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Ew. 1.1 'Eva pépio aepiov kiveiton
670 YOpo mov KotoAapPdver To
0éplo, OCLYKPOLOUEVO e  GAAQ
puopl katd Tt oodpopn Tov. Av
KOl 0TIV €IKOVA QAiVOVTOL GTOTIKAL,
Ta GAlo popa kwvobvvton emiong W’
évav avaioyo tpomo.

Ew. 1.2 Ot kwwioeig tov cooipt-
Slov péoa oto kovti powdfovv pe
v toyaia kivon Tev popiov evog
aepiov.

1-1 EIZATQI'H

[ToAAéC amd TIC ONUEPIVES CVTIMYELG LG Y100 TNV VAN Ko T Oeppotnta
£YOLV TNV AETNPI0 TOVG OTI| LEAETT TG CUUTEPLPOPAS TMV AEPIV, Yo TNV 0ol
EPYACTNKOAY HEPIKOL OO TOVG MO GMHOVTIKOLG BempnTikods Kot TEPUUATIKOVG
(QLGIKOVG, 0TI SIEPKELD TOV CULMVE TTOV TEPOCE KO OTIG OPYES TOV OOV LLOG.

To &evdlo@épov Yyl TN CLUTEPLPOPO TV OepimV Ogv eivar HOVO
Oeopntikd. O unyovég TV GUTOKIVATOV, Ol aTHooTpoPfiiol tng AEH aiAd
Kol po oelpd amd epyoieio, OMMG Ol 0EPOCPLPES (KOUTPECEP) OV
YPTCLLOTOLOVLE YO VO TPUTANE TETPES, Pocilovv Tn Agttovpyiol TOLG oF
SL0d1IKAGIEC OTIG OTTOIEG GUUUETEXOVV OLEPLOL.

>10 0éplo o1 amootdoelg uetald TV popimv eivol peydieg kot ot
duvépels peta&d toug ToAD pikpés. Avtd eEnyel yioti ta aépla dev Exovv OO
TOVG oYM Kol OYKo AL «dovelloviom To Gy Kot TOV OYKO Tov doyeiov
OV TO. TEPLEYEL.

Ta uépla Tov aepiov Ppickovial g dlapkn Kivnon kol cuykpobovTol
LE Ta GAAG popla 1 pe Ta Toydpota Tov doyeiov. H kivnon tov popiov tov
aepiov, petald SVO ovykpovoewv, elvar guBOYpapun OpaAr, M «uéom
eAeb0epn SLOOPOUN» TOLC GYETIKA UEYOAN KO Ol TOYOTNTEG WE TIC OMOieg
Kwvovvtor givar tng TaEng Tov 1600 yilopétpwv v dpa!

Xe avtifeon pe 0,Tt ovpPaivel oto aépla, TO UOPLOL TOV CTEPEDY
Bpiokovtan og pikpn peta&d Toug amdoTaoT Kol ot HeTa&D Toug Suvdpels eivan
WoYLPEC, Y1 avutd To otePEd £xovv opiouévo oyfua kot 0yko. Ta pdpla tov
otepe®v Og petatomifovral aAAd ToAavT@VOVTOL YOP® amd optopuévn Béon.

2V EVOIAUEST KOTAOTOOT, GTO LYPE, Ol SUVAUELS OVAUECH GTO
puopia givor onuavtikég, oyl OPMG TOG0 peydleg 0G0 0TO GTEPED, e GUVETELL
TaL VYPA va €OV OPIGUEVO OYKO OALG OYL S1KO TOVG GYT L.

210 KePAAMO 0VTO apykd B0 LEAETGOVE TOVG VOLOVG OV SLETOVY
T GUUTEPLPOPE TOV AEPIMVY, OTMG OVTN YIVETAL OVTIANTTH LOKPOCKOTIK. XTN
cuvéyela Ba dovpe TS, pe TNV VITOBEST] OTL TOL AEPLE ATOTEAOVVTOL OO POPLOL
oT0 OTolo amodMoUpE OPICUEVES 1O10TNTES, KATOQEPOUE VO €ENYTGOVUE TN
GLUTEPLPOPE TOVC.

MoKpOGKOTIKI] KOl HIKPOGKOTIKTY] REAETY).

H meprypaon] - kot kat’ enéktaom 1 HEAETT) EVOC QUIVOUEVOL - UTopEl
va glval €lTe HOKPOOKOTIKY €iTe UIKPOOKOTIKY. MOKPOGKOMIKY AEYETOL M
HEAETN OTav 6”7 avTh dgv vrelsEpyovial bobécels, Bempieg N Kot peyédn mov
€youv oyéom Le TN dopun 1 TN cVGTOCT TOV OVTIKEWWEV®VY TOL GUUUETEXOVV
GT0 QOWOUEVO. TNV avTifetn Ttepinmton 1 HeEAETN AEYETAL LUKPOCKOTIKT).

Mo mopdderypo, ov GUVOEGOLUE U0, AGUTOL GTOLG TOAOLG ULOG
purotapiog 1 Aduma Oa avayet. To eovopevo pmopet va peketnOei av petpndet
N téon, N £viacn Tov pedaTog, 1 OEpIoKpacio TOV GUPUATOG TNG AAUTAS, TO
TOGA DEPUOTNTOC TOV EKTEUTEL KA. AVTN €IvOl 1| LOKPOGKOTIKY UEAETT. AV
avtifeta, mpoomabmvtag vo eEnynoovpe to @avopevo, ovaeepbodue oTo
€100¢ TV cOUATVOIOV TOV KvoLvTol HEGO GTO GUPUO, GTNV TOYVTNTO TOVG,
OTLG KPOVGELC TOVG KAT, LEAETAUE LMKPOGKOTIKE TO QOIVOUEVO.



210 YOPO TGOV QUOIKAOV EMCTNUOV 1 HOKPOCKOTIKY Kol 1)
WKPOGKOTIKY UEAETN] TOV QUIVOUEVOV GUVHOWOC GLUVLTTAPYXOLY. XTa 0EPLY M
LOKPOOKOTIKY MEAETN TTponyHOnke TG WIKPOOKOTIKNG. Xt péoa tov 177
ol1dVe, Kol HETE OO HOKPOGKOMIKY UEAETN, OlaTumdOnkav ot vOpol Tmv
agpiov omd tovg Boyle, Charles kou Gay-Lussac. Apyodtepa (téin tov 19%°
a1OVa) GPYLOE 1 WKPOGKOTIKN TOVG LEAETN.

H pkpookomkry peiétm Ponfnoe vo  epunvedcovpe  Tovg
LOKPOGKOTILKOVE VOUOVG, VO, EENYNCOVUE TN CUUTEPIPOPE TOV oepiaV (.. UE
TOL0 UNYOVIGUO TO 0EPLO ONULOVPYEL TIEGELS) KO, YEVIKA, VO, KUTOVOTGOVLLE GE
BaBoc v aépla don.

-2 OI NOMOI TQN AEPIQN

H «xotdotaoon otv omoia Ppioketon €va  oéplo  mEPLypAQGETUL
LLOKPOGKOTLKG ard TNV Ttieot, Tov OyKo Kot 1 Beppokpacia Tov.

Ta peyédn ovtd (mieon - Oykog - Oeppoxpacio) yi opiopévn
mocoTNTA 0EPiov dev givarl ave&aptnta petaéy tovg oAld cvuoyetilovral [a
mopadetyua, av avéNcovpe T Oepuokpocio € pio KAEIGTH GLAAT TOV TEPIEYEL
aépto Ba awénOel ko 1 mieon.

Ot oyéoelc mov ovvdéovv T peyEBn ovtd mpoodiopioTnray
TEPAPATIKA KO ATOTEAOVY TOVS VOLLOLG TOV aEPimV.
Nopog Tov Boyle (Mmon, 1627-1691)

H wigon opropévig mocdtnTag agpiov Tov omoiov 1 Osppokpacio
napopével otalepn eivor avticTpo@a avarioyn HE TOV 6YKO TOV.

H pobnpotikn datommon eivat:

pV =orad. na T =orad.
p
oéplo
T,>T,
]
(o8
g
\g Tz
= Tl AV
o p

H petofoly omv omoio 1 Bepuokpocio mopapéver
1660gpun.

otabepn] ovoudleton

Xy. 1.1 o) To oépo Ppi-
OKETOL LEGA GE OYKOUETPIKO
doyeto. To doyxeio pe o agpro
mepfrletar amd Aovtpd e
vepd TOL omoiov 1M BOeppo-
kpaocia Swtnpeitonr otabdepn.
210 doyelo vrhpyel TPOGUpP-
HOGUEVO HOVOLETPO Yo TN
UéTpMon TG miEong Tov oe-
piov. P) Zto ddypappa mo-
PLOTAVETOL YPOPIKA 1 Tieon
oV oeplov oe cuVAPTNON e
oV OyKO Tov, Yo
Oeppoxpaocieg Ty ko T, v
TG omoieg woyver T, > T;.



Xy 1.2 0) To aépro Ppioxe-
o péca o doyeio otabepod
oykov. Kabog Oepuaiveton
ovavetar 1 mieon  ToL.
B) Xto adypoppo Taplotd-
VETOL YPOQIKA 1 HETOBOAN
g mieong o€ cvvapTnon e
m Oeppoxpacia, yw b0
SLOPOPETIKES TIHEG TOV OYKOL
Vi ko Vs, pe Vi<V,.

O vopog tov Charles (Zaph, 1746-1823)

H #wigon opwopévng moootntog aepiov TOov 0moiov 0 OYKOG
owatnpeitar otabepoc sivar avaroyn pe v andivtn Oeppokpacia
TOV agpiov.

H poabnpoatiki tov dwtvmmon etvat:

P _ 6ra6. na V =oral.
. “T ’
033. ﬂ Q Vl Vl <Vz
E &
g
©r 5 v
D

(D4

a B
H petafoin oty onoia o 6ykog mapopével otobepos ovoudletol 1ooympn.

210 oynuo 1.2.5 ot drokekoppéves ypoupég vmodnidvouy o1t 1 evbeia g
YPOPIKNG TOPACGTACNG TPOEKTEIVOUEVT TTEPVAEL amd TNV opyn Tov a&ovov. To
dlokekoppuévo Tunua tng evbeiag avtiotolyel og Beplokpacieg oTig omoieg Ta
aépla. 0V VIAKOVOLYV GTO VOLLO.

Tn Beppokpacio ™ petpdpe oe Pabuovg KérPwv (K). H Beppoxpascio avtn
ovoudleton améivtn Oeppokpacia.

H 0epuokpocio oy whipaxe Kelvin mpokdzntel av ot Oepuokpocio 0,
puetpnuévn oty KAipako Keloiov, mposbécovpe to 273. T=273 + 0.

To undév g xhipoxag Kelvin avtiotoyel otovg —273 °C ko eivar 1
Oeppokpacio kdt® amd v omoio elvar adbvaro va @Tacovpe. T
Oepupokpacio ot T AEUE KAl «OTOAVTO UNOEV ».

O vopog Tov Gay — Lussac (T'kéi-Aovodk, 1778-1850)

O 6yKog opropévig TocoTNTOS 0EPiOV, OTAV N TTigo] Tov ST peiTal
oto0ep], eivar avaroyog pe TV andivtn Oeppokpacio Tov.

H pabnpotikn datdrmon tov vouov givar :

N
RoTo=0 VN Qm:{

10



g \Y%
5
“3 — 1 ] b, Pi<Pp;
v
w
L p:
—2
—
' T
Bépuovon
a p

H petafor] otnv omoia n micon moapopéver otabepr] ovopaleror
wofapns.

Idavikd aépra

O1 TPELg TPONYOVLEVOL VOLOL 1GYDOLV Y10, T SAPOPa AEPLL UE MIKPES
N UeYGAEG UTOKAIGELS. ZVYKEKPIUEVA 10YDOVV UE UEYOADTEPN OKpifetla Yo Eva
povoatopkd mapd yuo. évo molvatopkd aéplo mov Ppioketar oTig 101Eg
ouvOnkeg. Emiong toybouvv pe peyolvtepn akpifelo yio to Oepud kot apoid
aépla amd O,TL Yo T, TUKVE Kot Yoy pdL.

Ag vmoBécovpe Tdpa O6TL KATOL0 0EPLO VTTOKOVEL Ue akpifela GTovg
vOpovg avtovs aveEdptnta amd To av eivar Beppd 1 yoypod, TLKVO N apatod.
‘Eva této10 aéplo akplpdc €mEWDN OTNV TPOYUATIKOTNTO Ogv Lapyel Oa
ovopdgetor 1oviKo aépio.

Mokpookomikd 10aviké 0épro, £ivor aVTO 7OV VTOKOVEL GTOVG
TPELS VOROVS TOV 0.EPLOV GE 0TTOLEGONTOTE GVVONKES KL av PpiokeTar.

Ynueioon : O ypagikég mopaoctdoelc p-T (oy. 1.2B) ko V-T (oy. 1.3B) av
avaQépovtay o€ 10avikd 0éplo Oa MTav CUVEXELS YPOUUES, Yo OAEG TIG
Oepuokpaociec.

-3 KATAXTATIKH EEIZQXH TON IAANIKQN

AEPIQN

A7b 10 GUVOVAGUO TOV VOU®VY TOV aepinv Tpokdntel N e€icmon:

pV =nRT (1.1

H (1.1) ovopdaletar kataoTaTiKn €£i6OGN TOV WOUVIKAV AEPIMV.

H R ovopaletar 6taBepd Tov 100VIKOV agpimv kol 1 Tiun g e€aptdton amd

¢ povadeg tov p, V, T. 1o ovotnua SI, émov povada misong eivar to N/m?

Kot povado  Oykov  givor  to  m’, n tuuq m¢ R eivau
R=8314J/mol-K

11

Xy 13 o) Kobag 1o aéplo
Oeppaivetar o Oykog TOL
av&avetar. H mieom tov aepi-
ov dSwrnpeiton otabepn e

éva Papog  Tomobetnpévo
mive oto éuPoro. P) Xto
Suarypoppiol TOPLOTAVETOL

YPOQIKA T pETOBOA TOV
OYKOL G€ GLVAPTNOM HE TN
Oeppokpacio, yr VO TIHEG
™mg migong p; KoL py He
P1 < P>



YuvinBomg M mieon petpiétal oe atpoOcEapeg (atm), o Oykog o€ Atpa (L) ko n
T e R elvar :
R=0,082 L-atm/mol-K

O apBpdg tv mol Tov agpiov Bpicketal amd To TNAIKO TG OAMKNG UALoC M1,
TOL aepiov TPOG TN Ypappopopaxy Tov palo M.

n="Tor (1.2)
IY; .
H oyéon (1.1) pmopel pe Baon v (1.2) va mapet m popon
m
V=—2RT 1.3
P Y; (1.3)
To mmAiko g ovvolikng palag Tov aepiov mpog tov Oyko ToL divel TV
, r moﬂ
TOKVOTNTA TOV : L= 2
'Etot, n oyxéon (1.1) pmopei va mdpet tn popen:
Yo
=—RT
Y

H xotactatikn e&icwon pmopel va pog Sdoel Kot Evov amAodoTeEPO
LOKPOGKOTIKO OPIGHO TOV 180VIKOD aEPIOU :

Ioaviké aépro givar To aépro Y10 TO0 000 16YVEL | KATAGTATIKI
eicwon akpifdg, og 6reg TIg TEGELS Kot Ogppokpaciss.

21N GULVEKELD, OTOL AVOEEPOUACTE o aéplo Ba Bempovdue 611 o1
ouvOnKeg etval TéTOlEg OOTE 1 KATOOTOTIK &€&lomon va 1oYOEL YOPig
OTOKAICELS.

ITAPAAEII'MA 1-1

Ty opyn evoc tafdod 1 Beppokpacio ToV EAACTIKGOY evog avtokviitov givar 7 °C. Kotd m™
Sapreto. Tov Tafd1o0 To ghooTikG Beppaivovtar otovg 27 °C. Av oty apyi oV T o adpag 6To
E0MTEPIKO TOV ELACTIKOV Pplokotav oe migon 3atm, ndon OBa €xetl yiver n micon oto 1€hog Tov TaES100;
Y7roOétovpe 6TL 0 OYKOC TOV EAUGTIKMOV TOPUUEVEL OUETAPANTOG.

Andvinon :

Aol 0 0YKOC TV EAAOTIKAOV Tapapével otafepoc, N petafolr| etval 160xmpn kot 1oxveL p / T =orab.

Av py, Ty etvon 1 apywkn wieon kou Oepuokpacio Kot py, T 1 TEMKN Tigon Kot Oeppokpocio ToV EAACTIKMY,
&yovpe

P _ Py ETOUEV®D —£ —300K
T T, peveos  p, T P 280K

3atm = 3,2atm

12



ITAPAAEII'MA 1-2

No Bpedei n mokvomqTa oL oépa o Kahokapwy pépa mov 1 Oeppokpocio eivar 27°C.
YrnoOétovpe OTL M atpooeapiky mieon eivon larm (1 atm =1,013x10° N/m?) xa o1 o aépag

GUUTEPLPEPETAL GV 1BAVIKS P10 pe ypappopoplakn palo 29x 107 kg /mol .
Andvinon :
H xotactatikn e€icmon ypapetat Le T Lopen

Yol , , , pM
="—RT omd Vv omoio TPOKVTTEL =—
p iY; n P P RT

AvtikaBiotdvtog oto SI €xovpe
_1L013x10°N/m* -29x10 kg / mol

=1,18kg/m’
8,314J /(mol K)-300K

I[TAPAAEITMA 1-3

0,2 mol H, Bpiockovion ce doyegio pe kivntd éuPoro oe Oeppoxpacio T;=300 K kot wicon 2 atm
(xotdotaon A). Alatnpovrtag otabepn| v Tieon Tov Oepuaivovpe o aépro uEYpLg 6Tov N Beppokpacio Tov
yiver T,=400 K (katdotoon B). Ztn cvvéyelo 1o aépro ektovavetol 1600eppa Léyplg 6Tov 1 mieoT Tov yivel
ton pe 1,5 atm (katdotoon I') kon petd yiyeton pe otobepd dyko péypt n Beppoxpacio tov va yiver T1=300K
(xotaotaon A). Téhog, 10 aépilo cvumiéEletan 1600epa. LEYPL VO PTAGEL GTIV OPYIKT] TOV KOTACTOOT.

Noa Bpeite T1g TYESG TOL OYKOL TNG TiEoNC, Kot TN OEPUOKPAGING TOV AVTIGTOLYOVV OTIS KATOOTAGES A, B, I
Kot A Kot vo armoddoETE TNV Tapanave dodtkacia og dypappato pe dEoveg P-V, P-T, ko V-T.
Aivetan n T g otadepig R = 0,082 L-atm/ mol - K

Anévtnon :

1. A. Ymv katdotaon A, 10 aéplo €xel mieon pa=2 atm kot T,=300 K. Tov 6yxo tov aepiov
UTOPOVLE VO TOV DTTOAOYIGOVUE OO TV KOTOOTOTIKY £5I0WMOT).

nRT, 0,2mol-0,082L-atm/(mol-K)-300K

P4V, =nRT, U V=
D4 2atm
and OOV TPOKVTTEL V,=2,46L.
B. Ymv katdotoon B, to aépio €xel migon pg=pa=2 atm kot Ogppokpacio Tp=400 K. O dykog
ToV VoAoYileTon amod T oyéon
V, V T 400K
4 _'8 7 V,=-2V,=——246L,
T, T, T, 300K
and OOV TPOKVTTEL V,=3,28L.
I. 2mv katdotoon I' 1o aépro éxer Oeppoxpacio Tr = 400 K «on wieon pr= 1,5 atm. O oyxog
ToV VoAOYileTon amod T oYéon
2atm

psVs =piVr wo ve=Ley 3281,

DPr L5 atm
and TV onoio TPOKVLITEL V. =437L.

13



2.

1,5
1,125

A. Ymv koatdotaon A to aépro xel Bepuoxpacio TA=300 K kot 6yxo V4, = Vr =437 L. H

wieon Tov vroAoyiletal and T oxéon

T 300K
Pa_Pr M Py=2pr=——15atm
T, T; y. 400 K
and TV onoio TPOKLITEL p,=L125atm.

Ot Tipég Tov BPNKAE PAIVOVTOL GUYKEVTIPMOTIKA GTOV VKoL

|pam VO TEK

A 2 2,46 300
B 2 3,28 400
r 1,5 4,37 400
A 1,125 4,37 300

Me Bdon tig TYEG TOL TVOKO UTOPOVLE VO KATAGKEVAGOVLE TO SLOYPALLLLOTO, ©

T(K)

Ty 1.4

p(atm) p(atm) V(L)
A_B
A : B )] I 437 A T
NN 400 1,50 - 3,28 ‘B
N K 31250 A. 246 ¥
B S ’ A
V@) S T(K) o
oW R (98] -IS (8] g
28 A S = 2 8

1-4 KINHTIKH GEQPIA

H akpipng pétpnon g Oepuoxpaciog | g mieong 1, akoOun mo
PO, 1 YVOON TV oYécemv avaroyiog petaly mieong, 6ykov, apifuov mol
Kot Oeppokpaciog dev apkobV yio vo. EPUNVEDGOVUE TN GUUTEPLPOPH TV

oepiov.
H pokpookomiky] ocvumepipopd tov  agpiov

EPUNVEVTNKE
KOVOTTOMTIKG, HOALG 6TO TEAOG TOL 190V audva, e TV KivnTiki) Osopio Tov
agpiov. H emtuyio g xvntikng Beopiog €0woe 10 Evavouo kot yio TNV
avamtuén Wwemv yioo T doun tng VANg yevikotepa. Emiong, o0mmg cvuPaivet
oLUYVA OV 1o0Topio. TNG EMOTAUNG 1 OVAYKN EMAVONG TOAVTAOK®V
VTOAOYIGTIKOV TpoPfAnudTov mov £0ete 1 véa Bempio 001 yNcE GTNV avarTLEN
gvog véou kAdov tng duoikng, ¢ Ztatiotikng DPuoikng, TOV OmTOTELECE
apyotepa molvTipo epyoieio v tn Beperioon g obyypovng Duoikng, e
€QUPLOYES OV EeMEPAGAV KATA TOAD TOV apykd Adyo VTOPENG TS,

Ynueio gkkivnong g Kivntikng Bewpiag ivor n vrobeon 6T Ta aépra
anoTteEAOVVTOL 070 TOAD NEYAL0 TANO0G ATELPOELAYLOTOV CPUIPLOIMV TOV
Kivouvtol toyaio (dtakta) uéca oto dpo mov kataiopfavel to aépro. Ta
coapidia avtd dev gtvon timote GALO amd aLTO OV CUEPA ATOTELEL V1oL TOV

Kaféva Koo TOmo, To PopLe. TOV agpiov.

14



[lio ovykekpéva, 7y To WOVIKE 0EPLE, TOL TPONYOVUEVMG
opioTNKOV UOKPOGKOTIKA (OC TO O.EPLE. Y10 TO. OTTOL0L IGYVEL VIO OTOIEGONTOTE
ocuvOnkeg N kataotatiky e€icmon, N kvntik Bewpia opiytnke otig e&ng
TOPAOOYES

1. Ta pépro ToL 0EPIOV OCLUTEPLPEPOVTOL OUV HIKPOOKOTIKEG,
0O VTE ELAOTIKES, 6Qaipes. 'ETol 0 cuVOAKOg OYKOG TV popimv
Tov aepiov umopel va Oewpnbei apeintéoc oe oxéon pe tov dyko
Tov doyeiov oTo omoio PpiokeTat.

2. Xt popro 0gv a.oKoOVTOL SUVANELS TOPA pHOvVo TN STIYPN TNG
KPovong pue GAla popra 1) pe Ta ToLy®dpate. Tov doyeiov. Etotl, 1
Kkivnon tovg, ot1o pecoddotnuo petald ovo Kpovoewv, &givol
€VOVYPOULT OROAT.

3. O KpPOVGEIS TOV HOPI®V PNE TU TOYYONATA Eival ehaoTikéS. 'ETot
1N KWNTIKN EVEPYELD TOL LOPiov dev HETAPAALETOL LETA TNV KPOLGN
TOV L€ TO TOiymUA

1-5 TATIPQTA HMANTIKA AIIOTEAEXEMATA

Yyéom migong (p) ko Ogppokpaociog (T) pe Tic TaYOTNTES TOV popiev.

Bociwopévor ot mopomdve mopadoyEc Kotagépape v Ppodpe
OYE0EIC OV GLVOEOLV TO LOKPOOKOTIKG HEYEDT, OmMmG M mieon kol 1
Oepupokpacio, mov UEXPL TOPO, UTOPOVCOUE VO TO TPOcdlopicovpe UOVO
TMEPOLOTIKE, LE TIC LEGES TILEG TMV TOYLTHTOV TV LOpiv TOL agpiov.

H mieon eivon o povopetpo péyebog mov opileror wg to mnAiko tov
péTpov g dOvoung mov daokeitol kdbeta oe KAmMOW EMPAVED TPOG TO
euPadov g empdavelog (oy. 1.5).

AF

P

Ymv zmepintwon evog aepiov mov eivon kKAewouévo ' éva doyeio m
mieon MOV ACKEITOL OTO TOLYDOUATO TOL doyeiov opeiletor oTig dSuvAuEls oV
acKOoUV T HOPLEL TOV OEPIOV GTO TOLYMUOTA KATA TIG KPOVGELS TOVG UE QLT
(oy. 1.6).

H mpdt oyéon mov mpokvATEL OO TNV EQPAPUOYN TOV VOU®V TNG
LUNYOVIKNG KOl TOV TOpadoydv Tng Kivntikng Bewplag, givor avt mov cuvoiet
v wieon (p) Tov aePiov LE TIG TOYLTNTEG TOV HOPI®V ToL aepiov.

BpéOnke cuykekpuéva 6Tt

(1.4)

6mov 0 0p1BudG TV popimv Tov agpiov,
N pélo ke popiov,

0 0YKO0G TOL doyEeioL Kt

CN|<BZ

1N HEON TN TOV TETPOYDOVAOV TOV TAXVTNTOV TOV LOPiOY TOV
aepiov.
H amooeién g oxéong (1.4) yivetal 6to T£A0G TG TOPAYPUPOV.

15

AF

Xy. 1.5 To AA egivan éva otoyet-
®deG TUNHO NG emPavelag ko AF
1 dbvaun mov aokeitol 6g AVTO.

Xy. 1.6 H xpovon tov popiov pe to
tolyopo Oewpeitonr ehootiky. To
UETPO NG TAYVTNTAS TOL LOPiov
glvar 10 1010 mpwv Kol peTd TV
Kpovon.



Mo dAAN, To Kopw|, popen g oxéong (1.4) mpoxvmret av Adfovpe
VoYM OTL TO YIvopevo Nm givan 1 ok pao Tov agpiov, kot 0Tl T0 TNAiKO
g oAKNGg pdlog mpog tov Oyko V mov kotohapPdver to aépro eivar m
TLUKVOTNTO P TOV aepiov, OmMOTE :

1
p 3 P

[HoAamlaciblovtog kot dtapdvtag To dgvtepo pérog g (1.4) pe Tov apBpd
2 TPOKVOTTEL 1 TOPUKATMO LOPPT TOL GLUVOEEL TNV TiEOT e TN UEON KIVNTIKN
EVEPYELD TOV HOPI®V.

2N(1 —
=——| —mv 1.5
P=37 (2 j (1.5)
Ao v (1.5) mpoxdmret
2 1 —
V' =—N| —mv 1.6
v -2a{ 1) 00
Opwg anod v katactatiky e&icwon yvopilovpe 6Tt
N

pV =nRT =—RT
NA
0mov N, 0 apBpog Tv popiov avé mol (ctabepd Avogadro).

R
To mAiko N_ eppavifetor cuyva oty kvntikn Bempia. Etvar to mniiko 600
A
otafepav, ovopdaletar otaBepd Tov Boltzmann (Mnoitlpov) won
cupPoAileTon pe to .

R =1,381x107% J (uépio - K)
A

k=
N

Mnopovpe AOITOV VO YPAWOVUE TNV KOTAGTOTIKY Kot oG e&NG :
pV = NkT (1.7)

E&iodvovtag ta devtepa péAn tov oxéoenv (1.6) kar (1.7) ko Advovtag og
npog T Bpickovpe
21(1 —
r-2idm
3k\2

H oyéon avtn etvan moAd onpoavtikn yroti cuvdéet T Beppokpacio pe T péon
LETOPOPIKY] KIVITIKT] EVEPYELN TAOV LOPI®V TOL aepiov.
A6 ™ oxéon T, Yio T LEST KIVNTIKN EVEPYELD TOV Hopinv Bpickovpe

Lo? =347 (1.8)
2 2

H tetpayoviky pila g 0 ovopdletar evepyds ToydTnTA KoL
oupporiletat vg,. Ao ™ oyéon (1.8) mpoxvmTEl

v,, o7 = |2 (1.9)

m
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] , 1 N mv®
AnddeiEn g oyéong p=—

37
BOempolpe éva kKuPucd doxelo axung d. (ox. 1.7). To doxelo Oa éyer dyko V =d 3 Ko

epPaddv €dpag A =d 2. YroOétovpe 61t ot0 Soyelo mepiExeTon mOAL peydAog apBpog N
TOVOLOOTVIOV  popimv agpiov, palog m to kabéva, mov mAnpodv Tig mpoimobicelg Tng
mponyovuevng mopaypdeov. To Toydpote Tov doxeiov givor TeAeing Gxapmto, £(OvV  TOAD
peydin pado kot og PLETAKIVOUVTOL.

Katd ™ Sidpkeia Tov KpoucE®mV TV HOPIOY GTO TOLYMOTO, To LOPLo. ACKODYV SUVAUEIS G° oTA.
2’ antég TS duvaplelg opelhetan N mieon mov aokel To agpto. Ot duvdpelg avtég etvon avtibetes pe
TG SUVOUELS TOL AOKOUVTOL amd TO TOlyOpo OTo poplo  Katd v kpovorn (apyn dSpdonc-
avTidpaoNG) Kot TPOKAAOUV TN HETABOAN TNG OPUNG TV Hopimv.

AP
Amd 10 devtepo vopo tov Newton yvwpilovpe Ot =—, Gpo, OV KOTOQEPOLLE VO
At
VITOAOYIGOVLLE TN GUVOMKN UETOPOAN TNG OPUNG TTOV LPIGTAVTAL TO. LOPLOL OTT HOVASO. TOV YPOVOV
(A 0 pLOUO HETAPOANG TNG OPUIS TOVG) AOY® TV KPOLGEDY TOVG TAV® G€ Lio 0o TIG £3peg
ToV doyeiov o Bpovpe Kot To PETPO TG SVVAUNG TOL aoKeiTonl amd Ta Pope 6° avt TV £5pal.

F
Metd, yuo, va. Bpodpe v mwicon p, opkel vo. SLopEGovE T SOV LE TV ETQAVELD ( p= —j .
A

(ITpocoyn :  xpnoomolovpe kKeporaio P yia v opun Kot pikpd p yo. Ty Tieom.)

"Eoto éva popio mov kwvelton pe o0t vy. AVaAdovE TV ToyOTNTE TOL GE TPELS GUVIGTMCES
(vix, Y1y, V1) (o 1.8). E&etdlovpe Tig Kpovoelg 610 Toiympo Tov doyeiov mov eivar kGbeto ot
Vi -
Epdoov ot kpovoelg etvar anoAdTme eAICTIKEG TO HOPLo avokAdton pe toydtnTa idov pétpov. H
Vyy KOL M Uy, O€ petaBéAiovrar evéd n vy, 0AMALEL POpEL.
H petafolr| g opung mov veictotol 1o Hoplo Katd trv kpovot o givor
AR

x = TmUp, —mUp, = —2mulx

O ypdvog mov pecorafel avapeca oe 600 dUSOYIKES KPOVGELS TOL B0V copaTXiov otV St

£0pa Ba givor Ar = —— dpa 0 apBpdg KPOVGEMVY GTI LOVASHA TOV YPGVOD Y10 AVTO TO HOPLO GTNV

Y1x

v
S €dpa Bor etvon ﬁlcou 0 puOuog petafoing g opung Tov (M HeTaforn ™G opuUng ot
2d

. , . AP, B Vix MY
povada Tov ypdvov ) Ba eivar =-2mo, ——=-—""
At 2d d
2
AP, mo
, . , . . . 1x 1 .
H 80vaun mov déxeton 1o popo and o toiywpa ba eivar £, = =— KOl ovtioTotyo
At d
m le

OV T0V SEYETON TO TOTY ™A amd TO popto Oa givar — F =
d

H &ovapn (ZF,) mov aokeitor mdveo oto tolympe mov pedetdpe sivor to dfpoiopo. OAMV TV
aVTioTOL(®V Op®V TOL APOPOVY KAOE POPLO YOPIOTA.

XF
H migon (p) mov déxeton n ev Adym €dpa. amd o aépio Oa givor p = L 4mov A4 = dz .
A
mo mo mL)2
be [ 2020 M
d d d (02 S S )
, 0 e P e Nx
Apa p = 3 = 3
d d
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Xy. 1.7 'Eva pépio tov agpiov mov
Kweitor pe toydmTo v; péco oe
KuPd doyelo axpng d.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Xy. 1.8 H toydmta avolvston oe
TPELG CLVIOTAOGEG G€ TPLGopHoydVIO
GUGTNLLO CUVTETAYHEV®V.

L nl.v
-l)l\ >
~
N
N
N
«—o—> .
y Fl\’ d le
s
s
Ve
s
vly V,
1)lx

Xy. 1.9 H xivnon tov popiov oto
eminedo xy.



TToAlamlacialovpe kot dtopodpe o kKAdopa pe N (to tinbog tov popiov) ondte

Nd 3
2 2
le + sz + ... + UN
O 6pog glvor  péon T TOV TETPAYOVOV TMV Vy TOYLTHTOV Kol
N
0o tov ovuPoiilovpue 5 .
le)z
Tehkd p= 3 (1.10)

Ta popo Kvovvtor dtokto, dev €(ovv ONAdN KOMA TPOTiUNoN ®¢ TPOog TV katevhuvvon
Kivnomg Tovg, EMOEVMS

T2 _ 2
v, =V, =V;
. , . 2 2 2 2
T'vopifovpe 0T yevika VT = vy FUy U,
Evkolo anodewcvietar 6Tt L =L, + v, + U,
Ew.1.3 Ot duvdpelg mov ackodvial  greidn Uj = Uz = UZZ
KOTd TG KPOUOES TOV HOPI®V TOL 7 _
0epiov, Tov TEPIEXOVV TO. UTAAOVIQ, LE - - - 1)2
TO. TOYDUATO TEVIOVOLV TO EAUCTIKO  KATOAyoupe 61N o)Yéon V™ = 3Ux apa LV, =—
TEPIPANUO TOV UTAAOVIDV. 3

Avtikabotdvrag 1o icov mg U, om oxéon (1.10) xu AapBévovtag vmoyn Ot

3 ,
d’ =V npoxonter

N mv?

B m
P V

1
3
I[TAPAAEII'MA 1-4

No Bpebei n evepydc ToydTTA TOV popimv Tov vépoydvov ot Bepuokpacio 27°C. Alvetor Ot 1
ypappopoptoki e tov vpoyévou eivon 2x 107 kg / mol .

Amavinon :

, , 3kT
I'vopiCovpe 6T U, =.—
m
[MoAhamhacidlovtag aptOunT Kot TopovopracT Tov Vtoppilov pe tov apBud Avogadro (N,) Tpokvmtel
3kN , T
v, = |—— (1.11)
N m

R
Onwg k =N— emopévag kN , =R xou N ,m = M (M: n ypappopoplokn pade)

A

’ : , 3RT
Apan oyéon (1.11) yiveron v,, = 7

v = 3-(8,314J /mol K)-(273+27)K
~ 2x107 kg / mol
H taydmto avt etvon modd peydin, etvon mepimov 6900 km/h.

Avtikabiotdvtog oto SI =1,93x10° m/s
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-6 KATANOMH MOPIAKQN TAXYTHTQN

To neipapa Tov Zartman (Zaptpav)

O apBudg tov popiov evog oepiov, 600 WIKPN kol ov eivor 1M
TocOTNTA Tov, eivan tepdotog. To kdbe poOpro cvykpovetor Kot aAAALet
TayOTNTA TEPITOL €va  OIGEKATOUUVPLO POPES TO dguteporento. 'Etol givan
Qoavepd OTL M €pMTNON TOCO POPLO EYOVV KATOL CGTIYU| H0L CUYKEKPIUEV
TayOINTA © dev €yl vomuo. Mmopolue oumg vo Ppovpe tov aplBud tov
popiov dN mov €ovv TaydTNTES Ao v PEXPL v+db.

To 1920 éywe 10 MPMOTO TElpOA Yoo TN KETPNON TOV LOPLUKDV
tayvttov. To weipapo Tov B meprypdyoupe givar To meipapa pe 10 0moio o
Zartman TpocolOPIcE TEPALOTIKA TIC TOYVTNTES TOV LOPImV EVOG 0EPIOV.

Méca oe éva @ovpvo e&aepdvetol po ovsio. Ta popla Tov atuov
SpevyoLV amd £va Avolypo ToL ovpvoL TTpog éva Bdlapo kevol (oy.1.10).
Y10 Bdhapo mepotpépetan pe otodepn YOVIOKN ToxLTNTA @ £vag KOAMVIPOC
oV PEPEL, TapIAANAA 6TOV AEOVA TOV, AENTH GYIGUN KOl GTO ECMTEPIKO TNG
KUPTNG TOL EMPAVELNS PEPEL 101K gvaicOnto @iip. Ta popa tov atpov mov
EIGEPYOVTOL GO TN OYIOUN HEGO GTOV KOAWVOPO cvveyilovy va Kivovvtol
evBVuYpopo PEXPL VAL GUVOVTIIGOLY TO QAL GTO OTOI0 TPOGKOAAMVTOL KoL
apnvoLVY Ta fyvn Tovg o€ omdotacn d amnd 1o onueio Tov eI Tov PpickeTar
aKPIPOG amévavtt amd TNV GYIoUN.

AV U 1M YPOUUIKN TOOTNTO TOL QAL Kot ¢ 0 ¥povog mov ypeldleTol
10 LOP10 Y10 VoL StTpEEEL T S1AUETPO TOV KLALVOPOL

N andotacn d 16ovTaL pE d =ut
dumg t=2r/v
Omov L 1M TOXLTNTA TV LLOPIBV
Ko U=wr
OTOV ¥ 1 aKTive TOV KUAIVOPOUL.

. 2r 2or’
Enmopévac, d=ut=wr—=

v v

H tayomta tov popiov vrokoyiletar and t oxéon 0 =20 r> /d . AnAadi, 1
HETPNOM TNG TOOTNTOG TV popimv Baciletal otn pétpnon g andotaong d .

v mpdén, avTd TOL UTOPOVLLE VO VTOAOYIGOLLLE ival TOCH LOpLoL
TEPTOVY 6€ KAOE oMueEl0 TOL QAU KOl ETOUEVOC VO, DTOAOYIGOLME TNV
KOTOVOUT TV HopimV OTIG S1APOpeES TAYVTNTEC.

Yfuepa givar Suvotn 1 HETPNOT TOV LOPLOKAOV TOYLTHTOV TOV 0EPiV
Ue peyain axpipeta.

TOUTN TOL KLAIVOpOL
i\
Oarapog i \"
KEVOD
0 m')kwﬁpog 9 009, 00 @:\09
U %wﬁi‘ weto @it | ST
: / %) ® uépla
uopimv Kwnupog

oTrydTURO. KOTd TNV
TEPLGTPOPT] TOV KVAIVEPOL
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Xy.1.10 To povtéro g
TEPALATIKNG SATAENS TOV
Zartman.



ITAPAAEITMA 1-5

Amb éva melpapo avaroyo pe To meipapo Tov Zartman, PeTpiOnKay ot ToOTNTEG TOV HOPIMV Kol TPOEKVLYE

0 TOPOUKATO TIVOKOS.

v (m/s) 100 200 300 400 500 600 700 800 900 1000 1100
Av (m/s) 04 0,25 0,2 0,1 0,2 0,2 0,4 0,5 0,8 1,2 5
AN (popor) 200 240 400 220 360 240 200 200 160 120 250

AN/Av (népra/m/s) 500 960 2000 2200 1800 1200 500 400 200 100 50

6mov

v : TaYVTNTES TOV PHopimv

Av : TEPLOYES TAYLTNTOV YOP® oo kdBe TaydnTa. Ot mePLoyEs TayLTNT®V dev Exovv OAES TO 1010
gvpoc wote vo e&acpoliletar 0T og KAOe TEPLOYN LILAPYEL £VOG IKUVOTOMTIKOG, LETPTOILOG
apOpoc AN popiov mov Kivohvtal PE TayOTNTES EVIOS TG TEPLOYNG.

AN : apBpdc popimv mov £yovv TaydINTES HEGH 6T Opla TG KABE TEpLoyng TayuTTV. [
mopadelypa oy Tp@tn otAn 200 poplo Exovv Toyvtnteg amd 99,8 m/s Emg 100,2 m/s.

AN/Av 0 ap1OudS TV popiv avd povadtaio Teptoyn ToybTNTAG.

Me Bdon o ototyeia ovTd TO By pOLLLOL A%U =f (U), NG KOTOVOUNG TV TOYVTITOV TOV LOPi®MV TOV

aepiov givor:

AN/Av (nopro/m/s)
2400 —
== ®
2000 —— -9 |
_,,,,J,J,,.
1600 — : : |
— [
12001 -~ /- - T N
800 — /¢ 0
e/ VL
400i7‘77+7477\77‘77+, e
100 400 700 1000
Ty 111

Koatavop kata Maxwell — Boltzmann (Mda&yovel - MoAtlpav)

O Maxwell kot Boltzmann yopw oto 1860, ol mpiv yivel epiktd va
UeTpNO0HV TEPOUATIKA Ol TAYVTNTES TOV HOPimV, VTOAGYIoAV BE@PNTIKA THC
KOTOVELOVTOL TO LOPLaL EVOC 0EPTOV OTIC SLAPOPES TAYVTNTEC.

Y10 oyfua 1.12 mapiotdveron ypapkd n cvvaptnon dN/dv=f(v) tov

Maxwell kot Boltzmann yio. N=10 pdpua aldtov otig Heppokpoocisg 300 K
ro 900 K.
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dN/dv (uopro/m/s)

200 —
/\1“5300 K
160 —
120 —
| T,=900 K
80 |
40 /dN
\ | ! \\ ! ‘ | ‘ ! v(m/s)
400 Ux 800 1200 v v+dv 1600

oy 112

Ot tayvTeg KoAvTTOUY gupeia meproyn. H ovvdptmon dN/dv teivel
oto undév otav v —> 0 kol 6tav L —> . H taydto mov avtictoyel oto
UEYIGTO NG KAUTOANG givorl 1 w10 mBavn) TaydtnTa Kot cupforileton Ue v,.

Ao dMheg TayDTNTEC OV TAPOLGIALoVY EVOlaPEPOV gival M péom
TOXOTNTAL U KOl 1] EVEPYOG TOYVTNTOL Uy

H péon taydmra O gival n péon T TV TaXVTTOV TOV Lopimv ToV
aepiov. Anhadn av ot TaydTTES TOV Hopiey ival vy, vy, ..... Kot 0 aplOuog TV
popiov N
U, +0, +0; +....

N

D =
H evepydc tayvmta eivan

. \/0124-!)224-032—!-....
eV N

Yuyvd, og dPopeg Katavopég, M péon T evog peyédovg tavtiletan pe v
mOavoTePN TIUN Tov peyébovg. Ttny katavoun Maxwell-Boltzmannn 0 eivau
LEeYOADTEPT TNG 0, YWOT TPOPAETOVTOL HOPL, E0TM KO ALy, PE TOAD PEYAAES
TayvmTeg (dev LVITAPYEL Aved OPlo GTIS TaXDTNTES TV Hopiy). Ocov apopd ™
Dy OTOOEIKVVETOL HOOMUATIKA OTL 1| EVEPYOS TIUN €ivon peyoAvTepn omd ™
péon Tun (PAéme évbeto ot cedida 32). 'Etol peta&d tov tpidv toyutiTomv
TOV TPOAVAPEPOUE WOYOEL U < U < 0,

Av 10 TUAUO TOL E&xel Kkitpwo ypduo pmopel va  BeswpnOel
naporlinioypappo -kor propei va Bewpndet av to dv eivor amepootd pikpod-
T6TE T0 EUPOAOV TOL givar: dv x dN/dv = dN dnAadn| divel Tov apBud dN twv
popiov mov £yovv tayxdTNTES Ao v €mG v+dv. To gnPpaddv mov mepikieieTor
amd TNV KopumvAn kor Tov d&ova Tov v divel T0 6UVOMKO aplOpd TV
popiomv Tov agpiov.

BAémovpe Ot 6tav n Ogppokpacic Tov agpiov avéavetor m
KOPTOA petatomileTal Tpog To 0eS1a Kot 1] Kopuet] TG Youniavel. Avtod
ocvpPaivel yuoti 6co avédvetar n Bgpuokpacio o apBuodg Tov popiov mov
EYOvV TOoOTNTO, HEYOAVTEPT OO pio dedouévn TIun avEAVETAL, 1) LETATOTION
OLMG TNG KauTOANG 6e&10Tepa. dtevphvel TNV Paomn g Kot, kabdc 0 euPadov
mov TepikAeiel Tapapével apetdfinto (cuvolikds apBpog popimv), 1 Kopuen
™G YOUNADVEL
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Ew. 1.4 Ludwig Boltzmann (1844-
1906) Avotplokdc Bempnrticds @u-
owoG. H ouveicpopd tov oty Ki-
vntikn Oswpio KoL 6T OTOTIOTIKN

wnyovikn vaip&e peyaan.
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Xy. 113 Zmv e&dtuon popa

EYKATAAEITOVV TNV VYPN GAON HOVO
oo TNV EMPAVELN TOL VYPOV.

1-7  TA XYMIIEPAXMATA THX KINHTIKHX OEQPIAX
EXOYN EYPYTEPH EOAPMOI'H

H xwntikn Oeopio avomtdhydnke yio vo epunveNcEL T GUUTEPLPOPA
tov aepiov. Opumg Kamowo amd To GUUTEPAGHUOTA TNG, TOLOTIKA TOVAGYLIGTOV,
1oYOOLV Yoo OAEC TIC HOPQEC TS VANG. To cvumépacue pe v guputepn
EQOPUOYT lvar 1 oXECT AVALESO GT LECT] KIVNTIKY] EVEPYELD TV LOPimV Kot
) Oeppokpaocio.

¥’ éva oTePED T LOPLOL ACKOVV TO €VO GTO GAAO oYVPEG OVVANELS, e
amotéleopa va mopouévouy otafepd «depuévay oe kdmoleg Béoelg. H povn
Kivnon Tov TOVg EMTPEMETAL EIVOL L TAAAVTIMGT YOP® OO TN GLYKEKPIUEVN
6¢on tovc. Av avénoovpe ) Beppokpacio TOL GTEPEOD, Ol TAAAVIMGELS TMOV
popiov tov yivovtor mo €vioveg (pe PeEYOADTEPO TAATOC), TAVTO OUWOS YOP®
amo v oo 0éom. BAEmovpe 0Tt ko €0 1 KvNTIKOTNTA TV popiev avEavel
pe v avénon g Bepuokpaciog. Otav 1 Beppoxpacio mapel opropévn Tn-
wov T Aéue Oeppoxpacio 1 onueio ™MENG TOL OTEPEOD - T UOPLE TOV
TOAQVTOVOVTOL [LE TOGT EVEPYELN MOTE VO, LITOPOVV VO, “EEKOAANGOLV” amd ™
6éon tovg. H opyavouévn doun tov otepeov Kataotpépetol. To oteped
TAKETOL, TEPVAEL ONAAOT GTNV VYPN Pdo.

H g€agpinon Tov vypov

H doun tov vypov eivar oA To kovtd otn doun Tov oepiov or’
0,TL 6N doun TV otepedv. Edd ta udpla dev Exovv ouykekpuéveg Béoelc, ot
duvépels peta&h Tov popimv Oumg elvarl TG0 1GYVPEG DGTE VL U UTOPOVLE
va Tig ayvonoovue. Oa éleye kovelg 6Tl Ta popla Exovv v ehevbepia va
Ta&10e00oVY, LE JIAPOPES TOYVTNTEG, GTO YMPO OV KotaAaupdvel to vypd. H
glevbepio TV popiov dev givar amdAvtn OT®S 6T 1OAVIKA aépla Kot 1) Kivnom
Tovg dev elvar evBOYpopun oparr]. Tlapdia avtd, ol TaydTNTEG TOV HOPiV
oTo VYPA aKoAoLOOVV KaTovoun oV potdlel apkeTd pe avthy tv Maxwell-
Boltzmann yio ta aépla. Avtd onuoivel 6Tt p€ca 610 VYPO TAVTO VTAPYEL
évag aplpog poplov mov  €yovv apketd peydAeg toyOTNTEG, OV TOLG
enuTpEmOLY  va  “Opametedoovy”’  oamd TG Oopoplokéc EAEEIC kol va
gykotodeiyovy 10 VYPO amd TV ghevbepn emeaveld tov. [Ipdkertan yio To
pawopevo g e&dTpuonc.

Avo mapomnprioelg and v kobnuepwn Lon  emoAnBedovv Vv
vrdOeon pog.

a. Onotodnmote vYpo e&atpileton eviovoTtepa OTav 1 Oepokpacio Tov
glvan peyarvtepn. (Ta podya oteyvdvouy ypryopodtepa 10 KOAOKAipL).
B. Orav e&atuiletar éva vypd n Oeppokpacio tov méptel. (Otav kdmotog

€xel mopetod 100 Palovue KOUTPESES e VEPO GTO 0moio TpocHéTovpe
Kdmoto vypod mov &artuiletan ypryopa ot Beppokpacio Tov dwpatiov,
(m.x owomvevpa), 1L amoTéAEG A TO LYPO Vo dSratnpeitol dpocepod).

Eidape 6t 6tav avédver n Bepuokpocio 1 KOUTOAN TG KOTAVOUNG
TOV TOYLTATOV TV pHopiov Tev aeplov petatomiletol mpog Ta delid. Avtd
onuaiver 6tL, Kotd UEGO 0po, Ol TaDTNTEC TV popimv avédvovtal. Kdtt
avéAoyo cvuPaivel kot pe TIg TaxOTNTES TOV Hopimv Tov vypov. Eival Aoitov
avapevopevo, otav Bepuaivetatl to vypd va aw&dvetar o aplBPdc TV popimv
Mg eAeVBEPNC EMPAVELG TOV VYPOL 7OV €YOLV TNV ATAPOITNTN KIWVNTIKN
EVEPYELN Y10 VO EYKATAAEIYOLV TO VYPO.
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Kobbg ta mo ypiyopa popid tov eykatoieimovv to vypd, M péom
KWWITIKY €VEPYELD T®V HOPI®V OV OTOUEVOLV HIKPOiveEL. ZOp@OvVO HE TN

1 3
oyéon Emz)2 = EkT OV GLVOEEL TN PECT] KIVITIKT| EVEPYELN TOV HOPI®V TOV

Wwovikav oepiov pe ™ Oeppokpocio Kat, on’ 0,TL QOIVETOL, 10YVEL TOLOTIKA
KoL yo oL vypa, gtvor Kot BempnTikd avopEVOLEVO VO YOYETAL TO VYPO.

Edv tdpa avénoovpe ) Beppokpacio Tov vypol, GTAVOLUE GE Lo
Oepupokpacia, ™ Oepupokpacio 1 onueio (foemg, oty omoia  Evag TOAD
peydrog aptBuog popimv amd GAo Tov 6YKo ToL Kot Oyl Lovo amd v eAevBepn
EMUPAVELL TOV OMOKTA TNV amapAiTNTY KIVNTIKY EVEPYELD Y10 VO, EYKOTOAEDYEL
70 vYpd. 'Exovue 10 parvépevo tov fpacpov.

H g&atiuon kot o Ppoocudg €ivar dVO HOPPEG TOL QULVOUEVOD TNG
eCagpimong tov vypav.

A7d TO TPONYOVUEVO, TPOKDITEL OTL OTOLOONTOTE VYPO, LUE TNV TAPOOO

oV Xpovov, Ba mpénel va egotucbel TAnpwe. O ypovog mov Ba ypelootel YU
avtd eaptaror and ) Beppokpacio Tov mePPdAlovtog, THV TOGOTNTO TOV
VYpoY, to guPaddv tng erebBepng emeaveldg Tov KoBmg Kol To €100¢ TOL
VYPOoD (OGO 1oYLPES Elval 01 SLVAUELG LETAED TV HLOPIMY TOV).
Yrdpyet Oumg €va eowvopevo mov KAoviler Alyo ) PePardtnrd  poc.
I'vopilovpe 6Ao1 611 €dv anobnkedoovpe Eva vYPO pécH G° EVo LTOVKOAL TOV
KAglvel KOAG, 000 ¥pOVID, KL 0V TEPACOVV, aKOUN Kol av 1 Ogppokpacio eivot
ynAn Ko 1o vypd omd avtd mwov efotpilovtar gOKOAM, TO VYPO MO OgV
TpoKeLTaL va eEATIIOOEL TAN PG,

> 0010 TO 0016000 PTACALE Y10TE GTOVG GUALOYIGUOVG LOG OEV TTPOLLE
voyn Katt Pacikd. Edv kdmoto popia Tov vypold pumopodv va Slapedyovy and
10 VYPO oYNUOTICOVTOS aTHO TTAvVE omd TNV eAevBeprn empdveld tov, yoti vo
unv pmopet vo cupPel kot to avticTpoo, dSNANST KAmowo Lopia. v TEPVOHV oo
mv aépla @daon oty vypn; EEGALOL TO QavOUEVO TG VYPOTOINGNG TOV ATUMV
etvan e&ioov owcelo pe avtd g e&dtuionc. Ot vOPUTHOL TG ATHOGEALPOS
vypomotovvTol 6Ta TCALN OTav avTd givar KpoHa.

"Exovue Lomdv d00 avioy@vioTIKE @avoueva, autd g eEATuiong Kot
oVTO TNE VYPOTOINGNC.

Ortav vrdpyet o duvopky| wwoppomicn avapeca otnv eEATion Kot
Vv vypomoinon (N mocdmTa VYpoL mov efatpileTton eivor fom pe TNV
TOGOTNTO. TOL OTHOD TOL VLYPOTOLEITOL GTOV 1010 ¥POVO), 1| TOGOTNTA TOL
VYPOY KOl 1 TOGOTNTO TOV OTUOD TAVD OO TNV €Ae0Bepm empdveld Tov
napapévouy otabepéc. Axpipdg avtd cvpPaivel oty mepintwon tov VYpov
UEGO GTO KAEIOTO UTOVKOAL

H toyvmto pe v omoio vypomoteital o atpog e€aptdrot amd To OG0
YOUNAR elvar 1 Beppoxpacio Kol amd TV TOcOTNTO TOV UTUOV TAVEO oo TNV
erevbepN EMPAVELL TOV VYPOD.

Otav 1 e€atpon kow mn vypomoinon Ppiokoviol Ge 1coppomion 1
TOGOTNTO TOV ATUOV ToL Ppickoviol méve amd TV ETPAVEIDL TOL VYPOV
elvar n péytotn dvvatn yuo TG 0edopéves cuVONKeS Kal TovV JlBEGIHO XDPoO.
Tote o1 atpoi Aéyovtal Kopeopuévor.

AmokaAOYoUE TOPO, EUUECA, £VO VEO TPOTO VO, EMTAYVVOVLUE TNV
e&atpion evog vypov, ektdg and To va Tov avénoovpe T Beppokpacio. Apkel
VO OTOHOKPOUVOVLE CUVEXDC WAV amd TNV €Ae0BePn TOL EMPAVELDN TOLG
OTUOVC Y10, VO EANYLIOTOTOLOVUE TO QOIVOUEVO TNG vypomoinone. Tomg topa
katalofaivoope yati 0 KoAHTEPOG Kapdg Yo Vo, GTEYVAOCOVY TO. ATAMUEVOL
povya etvar va kdvel {EGTN aALG Kot Vo QUGAEL.
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2YNOYH

Io60gppn eivar M petafoin otnv omoia M Bepuokpocio Tov agpiov darnpeital otabepn. O VOUOS TG
1000epung petafoing etvan

pV =orad. na T =orad.
Ioéympn ovoudletor  petaforny otnv omoia 0 Oykog tov oaepiov dratnpeital otabepds. O vOPOS NG
160X OPNG LETAPOANG Elvar

% =ora6. yia V =orad.

IcoPapiig ovopaletar n petaforny otnv omoia M wieon Tov aepiov dSwotmpeitor otabepn. O vOROG NG
16oBopovg peTafoAng sival

% =oral. nia p=oral.

H kataototki) eéicmoen cuvdiel Ty wieon, Tov 0yKo kot T Oeppokpacio 6€ £va, 100vVIKO 0EPLO.
pV=nRT

Moxkpookomikd, 1aviké Oewpeitar To aéplo 610 omoio 1 KoTaoTatikn e&lcmon oyvel mhvTa.

Muikpookomikd, 10oviké Oswpeitor T0 0éplo TOL omoiov To poOpl €lvar LAKE ornueion TOL Ogv
aAniemidpodv mapd povo o6tav cuykpovovtatl. Ot KpoOGELS TOVG UE Ta GAAC LOPLOL KOL LLE TO TOLYMLOTO TOV
doyeiov BepovvTal ELUCTIKEG.

H zieon mov aokel éva aéplo mov PpickeTol LEGH oe Eva 60YEI0 OPEIAETAL GTIG KPOVGELS TOV LOPIDV TOL 6T
Toymuorta Tov doyeiov. H mieon tov aepiov cuvdéetar e T pEoT TN TOV TETPAYOVAOV TOV TOXLTHTOV TOV
popiov Tov, pe T oxéon
2
1 Nmv
3V

H Oeppoxpacio tov ogpiov cuVOLETAL e TN UEGT] TN TOV TETPUYOVAOV TOV TAXVTNTOV TOV UOPIOV UE TN
oyxéon
2101 —
T === —mv’
3k|2

H péon xivnrikn evépyeia tov popiov Tov 18avikol aepiov gival avaroyn Le Ty amdivtn Oeppoxpacia.

lmz)_Z:EkT
2 2

H evepydc tayvnto tev popiov wavikod aepiov gival

[  [3kT  |3RT
1) = 02 = _— = _—
eV m M

Ta popra evog agpiov dev Egovv v 1dta TayvTNTo. O TOYVTNTEG TOV HOPI®V KATONG TOGOTNTOG Aepiov o
Oeppoxpacio T akoAovBovv tnv katovoun Maxwell - Boltzmann.

Amo v xatovoun Maxwell -Boltzmann yia ta aépia pmopodv vo Byovv GUUTEPACLOTE TOL EPUNVEDOVV,
TOLOTIKG, POIVOUEVO OTTG 1| E£0EPIMGN TV VYPOV 1) 1 VYPOTOINGCT TOV ATUDV.
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APAYXTHPIOTHTEX

1. Enain0@gdote 10 vopo tov Boyle pe éva ....kalopdkt

Bvbiote évo xalopdkt tg mopTtokoAGdoC HEGO GE €va
motnpt pe vepd. Kieiote 10 emdvod HEPOG TOL pe Alyn mlaotelivn
(ox.1.150). Bydite to amd to moTpl. B0 SAMCTOGETE OTL £YETE
népel poll cog Kot po TosdTTa VEPOD.

[og to e&nyeite avtd; [1don ivar n wieon tov 0épo TOLV
éxel eykhmpProtel oto KaAopdk;

Avamnodoyvpiote 10 korapdkt. Topa o oépag mov &yxet
eykhoPiotel €xel pkpotepo dyko. [1don glvar tdpa m wieon tov
aépa;

Metpriote 0TI dV0 TEPIMTAOGELS TNV TEGT] KOl TOV OYKO TOV
agpa kot eréyEte av oydeL n oxéon pV = oral.

Tnv atpoceaipery mison Ba ) Bewpioete 1,013 10° N/m? kot (@)

70 €316 Bépog Tov vepod 10* N/m’

Ynoden: O dykog tov aépa oto karapdxt eivon ¥V, =1 «km

V, =18, émov S n datopn mov £yet to kahapdkl. H mieon mov
dnpovpyet pa oTNAN vYPoY, oTn Pdon TG givar £ A (€ : 10 €181KO PAPOg TOV
VYPOD KoL /1 To Vyog TS 6TAANG TOL VYPOD). Ene1dn to kahaudki, 6To avolytd
oV Gkpo €xel k@Be otyun mieon iorn pe v atpooearpikn (p), n mieon Tov
aépa mov eivar eyKAOPIGpHEVOS HéEGH 6TO KoAapdkt eivon p, = p—¢&h otav
70 avorytd dxpo PBpioketon mpog ta katw (oy. 1.15B) kau p, = p+&h dtav
Bpioketon mpog ta whvo (o). 1.15y)

2. Emain0edote To vopo g woofapoic petapfoing

[épte éva kaiapdrl g moptokaAddng Kol KAEIoTE TO £va AKPO TOV
pe mhaotedivn. Ilpoorabnote va 1o yepicete pe vepd. Ba domotdoete OTL TO
vepd mov Ba pikete dev yepilel 1o coinva agov eykAopBileton po oA aépa.
BdAte 10 Kohopdkt og éva pmpikt pe vepd, He T0 KAEIGTO TOL AKPO TPOG TO.
Kdtw. Me évo  popkaddpo ONUEIDGTE TO VYOS TNG CTNANG TOL Oépa Yo
dtpopeg TipEG g Oepuoxpaciog (Ba tn Ppeite pe évo Oepuduetpo) kot

v
dokiudote av oydel n oxéon ?:Jraﬁ. (Apkel va oyvet ?: oral.
Tart;)

2nueioon: Tlpocoyn, un Parete 10 KOAopdKL 6og o€ TOAD (e0td vepd. Eivan
oA TBavo va Topapopendel. EE dhlov oe yniég Beppokpaciec 1 téon Tov
OTLLAOV TOL VEPOV vl GLYKPICIUN HE TNV TTECT TOL POl
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EPQTHXEIX

Nopor tov agpiov

1.1 IToo and ma mopakdto dwypappato aviiotoryel 1) oe wwofoapn, Kot
2) o€ 1600epun HeTAPOAN;

Xy 1.17

1.2 H petaforn ABI'A mov mopiotdveror oto SmAove  didypoppio

B (0y%.1.18) amoteeitan:
o) A76 300 160)mpeg Kot dVO 1600epec peTAPOAEC.
B) Am6 dvo 1oofapeic kKot dvo 1060epueg petaforéc.
A Y) Amd dVo 1oofapeic Kat dVo 16oympeg LeTafoAss.
r Noa emhééete ) o amdvnon.
A
S 118 T 13 Na avtictoryicete Tig petafoAég TN aploTepng GTHANG O GYECELS TNG
r S de&16c oG,
. , P _
1) Io6bepun petofory o) 7 oral
, , P _
2) Tobywpn petaporn B) I oral
. . 4
3) TooPapnic petoforry  y) T =oral
d) pV=orab
1.4 IHocotnta agpiov Beppaiveral pe otabepo dyko. H mokvdtrd tov
o) AvEdvetat.
B) Meioveror.

Y) Mével otabepn.
[owa amdvinon eivat cwo;
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pV

1.5 Y10 duypoppa p-V tov oyfjuotog 1.19 ot kapmdreg (1) ko (2) mov P
avagépovtal oe 1600epun petaforn 600 aepiov AVTIGTOLXOVV GTNV )
810 Ogppokposcio. Avtd pmopel vo opeiletar 670 6T (1)
o) Agv 10y0¢e1 61N TEpinTOON pHog o vouog tov Boyle.
B) Ta aépra Exovv dtopopeTikd aptOud mol.
v) Ta aépra Exovv dtopopeTikn poptakn uala.
Emiélre T cwotr] 0mdvinon Kot SIKaoAOYNGTE TNV.
. . . , . Xy, 1.19
1.6 [Toweg amd T1g emdOUEVES TPOTAGELS EIval GOOTEC;
o) H xortaotatikn e&icmon toydel povo av to aéplo amoTereiTan
amo €vo €i60¢ popiamv.
B) Ta aépla yww ta omoia 1oyder M katootoTikn e&icmon
ovopdlovtot 10aviKd.
V
Y) Ye oplopévn mocoTNTO WaVIKOD aepiov 1 mAPACTIoT pT
Tapopével otodepn.
o) H xotactatikn e€icmon 1oybel LOVO GTO LOVOOTOMKE, aEPLaL.
1.7 [Towo omd to. emdueva SoypAppOTo TOPGTAVEL TO Yvopevo plV
OPIOUEVNG TOCOTNTOC OEPIOV GE GLUVAPTNON HE TNV  OTOALT
Bepuokpacia Tov;
PV pV pV pV
T T T T
a § Y )
Xy 1.20
1.8 Avo mocoTNTEG aepimv e aptBud YpoUUOpopi®V 717 Kol 1y EKTEAODV
woPapn petaforry oty 0 mieon. Ilowo omd 10 mopOKATO
dwypappata givol to cwotd; (1 > ny).
\% v \Y
nl > n2
n, n,
nZ nl
T T —
o B Y
Ty 1.21
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Kwntuk Osopia

1.9
1.10

1.12

1.14

Id¢ opiletal To 100VIKO GEPLO o) LOKPOCKOTIKA KO B) LIKPOGKOTIK(,;

[Toeg amd T1g emdLEVEG TPOTAGELS £Vl GOOTEC;

o) H Oepuoxpacio evog aepiov eivar avdioyn pe t péon
KIVNTIKY EVEPYELDL TOV LOPIOV TOV.

B) H nieon evdg aepiov givar avéioyn pe ) péon tayvTnTa TOV
popimv tov.

Y) O evepyéc  TOyVTNTEG TOV HOPI®V TOV 0ELYOVOL KOl TOV
aldtov elvon ioeg, av ta 600 aépla Ppiockoviar otnv idwa
Oepuokpaocio.

) H droxm xivinon tov popiov tov aépa givor mo ypiyopn

TO KOAOKaipL amd 0,TL TO YELUADVA.

AwBétovpe 600 doyeila iocov dykov. To TpdTO TEPLEYEL VOPOYOVO KOl
0 dgbtepo o&uydvo, omnv 1o Oeppokpacia. H péon wuvmriknm
EVEPYELD TV HOPI®V TOL VOPOYHVOU etvar:

o) ‘Ton pe ™ péon KvnTiky| evépyela TV Hopiwv Tov 0&uydvov.

B) H o] g péong kivntikng evépyelog v Hopimv Tov o&uydvou.

v) Awmhdolo ¢ puéoNg KIVNTIKNG EVEPYEWNG TMV UOPIOYV TOV
o&vyoévov.

d) Tetpamidoia ™G PEOTG KIVNTIKNG EVEPYELNG TOV LOPI®V TOV
o&vyoévov.

EmAéEte T oot amdvinon.

H nieon mov aokel éva aépro doyeio etvon avaroyn pe

o) TN HEOT) TIUN TOV TOYLTNTOV TOV HoplmVv.
B) TOV OYKO TOV 00YEIOL TTOV TO TEPLEYEL.

v) TNV TUKVOTNTO TOL aEPiov.

d) TNV mieon mov VIApPYEL EE® Ao To doyElo.

EmAéEte T oot amdvinon.

Aépro ovpméletar 1660epua 6t0 pPIcd TOL OpPYKOD TOov Gykov. H
EVEPYOC TaVTNTO TOV LOPidY TOL

o) dumhacaleTat.

B) TopoUEVEL oTOBEPN.

Y) vrodurhacidleTal.

) To. oToleior gV EMOPKOVY YO VO KPIVOLUE oV 1 EVEPYOG

TaOTNTO PETAPAAAETOL KoL TTAC.
EmAéEte T oot amdvinon.

IToeg amd 115 emdpeveg TMPOTAGELS TOL APOPOVY GTNV KOTAVOUN

Maxwell — Boltzmann givol cooTég;

o) H katavoun mopiotdvetol Ypoeikd e d1dypapo 6To 0moio o
évag aEovag avapépeTal otTig ToyLTNTEG (V) TOV Hopi®Y TOV
aepiov ka1l o GAhog otov aplBud TV popiov mov £yovv
KAmoloL TayOTNTA V.

B) H xartavopn Maxwell — Boltzmann dgiyvel 6t1 vdpyet kdmolo
Opl0 OTN HEYLOTN TOYVTNTO TOV UTOPOLV vaL EXOLV Ta HOPLL
TOV 0gPiov o€ kAol OeppokpacioL.

v) Ta TeplocoTEPO HOPLL EXOVV TOXVTNTES UEYUADTEPEC OO TNV
TaOTNTO TOV OVTIGTOLYEL GTO UEYIGTO TNG KOUTOANG.
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d) H xatavoun tov toyuttev Tov popiov evog agpiov etvar idwa
v OAEG TIC TWHEG TNG Beppokpaciag Tov agpiov.

[log epunvevetoar m ehdttoon g OBepuokpociog Otav €va vypod
e€atpiletan;

AYXKHXEIX

Nopor Tov agpiov - kataotatikn e€icoon

1.16

1.19

1.20

1.21

Aoygio otabepod Oykov mepigyel aépo oe Bgpuokpocio 27 °C ko
nieon latm. Ogppaivovpe 1o doyeio mote 1 Beppoxpacia Tov aepiov
va avéndei katd 60 °C. TToon Oa yiver n micon;

[Am : 1,2atm]

Aépro Ppioketar péco o€ KATakOPLPO KLAVOPIKO doyelo. To doyelo
KAelvetar pe epapuoctd Euporo, mAve® ©TO omoio TomobeTovvVTOL
ddpopa otobud. To oéplo PBpioketar oe Oepuokpacio 27 °C kot
kotahopPavet oyko 0,20 m’. Poyovpe 10 aéplo otoug -3 °C. TTdcog Oa
elvar 0 véog 6yKog Tov aepiov;

[Am: 0,18 m’]

Aopatio €yt dootdoelg 4mx4mx3m . H Ogppokpacio 610 Sopdtio
givan 27 °C kou 1 wieon latm. No vroloyiotel o apOpudg twv mol tov
aépa oto dmpdtio. Atvovton :

latm =1,013x10° N/m?*, R=8,314J /mol K .
[Am : 1950 mol ]

Kvoiwdpucd  doxeio pe dwbeppukd toyydpote  @pdocston  pe
epappootd EuPoro. To doyeio mepiéyel aépa mieong latm ko
Bpioketon péca oe Aovtpod vepol otabepng Oepuokpaciog. Tiélovpe
10 éuPoro ®ote 0 OyKog TOv 0Ogpiov va ghattwbel oto 1/3 Tov
apyIKov. YTOAOYIOTE TNV TEAIKN TN TNG TEONG TOV aepiov.

[Am : 3atm ]

2x107° mol vdpoydvov Ppickoviar oe doyeio dykov V=0,25m’ oe
Beppokpoacio 27 °C. Ymohoyiote tnv micon tov ogpiov. Aivovtar:

R=8314J/mol-K , latm =1,013x10° N/m?.
[Am : 0,2 N/m’]

Aéplo Ppioketar péoa ce KLAVOPIKO doyelo. To mhve pépog Tov
doyeiov Khelvetar agpooteydc pe EuPoro. O Oykog Tov aegpiov péoa
610 doyeio sivar 0,4m’, 1 Oeppokpacio 300 K «on 1 wieon tov latm.
MiéCovpe o éuPoro Gote 0 dykog Tov agpiov va yiver 0,1m’ omdte
mapoInpovpe O0tL 1 Bepuokpoacio tov Eywve 600 K. Ymoloyiote v
TEAMKN TtieoT TOV agpiov.

[Am : 8 atm ]
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1.22

1.23

1.24

1.25

1.26

210 gpyaotiplo umopodv va emtevyfodv mOoAD younAES TIEGELG
(oymAd Kkevd), émg 13x107° atm. Ymoloyiote tov apdpd tov
popiov evog aepiov o éva doyeio 1L oe avti v micon koi o€
Oeppokpacio dopatiov (300K). Aivovton R = 0,082 L - atm/mol - K ,
N, =6,023x10% uépia/ mol .

[A7: 3,18 x10% uopro]

Noa vmoAoyiotel m mokvotnto tov Odoéewdiov tov GvOpaka oe
Oeppokpacio. 185°C kon mieon latm (latm =1,013x10° N/m?).
Aivovtar n ypappopoprokny udlo tov dro&ewdiov Tov  AvOpaka
44x107 kg/mol xar R =8,314J /mol K .

[Am:1,17 kg/m’]

‘Eva. aéplo Oepuaivetar pe otabepn micon. Noa yivet 1 ypaeikn
mapdoTacn S oxéong p=f(6), 6mov p mn mokvotTo Kot 6 M
Beppokpaocio oe fabpovc Keloiov.

Ye Oeppokpacio 0=27 °C kot mieon p=10’N/m’> n mokvotTo evog

agpiov eivar 8x10*kg/m’. No vroloyioTel 1 YPAUUOUOPIOKT TOV
pala. Atveton R =8,314J /mol K .

[An: 2x107° kg /mol ]

‘Eva. mol ogpiov PBpioketar oe s.t.p. Awmhacwdlovope v mieon
dwmmpoviag otobepry T Oepuokpocic. kKol ot GLVEXELN
tpuwhoctdlovpe Tov Oyko datnpovioag otabepn tnv mieon. Na
BpeBovv o1 telkég Tipég mieong, Oykov, kot Beprokpaciog.

[Am: 2 atm, 33,6 L, 819 K]

Kwntuc Oeopia

1.27

1.28

1.29

Bpeite tic evepyéc taydmreg (v,) TV popliov tov He ko twv
vépatpdv otovg 27°C. Ot avtioToyeg YpopHopoplakes pales sivon
4x107 kg /mol xar 18x107° kg /mol .

Atvetan R =8,314J /mol K .

[Am: 1368 m/s, 644,8 m/s |

Evvid opowo copatidw Exovv tayvtreg 3, 5, 8, 8, 8, 12, 12, 16, 20.
Oleg o1 tayvteg etvon petpnuéveg e m/s. Yroroyiote :

o) TN HEOoT TaYVTNTA TOVG.

B) TNV gvePYO TOVG TOYOTITA D,y

[Am:10,2m/s 11,4 m/s ]

Yrohoyiote TNV €vepyd TOYLTNTO TOV OTOUOV TOL VIPOYOVOL GTNV
emaveia Tov 'HAov 6mov 1 Beppokpacio eivar S800K. Atvetan 6t

ypoppoatopuky pdla v vdpoydvov sivar 1x107° kg/mol wau
R=8314J/molK .
[A7 : 12028m/s ]
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1.30

1.31

1.32

1.33

1.34

1.35

ITPOBAHMATA

[Moca prardvia 6ykov 3 L umopode vo pOucKMOGOLLE LE TO NALO0 TOV
nepExeTon e PLiAn oykov 12 L; To fjAlo ot @uddn Ppioketor vod
nieon 120 atm, evd ota umoidvia vrd mieon 1,2 atm. YmoBéote Ot
TG0 1 P1AAN 000 Kot To pTahdvio Bpickovtol otny 1010 Oeppokpacio.
[Am : 400]

O Aentdg KOTOKOPLEOG COMVOC TOV oynuatog 1.22 Kieiveton omd pio
oTaYOVO VOPOPYVPOL X Kol 6T0 TUNUe AX, vyovg h=27 cm, Tepiéyel
agpa Oepuokpaciog 6=27 °C. Av n Ogpuokpacioa tov aépa yivel
0'=127 °C néco Ba petoxwvnbdei n otaydva; H petaforn tov dykov
TOV GOANVO, pe TNV avénon ¢ Oeppokpaciog Oempeital apeintéa.
[Am : 9cm]

KvAwdpucd odoyelo, pe tov a&ovd tov KOTOKOpLEO, KAeiveTol

0EPOGTEYMG GTO TAVE® PEPOC TOL pe EpPoro Statopnc A=0,02m” kat

Bapovg w=374 N. To aépo péco oto doyeio KatarapuPdver Oyko

0,01m’ kot Ppioketon oe Beppokpacio 27°C. H atpocorpiky mieon

glvon p=latm.

a) [Toon eivon | Tieon Tov aepiov;

B) [T6co Ba avénbei o 6yKkog Tov agpiov, av 1 Bepuokpacio Tov
yiver 207 °C; (latm = 1,013x10° N /m?)

[An:a) 1,2 x10°N/m* ) 0,006 m’ ]

Aoyeio Oykov V, mov mepiéyel afpa, €xEL 6TO TAV® WPEPOS TOL
oTpOPLYYQ. Apykd 1 oTpdELYYQ EVOL AVOLYTH KoL O 0EPAG TOV dOYEIOV
emkowmvel pe to mepPdrrov. H atpooceaipikn micon givor p,=latm.
Oepuaivoope 10 doyelo, Ue ovoyytn TN OTPOQLYY, MEXPL T
Oepuokpacia o100 gomtepikd Tov va yiver 410 K. KAeivoope 1
oTpoQLYYQ, Tomobetovue To doyeio oe Aovtpd vepov — mhyov. Na
voAoylotel M TEMKN wieom ot0 gowtePKd TOv doyegiov. H
Bepuokpacio otV omoia cuvVTAPYEL vEPO Kot Thyog etvan T=273 K.
[Am : 0,66 atm ]

O xbdMvopog tov oyfuotog 1.23 ywpiletor oe dvo pépm, péow
euPorov mov kveital yopic TpPn. Tto Tunua 1 gicdyovror 2 mg H,
evdy oto 2 eoGyovton 8 mg O, . Iowog givar o Adyog [, /1, omy

katdotoon woppomiag, Ta aépla 6TV KATAGTOOT 1GOPPOTIG
Bpiokovton oty idwa Beppokpacio. Ot ypappopoplokés naleg yio to

H, xau 0 O, sivan 2x10_3kg/mol Kot 32x10_3kg/mol,

avticTotya.
[Am: 4]

Avo doyela pe dykovg Vi=0,3 L kou V,=0,2 L cvvdéovtar pe Aemntod
colMva apeAntéov oykov. Ta doyeia mepiéyovv aépa Beppokpaciog
T=300 K (oy. 1.24). Av&dvovue ™ Bepuokpocio 610 TPOTO G0YEI0
katd 100 Babuovg kot 6to devtepo katd 50. Av 1 apylkn migon NToV
latm va vroloylotel 1| TEAMKN TG TIUN.

[Am : 1,26 atm]
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(o) (B) 1.36  To wvAwdpwd doyxeio Tov oynuatog 1.25 €xet tov afovd Tov
— KATOKOPVQO, TEPIEYEL aépa Kot kKAgivetal pe Euporo. Otav 1o doyeio

tonofetnBel pe ) Pdon tov wpog ta kdtw (oy.1.250) T0 Vyog g
oTANG tov gyKAwPiopévou aépa etvar h,=40 cm. Av to doyeio
— avaotpaget (ox. 1.25B) 1o dyog g omAing yivetaw hg=60 cm. Na
T L hy vroloyiotel 1o Bapog Tov euPforov.
Atvovtor  p,,, =1,013x10° N/m® «xou n Swropn tov epBorov
h, l A=10cm*. H uetafoin Oa Bewpnbel 1600epun.
i — [A7 : 20,26 N]
7)3)( 1.25

H ENEPI'OX TAXYTHTA TQN MOPIQN AEPIOY EINAI
MET'AAYTEPH THX MEXZHX ( AIIOAEI=ZH)

EN@ET : ‘Ect® 01t o1 Taydtnteg twv popiav givar v, , 6mov i=1,2,....N
- U +0,+...0 1 &
Ynrevbopilovpe o1t v=—1—"2 "N Z v,

7 N N i=1

2 2 2 N

U +0; +.. Oy 1 )

Ko v, =\/ N = NZUZ'
i=1

Zymuatitovpe TNy mapdotaon

1 & -
A= N z (Ul. - 0)2 ywo TV omoia oyvet A =>0
i=1

H nopdotaon ypaeetal pe  popon

1 &(, - =2 )
A=—Z v —2v,v+v |
N3
A=ty soupe sy
NET NSNS !
-1 & 1(,—
A=0., -20— U.+—(Nu ) ]
v N; 1 N T]
P —2 =2 ) —2
A=v,, -2v +v =v,, -0V
. . 2 2 , 2 572
opog A=20 apa v, -v 20 1 V., 2V
gmewdn v, >0 Kot v >0 TEMKG
USVZB

H woémra woyder pévo oty mepintwon mov Ola ta pope £(0VV TNV
oo KaTé PETPO TOYVTNTO, KATL TOL Yo HeydAovg mAnbuouovg popiov sival
amoAVT®g odvuvato. AmoO T pobnuotiky emefepyocic ™C oLVAPTNOTG

dN
d_ =f (U) 7oV divel v katavoun Maxwell-Boltzmann wpoxvmntet, yia va
v

aéplo ypappopoplokng nalag M oe Beppokpacio T, 0Tt

/2RT — /8RT /3RT
U/r =S U=,—"7+ Ugv EnEY —
M M M
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I'TATI AEN YITAPXEI YAPOI'ONO XTHN ATMOXZ®PAIPA
THX I'HX

H xwvntuc Bempio tov agpiov pag emtpénetl va e€nynoovpe yioti dgv
vapyel vOPoyovo oty atpdseopa g Ime, omv omnola deomdlovv 1O
o&vyovo Kot o alwTo.

H epunveia oyetileton pe v tayvto dtoeuyng omd m I'n, kdtt mov
Oa pog aracyoinocel oty mapdypaeo 3-13 avtov Tov Piiiov.

Orav éva copo Barieton and €va onpeio g emdvelag g I'ng e apyn
TaYOTNTA U, KAVEL EVOVYPOUUN 1| KOUTVAOYPOUUN KIVIOT Kol ETICTPEPEL GE
avti (oy. 1.26). Aev Ba enéotpepe otn I'm povo av n apyiki Tov ToyxdTo
ématpve v T 11,2 km/s.  Avti v toydmra ™ Aépe tayvtnta dtopuyng
amd v emedveln ¢ I'mg. Xto dyog tov 600 km, oto O6pro. dSnAadn g
atpocealpog e I'nmg n taydta dapuyng Exet iy 10,8 km/s (oy. 1.27).

H Beppokpaocio e atpoécpapag oto Vyog avtd eivar mepimov 1500 K. X

/3RT
Oeppokpacio avt, dnwg TpokvETEL N6 TN GYEoN V., = I, T LOPLOL TOV

o&vyovov Ba elyav evepyd toyvtnta 1,1 km/s kot ta poplo Tov vOPOYOVOL
gvepyo tayvtnto 4,4 km/s.

Ac vobBécovpe 0t 6”7 awtd To Vyog Ppioketon o mocotnta N popiov
ofuydvov kot N popiev voépoyévov. Amd To Odypopo TS KOTOVOUNG TMV
Toyuttev kotd Maxwell- Boltzmann, yo ta. 0o aépia (o). 1.28) mpoxvmtet ot,
TPOKTUCE, Kavevo popo Tov o&uydvov dev €xel ToydTnTol iom pe v TodTTOL
Spuyng kot £t OAN 1) TOGOTNTO TOL 0EVYOVOL TUPAEVEL GTN YHIVI ATULOGOOLP.
Avtifeta, vdpyel peydhog aplBpos Lopicoy vOPOYOVOL TOL 0ol £XO0VV TAYLTNTES
peyolutepeg amd v ToOTnTa. dwpuync. duowd de Swpevyovy Ao ovTd TO
pope.  Awpedyovy povo ekefva mov M ToUTNTA TOUG €YEl TOV KOTAAANAO
TPOCOAVATOMGUO, LE TNV TPoDOOECT OTL O€ GUYKPOVOVTOL E GAAN LLOPLOL.

dN/dv (uopra/m/s)
0, T=1500 K

H,

o

|
1,1 4.4 10,8 v (x10°m/s)
Iy 1.28

>10 Sidomua tov 4 x 10° grdv mov mépacay amd T Tov SnpovpynPnKe
TO TAOVNTIKO WHOG GOOTNUO, TO LOPOYOVO TIOV VANPYE OPYIKA, SLoEOUEVO OTOL
AVATEPQ GTPMHOTA. TNG ATUOCPOIPAS,IEPVYE GLydL - Gtyd amtd To Paputikd medio.
Hopatipnon: Me tov ido Tpdémo eényeitor yoti n Xedqvn - otV omoia N
TayvTTe S10QLYNG omd TV emedvele eivon 2,37 km/s - dev €xel kaboAov
atudoeopo kot ywori otov Apn (toyvtnto Jpuyng amd TNV EMUPAVELD
4,97km/s) n atpocearpa givor ToAd apoin.
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Xy. 1.26 Edv 10 copo PAndei pe
TayvTTO KPATEPN amd TV TorK -
mro JPUYNG  EMOTPEPEL  OTNV
emoavew g e,

Xy. 1.27 Edv 1o oopa PAndel pe
TayvTTO pEyoAvtepn M ion omod
TV ToyOTTO  JOPLYNG KOl T
Katevhuven g apyIKNG ToHTNTOS
glvar  KOTOAANAY, TOTE SropeDyeL
OPIOTIKG GTO JLAGTNHAL.
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