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1. Ewoayoyn - Ogpemon ko Hopdymyo Meyédn — MaOnpotika Epyoieia
(BAEIIE: ENOTHTA _01)

2. Noépor tov Nevtova
2.1 Awrdnmon TV vopmv Tov NeOVT®MVO Kot YEVIKA 6Y0AL0,

Mo v avdivon g woppomiog, TG Kivnong, kot g SLVOUIKNAG TV paldv, To
TAOUGI0 TNG KAOOGOIKNG UNYOVIKNG, Omwg dwtvmmbnke and tov Nevtwva, omotelel pia
eEapetikd KoAY| mpocEyylon, (oOuemva pe TO ONUEPVO EMIMEOD YVAOOCE®MV), WUE TNV
TpobmOhec OTL PEAETANE KIVIIOELG LE TOYVTNTEG GNUOVTIKG UIKPOTEPES OO TNV TOYVTNTO TOV
POTOG (c~3x10% m/s), ko aAMAemOpAoElS cOUATOIOV oNUOVTIKE LEYOADTEPOV Ond TNV
OTOUIKY) KApLoK QL.

Kevipikry évvola, oto Nevtovikd mAaiclo meptypagns, omotedel m €vvold Tov
aOPAVELONKOD CLGTHHOTOS OVOPOPAS, To omoio Ba pmopovoe va 0ploTel ®C TO GUGTNUO
avaQopdiG 6To 0moi0 £vo LEPLOVOUEVO CAOUO (ONA., VO GO TOV deV AAANAETIOPE pe GAAL
ompata), gite akvntel eite Kwveital pe otabepn tayxdmro (Bewpdvtag v taxdTNTo UE TO
OLOVUGLLOTIKA TNG YOPAKTNPIOTIKA).

H avdivon g wwoppomiog, g Kivnong kot g SLVOUKNG TV pal®v, 6To TAAIGL0 NG
KAOGIKNG UMYOVIKNG, O€movTol amd To mapakdte tpia altopata, avaeepopeva og «NOpot
tov Nevtovor:

1. Q¢ mpog KAmO0 AdPAVEINKO CUGTNUA avaPopds, kibe copa gite akwvnrtel, eite
Kivettar gvBuypoppa pe otabepn toyvTNTO, €KTOC OV AOKELTOL TAV® TOL KAmolo
dvvaun.

2. Qg mPoc KAMO0 adPOVEIOKO GUGTNUA avVAPOPAS, éva copa palog m, oto omoio
ackelton kdmowo Svvoun F, extedel xivnon m omoio dmeton amd TN oyxéom

- d(mv) dp ) , : . .

F ZTZE' 2mv mepintoon mov M pudlo M dev e€aptdror amd to ¥povo, M
, . — do d’r

GYECT OVTT YPUPETAL WOC: F= ma = mF

3. Ortav éva ocopa 1 ackel og éva oopa 2 pio dvvoun F,, Kotd prixog g gvbeiog mov

T0L GLVOEEL, TOTE Ko T0 copa 2 ackel oto copa 1 ddvaun F, =—F,.

To cHomua T@V POV aWTOV ASIOUATOV 0gv ivol amaAlaypuévo omd KATolov €100vg
avtoovaeopikdTnta, oto Pabud mov to mpoto afiope amotedel kot €vav OpGUO TOL
aOPAVEIONKOD GUOTAUOTOS OVaPOPAs. EvoAilaktikd, O YopokTnpiopog €vOG GLGTNUOTOC
AVoQOPEG MG «AdPAVEINKOL» Uopel va yivel pe 600 TpOToLG:

(a) éva cvoTNUa avaPopds yopakTnpileTon MG adpavelokd otav eite akvntel ite Kveiton
pe otafepn (SLOVOGLOTIKNY) TOYLTNTO MG TPOG TOV «KATOAVTO YDPO» (Yo TOV 0moio, OL®S, eV
mpoteivetal Kamota Aettovpyikn nébodog emPePaiwong [amraveic actépeg ?7]),

(B) éva cvomua avapopds yapaktpiletor g adpavelakod dTav 1 Kivnon Tov copdtov
6€ 0VTO OEMETOL OO TO O£VTEPO VOUO, (LOVO IOV, GE AVTY TNV TEPITTOON, 0P’ EVOG Ol VOLOL
(1) kou (2) paiverar vo aAiniosEaptdval, ap’ TEPOV 0 VOROGS (2), evd yivetal KPITHPLo TG
AOPOAVELONKOTNTAG EVOG GLOTNHOTOS OVOPOPAS, TALTOXPOVO, AmOTEAEL Kol TN pHoOvn pébodo
VITOAOYIGHOD TNG SOvapng F , péow tmv OepeMaddv peyeddv

AVTd Ta oTO(ELN «KUKAKOTNTOG» TOV GLGTNHIOTOG TOV OEIOUATOV Tov Nebtwova, Eytvay
OVTIKEIPEVO KPITIKNG KO, GE GLVOLOGUO LE TNV ATOLTIOT TOV AVOALOIMTOL TOV PLGIK®OV
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vopwv (Mnyavikng kot Hiextpopayvntiopov) o HETAGYNLOTIGUOVG, OO TO £VOL AOPOVELOKO
oVOTNUO 6TO0 GAAO, odNynoav otn OTVLTOOoN TV VOumv ¢ Edwne kot g Tevikng
Zyetikomnrag. Tap’ Ola avtd, Yo éva peydAo chVOLo QUIVOLEVMOV TNG UNYOVIKNAG, OTOL Ol
OYETIKEC TaYVTNTEG €lval LKPEG GE CUYKPIOT LE TNV TOYDTNTO TOL GMTOC, 1 Tapadoyn OTt
KATOW. GLGTNHATA AVOPOPES, (TOL £XOVV GYETIKG HKPEG EMITAYVUVOELS OC TPOC, T.)Y., TO
GUOTNLO OVOPOPAS TOV OTAOV®V ACTEPMV), EIVOL AOPOVEINKE CLGTNUOTO, ATOTEAEL it KOAY|
TPOCEYYION, OTO TAMIGIO0 NG omoiag ot mopoamdve Nopot tov Nevtwvo odnyodv og
CUUTEPACUOTO OPKETE OKPIP ®G TPOG TO OVTIOTOL(O. TEPAUATIKO OTOTEAECUATO. XTO
Taiclo avT®V TV ocvotudtev, ue Pdon to mpoétvmo povodwiog ualag (Me=1kg)
npocodlopilovpe Tic dAAeg palec (My) epapudlovroc v o dvvaun F oe appdtepeg, ondte,
oOuemvo. pe o 2° vopo tov Nevtova,

(ma,=F=ma,) = ma=ma, = m =m(la|/a])

Oocov apopd oTIc SVVANELS, COUPOVO LE TO CNUEPIVO EMMESO YVAOCEMVY, POiveETOL OTL
VIhpyovy TEGGEPA €101 SPOPETIKMOV Oovvapemy. Kdébe pio omd Tic téooeplg yvooTEG
SuVapElS €yl Ta OIKA NG YOPAKTNPIOTIKA, OGOV 0POpPd TNV £VINGCT, TO VAIKG GUGTHLOTO
HECH TOV OmMOl®mV EKONAMDVETOL KOU TNV TUTIKN OmOGTOCT OVOUEGO GE OLTO TO VAIKA
GLUOTAHOTO, TEPAV TNG Omoiog movel va  ekONAmvetor (PeAnvekéc), Kol GLUVOTTIKA
kataypapovtot tov [ivaka.l, mov arxolovbet.

IMivakac. I. O téooepi YvoroTé AAANAETOPAGELS, GTNV QUOT).

Advaun Evraon | Epfélea | ®Darvopevo — Exonlooseig

1 Ioyvpn 10° ~10"m YtafepdTnTa TLPNVOV

2 Hlektpopoyvnrikn | 1 oo (~1/ r2) ATOLKY-HLopLoKY] SoUn TS VANG
BioAloyucéc dopég - Opyaviopol

3 AcBevig 10™ <10 m | Mupnviky didomaon

4 Boputikn 10 o0 (~1/r2) Inuepwvn Aourn Tov ZOUTOVTOG
o€ peybn KiMpoka

n
2-4 Abvopn (og 10° N) avapeca oe 300 TpOTOVIO,
OV OTEYOVV OGO 1 SIOUETPOG TOVG (2><10'15 m)

Hopdderypa 2.1.1. Acite 611 1 xivnon evdg copotog palag M, o¢ mpog 600 GLOTHUOTA
avaeopds, OXyz kot O'X'Y’Z” mov dttnpovV T0 GYETIKO TPOGUVOTOAGLO TOVS, TEPLYPAPETAL,
we Béon to 2° Nopo tov Nevtwva, amd v e dovoun F =F', pe mv npodmddeon Ot 10
éva cOOTNHO KIVEITOL 0 TTPOG TO GAAO pe otabepn TaydTnTa.

Av vmoBéocovpe 6t n B€om ™G apyng Tov cvotiuatog O'X'Y'Z meprypdeeTal, G TPOG TO
obotpa OXyz and to Stavuopa R=R(t), tote, 0 Sravdopata Béong I, I’ Tov KevnTob,

®C TPOC TO CcLOTHHATA ovaeopds , Oxyz wkor O'Xy'z" |
avtioTolya, cuvdéovtal pe T oxéon I (t) -R (t) i Fr(t)

[Mopaywyilovtag 600 @opéc g mpog Tov  YpdVo, Kot
moAlomAactdlovtog ent TV palo M Tov Kivntov, EYOVLE:

d’r(t) _d*R(t) N d?r'(t) o d’r(t) . d*r'(t) _ . d’R(t)
- dt? dt? dt? dt? dt? dt?
d?R(t)

dt?
3
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Enopévac, 1o chuo Qoiveral va Kiveitol vd v enidpoon g g dovaune F = F'
Kot ®g POG T dvo GLCTNLOTOL avapopac, av
d’R(t drR(t) . .
dt2( ) =0= % =V =orad., omov V =ormxd., n otobepn OYETIKN
TOYVTNTO TOV VO GLGTNUATOV AVAPOPVS.

d°R(t) - S EE—
Avtifeta, av ()=A¢O = , OnAaodn, mapatnpovpe  OTL, GTNV

dt?
nepintwon mov 10 ovotnua (O'X'Y'Z") emraydvetar oc mpog 10 (OXyzZ) e pio emrdyvvon A,

T0TE, Yoo vo gpunveveTol 1 kivnon g palac, o¢ mpog to (O'X’Yy'z"), pe to vopo Ttov
.

F-F'=0=

Nevtova, aratrteital ) TpocsOKn piog «adpavelnkne» Yevdo-o0Ovaung ~mA=-m

et v
Evomrta tov un-adpovelak®v cuoTuatov ovaeopds Bo peletnoovpe Kot GAAo €i0m
YELOOOVLVAUE®V, N OBOPAVEINKDOV dLVARE®Y TOL givan YvooTég kot g duvaueg d'Alembert.
Ot dvvauelg avtég Oev elval TPOYUATIKEG OLVOUELS OV TPOKVTTOVV MG OTOTELECLOL
aAAnAeniopaong g ndlag M pe Kamoteg AAlec ndles, aAAd eivol TAAGUATIKEG OVVALELS TTOV
TPOKVATOVV G OMOTEAEGUO TNG TEPLYPAPNG NG Kivnong ¢ TPog £va UN-0dpOavVEINKO
GUGTNUA OVAPOPAS, Kot glvarl mdvta avaioyeg ¢ palag m g omolag meptypdpovpe v
kivnon.

2NV TPOMNYOVUEVT OVAALGT, LTTOVOOLVTOL OVO LITOOEGELS: () O YPOVOG KLAGEL LLE TOV
0o puOud ko1 ota 6vo cvotiuata, (B) n pale stvor B (avarioimtn) ko oto 6O
ocvotiuata. Onwg mpokdmtel and v Ewdwkn Zyetwomra, kot ot 000 avtég cvuvinkeg dev
WoYVoVY G610 OYeTIKIoTIKO TAaico. Emiong, onuewdvetoar O6tt vmobécape mmg to dv0
GUOTIHLOTO OLOTNPOVV TO GYETIKO TPOCAVOTOMOUO TOVG, KaOMG aALALEL 0 YpOVOS. Oa d0VLE,
oV evOTNTA TV Zvotnpdtov Avagopds Oti, kol 610 mAaiclo ™¢ Kilaowkrg Mnyavikng,
otav €vo XOotnuo. Avo@Qopdic TEPICTPEPETAL, OKOUN KoL OV 1 apyn TOv dwutnpeitol og
otofepn Béom ¢ mpog adpovelnkd cOOTNUE, 1) SUVOUIKY TGOV COUATOV OC TPOS TO
TEPLOTPEPOUEVO CUGTNUO, OTTALTEL TNV EGAYMOYN OPOV «YELOOOVLVOUNG» TPOKEUEVOL VO
epunvedetan pe to vopo (2) tov Nedvtwva.

Moapaderypa 2.1.2 Zvvdvdlovtog Tov 0e0TEPO Kot ToV Tpito Voo tov Nevtwva, ogiEte 6t
GUVOAIKY] OpUN €VOC GLOGTNUOTOS dVO copdtov pdlog mMp; kKot My, aviictotyo, Tov

AAANAETIOPOVV LLE KEVIPIKEG OLVALELS, dtaTnpeitan 6To YpOvo.

Ao 10 0e0TEPO VOO TOV Nebtwva, epaprolopevo oe kdbe capa, Exovpe

d(muo - d(m,o. - - .
(r(:tl 1) =F,, Kai % =F,, 0ALd, amd tov tpito vopo tov Nevtova F,) =—-F,.
, d(mu = d(myu,) -
Emopévag, (dt 1) =-F,, xai (d—iz) =F,.
d(my,) d(m,o
ABpoilovtag Tig dV0 GYEGELS, TAIPVOLLE: (Z]tl l) + ( di 2) =0= %( p,+ ﬁz) =0

To ovumépacpa ovtd pmopel va yevikevtel, (0nwg Oa dovLE GTOL CLOTHLATA COUATIOIMY), CE
éva. ovotnua N-to-mAnfog copatidiov, to omoia aAANAemdOpovy petald tovg, aAAE Ogv
Oéyovtan e£MTEPIKEG SUVALELS, OTTOTE 1) GUVOALKY] OPUN TOV GUGTHHOTOS TOV COUATIOIWV Elvat
otabepn.



2.2 Emilvon g eéicmong kivnong tov Nevtova,

Mia and t1g mAéov cvvnBelg epapuoyés e eElomong kivinong tov Nevtwva etvon m
enilvo e, Kotd TV omoia, yvopilovrac Ty Svvaun F , mapéyovpe to diévuopo 0éong kot
TO SIAVLUGHO TNG TAYVTNTOS, MG GLVOPTHCELS TOV XPOVOL, 1, KOl TO SIAVUGHO TNG TaXVTNTAG,
¢ cvvaptnomn g Béonc, ohokAnpwvovtag T dtapopikn e&icwon. O Pabudc dvokorMag otV
oAokApwon g dtapopikng e&lcwong Kivnong e€aptdtol amd ™ Hopen TG SVVOUNG, ®G
GLVAPTNONG TOL XPOVOVL, TNG BEomg kot (evoeyonévmeg) g tayvtntog. Eivor omaviotepeg ot
TEPMTMOGELS TOV 01 SLVAUELS €ivOl GUVAPTAGELS TOV YPOHVOL, VD €lvarl TOAD GLVNOIGUEVESG Ot
TEPUTTAOGELS TOV Ol SVVANELS €ivan cuvaptnoelg T Béong. Ymhpyovv, €miong, TEPIMTOGEL
OV 01 SLVAUELS €lval GUVAPTAGELS TNS TOYLTNTOS (TT.)., KOTA TV Kivnon €vOg COUATOG HLEGO
o€ peVOTO)

2.2.1 Kivnon pe otaBepni oOvaun

Av 1 dbvopn F eivar otadepr}, o¢ Stdvoopa, Kot aveéaptnT, amd tov xpdvo, T 0éon Kot
™V TadTNTA TOL Kivntov, T0Te emAvovpE TNV dopopikn e€icwon odokAnpaovovtdg tv. H
oloKAMpwon ovtny umopel va yiver pe 1 popen, €ite adplotov €ite  oplGpEVOL
OAOKANPOUOTOC. TNV 7Pt 7mepintwon Oa mpoxvyouvv 000 otabepéc OAoKANPOONG,
dgdopévou 01t 1 dapopikn e€iowon Tov Nevtwva glvar de0TEPNg TAENS KOl 1| OAOKANP®OT|
¢ Ba yivel og dVO oTAdw. XN devTEPN TEPimT®ON, Bal YPECTOOUE TO OPLO. OAOKANPMOTG
Kot yoo v toyvtTo kot yuoo v 0éon.  To ovumépacpa avtd oydel yevikd yuo Omoio
dwpopikn e&iomon N-tdéng, ywo v emilvon (OAOKANP®OT) TG OTOi0G ATOJEIKVIETOL OTL
elvar amoapaitnn 1 yvoon N-1o0 tAn0o¢ 6tafepdv 0OAOKANPMOTG OV, GTNV TEPITTMGN TOL 1
avedptn petaPAntn eivar 0 xpOvoc, AEyovtal Kot «opykéG GUVONKES). TNV TEPITTMOT TNG
eElowong tov Nevtwva, ot apykég cuvinkeg divoviat pe TN HOPPY| YVOGTOV TIUAOV Yo TN
0éon (FO) KO TNV To0TNT. (DO) o€ pia oplopévn YPOVIKY| GTLyUn (to) , ave€apnra and

Hopoen g Sovapung.

de - dlj _ R lf o R tlf o If
mFZF:mE:F:dU:Edt:l:}[dU:{[adt: U:UO—'—E(t_tO) (1)
210 EnMOpEVO Ppar
¢ . F Tt F — =
Ezuﬁa(t—to)ﬁidr =ﬂ%+a(t—tc)}dt3 F=G4g () s ()| @

Av, ot oyéoelg (1) kat (2), avaAvBodv oTIG KOPTEGLOVES TOVG GLVIGTMGES, TO OTMOTEAECLLO,
YVOGTO Kol ¢ «opyn TG ave€apmnoiog TV KIvcemvy, SNAMVEL OTL 1] GLVOAKN Kivnomn givat
N dtvuo otk 6VvOeoN TV el HEPOVS KIVIIGE®V o€ KdBe dEova.

Ot VYo oyéoelg Tov givol 6To TAAIGL0, GTNV TEPITTMON TToL Ta. Sravvopota U, Kot F

elvar  mopdAANAQ, OTOTEAOVV TOVG YVOGTOUS VOHOLG TNG OUOAR  EMTOYLVOUEVNG 1)
emPpadvvopevng Kivnong, (avdioya pe 1o av ta 000 avtd davocuato gival opdppoTa 1

avtipporna). Ztnv nepint@on mov ta 300 Stavicpata U, Kot F dev eivon mapdAinia, éxovpe
ovvBeon piog opaAng Kivnomg kot piog opaAd emttayvvopevng kivnong, 6mwg eivon 1 mAdyo
BoAn og otabepod medio Papvnrag.

Mopdaderypa 2.2.1 Ado Kivntd gupickovtal, KOTd T XPOViKn otiypn t,, otig 0éoeig Iy, kot
I, , KO KIVOOVTOL [e OTOOEPES TAYVTNTES Uy KOL Uy, , OVTIGTOLYO. Oe@pdvtag 0Tt Ta TEGGEPQ

dovoopata Ty, T, Uy Kol Oy, &ivor toyoio, mpoodiopiote T cLVONKN mov TpEmeEL va
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KOVOTTOL00V, TPOKEIUEVOL, TO. OVO KIVITH, VO CUVOVTAOVTIOL, KOl, LE TNV TPoVTOBeon OTL M
GLVONKT OVTY] IKOVOTOLEITAL, VTTOAOYIGTE TN ¥POVIKTY GTLYUT| oL O cuuPel avtod.

Eme1on ta kxivntd kivovvion pe otafepég taydtnreg, Ta dtavoopota 0éong toug divovtat amod
ngoytoelg L =Ty +0y(t—1)), ko T, =r,+0,(t—t), avtictoyye.
Av vmapygl kamoto oTiypy mov cuvvavtdvtal, F =T, ondte (fo —1o, )= (U — Uy )(t—1,).

Apa, Yoo va covavinBoby ta §bo kvntd mpénet tor Svoopata (fy —Fy, ) kon (O, —Uy ) va

elvatl GLYYPOUUIKA. € QLT TNV TEPITTOON, 1| YPOVIKT GTIYUN| TNG CLVAVINONG VIoAoyiletat:

(fm B Foz)'(ljoz _501) _ ‘(502 —501)‘2 (t—to) N (r(n - ri)z)-(‘joz —21)01)
‘(002_001)‘

—~+

=1, +

Hapadevypa 2.2.2 'Eva copo palog m exrogevetat, katd ) ypovikn otiypn t, =0, and pio
apyikn Oéon =172z, pe oapykn toxdTTA U, = XUy, +2U,, HECO GE OUHOYEVEG TEDIO
Bapdtnrag, 6mov 1 dvvaun mov acBdvetar amd ) I'm vroBétovpe 6Tt eivan oTadepn Kot iom
pe B =-mg? . No peAietnOel n kivnon tov

[Xx0A0: To mpdPAnpa eitvar avaroyo pe v xivnon eopticpévov copotdiov pdlog m Kot
@optTiov 4 TO OTOl0 EIGEPYETOL [E APYIKN TAYVTNTO U, = XUy, + 2U,, , GE OLOYEVEG NAEKTPIKO
nedio E = ZE, (m.x., 0TO £0MTEPIKO EVOG eMMEGOV TLKVMOTH), OTOTE d€xETOL OTAOEPT dVVOLN

F= 29E, . H mopeia tov €xet ta xopoakmpiotikd g BOANG Tov Teptyplpovial 6T GUVEKELD].

To mopdderypo a@opd avtd mov givar yvootd g mAdyw BoA oe ctabepd medio
Bapdtrag. Mmopodue vo epyactovpe pe TG 000 OYEGES OTIG Omoleg KATOANEQLE

— —

L F
r:ro+u0(t—t0)+%(t—to)2 :

. . F
vrofétoviag otadepr; Suvaun: U=0,+—(t—t,)
m

Me apyikés cuvonkeg Iy =2z, U, = X0, +20,, , Exovue

U = (Rop, + 20, ) — 29 (t—t,) = |U = Rup, + 2 (0, — Ot )|, ka1t

N o R R A R 1
r =ZZO+(XUOX+ZUOZ)'[—Z%'[2:> FZXUOXt+Z[ZO+UOZt—Egt2j

Av ypayovupe TNV TEAeLTAIN GYEOT) KOTA CUVIGTMOGES KO OTOAENYOLLLE TOV XPOVO, TAIPVOVLLE:

X
X = Uyt o
1 =
Z=12,+v,t—=gt? x 1 (xY
2 1=2,+0,, ———=0| —
UOX 2 UOX
H tehevtoio oyéon z=2z(X) omotehel v avoAvTikn
’ ot £€KQPOOT TNG TPOYLAG TOL CAOUNTOS, KOTA TNV TAdYw BoAn,
s (éva mopaderypo tng omoiag PAEmOLUE ©0TO OUTAOVO Gy,

g=10m/s’

He T avtiotolyeg ovvOnKec). AlomoT®vovpe OtTL, oV Kot 1

epappolopevn otobepy dovaun B=-mgZ efoprdtar amd
Vv pélo Tov COUTOC, N XPOVIKY EEEMEN TNG TOYVTNTOS Kot
™m¢g 0éong Tov cOUATOG, OAAG Kot avaAvTikn e&lowon g
tpoylds, oev elaptovtar amnd ™ palo tov ocopatog. To

Y(m)

t t + + + t t +
o 2 4 & 8 10 12 14 16 18 20
X (m)

GUUTEPOCUO. OVTO TPOKVATEL OC AMOTEAEGUO TNG 1GOTNTOG
6



2=
«Bopotikney  palog (éz—mﬂapgi) Kot «odpavelakng»  palog (mmspiTzr:ﬁj,

My, =M, =m.

PBop
AmO TV Topomdve YEVIKN ovOaAvon pmopel kovelc va e£e101Kevoel TIG eml UEPOLG
TEPMTOGELS, OmwG ™G oplloviiag PoAng amd kdmolo vyovg h, [ZO =h, v, :O] , NG
Kotakopueng PoAng amd kamolo vyog h, [ZO =h, v, = O], KaODGC Kol TIG VTOTMEPIMTMOCELS
™G Katakopuene PoAne, Ommg gival 1n Katakopven PoAn mpog ta mive omd vyog h,
[ZO =h, v, =0, v, >0], N Kotakdépven PoAn mpo¢ Ta KAt amd Vyog h,
[2,=h, 0, =0, v, <0], ko n eredbepn nrdbon omd vyog h, [z,=h, v, =0, v, =0].
Eniong, yio v mAdyta foAr) mov yivetat amd pundevikd vyog (Z0 = O) , kot vrd yovia 0

¢ TPog T0 optLOVvTIO eminedo, UmopovE Vo vIToAoyicovpe Tto Pelnvekéc (R=range) mov sivor
N HEYIOTN amOoTOON OV OlavOETAL GTOV 0pllovTIo dEova, HEYPL To cmua vo EavaPpedel oe
undevikd VYog. Ao TIC GYECELS OV TEPLYPAPOLY TNV TPOYLA TNG TAGYag Boing, Yo Z, =0,

2
\ x 1 X Uy, OX
€yovpe 1=0y, — 0| — | ==X —F-—|.
ox 2\ Uy Upy 20Uy,

Av avalntoovpe Tig TIHEG TOL X Yo TG omoieg undeviletat To Hyog Z, Egovpe

X1=Xmin=o
z:O:X(i—i]:O: by 9% g

2
Uoy 204,

X 2
UOx 2UO)(

2 2
Ko, amd T devTepn oxfon X, = gUOXUOZ =2 2c0s@sind =|R = X, = 2 sin26
9 9 9

Ao v tedevtaia oyéon PAEmovpe 6T o PeAnvekéc R peyiotomoteitan yuo T péEYIoTN TN
2
Yy

ov Sin20, Gpa ywoo 6=45°, omnote R, =—. To 6w amotéleopa Oo pmopovoe va

VROAOYIOTEL LE TN HEAETN TOV 0KPITATOV, HEGH TOV Tapaydywv TS R=R ( 9).
Eniong, amd 11g oyéoeig mov divouv v tadnta kot v B€om katd Tov dEova Tmv Z, EXoVE:

1
v, =v,—gt, kou Z :UOZt—E gt’
To péyroto vyog g mAdylag BoANg avTioTotyel 6To UNOEVIGUO TNG KATAKOPLONG TAXDTNTOG,

EMOUEVOG, OO TNV TPAOTN GXECT TOIPVOLUE TNV AVTIOTOLN XPOVIKN otiypn @ t) = o , M

g
2 1 (v, 0%
omoia, 6Tav avtikataotadei ot dedtepn oxéon, diver z(t,) = —= - 5 2 =2 = 2—°Z
g g g

2.2.2 Kivnon vté v emidpacn dovaung mov €aptatar ané T 0éon 1/xor
™V TeOTNTO

AV 1] GUVOMKT] EMTOYVVOVGO, dVVOUN F e€aptdtar amd T B€om KoL TNV ToYVTNTO TOV
Kivntov, tote, N emilvon Tov eElcdoenv kivnong amottel KatdAinies aAdayés petafintng
TPOKELUEVOD VO, Elval OAOKANpOGIUN 1 dtapopikn e&iowon kivnong.



Mia mepintmon dvvaung mov e&aptdror amd TV BEo Kot TV ToyVTNTO TOL KvnTov,
Koy TNV omoia umopel va pefodevbet 1 odokApwon ¢ dtapoptkng e&icmong Kivnong pe
aAloyn petafAntig omd v peTaPAnTy TOL YpoOVOLu oTn peTafAnty g Béomg, eivarl m
nepintoon po dVvoung mov €xel otafepd TPOGUVOTOMOUO (€0T®: X) KOl TO UETPO TNG
umopel va ypagel ®g ywouevo piog covapmmong g 0éong kor piog cvuvapmong g
tayvrog, F (X, U) =f (X) g (U) X€ aUTN TNV TEPITTOON YPAPOLLLE:

d?x do do dx
mF:F(X,U) = mazf(X)g(U) = maazf(X)g(U)

Xe avtd to onueio, avTiKaoTOVTUG (dX/ dt) =0 Kol Sy mpiloviag o€ SLPOPETIKA
okéAN g e&lomong T LETAPANTES X Kot L, TA{PVOLLLE :
vdv to'do ¢
m =f(x)dx = m ~=| f(X)dX" =G(m,u,;0)=H (X;X)
g(v) J g(v) x{
Omov ot PovPéc petafAntég OAOKANP®ONG QOIVOVTOL MG «TOVOVLEVES) TPOKEIUEVOL VO
KpaTNoOLUE Ta GOUPOAN (X, u) Y10, TOL AV 0Pl TOV avTioTolymv odokAnpmcewv. [To onueio

oméng «» Eexopiler g mapapétpovg (aptotepd) amd TG peToPAntéc (0egld) TOL
mpoPAnpatog]. Metd Tov VTOAOYIGUO TV OAOKANPOUAT®V TNG TEAELTALNG GYEGNC, EMADOVLLE
TNV GYE0N MOV TPOKVTTEL £TCL MGTE VO TAPOLUE Piot GYECT TNG LOPONG U = U(m, Xgs Ugs X) .
AV KOTOQEPOVUE VO TAPOVLUE OVOALTIKE pio TéTOl €KOPOOCT, TOTE WITOPOVUE VO
TPOYWPTCOVUE GE P AKOUT OAOKANP®ON, ®G EENG:

dx dx ¢ dx’ c o
v=0(M, X, 0, X) = —=0(M, %), Uy} X) > ————=dt = I—,=Idt

dt v(m, Xy, Uy; X) 2 o(mxg,0x) ¢
To amotéAespo aLTAG TG OAOKANPOGNS Ba LTOpPEL, YEVIKA, Va Ypael e TN Lopen

X = X(M, ty, Xo, Up;t)

omov &yel ypnowomomBel n 0 cHuPaocn Yo 10 SwOPIOUO «TAPAUETPOVY (OPYIKOV
GLVONKOV) Kot «UETAPANTOVY
[H dwapopomoinomn tov «BovPdv» peTafANTdV 0AoKANp®ONG (ToVoLueveg) amd To dve Oplo
TOVL OAOKANP®OUATOC (AToVo) Ba vTovogital ot GLVEYELD, Y®PIg Vo ONA®VETOL TdVTO P1TA].

2.2.3 H évvouu ™G KivnTIKNG EVEPYELOG

Av ypayoope 1™ Opopikn eElomon Kivnong GLVOPTNGEL NG TOXLTNTOG Kol
TOALOTANGIAGOVE ECMOTEPIKA, KOL TO. OVO WEAN NG, €Ml TO OLAVUCUA TNG GTOLXEUDOOVS
UETOTOMIONG, UTOPOVE VO TAPOLVLLE TN GYECN

2 — —
FR)=mil = F=m¥ = F(r)dr-m¥.ar=mds-s,
dt dt dt
1N oAoKANpwo™n G omoiag Ba ddoet :

ﬁ(F)-dF:mde-D — j;ﬁ(r').dr':mj;d,j’.lj’:mid(gléﬁ'j:midiuz'zj

AN\, Iﬁ(?’)-df’ =W. (1, 1) eivar 10 &pyo mov mopdyet 1 Sovapun F katd v petatdmon
fo

ToL onueiov epaployng ™G (Tov Ppicketar i Tov Kvntob pdlag M), omd to onueio f, o6To0
onueio r, evd 1o teAeLTOio OKEAOG NG 160TNTAG €lval OAOKANPOUO TOV SOPOPIKOD NG
noGoTTOG L’ / 2 KO, EMOUEVOVGS, TEAIKA UTOPOVLE VO YPOWOLLE



=

o

)~

1
Av opicovpe v mocotta E, = > Mo® ¢ TV KIYNTIKT EVEPYELDL EVOC GAOUATOC HALag M oV

):%m(uz—ug) 2)

Kwvetton pe toydnta o, tote, N oxéon (2), (Yvoot kot ®g Oedpnua HETOPOANG TG KIVNTIKNG
eVEPYELNG), AEEL OTL, OTAV &va CAOUO KIVEITOL LITO TNV EMIOPACT) GLVOAIKNG EMLTOVVOVCOG
Sovapne F , 1ote, Katd TV petakivnon tov omd tn 0éon I, otn 6éon T, 0 épyo ¢ dvvaung

F elvar ico pe ) petafoin Tng KIvnTIKNG EVEPYELNG TOV COHOTOS OVALEGO OTIG OVO BECELS.

Mopaderypa 2.2.3. Kivnon palog m, oe pio didotacn, VIO v emidpAcn OPHOVIKNG
dvvaung F(X):—kxf( (appovikdg todavimtig). YmoBétovpe OTL Ol apylkéc ouvOnKkeg

dtvovtal amod TG oYEGELS: X(to) =Xy, U(to) =0,.
Ermeidn n obvoun elvar avalvtiky cuvaptnon g 0éong pmopodue vo eapudGovUE TV
wponyovpevn pebodoroyia, ypdpovrag :

mﬂ=—kx ~ mIP = mdeX e o modo = —kxdx
at? at dx dt

Emopévmg, oAoKANPpOVOLLLE, YPTCLULOTOUDVTOG TIG OPYIKES GLVONKES

[ T 1 2 2 1 2 2

modo = —kxdx = mU[UdU ka; X = 2 m(v* - v} ; k(X*=x3)

[Znv endpevn Evoma, mov Ba puAncoovpe yio dtatnpntikeég SUVALELS KOt Yo TV £Vvola NG
duvapukng evépyelag, Ba avayvopicovpe oy tedevtaion oyéon T OTHPNON NG OAKNG
UNXOVIKNG EVEPYELNG (KIVNTIKNG Kol SUVOUIKNIG)]

Emnlbovpe v tedevtaia oxéon og mpog v =dx/dt, duywpiCovpue Tig petaPintég X ko t og
OLQOPETIKA PEAN NG OYEoNG Kol OAOKANP®VOLUE GAAN piol @OpPd, YPTCLLOTOUDVTOG GTO
OPLGUEVO OLOKANPOLOTA TIC OPYIKEG CLVONKEG.

rei-bpe) » oK)

= =dt = =
\/Ug_r:(xz_xg) x'[\/u(f—a)f(xZ_xg)

6mov opicaue ™ otofepd @ =K/M (yvoot ©¢ KUKMKY GLXVOTNTO TEAGYTOONS TOL

dx h dx —jdt
b

OPHOVIKOD TOAOVTMOTY). HoMan?»actdCovua Kot To dVO PEAN NG TEAeLTOLOG OYECELS LE @),

@,dX

t X dX t
d d = d
I\/UO (x*~x) j o J‘\/Uo +%g = X* wotj; LT x'[‘\/az—xz a)ot'[ t

= =arcsin f .

[Mabnuotikn mapévbeon: Amddeién g oyéong J.

‘Eoto 61t f =sing = ¢=arcsin f . Hapayoyilovrag g_f =COS(o=\/l—Sin2 ) :\/1— f?
%4

do 1 1

df - df/dp Jl=sin’¢’

['a v avtictpoen cuvdptnon: kat, ToAlomAactalovtog pe df



d_gpdf ___a = dgp:i = J.d {arcsin f}=_[%, omep éder deicou.)
h_

df J1-sin’ @ J1-f2

= a)ojdt = arcsmg—arcsm% =, (t—1,)

OAloKAnpOVOLUE: I
\f a’-x?

kot opiCovpe To arcsin % 6, , omdte n mponyodLEVN GYEN YPAPETOAL
a

arCSingza)ot—(a)otO—Ho) = x=asin(ot-¢,) = X:(4/(05/w§)+xé)Sin(a)ot—(oo)

mov givan petafoin B€ong, e 1o xpAVo, TOL OPUOVIKOD TOANVTWOTY, LE:

‘ , ¢
mAGTog A= (ug |} ) +Xx5 xar @bon ¢, = w,t —arcsin =2
a

Moapaderypa 2.2.4. Kivnon paloag m og opilovtio Agio eminmedo (undevikn kvntikn tppn), pe
apyIKEG GLVONKEG X(t0 = O) =0, U(to = O) =v, >0, kou avtiotaon aépa (o) avéioyn g

tayomrag F(v)=—cw, (B) avéroyn tov tetpaydvov g taxdmrog F(v)=—C,0°

(0) H e&lowon kivnong ypdoeton

d d ed c
W o = = Ggt w__4 o
dt v m " m
o
In(ijz—&t = |v(t)=v.e n'
Uy m

H toyvmrto peidveran ekBetikd pe 1o xpovo (aArd, n kivnon dwapkel en’ dmepov )

Mo v petafoin g Béong pa 10 xpovo OAOKANPAOVOLLLE TNV TTpONYoOLEVT] EEICmON

dx -3 to_o,
Z=pe " = dx= uoe”‘dt = jdx uojemdt
dt .
m -2 m
= X(t)ZUO_ l1-e ™ = X(t_)oo): Uy — = Xinax
C, c,

Apa, Topd v en’ dmepov kivnon g ndloc, To SoTNIO TOV SVVETAL VAL TENEPACLEVO
AOY® G ekBeTIKNG pelmong TG TaydTNTOS LLE TOV YPOVO

H e&apon g taydmrog and v ondotacn UTopel va VTOAOYICTEL EITE e ATOAOLPT TOV
xPOVOL Omd TIS avTioTOLXES OYECELS, gite emAvOVTOS TNV dapopikn e€icmon g Kivnong pe
mv apykn peBodoroyia g avrikatdotaong (do/dt)=(dv/ dx)(dx/dt), omdte:

do do dx m C,
=CU = M——=—Cv = ——dvo=dX =v=y,——=X

m—
dt dx dt C, m

(B) T'a. v mepintoon aviictaong avaAoyng Tov TeETpay®vov NG Tayvtntog F (U) =—C’,

gpyalopevol pe Tov 1010 Tpomo, BPicKovE:

U(t)zliokt’ x(t)=%ln(1+kt), (k:cz')_rgj
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Y& 0T TV TEPITTOOT, GE PEYAAOVS XPOVOLGS, 1 TOYLTNTA LEWDVETOL TEPITOV OC ~1/t , evd M
armdotacn avéaveral nepimov onmg to ~In(t). Aniadn, kot 1 kivnon cvveyiletar en’ dneipov
(1) kol 10 davvduevo ddotnuo givor amepo (1), mopd v TETpOy®VIKN €£APTNON TNG
avtiotaong amd v taxdtra. Tovto cvpPaivel 90T, 660 TEPVAEL O XPOVOS, YO LUKPES
TayOTNTES, M TETPAYOVIKY €€dptnon elvar acBevéotepn g Ypoukng e€aptnong. e éva
TPAYUOTIKO GVOTNLO, OOV VITAPYOLV Kot 01 dVO OPOL, KAODS LEUDVETOL 1] TOYVTITO LELDVETOL
KOl 1] ONUOGI0 TOV TETPAYOVIKOD OpPOV, LE OMOTEAEGHO VO, EIVOL TETEPACUEVO TO GLUVOMKO
UNKOG TNG SLodpOoUNG Tov Kivntod. Av BéAhape vo emADGoLUE e akpifelo TV TEPITTMOOT TOL
GLVLTIAPYOVV Kol 01 dV0 Opot, Oa giyope

do ) do ¢ do t
m—=-Cv—-Cv° = m———=-dt :I—2=——:>
dt CL+CL 5 GO FCL m

v _at
1 v t v,ce "
—In =—— = .. = o(t)= 91
C, CU+C m .
% C,+Cu,|1-e ™

LE TIC OVOTEP® OPLOKEG GCUUTEPLPOPES

Moapaderypa 2.2.5. IItdon copotog palog M oe otabepd medio Papdtntog He UNOEVIKY
OPYIKT] TOYOTO (1)0 = 0) KoL TP amd Tov aépa avaAoyn TG TOLTNTOG.
Emdéyovpe w¢ Betikn katevBouvon tov Katakdpupov d&ova v katevbvvon e Papdtnrog

(Tpog 0. KAT®), OTOTE m— = mg-co = _ G =dt
dt g-(c/m)o
— d(g—(c/
M:—(c/m)dt: (g (c m)U):—d(ct/m)
g—(c/m)o g—(c/m)o

OlokAnpovovtog v  teAevtaio. oxéon, (ne apywkés ovvbnkeg, t=0=>0=0) «o
amoroyoplOuilovrog maipvoovpue

ct
U(t):%(l—em) = uopzu(t—mo):%

210 teElevTaio ovumépaca yuo TV v, 0o propovoe va katoinget kaveig amd v e&icwon
, dov , do ,

kivnong, mE =mg —cv, Bétovtog o =0, on6te mg—cv,, =0.

[AgiEte 0T, av emAéEovpe G BeTikn KatevBuvon Tov KatakOpueov d&ova TNV Kotevhuvon

ct
v avtifetn g BapdtnTog (Tpog Ta Thve), TOTE: u(t) = m(e m —1), K0l GYOAAoTE]
c

Moapaderypa 2.2.6 [TAaywo Bodnq péoa oe otabepd medio Papdtnrog kot o mepPdAilov Tov
ackel OUVOUN avTidpaong avAloyn TG TOYVTNTOGS.

Mmnopovpe va cuvovdcovpe To dVO TPoPANuate, avtd TG TAAYG PoAng ot otabepd

Baputikd medio ko g kivnong péoo oe pevotd (my., TNV ATUHOCEOPO) TO OMOi0 aoKEl

dvvaun avtidpaong avdioyn g taxdTTag. e AVt TV TEPITTOON, 1 eElowon Kivnong oe
2+

OLOVUGLLOTIKT LOPON YPAPOVTOL: mF=—mg2—C6, omov éyovpe emAéel g BeTikn

@opa tov d&ova, Z v avtibetn and v katevBuvon g Papvtntag. Av opicovpe c/m=K,
tote M e&lomon kivnong, KTl GLVIGTAOGCES, YPAPETAL:
X =—kx, y =—ky, I=—g-kz
11



Ot 1petg owpopikég e&lomaoelg eivor Mo1 SoY®OPIGUEVEG KOl UTOPOVV VO OAOKANP®OoLV
(cbpowva pe Ta Tapadeiypato tov Exovv mponyndet). H mpdn olokAnpwon divel :

x=u,(t)=v,e™,  y=p,(t)=0,e™,  Z=u,(t)=0,e" —%(1—6“),

omov &xovv vrotebet apykég ToyvTNTES, KOTA TN YpOoVIKn otryun t =0, (UOX +Ugy s Uy, ) .
Me pio devtepn olokAnpwon (pe apykn Béon v apyn tov agovav, X, =0,y,=0,z,=0)
Toipvov e

()= (16, y()=" e ), z(t):(%%j(l_ekt)_gt

H &fiocwon tpoyldg oto KatakOpLEO €minedo, M.Y., 6TO X-Z, (1GOSVVOLO OTOTEAEGLOTO
TPOKVTTOVV KOl GTO Y-Z), TPOKLITEL PE TNV OTAAOLPT TOV YPOHVOL amd TNV TPATN KOl TNV

1pitn e&lomon. Amd v TpdT oYéon (1— e™ ) _ K x(t) = t= —% In (1— LS xj :
UOx UOx
, , , UOZ g k g k
Kot ovTikadioTdvTag oTnV Tpitn oyéon 7= 2 += |—x+=In|1-—x|.
k Kk Ju, Kk Upy

k
Tehkd z = ﬁ+i X+%In 1-—xX |, n omoia givor pio KapmOAN TOAD o amdTOUN
Uy, Koy, k Uy

otV Ka0060 ™G and v mapafoin g TAdylas PoANG XWPIg AVTIGTAGELS TOV aEPQ.
Av Béhovpe Vo, SIEPEVVIIGOVLE TNV CUUTEPLPOPE TG Z =2 (X) Yoo KpEC TIEG NG otafepdg

X

avtiotaonc K, Oa mpémnet va kavovpue £va KatdAANAo avamtuypo Tov Aoyopifuov péxpig exeivo
oV 6po oL, PETA TG avoywyéG otV GuvoMKkn e&iomon, Ba emtpénetl v guEAvVIon otV
TEMKT GYEOTM EVOG OpOL TPMTNG TAENG WG Tpog K. Av dokydcovpe to avamtuypa Taylor tov

UOZ ng gkX3 UOZ gX gkX3
I X )\ X 5,72 |(T Va3 [’
UOX 2UOx 3UOX UOx 2UOX 3UOX

OOV, GTNV TPAOTN AYKOAN avayvopilovpe to TUNHO TOL agopodce TV TAdye BoAn ympig
avTioTOoT, KOl 0T 0£0TEPT AyKUAN £xovpe T d0pHmwaon mov TpokHnTEl (o€ TPAOTN TAEN MG
npo¢ K) Loym ¢ avtiotaong

["a tov akpPn Tpocdiopicud tov PeAnvekovc, Ba Enpene va emAdcovpe v e&icwon
OV TPOKVTTEL Y10 UNOEVIGUO TOV VYOVG (Z = 0) oV apykn e€lcmon g KapumTvANG, omoTe

k
B eiyope pio vrepPatikn eicwon e LOPENG iJri X+&2 Inf1-—x |=0,
0x kUOx k UOx
ov 0gv emADETAL, ®©C TPOG X, HE ovuPatikég peddoove. AV ypNGULOTON|GOVUE TO
TPONYOVLEVO TPOCEYYIOTIKO ATOTEAEGLA, 1] GLVONKN TOL PeAnvekolg (Z = 0) YPAaQETOL

Loz y gx gkx3:0 = x(— Ky 9 x+U°Z]:O

=~ — -
2 3 3 2
2vy,  3v;, 3, 205, Uy

UO X X

2
30 g g 4gko,
Tnc omoiag ot pileg etvor X, =0 kot X, , =—%| ——_F + %2 | " amd T OmoiE
ns G ot piCeg X 25 = 20k | 202 \/(ZUSX 307 S S

amoppintetal 1 pila pe 1o apyntikd plkod (ot diver apvntikd Peinvekés) Ko 1 pila pe to

12



Petikd plikd divel 10 Peinvekéc 10 dopbopévo AOY® OavTIoTACE®V (GTO TANIGLO TV
TOPOTAVE® TPOCEYYIGEMV).

Hopdaoderypa 2.2.7 No peketn0el n kivinon @opticpévov copatidiov paloag m Kot eoptiov
g>0, To omoio «ekto&eveto, ™ Ypovikn ottyun t, =0, pe taydmra v, = KXo, + 2v,, , ano T0
onueio Iy = ()A(X0 + 9y, + 220) , 0 €vo Y®OPO OTOV ONOIOV GULVLTAPYOLV &VO OUOYEVEG
niextpikd nedio E = ZE, w1 évo opoyevég payvntikd medio B= 2B, . @swpolue yvwoTo OTL
10 copoTidlo déyetar dvvaum Lorentz F =q ( E+0x I§)

[Ot apywég ouVONKES OV AVOPEPOVTOL EIVOL OPKETH YEVIKES, OMAMG £XEL TEPICTPAPEL TO
oVOTNUO avaQeopds, mepl tov d&ova Z €Tl MOoTe 0 AEovag X va givoal TopAAANAOC otV
KOPTESLOVY GUVIGTAOGA TNG APYLIKNAG TOXVTNTOC, TTOL gival KaOeTn otov dEova. z]

Mo va ypayovupe ™ dtapopikn e€lowon Kivnong, o€ pio Tuyoio ypovikn otryu, o tpénet va

o

vroBécovpe OTL 1 avticToyn ToHTNTO £XEL, YEVIKA, TPEIS GUVIOTMOCEG U = ()A(z)X +Yv, +2v, ),

X y 2
om6te 0 6pog Ux B =|v, v, v,|=%,B;-Yyv,B;. Avtikabiotdvrag oy F =g ( E+0x I§)

0 B,

(@)

€yovpe F= q (2E0 + ()?Uy B, - yu,B, )) , omoTe 1M e€lomon Kivnong, Koté GLVIGTOGES YPAPETOL:

do,

dt

D,
mdUX:quyBo, md—ty:—quXBO, m

dt qEO (1:a9B9Y)

q_EOt2

E
And v oyéon (1,y): v, =v, + ht & I1=7,+0,t+ , OLOAG ETLTOYVVOEVT|
m

Ao t1g oyxéoeic (1,a) ko (1,B) PAEmovpe 0Tl Eyovpe €va GOOTNUO JAPOPIKADV EEICHOCEDV,
OmoVL 1M OPopIKN TG Hog cVVICTOGAS eKPpAleTal cuvaptiost TG AAANG. Tapaywyilovtag
GAAN pio eopd T1IG dVO AVTEG GYEGELS G TPOG TO XPOVO, TOIPVOLLLE
2 2
d l;x — qBO de , d l;y :_qBO de , (2(196)
dt m dt dt m dt
Yvvovdalovtog Tic (1a)-(2a) ko 115 (1B)-(2P), and to cvoTHA dVO SAPOPIKDOV EEIGMOCEDY
TPOTNG TAENGC, KATAAYOVUE GE dVO aveEAPTNTES SLPOPIKES EEICDGELG dEVLTEPNG TAENC

d®v qB, ’ dzUy qB, i
L=—| — | v, =—|—1 v, 3a,
dt? ( m) " dt? m) "’ Go.p)
Av opiloovpe ®G «KVKAOTPOVIKY cuyvotnToy TV mocodmta @, =qB,/m, tote ot (3a,pB)
, , d®v 2 dzUy 2
Ypapovtat wg eENg: sz =W Uy, i —@; Ly, (40,P)

Enopévmg kat ot 600 cuvioT®oeg VTOKOVOLY JOPOPTKY| EEIGMOTN LE TO YOPOKTNPIOTIKE TNG
Slpopkng €£l6mMONG TOV OPUOVIKOD TAAAVIMTY, dpa (0nwg &ldape kot oto IMapaderypo
2.2.3) o1 yevikég Avaelg Ba Exovv T popon:

v, =C,cos(a,t+¢p)=C,cos(a.t)+C,sin(at)

Eappolovtag Tig apycés cuvnkeg taydtag v (t = 0) =v,, =>C, =y,

kay, amo my (1a), v, = i[—UOXa)C sin(e,t)+C,a, Cos(a)ct)].
@

Epapuolovrog Tig apyukcég ouvlikeg tayvmrog v, (t=0)=0=C, =0
Telkd, o1 300 GLVIGTMOGES TOYVLTNTOS YPAPOVTIL
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U, = Uy, COS( 0, t), v, =y, sin(at)

OAoxAnpovovtog GAAn pio popd:

X = (U | @, )sin(e,t)+ Dy, Y = (Vo ! @, )cOS(at)+ D,
Ko epappolovrog apytkég cuvOnKeg: X =D, D,=Y, _ Lo
a)C
Tehucd: X =(Up, [ ,)sin(@,t)+ X, y = (0o | @, )cOS(art)+ y, — 2o

C
['a va mapdyovpe v e€lomon g Tpoylds oto emimedo (X,Y) anaieipovpe Tov xpdvo omd Tig
dv0 ponyovueves eEICADGELG

(x=%)" =(vy/ @, )" sin* (1)
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Apo, 610 eminedo (X,y) N Tpoyid eivan kKOKAOG pe oktivo, R = 2% = 2%

= , YVOOTI Ko
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™G KUKAOTPOVIKY OKTiva, Kot KEVTPO (XO, Yo — R). Av AdPovpe vTOYN HOG Kot TV OROAG

emtayvvouevn kivnon otov d&ova-z, BAémovpe 0Tl 1| GuVOMKT kivnon elvan pio GTEPOEONG
kivnon pe otabepn axtiva, 0AAG pe PriRo EMKOG TOV QVEAVEL TETPOYMVIKA LE TO XPOVO.

Av dgv vmhpyel NAeKTPKO TEDIO (E0 = O), tote M Kivnon mapdAinia ctov GEova-z
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gtvo 1ootayng, onodte 1 GrEPOEWNG Kivnon yiveton pe otabepd Papo Az =T v,, =—uv,,.
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C

2V mepintwon mov dev LIAPYEL NAEKTPIKO mEdi0 (E0 =0) Kol 1 apykn toyvmnto givol
KkdOetn oto poyvnTikd medio (UOZ =O), T0TE T0 GOUOTIO TOPOUEVEL GTO EMIMESO Z = Z,
EKTEMDVTOG KUKAIKT) TPOYLA LLE TO TOPOATAVE® GTOLYELDL.
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