YMOYPIEIO NAIAEIAZ KAI NOAITIZMOY
AIEYOYNZH ANQTEPHZ KAI ANQTATHZ EKMNAIAEYZHZ
YMHPEZIA EZEETAZEQN

NArKYMNPIEZ EZETAZEIZ 2016

Mdaénpa: ®YZIKH
Huepopunvia kal wpa e§€raong: Acutépa, 30 Maiou 2016

8:00 - 11:00

TO EZETAZTIKO AOKIMIO AMOTEAEITAI ANO 15 ZEAIAEZ
MepiAapBavel dekatrévre (15) pwTACEIS
Kal ouvodeUETal ATTO TUTTOAGYIO BUO (2) oeAidwv
Na atravroeTe o€ OAEG TIG EPWTAOEIG

MEPOZXZ A": AmorteAcital atrd 10 EpwWTACEIS TWV 5 HOVASWYV N KABEMIA.

1.

AutokivnTto NACOG M KIVEITOI PHE TaXUTATA PETPOU U KAl OUYKPOUETAI KEVTPIKA Kal
TTAAOTIKG pe éva OeUTEPO QUTOKIVNTO iong pacag. H xpoviki didpkeia, At, Tng
Kpouaong €ival TTOAU pIKPR Kal idla yia TIG OUO TTEPITITWOEIG TTOU avVaPEPOVTAl OTA

TTOPAKATW EPWTAPATA.

(a) Av TO deUTEPO AUTOKIVNTO ATAV OKiVATO, VA UTTOAOYIOETE TO PETPO TNG MEONG
duvaung TToU avaTITUCOETAl PETALU TWV AUTOKIVATWY, KATA Tn dIdpKEIQ TNG
Kpouong.

(Movadeg 2)

(B) Na utrobéoeTe TwWpa OTI TO OEUTEPO AUTOKIVNTO KIVEITAI 0TV idla dieuBuvon ue

TaXUTNTA icOU PETPOU U, OAAG avTiBeTnNG Qopdg pe 1o TTpwTo. Na UTTOAOYIOETE

TO YETPO TNG pEONG dUVANNG TTOU AVATITUCOETAI KOTA TN SIAPKEIQ TNG KPOUONG
METALU TWV AQUTOKIVATWY O€ aUTr TNV TTEPITITWOT.

(Movdadeg 2)

(y) Na avagépete o€ TToia atmo TIG U0 TTEPITITWOEIG TA ATTOTEAECUATA TNG KPOUONG
€ival TTI0 KATOOTPOPIKA.
(Movadeg 1)




2. (a) Na diatuttwoeTe TNV apxn dlaTAPNONG TNG OTPOPOPUNAG.
(Movadeg 1)

(B) H €&€dpa piag Taidikng Xapdg ival KUKAIKY, akTivag R = 1 m Kal TTEPIOTPEPETAI
opICoVTIa, Xwpeic TPIRBES, YUpw aTTd TOV KATAaKOpu®o dtova TTou TTepva atrd 1o
KEVTPO TNG ME YWVIOKN TaxUTATA PETPOU Wo = 2 rad/s. H potm adpdveiag Tng
£€£8pag WG TTPOg Tov Agova TTEPIoTPOPS TNS sival 1=60 kg-m?. ‘Eva mraidi
Mafag m = 60 kg, TTOU TTEPTTATA PE KATEUBUVON TTPOG TO KEVTPO TNG £E£0PAG,
TNOG TTAVW TNG OE ONUEIo TNG TTEPIPEPEIAG TNG. Na BewproeTe TO TTAIdI oAV
UAIKO onpegio.

) <>

S

(i) Na utroAoyioeTe TO JETPO TNG VEAG YWVIOKAG TAXUTNTAG, W1, TNG £EE0PAG.

(Movadeg 2)

(if) Na utroAoyioeTe TO HETPO TNG YWVIOKNAG TaXUTNTAG, W2, TNG £££0pAg OTav TO
TTaudi HETAKIVNOEI 0TO KEVTPO TNG.

(Movadeg 2)



3. (a) Na ava@épeTe TN QUOIKA onuacia TNG POTING adPAVEIQG.
(Movadeg 1)

(B) H tpoxaAia Tou oxnuarog 1 givar cuptrayng KUAIVOPOG, £XEl poTrr adpaveiag I,
aKTiva R, €ival OoTEpPEWMEVN OTOV TOIXO KAl WTTOPEI VA TTEPIOTPEPETAI XWPIG
TPIBEG YUpw a1t opIOVTIO OTABEPS Agova O OTToI0G DIEPXETAl ATTO TO KEVTPO
TNG Kal €ival KABETOG 0€ aUTH. 2T0 AUAAKI TNG TPpOoXaAIag gival TUNIYUEVO aBapég
MN EKTOTO VA, 0TO AAAO AKPO TOU OTTOIOU €ival OEPEVO PIKPO OCWHA PACag m,
TO OTTOI0 APYXIKA OUYKPATOUWE o€ UYWOog h atrd 1o £da@og.
2T0 OXAMa 2, n TpoxaAia €£xel avrikataoTaBei pe GAAN TpoxaAia oxAuaTOg
KUKAIKAG oTe@AvNG idlwv dlaoTdoewv Kal Palag. Na BewproeTe OTI Ol OKTIVEG
TNG OTEQAVNG £XOUV apeAnTéa pada.

ouuTrayng KUKAIK
KUAIVOpOGg oTe@Avn

2xnpa 1 TXAMa 2

To cwpa agrivetal eAeUBepo aTrd T0 id10 UWOG h Kal oTIG dUo TTEPITITWOEIS. Na
eENYNOETE O€ TTOIO TTEPITITWON TO CWHA QTAvEl OTO £€0QQPOC UE PEYAAUTEPN
TaxuTnTa.

(Movadeg 4)



4. (a) Na ypayete éva opIopo TNG YPOAUMIKAG OPUOVIKNG TAAAGVTWONG.
(Movadeg 2)

(B) To ocwpa TOoU O KATW OXAMOTOG EKTEAEI YPAMMUIK) QPMUOVIK TAAGVTWON
METALU TWV akpaiwv B€oewv A” kal A.

H apxikn @don 1ng TaAdvtwong cival pndév. Na UETAQEPETE TO OXAMA OTO
TETPAOIO ATTAVTINOEWY O©a¢ Kol va oxedldoere Ta  dlavuopatra  Tng
ATTOMAKPUVONG, TNG TaXUTNTAG KAl TNG ETMITAXUVONG TN XPOVIKH CTIYMI TTOU TO
CWMa TTEPVA yia deuTeEPN Popda atrd Tn B6éon B.

(Movadeg 3)



5. 210 MO KATW OIAYPAUMa @aiveTal N YPAPIKA TTapAdoTacn Tng TaxutnTag o€
ouvdapTnNON ME TO XPOVO YIa Eva owua NACOG 2 Kg, TTOU EKTEAET YPAUMIKI) APUOVIKN
TaAdviwon. H duvapiki evépyeia TG TOAGvTwoNG TN XPovikh oTiyun t = 0,11 s
loouTal pe 0,16 J.

A U (m/s)

o /\
0 ' >
0,1m O,2T\/O,31T t(s)
-Ug

Na utroAoyioeTe:

(a) Tnv KUKAIKA ouxvoTnTa TNG TAAAVTWONG.

(Movadeg 1)
(B) Tn péyioTn TaXUTNTA TOU CWHOTOG.

(Movadeg 2)
(y) To TTAGTOG TNG TAAGVTWONG TOU CWHATOG.

(Movadeg 1)
(8) Tnv emtdyuvon TnG TAAAvVTWONG TN XPEOVIKA oTiyur t = 0,051 s

(Movadeg 1)



6. (a) Na opioeTe TO PAIVOUEVO TOU OUVTOVIOWOU OTIG PUNXAVIKEG TOAAVTWOEIG KAl va

QAVOQEPETE TTOTE CUPPAIVEL.

(Movadeg 2)

(B) Zwpa palac m = 400 g kpéuetal ammd To AKPO €vOG eAartnpiou OTABEPAC

K=40N
m

To ouoTtnua TiBeTal o€ €gavaykaouévn TAAAVTWON PE TNV ETTIOPACT EEWTEPIKNAG

TTEPIODIKAG dUvVaUNG ouxXvoTnTag 2 Hz.
m

i

TaAav

N

OV,

(WTAG

Fevwijtpla guxvotiTwy

B

Aeyéptng

/

|

Av n ouxvoTnTa TNG €EWTEPIKNG dUVANNG Yivel % Hz, va ggnynoete wg Oa

METABANBOUV:

(i) H ouxvotnTa TnG TaAAGvVTWONG.

(i) To mAaTOG TNG TAAGVTWONG.

(Movadeg 1)

(Movabdeg 2)



7. Mia ouyxpovn TreipapaTik diIaTagn yia 1o TrEipapa Tou Young @aivetal OTO TTIO
KAtw ox\pa. To oxApa dev ival utrd KAipaka.

MAakidio dITTAAG
OXIoOHAg 086vn

(a) Molo €ival T0 PBACIKO CUPTTEPACHA, TTOU TTPOKUTITEI ATTO TO TIEipaua auto,
OXETIKA JE TN GUON TOU QWTOG;
(Movadeg 1)

(B) Na ggnyrioete 10 pdAo Tou TTAOKIBIOU OITTANG OXIOUNAG.
(Movadeg 1)

(y) Opada pabnrwy XpnolyoTroince TNV 1o TTAvw TTEIPAUATIKA diIdTaén yia Tov
UTTOAOYIONO TOU MAKOUG KUPOTOG TNG MOVOXPWMATIKAG OKTIVOBOAIGG €vog
Laser. H améotaon petaél Twv OUO0 OXIOMWV Tou TTAakI®iou TTOU
xpnoipotroinenke Atav a=2,50-10" m, n amdéoTtaon TAakIdiou — 086vNn¢ fTav
D = 4,00 m kai n améotacn MeTalU évieka (11) OIadOXIKWV QPWTEIVWIOV
Kpooowv Bpédnke 10,2 cm. Na utroloyioete 1O MPAKOG KUPATOG TNG
aKTIVOBOAiag Tou Laser TTou xpnoIJOTIOIOnKE.

H amdvinon oag va 506¢i e 10 cwaoTO ApPIBUG CNUAVTIKWY Wn@iwv.
(Movadeg 3)



8. lNa 1n dnuioupyia OTACIYOU KUPATOG O€ XOPOH XPNOIYOTTOINONKE n 10 KATW
TTEIPANATIKA d1aTAgN.

YEVVATPIO
OUXVOTATWY  OIEYEPTNG L
<

oTabuaG

A. O dieyépTtng TaAavTwveTal ue ouxvotnta f Kal otn Xopdr) dnuIoupyeiTal GTACIYO
KUpa. To uAKog TNG Xopdng ival L = 3 m kai n §icwon Tou OTACIJOU KUPATOG
Tou dnuioupyeital givar: y =0,020nu(Tx)ouv(100Tt), dTToU X Kot y o€ m Kai t
o€ S.

(a) Na xpnoigoTtroifoeTe TNV €€icwon ToUu OTACIMOU KUMATOG YIA VO BPEITE:

(i) To yAKoG KUPATOG.

(Movdadeg 1)
(ii) Tn ouxvdTnTa TOU BIEYEPTN.

(Movadeg 1)

(B) Na utroAoyioeTe Tov apIBuo Twv BpoXwv TTou oxnuatifovral atn Xopdr.

(Movadeg 1)

B. Av 10 BApOg Twv OTABPWY €VVEATTAQOIAOTEI KAl N OUXVOTNTA TOU OIEYEPTN

TTapaueivel oTaBepr), va uTttoAoyioeTe Tov apiBud Twv Bpodxwv TTou Ba
oxXnuaTioTouv oTn Xopdr.

(Movabdeg 2)



9. 'Evag guBuypappog aywyos KA, uikoug £ = 0,1 m kar pdag m = 0,01 kg, €ival
OUVEXWG KABETOG 0€ dUO KOTAKOPUPEG MOVWTIKEG PAPROOUG, TTAVW OTIG OTTOIEG
MTTOPEl VO ONIoBaivel Xwpic TpIBEG. H OAn diatagn Bpioketal péoa oe opiovTio
OMOYEVEG payvnTikd TTedio, KABeTOo OTO €TmiTredo TTOU Opifouv o1 duo pdBRdol. O
aywyog diappéeTal atrd pevpa éviaong I =5 A kal I00ppoTTEl, OTTWG PaAiveTal OTO

oxnua.

(a) Na peTapépeTe TO OXAKA OTO TETPABIO ATTAVTACEWY COAG KAl VA OXEDIACETE TIG
OUVAEIG TTOU AoKOUVTAl OTOV Qywyo.

(Movadeg 1)
(B) Na utroAoyioeTe TO HETPO TNG PAYVNTIKAG ETTAYWYAS TOU PJayvnTIKOU TTEdioU Kal
vVa TTPOC0OIOPICETE TN QOPA TNG.

(Movadeg 2)

(y) Na 1rporteivete U0 aAAayEg, n kKaBepia atmod TIG oTToieg Ba €iXe WG ATTOTEAECUA
TNV KivnOon TOU CUYKEKPIPEVOU aywyoU TTPOG TA TTAVW.

(Movadeg 2)



10. 'Evag paBdOuop@og payvATNG KIVOUPEVOS HE OTaBePr TaXUTNTA U KATA WAKOG
Tou d&ova evog TTnviou, apeANTéAG avTioTaong, TTEPVA aTTO Tn MIa TTAEUpd Tou
TINVviou 0TV AAAN, OTTWG QAiveETAl OTO OXAMA. 2T AKPA TOU TTNViOU OUVOEETAI
ailodnTpag Tdong o otoiog Kataypdeel Tn dla@opd dUVAUIKOU OTA GKPO TOU

TTnviou.
HAEKTPOVIKOG U = oTtaBepn U = oTabepn
Yooy [T —
E P -

AioBnTApag
Tdaong

(a) Na egnyfoeTe yiati dnuioupyeital dlagopd dUVAUIKOU OTA AKPA TOU TTMviou.
(Movadeg 1)

(B) Na oxedidoete TTOI0TIKA éva TBAvO ypdaenua tTnG diagopd duvauikou oTa
dKpa TOU TIMviou, 0€ ouvaApTNOn HE TO XPOVO Kal va OIKAIoAoyroeTe dUO

XOPAKTNPIOTIKA TNG HOPPIG TOU.
(Movadeg 3)

(y) Na ava@épete pia ahAayry otnv mreipauartikr) didtagn, n otroia Ba €ixe wg
ATTOTEAEOUA TNV aUENON TNG MEYIOTNG TIMAG TNG dIaQoPdg dUVANIKOU.

(Movabdeg 1)

TEAOZ MEPOYZ A’
AKOAOYOEI TO MEPOZ B’
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MEPOZX B": AmroteAcital amd 5 epwtRoEIg TwV 10 povadwyv n KaBepId.

11. 210 oxApa @aivovtal dUO TTAVOUOIOTUTTA £pYAcTNPIOKA apagdkia. MNavw oe KGBe
AMOEAKI gival OTEPEWMEVOG Evag aloBnTApag duvaung. ApxIKa Ta dUo aua&dkia
KpaTiouvtal akivnta mmavw o€ opifovTio dIAdPONO OTOV OTTOI0 BEwPOUNE OTI Ol
TPIBEG eival aupeAnTées. ‘Eva  aBapég 16avikdé eAaTAplo TO OTroio  €ival
EVOWMOTWHEVO OTOV €va aloBnTtrpa eAeuBepwveTal TN XpPovikh oTiyun t = 1,00 s,
EKTOCEUOVTAG TO OUO APALAKIA TTPOG AVTIOETEG KATEUOUVOEIG.

Apagari A Apagdxi B

Apagari A Apagdxi B

= =

(a) Na egnynoete yiati Ta apagdkia 8a KivnBouv Je ioeg KaTd HETPO TaXUTNTEG.
(Movadeg 2)

(B) H duUvaun TTOoU KaTAyPAPEl O AICBNTAPOAG TTOU €ival OTEPEWPEVOS OTO AUAEAKI
B divetal o1o didypapua TTou akoAoubEi.

2,5

2,0

15

F(N)

1,0

0,5

0,0 0,50 1,00 1,50 2,00 2,50 3,00
t (s)

O1 atravtioeig oag ota 1o KATw epwThPaTa va dobouv pe 1o owoTd apIBuo
ONUAVTIKWV Yn@iwv.

(i) Na utroAoyioete TN pETABOAR TNG OPUNAG TOU auagiou B.
(Movadeg 2)
(i) Na utrohoyioeTte TNV TaOXUTATA TTOU ATTOKTA TO apa&dkl B av n pala tou
eivar 0,550 kg kail n paZa Tou alcOnTpa duvaung civai 0,450 kg.
(Movabdeg 2)
(iif) Na utroAoyioeTe TNV €AAOTIKI) QUVAMIKN) EVEPYEIA TOU €AATNPIOU TTIPIV TNV
eAeuBEpPWOTN TOU.
(Movadeg 2)
(y) Na utroAoyioete Tnv TaxUTATA TOU KEVTPOU PACAG TOU OUCTAUATOG TN XPOVIKA
oTiyun t=3,00s.
(Movadeg 2)
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12. Akivnto owua pélag M=9-1072 kg Bpioketal TrTvw o€ Agio opIfdvTIO ETTITTEDO Kal
gival TpoodedepPévo oTnv Akpn opifovTiou eAartnpiou oTaBepdg K:1000%- H

AAAN akpn Tou eAaTNPIOU €ival AKAOVNTA OTEPEWMEVN, OTTWG QAIVETAI OTO OXAHA.

m l ;
28 LA

L T

BAjua palag m=1.102kg Tou Kiveital katd Tn dilBuvon Tou Gfova Tou
eAaTnpiou pe TaxUTNTA U, CUYKPOUETAI UE TO AKIVNTO CWHO KAl OQNVWVETAl OF
autod o€ apeANTéo Xpovo. MeTa TV Kpouaorn TO CUCOWHATWHA EKTEAEI YPAMMIKA
appovikn TaAavTwaon TAdTroug x, =0,05m.

Na utroAoyioeTe:

(a) Tnv mTepiodo T TNG TAAGVTWONG TOU CUCCWHATWHATOG.
(Movadeg 2)

(B) Tnv TaxuTNTQ TOU CUCOWUATWHATOG, AUECWG PMETA TNV KPoUoT.
(Movabdeg 2)
(y) Tnv TaxutnTa, U, Pe TNV otroia To BAAUQ TTPOCKPOUEI OTO CWHA palag M.

(Movadeg 3)

(®) Tnv atTwAEIO uNXAVIKAG EVEPYEIAG KATA TNV Kpouaon.
(Movadeg 3)
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13. Opdada pabnTwyv €kave TTEipAPa yia va BIEPEUVIOEL AV N TTEPIOdOG TAAAVTWONG
OWHATOG BEPEVOU OE KATAKOPUPO eAaTpIO €apTATAl ATTO T NACA TOU CWUATOG.
To eAaTApIo TEBNKE 0€ TAAAVTWOTN KAl HE XPOVOUETPO XEIPOG METPRONKE 0 XPOvog
10 ToAaviwoewv. H idla dladikacia emavaAA@OnKe vyia AAAeG TEOOEPEIS
OIAQOPETIKES TIMEG TNG MALAg, dlaTNPWVTAG TO TTAATOG TNG TAAAVTWONG OTABEPO.
O1 YeTPAOEIG TOUG PaivovTal OTOV TTIO KATW TTivVaKA.

m (kg) t(s)
0,10 4,2
0,20 6,4
0,30 7,7
0,40 8,6
0,50 9,9

O1 atravtioeig oag ota o KATw epwThPaTa va dobouv pe 1o CwoTd apIBuo
ONUAVTIKWYV Yneiwv.

(a) Na egnynoete yiati ol yabnTég péTpnoav 1o Xpovo 10 TaOAAVTWOEWY QVTi PIOG.
(Movadeg 1)

(B) Na petagpépete OTO TETPADIO QTTAVTNOEWV OAG TOV TTIO TTAVW TTivaKa, va
OUUTTANPWOETE KATAAANAQ TIG KEVEG OTAAEG KAl va OXEDIAOETE TN YPAPIKN
TapdoTtacn T2 = f(m).

(Movadeg 4)

(y) Na diatutTwoeTe TO CUPTTEPACHA TTOU TTPOKUTITEI ATTO TN HOPPA TNG YPAPIKAG
TTapdoTaong.
(Movadeg 1)

(8) Na utroAoyioeTe atd Tn ypa@ikh TTapdoTtacn Tn oTabepd K Tou eAatnpiou.
(Movadeg 2)

() Na g¢nynoete av 10 aTToTéAeOUa TOU £pwWTARHATOS (O) Ba ATaV dIAPOPETIKO, av
TO TTEipapa €ixe TpayuaroTroindei otn ZeAnvn.
(Movadeg 2)
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14. Auo ouyyxpoveg TTnNyEG My kai My apyi¢ouv va dnuioupyouv eyKApoIa KUPATA OTNV
ETTIPAVEIQ TOU VEPOU TN XPOVIKA oTIiyu t =0 s.
H eCiowon Tng TaAdvTwong Tng KABe tTnyng divetal atmmd tn oxéon y = 2nu(5tt)
OTou y o€ cm Kal t oe s. '/Eva onueio Z TNG ETMIPAVEIAG TOU VEPOU QTTEXEI
armréoTaon r1 =4 m atd Tnv TNyN Ny Kal aréoTacn r, atro TV TNy Mo, ME 12 > 1.
To kOpa atd tTnv TTNyn My @Tdavel oTo onueio Z TN XPOVIKA oTIyun t1 = 0,4 s Kai
atoé Tnv Tnyn Ny e kaBuoTtépnon At =0,4 s.

My Mz

(a) Na diatuttwoeTe ToV OpIoHO TNG CUKBOANG KUPATWV.
(Movadeg 1)
(B) Na Bpeite Tnv TaxutnTa 81ddoong Kal TO MAKOG KUPATOS TWV KUPATWV.

(Movadeg 3)
(y) Na utroAoyioeTe TV a1tOCTOON I?.
(Movadeg 2)
(8) Na digpeuvnoete TTWG CUPBAAOUY T KUPOTA OTO ONUEIO Z.
(Movabdeg 2)

(¢) Na oxedidoete oe PaBuoloynuévoug ALovec Tn ypa@IK TTapdoTacn Tng
METATOTTIONG TOU ONUEIOU X O OuvapTnon HE TO Xpovo, y=f(t), yia
Os<t<1,2s.

(Movadeg 2)

Na Bewprioete 611 TO TTAATOG TWV ETTIPAVEIOKWY KUPATWY TTAPAUEVEI OTOBEPO
Katd tn 014000t Toug OTO VEPO.
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15. Mia opdda pabnTwyv HPEAETA TO QAIVOUEVO TNG NAEKTPOUAYVNTIKAG ETTAYWYNG
XPNOIMOTIOIWVTAG TOV TIETAAOEION payvATn Tou oxAparog 1. H payvnTikg
eTaywyn B, Tou opoyevoug payvnTikou TTediou, PHETAEU TwV TTOAWV TOU PayviTn
gival 78 mT. To payvnTiKO TTedio EKTOC TwV TTOAWY TOu payvATn gival apyeAntéo. Ol
MaBnTéEC TOTTOBETNOAV £va AKAUTITO XAAKIVO KUAIVOPIKG aywyd KA avtiotaong
R = 0,20 Q kK&BeTa OTIG HAYVNTIKEG YPAPMES TOU PayvnTIKOU TTediou Tou PayvATh,
OTTwG @aivetal oto oxAua 2. O aywyog KA egival ouvdedeuévog ue 16aviKO
MIANIQUTTEPOUETPO PEOCW CUPUATWY QUEANTEQG QVTIOTAONG.

Zxnua 2

O1 atravtioelg oag va d0BoUv JE TO CWOTO APIBUO ONUAVTIKWY WnN@iwv.

(a) Av o1 opBoywviol TTOAoI Tou payvATtn éxouv dlaoTdoelic 6,0 x 2,6 cm, va
Sei€eTe OTI N payvNTIKA por METAEU Twv TTOAWY Tou payvATn eivar 1,2-10* Wb .
(Movadeg 2)

(B) O1 paBbnTég peTakivouv Tov aywyo KA katakdpu@a TTpog Ta TTAvw PE 0TaBepn

TaxuTnTa 1,4m .
S

(i) Na g&nynoeTe yiati avaTITUCCETAI ETTAYWYIKA TAON OTA AKPA TOU QyWYoU
KA.
(Movabdeg 2)
(i) Na oatrodeitete TN oxéon Tou divel TNV €TTAYWYIKA TAON OTA AKPA TOU
aywyou KA kai va Tnv UTTOAOYIOETE.
(Movabdeg 2)
(iii) Na oxedidoete 010 TETPAdIO ATTAVTIAOEWY 0aG Tov aywyd KA, va deitete
TN QOPA TOU ETTAYWYIKOU PEUPATOG TTOU TOV BIAPPEEI KAl VA UTTOAOYIOETE
TNV TIKA TOU.
(Movadeg 2)
(y) 20powva pe ToV Kavéva Tou Lenz pia duvaun avTiTiBeTal oTnv Kivnon Tou
aywyou. Na utroAoyioTe 10 PETPO TNG dUVOUNG QUTAG KAl va €gnyrnOETE yiaTi
Oev yiveTal avTIANTITH.
(Movadeg 2)
TEAOZ EZETAXITIKOY AOKIMIOY
AkoAouBsi TutToAdYIO
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TYNMOAOIIO ®YZIKHZ ' AYKEIOY KAI TEXNIKQN ZXOAQN — 6wpo

2TAOEPEZ

METpo TNC ENITAXUVONG TNG BapuTnTacg KovTa oTnv
gnipaveia Tne 'ng

g = 9,81 m/s?

®opTio nAekTpoviou

ge = - 1,6x10° C

®opTio npwToviou

qp = +1,6x10%° C

Mada nAekTpoviou

me = 9,1x10°! kg

Mala npwToviou

m, = 1,673x10"% kg

Mala veTpoviou

m, = 1,675x10"% kg

TaxUTNTa TOU PWTOC OTO KEVO

c = 3,0x10° m/s

MAOHMATIKA

EuBaddv KukAou A=nr
MepipeTpoc KUkAou C=2nr
EpBadov Emgaveiac Zpaipac A = 4nr?
: , 4 5
OykoG Zpaipag V = gﬂf
FENIKEZ 2XEZEIZ
'Epyo oTaBeprg dUvaung W = F.s.ouv@
. W
Ioxug P= T
KINHMATIKH
IXE0N YWVIAKNC KAl YPAUUIKAC TaxuTnTac Uu=uw.r
27
Sx€0n NePIGdOU Kal YWVIAKNG TaxuTnTag = T
HAEKTPIZMOZ
d
'EvTaon nAekTpikoU peUNATOC | = d_?
. . V
AvTioTaon aywyou R= I_
HAeKTpIKN 10XUG P=IV

MHXANIKH ZYZTHMATOZ ZQMATQN ZE MIA AIAZTAZH.

Opun cwpaTidiou

p=mo

KévTpo palac ouotnuaTog owpaTidinv os Yia diaoTaon

_ My +MyX, +.m X,
m, +m, +..m,

Ku

Opun oUCTNHATOC CWHATIdIWV

—

P,=P+P,+..+ P, =M _Uxu

AeUTEPOC VOHOG Tou NeUTwva E = (ij_p
t

MHXANIKH ZTEPEOY ZQMATOZ.

Ponr adpaveiac owuaTidiou I=mr

Ponr adpavelag oTepeol CWUATOG

I = Zn:miriz
1

STPOPOPUI owUaTIdiou

L=mur=mwr,L=Lo

1
KivnTikr evépyeia AOYw NEPIOTPOPIC En(ap) = > lo?
EAAZTIKOTHTA
Nopoc Tou Hooke | F =k (Ax)
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1
Auvapikn) evépyela ehatnpiou E-= > k(Ax)?
TAAANTQZEIX
TaxutnTa L=+w yg _ y2
Eniréyuvon a= -wly
1
Evépyeia AppovikoUu TaAavTwTn E= > DY§
>1aBepa TAAAVTWOONG D = m.w’
KYMATA
TayutnTa d1adoonc KUPATOG v=A.f
t X
E€iowon TpEXovVTOC appovikoU KUPAToG v = 1//077/127z(¥ + Z)
. . . , , AD
Anoataon PeTa&u duo dIadoXIKwV KpOOOowV CUHPBOANG S=—
a
TaxUtTnTa d1GdooNnG e£ykApPOIoU KUWATOC KATA  HAKOG L= E
TEVTWHEVNG XOPONG P
Mrkog KUPAToG 0paToU PWTOG 400nm < A < 750nm
. : . 275 2mt 271X 27t
E€&iowon oTdoipou KUPATOoC y =2y,00v 777/1?, ny= 2y077,u701)v T
HAEKTPOMAINHTIZMOZ
METPO TNG MayVNTIKAG dUvVAPNG O PEUPATOPOPO aywyod F =BILnub
(I\;Ics);g% TNG HAYVNTIKAG dUVAHNG OE KIVOUHEVO NAEKTPIKG | £ _ g ol
MayvnTikr pon ® =BSovvl
. . . AV
'Evraon opoyevoug nAekTpIkoU nediou E= _E
do
NoOpoc Tou Faraday E,_ =—-N e
‘Evraon nAexTpikou nediou E=—-
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YNOYPIEIO MAIAEIAZ KAI MOAITIZMOY
AIEYOYNZH ANQTEPHZ KAl ANQTATHZ EKIMAIAEYZHZ
YMNHPEZIA EZEETAZEQN

NArKYMNPIEZ EZETAZEIZX 2016

OAHIOz AIOPOQZHZ

MAOGHMA: ®YZIKH

AIAPKEIA EZETAZHX : 3 QPEX
HMEPOMHNIA: 30 MAIOY 2016



0dnyog Ai16pBwong eEeTaoTikoU dokipyiou Puoikig NMaykutrpiwyv e§eTdoewv

evikég odnyieg.

e O1 d10pOwTEC akoAouBouv Tov 0dnyd 816pbwaong Kal Ol TIG TTPOCWTTIKEG TOUG
ATTOWEIG | AVTIAAWYEIG.

e [0 KABe onueio Tou atmravid o paBnTtAG PaBuoAoyeitar pe 1 povada OTTwG
@aivetal oTov 0dnyo d16pBwong. Ae divetal 2 i /4 TNG HOVADAG.

o T[ivetal 816pBwaon ue BeTIKO TTVEUUA Kal 0 HabnTig kKepdiel TN Hovada yI auTd TToU
Exel Ocigel Ot E€pel Kal Ogv TIHWPEITAI yia OTI €Xel TTapoAgiyel. ATTd TNV AAAn n
O10pBwaon dev TTPETTEI va XapaKTnpideTal atrd adikaloAdynTn ETTIEIKEIQ.

Odnyigg yia Tn d16pbwon.

e H mAdyia ypauun / akoAouBoupevn atmmd 1o dIAlEUKTIKO i onaivel, EVOANAKTIKES
0pBEG AECEIC — TTPOTACEIG — APIOPNTIKEG AUCEIG TTOU duvVATOV va XPNOIKNOTIOINCOUV
ol Jalnrég.

o  TeTpdywveg TTOPEVOEDEIG [....] BiVOUV OUYKEKPIPEVEG OONYIEG I ETTEENYAOEIG.

o O1 aykUAeg {....} TTepiExouV AECEIC-TTPOTACEIG Ol OTTOIEC OEV Eival ATTAPAITNTES VIO
va Kepdioel TN Jovada o pabnTig.

e To apiBunmikd AGBOG TTOU TIHWPEITAI OE €va PEPOG EVOC UTTOEPWTAMOTOC OEv
eTnpeddel Tn BabpoAoyia oTo UTTOAOITTO UTTOEPWTNMA | OE ETTOPEVO UTTOEPWITNHA.
Auvatdév OUwG va TIMWPEEITAI N ATTAVTINON O ETTOUEVO UTTOEPWTNMA, AV AUTH
eTnpeddeTal amo 1o apXikd AdBog. Autd Ba kabBopilstal aTov 0dnyd d16pBwong
TNG CUYKEKPIPEVNG EPWTNONG.

e Artroucia povadag pETPNOoNG onuaivel OTI XAveTal N JovAada oTnv TEAIKN aTTAvTnon,
EKTOG av OnAWveTal OIOPOPETIKA. Aev TIHWPEEITAI OUO QOPEG yia TTapAdAnwn
povadag péTpnong géoa oTtnv idla EpwTnNON.

e Ad&Bog oupBoNioudg otn povada péETpnong OTTwG j avri J dgv TINwPEITal.

e Ad&BOG xprion TWV CNUAVTIKWY Yniwv Ba TipwpeiTal yévo otav kabopileTal atod
TOV 00NYy06 d16pbwong. MNevika Ba yivovtal atrodekTd 2 e 4 ..

e H xprion Tou g = 10 m/s? Ba odnyroel o AGBoc atroTéAeapa. Av To aTTOTEAEOHA
TTaipvel 1 povada 161 0 JABNTAG TN XAVEL.

o2& UEPIKEC TTEPITITWOEIG, EKEI OTTOU KaBopileTal aTov 0dnyo, Ba divetal povada yia
TNV EUKpivEIa aTn dIATUTTWOT.

O1 o kKaTWw atavrtioeig divouv povo odnyieg ue Baon Tig otroieg Ba BabuoAoyndei To
ypatTé ToUu padnTA Kai n KaBepia dev atroteAei povréAo atravinong. Meavov, opbég
ATTAVTAOEIS TWV JaBNTWVY va pnv TauTti(ovTal uE auTég Tou odnyou.



MEPOZX A": AmroteAcital atrd 10 EpWTAOCEIG TWV 5 HOVABdWYV N KABEMIA.

1. AuTtokivnTto PAZag m KIVEITAI hJE TaXUTNTA PETPOU U KOl OUYKPOUETAI KEVTPIKA Kal

TTAQOTIKA PE €va OeUTEPO aAuUTOKivnNTo iong pacdag. H xpovikr diapkeia, At, TnG

Kpouaong €ival TTOAU MIKPR Kal idia yia TIG OUO TTEPITITWOEIG TTOU ava@EépovTal oTa

TTOPAKATW EPWTANATA.

(a) Av TO dEUTEPO AUTOKIVNTO ATAV OKiVvATO, VO UTTOAOYIOETE TO PETPO TNG PEONG
dUvaAPNG TTOU avaTITUCOETAlI METAEU TWV QUTOKIVATWY, KATA Tn OIAPKEIA TNG

Kpouaong.
(Movabdeg 2)
EUpeon KOIVAG TAXUTNTAG META THV KPpOUOT 1 pov.
EUpeon Tng duvaung 1 yov.

Mapadeiypa:
(ZIZ‘%:O):)F)Z :le :>mU:2mVK:>VK:UI2
=_AP_ m
AP = PT:A - Pqpx = mVK— mu=—mu/2 = F:E:_Z_AL::
Métpo péong Sovapung: | -y
2At

(B) Na utroBéoeTe Twpa OTI TO BEUTEPO AUTOKIVNTO KIVEITAI 0TV idla dieuBuvon ue
TaXUTNTA iCOU PETPOU U, OAAG avTiBeTNG Yopdc pe To TTpwTo. Na uttoAoyioeTe
TO METPO TNG PEONG dUVAUNG TTOU AVATITUCOETAI KATA TN DIAPKEIA TNG KPOUONG

METALU TWV AQUTOKIVATWY O€ AUTH TNV TTEPITITWON.

(Movadeg 2)
EUpegon TaxuTnTag META TNV KpoUaon 1 pov.
Eupeon Tng d0vaung 1 pov.
Mapadelypa:
(ZFgg = O) = Pap;( = Pra/’t =>mu-mu=2mVy=0 =V=0
. . . = AP mu
AP =P TEA_P apx — mMV¢—mu=—mu = F :Tt:_rt

MéTpo péong SUvaunc: ‘IE" :%

(y) Na avagépete o€ troia a1rd TIG U0 TTEPITITWOEIG TA ATTOTEAEOUATA TNG KPOUOoNG

€ival TTI0 KATOOTPOPIKA.

(Movadeg 1)

21N 5eUTEPN TTEPITITWON

1 pov.




2. (a) Na diaTuTTwoETE TNV apxn dlIaTAPNONG TNS OTPOPOPUNG.
(Movadeg 1)

OpBOn diaTuTTWON 1 pov.

(B) H €&€dpa piag TaidIknG Xapdg ival KUKAIKY, akTivag R = 1 m kail TTEpIOTPEPETAI
opICOVTIa, XwPIG TPIREG, YUPpW aTTO TOV KATAKOPUPO Atova TTou TTepva atrd 1o
KEVTPO TNG ME YWVIOKN TaxUTATA PETPOU Wo = 2 rad/s. H potr adpdveiag Tng
£E£0pAC WC TTPOC Tov Gfova TTEPIOTPOPAS TNE eivanl 1=60 kg-m?. ‘Eva mraidi
Malag m = 60 kg, TTou TTEPTTATA PE KATEUBUVON TTPOG TO KEVTPO TNG £E£6pPAC,
mNOA TTAvw TNG o€ onueio TNG TrepIPEPEIds TNG. Na BewpnroeTe To TTaudi ocav
UAIKO onpeio.

) Js

S

(i) Na utrohoyioeTe TO JETPO TNG VEAG YWVIOKNG TaXUTNTAG, Wy, TNG £€E6PAG.

(Movabdeg 2)
(ZMgf = O) = I:ap;( = _'rg/l = IwO = (I + mR2 )w1 1 MOV.
MNa op06 arrotéAecpa 1 pov.

Mapdderypa: 60-2 = (60+60-1%) wi=> w; = 1 rad/s

(ii) Na utroAoyioeTe TO HETPO TNG YWVIAKAG TaXUTNTAG, Wy, TNG £££0pAC OTAV TO
TTaudi HETAKIVNOEI 0TO KEVTPO TNG.

(Movadeg 2)
M, =0=L,, =L, = (I+mR*)w,=1w,
A a@OoU TO TTaIdI JETAKIVEITAI OTO KEVTPO Ingisios = 0 1 pov.
MNa opB6 amroréAeopa 1 yov.




n

Mapadsiypa:

(60+60-1°)-1=60-w, =>w, =2rad/s

=L_ =0100ep6 = w, =w, =2rad/s

3. (a) Na ava@épeTe TN QUOIKA onuacia TNG POTING AdPAVEIQG.

(Movadeg 1)

atroTeAei METPO TNG AdPAVEING KATA TN TTEPICTPOPIKK Kivhon

(B) H tpoxaAia Tou oxnuarog 1 gival cupTrayAg KUAIVOPOG, £XEl poTrr adpdveiag I,

OoKTiva R, €ival oTepEWPEVN OTOV TOIXO KAl PTTOPEI VA TTEPIOTPEQPETAI XWPIG
TPIBEG YUpw attod 0pICOVTIO O0TABEPS Ggova O OTToI0G DIEPYETAI ATTO TO KEVTPO
TNG Kai gival KABETOG 0€ auTr. ZTO AUAAKI TNG TPOXAAIag gival TUNIYUEVO aBapég
MN €KTATO VRAUA, OTO GAAO AKPO TOU OTTOIOU Eival OEPEVO PIKPO cwua padag m,
TO OTTOI0 APXIKA OUYKPATOUNE o€ UWog h atrd 1o £da@og.

2T0 OoxAua 2, n TpoxaAia €xel avTikaTaoTaBei pye GAAN TpoxaAia oxruaTog
KUKAIKAG O0TEQAVNG idIwv dlaoTdoewv Kal Pacag. Na Bswprjoete OTI 01 AKTIVEG
TNG OTEQPAVNG £XOUV aPEANTEQ pACQ.

oupTIayNg KUKAIKA
KOAIVOpOg OTEPAVN

TxAUa 1 Zxnua 2

To cwpa agrivetal EAeUBepo aTrd T0 id10 UWog h kal oTIg dUo TrepITTTWoElS. Na
€ENYNOETE O€ TIOIO TTEPITITWAON TO CWHPA QTAVEI OTO €0AQOC PE MEYAAUTEPN
TaxuTnTa.

(Movadeg 4)

1 pov.




_ _ 1 2 1 2 _ 1 U2 1 2
_ 2mgh
U_R‘/mR2+I 1 pov.
H TpoxaAia Tou oxpaTog 2 £xel MeyaAUTEPN pOTTH adpdavelag d10TI ivail
id1ag padag Kai akTivag, aAAd n gada Tng €ival KATAVEUNMEVN OTN 1 uov
TEPIPEPEIA TNG OTEPAVNG. HOV.
Apa oTnV TTPWTN TTEPITITWON TO CWHA PTAVEI HE HEYOAUTEPN TAXUTNTA
O16TI N pOTTAG AdPAVEING TNG TPOXAAIAG Eival OTOV TTAPOVOUAOCTH TNG 1 pJov.
oxéong.
Av 0 paOnTAG ATTAVTACEI MOVO TA TTAPAKATW Ba TTApEl 2 povadeg
H TpoxaAia Tou oxApaTog 2 £xel ueyaAUTEPN pOTTH adpdvelag S10TI ivail
id1ag padag kai akTivag, aAAd n gada Tng €ivail KATAVEUNMEVN OTN 1 pov.
TEPIPEPEIA TNG OTEPAVNG.
ETropéving oTNV TTPpWTN TTEPITITWON TO CWHA QTAVEI JE HEYAAUTEPN 1 uov
TaOXUTNTA. HOV-
. (a) Na ypaweTte £va oplond TNG YPAUMIKAG APHOVIKAG TAAAVTWONG.
(Movadeg 2)
Op0O6¢g opiopég 2 MOV.

(B) To cwua TOoUu IO KATW OXAMOTOC €KTEAEI YPAMMUIKA OPMOVIKA TAAGVTWON

METALU TWV akpaiwv Béoewv A” kal A.

H apxikl @adon ¢ TaAdviwong €ival undév. Na PETAQEPETE TO OXNUA OTO

TETPAdIO ATTAVINOEWYV 0a¢ Kol  va oxedldoete T1a  dlavuouata

me

aTmoudKpuvong, TNG TaxUTNTAG KAl TNG EMTAXUVONG TN XPOVIKA OTIYHI TTOU TO

Owa TTEPVA yia deuTeEPN Popda atrd Tn B6éon B.

(Movadeg 3)




Op0B6¢g oxedlaouog (aTTOAKPUVONG, TaXUTNTAG, ETTITAXUVONG)

3 pov.

, U
_> a
%
A ?;" B A
...................................... 1____:'.
%
y

5. 210 O KATW OIAypaUPa @QAiveETAl N YPAPIKA TTapdoTacn Tng Taxutntag o€
ouvdapTnon ME TO XPOVO YIa éva owua NACag 2 Kg, TTOU EKTEAET YPAUMIKI APUOVIKN
TaAdvTtwon. H duvauikh evépyela TNG TAAAVTWONG Tn XEOVIKA OTIyun t = 0,11 s

loouTal he 0,16 J.

A v (m/s)

0 .
\/,111 0,21‘\/),3TT
'UO

Na utroAoyioeTe:

(a) Tnv KUKAIKA ouxvoTnTa TNG TAAAVTWONG.

(Movadeg 1)

Op06 atrotéAeoa. 1 yov.
2m rad
Napadeiypa: T=0,2mrs=>w=—=10—
T S
(B) Tn péyioTn TaxUTNTA TOU CWHOTOG.
(Movadeg 2)
Tnv xpovikA oTiypf t=0,1mrs u=0 =E, =016J=E__ 1 pov.
1 2E
EKmax = _mU;ax = Umax = e = lJmax = 0’4 m 1 IJOV-
2 m S




(y) To TTAGTOG TNG TAAGVTWONG TOU OWHATOG.

(Movadeg 1)

, 1
U =U =XWX. = 0=O,04m nEAmaX=Emw2X§3XO=O,O4m

1 pov.

(8) Tnv emTayxuvon TNG TAAAVTWONG TN XPOVIKA oTiyur t = 0,051 S

(Movadeg 1)

a =0 (m/s?)

1 pov.

. (a) Na opioeTe TO QAIVOUEVO TOU CUVTOVIOUOU OTIG UNXAVIKEG TAAQVTWOEIG KAl va

QAVOQEPETE TTOTE CUMPPAIVEL.

(Movadeg 2)
Eival To @aivOpEVO KATA TO OTT0i0 TO TTAATOG MIOG EEAVAYKAOTHMEVNG 1 pov.
TAAAVTWONG YivETAl HEYIOTO
ZupBaivel dTav n ouxvoTnTa Tou dIEYEPTN YiVEl ion i TTEPITTOU ion HE 1 pov.

TNV I8100UXVOTNTA TOU TOAAVTWTH.

(B) Zwpa pacag m = 400 g kpéuetal ammd To AKPO €vOG eAartnpiou oTaBEPAG

K=4OE.
m

To ouoTtnua TiBeTal 0€ €CavayKaouEvn TAAAVTWON PE TNV ETTIOPACT EEWTEPIKNAG

TEPIOBIKAG dUVAUNG CUXVOTNTOG % Hz.

J

—‘\_—

O

TaAavrwt
fi Fevvitpla guxvotitwy

L = B

1 Ateyéptng /




Av n ouxvotnTa TNG £EWTEPIKNAG dUVANNG YiVvEl % Hz, va egnynoere mwg Oa

METABANBOUV:

(i) H ouxvotnTa Tng TaAGVTWONG.
(Movabdeg 1)

4
(fm) =f,= ; Hz 1 pov.

(i) To 1TAGTOG TNG TOAAVTWONG.
(Movabdeg 2)

1 |K 1 |4
f=—\.[|—=— _O=E|-|Z 1 pov.
2r\m 2m\0,4 1

oy

Emeidn |f5;y - f0| < | fo - f0| dpa 1o TTAATOG TNG TAAdVTWONG Ba augnBbei | 1 pov.

7. Mia ouyxpovn TrelpapaTik dIdTagn yia 1O TrEipapa Tou Young @aivetal OTO TTIO
KAtw ox\ua. To oxApa dev gival utrd KAipaka.

MAakidio dITTAAG
OXIoHAG 066vn

(a) Molo €ivar T0 BaCIKO CUPTTEPACHA, TTOU TTPOKUTITEI ATTO TO TTEipANQ AUTO,

OXETIKA JUE TN QUON TOU QWTAOG;
(Movadeg 1)

EmiBefaiwONKE n KUPATIKA UON TOU QWTOG 1 pov.




(B) Na ggnyroete 10 pdAo Tou TTAAKIBIOU DITTANG OXIOUNG.
(Movadeg 1)

MNa dnuioupyia U0 CUNPWVWYV PWTEIVWV TTHYWV 1 pov.

(y) Opdada pabnrwyv XpnolyoTroinoe TNV TTI0 TTAVW TTEIPAUATIKR dIATagn yia Tov
UTTOAOYIONO TOU MPAKOUG KUPOTOG TNG MOVOXPWMATIKAG OKTIVOBOAIGG €vog
Laser. H améotaon petall Twv OUO0 OXIOMWV Tou TTAaKI®iou TTOU
xpnoipotroimenke Atav a=250-10" m, n amootacn TAakidiou — 086vng
ATav D = 4,00 m kai n amoéoTacn METALU €vreka (11) dIAdOXIKWY QWTEIVIOV
Kpooowv Bpédnke 10,2 cm. Na uTttoAoyioeTe TO PAKOG KUPATOG TNG
aKTIVOBOAiag Tou Laser TTou XpnoIJOTIOINOnKE.

H amdvrnon oag va d06¢i ue To0 cWaoTO APIBUO CNUAVTIKWY WnN@iwv.

(Movadeg 3)

MNa op06 utroAoyioud Tou S pe 3 o.y. 1 pov.
Mapadeiypa: 10 S=10,2cm =S =1,02cm
MNa opOAR avrikatdoTaon oToV TUTTO 1 pov.

) AD aS 2,50-10*-1,02.107°
Moapadeiypa: S=—>A=—=

a D 4,00

MNa opB6 amrotéAeopa e 3 o.y. 1 yov.
Mapddeypa: A=637,5-10°m=638-10°"m =638 nm

. Na ™ dnuioupyia OTACIUOU KUPOTOG O€ Xopdry XPNOIMOTTOINBNKE n 1Mo KATW
TTEIpAaTIKA d1aTagn.

YEVVATPIO
ouxvotTwyv  OIEYEPTNG L
<

=
E oTabuG
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A. O dieyépTtng TaAavTwveTal ue ouxvoTtnta f Kal oTn Xopdr) dnuIoupyEiTal OTACIYO
Kupa. To pAKog TG Xopdng ival L = 3 m kai n e§icwon Tou OTACIJOU KUPATOG
TTou dnpioupyeital givai: Y =0,020nu(Tx)ouv(100Tt), éTou x kai y oe m kai t

o€ S.
(a) Na xpnoigoTtroinoeTe TNV €€icwon Tou OTACIKMOU KUPATOG YIa VA BPEITE:
(i) To yAKog KUPATOG.
(Movdadeg 1)

MNa op06 arroTéAecpa oe M 1 pov.
211X 21t

Napéderypa: y =0,020nu(mx)ouv(100t) = 2y0r]pTouv =3

2
Ly T=>A=2m

A

(ii) Tn ouxvoTnTa TOU BIEYEPTN.
(Movadeg 1)

MNa opB6 amroréAeopa o€ Hz 1 pov.

2
Mapdadelypa: ?" =100mm=>T=0,020s=>f=50Hz

(B) Na utroAoyioeTe Tov apIBPo Twv BpoXwv TTou oxnuatifovral atn Xopodr.
(Movadeg 1)

MNa opB6 amroréAeopa 1 yov.

A
Mapddelypa: L=K§33=K-1:>K=3:>3Bpé)(OI

B. Av 10 BAPOG TwWV OTABPWY EVVEATTAQCIAOTEI KAl N ouXvoTnTa TOU OIEYEPTN
TTapaueivel oTaBepr), va uTttoAoyioeTe Tov apiBud Twv PBpdXxwv TTOU Ba
oxXnuaTioTouv oTn Xopdr.

(Movabdeg 2)
MNa opB6 utroAoyIoO TOU VEOU NRKOUG KUMATOG 1 pov.
MNa op06 utroAoyiouo Tou apIfuoU TwV BPOXWV 1 pov.

11




F
Mapddeiypa: u= \/: ommou F =B
y

av FF=9F =>u =3u= A" =3A=6magou f = grabepn
N . 2L ,
L=k E >K = T =>K =1 dpa oxnuaridetal 1 Bpodxog

F
n f= i\/: >K= 2Lf\/g apou f =arabepn, 4 = atabepn), L = aT1abepod kai
M

F=9F>K=—=1

K
3

9. 'Evag guBuypappog aywyog KA, uikoug £ = 0,1 m kar padag m = 0,01 kg, €ival
OUVEXWG KABETOG 0€ dUO KATAKOPUPEG MOVWTIKEG PAPROOUG, TTAVW OTIG OTTOIEG
MTTOPEl VO oAIoBaivel xwpic TpIBEC. H OAn didtagn Bpioketal yéoa oe opi{OVTIO
OMOYEVEG payvnTikd TTedio, KABeTOo OTO €TTiTTedo TTOU Opifouv o1 duo pdBdol. O
aywyog dlappéeTal atd pevpa €viaong I = 5 A kal 1I00ppoTrei, OTTWG @aiveTal 0TO

oxnua.

(a) Na peTa@épeTe TO OXNMA OTO TETPABIO ATTAVTACEWY OAG KAl VO OXEOIAOETE TIG
QUVAEIG TTOU aoKOUVTal OTOV aywyo.

(Movadeg 1)

MNa opB6 oxediaouod Kal Twv U0 Suvdpewyv 1 yov.

(B) Na utrohoyioeTe TO HETPO TNG PAYVNTIKAG ETTAYWYAGS TOU PJayvnTIKOU TTEQIOU KAl
va TTPocdIopIicETE TN YOopPd TNG.

(Movabdeg 2)

12




OpBn @opd 1 pov.

MNa opB86 utroAoyIoNO TOU HETPOU TNG HAYVNTIKNG ETTAYWYNG 1 pov.
MapaBerypa: mg=Bl=B=""9 - 0’05169i81 ~196,2.103T

RnB=02T

(y) Na trporteivete dU0 aAAayEg, n KaBepia atro TIG OTToieg Ba €iXe WG ATTOTEAECUQ
TNV Kivnon TOU CUYKEKPIPMEVOU aywyou TTPOG TA TTAVW.

(Movabdeg 2)

Au¢non B, Au¢non I (A} eAdrTwon Tou Q) 2 pov.

10. 'Evag paBdOuop®og payvATng KIVOUPEVOG PE OTABep TaXUTNTA U KATA PAKOG
Tou G&ova evdg TTnviou, APeANTEQG avTioTAoNG, TTEPVA ATTO TN MIa TTAEUpd Tou
TINViou 0TV AAAN, OTTWG QAIVETAI OTO OXNUA. 2Ta AKPO TOU TTNViOU OUVOEETAI
ailobnTmpag Tdong o oToiog Kataypdeel Tn dila@opd duvauikou oTa AKPa Tou

TTnviou.
HAeKkTPOVIKAOG U = otabepn u = oTabepn
Ymohoyioric (FVCAVEITOND. - c—

AloBnTipag
Tdaong

(a) Na egnynoete yiati dnuioupyeital diagopd duvapikou oTa AKPA TOU TTNVIOU.
(Movadeg 1)

AO6yw peTaBoAn TnG payVvNTIKAG PONG TTOU SIEPXETAI ATTO TO TTNVIO (KATA

. ., 1 pov.
TNV Kivnorn ToU JayviTn)

(B) Na oxedidoete ToI0TIKG £€va TOave ypdenua Tng diagopd duvauikou oTa
dkpa TOU TIMVviou, 0€ ouvdpTNOn ME TO XPOVO Kal va OIKAIOAOYNOETE OUO

XOPAKTNPIOTIKA TNG HOPPNG TOU.
(Movadeg 3)
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ZWwoTo ypa@nua 1 pov.

Mapadsiypa:

AeKTO KOl TO aAvTioTPOPO ypdpnua

S
8 //
S \
S N\
= N
0 N
N\ Time|(s

H péyioTtn emaywyiki Taon Katd Tnv €icodo kai £§§0d0 Tou JayvATn KaTtd
atréAuTn TIUNA €ival ion Kal 0 XpOvog £10000u Kal €650V TOU HaYVATN
gival id1og yiaTi 0 payvATNG KIVEiTAI JE OTABEPN TAXUTNTA.

n 2 MOV.

otroladATToTE AAAN €mMIOTNUOVIKG 0opON atrdvrnon

(y) Na ava@épete pia alhayry otnv mreipauarikr) diataén, n otmoia Ba &€ixe wg
aTroTEAEOHA TNV auénon TnNG PEYIOTNG TIUNAG TNG 81a@OoPAg dUVAUIKOU.
(Movabdeg 1)

Mia povdda yio Jia oTToIadATTOTE ATTd TIG TTOPAKATW ATTAVTNOEIG 1 pov.

Kivnon Tou payviAtn pe HeyaAUTepn TaXUTNTA

XpRon 1oXupodTepOU HayvAaTn

Mnvio pe peyaAoTepo apiBud otreipwyv

Mnvio peyaAuTtepng Siatopng
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MEPOZX B": AmoreAcitan atrd 5 epwtROoEIg TwV 10 povadwyv n KaBepid.

11. 210 oxApa @aivovtal dUO TTAVOPOIOTUTIA £pYACTNPIAKA apagdkia. MNavw oe KGBe
AMOgAKI gival oTEPEWMEVOS évag aloBnTApag duvaung. ApxIKa Ta dUo apa&dkia
KpaTiouvtal akivnta mavw o€ opifovTio dIAdPONO OTOV OTTOI0 BEwPOUNE OTI Ol
TPIBEG eival aupeAnTées. ‘Eva  aBapég 1davikd eAatriplo TO OToi0  gival
EVOWMOTWHEVO OTOV €va aloBnTtrpa eAeuBepwveTal TN Xpovikr oTiyur t = 1,00 s,
EKTOCEUOVTAG TO OUO APALAKIA TTPOG AVTIOETEG KATEUBUVOEIG.

Apagari A Apagdxi B
| ~ | | r«l
A A A A—"/
Apagari A Apagdxi B

= =

(a) Na egnynoete yiati Ta apagdkia 8a KivnBouv Je ioeg KaTd HETPO TaXUTNTEG.

(Movadeg 2)
Figl = Fim =0 1 pov.
Py +P; =0=P, =—Py = MV, =—MU, = U, =—0y =[] =[5 1 pov.

(B) H duUvaun TTOoU KaTAYPAPElI O AIOBNTAPOAG TTOU €ival OTEPEWPEVOS OTO AUAEAKI
B divetal oto didypapua Tou akoAoubEi.

2,5
2,0

15

F(N)

1,0

0,5

0,0 0,50 1,00 1,50 2,00 2,50 3,00
t(s)

O1 atravtioeig oag ota o KATw epwThpaTa va doBouv pe 1o owoTd apIBuod
ONUAVTIKWYV Yneiwv.

(i) Na utroAoyioete TN pETABOAR TNG OPUNAG TOU auagiou B.
(Movdadeg 2)

AP, =EpBaddv 1 pov.

Op06g utTTOAOYIONOG TNG METABOAARG TNG OPMAG ME TO CWOTO aApPIBUO

. ' 1 pov.
ONMUAVTIKWY Yneiwv.
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Mapadeiypa:

(2,0-0,0)-(1L50-1,00) 2,0-0,50
AP, = : =

=0,50 N-s

(i) Na utrohoyioeTte TNV TaOXUTATA TTOU ATTOKTA TO apagdkl B av n ydala Tou
eivai 0,550 kg kai n pala Tou alcOnTpa duvaung civai 0,450 kg.
(Movabdeg 2)

Op0B6g UTTOAOYIONOG TNG TAXUTNTAG ME TO CWOTO APIOUO CNUAVTIKWYV

. 2 pov.
Pyneiwv.

Mapddelypa:
APy =m-vy ;) —M-vy,. .y =1,000-vy;) =0,50 N-s (1 pov.)

Vp(egy =0,50 M/s (1 pov.)

(iii) Na utrohoyioeTe TNV €AACTIKA SUVANIKY EVEPYEIQ TOU EAATNPIOU TTPIV TNV
eAeuBEPWON ToU.

(Movabdeg 2)

Op0B6¢g utTTOAOYIONOG TNG EAACTIKNG OUVAUIKNAG EVEPYEING TOU EAaTnpiou

. . . . 2 pov.
HE TO CWOTO aPIBUO CGNUAVTIKWYV YNPiwV.

Mapddeiypa:

Ea@y =AEx (1 pov.)

EA(gk) :%mo]zg +%moi =2-%-LOOO-O,502 =0,25J (1 pov.)

(y) Na uttoAoyioete Tnv TaxUTNTA TOU KEVTPOU PAZAG TOU CUCTAMATOG TN XPOVIKA
oTiyun t=3,00s.

(Movadeg 2)

Op0B6g UTTOAOYIONOG TNG TAXUTNTAG TOU KEVTPOU HAdag 2 pov.

Mapadsiypa:

Py =mg Uy, =0 (1 pov.)

= Uy, =0 (y1a kaBe xpovikn oTiyun) (1 pov.)
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12. Akivnto owua padag M=9-1072 kg BpiokeTal TTdvw o€ Agio op1gdvTIO ETTITTEDO KAl

N

gival TpoodedepPévo oTnv Akpn opifovTiou eAartnpiou oTaBepdg Kzloooa- H

AAAN akpn Tou eAaTNPiOU €ival AKAOVNTA OTEPEWMEVN, OTTWG QAIVETAI OTO OXAHA.

m l ;
=% [ NI

o

=

BAjua padag m=1.10%kg Tou Kiveital katd Tn SievBuvon Tou GEova Tou

ehaTtnpiou pe TaxUTNTA U, CUYKPOUETAI PE TO QKIiVNTO CWHA KAl CPNVWVETAl O€
autod o€ APeANTED XPOvo. MeTG TNV KpoUOorn TO CUCOWUATWHA EKTEAEI YPAPUIKA

appovikr TaAavTwaon TAAToug x, =0,05 m.

Na utroAoyioeTe:

(a) Tnv mTepiodo T TG TAAGVTWONG TOU CUCCWHOTWHATOG.

(Movadeg 2)
m+M
Mo opBn oxéon T =21 1 pov.
MNa op06 arrotéAecpa 1 pov.
10.10°°
Mapddeiypa: T =21 =0,021rs
P YH 1000
(B) Tnv TaxUTNTO TOU CUCCWHOTWHATOG, APECWGS PETA TNV Kpouaon.
(Movabdeg 2)
MNa avag@opd 611 n Kpouon éyive oTn Béon 1I00ppoTTiag dpa: 1 pov
V. =V =x,w '
MNa opOn avrikatdoTaon oTn oXEon Kal opBo6 atroTéAsoua 1 yov.

Mapddeiypa: V., =V =X W =X 2 0,05 i 5 m
IYIJ : f—t = f—t —_—= , = _
R | 0,02r s
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(y) Tnv TaxutnTa, U, he TNV otroia 1o BAAUa TTPOOKPoUEl 0TO CwHa palag M.

(Movadeg 3)
Karavoei méte 10x0€1 n apxn d1atRpnong TnG opHunig 1 pov.
E@appoédel cwoTd TNV apxn diatipnong Tng oppNng yia To oUoTnUa 1 uov
TWV 500 CWHATWYV HOV.
MNa op06 arrotéAecpa 1 pov.
Mapddeiypa:
. . _ m+M 10-10%-5
SF.=0=>P =P :>mu=(m+M)VKz>u=( )VK= —=
’ “ m 1-107
m
u=50 —
S
(8) Tnv atmmwAeIa NXAVIKAGS EVEPYEIOG KATA TNV Kpouaorn.
(Movadeg 3)
MNa opB6 utroAoyioud TNG APXIKAG KIVNTIKAG EVEPYEING TOU CUCTAHATOS | 1 pOV.
MNa opB6 utroAoyiopud TNG TEAIKNAG KIVNTIKAG EVEPYEIAG TOU CUCTAMATOG | 1 pOV.
MNa opB6 utroAoyioud TG METABOANRG TNG KIVNTIKAG EVEPYEING TOU 1 uov
OUOTAMATOG APa TNV ATTWAEIN PNXAVIKAG EVEPYEING HOV.

1 1
Napdaderypa: E, =Emu2 =12,5J, E =E(m+M)Vk2 =1,25J,
AE, =AE, =E, -E, =-11,25J

TEA PX

13. Opdada pabnTwyv €kave TTEipaPa yia va SIEPEUVAOEL av N TTEPIOOOG TAAAVTWONG
OWHATOG BEPEVOU OE KATAKOPUPO eAaThpIo EapTdTal atrd Tn JAda Tou OCWHATOG.
To eAaTApIo TEBNKE 0€ TAAAVTWOTN KAl UE XPOVOUETPO XEIPOG METPRONKE O XPOVOS
10 TtoAaviwoewv. H idia dladikacia emavaAq@Onke vyia AANEC TEOOEPEIS
OIAQOPETIKES TINEG TNG MAlag, dlaTNPWVTAG TO TTAATOG TNG TAAAVTWONG OTABEPO.

O1 yeTpOoEIC TOUG PaivovTal OTOV TTIO KATW TTiIVAKA.

m (kg) t(s)
0,10 4,2
0,20 6,4
0,30 7,7
0,40 8,6
0,50 9,9
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O1 atravTAcEIg 0ag OTa TTI0 KATW £PWTAHPATA va d0BoUv YE TOV OWOTO apIBuo

ONUAVTIKWV Yn@iwv.

(a) Na egnynoete yiati ol pabnTég pETpnoav 1o XpOvo 10 TOAAVTWOEWY aVTi PIOG.
(Movadeg 1)

lMNa va eAaTTwoouVv To CQAAa TG HETPNONG TOU XPpOvou (Trepiddou).

1 pov.

(B) Na petagpépete OTO TETPADIO QTTAVINCEWV OOG TOV TMO TTAVW TTivaka, va
OUPTTANPWOETE KATAANAQ TIG KEVEG OTNAEG Kal va OXEOIAOETE TN YPAQPIKN

TrapdoTaon T2 = f(m).

(Movadeg 4)
ZWOTH CUNTTARPWON TWV OTHAWYV ME 2 O.Y. 1 pov.
ZwoTA Baduovéunon aévwv 1 pov.
ZWwWOoTA TOTToBETNON ONUEiWY 1 pov.
Xdapagn kaAuTepng gubegiag 1 pov.

m(kg) t(s) T(s) T*(s")

0,10 4,2 0,42 0,18

0,20 6,4 0,64 0,41

0,30 7,7 0,77 0,59

0,40 8,6 0,86 0,74

0,50 9,9 0,99 0,98
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T2 =f(m)

1,10

1,00

0,90

0,20 FE

0,10

0,00

0,00 0,10 0,20 0,30
m (Kg)

0,40

0,50 0,60

(y) Na dIatutrioETE TO CUPTTEPACUA TTOU TTPOKUTITEI ATTO TN HOPPN TNG YPOPIKAG

TTapdoTaong.

(Movadeg 1)

To TeTpdywvo TnG TEPIOSOU gival avdAoyo Tng pddag Tou cwuaTog i
n mepiodog gival avaAoyn TnG TETPAYWVIKAG pifag Tng pagag

T°c m R Tocx/a

1 pov.

(8) Na utroAoyioeTe atro TN ypa@IkA TTapdoTacn Tn oTaBepd K Tou eAatnpiou.

(Movadeg 2)
Y1roAoyiouog KAiong 1 pov.
K = 41%/kAion Me To K utroAoyiopévo pe 2 o.y. 1 pov.

0,95-021s" _, - s?  4m’

Napaderypa: Khion=—— =2 — —=—
Y N = 0,49 0,11 kg

kg
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41r° N 1N N
K= =20,27 —=2,0-100—=20, — pe2o0.y.
KAion m m m

., N N
O0eKT6 etriong 19 — <K <22 —
m m

(€¢) Na g¢nynoete av 10 aTToTéEAECUA TOU £pwWTAMATOS (8) Ba ATav dIOPOPETIKO, av
TO TTEipApPa €iXe TTPAYUATOTTOINGEI OTN ZEAAVN.
(Movadeg 2)

H miyA Tng rep16dou TaAdvTwong Tou eAatnpiou diveTal atrd Tn oxéon

T=2'IT\/E 1 pov.
K

‘Ox1 81671 n TrEPiodog gival ave§dpTnTn TG TIMAG TOU g 1 pov.

14. Auo ouyyxpoveg TTnyEG MMy kai My apxiCouv va dnuioupyouv eyKAPOIa KUPATA OTNV
ETTIPAVEIQ TOU VEPOU TN XPOVIKA oTIyu t =0 s.
H eCiowon Tng TaAdvTwong TnG KABe tTnyng divetal amd Tn oxéon y = 2nu(5tt)
OTTou y o€ cm kKal t 0og s. '/Eva onueio Z TNG ETTIQPAVEIAG TOU VEPOU QTTEXEI
armréoTtaon r; =4 m atd Tnv TNy Ny Kal aréoTacn r, atro TV TNy Mo, ME 12 > 1.
To kOua atd Tnv TTNyn My @Tdvel oTo onueio Z Tn XPOovIK oTiyun t1 = 0,4 s Kai
ato Tnv TNy Ny e kaBuoTtépnon At =0,4 s.

My M2

(a) Na diatuttwoeTe ToV OpIoHO TNG CUPPBOANG KUPATWV.
(Movadeg 1)

2upBoAn gival To atroTéAeopa TnG utrépBeong/ouvdavrnong duo 1 uov
KUHJATWYV id1ag @uong. HOV.
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(B) Na Bpeite Tnv TaxutnTa 81dd00NG KAl TO MAKOG KUMATOG TWV KUPATWV.

(Movadeg 3)
MNa opB6 utroAoyiopd TG TAXUTNTAG 1 pov.
MNa opB6 utroAoyioud TG CUXVOTNTAG 1 pov.
MNa opB6 utToAOYIOHNO TOU HRKOUG KUMATOG 1 pov.

r 4 m rad
Napadeiypa; u=—+=—=10—, w=5m—=2f=>f=2,5Hz
t 0,4 s s

u=A-f=210=2,5A=>A=4m

(y) Na utroAoyioeTe TV a1TOOTOON I?.

(Movadeg 2)

t,=t +At=0,8s 1 pov.

r,L=u-t,=8m A At=0,4s=1T=>Ax=1A=4m=r,=r,+A=8m 1 pov.
(8) Na digpeuvnoeTe WG CUPPBAAOUY Ta KUPOTA OTO ChEio Z.

(Movabdeg 2)

AX=r, -r =4m 1 pov.

Ax=4m=1A=kA dpa EXOUME EVIOXUTIK} CUMBOAR 1 yov.

(¢) Na oxedidoete 0e PaBuoAoynuévoug AEOVEG Tn YPOQIKA TTApPACTACN TNG

METATOTTIONG TOU OnueEiou 2 O OuvApPTNOn HE TO XPOVO,

Os<t<1,2s.

y =f(t), yia

(Movadeg 2)

Na Bewprioete 611 TO TTAATOG TWV ETTIPAVEIOKWY KUPATWY TTAPAUEVEI OTOBEPO

Katd tn 0140001 Toug OTO VEPO.

2woTh Baduovéunon aidévwyv

1 pov.

ZWOTA YPOPIKA TTAPACTOCT

1 Jov.
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y (cm)
)

t(s)

15. Mia opdda pabnTwyv HEAETA TO QAIVOUEVO TNG NAEKTPOUAYVNTIKAG ETTAYWYNG
XPNOIMOTIOIWVTAG TOV TTETAAOEION MayvATn Tou oxAuarog 1. H payvnTikn
eTaywyn B, Tou opoyevoug payvnTikou TTediou, HETAEU TWV TTOAWY TOU PAyVATN
gival 78 mT. To payvnTIKO TTedI0 EKTOG TWV TTOAWY TOU payvATn gival apeAntéo. Ol
MaONTéEC TOTTOBETNOAV €va AKAUTITO XAAKIVO KUAIVOPIKO aywyo KA avtiotaong
R = 0,20 Q kK&GBeTA OTIG MAYVNTIKES YPAWMES TOU PayvnTIKOU TTediou TOU PayvATn,
OTTWG @aivetal oto oxAua 2. O aywydg KA cival ouvdedepévog e 10avIKO
MIANIQUTTEPOUETPO HECW CUPPATWY APEANTEQS QVTIOTAONG.

Zxnua 2

O1 atravrioelg oag va d06oUV JE TO CWOTO APIBUO ONUAVTIKWY WnN@iwv.

(a) Av o1 opBoywviol TTOAOI Tou payvATn éxouv dlaoTdoelig 6,0 x 2,6 cm, va
Sei€eTe OTI N payvNTIKA POr METAEU TwV TTOAWV Tou payvATn ivar 1,2-10* Wb,

(Movadeg 2)
MNa opB avrikardotTaon AWV Twv peyebwyv otnv e§iowon ® =BS 1 yov.
MNa opB6 amroréAeopa 1 pov.

Napéderypa: ®=BS=78-10"-6,0-107-2,6-10"=1,2-10" Wb
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(B) O1 paBNTEG peTAKIVOUV TOV aywyo KA katakdpu@a TTpog Ta TTAvw Pe oTaBepn

TaxuTNTA 1,4% .

(1) Na g&nynoeTe yiati avaTrTUooETAl ETTAYWYIKI TAON OTa AKPa Tou aywyou

KA.
(Movadeg 2)
AGyw Tng Kivhong Tou aywyou HECO OTO MAyVNTIKO Tredio aokeital 1 pov
OUvaun Laplace ota eAelBgpa nAeEKTPpOVIA TOU. )
‘Eto1 peTakivouvTal Ta EAeU0epa NAEKTPOVIA TTPOG TO £VO AKPO TOU
aywyou pE atroTéEAEOHA TN EpPAvion diagopdg duvauikou | H.E.A. 1 pov.

aT1rd £TTAYWYR OTA AKPA TOU.

(i) Na atodeicete TN oxéon TToU divel TNV ETTAYWYIKA TAON OTA AKPA TOU

aywyou KA Kai va Tnv UTTOAOYiOETE.

(Movadeg 2)

dd d(BlIx dx

= ( )=B|—=B|U

dt dt dt

N va Bswpnbei wg ocwoty n amddeign tou BacifeTal oTnv duvaun

Laplace ka1 Coulomb

Napddeiypa: E =

1 pov.

E, =Blu=78-10"-6,0-10"-1,4=6,55-10"V =6,6-10" V
[atrdvTnon pe 2 0.y.]

1 pov.

(iii) Na oxedidoete 0TO TETPABIO ATTAVTACEWY 0AG TOV aywyod KA, va deigeTe
TN QOPA TOU ETTAYWYIKOU PEUPATOG TTOU TOV DIOPPEEI KAI VA UTTOAOYIOETE

TNV TIUA TOU.
(Movadeg 2)
MNa opBR popd Tou pevparog: amé ToA - K 1 pov.
MNa opB6 utroAoyioud TNG TIMAG TNG EVTAONG TOU PEUMATOG 1 uov
[atrdvTnon e 2 0..] HoV.

K(+)

E, 6,55.107

ETT

Nopdadeiypa: | = =0,0327A =0,033=33 mA

“ R, 0,20

[ardvTnon pE 2 0.Y.]
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(y) ZUpowva pe Tov Kavéva Tou Lenz pia duvaun avTitiBeTalr oTnv Kivnon Tou
aywyou. Na utroAoyioTe 10 PETPO TNG dUVOUNG QUTAG KAl va £¢nyrnOETE yiaTi
Oev yiveTal avTIANTITH.

(Movadeg 2)

MNa opB86 utroAoyiopud Tou HETPOU TNG dUVAMNG [ATTAVTNON ME 20.Y.] 1 pov.

MNa avagopd 611 N TIMA TG dUvVAUNG €ival TTOAU MIKPA yia VA YiVEl

AvTIANTITAH 1 wov.

Mapadeiypa:
F=BIl=78-10°-32,7-10°-6,0-10° =1,53-10* N=1,5-10" N
[atrdvTnon pe 2 0.y.]

TEAOZ EZETAZTIKOY AOKIMIOY

25




