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TAZH: I'" TENIKOY AYKEIOY
KATEYOYNXH: OETIKH & TEXNOAOI'IKH
MA®OHMA: OYXIKH KATEYOYNXHX

Hpepopnvia: Kvpraxn 21 Anpiiiov 2013
Aapkera EEétaonc: 3 dpeg

AITANTHXEIX
OEMA A
Al —vy
. 1, , L?
A2-a (woyvet K:EIw :Z)

A3 -y  (amd ™ @opd TOL PELUATOG KOl TNV TOAKOTNTO TOV OTACUDV TPOKVTTEL

0T 0 TOKVOTNG PopTileTOn)

A4-0 (nxvnTk evépyela peylotomoleiton oty 0€om 1oppomioc, od tnv omoia o

TAAOVTOTNG O1EPYETOL 2 POPEC 0TN O1dpKeL KAOE TOAAVTWOGTC)

AS —o=X
16YVOVV: X = Anuwt Kol O = —Q,,,, NHWt = A, NH(wt + )
p=x
v 10 Cevyog woyvel ZF=0 kon Z1£0
T=X

E=K+U=ot00. Apa: JE 9K, U a0  dK__dU
dt  dt  dt dt  dt

o=A

Ta otoyei®dn copatidl - NAEKTPOVIA, TPOTOHVIAL KOl VETPOVIOL €YOLV GV

, 1
HETPOL Eh :

g=X

e k0B kpovon oyvern A.A.O onote:

Py +Py =P +Py & R T R _(5;_61)::6,2_52<:>
AI51 = _Af)z

|TA OEMATA ITPOOPIZONTAI T'TA AIIOKAEIXTIKH XPHYH THY PPONTIETHPIAKHY MONAAAY

|  TEAIAA: 1 AIIO 10




OMOZINONAIA

E
[

NOLZI1LNOGGdGO®

S [e]

E A AN A A O =
NOMILAIVIVUXI

EITANAAHIITIKA OEMATA 2013 E 3.0)30T(a)

OEMA B

Bl. XwotéTOY.

H 181ocvyvémrta Tov kukAduatog eivan :

£ 1 _ 1 _ 1 _ 1 _ 104 _ 5000
° 2m/lC 2m/10°.10° 2mf10® 2m-10¢ 2m m

Me dedopévo 6t 1 cvyvotnta TG TNYNG (oL Agttovpyel G SEYEPTNG OTO

KOKAopo) petafdrieton amd f, _ 1000, o f, = 8000 Hz, Kot 1 Kopmoin
T T

Hz

GLVTOVIGLOV E€XEL TNV TOPOKATO LOPPN:

| A

NS f(Hz)
1000 5000 8000
T T T

GLUTEPUIVOVLE TG TO TAATOG OPYIKA OEAVETAL KO HETA PEIDVETOL.

B2.1 Xwmot6 T0Yy.
Amo ) obvBeon TV X, = Ay -NUwt Ko X, =3A, ~r]p(w1t+gj TPOKVITEL 0L

vEQ TA] AP UOVIKT TaAdVT®oN pe TAdTog A ov diveTon amd T oyéon:

A, = \/Ag +3A2 +2¢/3A2 ~cuvg = JAAZ =2A,

Ao ™ obvbeon tov A AT pe e€lowoelg X5 = A, -nuw,t Ko X, = A, -nNuw,t,
OmOL O KOl ¥, TOPOTANGIEG, TPOKVATEL OOKPOTNUA HE TAATOC A, TOL
netafArAeTOn TEPLOOTKA HETOED TMV TIUADV:

0<A, <2A, N 0<A, <4A,

B2.2 Xwmot6 To .
O ypdvoc petal&h ovo 01000y IKOV PUNOEVIGUGV TOL TAATOVS A, (TEPi0dOC
SloKpoTNHOTOG) diveTan amd T oyEo:
Tyt L M2 4 T =2

f, — 1, :‘2—‘ A
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B3. ZXwot6 7oY.
dépvovpe v kdbeto oTO
onpeio emapNg ™mg
TPOGTITTOVGOG aKTiVOG
Tove oto kdtontpo. H yovia
TpOCTTOONG T €lvon ion Ue
™mv yovie ¢ mov oynuatilet
TO KOTOTTPO UE TOV Tulueva
(¢ o&eleg ymvieg mov Eyovv
TIC TAEVPEG TOVG KAOETEQ),

dpo TT=30°.
[Na my owoudnac'!] 7oL oypod
ocopfaivet  ©t0  KATOMTPO 0

woyver 0L M yovia
TPOCTTOONG TTKOL 1) YOVid
avarkhaong & eivan ioec, omdte = a=30°. H yavio 6, pe ™ oepd ™G eivat
ion upe Tto dBpoopo g Tkot G (¢ &vidc eVOAAAE), EmOPEVMS
]
Az6 tov vopo tov Snell Eyovpe:

=T+0=60°,

crit

1
r] “ecrit

nun“ecrit =Ng r]H90° Ad n, A n, =

OEMA I

I't. H onuadovpa apyilel va taravidveron 6tav OTAGEL GE OTH TO KLU OO TV
gyybtepn mnyn, oniadn mv I1;. Me Bdon ta dedopéva g doxknong avwtd
ocopPaivel ™ otrypn t,=0,4s. Apa n oandotacn and v I1; eivau:
u::—1<:> L=ut< r=2.04< |=08m

;
Otav ot onuadovpa etdoel 10 Koua omd T dgvtepn myn, opyiler to
QOIVOUEVO TNG CLUPOANG HE AMOTEAEGHO TO TAATOC TNG TOAGVTMONG NG Vo
netafdrAieTon ko mo cvykekppueva va oumhactdletar. Avtd onuaivel 0Tt 10
onueio K, eivon onpeio evioyvong. Amod v EKE®OVNOT TPOKVTTEL OTL TO KOO
amo T devtepn myn etdvel oto K v t,=0,6s. Apa n awdctaon and v I,
elvat:

U::_ZQ L=Uut, o =206 [hb=12m
2
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I'2. H &icwon taldviwong tov anydv Ba givon g popeng: Y = A -nuwt)
Eneidn to onueio K Ppioketor otnv 1" vrepPor evioyvong petd
LEGOKAOETO, O1 OMOGTACELS TOV T1,I; OO TIG OLO TNYEG, Ba emaknBevovv
cuvONKM evioyvong | —r,| =N-A, y1a N=1, omore:

n-r=1Ae A=04 m

Me Baomn ™ Bepeliddn eicmon TG KOPOTIKNG £YOVE:

u=Afo  f-Ye  f-2o  f=5Hz 1§ = T=02s
A 0,4

['o ™ onuadovpa Ba 1oyvovV:

= Méyptr v agién tov kdpoartog and v I, n onuadovpa dev TaravidveTon
Kol cuvenmg y=0.

" Az ) otypn t,=0,4s, mov etavel to kopa oo v 11} kon pgyxpt va pracet
t0 Kopa omd v Il v t,=0,6s, n onuodovpa TOAOVTOVETOL HE TNV
emidpact Tov EvOg Pdvo KOpaTog, omote 1 e&icmon TaAdvTmOoTg ToL givat:

t r 0,2 0,8
=A-nu2m — -t |y, =——.nu2m 5t-— | =
Yk nu [T )\j Yk - nu ( 0,4j
Ve =22 qu2m(5t-2) <

™

Yy = %'r}p(mﬂt— 41r) (S))
m

= And v t,=0,6s, 1 onuadovpa TAAAVTOVETOL VIO TNV ETLOPACT] KoL TV OLO
KOUUAT®V OTTOTE 1GYVEL:

|r1 _r2| t r1 +r2
=2A-ouv2TT———- M=
Vi 2\ H2 {T 2\
Yk :%'ouv2n%~np2n(5t—o%j =

Vi = 94 suvmr nu2m(5t-2,5) <
o
Vi :_%-np(mnt—sn)@
o
Vi :%'np(101Tt—51T+1T)<:>
o

Yy = %~r]p(101Tt—41T) (S))
m

Yvvoyilovtag ta mopomdve, 1 amoudkpuvon TG onpadovpoc amd T
Béom 100ppomiag TEpypAPeTAL AmO TIG EEICMGELS:
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0 0<t<04s
Y = %'np(10ﬂt—4ﬂ) &) 04s<t<06s
2;—4-r]p(101Tt —41) (S)) t>06s

H dvvapuin evépyeta tokaviwong g onuadovpag diveton amd t oyéon:

Tha2
U=—-DA
5 "Nk

= YUvem®G 1] SUVOIKT] EVEPYELD TALPVEL TN HEYIOTN TIUN TG YA TPOTH POPaL
otav 10 TAATOG TAAAVTMGNG TG SNUAS0VPAC YIVEL HEYIGTO Y10 TPMOTI POPA.

* Emeidn otn onuadovpa €YOVUE EVIGYLTIKY GULUPOAN TO TAATOG TNG
ueytotomoteitan petd v Evapén e cvuPoing, omodte ko AapPaver v
T 2A.

* H évapén g ocvpPoing yivetow v t,=0,6s, otiyur] katd v omoia m
onuadovpa Ppicketon otn BEomn 1coppormiog apod o onueia evioyvong N
CLVAVTNON TOV KLUATOV YIVETOL HETA TN GUUTANPOCT OKEPALOV OPLOOV
TOAVTOGEDV PETA 0mto TNV AeiEn Tov 17 kbparoc,

Apa n onuadovpa Ba Ppedei yia TpdTN Popd, petd v Evopén g cvpuPoing
OTN UEYLOTN] OTOUAKPLVOT| TG, TN CTIYUN:
t:t2+%<:> t=o,6+%c> t=065 s

Kotd v torkavtwon g 1 onpoadovpa Aettovpyel o¢ Ty 1yov mov dAAoTeE
TAnctalel kou GALOTE amopaKpPOVETAL otd TOV aviyveuTt A. ZOUQOVA LE TO
eowvopevo Doppler, Ady®m g oyeTikng kivnong mnyng - oviyvevty , o
terevTaiog O KOToypaPEl SOPOPETIKT GLYVOTNTO OO TNV EKTEUTOUEVN).

= Otav n onuadovpa Kiveitor TANGLALOVTAS TOV OVIXVEVTY, 1] GLYVOTHTO TOV

Ba Kataypaeetl owtog OBa diveton amd ™ oyéon:
V)
f,=—f,
U |ug|
= Otav 1 onuadovpo KIVEITOL OTORAKPULVOREV OO TOV OVIYVELTI], 1)
oLyVOTITA oL Ba KaTaypdeel awTdc Oa divetar amd T oyEon:
V)
fy = ——f,
U+ |ug|
ATO TIG TPONYOVUEVEG OYECEIS GUUTEPOIVOLUE OTL 1] GLYVOTNTA TTOL
KOTOYPAPEL O OVIYVELTHG EIVOL HEYOADTEPT] GTNV TEPIMTOGT] TOL 1| SNHAdOVPA
TANGLALEL TPOC AV TOV.
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H xotaypoa@dpevn amd 1oV aviyveuTy] GuYvOTNTO TOIPVEL T HEYIOTN TIUN TNG
otav 1 ToYLTNTO TNG CNUAOOVPOS Elval HEYIOTN Kol 1) KOTEVOBVVOT NG givan
TPOC TOV OVIYVELTH), OTav OnAaodn diEpyetanr omd tn 0¢éom 1coppomiag (y=0)
KIVOULLEVT] TTPOG TOL TAV®. LVOVETMG:

U

famay =———Ts ME Uy may = 0 [Armag —w-2A=10m.2.22 _4M

U - UK(max) m S
Omnore:

340 340
=—— 672=""T¢b72 = |f =680Hz
A(max) 340 —_ 4 336 A(max)
OEMA A

Al.  Zyeddlovpe TG SLVANELS TOL AGKOLVTOL GTO OOKTOAIO KOL TO GOUIPIO0 Kot

avOADOVUE TNV TAGY TOL VIHOTOG GTIG GLVIGTMOGCES T Ko Ty. Mo va

1copponel 10 chomua Tpénel va  tkavoroteitan 1 cuvdfkny LT =0 g mpog
omotoonmote onpeio. EmAéyovpe 10 onueio O étor ®ote N dyvwotn dvvaun

™G dpBpwong va £yl pomn iom HE UNOEV.

2T =071, +71,, - T, =0

w-R+w;-2R-T -2R=0<M-g-R+m-g-2R-T-0uv60° -2R=0 <

M~g+2m~g—T'%'Z:OQT:(M+2m)'g:(3+2'1)'10<:> T=50N
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A2. To vo vrohoyicovpe ™) pomn AdPAVELNS TOV OUKTVAIOL MG TPOG AEOVO TOV
epvd omd to KEVIpo palog Tov Ko givon kdBeTOC oTO EMimEdd TOL, TOV
yopilovue oe N vAkd onpeia, kabéva amd ta omoia anéyetl omdotacn R amd 1o
KkEvrpo Tov O ko aBpoilovpe TIg aVTIoTOYEG POTES OPAVELNS.

Emopévog: lsa(om) =M-R?

H pom adpdvelng tov O0KTLMOVL ®¢ 7TPOG TOV AEOVA TEPIGTPOPNG TTOV
dépyeron amd to O, Oa diveton e Pdon To Bewpnua Steiner omd ™ oyxéon:
lsakr (o) = lsaxr(om) +MR2 MR? + MR? = 2MR?

H pom adpavelnc tov cvotnpotog g mpog tov déova mov mepvd and T0
onueio O, vroroyiletar TPooHETOVTOG KOt T POTH AOPAVELNS TOV GOAIPLOI0V
(1)7»11((’) omnueio).

lonoy = lsaxr(0) + logap(o) = 2MR? + M(2R)? = 2MR? + 4mR? = 2(M + 2m)R?

|0A(O) —2(3+2-10,42 =10-016 < |l =16Kg-m’

A3. To ovommua Jdaktoilog -
ocpopidto Ba  meproTpaPEl
YOopw oamd tov dEova Tov
mepvd and to onueio O.
Emelon katd v kivnon tov
CLGTNUATOG Ol  HOVOOUKEC
duvapelg Tov mapdyovv Epyo
elvan ta Bapn ceopidiov —
OOKTVAIOVL, OV etvan
GLUVTINPNTIKES, UTOPOVUE VO
YPNOLLOTON|GOVE ™mv
Apyl Awmpnong g
Mnyavikng Evépyerog
(A. AM.E) Yo VO oo
vmohoyicove 0 WETPO TS R
YOVIOKNG  ToyLTNTOG  TOL
oLGTHHOTOG TN otiyun mov 1 ddpetpog OA yiver kataxdpven. Aapfavovrog
cav eminedo pundevikng dvvapkng evépyetag Up,,=0 avtd mov mepva omd t0
onueio A €yovpe:

AAME.: Epq =E

Mnx pnx (1)

Korgy T Usakry T Yooty = Koray + Usakrany T Yoonn

0+ Mg2R + mg2R = % loro) - W% + MgR < %-I(,A(O) -w? =MgR +mg2R
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%'I(,A(O) -w? :(M+2m)gR<:>%'1,6'w2 =(3+2-1)-10-04 = w? =25

Enopévog mpoxvnret: w=>5 rad/s

To {ntovpevo pétpo g otpoPopung Tov daxtvriov Bpicketan amd T oxéEon:
L5°KT :|5°KT(O) "W T:I L5(1KT =2-MR? - w :2'3'0,42 5o

I'vopilovpe ™V ToOLTNTA V; TOL COUATOG X1 HETE TNV KEVIPIKN EAUGTIKI
KPOULGT TOV LE TO COUA Xy, OTOTE UTOPOVUE VO BPoVUE THV TOLTNTA V;, TOV
EXEL TO OO X1 OPECHOG UETA TNV KPOVON TOL HE TO GUGTHUO OUKTLAIOL —
ocpopidiov. Tlpocéyovpe 0TL 10 cOua X; Kiveiton avtiBeta peTd TV Kpovon
TOV E TO X, OOTE LE PACT TN POpA TOV opicape MG BeTIKY, okyePpikd 1oyvEL
v; =-1 m/s. Exe1dn n kpovon X;-%, eivon eAaoTik) 1oy VEL:

m,-m, 1-2

U, = Uy e-1=—ru, & Uy =3m/s

m,+m, 1+2

Kotd v kpovon tov cvotipotog 0aktOAMOgG — o@oupidlo e TO GOUO X;

UTOPOVLE VO EQAPUOGOVLUE TNV 0Py OTNPNONG TNS OTPOPOPUNG OTO
oLGTNUA OOKTUALOG-CPOIPIOIO-M; ®C TPOg TOV AEOVA TEPIGTPOPNG, APOV

2100 (EETEPIKEG OLVANELS ETVOn TaL Bapn Kot 1 dvvoun and tov a&ova), Ao
v A.AX gqovpe:

Lormow) = Loruerey < lono) -0 = loroy - @ +MyU;2R & 16-5=16-w +1.3-2-0,4

ondte Ppickovpe w =35rad/s
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H Oepuikn evépyela mov ekivetor katd tqv KpoOOoN TOV GLGTHUOTOC WHE TO
copa Xy vroroyileton amd T oyéon:

1 1 , 1
Q = |AK0)\| = Ko)\(TrpN) - Ko)\( o Io)\ Lw? - (% Io)\ w7+ E m1U12)
1

perd) — 2 2
> ] 2 1 2
Q 25.1,6.5 —(5'1,6~3,5 +E.1.3 ) < |Qgpovone = 5,7 Joule

Kpouong

Kpouong

A5.  To ocopa X, HETE TNV KEVIPIKY] EAACTIKY] KPOVUOT TOVL HE TO GOUO X OTOKTA

TOYOTNTA: Uy = szr; Uy & Uy = %3 o Uy, =2m/s
1 2
e
1
0
g-h< ¢
(m
N T
~ h
(1) U e l
S\ N h=0-7Y-. -

To chpa X, Ba dypdyel 160 KOKAOL HEGH TOL TEVIMUEVOL VIIHOTOC, HEXPL
va otapatnoetl otrypaio. Katd mv kivinon avt) to Bapog eivor covinpntiki
duvauN EVO 1M PN CLVTNPNTIKY TAGT TOL VIHOTOG Eival GLVEXMDC KAOETN 0T
LLETATOMIGT Kol OEV TAPAYEL EPYO.

Epapudlovroc v apymg dtatpnong g unyovikig evépyeog (A.A.M.E.):

Epnxty =Eunxay 01078 Koy + Uy =Ky + Uy
LIS U" 2 h-op2
—m,-U," =m,gh& h= =——o h=Usm
2 29 2.10 ————

[Mopatnpovpe 611 h<l ondte 10 chOp X, GTOPATAE CTIYHOi TPV TO VIO YiVEL
optlovtio. ATd 10 TAPATAV®D G TPOKVITEL:

0UV9=%=1—%:1—¥@ ouve =08

Amd ™V TonTtoéTTA N6 + oUV?e = 1 TPOKVTTEL NWO = 0,6

To pétpo tov pLOPOL petafoing g opung otn BEomn ™G PEYIOTNG EKTPOTNG
vroloyileton amd ™ oyéon : % =3F = \/(ZFX)Q +(2F,)?

|TA OEMATA ITPOOPIZONTAI T'TA AIIOKAEIXTIKH XPHYH THY PPONTIETHPIAKHY MONAAAY | YEAIAA: 9 ATIO 10

|




OMOZINONAIA

E

NOLZI1LNOGGdGO®

S [e]

E A AN A A O =
NOMILAIVIVUXI

EITANAAHIITIKA OEMATA 2013 E 3.0)30T(a)

To copo X, ekterel KLUKMKN KiviiGll KOU GUVETMC 1 GUVICTAUEVI] TV
duvapemv otn oevbuvon g axtivag (AEovag y) exkepalel TV KEVTPOUOLO
duvaun. XVVETMOG 1GYVEL:

mz 'U2

(GEovog Y): Fp = 2F, = . 0 yiati otrypaio v=0.

Apa:
%:ZF:J(ZFX)Z =5F, =Wy, =m,g-nueé =2-10-06
Onodrte:
£ =12N
dt
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