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[image: image2.png]1. TpixoeIdn @aivoueva

Kovtd ota Toixwuara Tou doxeiou n em@Aveid Tou uypoU
gival KapTIOAn, B16T ekei onuavtiké poélo Taifouv ol
Buvdpeig ouvdeeiag, dnAadn ol duvdpelg peTagl Twv
HOpiWV ToU UYPOU Kal TWV HOPIwV Tou aTepeoU.

H uméhoimn em@dveia eival emiTedn yiaTi kupiapxsi n Suvaun _

g BaputnTag.

(:] m2<6sm

8 0s<esm2 un diaBpoxn
SiaBpoxr

H ywvia 8 ovopddetal ywvia GUVETTAQRG.

+Otav n em@dveia Tou UypoU KOVTA GTA TOIXWHATA Tou Soxeiou KAUTTUAWVETAl TIPOG Ta TIGVW
(KOiAn), 6TTwg oTNV TepiTITWON vepou — yuaAioy, n ywvia 6 sival pikpéTepn Twy 90° Kai Ba
Aépe 611 To uypd BlaPpéxel TNV ETIQAVEIN TOU GTePeoy, SNAadH éxoupe SIABPOXI.

+OTav n emM@Aveia TOU UYPOU KOVTA OTa TOIXWHATA Tou Soxeiou KAaUTTUAWVETAI TTPOG Ta KATW
(KupTH}), 6TTWG oTNV UBPapPYUPoU — yuaAioy, N ywvia 6 eival peyaAutepn Twy 90° kai Ba Aéue
671 To uypd Bev BlaBpéxel TNV eTIQAVEIA Tou OTepeoU, SnAadr éxoupe N Slappoxii. 2





[image: image3.png]ZmV TrepiTITwon, 6Uwg, evog AeTrToU cwArva (akTiva cwAfva r cuykpiciun We akTiva
KAUTIUAGTNTAG UYpoU I,), Ta Tolxwuata Ba emdpolv ot 6An TV £KTacn Tou uypoU Kai
OUVETTWG 6AN N eTIQdveia Tou Ba eival KapTTUAn.

O1 owArveg oToug oTToioUG Ta ToIXWHATA emMISpoUv O 6An TNV
£KTOOT) TOU UYPOU ovopdovTal TPIXOEIBEIG.

H emoaveiokf 1don TpokaAei avOWwaon (oTnv TepitTwon g
BiaBpoxng) i TATTEiVWON (0T TepiTITWON TG KN SIaBPoxrg) Tou
uypoU ot éva oTevd cwArva (Tpixoeidn) Kal Ta Qavopeva autd
ovopdadovTal TPIXOEIDH.

‘OAa Ta onueia evég uypoU TTou BpickovTtal aTo iGlo opifévTio eTriedo éxouv TNV idia Triean

(uypd TToU Ic0ppOTTE). 11
=
4

*Esiouan Lapiace spaphov ¢ o pavcueva A, =
L

‘Ortav To KéVTpo TNG aKTivag KAUTTUASGTNTAG PBpickeTal wTePIKG Tou Uypou Ba Bewpolpe
TNV okTiva KauTIUASTATAG apvnTIKA, avTiBeTa o6tav Bpioketal e§wrepikd BeTikr, yia Ta
TPIXOEIBH QAIVOHEVA. 3





[image: image4.png]Ag utroBécoupe 6Tl éxoupe éva Soxeio pe (Slapéxov) uypod Kai
£vav TpixoeIdr) cwArva akTivag r.

Bubifoupe éva pikpd pEPOg Tou TPIXOEIdH CwARvVa aTo

uypod.

ETeidn o owAnvag sival TpIxoeIdrg n eTritedn em@dveia

TOU UypoU KAPTIUAGVEI (aKTiVa KAWTIUAGTATAG I,y).

AuTo, ouwg Ba éxel wg aToTéAeoHa va UTIApXel pia

Tpéo8etn Tricon Laplace AP = 207/r,,.

Kai teAdikd Trapatnpolpe aviywon Tng oTdéung Tou

uypoU.

Me Bdon v uBpooTarikr apxr Ba TpéTel va ioxuel: Py =Py
6Hwg:

Py =P, AP, =P Apa, To uypd Ba avépBel uéXPIG evdg Uyoug
P.=P_ +P. —AP, = A% = Fspes icoppotriag h éro1 Wote n udpooTatiki Tieon pgh
B e T e N Mg OTAANG Tou UypoU va efiowBei pe TV Treon
Laplace.
20 20
AP =P, = —=pgh= h=—"+
b [ per,

Floparipnon: N KaUTTUAWHEVN ETIPAVEIR TOU UYPOU ovouddeTal HNVIOKOG.

EmAégaye autd To TIPOONHO BIGTI T KEVTPO TG AKTIVAG KATIUAGTNTAG ToU HNVioKoU &ival eEwTEpIKG Tou uypou, 6rav 4
£YOULE DIGBPOXI] E TPIYOEIDH GAIVOHEVO B AGPBAVOULE QUTS T0 TIpOOTHO.
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c0s® iva Tpixoed owhAva T

AkTiva kapTuASTNTAG UYPOU ° cos®

To Uyog TTou Ba avéABel To uypd Ba sivar:
2 2
h==2-2% o5 r
pegL,  per
Zmv TepiTwon Tng TAfpoug diafpoxric 6 = 0 n
KauTTUAN Tou uypoU Ba eival éva nuiceaipio, eviy:
_2
pgr

h





[image: image6.png]Zmv mepimTwon TG pn SiaBpoxng, Ta amotéAeoua pag
eival Ta idia.

Ze Quth TNV TEPITITWON OHWG éXouue Tameivwon TG
oTd8UNG Tou UypoU

Me Bdion v udpooTarTiki apxr 6a TTpéTel va ioxUer: Py
Spwg:

P,=P_ +P
A7 e T o Ap o P
Py =P, +AP

EMAEapE aut To TPOOMPC BIGTI To KEVIPO TG KTIVG KORTTUAGTITAG To
VoKV Eival ECWTEQIKG Tou LYPOU, GTav EXOUME i DIGBPOXT] OE TPIXOEIDH]
QaIVGpEvo B AUBAVOURE QUTO TO TIPGOTO.

To BdBog TTou Ba kaTéABel To uypd Ba sivar:

=2 =29 o

perL,  per
ZTNnV TepiTrTwon g TARpoug un SiaBpoxng 8
KaUTTUAN Tou uypou Ba eival éva nuicaipio, evi:

2c
h= *E ESW péTel va AdBoupe utroyn 6ti o < 0 6




[image: image7.png]3. AoK\OEIg

To uypd Ba avépBel péxpIg evog Uyoug IcoppoTriag h étol
WaTe n udpoaTaTiky Triean pgh TG oTANG Tou UypoU va
e€iowBei e TV Ticon Laplace.

AP =B = Copshm =22
5

AVTIKaBIOTWVTAG BPICKOUME TNV aKTIVA KAUTTUAGTNTAG TOU Unviokou:

2.0013%
=———— W -51.10"m=0.5mm
10°kg-10—-2.8-107m





[image: image8.png]2. TuuTrepipopd uypou péoa oe
TPIX0EIB CWARVa

Ta Tpixoeidry @aivépsva TapatneriBnkav amé Aemrolg
owAnveg, n otroiol TpokaAoUv WeTaBoAr Tou Uyoug TG
£AeUBepng eTIPAVEIAg TOU UYPOU. Ze TTPWTN HaTId @AvnKe
va  avriTiBeTal  oToug  VOpoug TG Y3pooTaTKAg.
Egnynénke kai pbs oe cupgwvia, 6pwg He authv. H
aviywon n Tamsivwon Tou uypoU oupBaivel, SI6TI
BUVApEIg CUVOXIG TWV HOPIWV TOU UYpoU eival MIKPOTEPES
(R peyaAUTepeg) aTTo TIg SUVANEIS TUVAQEIAG METAgU TwV
HopiwV Tou UypPoU Kal Ta popia Tou cwhrjva. Otav To uypd
diaBpéxel To owhrva, oxnuarifel koiho pnvioko Kai
avépyeTal, evi 6tav Sev dia 1
KUPTO HnVioko Kal KaTépyeTal.

Emiong, oe oUoTua  ouyKoIVWVOUVTWV
TPIXOEIBWY cwARVWY, av pioups Uypo péoa
ot auTo, N eAeUBepn eTTIQGVEIQ TOU UypoU dev
BpiokeTal aTo iSlo opifovTio emiTedo oToUg
300 owArveg.





[image: image9.png]“Evag 10TT0g 8£vBpou Tng olkoyeveiag Zekdyia @ravel o Upog 120 m. AN kai o pnxavioudg g
avodou TwV XUPWY até T pida Tou, Trou sival 30 m KdTw atmd To £8agog, eival SIaPoPETIKOG

(Buvapikog) UTTOBECTE OTI QUTH OPeieTal ATTOKASICTIKG Ot TPIXOEISH Qaivopeva. YTohoyioTe TV
akTiva R Tou TpixoeidoUg cwARvVa Ge Nm WATe Va GTAVOUV O XUMOI aTTé To dKpo NG pidag oTo
avwraro Uyog. AidovTal yia To UM TTou avépxeTal n emi@aveiakn Tou Tdon ¢ = 0.09N/m, n
TukvéTTa p = 1,2:103Kg/m?, 1o g = 10m/s2 kai n ywvia cuveragrg 6 = 60°.

To uypo Ba avépBel uéxpIg evog Uyoug iIgoppoTTiag h éTal
WaTe n udpoaTaTiky Triean pgh TG oTAANG Tou UypoU va
e§lowBei pe TV Ticon Laplace.

26 26

AP, =P, = =pgh=> L,=——=

upo.

‘Otrou h eival To GUVOAIKS WrKog Tou Sévtpou
AvTiKaBIoTWVTaG BpioKoupE:

2-0.09E
R=———— M 0560=5-10"m=50nm

K
12:10°=2.102 150m 10
m "





[image: image10.png]H oxéon TTou ouvdéel TNV akTiva KAUTTUASTATAG He TV aKTiva Tou TpIXosIdr cwAfva sivai:

T AxTiva TpIX0£1dr cwArva T d
cosf=— = r = =
5 Aktiva kapTruAéTNTAG UYPOU ° cos® 2cos®
2 4
To Uyog TTou Ba avéABel To uyps Ba sivar: h= 29 29 o5
par, pgd

Ztnv mepitTwon g TApoug SiaBpoxrg 8 = 0 n kapTUAn Tou uypoU Ba tival éva nuiceaipio,
BV
_ 4o

h=—\
ped

AvTikaBioTivTag Bpickoups To Uyog aTnV TTAReN SiaBpoxn:

N
i 4-0.073—
h=—=———11  -2090cm
ped

10°%kg-102.10%m
S





[image: image11.png]Agou éxoupe TTARPNG un SiaBpoxr N akTiva KAUTIUASTATAG Tou

.dJ .ﬂl Hnviokou oe kdBe cwArva Ba eival ioo We TRV akTiva Tou cwARva.
Lot =& KO L, -&
2 2

Noéyw Tng udpoaTaTikig apxng oTa onpsia A kai B n mison mpétmel
va eival n idia, 3nAadn, Py = P

hy _26_4c
h1| {PA:Pm+pgh,+APu - APL:*;*(T‘
A B Py =Py +pgh, + AR, ap. 20 40
4o 4o B, d,
pehy +AP, =pgh, +AP, = pehy +-==peh, +-== -

1 1

Auté onuaiver 6T 6VTWG oTo 2° TPIX0eId) CwARva To
uypd Ba avuywBsi TepicooTEpO.

"
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[image: image13.png]Z10 oxAua gaiverar n diadikacia ZTadlakd n vaun Tng Baputntag  éAkel To LypPd TTPOg Ta
Bnuioupyiag Tng oTayévag. KATW PéXPI TO UYPo é§w aTmd Tov CWARVA VA OTTOKTACE! éva
OUYKeKpIUéVO péyeBog, amd TV dAAn Tnv diadikacia auth
OUWG TNV euTTodifouV ol BUVANEIG ETTIPAVEIOKNG TAONG.

‘Orav o1 duvdpelg em@aveiakng Tdong e§icwBoulv pe T dUvapn
Tng BapuTnTag ToTe N GTAydVa TToU SnpIoupyeiTal aTTooTIdTal.
Aiyo TIpIV TNV aTTOKOTIA dnuioupyeital évag Aaipég, OTTou av Ki
£Xel MIKPOTEPN OKTiva amé Tnv akTiva Tou cwAriva r Ba
Bewpricoupe OTI gival TepiTToU TO iBiEg.

= TV OTIYUR TNG ATTOKOTAG, n dUvaun Tng EMIQAVEIOKAS
Tdong TTou ackeital oTo Aaipéd KapTTUANG prikoug 2T Ba sival
R ion pe Tn 30vapn Tou Bdpoug TG oTayévag, dnAadn Ba ioxUsl:
4 3 36’
E =B = 2mo=mg = 2mc =pVeg = 2mc = — R pg =R’ [N R:[ﬂ)
3 2pg 2pg

Mapatipnon n oxéon eival TPOoeYYIOTIKA Kai N péyaAn oTayova ouvodeUeTal TAVTA 43
aTré pia MIKPOTEPn





[image: image14.png]Tdong ToU aokeiTal oTo Adiud KAUTTUANG prkoug 21T 8a

TV OTIYPRA TNG ATTOKOTIAG, N dUvaun TG eTIPAVEIOKAG
eival ion pe T SUvaun Tou Bdpoug Tng aTaydvag, dnAadr
=5

Ba IoxUel:
E=B =>2mc=mg= mmm:hjzm 5 _dno
Vg
=28
dno

Ze 1 sec gedyel pia oTayévag PAGAS Myrgyevas
AvTikaBIoTWVTaG Bpiokoups:

Ze tsec @elyel pala m
o m
m_ot=m = t=—2" 10 Kgr-lOST _ N .
e mg, . t= z 3N71224sec~20mm
107 mn26107 = 14

m





[image: image15.png]Apxikd (TTpIv TNV BUBION) oToV TPIX0EIB CWARVA UTIAPXE! ATHOTQAIPIKGG aépag £TaT

Ba 1oxUer:
i Apx
L eon Pap = Par
. APX _ 2
bykog Vo =m’L

Tehikd (petd TV BUBICN) OTOV TPIX0EIB CWARVA O ATHOCQPAIPIKOG AEPAg TTOU UTTAPXE!
ouumédetal 101 Ba 1o Usl:

Treon P;? = Pm

ykog Vit =m’(L-h-2)

OswpoUpe 6Tl 0 aTHOoPAIPIKGG aépag eival I3avikd aépio kal T n peTaBoAn auTr éyive uTTé
oTabepn Beppokpacia, Katd GUVETTEID :

R L
PV =PV = P, m'L=P, m’(L-h-2z) = Pu=Pui— @
=7
16




[image: image16.png]"Eotw, 6T To uypd avépyetal ot Uyog h. E§icivovtag Tig
Téoeig oTa onpeia A kal B éxoupe:

PA 7Pmu
Py =P, +pgh— AP

OswpoUpe, 6T éxouds TTAENG SlaBpoxn, dpa N akTiva

KAUTIUASTATAG Tou UypoU Ba eival ion pe TV akTiva Tou

owhAva, dnAadH r, = r. H mieon Laplace 8a eivai:
JREERE

L P

ot

2c
A6 Ta Tponyolpeva Ba éxoups: Py =Py =P, =P +pgh—T 1)

15
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[image: image18.png]ZUyYKeVTPWVOULE TIG BU0 GX£CEIG TTOU BPRAKAME:

2c
=P, =L
e+ PED T L 2c

om

L
P P.—
as " amy Ty

E@doov Béhoupe To emitredo TG GTABUNG GTOV TPIXOEISH CWARVA VA GUUTITITE! Pe TNV
e€wrepikn oTa8un (dnAadn h = 0) TpokUTTEl:
L 2
P, =P -
om = Fam T T

To gnToUpevo eival To BaBog BUBIoNg Tou TpixoeidoUg cwArva z.

2
L 4c L L L PG
1]
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cos(n—e):i:cose:iar‘,: L
1, 1, cos®

1)

T, aKTiva KapTTUASTNTAG PNnvickou

r akTiva TpIxosIdoug

To pn SlaBpéxov Uypd KapTTUAWVETal Kal
KATEPYETAI HETTA GTOV TPIXOEISH CwArva.

P,=P_ +pgh E:5 @ 2
AT TP = pgh:z—G:) h="Zcos0
Py =Py, + AP up.2e I, per

Toco 8a eival n oTdBun Tou Ba KaTéRel To UYPO péoa
oToV TPIXoeIdN CwARVA Ot OX£CN e TNV eTMQAVEIA TOU
uypou.




[image: image20.png]Aivetal Tpixosidrig cwAvag akTivag r avolktég kal oTa SUo dKpa Tou, O OTToiog QEépeTal
KATaKOpUPA OTNV ETTIPAVEIX UYpoU TTou BEV BIABPEXEI_TO CWARVa Kal EXEl YWVia GUVETTAPRS B
ME Ta TOIXWHATE Tou Kal BpiokeTal oe Soxeio YeydAwv SIacTaoewy.

i) YmoloyioTe T peTaBoAr} Tou Uyoug OTo £CWTEPIKG ToUu GWARVA WG TTPOG To £TTiTTed0 TNG
OTABNG Tou Soxeiou.

2 ouvéxsia PpAdoups To dvw GKPO TOoU CWARVA Kal ToV avacUpoups WEXPIG GTou To
£TiTed0 OTO ECWTEPIKS Tou TwARva e§iowBei Pe To emitredo TG 0TABUNG oTo Soxeio. E§nysioTe
yiari K&TI TEToIo PTTopEi va oupPEi pe avdoupon Kai uTroAoyioTe TTO00 TTPETTEI VA AVUYWBET O
OWARVAG yia va e§IowBoUV ol 3U0 OTABUES. OeWpEiaTe Tov aépa IBAVIKS aépIo Kal T HETABOAR
1068eppn. AiveTal n eT@QAVEIAKR TAoT Tou UypoU G Kal N TIUKVOTATA Tou p
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Otav @pdfoupe TOV TpIXOeldr aTd TAVW TOTE
eykAwpifouds péoa oe QUTOV ATHOTPAIPIKG aépa Kal
Ba IoxUel:

men wer,
byKog Vi~ m'L

TpaBwvtag TTPog Ta TIavw Tov TPIXoeidr cwAfva av To apio eival 15avikd kai n Siadikagia
1068eppn, aufdvel o OYKOG TOU aepiou Kal eAATTWVETAl N Trieon e amoTéAecgpa TeAikd va
avépxeTal To uypd Adyw Tng Trieon Laplace yia va e§icoppotrriosl TNV UeTaBoAr.

Av dev @pdlape To TTAVW WEPOG Tou cwArva dev Ba ptTopoUcs va avéABel To Uypo TTPOG Ta
Tréavw yiari ivar un dilaBpéxov.

Tpafdpe Tov cwArva péxpig 6Tou n oTdBun Tou UypoU e§iowBei e To eTTiTedo TG eTPAVEIAg
Tou UypoU e§wTepikd. TeAikd Ba ioyUel:

Tieon PE =P,

6yKog Vi ~m’(L-z)
Egooov, n diadikacia eival I068eppn 1o UsI:

PANVAX _pEAWWTE 5 p L =P, m’(L-2) = Pup 2

ot





[image: image22.png]h="
per,
P.=P, BRy
=
P, =P, +AP, 42
B
2o L
7P +—= P,
. R
L 20 L-z 1
=1- = L T 2
L-z I P‘m 1—
1Pory
2c
I— 1
_ LRy z=
=T 7 K
1-— 20
1P

Mpémel va Tpapri§oupe Tov cwArva h — z, WoTe va e§lowBei n oTdBun Tou
pnviokou pe TV e§wTepIKn eTQAveia, To h kal Z, Ta £Koups UTToAoyiael.
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