YXYZEYI'MENEX TAAANTQXEIX TPIQN IZXQN MAZQN

ApeimTEG TOAUVTOGELG

QI1 BI2
Z %
7 k Kk k k N
é'\@mj' r°n '\@EE@I 7 '\Q@E@f rp '\@EE@I\
/] OO N
/] X1 X X R
/] ; 2, 3 N
(00000 (000900 ) 7 DA

F, F, F, -F, F, F,

Mertatonicelg Twv palaov omd to onueio 1woppomiog Tovg : X, X,, X,

Mertaronicelg Tov toiywv : X, =0=1X,

Avvapelg ehatnpiov :

F =—kAl, =—kx, F, =—kAl, =—k(X,—%), i, =—KAl, =—k(X;—X,), F, =—kAl, =—kx,
YUVICTOUEVEG OLVAUELS OTIC LACEG :

Few=FR—-F =—kx, — (=K (%, — %)) = —2kx, + kx, = kxo —2kx, +kx,

Feo=F—-F= —k(x, —x) _(_k(xs —X,)) =kx, —2kx, + sz

Fos=F+F, =—k(X —Xx,)—kx, =kx, —2kx, = kx, — 2kx, +kx,

Ievikevon : Fon =KX,y —2Kx, +KX,
Nopot Nevtova (F,, ; =ma, =mX):
—2kx, +kx, =mX, = — 2%, + Wi X, =% = @F (—2X, + X,) = ¥,
kx, — 2Kx, +kx, = mX, = X =20 %, + Wl X =%, = @ (X —2X, + %) =X,
kx, — 2kx, = mX, = WX, =20 X, =% = @ (X, —2%;) =X,
ue @, = \/k/_m
Ievikevon : mX, =kx, _, —2kx, +Kkx , = X =@ (X, —2X, +X,,;)
=21 0] x(t) , | %(0)
Nopot Nevtova og popey mivako, : —a?KX =X = of | 1 -2 1 || x,(t)]| = — | X, (t)
0 1 -=2){ x(t) X, (t)
X, (t) 2 1 0
ue X(t)=| X, () {kow —-K=| 1 -2 1 | copperpdg (ovopdaletor mivakag oTfopotnrog).
X, (t) 0 1 -2
Ae" A
Aokipootikny Aon : X (t) =| A | =e*| A | =e"'A ,
Ae Ay
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A A

4 d_2 _dz(eiwt) _ (i 2 piot __2npiet g 2
[Mapdaywyoc e X(t) = e A | =(w)e”| A |=-0¢C"A=-0"X(t)
Ay Ay
Avtika6otd :
-2 1 O0|[A A 2 -1 0| A A
~fKX =—a’X = | 1 2 1| A|e"=-—""|A|=|-1 2 -1||A|=4|A
0 1 -2)( A A 0 -1 2)(A A,
2
Omnov Bécape : co_z =1
)

Avtn dgv gtvan Tapa n e€lowon Wwotipdv tov K.

2 -1 0
Apa To TPOPANUO OVAYETAL GTHV EVPECT] TV WOTU®V Tov Tivoka, K= -1 2 -1
0 -1 2
Ievikevon yio N paleg : n 0peon TOV WOOTILAOV TOL TPOYMDVIOV TIVOKQL
2 -1 0 0 O - O
-1 2 -1 0 O 0
o -1 2 -1 0 - O
K={0 0 -1 2 -1 0 nxn
o o o0 .- -1 2 -1
o o o0 - 0 -1 2

IMa peydrho apBud palov autd dev pmopet vo yivel TAEOV e TO XEPL Ko TPETEL VO TPOYPOUUATIOTEL GE
NAEKTPOVIKO VTTOAOYIOTH.

XopaKTNPIoTIKO TOAVMVULO :
2-4 -1 0
P(A)=det(K-Al)=| -1 2-21 -1 |=(Q-A)D)"
0 -1 2-1

2—A
-1

-1 -1
0 2-4

-1 1)(—1)+2
H‘H— D)

-

P. () =(2—z){(2—/1)2—1J +(—1)(2—/1)=(2—z)[(2—z)2—2J =(2-2)(2-2-+2)(2-2++2)
O o1abepdc 0poc Tov moAvwvipov givar 1 opiovca tov K

detK =2- (2+J§)(2—J§)=2(22—(J§)2):4

Xopakmnplotiky e€lcwon :

P (1) =0=> det(K-41)=0=> (1-2)(1-2+2)(21-2-2)=0

Ondte 01 WOTYWES Kol 01 10106V VOTNTEG Elva :

A =2—\/§:> , =ia)0\/z=ia)om

AL=2= o, =ia)0\/Z:ia)0\/§

A —2+\2= a)lzia)o\/Z=ia)om
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INo va Bpodpe o Wioavicpata Tpémel Vo AOGOVUE Ta 3 OHOYEVT YPOUUKE cuoTipoTa 3X3
Ku =AU, = (K-41)u, =0 =123

v To omoia yvopilovpe 0Tt £xovv amelpeg Aoels (apob 1 opilovcés Toug eivar undév)

lo obomua, 4 =2-+2, u =?

2.2, -1 0 )(A) (o) [2-@-v2 -1 0 A) (o
-1 2-4 -1||lA|=|0= -1 2-(2-+/2) -1 Al=|0l=
0 -1 2-2){A) \O 0 -1 2-(2-v2)|\A) (0
V2 -1 0 |(a) (o VaA - A, =0 A=A/N2

-1 V2 L[| A|=| 0] = —A+2A-A=0= —A N2+2A,-A V2 =0

0 -1 J2|lA) (0 —A,+2A,=0 A=A/\2

A=A=AN2 _ A=-A=A/2
= =
J2A,-2A, /N2 =0 0- A =0
Apa Az ampocdiopioto omdte T0 B€Tm ico pe A, =2 kot noipvo A =A =1
1

‘Etoi 10 1° 8odvouopa efvar to © U, = V2 (kaBdg Kot O TaL TOAAATAAG1E TOV), TO 0010 £xEL LETPO
1

lu, P=ulu, =12+ (V2)? +1=4= |Uu, |= 2 ka1 Gpo TO KAVOVIKOTOMUEVO 13106VGHA Efvar :

1
oLy 1y
ult 2]

20 ovotmua 4, =2, U,=7?

2-4, -1 0 A 0 2-2 -1 0 A 0
-1 2-2 -1 Al=|0=>| -1 2-2 -1|lA|=0=
0 -1 2-1 [ A 0 0 -1 2-2){ A 0
0 -1 O0|[A 0 -A, =0
10 1| Al=]|0|=>-A-A=0= A
o -1 0o/l A) (O ~A, =0 A =0
Apa A1 oampocdidpioto omdte 10 BETm ico pe A =1 kot moipve A, =-1
1
‘Etot 10 2° wodvuopa givarto U, =| 0 | (koBdg Kot Oda To TOAALATAGGLA TOV), TO 0010 £XEL LETPO
-1

lu, P=ulu, =12+ 0% +(-1)2 =2= |U,|=~/2 Kot Gpa T0 KAVOVIKOTOMPEVO 1106 VVGHa Efva :
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1
N
2|2
3o cvotnpa, A, = 2+4/2, u, ="?
2-2, -1 0 )(A) (o0 2-(2++2) -1 0 A) (o0
-1 2-4 -1 ||A]|=0|= -1 2-(2++/2) -1 Al=|0l=
0 -1 2-4){A) (O 0 -1 2-2+2)|(A) (0
2 -1 0 |(a) (0] —V2A-A=0 A=-A/2
-1 2 1| A|=|0|= -A-V2A-A=0= A/N2-V2A+ A /N2=0
0 -1 —2J{A) (0 ~A,-2A,=0 A =-A/2

A=A=-AN2 _ A=A=-A/N2
-
—2A,+2A, /2 =0 0- A =0
Apa Az ampocdiopioto, omdte to BT ico pe A, = —J2 xa noipvo A =A =1
1

‘Etot 1o 3° wWodvoopa etvar 1o U, = 2 (kaBdg Kot O TaL TOAAATAAG1E TOV), TO 0TOio EXEL LETPO
1

lu, P=ulu, =12+ (—V2)? +1=4= | U, |= 2 ka1 Gpo TO KOVOVIKOTOMUEVO 13106VGHA Efvar :
1
.1
6= vz
2
1
Mmopovpe gdkola va StomoTd@covpe 0,1t o Wioavospata U, U,,U; arotelodv opHokavoviky Bdon Tov
SIVUGHOTIKOD YMDPOV TOV SVUGHATOV E TPEIS TPAYUATIKEC GVUVIGTOGES RE:
AT A _ - H
U; 0; = 5; i,j=123
3 . PN n A
VA eR™dc, eR: A=cU, +c,U, +c,u,
Kabéva amd avtd ta 1doavdcuata, ent T ypovikn tov eEApTnorn, eKTeAel amA apUOVIKT TOAAVTOON UE
NV O1KI8L TOL GLYVOTNTOL

it

u;(t) = (ce™ +5e "), = A sin(wt+¢,)G
Ko amotelei Avon g Srapopkic eéicwong @ U (t) + @ Ku. (t) =0
Ot ovvictdoeg tov dwvvcpdtov U,0,,0; kabBopilovv To oxeTikd pHeyédn TV TAOTOV TV OmAOV

OPLOVIKDV TOAOVTIDOGE®DY TOL EKTEAOVV 01 TPELG PACES, OAEG He TNV 1010 GLuYVOTNTA.

Ot tpeig aveEapreg aniés approvikég tadaviaoelg U, (t), u, (t), u,(t), ovopdlovtatl kavovikoi Tpomor

TaAAVTOONG.

Kavovikog Tpomog TaAGvTmoeng . Ko cuyvoTNTa TOAGVTOONS TOV LaldV
+ oyeTKd TAATN TOAGVTOONG
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Apa tpelg oulevypéveg PACeS, £XOVV TPELS KAVOVIKOVS TPOTOLG TOAAVIMONG TOV TPOYLOTOTO0UVTL UE 3

ovyvotTeg, TV apyn (Slow) o, = w, = v,V 2 ~J2, v evduapeon (middle) o, = w, = COO\/E Ko v

ypyopn (fast) o, = @, = v\ 2+ V2 o sivan ot eéng :

2° 1poTOG e TV gvoldpeon ovyvotnta . H pecaio pdla pévet dtopkmg axivnm (dpa icodvuvapet pe
axtvnTo Tol}0) omoTE 01 dVO OKPLVEG LALES TOAOVTAOVOVTOL KAOE oTyun Tpog avTifeteg kaTevdvivaelg
(dropopd paong 7) pe ioo TAATN Kol e GLYVOTNTO, TOV TPOKVTTEL amd TV 10000vaun otadepd eratnpiov
x =K +k =2k Tov mapdAiniov cuvdvacuov Tev dVo id1ov ehatnpiov mov Tpafdve Ty Kobepio

a)z\/fc/_m=1/2k/m — N2 =0,

AN ANINNNN AN ANNNNNN

|
v
4
I
a4

ANNNNNNN

(00D 1 - QD) 1 - QD 1 - ) -

1°¢ 1pomOC pe TV apyn cvyvotnTo @ Kot ot Tpelg pdleg tolavtdvovtol mpog v ida Katevbuvon, ot
axploveég pe oo mhatn A kot m pecaio pe peyoAdtepo mAdtog ico pe AN2 (Gpa Ko pe peyoAvTepn
TOYOTNTA), KLVNYOVTOS (o T pélo ota 0e€1d g Ko pia T nalae oto apltoTepd g
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\/21:6\602 Aa) )
\2A A
<—>

SOOI ANINNNN NN ANNNNNN

ANNNNNNN

LSS SIS TS S ST

- (000

3% tpdmog pe v ypryopn ovyvotnta : Ot akpavég paleg taiaviovovior kdbe otiyu mpog v idw
katevbuvon, e ioa TAdtn A evd N pecaio Tpog v avtifetn katevBuvon pe peyardtepo mAGtog ico pe
A2 (Gpa kou pe peyokhtepn TopdTTe). Tuvende 1 pecoio pdlo pic popd Kiveital Tpog KoTd péTmmo
oVYKPOLON UE TN HAla oTa aploTEPE TNG KO TV GAAN KIVEITOL TPOG KATA LETMOTO GVYKPOLGN He TN pnala

ota 0e€1d NG,

Kootag Ouumniong
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SO NN Eé\\\\\ ANNNNNNN
1
|
EE

LSS SIS TS S ST

ANNNNNNN

b —

H yevikdtepn Abon g dapopikng e&icmong ya tig e&lodoelg kivnong tov palov X, (t), X, (t), x;(t), 6o
elval pi obvlen TAAGVTOON TOL TPOKLMITEL OC YPOUMKOS GLVOLOCUOS TOV KOVOVIKOV TPOTWOV
TAAGVTOONG (oL givol amAEG OPUOVIKES TAAOVTDGELS)

X (t) 1 1 1
Xz(t) — \/5 (Cseiwst+c_:se—iwst)+ 0 (Cmeiwmt_l_émefiwmt)_'_ _\/5 (Cfeiwft_kéfefiwft)
Xs(t) 1 1 1
1 1 1
- \/E &Sin(a)st_'_%)"' 0 AnSin(a)mt+gom)+ —\/E A Sin(a)ft+¢f)
1 1 1

omov ot otabepés Ci N Ai mpocdropilovtar and Tig apyikeés GLVONKES Xoi, DO;.

EmBeBardvovpe 611 0 mivakag D = (01 a, 03) oV €XEL MG GTHAES TOL KAVOVIKOTOMUEVE 10100VOGLLOTO

tov Tivaxa K tov dayoviorotei (n kovovikomoinon dev givorl amapaitntn aAld Oo TNV ypNOOTOGOVUE
Yo va. £(0VLE TV arAovotepn popen tov D).

Y2 Y2 y2 Y2 N2 12
D= x/E/Z 0 —x/§/2 = 1/«/5 0 —1/& = D", mapatnpodpe OTL EiVal COUUETPIKOC
Y2 N2 2 Y2 -1\N2 12
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Y2 12
/2 -1/\2
Y2 12
/2 -1/\2

N2 -1/\2
1/2 1/2
) I P
V2 N2 -1/\2] V2
2111 1)
354
Katackevalovpe tov adjD mov givat o avaotpopog tov aiyeBpicod cuuminpdpatog tov D vroloyilovtag

D,

1

N

. (_1)1+2

1 3+2 _
(EJ P )

1/2 1/2 2
Y2 N2 2

|D|=detD =

6Aeg TG vroopifovoeg 2x2 D ¢ adjD; = (—1)™

i 1 +(-12) -WN2) +(-y2)| [ y2 YNz 12
4 a
pi="30- S /) w0  -@WV2)|=|YN2 0 -Yy2|=D"=D
D] (D)
+(-12) -(-YN2) +(-y2)| | y2 -yYN2 12
BAémovpe 6t o wivakag D etvar opBoydviog, Oniadn o avtictpo@dg Tov gival icog pe Tov avasTpoPd ToL
D'=D"
[Tivakeg mov elval petooynuoticpol ocvvtetoypévov amd o opfokavovikny Pdon oe g GAAN
opBoxavovikn Baon Ba eivar Tavta opboymviol. Edd n apykn Baon tav n

1 0 0
e=[0|, e,=[ 1|, eg=| 0| pe eiTejzéij, EVO 1 TEAKN Paon eivou
0 0 1
1 1 1

Ymv mepintwon pog o mivakoag Oxt povo etvar opBoydviog oAAd emeldn MTOV KOl GUUUETPIKOS, O
AVTIGTPOPOG TOV CLUTINTEL LE TOV 1010 TOV TTivaKa

D'=D'=D=DD=1
Av16 glvan pia 1TepdHTNTA TNG TEPITTMONG HOG OOV OAEC 01 PALes etvan ioeg e M Ko OAEC o1 oTadEPEG
TV ehotnpiov ioeg pe K kot dev Ba. ioyve av ot 6Tabepic TV S10POPETIKES.

A
A=D'KD = D'KD = DKD=| 4

opboydviog GUUHETPIKOG

Z

Empeporoote to

I[IpocOkn amwdécPfeong

H npocOnim andcPeong oe kébe pdlo, avarloyng pe v ToydTNTo TG, 08V TPochEtel KTt Kavohpylo ot
Ypapkn dAyepfpa tov mpoPAnpatog evpeons tv e€lo®oemv kivnong kabe palog.

=kx_, —2kx +kx.,, —bX. .

E&omvoupe pe mX, kot maipvoope yu v ke palo : m +bx, +K(—=x_, +2x —%,)=0.

To svotnua eélodosnv ivar topa : MX (t) + BX (t) + KX (t) =0 =KX (t) = — MX (t) — BX (t)

H ovvictopévn 60vaun oe kdbe palo Oa eivar topa : F
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X, (t) m 0 O b 00 2 -1 0
ue X(t)=| x,t){,M={ 0 m O|=ml,B={0 b 0|=bl,K=kj-1 2 -1
X; (1) 0 0 m 0 0D 0 -1 2
Emedn kot o wivaxog andsPeong B elvar dtaydviog kot avédroyog pe tnv povaoda |, dnwg o mivakag pélog
A
M, Sokipdlovtag AMoeig tng poperig X (t) =e| A, | =e® A, xotoAfyovpe méA oty eéicwon 10THOY
A
2 -1 0
Kot oavoocudtov tov mivaka | -1 2 -1 1o omoio NN yvopilovpe. Ipdypatt, Bétoviag katd to
0 -1 2
YVOOTh @, :\/k/_m Kot B =b/2m maipvovpe
KX (t) = — MX (t) - BX (t) =
2 -1 0 ) A m 0 O 42 (e") A b 00 d(e?) A
=kl -1 2 -1lje Azz—OmOdtzAz—ObOthZ:
0 -1 2 A 0 0 m A, 0 0D A
2 -1 0| A 1 0 0| A 1 0 0| A
=ke"| -1 2 -1|| A |=-mz%e"|0 1 O|| A |-bze"|0 1 O|| A|=
0 -1 2)(A 0 0 1) A 0 0 1) A
2 -1 0|[A A A
S aofl -1 2 1| A|=-2"|A|-228| A | =
0 -1 2)(A A A
e L OA [22+22ﬂJ A A
=>|-1 2 1 |A|=-—F5"||A|=1A
0 -1 2)(A *a) A
2 -1 0
7ov givon 1 e&iocwon WoTudv tov mivoka | -1 2 -1},
0 -1 2

Apa o1 1BTYEG Kot ToL 110avOGHOTA TOV (Kavovikol Tpomotl taddvimong) e andsPeon Ba eivor 01 pe
™V apeio ToAdvtoon :

1 1 1
21:2_\/51 u, = \/E ' AH=2, U= 0], 13:2""/5’ Us = _\/E
1 -1 1

Avtd mov Ba aArater Ba efvar o1 «cuyvOTNTES Zi 01 0TOoieG VOAOYICovToL amd TS EEIGMGELS :

[Z +ZZIBJ A= 22+21f+A0f =0=> 1z, = —ﬂ+\/m —pE\p’ -, émov wi sivar ot

a)o

18106VYVOTNTEG TOV AUEIMTOV KAVOVIKOV TPOT®V TAAAVIOONG @ = Wyl 4;
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@, =a)0\/2—\/§ = ,f(Z—\/E)% = w,,

w, = o2 = z—r:za)m,

@, =a)0\/2+\/_ = ,/(2+\/§)%z @,

Opilovpe Tig cuyvOTTES pE omdGPeon Q; =, /‘ B - a)iz‘ :

0= el | e -(2-) ] <o
Q, =[5 - | = 4?;2—%5 .
R

H ypovuc e&dptnon tov Moewv Ba e&aptdrar omd ™ B€om Tov S avapesa otig @, <, <, (7

TEPUTTMOCELS )

1) f<oy<w,<w; : Kol 01 TPELS TPOTOL Etvan PBIvOVoES TAAAVTDGELG
x®)] | 1 1 !
X, (t) | =| 2 |e” (Ce™ +Ce ™™ )+| 0| e (Ce™ +Ce ™ )+ 2 |e” (Ce™ +Ce™™)
X, (t) 1 1 1
1 1 1
=| V2 | e Asin(Qt+¢)+| 0| e A sin(Qt+p,)+| V2 | e Asin(Qt+9,)
1 1 1
2) =0, <, <y : 0 1°¢ 1pomog eivan kpioyn andcPeon Kot ot dAAot dvo EBivovceg
TOAOVTOGELS
x®)] | 1 1 1
X,(0) | =| V2 [e (A +Bt)+| 0| e ™A sin(Qt+p,)+| 2| eAsin(Qt+g,)
X, (t) 1 1 1

3) w, < f<w,<w; : 0 1% 1pdmog eivar vepamdoPecn kot ot GALOL 500 PBIvOLsES TOAAVTIMGELS

x®] |1 1 1
X, (t)| =| 2 (A e L A )4 0| e A sin(Qut+¢, )+ 2| e Asin(Qt+9,)
X, (t) 1 1 1
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Yo <Pf=w,<w,: 0 1°1pdmog etvar viepandsPeon, o 2° kpicwun andoPeon kot o 3°° phivovca

ToAdVTOON
n@®] |1 1 L
X, (t)| =| 2 (Ae ™ L A )+ 0| e (A +B,t)+ 2| e Asin(Qt+,)
X, (t) 1 1 1

AVOALOY®OC YPAPOVTOL KO 0L VTTOAOUTEG 3 TEPUTTMGELG

S <w,<f<w, 1% =vrepandcPeon, 2° =vnepandoPeon, 3° =pbivovca TordvTmoN

) <w,<f=w, :1°%=vrepandcPeon, 2° =vrepandoPeon, 3° =kpicun andcPeon
No<w,<w,<f 1% =vrepandocPeon, 2° =vnepandcPeon, 3° =vmepandcPeon

BA\émovpe 611 KG0e Adon teivel acvuntTiKd 6To UNdEY. Ipaktikd petd amd Kavd xpovikd SdoTna, LeTd

and pepkég otabepés ypovov =1/ =2m/b, ot naleg otapatovv va kwovvtat. H omowa kiven ofnvet

Kot ot palec emoTPEPOVY KO 1GOPPOTOVV GTaL oNpeia 1oppomiag Toug : X (t) &0 yio peydho t>>7.

Eavoykaopéveg TOLOVTOOELS

‘Eotw 611 epappdlovpe mePlodikn appovikny SOHvaun oty tpdtn palo dCTE 1 TaAdvTmon va unv offoet.
O e€lodoelc pog Topa yivovton :
m¥, +bx +k(2x, —Xx,)=Fsinat (1)
mX, +bX, +K(—x, +2x, —%,) =0 (£2)
m¥X, +bX, +K(=X, +2x%,) =0 (e3)
KOl G€ LOPON TTivakol
MX (t) + BX (t) + KX (t) = F(t)

He:
X, (t) m 0 O b 00 2 -1 0 F sin ot
Xt)=| x,®|,M=[0 m 0|=ml,B={0 b 0|=bl,K=kl-1 2 -1|,F@t)=| O
X, (t) 0 0 m 0 0b 0 -1 2 0

Oo YPNCWOTOMGOVIE TN YVMOOT TOV WIONVUGHATOV (OGTE Vo opicovue véeg petafintég mov vo
Kovomolovv Un cvlevypéves eE1I6ADGELS.

Agarpovpe Tig e&iodoeig 1 kon 3 kat opilovpe 0, (t) = x, (t) — X, (t)
mX, +bX, +K(2x, —X,) —m¥, —bX, —k(=x, + 2X;) = F sinot =
m(X, —X;) +b(X, — X;) + 2K (X, — X;) = F sinwt = md, +bg, +2kg, = F sin ot =

b, + 284, + @>q, = y sin ot

ue s =2k/m=Lat, B=b/2m, y=F/m
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Avt givan pia eElomon eEavayKaoEVNS TAAGVTOGOTNG Yot TO (2 amd OPOVIKT SUVOLT KUKAMKTG CLUYVOTNTOS
@ M omoia dev glvar cvlgvypuévn pe daleg petafintés. Avvetar amd povn e H yevikn g Adon etvon n
Ahom TG opoyEVODS TNG TPONYOVLEVIC EVOTNTOG GLV TN LEPIKN AVoT TOV TPEMEL va. pavtéyovpe. H pepkn
Aoom Spmg EEpovpe TAEOV OTL glvar

)= Ao)sintot—5) == S ).
w — 0, 2

ne @, :a)zz_zﬁz: Q, :a)zz_ﬂz

21 ouvéyel moipvovpe T0 cLVOLOCUO €SICMCEMV 81+\/§82 +&;, ko opiCovpe ™ véa petoPAntm

0 (1) = X, (1) + /2%, () + X, (1)

MK, +b%, +K(2X, — X, ) + M/2%, +b~/2%, +K2(=X, +2X, — X,) + MK, +bX, + k(=X +2x,) = F sin ot =
MK, ++/2%, + %) + DX, ++/2%, + %) +K(2X, — X, + X, = /2%, + 24/2%, —\/2X, — X, + 2X,) = F sin ot
Opnawg
2x1—x2+x3—\/§x1+2\/§x2—«/Exa—x2+2x3 :(2—\/§)x1+(—2+2\/§)x2+(2—\/§)x3:
= (2-V2)x +(2-V2)V2%, +(2-V2)% = (2-V2)(x +3/2%, + x.) = (2-V2)q,
Omndte 1 e&icwon yiveton :

Gy, + 283G, + @}q, = ysin wt

Kol 1 HePKN g Adon givon :

0, (t) = A (@)sin(wt —8,) = T Z;“WQZ sin(wt - 4,)
w — 0y 1

e @, =) =24, Q, = - f*

Mmnopeite TAéov va povtéyete motog o givar o Tpitog cuvdvacuos Tav X (t), X, (t), X;(t) mov Ba pog ddoet
v 31 e&icmwon Yo o véa peTafAntn gz mov dev Ba etvarl culevyuévn pe Tic g, J2. Oa givor 0 cLVOLAGHOG
TOV £YEL GUVTEAEGTEG TIG GLVIOTAOGES TOL 3% 13100viopaTog Tov K & g, (t) = X, (t) - x/EXZ (t) +X5(t) o Ba
wovomotel TNV €&lomoT OV TPOKVTTEL O TOV YPAUMKO GUVOVAGHO TOV EEICAOCEMV & — ﬁgz +é&;:

G, + 284, +w/q, = ysinwt  (empePordore T0)

H pepwcr| Adon Ba etvan emiong g idtog pLopeng

0, (1) = A (@) sin(wt - 8,) = T 2? Sy sin(ot - 3,)
W — Oy 3

2 _ 2 2 32 2
He @, =w; —2°, Qy=w; -

Ao ta qu(t), g2(t), ga(t) Bpiokovpe otn cuvéyeta to Xa(t), Xo(t), X3(t) . Edd woyder
X, (t) ocq, (t) + \/qu (1) +d3(t) . % (t) ocq (t) — G (1), X, (t) ocqy (t) — \/qu (t) +0,(t)
(emaln0s06TE TO KO PPEiTE TOVG GVVTELEGTES UVOLOYIOG)

Ovclootikd avTtd ToLv Kavape glval va yproiponomcove tov tivaka D mov dwywviorotet tov K yuo va
amoocvleHEoVLE TIC EEICADGELS.
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12 12 12
o tov mivake D Bprikape : D=[1/V2 0  -1/42|=D" =D km
12 —1/\2 12
A 2-2 0 0
D'KD=A= A, = 0 2 0
8 0 0 2+42

e popen| mivaxo ot Gulevypéveg EEIGMOELS €1, 2, €3 Elvar :
MX (t) + BX (t) + KX (t) = F(t)

LLE:
X, (t) m 0 O b 00 2 -1 0 F sin ot
Xt)=| x,®[,M={0 m 0|=ml,B={0 b 0|=bl,K=kl-1 2 -1|,F@t)=| O
X, (t) 0 0 m 0 0b 0 -1 2 0

Ot e&lomoelg givor ovlevyuéveg emedn o K dev eivar dwydviog. Mmopodpe va Tov d1orymVIOTo|GOVUE
Y®Pig va eumAéEov e T0 VITOAOUTO HEPOG NG EEICmONG £MELdN 01 AAAOL dvo Tivakeg M ko B givan avéioyor
™m¢ povadog (draydviot pe ica otoyeia) kot dpa petotibevior otov ToAlomAaciooud pe Kabe GAAO mivako
A : MA=mIA=mAl =Aml =AM, BA=DbIA=bAI =Abl =AB. AlMwwg 0o éEnpene vo
drymviomolovvtal amd Tov 1010 mivaka D (avtd cupPaivel yio dvo wivakeg dtav petotifevion 6tov HETaEy
TOVG TOAAATAQGLOGUO).

Opilovpe T1c véeg petafAnTtéc
x®) | Y2 Y¥2 o y2 |(qu

X®=DQM)= | x,@{)|=|1¥2 0  -1/2]| g,(t) | = Q(t) =D 'X(t) = DX (t)
x®) | y2 -2 y2 |l

X(t) =DQ(t), X(t)=DQ(t)

Q¢ mpog Tig véeg PETAPANTES o1 e€lomaoelg amosvevyvevtal, ONAadT N eElowon TVAK®V ivol 10000V
pe o e&lomon mvakmv 0mov Aot o1 TvaKeg etvar d1oydviol

MX(t)+BX({)+KX({t)=F(@t) = n MDQ(t) + BDQ(t) + KDQ(t) = F(t) =

OVTIKATAGTOG
X=DQ

= DMQ(t) + DBQ(t) + KDQ(t) = F(t) =

petobeticotta M,
MD=DM, BD=DB

= DDMQ(t) + D'DBQ(t) + D*KDQ(t) = D'F(t) =
TOALUTAOGIACHOG
omd oploTEPE pe D?

MQ(t) + BQ(t) + AQ(t) = D'F (t) =
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m 0 O] gt) b 0
O m Of|G® |+ 0 b O] q,)|+k
0 0 m/lg®) L0 0 bJlaw

maj; (t) +bd, (t) + k4,0 () Y2
md, (t) +bd, (t) + k2,0, (t)
méj, (t) +bd, (1) + kA40,(1) ) | 1/2

0 () Z U A QY

1/2 1/\/E 1/2 F sin wt

0 4 0llgMm|=|¥N2 o -1/¥2|| o

0 0 4)\ gl

12 12 12 0

G, () + 230, (1) + 00, (t) "

/2| Fsinat = | ,(t)+2/0,(t) + @’a,{t) | =| 7, | sinet

G, (t) + 286 (1) + @i, (t) | | 7

Omov dnpéoopie pe ™ pale M ko o¢ cvvibeg @ @ = Ak/m= A&,

B=b/2m xo y, =y,=F/2m,

V, = F/ J2m. Avtég elvar tpelg aveapmnteg Spopikeéc €EI0AD0ELG €EOVOYKAGUEVIG TOAGVTOONG

(YPOUKEG 1N OHOYEVEIC) TV OTOI®V TIG LEPIKEG AVCELS YVOPIlovLE :

G (1) = A(w)sin(wt - &) =

Ji sin(wt —5)

\/(a)z -’ ) + 457

ADVOVTOG Y10 TIC LETATOTGELS TV Hal®OV TOIPVOLLLE :

x®) | Y2 Y¥z vz |(qu
M| =12 0 -YN2|| q,)
X;(t) 12 -1/\2 y2 |La()

20,0+ 20,0+ 6, (0]
1
190 -60]
SCIGENZNGREXO)

Apa n yevikn A0on g poviung katdotaong (apob 1 petafotikn Oa £xel unoeviotel) Oa sivan

(t)_A*( )sm( wt — 5)+A“\/(_)sm( wt—5)+ f( )sm( wt—35,)
_Ag(a)) . . A ()
Xz(t)_—\/f sin(wt —o,) - \/5 ———=sin(at-7;,)
X, (t) = ’*;‘“) sin(wt—as)-%sin(wt—amn Aféw)sin(wt—af)

Omov aAld&ape cvpPoroud oo 1,2,3 oe s,m,f (slow, medium, fast) yio 11 cvyvomrec. Ot dopopég ota

nuitova gtvon oTic apyikég pacelc. OAa Exovv v 10 KUKMKT cLYVOTNTO @, OTOTE KAOE EKPpaoT HUmopel

va £pBet ot popoen X (t) =C. (@) sin(at + ¢ (w))

Ot pdleg Ba exTeEAOVV AMAES OPLOVIKES TOAOVIAOGELS LLE TN GLYVOTNTA TG JEYEIPOVOAG dVVAUNG KO LLE

TAATN TTOL £EAPTAOVTOL OO TN GLYVOTNTA TG dlEYEIPOVGAG dVVAUNG APOV:

e J(@ Fz/)zzm V2% he @ =@ =2/ ku Q) = o, —f°
O — 0 + s
F/~2m
AH(W):J( 2 Z? v Oy =0y 2" K Q= ), =
W — WO + m
F/2m
A ()= \/( - 2/)2 s ne @ =@ —2p% xan Q; = wf - B
W — 0y 3
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omov Bupiloupe 6T @, = @, =1/(2—\/§)% , O, =W, = ,/% Kol @; =@, = (2+\/§)% gtvor ol Tpelg

10106 VYVOTNTEG TOV GLGTNUATOG (GLYVOTNTEG AUEIMTOV KAVOVIKOV TPOT®V TAALVTMOONG).

"Exovpe et 0t yuo pukpd f<wo M (<1 (ped = i = b \/E = L) 01 TEPIMAOKEG AVTEG GLVOPTIOELS
@, 2m\Kk 2/mk

Ai(w) 10V ® TOPOVLGIALOVY TOAD PEYAAD PLEYIGTA, PAVOLEVO TTOV OVOUAGHUE GUVTOVIGHO:

A(CO)/AU ; i --  envelope
s MAKITE
— =01
— =02
r=03
r=05
=1

] @,

Mopatnpodue 0TL Y100 TPEIS paleg ep@avilovial TPELS GLYVOTNTES GUVTOVIGHOV Ol ),

rs’

a)rm' a)rf '

Avaroya, yio N pélec Ba eppaviotrovv N cvyvotnteg cuvtoviopod. Aniodn €va cOGTNI LE TAPOL TTOAAG
uépn Ba epeaviel mépo TOALEC GLYVOTNTEG GLVTOVIGUOD.

"Eoto 6t1m ovyvotnrta g d1eyeipovcog dvvaung eivat iom Pe TV Tp®@TN GLYVOTNTO GUVTOVIGHOD TNV OPYN
o = o, . Tote ta mhatn A, (@,) kar A (o) Ba givar pokpid amd to péytotd tovg kot Oa givon ToAD pkpd,
apelntéa og oxéon pe 10 A(w,) >> A, (@,), A (,), 10 onoio Ba Ppioketoar v oTnV KOPLPN TNG
F/2m
2/5Q2,

YPAPIKNG TOPAGTAOTG £X0VTOG TN MEYIST T Tov A (@), = A(@,) =
O B¢éoe1c tov palov Ba etvor :

@a)zfggglﬁn@%t—@)+0+o

%, ()~ 22 Ginmt—5) -0

V2

X, (t) ~ A*(;)S)sin(a)st—és)—OJrO

Aniaodn ot Tpeig ndleg takavtavovtal pe v 161 cvxvoTTo @, Ko TAGTN HE OYETIKE peyedn 1: J2:1.
AvT0 d¢ev glvar Tapd 0 TPMOTOG KOVOVIKOG TPOTOG TAAAVTMOTG TOL GLGTNUATOG. To 1610 Ba cupPet Kot av 1
cvyvotnta g deyeipovsag duvoung avéndel kot mhper Tig WG @ =@, ko @ =®; . Ot paleg Oa
TOAOVTMOVOVTOL GOUPOVO LLE TOV OEVTEPO KoL TOV TPITO KAVOVIKO TpOTO TaAAVT®ONG avtictorya. Onote pe

TO GLVTOVIGUO OvayKALOVUE TO GUOTNUO Vo TOAAVTOOEL cOUE®VO HE vay amd TOVG TPES KOVOVIKOVS
TPOTOVG TAAAVTMOOTG TOV.
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‘Otav 10 6VOTNRO EIVOL GE GUVTOVIOUO TOTE TUAUVTOVETOL PE VAV OTO TOVS KAVOVIKOUS TPOTOVG
TAAAVTOONGS TOV.
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