabathe kat va avapépete
TG SlAPOPES TOUG

Na yvwpilete Toug KUkKAoug Brayton & Joule kabwg emiong kal TIg
EQAPOYEG TOUG

O unxavoAdyog, ard oAU alld péxpl Kat onuepa, ekTOG Twv AAWY, aoxo-
AQBnKe Kal pe TNV KATaoKeUr) BEPIKWY KIVNTAPLWY UNXavaV yla Ty napa-
YWY Mnxavikou €pyou and Tnv eKUETANEUON TNG BEPLKNG EVEPYELAG. 2TA
mh\aiola autou Tou BiRAiou Ba mapouciactolv duo KATnyopieg BePUKWY
KIVNTAPLWY UNXAVWV:

A) OepUIKEG KIVNTAPLEG UNXAVES EEWTEPIKAG KaUoNG Kat
B) OepuUIKEG KIVNTNPLEG UNXAVEQ ECWTEPIKNAG KAUONG
H didkpion aut eivat avaykaia e€artiag Tou 611 autég dlagépouv, TO0O

and KAaTaokeuaoTIKAG MAeUPAG, 600 Kal and Tig apxEQ Aettoupyiag Toug.
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Kat’ apxdg 6a npénet va yivel katavontd 6tL facikd atoixelo kdbe Bep-
MIKNG pnxavrq eivat To epyalduevo peuatd, To orolo eival kat o popeag
HeTaPopdg Tng BepudtnTag. Auth n Bepudra pnopel va dobel oto epya-
{6pevo peuatd e dladikaoieg kal LETABOAES ekTAg autou 1 he dladikaoieg
Kal HeTaBoAEQ evtdg autou.

Ekeilveq oL Bepk€Q Unxaveg oTIg omoieg To epyalduevo peuotd Aaufd-
Vel TN BepudtTnTa pe HeTaBoAég ekTdg autou, ovoudlovTtal BEpUIKES KIVITH-
pleq unxaveég eEwTepIkAg kauong. AvtiBeta, exelveq oTig omoleg To epyald-
pevo (peuatd Aappdvel ) Bepudtnta evtdg autoul, ovouddovtal BePUIKES
UNXavEQ e0WTEPIKNAC KAUong.

2TV Katnyopia aut Twv BepUIKWY KIVNTNPLWY UNXavwy uriopoupe va oi-
akpivoupe duo TUTIOUG UNXAVQV, AUTEQ TOU KAeloToU Beppoduvapikol Ku-
KAOU (T.X. OTMOOTPORINOL) Kal AUTEG TOU AVOLKTOU BePUOSUVANIKOU KUKAOU
(T.X. TAAVOPOUIKEG ATUHOUNXAVEG 1] evOg oTadiou aTooTpOBIAoL).

A) OepuIkég KIVNTAPIEG UNXAVEG KAEIOTOU BEPHOBUVAMIKOU KUKAOU

Evag tunog té€rolag pnxavig eaivetal oto oxripa 9.2.a

3 5 6

» ~
f\\

29

10

11 ¥
9

o]

Zxrjpa 9.2.a: Kivnrrpia pnxavi kAeiotol 6eppoduvapikol KUKAOU.

1. AvtAia rou arntattel oAU Afyo pyo, 2. Zuurieon uypou, 3. Yuxpd uypd uynAnig
riieong, 4.Bpaotripag, 5. Zeotdg atuds uyning rileong, 6. Exktévwon, 7. Mapaywyn
&pyou, 8. Wuxpd¢ atuds xaunArg ricong, 9. EE0dog Bepudtntag, 10. ZUUMUKVW-
g, 11. Wuxpd uypd xaunhrg riicong, 12. Eicodog Bepudtntag.

270 1o MAvw OXNHa Paivetal OTL To vepd PeTapeEpeTal pe tn Borbela Tng
avtAiag (1) otov atpoAépnTa, otov ormolo eEatpiletal, apou déxeTal peyd-
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A\a noad BepudtnTag ar’ Ty kalvon Kauoiuwy ouatwv. (H kadon ektdg Tou
atpoAEPNnTa) (2). O mapayoduevog atuog oe uPnAr mieon kat Bepuokpacia,
oTn Guvéxela, odnyeital otn Bepuikn pnxavr) (3), érou Tou divetal ) eukal-
pla extovoupuevo va napdyel €pyo, To omoio napaiappdveral and ta Kvntda
MEPN TNG MNXAVAG HE TN LOPPN UNXaVIKoU €pYOU, TO OTtoio eugavifetal otov
Aova TG UNXavAg. ZTn CUVEXELd, TO PeuoTd Tou Byaivel amd Tn BepuIKN
pnxavn, eivat xaunAdtepng nieong kat Beppokpaciag kat odnyeital oto ou-
MITUKVWTY (4), Orou YUxeTAL KAl UypoTtoleital kal HEow TNG avtAiag odnyei-
Tal OTOV aTPOAERNTA, Yia va enavaAneeel o KUKAOG.

B) OepHikég KIVNTHPIEG PNXAVEG AVOIKTOU BEPHOSUVAUIKOU KUKAOU

>’ autdv Tov TUMO Bepikng unxavrg (oxniua 9.2.), To vepd odnyeital
oTov atpoAépnTa HE€ow TG avtAiag, omou eEatuiletal and ) Bepudtnra,
Tou poaPépetal oto AéBnta. O atudg, o onoiog, Byaivovrag and Tov atuo-
AEBNTQ, €xel UYNAA Tieon kat Beppokpacia, odnyeiTal o€ A MAAVIPOLLKY)
aTHounxavy 1 atpootedBNo Kal and ekel ektovoUuevo mapdyel €pyo, To
oroio petatpenetal and Ta KIVOUUEVa PEPN TNG UNXAVIG 08 UNXAVIKO €PYO.
21N OUVEXELQ, TO PEUOTO OTNV €E€030 NG UNxavng odnyeitat eAelBepa otnv
atuéopaipa. Eival mpopavég 0Tl ol BepUIKES UNXAVES QUTEQ EXOUV XAUNAS
Babué anddoong kat yI' autd de xpnoyonolovvtal TAEov, Tapd pévo oe
el0IKEQ ePapOYEG, OMWG yila TNV Kivnomn avtAlwv avdykng ota mhola.

T

o

3P

C

Zxrjpa 9.2.B: Kivnrpia pnxavrj 6eppoduvapikol KUkAou.

1 9

1. Wuxpd uypd, 2. AvtAia nou anaitel oAU €pyo, 3. Zuurieon uypod, 4. Wuxpo
uypd uynAng nieong, 5. Bpaotnpag, 6. Zeotog atudg uynAng nieong, 7. Toup-
urtiva 1 éuBoro kwvntripa, 8. Mapaywyr} Epyou, 9. Ektévwon atuou xaunAng rie-
ong, 10. Eicodog Bepudtnag.
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Ma va npoodloplotel 0 Babudg anddoong ag Bepikng eykatdotaong,
onwg autn mou delxtnke oTo oxNua 9.2.a, Ba mpEmel va xpnaotuoromoel n
Bewpia Carnot kat pdAiota o kKUKAOG autou, dtav To peuoTo Tou Tov dlaypd-
oel, eival To vepd, ou Bpioketal oe duo PAcelg (aTUdG-uyPo).

Eilval 10n yvwoto 611 0 Bepuikdg Babuog anddoong uag BepuIkAG Pnxa-
VNG, Omou To epyaldpevo peuotd akoAoubel Tov kKUKAO Tou Carnot, divetal
art’ ) oxéon:

Ng :1—£
T1

Mapatmpwvtag Tov KUkAo autd oto didypauua TS (oxrua 9.3.a) diari-
otwvel eUkoha kaveilg 6Tl To peuotd mou Ba Ttov dlaypdyel, Ba mpénel va
napouatdleral, avdhoya pe Tig avdykeg, oe duo pdoelg. H eloaywyn g
BepudtnTag e otabepr) Beppokpacia anattel To peuotd va Bpioketal ot
aépla kardotaon (atudg). Avtibeta, yia v arnoBoAf Tng Bepudtntag oto
nepIBANOV TO PeUOTO TIPETEL va elval og uypr] KATAoTaoT).

/ ////

Tapaywyn
£pyou

oo LLLLLT

S1 So >
Zxfpa 9.3.a
H avdykn va xpnouuorotnouv ol dUo PUOIKEG KATAOTATELG TOU vePOU,

MQG UTIOXPEWVEL VA EAETIOOUE T CUUTEPLPOPA TOU vEPOU Ot dLAPOPES
ouvBnkeq riieong kat Bepuokpaciag.
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9.3.1. Aidypappa ¢acewv vepou

Elval og dhoug yvwotd and tnv kabnuepwvry pag eumnelpia otl, av oe wa
noodtnTa vepou mpooPEpoupe Bepudtnra, Téte autd PBpddel mapdyovtag
atud. O atudg dnAadn eival n agpla poper, ou Tmpe 10 vepd. Avribeta,
av and pa nogdtnta vepou apapedel BepudtnTa, AUTO MAYWVEL KAL UETA
Teénetal og ndyo. O ndyog sival wa dA\A\n euoikr katdoTtaon, Tou Urmopel
va undpéel to vepod.

To vepd dnAadn pnopel va uttdpxel oe TPELG JIAPOPETIKEG KATAOTAOELG,
oteped, uypn kat agpla, avaloya [e TIG ouverikeg Beppokpaciag Kat rieong
Tou Bpioketal.

EKTOQ TV KATaoTATEWV QUTWV €ival AOYIKO va UTIAPXOUV OUVONKeG Tiie-
ong kat Beppokpaaciag mou to vepd Bpioketal oe evildueoeq KATAoTATEL,
onwg m.x. ouvunapéng vepou — atuoy, dyou — vepou, Tdyou — atuou.

H petdpaon and ) wa katdotaon otnyv dAn ovoudletal aAayn ¢dé-
ong. Autr| unopel va katavonBel kakUtepa e ) xperon daypauudtwy ota
omnoia petaBdAAovTal oL TTAPAWETPOL TWV CUVBNKWV TIou Bpioketal To vepd.

Tétolwa dlaypduuata — eival (T, v) Bepuokpaciag — edikou éykou, (P, T)
niieong Bepuokpaciag, (P, v) mieong — edikou dykou, (T, S) Bepuokpaciag —
evrportiag kat, Téog, (h — S) evBaAniag (didypaupa Mollier)

I. Aidypappa (T, v)

Av npoopepbel Bepudra o€ pia kaboplopévn pala vepou, evi autod
Bpioketal og mieon 1 atm, t1éte n aA\ayr) Twv ¢Acewv autou paivetal 0To
oxnua 9.3.1.a
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ZxApa 9.3.1.a: Aldypauua pdoswv vepou
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Aiadpopn 1-2 Mpoopépetal Bepudra, n Bepokpacia Tou vepou au-
Edvel, autod dlaotéMetal (Bepuokpacia tou onueiou 1 pueyalitepo Twv 4°
C) kat au&dvel o edIkdg Oykog Tou. Ta onuela Tng ypauung 1-2 anoteholv
TN YPQUWY) TOU KOPETUEVOU UYpoU, uttdpyel dnAadr| pévo vepd.

Ai1adpopn 2-3 MNapdho Tou guvexiCoupe va pocPEpoupe BepudtnTa n
Beppokpacia Tou vepou mapapuével otabepr]. Ard €va onueio Kal PeTd -
eavifovtal kat atpol al\d n Beppuokpaaia eEakoAoubel va mapapével otade-
pr). To ood g BepUdTNTAG TIOU TIPOOPEPOUE 0T Pdon 2-3, ovoudleTal
AavBdvouoa Bepudtnta arpornoinong. H Bepudtnta napauével otabepr| kat
ovoudletal Beppdnra arponoinong.

Aiadpopn 3-4 ZuvexiCovrag va mpoo®Epoupe BepudtnTa, n Beppokpa-
ola Tou peuotou au&dvel kat 0 GYKog Tou peyahwvel. To vepd €xel uetatpa-
niel 6A\o oe atud.

H diadikaoia pnopel va avaotpagel kat arnd tn ¢don atuou Tou vepou va
KataAn&oupe otnv uypn ¢don Tou, al\d ndvta kdtw and Tnv dla otabepn
niieon 1 atm, pe  dlagopd 6t1 de Ba HIAALE yia aTuoroinon aA\d yia uypo-
roinon kat Aavedvouoa BepudtnTa uyponoinong.

Av enavaAdfoupe To Teipaua akplBwg e v Bla Bepuokpacia ar\d
He JlaQopPETIKES TIETELG KABe Popd, Ba KatalEoupe oto SIdyPAUUA TOU
oxruartog 9.3.1.6.
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T,°CA

Kpioipo onueio

37444 f========~
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/
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Kopeouévog )/v

aTuog

>

0.003155 u, m3/kg
ZxAua 9.3.1.8

And To napandvw didypapua napatnpoupe 6TL dha ta onpeia, oTa omoia
apx(Cel va mapauével otabepri n Bepuokpaaia, arnoteAouv i KauruAn (ye-
WUETPIKOG TOMOG), 0e K&Be onueio TNG omolag To vepd BpiokeTal oe uypn
Katdotaon kat ovoudleTal KaumuUAn kopeapévou uypou. Mapatnpeital ot
TO UAKOG TOU guBUYpPAUUOU TUATOS elival MapdAANAo TIPOG TO IAKOG TWV
TETUNUEVWY, eV 000 au&dvel n miieon, To peyebog Uikpaivel kal yivetat un-
deviké oto onueio C. Anhadr oto onueio autd To vepd mepvdel anod v
uypn otnv agpla edon art’ eubeiag 1) akoun unootnpiletal 6t oto onueio C
OUVUTIAPXEL N UYPN Kal N aépla ¢pAon Tou vepou (kpioyuo onpueio).

H kaurUAn, n omoia evwvel Ta onueia ota onoia apxiCel mdAt va au&dvel
n Bepuokpacia, ovoudletal KAUTTUAN KOPEGHEVOU aTpoU Kat dnAwvel 6TL oe
K&Be onuelo autig To vepd Bpioketal umd T popen atuou. Mapatnpeital
4Tl 0 aTUOG TIOU TTapAyeTal oTIG eVOLAPETES KATAOTACELG, OTIG OTtoieq 1 Bep-
pokpaoia mapauével otabepr], ovopdleTal aKOPEOSTOG KAl Xapaktnpiletal
and tov T{tAo Tou, dnAadr| and To Babud EnpdtnTag, ou eival n MEPLEKTIKG-
TNnTa Tou vepou og uypn katdaotaon.
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= Mapatripnon

Mapatnpeitat akoun ATt oL 2 KAUMUAEG KOPEOHUEVOU ATHOU KAl KOPETHE-
VOU uypoU cuvavtiouvtal oTo onpeio C.

T A
Kpigipo Q.
onueio N4
K/
G% ’
o’\ /
Va4 ™~ -
Mepioxn L Q§"Q, ",
OUUTTIEGPEVOU 0@/
weos [ _______2° % ,
<,
/
4
7
4
i I ’ Mepioxn
II < Meproxn uTTépBepOU
] arpou

KOPETEVOU
uypouU-aTuou

Zxpa 9.3.1.y

210 oxrjua 9.3.1.y mapartnpoupe ATl Ol YPAUUES KOPETUEVOU UYPOU Kal
atpoU xwpiCouv v emupdvela oe dLAPOPES TEPLOXES OMWG TIEPLOXT] TOU
Kopeauévou uypou (1), meploxn] Tou unépBeppiou atpou (2) Kat TepLloxr| TG
evdldueong kardoraong uypou—atuou (3)

Il) Aidypappa (P-T)

Tig peTaBoAég Twv PATEWV TOU VEPOU UMOPOULE VA TIG UEAET)OOUE O
éva dldypappa pe ouvtetayuéveg v tiieon (P) kat t Bgpuokpacia (T). To
dldypauua autd ovopddetal kat didypaupa ¢doswy, yiati o’ autd diakpivo-
VTAL 1 A GAon and v AAAN Pe TPELS YPAUUES:

a) H ypauur) Tng e€dxvwong, (n petdpaon amd Tn oteper ¢Aon otV
aépla) dlaxwpilel Tnv ePLOXN TG OTEPENG amd Tnv agpla eAo.

B) H ypappr tng e&atpiong, dlaxwpilet mv mepLoxr) g uypng ano ty
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agpta gdon Kat

Y) H ypapun g mEng (1) mEng), Slaxwpiel v meploxr| g oTepENg
ard Tnv uypn edon.

O tpelg auteég Ypauuég ouvavtiouvtal 0’ €va onpeio, 0To omoio oL TPELg
@doelg Bpiokovtal oe Ioopporia kat ovoudletal TPAS onuelo.* (* X’ autd
TO onpelo To vepd €xel kplowun mieon):

P, = 22,12 x 108 N/m?

Kal kpiown Bepuokpacia T, = 374,15°C)

Mapatnpeital 4TL N ypapur) eEATong otapatd oto Kpiowlo onpeio, d1ott
ndvw arnd to onueio autd dev eival duvatd va yivel didkplon YeTta&l uypng
Kal aéplag eAaong.

270 Sldypappa autd ol ouoieg ou dactéAovTal 1§ cucTéN\ovtal katd
v m&n, dlapgpouv pévo Katd Tn opd THENG.

ll) Aidgypappa (P, V)

Ta daypduuata os ouvtetayuéveg mieong (P) kat edikou éykou (V),
€Xouv Hop@r| Tepimnou Bla pe ekeivn oe auvtetaypéveg (T, V), ue ) pévn
dlapopd 6t dlakpivetal otabepn Beppokpaaia (oxrua 9.3.1.3.)

‘Eotw 6Tl §Xoupe a nogdtnta vepou oe Bepuokpacia T4 oe miieon Py
kat og edIkd dyko V4. Edv n niieon P4 elval oAU peydAn téte mapdAo mou
Ta Uypd Bewpoulvtal aguurieota, n Haga Tou vepou €xel unoatel auth Tnv
niieon, pe anotéAeoua va undpxel o avtiotolxog edikdg dykog V1. Av pel-
wBel n nieon, téTe auEdvetal, €oTw Kat Aiyo, o e1dkdg dykog. Zuvexilovtag
va pewwvetal n riieon (n Beppokpacia dlatnpeital otabepr)) o0 eOIKOG OYKOG
AauBdvel a T, mépav Tng omnolag n nicon napapével otabepr) aAAd o el-
JIkdG dykog V¢ mapouatdlel peydheg etaBoA€g. AuTh n epLoxr| oTnv ornoia
dlatnpouvtal n rieon kat n Beppokpacia otabepeg, aMd aANAZeL 0 E1BIKOG
dykog, sival ) meploxr) alN\ayrg g ¢dong Tou vepou. And éva onueio kat
META apxilel va pewwvetal n mieon, n Bepuokpacia va mapauével otadepn
Kat 0 eldIKOG OYKog va peTaBaretal oAU Atydtepo armd mponyouueva. Av
enavaidpoupe v dla dladikacia oe dlaPopeTIKEG BepoKpaaieg, Exoule
onwg kat ponyoupeva To didypauua Tou oxiuatog 9.3.1.5
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Zxjpa 9.3.1.3

>’ autd To dldypaupa mapatneeital N YPauur Tou KOpeoUEVOU uypou, N
YPAUUY) KOPEOUEVOU aTOU, TO KPIOWo onuelo Kal Ol TTIEPLOXESG CUUTTIIETE-
VOU uypoU urépBepliou atol kal KOPEoUEVOU UypoU — atjod.

IV) Aidypappa (T, S)

I 1a TIQ TPAKTIKEG EPAPMOYEG, OTWG Yia TIAPADELY A EKEIVES Ol BEPUIKES
pnxaveég mou akoAouBouUv Tov KUkAO Tou Rankine, eival xprioto to didypap-
Ma ekelvo Tou €xel ouvteTayuéveg tn Bepuokpaaia (T) kat Tnv evrporia ( S)
pe povada tng evrponiag: KJ/kgr K pe avagopd pdaga vepou 1 kgr 2 autd to
Jldypaupa Kal otnv apxr| Tou 1 evipornia Tou Kopeauévou uypou eivat ion
pe undgv atoug 273 K.

H kaurUAn mou TaploTdvel To KOPeoEVO vepd Tiepvd and Tnv apxr Tou
dlaypdupatog kat replopiletal uéxpl To Kpiowo onueio C. To pépog Tou
Agova TwvV TETUNUEVQV TIOU TIEPLEXETAL UETAEU TWV KAUMUAWY TOU KOpPE-
opEévou vePoU Kal KOPEOUEVOU aToU ouunimTel pe Tnv 1.odBapn petaBoAn
otoug 273 K.

Eva didypapua ¢aivetat oto oxiua 9.3.1.e, 010 omnoio ot gupBoAopol
elval (ot pe autoug ou avagépovtal kal oto dldypauua P, V. 1o nedio pe-
Ta&U TV dUO OPLAKWV KAUTUAWY OL LodBePEG Kal LOOBAPES UETABOAEG OU-
urirtouy Kat eival eubeieq mapdAnAeg wg Tipog Tov Agova g eviportiag.
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Ixnpa 9.3.1.€

21NV TePLOXT| ToU UTEPBepUOU atpoU ol 1.odBeppeg METABOAES elval eu-
Beleq MapdMnAeg wg MPOog Tov AEova TwV TETUNUEVWY, EVW OL LoOPBAPE(Q
€xouv KAion mpog Ta ndvw. 1o d1o didypapua Gaivovtal Kat ol KQUTUAEG
{oou TiTAoU KaBWG kat duo KapumUAeg oTabeprq evOaATTiag.

V) Aidypappa MOULIEUR (h - S)

2TIG TIPAKTIKEG EPAPUOYEG TWV BEPUIKWY UNXAVWY UE aTUO, MEYAAN XPN)-
on €xel To dldypauua, oTIq TETAYUEVEG TOU omoiou PEpeL TNV evBaAriia oe
KJ/kgr kat otig tetunuéveg tnv evrportia oe KJ/kgr K. O Adyog eivat 6tLn ev-
BaAria yia Tov atud dev eivat pévo ouvdptnon g Beppokpaaiag, yI autd
Kat xpnooroteital To didypappa Tou oxiparog 9.3.1.0t
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Zxrjpa 9.3.1.0t1

2’ autd napatneoupe 6Tl 0To dlAoTnua PeTa&U Twv dUo OPLaKWY KaumU-
AWV ol 108Beppeg Kal oL LooBapei TautiCovTal Kat eival eubeieq KekAIUEVEG,
Twv onoilwv n kKAion au&dvetal pe Tnv Bepuokpacia. AvtiBeta, oto nedio Tou
unépBepuou atpou ol LooBapelq kAivouv Tpog Ta mdvw Kat oL lodBepueg
TPOG TA KATW.

Mapadeiypata epappoynig autold Tou SlaypApUaToq KAl TwV TTPOoNyou-
pévwv Ba doBouv Oe endueEVES EVOTNTEG.

9.3.2. MpakTIKn epapuoyn Tou KUKAou Tou Rankine

Oewpwvtag TN Bepuiky eYKATAOTAON TAPAYWYNG €PYOU TOU OXNMATOG
9.3.2.a
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ZxAupa 9.3.2.a

A

1. AvtAla rou anattel oAU Aiyo €pyo, 2. Zuumieon uypou, 3. Yuxpo uypd uynAng
niieong, 4.Bpaotripag, 5. Zeotdg atuds uwnAnig nieong, 6. Ektovwon, 7. Mapayw-
yri épyou, 8. Wuxpdg atuds xaunArig riieong, 9. EEodog Bepudtntag, 10. Suuru-
Kkvwtng, 11. Yuxpd uypd xaunAng nicong, 12. Eicodog Bepudtnrag.

arnodeixtmke 4TI | epapuoyr Tou KUkAou Tou Carnot, yla Tov UTTOAOYIOUO
Qg BepuIKng anddoong TNG EYKATAOTACEWS AUTAG, AnalTouoe TO PEUCTO
va €xel duo QAcELG.

>xedldlovtag Tov KUKAO Tou Carnot yU' autrjv Tnv eykataotaon 6a €xou-
le To dldypapua Tou oxrjuarog 9.3.2.8

A uynAn Triean
TiF - -

Tob -

ZxAua 9.3.2.8

Mapatnpeital 61t Aettoupyikd MPoPARUATA TNG BEPUIKAG UNXavig amd
™ XPNon uypou atgou XapnAng &npdtntag mdavw ota mrepuyld Tng Hag
avaykdalet va aMd&oupe tnv noldtnTta Tou atpol apevog Kal APETEPOU va
au&nooupe To euPaddv Tou kUKAou ota Bla épta g mieong. M’ autd to
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AOYO CUUMANPWVETAL 1) EYKATAOTAOT e AAAa BonBnTikd pnxaviuara (oxn-
Ma 9.3.2.y)

3. 8% 4 % -
; 2. y 5 7.
5 _1
e »o
1.9 1
a 10. = 4
4 4

ZxApa 9.3.2.y 1. Zuuricon, 2. Yypd, 3. @épuavon, 4. Bpaoudg, 5. YrepbEpuavon,
6. Boaotnipag, 7. Atudg, 8. Mapayduevo &pyo, 9. ATuOG, 10. ZUUMUKVW-
g, 11. Yypd.

Me Bdon autrjv Tnv eykatdotaon oto dlaypapua T-S o BepUodUVApIKOG
KUKAOG Tou dlaypdgel To peuatd, aivetal oto didypauua 9.3.2.8.

/7
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Ma mv Bl eykatdotaon o BepuIkdg KUKAOG 0To didypappua P, V eival
onwg oTo oxNua 9.3.2.¢.
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Zxrjpa 9.3.2.¢

210 dldypapua Tou oxrjuarog 9.3.2.0t yivetal n glykplon Tou Beppodu-
VauIKoU KUKAOU Ttou akoAouBel To vepd, e Tov KUkAo Tou Carnot, o oroiog
EXELTIG (Dleq Bepokpaoieg

T
A

/ YKp!1 TTepIoxn): épyo Carnot
|_Aiaypappiopévn
TTepIoxn:

£pyo Rankine

» s

Ixqpa 9.3.2.01
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270 OoxrjMa auTd, To epPBaddv Tou dlaypPaUOUEVOU HEPOUG elval TO OO
NG BepUATNTAG TIOU LETATPEMETAL OE EQYO, EVW TO YKPL LEPOG EKPPALEL TOV
KUKAo Tou Carnot otiq (dleg oplakég Bepuokpacieg Aettoupyiag Tng eykatd-
otaong.

daiveral kaBapd néoo améxel n anddoon autrq TG BePUIKNG eykatd-
otaong and Jia Bepuikn unxavr, n onoia epydletatl oUPPva e ToV KUKAO
Tou Carnot. ©a urnopouoe kaveig va unootmpi&el 4tin Bepuikr eykardoTtaon
epyadletal pe oplakég Beppokpaanieq oo didypauua Tou oxrjuatog 9.3.2.C.

YKpI TTEPIOXN : €pyo Carnot

>» -

dlaypauiopévn repioxn: €pyo Rankine

Ixnpa 9.3.2.7

BA€roupe OTL 0° autriv TV miepimTwon ta eupadd Twv kUkAwv Tou Carnot
kat Tou Rankine diagg€pouv oAU Afyo kat 8a itav pia oAU KaAr nepimrwon.
Ouwg, onwg npoavapEpape, AEITOUPYIKEG AMAITAOELG TWV BEPUIKWOV UNXa-
vV (atpootpoBilwy) dev emTpénouv Tn XPNon Tou, AOYw TOU GAVOUEVOU
NQ onnAaiwong, TNG KATAOTPOPNG TWV TITEPUYiwV Kat AANAwv.

Ma va anogeuxBouv Aowmdv autég ot dUoKOAeg, 0 KUKAOG Tou Rankine
aM\Alel 6pla cuvBnkwv Beppokpaciag kat rieong kat yivetat énwg oTo oxn)-
pa 9.3.2.1.
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‘Epyo Rankine

» S
ZxAua 9.3.2.n

270 OoYua autd, av kal Xavetal éva PHEPog Tou apayduevou €pyou, N
BepUk Unxavr (atuootpedPihog) epydletal he atud kat dev undpyouv Ta
nponyouUueva nmpoAuarta.

9.3.3. BeAtiwon Tou Babpou anmédoong TG BEPHIKIG EyKaTdoTaong

MNa va BeAtiwdel 0 Babudg anddoong g BePUIKNG eykaTdoTaong Tou ava-
QepduaoTe, Ba mpénel To euBaddv Tou Beppoduvapikold kUkAou Tou Rankine
va MAnotadet to euBaddv Tou kKUkAou Tou Carnot.

Tautdxpova, yla va meploploTel kat n TeAKN Bepuokpacia 5° katapeu-
youpe oge AUoelg, uia and Tig onoieg gaivetal oto oxrjua 9.3.3.a
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Zxpa 9.3.3.a

1. Yypd, 2. Wuxpd uypd uynAng niieong, 3. Emavabépuavon, 4. Ogpuatudg, 5. Toupurti-
va dUo paoewy, 6. ATUGS, 7. ZUUMUKVWTIG.

>e auté napatnpeitat 4Tt 0 atudg, agou "epyacTel” oTn BEPUIKN UNnxavn
(MeTafoAr] Y-0O) enavabeppaiveTal MPOCPEPOVTAG O€ AUTOV BEPLKN EVEP-
YE€la O€ A evoldpeon mieon (LETABOAY] 3—¢€).

2T OUVEXelQ, O aTHOG KIVOUMEVOG TTapdyel €oyo Katd Tnv adlapartikn
peTapoAn] (e-0).

Mapampeital 611 n Bepuikr) aut) eykatdotaon €xel KaAltepo Babud
arnoédoong and v nponyouuevn, apou To euBaddv Tou KUkAou Tou Rankine
npooeyyilel meploodtepo 1o Bepuoduvapikd KUkAo Tou Carnot, pe ta idla
dpla Bepuokpaaiag, énwg eaivetal oto oxrjua 9.3.3.a.

H dadikaoia Tng avabéppavong Tou atuou otny npdén yiveratl, xpnotuo-
nowvtag SLIAPoPEG TEXVIKEG, Jla amnd TIq oroieg gaivetal oto oxua 9.3.3.8
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Zxrjpa 9.3.3.8

Eivat katavontd dt1, edv BEAoupe va BEATIWOOUNE AKOUN MEPLOTATEPO
TN BepUIKN eykatdoTaor, 6a npénel va augnbel to eppaddv Tou Beppoduva-
MIKOU KUkAou Tou Rankine, wote va MANoLdoel akdun meploadtepo To eUPa-
d6v Tou kUKAou Tou Carnot.

AuTd unopel va yivel pe dldpopoug Tpomoug Onwg:
¢ Me nmoAaniéq avadepudvoelg, dnwg gaiveral oto oxripa 9.3.3.y
® Me amopaocteloelq Jag 1) MePLOCOTEPWY, OMwG 0TO Oxripa 9.3.3.y
¢ Me v au&non tng rieong Aettoupyiag TG BEPUIKNG UNXavNG
® Me ) peiwon g nieong kat g Bepuokpaciag otnv €£0d0 TG Oep-
MIKNG Unxavng
® Me xprion eyKataotaoewv eE0IKOVOUNONG EVEPYELAG

® Me xprioelg edIKWV EYKATAOTACEWY

21V evétnTa autn €ylve mpoomdbela mapouaiaong Tng katavonong Kat
™G XPNONG Tou 13avIKoU KUKAOU BEPUIKAG Unxavng rou ipdtelve o Carnot
Kat 0 pdAog rou €natfe autdg otnv eEEAIEN TWV BEPUIKWV KIVITHPLWV UNXa-
vV eEwTePLKNG Kauong.
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Ixnpa 9.3.3.y
9.3.4. AvtioTpo@og KUkAog Tou Rankine

2TV napdypagpo 8.2.3 mapouctdoTnKe 0 QvTioTPOPOg BEPUIKOG KUKAOG TOU
Carnot kat avapgpbnke 611 unopel autdg va epapuoaotel, dtav to epyaldpe-
VO peuaTé napouatdetal oe SUO KATaoTAoelq (PpAoeLs)

‘Eva mpayuatikd peuotd uropei va diaypdyel éva avtiotpopo Bepuodu-
vaukd KUkAo, énwg ekeivo Tou Rankine. "Evag T€TOL10G KUKAOG ¢aiveTtal oTto
oxnua 9.3.4.a
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ZxApa 9.3.4.a

To peuotd akoAouBel T oelpd petaBoiwv 17,27, 3, 47,17
Evag tétolog avtiorpopog KUkAog unopel va epappootel and éva dipa-
OO peUaTd OTIG BePUIKEG EYKATAOTATELS, TTOU paiveTal oTo oxnua 9.3.4.8
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Zxua 9.3.4.8: 1. Ogpudtnta and Yuyeio, 2. XaunArig rnieong Yuxpd uiyua, 3. EkKTovwtt-
K1} BaABida, 4. Ogpud uypd uPnAiig nicong, 5. Zuunukvwtiig, 6. Ogp-

HOG atuds uynArg rileong, 7. Zuurieotrig, 8. Wuxpdg atuds xaunArng
nileong, 9. Bpaotripag, 10. Eicodog Yuyeiou

Meptypapn eykardoraong

ZupmeoTAg: H unxavr) autr| oupriélel To peuotd and TIG oUVONKeg Tou
onueiou (a) otig ouvBrikeg Tou anueiou (B). O agpoaupmnieoTq auTtdg KIVe(-
TalL e ) Bor|Beta mMpoopePOUEVOU UNXaVIKOU €pyou (NAEKTPIKOG KIVTHPAG)

ZUPTTUKVWTAG: & autd TO peuotd amoPAAAel BepudtnTa pe PHETABOAR
ard 1o onpeio (B) oto (y)

ExTovwTiKr) BaABida: Ze autrv TO PEUCTO EKTOVWVETAL [e TETOLO TPOTIO
wote 1 evBaAria Tou peucTol napapgvel otabepr|, and TG ouvenkeg ()
oty (9)

E&aTpiotq: Ze autdv 1o peuotd aldlel pdon, anoppopwvtag Bepud-
mta and To nepPANov.

Eivat mpopavég 611 n oupurnieon evég peuotou mpayuatornoletal euKoAd-
TePQ, Otav To peuoTo eival e agpla eaon. MNa 1o Adyo autd o avtiotpoPog
KUkAoG Tou Rankine maipvel Tn pop@rj oe didtypauua T, S énwg ¢aivetal oTo
oxua 9.3.4.y.
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Zxpa 9.3.4.y

9.4.1. Tevika

H katnyopia aut) Twv kivnpwv avartixnke moAU apydtepa and ekei-
VOUG TOUG Bepikolq KvnTrpeg eEWTEPIKAG kauong. H avdykn g eEEN-
&NG Twv punxavav eEWTePIKAC kauong pogpxotav and To peydlo YKo Kal
BAPOG TV BEPUIKWY AUTWV EYKATAOTACEWV KABWG emiong kat Tou Heyd-
AOU aplBpoU TV MEPIKAEIOPEVWV BoNBNTIKWV pnxavnudtwy. Auto eixe oav
aroTéAEOLA TOV TIEPLOPIOUS TWV EPAPHOYWV OTIC METAPOPES ENPAG Kat as-
pog. ‘Etol eEghixBnkav oL BEPUIKEG KIVITNPLEG UNXAVEG ECWTEPIKNG KAUONg
MIKPGTEPOU BAPOUG Kal e KPS aptBud TapeAKOUEVQVY unxavnudtwy. Mia
Baolkr dlagopd LETAEU auTwv Twv duo Katnyoplwv eival 6Tt ol dedtepol
XPNOLOTIOIOUV KAT’ AnMOKAELOTIKOTNTA UYPd kauaolua, Kupiwg Bevlivn kat Te-
TPEAaLO.

Aev Ba rjtav duvath 1 eEENEN TwV BEPUIKWY KIVNTAPWY, AV dev UThpxav
ot ¢uaon uypd kalaolua.

Tnv ovopaoia BepUIKEG KINTAPLEG UNXAVEG ECWTEPIKAG KaUoMG TNV -
pav, onwg éxel On avaeepbel ota nponyouueva, ard To yeyovog OTL To
epyalouevo peuatd Aappdvel Tn Beplikr) evépyela and BePUOSUVAIKY He-
TafoAr), mou yivetal evtdg autou e TNV Kauaom Tou uypoU Kauaoiuou.
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9.4.2. O¢gppikoi kUkAol €pyou oTig M.E.K.

2TIQ OEPUIKEG UNXAVES E0WTEPIKNG Kauoewg dev UMopouUle va WAAUE yia
Beppoduvauikolg KUKAOUG Tou epyalouevou peuotou ald yla Beppikoug
KUKAOUG €pYOU Unxavnig Kat yU' autd To AGyo OTIG TETUNMEVES TwV Beppo-
SUVapIK@OV Slaypappdtwy avti Tou Bepuikol dykou [v = md/kg] undpxel o
dyKog mou napdyetat and t Yetatdron Tou uéiou [V = m3].

"Evag dAog Adyog yla Tov omoio OTIG UNXAavEg ECWTEPIKAG kauong ava-
QepopacTe 0e BePUIKOUG KUKAOUG €pYOou Kal OxL o€ Bepuroduvaukous Ku-
KAOUG, TIPOKUTITEL ATt TOV (D10 ToV 0pLod Tou BepoduvapikoU KUKAOU TOV
orofo urevBupiCoupe:

«<Eva aéplo peuoTo diaypdapel éva 0eppoduvapiké kUkAo otav Eekiva-
€1 amo TiIq ouverkeg evég onpeiou 1 kai diaypdgel évav KUkAo petapo-
AWV eMavePXOHEVO OTIG APXIKEG CUVORKEG.

MNpdyuartl, éonwg darotwvetal otn PEAETN Aettoupyiag MEK To peuatd
omv apxn arnoteAeital and éva pelypa agpiwv, kauaiuou kat aépa, agoul
Kael To kauoluo e To 0&uydvo Tou Tapdyetal oTov agpa, dnuioupyouvtal
Kauoagpla (ouaia dlapopPETIK amd TNV TEonyoUlevn) Kal apou auTtd eKTO-
vwBouv, napdyouv €pyo, To onoio napakauBdvetal and ta Kvntd pépn
TOU KivnTripa Kat anodidetal pe pop®n Unxavikol €pyou (MepLoTpepdeVoq
Aa&ovag). ZTn ouvéxela autod eEEpxetal amnod Tov KVt pa kal avtikadiotaral
pE VEO Kauauo piypa. And ta mio ndvw ¢aivetal kabapd nwg o Bepuoduva-
MIKOG KUKAOG Tou Carnot dev unopel va epapuooTel wg KUKAOG avapopdg
yla ) BeAtinwon Tng anddoong Twv BEPUIKWV UNXAVWY ECWTEPIKAG Kauong.

‘Evag erumA€ov AGYoq yla Tov oroio dev urnopel va xpnotuoroneel o ku-
KAOG autdg, eivat &TL aTov kUKAO Tou Carnot undpxouv duo mnyEg Bepud-
mrtag otabepng Bepuokpaciag, iag UPNAIG Kat |iag xaunAng riieong. ZTig
MNXAVEG ECWTEPLKNG KaUong apatnpeiTal OTt urnopel va urndpxet pia uévo
mnyn Bepudtnrag otabepng Beppokpaaciag, n xaunAr, evw n MPooeopd
BepudtnTag yivetal pe petafarduevn ) Bepuokpacia.

Ma 10 Adyo autd, yia m HeAE kat TN BeAtinwon g Aettoupyiag Twv
kivnmpewv MEK eluaote unoxpewuévol va opiooupe BepuIKoUg KUKAOUG
avapopdg.
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9.4.3. Oepuikdg KUkAog Otto

210 oxua 9.4.3.a @aiveral BepUkog KUKAOG €pyou avapopds yla Toug
4xpovoug Kivnmpeeg M.E.K.

Ovoudletal 4xpovog évag naAvdpoukdg kivntmpag MEK, o omoiog og 2
TANPELG OTPOPES TOU AEOVA TOU €XEL Evav KUKAO UnxavikoUu €pYOu Kal 2Xpo-
vog, dtav o€ pia TANpn oTpo®n Tou dEovd Tou untdpxel évag KUKAOG €pyou.
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Zxrjpa 9.4.3.a: Kikhog Otto
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Ma tov 4xpovo MaAvdPOUIKO KivnTrpa €vag KUKAOG avapopdg O GUVTE-
Tayuéveg P-V kat T-S @aivetal oto oxua 9.4.3.q.
>e auTtdv Tov KUKAO Ttapatnpeital 4t autdg anoteleital and duo LooxXw-
PeC Kat duo adlaBaTikEg.
MeTapoAn 6-1: ¢pdon elcaywyng katd tnv onoia praivel oTtov Kivntripa
TO KaUOoWo Uiypa (a€pag—kauaotuo)
MetapoAn 1-2: ¢don Qg ouprnieong katd TV oroia To PEUCTO CUTTLE-
Cetal adlapatikd €wg To onueio 2
MetapoAn 2-3: pdon Tng kauong. MNapaywyr Beppdmrag and v kau-
on Tou piyparog. Eloaywyr) Bepudtnrag and T, €wg Tz. Katd tn didpkela
Ng kauong o dyKog Tou peuctol Mapauével oTabepdq (kalon umnd otabepd
6yko)
Q1=C'\(T3-To)
W=0
AS >0

MetapoAn 3-4: ¢don ektévwong. To peuatd napdyet €pyo.
Q= O,We = -AU43,AS =0

MeTapoAn 4-5: pdon aubdpuntng eEaywyng katd tnv ormoia To peuatd
mou Bploketal oe uPnAdtepn Tiieon Py, Byaivel and pdévo Tou oe éva Xwpeo
Tou erukpatel xapnAdtepn nieon Ps kat pdAiota e atabepd dyko.

Q=C\(T4-Ty)
AS <0

MetapoAn 5-6: @don Qg BePlacuévng eEaywyng. To peuotd dev propel
ard pévo Tou va amopakpuveel kat autd yiveratr avaykddovtdg to va Byel
€KTOG TOU KIVNTrPQ, KaTAvaAwvovtag €pYO0.

O Bepukdg Babudg anddoong uiag BepUkig pUnxavig, g omnoiag to
epyalduevo peuatd, Bewpoupevo wg eviaio, akoAouBel TIq HeTaBOAEG Tou
To TIAvw KUKAoU €pyou Ba divetal and tn oxéon

1

ng =1-
[¢] _
8|(1

2x€on mou Ba anodetxBel MapakdTw, OTOU € N OXEOT CUUMIEONG TOU KIVNTH-
pa Kal K givat To mnAiko
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Twv eOIKWY Beppottwy und otabepr| nieon kat otabepd dyko.
Autj opiCeTal wg To MNAko

omou V4 eivat o oAikdg dykog Tou KUuAivdpou kat Vs elval o dykog Tou
Balduou kauaong (vekpog xwpog)

ANZ gival To Avw Nekpd Znpueio, dnA. eival To avidTeEPO ONUEo TIOU prto-
pel va pBdoel n navw empdvela Tou euBOAou pEoa aTov KUAVPO.

KNZ eivat To Katw Nekpd Znueio, dnA. eival To katwTtepo onueio mou
uropel va ¢pBdoel n ndvw erpdvela Tou euBOAOU U€aa oTov KUMVIPO.

V: elval 0 kKuBlopdg Tou KuAivdpou, elval dnA. o dykog rou dnuioupyettat
and mv kivnon Tou epBoiou and 1o KNZ €wg to ANZ.

Ané m oxéon
V1
8 = —
V2
TIPOKUTTEL
V,+V Vv
=2 =14y —
Vs 2

Kat arté autr| EokUTtTel 4Tt 0 dyKog Tou Balduou kadong

v
V, =——
2 g1
Znuewwvetatl 6Tt 0 KUBLOUOG ag raAvdpopikig MEK de oupnepi\appa-
vel Toug dykoug Twv Balduwv kadong.

O kUKAog ovoudotnke Otto Tpog Ty Tou Mepuavou unxavikou Otto, o
omnoiog uAhomnoinoe Tov TUTO autoU Tou Kivntipa and v Wea Twv ITahwv
Mnxavikwv Barsanti e Matteucci.
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9.4.4. Oepuikdg KUKAOG £pyou Diesel

270 oxua 9.4.4.a ¢aivovtal ot Bepuikol KUKAOL avagopdg yla Toug 4xpo-
voug Kivntrpeq Diesel.

p
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> ®
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ZxfQpa 9.4.4.a

napatnpouue oe autd.

MeTtaBoAn 6-1: pdon eloaywyng. Méoa atov KUAIVOPO elodyeTal a€pag.
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MetapoAn 1-2: pdon cupurieong. To aéplo peuotd (aépag) ouurEdeTal
adlafBatikd kat pBdvel oTig ouverkeg Tou onueiou 2. H Bepuokpacia tou
aépa T, oTo TéA0g TNG oupnieong éxel augnBel (A\dyw ouprnieong). MNpog to
TENOG TNG ouprieonq kat piv 1o €uBoAo epBdcel oto ANZ yivetal n €yxuon
Tou meTpeAaiou. Autd avaptyvUeTal e TOV UTTAPXOoVTa agpa Kat o€ mepLBAA-
\ov Beppokpaciag peyalltepo Tou onueiou avapAeEng, autd avapAgyetal.

MetaBoAn 2-3: ¢don g kavong. To dnUoUPYOUEVO KAUOIUO Miyua,
onwe avagépdnke oty TponyoUlevn GAoT, avapASyeTal Kal Kalyetatl pe
otabepn) riieon npoadlopifovTal oTo peuoTd. OepIKN evépyela Q4.

MeTapoAn 3-4: ¢don adlaBatikig ektévwong. To peuoTd Kat 1 Beppo-
duvauikn autn petafoAn mapdyouv €pyo, To omnoio mapalapuBdvel o unxa-
VIOUOG eUBOAOU-OLWOTAPA, HETAPEPOVTAG TO WG UNXAVIKO €pYO €KTOG TOU
Kivntipa (otov d&ova).

MeTapoAn 4-5: pdon g aubdpuntg e€aywyng. To peuotd eE€pxeTal
arnd To KnTrpa aubdpunta (xwpig Bor|bela) umd otabepd dyko, Adyw NG
dlagopdg Tng ileong Tou KUAiv3pou Kal Tou TiepBEAovTOoG.

MetapoAn 5-6: pdon g Beflacuévng eEaywynq. Ze authyv TNV nepimw-
on 1o peuatd eE€pxetal and Tov KUAMvOpOo ue Tn Boribela g kivnong tou
eUBSOAou Tipog To ANZ.

O Bepukdg Badudg anddoong pag BepUIKiG UNXavig, TG omnoiag To
epyalduevo peuatd, BewpoUpevo wg I3AVIKG, akoAoUBEel TIG UeTABOAEG Tou
TTLo KUKAOU €pyou Ba divetal and tn oxéon:

1 -1

dmou: € 1 oxgamn ouprieonqg
T' 10 TNAiKO TWV BEPUOKPATLWY

T

T

K elval To TnAko Twv edIKWY BEPUOTATWV

H o mdvw ox€on 6a anodetxbel ota endpueva.
O kUkAhog autdg ovoudletal Diesel mpog TiuAv Tou Meppavol pnxavikou
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Rudolf Diesel, omoiog kataokelaoe yupw ota 1893 €va Bepuikd Kivntmpaq,
Tou omoiou To epyalduevo peuatd akohouBouoe autdv To BEPUIKO KUKAO
€pYou.

9.4.5. MikT6Gg BeppIKOG KUKAOG €pyou

H e€€AIEN Twv unxavwv Diesel 0driynoe va epydovtal autéq pe HeyaAUTePO
apBud orpopwv Aettoupyiag. Ma tn BeAtiwon g anddoong autwv Twv
KNPV TIPoTddnke and 1o MdA\o unxaviké Sabathe o mio kdtw Bepuikdg
KUKAOG €pyou TaAwvdpouikric MEK, arr’'démnou mripe kat to évoud Tou.

p
[ata]

60
50
40
30
20
10
4
0 1

0o 02 04 06 08 1,0
v [m3/kg]

T
K] p;=1ata
3000 T1=318K
p=8

2400

1800
4

1200

600} 2

0 01 02 03 04
s [kcal/kgK]

Zxpa 9.4.4.B: KukAog €pyou Sabathe
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O KUkAog autdg oupnep\auBdavel Kat Toug duo TiponyouUevous Beppl-
KOUG KUKAOUG.

Ze autdv naparnpeouue OtL N edon g kauong yivetal katd éva Yépog
und otabepd Oyko (UeTaBolr| 2-3) kat pépog utd oTabepr) Tiieomn (UETABOAN
3-3).

O Babudg andédoong divetal and Tn ox€on

Q -Q,

N = Q,

orou: Q4 BeppdTnTa nou pnaivel Adyw Tng Kavong

Q, BepudtnTa ou aroBAretat oto TePIBAAOV

Q =Qyv-Qp =Cy(T3-Ty)+ Cyp (T3 —Ty)
Q-Cy (T4-Ty)

avTIKaOIoTWVTAG EXOUE:

C,-(T;-T)+Cy _(T'::,_Ts)_C(/ ~(T,-Ty)
G, _(Ts_Tz)JFC;') (T3 - Ty)

N =

dlaipoupe kat toug duo dpoug pe C,’, ondte Ba Exoupe:

C
T,-T, +7?(T:;_T3)_T4 +T,

; C, Ty T +K (T3~ Ty)-T, + T,
e = =
C _ T
Cl
Bewpouvtal Ta mnAika BepUOKPATIWY:
T= k g T_,?’
T2 T2

Kal ekppalovtal OAeg ol Bepuokpaoieg oe ouvdptnon e T Bepuokpa-
ola Ty.

Mpoadloplopdg g To: n HeTaBoAr] 1-2 eival adiapatikr kal loxUel o vo-
HoC TNG adlaBatikig peTaBoAig P - VK = otaB. Epapudlovtag T oxéon
auTn yia ta onpeia 1 kat 2 6a €xoupe

Py. V4 =P5 V5"
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P T Ve =P, TV

Bewpwvtag To PeUaTd WG WAavikG LoYUEL N KATAOTATIKY eElcwon agpiwv
P.V=R.T

epappoléuevn yia Ta onueia 1 kat 2 6a €xoupe:

Py-Vi=R-Ty kat P-Va=R-Tp

KAl avTIKaBIoTWVTAG TTPOKUTTTEL

R Ty VKT = R TV,

dev yivetal peydho Adbog, av Bewpriooupe, oTnv niepimrwon Twv Bevd-
VOKIVNTAPWY, OTL avTi va uraivel Kauoto piypa evidg autwy prnaivel aépag.
2uvenwg To K eival To mnAKo Twv eBIKWY BEPUOTITWY TOU agpal.

koSe
C,
Me tnv undébeon autr n ox€on yivera:
T1 VK_‘I =T2V2K_1
Vb V.
T,=T, # =T1(V—‘j
2 2
Kal eNewdn
¥
V2
T, = TE«
Mpoaodloplopdg Ts and tn ox€on
L
T2
Ta=1-To=1-T;4 - Ex1
Mpoodloploudg T3™ and ) ox€on
T = E
T,

npokUrTel 6Tt Ty =17 - Tg=1-1 - T¢ - E<!
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Mpoadloplopdg T4 H petapolry 3—4 eival adlapartikr kat epyalduevol
onwg pornyoupueva Ba €xoupe

P3" - V3'=P4 . v4

Pg " V' Vg =T = Py Vg Vg KT

R.Tg - VgK-1=R, Ty VK1

Tg - Vg =T =Ty VK-

K'-1
. Vi (Vs
T4:T3W:T3[_]

4

AvtikabloTtwvtag Tiq Bepuokpaaieq Ty, T, T3" kat T4 ot ox€on (A) kat
KAvovTag TIG MPAEELG TTPOKUTTTEL
1 T-TK-1
e T-1+K'T(T'-1)

otV Teleutaia ox€on naparnpeeital 4t yla

T =13nA
T!
T=—2=1
Ty
Ts' = Ts

otav n kauon yivel und otabepd Oyko (KUkAog Otto), n mponyoupevn
oxéon divel

1
ne 21—F

OnA. anodeixbnke o TUMog Tou Babuou arnddoong tou KUkAou Otto yia
T=1

T3 = T, OnA. n Kauon yivetat untd otabepn rieon (kKUkAog Diesel)
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>’ autrjv TV niepimtwon Ba eival
1 T(k-1)
e K(T-1)

anodel&n Tou Babuou anddoong evog kivntrpa Diesel

9.4.6. ZUykpion Twv BeppIKWV KUKAwV €pyou Otto kai Diesel

ZUyKpivovtag Toug Beppikouq Babuolq anddoong Twv BEPUIKWY KUKAWV
Otto kat Diesel, mapatnpouue dtL 0 Bepkdg KUKAOG €pyou Otto €xel KaAU-
TePO Babud anddoong and Tov avtiotoiyo Diesel mou onuaivel 4Tt pia pn-
Xavr), otnv ornoia To epyalouevo peuatd epydletal CUUPWVA [e TOV KUKAO
Otto oTiq dleq 0pLaKEQ TIUEG TOU KUKAOU, €xel kaAUTepo Babud anddoong.

Mpdyuatt To mnAiko
T'(k-1) gy
K'(T'-1)

Kal ouvenws o Bepkdg Babuog anddoong tou Diesel eival ukpdtepog
Tou Otto.

270 (310 anoTéAeapa KAaTaAryoue, Qv Bewpr)ooue TOUG BePIKOUG KU-
kAoug Diesel kat Otto étt arnotehouvtal and MoANOUG OTOLXEWWDELG KUKAOUG.

p
A Alog@opd TTapayouEvou

p
MNa idlo / €pyou KUkAou diesel
oupTTIEDNG 4 KivntApag diesel

Ala@opd TTapayouevou /// UWNANG oupTrieong

£€pyou KUkAou Otto Y
J Kivnmpag Otto
KUKAOG ‘%/? W :
//// diesel // XaunAng oupTieang
\ <
o

>» v » v

N

S

\\\\\\\\

N

Zxrjpa 9.4.6.a: ZUykpton kntripwy Otto kat Diesel

21a o ndvw diaypdupara naparnpouue 0t 0 kUkAog Otto anoteAeital and
OTOLXELWDELG KUKAOUG, TIou €xouv OAoL TNV dla ax€on ouprieong €. AvtiBe-
Ta, ekelvog Tou Diesel arnoteAeital and otoxelwdelg KUKAOUG, TwV Omoiwv N
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0X€0N TNG CUMITEEONG OUVEXWG MIKPAIVEL, |Ie OUVETELD aUTOG va "XEL JIKPO-
TEPO Babud andédoong.

Ouwg, kdtw and oplopeveg ouvbnkeg Aettoupyiag Tou epyadduevou
peuotoU oTouq MaAvdpopikoug Kivntpeg Diesel, autol puropouv va €xouv
KaAUTepO Babud anddoong.

210 oxua 9.4.6.8 n ypapkn napdotacn Tou Beppikol Babuou anddo-
ong evég KvnPa, Tou oroiou To epyalduevo peuotd rou Bewpeital 1davi-
KO, dlaypdgel éva Beplukd KUkAo Tou €pyou Otto.

1.0
Tid
0,8

.
(218

k=140
k=133

0,6

0,4

To1-=
I
0,2

0 5 10 15 20 7 25

Zxipa 9.4.6.8

Mia mapatripnon nou MPOokKUTTTEL and To napandvw oxnua eivat 4t yla
™ BeAtiwon ag té€rolag pnxavrg Otto, de cuppEpel and €va onpueio kat
META va augrjooule Tn ox€amn gupmieong, yiati 1o képdog ato Badud anddo-
ong eivat HIkpd Kal LAALoTa yia oAU peydAa € Teivel oto Undev.

BéBaia oto pddnua twv MEK 6a diariotwel 6t évag dAog Adyog rou
arayopeUel TV al&non Tou €, eival n dnuioupyia avwudAwy Kauoewv (Onwg
KPOUCTIKY)), e arnmoTEAEOMA va MeplopileTal TO € o€ TIUEG HEXPL Kat 11. AkS-
Ma, autdg dev urnopel va dpet oAU UKPEG TIUEG Kal HAALOTA Ot KATW Tou
6. H avitepn Tiun tou tou € (dnA. To 11) anotelei €va dplo atnv eEENEN Tou
BevqQvokivnpa. TeAkd n ox€on oupriécewg neplopitetar 6<e<11 kat o
Babudg anddoong oe avtioTola opLa.

Ma Toug KIvNTAPEG ToU TO epYalOUEVO PeuoTd akoAouBel Tov KUKAO
Diesel, 1oxUel T0 MPWTO PEPOG TwWV TILO MAVW, dev oxUEeL OpwG To deUTePO,
OL4TIL BV UTIAPXOUV KPOUOTIKEG KAUOELS, CUVETIWG TO € auEdveTal anepldpl-
0Ta e HOVOo eumddLo v Tiieor). Autd onuaivel 6Tl XpelaldouacTe avOeKTIKO-
TEPO KIVNTAPA, HE TIEPIO0dTEPO BAPOG KA.
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2TOUG KIvnTripeg autouq To € peTaBdlietal and 13 éwg 22.
Ta napandvw anoteAéouata gaivovral oTo oxnua 9.4.6.y

&2 70
65

60
55
50
45

40

BaBuég Bepuikng amédoong

35

| ————>
! BevgivokivnTrpeg ! ne
1 (KIvNTApES avaAeEng 53‘0"“
' ue oupTriean) , ‘(\\')\d\oc’
h ! \
' : o
I o : \d)‘}‘ogd
Lo !
' (&) !
ey :
Y :
i (kivnTApeg avapAegng
> JE oupTTieon) N
By L
| | | | | | | |
6 8 10 12 14 16 18 20 22
BaBuog cupTrieang
Zxpa 9.4.6y

Ané 10 dldypauua Tou OXAKATOG ouumepaivoupe GTL OTOUG KIVITAPEQ
véag Ttexvohoyiag Diesel (moAUaTtpopoug) eival duvatdv, av nj oxgon Guprti-
eomng elval ugmAr, o Babudg anddoong va eival peyalutepog and éva Bev-

Qvokwvntipa.

270 oxfjua 9.4.6.0 paivovral kabapd Ta ouPNEPACUATA TTOU TIPOKUTITOUV
arod Ta dlaypduuata Tou oxuatog 9.4.6y.
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‘p‘ MNa idlo
Babuod
oupTTieong

Ala@opd TTapayduevou
€pyou KUkAou Otto

N\

\<\\

Alagopd TTapayéuevou
/‘épvou KUkAou diesel
4 Kivntpag diesel

///JLPI'])\I”]Q oupTTiEong
7

N\

\\\\\\\\\\

i Kivnmpag Otto
KUKAOG ‘ﬁ/;? . ;
; XaHNAfg oupTTieang
//// diesel 1 % 2
<
7

>» v >» v

N

ZxHa 9.4.6.3: Zuykpion Kivntrpwy Otto, Diesel.
9.4.7. Oepuikoi KUKMol €pyou Brayton R Joule

H eEENEN Twv MEK 0drjynoe otnv Kataokeun Kvntrpwv, 0nwg ekeivav mou
¢aivovral oto oxiua 9.4.7.a

QAEPOCUUTTIEDTNG

ATTAITOUPEVO €PYO VIO TNV AEPIOOTPORIAOG

Kivnon Tou GUUTTIECTA £Eaywyr BEpUQY

> Kauoaepiwv

W /.
« Q » £pyo

aépag —»

AV

kaUugoIyo
H IULpn)\r'] TTieon

Zxpa 9.4.7.a: Kwntrijpag kukAou Brayton 1 Joule

Autr arnoteleltal and Wa epyopnxavn, (AEPOCUUTEDTY]), O Omoilog Ou-
MTECEL Kal TTapExel ueyAAn moadtnTa agpa oTov kauoTrpad, Omou To Kauaol-
po avapyvUetatl e O, Tou agpa Kal kafyetal, oTn cuvéxela Ta Bepud Kau-
cagpla odnyouvtal og ia BePUIKN KvnTrpLa Pnxavr] (aepoatpdfilo), drou
epyaletal napdyovrag €pyo, ou apaAapdavel 0 AEovag TG TOUPUivag.

O BewpnTikdg BepIKOG KUKAOG Epyou oe ouvteTayuévesg P,V kat T,S piag
TETOlaG UNXavNg Paivetal oto oxua 9.4.7.8.
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q
A B l r _Tepioxn mapayduevou épyou
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A UWNARAG TTiEONG TTAPEXOUEVN
[N
XOUNAAG TTieang atmoBaAAopevn
A
B a H
Al :

» s
Zxrjpa 9.4.7.8: Aidypappa kikAou €pyou Brayton 1 Joule

O Bewpnrikdg Badudg amddoong autoU Tou KUKAOU, TIoU ovopddetal
Brayton 1) Joule divetat and tov tUmo

K-1

Ng :1—-_::—°:1—(|;—Aj
B B

orou Kk = Cy/Cy

Ot unxavég autou Tou TUTIOU XPNOULOTIOLOUVTAL YIa OTABEPES EPAPILO-
YEQ (M.X. EYKATAOTACELG TAPAYWYNG NAEKTPLKNAG EVEQYELAG) O€ TIEPITTWOELG
QXHNG.

Mapampeital 611 peydho moagd and to napayduevo §pyo Tou gpyaldpe-
VOU PeUOTOU, anoppoddral yla tn Aetrtoupyia Tou ouprieotr| (= 60%).

AvtiBetq, Onwg mpoavagEpae, N avriotolxn Knxavy otov KUKAO Tou
Rankine og uia Begppuikr] eykatdotaon eEwTepIKnG Kauong anoppodd =1%
Tou tapayduevou €pyou. '’ autd To AdY0o, N €EENIEN TWV BEPUIKWY UNXAVWV
gylve e Tautdxpovn al&non tou Baduol anddoong TwV AgPOCUUTIETTWV.
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Eniong napampoulpe 6Tt 0 Bepuikdg Babudg anddoong autig Tng Oep-
MIKNG eykatdotaong eEaptdral and TG oplakeg Beppokpacieq Ty kat Tg,
ouvenwg, a urmopoucape va rouue 6tl, 6go peyalutepn eival n Tg, 1600
KaAUtepog Ba ’vat kat o Babudg anddoong tng Bepuokpaciag mou onuaivel
611, 600 uPNnAdTepN eival n Bepuokpaacia Twv kauoagpinv, TOOO PHEYAAUTEPO
Babué anddoong Ba 'xel n eykardotaon. Autd neplopileral and To yeyovog
6t Ta péral\a and Ta ornoia karaokeudaldovtal agplooTPORIAOL, TIPETEL va
avtéxouv o€ HeYAAeq Beppokpaaieq e HEYANO KOOTOG Mapaywyrq apevag,
Kal apetépou, dtav 1 Bepuokpacia Eenepvd oplopéva dpla, Téte OTa Kau-
cagpla eppavifetal To pavouevo g dLdomaaong, pe anotéAeaua T pelwon
Tou Bepikou Babuou anddoong.

9.4.8 AepiooTpdpirol yia Tnv kivnon agponmAdvwyv (Turbo-Jet)

H epapuoyn Tou Bewpntikol BeppikoU KUkAou Brayton-Joule odrynoe atnv
KATaoKeUun BepUkWV KvnTrpwy, Onwg ¢aivetal oto oxnua 9.4.8.a

(-aspocupmecnr']g

€icodog M eEepXOMEVA KaUOOEPIA

aépa  —> [}// ——> peyaAng TaxutnTag

/

kauaoiyo

L agpooTpdBINog
uWnAn Trieon

ZxAua 9.4.8.a: Kintipag Turbo-Jet

>’ aQuth) ™ Mnxavn yla Tnv Kivnon tou agpomAdvou XPnouUomoLeTal
KIVITIKN EVEPYELQ TWV kauoagpiwv, Tiou eE€pyovtal and Tov KauoTpa.

O aeplootpdBirog ou urtdpxel, dEXeTal éva UEPOG ToU Tapayduevou
€pyou amnd to epyalduevo PEUOTO, YIA va KIVIJOEL TOV AEOVIKO QEPLOTUTTIE-
0T, 0 onoiog anoppPoPA Kat cUNECEL Tov agpa oto BAAapo kauong, orou
Kalyetal To KaUollo, TIOU OTn CUVEXEL TA KAUOAEPLA EKTOVOUMEVA aro-
KTOUV peydheg TaxutnTeq kat eEepxdpeva and tn BepuIkA unxavr) wbouv To
agpPOTAAVO.
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9.4.9 OepuIkEéG unxavég kukAou Brayton-Joule Xwpig aepooupmmeoTn Kai
aepooTpofiro (Ramjet)

Mia tétola Bepikr pnxavr eaivetat oto oxrua 9.4.9.a

=~ .
gioodog > :>/§ —_— s%spxo’psva
agpa —> ,/;-—' —>» KQUOAEPIa

Kauoiyo
ZxApa 9.4.9.a: Kivntipag Ramjet

2’ autrjv 0 a€pag elCEPXETAL e HEYAAN TaxUTnTa oTov KAuoThPa, Orou
KatyOuevo To kauoluo dnuoupyel kauoagpla, Ta omoia eKtovoUeva arno-
KTOUV aKkOun peyalltepn TaxutnTa kat eEgpxoueva mpowbouv Ta agpomid-
va.

Elval mpo@avég 4Tl yla va Aeltoupyrioouy auToi ol Kivntripeg, Ba mpérel
1NOn To agPOTAAVO va Kiveltal pe peyain taxutnta.

9.4.10. Auvdpeig wbnong
Ma va Bpebouv ot duvdpelg wbnong, nmou divouv Ta KAUCAEPLA OTO KIVOULE-
vo Oxnua katd tnv €€0d6 Toug and autd, Ba ePapUooTel 0 TTPWTOG VOUOG
™G BepodUValIKYG O€ avolkTd ouaTruata, Onwg Uropouv va Bewpnolv
OL TIPONYOUEVEG BEPUIKEG UNXAVEG.

"EXoupe:

Q = Ah + Wi + AEc + AE + AE4

21 ox€on autn eivat:

¢ Q =0, ylati Bewpoupe To avolkTtd cUOTNUA WG adlaBatikd

& W, =0, Bewpwvtag OTL n unxavr dev €xel Kivouueva pépn (Ramjet)

¢ AE = 0, Bewpwvtag OTL Ta GUYOKEVTPIKA Tedia TG yng €XOUV MIKPN
avtidpaon ota agpla peuata.

Téte n ox€on yivera:
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V2
Ah+ A—-AE =0
2
Autr| Ypdoetal
Av?
Cp AT+——=0

Tou onuaivel 611 n dagopd Bepuokpaciag ermpeddel v TaxUuTnTa TWV
Kauoagpiwv.
Ané v AMN\n peptd pe v epappoyn Tou vopou tou Newton toxUel N

oxéon:
F-t=Am-V)

Kat

A(m-V)
t

=A(m-V)

>uvenwg 1 duvaun G eivat avdoyn

Fa= ('JT £EEPXOHEVWY KQUOoaepiwy 'J Talaepxouévou aépa )
Tehikd, 600 peyalutepn eival ) dlagopd Tng evbahrmiag, T6oo YeyalUTe-
pn elvatn winoN g Bepkig unxavig.
9.4.11 Oeppikoi KIVNTRPEG Kivhong mupadAwv

210 oxnua 9.4.11.a, aivetal oe an\n} poper| pia diata&n kivnong nupau-

AWV.
XWPOG Kauong

—> gaywyn
—> KOUOOEPIWYV

Zxnipa 9.4.11.a: Kivnripag mupadiou
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”
Z
Z

e Q1 BepuIKEQ Unxavég OTIQ omoieg To epyalOueEVO PEUOTO

AapBdvel Tn BepudTnTa pe HETABOAEG EKTOG AUTOU, OVOUA-

(ovtal BepUIKEG KIVITNPLES UNXAVES EEWTEPIKAG kauong. AvtiBeta, ekel-

veQ OTIG omnoieg To epyalduevo peuoatd AauBdvel ) BepudtnTa evrog
autou, ovopddovtal BEPUIKEG UNXAVES EOWTEPIKNG KAUONG.

® Tovepd unopel va uttdpxel o€ TPEIG OIAPOPETIKEG KATAOTATELG, OTEPEQ,
uypr| kat aépla, avaloya e Ti§ ouverkeg Bepuokpaaciag kai iieong mou
Bpioketal

® EKTdG TwV KATaoTdoewv autwv eival AoylKO va Umdpxouv CUVONKEQ
niieong kat Bepuokpaciag mou 1o vepd BpiokeTal oe eviIAUETES KaATA-
otdoelg, énwg m.X. ouvinapéng vepou — atou, néyou — vepou, Ttdyou
- atpou.

e H petrdBaon and tn wa kardoraon oty dAn ovopdletal ahhayr ¢a-
ong.

e Eival katavontd 611, edv BENouUE va BEATIOOOUWE AKOUN TEPLOCATEPO
™ BepUIKn eyKkatdoTaoT, 6a npénel va au&rooupe To euBaddv Tou Bep-

poduvapikoU KUkAou Tou Rankine, wote va mAnoldoet akdun meplood-
TePO TO eUPadOV Tou KUKAou Tou Carnot.

AuTé unopel va yivel pe dldpopoug TPomoug Onwg:

¢ Me moAanég avabepudvoelg

¢ Me anopaoTeloelg Jag 1 mePLOCOTEPWV

¢ Me Vv augnon g nieong Aettoupyiag Tng BePUIKAG MNXAVAS

¢ Me Tn pelwon g mieong kat Mg Bepuokpaciag otnv €€0d0 Qg

Beppukng pnxavig

Me xprion eykataotdoewv eEOIKOVOUNONG EVEPYELAG

Me xpn\oelq elBIKWY eyKaTaoTdoewv

& Havaykn mg eEENENG TV unxavov eEWTEPIKNG Kauong ripogpxdtav
arnd To HEYANO GYKO Kal BAPOG TwV BEPUKWV AUTWV EYKATAOTATEWY
KaBwg emiong Kat Tou PeyAAou aplBpoU Twv MePIKAELOUEVWY Bonbn-
TIKWV unxavnudtov. Autd eixe ocav anotéAeopa Tov MEPLOPLOPS TWV
EQAPMOYWV OTIG METAPOPES ENPAg Kal agpog. 'ETol eEghixbnkav ol
BEPUIKEG KIVITNPLEG UNXAVEG ECWTEPLKNG KAUONG

* o
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OvopudZetal 4xpovog évag nmalvdpokdg kivnipag MEK, o omoiog oe
2 M\ApeLg oTpoPEq Tou AEovd Tou €xel évav KUKAO Unxavikou €pyou
Kat 2xpovog, dtav og a MAPn otpo@r) Tou Agovd Tou Uldpxel vag
KUKAOG €pYoOu.

Zuykplvovtag toug Bepuikols Babuolg amddoong Twv BePUIKWOV KU-
kAwv Otto kai Diesel, mapatnpoulue 6Tt o0 Bepukdg kUKAOG €pyou Otto
éxel KakuTtepo Padud anddoong and Tov avriototyo Diesel mou onpuaivel
611 ia pnxavry, oty oroia to epyalduevo peuotd epydletal oUWV
HE ToV KUKAO Otto oTig (Bleq oplakég TIHES TOU KUKAOU, €Xel KAAUTEPO
Babud anddoong.

O Bepukdg Babudg anddoong Tou Diesel eivat pikpdtepog Tou Otto.
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ANTAIEZ - ZYMINIEZTEZ

10.1  AvrAieq
10.2 ZupmeoTEQ
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®’ Emdiwkdpevol oTéyol:

Na divete Tov 0pLIouS TWV AVTAWY
Na ava@gpeTe TIG KATNYOPI(ES TWV AVTALOV

Na avapgpete Ta peYEDN Ta omoia XxapaktneiCouv Tiq avtAieg

[ N 5 R 5 R £

Na avagpépete Toug mapdyovreg ol orolol emnEedlouv TNV AvTANTIKA
(KAVOTNTA TWV QVTALWV.

[

Na diveTe TOV OPIOUO TWV CUUTILECTWV.

[

Na avaQgpeTe TIG KaTNYOoPI(ES TWV CUMMIECTWV.

10.1.1. Eicaywyn

O atéppwv koxAiag mou eival yvwotdg kat wg udpdpda 1) €Aka, eival a
and T apXadTePES AVIANTIKEG pnxaveg. Aladdbnke oAU ypriyopa, TOo0
010 XWPOo 600 KAl OTO XPOVo.

‘Ewg onuepa xpnowonoleitat oe xwpeg ™G Aciag. (Ipdk-lpdv-Naki-
otdv-ApaBia kat dAAeg). Elval BéRaio dha ta 1oTtopikd otolxeia To avagps-
pouV OTL AuTd TO PNXAvnua To avakdAuye o ApxIundng (287-212 .X.).

”... 01 0 GVOPWTOL apdEbOVY 0NV TNV TEPLOYH L0 TIVOS UHYAVHG, TV OTOLAY ETEVO-
naev pev o Apyiundng o 2vpoxodeiog, ovoualetol o€ ek Tov GyHuaTos koyllag...”
Ayabapxidng o Kindiog (180-116 m.X.).

BAéroupe Kkat €dw TN peydAn cupBoAr) Tou eAAnvikoU ototxeiou oty Te-
xvoloyia. H mpwm, Aotrtdv, avtAia, mptv arnd 2.300 xpdvia, itav eNANVIK.
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Zxrpa 10.2: Texvikd XQpakTnELOTIKA YLa TNV KATAOKEUN ToU KoxAlQ.
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10.1.2. Baoikég €vvoieq

AvtAieg ovopdlovtal Ta unyavruata pe ta orolia eivat duvatd va petapgpou-
ME L ToodTNTA UYPoU and pia UYPOUETPLKY) 0TABUN g ANAN, TIou BplokeTal
uynAdtepa, 1) and éva xwpeo xaunAnq rieong oe Ao uPnAnig nisong.

Ot avtAieg dev elval Kivntpleg UNXaveég, aAd epyounxaveg, eival on-
Aadr| BepUIKEQ UNXAVEG, OL OTIolEG KATAVAAIOKOUV Unxavikd €pyo Kat mapd-
YOUV KIVNTIKY) 1} SUVAUIKNA evEpyeLa.

10.1.3 Katnyopieg avrAiwv

Ot avtAieg dlaipouvtal Kupiwg oe dUo Katnyopleg:
Q) 2TIG PUYOKEVTPEG avTAieg Kal

B) oTiq avtAieq ektomong

2TIC PUYOKeVTPEG AvTAieg 1) evépyela poodidetal oTto Uypd e TV Tie-
PLOTPOPN NG TMTEPWTAG. H mrepwT KABWQ MepLoTPEPETAL TIAPACTUPEL UE
Ta MTepUYLd TNG Kal To uypd og MepLoTpoPr]. AuTO AGYw NG PUYOKEVTPNG
duvaung, wbeital otnv MepIPEPEL, TIapalapBdaveTal and To CTIUPOEIDES KE-
AUQOG Kal odnyeital ot CwAVwaon KatddAyng.

Ixnpa 10.3: Kpia uépn @uyokevipng aviAlag

1. Otepwtn, 2. Znelpoeldés kEAUPog, 3. Akovag kivnong, 4. Kdiuuua avappopnong
uypou, 5. Bdon, 6. ZtuntelobAilTng, 7. PouAeudv, 8. KdAuuua pouAeudy, 9. Eicodog
uypodu.
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2T1Q avtAieg ektdmiong évag BANaUog MANPWVETAL GUVEXEL amnd TO UYPO
Ttou TipodKettal va avtAnBei, To omoio TEleTal ouvrBwg and To KATOLo EUPo-
Ao. Me autd 1o Tpdro ektomiletal and to BAAauo Kat odnyeital otn owAn-
VEWON KAtdabAng.

Zxripa 10.4: EuBoAropdpog xelpokivntn avtAia
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6aAapog B
KaTabAiyng

Kivntrpiog
agovag

KoxA.
agovag

Zxfpa 10.5: a) Mpavalwtrj avtAia B) AviAia ue koxAieg

JwAnvac avappdepnong eival To TUARpa Tou cwArva, and To onueio napa-
ARG Tou uypoU uéxpL TNV ei0odd Tou otnv avtAia.

2wAnvag katdbAwng eival To TuApa Tou owAjva, and To onueio e£ddou
TOU uypouU arnd tnv avtAia YéxpL To onueio anooToArg Tou.
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2wAnvoypauun eivat To oUvoAo Twv CwARvwy, Yéoa amnd Toug omoioug
PEeL TO UYPO.

2uotnua dvrAnong eival n didta&n Tou cwArva avappdenong, g avtAi-
ag, ToU CwArva KatdbAWng kat Tou Kvntripa.

AvTANTIKG ouykpdtnua eivat €va gUvoAo avtAlv (Hadl e Tov Kivntripa),
TIoU ouvepydaleTal yla Ty AvtAnon Tou uypod.

10.1.4. XapakTnpioTika pey£dn aviAiwv

Kdbe avtAia xapaktmmpiletal and oplouéva Pacikd pey€on, ta omoia v
npoaodlopiCouv. Autd eival Ta UYn ™G avtAiag, n mapoxr g, ot Babuoi
anddoong Kal 1 .oxUg Iou anarteat.

A. Yyn avthiag

Q) 2TaTKO N YEWUETPIKO UPos avappdpnons (Hy), ovopddeTal ) Katako-
puen andotaon and Tnv emepdvela Tou uypou e deEapeviic avappdepn-
ong HéEXPL To onpeio eloddou Tou uypou atnv avtAia. To UYog autd unopel
va €XeL Kal apvnTIKA T, oTnv nepimtwon) 1ou n avtAia eivat tornobetnuévn
xaunAdtepa art’ Tn otddpun Tou uypou.

B) 2tatikd N yewuetpikd Uog katabAwng (Hy), ovoudletal n Katako-
puen andaotaon and 1o onueio €E6dou Tou uypou art’ TV avtAia, Ewg TNV
eMPAvela Tou uypoU otnv deEapuevr) anobrkeuong.

Y) ZTaTK0 1} yewUETPIKO UYos (Hy) ovoudletal To dBpotopa Twv duo mpo-
nyouuevav udwv, eivat dnAadn n andotacn ar’ Tn oTddun Tou uypou ot
deEauevr avappdPnong UéXPL T oTtddun Tou uypou ot deEapevry anobn)-
KEUONG.

Ho = Hy + Hq

d) 'Yyog avtiotdoewyv (H,), elval To oUVoOAO Twv avTloTACEwV, TIOU AToTe-
AoUv eunddlo atnv Kivnom tou uypou. AUTEG Ol avTLoTAoElg opeilovtal o
TPIBES, OTEVWOELS, DLAPOPOUC OTPORINMOUOUG, OTIC KAUMUAES TWV CWANVW-
ogwv, oTnv apeUBoAr| dlapdpwv opydvwv 1 dlakortwy K.A.T. ‘ETal €xou-
ME QVTIOTAOEIG E0WTEPIKEG TNG AVTAIOG KAl EEWTEPIKEG TWV TWANVWOEWV.
AuTéq ol avtiotdoelg pénel va AauBdvovtat undym oTtov UOAOYIOHUO HIAG
avTAiag.

€) OAkd uog (Ho) eival To dBpolopa Tou otatikou Uoug Kat Tou Uouq
Twv avtiotdoewv. Eivat dnAadn:
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Ho = H, + Hg = H, + Hy + Hq

ot1) Mavouetpiké Uog avrAiag eivat To oAikd Uyog (Hp) av a’ autd
apalpéooulle TIQ EEWTEPIKEG AVTIOTATELG TWV CWANVWOEWV KATABAIYNG Kal
avappdéenong, dnAadr autwy Iou dnuoupyouvTal 0TI CWANVWUOELS.

ZxAua 10.6: 'Yyn avtAiag

B. MNapoxn

a) Oswpntkn napoxn (Qg) elvar o dykog Tou uypou, ou Ba €npere va
arodidetal otn povdada Tou Xpdvou, av dev UMNPXAV ECWTEPIKES 1] eEwTe-
PIKEQ DLAPPOEG.

B) Kavovikr) mapoxri (Optimum) (Q,) eivat n anodidduevn mapoxrn, étav n
avtAia epyddetal pe 1o pEyloto Badud anoddong mg.

Y) Mpayuatikn napoxn (Q) elvat 0 Gykog Tou uypou rou anodidetal oTo
OWArva KatdbAwng otn povada Tou Xpovou, und OPLOUEVO UAVOUETPIKO
Uyog Hp,.

0) Eowtepikn napoxn (Qg) elvar o dykog uypou, mou diEpxetal péoa anod
v nTepWT otn povdada tou xpdvou. Emopévwg, eival To dBpotoua g
TIPAYMATIKNG TIAPOXNG KAL TWV ETWTEPIKWY dLAPPOWV:
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‘Ornou Qg eival 0 dyKog Twv ECWTEPIKWV dlappowv (to Qg ivat TIOAU pi-
KpO oe oUykplon e 1o Q).

. Ammairodpevn 10XUG

a) Eloepxduevn 1oxug otov d&ova g avthiag (Ng) elvat n woxug, mou
petaBiBdletal otov d&ova avtAiag and Tov Kvnmpa.

Av n eloepxOpevn LloXUG PETPLETAL OTNV TINYN TTOU TPOPOJOTE( TOV KIvn-
mpea, ToTE:

Ng = ng - Ng (1)

Nk = PaBudg anoddoewg Tou KvnPa.

B) Eowtepikn| 1oxUg (Ng) eivat n ouvoAkr) 1oxuq nou petapidaletal amnd
TNV rePWTH 0To UYPO Tapoxng Qg

Ne=Y-Qg-Hg + Nt 2

‘Orou N n anarroUpevn 1oy UG yla Tnv utepviknon Twv TeLRWV HETAEU Tou
uypoU Kal TnG TITEPWTNG, TIOU eKINAWVETAL UTIO oP®r| BEPUIKAG EVEPYELQG.

H gowteplkn 1oxUG eival ion pe v eloepxOuevn Loxu atov agova g
avtAiag peiov v oxU Nmf, mou anarteitat yia v unepviknom Twv Pnxavt-
KWV TPLRWV TNG avtAiag (tpipeig, cahaudotpa K.A.):

Ne = Ng - Nt 3)

Y) Anodiddpevn oxug (N) g avtAiag eival To yivouevo:

N=v-Q-Hykpm/s (4)

Y = e181kd Bdpog Tou uypou [kp/m3],
Q = npaypaTtikn apoxy [md/s],
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Hy = anodidduevo fi oAk UYog Tng avrtAiag [m].
Av 1o e1BIKG BApog Tou uypou ekppactei oe N/m3, n 1oxlg divetal oe
Nm/s } Watt (1 kp = 9,81 N).

Enedn 1 HP = 75 kp m/s = 0,736 KW n e&iowon (4) ypapetal:

YQHO ’
N= HP 5
2 n (5)
NoY-QH ®)
102

A. Babuoég anoddoewg

a) Yopauhikdg Babudg anoddoewg (ny) elvat o Adyog tou arnodidopévou
1} oAlkoU Uoug Tng avtAiag mpog 1o eowtepkd UYPog.

Ny =—>=—= (7)

B) OYKOUETPIKOG BabBudg anoddoewg (1) eival 0 Adyog TG PayUaTIKAG
TIAPOXNAG P0G TNV ECWTEPIKNA TTAPOXH.

Q
= 8
n Q. (8)

Y) Mnxavikdg Babuédg anoddéoewqg (Nm) eivalt 0 Adyog TNG ECWTEPIKNAG
LoXU0g Tpog TNV eloepxOuevn oxu otov dgova tng avrtAiag:

— Na — Nmf (9)

0) OANkAG Babuog anoddoewg (n) eivat o Adyog tng anodidouevng oxu-
0g Tng avtAiag (N) mpog v eloepxduevn WoXU aTov d&ova tng avtAiag:
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n:N_q (10)

O oAikég Babudg anoddoewg ou ouvrBwg Kupaivetal HETa&U 70% kat
90%, elvar To ywouevo Twv eni p€poug Babuwv anoddéoewg. Av Nf ~ 0, €xou-
VER

N=Ny Ny Nm

Ano tnv e&lowon (10) urnoAoyietal ) 1oxUG Tou mpenel va PeTaPIBAdet o
Kvntipag otov d&ova g avtAiag:

_ﬂ_yO-H

N Skpm/s (11)
n

a

1 oUupwva e Tig eElowaelg (5) kal (6)

N, =Y Qo e (12)
750
Kat
N, = Yoy
102-n

Avtikabotwvtag to Ny and v e&lowon (1) Bpiokoupe TV LOYXU TOU Ki-
vnpa:
_ Y- Q-H 0 KW

102-n-n,

K
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10.1.5. NapdyovTeg mou ennpedlouv Tnv avappoPnon Tng avriiag

H avtAia p€oa oto BdAaud g dnuoupyel éva kevd. Autd eival a mieon
MIKpdTEPN ard TNV ATHOCPALPIKY, TIOU eMKpatel ouviibwg otnv emedvela
TOU UuypoU Kkal EXEL WG AMOTEAETUA TNV Kivnor] Tou, péoa otn cwArjvwon. H
lkavoétnTa piag avrAiag yia avappoenon eEaptdral and apketoug napdyo-
vteg. Mepikoug and autouq avapEPOUE TAPAKATW:
1) And tnv miieon mou erkpatel oTnv eMmeAvela Tou PG avappopnon
uypou. ‘Ooo o pikpn eivat autr), TOoo o SUCKOAO eival To €pyo TNG
avtAlag.

2) And tnv nukvétnTa Kat 1o 1§Wdeq Tou uypou. ‘Ooo o naxuppPeUoTo
elvat autd, 1600 1o SUCKOAQ TO avapPOoPA 1 avtAia.

3) Ano ) Beppokpacia Tou uypou. Eva Yuxpd uypd avappopdral mio
eUKoOAQ, og oxgan pe €va Bepud.

4) Ano tig avtloTdoelg Twv OWANVWoewv. MeydAn SIAUETPOG CWANVWOE-
wv, Aiydtepa dpyava, eubeiq owArveg, Aelol 0To ECWTEPIKO TOUG eival
TIAPAYOVTEG TIOU LELVOUV TIG AVTIOTACELG.

5) H oteyavdtnta g 0Ang eykatdoTaong SleukoAUVEL TNV avappoenon
TOU uypoU.

10.1.6. Karara&n avrhiwv avdloya pe 10 €id0¢ TOU avTAoUPEVOU uypou

ANTAIEZ
Kaucipwv n Amuvm(d)vl I Motwv N TpoPipwyv ] I NepoU 1 piypdTwv
MeTpeAaioeidn Kpaoiwv Méaoipo vepd
(Bevaiviiiknpasivi) Mmupag OaAaacoivo
Yypotroinuéva agpia IaAaKTOg ATTioviopévo
(guo. aépio) EAai6AaBou AupdTov
MnxavéAaia- AkdBapTwv
[pdooa

l Xnuikwv

EutraBwv uypwv

AlaBpwTIKWY

AOUIKWY UNIKWV 1) UTTETOV
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10.1.7. Kardra&n Twv avtAiwv pe Bdon Tnv apxn Aeiroupyiag Toug.

ANTAIEZ
DuyoKeVvTPIKEG Aviywong pe aépa MaAivopopikég
AZOVIKAG PONG Eyxutipeg aépa MepioTpo@ikég
MeIkTiig porg MieoTikoU BaAdpou
>0vOeTEG

Mpdéoouong | Tdipapia |
Atépuovng aAuaidag

AvoikTiG éNikag
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1. Elcaywyn

2TIG TIPAKTIKEG EQPAPMOYEG TOCO 0N Blounxavia 6go kat oTIg HovAdeS LETa-
noinong, EMOKeUNQ KAt GUVTAPNONG, XPNOoNoLeTal eUpUTATA O TETIETE-
vog agpag. Autdg amotelel pa "kabapn" kivntrpla duvaun, n ornoia sivat
arnodnKeuuév.

H omtoudaudtnta NG HEAETNG TWV UNXAVNHATWY T OToia CUUTIECOUV TOV
atpooPalpikd agpa, gaivetal Eekdbapa arnd TIC EPAPUOYES, TIOU avaPEPO-
VTaL TIO KATW:

> Blopnxavia o atpooPalplkdg agpag Kivel TA00G opnTwV 1 kN ep-
yaAsiwv onwe agpdkielda, mpéoeg, dpdmnava, Kappwtikd. 'Exel, emiong,
EPAPHOYEG OTNV Kivnomn ogpBopnxaviopwy. Xta Aatopeia kat otnv odomola
N kivnon Twv yewdpandvwv Kat TwV OPUPLLV YIVETAL PE TIETIIEOUEVO QEPQl.
H xprion Tou €xel EQpappoYES Kal 0 epyacTrpla 0dOVTOTEXVIKNAG, laTpeia
0J0VTIATPLKNAG, XNUIKA 1) MIKPOBLOAOYIKA EpyacTrpla.

>uvepyela QUTOKIVATWY XENOLUOToLoUV TIOAU TOV TIETIIECUEVO agpa yla
apKeTEG epyaoieg. Téhog, peydha oxruata (Aewgopeia-poptnyd K.a.)
€xouv ouoTruata Ednong Kat avapTtnong, Ta oroia Xenaotuomnolouy Tov Te-
TIEOEVO AEPQ, YIA VA AELTOUPYTIOOUV.

2. Fevikd

ZUMMIEOTEQG elval oL unxaveg, Ke TIg onoieqg emtuyxdvoupe Tnv al&non Tng
niieong dlagdpwv agpiwv. Autd yivetal, pe TNV el0aywyn Wag moodtnTag
aeplou amd pia tmyn XapnAig nieong, Tn cupnieon Kat Ty anodrkeuor| Tou
Kai, TEAog, TNV e€aywyn Tou oe dldPopeg MePLOXES-OiKTUQ, yia va XPnoluo-
roinBei.

Ma va emuteuxBel n avgnon g nieong Tou agpiou, Ha mpénel va Poo-
dwooupe €pyo amod kdmola Kivntrpla pnxavr). Auté onuaivel 6Tt ol guprie-
0TéQ KatavaAiokouv €pyo, YU autd kal KAAOUVTAL EPYOUNXAVEG.

H al&non g nieong tou agpiou pnopel va yivel e duo TPOoug:

® Me eAdTTWOoN TOU GYKOU TOU KAl

® Me auv&nom tng TaxutnTdg Tou

To xpnoluomoloUevo agPLo OTOUG CUUTTIETTEG Urtopel va elvat atpoopal-
PIKOG agpag, orolodnmoTe ANO agplo 1| piypa agpiwv 1) akdun kat atudg.
2TIQ IEPLOCOTEPES EPAPMOYEQ YiveTal Xpriomn Tou atpocpalplkol agpa.
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‘Ooov apopd TG JAPOoPES TWV CUUTIETTWY, TIOU XPNOLUOTIOoUV dlago-
PETIKA agpla, eival eNdxloteg T000 WG TPOQ T Aeltoupyia Toug, 600 Kal WG
TPOG TA KATAOKEUAOTIKA TOUG OTOIXE(Q.

2TIG endpeveqg evoTnTeS Ba AvaPePOUAOTE OTOUG CUMMIETTEG TIOU XPNOlL-
MOTIOLOUV ATUOCPAIPIKO AEPA (AEPOTUMTIEDTEG).

3. Zroixeia atgyoo@aipikou agpa

‘Onwg eival yvwotd, 0 athoopalplkog agpag amoteeital and alwto (N»)
78%, 0Euyovo (Oo) 21% kat AAAa euyevr) agpla 1%.

Atpoopaipikr| Tiieon ovoudloupe TNV USPOCTATIKY TIEDT), TIOU AOKEL N
atpdopaipa oe kdBe avTikeluevo, ou Bpioketal yéoa o’ autr. H atyoopal-
PIKT| Tiieomn peldveral, 600 auEdvel To UPOPETPO TOU onuelou oTo omoio T
peTpdue. Aut petplEtal pe T Borbela Tou BapdUeTPoU Kat oL ovadeq €i-
vat:

kp/cm?2 1} mbar i Nt/m2 ; mmHg

H atuoogalpikn miieon sivat 760mmHg 1} 1,033 kp/cm?2, étav uetpnBel
omv emedvela g 8dhacoag. Aut n povdda ovoudletal UOIKY ATUO
oaipa (1 Atm). ZTIQ TPAKTIKEG EPAPMUOYEG XPNOLIOTIOIOUNE TNV TEXVIKN
atpdéopaipa 1 at.

® >y£0€lg TWV PovAadwy Tiieong

1 Atm = 760mmHg = 1,033 kp/cm?

1 bar = 10 N/cm?

1 Atm = 1,0132 bar
4. Katnyopieg agpOCUHTTIECTWV

‘Onwg npoavapgpape, oL oUPTIETTES dlakpivovtal og ekeivoug, oL omoiol
entuyxAvouv tnv auvgnon g nicong pe eAdttwon Tou dykou Tou agpiou
Kal og ekelvoug, oL omolol TNV eMITUYXAvVoUV We TNV augnomn g Taxuttdag
TOU.

O mpwTol KAAOUVTAL CUUTIEOTEG EKTATILONG KAl Ol SEUTEPOL PUYOKEVTPL-
Kol.

OL pev oupreoTéq extdmong dlakpivovtal o€:

® EuBolopdpoug, TaAlvdpouikoUq

® [leploTpoPIKOUG
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O1 3¢ puyokevtplkol o€:

® afovikoUg Kal aKTIVIKNG POT|G

5. Z14d10 oupmieong (moAAamAn cupTieon)

Ze TIEPUTTWOELG TIoU anarouvTal UPnAég mEoelg agpiwv, xpnotuoroloupe
N AeyoSpevn TIOAAMAY| cuprieon e evdldueon YUEN Tou aépa. AuTr] EMITUY-
xdvetal e ouprieon Tou agplou oe dladoxikoUq Kat oe oelpd guvdEUEVOUQ
OUMTIEOTEG.

H sloaywyr) Tou evog cuurieotn eivat n eEaywyn ToU PONYOUEVOU e
v napepBoAf ouotriuarog YUEng. H Yugn emtuyxdvetal eite e vepod eite
HE agpa.

210 oxua 10.7 naplotdvetal €vag MAAVOPOUIKOG OUMMIETTNG duo OTa-
dlwv pe evdidueon Yuen.

— AN win vepos
g AN

Evdiapeoog wukTng

Po=P3

MpwTn : t1=t3 '._'-,'.'-'. AsUTz'pn
Babuida R BaBuida
$ 1 4 $ £¢od0g aépa

Zxpa 10.7: Agpoouprnieotiic duo otadiwv

ZKomog Twv otadiwv cuurieong eivat n anopuyn eBopwv dlapdpwv
eaptnudrtwv (BaABideg-eAatripla K.a.) 1) akéun kat n medwpen KAaTacTeoen
TV AIMAVTIKWY Toug, AOyw UYnAwv BEPUOKPACLWOV KAl TIETEWV.

Auti n diepyaaia, dnA. Ta otddia cupmnieong epapudlovral mePLooOTEPO
0€ OUUMIEOTEG PUYOKEVTPIKOUG Kal dev elval dvw and Téooepa (TeTpaad-
HLoL).

6. EuBoAopOpoI aEPOCUNTIIEOTEG

"Evag euBoA0POpOg agpooumieoTr|q arnoTteAeital kuping and Tov KUAWOPO,
TO €UPOAO Kal TIG BaABideg avappdPnong Kat KatddAyng.
©a eEetdooupe WG PeTaBANeTaL 1 Tiieomn Tou agpa ¢’ €va TARPN KUKAO
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ONA. pia mAripn oTPo®r} Tou oTPOPANOPOPOU (BewPNTIKOG KUKAOG).
210 opa 10.8 paivovtal ot peTaBOAEG TTOU Ba PEAETIIOOUE.

1 KGAivépog
BaABida 4 | ] o
KaTABAIYNG ll_ 2'Eupoho : :
. . . . A
| b g
BaABida 3 [
. I
avappoéenong! | o
: I
I I
I I
I I
I I
I I
I I
I I
P I I
T I I
I I
v B |
I I
I I
I I
I I
I I
I I
I I
I I
1 Ie) Ia
—V
| < Vs » |
|« Vi >

ZxfAHa 10.8: OswpnTik6G KUKAOG AEITOUPYIAG AEPOTUUTEDTH.
(V1: ZuvOAIkOG Bykog KuAivdpou, Vs: Oykog dtadpourns eupBdiou)

Qg onueio évap&ng Tou kKUkAou Aeitoupyiag Bewpolpe To onueio (a).

To €upolo kiveltal mpog To ANZ, pokalel eAdTTwon Tou dykou Tou Ku-
Alvdpou e anotéAeoua Tn cupnieon Tou agpa (pdaomn ap).

Katdrv oto onueio 2, avoiyel n BaABida katddAng (4) kat 0 CUPMIETTAG
TPOPOJOTE( e CUUIMIETUEVO AEPA TO XWPO AMOBNKEUONG TOU (AEPOPUAA-
Kl0), umd atabepn) riieon (pdaon B-y). Ekeivn Tn otypr| n BaABida (4) kAeivel.

MEoa OTO CUMTIEDTH] TMAPAMEVEL LA UIKEY TIOOOTNTA CUMTIECUEVOU
aépa, 0To XWPEO UETAEU TOU EUBOAOU KAL TNG KEPAANG TOU CUUTILEDTY). AUTOQ
0 XWPOG ovoudZeTal emdruLog.

21 ouvéxela, To EUBoAo Kiveltal mpog to KNZ, n nieon tou aépa otov
emdruo Xwpo ehattwvertal, avoiyel n BarBida avappdenong kat elodye Tal
aépag pe tiieon pia atpdéopaipa. H avappdenon teleiwvel, OAG To EuBoAo
¢tdoel oto KNZ, ondte kheivel n BaiBida (¢don y-0-a).

‘Ooa npoavagépape, anoteholv To BewpnTikd KUKAO Aettoupyiag.
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ZxApa 10.9: ZUykpLon npayuatikou Kat BewpntikoU KUKAOU

>1o oynua 10.9, aiveral To ddypaUUa TOU TPAYMATIKOU KUKAOU Ael-
Toupyiag evog epBOAOPOPOU AEPOCUUMIEDTH| KAl Ol DIAPOPES TOU e TO Be-
WPNTIKO.

O1 dlapopég Twv duo KUKAwV eivat:

- H ypapun avappdenong (4" -17) Bploketal kAtw and Tnv atocPalpIkA
riieon, AOyw anwAelwv and TG CWANVWOoELS avappdPnong Kal Twv TPIRWY
otig BaABideq.

- H teAikn miieon (27 -3) elval o peydAn and tn BewpnTikr Kat autd oUup-
Baivel yia va Ynopel va umlepvIKAoeL TIG QVTIOTACELG TPRWV KAl TIG ANWAELEQ
OTIC CWANVWOELS, TIOU GUVOEOUV TO CUUTILEDTH [IE TO agPOPUAAKIO.

To euBaddv Tou oxruatog 127 3" 47, delxvel To £pYO TTOU AMALTe( 0 CUTTL-
€0TNAG, Yla va TipayuaTonolnoel Tov KUKAO Aettoupyiag Tou. H dlapopd twv

7

euBadwv 123 4,1°2° 3" 4" eival ol anwAeleg.

7. MepIOTPOPIKOI CUPTTIEOTEG

OL ePLOTPOPIKOL CUUTIETTES XPNOLIOTIOLOUVTAL YIa HECEG THETELS KAl £EQ-
o@ahifouv ouvexn pon] Tou aépa. 'Exouv apkeTd MAEOVEKTAUATA OE OXE-
oM Je Toug TTAAVOPOUIKOUG Kal auTtd TOUG KAVOUV va €X0UV TIEPLOOOTEPEG
eQapuoyEs. Mepikd and autd avapgépovtal o KATw.

— EEao@aAilouv guvexn Kal ouaAr] por] Tou agpa.

- INa ) oupnigon dev anarrouvral BaiBideg.



256 EIzArQrH =TH MHXANOAOTIA

- Néyw NG ENeng Twv epBOAWY kal Twv BarBidwv dev €xouv kpada-

ouoUg Kat eivat Atydtepo BopuBwdelq.

— Elvat moAUotpopol.
- "Exouv 1o an\rj ouvtripnom, Adyw Tou pelwpévou aplopou eEaptnud-

TWV.

&b

O1 xpnotoroloUpevol TUTIOL TIEPLOTPOPIKWY CUUIECTWV elval:
- Me mrrepUyla

— Me KoyAieg

— Me AoBoug

® AvrAieg ovopddovtal Ta PnXaviuata e ta onoia petapé-
POUE Jla ToodTNTa UypoU amnd Ua UPOUETPLKA oTABun ot
pa d\An, n orola Bpioketal uPnAdtepa i and éva XwpPo
XQUNANQ Tiieong oe éva Ao UYNAAG.

KdBe avtAia xapaktnpiletal and oplopéva Bacikd peyéon, ta omoia Tnv
npoadlopifouv. Autd eival Ta Ugn g avtAiag, n mapoxr Tng, ot Babuoi
andédoong Kat 1 1.oxug g.

Ot avtAieg dlapouvtal kupiwg oe duo KATNyopieq OTIG PUYOKEVTPES Kal
0TI avTAlEG EKTOTLONG.

H avtAnTikn IkavédtnTa Twv avtAliv emmpeddetal, and T nieon n omnoia
enkpatel otnv empdvela Tou mpog avappdenon uypou, amnd Tr MuKvVo-
™nTa, To IEWdEG Kal TN Bepuokpacia Tou uypou, and TI§ avTIoTACEIS TWV
OWANVWOoEWV Kat and tn oteyavdtnTa g eyKatdoTtaong.

SUeOTEQ elval oL UNXaveg e TIG omoleg EMITUYXAVOUE TNV aU&non g
riieong dlapopwv agpiwv.

Ot oupreoTéq dlakpivovTal oe ekeivoug oL OmoioL EMTUYXAVOUV TNV au-
&non tng nieong e eAdTTwon Tou dYKOoU TOU agpiou (CUMMIEOTES eKTO-
TILONG) KAl O€ eKelvoug oL omoiol TNV emTuyxdvouv pe v augnon tng
Taxutntdg Tou.
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KE®AAAIO

AIAZTOAH TQN ZQMATQN

Fevika

Fpappikn 3100TOAR OTEPEWV
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11.7  Aavedvouca 6gppdTnTa
11.8  EidikA 6gppdTnTa
11.9  Oeppidoperpia



AIAZTOAH TON ZQMATQN 259

®‘ Emdiwkdopevol oTtéyol:

VI Na YVwpIileTe kal va dlATUTIWVETE TOUG VOUOUG TNG SIA0TONIG TwV
OWUATWV

V] Na yvwpileTte Toug TUMOUG, TA EYEDN Tou Toug opifouv Kat TIg pova-
0eq TOUG

[V Na eQapudlete OAa Ta mponyouueva, O TEXVIKA TIPORAAUATA Kal
QOKNO€Iq

[V Na efnyeite T1Iq €vvoleq: Aavbdvouoa Bepudtnra, eIk Bepudmra,
BeppoxwpenTikdTNTA

[V Na AVaPEPETE TIQ LOVADEG TOUG

[V Nadarundvere to VOO NG BepudopeTpiag, va eTAUETE AOKIOELG KAl
va avagépete napadeiypara

‘Onwg yvwpiCoupe, ot dactdoelg Twv cwPdTwy peTaBdAovtal étav autd
Beppaivovtal j dtav Yuxovral. ZTnv npwtn nePImTwon To pavopevo ovoud-
{etal dlaotoAr, evw ot deUTEPT OUOTOAN.

‘Otav €xoupe B€puavon 1 YUEN Twv cwUdTwy, Maparnpeital PeTaBoAn
Kal OTI§ TPELG dlaotdoelg Toug. '’ autd ndvra Ba npérnel va dleukpiviCoupe
o€ Ttola YeTaBoAr] avagepduUaaTe.

Mo ouykekpuéva, dtav n HETaBoAr avapépetal Pévo oe pia didotaon
evoq oWUaTog, ovoUAleTal YPAHHIKY, 4Tav aQuTr avapEpeTal otnv enmepd-
VELQ TOU OWUaTog ovopddetal em@avelakn kat étav yivetar avagopd ot
METABOAN Tou dykou, ovoudletal KUBIKA.

>Ta uypd kat ota agpla avapepOuaacTe, Onwe eival PUOIKO 0 KUBLKY
METABOAN.

XapaktnpetoTikd napadeiypata SIaoToARg Twv dlaPpopwy CWUATWY (OTe-
PEWV — UYPWV — agpiwv), avapePOUE MAPAKATW.
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-Ocov a@opd v dlacTON TWV OTEPEWV, EKTEAOUNE TO Melpaua Tou
oxnuarog 11.1.

Mia peTaMikh oaipa X €xel DldueTpo Alyo Hikpdtepn amnd To SAKTUALO
A. e Bepuokpaoia repiBarlovtog, n opaipa nepvdel ehelBepa péoa and
auTov.

‘Otav Bepudvoupe ™ opaipa, Ta-
patnpoupe OtL dev mepvd pEca amd
TO OAKTUAIO KAl ouurepaivoupe OTL N
ooaipa, étav Bepuavbei, dlaoTéNAe-
TaL.

- KAaowkd mapddetypa dlacToAng
TWV Uypwv elval To udpapyupikd
BepuduETPO.

- lNa va yivel avtiAnmm 1) dlactoln
Twv aepiwv, ekteAoUue TO TIAPAKAE-
Tw Telpapa.

Zxnpa 11.1: H opaipa dtav Bep-
uavoei, dev nepvd and 1o dakTUAlo

2e YUGAWVn oQalpikr] @LdAn, n ornoia
elval kKAelot pe QeANd, TomobeTou-
Me YudAvo owAnva. (Zx. 11.2). ‘Otav Bubicoupe To owAva GTO TOTHAPL, TO
oroio mepLExeL vepd, kal BepUAvoupE TNV PLAAN [E TA XEPLA UaAG, O agpag
TIOU TEPLEXETAL 0’ auTr DLaoTENNETAL KAl Byaivel e TN LopPr} PUCANDwWV.

ZxnHa 11.2: O aépag Bepuaivetal kat Byaivel ue T HopPr pUoAAdWY
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YroBgtoupe OTL pia pdRdog and KArmolo UNKO €xel ukog £4, o€ Beppokpa-
ola 64. Otav n Bepuokpacia aldEel katd AB, Téte nmaparnpoupe OTL Kat
TO UNkog ™G PdRdou aAAdlel katd AL. And melpduara €xel Bpebel otl yia
MIKPEG METaBOAEG TNG Bepuokpaciag ( AB uikpdTepo Twv 80°C ), To AL &i-
vat avaloyo tou AB kat LoyUel OTL ) emurikuvon Tng pAapdou eivat avdloyn
TOU apxIkoU Wrjkoug g pdpdou (£4), avaloyn g dlapopdg Beppokpaciag
(AB) kal eEapTdTal and 1o UAKS TG pAdou

‘Exoupe dnhadn Ot

M=aflNd

O ouvteheotq () , ovopdleTal OUVTEAEOTAG YPAMMIKAG SLAOTOANG Kal
pag divel v avgnon tou prkoug paBdou 1m, dtav autr) Bepuaivetal katd
1°C

Movdada PETpnong ToU CUVTEAEOTY] YPAUMIKAG SLaoToANg eival:

A cm

a=— 1 f 1K™’
RWA\S | cm-K

O ouvteheoTng ypapuIkAG 31a0TOARG (a) eEapTartal
amnd 1o UAIKO Kai Tn 6gppoKpaaia.
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MEZEZ TIMEZ TOY ZYNTEAEZTH FrPAMMIKHZ AIAZTOAHZ (a)

YAIKO aos K
Aloupivio 0,000024
Avtidvio 0,000011
Apyupog 0,000020
Fuai 0,000009
Mayvrioto 0,000026
MGAuBS0g 0,000029
Niké\lo 0,000013
Opeixakog 0,000018
MAativa 0,000009
Y3pdpyupog 0,0000606
XdaAuBag 0,000012
Xahkdg 0,000017
Xutoaidnpog 0,000011
Xpuodg 0,000011

‘Otav au&ooupe T Bepuokpacia evég owpatog dykou (V4), and 64 oe O,
Ba rapatnperjooupe Tt autd dlacTéAAeTAL Kal arokTd dyko (V).

H au&non autr Tou GyKou Tou OwUaTog, UoTePa and UoAOYLOHOUG, EXEL
BpeBel 611 eival avdhoyn tou apxikou dykou (V4), avdhoyn ™G UETABONAG
™Q Bepuokpaciag (AB) kat eEaptdral and To UAKO and To ormoio eival kata-
OKEUAOUEVO TO OWHA.
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Zxpa 11.3: KuBikrj dlaotoArj otepewv

‘Exoupe dnAadm : AV=y-V-AB

O ouvteheatnq (y) Aéyetal ouvteheoTS KUBIKNAG SLaoTOAAG kat eEpTA-
Tat and To UAIKO TOU OWUATOG.
Movéda tou ouvteleoT (y) eivat: 1 K-

loxtelemiongdétt |[y=3-a

11.4 AIAZTOAH YTPQN

‘Onwg ota oteped, €tol Kal ota uypd €xoupe av&non Tou dykou Toug, katd
™ 8€puavor] Toug. Autr 1 au&non tou dykou uroAoyiletal ar’ ) oxg€on:

AV=vy-V.A8

omou Y , 0 guvteAeoTG KUBIKIAG SLAOTOANG TWV UYPWV.
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TIMEZ ZYNTEAEZTH KYBIKHZ AIAZTOAHZ ZTEPEQN KAI YTPQN

STEPEA y oe K1 YTPA y oe K1
Apyihio 7,2-10°  ABavoin 75-10°
lFuaA( 1,2-2,7-10°  TA\ukepivn 49 -10°
Opeixahkog 6-10°  ABeiolxog dvBpakag 115- 10
Xahkdg 51-10°  udpdpyupog 18- 10
XAaAuBag 3,6-10°

‘O\a ta uypd dtav BepuavBouv dlactéNovtal, pe eEaipeon To vepd. AuTo,
otav Bgppavei and toug 0 °C aroug 4°C cuoTENETAL KAL 0’ QUTY T Bgp-
Hokpaoia €xel TNV ueyalUTepn MUKVOTNTA Tou. To gpavouevo autd Kaleltal
avwuaAn dtaotoAr Tou vepou. Ta peuotd Ue Tn peyalutepn nukvotnta Bpi-
okovtal dvta oe peyalutepo BABog. Autd onpuaivel OTL o€ pia maywpevn
Aiuvn, uropel n ermugdveld g va eivat aywuévn (0°C), evd oto BuBd TGN
Beppokpacia sivat 4°C kat état untdpxet wr). AuTO eival ToAU onuavTiké yla
v dlatrjpnon g {wr|g otig Aiuveg Kat otoug udpoLétorous. e avtibetn
niepimtwon 6ot ol {wvteg udpdBLlol opyaviopol dev Ba dvtexav.

AKOUN Wa mapatrpnon yia to vepd eival, 6t autd diacTtéNeTal dtav
yivetal mdyog, yU' autd to Adyo TipooBEToUE avTIPUKTIKG uypd oTa Yuyeia
TWV QUTOKIVATWY TOV XELLWVA.

V (cm3)

1,0005

1,0004

1,0003
1,0002

1,0001

1,0000 L1 1 1 1 7(°C)
0 2 4 6 8 10

Zxfpa 11.4: Ané toug 0°C, éwe Toug 4 °C 10 veps ouoTEMETAL.
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ZYNTEAEZTHZ AIAZTOAHZ YITPQN

YIPO y og K1
BevCivn 0,0014
Nepd 0,00018
O¢eukd o&u 0,00056
NG&dL 0,00076
AAKOOAN 0,001

Melpapatikd €xel Bpebei 6T1 untd otabepn rieon N UeTABOAY Tou dykou evog
aeplou, urtohoyiCetal amnd Tov MapakATw TUTO:

Ng=Ay- (1+Y-6)

orou

Vg = TeAKOGg dykog agpiou

V, = apxikdg Oykog agpiou

Yy = BepuIkdg ouvteAeoTig Gykou

6 = auv&non tng Beppokpaciag

‘Exel Bpebel 6tL og OAa Ta agpla o ouvteAeaTng (Y), elval o dlog kat {oog
npog 1/273 oto PeTPIKS oUCTNUA.

Autd onuaivel 611, étav Bepudvoupe €va agpto kard 1°C, o dykog Tou Ba
auénBei katd To 1/273 Tou dykou, Tou eixe To aéplo atoug 0°C.
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11.6 MHXANIKA ANMOTEAEZMATA OEPMIKHZ AIAZTOAHZ
TON ZQMATQN

‘Onwg napatneroaue étav Bepudvoupe éva LETAAKO oTeped owa oL dla-
otdoelg Tou petafdMovtal. MNa va npayuaroromBei n idla petaBoAn wag
dldotaong tou, Ba mpénel va eEaoknBel wa duvaun epeAkuouol o’ auto.
©a yvwpioete 0TO pHdONUA TNG AVTOXNAS TWV UAIKWV OTL 0 auTr TNV TiepimTw-
o1 dNUIoUPYOUVTAL UNXAVIKEG EOWTEPIKEG TATELG. ZUVETIWG, OTN MEPIMTWON
™Q B€ppavong g pARdou avarrtiooovTal EoA 0’ AUTA UNXAVIKEG E0WTE-
plkég Tdoelg.

Eniong, av naktwooupe pia pdpdo €10l waote va napeurnodifouple kAbe
Ol00TOAN 1) CUOTOAN TNG KAl 0T CuvEXela PeTABANOUE TNV Bepokpacia
™Q 6a avarrtuxBouv TAoelg epeAKUTUOU 1) BAIYNG, oL oroieg av au&nbouv
ndpa oAU uropel va odnynoouv oe PovIUN TIapaudppwon 1| kat Bpadon
Qg pdRdou. Meydhol autokivnTddpopol arnd oKupddeUa 1) YEPUPES EXOUV
arnd KAaTaokeung oplopéva kevd ta omnola eivat yeudta and eUKauTo UNKO,
WoTe va SLIEUKOAUVOUV TNV JLA0TOAY| KAl TNV OUCTOAY] TOU OKUPOJEUATOG

(oxua 11.5).

Ixfpa 11.5: [ia va arnopUyouyE TiG MApaUoPPUWOELS OE UEYAAEG KATAOKEUES, TOmoBe-
ToUuE eUKaUTTa UAIKA 1} aprivouue Kevd, yia va dleukoAuvouue t dlaoto-
A} Kat T OUOTOA TOU OKUPOJEUATOG.
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a

Pd&Bdog amnd opeixalko oe Begpuokpaaia 20 °C éxel urikog £ = 40cm kat
Beppaivetal oe Bepuokpaaia 170 °C. Na unoAoyioete To urjkog Tng pAapdou
oe autn T Beppokpaacia.

NAHPO®OPIEZ
a = 0,000018 A =al

Adon
YrohoyiCoupe kat’ apyn T dlapopd Bepuokpaaciag A6 :

0= 20 °C = 20 + 273 (K) = 293K

82 =170°C = 170 + 273 (K) = 443 K

Ag = 443 -293 - Ae =150K

Epapudloupe Tov TUMO Kat urtohoyifoupe Tnv alénan Tou PRKouq

Af =0,000018-40-150°K [Cm = }

Ar=0,108cm | Ar=1,08

Apa 10 TEAKS prkog TNG pdpdou Ba eival To apxikd Guv TNV EMURKUVON

0, =0,+A0 >0, =40+0,108 — |/, = 40,108cm
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213epévia opaipa dlapétpou 15 cm Bepuaivetal and tn Bepuokpacia Twv

23°C og autfj Twv 350°C. Na uroAoyioete Tov GyKo NG otn véa BepoKpa-
ola.

NMAHPO®OPIEZ

A3
Yoo =0,000017 Vg = ”6d
y=3-a AV =y -V-A,

Nuon

YriohoyiCoupe Tn dlapopd Bepuokpaciag
8, =23 °C = 23 + 273 (K) = 296°K
B, = 350 °C = 350 + 273 (K) = 623°K | 08 = 81-82= 327K

21V ouvéxela Ba untoAoyiooupe Tov dyko TNG opaipag

- nd® 115

o 6 6

MNvwpifovtag 6ty = 3a, £xoupe OTL:

— |V, =1766,25cm®

cm?® -K°
KO

AV =0,000017.3 ~1766,25~327{

} —|AV = 29,46 cm®

Apa V, =1766,25 + 29,46 — V, = 1795,71cm®

S,

1) AUo pdBdol and To Blo UANIKG, €xouv TO (Blo PRKOG, N TIPWTN OuWG
Bploketal oe Beppokpaaia 25° C kat n deutepn o Bepuokpacia 70
°C. Av au&nooupe autég TIC Bepuokpaaieg To d1o, ot pdpdol Ba eEa-
KoAouBrjoouv va €xouv To {d10 URKOG;
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2) Mwa XaAUR3Ivn o1dNpodpoukn] Ypauur) oe Bepuokpacia 10° C €xel
prkog 30m. Na uroAoyioeTe Tt urKog Ba €xeL TOV Xelwva pe Bepuo-
kpaoia 10° C kat To kahokaipt pe Bepuokpaacia 38° C.

3) Fudhvn ogaipa aktivag 8cm Beppaivetal katd 200° C. Na uroloyi-
o€eTe TOV OYKO TNG.

11.7 AANOANOYZA OEPMOTHTA

Ze doxelo, To ormoio meplExel vepd TomobeToUpE éva BepUOUETPO. Oepuai-
voupe To doxeio kal mapatnpouue 4TL N Beppokpacia Tou vepou otyd-otyd
avepaivel.

ZuvexiCovtag T B€puavor] Tou pTdvoupe o€ KAmolo onueio mou n Bep-
Hokpaoia Tou Ba otapatioel va avefaivel, tap’ OAo Tou elelq ouvexiloupe
va ripoopépoupe Bepudtnta. Eniong, mapampoulue 6t to vepd apxilel va
Bpdalel. BAénoupe, Aordy, OtL n Bepudtnta n onoia petadidetal and éva
clotnpua oe éva deltepo ( doxelo e vepd ), dev pokaAel ouveéxela avgnon
ot Bepuokpacia Tou deutepou ouotriparog. H Bepudtnta autr, ovoudle-
TatAavBdvouoa Bepudtnta (BA. oxripa 11.6).

——» vepd

—» QuTIA

ZxApa 11.6: Boaoudg vepou
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MINAKAS 2.3.1
YAIKO SHMEIO BPASMOY °C
NEPO 100
OINOMNEYMA 78
BENZINH 80
YAPAPIYPOS 357
AIGEPAS 24
AMMQNIA 33
YAPOIONO -252,8
OZYIONO -182,9
AZQTO -195,8
AAOYMINIO 2300
XAAKOZ 2600
SIAHPOZ 2500

>e mponyoupevo kepdhaio d8Bnke 0 0plopdg TG EOIKAG BepudTTag Kat
eQAPMOYES TNG oTa aépla. X’ autd 1o kepdhalo Ba avapepBbolue oty ed1-
Kr] BepUOTNTA TWV OTEPEWV KAL TWV UYPWV.

Melpapatikd, éxel Bpebel 6TL N avgnon g Beppokpaciag evog TWUATOG
elvat avdloyn tou mooou Bepupdtmrag (Q), mou petafiBddeTal oTto owua,
avTIoTPOPWG avaloyn g pAalag (m) Tou cwuatog Kat eEaptdtal and To
UAIKO, amd To omnolo amnoteAeital To owua.

H teAeutaia mapduetpog (n eUon Tou UNIKOU) ava@gpeTal Ue §va HEYE-
00og, To omoio ovoudletal edikn Bepudtnta, cupBoAideTal pe To Ypduua ¢

Kal eival SLapopETIKY) Yla KABE UAIKO.

‘O\a ta mpoavagepbévta dlatunwvovtal he Tn BepeAwdn eEiowon g

Bepudopetpiag:

Q
m-c

NG =——

Q=c-m-A®6

(A)

>Toug rapandvw tunoug to Q kat To AB propoulv va eival BeTikd 1§ ap-
vnTikd. ‘Otav elval BeTikd pooPépeTal BepudTnTa OTO CWHA KAl 1| Bepo-
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kpaoia Tou au&dvel, evw étav eival apvntikd anofdarietat Bepudtnrta and
TO OWHA Kalt 1 BepoKPACia TOU UELWVETAL

MINAKAZ 2.3.2
Ei1d1kéG OcppdTnTEG OTEPEWV KAl UypwV (J - kg1 - K1)
Y3poydvo 14,250 Ahoupivio 900
Nepd 4,186 Towévro 880
AvBp. Zwua 3,470 Mdpuapo 840
Owodrnveupa 2,420 ToupAo 840
MetpéAato 2,100 Aupog 820
®eANOQ 2,100 luaki 670-800
Mayog 2,090 >{dnpog 460
BevCivn 1,700 XaAkég 390
Kaoutoouk 1,880 MoAuBd0g 130

MNa va opiooupe ) povdda tng edikng BepudtnTag AUvoue v e&iowon
(A) TG mponyoupevNng mapayPA®ou wg TPOG ¢, ordTe MAlPVOUE TN OXEoN:

Q

C=

Av ge aut] v e&lowon Bdhoupe Q = 1J, m =1 kg kat AB = 1K, téte
naipvoupe T povdda g edikng BepudtnTag, o eivai n:

1 J
kg-K°

(1 Joule avd xi\dypaupo kat Babud K)

AMN povdada pétpnong tng ediknig Bepudtnrag eivat to 1 cal/gr -°C nou
elval n ed1kr) BeppdnTa Tou vepou Kat opiletal wg eENG:

“Oeppida (cal) ovopdaleral To Mood TNG OepudTNTAG TTOU ATIAITEITAI
yia va au&nei, katd éva Baduo Kehaiou (1°C), éva ypapudpio vepou (1
gr H;0).”

To ywvduevo g palag evog owpatog (m) el Tnv ek} BgpudtnTa Tou
(c) ovoudletal BepuoxwENTIKATNTA TOU CWHATOG Kal CUpBOAIleTal pe TO
ypdupa K.



272 EIZArQrH =TH MHXANOAOTIA

Apaq, n BepeAldng eElowaon Tng Bepuokpaciag yiveral:

Q=K. A6
apa

_Q _Joule

M8 K

Movdada BeppoxwpntikdtnTag, Aowrdv, eivat to: 1 Joule / K

©a npénel va toviooupe OTL N BepupoxwpntikdtnTa eivar peyebog, mou
avapépetal oe dedOUEVO OWHA (TL.X. O€ LA CUOKEUN), VW N EOLKY) BEPuO-
NTa o€ UNKO (T.X. XOAKOQ)

H Bepudopetpia aoxoAeital pe ) Y€tpnon mocotitwy BepudtnTag 1 mo
an\d propoupe va roupe 0Tl Bepdopetpia onuaivel “puétpnon Bepudtn-
Tag”. Ze ponyouueva Kepalala avapepOnkaue otn Petapopd evépyelag—
BepudtnTag Adyw dlagopdq Bepuokpaciag. H Bepudtnta eniong uneloép-
XETAL KAl OTIG aAay€g Twv Aoewy, dnwg n TEn Tou ndyou 1| 0 BPacudg
Tou vepoU.

Me Tov 6p0o pAom MEPLYPAPOUE TNV CUYKEKPLUEVN KATACTAON TNG UANG
w¢ oTepeoU, uypou 1 agpiou. To vepd pnopel va undpéel oe otepen (Nd-
Y0gQ), uypn kat agpta (atudg) daon. H petdBaon and tn pia ¢paon oe kanota
AAAn ovopdletal aAayn A petatporr| ¢dong. Ze kdbe dedouévn tiieon n
aA\ayr| TG ¢Aong EAYUATOTOLETAL OE GUYKEKPLUEVN BEPLOKPATia KAt OU-
viBwg ouvodeletal and anoppdepnaon 1y anddoon BepudtnTag.

XapaktnploTikd napddetypa alayng ¢dong eivat n En tou mayou.
‘Otav npoopépoupe Bepudtra oe ndyo otoug 0°C , e ATHOTPALPIKY] Tiie-
on, 1 Beppokpacia Tou tayou dev UetaBdMetal, Al PEPoG autoU ALWVEL.
Av n npoopopd g Bepudtntag yivetatr moAU apyd 1éte n Bepuokpacia
Bploketal atoug 0°C , uéxpt va Awoet 6Aog o dyog. H moodtnta g Oep-
poTNTag N ornoia anatreitat yia va petarpartel 1 Kkd ndyog 0°C, og 1 KIAO
vepo 0°C eivat 3,34 * 105 Joule kat ovoudletal Beppdtnra MENG.

Ma va petarpéPoupe vepd 0°C oe mdyo Ba npémel va apapéaoupe Bep-
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pétNTa, TNG omnoiag To 1oad eival akpBwg To Blo.

evikd propoue va avapgepouple GTL 1) AnAToUEVN ToooTNTA BEPUOTN-
Tag yla TNV TA&N evlg owpatog pagag m kat Bepudtnra méng L divetat and
Tov TUno:

Q==+m-L

MNa v aAayr g ¢dong and uypd oe agpLo Ttpayuatormoloupe Tny dla
epyaoia, pe dlapopd dtt edw untdpxel Bpaoudg kat eEagpwor). H avtiotouxn
BepudtnTa avd povdda palag ovoudletal Bepudtnta eEaépwong. BéRawa
Kal edw avapgpoupe OTL N Bepudtnta eEagpwong Kat 1 Bepuokpacia Bpa-
ouoU eEaptwvtal and Ty mieon.

210 oynua 11.7 aivetal n petaBoAn mg Beppokpaciag, étav yivetal
MPoopopd Bepudmrag oe éva KoupdTt dyou pe apxikr) Beppokpacia 0°C

T(°C) Aépia pdon
(yTlely)
125
d e O¢gppokpaaia
100p-=--=---7 -7 77 PBpaopou
125
50 Yypi paon
(vepo)
25
0 bec/ @spp'OKpacic(
™Méng
Z1eped @aaon (Tréyog)
-25 Xpovog

ZxApa 11.7: Ot pdoelg tou vepou (oTtepen - uypn - agpla)
11.9.1 OepuIdopeTpa

Ta épyava mou XENoLUoToloUUE Yia TNV HETPNON MOCOTHTWY BepudTnTag
ovopdlovtat Bepudduetpa. ‘Eva anid BepuiddueTpo vepou amnoteleital
ard éva Bepuikd povwpévo doxelo pe dmAd Tolxwuata, éva BepudueTpo,
€va avadeuTtripa Kal To KAAUPpA Tou. OAn n didtagn autr otnpilete oe pia
Bdon. To povwuévo doxeio TeplExel a oodtnTa vepou, Tnv ornoia urno-
poupe va Tnv avakateUoupe WoTe va §xoue Bla Bepuokpacia oe OAn v
noodTnTd Tou. Tn Bepuokpacia TV UETPOUE |e TO BEPUOUETPO.
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11.9.2 'EAeyX0G OepOXWPNTIKOTNTAG CWHATOG

270 BepuIddueTPo TOTIOBETOUE éva CWHA YVWOTHG Bepuokpaaiag, arhd
ayvwotng Bepupoxwpntikétntag. Otav ol Bepuokpacieq eival dlAPoPETIKES
Ba undpéel Yeta&l Tou CWUATOG Kal TNG TIOCATNTAG TOU vePOU avtalhayn
oowv Bepudmrag, UEXPLG GTou ol Bepuokpaaieg eElowbouv. Autd onuaivel
OtL N Beppokpacia Tou vepou, Tnv onoia mapatnEoUpE HE TO BEPUOUETPO
petaBaretal. Me autd Tov Tpdmo urnopoue va eEAyoupe CUUMEQACUATA YIa
TG OEPUKEG IOOTNTEG TWV CWHATWVY TIOU TOTIOBETOUE OTO BEPUIOOUETPO.

KaAuppa

Bidwto
TTWHA

lFuaAivn
@IGAN
pE OITTAG
TOIXWHATO

Kevd
MpoaoTaTteuTikd
TEPIBANMQ

Emdpyupa
TOIXWHOTA

EAatrpio

yla TNV
aToppoenon
KPadao WV

IxAua 11.8: To “Bepudg” éxet (dla kataokeun Kat op@n, ONMws To OEPUIOOUETPO
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a

@ ‘Acknon 1n

Mdéon Bepudtnra Xpetdlovral 2 kg XaAkoU, yla va anokTioouv Beppokpaaia
350 °C;

NMAHPO®OPIEZ

Apx1kn Bepuokpacia 20°C
Edikr Bgpudtnta Cu = 390 J - kg - K-

Q=m-c-AO

Adon
8;=20°C 1R By=273420 = 293K
9,=350°C 1N 0,=273+350 = 623K

Epappdloupe Tov TUMo Q = m - ¢ - AO Kat EXOUpE :

Q=m-c-AB->Q=2 kg~390ﬁ-(623—293) K —| Q=257400 Joule
g.

@ ‘Acknon 2n

Eva koppdri odrjpou Bdpoug 5 kg, arnoppopd Bepudtnta 46000 Joule. Mola
elvat n augnon g Beppuokpaciag Tou

NMAHPO®OPIEZ

ESIkr Bepudtnta Fe = 460 J - kg - KT

Q=m-c:AO
Adon a Joul
Q=m-.c.A8 > A8 =—2 , pg— 26000 j;je-+ AB = 20K
© 5kg- 460

kg-K
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S,

—_

o

Mola eivat n anartoupevn nogdtnta Bepudmmrag, ya va Bepuavboulv 20
kg vepou kat n Beppokpacia Tou and 15°C va yivel 90°C

Choo = 4,186 J - kg - k!

Ma v YUuEn Twv udpoxTwviny evdg Kivntipa xpnaotdorotrjoaue 20 kg
vepoU. H Beppuokpaaia elgédou Tou vepou ftav 20 °C Kat autr) g e€6-
dou 70 °C. Mota rytav n moodtnta TS HePUATNTAG TTOU AMOPPOPTIONKE
and 1o vepd;

\\\

)7
® O dlaotdoelg Twv owudTwy peTaBdilovtal dtav autd Bep-
paivovtal v) étav Yuxovral. ZTnV Npwtn Mepimtwon To ¢at-
vOuevo ovoudZetal dtaoToAr, ev ot delTepPn CUCTOAT.

‘Otav n petaBoAn avagpépetal uovo oe pia dldotacn evog 0wUaTog, OVo-
HAeTal YypappIK, Tav autr ava@gpeTal otny EMPAVELd TOU OWUATOG
ovopdletal em@avelakn kat étav yivetalr avagopd otn PETABOA Tou
dykou, ovoudZeTal KuBIKN.

O ouvteAeoTG YPAUMIKAG SLAOTOAYG (a), KaBwg emiong Kal 0 oUVTEAE-
OTAG KUBLIKNG SlacToAig (y) e€aptwvTal and To UAKG Kat T BepuoKpa-
ola Twv owudTwv.

‘ONa ta uypd dtav BepuavBouv diaotéNhovtal, pe eEaipeon 1o vepod.
AuTd, dtav BepuavOei and Toug 0 °C otoug 4°C cUCTENAETAL KAL O’ AUTH
) Bepuokpacia €xel TNV YeyaAUdtepn TUKVOTNTA TOU.

Exel Bpebel 611N av&non Tng Beppokpaciag evég owuarog eival avdloyn
Tou TtoooU Bepudtrag (Q), mou petaBiBaleTal 0To CWHA, AVTIOTPOPWS
avéhoyn g pélag (m) Tou owpatog kat eEaptdrat and 1o UAKG, and To
omoio anoteAeiTal To cWA.

H Bepehwdng eElowon g BepudopeTpiag sival n ENg:
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AB=—— 1 Q=c-m-A6

Q
m-c

e H Bepuidopetpia aoxoAeital pe tn HETENON MOCOTHTWY BepudTnTag 1
Lo anAd prnopouUpe va oupe 6Tt BepudopeTpia onuaivel "u€rpnon Bep-
pétnTag". Ta dpyava mou Xpnotdornololpe yU autd 1o okomnd ovoudlo-
vtal BeppddueTpa.
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Fevika
Metdadoon pe aywyn
Merddoon pe perapopd

Metdadoon pe aktivoBoAia
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@i Emdiwkdopevol oTéyol:

' Na avapgpeTe Toug TPOMOUG LETAdOONG TNG BepudTnTag

[V Na neplypdpeTe napadeiyuara Tou QavouEvou TnG METAdo0Nng NG
BeppdTNTAG (O€ TPAKTIKEG EPAPHOYEQ)

[V Na sivere Tov 0PLOUO TG PONG TNG BePUATNTAG KAl VO AVAPEPETE TIG
Hovadeg TG

V] Na avapgpete Toug vououg Fourier, Stefan - Boltzemann kat Newton
Kal va eri\UeTe aoknoelg epappdlovtdg Toug.

Yridpxouv moANd tapadelyata atnv kabnuepvr| pag ¢wn, e Ta oroia avtl-
AauBavéuaote ™ HeTddoon NG BepudTaG.

— Av apnrooupe €va owua Kovtd oe €va Kaloplpép 1 pia Bepudotpa
napatnpeoupe OTL To owpa autd Leotaivetal.

- Av akouurrooupe €va Bepud owua, Tapatneoupe OTL To XEPL HAg
Bepuaiveral.

- Av agpriooupe otov Ao -13laitepa To Kahokaipl- éva doxelo e vepd,
auté Ba Ceotabel.

— Av Ceotdvoupe To éva dkpo ag UETAMIKAG pdBdou, Ba napatpn-
ooupe OTL PeTd and Afyo Ba BepuavOel kal To dANo.

Ané ta nmponyouueva mnapadeiypata gupnepaivoupe Ot n BepudtnTa
péel and Ta Bepudtepa cwpara ota YPuxpdtepa rj and Ta Bepudtepa onueia
€vog oWPaTog Pog Ta Yuxpdtepa.
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IxfHa 12.1: H Bepudtnta péet and ta Bgpudtepa onueia evog owuatog rmpog ta
Yyuxpdtepa.

Yridpxouv Tpelg Baotkol Tpdrol petddoongq g BepudtnTag.

"HAiog

Me akTivoBoAia

A) Me aywyn
B) Me petagpopd
N Me aktivoBoAia

- O npwtog tPOMOG peTdAdoong Tng
BeppdTNTAg ouvavTATal Kal  OTIC ’ l
TPEIQ KATAOTACELG TNG UANG (dnA. oe
oteped — uypd — agpla) Kupiwg Spwg -
ota oteped. ‘Exoupe dnAadr| uetddo-
on g BepudtnTag and to &va uoplo
evog owparog ato AMo 1 and éva
OWHa og GANO oWUa. N

Xapaktnpelotikd mapddetypa  eivat ! vnn

n 6€ppavon Tou AKPou NG METAANKNAG

PARdouU kal N YeTddoon NG TENKA OTO

AAAO dKpo.
Metddoon BOepudnrag pe MeETO- ‘ ’

@opd ouvavtdue Kupiwg ota oteped Me peTagopd
Kal peuotd owpara. Exoupe ¢ aum)
v nepimrwon petadoon BepudtnTag
ard Bepud oteped cWUA O KIVOUUEVO
peuoTtd 1} To avtiBeto. ‘Evag amnd toug

IxApa 12.2: Tpdrot uetddoong g
Bepudtnrag
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YvVwoToUqg Tpdnoug Uetddoong pe HETapopd eival To oUoTNUa TNG KEVIPL-
KNG B€puavong (KaAopLPEP). ' auTd eKTOG amno TNV HETAPOPA BepUdTNTAg
€XOUE Kal HETaPopd UANG.

— H petddoon Bepudmrag e aktivoBoAia cuvavtdral Kal OTIq TPELG KaTa-
otdoelg ™Q UANG kat 1 Beppdtnra, 1 omoia axtivoBoleital and kdrnola
owpara, aroppogdratl and kdrowa dA\a, dixwg va Bpiokovtal e enagn.
Mapdderypa yia ) Yetddoan g Bepudtntag pe aktivofolia sivat n 6€p-
paven dlagdépwv owUdTwy and Tov HALo.

Eivat n peragpopd Bepudmmrag anod ta popla evog CWPATOG e TNV MEPLOTo-
TEPN EVEPYELA OTA YEITOVIKA TOUG He kpdTePN. TN Yetddoon g Bepudtn-
TAG e aywyr) Tn ouvavtoUle OTa OTePEd, 0TA UypA Kal aTa agpla.

Autég o tpdnog petddoong ou-
vTeheltal pe v kivnon Twv popiwv.
Ta pépla TOU CWUaToG, Ta omola
€xouv UYnAgq Bepuokpaaieg, €xouv
HeYAAN KIvNTIKY) evépyela Kal eTadi-
douv TNV evépyeld TOUG OTaA YELTOVIKA
TOUG ME TIG XapnAdTePES Beppokpa-
oleqg.

"Exoupe dnAadr| uetddoaon Bepuo-
mrag anod pépto oe poplo. Na va ka-
TAVONOOUE TIG OXE0EIC HE TIG OTIOl-
€q 6a urnopoupe va uroloyioupe Ta
nocd Tng BepudTnTag, MOU PETAPE-
povrtal he aywyr 6a napatnpriocouue
TO oXNua 12.3. B

Autd aroteleital amd AéRnTa -
oV anAoUoTtepn MOP@PN TOU, TOU
orolou o muBuévag (empdvela A) ei- Q
val eninedog Kal KATAOKEUAOMEVOG
ané éhaoua nayoug (L) Zxfina 12.3: ArnAr uoper AéBnta

OeplUoKPATIOK
KATAVOURA
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MINAKAZX 1
2ZuvTeAeOTG OEPHIKAG AYWYIHOTNTAG HEPIKWV OTEPEWV CWHATWV
A W/mK

Ahoupivio 99,75 20 229
XdAuBag ariég 0 58
XdAuBag ariég 200 52
XdA\uBag ami\dg 400 44
XaAkdq kowvdq eumnopiou 20 372
Mmnpouvtlog 20 81-116
Weuddpyupogq 20 113
ZKUPODEUA 20 1,28
TZAuL mapabupwv 20 1,16
Touxormolla ToupAwv 20 0,76
YahoBduBakag 25 0,046
Auiavtog 20 0,161

H Bepuotnra petadidetat pe aywyr) and v eEwTepikn MAeupd Tou rub-
péva Tou doxeiou, TIPOG TNV E0WTEPIKNA Tou, 1 oroia dappéxetal and 1o
uypod. Mpénel va dleukpivicoupe OTL hag evilapgpel n LETAd00M TNG Bepud-
Tag 0To EAaoua Tou TIUBEVa Kal OxL N HETASOO0T OTO UYPO.

12.2.1 Népog Tou Fourier

O MdA\og puaikopabnuatikég G.B. Fourier (1768 - 1830), datunwoe Tov
VOO NG UeTAdoaong Tng Bepudtnrag pe aywyn dlatumwvovtdg tov e dla-
QopIkn e&lowon. H Bewpia Tou n onoia anodeixdnke kat MEPAUATIKA, TIEPL-
YPAPETAL TAPAKATW:
Av oTo Tiponyouuevo Mapddetyua GUBOACOULE LE:
Q - mv mogdmra g BeppdtnTag oe xpovo (t) mou mepvd and To pé-
TAMAO,
L - to mdxoq Tou peTANoU,
A - v ermedvela Tou nubuéva tou eival k&Betn otn porj TNG Bepudn-
Tag,
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01, 65 — TI BepOKPaOieq TNG EEWTEPIKAG KAL TNG ECWTEPLKNG TAEUPAG
avtioTolxa Kat A — To cuVTEAEDTT| avahoyiag.

Tdte n moodtnra g Bepudmrag (Q) urnohoyiletar and Tn oxgon:

A , Q
Q=A-t-2(8,-6;) M —=A-T(6:-6,)

A
L

To mmAiko Q/t ekppddel Tnv moodtnTa TNG BepudTNTAG, MoU petadideTal
arnd tov nubuéva otn povada Tou Xpdvou Kat KaAeital por| g BepudtnTag.

pony BepudtnTag Q =%

Movdda porig g Bepudmrag sivat To Watt ( Bar)
Apan (1) yiverat:

- NA
Q=T(91—92)

Kal ekppdlel To vouo tou Fourier.

O ouvteheotrig () ovopdletal OuvteAeoTNG BEPUIKIG QywyluoTnTag
eEaptdral ano v Bepuokpacia mou Ppiokeral To UNKS Kal EKPPAZEL TNV
noodtnrta g Bepudtnrag omy povdda tou xpdvou, ) oroia diarepvd ia
METAAAIKY eripdvela 1m?2 kat mdyxoug 1m, étav n dlagopd Bepuokpaciag

elvat 1K. O Adyog % ot ox€on (3) kaeital Beputkn aywywdtna,

. , . . , AA
EVW TO avTIOTPOPO KaAeTal Bepuikn avtioTaon -

Ané ta napandvw ouprepaivoupe 6Tt n porj ™G Bepudtnrag (Q) sival
avd@loyn Tou ouvteheoTr] BepUIKAG aywyudtnTag (A) Tou UAIKOU, avaAoyn
g dlapopdq Bepuokpaciag (64-8,) avdloyn g empdvelag (A) Tou UAKOU
Kal avTioTeopwe avaloyn Tou ndixoug Tou eAdopartog L, ueta&u Twv onolwv
HeTPAe TN dlagopd Beppokpaaiag. (NOuog Fourier)
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Mapatnproeg:

O1 povddeg Tou ouvteleaTn] Bepikig aywyudTnTag oto S.l. eivat

w
m-K
>tov mivaka 1 gaivovrat ot TIWéG Tou A yla apkeTd ateped og dLAPOPES
Bepuokpaoieq.
And ta napandvw eUKOAA TIPOKUTITOUV Kal Ol MovAdEG TNG BEPUIKNG ayw-
yétnTag kat avriotaong, ot ornoieg eivat:

, . w . , K
Oepuikn aywyludtnTa i Oepukn avtioTaon m

2TO eUMOPIO MOVWTIKWY UAIKWOV WIOPEl va OUVAVIAOOUNE Kal HOVAdEQ
BTU/h, ft (mddia) yia to eupaddv g datounq (A) kat F (Fahrenheit) yia mv
Bepuokpaoia (1 BTU = 0,293watt).

Elval o Tpdrog petddoong Tng Bepudtnrag HeTAEU HIag EMPAVEINS OTEPE-
oU Kal JLag YEITOVIKNG Uypnq 1 aéplag, n omnoia Bpioketal oe kivnon. ‘Oco
o ypryopa Kiveltal 1o peuctd, 1600 1o peydha nood Bepudtnrag ueta-
eépovtal. ‘Otav dev undpyel kivnon Tou peuatou, TOTE EXOUE UETAd0O e
aywyn.

‘Otav n Beppokpacia Tou peuotou eivat ugnAdtepn and tn Beppokpa-
ola Tou otepeoU, Exoupe PETADOON amnd TO PEUCTO TPOG TO OTEPED, EVW TO
avtiBeto oupBaivel, dtav ) Beppokpaacia Tou otepeou eival uPnAdTepn Tou
peuatou.

12.3.1 Nopog Tou Neutwva (Newton)

O vépog tou Neutwva yia tn Hetddoor g Bepudtnrag pe petapopd ava-
PEpeL OTL N por) g Beppdtntag (Q) eivar avdoyn g empdvelag (A) Tou
TolWuatog, Qg dlagopdg Bepuokpaaiag (04-65) peTatU g empdvelag
TOU 0TePEOU Kal TOU PeUOTOU Kal VOGS CUVTEAEDTN (Q).
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loxUel Aomdv ot Q=aqa-A- (6,-8,)

O ouvteAeoTtq a OVOUATETAL OUVTEAEOTNG BEPUIKTIG UETAPOPAG KAL EK-
PpAalel TV noodra TG BepudTnrag otnv povAada Tou XPovou, TIoU UETA-
didetal and éva oteped owua sruPpdvelag 1 m?2, o £va peuaTo, e TO OToio
BpiokeTal og emagn), étav n dlagopd Bepuokpaciag Toug eivat 1°K.

Movdada tou (a) sivat :1 W/m2K

H T Tou ouvteheoTr] Beplknq HETAPOPAS (a) eEaptdral and T popen
Mg Pong, T HoPPN Tou oTePEOU, TN Beppokpaaia Tou peuotou K.4.
O Noyoq

1
a-A

eKPPAlel TNV Bepikr) avtioTaon yla dlddoon e HeTapopd.

Ot Tiwég oy AapBdvel 0 ouvteAeoTNQ BEPUIKNG PETAPOoPAg eival amnd
2-20000.

SUMMEPAOUATIKA, UMTOPOULE VA avapEPOUE OTL
H porj Tng BepudtnTag (Q) pe petagopd eivat avaloyn g emepdvelag ou-
vaAayrg (A), avdloyn tng dlapopdg Bepuokpaciag atepeol kal peuaTou
(AB) kaL avdoyn Tou ouvTeAeOTH BEPUIKAG HETAPOPAS (a).

H petddoon g Bepudmrag e HeTagopd dtav To peuotd eEavaykdle-
Tal va péel mdvw o€ Jia ermedvela and dldpopa unxavikd péoa, onwg évag
avelotipag 1) pa avtAia, ovopdletal Beplaopévn Petddoaomn 1 KUKAopopia.
2e avtiBe mepimrwon étav n petddoon mpokaAsral Adyw Twv avupwti-
KWV duvApewv Tou opeilovtal ot SIaPOPETIKNA TUKVOTNTA TOU peucToU TO
omoio €xel AN Beppokpacia, ovoudletal pUOIKA PeTAd0O0M 1 KUKAOQOpIa.

‘Otav €xoupe eEQVAYKAOUEVT METAPOPA O CUVTEAEOTIG BEPUIKNG UETA-
Popdgq eival ueyaiutepoq.
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— Avepiotipag

Oepuod Zwua

ZxAua 12.5: Metadoon Bepudtntag ue: a) Guaotkr kukAopopia
B) BeBraougvn kukAopopia

2TI¢ ponyouUueveg evatnTeg idape 4T, yia va payparoromn el n uetddo-
on g Beppdmrag, eival anapaitnt n Unapén ™mg UANG. H petddoon Bep-
potnTag pe aktivoBoAia dev polnobgTel Unapén UANG. ( O Aog Bepuaivel
Ta owuara, Ta onola sival ektebelpéva 0" autdv, map’ éAo mou Yeoolapel
Kevo.)

O dpog “pe aktivoBoAia” xapaktnpifel v meplmtwon Tng HeTadoongq
ME TN MOPPN NAEKTPOUAYVNTIKWV Kupdtwy. Etol, n petagepduevn and ta
nAekTpOoUayvnTIKA KUpata evépyela €xel wg anotéAeoua v av&non Ing
EOWTEPIKNG EVEPYELQG KATIOIOU OWHATOG, TO omoio TeAIKA Beppaivetal.
dldpkela g petddoong Bepudtnrag Aappdavouy xwpa duo dadikaoieq.
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TIPOCTTITITOUCQ
aKTIvVoBoAia amoppdéPnon avtavakAaon
—) owpa
\\

d14doon
Ixfpa 12.6: Metddoon ¢ Bepudtntag ue aktivoBoAia

A) H ekrournr g Bgpudmrag Kat
B) H anoppéenor| g

To unoBeTikdé cwpa To orolo anoppoPd OAn v aktivoBoAia mou mpo-
omirrel e autd, Xwpiq va avtavakAd pépog g, ovoudletal I3aviko 1) Je-
Aavé owua.

H pon Tng Bepudtnrag (Q/t) mou eknéumnetat and pia emedvela eivat avé-
Aoyn:
® g empdveldg Tou (A)

® NG T€raptg duvaung g anoiutng Beppokpaaiag Tou (T) kau
® NG otabepdq (o) Twv Stefan — Boltzmann kat

® TOU OUVTEAEOT) €, O OTI0I0G EKPPATEL TO TTOCOOTO TNG BEPUIKAG OKTL-
vopoAiag oe oxéon pe To Yéhav A 1I3aviké owua.

loxUel Aowrndv n oxgon;:

%ze-oAT4

Auti n ox€on ekppdlel To vouo Tou Stefan — Boltzmann
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1. Aivetal n por] Bepudmmrag Q = 1500 W pEoa and Toixwua ndxoug L =
12 mm. To epBaddv g ermupdvelag sivat A = 4m2,

Na unoloyioete v Bepuikr) avtiotaon yia diddoon e aywyn Kat
dlapopd Bepuokpaciag.

Aivetar A =0,03—Y_
m-k

Nuon
R _ 0’?’\1/2"' SlR=001%
MNA 003 Y am? w
m-K
2.

Méoa and €va xaAupdvo éhaoua ndyoug L = 10 mm kat epBadou A =
4m?2 diépyetal Beppdtra Q = 60 kJ. ) pia mMeupd Tou EAdopaTog N
Beppokpacia eivat ©4 = 100°C kat otnv dA\An eivat 6, = 40°C.

Na urtoAoyloouv:

a) n pon TnG BepudTnTag Kat

B) o xpdvog mou djpKkeae TO Palvouevo.

Alvetat A = 58£
m-K

Adon
Q:)\-té(eﬁez):t:L:
L A-A-(6,-86,)
to 60.0(\)/8WS~0,010m _[t=0,043s

58.——-4m?-60K
m-K

lMa va untoAoyiooupe tn por| NG Beppdtntag epapudéloupe Tov TUTO:

Q-Q_80000Ws _ _ 13953490W 1 |Q = 1395,349KW
t  0,043s
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3. Mia argdhivn tetpaywvikr) Aerttrj MAdka e mAeupd 8cm, Beppuaivetal
otoug 600°C. Na uroAoyloBel 0 oAKdG PUBUOG TNG AKTIVOBOAOUMEVNG
EVEPYELQG, AV O CUVTEAEOTNG eKTIOUMNG TNG eival 0,60.

Adon
H ouvoAin erupdvela g mAdkag eivat:

A=2.(0,0064) m? = 0,0128 m?

Metatpérnoupe Toug 600°C oe K Kat €xoue:
600°C + 273 = 873K
Q=¢-0-A-T

Q=¢.0-A-T* :>Q=(0,6O)-(5,67-10‘8

(€73K'=>[0=259W]

j-(0,0128m2)-

m? .K*

o——e
Z
ZYNTOMH NEPIAHWH 120u KE®AAAIOY
s

® Yndpxouv Tpelg Baotkol Tpdrol petddoong g Bepudtn-
TagG.

A) Me aywyn
B) Me petapopd
N Me aktivoBoAia

® O npwTog TPOMog Letddoong g BepudTnTag cuvavTtdral Kat OTIG TPELG
Kataotdoelg ™G UANG (dnA. og oteped — uypd — aépla)

® Metddoon BepudInTag ue peTagopd ouvavtdaue Kupiwg ota oteped kat
peuoTd owuara.

® H petddoon Bepudtnrag pe aktivoBoAia guvavtdral kat oTIg TPELS KAaTa-
otdoelg Qg UANG.
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e (O véuog Tng MeTAdoong g BepudtnTag pe aywyn ekppdletal and To
vopo tou Fourier.

- AA
QzT(e1—92)

e 0O Ad6yoq % KaAeltal Bepuikn aywyudtna,

evw To avtioTpogo kaleital Bgputkn avtiotaon ﬁ

e O vduog tou Nedtwva yila tn Yetddoon tng Bepudtntag pe HeTapopd,
dlvetal and Tov TUmno:

Q=a-A-(6,-6,)

® 31 dldpkKela g Yetddoong Bepudtnta e aktivoBoAia Aaupdvouy xwpa
dUo dladikaaieq.

e A) H eknounny g Bepudtnrag kat

B) H aroppoenon g

To unoBeTikd cwua To onoio anoppodd OAn v akTivoBoAia mou mpo-
omirrel e autd, Xwpiq va avtavakAd pépog g, ovoudletal I3aviko 1) Je-
Aavé owua.

Ma v petddoon BepudtnTag e akTivoBoAia loxuel o vouog Twv Stefan—
Boltzmann

%:8.0‘.A.T4
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@i Emdiwkdopevol oTéyol:

[V Na egnyeite T1q évvoleq: kauowa, kauon, TEAELA Kal aTteAr)q kauaon

VI Na QavapEPETE TOUG OPLoMoUG: kauotydvog aspag, Bepuoydvog duva-
un, meplooela aépa

V] Na yvwpllete T cloTaoN Tou atpogPalpikou agpa

[

Na yvwpileTe kal va avapgpeTe T CUOTATIKA TWV KAUTTUWY

VI Na yvwplilete Ta €idn TV yalavepdkwy, Ta mpoidvta TG KAAGUATIKAG
anéota&ng Tou meTpehaiou ) Bepuoydvo duvaur Toug Kat To Tedio
EPAPOYWV TOUG.

Kadoipa eival Ta ulikd (oteped, uypd 1) aépla), Ta ormoia, étav kaiyovtat,
napdyouv peydha nocod Bepudtntag (Bepuikn) evépyela). Zuxvd n kadon
TOug ouvodeuetal kal and &viovn GAGya. Tnv BepuIk autr| evépyela
XPNOLJOTIOIOUE Yia B€puavon, Tapaywyr NAEKTPLKNAG EVEPYELAG Kat Kivnon
METAPOPIKWV HUECWV.

Yridpxouv oAAEQ kauolpeg ouaieg, aMd wg kadalua voouvtal HOVo ekel-
V@ TIOU UTIAPYOUV O€ eyAAeg MoodtnTeg aTn GUon, n €£6puén i n AvtAnom
Toug dev €xel MOAU peydho kOOToG, evw Ta TPOIdVTA NG Kadong Toug Ba
npénel va eival, 6o0o 1o duvatdv, Aiydtepo BAaBepd.

Ta kUpla cuotatikd Toug eival o dvBpakag (C), To udpoydvo (H) kal to
Bcio (S). Ooo 1o oAU AvBpaka TePLEXEL KATIOLO KAUTIUO, TO0O IO HEYAAN
noodtnta BepudtnTag anodidel.
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Kaudon eivat n xnuiki avtidpaon uag ousiag (avépyavng 1} opyaviknig )ue
TO 0Euydvo Tou a€pa, Og UKPO XPOVIKO SLAoTna Kat ouvodeueTal and Tnv
napaywyr) BepudTnTag kat v ekmnounr ewtog. Otav n kadon yivel pe oAU
MEYAAN TaxUTNTQ, TOTE A€pE OTL Exoupe EKPNEN. OL BATIKES XNMIKEG avTIOPA-
o€l TIou ouvteAhouvrtal, eival Tou dvBpaka Kat Tou udpoydvou Kal meptypd-
Qovtal and TIq XNUKEG eELOWaELG Tou Tiivaka 1.

‘Onwg npoavagépape, yia va urndp&el kauon, eival anapaitntn n napou-
ola aépa. '’ autd, Aowmndv, Tov agpa Tov ovoudloupe kauaryovo. Otav yive-
TAl 1 Kauon kat oTa Teoidvta TG undpxouv kauaolua, Téte eival mpopaveég
6tL n mogdnTa Tou agpa dev NTav EMAPKAG Kal EXOUUE ateAr] kadarn, eva,
oe avtiBetn nepimtwon €xoupe téAeta kauon. (riivakag 1)

XHMIKEZ ANTIAPAZEIZ TEAEIAZ KAYZHZ MEPIKQN KAYZIMQN
Mivakag 1

KAYZH ZTEPEOY KAYZIMOY
AvBpakag: C + O, = CO,

KAYZH YTPQN KAYZIMQN
BSVC[IVI'].' 208H18 + 2502 = 16002 + 18 HQO
AtBavorn: C, H3OH + 30, = 2C0O, + 3H,0

KAYZH AEPIQN KAYZIMQN
MeBdvio: CH4 + 20, = CO5 + 2H,0
Ydpoyodvo: 2H, + O, = 2H,0
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O atpoopaiplkdg agpag eivat €va peiypa agpiwv kuping O, kat N, and 1o
ornoio aroteAeltal n ynn atpdopaipa. Me v enidpaon Tou agpa Kat Tou
vepoU ouvTeAOUVTAL Ol KUPLOTEPES YEWAOYIKEG dlepyaaieq otnv emedvela
™G YNG Kat SLapoPPUVETAL 0 KaPdg kat To KAipa. H ekatooTiaia ouotaon
Tou &Npou atpooalplkol agpa eivat:

KAT’ OrKO KATA BAPOZ
O=YIONO 21% 23%
AZQTO 79% 77%

Mepiéxel akdun MOAU HIKPEG MOCOTNTEG AANWV EUYEVWV agpiwv KaBwg
kat udpoyovo (H,), 6Zov (O3), o&eidia Tou alwrtou( NO,), dl0&eidlo Tou dv-
Bpaka (COy), auuwvia (NH3), pebdvio (CH,), dlo&eidio Tou Beiou (SO,) k.a.

H neplekTikdTnTa TOU aépa oe dloEeidlo Tou dvBpaka, o&eidlo Tou alw-
TOU Kal evWOelg Tou Belou mapouctddel onuavtikég SIAKUPAVOELS Kal eival
1Blaitepa HEYAAN OTIq TTOAELG KAl TA BLOUNXAVIKA KEVTPA.

271G JLAPOPEG TEXVIKEG EPAPUOYEG, éva amd TA TO ONUAVTIKA LEYEDN, Ta
oroia pag evolapgpouv atnv ermAoyn evog kauaoipou, eival To mood g Bep-
MIKAG eVEPYELQG TIOU Pmopel va pag dwoel pia ovAada evog OUYKEKPLUEVOU
Kauaiuou, dtav Kkaiyetal e TéAela kador).

OeppavTiki IkKavoTnTa | 6gppoydévog duvapn (H) ovoudletal To mooo
NG BepudtnTag rou ekAUETAL KATd TV MArPEN Kavon 1 Kg (4 1 m3 yia aé-
pla) otepeol uypoU 1 agpiou KAUTIUOU UMO Kavovikég auverkeg (0°C kat
1013,25 mbar). Movdda pétpnong autou Tou pey€doug eiva:

KJ/Kg yla ta oteped kat uypd (kihotldouA avd kiAG)

KJ/m3 yia ta agpia (kilotldouA avd KuBIKS UETPO)
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>Tov rivaka 2 BAEnouple evOEIKTIKA T oUOTAOT) OPLOUEVWV KAUCTUWY Ka-
0uwq eniong kat ) Bepuoydvo duvaun Toug.

H Beppoydvog duvapn cupBoAiletal pe to ypduua H kat ot neplmtwon
TWV UYPWV, agplwv Kal eKelviv Twv OTEPEWV KAUTIUWY TIOU TIEPLEXOUV WG
OUOTATIKO TOUG TO Udpoydvo (H,) dlakpivetal oe avwTtepn Kal KATwWTePEnN.

= AvwTepn 6gppoydvog duvaun (Hg) eival n Beppuoydvog duvapn Tou kau-
oluou, dtav de Aappdavetal untdyn n anwAela BepudtnTag and v atuo-
noinon tou napayouevou vepou katd tnv kauon tou H,. (AavBdvouoa
BepudTnTa atponoinong.)

< Karwrtepn 8eppoyodvog duvapn (H;) eivat n Beppuoydvog dUvaun Tou Kau-
oluou, apou €xel apalpedel n mogdtnta g BeppdnTag nou anatreitat
yla Tnv atyornoinon tou napaydpevou vepou Katd tnv kauon Tou udpo-
yévou Ho.

21NV Mepmrwaon Twv Uypwv Kal agpiwv autr akdun dlakpivetal og Beppo-

yovo duvapn umé otabepn nicon (Hp) kat Beppoydvo duvaun und otabepd

éyko (H,) avéhoya av n kavon yivel uné otabepn miieon 1} dyko avtioTolxa.

H Beppoydvog duvaun npoodlopileTal MelPapaTiké o€ eIOIKEG CUTKEUES Kal

elval g mivakeg e otabepsg ouverkeg Beppokpaotwy 15 °C kat 25 °C.

Mivakag 2: ZuoTaon ka1 6eppoydvog duvapn dIaPOpPwWV KAUCIHwV

Mopiakég TUTog ,
Kauoipo 1| oUuoTaon kard Oslppovovoq
MPOCEyyion Suvapn (H)

ANOPAKITHZ 94% C 31.4 MJ/Kg
=ZYNANOGPAKAZ 60% C 11.6 MJ/Kg

35% uypaoaia
AICNITHZ 67% C 21 MJ/Kg
=YNO 53% C 13 MJ/Kg

35% uypaoaia
BENZINH Kupiwg CygHqg 35 MJ/Kg
AIOANOAH C,HsOH 35 MJ/Kg
ME©ANOAH CH3;OH 23.8 MJ/Kg
®YZIKO AEPIO CH4 55 MJ/m3
YIPAEPIO CsHg+C4H1o 49.5 MJ/m?3
YAPOIONO H, 143 MJ/m3
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2e OAeQ TIG MEPUTTWOELG KAUONG Jag Moadtntag kauaoipou, étav 1o o§uyod-
VO TIou untdpxel eivat akplBwg To anartoUuevo, TOTe €X0UUE TO BewpPnTIKA
owoTd pelyua agpa — kauaipou. Auto TO piya ovoUAZeTal OTOLXELOMETPLKO.

Tnv avaykaia oodtnta oEuydvou Ba tnv urtoAoyiloupe pe T eELCWOELQ
kauong, mou Ba eEetdooupe o enduevn evotnta. Autr n nmogdtnta o&uyod-
vou Ba ATav enapkng yia wa téAela kauon. BéBata autd eivat duokoAo yiati
elvat aduvatn n téAela avauEn Twv Hopiwv TOU KAUGIHoU e Ta HOPLa TOU
agépa atnyv Idavikn avaioyia.

Xpelwdletal, Aotrdv, va XOoPnYyrOOUUE KA CUUMANPWUATIKY TIogdtnTa
aépa (a,), dpa kat neplocdtepo oEuydvo(0,). AuTr| TV MocdTNTA TNV OVO-
paloupe mepiooeia aépa. O Adyog Tng noodtntag tou agpa (Vg) Tou eival
mPAayuatikd avaykaiog mpog tnv nmoadtnta Tou agpa (V) TOU OTOIXEIOMETPL-
KoU piypatog ovouddetal ouvteAeotng nepiooeiag agpa (A) kal divetal and
Tov TUno:

A = Vy; V6,

H ) Tou e€aptdral and To €id0g Tou KAuaiuou Kat TI§ CUVOrKeg kau-
ong.

Ta npoidvra g kauong Twv kauaiuwyv dlakpivovtal o aépla Kat oTeped.

Ta aépla, 1} aA\wg, Kaugaépla, propel va eival povo&eidio Tou dvbpaka
(CO), dokeidlo Tou avBpaka (CO,), dlo&eidlo Tou Beiou (SO,), dlwto (Ny).
Ta oteped eival kupiwg n alBdAn (C), dnwg emiong n T€ppa kat n okoupld,
Ta ormoia rmpogpxovTal and dkauota aAata Tou kauaoipou. Onwg idaue kat
otov miivaka 1, dtav €xoupe TéAela kauom, TOTE oTa TPOIGVTA NG dev avl-
xveuoupe dvBpaka (C) ry povo&eidio Tou dvBpaka (CO), oe avtiBeon pe Tnv
ateAr) kadon, otnv oroia avixveUouE.

Suurnepaivoupe Aourdv, 6tL av n kavon Twv udpoyovavepdkwy (HC) ou
neplExovral ota kavaolua Arav Télela, Téte Ta hovadikd npoidvta Ba frav
Ol0&eidlo Tou dvBpaka (CO,) kat vepd (Ho0). Zmnv pdEn oxeddv note dev
€xoupe TéAela kauan.
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Idlaitepa ateAnq eival n kalon oToug KIVNTAPEG TWV QUTOKIVITWY, UE
aroTéAeoua ota Kauoagpld Toug va Bpiokoupe povoEeidlo Tou dvBpaka
(CO) kat dkauotoug udpoyovdavBpakeg. Autd oupPaivel, kKupiwg, yati o
XPOvog TNG avtidpaong g kavong, eivat pikpdg kat ot ouvirkeg dev eival
IOAVIKEG,.

MvwpiCoupe 611 0 atpocealplkdg agpag ektdg and ofuyodvo (O,), Tepl-
€xel kat alwto (N,),To omoio otnv atpdopaipa eivat adpaveg. Ze ouvoNKeg
Ouwg UPNAAG Bepokpaaiag kal Tieomg, OTwWG OTOUG KIVNTINPEG ECWTEPIKNG
kauong, To dlwto avtidpd pe to O, Kat oxnuatifovral Ta o&eidia Tou alwtou
(NO, NOy), 1} yevikd (NO,).

MpayuaTikA (ateARg) kavon

Aiogeidio Tou avBpaka (CO2)
Ydpartpoi (H,0)
J

Y&poyovavBpakeg (HC)
J

Movogeidio Tou avBpaka (CO

O¢eidia Tou adwtou (NOy)

Zxnpa 13.1: Kauon 1kg Beviivng - 14.7 kg aépa kat mapaydueva kauoagpla

14,7 kg
agpag

1 kg
Beveivn

Y
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H e&lowon kalong ekppAadel Tn XNUKA Evwon Twv oTolyelwv TTou guvioTouv
Ta KaUolua, e To 0&uydvo Tng atudopaipag. H kalon twv otolxelwy autwv
naplotdvetal e TI§ akOAouBeg XNUKES eELOWOELG, OTIG omoleg avaypaPpou-
Me kal To oad g Bepudtnrag nou anodidetal avd povdda Bapoug.

EZIZQZH TEAEIAZ KAYZHE TOY ANOPAKA
C + 0, = CO, + 33800 kJ/kg

Me autrjv Tnv e§lowon naplotdvoupe v TEAeLa kauon tou dvBpaka (C)
pe mpoidv 1o CO,. Eival ox€on Bapwyv kat av oe autd TOMoBETOoUUE TA
atoukd Bdpn Twv otolxeiwv Ba €xoupe :

C+ 0, =CO0,
12 + 32 = 44 ka1 dlapwvtag dia 12, EXoupe:
1+ 2,67 =3.67

Zuurnepaivoupe, Aowrtdy, ott 1 kg AvBpaka To omolo kalyetal A pwg oTovV
agpaq, xpeldletal 2.67 kg oEuydvou napdyet 3.67 kg dl1o&eidlo Tou AvBpaka
kal arnodidet BepudtnTa 33800 kJ/ kg.

EZI2Q2H TEAEIAZ KAYZHZ TOY YAPOIONOY
2H, + O, = 2H,0 + 144000 kJ/kg

"Exoupe Aotmov:
4+ 32 = 36 kat daipwvtag dla 4 €XoUE:
1+8 =9

Anhadr| éva 1 kg udpoyodvou anaitel 8 kg oEuydvou kat pag divel 9 kg
vEPD LE TNV LOPPT] USPATHWY

ESIZ03H TEAEIAZ KAYZHE TOY OEIO
S+0, = SO, + 10400 kJ/kg
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"Exoupie Aotmnov:
32 + 32 = 64 kat dapwvtag dia 32, EXOULE :
14+ 1=2

onAadn 1 kg Belou kaiyetal pe €va 1 kg o&uydvo kat arnodidel 2 kg dlo-
Ee(d10 Tou Belou. Avdloyeg ox€aelg UMAPXOUV Kal yia TNV ateAr] kalaor Tou
Avbpaka oe PovoEeldlo Kal, otn ouvéxela To UovoEeidlo oe JloEeidlo Tou
Aavbpaka.

ATOMIKA BAPH
0=16,C=12, H=1, S=32

Ta kadolua Tou XENOooToloUE OTIG EPAPHOYES, TTIOU Tipoavagépaue dla-
Kplvovtal o€ Katnyopieg, avdloya e TN GUOIKY TOUG KATAaTaar, TNV MPoE-
AEUOT) TOUG KAl TIG EQAPMOYEG TOUG.

I. ANAAOI'A ME THN NPOEAEYZH TOYZ

Awakpivovral og:

% QUOIKA: autd Tou xpnaotorolouvTal Onwg Tpogpxovtal and T euon
(uebdvio, Atyvitng, puOLk6 agpto, yatdvopakes K.4.)

& TexvnTd: autd mou xpnaotorolouvTal agou €Xouv unooTel oplopévn
enegepyaota. (Bevlivn - pwtagplo - diesel - owvdnveuuaq)

Il. ANAAOIA ME TH ®YZIKH TOYZ KATAZTAZH Alakpivovtal o€:
& ZTEPEA: Ayvitng - avBpakitng - KWK K.A.
= Yypda: knpodivn - metTpéAalo - owvdmveupa K.d.

=~ A€pra: uebdvio - pUOIKS aEPLo - PWTAEPLO K.4.
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lll. ANAAOIA ME TIZ EQAPMOIEZ TOYZ

"Eva AAAO KPITHPLo SLAKPLONG TWV KAUOTUWYV elval To Medio epapuoywv TOUG.
‘ETOl, GM\a and autd Xpnoyomotouvtal 0g KIvNTAHPLEG UNXaveg (Bevdivn me-
TPEAQLO0), evd AN\WV 11 XpNon meplopileTal oe oTabuolg mapaywyng nAe-
KTPWKNG evépyelag (Atyvitng). Emiong undpyxouv kat Ta aépla kalolua, ta
ornoia, otyd-otyd k&vouv tnv eupdvion Toug oe oxuata (L.P.G.-uypagéplo,
QUOLKS A€PLO),evw UIMoPoUV va xpnaotuoroinBoulv Kat otny mapaywyn evép-
Yelag.

Avagépape oe mponyouuevn evdtnta 13.1 61t 10 Bfacikd oUCTATIKO TwWV
kKauoipwy eival o dvBpakag (C).2ta kavolua mepAapBAavovTal OpUKTA op-
YQVIKNQ TIPoEAeUONG, ALyViTeG, PUOIKO a€pPLo, Kauolog oxXLoTOAB0g, ABAv-
Bpakag, metpéhalo, TUpPn Kabwg, emiong, EuAeia kal anoppiupaTa GUTIKAG
TPogAeUOoNg (Axupo-PAoUdEG K.4.)

O1 ortoudaidtepeg kauolueg UAeG eival ol TapakdTw.

A. Topon

Eival opuktdg Kauoyog dvBpakag mou mponABe and tnv anavepdkwaon
udPOBLWY PUTWV. H TUpPN elval OXETIKA PTWXO KAUOLUO, ExEL SNAADNA MIKPEN
Bepuoyodvo duvaun, emiong meptéxel MOANEG Eéveg TIPOOUIEELS Kal peydAa
nood uypaociag, yU' autd, ouvrBwg TPV TN XPron Tng, TPEEMEL MPWTa va
Enpabel.

B. FaiGvOpakeg

Mpoépxovral and ¢utd Ta omnoia €xouv anavopakwbel oe TAAAEG YewAO-
YIKEG ETIOXEG, XWPIQ TNV Tapoucia agpa ald kdtw and uynAr mieon kat
Bepuokpaaia.

Ta onoudaidtepa £(dn yalavopdkwy eival Ta mapakdaTw:

> Ayvitng: eUPAEKTO OPUKTO, elvatl kATt peta&u g TUpPngG Kat Tou av-
Bpakitn. Alagépel and Tnv TUPPN, AOYw T™C HeYaAUTEPNC TIUKVATNTAG TOU,
™g AydTepng uypaciag Kat Tng peyaiuTtepng Bepuoyovou duvaung.
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> AiBdvBpakag: eival and Ta ro nmald oteped kavowua. ‘Exel peydn me-
PLEKTIKATNTA O€ AvBpaKa, HIKPd TTogooTd uypaciag Kat peydAn Beppoyovo

duvaun.

> ABpakitng: eival éva eidog AIBAvBpaka pe Peyan Bepuoyovo duvapn.
Elvalt okAnpd uAikd pe xaunAd nmood uypaociag kat peydin neplektikdtnta

oe dvopaka.

. AkatépyaoTo meTp€Aaio

To akatépyaoto TeTpéAalo eival
QUOIKS UYpPO, KAUOLOo, EAALWDEG,
eUPAEKTO, Ue €IOIKA OOMN). ZXNUa-
TiCetar padi pe toug agploug HC,
og Bd&On ouvnbwg 1,2 - 2,0 km. Ae
Xpnotdoroletal otnv Hoper| otnv
oroia avtAeital e eldIKEG eyka-
TOOTACElG, TA OWALOTNPLA, UTO-
BAMeTal o€ KAAOUATIKA andotagn
ard v onoia naipvouue avdloya
pe To onuelo €ong Ta akéAouba
npoidvra( oxnua 13.3):

v Yypaépla

v Aldpopoug tunoug Bevlivng
v Knpolivn

v Metpéhaio Diesel

v Opuktéhaia - Mapapiveg -
BaleAiveg

v Acpahitog

Akivntn TpOoXaAiat

Kivnth Tpoxahia
ravigog

ZTPOPEUg

Ixnipa 13.2: AvtAnon netperaiou
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Mapyog
améoTagng

Knpogivn
<

Kauoipo ;
AEPOOKAPWYV |+

Kauaoipo
QUTOKIVITWV

OpukTd

TeTpéAQIO Kadaiyo

<
MeAavia

eKTUTTWONG,
£Aaia

KAiBavog Biounyaviké

TTETPENQIO

g —>
® | AogahTog

.

Apyod TreTpéAaio

ZxAua 13.4: Mpwtdéyovo dWAIoTrplo
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A. Aépia kauoipa

2’ autiv TV Katnyopia cupunepthapBdvovtal Ta Gualkd agpla pe KUpLo ou-
otatiko To peddvio (CH4) kat ta texvnTd agpla, nwg To UYPAgPLo, TO omoio
elval mapdywyo tou netpelaiou. Emiong, undpxel 1o pwTAEPLO TO OTOIO €i-
vat poidv &nprg andota&ng ABavepdkwy.

2 B 1 B0

Zxnpa 13.5: Epyootdoto g AIMTTOA, yia v napaockeur) TexvnTou oTepeoy KQUOLoU
(UrtpLYKETEG)

2" autij ) dladikaoia to umdAepa eival To Kwk, éva oteped Kauoluo
he peydAn Bepuoyodvo duvaun. Emiong éva akdun texvntd oteped kauouo
elval oL UrpLykETeg, oL onoleq karaokeuddovtal and PIKPA KOUUATIA KWK,
okdvn Atyvitn 1 kat ABdvepaka.

AMoO aéplo kauaoldo eival To euailké aépto. Autd elval piyya udpoyo-
vavepdkwv (HC) oe agpla kardotaon, anoteleital kKupiwg and peddvio
(CH4) kat avrikel otn deltepn olkoygvela Twv agpiwv kauoipwv. EEdyetal
arnd QUOIKEG KOWNGTNTEG, UTdyeleg i urtoBaldooteg. MeTd amnd mPwToyevn
enefepyaoia, peTaPEpeTal 0 PEYANEG AMOOTACELS PEXPL TIG TIEPLOXES K-
TavdAwong Tou, oe UPnAY| iieon pe edIkoug aywyoug peyaAng dlauéTpou.
Yridpxel duvardtnta Baldoolag HETaPoPAg TOU O UYPOTIOINUEVN LopP®r,
e edIkd deEapevomhola og ATOOPALPIKY Tiieam kat Bepuokpaaia -162 C°.
Aev miepléxel LovoEeidio Tou dvBpaka (CO), Sev eivat TOEIKS kal dev puraivel
TO TePIBANOV.
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v EAASq, elodyoupe pualkd agpto and tTn Pwaia péow aywyou kat
and v A\yepia, oe uyporomuévn poper Ue ta edika deEapevomola. ‘Exet
eupU medio epapuoywy Kal xpnaoluoroleTal wg Kaloluo, oToug otaduolg
TIaPAYWYNG TNG NAEKTPLKNG evépyelag, otn Plounyavia, otoug Kivntripeg
E0WTEPLKNG KAUONG KAl OTOV OIKIAKG TOUEQ.

EANAAA

Zxpa 13.6: Aywyog Quoikou agpiou
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E. Mupnvika kadvoipa

Elval Ta uNkd Ta onoia xpnouornolodvtal gToug TUPNVIKOUg avtidpaoth-
PEG Yla va TETUXOUE TN dLA0TIA0N TOU TIUPNVA KAl VA EKUETAAEUTOUE TA
peydha ood BepUIkAG evEpyelag Tiou ekAUovtal. Yridpxel éva eidog rupn-
VIKoU Kauaipou kat autd eival To oupdvio 235U kat 238U. 2Tig avtidpdoelq
0xAong Tou TUPKva Tou oupaviou 1) ekAudpevn evépyela sival 2.108 popég
MeyaAUTepn and tnv evépyela Tou ekKAUeTalL and tnv Kauom evog KIAoU Tie-
Tpehaiou. Ot kivduvol duwg TG MUPNVIKNG TexvoAloyiag, deixvouv Ot Ba ei-
val SUOKOAN N OAIK} QVTIKATAOTAON TWV “CUMBATIKWY” KAUT{uwy and autr).

e Kauowa eivat Ta UNkd (oteped, uypd 1) aépla), Ta orolq,
étav kaiyovral, mapdyouv peydia oad BepudtnTag (Bepuikn
eVEPYELQ).

&b

Ta kUpla ouotatikd Toug eival o dvBpakag (C), To udpoydvo (H) kal o
6cio ( S).

Kadon eival n xnuikhy avtidpaon uag ouaiag (avépyavng 1) opyavikig)
He To 0Euydvo Tou agpa, 0 HIKPO XPoviké dldotnua kat guvodeUeTal
and v napaywyn 6epudtrag Kal TNV ekmount ewtdg.

® [a va undp€el kauom, eival anapaitnt n napouaia aépa. O aépag au-
TOg ovoudletal kauorydvog. ‘Otav yivetal n kavon Kat oTa npoidvta g
UnApyouv Kauolua, EXoupe ateAn kauom, evw, ae avtiBetn nepimrwon
gxoupe TéAela kadan.

® Atpoopalplkdg agpag eival €va pelypa agpiwv kupiwg O, kat No,

® Oeppavriky IKavéTnTa 1| Beppoydévog duvapn (H) ovoudletal To oo
NG BepudtnTag nou ekAletal katd v mAfpn kavon 1 Kg (4 1 md ya
agpla) atepeou uypou 1) agpiou kauaiuou.

* AvwTtepn Beppoydvog duvaun eivat n Bepuoydvog duvaun Tou Kauoi-
pou, étav de Aaupdvetal undyn n anwAela Bepudtntag and v atuo-
noinon Tou napayodpevou vepou katd Tnv kauaon Tou H,. (AavBdvouoa
BepudTnTa atponoinong.)
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e Karwtepn Oeppoydvog duvaun eivat n Beppoydvog dUvaun Tou Kauoi-
Mou, agou €xel apalpebel n moodtnTa NG BepudTNTAg TOU anarteiTat
yla TNV ATpomoinom Tou mapayduevou vepou Katd Tnv kauon Tou udpo-
yovou Ho.

¢ Q1 eflowoelg kauong ekPpPATOUV TN XNKIKY EVWON) TwV OTOLXE(WY TTOU OU-
vioTouv Ta Kauolua, pe To o&uydvo g atpdopaipag. H kadon twv otot-
Xelwv autwv maplotdveTal e XNUKES eElOWaELG, OTIQ oroleq avaypd-
QOUE KAl TO TT000 TNG BepudTag rou anodidetal avd povdada Bapoug

¢ Ta kalola Tou XPNoYLoToloUlE OTIG eQPAPHOYEG, dlakpivovtal oe did-
Qopeg katnyopleg, avdhoya e TN QUOIKY TOUG KATAoTaom, (PUoIkd i
TeXVNTd), avdloya Tnv TPoEAEUOT] ToUG (0TEPEd, Uypd 1) agpla) Kat TIQ
EPAPMOYEG TOUG.
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