AYXYKHXEIYX QOHXHX
KAI AIATHPHXHX OPMHX

AXKHYH 1

M dOvoun, mov petafdrietar pe To YpOdvo GOUEMVA Fmax {7------""""-7
pe 10 dmlavd oynua, opa mive o €va copa. No
vroAoyiocete ™ péytotn OOVouUn Fmax O0tav yvopilete
0Tl M ®ONoN TAVE® GTO COWUN GTO YPOVIKO OLAGTNUO
At=8,0 s eivar J(At)=6,0 Ns.

1 1 1

H ®6non J(At) mov aokeiton Toved 6T0 oo 6To Ypovikd ddotnuo At=8,0 s eivat ion pe to epPado
™G mEPLOYNS oL Ppioketan kdt® omd T Ypapikny mapdotacn F=F(t). v zmepintoon pog
mEPLOYN OV givar KAt and T ypapikn mapdotacn F=F(t) eivar éva tpiyovo pe Baon At=8,0 ms
Kol OYog Frax. OmoTe:

_ 2xJ(At)  2x(6,0Ns)
™At 80x107s

J(At):%(At)meax - F F_. =1500N

FN)

AYXKHXH 2 2000

[évew og éva cmpa dpo o dhvaun n omoio petafdrretor 1500
ocbuemva pe to ypaenua F=F(t) tov dimhavod oyfuotog.

Noa vrmoAoyicete T cGuvolkn ®Onon mov ackeitor v 1000
GTO GO0

500

AYZH 0 — —
4 6 0 t(ms)
H cvvolkn dBnon mov ackeiton mveo 610 chpo etvor ion

. , , , -500
pe 1o euPadd g mepoyn mov mepkAgieTon petald ™G
ypapikng mapdotacn F=F(t) kot tov d&ova t. To eufado
avto empepileton o€ Tpia Eml pEPoLG UPadA:

‘Eva gufadd oto ypovikd dtdotnua (0, 2ms), éva 6to ypovikd didotnuo (2ms, 8ms) kot éva 610
Ypovikd dtaotnua. (8ms, 10ms). Tta idia yPOVIKA SLOGTANATO UTOPOVLE VO EMUEPICOVUE KOL TNV
®Onom mov aoKelTOL TAVE® GTO GOUO. ZVYKEKPIULEVOL:

J ot = J(0,2ms) + J (2ms, 8ms) + J (8ms,10ms) =
= %(2,0 x107°s) x (-500N) + % (6,0x107°s) x (2000N) +%(2,0 x107°s) x (-500N)
Jiotar = 2:0Ns

total



AYXKHYH 3

A) ‘Eva avtikeipevo udlog m=2,0 kg kwveitor mpog ta de€1d pe tayvtnto ve=1,0 m/s 6tav méve cto
avTIKEIPEVO EMOPE 1 duvaun mov eikoviletar oto Xynua 3.1. Na vroAoyicete to HETPO KoL TN
(QOPA TG TAXVTNTAG V1 TOL OVTIKEWEVOL 0OV TAWEL VO, ETOPE TAV®D GE 0LTO 1 dVVaN

B) No omovinoete 610 1010 €pAOTUA KOl OTNV TEPIMTOON TOV 1 SVVAUN TOL EMOPA TAV® GTO
avTIKeipeVo petafailetal dnwg delyvel To Zynuo 3.2

F (N) F (N)
) S 2
At=0,50s
«—
{n {1
0
0 tn t1
«—>
-2 At:0,50 S 20-----------
Zyua 3.1 ZyMua 3.2

AYXH
Kot o115 dvo mepintdocelc, 6 OA0 TO YPOVIKO SAGTNLLA TOV EMOPA 1| dVVAUN TAVEO GTO OVTIKEIPEVO
dev 1oyveL | dttnpnon g opuns. loyvet 1o Bedpnua QOnong — Opunc:

H ®6non mov ackeitonr méve 610 avtikeipevo givor iom pe ™ petafoln e opung:

4y to
J(at)=Ap = JAY)=p,-p, = J.thzmul—muo = FJ.dt:mul—mu2 =

to b
Ft,-t)=mov,-myv, = FAt=mop,-mv, = mp =FAt+my, =
_ FAt+muy,

vV =—— (3.1)
m

OOV P1=MV1 Kot Po=Mvg €ivat N TEMKN Kot 1) 0pPYLKT] 0PN TOL OVTIKEILEVOL, AVTIGTOLYO.
A) Zmv mepintwon avt | dvvaun etvan Betikn, ondte n Lyéon (3.1) yivetau:

_ FAt+my, (2,0N)x(0,50s) +(2,0kg) x1,0m/s)
m 2,0kg

v, v, =15m/s

To avtikeipevo cvveyilet va kveitor mpog ta de€1d pe tayvtnta v, = 1,5 m/s
B) Zmv mepintwon owth n dbvaun givar apvntikn, ondte n Xyxéon (3.1) yiverar:
_ FAt+mu, (-2,0N)x(0,50s) +(2,0kg) x1,0m/s)

v, = = v =050m/s
m 2,0kg

To avtikeipevo cuveyilel va kwveitor mpog ta de€1d e toyvnta v1=0,50 m/s.

AYKHYH 4

Tn ypovikn otyun to=0, éva elkdmtepo mov &xel udlo M=9300 kg apyilel vo. amoysidveTol
Katakopvea. O mAGTOg dlvel 1oYX0 oI UNYXOVY] TOV EAIKOTTEPOV €TCL OGTE AV GE OLTO VO

2



aokeital Katakdpoen dovaun Fy 1 omoia avéaveton pe to ypovo GOUPOVA LLE TNV GYEON Fth=0c+[3t2,
omov a=1,0x10° N won p=2,0x10% N/s°,

A) No vmoloyicete v ®Onon mov o@eiletar o€ OAEC TIC OLVAUEIS TTOL OPOLY TAVE® GTO
eMkonTepo.

B) Na gpapudcete 1o Bempnua QOnone — Opung yio vo, VToAOYIGETE TNV TOOTNTO OVOSOL TOL
eMkomTéPoL T Ypovikn otryun t1=3,0 S.

AYXH

H ocvvolwn dOvoun Fret mov ackeitor mave 6to eMkdntepo givon M
GUVIOTUPEVT TOV Suvapemv Fiy = o + bt (kN) kot 1) SHvaun w= —Mg
oV Bépovg TOV EAKOTTEPOV.

F.= (a+bt2)— Mg

A) Opopog g Qnong:

t=3s t=3s t=3s t=3s t=3s
J= [Fudi= [(@+bt)-Mg)dt=a [dt+b [t*dt-Mg [dt =
t=0 t=0 t=0

t=0 t=0

3 t=3s
J:at|t_3s+b% ~-Mg|

t=3s N
t=0

(3a+9b—3M g)Ns =

t=0
t=0

J =3x(1,0x10°)+9x%(2,0x10°) —3x9300x9,80 = J =44600Ns

B) Ymoloyiopdg g tayvntog T ypovikn otryun t1=3 S.
Oeopnua QOnong — Opung oto ypoviko daotnua (0, 3,0s):
(QOnon oo ypovikod daotnua At=3,05) = (Metaf oA opung oto xpoviko didotnuo At=3,0s)
MetaBoin opunc: Ap=p(tehkny) — p(apykn) =M v —0

J=Ap = J=Mv = U=L=M = v=479m/s
M 9300kg

AXKHXH §

To Toydmho0 GKAPOG TG TapaKAT® Kovag pnali pe toug emPateg tov €xel palo m=420 kg. Tn
yxpovikn otiyun to=0 ofnver n unyovn tov eved avtod eiyxe tayvnta vo= —14,0 m/s. H omeOérkovca
duvaun (dvvaun ecmTEPIKNG TPPNS) moL aokel T0 BOAAGGIVO vEPO TAVHD GTO OKAPOS e&apTdTon
amd 1o xpovo cvuemva pe ) oyéon D(t) = a— B t, 6mov =830 N ko f=41,5 N/s.

Noa vroroyicete T0 ypoviko dtdotnua At = t; — ty = tr mov amouteital AGTE 1) TOYVTNTU TOV GKAPOVG
yivel ion pe vi=-5,0m/s.




AYXH
Oewpolpe wg BTk opd TNV Popa TPOg TaL dEELA.
[Tédvo oto okdeog ackeitatl povo 1 omoBéAkovsa duvaun D(t)= a — Bt (n avtictoon tov aépa g
TOAD uKpOTEPN SVVOUN TOPOAEiTETAL) N omola, MG €£MTEPIKN dVuvaun Tov &ivar avtifetn g
TaOTNTOG L TOV OKAPOLG Bo ELATTMVEL TNV TaYVTNTO £TGL MOTE TO OKAPOS Vo aktvntomombel og
YPOVIKO dtdoTnpa AT. To ¥poviKo avtd ddotnuo, 1 ®Onon tave 6to okaeog Ba eivar ion pe ™
HETABOAN TG OPUNG TOV GKAPOLG.
(QBnon okdeovg 6To YPOVIKO dacTNa AT) = (TEAIKT] 0PN GKAPOVS)—(apyIKn OpUn OKAPOLG):

tf tf

JAD) = Py = Pupg. = |FOdt=mo,—mo, = [(@=-Bydt=m(v, -v,) =
t=0 t=0
tf tf t=t; 5 |t=t
Bt
Iadt— IBtdt:m(Ul—vo) = ot - =m(v, —v,) =
20 t=0 =0 2 o
Bt} 2
at; e m(y, -v,) = Pty —2at, +2m(v, —v,) =0 (5.1)

H Zyéon (5.1) eivon pia devtepoPaduia e&icwon mov pilec:

Cata’ -28m(u, —v,) 830N +/(830N)? — 2 (66,4N /5) x (420kg) x (5,0 — (~14,0))m/s

t
' B 66,4N /s

t; =599s Kot t, =19,0s

AZIOAOTHEH ATTIOTEAEXMATQN

H dOvaun omobéikovoa dovaun D(t) sivar dvvoun gomtepikng tpipng, ivar mavto avtibetn g
@opd Kivnomg Tov avTIKEIWEVOD TAV® GTO OO0 OCKEITOL (GTNV TPOKEUEVN TEPITTOON TO GKAPOC)
Kol VITAPYEL OG0 Kveital To avTikeipevo. Agdopévou 0Tt T0 OKAPOG KIVEITAL TPOG TOL OPLoTEPD, M
TaOTNTA TOoV B Elvarl apVNTIKY KOl @G €K TOVTOL 1] omicBEAKOVGA dvvaun TpEmel va givor BeTikn.

Amd T0VG dVO YPOVOVE TOV LITOAOYIcaUE, 0 YPOVOS tr = 5,99 S avticToy el o€ omcBEAKoVoa Shvaun:
Dt)=a—-pt = D(599s)=830N —(66,4N/s)x(5,99s) =+432N >0

N omoia etvan BeTiKN. XVVEn®G, T0 Ypovikd ddotnua tr = 5,99 S mov amarteiton Yo vol ATOKTOEL TO
okpog TovTTe V= —5,0 M/S KpiveTal ATOSEKTO.

Avrtifeta, 0 dgvTEpOg Ypovog t:=19,0 S avrticTor el o€ omioBELKovoa:

Dt)=a—-pt = D(19,0s)=830N —(66,4N/s)x(19,0s) =—432N <0

N omoia elvat apynTik, ONAAdT £xel TN OPE NG TaHLTNTOG, Kot 1) omoia 0V elval cuuPartn pe Tov
opopog NG omeOEAKoVGaS duVaUNG Tov T BéAel mhvtote va givor ovtifetn pe ™ Qopd NG

tayvtog. Katd cvvéneia, 10 ypovikd ddotnua tr =19,0 s dev eivor amodextd kol ¢ €K TOVTOV
OmOPPITTETOL.



AYKHYH 6

‘Eva goptio palag m=1,0x10° kg pvpovikeiton pe yepavo yio va tonobetnbel oty tapdtoa piag
owodounc. Ia kamolo Adyo 10 okowvi omdel 6Tav To Poptio Ppickeror oe Vyog Yo =55 M and to
£00p0og. To @optio TPockpovEL GTO £00.POG KoL OKLYNTOTOLEITAL GE YpoviKO dtdotnua At=5,0 ms.
Y10 xpovikd avtd ddotnua, n Svvaun F(t) mov ackei 1o £d0pog v 6to Poptio divetor amnd T

oxéon: F(t) = FT“W(l— COS[% tD Na vroloyicete tn péyrom dvvapun Fmax KabBdG kot ) péon
dvvapn Fayg mov aokel o poptio ndve 610 £60p0C.
E
Fma 7

AYXZH

H péla m @Bdavet 6to £d0¢og pe taydntag v 1M onoio vwoloyiletar and T1g e€1I6MDGELS Kivniong g
ehevbepng TTdoNG. Tuykekpéva: v =—/20y, (6.1)

To apvntikd mpdono TpokvHTTEL Ao TO YeYovOaS OTL M nala M Kiveitan Tpog o KATw, dnAadT| Exet
apvntikn toyvtnto. H pdlo mpookpovel oto €6apog kot o€ ypovikd dwdommuo At=5,0 ms
axwntonoteitat (1 TodTNTA TG YiveTar iom HE TO UNOEV). ZTO YPOVIKO OVTO SLUGTNHO 1 OPUTN TNG
nalo m petofarieror omd v T P; = Mo =-m,/2gy, omv ) p=0. Ondte n petafoin g
opung Ba elvon ion pe: Ap = p,; — p; =m,/29Y, (6.2)

H petafoin avt g opung opeireton oty 0Onon dvvaung J mov dpa mave ot palo:
I=["Fo)dt (6.3)
- L _

Ozmpnpo Oppiig — QOnong Avvaung:

At At Fmax 2
J=Ap = IO F(t)dt=m,2gy, = J; > (1—cos(Etjdt:m 20y, =

At F At 272_
!Tdt - !cos(ﬁt]dt =m,/29Y, (6.4)

2,

At
Edkoho oamodewcvieton 0Tt TO OAOKANPOLLOL: ICOS( Al
0

jdt=0 omote, and v Eicwon (6.4)

TO{PVOVLE:

2m\[2gy,  2(1,0x10°kg)/2(9,80m/s>)(55m)

=1,3x10" N
At 5,0x107s

—F“Z‘aXAt:m 20y, = Fo=



At
H péon dvvaun vroroyiletan om6 m oxéon: F,,, = i I F(t)dt (6.5)
0

Av mpocéEete v E&icwon (6.4) Ba deite 411 £xete 10N voAoyicel To ohokAnpopa ¢ E&icmonc

At 7
(6.5). Zvykexpuéva: F, =§JAF(t) dt =iF—maxAt = F,= Fie = 13x10°N
0

3 - =6,5%x10°N
At 2 2 2

AXKHXH 7

Eiote o emPAénov unyovikodg o€ €vo 0tKodoUKO £pyo Kot BEAETE VO aVOYADGETE [E YEPOVO €val
@optio mov &xer pala m=1,0x10° kg oe Oyoc Yo=55 m mave amd v Towevévio Bdon ™G
owodounc. ‘Exovtog Opmg vdym v Tponyovpevn AoKno, SlomoTOVETE OTL 1) dvvaun Frax etvat
vrepPolikd peydAn kon pmopei vo mpokarécel avenavopBwta TpofANLOTO [LE TOV KPOOUGUO TOV
Bo dnuiovpynoet. Q¢ KaAdg pUNovikdg mov ovtidapfavetor v €vvola tng dbnong dvvoung,
oKeQTNKATE Vo PAAETE v GOPO omd QU0 TEVED GTNV TOLEVTEVIA BAoN TG O1KOJOUNG €101 OGTE,
otV mepintmon mov cuuPel 1o atdhymua n pdla vo TEcEL TAve 610 PO Aupov. Extipumvtoag 6t n
duvaun mov Ba emPpadvvel T pdla m, 6o avt) Ba Pubiletoan péca oto cwpd dppov, avéaveror
YPOUUIKE LE TO YPOVO, GOUOMVOL LE TT YPOPLKY| TOPEGTOCT) TOV aKOAOVOEL:

F

Fmax f-"""—""-"—--

t;=0s t t

Kot emMmALOV OTL, M TOWEVTEVIO Ao aVTEYEL GE QOpTio PEYPL Fna=1,0x10° N, va vroAoyiceTe 1O
eM16TO VYOG oL TTPEMEL vaL EXEL N SOPOG AUUOL DOGTE 1 TTdon ™S Hdlo M va un TpoKaAEcEL
avemavopbmta TPOPANUOTO GTN OTOTIKN OvTOYN TNng owodouns. Onwodnmote mpémer va
aEL0AOYNGETE TO AMOTEAEGUE GO,

AYXH
H pala m @Bdvet 6to £d0¢og pe taydntag v 1M omoio vwoloyiletat amd Tig EE16ADGELS Kivong G
ehedBepNC TTMOONG. ZVYKEKPILEVE: U, =—/20Y, = —\/ 2(9,80m/s*)(55m) =-33m/s  (7.1)

To apvntikd mpdono TPOKHTTEL Ao TO YeYOVOS OTL 1| LAlo M Kiveitan TPog o KATw, dnAadT| Exet
apvnTikn Tayvtto. H pala mpookpovel 6tn cwpd aupov tn ypovikn otiypn ti=0 s kot o€ ypovikod
dtonuo At=t—ti=t; axwvnromoleitor (n taydITa TG Yivetan ion pe to undév). 10 ¥povikd avtd

dtdotnua n opun ™G palo M petafdrieTon omd v Ty P; =mMo, =-my/2gy, omv Ty pPi=0.
Omote ) petafoin g opung Oa etvan ion pe: Ap = p; — p, = My/209Y, (7.2)
H petafoin avt) g opung opeireton oty 0Onon dvvoaung J mov dpa méve otn palo:
I=["Fodt (7.3)

- L _

To ohoxApopa e E&locwong (7.3) avtirpocmnevet to péyebog g meployng mov mepikAeieTon amod
10 ypaonuo F=F(t) kot tov d&ova t, dNAadn TO YPOUUOCKINGUEVO TUALO TOL CYNUOTOS TNG
6



doxnong to omoio tcodvvapel pe o guPadd evog TPLyd®VOL TTOL £xEL BACT TO YPOVIKO S1AGTNLLOL
At=t; kou Oyog 1 péytotn ovvaun Frax. Ondrte:

At
J=IF(t)dt=%FmaxAt=%(1,0><106N)tf = J=(0x10°N)t, (7.4)
0

Ozmpnpo Oppnig — QOnong Avvaung:

J=Ap = jOA‘F(t)dtzm 29y, = (50x10°N)t, =(L0%kg),/2(9,80m/s?)(55m)  =>

_ (10kg)/2(9,80m/ 52)(55m)
- (5,0x10°N)

t, t, =0,0665s (7.5)
O ypoévoc t; =0,066 S aviummpoocwmevel 1o ¥povikd dtdotnua mov kiveitor n pdlo péca oty Gupo
HEYXPL o TN Vo aKtynTomomOel. 1o ¥povikd avtd o, TAve otn Hdlo aokeitot po LeTafANT
Oetikn dvvaun F 1 ypoaewkn) mapdotacn g onoiog SiVETOL GTO TOPATAV® YPAPN LN TNG GOKNOTG.
Amo 10 Ypdonpo avtd mpokvmTel OTL 1) dvvaun F av&davetor ypappikd He to xpovo. ZuyKEKPLUEVAL:
F=k t 6mov k=Fnax/t eivor n kAion g ypoppikng cvvaptnong F=F(t).

F kt F

Ao ta mopomdve TPoKLITEL Kot 1] EmTAyVvVoT TG pdloc m: a=—= = a= ”I[ax (7.6)
m mt,

Ao v emtdyvvon avt Tpocdtopilovpe Tig eEl0doElg Kivnong g nala M péca otny Quo:

a= Py o gu-Fegt o fav=Feftaec = o-tmoic @)
dt  mt, mt, mt, 2mt,

Tn ypovikn otryun t=t;=0S n toydmta ™ palo eival ciyovpa pikpdTEPT OO TNV TOYLTNTO
vi= =33 m/s mov voloyicaue oty E&iocwon (7.1). Onote, av oty E&icwon (7.7) Bécovpe t=0 s
vroAoyilovpe ) otabepd: C=v;=-33 m/s. Onote n E&iowon (7) yivetou:

F. 1,0x10°N

v=—"21>_(33m/s) =

- t?—(33m/s) =
2mt, 2(1,0x10°kg)(0,0665)

v=(7600m/s*)t* —(33m/s)  (7.8)
Ano v E&lowon (7.8) mpocdiopilovpe kat v e&icwon 0éong y=y(t) g nalo m péoa oto cmpd

GpLpov:

u:% = dy=odt = dy=((7600m/s*)t>—(33m/s))dt =

y = [((7600m/s%)t? - (33m/s))dt + C, = [ (7600m/s*) t*dlt - [ (33m/s) dt +C, =

y:%(7600m/53)t3—(33m/s)t+C1 = y=(2500m/s)t" - (33m/s)t+C, (7.9)

Tn ypovikn otiyun t=t;=0 s n pala m épyetal yio TpdTN POPE 6€ EMOPN UE TO G®PO Aupov. Tn
YPOVIKY vt otiypn PBpioketol oe Vyog Yy=Ci1=h amd v empdaveln g to1peviéviag faong, 0mov h
elvat ico pe 10 voTBépEVO VYOG TG cwpov dupov. Ondte, n E€lowon (7.9) ypdoeton ko wg e€ng.:

y =(2500m/s®)t* —(33m/s)t+h (7.10)



Tn ypovikn otiyun t = — 0,066 S n palo M oprakd Kot o€ axpaieg cuvinkeg Ba Exel davdoel To
dtdotnuo h pe amotélecpa tn ypovikn avty otiypunq N e€apmmuévn petapinty y=0 m. Ondte n
E&iowon (7.10) pog divet:

0=(2500m/s*)t? —(33m/s)t, +h = h=(33m/s)t, —(2500m/s’) =

h =(33m/s)(0,066s) — (2500m/s*)(0,066s)) = h=15m

AZEIOAOI'HXH AITOTEAEXMATOX

To amotéleopo avtd oaiveror Aoywd kot Oa pmopodoe va woyvpiotel kaveig 0Tt givar opBd (dAro
Aoyko Ko A0 0pBO N aAnBEg). v doknom voAoyicape TV ToyOLTNTA TS LACag TN OTUYUN TNG
TPOCKPOVONG TNG UE TNV EMPAVELD TNG TOEVTEVINS Paong dniadn 55 M ond to onueio mov
Bprokotav N pala. Xy wpaypatikétnta Bo Enpene va vroAoyicovue v taydtTe TG Halo TV
OTLYUN TOV OVTH €PYOTAV GE ETOEN U TN cwpd Aupov, dnAadn oe onueio 1,5 m wo ynAd amd v
EMPAvELD TNG ToleVTEVIO Bdong. Xto onueio avtd, n pala M Oa eiyxe dwavidcetl ddotnuo Yy=53,5 m
kot Oa elyxe TayvTTO!

v =—/20y =—/2(9,80m/s?)(535m) =—32,4m/s

Av dev vINpyE M AUIOC, M) TaDTNTO GTNV EMPAVELD TG ToueVTEVING Baong o ftav vi=—-33 m/s. H
ToOTNTO. VT Voloyiotnke pe akpifeto Sui=t1l m/S. Avtd onpaivel 6Tt 1 TAXVTNTO GTNV TEPLOYN
npockpovong Oa propovee va frav petald tov tudv —32 m/s kot —34 m/s. H tyun —32,4 m/s givon
HEGO 6TA 0Pl TOV GPAALOTOG dV=E1 M/S KAl GLUVERDG TO UTOTEAESULA KPIVETOL OTOOEKTO.

[Ma koAdtepn acedieia, To VYog TG cwPoD AoV Oa puropovce va eivor Kot LEYOADTEPO.

AYXKHXH 8

(ITpaypatikd yeyovog). Odnyog L.X. mov kiveito og kevipkd emapylokd dpopo mapofioace to STOP
oe kafetn odwotavpwon pe EBvikn 086. To L.X. eionibe xwvovpevo oty EOvikn 086 pe
OTOTEAECHO, TAVM GE OVTO VO TEGEL VOl TOVAUOY Kol 0 001Ydg va Tpavpaticlel Bavaca. Etvot
BéParo 0Tt veEvBLVOG YL TO TpOoYaio aVTO dvoTLYNUA NTav 0 00NYdg tov LL.X. IMapodra avtd, o
kN yO6pog ¢ okoyeveiog Tov BOUOTOC EXOVTAG MG OEOOUEVO OTL 1) LEYIOTN EMTPETOUEVT TaXOTNTA
TV ovtokivitov eni g Ebvikig 0600 ot ocvykekpiuévn dactovpwon eivar Vmax=60 km/h,
TPOTEWVE VO AvaBEGOVV GE UNYaVIKO Tpaypatoyvopove va {ntoet and v Tpoyaio minpopopieg
Y. T0 dvoTuyNUa Kot pe PBdorn ta dedopéva mov Ba mTapEL Voo TPOoTAONGEL VO, VITOAOYIGEL TNV
TOYOTNTO OV €iye TO TOVAAY TPV TNV cVYKPOLSN. To GKENTIKO TOV dIKNYOPOL MTa OTAd. AV TO
ToOAUaY dgv £Tpeye e TOAD peyolbtepn o dTo amd TV Vmax=60 km/h, tdte vifpye mepintmon
va unv elxe tpavpaticdet Bavdoipa o odnydg tov LX. Katd cvvénewn n mapdfoacn avty nrav
vevBovvn v To Bdvato Tov o0dnyov tov 1.X. o omoiog Ba pmopovoe va elxe amopevybel av to
ToOALOY ETpeye pe HKpOTEPT N Ton TaydTa amd ™V Vmax. Me dAAa Adyla, n OKoyéveln Tov
Oopotog Bo pumopovoe va (ntMoel owovopiky arolnuiowon amd tov 00nNyd TOL TOVAUNV UE TO
oKenTikd OTL Yo 10 Bdvato tov 0dnyol tov LX. gixe evBOV”N ko owtdg. Ta dedopéva mov mpe o
UNYOVIKOG POy LoToy vV Hovag amd v Tpoyaio amoTumdvVoVTal 6TO ToPOKAT® GYEOEYPOLLLLLOL:



Mnkog @pevapicpoTog Mnkog oAicOnon Tv dvo
movApov $i=12,5 m y QUTOKIVATOV 5=35,5 M

Ta enl mAéov otoryEior TOV YPNOOTOINGE O UNYAVIKOG TPAYUATOYVMUOVOS NTOV O GUVIEAEGTNG
KNTIKNG TN oAicOnong u=0,72 peta&d TV Tpoy®V TOV GLTOKIVTOV Kol TOL 000GTPOATOG,
N oo M=8270 kg tov movipav ko 1 pala m=1170 kg Tov 1.X. avtokivritov.

To {ntovpevo oto TPOPANUa avtd ivat: Atkotovtol 1 okoyévela Tov BOLOTOC VoL OEKIIKNGEL TV
amolnuimon amd Tov 0dNyo TOL TOVALAV;

AYXH

AvaKEQPUAAIMON 0EO00UEVOV KAl OPIGPOS AAA®V TOPUPETPOV:
AtebBvvon kivnong tov movApav: X-4Eovog

AtevBvvon kivnong IX avtokwvnirov: y-dEovag

Toydnto mopeiag movApav (Entodpevn taydnTa): Vox
ToydmnTo movApay T oTIyUr| TG GVYKPOVONG: Vpx

Toydra IX ™ otrypn g cbykpovong: vixy

Toydmmro movAuav-IX apéomg petd t cdykpovon: Vpix
Mnjkog @pevapicpotog movApav: $i=12,5 m

Mnkog oAicOnong movipov-IX petd m cvykpovon: $=35,5m
Bépog movipav: wy=Mg

Bdapog IX: wix=mg

Tn otiyun mov avtilapPavetor o 0dmyodc tov movApav 1o IX matder epévo kot n taydTd TOV
netdvetat omd TV Ty Vpx oty T vpx o€ €va dtdotnua $i=12,5 m e&artiog g emPpddvvong a
7oL opeidetat otnV TN odicOnong fi TV TPoY®V TOL TOVAUAY LE TO 00OCTPMLLOL:

fid = puWp=raMg
B'N(’)uog Nevtova: fki:Mai — ykMg:Mai —  ai=uxgd (8.1)

E&icwon kivuatikig v = /v —2as (Qo diveton): Vpy = ,/szx — 244,95, (8.2)

Ipw ) 6ykpoven, Opuy movApav (ot Sievboven X): p, =Mo, =M ,/szx -241,0s (8.3)
Opun IX (o1n dtevbovon y): Pixy=Mopxy (8.4)
Meta ™ ovykpoven, Oppn cuotipatog ToOApov-IX: ppix=(M+m) V pix (8.5)

Metd ™ ovykpovon 10 cvotnuo movAuav-IX oMcBaivel maved 6to 0000TPpOUA Kol EE0NTIOG TNG
g fir  petad Tov TPoYdV Kol TOL 0J0GTPOUOTOS TO GUGGMUATOMO TOVApaV-IX
axwntonoteiton (V=0) og ddoua $=35,5m

fur = g (Wp+Wix)=ux (M+m)g



B" Noupog Nevtova: fy=(M+m)oy — w(M+m)g=(M+m)a; — a=ug (8.6)
E&icwon kwvnpatikng (Sivetan): 0= ,/Q;,zx -2m 98, = 0=V -2p0s, =

Vo =/ 244,95 :\/2(0,72)(9,80m/sz)(35,5m) = V,x=224m/s (8.7)

Ano v E&lowon (8.5) vmoloyilovpe v opun Tov GLGGOUATOUATOS TOVARV-IX petd
GLYKPOLON:

Poix=(M+m) Vipix  —  ppix=(8270kg+1170kg)(22,4m/s)  —  pux=211000 kg m/s (8.8)

ZovioT®oo 0puUNIG Ppix oTn StevBuven X: (Ppix)x= Ppix €0S(6)=(211000kgm/s) cos(5”) —
(Ppix)x=210000 kg m/s (8.9)

ZovioT®oo opunIG Peix ot Stevbuven Y: (Ppix)y= Ppix SIN(H)=(211000kgm/s) sin(3°) —
(Ppix)y=18400 kg m/s (8.10)

Noépog Awatiipnong Oppng ot AtevBuoven X : Ppx=(Ppix)x

Ipwv ™ obykpovon: P, =M V2 —24,9s, }

Metd ™ cvykpovon: (Ppix)x=210000 kg m/s

2 5 kam/ 2 _, 210000kgm/s ?
MV, — 24,05 =210000kgm/s =V, —2u.0s; = —

2 2
V,. = 205, +| Z20000KINTS | 1o 0,72)(9,80m/s%)(12,5m) -+ | Z1000kam/ S
p M 8270kg

Vx=28,7 m/s 1 codvvapa V=103 km/h

YYMIIEPAXMA:

To movApav Etpeye pe TodTNTO TOAD pEYoAVTEPT ad TO OPp10 Vinax=60 km/h

To dvothymua ocvvéPn to karokaipt Tov 1989 kot 10 dkacTAPlO KATAAOYIGE GTOV 00MYO TOL
TOVALOY XPNUATIKY armolnpioon oty okoyévela Tov BHpatog vyovg 10.000.000 dopy.
MMAPATHPHZXH:

Am6 1o vopo dwatrpnong e Opung ot dtevbuvon y vrroroyilovpe ko v tayvTnTa tov L.X.

[Ipwv ) cbykpovon: Pixy=Mo xy

Metd ™ cvykpovon: (Ppix)y=18400 kg m/s

_ 18400kgm/s _ 18400kgm/s

=15,7m/s
m 1170kg

Pxy= (Ppix)y — Mopy=18400kgm/s  — vy,

1N 16odvvopa: vixy=56,5 m/s
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AXKHYH 9

‘Evag emPanc acoveép pe pala m=71.4 kg otéketon mévo oto dicko evog niektpovikov {uyov. O
Cuyog petpd ) dvvaun F mov aokovv ta modia tov emPdat ndve oto dicko tov {uyov. To Zynuo
4.1a delyvel Eva YpAENLO TOV HETPOV TNG OVVAUNG TTOL UETPE 0 {LYOS GUVAPTIGEL TOV YPOVOL Yid
Tov emPdTn Tov acaveép. Méypt kat tn ypovikn otiyun t=2.75S to acaveép nrov axivito.
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Yyua 9.1a Zymua 9.1

Y10 Zymuo 4.1B €xel YpoUUOOKIOOTEL 1 EMPAVELDL THG YPOEIKNG Ttopdotacng F(t) oto ypovikd
ddoua [t1=2.75 s, 1,=6.35 s]. H &Bnon yuo owtd 10 ypovikd didotnpa sivar:

t,=6.35s
Jt.,) = [Fu(dt=—174] Ns

4 =2.75s

To Zynua 4.2 delyvet éva ypdonpa e KaTtakdpLeNg TaxdTNTag ToL KEVIPO Hdlog Tov emPatn tov
oOVGEP GLVOPTIGEL TOL YPOVOV.
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Yynpoa 9.2

A) Tu dnAdver 10 apvnrikd Tpdonuo otV mapandve eEiocmon vroAloyispuov e ®dnong H
emioyn g Betikng xatevBuvong eivor mpog ta v 1 TPog To Katw; Baocilopevor oto
ypaenua tov Zynuoatog 4.1B, va meptypdyete v kivion Tov acaveép KATA TN SLAPKELNL TOV
xpoviKoD dauotnuatog [t1=2.75 s, 1,=6.35 s]. [dwitepa, avayvmpiote kGOe guo1dKkpLTo TUNLLO
™m¢ dag ypaeikng mapdaotoons. o ke evdiakpito Tpuqpa e Ypoaeikng mapdotacng F(t)
TEPLYPAYTE OV TO ACAVOEP KIVEITAL TTPOG T TAV® 1) TPOG To. KAT®. Na eEnynoete v andvinon
oagG.
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B) E&nyeiote yoti n ypoppooKlOoUEUN TEPLOYN OTN YPAPIKN wapdotacn F(t) tov yquatog 4.1

)

&xel \IneBel oe oyéon pe v evbeio mov téuvel Tov dEova g dvvaung F ota 700 N ko 6yt oe
oyxéon pe v gubeia mov téuvet to d&ova F ot tun 0 N.

No eEnynoete mwg pmopeite va Kavete ypnon twv dedopévov tov Zynuotog 4.1a yo va
vroAoyiocete TV PETAPOAN TG KOTOKOPLENG TaXOTNTAG TOV KEVIPOL HAlag Tov emPdTn Tov
0o0VoEP; ZVYKEKPUEVO, TO0 €ival 11 KOTAKOPLEN TaxOTNTA TOV EMPATN TOL OCOVGEP TN
xpovikn ottyun 1$,=6,35 s; Na ovykpivete ) toyvTo mov Bo Ppeite pe v avtictoyn
TOYVTNTO TOV TPOKVTTEL OO TN YPOUPIKT TOPAGTOCT] TOL Zynuatoc 4.2

A) Na vmoAloyioete T hOnon yo to ypoviko ddotua [t1=2,75 s, tr =12,0 5]

AYXH

A) E&etdlovpe mpdTa TV mEpinT®on mov BTk pOpd TOV GUGTUATOS CLVTETAYUEV®V EIVOL TPOG

O TOV.

210 oOmAavd oynua OElyvovpe TIG SUVAUEIS TOV ACKOLVTOL TOV®
otov emPaTn ToVv acaveép 6To Ypovikd ddotnua (2.75s, 5.50s). To F
W gtvor to Bépoc Tov emPartn kot to F givor n dvvaun mov petpd o
Cuyog, etvar dmAaodn to eawvopevo Bépog tov emPdrn. H obnon J
elvar to aitio mov petafdier v opun M 1GOSHVALO TNV TOYVTNTO
tov emPam. EE opopod, n ®Onon J ogeiletor otnv GLVOAIKY
dvvapun Fiotal mov ackel o diokog tov uyod mdve otov emPatn.

A7 10 Sumhovod GYNUO TPOKVTTEL OTL 1] GLVOAIKT dvvaur eivor iom
e

w=-mg

F

total

=Fj-mgj=(F-mg)j] (9.1)

To Zynuo 4.1 dpwmg deiyver 6t to Parvopevo Papog F etvar pikpodtepo amd 10 mpaypoatikod
Bapog w=mg tov emPdtn. Xvvenmg, amd m Xxéon (1) mpokdmtel 6TL | Guvorkn dvvaun Fioa M
onoia mpokaiel Ty ®ONon J 610 Ypoviko ddotnua (2.75s, 5.50s) Oa givar apvntiky, apa Kot 1
®0Onon o1o 1d10 Ypovikd ddotnua Ba ivor apvntikn. 1o gvamopévov ypovikd ddotnua (5.50s,
6.355), n ®Onon sivon Betikr aAAG piKpOTEPN Omd TV dONoN oTo Ypovikd dtdotnua (2.75S,
5.50s). Ondte, 1 dONom 610 Ypovikd dtdotnua (2.75s, 6.35) Oa sivarl apvnTiky

t,=6.35s

Jt.t,) = [Fou®dt<0
t1=2.75s

Ao 10 Zynpa 4.2 TpokHRTEL OTL TO ACAVGEP EXEL APVNTIKN TaXOTNTO, ONANON Kiveiton Tpog ta
KaTO.

Apykd, oto ypovikd ddotnua (2.75s, 5.50) 10 pétpo g TaydTa awédvetal. Avtd onuaivet
OTL TO. SWVOOUOTO TNG TOYVTNTOG KOl TNG EMTAYLVONG €Yovv TNV 10 @opd, omdte M
emrdyvvong elvor apvntikn. To amotélecuo avtd eivor GOUEOVO HE TO YEYOVOS OTL M
oLVICTOUEVT dVVOUN TOV OloKElTOL TTave otov emPdrn eivar apvnTikh (Fio<0).

12



B)

210 ypoviko dtdotnua (5.50s, 6.355) e€axorovbel vo eivar apvnTiKn pe TN S10pOoPA OTL 1) OMKN
duvoun (Foai<0) etvor Oetikn. Amo to Zyfqua 9.1B mpokdmtel 6TL 1 dOvaun avty givar GeETIK
LIKPY KoL €L LUKP ¥POVIKT O1dpKel. Avtd onpaivel 6Tt 1 dvvaun avtn o mpokaréoset o
HIKPNG S1dpKeELag HKpY| EMPPAOLVON LE OMOTEAEGO O OVEAKVGTIPOG VO LEIMGEL EAAPPADS TO
HETPO TNG TOYVTNTAG TOV.

Y10 ypovikd ddotnuo (6.35s, 9.00s) to @owduevo PBapog F tov emPatn eivor ico pe 1o
npoypatikd Bapog tov emPdng, omdte and ) Xxéon (9.1) mpoxvmTel 6TL 1] GLVOAKY dVvaun
oV aoKeital mAveo o ovtov Bo etvan ion pe punoév. Xvvemwg, emPdng kot acavoép Oa
Kvobvtat TEPimov pe otafepn apvnTikn taydTNTo. (AVTO PaiveTol Kot oto Zynua 9.2).

Y10 ypovikd ddotnua (9.00s, 13.00s), to pawvouevo Bapog tov emtPat givar peyoldtepo amod
TO TPAYUATIKO, oOTe oo TN Zyéomn (9.1) 1 ovvolikn dSvvaun mov ackeital TV otov eMPATN
Oa eivon Oetikr). Emedn mn ovvolkn dOvaun eivon avtiBetn g opvnTikng toyvtntog, To
acaveép Oa emPpadvvetar péxpt ) xpovikn otiyun t=13.00s omdte ko B axtvnromomHel.

Ta dedopéva Tov TpoPAnpaTog o B NTOV ATOdEKTE v TaipvapEe TNV TPOG TO. KAT® POpd MG
Oetikn gopd. Ilpdyuatt, amd to yphonuo TG ToyOINTOS O TPOS To Ypovo (Zynuo 9.2) Oa
TPoEKLTTE OTL TOo acaveép Ba Kwelto mpog ta mave (oe opvnTikn katevOvvon) e
emtayLVOUEVT TaydTNTO. AvTd dpmg Ba ofjuave 0Tt To Pawvopevo Papog tov emiPatn Ba NTav
HEYOADTEPO amd TO TPOYUATIKO TOL BAPOC, YeYOVOS Tov dev gival cupPatd pe To Ypaenuo Tov
Yyuotoc 9.1

H ypappooxkiaopévn meproyr] tov ypaenpatog tov Zynuatog 9.1 deiyver mv e&dpnon tov
QovopevoL Bapovg tov emPdrn (dnradn tn dvvaun mov aokel o {uyodg mhve otov emPatr) o€
oyéon mavio e to mpoyuatikd Papog tov emParn (Ww=mg=700 N) ko1 oe cuvaptnon g
Kivnong tov acoveEP Kot Ol T GLVOMKT dVVauN Fioal TOL aokeiton méve otov emPdn. To
Qovopevo Papog umopel va gival peyaddtepo 1 ukpoOTEPO N 160 UE TO TPAYHATIKO BApog TOv
emPdrn. Avtifeta, 1 cuvolkn dvvapun Fi pmopel va elvan peyakdtepn 1 pikpodtepn M ion pe
TO UNOEV.

I') H apywn opun tov emPatn tn ypovikn otryun 11=2.75s frov undév (p1=0) enedn to acavoép

A)

nrav axivnto. Tn ypovikn otryun 1,=6.35S n opun tov emiPdtn Ba eivor pr=mvy. Amd 10
Bedpnua QOnong — Opung mpokvdmTEL OTL 1] OONCN TAVEO GTOV EMPATN GTO YPOVIKO SAGTNUA
(2.75s, 6.355) givat ion pe ™ petafoin Ap g opung Tov emPam:

J(2.75s,6.355) = Ap =muv, —0

t,=6.355
AMG omd ToL SESOUEVE TOV TPOPARIATOC EXOVHE OTL: J (t,,t,) = I Iftotal (t)dt=-174] N's
4 =2.75s

Ondte: mv, =-174Ns = v, =-2.44m/s

To amotéAeospa avto givar cvpPatd pe avtd Tov TPoKHITEL Omd TO YPAPN U TOV Zynuatog 4.2.

E@dcov 10 acaveép apyucd Ntav akivnto kot m ypovikn otiyun t=12.00s axwnronoteiton Kot
TaAL, M petafoin g opung tov emiPdtn tov Ba givor ion pe undé. Omote, amd 10 Bedpnpa
QOnong — Opung M cvvolikn @O 610 Ypovikd ddotnua (2.75s, 12.00s) Oa givar ion pe
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UNo&v. X10 1010 OMOTEAECO KATAAYOVUE OV VTOAOYIGOVLE TNV GLVOMKN ®ONoN Thve GTOoV
emPdrn Kavovtag y¥pHon Tov yYpaeNUatog Tov Xynuatog 9.1. Xto ypovikd ddotnua (2.75S,
6.355) N dOnon eivar apvnrikny kot ion pe -174 Ns. Xto ypovikd dtdotnua (8.70s, 12.00s) n
®Onon elvar Betikny ko mepimov kotd pétpo iom pe 174 Ns. Xto ypovikd ddotnua (6.35S,
8.70s) n ®bnon mhve otov emPatn eivor ion pe Unoév.

AXKHXH 10

g €V 0VTOUATOTONIEVO VIOUAPL TOV TTOPAYEL YOAIKL, 1) KOTOTOKTY amd TV omoin eEEPYETAL TO
YOMKL Y100 Vo YEHUGEL 1 KOPOTGU £VOC POPTYOD €YEl TAATOG {00 UE TO TAATOG TNG KOPATCAG TOL
eoptnyov ko punkog d=50,0 cm. Metprioelg £de1&av 0T, OTAV 1 KOTOTOKTH EVOL 0vOLYTH TO YOAIKL
e€épyeton pe puludc R=225 kg/s. H xatomokth avoiyet kot KAgivel ovtopato dtav 1o epmpog Kot 1o
micw PéPog TS KapoOToas, avtiotorya Ppefodv KATM® amd avTnyV.

[Mincwalovtag ta QopTNYd TNV £YKOTAGTACN TOL GMAEL TO UOPUOPO KOl TAPAYEL TO YOAIKL, Ot
odnyol ghevbepdvovy T0 GLUTAEKTN Kot Gfvouy T pnyovn tov. Ta eoptnyd mov €xovv pala
M=6,80x10° kg kot kapdtoa pe punkog L=8,00 m ecépyoviar otV €YKOTAGTACT TAPOAYWOYNGS
YOALKL0U Yopic TPPéc kan pe tayvTnTa vr=0,500 M/s. No vroloyicete:

A) To ypovikd drdotnua tr Tov depkel 1 POPTOOT TS KAPOTGAS TOV POPTNYOD.
B) Tnv taydtmra pe v omoia Oa eEEABEL TO PopTNYO ol TNV £YKATAGTACT POPTMOONG.

I') Tn pada tov yaAkiod mov Ba optmbel otV KOPHTGA TOL POPTNYOD GTO YPOVIKO dtdcTNUA t.

A) Tnv eAb1otn apyIKn TOYVTNTO Vmin TV OTTOI0 TPETEL VAL EYEL TO (popn;y(’) ®oTe aVTO Vo eEEPYETOL

kg.

a0 TNV EYKATACTACT POPTOONG LLE TO UEYIGTO POPTIO Mma=8,00x10

AYXH

|
O

Xpovikn otiyun t=0 Xpovikn otiyun t

To @opmyd xwveiton yopic v emidpaon eEmtepikdv dvvhpemv. Avtd onuaivel 0TL 6e 60 1O
ypoviko ddotnua (0, t) n opun tov eoptnyod pali pe to eoptio mov £xel kKabe Popa datnpeitan
otadepn (apxN SwTiipnon g opung).

Apyn opur eoptnyov ™ xpovikn otyun t=0: p, =My, (10.1)
Opun opnyod pe goptio T ypovikn otiypn t: p, = (M + m(t))u(t) (10.2)
Ene10m to yaiixt péet pe pubuo R=225 kg/s, n uélo cvvaptioet Tov ypovou givat iorn pe:
m(t) = Rt (10.3)

Ao g Zyéoerg (5.1), (5.2) xkou (5.3) Ko tnVv apyn datnpnong e OpUng TaipvovE:

Po=p = My, =(M+mb)ot) = My, =(M+Rtlo(t) = ot)= MM+UEQt

(10.4)
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A6 10 TOPATAVE GYNUO TPOKOTTEL OTL GTO YPOVIKO O1ACTNUO OV €IVl VOLYTH 1 KOTOTOKTH
€£000V TOV YOAKLIOD 1) KOPOTOa TOV POpTNYOD B éxel petokivnOel katd didotuo L' =L —2d 7

L' =[(8,00m — 2x(0,500m)]=7,00m (10.5)
A) Amd tov opropd g ToydTnTag Ko Thg Lyéong (5.4) éxovue:

x=L' t=t;
A Mo g d Mo dMiRY J-dXZMUO Id(M+Rt)
dt M +Rt M + Rt R M+Rt 0 R Zp M+Rt
L' My t Mo
= Xy = R°|n(|v| +Rt){ = L'=—2(In(M +Rt,)-In(M +R0)) =
0
M + Rt M + Rt M + Rt i
- ' - -
=Mooy, f S AL B Y
R M M 0, M M
- RL - RL' RL
Lt ogMu = DM _gMu g _MiaMy (10.6)
M M f R
3 (225kg / s)x (7,00m)
_ (680x107kg) | , (6.80:10%kg)x(0,500m/s) _4 ~ ¢ —178s
f 225kg/s f

B) T va Bpodue v toydmra pe v omoio e&€pyeton T GOPTNYO OmMO TNV EYKATAGTAOT
QOpTOONG YoAKIo0 BéTovpe oty Xyéon (5.4) t=t; = 17,8 s:

Mo, _ (680x10%kg)x(0,500m/s)
M +Rt, (6,80x10°kg) +(225kg/s)x (17,85)

Uy

v; =0,315m/s

I') To yaAikt mov B Poptmbel TN KAPOTGO TOVL POPTIYOL GTO YPOoviKO ddctnua t=17,8 S Ba givar
{c0 pe:

m(t,) = Rt, =(225kg/s)x(178s) = m(t, ) = 4010kg

A) Amd ) Zxéon (5.6) éxovpe:

Rt RL' RL' RL'
o f Moo _q o M _oMOme g o M oMU
M M
In[ml\;ax +1j _ MR L S - I;L _ (225kg/s)><(7,00m)3k
Unin M |n[m+1j (680x10°kg) x In| 220*10°KG
M 6,80x10%kg

Uy, =0,298 m/s
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XHMANTIKH TAPATHPHXH!!!

Ao 10 YEYOVOG OTL 1) TOYOTNTO TOV POPTI YOV dev givan otafepn 660 ¥pdvo dlapkel 1 POpTOON,
T0 QOPTIO TAV® otV KapOTea dev Ba €xel 1o 1010 Vyog (BAEme oyfua doknong). E&nyeiote to
Adyo yia Tov omoio cuuPaivel avT 1| KATAGTACT).

AXKHYH 11

o vo owtnpeitor to 610 Vyog @optiov oe kabe onueio ™ kopdToOg TPOTEivOVIOL SVO
evaAlokTiké Avoelg. H mpdtn Adon eivor vo petdvetol KatdAinio n mopoy YoAKoD Kotd T
dlapKeln TG Kivnong Ko eopTmong Tov eoptnyov. H dedtepn Adon elvar va eivon oe Agttovpyio n
UNYOVT] TOL POPTIYOV KOl 0 001 YOS VOl SLoTNPEL TNV TaDTNTA TOV POPTI YOV atafepn Kot ion Le V.

O pnyovikog tov gpyota&iov emAéyel ) 0e0TEPT ADON OC TO GUUPEPOVGO OEOOUEVOD OTL QLT
elval Gueco €apUOCIU. TNV TEPITTMOON AOUWTOV VTN, VO, VTOAOYIGETE TN GLVOAIKN oTobepn
dvvapn Fret (= xvneipla Sovoun pnyovig @optnyol peiov tpiéc) mov mpEmEL Vo AoKEIToL TOVED
07O POPTNYO MGTE 0WTO Vo Kiveitan pe otabepn ToydnTa vo=0,300m/s kabmg kot T cvvolikn nala
Mygiie TOV YAALKLOD TOL O poptbel 6TV KopdTGA TOL POPTNYOD.

[podiaypagéc poptnyod: Mala poptnyod M=6,80x10° kg, pfkoc kapdtoag: L=8,00m

[Ipodwaypagég mapoyng yartkiov: ITAdtog kotamaxtg ico pe TAATog KapdTos, UNKOG KATOTOKTNG
d=50,0 cm. Ta yaAikwo e&€pyovtar pe puOpd R=225 kg/s.

AYXH

| S
0 0O

Xpovikn otiyun t=0

Xpovikn otiyun t

A) Zmv mepintoon avtn 0ev 1oYLEL N apyn OWTNPNONS TG OPUNS APOL TAV® GTO GOPTI YO
aokeitor e€mtepikn) ovviotopuévn dvvaun Fpe. Ioyvel dpmg to Bedpnua QOnong — Opung
GUUO®VO, L€ TO OTTO10:

(QBnon mov aokeitor Tvew 6To POPTNYO) = (LETAPOAN TG OPUNG TOV POPTNYOV) 1 1IGOOVHVALLAL:
t=t,
J=Ap = jF dt=p, - p, (11.1)

net

Omov po = M vy etvar | apykr oppun Tov EopTNYo (6TAY 0VTO deV €xel KaBOAoL POpPTio)

= (M + Mypi) V8= (M + M) Vo €lvor 1 TEAKH Opp1| TOL EOPTNYOD TN YPOVIKY GTIYUN tf
owv &xel oM eoptbei To YaAiKt, omdTe N GuVOAMKN pdla Tov PopTNYOV Ba eivar Mwmem<l Eni
A0V BEGaE Vf = Vo dEdOUEVOL OTL 1) duvaun F vrdpyet Yo va dtatnpel otabepn v taydnTa
0V PopTNY0V. OndTe, pe dedopévo ot dvvaun F elvar otabepn, n Xxéon (11.1) yiverou

t=t,

J‘ dt - (M + mxahm)UO M UO = Fnet f
t=0

net

(M + mxahm) UO M UO
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- (M+m, o, —Mu, _ Mynina Yo (11.2)

net — t f tf

YmoAoyiopog tov xpovov gopTmong tr kat Tng GUVOAMKNG LALEG My TOV POPTIOV.

To yoAikt apyilel va péel m otiyun mov 10 eunpodg PEPOC ¢ kapdtoag Ppedel kot amd v
katamokt) €£600v Tov yohkwov. H pony tov yoAkiod otapatd 6tav 10 mo® HEPOG TNG
Kapotoag Ppebel kKt amd TNV KotomokTt). ATO TO CGYNUO TNG GOKNONG TPOKLATEL OTL N
GLVOAKY petakivnon g kopotoag Ba givar L'=L — 2d, 6ov d=50,0cm.

L' =8,00m — 2x(0,500m) = 7,00 m

Eme1on to @optnyd xwveiton pe otabepn taydtnta vo = 0,300 M/s o cuvolikd ypovog kivnong
OV QOopTNYOL Oa eivat:
b= o g = POOM o33

t, v, 0,300m/s

Me dedopévo 1o puOud R=225 Kg/s pe tov omoio e&€pyetal to Yahikt omd TNV KOTOTAKT, 6TO
xpovikd dbotnua tr = 23,3 S n cvvolikt| pélo yoAkiod mov Ba poptwbel ot KOPITGU TOL
@optNyov Ba glvar:

=Rt, =(225kg/s)x(233s) = m =5240kg

x(th YOAlKL

AvtikoBiotoope ot Zyxéon (11.2) 10 xpoévo pdptmong ty Tov eoptNyod Kot T GuVoAKn pdla
Myia OV Pprkape kot Ppiokovpe ™ cvvietapévn SOvoun mov TPETEL VO, OCKEITOL GTO
@optNYO Yo va dttnpet v tayOhntd Tov oTadepn:
_ My Uy _ (5240kg)x (0,300m/s)
nd t, 23,35

F_ =675N

AYXKHXH 12

[Tave oe o evBVuYypopun Kot oprloviia aepotpoyld vdpyovy Vo aKPPOS Opote apasido A Kot
B. To aioOntpro kivnong mov Bpioketal 610 aplotepd HEPOG TNG AEPOTPOYLAG LETPA TNV OTOCTOCN
Xa TG 0e&lic dxpng tov apoSdiov A KabBdg Kol TV amdcTacT X TNG OPLOTEPNG GKPNG TOL
apa&idiov B and 1o aicOntipro. Xto 616 HEPOG ™S 0epOTPOYLAS LILAPYEL £V OPLOVTIO EAATNPLO.

Awsnmpilo
Kivnong A
v

1_—)(5—’

O] CF] i

06250

Ambdotaon Xa (M)

L1250

0 o 1L.00 150 230
Xpovog t (S)
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To aicOnmplo xivnong kataypdeel Kot amodidel YpaQIKd TV TOPOTAVE YPAPIKY ToPAcTOoN
XA=XA(t).

A. No gpuUnvedoeTe Ty Tapamive Ypaetkn Topactact Xa=Xa(t). Zvykekpipéva, vo meptypayete
Kivnon tov apo&idtov A ota ypovikd dactiuoto (0.20s, 1.00s) kar (1.50s, 2.30s) kot vo
avagépeTe T GVVEPN oTig ypovikég otrypég t1=1.00s ko t,=1.50s.

B. No zweprypdyete v kivinon tov auaéidiov B oto ypovikd dibdotnua (0.20s, 2.30s) kot vo
ATOOMGETE YPAPIKA TNV amdoTaoN X TNG 0PLoTEPNS dipng Tov apalidiov B and 1o aichntiplo
Kivnong cuvaptnoEL Tov ¥POVov.

AYXH

A. Tn ypovikn otryun t=0.20s 1 6e&a dicpn tov apaéidov Bpicketal oe andotaon Xa=0,125 and to
alcOntplo Kivnong.

Y10 ypovikd ddomuo At;=(0,20s, 1,00s) to apo&ido amopaxpivetal amd 1o ocOnTHplo
Kivnong pe otafepn o dTNTa v1A. ATO TN YPOEIKT TopdoTact Xa=Xa(t) Exovpe:

o, = M 06250m-0.1250m (oo

At 1.00s-0.20s

Tn ypovikn otiyun t;=1.00s cuykpovetor eAactikd pe o axivnto apaéido B. Zopeova pe
Bewpla TOV EAACTIKOV KPOVoE®V, emeldn Ta apaidin A kot B givor opota, 1 kivntikn evépyela
Tov apagidoov A petagépetor oto apaidio B pe anotérecpa 1o apatioo A va akivnromoindel
Kot 1o apoasidr B va apyioet va kwveiton mpog ta 6e&1d mAncialovag to optldviio EAATNPLO LE
ToyvTnTa v1=0.625 m/s.

Y10 ypovikd Sdotmua At,=(1.00s, 1.50s) 10 apoaidio mapopéver oxkivnto o€ amdoToon
Xa=0.6250m and to asbnrpro kivnong evod to apasido B apyukd Kiveitatl mpog 1o eAatiplo 10
omoio cLUTECEL LETATPETOVTOS TNV KIVITIKT] TOV EVEPYELN GE EAAGTIKY OLVOLLKY| EVEPYELDL. XTN
OUVEXEWL, TO EAOTNPLO EKTOVAOVETOL UETATPEMOVIOG TNV OmOONKELUEVT EAACTIKY] SUVOLIKY|
EVEPYELDL OE KIVITIKN €VEPYELL €KTOEEVLOVTOG TPOG TO. aplotepd To apaidlo B pe taydta
V2= —0.635m/s

T ypovikn otryun t,=1.50s, to apa&idwo B, to onoio 1o kiveitor Tpog Ta oploTepd pe TaydTNTA
o= —0.635M/s, cuykpovetar eAacTiK pE TO akivito apaidto A. Zoueovo pe ) Bewpio tov
EMICTIKOV KpoLGewv, enedn ta apaéidie A kot B eivor opown, m kuvntikn evépyei tov
apa&idov B petagépetar oto apa&ioto A pe anotéreoua to apaiolo B va axtvnromomfel kot
10 aposid A va apyicel va kiveital Tpog ta apiotepd TAnctdlovtog to aichnmplo kivnong e
ToOTTa VA= —0.625 M/s. TIpdypott, 6to Ypovikd didotnua At,=(1.50s, 2.30s) N ToydTTA TOV
apo&idov A Oa eivon ion pe:

Ax,  0.1250m—0.6250m
UZA = =
At, 2.30s-1.50s

v,, =—0.625m/s

B. Xt0 ypovikd Sudommuo At;=(0.20s, 1.00s) 10 apoa&idto B eivar akivnto kot PBpioketor og
amootoon X18=0.6250m oand 10 arcOnplo Kivnong.

Tn ypovikr otiyun t3=1.00s méptel mdved tov 0 apasidto A pe toydtra v14=0.625 m/s kot
Omm¢ NoN avagépape mo mhve, to apaidlo B aroktd tayvtnte v15=0.625 m/s.

Y10 ypovikd ddotuo At,=(1.00s, 1.50s) apo&idio B apykd kwveitor mpog to €hothiplo pe
tovtta v1p=0.625 M/s kol ot cvvéreln avakidTol and To ELUTNPLO TPOC T APLOTEPH UE
Tov T Vo= —0.625 m/s.
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Tn ypovin otrypn t,=1.50 s 1o apiotepd dkpo tov apaidiov B cvuykpovetal eAactikd pe to
akivnto oapotidlo A pe amotéAecua avtd Vo aKIvNTOTolEiTol Ko To apaidlo A va amoktd
ToOTTaG VA= —0.625 M/s.

210 ypoviko ddotnuo Atz=(1.50s, 2.30s) to auaidio B Ba givor axivinto kot n aptotpn akpn
T0V Oa Bpicketorl og amdoTaon Xop=0.625 m.

H xivnon tov apa&idiov B oto ypovikd didotnua At,=(1.50s, 2.30s)

Enedn péoa oe avtd 1o ypovikd ddomua 6mov At;=0.50s 1o apa&idoo A kwvnOnke mpog ta
de€10 kol 0T CLVEKELX TTPOC TOL aploTePE pe TNV dto katd pétpo tayvtnte v=0.625 M/s, 10
YPOVIKO S1doTnpa Tov amotteital yio va eBdoet To 0e€1d dkpo tov apaidiov B 6to glatplo Oa
givon 100 pe (Atp/2)=0.25s. Katd ovvéneia, 1o apatidio B Oa petatomicbel mpog ta de€1d katd
dloTn oL

At, 0.50s

As =uvp, > = (0.625m/s) x As =0.156m

Metd v avdkiaon tov amd 1o ghatnplo, 10 apaidio B 6o petatomcobel mpog ta apiotepd
katd to 1610 drdotnua As=0.156 m péypt n apiotept Tov Akpn cvykpovcBel pe ™ de&ud dicpn
oV apoéidov A.

ATOTUTAOVOVTOS TNV TOpAmive TEPLYpapr] TG kivnong tov apoatidiov B maipvoope v
Topakdte ypoeikn mapdotacn Xg=Xg(t) (ypaonuo pe ypdpo pmie) n omoic oviioTolXEl o1
LETATOMIGT TOL aploTePOV dKkpov Tov apatioov B:

07810 --------------- 7\
1
1

0.6250 |- -+ A S

Amndotaon Xa (M)
Ambdotaon Xg (M)

0 0.20 1.00 1.25 1.50 2.30
Xpovog t (S)

AXKHZXH 13

‘Eva dtaotnuoémroo palog 2,0x10° kg metdet pe toyvTnToL 5,0x10° m/s dtav o AVTOPACTNPOG TOV
Eapvika mabaiver BAAPN pe amotéleopo TO OACTNUOTAO0 Vo ekpayel Kot va SlooTaoTel 6€ Tpia
Opavoparte. ‘Eva ek tov Opavopdtov pe palo 5,0x10° kgextivdooetor mpog to. miom pe toydTnTa
2,0x10° m/s. ‘Eva debtepo Opovopa pe pato 8,0x10° Kg kwveitar mpoc ta epmpdc pe toydTnta
1,0x10° m/s. TTow eivat N Kotevhuvon kot 1 TaydTNTe TOL TPitov BpadcoUATOG;

AYXH

Méta Staotnpomhoiov: M=2,0x10° kg

Taydmra dwuotnponioiov: V,=5,0x10° m/s (Bewpodpe Kivnon mpog ot Betikn X-01e00vvon)
MéLo Tpdrov Opavopatog: m;=5,0x10° kg=0,50x10° kg

Toydtnta ntpdTov Bpadopatoc: v,= — 2,0x10° m/s (to Bpadopa ontd Kiveiton Tpog Ty apviTiki
X-01e00vvon)

Méta Sedtepov Opabdopartoc: mp,=8,0x10° kg=0,80x10° kg

Toyotnro devtepov OpavcouaTog: va= 1,0x10° m/s (to Bpavopa avtd Kveiton Tpog TV BeTIKN X-
dtevbuvon)

[Ipwv 1 d1domacT TOV, N OPYLIKT OPUT| TOV SAGTNUOTAOLOV NTOV:
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(p) i=M V,=(2,0x10%kg)x(5,0x10°m/s)=1,0x10"® kgm/s (1)

To d1dvuopa g opung avtg eivatl TapdAAnio Tpog T Oetikn X-61ev6vvon.

Emedn n €ékpnén tov dtootHoOTAOI0L £Yive eIt E0OTEPIKMY SOLVAUE®DY KOl OYL EEDMTEPIKMV
duvapemv, To dtivoopa g apytkng opuns (P, ); Oa etvat ico pe to Stdvuopa g TEMKNG OppUnIg

P; TV POV Bpavcpdtov petd Ty £Kpnén, ONANON Kot 1) TEMKT) OpPLLT] TOV GUGTNUATOG TV TPUDV

Opavopdtov Oa ival TapdAANAn Tpog T BeTikng X-01evBuvon:
(ﬁx)i=f)f =(f)x)f = (px)i:(px)f

Emne1on ta dvo and ta tpio Opadopate Tov 10oTUOTA0I0V KIvovvTal TOpdAANAL LE TN X-
devBvvon 1o1e KO T0 Tpito Hpavcpa Ba Kiveitan mapdiinia pe T X-0evbvvon). (Av Bewpovcape
071 10 Tpito Opavoua KIVEITo TPOG SLOPOPETIKY KATELOVVOT TOTE 1] GLVIGTOUEVT] TEMKN OPUN TOV
OLGTHOTOG OeV Ba NTav TapPAAANAN pe T X-Otevbuvon)

(P)i=(p)¢ = MV, =mu, +mv,, + My, (2)
Onov M3=M — m; — m,=2,0x10%g — 0,5x10°kg — 0,8x10°kg=0,7x10%g
v3x €lvar M ayvoot tayvtnta. Onodte and v E&icmon (2) Ba éxovpe:
_ MV, —mu, —myu,,
X m3
_ (2x10°kg)(5,0x10°m/s) — (0,50 x10°kg)(—2,0x10°m/s) — (0,80 x 10°kg)(L,0x10°m/s)
0,7 x10%kg

U3

Va=+1,46x10" m/s

To Bpavopa avtd Kiveiton Tpog ) Betikn X-devhuvon.

AXKHXH 14

Mia EOAvn umdro palog 20 Kg sivorl kpepacpuévn amd éva copua pnkovg 2,0 m. H uéyiot tdon
Tov pmopel va avtéEel to ovpua yopig va omdoet givor 400 N. "Eva fAfpo palag 1,0 kg mov
Kivelton opilovTtio. TPOGKPOVEL Kot cONVOVETOL 6TV EVAVN pmdiao. [lowa givon n péyrom taydnta
nov Ba pmopovice va £xel avTo TO PANUA XOPIS VO GTAGEL TO GUPLLOL.

ITPIN META
—— S
1=2,0m 1=2,0m
A
y 3
T Tmax
m;=1,0 kg 2=20 kg
]
A7 v Wr=(mz+m;) g
Apykty opufy: Py =M, U, Tehuen oppn: Py = (M, +m,)V
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To ovotua anoteAeiton amd ) EOVAVN purdia paog My kot to PAqpa palog my. Apyikd n EOAvng
opaipa elval og 1w6oppomio owOTE 1) TAoN TOL VHaTog T Ba eivar ion pe o Bapog Wo TG EVAVNG
opaipag, (T=wy). Oswpovpe OTL N TobTNTO TOL PANUATOG Eival 1) LEYIGTN SVVATH DCTE KATH TNV
KpOOGN Vo U 6TAGEL TO VIULAL,

H kpovon givan tedeing mhaotikn. To PApa evoopatdvetal péso otnv ELAIVY GEAipa KoL TO
ovotnua (§OAvn cepaipa — PAua) amoktd tayvtnta V. Tn ypovikh otiyun mov Aapupdavetl yopa n
KpovoN, 1 OpUN TOL GVGTAUATOG (E0AVN cEaipa — BPARLA), TPV KOl LETE TNV KPOVOT|, dtotnpeital
otabepn o€ pétpo, dievbuvon ko eopd. Ondrte:

pp=p; = mo=M+mV = V:M 1)
m, +m,

T gpovikn otryun akpiPdg petd v kpovon, 1o cHotua (EOAvn ceaipa — PARpa — viua) Oa
ekTELEOEL KUKMKT Kivnon pe apykn toyvtnta V kot oktiva 1=2,0 m, onote n EOAvn cpaipa Oa
EXEL APYIKT KEVIPOUOAO EMTAYLVON 0 101 E:

2

2. 2
m; v,
a=— = ="+ —1"-
I (m,+m,)°I

H xevtpopdroc avtn emrdyvvon gival amotélecpa g KeVIpopdiov dvvaung Fr 1 omoia eivan ion
LE TN GLVIGTOUEVT SVVAUT TOV OGKEITOL TAV® 6TO cuaTnua (EVAVY Geaipa — PARU).
2.2 2. 2
m; v m v
F=(m+m)a =(m+m,)——"&_ — F =—1-"m_
O1 duvapelg Tov ackovvVToL TAVe 6To GuoTNUA (EVAVY ceaipa — PANUA), akpPdg LeTd TNV
TAGTIKN Kpovon ivat To Bépog Wr=(M3+m;)g ToL GLGTHUNTOS KOt 1) TAGT Trax TOL VIUATOG,.
Ocopnoape TV Téor Tov VAUATog ioM PE Trnax Y10 VO VTOAOYIGOVUE TNV VUmax. OTOTE:
2 2
m o
=——m—+(m+m)g =

I:r :Tmax_Wf - Tmax: Fr + W; = T =
(M, +m,)l

max

2

1)) =\/(Tmax_(ml+m2)g)(ml+m2)| _

_ |(400kg — (1,0kg + 20kg) x (9,80m/2) ) (1,0kg + 20kg) x 2,0m
(1,0kg)®

omax=90,3 m/s

21



AXKHZXH 15

‘Eva aokenég Paydve pdloc M = 1,00x10* kg kwveiton apyd yopic tpipéc mbvo o€ pa eninedn
ownpotpoyld. Eaevikd apyilet va Ppéxel KOTOPPOKTOODOS pHe TN Ppoyn va mEPTEL
Katakopupa. Apyikd to Payovi givar adsto kot Kveitanr pe toydmmra v = 2,00 m/s. Na

vroloyicete TV ToyvTNTO V TOL Baryovioy T ¥POVIKY GTIyUn Kotd v omoia o Baydvi Oa
&xel paléyel moocotnTa vepoL palog m = 3,50x10° kg.

AYXH

Apyu Katdotaon Tehxn Kotdotoon

v
——

M

Apyn opun cvetquotog: p; = Mvu

Telucri opun cvotipatog: pr = (M +m)V

Apyn dwatpnomn g opung (010 VST OEV AoKOVVTOL EEMTEPIKES SUVANELS): Pi = Pr =
M 1,00%*kg

y V=M V= — x 2,00

(M +m) v = M+m® 1,00*kg + 3,503kg /s
=1,48 m/s

V=148 m/s

AXKHXH 16

Mo pmdia tov tévig  omoio éxel nwala m = 0,0560 kg xweiton pe otabepn taydTnTOg
Uy = (22,0%) - (4,00?) J, mpwv avt ktumnBel and ™ pokéta. H paxéra ackel dbHvaun

ion ue F = —(415N){ + (125N)j m omoio vobétovpe O6TL TAPOUEVEL GTAOEPT] Y10 YPOVIKO
dotnuo At = 4,15x10° s katd 10 omoio n poakéta ko M pndio eivor o emagr. No
VTOAOYIGETE (0L) TIC CLVIOTMOEG X KO Y TG MONong dvvaung Tave 6t UTdAo Tov TEVIG Kot
(B) T cLVICTMGEG X KOt Y TNG TEAKNG TOYOTNTOS U TNG UTAANG TOV TEVIC.

Qénon: [ = [ Fdt = F [" dt = FAt = [(—415 N)I + (125 N)j] x (4,15 x 10735)
J = (—415N) x (4,15 x 1073s)T + (125 N) x 4,15 x 1073s)] =
J = (—1,72 Ns)i + (0,519 Ns)j (1)

(@) Jx=-172Ns «or Jy=0,519 Nm

-

(B) Oedpnua Qnong — Opuig: | = Ap =P — o = md — miy = m@ —0,) =



J .. N
— =V -1 = U==—+1, —
m m
. (=1,72Ns)i + (0,519 Ns)j ) A
' 0,0560 kg + (22,0 m/s)i — (4,00 m/s)j =
L ( -1,72 NS) ( 0,519 NS) t (22,0 i (4,00 y :
*~\0,0560 ke 0,0560 kg/’ m/s)i m/s)j  (2)

Avik 5 _Ns_kgs_zs_m
VOALGT HOVASOV: ke = ke S

2 = v= (—30 7m/s)i + (9,27 m/s)j + (22,0 m/s)i — (4,00 m/s)] =

m my
5= (- 307 +22,0 ) (9275 -4007)) =

= (-8,70 ?) P + (5,27?) I

m m
Uy = —8,70? Kar v, = 5,27?

AXKHZXH 17

[Tave og éva avtikeipevo mov €xet palo m = 2,00 kg ackeiton dHvaun n omoio e€aptdran
a6 10 YPOVO cVpeoVe e ™ oxéon: F = (at?)i— (B —yt)] o6mov o= 15,0 N/s?, B =
12,0 N xar y = 20,0 N/s. H d0voun ot aokeitor eni TOL OVTIKEWEVOD Yo XPOVIKO
dtdotnua At = 0,500 s. Av to avtikeipevo ftav apykd okivnto (vj = 0 xau pi = 0), va
VIOAOYICETE TO SLAVLGHA TNG TOYVTNTOG Vf HETE TO TEPAG TOVL YPOVIKOD SLUGTIUOATOS TMOV
0,500 ss.

AYZH
BOzdpnpo Qnong — Opprig:

At A‘L’
fﬁdtzaﬁzﬁf—ﬁizﬁf—ﬁ = th_muf (1)

0
At

AT
Jthzoj[(atz)i—(ﬁ—yt)j]dt—lf atzdt‘L—lJ (B —yt)dt|] =

0

At At (3|47 ar £2[AT
=aft2dti—ﬁfdtj+yftdt]—a3 i—pt f+)/3 j=
0 0 0 0 0 0
(A )? (41)% (4t )3 (40)%\ .
= i—pAD)j+y > T a3 > ) =

A
- (0,500 5)3 (0,500 5)>
f Fdt = (15,0 N/s?) =1~ (12,0 N)(0,5005) - (20,0 N/5) ———

0



At
f Fdt = (0,625 Ns)i — (3,50 Ns)j (2)

0
Ot E€lomoeig (1) kan (2) €govv ta mpoto uéAN ico, emouévag ioa Ba etvar ko o devTtepal

UEAN:

0,625 Ns)i — (3,50 Ns)j
miy = (0,625 Ns)i — (3,50 Ns)] = Uy = ( )m : :

. (0,625Ns)i (3,50 Ns)j

= 5, = (0,312 m/s)i — (1,7 ¢
U T T 200 kg 2,00 kg = Ur = (0,312 m/s)i — (1,75 m/s)j




