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PEY2TOMHXANIKH

* Ta pevota mepAauBavouy 1A agpia Kal ta vypd, Ve LGXUOUV oL (OLEC
e€lowoelg Kal yla ta duo.

 H pevotounxavikn mepPAAUBAVEL TN oOTATIKN (XPOVIKWCE aAveEEAPTNTN
LOOPPOTIA) KAl TN OUVAUIKI TWV PEUCTWY (POEG).

e 2TNV dOTPOWUOLKN, aKOUN Kdal VEPN TOAU XdPNnANG TUKVOTNTAC
UTTOPOUUE VA TA AVTIHETWITIOOUPE WG PEUCTA, APKEL N HEON EAEUOEPN
otaopoun [ Twv cwpatidiwy va eival moAU PHIKPOTEPN TNS EKTAoNG L mou
KataAapBavel To PEUCTO: |

[=——< L
no

OTIOU n €lval n apiBunTIkn MUKVOTNTA TwV OWUATIOIWV KAl ¢ N EVEPYOC
olatoun yl\a eEAACTIKEC CUYKPOUOELC.

e Peuotd, ota omoia PTTOPOUHE VA AYVONOCOUME TNV ATTWAELD EVEPYELAG
AOYW TWV E0WTEPIKWY oUYKpoUoewV (IEwdec) ovopalovtal (davikd.



BA2ZIKEZ METABAHTEX

* [la €va 10aVIKO PEUCTO EVOC OUCTATIKOU:
o0 =mn - TuUKvotnta palag
P ~ TIeon
e =U/m - €10IKN ECWTEPIKN EVEPYELA
v - Olavuopa tng taxutntag

omou m eivat n pala evogc owpatidiou. Apa €xoupe 3 BaBuwTEC
petaBAntec kat 1 Owavuopatikn Kalt xpelalopgacte avtiotolxo aplOpo
£ElCWOEWY Yla va EXOUUE TTANPN TTEPLYpAPN.

YHMEIQXH: otn 6€on tng e pmopei va xpnotpgomolnBel, eVAAAAKTIKA, ELTE N
EIOIKN evipomia, s = S/m (evipomia ava povada palag), €ite n
Bepuokpacia T.



KATAZTATIKH EXI2Q2H

 Mia amo TIC BaclkeC e€lowoel¢ mou xpelalOpacTe yla TNV TANPN
meplypa@n eivat n kataotatikn e€icwon, OnNA. n CXECN TOU CUVOEEL TNV
meon PE TIC AAAEC BeppodUVAMIKEG PETaBANTES. MNa eva daviko PeUCTO
£VOG CUCTATIKOU, N TEON €ival ocuvaptnon Twv dAAwv Ovo petaBAntwyv

P = P(g,e)
(O1-mapapetpikn Kataotatlkn e€iowon). H emAoyn plAC OUYKEKPLHEVNG
KATaoTatikng e€iowong e€aptatal amo to mpoBAnpa mou mpoomaboupe va
EMAUCOUHE (OLaOPETIKN Yia Ta Olagopa NOnN AcTEPWYV) KAl TPOKUTTEL
amo TN HIKPO-PUGCLIKNA.
Bapotpomniko pevoto: Av e = e(p) n e =0, 10Te Bewpoupe OTL

P = P(9o)

(Lovo-TtapaueTpIkn Kataotatikn Eicwon).



OEPMOAYNAMIKH

« H mpooBnkn evog mooou Beppotntag dO=TdS o€ €va peucto TTPOKAAEL,
KATA £va PHEPOG, auénon TNG ECWTEPLIKNG TOU EVEPYELAC Kata mooo dU Kai,
KAtd TO dAAO MEPOC, TApAywyn €pyou Kata mocoo PdV. Omnorte,

TdS = dU+PdV
AdwaBartikn pon: Av dS=0, tote dU=-PdV.

loevtpomuikn pon: H ouaAn adiaBatikn pon ivat (oevrpomikn (EL0AAAWC,
€AV UTIAPXOUV KPOUOTIKA KUHATA, UTApXEL au€énon Tng €vVIpomiac otnv
TEPLOXN TOU KPOUGTIKOU KUNATOC).

* [la TNV IOEVIPOTILKA pon, N Kataotatikn efiocwon avayetal G€ HOVO-
napapetpkn, P = P(p). Na mapadsiyya, ywa €va 10aviko agpio, n
Kataotatkn e§iowon P = P(o,T) = (o/m)k,T (0mou k, n otabepda tou
Boltzmann) avayetat otnv P = ko’ (MOAUTPOTIK KATAOTATIKN £€icwon),

OToU k Kai y otaBepeg, TOU TAiPVOUV TIPEC avaAoya He To €idog Tou
aepiou (m.x. y=1 yia .c00eppo agplo).



METABAHTEX EULER

« Ol Geppoéuvalesg pvetaBAnteg  ekppalovial ocuvdadpTNOEL  TOU
Slaviopatoc Béong 7 Kal Tou Xpovou ¢ ot éva adpavelakod ouctnupa

OUVTETAYHEVWV. \

Vi pl7,t)

Tomikn nmapdywyog: Ot XpOVIKEC HETABOAEC plag HETABANTNG TOU pEUCTOU
HETPWVTAl TOTIKA 0TO adpaveLaKO cUOTNHA CUVIETAYHEVWV:

op_0p
ot Ot |;

7 =0ot10b.



METABAHTEXZ LAGRANGE

e O1 Beppoduvaplkeg petaBANTeEC ek@palovtal wg TPOC VAV KIVOUUEVO
oToIXE1000N dyko dV, Tou opiletal amd to Sldvucpa BEong F,TTou €XeL TN

XPOVIKN OTLyHn 1=1,,.

O otowx. 0ykoc dV nepihapPBavel navtote ta idta cwuatibia kal n tpoxtd
TOU €ival Jla govo-napapeTpiki KapnuAn
F=7 (7, t)
OAtkn napdywyoc: Ot XPOVIKEC HETABOAEC plag HETABANTAC TOU psucTtou
HETPWVTAl WC TPOC KIVOUHUEVO OTOIXEWWON Oyko dV, katd PNAKoOg TtNng
TPOXIAC TOU: Dp_ 0p
Dt Ot|-

=otad.




TAXYTHTA TOY PEYZTOY

* H taxutnta tou peuctou opiletal oe petaBAnteg Lagrange:

D7 _ 07
Dt 0t

V=

ro=otad.

« 2XEon HeTaéU OAIKNG KAl TOMIKNG Mapaywyou:

Eneidn p_p<7 f)
=p(F(7yt), 1)
, =p(x(rt), (7o), z(7yt) 1)
Bpiokoupue
op :8_,0 8,0 ox 8/) oy 8/) oz
at 7, =0710.0 at r =otab ax at ro=0ta. ay at ro=0ta. aZ at
I"]

Dp 0p ¢
— + V-
Di otV

ro=otab.



EMITAXYN2ZH, TPAMMEZ POHX

* H emitaxuvon tou peuotou opiletal emionc o€ petaBAntec Lagrange

D¥ _o¥

Dt_at+<v°v)v

a=

« Fpappeg pong: & KAMOIA GUYKEKPIPEVN XPOVIKN OLYHN =1, Ol YPAUUEG

pONC €ival YPAUUEG TWV OTOIWY TO £QAMNTOUEVO Olavuola o€ KABe onueio
TOUCG £ival mapdaAAnAo mpog to medio TAXUTATWY vV , onAadn d 7||\7.

“K/»

* Moviun pon: Av pua pon 0gv e€aptatal amo Tn XPOVIKN CUVIETAYHEVN t,
onAaon PRy

~ =0

ot

TOTE €lval Poviun, Kal ol YPAUUEG PONG CUMTIITITOUV HE TIC TPOXIEG.



2TPOBIAIZMOZ, AYNAMIKH POH

* Opiloupe wc to dtdvuoua tou otpoLoAlouodu:
L le -
O=—V XV
2

[la KUKAIKN Kivnon PE Ywviakn taxutnta f), n pon ovopalstal cuyxpovn,
€AV

-

0=

« Auvauikn pon: Eav to medio taxutntwy OIveTaAl Amo TNV KAion pilag
Babuwtng cuvaptnong (Guvaplko) ¢, n pon ovoualetal Ouvauikn

—

=—Vo

<i

Torte:

<
X
<}

=0

Kal apa =0

Sl

AnAadn, n ouvapikn pon €ivat actpoBiAn, KAl AvVIICTPOPWC.




AYNAMEIZ MAZAZ, EMIOANEIAKEZ AYNAMEIX

* Auvdueig pddag sival autég nou dpouv oe 6An tnv €kTaan tou psuotou
(n.x. Baputnta, 6uvc1ur1 Lorentz kA.n.). Eav 4 F n ouviotapévn Twv
duvapewv palac, téte opiloupe TNV nukvotnta duvauewyv puadag wc

} hmA—F

m=>0 Am

-

m.X. Yl TNV mepinmtwon tng Baputntag, f =g (smtdxuvon).

 Empaveiakéc Ouvduelg: Xe €va 10AVIKO PEUCTO, n Tieon elval
[OOTPOTIIKN KAl ACKEiTal HOvo otnv Kabetn olevBuvon TPog TNV EMUPAVELQ.
Y€ Hla otolxelwodn smupavela epBadou dA, n ouvaun Tou AacKeital Aoyw
NG TEONC TOU peUOTOU Eival

dF_=—PhdA

(6mou 71 To povadlaio Kabeto dldvuopa oTnV EMUPAVELA PE QOpd TPOC Ta
e€w). OAOKANpwvovtac o€ KAELOTA emMPavela eyBadol A TOU TEPIKAEIEL
oyko V kat epappolovtacg 1o Bswpnpa Gauss:

=—[ Phda=—[V Pdav
A V



AIATHPHZH MAZAZ (EXI2Q2H 2YNEXEIAZ)

« H padla nou neplkAeietal o€ yla Xxpovikn oTydn ¢ o€ 6yko V tou peuotoU

gival
m=fp(7,t)a’V
V

EVW OE pPld AAAN XPOVIKN OTLypn t+dtf o OykoC éxel petaPAnBel oe V',
meplkAsiovtag pala
m ’:f p(7, t+dt)dV
o

Eav o 6ykoc V' nepihapPBavel to idlo cluvoro cwpatidiwv pe tov 6yko V,
10te n pala diatnpeital kat autd Pnopei va eEKppacTtel we



AIATHPH2ZH MAZAX (EXI2Q2H 2YNEXEIAZ)

* YnoAoyiopoc:

t+ dt

v



AIATHPHZH MAZAZ (EXI2Q2H 2YNEXEIAY)

* YITOAOYIOHOC (OUVEXELQ):

fprt+Ata’V fprth

0=lim ° At
= lim —— f p(7, t+ At a’V+f[p (7, t+ At)—p(7,t)|dV
Ar»0 At
AV 8,0 1)
dVv
At>0 A @t

OTIOU TO TTPWTO OAOKANPWHA OYKOU HETATPATINKE O ABpolopa
KUALVOPLKWY OYKWV

AV .=AAAh=AA-(VinAt)



AIATHPHZH MAZAZ (EXI2Q2H 2YNEXEIAY)

* YITOAOYIOHOC (OUVEXELQ):

—hmZpr t+At)vnAA+f8'0( )dV

At>0 ot

= | Ap(r,t)vfzd/H fa—pdV




AIATHPH2ZH OPMHX (EXI12Q2H KINHZH)

* H oppun evoc otoxeltwdouc éykou AV eival

AO0=Amv=pv AV
EVW N OALKIN opun lval
é=f pvdV
’
O OeUtepoc vopoc tou NeUtwva npoPBAEnet:

Fo=F +F_ =ami=2%

ET. DZ_
=>f p;’dV—f pﬁdAzﬂf pvdV
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AIATHPHXZH OPMHX (EZIZQ2EIZ KINHZHZ)

* (ouvéxela): Opwec, enetdn ndn 6ei&ape 6tTL Dm/Dt=0
fpva’V——fvdm f a’m fp—dV

Kl £TOL

fpf VP- pﬁdV 0
/ Di

> e Slaopikn HOPPN:

Dv ~ >
—=—V P+
P ="V P+ S



AIATHPH2H ENEPTEIAX

‘Eva peucto TEPLEXEL PAKPOOKOTIKN KIVNTIKN EVEPYEIQ KABwC Kal
EOWTEPIKN Bepuikn evepyela. H TUKVOTNTA TNG EVEPYELAC TIOU £XEL TO

PEUOTO €ival B
E_giczv-l- € o

2
=—pv +
> pV+ pe

(6mou xpnotpomowoape ¢, =U/V=(m/V )(Ulm)=pe ).
H oAtkn evépyeta nou nepikAeietal otov OyKo Tou peuctoU gival
2
fV EdVZfV p(vI2+e)dV
H evépyela evoc otoixelwdouc dykou pnopei va arradlel €€ attiac:

* TOU £pyou nou napayouv ot duvapelc palac nou ackouvtal,

* TOU £pYyOU NMou napayouv ol enipavelakéc Suvapelc nou ackouvral,

* TNC ECWTEPLKNAC Nnapaywync Bepudtntac (n.x. Adyw BepuonupnviKwy
avtidpaccwv),

* TNC anwAelac evépyelacg Adyw ditadoonc BepudtnTac fj aktivoBoAiac.



AIATHPH2H ENEPTEIAX

To €pyo mou mgpayetal ano piua duvapn mou Opa MAVW OE €vA UALKO
onpelo sivat v-F . Apa to £pyo mou mapayouv ot duvapelg palag oto

PEUCTO £lval ~
[, vpfav

EV() TO £PYO TTOU TTAPAYOUV Ol EMIPAVEIAKEG OUVAMELC Eival
| v(~Pn)da
A

Eav opiooups w¢ A tov pubud mapaywync £0wWTEPIKNG EVEPYEIAC avd
vovada padag, tote o0 pubpPOC HPeETAaBOANG TNC OAIKNG EVEPYELAC AOYW
E0WTEPIKNG TTAPAYWYNG EVEPYELAC €ival

|, Apav

Eav oplcoups WG F ,, 10 olavuoua mg ponc Bspuotntac (Gspuornta Tou
pEel ava povada sm(pavstag avd povaéa XpOvVou), TOTE O pubuog
HETABOANG TNC OALKAC EVEPYELAC AOYW pONg BeppoTNTAc £ival

| Fo,(—h)d4



AIATHPH2H ENEPTEIAX

TeAlka, n dlatnpnon Tng evepyelag ek@padlstal amo tn oXeon:
D L o oA
ool Eav=], pv-fav—] Pvida
+ Apav—| F,, -ndd

Xpnolgomolwvtag tn diatnenon tng palag kabwg kat to vopo tou Gauss, n
TAPATTAVW OXECN UTTOPEL EUKOAQ va Ypapel oTnV £ENG AlAPOPLKN Hopepn:

p%(v2/2+e)=p\7-7—6(P§)+/1p—§1_5

Oeput

21N ouvéxela, moAAamAacialoupe tnv €€lowon Kivnong PE tnv taxutnta
KAl TNV a@dlpoUpE amo TNy mapamavw £Eicwon. XpnolHoTolwVTac Kat tnv
£El0WON CUVEXELAC, TEALKA TTPOKUTITEL O 6lacpoleég VOHOG

De P Dp
+1—=VF
Dt p2 Dt V Gepn




TO NAHPEZ XY2ZTHMA

» Ma éva 18avikd peuotd, ol petaPBAnTéC o, P, e kat v kaBopilovtat and to
AANPEC oUTTNUA TWV EELCWOEWV:

0 — %+ p ﬁ v=0 (e€lowon ouvexelag)
l
P - P = P(p, e) (kataotatikn e€iocwon)
R DV ~ ~ , ,
V o P, =—VP+pf (e€lowon Kivnong)

(dlatnApnon evepyelag)




BAPOTPOIIKO PEYZTO

« Eav 1o peucto slval Bapotpotmiko, wote P = P(p), Kal pe A, F(,gpﬂ
MNOEVIKA, TOTE N €L0IKN ECWTEPLKN EVEPYELA e OUVOEETAL APEDCA HE TG o, P
amo TOV TMPWTO VOUO TnG BEpPoOUVAPLKNG, TTOU YiveTal

dezﬁzdp
D

* 'ETOL, N €10IKN EOWTEPIKN EVEPYELA, Oev lval TAEOV eAeUBepn peTaBANTN
KAl TO MANPEG cUCTNHA Yid TIG o, P kal v gival

o - l]))—/t) +p ﬁ v=0 (e€lowon ouvexelag)

P - P = P(o) (kataotatikn e€iocwon)
. Dv = -

Vo p——=—VP+pf (e€iowon Kivnong)
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