2Y2THMATA ANADOPAZ

Y KoTtol

1. LETOOXNHUATIOMOL CUVTETAYHEVWV

2. avaAloiwto Galileo-Newton

3. adpavelakoi mapaTtnENTES

4. un adpaveiakad cvotipata avodopas, adpavelaKES SUVAUELC.



zuotnpata avadopadc (kivnon o€ pia ditaotaon)
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Metaoxnuortiopoc NAtAaiiov (kivnon o€ pia dtacotaon)

Y 4 Y’ HETAOXNUATIONOG MaAtAaiou
t'=t t=t
== ¥ , x'=x—vt , x=x"+vt
Plxy,zi) |0—>0": < , , 0=>0: - ,
y =Yy y=y
P (x, y’ Z’ t ) ’ ’
7=z R
/ T T/
O O S=(AB)=J(xs =5,V +(yy =32 +(2—2.)
[ o EUKAEiOELEC ) §'=(A'B')= \/(XB—XA) + (05 =3) +(zh-2) .
=|S =
2/ QIIOOTAOELC Eival 'Loeq _ \/ (2, - )) oy, +He—z,)
o€ OAa T a6pavsLaKa .
ouoTtnuata avacbopdq =\/ (=) + (e =a) +(25—24)
ot aﬁo'vsq etvat FaAtAaikn ZxeTikoTnTO
napaAAndot % Yrndpxet o andAutog xwpog, SnAadn éva cuotnpa avadpopdc oto omnoio ot N.
=% Newton woxvouv. KaBe aAAo cuotnpo avadopdc mou Kveltatl pe otabepn)
ToXUTNTA WC TIPOC AUTO (KoL EMOUEVWE OUVOEOVTAL LE LETAOXNUATIONO
j}' = j\; FaAtAaiou) ovopadletal adpavetako kat toxvouv ot N. Newton (6nAadn €xouv
~n) A Vv i6la popdn).
< =2 % O xpovog givat andAutog kal (5log og OAa T AdpaAVELOKA CUCTAMATAL.




Metaoxnuortiopoc NAtAaiov (kivnon otov xwpeo)

> , 0 XPOvog givall
OP=00"+O’P AnBAUTOC
S|y s Y

., - = _drf dr dR AL
P rr=r—R= = —
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X\ =7 =0t

METAOXNMUOATIONOG GUVTETAYHEVWY MaAtAaiov
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Aoknon #1

ItV 6la 0x6n evog motapou Kot o amootaon L petaél toug, Bpiokovtal dUo Atpavia A kot B.
‘Eva mAoio kivoUpevo pe otaBepn taxutnta U mnyaivel amno to A oto B og xpovo t; kot amo 1o B oto

A o€ Xpovo t;. Na urtoAoyloeTe TNV TaxUTNTA V TNG PONC TOU MOTAUOU KoL TNV TaXUTNTO TOU TTAOLoU
W TIPOC TO VEPO.

Npoooxn
H taxvtnta u Tou mAolou avadEpeTaLl oTo

cuoTnua Tou (KvoUpevou) otapou!

) L L L L(t, +t
t, = L U+v=— 2u=—+— u= (1 2)
u+v 5 Lo 2t1t2
I =3 I =3 . =3
t, = U—v=— 2v=——— V:L(t2 1)
u—1yv) t,  t, 2t1t2




Aoknon #2

‘Evag maiktng Tou apepLkavikou todoodaipou Kiveital pe taxvTnta vi =5 m/s Kot METAEL TPOC TA
UIPOG TNV UmaAa pe taxvutnta u = 7 m/s (w¢ mpog autdv), Le OKOTIO va TNV TiLdoel SeUTEPOG
TALKTNG TIOU TPEXEL PE TaXUTNTA V2 = 8 m/s, emiong mpocg ta pnpootd. Na Bpeite o moco xpovo Ba
TILALOEL TNV UIAAa 0 SEUTEPOG TTAUKTNG OV N APXLKA TOUC amootacn ival S = 24 m.

_ _ — — x (t)=x,+v. .t, x(t)=x,+S+v.t
m m m akivntog ’xball(to):xZ (l‘o):> %"'Vbauto = %"'S"'Vzto =
=7T—+5—=v ,=12— ,
ball S 24m

Voan ~ V2 (12— g)ﬂ
S

xt:au(t)_ov xé(t):S_Vét
U Fxt’m“(to)zx; (t,)=0=S-vjt,=
S  24m

to:_,:—m:”o:65
v
¢ m m oy oy =12 g 4 P4
V=y —p  =8——12—- = Voalt = Voant — V2 = = S
2 2 ball S S ” ” "
5 m xbztll(t):_S+Vbzlllt’ xz(t):O
’”
m \% =4— ” _” ” .
V; =4 — ball s Xball (to) =X (to) = =S+ vl =0=
s 1 4
\'} 24m
2 =——=1,=0s
m
42
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Aoknon #3

‘Eva agpormAdvo netdet og UPoc H = 2 km amo to €dadocg kat Bpioketal og oploviia anootaon L =4 km ano
0KLVNTO avTLoEPOTOpPLKO TUpoPoOAo. H taxutnta Tou agpomAdvou eivat opllovtia, Pe popad tpog To mupofoOAo
Kot LETPO V2 = 200 m/s. a) Mota sivat n eAaxLoTn TaxUTNTO TIOU TIPETIEL VAL £XEL €val BAjpa Tou upoBOAou waoTte
VOl TIETUXEL TO aepomAAavo; B) Av n taxutnta tou BARpatog ival v = 200 m/s, va Bpeite o€ mOGO XPOVO Kal O
TIOLO ONUELo Ba METUXEL TOV 0TOXO Tou. AyvonoTe Tn Baputnta Kal BewproTte OTL OAEC OL KLV OELS Elval OPOAEC.

4 P(x(to), y(to))

)
)’1(t): Vit xl(to):xz (l‘o):> Vilo = L=, 1,

X%, (1)=L-v,t y(to) =3, (t) = vt =H
V1y ! : V1
P e le H ’ ’

Auon oto cuoThpa

6 l avadopag tov tupooAou.
£ > _ L
0 - H ,

LETPO TNC V1

TPLWVUMO WG TPOG Viy
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2 2
L L L L 2L\V
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2 2 2 2 2 2
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A>20=

r ) o 2 H
—+ly 2y, =2, = = 2002 :>v1>894—
A H VL' +H? \/ +42 A

ouvOnKn EMIAUCLUOTNTOG g\dylotn Taxvtnta PARUOTOC




Aoknon #3 (ouvéxeila)
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r 2L 4 2.4
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Aoknon #3 (ouvéxeila)

xj(t)=L-v, t—v.t x} ()= 4000 — 320¢

=
yo(t)=H vt ¥4 (1) = 2000 — 1601
tan6’ = % = % =0.5= 6’ =arctan(0.5) = 6’ = 26.6°

AOon oto cuothua

avadopag tov BARpaTOC.
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OLUTEC IOV KataAnEa e
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Aoknon #4

AUO ocwpaTiSla KIvoUVTOL 0TOUG AEOVEC X KOl i, LE TAXUTNTEG V1= 2 m/s KoL V2 = 3 m/s, avtiotolya.
Tn xpovikn otyun t = 0, Ta cwpatidia Bpiokovtal otig B€oelg ri=(-3,0) m katry = (0,-3) m. a) Na
uTtoAoyioete to Sltavuopa BEong Tou MpwTtou cwHaTLOloU WE TIPOG To SEUTEPO, CUVOPTAOEL TOU
Xpovou. B) Motla xpovik oTIyUn N amootaon HETOEL TwV owpaTtdiwy eivat eEAdxLoTn Kal moLa N
B£on touc ToTE;

oloTNUA akivntou ovotnua
nopatnenTh ' owpoatdiov 2
El V1
4 > > >
AV
TPOXLA TOU
5, ocwpatidiov 1
(7))
-, - . — 2
1(0)=7(0)-7(0)=(-3,0)-(0.-3)=7(0)=(-3.3) =340 ;
, =9 ¥y =3-——=(x"+3
W=7, -7, =(2,0) 2 (0,3) 2 = i = (2.-3) = Y =3-3t } Y 3=
3.3
YT




Aoknon #4 (cuvéxeLa)

| =[F(OllE (=3+21) +(3-31) =

C0m 2(-3+21,)2+2(3-3t,)(-3) 0o

- (=3+21) +(3-3t)°

' D(r)=[7 () -7 (1)
dD
dt

Goomfm‘ D(t ) min = —
7’ ocwpatidiov 2

)

—12+81, - 18+18¢, =0= 261, =30=1¢, =

[
»

2 2
Dmin:D(tO):\/( 3+2ii) (3 3%) :4/%+57m:>

D.. =0.88m [

B€oelg oto cUOTNUA
akivntou mapatnpnth

- - . v m 15
7 (t,)=7(0)+vt, =(-3,0)m=+(2, O)?ES
21 - m 15
v 7 (t,)=7(0)+v,2, =(0,-3)m+(0, 3)?as
' . . 15 15
ovoTnua akivntou F(t,)=(-3+2t,,3-3t,) = ( 342,33 ﬁ)
napatnenti A

B€oelg oTto cuoTNUA
ocwpoatidiou 2

’é,(to)=(0’0) [




Metaoxnuortiopoc NAtAaiov (kivnon otov xwpeo)

S

O

S,

Nl

OP=00"+0O’P
- dr dr’ dR
=r'+R=—= +—=
dt dr dt =
dr dr’" dR _ _, _
= + = v=v+tu
dt dt’ dt
dv dv' du |. ., _
=— =la=a +a,
dr dt dt

J

20¢ N. Newton
viato P oto O

F=

= F=m(d’ +d,)=

ETMITAXUVON TOU
O'w¢ npoctov O

F = —md
I\

T

—md, =ma’ =|F+F,; =mad’

20¢ N. Newton
ylwo to P oto O°

O un adpavelakog (emitayuvopevog)
napatnpntic O mapatnpet tnv
adpaverakn Pevdoduvaun Fqs, avtiBetn
armo TNV emtayuvvon tou, pall pe kabe
AAAN TtpaypaTik Suvaun.




Napadewypa

Eva eKKPEUEG BploKeTAL TTAVW OE OPOAQ ETUTAXUVOREVO OxNUa. Na uTtoAOYIoETE TNV amOKALon armo tn Béon
LOOPPOTILOG TOU.

0
0
do

mg

avdAuon aépavs’LaKOL’) - 2F, = ma, T'sint =ma, — tang = 2o
napatnEnTA 2F,=0 T cos® =mg g
[ 2F =0 Tsin@=F F
! = @ | 5 tang=-2 =%
2F, =0 T cosO =mg A mg 8
I
ovaAuvon pn
adpavelakol
nopaTnENTN




Aoknon #5

Eva cwpa palog m epantetal oe KABTN emipAveLd e CUVTEAEDTH OTATLKAG TPLPNG L. Me toon emitdyuvon
TIPETEL VAL KWVELTAL N ETILHAVELD WOTE VA NV TIECEL TO CWHQ,

avaAuvon adpavelakou

napatnpentn (ekTog tng
KlvoUHEVNG eTiipaveLac)

N 2F, =ma, {sza0 }V { N =ma, } g
4 = :>610=;

2F, =0 T =mg UN =mg

2F =0 N=F, N =ma, g
2F, =0 T'=mg UN =mg H

avaAuon pn adpavelokou

napatnentA (emi tng
KlvoUHEVNG eTtLPAVELAC)

N

do
T

mg
T

mg

15




Aoknon #6

Eva cwpa palac m Bpioketal o KekALUEVO eTtimedo ywviag O kot agpebel eEAeUBepo Oa 0ALCONOEL TTPOG TA KATW.

O OUVTEAEDTNC OTATLKAG TPLBNAC lval ps. Nat Bpelte pe MOON EMITAXUVON TIPETEL VA KLVEITOL TO KEKALUEVO
eMinedo, WOTE TO CWHO VA LOOPPOTIEL.

av n Fes €lval ApKETA pEYAAN, TO
owpa Telvel va KivnBel mpo¢ ta emdvw
Kal N TN €XxeL dopd TPOC TA KATW

{ 2XF. =0 } VTz.usN’ F,s =ma,

SF,=0 =3 T+mgsin@-F 3cos0=0 =
N —-mgcos@—F,;sin0=0

g (mgcos @+ may, sin@) = ma, cos @ — mgsin 6 =

ao(cose—ussin0)=g(,uscos¢9+sin9):>

sinf+ fgcos@  tanO+ U
gcos@—,us sin@ gl—us tan @

SF -0 T=uN, F,=ma, av n Fas 6€V elval apkeTd peyan, to
{ EF"_O }: —T +mgsinf—F,5c080=0 = = OWHUOA TEWVEL VA KIVNOEL TPOC T KATW
’ N —mgcos@—F,;sinf =0 KoL N TPLBN €xeL popd mpog Ta EMAVW

— s (mg cos 6+ ma, sin @) = ma, cos — mgsin 6 =

sinf— tgcos@  tan6—
cos@ + U, sin6 8 1+ u, tan@

a, (cos0+,us sin@): g(—,us cosO+sin0) =a,=g



Aoknon #7

Not LEAETNOETE TNV KLVNON TWV CWHATWVY pLog tdavikng unxavng Atwood tomoBetnuévng pEoa o€ Evav
ETUTAXUVOLEVO QVEAKUOTIPA, WG TIPOG £VAV TTAPATNPNTH HECA OE QUTOV.

nepimtwon (1)

T
T m2
mag
Fas2
mq

mig
Fa61

ba

F o +mg—T=m,a
=
I'=Fy5—mg=ma

m,a, +m,g—T =m,a

m,a, + m,g —m,a, —m,g = m,a+ m,a =

=
T —ma,—mg=ma
m, —m,
a= (g+ao)
m, +m,




Aoknon #7 (cuvéxeiwa)

Not LEAETNOETE TNV KLVNON TWV CWHATWVY pLog tdavikng unxavng Atwood tomoBetnuévng pEoa o€ Evav
ETUTAXUVOLEVO QVEAKUOTIPA, WG TIPOG £VAV TTAPATNPNTH HECA OE QUTOV.

nepintwon (2a
an<g l ao<g
T
Fa62
T "2
mag

Fa61

my
mig

m,g =T —F,5, =m,a
T +F5—mg=ma

m,g—T —m,a, = m,a

- -

T+ma,—mg=ma

—-m,a, +m,g+ma, —mg = m,a+m,a =

azu(g_%)

m2+m1

TOL CWHLOTA KlvouvTall
deflootpoda

Fa81
mig Fos2
T mazg

nepintwon (2B)
apn>§g

l do>g

m,g+T —F,5, =m,a
Fa61 _T_mlg: ma

-

m,g+T —m,a, = m,a

}ﬁ

ma,—T —m,g=ma

-m,a, +m,g +ma, —m,g = m,a+m,a =

a:_u(% ~g)

m2+m]

TO CWHATO KlvoUvTOL
aplotepootpoda




Aoknon #8

Eva eAatrplo otaBepdg k kpEpetal katakopuda amo TNV opodr EVOC ETITAXUVOUEVOU AVEAKUOTAPA KoL EXEL
TIPOCOPTNUEVO OTO EAeUBEPO AKPO TOU £va cwpa palac m. Na Bpeite tnv B€on Looppomiag Tou CUOTAUOTOC.

iy

x
+—>

“
m
>

|
=
x

b

a
0 Ix

ao<g
m(g+a,) Fs=mg+F, = ma,=kx+m :>)c=M
Fd:mg+Fa5:>kx=mg+ma0:>x=T as = MET Ly 0 8
m(g—ao)

F,=mg—F ;= kx=mg—ma, = x= .



Aoknon #9

Endavw og éva oxnua palac M eival tornoBetnpévo éva cwpa palac m. O cuvteAeoTnC TPLBAG HETAEL OXNUATOC
Kal 5pOUOU elval U1 Kol LETOED CWHATOG KOL OXAMATOC Elval Uz < 1. ZoPVIKA Slvoupe 0To oUOTNUA aPXLKN
TaxutTnTa Up. Na UTIOAOYLOETE TNV EMLTAXUVON TIOU OO ATTOKTAOEL TO CWHA M OE CXECN UE TO OXNHUOL.

OVAAUGCHN WC ITPOC KN
adpaveLaKo mopatTnENTH mou g€artiog tne apxKAC
OTEKETAL TTAVW OTO OXNUA TaxUTNTOG, TOL CWUOTA
Klvouvtal kot epdavilovral
oL TPLBEC TTov Ta EMLTOXUVOUV

Uo
—_—

‘Evac mapatnentng mou oTEKETAL 0To HeELO AKPO
TOU oxnuatoc Ba BAEMEL TO cwHa va KIVE(TOL

N, =mg T(POC AUTOV ME TLtayuvon ai. Eva akivntog

N,=N,+Mg=N,=(m+M)g napatnentig Ba BAEMEL kal Ta SUO cwHaTA VA

T T, = Ma, enmBpaduvovtal, aAAd To cwpo m Alyotepo.
- V

Fos =T, = ma, = ma, — lLIN, = ma, :>M(/-11N1 _:uzNz)_:uzNz =ma, =

m m m+M m m
ﬁul(m+M)g_Muzmg_U2mg:mal = a :g|:;u17_:u2(ﬁ+lj:|:>a1 :(‘ul_ﬂz)(ﬁ"'ljg




Aoknon #10

AvVo cwparta, A, B, Bplokovtal enti tou afova x, pe anootoaon S = 150 m petafl Touc. To TLO ATIOUAKPUOUEVO
EXEL aPXLKA TaxuTNTA Vos = 20 m/s kat emiBpadivetat opaAad pe emiBpaduvon as =1 m/s2. To aAlo, eival akivnto
Kol emitayUvetol opaAd pe aa= 3 m/s2. Na Bpeite o€ molo onpeio kal o€ oo xpovo Ba cuvavinbouv.

< S >
ap das Fus VoB

o— ————— >

m
_ ’ _ ’ _ ’ ’r _ ’ _
XF=mya, = F+F,=mga, => mgaz+mga, =mga, > ay=d,+a, >d,=4—

A

m

v;(o):vB(O)_VA(O):VOB:20: 1

xA(tO)ZEaAtg :%-3-152171: 337.5m
r ’, 1
vy =v;(0)—agr =204t %y (1) = S+ sty = 5,83 =150+20-15-05-1-15m = 337.5m

’ ’ 1 ’
xB(t)=S+vB(0)t—§aBt2 =150+ 20t - 2¢° v (1)) =at, :3.15%:45%
’ _ 2_ _ —
x;(tg) =0 =17 =101 =75 =0 vy (1) = vop — gty =20—1-152 =52

A=10%—4-75-(=1)=100 + 300 = 400 >
. 10 £+/400 L, 1020 | >5¢ B£0ELC KoL TAXUTNTEC WG TTPOC TOV
0 2 2 ] s aKlvnTo apaTnpPnTh otnv apxn
] TNV OTLYUI TNG CUVAVTNONC
avAaAuon w¢ POg TOV [N

adpavelako noapatnpnt) A




Aoknon #11

AVo owpata, A, B, Bpliokovtat og Uog H kat BaAlovtatl opllovtia o€ avtiBetn katevBOuUvVON, PE TAXUTNTES Voa KoL
Vos. Na LEAETAOETE TNV Kivnon Tou owpatog A wg mpog to B.

‘A
A y I 1 1 4
To cwpa A gival un adpavelokog
< nopatnentng S1otL fpilokeTal o
B| A eAelBepn mTwon. Q¢ mpoc A, To B
Fus 4—‘Q.—> KLveltal opaAd emi tou agova x .
a0=g| ™ X
o Mg§g v .
A
— — , — —
Xp==Vopls Vg, = Vop Xp = Xp =X, = _(VOA + VOB)ZL
| ’r _ _
yp=H =gt vy ==gt Ya=Yp—=Ya=0
, —
X, =Vouls Vu =Vou ZFBX_O
1 >F, =m,g—F .=m,g—m.a, =0
ya=H=—gts v, =gt By = 58 ™ Fas = M58 ™ Ml

adpaveLaKOG

MapaTnPNTAG otnv apxr
TwV afovwv




PuOpoc petaBoAng meplotpePpOpEVOU SLOVUGHLOTOC

@ Y

N ywviakn taxutnta w givat Stavuopua
KABeTo oto emninedo neplotpodnc Ko dopa
oUpdwvn HE Tov Kavova tou He€lov xeplov

\. 7

dA‘ (OM )dop = ‘A sinfdp =

d_(o = A‘ sin 8w

ylO QTELPOOTH UETABOAN,
to dA sival kaBeto oto A
KOLL OTO W

(0l LoXUEL yLa oTtolodAMoTE
davuoua A
S ) . S——



Tayxvtnta o€ otpepOopevo cuoTnpa avadopag

| z

NpoooxA: ta povadiaia Staviopata
oto S’ elval xpovika petafarAopeva

— d,_;, A « ) A P A
vI: :xlxl+ylyl+zlzl ] ’
dt < OPLOUOC TaXUTNTOC &
V' = dv’ WX+ gntayvvong oto O’
dt
dr d

D, __" i rar Y AN
E_E(R-H )—R+dt(xx +yy+27'z2 )—

+(x/52/+x/5'e/)+(y/j\)/+y/j'\)/)_i_(z-/%/_l_zﬂ'v):
X

= R+(% +y +22)+[x(@xT)+ Y (0xF)+2/(0x2)]=
=I%+§’+d)><(x’x’+y’9’+z’z’)=§’+c?)x1§+03x7’:\7’+03x(1§+*’):>
V=V"+@OXF

24



Enmwtayuvon o€ otpedopevo cuotnpo avadopac

oAV _d AV d
d=—=—(V+0Xr)= —(@x7)=
dr dt dt dt
d(xx+ +zz) der+cT)><d—r—
it V' dr dt

=(55' "+ 5§y +ZZ ( +yy +zz)+5)x7+a3xﬁz

=d' +|[ X (OXX )+ (OxY )+ (OXZ) [+ DXF+DXV =



AdpavelaKEC SUVAUELC VI OTPEDOUEVO TapOTNPENTA

ZF’:mé':m&—2ma*)><17’—ma*)x(a*)><?)—mc;0x7%
zF, ZF+ corlolls

—

Bewpoupe OTL
w = otaBepo

=-2ma XV

coriolis

F,=—m@x(®xF)

\

O otpedOUEVOC TAPATNPNTNC
avtthappBavetal SUo adpaveLaKES
Sduvapelg: tnv puyokevrpo (Fyp) kaL Tnv
Coriolis (Fcoriolis). Ot 500 QUTEC SUVAUELC
glvoll TAAOUOTIKES Kat odeilovTal otnv
avtiAnyn tov mapatnpnti Adyw tNng
nepLoTpodrC Tou.

kot n Coriolis ka@etn otnv Tayvtnta




@uyokevtpoc duvapun

K '. Fﬁct = I:centrifugal
! 4 /

&

-

W—

-
-
-

Merry-go-round’s rotating frame of reference

(@)
Y F=0=F-F,=0=F=mor

i
i

Inertial frame of reference

(b)
ZFzmﬁK = F=mw’r

4 O otpedopevog mapatnentnc (a) avtlthapBavetol tTnv puyokeVTIpo
SUvapn oV LOOPPOTIEL UE TNV TIPOYUOTIKA SUVOLN TIOU EAKEL TO

CWHLA TIPOC TO KEVTPO.
4 0 adpavelakog apatnentng (B) avtdapPavetal TNV MPAYHOTIKN

Suvapn Tov MPOKAAEL KEVTPOUOAO ETTLTAXUVON.



Duyokevtpog Suvapn otnv eripaveta tng fng

n 'n elval éva otpedopevo &=
adpavelako) cuoTnUa L Lo . N
(kn abp ), bs OX(OXxF)=a(® 7)-7 (0 @)= wz(wrcosd)-w*(p+22)=
avadopag o .
¢ J =WZ-0P-WZ=—0P
VA —> 2 — ’ ’
eéaptatal amno to
w p— .
) ma p YEWY. TTAQTOC

— e _ - 2 = dawvopevo
“oxloxn)=ep ww—m(g+wp)% B&pog

buUYOKEVTPOG
_ 27 _go7x10° 7 emTdyuvon
24h S (= OTOV LONUEPWO
— R, = 6400km J

A )

2
727 %107 @j :6.4x10°m =~0.034

VR



@owvopevo Coriolis

https://www.youtube.com/watch?v=6L5UD240mCQ,




MNpoBAnua

Jwua paloc m Bploketol peoa o CWANRVA TTOU TEPLOTPEPETAL PUE YWVLOKA ToXVUTNTA W OF
optlovtio eninmedo. Av o cwARvac EXEL LAKOC L KoL TO cwpa BplokeTal apxLlka oTnv apxn Twv
afOVWV E TaXUTNTA Uo TIPOC Ta €W va Bpeite oe mOoo xpovo Ba ptaocel oto AAAO AKpoO.

AUON w¢ PO¢ KN adpaveLlako mopatneNnTh mMavw
OTOV TIEPLOTPEPOLEVO OCWANVA

Zﬁ’zm&’zmwzrszzf—a)zr:Oz
/ r(t) = Ae” + Be ™
v(t)= wAe” - ®Be ™
- A_&
<.—> r(0)=0 - A+B=0 ] 2w >
v(0) =1, WA - 0B =1, BV
sinhxz%(ex—e'x) 20 |
» = cosh” x —sinh” x =1 Vo [ o —or v, .
r(t)=—I(e" —e = r(t)=—sinh(wt
coshxz%(e"+e‘x) () 260( ) () 0 ( )
sinh x ex;e—x r(t1)=L:>&sinh(a)tl)=L:>t1=lsinhl(w—L]
tanhx = = - @ ) U,
coshx e'+e "

UTEPPOALKEC CUVAPTAOELC



MpoBAnpa

Mia KUKAOEIONG KAUTOAN GTO X)-EMIMEDO TEPLYPAPETUL GE TOPUUETPIKT] LOPPT O TIC GYEGELS

x(0) =10 —sinb) + xy,y(0) = r,(1 — cosO) + y,,
omov O eivar po katGAANAN peTaPAnTY|, VO 1y, Iy, Xg, Vg, EIVOL 6TOOEPES TOV TPOGOIOPILOVY SAPOPETIKEG
této1eC Kaumores. To oynua deiyvel éva, 0T Aéue TANPES, T€TO10 TOLO OG KUKAOEWDOVE KAUTOANG (1 omoia
aVTIOTOWYEL OTIS TWEG 1y = 1,1, = — 1, Xg = 0,y = 2r) . Aci&te 611 dradoykd tétota T0&a 1| LEPOG EVOG TETOLOV
TOEOL MOG KUKAOEOOVG KOUTOANG (HE KOTAAANAEG ava TePITT®ON TWES Yol TIG GTAOEPES 1y, Iy, X, V) Elval O
TPOYLEG TTOV SLLYPAPOVY TaL akOAoVOL:
(o) Znpeio g mePeEPENS EVOG KUKMKOD TpoyoD O 0moiog KLAletal ywpig oAicOnom mive ce opllovtio
eninedo (1o eninedo TOL TPOYOV Elval KATOKOPLPO).
(B) Znuetokd copa palog m mTOV APNVETOL VO, TEGEL LEGH 6TO OUOYEVEC BapuTikd medio g I'nc amd vyog h
Tve and to £6apog o€ pio torobecia otov lonuepvd. Xe avtiv v nepintwon npénel va AneOel vwoyn 6TL N
I'm meprotpépeton yopw omd tov aEovd e, aAAd va ayvonbel n euydkevipog dbvaun mov “orcbdveron” 1o
COUO AOY® TNG GLUUETOYNS TOL GE QVTIV TNV TEPIGTPOPIKN Kivnom.
(v) YrnoB€tovpe Tdpa OTL N KUKAOELONG KOUTOAT TOV TOPOTAVE® GYAUATOC eivan o Aeia empdveln péca 6To
opoyeveg PBaputiko medio g I'mg (Yo To omoio o x-d&ovag eivar oprlovtiog Kot o y-aEovag Katakopveos. ' Eotm
aKoun Ot M HETOPANTN § TEPLYPAPEL TO UNKOC TTOV OLOVVEL £VOL GTUELNKO GOMO LAlac m oV KveiTal TAve Gg
VTNV TNV EMPAvVELN (Ko HECO GTO EMMEDO XY TOV GYNUATOC). ' Eotm 4Tl petpdpe ovtd T0 UNKOG § MG TPOS TO
KATOTEPO onueio A g empavelag, 06tovidg to Betikd (apvnTikd) 6TOY T0 SO eival 0e&ld (aplotepd) avTow
tov onueiov A. Bpeite 1t ocvvdptnon y(s) mov diver v €€aptnon tov Vyovg Kabe onueiov mlveo otnv
KUKAOELON EMLPAVELN OO TO UNKOG S .




MNpoBAnpa (cuvexeila)

Nat=0¢eivarx’'(0) =0,y (0) =—-R, 0(0) =3x/2

(wg pog tov afova x’) KaBwg To onuelo I Eekva

arno tnv apxn O.

KUALON JUVTETOYHUEVEG OTO KIVOUEVO CUOTNUO avadopag

v =wR

kY4 )
x'(t) = R cos (7 — a)t> = — R sin(wt)

) 3
V'(f) = R sin <7 — wt) = — Rcos(wt)

X/Z +y/2 _ R2

JUVTETAYUEVEG OTO akivnto cluoTnUa avadopag

Noapapetpikn e€lowon

x(t) = xg(t) + x'(t) = wRt — R sin(w1) = R |ot — sin(w?))
KUKAOELSOUG e O = wt

y(t) = yx +y'(t) = R — Rcos(wt) = R [1 — cos(w?)]
(x — Rwt)*> + (y — R)*> = R?

32



MNpoBAnpa (cuvexeila)

V=vX+1J+v2

Sduvapn Coriolis g Y
J
= —2mw XV = —2mwi (vxfc +vy+ VZ2> =2mw <VZ§7 — vy2>

XF =mv =>-mgZ+2mw (vzjz - vy2> =m (fixﬁ + V9 + \')12>

v,=0=>v.=0 {Gev urtdpxetL Suvaypn ouTe Kivnon otov afova x

vy = 2a)vZ

{ ovuotnUo CULEVYUEVWY EELOWOEWV

v,=—g—2wv,

v, () = A sin(2wt) + B cos(2wt)
v, =-2wv,=> i)’z+4a)2vz=0 —
v,(0) = 0 = v,(1) = Asinwt)

V(1) = 2wA cos(2wr)

v =—(—8_"’z) = _%—ACOS(%)Z)

— __8 v.(t =—isin2wt
v(0)=0=>A= o — (1) > (Lwt)

g
(1) = — 7 [1 = cosQar)| .




MNpoBAnpa (cuvexeila)

. g . 8 . _ . 8
v(t) = — Ey. sin(2wt) » (1) = a2 cosQRwt)+ C,z(00=h=>C=h ywe)
2(0) = h = =5~ [1 = cosQwt)] = 2(t) = h — == sinX(wr)
42 20?2
g . . 9 20)2h 1 _1 20)2h ch')voq
z2(ty) = 0 => h — —=ssin“(wty) = 0 = sin“(wty) = =>|t{p = —sin .
2w? @ g TITWONG

9 210 eninedo zy 10 cwua
’ Slaypadel KUKAOELST TpoxLA
Yw

AVOL'EO-N"]

3
& , .8 B Qwt)
x BOpPAg y(®) & ype) lza)z 20t +

x—=0: sinx ~x ——

8

__ 8 n_ __ &
Zvy(t) = [1 = cosQat)| —— (1) S+

% sinwr) + C, y(0) =0 = C = 0

)]

g .
y(t) = — o 2wt — sinQw1)|

X3

avantuyua Taylor
yla LKpaA X

|-+

gt - Toowua QTOKALVEL

Qv 0YVON(OOULE TNV

Al'JO'I'] >y 8 2 | , ,
w—>0=>z()~rh—- pye] (wt)"=h — Egt = replotpodn tn¢ 'ng, To cwua
)

KAveL eEAeVBepn Twon!

OLVOLTOALKOL
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