AXKHXEIX
OPMHX - ENEPT'EIAX KAI EPTOY

AXKHY¥H 1

H dvvaun ava povdda empoaveiog mov amotteitor yio vo 6Tdoel To KOKAAO TG KVAUNG (TO KaAdut

1oV T08100) 6TO KATOTEPO oNueio Tov TodL eivar Tepinov T=(F/A)=1,6x10° N/m% H eldyiom

EVEPYOG OOTOUN TOV 00TOV TNG KVNUNG givor mepimov Amin=3,2 cm? ko Bpioketon Alyo mo mwhvw

a6 tov aotpdyaro. YroBéote 0Tt évag abBAntc mov £xel palo m=60 kg nndd oto £dapog amd éva

vyoc hp=2,0 m kot amoppoPd Tov Kpadacud TG TPOGKPOLGNG UE TO £30POG KAUTTOVTOS T YOVATA

T0v. Yobéote OtL 1 emPpadvvon katd T S1dpKelo TG TPOGKPOVOT) LE TO £00.pOG Eivat oTabep].

Koatd ) obpketo g mpdokpovons 6to £609og, 0 aBANTNS YOUUNADVEL TO KEVTPO UALlag TOL KATA

Ad=-1,0 cm. No vroloyicete:

A) To ypovikod drdotnua At Tov dapkel 1 kpovon Tov abAnTi pe To £60.4P0G.

B) Tn péon dvvaun mov ackel 1o £60pog ota TOd10 TOL OANTH KOTd TN S1dpKeln TG TPOGKPOLGNG
610 £00.00G,.

I') To Adyo g péong dvvaung mov ackel 1o £60¢pog Tave ota O Tov adANTN TPOg T0 Phpog
tov afAnt. Mmopovpe @ovopeviKd vo. ayvonocovpe To PAapog tov afinti kaTd TNV
TPOGKPOLGT] TOV GTO E60LPOG..

A) Oo ondoel 10 KOKOAO TNG KVUNG TOV afANT);

AYXH

A) Zmv ehevbBepn mrtdon tov afint) amd Vyog
Ay;,=h=2.0m 10 £pyo tov Bapovg Wy tov abinth
etvar Betcd (emedn M Qopd Kivnong kot n popd
oV Bapovg eivan idieg), omdte amd 10 Bedpnua
‘Epyov — Kwnrtumg Evépyetag Ba éxovpe:

Ay;=h=-2.0m Fa
1
W, =AK = mgAy, =Emu§ -0 =

mgh:%mug = v, =—/2gh (1.1)

D

_ W BN
(9<0 xau h<0, omdte gh>0) Ay,=-1.0 Cmf——— ————————————— M v,=0
210 o1dotnua Ayz, 1 TOOTNTA TOL AOANTY A0 Vo ¥
yivetar vV1=0 og ypovikd ddotnua Ateo oL givan Vo ‘W

{00 pe TN YpovIKY SLIpKEL TNG TPOGKPOLGNG

610 €00(0c. XT0 dloTnue. ovTtd o etk ovvaun F (avtiBetn g kivnong kot Kot
npocéyyion otabepn)) emPpadvvel ) kivnon pe Betikn emrdyvvon a=F/m. 1o id1o didotnpua
t0 épyo g dvvaung F etvor apyntikd enedn n devbuvon g dvvaung F (etvar mpog ta mwhvw)
elvar avtiBetn g eopd g Kivnong mov givot Tpog To KATM.

mo?
2AY,

W.=AK = FAy2=O—%mu§ = F=- 1.2)



Y10 1610 dtdotnpa N Oetikr dvvaun F mpokaiei pa dOnomn J(Ateon) Téve otov abinti n omoia
petaPdrel v opur| amd Po=mMvg oe P1=0. Omote, amd 10 Bedpnuo QOnong — Opung Exovpe:

mo,
J (Atcoll) =Ap = F Atcoll =P — Po = F Atcoll =—Muv, = Atcoll =——2

Avtikabiotdvtag ) OOvaun F amd ) Zyéon (5.2) Oa Exovpe tekd:

AtcoII = _m—Uoz = Atcoll = ﬂ — ZAyZ — 2% (—0,010m)
Mt Yo _\/Zgh —\/2>< (9,80m/s) x (2,0m)
2AY,

Aty =3,2x107°s

B) H 60vaun F mov mpocdiopiotnke pe ) Xyéon (1.2) eivon ion pe ™ ovvolkn dHvoun mwov
OOKEITOL TAVED GTOV 0OANT KATA TNV TPOGKPOLGN TOV 6T0 £d0poc. H dhvaun avtn elvar ion pe
™ {nrovpevn dvvaun Fa mov ackel 1o £€6apog mivw otov adAnt peiov to Pépog Tov abintm
(PAéme Zymuay):

m
F AtcoII =—muy, = (FA _W) AtcoII =-muy, = I:A =W-— AtUO
coll
2
F,=mg- MU _ mg — Mo _ mg — m2gh _ mg 1—L = (60kg) x (9,80m/s?) 1—A
28y, 20, 24y, Ay, 2% (~0,01m)
Uy
F, =12x10° N

5
I') Hapanpovpe 6Tt 10 TNAiKO: i = i = 12x10°N N
w mg (60kg)x(9,80m/s?)

Avtd onuaivel 0Tt umopovEe va oyvonocovpe to Papog tov afAntn Yo TOV LTOAOYIGUO TNG
péong 6vvopung mov aokel To £d0.pog GTOV ABANTY.

A) A@ob 1 Mot evepydc SloTopf TS KVAUNG Tov modod eivar Amin=3,2cm?=3,2x10™m?, n
TAoM OV aoKelTo TAVE® 6T0 KOKAAO avTo Ba glvar:

5
7. Fa _ 12x10°N - T =38x10° N /m?

A.  32x107*m?

A&gdopévou Tpa OTL 1 KVIUN AVTEYEL OE TACELG TOL €Vl LIKPOTEPES TNG TAGNG 1,6x10° N/m?, o
afAntrg Ba omdoel To OO TOV KATA TNV TTOGT TOV Amd TOo VYOS To 2,0 M.

AXKHYH 2

Mia urdro pala m=0,500kg Bpioketar o kKatdotacn npepiag o€ Hyog hp=2,00 M amd 1o £60¢p0g
oo OOV KOl APVETOL EAEVBEPN Vo TEGEL TPOG TaL KAT®. META TNV TPOGKPOLOT TNG UTAANS GTO
£001poc, auTn ovamnod péxpt o€ éva vyog hi=1,20 m. H xpodon g undrag pe 1o £60¢pog dlapkel
ypovikéd draotnua At:=0,0200s Na vroroyicete:

A) Tnv opun p2 ™G UraANG aKPPOS TPV QTN KTUTNGEL GTO £60LPOG.

B) Tmv opun p3 ¢ pumddag axpipadg apésms LETA TNV KPOVOoT TG LE TO £0(POG.



I') Tn péon 6Ovaun F mov aokel 1o £d0¢pog mhvew ot UTAACL.
A) Tnv ®Bnon mov veiotatol n prdio Katd T StapKewn TG KPoHONG.

E) Tn petafoin g Kivntikng evépyetag Katd tn dldpKelo TG Kpouong.

AYXH

A) Apyn dTpnong UNYOVIKNG EVEPYELNG KOTA TNV TTMOOM) v1=0 1‘
™G umdAag omd To Vyog hp: W

Mnyovikny evépyela oto Vyog hg fom pe T unyovikn
evépyeln oto £300oc. Ioodvuvapa, SLVOUIKY EVEPYELD GTO
vyoc hp ion pe kvntikn evépyeto 6To £3a.Pog: ho=2,0m

U(h)=K(y=0 = mghozémuf = W | h=1,2m

v, =—2gh, =—/2x(9,80m/s%)x (2,00m) = 1@
v, =—6.26m/s Dzl lW lw

To apvnTikd mPOONUO TPOEKLYE MO TO YEYOVOG OTL M
umdAo Kveiton Tpog ta kdtw. H avtictoym opun p2 g undiag Oa eivon ion pe:

p, = mv, =(0,500kg) x (—6,26m/s) = p, =-313kgm/s

B) Apyn datpnong e unyavikng evEpyelag Katd v dvodo
™G undAag 6to Hyog he:

Mnyavikny evépyela 610 £60p0G ion pe pnyavikn evépyeto. oto Vyog hy. Ieodvvapa, KivnTikn
EVEPYELD OTO £00POC 10T LE OLVOIKT] EVEPYELXL:

K(y=0)=U(h,) = %mz);:mghf = 0, = [2gh, =2 (9.80m/s?)x(L20m) =
v, =4,85m/s

H avtictoym opun ps Oa givar ion pe:

p; =mu, =(0,50kg) x (4,85m/s) =  p,=2,42kgm/s

I Osopnuo QOnong — Opung Kotd ) StipKeELR TG TPOTKPOLGTG GTO £J0(POG:

Ps— P,  (2.42kgm/s)—(-313kgm/s)
Ar, 0,0200s

J(Az,))=Ap = FAt,=p,—-p, = F=

F=278N

A) Metafoin g KIvNTIKNG EVEPYELNG KATA TN OLAPKELN TG KPOVOTG:

AK =K; =K, =%mU§ —%mvi =%(U§ ~0?) =O"E’—2kg[(4,85m/s)2 —(-626m/s)’] =

AK =-392J



AXKHYH 3

Mia pikpn oeaipa ualag m;=0,500 kg oAicOaivel mpog ta
KAT® o€ £vo KaTakOpueo kKukAko tO&o axtivag R=1,00m
omwg dglyvel 10 OowmAovo oynuo. To ovotnua ToL
KOTAKOPLOOL KUKAKOV TOE0L €xet nala My kot 1coppomel
mive o€ €va Aglo kot oplovtio tpaméll. Omov mbavotata
vapEet kKivnom, ot GUVTEAESTES TPIPNG OAGONONG Lk KO Mg
elvar ioot pe undév. Apyikd m ooaipa Ppioketal oto
avATEPO onueio Tov KLKAKOV TOE0L Kot givol akivnro.
Aol apebel eredlBepn M ocoeaipo, vo vroloyicete v
TayOTNTO V1 UE TNV OTOl0 1] GPOIPO ATOUOKPVVETOL A0 TO
KAT® PUEPOC TOL KLKAIKOU TG0V Kabdg Kot TV Toy\LTNTO
V2 pe TV omoia oMcBaivel TPog Ta aploTEPE TO GVCTNUA
LE TO KOTOKOPVPO KUKAMKO TOEOD.

AYXH

Apyu Katdotaon (tj) Telun Katdotaon (tr)

Mo Tpaktikov Adyovs o1 TaPAUETPOL V1KAL V2 €ival TO HETPOL TOV TOYVLTHTOV TNG COOIPOS KoL TOV
OLUCTAMOTOG TOL  KOTAKOPLEOL KLkAko» 10&ov. Ilpocoyn!!! Ztic efiowoelg mov  Oa
YPNOOTOM B0V 01 TOYVTNTES AVTE VAL UTOLV UE TO TPOSTUE TOoVug dedopévou Ot 1 BTk popd
elvar mpog ta de&a.

2V opyIKn Katdotoot, T060 1 o@aipa 0G0 Kol TO GUGTNUO TOV KATOKOPLPOV KLUKAKOV TOEOV
elvar og npepia, omdte Kot ot avtictolyeg oppég tovg Poikat Poz Oa eivor ioe pe undév. Ol
OPYIKT OPUN GLOTHLOTOG:

Po=Po1+Po2 =0

2mv 1eMKN Katdotoon, 1 o@aipa Kiveitol mpog tao 0e&ld e TaydTNTo Tov £YEL LETPO V1 EVA TO
GUGTNLOL TOL KOTAKOPLPOL KVKAIKOD TOEOV KIVEITOL TTPOG TOL APIGTEPA LLE TOYVTNTA TOV £XEL LETPO
V2. Avto onuaivel 0Tt 1 ceaipa Bo €xel opun pHe HETPO P1=MiV; KoLl TO GUGTNUO KOTOKOPVOOL
KUKAMKOV TOE0V Bl Exel opun He HETPO P2=M2v2
Apyn Atampnong mg Oppng:
(O Apyuen Opun) = (OAkn Tehkn Opun)

ml

Po=P—-P, = 0=mp -—myu, = My, =myv, = L, = m_Ul (3.1)
2



Awtpnon g Mnyoavikng Evépyetac:

[Taipvovpe ¢ eminedo uNdevIKNg PapuTIKNG OLVOLUKNG EVEPYELONS TO EMIMEDO OV JEPYETAL OO TO
KAT® GKPO TOV KOTAKOPLPOV KVKAIKOL TOE0V. OTdTE:

v apyikn Katdotaon, ceaipa £xel dvvouikn evépyeto. Us(Apyn)=Us(R)=migR kot kivnrikn
evépyeln Ks(Apyn)=0 (m oopaipa eivor akivntn). To chomUo KATOKOPLEOV KUKAIKOV TOEOL €)el
dvvapkn evépyeta Ug(Apyn) kot kivntikn evépyeta Kg(Apyn)=0 (etvar axivnro).

OAuc Apykt) Mnyavic Evépyeio: E, . =U; (Apxf) + Ky (Apy) +U g (Apxn) + Ky (Apx) =

Epppy =MAR+0+U(Ap)+0 = E, . =mgR+Ug(Apxr) (3.2)

Apym

2mv TeMKN Katdotaon, 1 oceaipa Exel dvvoukn evépyelan Us(Téhog)=0 (Bpioketar oto eminedo
1
undevikng dvvauikng evépyeslog) kot kwntikny evépysie K (Téhog) :§m1012~ To ovomua

KOTAKOPLEOL KUKAIKOU TOE0L dtatnpel v da dvvapkn evépyela Ug(Téhog)= Ug(Apyn)=Us
(emedn vmapyer povo oplovtia  pETOKIVIOT) €V Y€l OMOKTNOEL KWNTIKY EVEPYELQ
1
Ky (Téhog) = 5 m,v?
Ohuchy Tehkn Mnyavic Evépyewa: Epy,, . =U; (Téhog) + K (Téhog) +U, (Téhog) + Ky (Téhog) =
1 ) 1 ) 1 2 , 1 )
S :0+§mlul +U, +§m202 =  Egy, :Emlul +U,3(Te/104,-)+§mzu2 (3.3)

Awtipnon Mnyovikng Evépyeiag: Eapm=ETeoc —

m@R+UBQMm@:%m@f+U“T&@Q+%mﬂf = mﬂR+UB:%m¢f+UB+%mw§

= mgR= %mluf + % m,v? (3.4)

AvtikoBiotovpe ot Xyéon (3.4) 10 vy and ™ Zxéon (3.1) ko Eyovpe:

1 1 (m 1 1m} 1 m
moR==-mol +=m,| v, | ==mu} +=—20v? = moR=-mp? —=>+1 =
lg 2 1~1 2 Z[mz lJ 2 1 2 m2 1 1g 2 1 1(m2 J
~[2x(9,80m/s?)x (1,00m) 3
v, = 0.500Kkg v, =396m/s
+1
2,00kg

Avtikafiotovpe v toyvTTo V1 6T XYéon (3.1) Yy vo VTOAOYIGOVUE TV TOYVTNTA L2 UE TNV
omoio cLGTNUO KATAKOPLPOL KLKAIKOV TOEOV KIVEITOL TTPOG T OPIoTEPAL:

m, ~_0500kg
m, - 2,00kg

v, = x(3,96m/s) = 0,=0990m/s



AXKHYH 4

Ye éva melpopo PAnTKng €évo PAnua pala m=25,0 g n omoio xwveitar opiloviia pe taydnTa

1=1200 m/s dwamepvd éva. akivnto otodyo miyovg d=30,0 cm kot palag M=350 kg kot €épyetan

amd 10 otdyo pe ToyvnTa v1=900 M/s. X cvvéyela, o otdYog oAoBaivel Tave oe pa opllovTia

Kot Agla empdvela. No vroloyicete e akpifeia 3 onUavTiKov yneiov:

A) Tnv toydvTo TOL GTOHYOV AUESMG LETA TNV ££000 TOV PANUATOC OO AVTOV.

B) Tn 60voaun F mov ackel 0 6100 mavm 610 PANUa £x0vTog ¢ 000UEVO OTL 1] SOUVOUN o TN Eivot
otabepn o€ OA0 TO Ypovikd ddotnuo At wov To PANUa elval péca 6To GTOYO.

I') To ypovikd dtdotnua At Tov to PApa Bpicketal pEca 610 6TOYO.

AYXH d
«—
V=77
V=0 —
m Vo m V1
r—) —
M M
Apyum Katdotoon Teaun Kotdotaon

A) Ymoloyiopdg tng toyvtntog Vi Tov 61dyov.
To cvotua eivon to BAqpa kot o otdyog pali. Epapupolovpe v apyn dtatnpnong g opung:
(Apyun Opun Zvotmpuatog) = (Teiun Opun Zvotpatog) Omov:
(Apyucn Oppn Zvothpatog) = [Opun BApatog (Pos=m vo)] + [Opuri 5160V (Pos=0)]
(Tehxn Opur Zvompatog) = [Oppn PAqpatog (Pig=m va)] + [Oppn 61630V (P16=M Vi5)]
Onorte:

Poz = Pz = Pog + Pos = P + Py = mu, +0=muo, + MV, =

_m(v, —v,) _ (0,025kg) x ((L200m/s) — (900m/5))

Vv
! M 350kg

V, =0,0214m/s

B) Ymoloyiopdg g duvaung F mov ackel 0 61dy0g mdve 6to PANLL.
310 ypovikd ddotnua mov to PAAue dravdet éva ddomua d=30,0 cm péca oto oTdHYO KOt
katavoriokel €pyo W =Fd 1o omoio givar apvnrtikd emedq n 6Ovaun eivar avrtifetn tng

QOPAg TG TOLTNTOG KO TO 07010, GOUE®VA UE TO Bedprua £pyoVv KVNTIKNG EVEPYELOS, Elval
{00 pe ™ petafoln g KIvnTikNg evEPYELOG TOL PANUOTOC:

1 1 m m
W=AK = Fd:Emuf—EmU(f:E(uf—ug’) = F:E(Uf—ug) =

0,025kg

__DI2KY | (900m/s)? —(1200m/s)?) = F =—26200N 4.1
2x(0,300m)x<( ) = ’) (1)



I') Xto id1o ypovikd ddotnua At, n otabepn dvvaun F aockel ®Onon J(At) tdve 610 6160 TTOL
elvar tom pe ) petafoin Ap tov BANpOTOC:

J(A)=Ap = FAt=mo,—my, =m(v, —v,) = (0,025kg) x ((1200m/s) — (900m/s)) =

FAt=-75Ns 4.2)

Ao g Zyéoelg (4.1) xou (4.2) maipvoopue:

At = —ﬂ = At =286x10"*s = At =286 us
—26200N

AXKHYH 5

e £VOl OVTOUOTOTTOINEVO VTOUAPL TTOL TOPAYEL YOATKL, 1) KOTATOKT] atd TNV omoio eE€pyETal TO
YOAKL Yo va yepioel 1 Kopdtoa evog poptnyol £xel TAGTOG 160 pe TO TAATOS TG KAPOTGOS TOV
eoptnyol Ko uikog d=50,0 cm. Metprioeic £de1&ov OTL, OTAV 1 KOTATOKTH €ival avotyTh TO Yohikt
e&épyeton pe puiudg R=225 kg/s. H xatomakt avoiyest Kot KAgivel ovtopato 6Tay 10 eUmpog Kot To
nicw péPog ¢ Kapotoag, avtictorya fpefovdv KATM amd avTNV.

Ta goptyd mov &yovv pale M=6,80x10% kg kon kapdtoo pe prkog L=8,00 m sioépyovion oty
EYKOTAOTAON TApAy®mYNG YOAKoU pe tayvmto ve=0,500 m/s tnv omoia ot odnyoi diotnpoldv
otafepn eAEyyovTag KatdAANAa To YKACL..

A) Na vroloyicete ) cvvolikn otabepn dvvoun Fre (= kivnmipa dvvoun unyavig @optnyod
peiov tpég) mov mPEMEL VO ACKEITOL TAV® GTO POPTNYO MOTE aVTO Vo Kiveitar pe otabepn
TayvTa Ve=0,300M/s Kabog Kat T GVVOAMKN HALE Mygiq TOV YOAKIOD TOL Ba popTtdel otV
KOPOTGO TOL POPTNYOV.

B) Av 0 cvvteheotg Tp1P1g KOMONG T®V TPOYDV TOL GoPTNYoL e To dpdpo sivar w= 0,02, tote va
VTOAOYIGETE TN GLVOAIKT EVEPYELX TOV KATOVOAWNGE 1| UNYOVY) TOL QOPTI YOV KOTA TN OtdpKela
™G POPTMOOTNG TOL YOAKLOD GTNV KAPHTGA TOV.

AYXH

| e
B —

Xpovikn otryun t=0 Xpovikn otiyun t

A) Zmv mepintwon ovty dev 1oxOEL M apyn OITHPNONS TNG OPUNS OPOD TAV® GTO POPTNYO
aokeitoar e€OTEPIKN cLVIGTAREVN dSUVOUN Frer. Ioyder dpmg 10 Bedpnuo QOnong — Opung
CUUP®VO, L€ TO OTO10:

(QBnom mov ackeiton TV 6TO POPTNYO) = (LETAPOAN TG OPUNG TOV POPTIYOV) 1 IGOSVVALLLL:
J=Mp = [F.dt=p, -p, (5.1)
t=0

Omov po = M vy etvar 1 apykr oppun Tov EopTNYo (6TaY 0VTO deVv €xel kKaBOAov PopTio)



B)

Pr= (M + M) V1= (M + Myuia) Vo €lvan 1 TEAKT O0pU TOL EOPTNYOD TN YPOVIKT GTIYUN tf

otav €xel NoN QoptwOel To YoAikt, omdTE N GLVOAKN HEla ToL PopTNYOD Ba ivor M+M, 4. Enl

TAéoV BEcapE v = Vo dEdOUEVOL OTL 1 dOvaun F vdpyet yio va dtoetnpet otabepn v TodTnTo

oV POopTNY0V. OnoTE, e dedopévo Ot M dvvaun F eivan otabepn, n Zxéon (11.1) yiverou:

Fo [dt=(M+m . Jv,-Mv, = F
t=0

net

t, =(M+ mx(x)dm)UO -Mu,

_ (M + mxoc)\ucL)UO - MUO

net —

(5.2)

7

YmoAoyiopog tov xpovov gopTmong tr kat Tng GUVOMKNG LALOG My TOV POPTIOV.

To yoAikt apyilel va péel T otiyun mov 10 eunpog PEPoC ¢ kapdtoag Ppedel kdtw amd v
katamokty €£660v Tov yolkwov. H pony tov yoAkiov otopotd 6tav 10 Tow® HEPOG TNG
Kapotoag Ppebel kKt amd TNV Kotomokt). ATO TO GYNUO TNG GCKNONG TPOKLATEL OTL N
GLVOAIKY petakivnon g koapotoag Ba givar L'=L — d, 6mov d=50,0cm.

L’=8,00m — 0,50m =7,50 m (5,3)
Eme1om to @optnyd xwveiton pe otabepn tayvtnta vo = 0,300 M/s o cuvolikd ypovog kivnong
OV QopTNYOL Oa eivat:
L' L 7,50m

Yo = % T 0,300m/s ! s 64

Me dedopévo to puOud R=225 Kg/s pe tov omoio e&€pyetal to yohikt omd TNV KOTOTAKT, 6TO
YPOVIKO SoTNUO. ¢t = 25,05 1 GLVOMKY| pdlo yoAkiod mov Ba eoptwbel ot KAPITGU TOL
@optnyoL Oa eivar:

My = Rty = (225kg/s) X (25,0s) =  mygpuq = 5630 kg (5.5)
AvtikoBiotovpe otn Zxéon (5.2) 10 ypdvo eoptmong tr Tov PoptNyod Kot T cLVOAkn pdlo
My TOV Ppikope Kot Ppiockovpe ™ cvvictapévn dbvaun mov TPEMEL VO ACKEITOL GTO
@optNYO Yo va dtotnpet v tayhtd Tov otadepn:
(M + mxaMKL)vO — Mv, (6800kg + 5630kg) x 0,300m/s — (6800kg) x 0,300m/s
net = tf - 25s

Fou=676N  (5.6)

210 Ourthavd oyfuo €Yovpe v CGTIYHOTVTO OV
avTIoTOlXEl oTn Ypovikn oTiypn t e eoOpTtwon Tov
eoptnyov pali pe v kwnmpu ovvaun Fm kot ™
ovvoAlkn dvvaun tppfg kdhong fr. H ovvictapévn
TOV SVO QVTOV SLVAUE®V gival 1| QUVOUN F,. = 67,6 N
OV VTOAOYIGOLE GTO TPOTNYOVUEVO EPMTNLLOL:

F.=F.—-f = F, =F_,+T1 (5.7)

net

omov N Tp1PN i wovTon peg ™ kabetn dvvaun N, n v W= —Mhetd
omoio. eivan iom pe to Papog Tov EOPTNYOL GLV TO
BAapog Tov YaAIKIOL TOV £Vl POPTOUEVO, EL TO CLVTEAEGTN TPIPNGS L

f=pk,N = f=pm.,0 = f=pM+m, )9 = f=n(M+Rt)g (5.8)

Ao g Zyéoeig (5.4) ko (5.5) éyovpe:
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Fm = Fnet + fr = Fnet +l./l,r(M + Rt)g (5'9)

H evépyela mov katovolomOnke amd T punyovi Tov eoptnyod (1 evépyelo ovtn £XEL GUEOT
oyxéomn e TN TOcOTNTA KALGIHOV oL KoatavailmOnke) elvar ion pe 1o €pyo mov mapnyaye 1o
@optNnY6 010 didotnua L' mov petaxiviOnke katd ) @oOptoon pe v enidpaom g Fm.

Ene16m n duvoaun Fn=Fn(t) eaptdton amd to ¢pdvo, yio vo, VTOAOYIGOVE TO GUVOAKO £PYO OV
napdyOnke omd T0 POPTNYO KOTA TN ddpKeELn TG POPT®ONG BEpovE OTL GE YPOVIKO S1AGTN L
dt to eoptNyod petakiviOnke Katd otoryemdeg didotnuo dX Kou Tapryoye ototyelmdsc Epyo dW
TETOLO0 OOTE!

dW = F(t)ds = (F,, +u, (M +Rt)g)o, dt (5.10)

6mov  avtikatootioape Tt dvvoun Fn omd ™ Zyéon (5.9) ko Oéocape ds=vedt. Me
oAoxkAnpwon g Zyéong (5.10) oto ypovikd diotua and 0 S péxpt t=23,3 s (mov eivar ico pe
™ O18PKELD TG POPTOONG) TOLPVOVLLE:
W =[dW =v, [(F, +1,(M+RQ)dt=v,| [Fdt+p,gM [dt+uRg tdt| =

t=0 t=0 =0 =0

R Rt
W :UO(Fnettf +u,gMt; + Hrz gtij:Uotf(FneﬂLHrg(M +TfD:

= (0,300m/s) x (25,0s) (67,61\1 +0,02 X (9,80m/s?) x (6800kg + (225ke/ S)ZX (25’05)>) =
W=14600]
AYKHXH 6

Ye (o oTOUATOTOMUEVN povdda eoptwon yoptokifotiov, ta yaptokifotia B to omoia &xovv
nalo me=1,6kg xwvovvtor opildvtio pe tayvTa Vex=0,20 M/s pe ™ Pondei £vog KLALOUEVOD
wavta. To goptio A kdBe kifmtiov mov &xer ualo Mp=12 kg petapépetan pe tayvTnTo vA=1,0 M/s
He GAAO KLAOUEVO AvVTO TOV omoiov 1) dtevBvven Kivnong oympoatilel yovia 0=26" pe to oplovtio
eninedo (PAéme oyua doknong). Tn ypovikn otyun mov 10 optio A Ppioketar akpifac tave and
T0 ovoytod yoptokiBadTio B, 10 poptio apnveror eAehBepo ko mintel péca oto yoaprokiPdtio B 6mov
KOl KOAAQL GTOV mATO TOL. AV ovvieAeotn kwntikng TpPne oAicOnomng petald xifotiov Ko
KoAopevou wavta givar w=0,2 va vroroyicete 1o dtdotnua d mov Oa ohceOnoel To yopToKIPOTIO
TOV® GTNV KLAIOUEVO TUAVTOL.
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AYXH

[Ma va amhomocovpe ) Abon Tov TpoPAuatog Be@pode OTL O TAPATNPNTNG TOV TAPAKOAOLOET
™ EOPTOOT TOV YoPTOKIPOTIOV Kiveital TopdAANAa He TNV 0plOVTIO. LETAPOPIKT TOVIOL KOl [E
mv o pe oot tayvnto. [pv méoel 10 poptio pésa 610 YopToKIPMTIO, 0 TapaTNPNTS Do PAETEL
10 XOPTOKIP®OTIO oKivnto (dev vmapyel oyetikn kivnon peta&d Kwntdv mov €yovv v dw
TOOTNTO).

To goptio TAnotalet To yapToKPOTIO pe ToydTnTa vVA=1,0 M/s Tov oynuotitet yovio 6=26° e o
oplovto emimedo. H pdptwon tov yoptokifotiov efaptdtor pévo and v opilovIiio GLVIGTOGH
NG TaYVTNTOG VA M OoToia elvar iom pe:

v, =v,Cc0s0=(L0m/s)xcos26° = v, =090m/s

H oyetucn opilovtia tayvmra vy, tov eoptiov B og mpog tov mapatnpnt Ha givor ion pe:

Up, =V, —Ug =(0,90m/s)—(0,20m/s) = v}, =0,70m/s

[No tov KvodpeVo TapaTnPNTh, TO GLGTNUA GTO 0Toi0 Statnpeitor 1 opun eivar To yaptokiPmtio B
KoL T0 poptio A:

Awotpnon g opuUng ToL GLGTNHUATOS XaPTOKIPAOTIO — PopTio Yo TOV KIVOOLEVO TOPOTNPNTY:
(Apyu opur] cvoetpatog Tpw o eoptio mécel 610 yoptokiPatio) = (Telkn opun cvotpaTog
6mov 10 PopTio glvar péca 6To YoPTOKIPOTIO) M 1o0dHVOaUA:

(Apyuc opun GCLGTNUATOG TPV TO POPTIO TEGEL 6TO YaPTOKIP®OTIO) = (0opldvTio opun eoptiov
P'ax=Mavagx) + (0pun axivinTov yaptokiBmtiov pPex=0)

(Tehkn opun cvotnuaTog pe 0 eoptio péca oto xaptokKiPmTtio) = (opun pala optiov pali pe
nala yaptokiPotiov Tov Kivodvtor pe todvnta V: pagx=(Ma+tms)V)

. m m,v),
A™ Ax
p’AX+pr = pABx AU,Ax +o=(|||A+|||B)V j— V=—22 =
IIA_'_“IB

v  (12kg) x(0,70m/s)

V =0,62m/s
12kg +1,6kg

H taydvmra V=0,62 m/s mov Pprkape givar n toydmmro pe v omoio apyilel vo olobaivel to
xopToKIB®dTIO pali pe to eoptio mave otov KuAdpuevo wavta. H toydtnto avt) elvol 1 oxetikn
TOYOTNTO TOV YOPTOKIPOTION e TO POPTIO GE GYEST LLE TOV KIVOVLEVO TOPOTNPNTY.

[Ma tov xwovpevo mapatmpnt, N toyvmra V Bo pelidveton €€ oitiag g KwvnTikng TpPng
oAobnong tov yaptokifotiov pe tov wavta. H kivntikn tpip odicOnong fik elvan avrtifetn pe
eopd g tayvtntag V ko elvar iom pe 1o ovvolkd Pdpoc yaproxiPmrtiov-goptiov emi tov
avtiotoyo cvvtereotr| TpNg w=0,2.

fo =1, (My+mg)g

[Ma Tov ktvovpevo mapatnpnty,  dSOvoun g TPIPNg Katavarioket éva épyo W 1o omoio, copuemva
pe to Bempnua Epyov KvnTikng evépyetag, eivar ico pe ™ petafoin AK g kivntikng evépystog
oL YopToKIPmTiov pe To Poptio. Apyd To cHGTNUO YOPTOKIPOTIO-QopTio giye TaydtTa V (ko
GUVETHOS KTk evépyeta (Ma+mg)V4/2) 1 omola 610 TéAOC yiveton pundév. Omote:

W=AK = f,=K,-K = —uk(mA+mB)gd:O—%(mA+mB)V2 =

v? (0,62m/s)?
d= = d= 5
2u, 9 2x0,2x(9,80m/s?)

= d =0,098m =9,8cm
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XXOAIO EHNI TOY AITIOTEAEXMATOX

Koatd ™ dwdwoasio tg tomofétnong tov goptiov péoa ota yaptoKiPoTia, 1o Kdbe yoptoKiPdTio
oMacbaivel mpog o eumpdg katd Eva ddotnua d=9,8 cm. Avtd onuaivel 6t Ta YapToKIPAOTIO TOVL
LETOQEPOVTOL [LE TOV KVAIOUEVO AVTO gV TPEMEL VO amEYoVV HeTAD TOvg amdoTaon UKPOTEPN
a6 1o ddotnuo d=9,8 cm. Xty mepintwon mov 1 andoTOoT AVTH NTAV HIKPOTEPT amd To. 9,8 ¢m,
ta. yaptokiPotio Bo oAicOovav kar Bo €mepte 10 €vo TAVEO GTO GAAO UE OMOTEAEGUO VO
JTOPAGGOTAV O GLYYPOVIGUOG TOV UAVTO LETOPOPAS TOV POPTIOV LE TOV UAVTO HLETAPOPAS TOV
YOPTOKIPOTIOV.

AXKHYH /

‘Eva xovti pélog 10 kg koteBaivel oloBaivovtog pa Agia pauma uikovg 4,0 m kot 6T cuvérEld
TPOCKPOVEL G€ Eva eElatnplo pe otabepd 250 N/m.

a. ITowa elvan n péytotn cvumieon tov ghatnpiov;

B. T16c60 cvumiespévo givar To ELATPLO OTOV TO KOLTI EYEL TN HEYIOTN TOYVTNTO,

AYXH

———————————————————————————— A - ®éon 3: Akpo telelng cuUTIESHEVOD AT PiOV

a) No vrtoioyicete T HEYIOTN TAPAUOPP®OT] ASmax TO EAATNPiOL:

To opldvtio enimedo mov diépyetor amd ) Oéon 3 Tov dkpov tov ghatnpiov (Kotdotaon
uéylotg ovpmieong) Aapupdavetor og To eninedo pe Suvakn evépyela ion pe to undév (Us=0).
H pado Bpioketar og vyog h=(AB)+(BA), 6mov:

(AB) = ssind=ssin30= % =2m

(BA) = As,,, sin@ =As,, sin30= A

2 0éon A n pala Exet povo Paputikny duvapkn evépyeta Ua og mpo eninedo undevikng

Baputikng dvvapukng evépyetag (0éon 3): U, = mg((AB) + (BF)) = mg(% + Asé“ax j
2 0¢om 3 1o cvonua AatpLo-pala Exel LOVo eAaoTIKN duvapukn evépyeto (1 Paputikn

duvaukn evépyeta € optopov givarl unoév): U = %k(ASmax )?

sp, max

11



Awtipnon g Mnyavikng evépyelog:

U,=U, = mg[—+—”‘a‘xjzlk(Asnm)2 = mgs+mgAs,_ =k(As,, ) =

S As
2 2 ) 2
mg mgs
As_ )2 ——2(As,_ ) ——— =0
(A8 )™ == = (A8 ) ==

Ao ™) AMon g devtepoPdabuioc eicmong Ppiokovpe: ASmax=1,46 m

B) X¢ éva cvomnua pala-chatnpro, n pdlo Exet ™ péytotn taydTTa OTAV QLT O1EPYETAL O TN
0éom 1ooppomioag Tov cvothuatos. Otav £pbet o emapn N pala pe 1o 6e&10 dxpo Tov EAaTnPiov
N dvvaun mov Ba cuumécet To Elatnplo Ba eivar ion pe v TpoPoir Ws Tov Bapovg W tng
puélog Tave ot dievbovvon mov eivon TapdAANAN pe TN d1EHOLVOT TOL KEKMUEVOD EMTESOV:

W, :WsinSO:%

2V KoTdotaot woppomiog 1 dvvaun avt tpokaiel T {ntoduevn mapoapdpemon As;. Ao to

vopo tov Hook éyovpe:

W, m
w, =k(As) = (Asl)=75=2—f = (as,

AXKHYH 8

)= (10kg) x (9,8m/s?)

=0,196m
2x500N/m

Odnyeite pe tayvmro vo=50,0 km/h og éva opildvtio dpopo Otav Eopvikd o dPOHOG oVTOG
katneopilel mpog pia kodda. H koatakdpuen andotacn peta&h optldvtion Spopov Kot KOAoag
etvar H=20,0 m. Tn ypovikn otiyun] mov UMNKATE GTOV KATNPOPIKO OpOUo gAevBepdvete TOV
CUUTAEKTI) TOL OVTOKIVIITOV GOG Kol TO aLTOKivTo Kotngopilel ehevbepa mpog tnv Kotkdda. Tn
oTiyun mov eBAvete 6to EmMinedo g KoWdoas, PAEmETE va TPOYOVOUO KPLUUEVO THHG® O TV
nmvakioa opiov toydmrTag M omoio &ypaee "Avadtato Opro Tayxdtntag vma=70,0 km/h". O
TPOYOVOLOG Ba Gag Ypdyetl kAo Yo vépPacn tov opiov tayhTnTag;

AYXH

Vn=50,0m/

Apyun Katdotoaon:

1
Kwnrun evépyeion @ Kj = Emug

Avvapukn Evépyewn @ Uy, =mgH
Mnyovuc Evépyewa : E, =K, +U,
Awtpnon g Mnyoavikng Evépyetac:

Teln Katdotaon:

1
Kuwnrier] evépyeta @ K = Emu2

Avvapikr) Evépyea : U =0

Mnyavu Evépyewa: E=K+U

1 1
E,=E = K,+U,=K+U = 5mu§+mgH:5muz = vl+2gH=0" =

12



v=+us +2gH (1)

Metatpomn TG apyIkng ToHTNTOS TOV AVTOKIVITOV Kal TOV 0piov ToyOTNToG 6€ ovadeg m/s:

1000m
3600s

Ao ta dedopéva Tov TpoPfAnuartog Kot tn Xyéon (1) maipvovpe:

v, =50,0km/s = 50,0 x v, =139m/s

v=4Ug +2gH = \/(13,9m/s)2+2><(9,80m/s2)><(20m) = v=242m/s

-3
10 k””=24,2x@km/h = v=871km/h
1 1000

3600

Y10 téh0OG TG Katneopag to avtokivnto Oa kwveitor pe tayvtnro v=87,1 Km/h n omoio &ivon
ueyaAvtepn omd 10 Oplo TV Vmax=70,0 km/h. Katdémy tovtov, o tpoyovouog Bo dmoel KA1 oTov
00Ny TOL AV TOKIVITOV.

'H wwoddvopo: v=242m/s =24,2x

AYXKHXH 9 | | | EN)
M métpa pe palo m=50,0 g tomobeteiton o€ por cPeVIOVOL. -2 : -----i ----- :L---* 60
Extetvovtag tov Aaotiyévio dvta g oeeviovog, n dOvoun mwov : : |

aokel avtdg MAve 6TNV TETPA GLVOPTACEL TNG ETUAKVVONG TOV BN " 40
amekoviletal 6To SITAOVO GYNLLOL. e e < --—20
a) O AooTiéviog Yavtag vakovel otov vopo tov Hook; x(m)_§ f i

7 4 7 _0,30 —0,20 _0110 O
B) Na vroloyicete t otabepd K tov Adotiyov.

v) O Alootyéviog wdvtag ekteiveton kotd 30,0 cm kor ot ovvéxewn ehevBepavetar. Na
VTOAOYIGETE TNV TOYVTNTO LE TNV OTOi0 EKTOEEVETOL 1) TTETPOL.

AYXH

a) O AooTiéviog dvtag vrokovel 6tov vopo tov HOOK emedn m dOvaun emovapopds Tov
AdoTiov givarl avaloyn pe v exufkoven tov, F=K X.

B) k:_ﬁz_m — k=200N/m
AX -0,30m—-0m

v) Otav o Aaotiyéviog wavtag Exet enunkouviel kotd didotnuo AX=30,0 cm péca ce avtov €xet

amobnkevOel dSvvapukn evépyew: U = %k (Ax)® Q)

Otav 0 Aaotiyéviog avtog agedel eAeBepoc, N TAPUTEVED SVVOUIKT EVEPYELN LETATPENETOL GE
o 1

Kivntikn evépyet: K= Emu 2)

ZOpQmVa e TNV apyn OTHPNONGS TNG UNYOVIKNG EVEPYELOGC:

K=U = Imo?=lk@ax? = u=\/E(AX)= 200N/M - a00m) =
2 2 m 0.0500kg

v=19,0m/s

13



AXKHYH 10

O oktrtng evog Luna Park cog avafétel va LEAETNGETE TNV TOPUKATO TPOYLA EVOG BaryovioD.

H tpoyid éxet ta eENG YopoKTNPIOTIKA:

Méyioto vyog agetnpiog Payoviov: H=20,0 m

To Tuqua AB givar evBOypoppo, eved ta tuquata (BI'A), (AEZ) kot (ZH) sivon kokAikd t0&0 pe
axtiva R.

Ao ™V peEAETN TPEMEL VO TPOKVTTEL 1) EAAYLOTN 0KTiVOL Rmin TOL KUKAIKOD T0E0L (AEZ) Y100 vau pum
ekTpoylaoTel To Paydvi 6tav avtd mepva amd to onueio E.

AYXH

IMa va unv ektpoyractel 10 Payovi oto onpeio E, mpénet 6to onpeio avtd 1o Payovi mpémet va givan
o€ EMAPT e TNV TPOYLA. AvTtd onuaivel OTL Tave oto Paydvi Bo ackobvtar ot e&Ng Suvapels:

To Bapog tov Payoviod: w=mg ot n kabet dvvaun N and v tpoytd. H cuvictapévn avtdv
2

TV dvvlpewv mpénet va etvor ton pe v kevipopdro ddvaun F; = oL Kpotd to Paydvi e

KUKAKY] TPpOYLd. ZuyKekpiuévar:

muo?

N-w=-F, = N-mg=- (10.1)
To apvntkd mpoéonuo oto Pépog Kot otnv KeEVIpopdro dOvoun otn 0éon E umke emedn ot
SVVAPELS aVTEG €YoV QOpd TTPoc Ta KAt®. Optakd, 0Tav 10 Payovi TAWEL vo £(EL EXAPN LE TNV
Tpoyld, T0TE M KABeTn dvvaun N Ba eivor ion pe to undév. ‘Eotm 611 oty katdotacn ot n
TayOTNTA TOV Poryoviov gival io1 PE Vmax. OmoTe amd ) Zyéon (10.1) Ba éyovpe:

m 2
0-mg=-— ';max = v, =gR  (10.2)
Ao ™V apyn SlT)PNoNG TG UNYXAVIKNG EVEPYELNG UTOPOVLLE VO BPOVLE T GYECT TOV GUVOEEL TNV
TOYOTNTO Vmax LE TO pEY1IoTo Hyog H g Béomg g apetnpiog tov Poyoviov.

Y& o toyoia mepintmon, Bempodue Ot M apetnpio. Tov Payoviov Ppioketor oe Vyoc h amd to
Katdtato onueio g tpoyids. INa v mepintmon avt) epappdlovpe v opyn dTnpnong g
UNYOVIKNG EVEPYELNG:

Avvopikn evépyeto otn 0éon g agetpiag: U =mgh (10.3)
Avvopikn kot kvntikn evépyeta otn 0éon E: U =mgR kv Kg = %mu2 (10.4)
Apyn SoTpNoNG TNG UNYOVIKNG EVEPYELOGC: E(otmyv apetnpia) = E(ct 0éon E) =

14



U=U.+K, = mgh:ng+%mu2 = 0v°=2g(h-R) (10.5)

[Ma vo punv extpoyactetl 1o Payovi Tpénetl kKon n taydvtnTo avt (PAéne Xyéon 10.5) va sivon iom pe
VUmax- Ao 1 Zxéon (10.5) dpmg mpoxvmtetl 0Tt o va givor 1) ToydTnta 101 1e Vmax O Tpémer 1 B€om
™G apetnpiag va Ppioketal Kot avtd 6to péEY1oTo duvatd VYos. To Kiyog avtd 10 cvuPoArilovue pe
H. Omnote, n Zyéon (10.5) yivetau:

v, =29(H-R) (10.6)
Ao t1c Zyéoerg (10.2) kan (10.6) mpokdmtel TEAIKE OTL:

gR=2g(H-R) = 9gR=2gH-20R = Rngzng0,0m = R=133m

AYXKHYH 11

H wrodvvaun (1oy0g) evog pikpod avtokivitov givarl Pmax=120 hp (1 hp = 735,5 Watt). H péla tov
avtokviTov eivar m=1.00x10° kg. Ynobéote 6Tt 1] GuVOAIKT SHvopT IOV AVTIGTEKETAL 0TIV Kiviiom
TOL OWTOKIVATOV &ival aviAoyn He TV ToDTNTO V TOV OVTOKIVITOV. Tuykekpéva: f=a v omov
0=1,00x10? Ns/m. No. voloyioete T HéyIoT) ToyOTTA Vmax HE TNV omoio. propei vo kivnOei o
GLYKEKPLLEVO QLTOKIVITO:

a) o€ €va opllovTio dpouo, Kat,

B) og éva avneopikd dpopo mov oynuotilel yovia 6=30°.

AYXH
Metatpémovpie TV ToOHVALT TOL GLTOKIVITOL TN Lovada Tov AtebBvovg Zvotipatog S.1.:

P. =120hp =120x7355W = P, =88300W

i

o) 'Eoto 011, n péylot TodTnTo. IOV UTOPEL VO OTOKTNGEL TO GVTOKIVITTO 6ToV 0ptovTio dpOro
EIVOL V1 max. TNV TEPIMTMOT 7OV TO OVTOKIVITO Kiveitor pe t otabepn avt taydtnto, 1
pnyovn tov Asrtovpyel ot péyot 160 mov gival Pmax=88300 W. Mg v 1oy0 avt n unyovn
®Bel t0 avtokivnto pe pa dvvaun Fi n omoia avtiotoBuiler ™ ovvictopévn  fimax TOV
SUVAUE®V TTOV AVTIGTEKOVTOL GTNV KiVNOT| TOV:

F= fl,max = AV, x

2V Kotdotaon ouTi, 1 pnyovn topéxet  uéyiom woxv: P =FRo o, = aufmax =

\/ 88300W Vpex =129,7M/S 1 U e =2107km/h

U1 max :i\/Pﬂ:i 2
’ a 1,00x10°Ns/m

To mpoéonpo £ onuaivel 6TL To avtokivnTo Pmopel va Kiveital Tpog ™ BTk N TV apVNTIKY
Katevbvvon).

15



B)

v mepintoon avuty Bempovpe OTL TO AVTOKIVIITO GVEPYETOL TNV ovnEOPO HE TN UEYIOTN
TOYOTNTO V2 max OMOTE M UNxavy Tov map€yxel T péytotn dvvatn 16x0 Pmax=88300 W pe v
omoio. To avtokivnto ®Beiton wpog T TAve pe T ovvaun Fo. H dvvaun avty mpémel va

avtiotadpiost ™ cuVIeTOPEVN f2max=002 max TOV duvdpemv avtiotaong kabd kot T0 Bapog
W=mMQ TOV QLTOKLVI|TOV.

g ypoviko ddotnua At to avtokivnto ditdvooe éva dtdotnua AS KaTd UNKOG TNG ovQOpaS LUE
otabept| TaydTnTO: U, L = i—i

210 1010 Ypovikd draotnua, n dvvaun Fr tapnyaye épyo:
W,=FAs=P_, At (11.1)

Emedn 1o avtokivnto kwveiton pe otabepn ToydTNTO V2 max, | CUVICTAUEVT] TOV OUVAUEDY TOV
aoKOUVTAL TV GTO AVTOKIVITO 01N S—d1evBvvon mpémel va givan ion pe 1o undév. Amod to
TOPOTAV® S1aypapLpLo SVVAUE®Y TPOKOTTEL OTL:

F, =1, twsin(d = F =av,, +mgsin(@d) (11.2)
Omndte, n Zxéon (11.1) yiverou:
W, = (auzmax + mgsin(@))As = W, =av,,, As+mgsin(d)As  (11.3)

Amnd 11 Zyéoerg (11.1) ko (11.3) mpokvmrtet OtL:
P At=av, . As+mgsin(@)As = P, =auv, i—: +mg sin(e)i—‘:

P =Q0: o +Mgsin@) v, e = A U +MGSiNG) U, 1 — Py =0 (4)

max

H X2yéom (11.4) sivon pa devtepofabua e£icmon o¢ mpog V2 max TNG OTOiag 1 Avom givat:

_ —mgsin(6) + \/(mg sin(9))’ +4aP,,

-
2, max 23.

_ —(1000kg)(9,80m/s?)sin 30 + \/((1000kg)(9,80m /s%)sin 30)2 +4x (LOONs / m)(88300W)
2,max
2x100Ns/m

U, max =14,0m/s =50,4km/h étav 1o avtokivnto Kiveitar mpog v OeTiky S-dievbvvon.

KOL U, 1o =—63,0m/s =-227km/h 6tav T0 owtokivnto Kiveitar Tpog mv apvntikn s-d1evbvvon.
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AXKHYH 12

Yag (nmOnke va oyedidoete Eva "BaAMOTIKO cUGTNUO EAATNPIOV" Y10l VO LETPNCETE TIC TOYVTNTEG
TOV 6Palp@V evog 6mhov. To chomua avtd amoteAeiton omd Eva ehatnplo pe otabepd k=50,0 N/m
70 omoio &lval avoapPTNUEVO KATOKOPLOO GTNV 0poPn TNG aifovcag dOKIUMV. £TO KAT® GKPO TOL
ehatnpiov givar avapnuévo éva koppdtt E6Ao mov &yel palo M=2,0 kg. To 6mho tomobeteiton
akpPog kTt amd 10 EOA0 Ko N ceaipa mov £xel palo M=10 g BdAAeTor KOTAKOPLPA TPOG TO
Vo £TGL MOTE OVTN VO EVOOUOTOVETOL LEGO GTO EVAO. Z€ [0 TETOLN SOKIUY|, LLE TNV EVOOUATMOT)
™m¢ oaipag péoa oto EOAO, To eAathplo cvumEleton kotd ddotnuo d=45 cm. Na tpocdiopicete
TN OXEGT) OV GUVOEEL TNV OPYIKN TOYOTNTA Vo TG OPAipaG UE TIG YVOOTEG Tapopétpove M, M, K kat

AYXH

Vo

Il
Apyun Katdotaon Xpovikn oTiyun kpovong Teln Katdotaon

To ocbomuo mov peletdue meptapPdaver t oceaipo kot ™ pdlo M mov givor avoaptnuévn 6to
ehatnpro. H apyn xotdotaon avtiotolyel otn ypovikn otiyun Alyo mpwv AdPet ydpa n kpovot g
opaipag pe to Ebro. H apyun opur| Jupy, T00 cuotiuatog opeiletor omokAeloTKG 0TV Kivion g
oQOipOC.

Apywny opur) cvotpotog:  J, =My, (12.1)

apy

Apéowmg petd v kpobon N oeaipa Non £xel eveopatmbel 1o EOA0 kot To cvotnpa EHA0-cEaipa
Oa apyicel va Kwveital mpog o Tave pe tayxvtra V. Tn ypovikn otypn] g Kpohong, 1 Opun Tov
ocvotpatog EOA0-coaipa J.g Oa givat:

Xpovikn otrypn kpovong:  J, =(M +m)V (12.2)

m
M+m

Apyn Swmpnong e oppng: J, =J; = My, =(M+mV = V= Uy

E¢ artiog g toyvtog V, to cvomua EOAo-ceaipa wbeiton mpog tor mive cvumiéloviog To
eratfpilo. Exedn n pala m=10 g g opaipog eivar ToAAEG popég pikpdtepn amod ) palo M=2,0 kg
Tov EOAov (N pala g oeaipag eivorl pikpdtepn amd TV akpifea p€Tpnong g nalog tov EHAov),
umopovpe vo ypayoovpe M+m=M. Ondte,  tehevtaio oyéon mov Sivel TV apyiky| To\TNTO TOL
ocvotnuatog ELAO-GPaipa yivetal:

17



m
V :MUO (123)

Tn otryun g Kkpobvong, 1o cvLGTNUO ELAO-GPAIPA EYEL KIVITIKT EVEPYELXL:

2 2.2
K=imvei=im ™,z o k=M% (12.4)
2 2 M 2M
Onwc oM avaeépape, n pndlo wbeitoar mpog to v cvuméfoviag To AATNPO. XTO S1AcTNU
d=45cm oto onoio cupumiEletar To AaTAPlO, N SVVOUIKT TOL evEpyela Ba givar iom pe v apyikn
KWVITIKN EVEPYELD TOV GLGTHIATOS EVAO-CQOipAL:

Telun Kotdotaon cVoTHHATOS EVAOV-COAIPAG.

Avvopuxy evépyela eatnpiov : Uy = %k d? (12.5)
2.2 2
Apyn dapnong g punyovikhg evépysag: K=Ugy, = ”2]'\‘;0 =%kd2 = Uy, = 1/ K '\rflzd
2 2
Ondte: v, = \/k Md* _ (50N /m)x (2.0kg) x (045m) o, = 450m/s
m (0,010kg)

18



AXKHZXH 13
Mo opaipa palag m n omoia £xel TayHTNTO L CLYKPOVETUL LETMOTIKA KO TEAEIMG EAACTIKG
pe po AN oeaipa 1 omoio Exet pdlo M ko n omoia apykd ftav axivinn. Na deilete 6TL 1
petaforn AK g KIvTIKNG evépYelag TG opaipag pe udla m Ba diveton amd tn oyéon:
4mM
=—F=K
(M +m)2°

OTOL Kp ELVOL 1] OPYIKT] KIVNTIKY EVEPYELD TNG LACog M.

AK

AYXH
ITpwv (Katdotaon A) Kpovon Meta (Katdotaon B)

Ipw amd TV Kpovon Meta amé Tnv Kpovon
Oppng oeaipag pe pddo m: Po = Mg p=—mv
Kwntua evépysia opaipag pe pdlam: kg = %mvg K = %mv2
Opuns oaipag pe pala M: Py,=0 P =MV
Kuwntwn evépyela opaipag pe pala M: K, =0 K = %MV2

Awtiipnon e oppic:
Po=p+P = myy=—mv+MV = muy,+mv=MV = m(,+v)=MV

+v = M %4 1
Up TV = m €Yy
Awtipnon g Evépyerog:

1 1 1
Ko+ Ky=Kk+K = Emv§+0=zmv2+§MV2 = mvi—-mvi=MV? =
m@é —v?) =MV? = m(y —v) (g +v) = MV? (2)
Awpovtog katd pian tic EElomoeig 1 kot 2 Bpiokovpe:
vVo—v =V 3)

Ot E&iomoetg 1 kar 3 amotelolv éva cvotnua 2 e€lodoemv pe dvo ayvactov. AHon Tov
GLOTHLOTOG ALTOV diVEL:

_2m 4
M+ mvo ™
_M-m c
UM +m ®)
Apxuch KinTkn evépyela opaipag pe pdlam: ko = =muvg

2



1
TeAkn KTk evépyela o@aipag pe palam:  ky = Smu

2

1 1
MetaBoAq KvnTiky evépysla opaipag pe palam: AK = kg — Kk = Emvé — Emv2
H evépysro AK petapépOnke oty apyikd akivnm coeaipo pe pala M n omoio oméktnoe
tayvtnta V. Ondte, n Kivntikn evépyela e oeaipag pe pdlo M Oa sivon ion pe:

AK = ! MV?
)
H televtaia E&lomon, oe ouvdvacud pe v E&iowon 4, yivetau:
AR 1M< 2m )2 4mM 1 Ag = AmM
= — _— = - =
2"\ M+ m”) T+ myz2™o (M +m)2"°
AYXKHXH 14

Mia pélor m Kwveiton e TouTNTO Vo TAPAAANAL LE T d1ehBuVeN X Kot GUYKPOVETAL TEAEIWC
ehootikd pe axivntn padlo M. Na amodeiEete OTL 1 LEYIOTN AMOAELN KIVITIKNG EVEPYELNG TNG
péloc m copPaivel 0tav n kpovo givor petOmKn (KEVIPIKN).

AYXZH
[Tpwv (Katdotaon A) Kpovon Metd (Katdotaon B)

Uy D

Oewpodue OTL PHETA omd oL TuYOio U HETOMIKY TEAEI®G EAACTIKN KpovoT, 1 palo m &xet
TayvINTa L N omoia oynuatilel yovia +6 pe tov dEova X kot n palo M Exet taydra V mov
oynpotilel yovia —¢ pe tov a&ova X. Ot moocdtteg 0 Ko ¢ eivon Betikol apBpot.

Ipw amd v Kpovon Meta amé Tnv Kpovon
Opuis o@aipag pe pédga m: Po = mu,l P =Dpxl+DpyJ
Kwntikn evépyela opaipag pe palam: Ky = %mvg K= %mv2
Opung ocaipag pe pdla M: Py,=0 P= Pi+PBj
Kuntwn evépyela opaipag pe palo M: Ky =0 K = %MV2

Mgt amdé Tnv Kpovon:

1
AK = kg —k = AK = Em(vg -v3) D



Juviotwoa x TG opun¢ s ua{ag m: p, = muv, = mvcosé

Jvyviotwoa y ¢ opung g u&fag m: p, = mv, = mvsiné

Avvopa ¢ opunis T pddag m: p = pyi + p,j = (mvcosh)i + (musinf)j  (2)
Jvviotwoa x g opung ¢ ualas M: P, = MV, = MV cosp

Jvvictwoa y ¢ opung e udfag M: P, = MV, = —MVsing

Alvvoua g opung tng uadag m: P=Pi+ P,j = (MVcosp)i — (MVsing)j  (3)

Awriipnon e Oppis:
Bo=B+P = muyl = (mucosd)i+ (musind)j + (MVcos)i — (MVsing)j =

muyi = [(mvucos@) + (MVcose)]i + [(musing) — (MVsing)])] =

mv, = (mvcos@) + (MVcosg) (4)

0 = (mvsin@) — (MVsing) (5)

Yyavoupue oto tetpdywvo tig EEiodoeic 4 kon S ko petd tig afpoilovpe Katd péAn:
m?v3 = m?v2cos?0 + M?V2cos?g + 2muMVcosf cos@

0 = m2v?2sin?0 + M?V?sin?¢p — 2mvMVsind sing +

m2v3 = m?v?(cos?0 + sin?0) + M?V?(cos?¢ + sin?8) +
+2muMV (cosO cosg — sinf sing) =

m2vi = m?v? + M?V?2 + 2muMV cos(8 + @) =

m2vé — m?v? = M?V? + 2muMV cos(6 + @) =

m@g —v?) = M?V? + 2muMV cos(6 + ¢) =

1 2172

Em(vg —v?) =

> + uMV cos(6 + @) (6)

Ao 11 E&lomoeic 1 kou 6 maipvoope:
Zv2

2m

AK =

+ uMV cos(6 + @) (7

[Ma va etvar n petaforn AK g Kivntikng evépyetog g ndlag m péyrotn, Ba mpémel n
PO mopdywyog g cvvaptnong AK = f(0+¢) va eivor ion pe undév ko mn devtepn
TOPAy®YOS (GTNV TN OV UNOEVILETE N TPMTN TAPAYMYOS) VO VUL 0PV TIKT).

[Maipvovpe v mpdTH mapdywyo ¢ ocvvaptnong AK = f(®) wg tpog O, dmov O = + ¢:

d(AK) d (M2 d d
— R e = V— @ = 0
75 0o = d/@% + 75 [UMV cos(@)]=0 = uM 75 [cos(0)] =




d(AK
(d@ ) = —uMVsin(0) =0 = O6=0 nwosbvaua O+¢=0 (8)

H E&icwon 8 pog Aéet 011 n petaforn AK g KivnTikng evépyelog €xel akpotato (eivan
péylom M eddyiotn) otav @ =6 + ¢ = 0.

[Tapatnpovpe 611, 6tav © =0, 1 devtepn mapdywyos g AK sivat:
d?(AK)
do?
Yuvenmg, n AK givon péytom 6tav @ =60+ 9 =0

= —uMV cos(@) = —uMV cos(0) = —vMV < 0

Kot emeidn ot mocotreg 6 kot ¢ elvor €€ optopod Betikéc mocdtnTeg, Yoo v givarl to
dBpotopd Toug undév Ba mpénel 8 = ¢ = 0. v mepinton avTr, N KPOUOoT £Vl HETOTIKY
(xevTpikn).

AXKHZXH 15

Mia atodivn pmidia mov €yl nala Ma Kiveiton pe taydnTa v TapdAAnAa e TNV BeTikn X-
KatehOvVeoT, GLYKPOVETAL TEAEIMG EAUCTIKA KOl Ol LETOTIKA UE MU0 GAAT TOVOUOLOTLTY
AL akivnTn pridia mov éxet pdlo Mg = Ma. Metd v kpovon, | Tp®TN Uridio Kveiton pe
TayOTNTO VA M KaTeLOVVEN NG omoiag oynuatilel yovia 5 pe Tov aova X, evad 1 debTepn
pmidlo Kwveiton pe toydtnta v M katebBovvon g omolag oynuartilel yovia O pe tov aova
X. Na amodei&ete 011 O + O = /2.

AYXH

Bewpovpe OTL PETA O o TVYOHOL U1 LETOTIKY TEAEIMG EAAGTIKN KpovoT, 1 ndlo Ma £xet
TayOTNTA LA M OToia oyNUATilel Yovia +0a pe Tov dEova X ko 1 pdlo Mg €xel ToOLTNTO LB
mov oynuotilel yovia —6p pe Tov a&ova X.

[Tpw (Katdotaon A) Kpovon Metd (Katdotaon B)
DAy LA
mA/ A
Ma V Ma /,/GA
@ @ T *:\’é.; """""""""""""
Mr Mr .,
mR\ DRy
Uy [)]=3
Ipw amd v kKpovon Meta amé Tnv Kpovon

Opuns oaipag pe pado my: Pao = muVi Pa = Daxl + DayJ



1 1

Kuntwn evépyela opaipag pe paloamy: Ky = EmAVZ K, = EmAvj

Opung o@aipag pe pdda mp: Peo = 0 Ps = Paxi + DayJ
1

Kuwntwn evépyela opaipag pe palamg:  Kgg =0 Kg = Evaf;

Mgt amé Tnv Kpovon:

1 1 1
Aatipnon g Evépyeiag: Ky = Ky + K = EmAVZ = EmAvj + Evaé =

V? =v5 +v3 (D

H amhonoinon éywve gmeldn ma = mg.

ZJUvIoTwoa x NG 0puNG THS HAJAS Myt Pay = MUy, = MyuU4CO0S0,
ZvvioTwoa y g opung NG Ua{ag my: pay = Myly, = Myu,sing,
Alavvoua g opung s uadag my:

Ba = Daxl + Day] = (Myusc080,)i + (myv,5ind,)f (2)

Zuviotwoa x TG opun§ TS HA{ag mg: Pgy = MU, = MU COSHg
Jvviotwoa y g opung g udlag mg: pgy, = Mpv, = —MpgUgsindg
Aavvoua g opung tns ualag mg:

Pp = Ppxl + PByf = (mpvgcosbgp)i — (mpupsinbp)j 3)

AwTijpnon g Oppg:

Pao =DatPp =

myuVi = (myvuycosfy )i + (myuysind,)j + (mgugcosfp )i — (mgugsinbg)j =

myVi = [(myv4cos8y,) + (mgugcosOp)|i + [(myv,sindy) — (mgugsindp)])j] =

myV = (myvycosb,) + (mgugcosfy) =  V = (vycos6,) + (vgcosby) (4)
0 = (myuysind,) — (mgugsinfg) = 0 = (vysinb,) — (vgsinby) (5)

Yyovovpe oto teTpdyovo Tig EElodoeig 4 kot 5 kot petd tig abpoilovpie kotd péAN:

V2 =v2cos?0, + vicos?0y + 2u, vgcosf, cosby

0 = v2sin?0, + visin?6p — 2v,UEsind, sinfg +

V? = v2(cos?8 + sin?0) + v3(cos?g + sin?0) + 2u,vg (cosh cosg — sinf sing) =

V? =v2 +v3 + 2u vgcos(8, + 6g) (6)



Ao 10 cvvovacpd Tov EElomoemv 1 kot 6 Tpokvmtet Ot

s
ZUAUBCOS(HA + HB) = 0 = COS(HA + HB) = 0 = HA + HB == E

AXKHXH 16

‘Evoc dlokog tov yokel pe pala m, tov omoio cvpPoiilovpe pe B, eivon akivntog move oe
Aeto emeavea mayov. 'Evag devtepog diokog pe ido pdlo M, 0 omoiog copforiletan pe A
Kot 0 omoiog kwveitar pe Toydvnra V = 40,0 m/s napdAinio pe ) diebbvvon X, cuykpoveTa
Oy ehacTikd pe tov akivnto dicko B. Metd v kpovon, ot dickot A kot B kivovvrtat mpog
KatevBouvoelg mov oynuotiCovy yoviag G4 = 30,0° ko 65 = 45,0° ¢ TPog 1N O1evbvvon X.
Noa vrohoyicete: (0) TIg TaydTEG TOV dvO diokwv peTd amd v kpovon kot (B) To
TOGOGTO TNG KIVNTIKNG EVEPYELOS TOV O1GKOL A TTOL YAVETAL KOTA TV KPOLGN.

AYXH
[Tpwv (Katdotaon A) Kpovon Metd (Katdotaon B)
DAy
Ma v
ma Ma e VAX
- .___—__V? ________________________ O .
‘ ~ HB
Mgr Mr . .
mR\ VRy
Uy ()] =3

Bewpovpe OTL PETA amO piot TuYOio UN UETOMIKY UN €AOCTIKN Kpovon, 1n palo Ma €xet
TayOTNTA LA M OTola oYNUATICEL Yovia +0a pe Tov dEova X ko 1 pdlo Mg €xel ToOLTNTO LB
mov oynuotilel yovia -6 pe tov dova X. O mocotnteg Ba Ko O eivon Betucol apBpoi.

Ipw amd TV Kpovon Meta amé Tnv Kpovon
Opuis opaipag pe paga my: Pao = myVi Pa = Paxl + Pay]
Kuntwn evépyela opaipag pe palamg: Kyp = EmAVZ K, = %mAvj
Oppng opaipag pe pdga mg: PBo =0 Pg = Ppxl + Ppyf
Kuwntwkn evépyela opaipag pe palamg:  Kgy =0 Kg = %vaé

Meta amé Tnv Kpovon:

JUvioTwoa x TG 0puNG TS UA{AS My Payx = MUy, = MyU4COSO,
Zvviotwoa y e opung NG Ua{ag my: pay = My, = MyU,Sind,
Alqvvoua tng opung Ts uadag my:

Pa = Daxl + Day] = (Mavac0s0,)i + (myv,5inb,)f 2)



ZJuviotwoa x g opuns TS HA{ag mg: Py = MU, = MU COSHg
Jvviotwoa y ¢ opung g pudfag mg: pg, = Mgvy, = —MgUgsinby
Aavvoua tng opung tns uadag m:

Pg = Ppxi + Py = (MpupcosOp)l — (Mmpupsinbyp)j (3)

AwTijpnon g Oppng:

Pao =PatDs =

myuVi = (myuycosfy)i + (myuysind,)j + (mgugcosBp )i — (mgugsinby)j =

my Vi = [(myvac0os8,) + (mgugcostp)|i + [(myuysind,) — (mpugsindg)])j =

myV = (myu4cosby) + (mgugcosfy) = V= (v4cos6,) + (vgcosby) (4)
0 = (myv,sind,) — (mgugsinfy) = 0 = (vysinf,) — (vgsinby) (5)

Avtikafiotavtag Tig TIHEG TV Yoviov ot ESlowaoelg 4 kat 5 maipvovpe to chotnpo:

V = (v4c0s(30,0) + (vgcos(45,0)) = V= ?UA + gvg (6)
. : 1 V2
0 = (vysin(30,0) — (vgsin(45,0)) = 0= SVa 5 Up (7)

(o) Ymohoyiopog TavTHTOV VA KO Vp!
[TpocBétovpe katd pén g E&iomoeig 6 ko 7:
V3+1 2 2
Vet = UA:\/§+1V:\/§+1(
And v E&iocwon 7 maipvovpe:
1 V2 1 1
-Vy=—Ug = VUg =5UA =ﬁ

m
40,0?) = oy, =146m/s

2 2 (14,6?) = v, =103m/s

(B) Ymoloyiopdg TOv T06006TOV OMMAELNS TNG OPYLKNG EVEPYELNG:

I[1oo00TO anwlelag apylkNG EVEPYELAG:

Ki,o — K _mAVZ__mAvj__mBUB V2 —v? —v3

M) = —~ =2 2 L= X100 =——2—=x100 =
AO =m VZ
7 M4
m m m

V2 — vj — v§ (40,0 ?)2 — (14,6?)2 - (10,3 ?)2

A(%) = 72 X 100 = 20 oﬂ 5 x 100 =
( ) S)

A(%) = 80,0%





