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MPOAOIOz

To BiRAio autd areubUveTal oToug HABNTEG Kat OTIG HabriTpleg TNG A” TAENG
Twv EMAA. ™Q ouddag mpooavatoMouoU TEXVOAOYIKWY EPAPUOYWV Kal
g B' 1é&ng Twv EMA.A. Tou Topéa unxavoloyiag. To meplexduevo Tou ei-
VAL TIPOCAPUOOUEVO 0TO eYKeKpIUEVO amd To YIEMO avaAuTikd mpdypauua
omoudwv Tou pabAuatog “eiocaywyry oTn unxavoAoyia” kat mephauBdvel
dUo Baoikd Bepatikd nedia:

m Tn BEQUOBUVAIKN
- TIG OEPUIKEG UNXAVES

210 npwto medio yivetal TPOooEyylon TwV BACIKWY EVWOLWV EPAPUOTHE-
vng Beppoduvapikng, evaw oto deutepo eEetdlovtal oL apxeg Aettoupyiag,
Ta €(0N KAl TA XAPAKTNPLOTIKA TWV BEPUKWY UNXAVWV.
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H Beppoduvauikn unopel va Bewpnbel wg n emotun g evépyelag. H
ohogva kal MePLoodTEPN XProMn Tou Ayvitn, Tou metpeAaiou, Tou oupaviou
OAAQ KAl TV QVaveEWOIUWV TINYWV EVEPYELQG, KaBWG Kat 1 avgnon g Ka-
TavAAWOoNQ TOUG TAYKOOHLA, ETIPEPEL BABIEG KOWVWVIKOOIKOVOUIKES aANa-
Y€Q. Ia 10 Adyo autd, n eNAPKAG Katavonomn Twv PAacIKWV apxXwv Kal Twv
EQAPHOYWV TNG Beppoduvaukiig aroTeholy, edw kat TTOAAA Xpovia, Bacikd
avTikelpeva ekmaideuong Twv TEXVIKWV.

Kdbe dpaotnpldtnTa g UnNXavikng rephapfdvel aAnAerdpAaoelg je-
Ta&U NG evépyelag kal Tng pdalag kat eivat duokoAo va Bpedel kdrmola Tepl-
oxn epappoywv, n oroia dev Ba €xel ox€on, €0Tw Kal Alyo, pe tn Beppodu-
VALKY.

Ta nedia epapuoyng mg Beppoduvaukng Bpiokovral yéoa oty Ka-
Onuepvr) Cwr} Tou avBpwrou. Q¢ TaPAdelyua UMopoUle va avapEPoule
Ta ouotiuata Bgpuavong, Yuéng, KAatiopou, Toug Boactnpes vepou Kal
AMa. Eniong naiel onuavtikd péAo oto oxedlaoud Kat v avdluon twv
KWNTHPWVY QUTOKIVATWY ITUPaUAwv, agptwBouuevwy kat dAwv. Me Aiya Adyla
elval n ermotun nou e&etdlel T BeproduVapIKr) katdoTtaon TG UANG.

OL BepuIKEQ unxavég amd TN Uepld Toug €XouV GUMBAAEL AMOPACIOTIKA
otn oUyXPovn TEXVOAOYIKY TiPd0d0, T600 OTo Blopnxavikd Topéa 6oo Kal
oto Yewpyko. H eEENIENA Toug ogeiletal Kuplwg 0To HeYAAo eUPOG TOU Tie-
dlou epappoyrig Toug. Ard OAa Ta TiPonyoUeva TIPOKUTTTEL T avayKaldTnTa
Twv dUo Baoikwv Bepatikwv Tiediwv Tou BiRAoU.

Mpoomnadrioaue va dwooupe TI BATIKEG BeWPNTIKES YVWOELG TIOU eival
anapaitnteg otnv Katavonomn AAAWV eNAyyeAUATIKWY pabnudtwy, Ta onoia
Ba akohoubrioouv ota endueva €1 onoudwv (unxavoAoyia autokviTou,
BePUIKESG KAl WUKTIKEG yKATaoTdoelg kat dAAa), kabwg emiong kat ekeiveg
TI§ anapaitTeg YVWoeLg yla KABe TeEXVIKO, woTe Pe EUKOAID va katavoel
VEEG TEXVIKEG, VEA gpYaAeia Kal punxavipaTa kal Yevikd va mapakoAouBel
paydaia eEENEN TNG eMOTAUNG KAt TNG TeXVOAoyiag.

Ayarnte avayvwotn ota Kepdaiala mou akohoubouv kateBAAaue mpo-
ondBela va dwooupe OAeq ekelveq TIG BATIKEG €vvoleg kal VOUOUG TNG Bep-
MOJUVAIKNG e 600 To duvatdv amouatepo Tpodno. Eipacte otn didbeon
0ag yla TG JIkEG 0ag TIaPATNPNOEL] e OKOTIO TN BeATiwon Tou TapdvIog
BBAlou og HENOVTIKEG EKDOTELG.

O ouyypageiq
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) )
EmdiwKopevol oTOXOL:

Na yvwpilete, 6Tl avtikeiuevo TG OepodUVANIKNG elval 1 LEAETN TwV
QUOIKWOV QAVOUEVWY, TTIOU uploTatal 1 UAN, wg popeag TG EVEPYELAG
TWV UNXAVAV , Ue OKOTIO TN LETATPOTT TNG EVEPYELAS KAl VA AVAPEPETE
napadeiyuara.

Na g&nyeite, 611 N Ogpuoduvapikr] aoxoAeital he Ta puUOIkd patvéueva,
ToU HETaBAMoUY, eKTOG amd Ta UNxavikd PeyEon evog owparog ou-
OTAMATOG, TA BEPUIKA KAl XNUIKA PeyEDN TOU Kal va avapePETe mapa-
delyuara.

Na ava@épere Ta nedia epapuoywv NG OEPUOSUVAULKNG.

Na e&nyeite kal va opilere TI Baoikég €vvoleg TNG OePUOSUVAUIKAG:
oloTtnua - Oplo CUCTAKATOG - EPIBANNOV - KAEIOTO OUCTNUA - LOVWLE-
vo - adlapatikd - avolktd oUoTtnua - GYKog eAEéyxou - BepUodUVAULKA
loopportia.

Na Siakpivere Ta (0N TwV oUCTNUATWY, €TOL WOTE va OLIEUKOAUVEDTE
otV eniAuon Twv MPORANUATWY TNG OEPUODIUVAULKAG.

Na yvwpilete ta Baoikd Quaoikd UeyEon kat TI§ HovAadeg OTIQ OToieq
BaoiCetal To Alebvég ouotnua (S.1.), Ta napdywya pey€on kat Tig po-
vadeg Toug, OU cuvavtdue ouxva otn Oeppoduvauikr), dnA. g rie-
ong, ewdkou dykou, Beppokpaaciag, duvaung, evépyelag LloxUog K.AT.,
Onwg emiong Kal PEPIKEG KATAPYNUEVES HMovAdES AAWV CUOTNUATWY
TIoU €X0UV KaBlepwOel.

Na ava@épete TIG JIAPOoPES LOPPEG EVEPYELAG KAl VA YVWPITETE TOUQ
TUTOUG ToU TIG eKPPAlouy, TIG HovAdeg PETPNONG TOUG Kal va SiveTe
OUVTOMO OPLOWO.
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1.1. TENIKA

H yvwon g Aettoupyiag Twv Bepikwy punxavwy, anoteAel Bactko avtikeiue-
VO ekmaideuong Twv TeEXVIKWY. ‘Evag Kivntipag JOTOOIKAETAG, €vag KIVITH-
PAG AUTOKLVATOU, agpomAdvou eival peptkd napadeiypata autol Tou idoug
pnxavav. Mpv mepdooupe, Aomdy, va eEETACOUNE QUTEG TIG PNXAVEG TTOU
payuarorolouv T Hetatporn g Bepudmrag oe épyo, sival avaykaio va
aoxoAnBoUue MPWTA e TN MEAETN TWV QAIVOUEVWV TIOU TIPAYATOTOLOUV
QUTEQ TIG LETATPOTIEG.

©a peAeTrIo0oUE TOUG VOROUG TTOU JIEMOUV AUTA TA PavOUeVaA KAl TIG ApXEQ
otiq omnoleg ompifovrar autd eival, ANwaOTE, TO AVTIKE(UEVO MENETNG eKel-
VOU TOU PEPOUG TNG PUCIKNAG TTOU ovopddeTal BeppoSUVapIKA.

H Ogpuoduvapikr) aoxoAeital, Aomdv, e Ta QUOIKA PaVOUEVA TTOU [IE-
TaBdaAovTal, eKTOG and Ta UNXavika HeyEdn evog owuaTog, Ta Bepuikd Kat
XNHIKA pey€On Tou. Aev UMOPOUHE EMOUEVWG OTN BEPUODUVALLKY] va Bew-
poupe otabepd Tov eldIkd GyKo, TNV Tileom, TN Bepuokpacia Kat T XNUIKA
ol0oTaon ToU CWUATOG, TToU upioTaTal To GAVOUEVO, TLY. O’ éva KIvnThpa
QUTOKIVATOU TO piypa aépa Bevlivng ouprieletal aTov KUAVOPO Kal aKoAoU-
Bwq kafyetal. Katd t didpkela T ouprieong petaBdMovral ta d peygon
P, V, T kat akoAouBel n kauon, érou aAAAleL 1 Xnuikr ouotaon ® Tou piy-
parog. Eniong, npénet va AapBdvoupe ur'oyn pag kat Tig aAnAerudpdoelq
METAEU OAWV TWV PEYEBWV TIOU UTIELCEPXOVTAL OTO QAVOUEVO, TL.X., OTIWG
Ba doupe oTo KePAAalo Twv agpiwv, LeTAEU Twv UEYEBWY UTIAPXEL N OXEoN
P V=m"R"T. Ztug unxaveg, n UAn mou eival Kat 0 popeag TnG EVEPYELQG,
uropel va eival éva uypd 1y éva aéplo.

2TOUG VOUOUG, TTIOU JIETIOUV TIG PUOLKEG METABOAEG AUTWV TWV dUO HOop-
PWV TNG UANG, Ba EMIKEVTPWOOUE TN HEAETT LAG.

Emopévwg, n Beppoduvapiki €ival n emMOTAKN N omoia acyoAeital pe
TN HEAETN TWV EVEPYEIAKWV UETACKNHATIOHWV KAl TWV HETABOAWV TwV
d10pOpwWV PUOIKWV TMOCOTHTWV EVOG CUOTHHATOG Ol OTToiEq EMNPEAlo-
vTail i} MPokKaAoUv auToug TOUG HETAOXNHATICHOUG.
H e&€raon Tng UANG uropel va yivel pe dUo TPomouG.

Q. € TN UKPOOKOTILKY) EB0DO Kal

B. L TN MAKPOOKOTIIKY

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

Tpaypatoroleltal e oTatioTIKoUg TPOMOUG KAl aoXOAelTal e TIG EPAPILO-
YEG TWV apXWwV TNG UNXAVIKNG ota dtoua kat Ta popta. O 1pdmnog autdg g
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eEETaomng ™G UANG evdlagpépel KUpiwg Toug pUOIKOUG KAl TOUG XNUIKOUG Kal
AlyOTEPO TOUG TEXVIKOUG.

H pakpookomiki eE€Taom apopd oTa eEWTEPIKA XAPAKTNPLOTIKA TOU OU-
vOAOU NG UANG, dnAadr| aTa yevikd XapaKTNELOTIKA Kal OTIG MAPAPETPOUG
ekelveg, mou poadlopiCouv v katdoTtaon g UANG, dnwg 1 Bepokpacia,
N Tileon KA. TIoU prmopoUe va TIg avtiAneBoue He TIG alobroelg uag Kat
Va TIG JETPHOOULE HE TIG LOVADES TWV PUOIKWYV eYEBWY TTou YVwPICOULE.

Epeiq 0’ autd to BBAio Ba akoAoubriooupe Tn LAKPOOKOTIKY) EEETAON
™G UANG. ©a YeAETr|O0UE TIPORBANLATA KAL EPAPHOYES TNG UNXAVOAOYIKNAG
TEXVNG. EMopévg, Ba emixelpriooupe [ia TEXVIKT TIPOOEYYLoT TNG Beprodu-
VAUIKNG.

1.2. EPAPMOrEz THZ OEPMOAYNAMIKHZ

O epappoyeg g Bepoduvapikng eivat mdpa moAEG. Ta cuoTtruata B€p-
pavong, YUeng, KAatiopoU, wa avtAia, éva kounpeoép eival ueplkég amd
QUTEG TIOU TI§ ouvavtdue otnv Kabnuepvr) pag {wr. Ze JeyaAdtepn KAL-
Maka, Aormdv n Bepuoduvapiki Taifel onuavtikd POAO 0To OXESLAOUO Ki-
VINTNPWV QUTOKIVITWV, OKAPWV avauxng, TAoIwv, ENIKOTITEPWYV, AgPOTIAA-
vwv, upatAwy. Eniong ot Blounxavikr mapaywyr), 6nou xpnotdornolerat
n BepudtnTa nou arteAeubepvetal and v Kauom, oe Blopunxavieg kade
MOPONQ TL.X., XNHIKEG Blounxavieg, HETAAOUPYIKEG KAwaTOUPAVTOUPYIES,
Blounxavieq TpoPiuwv.(0x.1.2.0) ZTIq endueveq apaypdpouq Ba PeAETH-
OOULE TIG BATIKEG €vvoleq TNG Oepoduvauikng kat 6a SWOOUNE XPNOLUOUG
opLopoUg.
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avTAieg
Beppikoi KIVNTHPEG
KOMTIPETEP
gpyooTdaoia EYKATAOTAOEIG eéppfuvonq
Kal KAipatiopou

ZxAua 1.2.a Media epapuoywv e OpuUodUVAULKIG
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1.3. AIEONEZ 2Y2THMA MONAAQN (A.z.)

2’ autd 1o BiBAio Ba xpnoyomnomBouv povadeg Tou Alebvolg ZuOTANATOG
povadwv (A.Z.) § SYSTEME INTERNATIONAL D’ UNITES (S.1.).

To (Sl) kaBiepwbnke To 1960 amd To Yevikd CUVEDPLO HETPWV Kal OTab-
Mwv. BaoiCetal og emtd uotkd pey€0n kat dUo cuunmAnpwpatikd. Ta ouupo-
Ad Kal ot hovAdeg Twv HEYEBWV autwv ¢paivovtal otov Tiivaka 1.1

Mivakag 1.1
AIEONEZ ZYZTHMA (SI): ZUuBoAa pUOIK®WV UeyeBwV Kal ovADEG.
Baoika Heyéen SUMMANPWHATIKA
HeYEDN
A Beppo- noodTNTA| QWTELY | eMimedn | oteped
pEyeBog | ukog | udla | xpdvog n,' SUVAIKN ,n <p "l , n p,
pelpa , | oudiag | évraon | ywvia | ywvia
Bep/oia
oluBoho| ¢ m t T,0 n Iy [0} Q
, , XI\6-  [deuTepod- , . . . , otepa-
povada | YEtpo voaliiio|| Mero Aunep | KEABv HOA KavtéNa | aktivio cTivio
oUuBoAo| m kg s A K mol cd rad Sr

Ta pey€dn autd ta ovoudloupe KUpia R Bacika kat Ta ermAEyoue aubai-
PETA WG MOVAdEG HETPNONG.

‘O\a Ta dA\a ta ovoudloupe mapdywya f deutepelovta Kal Ta opifou-
He xpnotdorolwvtag oxéoelg Puolknq 1 MNewpetpiag mou Ta ouvdgouy e ta
Baotka. T.x.

TaxutnTa =pnRKog / Xpdvogq pE povAada peTprioews m/s,
grurdyxuvon = taxdmra/ xpdvo  He povada YETPRoswg m/s2,
dYKOG = UNKOG X MAKOG X UAKOG  HE Hovada m3,

e1dIKAG OYKOG = GYKoG / pala ue povada m3/kg.

1.3.1. NMieon - £181k6¢ OyKkog - OcppoKpaaia

H povdda tng micong (Alvaun avd povada srugaveiac) sivat To N/m?2 kat
ovoudZetal MaokdA, (Pa).
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Emnedn n povdda mieong Pa, eival mdpa moAU ukpr, xpnouionoletal 1o
pmap mou opiletal wg ENG:

1 bar = 105 N/m2 = 10% Pa

To mAeovEKTNUA NG XPriong autrig TG povAadag eival 6t n Ty g eivat
niepimou {on pe TV atuooPalplkr) Tiieon.

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

E1d1ké¢g dykog (v) evdg ouotuatog eival o dykog Tou cuoTtruarog avd
povada pdlag Tou GUOTAMATOG.

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

Xpnowonoleitat To gUBOAO V yia Tov OYKO TOU CUGTAMATOG.

MNa Tn 8eppokpacia kal T PéTpnon g Ba yivel Aerropepniq avapopd
0To Tp(To KEPAAQLO.

2TOoV MapakdATw Tiivaka 1.2 ¢aivovtal oL avIloTOolxieq UEPIKWY KATAPYT-
MEVWV HovAdwV e TIq povadeg Tou Sl., ol oroieq £xouv kablepwOel kat xpn-
olomoloUVTalL O TIPAKTIKEG EPAPOYEG.

Mivakag 1.2
Metarpom katapynuévwv yovadwv oe povadeg Tou Sl
Katapynuévn povada Movdada tou S
1Kp 9,81N
1PS 0,736 KW
1 HP 0,746 KW
1 cal 4,186 J

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

Mapakdtw divoupe pepkoUg oUVTOUOUG 0pLoKoUG Yia TIG SIAPopES Hop-
Q&G TG evépyelag. e endueva kepdhala 6a avapepboUe og AUTEG.
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1.3.2. Advapn - evépyela - I0XUG

MNa va opiooupe ) povada Tng duvapng oto (S.1.), xpnouomnoloUe Tn oxé-
on mou ekPpAlel To deutepo vOuo Tou Neltwva.
Alvaun = pdla x erurdyuvon
F=m-a
AvTikaBloTivtag oty napandvw oxgon émou m = 1 kg kat a = 1 m/s?
Exoue
F=1kg-1m/s?

Autr| T oUvBetn povdada 1 kg - 1 m/s2 ovoudloupe Nioutov, (N) 1 N
glvat ) dUvapn rou divel 1 erutdxuvon 1 m/s? og odpa palag 1 kg.
Onwg yvwpiCoupe and Tn Mnxavikn, n dovdda gpyou oto (SI) eival
(Epyo = Auvaun x Metatérion) N - m.
H BeppdTnTa Kal To €pyo eival kat Ta dUO LOPPEG EVEPYELAG TIOU EXOUV
povéda pétpnong to TTAouA, (J), dnAadn
1 TCAoul = 1 NwoUtov x 1 p€tpo1d =1N-m

H povada pérpnong Tng 1oxuog oto (S) eivat To Bar, (W), dnhadn
1 W = 1 TCAoul avd deutepdierto R 1 W = 1 J/s
1 Bat eival n 1oxUq evog kivntrpa rou napdyet €pyo 1.J oe xpdvo 1s.

Mivakag 1.2
Movddeg ekTog Sl TTou eMITPEMETAI N XPNOIUOTOINGT TOUG
ISO 31
Méyebog Movdada 2ZUppolo Mapatnproeiq
Xpovog MPWTO AeTTTO min 1min=60 s
wpa h 1h=60 min
nuépa 1d=24h
€10Q 1a=365d
Eninedn ywvia | yoipa ° 1°
TIPWTO AETTO 1=(1/60)°
delTePO AemTd 1"=(1/60)'
OyKog Aitpo ¢ 1£ = 1dm3=1/1000 m?
hata Tévog t 1t = 10% kg
P NAEKTPOVIOBSAT ev 1e = 1,602x109 |
THeon PEUOTOU | ynap bar 1bar = 10° Pa
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® Mop@ég evépyeiag ota Oepuoduvapikd cuoTipara

Evépyela ovopaloupe TRV IKaVOTNTA £VOG CUOTHHATOG Va TTapdyel €pyo.
H napouoia g evépyelag yivetal avtiAnmTn and Ta anoteAéouata g Kat
QUTA UMoPOoUV VA EUPAVIOTOUV [e DIAPOPES LOPPEG.

H evépyela eppavifetal wg BePUIKY, MNXAVIKY, KIVITIKY, SUVALKY), NAe-
KTPLKY], XNMIKY], TTUPNVIKY).

H Beppoduvaplkn aoyoAeital e TIG METATPOTEG TNG EVEPYELQG.

Movdda pétpnong g evépyelag oe OAeg TNG TIG HoPPES eival To TTA-
OUA, J Kat Ta moAanidota tou kd kat MJ.

1. Auvapiki evépyeia
Edv éva peuoTo palag m Bpioketal oe UYog Z and €va emninedo avapo-
pdg, TéTe aQUTO €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 kivnon téTe €xEL KIVNTIKA evépyela. Edv
péel pe TaxutnTa V, téte Ba €xel KivnTIKA evépyela avd povada palag:

V2
E.=—, J/k
cT g

3. EowTepikn evépyeia

‘O\a ta peuaTa €xouv amnobnkeuuévn evépyela Tiou opeietal oty Kkivn-

o”n TWV atdUWV Kal poplwv Toug, dnA. otn dour) Toug.

AuTti TNV ovoudloue ECWTEPIKN VEpyelQ.
4. OgpuoTtnTa

OeppdTnTa eival n evépyela oe petagopd €€ arriag Tng dapopdg Bep-
pokpaaiag.

5. 'Epyo

‘Epyo eival evépyela oe petagopd, omnou n diagopd Bepuokpaciag dev
EUMEKETAL AETQ.
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1.4. ZYZTHMA - OPIO 2Y2THMATOZ - NEPIBAAAON

2Ztn Mnxavikn, yia va yivel eUKOAGTEPN N UEAETN TwV TIPORANUATWV TNG
xpnouponordnke n évvola tou “eAelBepou owpartog” m.x. Ma va pelem)-
OOULE TNV LoOPPOTIia TOU avapTtnuévou owuatog pdlag m (ox. 1.4.a) avil-
KaBwotoupe ) ompLEn pe Tnv Tdon tou vAuatog T kat epapuoloupe TIQ
eElowoelg loopporttiag oto “eAelbepo owua” (ox. 1.4.B).

T EAelBepo
looduvapa owua
———> /

ZxApa 1.4 -a: Avaptnuévo owua puddag m ZxApa 1.4 -B: EAeUbepo owua udiag m
MeptBAaAov

ZUotnua

— ‘Opto

ZxfApa 1.4 -y: Zuotnua

Kat’ avahoyia, otn ©gppoduvapikni 6a xpnotlomolrjooue Tov 6po “ou-
omua”, ox. (1.4.-y) ZuoTnua ovoudleTal To GUVOAO TWV PUOIKWV OCWUATWV
(oTeped, uypd, aépia) mdvw ora omoia epyalOuacTe yia va METUXOUUE
€va GUYKEKPIUEVO OKOITO.

Av, yla tlapddetyua, Bepudvoupe Uia oplopuévn moodtnta vepou, TéTe To
oUotnud pag Ba eivat autn n moadtnta Tou vepou. Mpdyuatt, euelq mavw o’
auTn epyalduacTe, yla va TETUXoUE va GUYKEKPLUEVO akord, dnhadr] va
au&riooupe Tt Bepokpacia Tou.

To ouotnua, enouévwg, eival a GUAIKA ovtoTnTa, n onoia €xel BApog
Kal kataAappdavel éva oplopévo Oyko, o onolog mieplopiletal and pia empad-
VELA KAELOTT), TTOU OVOAloulE OpIO TOU CUGTHHATOG.
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H meploxr) Tou xwpou mou dev katahaupdvel To oUoTtnua, ovoudletal
niepIBAALov. To rieplBAAov Tou cuoTrjuatog dev Ba To Bewpouie aneptopl-
oto. To mepIBAAOV Tou cuoTtruaTog Ba anoteAeltal anod GuUOIKA oCWHATa, Ta
omnoia BpiokovTal oe dueon enagn e To oUoTnUa Kat eival oe 6€om va aAAn-
AerudpAoouV QUOIKWG e auTd. ZTnV MePITwan Tou vepou mou Bepuaivou-
e, onwg npoavagépape (0x.1.4.9), To ouotnua 2 arnoteAeital and m pdla
Tou vepou Tou Tiepléxetal oto doxelo. To dplo O amelkovileTal oTto oXAHa
and TV ecwTePIKN empdvela Tou doxeiou Kal v eAelBepn emipdvela Tou
uypou. TareptBaMov () artoteAeitat and To BepuavTikd otoieio Q, and 1o
UAIKS Tou doxelou kat amnd Tov dpeoaa neptBANOvVTA a€pa TOU GUOTHATOG.

Yrnidpyouv duo katnyopieq ouaTnUdTwy, Ta KAEIOTA Kal TA AVOIKTA ou-
oTipara, ou 6a eEETACOUE OTN CUVEXELQ.

Zxpa 1.4.8: 2Uotnua - éplo ouoTruaTog - nepyBdAlov

1.4.1. KAeloTa ouoTpara

Ta kAeloTd cuoTipara neplopifovral and emMPAveLeS, TIOU eV ETIITPEMOUV
™ peTagopd palag arnd to oUoTnUa POG To MePIBANAOV Kal avTioTpoda.
Ma ta KAeloTd ouoTAUATA LoXUEL 1) OXEoN: m = oTad (ox. 1.4.1.q).
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ZUotnua

Evépyela

Opto /

. m = otab.
OUOTANATOG

Zxnua 1.4.1a: KAeloté olvotnua

ZUotnua

Mévwon
m = otab.

Zxnua 1.4.1B: Movwuévo ovotnua

To kAeloTé ouoTnpa oto omolo dev undpyxel evalhayn evépyeiag e To
neplB&Mov, og omoladnnoTe HopPPr|, OVOUAleTaAl Hovwuévo auoTnpa. MNa
TO Povwuévo auatnua loxuel n oxéon E = otal., érou E n oAikr| evépyela
Tou ouoTtiuarog (oxnua 1.4.1 B kat oxrjua 1.4.1y.)

Yridpxouv Kal CUOTHATA TIOU ETUTPETIOUV OE OPLOUEVEG LOPPEG EVEP-
YEIOG TN HETaPOoPA Kal o AAMEG OXL, TT.X. O KAELOTO HOVWEVO doxelo UEow
avadeutripa Xopnyoupe €pYo 0TO oUCTNUA, VW deV UTTAPXEL EVvaAayT) Bep-
pétnTag Adyw NG Hovwong.

Enopévag, Ta ouoTtruata ekeiva rmou dev ertpénouv Tnv evalayr Bep-
MIKAG evépyelag pe To TiepBAAov Toug ovopdlovtal adiaparika (ox. 1.4.1
0). AvtiBeta ekelva mou avtaA\dooouv evépyela ovoudlovtal pn adiapari-

7

Ka.
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Tayog / Mévwon

Nepd

Ixnpa 1.4.1y: Oepudg: povwuévo ouotnua

Mratapia

—_

Mévwon

Zxrjpa 1.4.13: AdaBatikd ouotnua

And Toug Mapandvw opLoRoUS TPOKUTTEL OTL 0 OYKOG TOU GUOTYUATOG
dev eival anapaitnta otabepdg, mou onuaivel 6tt Ta 6ptd Tou Propouv va
petakivouvtat. To aéplo péoa otov KUAVDpo (oX. 1.4. 1€) amoteAel mapd-
delypa evog kAeloToU ouoTtruatog, ylati To €uBoAo kAeivel ateyavd Tov KU-
Avdpo, Tou onpaivel Tt n oodTNTA TOU dgpiou mapauével otabepn).

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

ZxAua 1.4.1e: ddra&n kuAivopou — euBdiou
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ZxAua 1.4.1 ot: KAetotd ouotrjuara

1.4.2. AvOIKTd cuoTHjaTa

Ta avoiktd cuoTtjpara replopifovral and emPAveLES, TTIOU ETUTPEMOUV O
oplopéva onuela ) petagopd pdlag (ox. 1.4.2a,B.)

H 31étta Twv KAEIoTWY cuotnudtwv m = oTal. .oXUEL KAl Yla TA avol-
KTd ouoTruata, étav n pala mou igépyeTal eivat ion pe Tn paa mou e&€p-

XeTal.

Mada

Evépyeia

Mada

SUoTnua —

MepiBaArov Wo

ZxAHa 1.4.2a: Avoikté ouotnua dAng pong

Evépyeia

Opio
200TNua

&

MepiBaAov \{&

Zxjpa 1.4.2B: Avolktd ouatnua povrig pong
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Mapddetypa avolktol cuomuatog dImAG porg arotehel evaldKINg
BepudtnTag, npodketral ya éva Yuyeio (ox. 1.4.2y), Tou omolou Ta otabepd
opla, dnA. to TepiPANuA Tou, erutpEnouV pia atadepr] por) HAlag HETAEU
TOU OUCTAUATOG Kal Tou TiePIBAAoVTAOG Tou. Emeldr} Ta dpla Tou cuotua-
Toq elval otabepd, Ba eival otabepdg Kal 0 Gykog Tou.

Ma Ta avolKTtd oUCTAKATA, TO HEPOG TOU XWPOU Tou kabopilel To ouoTn-
Ma, ovoudletal OyKog EAEyXOU.

Mapddetypa avolktoU CUOTHATOG HOVNG PONG amoTteAel N QLaAn Tou
oxfuatoq (1.4.28), ou MePLEXEL Eva AEPLO, TIOU EKTOVWVETAL OTO TIEPIBAA-
AoV Tou.

aTpog

MepiBaAov
/Vgp
q/(jsc o
Vs )
TuoTnua ¢ Opio
P

SupTTUKVWHA (veEPO)

ZxAua 1.4.2y: Yuyeio atuou avoikté avotnua durtArg pong
MepiBaAov

<—"0pi0

ZUoTnua

Zxpa 1.4.1.28: Exktévwon agpiou avolkté ouotnua Uovig porg

Eva uépog evédg peyalUTepou ocuotuaTog prnopel va Bewpnbel wg éva
1Blaitepo ouotnua kat va eEetacel Eexwplotd.

Qg napddetypa peYOAUTEPOU CUOTIUATOG AVAPEPOULE Evav KvnTrpa
QUTOKIVITOU OTOV 0moi{0 UrMopoUje va almoUovVWOoOoUpE To Yuyelo vepou kat
va 1o eEeTdooupe oav Eexwplotd auotnua, (ox. 1.4.2¢,0T).
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Opio

<«
Opio z
<
Zxnpa 1.4.2e: Yuyeio vepou ZxApa 1.4.2071: Kivntrjpag QutokvriTou

EVOG KLVNTrPA QUTOKLVIATOU

1.5. OEPMOAYNAMIKH IZOPPOIIA

H ©Oepuoduvapikn 10oppotia evog ouoTruaTog TpolnobéTel Tpia dAAAa
€{dn wopporiag énwg:
a) OepuIKn 100ppomia: H Bepuokpacia Tou ouotriuarog eival dla oe
OAa ta onuela.
B) Mnxaviki 10oppomia: ‘OAeq ol eowTePIKEG duvdpelg eEloopportou-
vtal, 6nwg Kat ot SUVAELG LETAEU CUOTNATOG Kal TIEPIBAAAOVTOG.
Y) XnuikA 10oppormia: H ecwTepikr) doun kat n XNUIKA oUoTtaon mapapé-
vouv otafepd.

Enouévwg, 6a Aéue 6TL éva ouoTtnua eival oe @epuoduvapikh 1I0oppo-
mia, étav eivat oe PUnxavikry, BePUKN Kal XNUKY loopportia.

1.6. EMIAOIH ZY2THMATOZ

Ma va AUooupe Beppoduvapikd mpofAfpara, eival anapaitnTo va emAE-
Eoupe e mpoooyn To ouoTnua. Autd onuaivel 0Tt TIPEMEL va TIPOadIopi-
OOUpE pE akpipela To ouoTnua, dnAhadr) Ta épia autou kat Tov mePIBAAlo-
VTa XWPO TOU.

Eotw 611 éxoupe dUo empdveleg OTEPEWV CWUATWY €4 Kal €, o€ emaQn),
mou Bplokovtal oe OXETIKY) Kivnon HeTa&u Toug (oxnua 1.6.a,8,y.) énwg
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€4 €
€2
€1
Qr,
ar,
2 b3
=~ ‘Oplo Opto
ZxnAua 1.6a: AavBaouévn erroyn ZxAHa 1.6B: Zwotr ermAoyr) ouoTruaToG.
ouoTHUATOG
€1 %)
2

Oplo
IxApa 1.6y: Swotn ermAoyr) ouoTiuaTog

Onwg yvwpifoupe and ™ Mnxavikr, 6a avarrtuxbel TPPr Kal enouévwg
BepudtnTa. To mood Tng BepudtnTag mou napdyetal and Tnv TeRN eival
yvwotd Ot urnopel va unoAoyiotel. Mapatnpwvtag 1o oxiua 1.6a, da-
TOTWVOUUE 0Tl éva PEPOG TNG mapayduevng BepudtnTag amnd v TeLRN,
praivel oto ouotnua Kat éva Ao Pépog prnaivel oto eEWTEPIKS UEPOG TOU
ocuomuarog. Ouwg dev eival duvatdv va uroAoylotolv Ta peyéon Qrq kat
Qs e anotéAeopa va urootnpiloupe OTt To BepodUVAIKS TIPSBAN A TTOU
napouctdletal 0’ autd To oUoTnua, eival dAuto. MNa Tnv emAoyn Twv ou-
oTnUaTwyv Ba mpémel va anmo@elyovral emMAOYEG, OTIWG N MO MAvw. Agv
evoxhel Tnv emhuon Twv BepPOdUVAUIKWY TTPORANUATWY, €AV AUTES Ol ETTI-
@dveleg Bplokovtal OAeq péoa 1y OAeq €Ew amnd to ouoTtnua, OMwg Napatn-
poupe ota oxnuata 1.6.6,y.

Ag doUe éva Beppoduvapiké mpdépAnpa rou napouaidletal ouxvda otnv
MEAEN. 2’ éva KNt pa autoKvrTou, To €UBOAO TTaAlvdpopel péoa atov KU-
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Avdpo peta&l Tou Avw Nekpou Znueiou (A.N.Z.) kat Tou Kdtw NekpouU 2n-
pelou (KIN.Z.) énwg aivetal oto oxnua 1.65. BpiokdpaoTe otn ¢don Tng
EKTOVWONG TWV KAuoagpiwv Kal {nTdle va untoAoyiooulle To €pyo TTou ma-
pdayeTal Katd TNV EKTOVWON TWV KAUCAEPIWV, TIOU 0T CUVEXELa AapBdve-
Tat and To £UPOAO Kal HECW TOU dLWOTHPA LETAPEPETAL TN OTPOPANOPOPO
ATPAKTO, e TN HOPPN} pUnxavikou €pyou. Ma tn Alon Tou Beppoduvapkol
autoU PORAAUATOG, TIPWTN HAg evépyela eival va Tipoadlopiooupe To oU-
oTNua HEAETNG Tou poPAruarog, dnhadr| To pHéPog TnG UANG oto omnoio Ba
ETKEVTPWOOUE TNV TPOCOXT] LAG.

. Opo—> AN
‘Opto A Zgomua
—KNZ — KN
Z0otnua
Zxpa 1.63: Aavbaouévn erAoyn Ixupa 1.6e: Swoty emAoyr ouoTruaTog.
ouoTAUATOG.

Mapatpoupe 6ti, av emAéEoupe To oUaTnua, Onwg ato (oX. 1.6d) ota
onuela A kat B, dnhadr ota épla Tou CUCTAATOG, UTIAPXOUV ETUPAVELEQ
0€ OXETIKNA Kivnon UeTta&u Toug Kal, EMOUEVWG, EUMITTTOUNE OTNV TEPTTWoN
orou To MPOBANpa eival dAuTo. AvtiBeta, edv mapatnpriooupe To (o). 1.6g)
Kal emmAé€oupe To oUoTNUA ToU Qaivetal oto oxrua, TéTe dev UTAPXEL TO
TPoNYOUHEVO eUMAOBLO KAl CUVETIWG TO TIPORANHa €xel Auon.
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Z
Z 2YNTOMH NEPIAHWH 1ou KE®GAAAIOY

e H Oeppoduvapik aoxoAeital pe ta QUOIKA pavdueva
TTou HeTaBANouY, ekTdG amd Ta Pnxavikd Ueygon evog ou-
OTNMATOG, TA BEPUIKA KAL XNUKA HEYEDN TOU.

\\\

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

e H evépyela eppavidetal pe dIAQopPeG HOPPEG WG BEPUIKN, UNXAVIKY),
KIVNTIKY], QUVAMIKY], NAEKTPLKY], XMHLKY], TTUPNVIKT.

¢ ‘Eva glotnua pe otabepr) pala ovopdletal KAEIOTO ouoTnua Kat éva
oUOTNA TIOU ETUTPETIEL TN HETAPOPA HALAG, METW TWV OPLAKWY TOU ETIL-
Qavelwv, ovoudleTal avoikto auoTnua 1} OYKog EAEyXou.

¢ H owotn emAoyrj CUCTAHATOG dleUKOAUVEL TNV emiAuan Ogpoduvapi-
KWV TTPOBANHATWY.

H Beppoduvapikn 1c0ppomia evdg CUOTHUATOG MPOUTIOBETEL TNV Bep|L-
KM}, MNXQVIKN KAl XNUIKY .ooppoTtia.



KE®AAAIO 2

EMNIAYZH OEPMOAYNAMIKQN
NMPOBAHMATQN

2.1 Emihuon Beppoduvapikwv mpoBANHaTwY
2.2 Mapapetpol ou opilouv Tn Bepuoduvapiky kKatdoTaon TnG UANG

2.3 EEwTepIKEG MAPAPETPOI TIPOCBIOPIOHOU TNG B€0NG TOU EMAEYEVTOG
0epHOBUVANIKOU OUCTHNATOG

2.4 EowTepIKEG MAPAUETPOI HIOG OEpHOSUVANIKAG KaTdoTaong TG UANG
(Tou ouoTHpATOG)

2.5 M£00dog emiluong 0eppuoduvapikKwv MPORANUATWY

21
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2.6 MabnuaTikég oxéoeig

2.7 Karaotatiki e&iowon Twv agpinv
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) )
EmdiwKOpevol OTOYXOL!:

[/]

[/]

Na ava@épeTe Ta £(0n TWV MAPAPETPWY TIOU 0piCouV TN BEPUOBUVAIKA
Katdotaon g UANG.

Na yvwpileTe Tov aplBud Twv TAPAUETPWY TOU araitouvTal, yla va
AUooupe Beppoduvaukd mpofAruata.

Na g&nyeite v avaykaidtnTa g Xerong Twv H/Y yia v eniluon twv
OePUOdUVAUIKWVY TIPORANUATWY.

Na ava@épeTe TIG ouvONKeg rou anatrouvral yia va npoodlopiletal éva
Beppoduvapikd pdpAnua and tnyv rieon kat I BepudtnTa.

Na yvwpilete TIq uebddoug mou akoAouBoupe, yia va AUooupe Beppo-

SuvapKd TiEoBANUATa Kal va avapgpeTe XAPAKTNPLOTIKA tapadeiyua-
Ta.

Na ava@épere ) dladikaaoia mou akoAouBoUe, yia va AUooue Beppio-
duvaukd npopAruarta.

Na ava@épere Ta €(dn TWV PABNUATIKWY OXECEWV TIOU ekPPAlouv Ta
Bepuoduvapikd pavopeva.

Na yvwpilere TV KataoTatikr eElowon Twv agpiwv.

Na opileTe TIq €vvoleq: TEAELO AEPLO, LOEWDEG, OXEDOV LOEWDEG, TIPAY-
MaTIKO.

2.1. ENIAYZH OEPMOAYNAMIKQN NMPOBAHMATQN

Ma v emiluon Twv 6PHOSUVANIKWY TIPOBANHATWY, TTOU £lval KAl TO QvTL-
Kelpevo autou tou BiBAiou, Ba mpérnel, Onwg npoavapépage, va emAexoei
owoTd TOo oUOTNHA, TIou Ba TPOCdLoPIlEL TO AVTIKEINEVO HEAETNG MAG. 2TN
ouvéxela, Ba npénel va ypdyoupe ox€o€Iq eTagU TOU CUCTHUATOG KAl TOU
eEWTEPIKOU XWPOU.



24 EIZArQrH xTH MHXANOAOTIA

Mapatnpoupe ATt OAeq OL PNXAVIKEG OXEOEIG (DUVALELS ETIPAVELQG KAl
andotaong), oL 0epHIKEG OXETEIG HETABOONG BEPHOTNTAG (LE AYywYN UETA-
QOpPA Kal akTlvoBoAla) Kal ol OepUIKEG OXETEIG P TTapaywyn 6epudTnTag
pe 10 paivépevo NG TPIBAG LETAEU TWV EMIPAVEIWV OTEPEWV CWHATWV €l
val mavrote ox€0elg, oy ypdgpovtal JeTagU TOU CUOTNUATOG Kal ToU eEw-
TEPIKOU XWPOU auTou.

O1 6eppIKEg OXEDEIG TIOU YPAPOVTAL YIa TNV tapaywyr| Bepudtntag and
XNUIKEG avTidpdoelg (kauom) Kal and PUOIKEG avTidpAoelg ypdpovTal Kal
a(pOopPOUV 1| TO ECWTEPIKO TOU CUOTNHATOG 1) TO eEWTEPIKO PEPOG autou. H
Oeppoduvapikn karaoraon NG UANG Oa eival yvwotn (AGon Tou mpoBAn-
parog), oTav eival yvwoTég OAeg o1 MapdpeTPOI TTOU EAEYXOUV QUTH.

2.2. NMAPAMETPOI NMOY OPIZOYN TH OEPMOAYNAMIKH KATAZTAZzH
THZ YAHZ

Ownapdpetpol mou opifouv Tn Beppoduvapikh katdoraon TnG UANG Slakpi-
vovtal oe dUo Katnyopieq :

a) EEwTepikég mapdapueTpol.

AuTéq 1ou opiCouv TN 6€on TOU GUOTHHATOG.

B) EcwTepIKEG MAPAPETPOI.

AuUTEQ dlakpivovtal o XNUIKEG TTapPaPETPOUG oL omoieq kabBopilouv To

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

_ aplbuég moles avridpwvTwv
OUVOAIKOG aptBuég moles Tou undpyouv

2€ UNXAaVIKEG MAPANETPOUG TIOU OpICouV TN UNXAVIKY) CUPMEPLPOPA TG
UANG (evvéa oe aplBud oTn YEVIKY) TOUG EKPPAOM)).

Ma TIq BePUIKEG, KEVTPIKY TIAPAUETPO BewpoUpe Tn Bepuokpaacia T.

2NUELWVOULE OTL 0 APLBUOG TWV ECWTEPLIKWY TIAPAUETPWY, TIOU avapEPa-
pe Kal Tio ndvw, elval o eAdxiotog anatroupevog dixwg va amokAeletal va
elval meploodtepeg.
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2.3. EEQTEPIKEZ NAPAMETPOI NPOZAIOPIZMOY THZ OEZHZ TOY
EMIAEFENTOZ OEPMOAYNAMIKOY ZYZTHMATOZ

O1 eEwTepikég TAPANETPOL TNG BepUodUVAUIKAG KatdoTaong Tng UANG ma-
POUCLAloUV UIKPS eVvOLAPEPOV OTIG BEPUIKES UNXAVEG, EKTOG BERata amd TIq
USPAUNIKEG UNXAVEG.

Eivat yvwotd 611, kabopifovrag éva ouotnua avagopdg O(x, vy, z), mpé-
el va yvwpiCoupe T B€om Tou EMAEYEVTOG CUCTHUATOG WG POG TO oUOTN-
pa avagopdg.

Edv 10 ouoTtnud pag (exel mou emikevrpwvetal ) HEAETNG Hag) eivat éva
onueio A, ya va kaboplotel ) B€on Tou wg MPog To cUOTNUA avapopdg,
anarroUvtal TPEIG MapdapeTpol (X, y, z) (ox. 2.3.a.)

A Z

A(x.y,2)

v,

Zxrjpa 2.3a. H 6éon tou ouotruarog A (UAkS onueio) npoadtopietat
ano TG MAPAUETPOUS X,Y,Z.

Edv to olotnpa eivat éva oteped owpa (kUBog) Tou Kiveltal, Téte ap
Kouv €& mapdpeTpol, yia va kaboplotel n 6€on Tou wg TPog To cUoTNUa
avapopdg. Tpelg (X, y, z) mou kabopifouv T B€omn Tou Kévtpou BApoug Tou
G kat Tpelg mou kabopifouv ) B€on Mou €xel QUTO, WG TIPOG TNV APXIKNA
B€amn Tou w1, Wy, W3, WG Paivovral ato (o). 2.3.8.).
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ZA

y
Zxfpa 2.3B. H 6éon tou ouotriuarog (kuBog) mpoodiopileTal amo Ti§ mApaUETPOUS
X, Y, Z KAl Wy, Wy, W3.

Edv avtioTtoixa To oUotud pag eival éva peuaTo Tou Kiveital, Téte na-
patnpoupe 4Tl autd CUVEXWG TIAPAOPPWVETAL Kal, CUVETIWG, Ba anaitou-
vTal AA\eg TpEIG emMAEoV mapApeTpol, TIou Ba poadlopiouv Tnv aAAay

™G HOPPNG TOU, OXETIKA E TNV apXIKK Tou B€on (o). 2.3.Y.)

t=tq

1

ZxApa 2.3y. To oUoTnua, EKTOG TOU OTL MEPLOTPEPETAL WG TPOG TNV APXIK TOU Béon
EMMAEOV MTAPAUOPPWVETAL
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ZUVETWG, YlA TOV TTPOCdIOPIOUS TOU OUCTHUATOS autoU wg POG TO OU-
oTnua avapopdg, anarrouvtal 9 mapdapeTPOL.

Mapatnpoupe 6TL 1 8€0n ToUu CUOTAHPATOG, dnAadn 1 yvwon Twv Ew-
TEPIKWV MAPAPETPWV TOU WG TIPOG €va oUoTNna avagopdgq eivat avaykaia,
ylati and tn 0€on Tou CUCTAHATOG EEAPTWVTAI SIAPOPEG HOPPEG EVEPYEI-
ag onwg yla napddetypa n duvauikr) evépyela. Emiong oTig mepmtwoelg mou
TO peuoTd eival uypd (avtAieg, udpoaTpdBINOL).

Avtifetq, yla Tnv miepimtwon Twv agpiwv PEUTTWV N avdAykn TEoadlopl-
ouoU NG Béong mpokurTel Ot and n 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 2YZTHMATOZ)

Ol eowTepIKEG MaPAPETPOI dlakpivovtal, OnMwg TPOAVAPEPALE, O XNHI-
KE€G, O UNXAVIKEG KAl OEPHIKEG.

Ma TIg ePaPHOYEQ OTIG BEPUIKEG UNXAVES KAl EPYOUNXAVES O aplOudg
TV XNUKWV TAPARETPWY TOU TIOCOO0TOU PETATPOMAG Tou AaufBdvovtal To
TIOAU 3Uo0 o€ apiBud, yvwpilovtag 6Tl undpyouv Kal AAeg. OewpwvTag
HOvo dUo TeTuxaivouple apkeTd akplReiq AUoelg.

Ma va mpoadloploTolv Ol UNXAVIKEG ECWTEPIKEG TTIAPAWETPOL EVOG OfIO-
yevoUq OUCTAHATOG anatTeltal n yvwaon 6 mapap€rpwy, mou eival oL eow-
TEPIKEG TACEIG TIOU QvarTTUoooVTaL EVIOG NG UANG (Oy, Oy, Oz, Txys Tyzs Tzx)
oxfua 2.4.a.

4

a4

y

Ixpa 2.4a. [a Tov mpoodloploud UnXAVIKWY ECWTEPIKWY MAPAUETOWY TOU OUOTIUA-
T0G ararrouvtal E&L MAPGUETPOL (Oy, Oy, Oz Txy, Tyz Tz )-
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O poadloploudg TwV BEPUIKWY TAPAUETPWY TEpLopileTal aToV TIPOCdI-
0pLoUS pIag UOvo MapapETPoU, ekeivng TnG Beppokpaaiag T.

‘ETol, mapatnpoupe 0Tt yla Tnv emihkuon evog Beppoduvapikou mpo-
BAjHaTOG OTN YEVIKH TOU POP®H, anareiral va mpoodloplotolv TOUAdXL-
otov 9 eEWTEPIKEG KAl 7 ECWTEPIKEG TTIAPAWETPOL.

21 o ndvw PETEL va KAVOUE TIG €ENG TIAPATNPTOELG:

= Maparipnon 1

H enihuon twv 16 mapauétpwv mpodavwg, anattel tn AUon evdg ouotua-
Tog 16 eElowoewv pe 16 ayvwotoug. Eival katavontd &t n xprion tou H/Y
elval avaykaia yia tn AUon té€towwv npoBAnudtwy. MNa to Adyo autd eipacte
urtoxpewpévol va Toviooupe OTL N avartugn g MNXAVOAOYIKNG TEXVNG OTO
e&ng elvat gitnua avdrruéng twv H/Y.

= Mapatipnon 2

Onwg avapépbnke, yla Tov MPOCdIOPIOUO TWV ECWTEPIKWV TAPAME-
TpwvV amaitouvral TouhdyioTov 7 mapdperpol. Mwg yiveral, Aoimov, va Tnv
ka@opilouv pévo dUo, n mmieon P (pnxavikn mapapeTpog) kai 6epudtnra T
(6eppikn MapdpeTpog). Mmopei éva 6epuoduvapiké mpopAnpa va mpoo-
dlopileTal amd duo napapétpoug P kai T drav:

1. To peuotd Bewpeltal Tt dev Exel IEWIEG (1DAVIKO).

2. To peuotd pnopel va BewpnBel paypatikd, dnAadn 1Ewdeg # 0 aAAA N
TaxUTNTa HETABOANG TNG LOPPTIG TOU CUCTAUATOG YiveTal apyd.

3. Otav oto cuotnua dev PetaBAN\eTaL N LOPYPT] TOU.

Ze OAeq TIG ANAEG TIEPUTTWOELG EIACTE UTIOXPEWEVOL VA BEWPT|TOUE
€€l MapapeTpoug.
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2.5. MEOOAOZ EMNIAYZHZ OEPMOAYNAMIKQN NMPOBAHMATQN

Ma v enihuon Beppoduvaukwy MpofAnudtwy epapudlovrat dUo Eexwpl-
oTég uébodot:

a) MéBodog kard Lagrange

B) M£Bodog kard Euler

Me tn p€60odo Tou Lagrange n mpoooXr KOG CUYKEVIPWVETAL OE OPL-
opévo PEPOG TNG UANG (oUoTnua) kat mapakoAouBoupe v eEENEY Tou 0TO
Xpovo.

Me 1 péBodo Tou Euler n mpoooxn MAG CUYKEVIPWVETAL O€ éva Ou-
YKEKPIUEVO XWPO (OYKOG eAEyXOoU), Tou oplleTal and Jia MEMEPATEVN Kal
otabepn| empdvela mou dev MAPAUOPPUVETAL, Kal UEAETAUE TL yiveTal oTo
XPOvo, 0TO E0WTEPIKO auToU Tou OYKOU Kal dvw oTnv emipAvela TIOU TepL-
opiCel autdv, dixwg va evdlapEpel To Yeyovog ATl N UAN JIEPXETAL CUVEXWG
1 MEPLOJIKWG amd auTtdv Tov GYKO.

Me 1 péBodo Tou Lagrange akohouBouUje TV “I10TOPIA” ULOG CUYKEKPI-
pévng patag, evw pe ™ pEBodo Tou Euler mapakohouboulpe v “loTopia”
TOU OyKou TOomIKA oTo Xpdvo. Eival 8Uo diapopeTikoi péBodol eniluong
BePUOSUVAMIKWY TIPORANUATWY TTOU Ouwg 0dnyouv oTa idla amoTeAéopara,
pe TN dlapopd GtL, TTOAMEG POPES, oL XPAVOL TTIOU arartouvTal yia Tny emiiu-
on eivat SLaPopPETIKOL.

YNApxouv TIEPIMTWOELG TIOU TPOTIUATAL O évag 1) 0 AAAOG TPATIOG emilu-
onNg A Kapd ¢opd Kat ot duo padi.

Zuvnbwg n pEBodoq Lagrange epapuoletal oe KAEIOTA OuCTHHATA,
evw Tou Euler oTa avoikra.

Q MAPAAEITMA 2.1

Extévwon oe MaMvOPOUIKO KIvNTAPA E0WTEPLKNG kaluoewg. MeAetdue Tn
@Aon NG ekTéOVWONG oe gvav NMAAvOPOUIKS TETPAXPOVO KIVNTAPA E0WTEPL-
KAQ kauoewg (ox. 2.5.a.)

En\éyetal wg ouotnua to peuotd pdlag m,. MNa va peketnBel n Bep-
HOJUVAULKY) LETABOAY) TNG PAONG TNG EKTOVWONG Kal yia va Bpeboulv ol ra-
PALETPOL TNG E0WTEPIKNAG KATAOTAONG TOU peuaToU, elval mpopaveg OTL Ba
epapuootei n uéBodog Tou Lagrange. EAQv epapuolétav n uébodog Euler, n
AUon Ba rjtav meploadtepo TOAUTAOKN kat XpovoRopa.
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Oplio _;Y — ANZ
. — KNX
20oTnua

ZxAHa 2.50a. EKTOvwon o€ maAlvdpoUIKO KIvnTHPA ECWTEPLKNG KaUang.

Q MAPAAEITMA 2.2

Oewpoupe éva akpoPUualo, ONMweg OTo OXNUa, TIou TpoPodoTeiTal and wa
OeEauevn dmou ol mapduetpol Po, To mapapévouv otabepeg aTo Xpovo Kal
{ntouvtal ot P4, T4 otnv €€0d0 (0X. 2.5.B)

Emneldn undpxel péviun por) oto akpo@pualo, eMAEYOUUE wg oUoTnua
gvav OyKo eAEyXoU, OMwg Paivetal 0To OXNUa, Kal epapudloupe Tn pEdo-
do Euler. H pébodog autr) oto oUYKeKpLUEVo TIPORANUA pag arnaAdooel
and didpopoug oUVOETOUG OPOUG Kal OXETELG TIOU TIPETEL VA UTTOAOYLOB0UV
agrjvovtag Hovo TIG oX€oelg dlatiENnoNg TNG EVEPYELAG.

Opio —» Py P,
To

200TNHO ——————— T

Ixnpa 2.5.6. Sxnuatiki napdotaon tou napadelyuarog 2.2.
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Q NMAPAAEITMA 2.3

Aivetal To akpopUaolo Tou oXNuatog 2.5y. Aivovtal oL ouverkeg tng deEape-
viig Po, To, ol onoieg petaBdMovtal pe To Xpdvo kal ntouvtal ol mapdue-
TpoL TNV €£000 TOU aKPOPUCLOU.

2’ qumv TnVv nepimrwon ot ouvenkeg petaBallovtal pe To Xpovo. Etat,
n ponj and 10 akpo®uolo PetaBdMeTal, yiati ol ouvBrkeg tetaBdA\ovtal
and to ddelaopa g de€apevnq. 2’ autrv Tnv niepimtwon Ba epapudletal n
HEBODBOG Tou Lagrange.

Opio ——» Po Py
To

200TNHO —————— 1

IxApa 2.5y. Zxnuatki napdotaon tou napadelyuarog 2.3.

2.6. MAOHMATIKEZ ZXEZEIZ

Ma v emiduon Twv BeppodUVAPIKWV TPORANUATWY, UETA TV emAoyR
TOU GUGTHHATOG, LETA TOV TPOCGSIOPICHO TWV EEWTEPIKWY KAl EOWTEPIKWV
TTaPAPETPWV Kal LT TOV IPOOdIopIouS TG peOOdou emiluong Lagrange
- Euler, ypdgpovtal oplopéveg HaBnuaTikéG oxXEOEIG, TIOU EKPPALOUV TOUG
vououg Tou Siénouv Ta dldgopa BepUoduvapikd gatvoueva.

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

OLoxgoelg mou ypdgovtal yia TNV erAuom Twv BgPUOSUVALIKWOV TIPORAN-
pétwv eivat:

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

2. Zx€0¢€lq TToU eKPPAoUV TO VOHO TG diaThpnong TnG opung.

3. Zx€oelg mou ekppdAlouv TRV apxn Tng diatipnong Tng POmNig TG
opprig (oTpogopyry).
4. Zxgoelg mou ekppdlouv TNV apxn diatipnong Tng EVEpyeiag.

5. Zx€0€elq PAIVOPEVOAOYIKEG, dNAadT| OxEaelq TIou ekppdlouv Ta did-
Popa PUOIKA palvopeva.
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MeTa&U Twv TeAeuTainv dlakpivoupe :
a. KaraoTatiki €§iowon Twv agpiwv.
B. O vopog d1adoong Tng Beppdtnrag (Furrier).
Y. O vépog Tou Ohm.

8. O vopog TnG aktivopoAiag Stefan - Bolzman.

2.7. KATAZTATIKH EZ1ZQ%H TQN AEPIQN

H e€iowon autr ekppddel a ox€on HeTa&l Tng mieong, TG Oeppokpaaciag
Kal Tou €181KOU OYKOU.

P-.v=R-T (2.7.)

orou: P :mieom,
v : e1d1Kdg dyKog,
T : Beppokpaaia,
R : otaBepd g ehaoTikdTNTAG TWV AEPiWV.

‘Otav yia éva aéplo Bewpeital 611 n napduetpog R autou sival otabepn,
OnA. aveEdptntn and m petaBoAn g mieong kal g Bepupokpaciag, To
aéplo Bewpeltatl TéAeIO.

H otabepd twv agpiwv R:

M (2.7.8)
orou: Ra n maykdéoua otabepd Twv agpiwy,
M poplakn pdla tou agpiou yia To omoio YPAPETAL 1 KATAOTATIKTY)
e&lowon Tou aepiou.

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

21NV MepimTwon mou yla €va agplo 1 MapdueTpog autou eivat:
R = oTaé.
C, = otal.: e1dikr) Bepudmra uno eidikn oTabepn
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C, = o1a0.: e1dikr} BepudtnTa UNd oTabepd dyko otabepni
Téte, TO PEUCTO CUUMEPLPEPETAL OAV EVa IBEWSEG AgpIO.
Edv yia éva aéplo oxuouyv :
R = oTab.
C, = Cp (T) ouvdptnon g Beppuokpaciag
Cy = Cy(T) ouvdpmon g Beppokpaciag
TOTE MIAQLE Yla éva AgPLo OXEDOV IBEWDEG.

2UVABwWQg Ta a€pla PEUCTA TIOU ouvavTApe oTn Aettoupyia Twv BEpUIKWY
KIVNTAPWV Kal epyounxavwv elvat mepinou autou Tou TUmou.

Mevikd yla Ta mpaypaTikda agpia oxuel n oxéon :

M-P-V=2z-RT (2.7.5)

érou: M : poplakn pdla
R : maykéowa otabepd Twv agpiwv
Z : OUVTEAEOTNQ OUMIIECTIKOTNTAG TOU agpiou peuatou.

V : e1d1kdg 6YKOQ
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o——0
Z
ZYNTOMH NEPIAHWH 20u KE®AAAIOY
Z . . . ] .
e H Beppoduvapiki Karaoraon Tng UANG eivar yvwotn,
(AUoM Tou MpoPAAUaTog), dTav eival YvwoTEg OAeg oL a-
PALETPOL TTIOU EAEYXOUV QUTY).
e O napduetpol Tou opifouv T Beppoduvapikhy kardoTaon TnG UANG
dlakpivovTal oTIq EEWTEPIKES KAl ECWTEPIKEG TTAPAHUETPOUG.
e OlLEoWTEPIKEG MAPAPETPOI JIAKPIVOVTAL O XNHIKEG, HNXAVIKES Kal Ogp-
HIKEG.
® O aplBudg Twv EEWTEPIKWY MAPAUETPWY, TIOU ANATOUVTAL YIA TOV TPOOo-
d10pIop0 TNG B€0NG €vOg ouoTRpATOG, lival 9 oe aplBud kat mapouatd-
Couv KPS eVOLAPEPOV OTIG BEPUIKEG UNXAVEG.
® O aplBudg TWV ECWTEPIKWY TIAPAUETPWY, TIOU arnartoUvtal yla ToV Poo-
d10pIoPO HIag BEPPOSUVANIKNG KATAOTAONG TG UANG eival 7 oe apldud
yla opoyevég aUoTnua.
¢ H avanruén tg pnxavoloyikig Téxvng eival {Atnua avantuéng tTwv
H/Y.

® Mmopel éva Beppoduvauks npdpAnua va npoodlopifetal and dvo ma-
papérpoug P kat T, dtav IkavoroloUvTal OPLOPEVESG TUVONKEG.

e [la va Aiooupe Bepuoduvapikd TPEoBAUaTd, ouviBwg eTINEYOUME TN
H€Bodo Tou Lagrange yia Ta KeloTd ouoTtrjpara kai tn yéeodo Euler yia
TA QVOIKTA.

e Ol HOBNUATIKEG OXEOELG TTOU YPAPOVTAL Yla TNV eMAuoT TV BePOdU-
VAUIKWYV TIPORANUATWY EKPPALOUV TOUG VOOUG Tou JLEnouv Ta didpopa
Beppoduvapikd gavopeva.

¢ H karaoTatikg €€icwon Twv agpiwv ekppdlovtal and Tn oxon
P-v=R-T.

e To aéplo Bewpettal TéAelo dtav R = otad dnA. aveEdpTnTn and Tnv migon
Kal N Beppokpacia.
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) )
EmodIwKOPEVOI OTOYOL:

V] Na ameikovilere ypapikd oto didypappa (P-v) kat (T-S) ) otiyuaia
KATAoTAOT TNV — AAAAyY] KATAOTACEWS — TNV KUKAIKY] aAAayH.

V] Na AVAPEPETE TIG XAPAKTNPLOTIKEG OEPOOUVAMIKEG LETABOAEG.

V] Na e€nyeite kal va opilere TIq évvoleg TNG BepudTNTAG Kal TNG Beplo-
Kpaoiag kat va yvwpileTe Tiq LovAadeqg HETPNOTG TOUG.

V] Na yvwpilete TN oupBartikr) @opd Tou kKabopilel To PdonUo ot Pon
™G BepudTNTag amnd Kat mpog To oUaTNUA.

V] Na yvwpileTe TOoV TPOTO Mapaywynq TG BepudtnTag Kat tn Xerjon mg.

V] Na e€nyeite TIq évvoleq ECWTEPIKN eVEPYELQ, eVOaATTia, e3IKA evBaATia
Kal va 8iveTe oUVTOUO OPLOUO.

3.1 APXH AIATHPHZHZ THZ MAZAZ

21NV NepimTwon mou MPETEL va YPAPToUV OXETELG TTIOU EKPPATOUV TNV apxn
dlampnong g palag, dlakpivoupe dUo TIEPUTTWOELG:

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

B) Neputtwoelg otig onoieg n e€EMEN TNG UANG yivetal katd Tpdmo oAU
YPRYOPO, (agpoaTtpdBINOL, KIVNTPES TTUPAUAWY K.ATL).

Ma mv npwtn nepimtwon ol ox€oelg autéq eival anAgg, onwg eaivetal
OTO Lo KATW Tapddetyua:
Mapatmpwvtag 1o oxua 3.1a uropoupe va ypdyoupe tv apxn dlath-
PNONG TG UANG:
mg = m, + my (8.10)
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orou: mgn pada otnv apxn e eAong g BePlacuevng eEaywyng (EpBolo
ot1o K.IN.Z)).

m, TO 1000 TG HAlag evtdg Tou KUAVOpou aTnv Tuxaia 6€om autou.
m, n pada mou €xel Byel HEXPL ekelvn TN oTiyur| €§w amnod Tov KUAWv-
opo.

Ixpa 3.1.a. Zxnuatikr napdotaon Tou napadelyuarog

21 deltepn mepmTwan ol ox€oelg eival meploodtePO TIOAUTAOKEG Kal
dev Ba avapepbouy, yiati eival mé€pa and ta dpla autou Tou BiBAlou.

3.2 APXH AIATHPHZHZ THZ OPMHZ

Ol pabnuartikég ox€oelg mou ypdgovtal otny nepimtwon autr eivat ouvee-
TeQ Kal mapouataldouv peydin duokoAia otnv emiluon touq. Elval aAnBela
OtL, uéxpl orjuepa, dev €xouv erAubel avaAuTikd, mapd pévo aplounTikd e
™ xprion H/Y kat pd\iota o€ anAomonuEveq LOPPES.

To (310 kal akdun MeploodTEPO CUUPBaivel yia TIG eELCWOELG TIOU EKPPA-
Couv TNV apyn dlatripnong TG OTPOPOPUNAG. ' autég Tiq SUOKOAIEG, OTIQ
BePUIKEQ UNXAVESG KAl OTIG epYOUNXavEg, auxvd, avtikabiotatal n e&lowon
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™g dlatipnong g opunAg He €va vouo Bepuoduvauikiig HETABOAAG Tou
TUrou: PVM = otabepd, pe ekBETN m nou AauBdvel untdyn ta anoteAéoua-
Ta ToU LEWSOUG Kal TNG TaxUtNTag TNG MapapopPwong o’ €va mpayUaTiko
peuatd. O ekBETNG M poodlopileTal MEIPAUATIKA.

3.3 NOMOI GEPMOAYNAMIKQN METABOAQN

OL BepuOdUVAUIKEG METABOAEG, OTIWG avagpape atnv ponyouuevn napd-
ypa®o, eival Tou TUMou:

PV"™ = oTaBepd (3.30)

Mpwv avahUooupe Tnv riponyouuevn oxeon Ba avartuEoupe HEPIKES Ba-
OlKEG €vvoleg TNG BEPUOSUVAUIKAG.

3.4 TO AIATPAMMA TQN KATAZTAZEQN (P-v), (T-s)

Z0upwva Ue 6oa avapgpape og ponyoupevn mapdypago, yla va opiooupe
™ OgppodUVapIKN KaTtdoTaon TnG UANG, xpelaléuaote dU0 mapapéTpoug,
Tou and edw Kat oto €€ Ba ovoudloupe KATAOTATIKA UeYEDN.

Enopévwg, prnopoupe va anelkoviooupe Ypa@ikd Tn ©eppoduvaplkn Ka-
TAOTOON TOU CUOTNUATOG OE €va KapTeolavl dldypapua, mou €xel AEoveq
Ta dUo KataoTatikd eygon, ue éva onuelo.

Eotw 6t yvwpiCoupe Tig THEG Py, v4 TEOEWG Kal e13IKOU GYKOU TOU OU-
OTNMATOG OTN KaTtAotaon ©eppoduvauiknig loopportiag 1.

Mriopoupe va aretkoviooupe Tnv katdotaon 1 pe éva onpeio oe duo d&o-
VEQ, e TETUNUEVEG ToV eIdIKS dYKo V Kal TeTayuéveg v riieon P. (ox. 3.4.q)

To didypappa autd ovopdletat didypapua Twv KaTaoTAoEwV 1} Karta-
OTAOEWV 1 KATaoTaTiKG didypappa (P-v)

> A

Vi y==-=-=-

0 P1

<

Zxjpa 3.4.a. Karaotatko didypauua (P-v).
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Mapatpoupe 0To MAPAKATW OXNAMA, A ddtagn Kuhivdpou euBdéiou
mou mepléxel 1 kg aépa.

0 agépag oV atpooPalpiki mieon kat atoug 20° C €xel 181k dyko 0,83
md3/kg. Ztoug 411° C oe micom 4x103kPa €xel e181k6 dyko 0,5 mi/kg dnwg
TIPOKUTITEL Ao TVaKeQ.

MropoUpe va mpayUaTomno)ooupe auTEG TIG dUO KATAoTACELG TOU agpa
1 kat 2 péoa otov KUAMVOPO Kat e KAaTAAANAN KA{UaKA va TIG amnelkovicoupe
oto ddypappua (P-V), éonwg gaivetal oto oxnua 3.4p.

PA

<Y

Ixipa 3.4.B. Adta&n euBoAou-kuAivdpou kat kataotatko didypauua (P-V).

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

Eniong éva ndpa moAU xpriowo didypaupa yia T HEAETN TnG AetToup-
yiag Twv BEPUIKWVY UNavwy Kal epyounxavav eival To dldypauua 6gpuo-
kpagiag, T evrpomiag, S (T-s). Na ™ Bepuokpacia kat v evrporia Ba
avagepboupe oe endueva kePAiala.
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3.5 METABOAH

Mapatmpoupe oto mnapakdtw oxnua 3.5a éva Oegpuoduvaukd ouotnua
otV Katdotaon loopportiag 1 rou xapakmpiletal and Tig Tiuég Py, vy, Ty.
Edv to oUomua npayuatororjost evalhayn evépyeiag e To TepIBAAov
TOU, N QUOIKN KATAoTaon Tou cuoThpaTog 6a alAagel kat Ba ouvexilel va
aM\Alel, €wg dTou guvexiCetal n evalhayr| evépyelag He To TiepIRANoV Tou.

P A
Pop-=-====-=---- ® 2
1

1 1
Pl -@ :

1

| 1

1 1

1 ! >
0 Vi Vo \

Zxrjpa 3.5.a. MetaBoAr.

‘Otav n evalhayn evépyelag pe 1o mepIBANAOV OTAPATACEL, TO GUOTNUA
Ba Bpebel oe a kardotaon Oepuoduvaukng IgoppoTiag 2 SIaPOPETIKN
and v apxIk katdotaon rou Ba xapaktnpiletal and Tig TIEG Py, Vo, To.

MetaBoAr} ovopdaletal To OUVOAO TwV KATACTAGEWV AMO TIG OMOIEG
TIpEMel va mePAcel To oUOTNUA, atté TNV apxIKA HEXPI va Bpedei oTnv Te-
AIKA) Tou KatdoTaon, AOyw Twv cuvalAaywv evépyelag e To mepifailov
Tou. To OUVOAO TWV KATaoTdoewv amnd Tnv apxkn 1 éwg v TeAkn 2 6a
ekmnpoowrel wa petaBolr] kat 8a arewkovifetal oto didypauua (P-v) ard pia
ypauun 1-2, énwg eaivetal gTo oxniua.

Mapatnpoupe Aortdv 4T, yia va npayuatoroinoel n petaBoAn, eivat ava-
yKaio To ouotnua va evaA\dooel evépyela e TO TEPIBANOV Tou.

H popon g ypauung, Héow Tng omolag amelkoviletal n PeTABOAY,
eEaptdral and Tov TPOMo Mou mpayuatoroletal n guval\ayr evépyelag
TOU GUOTNHATOG.
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3.6 XAPAKTHPIZTIKEZ OEPMOAYNAMIKEZ METABOAEZ

YridpXouv HEPIKEG XAPAKTNPLOTIKEG UETABOAEG e elOIKA ovduaTa Onwg:

1. lo66eppn peraBolr: H Bepuokpacia mapauével otabepry Katd

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

2. looBapng peTapoAn: H nieon nmapapével otabepn katd ) ddpkela

™Q HeTaBOANG.
m = 0, P = otabepd.

3. lodxwpn petaolni: O edikdg dykog Mapauével otabepdq Katd

dldpKela NG HETABOANG.

m = oo, Vv = oTaé.

4. AdiaBatiki peraBoAn: Aev undpxel evalayr) Bepuikng evépyelaq
TOU OUOTANATOG pe To TiepBANoV Tou, Katd T dldpkela TG UeTa-

BoArg.

5. MoAutpomikr peTaBoAn:
m = m.

270 1o KATw oxrjua 3.6a €xoupe OTL loXUEL ] OXEON:

T-AS=C-AT (3.60)

orou: C eival n €181k 6gppdTNTA TOU PEUCTOU TIOU TPAYATOTOLE( TN
BepOdUVALIKT] UETABOAN TOU aploTdvetal ota oxnuata 3.6a,p.
Autr| urnopel va eival Betikn 1§ apvntikn ox. 3.6a kat 0X.3.6B avri-

OTOIXA.
orou T:  eivat n Bepuokpacia.
AT: eivaln petaBoAn Tng Bepuokpaciag.
AS: eivain petaBoAr) Tng evrporiag.
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TA
@
>
0 C>0 S
Zxnpa 3.6.a. Eidikn Bepudtnta C >0.
TA
®
® >
0 S
C<0
<——)

ZxAua 3.6.B. Edikr Bepudtnta C <0.

MNa neploodtepeg Aerropépeleg Ba avapepbolue oto deltepo Beppo-
SUVAUIKS VOHO.

EivaiCp > Cv *

I 1a TNV 1000€ppn LeTABOAR €xoupe: C = +oo
I 1a ™V 100XweN LetaBoAr] éxoupe: C = C,,
Ma my 1ooBapn petaBoAn éxoupe: C = Cp
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Ma v adiapatikf petaBoAr) €xoupe: C = 0
Ma v moAutpomikn petafor) €xoupe: C = C

H avé\uon twv Bepuoduvaukwy detaBoAwv Ba mpayuarorombel oe
EMOUEVO KEPAAQLO.

= Maparripnon *

Edv npayparororjooupe a PeTaBoln pe otabepd GyKo Kal pia Je ota-
Bepn miieom oe pia didta&n kuAivdpou eupoAou Tou Ta dpla HETABOAAG TNG
Bepuokpaaiag eivat Ta idla, T6te C,, > C,. H Bepuotnra nou npoaotibeta 1y
agaipeital, kard t didpkela NG PeTABOANG e aTabepn mieon, eival peya-
AUTepn and tn Bepudtnta rou mpootibetal 1) aaipeital, katd tn dldpkela
™G METABOANG e oTtabepd GYKO.

Mpdyuartt, katd T PeTaBOAR e aTabepn mieon, To PeuoTd PETAKIVEL TO
€UBOANO Kal, eEMOUEVWG, TIaPAYEL EpYO, EVW, KATA TN METABOAY] e aTaBePO
OYKO, TO €uBOoA0 dev peTakiveltal kat, apa, dev mapdyel pyo.

3.7 H OEPMOTHTA KAI H OEPMOKPAZIA

H BeppdtnTa cival gia HopPn EVEPYEIOG TTIOU HETAPEPETAI, TTIPOCTIOETAI
N agaipeital and éva ovoTnpa cwpa €€ aitiag Tng diapopdg Bepuokpa-
giag.

H BeppdTtnTa péel and €va cwua uPnAng Beppokpaaciag os éva dA\o
XAUNAQ Kat ToTé avTioTpoda, OMwg Ta nMotduia péouv and ta Bouvd rmpog
M 6dAacoaq, (ox. 3.7a kat oX. 3.7B).

ZIxApa 3.7.a. Aitia ¢ pong Twv peuoTwv givat n uPoueTpikn dtapopd. Atia g
pon¢ Bepudtntag eivat n dtapopd Bepuokpaciag.
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TA>TB

Mévwon

Zxripa 3.7.B. OcpudtnTa péet and v uPnAn Bepuokpacia
oTn XaunAr kat moté avtiotpopa.

H BgppdtnTa eival, enopévg, popPn eVEPYEIag 0 KATAOTAON HETO-
Qopdg mou yivetal avtiAnmr, étav dlarepvdel Ta 6pla ToU CUOTHATOG.

To ocwua A €xel evépyela kal, Adyw tng dlapopdq Bepuokpaciag pe To
nieptBaMov, aipvel T Hoper| Beppdtnrag, pévo edv nepdoet To dpLo Tou
ouoTNUAaToG. And T oTLyur) ou Ba mepdoel oto TepBANOV, yiveTal UEPOQ
™Q evépyelag Tou miepBdAovtog, (oX. 3.7Y).

TA > T|-|
5kJ
5 kJ 5 kJ OepuIKn G)slpler’]
. evépyela
Oepukn
evépyela

ZxApa 3.7.y. H 6gpudtnta yiverat avriAnmtr, dtav darepvdet
Ta dpla Tou oUOTHUATOG.

Z0otnua

+Q
‘Oplo

MepBAaihov

ZxApa 3.7.8. H Bgpudtnta rmou xopnyouue oTto ouotnua givat BTk
Kal Qutrj mou agatpoUue givat apvnTikn.
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ZupBatikd 6a oupBoAiCoupe (+Q) TN pory BepudtnTag amd To MEPIBAA-
Aov mpog To ouotnua (oX. 3.79).
H povdda Beppdmmrag (Q) oto (SI) eival To TCAOUA, J .

Mia povada Bepudtnrag, mou dev avrkel oto Sl kat ou Tn ouva-
vidue ouxvo oe BiBAla Tou ekddBNKav TpLv amd tnv kablEpwar Tou
SI, elval n Kinokahopt (Kcal), mou avtinpoownelel Tnv mogdtnta g
BepudTnTag Mou anarreital, yia va avuwbei n Beppokpaaia 1kg ka-
Bapou vepou 14,5°C o 15,5°C. Meta&u Keal kat Kj untdpyet ) oxéon

1 Kcal = 4,186 K|

Eniong, ouvavtdue ouxvd oe BiBAa Tn povada Bepudtntag Tou
AyyAiouU ouotrijpatog 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 JLAMoTwW-
voupe 6Tt To doxeio A €xel (eatd vepd To doxeio B kpuo kat To Tpito doxelo
x\lapd (ox. 3.7¢).

IxAua 3.7.€. H apn dev mapéxel aopaAn ektiunon e Bepuokpaoiag.

ZuvnBiCoupe va Aépe 6Tt éva owpa rou elvarl {eatd €xel peyalutepn Bep-
pokpaaoia ard €va dAo xAapd A kpuo.

Enouévwg, n BepIKn EVEPYEIa TIOU UTIAPXEL O KABE WA EXEL kat Eva
XQPAKTNPLOTIKG: TN BepHoKpaaia mou pag deixvel méoo (eotd eival k&be
owua.

Etol, Aépe étL To vepd ou Bpddlel €xel peyaluTtepn Beppokpacia ard 1o
vepd NG Bpuong kat autd peyalutepn and to vepd Tou Yuyeiou.
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Enouévwg, prnopoupe va noupue ot H Bepuokpacia gival n évraon tng
aiobnong {eotol kpUoOU, TTOU XapakKTnPilel TN BepHIKN KaTdoTaon TWv
CWHATWV.

H gévtaon Qg alobnong tou (eotoU KpuUou Jev HaG ETUTPETEL AKPIPY
ektiunon g Beppokpaciag.

Yridpxouv OuwG PePIKA PUOIKA palvOpeva, OTiwg n THEN Tou TIAyou Kal 0
Bpaoudg Tou vepoU, TTIOU EXOUV XAPAKTNPELOTIKES TIUES Bepuokpaaiag umd
oplopévn Tileon. AUTEQ TIG TIHEG XPNOLoTIoloUpE wg onueia avapopdg, yia
va LHETPriooUlE TN Beppokpacia.

Autd ta onuela avapopdg ival ot TiEG Tou vepoU oTo TPITTAG onpeio,
oto onoio ouvundpyouv dyog, uypd Kat atudg umnd tiieon 612,2 Pa kat oto
onpeio Bpaopou und nieon 981.000 Pa.

MNa va petprijooupe tn Beppokpacia, XENOYOToLOUE TIG TIAPAKATW KAL-
MOKEG:

¢ H kAipaka Kehaiou (Celsius) Aappdvel unoyn g v €A avtioTol-
xla: Zto onpuelo mMEewg Tou vepoU oty empdvela Tng BAAacoag kat oto
onueio Bpaopol Tou vepou, AN otnyv empdvela Tng 6AAacoag avIloTol-
xoUv 0° C kat 100° C.

® H kAipaka ®apevair (Fahrenheit) Bswpel avtiotoixa Toug 32° F kat
212° F, onueio mEewg kat onpueio Bpaouou tou vepou. H yetatporr Bab-
Hwv Kelalou oe Babuoug dapevait kat avtiotpopa ekPppAleTal e TV Ta-
pakdtw oxgon :

°C_°F-32

S 9 (3.70)

¢ H kAipaka KEABIv (Kelvin). H Beppokpacia evég owpatog dev uropel
va KatéPel kKATw amnd pa eAdxotn Tn, (on ya 6ha ta cwuara mnepinou
-273° C.

Htyun -273° C AapBdvetat wg Ao ag e181knG KAUakag 6eproKpaoiwy
Tou ovoudloupe KAuaka KEABY 1} Twv amoAUTwy BEpUoKPACIWY Kal JETPAEL
™ Bepuoduvauikn Beppokpaaia 1) andAutn Bepuokpacia.

H tn -273° C avtioTolyel oTo andAuto undév (0K 1} -273° C) g KA(ua-
Kag KEABv.

SUMPBOAiZoupe pe T v andAutn Bepuokpaacia kat pe t° tn Beppokpaaia
™G kAuakag KeAaiou.

H petatpor) yivetal pe Tn oxéon:

T=t +273° (3.78)
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Q NMAPAAEITMA 3.1

Na rpoodlopioete T Bepuokpacia Tng onoiag n Tur eival dla yia duo Bep-
uéueTpa To éva ™G KApakag Kehotou kat To dAAo TG kAipakag dapevdirt.

Adon
And Tt ox€on peTaTponng (3.7a.) EXOUpE:

°C_°F-32

5 9

kat BaZovrag °C = °F Ba éxoupe :

Ernopévag, kat n kAipaka Kélaloug kat n k\ipaka ®apevdit deixvouv v
(dl1a Beppokpacia atoug °40.

Q MAPAAEITMA 3.2

Mpoodlopiote Toug Babuoug otnv KA{Uaka GapevAlT Tou avTioTolKoUuv Ot
Bepuokpaaia 50 °C.
Adon

And tn ox€on petatrpornng (3.7a.) 6a €xoue :

°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

QVTIKQBLOTOUE KAl EXOUE :

°F

o = 9-50+160
5
]
o =160
5
°F = 122

Emouévwg, otoug 50° C avtioToouv 122° F.

3.8. Ol XPHZEIZ KAI H MAPAIrQrH THz ©OEPMIKHZ ENEPTEIAZ

Ta peyaAUtepa mood BepUIKAG evépyelag mapdyovTal and Ta Kadoipa e Tn
pegOAGBNOoN TNG KaUong TouG.

H Bepudtnra mou aneAeubepwvetal amnd tnv kalan xenotlomnoleTal ota
JLApopa (0N BEPUIKWOV KIVNTHPWY, YIa TNV IApaywyr NAEKTPLKNG KAl Jnxa-
VIKAG EVEPYELQG, Yla TNV kivnom agpomAdvav kat TAo{wv, yla TI 0dIKEG Kal
OONPOJPOUIKEG LETAPOPEG.

H Bepuikn evépyela xpnoomoLeTal oe Ja pPeYAAn YKAUA BLOPNXAVIKWOV
EYKATAOTACEWV, OTIWG XNIUKESG Blopnxavieg, ot HETAANOUPYIES, OTIG KAW-
oTtoupavTtoupyieg, oTig Blopnxavieg TPOPipwv Kat TOAEG AAEG.
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Zxrjua 3.8a. Mnxavikég ekokapéag ue kKadopopo Tpoxo, evw eEopuaoel Ayvitn oTo
Ayvitwpuxeio MroAeuaidag. AHMOZIA ENIXEIPHZH HAEKTPIZMOY

O Ahiyvitng, o BAvepakag, o avlpakiTng kat To meTpéAaio eival uepikd and
TA KAUOLUA TIOU XPENOLUOTIOLoUVTAL YIA TNV TTapaywyr| BEPUIKNG EVEPYELQG.

OepIKT| eVEPYELQ TTAPAYETAL ETONG AMO TN PETATPOTI TNG NAEKTPIKAG
KQlL TNG PNXAVIKAG EVEPYELQG.

Ynidpyouv, emniong, PUOIKES TINYEG BEPUIKAG EVEPYELAG TTIOU XPNOLUOTIOLN-
ouvtal ot Blounxavia, énwg eivat oL eyKaTaoTtAoelq YEWOEPHIKAG EVEPYEI-
ag, otig omoieg n Bepudtnta Aaupdvetal anod piypata vepou - atpou UPnAng
Beppokpaciag, ou Bpiokovral kAtw and v empavela TN yng.

Mia Tétola eykatrdotaon, mou eEurnpeTel Blounxavikeég avAaykeg, undp-
¥el oto Larderello Tng ItaAiag.

Mia GAAN puatkr) inyn evépyelag eivat o0 HAlog, and Tov onoio naipvoupe
™V NALOKA eVEPYELQ, TTIOU Ol TIOANATIAEG TNG XPNoelg eEAMAWVOVTAL EVIUTIO-
OlaKd pépa pe Tn pépa.



2XEZEIZ MOY EK®PAZOYN TIZ APXEZ AIATHPHZHE 51

Zxnua 3.8.B. HAlakég orabudg Ayiag PouuéAng otnv Kprjtn, toxuog 50 KW. Eivat o
MEPWTOG NALAKAG 0TaBudG 0T XWPa MAS Kat vag ard TOUG UEYAAUTEPOUG
™m¢ Eupwnng. Metatpénet Tnv nAlaxr) eVEpyela arn’ eubeiag o€ NAEKTOLKN
Kat NAEKTPOJOTEL TNV OUWVUUN KOWVOTNTA.

3.9 EZQTEPIKH ENEPIEIA

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

¢ Ta otolelndn autd cwuatidia g UANG KivouvTal, EPICTPEPOVTa,
TahavreuovTal, EAKovTal, anwéouvTal.

Emnopévag, éva owua mepléxel evEpyela, TTou opelAeTal 0T HOPLAKA Kal
QTOWMIKN TOU dopn.

® [epléxel KIVNTIKA evEpyela TIou opeileTal otnyv kivnor) Toug.

® [epléxel SUVAPIKN EVEPYEID TTIOU OPEINETAL OTIG EAKTIKEG KAl AmwonTL-
K€Q Suvdpelg HeTa&l Toug.

AUTEG oL duvApelg anoTteAolv TO UNXAvIoUd anobrikeuong g evépyel-
ag. lNa va umepvikrioouue autég TIG JUVANELS, TIPEMEL VA KATAVANWOOUE
eEWTEPLKT) EVEPYELQ TLX. TTAPAUOPPWOT) VOGS oWpaTog (oX. 3.9a), uypd ou
eatpieral (ox. 3.9B).
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ZxApa 3.9.a. EEaokouue SUVAUELS YIA VA TAPAUOPPWOIOUUE TO owua A.

Zxfipa 3.9.B. Xopnyouue Bepudtnta, yia va e&atutotel 1o uypod tou doxeiou.
Emopévwg, TNV evépyeia mou mepi€xel éva owpa U, mou avTimpoow-
TIEUEl OAEG TIG HOPPEG OE HIKPOOKOTIIKO EMITIESO TNV OVOHAOUNE EOWTE-
pIKA evépyela.
3.10 ENOAATIIA
21 Oeppoduvapikh pAg dleuKoAUVeL va eloaydyoupe €va akOun pEyedog
mou 6a to ovoudloupe eveahmia.

H evBaAnia opiCetal and m oxeon:

H=U+pV (3.100)

H e1d1kr) evBahria h 6a ekppddetal e tn oxeon;:
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h=ﬂ=u+pv (8.108.)
m

6mou m: n udda Tou OUCTAUATOC.

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

Elval éva péyebog oAU xprjoo ot Bepoduvaplkny kat Bpiokel epap-
HOYH OTNV QVTILETWTTILON TwV TIPORANUATWY TOU aTtuoU, Tou vepoU, ToU agpa,
TV YPUKTIKWOV JECTWV KAl TWV EQAPHOYWY TOUG OTA AVOIKTA CUCTHUATA.

3.11 KYKAIKH METABOAH - OEPMOAYNAMIKOZ KYKAOZ

Av e Ja HeTaBoAr] To oUoTNUaA ENAvVaPEPETAL OTNV APXIKY TOU KatdaTaon,
TOTE N METABOAA A€yETAL KUKAIKT.

Mwa tétola petaBoAr) elval autd mou amelkoviletal oto oxua 3.11q,
n onoia &ekivdel and Tnv apxikn katdotaon 1 (Py v4, T4,), e€eNlooeTtal kat
npaypatornoletal pe wa oelpd dladoxIkwy KATAOTACEWY KAl EMAVAPEPEL
TENKA TO 0UOTNUA OTNV apxikr| Tou katdotaon 1 (P4, vy, Ty, OTIG (Bleg, dn-
Aadr| TipéQ mieong, dykou Kal Bepokpaciag mou eixe To oUCTNUA, KATA TNV
évapén g METABOANG.

Av ¢’ éva ouompua ektehouvtal katd npokaboplopévn oelpd duo 1 te-
PLo0dTEPES LETABOAEG TIOU TO EMAVAPEPOUV OTNV APXLKY) TOU KATAOoTAON,
TGTE TO OUVOAO TWV ETABOAWY QUTWV OVOpAZeTaL BEPHOSUVANIKOG KUKAOG.

b A

° 1 (Plv vl)

®
<Y

Zxrpa 3.11.a. KukAkrj uetaBoAn.
2Ta oXuaTa Tou akoAouBoulv aivovtal ol BewpnTiKoi Beppoduvapi-

Koi “KUKAOI” jiag TETPdXpovNg BeVvounXavig Kat evog TETPEAQLOKIVITTAPA.
oX. 3.11B kat ox. 3.11y avrioToixa.
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Zxpa 3.11.8. OcwpnTik6g BePUOSUVAUIKOG KUKAOG Epyou Beviivounxavig.
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ZxApa 3.11.y. Ocwpntikds BepuoduvauIKoG KUKAOG EpYOU METPEAQLOUNXAVTG.

v npaypatikdmmra dev eival Evag Bepproduvauikog KUKAOG, aANA €vag
KUKAOG €pyou pHnNXavig.
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o——0
Z
ZYNTOMH NEPIAHWH 3ou KE®AAAIOY
Z
e Q1 Bepuoduvapikég peTaBoAég eival Tou TUMou PVM =
oTa0epo.

Tn Beppoduvapiki kardoTaon v anelkovi(oupe oto didypappa (P-v)
kat (T-s) ue éva onpelo, TN YETABOAN e A YR KAl TNV KUKAIKY aA-
AQyn| Je a KAELOTH YPauun.

OL XapaKTNPLOTIKEG BEPODUVAUIKES ETABOAEG elval n 1I060€pun, N 100-
Bapng, n 100XwpEN, N ICOEVTPOTIIKI Kal I TOAUTPOTTIKN.

H BeppdTnTa gival wa pop@r| eVEPYELg TOU LETAPEPETAL, TTPOaTIBeETAL
1| apaipeital and éva ouotnua owpa € artiag g dlagopds Bepuokpa-
olag.

H @eppdtnTa yiveral avriAnm), étav dianepvdel Ta épla ToU CUOTHUA-
TOGQ Kal pgel and v UPnAr mpog N XaunAr Bepuokpacia.

H 8epudTnTa rmou xopnyoupe o’ éva ouotnua, eivat BETIKA Kal auTr| Tiou
apalPoUE QPVNTIK).

H 6eppokpaoia sival n évraon tng alobnong leotoUu-kpUou Tou Xapa-
KTNpPICeL TN BEPUIKY] KATAOTAON TWV CWUATWV.

H évraon Tng aio®nong Tou {eoTOU-KPUOU dev LAG ETUTPETEL AKPIPA
eKTiUnoN TNG Oepuokpaaciag.

Ma va peTprigoupe T Bepokpacia, xpnodoroloUpe Tiq KAipakeg KeA-
olou, dapevait kat KEABL.

Ta peyalUtepa Tood Beplkng evépyelag mapdyovTail and ta kauaoipa
|Ee TN JeTOAARNON TNG KAUoNG TOUG.

H Oepuik evépyela xpnolonoleital o mapd TOMEG PLOUNXAVIKEQ

EYKATAOTAOELG, OMWG XNMIKEG Blopnxavieg, oTig Hetaloupyieg, oTig
KAWOTOUPAVTOUPYIEG, OTIQ Blounxavieg TPOPIUwY Kat TTOANEG ANNEG.



56 EIZArQrH xTH MHXANOAOTIA

A=IOAOIHzH
1. Na petatpédete Tiq napakdtw Bepuokpaocieq oe Babuols g KAUa-
Kag KEANBLV:
a) 35° C
B) 62° C
y) 100° C
(Artavtnon: a) 308K, B) 335K, y) 373K)

2. Na petatrpéyete oe Babuoug Kehoiou kat dapevdit, TI§ MAPAKATW
Beppokpaoieq :

a) 393 K

B) 223 K

y) 543 K

(Amavtnon: a) 120° C, 248° F, B) -50° C, -58° C, y) 270° C, 518° F)



ExTeAeital €pyo

Aev ekTeAeiTal £pyO

KE®AAAIO 4
i
™

MOP®EZ MHXANIKOY EPIrOY

4.1 'Epyo

4.2 Mnxaviko €pyo

4.3 'Epyo otafeprig duvaung
4.4 ‘Epyo peraBAnTtrig duvapng
4.5 'Epyo P-V (oykopeTaBoAng)
4.6 ‘Epyo porg

4.7 'AN\eg pHOpOPEG €pyou

57
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) )
EmodIwKOPEVOI OTOYOL:

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

Na opileTe TIq JIAPOPES HOPPES PNXAVIKOU EPYOU.

€ = E EE

Na yvwpileTe Toug TUTIOUG TIOU EKPPALOUV TIG LAPOPES LOPPES UNXQA-
VIKOU €pYOU, Ta HEYEDBN TOU TOUG OpICouV Kal TIG HOVAdES TOUG KAl va
TOUG eQaPMOleTe O AMAES EQAPUOYEG.

[

Na yvwpilere T ouppaon, ou agopd To mPdonUo Tou Tapayduevou
€pyou and éva ouaTnua oTr BgPLOSUVALKT).

4.1. EPTO

To €pyo napouaotdletal e SIAPOPEG HOPPEG - UNXAVIKO - NAEKTPIKO - XN-
HIKO €pYO KA.

21N JNXavikni To €pyo epgavifeTal oe UETAPOPES EVEPYELAG OTIG OTIO(EG
n Bepuokpacia dev naiCel kavéva poAo.

‘Epyo eival evépyela oe peragopd, omou n diapopd Beppokpaciag
dev epmAékeral dpeoa.

To £pyo opileTal ocav To yIvOpEVO piag 8Uvapng rmi Tn HETATOMION TOU
onueiou epappoynqg otn dielbuvon Tng idlag Tng duvapng (ox. 4.1.q)

‘Epyo = dUvapn X PeTaTdmnion
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F P----- F
_>

///L////////I///
>

Zxnipa 4.1.a To €pyo nou napdyetat eivat avdAoyo g duvaung
Kat g uETaTomiong

21 Bepuoduvapiki To ouotnua mapdyel Epyo dtav n duvapyn mnou e€a-
okel To oUOTNUA KaL N LETATOTILON TOU Opi{ou Tou €Xouv Tnv idia dieubuvon
ka1 ¢popd kat Ba cupBoAileTal oupBatikd pe (+W). (ox. 4.1-B,y).

+W

Zxnpa 4.1. To €pyo rou mMpoobEToUlE OTO CUOTNUA Elval apvnTIKG, KAl QUTO TTIOU
apatpouue BeTKO

+W E

Metatdrion

ZxApa 4.1.y To ouotnua napdyet Epyo yiati n duvaun
Kat n petaroruon gxouv (dta dieubuvon Kat popd
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4.2. MHXANIKO EPIro

Elvat yvwotd and m Mnxavikr 61t a duvaun mapdyer €pyo, dtav YETAKI-
VEiTal TO onpeio epappoyng TnG.

O1 duvdpelg ou PoKaAoUv v kivnon 1} ) Bonbouv, nmapdyouv épyo
KivnTrplo. Ekeiveg mou avtioTékovtal, apdyouv €pyo KaTavaAioKOHEVO 1
£€pyo avTioTAoEWG.

210 OxNMa 4.2a T duvaun F Tou epydtn A, ou mpokaAel Tnv kivnon, 6a
™ Aéue KivnTrpia dUvapn kat To €pyo Tou TIapdyel, KivnTRplo kat 6a to
OoUMBOAlouue oupBatikd e (+ W).

H duvapn P tou epydtn B, mou avtiotéketal atnv kivnon, Aéyetat ddvapn
QVTIOTACEWG KAL TO €PYO TIOU TTAPAYEL, €PYO0 KATAVAAIOKOUEVO 1 avTioTd-
oewg kal Ba oupBoAiletal ouppatikd pe To (-W).

Zxnpa 4.2.a O epydng A mapdyet kivtriplo €pyo kat 0 B katavaAiokOuevo.

= Mapatripnon
Ooov agopd Tn ouPBaoN yia To MPEACNUO TOU €PYOU, OTr UNXAvIKY] yivetal
avapopd ot duvaun mou napdyel €pyo, v aTn Beppoduvaulky yivetal
avagopd oto gUoTnua, Tou tapdyet €pyo.
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4.3. EPIO ZTAGEPHZ AYNAMHZ
2TIQ MAPAKATW MEPUTTWOELG 1) duvapn eival oTtadepr kard PErpo, digv-
Ouvon kai popd.

4.3.1. AGvapn Kal JETATOMON oXnUaTifouv ywvia 0°.

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

W=F¢ (4.3.1.0.)

ZxApa 4.3.1.a. Advaun kat yetatdénion oxnuaticouv ywvia 0°

ZxApa 4.3.1.B. To épyo tooutal ue to euBaddv Tou naparnAdypauuou

To eupaddv Tou dlaypapouEvou TIApAANASGYpaupou loouTal Ye TO
€pyo (ox. 4.3.1 .B).

W =F -/ = (euBaddv mapalMnAdypauou)
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4.3.2. AUvapn Kail geTatomon oxnuarifouv ywvia a’
To onueio epapuoyng petatomniletal katd éva urikog £ og eubela, TIou 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.)

77777777 ////z/////// 7777777
< >

ZxApa 4.3.2.a. Advaun kat uetatonion oxnuatiouv ywvia a’

F.ouva

/A

ZxApa 4.3.2.B. To épyo tooutal ue to euBaddv tou naparnAdypauuou

To euBaddv tou dlaypaupiopévou TapaAnAdypapou looutal Ye TO
€pyo: (ox. 4.3.2B).

W =F./.ouva =(eupaddv nap / pou)
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4.3.3. To onpeio epapuoynqg TG duvaung akoAouBei Tuxouoa diadpopn
To onpeio epappoyng petaromnileTal katd éva pnkog ¢ og Tuxouoa eubeia
(0x.4.3.3.0).

To €pyo ekppAleTal e TN OxEoN:

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

W = F x mpop. Tp. ony. epap. (4.3.3.0.)

onwg gaivetal ato (oX. 4.3.3.8).

Tpoxié

Zxrjua 4.3.3.a To onueio epapuoyng ako- Zxrjua 4.3.3.8. To €pyo eivat (oo ue ™
MAoubel Tuxouoa dtadpoun duvaun erti Tnv poBoAr ™ TPOXIAS
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‘Epyo avuywong R €pyo Bdpoug
To épyo avUywong eivat To €pyo mou napdyetal evdvria otig SuvAuelg Tou

nediou Bapumrag. Emetdn n anarrolpevn duvaun F eival (on pe to Bdpog,
TO €pyo avuywong (ox. 4.3.3.y.) 6a looutal e :

W = mgh = mg(Z>-Z1)

A tn ox€on 4.3.1a 6a €xoupe:

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

W = mgh = mg (2> -z4)

(4.3.36)

Z2

Z1

Zxnua 4.3.3.y. Epyo Bdpoug

Q MAPAAEITMA 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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Zxpa 4.3.3.8. Epydmng avuywvet Bapog G
Adon

Ané Tt oxéon (4.3.1.0.) avtikaBlotwvrag kat AapBdvovtag g = 10 m/s?
Ba éxoue:

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

W =30 kg x 10 m /s x 3m

W =900J

W =900J

Q MNMAPAAEITMA 4.2

Na urohoyioete 10 €pyo TOU KATAVAAWVETAL, Yla va petapepBel 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°

ZxAua 4.3.3.&. ZWua UETAPEPETAL OE KEKALUEVO EMITESO
Adon

Ané 1t oxéon (4.3.1.0) avrikablotdvrag kat Aaupdvovtag g = 10 m/s?,
Ba €xoupe:

h
W=F./=G-h, nu30°=z, G =mg
W =G - nu30° £ = 200 kg10m/s? x 0,5 x 5m
W =5.000J
W =5KJ

4.4. EPIFO METABAHTHZ AYNAMHZ
4.4.1. 'Epyo ehatnpiou

Katd tnv €A&n 1) ouurnieon ehatnpiou n duvaun au&dvetal avaloya pe
dadpoun F = K - ¢, érou K eival n otabepd tou ehatnpiou, (ox. 4.4.1a,B).

To €pyo ekppdaletal e T oxEon:

W=1k£2
2
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ZxAua 4.4.1.a. Zuunieon exatnpiou

FA

F=K/

< >

ZxnHa 4.4.1.B. To épyo eAatnpiou eivar (oo ue To euBaddv Tou TpLywvou

Ané To oxrjua 4.4.1.B. éxoupe:

W = gupaddv dlaypauiloUEVOU TPLYWVOU
W = guf3. Tptywvou

W=1/24-K-£

W = 1/2 K £2 (4.4.10)




MoOP®E> MHXANIKOY EPFrOY 69

Q MAPAAEITMA 4.3

EAamplo BaABidag pnxavig auToKIVITOU AETOUpYEl oav EAATHPLO CUUTTLE-
oewg, (oX. 4.4.1.y). Eivair tonoBetnuévo e ripoévraon F = 60N kat katd o
avotypa tng BaABidag, oupriédetal emmAéov katd £ = 1,2 cm, evw 1 dUvapn
ouprnieong Tou eAatnpiou maipvet v TR F> = 80N. Na urnoloyioete 10
€pyo Tou anaitefTal, yia va avoi€el n Baipida.

~ [€—

F2=80N

F1=60N

= »/w
i 4
> _)>

Ixipa 4.4.1.8. Aidypauua exatnpiou

To didypappa €pyou Tou ghatnpiou oTnv TIPOKELUEVT TepimTwon eival
TPANEQ0, To eYPadOV TOU OTolou aVTIOTOLXEl OTO €pYO ouUMieong Tou eAa-
mplou (ox. 4.4.1.9).

Enopévag, Ba €xoupe :

W = eppaddv tpaneliou (ABIA)

2

!
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_ 60+80

W x1,2Ncm

W=70x12Ncm
W=7x0,12Nm

W=0,84J

4.4.2. 'Epyo aTpakTou

21 unxavoloyla eival mdpa ToAU cuxvi n peTagopd evépyelag pe atpd-
KTOUG, TIOU TEPLOTPEPOVTAL, ONMwG (Paivetal O0Ta TAPAKATW OXNUATA.

(ox.4.4.2.0,8,Y).
To €pyo atpdKTou ekPPALETAL UE TN OXEDN:

Warp=2mv- M

Zxfua 4.4.2.a. BapoUAko

Zxnpa 4.4.2.B. Bdpka
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ZxAua 4.4.2.y. Autokivnto

And 10 oXUa 4.4.2.0. EXOULE:

W=F- /¢ L=2nmr

W = F 2mr, V = TIEPIOTPOPEG

W = F 2nrv, M = F - r portry Tng dUvaung F

W =M 2nv

‘Epyo atpdktou:  Warp= 2 VM (4.4.20)

H 10xUg nou petagépetal H€ow TNG atpdkTou, eivat To €pyo Tng atpd-
KTOU OTn povada xpovou.

loXUG aTpdKTOU: Porp = Wy / XPOVOG
loxug atpdkTou: Parp = 2vM (4.4.2B)
émou: n = 0.a.A.

Q MNMAPAAEITMA 4.4

Na urtoloyioete TV LloXU TIOU PETAPEPETAL UEOW TNG ATPAKTOU eVOG AUTO-
KwATou, étav n por Tou epapudletal oty dtpakto eivat 300 N - m kau
nieplotpepetal pe 3.000 o.a.A. (ox. 4.4.2.9).

Ndon

And ) ox€on (4.4.2.3.) EXOUpE :
Parp = 2rinM = 21t x 3.000 0.aA x 300 Nm

Parp = 3,14 Kw
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ZxHa 4.4.2.8. Autokivnto

4.4.3. 'Epyo emitayuvong

To €pyo mou mapdyerai, otav éva cwpa pafag m peraBdilel Tnv TaxuTn-
1A TOU amod V4 o€ V, katd T didpkeia diadpopng, 8a To ovoudloupe Epyo
emrayuvong (ox. 4.4.3.0).

To €pyo emiTAXuvong ekppAleTal e Tn OxEon:

W=—m(v;-vi)

N|—=

Zxnpa 4.4.3.a. Autokivito rou erutayuvet and V1 oe V2

W=F.¢
W=ma/,
F=ma
W=mV2_V1€

a= @ EMTAXUVOT OTNV OAAA ETUTAXUVOEVT) Kivnon

W=mV2;V1><V2;V1t
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V, +V,

(= 1 3ldotnua otnv oJaAd emutaxuvouevn kivnon

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

H 1ox0g emTayxuvong eival To épyo emtdyuvong ot povada xpdvou

WEI'I
Pen= ———
Xpovog
. . ) W,
loxug emiraxuvong: Pgp= —E1— (4.4.3.8)
Xpovog

Q MNMAPAAEITMA 4.5

Na untoAoyioete Tnv LoXU Tou anatteital, yla va erutaxuvel éva oxnua palag
m = 2.000 kg, ard Tnv npeuia p€xpl va anoktioet taxutnta V = 60 km/h oe
Xpovo 10s (ox. 4.4.3.B).

Ndon
Ané ) ox€on (4.4.3B) €xoupe :
W,

Pen= —,En

Xpovog

1
WEn:Em(vg—w) 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

ZxfAHa 4.4.3.8. Zxnuatiki napdotaon tou napadelyuarog 4.4

loxig: | Pen = 21705’35 = 27,55 KW

4.5 EPFO P - V (OFKOMETABOAHZ)

MNa 1o €pyo oykoueTaBoAng Ba yivel avagopd oto enduevo kepdhalo. To
€pyo exkppdletal e n oxéon: W = PAV

Q MNMAPAAEITMA 4.6

Se pia d1dtagn KUAivdpou - epuBoou Bpioketal agpto und mieon 600 KN/m?2.
To aéplo dlaotéMeTal he atabepr) riicon and 0,15 m3 og 1.15m3. Na urtoho-
yloete 10 napayoduevo €pyo ox. 4.5.y. kaL 0X. 4.5.0.

Adon

Ixnpa 4.5.a. Aidra&n euBorou kuAivdpou
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A V, v

<« —>

ZxniHa 4.5.B. To épyo eivat (oo ue To guBaddv Tou napaiinioypduuou (P-V)

To €pyo elval ioo pe 1o epfaddv Tou naparAnioypdupou (12VoVy)
W=PAV

W =P (V2-Vy)
= 600 x108 (1,15 - 0,15)
=6x105x 1
=6x10°5Nm
=6x10%J

W =600 KJ

4.6. EPIO POHz

Oewpeital To avolktd cUoTnua Tou OYXAUATog, Orou Undpxel otabepn} por
evdq peuotou, mou upioTatal pia petaBoAn aveEdptntn and 1o xpovo. Autd
onuaivet 61t n pdla nou unaivel, eivat (on pe ™ pdla mou Byaivel kat ot
OAeqg o1 1BOTNTEG Tou Oe KABe dlatoun elval aveEdptnreg and to Xpdvo (o).
4.6.0).
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Opio

A1 / A2
. @

@ ZuoTnua <«
< <«—P2
< P1 <
< -—

|<— = | < /7 —>|

ZxHa 4.6.a. AvoIKTé oUoTnua otabepric porig - Epyo porg

©a uroloylotel To gpyo Tou anatteltal, yia va darnepdoel éva oToLxel-
wdeg TUARHA HAlag Tou peuaToU prikoug £4 Tn dlatour) Aq TOU GUCTANATOG,.
MNa va nepdoel T dlATOWN) MPETIEL VA UTIEPVIKT|OEL TNV TIEECT) TIOU ETIKPA-
tel o datoun 1.
Enopévwg, mpénel va ackioel pia duvaun Py - Ay.
To ywvéuevo Py - Aq - £4 elval To €pyo Tou anatteiTal, yla va nepdoet
dwatoun 1.
Wi =Py Ay €y=m (P4Vy)
Kat to €pyo avd povada padag : wy = Py vy
Avdloya yla tn dlatour| 2 : Wy = Py Ay £, = m (PoVy)
Wo = Pa vy
TO KaBapo €pyo pong
ekppddeTal e Tn oxgon: W = Po Vo- Py Vy (4.6.0) J/kg

Q MNMAPAAEITMA 4.7

Na urtohoyioeTe T0 €pyo pong o€ €va avolktd oUaTnua otabepng por|g evog
peuotoU otnv elcodo kal otnv €€0d0. Aidovtal rieon el0ddou Py = 300
KPa kat rukvétra peuatou p = 1.000 kg/m3. Ztnv €080 Peg = 200 KPa kat
TUKVGTITA peuaTol p = 250 kg/m? (ox. 4.6.8).
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AUon
P1= 300k Pa P2=250 kPa
Peio = 1000 kg/m3 Peg = 200 kg/m3

Opio

A / A2
1 N @

@ 200Tnua D

P1 «——P2

AAA

ZxApa 4.6.B. Zxnuatikr mapdotaon Tou napadeiyuarog 4.8.
To épyo elgdédou Ba eival:

m
W, =P, v,, V, = — L
1=V L p v

- 300 KPQI X ———
1.000 kg/m°®

3
_300.10° .M
m2 100 Kg

_3goNm
Kg

w, = 300-M
kg

To €pyo €€6dou Ba eiva:

Vv
W, =P,v,, vV, = — =
2 = Vo 2 = p

<|3

1

=200 KPO x ——
250 kg/mg

3 N m®

=200-10" —-
m?2 250kg

= 300N_m

kg

w, = goo M
kg
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4.7. ANAEZ MOPO®EZ EPIOY

2T1g Tiponyoupeveg apaypdeoug eEETAOTNKAV Ol TIEPIOCOTEPES UOPPEQ
unxavikou €pyou.

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

ZYNTOMH NEPIAHWH 40u KE®AAAIOY

® To épyo opiletal oav 10 ylvouevo piag duvaung emi
peTaTomion Tou onueiou epappoyng otn dlelbuvaon g
(dlag ™ g duvaung.

[ o o ]
Zz
Z
Z

® 31N 6epuoduvapikni To oUoTnua mapdayel épyo, étav n duvapn mou e&a-
okel To ouoTnua Kail n peTaTomon Tou opiou Tou €xouv Tnv idia dieu-
6uvon kal popd kat 6a cupBoAiletal cupBatikd pe (+W).

e Q1 duvdpelg ou pokalouv v kivnon 1} Tn BonBouv, mapdyouv épyo
KivnTrp10. Ekeiveg mou avtioTékovtal, mapdyouv €pYo KaTavaAIOKOHEVO
1 avTIoTACEWG.

e ‘Otav 1o onuelo epappoyng otabepric duvaung petaroriletal katd éva
unKog £ otnv eubela evépyelag g dUvaung Kat pog TNV kateubuvon
g dUvaung, To apayouevo €pyo ekppdletal e Tn oxEon:

W=F-/
¢ ‘Otav to onueio epappoyng otabeprq dUvaung peTatorideTal katd gva

uAkog £ oe gubeia, mou oxnuartilel ywvia a ye tnv kateubuvon g duva-
uNng. To mapayoduevo €pyo loouTal Je:

W = F - £ cuva.

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

niCetal katd éva Pnkog £ oe Tuxouoa gubeia. To €pyo ekppdaleTal Ue TN

oxgon:

W = F x £ npop. Tp. onp. Egap.
® To épyo avuywong 1) €pyo Bdpoug ekppdleTal e T oxEon:
W = mgh = mg (Z, - Z,)
® To épyo ehaTnpiou ekppdAleTal |e Tn OxEo :
W= %kl"’
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® To épyo aTpdakTou ekPppAleTal e TN OXEON :
Worp=21v-M.

® To épyo emTayxuvong ekppAaletal e T oxeon :
W, =1/2m(V3 - V3).

® To épyo oykOoHETABOANG ekPppAleTal [UE TN OXEON:
W = pAV
® To KaBapd €pyo pPong ekPppAleTal e TN OXEON:
W = pa Va2 - pevy

® YIdpXouVv Kal AAAEG HOPPEG N MNXAVIKEG, OTwG TO HAYVNTIKO, NAEKTPI-
KO Kal XNHIKO €pyo.
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AZIOANOIHzH

1. Evag epydtng LeTaPEPEL Eva POPTIO e Eva KAPAOTOL yia ia anoota-
on 1,5 km e€aokwvtag wa otabepr) duvaun 180 N. Na urtohoyioete
TOo Ttapayduevo €pyo.

(Artdvtnon: 270KJ)

2. Eva tpaktép pUpOUAKel Jia Bdpka katd prikog evog motauou, eEa-
oKwvtag ua otabepr) duvaun 1200 N ya wa andotaon 2 km. Edv
urnoBgaoupe Ot n dlelBbuvon Tng dUvaung oxnuatilel yovia 30° pe ™
METATATILON, VA UTTOAOY(OETE TO MApayOUEVO €PYO.

(Artdvtnon: 2.070KJ)

3. Na unoAoyioete T0 Tapayduevo €pyo og ia wea and éva IAvta, Tou
Kwvel pa Tpoxalia dap€tpou 40 cm, Tou ieploTpEpeTal e 50000A.,
yvwpifovtag tin Kwvntpla duvaun rou eEackel o dvtag, eivat 300 N.

(Arndvtnon: 11.304KJ)

4. Na unoloyioete To €pyo TIOU KATAVAAWVEL €vag OpelRATNG, yia va
METAPEPEL TO OaKidlo Tou pudlag m = 15kg o UPOPETPIKN dlapopd
1.000 m.

(Artavtnon: 150KJ)

5. H otabepd evdg ehatnpiou eivat K = 10 KN/m. Na unoAoyioete to
€pYo Tou anatreital, yia va ouprieodel To ehatrpto katd 80 mm.

(Artdvtnon: 32KJ)

6. Ze pa diata&n kuhivdpou-gupolou Bpioketal aépto umd miieon 500KN.
To aéplo dlaotéMNeTal pe otabepry mieon and 0,1m3 oe 1,1m3. Na
urtoAoyioeTe To apayouevo €pyo.

(Artavtnon: 500KJ)
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2XEZEIZ MOY EK®PAZOYN
THN APXH AIATHPHZHZ THZ ENEPTEIAZ

5.1 O mpwTOG VOHOG TNG OEPHOBUVAMIKIAG
5.2 Apxn TnG I00duvapiag peTagu €pyou kal OepudTnTag
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) )
EmodIwKOPEVOI OTOYOL:

[V Na siatumévere tov TPWTO VOUO TNG BEPUOSUVAIKNG YIa TA KAELOTA
ouomuata (katd Lagrange), va yvwpileTe Toug TUMOUG TIOU TOV €K-
epdalouv, Ta YeYEDN ToU Tov 0pI(louv Kal TIG MOVADES TOUG KAl VA TOUG
epapuolere oe anhd Beppoduvauikd mpofARuaTa.

[V Na siatumévere tov TIPWTO VOO TNG BePUOSUVAIKAG YIA TA AVOLKTA
ouotiuata (katd Euler), va yvwpilete Toug TUMOUG TIOU TOV EKPPA-
Couv, Ta Uey€On mou Tov opifouv Kat TI§ HOVADEG TOUG KAl VA TOUG
epapudlere oe anhd Beppoduvauikd mpofARuaTa.

[Vl Na siatumévere ™V apxr ™Q looduvauiag peTatu €pyou Kat Bepud-
™mrag.

5.1. 0 MPQTOZ NOMOZ THZ OEPMOAYNAMIKHZ

O mpwTOg VOHOG TNG BEPHOBUVANIKAG €lval pla OXE0N TIOU eKPPALEL TNV
apxn diatpnong Tng evépyeiag.

O mpwTOog VOpoG TNG OeppodUVAHIKAG ekPpAleTal Kal pe TIg dUOo e-
B6d0ug enihuong Beppoduvaukwy pofAnudTwy katd Lagrange kal kard
Euler (yia k\eloTtd kat avolktd cuoTtriuara avriototxa).

5.1.1. O npwtog vépog TG 6epuOSUVAHIKAG YIa Ta KAEIOTA oucTHHATA
(kara Lagrange)

©a peletnBel kat’ apyrv autog o vopog katd Lagrange:. ZupBoAiletal e:

Q,s: N o\kn) BgpudtnTa rou §Aafe To oUTTNUA OTO XPOVIKO dldoTtnua At.

W,s: TO épyo Tou §Aafe To oUoTNUA OTO XPOoVIKG dldoTtnua At.

Up: 1 ECWTEPIKY] EVEPYELD TOU CUOTNLATOG |IE OTIOLAdNATIOTE [UOPPY| UNXQA-
VIKT], BEPUIKT], XNMIKT] K.A.TT.

O mpwtog vouog NG BepUOdUVAUIKAG Yia TA KAEOTA cuoTtriuara (katd
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Lagrange) eivat:

Qrs aF WrS - AUO (5.1.1.(].)

rou onuaivel ti: n 6epudTnTa Mou €AaBe To CUCTNHA ATO TOV EEWTEPIKO
TOU XWPO 310 HETOU TNG EMAPIG TOU PE AUTO Kal TO €py0 MOU TO oUCTNHA
é\afe amo Tov eEWTEPIKS XWPO, XApn OTIG duvdpelg mou avraAlldooel pe
QuTO TO JETATPETEI O HIO HETABOAN TNG ECWTEPIKIG TOU EVEPYEIAG.

©a yivel mpoonddeia va avaAluBoulv Ta pey£0n rou eugavifovral otov
TIPWTO VOMO NG OePUOSUVAUIKNAG.

H eowTepikn evépyela Ba divetal and ) oxEon:

AU = AUy, + AU, + AUpjp0 (5.1.1.8)

orou: AUy, Beplikn): elval ) ECWTEPLKY EVEPYELQ, TIOU OPEIAETAL OTNV KivN-
on Twv popliwv
AU¢p: elval n eowTepikn XK evépyela.

AUpp0: elval evépyeleg TIou opeilovtal OTIC MayVNTIKES, NAEKTPIKEG
KAl ATOMIKEG K.ALTL IBLOTNTEG TNG UANG.

2TIQ EPAPHOYEG TWV BEPUIKWOV UNXavwV To AUpjae = 0 OUVETNWG:
AUg = AUy, + AU,
To mogd Tng BepudTnrag pe delktn Qs Oa divetal and T oxéon :

ormou: Qg elvat 1 BepudtnTa Mou 36Onke amnd To eEWTEPIKO UEPOG TOU
ouoTAaTog e dlaywyn, METapopd Kal akTivoBoAia oto ouotnua.
Qcws: elval n Bepudtnra nou nPogpxeTal anod TUXOV TPLREG eMapng
ETPAVEIWY OTEPEWV TWUATWY, HETAEU OUTTHAUATOG Kal eEWTEPIKOU
XWPOU.
‘Onwg npoava@épbnke, ota mpoBARATA TOU HEAETANE, TAVTOTE amo-
gelyeral n urmmapén autrg TG TPIRRG emA&yovTag katdAAnAa To ouoTna.

To €pyo W,¢, Ba divetal and tn oxgon:
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Wis = (Wis)ts + (Wes)im (5.1.1.9)

orou: (Wys)ss: €lval To €pyo mou Aappdvel To oUoTnUa art’ To €pyo Tou
napdyouv ot duvduelg emedvelag mou epapudélovral otnv -
@Avela dlaxwPLoUoU TOU GUOTNATOG.

(Wys)im: elval To €pyo mou AauBdvel To oUotnua and SUVANEIQ
anméoraong.

AnodeikvueTal 4Tt To £pyo Twv duvdapewv empdvelag rou divel To oUoTn-
Ma oTov eEWTEPIKS XWPO (KvnTripla pnxavr) eivat 1o We.

To €pyo mou divouv oL duvdpelg andoTaong opeilovtal OTIG SUVANEIG
TOoUu mediou BapuTnTag, ot SuvApeIg adpdavelag Tou PEUCTOU Kal OTIq
OUVAEIC PUYOKEVTPIKWV MEDIWV.

Autd Ba divetal and ) oxéon:

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

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

AE: eival n perapoAn Tng evépyelag rou opeiletal ota guyo-
KEVTPIKA Tedia ou emdpoUv MAvw 0To PEUOTO Kal

AEg: eivain perapoAr Tng evépyeiag mou opeiletal oTo medio
BapuTnTag.
To onuelo ( -) pnaivel urmpootd, ylati ot dpoL TNG TIPONYOUEVNG OXEONG
ekppdalouv dlapopd KIVNTIKNG EVEPYELQG.

O mpwTtog véuog TNG BepoduVAUIKAG Yia Ta KAEIOTA ouoTrhiuaTta (Katd
Lagrange) ypdgetat:

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

And Tnv TeAeutaia ox€on prnopoupe va Toupe, OTL To cuotnua déxetal
€va nooo BepudtnTag and Tov eEWTEPIKO TOU XWPO KAl TO UETATPEMNEL OF
BepUIKn evEpyela TwV Hopiwy TOUu peuoTtou, oe XNUIKN evépyela. Emiong, éva
HEPOG auToU xpnotdoroletal yia va napdyel €pyo duvapewy empdvelag
OToV EEWTEPIKO XWPO, YIA VA AUENOEL TNV KIVNTIKNA TOU KATAOTAOT) Kal TEAOG
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VA KATAVEUETAL Yla va TIAPAyeL £0Y0 evAVTIA OTO eSO TWV PUYOKEVTPLIKWY
duvdpuewv kat TEAOG €va UéPog yia va KAvel €pyo evavtia oTig dUVAELS TOU
nediou BaputnTag.

Aivetal pa dMNn €kppaon Tou MPWTou Beppoduvapikol a§ipaTog
KaTd yia Ta KA€IoTd ouoTtrjpara (kard Lagrange) 6€tovtag ektdg and ta
IO MAVW PEYEDN Kal TA PEYEDN TWV ECWTEPIKWY TATEWV TOU peuaToU (1EW-
0gq)

Q = AUg + PAV - AW, (5.1.1.7)

We = pAV _me _AEC_Ach_AEg (5.1.1.n.)

omou Wy,m: elval To épyo mou oxetiletal pe OAeg TIG SUVAUELG TToU dn)
Mloupyouvtal and To 1§wdeg Tou peuatou mou eival 6pog
navta BeTikog.
OpiCetat to ywvopuevo p - AV wg épyo avTioTpenTd kai Wy, Twv duvdpe-
wv TPIPBAG and To 1IEWIEG WG £PYO MN AVTIOTPENTO.
‘Otav dev Aapdvetat urtoyn to IENdeG TOTE elaoTte otV EIOIKN MePTTw-
on nou propel va BewpnBei n Beppoduvapikn HETABOAR WG AVTIGTPENTH.

Q MNMAPAAEITMA

Na urtoAoylotel To €pyo Tou mapdyetal and TNV eKTOVWON Twv kauaaepiwv
oe €va TaAvOPOouIKS Bepikd kKivntipa M.E.K.

Ma v eni\uon autol tou MPoRAAUATOG, ETINEYETAL TO OUCTNUA OTIWG
¢aiveral oto oxnua 5.1.1a. Onwg npoavapgpbnke o €pyo W, tou mapdyet
TO oUoTNua and Tiq duvapelg ermpavelag Ba divetal anod Tn oxeon:

We=p- AV

O1 duvdpelg empdvelag, Tou eival KABeTeg OtV eMPAvela dlaxwPLopoU
TOU ouoTuarog ota TuApara AB, Bl kat MA dev mapdyouv €pyo. Aev peta-
KlvoUv TO Onueio EQapPUOYNG TOUG, YLaTi oL emupdveleq autég dev Unmopouv
va apapopewoouy.

O k&BeTeq duvdpelg otnv empdvela AA napdyouv €pyo. MeTakivouv To
onueio epapuoyng Toug, apou To EUBOAO PETAKLVETAL.

H duvaun F nou epapudletal oto gupoio Ba divetal and ) oxeon

F=P-S
orou: P eival n miieon, dnAadr] To pEYeOOG TwV KABETWY E0WTEPIKWV dUVA-
MEWV KaL
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S 10 guBaddv G empdvelag Tou gUBOAOU.

® P amne
om

A A

KRN

Al
N

Ixnpa 5.1.1a. Adra&n kuAivdpou euBdiou.

Edv 10 £upolo petakivnBel katd A4, Téte To £pyo mou mapdyet n duvaun
F 6a eivau:

We=F-Al=p-SAL =p-AV
W, =p - Av (5.1.1.8.)
Mapatpoupe 4Tl ol ePATTTONEVES ECWTEPIKEG TAOEIG OTNV eripdvela di-
axwplopoU Tou ouctriuarog dev apdyouv €pyo, ylati ota otabepd pépn

g empdvelag dev LETAKIVOUV TO ONUEl0 EPAPPOYAG TOUG, EVW OTNV KIVNTA
empAvela autég €xouv dleubuvon KABeTn ot petakivnon.
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5.1.2. O mpwTOoG BEppPOSUVANIKOG VOHOG YIa TG AVOIKTA ouosTHUaTa (Katd
Euler)

O mpwTog VOHOG TNG OEPHOBUVAMIKAG YIA TA QVOIKTA OouoTAuaTa (Katd
Euler) 6a divetal ané ) oxéon :

Q = AH + Wi+ AE; + AE¢ + AEg

(5.1.2.a.)

orou Q: eival To Moo TNG BepHATNTAG TTOU SEXETAL TO OUCTNA Ard TOV
eEWTEPIKOG XWPO.

AH: eivat n petapoAn Tng evbaAmiag Tou CUCTANATOG
W;: eival 1o eowTepiko €pyo

AE_: eivain perapoAn Tng evépyelag nou opeiletal otn PeTaBoAn
NG TaxuTnTag

AE: elval ) peTapoAn Tng evépyelag mou oPpelleTal OTA PUYOKE-
vTpIKa 1edia, mou emdpouv nMdvw OTo PeUoTO

AEg: eivain peTapoAn Tng evépyeiag rou ogeiletal oTo medio fa-
puTnNTAG.

= Maparipnon 1

H mo ndvw ox€on oxuel T0TE Kal povo TOTE, Qv OTO AVOIKTO OUOTNUA
UTIAPXEL HOVIMN PON.

YrievBupiCoupe OTL poviun por| untdpyel o éva avolktd ouotnua, étav
n péZa mou unaivel, eivat ion pe ™ pdda rou Byaivel kat 6Tt OAeg oL apd-
METPOL TOU OUCTAMATOG 0g kABe dlatopr) eivat aveEdptnteg and To XPOvo.

= Maparipnon 2

YrievBupiCoupe 6T 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 ndvw peyedn avagépovtat avd povdda palag Tou peuotod.
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5.2. APXH THZ IZOAYNAMIAZ METAZY EPIroy KAl ©EPMOTHTAZ
AmnodeikvieTal rEIPpAaPaTIka 6t peta&l Tng noodtnTag Bepudtnrag Q, mou

dlvetal o’ éva ocuoTua, Kal Tou pnxavikou épyou W, ou anodidetat and to
oU0Tnua, Urtdpyel N MapakdTw oxéon:

w_ J = otabepd
Q

(5.2.a.)

To rnAiko dnAadr| Tou unxavikou €pyou Kat g Bepudtnrag eival oo pe
pia otabepd J, ou eEaptdral pdvo amnd Tig LovAdEeS Kal ovouddeTal pnxavi-
KO 1003Uvapo Tng eppdTnTag.

2UpBOAICeTal e :

IW 10 KaBapo €pyo, dnAadn To ahyePpikd dBpOIoUA TWV EPYWV TIOU
payuarorowmenkav ¢’ €va 6epuoduvapikd KUKAO evog OUCTAUATOG.

2Q Tnv kabapn BeppdTnTa, dnAadr) To alyeppikd dBpoloua TwV OCo-
MTwv BepudtnTag mou avtaldyxenkav otov idlo Beppoduvaikd KUKAO Tou
(dlou ouotiuarog, TéTE :

W =J32Q (5.2.8.)
H oxéon autr| anotelel TRV apxrj Tng 100duvapiag PeTa&u €pyou Kai
0eppoTNTAG 1} TOV MPWTO VOHO TNG BEPHOSUVAUIKAG.

Me Bdon tn ox€on mou avapEpbnke mapandvw, o VOUog autdg dlaTumw-
VETAL : O M1 KUKAIKA Sigpyacia evog ouoTrijpaTog, To kabapo €pyo eivai
avdaloyo mpog TNV kadapn BepudTnra.

Tiuég ToU Unxavikou L.ooduvapou tng Beppdtrag (J) :

JogNm_y
J
J=4.186 J/kcal

Q MNMAPAAEITMA 5.1

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

a. Méow pag ENKAG TTOU MEPLOTPEPETAL ATO VA NAEKTPOKIVITIPA XOPNYE(l-
Tat unxaviké épyo 10KJ. ox.4.2.a.
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B. Méow piag avtiotdoews Xopnyeital n idla Bepuikr evépyela ox. 4.2.6. Na
urtohoyioeTe T HETABOAY) TNG EIBIKNAG EOWTEPLKNG EVEPYELAG TOU vepOU.

Mrratapia

T——Moébvwon

Zxpa 5.2.a. Zxnuartikr napdotaon tou napadelyuarog 5.1.a

Mrratapia

— Moévwon

ZxAHa 5.2.8. Zxnuatkn napdotaocn tou napadeiyuarog 5.1.8

Nuon
a. And Tov TPWTo VOO NG Bepuoduvaukig katd Lagrange (kAelotd
ouoTtruata) 6a §xoue:
Q = AUg + W + AE; + AE¢ + AEg
Kau enetdn ot moodtnteg AE., AEg, A eival apeAnTeeg POKUTTTEL:
AUy = Q-W,
AUg = - W,, Q=0 oloTNUa HOVWHEVO

AUy = We, - W, €pY0 MpOog To cUoTNua
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N €101KY) ETWTEPIKY) EVEPYELQ

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

g

Ayo = 1.000 J/kg

B. Eniong €xoupe :
AU = Q-W,
AU, = Q, W, =0

10KJ
Au,=g=——=100 J/k
0=9 10Kg /kg

Augy = 1.000 J/kg

Q MNMAPAAEITMA 5.2

>e €va kAelotd ouotnua mou arnoteAeltat and 5,4 kg evdg peuotol mpay-
patoroleital Ya PeTABoAY). H el e0WTEPIKY EVEPYELD TOU CUCTIUATOG
pelwvetal katd 60 KJ/kg kat and to ouotnua napdyetat €pyo 95 KJ/kg.

Na urohoyioete T peTagepdpevn Bepudtnta.

Ndon
Ané Tov mpwTo Voo TG Bepoduvauikng katd Lagrange 8a €xoupe:

Q = AUg + W + AE; + AE¢ + AEg

Kau enetdn ot moootnteg AE., AEg, A givat aueAnTEEG TIPOKUTTTEL:
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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Q

m=54kg "l

W=95 kd/kg
row<o M

ZuoTtnua
WIO

Ixfpa 5.2.y. 2xnuatikr) napdotaon tou napadeliyuarog 5.2.

Q MNMAPAAEITMA 5.3

2¢e Ja didta&n atpokivntou otpofilou avarrtuocovtat 1.000 KW. To ouotn-
Ma dlaypdgel Beppoduvapkd KUKAO Kat oL evaAayEg BepudtnTag kat €pyou
¢gaivovtal 0To MapakdtTw oxrua 4.3.8.

Na urtoAoyioete Tn por} TnG pdalag Tou atpou.

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

. 990
m=——=165kg/s
600 g
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Q NEBNTaG . w
2.900 kJ/yg FPOBAOS oW
ZuoTnua
WYuyeio Q
2.300 kJ/kg
AvTAia
W 10kw Opio

IxApa 5.2.8. Zxnuatiki napdotaon tou napadeiyuarog 5.3.

Q NMAPAAEITMA 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 eldIKng evOaA-
niag h, = 1.342 KJ/kg. Na unoloyioete ) xopnyouuevn Bepudtmra otov
aépa.

Ndon

And Tov mpwTo VOO0 TG Bepoduvapikng katd Euler (avolktd ouotua-
TA) EXOUME:

Q = AH
Ah=q
hy = hy =q

1342KJ/kg - 205KJ/kg = q
q = 1137KJ/kg
Q=3kg-q

Q=3411KJ

Q=3411KJ
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Ol
z
Z
Z

ZYNTOMH NEPIAHWH 50u KE®AAAIOY
¢ O mpwWTOGg VOHOG TNG BEPHOBUVANIKNAG lval a oxgaon

TIou ekPPACeL TNV apxn dlaTrPNONG NG EVEPYELAG.
O mpwTOG VOUOG TNG BepHOdUVANIKAG Yia Ta KAEIOTA cuoThpaTa (katd
Lagrance) ekppdadetal e Tn oxeon:

Qrs + Wrs = AUO

mou onuaivel tL: n 6epudTnTa Mou éAae To oUCTNHA Ao ToV EEWTE-
PIKO TOU XWPO dia HEOOU TNG EMAPNHG TOU HE AUTO Kal TO €pY0 TTOU
TO ouoTtnua €Aape amd Tov eEWTEPIKO XWPO, XAapn OTIG SUVAHEIG TTOU
avraAAdooel pe auTo, TO HETATPEMOUV O€ HIa METABOAN TNG ECWTEPI-
KIiQ TOU EVEPYEIQG.

Mia GAAN ékpPAOT) TOU MPWTOU VOLOU TNG OEPHOSUVAHMIKIAG YLa TA KAEI-
otd cuotpara (katd Lagrance) eivat:

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

O mMPWTOG VOUOGC TNG 6£PHOSUVAMIKAG YIA TO AVOIKTA GUSTHHATA (katd
Euler) divetat ané t oxgon:

Q = AH + W; + AE; + AE¢; + AEg.

AmodeikvueTal meipapaTika oti, petagu g noodtnrag Bepudtnrag Q,
rou divetal 0’ €va gUoTnua Kat Tou pnxavikou €pyou W, rtou anodidetal
ard 1o ocloua, WXUeL n oxéon

w_ J = oTabepd
Q

Kal ovopdZeTal pnxaviké 160duvapo Tng 8epudTnTag.

Ze pia KUKAIK petaBoAr evég ouotripaTog, To kabapd €pyo eivat avd-
Aoyo mpog Tnv kabapr) BepudnTa.



2XEZEIZ MOY EK®PAZOYN TIZ APXEZ AIATHPHEHS THZ ENEPIEIAZ 95

AZIOANOIHzH

1.

Ze Ja petafoAn mou npaypatomnoleTal oe €va KAeloTd oUoTnua, Xopn-
youvtal 2800 KJ BepuIkAg evépyelag oTo ouotnua Kat maipvoupe 1600
KJ unxavikou épyou.

Na npoodlopioeTe T UETABOAN TNG EOWTEPIKNG EVEPYELQG TOU CUOTY)-
MaTOG.

(Arndvtnon: 1200 KJ)

>¢e pia petafoAry mou nmpaypatomnoleTal oe €va KAeloTd oUoTNUa, Xopn-
youvtal 4000 KJ pnxavikou €pyou Kal §XOUE Jia HETABOA TNG E0WTE-
PIKNG evépyelag Tou ouaTruatog 3200 KJ.

Na npoodlopioete Tn OePUIKN EVEPYELQ TIOU PETAPEPONKE KaL TN dleu-
Buvon petapopdg.

(Arndvtnon:-800 KJ, and to ouotnua)

Katd m didpkela piag HetaBoAnq oe éva kAelotd ouotnua agaipouvtal
1.000 KJ Bepudtntag kal mapatnpeital augnon g ECWTEPLKNG EVEPYEL-
ag Tou ouoTtruarog katd 200 KJ.

Na uroAoyiceTe TO Mapayduevo 1§ kKaTavaAloKOUEVO €PYO0 Kal vVa TIPOO-
dlopioete, edv MpoKeLTal yla oupurieon 1) eKTOVwWo).

(Artdvtnon: -1.200, ouprnieon)
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6.7 O1 peraBoAéqg oto didypappa (P - v)
6.8 O1 petapoAég oto didypappa (T - s)
6.9 AVTIOTPENTEG KAl PN AVTIOTPENTEG HETABOAEQ
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) )
EmodIwKOPEVOI OTOYOL:

V] Na AvaQEPETE TIQ XAPAKTNPIOTIKEG BEPULODUVAUIKES UETABOAEG.

V] Na YVwpileTe TIq eELOWOELG TIOU EKPPALOUV TIG BEPHODUVAUIKES HETA-
BOAEqQ.

M Na YVWPITETE TIG OXETELG TTOU OUVOEOUV TA LeYEDN TNG APXIKNG KAl TNG
TEAKNQ KATAOTAONG.

V] Na YVWPITeTE TIG OXETELG TIOU ETUTPETOUV TOV UTIOAOYIOUO TWV EVAA-
Aaywv €pyou, BepudTNTAG, ECWTEPIKAG EVEPYELAG KAl VA AUVETE TIPO-
BAuara.

V] Na amneikoviere oto didypappa (P - v) kat (T - s) TIG OepOSUVAIKEG
METABOAEG.

M Na e€nyeite TNV €vvola TG QVTIOTPEMTAG KAl U QVTIOTPENTNG UETA-
BoArg.

6.1. METABOAEZ TEAEIQN AEPIQN

‘Otav 10 oUotnua, 6" autv TNV niepitwon €va TéAelo agplo, eEeooetal €€
atiag Twv evalaywv evépyelag e To epBAMov and Ja apyikr) katdota-
on, mou TN cupPBoAiloupue 1, o€ pia TEAKA KatdoTtaon nou Tn cupBoAilloupe
2, 1éte Aéye OTL ugioTaTal pia HETABOAN.

©a UEAETN)OOUE TIG AVAAUTIKEG OXETELG TIOU GUVIEOUV TIG TAPANETPOUG
™G APXIKAG Kal TNG TEAIKAG katAaotaong, dnA. TIq eEl0WOELG eKelveg TIOU
xapaktnpifouv TIg HETABOAEG, KABe pia and autég EEXwPLoTd, OTIG OTIolEg
onwg avapépape oe ponyoUuevo Ke@dalato, €xel doBel €va XxapaktneLoTL-
KO dvopua .. 1.060epun, 1odxwpen, ooBaprg, adlapatikr), MOAUTPOTIKY). Z&
KABe pia ard autég Ba SWOOULE TIG OXETELG EKElVEQ TTOU AG ETITPEMOUV Va
urtohoyiCoupe TIG evaAAayEQ eVEPYELAG TOU CUCTAUATOG HE TO TEPIBANOV
Tou, dnA. TNV evallayr] €pyou, BepudTNTAG, EOWTEPLKNG EVEPYELQG.
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Mptv avaAUooupe TIG BepUodUVAUIKEG METABOAES Ba AvaPEPOUE UEPL-
KEQ BAOIKEG Evvoleq XPNOLUES YIa TNV KAAUTEPN KATavonaom auTwy.

e EIdiIkA BeppdTnTa ovopdletal To MNAIKO HETAEU TNG OTOIXEIWAOUG
0eppoTnTag AQ mou evalAdooel n povada palag Tou CUCTHPATOG, KATA
Tn SIApKeEIa pIag oToIXEIWdoug HETABOARG, Kal TNG METABOANG TNG Oep-
pokpaociag AT mou ugioTaral To oUOTNHA WG OUVEMEIa TNG evalaynq
OeppdTnTag AQ.

AQ
C=— 6.1a
AT 6.19)
Edv avapepbolpe oe pia menepacpévn HeTaBoAr 1 2 mou ugiotatal To
ouotnua, Ba €xoupe T HEON eOIKA BepUATNTA TTOU EKPPATETAL UE TN OXEON:

(6.1B)

H eldkf Bepudtnta naipvel TIEG and —oo WG +oo. ANO OAEQ TIG TIUES
mou n edIkr| Bepudtnta pnopel va Adpet, undpxouv dUo Tou ovoudgovtal
OcpeNiwdeIq:

H e1dikry 8gppdtnra pe otadepn migon (Cp), ™y omoia AduBdvoupe,
dtav n eval\ayn Bepudtnrag npayuarornoleiral katd tn didpkela wag Loo-
Bapoug HeTABOAAG.

H e181kr} 6gppdTnTa pe otabepod dyko (C,) Tnv omoia Aappdvoupe, dtav
N evalhayr Bepudtntag npayuatomnoleiral kard ) didpkela ag lodxweng
METABOANG.

O1 e131kég BepudTNTEG Cp KO C, Eival MOCOTNTEG TAVTA BETIKEG.

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

Ma v idia 8gppokpacia ot C,, kat C, peTaBdAlovtal pe ™ XnuKn oU-
otaon.

H e1d1kr| BepudtnTa evdg peuctol eEaptdral ekTdG amd TV XNUIKY ouU-
otaon Kat T Bepuokpaaia kal and ) petaBolr yati ar’ autr e€aptdratn
evalayr) BepudtnTag.

e["la Ta TéAe1a aépia LoxUouv oL OXETELG:
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»—C, =R (6.1y)

L2 _-K (6.13)

Ané v mpwn (ox€on Tou Mayer) mapatnpouue 4ti, enedr| R eival mo-
oomrta BeTkn, Cyy elval avra peyaluTepn g C,. H deltepn pag divel Tov
€KBETN NG adlaBatikig HETABOANG, ou Ba doUue 0T CUVEXELD, O OTo(0g
oUuQwva e doa elmae mapandvw eival peyaAlTtepog g Hovadag.

Erniong oxuouv ol oxéoelq:

Ma wa ioopapn petaBoAry Qq» = h, — hy, Kat

Q, h,-h,

C = =
e TL,-T, T,-T,

omou: Cpm HEON TN

Ma pa 106xwpn HetaBoAr) Q» = Ug, - Ugy Kat

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

orou: Cypy, Hé€on Tiun.

Q MNMAPAAEITMA

1 kg O, upiotaral a petapoAn 1,2 kat ) Beppokpaacia Tou audvetat and
773 K oe 1073 K. Na untoAoyioete Tn JeTABOAN TNG ECWTEPLKNG EVEPYELAG.

Adon
And ) oxéon:

Uog2—Up1=Cy (T2-T4)

* O nivakag 6.1 pag divel TG HETABOAEG TNG BIKNG BeppdtnTag pe otabepn mieon oe
ouvdapTnoM We Tn Bepuokpacia yia Ta o evdlapEpovta agpla.
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Mivakag 6.1 EidikA 8eppdTnTa

T T T T T T T T T
TiuégTou MB|  kg/kmole = Aépag =28,9 O =32 co
i Hp =2 H,0 =18 2
- N,= 28 CO,=28 1
55
O
C ,kJ tkmole K © A
50 ATpoG
45
= “’LO -
40
0,
| o r
35 :“ N, Aéppg
H
H20 L N2 2
COZ —_— H2
02 N, Air —
H2 ad N
25 1 1 1 1 1 1 1 L L L L L L L
200 1000 1500 2000° K
Kaptroreg Ckj /kmole .K
€XOUE: (To-T4) =1.073-773 = 300K

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

C, otoug 773 K = 33,4 kd/kmole K

C, otoug 1073 K = 35 kd/kmole K

MBo, = 32 kg / kmole

YroAoyiCoupe Tn péon Tiun

Kat

C

=3L’22=1,07kJ/kgK

p

33,4+35
2

Ané ) ox€on Tou Mayer €xoupe

Cp_CV:R

Kal

=34,2 kJ/kmol K

1o R ya 10 O, gival 260 J/kg K
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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

6.2 IZO0QEPMH METABOAH

lodBeppn ovopdleral n perapoAn kard Tn didpkela TG omoiag n Beppo-
Kpagia Tou ouoTiparog mapauével otabepl. m=1,p-v=R-T.

‘Eotw Wa ddtagn kuhivdpou guBdérou dnwg ¢aiveral oTo oxnua 6.2q,
OToU MPAYMATOTIOOUE [ LodBepun HeTABOAY and Tnv katdotaon 1 oty
katdotaon 2.

—
—_— ]
P — |
1
vi —> <
T, T
p, —>—J< P,
? ——
1 kg Aépa Karaotaon 1
® i -
P2 —_— «~—
Va2 > <
Tl _— «
—> [ Jp,

KardoTtaon 2

ZxAua 6.2a Adraé&n kuhivdpou eupéiou

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

KardoTtaon 2: p,, Vo, To, pavo = RTo

And Tig duo eElowoelg Aappdvovtag undyn ot T1 = T, €X0UE:

P1Vy = paVe = OTQH.

Kal
p-Vv = otad
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H ox€on aut ekppaler v e&iowon NG 1000epung PeTaBoAng. >to
didypappa (P - v) aneikovileTal e To €va OKENOG |LAG ICOOKEAOUG UTEP-
BoAng (ox. 6.2B).

p A N/m2
KAigaka: 1 cm =0.1 m3
1 cm = 100.000 N/m?2
1 cm2=0,1 x 100.000 = 10.000 J
1 kg Aépa
2
P, T *
) &
H 1
ST Sl L L H
= >
0
V2 ! vm3/kg

ZxAua 6.2 lod6epun uetaBoAr
H gvalAayn €pyou

H eval\ayn €pyou Tou OTOLXELWSOUG €PYOU TOU GUOTHUATOG e TO TIEPIBAA-
Aov Tou Ba eivat:

AW, =pAv Av<O0

Mapatnpeitat oto oxfua 6.2 4t yia moAU pkpd Av uropel va Bew-
pnBel n mieon oTabepr| Kat emouévwg To Yivouevo p - Av gival To euBaddv
TOU dlaypaupLopévou TtapalnAdypaupou. Apa, purnopouie va oupe 6Tl To
orolxelwdeq €pyo divetal and 1o euPaddv KATw and Tnv KAumUAn Tou oTol-
Xelwdoug MaparAnNASypaupou, ou Qaivetal gTo oxXnua.

Z0UPWVA [E TN OKEYN TIou KAVapE TTapandvw, Unmopoupe va Xwplooupe
v erpavela Katw and v KaumuAn TG LETaBOAAG oe oTolxelwdn mapal-
AnAdypauua Tou avIimeoowieUouv Ta OTOXEIWdN €pYQa, Kal va Touue Tl
TO eUBAdOV KATW Ao TNV KAUMUAN eival To ABpotopua SAwV TwV OTOLXELWIWY
€pywv Katd tn d1dpKela TNG HETABOAAG.

Autd elval To €pyo Tou evaAAdooel To oUaTnua e To TePIBAAOV Tou
katd tn didpkela TG PetaBoAng and v katdotaon 1 otnv kardotaon 2.
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AnodeikvUeTal 9Tl N evalhayr] Tou §pyou avd povdada pdlag Tou OuoTh-
HaTOog yia TV lo6Beppn eivat:

\% P.
(We)T =RT, InV—2:RT1 InP—1

1 2

YrievOBupiCetal 61t Inx = 2,3 log10x

MeTapoAn TnG eowTepikng evépyeiag Uy, — Ugy
MNvwpiCoupe ot
Ug2—Uop1 = Cy(T2-T1)
T2 = T1 Kal T2 — T1 =0

Ugz = Up1=0 |

Enouévwg, pmopoupe va moupe OtL 1 10d0epun p - v = otab eival pa
KQUTTUAN, OTIOU 1) E0WTEPLKY) EVEPYELQ TIAPAUEVEL OTABEPT).

H evaAAayr} BeppdTnTag

Ané Tov MPWTOo VOO TNG BepUOdUVAMIKAG Yia Ta KAELoTd ouoTruata (Katd
Lagrange) éxoupe:

Q = AUg + We + AEg, + AE + AE,
Bewpoupe Tig moooTNTeg AE, AE, AE, (0eg pe pndev

Eniong, éxoupe: Ugp — Ugy =0

ondte
Q=W,

A ) ox€on Q = W, napatnpoupe 6Tt To MEPIBANOV TOU GUOTYUATOG
déxetal moodtnTa Bepudtnrag Q ion ye To €pyo mou SEXETAL TO CUOTNUAL.
Enedn) €xoupe ouumieon, yla va napayeivel n Beppokpacia atabepn Kat,
EMOUEVWG, YL va TETUXOUWE TNV LOOBEPUOKPACLAKY HETABOAR, Ba Tpémnel
va £odéPoupe €pyo .. Yuxovtag To oUoTNUa.
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Q MAPAAEIITMA

(Zxua 6.2a kat 6.2B) l06Bepun oupmieon 1 kg aépa

Kardotaon1: py = 10 N/cm?

Vi =
T,=323° K -
YriohoyiCoupe vq: pyvq = RTy, v, = — orou R = 287 J/kg K
1
_287x328 92500 o oon oo

V, = =
'~ 100.000  100.000
Kardotaon 2: P, = 40 N/cm2

V2 =,
T2=T1=323K

287x323  92.500

YroAoY{{oupE Vo: v, = — ~0,231m° / k
YiGoukE Vi V2 = 20000 100,000 9
H e&iowon Qg kaunuAng eivat:
p-v = otad = RTy, p-V=287x323, pv = 92.500 J/kg

H kaumuAn eival pa .oookeAng unepRoAn oxriua 6.2p.
To €pyo unoAoyiletal e Tn oxgon:

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

vy

1 ETPWVTAG TO EURAdOV KATW A TNV KAPTIUAN
W, = euBaddv (17122) = 12,8 cm?
W, = 12,8 x 10.000 = 128.000 J/kg

H 8epudTnTa urntoAoyiletal and tn oxEon:
Q = W, aAMAa W, = -128.000 J/kg
Q = -128.000 J/kg.
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6.3 12OXQPH METABOAH

lodxwpn peTapoAn ovopdaleral n HeTaBoAn, katd Tn didpKeia TG omoiag
0 £181K0G OYKOG, EMOMEVWG, KAl O YEWHETPIKOG OYKOG TOU GUOTHUATOG
napapével oTabepog.

H e&iowon g peTaBoArg ekppaleral e T oxEon:

v = otab

210 didypappa (P - v) n petafoAr| ameikovileTal e éva eubUypappo
TuRpa 12 mapdAAnAo otov d&ova P (oxnua 6.3a)

P A Nm2
2
Po@=-===-eeemam - °
KAipaka : 1cm = 0,05 m®
1 cm = 106N/m2
1 kg Aépa
1
P1®-=-=- === = [
1
: =
0 Vi vm 3/kg

Zxnpa 6.3a lodxwpn peTaBoAr

And v e€fowon p - v = RT kat v4 = v, yla TV Katdotaon 1 kat 2 g
METABOANG Ba €xoupe:

Kardoraon 1: py, v¢, T4, plvy = RTy

KardoTtaon 2: Py, vy, T, Pov, = RT5

Anté Tig dUo eElowoelg dlapwvtag Katd YéAn Ba €xoule:

b
P2

A
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Q MAPAAEIITMA

MetaBoAn 1 kg aépa pe atabepd dyko (oxnua 6.3a)

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

And v e&lowon: p - v =RT
RT, _287x500

p, 100x10*

Kardotaon 2: T, =2.500K
V, = V1 =0,143 m3/kg
P2 =,

Yriohoy(Coupe v4: v, = ~0,143m° / kg

Anté v e&lowon b

2

s

_ 406 2500

T
Yrohoy(Zoupe TV p: P> =Py ?2 5~ 5x10% N/m?
1

‘Epyo
H eval\ayr] Tou €pyou Tou ouoTAUATOC He To epBAM\ov Tou Ba eival:
W, = pAV
Kal erteldn] AV = 0 Ba €xoupe:
W, =0
MeTaBoAn TNG EOCWTEPIKAG EVEPYEIAG

MNvwpiCoupe ot:
Uo2—Up1 =Cv (T2 - Ty)
T,-Ty=2500-500 = 2.000 K
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YrioAoyiCoupe Cp: Amd 1o oXeTIKS Tiivaka 6.1 yia Tov aépa. Oa €XouE:
Cpm = 1,21 ki/kg K
orou: Cpm HEON TN, Ragpq = 0,287 kJ/kg K

A6 1 oxgon tou Mayer: C, - C, = R mpokurret
C, = 1,21-0,287 = 0,923 kJ/kg K
Enopévag:
Ug2 — Ugq = 0,923 x 2.000 = 1846 kd/kg
O¢eppdTnTa
A Tov MPWTOo VOO TNG BepUOdUVAMIKAG YLla Ta KAELOTA cuoTruata (Katd
Lagrange) €xoulle:
Q = AUg + We + AE; + AE¢ + AEg
Bewpoupe Tig moodTNTEG AE,, AE 1, AEy (08G pE undeév
kat enedn We = 0 mpokUrtTet:
Q = Ugo—Ugy = 1846 kJ/kg

H 106oykn aAhayr| kataotdoews epapudletal oTiq Beviivounyxaveg ylartl
MOladel W auTtrv 1 kador). ZTnv Tepimtwon autn n kauon Jolddel e €kpn-
&n. H moodmta Tng Bepudtnrag au&dvel Tn Beppokpacia Twv kKauoagpiwv
otoug 2.000° C mepimou.

6.4 IZOBAPHXZ METABOAH
looBapng petaBoAr} ovopdleral n perapoAn Tng mieong, kard Tn didpKeia
NG omoiag n mieon mapapgvel oTadepn.

H e&iowon Qg petaBoArq ekppdaleral e Tn oxeon:

p = otad

210 diaypappa (P - v) n petaBoAr ameikovileral pe éva eubUypappo
THApa mapdAAnAo otov G€ova v. (0. 6.40)
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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
pl_p2 ________ * ?
1 1
1 ? 1
1 1
1 ’ 1
1 1
9
2' 1 1 1' )
Vv, vy vm 3/kg
Av<0

Zxpa 6.4a looBaprig uetaBoAr

And v e&lowon p - v = RT kat p4
METABOANG Ba €xoupe:

Kardotaon 1: p1, vy, T,  pivqy =

KardoTtaon 2: Py, vy, T, Povy =

= po Yla TV Katdotaon 1 kat 2 g

RT,
RT,

And Tig dUo eElowoelg, dlalpwvtag Katd UéAn, Ba €xoupe:

Vi
Vs

Q MNMAPAAEITMA

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

YroAhoyiCoupe 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
YiCoupe To: T, 17 X 5855

1 )

‘Epyo
H evaAAayr] Tou OTOIXELWDOUG €PYOU TOU GUOTNATOG Ke TO TIEPIBAAAOV 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 urnopoUpe va To UtoAOYI(oOUE Kal WG EENG:

We =p - Av
aA\d Av =V, -V,
Tehkd
We = p(V2-Vy)
W, = 101300 (0,5 - 0,855) = —-36.000 J/kg

MeTaBoAn TNG ECWTEPIKNG EVEPYEING

MNvwpiCoupe otL:
Uz — Ugy = Cv(T2-Ty)
orou G, = 0,71 kJ/kgk

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

OeppdTnTa
And Tov MPWTO VOO TNG BEPUOSUVAMIKAG YLla Ta KAELOTA ouoTruata (Katd
Lagrange) 6a €xoupe:
Q = AUp + We + AE; + AE¢s + AEg, aMA AE + AE¢s + AEG= 0
ordte : Q = AUg + App(p-V)
Q=AUp + pV)
Q=AH
A Tnv napandvw oxgaon mPoKUTTel OTL oe [ia PeTABOAN e oTabepn Tiieon
peTaBdMovtal n evBaAria Tou CUCTANATOG.
Q=hy-hy=Cp(T2-Ty)
MNa to mapddetyua 6a €XoUupE:
Uga — Ugy = - 88,7 kJ/kg

W= -36.000 J/kg
ondte:

Q = AUg + W + AE; + AE + AEg, AE + AE¢ + AEg= 0
=-88,7 36 = 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

6.5 AAIABATIKH METABOAH

AdiaBaTik ovopdlerar n petapoAnl kard Tn didpkela TnNG omoiag dev
undpyel evallayry OeppdTNTAG TOU GUCTHHATOG HE TO TIEPIBAAAOV TOU.
Emopévwg 6a Exoupe: (Qqz)qs = O.

H e&iowon g peTaBoAng ekppaleTal e T oxEon;:

p - vk = oTal
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, C,
orou k = —

Vv

210 didypappa (P - v) n petaBoAr| ameikovileTal and pia KapmuAn
(oxua 6.50).

pAN/mz
1 kg Aépag
2
Poe-=----0
1
1
1
1
1
1
1
N S
1
1
1
1
p ¢----- m-————— b
1 1
1 1 }
P1 T T ?
1, 1 [
I2 1 Il
0 vy v =0,5m3 2 vm3/kg

KAigaka : 1cm —» 0,1 m3
1cm — 100 000N/m2
1cm?2 — 0,1X100 000=10 000J

ZxApa 6.5a AdaBartikn ueTaBoAn

And v eEiowon p,vk = oTab. ylamy katactaon 1 kat 2 g METABOAAS
Ba €xoue:

otab.

KardoTtaon 1: py,v4,Ty, PV~
Kardotaon 2: Py, v, To,  Povk = oTa8.

Enopévag Ba €xoupe

K K
Py-Vy =Ps Vs
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k

P2 _ (V_]

P4 Vo

1/k
v_zz[&J
V, P,

Ano Tiq mapandvw kat ano Tn oxEon:

P:Vi _ PaVe
T T
"EXOULE:
k k-1
T, _PaVs _ (V—] Vo _ (V_]
T PV Vi) Vi V2
Kal

1 1 k-1
Lw:&(&]k:[&J k{&}k
T pvy PP o} o}

MeTaBoAn TNG ECWTEPIKNG EVEPYEIAG Kal EPYOU

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

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

Kat enedn (Qq 2)qs = 0 MPOKUTTTEL:
—We = Up2 -Up1
MvwpiCoupe ot
Uo2— Ug1 = Cy(T2-T1)
Enopévwg prnopoupe va ypdyoupe:
We = Ugz2— Ut =Cv(T2 - Ty)
YrioAoyiCoupe (To - T+)

T2 — p2v2

p,v 1
R =" T,-T :ﬁ(pzvz —p1v1)

R
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C,
-W, =Up, — Uy, :_R -(p2V2 _p1V1)

Ao t ox€on tTou Mayer : Cp —C, =R 8a €xoupe :

C
-W, :_V‘(pzvz _p1V1)

R
C,
- W, Zﬁ‘(szz —pyVy)
-W, = o ‘(pzvz _p1V1)
P 1
c

G,
ortou C =

\

Ma Tov aépa og auvribn Bepuokpacia eivat K = 1,40:

Cp = 1kJkg K, C,=071kikgK, k= # ~1.40

TeNKdA:

1
-W, :m'(pz Vo — Py V1)

Q MAPAAEITMA

Adi&Batn oupurnieon 1kg aépa (oxrua 6.50)

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

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

_287x288 _ 808m® /kg

V, =
' 100.000

KardoTtaon 2: Vi 4
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YriohoyiCoupe V, : v, = 0’i28 ~ 0,207 m® / kg
v k
YrnohoyiCoupe p, :  Ano Tn oxgon P _ (—‘J
{ Vo
npoKUTeL: 22 = 4140
P4
Iog% —1,40xl0g 4 = 1,40 x 0,60 = 0,840
1
P,

—2 _7, p,=7x100.000 =700.000 N/m?

k-1
YriohoyiCoupe T, : and T oxgon % = (ﬁj
1 V2

TIPOKUTTTEL To _ 40000 _ 4000
T1

%: 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 = —(Uog—Um) =-158 kJ/kg

H adiaBartikr petaBoln emtuyxdveral oTig BepuUIKEG Unxaveég T000, 000
neploodtepo au&dvel 1 taxutnta tou euforou Yéoa otov KUAVOPO, yiatl
TOTE dev divetal apkeTdg Xpdvog ot BepudtnTa va mepAcel Ta TOXWUATA
npog to meptBAArov. Etol eEnyeital kat yiati erudikoupe va Aertoupyouv ol
oUyxpoveg BepuIkég unxavég oe uPnAég Taxutreg, va eivat dnAadr| taxu-
OTPOPEG.
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6.6 NMOAYTPOMNIKH METABOAH

MoAutpomiKA ovopaloupe Tn HETABOAN TOU CUCTHHATOG TTOU KaBopileTal
amnd 1n oxéon:

p-v™ = oTab
orou: m ovoudletal ekBETNG TNG TIOAUTPOTIKAG.

loxUouv ol (Bleg oxgoelg Tou WoxUouv Kal yia v adlaBartikr) JETABOAY,
av ot 6€on Tou k ToroBeTrooUNE M.

H peTaBoAn TNG e0WTEPIKNG EVEPYEIAG EKPPATETAL |IE TN OXEDN:

CV
Upe —Upy = E(pzvz _p1V1)

To épyo ekppdleTal e Tn oxgon:

—W. =

e m_1(p2V2 _p1V1)

kat eival (oo pe to eupaddv 17 1227, dnwg eaivetal oto oxrua 6.6a

2
DA N/m

>

0 2 vm3/kg

ZxfAHa 6.6a MoAutportkn ueTaBoAn
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O¢eppdTnTa

A Tov MPWwTo VOUOo NG Beppoduvapkig katd Lagrange (kAelotd ouoth)-
pata) 6a éxoups:

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

C
Q= Fv(pzvz —P1Vy ) R (P2Va —P1V4)

c, 1
Q:(__m_j(pz 2 —P1V4)

R

Emiong €xoupe : Cp— Cv =R kat
c

v _

TeNKA :

1 1
Q= (E—mj(pzvz - p1v1)
k

m
) (P2Vs _p1V1)

(m-1)

m+k

Q:—W °
° k-1
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Q MAPAAEIITMA

MoAutportki HETABOAY] e ekBETN m = 1,3.
Kardotaon 1: p; = 100.000 N/m2, T; = 300 K
KartdoTtaon 2: P, = 400.000 N/m?

m-1

YriohoyiCoupe To: and Tn ox€on T _ [p_2]
T, P
TIPOKUTTTEL:

o
w

w

_ 1,
To =800(4)™ 1,-300x1.37 = 413K

To €pyo unoAoyiletal and ) oxéon:

1
-W, = m_1(p2 Vo — Py V1)

Enedn) dpwg PoVo = RTo kat P4V4 = RT4 Ba €xoupe:
R
-W, = T,-T.
e m—1 ( 2 1 )

_Wez%(ms—soo) ~108.000 J/ kg

H BepudtnTa unoAoyiletal and ) oxéon:

Q--w, .m=K
k-1
Qe 108, 1314

=27KJ/Kg

Ot moAutporikéq aAAay€q maploTdvouv akpIBECTEPA TNV TIPAYMATIKY
Aettoupyla Twv BePUIKWOV Unxavwy, katd Tnv omnoia, yia moA\oug Adyoug,

dev ertuyxdavetal TeAeing kapuia and Tig mponyoUleveg, TIG omoileg AdN
avarrtuEaye.
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6.7 Ol METABOAEZ 2TO AIATPAMMA (P - v)

O1 voépol Twv BEpHOSUVANIKWV HETABOAWV, OTIWG YVWPICOULE, OTN YEVIKA
TOUG Hop®r} EkPpalovTal e Tn oxEon:

p-v™ = gtab

Edv petaBdAoupe To m and 1o UndEv €wg AMELPO EXOULE:

em=0,V°=1,p =oTabd
looBapng peraBoAn

em=1,p-v=o0T00.
lodBeppn peTapoAn

em=k,p-vk=orab.
Ad1aBaTiki petapoAn

®m = o0,V =0T00
lodxwpn petapoAn

pv™ =k = ota®.

nov™ = m/K = oTas.

p'™ v= k"™ = gTab.
ylam =, V=0tal.

*m=m,pV" = oTab
MoAutpomikr peraBoAn

Aneikoviloupe Tig apandvw petaBolég oto didypappa (P - v). Oswpoule
eniong TIg MOAUTPOTIKEG e M < 1 katm < 0. (oX. 6.7Q)

® ‘OAeg oL MOAUTPOTIKEG UETABOAEG e eKBETN BeTIKO €xouv KAion ap-
VITIKA.

¢ OL MOAUTPOTIKEG HE EKOETN APVNTIKO €XOUV KON BETIKA.

® Ol TOAUTPOTIKEG e EKOETN UKPAOTEPO TNG ovAdag BplokovTal peTa-
€U Qg 1ooBapoug (m = 0) kat g 10dBepung (m = 1).
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® Ol TOAUTPOTTIKEG [E EKBETN HEYAAUTEPO NG MovAdag, Kat YeTa&u au-
TV Kat n adapartikn, Bplokovtal Yeta&l g 10é0epung (M = 1) Kau
™G LOOXWENG (M = ).

PA @@

® ®

®

<vY

Zxpa 6.7a Ospuoduvauikeg uetaBoAég oto didypauua (P - v)
1. p=0ta® m=20

noAutporukn m < 1

T=o0ta6. m =1

AdaBatiki m = k> 1

v=01a6. m= o0

6. [lMoAutporukn m <0

Ok Db

Mapatnpoupe Ot

= Maparjpnon

‘Ooa avapépape mapandve arodelkvuovTal e avitepa Padnuatikd wg
egng:
Ané  oxéon p - VM = otab. £xoupe:

mpdv + vdp = 0
dp_ P
dv v
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, d
To KAaoua op

dv
(P - v) kay, emeldn p, v elval moodtnteg BeTKEG, edv m eival BeTIKS, TOTE TO
deutepo péNOQ eival apvnTiké Kat avtioTpoga.

OTO IPWTO PENOG eival n KAomM TNG KAUMUANG oto dtdypauua

6.8 Ol METABOAEZ ZTO AIATPAMMA (T - s)

Edv AdBoupe wg napapétpoug Ty evrporia kat tn Bepuokpacia, uropolpe
VA AneKoVIooupe TN BePUOSUVALIKY] KATAOTAOT TOU CUCTAKATOG OTO dld-
ypappa (T -s).

Tnv evrporia, v omnoia ekppdloupe oe J/kg K, Tomobetolpe oTIg Te-
TUNUEVEG, evw TN Beppokpaaia oe Babuoug KEABLY, TorobeToUpe OTIG Te-
TAYMEVEG.

O Bepuoduvauikég petaBolég amelkoviCovtal oto didypapua (T - s),
onwg @aivovral oTo oxnua 4.8a.

TA

= oT08.
v
pe)

S

T = oT108.

o >
S

2xnua 4.8a Oepuoduvauikeés uetaBoAég oto didypauua (T-s)
210 dldypapua (T — s) ot 10dBepueg eival mapdAnAeg atov dEova tng

evrporiag kat ot adlaBatikeég (Looevtpomikeg) eivat mapdAAnAeg atov dova
g Beppokpaaiag.
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OL 1ooBapeiq sival kaumUAeg pe BeTik KAloN Kat ol 1IodXxwpes elval kal
auTéq e BeTIKA KAlom, aA\d e peyaAUTepn amd ekeivn mou €xouv oL loo-
Bapeig.

270 dlaypapua (T — s), To eppaddv g emepdvelag, rou pocdlopileTal
and TV KaumUAn TG METABOAAG, TIG akpaieq TETAYUEVESG TNG METABOANG
Kat Tov d&ova g evrporiag, anelkovilel Tn BepudTnTa 1ou evaANAooeL TO
oUoTnua e To mMePBAMOV Tou KaTd T SLAPKELa TNG HETABOANG.

MNpdyuartl, Bewpoupe €va oTolXelwdeq TUNUA TG HeTaBoAng (oX. 4.8B)
Kal €QAPUOCoUlE TO (Bl0 OKEMTIKO TIOU KAVAUE YA TO OTOLXELWDES €PYO
AW, = p - Av, Tipokeluévou va To arelkoviooupe oto didypauua (P - v).
To oToixeldeg eppaddv kATw amd TNV KaumuAn pe Bdon As kat Oyog T
elvat AQ = TAS kat amnetkovilel Tn oToIKeldn BepudTnTa Mou To oUCTNUA
evaANdooel e TO TIEPIRANNOV TOU, KATA T SIAPKELA TNG OTOIXEIWDOUG LETA-
BoArg nou upiotatat. H Bepudtnra rou 1o oUoTnua evaAAAOCEL Je TO TIEPL-
BAaAov Tou, divetatl anod 1o euPaddv kATw and TNV KAUMUAN TNG METABOANG.

iy |
[}

AQ

\4

—| AS |«

Zxnua 6.8B Adypauua (T-s)
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6.9 ANTIZTPENTEZ KAl MH ANTIZTPENTEZ METABOAEZ

Oewpoulpe €va oUoTNUA OE Hia OPLOPEVN PUOIKA KATAOTAON TIOU XAPAKTN-
piCetal and TIg TIWES Twv apaustpwy P, v, T kat avalntoupe Toleg eivat
oL avaykaieq ouverkeg, €10l wote oto cUoTNUa va uropel va eEehiooetal
adldpopa pia ETABOAY| TLX. LA CUMTTEON A pLa EKTOVWOT).

Ma va cupPaivel autd eival avaykaieg Tpelg CUVONKeG:

1. Na undpxel loopportia, oTtyur| oG oTtyur, HeTa&u tng nieong P Tou
CUOTNUATOG Kal TnG Tiieong P Tou mepBar\ovTtdg Tou.

Mpdyuatt, edv n nileon p ftav dlagopeTikn and tnv P’, To glotua Ba
€relve va unootel a PetaBoAn pog Tnv Kateubuvaon ekeivn, €T0L wWoTe va
pndevioel ) dlagopd P - P

2. Na undpxel LlooppoTtia, oTtyur) mpog OTLyun, METAEU TG Beppokpaaiag
T tou ouoTApaTog kat NG Bepuokpaciag T  tou mepIBAAovTOg Tou. Edv
urmpxe dlagopd Bepuokpaciag T — T, To ouotnua Ba €telve va unooTel a
METABOAY TIPOG TNV KateuBuvan ekeivn, €101 woTe va undevioel T dlapopd
T-T.

3. Na pnv undpxouv TplREq HeTagl Twv owuatdiwy Tou peuatol aAd
oUTe Kal Yetagu Twv owpaTidinv Tou peuatou Kat Tou opiou Tou. Edv unnp-
Xav, oL TPIREG autég Ba prmopouoav va eEoudetepwBolv UOVO evePYWVTAG
P0G pia oplopévn kateubuvon.

Edv ol Tpelg auTtéq ouvenkeg oUVUTIAPXOUV OTLYUR TIPOG OTLYA 1) META-
BoAr| ovoudletal avrioTpenTh Kat propel va e€elixBel adldpopa kal oTIq
dUo kateubuvoelg. M.x. Ze pia petaBoAr) mou eEehiooetal and v kardota-
on 1 omv katdotaon 2, apkel va alNd&oupe ta MEOONUA TWV EVAANAYWV
evEpyelag, yla va eEexBel and Tnv katdotaon 2 otnv Katdotaon 1, Xweiq
va aMd&oupe Tov TPOTO ToU TIPAyaTOoMOoLETaL.

Enouévwg a avtiotperttr| wetaBoAr eivat pia akoAoubia anelpwv otty-
Maiwv kataotdoewv oopportiag. TEtolou eidoug HETABOAEG elelg eEeTd-
Coupe 0’ auTtd TO KEPAAQLO.

21NV TPAYUATIKOTNTA Ol TPEIG AUTEG OUVONKeG dev GUVUTTAPXOUV TIOTE
Kal Kupiwg dev eival moTé anouaoa n TPIRN.

Ot mpaypaTikég YeTABOAEG OVOUAZOvVTAL UN QVTIOTPENTEG KAl JeV UIo-
pouv va eEelixBouv adldpopa mpog TI§ dUo kateubuvoelg. Ot Kupldtepeq
attieg mou kAvouv TIg HETABOAEG va eival Un avtioTperTeg eival oL TPLREG.

Emnopévwg, ol avtloTpertég PETABOASR elval BewpnTikd pHovTéAa Tou
XpnotdorolouvTal yla va dleukoAUvouV TV emiluom BePPOdUVAIKWY TIPO-
BANudTWV.
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= Maparipnon 1

2e [a adlaBaTtiky) avTioTeerTr) HETABOAY, Onwg yvwpiloupe, dev untdpxel
evalayr BepudtTag Tou ouoTHUATOG e TO mePIBAAAOV Tou. Emouévag,
Oev UTIAPXEL Kal LETABOAA TNG evTpoTiiag Tou cuoTtnuatog. H tehkn evtpo-
miia Tou oguoTtruatog eivat {on pe TNV apxikn. Zto dldypapua (T —s) anetkovi-
{etal pe éva eubUypaupo TuRpa napdAAnAo atov d€ova tng Bepokpaaiag.
H adiafaTikn avTIOTPENTH €ival IGOEVTPOTTIKN.

”
Z 2YNTOMH NEPIAHWH 6ou KEGAAAIOY
Z

® |066eppn ovoudletal n YetaBoAr, katd T dldpKela G
ornoiag n BepUOKPACia TOU CUCTAHATOG APAUEVEL OTA-
Bepn).

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

p - v = oTab.

lodxwpn ovoudletal ) YetaBoAr], katd T didpkela g onoiag o e1dIKOG
OYKOG, ETTOMEVIG, KAL O YEWHETPIKOG OYKOG TOU GUOTYUATOG TIAPAMEVEL
oTabepdq.

H e&iowon NG 100XwpPNG LETABOANG ekppdleTal e TN oxEon:
v = oTa0.

¢ loopapng ovoudletal n HeTaBoAr), katd Tn didpkela g oroiag n mieon
napauével oTadepn.

H e&iowaon TnNg 100Bapouq LeTaBOAN|G ekpPAlETalL |e TN OxEoN):
p = oTab.

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

H e&iowon Tng adiapaTikig LeTABOANG ekppdleTal e TN oxEon:
p - vk = oTal.

¢ MoAutpomKn ovoudZeTal n HETABOAN TOU CUCTAKATOG TIou Kabopiletal
ard TN oxéon:

p - v™ = oTal.
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e 370 didypappa (P - v) n 1000epun anelkovifetal e To €va OKEAOG |Lag
LoooKeAOUG UTIEPPBOANG, N 100XWPEN [e Eva euBUYPAUUO TUAKA TapdA-
AnAo atov d&ova P, n 100Bapng e éva eubUypauuo TUAUA TTApdAnAo
otov d&ova P, n 1ooBapnig ue éva eubuypaupo Turiua napdAnio otov
a€ova v, n adlapartikr Kal TOAUTPOTIIKY| e [ia KapurUAn otov dgova v, n
adlaBaTIKr KAl TIOAUTPOTTKNA HE [ia KAUTTUAN.

e 370 didypappa (T - s) ol 106Bepeqg eival TapdMnAeg otov dgova s Kat
ol adlaBatikég (looevtportikeég) mapdMnAeg otov d&ova T. Ot looBapeig
elval KaumUAeg e BeTIkY) KAlom Kat oL LodXwPeQ elval Kal auTEG e BETIKNA
KA{om aAAQ e peyalUtepn and ekeivn Tou €xouv oL LoOBApPE(G.

AZIOAOIHzZH

1. Ze pia didragn kKulivdpou-euBOAou 0 apxIkdG GYKOG TOU GUOTIHATOG
eivat {oog pe 0,01 m3 kat o Tehikdg 0,05 m3. Av 1) apxikry ieon eivau {on pe
180 kPa kat d00el BeppdtnTa oto cuotnua umnd otabepr| Bepuokpacia, va
npoodloploeTe:

a) To épyo Tou Tipayuatomnol|onke arnd To cUoTNA Kal

B) Tn Bepudnta nou dé6nke o’ AuUTO.
(Artdvtnon: 2,85 kJ, 2,89 kJ).

2. 2 [la ddtagn kuAivdpou-gupoiou Tou ormoiou To EUBONO Exel OU-
YKOANOel mepipepelakd mepiExetal agpaq und mieon 340 kPa kau Oep-
nokpaoia 10°C. Av d06el BepudtnTa otov agpa PEXPL va eOdael n Bep-
Hokpaoia Tou otoug 270 °C, va mpoodlopi0eTe TNV MOCOTNTA AUTH TNG
BepudtnTag. Aivovrar akdun: 6ykog agpa = 0,8 mS3, kal yia Tov agpa
Cv =0,7176 kd/kg - K, R = 0,287 kJ/kg - K.

(Andvtnon: 625 kJ)

3. 'Eva aéplo Bpioketal und mieon 120 kPa kat €xel dyko (oo pe 0,12
m3. Na rpoodlopiosTe ToV GYKO TOU, AV TO AP0 OUMTIEOTEL adlaBaTikG
(k = 1,4) kau n miieor| Tou yivel ion pe 400 kPa.

(Artdvtnon: 0,05 md)
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4. Aéplo apxikou dykou 0,012 m3, kat Beppokpaciac 270 °C eKTOVOVEL-
Tal MOAUTPOTIKG (M = 1,35) péxpl 0 GyKog Tou va yivel icog pe 0,08 m3. Na
npoaodloploete TV TeEAKN Bepuokpacia.

(Armdvtnon: 279,5 K).
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) )
EmodIwKOPEVOI OTOYOL:

[Vl Na siatundvere to deUTePO VOO TNG OepUOdUVANIKAG OTIG dLApo-
PEG LOPPEG TOU.

V' Na YVWPIleTe TIQ OXE0ELG TTOU EKPPATOUV TN UETABOAY] TNG eVTPOTIi-
ag TOU CUOTNUATOG, TOU TIEPIBANOVTOG XWPEOU TOU KAl Tr GUVOAIKTY)
evrportia (oUuoTnua kat mePIBAAOV).

Y Na YVWPIZETE TIG OXEOELG TTOU ETUTPEMOUV TOV UTIOAOYLOUS TNG HeTaBo-
NG TG evrportiag kat va AUvete popAruarta.

7.1. O AEYTEPOZ NOMOZ THZ OEPMOAYNAMIKHZ

Ané v kKabnuepivh epmelpia eival yvwotd 6Tt OAa Ta yeyovoTa 1j Ta ¢ai-
vopeva petapdlovtal, eEghiooovtal kal PAAloTa mpog uia katedbuvon -
Qopd oto xpovo.

Ma v kaAUTePn Katavonomn autrg Tng npayuatikdmmrag divovtal Ta o
KdTw napadelypata.

e Otav avapei§oupe yaAa kat kapé (ouaieq kat ol duo oe uypr| Katd-
otaaon), napatneouue OTL auTtég oL ouaieq dev UmopoUv va emave-
Bouv otV apxIkr) Toug QUAIKY katdotaon and pdveg Toug.

e Otav éva BiBAio méael oTo maTwya and 1o Bpavio dev urnopel autd
va avéBel aTnv apxkr Tou B€on, dnA. ato Bpavio and pévo Tou. Autd
propei va yivel, apou Eodeutel evépyela, yia va petapepbel mdvw oto
Bpavio.

¢ Otav pia moodtnta and payeipiké ahdr diakubei oe vepd, ToTE, WG
yvwotdv, dnuoupyeltal éva uypd dtdAupa.
Mapatnpeital twg autd and pdéva toug dev Uropoulv va diaxwpl-
oToUV Kal va enavéNBouv aTnv apxIKr TOuG GUOIKNA katdotaor). Autd
uropel va yivel, apou eEatuiotei o vepd, dnhadn} agou Eodeutel Bep-
MIKA evEpPYeELa.

® >V mepimtwon avapelEng vikehiou kat g1dQpou, wg yvwaotdv, oxn-
patiCovral Ta vikeAlouxa Kpapuata Tou adripou (XAAUBEeg vikeAiou).
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Elvalt mpogavég o1t autd dev umopoulv va dlaxwplotolv amd udva
TOUG, TIApd HOVO [e TNV TPoaPopd evépyelag. (TrEn kat aTn Guveéxela
JLaXWPLOMAG).

® Akdun eival yvwotd 4Tl 0 aTogPAIPIKOG agpag TIEPLEXEL 08 KAT OYKO
avahoyia 21% o&uyovo (O,) kat 79% alwto (N), 1% suyevr) aépla kat
AA\eg ouoieg. MNa va diaxwpioTouv Ta agpla autd and péva toug, Ha
npénel va katavahwBel evépyela (mapaywyr ouyodvou). Ano ta mna-
partdvw rapadelyuata MEOKUTTEL e oagrivela oTt Ta yeyovota 1j Ta
eawvépeva cupBaivouv Tpog pia kateuduvon, popd katd tnv onoia
eEeNooovtal (aAdAlouv) oto xpdvo amd udva toug. Ta gawvdueva
autd xapaktnpifovrat wg un “avacTtpéPipa”, apou and péva Touq
dev uropouv va enavéNbouv aTnv apxikr) Toug katdotaon.

H pnxavoloyikn emoTtipn, Leta&l tTwv ANy, otoxelel va epunveloel
Ta yeyovota rou ouppaivouv yupw Hag, HEow TNG ©epUodUVaIKAG, dlaTu-
TwvovTtag gva yevikdtepo puatkd vouo, ou va eEnyel Ye oagprjvela autd ta
HovO3popa paivopeva Kal yeyovoTa, mou ouppaivouv yupw Hag.

O vouog autdg daturwvel T deUTepn apxn TG OepUodUVAUIKAG Kal
PEPELTO dvoua «AeUTEPOG OEPOBUVANIKOG VOHOG» I} VOUOG TNG «EEENIENG».

O viéuog autdg éxel epapuoyég Kal oe TIOAEG ANNeQ ETIIOTNES, OTTWG
OTNV a0TPOPUAIKY, OTNV Olkovopia, otnv MAnpogopia. ETol, o véuog autdg
propel va dlatunwBel pe dildpopoug Tpdmoug.

MNapakdtw divovTal HEPIKEG SIATUMTWOEIG TOU VOHOU:
1. NpWTN yeVIKN popPr d1aTUMWONG TOU VOHOU:

Ta yeyovora 1} gaivopeva e&ehicoovTtal 0TO XPOVO MPOG pia Karteu-
Ouvan, ouykekpIpéva yeyovoTa yivovral pe kamoia oelpd oto Xpovo. M.x.
otav mapakoAouBoupue pia tawvia otnv Aedpaan, otnv MPEAYUATIKOTNTA
TIAPAKOAOUBOUE LA CUYKEKPLUEVT dladoxr YeyovoTwy (elkdva) o€ ouvap-
non pe to xpdvo. Otav napakoAouBoupe Tnv (Bla Tawvia oe €va Bivreo, T0te
elval duvatdv fj va oTabepoTtolrjooule TNV EIKOVA, YIA VA TN UEAETOOULE
1 akdua uUropoupe va tn yupioouue avdnoda, yia va dobei n duvatdtnta
MEAETNG TiponyoUpevwy elkOVwY (oxrua 7.1.a). Mriopoupe dnA. va €xoupe
L TIATP1 YVWOT) TOU YEYOVATOG 08 KABE XPOVIKY) OTLYMH.

Eivat mpopavég 611, yvwpilovrag oe k&Be XPOVIKY) OTLyur) TNV eEENEN TOU
OUOTNUATOG, YVWPEICoUKE KAl TO TEAIKO AMOTEAECHA.
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Moiva

ZxAHa 7.1.a 2xnuatikr rapdotaon Tou SeUTEPOU VOUOU OTNV MPWTN YEVIKI TOU UOPPT

2. Aeutepn yeviki Hop@n d1aTUNWONG TOU VOHOU:

Kda6e ouoTtnpa, dtav agebei povo Tou (amopovwoei), alAdlel ypriyopa
i apyd kai TeEAIKG kataAyel o€ pia karaoraon icoppotiag. Me dA\a A6-
yla, o€ éva anmouovWUEVO oUaTNUA Ta YeyovATa 1) TA GavOEVA EXOUV Jid
Popa eEENENG (oX1pHa 7.1.8.)

] O @

KatrdoTtaon ~—_
>0

TENIKA

| kataoTaon

OO

7.1.8 2xnuatkr napdotaon tou 20U VOUOU 0T deUTEPN YEVIKT] TOU LOPPN.

3. Me d6poug porig BeppIKig evépyelag

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

va
TTpaypatoTroinei
7777777777777777777 T777777777777777777

7.1.y. ZXnuatkr mapdotaon tou deUTEPOU VOUOU UE OPOUG BEPULKIG EVEQYELQG.
4. Mg 6poug OeppdTnTaG KAl £pyou

H evépyela, ekTég TOu OTI diaTtnpeiTal, uTakouUel Kal o€ £va QuaIKG VOO,
mou kaBopilel mpog moia kareuBbuvon n idia evépyela peraoxnuariZerai.
H evépyela pmopei va peraoxnuarioTei otnv mpdgn o€ evépyeia TG au-
THG MOIOTNTAG 1 O€ EVEPYEIA KATWTEPNG TTOIOTNTAG.

H neipa deixvel 6Tt puropel va unootnpixBel yevikd 611, KABe popd mou
n evépyela petaoxnuartideral and évav Turo oe éva AA\o TUTIO evépyelag,
UTtdpyel TIAVTOTE éva UEPOG auTNG, TIoU PeTaoxnuatifetal oe evépyela Ka-
TWTEPNG TOLOTNTAG.

Mriopel yia mapddetyua, n BepIKY] EVEPYELA VA LETATPATEL O UNXAVIKO
€PYO0, OUWG €va HEPOG AUTAG TNG APXIKNG BeplLkng evépyelag Ba peTatpa-
niel oe evépyela KaTwTePNG oTABUNG.

Mia evépyela dlakpivetal oe uPnAr moldtnTa Kal o€ KATWTEPTN MOLOTNTA.
‘Ooov apopd v MPWTN, autr Pnopel va petaoxnuatiodel oAkd oe evép-
YELQ TNG QUTAG 1) KATWTEPNG OTABUNG, evw, 600V agopd Tn delTepn, auTn
dev unopel oAkd va petatparnel o evépyela avwTtepng otdoung.

5. Mg 6poug MOCOTIKWV PEYEOWV:

Eva oUotnua, étav agebel udvo Tou petakwveital:

® And pia kardotaon aragiag, o€ pia kardoraon peyaiutepng ara&iag.

e And pia katdoTaon pIKPOTEPNG MOAvOTNTAG Va oUpBEi €va yeyovog,
o€ pia kardoTtaon peyaAuTepng moavoTnTag va ouppei auTo.

e Amd pia KaTaoTacn avayvwpiong evog yeyovoTtog, o€ pia Alyotepo
avayvwpioipn autol Tou YEYOVOTOG.

e Amd pia KardoTtaon pe MOAAEG MANPOPoOpieg, O HIa KATAOTACN HE
NiyoTepeg mAnpopopieg.
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® And pia kardoraon wPENPNG evépyeiag, o€ pia kardoraon Aiyétepo
wPENIUNG evEPyEIAg.

Ot napandvw TapatnEroelg Tou apopolv UETABOAEG, Hag divouv pia
TIOOOTIKY| LETPNOT TOU YEYOVOTOG 0TO XPAvo. ArAA urtoAoyifouv To peyebogq
™Q aragiag, g mbavétnTag, g MAnpopopiag. AUTEQ oL TaPATNENOEL]
elval xprioleg oe dldpopa nedia emotnuwy, 6nwg otn Bewpia TG MAnpPo-
Qopiag, oTn OTATIOTIKY UNXAVIKY, OTN OTATIOTIKY) 6EQUOSUVAIKY).

O vOu0g PeTAOXNMATIONOU TNG EVEPYELAG TTOU OVOUACTNKE deUTeEPN APXN
Mg Beppoduvapikng, €dwae n duvatdtnta va ewoaxbel éva véo Bepuodu-
vauiké yéyebog, mou ovopddletal evrpomia Kal gupBoAileTal he TO YPAuua
S. Autd to péyebog pag divel Tn duvatdtnra va kabopiooue T propel va
npayuaroromeel kat Tt 1, OTO XWEO ToU Hag TEPIBANEL.

Mag divel MAnpo@opieg, yla Tnv katelBuvon Kat Tov TPOTMO ToU Unopel
va eEeAixBel éva pavouevo oTo XWPo, o ouvApPTNOM e TO XPOvo, Ttola itav
N KaTAoTaon Tou TPV amnd KAMoLa XPOVIKY OTlyur] Kat rtola petd. Mmopel
va deifel edv pia petaBoAr] pnopel va npayuaronoinbei 1y dev pnopel va
npaypatoronBel. «H omoudaidtra mou €xet yia T MnxavoAoyikr| TExvn
TO Ogpuoduvapiké autd uéyebog, pag uroxpewvel va dwaooue €va, 600 To
duvatd, anAouaTeEPO OPLOO TOU».

Ma éva ouyKekplEvo aguoTnua LoxUeL 1 TIO KATW OXEoN:

ASgyor = 0 (7.1.a.)

AuTd onuaivel 6tL n HeTaBoAr) TNG eviporiag Tou cuotuarog sivat d-
vtote BeTIKA 1 (om e TO pundév.

‘Onwg avagépbnke, étav €va olotnua repBAMeTal arnd 1o yUpw Xwpeo

Tou (mepIBANov), TéTe 0" autrjv TNV Mepimtwan xUel n Mapakdtw oxeon:

ASgyor + ASrgp= 0 (7.1.8)

TIoU onuaivel 6Tt To ABPOLoHA TNG KETABOANG TNG EVIPOTIAG TOU CUCTAUATOG
Kal Tou MePIBAAOVTOG XWPEOU TOU HropoUv va augdvovtal 1) va PelwvovTal
0A\d To dBpolopd Toug dev propel va pelwdel. And ta mio mdvw TPOKUTTTEL
4TL 1 OAIKN evTpoTtia evOg OUYKEKPIUEVOU OUCTANATOG elval TdvToTte BETIK).

ASg, = 0 (7.1y)
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H evtporia eival karaoTaTiké uéyebog Tou OUCTAUATOG, OTIWG N E0WTE-
pIkr| evépyela U kat, nwg n HETABOAN TG ecwTePLKNg evépyelag AU e€ap-
TATal and TNV apxIkr Kal TEAIKA KatdoTtaon mou BpiokeTal To agplo peuoTo
€10l kal N HeTaBoAr] g evrporiag eEaptdral and Tnv apxikn Kat TEAKA
BepuIkn| KaTdoTaon.

7.2. YIMOAOTIZMOZ THZ ENTPOMNIAZ

H evrpomia opiletal and T oxgon:

AQ
AT

AS > (7.2.0)

Ma Tov urmoAoyiop6 g o’ éva ouoTtnua nou Bploketal otnv Katdotaon
1 Kal KaTaAfyeL oy katdotaon 2, xpnoluoroleTat n oxéon:

Aszz$£¥3 (7.2.8)

‘Onou AQ:eivat To moodv g Bepudtntag mou AauBdvel xwpa katd T Oep-
MOJUVAULKY) LETABOAN.

T: eivat n T TN Bepuokpaciag mou mpayuatomnoleTal n Beppodu-
VOIKY] LETABOAR.

32: givat To dBpolopa and Ty Katdotaon 1 otV KatdoTaon 2 Twv
OTOIXELWOWY
AQ

T

yla tn Beppoduvapkn petaBoAry. H mponyouuevn ox€on mou, énwg ava-
QEPONKE, XpNOlLOoTIoLETAL YIa TOV UTIOAOYIOUO NG METABOAG TNG evIporti-
ag AS, 1oxUel Yévo Yla TIG TTEPIMTWOELS TWV AVTIOTPEMTIKWY BEppOduvapi-
KWV HETABOAWV.

MNa mapddetyua, yla pa 1.odbepn avIloTPETTIKY eTaBOAY) Ba loxUet:

| Q=T "AS | (7.2)

MNa Tov urtoAoyiopd TG petapoAg Tng evrpormiag AS akoloubeital n
apakdTw diadikaaia.
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e [lpoodlopiletal EekdBapa n apxikr Kat N TEAK KatdoTtaon Tou ou-
OTAMATOG Kal uttoAoy(leTal To TiPayUaTiké mood BepudtnTag, mou el-
Og€pxeTaL N apatpeiral ano 1o oUomMua Qrpqy.

® >Tnv mepimtwon mou dev UTIAPXEL UNXAVIKY atTia, TToU va TIPOKAAEL pe-
TaBoA TNG SuVaIkNG evépyelag AEg, ™G KIvNTIKNG evepyelag AE,,
eKTOVWON 1) oupriean, eawvoueva TPIPRNG 1 AN popen €pyou, TOTE
Q = Qppqy- KAl QVTIKABLOTWVTAG OTN OXEON

Aszzsz_TQ

urntohoyiCetat n AS. (urevBupiCetal otL n oxéon autr| loxUel Pévo yla avtl-
OTPEMTEG UETABOAEG).

e Edv oT1g HETABOAEG TNG UNXAVIKAG evEPYELag TEPIAAUBAVETAL KAL TO
eawvépevo TG TPIPNG, TOTE 0 aAUTAV TNV MepimTwaon Ba npénel va
Bewpriooupe ia looduvaun avtlotperty) dladpopr, ToU va GupTe-
pAauBdvel TIc aAAayEQ TNG MNXAVIKNAG EVEPYELAG TTIOU €XOUV GUBEL

IMa Tov urtoAoylopd TG petaBoAng AS Ba epapudooupe v Bla oxéaon,

agou eival yvwatd 1o 1ooduvapo Q g avTIoTPETTTNG METABOANG.

AkpBwg n Bla dadikacia xENOLUOTOLETal yia TOV UTMOAOYIOMO TNG

DSrep

7.3 ZYTKPIZH TQN Qqyr, KAI Qup qur

H d1dkplon peta&u auTtwy Twv moowv Bepudtntag eivat SUCKOAO va Tipaya-
TorotnBel, mapdAo nou Bewpeital MOAU oroudaio yia Tnv TExvn Tou Mnxa-
voAdyou n katavonom g dlapopdg yia v emniluon Twv npopAnudtwy. MNa
To Adyo autd yivetal mpoomdBela, e TNV mapouciaon Tou o KATw napa-
delyparog, mou €xel oa otdXo TNV Katavonaon autrig g dlapopdg.

Q MAPAAEITMA

Oewpoupe €va odko Tou MepLExel aupo Malng 50 kg. Autdg Bploketal oe
UYog 20 m anod 1o £€5aPog.

Oewpoupe OTL 0 OAKKOG, TIOU arOTEAE(l KAl TO UOTNUA HEAETNG, elval
TIOAU KaAd povwuévog Bepuikd. ApriveTal va Tiéoel pog Ta KATw, Onwg oTo
oxfHa (7.3.a) kat {nteital va urntoAoytotel n petaBoAn AS g evrportiag Tou
OUOTNATOG.
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apxIkn
kardoTaon
OdKOG
_)
A
Bpaxog
— >
20m
50 kg TENIKA
\ KOTAOTACN
Y

Zxua 7.3.a ZXnNuUatikn napdotacn Tou napadeiyuarog

Elval mpopavég OTL 1 Ttwon Tou odkou eival Eva GatvoueVo N avIloTpe-
mré. Opwg yla Tnv epapuoyr| Tou TUMOU Tou UTIoAoYiCel T AS, 1 HeTABOAY
™G AQ (av urtdpxel) Ba mpérmel va POoKUTTTEL ard LA AVTIOTPETTTY) KETABOAN
Tou ouctAuatog. Na to Adyo autd eipacte umoxPewUEVOL va BewpPr|ooUpE
Hla avTLoTPETTTY) [oodUvapn LETABOAY He ekelvn TTou oupBaivel oTnv pay-
patikéTnTa. Mpdyuartt, mPooPEPovTag oTto oUOTNUa Beplikr) evépyela (o
pe ekeivn mou aprixén 9.810 J* katd tnv TTwor Tou, Ynopoupe va Bewpr-
OOUWE TNV LoodUvapn UETABOA TOU CUCTAKATOG.

*  YnevBuuiCetal ot Eg = mgh = 9.810 J

Q MAPAAEIIMA

Eva oak{ pe dupo padng 50 kg méptel and UPoqg 20 m oto €5apog Katd T
OLAPKELQ OIKOSOUKWY EQYATLWV.
Na urtoAoyLoBel:

a) H petaBoAr] g evrportiag AS tou gakiol TG Auuou.
B) H petaBolr g evrporiag AS tou TepBAAOVTOG XWPEOU ard To OaKi.

y) H oA\wr| petaBoAn g evrportiag AS rou ouvéRn yU' autd To yeyovoq.
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Aivetal 611 n Bepuokpaacia Tou oakloU otV apXr kal oTo TEAOG TNG TMTw-
ong eivat 10° C (oxnua 7.3.8)

PXIKN TEAIKN
KataoToon .
KatdoTtaon
0dKOG
_}
A
Bpaxo T
_)g 0dKOG
10°C
20m
50 kg TEAIKN
KOTAOTAON
Y

IxAHa 7.3.B ZxnuUatiky napdotaon Tou napadeiyuarog

Adon

lMa tn AUon tou TpoRAAuaTOg autol Bewpoule TO Gaki pe TNV QUPo wg To
oloTtnua Tou TPoRARUaATog Kat Tov YUpw and autd Xwpeo wg To TeplBArAov
TOU OUOTNATOG.

Mapatmpoupe 6tL katd T SIdPKELA TNG TITWONG TOU TaKlou Ba BewpnOel
otL n avtioraon Tou aépa mou cuvavtd autd, Ba sival aueAntéa.

Eniong, n Bgpudnta mou mapr|xen, Tn oTyur) katd tnv onoia To oaki
KTUMnoe oto €3apog, Adyw Tou ¢aivougvou g TeRNGg, Ba BewpnBel ot
HETaQEPONKE OTOV MEPIBAAAOVTA XWPO TOU OUCTANATOG, KABWg n Beppo-
Kpaoia rou Bpébnke To oaki UeTd TNV Kpouao, eival ekeivn 1 apxikn Twv 10°
C. Na va unoAoyiooupe Tn petaBoAr] Tng evrporiag AS yia kdbe mepimtw-
on, 8a akohoubriooupe TN dladikacia mou avapgépape OtV TEONYOUEVN
napdypago.
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Oewpeital apxikr kardotaon 1 10 oakl 20 m ndvw arnd 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_ +AE4 +AE,
0

Ané n oxéon aut) apatnpouue OtL:

® H petaBoAr] g ecwtepikng evépyelag AUy Tou ouoTruatog eival ion
pe UNdEv, apou n TEAKN) Kal apXIKn BepoKkpacia Tou ouoTruatog eivat (dla
(AUg = Q - AT, AT = 0 kat AUy = 0).

¢ H petafoAr) Tng KnTikng evépyelag AE, Tou cuotuarog eival ion pe
TO UNd&v, agou n TaxUTnNTa TOU CUCTNUATOG OTNV apXIkf 6€om eival undevt-
KA}, OTIWG Kal OTnV TEAIKN.

® To €pyo eival (0o pe To undév, ylati To ouoTnua dev apryaye €pyo
Bewpwvtag OTL N EWTEPIKN EMPAVELQ DEV TAPAUOPPWONKE.

ZUVETWG, ard TV o MAvw OXEaT EXOUE:

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

Ané Tnv Teleutala ox€omn napatneouue OtL 1) BepudtnTa eival apvnTIkr,
ouvenwg €xel opd amnd To ouoTtnua pPog To mepIBAlov (urevBupicetal
611 Bewpoupe To Moad ™G BepudTNTag TTOU Pnaivel 0To oUoTNUA BETIKO Kal
apvnTiké auto mou Byaivel).

Ma 10 olotnua “caki duuou” 1 MTWon autol avTiMPEOoWNEUEL A N
QVTLOTPETTTY Unxaviky dladikaoia and poévn g Kal, cuvenwg, de Ba uro-
pouce va epappoaTel 0 oxeTIkdg TUTIOG YA TOV UTIOAOYLOUOS TNG evrportiag
TOU OUOTNATOG.

lMNa va unohoylotel autr, Ba pénel va nmpoadlopicoupe pia Llooduvaun
avtiotpertr dladikaaoia g mrwong.

Ma to Adyo autd, Bewpoulie €va cuotnua e Tpoxahia, dnwg eaivetal
oto oxnfua (7.3.y).
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apxIkn
KOTAOTAON
— \
X
OAKKOG
<~
10°C
20m >
TEAIKA
50k<‘ KatdoTtaon
v
|__—| 50 kg \\ . UGK(;(OQ
«— A4 <« 10°C

IXpa 7.3.y ZXnUatki napdotaon Tou napadeiyuaros

2’ autd napartnpeitat elkoAa 1 1ooduvaun avtiotpertr| dadikacia g
TTWOong.

2’ autd To ouotnua n BepudtnTa mou XPetdleTal To oaki, yia va gTdoel
0To €3apog, elval UNdEVIKY] KAl ETOPEVOG:

AQur 520
-
T 283

B) MNa 1o mepiBdAlov napatnpeitat 6Tt dev undpxel LETABOAN TNG UN-
XAVIKAG evépyelag autou, aAd uévo petagopd Bepudtrag 9810 J and 1o
oloTnpua.

H Beppokpacia de autol Bewpeital otabepr] otoug 10° C, apol dev
ermpedletal, Adyw Tou Pey€0oug Tou ard TO To TIAVW TT000 TNG EVEPYELAG.

Enopévwg, Ba 1oxuet:

AS,,,. =322 =0

guot

AS =34,6 J/K

nep

_5? AQ, _ 52 9810
‘ ' 283
2nueiwon: H Beppokpaaia otov TUno eivat oe KEABLV.

Y) ZUVOAIKA N PETABOAN TNG EVTPOMIGG TOU CUCTHATOG KAl TOU TIEPL-
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BaM\ovTog xwpou Ba divetal ye T oxgon:
AS) = ASgyor + ASr{sp =0+346=346JK

AMOTEAEOA TIOU E{val CUPPWVO |IE TO «dEUTEPO VOO TG Oeppoduva-
HIKAG».
ASg =0

7.4. TIAPAAEIMATA YINOAOrIZMOY THZ ENTPOIIAZ ZTIZ NMPAKTIKEZ
E®APMOIEZ

7.4.1. NMapadeiypara yia Ta 1I3avika agpia

Ze MON\EQ MepuTTWOoElg anatreitat va Bpedel n yetafoAr| Tng evrportiag yla
KABe katnyopia agpiwv peuotwy, (1Bavikd, 1Bewdn, oxeddv 1Oewdn, mpay-
MATIKA).

©a yivel mpoomdbela urtoAoylopoU TG HETABOANG TNG evIpoTiiag oe au-
TEQ TIQ KATNYOpPIleq TWV agpiwv PEUTTWY, XPNOIOTIOWWVTAG TIG EVVOLEG Kal
TOUG HaBnuaTikoUg TUMOUG TWV TIPONYOUUEVWY KEPaAaiwy.

Ma v kaAUtepn katavénon twv napadetypdtwy mou Ba avapepbouyv,
Bewpoupe 4Tl ol HETABOAEG TOU €pyou Tou divouv ot duvApELg andoTaonq
(AE; + AE¢ + AEg elval IndevikEG).

Eniong, ot paBnuatikoi Tunot rou Ba avaypagpoulv, Ba avapgpovtal o€ 1
kg nalag aepiou. TéNog, Ba yivel mpoomdbela Ta agpla ou Ba peAetnBouv,
va aviikouv oty katnyopia tou 1dewdoug (R = otab., C, = otal., C, otal.).

Mapakdtw unevBuuiovtal ot pabnuatikég oxEoelg ou 6a epapOCTOUV:

e KaraoraTiki e§iowon Twv agpiwv p-v=R-T
e MerapoAn TnG ewTepikig evépyelag AU = C, - AT
e MerapoAn Tng evBaAmiag AH =C, - AT
e MetaBoAn Tng evrpomiag

as-3229

(YrevBupiCetat dti ) ponyoupevn oxéon epapudletal, étav To moad g
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Beppokpaciag AQ avapgpeTal € QVTIOTPETTES UETABOAEQ).

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

7.4.2. 1006eppn peraBoln

Q MNMAPAAEITMA

Aivetal éva agplo 13ewdeq peuaTd, Tou BpiokeTal OTI ouverkeg 1, Onwg
Qaivetal oto oxrua (7.4.2a) kat cupruéletal and v apxikn katdotaon 1
oTtnVv TeAIKA Katdotaon 2 1000eppa.

Eival yvwotd 1 riigon p; = 10N/cm?2, n 8spuokpacia ty = 50° C, n miieon
070 TENOG TNG Cuprieong p, = 40N/cm?,

Edv eivat akdun yvwotd 6tt R = 287 J/kg K kat ot KANUOKEG TwV PEYEDWV
oto oxNua (7.4.2.q).

Znrouvrar:
1. Ot eldikoi dykol Tou peuotoU ota onpeia 1 kat 2.
2. H Beppokpaaia Tou agpiou oto onueio 2.

3. To épyo nou anairreiral, yla va gupreodel 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 mogd g BepudTnTag TIoU aprxOnke Katd tn BepUKr] LETABOAY).

6. H petaBoAn tng evrportiag AS katd tn BepuIK) auTr KETABOAN.

7. H petaBolf g nicong P oe ouvdptnon e tov e0IKO OYKO V.

Auon

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

1. Epapudloupe ) oxéon p - v = RT* yla Tnv katdotaon 1, AUvoupe wg
TIPOG V4 KAl AvTIKaBLoToUE TIG TIWES Twv Heyebwv P, R, T, omndte Ba €xoule:

*YrievBupiZetal 6tL n ox€on autr loxUel yla ta 1davikd peuotd.
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p;- v, =RT,,
RT,
v, =—
P,
P A N/m?2
KAipaka: 1 cm=0,1m?3
1 cm = 100.000 N/m?2
1 sz =0,1x 100.000 = 10.000 J
1 kg Aépa

2
P,@-------- ®

)

I

I

|

: Y

|

! 1
Pl —-=-=-=-=-= e e e e e e T °

1 1

1 1

0 \‘7; v >
vmkg

ZxAua 7.4.2a l066epun petaBoAn

MNP aQVTIKATAOTAOOUE, HETATPEMOULE TIG TIUEG QUTWY TWV Leyebwv oe
povdadeg Tou S.l.

Kardoraon 1

Py=10N/cm? 1  100.000 N/m?2

T; =273 +t =273 + 50° = 323K

R = 287 J/kg K

v, _287x323 =0,92701m® / kg
100.000

Apa, o e1dIkég 6YKog: | 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 Beppoduvapikr) petapoAn eivat .oddepun.

Oewpwvtag 0To onueio 2 To PeuoTd WG IBAVIKS 1} TEAELO, LOYXUEL N OXEDN):
Povs = RT,, and v omoia mpokUrTetl:

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

2. Onwg avapépbnke, n LetaBoAr| eivat 1loéBepun kat ouvenwg To = Ty
=323K

3. Na va Bpebel 1o €pyo, epapudloupe TNV apxn g dlatrienong g
evépyelaq (mpwtog vopog g Oepuoduvapikhg katd Lagrange).

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

€pyo duvduewv €pyo duvduewv
empdvelag andéotaong

21V TeAeutaia ox€on napatnEoupe ot
AUy =0 vyuati AUy=C,-AT kat AT =0
Oewpoupe akdun OTL N KETABOAN TNG KIVNTIKAG EVEPYELQG, N METABOAY
Mg evépyelag Tou oPelleTal oTa PUYOKeVTPLIKA Tedia Kat n HETABOAT TNG

evépyelag nou opeiletal oto medio Baputntag, eival ioeq e PUndev.
Tehkd 6a €xoupe:

Q=W,
Onwg avapgpbnke, To §pyo Tng oupmnieong W, divetat and t oxéon:
W, =p - AV

OUVETIWG, Yla TN ouprieon and v katdotaon 1 oty katdotaon 2 a
€XOULE:
W, o, = Z2p-AV = 32 RT%: RT zf%

enedn R kat T eival otabepd
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W, , = RTzfﬂ= RTnY2 _ og7 303 1223175 _
| v Vi 0,92701

= 287><323[£n0,23175—£n 0,92701] =-128.511J

W, = 128511

Ma va ouurieoBel To aéplo and Tnv katdotaon 1 otnv katdotaon 2,
npénel va katavaAwbouv 128.511 J (To onpueio — onpuaivet Tt 0 eEWTEPIKOG
XWPOoG €dwae §pyo 0To oUOTNUA).

4. H perapoAn Tng eowTePIKAG evEpyelag Oa divetal and tn oxeon:

AUy = Upa-Ugy =C, To-C, Ty =C, (T,-T4) =0

YlClT[ Ti=T,

5. Z10 gpwtnua 3 and Tnv £QaApKOyn Tou MPWToU VOUOoU Tng Bepuodu-
VOMIKAG TIPOEKUYE:
Q=W,

ouvenwg, Q = — 128.511 J (To onpelo — onuaivel dtL To 00d NG BepPUd-
™rag hetapeépetal and 1o oUoTnua otov eEWTEPIKS Tou Xwpo. AuTd eival
autovonTto agou Katd T cuurnieon Tou agpiou peuaTou, yla va Tapaueivel
n Beppokpacia Tou otabepr} Ba npénel va agaipeital Bepudtnta Katd
dldpKela TNG HETABOANQ).

6. a Tov unoAoylopd Tng evrpomiag AS Tou CUOTAUATOG Ba €XOULE:

AS =lz$ AQ =1AQOA _8Q, 128511 -397,87J/kg K
T T T 323
Na tov untoAoylopd g AS prnopoUpe va XENOLOTIOW)COUE Kal T OXE-

on:

AS = -Rint — 2875 1n 292701 _ 397 874
v, 0,23175
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7. H peraBoAn Tng mieong oe ouvdptnon e To edIk6 dyko divetal and

™ oxéon:
D =RT. —287x323x. - 92701
Y v

H ouvdptnon autn eival .oookeAng urtepPoAr, yiati €xel T HopYr

_otab
X
1cm20,1md
1 cm £ 100.000 N/m2
1cm2£0,1x100.000 = 10.000 J
p A
1 kg Aépa
2
P2=4 I [ )
\
1
1
1
1
| ¥
! 1
Pi=1¢ -=-=-=-- T -9
1 1
1 1
5 . . >
v2=2,3175 v=92701 v

ZxAua 7.4.2.8 loookeArg unepBoAn

MNa tn oxediaon TG peTaBoAig AuTAG XPnotdomoleiTal AUETPE XapTi
Kat AapBavovtat urtdyn ot KAUAKEG:
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7.4.3. looBapng Oeppoduvapikn peraBoAn

Q MNMAPAAEITMA

Me ta Sedopéva tng nmponyoupevng doknong Py = 10 N/m2,ty = 50° C, P, =
40 N/cm?, R = 287J/kg K, t, = 50° C kal pe v napatripnon 6t To peuotd
arnd v Katdotaon 2 rnyaivel pe 1.oopapr] Oepuoduvaukny eTaBoAy (p =
otab.) otnv katdotaon 3 ywa v omnola eivat P3 = P, = 40 N/cm2, V3 = V4 =
0,92701 m3/kg kat C, = 1 KJ/kgK. (oxnua 7.4.3.q)

2
DA N/m
1 kg Aépag
2 3
P=Pyg - - - - -~ L > ?
1
. :
1 1
1
: 1 :
1 1
1 1
1 1
1 1
1 1
1 1
& & A
e hd 7
0 A vg=v, vmd/kg
Zxnpa 7.4.3.a looBaprig uetaBorn
Znrouvrar:

1. H 6epuokpacia Ty (katdotaon 3)
2. H petapoln g evrportiag AS katd ) ©epUodUVApIKA autr] LETABOAY
3. Tnypagikn napdotaon Tng LETABOANG TNG rieong og ouvApPTNOT KE TO V.

Auon

1. @ewpwvtag To peuaTod WBavikd i TéAelo yia 1 kg pdlag peuatou epap-
péloupe T oxéon:
p - v = RT yia mv katdotaon 3

Ba €xoupe:
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P3 + V3 = RT3

P,-v, 400.000x0,92701
R 287

T, = =1.292 K

ZUVETWG, Yla TNV Katdotaon 3 6a €Xoue:
T = 1292 K

V3 =Vq = 0,92701
P3 = P2 =40 N/Cm2
2. H petaoAn Tng evrpomiag 6a divetal and ) oxgon:
zg A_Q
T
(umevBupiCeTal 6Tt AQ avapEPETal O QVTIOTPETTTY) LETABOAT)).

AS =8, —Sgp =S; -5, =

Ma mv epappoyr g mo ndvw oxgong, anareitatl va Bpebel To oAk
1ood ™G BepudTNTAG, MOU AapBAVEL XWPA KATA TN BePOdUVALLKY] LeTapo-
AR,

Ma tov urtohoyloud autol Tou Ttooou epapudletal n (dla diadikacia pe
Ta ponyouleva.

En\éyetal wg ouotnua to agplo peuoTo mou upiotatal Tn Beppoduva-
MIKA peTaBoAn pddag 1 kg, n péBodog katd Lagrange (kAeloTd cuoTriuata)
Kal epapuOleTal 0 MPWTOG VOUOG TNG OePUOSUVAIKAG.

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

o

21N ox€0mn auth, yla Toug AGyoug ToU QvapEPAE TNV TIPONYOUEVN
AoKnon, oL LETaBOAEQ eival (0eq e TO UNdEv.

uvenwg: Q = AUg + W,

To €pyo Twv duvduewv ermpdvelag We wg yvwatdv eivat:

W, =33p-AV =p 33 AV (p = oTab)
aKOUN propel va ypagrtel:
We :zg(p V) :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 =ng—Q=zgp_=op zgﬂcpgnk
T T T T,
(Cp = 0Tab. aEPLo PEUTTO 1BEWDEG)
T,
AS=C, /n=2= 1><£n1292 =1,386 KJ/kg
T, 323

2
3. Mpopavwg N ypagwkn napdotaon eival pa eubeia mapdAAnAn wg
npog Tov d&ova Twv TETUNUEVWY, agol p = otab. oxnua 7.4.38

KAiyaka : 1cm — 0,1 m3
PA KAipaka : 1 cm — 100.000 N/m?2

KAipoka : 1 cm —— 0,1X100.000=10.000
1 kg Aépag
2 3
p2= p3 = 4 - =-=-- ’ > T
1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
d ! >
0 v,=2,3175 v, =v,=9,2701

Ixipa 7.4.3.8 looBapriq uetaBoAn
7.4.4 looxwpn Oeppoduvapikn HeTaBoAn

Q MNMAPAAEITMA

Me Ta dedouéva Twv MponyoUUEVWY AoKNoewy va Bpedolv
1. H petaBoln tng evrporiag and tn Oepuoduvauikr) katdotaon 3 otnv
katdotaon 1, étav autr yivetal .lodxwpa (oxua 7.4.4.q).

2. Hypaopiki napdotaon
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P A N/m?2
3
P === - - - °
1 kg Aépag
Y
pl P = e e e e e e e e e e e, . e ... ... —-———— - ol
1
1
0 A vm?3/kg
ZxAua 7.4.4a lodxwpen uetaBoAn
Adon

1. H petapoAn Tng evrpomiag AS 6a eival:

_s, -5, =524

AS=S_, -S
=

apx

Epyagduevol onwg rponyoupeva, Ba €XOUpE:

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

W, =3ip-AV =0 yiati V, =V, =oTa.

2uvenwg: Q = AU,
AU, =C, =AT
glvateriong: C, -C, =R

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

H petaBoAr] Tng evrpormiag AS 6a eivat:
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CAT ¢ 518T¢ il

T T T,

Aszz;A_T"”:z;

AS=C, fnl =713 /n 323
T, 1292

3

= -987,87J/kg AS = 987,87 J/ kg K

AS=-987,87J/kg K

2. H ypagpikr napdotaon Ba sivat pia mapdAAnAn otov d€ova Twv TeTay-
pévav V = otab. (oX. 7.4.4B)

PA
KAigaka : 1 cm — 0,1 m3
1 cm —> 100.000 N/m?
3
e e il [
1 kg Aépa
Y
Pi=l¢------- - - - mmmmmmm———— - = H 1
1
& N
* >
0 v, =v,=9,2701

ZxAua 7.4.4.8 looxwpn UeTaBoAn
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7.4.5 AdiaBarikn peraBoAn

Q MNMAPAAEITMA

Ze éva KvnNTripa eowtePLKng kauong To epyalduevo peuatd otny apxr TNg
PAoNG TNG EKTOVWONG PBPIOKETAL OTIC OUVBNKEG p3 = 700.000 N/m?2 kat T
= 2.020 K, e1d1kn} Bepuomra twv kavoagpiwv Cp'= 0,394 Keal/kg Kkat R =
0,086 Kcal/kg K kat ektovwveTal HEXpL TIG OUVONKeg Tou anpeiou 4 adlaBatt-
KA (dixwg ouvalayn BepudtnTag Peta&l Tou CUCTANATOG KAt TOU TEPLBAA-
AOVTOG XWEOU TOU).

ZnreiTan:
Na urtoAoyloTel n) ueTaBoAr] Tng eviportiag Tou peuotou katd Tn didpkela
™G OePUOSUVANIKAG AUTAG METABOANRG.

Ndon
H petafoAr) g evrpomniag AS divetal and tn oxEon:

AS =S, ~ Sy =S4~ S :ng—TQ:o
e dedopévo 6TL AQ = 0, dnAadr| dixwg avtarlayr) BepudtnTag autou Ue To
nieplB&Nov Tou.
And ta 1o ndvw MPOKUTTEL:

AS=S;,—S3=0
S4 - 83 =0

S, = S3 OnA. Katd TN BeodUVANIKY) AUTH METABOAN 1) evtportia Tou ou-
oTruarog napapével otabepn.

Qg cupnépacpa mpokUnTeEl 4T La adiaBaTiki peTaBoAn givail kai 100-
EVTPOTTIKN.

To avTifeTo dev IoXUEl, dnA. LA LOOEVTPOTIIKY LETABOAY) dev eival uro-
XPEWTIKA Kat adlaBaTikr).
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7.5. NMAPAAEIFMATA YNOAOTIIZMOY ENTPOIIAZ TIA EIAIKA BIOMH-
XANIKA PEYZTA

2e OPIOUEVEG EPAPMOYEQ OTNV TIPAEN, onwg ota Yuyela, otoug katayu-
KTEG, OTIG MNXAVEQ TIOU KivouvTal e aTud, OTa KAATIOTIKE, OTIG avTAieg
BepudTnTag, aeplooTPoBiloug, oTa KAIMATIOTIKA QUTOKIVITWV KAl OTOUG
armovioTEG, Xpnotuorotouvtat didpopa peucTd.

Ma kdBe a and Tiq o ndvw ePpapuUoyEg XxpnaoluoroleTal kat éva eldikd
peuaTd, ou PeTaBANovTag TIG ouvBrkeg Tiieong kat Beppokpaciag divel Ta
avtioTotxa anoteAéouaTa OTIG IO TIAVW PNXAVES.

2’ autrjv v rapdypago B€Aoupe va eronudvoupe Ot yla TNV KaAUTe-
pn anddoaon Twv o dvw Pnxavav, Ba rpénel va eival yvwaoTég ol Bepuodu-
VAMIKEG MeTABOAEG, KATW amd Tiq onoieg epydleTal To BewpoUpeVO PeuaTo.
Eniong, Baowkd p€yebog To onoio mpégrnet va ival yvwoto, eivat ot LETABOAEQ
™Q evrportiag nmou ugiotatal autd. Ma v neplmrwon katd tnyv onoia ta
peuoTd eival aépla, énwg eidaue mponyouueva, 0 UMOAOYIOUOG TNG UETA-
BOANG TG evrporiag yivetal Ye TV EPApUOYT) HABNUATIKWY OXETEWV, TIOU
npogkuyav and TNV epapuoyr Twv VOuwv Tng dlatrpnong, (MPwtog vOUog
™G OePUOSUVAUIKNG).

AuoTUXWG Yl YePIKA peUOTd, yia Ta omnoia apoucldleTal TO pAavOUEVO
Tou Bpacpou Kal TNg uyporoinong, dev undpxouv YeVIKEG ELOWOELS, Yia
TIG oTloleq UMOPOUE VA XPNOLIOTIO|ToUE TN HETABOAN TG eviporniag oe
auta.

2’ autryv Vv napdypaeo apouctdletal o UTOAOYIONAG TNG METAROANQ
™G evTpomiag Twv XPAOWY QUTWV PEUOTWY, divovTag XPrOES YPAPIKES
napactdoelq Kat Tivakeg kabwg Kat AANNeG XPrioLUES TIANPOPOPIEG.

7.5.1 Evrpormia kafapwv ouciwv

MNa tiq¢ kadapég ouaieg 0 UTTOAOYIOUAG TNG MeTABOAG TNG evtporiag yive-
Tat and TI§ Mo KATW OXE0ELG:

a) MNa petaBoAéq g Beppokpaciaq xwpig alayn ¢aoewg (Uypd—ag-
pLO) Kal e aTtabepr) TNV Tieon xpnotoroleital n oxéon:

» monAT

:zfA_Q:; =

T

AS (7510)

B) lNa Tiq BepuodUVANIKEG UETABOAEG, OTIG omoleq urmdpxouv alhayEg
PAaoewg, n LeTaBoAr g AS 6a divetat:
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m-Ahyg

AS = = (751B)

ortou: m eivat n pala Tou peuotou

Ahyg gival n petaBolry g evBaArtiag otnv aAhayn ¢daong ano uypo
o€ a€pLo.
2TIG TIPAKTIKEG EQAPHOYEG, TIOMEG POPEG, XPnaluornololvTal dlaypdp-
pata, Onwg OTo MApaKaTw oxnua 7.5.a

A - r
ke S
D ~ &
a| «kpiowo £ ,§9 GQQ(\Q‘&" A
onueio £ /\gs“’o&,,
O & )
N N
B N
SIS
X D (\\%
ypaupn
X-A KOPEOHEVOU
aTpoU
A pou
YPAUMA KOPETHUEVOU UYPOU
EVTpOTTIa

Zxpa 7.5.1.a Aidypauua h-s

Auté eival éva kKAaolké Tapddetya UMoAOyLopoU TG METABOANG NG
evrportiag oe ouvAptnon e T UetaBoAn g evbaAmiag yia to vepd (did-
ypauua Mollier) h-s

‘Eva dA\o napddetypa urtoAoytopou Tng eviportiag eival kat To Tio KATw
daypaupa T-S. (oxiua 7.5.8)
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[ o o ]
z
4
Z

Kpiolpo
onueio

T, K
7

YPAUMA KOPETUEVOU
uypou . . .
YPOMUI KOPETUEVOU aTHOU

evTpoTTia

Ixpa 7.5.1.8 Adypauua T-S

2YNTOMH MEPIAHWH 7ou KE®AAAIOY

® 0 deuTepog BepUOdUVAHIKOG VOHOG: ArO TNV KaBnuepi-
VR epmelpia eival yvwotd 6tL 6Aa ta yeyovoTa 1) Ta ¢pal-
vépeva petaBdMovral, eEeliooovtal kal HAAoTa TPog
pia katedOuvon-popd oto xpovo.

1. MpwTn YevIKN Hop®n diaTUNwaong Tou vopou: Ta yeyovoTra f ¢ai-
vopeva gEeAicoovTal 0To XPOVO P0G HIa KATeUBUVOT), CUYKEKPIPEVA
yeyovoTta yivovrai ge Kamoia oeipd oTo Xpovo.

2. AeuTepn yevikn Hop@r diaTuTiwong Tou vopou: Kade auotnua, étav
apebei povo Tou (amopovwOei), aAkdler ypriyopa i apyd kai TeAikd
KaTaARyel o€ jia KaTdoTaon 100pPOoTTIag.

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

4. Me 6poug BepuoTnTag kai Epyou: H evépyeia, ekTég Tou OTI diaTn-
pEiTal, UTTAKOUEI Kal o€ éva QUOIKO vopo, mou kaBopilel pog moia
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kateubuvon n idia evépyela peraoxnparileral. H evépyeia pmopei va
HETAOXNHATIOTEI OTNV MPAEN Oc evépyela TNG AuTHG MoIdTNTAG | OE
EVEPYEIO KATWTEPNG TTOIOTNTAG.

H melpa delxvel 6t propel va unootnpixBel yevikd 6t1, kdBe popd mou
n evépyela petaoxnuatideral and €vav Tumo oe éva AAAo TUTIO evépyelag,
undpxel MAvTtoTe €va YgPog auTng, TIoU JeTaoxnuartiletal oe evépyela Ka-
TWTEENG TOLOTNTAG.

Mropel yia mapddetypa, n BepuIKY) EVEPYELQ VA UETATPATEL OE UNXAVIKO
€pY0, OUwG éva PUEPOG aUTNQ TNG APXIKNAG BeplIkig evépyelag Ba petatpa-
niel oe evépyela KatwTePng oTAduUNG.

Mia evépyela dlakpivetal og UPnAY] TOLOTNTA KAl O KATWTEPT MOLGTNTA.
‘Ooov apopd TV TPWTN, AuTr UNMopEel va peTaoxnuatiobel ohikd o evép-
YEIO TNG AQUTAG 1) KATWTEPNG OTABUNG, evw, 6oov agopd Tn delTepn, aut
dev propel OAKA va petatpanei oe evépyela avitepng oTddung.

5. Me 6poug MOCOTIKWV HEYEOWV:
‘Eva guotnua, étav apedel Ovo Tou peTakiveltat:

® And pia katdoraon aragiag, o€ pia kardoraon peyaiutepng ara&iag.

e Amé pia kardoTaon PIKPOTEPNG MOAvOTNTAG Va oUpBEi éva yeyovog,
o€ pia kardoTtaon peyaAdtepng moavoTnTag va ouppei auto.

e Amd pia KaraoTacn avayvwpiong evog yeyovoTtog, o€ pia Alyotepo
avayvwpicipn autou Tou yeyovoTog.

e Amnd pia kardoTtaon pe MOAAEG MAnpoPopieg, O Hia KATaoTaon pe
ANiydtepeg mMAnpoQopieg.

e Amd pia kardotaon wPENPNG evépyelag, o pia kardoraon Ailyétepo
wWPENIING evépyelag.

¢ [a €va ouyKekpluEvo ouaTnpa LoXUEL 1 TILO KATW OXEoN:

ASgyor 20

e 'Eva guotnua nepBAMeTal and to yUpw Xwpeo tou (rmepiBdAlhov), Téte
0’ auTriv TNV mepimTwon LoxUel N MApaKATw oxEoN):

ASoyor + ASrep = 0
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® HoMikA evrpomia evdg GUYKEKPLUEVOU CUOTHATOG eival TIAVTOTE BETIKN).

ASy), =0

e H gvrpomia opiCetal and tn oxgon:

AS > ﬁ—(T) (7.2.0)

Ma Tov umroAoyiopd TG 0’ €va oUoTnua Nou BpiokeTal oTnv Katdotaon
1 kAl KATAAAYEL OTNV KATAoTaon 2, xpnoudoroletal n oxéon:

zfA_Q

AS = (7.2.)

‘Ornou AQ: gival To moodv g BepudtnTag rou Aaudvel xwpa katd ) Bep-
MOJUVAULKY] LETABOAN.
T: elvat n Tn Tng Bepuokpaaiag mou mpayuatomnoleTal n Beppodu-
VOIKY] LETABOAR.

242: gival To GBpotopa and v kartdotaon 1 oy KATAoTaom 2 Twv

OTOIXELWDWY
AQ

T

yla n Beppoduvapikn hetaBoAr). H mponyoupevn oxgon mou, dnws avapép-
Bnke, xpnowdoroletal yia Tov UrmoAoylopd g UeTaBoAng TG eviporniag
AS, 1oxUel YévVo yia TIG MEPUTTWOELG TWV AVTIOTPEMTIKWY OEPHOSUVAHIKWY
HETABOAWV.
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A=ZIOAOIrHzZH

1. MNa 11§ BepUOdUVANIKEG METABOAEG TOU OXNUATOG UToAoyioBnkav
32 - 31 = 40 kJ/kgK, 83 - Sg = 1,38 kJ/kgK, S1 - 83 =-0,98 kJ/kg/K

a) Na urnohoyioete Tn HETABOAY] TNG evipoTiiag yia ) dadpoun 1 - 2 kat
1-3-2.

B) Na urtoAoyioete T YeTaBoOAr TNQ evrportiag yia Tov KUkKAo 1-2-3 - 1.

Y) Na oxoAdoeTe Ta anoteAéopara
PA PA

Y
Y






KE®AAAIOD

MHXANIKO EPIo
AMNO TH ©OEPMOTHTA

8.1 Eiocaywyni
8.2 O kUkAog Tou Carnot
8.3 EE&gpyeia - Eilcaywyn

161






MHXANIKO EPrO AMo TH ©@EPMOTHTA 163

Emdiwkdpuevol oToxol:

Na avagépete Tov KUKAO Tou Carnot kat va meply pAPETE TIG EPAPUOYES
TOU OTIG BEPUIKEG UNXAVEQ

[<].

Na opilete T0 BaBud anddoong Twv BEPUIKWV UNXAVWY TIOU AKOAOU-
Bouv To vouo Tou Carnot

Na diatunwvete Ta Bewprjdata tou Carnot

< =

Na neptypdgpete Tov avtiotpoo KUKAO Tou Carnot Kat va avapgpete
TIQ EQAPMOYEQ TOU

E\,

Na e€nyeite Tnv avaykadtnta g €vvolag Tng EEPYELAG KAl VA UTIOAO-
y{Cete autriv o€ anAéq epapuoyég

8.1. EIZArQrH

O mpwTeg TMYyEQ Tou undpXouy, Yla TNV Tapaywyn Unxavikou épyou and
™ BepudtnTa, avapépovtal otnv apxaia EANAda pe tn xprion Tou atuou
ard tov Apxundn kat to Pidwva. H avakdAuyn Ouwg Tou atpoAEépnTa g
atpopnxavrg avikel otov ‘Hpwva tov AAeEavdpivéd (100.X).
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Y 0

Zxpa 8.1.a: O npwrtog atuoAéBntag and tov Hpwva tov AAe&avdpvd, kabwg eniong
Kat GAAEG KATAOKEUES TOU

H meploTPOPIKY] AUTA aTUONXavY avapgépeTal wg aloAdopalpda 1) atuo-
otiAn 1 AtéAou TUAn.

Autn elval pia pikpr| kotAn ogaipa, n onoia eival TonobeTnuévn Mdvw o’
éva kAelotd AéBnta. H emkovwvia Tou AEBnTa Kat g opaipag yiverat ye
OTPOPLYYEG.

O atuég mou nmapdyetat oto AERnTa eLEPXETAL OTN oPaipa péoa anod Tiq
oTpoPLyyeq kal eE€pxetal arnd duo akpo@puala, Ta onoia ival TormobeTnuéva
avtiBeta. O atudg nou doxeteleTal Byaivel pe riieon and Ta akpopuala Kat
Kwvel Tn ogaipa (oxrua 8.1.0).
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Autr] n a€lvhoyn avakdAuym xenoluoromonke oe dpa TOANES epap-
HOYEQ, aAAG Oe BeATinBnke otnv mopeia. Autd, ouvéPn dIOTL n evépyela
TOU aTHoU Bewpr|Onke Mapddoo pawvouevo. MNMapdia autd, n “oaipa Tou
"Hpwva” givat n eN\nvikr) GUUBOAY) 0TV avakdAuyn Tng aTpopnxavig.

‘Enperte va nepdoouv oMol alwveg and tote, éwg GTou oTa UEoa Tou
100u at. o0 Watt oxediaoe kat mpdTelve pia BEPUIKT Unxavn yia v napayw-
YN €pyou.

Tn unxavr autn kataokeuaoe o pabntig Tou Wilkinson, riepi Ta tTéAn Tou
160u ai. ‘Etol yevwnbnke n mpwtn OepUIKr} Unxavr), n atpopnxavn.

Ma va Aettoupyr|oel autr, Xpnotdomnolouoe agav peuotd @opéa Bepudn-
Tag tov atpud. H dnuioupyia Tou atpou mPogkuTe and TV aTuoToinan Tou
vepoU, OTO omoio TIPooPePdTAV BEPUIKY) EVEPYELQ HEOW KAUONG KAUTTUWY
UAWV, Onwg Ta EUAA kal Ta oTeped kaualua (ABdvepakeg, avBpakiteg K.a.).
H napaywyr| Tou €pyou amd autég TIG Unxavég €dwae TNV eukalpia otov
AvBpwrto va €xel otn ddbeon Tou, OxtL UOvo eydAa moad pnxavikol €pyou
A Kat peydin Borbela otnv mapaywyn ayadwv.

Mvetal avtianmré to péyeboq autnig ™Q avakdAuyng, apou aveéTpeye,
™ PEXPL TOTE PINOTOPIA KAl TTPAKTIKY TNG MAPAYWYNG ayabwv Kat Tng ert-
Kolvwviag Twv avBpwrwv kal Tnv §6ece o Wa véa BAon kat avtiAnyn.

Me TIq BeplUIKEG QUTEG UNXAVES, KV BNnKav Unxavég epyootaciwy, ava-
TTUXBNKav Ol EMIKOWVWVIEG e TNV QvAITTUEN Kat Tn XProm Tou owdnpodpo-
Hou, Kiviienkav atudriola kat didpopa HEoa Ak HETaPOoPAG.

Bp€bnke dnAadr o AvBpwItog Unpootd o pia al\ayr TETolou peyEdoug,
TIOU Ol LOTOPIKOL TN Xapaktrploav wg Blopnxavikn enavdotaon. Hrav 1éco
évroveg autég ol alayég otn {wrj Tou avBpwriou, TIou KANNLOTA Urmopouv
va OUYKPLBoUV e auTtég, ol onoieq oupBaivouv orjuepa yUpw pag, érou 0Aa
aMdlouv 1600 Ypriyopa, kal aduvatoupe TIOAEG POPES va TIG TIAPAKOAOU-
Brjooupe. OL AvBpwrtol ekelvng Qg emoxrig OnAadr| é{noav KATL IAPAOUOLO e
auté nou {oUpe epelq oruepa otnv enavdoTaacn g MANPOPOPLKNG.

And Ta mpwTa BAKaATa Qg vEag autrg TEXVoAoyiag TEBNKE TO EPWTNHA
TOU UrtoAoyLopoU TNG MéYLoTng ToodTNTAg Tou épyou, Ttou Ba prnopolaoe va
dWOEL LA OUYKEKPLUEVT TIOTATNTA KAUT([OoU.

MNa napddetyua, éva Bayovt yeudto kdppouvo Ba €épTave, yia va KIVATEL
MO aTpoPNnXavn] yia KArmolo ouykekpluévo TagidL rj 6a urmopoucape va Ké-
voupe €va 0AOKANPo Ta&dL pe pa KaAutepn atpounyxavr; Me dAa Adyla
TEONKe TO TIPOBANUA TNG KAAUTEPNG dUVATYG EKUETANEUONG TNG BEPUKNG
evépyelag, dnAadn Tng kaAutepng duvatrg anddoong Uag BePUIKAG UNnxa-
VI|G.

Ma v enihuon autou Tou TPOoRAUaTOG BepeNWONKE Kal avarttuxonke
N €moTuN ™S OEPUOSUVAUIKAG.



166 EIZArQrH xTH MHXANOAOTIA

8.2 KYKAOZ TOY CARNOT

Evag MA\0G oTpaTiwTikOg INXavikdg ATav and Toug MPWTouG Mou MPoaoTtd-
Onoe va AUoel autd 1o mPdRANua. Autdg, Xwplg va €xel aoxoAnBel pe mv
KATAOKEUN TV aTpounxavay, anédel&e 6Tt eival duvarri n mapaywyn Tou
€PYOU Qo Tn YeTaTportr) TNG BepUIKAG evépyelag. Me AAa Ay, €6e0e TIg
Bdoelg g Bewpiag Tou peTaoxnUatiopou g evépyelag, dnAadn ouata-
OTIKA TIG apX€Q Tou deUTEPOU VOUOU NG BepUOSUVAUIKNG, TTOU {dNn €xoupe
eketdoel.

Mapatmpoupe dnAadr| 6t n Bewpia Tou Baoiotnke og anoteAéouaTa g
eQAPUOYNAG Tou 2°V véuou Tng Bepoduvapikig oAU vwpitepa and ) dia-
TUnwon kat Tnv anodoxn Tou 1°V Beppoduvaukou vouou.

H avdAuon tou Carnot emitpénel va katavondel akdua kaAltepa 1 év-
vola TG evrportiag, mou 11dn €xel avapepdel aTo 20 BePOSUVAUIKS VOLO.

Av BewpnBel TN “BepUIKA Unxavr)” wg éva avolkTd oUoTnua eivat ekeivn
N MNXavr), ToU PETATPENEL TN BEPUIKY| EVEPYELQ OE €pYO, TOTE UMopouv va
MEAETNOOUV OL TIO KATW TPELG MEPLTTWOELG:

— H anoppdpnon BepudtnTag amd a rmyr uPnAig kat otabeprq Bep-

pokpaoiag, T4 arnd 1o ocloTnua.

- H andédoon g BepudtnTag oe pia mnyr XaunAng kat otabepr|q Bep-

pokpaaiag T, and To olaTnua.

— To oUotnua napdyel €Yo oToV EEWTEPIKO TOU XWPO.

2NV MAPAKATW YPAPIKY) TTapdoTtaon ¢aivovTal ol ipoavapepOUEVEG Tie-
PUTTWOELG.

m™myn
UWnNAAG kal oToBEPAG @
Beppokpaaciag
— ¥ G -
¥° v )
XOUNAAG Kal oTaBepng
@ Bepuokpaaiag
(@) B)
ZxAua 8.1.8

Me tnv unéBeon 4Tt ia BeppIkr| punxavr] dlabétel pdvo pia Tmyr| Bepud-
™tag kat 6Tt To gpyalduevo peuatd o’ autr Bploketal oe ouvenkeg povi-
Mou pong Kal dlaypd@el KAELOTEG BePOdUVAMIKEG LETABOAEG (Bepuoduva
HIKOUG KUKAOUG), TéTe Ba uropouaav va UtdpxouV OL TILO KATW TTEPUTTWOELG.



MHXANIKO EPrO AMO TH ©@EPMOTHTA 167

Q Q‘ Q Q‘
4 Y
@ @ @ > @

(o) (8) (v) (%)
Zxjpa 8.1.y

MNa v nepimtwon napatnpeeitat 611, av epappootel 0 10g véuog G
©egpOdUVAIKNG, dNA.

Q = A + W, + AE, + AEg + AE, (1)

ToTE Tapartnpeital ot enewdr) To PeUOTO dlaypdpel BepUOdUVANIKOUG
KUKAOUG, Ot LETABANTEG Ap, AE¢, AE s kal AEg, looUvTal Je Undev.
"ETOL N mponyouuevn oxgon ypdeetal
Q= Wi

Me Tiq mapadoxég mou €xouv 1on yivel, étt dnAad n Bepudmra Bew-
peltal BeTikn), dtav unaivel oTo cUOTNUA Kal To Unxaviké épyo Bewpeital
BeTikd, dtav To oUoTNUA TAPAYEL EPY0 OTOV EEWTEPIKO TOU XWPO, TOTE:

Q=W;=0

H teheutaia oxgon dev 1oxuel, dnAadn otnv (a) nepimrwon tou oy. 8.1.y
dev unopel va undpxet, ot mapafldetal o 10 vouog g Bepuoduvaplt-
KAG.

Kat ot (B) mepimtwon, ue tov idlo cuh\oyloud dev propel va umndpEel,
ylati kat o’ aut napapidletal o 10g BepodUVAIKOG VOLOG.

Ma v (y) neplimrwon o 10g Bepuoduvapikdg vOUog YpdpeTat:

Q=A4,+W; + AE; + AE + AE,

la Toug {8loug Adyouq ta Ay, AE., AEy, AEg eival Undevika kaLn oxEon
ypdopeTat:

Q = Wi

Mapatnpeital 6tL 0" autrv TNV nepimrwon wxUel 0 10¢ BePUOSUVANIKOG
vOuog aM\d oUte auth propel va utdp&el, didtt mapaBladetal o 20 Bepo-
duvaukdg vouog.

Mpdyuatt, n napandvw oxéon deixvel 6Tl €va Togd Bepudtrag mou
praivel oto ouotnua, petatpénetal OAo g €pyo. ZUPPwva e To 20 Bep-
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poduvapikd véuo, 1 Bepudtnrta, Adyw Tou 4Tl elval KatwTtepng ToLdTNTAS
evépyela, dev unopel va petarpartel €€’ 0AokA)pouU oe UNxaviko €pyo.

Ma mv () mepimrwon naparnpeitat 41t .oxUeL Kat o 10G kat 0 20g Oep-
poduvauikog vouog. Eival dnhadn n povadikn mepimrwon mou urnopel va
untdp&el Bepikn unxavn We pia mnyn Bepudmrag. ‘Eva napddetyua piag
TETOLOG ePAPUOYNQ eival N NAEKTPIKY| BepUdoTPa, OTNV OToia MPOTPEPOULE
NAEKTPIKN evépyela Kal mapdyel Bepudmnra.

Av BewpnBoulv Twpea oL ponyoUueveg CUVONKeg e TN dlapopd OTL €xoupe
dUo mnyEg BeppdTNnTag, TOTE UNMOPOUV va apoucLacTouV Ol TTAaPAKATw Te-
PUTTWOoELS: (oXua 8.1 .9).

(@) (B) (v) ©)
T T —T,

{eoTo

Q1 * + + * A
Q2+ +
Kpuo T, To

N 4
"

Aev epapudlovTal yiati
£€pxovTal o€ avTiBean pe
Tov 10 Beppoduvapikd
véuo.

CeaTo L T4 &D
t v

@& ¢

v 4

_v t

T2 — T,
N _J/
Y

O1 péveg eviIaQEPOUOEG
TTEPITITWOEIG

@ (n)
— T,

* Qr * :
G  Q@o>v
v 1

KPUO et T, ———— T, —T,
AvTiTiOgTal Mn evdiagépouca E@appodoipo AVS(P?PHOUTH
aTov TTEPITITWON AAAG N TTEPITITWON TIEPITITWAON
20 Beppoduvapikd (3) givai n avTiTiBeTal aTov 20
vOuo. KOAUTEPN BeppoduUVapIKG VOUO.
Zxipa 8.1.3

And Ta napandvw ¢aiveral kabapd 6t ot cuvduaouol Tou uropouv va
epapuoatolv otnv NPd&n eival oL meputwoelg (y) Kat ().
O ouvduaoudg (y) eival ekeivog mou epapudleTal oTiq BEPUIKEG UNXAVEG,

Tou akoAouBouv tov KUkAo Tou Carnot.

O ouvduaoudg (d) eival ekeivog mou epappdletal oTig avriieq Bepudt)-
Tag, oU akoAouBouv Tov avtioTpodo KUkAO Tou Carnot.
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8.2.1. OepuIkég unxaveg mou akoAouBouv Tov kUkAo Tou Carnot

2Ta nponyouueva armodeixbnke Tt dev propel va apaxel unxaviko §pyo

and pia BePUIKT pnxavr, ou xpnotuorolel pia pévo nnyn Bepupdmrag. Ma-

vTa Xpeladopaote duo Tmyeg, Jia uPnAig Beppokpaciag kat pa XapnAote-

png Beppuokpaociag, n omnoia 6a anoppodd T BepudtnTa MoU AroBANETAL.
270 MAPaKATw oxua aivetal autn n dadikacia

Ty UWNAg Beppokpaciag

T1

Q;
pnxavn

TTapaywyng épyou
@ —>w

¥
T

TNyN XapnArg Beppokpaaiag

Zxjpa 8.2.1.a: Ocputkr) unxavr rmou akoAoubel Tov kUkAo Ttou Carnot

Av a Bgpikn pnxavry akohouBel autr| T dladikaoia mapaywyng épyou,
opiCetal wg Bepuikdg Badudg anddoong autrig To mnAIKo:

_ w@éNpo amotéAeopa - Q-Q,
® " katavdhwon evépyelag  Q

Z0upwva Je tov 10 Bepuoduvauikd vouo To wPEAUo anotéheaua eival
N 3lapopd PeTagU Twv MOoWV TG BepUATNTAG MOV prnaivel 0TO oUOTNA KAl
ekelvng mou Byaivel arr’ autd dnA. Q¢ - Qs

H katavaAwon evépyelag yia TiG BepUkES Unxaveéqg eival mavta to mood
™Q BepuotnTag rou divel n iy uWnAig Beppokpaaiag.

"ETOl §XOUE:

Q1 _Q2

99 4 &

10 Oewpnua Tou Carnot

«Av 0e dU0 BeppIkég unxavég to epyalduevo peuatd AauBdvel Bepuo-
™ta art’ v mmyn uPnAng otabepr|q Beppokpaaiag T4 kat anodidel uépog
QUTAG TNG BepudTnTag OTNV MNYN XaunAning otabepnq Beppokpaaiag To kat
he TNV uttdBeom 6Tt autd yivetal kat’ aviloTpertd Tpomo, ol dUo autég Bep-
MIKEG Un)Xavég €xouv Tov d1o Beppikd Badud anddoong.»
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20 Oewpnua Tou Carnot

«H anédoon uag pn avtiotpentig BepUIKAG Unxavig elvatl mdvta pikpo-
TePN art’ TNV anddoon Wag avILoTPETTTNG, OTav Kat ot dUo AEIToupyouV e-
Ta&U Twv Blwv Bepuikwy deEapevavs. H €vvola TNg aviloTPETNG BEPUKNAG
unxavng elvat 6t To epyalduevo peuatd dlaypAPel avTIOTPEMTOUG KUKAOUG.

N = 118 0e
(QVT. = QVTIOTPETTTT] UNXAvY], JAVT = Un QVTIOTEETTTY] UNxavn)

30 Oswpnua Tou Carnot

«[a v da uPnAn Beppokpaaia Ty, N BEPUIKA pN)xavr), n omoia expe-
TaMeUeTal heyalltepn dlagopd Bepuokpaciag AT, éxel KaAUTepo Badud
andédoong, ylati mapdyel meplocdtePo €pY0.»

H anédel&n Tou Bewpruatog autol gpaivetal OTo T KATW OXrUa.

MeAETN duo unxavav
A

7 N\ .
- T T To |§|0 sﬁ)vo ME Tny
T T (‘ TPWTN 1n unxavn
(S e g
v
T2 i @-}W3 T2 + (- B1apopd £pyou
@ >
T3 A4 T3 *
Zxjua 8.2.1.8

Edw nmapatnpouue o11, étav n Bepuokpaaia T pewwvetatl, To €pyo W au-
Edvetal kai n noodtnta Bepudmrag Qo pelwveTal. Auti n mapatripnon odn-
ynoe tov Kelvin atov oplopd tng yvwotrg idn KAipakag Twv Bepuokpactwv
oe povadeg Kelvin.

8.2.2. KAipaka Beppokpaciwv Tou Kelvin

Metd v ndpodo nepimou 30 eTwv and v avakoivwon g Bewpiag Tou
Carnot, 0 Aopdog Kelvin mpdtelve pia véa kAipaka pETpnong Twv Beppo-
Kpaolwv, n oroia de Ba Bacildtav oTig SIACTOAEG TWV UYPWV 1) TwV agpiwy,
aAAd Ba Baaoildtav ot Bewpia Twv BEPUIKWY pnxavwy Tou Carnot.
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AuTég Bewpnoe a oelpd and BepUIkEG UnXavég Tou akoAouBouaoav Tov
Bepuikd KUKAO Tou Carnot, émou n kdBe pia Ba napriyaye €pyo 0o pe 10

Hovadeq rou Ba Aettoupyouoav Kat Ba epydlovtav o BepoKpaaies, OTwg
OTO TMAPAKATW OXTUa.

T =100

i

100 = Q,

W =10
90 =

90 Q2

v

©
o

~

o
~
o

o

=
o
=
o

=
o

=

o

=
o

4

ZxAua 8.2.2.a KAjuaka Bepuokpactwv Kelvin

2Tn ouvéxela autdg eime: «Ag ermmAéEoupe Wia kAipaka Bepuokpaciag T,
TETOLO WOTE va elvat avaloyn e 1o oad Tng Beppdtrag Q». MNa napddety-
Ma, 6tav o Q = 90 autdg npdtelve 1 Bepuokpacia T, n onoia avriotowel 0’
auTAv TNV TNy, va eival T = 90 Baduol kat autd va oxuel yla kabe BepIki
pnxavr dnA. T avdAoyo Tou Q4 kat

T2 &
T 1 Q1
Av Anobel undyn n ox€on
Q,
Q

TOTE Ba €XOUE
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T2
ng =1 ?1 (8.14)
Autn n KAipaka BepPoKPATLWV, TTIOU OPIOTNKE e OPOUG UNXAVIKOU €pYOU
Kal BepudTnTag O€ Ia pnxavr) Ttou akoAouBel Tov kUkAo Tou Carnot, ovoud-
otnke kA{paka Kelvin T
‘Onwg npokurtrel and ta napandvw, auth n KAUaka BepUoKPacLwVY TTPo-
ékuPe and kabapd Bepoduvapikég gvvoleg Kat dev Unopel va ouvOEeTal e
TIG d\\eg kA{uakeg poodloploou g Beppokpaaiag énwg Tou Kehalou
(C) ) Tou dapevarr (F).

21a napakdtw Ba yivel mpoomdbela va KATAOKEUAOTEL Jia BEPLKY| punxa-
1], N ornoia propel va mapdyel £pyo cUUPWVA e TIG apxEg TNG Bewpiag Tou
Carnot. To epyalduevo peuatd Bewpeital 1davikd kat OtL €xet pdala 1 kgr kat
auTd, Onwg €xoupe NON avapEgpel, yia TNy anlornoinon Tou MPoRAAUATOS.

Ma va umdpxel wa térola pnxavr, Ba mpEmneL va Unopel va CUUTIETEL
adlapatikd To peuoTtd amnd TG ouvOrkeg Tou onpeiou B, oTig ouvBrikeg Tou
onueiou I'. Autd pnopel va npayuatonondel cupriélovrag To peuatd péoa
0’ éva KUAIVOpo.

211G ouvlrkeg Tou onueiou I Ba mpénel To peuotd va dExeTal LoOOeP-
pa mood BepudtnTag anod tnyv myn uWnAng otabepnq Bepokpaciag. Autd
propel va mpayuatoromn el pe T xpron evog evalAdktn Bepudmrag. Metd
™ AqYn Tou noooU autou g Bepudtntag To peuotd Ba Bpioketal oTIq
ouvBrKeg Tou anpeiou A.

2T0 a€plo peuoTo Tou Bploketal 0’ auteg TIG ouvOnkeg, divetal n eu-
kapia va extovwBOel adapatikd PEXPL TIG ouverkeg Tou onueiou A. Autd
Mropel va rpaypatorondel xpnouonowvTag To UNXavioud UBoA0 — KUAV-
0pog. A auTéq TIq ouvBnkeg Ba npémnel va dobei ) duvatdtnTa oTo PEUCTO
va arnofdAel BgpudtnTa oty MNyr XaunAng Bepuokpaciag kat autni n pe-
TaPoAr| elval EQIKTY) kAL TO PEUOTO Uropel va PTdoel PeTd TV anoBoAn g
BepudtnTag OTIg oUVONKEG Tou anpeiou B.

Mapatnpoupe 6TL To peuoTd Tipayuatonoinoe éva BepoduUvapIKd KUKAO
Kal oUVenwg, av autd epyactel ota Kvntd pépn g unxavnig, a napdyet
€pyo.

O Beplikdg Babudg autrg TNG Unxavrg Ba eival o kaAUTtepog and ormola-
dNmnoTe AAAN unxavr), otnv onoia To peuotd Ba AauPdavel Tiq (Sleg OUVONKEQ,
A\ ot peTaBoAég Ba eival un avtiotpenTteég. Akdua Tov Blo KUKAO, av Tov
dlaypdyel éva npayuatikdé peuotd rou Ba epydletal, autd Ba gxel UIkpdTe-
po Babud anddoong.
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O1 peTaBoAég
BI' ka1 AA
eival adlaBaTikég

p

A
A ‘Wl a1 T1, 0g 6An TN
[ 4 MeTaBoAn
B AB
w w
- > D =
q=0 q_OTz,oeé)\nTn
peroBoA | |
ra T2 A A T
A 4 v
| r G, Wp
W, a, > -
v, m3/mol s, J/mol- K
Zxfua 8.2.2.8

Me unédetypa ta mponyoupeva oxedla, ag mPooTabr|goulE va UTIOAOY -
ooupe To Bepkd Babud anddoong Tou KUKAOU.

_ W@ENo anotédeopa - Q,-Q,
" karavdhwon evépyelag  Q

To mood BepudtnTag Qq Ba urnoAoylotel wg ekeivo To MOCO BePUSTN-
TAG TIOU AMOCTIACTNKE 1060epa 0T0 0UOTNUA, dTav AUTS AVTIOTPEMTA Tiye
and TIg ouvenkeg 3 otnv 4. '’ aut T yetaBoAr} ypdpoupe v apxr g

dlatripnong Tng evEPYeLag
Q=AU + W, + AEC + AE + AEg

2V teleutala e&lowon oxlel étt AU = 0 (yiati AU = C, - AT kat AT =
0). Eivat emiong AE,, AE 4, undevikd and undbean. ‘ETol n oxéon ypdeetal:

Qi =W,
Eivat yvwotdv 61t To W, eival 1o €pyo Twv duvduewv empaveiag tou

CUOTNUATOG Kal loouTal;

w, =54p.av = 54RT, AV _Rr st AY R nYe
Vv Vv V,

OnA
Q, =RT, Inﬁ
V3



174 EIZArQrH xTH MHXANOAOTIA

Ma tov urntoAoylopd Tou Q2, epyalduacte, OMWG TILO TTAVW, KAl KATANA-

Youue
V. V.
02 = —RT2 Inv2 = RT2 Inv—1

1 2

To onueio (-) deixvel 6t n BepudmTa Byaivel and To ouotnua

ng =1 —%
}

Mapatnpeital 611 Bpébnke n dla oxéon, mou eixe mpoteivel 0 Aépdog
Kelvin yia Tnv kKA{paka Twv anoAUTwv BEPUOKPACLWV.

Autd anodelkvUel OTL 1 kKAipaka Beppokpaciag Twv davikwv agplwv sivat
looduvaun pe TNV KAipaka €pyou tou Kelvin kat T = T". Qg ek Toutou, 6a
Xpnoluorolouye dvta T Beppokpacia T.

Emnedn) o Kelvin ékave autrv tnv avakduym, ovoudoaue Vv KA{Maka
andéAutng Beppokpaaiag mpog Tiun Tou KAipaka Kelvin, ‘Etot pnmopoulpe va
TPOXWPENo0oUE alyoupol OTL 1 UVNBLoUEVN KAUOKA IDaVIKWV agpiwv gupri-
Tl e TN Beppoduvauikn kKApaka Bepuokpaociag.

YrievOupiZetal akdun pia popd ott Bewpeital BeTIkd To M00d ekelvo Tou
praivel kat apvntiké autd nou Byaivel and To ouoTnpa.

-Q, _E
Q, T

1 aKoun
Q.9
T, T,

Oewpeital évag tuxaiog Bepuoduvauikdg KUkKAOG, OMwg OTO OXAUaA
8.22y

£ A

QVTIOTPETTTH
T t‘ - Siadikaaia
Q@3 adlaBartiki
Ty P
Q1 — 10GOEPN
T, K %
5
Qe 8
Ts l n
Qs

) 4

Ixnpa 8.2.2.y
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Ané autd mipokUTtTel 6Tl 0 BepUIKOg KUKAOG uropel va BewpnBel étt aro-
Teheltal and dnelpouq emni pépoug kUkAoug Carnot, ou yia Tov kaBéva Ba
LoxUEL 1) TAPAKATW OXEON

Q&
T, T

=0
ZUVENWG, Yla 6Ao Tov KUKAO ag ypdyoupe

&+&+&+... =0
T, T, T,

AuTr) n mogdtnTa LoXUeL YIa TI§ QVTIOTPEMTEG KUKAIKEG BEPUODUVAULKES
METABOAEG Kal ekPppdlel TN METABOAR TNG evTpoTiag TOU CUCTAKATOG.

Etol, yia kdBe avriotperty BepUOSUVAUIKA HETABOAY) TOU CUCTAMATOG
Kal Tou TiePIRAAAOVTOG 1) LETABOAT] TNG evTportiag sival undevikn.

Kal yla

S AS =0

Av oL BepodUVAUIKES UETABOAEG elval un avTIoTPENTEG —OnwG cuppaivel
oTnV TPAyPatikOTNTa- TOTE N UETABOAA TOU CUCTAUATOG Kal TOU TIEPIRAA-
AOVTOG Xwpou —dnwg Ndn avapépdnke oto mponyouuevo kepdlaio— sival
MAvToTE OETIKN.

Zonks AS > 0

8.2.3 AvrioTpo@og kUkAog Tou Carnot

2TV nponyouuevn napdypago anedeixdn Ot eival duvatdv va undpxel
BepuIKT| unxavr, onwg oto oxrjua 8.2.3.a
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Mnyr uwnAfg Beppokpaoiag
]
: to.

Qe W
t..
T2

Mnyr xapnAAg Beppokpaciag

Zxpa 8.2.3.a

onAadn oxUel n mepimrwor, Katd v ornoia UropoUe va AvTA|OOULE
nood BepudtnTag and v mnyr XapnAng otabeprq Bepuokpaciag otnv
TINY" UYUNANG otabepn|q Bepuokpaciag (T1) Mpoopgépovtag atn BEPUIKN Un-
xavn éva eowteptlkd €pyo W. Mapddelypa t€Tolou eidoug unxavnig eivat To
NAeKTPIKS Yuyeio.

Yuyeio
Q1, ATIWAEIQ GTO XWPO
Q2 unxaviy

‘ W Mapoyn peluatog
\ Q1, OTIWAEIX GTOV XWPO

ZxrjHa 8.2.3.B: HAekTpIKG Yuyeio

O Bepuikdg Babudg anddoong OTIq UNXAVES AUTEG, TIOU TO epYAlOuEVO
peuatd dlaypdpel Eva avtiotpo®o KUkAo Tou Carnot, opiletal pe duo dia-
QOPETIKOUG TPATOUG. Na Ta YUKTIKA Unxavrjuata Kat Ti§ avtAieq Bepudtn-
TOG TO KAAOKA(PL KAl yia TIG§ avtAieg BepudTNTAG TOU XEWMWVA.

21n deUtepn nepimrwon opiletat

WukTIKO popTio

COP = - -
KatavaAwon evepyelag

COP = Coefficient of performance kat onuaivel ouvteAeotrig anddoongq
Q T,

COP=2-
W T-T,

IMa m delTepn neplimrwon opiletal
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Bepuikd poptio
KatavAAwon evépyelag

COP' =

a__T

CoP =t-_1_
WoT,-T,

Mapatnpeitatl 6Tt LoXUoUV oL OXETELS
(COP)T[pOYlJ(lTlKé < (COP)16QVLK6
(COP,)T[p(]Yp(lTlKé < (COP')léavu«S

8.2.4. Aidypappa T - S yia Tov kUkAo Tou Carnot

2Ta oxfuaTa ou akoAouBouv ¢aivetal o Bepuikdg kKUkAog Tou Carnot oto
dldypaupa ouvteTayuévwy T - S.

2V nepmTwon g BePUIKNG KNXAVAG TTAPAYwyT§ MNXavikou €pyou o
KUkAOG Tou Carnot gival énwg oto oxrjua 8.2.4.a.

T
A
T1 Tof---A B
v i
@ v
q
T ¥ Tfoal € Ir
s 92
Q, ' —>s
Zxnpa 8.2.4.a
Napartnproeig

YrnievOupiZetal 6Tt To euBaddv, Tou TepikAeleTal and tn BeppodUVALKA
METABOAN Kal anod Tov d&ova Twv TeETaypEvwy oTo dldypaupa T-S, maplotd-
Vel To TIood g BepudtnTag.
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TA

o,

Q;
3 4

_

Zxfiua 8.2.4.8

2 4

TA

A 4

8.2.5. KUkAog Tou Carnot yia mpayHaTikég OepHIKEG unNXaveég

O kUkAog Tou Carnot anoteAeital and T€ooeplg OEPUOOUVAUIKEG UETABOAEG
Kal ouykekpléva and duo 1060eppeq kat duo adlaBatikég. AUTEQ amote-
AoUv TIG IBAVIKEGQ OUVONKeQ, katd TIg omoieg uropel va epyactel Eva 1davikd
PEUOTA Yla TNV TAPAywyr) €pyou.

v npaypatikdtTa Opwg ouTe Ta PeuoTd eivat I8avikd al\d oUte Kat
ol BePOOUVAUIKEG UETABOAEG QVTIOTPEMTEG. ZUVETIWG, O TIPAYMATIKOG KU-
kAog Tou Carnot dlagpgpel and ekeivo To BewpnTikd. H mpoomdbela nou ou-
vexwg yivetal, eivat o mpayuatikdg kUkAog Tou Carnot, ou dlatpgxel éva
PAYMATIKO peuaTd va nMAnaldlel, 6co 1o duvatdv, ekeivo TO BewPNTIKO,
eEeAlooovtag TV TEXVOAOYIQ TWV BEPUKWY UNXAVWV.

270 MAPAKATW oXNa, paivetal Eva napddetyua evog KUkAou Tou Carnot
pe €va BewpnTiko.
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A TTPOCPOPA BepudTNTAG OTO EPYAlOUEVO PEUCTO
Tl ---A = _4_ ————— B Tl
jE

P mapaywyr €pyou
rrapavo €V0 £pYO -

T2---- (- > i_'r
wuen >

A r
T, ————D

Zxfipa 8.2.5.a

Eivat mpopavég 6t loxUouv ol oxEoelq

¢ Na 11q BepUkEQ pUnXavES Mapaywyng €pyou

an avrioTpents < w QVTIOTPETO

¢ a1 avrAieg BepudtnTag

an avtiotpertd < w QVTIOTPEMTO

Q MAPAAEITMATA

1. Alvetal BepuIkn punxavr) mapaywyng Hnxavikou €pyou, 1 omoia avrtAel
Bepudtnra and deEapevry uPnArg otabepnc Bepuokpaaiag T4 = 100°C kat
Vv anodidet ot de€apevr) XaunAng otabepr|g Bepuokpaaciag T, = 0°C. Zn-
Teltal va Bpebel 0 Bepuikdg Babudg anddoong autig TG BEPUIKNAG MNXAVAG

[10000

|
=

q2' 0°c

Zxjpa 8.2.5.8
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Adon

Oewpwvtag OTL Ol UNXAVEG EXOUV HEYAAN XWPENTIKATNTA, UNopoUle va
Ypayoupe

Ny :M:1_&:1_k
elval
Ti= 273+ 100 = 373K
T, =273+ 0=273K
H mponyouuevn ox€on divel
o =208 278 -~ 0.268
373

dnAadn o Babudg anddoong eival 26,8%.

2. ©é\oupe va Bepudvoupe e avtAia BepudTTag To E0WTEPIKO OLKiag
otoug 27° C, ue T xperjon avtAiag BepudtnTag rnou XenotomoLei To vepd g
ANuvng (énwg oto oxrjua 8.2.5.y), To onoio éxel Beppokpaaia 7° C, mpoodi-
dovtag ot BepuIkr| pnxav unxaviké épyo 1 KWh. Na Bpebel to COP’

Adon

270 TO KATW OXAMa paivetal ) apxr Aettoupyiag TG BepUIKNG UNXaviq

T,=27°C
i Q 1

1

G‘ W =1 Kw- hr
t

Q,
T,=7°C

Ixpa 8.2.5.y

O ouvteAeotig COP’ Ba divetal amnd Tn ox€on
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Q__T
W T,-T,

COP' =

orou T4 eivat 300K, T, = 280 K kat to mpoodidduevo €pyo 1 KWh.

And Tt mponyoupevn oxéon
Q= T =W=Q :&-1
T,-T, 300-280
01 = 15 KWh
JUVenwg, To
COP' - 15 KWh _15
1KWh

Mapatnpeital 61t autd eivat oAU peydho kat oty npdén to COP” = 3
AOYW Twv SLaPOPWV AMWAELWV.
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E=EPTEIA
8.3 EIZAIQrH

Elval og d\oug yvwoTd OTL Ol evepPYELAKOL TIOPOL TOU MAQVITN Jag eivat Te-
ploplopévol. Autd anpaivel 6Tt elvatl umtoxpE€wan OAwV 0 TEPLOPLONOS TNG
OTaTAANG TWV EVEPYELAKWY QUTWV TIOPWV, YLA VA UMOPEaeL va avieneEENDeL
OTIq avAYKeS TwV PEANOVTIKWV YEVEWY. TNV TIPooTtddela auTr] GUUBAANEL
N OlKovouia Twv Mépwv autwy, n oroia 0drynoe otnv avartuén pag véag
TEXVIKAG TNG “eEoikovounong evépyeiag”.

Eivat yvwotd 61t 0 mpwTog 6EPHOSUVANIKOG VOHOG eKPPAleL TNV apxn
dlatpnNong Qg eVEPYELAS Kal autd xpnaoluomnoleital oav éva avaykaio ep-
YaAeio yla 1o 100Uylo TG evépyelag, katd tn didpkela pag Beppoduva-
MIKNG METAROANG, Xwpig duwg va mpoopépel oto MnxavoAdyo 1dlaitepeg
TANPOPOPIEG OTNV KATAOKEUT| KAl AEITOUPYIQ TWV UNXAVWV.

Avtifeta, 0 20¢ OeppodUVAPIKOG VOpOG, OTwg €xel NON avapepde,
aoxoAeital pe Tnv moidTnTa TNG evépyelag Kat eldIKOTEPA, aPopd:

¢ >tov uroBiBacud g evépyelag katd t didpkela pag Bepuoduvapll-
KNG METABOANG
¢ 2T UeTaBOAA TNG EVTPOTTAG TWV CUCTNUATWY

¢ TG Xauéveq eukalpleq duvatdmrag napaywyng €pyou, autdg dnA.
PooPEPEL aTNV TEXVN Tou Mnxavohdyou éva eupl Tedio yia BeATt-
Woelg TWV MnxavoAoyIKwy EQAPHOYWY, TOOO YIa TNV eKUETANEUON,
400 Kal yla TNV €E0IKOVOUNON NG EVEPYELAG.

Enouévwg, o deltepoq Oeppoduvapikog vOpog amnodeixbnke OtL givai
éva 10¥upo epyaleio ortn di1a6gon Tou MnyxavoAdyou, 1600 yia ) BeATi-
won G anddoong Twv BEPUIKWV pnxavwy, 6co Kat yla T BeAtioToroinon
OUVOETWV BEPUOBUVAUIKWY TTIPORANUATWY.

270 Ke@AAalo autod yivetal mpootdbela va eEetaotel 0 oxedlaoudg kat
N Aettoupyia MnxavoAOyIKWOV GUOKEUWV E TNV EPAPHOYH TWV MOPIOUATWV
TOU 20U VOuOoU TNG OePUOSUVAUIKAG.

H npoomndbela autr| apxiel Ye Tnv eloaywyr Tng €vvolag Tng eEEpyeiag
0T OgPUOSUVALKY| ETIOTUN.

Tnv évvola autr| unopel kaveiq va ) ouvavtroel pe tov 6po d1a0eaIpo-
nTa (availability).

AuTh opileTal wg To WPEANIKO amoTéleopa (€pyo), mMou pmopei va ma-
paxBei anmd €va ouoTnEa, TO OTOI0 BPICKETAI O€ PIO CUYKEKPIPEVN KATA-
OTAON KAl 0¢ €éva GUYKEKPIUEVO TTEPIBAAAOV.
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2Tn ouvéxela n mpoomdoela auTr| ouvex(CeTal e TNV sloaywyr| TG évvol-
4G TOU AVTIOTPENTOU £PYOU, TIOU E{val TO HEYLOTO WPEALO QYO TIOU Urtopel
va AneBel anod €va ouotnua, mou ugiotatal a HeETaBoAr| peTagu duo kabo-
PLOUEVWY BEPUODUVAUIKWV KATACTACEWV.

TéNOG, CUMMANPWVETAL 1 AVAAUOT AUTH e TNV évvola TNG Mn avTioTpE-
TIMIKOTNTAG, 1 orola TapLoTAvEL TO XAUEVO SUVAUIKS €pYO0 KaTA TN SLApKeLa
pag Bepuoduvauikig HETABOANG, eEattiag ™G epPavioews Un avIloTpe-
TITWV UETABOAWV KAl KATAAYYEL OTOV OPLOMO TNG OEPHIKAG anmdédoong e
™V eQappoyn Tou delTePoU VOUOU.

270 BIRAi0 autd Ba aoxoAnbouue AETTOUEPWS UOVO [E TNV évvold NG
e&€pyelag, evw yla ta dAa duo Ba dobouv pévo napadeiypara.

8.3.1. Méyiotn duvartdTnTa TnG EVEPYEIAg yia TNV mapaywyn €pyou

KdBe popd nou BplokduacTe Unpootd oe €va PORANUa apaywyng Knxa-
VIKOU épyou amd Tnv eKUETAN\EUOT Iag TIYHG eVEPYELAS, MPWTO UEANUA
pag elval va ekTiuriooupe v MoodtnTa Tng eVEPYELQS, ToU TiepLéxeTal o’
auTtAv TNV TMyn. MNa napddetypa n avakAaluyn evog yewBepukou mnyadiol
TO MPWTO HEANUA pag eival va exTiunBel n moodTa TG eVEPYELAG TTOU Tie-
pi€xetal o’ autr T rnyn. Eivat autovénto &1L n mAnpogopia autr and uovn
g dev elval apkeTn, yla va anopaactotel 1) OxL n eykatdoTtaon piag povadag
apaywyrg NAEKTPIKOU PeUMATOG. AUTO TIOU TPAYHATIKA Ba TIPEMEL va Uag
elval yvwoto, yla va mpoxwprioel n eykatdaotaon eival n duvatdtnra napa-
YWYNG €pyou 1} To Suvauko €pyo NG MNyNg 1, Me AAa Adyla, n noodtnrta
™G evépyelag mou propel va eEaxOel pe T HopPr) WPENUOU €PYOU YIA TNV
TIapaywyr NAEKTPIKAG EVEPYELQG.

To undhouro PEPOg TNG evépyelag Ba netaxBel TeAKA oa xapévn evep-
yela kat dev a&ilet va AauBdveral undy.

Enouévwg, 8a rtav laitepa xprolo va undpxel Wa mapdueTpog, n
oroia Ba pag emTPENEL €K TWV MPOTEPWV TOV KABOPLOUS TNG duvatdTNnTag
napaywyng weEAou €pyou amd uia dedopuévn TIoodTnTa EVEPYELQG, TIOU
EXEL OUYKEKPLUEV Lop®T| Kal BplokeTal oe oUuyKeKpLUEvn kKatdataon. H na-
pdueTpog auth eivar n “e&€pyela”, n omnoia, onwg MpoavaPgpage, ovopudde-
Tal Kat “dlabeoudtnra’ 1} dlabgaiun evépyela.

‘Otav éva ouotnua Bpiloketal oe CUYKEKPLUEVT BePOSUVAIKY| KaTAoTa-
on, To SUVAUIKO €pYO TNG eVEPYELAG TIOU TIEPLEXETAL WEoa og auTo, eival
artAd To YEYLoTO WPEAILO €pYO, TIOU Uropel va dwoel autd To aUoTnua.

YrnievOBupiZetal 611 To €pyo Tou napdyetat katd ) didpkela pag Beppo-
SuVauIKNG HETaBOANG eEapTdrTat:
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a) Amrd Tnv apxiki kardoTaon, otnv ornoia Bpioketal To cUoTNUA
B) And v TeNIKN KatdoTaon, Tou Bpioketal To gUoTnua

y) Ano n diadpopn, uéoa and v onoia nmpayuatomnoleiral n 6eppodu-
VOUIKA HETABOAN.

v avdluon Tng NMapapéTpou NG eEEPYELag 1 apxikn kardotaon ei-
val Avtote KabopLopévn, Ue AMOTEAETUA va unv anoteAel uetaBAnTr Tou
npoBAuarog. Onwg €xel avapepdel oTa mponyoupeva, To €py0 Tou Tipay-
patorolel éva cuotnua oto mepBANoV Tou eylotoroleital, dtav autd
npogpxetal and pia BeppodUVaLKr LeETABOA avTioTpeTY) HeTAgU duo Bep-
MOJUVAUIKWY KATAOTATEWV.

Elval mpopavég 41, yia va peylotoronfel To épyo auto, Ba mpémnel To
ouotnua oto T€Aog TNG BepUOdUVANIKAG METABOAAG va Bpebdel oTo TENOQ
™G NMArpouq eEAVTANONG.

‘Eva ouotnua Aéyetat Ot Bploketal otnv katdotaon MARPoug eEAVTAN-
ong, étav Bpioketal oe BepUOBUVALLKY) LOOPPEOTIA e TO TIEPIBANOV TOU.
210 1o Katw napddetypa divetal Eva ouotnua rou Bpioketal oe TANpen eE4-
VTANO™N 0g ox€on e To mepIBANoV Tou.

F

AEPAZ
25°C o

e, e
V=0 L a
z=0

Zxnpa 8.3.1.a

ZUotnua nou Bploketal oe loopportia e To mepIBANov, Aéyetal otL Bpi-

OKETAL 0€ KaTAoTaon MAPoug eEAVTANONG.
270 1o Mdvw ox1Ua To oUaTnua:

a) €xel Bepuokpacia kat rieon neptBAMovTog, dnA. BplokeTal o€ Unxavikn
Kal BePIKY) LooppoTiia e autd

B) dev €xel KABOAOU KIVNTIKY 1 SUVAIKN EVEPYELQ OE OXEOM HE TO TEPL-
BAaM\ov Tou (n Taxutnta Tou peuatou V= 0, ylati npepei kat Z = 0, yiatl
Bpioketal otnv empdvela g 6ANacoag)

y) Oev avtidpd pe to TiepiBArlov Tou. EmmAgov, dev undpyouv aotadr| gpal-
voueva payvntikoU 1) nAeKTpKoU TUMou PeTagl TOU CUOTHUATOG Kal TOU
nePIBANOVTOG.
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H évvola Tng peylotoroinong Tou §pyou e£6d0u evog cuoTruaTog undp-
¥el, otav autd @tdoel oe Katdotaon nMARpoug eEAVTANONG META To TEAOG
™G OepoduUVapIKAG HeTABOANG Kat prtopel va eEelixBel wg eENg:

Edv n Beppokpaacia Tou ouoTtruatog otny TeMIKN kardoTaon sival peya-
AUtepn 1| likpdTtepn and Tn Bepuokpacia Tou meplBAAovTog Tou, TéTE eival
navra duvarh n mapaywyn €pyou e Tn Aettoupyia uag Bepiknig unxavig
METAEU auTWV TwWV dUO BEPUOKPATLOV.

Edv n TehiIkA migon Tou cuoTtruarog eivat peyaAUTepn and tnv Tiieon Tou
niepBANNovTOg, TéTE elval akdun duvarh n mapaywyn €pyou, epdéoov erl-
Tparel n ektévwon ToU OUCTHUATOG OTNV Tieon Tou TIEPIBAANOVTOG.

Edv n TeMikn TaxuTnTa ToU oUCTAATOG dev elval Undevikr, TOTE N Kivn-
TIKN) auTn evépyela prnopel va xpnouomnotnbel oe éva oTpdfilo, ou Ba
METATPEPEL OE UNXavikd §pYo.

‘Eva oUoTnpa mou Bpiokeral apXikd o€ katdoraon mAfpoug eEAVTAN-
ong, dev umopei va mapdyel €pyo. Mapatnpeitat 6Tt n atuéoPalpa mou
pag mepIBAAAEL, TiepLEXEL Ia TePAOTIA TOOOTNTA eVvEPYELAg OUWG, N evép-
yela autr| Bploketal oe katdotaon TApoug eEAVIANONG Kal dev TIEPLEXEL
SuvauIKo €pyo.

Enopévwg, urtootnpiletal 6t éva guotnua 6a HETaPEPEL TO PEYLIOTO du-
vatd épyo, étav autd Ba TPAYUATOMOLE! [Ia AVTIOTPETTTY) BEPUOSUVALLKY)
METABOAY amd v KaBOPLOPEVN APXIKY) KATAOTAOT, €WG €KElvN TNV KATA-
otaon Tou neplBarovTog Tou. Auté naplotdvel Tn duvatdTnTa TOU CUOTY)-
HaTOQ Yla TNV mapaywyr] wegAou €pyou kat eivat autd mou ovopdletal
“cEépyela”.

Eivat onuavtiké va katavonBel étL n napduetpog “e&€pyeia” dev napt-
OTAVEL TNV TPAYMATIKY ToodTNTA ToU €pYyou, TTou Ba MapAyel e TV eyka-
TAOTOON NG A CUCKEUN apaywynq €pyou. AvtiBeTa, maploTdvel To avo-
TEPO Oplo NG MOadTNTAG TOU €PYOU, TTIOU Uropel va mapdyel pia ouoKeur,
Xwpiq va apaplalet kdrolov and Toug vououg TG Beppoduvapikig. Mavta
Ba undpyxel pia ke A ua peyain diagopd avapeoa oTny EVEPYELQ KAl O0TO
payuatikd épyo, mou Ba mapdyetal and pia ouokeur). H dapopd auti
urnootnpiCetal 6Tt eival Ta meplbwpla, ota oroia ol Texvikol €xouv T duva-
TOTNTA VA KAVOUV TIQ BEATIWOELG YIA TNV EEOIKOVOUNGT) EVEPYELAG. ZNUELDVE-
TaL 6TL n e€€pyela evog ouaTruaTog o pia dedouévn katdotaon eEaptdrtal
and T ouvenkeg Tou TIEPIBANOVTOG TOU 1, MmopoUpe va TIoUpE, and v
Katdotaon nArpoug eEAVTANONG Kat and TIG MApAUETPOUS TOU GUOTHATOG.

Enouévwg, n e€€pyeia sival a mapdaueTpog Tou OUVSUACHOU «GUOTH-
patog — mepIBAAAOVTOG>» Kal OXL OVO Tou CUCTAUATOG. AnA. TO va uetapd-
Ael Kdrolog To MepIBANOV evdg cuotruatog eivat €vag AAog Tpdrog, yla
va auEnoel v eE€pyela Tou, aMd kATt TéTolo, TENOG, Oev elval TOOO EUKOAO.
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Avagépetal 611, avti yia Tov 6po “dlabeaiudtnTa” mou Xpnotuonolionke
yla pwtn eopd otig H.M.A. katd ) dekaetia Tou 1940, orjuepa XPNOLUo-
roleiTat o .oduvapog 6pog TG eEEPYELQG TTOU Xpnatuorowonke otnv Eu-
PN ™G dekaetiag Tou 1950, kat yU' autd To Adyo Bewpr|BnKe UTIOXPEWTIKN
n eloaywyn o’ autd to BiRA(o.

Q MAPAAEITMA 8.3.2

MpPoodloplopdg HEYLOTNG LoXUOG QVELOYEVVATPLAG
O avepdpulog rou paiveral oto oxnua, €xel éva pdtopa dlauéTpou 14 m kat

TPOKELTAL Va eykataoTabel oe pia meploxr), orou o agpag euaodel pe V = 10
m/s. Na urtoAoytoBei n dlaBgaiun 1oxUg yia Tov avepdpulo. (Zxrua 8.3.2.0)

10 m/s
“-—
“—
“«—
“-—
“«—

Ixrjua 8.3.2.a

Adon

O aépag mou Kuveltal, €xel TIG (Bleg 1BOTNTEG e TOV agpa Tou BpiokeTal
oe npeia, pe ™ dlapopd 4Tl 0 MPWTOG €xel TAXUTNTA, APA KIVNTIKY) EVEP-
yela.

O aépag Ba pbdoel oe kardoTaon NMARPoug eEAVTANONG, dTav avayka-
otel va otauatroel teleiwg. Emopévwg, otnv mpokeévn meplmtwon n
“eE€pyela” Tou agpa mou Kiveltal, dev elval AAAN mapd n KIVNTIKN Tou eveép-
yela dnAadn:
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2 2
Eﬁépysmzﬁzmom /s =50
2 2 kg

=m?kg/s® =50J/kg =0,05KJ / kg

Autd onpaivel OTL kABe povada pdlag Tou agpa Tou Kiveital pe 10m/s,
€xel T duvardtnrta va napdyel €pyo oo pe 0,05 KJ/kg. AnA. évag TéAeL0G
avuwtrpag, mou avaykdalel Tov aépa va otapatioel Teheiwg, étav autdg
néoel endvw Tou, Ba ekueTaleletal éva duvauikd €pyo (eE€pyela) (0o pe
0, 05 KJ/kg.

Ma va Bpedei n dlabgoiun LoxUg auTng, TIPEMEL va eival YvwoTr 1 moodTn-
TA TOU 0€PQ, ToU JIEPXETAL LA LECOU TWV TTEPUYIWV TNG AVEUOYEVVN TPLOG
otn povdda tou xpdvou, dnA. nnapoxn Tng Mdlag Tou aépa. Mapoxr| ndlag

m=p-A-V

Orou : m : mapoxr TNg HAaag

p: TUKvOTNTA TOU aépa

A: 1003Uvauog dlatoun MPOOTITWOEWS TOU agpa
V: taxUtnTa Tou agpa

.n~D2-V
4

Ané miivakeg Bpiokoupe 6Tt og miieon 1 kg; / m? kat Bsppokpacia 25° C
KQlL 1) TTUKVOTITA Tou agpa sivat p = 1,18 kg/md.
Me Tnv avtikatdotaon €Xoupe

Enopévwg, n uéylotn dlabéoiun oxug Ba eivat:
Mégyiotn dlabgaiun oxug = m : x eE€pyela

= 129,68 kg/s x 0,05 KJ/kg = 6,48 KW

Mapampeital 6ti N e€8pyela elval {on pe TNV KIVNTIKA eVEPYELQ TOU a€pal.
Auté opeileTal 0To Yeyovdg OTL 1 KIVITIKY eVEPYELA elval pLa EVEPYELQ aVW-
TEPNG MOLOTNTAG.
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8.3.3 Mapaywyn 6epHIKAg evépyelag amd Eva kauoThpa

Aivetal KQuoTPAG TIOU UMOPEL VA TIEPIEXEL EVEPYELA [E TN LOPPT) OEPUOTN-
Tag pe pubud 2.016 Keal/s otoug 1.111 K, kat {nrettal va Bpebei n eE€pyela
mg dabgoung evépyelag, otav n Bepuokpacia tou mepBArovTOg eival
25° C.

Auon

O Bepuikog Babudg anddoong autig g unxavng Ba divetat and v
TAPAKATW ox€on e Tnv undbeon OtL n BepIKn LETABOAY TTIOU TPAYUATO-
Tole(Tal elval QvTIOTPETT)

WEPEANUO arOTEAEOUA

KaTavAAwon evépyelag
Q1 - 02 T2 1 _ 298

Q Q, T, 1111

N max =Ng, vt =

=1-0,2682=0,732 1 73,2%

AuTé onpaivel OTL Jia BePUIKY punxavr Jropel va PeTatpéPel autyv v
TIapexOeVN BePUIKT) eVEPYELQ TNV KAAUTEPN TiepimTwon To 73,2% Tng Oep-
pétnTag mou AauBdvel and Tov KauoTrHPa ag €PYO.

H e&€pyela autou Tou Kauotripa eival .ooduvapn pe Tnv XU mou rapd
yetat and tn Oeppikr) pnxavr, oty onoia ot BepuodUVAUIKEG UETARBOAEG
elval avTloTPETTEG.

Mapampeital étL To 26,8% NG EVEPYELAG TIOU PETAPEPETAL amd ToV Kau-
otpPa pe m popen Bepudtnrag, dev elval SLaBETO Yia TNV Mapaywyr| Epyou.

To tuAua g evépyelag ou dev elvatl dlabgaiuo, ovouddetal pn dlabgat-
un evépyela. H un dabgoiun evépyela eival anid, oe autrv v nepimrwon,
n dlapopd avapeoa aTn CUVOAIKY) evEPYELQ evOQ CUOTNLATOG O€ A Kabo-
PLOUEVN KaTAoTAON Kal TNV EEpYela TG EVEPYELAG QUTAG.

Q MAPAAEITMA 8.3.4

Aivetal BepuIkn pnxavr), mou gaivetal oto oxrfua 8.3.4.a. Autr d€xetal Bep-
pétnTa and wia nyn Beppokpaciag 1200 K pe pubud 500 KJ/s kal amnoppi-
TITeL T Xauévn Bepudtnta oe éva péoo Bepuokpaaiag 300 K. H 1oxug €&o-
dou g Bepuikng pnxavrg elvat 180 KW. Na urtohoylotei n 1oxug, Tnv onoia
uropel va dwaoet n Bepuikn unxavr, étav ot 6gPUOdUVANIKES UETABOAES TOU
peuotoU autng BewpnBolv avTioTpemTéq Kal va Bpebel 0 pubudg ™Q un
QVTIOTPEMTIKOTNTAG QUTHG TNG MNXAVNG.
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Mnyn uwnAig Beppokpaaiag : T4= 1200 K

-
|

Mnyn xapnAng Beppokpaaiog : To= 300 K

Zxfipa 8.3.4.a
Nuon
21NV NPWTN MepimTwaon, n mogdtnTa g LoXUoG Tou apryaye n 6epukn
pnxavr) Ba eivat; (on pe ekeivn TG BePUIKNAG pNXavrG TTou TO peucTtd Ba At
Toupyouaoe gUpPwva pe To KUKAO Tou Carnot ota idla dpla Bepuokpaciag.
2’ auTtAv Tnv niepitwon Ba eival

weéhpo armotéheopa We ave
ne, avt =

KATAVAAWOT EVEPYELQG Q

OUVETIWG

W, we =Ng e - Q; = -1 .O1:(1—ﬂj.500=375r<w
: T, 1200

e, avt
1

AuTn eival n péylot 1oxug, mou unopel va mapdyel Jia BepuLKr punxav,
otav To epyalduevo peuotd dlaypdpel Eva KUKAo Tou Carnot ota ouykekpl-
péva opla Tng Bepuokpaciag.

O pubudg g un avtiotpertikdtnTag Ba eival mpopavwg n dlapopd pe-
Ta&u Tng LoxUog rou divel N pnxavr, étav To peuatd epyddeTal aviioTpenTtd
Kal NG WPENUNG LoxUog e€6d0u

=W, -W,

€

¢ = (375-180) KW = 195 KW

Mapatmpeital 6Tt Adyw TNG U avTloTPEMTOTNTAG TWV BEPUIKWY UeTABO-
AWV xdvovtatl 195 KW duvauikig loxuog. Mapatnpeitat 6t ta 125 kW, nou
npokumTouv and tn dagopd 500 — 375 = 125 KW, Ta onoia anoppimrovrat
JEe TN pop®ny BepudtnTag otnv mnNyn XaunAng Bepuokpaciag, dev eival di-
abéolua va petatparnolv oe §pyo Kal, CUVETIWG, Oev elval HEPOG TwV anw-
Aeldv, AOYW TNG N QVTIOTPEMTIKOTNTAG TWV UETABOAWV.
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o—i—e
Z
ZYNTOMH NEPIAHWH 8ou KE®AAAIOY
z
e Av pa Bepuikn pnxavry akoAouBel autr) tn dladikacia
napaywynq épyou, opiletal wg BepuIkdg Babudg anod-
doong autnqg To mnAiko:

n - w@EANpo arnotéAeopa Q- Q,
"~ Katavdwon evépyelag Q,

° 10 Oswpnua Tou Carnot

«Av g€ dU0 BepUIkEG Unxaveég To epyaldpevo peuatd Aappdavel Bep-
péTNTa art’ TNV Tnyr uPnAng otabepr|q Bepuokpaciag T4 kat arodi-
Oel éPOG autq NG BepudnTag OTNV INYN XaAUNANG otabepng Bep-
pokpaaiag T, kat pe Tnv unébeon 6Tl autd yivetal kat’ avtioTPenTo
TPOTO, oL SUO AUTEG BEPUIKEG UNXAVES EXOUV TOV (B10 BePIKO Babuo
andédoong.»

° 20 O@ewpnua Tou Carnot

«H andédoomn pag pn avrotpertng Oepikng unxavig ivat mavra pi-
KpOTePN art’ v anddoon ag avTloTPENTAG, dTav kat ot duo Ael-
TOUPYOUV HETAEU TV (BLWV BEPUIKWV DEEAUEVWIV>.

° 30 Oswpnua Tou Carnot

«[la v dla uPnAn Beppokpaaia T4 n BePUIKA Unxavr, n orola ex-
peTaMeUeTal peyallTepn dlapopd Beppokpaaiag AT, €xel KAOAUTEPO
Babué andédoong, ylati mapdyel MePLOoATEPO EPYO.»

° loxUel n mepimtwon, katd Tnv omnoia UnopoUpe va avtAjooupe mood
BepudtnTag and v mnyn XaunAng otabepnq Bepuokpaciag otnv
mnyn uPnAnig otabepriq Bepuokpaciag (T4) TpooPépovtag ot Bep-
MIKY) unxavr éva eowteplkd €pyo W. Mapdderypa tétolou eidoug un-
xavig elvat to nAekTpikd Yuyeio.

. O Beppikdg Babudg anddoang OTIq UNXAVEG AUTEG, TTIOU TO epyalOje-
VO peuaTo dlaypdgel Eva avtiotpopo KUkAO Tou Carnot, opiletal pe
dUO JLaPOPETIKOUG TPOTIOUG.

° Elval og 6Aoug yvwoTd OTL oL evepYELaKO( TIOPOL TOU TAAVITN Hag eival
neploplopévol. Autd onuaivel Ot eival unoxp€won GAwv 0 TEePLOPL-
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OUOG TNG OTIATAANG TWV EVEPYEIAKWY AUTWV TTIOPWYV, YIA VA UMOPETEL
va avteneEENOeL OTIQ avAYKES TWV UEANOVTIKWY YEVEWV. ZTNV MPOCTIA-
Bela autr} GUMBANEL N OLKOVOUIa TV MOPWV AUTWY, N ortoia odrynoe
otnv avdmntuén uag véag TeXVIKNG TNG “eEoIkovopnong evépyeiag”.

Qq e&€pyeia opileTal TO WPEALO anoTEAEOUA (EPYO), TIOU Uropel va
napayBel and éva ouoTnua, TO OTolo BPIOKETAL O€ [IA CUYKEKPLUEVN
KATAOTAOT KAl 0€ €va OUYKEKPLUEVO TIEPIBANAOV.
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OEPMIKEZ KINHTHPIEZ MHXANEZz

Cevika

OepUIKEG KIVNTHPIEG UNXAVEG EEWTEPIKIAG KaUong

Oeppoduvapikog KUKAOG BEpHIKAG pnxavig eEWTEPIKNAG Kauong.
KukMhog Rankine

Kivntripieg pnxavég EowTePIKAG Kauong
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- ) Emdiwkdpuevol oToxol:

[/]

[V]

€ E &

Na divete Toug OpLOMOUG TWV KIVITNPWV ECWTEPIKNG Kal EEWTEPIKNAG
Kauong

Na yvwpilete Tov KUKAO Tou Rankine kabwg emiong kat TIG MPAKTIKES
EQAPOYEG TOU

Na avayvwpilete kal va meplypdpete TIG aAAYEG TwV PACEWY TOU
vepou

Na avagépete Toug Tpdmoug BeAtiwong tou Baduou amnddoong Twv
BEPUIKWY EYKATAOTACEWY

Na yvwpilete Tov avtiotpoo kUkAo Tou Rankine
Na divete Toug 0pLoOUG TOU 4XPOVOU KAL TOU 2XPOVOU KivnTrApa

Na avagg€pete Toug KUkAoug Otto, Diesel kat Sabathe kat va avapépete
TG SlAPOPES TOUG

Na yvwpilete Toug KUKAoug Brayton & Joule kabwg emiong kat Tig
EPAPLOYEG TOUQ

9.1. TENIKA

O unxavoAdyog, ard oAU alld péxpl Kat onpepa, eKTOG Twv AAWY, aoxo-
ABnKe Kal pe TNV KATaoKeur) BEpUIKWY KIvNTAPLWY UNXavaV yla Ty napa-
YWY Mnxavikou €pyou and Tnv eKPETANEUON NG BEPIULKNG EVEPYELAG. 2T
m\aiola autoU tou BiRAlou Ba mapouciacTolv dUO KATNyopieq BepuKwv
KIVNTAPLWY UNXAVWV:

A) OepUIKESG KIVNTAPLEG UNXAVES EEWTEPIKAG KaUoNG Kat
B) OepuUIKEG KIVNTNPLEG UNXAVEG ECWTEPIKNAG KAUONG
H didkplon auty eivat avaykaia e€artiag Tou 6Tl autég dlagépouy, TO00

and KAaTaokeuaoTIKAG MAeUPdq, 600 Kal amd Tiq apxEq Aettoupyiag Toug.
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Kat’ apxdg Ba nmpénet va yivel katavontd ot Baoikd otoixeio k&be Bep-
MIKAG Mnxavig elvat To gpyalduevo peuotd, To omoio eival kat o popéag
HETaPOPAg TNG BepudtnTag. Autr 1 Bepudtnra pnopei va dobel oto epya-
(6pevo peuatd e dladikaoieg kal LETABOAES ekTdg autou 1 pe dladikaoieg
Kal HeTaBoAEq evtdg autou.

Ekeilveq oL BeplIkEG pUnxaveg OTIG omoieg To epyalduevo peuotd Aaufd-
Vel TN BepudtnTa pe HeETaBoAES ekTdG autoU, ovoudlovTal BEPUIKES KIVITH-
pleg unxavég eEwTepIkAg Kauong. AvtiBeta, exelveq oTig omoleg To epyald-
pevo (peuotd AapBdvel T BepudtnTa evidg autou, ovopdgovTal BePUIKEQ
MNXAVES EOWTEPIKNG KAUoNG.

9.2. OEPMIKEZ KINHTHPIEZ MHXANEZ EZQTEPIKHZ KAYZHZ
2V Kamyopia auth Twv BEPUIKWY KIVNTAPLWY Unxavwv propouue va di-
akpivoupe dUo TUTIOUG UNXAVWY, AUTEQ TOU KAeloToU Beppoduvapikold Ku-
KAOU (TT.X. aTHMOOTPORINOL) KAl AUTEG TOU AVOIKTOU Bgppoduvapikol KUKAOU
(T.X. TAAVOPOIKEG ATUOUNXAVEG 1} evOg aTadiou atooTpOBIAOL).

A) OeppIKEG KIVNTIPIEG UNXAVEG KAEIOTOU BEPPOSUVAHIKOU KUKAOU

Evag tunog t€rolag pnxavig aivetal oto oxnipa 9.2.a

3

29

10

1 2

9

Zxjpa 9.2.a: Kivnrpia pnxavr kKAeiotol 6eppoduvapikol KUKAOU.

1. AvtAia rou artattel oAU Afyo pyo, 2. Zuurieon uypou, 3. Yuxpd uypd uynArig
riieong, 4.Bpaotripag, 5. Zeotdg atuds uynAng rileong, 6. Ektévwon, 7. Mapaywyn
&pyou, 8. Wuxpdq atudsg xaunAng rieong, 9. EEodog Bepudtntag, 10. Zuunukvw-
g, 11. Wuxpd uypd xaunArg riicong, 12. Eioodog Bepudtntag.

270 o MAvw oXNHa Paivetal OTL TO vepod PeTaPEPeTal Pe Tn Borjbetla TNg
avtAiag (1) otov atpoAépnTa, otov ormoio eEatuiletal, apou déxeTal peyd-
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\a mood Bepudmrag ar’ Tnv kauon kauoipwv ouotwv. (H kavon ektdg Tou
atuoAéBnTa) (2). O napayduevog atudg oe uPnAr riieon kat Beppokpaaia,
ot ouvéxela, odnyeital otn Bepuikr) punxavr) (3), drou Tou divetal 1 eukal-
pla ektovoupuevo va mapdyel €pyo, To onoio napakauBdvetal and ta Kivntd
MEPN TNG MNXAVNQ KE TN HoPYY| UNxavikoU €pyou, To omolo eugaviletal oTov
akova g unxavng. ZIn ouvéxela, To PeUOTO Tou Byaivel and tn BepuIkn
unxavr), elvat xaunAdtepng miieong kat Bepuokpaaciag kat odnyeital oto ou-
MIMUKVQTH (4), orou YUxeTal kat uyporoleltal kat péow TN avrAiag odnyei-
TAL OTOV ATHOAEPRNTA, Yla va enavaAngBel 0 KUKAOG.

B) OeppIkEG KIVNTHPIEG PNXAVEG AVOIKTOU OEPHOSUVAHIKOU KUKAOU

2’ autdv Tov TUMo BepuIkAg unxavig (oxriua 9.2.8), To vepd odnyettal
otov atuoAéBnTa péow g avtAiag, érou eEatuidetal and ) BepudtnTa,
rou mpoapEpetal oto AéPnta. O atudg, o omnoiog, Byaivovrag and Tov atpo-
ABNTa, éxel uPnAY] riieon kal Beppokpacia, odnyeital o€ Uia TIAAVOPOUIKA
aTHounxavy 1 atpootedBNo Kal and ekel ektovoUuevo mapdyel €pyo, To
omoio petaTpEmneTal arnd Ta KvoUueva Pépn TG UNXAVAG 08 UNXavikd €pyo.
211 OUVEXELQ, TO PEUOTO oTtnv §€0d0 TNG UNnxavrg odnyettal eAelBepa otnv
atpéopaipa. Eival mpopavég 0Tl ol BepUIKES UNXAVEG QUTEQ EXOUV XAUNAS
Babuod anddoong kat yU autd de xpnaotuonolouvral MAEov, mapd pévo oe
elOIKEQ EPUPMOYEG, OTWG Yia TNV Kivnom avtAlwv avdykng ota mAoia.

5 2 7
ﬁ/
» 3

3
2
1 9

Zxrjpa 9.2.B: Kivnripia pnxavr 6eppoduvapikol KUkAou.

1. Wuxpd uypd, 2. AvtAia rou arnattel moAu €pyo, 3. Zuurieon uypod, 4. Yuxpd
uypd uynAng nieong, 5. Bpaotnipag, 6. Zeotog atudg uynAng nieong, 7. Toup-
urtiva 1 éuBoro kwntripa, 8. Mapaywyrj Epyou, 9. Ektévwon atuou xaunAng rie-
ong, 10. Eicodog Bepudtnrag.
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9.3. OEPMOAYNAMIKOZ KYKAOZ OEPMIKHZ MHXANHZ EZQTEPIKHZ
KAYZHZ. KYKAOZ RANKINE

MNa va npoadloplotel 0 Babudg anddoong wag Bepuiknig eykatdotaong,
onwg autr mou delxtnke oto oxnua 9.2.a, Ba mpénel va xpnotuornotneel n
Bewpia Carnot kat pdAlota o KUKAOG autou, 6Tav TO PEUOTO ToU Tov dlaypa-
Qe elval To vepo, Tou Bpioketal og duo PAoelg (aTuég-uypod).

Eivat idn yvwaotd 611 0 Bepluikdg Babudg anddoong uiag BepUknig Unxa-
VNg, Omou To epyalduevo peuatd akoAouBel Tov kUkAo Tou Carnot, divetal
art’ ™ oxéon:

ng =1 —k
T1

Mapatnpwvtag Tov KUkKAo autd oto didypauua TS (oxnua 9.3.a) diaru-
oTwvel eUKoha kavelg 6Tl To peuotd mou Ba tov dlaypdyel, Ba Tpérnel va
napouatdletal, avdloya pe Tig avdykeg, oe duo pdoelg. H eloaywyn Qg
BepudtnTag pe orabepr) Bepuokpacia anartel To peuoatd va Bpioketal oe
agpla katdotaon (atpog). Avtibeta, ywa v anofoAn Tng Bepudtnrag oto

nepBANOV TO peuoTd TIPETEL va elval og uypr] KATaoTaon).

/ 77

épyou

e L1111

i

S1 Sy ) s
Zxpa 9.3.a
H avdykn va xpnotuoromnBouv ol dUo PUOIKEG KATAOTATELG TOU vePOU,

HOG UTTOXPEWVEL VA UEAETHOOUE TN CUUMEPLPOPA ToU vepoU o€ JLAPOPES
ouvBnkeq riieong kal Beppokpaciag.
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9.3.1. Aidypappa pacewv vepou

Elvalt og dhoug yvwotd amnd tnv kabnuepvry pag eumnelpia otl, av oe wa
noodtnTa vepoU TPoadepoupe Bepudtnta, Téte autd Bpdlel apdyovtag
atuéd. O atudg dnAadn eival n aépla poper), ou MAPe To vepd. Avtibeta,
av and pa nogdtnta vepou apapedel BepudTnTa, AUTO MAYWVEL KAL UETA
Teénetal og ndyo. O ndyog sival pwa dA\\n euoikr katdoTtaon, ou Urnopsl
va undpéel to vepo.

To vepd dnAadn unopel va uttdpxel oe TPELG JAPOPETIKEG KATAOTACELG,
oteped, uypn kat agpla, avaloya We TIG ouvbrkeg Beppokpaciag Kat rieong
Tou Bpioketal.

Extdg TV KaTaoTAcEWY QUTWV eival AoyIKS va uttidpxouv OUVONKeg Tiie-
ong kat Beppokpaciag mou To vepd Bploketal o evdldpeoes KATaoTAoELS,
Onwg T.X. ouvlnapéng vepou — atuou, dyou — vepou, TIAyou — atuou.

H petdfaon and m wa katdotaon oty AMn ovopddetal alayn ¢ad-
ong. Autr unopel va katavonBei kaAUTtepa e ) xprion dlaypauudTwy oTa
orola petaBdA\ovtal oL TapduUeTPOL TWV CUVBNKWY Tou Bpioketal To vepd.

Tétowa daypdupara — eivat (T, v) Bepuokpaciag — ewdikou dykou, (P, T)
niieong Beppokpaciag, (P, v) mieong — edikou dykou, (T, S) Bepuokpaciag —
evrportiag kai, Téog, (h — S) evBaAmniag (didypaupa Mollier)

l. Aldypappa (T, v)

Av nipoopepBel Bepudtnta oe Uia kaboplopévn nala vepou, evaw autd
Bploketal oe mieon 1 atm, 1dte N aAAayn Twv ¢Acewv autou Paivetral oTo
oxnua 9.3.1.a

T.°CA

g
&
N
7
Q
300} o5
(9
(9]
3
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&
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2 Kopeouévo
100 @t o 9
ol HiyHa
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) S
7
20 @1
A
L
u

ZxApa 9.3.1.a: Aldypauua pdoswv vepou
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Aladpopn 1-2 Mpoopépetal Bepudtnta, n Beppokpaacia Tou vepou au-
Edvel, autd dlaotéMetal (Bepuokpacia Tou onueiou 1 peyalitepo Twv 4°
C) kat au&dvel o edIkdg Oykog Tou. Ta onueia Tng ypauung 1-2 anotehouv
TN YPAUUY TOU KopeaUévou uypou, urtdpxel dnAadr) uovo vepd.

Aladpoun 2-3 Mapdho Tou ouvexiCoupe va MPOoPEPOUNE BepudTnTa N
Bepuokpacia Tou vepou mapauével otadepr|. And éva onueio kal uetd -
@avifovrat kat atpol al\d n Bepuokpaaia eEakoAoubel va mapapével otade-
pr]. To To0d TG BepUdTNTAG TIOU TIPOCPEPOUE 0T Pdon 2-3, ovoudleTal
AavBdvouoa Bepudtnta atuoroinong. H Bepudtnta napauével otabepr| kat
ovouddletal Bgppdtnra atponoinong.

Aladpopn 3-4 ZuvexiCovtag va mpoopgpoulle BepudtnTa, n BepoKpa-
ola Tou peuoTtou au&dvel kal 0 GYKog Tou peyalwvel. To vepd €xel uetatpa-
niel OAo o atud.

H diadikaoia punopel va avaotpagel kat and tn ¢don atuou Tou vepou va
KataAn&oupe otnv uypn ¢don Tou, al\d ndvta kdtw and v dla otabepn
niieon 1 atm, pe  dlagopd 611 de Ba pIAALE yia atuoroinon aA\d yia uypo-
roinon kat Aavedvouoa BepudtnTa uyponoinong.

Av enavaAdfoupe To Teipapa akplBwg ue tnv Bla Bepuokpacia aAd
He JlaQOpPETIKES TIETELG KABe Popd, Ba KatalEoupe oto SIAYyPAUUA TOU
oxnuarog 9.3.1.8.
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T,CA

Kpiolpyo onueio

37414 - —=-=----~-~

\
/

Kopeopévo
uypod

Q
Q
Kopeopévog )/v

aTpog

0.003155 u, m3/kg
ZxQpa 9.3.1.8

Ané To napandvw didypapua apatnpoupe 6Tt OAa ta onpeia, oTa omnoia
apxiCel va mapapével otabepr n Beppokpaaia, arnoteAouv pa KauruAn (ye-
WHETPIKOG TOMOG), 0e K&Be onueio Tng omolag To vepd BpiokeTal oe uypn
katdoTaon Kal ovopdZeTal KaumnuAn kopeopévou uypou. Mapatnpeital ot
TO UAKOG TOU euBUYPAUPOU TUATOq elval MapdAANAo TIPOG TO IAKOG TWV
TETUNUEVWY, EVW) 000 au&dvel n miieon, To pEyebog Uikpaivel kal yivetat un-
devik6 oto onueio C. AnAadr oto onueio autd To vepd mepvdel ano v
uypn otnyv agpla edon art’ eubelag 1) akdun unootnpiletal éti oto onueio C
OUVUTIAPXEL N UYPN] KaL 1 aépla ¢pAon Tou vepou (kpioyo onueio).

H kaurUAn, n omola evwvel Ta onueia ota onoia apxiCet mdAL va au&dvel
n Bepuokpacia, ovoudletal KAUTTUAN KOPEOHEVOU aTHoU Kal dnAwvel OTL O
K&Be onueio autig To vepd Bpioketal umd ) popen atuou. Mapatnpeital
6Tl 0 aTUOG TIoU TapAyeTal oTig evOlAeTeq KATAOTACELG, OTIG OTtoieg 1 Bep-
pokpaoia rapapével otabepr], ovoudleTal AKOPEOTOG Kal Xapaktnpiletal
arnd Tov T{tAo Tou, dnAadr| and 1o Babud EnpdtnTag, Tou eivat n MEPLEKTIKG-
TNnTa Tou vepou og uypn katdaotaon.
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= Mapatripnon

Mapatnpeitat akoun OTL oL 2 KAUMUAEG KOPEOUEVOU ATHOU KAl KOPETHE-
VOU uypoU cuvavtiouvtal oto onpueio C.

T A
Kpioipo Q.
onueio <7
K/
§> 7
6\ /
| 7 ’, &/'
ﬂsploer v, ggu/
OUUTTIECPEVOU &
uypo [ _ _ _____2_ no !
<,
/
/
7
4
/ ’ Mepioxn

uTTépBeppou

'S Mepioxn aTyi00

KOPETHEVOU
uypouU-aTuoU

Zxpa 9.3.1.y

270 oxfjua 9.3.1.y mapatnpoUpe OTL Ol YPAUMESG KOPETUEVOU UYPOoU Kal
atuou xwplifouv v empdvela oe dAPOPES MEPLOXEG OMWG TIEPLOXY) TOU
KOPEOMEVOU UYypoU (1), MEPLOXT) TOU UMEPBEPHIOU ATUOU (2) KAl TIEPLOXT) TNG
evdldueong katdotaong uypou—atuou (3)

Il) Aidypappa (P -T)

Tig peTaBoASg TwV PATEWY TOU VEPOU UMOPOULE VA TIG MEAETH|OOULE O
éva dldypappa pe ouvtetaypéveg v tiieon (P) kat T Bgpuokpacia (T). To
dldypaupa autd ovopdletal kal didypaupa ¢doewv, yiati o’ autd diakpivo-
vTal N pia don and v AAn e TPELS YPAUUES:

a) H ypapur) Tng e€dxvwong, (n petdpaon and tn otepen ¢Aon otnv
aépla) dlaxwpilel TNV TePLOXT TNG OTEPENG amod TNV agpla eAom.

B) H ypappr tng e&atpiong, dlaxwpilet v mepLoxr) g uypng ano ty
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agpta gdon Kat

Y) H ypapur) Mg TEng (1 mENg), diaxwpilet v meploxr g OTEPEN|Q
and v uypn edon.

Ol Tpelg autég ypauuég ouvavtiouvTal o’ éva onpelo, oto omnoio oL TPELg
@doelg Bpiokovtal oe Ioopporia kat ovoudletal TPAS onueio.* (* 2’ autd
TO onpelo To vepd €xel kpiowun Tieon):

P, = 22,12 x 108 N/m?

Kal kpiown Bgpuokpacia T, = 374,15°C)

Mapatmpeital 6t n ypapun eEdtuiong otapatd oto kpioo onueio, dott
navw and To onueio autd dev eival duvatd va yivel dLakplon Petagu uypnq
Kal aéptag eAaong.

270 Sldypaupa autd ol oucieg ou dtactéEAovTal  cucTéN\ovTal Katd
v m&n, dlapgpouv pévo Katd Tn popd THENG.

) Aidypappa (P, V)

Ta daypduuata oe ouvtetayuéveg mieong (P) kat edikou éykou (V),
€Xouv Hop@r| epimou Bla pe ekeivn oe auvtetaypéveg (T, V), pe T pévn
dlapopd 6ti dakpivetal otabepr Beppokpacia (oxAua 9.3.1.3.)

‘Eotw 4Tl §Xoupe Wa nogdtnta vepou oe Bepuokpacia T4 oe mileon Py
kat og edIkd dyko V4. Edv n niieon P4 elval oAU peydAn téte mapdAo mou
Ta uypd Bewpouvtal acupmnieota, n pdla Tou vepou €xel UTOOTEL auTr| TV
niieon, pe arnotéAeopua va undpxel o avtiotolxog edikdg dykog V1. Av pel-
wBel n nieon, TéTe auEdvetal, €0Tw Kat Aiyo, o e1dkdg dykog. Zuvexilovtag
va pelnveTal n riieon (n Bepuokpacia diatmpeital otabepr)) o £131kOg GYKOG
AauBdvel a T, mépav Tng omnolag n nieon napapével otabepr| aAAd o el-
JIKdG dykog V4 mapouatdlel peydleg LetaBoA€g. Auth n mepLoxr| oTnv onoia
dlatnpouvtal n Tiiean kat n Beppokpacia otabepgg, aAd alAdlel o eldIKOG
dykog, eival ) meploxr) alN\ayrg g edong tou vepou. And €va onueio kat
META apxilel va pewwvetal n mieon, n Bepuokpacia va mapauével oTadepn
Kal 0 e10IKOG OYKoG va peTaBAareTal oAU Atydtepo armd mponyoupeva. Av
enavaAdpoupe v dla dladikacia oe SIAPOPETIKEG BEPUOKPQATIES, EXOUE
onwg kat ponyoupeva to didypauua Tou oxiuarog 9.3.1.5
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Mepioxr kopeopévou s

uypou-artuou

Ixnpa 9.3.1.3

2’ autd To JLAYPAUKA TIAPATNEETAL 1) YPAUY) TOU KOPETHEVOU UYpoU, N
YPAUUY) KOPEOUEVOU ATHOU, TO KPI(OWO onue(o Kal Ol TTIEPLOXESG CUUTIIETE-
VOU UypoU urépBepiiou atol Kal KopeouEVoU uypou — atjod.

IV) Aidypappa (T, S)

I 10 TIG TPAKTIKEG EPAPHOYES, OTIWG Yla TIAPAdELY A EKEVEG OL BEPUIKES
MnNxaveg mou akoAouBouUv Tov KUkAO Tou Rankine, eival xpriotuo to didypap-
Ma ekelvo Tou €xel ouvteTaypéveg tn Bepuokpaaia (T) kat Tnv evrportia ( S)
pe povada tng evrponiag: KJ/kgr K pe avapopd paga vepou 1 kgr 2’ autd to
JlAypaupa Kal otnv apxr| Tou 1 eviporia Tou Kopeauévou uypou eivat (on
pe undév atoug 273 K.

H kaurUAn mou TaploTdvel To KOPEOEVO vePO Tiepvd and Tnv apxn Tou
dlaypdupatog kat eplopiletal péxpl To Kpiowo onueio C. To pépog Tou
AEova TwV TETUNUEVQV TIOU TIEPLEXETAL METAEU TWV KAWMUAWY TOU KOpE-
opEvou vePOU Kal KOPEOUEVOU aToU ouumimTel pe TNV 1odBapn petaBoAn
otoug 273 K.

Eva didypapua aivetal oto oxiua 9.3.1.e, ato ormoio ot cupBoAlopuoi
elval (ot pe autoug ou avagépovtal kal oto didypauua P, V. 1o redio pe-

Ta&U TV dUO OPLAKWV KAUTUAWY OL LodBePIES Kal LOOBAPER LETABOAEG OU-
urirrtouv Kat elval eubeieq mapdAnAeg wg TPog Tov Agova g eVIPOTIag.



OEPMIKES KINHTHPIEZ MHXANES 205

T[°K] A -
1%}
31 \Y
!
nl C
1
Tl — = = - : __________________
1
: ."l.'.':!"‘.‘- \
FY T
I AT
A NERR AN
| 1 TRtV
! NI RN
1 //l‘ll I [JRYY
! S pp iy
1 =T 1 ’I \\ 1}
A A | o
1/ !si Iy \-\.\‘ = - - - l=cost
181 \ \
) W/ ;87 Loy
N/ v Lol by
< A s 0o p b VA
AT = cost
- - - R e
AR
Fowo i AR
2N S R R
/h o \\“o@
; | FRORY
azl/ [/ [, PV >
(@]
S [keal kp1°K-1]
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21NV mePLoXr| Tou unépBeppou atpou ol .odBepueq LETABOAEG eival gu-
Beleq MapdMNAeg wg MPOG Tov AEova TWV TETUNUEVWY, EVW OL LoOPBAPE(Q
€xouv KAion mpog ta ndvw. 1o d1o didypapua Gaivovtal Kat ol KQUUAEQ
{oou TiTAoU KaBWG kat duo kKapumUAeq oTabepr|q evOaATiag.

V) Aidypappa MOULIEUR (h - S)

2TIG TIPAKTIKEG EPAPOYEG TWV BEPUIKWV UNXAVWY UE AT, HEYAAN XPN)-
on €xel To ddypauua, OTIq TETAYUEVEG TOU Omolou PEPEL TNV evBaATiia oe
KJ/kgr kat otig Tetunuéveg tnv evrportia oe KJ/kgr K. O Adyog eivat 6tin ev-
BaArmia yia Tov atud dev eivat pévo ouvdptnon g Beppokpaaiag, y autd
Kal xpnotoroleitat To didypauua Tou oxnuatog 9.3.1.0t
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Zxjpa 9.3.1.0t1

2’ auto mapatnpouue 6Tt oTo JLAoTNUA HETAEU TWV dUO OPLAKWY KAWTU-
AWV oL 1o6BeppeS Kal oL LooBapeiq TauTiCovtal kat eival eubeieq KEKALLEVEG,
Twv onoilwv n kKAion au&dvetal pe Tnv Bepuokpacia. AvtiBeta, oto nedio Tou
unEpBepou atpou ol LooBapelq kAivouv Tpog Ta mdvw Kat oL lodBepueS

TPOG TA KATW.

Mapadeiypara epappoynig autou Tou dlayPAUUATOS KAl TWV TPONYOouU-

pEvwv Ba doBouv Og enodeVeE] EVOTNTEG.

9.3.2. MpakTikn epapuoyn Tou KUKAou Tou Rankine

Oewpwvtag Tn OBepuikn) eykatdoTaon Mapaywyng €PYou TOU OXNUATOQ

9.3.2.a
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T
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9
ZxApa 9.3.2.a

A

1. AvtAla rou anattel oAU Alyo €pyo, 2. Zuumieon uypou, 3. Yuxpd uypd uynAng
nileong, 4.Bpaotripag, 5. Zeotdg atuds uynAng nicong, 6. Ektovwon, 7. Mapayw-
yrj épyou, 8. Wuxpdg atuds xaunArg rileong, 9. EEodog Bepudtntag, 10. Suuru-
kvwtng, 11. Yuxpd uypd xaunAng nicong, 12. Eioodog Bepudtnrag.

anodeixtnke OTL N €pappoyn Tou KUkAou tou Carnot, yla Tov UOAOYLONO
™G BepuIkng anddoong TNG eYKATAoTACEWS QUTNG, anaTouoe TO PEUCTO
va €xel duo PACELG.

>xedidlovrag Tov KUkAo Tou Carnot yU' autrjv Tnv eykataotaon 6a €xou-
He To dldypauua Tou oxriuatog 9.3.2.8

T
A uYnAn Trieon
Tif - -
Tk -
» S

ZxAua 9.3.2.8

Mapatnpeital 6Tt Aettoupyikd MPOoPARUATA TNG BEPMIKAG UNXavig amd
™ Xpnon uypou atpou XaunAig Enpdtrag mdvw ota mreplyld TG Uag
avaykdaletl va aMd&oupe tnv noldtnTa Tou atpou apevog Kal APETEPOU va
au&rooupe To euPaddv Tou kUKAou ota Bla épta g mieong. M’ autd to
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ASYO CUUMANPWVETAL 1) €YKATAOTAOM e ANAA BondNTIKA pnxavruata (oxn-
pa 9.3.2.y)

3. % 4 ¥ s
; 2. " 5 7.
e >s
1.9 11.
a 10. 5 4
\ 4 \ 4

ZxApa 9.3.2.y 1. Zuuricon, 2. Yypd, 3. @épuavon, 4. Bpaoudg, 5. YrepbEpuavon,
6. Boaotipag, 7. Atudg, 8. Mapayduevo &pyo, 9. ATuog, 10. ZUUMUKV®W-
g, 11. Yypo.

Me Bdon autjv v eykatrdotaon oto didypauua T-S o Bepuoduvaukdg
KUKAOG Tou dlaypdgel To peuatd, paivetal oto didypauua 9.3.2.3.

/
@ 4 : AvTioTpeTTh adiaBaTikn

T uynAn Trieon .
EKTOVWON TTapaywyng £pyou
A I
1
1
. Bpaopog L
BeppoTnTd v

~®
4

/0 aTHOG WUXETal

@ CUPTTUKVWON @

9.3.2.3

» s

Ma mv Bl eykatdotaon o BepuIkdg KUKAOG oTo didypappa P, V eival
onwg oto oxua 9.3.2.¢.
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P A a;
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upnAd | _———

miean Bpaouog
Wah, in mep TTapayouevo - WSh out s
epyo AN
\
OUUTTUKVWON N

XaunAf L

________ N\
TTieon

qz

[2]

>» Vv

Zxjpa 9.3.2.¢

210 didypaupa Tou oxnuarog 9.3.2.0t yivetal n oUykplon Tou Beppodu-
VApIKoU KUKAOU Ttou akoAouBel To vepd, e Tov KUkAo Tou Carnot, o oroiog
EXELTIG (Dleq Bepokpaoieq

T

YKp! TTepioxn: épyo Carnot
A /
|_Aiaypappiopévn
TTEPIOXA:
£pyo Rankine

®)
©

Zxpa 9.3.2.0t1
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270 OYfjUa auTto, To eUBAdOV Tou dlayPANUOUEVOU HEPOUG elval To Togd
™G BepudTNTAG TTOU UETATPEMETAL OE £PYO, EVW TO YKPL UEPOG EKPPALEL TOV
KUKAO Tou Carnot oT1g (dleq 0plakeg Bepokpacieg Aettoupyiag g eykata-
otaong.

®aivetal kaBapd néoo anéxel n anddoaon autrq TNG BEPUIKAG eykatd-
otaong anod pa Bepikr) pnxavr), n orola epydetal cUPPWVA pe TOV KUKAO
Tou Carnot. ©a urnopouoe kavelg va urtootpi&el 4tLn Bepikr eykatdoTtaon
epyadletal pe oplakég Beppokpaaieq oo didypaupa Tou oxrjuatog 9.3.2.C.

T YKpI TTEpIOXN : €épyo Carnot

BAEnoupe 611 0" autiv TNV nepimtwon ta eppadd Twv kKUkAwv Tou Carnot
kat tou Rankine diapg€pouv oAU Afyo kat 8a ritav pia oAU KaAr nepimrwon.
‘Ouwg, énwg nmpoavapEpae, AEITOUPYIKES ATIAITATELS TWV BEPUIKWY UNxa-
vV (aTuooTpoBilwy) dev eTUTPEMOUV TN XPT0T Tou, AOYWw TOU PAVOUEVOU
NQ onnAaiwong, TNG KATAoTPOPNG TWV TITEPUYiwV Kat AANAwv.

Ma va arogeuxBouv Aotndv autég ol SUOKOAIEg, o KUKAOG Tou Rankine
aA\dCel Opla ouvenkwv Bepokpaciag Kat iieong Kat yivetat onwg oto oxni-
Ma 9.3.2.1.

dlaypapiopévn Treploxn: €pyo Rankine

» s
Ixnpa 9.3.2.7
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‘Epyo Carnot l'
" uYwnAn Triean

@ XapnAr Triean
® //// o
S© . @K

‘Epyo Rankine

4

N

» S
Zxpa 9.3.2.n

270 oxXfua autd, av Kal Xavetal éva Pépog ToU TIapayodUeEVOU €pYOU, 1
BepUIkA Unxavy (atuootpedfiiog) epydletal Ye atud kat dev untdpyouv Ta
nponyouueva mpoAuarta.

9.3.3. BeAtiwon Tou Babpou anédoong TG OepHIKAG EyKaTdoTaong

MNa va BeAtiwdel 0 Babudg anddoong g BePUIKNG eykaTdoTaong Tou ava-
QepduaoTe, Ba rpénel To euPaddv Tou Beppoduvapikol KUkAou Tou Rankine
va MAnotadet to eppaddv Tou kUkAou Tou Carnot.

Tautdxpova, yla va meploplotel kat 1 Telkn Beppokpacia 5° katageu-
youpe e AUoelg, Jia and Tig onoieq paivetal oto oxrjua 9.3.3.a
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Qin

AR

Wsh, in * <\|\
/: .

v Vv v

Zxnpa 9.3.3.a

1. Yypd, 2. Wuxpd uypd uynAng niieong, 3. Emavabépuavon, 4. Ospuatudg, 5. Toupurti-
va dUo pdaoewv, 6. ATUCG, 7. SUUMUKVWTIG.

Ze auto naparnpeital 6Tt o atudg, apou "epyactel” oTn BEPUIKN pUnXavi
(MeTaPoAr] Y-0) enavabeppaiveTal MPOCPEPOVTAG OE AUTOV BEPILKT EVEP-
YE€lQ O€ A evoldpeon mieon (LETABOAY) 3—¢€).

2Tn ouvéxela, o atudg Kivoupevog mapdyel €pyo Katd Tnv adlaBatiki
HETABOAN (e-0).

Mapatnpeital 6Tt n BepuIk autr eykataotaon €xel kaAUTePO Babud
arnédoong and v ponyouuevn, apou To euBaddv Tou KUkAou Tou Rankine
npooeyyilel meploodtepo 10 Beppoduvapikd kUkAo tou Carnot, pe ta dla
opla Bepuokpaciag, onwg gaivetat oto oxnua 9.3.3.a.

H dwadikaoia g avabépuavong Tou atpol otny npdén yivetat, xpnotuo-
rolwvtag SldPpopeg TEXVIKEG, pia arnd Tig onoleg ¢aivetal oto oxrua 9.3.3.8
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/I sv&duecnl’nison

¢pyo Carnot ULIJFV\"'I/ITTI'EUFI /I

A [ ® 10,

Zxnpa 9.3.3.8

Elval katavontd 611, edv BENoupe va BEATIWOOUNE AKOUN TEPLOOOTEPO
N BepUIKn eykatdoTtaon, 6a npénel va augnbel to eppaddv Tou Beppoduva-
MIKoU KUkAou Tou Rankine, wote va mAnaldoel akdun meploadtepo To eupa-
06V Tou kUKAou Tou Carnot.

AuTd unopel va yivel pe dldpopoug TPoMoug Onwg:
¢ Me nmoAan\ég avadepudvoelg, drwg gaiveral oto oxripa 9.3.3.y
¢ Me amopaoteloelq Jag 1 MePLOCOTEPWY, OMwG 0TO Oxrua 9.3.3.y
e Me v au&non tng mnieong Aettoupyiag TnG BEPUIKNG UNXavQ
e Me ) pelwon Tng mieong kal g Bepuokpaciag omy €€0do g Bep-
MIKNG Unxavng
e Me xprion eyKaTaotAaoewv eE0IKOVOUNONG EVEPYELAG

® Me xprioelg eIdIKWV EYKATAOTACEWY

2Tnv evoTnTa autn €ylve mpoomdbela mapouciaong g Katavonong Kat
™G XPNONG Tou 13avIKoU KUKAOU BEPUIKAG HUnxavng rou mipdtelve o Carnot
Kat 0 pdAog rou €natfe autdg otnv eEEAIEN TWV BEPUIKWV KIVITHPLWV UNXa-
VWV eEWTEPLKNG KaUoNG.
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T .
A wnAd TTeon TPEIG

WCarnot ) f avabeppavoelg
7

Ixnpa 9.3.3.y

XAMNAR Tieon
/

/
/

\_\\\\\\

» s

9.3.4. AvtioTpoog KUkAoG Tou Rankine

2TV apdypago 8.2.3 mapoucIdoTnKe 0 avtioTPoPog BEPUIKOG KUKAOG TOU
Carnot kat ava@épnke OtL uropel autdg va epappootel, dtav To epyaldpe-
vo peuotd napouctdleTal oe duo Kataotdoelg (PAcelq)

‘Eva mpayuatikd peuotd uropel va diaypdyel éva avtiotpopo Bepuodu-
vapiké KUkAo, Onwg ekelvo Tou Rankine. ‘Evag T€tolog KUkAOG paivetal oto
oxnua 9.3.4.a

uynAn Trieon
7/

®.

A
1
1
1
1
1
1
1
1
1

AN

>

1 \ Bpacudg

O@I@

XApNAR TTieon

.
o

.
g
o
g

Zxnpa 9.3.4.a

To peuotd akoAouBel T oelpd petaBoiwv 17,27, 3, 47,17
Evag tétoloq avtiorpopog KUkAog propel va epappootel and éva dipa-
OlKO PeUTTO OTIG BEPUIKEG EYKATAOTATELS, TTOU paiveTal 0To oxua 9.3.4.8
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Ixnpa 9.3.4.B: 1. OcpudtnTa and Yuyelio, 2. XaunAng ricong Yuxpd uiyua, 3. Ektovwtt-
K1) BaABida, 4. Oepud uypd uPnAnig nicong, 5. Zuunukvwtig, 6. Otp-
U6G atudg uPnAng rikeong, 7. Zuurueotng, 8. Yuxpds atudg xaunAng
niieong, 9. Bpaotripag, 10. Eicodog yuyeiou

Meptypapn eykardoraong

ZupmeoTAqg: H unxavr) autr| oupriédel To peuotd and TIG ouVOnKeg Tou
onuelou (a) otig ouvBrkeg Tou onpeiou (B). O agpoouprnieaTng auTtdg Kivel-
Tal e ™ Bor|Beta MPoopePOUEVOU UNXAVIKOU EpYoU (NAEKTPIKOG KIVTPAG)

ZUPTTUKVWTAG: & autd To peuotd amofAAAel Bepudtnta pe PHETABOAN
ard 1o onpeio (B) oto ()

ExTovwTikr) BaABida: Ze autrv TO PEUCTO EKTOVWVETAL [e TETOLO TPOTIO
wote 1N evBaAria Tou peuoTou mapapgvel otabepr], and TG ouvenkeg (Y)
oty (9)

E&aTpiotq: Ze autdv 10 peuotd aldlel pAom, anoppoPwvtag Bepud-
™ta and 1o nepBANov.

Eivat mpopavég 6t n oupurnieon evég peuoTtou mpaypatornoletal eUKoAS-
Tepa, 6tav 1o peuatod eival oe agpla gpdon. Na to Adyo autd o avtioTpoPog
KUKAOG Tou Rankine maipvel Tn popen oe didypauua T, S énwg ¢aivetal oTo
oxnua 9.3.4.y.
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uwnAn Trieon

A ®

. XapnAn Trieon
ATTAITOUPEVO .
épyo o

» s

Ixnpa 9.3.4.y

9.4. KINHTHPIEZ MHXANEX EZQTEPIKHZ KAYZHZ
9.4.1. Tevika

H katnyopia aut) Twv Kivntpwv avartixOnke MoAU apydtepa amnd ekei-
VOUG ToUG Beppikolq KivnTApeg eEWTEPIKAG kauong. H avaykn g eE&A-
&g Twv Pnxavav eEWTepIkig kalong mpogpxdtav and To peydio YKo Kal
BAPOG TV BEPUIKWY AUTWV EYKATAOTACEWV KABWG emiong kat Tou peyd-
Aou aplBuoU TwVv TIEPIKAEIOUEVWY BondNTIKWY pnxavnudTwy. Autd eixe oav
AroTEAEO(A TOV TIEPLOPLOUOS TWV EQAPHOYWV OTIQ HETAPOPES ENPAG Kal ag-
pog. ‘Etol eEehixBnkav oL BEPUIKEG KIVITNPLEG UNXAVEQ ECWTEPIKAG KAUONG
MIKPOTEPOU BAPOUG Kal e KPS aplBud TApPeAKOUEVQOVY Unxavnudtwy. Mia
Baolkr dlagopd LETAEU auTwv Twv duo Katnyoplwv eival 6Tt ot deltepol
XPNOLOTIOIOUV KAT’ AnMOKAELOTIKOTNTA UYPd kauaolua, Kupiwg Bevlivn kat me-
TPEAQLO.

Aev Ba rjtav duvatn n eEENEN TwWV BEPUIKWYV KIVNTHpWV, £AV dev Urrpxav
ot euaon uypd kalaolua.

Tnv ovouacia BepUIKEQ KIVITTHPLEG UNXAVEG ECWTEPLKNG kauong TV -
pav, onwg éxel 1on avapepbel ota nponyouueva, ard To yeyovog OTL To
epyalouevo peuatd Aappdvel Tn Bepikr) evépyela and BePUOSUVALKY Je-
TaBoA, Tou yivetat evtdg autou pe v kauon Tou uypoU Kauaijou.
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9.4.2. O¢gppikoi kUkAoil €pyou oTig M.E.K.

2TIQ OEPUKEG UNXAVEG E0WTEPIKNG kauoewg dev UMopouUle va WAGUE yia
Beppoduvapikoug kKUkAoug Tou epyalduevou peuatol al\d yia Bepuikolq
KUKAOUG €pyou pnxavig Kat yI' autd To AOyo OTIQ TETUNMEVES TWV BePO-
SUVapIK@V Slaypapudtwy avti Tou Bepuikol dykou [v = md/kg] undpxel o
dYKOG TouU MapAyETal and T MeTatdron Tou epupéAou [V = mi).

"Evag d\\og AGY0g yla Tov OTIolo OTIG UNXAvEQ ECWTEPIKAG Kauong ava-
PepopacTe 0e BePUIKOUG KUKAOUG €pYOU Kal OxL o€ Beproduvaukous Ku-
KAOUG, TIPOKUTTEL A ToV (D10 Tov 0pLod Tou BepoduvapikoU KUKAOU TOV
oroio unevBupiCoupe:

«Eva aéplo peuoTo diaypdpel éva 6eppoduvapiké KUkAo otav Eekiva-
€1 amnd TiIq ouverkeg evég onpeiou 1 kai diaypdgel évav KUkAo petapo-
AWV eMavePXOHPEVO OTIG APXIKEG CUVONRKEG>.

Mpdyuartt, énwg darotwvetal otn PEAETN Aettoupyiag MEK To peuatd
omv apxn anoteleltal and éva pelypa agpiwv, kauaiuou kat aépa, agou
Kael To kauoldo e To 0&uydvo Tou TapdyeTal oTov agpa, dnuioupyouvTtal
Kauoagpla (ouaia dlapopeTIK) amnd Tnv TEonyoUlevn) Kal apou auTtd eKTO-
vwOouv, Tlapdyouv €pyo, To oroio mapaiauBdvetal and ta Kivntd pépn
TOU KIvNTrea Kal arod{deTal he Hop®r| UNXavikoU €pYouU (TTEPLOTPEPOUEVOG
a€ovag). 21 ouvéxela autd eE€pxetal and Tov KvnTrApa kat avtikadiotarat
ME VEO Kauouo piypa. And ta mio ndvw ¢aivetal kabapd nwg o Hepuoduva-
MIKOG KUKAOG Tou Carnot dev uropel va epappootel wg KUKAOG avapopds
yla tn BeAtinon g anddoong Twv BEPUIKWV UNXAVWOV E0WTEPIKNG Kauong.

‘Evag erumA€ov AGYog yla Tov oroio dev propel va xpnotuoron0el o ku-
kAog autdg, eival 6Tt oTov KUkAo Tou Carnot urtdpxouv duo Tmyég Bepud-
™mtag oTabepriq Beppokpaaiag, uag UPnAng Kat ag XaunAng nieong. ZTig
MNXAVEG ECWTEPLKNG KaUoNg rapatnpeital Tt unopel va urndpxet pia povo
mnyn BepudtnTag orabepr|q Bepuokpaciag, n XaunAr, evw 1 meoopopd
BepudTnTag yivetal pe petaBalépevn n Beppokpaaia.

MNa to Adyo autd, yia tn PeAéTn kal Tn BeAtiwon Tng Aertoupyiag Twv
kivnmpewv MEK eluaote unoxpewuévol va opicoupe BepuIKoUG KUKAOUG
avapopdg.
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9.4.3. Oepuikdg KUkAog Otto

210 oxnua 9.4.3.a @aiveral Bepukdg KUKAOG €pyou avapopds yla Toug
4xpovoug Kivntipeg M.E.K.

OvopdZetal 4xpovog évag mallvdpopikog kivntpag MEK, o omoiog og 2
TIAN)PELG OTPOPES TOU AEOVA TOU €XEL Evav KUKAO UnxavikoU €pYOuU Kal 2Xpo-
vog, éTav og Jia mARPn otpodr} Tou AEovd Tou undpxel évag KUKAOG €pyou.

p
A O

dinmp 4@
[}
2

/ TTapayoueVo €pyo

o""'r/;oo,} ®
-
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@ <— &aywyn
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adlaBarikn
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QVTIoTEETTTA (P“C”];;:;SSVUJY"IQ

adlaBaTikn \ B @

ouptiean | .eee=eTT

@ egaywyn

Zxpa 9.4.3.a: Kikhog Otto
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Ma Tov 4xpovo MaAvdpoUIkd KIvnTAPa €vag KUKAOG avagopdg O€ OUVTE-
Taypéveg P-V kat T-S @aivetal oto oxrjpa 9.4.3.q.
2& aQuToV ToV KUKAO rapatnpeital Tt autodg arnoteleital and duo L.ooxw-
Peg Kat duo adlaBaTIkEG.
MeTapoAn 6-1: pdon elcaywyng katd tnv onoia urnaivel oTtov Kvntrpa
TO KQUOoWo Miypa (a€pag—kauaotuo)
MeTapoAn 1-2: ¢don Qg cuprnieong katd Tnv omoia To PEUCTO CUTTLE-
Cetal adlapatikd €wg To onueio 2
MeTtaBoAn 2-3: ¢pdon Tng kauong. Mapaywyr Bepudtntag and Tnv Kau-
on Tou piyparog. Eloaywyr) Bepudtnrag and To €wg Tz. Katd tn didpkela
Mg kauong o dYKoG Tou peuatoU Mapauével oTabepdg (kalon umd otabepd
4yKo)
Q1=C'(T5-To)
W=0
AS >0

MetapoAn 3-4: ¢don ektévwong. To peuatd mapdyet €pyo.
Q = O,We = -AU43,AS = 0

MetapoAn 4-5: pdon aubdpuntng eEaywyng katd Ty omoia To peuatd
rou Bploketal oe uPnAdTtepn Tiieon Py, Byaivel and pévo Tou oe éva Xwpo
Tou erukpatel xapnAdtepn nieon Ps kat pdAiota pe otabepd dyko.

Q= C\ (T4~ Ty)
AS <0

MetaBoAn 5-6: @don Qg BePlacuévng eEaywyng. To peuotd dev propel
ard pévo Tou va amopakpuveel kat autd yiveralr avaykalovtdag to va Byel
€KTOG TOU KIVNTrPQ, KATAVAAWVOVTAG €PYO.

O Bepukdg Babudg anddoong uag BepUkig UNxavig, TG omoiag to
epyalduevo peuatd, Bewpouuevo wg eviaio, akoAouBel TIq HETABOAEG TOU
TTo TIAvw KUKAoU €pyou Ba divetal amnd Tn oxéon

1

ng=1-
0 —
8K1

2x€on mou Ba anodetxBel MapakdTw, OTOU € N OXEOT CUMMIEONG TOU KIVNTH-
pa Kal K givat To mnAiko
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TV eBIKWY Beppottwy und otabepr| nieon kat otabepd Gyko.
AuTtr| opieTal wg To mnAlko

orou V4 eivat o oAikdg dykog Tou KuAivdpou kat Vo glval 0 dykog Tou
Baldpou kauong (vekpodg Xwpog)

ANZ eival To Avw Nekpd Znuelo, dnA. elval To avwTtepo onpelo Tou pro-
pel va pBdoel n ndvw empdvela Tou euBOAou pEoa oTov KUAWVSPO.

KNZ eivat To Katw Nekpd Znueio, dnA. eival To kKatwTepo onueio mou
uropel va epBdoel n mdvw erpdvela Tou epBOAOU U€aa oTov KUMVOPO.

V: elval 0 kKuBlopédg Tou KuAivdpou, elval dnA. o dykog rou dnuioupyettat
and mv kivnomn Tou eppoiou and 1o KNZ €wg to ANZ.

A ) oxéon
V1
8 = —
V2
TIPOKUTTTEL
V,+V Vv
—_2 =1+ —
V, 2

Kal anod autr mpokuTtTel 8Tt 0 OyKog Tou Balduou kalong

\Y
V, =——
2 g1
Znuelwvetat 0Tt 0 KUBLOUOG ag nalvdpopikig MEK de oupnepi\aupd-
vel Toug dykoug Twv Balduwy kavong.

O kUkAog ovoudotnke Otto Tipog Ty Tou Mepuavou unxavikou Otto, o
omnoiog uhomoinoe Tov TUTO autoU Tou Kivntipa and v Wea Twv ITahwv
Mnxavikwv Barsanti e Matteucci.
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9.4.4. Oepuikdg KUKAOG Epyou Diesel

270 oxua 9.4.4.a ¢aivovtal ot Beppikol KUKAOL avagopdqg yla Toug 4xpo-
voug Kivntrpeg Diesel.
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5 ®
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3 ®
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Q
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» s
Zxipa 9.4.4.a

napatnpouue o autd.

MeTapoAn 6-1: ¢don eloaywyng. Méoa otov KUAVOPO elodyeTal aépag.
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MetapoAn 1-2: pdon cupurieong. To a€plo peuotd (aépag) cuurECeTal
adlapatikd kat eOdvel oTI ouverikeg Tou onueiou 2. H Bepuokpacia tou
aépa T, 010 TENOG TNG ouprieong €xel au&nBel (\dyw ouprnieong). MNpog To
TENOG TNG ouprnieong kat mpv To §uBoAo PBdoel oto ANZ yivetal ) éyxuon
Tou meTpeAaiou. Auté avautyvUeTal e Tov UrtdpxovTa agépa Kat oe TePIBAA-
\ov Beppokpaciag peyalitepo Tou onueiou avapAeEng, autd avapAgyeTal.

MetaBoAn 2-3: ¢don g kavong. To dnUoUPYOUEVO KAUOIUO Miyua,
Onwg avapgpbnke oty Tponyoulevn GAoT, avapAEyeTal Kal Kalyetat pe
otabepn) riieon mpoadlopifovTal oTo peuoTtd. OepIKN evépyela Q.

MetapoAn 3-4: ¢don adlaBatikig ektévwong. To peuoTd Kat 1 Beppo-
OUVAIKY auTr] HeTaBoAr] apdyouv €pyo, To omnoio mapaAapBdvel 0 unxa-
VIOUOG eUBOAOU-OLWOTAPA, METAPEPOVTAG TO WG UNXAVIKO €pYO €KTOG TOU
Kivntipa (otov d&ova).

MeTapoAn 4-5: pdon g aubdpuntng e€aywyng. To peuotd eE€pxeTal
ard To KnTrpa aubdpunta (xwpig Bor|eta) umd otabepd dyko, Adyw Tng
dla@opdq Tng mieong Tou KUAIVOPOU Kal Tou TIEPBAANOVTOG.

MeTaBoAn 5-6: ¢pdon g BePlaopévng eEaywynq. Ze autrv v repimTw-
on 1o peuaTd eE€pyetal amnd Tov KUAVOPO ue Tn Boribela g kivnong tou
eUBOAou Tipog To ANZ.

O Bepukdg Babudg anddoong ag BePUIKNG MNXavhg, Tng omnoiag to
epyalduevo peuatd, BewpPoUpeVo WG IBAVIKG, aKoAOUBEL TIG UETABOAEG TOU
TLo KUKAOU €pyou Ba divetal and tn oxéon:

1 -1

dmou: € 1 ox€amn ouprieong
T’ 10 TAiKO TWV BEPUOKPATLWY

T

T,

K elval To TnAko Twv edIKWY BEPUOTATWV

H o ndvw ox€on 6a anodetxbel ota endpueva.
O kUkAog autdg ovoudletal Diesel mpog Tiuriv Tou Meppavol pnxavikou



OEPMIKES KINHTHPIEZ MHXANES 223

Rudolf Diesel, omoilog kataokeUaoe yUpw ota 1893 éva Bepuikd Kivntripa,
Tou oroiou To epyalduevo peuotd akoAoubouoe auTtdv To BepUKO KUKAO
€PYOu.

9.4.5. MIKTOG OepHIKOG KUKAOG €pyou

H e€8MEN Twv unxavwv Diesel 0driynoe va epydlovral auTéq e heyalUTepo
aplBud oTpopwv Aettoupyiag. Ma tn BeAtiwon TG anddoong autwv Twv
KvnTApwv mpotddnke and to MAAo pnxaviké Sabathe o mio kdtw Bepuikdg
KUKAOG €pyou TtaAwvdpouikiic MEK, arr’démnou mripe kat to évoud Tou.

p
[ata]
60
50
40
30
20
10

4
0 1

o 02 04 06 08 10
v [m3/kg]

K] p;=1ata

3000 T1=318K
p=8

2400
1800
1200

600f 2

0 01 02 03 042
s [kcal/kgK]

Ixnpa 9.4.4.B: KukAog €pyou Sabathe
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O KUKAOG auTtdg ouumep\auBAvel Kat Toug duo TiponyoUevoug Bepl-
KoUG KUKAOUG.

2e autdv napatnpeoupe 4TL n ¢Aon TG Kavong yivetal katd éva uépog
umd otabepd dyko (UeTaBoAr| 2-3) kat pépog umd aTabepr) Tiieomn (UETABOAN
3-3).

O Babudg anddoong divetal and Tn oxeon

Q,-Q
Ny =——=

Q

orou: Q4 Bgppdmra nou pnaivet Adyw Tng kauong

Q, BepudTnTa nou anoBAretal ato nepBAAAOV

Q= Qyv-Qp =Cy(T3-To)+ Cyp (T3 —Ty)
Qo -Cy (T4-Ty)

QVTIKABIOTWVTAG EXOULE:

C, (T ~To)+C; —(T5-T)-C, (T, - T))
G, —(Ts_Tz)*'CE) —(T3 - Ty)

Ne =

dlaipoupe kat toug duo dpoug pe C,’, ondte Ba €xoupe:

C
To-To+ 2(Ty-Ty)-T,+T,

N C, T,-T+K (T3 -T3)-T, + T,
e = =
C _ "t _
T T, + 2(Ty—T,) T, -T, +K'(T; - Ty)
Cl
Bewpouvtal Ta mnAika BepUOKPATIWV:
T/
T= k T = _3
T2 T2

Kal ekppalovtal OAeg ol Bepuokpacieq oe ouvdptnon He Tn BepuoKpa-
ola Ty.

Mpoodioploudg g To: n peTaBoAr] 1-2 eival adiaBatikr] kat loxuel o vo-
HOG TNG adlaBartikig peTaBoArg P - VK = gtal. Epapudlovrag tn oxgon
auTn yia ta onpeia 1 kat 2 6a €xoupe

Py Vi =Py V"
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P -TK VKT =P, . T VK

BewpwvTag To PeuaTd W IBAVIKS LoXUEL N KATAOTATIKY| eElCwaon agplwv
P.V=R.T

epappoléyevn yla Ta onueia 1 kat 2 Ba €xoue:

Py-Vy=R-Ty kat Pp-Vo=R-Tp

KAl avTIKaBLoTWVTAG TTPOKUTTTEL

R Ty VKT = RT,V,

dev yivetal peydho AdBog, av Bewpriooupe, oTnv riepimrwon Twv Revdl-
VOKIVNTAPWY, OTL avTi va uraivel Kauolo piypa evidg autwy prnaivel aépag.
2uvenwg To K givat To mnAKo Twv eOIKWV BEPUOTYTWY TOU a€pal.

K=Se
C,
Me tnv undébeomn autr n ox€on yiveta:
T1 VK_1 =T2V2K_‘I
Vi \
T, =T, # :T1(V_1J
2 2
Kal eMewdn
e
V2
T, =T,
Mpoadloplopdg Ts and tn ox€on
L
T2
T3=T-T2=T-T1-EK_1
Mpoodloploudg T3™ and ) ox€on
T = E
T,

npokUrTeL 6t Tg =17 - Tg=1-1 - Ty - E&!
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Mpoodiopioudg T4 H petaBolr 34 esival adlapatiki kat epyalduevol
Onwg Tponyoupeva Ba €xoupe
P3’ B V3’: P4 . v4
Pg" - Vg Vg =T =Py Vg Vg K
R Ty - VgK—T =Ry Ty VK-
Tg - Vg =T =T, VK-
K'-1
[ V,3 ! V,3
T, :T3W:T3[—]
4

AvtikabioTtwvtag Tig Bepupokpacieq Ty, Ta, T3" Kat T4 ot ox€on (A) kat
KAvovTag TIq MPAEELG TPOKUTTTEL
1 T-TK-1
e T-1+K'T(T'-1)

otnv Teleutaia ox€on naparnpeital 4t yla

T=10n\
TI
T = 3 _ 1
Ty
Tsl = Ta

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 KUukAou Otto yla
T=1

T3 = T, OnA. n kauon yivetat untd otabepn mieon (kUkAog Diesel)
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2’ autrv Tnv nepimtwon Ba eival

LT'(K—‘I)

= 1— —
o e Kk(T'-1)

anddelén tou Babuou anddoong evég Kivntpa Diesel

9.4.6. ZUyKpION TWV BeppIKWV KUKAwV €pyou Otto kai Diesel

2uykplvovtag Toug Bepuikolg Babuoug anddoong Twv BEPUIKWY KUKAWY
Otto kat Diesel, mapatnpoupe 6Tl 0 Bepuikdg kKUKAOG €pyou Otto €xel KaAU-
TePO Babud anddoong and Tov avtiotolko Diesel mou onuaivet 6Tt pia pn-
xavrj, omv oroia To epyalduevo peuatd epydleTal oUUPWVA UE TOV KUKAO
Otto oTiq (dleq oplakéQ TIEG TOU KUKAOU, €xel kaAUTepo Babud anddoong.

Mpdyuartt To MnAiko
T'(k-1) gy
K'(T'-1)

KAl OUVETIWG 0 BepIkdg Babudg anddoaong tou Diesel eival pikpdTtepog
Tou Otto.

2710 (S10 anoTté\eoua Katakryoue, edv Bewprjooupe TOUG BePKOUG KU-
kAoug Diesel kat Otto dtt amotehouvtal arnd MoANOUC OTOLXEIWIELS KUKAOUG.

p
A Alo@opd TTapayouevou

p
MNa idio / €pyou KUkAou diesel
A e %// Py
oupTTiEONG /¢ KivntApag diesel

Al0popd TTapaydpEVOU Mupn)\ﬁg oupTrieong
£€pyou KUkAou Otto

SN

N

N
NN

NN

7
Y Kivnmpag Otto
/ KUKAOG ‘ﬁ//> ’ :
///// diesel / //// XaunAig oupTrieang
<
» v » v

Zxrjpa 9.4.6.a: ZUykpton kivntrjpwv Otto kat Diesel

Zta o ndvw dlaypdupata napartnpoupe 6Tl o KUkAog Otto anoteleital and
OTOLXELWDELG KUKAOUG, TIou €Xouv OAoL TNV dla ax€on ouprieong €. AvtiBe-
Tq, ekelvog Tou Diesel arnoteleital and oToixelwdelg KUKAOUG, TWV OTolwv N
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OX€0M NG CUMMieEoNg oUvEXWS MIKPAIVEL, e OUVETELD AUTOG va "XEL JIKPO-
TePO Babuod andédoong.

Ouwg, kdtw and oplopeveg ouvlnkeg Aettoupyiag Tou epyadduevou
peuaToU otoug NaAvdpouikoug kivmpeg Diesel, autol propouv va €xouv
KaAUTePO Babud anddoong.

210 oXNHa 9.4.6.8 n Ypa@Ikr) mapdotacn Tou Beppikol Baduou anddo-
ong evég KvnPa, Tou oroiou To epyalduevo peuotd Tou Bewpeital 1davi-
KO, dlaypdgel éva Beplikd KUKAo Tou €pyou Otto.

1.0
Tid
0,8

1
w=1L

k=140
k=133

0,6

0,4

To1-=
o
0,2

0 5 10 15 20 7 25

ZxQpa 9.4.6.8

Mia mapatripnon nou MPOoKUTTTEL and To napandvw oxnua eivat ot yla
™ BeAtiwon wag térolag unxavrig Otto, de ouupépel and éva onpeio kat
META va au&nooupe Tn ox€on ouprieong, ylati To k€pdog ato Babud anddo-
ong eivat HIkpd Kal PAALoTa yia oAU peydAa € Teivel oto Undev.

BéBata oto pdbnua twv MEK 8a darmotwBel dt1 évag dA\og Adyog mou
anayopeUel TNV av&non tou €, eival n dnuioupyia avwpdAwy Kaloewv (nwg
KPOUCTIKN)), e amOoTEAEOMA va epLopileTal TO € o€ TIUEG HEXPL Kat 11. AKS-
Ma, autog dev uropel va dpel oAU IKPEG TIWES Kal HdAloTa OXtL KATw Tou
6. H avatepn Ty Tou Tou € (dnA. To 11) anotelel éva 6plo otnv eEENEN Tou
BevQvokivnpa. TeAkA n ox€on ouprecewg mneplopitetar 6<e<11 kat o
Babudédg anddoong oe avtioTtolxa épla.

Ma Toug KvNTAPEG ToU TO €PYAlOUEVO PEUOTO aKOAOUBel TOV KUKAO
Diesel, 1oxUel To MpwTo PEPOG TwV o TTAvw, dev LoXUel Ouwg To delTtepo,
J14T1L dev UTIAPXOUV KPOUOTIKEG KAUOELg, OUVETIWG TO € auEdveTal anepldpl-
oTa He HOvo eumddio v rieon. Autd onpuaivel 6tt XpelalduaoTte aveeKTIKO-
TEPO KIVNTAPQA, e MEPLOTOTEPO BAPOG K.ATL.
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2TOUG KIvNTrpeg autoug To € HeTaBdaletal and 13 §wg 22.
Ta napandvw anoteAéouara gaivovrat oto oxnua 9.4.6.y

:“ 70 | —>
E Bev{IvoKIVNTAPEG: (e
65 | ! (kxivnTripeg avagAetng, sa‘oa
! We oupTrieon) E . Y\O\‘}\oc’
1 ' ' \
! : i
60 ' @(J\Oc’d
: © - ¥
b O :
%L‘ 55 | : SQP :
I} v H
8 ! :
E 50 i
o ' H
w ! 1
ey 1
2 45 : . .
§ — i (kivnTrpEg avagAegng
3 : < JE oupTTieon) >
S 40 -
[}
S
m
35 ] | | | | | | |

4 6 8 10 12 14 16 18 20 22
Babuog cupTrieong

Zxpa 9.4.6y

Ané 1o dldypaupa Tou OXAUATOg ouprepaivoupe OTL OTOUG KIVNTAPEQ
véag texvoAoyiag Diesel (moAuotpopoug) eivat duvatdv, av n oxEan Cupri-
eong elvat uPnAn, o Babudg anddoong va eival peyalutepog and éva Bev-
QokwvnTipa.

210 OXNHa 9.4.6.0 paivovtal KaBapd Ta CUPMEPACHATA TTOU TPOKUTTTOUV
ard Ta dlaypduuata Tou oxuatog 9.4.6y.
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v Mo id1o \ — Ala@opd TrapayouEvou
/ £pyou KUkAou diesel
A Babus %/‘ py
A % Kivntipag diesel
¢, Alagopd mapayduevou / %/,meg oupTiEang
/?/ £pyou KUkhou Otto / %
/ KUKAOG é Aﬁ//> Kivnmipag Otto
AR} i
///// diesel C /// XAUNANG oupTrieang
/)
////
» v > v

Zxpa 9.4.6.3: Zuykpton Kivntrpwv Otto, Diesel.
9.4.7. Oepuikoi KUKMol €pyou Brayton R Joule

H eEENEN Twv MEK 0drjynoe otnv Kataokeun Kvntrpwv, 0nwg ekeivav Tou
¢@aivovtal oto oxfjua 9.4.7.a

aepogupTiEeTS ATTAITOUPEVO €PYO YVIQ TNV AEPIOCTPORIAOG

Kivnon TOu GUUTTIECTA £Eaywyr BEpUOY

aépag —» F Kauoagpiwv
- Q » épyo
\ /
— kauaon
Kauol or(: \ 7
! quJr]Ar’] TTieon

Zxpa 9.4.7.a: Kwntipag kukAou Brayton 1 Joule

AuTr| anoteAeital and wa epyounxavr, (aepoouprnieoTy]), o omolog ou-
Hrédel kat mapéxel peydn moodtnTa agpa oTov KauoTtripa, Orou To Kauol-
po avauyvUetatl pe O, Tou agpa Kal kafyetal, oTn ouvéxela Ta Bepud Kau-
cagpta odnyouvtal o€ Jia BePUIKN KivnTApLla unxavr (aepoatpdBio), drou
epyaletal mapdyovtag €pyo, nou napalaudvel o dEovag g Toupprivag.

O BewpnTIkdG BepIKOG KUKAOG Epyou e ouvteTayueves P,V kat T,S piag
Térolag unxaviig gaivetal oto oxrjua 9.4.7.B.
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el

q
A B ' [ _TEPIOXT TIapayGpevou €pyou

% %y
& AN
0%04/4—9 )OI’(U 6)%0
NN o Ny
?
A ! A
>t
! r
A UWNANG THiEONG TTAPEXOUEVN
SN
XOUNAAG TTieang atroBaAAopevn
A
B A H

A
y

Zxrjpa 9.4.7.6: Aidypappa kikAou €pyou Brayton 1 Joule

O Bewpntikdg Babuédg anddoong autou Tou KUKAOU, Tou ovouddeTal
Brayton 1] Joule divetal and tov tUmo

K-1
Ny :1—T—°:1— P—A

orou k = Cp/Cy

OL unxavég autou Tou TUMOU XPNOIUOTOIOUVTAL Yia OTABEPES ePapIo-
YE€Q (TL.X. eYKaTaoTAoELG Tapaywyng NAEKTPIKNAG EVEPYELAG) O€ TEPUTTWOELG
QXHNG.

Mapampeital 611 peydho nmoagd and to napayduevo §pyo Tou epyaldpe-
Vou peuatoU, anoppoddral yla Tn Aettoupyia Tou ouprieoTr] (= 60%).

AvtiBeta, onwg mpoavagEpauE, N avrioTtolxn KNxavy oTov KUKAO Tou
Rankine og pia Beppikr| eykatdotaon eEwTepIkng kauong anoppodd =1%
Tou napayduevou €pyou. ' autd 1o Adyo, n eEENEN TWV BEPUIKWV UNXavwv
€ylve e Tautdxpovn au&non tou Baduol anddoong TwV AgPOCUUTIETTWV.
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Erniong mapatnpoupe étt 0 Bepuikdg Babudg anddoong autng g Bep-
MIKAG eykatdotaong e&aptdral and Tiq oplakéq Beppokpacieq Ta kat Tg,
ouvenwg, 6a urnopoucape va mouue 6tl, oo peyalutepn eival n Tg, 1600
KaAUTePOG Ba "vat kal 0 Badudg anddoong Tng Bepuokpaciag ou onuaivel
otL, 600 uYnAdTepn eival n Bepuokpacia Twv kauoagpinv, 1600 HEYAAUTEPO
Babuo andédoong Ba ’xel n eykatdotaon. Autd neplopidetal and To yeyovog
61l Ta pétal\a and Ta onoia karackeudlovtal agplooTPORIAOL, TIPETEL va
avtéxouv o€ UeYAAeq Beppokpaaieq e HeEYAAo KOOTOG Mapaywyrg apevadg,
Kal apetépou, dtav 1 Bepuokpacia Eemepvd oplopéva dpla, Téte OTa Kau-
cagpla eppaviletal To pavopevo g d1domaong, e anoTéAeoa T pelwon
Tou BeppikoU Babuou anddoong.

9.4.8 AepiooTpopfirol yia Tnv Kivnon agpomAdvwv (Turbo-Jet)

H epappoyn Tou Bewpntikol BeppikoU KUkAou Brayton-Joule odrynoe atnv
KATaokeur BEPUIKWY KvnTApWY, Onwg paivetal oto oxriua 9.4.8.a

(-aspocupmsmr']g

€i0000¢g —m eEEPXOMEVA KOUOOEPIA

aépa  —> [}// —> ueYAAng TaxuTnTog

/

kauaiyo

L agpooTpORINOG
uWwnAn Trieon

ZxAua 9.4.8.a: Kwntipag Turbo-Jet

2’ QuTrh T MNXavr yla mv kivnon Tou agpom\dvou XPnOoLUOTIoLETaL )
KIVNTIKA eVEPYELA TWV kKauaaepiwv, Tou eEEpyovTal and Tov KauoTrpa.

O aeplootpoBlog Tou Undpyel, dEXETAL €va UEPOG TOU TaPayOUEVOU
€pyou amnd To epyalduevo PEUOTO, YIa va KIVIJOEL TOV AEOVIKO AQEPLOTUTTIE-
oTN, 0 onoiog anoppPoPd kat cuurECeL Tov agpa oto BAAao Kauong, drou
Kalyetal To Kauollo, TIoU OTn OUVEXELA TA KAUOAEPLO EKTOVOUMEVA aro-
KTOUV peydheg TaxUTnTeg Kal eEgpxoueva and Tn Bepkn unxavy wbouv 1o
agpPOTAAvo.
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9.4.9 Oepuikég unxavég kukAou Brayton-Joule Xwpig agpooupmeoTn Kai
aepooTpofiro (Ramjet)

Mia Tétola Bgppikr| unxavr eaivetal oto oxrjua 9.4.9.a

= .
gioodog > lé —> egepxdpeva
aépa___ —> S — KAUOGEQID

Kaucoiyo
ZxAua 9.4.9.a: Kwntipag Ramjet

2’ autrijv 0 aépag eloEPXETAL e EYAAN TaxUTnTa oTov KauoTnpa, Omou
KatyOuevo To Kauoluo dnuloupyel kauoagpla, Ta omoia eKTovouueva arno-
KTOUV aKOuN peyalutepn Taxutnta kat eEepxopeva mpowbolv Ta agpomAd-
va.

Elval mpo@avég 4Tt yia va Aeltoupyrjoouv auToi ol Kivntripeg, Ba mpérel
11On To agPOMAAVO va Kivetal pe peyan taxutnta.

9.4.10. Auvdpeig wénong
Ma va Bpeboulv ol duvdpelg wbnong, mou divouv Ta Kauoagpla aTo KIVoUE-
VO Oxnua Katd tnv €£0d6 Toug and auto, Ba ePAPHOOTEl O TIPWTOG VOUOG
™G BepOdUVAUIKAG 0€ avolKTd cuoTuatad, Onwg propouv va Bewpnbouv
OL TTPONYOUEVES BEPUIKEG UNXAVEG.

‘Exoupe:

Q = Ah + Wi + AEc + AE + AEq

21 ox€on autn eivat:

¢ Q =0, ylati Bewpoupe To avolkTd cUOTNUA WG adlaBaTtikd

& W, =0, Bewpwvtag OtL n unxavr dev €xel Kivoupeva pépn (Ramjet)

¢ AE = 0, Bewpwvtag OTL Ta GUYOKEVTPIKA Tedia TNG YNg €XOUV IKPN
avtidpaon ota agpla peuotd.

Téte n ox€on yiverat:



234 EIZArQrH sTH MHXANOAOTIA

V2
Ah+A—-AE =0
2
AuTr| YpdoeTtal
AV?
Cp AT+——=0

Tou onuaivel 6tL n dlapopd Bepuokpaciag ermpeddel v TaxUuTnTa TWV
Kauoagpiwv.
And v AMN\n pepLd pe TV epappoyn Tou vopou tou Newton toxuel N

oxéon:
Frt=A(m-V)

Kat

A(m-V)
t

=A(m-V)

2uvenwg n duvaun G eivat avdloyn

Fa= (JTa&:pxouévmv kauoagpiwv J TElGEp)(OMéVOU aépa )

Tehikd, 600 peyalutepn eival ) dlagopd Tng evbahriag, Téoo YeyalUTe-
PN elvatn wOnoN g BepUKNG UNXavng.

9.4.11 OeppiKoi KIVNTHPEG Kivnong mupavAwv
210 oxnua 9.4.11.q, aivetat oe anAr} poper| pia dlata&n kivnong nupau-

Awv.
XWPOG Kauong

z

A

—> efaywyn
/I 4 :‘EE' —) KAUOQEPIWV
( % 7

& 2
"'Illll/////l///

ZxAua 9.4.11.a: Kivntipag mupauviou
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o—i—e
Z
2YNTOMH MNEPIAHWH 9ou KE®AAAIOY
Z
e O BepuIKEQ Unxavég OTIQ omoieq To epyaldUeEVO PEUOTO
AauBdvel Tn BepudTnTa e METABOAEG KTOGQ AUTOU, OVOUA-
Covtal BepUIKEG KIVITNPLEG UNXAVEQ EEWTEPIKAG Kauong. AvtiBeta, ekel-
VeQ OTIG omoieg To epyalduevo peuoatd AauBdvel ) BepudtnTa evrog
autou, ovopdlovtal BEpUIKEG UNXAVES ETWTEPIKNG Kauaong.

e Tovepd unopel va uttdpyel o€ TPEIG OLIAPOPETIKEG KATAOTATELG, OTEPEQ,
uypr kat aépla, avaloya e Ti§ ouvenrkeg Bepuokpaaciag kal iieong mou
Bploketal.

® EkTdG TwV KATaoTdoewv autwv elval AoylKO va Umdpxouv CUVONKEQ
nieong kat Bepuokpaaciag mou 1o vepd BpiokeTal oe eviIAUETES KaATA-
otdoelg, énwg m.X. ouvinapéng vepou — atuou, éyou — vepou, Ttdyou
- atpou.

e H petdBaon and tn wa kardotaon otnv AAn ovopdletal ahkayr ¢a-
ong.

e Eival katavontd 61, edv BENoUE va BEATIOOOUWE AKOUN MEPLOOATEPO
™ BepUIKN eykatdoTtaoT, 6a npénel va au&rjooupe To euBaddv Tou Bep-

poduvapikoU KUkAou Tou Rankine, wote va mAnoldoet akoun meplood-
TEPO TO ePPadOV Tou KUKAou Tou Carnot.

Auté unopel va yivel pe didgpopoug TPdous Onwg:

¢ Me nmoAam\ég avabepudvoelg

¢ Me anopaoTeUoelg Jag 1 MEPLOCOTEPWV

¢ Me nv avgnon g nieong Aettoupyiag Tng BePUIKAG pINXaAVNQ

¢ Me T pelwon g mieong kat Mg Bepuokpaciag otnv €€0d0 Qg

Beppuikng pnxavng

Me xprion eykataotdoewv eEOIKOVOUNONG EVEPYELAG

Me xprioelq EBIKWV EYKATAOTACEWY

¢ Havaykn mg eEENENG TV UNXavwv eEWTEPIKNG Kauong rpogpxotav
and To peYAAo OYKO Kal BAPp0og Twv BEPUIKWY QUTWV EYKATAOTACEWV
Kabwg emiong kat Tou HeYAAou aplBpoU Twv MEPIKAEIOUEVWY Bonon-
TIKWV unxavnudtwv. Autd eixe oav anotéAEoa TOV MEPLOPLOUS TWV
EQAPMOYWV OTIG METAPOPES ENPAg Kat agpog. ‘ETal eEghixbnkav ol
BEPUIKEG KIVITNPLEG UNXAVEG ECWTEPLKNG KAUONG

* o
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Ovopdletal 4xpovog évag aMvdpouikég kivntripag MEK, o omolog oe
2 MANpELg OTPOPEG Tou AEovdA Tou €xel €vav KUKAO pnxavikou épyou
Kal 2xpovog, Otav og a MApn otpo@r) Tou Aovd Tou Umldpxel vag
KUKAOG €pYou.

Zuykplvovtag toug Bepuikols Babuolg amddoong Twv BePUIKWV KU-
kAwv Otto kai Diesel, mapatnpouUue ot 0 Bepukdg kKUKAOG €pyou Otto
€xel KakuTtepo Babud anddoong and Tov avriototyo Diesel mou onpaivel
611 a pnxavry, otv oroia to gpyalduevo peuatd epydletal cUPPwva
pe Tov KUKAO Otto oTiq (Bleg oplakég TIUEG TOU KUKAOU, €Xel KAAUTEPO
Babud anddoong.

O Bepukodg Babudg anddoong Tou Diesel eivat pikpdtepog Tou Otto.



KEdAAAIO 4]

ANTAIEZ - ZYMMNIEZTEZ

10.1  Avrhieg
10.2 ZupmeoTEQ
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© .
EmdiwKOpevol OTOYXOL!:

Na diveTe Tov 0pIoS TWV AVTAWY
Na ava@gpeTe TIG KATNYOPI(ES TWV AVTALOV

Na avapépete Ta HEYEDN Ta omoia xapaktnEilouv TIG avtAieg

[ N £ R 5 R £

Na avagpépete Toug mapdyovteg ol omolol emneedlouv TNV AVTANTIKA
KKAVOTNTA TWV QVTALWV.

[

Na divete Tov 0pLOUS TWV CUUTIECTWV.

M Na QAVaPEPETE TIG KATNYOPIEG TWV CUUTILECTWV.

10.1. ANTAIEZ
10.1.1. Eicaywyn

O atéppwv koxAiag mou eival yvwotdg kat wg udpdpda 1) €Aka, eival a
arod TIg apXadtepeg avtANTIkEG pnxavég. Aladdonke oAl ypriyopa, T6o0
0TO XWPOo OC0 KAl OTO XPOVO.

‘Ewg onuepa xpnoluoroleital oe xwpeg Qg Aociag. (Ipdk-lpdv-Taki-
otdv-ApaBia kat dAAeg). Elval BéRaio dha ta 1oTtopikd otolxeia To avagps-
pOUV OTL AuTd TO PN)XAvnua To avakdAuye o Apxiundng (287-212 .X.).

”... 01 08 GVEPWTOL apAEHLOVY OV TV TEPIOYH 1AL TIVOS UHYAVHG, TV OTOLAY EXEVO-
naev uev o Apyimnons o Zopakodalog, 0VoualeTol o€ ek T00 TYNHoToS KoyAlog... ”
Ayabapxidng o Kndiog (180-116 r.X.).

BA€moupe Kkat edw TN peydAn oupBoAr) Tou eAAnvikoU otolxeiou otny Te-
xvohoyia. H mpwtn, Aowrdv, avtAia, mptv and 2.300 xpdvia, fitav EANANVIKY.



240 EIZArQrH sTH MHXANOAOTIA

ZxAua 10.1: O koxAlag 1 éAika Tou ApXiundn, unxaviouogs yia tmv dviAnon vepod.

Ixipa 10.2: Texvikd XQpakTnELOTIKA YL TNV KATAOKEUN ToU KoxAlQ.
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10.1.2. Baoikég €vvoieq

AvtAieg ovopdlovtal Ta unxaviuata pe ta orola eivat duvatd va petapgpou-
e pia oodTnTa UypoU amnd JUia UPOUETPIKY) oTdBun ae dAAn, ou Bploketal
uPnAdtepa, 1) and éva Xwpeo XaunAng rnieong oe dAANo uPnAnq riieong.

Ot avtAieg dev eival KivntApleg UNXaveg, aAd epyounxaveg, eival on-
Aadr} BepUIkEG UNXaAVEG, oL oTtoleq KATAVAAOKOUV UNXaviko €pyo Kal apd-
YOUV KIVNTIKY| Y] SUVAIKN eVEPYELQ.

10.1.3 Katnyopieg avrAiwv

Ot avtAieg dlalpouvtal kKupiwg oe dUo Katnyopleg:

Q) 2TIq PUYOKeVTPEG avTAieg Kal

B) oTiq avtAieq ektomong

211G pUYOKeVTPESG QVTAieg n evépyela TPoadideTal 0To uypd e TNV Te-
PLOTPOGPN TNG TTEPWTAG. H mrepwTh KABWQ MePLoTPEPETAL TIAPACTUPEL e
Ta TTePUYLA TG Kat To Uuypd o eplotpo®r. Auté Adyw NG PUYOKEVTPNG
duvaung, wbeital otnv MepLPEPeLa, TIapaAapBaveTal and To CTIUPOEIDES KE-
AUQOG Kal odnyeital ot CwAvVwaon KatddAyng.

Zxpa 10.3: Kupia uépn puyokevtpng aviAlag

1. Otepwtn, 2. Znelpoeldés kEAUPog, 3. Akovag kivnong, 4. Kdiuuua avappopnong
uypou, 5. Bdon, 6. ZturtelobAiltng, 7. PouAeudv, 8. KdAuuua poulAeudy, 9. Eicodog
uypod.
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2TI¢ avTAleg ektdmiong évag OAAauog MAnpwveTal ouvéxela and To uypd
Tou pdkettal va avtAnBel, To oroio méletal ouvriBwg and To Karolo Eupo-
Ao. Me autd 1o Tpodmno ektomietal and To 6AAaUO Kal odnyeltal oTn CwAY)-
VEWOT KatdbAng.

Ixipa 10.4: EuBoAropdpog xelpokivntn avtAia
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(@)

4 BaABida acpaAeiog
/

Bdhapog Bahapog avappoPnang
KaTabAIYng 3

5 yd
\ diokog B¢ong

AN

®B)

2
Kivntrpiog
agova
KoxA. Sovas
agovag

ZxAupa 10.5: a) Mpavalwt avtAia B) AvtAia ue koxAieg

JwAnvac avappdenong eival To TUARHa Tou owArjva, and to onueio napa-
AaBNG Tou uypou uéxpl TNV €i00dd Tou otnv avtAia.

2wAnvag katdbAwng eival To TuApa Tou owAiva, and To onueio eEddou
ToU uypoU amd tnv avtAia HEXPL To onuelo anoaToAig Tou.
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2wAnvoypauun eival To oUvoAo Twv CwANVwy, Uéoa and Toug omoioug
pgel To Uypo.

2uotnua dvrAnong eivat n didtagn Tou cwArva avappdenong, g avtAi-
ag, TOU OWArva KatdbAWng Kat Tou Kvntrpa.

AVTANTIKG ouykpdtnua eival éva aUvolo avtAlv (Jadl pe Tov Kvntripa),
Tou ouvepyddleTal yla Tnv AvtAnon Tou uypod.

10.1.4. XapakTnpioTika pey£dn avihiwv

Kdbe avtAla xapakmpiletal and oplopéva Baoikd eyéon, ta omoia tTnv
npoadlopiCouv. Autd eival Ta UYn ™G avtAiag, n mapoxr g, ot Babuoi
arnédoong Kat n .oxug mou anattelrat.

A. Yyn avrhiag

Q) 2TaTKO N YEWUETPIKO UPog avappdopnons (Hy), ovopddeTal ) Katako-
puen andotaon and Tnv ermepdvela Tou uypou g deEapeviig avappdepn-
ong MEXPL TO onpeio eloddou Tou uypou atnv avtAia. To UYog autd urnopel
va €XEL KAl QPVNTIKY TIUY), OTNV MEPITTWOT 1ou n avTAia eivat TomobeTnuévn
XaunAdtepa art’ Tn otddun Tou uypou.

B) 2TaTikO 1N YEWUETPIKO UYos§ katabAwng (Hy), ovopddetal n Katako-
puen ardotaon and 1o onueio e€6dou Tou UypoU ar’ Tnv avtAia, Ewg ™V
EMPAvELD TOU UYpoU oTtnv deEauevr) anobrkeuong.

Y) ZTaTKO 1} yewUETPIKS UYos (Hy) ovoudletal To dBpotoua Twv duo mpo-
nyouuevov udwy, eival dnAadn n andotacn arr’ Tn oTddun Tou uypou ot
deEauevr avappdPnong UEXPL TN oTtddun Tou uypou ot deEapevry anobn)-
KEUONG.

Ho = Hy + Hq

d) 'Yyog avtiotdoewyv (H,), eival To oUvoAO Twv avTioTAoewy, TIOU AmoTe-
AouUv eunddlo otnv kivnan tou uypou. AuTtég ol avtioTtdoelg opeilovral oe
TPREG, OTEVWOELSG, DIAPOPOUS OTPORINOUOUG, OTIC KAUMUAES TWV TWANVW-
ogwv, oTnv TapeUBoAr| dlapdpwv opydvwv 1 dlakortwy KA. ‘Etal €xou-
ME QVTIOTACELG ECWTEPIKEG TNG AVTAIQG Kal EEWTEPIKEG TWV CWANVWOEWV.
AuTég oL avtioTdoelg npénetl va AauBavovtat unéyn oTov UTTOAOYLOUO HIag
avTAiag.

€) OAkd uog (Ho) eival To dBpolopa Tou otatikou Uoug Kat Tou Uouq
Twv avtiotdoewv. Eivat dn\adn):
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Ho = H, + Hg = H, + Hy + Hq

ot) Mavouetpikd ugog avtAiag eivat To oAké Upog (Hg) av ar’ autd
apaIPETOUE TIQ EEWTEPIKEG AVTIOTATELG TWV CWANVWOEWV KATABAIYNG Kal
avappdenong, dnAadr) autwy Tou dnUIoUPYOUVTAL OTIG CWANVWOELS.

ATpooQaIpIKA

ZxAua 10.6: 'Yyn avtAiag

B. Napoxn

a) Oswpntkn napoxn (Qg) elvar o dykog Tou uypou, ou Ba €npere va
anodidetal otn povada Tou Xpovou, av dev UPXav ECWTEPIKEG 1} eEwTe-
PIKEQ JLAPPOEG.

B) Kavovikr mapoxri (Optimum) (Q,) eivat n anodidouevn mapoxr, étav n
avtAia epyddetal pe 1o pEyLoTo Badud anoddong mge.

Y) Mpayuatikn napoxn (Q) elvat 0 6ykog Tou uypou rou arnodidetal oTo
OWArva KatdbAwWng otn povada Tou XpoOvou, und OPLOMEVO UAVOUETPIKO
oyog Hp,.

0) Eowtepikn napoxn (Qg) elval o dykog uypou, mou diEpxeTal péoa anod
™V TrepwTn otn povdada Tou Xpdvou. Emouévwg, elvat To dBpoloua g
TIPAYMATIKNG TIAPOXNG KAL TWV ETWTEPIKWY dLAPPOWV:
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‘Omou Q5 eivat 0 dykog Twv eoWTEPIKWY dlappowv (to Qg eival oAU pi-
KPS og oUykplon e o Q).

. Anaitoupevn 100G

a) Eloepxoduevn 1oxug otov d&ova g avtAiag (Ng) elvat n woxug, mou
petapiBdderal otov d€ova avrAiag and Tov Kvntripea.

Av n eloepxOpevn LoXUG PETPLETAL OTNV TINYN TIOU TPOPOJOTE( TOV KIvn-
mpea, ToTE:

Ng = ne - Ng (1)

Nk = BaBudg anoddoewg Tou KvnPa.

B) Eowtepwkn| 1oxUg (Ng) eivat n ouvoAkr) loxuq nou petapidletat and
NV MTEPWTH 0TO UYPO TIapoxng Qg

Ne=Y-Qg-Heg + Nt (2

‘Orou N¢n anarroUpevn 1oy UG yla Ty uttepviknon Twv TELRWV HETAEU Tou
UypPoU Kal TG TTepWTNG, TTIOU eKINAWVETAL UTIO HOPPT] BEPUIKNG EVEPYELAG.

H eowteplkn oxUg eival {on pe v eloepxduevn oxU otov dgova Tng
avtAiag peiov v oxU Nmf, mou anarteital yla v unepviknom Twv Pnxavt-
KOV TPIRWV TNG avtAiag (tpiBelg, calaudoTtpa K.A.):

Ne = Ng - Nt 3)

y) Anodidduevn oxug (N) Tng avtAiag eival To yvouevo:

N=v-Q-Hykpm/s (4)

Y = e1d1kd Bdpog Tou uypou [kp/m3],
Q = npaypatikn apoxy [md/s],
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Hy = anodidduevo fi oAk UYog Tng avtAiag [m].
Av 1o e1BIKG BApog Tou uypou ekppaoctel oe N/m3, n 1oxUg divetal og
Nm/s 1) Watt (1 kp = 9,81 N).

Enedn 1 HP = 75 kp m/s = 0,736 KW n e&iowon (4) ypapetal:

YQHO s
N=———HP 5
= | (5)
N=MKW (8)
102

A. Babuog amoddéoewg

a) YOpauhikdg Babudg anoddoewg (ny) elvat o Adyog tou arnodidouévou
1} OAlkoU UYoug NG avtAiag Tpog To eowTePIKS UYOQ.

Ny =—>=—= (7)

B) OyKoUETPIKOG BaBudg anoddoewg (1) elval o Adyog g TPayUaTIKAG
TIAPOXNG P0G TNV ETWTEPIKNA TTAPOXT.

Q
== 8
Ny Q, (8)

Y) Mnxavikdg Babuédg anoddéoewqg (Nm) €ival 0 Adyog NG ECWTEPIKNAG
LoXU0G Tpog TNV eloepxduevn oxu otov dgova g avTtAiag:

& _ ch _ Nmf (9)

0) OANkAG Babuog anoddoewgq (n) eivat o Adyog Tng anodidouevng Loxu-
0g Tng avtAiag (N) mpog v eloepxduevn WoxU oTov d&ova tng avrAiag:
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WZN—G (10)

O oAikég Babudg anoddoewg mou ouvrBwg Kupaivetal HeETa&u 70% kat
90%, elvar To ywopevo Twv ent p€poug Babuwv anoddéoewg. Av Nf ~ 0, €xou-
HE:

N="Ny Ny Nm

Ané v e&iowon (10) untohoyiletal n LoxUg Tou Tipénel va petafiBddel o
Kntipag otov d&ova g avtAiag:
_N_vy-Q-H

NCl
n

kpm/s (11)

1 oUupwva e Tig eElowaelg (5) kat (6)

N, =Y SHopp (12)
75N
Kat
Y-Q-Hy
SRR AL 1Y
102N

Avtikabotwvtag to Ny and v e&lowon (1) Bpiokoupe v LOYXU TOU Ki-
vntpa:
_ Y- Q-H 0 KW

102-n-n,

K
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10.1.5. NapdyovTeg mou ennpedalouv Tnv avappoPnon Tng avriiag

H avtAia péoa oto 6dAaud g dnuoupyel éva kevd. Autd elval pia miieon
MIKPOTEPN amtd TNV ATHOOPALPLKY, TIOU emikpatel ouviiBwg otnv ermpdvela
TOU UypoU kat €xel wq anotéAeoua v kivnor tou, péoa otn ocwArvwon. H
lkavoTa plag avtAiag yia avappdenon e€aptdral arnd apketouq napdyo-
vTeg. Mepikoug and autoug avapEPOoUE MAPAKATW:
1) Ano v miieon mou erkpatel oTnv em@dvela Tou oG avappdPpnaon
uypou. ‘Ooo o pikper) eival autr), TOo0 Lo SUCKOAO elval To €py0 NG
avtAlag.

2) And Tnv nukvéTnTa Kat 1o 1§Wdeq Tou uypou. ‘Ooo o naxuppPeuoTo
elval autd, Téoo o dUoKoAa To avappoPd 1 avrAia.

3) Ané ) Bepuokpacia Tou uypoul. Eva Yuxpd uypd avappopdral Tio
eUKOAQ, oe ox€om pe éva Beppd.

4) Ano tig avtioTdoelg Twv CWANVWoewv. MeydAn SIAUETPOG CWANVWOE-
wv, Atydtepa dpyava, eubeiq owAnveg, Aelol 0To e0WTEPLKO TOUG elval
TIAPAYOVTEG TIOU LELVOUV TIG AVTIOTACELG.

5) H oteyavdmmra g 6Ang eykardotaong dleukoAUVeEL TNV avappopnon
TOU uypoU.

10.1.6. Kardra&n avrAiwv avaloya pe To €id0g Tou avrAoUpevou uypou

ANTAIEZ
Kaucipwv A AiravTikwv Motwv A TPOPipwV NepouU R piypdTwy
MeTpeAaiosidn Kpaoiwv [Méo1po vepd
(Bevgivn 1y knpodivn) Mmupag OaAaaacivo
Yypotroinuéva agpia IGAaKTOG ATTioviopévo
(puo. aépio) EAaiéAadou Aupdtwy
MnxavéAaia- AkdBapTwV
[pdooa

O
XnUIKWV

EutraBwv uypwv

AlaBpWTIKWY

AOMIKWYV UNIKWV A PTTETOV
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10.1.7. Kardra&n Twv avthiwv pe Bdon Tnv apxn Aeiroupyiag Toug.

ANTAIEZ
Auvopikég Mvevparikég OETIKAG HETATOTTIONG
DuyOKEVTPIKEG Aviywong pe aépa MaAivopopIKEG
AZoVIKAG PONG Eyxutipeg aépa MepioTpo@ikég
MeIkTg por|g MieoTikoU BaAdpou
2 UvOeTEG
o o
AvéAkuong Eyxutipeg
Mpdoyuong Tdipapia
Atéppovng aAuaidag

AVOIKTAG €AIKOG
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10.2. ZYMMNIEZTEX
1. Elcaywyn

2TIG TIPAKTIKEG EPAPMOYES TOOO OTN Blopnxavia 6oo Kat oTiq HovAdeG PeTA-
noinong, EMOKEUNG KAl GUVTAPNONG, XPNOomnoLeTal eupUTaTa O METIETUE-
vog agpag. Autdg amotelel wa "kabapn" Kivntrpla duvaun, n oroia sivat
QroBNKEUUEVN.

H omtoudatdtnTa Qg HeAETNG TWV UNXavNUATwy Ta onoia ouuriélouv Tov
atpooPalpikd agpa, gaivetal Eekdbapa and TIC EPAPUOYES, TIOU AvaPEPO-
VTAL TILO KATW:

21 Blounxavia o atpooPalplkdg agpag Kivel MA00G opNnTwV 1 kN ep-
yaAeiwv onwg agpdkielda, mpéoeg, dpdmnava, kappwtikd. ‘Exel, emiong,
ePAPUOYEG aTNV Kivnom ogpounxaviopwy. ZTa Aatopeia kat otnv odorotia
N kivnon Twv yewdpandvwv Kat TwV OPUPLDV YIVETAL PE TIETIIEOUEVO QEPQ.
H xprjon Tou éxel epapUoyEq Kal 08 pyaoTrpla 0OOVTOTEXVIKNG, laTpela
0J0VTIATPLKNAG, XNUIKA 1) MIKPORLOAOYIKA EpyacTrplaL.

2UuvepYela aUTOKIVATWY XPNOLUOTIOIOUV TIOAU TOV TIETIECEVO agpa yid
apKeTEG epyaoieg. Télog, peydha oxruata (Aew@opeia-poptnyd K.a.)
€Xouv ouoTruaTa Ednong Kat avapTtnong, Ta oroia XPenaotuomnolouV TovV Te-
TIETUEVO AEPQ, YA VA AELTOUPYHOOUV.

2. Fevikd

JUMMIEDTEG elval oL UNxaveg, e TIQ OToleg EMTUYXAVOUE TNV au&non g
nileong dapdpwv agpiwv. Autd yivetal, de TNV el0aywyr] JUag moodtnTag
agplou amnod pia mnyn XapnAnq riieong, T ournieon kat v anobrikeuor| Tou
Kal, TEAog, TNV e€aywyr] Tou oe JAPopeg MEPLOXES-OIKTUQ, YA VA XPNOLJO-
Ttotneel.

Ma va emuteuxBel n avgnon g nieong Tou agpiou, Ha mpénel va Poo-
dwooupe €pyo amd kdmola Kivntrpla pnxavr). Autd onuaivel 6Tt oL guprie-
0TéQ Katavahiokouv €pyo, YU autd kal KAAOUVTAL EPYOUNXAVEG.

H au&non g nieong tou agpiou pnopei va yivel pe duo tpdmoug:

® Me eAdTTWON TOU GYKOU TOU KAl

¢ Me augnon tng TaxutnTdg Tou

To xpnaloToloUUEVO AEPLO OTOUG CUUTIETTEG Urtopel va eivat atpoopal-
PIKOG agpag, orolodnmoTe ANO agplo 1| piypa agpiwv 1) akdun kat atudg.
2TIQ TEPLO0OTEPES EPAPMOYEQ YiveTal XPr)om TOU aTpocpalplkol agpa.
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‘Ooov agopd TIg JaPOoPES TWV CUUTTIECTWY, TIOU XENOLUorololy dlago-
PETIKA aépla, eival eNdxloteq 1600 WG TIPOG TN Aettoupyia Toug, 600 Kal wg
TIPOG TA KATAOKEUAOTIKA TOUG OTOLXE(Q.

211G endueveg evoTnNTeG Ba avaPePOUATTE OTOUG CUUTTIECTEG TTOU XPNOL-
HOTIOLOUV ATHOCPALPIKO A€PA (AEPOCUUTIEDTER).

3. Zroixeia atpooPaipikou agpa

Onwg eivat yvwotd, o atpoopalplkdg agpag anoteAeital and alwto (No)
78%, 0Euyovo (O) 21% kal dA\a guyevr agpla 1%.

Atpoogalplkry miieon ovoudloupe TNV USPOCTATIKY) THeaT, TOU AoKel N
atpdopapa oe kKABe avtikelpevo, mou Bpioketal péoa o’ autr). H atpoogat-
pLKn Tileon pelwvetal, 600 au&dvel To UPOUETPO TOU Onpeiou aTo omoio TN
HETPAME. AuTtr) LETPLETAL e TN BonBela Tou BapdueTpou Kal oL ovadeq ei-
vat:

kp/cm?2 1} mbar i} Nt/m2 ; mmHg

H atuoogalpikn miieon sivat 760mmHg 1} 1,033 kp/cm?2, étav petpnBel
omv emedvela g 6dhacoag. Aut n povdda ovopdletal QUOIKY ATUO
opaipa (1 Atm). ZTIQ TPAKTIKEG EPAPOYEG XPNOLIOTIOIOUME TNV TEXVIKNA
atpdéopaipa 1 at.

® >¥€0elg TwV PovAadwy Tiieang

1 Atm = 760mmHg = 1,033 kp/cm?

1 bar = 10 N/cm?

1 Atm = 1,0132 bar

4. Katnyopieg aEpOCUMTTIECTWV

Onwg nmpoavapgpape, oL CUPTIETTES dlakpivovtal og ekeivoug, oL omoiol
EMITUYXAVOUV TNV au&nom Tng nieong pe eAdTTwon Tou OyKou Tou agpiou
Kal og ekelvoug, oL omoloL TNV eMITUYXAVOUV Ue TNV au&non tng Taxutrtdag
TOU.

O mpwTol KAAOUVTAL CUUTIEOTEG EKTOTILONG KAl OL SEUTEPOL (PUYOKEVTPL-
Kol.

O1 pev ouprnieoTég ektériong dlakpivovral oe:

¢ EuBolopdpoug, TaAlvOPOouIKoUG

® [leploTPOPIKOUG
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O1 d¢ QuUYOKeVTpPIKO( OE:

® afovikoUg Kal KTIVIKNG POT|G

5. Z1a4d10 oupmieong (moAAamAn cupTtieon)

Ze TIEPUTTWOELG TIOU anatrouvTal UPnAEQ TIEoeLg agpiwv, XPNOLoTIoloUE
N AeyOpevn TOAAMAY cuprieon pe evoldueon YUEN Tou agpa. AuTr) eMITUY-
xdvetal pe ouprnieon Tou agpiou oe dLadoXIKOUG KAl 08 Oelpd OUVIEUEVOUG
OUMTIEOTEG.

H eloaywyr) Tou evog cuurieotn eivat n eEaywyn ToU POTNYOUEVOU e
v napepBoAr ouotruarog YUEng. H Yugn emtuyxdvetal eite e vepo eite
e agpa.

210 oxrua 10.7 naplotdveral €vag MaMvOPOUIKOG CUMMETTS duo OTa-
dlwv pe evdldueon YUen.

——NNN\\—€— pien vepou
NN

Evdidueoog wukTng

P2= P3

MpwTn . t1=tg '_.-._‘.'.'. AEUTE'pn
Babuida KRS Babuida
$ 1 4 $ £¢odog agpa

Zxpa 10.7: Agpoouurieotric duo otadiwv

2komdg Twv otadiwv ouurnieong eivat n anopuyr] eBopwv dlapdpwv
eEapmnudrtwv (BaiBideg-eAatripla K.a.) 1) akOun kat n meodwpen KAaTaoTeoen
TV AIMAVTIKWV Toug, AOyw UPnAwv BEPUOKPATLWOV KAl TUETEWV.

Autr n diepyaoia, dn\. Ta otddia ouprnieong epapudlovtal MePIOTATEPO
0€ OUWMIEDTEG PUYOKEVTPIKOUG Kal dev eival avw and Téooepa (TeTpapad-
HLoL).

6. Eupolopdpol agpoCUPTIIEOTEG

"Evag epBoA0pSp0g agpOCUUMIEDTNG anoTeAelTal Kupiwg and Tov KUAVSpo,
TO €UPOAO Kal TIG BaABideg avappdPnong Kat KatddAyng.
Oa eEeTdooupe TG UeTaBAAAeTalL 1 Tiieon Tou agpa o’ éva TIAYPN KUKAO
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OnA. il AP oTEOPr} TOU OTPOPAAOPOPOU (BewpPNTIKAG KUKAOG).
210 oxrjua 10.8 paivovtal ot HETABOAEG TTIOU Ba UEAETHCOULE.

1 KOAivépog
BaABida 4 | ] o
KaTaBAIYNG ll_ 2'Eppodo : |
. K . . Y
| T g
BaABida 3 [
e 1
avappéenong! | Lo
| |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
P! |
T 1 1
1 1
v B |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
I o I a
—V
| < Vs » |
[« Vi >|

Zxjpa 10.8: OcwpnTiKAG KUKAOG AELTOUPYIaG AgPOTUUMIEDTH.
(V4: ZuvoAikég Bykog kuAivdpou, Vs: Oykog dtadpopuriq euoAou)

Qg onueio €vap&ng Tou KUKAOU Aettoupyiag Bewpoupe To onpueio (a).

To éupolo kiveitat pog To ANZ, pokalel eEAdTTwon Tou dYKOU TOU Ku-
Avdpou e anotéAeopa T ouprnieon tou agpa (pdon ap).

Katdrv oto onueio 2, avolyel n BaABida katddAng (4) kat 0 CUPMIETTAG
TPOPOJOTE( [Ue CUUTTIETUEVO agPa TO XWPEO armobrikeuorig Tou (aepOPUAd-
Kl0), urté atabepn mieon (pdon B-y). Ekeivn T otiyun n BaABida (4) kAeivel.

MEoa OTO CUMTIEDTH] TMAPAMEVEL MIA UIKEY TIOOOTNTA CUMTIECUEVOU
aépa, oTo XWEO UeTa&l Tou eUBOAOU Kal TNG KEPAAIG TOU GUUTTIEDTY). AUTOG
0 XWpPog ovouddletal emidruog.

2Tn ouvéxela, To €UPoAo Kiveital pog 1o KNZ, n mieon tou aépa atov
emdruo Xwpo ehattwvetal, avoiyel n BarBida avappdenong kat elodye Tal
agpag ue tiieon pia atpdéopaipa. H avappdepnon teleiwvel, OAG To EUBoA0
¢tdoel oto KNZ, ondte kheivel n BaABida (¢don y-0-a).

‘Ooa npoavagépape, anoteholv To BewpnTikd KUKAO Aettoupyiag.
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|

3o 1
s v

ZxAua 10.9: SUykpion mpayuatikoU kat Bewpntikou KUKAOU

210 oxrjua 10.9, ¢aiveral To didypaupa ToU MPAyUaTtikoU KUKAOU Ael-
Toupyiag evédg eUBOAOPOPOU AEPOCUUTIIETTH Kal Ol JlAPOPES TOU |UE TO Be-
WPENTIKO.

O1 dlapopég Twv duo KUKAwV eivat:

- H ypapun avappopnong (4" -17) Bploketal kAtw arnd Tnv AToCPAPIKA
riieon, AOyw anwAelwv and TI§ CwWANVWOOoELS avappdPnong Kal TwV TPIRWY
oTiq BaABideg.

- H tehikn miieon (2" -3) elval o peydAn and tn BewpnTikr Kat autd Oup-
Baivel yla va uropel va unepvIKNoeL TIG avTIOTACELS TPRWY Kal TIG aWAELES
OTIG CWANVWOELS, TIOU GUVOEOUV TO CUUTILEDTH [IE TO AgPOPUAAKIO.

To epBaddv Tou oxruatog 127 3" 47, delxvel To £PYO TTOU AMALTE( O CUTTL-
€0TNG, YlA va TIPAyATononoeL Tov KUKAO Aettoupyiag Tou. H dlapopd twv

7

eupadwv 123 4,1°2° 3" 4" gival ol anwAeleq.

7. NePIOTPOPIKOI CUPTTIEOTEG

OL MePLOTPOPIKOL CUUTIETTES XPNOLIOTIOLOUVTAL YIa HECEG THETELS KAl £EQ-
o@aAifouv ouvexn pon Tou agpa. 'Exouv apKeTd MAEOVEKTAMATA OE OXE-
on He Toug TaAlVOPOUIKOUG Kal auTd Toug KAVOUV va €XOUV TIEPLO0OTEPES
eQapPHoYES. Mepikd amnd autd avapgpovtal o KATw.

— EEaopaAiCouv ouvexn kat opalr por) Tou agpa.

- INa m oupnieon dev anarrouvrat BarBideg.
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- Néyw NG ENewng Twv ePPBOAWY kal Twv BarBidwv dev €xouv kpada-

opoUg kat eivat Atydtepo BopuBwdeLg.

- Elvat moAUoTpopol.
- "Exouv 1o an\rj ouvtripnom, Adyw Tou pelwpEVoU aplopol eEaptnud-

TWV.

[ o o ]
z
s
Z

O1 xpnotoroloUpevol TUTIOL TIEPLOTPOPIKWY CUUIECTWV elval:
- Me rtrepUyla

- Me koxAieg

— Me Aofoug

2YNTOMH MNMEPIAHWH 100u KEGAAAIOY

® AvtAieg ovopdlovtal Ta pnxavAuata pe ta ornoia peTagps-
POUE HLa ToodTNTa UYpoU and Jia UPOUETPIKA oTAdun ot
Hia dMn, n omola Bpioketal uPnAdtepa 1§ and éva XwpPo
XQUNANG riieong oe éva Ao UPnAAG.

KdBe avtAia xapaktnpiletal and oplopéva Bacikd pey€on, ta omoia tnv
npoaodlopiCouv. Autd eival ta Ugn g avtAiag, n mapoxr g, ot Babuoi
anddoong Kat 1 1.oxug Q.

Ot avtAieg dlapouvtal kupiwg oe duo KATNyopieq OTI PUYOKEVTPES Kal
oTIG avTAieqg ekTdmong.

H avtAnTikf IkavétnTta Twv aviAliv emnpeddetal, and Tt nieon n omnoia
eMKpatel otnv empdvela Tou mPog avappdPnon uypou, amnod Tr TUKVO-
™ta, To IEWIEQ KAl TN BepOKPacia Tou uypou, and TG avILOTATELS TWV
OWANVWOoEWV Kat and tn oreyavdtnTa g eykardoraong.

ZUMMLEOTEQ elval oL unxaveg e TIG omoleq EMTUYXAVOUE TNV al&non Tng
niieong dlagopwv agpiwv.

O oupurieoTég dlakpivovtal oe ekeivoug oL omoiol emTuyXAavouv tnv au-
&non g nieong pe EAATTWON Tou GYKOU TOU QEPIOU (OUMTIETTES EKTO-
Tong) kat og ekelvoug oL omoiol TNV eruTtuyxAvouv e v au&naon g
TaxutnTdg Tou.
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11.3
11.4
11.5
11.5
11.6

KE®AAAIO 4

AIAZTOAH TQN ZQMATQN

Fevika

Fpappikh 3100TOAR OTEPEWY
KuBikn 81a0TOAR oTEPEWV
AlaoToAR uypwv

O¢eppiKn 3100TOAN TOU vEPOU
AlaoToAn agpinv

Mnxavika anoreAéopara 0ppIkiG S100TOARG TWV CWHATWV

257
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11.7  Aavedvouca 6eppdTnTa
11.8  EidIkA 6gppdTnTa
11.9  Ogppidoperpia
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- ) Emdiwkdpuevol oToxol:

V] Na yvwplilete Kal va dlATunwveTe Toug vOpoug NG SlAaoTONAG TwV
OWUATWV

M Na yvwpileTe TOUug TUMOUG, TA EYEDN Tou Toug opifouv Kat TIg pova-
OeG TOUG

V] Na eQapudlete OAa Ta mponyouueva, 0 TEXVIKA TPORAAUATA Kal
QOKAOELG

V] Na efnyelte 11Iq évvoleq: AavBdvouoa Bepudtnra, Bk BepudnIa,
BepuoxwpenTkOTNTA

M Na avapEPETE TIQ LOVADEG TOUG

[V Nadarundvere to VOO NG BeppidopeTpiag, va eMAUETE AOKNOELG KAl
va avagepete napadeiypara

11.1 FENIKA

‘Onwg yvwpiCoupe, ot dlaotdoelg Twv owudtwy YetaBdilovral étav autd
Bepuaivovtal i dtav Yuxovtal. ZTnV NPT MEPITTWoN TO PAVOUEVO OVOUJ-
{etal dlaoToAr, evw Ot deUTEPT OUOTOAN.

‘Otav €xoupe B€ppavon 1 YUEN Twv owudtwy, maparnpeital PETABOAR
Kal oTIq TPelg dlaotdoelg Toug. M’ autd mdvta Ba mipénel va dleukplviCoupe
o€ Ttola YETABOA avapePOUAaTE.

Mo ouykekpiuéva, dtav n HETaBOAN avapgpetal Uévo oe pia didotaon
evOg oWUaTog, ovoudleTal YPApHIKR, 0Tav auTr avapgépeTal otnv emed-
VELQ TOU OWUATOG ovopddeTal em@avelakn kat dtav yivetatr avagopd ot
HETABOAN Tou dykou, ovoudletal KUBIKA.

2Ta uypd kal ota aépla avapepduacte, Onwg sival puokd oe KUPBLKN
METABOAN.

XapaktnpetoTikd napadeiypata SlaoToAng Twv dlaPopwy CwUATwWY (oTe-
PEWV — UYPWV — agpiwv), avapEPoue TMAPAKATW.
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-Ooov agopd Tnv OlIA0TON TWV OTEPEWV, €KTEAOUUE TO Telpaua Tou
oxrjuatog 11.1.

Mia peTaMikh ogaipa 2 €xel DIAUETPO Alyo HkpdTePN amd TO JAKTUALO
A. e Bepuokpaoia reptBarlovTog, n opaipa nepvdel ehelBepa péoa and
auTov.

‘Otav Bepudvoupe ™ opaipa, Ta-
patnpouUpe OtL dev mepvd péoa amd
TO OOKTUAIO Kal ouurepaivoupe OTL N
ogaipa, étav Bepuavoel, dlaoTéNAe-
TaL.

- Khaowkd napddetyua dlaoToAig
TWV UYypwv elval To udpapyuplkd
BepUdUETPO.

N

- lNa va yivel avtiAnrTr n dlaotoAn
Twv aepiwv, ekteAoUe TO TAPAKAE-

Tw nelpaya.
PaK Ixnpa 11.1: H opaipa dtav Bep-

uavBel, dev rtepvd anod o dakTuAlo

>e YUGAWVn oQalplkr) @LdAn, n ornoia
elval k\eloti pe @eMd, TomoBetou-
HEe YUAAlvo owArjva. (Zx. 11.2). ‘Otav Bubiooupe To cwArjva oto MoTrApL, To
oroio TeplExeL vepod, kal Bepuavoupe TNV PLAAN pE Ta XEPLA Jag, 0 agpag
TIOU TIEPLEXETAL O° AuTH JlaoTENETAL Kal Byaivel pe TN HoP®r] PUGANDwWV.

IxAua 11.2: O aépag Bepuaivetal kat Byaivel ue T HopPr GUoAAdwWYV
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11.2 TPAMMIKH AIAZTOAH ZTEPEQN

YrioBétoupe 6Tt hia pAaRdog amd KAmolo UAIKG €xel urkog 44, og Beplokpa-
ola 64. Otav n Bepuokpacia ald&el katd AB, Téte mapatnEoUue OTL Kal
TO UNkog ™G PdRdou aAAGlel katd Af. And melpduara €xel Bpebel otl yia
HIKPEQ METABOAEG TNG Bepuokpaaiag ( A6 pikpdtepo Twv 80°C ), To AL i
val avdhoyo Ttou AB kat loxUel OTL 1) eTiurjkuvon TS pdRdou eival avdloyn
TOU apxIkoU urjkoug g pdpdou (£4), avaloyn g dlapopdg Beppokpaciag
(AB) kau eEapTdTal and 1o UAIKS TG pARdou

"Exoupe dnhadr ot

AN =all8

O ouvteleoTtn§ (a) , ovoudAleTal OUVTEAEOTAG YPAUMIKAG SLACTOANG Kal
pag divel v augnon tou prkoug paBdou 1m, dtav autr) Bepuaivetal katd
1°C

Movdada péTpnong ToOU CUVTEAEOTY] YPAUMIKAG SLaoTOANG elvat:

Al cm

a=—— 1 1 1K™
(-AB cm-K

O ouvteAeoTn g YPapHIKAG 31a0TOARG (a) eEapTdaral
amé 1o UAIKOG Kail Tn 6eppoKkpaaia.
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MEZEZ TIMEZ TOY ZYNTEAEZTH FrPAMMIKHZ AIAZTOAHZ (a)

YAIKO a oe K
Aloupivio 0,000024
Avtiuévio 0,000011
Apyupog 0,000020
lFuaAl 0,000009
Mayvriolo 0,000026
MoAuBd0Q 0,000029
Niké\lo 0,000013
Opeixaikog 0,000018
MAativa 0,000009
Y3pdpyupogq 0,0000606
XdAuBag 0,000012
Xahkog 0,000017
Xutoaidnpog 0,000011
Xpuodg 0,000011

11.3 KYBIKH AIAZTOAH ZTEPEQN

‘Otav au&nooupe ) Bepuokpaaia evég owuarog éykou (V4), and 64 oe 6o,
Ba apatnperiooupe Tl auTtd dlaoTENAeTAL Kal artokTd dyko (Vs).

H au&non autr Tou dyKoU TOU OWUATOG, UoTEPA arnd UOAOYLOMOUG, EXEL
Bpebel oTL eival avdhoyn tou apyikou dykou (V4), avdhoyn TG UETABOAAG
g Beppokpaciag (AB) kat eEaptdral and To UAKS and To oroio eival kata-
OKEUAOUEVO TO OWHA.
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Ixua 11.3: KuBikn dtaotoAr otepewv

‘Exoupe dnAadm : AV =y-V.AB

O ouvteheotnq (Y) Aéyetal ouvteheoTnG KUBLKNAG SLaoTOAAG kat eEQPTA-
TaL ano To UAKG TOU OWUATOG.

Movéda tou ouvtereoT (y) eivat: 1 K-

loyUeLeniong étt |y=3-a

11.4 AIAZTOAH YTPQN

‘Onwg ota oteped, €101 Kal ota uypd €xoupe au&non Tou dykou Toug, Katd
™ 8€puavor] Toug. Autr 1 au&non tou dykou unoAoyiletal ar’ ) oxéon:

AV =vy-V-A8

OTouU Y , 0 OUVTEAEOTNAG KUBIKNG 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°%  ABavoan 75-10°
Fuahi 1,2-2,7-10°  TAukepivn 49 - 10°
Opeixahkog 6-10°  ABeiolxog dvBpakag 115107
XaAkdg 51-10°  udpdpyupog 18- 10°
X&AuBag 3,6-10°

11.5 OEPMIKH AIAZTOAH TOY NEPOY

‘O\a ta uypd dtav Bepuavbouv diaatéNovtal, pe eEaipean To vepd. Auto,
étav Bepuaveel and toug 0 °C otoug 4°C cuoTENETAL KaL 0 AUTY 1 Bep-
pokpaoia €xel TNV HeyalUTepn MUKVOTNTA Tou. To gpavouevo autd Kaleital
avwuaAn 8taotoAr Tou vepou. Ta peuotd Ue Tn peyalltepn nukvotnta Bpi-
okovtal dvta oe peyalutepo BABog. Autd onpaivel OTL 08 [Ia TTAyWUEVN
Aiuvn, uropel n ermugdveld g va eivat maywpévn (0°C), evwd oto BuBd TGN
Beppokpaacia sivat 4°C kat étot untdpxet Zwr). AuTO eival ToAU onuavTiké yla
v dlatrpnon Tng {wn|g otig Aiuveg Kat otoug udpoLétorous. e avtibetn
niepimtwon 6ot ot {wvteg udpdBLloL opyaviouol dev Ba dvtexav.

AKOUN Hla mapatrenon yia to vepd eival, 6t autd diacTéNeTal dtav
yivetal mayog, 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 T7(°C)
0 2 4 6 8 10

ZxApa 11.4: Ané toug 0°C, éwg Toug 4 °C 10 veps ouTTEMETAL.
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ZYNTEAEZTHZ AIAZTOAHZ YITPQN

YFPO y oe K1
BevCivn 0,0014
Nepd 0,00018
Oeukd o&u 0,00056
Jiete]l 0,00076
AAKOONN 0,001

11.5 AIAZTOAH AEPIQN

Melpapatikd €xel Bpebel 6TL und otabepn) rieon N UETABOAY TOU Gykou evog
aeplou, urtohoyiCetal amnd Tov MapaKATw TUTIO:

Ng=Ay- (1+Y-0)

orou

Vg = TeAkdg dykog agpiou

V, = apxikdg dykog agpiou

Y = BepUIKOG OUVTEAEDTNG OYKOU

0 = auénon g Bepuokpaciag

‘Exel Bpebel 6TL og OAa Ta agpla o ouvteAeaTng (Y), elval o (dlog kat {oog
npog 1/273 oto YETPIKS UOTNUA.

AuTé onpaivel 611, 6tav Beppdvoupe €va agpto katd 1°C, o dykog Tou Ba
auénbei katd Tto 1/273 Tou dyKou, Tou eixe To agpto atoug 0°C.
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11.6 MHXANIKA ANMOTEAEZMATA OEPMIKHZ AIAZTOAHZ
TON ZQMATQN

‘Onwg napatnenoape étav Bepudvoupe éva HeTarikd ateped owpa ot dla-
otdoelg Tou petapdMovtal. Na va npayuarorondel n Bla petaBoAn yiag
dldotaong tou, Ba mpénel va eEaoknBel wa duvaun epeAKUoUoU o' auTo.
©a yvwploete 010 HdONUA TNG Avtoxrq TWV UNIKWV OTL ¢ auTr| TNV TiepirTw-
on dnuoupyoUvVTal UNXAVIKEG E0WTEPIKEG TATELG. ZUVETIWG, OTN TMePIMTWon
™Q B€ppavong g pARdou avarrtiooovTal E0A 0’ AUTA UNXAVIKEG E0WTE-
plkéQ Tdoelq.

Eniong, av naktwooupe wa pdRdo £tol wote va napeunodifoupe kdbe
SL00TOAN 1) CUOTOAN NG KAl 0T CUVEXELa METABAAOUE TNV Bepokpacia
g 6a avarttuxBoulv Tdoelg epeAkuopoU 1) BAIYNG, ol onoieq av au&nbouv
ndpa oAU uropel va odnynoouv oe HoVIUN TIapaudppwon 1| kat Bpadon
™Q pdRdou. Meydhol autokivnTddpopol and okupddea 1] YEPUPES EXOUV
and KAaTaokeung oplopéva kevd Ta omola eival yepdra and eUKAUITo UALKO,
WoTe va SIEUKOAUVOUV TNV JLA0TOAN| KAl TNV CUOTOAY] TOU OKUPOJEUATOQ

(oxua 11.5).

Ixnpa 11.5: [ia va arnopUyoupe TiG MApauoPPUWOELS OE UEYAAEG KATAOKEUES, TOmoBe-
ToUuE eUKaUITA UAIKA 1} aprivouue Kevd, yia va dleukoAuvouue tn dlaoto-
A} Kat T OUOTOAT TOU OKUPOJEUQTOG.
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Q MAPAAEITMATA

P&Bdog amnd opeixalko oe Bepuokpaaia 20 °C éxel urikog £ = 40cm kat
Bepuaivetal oe Beppokpacia 170 °C. Na urtohoyioeTe To UriKog TS pdRdou
og autr T Beppokpaaia.

NMAHPO®OPIEZ
a = 0,000018 Al =al e

Adon
YrohoyiCoupe kat’ apyn ™ dlapopd Bepuokpaciag A6 :

8;=20 °C = 20 + 273 (K) = 293 K

82 = 170°C = 170 + 273 (K) = 443K

Ag = 443 -293 - Ae =150K

Epapudloupe tov TUMO kat urtoAoyifoupe TNV al&non Tou PriKoug

A/ =0,000018-40-150°K [Cm = }

Ar=0,108cm | Ar=1,08

Apa 10 TEAIKS prKkog TNG pdpdou Ba eival To apxKd Guv TNV EMURKUVON

0y =0, +A0 -0, =40+0,108 — | ¢, = 40,108cm




268 EIZArQrH sTH MHXANOAOTIA

210epévia opaipa dlauétpou 15 cm Beppuaivetal and tn Bepuokpacia Twv

23°C og aut| Twv 350°C. Na urtoAoyioete Tov OyKo Tng OTr véa BepoKpa-
ola.

MAHPO®OPIEZ

A3
Yoo =0,000017 V= ”6d
y=3-a AV =y-V-A,

Adon

YriohoyiCoupe Tn dlapopd Bepuokpaciag
8, =23 °C = 23 + 273 (K) = 296°K
B, = 350 °C = 350 + 273 (K) = 623°K | 08 = 81-82=327°K

2tV ouvéxela Ba untoAoyiooupe Tov dyko TNG opaipag

n-d® mn-15
*" g 6

MNvopifovtag étty = 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®

@ AZKHZEIZ T'lA AYZH

1) AUo pdRdol and To idlo UAIKS, €xouv TO (Bl0 uAKOG, N TPWTN OUWG
Bpioketal oe Beppokpacia 25° C kat 1 deutepn oe Bepuokpaaia 70
°C. Av au&nooupe autég TIg Bepuokpaaieg To dlo, ot pdpdol Ba eEa-
KoAouBrjgouv va €xouv To {d10 UAKog;
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2) Mia XoAUB3vn o1dnPodPOoIKn Ypauur oe Bepuokpaaia 10° C éxel
urnkog 30m. Na urtoAoyioeTe TL UKog Ba €xel ToV Xeluwva e Beppo-
kpaoia 10° C kat To kahokaipt pe Beppokpacia 38° C.

3) Fudhvn ogaipa aktivag 8cm Beppaivetal katd 200° C. Na uroloyi-
O€TE TOV OYKO TNG.

11.7 AANOANOYZA OEPMOTHTA

Ze doxelo, To ormolo meplExel vepd TomobeToUpE €va BepUOUETPO. Oepai-
vouE To doxelo kal mapatnpoupe OTL 1 Bepokpaaia Tou vepou otyd-atyd
avepaivel.

ZuvexiCovtag T B€puavor) Tou PTdvoupe oe KAMolo onueio mou n Bep-
pokpaoia Tou Ba otapatioel va avefaivel, tap’ OAo Tou elelq ouvexiloupe
va ripoopépoupe Bepudtnta. Eniong, mapatnpolue 4t to vepd apxilel va
Bpdlel. BAénoupe, Aordy, OtL ) Bepudtnta n onoia petadidetal and éva
oclotnua oe €va deuTtepo ( doxelo e vepd ), dev pokaAel ouveExela augnon
otn Bepuokpacia Tou deltepou ouotripatog. H Bepudtnta autr, ovoudle-
TatAavbdvouoa Bepudtnta (BA. oxripa 11.6).

—> vepd

—> QWTIA

Zxpa 11.6: Bpaoudg 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
O=YIONO -182,9

AZQTO -195,8
AAOYMINIO 2300

XAAKOS 2600

SIAHPOS 2500

11.8 EIAIKH OEPMOTHTA

>e mponyoupuevo kepdhaio d8Bnke 0 0pLopdg TG EOIKAG BepudTNTag KA
EQAPMOYES TNG OTa aépla. X’ autd To kepdhalo Ba avapepBboUue oty ed1-
K] BEPUOTNTA TWV OTEPEWV KAL TWV UYPWV.

Mewpapatikd, €xel Bpedel 6Tt N av&non tng Beppokpaciag evog OWUATOG
elvat avdloyn tou mooou Bepupdtmrag (Q), mou petafiBddeTal oTo owua,
avTloTPoPwg avdioyn tg Halag (m) Tou cwuatog kat eEaptdral and To
UAIKO, amd To omolo anoteAeital To owua.

H teAeutaia mapduetpog (n eUon Tou UNIKOU) avapgpeTal Ue §va HEYe-
Bog, To omolo ovoudletal edikr Bepudtnta, cuPBoAleTal Ye TO Ypduua ¢

Kal elvat SLapoPETIKY) Yla KABE UAIKO.

‘O\a ta poavapepbévta dlatunwvovtal e Tn Beuehwdn e&lowon Qg

Bepudopetpiag:

Q
m-c

N =——

Q=c-m-A®6

(A)

>Toug napandvw Tumoug To Q kat To AB urnopouv va eival BeTikd 1y ap-
vntikd. Otav eival Betikd mpoopgpetal BepudTnTa OTO CWUA Kal 1 Bepo-
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kpaoia Tou au€dvel, evw étav eival apvnrikd anofdMetat BepudtnTta amnd
TO OWUA Kat n Beppokpacia Tou pelwveTal

MINAKAZX 2.3.2
EISIkéG OeppdTNTES OTEPEWV Kal uypwv (J - kg'! - K1)
Y3poydvo 14,250 Ahoupivio 900
Nepd 4,186 Towévto 880
AvBp. Zwua 3,470 Mdpuapo 840
Owdénveupa 2,420 ToupAo 840
MetpéAato 2,100 Aupog 820
®eANOG 2,100 luahi 670-800
Mdyog 2,090 2{dnpog 460
BevCivn 1,700 XaAkog 390
Kaoutoouk 1,880 MoAuBd0g 130

Ma va opiooupe T povdada g edikng Beppdtntag AUvoupe Tnv eElowon
(A) TG mponyoupevNg MapayPA®ou wg MPOG ¢, ordTe MA(PVOULE TN OXE0N:

Q

C=

Av ge aut) v e&lowon Bdhoupe Q = 1J, m =1 kg kat AB = 1K, téte
nalpvoupe ) Hovada g eldIkiAg Beppdtnrag, Tou eivat n:

1 J
kg-K°

(1 Joule avd xiAdypappo kat Babud K)

AMN povdada pétpnong tng diknig Bepudtntag sivat o 1 cal/gr -°C nou
elvat n ed1kr) BepudTnTa TOU Vepou Kal opileTal wg eENG:

“O@eppida (cal) ovopdleral To MOoO TNG OepudTNTAG TTOU ATIAITEITAI
yia va au&nBei, katd éva Baduo Kehaiou (1°C), éva ypappdpio vepou (1
gr H;0).”

To ywvdpevo g palag evog owpatog (m) erl Tnv eIk BepudtnTa Tou
(c) ovoudletal BepuoxwENTIKATNTA TOU CWUATOG Kal CUpBOAICETAL e TO
YpPdupa K.
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Apa, 1 Bepehlwdng eElowon g Bepuokpaaiag yiveral:

Q=K. A8
apa

_Q _Joule

M8 K

Movdada BeppoxwpntikdtnTag, Aowrdy, eivat to: 1 Joule / K

©a npénel va toviooupe OTL n BepuoxwpntikdTnTa eivar peyebog, mou
avapépetal oe SedOUEVO OWHA (TL.X. O€ LA CUOKEUN), VW N ELOLKY) BEPUO-
™Ta o€ UNIKO (TL.X. XAAKOQ)

11.9 OEPMIAOMETPIA

H Bepuidopetpia aoxoAelTal pe m pétpnon noootrtwy BepudtnTag 1 o
arAd propoupe va mouue ot BepdopeTpia onuaivel “puétpnon Bepudm)-
Tag”. Ze mponyoupeva KePANALa avapePBRKAUE OTN LETAPOPA EVEPYELAG—
BepudtnTag Adyw dlagopdq Bepuokpaciag. H Bepudtnta eniong unelogp-
XETAL KAl 0TI aAayég Twv Pdoewy, onwg 1 T&n Tou dyou 1} 0 BPACHOS
Tou vepoU.

Me Tov 6p0 pAom MEPLYPAPOUE TNV CUYKEKPLUEVN KATACTAON TNG UANG
w¢ oTepeoU, uypou 1 agpiou. To vepd pnopel va undpéel oe otepen (Md-
Y0g), uypn Kat aépta (atpudg) edon. H petdpaon and m uia ¢don oe kdrnola
GAAN ovopdZetalr aAayn 1} petatporn GAong. e kabe dedouevn mieon n
aMayn TNG ¢Aong MEAYUATOTOLETAL 08 CUYKEKPLUEVN Bepliokpacia kal ou-
vNBwg ouvodeletal amnd anoppdPnon A anddoon BepudTnTag.

XapaktnploTtiko napddetypa alayng ¢aong eivat n mEn tou ndyou.
‘Otav npoopépoupe Bepudmra oe ndyo otoug 0°C , Ye ATHOTPALPIKY Tiie-
on, n Beppokpaacia Tou Tidyou dev PeTaBAAAeTal, AAA HEPOG AUTOU ALWVEL
Av n npoopopd g BepudtnTag yiverat moAU apyd téte n Beppokpacia
Bpioketal otoug 0°C , péxpt va Mwoet dAog o dyoq. H moodtnta tng Bep-
uoTNTAg N oroia anarteitat yia va petarparei 1 kikd ndyog 0°C, og 1 KNG
vepo 0°C eivat 3,34 * 105 Joule kal ovoudletal OgpudtnTa THENG.

Ma va petarpéPoupe vepd 0°C oe mdyo Ba mpEmel va apalpgaoupe Bep-
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pétnTa, TNg onolag To 1oad eivat akPRWS To dlo.

levikd uropoupe va avapgpoule OTL N anaitoUpevn noodtta BepudTn-
Tag yla TNV TA&N evig owpatog pacag m kat Bepudtnra éng L divetat and
Tov TUno:

Q==+m-L

MNa v aAayn g ¢aong and uypd oe agpLo TipayaTomoloUpe Ty idla
epyaoia, pe dlapopd étt edw untdpxel Bpaoudg kat eEagpwor). H avtiotouxn
BepudtnTa avd povdda palag ovoudletal Bepudtnta eEaépwong. BéRawa
Kal edw avapgpoupe OTL 1 Bepudtnta eEagpwong Kat 1 Bepuokpacia Bpa-
ouoU eEaptwvtal and Ty mieon.

210 oxua 11.7 qaivetat n petapoAr g Bepuokpaciag, dtav yiveral
NPooPopd BepudTrag oe éva KoupdTL idyou pe apxikr) Beppokpacia 0°C

T("C) Aépia gdon
(CYTlely)
125
d e O¢gpuokpaaia
100p-====---7 T 777 Bpacpou
125
50 Yypri @don
(vepo)
25
0 be/ Oappprqcia
™Mgng
21eped @aon (Tréyog)
-25 Xpdvog

ZxApa 11.7: Ot pdoelg tou vepou (oteper - uypn - agpla)
11.9.1 OepuIdopeTpa

Ta épyava mou XENoLUoNoloUE Yia TNV HETPENON MOCOTHTWY BepudtnTag
ovoudlovtal Bepuiddpetpa. ‘Eva and Bepuidduetpo vepol amoteleital
ard éva Bepuikd povwpévo doxelo pe dmAd Tolxwuata, éva BepudueTpo,
€va avadeutrpa Kal To KAAUPpA Tou. OAn n didtagn autr otnpilete oe pa
Bdon. To povwpévo doxeio TepIEXEL a TIoodTNTa vepoU, TV omoia uro-
poUpe va Tnv avakateUoupe WoTe va §xoue (Bla Bepuokpacia oe OAn v
noodTtntd Tou. Tn Bepuokpacia Tnv LETPOUE |e TO BEPUOETPO.



274 EIZArQri sTH MHXANOAOTIA
11.9.2 ‘EAeyx0g OeppoXwPNTIKOTNTAG CWHATOG

270 BepuIddueTpo ToTOBETOUE éva CWHA YVWOTHG Bepuokpaaiag, alkd
Ayvwotng Bepuoxwpntikdtntag. Otav ot Bepuokpacieg eival SlAPOPETIKES
Ba undpéel Yeta&l Tou CWUATOG Kal TNG TIOaATNTAG TOU VEPOU avTaAAayn
oowv BepudtnTag, HEXPLG OTou ol Bepuokpacieg eElowBouv. Autd onpaivel
6Tl n Beppokpacia Tou vepou, TNV oroia mapatPEOUUE e TO BEPUOUETPO
petaBaretal. Me autd Tov Tpdmo urnopouie va eEAyoupe CUUMEPACUATA YIa
TIG OEPUKEG IOOTNTEG TWV CWHATWY TIOU TOTIOBETOUE OTO BEPUIOOUETPO.

KaAuppua
l— Bidwto

TTWHa

[uaAivn
@IGAN

pE OITTAG
TOIXWMATA

Kevo

— [pooTaTeuTiKO
TTEPIBANMQ
Emdpyupa
TOIXWHOTO

EAatfpio

yla TNV
amoppoenon
KpadaouwVv

Ixpa 11.8: To “Bepuds” Exet (dla kataokeun kat HopPr, OMwg 10 BPUIOOUETPO
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Q MAPAAEIrMATA

@ 'AOKnon 1n

Méon BepudtnTa xpetdlovral 2 kg XaAkou, yla va anokTioouv Bepuokpacia
350 °C;

MAHPO®OPIEZ

Apx1kr) 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 = 623 K

Epapudloupe Tov TUMo Q = m - ¢ - AG Kat EXOUpE :

Q=m-c-AB>Q=2 kg~390ﬁ.(623—293) K —| Q=257400 Joule
g.

@ ‘Acknon 2n

Eva koppdtt odripou Bdpoug 5 kg, anoppopd Bepudtnta 46000 Joule. Mowa
elvat n avgnon g Beppuokpaciag Tou

MAHPO®OPIEZ

ESIkr Bepudtnta Fe = 460 J - kg - KT

Q=m-c-AO
Agon Q 46000 Joul
Q=m-c-A8 > A8 =—2 , pg— 2600 jgue]e_’ A8 = 20K
m-c 5kg-460

kg-K
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@ AZKHZEIZ T'lA AYZH

1. Mola eival n anarrolpevn moodtnta Bepudtnrag, yia va Bepuaveolv 20
kg vepou kat ) Beppokpacia Tou and 15°C va yivel 90°C

CHo0 = 4,186 J - kg'1 -k

2. T mv Yugn twv udpoxitwvinv evég Kivnthpa xpnotuomnotoape 20 kg
vepoU. H Beppokpaaia eilgédou Tou vepou ftav 20 °C Kat autr) g €€6-
dou 70 °C. Mota rytav n moodtnta TG HepUATNTAG TTOU AMOPPOPTIONKE
and 1o vepo;

o——e
z
2YNTOMH MNEPIAHWH 11ou KE®AAAIOY
Z
e O dlaotdoelg Twv owPdTwy petaBdilovTal dtav autd Bep-
paivovtal v} étav Yuxovral. ZTnV Mpwtn Mepimtwon To ¢at-
vOpevo ovoudZetal dlaoToAr, ev otn deUTePN CUCTOAT.

e Otavn petaBoAn avagepetal Hovo oe pia dildotaon evog OWHATOG, OVO-
HAZeTal YpApHIK, 6Tav auTr ava@gépeTal otnv EMPAVELd TOU OWUATOG
ovouddetal em@avelakn kat étav yivetalr avagopd otn PETABOAN Tou
OyKou, ovopdZeTal KuBIKH.

e O ouvteAeOTAG YPAUMIKAG SLAOTOANG (), KaBwG emiong Kal 0 ouvteAe-
0TNG KUBKNG dlacTtoAng (y) e€aptwvtal anod To UAIKS kat Tn BepuoKpa-
ola Twv owudTwv.

e ‘OAa Ta uypd dtav BepuavBouv dlactéN\ovtal, pe eEaipeon 1o vePO.
Autd, dtav Bepuaviei and toug 0 °C otoug 4°C GUOTENAETAL KAL O’ AUTH
T Beppokpacia €xel TNV ueyalltepn MUKVOTNTA Tou.

® Exel Bpebel 6T n al&non g Bepuokpaciag evog owpatog eivat avaloyn
Tou TtoooU BepudtnTag (Q), mou petaBiBaleTal 0To CWUA, AVTIOTPOPWS
avdahoyn g pélag (m) Tou owpatog kat eEaptdrat and To UAIKG, and To
omoio arnoteAeiTal To cWua.

® H Bepehwdng eEiowon g Bepuidopetpiag eivat n eEng:
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A9=i I Q=c-m-A6
m-c

e H Bepudopetpia aoxoAeital pe n HETPENON MOCOTHTWY BepudTnTag 1
o artAd urtopoupe va noupe OtL BepudopeTpia onuaivel "u€tpnon Bep-
pétnTag". Ta dpyava Tou Xpnaotdorololpe YU autd To okomnd ovoudlo-
vTal BepuddpueTPa.
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KE®AAAIO j' 2

METAAOZzH THZ OEPMOTHTAZ

12.1  Tevika
12.2 Metddoon pe aywyn
12.3 Metddoon pe perapopd

12.4 MeTtddoon pe akTivoBoAia

279
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- ) Emdiwkdpevol oTéyol:

M Na avapgpeTe TOUg TPOMOUG HETAdOONG TNG BeppdTnTag

M Na neplypdpeTe napadeiylara Tou QAlvopuEvou TnG METAd00NG NG
BeppdTNTAG (0€ TPAKTIKEG EPAPHOYEQ)

V] Na sivere Tov 0PLOUS TG PONG TNG BePUATNTAG KAl VO AVAPEPETE TIG
povadeg g

M Na avagépeTe Toug vououg Fourier, Stefan - Boltzemann kat Newton
Kal va eTIAUETE QOKN0ELg EPAPUOLOVTAG TOUG.

12.1 TENIKA

Yridpxouv moANd tapadelyata otnv kabnuepivr] pag (w, e Ta onoia avtl-
Aaupavéuaote ) HeTAdoon TG BepudTTaG.

- Av anrooupe €va owua Kovtd oe €va KaAoplpép 1 pia Bepudotpa
napatnpeoupe OTL To oWpa autd (eotaiveral.

- Av akouurmooupe éva Bgpud owpa, mapatnpouue OTL To XEPL UAg
Beppaiveral.

- Av agpricoupe otov Ao -1dlaitepa To Kahokaipl- éva doxelo e vepd,
auté Ba Ceotabel.

— Av Ceotdvoupe T0 éva dkpo ag UETAMIKAG pdBdou, Ba napatnpn-
ooupe OTL PeTd and Afyo Ba BepuavOel kal To dANo.

And ta mponyouueva mapadelypata cupnepaivoupe Ot n BepudtnTa
péel and Ta Bepudtepa owpata ota Puxpdtepa rj and Ta Bepudtepa onueia
evdg oWPaTog IMpog Ta Yuxpdtepa.
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ZxAua 12.1: H Bepudtnta péet and ta Bepudtepa onueia evog owuatog rnpog ta

Yyuxpdtepa.

Ynidpyouv Tpelg Baaikoi Tpdmot petddoong g Bepudtnrag.

A) Me aywyn
B) Me petapopd
N Me aktivoBoAia

- O npwtog TPOMOG peTddoong TG
BepudtnTag ouvavtdral Kal ot
TPEIQ KATAOTACELG TNG UANG (dnA. oe
oteped — uypd — agpla) Kuplwg OUWg
ota oteped. ‘Exoupe dnhadn petddo-
on g Bepudmrag and To €va pépLo
evog owpaTog oto AMo 1} anod €va
owua og AA\O owua.

Xapaktnplotikd mapddetypa eivat
n B€puavon Tou dkpou NG METAMIKAG
PARdouU Kal N YeTAdoon NG TEAKA OTO
AM\o dkpo.

Metddoon 6Oepudtnrag He META-
@opd ouvavtdue kKuplwg ota oteped
Kal peuotd owpata. ‘Exoune o’ auti
Vv mneplmrwon Petddoon Beppdtnrag
ard Bepud oreped oWUA O€ KIVOUUEVO
peuoTo 1} To avtiBeto. ‘Evag amnd toug

"HAiog

Me akTivoBoAia

Me aywyn

Me peTagopd

ZxAua 12.2: Tpdrot uetadoong meg
BepudtnTag
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YVWoToUg TpOToug HETAd00NG HE HETAPOoPA elval TO oUOTNUA TNG KEVIPL-
KAGQ B€ppavong (kaAoplpEp). ' autd ekTdg amod TnV YeTapopd BepudtnTag
€XOUE Kal HETaPoPd UANG.

- H petddoon Bepudmrag pe aktivoBoAia ouvavtdral Kat oTiG TPELG Kata-
otdoelg ™Q UANG kat 1 BepudtnTa, 1 omoia aktivoBoAeital and kdrnola
owuata, arnoppoddrarl and kdarola dAa, dixwg va Bpiokovtal oe emag.
Mapddetypa yia Tn Hetadoon g BepudtnTag pe aktivoBoAia eival n 6€p-
pavon dlagopwv CwpdTwy and Tov AAL.

12.2 METAAOzH THZ OEPMOTHTAZ ME ArQrH

Eivat n perapopd Bepudtmrag anod ta popla evog CWHATOG e TNV MEPLOTo-
TEPN EVEPYELA OTA YEITOVIKA TOUG HE IKpdTEPN. TN HeTtddoon g Bepudtn-
TAQ UE aywyr| TN ouvavtouUpe ota oteped, oTa uypd Kal ota agpla.
Autdg o Tpdnog petddoong ou-
vTeAe(Tal e TNV Kivnon Twv popiwv.
Ta pépa TOU CWuaTOG, Ta omoia
€xouv UYnAEq Bepuokpaaieg, €xouv
MEYAAN KIVNTIKA evépyela kat petadi-
douv TNV evépyeld TOUG OTA YELTOVIKA
TOUG HE TIG§ XapnAdTePES Beppokpa-
oleqg.
"Exoupe dnAadn petddoon Bepo-
mrtag and péplo oe pdpto. Na va ka-
TAVONOOULE TIG OXETEIG HE TIG OTIOl-
€q 6a urnopoupe va uroAoyioupe Ta

nocd Tng BepudTnTag, MOU PETAPE- Q
povrtal le aywyr 6a napatnpriocouue t
TO oXNua 12.3. .
Autd armoteleital amd AERnTa o
otV anhoUoTtepn MOP®N TOU, TOU ! T —— OgppoKpPaCIaKr
oroiou o TuBuévag (emepdvela A) ei- Q KATAVOHN

val emmedog Kal KATAOKEUAOUEVOQ
arnd éhaoua raxoug (L) Sxfiua 12.3: AnAr uopor AéBnta
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MINAKAZ 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 amh\dq 400 44
XaAkdq kowvdq epmopiou 20 372
Mnpouvtlog 20 81-116
Weuddpyupog 20 113
ZKUPOBEUA 20 1,28
TZAuL mapabupwv 20 1,16
Touxomotia ToUuRAwv 20 0,76
YahoBduBakag 25 0,046
Auiavtog 20 0,161

H Bepuotnra petadidetat pe aywyr) and v eEwTepikn MAeupd Tou rub-
péva Tou doxelou, MPOG TNV E0WTEPLKY Tou, 1 oroia diaBpéxetal and 1o
uypod. Mpénel va dleukpivicoupe OTL hag evilapgpeL ) LETAdOOM TNG Bepud-
TNTag oto éAacpa Tou uBuéva kat dxt n Yetddoon oto uypod.

12.2.1 N6pog Tou Fourier

O Md\\og puokouadnuartikog G.B. Fourier (1768 - 1830), diatunwoe Tov
VOO NG METAd00NG TNG BepUdTNTAG e aywyr| dlATunwvovTAg Tov pe dla-
QopIKN e&lowon. H Bewpia Tou n onoila anodelxBnke Kat MELPAUATIKA, TIEPL-
YPAPETAL TAPAKATW:
Av oTo TiponyouUuevo Mapddetyua GUBOACOULE LE:
Q - v nogdmra Tng BeppdtnTag oe xpdvo (t) mou mepvd and To é-
TOAAO,
L - to mdxog Tou peTdMou,
A - v emedvela Tou nubuéva Tou eival k&Betn otn porj TNg Bepudn-
Tqg,
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04, 6, — TIG BeplOKPATIES TNG EEWTEPIKNG KAl TNG ECWTEPIKNG TIAEUPAG
avtioTotxa Kat A — To ouvteAeoTr) avaloyiag.

Téte n moodtnrta g BepudtnTag (Q) unoAoyiletal and ) oxeon:

Q=At-2(8,-8,) § %:;\.

A
_(91 - e2 )
L

To mAiko Q/t ekppddel Tnv moodTnTa TNG BepudTnTag, Mou petadideTal
and tov nubuéva otn Hovada Tou XpAvou Kat KaAeital por| g BepudtnTag.

pory Bepudnrag Q =%

Movada porg tng BepudtnTag eivat to Watt ( Bar)
Apan (1) yivetau:

- NA
Q=T(91—92)

Kal ekppddel To vouo tou Fourier.

O ouvteheotig () ovopdletal OuVTEAEOTNG BEPUIKNG QywyuoTnTag
eEaptdral anod v Bepuokpacia mou Ppioketal To UNKS Kal EKPPAZEL TNV
nocdtmrta g BepudtnTag omy povdada Tou xpdvou, ) oroia diarepvd Wia
METAAAIKY eripdvela 1m?2 kat dyxoug 1m, étav 1 dlagopd Beppokpaciag

elvat 1K. O Adyog % ot ox€on (3) kaeiTal Beputkn aywyotna,

. . . L, A-A
EVW TO aQvTIOTPOPO KaAe(Tal Beputkn avriotaon -

Ané ta napandvw ouprepaivoupe 6Tl n porj ™ BepudtnTag (Q) sival
avdloyn Tou ouvteAeaTr] BepUIKAG aywyludtnTtag (A) Tou UAIKOU, avaAoyn
g dlapopdq Bepuokpaciag (64-8,) avaioyn g empdvelag (A) Tou UAKOU
Kal avTiotedopwg avaloyn tou ndixoug Tou eAdoparog L, peta&u Twv onolwv
HETPAE TN dlagopd Beppokpaaiag. (NOuog Fourier)
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Mapatnproelg:

O1 povadeg Tou ouvteAeoTr] Bepikng aywyldtntag oto S.l. ival

w
m-K
2Tov Tiivaka 1 @aivovral ot TIES Tou A yla apkeTd oteped o dlAPoPE]
Beppokpaoieq.
And Ta napandve eUKOAQ POKUTTTOUV Kal Ol HoVASEG TNG BEPLKNG ayw-
YILOTNTAG KAl avTioTaong, ol omoleg eivat:

, . w . , K
OepKn aywydTnTa N Oepukn avtioTaon W

2TO EUMOPLO LOVWTIKWY UNIKWV UIopel va ouvaviriooupe Kal HovAadeq
BTU/h, ft (m6d1a) yia to eyfaddv tng datounq (A) kal F (Fahrenheit) yia tnv
Bepuokpaoia (1 BTU = 0,293watt).

12.3 METAAOZH THZ ©OEPMOTHTAZ ME META®OPA

Elval o Tpdrog petddoong Tng BepudtnTag HETAEU HIag EMPAVEINS OTEPE-
oU Kal Jlag YEITOVIKNG uypnig i aéplag, n omola Bpioketal oe kivnon. ‘Oco
o ypryopa Kiveltal 1o peuotd, 1600 1o peydha nood Bepudtnrag peta-
eépovral ‘Otav dev untdpxel kivnon Tou peuotoU, TOTE EXOUE UETADOOT e
aywyn.

‘Otav n Beppokpacia Tou peuotou eivat ugnAdtepn and tn Beppokpa-
ola Tou otepeoy, éxoupe UeTAdoaon and To PEUCTO TIPOG TO OTEPED, EVW TO
avtiBeto oupBaivel, étav n Bepuokpacia Tou otepeol eival UPnASTEPN TOU
peuatou.

12.3.1 N6pog Tou Neutwva (Newton)

O vépog Tou Nedtwva yla tn petddoon g Bepudtntag pe petagopd ava-
PEPeL OTL 1 por| TN Beppdmrag (Q) eival avdhoyn Tng emipdvelag (A) Tou
TOXWHATOG, TNG dlapopdq Bepuokpaciag (04-05) peta&u Tng emedvelag
TOU 0TePeOU KAl TOU PeuoToU Kal evOg OUVTEAEDTH (ql).
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loxUet howrtdv ot Q=a-A- (6,-6,)

O ouvteAeoTtq a OVOUATETAL OUVTEAEOTNG BEPUIKTG LETAPOPAG KAL EK-
epAalel TNV MoodTnTa TG BepUdTTAS OTNV Hovdada Tou Xpovou, TIou UETA-
didetal and éva oteped owpa srupdvelag 1 m?2, o £va PeuaTo, e TO Omoio
Bpioketal og emagn, 6tav n dlagopd Bepuokpaaciag Toug eivat 1°K.

Movdda tou (a) sivat :1 W/m2K

H Tiury Tou ouvteAeoTtr] BepUIKAG HETAPOPAS () eEapTdTal ard Tn Hopon
™G POoNG, TN HOoPYT| Tou atepeou, Tn Bepuokpacia Tou peuotou K.d.
O Noyoq

1
a-A

ekQpAlel TNV Beppikr) avtiotaon yia diddoon e peTapopd.

Ot Tipég mou AauPdvel 0 ouvTEAEOTNG BEPUIKAG HETaPopdg elval and
2-20000.

ZUUMEPATUATIKE, UMOPOUE va avapgpoupe Tl
H pon Tng BepudtnTag (Q) pe petagopd eivat avdloyn g emepdvelag ou-
vaAayrg (A), avdloyn g dlapopdg Bepuokpaciag atepeoU kat peuaTou
(AB) kaL avdloyn Tou ouvTeAEOTH BEPUIKAG HETAPOPAS (a).

H petddoon g Bepudmrag Je HeTagopd dtav To peuotd eEavaykddle-
Tal va péel mdvw o€ Jia ermeavela and dlagopa unxavikd péoa, onwg évag
aveuompag 1 ia avtAia, ovopddetal Beflacuévn Yetdadoaon f Kukhogpopia.
2e avtiBe mepimrwon étav n petddoon mpokaAsiTal Adyw Twv avuPwti-
KWV duvAuEwV TTou opeilovTal ot SLaPOPETIKN TUKVOTNTA TOU peuoToU TO
oroio €xel AN Beppokpacia, ovopdZeTal PUOIKN HETADOOM 1} KUKAOPOpIa.

‘Otav €xoupe eEQVAYKAOUEVT HETAPOPA O OUVTEAEOTAG BEPUIKNG UETA-
Popdagq eival ueyalutepoq.
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s Avepiotipag

Oepud Zwua

ZxAupa 12.5: Metadoon Bepudtnrag ue: a) uotkr kukAopopia
B) BeBraougvn kukAopopia

12.4 METAAOZH ME AKTINOBOAIA

211G iponyoupeveg evotnTeq eidape OTL, yla va mpayparonomndei n uetdado-
on g Beppdmrag, eival anapaitnt n Unapén ™mg UANG. H petddoon Bep-
potnTag He aktivoBoAia dev polnobgTel Unap&n UANG. ( O Aog Bepuaivel
Ta owpara, Ta onola sival ektebelpéva o’ autdv, ap’ Ao mou peoolapel
Kevo.)

O dpog “pe aktivoBoAia” xapaktnpifel v meplmtwon Tng Hetadoongq
ME TN MOPPN NAEKTPOMAYVNTIKWV Kupdtwy. Etol, n petapepduevn and ta
NAeKTPOUAYVNTIKA KUUATA evépyela €xel wG anotéAeoua v avgnon tng
EOWTEPIKNG EVEPYELQG KATIOIOU OWUATOG, TO oroio TeAkd Beppaivetal.
dldpkela g petddoong Bepudtnrag Aappdvouv xwpa duo dadikaoieq.
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TIPOCTIITITOUCQ
aKTIVOBoAia armoppdépnon avtavakAaon
—) owpa
\\

d1adoon
IxApa 12.6: Metddoon g Bepudtntag ue aktivoBoAia

A) H ekmopur g Bepudtmrag Kat
B) H aroppdenor mg

To unoBeTikd owpa To orolo anoppoPd OAn TV aktivoBoAia mou mpo-
omirrel e autd, XwpEiq va avtavakAd pépog g, ovoudletal Idaviko 1) Je-
Aavé owua.

H pon Tng Bepuotnrag (Q/t) mou eknéumnetat and pia emedvela eivat avé-
Aoyn:
e g empdveldg Tou (A)

® g T8tapTNg dUvapng g andAutng Bepuokpaciag tou (T) kat
® Tng otabepdq (o) Twv Stefan — Boltzmann kat

® TOU OUVTEAEOT €, O OTI0I0G EKPPALEL TO TTIOCOOTO TNG BEPUIKAG OKTL-
vopoAiag oe oxéon pe To Yéhav A 13aviké owua.

loxUel Aowrdv 1) oxéon:

%za-c-A-T“

Auti n ox€on ekppdlel To vouo Tou Stefan — Boltzmann
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Q MNMAPAAEITMATA

1. Alvetal n por} Bepudtnrag Q = 1500 W pEoa and Tolxwua ndxoug L =
12 mm. To epBaddv g eruedvelag sivat A = 4m2,

Na unoloyioete v Bepuikr) avtiotaon yia diddoon e aywyn Kat
dlapopd Bepuokpaciag.

Aivetar A =0,03——

m-k
Adon
Ro—- 0’%\1/2"‘ SlR-001X
ANA 003 Y am? w
m-K

2. Mé€oa ano €éva xahupdivo éNaopa ndxoug L = 10 mm kat eppadou A =
4m?2 diépyetal Beppdtra Q = 60 kJ. ) pia mMeupd Tou eAdoparog n
Beppokpacia eivat ©4 = 100°C kat otnv dAAn eivat 6, = 40°C.

Na urtoAoyloouv:
a) n por TNG BepudTnTag Kat
B) 0 XpAvOog ToU JI)PKETE TO PALVOLEVO.

Alvetat A = 58£
m-K

Adon
Q:)\-té(e1—82):>t:L:>
L A-A-(6,-6,)
to 60.0(\)/3WS-0,010m _[t=0,043s

58.—-4m?-60K
m-K

lMa va untoAoyiooupe TN por| NG BeppdtnTag epapudéloupe Tov TUTO:

Q=Q_80000Ws _ _ 1395349W 1 |Q = 1395,349KW
t  0,043s




292 EIZArQrH sTH MHXANOAOTIA

3. Mia arogdhivn tetpaywviki Aertr] TAAKaA e TAsupd 8cm, Bepuaivetal
otoug 600°C. Na urohoytoBei 0 oAikdg pubudg ™G akTivoBoAoUUEVNG
EVEPYELQG, AV O CUVTEAEOTNG EKTIOUING TNG eival 0,60.

Adon
H ouvolikn] erpdvela g mAdkag eivat:

A=2.(0,0064) m? = 0,0128 m?

Metatpérnoupe Toug 600°C oe K Kat €xoue:
600°C + 273 = 873 K
Q=¢-0-A-T

Q-=¢.0-A-T* :>Q=(O,6O)-(5,67-108

(€73K'>[0=259W]

]-(0,0128m2)-

m? .K*

o——e
zZ
ZYNTOMH NEPIAHWH 120u KE®AAAIOY
4

® Yndpxouv Tpelg Baotkol Tpdrol petddoong g Bepudtn-
TQG.

A) Me aywyn
B) Me petagpopd
I Me aktivoBoAia

¢ O npwtog TPOMog Yetddoong g BepudTnTag cuvavtdTal Kat OTIG TPELG
Kataotdoelg g UANG (dnA. og oteped — uypd — agpla)

e Metddoon BepudInTag Ue HETAPoPA ouvavtdaue kKupiwg ota ateped kat
PeUOTA oWUATa.

e H petddoon Begpudtnrag pe aktivoBoAia guvavtdral kat oTIg TPELG KaTa-
otdoelg Qg UANG.
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e O vouog TG peTddoong Tng Bepudmrag He aywyn) ekppdletal and 1o
vouo Tou Fourier.

- ANA
Q=T(01—62)

e O \dyog % KaAelTal Ogputkn aywyuotnta,

€V TO avTioTPOPO KaAe(TaL Beputkn avtiotaon ﬁ

e O vduog tou NelUTtwva yila tn Yetddoon tng BepudtnTag Le HETAPopd,
divetal and Tov TUMNo:

Q=a-A-(6,-6,)

® 31 dldpKela TG Yetddoong Bepudtnta e aktivoBoAia Aaupdvouy xwpa
dUo dladikaaieq.

e A) H ekmnounny g Bepudtnrag kat

B) H aroppd¢nor mg

To unoBeTikd cwua To onoio anoppodd OAn TV akTivoBoAia mou mpo-
omirrel oe autd, Xwpiq va avtavakAd pépog g, ovoudletal Idaviko 1) Je-
Aavé owua.

Ma v petddoon Bepudtnrag pe aktivoBoAia loxuel o véuog Twv Stefan—
Boltzmann

%ze-o-A'T“
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13.1  Kavoipa

13.2 Kauon

13.3 ATpOOQaIPIKOG agpag
13.4 Ogppoydvog duvapn
13.5 T[epioocia aépa

13.6 [Mpoidvra kavong
13.7 E&iowoeig kavong
13.8 Ta&ivéunon kaucipwv

13.9 Eidn kauoipwv
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- ) Emdiwkdpevol oTéyol:

V' Na egnyeite T1q évvoleq: kauowa, kauon, TEAELA Kal aTeA)q kauaon

V] Na QVaPEPETE TOUG OpLopoUG: kauotydvog agpag, Bepuoydvog duva-
un, eplooela agpa

M Na yvwpilete TN ocUOTAON TOU ATMOTPAIPIKOU agpa

<

Na yvwpileTe kal va avapgpeTe T CUOTATIKA TWV KAUTTUWY

V] Na yvwplilete Ta €idn TV yalavbpdkwy, Ta mpoidvta TG KAAGUATIKAG
anéota&ng Tou meTpeAaiou ) Bepuoydvo duvaur Toug Kat To Tedio
EQAPOYWV TOUG.

13.1 KAYZIMA

Kadoipa eival Ta ulikd (oteped, uypd 1) aépla), Ta ormoia, étav kaiyovtal,
napdyouv peydha nood Bepudtntag (Bepuikn evépyela). Zuxvda n kadon
TOUug ouvodeuetal kal and &viovn GAGya. Tnv BepuIK auTr| evépyela
XPNOLJOTIOIOUE Yia B€pavaon, Tapaywyr NAEKTPLKNAG EVEPYELAG Kal Kivnon
METAPOPIKWY UECWV.

Yridpxouv IoAAEQ kauolpeg ouoieg, ald wg kadalua voouvtal UOVo ekel-
Va TIOU UTIAPYOUV O€ eyAAeq MOodTNTEG OTN GUON, N €£6pUEn  n AvtAnom
Toug dev €xel MOAU peydho KOOTOG, evw Ta TPOIGVTA TNG Kauong Toug Ba
npénel va eival, doo To duvatdv, Aiydtepo BAaBepd.

Ta kUpla cuotatikd Toug eival o dvBpakag (C), To udpoydvo (H) kal to
Bcio (S). Ooo o oAU AvBpaka TePLEXEL KATIOLO KAUOIUO, TO0O IO HEYAAN
noodtnta BepudtnTag anodidel.
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13.2 KAYZH - KAYZIFONOZ AEPAZ

Kauon eivat n xnuiki avtidpaon yiag ousiag (avépyavng 1} opyaviknig )ue
TO 0EUYOVO Tou agpa, oe MIKPO XPOoVIKG dldoTtnua Kal ouvodelstal and v
napaywyr) BepudtnTag kat Tnv ekmnouny ewtog. ‘Otav n kavon yivel pe oAU
MEYAAN TaxUTNTQ, TOTE A€pE OTL Exoupe EKPNEN. OL BATIKES XNMIKES avTIdOPA-
oelg ou ouvtelouvral, eival Tou dvBpaka Kal Tou udpoydvou kat meptypd-
Qovtal and TG XNUIKEG eElOWOELG ToU Tivaka 1.

‘Onwg npoavapgpae, yia va urndp&el kauon, eival anapaitntn n napou-
ola aépa. '’ autd, Aowrdv, Tov agpa Tov ovoudloupe kauaryovo. Otav yive-
TAL 1) KAUon Kat oTa TPoidvTa TG undpxouv kauaolua, Téte eival mpopaveég
OTL N TOCATNTA TOU agpa dev TAV EMAPKNG Kal EXOUME ateAr] kauon, evw,
oe avtiBetn meplmtwon €xoupe téAeta kauon. (riivakag 1)

XHMIKEZ ANTIAPAZEIZ TEAEIAZ KAYZHZ MEPIKQN KAYZIMQN
Mivakag 1

KAYZH ZTEPEOY KAYZIMOY
AvBpakag: C + O, = CO,

KAYZH YITPQN KAYZIMQN
Bev(ivn: 2CgH1g + 250, = 16C0O, + 18 H,0O
Ateavo'/\n: C, H30OH + 30, = 2C0O, + 3H,0

KAYZH AEPIQN KAYZIMQN
MeBdvio: CH, + 20, = CO, + 2H,0
Ydpoyovo: 2H, + O, = 2H,0
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13.3. ATMOZ®AIPIKOZ AEPAZ - 2Y2TAZH

O atpoopapikdg agpag eivat €va peiypa agpiwv kuping O, kat No, and to
onoio aroteAettatl ) ynvn atpdopaipa. Me v emnidpaon Tou agpa Kal Tou
vepoUu guvtehouvtal ol KUpLlOTePES YEWAOYIKEG dlepyacieq oty empdvela
™G YNG Kat SLIapOPPUVETAL 0 KaPAG Kat To KAipa. H ekatooTiaia ouotaon
Tou &npou atpooalplkol agpa ivat:

KAT’ OrKO KATA BAPOZ
O=YIONO 21% 23%
AZQTO 79% 77%

Mepiéxel akdun oAU HIKPEG MOCOTNTEG AANWV EUYEVWV agpiwv KaBwG
Kat udpoydvo (Hy), dlov (O3), o&eidla Tou alwtou( NO,), dlo&eidio Tou Av-
Bpaka (COy), aupwvia (NH3), pebdvio (CH,), dlo&eidio Tou Beiou (SO,) Kk.a.

H neplekTikdtnTa ToUu aépa oe dloEeidlo Tou dvBpaka, o&eidlo Tou alw-
TOU Kal evwoelg Tou Belou mapouctddel onuavtikég SIAKUPAVOELG Kal eival
WBlaitepa peydn otig mOAELg Kat Ta BLOUNXavika KEvTPa.

13.4 OEPMANTIKH IKANOTHTA - OEPMOIONOZ AYNAMH (H)

211G JAPOPEG TEXVIKEG EPAPUOYEG, €va amd TA TIO ONUAVTIKA UeYEDN, Ta
oroia pag evolapgpouv aTny emAoyn evog Kauaoipou, eival To mood g Bep-
MIKG eVEPYELAG TTIOU Urmopel va pag dwael pia HovAada evog OUYKEKPIUEVOU
Kauoiuou, étav kalyetal pe TéAela kauon.

OeppavTtiki IKavoTnTa | 6gppoydévog duvapn (H) ovopdletal To moood
NG BepudtnTag rou ekAUETAL KT TV MARPEN Kavon 1 Kg (4 1 m3 yia aé-
pla) otepeol uypouU 1 agpiou KAUT(UoU UMd Kavovikég ouverkeg (0°C kat
1013,25 mbar). Movdda pétpnong autoU Tou peyéboug eivalt:

KJ/Kg yla ta oteped kat uypd (kthotldouA avd kiAG)

KJ/m3 yia ta aépia (kihotdouA avd KuBIKS UETPO)
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2Tov riivaka 2 BAEMoue eVOEIKTIKA TN oUCTACT) OPIOUEVWV KAUOTHWY Ka-
Bwgq eniong kat T Beppoydvo duvapr Toug.

H Bepuoydvog duvaun cupPoAiletal e To ypdupa H kat otn nepimtwon
TWV UYPWV, agplwv Kal EKEVWV TWV OTEPEWV KAUTTUWY TTIOU TIEPIEXOUV WG
ouaTaTIKO TOUuG TO UdPOYOVo (Hp) dlakpiveTal oe aviTePN Kal KATWTEPN.

= Avwtepn 6gppoydvog duvaun (Hg) eival n Beppoydvog duvapn Tou kau-
ofuou, étav de AauBdvetal unoyn n anwAela Beppdtntag and v atuo-
noinon Tou napayouevou vepou katd tnv kauon tou Ho. (AavBdvouoa
BepudnTa atyomnoinong.)

- Katwrepn Beppoydvog duvaun (H;) eival n Bepuoydvog dUvaun Tou kau-
oluou, agou €xel apaipedel n mogdtnta g BepudTNTag TIOU AralTeTal
yla v atoroinon tou napayoduevou vepouU katd v kalaorn Tou udpo-
yovou Ho.

2NV MEPTTWON TWV UYPWV Kal agpiwv aut) akdun dlakpivetal oe Beppo-

yévo duvapn und otabepn) riieon (Hp) kat Bepuoydvo duvaun und otabepd

oyko (H,) av@loya av n kauon yivel und otabepn mieon 1) dyko avrioTtoixa.

H Beppoydvog duvaun mpoadlopileTal MELPAUATIKA O€ EI0IKES OUTKEUES Kal

elval g mivakeg e otabepég ouverkeg Beppokpaotwy 15 °C kat 25 °C.

Mivakag 2: ZuoTaon ka1 6eppoydvog duvapn dIaPOPWV KAUCIHWV

Mopiakdg TUTog ,
Kauoipo 1| oUoTacon Kard Os’ppovovoq
TPOCEyyion Suvapn (H)

ANGOPAKITHX 94% C 31.4 MJ/Kg
=YAANOPAKAZ 60% C 11.6 MJ/Kg

35% uypaoia
NITNITHZ 67% C 21 MJ/Kg
ZYAO 53% C 13 MJ/Kg

35% uypaoia
BENZINH Kupiwg CygHqg 35 MJ/Kg
AIOANOAH C,HsOH 35 MJ/Kg
MEGANOAH CH4OH 23.8 MJ/Kg
®YZIKO AEPIO CH4 55 MJ/m3
YIPAEPIO C3Hg+C4H1o 49.5 MJ/m3
YAPOIONO Ho 143 MJ/m3
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13.5 MEPIZZEIA AEPA

Ze OAeg TIG MEPUTTWOELG KAUONG JLag ogdtnTag kKauaoipou, étav 1o o§uyod-
VO TIoU Untdipxel elval akplBwe To anatoUuevo, TOTe EXOUUE TO BewpnTikd
owoto pelypa aépa — kauoiuou. Autd To piyua ovoudZeTal OTOLKELOUETPIKO.

Tnv avaykaia noodtnta o§uydvou Ba Tnv uroAoyifoupe pe TIG EEI0WOELG
kauong, mou Ba eEetdooupe o enduevn evotnta. Autr n moagdtnta oEuyod-
vou Ba rjtav enapkng yia a téhela kavon. BéRata autd eivat duokoho yiati
elvat aduvatn n téAela avapEn Twv Hopiwv TOU KAUGIHOU e Ta HOPLa TOU
agépa atnyv Idavikr avaioyia.

Xpeldletal, Aotmdv, va XOoPnyrOOUUE KA CUUMANPWUATIKY TIoodtnTa
agpa (a,), dpa kat meploodtepo o&uyovo(O,). Autr TV moodTNTA TNV OVO-
paloupe mepiooeia aépa. O Adyog g noodtntag tou agpa (Vg) Tou eivat
TPAYMATIKA avaykaiog 1pog Tnv ocdtnta Tou agpa (V) TOU OTOLXELOUETPL-
KoU piyparog ovouddetal ouvteAeotng nepiooetag agpa (A) kat divetal and
Tov TUmo:

A = Vy; V6,

H ) Tou eEaptdral and To £id0g Tou KAuaiuou Kat TI§ CUVONKeg Kau-
ong.

13.6 MPOIONTA KAYZHZ - KAYSAEPIA

Ta npoidvra g kauong Twv kauaiuwy dlakpivovtal o agpla Kat oTeped.

Ta aépla, 1) aMWG, kauoagpia, urmopel va eivat povo&eidlo Tou dvBpaka
(CO), dokeidlo Tou avBpaka (CO,), dlo&eidio Tou Beiou (SO,), dlwto (Ny).
Ta oteped eival kupiwg n alBdAn (C), dnwg emiong n T€Ppa kat n okoupld,
Ta oroia mpogpxovTal and dkauota alata Tou kauaoipou. Onwg eidaue kat
otov mivaka 1, étav €xoupe TéAela kauom, TOTE OTA TIPOIOVTA TNG dev avl-
xveuoupe dvBpaka (C) i povo&eidio Tou dvBpaka (CO), oe avtiBeon pe Tnv
ateln kauor, otnv omola avixveUou|E.

2upunepaivoupe Aowrtdv, 6Tl av n kavon Twv udpoyovavepdkwy (HC) mou
neplExovral ota kavowua frav Télela, Téte ta povadikd npoidvta Ba irav
dl0&eidlo Tou dvBpaka (CO,) kat vepd (Ho0). Ztv rpdEn oxeddv note dev
€xoupe TéAela kauan.
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Idlaitepa ateig eival n kalon oToug KIVNTHPES TWV AUTOKIVITWY, HE
anotéAeopa ota kauoagpld Toug va Bplokoupe UovoEeidlo Tou AvBpaka
(CO) kat dkauatoug udpoyovdvBpakeg. Autd oupPaivel, Kupiwg, yati o
¥xpdévog g avtidpaong Tng kavong, eival UIkpdg Kal ol ouverkeg dev eival
IOQVIKEG.

MNvopiCoupe 6Tl 0 atpooPaAIPIKOG agpag ekTdg and o&uyodvo (O,), mept-
éxel kat dlwto (N,),To omolo otnv atudopalpa eival adpavég. e GUVONKEQ
OuwG VYNNG Bepuokpaciag Kat ieong, OMwg TOUG KIVNTHPESG ECWTEPIKNAG
Kauong, To afwto avtidpd pe To O, Kat oxnuatiCovral Ta o&eidia Tou alwtou
(NO, NO,), 1} yevikd (NO,).

MpayuaTikA (ateARg) kavon

Alogeidio Tou avBpaka (CO»)
Ydpartpoi (H,0)

Y&poyovavBpakeg (HC)
J
O¢eidia Tou adwtou (NOy)

Zxnpa 13.1: Kauon 1kg Beviivng - 14.7 kg aépa kat mapaydueva kauoagpla

14,7 kg
agpag

1 kg
Bevdivn

Y
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13.7 EZIZQZEIZ KAYZHZ

H e&lowon kalong ekPppAadlel Tn XNUKA Evwon Twv OTolyelwv TTou guvioTouv
Ta KaUolua, pe To 0&uydvo TnG atudopaipag. H kalon Twv oTolxelwy autwv
naplotdvetal e TI§ akOAoubeg XNUKES eELOWOELG, OTIG omoieg avaypaPpou-
e Kal To oad g Bepudtnrag nou anodidetat avd povada Bapoug.

EZIZQZH TEAEIAS KAYZHE TOY ANOPAKA
C + 0, = CO, + 33800 kJ/kg

Me autrjv Tnv e€lowon naptotdvoupe v TéAela kavon Tou dvBpaka (C)
pe mpoidv 1o CO,. Eival ox€on Bapwv kat av oe autd TOMoBETOoUUE TA
aTouIKA Bdpn Twv otolxeiwv Ba €xoupe :

C+ 0, =CO0y
12 + 32 = 44 ka1 dlapwvtag dia 12, EXoupe:
1+ 2,67 =3.67

2upunepaivoupe, Aotrtdv, ot 1 kg dvBpaka To orolo KatyeTtal TA)pwg oTovV
agpaq, xpeldletal 2.67 kg o&uydvou napdyet 3.67 kg dl1o&eidlo Tou AvBpaka
kal arnodidet BepudtnTa 33800 kJ/ kg.

EZIZQ>H TEAEIAZ KAYZHZ TOY YAPOIONOY
2H, + O, = 2H,0 + 144000 kJ/kg

"Exoupe Aotmov:
4+ 32 = 36 kat dalpwvtag dla 4 €X0UE:
1+8=9

Anhadr| éva 1 kg udpoyodvou anaitel 8 kg oEuydvou kat pag divel 9 kg
vePQ [E TNV HoPPT| USPATHWY

ESIZ03H TEAEIAZ KAYZHE TOY OEIO
S+0, = SO, + 10400 kJ/kg
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"Exoupe Aotrov:
32 + 32 = 64 kai dlaipwvtag dia 32, EXoUle :
1+1=2

dnAadn 1 kg Belou kaiyetal pe €va 1 kg o&uydvo kat arnodidel 2 kg dlo-
Ee(d10 Tou Belou. Avaloyeg ox€aelg UMAPXOUV Kal yia TNV ateAr] kalan Tou
Avbpaka oe PovoEeldlo Kal, oTn ouvéxela To UovoEeidlo oe JloEeidlo Tou
Aavbpaka.

ATOMIKA BAPH
0=16,C=12, H=1, S=32

13.8 TAZINOMHZH KAYZIMQN

Ta kadoua Tou XENOooToloUE OTIG EPAPHOYES, TTIOU poavadépae dla-
kplvovTal oe katnyopieg, avdloya He TN PUOIKY| TOUG KAaTAaTaom, TNV MPOoE-
AeuoT| TOUG Kal TIS EPAPHOYES TOUG.

I. ANAAOT'A ME THN NMPOEAEYZH TOYZ

Awakpivovral og:

%~ OUOIKA: autd Tou XpnaotuorolouvTal Onwg Tpogpxovtal and Tn euon
(uebdvio, Atyvitng, puOkS agpto, yatdvopakes K.d.)

=~ TexvnTd: autd mou xpnaotorolouvTal agou €Xouv UrooTel oplopévn
eneEepyaota. (Bevlivn - pwtagplo - diesel - owvdnveuuaq)

. ANAAOIA ME TH ®YZIKH TOYZ KATAZTAZH Awakpivovtal o€:
&~ ZTEPEA: Ayvitng - avBpakitng - KWK K.A.
= Yypd: knpodivn - meTpéAalo - owvdmveupua K.d.

=~ A€pra: uebdvio - pUOIKS AEPLO - PWTAEPLO K.4.



KAYZIMA - KAYZH 305

lll. ANAAOT'A ME TIZ EQAPMOIEZ TOYZ

"Eva AA\O KPLTHPLo SLAKPLONG TWV KAUOTUWV elval To MedI0 Epapuoywy TOUG.
‘ETot, dAa and autd xpnoluorolodvtal oe KivnTripleg unxaveg (Bevlivn me-
TPEAALO), evw ANV 1) xprion neplopileTal oe otabuouq mapaywyng nAe-
KTPWKNG evépyelag (Atyvitng). Emniong undpyxouv kat Ta agpla kalolua, ta
omnoia, otyd-oyd kdvouv Tnv eupdvior| Toug og oxnuara (L.P.G.-uypaéplo,
QUOLKS QEPLO),eVW UMOPOUV va XPnaotuoroindouv Kat otny mapaywyn evép-
Yelag.

13.9 EIAH KAYZIMQN

Avagépape oe mponyouuevn evétnta 13.1 6tL To Bacikd ouoTatikd Twv
kauoiuwv eivat o avBpakag (C).Zta kavoa nep\auBdavovtal Opuktd op-
YOVIKAG ipoéAeuong, Alyviteg, uotkd agplo, Kauoluog oxXlotohBog, ABdv-
Bpakag, metpéAalo, TUpPn Kabwg, emiong, EUAeia kal anoppiuuaTa GUTIKAG
npogAeuong (dxupo-PAoudeg K.A.)

O ortoudaidtepeq kKauolueg UAeG eival ol TTapakdTw.

A. Topon

Eivat opuktdg Kauowog AvBpakag mou mponABe and tnv anavepdkwaon
udpOBBLLV PuUTWV. H TUpen eival oxeTikd pTwyxd Kauaoluo, €xel dNAadn UKEn
Beppoydvo duvaun, eniong meplExel MOAEG E€veq MPOOUIEELG kal peydAa
nood uypaociag, y' autd, ouvrBwg TPV TN XPron Tng, TPEMEL MPWTa va
Enpabel.

B. FaidvOpakeg

Mpoépxovtal and QuTtd Ta onoia €xouv anavopakwBel o TTAAAES YEWAO-
YIKEQ eMOXEG, Xwplg TV napouaia agépa aAAd kdtw amd uPnAn mieon kat
Bepuokpaaia.

Ta oroudaidtepa e(dn yalavopdkwy eival Ta mapakdaTw:

> Ayvitng: eUPAEKTO OPUKTO, elvatl kATt peta&u g TUPPNQG Kat Tou av-
Bpakitn. Alapépel and Tnv TUPPN, AdYyw TG HeYaAUTepNg NUKVATITAG TOU,
™G AlydTtepng uypaoiag kat Tng peyalutepng Beppoydvou duvaung.
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> AiBdvBpakag: eival ard ta o ald oteped kadvaotua. ‘Exel ueydin re-
PLEKTIKATNTA O€ AvBpaKa, HIKPd TTogooTd uypaciag Kat peydAn Beppoyovo

duvaun.

> ABpakitng: eival éva eidog AIBAvBpaka pe peyakn Beppoyovo duvapn.
Eivat okAnpd UAIKS pe xaunAd mood uypaciag kat peydAn mepLekTikdTTa

oe dvBpaka.

. AkatépyaoTo meTp€Aaio

To akatépyaoto TeTpéAalo eival
QUOIKO UYPO, KaUoluo, eAALWOES,
eUPAEKTO, e €IOIKA OOMN). ZXNUa-
TiCetar pagi pe toug agploug HC,
oe Bdbn ouvrbwg 1,2 - 2,0 km. Ae
Xpnotdoroletalr otnv Hopery atnv
oroia avtAeital. e eldIKEG eyKa-
Taotdoelg, Ta OWAIOTMPLA, UTO-
BAMeTal oe KAaouaTIkA andota&n
ard v omnoia naipvoupe avdloya
he To onuelo {éong Ta akdAouba
npoidvra( oxnua 13.3):

v Yypaépla

v Aldpopoug Tunoug Bevlivng
v Knpodivn

v NMetpélato Diesel

v Opuktéhalia - Mapagpiveg -
BadleAiveq

v AcpaAtoq

AKIVNTN TPOXANIQH e

KIVNTH TPOXONQ! e
FaVT0G m——
STPOGEGC Mioxog e
ZwAAY AOTING

Avéhkuon
\

AvtAia AaoTng

Tpdameda TEPICTPOPNG

ZQAHN TPYNANOY —
ZOAHNQZIH

FEQTPYMNANO \l

Ixnpa 13.2: AvtAnon netpeiaiou



Apyd TreTpéAaio
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Knpodivn
<

Kauoipo
AEPOOKAPWV

Kauoipo
QUTOKIVATWY

OpukTo
TTETPEAQIO Kauoipo
VTICeA
<_
MeAavia
eKTUTTWONG,
£Aaia

Biopnxaviko
TTETPEAQIO

Ixnpa 13.3: Mpoidvra diAiong netpeAaiou

ZxAua 13.4: [pwtdyovo dwAoTripto
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A. Aépia kadoipa

2’ autv TNV Katnyopia cuunep\auBdvovtal Ta Guotkd agpla e KUpLlo ou-
otatiké To pebdvio (CH4) kat Ta texvntd agpta, Onwg To Uypagplo, To oroio
elval mapdywyo Tou netpehaiou. Emiong, urtdpxel To pwTagplo 1o omnoio &i-
vat poidv Enprg andota&ng ABavepdxwv.

Zxpa 13.5: Epyootdoto g AIMITOA, yia v napaockeur) TeXVnTou oTepEoU KQUOUOU
(urtptyketeg)

2" autiy ) dladikaoia to urmdAepa eival To Kwk, éva oteped Kauoluo
pE peydAn Beppoydvo duvapn. Emiong €va akdun texvntd oteped KAUOLUO
elval ol UrpLyKETeg, oL onoleq karaokeuddovtal and PIKPA KOUUATIA KWK,
okdévn Atyvitn 1) kat ABdvepaka.

ANoO aéplo kauaoldo eival To puailké aépto. Autd eival piyua udpoyo-
vavopdkwv (HC) oe agpla kardotaon, amnoteleital kKupiwg and peddvio
(CH4) kai avrjkel otn delTepn olkoyévela Twv agpiwv kauoiuwv. EEdyetal
arnd QUOIKEG KOINGTNTEG, UTdyeleg i uttoBaldoateg. MeTd amd mMPwToyevr
enekepyaoia, yetapépetal oe PUeydAeq anootdoelg YEXPL TIG TIEPLOXES Ka-
TavdAwonqg Tou, oe UPnAr| Tiieon pe edIkoUg aywyouq peydAng dlapéTpou.
Yridpxel duvardtnta Baldoolag HETaPopdq TOU O UYPOTIOINUEVN oP®T,
e edIkA deEapevomola o AaTHOTPALPIKY Ttieam kat Bepuokpacia -162 C°.
Aev ieptéxel povoteidio Tou avBpaka (CO), dev eival ToEIkS kat dev purtaivel
TO TePIBANOV.
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2tnv EN\GOq, elodyoupe puaoilkd aéplo and Tn Pwoia péow aywyou Kat
and Tnv AAyepla, oe uyporotnuévn Lop®r| Le Ta eldikd deEapevomiota. ‘Exel
eupU medio epapuoywv Kal xpnaluoroleTal wg kavoluo, oToug otabuolq
Mapaywyng TnG NAEKTPIKAG evépyelag, otn Blounxavia, otoug KIVNTAPES
E0WTEPLKNG KAUONG Kal OTOV OIKIAKOS TOUEQ.

EANAAA

Zxnpa 13.6: Aywyog @uoikou agpiou
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E. Mupnvika kadvoipa

Eival Ta uAikd Ta ormola xpnaotornolouvTal oToug Mupnvikoug avTidpaoTh-
PEC Yla va TETUXOULE TN JLAoTIa0N TOU TUPNVA KAl VA EKUETANNEUTOULE TA
peydAa ood BepIKnG evépyelag Tiou ekAUovtal. Ydpyxel éva eidog rupn-
VIKoU Kauaipou kat autd eival To oupdvio 235U kat 238U. 211G avtidpdoelg
0XA0MG TOU TIUPva Tou oupaviou n ekAUdUEVT evépyela sivat 2.108 popéc
peyaAUtepn amd Tnv evépyela mou ekAUeTal and Tnv kauvon evog KINoU Tie-
Tpehaiou. Ot kivduvol duwg TG MUPNVIKNG TexvoAoyiag, deixvouv Ot Ba ei-
val SUOKOAN N OAIKY} QVTIKATAOTAON TWV “CUMBATIKWY” KAUG{UwWY ard autr.

o——e
Z
2ZYNTOMH MNMEPIAHWH 13ou KEGAAAIOY
4

e Kauowa eival Ta UNKd (oteped, uypd 1) aépla), Ta orolaq,
otav Kaiyovral, mapdyouv peydia moad BepudtnTag (Bepuikn
evEPYELQ).

Ta kUpla ouotatikd Toug eival o dvBpakag (C), To udpoydvo (H) kal To
Ocio ( S).

Kauon eivat n xnuikr avtidpaon piag ouciag (avépyavng 1) opyaviknq)
He To 0Euydvo Tou agpa, o€ PIKPO XPOoViké dldotnua kat guvodeleTal
and v napaywyn 6epudtTag Kal TNV eKMount ewtog.

e [la va undp€el kavon, eival anapaitnt n napouacia aépa. O aépag au-
TOG ovoudletal kauorydvog. ‘Otav yivetal n kavon Kat oTa mpoidvta g
undpxouv Kauaolua, éxoupe ateAn kauan, evw, oe avtiBetn neplntwon
€xoupe TéAela kauan.

® Atpoopalplkdg agpag eival éva pelypa agpiwv kupiwg O, kat No,

® Oeppavriky IKavéTnTa 1| Beppoydévog duvaun (H) ovoudletal To 000
NG BepudtnTag mou ekAletal katd v mAfpn kavon 1 Kg (1 1 m8 ya
agpla) atepeou uypou 1 agpiou kauaoiuou.

® AvwTtepn Ogpuoyovog duvaun eival n Bepuoydvog dUvaun Tou Kauoi-
pou, étav de AauBdvetal umoyn n anwAela Bepudtntag and Ty atpo-
noinon Tou napayduevou vepou katd tnv kavon tou H,. (AavBdvouoa
BepudTnTa atponoinong.)
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e Karwtepn Oeppoydvog duvaun eivat n Beppoydvog dUvaun Tou Kauoi-
Hou, agou €xel agalpebel n moodmra Tng BepudtnTag nou anarreirat
ylO TNV ATpomoinom Tou mapayduevou vepou Katd Tnv Kauon Tou udpo-
yovou Ho.

¢ Q1 eflowoelg kauong ekPPATOUV TN XNMIKY EVWO) TwV OTOLXE(WY TToU OU-
vioTouv Ta kauolua, pe To 0Euydvo g atudopatpag. H kauon Twv oTol-
Xelwv autwv maplotdveTal e XNUKEG eEl0WOELG, OTIQ omoleq avaypd-
(POULE KAl TO TI0ad TG Beppdtntag rou anodidetal avd povada Bapoug

e Ta kalaolua Tou XPNoLOoTOoLloUlE OTIG EQPAPHOYEG, dlakpivovtal oe did-
Popeg katnyopleg, avdhoya e TN QUOIKY TOUG KATdoTtaon, (PuUolkd i
TeEXVNTA), avdloya Tnv TPOEAEUOT] TOUG (OTEPEQ, UYPA 1) agpla) Kal TIQ
EPAPMOYEG TOUG.
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