Topata o€ ema@n kot AmAn Appovikt) Tadavtwon

Y& OAEG TIG MEPUTTWOELG TIou Ba e€etdooupe To damedo eival Aeio. Emiong ta cUpBoAa Twv
SLOVUOHATIKWY PEYEBWY AVTUTPOCWTEVOUV TIG AAYEPRPLKEC TOUG TIHEG.

H sem@avela ema@ng eivat kaBetn ot 8tevBuvon ™¢ TaAAVT®WoTG
(To éva cwpa «CTIPWYVEL TO AALN0).

Al. OPIZONTIA TAAANTQSH — IAANIKO EAATHPIO

Oa efetdooupe TNV Kivnon twv 6vo
CWUATWYV ylo. 600 XPOVO TOPOUEVOUV OE
enadn petafy toug. To cwpa X; elval
Sepévo oto €AATAPLO EVW TO CWHA I,

OITAWG OKOUUTTAEL OTO 2;.

Av Bewpnrooupe To U0 CWUATO CUCTNUA

gUKoha pmopoUpe vo anodeioups mwe
000 TO owpota  elval coe emadrn To
oloTNUA OUTO KAvel TUAMA AAT pe
otaBepa D =k 6mou k n otaBepd tou
ehatnpiou.

H ywviakr ocuyxvotnta tg Taldvtwong - =

umoloyiletal amno tn oxeon

k = (m; + my)w?

Mo To CUOTNUA TWV 2 CWHATWV EMLONG LOYUEL:
2FE = Fgp + Fp + Fip = Fgy

adol oL Suvauelg mou aokel To éva owpo oto AMo elval avtiBeteg petafl TOUC WG
E0WTEPLKEC SUVAELG TOU CUOTHUOTOC.

o To XPOVIKO SLA0TNa 0TO OToio Ta cwiata Kvouvtal pall Ba oyveL emiong:
2FE, = —Dx = —kx

OTTIOTE TEALKA £XOULE:

JUOTNUA 2, KOL Z, JE, =F;; =—kx (1)

Jwpata os emadn Kat AR Apuoviki TaAdviwon



Ag peletricoupe twpa (Yl 600 Xpovo untapxeL enadn) Tnv kivnon Tou owUaTog 3;:
2F1 = Fgp + Foq

0 2°° vopog tou Nevtwva Sivel:

Zwpa 2, IFe1 =mia=m(~w’x) = —-mw’x = Fgy+F= —mo’x (2)

(Znueiwon: Ze kAmoleg MepMTWOELG OTLG MaveEANASIKEG e€eTdoelg €xel {ntnBel n otabepa

2

NG TAAAVTWONG TOU OWUOTOG 24. Elval n moodtnta myw* Tmou cuvnBwg cupBoAiletal pe

D,).
A¢ pHeAeT OOV HE TEAOG (YIa 600 XpOVOo UTIAPXEL eEmadr)) KoL TNV Kivnon Tou CWHOTOG 5:
2Fy, = Fip

0 2°° vopoc tou Nevtwva Sivel:

Swa 3, IF; = mya = my(—w?x) = —myw?x = F, = —myw?x (3)

(Znuelwon: Ze KAMOLEG MEPUTTWOELG OTLG TTOveAAOSIKEG e€eTdoelg £xel {ntnBel n otabepa
NG TAAAVTWONG TOU CWUATOS 3,. Eivat n mocoétnta m,w?  mou cuvABwg cupBoAiletal pe
D,).

Oa yadei n emapn twv Vo ocwudtwv; Kot av vat rou;

AnwAsla emadng Twv SUo cwpdtwv €xoups otav mAPEL va umdpxel Suvoun emadng
ovapeod touc, SnAadn

F1=F,=0
‘Eotw OTL csupPBoAiloupe TNV amopdkpuvaon otn B€on Omou XAveTal n emadn pe x*.

MmopoUpe va Xpnolpomoliooupe eite tn oxéon (2) eite tn oxéon (3). H oxéon (3) eival
npodavweg armAolotepn Kat pag Sivel

0= muw?x*=>x"=0
AnAadn n enadn xavetat otn Oéon Quoikol Mrkoug (BOM) tou elatnpiou n omola otnv
nepintwon pag tautiletal pe tn Ofon looppormiag (61) Tng TaAdvtwong.

Mapatnpnoeic

. To cUotNUO TWV CWHATWY Ba TTEPACEL UTIOXPEWTIKA aTtd tn ODM (adoU eival n Ol) omdte n
enaodn Oa xabel onwodnmnote.

. MrnopoUpe va mpoBAéPoupe tnv anwAela enadng otn OOM adol Petd am’ authv To PETPO
™¢ taxvutntag tou ¥; Ba apyiost va pewwvetol Adyw tne Spdoncg tng dvvaung amd to
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e\aTnpLo evw To X, Sev S€xetal opl{OVTLIEG SUVAELG TTIOU UITOPOUV VA LELWOOUV TO UETPO TNG
ToXUTNTAG Tou Kol Ba ouveylosl kavovtag EuBuypopun OpaAn Kivnon pe taxutnta thn
MEYLOTN TaxUTNTA TAAAVTWONG.
. Metd v anwAela enadng To cwpa I;, Kobwg napapével Sepévo oto eAatnplo, Ba KAveL

véa AnAn Appovik TaAdvtwon n omoia:

e O éxeLTnV 16l Ofon looppormiag

e Oa éxeL otabepd tahdviwong D=k

e Oa £xel SladopeTIKA YywvLakn cuyvotnta w' : k = mlw’z

e Oa éxel (bla péylotn taxVTNTA TOAAVTWONG

*  Oa éxel 51adoPETIKO TAATOG OPOU Upgy1 = Umar1 = WA = w'A’

A2. KATAKOPY®OH TAAANTQSH — IAANIKO EAATHPIO

(01 J |1, [ ———— A=0 .
2, Fz.\ -
ol i.- y=0 Flz
Al 5,

=

S AL
le

H HeA£Tn pag Kot AL adopd To XPOVIKO SLACTNLA VLo TO OTIO0 TA CWLATA TTAPALEVOUV OF
enadn petafl toug. To owua X; eival SePévo OTO €AATNPLO EVW TO CWHA X, OTAWC
OKOUUTIAEL OTO ¥;.

Av Bewpriocoupe Ta SU0 cwuaTa cUoTNU, EVKOAA UrtopoUpe va anodeioupe Mwg 600 Ta

ocwpata elval og emadn to cUOTNUA AUTO KAVeL TURUa AAT pe otaBepa D = k omou k n
otaBepd tou ehatnpiou.

H ywviokn ouxvotnta tng TaAAvVIwonG AUTAC UTToAOYLZETAL Ao T oX£on
k = (m; + my)w?
Ma to cLOTNUA TWV 2 CWHATWV EMONG LOXVEL:

JF=Fg 3 +F+F,+wi+w,=F,+w; +w,

adoU oL SuvAuELG TIOU OaOKEL To éva owpa oto GAAo eival avtiBeteg petafl TOUG WG
EC0WTEPLKEG SUVALIELG TOU CUOTNUATOC.

o To XpOVIKO SLAoTNna TTou To cwiata Kivouvtal pall Ba oxvel emiong:

2F = —-Dy = —ky

Jwpata os emadn Kat AR Apuoviki TaAdviwon



OTIOTE TEALKA £XOUE:

Z0otnpa 2, Kat X, JF=F +w+w,=—ky (1)

Ag pehetricoupe Twpa (yio 660 xpovo umdpxel emtadr)) TNV Kivnon Tou cwpatog 2;:

ZFl = FSA + F21 + W]_

0 2°° vopog tou Nevtwva Sivel:

SWHO 35 XF, =mia=m(—w?y) = -mw?y =F;+F+w = -mow’ly (2)

(Znueiwon: Ze kAmoleg MepMTWOELG OTLG MaveANASIKEG e€eTdoelg €xel {ntnBel n otaBepa

2

NG TAAAVTWONG TOU OWUOTOG 24. Elval n moodtnta myw* mou cuvnBwg cupBoAiletal pe

D,).
Ag pehetricoupe TEAOG (vl 600 xpOvo untdpxeL emadr) Kot TNV kivnon Tou CWUATOG 3,:
ZFZ = F12 + W2

0 2°° vopog tou Nevtwva Sivel:

W 3, XF, = mya = my(—w?y) = —myw?y =F,+w, = —-myw?y (3)

(Znuelwon: Ze KAMOLEG MEPUTTWOELG OTLG TTOveANOSIKEG e€eTdoelg £xel {ntnBel n otabepa

2

NG TAAAVTWONG TOU OWUOTOG 2,. Elval n mooodtnta m,w* mou ouvnOwg cupBoAiletal pe

D,).
Oa yadei n emapn twv Vo ocwudtwv; Kot av vat rou;

AnwAsla emadng Twv SUo cwUdtwv €xoups otav mAPEL va umdpxel Suvoun emadnc
ovapeod touc, SnAadn

F1=F,=0
‘Eotw OtL oupBoAiloupe TNV amouakpuvon otn B€on 6mou xavetal n enadn Pe y*.

MmopoUpe va Xpnollomolooupe eite tn oxéon (2) eite tn oxéon (3). H oxéon (3) sival
amAoUotepn Kal pog Sivet

. . g . (my +my)g
0+w, = —myw?y* =y =—?:>y ==

4ToU XPNOLUOTOLACAE Kat Th oxéon k = (m; + m,)w?

Jwpata os emadn Kat AR Apuoviki TaAdviwon




H nopapopdwon tou ehatnpiouv Al péxpl tn Ofon looppormiag Tou cuothUATog Twyv dUo
CWHATWVY gival:

m; +m
2F=O$F£A+W1+W2=0$_kAl1_(m1+m2)g=0ﬁAll=—( 4 k 2)g

Mapatnpoupe OTL Ta davuopata A—ll) Kol ? €xouv avtiBeteg aAyePplkeg TILEG, SnAadn
elval avtiBeta petalu toug. Emiong to €va Sldvuopa £ekva eKel TIOU TEAELWVEL TO GAAO.
Emopevwg n Béon anwlewag enadng sivar kat makt n Oéon Puotkou Mnkoug tou
gAatnpiou.

Mapatnpnosig

. To oboTNUA TWV CWHATWY eV TTEPVA UTIOXPEWTIKA ard tn ODM onote Sev eival B€Ralo otL
n enadn Ba xabel. Autd eaptdatal and to MAATOC TNG TAAAvTwonG. H emadn xavetol povo
av loxLeL A> |4l ].

. MnopoUpe va mpoPAéPoupe tnv anwAela enadng otn OOM pa kat otn Béon auth to
Bapog mpoobidel oe kABs cwpa emitdyuvon g OoAA TO owUo Tou eival Sepévo oTo
ehatnplo Ba €xel emumAéov emtayuvon He Gopd TPog Ta KATW Adyw tng Suvaung mou
S€xeTal amo To ehatnplo.

. Meta tnv anwAela enadng (epodoov unapéel) To cwua Z,, Ba Kavel katakopudn BoAn Ue
OPXLKA TaXUTNTA TNG omolag To PETPO (€0Tw U,) Umopel va mpoadloploTel pe epappoyn tg
Apxng Atatrpnong tng Evépyelag Tng TAAAVIWONG TOU GUOTAUOTOG TwV SU0 CWUATWV:

%(ml + my)u? + %ky*2 = %kA2

Metd tnv anwlela enadng (epocov unapéel) To cwpa ;, kabwg u,
mapapével Sepévo oto elatnplo, Ba kdavel véa AmAR Apuovikn 0.0.M. __-T
TaAdvtwon n ornota: Ol Ya..

e Oa éxelL Stapopetiky Oon looppormiag G)|2----;‘;A£2 -----------

e Oa éxeL otaBepd taldvtwong D=k AL,

e Oa £xelL SladopeTIKn Yywvlakn cuyvotnta w' : k = mla)’z
e 0Oa €xel mAdto¢ TtaAdaviwong A Tou umoloyiletal e

ebappoyn g Apxig Awatipnong tng Evépyelag Tng
ToAavtwong, yla tnv véa taAdvtwon tou X; (oto oxnuo n véa B€on Looppormiag

oupPoAiletal pe Ol evw n moAld pe Ol,) :

1 1 1
Emlu% +Eky22 = EkA 2

H amoudkpuvon vy, eival avtiBetn tng mapauopdwaong A Tou ehatnpiov OTAV TO AKPO TOU

mig
k

aAyeBpLKA TR TAG Y, EXEL AVTIBETO TPOONUO Ao TNV aAyeBpLkr TLUA TNG g)

Bploketal otn Ol;: y, = -4l = — (to mpoéonuo — &eixvel amAwg OtTL N

Evvoeital mwg MpEMEL va amopakpUVOEL e KATIOLOV TPOTIO TO CWHA X, WOTE VA [NV £XOULE
KpoUon Twv 600 CWHATWYV KAatd TV KaBodo Tou.

Jwuata og emadn kot AmAn Appovikn ToAdvtwon



A3. TANANTQSH ZE MAArI0 ENINEAO— IAANIKO EAATHPIO

loxUouv 6ca avadEpape Kal otnv Katokdopudn taldviwon pe povn dtadopd ot ta Bdpn
TPETEL VA AVTIKATOOTOO0UV amd TIG CUVIOTWOEC TOUG Ttou eival MapAAANAEG He To TTAAYLO
emninedo, SnAadn W Wnue  Omou @ nywvio kAiong tou mAayiou enutédou.

Mavtwg, wg cupmnépaopa, ag avadepoupe OTL N anwAela enadng, av cuubei, 0o cupPel
otn Oéon Duowov MiKoug tou eAatnpiou.

H sm@davela ena@ng eivar mapaAinin otn SievbBuvven g
TAAGVTWOTG (TO VX CONA «KKAOETAL TTAV®W 6TO GAAO).

B1. OPIZONTIA TANANTQZH — IAANIKO EAATHPIO

. , 50 . ooM
Qo efetdooupe TNV Kivnon Twv 800 CWUATWYV .l

umoBETovTag OTL To éva owua 8ev oAloBalvel os oxEon Al=x

HE To GANo. To owpa X, sival Sepévo oto sAaTpLlo eEvw
TO CWHA X, ANMAWG AKOUUTIAEL OTO X;. K

Av Bswproouvps ta SU0 cwpata cuotnuo eUKoAa

propoUpe va anodeioupe Mwe To cUOTNUA AUTO KAVEL
AAT pe otaBepa D =k omou k n otabepd tou
ehatnpiou.

H ywviok ocuyvotnta thg taldvtwong umoloyiletal N
omd tn oxéon

k= (m1 + mz)a)z

Mo To CUOTNUA TWV 2 CWHUATWV LOYXUEL:
2F = Fep + Toro1 + Tor12 = Fea

adoU oL SUVAUELG OTATIKAC TPLRNAG TTOU OLOKEL TO £va owa oTo GAAO eival avtiBeteg petald
TOUG WG ECWTEPLKEC SUVAELS TOU CUOTHHATOC.

loyuel enionc:
2FE, = —Dx = —kx

OTTIOTE TEALKA £XOULE:

JUOTNUA 2, KOL Z, JE, =F;; =—kx (1)

Jwpata os emadn Kat AR Apuoviki TaAdviwon _



AG HEAETAOOUUE TWPOL TNV KiVNON TOU CWUATOG 35:
2F = Fep + Tor21

0 2°° vopog tou Nevtwva Sivel:

Sopa s, IFp g =mpa = my(—w?x) = —mw*x = Fg + Tgp = —mpw?x (2)

(Znueiwon: Ze kAmoleg MepMTWOELG OTLG MaveEANASIKEG e€eTdoelg €xel {ntnBel n otabepa

2

NG TAAAVTWONG TOU OWUOTOG 24. Elval n moodtnta myw* mou cuvnBwg cupBoAiletal pe

D,).
AG HEAETNOOUHE TEAOG KaL TNV Kivnon Tou owpoTog 25:
ZFx,Z = Tysr12

0 2°° vopoc tou Nevtwva Sivel:

Swa 3, IF; = mya = my(—w?x) = —myw?x = Ty = —muw?x (3)

(Znuelwon: Ze KAMOLEG MEPUTTWOELG OTLG TTOveAAOSIKEG e€eTdoelg £xel {ntnBel n otabepa
NG TAAAVTWONG TOU OWUATOS 3,. Eivat n mocoétnta m,w?  mou cuvABwg cupBoAiletal pe
D,).

|Zuv9r’1|<n un o)\ioenond

Mo va pnv untdpyel oAioBnon Hetafl TwV cWHATWY Ba TPETEL TO PETPO TNC OTATLKNAC TPELBNG
TIOU aUalteital va Knv utlepBaivel To PETPO TNG LEYLOTNG OTATLIKAC TPLPBAG, SnAadn:

|T0112| < |Tormax| = mzwzlxl < H|F12| = mzwzlxl < Mm2|g| = wzlxl < ﬂlgl
OTIOU XPNOLUOTIOLCAE TN CUVONKN LooppoTtiag Tou I, otov y-dfova:  |Fy,| = m,|g]|
Atokpivoupe Twpa U0 MEPLUMTTWOELC:

1. To TA&TOG A TNG TAAAVTWOTG Eival 8eSopuévo

2
Ma va pnv untdpxet oAloBnon Ba mpémnel va oyveL: n= (‘I,Tf SnAadn n eAdylotn TN
. o . ' , w?A
Tou ouvteleoth TPPAG WOTe va unv urtdpeL oAioBnon sival: tpin = ol
2. 0 ovvtedeoTiG TPIPNG 1 lvan Sedopévog
Ma va pnv untdpxet oAloBnon Ba mpémnel va oyveL: [x] < % 6nAadn to péyloto

ETUTPEMOUEVO TTAATOG TAAAVTWONG ivat A = %

" Zwpata og enadn kat AmAn Appovikn TaAavtwon




B1. TANANTQSH E MAATIO ENINEAO — IAANIKO EAATHPIO

Oa efetacoupe TNV Kivnon twv §U0 ocwudtwy utoBETovTag OTL To éva owpa dev oAoBaivel
oe oxéon W € To GAAo. To ocwpa X; elval SePévo OTO EAATNPLO EVW TO CWHA I, ATAWG
OKOUWUTIAEL OTO X;.

Av Bewpnooupe Ta SU0 CcWUOTA CUOTNUA €UKOAO HmopoUpe va amodeifoupe nMwg to

cuoTnUa auto Kavel AAT pe otaBepa D = k omou k n otaBepd tou eAatnpiou.
H ywviokn ouxvotnta tng TaAavtwaong umoAoyiletal amno tn oxéon
k = (m; + my)w?
Ma to cLOTNUA TWV 2 CWHATWV LOXVEL:
2E = Fep + Wiy + Wox + Tor21 + Toriz = Fep + Wiy + Wy

adoU oL SUVANELG OTATIKNG TPLBAG Tou aoKel To €va owpa oto dAAo ival avtiBeteg petall
TOUC WG ECWTEPLKEC SUVAUELS TOU CUCTALLOTOG.

loxVel emiong:
JF, = —Dx = —kx

OTIOTE TEALKA £XOUE:

ZvoTnua X, KoL 2, YE, =Fg +wp +wy,, = —kx (1)

Ag peNeTAOOUUE TWPO TNV Kivnon TOU CWUATOG 35:

2Fyq = Fep + Wiy + T

Jwpata os emadn Kat AR Apuoviki TaAdaviwon m



0 2°° vopog tou Nevtwva Sivel:

SWpa Zy IFyy =mia =my(—0?x) = —myw’x = Fg + Wiy + Torp = —myo®x (2)

(Znueiwon: Ze kAmoleg MepMTWOELG OTLG MaveEANASIKEG e€eTdoelg €xel {ntnBel n otaBepa
NG TaAAvTWonG Tou owuatog 3;. Eivat n mosétnta myw?  mou cuvABwg cupBoAiletal pe
D,).

AG UEAETNOOUHE TEAOG KL TNV Kivnon Tou owpoTog 25:
ZFx,Z = Wax + T5r12

0 2°° vopoc tou Nevtwva Sivel:

SO E,  ZFy, = mpa = my(—w?x) = —muwix = wyy + T = —muw?x (3)

(Znuelwon: Ze KAMOLEG MEPUTTWOELG OTLG TTOveAAOSIKEG e€eTdoelg £xel {ntnBel n otabepa

NG TAAAVTWONG TOU CWHATOS 3,. Elvat n mosotnta myw?

D,).

Tou ouvnBw¢ cupBoAiletal pe

|Zuv9r’1|<n un oMoencnd

Mo va pnv untdpyel oAioBnon Hetafl Twv cWHUATWY Ba TIPETEL TO PETPO TNG OTATLKAC TPLBNG
TIOU QTALTELTAL va NV UTtEpPBaiveL TO HETPO TNG LEYLOTNG OTATLIKAG TPLBNAG, dnAadn:

2x = Wax| < pmy| gy |
X = Woxl = Umz|gy

= |—w?x — gyl < p|gy| = lwix + gy | < ulgy| (4

3)
ITsr12] < |Tormax] = |—-maw?x — wyy| < plFpp| = |-myw

OTIOU XPNOLUOTOLNCAE T cUVBNKN LooppOTILag TOU X, oTov y-afova: |Fi2| = m, |gy|
Alokpivoupe Twpa U0 MEPLMTTWOELC:

1. To TA&TOG A TNG TAAAVTWOTG Eival 8eSopuévo
|w2x+gy|

Ma va pnv untdpxet oAloBnon Ba mpémnet va oyveL: u= %]
y

H X-ouvioTwoo Tou SLavUoUATOC TNE EMITAXUVONG TNG Baputntag (g,) kateubuvetal mpog ta
KOTW OMOTE O 0pPLOUNTAG TOU KAAOUOTOG Taipvel TN HMeyaAUTepn TR TOu OTAvV N
amouakpuvaon x gival “0c0 mio katw’’ yivetatl SnAadn otnv Katw akpaia BEon Kal £ToL eival

2
, w A+
TEAKA: Wmin = Tl ||g"|
y

Jwpata os emadn Kat AR Apuoviki TaAdviwon _




2. 0 ovvtedeoTiG TPLPNG 1 eivan Sedopévog
H oxéon (4) diveL:

—u|gy| € w?x + g, < ulgy| = —ulgy| — 9x < 02x < p|gy| - gx =

gyl ~9x _ gyl - s
w? w?
To UEYLOTO ETUTPEMOUEVO MAATOC ELVOL N KIKPOTEPN TIUH ATTO TIC ATOAUTEG TIUEC TwV U0
AKPWV NG avicotntag dSnAadn:

Amax

B ’ulgyl — 9.l
- [P

Jwpata os emadn Kat AR Apuoviki TaAdviwon
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