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ZxoAn Aypoviouwv & Tormoypapwv Mnxavikwv (2.A.T.M.)
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23-06-2010

®OEMA 1°

H oA dvvoun mov ackeiton oe £va oo TOv Kiveitar otov déova twv X eival
F(v)=-cV2. Na omodeifete 0Tt X-X,=(M/C)IN(Vo/V), 610V V, givon 1 apyiky ToydTnta
(10 t=0) ko1 X(0)=X,. [Atvetar: [dx/x=In|x/+c]

AYXH

Ao tov 2° vopo tov Nevtova £xovpe:

v \ v
md—:—cvzz—d—zzidt: —d—Z:jEdt:
dt Ve m v m
\V 1 't=0—>v=vo i 1
—d—zzjidt:—=£t+c = C=—
v m V. om A
y 1 1—£t+i:>v—
Apa glvat: v om v, £t+i 1)
m v,
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@) o 11:>dx=cdt1:>jdx=j dtl:>
e €y, > St St
m v, m v, m v,
t=0->x=x, |
x:mln(£t+i)+c' = C =x0—mln(i)
C m v, A
Apa giva:

(]
=i e+ Ly x Min ) 2 x=indy+x Mty =
C m Vv C Y/ C \'} C Vv

0 0 0

x=x =" -] = x—x = Mn
C Vv \Y/ (o

(o]
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AYZEIX GEMATON ®YXIKHYX I

ZxoAn Aypoviouwv & Tormoypapwv Mnxavikwv (2.A.T.M.)

EZETAZEIZ MAOGHMATOZ «PYZIKH I»

OYYIKH I-EITANAAHIITIKH 2010

2. A T.M. EMII

OEMA 1°

Noa ypaget n dapopikn| e€iomon tov amdob exkpepnots (Lalo M mTov KpEUeTL amd
okowi ufnkovg L) yio pikpég yoviakég amokhioelc (0mov nuo=0). No vroroyichei n
pomn adpdvelng (g mPog T0 UECOV TNG KOl OC TPOG TO GKPO TNG) OUOLOHOPONG
papoov unkovg L ko palag M mov éxet ypouptkn Tokvotnto A (A=dm/dx).

AYZH
A)

mgnpe

mg
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H dvvaun emavoapopdc otny mepintmon tov amAod EKKPEROVS Eiva:
F =-mgnud (1)

Mo oAb pikpég yovieg woybdel 6t 7ul = 0

Apa €rovpe OTL

d’s s-o g2
() = F =-mgfd = ma=-mgd =m i =-mgé = mW(Le)z—mgQ:

2 2 2
:de—Q:—mgez Ld—?:—gezd—f:—géz
d dt dt L

d’e L9,
~Z+20=0
qe L (2)

H televtaia oyéon (2) mapiotdvel T S10Qopikn €EICMOT TOV ATAOD EKKPEUOVGS Y10
UIKPES YOVIOKES ATOKMOELG.

Eriong Oo pmopovoe 1 (2) vo eKQpacTel KoL LE TN YOVIOKT] GUYVOTNTO TOV OTAOV
ekkpepovg. [T cuykekpéva

S=Lé mg
O =F=-mgb = F——mg :F——T

, . o mg
Apa.m otobepd emavapopdg sivat: K = ©

‘Eyovpe o1t

R
= o’ , OTIOL @ 1] YOVIOKT GLYVOTNTO.

Emopévmg

2 2
@=99,94_0=99, ,79-0
d? L dt?
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B)

R L
l X
! dm
[ I T ]
0, dx
< h—*1*— L-h ——
|
|
|
i
|
|
H pomn adpdvetag diveton omd tov THmo:
1= j x>dm
Opnwg etva:
izd—m:dmzﬂdx:dszdx
dx L
Apa

M M
Iz_[xzdm:T_jhxzdx:T

{%} =S IL=h)’ + 1] ()

-h

Enopévmg amd v (1) pmopovpe va Bpovpe v pomr| adpAaveLNS Yol OTO100NTOTE
B¢on tov a&ova arrdlovtag Tig THéG Tov h.
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L ML L M2 1,
> Q : :ﬂ«:_ N>>=——I[]—+—]=——=—ML
smpog to péoov: A=7 (1) allg 873l 8 1

M 1
» Qcmpogto dkpo: A=01q A=L (1):>I:3_LL3:§ML2
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AYZEIX GEMATON ®YXIKHYX I

ZxoAn Aypoviouwv & Tormoypapwv Mnxavikwv (2.A.T.M.)

EZETAZEIX MAOHMATOZ «®YZIKH I»

OYYIKH I-EITANAAHIITIKH 2010

2. A T.M. EMII

OEMA 2°

A) 'Eva copa oyfuatog oaxtoiiov axtivag L €yer pdlo M. Ymoloyiote To
Bapvtikd medio oe éva onueio K mov améyer andotaon X amd 10 KEVIPO TOL
daktuAiov kot BpiokeTon mavew ctov dEova mov TEPVE amd TO KEVTPO Kot givor
K&OeTOG 6TO EMIMESO TOV SOKTLAIOV.

B) Zopo palag m wéptel ehevbepa mpog to. KAT® pe apykn taxdtnto U, (tn
ypovikn otiyun] t=0). H avtictaon tov aépa eivor —ku (K=ctab.). Na vrorloyiobein
oyéon mov divet tn tayvTnTa u(t).
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AYZH
A)

e

@orememmavene X eeveseeceses >

Xopilovpe TOV SKTOALO 6€ oToLEW®ON Koppdtia dS |, to kabéva ue uadla dM. To
Kabéva and avtd o Koupdrtio dnuovpyei oto onueio K éva faputikd medio dg pe

HETPO:

_GdM _ GdM
L

dg

H ovvictdoa tov mediov avtov Katd unKkog tov aova tov X eivat:

GdM X GdMx

dg, =—-dgovve = dg, =— : ==
9, govve = dg, NINLIN T ¢ + 2)%?

[Ipocoyn: H cuvictdoa Y tov Paputikod mediov oto onueio K eivor undév 10t
01 GLVIGTMOGES Y TOV eSOV OV oPeilovTal 6€ 6VO TUNUOTA TTOV EIvol SUUETPIKA
avtifeTa aAlnloavaipodvra.
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[Ma va Bpodpe v oAkn cuvicTdco Tov Baputikov ediov Ba abpoicovpe dAa To
dg,. Agdopévov Ot oo X,L eivon ta idwa yo kabe kopudtt dM whve otov

daxtoMo, amhdg abpoilovpe OAa to. dM kou maipvovps cav OmOTELEGHO TNV
olkn palo M.

Apa €rovpe OTL

GMx
ST
B)

Eeapuolovue tov 2° Nopo tov Nevtwva yio. v Kiviion 1ov 6dpatog (§otm pélog
M) Kot EYOVLLE:

ZF:ma:>w—FW:ma:>mg—ku:m(:|j—LtJ (1)

H (1) eivar po oA dapopikny e€icmon mov Advetar pe ) uéBodo Tov YwPIoHov
UETAPANTOV.

‘Exovpe o1t
(1):>mg_u:md_u:> au :kdt:j au :J‘hdt:>
k k dt m m m m
k9 K9

K k

m K m m —t
-In(—g-u)=—t+C=>—g-u=Ce ™ = u=—g-Cem

(kg ) - 9 9 (2)
Ioyvet 61ty t=0=u=u, =0
(@=u,=79-C=C=119-U, (3)

©) K _k
(2):>u:%g—Ce n :>u=%g—(%g—uo)e "=

k kt

—u= % gll—e ™ )+ue "
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Ilpocoyn: H napondvem Aoon 600nke Ocmpdvroc (+) mpoc To KATO.

Av toyov Osopnoete £va mO 0VGTNPO GUGTNUY GUVTETOYUEVOV ()

KOTOKOPLQO TPOS TO TAVO (AVTO KAVOUV GYEOOV OAOL Ol GLYYPOWMEIC) N AVGN

olveTol ®C ENC.

k

md—u=—mg—ku:>...:>u=Ce n Mg

dt k
[oyver 6Ty t=0=>u=u, =0
..:>uO:C—m:>C:m+u0
Apa £poope 0T

mg o\t Mg m ok

UZ(T‘FUO)E m _T:)UZ—?Q(].—G m )+er m

Onwc PAénete 1 2" Mdomn dagépel 610 TPOGNUO — OV VITOSNAMDVEL OTL 1] ToHTNTA

EXEL POPA TPOC TO KATW.

11

BAZIAHZ (KAOHITHTHZ DYZIKHZ)



AYMENA OEMATA: OYZIKH |

AYZEIX GEMATON ®YXIKHYX I

ZxoAn Aypovouwv & Tormoypapwv Mnxavikwv (2.A.T.M.)

EZETAZEIX MAOHMATOZ «®YZIKH I»

EITANAAHIITIKH ITEPIOAOX EAPINOY EEAMHNOY 2011 - 2.A.T.M EMII
09-03-2012

OEMA 2°

M onpetaxn pdla m Bpiocketon otov aova cvppetpiog Y'Y evdg omopovoueEvoL
daktvAiov pndlag M kar axtivag R. A) Yroloyiote 1 duvapikn evépyeia tng Halog
m kot ™ ocvviotapévn dvvaun Fy mov ackel n M méve otn palo m, yuo Toyoia
0éon y g nalac m néve otov aéova YY'. B) Me 11 taydtta o nepdcer n m and
TO KEVIPO TOL SAKTLAOV av TNV aPNoovuE Y®pic apyikn tayxdtnto ot 0€on Y; (n
m kweiton kotd tov dEova cvppetpiog YY), Zyu.: H Bapotikn dvvapuxn evépyeia
dvo paldv m ko M og amdotaon r 1 pia amd v AL, givar. U=-GmM/r, evd 1

dvvaun Fy=-dU/dy.
Y
‘ "

Y’
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AYXH

A)1% Tpoémog

Xwpilovpe 1oV 00KTOUAO GE GTOLYXEWMON Koppatio dS , to kabéva pe pdlo dM .
H ototyeiwong dvvapkn evépyeio Aoym g pélog dM Oa etvat:
~GmdM _ GmdM

r Jy?+R?

o va Bpodue v olkn dvvoukn evépyein U  abBpoilovpe OAa to dU .
Agdopévou 611 Tor Y, R etvar ta 0w yo kabe koppdtt dM mave 6tov SaKTOAL0,

du =

anAmg afpoilovpe 6Aa to dM Kot Taipvovpe cav amotéAespo TNV oAkn udlo M.
Apa Exovpe OTL
GmM

/yz +R?

(Zto 1010 KaTOAYOULUE HE KATMG MO TOAVTAOKO TPOTO YPNCUYLOTOUDVING TNV

dM M
YPOUUKTY TuKvOTNTO. UAl0g ,0=¥=2”—R, 0 Yyeyovog O0tt dS =RdO «ar pe

U=-
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OAOKAN PO KATA KOG TOV dakTLAIOL amd 0 £mg 27m.)—> Agv 10 €Kava Yioti dev
VdpPYEL AOYOG GE QT TNV AGKN 0.

du
21 cuvéyeto vroroyitoope v F, pe Bdon tov tomo: F :—d—y
du d GmM d 1
F=——=—| - —F——+=|=6MM — | ——|=
b dy dy( 4/y2+R2J dy(a/yzmzj
1
:Gdei[%J:Gdei@y?juRz) 2]:___:_Gm—My3
y o\’y +R y (y2+R2)§

To — vrodnraver 6t n F, &xer popd mpog to KaTm, SNAadH TPOG TO KEVIPO TOL

OOKTLALOV.
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2% Tpdmoc (dev (nteitan)

-

XwmpiCovpe 1oV 0aKTUAO G€ GTOLYXEWOON Koppdtio dS , to kaBéva pe pdloa dM. To
KaBéva amd avtd To koppdtio ackel dOvvaun pétpov dF ot palo m.

~ GmdM _ GmdM

dF =
r? y’ +R?

To pétpo ¢ cVVICTOGOG TG OVLVAUNG KOTA UNKOG TOL dEova TV Y gival:

GmdM y _ GmydM
VR R (R

[Ipocoyn: H cuvictdca X tng 6Ovaung mov ackeital otn wdlo m tvon undév dot
Ol GULVIOTMOGEC X TOV OLVAUEDV TOL OPEIAOVTOL GE OVO TUNUATO TTOL Eivot
StopeTpikd avtifeto aAinAoavaipovvrol.

dF, =dFovvp = dF, =

o vo Bpovpe v ok cuvictdca F, g dvvaung abpoilovpe oAa ta dF,.

Agdopévov ot o Y, R etvar ta 10w yio kaOe koupdtt dM wéve 6tov SaKTOALO,
anAmg afpoilovpe OAa To dM Kol TaipVOVUE GOV OTOTEAEGHO TNV OALKT) dlo M.

Apa €rovpe Ot
_ GmMy
y (yZ + R2)3/2

15 BAZIAHZ (KAOHITHTHZ DYZIKHZ)
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B) Amo v ot pnon g eVEPYELNG EYOVLLE:

U,+K,=U, +K, =

+Imut = =mu’ = =
y2 +R? R 2 2 R y? +R?
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AYZEIX GEMATON ®YXIKHYX I

ZxoAn Aypoviouwv & Tormoypapwv Mnxavikwv (2.A.T.M.)
EZEETAXZEIZX MAGHMATOZXZ «®YZIKH I»

EITANAAHIITIKH ITEPIOAOX EAPINOY EEAMHNOY 2011 - 2.A.T.M EMII
09-03-2012

®EMA 3°

Topdrio Kwveitonr otov dEova Tov X vid v enidpact dovaung F(X)=-kx+(k/o)x?,
omov K ko a eivan Betikég otabepéc. 1) ITowd eivanr  cuvdptnon e SVVOLIKNAG
evépyetog Tov oopotoc U(X), edv U(0)=0; (diverar. F=-gradU). ii) Na oyedidoete
mv U(X) kar va PBpebovv to avtictoryo onueion e 160ppomiog Kol 10 €100¢
ooppomiag oe kabe onueio. i) Edv 10 copa Eekivioel amd ) 0éon X=-o e
UNOEVIKN apyIKY] ToyvTNTO, Vo, bToAoylelel pe moon tayvtnta Oa mepdoel and Tig
0écelg Omov M Suvapikn evépyewo yivetonw p€yrotn ko (tomikd) eAdyiotm,
avticToryo.

AYXH

K 2
Aivetar oti. F(X) = —kX+; X", nue k,a Betikéc otobepéc.
i)

o. oU. oU -
I+ ]+ k)
oz

Tevikd woyder 6t F=—gradU = F =—(

v mepintoot pac éxovpe F =F(X)i kot emopévag oydet:

17 BAZIAHZ (KAOHITHTHZ DYZIKHZ)
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oJ. odU -~
1 +

ouU - -
Ao+ T K =F o =U () =—[F()dx (1)

[Ipocoyn: H otabepd olokAnpwong oto 016 péroc g oyxéong (1) opileton
avBaipeta (m.y. ion pe T0 UNOEV) €KTOC €AV divovTal Ol apyIKES GUVONKEC.

(1):>U(X)=—I(—kx+gx2)dx:U(x) :%kXZ_%X?’ +C

Ouwmg givor U(0)=0=c=0
Apo n duvokn evépyeta eivar:

U (x) L —Lx3
2 3a
i)

H AMdon 1ooppomiag (X,) eivon n pila tng adyePpikng e&icwong F(x) =0

Alopopetikd Kot 000UEVOD OTL:

oU du
FX)=——=——,
OX dx
Oa pmopovoale vo, ToVUE OTL GTOL SNUEIN 160PPOTIAC 1) TOPAYM®YOS TS SOUVOLLKNG
evépyelog undevileton Kol ETOUEVOC 1) SUVOUIKT EVEPYELD GTO ONUELN 100PPOTIOG
Ba £xel akpdtatn T (LEYI0TO 1| EAGY10TO) 1 B TapovGLALEl oNUEID KOUTTC.

Bpickovpe ta onpeia icoppomiog:
k , k
F(x)=0= -kx+—x"=0=x(—x-k)=0
a a

=>x=01M X=«

18 BAZIAHZ (KAOHITHTHZ DYZIKHZ)
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1 K
U(x)= 5 kx? T3y X’ ['papikn mopdotaon g SOUVOLKNG EVEPYELOC.

AxoiovBeiote To mopakdto url yio va deite to ypaeiko (yio k=30 kot a=10)

http://www.wolframalpha.com/input/?i=Y%28x%29%3D15x2-x3

U(x) ,,_\
/ \
',»’/ \
' o X
x>0 3_a
2
U(x)
\
\"\.
\\“M
Sa | "i':f}a\ X
X =2 —7.5a-75a
1 2 k 3
H cvvapmmon U (X) = > kx "3, X

Tapovctalel Tomkd eAdyioto oto X=0 10

Uu@)=0
KOl TOTIKO PEYIGTO GTO X=0 TO

U(a) =lka2 —Lof =1k052
2 3a 6

19 BAZIAHZ (KAOHITHTHZ DYZIKHZ)
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=» ‘Eva onueio 1ooppomioc givonr gvotabéc otav 1o dvvoaukd (duvouikn
EVEPYELD) GTO ONUELD VTO £YEL EAAYLIOTN TIUN

=» ‘Eva onueio tooppomioc sivorl actadéc dtav 1o duvauko (duvauikn eveEpyeLd.)
OTO GNUELD VTO €YEL UEYIOTN TIUN

x=0 (evotaéc onueio 1ooppomioc)

x=ao (aotadéc onueio 16oppomioc)

1) H dvvapuxn evépyelo oto X=—a glvat:

U(-a) :%k(—a)z —%(—a)a =%ka2 +%ka2 :gkaz

Amd v dwtipnon g evépyetog (E =K +U = orad) £yovpe:

Mo X=a (H dvvoukn evépysto yivetan tomikd uéyiotn) Ppiokovps v toydInIa
TOL GAOUATOG,.

E=UGe) =K, , +U(@) = ke’ =K+ gk’ = K= ke =K = ke’

Mo x=0 (H dvvaukn evépyeta yivetor Tomika eAdyiotn) Ppiokovpe v toydTnTo,
TOL GAOUATOG,.

E=U(-a)=K,,+U(0) =

2
:>gka2=K:>gka2:1mz)2:>uz=§kiz>u— %a

3 m 3m

20 BAZIAHZ (KAOHITHTHZ DYZIKHZ)
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AYZEIX GEMATON ®YXIKHYX I

ZxoAn Aypoviouwv & Tormoypapwv Mnxavikwv (2.A.T.M.)
EZEETAXZEIZX MAGHMATOZXZ «®YZIKH I»

EITANAAHIITIKH ITEPIOAOX EAPINOY EEAMHNOY 2011 - 2.A.T.M EMII
09-03-2012

OEMA 4°

Malec 2m kot 3m kpépovtor pe afapés Ko un ektatd vijua, amd tpoyorio nalogc
M, mov £€yel popen KLAWdpIKov daktvuAiov pe oktivec R; (ecwt.) kot Ry=2R;
(e€mt.). No vmoAoyicete: o) TN pomn adpAVELNS THG TPOYOAOC MG TPOC ToV GEova,
ocovppetpiog g (onueio O), Bewpovrag OtL o1 axtiveg ™G TpoyYaAiag Eyxovv
apeintéa pala, B) Ocwpnote 011 6t0 MEdio Papvtnrag g To vipa Kiveiton pali pe
mv meppépela TG tpoyoAiog ywpic oAicOnom. Na vmoroyisBel n ypoppikm
EMTAYLVOY e TNV omoio Kivovvion ot Halec 2m kot 3m, Kabdg Kot 1 YOVIOKY
EMTAYLVON LLE TNV OTO10 TEPLOTPEPETAL 1) TPOYOALCL

ALY

C

2m Im

21 BAZIAHZ (KAOHITHTHZ DYZIKHZ)
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AYZH
o)

H pomn adpévetag sivar: 1= j r’dm

Oumg y1o Tov 6To eldon 0YKo £vOG AETTOD KLAIVOPIKOL PAO100 aKTivag I, TAYOVGS
dr xou unkovg L €yovpe:
dm=pdV = dm=2xrpLdr= dm=2npLrdr (6mov p n TvKVOTNTA)

Apa £govpe:

= _[ r‘dn=1= ]2' r?2zplrdr = anL]% ridr =

4

rt rtor 7oL
=2mpL| — | =2moL(%+-1)="—
0 {4} 0 (4 4) 5

n

(I’24 - r14) =

_nmpl

> (=) +10)

Av givar M n ol palo kot V' o oMKO¢ dykog Tov KoAMVIPKoD OaKTUAIOL TOTE
oyvel 0t M=pV

V =arfL—zr’L=7zL(r} —r?) xou M = 7zpL(r} —r?)

22 BAZIAHZ (KAOHITHTHZ DYZIKHZ)
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1
Apa 1 porn adpdvetag Tov daktvriov Oa sivar: 1= EM(I’l2 +1))

B)

2t=loyey

=T, — Torp = loyey (1)

XFi=my-oy

= w; — T1=3ma; = w; — T;=3ma (2) (01= ax=a)
2F=my-an

= Tr,—wW,=2ma, = T,—wW; =2ma (3) (o= 0p,=0)

O=0yey" I (4)

2.03) 1
(1) = Wi-3ma)-r; — (Wyr2ma) 1o = SM (' +1) 0,

(4) 1 2 o\ A
= (3mg-3ma) -1, — (2mg+2ma)-r, = EM(rl +1, )-r— =...
2

mgr? =21 4mgr? 4m m
e gr; S g g 8mg

;M (r? +r2)+5mr} ngf +20mr’ 2M +20m °M+40m

23 BAZIAHZ (KAOHITHTHZ DYZIKHZ)
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_ mgr,
(4) = % = =>.=
5 M (r? +17) +5mr;

8mg =24 4mg

a (% = :> aa)v =
Y (BM +40m)r, " (5M +40m)r,
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AYZEIX GEMATON ®YXIKHYX I

ZxoAn Aypoviouwv & Tormoypapwv Mnxavikwv (2.A.T.M.)

EZETAZEIX MAOGHMATOZ «DYZIKH I»

KANONIKH ITEPIOAOXZ EAPINOY EEAMHNOY 2011 - 2. A.T.M. EMII

®OEMA 1°

Yopo pdlag m exktoedetal KatakOpvea (evtoc faputikod mediov) Tpog To TAVE®
ue apykn Tyt Vo (yo t=0) and m 0éon (0,0). Edv n avtictoon tov aépa (f)
gtvat avaroyn g tayvrag tov copotog [f(v)=-kv], va Bpeite a) ™ (Stapopikn)
elomon kivnong, B) v taydtra V(L) kot y) ™ 0éon y(t), Tov chdpoToc ™
YPOVIKT oTIyUn t, Kot 8) G TOLd YPOVIKT] GTLYUT TO GOUO PTAVEL GTO HUEYIGTO VYOC;

N _ B gy — L ax
[diverar: jdx/x_ln\x\+c Ko je dx ~e7 el

AYXH

Me Oetikfy katevbovon (v, >0) mpog ta whvew omd tov 2° vopo tov Nedtmva

EXOVLE!
do d’y dy d’y | dy
Mm—=-mg-kv=m—-=-mg-K—=m—-+k—=-m
A) M I dt? I dt*  dt J
d’y Kk dy
=>—4+——=-
dt> mdt 9@
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do do dt do dt
v :}I ==
mg + kv m

t=0—-v=0,

In(mg+ku)——l+c = c——In(mg+ku )
k m k

— L inmg ko) =L+ Lin(mg + ko) = Lin(MIEkOy T
K m Kk k  "mg+ko, m
_k _k
:>In(mg—+ku :—E:mg—mjze "=mg+ko=(mg+ko)e "=
mg + ko, m  mg+ko,
3 K K
=v= (—+U e m —m:z):m(e "-D+ve™ (2)
k k k
)
L _k
u:(mﬂ)o)e m—m:ﬂ:(mﬂ%)e n M9
k k dt k k

m M m m ,m - m
:y:j[(Tg-i_Uo)e m _Tngt:y:_?(Tg_H)")e m —Tgt‘FC

t=0—y=0 kt g
c=—(—2 - (=2 em 2t =
= k(k+u):>y (k+ v,) ” +k(k+u):>
=3 ——(ng+%)eﬁ+(ng+m0")—mgt:>
Y= Ty kK
m? m
y=(kg )0 em)——gt 3)
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A) To ochpa eTavel oto PEYIGTO VYOG Otav 1 TayhTTo oTiypaio yivel undév:
v=0. Eropévmg o ypovog Bpicketon evkoro amd v (2).

Q) St=..

IMa va yAvtdcovue kdmoteg mpdéelc dev Eexvdpe amd v (2) oAld and Kdamolo
onueio mpwv ptdoovue oe avtiyv (PAéne B) epdnua)
Eln mg + ko t m, .mg+ko

ot =M 0) :—I (mg+ku
k  "mg-+ko, m k mg+ko mg

“)

I[pocé€te éva EXTRA gpotiua mov glye umel moAotepo oto ouotkd AlIO kot
otovc  ynuikovc Mnyovikovc EMII wédveo otnv 10w akpiBdc ekodvnon UE
Lovadkn dtopopd OTL N ovTicTOon ToL aépa eivor. —mko

Noa anodeilete Ot

. 1+kU"
v, —U g
R [
2
k Kk 1+ku
g

[Ipocomadniote va to deilete: mapovstalel evolapépov
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AYZEIX GEMATON ®YXIKHYX I

ZxoAn Aypoviouwv & Tormoypapwv Mnxavikwv (2.A.T.M.)

EZETAZEIX MAOHMATOZ «®YZIKH I»

KANONIKH ITEPIOAOXZ EAPINOY EEAMHNOY 2011 - 2. A.T.M. EMII

®OEMA 2°

A) M opotoyevig coaipa pnalog m, tomobeteiton oe amdcTaon X and 10 AKpo
AEMTNC, opoloyevoug papoov pnkovg 2L, paloc M kot ypopuikng mokvotntog p.
Ymoloyiote ™ Paputiky] SLVOUIKY] EVEPYELD TOL GLOTAUOTOS paPdoc-cpaipa. Tt
ocvppaivel étav to X givor woAd peyorvtepo tov L; (Zyu.: H Bapoutikny dvvoutkn
evépyela 000 palmv m kot M o€ andotoon I | pio amd tnv GAAN, élveton amd Tov
tomo: U=-GmM/r).

Aiverat. Iﬁ =In(y++/ X*+y?)

B) Zteped copo palac m mepiotpéeeton yopic tpiég yupw omd opldéviio otabepd
dEova wov mepva and to onueio O. Edv 1o kévtpo pdlag (K.M.) anéyetl andotoon
b and 10 O, i) va Bpeite v e&icmon kivnong Tov o1epeod coUATOC Kot i) vo
amooeifete OTL Yoo HIKPEG YOVIOKEG amokAMoelg 0 amd v katakopvern Oéon
ooppomioc, 1 Kivnon eivor amAn oppOVIKY] TOAAVTIOGT Kot vo. VToAoyiohel n
oLYVOTNTA TNG (PLGIKO EKKPEUEC).

2L

«
¥

I

| X
I

® m
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AYXH
A)
2L
< >
‘ [l ) M
|' Yy dM
X
I
m
, , . , dM M
H ypappuc mokvotnra pdlog stvat: 0 = d_y =50
‘Eyovpe o1t
du = -SMIM _ gy - Sty
r N yz

Amo v (1) Bpickovpe o {nTovpeVo pe OLOKAP®OT:

2 2L

»H=U =—Gmpfﬁ3U =—Gm,0[|n(y+«/x2+y2 )] =
0

0

X 2L X

2 2 2 2
0 __Gmpln(zu»\/x T Jju __GmM In[zu»\/x T J
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B)

1) To Bapog W mpokadel por YOpw amd to O mov T0o HETPO TG tva:
7 =Wbnuf = v =mgbnud (1)

[oyvet 0 BepeAmONc VOHOG TG OTPOPIKNG Kivnong:

fr=la,, = -mgbnud =1 = -

d’6 d2¢9+(mgb
dt>  dt®

)77/16’ =0 (2)

1) TNo pikpég yovieg extpomng Exovue: 7ul = 0

d?6 (mgb
Ondte (Z)SFJ{Tg)g =0 (3)

H e&lowon (3) meprypdipel amAn aploviKy TOAGVTMOT| LE YOVIOKT cLYVOTNTA!

b
A LU
I
T I \/mgb
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AYZEIX GEMATON ®YXIKHYX I

ZxoAn Aypoviouwv & Tormoypapwv Mnxavikwv (2.A.T.M.)

EZETAZEIX MAOHMATOZ «®YZIKH I»

KANONIKH ITEPIOAOXZ EAPINOY EEAMHNOY 2011 - 2. A.T.M. EMII

OEMA 3°

Opotoyevig coumoyng k6Aovpog kovog palag M, vyovug h (avtiotoya, to Hyog
tov Ba Ntav H, edv 0 KOvog dev Ntav kOAoVPOG), axtivag Pdong Ry ko axtivag
KopvenG Ry, mepiotpépetor yopw and katakopveo dEova OO (S1oKEKOUIET
ypopun) mov anéyel anodotach d and mapdiinio aEova (Guveync ypouu) mov
epvA amd 10 kEVIpo NG Pdong ko e kopvene tov. Na vroAoyisOel 1 pomn
adpdvelnc wg mpog tov dEova OO’ [Ymoodeiln: Na ypnoyonomaoete 1o Bempnua
TV TopadAilov aEovev: l=I+Md> Exionc, divetar o oykog kéhvov (V), pe

1
aktivo Baong R ka1 vyoc H, og V = gﬂRZH Kot 1 pormn adpavelog Ixa KukAkoD

1
Siokov axtivag I ko pélagm, Iy, = > mr].
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AYXH

dz

R

H pom adpdverag evoc kukAtkoh KuAvopikov dickov axtivag I diveton amd Tov

, 1 ., ,
TOmo | = Smr (dtvetar oty eke®yNON).

BOempovue TOV KUKAIKO KOUAVOPIKO 010KO TOL 0moi0v TO £val TETAPTO POIVETOL GTO
oynua (ABI). Tote cOp@@VA pe TNV TPONYOVUEVT GYEGT 0VTOG Bal £xel pomn)
adpdvelog iomn pe:

1 2 2 1 4
Zar° pdzr© == zpridz
7P P

(m=pdV = m=pzr’dz, 6mov p 1N TLKVOTNTO)
A6 TO TOPATAVE YN0 KO LE OTAEG OVAAOYIEG EXOVLLE:

H—z:L:”:H—zF\>1
H R, H

H oluc ponr| adpdvetlag 1ov KOA0LPOL KOVOL YOp® ord Tov dEova Z givat:

1 %H-z_Y 1 R'[ (H-2°

h

0
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1 ! 5 5
:Eﬁp%[H ~(H-hy’] (1)

0O 6yKog Tov KOVOL givan yevika V = %ﬂ'RZH (dlveton otV eKQMOVNON).

Apa 0 6yKog (V. ) tov kdAovpov KOVoL Ba givat:

1 1
VK :§7Z'R12H —§7Z'R22(H —h)

l/ ’ M
Ouag eivat: p= v

Apan (1) yiverou

4
1=1x M i‘l[HS—(H—h)S]:
§”R1 37 5 (H=h)

3 MR/[H°~(H-h)’]
CLOH*[RPH-RI(H-h)]

Enopévmg tehkd givat:

loo: =1 +Md? =...

33 BAZIAHZ (KAOHITHTHZ DYZIKHZ)



