4n gpyaocic
Hpepopnvia aroostorc: 1 Ampiriov 2007
(Ta 0épata k40e doknong Bempovvral 16odLVANW)

Aoxknon 1 (10 povaodeg)

1A) 'Eva pAupo pdloc m mov kiveltor pe toydutnto v dmepvd T ceoipa £vOg
eKKpeRovg palac M kot dtopedyel pe tayvtnTa v/2, Onwg eoiveton oto oynua. H
oQaipa Tov eKKpeUOVg Kpépetal amd afapéc vipa pkovg £ . Iow n eAdyiot Tiun
NG TaLTNTOG L, MOTE 1] GPAIPU TOV EKKPEUOVS VO dlarypayel TANPN KOKAO; Alveton
emtdyvvon g Papvtog g.

m ) m v/?2

Avon

‘Eot® va M toydmtor TOv amoKTd 1 oeoipo TOL EKKPEROVS HeTd TNV Kpovorn. H
oPOIpOL TOL EKKPEROVS KIVEITOL 68 KUKAMKN TPOYLE V7t TV midpacn Tov Bapovg e
W kot g 1dong tov vijpatog T, 0nwg paiveTon 6To oyrua.

v (C)
——p N —Pp
m ) (A) A m Vv/?2

210 avotato onueio g tpoytds C, N cuVIGTOUEVT] TV OVVALE®V OVTMOV OTOTEAEL
TNV KEVIPOUOAO OVVOLT), ETOUEVOCS

2 2

F, = Ma, :>W+T:M07C:>T:M07C—Mg (1)

H ghdyom toyomrta g pélog M oto onueio C ol dote va darypdyel TAnpn
KokAo givon 6tav T=0. Emopévag and v (1) npokdmtet:



ve=+/gl ()

Amo ™V apyf SITNPNONG TNG EVEPYEWS YO TN GOOIPE TOL EKKPEUOVG UETAED TOV
0écewv A ko C mpokvmtet:

%Muj +0= %Mué +Mg2l  (3)

Kot pe aviikotdotoon g (2) o (3):

vi=5gl=0,=5g (4

Téhog epapudlovtag v opyf] SwINPNONG NG OPUNG Y. THV KPOLGN Kot
avtikadiotovrag v (4) éxovue

P =P

apy Ted

:>mU+O:MUA+mTU:>U=2—M«/5g£
m

1B) 'Eva ghatiplo dev axolovbei 1o vopo tov Hooke aAdd aockel pion dOvoun
emavapopds g poperig F.(x)=-52x-39x%, otav ekteivetar 1 cvpmiéletan Kotd
unKog x (o€ m).

(0) YroAoyiote to oAk €pyo mov amotteital yio va ektadel 1o ehatiplo and tn 0éon
ooppomiag x=0 m ot Béon x=1 m.

(B) Etvar 1 dvvaun emovapopdg tov ghatnpiov dwautnpntikn; EEnynorte.

(y) Ev® 1o éva dkpo tov ghatnpiov eival otabepd, 6T0 GALO GKPO TOL TPOGAUPTATAL
avtikeipevo pdlog 2 kg 6tav avtd €xetl extabel mpog ta de&d v oe Aeia opldvTia
emopdvelo kotd x=1 m. Av apnoovpe elevBepo 10 aviikeipevo oamd v mpepioa,
VTOAOYIOTE TNV TOVTNTA TOV TN GTIYUN TOL TO EAATNPLO €XEL EMOTPEYEL o1 BEom
1GOPPOTHAG.

Avon

(o) T'vopilovpe 611

X2 1 1 Pl 3!
W, = [ Fdx=-52[xdx—39[x’dx =—52| = | 39| =~ | =-39]
* 0 0 2 3
x] 0 0
To apvntd Tpodon o deiyvel OTL TO £pyo €ivat SATOVMOUEVO.
(B) H 6Ovaun emavagopdg tov ehatnpiov gival dtortnpntik 010tt T0 £pyo Tov TopAYEL
o€ pio KAelot owopoun tvor unoév. Ipdypott
Xy
W, = jdex =0, otav x, =x,.

X

(y) I'vopilovpe 6T



0
W, =J.deX=AK=%mz)2—O:>%muz =39J = v=624 ms.
1

Aoknon 2 (10 povéoeg)

2A) 'Evo afoapéc elatnplo eivar oTeEpE®PEVO KATOKOPLPO GTO PUGIKO TOV UNKOG UE
T0 TAVO AKPO TOL EAeVBEPO, OMMC PaiveTal GTO GYNLO. ZOMo HALoS m AP VETOL VO,
néoel and VYog h Tdve oto eAehBepo dkpo Tov glatnpiov. Na vroroyiotel n puéylom
ovoneipoon tov ghotmpiov ayvomvtag Tic TpPec. Afvetar m emtdyvven g
Bapdtnrog g kot otabepd k Tov gElatnpiov.

Avon

.

‘Ecto y n péyiot ovoneipwon tov ehatnpiov. Eapuodlovac v apyn dotrpnong
™G evépyewog petald tov Bécemv A ko B (BA. oynua) mpokdmtet:

(A)

(B)

K,+V,=K,+V, :>0+mg(h+y)=0+%kyz =



:%kyz—mg(h+y)=0:ky2—2mgy—2mgh=0

O1 Aboerg g mopondve devtepoPdaduas eElcmong elvat:

2mg + \/4m2g2 + 8kmgh
Np = o

6mov dektn gival pdvo 1 Betikn pila, EmopEvmg

2mg + \/47712g2 + 8kmgh
r= 2k

2B) No dci&ete 0Tt o€ éva cvOTNHO OOV SPOVV GLVTNPNTIKEG SLVAUELS KOl SUVALELS
PPN, 0 PLOUOC HETATPOTNG TNG GLVOAKNG UNYOVIKNG EVEPYEWS eivan 160¢ e TO
ywopevo ¢ dvvaung TpPng emt v ToydTNTO Kiviong Tov GAOUATOG, ONANON
dT+V) - .
AT+

dt

Avon

Ac vrobécovpe 6Tl o€ GOUA EVEPYEL 1| U1 CLVTNPNTIKY SVVOUN TPPNG fKaBDS Ko M
GUVOAIKY] cuvtnpntikn ovvoun F. Xe KOmowo ¥pOoviKn OTIYH], 1 OALKY] UNYOVIKN
EVEPYELD TOV GAOUOTOG £ival TO AOPOIGHOL TNG KIVNTIKNG KOl SUVOIKNG TOL EVEPYELNG,

E@Q)=T1)+ V@1

Ye ypovo dt To copa petatoniletar katd dr Kot ot Suvapelg Tapdyovv £pyo
AW = (f+ F)-di= f-dF + F-d¥

SOueova pe 1o Bedpnuo TG KIVNTIKNAG EVEPYELNG TO GUVOAIKO épyo dW divel
petafoln dT g KvNTIKNG EVEPYELQG,.

Eniong 10 épyo ¢ ocvvimpntikng dvvaung eivar avtiBeto g petafoing dV g
SUVOLIKNG EVEPYELNG. ZVUVETMDG

dT = f-dF - dV f d(T+V)= f-dF
E&attiog g Tpng  Unyavikn evEPYELL TOV CAOUATOG LELOVETAL, 0 € pLOUOS

HeTaBOANG TG LE TO XPpOVO givar

dE_d(T+V)

- dr - _
dt dt _f'Z_f'U

omov dE <0, ywti ta f; v égovv avtiBetn opd.



Aoxnon 3 (10 povaodeg)

3A) 'Eva copa onuetakov daoctdcenv palog m=0.1 kg prnopet va yAotpdetr yopic
PPN TV GTNV TEPIPEPELN EVOG KATAKOPLPOL KVKAOL Tov £xel aktiva R=1 m. To
oOpo EAKETOL PE OUVOUN aVAAOYN TPOG TNV ATOCTOCT TOL At T0 KEVTIPO EAENG (Ue
otafepd avoroyiog k=1.2 Nm™). To xévipo avtd Ppiloketon ot pio dkpn e
optlovtiag drapétpov Tov KikAov. Na Bpeboldv o1 Béoelg 1coppomiag TOL GOUATOG Kot
va yiver 1 ypapikh mapdotact e Suvokic evépyelac. (g = 9.8 ms™?)

Avon
P"
0
A AT A'
1\_1 ‘_i"-’&
x\ . -
'\l\._‘ -‘_r'
'\._\1 --__.- h
.’_._l:‘i__:; i
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- by
-;‘\ \'-‘\.
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PN

To copo palag m Ppioketon péca oe dvo media duvvapemy, To medio g PapdTnTog
Kot TO eSO OV 0PEILeETOL GTO EAKTIKO KEVIPO A. Agwpolpe cav oTdOun PUndeviKnig
SLVOUIKNG EVEPYELOG KoL Y10, TOL 50 TTedia TV AA’.

‘Eotm 611 10 oo Bpicketon 610 onpeio P.

H dvvapun evépyeto Tov copotog e&attiog tov mediov Papvtntog eivat

V., =mgh=-mgRsing (1)

H 1pdcBetn SHvopm mov ackeiton 6to chpo xet ) popen F = —k7 . H dbvoum avty
elvatl ocvuvnpnrtikn ondte Ho 1oyvEt :



Vy= | Fedi ==k [ Fedi (2)
AP AP

Ao ™ yeopetpio TOV GYNUATOS Yo o Toyaio BEom Tov davdcuatog 7 o€ yovia 0
(ecotepikd ™¢ @) moipvovpe T akOAOVOEC GYETELS :

r=2Rsin(0/2), dr=Rd6, cos(¥,dr)=-cos(8/2) (3)
Me avtikatdotaon tov oxécenv (3) 6t (2) KATAAYOVE GTO OAOKAN PO

¢
V, = kR® [sin0d0 = ... = 2kR’ sin’ ($/2) (4)
0
Omodte, N GLVOMKT dLVAIKT EvEpYELa dlveTan amd TN oo :
V=V, +V,=-mgRsing + 2kR’sin’(¢/2)
INoa t1g Béoeig 16oppomiog  V maipvel akpOTOTES TIUES.
i]—; =—mgR cos ¢+ 2kR’ sin [gj cos (gj = —mgR cos ¢+ kR” sin ¢

I'a ar =0 Bpiokovpe
d¢

0.1-9.8
1.2-1

=0.82

mg
tang=——==
9 kR

Am’ 6mov mpoxvntel @ =39.24° xou ¢, =219.24°

H debtepn mopdymyoc g V eivat

2
leg; =mgRsin ¢+ kR” cos ¢ = 0.98sin ¢ +1.2 cos ¢

2

=1.55>0

=

INa ¢ =39.24° givan v

Apa ehdyoto (Béom P gvotaboic iooppomiog)

2

Na ¢, =219.24° eivan v

2

=-1.55<0

Apa péyioto (0éon P’ actabovg i1coppomiog)

H ypagpun mapdotaon g duvapukng evépyelag divetal 6to akdAovho ypaenua.
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3B) H Svvopukn evépyeta evoc copotidiov dtveton and m oyéon V(x)=6x" —x° (x
ce m).

(a) Zyedudote T0 ddrypoppa g V(x).

(B) Mow givar n @opd g dSOvaUNg oL aoKelTOl TAVEO GTO COUOTIONO 68 KATAAANAQ
SloTAHOTO TNG LETAPANTAG X ;

(v) Na Bpebovv o1 Béoelg iooppomiag kot To £100¢ NG 1o0ppomiag oe KAOe BEo.

Avdon :

200 +
150 -
100 -

50 +

V[J]

-50

-100 -

-150 -

x [m]



(B) H dbvoun mov aokeiton méveo 610 copatiolo divetol amd ) oyéon:

F = —‘;—V =—12x+3x’ = F = (3x* = 12x)i
X

Emopévog n dvvaun mov ackeitor mive 610 copatioto Exet gopd ovtifetn amd
@opa Tov G&ova X oto Odotnua 0<x <4, gvd €xel T @opd TOov AEova X Yo
oTo1ONTOTE GAAN TIUN TNG HETAPANTIG X.

(v) Or mbavég Béoelc 1ooppomiog eivar eKeiveg Yo TIC omoieg

F(x)= _dr —12x+3x* =0
dx

Apa vrdpyovv dvo mhavég Béoets, yio x=0 kot x=4. T'ta o yopaxtpiopd twv Bécewv
QVTOV EAEYYOVUE TO TPOGTLO TNG dEVLTEPNG TTaPpAyDYOL TG V(x).

d’v 4 , , : :
e =12-6x wour yo x=0 0 =12>0. Apa 1 cuvapnon mopovcldlel EAAYIGTO
Kot emopévac 1 Béon x=0 eivar Béom evotabovg 1oppomiag.

d’v

[Na x=4, F=—12<0. Apa n ovvapnon mopovctdlel LEYIOTO KOl ETOUEVMOG 1
X

Béom x=4 eivan B¢om actaboic 1ooppomiog.

Aoxknon 4 (10 povaodeg)

4A) TIGvo ot éva copotido sEaokeitat 1 dovaun : F = ( Y =x )f +3xy/ . Na Bpebei

T0 £pyo oL TapAyeTal Otav TO copotiol petatomiletar and 1o onueio (0,0) oto
onueio (2,4) tvo o Kabepd amd TIC TUPUKATO TPOYLES:

1) médveo otov d&ova x , amd to onueio (0,0) o¢ to onueio (2,0) kol otn cvvE eI
TapdAAnAa pe Tov dova y £og to onueio (2,4).

2) v otov dova y omd 10 onueio (0,0) éoc To onueio (0,4) ko ot CLVEKELD
TapaAAnAa pe Tov dova X £o¢ to onueio (2,4)

3) méveo otnv gvbeia Tov evavel Ta onueia (0,0) ko (2,4)

4) mive otV Tapoaforn ¥ = x°.

Eivai 1 dvvaun dwoatnpntikn;



Avon:

Y &
4 2.4
—_—
21
-
| »
0 i 2 X

To otoryeiddeg épyo dW mov mapdyston amd ™ SOV F :( y2 —xz)f +3xyj Katd ™

LETATOMION TOV copaTdion Kotd dF sivou:
dW =F -dF = Fodx+F dy+F.dz = (y2 - xz)dx+ 3xydy (1)

1) Kotd ™ petaromion tov copatdiov tave otov dEova x givar dy=0 xai 1 e&icwon (1)
omAomoteitat:

dW_ =F dx = (y2 - xz)dx

Kot cuvenmg 1o épyo OBa sivat:

_ x=2 2_ 2 _ x=2_ ) __§
W, = X:O(y X )dx—J;:O( X )dx:>Wx— 3J 2)
Kotd ) petatonion and to onpeio (2,0) péypt to onueio (2,4) mapdrAinio pe tov dEovay 1
egiomon (1) yivetau:
dw, = F,dy =3xydy = 6 ydy
Kot cuvenmg 1o épyo siva:
y=4
W, = 6J‘y:0ydy =W, =48J (3)
Apa 10 ol €pyo Katd T dwadpoun (A) etvar:

W=w.+W, :—§+48:45.33J

2) To épyo xata ) petatodmon and 1o onueio (0,0) émg to onueio (0,4) mhveo ctov
a&ova y glvat:

y=4 y=4 i
W, = L=o F.dy = jy:O 3xydy =0 (81611 x=0)
Evé to épyo katd ) petotomon and to onueio (0,4) émg 1o onueio (2,4) mapdiinia e Tov
a&ova x etvar :



W, = I:OzEvdx = j:zoz(yz —x? )dx = j::oz(yz —x? )dx = j:oz(42 —x? )dx =2933J

Apa, T0 0OMKO £pyo KOTA T dadpoun B givan 29.33 ]

3) Ztv mepintoon avth 1 HeTOTONIoN YiveTan mave oty evbeio y=2X. Emopévmg to épyo
etvau:

W=[aw = [(F.dx+ Fydy):j(gxzdx + %yZdyJ 3T %L:‘yzdy =40J

4) To otoyeuddEG £PYO KATA TN LETATOMION TAV® GTNV TAPAPOA Y = x” siva:
dW = F dx+F dy = (y2 —x’ )dx + 3xydy = (x4 —x’ )dx +3y*dy
Apa to oMo Epyo givat:

W= _[j:oz(x“ — xz)dx +3 y:04y3/2dy =42.13J

y=

[Topatnpovue 6tL T0 €pyo MOV TOPAYETOL KOTH TN UETOTOTION TOV COUATIOOL HETAED TMV
onueiov (0,0) kot (2,4) e&optdral and T Sdpopn). ZUVETMOG 1 SUVOLUTN TOV OOKEITOL TAV®
0T0 COUATIOW glval PN-O10TnPNTIKY.

4B) Zopa palag 5 kg BdAAietor mpog ta Thvew o KeKMPEVO emimedo pe kKAion 37° wg
Pog 10 opllovTio eminedo, pe toyvnTo 14 m/s. To codpa a@od dovicel amdGTOoN
10 m xotd pKog Tov €mMmEOOVL CTORATAEL KOl apyilel va YAIGTPAEL TPOG TO KATM
QTAVOVTOG GTO apyko onpeio. Me mowa tayvTnTa OTdvel 6To apykd onpueio.

Avon:

‘Eoto A 10 apyikd onpeio kot B to vynidtepo onpeio 6mov gtavel 1o GO

H pnyovikn evépyela oto onpeio A givat:
2

E,=(K, +UA):%mUZ +0=%><5><(14)2 (kgx’:’:—zj=49()]

Avrtictoryo oto onueio B:
2

E,=(K,+U,)=0+mgh=mgssin(37°) = 5x9.81x105in(37")[kg><7:—2j =295

H dwpopd petald apyikng kot TEAIKNG UNYOVIKNG evépyelng €ivol 1o €pyo g
dvvapng tpingh, = E, — E, =195J . To 1610 £pyo Ba katavardoer n dvvaun tpififg
KoL KOTA T SL0dPON EMGTPOPTC.

‘Eoto vn toyxdmta €moTpoeng 1o cdpotog 6to A. And 10 160L0Y10 EvepyEUDY
EYovpe :

10



1
Emul2 +U,=E,—W,

2.5(kg)vl +0=295(J)—-195(J)

vl =40 (ij
kg

v, =63 (ﬂj
S

Aoxknon S (10 povadec)
SA) Zopo pnalag m, =100 kg axwntel oe éva xopic tpin oplovtio eninedo mov
KataAnyel og évo toixo. ‘Eva dAho copo pdlag m, kweiton pe taydmnra U, 0nwg

o100 oynua. YmoBétoviog 0Tt OAeg 01 KPOVGELS eivat EAUGTIKEG KOt OTL Ol TOXVTNTES
TOV OVO COUATMOV TPV KOl UETE TNV Kpovor gival cuyypappkd dtavdouato, Ppeite
NV TN TG 7, Yo TNV 0ol Kot To O0V0 GAOUTE KVOUVTOL HE TNV 1010 ToydTnTOo

HETA TNV KPOVGT] TOV 71, TPMTO. [LE TO M, KO PETA UE TOV TOLYO.

Avon:

Uz,u
-
m;, m,
+ r
—_— U2
Tl 3
U,
— s
U1 UE,IJ
— i
m; m,

O e€mtepikég SVVAUEIC TOL OGKOVVTIOL GTO GUGTNUA TOV 000 COUATOV €YOLV UNOEVIKN
GUVIGTOUEVT KOl GUVETMG 1) OPUI| TOV GUGTAKOTOG dlatnpeital otabepn:

mU,, +mU,, =mU, +mU, = m)U,, =mU, +m),U, (1)

11



onov U, , U, &ivar ot mpwv v Kpodom TahTeg TV COUATOV M1 Kol M, GVTIGTOT(®G,

kar U, , U, ot toxdmtég Toug petd v kpovon tovg (BA. oxnua). Enedn n kpovon eivor
EMOCTIKT] KOl Ol TOYVTNTES TOV COUATOV TPV Kol HETE TNV KPovon &ival GUYYPOUUIKE
SovOHoUATO, Ol TAPATAV® TOXOTNTEG GUVIEOVTAL LETAED TOvg pe TN oxéon (PA. «Elcaywym
Ddvown —Kiaoown Mnyovikny Topog B-Mépog B, oyéon 3.47 ceh. 58) :

U =U,+U,, ()
onov o1 U, xo1 U, ,, eivor apvntucég mocodtnteg koim U, Oetuch, cOppova pe 1o oynpo.

Eoto U, mtaydmto 100 6Opatog m, HeTd TV Kpovot Tov pe tov toixo. Eivau:
!

Uz = _Uz 3)
SOUQOVO LE TO, OEOEVA TNG AoKNONG :
U =U, 4)
Yuvdvacpog Tov eEicncemv (2),(3) kot (4) odnyel otig oxéoelg:
U. = _Uz,o
2 2
U
U, = 2,0
2

AVTIKOTAGTOOT TOV TILOV TOV TOPATAVE TayLTNTOV ot oyéon (1) divel teiucd:
m
m, =— =33.3kg
3

5B) Xooaipa palog m kol taydTNTOG U GENVAOVETAL TOVO GE KOUUATL GLUTOYOVS
EvAov pndloc M mov apywd PpiokeTon o€ Katdotoon npepiog Tave e pokpy Tpaméll
pe ovvieheot TN oMoOnoewe . T andotaon s Oa davicel Thvo 6to TpamélL
T0 KOUUATL TOV VA0V e TN Geaipa ; Ocmpeiote OTL 1 GOOAIPO GTOUATH CKOPLOAA.

Avon:

Mmnopodpe vo eQapuOGOVUE TNV apyN] OWTNPNONG TNG OPUNG Yol €VO OTEPOCTO
dlloTHo. OUECMOG HETA TO GONVOL NG oPaipag oto EOA0. Av vmoBécovpe 4Tt TO
ovotnpa EHAOV Kot GPAIPAS APESHOG HETA TNV KPODOT GmOKTH ToOTNTO Uy EYOVHE :

, vm
v, =
M+m

(1

H xivnon tov cvotfpatog mpokaiel tnv epgdvion g g odicbnong f, n omoia
dtvetar amod ™ oyéon :

fi=fuN=uM+m)g (2)

H 6Ovaun avty mpokoiel o otabepr| emPpddvvon a = g o610 GOHGTHUA  TOV
LELOVEL TNV TaXOTNTO.

12



Av Beopnoovpe wg apyn xpovov ¢t =0 m oty TG cOHYKPOLONEC 1N TAVTNTO TOV
GLOTNOTOG Yo KAOE peTayevéatepn xpovikn oTyun ¢ Ba diveton amd ) oyéon :

V() =v,-ugt ()

Otav 10 Voo otapoticet (V'(7) = 0)Ba éxet Topérder ypdvog

H andotoon mov Ba dtavicet to cuatnua divetar amd T oyéon :
’ 1 2
x(1) = vyt = S Het (5)

Avtikabiotdvrag oty (5) 116 Tipég Tov v Kot tov ¢ oo 116 (1),(4) maipvovpe Yo
GUVOAIKT] aOGTAOT) S:

m Y 0
s = (6)
M+m) 2ug

m 1%
S —P
e L S e

P . S A

AT e T S P T P T A e

LA T ™™ o T . L Y LY

el

M +m

v'(t)
S
A B T L D

M +m!
v'(t)=0

! 1

<

o~

R - e
E)
=

Ol I, g O

O R, s O o TN e T ™ T O T L e
1

D R EEE R R >

Evalloxtike puropodue vo emldoovue 1o mpofinuo. ue evepyeioxn Tpoceyyion wg
oxoAovOwg :

Xoppwva pe v AAE yio v apyikn Kot tedkn 0€om Tov cOuaTog 0Tov Kot
12

1 1 1
oTOUATA: §(m+M)u(;2 :f,ﬂs::>5(m+M)u(’)2 :,u(m+M)gs:>s:EU" 1)
HE

22
Me avtikatdotoon ™mg (1) oty (1) Tpokdmter s = m o
M+m) 2ug

13




Aocxnon 6 (10 povdadeg)

Yopotioro paloc m keitar oto pécov A evog coinva unkovg 2b ko palag M. O
ocoMVag, mov gival KAEoTOG 6Ta OVO TOL dKpa, keltor v oe Agio tpaméll. O
GUVTEAEGTNG OMOKATACTOONG HETAED TV coudTov m kot M givon e. 'Eoto 611 t0 m

EXEL aPYIKY| TAXLTNTO U , KOTA TOV AEOVO TOL COANVA.

a) No BpeBodv ot Taydteg TV m kot M Katd TV TpdTI KPOoLON.

B) Na Bpebel n ammdAeia evépyelag kaTd TN SUPKELN TG TPATNG KPOVOTG

v) Na Bpebei 0 ypdvog mov amarteitol £161 OOTE TO GOUATIO M VO PTACEL TAAL GTO
onpeio A KvOOUEVO KOTA TNV OP)LKT] TOL POPaL

Inueioon: Ty KEVIPIKN KPOLGN dVO COUATMV 01 GYETIKEG TAXVTNTES TOVG TPV KOl
peTd TV Kpovomn TANpovv v e€icwon: U L= U , =—€ U Lo~ U 2.0 )» OOV € givoar évag
ouvtereoTiG (amoKatdoTaong) pe TIEG HeTalld Tov undevog (TAAGTIKY KpOVGT]) Kot
™G Hovadog (tereimg ehaotikn Kpovon).

m.—-

2b

Avon:
afEotew U, xou V' ot taydmnteg tov m ko M avtictoya petd v npdTn kpovon. Amd v
apyn datnpnong opung Ba woyvet:

mU, =mU, + MV' (1)

Eniong o ovvieheotig amokatdotaong e Oa sivat:

Ex tov elovcemv (1) kot (2) mpokvmtet

" m—eM ! m
U =—U, xaV = l+e 3
? m+M ° m+M( )UO )

B) Eav T eivon n odikn KivnTikn avspysux TOV GUOTNHOTOG UETA TNV TPMTN Kpovor Ba ivan

(avtikabiotdvTag Tig Tyég tov U ka V onwg exkppalovral omd Tig elodoels (3) :
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, 2
R VL =m—U02[m2+mM(1+e2)+e2M2]
2 2 2(m+M)

Enopévog n petafoinq AT tng KivnTikng evépyelag Katd Tn S1dpKeLlol TG TpdTNG Kpovong Ba
1GOVTOL LLE:

AT:T'—T:T'—%ng __1_mM

2W(1—e2)U§

v) Onwg npokvmtetl omd v e&icwon (2), o1 GYeTIKES TaHTNTEG TOL M MC TPOS T0 M TPV KoL
Hetd v TpdTn kpovon Ba eivon U, ko —el, avtictoya. Eviehdg avdroyo n oxetikh

TovTTO petd tn dgdtepn kpovorm Ba glvou ero- Emopévog, o olkdg ypdvog mov

amorteitor ®ote T0 m vo Ppebel Al 6T0 onueio A KIVOOUEVO KATA TNV OpPYIKN TOV (OPa

sivo:
b 26 b b[ 1]2
t=—F—t—5—=—|1+-
u, et, eU, U, e

Aocxknon 7 (10 povaodeg) :

YnobBéote 011 o €va GTACIHO GUVVEQPO VLOPUTUDV ONUIOVPYOVVTOL KOTAAANAES
ocuvOnKkeg Yoo va oynuotiotel o otayova PBpoyns. H otaydva Eekvd amd apyikn
kataotaon pe udlo mp=0 xou toyvmra vy=0. Kdavoope tv mopadoyr] OTL M
avtioTaon Tov aépa glvarl apueANTEN Kot OTL 1 oTayOva TEPTEL VIO TNV EXIOPACT TNG
Bapumntag koatakopvea pe otabepn emttdyyvvon a. Ymobétovpe OTL otV mopeia TG
N péla g otaydvag avgdvet (KaBdg ot LOPATHOT LYPOTOLOVVTAL TAV® TNG) AVUAY®S
™G amdoTaonc mov £xel dtavooel (m=kx , k>0: otabepd ).

a) Na vmoloyiotel ) emttdyvvon o kabdg Kot 1 TovTNTO, 0mdoTaoN Kot palo g
otaydvag HETA xpOVo ¢ amd TV EvapEN TOL PAVOUEVO.

B) Aeifte 6Tt 1 KwnTiKn evépyeln TG otaydvos E, GLVOEETOL PE TO £PYO TOL

2
napdyetar and 1o medio Papdmrag W, upe m oxéon E, :EW“” Kol OMOTE o

TOL0TIKY) EPUNVELD Y10 TN OYECT VTN
Adon :
(@) Eopappolovpe 1o devtepO vOpo tov Nebtwva ot popen

podp_dimo) _ dv  dm

1
dt dt dt dt M

H ocvvoln dbvaun opwmg weovtat pe m dvvaun Bapvmrtog, F =mg ondten (1)
YpapeTOL

Ao ™) oxéon m = kx maipvoopue C;—n; = k% =kv xan (2) yivetou :
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dv
Xg=x—+0 3
g=x— (3)

A@ob M otaydéva ektedel emtayvvopevn kiviion  ekKvovtog omd v npepio Ho
gyovpe :

u(t) = at, x(t)z%atz 4)

Avtikabiotovtag Tig oyéoelg avtég oty (3) maipvoovpe amd v (4) :
a=g/3 (5

Avtikabiotovtag and ™ (5) otic (4) maipvovue :

u(t)zfz, x(t)z%tz (6)

Amo ™) oyéon m = kx maipvoous : m(t) = l%gtz

p) To épyo mov mapdyetor amd to medio PapdTnTag o1 dadpoun| x(2) ivor

x(t) x(t) x(1)
w,= J. Fdx =g J. mdx = kg I xdx :%kgxz(t) (7)
0 0 0

H xwvntuen evépyeto g otarydvog ) xpovikn otiyun t etvat :

E —lmuz(t)—lkx(gtjz—lk x[l ﬁ)—lk PO =2W. (8)
€73 23 T3 )73 38

Kotd v «ivnon dev petaoynuoatiCetor OAN 1 OLVOUIKY EVEPYEIL GE KIVNTIKN
evépyeln TG otaydvag Yol éva TUNUHO OVTNG KATOVOMOKETOL GE OVEAOGTIKEG
OLYKPOVGELS TNG otaydvog kabmdg ovty Kveltor JpEGOL TOV GUVVEQPOL TV
VOPOTUDV.

Hapatipnon : To mpdPAnpa evtdooetal 6° eketvn TV Kot yopio @avopévav Omov
N pédo petaPirieton wg m = A" (6mov A otadepd) . Me avTikaTdoTaoT TOL M GTNV

(2) maipvoope v akdAovdn e&icmon yia 1o : %+(n—l)%— g=0. H &ficoon

avtn €xel Avon v u(¢) _ 8 Ao avt) maipvoope ™ otabepn emtdyvvon a -4
n n
Xy mpokeipevn mepintwon n=3.
O ¢uowog Aoyog g otabepng emtdyvvong eivar m ypappky e€aptnon g
dm

. , . . , . . dv
mpdchetng duvaung amd ™ pdlo Tov copatog. Amd T oyéon m7=mg—z)7
t t
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., o dv , , ,
,TOPOTNPOVE OTL 1 OAKT) dvvaun F, = mz = ma , TPOKVTTEL OO TO GLVOLAUGUO TNG

Bapdntag ko pag emPpoadvviikng dvvoune,  F = Uf{—mz .= n-l
t n

dovaun  F elvar  kor  ovt]  Ypoppkdg  cuvovoouog g pakog

a

mg . H ok

o n-1 g . , o ‘ _&
o =mg=——mg =m>, o6 6mov mpokvnet oTabepn emrdyvvon a =

Aoxnon 8 (10 povadec) :

8A) Xopoatidro palag m, Kot ToxdTNTAG U, GLYKPOVETUL LETMOTIKEA e COUOTIOW0 Haleg
m, 10 onoio Ppiokeron oe npepia (v, =0) . H cvykpovon eivar mhaotikn.
o) YmoAoyioTte TNV KIVNTIKY EVEPYELD TOV GLGTNUATOS TOV OV0 COUATIOIMV TPV
TNV KPOLGT, UETA TNV KPOoLON KAOADG KOl TO TOCOGTO TNG OPYIKNG KIVNTIKNG
EVEPYELOG IOV LETACYNLOTIOTNKE o€ BepudTNTOL.
B) YroBéote 6Tt kdmolog mapatnpntig eivarl akivntog mdve 6to kévipo pndalog tov
OLGTNHOTOG TOV 000 COUOTOIOV. YTOAOYIGTE TNV  OpUN TOL UETPA Yio KAOe
COUOTIO 0 TAPATNPNTNG Kol GYOAMAGTE TO AMOTEAECHA. AKOAOVO®G vToAoYioTE
TIG TIEG OV EAYEL Yo TIG OVTIOTOLXEG TOGOTNTEG TOL epmTNUATOG o). Efvar ta
TOGOGTA UNYAVIKNG EVEPYELNG TTOL peTacynpatilovtat og Beppotnta ta idwa ;

Avon:
a) H xivntikn evépyeio Tov GUGTNILATOG TPV TV KPOoLGT| ivar :

1 1 1
EK,ﬂpr = Enllll)l2 + zﬂﬁ = En/llul2 (1)

Metd 1t Kpovon ta dV copatidw kivovvtor palli pe taydmto v TV omoi
UITOPOVLLE VO VTOAOYIGOVE amd TNV apy1| O0THPNONG OPUNG :

m

mlul+%6=(ml+m2)u = v=

H xwvntum evépyeo petd v kpovon giva :

v (2)

m, +m2

2 2
By i = (i, 4+ mp)0? == (m, +my)| ——p | =22 (3)
2 2 m, +m, 2 m +m,

To mocootd Q ™G apykng evéPYELNg OV peTaoyNUaTiotnke o€ Beppdtra diveton
and oyéon :
E -E_
Q — _&mpv K peTd = m2 (4)

E m, +m,

K,pLv

p) Eoto 0™ n taydmto tov kévrpov udlog. Amo ) oxéon (3.13) 1o Pipriov Exovpe

o1l
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m

(m, +m,)0™ =mu, +}n{6:> v = v (%)
m, +m,
K
v
—>
m, U, m,

H toydmta mov petpd yuo 10 copotidlo 1 axivintog mapoatmpntis médveo 610 KEVIPO
natag etvor v =v, -0 ko Y 10 copartidio 2 v =v, —V¥ =0-0" =-0%.
Omnote 01 0ppéG 6T0 GVOTNA KEVIPOL palog givan

mm
ki __ K __ KHY _ 1772
p =mu” =m (v, —0")=...=————v, (6)
m, +m,
mm
Ko Py =muy =—-mo™ =———2—p =-p* (7)
m, +m,

TOPATNPOVUE OTL 6TO GVGTNHA KEVIPOL PAPOVG O TapaTNPNTNS LETPA dVO 1GEC KATA
LETPO KO avTIBETES KATA POPA OPUES.

H xivntua evépyeto mov petpd mpiv tnv Kpovon eivor :
1 2 1 2
Ku _ Ku — K
EKJZpr - 7 m, (Ul ) + 7 m, (UZ ) (8)

Metd v kpodon o mapatnpntig PAénel ta dvo copatidw vo kwvovvtor poli pe
ToOTNTe. ' 0TOTE EQAPUOLOVTOG TV aPYN OLOTNPNONG TG OPUNG GTO GVUGTNUG TOVL
moaipvel Aoyw tov (6),(7):

Ku

p+py =(m+m)v' = p* = p¥ =(m +my)v'=0'=0 (9)

Apa oto ovotnuo k€vipov HAloc TO CLGCOUATOMHO TV 000 cOUATWI®V TOoV
TPOKLITEL OO TNV TAAGTIKY] KPOVOT] TOLG £IvOL aKIVNTO KO 1] KIVITIKT] TOL EVEPYELN
undevikn. ‘Etot o mapoatmpnmg avtiappdvetar 6tt to 100% g apyikng KvnTikng
EVEPYELOG TOV CLOTNHOTOG LETATPATTNKE GE BeppdTnTaL.

8B) IMvpaviog pali pe ta kadoywd tov €xet Papog 80000 N kot extofeveton
KAToKOPLEO amd 10 £d0pog. O THpaLAOG ekToEevEL aépla pe pvOud u=65 kg/s won
tayvmrta v=3000 m/s ©¢ tpog avtdv. Ta kKavoa eEaviiovvrol petd ond 60 s. Na
amodeyBel 60TL M dVVAUN TOL aoKEITAL GTOV TOPAVAO amd T aéplo diveTon omd
oxéon F=pv. Na Bpebel n apyik kotakdpuen €TTAYLVON KOl 1 EXITAYLVON GTO
ého¢ Tov 30 s kou 60 s. (g=10 m/s?)
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Avon:

H o6bvoaun mov aokelitow otov mHpavAo eivor avtidopaon otnv dvvaun mTov
avamTOGGOLV TO a€PLo. TOL EKTOEEVOVIOL OO TO TMIC® HEPOC KOl 1GOVTOL LE TN
HETOPOATN TNG OPUNG TOV OEPimV.

H petapoin

H pélo aepiov m pe oyetikn todTTo L ATOKTA OpUY M. X ¥povo At Ady® g
HETOPOANG TNG OPUNG T®V aepiwVv oL dtapedyovy ( Ap = VAm ), avantHGGETOL
dvvaun

A A
F:_p:_ml):/w
At At

H 60voun mov aokeitor otov mipavio AdYm ektdevonc twv aepiov eival
F = pv=065(kg/s)3000(m/s)=195000N (1)
H d0voun etvar avtiBetn tov Bapovg mov apyikd ivor 80000 N.

ota 30 s  palao Tov cvoTNHETOS Ba etvat oV OV PEVEL AV ATTO TO GUVOAIKO OPYLKO
Bapog apop€COVE TNV ATOAELL KOVGIU®V , ONA. :

80000 N — 65 (k—gjx 10(@} 30(s) = 60500 N (2)
S S

Avrtictoya ota 60 s:

80000 N — 65 (k—gjxm(ﬂjx 60(s) =41000 N (3)

2
S S

Ao 16 (1), (2), (3) vroroyilovpe T GLVOMKN dVVOUN TTOV AGKEITOL GTOV TOPAVAO
OTIG TPELC YPOVIKEG OTUYUEC.

Os: F, =195000N —80000N =115000N
30 s: F,, =195000N —60500N =134500N 4)
60 s: F,, =195000N —41000N =154000N

INo ) petaPfint avty 6Ovaun F, woyvet kdbe oty n oxéon
F =ma (5)

t

Onmov m eivan  pdlo kor o M €mMTAYLVOTN GTN GTIYUN TOL avapepOpacte. loyvel
OpmG KoL 1M oxéon

B=mg (6)
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Amo 116 (5),(6) maipvoope :

r
a=—g (7
Amo 11¢ oyéoelg (4) Ppiokovpe T0 AdYo TG GLVOAIKNG SVVAUNG TPOS TO PAPOG GTOVG
xpovoug 0 s, 30 s, 60 s ko avrikabotdviag oty (7) ToipvovUe TIS GYETIKES
EMTAYVVOELS:

Os: a, =1.44g
30s: o,y =2.22¢
60s: a, =3.76g

Mapoatipnoen : Mo 1o avoetnpn arddEEn TV GYEGEMVY TOL YPNCUYLOTOIOVVTOL GTIV
enilvon Tov TPOPANLATOG £XEL OG AKOAOVONCG :

V+dV M —dm

¥F—n drm

Ag voBécovpe OTL G KAMO0 YPOVIKN OTLYUN ¢ TO GOOTNUO €Yl TaxvTnTa V Kot
ovvolkn pblo M. Av gvidc evog amelpootol ypovikol daothiuatog dtf extofevtel
pélo dm aepiov, umopoOE va YPAWOLLE Y10 TIG OPUEG TOV GUGTHUATOG TPV KOt LETA
10 dt :

P=MV (1)

P.,=(M—-dM)(V+dV)+V —v)dm (2')

Ano tig (1) ko (2") maipvovpe , apod mapoieiyovpe ta drapopikd devtepng Tdéng,
Yo TNV HETAPOAN OPUNS TOV GUGTIHOTOS
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dP=P,,—P = MdV-vdm (3')

t
AV {PNOLOTOGOVLE TIG CYECELG:

a(t) = ci;_lj Ko dm = udt (4")

Yol TNV EMTAYVVOT TOV TVPAVAOL KoL TNV HETAPOATN TV KOVGIU®V, TOIPVOLE :
dP = (Ma - ,uu)dt (5"
To dP/dt dpwg oty oyxéon avt) poag oivel v eEwtepikn dvvaun B =-Mg cto
ocvotnpo. Etot omd mv oyéon (4') naipvoope :
F =Ma=-Mg+uv (6

H (6") unopei va ypoesei eniong pe tn popoen :

a=tio T lg )
M B/g B
Epapudlovtag v apyn oatnpnong opung yo T otoyeumon pdlo tov oepiov
ToipVOLLE :
dp =V —v)dm—Vdm = —vdm = —vudt = F = % =—UU

Ta aépro aokobv o ion Kot avtifetn dVVAUN GTOV TVPOVAO.

Aoxknon 9 (10 povaodeg) :

Otav kotaockevdomke 1 Meyddn TMupoapida g Iloag elye vyog A=150m wo
teTpdywvn Paon mAevpdg a =230m. TIpoxeiTor Yo [ GUUTOYT KOTOUOKELT OO

nétpo. TokvoTTag p = 2.5gr / cm’ (g = 9.81@) .
s

a) [To elvar to eldyioto épyo mov amontnOnke yuo va avayepBei n mopopido ;

B) O Hpddotog avapépetl 6Tt yio tnv avéyepon gpyaoctnkoy 100,000 dvOpwmor eni
20 ypoévia. YmoBéote Ot 0 KAOe £pydtng TPEQOVIAV HE GAyNTO TOL TOVL OTEOLOE
gvépyea 1.2x107 J v nuépa. Bpeite tv amddoon tov kéOe gpydrn otV epyacio
avEYEPONG Kol eKTIUEISTE av EOOEVE TO WUEYOADTEPO WEPOG TNG MUEPOS GTO VO
avoymvel TETPES ; (g amddoom opilovpe To TAIKO TOV Epyov avd NUEPL MG TPOG
v evépyslo mov katovilmve. Ocewpeiote emiong Ot ©¢ eldyoTo  €pyo
tomofétnong ivat avtd TOV TPOKHTTEL O GLVEYT TPOTO EVATODEGNC TNG TETPOCS)

Avdon :

(@) Mropovue vo. VTOAOYIGOVE TO EAAYIOTO £PY0 KATOGKELNG BewpavTag tnv
mopapidon og pio vIEPHEST SUSOYIKAOV UIKPOV KOP®V HE AmEPOCGTO VYOS dy Kot
Baon mievpdg wmov pelwveron omd  w=a uéypt w=_0xKo. X vyog yamd

Baon n mievpd Tov KOPov Ba givar w(y) =a (1 —%) )
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O otoyeumong KOPog 6To VYOS aTd Exel Pala
2 2
dm = pdV = pw* (y)dy = pa’ (1—%) dy = pa’ {1—2%+%}dy (1)

To otorye1ddeg £pyo Yo va avoywbei o kOPog oTo y givan :
dW =gydm (2)

Ondte 10 CLVOAIKO £pyo givan :
h h y2 y3
W = [ gvdm = gpazf[y—2—+—zjdy (3)
0 0 h h
O VTOAOYIGHOG TOL OAOKANPOUOTOG Oivet

1 2 1 1
W=pga’h’| ——=+—|=—pga’h’ (4
pg (2 3 4] ;P8 (4)

Me avTIKOTAoTAoT TOV TILOV TOV 6Ta0EPOV TOIPVOVLE :

W =243x102J (5)

(B) MoAamracialovtag tov aptdud tov 100,000 epyatdv pe tov aplBud tov

Nuepdv o 20 xpdvia maipvovpe tov optdud twv  730x10° avOporo-nuepdY mov
amottovvTol yioo TV avéyepon ¢ mopopidag . H ovvolikn evépysia mov

KOTOVAA®GOV 01 EpydTes giva:
E=(730x10°)x(1.2x107 ). =8.76x 10"/ (6)
Amd 116 oyéoeic (5),(6) Bplokovue v eAdyiot amddoon & kdbe epydrn :

_2.43x10%J

&= =2.77x10" (7
8.76x10"°J 2
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H puepn tiun tov ¢ deiyverl 6t o1 gpydrteg £E60gvay oNUOVTIKO TUNUO TNG EPYOCTOG
TOVG G€ TPOTAPOUCKEVAGTIKES OOVAELES.

Hopatipnon: Mropodue va vroloyicovue 10 £pYo KATOOKEVNS THS TVPOUIOOS KOl OO
TOV DITOLOYIGUO THS OVVOUIKNG EVEPYELOS THG omoOnKevuévns oto kevipo ualag tg. To
KEVIPO Ualag 1iog opoyevoig mopouioog fpioketor oc amdotoon h'=h/4 arnd m fdon
G.

O 6yKoc TG mopapidag stvor : V = %azh = %x 230° x150°m’ =2.645x10°m’ . H péla

e mopapidac sivon m = pV =2.5x10° kg x2.65x10°m> =6.61x10°kg . Onodte TO

3

m

OTTOLTOVLEVO épyo elva

W = E; s = Mgh' = 6.61x10" kg x 9.81ﬂ2x%m =2.43x10"J
s

Aoknon 10 (10 povadec)

10 A) o) Eva avtikeipevo palag m, apykd oe npepia, dtuondral oe 600 Bpadouato
10 éva pe palo m; ko o GALo pe palo m, (m=m +m,). Av kot m didonacn
anelevbepoveton evépyela Q, 1 omoio peTacyNUOTICETOL OE KIVITIKY EVEPYELN TWV
Opavopdtov, vroroyicte T0 1060610 Tov Q TOL pETAPEPEL KEOe Bpadopa.

B) Netpovio, o npepia, dacmdtor o Eva TPOTOVIO Kot Eva nAektpdvio. Kotd
dtdomaon anelevfepdVETOL EVEPYELD TOV LETOCYNLLOATILETOL GE KIVITIKY] EVEPYELLL TOV
TPpOTOViov Kot Tov nAektpoviov. H pala tov mpwtoviov eivar 1836 gopég peyardtepn
g padag tov niektpoviov. Ymoloyiote 10 kKAAoua g ameAevBepmbeicag evépyetag
OV LETACYMNUOTILETOL GE KIVNTIKY] EVEPYELN TOV TPMTOVIOV.

Avoeig:
Av voBécovpe 0Tt TO HETPOL TOV OPHAV TOV Opavopdtmy gtvol my, Kol m,v,, ond To

Bedpnpa dwatrpnong opung o Tapovpe :

mu, =-mu, (1)

Avtikobotdvrag m, = m—m, TOlPVOVLE:

) —m
et )
v, m-—m,
O AOYOC TV KIVNTIK®OV EVEPYEIDV Elvat:
mu;
RE _2 7 3
KE

H oyéon (3) ypaoeton pe ™ Ponbeta twv oyécsewv (1),(2) :
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KE _my _m __ my (4)

I(E2 m, m, (m—m2 )2

Ano6 v (4) ko oxéon KE, + KE, = Q moaipvovpe teMKE. :

B) H xwnuotikny tov mpoPAnpatog o1dcmacnsg tov vetpoviov eivor ovty mov
aVOADGOE 6TO epOTNHA o. AV cupporicovpe pe Q v anelevbepwbeioa evépyela,
pe m,t pato tov TpoToviov, pe KE, Vv KWNTIKY TOL EVEPYEWL Ko e m, TN pala

TOV NAgkTpoviov, maipvoupe amd t oyéon (5):

_ m, |_ 10 _
KEP_Q( JQ[mHleWO'OOSSQ

10 B) Z¢ éva mopnvikd ovTIOPOGTHPO TO EVEPYELOKA VETPOVIO TOV TOPAYOVTOL KATH
™ GYAoT YOvoLuV TNV evéPYELd Toug (BEPLOTOIOVVTOL) HECH EANCTIKOV KPOUCEMV LE
TO. ATOHO. KOTAAANAOL LAKOD, LYPOV 1| oTEPEOD TOL AéyeTon EMPPAdLVTAG. Zav
emPpadvvtéc ypnoponotovviot 1o to Bapv Vowp (D20, dnov D elvar 1o devtéplo
10 omoio £xel GTOV TLPNVO EVOL TPMOTOVIO Kol £vol VETPOVIO) OGO KOl O Ypapitng
(dvBpakag). Na PBpebel t0 mOcOGTO NG €vEPYEWG TOV YAVETAL GE O GKESOOT
veTpoviov pe éva mopnva devtepiov mov £xel LAl SIMAAGLO TOL VETPOVIOL KaOMOG Kot
omv mepimtoon g okédoong pe tov 12 @opég Papvtepo mupnve avOpaka.
(Bewpeiote 6TL 0 TLPNVAG TOL EMPPadLVTA elvar aKivnTOg TPV TNV OKEDOOT))

Avon:

‘Eotw m, (vetpdvio) koim, (0evtéplo) ot Haleg, 1 u, Kot u, Ot opYIKES ToOTNTES Ko
U, Kol L, Ot ToOINTEG HETE TNV KPOLOTN. ATO TG apyéS STPNONG OPUNG Kat
KWNTIKTG EVEPYELOG TOIPVOLLLE :

mu, +m,u, = mu, +m,, (1)
—mlul2 +lm2uz2 = lmlul2 +lm2022 (2)
2 2 2 2
H (2) ypaoetoun :
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22 2,2
my (u; — ;) =—m,(uy —0y)

my (u, — 0w, + ;) = —m, (u, —0,)(u, +v,) 3)

Amo mv (1) éyovpe
my(u, —v) = m, (v, —u,) (4)
Awpovrog tig (3)/(4)

uyto; = v+ u; (5)

OecwpavTog 0TL TO GOMO m, eivor apykd axivnto, u, =0, &ovpe and 115 (4),(5)

mu, = mu, +m,0,

U; = 02- Vg
Ko TEMKA
2m m,—m
v, = —u, ko v, =——2y, (6)
m, +m, m, +m,

Ao Tig (6) Ppiokovpe OTL M TOLTNTO TOV VETPOVIOV LETE TNV KpovoT givar :
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