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Aotpoocopationoxn kol Koomkn Axtivoffolia

MHXANIEMOI EINIITAXYNXHX K.A.

http://cosray.phys.uoa.gr
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Mopoen tov pdcuotoc  exOetikn
Koy otabepd yio Eva peyaro
EVPOC EVEPYELWDV.

[Toapayoyn kot  owooon K.A.
‘ OlEMoOVTIal amd TOVG 10lovg, M
TOVAAY1GTOV TOAPOUOLOVG,

UNYOVIOUOUS Yo €vol  UEYAAO

13 4 puisars 1 t . t '
. Al pc  kpe Mpe

log( 12/G)
D

EVPOC EVEPYELDV.

>10 owypaupa tov Hillas. Ot mnyég move and
TNV KOKKIVI] YPOUUT UTOPOVV VO ENXLTAYOVOLV
TPOTOVIO, o€ gvEPYELEG E¢ kot 107! eV, evd ot
TNYES TAVEO A TNV TPAGIVY YPOUUT LTOPODV
va gmroyvvovy Topnveg Fe émg kan 10 20V,
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H péyiot evépyela otnv omoia umopel va emttayvvOel Eva copatiolto pe poptio Z
GUVOEETAL LLE TOL YOPUKTNPLOTIKE TNG TNYNG

E =y-eZBL

I ]

HoyvnTiko medio m 0ot TG TNYNG

XapoKTNPIGTIKN TIUN:

H emitdyvvon tov KOGUIKOV 0KTIVOV GTOVS VTEPKAIVOPAVEIC ACTEPEC EMAPKEL Yio
gvépyeteg uéypt 1015 eV. To TV emttdyuvorn KOGUIKAOV aKTIVOV o€ DYNAOTEPES EVEPYELEC
YPEWCOVTOL TTNYEC LLE 1oYVPOTEPO LOLYVITIKE TTESTO KOl LEYOADTEPT EKTAIOT.

Tunua @uoikng¢ EKMA
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Emtayvvon tov kocpik®v aktivoyv 6to I'olalia

‘Eotm 011 01 kooukeg aktiveg 6to INohaéia pog eivorl opotOLopPo KOTAVEUNUEVEG GE EVO,
dtoko yopw amd tov IN'oha&io pe axtiva 15 kpc xor mayog 500 pc. Emedn o ypdvog
TOPOUOVIG TOVE 6T0 dioko givor mepimov 107yr, N 160G TOL TPETEL VO TAPAYOLV Ol TNYEG
TOV KOGUIK®OV aKTiveov Tov [N'odhaio pac yio va avoamAnp®@vovtol 0l KOGUIKES KTIVEC TOV
OLLPEVYOLV OO AVTOV 1GOVTOL LLE:

W=Mz3-104oerg/s
T

r

oykog 'ohacia v = 7(15kpc)* (500 pc) = 10% em?

Evepyelaxi mokvomta.  p,. =0.5eV / cm’

3 ekpnéec SNR (vegpkovo@avav) /move pe pale 10 M, mov decteEAOVTOL LLE
toutnTo 3 103cm/s mapdyovv 3 10%%erg/s. Iepumov 100 popeg TNE EVEPYELNS TOV SLOPEVYEL.
Apxel Aowmdv €vac unyovicpog pe amoooon 1% vyio va mwopaybodv ol wopaTtnpoOvUEVES

KOGUIKES OKTIVEG.

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
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T
r res Emtdayvovon

ToAaérokd TPOTLTTO TPOEAEVT

YTOYOGTIKI] EMTAYVVOY

Koawopaveic ,Yreproavopaveig Fermi 2" order

Kataypaoen

[TaArOpevol actépeg (Pulsars)

; > Emtdayvon o€ kpovoTikd
Ztabepot AG;E&%% otk kopare_ Fermi 17t order AOpLOOPIKE GUGTLOTO, }
XOpewvn emrdyvvon (coherent { :
EEavalofioKd HeovN emitdyvvon ( Entygiot aviyvevtéc

acceleration). Solar Comic rays
Evepyol Taha&axkoi [Tuprveg (SPEs)

AGN
L Black holes

2XOUPOVT ETLTAYLVOT: ATOTEAEGHO TNG anevheiag emtayvvong and niektpikd media ( DC),
OOV 0 ¥POVOC EMTAYVVONG Elval LIKPOTEPOS Atd TO ¥POVO AAAAYTG TOL NAEKTPIKOV TTESIOV, 1)
and otevn OV NAEKTPOUOYVITIKOV KOUAT®V. HAOKES EKAAUYELS: Loy VI TIKT)
gmavaocvvoeon kol B) durhéc otifadeg (double layers ) (Vlachos, 1989)

U (RT3 30 M.Tspovtidov, 2021-2022
Xewuepvo Eéaunvo, 2021-2022



YTOXAXTIKH EIIITAXYNXH : Fermi 2" order

H mo amlomompévn nepintmon emttdyvvong evoc cOUATIOON HE ALTO TO UNYOVIGUO €ival 1
LovoolaoTaTn.

. MecoaoTpiko VEQPOC
Meromuay dmelpn pale Tov TEPLEYEL
Apykn| evépyeia Tov couaTidion 6To ua’y\n)gmo 7[881? e
GOGTNHO AVAPOPAG TOV VEPOUG: EO =p-C TopPdoN Hope.

!

EO = )/cl(EO + clpo) Stanev, 2010

Head-on collision
Omov /3’ | = Ud/
‘ c D Dcl
»)/ O _
cl  mapayovtog Lorentz
Tunua @uowkng EKTA

o M.I'spovtioov, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



YTOXAXTIKH EINIITAXYNXH : Fermi 2" order

To copaTidlo e10€pyeTar 6TO VEPOS Kol GKEOALETOL TTOALES POPEC LE TIC AVOUOAIES TOV
noyvntikoL mediov. Ot 6keDACELS TOV COUATIOON LEGH GTO VEPOG ElvVOl EAAGTIKEC. TNV
TEPITTOOT TOV TO COUOTIO0 EEADEL amd TO VEPOG KIvoOUEeVO UE ovTIOET Popd TOTE:

Hpwv E,=v, (B + B, E)=7,E,(1+p,) (1)

Metd El = YCZ | (E'O+ ﬁcl ) E'O) = )/cl ) E(')(l + /))cl) (2)

Avtikodiotd v (1) ot (2) El = YCI(E(; t Bclpf)) = EOygl(l t ﬁcl)z

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



YTOXAXTIKH EINIITAXYNXH : Fermi 2" order

: : o AE
H evépyero mov £xel kepdioel eivar: §=—=y50Q+B)%—-1

Eo

Evépyela elvan avaAoyn Tov TETPAYDOVOL TNG TOYOTNTOS TOL VEPOLS KOl Y10,
aVTO O UNYAVIGUOG AVTOS OVOUAGTNKE “OgvTEPN S TAENS”

Edv n kpobdon eivatl akdLovOn, 10 copatioto eEEpyETOL amd TO VEPOG UE LELOMUEVT] EVEPYELC.

Catch-up collision

Vel
 C— N,

Tunpa Quowiic EKIIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



YTOXAXTIKH EIIITAXYNXH : Fermi 2" order

Enéktaon tov vmoloyiopol yio ymvieg otapopetikeg amo 0 1 o rad.
XTIV TPAYUOTIKOTITO, 1] EVEPYELD TOV GOUATIOI0V EEUPTATAL IGYLPA OTTO TIC YWOVIEG EIGOO0V-
€E000V KOl Ol TOPOTAV® GYEGELC TEPLEYOVV TOV OPO

ﬁcl cost (mpofaliovue T ToydTnTa TV CCWUATIOIOD OTHY
ToyDTHTO TOL VEPOD)

AE _1- Bcosb, + Bcosb, — B’ cosb, cosb,

1
E, 1- §

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



YTOXAXTIKH EIIITAXYNXH : Fermi 2" order

H péon tiun tov cuvnuitovov g yoviog
€160000V 0 e€optdTol amd TNV TOUYLINTA TOV
VEPOLG B LEG® TNG GYEONS

Eyn

due to cloud movement head on collisions are slightly more probabl

particle is randomly scattered on the magnetic field in the cloud
(diffusion process)

(cos6;)=0
\

H péon tun ¢ yoviog e€600v givan ion pe unoév
EMELON TO COUOTION0 oKEDALETON TOAAES POPES LECO,
GTO VEPOG LE OTTOTEAEG LA 1) YOVia €000V va gfvat
uto Tuyoia yovia.

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



YTOXAXTIKH EINIITAXYNXH : Fermi 2" order

4 AE _E,-E, )

E E
. |- Bcos, + fcosd; - B cos b, cos b
Energy change in the lab frame =20 */ Cloi/; iy
AE\ 4
>(—)==p
(73

\ : J
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YTOXAXTIKH EINIITAXYNXH : Fermi 2" order

Second order because of 3* and

[ particle can win and loose energy in a single encounter J

->very small gain in energy after many encounters

E&étaom Tov evepyela ko QacUOTOC TOL OVEL O UNYOVIGUOG:

Tunpa Quowiic EKIIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



YTOXAXTIKH EIIITAXYNXH : Fermi 2" order

YrnoBeon: To copatiolo Bpioketal oe pio TEPIOYN UE LAYV TICUEVO VEPT TTOV KIVOUVTOL OAL
pe TV 0w TayxvTNTo v, . META 0md 1 GLYKPOVGELS LLE TO VEPT AVTE 1) EVEPYELL TOV
copatdiov Oa givar ion:

i
E =E, - (1+&)
1 avIiGTPOPA, Y10 VO ATOKTNOEL GOMUATIO gvEpyela iom pe E. mpemel va cuykpovotel i
(POPEC LE TA VEPT OOV

._In(E,/E,)
L= In(1+ &)

To copatioto cvveyilel va emttaydveTOL LEYPL VA SLUPVYEL OO TNV TEPLOYY] OOV
VITAPYOLV TO VEDT).

H mBavotnta va 610pUyel To0 couatioto omd auTr) T TEPLoyn LETA and Kdbe kpovon eivat
ton pe Py -

H mBavotrta va £xel 1o copatiow evépyeta ion pe E; (nraor| €xel cuykpovotel pe ta
vépN 1 popég) eivar iom pe (1- Pego)®

A 5 O M.Tspovtidov, 2021-2022
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YTOXAXTIKH EIIITAXYNXH : Fermi 2" order

['a éva TAN00¢ copatidinv mov Ppickovial GE aVTN TNV TEPLOYT EXLTAYLVONG, O APOUOC
aVTAOV OV gvépyela peyolutepn and E. elvor icog e

ac

E 4
N(> Ei) =NOZ(1 Pesc) OCA(EO)
L
Omov

Y = P/, fgiﬂé,
3

Ex0Oetikod pdouo to pAGLA TOV KOGUIK®OV UE evepYeloko ekBETN mov eCapTdTon
OO TO TETPAYMOVO TNG TAYVTNTAC TOV VEPOUC.

MetafoAn g evépyelog TOV COUATIIIOL MG TPOG 70 e oo S R o

TO XpOvo LEYAAES EVEPYELEC TTPETEL VAL

dE — pAE =& f E = f_E ‘ TAPOALEIVEL LEYAAO YPOVIKO
dt T \ OLAGTN L GTV TTEPLOYT] TTOV

ELVOL KOTOVEUT|LLEVOL TOL VEQT.
Méan eAevOspn d1opoun owpatidiov  Xopoktnplotikog ypovog/kpovan

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



YTOXAXTIKH EIIITAXYNXH : Fermi 2" order

Sufficient
acceleration

Insufficient
acceleration

dE
dt

lonisation losses

E

Emitéyvvon yowpic anwmieies (1) kou koumdAn armirelog evépyeios uéow 1ovioumy (2)

O pnyoviopog Fermi 21 tdénc avomapadyetl 1o eKOETIKO ACUA TOV KOGHIKOV OKTIVOV YOPIic
OU®C VO O1VEL TANPOPOPIEC Y10 TOV OEIKTN TOV PAGUATOC TOV EEOPTATAL OTTO TO TETPAYOVO
™G ToOTNTAC TOL VEQOLGS. XTov [Nadatio pog vdpyovv TOALE VEQT LE TAATIO KOTOVOUN
TOYVTNTOV UE UMOTELEGUO OO AVTO TO UNYAVIGUO VO UV TPOKLTTTEL pia EekdBapm Tiun yio
TOV O€lkTN TOV PAGHATOC. EmmA&ov, To T0cO KATA TO 0010 AVEAVETOL 1] EVEPYELD TOV
coupatdiov, egaptdtor amd To TETPAY®VO TNE TYLTINTU TOV VEPOUC, 1 TIUN TG OToiag elvat
OPKETA UIKPT LLE ATMOTEAEGLOL 1) ETLTAYLVOT] TOV GCOUATIOIOV HEGHD OVTOV TOL UNYOVICLOV VO
gtvo TOAD apyn.

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



EIIITAXYNXH XE KPOYXTIKA KYMATA : Fermi 1rst order

Kpovotikd kopa (Shock wave) ovopalovpe t poyvntohdpoduvapiK acuvEYELD OTOV M
po1 UACaC Kot oTIS 000 TAEVPES TNGS CLVOPLUKNS EMLPAVELOS TOL KOUOTOG EIVOL OLPOPETIKN
TOL UNOEVOC.

MoaOnuoatikd 1 pony pélog etva G = J 2 ﬁ ’ ﬁ

/N

mokvotnta ndlog  toydvtnto  povadlaio KaOeTo dtvucua.

Otav n evépyeln TOV POPTIGUEVOL COUOTIO £lvor TETOW0, MGTE M YupoaKkTiva Larmor
r,>>[_ omov L;.10 YOPOKTNPLOTIKO UNKOG TG TEPLOYNS UETAPOGTC TOV KPOLOTIKOV

Koportog (scale length of the shock transition) tote 1 dvvapikn tov optiov e€aptdTor amod To

LOKPOOKOTIKA TTEdia Kol 0TI 000 mEPLoyES Tov dnuovpyel n acvveéyeta (Decker, 1988) .

A 5 O M.Tspovtidov, 2021-2022
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Upstream: nepiloyr] UTPOGTA amtd TO KPOVGTIKO KOO E1val 1) TEPLOYT] TOV TAAGLOTOS TTOV OEV
&xel orataporyOet.
Downstream: weployn mic® amwd TO KPOLGTIKO KON,

upstream downstream P p2
|1 B W U W
Lab Frame Shock Frame

2YNUGTIKY QVOTOPCOTOCH THS 01G000HS TOV KpovoTikoD kKuotos. Ao paivovral ol
TOYOTHTES GTO GOGTHUO. AVOPOPAS TOD EPYOTTHPIOD KOL OPITTENT. OTO TUOTHUO. OVOPOPAS
TOD KPOVOTIKOD KOUOTOG.

Tunpa Quowiic EKIIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



M onuaviiky napapetpog mov Ba avaeepbel oy e€nynon TV uNyavicpuov
EMTAYLVONG TOV COUATIOV and T KPOLoTIKG KOpata etval 1 yovia ¥, mov etvain

yovia petald g dedbuvong tov payvntikod mediov kar tov povadiaiov kdbetov
oV EMPAVELR TOL PLETOTOL dravicpatos. loydet:

* 6, =90"(xdébeto kpovoTIKS KON

* @, =0"(mopdiinio kpovoTikd KOua )

* 0"<8,, <90" (mhéylo xpovoTikd Kbua)

TO LOyVNTIKO 10 Elval TOPAAANAO OTNV ETLPAVELD TOL KO TO
oOUOTIOW SLOTTEPVOVV KADET TNV EMUPOVELD TOV KPOVGTIKOD KOUOTOG

TO UOyVNTIKO 1edio eival KAOETO GtV ETPAVELE TOV

OtV TO puaryvnTiko medio oynuatiCel yovia pe to KpovoTikd kOua (Aemtn dtakpion)

0° <@, <45° |quasi-parallel 45" <6y, <90" | quasi-perpendicular

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



Exmittayxyvven A0y
oAioOnong (shock drift
acceleration, SDA) .

Mn-Oepuikn emitdyvvon
QPOPTICUEVOV COUATIOV
KAt TO0 YPOVO 1T1NG
aAANAETTIOPAONG TOVG LUE TO
KPOLGTIKO KOLLO.

MHXANIXMO!
EINITAXYNXHX

N | 4

=

gtval 1 oAloOnon

Oe@PNTIKEG UEAETEC YIOL TNV EMTAYLVOT TOV
coupatiov €ovv deifel ot
OlaTapayYEC TOV TAACUOTOG otV (upstream) Ko
Vv (downstream) meployn TOL KUUATOG
KPOVGNC, TOTE O KVUPLOC UNYAVIGUOG EXLTAYLVONG

TOV EMAYOUEVOV NAEKTPLKOV TEGLOV

otav Oev €yovue

Emtdyovon Aoyo dwdyvong
(diffuse shock acceleration)
N emitdyvven Fermi
apotne taEng (first order
Fermi acceleration).
Evepyomoinon tov
COUATIOV TOV TAAGUOTOC MG
O¢épuavon Tov cOUATiOV TOL
EMTLYYAVETOL LE TOAAOTAEC
OKEOAGELS AVTOV TOV
cOUOTIOV  G6€ KOUATA KOVTE,
GTN WEPLOYN TOV
LoyvNTOoOHOPOOVVAULKOD
(MYA) kpovotikov KOUOTOG

TOV CONATIOV KOTA P1Kog

Tunua @uoikng¢ EKMA
Xewepwvo Eéaunvo, 2021-2022
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U Emitdyvvon Adym oAicOnoeng eni Tov KpOLGTIKOD KOLOTOG, Y10 TV TEPIMTTMOOT)

TOV 6YE00V- KAOeTOV (quasi-perpendicular shocks) kpovotik®v KLVLATOV

(Miroshnichenko, 2001) .

U Emitdyvvong AMdyo ovdyvong (diffuse shock acceleration) otnv nepintmon twv

oye00v-napaiiniov (quasi-parallel shocks) kpovotik@v kvopdTov.

Lab Frame

upstream downstream
| § B
u:
 E—

pl p2
| § Bt
| u:
Shock Frame

210 GUGTNUA AVOPOPAS TOVL EPYACTNPIOV, TO KPOLGTIKO KOO KIVEiTAL [LE TOYVLTNTO U Kot 1) VAN oL )L oM
capmoel Kveltan e toydtnTa U, <u, . 10 GUGTNHO AVAPOPAS TOV KPOVGTIKOV KUHOTOG, TO KOpa PAETEL TV VAN TTOL
dEV €L COPOGEL VA TO TPooeyyilet e ToybTnTa U, , EVO 1 VAN TOV €YEL 101 copwOel amopakpiveTon pe u,<u,.

Tunua @uoikng¢ EKMA

Xewepwvo Eéaunvo, 2021-2022
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[Ipoceyyicelc: Av 01 O10IGTACELS TOV KPOVGTIKOD KOUOTOC ivarl TOAD peyoADTEPES IO TNV
YUPOOKTIVO TOV GOUATIOOL TOV EMLTOYVVETOL UTOPOVLE VO Bempricovpe OTL TO Koua ivart
eninedo. EmmAéov, oe €va moAD 16YvpO KPOLGTIKO 15YVEL OTL O1 TUKVOTNTES UTPOCTA Kol TGM

oo TO KPOVGTIKO UETMOTO GLUVOEOVTOL LLE T GYECN

P _(y+D)
p, (-1

Y: 0 AOYOG TV E0IKOV OepLoTnTOV.

[ éva TANPp®C 10VIGHEVO 0EPLO LoYVEL OTL Y=5/3 omdte & — 4

P>

mp U = 4 - U,
AT apyn olaTpnong e nateg o, u =p, U,

Avo@QepOLOGTE GE OCYETIKIOTIKA ocouatidler otnv meployn emtdyvvons (u= ¢) €tot
eEACPOAIGOVE OTL 1] YVUPOOKTIVA TOV COUATIOI®Y EIval TOAD LEYOADTEPT A0 TO “TAYXO0S TOV
KPOLGTIKOV HUETOTOV LE AMOTEAECUO VO, UTOPOVV Va, TO Olacyilovy ywpis va aviilappPdvovral
TNV WKpookomikn dourn tov (Georganopoulos, 2010)

A 5 O M.Tspovtidov, 2021-2022
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Kdmow and 10 couotiow otnv upstream mAgvpd (1) o€pyoviar péco amd 10
KPOLOTIKO Kouo Kol mepvovv mAEov otnv downstream mievpd (2). Ta copatiow
okeddlovial oTIC avouoiieg mov Ppiokovror uEca 6To0 UEGO 2 KOl OTOKTOOV
16otpomiky] kotavoun. Kotd t odpkela g dtodkaciog avtng, 1 EVEPYEIR TV
copatdiov &xel petofAndel péoom tov okeddoewv. Evog aplOuog copatidiov
TOPAUEVEL OTO UEGO 2, EVA KATOL0, AAAN 0100y iLOVV Kol TTAAL TO KPOLOTIKO KOO KO
Bpiokovtor Eavd 010 u€Go 1, uéca 610 0moi0 AOKTOVV TAEOV 1GOTPOTMIKN KATOVOUT
eCartiog TV okeddoemv oT0 HEGO 0avTO. Ol OKEOAGEIS GTO HECO OLTO Elvan
LETOMIKEG KO 0pOV Y1 TIG TOYVTNTES U >U, PAEmOLLE OTL TOL COUATION KATOAYOUV
Vo, £Y0VV HEYOAVTEPT EVEPYELN OO TNV UPYIKT] evEPYELd TovS. Ta couoatiow avtd
umopovv va otEABovv Eavd amd TO KPOLOTIKO KOUO KOl VO EEKIVIGEL €VAC VEOG
KUKAOG ETLTAYVVOTC,.

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



['a kdBetn npdontmon npokvmel 611 T0 KEPSOG amd Evav KOKAO emttéyvvong eival ico pe
§ = AE/E = 2 (uy — uy)/v. OhokAnpodvoviag ¢ mtpog OAES TS Yovieg £10600v Kot ££650v
and 10 KPovoTikO KOpa TpokvmTel OTL 1 evépyela mov Kepdilel éva cmpatidio and pia eopd
nov daoyilel To kKO eivon
4 uy —u,
d 3 c

Apyikn toydTnTo. TEPITOL C

Mnyoaviopndg emtdyvvong ovoudletal Fermi 11 taéng Aoy ¢ YPOUUKNG
e€dptnong tov & and ™ Au

Tunpa Quowiic EKIIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



YXYMIIEPAXMA: Emutdyvvon Fermi Ing td&nc moAd amodoTikOTEPOS UNYOVICUOS Ao
Fermi 2n¢ tdénc. H toydtnto TV KPOLSTIKOV KLUAT®V TOV LVIEPKAIVOPOUVAOV OGTEPDV
gtvol TOAD peyaAOTEPT OO TN UECT] TOYLINTU TOV UOYVNTICUEVOV LOPIOK®V VEP®V TOV
[Noha&ia.

['o va amodeifovpe OTL 1| EMTAYVVOTN TOV COUOTIOI®V GTO KPOLOTIKG KOUOTO TV
VILEPKALVOPAVADV OTTOTEAEL TOV KUPLO UNYOVIGUO EMITAYVVOTS TOV KOGUIKOV OKTIVOV
oto lalallo mpémer va eAéyéovpe edv o Fermi 17 tdénc avamapdyst tnv

TOPOTI|POVUEVT] LOPPT] TOL PAGUOTOS TNG KOGUKNG aKTIVOBoAloG.

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



Kd&0e popd mov £va copatioto otacyilel 1o KOUO KPOLOTIKO KO, 1] EVEPYELN TOV
avéaveton katd B, dnAaodt 16ydeL 0Tt LETE amd vV OKEDACELC TO GOUATIO Ba £xet
EvEPYELD,

BB B 2 g e g oin(2) g

0 0

Eniong, edv pe P couPoricovpe v mBavotnta va mapapeivel Evo GoUatiolo otnv
TEPLOYN TOV KPOLOTIKOV KOUATOG LETA artd KAOE GKEOAGT LUE AVTO, TPOKVTTEL OTL
LETA a0 V GKEOAGELS GLVEYILOVLY VO VTLAPYOVV GTNV TEPLOYT] EMLTAYVVOTG

_ 1%
NNF "
NV=N0P"—>—=P"—>1n( )=vlnP

0 0

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
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In(N, /Ny) InP —> N _ (E_)W

In(E,/Eo;)  Inp

dN _1+lnP

—=cE n§¢

Evepyelakd pacpa —vouo dvvaung

\ EVEPYELOKOG EKOETNG Y

Tunpa Quowiic EKIIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



Ynoloylopog evepyslokov ekOETn vy
H mbavomto napoapovig evog copotidiov 6Ty TEPLoYN TOL KPOLoTikov Kopatoc P=1-P, .

P..._1coVUton pe Tov AOyo Tov puopov dopLuYNG EVOG COHATIOON ATO TNV TEPLOYN
EMTAYVVONC G TPOC TOV pLOUO GVYKPOLGTC LE TO KPoLoTikO Koua. O pvOuds e tov omoio
TO, GOUATIONW TNG KOGKNG aKTvoBoAiog d1aoyilovV TO KPOLGTIKO KO 1GOVTOL UE TNV
TPOPOAT TNG PONG TOV KOCUK®OV OKTIVOV TUKVOTNTOS P TAVE® GTO LETMOTO TOV KOUOTOG, M
omoia gtvar ion pe cp/4. O pvOUOS d1PLYNC TOV COUATIOIMV OO TNV TEPLOYT] EXLTAYVVOTG
glval TO YIVOUEVO TNG TUKVOTNTOG P EML TNV TOYVTITO LE TNV OTOid TO COUATION
amouoxpovvovtol [Stanev, 2010].

And ta mopandve TpokLTTEL OTL 1 TOAVOTN T SLOLPLYTC 1IGOVTOL LE
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[ToAV oyvpd KpovoTikd Kopa (p,/p, = uy/u, =4)
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H Ty tov ekt 100 PAcuatoc mov vroloyicOnke mapandvm eivol apKeTd KOVTA
GTN TN TOV TOPATNPOVUEVOL PACUOATOS TOV KOGUIKOV AKTIVOV
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