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NMPOAOIOx

To BIBAio Texvikn) Mnyxavikn — Avroxn Twv YAIKWV TTOU £XETE OTA XEPIA
0aG TTPOOPICETal Va €EUTTNPETHOEI TO YABNUA pe ToV iBIO TITAO, TTEPIEXEI
YVWOEIG XPNOIPEG a€ OAOUG TOUG TEXVIKOUG, OAAG £XEI TIPOCOPUOCTEI Kal
atreuBiveTal GTOUG PaBNTEG TNG A™ TAENG TOUu 10U KUKAOU Tou MnxavoAho-
yIKoU Touéa, dnAadr) oToug pabnTég ekeivoug, ol ottoiol otn B™ 1G¢n Ba
ETMIAEEOUV OUYKEKPIPEVES UNXAVOAOYIKEG €IOIKOTNTEG.

2TIG AVOAUCEIG TWV ETTAYYEAUATWY TWV dIaPOPWV EIOIKOTATWY TOU UNXa-
VOAOYIKOU Topéa avagépovTal £va TTARB0G evvolwy Kal 6pwV TTOU OVIKOUV
OTO TTEPIEXOMEVO TNG TEXVIKAG MNXAVIKAG KAl TNG AVTOXAS TWV UAIKWYV, OTTWG
T.X. TTOPAPOPPWOEIG, TPOXAAIES, POTTEG, AEOVES, ATPAKTOI, 0OOVTWTOI TPOXOI,
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@oprTia, dlaypdupaTta, aAuaideg, cuppatdoxoIva, yepavoi, TTpEoEs, WaAidia,
OWANVWOEIG, OTTEIPWHOTA, AEBNTEG, OTOIXEIO PEUCTWYV, UDPODUVAUIKNAG,
KAuyn, koihavan, e€€Aaan, oeupnAaacia, OAKIUOTNTA K.ATT.

ATTé Ta TTopatrdvw TTPOKUTITEL, OTI TO TTEPIEXOMEVO TOU OB UATOS KAl TOU
BiBAiou TTepiAapBavel TEooepig (4) BepaTikég evoTnTEG: ZTATIKNA, AUVAIKA,
AvToxn Twv YAIkwyV Kol PeuoTounxavikn.

Ta d10aKTIKG avTIKEiuEva Tou BIBAiou, gival avTIKEIPEVA YEVIKOU TEXVIKOU
evOIOQEPOVTOG Kal Oev OTnPifovTal € EUTTEIPIKOUG KAVOVEG OAAG O€ YEVIKEG
apXEG, TWV OTTOIWV N YVWOT Kal N Katavonaon Ba Kpivel atro@acioTIKa TV
ETMITUYXia TOU aupiavou etrayyeAparia. To BiBAio ypdeTnke e Baon Tnv avti-
ANTITIKA IKAvOTNTA TWV aBnTwVv auThg TNG Pabuidag Kal TIG yVWOEIG TTOU
€XOUV aTTO TA TTPONYOUNEVA XPOVIA TWV GTTOUDWY TOUG Kal TTEPIAAUPBAVEI
TO avayKaia SIOKTIKG AVTIKEIMEVA, ATTO TIG TTAPATIAVW BEPATIKES EVOTNTEG,
€701 WOTE va TTaPEXEl OAa 60a aTTAITOUVTAI VA YVWPICEI O ETTAYYEAUOTIOG TOU
EMITTESOU aAUTOU, aTTO TO CUYKEKPIUEVO YVWOTIKO Xwpo. Oa dwael akoun
TN duvaTdTNTA OTO HABNTA va UTTOPETEI VO TTPOXWPNOEI OE TTEPAITEPW E-
BaBuvaon Kal ETTEKTACN TWV YVWOEWY TOU, OTA OXETIKA E TO TTEPIEXOPEVO
ToU BiBAiou avTiKeipeva, TTou Ba KANBEi va avTiyeTwTTioEl wg epyalduEvog,
Katd Tn SIGPKEID TNG ETTAYYEAUATIKAG Tou OTOdIodpOoiag. @a Bonbroel,
€TTiONG TO HABNTA OTNV TTEPITITWON TToU Ba eMI{NTACEI TTAPATTEPO OTTOUDEG.

ZUPQWVA JE TOUG EKTTAIOEUTIKOUG OKOTTOUG TOU HaBAUATOG, OTTWG auToi
avagépovTtal aTo MNpdypapua ZToudwy TTou ouvETage To MNaidaywyiko Iv-
OTITOUTO Kal TNV avAAUCT] TOUG aTTO TOUG OUYYPAQEIG, TO BIBAIO ETTIOIWKEI,
(EKTOG TWV YEVIKWYV OKOTTWV TTOU apopolV o€ 6Aa Ta Jabruata), va dwaoel
OTOUG paBnTEG TN duvaToTnTa:

A Na avTiAn@Bouv 611 To YaBnua cUoXETICEl TN YVWON WE TNV TTPAYUATI-
KOTNTA, TTPOWBET Kal 0EUVEI TNV TEXVIKI - TEXVOAOYIKI) OKEWN Kal va TTeIgbolv
ME OUYKEKPIPEVEG QVAPOPEG, EPAPHOYES, TTAPADEIYHATA KOl AOKNAOEIG OTI
«0,TI JaBaivouv epapuolovTal oTNV €TTIAUGN UTTAPKTWY TTPAKTIKWY TTPO-
BANHATWVY.

A Na eicayx80oUv 010 eupUTEPO PACHA TWV TEXVIKWV ETTIOTNHUWY, WOTE
va BonBnBouv HeAAOVTIKA, «va €xouv Adyo» Kal va cupBAANouv oTnyv ETTi-
Auon TEXVOAOYIKWYV, TTEPIBAAAOVTIKWYV KOI KOIVWVIKWY TTPORANUdTWY, ava-
TITUO0OVTAG KAl AgIOTTOIVTAG TO TAAEVTO TOUG, TA EVOIAPEPOVTA TOUG, TIG
YVWOEIG Kal TIG OECIOTNTEG TOUG, EITE WG ETTAYYEAUQTIES EITE WG TTEPAITEPW
aKadnuaikoi TTOAITEG.



MPonOros  iX

A Na giocaxBbouv oTnv TEXVIKI 0poAoyia Kal YEVIKOTEPA OTNV KTEXVIKNA
YAWOGay TTou €ival pia oUvBeon TTEPIYPAPIKWY OTOIXEIWY, JOBNUATIKWY
OX£0EWV, OIaYPOAUUATWY, TEXVIKWY OXEDiWV Kal GUUBOAWV.

A Na yvwpioouv Kal va KOTavORoOoUV €VVoIES, BEwpIEg, VOUOUG Kal apXEG,
N OTEPEN YVWON TwV 0TToiwV Ba Toug BonBnael wg aupliavoug eTTayyeAUATIES
1 @oITNTEG va akoAouBrgouv peBdOOUG AVTINETWTTIONG TWV TTPORANUATWY
TTEPIOCOTEPO YEVIKEUPEVOUG, OTTOQPEUYOVTAG TN OTEVA QVTIMETWITION TOUG
ME HEBOOOUG «TUTTOTTOINUEVOUG XWPIG OpifovTa».

A Na pabouv va xpnoigoTroiolv OwaTA TOUG TEXVIKOUG TTIVAKEG, TIG
MNXAVIKEG OTOBEPES TWV UAIKWV, KABWG Kal Ta YEWMPETPIKA OTOIXEIO TWV
KATOOKEUWYV TTOU OXETICOVTAI PE TO QVTIKEIPEVO, YIA TIG EQAPPOYEG TOUG
oTnv TTPAgN.

EidikoTEPQ:

e Na utropouv ol yabnTtég va Katavoouv atmAd TTpoBARuara, va ta
OXNMOTOTTOI0UV KAl VA TO avayAyouv o€ AatTAOUCTEPESG POPYEG,
TTOU Va gival dUVOTOV va EKQPPACTOUV PE ATTAG HaBnNUATIKO TPOTTO.

e Na ptropouv va emIAUOUY Ta TTapaTTavwW TTPoRAAuaTa pe Tn Borbeia
QTTAWV JOBNUATIKWV.

o Na eAéyxouv Kal va a&loAhoyouv Ta aTTOTEAEOUOTA OE OXE0N TTAVTOTE
ME TO apyIKO TTPORANUA Kal va KATAARyouv O CUPTTEPAOATA.

o Na atmmoKTACOUV 01 JabnTég TO avayKaio UTTORABPO, TTPOKEIUEVOU Va
deXTOUV TN yvwan GAAwWV pabnudtwy OTTwg Ta ZToixeia Mnxavwy,
TIG METOANIKEG KATAOKEUEG K.ATT.

O1 TTapatTdvw oKOTTOi avaAUOVTaI TTEPAITEPW KAl EEEIBIKEUOVTAI OE GU-
YKEKPIUMEVOUG OTOXOUG, Ol OTTOI0I ava@EéPoVTal OTNV apXH KABe Ke@aAaiou
Tou BiAiou.

O1 ouyypagpeig

Or avayvwareg, ol orroiol 8a diIamoTwoouV OAVES TTAPAAEIWEIS, avayKaies
TPOOONKES 1 ETTIBULIOUV va SIATUTTWOOUV YEVIKOTEPES TTAPATNPNCEIS, TToU Ba BeA-
riwoouv 10 LiIBAio otnv eréuevn ékdoar) Tou TapakaAoUue va arreubuvovrai TTpog
10: MNaidaywyiko Ivatirouto, Touéac MnyavoAoyikdg, Meooyeiwv 396, Ayia MNapa-
okeun 153 41, ABhva.
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(o ETMTPETTOMEVN TAON
% OUVTEAEDTNG QOPAAEIag
p ETTIPAVEIOK TTiETN
G Bapog
P TTUKVOTNTA
\Y OYKOG
g eMITAYXUVON TNG BapltnTag

poT1T adPAVEIaG ETTIPAVEIAG WG TTPOG Agova X-X
pOTT adpAveIag ETIPAVEIAG WG TTPOG Atova Y-y’
QKTiva adPAveIag Piag dIaTounG wg TTPog agova xX-X
OKTiva adpdavelag Piag dIaToung wg TTPog dgova Y-y’

X

<

x

<
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POTTH AvTiIoTaoNG WG TTPOG Gfova €1 — €1
TTOAIKA POTTH) adpPAVEIas wg TTPOS TOUG KUPIoUg AEoveg adpa-
VEIOG X-X, W-Y KABETOUG PETALU TOUG
TTOAIKR) pOTT) avTioTaong Wiag dIaTOUNG
Téuvouoa duvapn

KQUTITIKI) POTTH

OTPETITIKA POTTA

poTrr) duvaung

Kpiolho gopTio Auylopou

Kpiolun Tdon Auyiopou

QVOIYUEVO PNKOG

Auynpoétnta

OuVTEAEDTNG AUyIoUOU

aTro - €wg

TTEPITTOU



E.1
E.2
E.3
E.4
E.5

E.6

AAT 53.081:003.62:004.1
1985-09-20 1ISO 1000-1981

EAOT 100

\\

. JENON

MONAAEZ AIEONOYZ ZYZTHMATOZ (Sl) KAI ZYZTAZEIZ MNA XPHZH TQN MOAAAMNAAZIQN TOYZ KAI OPI-
ZMENQN AAAQN MONAAQN

SI UNITS AND RECOMMENDATIONS FOR THE USE OF THEIR MULTIPLES AND OF CERTAIN OTHER UNITS

EIZAIrQrH

O1 HOVABEG TWV PUCIKWYV HEYEBWV

Ta cuoTAMOTA TWV HOVAdWYV

MeTaTpoTr KaTapynuéVWY HovAdwyv og povadeg Tou Sl

00nyieg ISO ka1 EAOT yia Tn xpnoipotroinon Twv povadwy tou Sl.
Movddeg ekTOG Sl TTOU EMITPETTETAI N XPNOIMOTIOINON TOUG

BaoikéG YVWOEIG TPIYWVOHETPING
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.) Emidiwképevol oTéxol:

E/ Na yVWwpPIoETE T CUCTAPATA TWV JOVABWYV KOl TIG JOVADEG PETPNONG
TWV QUOIKWY PEYEBWV.
EidIkOTEPQ, Va KATAVOAOETE, OTI N TTARPNG YVWON TWV JOVAdWY HE-
TpNoNG Ba cag BonBroel aTTEPIOPIOTA OTN HEAETN KAl TNV KOTAVONoN
TWV TEXVIKWV KEIMEVWY, OTNV EKTIUNCN TWV PEYEBWYV TTOU GUVUTTAP-
XOUV WE TIG KOTOOKEUEG KAl TO OTOIXEIO TOUG, KABWG KOl 0TV £TTIAUCN
OUVYKEKPIYEVWYV TEXVIKWV TTPORANPATWY.

M/ Na pdBete TIG povadeg, Ta cUUPBOAG TOUG, Ta TTOAAATTAACIA Kal UTTO-
TTOAATTAGOIA TOUG, KAl IBIITEPA TIG HOVADES TOU dIEBVOUG OUCTHUATOG
(S.1.) kar auTég AAAWY CUCTNUATWY, TTOU ETTITPETTETAI N XPNCIUOTTOI-
nor TouG.

E/ Na paBeTe TIG AVTIOTOIXIEG TWV XPNOIMOTTIOIOUPEVWY HOVADWY GAAWV
ouoTNUATWY PE auTéG Tou S.I.

Iz/ Na OTTOKTACOETE TNV EUXEPEID JETATPOTTWYV TWV JOVAdWY GTA TTOAAG-
TTAGCIa KAl UTTOTTOAAOTTAGOIA TOUG.

E/ Na pdaBeTe TTOAU KOAG TOUG TPOTTOUG XPNOINOTTIOINGNG TWV JOVAdWYV
Tou S.1., Baoel Twv 0dnyiwv ISO kair EAOT.

Iz/ Na BuunBeite oplouéveg BATIKEG YWWOEIG TNG TPIYWVOUETPIOG, TTOU
Ba oag fonbrigouv aTnV KATAVONGN TOU JABAUATOG KAl OTNV £TTIAUGN
avTioToixwv TTPORANUATWY.

Iz/ Na yvwpioeTe TO EKTETAPEVO TTESIO TNG TEXVIKAG MNXAVIKNAG KAl TTWG
dlagopoTTrolouvTal Ta OUO THAKMATA TNG, dNA. TG OTATIKNAG TWV OTEPEWV
KaI TNG avToxXAG TWV UAIKWV.
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E1. Ol MONAAEZ TON ®YZIKQON MEFEOGQN
E.1.1 Mevika

270 BEpa TWV JOVAdWYV TWV QUOIKWY PEYEBWY UTTHPXE HEYAAN alyxuaon,
TTaPAa TO YEYOVOGS OTI Ol TIPOCTTABEIEG yIa TNV KaBIEpwaon evog CUCTAUATOG
Hovadwyv KoIVAG atrodox g dpxloav OTIG apxEG TOU TTPONYOUUEVOU AIWVA.

210 110 yeVIKO OUVEDPIO PHETPWYV KAl OTABUWYV, TTOoU £yIVE TO €106 1960,
atro@acioTnke n KaBiEpwaon Tou AlgBvoug ZuoTruaTtog povadwy (A.Z.)
SYSTEME INTERNATIONAL D" UNITES (S.l.).

MoAAEG XWpeg £xouv Kabiepwael VOUOBETIKA TO cUCTNPA QUTO, JETAEU
o€ auTtwv TrepIAauBaveral kai n EAAGSa, Trou 1o kaBigépwaoe oTig 30-12-1983
pe To Mpoedpikd Aldraypa 515, TTou dnuoaciedTnke oTo apiB. 196 @UAAO TNG
Eenuepidag Tng KuBépvnong.

O EAMNnvikég Opyaviouog Tutrotroinong (EAQOT) €xel apyioel Tn ouvtagn
MIag ogipdg TTpodiaypagwy yia 1o A.X. - S.I. To rpotuto EAOT 100 yia
TTapadelyua, avTioToiXei oto TrpdTuTro 1ISO* 1000.

E2. TA ZYZTHMATA TQN MONAAQN
E.2.1 To cUotnua C.G.S. R amréAuto cluoTnua

Eival éva TTAfpeg ouoTnua govadwy, TTou TTpotdbnke atrd Tov KELVIN® 10
€106 1881. O1 Baoikég DIACTATEIG KAl Ol JOVADEG TOU GUCTHHATOG AUTOU,
QaivovTal oToV TTaPaKATW TTiVOKA:

Mivakag: E.1.1.a
ZYZTHMA C.G.S.: Baoikég S1a0TAOEIG KOl JOVADES

HEyeBOG Mrikog pada Xpoévog

oUpBoAo l m t
povada EKATOOTOUETPO YPOUPApIO OEUTEPOAETITO

oUpBoAo cm g sec

*ISO, INTERNATIONAL ORGANIZATION FOR STANDARIZATION (Aigbvrg Opyavi-
ouo6g Tutrotroinong).

*LORD KELVIN AyyAog @uaikdg (1829 — 1907). Zmoudacoe oTa MNavemoTtAuia TG MAa-
oKwPNG Kai Tou Kaiptpitd. AoXoARBnke pe BEpata BepuoTnTag Kal NAekTpIopou. MeAéTnoe,
METAEU TV GAAwV, TN PETABOAR Tou onueiou TAENG TOu TTAYOU KAl KABIEPWOE TN YVWOTH
KAipaka BepPoKpaaIwV TTOU QEPEI TO OVOUG TOU.
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To TTAEOVEKTNA TOU GUOTHUATOG QUTOU, €ival N IKAVOTTOINTIKA EQAPUOYNA
TOU OTa BEPATA TG PNXAVIKAG, XWPIG OPWG va aupBaivel To idlo Kal oTnv
NAEKTPOAOYIQ, TNV OTTOIO Ol HOVABEG TTOU TTPOKUTITOUV, Eival SUVAEIG UE
KAQOUATIKOUG EKBETEG TWV BATIKWY PHOVADWY.

E.2.2 To Texvik6 oUoTHO

To ouoTnua auTd TTOU OVOMAZETaI KAl TTPAKTIKO oUCTNUA, XPNOIUOTIOIE]
oav Baoikd péyebog Tn duvaun Kai auTr ival kal n diagopd Tou atod To
atréAuto ouoTnua. O1 Bacikég DIAOTATEIG KAl Ol JOVASEG TOU GUATHHATOG
auTtoU @aivovTal OTOV TTAPAKATW TTIVAKA:

Mivakag: E.2a
Texviké Z0oTnua: Baoikég S100Td0EIG KOl HOVADEG
pEyeBOG MrKog ouvapn XPOVOG
oUpBoAo l F t
povada METPO XINIOTTOVT OEUTEPOAETTTO
oUpBoAo m kp S

Ta TTpoAAuATA TTOU TTPOKUTITOUV OTTO TN PO TOU CUCTAUATOG auToU
gival Ta idia pe Ta TTPORARPATA TOU ATTOAUTOU CUCTHHOTOG.

E.2.3 To cuotnpua MKSA

Eival To aUoTnua mou eTTEKPATNOE TTAYKOOWIO KAl TToU TTEPIAaUBAvEl oTa
Bacikd Tou peyEBN To NAEKTPIKO pelpa (Eviaon). O1 Bacikég SIA0TATEIS Kal
Ol HOVABEC TOU CUCTANATOG auToU (aivovTal GTOV TTiVOKA:

*1SO, INTERNATIONAL ORGANIZATION FOR STANDARIZATION (AigBviig Opyavi-

Ouo6g TuttoTroinong).
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Mivakag: E.23
Zootnua MKSA: Baoikég 100 TACEIG KOl HOVADES
péyeBog | MAKOG pada XPOVOG NAEKTPIKO peUpa
oUuBoAo { m t I
povada METPO | XIANIOYPOUMO | OEUTEPOAETITO AuTtrép
oUuBoAo m kg S A

E.2.4 To di1gBvég ouoTnua (S.1.)

01 Té00epIC TTPWTES BATIKEG JOVADEG TOU GUGTAUATOS auToU, €ival Ol BACIKEG
Movadeg Tou ouoTpatog MKSA. ZuvoAikd, oTo 81EBvEG cUOoTNPA XPNOIKO-
TToloUvTal €QTAE BACIKA KAl OU0 CUPTTANPWUATIKA PEYEDN, Ta aUPBOAA Kal
Ol HOVABEC TWV OTTOIWV PAiVOVTAI OTO TTOPAKATW TTIVOKA:

MINAKAZ: E.2.y
AigBvég ZuoTnpa (Sl): ZUpBOAA PUOIKWY PEYEOWV KAl HOVADEG

Baoika peyébn ZUPTTANPWHOTIKG
HEYEBN

péyeBog | pnkog | pada | xpoévog nA. Beppo- | TOGOTNTA | QWTEIVA | ETTITIEON | OTEPER

pevpa | Guvapikf | ouciag | éviacn | ywvia ywvia
Bep/aia

oUuBoro | ¢ m t 1 T,0 n Iv @ Q
povada | pétpo | XINIO- | deutepo- | ApTrép | KEABIV HOA KavTéAa [ akTivio | oTepa-
YPAMUO | AeTTTO KTivio

ouuBoro| m kg S A K mol cd rad Sr

ZUpowva pe Tnv odnyia 80/181 1ng EupwTraikns ‘Evwong, 1o d1EBvEg
oUuoTnua gV aPoPa TIG AEPOTTOPIKES, BAAATTIES KOl G10NPOOPOUIKES UETA-
PopEG, av aTo diebveig cupdocig TTpoBAETTOVTAI GAAEG HOVADES. Ta TTOA-
AaTTAGOI0 Kl UTTOTTOAAQTTAGCIO TWV JOVAdwY Tou Sl, PE TOUG aVTIOTOIXOUG
OUVTEAEOTEG TOUG, PaivovTal OTOV TTOPOKATW TTiVOKA:
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Mivakag: E.2.5
SI: MoAAaTtrAdoia kal uttoTroAAaTTAdO 10
Mpo6Beua
ovopa oUupoAo OUVTEAEOTNG

Tera T 1012
Giga G 10°
Mega M 106
Kilo k 108
hekto H 102
deka da 10
deci d 101
centi c 102
milli m 103
mikro M 106
nano n 109
pico p 10-12

Ta oUpBoAa Kal o1 JOVADES JIAG OPABAG QUOIKWY UEYEBWYV, TTOU EXOUUE
EMAEEEL, paivovTal OTOV TTAPOKATW TTiVOKA:



ElzArQrH

Mivakag: E.2.¢.
S.I. : ZOuBoAa Kol HOVADEG HEPIKWV MEYEOWV

ISO 31. 1, 11, 1ll. - EAOT 200. 1,2,3.
MéyeBog Z0uBoAo Movada
Emaveia A, S m2
OYKOG v m3
TaxutnTa u, Vv, w m/s
emTdyuvon a m/s?
ywviakn Taxutnta w rad/s
YWVIOKN ETMITAXUVON a rad/s?
TTEPIOdOG T S
ouxvotnta f Hz
KUKAIKA] ouxvoTnTa w s=1/s
TTUKVOTNTA PAZag p Kg/m?3
duvaun F N (NioUTov)*
Bapog G N
poTTA dUvauNng M N-m
Tiean p Pa (MaokdA)
POTIA adpAvelag I kg- m2
£pyo W J (TZaouA)
EVEPYEIQ E J
100G P W (Bar)
Bepuokpaacia 0 °C (BaBu. KeAaiou)
BepuodTnTa Q J

* SIR ISAAC NEWTON AyyAog @uaikog, pabnuaTikdg kal @IA6cogog (1642 — 1727).
AloTUTTWOE T VOUO TNG BapUTnTag Kal TNG TTayKOaHIag EAENG. To dvopud Tou QEPEI N OPWVUN
povada Tng duvaung.
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O1 pyovdadeg ieong: oTAAN vepou, Torr kai ath £€xouv katapynOei. Atro-
KAEIOTIKA povada yia Tnv TTieon gival To TTaokAaA (Pa). Ze eCaIpeTIKES TTEPI-
TITWOEIG ETMTPETTETAI N XPNOIYOTTOINON TNG Movadag utrap (bar), mou dev
avAkel a1o Sl. A&iCel va onpeiwBei n axéon:

1 bar=10%Pa

Mpétel emiong va onuelwdei, 611 pe To TTpoTuTIo DIN® 1314/1977 éxel

KatapynBei o 6pog «uTTOTTIEGN».

O1 povadeg 1oxuog: PS, HP kai CV £xouv katapynBei edw Kal TTOAAG
XPOvia (TTPO €IKOCAETIAG TTEPITTOU). ATTOKAEIOTIKN Jovada 10XU0G gival To
Bat (W).

E.3. METATPOINH KATAPTHMENQN MONAAQN ZE MONAAEZ TOY SI

O1 avTIOTOIXIEG HEPIKWYV KATAPYNHEVWY JOVAdWY WE TIG povadeg Tou Sl
paivovTtal gToV TTOPOKATW TTiVOKA:
Mivakag: E.3.8
MeTaTpoTri KaTapynuévwY HovAadwyv og povadeg Tou Sl

KATOPYNMEVI pOoVAda Hovada Tou Sl
1 kp 9,81 N
1PS 0,736 kW
1 HP 0,746 kW
1 cal 4,186 J

OTav aToug UTTOAOYIGHOUG BV EVDIQQEPEI N EYAAN aKpiBEIa, JTTOPOULE,
avTi TNG ox€ong:
1kp=9,81N
Va XPNOIUOTIOIOUNE TN OXEoN:
1kp=10N (7)

Kal To AdBog yr' auTA Tnv atrAoTtroinon, ival JIKpOTEPO Tou 2%.

* DIN, o leppavikég Opyaviopdg Tuttotroinong.

**Tnuaivel «kaTé TTPoCEyyIon»



EizarorH 11

E.4 OAHIIEZ ISO KAI EAOT INA TH XPHZIMOIMOIHZH TQN MONAAQN
TOY SI

Odnyia 1n:
Ta cUuBoAa TwV PHoVAdWY ypAPovTal AKPIBWGS, OTTWG EXOUV TUTTOTTOINOEI,
XWPIG aANOIWOEIG KAl TTPOOONKEG.

Odnyia 2n:
O d1eBvng opyaviouog Tuttotroinong ISO dev TTPORAETTEN yIO TIG HOVADES
TIANBUVTIKO apIBuo.

ZwoTo AdBog

Newton Newtons

To mpdtutro EAOT 100 TrpoBAETTEI T OVOPATA TWV HOVABWY Va ypdapovTal
€eANVIKA Kal Ta OUPBOAA TwV Hovadwy, 6TTwG dIEBVWG £XOUV TUTTOTTOINOEI:

Ovopa povadag 20uBoAo
vioUToV N
BoAT V
Odnyia 3n:

Ta oUuBoAa TTou TTpoEpyovTal aTrd KUpIa ovOPaTa, Kal JOvo auTd, ypd-
QovTal Je KepaAaia ypdupaTa Tou AaTivikoU 1 Tou EAANvIKoU aA@apnTou,
(6mmwg N, Pa).

Odnyia 4n:
O d1eBvng opyaviouog ISO kal o EAOT dev TrpoBAETTOUV avaypa®r| Hova-
Owv oTn OECIA TTAEUPE TWV TUTTWV.

ZwoTo AdBog

S
U=—
t

n |3




12 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

O1 povadeg avaypd@ovTal, oTnV TTEPITITWAON TTOU YiveETal apIBuUNTIKA
avTIKATAOTAON O€ TUTTOUG, UOTEPA aTTO OAGKANPN TNV APIBUNTIKN TIUA OTN
dlaTuTTWwaon evog pey€boug. ETtiong, peta&u Tng apiBunTIKAG TIMAG KAl TOU
OUMBOAOU TNG JovAdaG, TTPETTEI VO UTTAPXEI VA JIKPO dIdaTna.

U NAPAAEIrMA

Av oToV TTapaTTdvw TUTTO TNG TaXUTNTAG AVTIKATAOTAB0UV Ol TIUEG:

S=10m ka1 t=2s
Torte:

Odnyia 5n:
Ta yivopeva Kal Ta TTNAIKA Twv Jovadwyv PTTopolv va ypAa@ovTal KaTd Toug
€€NGg TPOTTOUG:

r::n%:m.s_l

To cuppoAo Tou TTOAAaTTAOCIOOUOU N TeAgia (-), eival duvaTdy va TTa-
paAeitreTal, 61Tou dev UTTAPXE! KivOuvog va uttovonBouv dAAa apiBunTika
dedopéva, OTTwG £vag dekadIkOg aplBuog, T.x. 10.5.

Odnyia 6n:
To TpoBepa (TTOAAATTAGCIA Kal UTTOTTOAAOTTAGOIA) TWV JOVAdWY, TTPETTEI

va €TMIAEYETAI PE TPOTTO, WWOTE OI APIBUNTIKEG TIMEG TTOU TTPOKUTITOUV, VA
eivar peta€u 0,1 kai 1000.

ZwoTo AdBog
50 ym 0,05 mm

Odnyia 7n:
E¢aipeon oto TpoBepa, atmoTeAei N povada Padag 1o XINOYPApUOo, TNG OTToi-
ag 7o 1/ 1000 dev ovopdadletal pIAIXIAIOypappo (m kg), aAAd ypauudpio (g).
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Odnyia 8n:
H xpnoipoTroinon TrepIcoOTEPWY TOU EVOG TTPOBEUATWY, OEV ETTITPETTETAL.

ZwoTo AdBog

3.000.000.000 = 3 Gg 3.000.000.000 = 3 kMg

Odnyia 9n:
Av ia povada £xel TTpodBepa Kal upwveTal o€ dUvaun, dev XpnNOIYOTTOIEITAl
TapévBean. H duvapn 1oxUel Kal yia To TTpoBeya.

U NAPAAEIrMA

2
1 1
1cm? = mj = m? =0,0001m?
10000

E.5 MONAAEZ EKTOZ SI NOY EMITPEMETAI H XPHZIMOMOIHZH TOYZ

O1 povadeg TTou dev avikouv 0To S| Kal ETTITPETTETAI N XPNOIJOTIOINCT) TOUG,
paivovTal gToV TTiVaKQ, TTOU OKOAOUBEI.

MNINAKAZ: E.5.a
Movddeg kTG Sl TTOU ETTITPETTETAI N XPNOIMOTTOINCT) TOUG.

ISO 31

Méye0og Movdda 20uBoAo Maparnpnoeig
Xpoévog TTPWTO AETTTO min 1 min = 60 sec

wpa h 1 h =60 min

nuépa d 1d=24h

£T0G a 1a=365d
ETMTTEDN YWVia Moipa ° 1° = (1/180) rad

TTPWTO AETTITO 1'=(1/60)°

OeUTEPO AETTTO 17=(1/60)"
OYKOG AiTpo 1 11 = 1dm?3 = 1/1000m3
paca TOVOG t 1t =103 kg
evépyela NAEKTPOVIOBOAT ev 1ev = 1,602x1010J
TTieon peuoTou pTTap bar 1bar = 105 Pa
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E.6 BAZIKEZ TNQZEIZ TPIFTQNOMETPIAZ

O1 yvwoeig TTou TTpoépxovTal aTTd TNV TPIYWVOUETPIA, Eival YVWOEIG aTTa-
PaITNTEG YIa TV KATAVONON TwV EVOTATWY TTOoU Ba akoAouBrjgouv.
‘ET01 Ol TPIYWVOUETPIKOI apIBoi, gival ol €ENG:

TpiywvoueTPIKOG apiBuog | EAAnVIKS ouupoAo AigBvég cuppoAo
Hpitovo ny sin
Zuvnuitovo ouv cos
E@atrouévn £Q tag
2UVEQATITOUEVN (o1} cotag

O1 TpIywvopETpIKOi apiBuoi o€ éva opBoywvio Tpiywvo, opifovtal we EAG:

o amévavTtl KABeTn TTAeupd
npa =—= -
% uTToTeivouoa

TIPOCOKEINEVN KABETN TTAEUPd
Guva = P = TTPookeiuevn kadern P
utToTEivouoa

_ Nua _%_(}Y_G

wa_ouva_%_ﬁy_ﬁ

ETTOMEVWG:

€00 = a _ amévavT KABeTn TAsupa
B TTpookeipevn KABETN TTAEUPG

ETTOUEVWG:

B TTpookeipyevn KABETN TTAEUPG
opa=—=
a atévavTl KABetn TTAcupd

O1 TPpIYWVOUETPIKOI apIBOI JEPIKWV YWVIWY, gival:
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Mépog A

TEXNIKH MHXANIKH
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H Texvikiq Mnxaviki

H Mnxavikn €ival n €moTAun, N otroia eE€TAEI TNV I00PPOTTIO KAl TNV
Kivnon Twv CWPATWV.

H oTaTikA €ival To TUAPA TNG MNXAVIKAG, TToU €EETACEI TNV ICOPPOTTIO TWV
CWMATWY, Ta OTToia BewpPEi N TTAPAMOPPWOIHA, OTAV TTAVW OE AUTA
EVEPYOUV OUVAEIG.

H avroxn Twv UAIKWYV gival To TUAPA TNG Mnxavikng, To otroio €€TAlEl TO
TTAPOAMOPPWOIPO CWUATA KAl TIS TITAPAPOPPWOEIG TOUG, OTAV TTAVW OE
QUTA evepyouv DUVAEIG.

a) H orarikn, B) n avroxn twv UAIKWV
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FENIKA NMEPI AYNAMEQN

1.1 H duvapn Kal Ta XapOoKTNPIOTIKA TNG - Eidn duvduswv

1.2 O1 apxég TNG OTATIKAG

21
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.) Emidiwképevol oTéxol:

M/ Na opilete TN dUvAN, VA TTEPIYPAPETE TO XAPOKTNPICTIKA TNG KAl VO
AVOQEPETE TTAPADEIYHATA.

M/ Na TTepIypAPETE —avVaQEPOVTAG KAl TTAPAdEIYUaATA OTTO TN TTPAEN— TO
€idn Twv duvApEwWY, To OUCTNUA TWV OUVAHEWY, TN CUVICTAPEVN Kal
TIG GUVIOTWOEG.

E/ Na ava@EpeTe Kal va TTEPIYPAPETE TIG APXES TNG OTATIKAG KAl va a-
vTIAN@OEeiTe TN oTTOUBAIGTATA TOUG, YIa TN BeueAiwor TnG.

E/ Na AUveTe TTpoBAAuATA TTOU Ava@EPOVTAl OTIG EVOTNTEG AUTOU TOU
KEQAAQIOU, VO OUYKPIVETE Kal VO UEAETATE T ATTOTEAETATA KAl v
KaTaAryeTe otn d1aTUTIWGON XPACINWY CUUTTIEPACHATWY.

1.1 H AYNAMH KAI TA XAPAKTHPIZTIKA THZ - EIAH AYNAMEQN

H duvapn xapaktnpietal cav 1o aiTio, TO OTTOI0 TTPOKAAEN TN JETABOAN TNG
KIVNTIKAG KOTACTAONG TWV CWUATWV.
MapadeiypaTa duvAPewy aTToTEAOUV, TO BAPOG TWV CWHATWY, N €AEN
TTOU aOKOUV Ol JayVATEG, N €AEN TTOU AOKEI N uNXavh o€ éva cUpuo K.A.TT.
H duvapn sival péyeBog S1avuopaTikG, (Trapiotatal ws F i OA) Kai
£XEI TA XaPOKTNPIOTIKA TOu diavuouaTtog (oX. 1.1a), dnAadn:

xAua 1.1a H duvaun sivar diavuouatiko uéyebog

e To onueio epappoyng ival To onueio (O) aTto otroio n dUvapn evepyei,
dnAadn To onuEio TOU CWHATOG, OTO OTTOI0 CUYKEVTPWVETAI N TTIOPACH TNG.
To yeyovog TNG OnUEIAKNG €Tidpaong TNG dUVANNG €ival OTTWOOATTOTE EvVa
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PAIVOWEVO, TO OTTOI0 DIEUKOAUVEI TN EAETN TWV CUVONKWY ICOPPOTTIOG TWV
OWMATWY, XWpPIig aiodnTr aAAoiwan TwV ATTOTEAECUATWY TTOU TTPOKUTITOUV.
lveTal orwaodnTToTE AVTIANTITO, OTI N dUVAUN EVEPYEI OE Hid CUYKEKPIYEVN
ETTIPAVEIQ ) O€ VO CUYKEKPIPEVO OyKo. H dUvaun 11.X. TG BapuTnTag,
KATOVEPETAI OTO OUVOAIKO OYKO TWV OCWHATWV.

e Tn S1eUBuvon 1 To opEa, TToU SIEPXETAI ATTO TO TNUEIO EQAPUOYAS
TNG OUVANNG KOl CUMTTITITEI JE TNV €UBEia, KOTA TNV OTToia TEivEl va KIvnOei
TO CWMA TT.X. N XX -

H &1euBuvan f o popéag Tng duvaung TTpoadiopilel TNV eubeia evépyeldg
NG, XWpIg va TTpoadiopilel TTPOG Ta TToU TEIVEI VA KIVAOEI TO CWHO OTO OTTOI0
evepyei, ONAadn, atrd 1o X TTPOG TO X' i avTioTpo®a. AUTO UTTOBNAWVETAI
ME TO BEAOG TOU BIAVUCUOTOG, TTOU KaBOoPIZEl TO XOPAKTNPIOTIKO TNG POPAg
NG 6Uvaung.

To TTOGOTIKO XAPOKTNPIOTIKO TTOU eK@PAdel Tn duvapn, ival n évraon N
TO METPO, TTOU UTTOBNAWVETAI OTTO TO IAKOG TOU SIavUCUATOG OA, BePaiwg
uTTO KaBOoPIoPEVN KAIPOKA.

O1 duvapelg, Ye Baon Ta xapakTnEIaTIKA Toug, diakpivovTal (oX. 1.1 B) o¢:

e OpoeTmiredeg auTég OnA. TTou BpiokovTal aTo id10 eTTiTTEDO.

e OpoguBelakég R CUYYPAMIKEG ONA. 01 DUVAEIS TTOU €XOUV TNV idia
d1evbuvon.

® ZUVTPEXOUTEG QUTEG Ol DUVAEIG, TWV OTTOIWV 01 d1EUBUVOEIG TEUVO-
vTal O€ £va anpeio.

o Opo@opeg dnA. ol dSuvauElg TTou €xouv TNV idla opd.
e AvTipopeg- OnA. ol BUVAEIG TTOU £x0UV avTiBeTn POopPd.

o loeg Suvapelg: gival aUTEG TTOU €XOUV Kolvd, Tn dielBuvan, Tn gopd
Kal TO JETPO.

o AvTiBeTeg BUVANEIG €ival AQUTEG TTOU £X0UV KOIVA TN diIEUBuvan Kail To
METPO, aAAG avTiBeTN TN QOPA.

e KateUBuvon duvaung: €ival o 6pog 1mou TrepIAaudvel Tn dielBuvon
Kal TN @opd piag duvaung.
Algukpividoupe akdun, o011 ol TTaPAAANAEG SuVApEIG £xouv Kolvr dieuBuvarn.
ZUoTnHa Suvdapewy ival €va auvolo duvauewy, TTou dpolv o€ éva A
TTEPICOOTEPO CWHATA.
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OuocTritredeg
duvdapeig

2UYYPOHMIKEG
duvapeig

2UVTPEXOUOEG
duvapeig

a. Ouoépopeg
ouvdpeig

B. AvTipopeg
Ouvapelg

xAua 1.18 Ta €idn Twv duvauewv

ZUVIOTAMEVN VOGS OUCTHHATOG duvapewy (ox. 1.1y) TTou evepyoulv o€
£€va owa, gival n dUvapn, TTou JTTOPEI va AvTIKOTAOTAOEI TO cUCTNUA, TOU
OTTOIOU 01 BUVAEIG TTOU TO aTToTEAOUV, OVOUAJovTal 0TV TTEPITITWON auTH,
OUVIOTWOEG.
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Zyxnpa 1.1y Svuviotauévn Kai CUVIOTWOEG
2 eivai n ouviotauévn, F1, F, o1 ouvioTwoeg

1.2 Ol APXEZ THZ ZTATIKHZ

1.2.1 MpwTn apxnA: T0 TAOPAAANASYPOAPHO TWV SUVAHEWY

H ouvioTapévn 800 duvduewv Fq kai Fy, TTOU evepyouv ( o). 1.2a )
oTo id10 onuegio O evog CWUATOG KAl oXNMaTi(ouV ywvia @, gival n

diaywviog Tou TrTapaAAnAoypdpupou pe mAeupég Fq kai F, TTou £x€1 TO
i510 onueio EPAPHOYAG ME TIG CUVIOTWOEG.

IxAua 1.2a To mapaAAnAdypauuo rwv duvduewv

To pétpo kai n dietBuvon NG ouvioTapévng ()" eupiokovTal aTro TIG
OX£OEIG:

* AT 10 Bewpna Tou GUVNUITOVOU, OTO YPAUUOOKIOOUEVO TPIYWVO (TNG UTTOCNHEIWONG)
TIPOKUTITEI YIA TO HETPO TNG CUVIOTANEVNG:

52 = F? +F2 - 2F,F, ouv(180°-¢)
52 = F? +F2 - 2F,F, (-ouvg)—

H utroonueiwaon cuveyiCetal aTnv £TOPEVN OeAida.
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Z= \/F12 + F22 +2F;-F,-ouve

F ,
nué = EZHH(Pa avTioToIXa

H idia cuvioTapévn () eival duvartdv va TpoodiopioTei e Tn PEBodo Tou
OUVAMPOTTOAUYWVOU, WG €ENG: YE apxn To TTEpag TNG duvaung F4 oxedia-
Coupe Tn duvapn Fs (ox. 1.2B) TTapdAAnAn kai ion NG F»,. H Tpitn TAEUpd
TOU OUVANOTTOAUYWVOU (OTNV TTEPITITWON QUTH TTPOKEITAI TTEPT TPIYWVOU),
Oivel TN ouvioTapévn Z Twv dUO ApXIKWYV DUVANEWY Kal £XEI apXH TO onueio
O (apxnA Tng duvaung F) kai TTépag, 1o TEpag tng duvaung Fo.

ZxAua 1.2 poodiopiouds ouvioTauévng e 1N PE6odo Tou SuVaLOTTOAUYWVOU

_ |2, 2
2= \/F1 +F, + 2F F,ouve

ATT6 1O BEWPNPA TOU NUITOVOU OTO YPOUUOCKIAOUEVO TPIYWVO TTPOKUTITEL, yia TN OlEU-
Buvon Tng ouvIoTaPEVNG:

ko z F z

F
—2= s > ——=———>nue="2nug
nue rwi180 -<pi nué  nupe z
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H ypa@ikn pé0odog poadiopiopol TNG CUVICTANEVNG 1] TWV OUVI-
OTWOWV, aQOoPA TNV KATOOKEUN, JE TN XpHon KaBopigpévng KAiJakag, Tou
TTapaAAnAoypdppou Twv SUVAUEWY 1) TOU BUVAPOTTIOAUYWVOU. To HETPO TNG
OUVIOTAUEVNG, TTPOKUTITEI ATTO TN METPNCT TOU URKOUG Tou euBUypappou
TMAMOTOG TO OTTOIO TNV OTTOTUTTWVEI, KAl TRV avaywyr Tou Y€ TV KAiJaka
TToU Xpnoiyotroinoape. H ywvia mou mpoodiopidel Tn dieUBuvon, TTPOKUTITE
META aTTO PETPNON UE TO POIPOYVWHOVIO.

U NAPAAEITMA

O1 duvapeig F1 =60 N kai Fo = 70N evepyoUv utrd ywvia 60°. Na rpoodi-
OpIOTEI N cuvioTaPEVN PE TNV AVOAUTIKA Kal TN YPOQIKN JEB0DO.

Aivovrai ZntouvTal

F1=60N H ouvioTtapévn ()
F,=70N a) Me Tnv avaAuTikn péBodo
¢ =60° B) Me mn ypagikr péBodo

Auon
a) Mg Tnv avaAuTikn pé€6odo:

i) To y€Tpo TNG ouvioTOUEVNG, Eival:

= JF2+F2 +2F-F,- ouve

2= \/GOZNZ +70°N? +2-60- 70N? %

¥ =/12700N?
>=112,6N
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ii) H 1euBuvaon Tng cuvioTapévng (o€ Poipeg), givail:

F
=1L
nuo =—nue
60N 43
nue = "
112,6 N 2
nue =0,46
0=27°

B) Me Tn ypaeik pébodo:
Kabopifoupue kAipaka: 1 cm =10N

AT16 10 onueio O oxedidloupe uTtrd KAigaka 1o didvuoua OA e dielBuvan
TTapAAANAN Tpog TN duvaun F4, kai pe Tnv idia gopd. Me v idia uEBodo
oxedidloupe ato 1o onueio A 1o didvuoua AB TTOU EKTTPOCWTTEL TNV OUVAN
F». To didvuopua OB pe Tn @opd TToU @aiveTal 0TO OXAUA EKTTPOCWTTEL, UTTO
TNV KAiJoKa TTou opicaye, Tn ouvioTapévn £ =112,6 N.

1.2.2 AeUtepn apxni: H 1coppotria Twv duvdpewyv

AuUo duvdpeig BpiokovTal og ICOPPOTTIa, OTAV £XOUV TO iB10 PETPO,
€ival OUYYPOaMMIKEG KOl AVTIQOPEG.

EmoTtpépovTag o€ £va avaloyo TTapddelyua NG TponyoUevng Trapaypdg@ou
Kal e@apuoélovTag Tn deUTEPN APXN TNG OTATIKAG TTou €eTdloupe (OX. 1.2y),
MTTOPOUUE VO I00PPOTTACOUNE TO cUoTna Twv duvdpewy (F4,F»), av oTo
onpeio O epappoooupe pia duvaun Z ion Kal avtiBeTn TNG CUVICTOPEVNG
F’ (TeANIKA ouvioTapévn ion pe undév).
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xAua 1.2y Or duvdueis 3, F* 1oo0pporrouv.

ATTO TNV KOTOOKEUK) TOU OUVAPOTTIOAUYWVOU (OUVAUOTPIYWVOU), TIPOKUTITEI
Mia dlagpopd o€ 0XE0N PE TO OUVAPOTTOAUYWVO TNG TTPONYOUNEVNG TTAPA-
YPAQYOU, TToU EVTOTTICETAI OTN POPA TNG dUvaung . H TTapaTthpnon auth
Mag 0dnyei 0To EEAG TUUTTEPATHA: TO DUVAUOTTIOAUYWVO (SUVAUOTPIYWVO)
TPIWV BUVANEWY UE KOIVO ONEI0 EQAPUOYNG, TTOU BPicKOVTaI G€ I00PPOTTIa,
gival £éva KAE1o0T6 BuvapoTTOAUYWVO (CUVIOTAUEVN ioN PE PUNBEV).

1.2.3 Tpitn apxn: Merakivnon d0vaung otn dielBuvon Tng

H 3pdon evég cuoTAHATOG SUVANEWY O€ éva owpa Sev peTaBaAAeTal,
av mpooTedei N apaipebei ard auTd, éva dAAo cuoTnua SUVANEWY,
TToU BPiCKETAI O€ ICOPPOTTIaI.

Me Bdaon Tnv apxn auth, TpooBéToupe oTo owpa (oX. 1.2.0), ato onueio O
TOu oTToioU evepyei N duvaun F, To cuoTnua Twy duo duvduewy F° F™ 1Tou
evepyouv o€ éva dAo anueio Tou cwpartog O, €xouv avTiBeTn @opd, ivai
ioeg e TNV F kai €xouv Tnv idia diebBuvaon pe auTr]. Av TTAAI €QOPUOTOUNE
TNV apyn TTou SIOTUTTWOANE TTapaTTavw, dnAadn av apaipéGOUE aTTd To
Owa To cuaTnua Twy duvauewy F F', Ba TTapapeivel va evepyei aTo owpua
povn n duvaun F’, ion ue Tnv F, aAAG o1o onpueio O'.
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ZxAupa 1.2 & H duvaun eivai oAioBaivov didvuoua.

AT 60a avapEpBnkav, KataAfyouue 0To £¢1¢ oupTTépacpua: H Suvaun
TTOU OOKEITAI OTA OTEPEN CWMATA, UTTOPEI VO UETATOTTIOTEI TTAVW OTO
popéa TG, dnAadn givai éva oAioBaivov didvuopa.

1.2.4 TérapTtn apxn: Apdong — avridpaong

KdBe emidpaon dUvaung (dpdon), eTTAvw o€ éva CWHA, £XEI WG OTTO-
TéEAeoua TN dSnuioupyia piag dAAng duvaung (avTtidpaong), WoTeE n
Opdon Kal n avtidpaon va gival SUVAUEIG aVTIOETEG.

To owpa (ox. 1.2.€) uttopacTaleTal ato éva oTabepod emmiTredo AB Kai 10 id10

oupBaivel oTn TEPITITWON TNG PARBOU, TTOU E TN O€Ipd TNG UTTORACTAZETAl
ato Ta oTnpiyyarta A kai B.

Xyxnua 1.2e Apdon - avridpaon (Fx = dpdon, F, = avridpaon)

Mpokelyévou va JEAETHOOUE TIG CUVBAKEG I00PPOTTIOG EVOG CLWUATOG,
Ba akoAouBnooupe TN PEBO0DO Tou eAeUBEPOU CWHATOG, dNAadH Ba aTTaAEI-
WOUE TIG OTNPILEIS (OUVOETHOUG) TOu Kal 0Tn B€0n Toug, Ba oxedidooupe
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TIG avTioToIXEG avTiIdpaaelg (ox. 1.2.0T). To didypauua TTou TTPOKUTITEI,
ovopddletal SiIdypappa EAeUBepOU CWHATOG.

IxAua 1.201 Aiaypduuara eEAsUuBépwy owudTwy.

ZUUTTEPACHATIKA, JTTOPOUE VO TTOUE, OTI VIO va BpiokeTal éva owua
o€ Ioc0ppoTria, gV apkei va gival o€ IcoppoTria péveg ol duvdpuelg dpdong,
aAAG Ba TTpETTEl OAEG 01 duVAUEIG dPACNG Kal avTidpaaong, va atToTeEAOUV
éva ouoTnua SUVANEWY TTOU BPICKETAI OE ICOPPOTTIA.

H 1mopeia TTou TTepIypAWae, gival TTpWTAPXIKNG GNUACiag yia TN EAETN
TWV OUVBNKWY I00PPOTTIAS TWV CWUATWY Kal TIPETTEI VO TTPAY UATOTTOIEITAI
ME MEYAAN TTpOCOXNA, YIOTi hia AavBaopévn eKTiuNon TOU CUOTHPOTOG TWV
Ouvdapewy TToU eu@avifeTal aTo dIdypapupa eAeUBepou owpaTog, Ba pag
0dnyAoel aoPaAwg o AavBaouéva aTTOTEAEOUATA KAl CUUTTEPACUATA.
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’—g—O ZYNTOMH MNEPIAHWH NMPQTOY KE®AAAIOY
H dUvaun gival To aiTIo TToU TTPOKOAET TN PETABOARA TNG KIVNTIKAG
KatdoTtaong Twv cwudtwy. Eival diavuoparikd péyebog kai
EXEI TA XapaKTNPIOTIKG TOu d1avUouaTog.

O1 duvapelg dIaKPiIVOVTal O€ OPOETTITTEDES, OCUYYPAUMIKEG,
OUVTPEXOUDEG, OPOPOPES KAl QVTIPOPEG.

\\\

O1 apx€g TNG oTaTIKAG ouvowilovTtal wg €ENG :

e MpwTn apxnA: 10 TAPAAANASYPANHO TWV SUVAPEWY

H ouvioTtauévn duo duvapewyv F4 kail F,, TToU evepyouv oTo idio onueio O
€VOG OWMATOG Kal axnuatifouv ywvia ¢ gival n diaywviog Tou TTapaAAn-
Aoypdaupou pe TTAeupéG F4 kail F, TTou €xel To id10 ONnEio EQapUoYNG ME TIG
OUVIOTWOEG.

o AcuTtepn apxn: H icoppotria Twv duvdpswv.

AUo duvdapelg BpiokovTal o€ I00pPOTTIa, OTaV £XOUV TO idI0 YETPO, Eival
OUYYPOMMIKEG KAl QVTIPOPEG.

e TpiTn apxn: Metakivnon d0vapung otn 81eUBuvon TNG

H dpdon evog cuoTAPATOG SUVANEWY O€ éva CWHa dev HETABAAAETaI av
TpooTeBEl A agaipedei amrd auTd, éva AAAo oUCTNPO dUVAUEWY, TTOU Bpi-
OKETAI O€ I00PPOTTI.

e Tétaptn apxn: Apdong — avridpaong

KdaBe etridpaon duvaung (dpdaon), eTAvw O€ £€va CWHA, EXEI WG ATTOTEAE-
opa TN dnuioupyia piag aAAng duvaung (avtidpaong), WoTe N dpAcN Kai N
avTidpaaon va gival SUVANEIG AVTIOETEG.
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@ AZKHZEIX

=¢ 1. Na TpoodiopioTei N ouvioTapévn Twyv duvdapewy Fq kai Fo Tou evep-
youv oTo KoIvé anueio O, utré ywvia 30°

=¢ 2. Na atrodeix0ei 611 n ouvioTauévn Twy duvauewy Fq = F, = 2N peiwveral
amo 4 N éwg O N, otav n ywvia utrd Tnv oTroia evepyouv ol dUVAEIG aud-
vetal ato 0° Ewg 180° (kai Traipvel dladoyIkda Ti¢ TIuEG 0°, 60°, 120°, 180°).

o¢ 3. 210 onueio A evog owpaTog evepyouv duo duvapuelg 80 N kar 100 N
TwvV oTroiwv o1 dleubuvaoelg oxnuaTifouv ywvia 25°. Na TpocdlopiceTe TO
METPO Kail TN BIEUBUVON TNG CUVIOTANEVNG WE TN YPAPIKI) KOl TNV AVOAUTIKA
péEBoDO.

=¢ 4. Mia dUvaun pétpou F4 =20 \/5 N kai pia duvaun pétpou Fo evepyolv
oT1o onueio O. H ouvioTapévn Twv 800 duvapewy £xel Pétpo = 20 N kai
gival KGBeTn atn dUvaun F4. Na utroAoyioTei To ué€Tpo TG duvapng Fo Kai
N ywvia tng pe tnv Fo.
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.) Emidiwképevol oTéxol:

E/ Na opiCete T poTrr) dUVAPNG Kal T POTT) {EUYOUG, VA TTEPIYPAPETE TA
XAPAKTNPIOTIKA TOUG KAl VO ava@EPETE TTapadeiypaTa atro Tnv TPAEn.

M Na TTeplypd@eTe TO BeWpNUA TWV POTTWYV Kal TOV TPOTTO HETABEONG
Ouvaung TTapaAAnAa Tpog Tn dieUBuvor] TNG.

M Na AUveTe TTpaKTIKG TTPORAAUATA, OXETIKG e OO avapEPOVTal TTa-
PATTAVW, VO CUYKPIVETE KAI VO JEAETATE TO OTTOTEAECUOTA, LWWOTE Va
KATaAfyeTe oTn dIaTUTTWON XPACINWY CUUTTEPATUATWV.

2.1 POINH AYNAMHZ

H moépTa Tou OTITIOU YOG TTEPIOTPEPETAI TTEPI TOV AEOVA TNG, OV OOKIOO0U-
ME o€ auTrVv pia duvapn F4, TETOIO TTOU O POPEDG TNG Va N OIEPXETAI ATTO
TOoV Agova TTEPIOTPOPNG TNG Y-y’
(ox. 2.1a). Aev Ba TTEPIOTPAPEI,
av oupBei o popéag TNG duvaung,
va Té€uvel Tov déova autov. (H
ouvapn F3 dev TTepIoTpEPEl TNV
TopTa).
270 TTapaTTdvw TTapadelyua
JIATTIOTWVOUE, OTI yIQ TNV TTEPI-
OTPOPN EVOG OWUATOG GNUAVTIKO
pPOAo TTaidouv, EKTOG aTTO TIG OU-
VAUEIG TTOU €TTEVEPYOUV O€ AUTO,
Kal N atméoTacn Twv dUVAPEWY
ato Tov dova TTEPICTPOPNG.

Me Ta @aivopeva NG TTEPIOTPO-

@AG ouvdEETaI TO YUOIKO PEYEBOG,

TTO0U ovopddeTtal poTrA duvaung .

Ovopaloupe Aoittév potri

duvaung F wg mmpog onpeio

IxAMa 2.1a H porr duvaung A xai Tn oupBoAidoupe pe M, To
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dldvuopa TTou £xel: a) dievbuvon (popéa) TNV KABETO OTO ETTITTEDO TTOU
opiCeTal atod To popéa TnG duvaung F kai To anueio A (oX. 2.1B), B) popd,
auTAV TToU KaBopileTal atd Tov Kavéva Tou de€idaTpo®ou KoxAia™ Kal
Y) METPO, TO YIVOUEVO TOU PETPOU TNG duvaung F eTTi Tnv atméoTacn Tou
onueiou A atré 1o gopéa TnG . Eival dnAadn: M = F-{

IxAMa 2.1B Porrr dUvaung wg mpog anieio

ATTO TNV TTponyoupevn oxXEOT CUNTTEPAIVETAI OTI: N POTTH TNG duvaung F
WG TTPOG 10 aneio A, oav péyeBog Icoduvaei TTpog To dITTAAGCI0 uBaddv Tou
TpIywvou AB F. ETTavepxouevol aTo apxIKO TTapadelyua (oX. 2.1a), EXOUME:

MF1 = F1'f1 MFZ = Fz'ez

Av Fq = F5 kai ereidn 44 > £, Ba gival: Mgy > Mgo, TTOU onyaivel 11 n
TOPTA KAEiVEl JE PEYAAUTEPN €UKOAia. ATTO TOV OpPICUO TNG POTIAG Miag
OUvauNG wg TTPOG ONEI0, CUVAYOUE:

e H potn piag duvaung dev petafaAAeral, 6tav n duvaun oAicBaivel
KATA UAKOG TOU Qopéa TNG.

e H poTttr) piag duvaung wg TTpog onueio, ival undevikr étav n duvaun
gival undevikA A étav o popag TNG dIEPXETAI ATTO TO OnuEio A (avagpopd
TWV POTTWV).

* AnAadn £X€l QOPA TTOU CUNTTITITEI JE TN QOPA TTOU TTPOXWPET BEEIOOTPOPOG KOXAIOG,
TTEPIOTPEPOPEVOG KATA TN QOPA TTEPIOTPOPRG ToU ETITTESOU (TT), UTTO TNV €TTIdPACH TNG
duvaung F.
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To onueio ava@opds Twv POTTWY, (WG TTPOG TO OTTOI0 B TTAIPVOUE TIG
POTTEG TWV dUVAUEWY), dUvaTal va €ival TUXAIO ETTIi TOU ETTITTEDOU TWV, YIO
™ AUon Twv TTPORANUETWY GUWG, ETTIAEYOUUE ONUEIO OTO OTTOI0 VO BIEP-
XovTal 600 TO dUVATOV TTEPIOTOTEPEG DUVAUEIG WWOTE Ol ATTOOTACEIG TOUG,
va UTTOPOoUV va UTToAOYIoB0UV €UKOAQ.

® Y16 TNV TpoUTTo0ean, 0TI pOTTEG EveEPyOUV £TTI TOU idIoU anueiou evog
owpaTog, gival TTPoQAveEg, 0TI “pOTTEG TNG idIag POopAg TTPOCBETOVTAI, EVW
POTTEG QVTIBETNG POPAG apalpouvTal”.

‘ETo1, N ouvioTapévn poTrr, €ival To aAyeBpPIKO dBPOICUa TWV POTTWV
TTOU ETTEVEPYOUV OTO aUTO (idI0) OnuEio TOU CWHATOG.

["evikA TTapaTRpnon:

Ma 1 owoTh AUon Twy TTPoBANudTwyY, dev £xEl onuaacia Toid @opd Ba eTTI-
Aé€oupe wg BETIKA, aAAG apKei n eTTIAOYR TTOU Ba KAVOUE, VA TTAPAEIVEI
n idia pExpl TEAOUG.

U NMAPAAEITMA

Av opicoupe CUPBATIKA, WG BETIKA TN POTTI) TTOU TEIVEI VO TTEPIOTPEWEI TO
OWUa KaTa TN Qopd TwV BEIKTWYV TOU WPOAOYIOU KAl aPVNTIKA GTNV AVTIOETN
TTEPITITWON, VO UTTOAOYIOETE TIG POTTEG TWV OUVAUEWY, TTOU PaivovTal OTO
TTOPOKATW OXNMA, YE KAIJOKES: uNKwv 1 cm: 1 m

duvdapewv 1 cm: 20 daN
Me Tn ypa@iki pé6odo

MNa 1o oxAua apioTepd:

M=F-¢
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M=29-20daN-2,6 - 1m
M =150,8 daN-m

MNa 1o oxAua 6€gid :
M=-F-{
M=-2,6-20daN"-1,9 - 1m
M=-98,8daN m

Me Tnv avaAuTtiki pé6odo

MNa 10 oxAMG apIoTEPA :
Av F =58 daN
{=2,6m

10Te: M=F-£{=58daN:2,6 m
M =150,8 daN

MNa 1o oxAua 6egid:

Av F=52daN

£=19m
ToTE: M =-F - {
M=-52daN-1,9m
M =-98,8 daN
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2.2 OEQPHMA TQN POINQN ‘H TOY VARIGNON

To Bewpnua agopd TN oUvBeon TWV POTTWYV dUO I TTEPICCOTEPWY OUVANEWY,
onAadn —kat’ avaloyia Tng oUvBeoNG TwV OUVANEWYV— TOV EVTOTTIONO HIAG
OuVvIOTOUEVNG POTTAG, WG TTPOG TO id10 ONEIo 1 WG TTPOG Tov idIo Aova, n
oTToia va avTikaBIoTad TIG ETTINEPOUG POTTEG, UTTO TNV TTPoUTTO0EoN, OTI Ba
ETTIPEPEI OTO CWHA TO iBI0 ATTOTEAET Q.

To Bewpnpa diatuTrwveTal we €€N¢: H poTrh TG ouvioTaPEVNG EVOG
OUCTAHOTOG OHOETTITTEO WV SUVAMEWYV, WG TTPOG £Va GNEio TOU ETTITTEDOU
N wg Pog éva dfova, gival ion e To aAyeRpikd dOpoIoTHa TWV POTTWV
TWV CUVIOCTWO WYV, WG TTPOG TO idl0 onuEio | WG TTPOg Tov idlo dfoval.

2UPQWVa JE TO OX. 2.2 a, TTPOKUTITE! OTI:

ZxAHa 2.2a To Bswpnua Twv porTwyv

O1 poTTéG OAWY TWV BUVANEWY, CUVIOCTWOWY Kal GUVIOTOPEVNG, WG TTPOG
TO onueio A, givai or:

MFy=Fy -4
MF, =F, -
MZ=Z'£

Etouévwg, katd 10 Bewpnpua:

M; = Mg + Mg
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U NAPAAEITMA 1o

Na e@apudoeTe 10 Bewpnua Tou Varignon, wg TPog éva onueio O Tou eTTITTE-
dou, TOU CUCTHHATOG TWV TTAPAAAAAWY duvauewy F4, Fo, F3, TTOU @aivovtal
OTO OXAMA, XPNOIMOTTOIVTAG TIG KAIJOKEG: pnKwv: 1cm: 1m

duvapewv: 1cm: 5 daN

Kataokeudloupe 1o duvapotroAuywvo 0-1-2-3, apyifovtag amo Eva Tu-
XOv onueio 0 kal TTpoadiopifoupe Tn ouvioTauévn  Katd dielBuvan, eopd
Kal JETPO.

Maipvoupe éva onueio 1T, To OTT0i0 OVOUACleTal TTOAOG KAl PEPVOULE TIG
moAIkéG akTiveg -0, -1, -2, 17-3.

Apxifovtag aTrd 10 TUXOV onueio A @épvoupe TIG euBeieg AB, BI, TA,
AE mapdAAnAeg avTioToixa Tpog TIG TTOAIKES akTiveg 11-0, -1, 11-2, -3
Kal oxnuartifoupe 10 oxoivorroAlywvo A-B-I'-A-E. To onueio TOUAG Twv
TTPOoeKTATEWV TwV A-B kai A-E Tpoadiopilel éva onueio Tng dietbuvong
NG ouvioTapévng Z. Av O gival To anueio ava@opdgs kai 44, £, £3, £ givai
Ol aTTOC0TACEIG, ATTO AUTO, TWV CUVICTWOWYV avTtioToixa F4, Fo, F3 kai Tng
OUVIOTOMEVNG 2, TIPOKUTTITOUV:

Mg1=Fq-¢4=-3-5daN-1,9-1m=-285daN-m
Mgz =-Fp £, =-1,5-5daN-0,51m=-375daN - m
Mes=F3-4=2-5daN-1,6-1m=16daN-m
Ms = M4 + Mgz + Mg = -16,25 daN - m
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My =-3,5-5daN-0,93-1m
M; = - 16,27 daN - m

U NAPAAEICMA 20

Na epapuodoeTe To Bewpnua Tou Varignon, wg TPog Tov agova X ToU GUCTH-
MaTog Twv TTapaAAfAwy duvauewy Fq, Fy, F3, TTOU @aivovtal oTo oxAua,
XPNOIUOTTOIWVTAG TIG KAIJAKEG: pNKwv: 1 cm: 1 m

duvdpewv: 1 cm: 15 daN

MeTd TOV TTPOCBIOPICUO TNG CUVICTAPEVNG Z e Tn BorBeia Tou duvapo-
TTOAUYWVOU Kal Toug GUUBOAICHOUG TToU @aivovTal 0TO OXAUQ, TTPOKUTITOUV:

Me1=Fq4=3-15daN-3,5-1m=157,5daN - m
Mgp = -Fp £, =-2.15daN 2,4 -1 m=-72daN - m
Mgz =F343=2,5-15daN - 0,7 - 1 m = 26,25 daN - m
Meq + Mg + Mgz = 111,75 daN - m
My=%-£=35-15daN-2,13-1m=111,8 daN - m
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2.3 ZEYITOZ AYNAMEQN - POINH ZEYTOYZX

ZgOyog duvdpewy, gival éva oUoTnua U0 SuvAUEWY TToU gival TTAPAAANAEG
KAl avTiPOPEG, KE TO iDI0 PETPO KAl Ol OTTOIEG AOKOUVTAI € dUO BIAPOPETIKA
onueia evog cwuatog (ox. 2.3a).

IxAMa 2.3a Zevyog duvduewy — Porrr {elyoug

Y16 v emidpacn Celyoug duvApEwy YiveTal n Kivnon Tou TIJOVIOU Tou
QUTOKIVATOU, N Kivnan TnNG XeIPoAaBng Tng TTOpTag, N Kivnaon Tou EKTTWHA-
TIOPOU K.ATT.

Po1rj {eUyoug cival 10 yIVOUEVO Wiag €K Twv OUO SUVANEWV ETTI TNV
amooTaon YETagU TOoug:

M=F-!¢
ATTé Ta TTOPATTAvVW TTPOKUTTTEL, OTI YIO TO OTTOIOONTTOTE ONnuEio A Tou

emTESOU TwV duVAPEwWY Tou {eUyoug TTou Ba eTTIAEEoUE, N poTrr) M2z Tou
Ceuyouc gival dIAvUCa, TTOU €XEI OAV:

a) AieuBuvon (popéa), TNV KABETO OTO ETTITTEDO TWV OUVANEWY TOU
Ceuyoug.

B) ®opd, autrjv TTou KaBopPIZETAI ATTO TN GOPA TWV dUVANEWYV TOU (eU-
Yyoug e BAon Tov kavéva Tou OeEIoaTPpOPOoU KOXAIa Kal

Y) Mérpo, 10 yivouevo Tou péTpou TnG duvaung F emmi Tnv améotaon
METAEU TWV TTAPAAAAAWY KAl AvTIPPOTTWY AQUTWV SUVAUEWV.
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ATtrodeikvueTal €101 OTI:
a) H ZuvioTapévn evog Celyoug OUVAUEWY EXEI UNOEVIKO HETPO.

B) O popéag TnNG BpiokeTal og ATTEIPN ATTOCTACT.

Mivakag HETATPOTTAG HOVASWY POTTAG

TxApa 2.3B [Mivakag PETATPOTTAS HOVAdWY POTTHS
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2.4 METAOGEZH AYNAMHZ ZE AIEYOYNZH NAPAAAHAH MPOZ TH
AIEYOYNZH THZ

Av n d0vaun F, Tou evepyei o1o onueio A Tou cwpuatog (ox. 2.4a -1), ue-
Tatedei oo onueio B o€ pia dicuBuvon mapdAAnAn TTPOg TNV aPXIKN TNG
(ox. 2.4a -2) —1T0U ATTEXEI ATTO AUTHV OTTOOTACN (0)— OIOTTICTWVETAI, OTI N
Ouvapn oTn véa Tng B€an, TEivel va TTEPICTPEWEI TO CWHUA WG TTPOG TO ONEI0
A, dnAadn e€aokei 0TO CWA Yia BeTIKA poTTh:

M=F-a

AuTO onpaivel, 6T yia va BPIiOKETOI TO CWUA GTNV GPXIK TOU KOTACTACH,
otav o€ auTo evepyouaoe n duvapn F ato onueio A, Ba TrpéTrel va e€aAeiyoupe
TNV €MidPACN TNG BETIKAG AQUTAG POTTAG, EEOCKWVTAG OTO CWA Wia ion Kal
apvnTikr potmh ( ox. 2.4a -3):

ZxAua 2.4a MerdBeon duvaung

Emopévwg: Eival duvarth n petagpopd piag duvaung o€ pia dieubuvon
TapdAANAn Tpog Tn S1IEUOUVON TNG, EPOCOV N HETAPOPA TNG AUTA OTN
véa Béon ouvodeuTei He TNV TTPOOORKN HIOG POTTAG, IONG KOl AVTIBETNG
TPOG TNV APXIKA TNG POTTA TTou dnuioUupynoe n dUvaun auTh.
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’—5—0 ZYNTOMH NEPIAHWH AEYTEPOY KEQ®AAAIOY
e Ovoudaloupe potrf ) 8Uvaung F wg rpog onueio A Kai
z TN oupBoAidoupe pe M, 1o didvuopa TTou £xel d1EUBUvon
(popéa) TN KABETO OTO ETTITTESO TTOU OPICETAI ATTO TO POPEQ
NG dUvaung F kal 1o onueio A, @opd auTr| TTou KaBopile-
Tal a1md TOV Kavova Tou deEI00TPOPOoU KOXAia, Kal HETPO
TO YIVOPEVO TOU PETPOU TNG dUvVaNNG F TTi TNV a1TtOOTOOT TOU oNnuegiou A

aTré 10 opéa TnG. Eival dnAadi: M=F - ¢

e To Bswpnpa Twv poTtwv ) Tou Varignon diatutrwveTal wg €EAG: H poTtn
TNG OUVICTAPEVNG EVOG OUCTHHOTOG OUOETTITTEOWY OUVAHEWY, WG TTPOG
€va onpueio Tou TITTEDOU 1] WG TTPOG £va Agova gival ion Pe To aAyeBpPIKO
A0poIoPa TWV POTTWYV TWV CUVICTWOWY, WG TTPOG TO idI0 anuEio 1 wg
TTPOG TOV idI0 aova.

® ZeUyog duvApewy gival éva ouoTnua dUo SUVAPEWY TTOU AOKOUVTOI O€
OUO JIAPOPETIKA OnuEia evog owuaTog, £€Xouv TO id10 YETPO Kal gival
TTOPAAANAEG KAl AVTIQOPEG.

e PoT1tA {eUyoug €ival TO YIVOUEVO Hiag €K TWV OUO0 BUVANEWYV ETTI TV OTTO-
oTOoN PETALU TOUG.

e Eival duvath n petagpopd piag duvaung o€ pia dicuBuvon mapdAAnAn TTpog
TN 81EUBUVON TNG, EQOCOV N PETAPOPA TNG CUVODEUTEI E TN TTPOCHONKN
Miog pOTTAG, iong Kal avTiBeTng TNG POTTAG TTou dnuIoupyei N duvaun, oTav
BpiokeTal oTn véa TNG B£0n, WG TTPOG TNV APXIKA TNG.

@ AZKHZEIZ

= 1. Na epappooete 10 Bewwpnua Tou VARIGNON oT0 gUoTnua Twy du-
VAUEWY TOU OXNMOTOG, WG TTPOG TO onueio, O (KAHaKeS: unkwv 1 cm: 1 m
duvapewv 1 cm: 15 N).
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.) Emidiwképevol oTéxol:

M/ Na TTepIypd@eTe TN OUVOEDT, UE YPAPIKO KOl aVAAUTIKO TPOTTO, OUY-
YPAMMIKWY dUVANEWY, SUVANEWY UTTO ywvia 90°, TTOAAWY OUOETTITTE-
OwV SUVAUEWY HE KOIVO onuEio epapuoyng, TTapaAARAwY opoppo-
TTWV - AVTIPPOTTWY SUVAMEWYV KOl TTOAAWYV OPOETTITTEOWY dUVAUEWYV
OTTWOONTTOTE TOTTOBETNUEVWV.

E/ Na TepIypAQeTe TIC ATTAEG TTEPITITWOEIC AVAAUCNG BUVAUEWY UE

YPOQIKO Kal avVOAUTIKO TPOTTO, Kal TNV avadAuon o€ dU0 TTapAaAANAES
OUVIOTWOEG.

E/ Na TTepIypAPETE TIG OUVBNKEG I00PPOTTIOG OTEPEOU GWHATOG.
M/ Na AUveTe TTpoBANpaTa, OXETIKG HE OOQ avaPEPOVTAI TTAPATIAVW, Va

OUYKPIVETE Kl VO JEAETATE TA ATTOTEAEOUATA, WOTE VO KATAAAYETE
oTn O1aTUTTWGN XPNOIUWY CUUTTEPOTHATWYV.

3.1 AMNAEZ MNEPINTQZEIZ ZYNOEZHZ AYNAMEQN

H oUvBeon 800 N rEPICTOTEPWY SUVAMEWY TTOU EVEPYOUV O€ £Va OWUQ,
QATTOOKOTTE OTOV TTPOCBIOPIoUS PIag dUvaAPNG, TNG CUVICTANEVNG, N OTToIx
OTaV EVEPYEI OTO CWHA, ETTIPEPEI TO iOI0 ATTOTEAECUA PE QUTO TWV APXIKWY
OUVAHEWV.

o. AUVAEIS CUYYPAHMIKES KOl OMOQPOPEG:

To péTpo TNG ouvioTapEVNG BiveTal ATTd T OXEON:

Z=F1+F2

IxAua 3.1a Auvaueis ouyypauuIKES — OUOPOPES
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H di1euBuvon kai n @opd, €ival AuTEG TWV CUVICTWOWV.
B. AuvAapeig CUYYPOMIKESG KOl OVTIQOPEG:
To péTpo TNG ouvioTapévng divetal atrd Tn oXEoN:

Z=F1—F2

IyxApa 3.1B Auvaueis ouyypauuIKES Kal avTippOoTTeS

H d1e0Bbuvan, eival n dietBuvon Twv CUVICTWOWY Kal N Qopd gival auTh
TNG MEYQAUTEPNG O€ PJETPO OUVIOTWOAG.

Y. Auvdpeig utré ywvia ¢ = 90°

Aopou (ox. 3.1y) @ = 90°, ouve = 0, ETTeTal:

_ ez 2
Z—\/Fl +F, +2F .F,owe -

_ |2 2 0 -
z_\/Fl +F, +2F -F,-ouv0" - ouv0 =1

2 2 2
=R +F +2F,-F, - (R*R) -+ F=F +F,

_ fe2 2
Z—\/F1 +F, +2F -F,owe -

£ =\ +F +2F -F, ouv180, ouv1g0® = -1

Y _
T=yF +F -2F -F, > ¥ = (RFR)

kar & =F -F,
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IxAua 3.1y Zuviarauévn dUo duvauewy, utrd ywvia 90°.

5 = JF2 +F2 +2F,-F,00vp -

5= \JF2 +F +2F,F, 0, -
5= \F +F;

H di1etBuvon Tng Z diveTal:

€Po = =
Fl

3.2 ZYNIZTAMENH NMOAAQN OMOEMINMEAQN AYNAMEQN ME KOINO
ZHMEIO E®QAPMOIHZ

a) Mg Tn ypa@iki pé6odo
‘EoTw o1 duvauelg (ox. 3.2a):
F1=20N F,=60N F3=30N F;=40N
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IxAMa 3.2a H cuviotauévn ToAAWY ouoeTITTEOWY OUVALIEWY YOAPIKA.
Opiloupe kAipaka: 1cm: 20 N
KaTtaokeudloupe 1o duvapoTroAUywvo 0-1-2-3-4 kal TTpoadlopifoupe
TN CUVIOTAUEVN £, UE ONWPEIO EPAPUOYAG TO KOIVO ONUEIO EQAPUOYNG TWV

OUVIOTWOWV.

Etmopévwg:

2=0-4=58x%x20N

Z=116N

B) Mg Tnv avaAuTtiki péBodo

Na 10 OKOTTO AUTO XPNCIYOTIOIOUME TN HEBODO TNG avaAuong o€ AEoveg.
‘Eotw Fq, Fy kai F3 o1 duvapeig (0x.3.2B) pe koivo anpeio epapuoyng 1o O.
AkoAouBoupe Ta €EAG BraTa:
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ZxAua 3.2 ZuvioTauévn TOAAWY OUOETTITTESWY SUVAUEWV.

BAua 1o

Me apxn 1o onueio epappoyng Twy duvauewy (O), TTaipvoupe éva op-
Boywvio auoTnua agovwy Oy Kai Oy,.

BApa 20

AvaAUoupe TIg dUVAUEIG OE OUVIOTWOEG OTOUG Agoveg Oy Kal Oy, Kal
UTTOAOYICOUHE TO PETPA TWV CUVICTWOWYV UE TOUG YVWOTOUG PJag TUTTOUG:

Fi=2%-0uvl - Fo=%-nué-
F,=2 - 0ouvb Fy=2-nué
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F1X = F1 : 0'UV91 F1q_, = F1 : r]p81

F2X = F2 ' O'UVGZ F2L|J = F2 ' r]p62

F3x = F3 : O'UV93 F3L|_, = F3 : r]|.193
BAupa 3o

YtroAoyidoupe TNV aAyEPRPIKN TIMA TNG CuVICTaPEVNG 0TOuG Agoveg Oy
Kol Oy

2Fy = Fyx + Fox —Fax

ZFW = F1Lp — qu_, + F3X

BAua 4o
YTtroAoyifoupe TO JETPO TNG CUVICTAPEVNG:

52 = (SF,)2 + (SF )2

> = |(EF) +(F,)

Kal TN ywvia 6 1TTou kaBopilel Tn dieuBuvor] TnG:

>F
Qo = _v

2F,

U NAPAAEIrMA

Na utroAoyioTei To PéTpo Kai n d1EUBuvon TNG CUVICTAUEVNG TOU GUCGTAUATOG
TWV OUVAHEWYV TOU OXAMOTOG.

Aivovrai ZnrouvTal
F1=10N @1 =30° a) To YETpo TNG ouvioTapévng ()
F>=6N @, = 60° B) H dievBuvon 1ng

F3=8N (p3=45°
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AOon

a) To opBoywvio cuoTnua afdvwy £xel 000¢i. YTToAoyifoupe T0 aAyeRPIKO
aBpoiopa Twv TTPOROAWY TWV OUVAPEWY OTOUG AEOVEG X, Y.

Auvapeig Fy Fy
F1 =10 N F1X = F1 - ouv30° F1L|J = F1 . I"]|.I30°
1
F., = 10N - 0,866 Fry= 10N~
Fiy = 8,66 N F1y = 5N
F>=6N Foy = F2'O'UV60° sz = F2'F]|J60°
1 V3
F2X=6N' E F2w=6N' 7
F2X = 3N sz = 5,2 N
F3=8N | Fay=-8N-ouv45° Fay = Fanu45°
Fsx =-8N \/E Fsy =8N \/E
3x 2 3y 2
Fa, = -5,66 N Fay = 5,66 N
2Fy = Fqxt Foxt Fay sz = F1L|J+ F2llJ+ F3L|J
2Fy=866 N+3N-566N | 2F,=5N + 52N + 5,66N
2Fy=6N 2F,=1586N
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5= \/(ZFX)Z +(zr,) = J6?N2 +15,867N2

> =16,95N

>F 15,86N
B) g(pe .

F, 6N
€po = 2,64
0 =69°

3.3 ZYNOEZH AYO NAPAAAHAQN KAl OMO®OPQN AYNAMEQN

a) Me tn ypa@ikn pééodo
‘EoTw o1 duvapelg (ox. 3.3a):

ZxAupa 3.3a H ouviotapévn ypa@ika 6Uo TapaAAiAwv Kar opoppoTTwy SUVALEWV.
Fi=12daN F,=8daN {=2m

OpiCoupe TIG KANIHOKEG: NKWwv 1 cm : 25 cm
ouvduewv 1 cm : 4 daN
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MeTagépoupe Tig duvapelg F4, Fo oTta onueia epapuoynig B,A avtioToixa,
ETMAVW OTIG O1EUBUVOEIS TwV duvapewy Fo, F4. H dielBuvon TnG ouvioTaE-
vng Z Ba gival TTapdAAnAn pe TIG ouvIoTWOoEG, Ba diEpXeTal aTTd TO ONUEio
TouNg E kai Ba €xel anueio epapuoyng 1o onueio I

Etopévwg :
>=5x4daN ¢ =33x25cm {4 =47x25cm
£ =20 daN 4, =82,5cm t,=117,5¢cm
B) Me Tnv avaAuTtiki péBodo (o). 3.3a):
H ouvioTauévn X €xel HETPO:

E=F+F,

Kal 81EUBuvaon Kal opd, AUTH TWV CUVICTWOWV.
lNa Tov TTPoodIoPICHO TOU ONUEIOU EQAPUOYAS TNG CUVIOTAUEVNG, EQAP-
MOJoupE TO BEWpPnUa TWV POTTWY, WG TTPOG TO onuEio I

Ms = Mg + Mgz

Fl ZZ
O=—F1'l1+F2'£2 F1'l1=F2'l2 —— =
F2 ll

Katd cuvérrela, ytropoupe va kataAnéouue otn d1aTUTTWON;:

H ouvioTapévn £xel: o) JETPO iCO E TO AOPOICHA TWV PETPWYV TWV
OUVIOTWOWYV, B) TNV idia d1elBuvon Kal POPd HE TIS CUVIOTWOEG, Y)
TO ONUEio EPAPUOYAG TG BPIOKETAI E£TTi TNG €UBEING TTOU EVWVEI TA
ONMEIN EQAPHOYAG TWV CUVICTWOWYV, TTANCIECTEPA TIPOG TN HEYAAU-
TEPN KaI ) Siaipei TNV €uBeia, TTOU EVWVEI T ONUEIN EQAPUOYNG TWV
OUVICTWOWYV, O€ TUAMATA AVTIOTPOPWG avAAOYa TTPOG TIG CUVIOTWOEG.
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3.4 ZYNOEZH AYO NAPAAAHAQN KAI ANTIPPOIMQN AYNAMEQN
a) Me n ypa@iki pé6odo

‘EoTw o1 duvdpelg (ox. 3.4a):
Fi1=4daN F, =20 daN {=2m

IyxAupa 3.4a H ouvioTapévn ypa@ika 0Uo TapaAAiAwv kar avrippormwy SUVALEWV.

Opioupe TIG KAipaKeS pnkwv: 1cm: 20 cm
duvdapewv: 1cm: 4 daN

H diadikaaoia givail n idia pe auTr) Twv dU0 TTAPAAAAAWY Kal OJOPPOTTWY
OUVANEWV.
IMPOKUTITEl ETTOPEVWG:

> =4 x4daN £,=10x20cm {=2x%x20cm
Z =16 daN 4, =200cm {,=40cm

6) Mg Tnv avaAuTiki péBodo (oy. 3.40):

H ouvioTauévn €xel yéTpo:

Z=F2—F1
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H d1evBbuvor TG oupTiTiTel ye TN d1EUBUVON TWV CUVICTWOWYV Kal N
QOopPA TNG PE TN POPA TNG MEYAAUTEPNG OUVIOTWOAG. A TOV TTPOCBIOPIoUO
TOU ONUEIOU EQAPUOYNG TNG CUVICTAUEVNG, EQAPPOJOUE TO Bewpnua Twv
POTTWV WG TTPOG TO onueio B:

Ms = Mgq + M2

T

14
0=F1-4-F- 4 Fi-lh=Fy- 4 =2
F, 4

Katd cuvétreia, kataArpyouue otn diatuTmwon:

2

H cuvioTapévn £xel: a) JETPO ioo PE TN S10QOPA TWV METPWYV TWV
ouVvVIOTWOWYV, B) TNV idla d1elBuvon PE TIG CUVICTWOEG KAl POpd, auTH
TNG MEYOAUTEPNG, Y) TO ONHEIO EQAPMOYAS TNG BPICKETAI OTNV TTPOE-
KTOOT TNG £UBEiOG, TTOU EVWVEI TO ONUEIN EQAPHOYAS TWV OUVIOTW-
oWV, TTPOG TO NEPOG TNG MEYOAUTEPNG KaI 8) Ol ATTOOTACEIG TNG ATTO
TIG OUVIOTWOEG, Eival AVTIOTPOQPWGS AVAAOYEG TTPOG OUTEG.

3.5 ZYNOEZH TYXOYZQN OMOENINEAQN AYNAMEQN
Fpa@iki péBodog:
‘EoTw o1 duvdpelg (oX. 3.5 a):

F, =3daN F,=2daN F3 = 5daN

IXAMa 3.5a 20vOBean TUXOUCWVY OUOETTITTEOWYV SUVALEWY
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Opioupe kAipaka: 1cm: 2daN

Kataokeudloupe 10 duvapottoAuywvo 0-1-2-3, apxiovtag ammo éva
TUXOV anpeio O kal TTpoadiopifoupe Tn ouvioTapévn X Kata dieBuvon,
@OpA Kal PJETPO.

Maipvoupe €vav TTOAO Kal QEPVOUE TIG TTOAIKEG akTiveg -0, T1-1, T1-2
Kan T-3.

Apxifovtag atrd 1o TuxOv anueio A, @Epvoupe TIG euBeieg AB, BT, TA,
AE mrapdAAnAeg avTtioToixa Tpog TIG TTOAIKES akTiveg 11-0, -1, 11-2, -3
Kal oxnuatifouphe 1o axoivoTroAUuywvo A-B-I-A-E. To onueio TouAg Twv
TpoekTdoewv Twv A-B kai A-E mmpocdiopicel Eva onueio Tng dietBuvang
TNG CUVIOTAMEVNG Z.

3.6 ANAEZ NEPINTQZEIZ ANAAYZHZ AYNAMEQN

H avaAuon piag dUvapung TTou evepyEi O€ Eva GWHA, GTTOOKOTTIEI OTOV TTPOC-
OI0pPIoUO £VOG CUOTHPATOG BUVAUEWY, TO OTTOI0, OTAV EVEPYEI OTO OCWUA,
EMPEPEI TO 010 ATTOTEAET A PE QUTO TNG apPXIKNG dUvaung. O1 duvdAuelg Tou
OUCTHPOTOG OVOUAJOVTal CUVIOTWOES KAl N EpyaAdia TToU TTEPIYPAYWAE,
avaAuon SUvVauNng € CUVIOTWOEG.

o) AvdAuon dUvapng o€ SU0 CUVICTWOEG, TWV OTTOIWV gival yvw-
oT1ég o1 SiguBuvoeig (ox. 3.6 a).

ZxAua 3.6a AvdAuon duvaung: a) TepimTwon
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Me yvwaoTEG TIG BIEUBUVOEIG TWV CUVIOCTWOWY OXNUATICOUUE, KATA Ta
yVwoTd a1rd TN oUvOeon Twv dUVANEWV, TO TTAPAAANAGYPAUO KOl TTPOC-
dlopidoupe TIG cuvioTwoeg Fq, Fo.

Mia deuTepn evdlapépouca AUon Tou idlou TTPORANUATOG, TTEPIYPAPOUE

TTAPOKATW:

ATT6 €va TuxOVv anueio O @épvoupe (ox. 3.6 a”) Tnv 0-2 ion kai TTap&dAANAn
Tpog TN Z. A6 Ta onueia O kai 2 eépvoue avTioToixa TG TTAPAAANAES TTPOG
TiIg d1eubuvaoeig T, r’. To onueio Toung 1 mpoodiopilel TIg U0 CUVICTWOES
F», F1 o1 otToieg peTagépovtal oTig dieuBUvVaEIg TouG T, .

IxAua 3.6a” AvaAuon duvaung : a) mepimrwaon — 6eutepn Auon

B) AvaAucon duvapung o€ 3U0 OUVIOCTWOEG NE YVWOTA TN S1EBuvon
TNG TTPWTNG Kal éva onueio P Tng 81e0Buvong Tng deUTEPNG.

xAua 3.6B AvdAuon duvaung: B) mepimtwaon
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Evwvoupe 1o onpeio P pe 1o onueio epapuoyng TG Z Kal avAyou e TO
TPORANUA OTNV TTEPITITWON Q).

Y) AvdAuon dUvaung o€ 3U0 CUVIOTWOEG PME YVWOTO OTro éva onpEio
TwV S1EUBUVOEWV TWV CUVICTWCWV.

AvAyeTal ge EUKOAIQ OTNV TTEPITITWON Q).

TyxAupa 3.6y AvdAuan duvaung: y) mepirwon

0) AvdAuon dUvapung o€ 500 CUVIOTWOEG UE YVWOTA TO METPO, TH
S1e0Buvon Kal TN @opd TNG Hiag.

xAua 3.68 AvdAuon duvaung: 6) mepimrwan

Me yvwoTég TG duvapelg Z, F1 oxnuaridoupe 1o Tpiywvo OAB. H {nToU-
pevn ouviotTwoa Fy Ba gival TapdAAnAn Tpog Tnv AB Kal Ba €xel onueio
€EQAPUOYAG auTd Twv Z, F4, dnAadn 1o O.
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3.7 ANAAYZH AYNAMHE ZE AYO NMAPAAAHAEE SYNIZTQZES
(MPQTH NEPINTQZH)

‘Eotw (0x. 3.7a): X=20daN {,=2m {=4m

xAua 3.7a AvdAuon 60vaung o€ duo mapdAAnAeg duvaueis

a) MpwTn ypa@ikn péBodog

OpiCoupe TIG KAIMOKEG: unkwv: 1 cm: 1 m
duvdapewv: 1 cm: 5daN

2xedIGdoupe Tn dUvVANN Kal TIG OTTOOTACEIS ¢4, £, OTIG OTTOIEG PEPOUE
TIG U0 BIEUBUVOEIG TWV CUVICTWOWV. TN dlEUBuvoN TNG cuvioTwoag F4
MeTagpépoupe TN OUvaun Z ( eival n AA ) kal pépvoupe Tnv euBeia AB. ETTi
TNG ouvioTapévng Z TTpoadiopifovTal €101 U0 euBUypaupa TuAuaTa: To NE
= F4 1T0U peTagépeTal ato onueio A kai To EG = F, TTou petagépeTal oTo B.
Me avTioTOIXEG NETPNTEIG TTPOKUTITOUV:

F,=26x5daN F,=1,3 x5 daN
F, =13 daN F, = 6,5 daN

B) AguTepn ypa@Ikn péEB0d0g

ZNUEIWVOUNE TIG KAIJOKEG, TN B€0n TNG Z Kal TIG dIEUBUVOEIG TWV CUVI-
oTwowv (ox. 3.7B).
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xAua 3.7B Acurepn ypagikn pé6odog

ATT6 TUXaio anpeio O oxedialoupe Tn duvaun Z (civai n O -1) kal aTmd
TUXQiO TTOAO TT PEPVOUE TIG TTOAIKEG aKTiveg T1-0, TT-1.

ATTO Tuxaio onueio I TTou BpiokeTal oTn diEUBUvVON TNG Z PEPVOULE TIG
A kai 'B TTapAdAANAeg avTioToixa oTIG TTONKES akTiveg 11-0 kai T-1. Evw-
voupe Ta onueia A kai B kal @épvoupe atmd Tov TTOAO TT TNV TTOAIKI akTiva
-2 TTapAAAnAn Tpog Tnv AB. H O-2 mTpoadiopilel Tn ouvioTwoa F4 kai n
2-11nv Fo.

Me avTioToIXEG JETPHOEIG TTPOKUTITOUV:

F1=2,6 x 5daN F,=1,3x5daN
Fi=13daN F, = 6,5 daN

y) AvoAuTiki péBodog

¢
S=F +F,=20daN 1= ‘2 _4m

21
Fy (L, 2m

A1é 10 ouoTtnua: F1 + F», =20 daN
F1 = 2F2
TTPOKUTITEL:
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2F, + F5 = 20 daN 3 F, = 20daN
F, = 20daN
3
F, = 6,66 daN
F,+F,=20daN
F1=20daN - 6,66 daN
Fy=13,34 daN

ZUYKPIVETE TO OTTOTEAEOUATA YPAPIKNAG KAl avaAUTIKAG peBOdoU Kal al-
TIOAOYAOTE TIG DIAPOPEG.

3.8 ANAAYZH AYNAMHZ ZE AYO NMAPAAAHAEZ ZYNIZTQZEZ
(AEYTEPH MNEPINTQZH)

‘Eotw (ox. 3.80):

TxAua 3.8a H ypaikn uéBodog

> =12daN {1 =2m {, =6m
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a) Mg tn ypa@ikr pé6odo

Opioupe TIG KAIPOKEG: unkwv: 1 cm:1 m
ouvdpewv: 1 cm: 4 daN

2xed1adoupe TN dUvVaNN Z, CNUEIWVOUE TIG OTTOOTACEIS {4, £ KABWGS Kal
TIG 1EUBUVOEIC TWV GUVIGTWOWV.

MeTtagépoupe Tn Z oTn d1EUBUVON TNG TTPWTNG CuVIoTWOAG (gival N MA),
@épvoupe TN BA Kail TV TTpoeKTEIVOURE PEXPI VO auvavTAael T dielBuvan
NG Z oT10 onueio G.

H améoTtaon AG ekmmpoowTrei Tn ouvioTwoa F4 oto onueio I kain EG
TNV F5> 010 onueio B.

Me avTioToIXEG METPHOEIG TIPOKUTITOUV :

Fi=44x4daN F,=1,6x%4daN
Fq1=17,6 daN F,=6,4 daN
B) Mg Tnv avaAuTikAq péBodo

S =Fy-Fp=12daN

F ¢ 6m
Fo4o2m
I:l —

g =
Emopévwg:
F4- Fo=12daN
F1=3F,

3F,-F, = 12 daN
2 F,= 12 daN

12 daN
2:

F, =6 daN
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Fy-F,=12daN
Fy=12daN +F,
Fy=12daN + 6 daN
Fy =18 daN

3.9 ZYNOHKEZ IZOPPOIMIAZ XTEPEOY ZQMATOZ

MNa va 1Ic0ppoTiroEl éva aTEPEd TwWHa (0X.3.9a), GTO OTTOI0 EVEPYOUV TTOA-
Aég duvapeig Fq, Fo ..., Ba TpétTel N cuvioTapévn Twv duvapewy (ZF) kai
N CUVIOTAPEVN TWV POTTWV TWV BUVANEWYV (ZM), va gival ioeg e undév.

IxAHa 3.9a ZuvOnkes 1I00pPOTTIAC OTEPEOU TUWUATOS

AnAadn:
ZF=0 TM=0

H TpwTn ouvBnikn atrokAEgiel T JETAQOPIKNA Kivnon Kai n 8e0Tepn TNV
TTEPIOTPOPIKN.
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Ortav o1 duvdpeig gival OJOETTITTEDEG, OI TTAPATTAVW CUVONKES ICOPPOTTIAg
TTAiPVOUV TIG OVAAUTIKEG EKPPATEIG:

>F =0} {ZFy=0 {ZFy;=0
OMOETTITTEDEG BUVANEIG —
>*M =0} {EM =0

0O NAPAAEITMA (o. 3.90)

SF,=0
SF, =0
SF,=F1—Fy+F3=0
SMa=0

Mp=-F4 '11 +F2'12—F3'l3

.—g_. ZYNTOMH MNMEPIAHWH TPITOY KE®AAAIOY
Z

e H oUvleon U0 1 TTEPICCOTEPWY SUVANEWYV TTOU EvEPYOUV
z o€ €va OWHa ATTOOKOTTEl OTOV TTPOCOIOPIoHO pIag dUvaung,
TNG GUVICTAWEVNG, N OTTOIa OTAV EVEPYEI GTO CWHA ETTIPEPEI

TO D10 ATTOTEAEO A PE AUTO TWV APXIKWY OUVAUEWV.

a. AuvAapeig cuyypOaUMIKES KOl OMOPOPEG:
To péTpo TNG ouvioTauEvng SiveTal ATTd TN OXEON :

2=F+F,
H d1guBuvaon Kai n @opd €ival AUTEG TWV CUVICTWOWV.

B. AUVAUEIG CUYYPOMUMIKEG KOI AVTI(POPEG :
To pé€Tpo TNG ouvioTapévng SiveTal ATTd TN OXEON :

Z=F1-F2

H &1e0Buvon ival n dielBuvon Twv CUVICTWOWY Kal N @opda auTh TNG
MEYOAUTEPNG OE HETPO GUVIOTWOOG.

Y- Auvdpeig utré ywvia ¢ = 90°

2= «/Flz + F22
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T

QO = _2
Fy

H cuvioTauévn TTOAAWY OPOETTITTEOWY BUVANEWYV PE KOIVO GnuEio epap-
Moyng TTpoadiopieTal aTro TIG OXEOEIG:

> = \/ ZF ZF
2F

epp = — ¥
2F,

H cuvioTtapévn duo TTapaAlAnAwy Kal ouo@OpwY SUVANEWYV EXEI HETPO
ioo pe TO ABPOICUA TWV PETPWY TWV CUVICTWOWYV, £XEI TNV idla OIEU-
Buvaon kal opda WE TIG CUVIOTWOEG, TO ONUEIO EQapuoyng TNG BpiokeTal
€TTi TNG €uBEiag TTOU EVWVEI TO CNMEIA EQAPUOYAS TWV CUVICTWOWY,
TTANCIECTEPA TTPOG TN MEYAAUTEPN KOl DIAIPET TNV EUBEIQ TTOU EVWVEI T
OnMEia EQaAPUOYAS TWV CUVIOTWOWY € TUANATA avTIOTPOPWGS avaAoya
TTPOG TIG CUVIOTWOEG.

H ouvioTtapévn d0o TTapaAAfAwY Kal avTippOTTwV OUVAUEWYV EXEI HETPO
ioo pe TN S1a@OPa TWV PETPWY TWV CUVIOTWOWY, £XEI TNV idia dielBuvaon
ME TIG CUVIOTWOEG KAl POPA aQUTA TNG EYOAUTEPNG, TO CNUEIO EQAPUOYNS
NG BPICKETAI OTN TTPOEKTOCT TG EUBEIOG TTOU EVWIVEI TA ONUEIQ EQapPO-
YAS TWV OUVIOTWOWV TTPOG TO HEPOG TNG MEYAAUTEPNG Kal Ol ATTOCTACEIG
TNG ATTO TIG CUVIOTWOEG €ival avTIOTPOPWS AvAAOYEG TTPOG AUTEG.

H avdAuon piag duvaung o€ dUo TTapdAANAEG GUVICTWOEG GUVOWICETAl
OTIG OXEOEIG:

R_64

2=F4+Fp — == (OUVIOTWOEG OPOPPOTIEG)
R4
R_64

2=F1-F; — = —= (OUVIOTWOEG AVTIPPOTIES)
R4

MNa va 1IcoppoTTnoel £va oTEPES TWUA, OTO OTTOI0 EVEPYOUV TTOAAEG OU-
vapeig Fq, Fo ... Ba Tpémmel n ouvioTapévn Twy duvapewy (ZF), kai n
OUVIGTAPEVN TWV POTTWV TWV duvAuewy (ZM) va gival ioeg pe Pndév.
AnAadn:
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2F=0 kar XM=0

H pwTn ouvOnkn atmokAgiel TN JETAQOPIKN Kivnon Kal n 8eUTepn TNV
TTEPIOTPOPIKH.

@ AZKHZEIZ

= 1. Na 1mpoadiopIoTei N cuvioTAPEVN UE TNV GVAAUTIKA Kal TN YPOAQIKN
MEBOSO TWV opoeuBEIaKwY DUVANEWYV, 01 OTTOIEG EVEPYOUV O0TO owpa O.
Fi=2daN
F,=7daN
F;=4daN
F4=9daN

=% 2. Na BpeBei 1o péTpo TNG ouvioTapEvng Twv duvAuewy F4, Fy, F3 TTou
EvePyouv OTO idl0 onueio, OTTWG QaiveTal oTo oxAPaA, étav F4 = 50 N,
Fy=10N, F3 = 2083 N ka1 @ = 60°.

=¢ 3. Na TTpocdIopicETE, E TN YPAPIKA Kal TNV avaAuTikA uéBodo, To on-
MEIO EQaPUOYAS TNG CUVICTAUEVNG TWV TTAPOAARAwWY duvdpewy Fq, Fo TTOU
@aivovTal oto oxnua, étav n amootacn MN eival ion pe 0,70 m.
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= 4. Na uttoAoyioTei N ouvioTapévn Twy duvapewy Tou oxiuatog Fq, Fo,
F3, 6tav:

Fix=3,5N Fqy=15N

F2X=2N F2W=_1N

F3X =-1 ,5N F3W = 3,5 N

=¢ 5. Na avaAuoete Tn duvapn £ oTig ouvioTwoes F4 = 1,5 daN kai Fy, av
n ammoéoTaon TnG F4 a1rd 10 onueio O eival ion pe 100 cm.

= 6. Na mmpoodiopioete Tn duvaun Fo, TTpokeIuévou va eEacPaANIOTEN N
ICOPPOTTIO TOU CUCTAPOTOG TOU OXNUATOG, av r =25 cm kal R =40 cm.
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.) Emidiwképevol oTéxol:

M/ Na opiceTe TO KEVTPO BAPOUG KAl TO KEVTPOEIDEG KAl VO YVWPICETE TN
ONPOoia TOUG OTIG KOTAOKEUEG.

E/ Na yvwpiCeTe TNV avaAuTIKN Kal TN YPo@Ikh u€Bodo TTpoadiopiouou
TOU KEVTPOU BAPOUG Kal TOU KEVTPOEIOOUG.

E/ Na uTropeite va TTpoodiopileTe TO KEVTPO BAPOUG Kal TO KEVTPOEIDEG
ATTAWV YEWHETPIKWY OXNHATWV.

E/ Na ptropeite va eMAUETE TTPAKTIKA TTPORARUATA TTPOCGSIOPICHOU TOU
KEVTPOU BAPOUG Kal TOU KEVTPOEIBOUG, UE TNV OVAAUTIKH Kal TN ypa-
QI HEBOBO, VO OUYKPIVETE Kal va JEAETATE TA ATTOTEAETUATA KAI VO
KaTaAryeTe otn d1aTUTIWGON XPACINWY CUUTTEPATHATWY.

M/ Na opileTe Tnv euoTaBn, acTadr kal adid@opn ICOPPOTTIa KAl va
MTTOPEITE VA KPIVETE TTEPI TNG EUCTABEIOG ] PN TWV KATACKEUWV.
4.1 KENTPO BAPOYZ

H cuvnBéaTtepn dUvaun gival 10 BAPog Pe Tov 0po BAPOG CWHATOG, EVVO-
oupeg, TN dUvVauN JE TNV OTTOI TO CWHA EAKETAI ATTO TN VN.

AlguBuvon J
OUVIOTOMEVNG oﬁfgféggx?m
1) 2)
s >

IxApa 4.1a H diebbuvon NS ouvioTauévng TTapauével n idia,
orav 1o cwpa aAralel Béon.

O1 duvdpeig TNG BaputnTag agkouvTal atré TN yn (o). 4.10-1) o€ 6Aa Ta
MIKPG TEPAXIQ, OTTO TA OTTOIO ATTOTEAEITAI TO CWHA Kal atToTeEAOUV éva oUoTNUO
TTAPAAAAAWY Kal OOPPOTTWY DUVANEWY. TO ONUEIo EQAPUOYAS TNG CUVI-
oTapévng Twv duvapewy, dnAadn TNG dUVAUNG TTOU EKTTPOCWTTEI TO BAPOG
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TOU OWMPOTOG, OVOUACZeTal KEVTPO BAPOUG TOU CUWHATOG YIO OTTOINdNTTOTE
Béon Tou. AnAadn, av To cwpa aAAGEel Béon (ox. 4.10-2) , n GuvioTaPEVN
TOU OUCTHNATOG TwV OUVANEWY, TTOU QVOQEPALE TTapaTTavw, Ba £xel To id1o
METPO Kal n d1eUBuvar TNG Ba diEpxeTal aTTd TO KEVTPO BAPOUG TOU GWHATOG.

OAgg o1 eubgieg, o1 oTroieg dIEpXOVTal OTTO TO KEVTPO BAPOUG, OVOUAOVTaI
KeVTpoBapikoi doveg.

Av TO CWO gival OPOYEVEG Kal €XEI KEVTPO, G&ova 1) ETTITTEDO CUPUETPI-
ag, T01€ 10 KEVTPO Bdpoug (G) Tou cwpaTog Ba BpioKeTal avTioToIX GTO
KEVTPO, OTOV Afova ] OTO ETTITTESO CUNPETPIAG.

Ta K.B. yia pepIkd opoyevr] KavoviKa YEWUETPIKG OTEPEQ, divovTal oToV
TTOPOKATW Trivaka (4.1 B).

IxAua 4.1B Kévrpa BEpouS KAVOVIKWYV YEWUETPIKWY CXNUATWY
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U NAPAAEIrMA

To K.B. Twv cwudTtwyv A kai B pe Bdapn avriotoixa 4N kai 6N, gival To anueio
€QAPMOYNG TNG GUVICTAPEVNG (Z) Twv OUO TTAPAAANAWY KOl OUOPPOTTWY
OUVAUEWV.

F1=4Nkal F,=6N:

2=F;+F,=4N+6N

2 =10N

Av X €ival n ammdéoTaon TG ouvioTapévng atrod Tn duvaun F4, Ba €XoUpE:

MF1 + MF2 = Mz

Potrég wg Tpog 10 onueio B:

4N - 0—6N - 200mm =— 10N - Xq
10N - Xg = 1200 N-mm

Xo =120 mm

4.2 KENTPOEIAEZ T PAMMQN KAI ENI®ANEIQN

TNV TTEPITTTWON KATé TNV 0TT0ia, pia ) dUo dIa0TACEIS TOU CWPATOG Eival
TTOAU JIKPEG, O€ OXEON ME TIG UTTOAOITTEG, Ba TTPETTEI VO MIAGIE TTEPI KEVTPOU
Bdapoug em@aveiwy 1 ypaupwy avriotoixa. ETreidr duwg, 1600 o1 emQa-
VEIEG, 000 KOl 01 YPAUMEG BEV £XOUV BAPOG, Ba PIAGUE VIO KEVTPOEIDEG
YPOUMWYV KOl ETTIPAVEIWV.
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O 1poacdiopIoudg TOU KEVTPOEIBOUG TWV ETTIPAVEIWV YIVETAI UE TPOTTO
QVTiOTOIXO, JE QUTOV TOU TTPOCdIoPIGHOU TOU KEVTPOU BAPOUG, e TN diagopd,
OTI —KaT avaloyia pe Tn Bewpnaon 0TI TO CWUA ATTOTEAEITAI ATTO OTOIXEIWDN
owPaTidla— Kal N ETTIPAVEIN ATTOTEAEITAI ATTO GTOIXEIWDEIG ETTIPAVEIEG.

TNV TTEPITITWON TOU KEVTPOEIOOUG TWV ATTAWYV YPOUPWY, OTTWG TT.X.
Miag o1depéviag papdou, TNG oTroiag ol dUo OIOCTACEIG, O OXEON WE TV
TPITN (TO IAKOG), €ival TTOAU PIKPEG, TO KEVTPOEIOEG (0X.4.2a) BpioKeTal 0Tn
péon Tou PAKoUG TNG.

Xo = 0,5[

IxAMA 4.2a Kevrpoeidéc ypaupuns

‘Evag TpaKTIKOG TPOTTOG TTPOCBIOPIoUOU TOU KEVTPOEIDOUG Wiag ETTIPA-
velag gival autég NG SITTARG avdapTnong.

H péBodog autr ouvioTtaral, otn diadoxIKA avapTnon T.X. EVOG EANACUATOG
(oX. 4.2B) a1oé duo diapopeTikG onpeia, .. Ta A kail B.

IxAHa 4.2B [1po0diopIouOS TOU KEVTPOEIOOUS e OITTAN avapTnon

Eme1dn o1 duo dieuBuvoelg Tou oUppaTog, gival dleuBuvoelg —kal OTIG U0
TIEPITITWOEIG— TNG dUVANNG, TTOU EKTTPOCWTTEI TO BAPOG Tou EAdopaTog, ou-
pTTepaiveTal, 6Tl o1 dIEUBUVOEIG AQUTEG gival KEVTPORapIKoi AEoveg. ETTopévVwg,
10 K.B. TOU eAdopatog, Ba BpiokeTal GTO ONUEIO TOUAG Twv U0 agdvwv.
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To KEVTPOEIBEG TWV CUUMETPIKWYV OXNMATWY BPioKETal TTAVW OTOV GE0-
VO CUUMETPIAG, av To axnua £xel évav dfova oupueTpiag (ox.4.2y), A oTo
onpeio TounRg Twv 800 afdVWV CUPMPETPIAG, AV TO CWHA £XEl OUO TETOIOUG
afoveg (0x.4.20).

IxAHa 4.2y Kevipogidés axNIaTos
e éva déova oupupetpiag

IxAHa 4.28 KevrpoegidéG oxnuarog ue
OUo Géoveg auuuETpiag

MapabEToupe OTN CUVEXEID, TOUG TPOTTOUG EUPECNG TOU KEVTPOEIDOUG
MEPIKWV YEWUETPIKWY OXNHATWV.

4.3 KENTPOEIAH MEPIKQN FrEQMETPIKQN ZXHMATQN

a) Kevrpoeidég opBoywviou

h
=—=0,5h
Xo 5

ZxAHa 4.3a To KevipoeidéS opboywviou

To kevTpoeIdEg Tou opBoywviou, TTOU a@opd TOCO TNV TTEPINETPO, OO0
Kal TNV €TTIQAVEI& Tou, (OX. 4.3a) BpioKeTal OTO ONEIO TOPAGS TWV dlayw-
Viwv Tou, 1] 0TO CNUEio TOPAG TWV BUO EUBEILIV TTOU EVWOVOUV TA JECT TWV
ATTEVAVTI TTAEUPWV TOU.



82  TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN

B) Kevrpoeidég TrapaAAnAoypdppou

h

=—-=0,5h
2

Xo

ZxAua 4.3B To kevrpoeidéc mapaAnAoypduuou

MpoaodiopiceTal (0X. 4.3B) KATd TOV idI0 TPOTTO e AUTOV TOU 0pPBOoYwWViou
Kal a@opd TOOO TNV TTEPIPETPO, OO0 KAl TNV ETTIPAVEIA TOU.

Y) Kevtpoeidég repipépeiag Kal KUKAou

ZXAMa 4.3y KevipoeIdES TTEPIPEPEIRS KAl KUKAOU

SupuTTiTrTel avTioToiXa (oX. 4.3y) YE TO KEVTPO TNG TTEPIPEPEIAG, } TOU
KUKAOU.

0) KevtpoeiB£Eg TNG ETTIPAVEIAG TPIYWVOU

w| o>

Xo

ZxAHa 4.38 KevrpogIbES TIQAVEIaS TPIYWVOU
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Mpoaodiopiletal (oX. 4.30) atmd 10 onuEio TOUAG TWV dIAPECWY TOU TPI-
ywvou.

€) Kevtpoeldég TnG TTEPINETPOU TPIYWVOU

ZxAHa 4.3 To KEVIPOEIOES THS TTEPILETPOU TPIYWVOU

To kevTpoeIdES TNG TTEPIPETPOU TOU Tpiywvou ABI, cupTritrTel (0X. 4.3€)
ME TO ONMEIO TOUAS TwV BIXOTOPWY TWYV YWVIWV €VOS GAAoU Tpiywvou AEZ,
TTOU OpideTal aTTO TIG EUBEIEG TTOU EVWOVOUV TO KEVTPOEIDH TWV TTAEUPWYV TOU
apxIKoU TPIYWVOU.

‘Evag GAANoG TPOTTOG PE TOV OTTOIO €ival dUVATO va TTPOCBIOPICOUNE TO
KEVTPOEIOEG TNG TTEPIMETPOU EVOG TPIYWVOU KOl JTTOPET VO ATTOTEAETEI YEVIKO
Kavova yla Tov TTPoadIopIoPO TOU KEVTPOEIDOUG OIOUBATTIOTE TTOAUYWVOU,
€ival 0 €€1NG: 210 KEVTPOEION TWV TTAEUPWV TOU TPIYWVOU EQAPUOLOUNE avTi-
OoTOIXO TTAPAAANAEG BUVAEIG, i0€G, 1 avAAOYEG WE TIG TTAeUpPES. To onueio
EQAPUOYAG TNG CUVICTAPEVNG TWV OUVAUEWY, CUUTTITITEI JE TO {NTOUUEVO
KEVTPOEIDEG.
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oT) Kevrpoeidég T16¢ou

ZxApa 4.30T1 To KevipoeIdES TOEOU

Av AB givai 1o 16¢0 (0x.4.30T) TOU OTT0ioU {NTEITOI TO KEVTPOEIDES, VIO TOV
TTPOoadIopIoUS TOu pyadopacTe we €€NG: Av OA o a&ovag GUNETPIag Tou
T6¢0U Kal AE 10 puAKog, o€ euBeia ypauun, Tou TuRuatog AB tou 600€vTog
TOEOU OTNV EQATITOUEVN OTO Onueio A Tou To6Eou AB, @épvoupe Tnv OE Kail
ato 1o onueio B Tnv mapdAAnAo otov agova ouppeTpiag OA. Mpoaodiopi-
{oupg, eTTopévwg ,To anpeio () atrd 1o oTroio Yépvouue TTapdAAnAo TTpog
Tnv AE, n otroia téuvel Tov agova cupueTpiog OA oto anpeio (G), TTou
gival To {nTouuevo kevTpoeldES. Me Toug cuuBoAiIopoUg Tou OXNMOTOG, TO
KEVTPOEIDES Ba TTpoadlopileTal aTrd TN OXEON:

r-c

Xo= — OTTOU I, N OKTiVa TOU TOEOU
{

{) Kevtpoe1dég KUKAIKOU TOpED

TxAua 4.3 Kevrpoeldég KUKAIKOU Topuéa
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AV (r) n akTiva Tou KUKAIKOU TopEa (). 4.30), EPVOUE TO TOEO UE AKTIVO
2/3 r kal akoAouBwvTag TNV idia PEBOdO TToU TTEPIYPAYAE GTNV TTPONYOU-
MEVN TTEPITTITWOTN, TTPOCIOPICOUNE TO KEVTPOEIDES TOU TOLOU auTOU, TTOU
gival kal To {NToUPEVO KEVTPOEIOEG TOU KUKAIKOU TopEA. To KEVTPOEIDEG, UE
TOUG OUPBOAICUOUG TOU GXAUATOG Kal TG TTPONYOUNEVNG TTapaypapou,
Ba diveral attd TN OY€OonN:

Xo=

r-c
B

WIN

n) Kevrpoeidég Tpatrediou
1og 1pd110¢

Oépvoupe Tn dlaywvio Al kail Xwpidoupe To TpaTTéCio o€ dUO Tpiywva ATA
ka1 ABI". Mpoaodiopifoupe Ta kKevTpoeidn Twy Tpiywvwy 1 kai 1°. To onueio
TOMNG TNG €uBciag 11" kai TNG euBeiag MN TTOU €VWOVEl T ETA TNG PIKPNG
Kal TNG MEYAANG Bdong Tou TpaTtrediou, gival To NTOUPEVO KEVTPOEIDEG.

ZxAHa 4.3n To kevrpoeidés Tparmediou (10¢ TpO1TOC)

20¢ TPOTTO¢

dépvoupe Tn dlaywvio Al Kal xwpiloude To TPaTTECio o€ dUO TPiywva
AlA kai ABT, Twv oTtroiwv Ta KEVTPOEION €ival avTioToixa Ta 1 kal 17. Me
diaywvio BA xwpiloupe 1o Tpatréfio o€ U0 GAAa Tpiywva BAI kai ABA Twy
OTTOIWV Ta KEVTPOEIDN gival Ta 2 Kal 2. To onueio Topng Twyv gubeiv 117
Kal 22, ival To {NTOUPEVO KEVTPOEIDESG TOU TpaTTECioU.
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TxAua 4.308 To kevipoeidég Tparmediou (20§ TPOTTOC)

AvaAuTIKG (0. 4.31), TO KEVTPOEIGES TOU TpaTTECiou, diveTal atrd Tn oxeon:

_h a+2b
Xo 3 a+b

ZyxAua 4.31 To kevipoegidég Tou Tparrediou (avaAuTika)
Ta onueia M,N €ival avTioToixa Ta 4EOQ TNG WIKPAG Kal TNG MEYAANG
Bdaong Tou Tpartrediou.
4.4 NMPOZAIOPIZMOZ KENTPOEIAOYZ- ANAAYTIKH MEOGOAOZ

Na TTpoCdIOPICTEI TO KEVTPOEIDESG TWV TEGOAPWY CWHATWY pE euBadd E4, Eo,
Es, E4 kKal ouvTeTaypéveg, OTTWG @aivovtal aTo (0X. 4.4 a).
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ZxAMa 4.4a [100038I0pIOLOS TOU KEVTPOEIOOUS LIE THV AVAAUTIKN [1E60DO.

BApa 1o
2UVOAIKO gppBadov (E): E=Eq +Ey,+E3z+Ey4

BApa 20

YT1T00eTIKOG TTPOODIOPICPOS CUVTETAYUEVWYV TOU KEVTPOEIDOUG:
‘Eotw G (X0, Wo)

BApa 3o
E€iowon potrwv 6Awv Twv eupadwyv, wg Tpog Tov agova W (Trpoadio-
PIoUOG Xo):
E-Xo=E1"X1+Ex-Xo+E3-X3+Es- Xy
E1')(1 + E2')(2 + E3 ‘X3 T E4'X4
E

Xo =

BRupa 40
E€iowan potmmwv OAwv Twv gURAdWV wg TTPOS Tov G&ova X (TTpoadio-
PIOHOG Wo):
E-wo=Eq w1 +Exyy+Ezwst Esyy
By +Eyp, +E3-ws +E,y,

WY, =
0 E
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U NAPAAEIrMA

Na TTpoodIopIoTEN JE TNV aVAAUTIKF HEBODO, TO KEVTPOEIDES TOU TTAPAKATW
oxAuaTtog (dlacTdoelg oe cm).

AUon
Xwpidoupe 10 gUVOETO oXNUa O€ aTTAG oxuaTa, Ta 1 Kai 2 (ox.4.a).
Emodveia Tou mpwtou oxfiuartog (E4):

Ei=2cm-5cm
E1=10cm?
Eme@aveia Tou delTepou
oxAuartog (E2):
E>;=10cm-2cm
E, =20 cm?
OAikA Emigaveia (E):
E=10cm?2+ 20 cm?
E =30 cm?
ZXAMA 4.0 2UvOETn ETIQAVEIA

‘EOTW Xg, Wo OI CUVTETAY-
Méveg (ox. 4.B) TOu KevTpo-
€100U¢ (G).

E¢iowaon pottwv 6Awy Twv
EMBAdWY WG TTPOG Tov GEova Y:

E'xo=Eq1cm+Ex5cm

30 cm2-Xg =10 cm?-
1cm +20cm?2- 5 cm

110cm®

0~ 2
30cm

Xo = 3,66 cm

IxAua 4.8 H 6éon Tou kévipou emipaveiag

E€iowaon potrwv 0Awv Twv gURAdWY WG TTPOG TOV AEova X:

E-yg=E44,5cm+ Ey1cm
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30 cm2-yg = 10 cm?-4,5 cm + 20 cm?2-1 cm

65cm°
Yo =

30cm?
Wo =2,16 cm

4.5 IZOPPOINIA KAI EIAH IZOPPOTIIAZ

ATT6 Tn B€0n Tou KEVTPOU BApPOUG EVOG CWHATOG, WG TTPOG TO GNEIo N
TNV €mM@AveIa OTHPIENG TOu, 0dnNyoUuueba oTa TTAPAKATW CUUTTEPACHATA:

1. Av To cwpa TToU BpiokeTal o€ Npepia (ox. 4.5a -1), petakivnBei atrd
TNV apxIKr Tou B¢on, KATW atrod TN oTIyuIaia emidpaon piag duvaung, Oa
eTTaveéABEl o€ auTr], 6Tav TTaUCEl va evePYEi N OUvVAUN TTOU TTPOKAAEDE TN
peTakivnor Tou. To €idog auTd TNG I00PPOTTIAG TOU CWHATOG, XApaKTNPIZETal
WG eUOTABAG Kal ouvodeleTal aTTd TN BIATTIOCTWAN, OTI KATA T PETAKIVNON
TOU CWHOTOG, TO KEVTPO BAPOUG TOU OVUWWVETAI, JE ATTOTEAECUA TN SNI-
oupyia poTrnG eTTava@opds oTnV apxIKr Tou B€on.

ZxAua 4.5a Euorabric icopporria, aotadng kair adidpopn

2. Av 10 owpa (oX. 4.5 a-2) petakivnBei atrd TNV apXIKr) Tou B€0n, KATW
amo TN oTiypiaia emidpacn piag duvaung, To cwua Ba egakolouBroel va
QTTOMAKPUVETAI OTTO TNV APXIKI TOU BE0N I00pPOTTIag, akOun Kal 6Tav TTaloel
va evepyei N OUvan TTou TTPOKAAECE TN PYETAKIVNOT TOU. 2TNV TTEPITITWAN
auTh, MIAGUE yia aoTOB IC0PPOTTIa KAl SIATTIOTWVOUE OTI TO KEVTPO BApOUg
TOU CWHUATOG PETAKIVEITAI XAUNAOTEPO O€ OXEON WE TNV ApXIKA Tou B€on.
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3. ZTnV TEPITITWON TTOU TO OWHA (OX. 4.50-3) JETAKIVEITAI KAI ICOPPOTTET
o€ otroladATToTE B0, MIAGUE yia adld@opn ICo0PPOTTIa Kal GUVODEUETAI
atrd Tn diaTTioTwaon 0TI TO KEVTPO BAPOUG TOU CWHOTOG TTAPAUEVEI OTO idI0
Oyog (dev peTAKIVEITOl UYPNAOTEPA I XAKNAOTEPQ).

2nueiwon: Emdiwgn nag, KaTd Tov UTTOAOYIOHO TwV KOTOOKEUWY, Eival
0€ ONEG TIG TTEPITITWOEIG, N EUCTABNG ICOPPOTTIAL.

4. OpifovTag wg emIPAvVEIN OTAPIENG MIOG KATAOKEUNG, TNV ETTIQAVEIQ
TToU oploBeTeital (ox. 4.5.8 ) atod TIg EUBEiE TTOU EVWVOUV Ta OnueEia oTr-
PIEAG TNG, Ba Kpivoupe yia TNV euoTdBeId TNG 1 Un, €¢eTdlovTag Tn Béon
NG d1EUBUVONG TNG CUVIOTAPEVNG OAWY TWV OUVANEWYV TTOU EVEPYOUV OTNV
KOTOOKEUN, € OXEaN PE TNV €mQAvela OTHPIEAS TNG. Me Tov TPOTTO QUTO
N Kataokeur Ba xapakTnpifetal euoTadbng oTav n dieuBuveon TG ouvIoTa-
MEVNG TTOU Qva@EPAE, TEPVEI TNV ETTIQAVEIR OTAPIENG, (OXI OTIG YPAUMES
TTOU OTTOTEAOUV TO EEWTEPIKS TTEPIYPANMPA TNG).

e
Ve
EoT fl\p\i'“c’

ZyxApa 4.58 H euotdBeia

5. H kataokeur Ba xapakTtnpifetal aoTadig, étav n dielBuvon TnG cu-
VIOTOPEVNG TEPVEI TO EEWTEPIKO TTEPIYPAUMA TNG ETTIQAVEIAG OTHPIENG KOl
Ba kataAAyel o€ avaTpoTrr, OTav n dielBuvVan TNG CUVIOTAPEVNG EEENBEI
atré 1o TTEPIyPAUUA TNG ETTIPAVEING OTAPIENG.
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’—9—0 ZYNTOMH NEPIAHWH TETAPTOY KED®AAAIOY
z
e To onueio epapuoyng TnG duvaung Tou BAPOUG ToU CWHA-
z TOG ovouddeTal kEvTpo Bapoug. O euBeieg TTou dIEPYOVTQI
atro 10 KEVTPO Bdpoug ovopaldovTal KevipoRapikoi Aoveg.

® >TnV TEPITITWON, KOTA TNV oTToia, dUo A Jia diIdoTaon TOU CWHATOG Eival
TIOAU PIKPEG, OE OXEQN WE TIG UTTOAOITTEG Ba TTPETTEI v JIAGUE TTEPI KEVTPOU
Bapoug avTioToIxa ypauuwy A emeaveiwy. EmTeidni Opwg, T6o0 o1 ypay-
MEG, 600 Kal o1 ETTIPAVEIEG OEV £XOUV BAPOG Ba PIAGUE VIO KEVTPOEISEG
YPOUMWY KAl ETTIPAVEIWV.

e H 1o0ppoTria evoG GWPATOG XapakTnpifeTal EUCTABAG, OTAV JETOKIVNOEI
atrd TNV apxIKr) Tou B€on, UTTO TNV £TTIdPOON Wiag dUVAUNG Kal ETTAaVEADEI
0€ auTh, 0Tav TTavael va evepyei N dUvan TToU TTPOKAAEDE T PETOKIVNON
ToU. AV TO cWpa €EaKOAOUBROEI VO ATTOPOKPUVETAI ATTO TNV APXIKH TOU
B¢on 100ppoTTiag Kal OTav TTaucel va evepyei N OUVAPn TTOU TTPOKAAE-
g€ TN METAKIVNOT) TOU N I00PPOTTIA TOU XAPOAKTNPIZETal aoTaORG. Av TO
OWMO JETAKIVEITAI KAl ICOPPOTTEI O OTTOIAdNTTOTE BE0N N ICOPPOTTIa TOU
ovoudletal adidgpopn.

@ AZKHZEIZ

= 1. Na mmpoodiopioTei 10 K.B. Twv cwpdtwv A (F4=15N), B (F, =5 N),
I (F3 =10 N), TTou BpiokovTal oTnyv idia eubsia.

=% 2. Na mmpoadiopioTei 10 K.B. Twv cwpdtwv A (F4 =10 N), B (F2 =4 N),
I (F53 =2 N), Tou BpiokovTal aTo id10 eTTiTTEd0 (SIACTATEIG GE CM).
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=¢ 3. Na mpoadiopioTei T0 K.B. TOU opoyevoug oTeEPEOU CWHPATOG, TTOU
@aivetal oTo oxnua (dlaocTdoelg oe cm).

Ouwn atod

Own amd v mAeupa B TNV TTAeUpd A

2TEPEG OWWQ TOU OTToioU {NTEi-

Ta1 N B€0n Tou KéVTPOU Bapoug

= 4. Na TTpo0dIOPICETE TO KEVTPOEIDES YIAG NUITTEPIPEPEIAS akTivag 1,20m
ME TN YPOQIKN Kal TNV avaAuTIKr u€Bodo.

=& 5. Na TTpoodIopIiOETE TO KEVTPOEIOEG EVOG TETAPTNUOPIOU TTEPIPEPEING
akTivag 1,50 m ye TN ypa@IKr Kai TNV avaAuTIKr pEBodo.

= 6. Na 1TpoodIopiceTe TO KEVTPOEIDEG NUIKUKAIOU akTivag 60 cm pe Tn
YPOAQIKA Kal TNV avaAuTIKh p€6odo.

=& 7. Na TTpo0dIopioeTe TO KEVTPOEIDES EVOG TETAPTNHOPIOU KUKAOU aKTiVaAG
90 cm, PE TN YPOAQIKN Kal TNV avaAuTIKr p€Bodo.

= 8. 2Tnv NAWoN TOU OXAUATOG UTTAPXEI N OMAda Twv TPIWV HAwv. Na
TTPOCdIOPIOTEI TO KEVTPOEIDES TNG ouadag (d1acTACEIS GE mm).
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KapoewTtnA ouvdeon

=¢ 9. Na TTpoadIopIoTEl TO KEVTPOEIDEG TOU EAAOUATOG PE TO TTAPOKATW
OXAMA JE TNV avaAuTIKA HEBODO.

*¢ 10. Na TTpO0dIOPICETE TO KEVTPOEIDEG TNG ICOOKEAOUG DIATOUAG TOU OXAUO-
TOG ME TN YPAQPIKN KAl TNV avaAuTiKr g€Bodo, av a = 150 mm kai e = 24 mm.
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5.9 Emitpemropevn 1don - CUVTEAEOTNG AO@PAAEING

5.10 EmiTpemoEVN TACT OTNV TTEPITITWON HETARBANTWYV QOPTIWV — TU-
mmog SEEFEHLNER
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.) Emidiwképevol oTéxol:

M/ Na avTIAn@BeiTe TO POAO TNG AVTOXNG TWV UAIKWY OTNV ao@AAEia
TWV KATAOKEUWV Kal TN oTToudaidTnTA TNG, WS BacikoU TEXVOAOYIKOU
MOBUaTOoG, yIa OAEG TIG EIDIKOTNTEG.

E/ Na yvwpioete BaoikoUg TEXVIKOUG OpOoUg Tou PJaBriuartog, yia va
ApPXIOETE VO ECOIKEIVVEDTE PE TN “YAWOOA TWV TEXVIKWV”.

E/ Na cioTe o€ B€0N va avaQEPETe Ta €idn Twv QopTiwy, eEEIBIKEVOVTAG
TO KaBEva aTro auTd, PE avTioTolXa TTapadeiyuaTa.

E/ Na yvwpioeTe TNV EKTACN KAI TO TTEPIEXOPEVO TOU PABUOTOG.

M/ Na €ioTe o€ BEan va ava@EPETE TIG BATIKES “KATATTOVHOEIS”, va OpileTe
TNV KOBeWIG atrd auTéG Kal va TIG EVTOTTICETE OTNV TTPAEN.

M/ Na KaTavoAoETe TNV €vvoia TNG TACONG, TO QITIO TTOU TNV TTPOKAAEI Kal
TNV aAAnAouxia: CWHPA-POPTIO-TTAPANOPPWON-AVOTITUCOOUEVES TATEIC.

M/ Na opileTe TNV TAGN, VO QVAQPEPETE TOV AVTIGTOIXO TUTTO KaI VO AUVETE
TPOBAARuaTa TTPOCBIOPICUOU TNG TACNG, TOU YOPTIOU, TNG DIATOMNG.

M/ Na diatutrwvete 1o Nouo Tou Hooke.

E/ Na yvwpileTe Ta €idN TWV KATATTOVAOEWYV, OTA OTTOIO AVOQEPOVTAI N
EMPAKUVON Kal N emRpdayxuvon.

M/ Na opiCeTte TNV €mMPAKUVOT, TNV €I0IKA ETTINAKUVOT Kal avTioTolxXa
yia TNV €MRpPAYuUvon.

E/ Na opilete TO HETPO EAACTIKOTNTOG KAl VA £ENYEITE yIaTi AuTO Xapa-
KTNpicel Ta UAIKG.

E/ Na TTepIypd@eTe TN SOKIUN O EPEAKUTHO.
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E/ Na epunveveTe Kal va €ioTe e B€on va avTAeite aToixeia amo T1a
avTtioToixa diaypduuara.

E/ Na opiCeTe TIG TAOEIG OTO OPI0 avahoyiag, EAaaTIKSTATAG, SIOPPONG,
Bpauong.

E/ Na yvwpileTe TN onUacia TNG ETITPETTOPEVNS TAONG KAl TOU OUVTEAEDTH
AoQAAEIOG yIa TNV AVTOXH - ACPAAEID TWV KATOOKEUWV.

E/ Na opileTe Ta HETARANTA QOPTIO KAI VO AVAPEPETE TTOPAdEIYUATA.

E/ Na AUveTe TTpoBAAUOTA OXETIKA e OOQ avagEépovTal TTapaTTdvw, va
OUYKPIVETE KAl VA JEAETATE TA ATTOTEAEOUATA, WOTE VO KATAAAYETE
oTn O10TUTTWOTN XPNOIHWY CUUTTEPOACHATWY.

5.1 HANTOXH TQN YAIKQN

O1w¢ AdN avagEpBnKe oTNV apxr TOU TTPWTOU JEPOUG, N AVTOXH TwV UAI-
KWV €ival To TURua TNG MNxavikrg, To o1roio EETACEI TA TTAPAUOPPWUTIHO
owpara, étav Tavw o€ autd evepyouv SUVAEIG.

MpokeIuéEVou va 0piocOUNE TO AVTIKEIMEVO TNG AVTOXIG TWV UAIKWY TTIO
QAVOAUTIKA, TTpOOBETOUNE TO €EAG:

o H peAéTn TNG avroxAg Miog KOTAOKEUAG, BETEI TOV PEAETNT aTTéEva-
vTI o€ OUO avTIQATIKEG ETIDIWEEIG, TTOU auvowilovtal o€ OUO AEEEIG:
ao@AAEIa Kal OIKOVOia.

e O1 000 auTEG avTaywVvIoTIKEG ETIOIWEEIG, AeIToupyoUv N pia o€ Bapog
TNG GAANG. 'ETO1 N YeyaAUTePN ACPAAEIT TNG KOTAOKEUNG, TTPOUTTOBETEI
MEYOAUTEPN TTOOOTNTA KATOOKEUAOTIKWY UAIKWYV H KAAUTEPNG TTOIOTN-
TAG, TTOU PETAQPAlovTal o€ UYPNASGTEPO KATAOKEUAOTIKO KOOTOG, EVW)
avTiBeTa n eEAGTTWON TOU KOOTOUG JE OKOTTO TNV OIKOVOUIa, UTTOPET va
Béoel o€ KivOuvo TNV aoQAAcia.

O1 emdIWEEIG TTOU TTEPIYPAWAE, TTAPA TIG AVTAYWVIOTIKEG TOUG TACEIG,
Oev amroteAolyv diAnupa yia 1o yeAetntr. Eival autovénto, 611 n Kupiapxn
Béan, TTPETTEl va ival N ETTITEUEN TNG MEYIOTNG DUVATAG AOPAAEING.

H avtoxn Twv UAIKWvV, €ival N ETIGTAUN, TTOU JEAETA TO OTOIXEIO TWV
KOTOOKEUWYV KalI TIG AVTIOTOIXEG TTAPAOPPWOTEIG TOUG, OTAV TTAVW OE
AUTA EVEPYOUV £EWTEPIKEG DUVAEIG, HE KUPIO OTOXO TOV KOBOPIOHO
TWV OUVONKWV TToU 800 @aAifouv TnV avToxn TouG.
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5.2 BAZIKEZ EIZAINQI'KEZ ENNOIEZ

O1 duvApEIG 1 01 POTTEG Ol OTTOIEG EVEPYOUV OTO EEWTEPIKO TWV CWHATWV
Kal Ol avTioToIXEG aVTIOPATEIG TTOU QUTEG TTPOKAAOUV, ovouadovTal popTida.

Otav éva owya, BpiokeTal UTTO TNV £TTIOPACN POPTIWY, AEUE OTI POPTI-
{eTan | KaTaTroveital r} BpiokeTal o€ EVTATIKN KatdoTaon. OTtav Ta goprTia
TTAUOOUV VA EVEPYOUV OTO CWUA, AEUE OTI TO CWHO ATTOQOPTIZETAI.

ATTOTEAEO A TNS OOPTIONG TWV CWHATWY, ival n aAAayA Tou oXAUATOG
TOUG, dNAQdI N TTOPAPOPPWACT), TTOU £XEI WG CUVETTEIA TNV AVATITUEN OTO
E0WTEPIKO TOUG DUVAUEWY TTOU OVOUALOVTAI EOWTEPIKEG SUVAMEIG.

O1 TTapapopPWOEIG, TTOU UPIoTaVTAl TO CWHUATA TToU QopTifovTtal dia-
KpivovTal o€:

a) Tapodikég I EAAOTIKEG, Ol OTToiEG £€aavifovTal KAl TO CWHATA
ETTAVEPXOVTAI TTAHPWG OTNV APXIKK TOUG KATAOTAON, HETA TNV ATTOPOPTION
Toug, (N 1816TNTA QUTA OVOUACleTal EAAOTIKOTNTA), KOl

) povipeg | TTAAOTIKEG, OI OTTOIEG £EaKoAOUBOUV va TTAPAPEVOUV OTA
OWMaTA KAl JETA TRV OTTOPOPTION TOUG. AV T0 CWUATA QUTA, TO OTTOIO €XOUV
UTTOOTEI TETOIOU €iI00UG TTOPAPOPPWOEIG, POPTIOTOUV OTABIOKA UE PEYAAU-
TEPA POPTIA, AVATTOPEUKTA Ba €TTEABEI N Opadion TOug.

Omwg gival puaikd, 6Aa Ta UAIKE, aTTé Ta 0TToia atroTeEAOUVTaI T IGPOPa
owpaTta, dev mOEIKVUOUV TNV idla cuuTTEPIPOPE OTaV opTifovTal. Opiouéva
atrd autd ePpavifouv ONUAVTIKES TTAPAPOPPWOEIS, TIPIV ETTEABEI N Bpauon
TOUG Kail ovouAadovTal OAKIMA UAIKE, vy GAAO ep@aviCOUV TTOPANOPPWOEIG
TTOAU TTEPIOPIOPEVNG EKTAONG KOl OvoudadovTal yabupd.

OAKIPa UAIKA: XOAKOG, aAoupivio, XGAUBOG K.ATT.

Yabupd uAiKG: xutooidnpog, okupddea, YUOA, TTETPEG, KEPAMIKA, UNIKG
K.ATT.

5.3 TAEIAH TQN ®OPTIQN
Ta @opria, 6TTwg Ndn €xel avaepBei, eival o1 eEWTEPIKEG DUVAUEIG TTOU
evepyouv oTa dIAYopa cwPATA Kal dlaKpivovTal O€:

o) Movipa @oprTia- cival ekeiva TTou dev peTafaAAovTal, kKatd B€on Kai
MEyEBOG. M.x. TO id10 BAPOG TWV CWHATWY.
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B) MeTaBAnTa @oprtia- cival Ta peTaBariopeva, katd BEon kal pEyebog.
.. TO auToKivNTO TTOU BIEPXETAI it YEQUPQ, Eival O OXEON UE TN YEQUPAQ,
MeTaBANTO @oprTio.

Y) ZUYKEVTPWHEVA KAl ETTIPAVEIOKA POPTIA, EiVal QVTIOTOIXA TO POP-
Tio TTOU evepyouV O€ pia TTOAU PIKPH TTEPIOXT TOU CWHATOG Kal TA QpopTia
TTOU £VEPYOUV O€ Mia EKTETAPEVN TTEPIOXT TOU CWHATOG. Ta UTTOOTUAWUATA
(KOAOVEG) PIag KaToIKiag Kal n Triecn Tou VEPOU OTA TOIXWHATA WIS TTIOIVAG,
gival avTioToIXa TTAPAdEIYHATA CUYKEVTPWHEVWV KAl ETTIQAVEIAKWY QPOPTIWV.

0) Auyeoa Kal EMUECA QOPTIA, Eival avTioTOIXa Ta YOpPTia, TTou dpouv
ameuBeiag Tdvw oTa CWPATA KAl TA QOPTia TTou dpoUV PE TN HECOAGRBNON
d1atagng (dAAou cwpartog). M.x. To BApog evog TpatredioU Kal To BAPOG
TWV QVTIKEIYEVWYV TTOU £X0UV TOTTOBETNOEI ETTAVW OTO TPATTEC, AvTIoTOIXA,
WG TTPOG TO OATTEDO.

5.4 Ol Z[NIOYAAIOTEPEZ KATAINONHZEIZ

21NV mapdypago auth, Ba avapepBoUue OTIC OTTOUBAIOTEPES ATTAEG KOTO-
TTOVACEIG, ETTIXEIPWVTAG YIA TTPWTN TTPOCEYYICTH Toug (0. 5.4 a):

o) E@eAkuopog kai OAiyn: O1 KATaTToVROEIS AUTEG, YIa va ekdnAwBolv
o€ éva owpa, Ba TTpETTEl va evepyoUv oTa AKPA TOU QPOPTia avTiBeTa, Twv
OTTOIWV N CUVIOTAUEVN GUUTTITITEI JE TO YEWMETPIKO GOV TOU CUWHATOG.
Avdahoya, av To owpa TEiVEl va ETTIUNKUVOED 1 va emippayuvBei, katatroveital
avTioToIXa 0€ EQEAKUGHO 1) BAIWN.

B) AldTNON eP@aviCeTal O £va CWHPA, OTAV EVEPYOUV O€ auTO OUO
popTia KABeTa aTov Agova Tou Kail ol d1EuBUVOEIS TOUG BpioKovTal TTOAU
TTAnGiov N pia oTnv GAAn.

y) Kdpyn gpgavifetal ae éva owpa, 0Tav evepyouv g€ autd QopTia
KABeTa oToV AZOVA TOU, TTOU £XOUV WG CUVETTEID T dNIoupyia POTTWY,
TToU BpiokovTal o€ éva eTTITTEO0 KABETO OTN SIATOWMN TOU Kal TTou SIEPYETA
atrod TO YEWMETPIKO Aova TOU CWHPATOG.

(AigukpiviCeTal 611, WG dlaToun OpICETaI N ETTIPAVEIQ TTOU TTPOKUTITEI OTAV
TTPAYHOATOTTOINOOUE Wia TOUN TOU OWHPATOG PE €va eTTiITESO KABETO aTOV
agova Tou).
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ZxAua 5.4a Or o1TTOUdQIOTEPES KATATTOVATEIS

0) ZTpéyn cu@aviCeTal o€ Eva CWPA, OTAV TA QYOPTIA TTOU EVEPYOUV OE
auTo, atroTeAOUV {eUyog TTou BpiokeTal o€ pia diaTtou KABETN aToVv dfova
TOU OWUATOG.

€) AuyioHOG gival n Tautdonun Katatrévnon Pe mn BAiywn, atmoé TAsupdcg
0pdaang Twv GopTiwy, UTTO TNV TTPOUTTIO0ECN GUWG OTI TO UIKOG TOU CWHATOG
gival TToAU peydAo o€ oxéaon Je TIG AAAEG BIOOTATEIG TOU.
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5.5 H ENNOIA THZ TAZHZ

‘EoTw n paRdog AB ( ox. 5.5 a - 1) TTOU KATOTTOVEITAI O€ EQEAKUCUO ATTO TA
@oprtia P. Mg éva emitredo k&BeT0 O0TOV ACOVA TNG, TTPAYHOTOTTOIOUNE GTO
onueio I, TNV TOUA T - T/, PE TNV oTToia dlaxwpidoupe TN papRdo oTa TuAUATa
Al kai Bl (0 5.5 a - 2). E€eTadovTag TIG GUVBAKEG ICOPPOTTIAG TOU apICTEPOU
TUARPaTog Al SIaTTIOTWYVOUE OTI VIO VO BPIOKETAI O€ IGOPPOTTIa, Ba TTPETTEI TO
0¢e€16 TpuAMa Bl va aokei o€ autd pia duvaun F, ion kai avtiBetn tng P. Kar’
avaloyia, yia va BpiokeTal o€ Ic0ppoTria 1o TuAa Bl Ba Tpétmel va aokeital
O€ aUTO, aTTod TO APICTEPO TUNAPA Al pia duvaun F, ion kai avtiBetn Tng P.

ZxAHa 5.5a O1 0pOEC EPEAKUTTIKES TAOEIS

O1 duvapeig F, eival eowTepPIKEG OUVANEIG, OUOIOUOPPA KATAVEUNUEVES
oTIG dlaTopéG oTo onpeio I TG pdpdou, TTou TTPonABav Tt TNV TOUA T—T°
(ox.5.5a-3).

Av uttoB€goupe, OTI KABE OTOIXEIWDOEG TUNMA TNG OIATOPNG DEXETAI TN
oToixelwdn duvaun (o), ToTE, agou n diatoun TG papdou eival ion ye A,
TTPOKUTITEL:

F=0-A=P «ka
P

o=—=
A

> | T

To TrnAiko auTo (0), ovouddeTtal Tdon Kal akoun opBn Taon, atmd 1o yeyovog
OTI €ival KABeTN oTn dlaTour, KOl opPON EPEAKUOTIKN TACT, YIATI TIPOEKUWE
aTto KataTrévnon TNG PARO0OU O€ EPEAKUTUO.

O1 1doeig dev dnuioupyolvTal 0av ATTOTEAECHA TNG dPACTNG TWV POPTIWV TTAVW OTA
owpara, aAAG oav OTTOTEAETHA TWV TTOPAPOPPUCEWY TTOU UQICTAVTAI TA CWHATA ATTO TNV
€TMIOPAC TWV QOPTIWV.
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U NAPAAEIrMA

Mia paBd0g TETPaywVIKAG SIATOMAG PE TTAEUPA 5 cm, eQeAKUETOI ATTO POPTIO
AyvwaoTng évraong. Av n avatTuooopevn Taon sival ion e 1500 N/cm?2,
va TTPoodIopIoTEl TO PopTio ot daN/ cm?2.

Aivovrai: ZnrouvrTai:
a=5cm F oe daN

o =1500 N/ cm?

AOon
0 = 1500 N/cm? = 150 daN
_F
A
F=A-0

A=02=52¢cm?2=25cm?
F=A-0=25cm? 150 daN/cm?
F = 3750 daN

JUVEXEID TNG UTTOONKEIWONG

Mpdypar, katd Tn didpkeia TG Opdong KATTOIWY POPTIWV O€ £va owWud, auTd apxiel va
TIAPAPOPPWVETAI, ONAADH T HEPN TOU CWHATOG 1 KAAUTEPA T JOPIA TOU GWHATOG PETAKI-
vouvTal, JE ATTOTEAECUQ, OTN @ACN QUTH, TO CWHA va un Bpioketal og IcoppoTria. Oco Ta
POpPTIO HEYOAWVOUV, HEYOAWVOUV, OTTWG Eival PUOIKO, KAl Ol TTAPAUOPPWOEIG TOU CWHATOG
Kal ETTOPEVWG HEYOAWVOUV Kal OI TAOEIG TTOU avaTITUooovTal, TAGEIG TTOU QVTITIPOCWTTEUOUV
TIG avTIOPACEIG TWV HOPIWV TOU CWHATOG OTIG TTAPAUOPPWOEIS Tou. " autdv akpIBwg To
AGYO, Ol TTAPAPOPPWOEIG TOU TWHATOG HEYAAWVOUV, JEXPIG OTOU OI AVTIOTOIXEG TATEIG TTOU
avaTITUoo0VTAl, VO ICOPPOTTAGOUV TIG EEWTEPIKEG DUVAUEIG KOI TO OWUa va Bedei kal TTAAI
o€ katdoTaon 100ppoTTiag. MpéTrel akdun va TovioTel 6TI yia va dIEUKOAUVOET n HEAETN TNG
QAVTOXAG TWV UAIKWYV Kal va attAotroin®ei n etriAuon Twv TTpoBANUATWY TTOU TTPOKUTITOUV,
yivovTal OeKTEG Ol TTAPAKATW BETEIG:

1. Ta owpara BewpolvTal opoyevr], dnAadr UNIKG TTOU €XOUV TIG idIEG QUOIKEG 1I010TNTEG O€
6Ao Toug TOoV OYKO, dnAadr o€ KGBe anpeio Toug.

2. Ta owpaTta BewpolvTal EAACTIKWG I00TPOTTA, dNAAdK UNIKG TTOU £X0UV TIG IDIEG EAATTIKEG
1I310TNTEG TTPOG OAEG TIG DIEUBUVOEIG.
To KAouTooUK TT.X. £XEI TTPOG OAEG TIG DIEUBUVOEIG TIG idIEG EAATTIKEG IDIOTNTEG, YI' AUTO Kal
AéyeTal UNIKO EAQOTIKWG ITOTPOTTO, EVW TO EUAO TTaPOUCIAdel KaTtd Tn dieUBuvan TwV IVWV
TOU PEYAAUTEPN EAQOTIKOTNTA KAl KATA TNV KABETN ieUBuvON TTPOG TIG iVEG TOU HIKPATEPN,
yr' auTd Kal AéyeTtal UAIKO EAAOTIKWG avIOOTPOTTO.
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5.6 O NOMOZz TOY HOOKE

ATTO TTEIPAPATIKEG DOKIPEG TWV UNIKWV, £XEI aTTODEIXOET OTI OI TTOPAPOPPW-
OEIG TTOU UQioTavVTal Ta QOPTICUEVA CWUATA, Eival AvAAOYEG PE TA QopTia
oTnNV apxn Twv TTOPAPOPPWOEWY, AANG OTN CUVEXEIA O TTAPAPOPPWOEIG
auéavovTal, (e TaxuTEPO puBUO), o€ PEYAAUTEPO TTOOOCTO ATTO TO AVTIOTOIXO
TT0000TO AUENONG TWV POPTIWV.

O vopog Tou Hooke Aéel 6T1: Av Bev EeTTepaoTEi Eva GUYKEKPIUEVO OplO,
TTOU ovopdAdeTal Oplo avaloyiag, ol TTaPAOPPWOEIS TTOU UPIoTAVTAI
TO POPTIOPEVA CWHATA, EiVOl AVAAOYEG HE TO AVTIOTOIXO QOPTiO TTOU
TIG TIPOKAAECAV.

O vopog diaTuttwBnke 10 1678 pe TN @pdon «ut tensio sic vis» Kai
atroTeAel TN BacIKOTEPN APXr), OTNV OTToI0 BEPENIWONKE N ETOTAKN TNG
QAVTOXNG TWV UAIKWV.

ZUVEXEID TNG UTTOONUEIWONG

3. Ta owpata €xouv o1aBepn diatoun (A= o1aBepr}) o€ OAO TOUG TO UKOG.

4. HouvioTapévn Twv QopTiwV TToU EVEPYOUV OTO CWHATA, EVEPYEI KATA TO YEWUETPIKO TOUG
agova.

5 OAeg 01 KABETEG DIATOUEG TTPOG TO YEWHETPIKO AEOVA TOU GWHATOG TTPIV ATTO TN KATATIOVN -
on, egakoAouBoUv va gival KABETEG Kal KaTA TN SIGPKEIA TNG KATATIOVNONG KAl ETTOPEVWG
KOl KOTA TNV TTOPAUOP@WON, YEYOVOGS TTOU onuaivel OTi:

0. OAEG 01 iVEG KOTA JAKOG TOU CWHATOG TTAPAPOPPWVOVTAI KOl KATATIOVOUVTAI KOTA TOV
id10 akpIBwg TPOTIO, A

f3. 6Ao TO oW KaTATTOVEITAI OUOIOPOPPA,

Y. OAa Ta QOpPTia TTOU EVEPYOUV OTO CWUA €ival KATAVEUNPEVA OPOIOUOP®a a€ OAn TN
dlaTtopn, TTou gival KABETN TTPOG TO YEWMETPIKO Aova Kal TN CUVICTAUEVN TWV QOPTIWY,
onAadn:

3. Ol AVATITUCOOMEVEG TACEIG EiVOI OMOIONOP QA KATAVEUNMEVES G OAN TN SiaTopn
TTOU gival KABETN TTPOG TOV YEWHETPIKO ASOVA KAl T CUVICTAHEVH TWV POPTIWV.
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5.7 ENIMHKYNZH - ENMIBPAXYNZH

‘EoTw n TTpIoPATIKR pAROOG (OX. 5.7 a), N OTT0ia KATOTTOVEITAI O EQEAKU-
oMo 1 BAiyn atoé 1o goprTio (F), ye atroTEAECTUA TN PETABOAN TOU URKOUG
NG PaRdou katd Al H petaBoAr auTr, avTiTTpoowTreUEl TN HETABOARA Tou
OAIKOU PRKoug TNG paRdou Kal ovopadeTal ETTIMAKUVON OTNV TTEPITITWON
TOU epeAKUTOU Kal ETIRBPAXUVON O€ ekeivn TNG BAIYNG.

ZxAua 5.7a Emunkuvon kai emippdayxuvon paBdéou

Eival eUkoAa katavonTd, 6Tl hia TauTéonun JETABOAN Tou pAKOUG (AL),
€XEI MEYAAN onuaacia yia €va Cwua JIKPOU JAKOUG, O O0XE0N WE Eva CWHA
MeyAAou prkoug. AuTo anuaivel OTl, av £xouue duo PAROoUG, TTOU £XOUV
MAKN avTioToixa 2 m kai 0,5 m, o1 OTToiEG KATATTOVOUNEVEG O€ EQEAKUCHO
TTaPOoUCIAGdouv TauTOONUN OAIKN ETTIUAKUVON ion JE 5 mm, n onuaacia Kal
TQ CUUTTEPACUATA TTOU £EAYOVTAI VIO TIG OUO TTEPITITWOEIG, £iVal TTAVTEAWG
OIOQOPETIKA. Z€ AOPAAr] CUPTTEPATHATA ETTOPEVWG, Ba pag odnyei N yvwaon
NG METAROANG TOU UAKOUG, avd PJovada PAKOUG ToU owuaTtog, dnAadn n
€101k peTaBoAr Tou PAKouUG (€), TTOU EKPpAleTal aTTd TN ox€on:

e=2 (1)
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21NV TEPITITWON TOU €QEAKUGHOU, N (€) Ba ovoudleTal €1IBIKA ETTIHN-
KUVON Kal aTnV TTEPITTTWan NG BAiyng, €181k emipdyuvon.

O voépuog Tou Hooke utrayopeuel OT1, UTTO OPICUEVEG GUVONKEG, N EIOIKN
METAaBOAA Tou PAKOUG (g), gival avaAoyn TnG TAong (O) TToU avaTTTUGoETAl
OTO POPTICPEVA CWUATA, TTOU KATATTOVOUVTAIl aTTé QopTia- dnAadn:

e=— «kal o=¢-E (2)
E

o1Tou T0 E ek@ppadel To HETPO EAACTIKOTNTAG TTOU £EQPTATAI KAl XOPO-
KTNPiel TO UAIKO TOU OWUATOG Kal TO OTToio opideTal atrd Tn oxéon:

E=— (3)
£

OnA. wg oTaBepd TTNAIKO (OTNV EAACTIKA TTEPIOXN) TNG TAONG KAl TNG
€I0IKNG METABOARG TOU PIKOUG.

A6 Tn oxéon (2) o€ cuvduaouo e TIG OXETEIG:

F AL
O=— KOl €£=—
A {
TTPOKUTITEL:
{ F-¢
At _ F Kal eTopévwg Al =
{ A-E A-E

H mmapatrdvw oxéon diatuttwvetal wg €€AG: H peTaBoAn Tou pRkoug
€£VOG OWHATOG —OTNV TTEPIOXN avaAoyiag— gival avaAoyn Tou @opTiou
KOl TOU OPXIKOU TOU JAKOUG, KAl AVTIOTPOPWS avaAoyn Tng S1aTopng
TOU KOl TOU JETPOU EAACTIKOTNTAG.

U NAPAAEITMA

PdaBRdog KukAIKAG dlaToung Siapétpou 8 mm kal urikoug 1,50 m, epeAKUETaI
a1r6 @opTio 5000 daN. Av 1o YETPo EAAOTIKOTNTAG TOU UAIKOU TNG pdpdou eival
ioo pe 2.100.000 daN / cm?2, va TTpoadIopIoTEi N £TMIAKUVON TNS paRdouU.
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Aivovran: ZntouvTar:
d=8mm=0,8cm H emunkuvan (Af)
£=1,50m =150 cm

F =5000 daN

E =2.100.000 daN /cm?

AOon
Al = F-¢
A-E
A~ m-d®° 314 -08%cm?
4 4
A=0,50 cm?

Katd cuvéTreia:

5000daN-150cm

Al = 5 5
0,50cm” - 2100000 daN/cm
7

Al= 50000 om
1050000

Al=0,71cm=7,1 mm

5.8 H AOKIMH ZE E®EAKYZMO H OAIYH

Mpokeital yia Tn OOKIYH TTOU TTPAYUATOTIOIEITAI OTA EPYACTAPIA TNG AVTOXNG
TWV UAIKWV a1t €10IKA YIa TO OKOTTO aUTO PNXaviHaATa, TTPOKEIMEVOU va
TTPOCOIOPICOUE KAl VO KATAYPAWOUUE TIG XAPAKTNPIOTIKES I810TNTEG TWV
UAIKWV, TIG OXETIKEG JE TNV QVTOXI] TOUG.

lNa 10 OKOTTO AUTO, XPENOCIUOTIOIOUVTAI AVTITIPOCWTTEUTIKG deiyuaTa Twv
UAIKWV pE TTpokaBopiapéveg BI00TATEIG, TTou ovouddlovtal Sokipia (o). 5.8 a).
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IxApa 5.8a Emunkuvon (Al): To owpa éxel apxiko urkog L. To owua emiunkoverai
Kal TO URKog Tou yiverai ¢,

2T INXavA Twv SOKIYWY KAaTaypd@ovTal To EQAapPOlOPEVA QOPTIO KATATTO-
vNong Tou UAIKOU o€ epeAKUGO 1] BAiwn (F) Kai o1 avTioTOIXEG ETTIUNKUVOEIG
TOU UAIKOU (Af). To Bidypapua TTou TTPOKUTITEl AT T XProTN TWV GTOIXEIWY
QUTWV YIa TNV TTEPITITWAN TOU EPEAKUGHOU, £XEI TN HOPPNA Tou OX. 5.8 L.

ZxApa 5.8 Aidypauua emunkivoswy - ®opriwv

270 SIAYPAPPa BIAKPIVOUME TTEVTE “TTEPIOXES:

a) Tnv avaAoyikn mepioxn (OA), oTnv oTroia Ta epapuoloueva QopTia
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gival avaAoya Twv avTioTOIXWV TTOPANOPPUOEWY, OTTWG ETTIONG TO 6pI0
(popTio) avaloyiag (F). ATré TO QOPTIO QUTO KAl JE YVWAOTEG TIG OIACTATEIG
TOU SOKIMiOU Kal ETTOPEVWG JE YVwaTr Tn diatopr) Tou (A)*, TTpoodiopifoupe
TNV avtioToixn Tdon avaAoyiag (0y):

_Fa

(0}
A

B) Tnv repioxn (AE), oTnv oTTo0ia o1 TTapaPopPPUICEIS Eival EAAOTIKEG,
aAAG Ta @opTia dev gival avaAOya TwV ETTINNKUVOEWV.

y) Tnv eAaoTikA repioxn (OE), TTou repIAapBavel Tig U0 TTapaTTavw
mepioxes (OE = OA + AE ) kai 1o 6pio (popTio) eAaoTikoTnTaS (F¢). H avri-
aToixn Téon (6p1o) EAACTIKOTNTAG (O¢), Ba TTPOKUTITEI OTTO TN OXEON:

O, =—
£ A
0) Tnv TTePIOXN TWV TTAACTIKWY i HOVIUWYV TTOPANOPPWOEWV (EA)
ME OPIOKO onueio T0 A, TTOU EKTTPOCWTTEN TO 6pl1o dlappong. H avrioToixn
Tdon (6p1o) dlapporns (Og), Oa TTPOKUTITEI ATTO T OXEON:

O5 A
€) Tnv mrepioxn Opavong (AO), oTnv otroia cuvavTaue PEYAAES TTa-
POAUOPPUWOEIG, UE MIKPEG AVTIOTOIXEC AUEADEIS TWV QPOPTIWY. ZNUAVTIKO
onpeio Tng TrePIoX NS gival To (M), dnAadr| To onueio, GTO OTTOIO AVTIOTOIXET
10 péyioTo QopTio Katatrévnong Tou dokiuiou (F ), To otroio Bewpeital yia
TO UAIKOG ws @opTio Bpavong (Fg).
H avtioToixn tédon (6pio) Bpavong, Ba TTpoKUTITEl aTTd TN OXEON:

_Fe

(0}
° A

Kata n didpkeia 1ng SOKIUNAG, oTo onueio (M) Tou diaypduuaTog onuel-
WVETQI ONUAVTIKA PEiwon TnG diaTtourg Tou dokiyiou (oX. 5.8 y), n oTroia
ovopdacletal eykdpoia ouoToAn. Metd 1o onueio (M), akohouBei oT0 d1d-
YPOupa To onueio (©). Ztnv epioxn (MO), TTapd 1o yeyovog 0TI Ta avTioTolxa
@opTia eAaTTwvovTal, To dokiulo BpadeTal (0TO anueio O).

* Katd tn didpkela Tng dokiung n diatoun (A) Bewpeital apetdBAnTN (A = oTaBEPN).
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XyxAua 5.8y H eykdpaoia ocuoroAn

U NAPAAEITMA

‘Eva dokipio diapéTpou 12 mm kail urikoug 60 cm, utreBARON o€ dokipr o€
EPEAKUCHO Kal £dwaE Ta aTToTEAETUATA:

doprio avaroyiog: 1695 daN
Empunikuvon: 0,045 cm

Av 10 popTio Bpauaong Tou dokiuiou gival ioo pe 4238 daN, va TTpoadI-
opioTouV :

a. H téon oTo 6pio avaloyiag,

B. H 160N oT0 6pI0 Bpauong,

y. H €181k emunikuvon,

0. H €1dIkn emuAkuvan €1Ti TOIG €KATO,

€. To HETPO EAAOTIKOTNTOG TOU UAIKOU.



Aivovrai:

d=12mm
{=60cm
Fq= 1695 daN
Fgp = 4238 daN
AL =0,045 cm

Fa

A
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ZnTouvrTai:

a. H tdon oo 6pio avaloyiag (og)

B. H taon oo 6pio Bpauaong (agp).

Y. H €18ikn empnkuvon (g)

0. H e1®IkA emmipfkuvon eTTi 101G €KaTO (£%)
€. To pétpo ehaoTikOTNTaG (E)

A=1,13 cm?

Oq

_a
A

F, 1695 daN

113cm?

04 = 1500 daN/cm?2

_Fop _ 4238daN
B) 0ep = ‘A 1.13cm?

Ogp = 3750 daN/cm?

y)e=

Al

n

60cm

€ =0,00075

Al

€% =0,075

0,045cm

0,045cm )

60cm

100



114 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

E- F.-¢ _ 1695daN-60cm
A-Al 113cm?.0,045cm

£ - 101700 daN
005085 cm?

daN

E =2000000 —
cm

5.9 ENMNITPENOMENH TAZH - ZYNTEAEZTHZ AZOAAEIAZ

MNa va gival eEaoc@aliopévn N avioxn Twv KATAOKEUWY, €ival autovonTo,
OT1 Ogv TTPETTEI KATA TN GOPTIONA TOUG va eEavTAOUVTaI T OpIa TNG AVTOXAS
TOUG, YIOTi av auTd oUPBEi Kal To UAIKO TTOPOUCIACEI TT.X. VO UN EUPAVES
eEAATTWHA, TOTE OAN N KATAOKEUN Ba KaTappeUael. Oa TTPETTEI ETTOPEVWG, N
KATOOKEUN va QOPTIOTEI KATA TETOIO TPOTTO, WOTE VA UTTAPXOUV ETTAPKEIG
eyyunoeig acpdciag, Evavt Toavwy KIvOUvVwy, TTou dev €ival yvwaoToi, 6Tav
TTPAyUATOTTOIOUNE TOUG UTTOAOYIOHOUG avToxng. OI Kivduvol, EKTOG aTro Ta
mOavd eCWTEPIKA EAATTWPATA TWV UAIKWYV, UTTOPOUV VO CUVOWIOTOUV OE€:
MIKPOPWYHEG, TNV UTTapEn EEVWVY TTPOCUICEWY OTA UAIKA e eTTaKOAOUON
TNV aAAoiwan Twv IBIOTATWY TOUG, oTNV aBeBaidTnTa Twv Peyebwy, (Kal
TOU TPOTIOU € TOV OTTOI0 EVEPYOUV), TWV PEYIOTWYV QOPTIWV PE ETTAKOAOU-
0n Tnv aduvayia Tpoadiopicuol Twv avTioToixwv Tdoewv. H aduvapia
auTn, Yivetal eviovoTepn, AOyw TwV aVAYKAOTIKWY ATTAOTTOINCEWV TTOU
TTPAYHATOTTOIOUVTAI OTOUG UTTOAOYIOUOUG TNG AvTOXAG, TTPOKEINEVOU va
QVTIUETWTTIOTOUV TTOAUTTAOKQ TTPOBAARUATA.

EmiTpemropevn Tdon (O¢y), OVOHAZETAI N TAOT HE TNV OTTOIA ETTITPE-
TrETAI VO KaTaTrovn0ei éva UAIKO, yia va gival e§aoc@aliopévn n avroxn
TOU, (KOI QUOIKG KATW OTTO OUYKEKPIMEVA TTEPIBWPIA ao@dAEgiag). H
Tdon auTtr opifeTal aTTd TN OXEON:

o)
_ “6p .
Ognr = n Oen =
\ \

OTTIOU V O OUVTEAEOTIG AOQAAEING, O OTTOIOG BeiXVEl TTOOEG POPEG
N EMITPETTOPEVN TAON Eival MIKPOTEPN TNG TAONG Bpalong Tou UAIKOU,
A TNG TAoNG BIAPPONG (V * Ty = Ogp KAI V * Ogyr = O5).

Mapd 10 yeyovog, OTI 0 GUVTEAEOTNG ao@daAciag TTpoadiopileTal aTTd
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TEXVIKOUG KOVOVIOUOUG, Oev gival Aiyeg Ol TTEPITITWOEIG, TTOU TTPETTEI VO
KoBopIoTeEl aTTd TO HEAETNTH, OXI TTAVTOTE XWPIG 0OBaPEG OUOKOAIEG.
Mn.x.

XGAuBag v =1,5+ 1,7 (€vavt dlappong)
v =2 + 3 (¢évavtl Bpavong)

=Uhov=3+45

XuTooidnpogv =6+ 8

5.10 H ENITPENOMENH TAZH ZTHN MEPINTQXZH METABAHTQN
®OPTION - TYNOZ SEEFEHLNER

A TIG TTEPITITWOEIG, TTOU TA DIAPOPA UAIKA, KATATTOVOUVTAI ATTO [N OTATIKA

@opTia, dnAadr| atd @opria petaBarAdueva Petagu dUO TIMWY, PIag EAAXIOTNG
Kal hIog PEYIoTNG, 1oXUEl 0 TUTTog Tou SEEFEHLNER, TTOU €X€1 TN OPON:

o N Py
ETT(pet) — 3 1T oF

OTTOU, Ogr(yer): EMTPETTOPEVN TAON aTTO PETARANTA QOpTIa,

Fep: eANGxioTO pETABANTO QopTio

F: péyioto peraBAnToO Qoprtio.

Av 10 QopTio peTaBAAAeTal PETAEU (-F + F), 61T0U - F = Fy), TOTE O TUTTOG
Tou Seefehlner TTaipvel TN pop@n:

2 -F 1
O crr(per) = 50€1T 1+ - KAl | Ogrrer) = g0£1T

Av 10 QopTio PeTaBAAAETaI PETAEU TWV akpaiwy TIWY (O + F), 10TE
Fer = 0, OTTOTE TTPOKUTITEL:

0 _ 2
Gsn(psT) = go-srr (14_ ZFJ Ko Gsrr(psT) - gosn

O1 Tapat@vw oXEoelg £xouv TTpoadioploaTei TTeipapaTikd atro Tov Wohler.



116 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

U NAPAAEIrMA

To e@eAKUOTIKO QopTio Bpauong piag paBdou, cival ico pe 9000 daN kai
N emMTPETOMEVN TAon ion ye 10 daN/mm?2. Av 0 oUVTEAEDTHG AoQAAEING
An@Bei icog pe 3, va TpoodiopioTei n dIAUETPOGS TNG pABdou.
Aivovrai: ZnTouvTal:
Fgp = 9000 daN H diduetpog TG paRdou (d)
e = 10 daN/mm?

v=3
AUon
m-d® 4A
- d=/— (1)
4 11
F F
oep = ﬂ A= ﬂ (2)
A Ogp
Og
v=—" Ogp=V-Oer  (3)
O-‘cZ1T
ATTO TNV (3) €XOUpE:

Ogp = V'O = 3-10 daN/mm?

op = 30 daN/mm?

ATTO TN (2) TTPOKUTITEL:

F
A= 0P _ 9000daN

0o 30daN/mm?

A =300 mm?

AvrtioToixa, ato tnv (1) éxoupe:

f 4. 300mm
— = \/382mm
\I 3,14

Kai eTropévwg:

d=19,55mm
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.—g—. ZYNTOMH MNMEPIAHWYH NEMNTOY KEPAAAIOY

\Y

‘ e H avroxn Twv UAIKWV gival n eTICTAMN, TTOU MEAETAEN TA
z OTOIXEIO TWV KATAOKEUWYV Kal TIG AVTIOTOIXEG TTOPOHMOP-
% PWOEIG TOUG, OTOV TTAVW OE QUTA EVEPYOUV EEWTEPIKEG
Suvdpelg, M KUPIO GTOXO TOV KABOPIoHO TWV CUVONKWV

TTou e§ao@aAifouv Tnv avToxr Toug.

e O1 BUVAEIG ] Ol POTTEG Ol OTTOIEG EVEPYOUV OTO EEWTEPIKO TWV CWUA-
TWV KAl 01 avTiIOTOIXEG avTIOPATEIG TTOU QUTEG TTPOKAAOUV, ovoualovTal
@oprtia. Otav éva cwpa, BpiokeTal UTTO TNV ETTIOPACN YOPTIWV, AEUE OTI
POPTIZETAI 1] KATATTOVEITAI ] BPICKETAI O€ EVTATIKR KaTdoTaon. OTtav Ta
@opTia TTaUCOUV VA EVEPYOUV OTO CWHA AEUE OTI TO CWHA ATTOQPOPTIETAI.

e OI TTapapopPWOEIS dlakpivovTal o€ EAAOTIKES Kal TTAAOTIKEG.
e Ta uAika diakpivovTal o€ OAKIMA Kal yabupd.

e Ta goprTia diakpivovTal 0 MOVIMA, HETABANTA, CUYKEVTPWHEVA, ETTI-
@AVEIOKA, AUECA KOl EPUEDA.

e H 1don (o) divetal wg TTNAiIKo Tou popTiou (F) kal Tng diaToung (A)
F

A

e O vopuog Tou Hooke Aéyel 6TI: Av Bev EeTTEPAOTEl EVO CUYKEKPIPEVO
6pl10, TToU ovouddeTal 6plo avaAoyiag, ol TTAPAMOPPWOEIG TTOU UPi-
OTAVTOI T POPTICHEVA CWHATA €ival avAAOYEG ME TO AvTioTOIXO
@opTia TToU TIG TTIPOKAAETaV.

e Mg Tov 0pO ETMIPAKUVON XOPAKTNEICOUMPE TNV alEnon Tou PAKOUG TOU
OWUATOG OTN TTEPITITWAN TOU EPEAKUCHOU KAl JE TOV OPO ETTIRPAXUVON
TNV EAGTWON TOU PrKOUG TOU CWHUATOG OTNV TTEPITITWON TNG BAIYNG.

e H €181k empAKuvon Kai n €181KA emifpdyxuvon divovTtal avTioToixa
a1rd 10 TrNAiKo TNG emipARKuvong (Af) f Tng empBpaxuvong (Af) kai
TOU apXI1koU PpRKoug (/) Tou CWHATOG.

JAVA
E= —
{
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o To pérpo eAaoTikOTNTAG (E) XapakTnEifel TO UAIKO TOU CWHATOG KAl
opideTal ard TH OXéOon: o
E=—

€

o A6 Tn OOKIUN 0€ EPEAKUCHO TTPOKUTITOUV:

F
- H 1don avaloyiag: 0,= I"
- - Fs
— H 1don eAaoTikoéTNTAG: O, = A
. , Fs
— H 1don dlappong: 5= e
Fo

— H tédon Bpavong: 0g= e

e EmiTpemmoOuevn TAON (Ogyr) OVOUACETAI N TAOH TTOU ETTITPETTETAI VA KO-
TatmmovnOei éva UAIKO, yia va gival €Eao@aAiouévn n avioxr Tou, (va
UTTAPXOUV CUYKEKPIPEVA TTEPIBWPIa aoPaAeiag). H Téon autr opileTal
aTto TN oxeon:

— P 3 —
Ogn= n Oen_
\'

OTTOU V 0 OUVTEAEOTAG QOPAAEING, O OTTOIOG OEiXVEl TTOOEG POPEG N
EMITPETTOMEVN TAON €ival HIKPOTEPN TNG TAONG Bpaliong Tou UAIKOU 1
NG TAONG S1APPONG (V * Oy = Ogp KAI V * Oy = O5).
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@ AZKHIEIX

*¢ 1. Mia pdBdog pe opBoywvikr) dlatou 4 cm X 6 cm €@eAKUETAI ATTO
@opTio 2400 daN. Na 1TpoadlopIoTei N avaTrTuooopevn Tadon os daN/cm?
kar daN/mm?2.

o 2. 2¢ PIo JETOAAIKT) OOKO TETPAYWVIKAG dIATONNG ToTToBETEITAI BAPOG
80 kN. Av n avatrruooouevn BNITITIKA Tdon eivar ion pe 0,8 kKN/mm?2 va
utroAoyioTei n TTAeupd TNG SloTOUNAS TNG.

*¢ 3. ATT0 £va CUPUOTOOXO0IVO KpEUETal BApog ico pe 22,6 kN. Av n avaTrTuo-
o6uevn Taon givar ion e 0,20 KN/mm2, va utroAoyiaTei n SIGPETPAOS Tou.

= 4. Mia Adua diatoung 40 x 6 mm kal pAkoug 30 cm KaTaATTOVEITAl O€
e@eAKUOO atro @opTtio 2400 daN. Av n Adua emmpnkuveTal katd 0,12 mm
kal BpaveTal uttd opTtio 4000 daN, va uttoAoyioTouv:

a. H avatrrucodéuevn 1aon
. To yétpo eAACTIKOTNTAG TOU UAIKOU

y. H 1don 6padong 1ng Aduag.

=¢ 5. To @opTio Bpalong Tou UAIKOU piag epeAkuduevng pdpdou eival ico
pe 1000 daN. Av n paBRdog éxel diatopr] ion Ye 4 cm?2 KAl 0 GUVTEAEDTHG
aoQAAeIag gival icog Pe 5, va UTTOAOYIOTET N ETITPETTOPEVN TAON.

= 6. EQeAkuduevn pdpdog punkoug 40 cm, TTapouaciace emipnkuvon 0,04
cm. Na mpoadioploTei n €18IKN ETTIPAKUVON KAl N idla 0€ TTOCOO0TO £TTi TOIG
€KATO.
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A=ONIKOZ EQEAKYZMOZ KAI OAIWH

6.1 Agovik6g epeAKUOOG Kal BAiyn

6.2 Em@avelakn Tieon
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.) Emidiwképevol oTéxol:

M/ Na opileTe, TTOTE £va CWPA KATATTOVEITAI 0€ EQEAKUTHO 1] BAIWN Kal
Va avagEPETE avTioToixa Trapadeiypara atmmo tnv mpdén.

E/ Na AOveTe TTpoBAANATA OXETIKA PE TN O100TACIOAOYNON, TOV EAEYXO
TAOEWYV, TNV IKAVOTNTA QOPTIONG, VO CUYKPIVETE TA ATTOTEAEOUATA,
WOTE VA KATAARYETE O€ XPrOINa CUUTTEPACUATA.

6.1 A=ONIKOZ EQEAKYZMOZ KAl OAIYH

H atrAoloTepn TTEQITITWON CWHPATOG TTOU KATATTOVEITAI O EQEAKUCHO N
BAiwn, €ival auTr) TNG TTPICUATIKAG pARdou (Ox. 6.1a), OTIG aKpaieg dIOTOPES
TNG OTTOIAG EVEPYOUV EEWTEPIKEG DUVAEIG, I0EG Kal avTIOETEG, KABETEG OTIG
O10TOUEG TNG PABDOU Kal TWV OTTOIWY N CUVICTANEVN DIEPXETAI OTTO TO KEVTPO
Bapoug TNG BIATOPNG ( 1] CUUTTITITEI E TO YEWMETPIKO GEova TnG paBdou).

IxApa 6.1a EpeAkuoudc kai BAiyn paBéou
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H pd&Bdog, uttd Tnv emmidpacn Twv dUVAPEWY (POPTiWV) TTOU TTEPIYPA-
Yape, Teivel va emiunKuveei (ox. 6.1 a-1) f va empBpayxuveei (ox. 6.1 a-2).
TNV TTPWTN TTEPITITWON MIAGUE YIa a§oVIKO EQeAKUCHO Kal aTn deUTEPN
yia agovikn BAiypn.

2 ¢ KaBe diatoun TNG paBdou (A), avaTrTucooVTal TACEIG (O), KABETEG
oTn dIATONN, TWV OTTOIWY N CUVICTAPEVN —YIO VO TTOPAUEVEL N pARdOg o€
ICOPPOTTiIa— Ba TTPETTEI VO CUUTTITITEI HE TOV GEova TNG paRdou Kai va gival
ion kai avTiBeTn Ye To e€WTEPIKO PoprTio (F).

, F
Emopévwg: 0= —
A

O1 uttoAoyIopoi TTOU PTTOPOUY Va TTPayPaTOTToINBoUY, YE TNV TTAPATTAVW
oxéan, €ival ol €ENG:

a) diaoTacioAdynon: [NpokeiTal yia Tov UTTOAOYIGHUO TwV SI00TACEWV
POPTIOPEVWY CWUATWY, WOTE VA AVTEXOUV UE AOQPAAEIN TIG AVOTITUCOO-
MEVEG TAOEIG.

Av oupBoAiooupe pe:

Agr TNV atTaITOUpEVN SlaToun,

Fur TO OUVOAIKS UTTaPKTS QOpTiO,

10T€, N SlacTacioAdynon Ba TTpayuatoTToigiTal Ye Tnv BorBeia Tng oxEong:

AmT =

ETT

B) 'EAgyxog TwV TAoewV: NMPOKEITAl yIa TOV EAEYXO TWV TACEWV TTOU
avaTITUCCOVTal O€ QOPTIOUEVA CWHATA, PE Oedouévn dlaTour Kal dedopéva
UTTOPKTA EEWTEPIKA POPTIA, TTPOKEIPNEVOU VA OIATTIOTWOOUE AV Ta CWUATA
AVTEXOUV HE aO@AAEIQ, 1 OTI OI AVATITUCOOUEVEG TAOEIG EiVal HIKPOTEPEG 1)
i0€G PE TIG ETTITPETTOUEVEG.

Av cupBoAlicoupe pe:

Ayr TNV uTTdp)Xouaa (8edopévn) diaToun,
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Fur TO UTTap)ov (dedouévo) goprTio,
Oy TNV UTTAPXOUCQ avaTITUGOOUEVN TAON,

TOTE, 0 €AEYXOG TWV TAoEwV Ba TTpayPaToTrolEiTal Je Tn Bondeia Tng
oxéong:

Fom
Oym = S Oen

AUTI'

y) MpocdiopIcog TNG IKAVOTNTAG POPTIONG:

MpodkeITal yia Tov UTTOAOYIOUO TOU PJEYOAUTEPOU POPTIOU, TTOU UTTOPOUV
Va AVTECOUV PE AOPAAEIR, QOPTICUEVA OWHOTA OEQOUEVWV DIATOUWY.

Av oupBoAicoupe pE:
Ay TNV UTTAPKTA dedopévn dlaToun,
F 70 péyioTo @oprio,

TOTE 0 TTPOCdIOPINOG TNG IKAVOTATAG GOPTIONG Ba TTPAYUATOTTOIEITAI PE
T BonBeia TN oxéong:

Fp =Ayr Ocrr

6.2 EMI®ANEIAKH MIEZH

H em@aveiakn TTieon eu@avifeTal OTIG KATAOKEUEG, OTIG TTEPITITWOEIG, TTOU
eEWTEPIKG QopTia peTafIBAalovTal aTTO OTOIXEIO OE OTOIKEIO KAl KATAVEUOVTOI
O€ EKTETOMEVEG ETTIPAVEIEG. AVTITTPOOWTTEUTIKO TTAPAdEIYHA, ATTOTEAOUV TO
QOPTia TWV UTTOOTUAWMATWY Kal n JeTapiBaar| Toug 0To £80¢0g, HECW TNG
EMQPAvEIag ETTAPNG A (0% 6.2 a).
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IxAMa 6.2a H emigaveiakn mieon ora médIAQ TwV UTTOOTHAWUATWY

KaTt avaloyia, ye 6ca yvwpifoupe yia TNV Taorn, TTPOKUTITEL

p=—
A

OTTOU p: N ETMIQAVEIOKA TriECT).
Movddeg p: o1 yovadeg Taong.

U NAPAAEIrMA

Na eAéygete, av pia XaAuBdIvn padog (ag, = 490 N/mm?2) TETPaywVIKAG
dIaTOPNG PE TTAEUPA ion pe 40 mm, avTEXEl e AOPAAEIN, OTAV EQPEAKUETOI
ato £va @oprTio ioo pe 6500 daN, pe cuvteAeoTr) ac@dAciag ioo pe 5.

Aivovrai: ZntouvrTat:

Ogp =490 N/mm? = 49 daN/mm?  Av avtéxel fj Ox
F = 6500 daN

a =40 mm

v=5
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Abon
H péyiotn 1don TTou utropei va avamtuxBei otn pafdo, gival n emiTpe-
TTOPEVN TAON (Tgrp).
_%ep

V= Kal
c).E'IT

_%9p _ 49daN/mm?
== =

CEﬂ

daN

Oer = 9,8 >

mm

H 1édon mmou avamrtioaetal otn papdo (Oyy), divetal atrd Tn axéon:

I:U m

Oum =
uTt

Ay =02 Kal
Ay = 402mm?2
Ay = 1600 mm?

Fu'rr _ 6500 daN

Our = = >
Ay 1600 mm
daN
Oy =4 5
mm

ATIO TN OUYKPION TWV Oy KAl Ogqp, TIPOKUTITEN OTI:

N N
da ' < 0.8 da !
mm mm

0Uﬂ<OEW - 4

Emouévwg: n papdog avTEXEL.
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‘—g—. ZYNTOMH NEPIAHWH EKTOY KEDQAAAIOY
z
e Mia padog kaTatroveital o€ EQEAKUTUO OTAV EVEPYOUV O€
z auTo £CWTEPIKEG OUVAEIG IOEG KOl QVTIBETES, KABETEG OTIG
OIaTOPEG TNG, TWV OTTOIWYV N CUVICTAUEVN CUUTTITITEI JE TO
YEWMETPIKO TNG Gova.

e O1 avaTrTuoaooueveg TAoelg divovTal atrd Tn oxEon:
F

A

e O1 uTTOAOYIGOI TTOU TTPAYHATOTTOIOUVTAI JE TNV TTAPATTAVW OXECT OU-
voyidovTal wg £ENAG:

, _ FUTT
— AlaoTacioAéynon Agr =
O-'<I1T
. L _ I:U1T
—EAgyxog TdoEWV Oyn = S Ogry
AU'IT

- lkavotnta @oéptiong  F,=Ayn- Oy

@ AZKHZEIZ

=¢ 1. Me tn BonrBeia piag paBdou prkoug 10 m pupouAKOUUE AEOVIKO QOpPTio
10.000 daN. Av 1o PYéTpo €AaoTIKOTNTAG TOU UAIKOU TNG papdou eival ioo
pe 2.100.000 daN/cm? kai n emTpemTopevn Taon ion pe 1200 daN/cm?, va
UTTOAOYIOTOUV:

a. H diaueTpog NG papdou
B. H emunkuvon.

=% 2. H aAucida 1Tou @aiveTal 0To OXANA KATATTOVEITAI O EPEAKUCUO ATTO
@opTio ioo pe 4000 daN. Av n Tédon Bpadaong Tou UAIKOU gival ion pe
4800 daN/cm? kai 0 GuVTEAEOTHG ao@AAsiag AngBei ioog pe 6, va uTToAo-
yIOTEl N OIAUETPOG TOU KPikou TNG aAucidag.
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=% 3. ZwAvag pe eEwTtepikn diaueTpo 30 mm Kal E0wWTEPIKA 25 mm KaTo-
Troveital o OAiyn a1mo @opTio 10 KN. Na uttohoyioTei n ONITTTIKA Téon TToU
Ba avatrTuyBei.

o 4. uppatoxoIvo aTroTeAEiTal aTrd 6 OE0UEG, N KABeWia aTTd TIG OTTOIEG
éxel 37 oupparidia diapéTpou (To KaBéva) 0,5 mm. Av n Téon Bpavong Tou
uNIkoU gival ion pe 150 daN/mm? Kai 0 GuVTEAEDTG ao@AAEIag ioog e 6,
va TTPoadIopPIOTEl N EQPEAKUATTIKN IKavOTNTA QOPTIONG, ONAAdK TO PEYIOTO
QOPTIiO TTOU PTTOPEl Va avuywwBei ue ao@aAsia.

=¢ 5. Mg oxolvi Tou oTroiou To UAIKO KOTAOKEUAG £XEl TAon Bpauong ion
ue 1200 daN/cm? avuywvoupe Bapog ico pe 4200 daN. Av AngBsei auvTe-
AeOTAG ao@AAeiag ioog e 4, va TTpoadIopIoTEl N OIGUETPOG TOU OXOIVIOU
(S1acTagioAdynon).

*¢ 6. H aAugida Tou oxrjuaTog KaTatroveital atrd epeAKUoTIKO gopTio 1800daN.
Av n emTpeTTOUEVN TAON gival ion pe 820 daN/cm? kai n SIGUETPOG TOU
KAGSouU Tou Kpikou ion pe 16 mm, va yivel 0 EAeyxog Twv TAoEwv, dnAadn
va atro@aveeite av N aAugida avtéxel TN @OPTION PE aoPAAEIa.
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=& 7. AiveTtal KoxAiag pe diduetpo TTupfva ion pe 10 mm kai eTITPETTOUEVN
1Gon ion pe 8 daN/mm2. Na TTpoadIopIoTEl TO PEYIOTO EQEAKUCTIKO (OpTIO,
(IkavoTnNTa POPTIONG). ZNPEIWVOUE OTI, VIO TOV UTTOAOYIOUS TNG QVTOXNG
TWV KOXAIWV XpNnaolyoTrolgital N SIGUETPOG TOU TTUPHVA Kal OXI N €EWTEPIKNA
TOUG BIANETPOG.

=¢ 8. ATTé KoxAia TTPOKEITAI va KpepaoTei Bapog ioco pe 1000 daN. Av n
TG0 Bpavong Tou UNIKOU sival ion pe 48 daN/mm?2 kai An@Bsi ouvTEAEOTAS
ao@AaAeiag icog pe 6, va uTToAoyIoTEl N SIAPETPOG TOU TTUPH VA TOU KOXAia
(dlaoTaaioAdynon).
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=¢ 9. Mia xaAURdIVN pARd0G KaTATTOVEITAI ETTAVAANTITIKGE O€ EQEAKUG O Kal
OAipn atoé goptio 3700 daN. Av n Tédon Bpadong Tou UAIKOU TnG papRdou
gival ion pe 420 N/mm?2 kai 0 GuvTeAEOTAS ao@aAeiag ioog We 4, va utrolo-
yioete Tn diatopn TnG paBdou.

=% 10. O eyKAPOI0G OTPOPEAS TNG ATPAKTOU TTOU PAIVETAI OTO OXH MO TTIECE
Tov TpIR€a Tou edpdavou e poprtio ioo pe 1000 daN. Edav n emigaveiakr i-
gon sival ion pe 40 daN/cm? kai 1o prjkog Tou aTpo@éa (£) sivar SITTAAaio Tng
OlapéTpou Tou (d), va TTpoadiopicTolV Ta GToIXEIo auTd Tou aTpogéa (£ kai d).

Zav eMIPAVEIR ETTAPNG OTPOPEA Kal TPIREQ O BEWPOUUE TNV NUIKUAIV-
OpIKA eTIPAveIa, aAAG TNV opBr) TTPOLOAN TNG.
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= 11. ZQaIpIKO KEAUPOG ecwTEPIKNAG diapéTpou (d) kai Traxoug (t) Bpioke-
Tal UTTO e0WTEPIKA TTiean (p). Na atrodeixBei 0TI N TAON €QPEAKUGHOU, TTOU
avaTITUooETAl OTNV TOUA TOU KEAUQOUG, TTOU TTPOKAAEITAI OTTO SIAPETPIKO
ETTITTEDO TTOU TEUVEI TO KEAUPOG KATA TTEPIPEPEIA PEYIOTOU KUKAOU, Eivail
ionpem-d/4 -t

o 12. MeAeToUuE Eva oQaIPIKO KEAUPOG ECWTEPIKNG dlapéTpou 20 cm Kal
éxoug 4 cm TToU BpiokeTal UTTO TTiean. Av n Taon Bpadong Tou UAIKOU
gival ion pe 52 daN/mm?2 kai o ouvteAeoTAC ao@aAeiag icog e 10, va
UTTOAOYIOTEI N JEYIOTN ECWTEPIKN TTiECT TTOU gival duvaTdv va avaTrTuxBei
ME ao@AAEla OTO KEAUPOG.
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.) Emidiwképevol oTéxol:

O1 yaBbnTég va katavorjoouv TNV adpdvela TG UANG, TN POTIr adPAVEIaG TOU
OWUATOG OAV XAPAKTNPIOTIKO PEYEBOG TNG SUCKAUWIAG YIAG KAPTITOUEVNG
KOTAOKEUNG.

M/ Na uttohoyilouv TIG poég adpAveIag-avTioTaoNG-TNV TTOAIKI POTTA
adpAveIag Kal avTioTaong-TIG aKTIVEG adPAvEIag PIAg dIOTONNG WG
TTPOG TOV A&ova.

Iz/ Na diatuttwvouv 1o Ocwpnua Steiner kai va 10 epappolouv o€
TIPOKTIKEG EQPAPUOYEG.

Ocwproape OKOTTIPO va TTapabEécoupe TTapadeiypaTa Aupéva TTou ava-
@EPOoVTal TO aTTAG TaU —0TO AITTAG Tau— aTNV KoiAn diatoun. Me Baon autd,
@povouue 611 o1 paBnTES Ba gival o€ BEon va TTIAUOUV e euxEpeia diIdgopa
TIPOKTIKG TTPOBAARuaTa.

7.1 TENIKA

MNvwpifoupe atrod T QuUaOIKn, 6T N UAN TTapouciadel avTioTaon o€ KABE pe-
TABOAN TNG KIVATIKAG TNG KaTdoTaong. Tnv avTioTaon autAg TNG METABOANG
atod TNV UAN, Tnv ovouddoupe adpaveia tng UANG. Oco 1o peydAn pala
€XOUV Ta owyaTa, gival avepo, T600 TTIo PEYAAN adpavela eupavifouv.

Ettiong yvwpiloupe 671 yia éva cwpa TTou TTEpIoTpEPETaIl (OX. 7.1.0)
yUpw atrod éva poviyo afova pe otabepr ywviakn TaxliTnTa w, N KIVNTIKNA
TOu gvépyela gival ion e:

E="wEms (7.1.1)
2
2tov TUTTO 7.1.1 €ival: w = oTaBEPH YWVIOKK TAXUTNTO TOU CWPATOG
TTOU TTEPIOTPEPETAI YUPW ATTO TO JOVIPO A&ova y —y ', m; = Ol TTOAU PIKPEG
(oToIXe1WOEIG) HAZES OTTO TIG OTTOIEG ATTOTEAEITAI TO WA X KAl Yj = Ol ATTO-
OTAOEIG aTTd TOV Afova y — y” TwV JadWv TOU CWUATOG.

TNV eAeUBepN TTEPICTPOYIKA Kivnan Tou owpaTtog ol eAeUBepol ago-
VEG OEV TTAPAPEVOUV UOVIMOI- €XOUME TPEIG AEOVES TTEPIOTPOPNS TTOU TOUG
ovouddoupe KUploug agoveg adpaveiag. AuToi ival ol A, B, I ox. 7.1.5.
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IxAMa 7.1a [TepioTpo@n owuarog xAua 7.1B O 1peig kKUpior aéoveg
A-B-I" abpaveiag

7.2 POIH AAPANEIAZ OPOOIQNIKHZ AIATOMHZ

Ovopddoupe potr adpAveIag TOU CWHATOG WG TIPOG dova TTEPICTPO-
QAGY -y, TO ABPOICHA TWV YIVOPEVWVY OAWY TWV PIKPWYV Padwy m; eTTi
TO TETPAYWVO TWV ATTOOTACEWY TOU KEVTPOU BAPOUG TOUG aTTé ToVv Ggova.
MNa pia emeaveia F, kal 1IG em@aveieg F; autig, n potri adpdveiag tng
ETMIPAVEING QUTAG WG TTPOG Tov Ggova y -y oupBoAidetal pe Jy kal peTpdral
og cmé.
Oupola, yia Tnv idla em@dveia F kal Tig em@aveleg f; autAg, n poTTA
adpAvelag TNG EMQAVEIAG QUTAG WG TTPOG Agova X-X" CUPPBOAICETal PE Jy
Kal yeTpdral o cm?.
Eival avepd, 61 To yivouevo Zmiri2 ek@padel To METPO TNG AdPAVEING
TOU CWPaTog, dnAadn Tnv avTioTaon TTou TTPORAAAETal aTTO TO CUCTNUA,
OTav ato TNV KaTdoTaon Npepiag, To BEToupEe o€ Kivnon.
To p€yebog TNG PoTTHG adpavelag piag dIOTOUAG, UTTOPOUNE PE OTTAG
MaBnuaTikd, Katd TTPoc€yyion, va utroAoyifoupe epyalduevol ws €EAG:
1. Xwpifoupe, e 600 10 duvaTOV PEYAAUTEPO aPIBUO €TTIPAVEIWY f;
(oToixelwdn eupadd), Tnv diaToun.

2. KaBe emdveia f; Tnv TToAaTTAAGIA{oUE ETTI TO TETPAYWVO TNG OTTO-
OTAONG TNG X;, Yj ATTO TOUG AgoveEG Y -y  Kal X - X” (01 Aoveg X - X Kal
y -y’ TepvoUV atrd 1o KEVTPO Bdapoug G TnG dIaTouNG



PonEes AAPANEIAS EMI®ANEION 137

ZxAUa 7.2a EUpeon porrig adpdveiag dlaToung

OnAadn Ba £xoupe:

Jo=3tyl ka3, =Ex] (7.2.1)

OnAadn TIG oxEOEIG:

J =Ry, Ly, + . +fy? ka J, = f,x2 +f,x2 +.. . +fx2

lMa TIG KATATTOVATEIG TTOU Ba HEAETACOUE TTIO KATW (KAPWn, SIATUNGoN,
oTpEWnN), gival pavepd OTI TTPOGdIOPIOTIKO UEYEBOS TWV BIAPOPWY dIATOUWY
(opBoywVIKWY, KUKAIKWY, UVBETWV) gival autd To ABPOICHa TWV ATTO0TA-
OEWV TOUG OTTO TOUG AEOVEG X-X KAly - Y.

H diatour evog CwUATOG £XEI —TTPOPAVWIG— DIAPOPETIKES POTTEG AdPA-
VEIOG WG TTPOG dIAPOPETIKOUG ACOVEG.

AuTo ouvettayetal 611, 600 TTIo PEYAAN gival n potr adpdveiag Tng dia-
TOUNG WG TTPOG G&ova, TOCO TTIo YeYAAn gival kal n avTioTaon Tng dIATOuNAG
oTNV TTEPIOTPOPN WG TTPOG QUTOV ToV Agova- gival dnAadr) n poTrr adpaveiag
XOPOKTNPIOTIKO PEYEBOG TNG DUCKAUWIAG MIOG KOUTITOMEVNG KATAOKEUAG.

Eival rpogavég o011 av BéAoupe va uttoAoyiooupe Tn poTTr) adpdveiag piag
opBoywVIKAG dlaToung dlaaTdcewy h, b dev €xoupe TTapd va Bewpriooupe
TO opBoywVvIo XwpIopévo o€ i To TTANB0G em@aveles (Awpideg) f;, ioeg kal
TTAPAAANAEG TTPOG TOV GEOVA TT.X. X-X TTAATOUG:

h . b-h
= — , yfkoug b kail eppadou fi=—
2i 2i

<
I

lNa kaBe Tétola Awpida Ba Exoupe avaAoya y;, kai f, dnAadr| éva dBpoioua
yi2 - f. Tou 10 GBpoIoUG Toug Ba dWTE! YIa i—<°.
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| = b-h’ poTTA adpdveiag opo.

o 12 JIATOUNG WG TTPOG X — X (7.2.2)
AvaAoya TTPOKUTITEl Kl O XPAOIYOG TUTTOG:

.. = b -h poTT adpavelag op8.

¥y 12 OIOTONAG WG TTPOG Y — Y’ (7.2.3)

Eav yia Tapdderypa AdBoupe pia diatour opBoywvikn diacTtadoewy 12
cm kal 4 cm, dnAadn h =12 cm kai b =4 cm, TO6TE yI' AUTAY Ba £XOUUE:

_b-h° 4.12°cm*

Iy =576 cm*
12 12
b-h® 12.4°
ly = = = 64 cm*
12 12

ATIO Tn OUYKPION QUTWV TWV OTTOTEAETUATWY, TIPOKUTITEL OTI: I, = Ol,.

7.3 ZTATIKH POIH Qz NPOZ A=ONA ENINEAOY ZXHMATOZ

Ma va BpoUpe TN GTATIKN POTTH EVOG 0pBoywviou, TTAEUPWYV a Kal h wg TTpog
dgova TToU CUUTTITITEI hE TNV TTAEUPd Tou —€0TW TNV AB— Xwpifoupe Tnv
ETTIPAVEIQ O€ V TO TTA|B0G OTOIXEIWOEIG ETTIPAVEIEG (TY. 7.30) TTAPAAANAEG
TTPOG TNV TTAeUPd AB, iocwg em@aveiag €. TéTe Ba £xoupe

v-e=a-h (1)

IxApa 7.3a E0peon oTatikng porTig EMITTEOOU OXUATOS
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Bpiokoupe TIG OTATIKEG POTTEG YIA KABE ETTIPAVEID XWPIOTA, WG TTPOG
TNV TTAeupd AB.
Oa €xouE:
Mg =gy, tey,+... ey, (2)
OTTOU: Y1, Yo, ..., Yy EIVQI Ol ATTOOTACEIG TWV KEVTPOEIOWYV KABE ETTIPAVEING
ato Tnv TAsupd AB.

Eivai o¢:

y_h _h 4

g ’ 5 14 7
h h h 5h

2:74.7 s ys—i N
14 7 14 7
h 2h h 6h

3T ’ ki 3)
14 7 14 7
h 3h

y,=—+—

4 14 7

H oxéan (2), 161€ Ba yivel:

a-h h
Mz =¢-3,5-h=——-3,5h=a-h-—

7 2

IxAMa 7.3B Zrarikn porr 0opBoywVvikng d1aTouns

Mapatnpouue &1 01O id10 ATTOTEAECUA PUTTOPOUNE VO @BACOUUE £Qap-
polovTag To Oswpnua Varignon.
Oa £XOUE:

MZ:R.

N | T
1
\‘
m

N | o
1
\‘
Q

~N | T

N | o
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otrou E 10 epfaddv tou opBoywviou (E =a - h)
Ma v mQAVEIQ TOU OXAUATOG JOG N OTOTIKI) POTTA TOU WG TTPOG TOV
afova x-x" Ba givai:
MZ=E1 h1—E2'h2

h
M; = a-2hs - hy-a-2hy-hy=2a- —(hy-hy)
2

Apa: Ms=a-h-(hs-hy)

U NAPAAEITMA 1o

Na BpeBei n ataTikr poTr TNG dIATOPNG, WG TTPOG Tov Afova X-x’

Auon

H oTtaTikr} potr) M4 Tng diatouAg 1 wg Tpog Tov déova x - X~ givail:
M; =18 cm?-6 cm =108 cm?
H otariki pot) M, Tng diatoung 2 wg TTpog dgova x - X givai:

M, =27 cm2- 1,5 cm = 40,5 cm3
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ETTouévwg n OTATIKR POTIH WG TTPOG Agova X - X™ TNG dIaTounG ival:

M =M + M, = 148,5 cm3

U NAPAAEITMA 20

Na Bpebei n oTaTIKA POTTA HIag dlaTouAg atrAoU TaU wg TTPOG Tov Aova X - X

AOon
H oTaTikn potr) M4 Tng diatoung 1 wg Tpog dgova x - X~ givai:

M;=24cm?-2,5cm=60cm3
H oTaTikr) potrr) My Tng S1aTouAg 2 wg TTpog dgova x - X givat:
My, =3cm2-0,5cm=1,5cm?3
H otariki pot) M3 Tng diatoung 3 mpog dgova x - X~ givai:
M;=12cm? - 2 cm =24 cm3
ETTouévwg n oTaTIKr POTIH) WG TTPOG Afova X - X Tou atrAou Tau €ival

M=M1+M2-M3=37,50m3
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7.4 POINH ANTIZTAZHZ — MOAIKH POINH AAPANEIAZ - ANTIZTAZHZ

7.4.1 PotrA avtiotaong

Otwpoupe yia opboywvikn diatour| diacTtdoewy h, b. (ox. 7.4.1a)

Ovopudloupue potrn avriotaong W, g diatoung ABI'A 1o TTnAiKo Tng
dlaipeong TNG poTTrG adpaveiag Iy TNG dIATOUNG WG TTPOG TOV KEVTPORapI-
KO Ggova X, O1a TNG ATTOOTACEWS TOU TTIO ATTOUAKPUOUEVOU ONUEIOU TNG
dlatoung atré Tov agova x. ‘Exoupe dnAadn:

ZxAupa 7.4.1a Porrr avrioraong

Maparnpnon
Av 0 KUpIog afovag adpaveiag x - X~ gival kal GEovag GUPMPETPIag TnG dia-
TOUAG TOTE Ba EXOUE:

I h
W, =— Omou a=—
h 2
2
Kal Ba EXOUUE:
b h®

3 2 2

w, = 22 =BbhT BT e we = 2N (7.41.2)

6h 6 6

h
2
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AvdaAoya TTPOKUTITEL

h b3
12 _hb3® _hb? . _hb?
Wy = . = p " SnAadr | Wy =% (7.4.1.3)
2

Eival eukoAo va ouvayoupg, 611 diatnpwvTag 1o h = oTabepd Kai dITTAa-
o1alovTtag 10 b, Ba éxoupe:

hh2 2
WX = 2-bh = ﬂ
6 3
onAadn Twpa n potrh avtiotaong W, dirthaciddeTal.

Tiouptrépacpa Byddete av diatnpAcgoule To b = aTabepd kai dITAacid-
ooupe 10 h;

MepioodTEPA Ba TTOUNE YIa DIOTOWPEG JE DIAPOPETIKA OXAUATA GO0V APo-

PG TNV POTTA AVTIOTAONG WG TTPOG £va aTTd TOUG dUO ALOVEG CUUMETPIAG,
TTAPOKATW.

U NMAPAAEITMA

Ap@iépeiotn BoKAOG, HAKOUG | QEPEI KATAKOPUPO CUYKEVTPWHEVO QOopTio P
oT1o yéoov TnG dokou. O1 d1aoTAoEIG TNG 0pBoYWVIKAG TNG dIATOUNG Eival
bxh 61mou h = 3b kai ToTToBETEITON STTWG OTA OXAMATA:

Mola atrod TIg dUO TTaPATTAVW TTEPITITWOEIG TOTTOBETNONG TNG SIATOUNAG,
KPIVETE OTI €ival N BUCUEVEDTEPN KAl YIOTI;
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Auon
MNa tnv repimmwan (a) Ba £XOulE:

_bh? bob? 9p3
Wa="6="6 "6

MNa tnv epimmwaon (B) 6a £xoue:

u2 --2 3
W:hb:3bb:3b
b 6 6 6

ATTO Tn oUYKPIoN TwV dU0 AQUTWYV POTTWV AVTIOTACNG TTPOKUTITE:
Wq=3-W,

OnAadn duopeveaTepn gival n deUTEPN TOTTOBETNON YIATI EXEI MIKPOTEPN
avtoxf).

7.4.2 NMoAIkR potr adpdveiag

Ag Bewpnooupe pia opBoywvikh diatoury ABIA pe Toug KUpIoug Ggoveg
adpaveiag Tng x-x” Kal y-y .
lMa 10 oTOIXEIWDEG EPPRADOV f; KOl ATTO TN YEWMETPIO TOU OXMHATOG, EXOUE :

p?=x+yZ dnhadn fip?="fx?+fiy?
KOl GUVOAIKA Ba TTPOKUYEL:

2fip2=Ic+1, dnAadn

+1

y (7.4.2.1)

p=Ix
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TxAua 7.4.2a lNoAikr porrry adpdveiag diaToung

Ovopuadoupe oAk potri adpdvelag l, TG dIaTOUAG WG TTPOG TNV
apxn G Twv Kupiwv KevTpoBapikwyv afdvwy adpaveiag x - X kary —y’ 1o
dBpoioua Twv U0 POTTLV adpaveiag TN dIATOUNS Kal ekppaleTal o cm?.

‘ET01 Y10 TNV 0pBoywVIKr OlIaTOUr TOU OXAMATOG Ba €XOUE:

3 3
|p :£+£ :@(h2 +b2)

12 12 12
hb

Apa b= (h* +b)
12

MNa opBoywvikn diatour ye b =4 cm kai h =6 cm Ba €xoupe:
lp = 6-4 (62 + 42)(:m4 =104 cm?
12

7.4.3 oAk poTrA avrioTaong

Mponyouueva avagepBAKAPE OTN POTTH adPAVEIag HIag dIOTONAG WG TTPOG
TOUG KUPIOUG GEOVEG X-X~ Kal Y-y, OTn POTI QVTIOTAONG KAl TNV TTOAIKN
pOTIA adpaveiag TnG.

Zuvaeng givai kai n évvola Tng ToAIKAG poTrig avtiotaong Wy, piag
SIaTOUNAG KAl XapaKTNPIZeTal wg 0 Adyog TNG TTONIKAG POTTAG adpaveiag TNG
OIaTOPNG QUTAG TTPOG TNV ATTOCTACT TOU TTI0 AKPAioU anpeiou TnG (autou
dnAadn TTou BpiokeTal O PAKPId atrd TO KEVTPO Bapous G NG SITOUAG.

) N o ly +1y
Eivai dnAadn: W, === (7.4.3.1)
a a

Kal eKQPaleTal o€ cm3,
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ATTO TTivaKeg TTapExovTal 01 poTTéG adpaveiag | dia@dpwy diaTtouwy, ol
potrég avtiotaong W, oI TTOAIKEG POTTEG adpaveiag |, wg Kal ol TTOAIKEG
potrég avtioTaong Wi,

‘ET01 y1a TNV opBoywvikr diatoun diaoTacewv h kal b Ba €xoupe:

bh 5 2 2,12
12(n? +b?) :b(h +b?)

Wp=

NS

Apa:

MNa opBoywvikn diatour ge b = 6 cm kai h =4 cm, Ba €XoUulE:

W, = Z (62+42) cme = 52 cm?

7.5 AKTINA AAPANEIAZ

H akTiva adpaveiag iy yiag d1atoung wg Tpog agova, gival ion he Tnv
TETPAYWVIKNA pifa TG pOTTAG adpaveiag Tng diatoung dia TnG emmiQaveiag F
NG dlatoung auTng. Eival dnAadn:

i=\/KKoui:\/U 7.5.1
xT\E Y T E (7.5.1)

H akTiva adpdveiag TTapIoTavel TNV atmréoTacn atmo Toug AEoVES avagpo-
pAg 61ToU OAGKANPN N ETTIPAVEIQ TNG DIATOUNG UTTOPOUCE va TOTTOBETNBEI
“‘oupTTUKVWPEVN” o€ onueio, dIaTNEWVTAG TNV idla POTTA adpaveiog Pe TNV
apxIkn dlaToun.

Apa pia em@Avela £xel dUO aKTiVEG adpaveiag 6TTwg opidovTal atrd Tov
TUTTO0 7.5.1.

MNa opBoywvikA diatopn diaoTtdcewyv b =4 cm kai h = 6 cm Ba €xouE:

bh®
i =12 = \F =0,289h dnAadA iy = 1,734 cm
bh V12
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hbd  —
12 \/*T =0,289b nAadn iy = 1,156 cm
bh ~ V12 o

MNa TeTpaywvikn diatopn pye b = h = 8 cm, eival TTpo@avég oTi:

iy =iy =0,289b = 2,312 cm

7.6 OEQPHMA STEINER

Edw Ba Bpoupe TToia oxéon uTTApXEl HETAEU TNG POTTHG adpaveiag Tng dia-
TOUAG WG TTPOG ToV Agova T1.X. -y (TTou dIEpYETal aTTO TO KEVTPO BAPOUG
G 1ng diatoung) Kal TNG POTTNG adpaveiag TNG dIOTOPNG WG TTPOG d&ova e-€”
TT0U €ival TTAPAAANAOG TTpOG Tov déova y-y .

IxAua 7.6a Oswpnua Steiner

ATTO TN YEWUETPIO TOU OXAUATOG EXOULE:
(BM)2 = (G2 + (BG)? - 2(BG)(GI) ouv BGT (1)
€TTIONG £XOUME:
lq = =f; (BIN)2 )
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g = Zfi (GI)? 3)
Edav 1n oxéon (1) Tnv TToAAaTTAGCIGooUE €TTi 2f;, Ba £xouue OTTOU,
¢= BGI «ai (GA) = (GI') ouv (180° - @) = -(GI') cuve
Ifi(BIN)?2 = Zf(Gr)2 + f(BG)2 — 22f(-Glauve) - (GIN) auve

o= lg + F-€2 yiati $fGA=0

Apa £XOUE: le=Ig+F-¢€2 (7.6.1)

onAadn n potr adpaveiag piag S10TOPAG WG TIPog dfova a-a” TTa-
paAARAou Tou KUpiou dova y-y” IcoUTal PHE TNV KUPIO POTTT adpaveiag
KOl TO YIVOHUEVO TNG ETIPAVEIONG TNG SIATOMNAG ETTi TO TETPAYWVO TNG
ATTOOTAONG TWV SUO TTPOAVAPEPOHUEVWIV AEOVWV.

ATT6 Tov TUTT0 7.6.1 €ival Trpogaveég Ol I > |g.

1. MNa opBoywvikn diatoun pe: h =10 cm, b =3 cm kai € = 2 cm KaTd
TO @ewpnua auto Tou Steiner (TUTTOG 7.6.1), Ba £xoupE

hb> (bjz o>  h-b° 4b°h b°h
—_ +3. = =

l=— +h-b-
12 12 12 3

12

4

Apa

4 4
cm =90cm

3

2. Na 1piywvikA Siatoun ABIT av BéAoupe va BpoUpe Tn poTrr adpaveiag
TNG BIATOPNG AUTHG WG TTPOG Agova TToU TTEPVAEI ATTO TO KEVTPO BAPOUG
QuTAG Ba £xoupe

2
2 bh
L, =ls, *(3*’) = (1)
h ? bh
IXl = |G1 + (3) ? (2)
3
|+l =P 3)

LoX2 12
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TyxAua 7.6B Porrr adpaveiag Tpiywvikng d1aToung

A6 TIg o)€oelg (1), (2), (3) TTpoKUTITEL:

| _bh®
¢ 36

(7.6.2)
7.7 EDAPMOIEZ

1. TETPAIQNIKH AIATOMH

U NAPAAEITMA

TnG TTAPAKATW TETPAYWVIKAG OIOTOURG, TTAEUPAS 4 cm, va Bpebouv:

a) O1 potrég adpaveiag Tng Iy kai Iy, wg TTPOG Toug KUpPIoUG Agoveg adpa-
VEiag NG

B) H potm avriotaong Wy wg 1mpog Tov déova AB

y) H oAk potry adpaveiag |, wg mpog 10 G

) H moAikn potm) avtiotaong Wy, Tng diaTopng auTrg

€) H akTtiva adpaveiag TG iar wg Tpog Tn Bdacon Al Tng diatoung
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AGon
a) H potrAj adpaveiag Tng TETPAYWVIKNAG SIOTOUNS WG TTPOG dfova X — X’
eivai:

I, =——cm” =21,333cm”. Apa I, = 21,333 cm?
12 -
Eival rpogavég oI (;) kai
ly=21,333 cm?
B) H pottA avtiotaong W, Tng diatoung ivai:
bh?
WX =_
6
Kal €TeIdA b = h £xoupe

43
W, = . cm3= 10,666 cm?3

Kal TTPOQAVWG
W, =W, = 10,666 cm3

Y) H 1oAIkn potrry adpaveig |, wg Tpog Toug KUpioug agoveg adpaveiog
NG OIOTOUNG Eival:

o=l + 1y

I, =2 21,333 cm? = 42,666 cm*
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Apa: lp,= 42,666 cm*

8) H moAikry potiy avtiotaong Wy, Tng diatoung autig eivai:

Iy 42,666 5 3
Wp = —,W|O = cm” =21,333cm*”.
a 2
Apa W, = 21,333 cm3

€) Edv epapudooupe 1o Ocwpnua Steiner Ba €xoue:

IAF = IX + F-¢2

Iar = 21,333 cm? + 16 - 22 cm* = 21,333 cm* + 64 cm* = 85,333 cm*
Apa: Iar = 85,333 cm*

Apa n akTiva adpaveiag Tng diIatoung wg pog TN Baon Tou Al Ba givai:

. - [85,333 cm®
ixr =4l — = -——=2,31cm
F 16 cm

Apa: iar =2,31cm

2. OPOOIQNIKH AIATOMH

U NAPAAEIrMA

Tng TmapakdTw opBoywvikAg diaTtourg diaoTagewyv 4 cm kal 10 cm va
Bpebouv:

a) O1 potrég adpaveiag Iy kat ly TG SIAaTouNg AUTAG WG TTPOG TOUG KUPIOUG
agoveg adpaveiag Tng.

B) H potm avriotaong W, TngG diatoung wg Tpog dfova AB
y) H oAIkr) potrii adpaveiag I, wg mpog 10 G

) H moAikA potrry avriotaong Wy, Tng diatoung

€) H akTiva adpaveiag Tng wg Tpog mn Bdon tng Al
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AOon
a) H potn adpaveiag Tng 0pBoywVIKAG SIATOUAS WG TTPOG Agova X-X,
givai:
- bh®
12
6moub=6cm,h=10cm
6-10° 3
Iy = cm? :gcm“ =500 cm?
12 2
Apa: I, =500 cm*
10-6°
ly = cm?* =180 cm?.
12
Apa: ly =180 cm*

B) H pot avtiotaong W, Tng diatoung eivai:

bh?
W, =—— o6moub=6cm, h=10cm

Apa: 6.102 ,
= cm
6

X
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dnAadn W,= 100 cm3

2
Avaroya éxoupe: Wy = —— = 60cm®
6

yY) H 1oAIkn potry adpaveiag |, wg TTpog Toug KUPIoUG Agoveg adpaveig
TNG OIOTOUNG €ival:
lp = Ix + Iy ka1 Gpa I, = (500 + 180) cm* = 680 cm*.

6) H moAikry potiy avriotaong Wy, Tng diatoung autig ivai:

I 680
W, =—p, W, = — cm3 =136 cm3
a 5
Apa:
W, =136 cm?3

€) Edv epapuoooupe 10 Ocwpnua Steiner Ba €xoupe:
Iar=Ix + F-€2
Eivar: Iar = 500 cm? + 60 - 52 cm* = 500 cm* + 1500 cm# = 2000 cm*

Iar = 2000 cm?
Apa, n akTiva adpaveiag Tng dIATOUAS we TTPog TN Baan Tou Al Ba €ivai

Ixr (2000
F 60

cm=5,77cm

Apa: iaAr =5,77 cm
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3. KYKAIKH AIATOMH

U NAPAAEITMA

TNG TTapaKATW KUKAIKAG dIATOPAG KOUTTUAEG R = 3 cm va Bpebouv:
a) Or potreg adpaveiag |y kai |, wg TPog Toug KUPIoUG Agoveg adpaveiag Tng
B) H potm) avtiotaong Wy wg 1Tpog Tov dgova AB
y) H moAikr pon adpaveiag I, wg mpog G
0) H moAikn potm avtioTaong Wy, Tng dIaTopng auTrg

€) H aktiva adpaveiag NG iar wg Tpog Tov dgova Al

Auon
a) H potr adpaveiog TNG KUKAIKAG dIATOPNG wg TTPOG Tov dgova X - X’
givar®
ST L
=1, = otmou D =6 cm
Y 64
Iy = Iy = ————cm” =63,585cm
64
Apa:
l, = 63,585 cm*

* 210 T€A0G TNG dloknong Ba dobei cuvVOTITIKA aTTOdEIEN TOU TUTTOU
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B) H pot avriotaong W, Tng diatopng eivai:

_m-D° 314.6°
32 32

W cm® = 21,195 cm®

X

Apa: W, =21,195 cm3

yY) H 1oAIKr potrry adpaveiag |, wg Tpog KUpIoug agoveg adpaveiag Tng
dlaTopng ivai:

lp = Ix + |y kai dpa |, = 2 - 63,585 cm* = 127,17 cm*

6) H moAikny poty avriotaong Wy, Tng diatoung autig ivai:
I

P, D
Wp:— omoua=R=—
a 2
127,17 3 3
b= cm” =42,39cm
3
Apa: W, = 42,39 cm?

€) Edv epapuodooupe 10 Oewpnua Steiner Ba éxoupe:
IAF = IX + F'€3
Eivaur: Iar = 63,585 cm* + 28,26 - 32 cm#

omou TR2=3,14 - 32 cm? = 28,26 cm?

Iar = 63,585 cmé + 254,34 cm
Apa: Iar = 317,925 cm 4

Apa, n akTiva adpaveiag TG diaTouAg we TTPog Tov agova Al Ba ivai:

| 317,925
iAr :\/Ar = —Ccm
F 28,26

Apa iar = 3,354 cm

Oewpolpe £va aToIXEIWOES TURA TNG dlatoung, To AGB, atrd To TTARBog
i TETOIWV TPIYWVWV TTOU aTTapTi(ouV Tn dIaTOuN.
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H potrr adpaveiag wg Tpog agova x-x', OAWV aUTWV TWV TPIYWVWV TToU
diEpxovTal ammd 1o G, Ba gival n TTOAIKr) poTTA adpaveiag, Kal ion Ye:

1 1 1 D\ mD*
lpb=v-—-bh3=—(vb)h3= 7D =

4 4 4 2 32
mD*”
emeidn Iy = ly EXoupe: =1y =
64
4. ANINO TAY

U NAPAAEIrMA

Tou TTapakdTw atrAou Tau, va Bpebei n potrA adpaveiag Tou | wg TTPog ToV

KUplo dfova adpaveiag x-x’

*Inueliwveral 61 o TOTTOG | = 1 bh3 &idel Tn poTiA adpaveiag TPIYWVIKIS SlaTourS BATEWS
4

b ka1 Uwoug h wg TTpog Ggova TTou TrePVA aTrd TNV KOPUPK, TNV atrévavTl atré Tnv b kai givai
TTapdAAnAog TTpog Tnv b. MapartnpeioTe 611 yia dtrelpo TTARBOG TETOIWY TPIYWVWY Ba eivai:

D
vb = 11D omérte kar h = —.
2
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AOon

Edw tTapatnpoupe, o011 n diatopr pag dev gival attAr —0gv £xel dnAadn
ATTAO YEWMETPIKO OXAHUA OTTWG TTPONYOUHEVA ECETATANE TO TETPAYWVO, TO
0pBoYwVIO, TOV KUKAO— GAAG aTTOTEAEITAI ATTO TUAKATA ATTAWYV ETTIPAVEIWV
opBoywviwyv, oTwg eival Ta ABIMA kair EZHE. H cuvoAikr| potrr) adpaveiag
NG dIaToMNG AUTAG Tou atrAoU Tau wg TTPog dEova adpaveiag, Ba eival ion
ME TO ABPOICHA TWV POTTWV adPAVEIag Twv dUO auTwV TUNPATWY (1) Kai (2)
NG dIATOUNAG, WG TTPOG Tov Afova. H ouvTeTayuévn yg TOU KEVTPOU BApoug
NG dlaTounG Ba civai:

20-4.2+20-4.12)cm’
_( )
(20-4+20-4)cm?

Yo =7cm

Apa, Ye=7cm

ATT6 10 oxAua TTpokuTITouv: GG4 =5 cm kal GG, = 7 cm. ‘Exoupe Aoitrév
(kavoupe xpAon Tou O. Steiner):
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h3 bh3
ly=—— +E,€? l,=="+E,€3
1 12 1%1 2 12 2¢2

3 3
20-4 4.20

|, = cm® +4.20-7cm® = l, = cm® +4.20.17¢m’

12 12
=(106,666 + 560)cm° = 666,666cm° | I, = (2666,666 +1360)cm° =

= 4026,666 cm*

Apa, n potA adpaveiag TNG aUVOETNG AuTAG SIATOUNG WG TTPOG TOV KUPIO
agova adpaveiag, Ba civar:

I=1;+1, Apa | = 4693,332 cm?

5. AITIAO TAY

U NAPAAEIrMA

Tou TrapakdaTw dITTAOU Tau va Bpebei n potrr adpaveiag Tou | wg TTpog Tov
KUpIo agova adpaveiag x - X', kKabwg kai n potrr| avtiotaong Wy auTrg.

Auon
Oa TTapaTnProouE, OTI To OITTAG auTo Tau, dev gival GAAO aTTd TO TE-
Tpdywvo ABIA, edv atmd auto agaipéCoupe Ta UPada Twy opBoywviwy



PonEes AAPANEIAS EMI®ANEION 159

EZKI kat HOMA, o1rdte n pott adpaveiag Tou dITTAOU auTtou Tau Ba icouTal
ME TNV pOTTA adpaveiag Tou TETpaywvou ABI'A, a@aipOUPEVWY TWV POTTWV
adpaveiwyv Twv opboywviwv EZKI kai HOMA.

Apa: I = lagra - lezki - lHomA (1)

Eivai:
3
20-20

IABFA= =13333,33cm*

= o 2° =1152cm?
EZKI 12

8.12°

lHomA= =1152cm*

"Apan (1) 5ider: |, = 11029,33 cm?

H pot avtiotaong Wy, Tng diatoung Ba eiva:

ly 11029,33cm?

=Y =1102,933cm3
y 10

Wy

Apa: W, =1102,933 cm?3

Avaloya Bpeite TN potr adpaveiag TnG SIOTOUAS TOU TTAPAKATW OXN-
MOTOG WG TTPOg Géova x - X

OewpwvTtag Tn dilaToun auth wg diagopd TnG (2) amd Tnv (1) Bpeite oTI:

l{ =4096 cm* kai I, =1152 cm*
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6. AIATOMH

U NAPAAEITMA

Tng TapakdTw dlaToung, va Bpebei n poTTA adpaveiag TNG WG TTPOG TOUG
Aacoveg x-x" Kal y-y’, KABWG Kal Ol POTTEG AVTIOTAONG AUTHAG.

Auon

Oa utroAoyicoupe Tnv atmréoTacn €1. Exoupe:

32-1+12-5+12-5
€= cm

32+12+12
€1=2,71cm
8-16° 6-12°
Apa ly = - cm*
12 12
l, = 1866,7 cm*
16 -8% 12.6°

= 4
Kal Iy cm

12 12
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ly = 466,7 cm*

MNa g potrég avriotaong Wy, Wyq, Wy, €XOUUE:

2

12 12

X

8-16° 6-12° ) . .
= cm® =197,4cm Wy =197,4 cm

W, _466.7 cm®=172,2cm? Kol W, 466’7

Y cm®=88,22 cm?®
1 2,71 Y2~ 5,29

Apa: Wy1= 172,2cm3  kai Wy2 = 88,22 cm3

7. KOIAH KYKAIKH AIATOMH

U NAPAAEIrMA

Tng KoiAng KUKAIKNAG diatoung pe D =8 cm kai d = 4 cm, va BpeBouv:

a) O1 potrég adpaveiag Iy Kai ly wg TTPog Toug KUpPIoug Agoveg adpaveiog
™mg.

B) O1 potrég avtioTaong Wy kar Wy auTig

y) O1 akTiveg adpaveiag iy Ka iy auTrg

AUon
a) 210 TTaPAdEIYUa TTOU ava@EPOUACTAVY YIa KUKAIKA dlaTour atrodei-
cape oTI:
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Edw, yia Tnv KoiAn KUKAIKN diaToun ival Trpo@aveg 0TI Ba €XOUE:

T
| =],=" D4-d4)
Y 64(

kal yia D = 8 cm ka1 d =4 cm, Ba €xouE:

3,14
L=ly=""""(8%-4% |cm* <1884 cm
64
Apa: Iy =1, =188,4 cm*
B) Avaloya Ba €xoupe:

W, =W, =" (D*-d*)=376 8cm?3
7Y 32

Apa: W, =W, = 376,8 cm3

y) MNa Tig akTiveg adpaveiag iy kai iy 0a XOUUE:

N G R o

iX_Iy %(DZ -d2) _Z D2 _d2

(apou) =Z(D2 -dz)

|
Eivai Iy =ly=— D? +d?

Apa ix =iy =2,24 cm
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’—5—0 ZYNTOMH NEPIAHWYH EBAOMOY KE®AAAIOY
e H potr adpaveiag, ival Eva XxapakTnpioTiKO PEyeBog TNG
z OUOKONWIOG PIAG KOUTTTOPEVNG KOTAOKEUNG.

000 o peydAn cival n potrr) adpaveiag TNg dIGTOUAS WG

TTPOG ToV dgova, TOCO0 TTI0 PeYAAN ival Kal n avTioTaon Tng
OIOTOUNG.
Qg TTPOG TOUG KEVTPORaPIKOUG ALoVES TwV dIagopwyV dIATOUWY ATTO TOUG
TiVAKEG UTTOPOUNE va BPoUpE TIG POTTEG adpaveiag.

e [Na oUvBeTeC dlaTOPEG, XPAOIUO gival To O©. Steiner, TTOU pag TTAPEXEI TN
poTT adpaveiag TG dIATOPNG WG TTPOG ToV Afova TTouU aTTEXEl aTTO TOV
KevTpoBapikd dgova, atmrdéoTacn €. O TUTTOG TOU BewpPrRUaATog Eival:

lo=1lg+F €2

otrou F n em@dveia 1ng diatoung.

e To 1TnAiko TnNG poT1tig adpaveiag |y TNG diatoung we TTPog dgova dia NG
ATTOOTACEWG O TOU AEova auToU aTtro TO TTAEOV ATTOUAKPUCUEVO onuEio
TOU TUAPOTOG TNG S1aTOPNG ovopddoupe potrh) avTiotaong W, Kai givai:

lg
W,=2
a

e To aBpoioua Twv poTTwv adpaveiag g dIAToUng |, wg TTPOG Toug KUPIOUG
agoveg adpaveiag Tng diatoung ovopalouue TTOAIKR poTr adpaveiog
I Tng diatopng kai givar I, = Iy + 1y,

e To TnAiko Tng TTOAIKAG pong adpaveiag I, Tng diatopr|g dia Tng aTrooTa-
OE€WG O TWV TTAEOV OTTOMOKPUOUEVWY ONUEIWY TNG ATTO TO KEVTPO BAPOUG
auTng, ovopadoupe ToAIKNA potr avtiotaong Wy, kai givai:

|
_ b
W=
a

e Tnv TeETpaAyYWVIKA pida TNG poTThG adpavelag |y TNG dlaTopng dia TNG £TTI-
@aveiag F tng diatopAg autig, ovoudldouue akTiva adpaveiag i 1ng
OIaTOUNG.
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XPNOIUEG €ival 01 EQAPPOYES AUTWV TWV EVVOIWY O€ ATTAEG KOl OUVOETEG
OlaTouEG aTa KEPAAQIQ TNG KAPWNG Kal TNG OTPEWNS TTou Ba yVwpiooupe
apyoTepa. & BIATOPEG PE DIAPOPETIKA OXNUATA TO PEYEBOG TWV POTTWV
adpaveiag Kal avTioTaong wg TTPOg £va atro Toug dU0 AEoVEG GUUMETPIAg
gival geyaAuTepo. I’ autod, Katd Tnv ToTroBETNON TWV SOKWV —OTTWG Ba
O0UUE OTO ETTOPEVO KEQPAAAIO— TTPETTEI VO £§a0POAI(OUUE aTTO TO OXNUa
TNG SIATOPNAG, Ta HEYAAUTEPO BUVATA TTAEOVEKTAUATA.

@ AZKHZEIZ

=& 1. TpIywVIKNG I000KEAOUG BIOTOUNRG, YE TTAEUPd b kal Uyog h va Bpeite
TN POTIN adpaveiag TNG wg TTPOG Afova TTou TTEPVAEI ATTO TNV Kopuen A.
E@appoyn: b =4 cm kai h =6 cm (ox. 1).
bh®
(A\a&BeTte utr 6wn oI IG=¥ kal To ©. Steiner)

bh®
Amavinon: ly = —— (216 cm?)
4

=¢ 2. AideTal opBoywvikr) diatour] dilaatdoewv b =4 cm, h =6 cm. Na Bpeite
TNV aKTiva adpaveiog TNG SIATOUNS AUTHS WG TTPOG TN BAon TnG.
bh®
(N&BeTe uTT OYWn OTI: |y =E Kal To ©. Steiner)
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ATTavinon: ipg = 4/%3 cm = 3,46 cm

= 3. AidovTal 500 opBoywvikEG SlaTouéG aTaBepOU euBadou 2b2. Bpeite
Tro1a a1Té TIG OUO dIATOWEG €ival N TTI0 GTABEPN WG TTPOG Afova X-x~ Kal Trola
givail n 1o oTaBepr] WG TTPOG Ggova y-y .

Amavrnon: H mpwTtn dlatoun e€ival n
Mo aT1aBepn (;) WG TTPOG X-X™ Kal
n O€UTEPN €ival n TTI0 oTABEPN
WG TTPOogG agova y-y'.

= 4. OpBoywVikng diatoung diacTacewy b =4 cm kai h = 6 cm, Bpeite TNV
TTOAIKA pOTTA adpaveiag TnG.
Amravrnon: 104 cm#
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= 5. Bpeite 11g poTTEG adpaveiag Iy, |y TG dlaToung:

Amavrnon: I, = 1459,58 cm#, |, = 4958,33 cm*

=% 6. AideTal diatour) dITTAOU Tau PE EYKOTTH. Bpeite Tn potrr) adpaveiog Kal
TN POTTA avTioTaong TNG SIOTOUAS AUTAG.

Amavinon: |y = 41962,7 cm4, W, = 2331,26 cm3
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=% 7. Bpeite Tn potrA adpaveiag TNG KoiAng d1aToung wg TTPog Toug AEoveg
X-X" Kaly-y".

Amavrnon: I, = 9583,34 cm4, |, = 5520,83 cm*

=% 8. AideTal au@iapBpwTdg 0TUAOG, OUVOETNG DIATOWNG.

Na BpeBei:

a) n 6éon Tou KB Tng diatoung

) n pott adpaveiag wg TTPOG ToV KEVTPORapIKO agova y-y”
Y) N aKkTiva adPAVEIDg iy.y .

Amavrnon: (yg = 8 cm, l,.,-=504 cm#, i,.,-= 2,6 cm)
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.) Emidiwképevol oTéxol:

ZKOTTOG TOou KEPaAaiou auTou, gival ol pabnTég:

Iz/ Na diakpivouv Toug d1a@opoug (I000TaTIKOUG) QPOPEIG, TIG YPOPTIOEIS,
TIG OTNPICEIG KAI TN OXNMATIKA TOUG aXediaon Pe atmmAd katavonTd
TTapadeiyyara.

E/ Na utroAoyifouv —KAvovTag Xpron Twv TPIWV CUVBNKWYV I00pPOoTTiaG—
TIG QVTIOPACEIC OTAPIENG OE YIA APPIEPEIOTN DOKO, OE JOVOTTPOEXOUTQ
OOKO, 0€ AU@ITTPOEXOUCT DOKO K.ATT.

E/ Na KaTavonoouv TNV apxr TNG IG0OUVANIOG HETAEU ECWTEPIKWV KAl
eEWTEPIKWYV dUVAPEWY 0€ OOKO TTOU POPTICETAI KOl VO UTTOPOUV va
utroAoyifouv o€ pia Tuxouoa B€on TG dOKOU Ta evTaTIKA PEYEDN
M, [Q], [N].

Emiong n katavénon Twv diaypauudTtwy autwy B8a dwaoel Tn duvatotnTa
OTOUG JaBNTES va EQAapUOouV TA TTIO TTAVW OTO OTTOUdAIO KEQPAAAIO TNG

Kapyng.

8. ®OPEIZ - DOPTIZEIZ - ZTHPIZEIZ - EMIAYZH AOKQN
8.1 M'evika

Miag KaTaokeung (atrd oTTAIoUEVO OKUPOdeua —aTrd gidepo— atmd EUAo
K.ATT.), Ta OTOIXEIO TNG, OTTWG: ) N pARdog, ) N oK, y) 0 diokog, ) n
TTAJKQ, €) TO KEAUQPOG, DEXOVTAI TIG EEWTEPIKEG BUVALEIG, Ta QopTia. AUTA
peTapifadovTal oTnNV KATAoKEUN KOl akoAoUBwG peTapiBadovtal oTo £€8a¢pog
onAadr| oI oTNPIEIG, TTOU OPEIAOUV VO KPATOUV QUETOKIVATN TNV KATAOKEUN.

‘Eva T€T010 SOWIKO OTOIXEIO TNG KATAOKEUNG TTOU avaAauBAvel Kupiwg
KGBETEG DUVAEIG TTAVW OTOV AEOVA TNG KAl TNG OTT0IOG TO MAKOG €ival TTOAU
MeyaAo o€ oUyKpion WE TIG AAAEG TNG BlaoTdaoelg, ival n dokog, n oTToia
KOl QUTH) 0T OUVEXEID KaTaTroveiTal ouvBeTa. MN.x. n yépupa, o a&ovag evog
QUTOKIVATOU €ival BOKOG.
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TURMO TTPOEXOV B0oKOG B0oKOG B0KOG

ompIgn

ZxAua 8.1a Aokdg TxAua 8.1B Aokdg TxAHa 8.1y Aokog

H paBdog avalapavel SuvAapelg eQeAKUGUOU 1) BAiyNg, uévo KaTd Tn
d1evBuvon Tou Agovd TnG.

Exfpa 8.15 PaBSoc

O diokog, kal TETOIOG €ival O TOiX0G WIaG 0IKOOOMNG, avalauBavel du-
VAUEIG TTOU BpioKovTal OTO HECO ETTITTEDO TOUG PE TTAXOG TTOAU UIKPO, O€
oxéon e TIG GAAeG BIaOTATEIG TOUG.

ZxAua 8.1¢ Aiokog

H mAdka kal TETola €ival To dATTEDO WIaG OIKOOOUNAGS, avaAaudvel duva-
MEIG K&BeTa TTPOG TO £TTITTEDO TNG. Kal 0w TO TTAXOG, O€ OXEON UE TIG AAAES
NG d1a0TACEIG, €ival YIKPO.
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TTAGKQ

KoAwva

KOAWVa

TTAGKQ

ZxAupa 8.101 [Adka

To kéAu@Oog Kai TETOIO gival évag TPOUAOG HIaG EKKANGIAG, Eva BIOUNXavIKO
Il AEPOTTOPIKO UTTOOTEYO, ONAQDK €vag PIKPOU TTAXOUG KAUTTUAOG QOpPEQS
avaAapuBavel duvapuelg Kail TIg JeTaPiBadlel oTig oTnpigelg.

ZxAua 8.18 KeAupn

Ag eTTavEABoupE OUWG OTn BOKO, TTOU OEV ETTITPETTETAI VO UETOKIVEITAI
(oT0 emTiTredd TNG). Apa Ba TTPETTEI N €dpACH TNG va YiVETOI € anuEia oTa-
Bepd TTOU va TNV dIAaTNEOUV AUETABETN (apETAKivNTN).

AnAadn o€ Troleg oTnpigelg Ba avagepBoulpe, £T01 WOTE va dECUEUOOU-
ME TOUG QPOPEIC, TTOU AVAPEPOUUE TTIO TTAVW, VA PETOKIVROOUV opIldvTia,
KATAKOPUQQ Kal va oTpa@oUv. YTTO Tnv €midpacn Twv gopTiwy, n S0KOg
peTaBIBdalel auTd T QOPTIa OTIC OTNPIEEIG, JE ATTOTEAEO A OTIG BECEIC TWV
oTNPigewv autwv va ekdnAwvovTtal (va avamTuooovTtal) avTidpdcelg ol Ka-
AOUUEVEG «QVTIBPATEIS OTNPICEWS» .

* O1 popTioelg, To TTWG peTaBiBalovtal péoa atd Tn dokd TTPOG TIG OTNPIEEIS o€ KABE BEon
NG doKoU, TI SUVANEIG avaTrTiooovVTal, OAa QUTA Ba Ta EEETATOUNE AVAAUTIKA TTOPOKATW.
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IxApa 8.1n KeAupwrd oréyaotpa
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MIAoaue oTa TTPWTA HABAUATA YIA TIG TPEIS CUVONKES I00PPOTTIOG EVOG
owpaTog. AUTWY TwV eEI0WOEWV Ba KAVOUUE Xpron YIa va OEOUEUCOUE
TOUG TPEIG BaBuous eAeuBepiag TnG dokoU Kail va Pnv JeTakivnBei. MNavra
B€AoupE o1 PopPEIG va TTOPAPEVOUV OMETABETOI.

8.2 EIAH ZTHPIZEQN TQN AOKQN

Ta €idn oTnpifewg Twv doKWV eival Tpia:
a) N waKTWwon, B) n dppwan, y) N KUAIoN

e 3TNV TTAKTWON £uPavifovtal TPEIG AVTIOPAOTEIC:

1. H op1dévTia avrtidpaon Ax, 2. H kataképu@n avTtidpaon Ay Kail
3. H potri} madkTwong M. Auto 10 €id0g TNG OTHPIENG BEV ETTITPETTEI OTN
O0KO va PETaKIVNOEi, OUTE va aTToXwpIoBEi oUTE Kal TNV GTPOPI) OTO ONUEIo
OTNPIgEWG.

IxAua 8.2a Makrwon

ZxApa 8.2B Makrwaon

e 21NV ApBpwon supavidovtal dUo avTidpAaacelg OTAPIENG:

1. H opidévTia avtidpaon Ax kai 2. H kataképu@n avtidpaon Ay.

AuTd 10 €id0C¢ TNG OTAPIENG, eV ETTITPETTEI 0T OOKO YOG VA PETOKIVNOEI
Kal OUTE VA ATTOXWPIOTE" ETTITPETTEI OUWG OTPOYPN YUpw atrd TO onueio
OTAPIEAG TNG.



176 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

XyxAua 8.2y ApBpwan
Avaloya pe Tn B€on NG dokou, £xoupe pia OEaUN avTIOPAoEWV A,.
e >Tnv KUAION eu@avileTal pia avtidpaon oTthpigng, KAOeTn oTO £TTi-
medo oTAPIENG TNG, N Ay.

AuTO TO €id0G TNG OTAPIENG ETITPETTEI GTN OOKO PAG VO ATTOXWPICHOEI
KABeTa TTpOG TN d1EUBuUvVON TNG KUAIONG.

ZxApa 8.286 KuAion

IxAua 8.2e ApBpwon — KUAIon

ZxApa 8.20t1 Apbpwan - kUAion
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TyxAua 8.2¢ Makrwan — 21ipién aéovog unxavig

TxAupa 8.2n ApbBpwon - KuAion

8.3 YMOAOIIZMOZ ANTIAPAZEQN AOKQN (ANAAYTIKOZ)

1. AMOIEPEIZTHZ AOKOY

xAua 8.3a Auiépeiorn S0KOS

AOon
ATI6 Tn delTePn oUVONKN IcoppoTriag ZF, = 0 éxoupe:

Ay *+ By = (100 + 50) daN = 150 daN

ATTO TNV TpIiTN OUVONKN I00pPOTTIOG ZM? =0 €YOoupE:
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(1002 + 505 - B,;-7,5) daNm = 0
200+250 daN-m
BL]J = .
7,5 m
Qore: A,=90daN, B, =60daN

Apa: =60daN

Na Bpeite T potA KAuwewg M, a1o péoov Tng dokou.

2. MONOIPOEXOYZAZz AOKOY

ZxAua 8.3 Movommpoéyouaa 60KA¢

AUon
ATI6 Tn delTepn ouveOnkn IcoppoTriag 2F, = 0, £xoupe:

A, + By, =300 daN

ATT6 TNV TpiTN OUVBRAKN Ic0ppoTTiag XM ? =0, éXOUE:

(100-2 +50-5-7,5 By, + 150-9) daNm = 0

B = 200+ 250+1350 daN-m

Apa
v 7,5 m

= 240daN

Qore: ALp =60 daN, BLIJ =240 daN
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3. AMOINPOEXOYZAZ AOKOY

ZxAMa 8.3y Augimpoéxouoa S0KOS
AUon
Epyadbuevol 0TTwg TTponNyoupeva EXOUE:
SFy = 0= Ay + B, =400 daN

ZM?=O = (-100-2+100-2+50-5-By 7,5+ 150 - 9)daN - m =0

250+1350 daN-m
Blp = .
7,5 m

Qore Ay = 186,7 daN, By=213,3daN

Apa

=213,3daN

4. AMOIEPEIZTHZ AOKOY ME XYNEXH ®OPTIZH (OMOIOMOP®H)
Acg avagépoupe pePIKA dedopéva, yia TO TI ONUAiVEl OJOIOPOPYPO POPTIO

g = 100 daN/m. To @opTio auTo gival ouveXEG, KATAVEUNHEVO OpOIOpOPPA
Kal evepyei o€ KABe péTpo TNG SokoU.

ZxAua 8.38 Augiépeiarn S0KOS

To TTapIoTAvVOUE, OTTWG QAiVETAI KOl 0TO OXAMA, PJE Eva 0pBoyWVIO TTOU
éxel oav Bdaon 1o uAKog | = 7,5 m Tng dokoU Kal UYog TNV TIUA TOU QOopPTiou
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g avd povada Prkoug (ava YéTpo), e Baon pia KAipaka duvauewy. ‘ETol,
TO OAIKG @opTio Ba cival

daN
g-1=100 — -7,5m =750 daN,
m

Kol apa a1ro TNV 2F =0 éxoupe:

750
ALIJ = BLIJ =——daN=375daN
2

Apa A, =B, =375 daN

Na Bpeite Tn potr kKapwewg M, oTo péoov Tng dokou.

5. AMOIEPEIZTHZ AOKOY ME TPITrQNIKH ®OPTIZH

IxAHa 8.3 AugiépeiaTn GOKOS

daN
Av n akpaia Ty Tou QopTtiou oTn oTAPIEN (KUAION), €ivar g = 100 ——
m

T6TE N oUVIOTAPEVN TOU opPTiou auTou Ba eival ion pe To euPaddv Tng Tpi-
YWVIKAG ETTIQaveiag eopTiong, Ba cival dnAadr] ion Je:

gl _100-7,5

daN =375daN
2
Kal apa: Ayt+By=375daN 375:5-By,7,5=0
Apa: By=250daN kai Ay,=125daN

Na Bpeite Tn pot Kapwewg M, oT0 pécov TG dokou.
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6. AMOIEPEIZTHZ AOKOY ME ZYTKENTPQMENA KAl OMOIOMOP®A
OOPTIA

TyxApa 8.301 Au@iépeiotn S0KOS

EXOUE: Ay + By = (250 + 150 + 200) daN
A, + By, =600 daN

SM? =0 = (250 - 1,25 + 150 - 4 + 200 - 6,5 - B, - 7,5) daN = 0

Qore: (312,5 + 600 + 1300) daN = 7,5B,,
Apa: By=295daN kai Ay, =305 daN

Na Bpeite Tn pot kKapwewg M, oT0 pécov TG dokou.

8.4 AZKHZEIZ

@ AZKHZEIZ

o> 1. 3 PIa TOUA T — T MIOG DOKOU EXOUE:
1.N=Q=0,M#0
2.N=M=0, Q#0
3.Q=M=0, N#0

Na e€ayeTe Ta avdAoya CUPTTEPAOUATA VI KABE pia aTTd AUTEG TIG TTE-
PITITWOEIG.
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=% 2. Na BpeBouv o1 avTidpdaoeig OTNPIEEWY TWV TTAPAKATW POPEWV.

a)
(Amavinon: A= 160 daN, By = 140 daN)

B)
(Amavrnan: Ay = 225 daN, B, = 75 daN)

Y)
(Amavrnon: Ax = 200 daN, By, = 150 daN)

d)

(Atravtnon: (Bw =Ay =



®OPEIs - POPTIZEIS - ZTHPIZEIE 183

(Amavrnon: Ay = 350 daN, By = 500 daN)

oT)

(Amavinon: Ay = 700 daN, M; = 1225 daN - m)

(Amavrnon: Ay = 60,71 daN, By, = 789,29 daN)

8.5 APXH IZOAYNAMIAZ METAZY EZQTEPIKQN KAI EZQTEPIKQN
AYNAMEQN

IxAua 8.5a Aokd¢ atabepris diarouns
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‘EoTw n 6okdg AB oT1abepng diatopns (ox. 8.5a), euBuypauun Kai T-T
Mia S1aTopr TNG —OTTWG QAivETal OTO OXHMO— dEXOMEVN TNV ETTIOPAC TWV
ouvdapewyv F4 kai Fo.

MNa va 1IcoppoTrei N paPRdOG, Ba TTPETTEI va EXOUE:

(Ax: Ay, F2) + (By, F1) =0

Méavw oto TuAua (1) TNG dokou evepyouv ekTOG aTTd TIG: A, Fo Kal GAAEG
OUVAEIG TTOU TTpoEpyovTal atrd To TEAPa (1) TNG dokoU Kal epgavidovTal
EQPAPUOOPEVEG OTO ONEiIa TNG TOUAS T— T (OX. 8.5.8).

ZxAua 8.58 Tour 1 - 1 TG BOKOU

210 OX. 8.5y emeIdn 1o TuNMa Il BpiokeTal o€ IGOppoOTTia, TTPIV va Yivel N
TOUA T - T, TO TUAUA | aokouoe TTavw oTo |l SuVAUEIG avTiBETEG.

ZxAua 8.5y Toun 1-1 TG GOKOU
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O1 duvapeig Tou evepyouv oto TuAua (Il) Tng Toung ouvTiBeTal oTNV
(A, F5) peratotidovtdag Tnv TTapdAAnAa TTpog Tov @opéa TnG (oX. 8.5y) woTte
va Tepdoel atrd 10 T Kal TTpocBéToupe TN poth My, = (A, F2)-h kaAeital
KauTrTIkA potrr. H (A, F») gival rpogavég 6T avaAuetal otnv N (agovikn
Suvaun) kai otnv Q (SraTpnTikAg duvapn). H pot My, = (A, Fy)-h kaAeital
KOMTITIKF) POTTH.

E@apudlovTag TIG TPEIG YVWOTES Jag AON OUVOAKES ICOPPOTTIag o€ KABE
TUAMG TNG dokoU AB, TO0 oUOTNUA OAWY TWV ECWTEPIKWV KAl ECWTEPIKWV
duvapewv BpiokeTal o€ IcoppoTTia Kal dpa yag divouv Tnv My, kai Tig N kai Q.

Ag doUpE OPWG pia TTPOG Wia TIG TTAPATTAVW EC0WTEPIKEG OUVAEIG.

i) H N ival BeTiky, N>0, 6tav n afoviki d0vaun e@eAKUEl TN diaToun,
evw n N givar apvnrikA, N<0, étav n agovikr d0vaun OAiBel Tn diaToun.

TxAMa 8.58 Zrjuavon ¢ N

i) H Q ivai 6€Tikn, @Q>0, yia de§i60Tpo@n poTtrA kal Q<0, yia aploTe-
pOOTPORPN POt

IxAua 8.5¢ Zruavon e Q
iii) H My, givai BeTikr}, Mp>0, 6Tav n KOUTITIKF POTTH aVOYKAgel TO BeTIKO
ouUvopo TG B0KOoU va To QeAKUTEI KAl

My<0, 6Tav n KaUTITIKA POTTH avaykadel To BETIKO aUvopo TnNG OOKoU
va 10 BAiyel.
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ZxApa 8.50t1 2uavon tng M

Ma pia opBoywvikr diatour] Yiag dokouU TTou SEXETAI POPTIa, ETTAKOAOUBO
€ival n d0kA¢ va kap@Bei. ‘ETal AoIrév, n KATW aKUr EPEAKUETAI, EVW N GVW
akun BAiBeTal- dnAadn or duo Trepioxég (1) kai (1) Tng dokou eugavifouv
EQEAKUOTIKEG KOl BANTITIKEG TAOEIG.

O &&ovag 0-0 TrTapouaidder pia 1diaitepn onuacia. Katé urikog autou Tou
afova ol iveg TNG BIATOUNAG, KATA TN QOPTION, gV dEXOVTAI KAUIA TTAPAPOP-
@wan (oudéTepog agovag TG SIATOUAG).

TxAua 8.5¢ Kauwn tng dokou. Oudérepog aéovag O - O

ZxApa 8.5n Kauwn tng dokou
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Zxnua 8.58 Kdauwn tng¢ diaroung tng dokou

8.6 ENMIAYZH AOKQN
AMO®IEPEIZTH AOKOZ ME ZYTKENTPQMENO ®OPTIO

Aigypappa [N]

Emeidn Ax = 0, ouvayoupe, 0TI KaB’ 6Ao TO UAKOG TNG OOKOU £XOUE:
N =0.

Aidypappa [Q] - TEUVOUCWYV SUVAPEWY

Otwpoupe yia 1o TuRua AlC Tng dokou AB, Tour| T4 - T4 KOl TTEPVOULE TIG
duvapelg TTou BpiokovTal apioTePd TNG TOUAG T1 - T1 (TIG AlyOTEPEG OUVAEIG
TIG KABETEG OTN BOKO aPoU auTEG Bidouv TEPvouoa). AuTn gival n Ay = 250
daN. Na 70 Tp6aNpo TNG TEUVOUCAG, YPAPOUUE TNV Ay BEEIA TNG TOUNG HE
avTiBeTn Popd, oTToTE BidoUV BEEIGOTPOPN POTTA dpa N TEUVOUTa OTo A Kal
péEXpPI TO I gival BeTikA Kal ion pe 250 daN.
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IxAHa 8.6a Auiépeiarn S0KOS

XxAua 8.6B Toun 1-1

MNa 1o TuAua BN Tng dokou, 6poia, BEwPOUUE TOWN To-To KAl TTAIPVOUE
TIG dUVApEIG TToU BpiokovTal BEGIA TNG TOUNG To - To. AUTA gival n By, = 250
daN. lNa 1o PO TNG TEPVOUCAG YPAPOUUE TwV By, apiaTepd TnG Toung
ME avTiBeTn @opd, ottdTe Sidouv apIoTEPOCTPOPN POTIH Kal APa N TEUVOUCT
eival apvnTikA a11é 10 B €Ww¢ 1O I K1 ion pe 250 daN.
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Aidypappa [M] - KAUTITIKA pOTTWV

TuApa Al H pottr) o1o A gival undév: Ma = 0. H pottry oto I yia T1g du-
vaueIg Tou BpiokovTal aploTepd Tou I gival ion pe:

Ay - 3m =250 daN - 3m =750 daN - m.

‘Exel onueio BeTIKO yiaTi TO BETIKO 0UVOPO EQPEAKUETA.

ZxAua 8.6y Znuavon tn¢ M
TuApa I'B H potr oTo B gival undév Mg = 0. H potiry ato I yia Tig duvd-

MEIG TTou BpiokovTal apiaTepd Tou B, eivarion pe: By, - 3m =250 daN - 3m =
750 daN - m. ‘Exel onpeio B€TIKO, yiaTi TO BeTIKO GUVOPO £PEAKUETAL.

xAua 8.68 Znuavon tng M

Metd ammd autd, kataokeuddoupe Ta diaypduuata [Q] kai [M] TG ap@i-
¢peiotng dokou AB, TTou déxeTal atn péan 1o popTio Twv 500 daN.
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2. Na Bpebouv Ta diaypauuata [M], [Q], [N] oTnv TTapakdTw au@IEPEI-
oTn dOKO.

Aiaypappa [M]

TxAua 8.6 Auiépeiotn SOKOS
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Y1roAoyiopuog avTidpdoewyv
1. ZF, = 0 dpa: A, = 300 daN cuv60
onA.: A, =150daN

2. 3F, = 0 Gpa: A, + 300 daN nu60° - 200 daN + By, = 0
SnA.: A, + By, =-59,5 daN

3. ZM,’:‘ =0apa:-239,5daN - 2m +200daN - 6m-7m - By =0
OnA.: By = 97,29 daN kai Ay = - 156,79 daN,

dnAadn anuaivel 0TI N Ay, £X€l OPA AVTIBETN ATTO QUTA TTOU £XEI GTO OXMUA.

Aiaypappa [N] - agovikwv duvdpewyv

210 TUAMA Al TNG dokou, £xoupe atro TIG A kal 150 daN duvauelg, BAiwn
Tou TUAuaTog autou, dpa N < 0 kair N = - 150 daN.

Aidypappa [Q] - TEUVOUOWYV SUVAPEWV

MNa pio Toun 7 - 1 apioTepd ToU I yia TO TUAPA Al TG BOKOU, €XOUE:
Qar < 0 (apioTEPOOTPOPN POTTA) KaI dpa

Qar =-156,79 daN

MNa 1o TuApa MA TG dokoU Kai yia Toun T - T 0€€1d Tou I, £XOUE:
Qra= 259,5 daN - 156,79 daN = 102,71 daN

Kal Qrp > 0 (0e€i6aTPOPN POTIN).

MNa 1o TuAPa AB TNG dokoU Kal yIa TOPR T - T Oe€I& TOu A, €XOUE:

Qag = 97,29 daN kai Qag < 0 (apioTeEpdOTPOPN POTTH).
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IxAua 8.60T Zrjuavon e Q

Aidypappa [M] - KOPTITIKWYV POTTWV

TuARpa Al My = 0. H potty oTo I yia Tig duvauelg TTou BpiokovTal apl-
oTepa Tou I, potm) divel n Ay Kai giva:

M 7P = 156,79 daN - 2m = 313,58 daN - m

kol €TeIdn n Ay BAiBel To BeTikG oUvopo Tou TuruaTtog Al" TG dokod,
eivar: M ?p <0.

TuApa FA lNa pia TounR 7- T 010 A KAl apIoTEPd, Ba EXOUE:

My’ =- 156,79 daN - 6m + 259,5 daN - 4m = 97,29 daN - m

TurApa AB M = 97,29 daN - 6m kai Mg = 0

NaparApnon: MNa 1o onueio E Tou diaypdupatog [M], Tapatnpoupe 6Ti:

Mg =0=-156,79 (2 + x) + 259,5 x.

Apa, AUovTag wg TTPOG X £Xoupe: X = 3,053 m

3. Na BpeBouv 1a diaypdpuata [Q], [M] aTov TTapakdTw TTPOROAO UE
OUYKEVTPWHEVO QPOPTIO (AEovag unxavig)

a) H avridpaon A, = 250 daN

Q,=A, =250daN

Qg =B =250 daN

oTaBepr] OnA. kaB’ 6Ao TO PrKog Tou TTPoGAou

B) M, = My (potrf) TTakTwong) = - 250 daN - 4m = - 1000daN-m

Mg=0
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ZxAua 8.6¢ MNMpdBoArog

4. Na eAéyeTe, oUPQWVA JeE Ta TTapaTTdvw, Ta dlaypduuata [Q], [M]
TOU TTOPAKATW Qopéa:

ZxAua 8.6n MpdéLBoAog
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4. Na BpeBouv 1a diaypdauuata [M], [Q] oTnV TTAPAKATW AP@IEPEICTN
00k TToU BEXETOI OUVEXA OUOIOUOPPN POPTION (YEPOVOYEQUPQ).

daN
Ag uttoBEo0ouUpE OTI TO UAKOG TNG dokou gival | kal To popTio q ——.

gl m
Eivai mpogaveg 6T Ay =By = E

IxAua 8.60 AupiépeioTn GOKOS
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a) MNa v Toun hog T - T o€ amméoTacn X amrd Tnv dpbpwon A yia 1o
d1dypaupa [Q] —TeEuVOUCWV BUVAUEWV— Ba £XOUE:

I I
QX :q_qx:q.(_xj
2 2

I 0, Q a
ia x=0, =—
xX=v AT,

B) MNa 1o didypapua [M]- KAuTTIKWY pOTTWV Ba €XOUE:
X = ql
2
TToU €ival pia e¢icwan dsutépou Babuol wg TTPog X, dnAadn eivai TTa-
PAPOAR.
Na x=0, Mpa=0

M (I-x),

[ [
MNa x= —, Mygoov = q—
2

2
8

AuTA gival n H€yIoTN TIMA TNG KOUTITIKAG POTING OTO JEoOV TNG OOKOU.

Nax=1,Mg=0
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5. Na BpeBouv Ta diaypdppata [Q], [M] otov TTapakdtw TTpéRoAo TTou
QEXETAI CUVEXT OMOIOUOPPN POPTION.

TxAMa 8.6n MpdéBoAog
H avtidpaon otnv makTwon A givai: A= 600 daN

Aidypappa [Q] MNa Tnv Toun T - T 0€ aTOCTACN X ATTO TO A, £XOUUE:
Qx=A-ay
Qore yia x = 0, €xoupe: Qp =600 daN

EVW VIO X = gm =1,5 m Ba £xoupe:

Qu =600 daN - 200 - idaN- apa:
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Q, =300 daN

MNa x = 3m, Ba Bpoupe TNV Qg, dnNA. Qg = 600 daN - 600 daN =0

Aiaypappa [M]

H poTr TTaKTWOoEWG gival

My =-600daN - 1,5m =-900daN - m

Mg=0

MNa v kataokeur TG TTapaBoAng, diaipoupe Tnv AB kai Tnv AA” o€ 8
ioca TuAMaTa Kal xapdadloupe Tig 1B, 2B, 3B, ..., 7B. ATo6 Ta onpeia 1, 2, 3,

..., 7 TOU TUARUaTOg AB, xapadoupe TIG KaBEToug 117,227, ..., 77°. Ta onueia
A7°,6°,5°,4°,3,2°,1°, B eival Ta onueia TNG TTapaBoAng.

6. Na BpeBouv Ta diaypaupata [M], [Q] oTov TTapakdTw @opéa. Na
Bpeite TNV M.

ZxAua 8.60 Movormrpoéyxouoa 60KOS
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Kard 1a yvwoTd, Bpiokoupe (;): Ay = 60,71 daN, By, = 789,29 daN.

Aidgypappa [Q]
Q,-60,71 daN

Q" =-89,29 daN

Q2 =- 189,29 daN

Q" =-189,29 daN
Q2% = + 400 daN
Aiaypappa [M]

My, =-400daN-3,5m+789,29daN - 1,5m-200daN - 1,5m =
- 516,06 daN'm

7. Na Bpebouv T1a dia-
ypauuata [Q], [M] Tou TTO-
PAKATW QopEQl.

ZxAua 8.6i Auimpoéxouoa doKOS
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Eivai Ay + By, = 1200 daN
ZF? =0=-400daN-2m+600daN-2m-By-4m+200daN-5m=0
Apa 4B,=1400 daN

B,, = 350 daN
A, = 850 daN

Aiaypappa [Q]

‘Exoupe: Qr=0

Q," =-400daN
QY% = +450 daN
Qg” =-150 daN

QY% =+ 200 daN

Qp=0

Aidypappa [M]

‘Exoupe: M =0

M,=-400daN-2m=-800daN - m

My, = - 400 daN - 4 m + 850 daN - 2m- 300 daN - 1 m =-200 daN - m

Mg =-400daN - 6 m + 850 daN - 4m- 600 daN - 2 m =-200 daN - m
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8. Na Bpebouv ta diaypduparta [M], [Q] oTOV TTAPAKATW POPEQ

ZxAMa 8.6k Au@iépeioTn OOKOS

‘EXOUpE:
Ay + By =800 daN

SM, =0
200 daN-2 m + 600 daN-7,5 m - B, 10 m = 0

Apa By =490daN

A, =310 daN
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Aiaypappa [Q]
Qa=310daN = Q"
QX =110daN = Q%°
Qu =- 190 daN
Qg =-490 daN

Aidgypappa [M]

Mp=0, Mr=620daN - m
Ma=310daN - 5m-200daN - 3m =950 daN - m

My =490daN -2,5m-300daN - 1,25m=850daN ' m

AlamoTwoTe TNV aARBgIa TV TTOPAKATW dIAYPAUUATWY:

1.

TxAMa 8.6A
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2.

TyxApa 8.6p

IxAua 8.60
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Eivai:

M, = 5,5m-154,55 daN - 200 -1,5 m = 850,02 daN-m - 300 daN-m =
550,02 daN'm

Apa: M, = 550,02 daN'm

ZxAua 8.6¢
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ZyxAua 8.60

MapartnpeioTe OTI:

My =-100 daN-8m - 200 daN-4m = -1600 daN-m
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’—9—0 ZYNTOMH MEPIAHWYH OFAOOY KED®AAAIOY
z
e O1 avTIdpdoelg OTNPISEWV ival EEWTEPIKEG DUVAEIG TTOU
z TTPOEPYOVTAI ATTO TNV £€0paan Tou OTEPEOU TTAVW OTA OTN-
piyMaTA TOU KOl avaTTTiooovTal OTa onueia auTd.

MdakTwon
AvTidpdoeig Tpeig: Ay, Ay, My

ApBpwon
AvTidpaaoeig dUo: Ay, Ay (OUVIOTWOEG TNG A)

KoOAion
AvTidpaon pia: Ay

o TO KATOOKEUAOTIKA OTOIXEIO KABE popéa TTOU BEXETAI ECWTEPIKA QOPTIO
givar: 1. n papdog, 2. n dokog 3. o0 diokog, 4. n TAAKA, 5. T0 KEAUPOG.

e Ta €idn Twv doKWV avaloya Pe Tov TPOTTO TNG OTHPIEAS Toug civar: 1.
TMPOROAOG, 2. HOVOTTPOEXOUTA, 3. AUPITIPOEXOUT, 4. AUQIEPEICTN.
Tnv TTepITTTWON TNG AUPITTOKTNG OOKOU dev Ba Tnv eéeTdiooupe dW.

o O1 popeig TTou €€eTACOUE TWPA Eival Ol ATATIKWG OPIGUEVOI POPEIG ONAa-
On €KEivol TwV OTToIWYV PE TNV BonBEIa TwV TPILV CUVONKWY ICOPPOTTIag
(2Fx=0,2F,=0, M g = 0) ymopoUpE va UTTOAOYiIoOUE TIC avTIOPACEIG
oTNPIEEWS TOug (BNA. 0 TTPOBOAOG, N APPIEPEIOTN BOKOGS KAl TO TIPOEXOVTA
dokapia).

o [Na 1ig eowTepikEG duvdpeig N, Q, M dnAadr Tnv agoviki opBr dUvaun
N, Tnv Tépvouca dUvapun Q kai TNV KAPTTIKA potrf) Mt piag diatopng
T-T TNG BOKOU, WG TTPOG TN GHHAVOT) TOUG £XOUME VA TTOUME Ta €EAG:

a) n N>0 6tav n N e@eAkUEl TN SiaToun Kal
N<0 6tav BAiBel Tn SiaTopn.

B) n Q>0 yia deg160TPOPN POTTA TWV apIoTEPS A BECIG TNG TOUAG T - T
OUVANEWV
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Kal Q<0 yia apioTeEPOCTPOPN POTTA TV ApPIoTEPA 1) OEEIA TNG TOUNAG
T-T OUVAPEWV.

y) n M;>0 61av n potrn KApWng avaykdadel 1o BeTIkd aUvopo TNG OIATOUAS
Va TO EQPEAKUTEI

Kal M;<0 étav n po1rA KAPYNG avaykdadel To BeTikd ouvopo Tng dia-
TOUNAG va TO BAIYEl.

@ AZKHIEIX

=¢ Na BpeBoulv Ta diaypdpuata [M], [Q] Twv TTapaKATW QOPEWV
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.) Emidiwképevol oTéxol:

O1 yadnréc:

Iz/ Na avayvwpifouv Kal va ava@Eépouy TNV eueavion dIaTuNTIKWY du-
VAUEWV.

M/ Na avagpépouv ToUG VOUOUG TTOU £XOUV Qapoyr aTn dIATUNGN Kal
vVa yVWpPidouv TOUG OXETIKOUG TUTTOUG.

E/ Na ptropoUv va KAVouVv OTOIXEIWOEIG UTTOAOYIOUOUG.

9.1 TENIKA

Ortav oupBei o€ Eva cwpa, TTAVW OTO OTTOI0 EVEPYOUV BUVAEIG, VA EUQPO-
vifeTal TTApapOPPWOn Kata TNV oTroia £xouue oAicBnaon diatouwy, TOTE
AEUE OTI TO CWUA KOTATTOVEITAI € SIATUNOT. XAPOKTNPIOTIKO TTAPAdEIYUA
Karammévnong o€ dIATUNON £XOUUE OTOV KOPUO Kap@iou (RAou) 1} KoxAia
TTOU OUVOEEl EAdopaTa, OTTwG aTo oXHa 9.1.a

xAua 9.1.a MNapadeiyua karamrévnong o€ didTunon

Mapatnpouue AoITTOV OTI OTN dIATOMN a-a £€XOUlE KaTaTroévnon o€ O1d-
TuNon. O1 avtippoTtreg duvaelg F, dia Twv eAaTUATWY, EvEPYOUV EYKAPTIQ
oTtn diatopn a-a Tou AAoU Kai Teivouv va TTpokaAéoouv dloAicOnon Twy
dlatouwy (oAioBnon Twv popiwyv), Katd Tn dielBuvaon evEPYEIAS TOUG Kal
av ol SUVAUEIG QUTEG gival ApKETA PEYAAES Ba €xoupe Toun (KOWIUO) Tou
KOpMOU Tou AAou, Katd Tn dlaToun a-a.
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9.2 HMNAPAMOP®QZH KAI Ol TAZEIZ

Ag doupe TwPa TN CUPTTEPIPOPA TOU UAIKOU. &’ aQUTEG TIG CUVBAKES POPTIONG,
ox. 9.2.a, 10 éAaopa (1), uttoé Tnv emidpaaon Tng duvaung F, mECel Tov Kopud
TOU AoU TTPOG Ta O€€Id, eV TO EAaaua (2), avTioToixa, TTPOG TA APIOTE-
pd. AnAadn, e€aitiag TNG dpdong Twv duvauswy F, epgavidovTal TACEIS T,
eykdpoia, (TrapdAAnAa) TTpog Tn dIATOWN a-a, Ol OTTOIEG TEIVOUV va TTPOKA-
Aéoouv TNV oAioBnon Twv popiwv, katd TN d1ElBuvaon TNG dIATOPNG AUTNG.
Av TTapaTnPriocoUE £Va OTOIXEIWOEG TUMKO TOU KOPUOU Tou fAou, auTd Ba
EXel TN pop® ABIA, TTpiv uaoikd atrd Tnv eTTeEVEPYEIQ TwV dUVANEWYV F.

TxApa 9.2.a H ouutrepipopd Tou UAIKOU OTnVv Karamovnaon g SIaTunong

MeTd Tnv emmBoAN Twv duvauewy F kal TNV TTapaudppuaon Tou Kopuou
TOU AU, auTé To aTOIXEIWDEG TUAUA Ba AdBel Tn BEon A'BI'A". Epgavicetal,
OnAadn, pia ywvia Petagl TNG apXIKAS Kal TNG TEAIKAG B€ong TnG akuig AB
TOU OTOIXEIWOOUG TUMUATOG.

AuUTA n ywvia, TTou TN GUPROAICOUNE PE TO YPAUUA Y, OVOUACETAI YwVia
oAioOnong | ywvia rapapdépewaong. H ywvia oAicbnong e¢aptdrai:

a) atré 1n dUvaun TTOU AOKEITAI TTAVW OTO AVTIKEIUEVO,
) a1rd TO UAIKO KOTOOKEUNG TOU AVTIKEIUEVOU
y) OTTO TO OXUA TOU QVTIKEIPEVOU.

O1 duvdpelg TTou emIBapUvouy, OTTWG TTEPIYPAPETAI TTAPATTAVW, dIAPO-
POUG POPEIG, OVOUAZoVTal SIATUNTIKEG SUVANEIG, VW Ol AVATITUCTOUEVEG
TAoEIG, SIATUNTIKEG TAOEIG.
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9.3 TATIOZOTIKA MEIME®H THZ AIATMHZHZ

21NV TPooTIA0eId pag va eKQPACOUE TIG TTOOOTIKEG OXETEIG , HETAEU TWV
MEYEBWV TTOU avVaAPEPOVTAI OTO PAIVOPEVO TTOU £CETACOUNE, Ba KAVOUE TIG
€€NG TTAPAdOXES ,01 OTTOIEG EUPITKOVTAI TTOAU KOVTA OTNV TTPAYUATIKOTNTA:

a) 0 vOPoG TNG avaAoyiag Tou Hooke 10xUEl Kal TNV TTEPITITWON TNG
KATatmrovnong o€ didTunan,

) oI TTOPAPOPPWOEIG TWV JIAPOPWY PEPWIV TWV KATAOKEUWV Eival TTOAU
MIKPEG, epdaov BERaia KivoupueBa pEoa oTa ETTITPETTTA OpIa TOU VOUOU
NG avaoyiag.

Me autd Ta dedopéva uTropouue va dexBoupue OTi:

1) H katavoun Twv SIoTuNTIKWY TACEWY, OTNV KATaTTovoUuevn diatoun,
gival opoiduopen Kal

2) H kaTatrovoUpevn dlaTour] TTapapével eTTiTTES0C, KATd TN 0pAcn TWV
OIOTUNTIKWY OUVAUEWV.

Etmopévwg, av:
F n evepyouaa diatuntikr dUvaun Kai

S 10 eufadov TG KaTaTrovouuevng dIATOUNAG, TOTE N dIATUNTIKA TGoN
(1) ivau

=_ (9.3.0)

lMa TN ywvia Tapapoép@waong y, Tou, 6TTwG eiTraue, Ba gival TTOAU pIkpn,
éxoupe (ox. 9.2.a)

AA .
y =epy =——oe rad
BA

2UPQwva Pe To VOUO TNG avaloyiag, TTou IoXUEl Kal €dw, 0 Adyog TG
SIaTUNTIKAG TAONG TTPOG TN ywvia TTapaudpewaong, oTNV EAACTIKA TTEPIOXT,
eival otaBepdc. O Adyog autdg ovouddletal HETPO BIATUNONG, I METPO
oAioBnong, ) 5eUTEPO PETPO EAAOTIKOTNTAG. TO OTAOEPO QUTO PéyeBOG,
TO oUpBoAiIfoupe pe To ypdpua G. Apa, givail:

:
G=— oe N/m? (9.3.8)
y

* ETropévwg, To péyebog vy gival adidoTato
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To pétpo diaTunong €xel dIaoTAoEIG TAoNG, agou To Y, N ywvia dnA.
oAioBbnong, eival uéyebog adidoTaro.

ATtrodeikvUeTal OTI TO HETPO DIATUNONG £XEI Mia aTTAN OXE0N (YPAMMIKD)
ME TO YETPO EAADTIKOTNTAG TOU UAIKOU™.

H 1iyn Tou G yia Ta ouvABn UAIKA TwV KATOOKEUWY, Eival, TTEPITTOU

G=0.385-E (9.3.y)
MNa Toug xaAuBeg, TTou eival Baaikd UAIKG yia TIG NXAVOAOYIKEG KATA-
OKEUEG, Ol TIUEG, KOTA TTPOCEyyYIon, Eival:
N daN

G=7,95x 102l n 7,95 x 10° di N 7,95 %103 —
2 2 2
m cm mm

9.4 TA OPIA ®OPTIZHZ

MNa Ta ouvABn UAIKG KOTOOKEUWY N ETITPETTOUEVN TAON o€ dIATUNOoN, B¢-
wpeital ion pe 0,85 TNG avTioToIXNG ETTITPETTOPEVNG TAONG O€ EPEAKUCUO.
Etmopévwg eival:

Ten = 0,850€1T (94(1)
MNa Tov xuTtooidnpo dpwg cival:
Tenr = 1,10¢n (9.4.8)

ETreidn eival 5U0KOAOG 0 akpIPg TTPoodIopITPOS TOU TPOTTOU E TOV OTTO0IO
avTIOPOUV Ta UAIKG KATW aTTd TIG SIAPOPES GUVOAKES POPTIONG KAl JOPPES
TTOU AapuBAavouv PJECO OTIG KATAOKEUEG, KOTOQEUYOUUE OE TTEIPANATIKOUG
TTPOCdIOPICHOUG TWV ETTITPETTOUEVWYV OpiwV POpTIoNG. ‘ETol, avdloya pe
TO OXMNMA TNG KATATTOVOUHEVNG DIATOWNG, O€ DIATUNON, TTPETTEI VA PEIWVETAI
0 OUVTEAEOTNG AOPAAEING, WG EENG :

i. YIo KUKAIKA diatopur|, ouvTeAeoTG peiwong C = 0.75
ii. yia opBoywvikn diatoun , ouvteAeoTn yeiwon C = 0.66

iii. yia daktuAiogidr] diatoun, cuvteAeoTr| peiwong C = 0.50

* G = m E 61ou m n otaBepd Tou Poisson
2(m+1)
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9.5 TMHZH - WAAIAIZMOZ

ZxAua 9.5.a Aidrunon f waAidioudg

TNV TEPITITWEON Tou 0X.9.5 a, epapuoloupe oTn diAaToun € ToU EAGCA-
TOG, OUO i0€g Kal avTipopeg duvapelg. O oKOTTOG Pag gival va KOWOUNE TO
éhaopa, dnAadn va mMTUXOUUE, YE TN MOVIUN TTAPAUOPPWON, TO EMOUUNTO
oxnua. OTav epappolovtal aTny idia dlaToUN ITES Kl avTiPOPES DUVAEIG,
opIAoUpE yia TuAon 1 waAidiopo. To gaivouevo, Ouwg, gival autd Tng d1a-
THNONG, HOVO TTOU £0W £PYACOPOOTE TTEPAV TWV OPIWV TNG avaloyiag. TNV
TEPITITWON PNAAIOTA TNG OTPAVTLAG, EpyalOUAOTE OTNV TTAACTIKI TTEPIOXH
Kol 0TO WaAidI eipaoTe GTO OpIo Bpavong.

9.6 H ENIAPAZH THZ TEMNOYZAZ AYNAMHZ

H katamévnon o€ SIATuNoN, EKTOG aTTO TIG TIEPITITWOEIG OTTOU gival n BaciKA
KaTaTrdvnon Tou OTOIXEIoU , OTTWGS O° aUTEG TwV ). 9.1a Kail 9.5a gugavieTal
KAl 0€ OAEG TIG GANEG TTEPITITWOEIG KATATTOVIOEWYV KAl TTAPAPOPPWOEWV
TWV UAIKWV. AUTO oupdBaivel, yiati og OAEG TIC TTOPAPOPPWOEIS EXOUME Kal
oAiocBnaon Twv dloToPWY TTou gival, AlyoTEPO N TTEPICTAOTEPO EPPAVIAS KATA
TTEPITITWON.

270 TTEIPAUA TOU EQEAKUCUOU, YIa TTapAdEIyUa, TToU €idauE o€ TTpon-
yoUMEVN TTAPAYPAPO EKTOG ATTO TNV ETTIMAKUVAN TOU SOKIWIOU, £XOUE Kal
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oTévwaon TNG dIaToung, kel akpIBwg, TTou TEAIKG Ba oTTdoEl To SOKiIOo.

IxAua 9.6.a H oAiobnon mou sugaviletar kard tn dIadikaagia Tou EPEAKUTLOU

‘ET01, 010 oXAua 9.6.0., BAETTOUNE OTI TO oNuEio A,, TTAnaiov TG B€ong
Bpauaong, aTnv TTEPIOXT OTEVWAONG TNG OIATOMNG, PETOKIVABNKE, Adyw TNG
ETMIPOANG TWV EPEAKUOTIKWYV duvApewy F, atrd Tnv apxiki 8éon A,, o€ pia
GAAn, Tnv A¢. ‘Exoupe Aoitrév, pia petakivnon tnv Ay, TTou 4TTopoUE va
TNV avaAUoOoUPE WG pia TTaPAAANAN TTPOG TNV dIEUBUVON TWV EQPEAKUCTIKWV
OuvdAuewy, Kai hia GAAN peTakivnon, KABeTn oTnv TTponyoupevn, Tv Ay. H
TEANIKN) YETATOTTION Ay — A1 dNAwvel TTapdAANAn oAicBnon Twv diaTopwy,
dpa €xoupe TNV TTapouadia daTuNTIKWVY Taoewv. Avaloya gaivopeva Je
QUTO TTOU TTEPIYPAWOE, ENPAVICOVTal O OAEG TIG HOPPES KATATTOVNONG TWV
UANIKwV. O1 aTTaITACEIS VIO AOQOAEIG KOl CUVANQ OIKOVOUIKEG KOTAOKEUEG,
Mag kaBopilouv Ta TTAQICIO HECO OTA OTTOIA TTPETTEI VO KATAOKEUAJOUUE TO
épya pag. Ta opia autd, dnAadn o1 ETITPETTOPEVES TATEIC VIO TOV UTTOAOYI-
OO TNG AvTOXNG, €ival TTOoO0OTO TOU opiou avaAoyiag r Bpauong yia TNV
KATA TTEPITITWON KATATTOVNON, TTOU UPIioTATAI N KATAoKeUr. Mg TTpouTro-
Béocig, 6Tl dev EeTTEPVANE TA OPIA KAl OTI O POPEAG TOU £PYOU AVTEXEI TNV
KUPIO KaTaTTOVNon TToU u@ioTaral, JTTopoUuE va un AGBoule utroyn Pag Tig
BIATUNTIKEG TACEIG TTOU TIPOKUTITOUV DEUTEPOYEVWG. AV, OUWG, TTPOKUWOUV
uUTTEPPRACEIS TWV OpiwY, OTTWG TT.X. CUUPBAIVEI OE TTEPITITWOEIG OEITUWY, N
Opdon Twv dIaTPNTIKWY duVApEwy, yivetal aiobnTr. O1 yeydAeg pwyuég oTnV
TOIXOTTOIiQ, TTOU TTAPATNPOUVTAI O€ CEICUOTTANKTEG TTEPIOXEG - KAl JAAIOTA
UTTO ywvia 45°- opeilovtal OTIG DIATUNTIKEG OUVAEIG.
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9.7 EQAPMOIEZ

U NAPAAEICMA 10

AUo peTaANIKG eAdopata (a kal B) evw-
vovTtal Je éva Ao diapéTpou d = 30 mm
(ox. 9.7.0). O KopuOG TOU AoV KaTa-
Troveital o€ O1IGTUNCN Ao pia duvaun
F = 30KN.Av 10 UAIkd TOU AAOU eival
a1r6 st40 Kal 0 cuvTEAEOTAG AOPOAEiag
5, va e\eyxBei n avtoxn Tou Aou.

IXAMa 9.7.a
ATtrdavrnon

daN
1) To uAIKS Tou AAoU £xel Oplo Bpaloewg Ogp = 40

mm2

ZUPQWVa e 60O EXOUNE QVAPEPEL VIO TO CUVTEAEDTH aOPAAEIaG Kal
yla Ta 6pla @opTiong otnv TTapaypago 9.4. (oxéon 9.4.a), Ba civai
yIa TNV €MTPETTOMEVN TAON O€ SIATUNON:
_ 08504 0,85x40

\% 5

TETT

daN
T..= 6,8
ETT mm2

2) H em@adveia diatoung Tou nAou eival:
m-d®>  m-30°
A= =
4 4
A =706,85 mm?

3) H avatrtuoodpevn 1aon gival 1 =
oxAuaTtog (Trap. 9.6)

, 6TTou C=0,75 ouvTeAeaTNG
A.C

a) F = 30KN = 30x103N = 30x10%x10-" daN

n F = 30KN =30%103x10-"daN
F =3x103 daN
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F 3x10°
B) - = @000
AC 706,85x0.75
daN
T1=5,66
mm?2
daN daN
Gpa 1=566 0 <1,,68
mm? mm?

Etropévwg o nAog pe d = 30 mm gival ETTAPKNG.

U NMAPAAEITMA 20

Z@nva Pe epyalopeveg dlaoTaoelg (ox. 9.7.8), TAGToug: 10mm, YAKoug:
100 mm, Oyoug: 5 mm, katatroveital o€ dIaTuNon amo duvaun F. Zntoupe
va uttoAoyIoBei N péyioTn dUvaun TToU PUTTOPOUE VA EQPAPPOTOUNE, XWPIG
VO KATOOTPAPE N o@riva. ZnNTAUE akOun TNV TTapaudp@waon TNG eAVaG ,
oTnNV TTEPITITWON £€QAPUOYNS TNG MEYIOTNS dUvaNNG. Na To UAIKO TNG 0On-
vag, diveral:

Métpo didatunong: G = 7,95 x 10° dan
2
cm
N
Oplio Bpavong: og,= 4000 di
cm?

2UVTEAEOTAG AoPAAElog vV = 5

ATTdvinon

IxXApa 9.7.8
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1. H emtpemopevn Tédon o€ didtunon ivai
_ 0,85-0y,  0,85x4000

Y 5
daN

cm?

TE'IT

Ter = 680

2. H emedveia Tng dIaTOUNG TNG GOAVAG ,TTOU KOTATTOVEITAI EivVal
A=05%x1+10x1+0,5%x1=11cm?

3. H péyiotn duvapn otnv otroia PTropei va avtéEel n o@Ava, gival ekeivn
n duvapn, n otroia Ba avatTugel oTn dlATOURA, TNV ETTITPETTOMEVN TAON
apa Fax=TenA-C (6110U C = 0,66 0UVTEAEOTAG OXAUATOG TTOPAYPA-
©0G 9.4)

EtTopévwg, €Xxoupe:
Fmax= 680 x 11 x 0,66
n Fmax = 4.936,8 daN
4. Me Tnv e@appoyn TNG Fax, N Tapaudpewaon Ba gival cUPwva Pe
™ oxéon 9.3B.

y =&
G

680

y =~ =0,00085rad
7,95x10

180 _,_ ..
y =0,00085 x — =2'56"",4
'IT

Emopévwg, n p€yiotn duvaun eivar: Fpayx = 4.936,8 daN kai n mapa-
MOpowon y=2'56"",4

U NAPAAEITMA 3o

ATT6 XaAUBdIvN Aapapiva uAikoU st37, TTayoug t = 1mm, Ba kGvoule TTapaywyr
podeAWV, e BIaoTAOEIS , EEWTEPIKAG dlapEéTpou D =18mm Kal E0WTEPIKAG
d =9 mm. Zntape va TpoadiopiaTei n duvapn KoTNg Fgg.

Amrdvrtnon
H ko1t o€ Tpéoca avaTrtuaoel kabapn diaTunaon. H emeaveia Tou ugi-
aTatal TIG SIATUNTIKEG DUVAEIG Eival N ETTIQAVEIN KOTTH|G.
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1. H 1don Bpauvong o€ didtunon, civai

daN
mm

Tep =0.800¢, 1} To,, = 0,80 x 37 = 29,6

2. H em@aveia kotg, eivai: A=t (m- D + 1 - d)

A=1x(m-18+1-9)=284,8 mm?

3. H duvapun kotig Ba eival: Fgo = A - Tgp,
Fop = 29,6 x 84,8 = 2510,08 daN

Apa, n TTpécoa Ba TTPETTEN va avaTTTugel dUvapn, TOUAAXIoTOV ion JE
Fop =2510,08 daN = 25,1 KN,

VIO VO KOWEI QUTEG TIG POOEAEG.

U NMAPAAEITMA 40

Na uttoAoyioBei n pé€yiotn dUvaun oTnV OTToia AVTEXEI N NAEKTPOOUYKOA-
Anon, JE T YEWMETPIKA OTOIXEIQ TOU OXAPOTOG 9.7y. H emTpeTONEVN TACN
o¢e didTunon eival T = 8 daN/mm?2.

IxAua 9.7.y

Amdvrtnon
2uvneng TpoTTog oUYKOAANoNG eival autdg TTou Ogixvel To oxnua 9.7y.
H ouykOAAnon kartatroveital , o€ pia TéETola TTePITITwan, o€ didTtunon. H
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ETPAVEIQ TTOU UPioTaTal TNV KATATTOVNON, €ival QUTH TTOU QVTIOTOIXEI OTO
BéAog AB. H ¢ntoupuevn duvapn gival F= 1A
‘ETol:

1. To guBadodv tng emikivduvng dlaToung eivar: Aqp = £ x(AB),
(AB) = 10nu 45° = 7,07 mm ka1 dpa A1 =175 x 7,07 = 1237mm?Z, n
O¢ emipAvela TTou avaAapBavel To goprio, ivar: A= 2-A4

2. Ta tn ¢nTtoupevn duvapn Ba éxoupe F= 8x1237x2 = 19792 daN A
F=179,9 KN

U NAPAAEIMA 50

Na utroAoyioeTe TIG dlaoTACEIC TTOU Ba TTPETTEI va £xouv ol Bideg Kal Ta
Aapdkia Tou oxnuartog 9.7.6, 6tav yvwpeifoupe 0TI TO cUCTNUA UTTOKEITAI
o€ opTio epeAkuopou F = 60 KN kai OTI: Ta AApAKIO €X0UV, 0€ EQEAKUCHO,
O¢r= 80000 KN/mZ kai o1 Bideg, o€ dIATuNnon, Ter= 60000 KN/m?2.

IxAHa 9.78

ATmrdavrnon F
O1 Bideg katatrovouvTal g€ dIATUNGON. ATTO T oxéon 9.3.a £XOUNE T = —
Kal ETTOPEVWG, av s N avaykaia diatoun Ba ivai: S
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60
60.000 = —
s
) 60 1
o s= = m
60000 1000
apa s=10cm?

Mo kade Bida, emopévwg, n avaykaia diatoun givalr 5 cm2, otdre N
OIAPETPOG ival:

60
60.000 = —
S
2
S5=m—y,
4
. 4x5
dnAadn edw d= =4/6,38 =2,53cm = 25,3mm
3,14

ATTO TIG TUTTOTTOINUEVEG TWPA DIATOUEG, EXOUUE VIO TIG BIdES, WG TTANCIE-
otepn TIPA, TNV M27. Apa, gival dq = 27mm. 210 AQuAKIA, a@rivovTag Kal Tn
OXETIKA Xapn, Ba £xoupe dIGUETPO TNG TPUTTAG B = 28mm. [Na TI¢ 1a0TACEIG
TT0U B0 £X0UV Ta AAUAKIQ, TTAPATNEOUUE TA €ENMG:

a. H meipa €xer O¢i€er ,0T To KOAUTEPO TIAXOG , O€ TETOIEG TTEPITITWOEIG Eival:

d, 27
t=—==—=13,5mm
2 2
Kal @pa TO TTAX0G OTa AQNAKIA, AT TIG TUTTOTTOINUEVES DIAOTACEIG, Ba

givar: t =14mm.

B. MNa va BpoUue 1o TTAATOG £ TIPETTEl VO KABOPITOUWE TIG ETTIKIVOUVEG
Olatouég. O1 diatopég AB, TA, E= uttokelvial o€ eQeAKUCHO, EVW Ol
diatopés BZ, BK, T'H, TA, A®, AM, EI, EN o¢€ didtunon ,yia KaBe AauaK.
E¢etadoupe 10 Aapdki (B) €oTw 611: AB = TA = EZ, 167¢€ TO €PadSv Ba
eivare =3 (AB)-t=3-(AB)- 0,014

Apa, yia ToV EQEAKUCUO Ba £XOUE:

60
80000
, 60
A 3x0,014 x (AB) =
80000

=0,01785m=1,78cm =17,8 mm

(AB) =
80000x 30,014
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Apa, To TTAGTOG £ Ba gival:
(=3x17,8+2x%28=109,4 mm
Ba TTépoupe
£=110 mm
Etmouévwg, ol dilaotaoelg TnG Aduag givai: 14 x 110 mm

©a uttoAoyicoupue , TWPA, TIG ETTIKIVOUVES dlaTopég ae diaTunon. MNa kabe
Aapa auTtég gival TEooepig (ox. 9.7 8) MNa TN Adua (B), EXOUuE:

a=(ZB) = (Hr) = (A0 ) = (EI)

eivai Aoittov 4 x 0,014 x a = 60/60000
] 60
n a=

60000x4x0,014

=0,0178 m=1,78cm=17,8 mm
Kal ag To BewpAooUE yia PeyaAUTepn ao@aAeia, wg a =20 mm.

Ma TNV TANPATNTA TOU BEUATOG, TNV TTEPITITWOTN OUVOEONG EAQOUATWY,
pe TrepToivia ) Bideg, Ba TTPETTEl va yiveTal Kal EAEYXOG yia Tn oUVOAIyn oTnv
avrtuya. Na tov éAeyxo NG Tédong ocUvBAIYnG TnNG AvTuyag oTa eAACPOTA,
KAvoue xprion Tng ox€ong:

_F
Oy = it
OTIOU Og: N Taon ocUvBAIYNG TNG AvTUYaG
F : 1o goprtio
d : n dIAPETPOG TNG TPUTTAG TOU EAGCHOTOG

t : 1O TTAY0G TOU EAGCUATOG

Evw Ba mpétrel n Tdon ouvBAiwng TG AvTuyag va IKAVOTTOIEl TN axéon :
Oq < 20¢n
2TIG OUVBNKEG TNG AOKNONG MaG gival:

KN
Oen = 80000 —
m
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60
F=—=30KN
2
d=28 mm
t=14 mm
. 30 KN
dpa Oy =——— = 76.530,6—2
0,028x0,014 m
] KN KN
ETTOUEVWIG 0, =76.530,6 — < 2x80000 —
m m?

.'—g—. 2YNTOMH MNEPIAHWYH ENATOY KEDAAAIOY
Z

a. 2€ DIGTUNON KATATTOVEITAl £va GWPA OTaV BUVAEIS EVEPYOUV
z eyKapaola o€ SIOTOUEG TOU.

B. To ammotéAeopa Tng dpdong autwy Twv SUVAPEWV ( TwvV
SIaTUNTIKWY), €ival n oAioBnon Twv dI0TOPwWY .

y. To YETpo TNG TTapapdp@waong gival n ywvia y, (ywvia oAicbnong A a-
PAHOPPWONG).

0. To YETPO CUPTTEPIPOPAG TOU UAIKOU, OTNV Katatrovnon tng didTunong, eivai
10 HETPO G: PETPOo dIATUNONG oAioBNnoNg, r} OeUTEPO PETPO EAACTIKOTNTAG.

€. Ol TTOOOTIKEG OXEOEIC HETAEU TWV PEYEBWV :
F: dilaTunTikA dpwoa duvaun
S: OIOTOMN] KATATTOVOUUEVWY UANIKWV
T: OIOTUNTIKA avaTITuooduevn Tdon
Y: Ywvia oAicBnang i Tapauoépewan

G: pérpo didtunong f oAiocBnong f deUTEPO PETPO EAACTIKOTNTOG Eival:



@ AZKHIEIX

=¢ 1. Na uttoAoyioBei n Téon d1aTuNongG TTou
avaTTuooeTal 0To Aaiud xuTtooidnpdg déoTpag,
TTOU N dIATOMN TNG €ival KUKAIKOG OAKTUAIOG,
ME e€wTepIKN d1aueTpo D = 40 cm kai TTéxog
3,5 cm, oTav cUpeTal aTTd EYKAPaIa dUvapn
F =500 KN.

Amavinon: T = 12,5 N/mm?

=¢ 2. Tpia eAdopaTa evwvovTal Ue
£va TTEipo, TTou £xel DIaUETPO=18
mm. Av n emTPETOUEVN TAON TOU
UAIKOU, aTTd TO OTTOIO £ival QTIOYME-
VOG 0 TTEipOg, ival Tegn = 800 daN/
cmZ, va uttoAoyioBgi To péyioTo
QOpTiO, JE TO OTTOIO PTTOPOUE Va
KATOTTOVAOOUE TOV TTEIPO.

=¢ 3. ' HAwon o€ dITAR oeipd pe 8 TrepToivia,
karatroveital ammd duvaun F = 280 KN, o¢
dIATuNoN . Av T0 UAIKO TwV TTEPTOIVIWY €i-
val XaAuBag UAIKOU st42 kal 0 CUVTEAEOTAG
aoc@dAeiag 4, va utroloyioBei n dIAPETPOG
TWV TTEPTOIVIWV.

Amavrnon: d = 26 mm
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TyxApa 9.9.a

IxAua 9.9.8

Amravinon: Pmax=30,48 KN

IxAua 9.9.y
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=¢ 4. Me dU0 Bideg diapéTpou

d, evwvoupe Tpia eAdopa-

10. H oUvdeon katatroveital

atd duvaun F = 10000N.

To UAIKG, aTTd TO OTTOIO €ival

KOTAOKEUQOWEVEG Ol BidEG,

£xel OpIo Bpauvong, Ogp =

400N/mmZ2. Na uTroloyi-

00¢i n avaykaia dIAPETPOG

TOU KOPMOU, TTOU TTPETTEI VA IxAMa 9.9.5
€XOUV Ol BideC. ZUVTEAEDTNG

aoc@dAciag, éoTw 4.

Amavrnon: d = 8mm

= 5. O¢éAoupe va kowoupe Adpa 10x60 mm o€ pnxavikd waAidl. Na utro-
AoyioB¢i n avaykaia dUvaun KOTAG, av To UAIKO TNG Aduag eival st37.

Amavrnon: F =188,7 KN

o 6. 2€ TTPEC0OO Ba KOWOUUE KOPUATIA,
OTTWG Beixvel TO TTapATTAEUpWG OXAMQ,
a1T6 Aapapiva Téyoug t = 2 mm Kai UAIKO
He 6pio Bpauong g, = 300 N/mm2. Na
uTtoAoyioeTe TNV avaykaia dUvapn KOTAG,
TTOU TTPETTEl VO avaTTTUEEl N TTPECTA.

ZxApa 9.9.€

Amavinon: Fg, = 310,1 KN

=& 7. K6Boupe €vav agova pe d = 6mm. Av n téon Bpauong eival
Ogp= 370 N/mm?2, Troia eival n SUvapn KoTAG ;

Amavrnon: P, =6,7 KN
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=¢ 8. Mia o@rjva, ugoug 10 mm, TAGToug 10 mm Kai urikoug 75 mm, cuvoéel
évav agova, diapéTpou d = 50 mm, e pia TpoxaAia TTou Kiveital atrd pia poTrh
M; =1 KNm. Na utrohoyio6¢i n avatrruocoduevn diatunTikr TGon OTn o@rva.

ZyxApa 9.9.7
Armavrnon: 1=53,3 My

=& 9. Mg éva poxAo, pnkoug 640 mm,
oTPEQOUE Evav Ggova, diauétpou 80
mm, JE TOV OTTOI0 CUVOEETAI UE Mia
oQAva, TTAGTOUG 8 mm Kal UKoUG
30 mm. Av 10 UAIKO TNG OQrVag EXEI
EMTPETOUEVN TAON O€ OIdTUNON, 45
N/mm?2, va uttoAoyioBouv: ZxApa 9.9.n

a. H péyiotn duvaun F,, mou
avTéXel N oQAva Kal

B. H avrtioToixn péyiotn duvaun Py, TTOU TTPETTEl VO EPAPUOTOUNE OTO
AdKpo Tou POXAOU.

Amavrnon: F, =10,8 KN ka1 P, =675 N
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=% 10. AUo TTAGKEG pE To iB10 TTAXOG t Kal TTAATOG a, €ival KOANUEVES, OTTWG
@aivetal o1o oxnua. Na opioete TN P€yIOTN dIATUNTIKA TAon oTnVv KOAANGON,
TTOU QVTIOTOIXEI O€ PopTio P.

IxAua 9.9.0
0,707 -P

T-4

Amavrinon: 1=



KEDAAAIO

KAMWH

10.1 Tevikd - Eidn kApyewv
10.2 Tdoe€ig TTOU avOTITUCOOVTAI OE KAPTITOMEVN BOKO

10.3 AoKOg iong avroxng o€ KAuYn

229
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.) Emidiwképevol oTéxol:

ZKOTTOG Tou Ke@aAaiou auTtou gival, ol pabnTég:

Iz/ Na £gnyouv TIG £€vVOIES Kal Ta €idn TwV KAUYWEWY, KABWG ETTIONG Kal TN
poTTA KAPWNG. AapBdavovTag utr dyn TIG TIPOUTTOBETEIG - TTAPADOXES
TTOU KAVOUE VIO VO ATTAOTTOINCOUE Ta TTOAUTTAOKA TTPOBAAATA TNG
AVTOXNG TWV UAIKWV.

Iz/ Na Karavoroouv TIg TAOEIG TTOU avOTITUCCOOVTAI GE KAUTITOUEVN OOKO,
TNV EAACTIKN YPAUUN, TO BEAOG KANWEWG, TOV TUTTO TNG KAUWNG £EA-
yovTag ato Tov BepeAitodn autov TUTTO, XPHOIKNO CUUTTEPACHATA.

M Na uttoAoyiCouv TIG TINEG TWV AKPAiIWY TACEWV Kal VO CUUTTEPAVOUV
ME atmAd TTapadeiyparta OTI N KAPWN, 0av KATATTOVNON, ETTITPETTE
01O UAIKO avaAnyn duvauewy, TTOAU PIKPOTEPN atrd 6on n BAiwn
KOl O EPEAKUOOG.

M Na emmAéyouv Ti¢ dlaoTdaoelg piag dokou €1g TPATTOV WOTE, N UTTdpXouca
POTTA avTioTaong va gival eyaAUuTeEPN aTTo TNV aTTAITOUPEVN POTTH
avtiotaong. Ta mapadeiypara mou 6a XpnaluoTroindouy, Vouifouue,
OTI €EUTTNPETOUV TOUG OTOXOUG auTOUG Kail Ba gival og B€an o1 pabnTég
va €TTIAUOUYV JE euxépela dIGgopa TEToIa TTPoRAAuATA.

10.1 TENIKA

Edv €xoupe pia pdpdo, TTou Pe TNV €TidPOoN CWTEPIKWY OUVANEWY TTAPA-
MOPQWVETAI, UTTAPXEI MIG aAAQyr OTN KAPTTUAGTNTA Tou GEova TnG padou
QUTAG Kal OTTWG AéE auTr oeileTal o€ KaTatrévnon NG papdou oe KAuWn.
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IxAua 10.1a Kauwn péBodou amé gidepo
EIAH KAMWEQN

1. KaBapn kdpyn %’ autrv, avamtiooeTal yOvo poTrr) Kapuywng My pe
atmoTéAeopa n pAaROOG va KAPTTUAWVETAI.

xAua 10.18 KaBapn kauywn

2. Eykdpoia Kauyn ' auTAv, Ta QOpPTia ETTEVEPYOUV KABETA OTO YEW-
METPIKO GEova TNG paRdoU, he aTTOTEAECUA N PARDOG VO KAUTTUAWVETAI.

xAua 10.1y Eykapoia kauywn

3. EmPAKNG KApYn 2’ auTr)v, Ta QOPTia ETTEVEPYOUV KATA UIKOG TOU
YEWUETPIKOU G&ova TnNG paRdou, ue aTToTEAETHA N PAROOG VO KAUTTUAWVETAI.



KAMWH 233

ZxAua 10.18 Emiunkng kGuyn

4. MeiIkT) KApYn 2’ auThv, Ta QOPTIa ETTEVEPYOUV EKKEVTPA OPICOVTIO
Kal KABETa OTOV YEWMETPIKO Afova TNG paRdou, Pe aTToTEAECUA N p&ROOg
VO KAPTTUAWVETA.

IxApa 10.1€ Meikth kKGuwn

270 KEQPAAQIO aUTO, Ba €€ETACOUNE TNV ATTAR TTEPITTITWON TTOU AVATITUO-
geTal 0Tn O0KO MOVO POTTH KAPWYEWS M. Tnv Téuvouaa duvapun Tnv TTa-
POAEITTOUPE OTOUG UTTOAOYICHOUG HOG, YIOT €ival ouvhBwG HIKPN.

2KOTTOG YaG Eival va UTTOAOYICOUE TIG TAOEIG TTOU TTPOKAAOUVTAI, AQ-
BavovTag utr’ Oyn opIoUEVES TTAPADOXEG.

Aépg, 611 p1a SoKkOG KATATTOVEITAI O€ ATTAR KAUYN, OTaV QOopPTifETAI
Me Celyn poTTwy iong Kal avTiBeTng Qopdg ePOAPUOCHUEVWY O éva
€ITTeS0, TTOU TTEPIEXEI TO YEWHMETPIKO dova Tng Sokou.

210 oXAMa 9.10T TTapaTNPEOUKE OTI N CUVICTAUEVN TWV ApIoTEPG 1 Oe€IA
MIOG TOPAG T-T QUVANEWY PETATPETTETAI € (EUYOG DUVANEWY —KAUTTTIKI) POTTH
M,— TTou BpiokeTal o€ eTTITTEDO KABETO TTPOG TN SIATOWNA (ETTITTEDO POPTIONG).

ZxApa 10.101 Kduwn 6okou
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O1 TTapadoyég - TTpouTroBéaelg TTou AapBdvoupe utr dwn Pag yia va
ATTAOTTOINOOUNE T TTOAUTTAOKA TTPORAAATA TNG AVTOXIG TWV UAIKWV Kal
yia va 10xU0ouV o1 TUTTOI TTou Ba ava@EéPOouE TTIO KATW, Eivai:

a) O1 diaotdoeig NG dokou (h) oe oxéon pe 1o puAKog Tng (1), €ival
MIKPEG (1 2 2h).

B) O agovag Tng dokou gival EuBUYPAUMOG TTPIV TNV TTAPAUOPPWaCN:
METQ, yiveTal KOUTTUAOG (EAAOTIKE YPAMUR).

y) H diatopr Tng dokou £Xel GAEOVA CUPUETPIAG KAl G’OAO TO PIKOG TNG
TTaPOUEVEI AUETARANTN.

0) Ta @oprTia TTou eTTEVEPYOUV 0TN OOKO €ival KABETA TTAVW GTOV AEova
TNG O0KOU Kal BpiokovTal JEoa OTO ETTITTEOO CUNMETPIOG, TTPOG TO
OTT0i0 TO Avuoua TNG My (KauTTTIKAG POTTAG) gival KABETO.

€) NauBdveral utr Own, OTI Ol ETTIUNKUVOEIS gival avaAOYEG TwV TA-
oewv —0nA. 10xUel o Nopog Tou Hooke: o€ k&Be iva Tng dokou Kal
TO METPO EAAOTIKOTATOG OTOV EQEAKUCHO, €ival TO id10 PE TO JETPO
€AQOTIKOTNTOG TNG BAIYNG.

oT) Aappavetal Ut OYn, OTI 01 ETTITTEOES DIATOPES TTAPAPEVOUV ETTITTEDES
Kal uetd TNV Tapaudpewaon (Yréeon Bernoulli).

€) To UAIKG TnG BOKOU €ival OPOYEVEG Kal ICOTPOTTO.

2NV KAPWn NG oKoU UTTO TNV ETTEVEPYEIQ TWV QOPTIWY TTOU dEXETA,
TTAPATNPAOANE OTI O KATW iVEG TNG ETTIMNKUVOVTAI, EVW O1 ETTAVW iVEG
NG emIRPayUvovTal KAl KATA& KOG Tou Ggova Tng dokou ol iveg TNG Oev
TTabaivouv Kapid TTapaudpewon (oudérepog afovag).

2TIG ATTEIPEG EYKAPOIEG DIATOPES TNG DOKOU, AVTIOTOIXOUV Kal ATTEIPOI
OUBETEPOI AEOVEG TTOU ATTOTEAOUV £vVa OTPWHA, TO AEYOUEVO “OTPWHA TWV
OUBETEPWYV IVWV” Kal BPioKOVTAl QUOIKA OTO OPIO TWV ETTIUNKUVOUEVWV
Kal ETIRPAXUVOUEVWY VWV, TTOU AVOQEPAE TTIO TTAVW.

Ooov agopd Tov oudETEPO Afova piag 6edopévng SIATOUAG, TTPETTE
vVa ava@EPOUNE OTI AUTOG TTEPVA aTTd TO KEVTPO BApoug G TnG dIaToPNG
(TrapaAcitroupe TNV atrédeign). Ooov a@opd To TPWHA TWV OUDETEPWV
IVWV TNV TTEPITITWON TT.X. OJoyeVOUG 0pBoYWVIKAG DIATOUAG, TTOU OEXETOI
OUVANEIC EQAPPOONEVEG O’ VA ETTIUNKES ETTITTEDO CUPUETPIAG, CUMTTITITEI
ME TO GAAO eTTiITTESO CUMMETPIAG.
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ZxApa 10.1¢ O-O Oudérepog déovac. Aiaroun A'BT A’ uiag kaumrouevng 6okou

xApa 10.1n Taoeis piag diaroung. Meyiotn kar eAayiorn raon.

xAua 10.10 EAaotikn ypauun — BéAog kGuyng
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10.2 TAZEIZ NMOY ANAMNTYZZONTAI ZE KAMIMTOMENH AOKO

‘EoTw, 6T pia dIoTopnA piag SOKOU KOTATTOVEITAI 0€ KAUWN: UTTo TNV £TTidpacn
eEWTEPIKNG POTTAG M, auTr] TTEPIOTPEPETAI YUPW OTTO TOV OUDETEPO ACova.
Otav o1 eE0WTEPIKEG OUVAEIG O-a TTOU EKBNAWVOVTAI 0T doKS Ba TTapayouv
Ceuyog ioo kal avTiBeTo pe 10 Celyog M TOTE Ba €TTEABEI ICOppOTTIO OTN
diatoun. ZupBoAifoupe pe o TNV TAoN TNG dUVANNG, JE O TNV ETTIPAVEID EVOG
OTOIXEIWOOUG OTPWPATOG (0X.10.23), ue Mg TO ABPOICHA TWV ECWTEPIKWV
OUVANEWY O a WG TTPOG Agova TTEPIOTPOPNAG Tov oudETEPO GEova 0-0.
‘ET0o1 Ba éxoupe:

Mg =M (1)
otToU 200 -y =My (2)

Av €EETACOUE TIG ETTIUNKUVOEIS A TIG ETIBPAXUVOEIG TTOU ePgavifovTal
OTIG OIAPOPES IVEG pIag dOKOU, CUMTTEPaiVOUNE OTI Ba gival TOOO PEYaAU-
TEPEG, 600 Ba €ival TTI0 ATTOUAKPUCPEVEG aTTd ToV oUdETEPO Afova 0-0.

O1 mapapopewoelg autég Ba gival (vopog Tou Hooke) euBéwg avalo-
YEG HE TIG EOCWTEPIKEG OUVAEIS (TAOEIG), Ye didypauua Taoewy (aTr’ 6TTou
paivovTal ol avTioTOIXEG KATAVOUEG) auTo Tou oxuatog 10.23.

ZxAua 10.2a Aiatoun otpepouevn Tepi Tov oudérepo aéova 0-0.
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xApa 10.2B Ecwrepikés OUVANEIS — TAoEIS — a€ diaToun NS doKoU.
Emeidn, am’ autd, ol TdoEIg 04, Oo, ..., Oy €ival avAAOYES TWV ATTOOTACE-
WV Y1, Y2, -, Yy TWV IVWV 0116 TOV 0UdETEPO Ggova 0-0, av A KAAECOUE TO

ouvTeAEDTH avaAoyiag Ba EXOUE:

o=A-y 3)

Me Baon mig oxéoeig (2) kai (3), n (1) yiveta:
Mg = Z Ay - ay = AZay?

O mapdayovTag Zay? dev gival GAAog atrd Tn poTrr adpaveiag lo.g TN
OIaTOWNG WG TTPOG ToV 0UdETEPO GEova 0-0° dnAadn EXoUuE:

(0)
Mo=A log= — I

0-0
y
M
Apa: o= —-Y, onAadn
J
MK
o= -y (10.2.1)
J

ATTO TO BepeAIwdn auTtd TUTTO TNG KAUWNG OAAG Kal atTd 600 EKTEVWIG
ava@épBNKav YTTOPOULE VO CUPTTEPAVOULE:
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a) Ztnv kK&duywn o1 Téoeig dev €ival o1 idIEG: Pe PNOEVIKN TAGT OTOV OUSETEPO
agova 0-0, o1 TéoeIg apxiCouv aTro pia EAaXioTn TIUA Kol KATaARyouv
O€ MIa heyioTn TIPA.

B) Av Ta pey€ln | kai M, gival dedopéva kai n peTapAnTA gival ny (atmo-
oTaon Y;, KABe ivag), n o Ba yivel PéyioTtn, Ba Exoupe dNA. Opax, OV
yivel Jé€yioTn Kai n y, TTPAYUA TTOU CUMPBAIVEI OTIG AKPAIES iVEG.

y) O1 Tdoeig o€ katola onueia TNG dokou BpiokovTal, av Bpoupe Ta

avtioToixa M, kai W.

0) AV G, KOAEGOUWE TN Opyax N OTTOIQ QVOTITUCCETAI OTNV OKPQIQ iva —TTOU
QTTEXEI ATTO TNV OUBETEPN YPAWP UK, ATTOOTACN Yy,— TOTE N TAON O TTOU
avaTTuooeTal o€ ardéoTaon Y aTrd TNV OUOETEPN YPAUMN, Ba givai:

o=0, (10.2.2)

(opoiéTnTa TPIYWVWY OTO OXNUa 9.23)

O1 TIpéG TV aKpaiwv TAoewyv dpa Ba gival dUo GTTou o1 aTToCTACEIG
NG Avw Kal KATW ivag PIoG BIATOPAG aTtrd TNV OUudETEPN Ypauun Ba gival
QvTIOTOIXA Yy KO Y.

‘ET01 B0 €XOUE:

W= (10.2.3)

W, = (10.2.4)

MapaTtnpoupe TWPA, OTI N KAPWYN, CAV KATATTOVNOT), ETITPETTEI OTO
UAIKO avdAnyn Suvdpewy, TTOAU HIKpOTEPN a1Té 60N N OAiwn Kai o
€QPEAKUOUOG.

‘E0TW N TTOpakdaTw 60K e

daN
0=0£m=1400—2 Karb =6 cm
cm
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IxAua 10.2y

MNa Tnv Kapwn amoé Tnv F, éxoue:

bh? b-(2b)® 4b> 2
WUTTGp = = = =_b
6 6 6 3
. 2 3 3 3
Apa: Womap = 3 -67cm” =144cm
Eteidn o, Mmax = Oer * Wymapy.
. daN
Ba éxoupe: Mmax = 1400 ——- - 144 cm3
cm
Apa: Mmax =2.016 daN - m
. . . F-l
Eteidn otnv au@IiEpeioTn 0KO EXOUPE Mipax = ——
4
TOTE TTPOKUTITEL: F¢=4032 daN (1)

Ma Tov epeAkUOP6 TNG S0oKOU, £Xoupe: Fgp = 0 - A, OnAadn

daN
ng,=14OO—2 -6cm-12cm
cm

5nAadH Fep = 100.800 daN 2)

ATTO Tn oUyKkpion Twv (1) Kal (2) ox€oEwWV EXOUE:
Fep = 25F

AnAadn, N KAPWN emMITPEITEI OTO UAIKO avdAnyn Suvdpewy, HIKpoO-
TEPWYV aT1Té 60N 0 EPEAKUTHOG (1] N OAiwnN).
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10.3 AOKOZ IZHZ ANTOXHZ E KAMWH

A16 Tn oxéon: o= &
W

ouvdyoug, o011 T dlaToun TNG SOKOU TTPETTEI Va TNV TOTTOBETACOUE £TOI,
WaTe va £Xoupe TN PEyIoTn duvaTtr W wg TTpog Tov KUpIo afova KGBEeTo oTa
@opTia TNG dokoU. Tig dIaoTATEIG TNG dIATOUNAG TTPOCdIoPIfoUNE avaAoya Pe
TNV TIYA TNS My, woTe o TTapatmavw AGYog va TTapapével aTabepdg.

H d0K&G TToU N Oayx Eival N idla g€ KABe diaTour) TNG dokoU, TNV KaAoUue
d0KO iong avrToxng oe KAuYn.

H Siartopn Tng dokoU petafdAAeTal atrd 0éon o€ Béon, OpwWG n Tdon
NG dokou gival oTabepr}. H Siatopr Tng S0KoU OTNV OTToi AVTIOTOIXEI
n maxM,, AéyeTail €miKivduvog SiaToun.

FENIKA
1. O yevikdg TUTTOG TTOU XPNOIKOTTIOIOUKE Yia Tn AUon Twv TTPORANUdTWY,
eivai

o= K (10.3.4)

2. MNa 116 d1IaoTAoEIS TNG BIATOWNG, OTAV QUTEG CnTOUVTAI, £XOUE

maxF
Worgr = (10.3.5)

€T

3. H ekhoyn Twv dlootdoewv piag dokou Ba gival TETola WOoTE n UTTap-
xouoa potr avtioTaong, Wyrgp., VA €ival ueyaAutepn oo TV aTTaiToUpevn
potr avtiotaong W,

OnA. Wynap 2 Warmarr (10.3.6)

4. ATTO TIG TTEPITITWOEIG 2 Kal 3 YiveTal gavepo OTI

maxM,
= >

utap = amar
Oymrap

(10.3.7)

OnAadn yia Tov €Aeyxo Twv TAoewyv Ba TTAPOUE ToV TUTTO:



KamMwH 241

maxM
o = K <o (10.3.8)
uTTap W ETITP

uTTap

ONnA. yla Tn PeYIioTN EMTPETTOPEVN POTTH KAPUWNGS Ba £XOUUE:

max My = Oe¢rmrp - Wymap (10.3.9)

U NMAPAAEITMATA

1. Aokég opBoywvikh 9% 16 cm katatroveital atrd dUO0 ioeg Kal avTiBeTESG
potrég My = 28.000 daN- cm.

Na BpeBouv o1 TAoEIg 04 KAl O TTOU £XOUUE O€ Mia dlaTtoun TG Sokou
yia y4=4 cm Kal y,=9 cm

Noo 3 3
on _bh®  9.16° 4 4
Exoupe: [=—= cm =3.072cm
12 12

MNayq =4, €XoupE:

M _28.000daN-cm-4cm
01=—"Y17 Z
I 3.072cm
. daN
Apa: 04 = 36,46 —
cm

MNays =9 cm, €XoUpE:

Mc -y,  28.000daN-cm-9cm
0' - =
2 3.072cm?

. daN
Apa: o, =82,03 —
cm

2. AideTal dokog a1depévia, dlaToung dITTAoU Tau, PE

daN

Oemmp=1200 — -
cm

(oxnua 10.4a). Na BpeBei o TUTTOG TNG O10€pEVIag auTAg OOKOU, WOTE
va gival IKavA va avTEEEl Ta opTia TNG.
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IxAua 10.4a

AUon
Eival M, =900 daN - 2m = 1800 daN - m

ATIO Tn oxéon:

_ maxM,

EXOUHE: 1800daN-m ,
= >~ =150cm
1200daN/cm

Me T BoriBeia TTvaKwv Kai yia lyg, W = 117 cm3 kai yia l4g, W = 161 cm8.
ZupuTtrepaivoupe AoITTov, 611 Ba XpNOIUOTIOI)GOUNE TN SOKO |qg.

aTtrait

3. Ze 0oKO, EUAIVNG KaTaoKEUNG, OI0TOUNG 21%28 cm, va dIaTTIOTWAOETE OTI, AV
N Oer = 80 daN/cm?2 = cm?2, n dokA¢ BpioKeTal 0 KAAEC TUVONKES ICOPPOTTIOC.

Avon 21.28cm®
Emeidry My = 1800 daN'-mkat W = ————
6
MK
OnA. W = 2744 cm3 kai — £ Oy
W
Ba éxoupeE:
Mo 1 Nm 1 N- daN daN
M, _1800 da 3m _ 80000da 3cm - 65.60 <80
W 2744cm 2744cm cm? cm?

Mpdyuati n dokoG BpiokeTal 0 KAAEG OUVOAKES ICOPPOTTIAG.
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4. Tng dokou, Tou oxnuaTog 9.4[3, Bpeite Ta YEWMETPIKG OTOIXEIQ TNG

10
dlatopng av — = —, v = 5 KAl 05,4, = 3500 at.
d 7

ZxAua 10.48

AOon
O1 avmidpdozeig:

Ay =By, = 1000 daN kai Myax = 1000 daN - 3m dnA. Mpax = 300.000 daN - cm.

, Osiap . 3500daN / cm? daN
ETeidn Ogy = ——, EXOUNE: Oy = =700——
2
% 5 cm
D 10

ATO Tn oxéon: — = —, €xoupe:d=0,7D
d 7

4 4

-d
AT6 Tn oxéon: W =0,1 ,
D
, p*-(0,7)*D*
éxoupe: W=0,1——"——=0,1D3-0,024D3=0,076D3
D

ATé Tn oxéon: W = %,

£

300.000daN-cm

éyoupe: 0,076D° = = 428,57cm°

daN
700 9aN

cm?2

3
428,57cm
onAadn D=3 """ =3%/5639cm
0,076

Apa: D=17,8cm Kal d=12,46cm
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5. Aok6g atmd xaAuBa, opBoywvikng diaToung 3x6 cm avoiyuaTtogi =3
m QopTiCeTal OTO PHETOV TNG HE POPTIO F. AV Ogrryr = 140 N/mm?2, va BpeBei
1O QopTio F.

AGon
MNa v opBoywVvikr dIAaTour, £XOULE:

bh? _ 3cm-62cm?

6 6

W = =18cm®

AT6 Tn oxéon: Mpax = Ognr'W,

£XOUHE: Mmay = 140-18-103 N-mm = 252 - 104 Nmm = 2,52 KN
4.2,52
3

F-l
ATIO TN oxéon: Mpax = — €Xoupe: F = KN
4

Apa: F =3,36 KN

6. ZTnNVv au@iEpeioTn doko6 Tou oxfpaTog 10.4y va Bpeboulv:
a) O1 avTidpdoeig oTa onueia otTApIENG A kal B
B) To didypappua [Q], TEUVOUCTWV BUVAHEWY
y) To didypapua [M] KOUTITIKWY POTTWV
0) H péyiotn potrA KAPWNGS, Miyax, Kai n 6€on Tou avaTtUooETal AUTA
oTn O0KO.
€) H Wyrqir TNG d1atopng 1nG dokou

Kp
Oermp = 1000 ——
cm



Abon

xApa 10.4y Karamrévnaon tng 00koU O€ KaUwn

YTtroAoyiopog Avtidpdoswv
a) ZF,=0,  A=0
SF,=0,  A,-1000daN - 4000 daN + B, =0
Mg =0, 1000 daN-1m +4000daN-3m - 5mB,, = 0

amo Tnv otoia TTPokUTITer: By, = 2600 daN
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Kal apa: Ay = 2400 daN

0) Atté 10 didypapua [Q], EXOUlE:

Q 1400
X=—= m=0,7m
g 2000
A6 10 didypapua [M], €xouE:
1400-0,7
Mmpax=3800daN-m+ ————— daN-m
2
Apa: Mmax = 4290 daN-m
M
€) 'EXOUME Ogry = —22X g1’ d1T0U: W = —M2X.
(o}

T

429000daN-cm
W = 5
1000daN/cm

Apa: W =429 cm?

7. Av £x0UlE pIa OOKO OTTO OKUPOOEUQ TTOU KAWTITETAI TTOU TOTTOBETOUHE
TOV XGAUBQ; 270 KATW, f} 0TO TTAVW PEPOG TNG SOKOU;

Auon

Mag eival yvwoTo, 0TI To KATW PEPOG TNG OOKOU KATOTTOVEITAI OE EPEA-
KUOWO, VW TO TTAVW PEPOG TNG O€ BAIYN.

O xd&AuBag €xel peyaAUTePN QVTOXT O€ EQEAKUCUO, aTT’ O,TI TO OKUPOOEUQ
(auTd €xel peyaAuTepn avtoxr o€ BAipn). Apa, ol epeAkdueveg Taoelg Ba
avaAn®Bouv aTrd Tov XaAuBa Kal autog Ba TotToBeTnBei 0TO KATW PEPOG
NG dokoU.

IxApa 10.48 TormoBérnon xaAuBa o€ kautTouevn S0Kko
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IxAua 10.4e TorrobéTnon xdAuBa oe mAdka

8. AvaAuon duvdpewy TTou evepyouv O€ YEPAVOYEPUPA

IxAua 10.40T1 [epavoyépupa
a) O KUPIOG POPEAG TNG YEPAVOYEPUPAG KATATTOVEITAI O€ KAPWN. Evep-
youv €11’ auToU:
i) To idlo Bdpog Tou Yopéa G,

i) TO KIVNTG QopTio P pe T0 weéAiyo Bapog Q cuv To idlo Bapog Tou
@oprtiou Gy Kai

ii) N AeupIkn opiddvTia dUvaun, ion pe TN dUvapn TEdNONG TOU QPopEQl.
‘ExoupE:

N
AqJ:BLPq— Kol M =B
2

max U]

2
q-l
8
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B) Av €xoupe KIvnTO QOPTIO, TTOU EVEPYEI OTO PECOV, TOTE N OUCUEVEDTEPN
Béon @opTioewd, TTPOKUTITEI yIO TO POPTIO TTOU BPIOKETAI OTO HEGOV
(Tou avoiyuatog). ‘Exoupe O¢:

A =B, ="
w v,
Kal
F(I-f) F
M =—|— |=—(-f
max 2(2) 4( )

9. Zrpogéag (ox. 10.4C) katatroveital e karaveunuévo goprio P = 6000
daN. To piRkog | Tou TpIR€a gival 18 cm Kal n TTPETTOUEVN TTiEN ETTIP.

p =20 daN/cmZ?. Na BpeBouUv:
a) n diapeTpog D Tou aTpopéa
B) n kopTTIKA poT My 0Tn Béon y -y
y) n 1éon kauyng o, 0t Béony -y

ZxApa 10.4¢ STp0@Eas KATQTTOVOULEVOS OE KAUWn

AOon

a) ‘Exoupe L F
p
] 6000daN
Apa —————— =300cm?=F
20daN/cm —
kai 1TeIdN I-D = OF éxoupe
300cm®
D=——=16,67cm
18cm

. P-1 600daN-18cm
B) Emeidn My = —, éxoupe: M= ——————
2 2

dpa M, = 54000daN
W =0,1-D3=0,1-16,673cm3 = 463,24cm?3
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) M, 54000 daN
Kol eTTedn: o, = — = —
W 463,24 cm
Apa, o= 116,57 9N
cm?

10. ZTnv ap@i€peioTn SOKO Tou oXAUaTog ¢nTouvTal :
a) To diaypauua [Q] .
B) To didypauua [M].

y) O1 diooTdoeig TNG opBoywvIKrG diatoung NG dokou hxb, av h = 2b
Kal Ogr = 240 daN/cm?2.

0) Ze TTola aTTOCTACN OTTO TN OTAPIEN A BpiokeTal N UCUEVEDTEPN
diatopr TnG SokoU Kai yiaTi.

a)
B)
ZyxAua 10.4n Auiépeiotn S0KOS KATATTOVOUUEVN O KAUWN
_Mpax . _ 2800daN-100cm
V) WaTralT - Apd WGTrGIT -

240 9aN

ETT
cm?
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Apa Warar = 1166,7 cm?3

Kal a1Td TN oX€on:

b-n* b-(2b)?

WaTralT = T , EXoupe: W = ————
Emeidn e
Wamar = 1166,7 cm3, éxoupe 1166,7 cm3 = ——

6

n oTroia pag divel
b =3%1750cm =12cm

Kal apa: h=2b=24cm

0) H duopuevéoTepn ouvettwg diatopn gival To onueio I, yiati o” autd
EXOUME TNV My ax KOI TIG HEYIOTEG TACEIG.
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Z

z ZYNTOMH NEPIAHWH AEKATOY KEDAAAIOY

z e O1 d1Gpopeg dIaTOPEG PIaG BOKOU TTEPICTPEPOVTAI YUPW ATTO
£va agova —Tov OUBETEPO AEOVO— TTOU CUMTTITITEI PE EKEIVOV
TOU KEVTPOU BAPOUG TWV OIATOUWY AUTWV.

O1 TTEPIOTPOPES AUTES TTAPAYOUV EQEAKUCUO O€ PJEPIKES iVES Kal TTOPA-
youv BAiyn o€ katroieg AAAeS. O1 TAoEIG QUTEG gival EUBEWG aVAAOYEG JE
TIG ATTOOTACEIG Y; aTTO TOV 0UBETEPO Agova 0-0, Kal avTIoTPOPwG avAaAoyeg
ME TN pOTTA adpaveiag Twv SINTOPWYV WG TTPOG AuToV Tov dgova.

e Katd Tnv KGuyn piag dokou, étav gopTtifeTal ye {euyn iong POTTAG Kal
avTiBeTng Popdg, £xouue KAPTTUAWGON TNG OOKOU Kal JETATOTTIOEIG TWV
emMTTEOWYV OIATOPWY TTOU TTEPICTPEPOVTAI YUPW OTTO TOV OUBETEPO Agova
0-0. Ta onpeia Tou oUBETEPOU GEOVA £XOUV PUNDEVIKES TATEIG.
2TIG eYKAPOIES DIOTOUEG TNG BOKOU €xOoupE Kal AEOVEG, TTOU ATTOTEAOUV
TO OTPWHA TWV OUSETEPWV IVWDV.

e Ta TTapaTTdvw IoXUoUV, av I0XU0UV Kal HOVO TOTE OI TIPOUTTOBETEIS - TTa-
pPadox£g, TTou BECaE oTNV Apxr TNG £E£TOCNG TOU KEPAAQioU TNG KAUWNG.

® 3TIG KAPTITOPEVEG BOKOUG, ECAVTAEITAI N AVTOXI MOVO TWV AKPAIWY IVWV.
H tepioxA TG S1aTOPNAG TTOU BPICKETAI KOVTE OTNV OUDETEPN YPOUUA,
avoAapBavel TTOAU - TTOAU JIKPEG TAOEIG Kal auTog €ival 0 AOyOg TToU Ou-
YKEVTPWVOUHE JAKPIA aTTO TNV OUDETEPN YPAMMI TO UAIKO TwV BOKWV Kal
MAAIoTO 0€ BUO {UOVEG CUPUETPIKES KAl TIG EVWVOUE PE Eva AETTTO KOPUO.
(To &ITTAG TAU TO XPNOIUOTTIOIOUE VIO VA £XOUUE OIKOVOMIa aTO UAIKO).
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@ AZKHZEIX

= 1. AUQIEPEIOTn DOKOG 0pBoyWVIKAG OIOTOUAG 4%6 cm, OEXETAI POPTIO
50 daN. Na BpeBouv:

a) H Omax

B) O1 akpaieg TéoeIg OTO PECO TNG dOKOU

i daN daN
Aavinon: | Omax=500 ——,0= 417 —
cm cm

o6 2. AuQIEPeIoTn OOKOG KUKAIKAC SlaToung, éxel: | =3 m, oy = 120 daN/cm?2
Kal opoiduop®n @option q = 60 daN/m kaB’ 6Ao 1o urkog TnG. Na eupeBei
N akTiva R TnG KUKAIKNAG SI0TOUAG.

Amavrnon: (R=4cm)

=¢ 3. AideTal pia ATpakTog ato xutooidepo. To TTNAIKO Twv SIAPETPWY TOUG
eivai 1,4 kai o¢; = 800 at. Na Bpebei To Taxog NG diIaTouNAG.
Amrdvrnon: (D=20cm, d=14cm)

o> 4. Au@iépeloTn BoKOG pNKoug | = 3,5 m Kal Ye opoIdpopen QopTion
g = 200 daN/m aTroteAcital atmrd xaAURdIvo éAacua pe diatour atrAou Tau.
Na BpeBouv otn ducuevéoTepn B€an (2) ol TAoEIg 04 KAl G TNG TTAVW
Kal TNG KATW ivag.
(Na BpeBei 611: €1 = 8,8 cm, e, = 5,2 cm, J = 763,74 cm?,

daN
Oy = -208,5—2
cm
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i daN
Armdvrnon: o4 = 353 —
cm
o 5. 21NV au@iépeiotn 0oko va Bpebouv:

a) O1Ay, By
B) Ta diaypaupara [Q], [M]

y) H péyiotn potmn kauwng maxMg kai n 8éon Tou avattuooETal 0TN

O0KO KaBwWG Kal avTioTolxn max g, av N POTTA avTtiotaong Tng SIOTOPNAG
eival: W = 1000 cms3.

Amavinon: (A, = 3500 daN, B, = 2500 daN, max M, = 6125 daN-m,
max o = 612,5 daN/cm?)

*¢ 6. H au@i€épeioTn BoKOG Tou OXAUATOG QEPEI AyvwaTo QopTio F. H diatoun
NG doKoU gival atrAd Tau. Na BpeBoulv:
a) H 6éon Tou K-B Tng diaToung.

B) O1 potrég avrioTaong TG TAvwW Kal KATW ivag TG d1aTouAS agpou
BpeBei n potrr) adpaveiag wg TTPOG Tov KEVTPoRapIko opIfovTio agova.
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y) H 1iun Tou péyiotou goptiou F TTou ptmopei va @épel n dokdg, av 10
UAIKO TNG €XEI TNV idIa avToxr o€ EPEAKUCTUO Kal BAIWN, e og; = 100
daN/cm?2.

Amavrinaon: (y, =3cm, 1,=136 cm?*, W;=27,2 cm?3, W, = 45,3 cm3,
F=453 daN éAeyxog i TG dvw ivag, F = 272 daN
ENEYXOG €TTi TNG KATW ivag, Fiax = 272 daN)
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11.1 Tevikda

11.2 H mapapoép@waon Kai n Taon

11.3 H oTpemTIK ) POTTA KAl OI OXECEIG TNG HE TIG TACEIG KAl TIG TTAPA-
HOPPWOEIG

11.4 H 1d1opopeia TG oTpéYng

11.5 TUT1r0I1 YIO TIG TACEIG KA TIG TIAPAHOPPWOEIG OE S1APOPES SIOTOUEG
QOPEWYV OTN OTPEWN

11.6 Y1mroAoyiopoi atpdKTOU O€ OTPEYN
11.7 E@appoyég
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.) Emidiwképevol oTéxol:

O1 yadnréc:

Iz/ Na €¢nyouv TNV évvoia TNG OTPEWNG Kal va yVwpidouv TnV IdIoJop@ia
™MG.

M/ Na pdBouv Tn BepeAindn e€icwan TNG oTPEWNG
Iz/ Na €€nyouv Tn ox€on, METALU TNG I0XUOG KAl TNG POTTG TTEPIOTPOPNS

M/ Na uttoAoyifouv Tn YEYIOTN 1I0XU, TTOU PTTOPEN va peTadoBei atrd éva
agova.

Iz/ Na yvwpidouv uttoAoyIouO aTPAKTOU € OTPEWN.

11.1 TENIKA

Otav @pevapoupE Eva QUTOKIVOUUEVO OXNMA, TT.X. QUTOKIVNTO, UNXAvAKI, JE
TOUG JNXaVIGPOUG TNG TTEONG (PPEVOU), TUYKPATOUE TOV KIVOUREVO GEova,
0€ KATT0I0 KATAAANAQ SIAUOPPWHEVO ONUEIO, £TO1 WWOTE VA TOV AVAYKACTOUUE
va OTOUOTACEI TNV TTEPIOTPOPH TOU.

Mavw oTov d&ova, Aoimmov, aokouvTal dUo avTiBeTeg dpdoeig. H M, Tng
MNXaVAG, TToU ToV Kivei kal N M Tou @pévou, TTou Tov aTauaTtd, (ox.11.1al).
Emropévwg, gival UOIKN OUVETTEIQ, OTI O GEOVAG KATATTOVEITAI, ATTO AUTEG
TIG OPACEIG.

AvdAoyn Katatrévnon uioTaTal Kal EVag QUTEUTOS KOXAIAG (UTTOUAGVI),
otav Tov o@iyyoupe (ox. 11.1all).
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IyxApa 11.1.a MepIrioeis eupavions OTPEMTIKAS KATammrovnong

O koxAiag autog, a@evog ugioTaTtal TNV AvTioTAon TOU UAIKOU, a@ou £XEI
TepPaTioel TV dladpoun Tou Kal apeTépou Tn dpdon M; Tou KA€IBIOU, TTOU
TOV O0Qiyyel. YTTapxouv TTOAAG TETOIO TTOPAdEiyaTA KATATTIOVNONG OTOIXEI-
WV KaTA TN AEIToupyia Twv uNXavwy, ] TN GUVAppoAdynaorn, YEVIKA, Twy
KOATAOKEUWV.

211G OUO TTEPITITWOEIG, TTOU ava@EépBnKav, aAd Kal o€ 60€G avAAOYEG
MTTOPOUE Va ECETACOUNE, TTOPATNPOUNE, OTI UTTAPXE! N TTEPICTPOWPIKN Kivnon,
fl N Téon, yia TTEPIOTPOQIKH Kivnon. AAG TTEPICTPOWPIKN Kivnon €XOUUE, WG
atmoTéAeopa OpAoeEwS POTTWY, TTAVW O’ éva CWHA.

2TIG TTEPITITWOEIG TTOU €idauE, TOU Agova dnAadr) Kal Tou KOXAia, €ivai
TTPOPAVEG, OTI EVEPYOUV BUO POTTEG.

2TOV GEOVa EXOUME :

a) TNV KIVNTAPIA POTTH) My, TTPOEPXOUEVN ATTO TN UNXAavA

B) TNV avBioTapevn potrr) M TTPOG TNV KIVNTHPIA, TTPOEPXOUEVN ATTO TO
PpEvo.

21OV KOXAia £XOUE :
a) Tnv KivnTApia potrr My, TTpogpxopevn atrd 1o KAEISI,
B) Tnv avBioTtauevn My, TTPOG TNV KIVATAPIA, TTPOEPXOPEVN OTTO TO CWHA.

Eival dedopévo, 611 T oTIyun TTou Tralel n Kivnon, ol U0 auTEG avTiQopES
POTTEG €ival KATA PETPO, I0EG. ZTIG TTEPITITWOEIG AUTEG, AEUE, OTI TO CWHA
KOTOTTOVEITOI O€ OTPEYN.
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11.2 H MAPAMOP®QYH KAI Ol TAZEIZ £TH ZTPEWH

Ag doupeg pia atmrAoTroinuévn TTEPITITWON KATATTOVNONG O€ GTPEW.

210 oxAua 11.2.a, €xoupue pia paRd0o, KUKAIKAG SIOTOWNG, aKTivag r (Eva
KUAIVOPO), TTOU €ival TTaKTWHPEVN KOTA TO £€va AKPO TNG, EVW OTO GAAO, O€
atréoTaon £ epapudletal pia potr My, KGOeTn oTov d€ova TNG paRdou.

IyxApa 11.2.a H mapauéppwon paRoou KUKAIKAS dIaToung
KaratrovoUlEVNS O€ OTpEWN

Mapd 10 yeyovog 0TI N e€eTadOUEVN TTEPITITWAN €ival ATTAOTTOINUEVN,
evToUTOIG €ival TTOAU KOVTA 0T INXavoAoyIKA TTPAEN, (TT.X. oToug AEOVEG,
OTIG ATPAKTOUG K.ATT.).

21n pdpdo Tou oxnuatog 11.2.a, Tpiv epapudoouue T potrh My, xa-
padoupe pia yevételpa, Tnv AB. 'Exovtag uttdyn, OTI Kal DWW, OTN OTPEWN,
1I0XU€l 0 vOuog Tou Hooke kai &1 yTTopoupe, akOun, va UTTOBEC0UE, OTI
TO UAIKO TNnG pdpdou cival “opoyeveég” Kal “Io0TPOTTO”, TOTE, JTTOPOUME VO
0exBoupg, OTI KaTA TNV TTAPAPOPPWON TNG PaRdou, atrd TNV KaTaTTévnon
o€ oTpEéWn, I0XUOUV TA TTAPAKATW:

a) OAgg o1 KABeTEG TTPOG TOV GEova, DIOTOPEG, TTAPAPEVOUV ETTITTEDEG.
) O1 akTiveg Twv dIATOUWY TTAOPAUEVOUV EUBEIEC.
y) O1 ammootdoeig peTalu Twv dIOTOUWY, TTOPAPEVOUV OTABEPEG.

Metd amoé Ta mapamavw, epapuolovrag tn pomn M, (ox. 11.2a) oTo
€AeUBePO AKPO TNG pARdou, To Treipaua deixvel, 0TI N yevéTelpa, AB, Traipvel
N 6€0on NG Al. Me TIG TTapadoxEG TTou £XOUUE KAVEL, gival TTPOQavEG, OTI
o1 diaTopég oAioBaivouy peTagu Toug. Apa, IoXUoOUV O0A EITTAPE OTO KEPA-
Aaio Tng dIGTUNONG, Kal €101 € KABE diatoun, (TT.X. 0TNV () TOu OXAUATOG
11.2.a) Ba epgaviovtal o1 DIATUNTIKESG TACEIS T, ApaA N ywvia TTou axnuaricel
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N apxIkn pe TNV TeEAIKA B€on TnG yeveTeipag AB, dnAadn n ywvia BAT =y,
gival n ywvia TTapapdép@waong, TTou TTPOoKaAEi N didTunon.
Etopévwg, n avTtioToixn 1don T Ba IKAVOTIOIEi TN OXEON:

—=G (11.2.0)

otrou G, €ival To p€Tpo dIdTunNong Tou UAIKOU TnG pdpdou.

O1 TTapaPOPPWOEIS TWV POPEWYV PHECT OTA OPIa I0XUOG TOU VOUOU TOU
Hooke, €ival TToAU pikpég. ‘ETal, utropoupe va Bewprjooupe 1o oxrua ABT,
oav opBoywvio TPiywvo.

T6TE Bat £XOUNE: (BF) = (AB) ey (11.2.8)

Kal €TTEI0N N ywvia y €ival TToAU PIKpn, €ival EQy = y EQOCOV N ywvia y
peTpdral o€ rad,

oTroTe n oxéon 11.2.a ypaeertal:
(Br)y=t¢-y (11.2.y)

ATTO Tn yewpeTpia yvwpifoupe, OTI yia To uAKog Tou ToEou Bl 10xUEl n
oxéon

(BrN=r-06 (11.2.9)
OTT0U B = N Ywvia TTEPICTPOPNG.
Ao Tig oxéoelg 11.2.y kai 11.2.0 éxoupe

L-y=r-96
1, AOVOVTaG WG TTPOG Y, EXOUUE

(ejr (11.2.€)
= — L.
LY

H oxéon autr ouvdéel Ta oToIxXEia TNG YEWMETPIAG TOU QOopEa, (TO KOG £
KaI TNV aKTiva r TNG SIATOUNG), UE TO ATTOTEAECHA TNG OPACNG TNG OTPETITIKAG
POTTAG, ONAadK TNV TTAPANOPPWAN, TTOU €ival N ywvia TTapagdpewong y
Kal N ywvia oTpo@ng 6.

A6 Tn oxéon 11.2.€ yTropoupe va eEAYOUE TA £EG CUNTTEPAO AT

H ywvia rapaudpewaong y, Eivai:
a) avaAoyn TTPOG TNV a1TéCTaCH r a1 Tov dfova Tng papdou
B) avaAoyn TTpOgG TN ywvia oTPoPrg B TTou TTPOKAAE N aTPETTIKA poTTr] My

y) avTioTpdPwG avaioyn TTpog To NAKOG £ TNG pdRdou, atrd Tn Béan Tng
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TTAKTWONG YEXPI TN B€0N €Qappoyng TNG PoTTiGS M.
Tn oxéon 11.2.a, A\OVOVTAG TNV WG TTPOG TO Y, HTTOPOUKE VA TN YPAWOULE
KOl WG

v =é (11.2.0)

é :(?jr (11.2.n)

H oxéon autr) ouvdéel TV TAON T KAl TN ywvia aTPORG 6, PE Ta YEWE-
TpIKG oTOIXEIQ TNG PARSOU.

Emiong, ammd tnv idia axéon 11.2.n @aivetal 6T n TA0N T KAl N akTiva r (n
améoTaon dnAadr atrd Tov agova Tng pdRdou) o pia diatopn, gival TTocd
avaloya. Apa, n 1aon T, 6a £xel uNOEVIKA TIUN OoTOoV Afova TnNG paROoU Kal
MEYIOTN OTNV TTEPIPEPEIQL.

210 oxAua 11.2B @aiveral n diavoun Twy TACEWYV OTNV KUKAIKN diaTopr.

xAua 11.2.8 H diavoun Twv tdoewv o€ KUKAIKN diatoun

Znueiwon: MNa TV KaAnR Asitoupyia Twv Pnxavwy, n ywvia 8, dev TpETTel
va utrepBaivel opliopéva Opia, E0TW KAl av 0 AEoVaG AVTEXEL, TNV KATATTO-
vnon. ‘Eva kpimApio gival 6 < 15°/m = 0°,25/m. ‘Eva GAAo KpITAplo gival av
d n diGueTpog Tou Géova, B < 1°/20-d.
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11.3 H ZTPENTIKH POINH KAI Ol ZXEZEIZ THZ ME TIZ TAZEIZ KAI
TIZ NAPAMOP®QZEIZ

TxAua 11.3.a O1 oxéocis TNG OTPETTTIKAS POTTAS My L€ TIC TAOEIS Kai TIS TTAPAUOPPU-
O¢€IG, uéoa ata épia Tou vopou Tou Hooke.

‘EoTw €vag AeTTOTOIX0G OWANVOG (0X. 11.30), £T01 TTOU va ITTOPOUE,
Xwpig coBapn amroékAion atrd TN TTPAYHATIKOTNTA, va TTOUUE OTI
Py tP,
2

Py =P, = =p
OTTOU P4, P2, P N EEWTEPIKA, N ECWTEPIKN KAI N HETN TIUA, AVTIOTOIXA, TNG
QKTiVOG TNG KABETNG dIaTouNG, TTPOG ToV GEOVa ToOU CWwAAvA.

‘EoTw TO €UPadOV Tou dakTUAiou TNG SIOTOUAG QUTAG ioov JE a.

‘E0Tw, 0TI 0 OWARvVAG auToG, Eival TTAKTWHEVOS OTO ApIoTEPSO GKPO TOU,
evw aTo 0€eI6 epapuodleTal pia potrr) M, KABeTN TTPOG Tov dEova Tou CwAnva.
To ouoTtnua gival o€ IcoppoTria. AG Bewproouue pia Toun, YE To ETTITTESO
(€), k&BeTN TTPOG TOV AEova Tou cwAnva. E¢etdloupe 10 d€€I6 TUANO A.
MNa va mapayeivel autd o€ KATAOTAON I00PPOTTIOG, B TTPETTEI N POTTH TWV
TACEWV TTOU AvaTITUGOOVTAI TNV BIOTOUN TNG TOUAG, Va EEICOPPOTIEI TN
po1tA My, KABETN TTPOG Tov Afova Tou CWANVa.

Emeidn, omwg eitmaue rapatmdvw, 0 CWANVAG gival TTOAU AeTTTOTOIXOG, N
dlavour Twv TAoEWV OTNV TMIQAVEIA TNG BIATOUNS TNG TOUNG, Ba gival opol-
Ouop@n. ETopévwg, n dUvapun Tou aokeital atn diatoun TS TOPNG, Ba gival

f=1-q

KaI n poTTA, TNG dUVANNG AUTAG, WG TTPOG Tov dfova Tou cwAnva, Ba eivai:
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Mi=f-p=1-a-p (11.3.0)
Apa, yia TNV 1I00pPOTTia TOU EEIOU TUNHATOG A, agou TTPETTEl va gival:
M = M, (11.3.8)
Ba éxoupe, ouvduddlovtag Tnv 11.3.a pye v 11.3.8
Tap =M
. M
n T= — (11.3.y)
a-p
Av Twpa diaipéooupe Kal Ta dUo PéAN TNG 11.3.y WE TO P, Ba ExoupE TNV
éKQpaon:
¢paon . M,
—= 5 (11.3.9)
p a-p

ANG, KaTd Ta yvwoTa (KeQ. 2), To péyeBog |, = a - p2, eival n pot
adpdvelag TnG dIaTounG Tou CwANRva, (TTou gival dakTuAiog) kai dpa n 11.3.0
YPAQETAI:

=t (11.3.€)

o |+
ie)

Kat’ avaloyia 1pog Tnv oxéon 11.3.n Tng TTponyoUluevng Trapaypapou,

()

MTTOPOUHE VO EXOUME TNV EKPPOCN:

OTTOTE KATAAIYOUUE OTIG OXETEIG:
T (8 M
=2 1G=— 3.
s7(F)e= (139

Tig TTapaTTAvw QUTEG OXETEIG, OTTODEICAUE YIA TNV TTEPITITWAON TOU OW-
Ajva Tou oxfuartog 11.3.a, Ye TG TTPOUTTIOBECEIG TTOU BECAE.

TNV TTEPITITWON TWPEA TTOU £XOUHE Wia ouuTTayr) KUKAIKN paRd0 - auvrong
TTEPITITWON AZOVWV Kal aTPAKTWYV - TOTE, N dlaTopr dev ival SBAKTUANOG AAAG
KUKAIKOG Bi0KOG Kal aTTODEIKVUETAI OTI I0XUOUV Ol idlol TUTTol. AnAadn, gival:

r L Iy

OTT0U 1, N aKkTiva TNG SIATOUAG Kal
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amo Tnv 11.3.n €xoue:

=M
I /r
aAAG

|

L Wr

r
gival n ToAIkA avTtioTaon TNG SIOTOUNAS Kal dpa

Mt
r=_t (11.3.0)

MNa KukAIKA diatoun pe d =2r, 1IoxUEl:

Kal a1té TN oxéon 11.3.n €xoupe yia TNV TGON:

M 16, 2m,

W, md 5 s

(11.3.1)

Kal yia TN ywvia oTpo®ng 6 petaflu dUo diaTouwy Piag aTpdKTou TTou
atmméXouv atréaTacn, 6a €XOUE:

M, - 32Mt-l 2M, i
0 = = o 2 (11.3.)
G~Ip G-1m-d G-1m-r

‘ET01, o1 oxéoeig 11.3.1 kai 11.3.k divouv Tnv Tdon T Kai TN ywvia 6, wg
ouvapTNON TNG OTPETTTIKAG POTING My, OUVOEOVTAG TIG HE TA YEWMETPIKA
oToIXEia TNG aTPAKTOU.



STPEWH 265

11.4 HIAIOMOP®IA THZ ZTPEWHZ

270 dIGQOPA €idN TWV KATOTTOVHCEWY TTOU £EETACAE MEXPI TWPO dEV AdBape
UTTOWYN TO YEWMETPIKO OXMMaA TNG SIOTOWNG, TOU KOTATTOVOUEVOU OTOIXEIOU.

Mpayuartikd, To oxfpa TNG dIATOUNG, BeV TTaiCel oualaoTIKO POAO OTNV
avAaTrTuén Kai Tn d1avopr] Twv TACEWV G’ aUTrV, OUTE CUVEICPEPEI UTTOAOYI-
OlJa oTo €i00G Kal 0T PEYEBOG TwV TTapaopPwWaocwy. H diatrioTwaon auth
oQeileTal 0TO Yeyovog, OTI Eoa oTa Opia Tou vOuou Tou Hooke, o1 dlaTopég
TTAPAUEVOUV ETTITTEDEG, KATA TIG TIAPAUOPPWOEIS TWV POPEWV.

2Tn oTPEWN, TA TTAPATTAVW, I0XUOUV PAVO YIa TNV KUKAIKA diaToun. Autd
gival reipapaTika eAEyEIUO.

TyxAua 11.4.a H meipapartikn ammédeién g 1dlopop@iag TN oTpéwng

210 oxAua 11.4.q, £xoupe €va KUAIVOPO (1) kai éva TrapaAAnAetritredo (I1).
2€ aQuTa Ta oTEPEG EXOUE Xapdtel éva Kavapo atrd KABETES Kal TTapAAAnAEg
YPAMMEG, TTPOG TOUG KUPIOUG GEOVEG TOUG. MeTd TnVv TIBOAA Twv poTtwv M;,
Qaivetal kaBapd, 6T aTov KUAIVOPO TTapapEVEl N KABETOTNTA TwV SIATOUWY,
eVW 0TO TTAPAAANAETTITTESO €XOoUupE OTPEBAWGT TOUG.

2TIG KATOOKEUEG POG, OPWG, EINACTE UTTOXPEWMEVOI VO XPNOIOTIOIOOUUE
Kal gToIXEIO PE OIATOUES TTOIKIAWY OXNUATWY, TT.X. HOPPOTidNPWYV (YWVIWY,
T, dimAwyv T K.T.A.) (ox. 11.4.B). AKOua, £XOUUE Kal TTEPITITWOEIG, OTTOU N
OTPETITIKI POTI eV evepyei KABeTa oTOV KUPIO AEova TOU OTOIXEIOU KAl
éxoupe TN oTpeBAWOEIC OTIG DIATOUES, TTAPOAO TTOU BPICKOUACTE HECT
OoTa OpIa 10XU0G Tou vouou Tou Hooke.
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IxAua 11.4.8 MNapaudpewan Qopéwv UTTOKEIUEVWY OE OTPEWN, UN KUKAIKAS OIaTOUNAS

11.5 TYNOZ I'lA THN TAZH KAI THN NMAPAMOP®QZH
2E AIAOOPEZ AIATOMEZ ®OPEQN, KATA TH ZTPEWH

H BewpnTikr) av@Auon TTou XpeiadeTal, yia va BPOoUlE TIG OXECEIG HETAEU TNG
OTPETTITIKAG POTTAG M; KAl TWV AVTIOTOIXWV TACEWV KOl TTOPANOPPWOEWY,
€ival TToOAU BUOKOAN UTTOBEON. Z€ QPKETEG TTEPITITWOEIG WAAIOTA, avayKa-
(6paoTe va TTpooeyyifoupe To BEPQ TTEIPAUATIKG, TTPOKEIMEVOU VO EXOUE
OTOIXEIQ YIa TOUG UTTOAOYIOPOUG TWV KATAOKEUWYV POG.

2TIG ETTOUEVES OENIDEG TTaPATI-
BevTal aToixeio atrd dIAPOpPEG TTE-
PITITWOEIG POPEWV, UN KUKAIKAG
OlaTOUAG, TTOU TTapoucialovTal
OUXVA OTIG KATOOKEUEG, Kal TA
otroia oToixeia Ba doBouv xwpig
MOBNUaTIKEG OTTODEIEEIG.

A. AakTulo£IBAG SiaToun
(ZxAua 11.5.0)

xAua 11.5.a AakruAioidng diaroun: H
Karavoun Twv Taoewv ASyw

OTPETITIKNG POTTHS
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SMD _ 40MR oTNV £EWTEPIKA TIEPIPEPEIT
T, = =
Hop*.g* R*-r*
5Md  40Myr , ,
T = OTNV ECWTEPIKN TTEPIPEPEIQ

€ :D4-d4 _R4-r4
H ywvia otpong 6, o€ rad, avaueoca o€ dU0 dIATOUEG, TTOU N GTTO0TAC
METALU Tou &iva £,

10M, ¢ 160-M ¢

o= G(p* - d*) i G(R"-r*)

O1 TUTTOI QUTOI I0YKUOUV YIa ATTOCTACEIG, P, ATTO TOV G&ova aTa épia

r<ps<R
B. ZwAnvwrég diaTopuég
a. KukAiki diaropn (ZxAua 11.5.8)

Emeidn 1o TTax0¢ Tou TolXwuaTog t gival
MIKPO, n TAOn ¢’ auTo eival oTabepn,
oTToTE

M
7= t

2-Sm -1
IxAua 11.5.8 ZwAnvwri KUKAIKA
oiaroun. H karavoun twv taocewv

eV N ywvia otpo@n¢ 8, o rad, avd- ASyw OTPETTIKAC POTTHAC.

pMeoa o€ dUO OIOTOWEG, TTOU QTTEXOUV
METAEU TOUG, €ival:

M, - ¢
6= -
3

2.Gm t-r>

B. OpBoywvikA diatopn (ZxAua 11.5.y)

Evdlagépouoa TTPaAKTIKA TTEPITITWON
ylaTi €dw uTTdyovTal Ta OTPAVTLOPIOTA.

‘Exoupe AoITTov:
ZxAua 11.5.y OpBoywvikh cwAnvwri
Siaroun) (otpavrlapioTd)
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o +a
q=t%
2
B, +B
g=17P
2
1= %27% _ BBy
2 2

H 1don oto py€oo Tng TTAeUpAc, divetal pe peydAn Tpooéyyion atrd Tov
TUTTO:
M
=t
2-S,, -t
O1wg €XoUupE NON avagEPEl O€ TTEPITITWOEIG KN KUKAIKWYV JIATONWY,
auTég Oev TTapapévouy eTTITTEDES KAl Apa, N ywvia oTpo®ng B gival TToAU
OUOKOAO vVa eKPPacBei e atrAd TUTTO.

I. OpBoywvikA diatopn (ZxApa 11.5.0)

B/G Sy S, S3
0.1 0.141 0.208 1.000 Ip = 1B
1.2 0.199 0.263 0.935 e
1.5 0.294 0.346 0.859 Wy =Sy
1.75 0.375 0.418 0.820
2.0 0.457 0.493 0.795
25 0.622 0.645 0.766
3.0 0.790 0.801 0.753
4.0 1.123 1.128 0.745
5.0 1.455 1.455 0.744
6.0 1.789 1.789 0.743
8.0 2.456 2.456 0.742
10.0 3.123 3.123 0.742

TxAua 11.5.8 OpBoywvikn diaroun. H diavoun Twv raéoswv ASyw OTPETTIKAG POTTHS

Edw, n yéyiotn Td0N T, €ival aTO PETOV TNG PEYAANG TTAeUpdg OTO oNpEio
A kai ivat:
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H ywvia oTpo®ng B yeirovikwy diatopwy ival
) M, - ¢
G-l

8]

H repimtwon b/a=1, avTioTtoixei oTnv TETPAYWVIKH dlATOW.

A. Na diaToun 100TTAEUPOU TPIYWVOU, TTAEUPAG O, EXOUHE :

_ 20M,

(13

T

H 1don autr) avamtiooeTal 0To JECOV TNG TTAEUPAG, EVWD GTNV KOPUPH
€ival pndEVIKN N ywvia oTPOPHG TWV YEITOVIKWY SIOTOPWY KAl N OTToid ywvia
oTPOYNG, divetal atod Tn oxéon:

M, - ¢

J3 4
G%a

6 =

E. MNa dAAou €idoug diatopég, 6TTwg L, T, H K.T.A., uTrdpyouv euTTEIpIKOi TUTTO,
T1a &€ oToIxeia |, kal W, TTou €ival YEWHETPIKA OTOIXEIQ Kal XapaKTNPifouv
TN dlaTour], BpiokovTal aTTd TOUG OXETIKOUG TTIVAKEG.

11.6 YMOAOrZMOZ ATPAKTOY ZE ZTPEWH

ATPOKTOG €ival EKEIVO TO OTOIXEIO TWV PNXAVWYV, TTOU XPNOIYOTIOIEITAI VIO
N METAQOPA 1I0XU0G Kal TN METAOOON POTTIWV OTPEWNG gival Eva pakpu
€&dpTnNUa, KUKAIKAG ) dakTuAIoEIdoUg, ouvhRBwg, dIATOPNG Kal OTTavioTe-
pa, TETPAYWVIKAG. ZTNV TTPAEN, To EEAPTNUA QUTO, N ATPAKTOG UTTOKEITAI
o€ ouvOeTn Katatrévnon. AnAadn, ugioTaTal, GUyXPOvwG, TTOAWY E10WV
KATATTOVAOEIG. EKTOG a1Td TN OTPEWN, UTTOKEITAI KAI 0€ KAPWEIG, EKEI TTOU
€ival o1 TPOXaAIEG 1] 01 0OOVTWTOI TPOXOI TTOU PETAPEPOUV TN POTTH KAl aKOuA,
€TEION £va KIVOUPEVO €EAPTNHA OTNV £0pact Tou Ogv gival TTAKTWHEVO, Apa
€XOUME Kal TAOAQVTWOEIG, Adyw PN atmOAUTNG CUPTITWONG TOU YEWMPETPIKOU
agova pe Tov dova oTPOPrG K.T.A.

OAa ta mapattavw dnuioupyouv Trépa TTOAAEG BUOKOAIEG 0T BewpnTIKN
QVTIUETWTTION TOU BEUOTOG TOU UTTOAOYIOUOU TNG QVTOXAG TWV aTPAKTWY.
Mia TTpwTn TTPOGEYYION, €ival va UTToOAOyioOuuE TNV avaykaia d1aoTaon



270 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

TNG aTPAKTOU, JOVO € OTPEWN, UTTOAOYICOVTaG WG EMITPETTOUEVN TAON,
TIMA TTOAU PIKPOTEPN TNG KAVOVIKAG TT.X. INa Ta didgpopa €idn xaAuBa, ol
TINEG gival OTa OpIa:

7=500+800 daN / cm?
EVW) OTNV TTEPITITWON TNG OTPAKTOU, TTAIPVOUE:

T=120+400 daN / cm?

OuaiaaTikd dnAadr| uttoAoyifoupe TTOAU augnuEVO TOV GUVTEAEDTH A0QA-
Aglog.

2Tn ouvéxela, BERaia, yiveTal ETTAVEAEYXOG TWV ATTOTEAETUATWY, £XOVTAG
T UTTOWN, Ta AOITTA YEWMETPIKA Kal AEITOUPYIKG OTOIXEiO TOU punxaviouou,
péoa aTTd Tov oXEDIOOUO ToU.

U NMAPAAEITMA

Mia &TpakTog, KUKAIKAG SIATOPNAG ATTO UAIKO TTOU £XEI
Terr = 400 daN/cm?2

KaTaTroveEiTal o€ oTpéwn, aTrd pia potrr) 400 Nm. Av kpivoupg, OT1 Ol TUXOV
AAAeG eTTIBOPUVOEIG KAPWNG K.ATT., Oev gival TOOO ONPAVTIKEG, UTTOPOUE
Va TNV UTTOAOYiIOOUWE HOVO O€ OTPEWN, BEWPWVTAG MIKPOTEPO TO Teqp, TT.X.

Terr = 400 daN/cm?2

Tote a1d TN oxéan 11.31 6a £xoupe:

KAl QVTIKOBIOTWVTOG TIG TIWEG, EXOUME:

16 x 400 -
d=3— " =351x10° 20,097 = 3,7cm = 4cm
1T x 40000000

2Tn ouvéxela yivetal EAeyX0G, wg TTPOG TN ywvia oTpoenig 6. Ao TN
oxéon 11.3.k givai:
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5 = 32M. L
Gm-d*
otTou Ba TTpétel 8 /£< 15 /m = 0,0044 rad

Edav G = 81 GN/mZ2, Ba éxoupE:

32x400
d=4 5 =%/0,00001143 =0,058m =5,8cm
81x10" x 1 x0,0044

dpa B4 AdBoupe d = 6 cm.

11.7 EOAPMOTIEZ

ALoViOKOG 0 OTTOI0G KATATTOVEITAI O€ OTPEWN, £XEI DIAUETPO 8MmM Kal JrKOG
30 mm. ZTnVv akpaia Tou dlaToun PETPNONKE ywvia aTpoerg 10° 307", Av
TO UNIKO TOU €Xel METPO oAioBnong 7.95%103 daN/mm?2, va uttoAoyiaBei n
QvVaTTTUGOOUEVN TACN Kail N dIATUNTIKY TTAPAROP@Wan aTNV ETTIPAVEIQ TOU
afoviokou.

AOon
Mag divovrai:

d=2r=8mm,06=10"30"",£=30 mm ka1 = 7.95x103 daN/ mm?2
Kai {nrouvrai: r kai y.

1. MeTOTPETTOUYE TIG HOIPES O€ AKTIVIA KAl Ba €XOUE:

o, , 10°.5 ° m 105
6=(10.30")=10".5= = X rad =0,00305 rad
60 180 60

2. lNa va Bpoue Tn dIGTUNTIKA TTOPAPOPPWan, Epapuoloupe Tov TUTTo 11.2.€
y=(08/0r
0,00305
Y=—%7 %
30

y = 0,0004072 rad

4

, 180° 0 , )
Ay =0,0004072 x =0,02333" =(0,02333%x60)=1,399 =124

m
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3. Na va Bpoupe Twpa TN dIOTUNTIKA TAoN, £papuoloupe Tov TUTTO 11.2.0
T
—=G
Y
1=Gvy

gpa  T=7.95%x103 danN

x 0,0004072 = 3,24 daN/mm
mm?2

ATrdvinon
a) H diatunTikn Tapaudépewaon givai:
y=1724"
B) H diaTunTikA TG0N €ival:

r = 3,24 daN/mm?

U NAPAAEIMA 20

Na utroAoyioBei n avaykaia SIGUETPOG PIOG ATPAKTOU, VIO TN YETAPOPA
piag potmg 100 KNm. To prikog Tng atpdkTou gival 2m. H GTpakTog givai
OUPTTAYAG Kal KATOOKEUAOTNKE atrd UAIKO TToU €XEl T = 30 MN/m2 kai
péTpo diatunong G = 7,95 x10% daN/mm2,

Auon

Mag divovrai:

M; =100 KNm, T¢; = 30 MN/m?2, £ = 2m, G = 7,95 x 103 daN/mm?
Kal ¢nTeital n d, dnAadn n SIAUETPOG TNG ATPAKTOU.

1. ETre1dn €xoupe ouptTayr Atpakto, KUKAIKAG dlaToung Ba XpnolpoTTold-
ooupe Tov TUTTO: 11.3. i

16M,
Tem ™ md
Kal AUVOVTaG WG TTPOG d, €XOUE:
16M,
=3
mT

e

TaKTOTTOIOUE TIG HOVADEG
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M= 100 KNm = 100%103Nm,

3 daN _7 g95x1010 ﬂz Terr = 30 M%\' =30x106 ﬂz

G=7,95x%x10
mm?2 m m m

AvTiKaBI0TOUpE OTOV TUTTO KAl TTPOKUTITEL

3

16x100x10 1

d:3—6:3\/0.016 :—317,9:0,26m
mx30x10 10

dpa d =26cm.

2. Mpétrel, akdun, va yivel EAeyxog TnNG dUCTPEWIAG TNG aTPAKTOU, YIOT N KAAN
A€ITOUPYIa TWV PNXAVIOUWY BEV ETITPETTEI VO UTTEPREI N ywVvia OTPOPAG
(n,6, Tap. 11.2) kamoia opia. Mia KaAr katdoTacon AsIToupyiag UTTAPXEI
av €xoupe 6 < 15°/m. EpapuolovTag Tov TUTTo 11.2 n

Kal AUVOVTaG w¢ TTPOoG B, £XOUE:
2-1-4

T-4
9:7
G-r G-d

2x30x10°% x2

10 =0,0005805rad/ m
79,5x107 x0,26

6=0,03326020= 2"

KOl N avnypévn ywvia, ava gETpo PAKoUg TNG aTtpakTou, Eivai:
e 20
—=—=1"/m <15 /m
L 2
ATTdvTnon
d =26cm

U NAPAAEITMA 3o

Na uttoAoyIo6¢i n BIGUETPOG Tou AEova VOGS NAEKTPOKIVNTHPA, TOU OTTOIOU N
10XUG gival 10 Kw. ZT0 KavoVvIKO anpeio Asitoupyiag Tou, £xel 1360 oTpopEg
avd Aetrtd. To UAIKO Tou agova £xel Tep= 50N/mm?2 kai G = 79,5 x 103 N/
mm? 10 UrKog Tou agova givar 40cm.
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Auon
Mag divovrai:
P = 10Kw
f=1360 RPM
Terr = SON/mm?2
{=40cm
G =79,5 x 103 N/mm?2
Mag ¢nreitain d ( N SIGUETPOG BNA. TOU AEOVA TOU NAEKTPOKIVNTAPA)

1. TNa T doopévn 10XU, N CTPETITIKI POTTH, WG YVWaTO, atrd Tn Mnxavikr,
givai:

P
M, = —
2mf
onAadn 10x10°
¢ = ~ 1360 =70,22 Nmm
21 60
16M,
2. A6 1n oxéon (11.3.0), | Tep = 3 | AvovTtag w¢ TTpog d, £XOUUE :
m-d

16- M,
d=3
Tr'TmT
/ 16 - 70,22
d= 376 =0,01927m =19,3mm
m-50x10

3. O €AeyX0G, WG TTPOG TNV ETTITPETTOPEVN TGN PHéoa aTrd Tn oxéon 11.36

Ocl:

16

_m-d® x93
16 16

W, =1411 mm°®

r

‘Exoupe, apa:
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70220 5
T= = 49,76 N/mm*“ <50 N/ mm?2
1411
4. O €Aeyxog, WG TTPOG TN Yywvia aTpo@ng, éoa atd Tn axéon (11.3.)
_32-M, 4L
G.-m-d*
Mog dider:
32x70220x 400
0 = =0,0259rad

© 79,5x10° x1x(19,3)
Kal n, avé JETPO PUAKOUG Tou Agova, ywvia, givai:
6 0,0259
t 04

=0,064 rad/ m>0,004 rad / m

(0,004 rad =15")

O €Aeyxog, WG TTPOG TN ywvia aTPOQNG, dEV gival IKAVOTTOINTIKOG. Oa
UTTOAOYIOOUE TOV GEOVQ, PE QUTOV Tov TTEPIOPIoUO. 'Exoupe AoITTov:
6=0,004rad/m

apa, 6 =0,004-£=0,004 x 0,4 =0,0016 rad

Oa gival Aoirév (o116 TN ox€on 9.3.K)

32-Mtl
d=4
VG-TTB

32 M
6 =
G md’
n
32x70220x 400
d=+4 3 =38,726 mm
79,5x10” x1wx0,0016
ATmrdvrtnon:

d=38,8 mm

U NMNAPAAEITMA 40

PdaBdog, opBoywviknig Siatour|g, atmod xaAuBa pe G = 80 GN/m?2, éxel 5100TA-
o¢ig dlatoung 100%150 mm kai uAikog £ = 1000mm. H pdBdog kataTtroveital
o€ oTpéyn, atod potrr] 12 KNm. Na uttoAoyioTouv o1 TAoEIG TTou avaTTTuo-
OOVTal OTO PECA TWV TTAEUPWYV, KaBWG Kal N ywvia oTPOPNAG.
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Auon
Mag divovrai:
TAeupéc a = 100mm, B = 150 mm, £ = 1000mm,
G =80GN/m?,
M¢ = 12KNm.

Mag ¢nrodvrai: 14,,72,,0

150
1. O Adyog Twv TTAEUpWV Eivarl: E = —— =1,5 Kal a1rd TOV TTiVOKA TOU

ox.11.5.5, éxoupe: a 100
s4=0,294
s, = 0,346
s3=0,859

2. Y1roloyifoupe TIG poTTéG adpAveIag Kal avTioTaong Kai gival:
lp =518 A 1,=0,294%(0,15)* = 14,9x10-S m*
W, =s,83Q1 W,=0,340%(0,15)3 = 11,7x104 m3

3. H peyaAutepn 1don 1, OTO PECOV TNG WEYAANG TTAEUPAG, Eival:

M, . 12x10° )

b o Ty ——=102,6N/cm
w 11,7

4. H tdon a1o péoov TNG WIKPNG TTAEUpdg, Ba givai:

Ty=S3Tyy N Tp=0,859%102,6 = 88,1 N/cm?

M, - ¢

5. H ywvia oTpo@ng divetal atrd Tn oxéon 6 = ' kai dpa, Exoupe
. |p
3
12x10" x1
0 = 5 = = 0,0010rad
80x10" x14,9x10
n
0 =0,05729°=3"26"",3

Amravrnon:

1) 11,= 102,6 N/m?



STPEWH 277

2) 15,= 88,1 N/m
3)6=326"",3

U NAPAAEIMA 50

Na TpoodiopiceTe, yia TTOIEG TINEG TNG DIAUETPOU XOAURBIVNG KUKAIKAG OU-
MTTaYyOoUG aTPAKTOU, TO KPITAPIO AOPAAEING, gival N ywvia oTpo@ng Kal Ol
n EMITPETTOPEVN TAON.

AOon
1. MNa va £xoupe ac@aAr] Kal Kavovikr Aeitoupyia, Ba TTpETTel, avd YETPO
MFKOUG TNG aTPAKTOU, VA I0XUOUV GUYXPOVWG Ol OXETEIG:

16M,
>

Ten 2 3

d

Kal
32M,

0. =
Gmd*

£

2. MNa va eival To KPITAPIO A0PAAEING N YwVia OTPOPNAG, Ba TTPETTEI va
I0XU0OUV OUYXPOVWG Kal TTAAI Ol OXEOEIG :

16M,
>

Ten 2 3

d

Kal
32M,

- G1'rd4

€T

3. AlaipwvTag, Katd PgEAN, TIG U0 OXETEIG, Ba EXOUE:
16 M,
Tem o mdd _G-d

0 32 M, 2

e
G-m-d4

Amravtnon:

ds 2Ti:'l'l'
Go

e
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U NAPAAEIMA 60

210 dIAavo oxnua 11.7.a n Kivnr-
pia TpoxaAia (a), uetadidel 380 Kw
OTO oUCTNHA TWV dUO TPOXAAIWY
(B) kai (y) amd ta otmoia 150 kw
otnv (B) ka1 230kw atn (y).

Av 01 OTPOQYEC TTEPIOTPOPAG Eival
f=120r - p - m, n géyioTn TGON
Tm= 2100 N/cm?2 kai 01 aTTO0TACEIG
TwV TPOoXaAIWV £ =180 m kai ¢, =120 cm, va uttoAoyigBouv:

ZxApa 11.7.a

1. O Aoyog Twv diapétpwy d4 / do ,€TO1 WOTE, N PMEYIOTN TACON CTPEWNG
oTa dUO PEpN TNG aTpdKToUu, Va gival n idia Kal

2. O1 diGpeTpol dq kal do, oTa dUO PéPN TNG ATPAKTOU

AUon
Mag divovrai:
Pq =380 Kw
Pg = 150 Kw
P, = 230 Kw
f=120rpm =2 sec™
¢, =180cm
¢, =120 cm
Tm = 2100 N/cm?2

Mag ¢nrouvrai:
dq/dy yia va givai g = Ty
d¢, dz

1. Av gival Mg Kai My 0 OTPETITIKEG POTTEG TTOU AVATITUCGOVTAI AVTIOTOIXO
OTIG TPOXOAieS (a) Kai (B), TéTE Ba gival cupQwva Kal pe Tn oxéon 11.3.1
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16M
a

3
1

m-d

16M
Y

3
2

m-d
Emeidn ¢ntaue va eival 1,=T, Oa €xoupue

16Ma — 16|VIY r] dl =3 Ma
3" 3 R {E
m-d; m-d, d, \/MY

O1wg dpwg g€poupe, atrd Ta pabpuata NG PuaoikAg, n POTTA givai
avaAoyn TTpog TNV 10X U Kal apa:

MG — P(]
IVlv Pv
oTToTE
d P 380
L5 @ =n="" 118
2 PY 230

2. A6 10 pabruara Tng PuUOIKAG €TTIONG, YOG €ival yvwaoTo, OTI N OTPE-
TITIKA POTI) CUVOEETAI PE TNV QVTIOTOIXN I0XU, UE TN OXEON :

P=M2mf A
1 P
= ; . ?
Apa £XOUE:
Ma = 21-P°‘ Kol Mv = i=i
m f 2m f
2UPQWVA, OJWG, UE TNV TTapatTavw oxéon 9.3.i,
_1eMm, B TmTr-d3
e T e
oTToTE
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Kol AUVOVTOG, wg TTPOG d, EXOUE:

16 P, 16 P,
di=3— Kol dy=3—5 ——
2" o1, 1 S i

AVTIKaBIOTWVTAG TWEA TIG TIUEG, AAUPBAVOUE:

_?J 16 380x10°

d= 5" & =0,99m=19cm
2. 2x21x10
Kdl
16 380x10°
dy=3 5 s =0,164 m=16,5cm
2. 2x21x10
ATTdvinon
d
1) 1=118
d
2)d;=19cm
3)d,=16,5cm

U NAPAAEITMA 70

XaAUBdIvn KUAIVOPIKA

pApdOG, TTOKTWUEVN KAl

oTta dUo GKpa TnG, Ka-

TaTToveital atrd tn 6pd-

On OTPETITIKAG POTTAG

TTOU €QapPOCeTal OE

evoldueon diatoun Kai

O€ ATTOOTACEIG OTTO TIG Zxua 11.7.6
QVTIOTOIXEG TTAKTWOEIG,

¢4, {5, ZntoUvTaI Ol OTPETTTIKEG POTTEG TWV TTOKTWAOEWY M4 Kal My KaBwg Kal
N amraIToupevn SIAPETPOG, YIA OEDOUEVO Ty
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Abon
Mag divovrai:

H potrr) My, Ta uAKkn 44, & KAl N T

Mag ¢nrouvrai:

O1 potrég Twv TTaKTWoewv M4 kKaBwg kal M, kai n didpeTpog d.

Eival rpogavég, 611 n ywvia oTpéwng TnNG dIaTOUNRG A, EKEi TTOU £Qap-
poletal n pott M, givai n idia, kai a1rd TNV TTAEUpd TNG TTakTwong (1) kai
atrd TNV TAEUPd TNG TTAKTWONG (2). Apa, atrd Tn oxéon 11.3.k 6a £XOUE:

e:Ml 4 _ M,.¢,
G-l G-l

ATTO TN ox€on auTr] €EAyoupE OTI:
M1 4y =Myl ala kar My = M{+M,

Me Bdon auTtég Tig BUO €£EI0WOEIG, KATAA)YOUUE OTO OTI:
(M LM
M= 2"t aMakaitMy=_1 1
L+t b+
H ¢ntoupevn &€ dIAUETPOG, TTPOKUTITEI ATTO TN oxéon 11.3.1 kai givail:
16¢,M,

Tr(ll + /ZZ)T811

U NAPAAEIMA 8o

PaBdog opBoywvikig dlatoung, amo XaAuBa, éxel diaoTtaoelg a= 100mm
Kal B = 200mm prkog 6¢ £ = 2000 mm.
H pdpdog katatroveital atrd oTpeTTIKA pott M= 12 KNm.

Zntouvrar: H Tax Kal N ywvia otpéyng 6.

Aiderar: G = 81 GN/m?



282 TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN
Adon

Macg divovrai:

a) H diatopn tng p&BRodou diaotdoewv 100 mm x 200 mm,
B) To urikog £ = 2000mm,

y) N oTpeTTIKA poTrr) M= 12KNm kai
0) 10 G =81 GN/m?

Mag ¢nrouvrai:

H péyiotn avatrtuooodpevn T1aon Tg; Kal N ywvia oTpéywng 6.

1) Zinv Tapdypago 11.5, mepitrTwon vy, yia Tnv opBoywvikn diaTtour Kol
a1rd ToV TTivaka Tou oxruaTog 11.5.9 yia Tiur) Tou Adyou Twv dIaoTaoEwv

EXOUUE:
s1=0,457, s, = 0,293, s3=0,795

ATTO auTA TTAIPVOUE:
lp = 51-B* kau
Wi = spp°
AnAadn
lp = 0,457 x 2004 =7,31 x 108 mm*
W, =0,493 x 2003 = 3,9 x106 mm3

n &€ TIUA TNG TAONG, OTO PECOV TNG MEYAANG TTAEUPAG, Eival :

Mt
Tm= —
Wt

12000Nm

"= o3 = 3,05 MN/m?
3,94x10 - 107" m

3

EVW N TGON, OTO PECOV TNG MIKPAG TTAEUPAG, ival:

Ty = 3Ty = 0,795%3,05 MN/m?
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Kl N ywvia oTpoenig
_ M, -¢

G-IID

G

o= 12000Nmx2m
81x10°N/m? x7.31x10% x10 2 m*

0=0,04x103rad=8",244

Z

z ZYNTOMH NEPIAHWYH ENAEKATOY KEDAAAIOY

z dopéag KaTaTToVEITal O OTPEWN OTAV ACKEITAI POTTA O€ ETTI-
ed0 KABETO OTOV AEOVA TOU. 2TIG DIATOUEG TOU POPEQ, TTOU
KATOTTOVEITAI € OTPEWN, AvATITUCOOVTAI DIOTUNTIKEG TAOEIG.
21N oTPEWN, TO OXNMO TNG KATaTTOVOUNEVNG dIaTOUNAG, TTailel poAo. ‘ETol
YIO KUKAIKT OIOTOUN €XOUE:

e >xéon YETALU TAoNg Kal TrTapapopewaong G = 1/y

e 2x€0n dIATUNTIKAG TTAPAUOPPWONG Kal YwVia OTPOPAG, YEITOVIKWY dIa-
TOMWV Y = (8/4) - r

e 2xéon TAONG Kal ywviag oTpopig, YEITOVIKWY dlatopwy 7/G = (6/4)-r.

® >x€0n OTPETITIKAG POTTAG, TAONG KAl YWVIAg OTPOPNAG, YEITOVIKWY dIATO-
Hwv 1/p = (8/6)G=My,,

MNa d1aTopéG PN KUKAIKEG €XOUUE OTTOKAIOEIG aTTd TOUG TTOPATTAVW TU-
TToug. H TTpocapuoyr Twv TUTTWY, o€ dIOTOPEG AAANG HOPYNG, YiVETAl YE
OUVTEAEOTEG TTOU TTPOKUTITOUV OTTO TTEIPAUATA. [0 UEPIKES TTEPITITWOEIG
OIATOPWY, TTOU ATTAITOUV OUXVOTEPA GTNV TTPAEN, TTApPaBETOUE TO TTAPA-
KATW TUTTOAOYIO:
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1) KukAIkr diatopn:
M, _16M, _2M,

T,,=
3 3
W, md Tr

p

_M,-L_32M,-L_2M, -L

0
Gl, Gmd"
2) AakTuAIO€IOAG dlaToun:
M, 16 M, D SM,d
= = 4 a4\ 4 .4
W m-(D*-d*) D*-d
M, 16M, -d M, d
Ty = = 2 4:8 R
W, m(p*-d*) D"-d
oo ML _ ML M, -L

Gl, G -Tr(D4 -d“) G(D“ -d4)

3) ZwAnvwrr) dlaTounA:

M M
ly 2mtr
e:Mt-L: M, -L
2
GIp G2mtr,
t=r1—r2
r= n+n




4) OpBoywvikr cwAnvikr dlaToun

=79
2
B - B1+ BZ
2
Sn=ap
t=%2-01_ B,-B,
2 2
T= M,
2S .t
5) OpBoywvikr diaToun
lp=S1 B, W, S, B2
M .
W= — OTO onueio A
Wi
M,
= — S3 oTo onueio B
W,
5= M, L
Gl,

O1 ouvTeAeaTég Sy, Sy, S3 010 o)XAMa 11.5.0

6) Tpiywvikr diatopun (I00TTAEUPO TPiywVOo TTAEUPAS a)

_ 20M,
W=
a

o= M,L

G—3a4

80
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@ AZKHZEIX

= 1. Na utroAoyioBouUv n SIGUETPOG, N Ywvia OTPOPAG Kal N ywvia TTapa-
MOPQWONG vog Aova TToU KOTATTOVEITAI 0 OTPEWN aTTO Wia poTrr) S0KN/
m?2 oT1av n emTPETOPeVN Taon eival 30 MN/m?2 kai To PéTpo dIATuNong givai
G=80GN/mZ.

Amévinon:d=20,4cm,6=12"38",3,y=19" ,61

=& 2. Na uttoAoyIoBoUV N ECWTEPIKN Kal N EEWTEPIKN DIAPETPOG VOGS Agova,
pE dakTUAIoEId diaTopr], KaBwg Kal n ywvia oTpo@ig. O afovag KaTaTroveiTal
o€ oTpéwn amd pia potrry 50KN/m?2 n emtpemrduevn 1don gival 30 MN/m?2
Kai To PéTpo didtunang ival G= 80GN/m?2 o Adyog Twv diapéTpwy eivai 0,9

Amavrnon:d=26cm,D=29cm, =9’

o% 3. 2TIG OUO TTPONYOUHEVEG AOKAOEIG £XOUHE BUO DIAQOPETIKWY YEWMETPI-
KWV OTOIXEIWV AEOVES TTOU €ival atrod 1o id10 UAIKO Kal KatatrovouvTal atrod
TNV id1a poTrA. ATTO Ta aTTOTEAEOUATA TwV OUO TTAPATTAVW QOKACEWV, TI
OUNTTEPACUOTO PUTTOPEITE VO CaYAYETE ATTO TO YEYOVOG TNG SIPOPAG TOUG
WG TTPOG TO YEWMETPIKA OTOIXEID.

=% 4. [Nola 1don Ba avatTuxBei o€ Eva agova, dIaPETPOU d, TTOU €XEl METPO
didrunong G = 80GN/mm? av Béooupe wg TPoUTToOean OTI N ywvia aTpo-
@n¢ Ba eival 1° o€ Pnkog £ = 20d.

ATTAvINON: Tmax = 34,8 N/mm?2

=¢ 5. AZovag TTOKTWHEVOG KATd TO €va AKPO TOu, KaTaTtroveital o aTpéyn. O
agovag autog £xel urikog 1000mm, €ival KOTOOKEUAOUEVOG aTTO XGAUBa e
G = 83x104 daN/cm? kai n emTpemduevn 10N gival T,;=80 daN/cm2. Av
B¢éAoupe yia AOyoug oikovouiag va eEavTAoouuE Ta Opia avToxng, TToid Ba
TTPETTEI va gival N SIAUETPOG Tou GEova; (H péyioTn emTPETTOPEVN YwVia
OTPOYPNG Bmax = 0°,25/m ).

Amavrnon: d =4,5cm

=% 6. Na uttoAoyIoBei n peyaAUTepn 1I0XUG TTOU PTTOPEI va peTaBIfacBei atrd
éva agova dlapéTpou 150 mm o otroiog aTpépetal he 240 rpm, 1AV N ETTI-
TPETOUEVN TAON €ival T = 55 N/mm2. O d€ovag auTtdg éxel éva oUVSETHO
ME €€ uTTOUAGVIQ, TTEPIPEPEIOKE O€ pia diaueTpo 260 mm. Na opioeTe Tn
OIAUETPO TWV PTTOUAOVIWYV OTAV N PEYIOTN ETTITPETTOYEVN TAON TOUG Eival
Timax = 100N/cm?2.
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ZyxApa 119a
Amavrnon : P =920 kw, d = 24,4 mm

=¢ 7. Na utroAoyioBouUv o1 avayKkaieg dIAUETPOI ECWTEPIKA d Kal EEWTEPIKA
D, evog agova pe daKTUAIOEIDN dIATOWr], O OTTOI0G PETAPEPEL IOXU 750kw
pe 50rpm.

Aidovrai:

a) n ywvia otpo@ng 6 atmod 1°/ 50p
B)otnd/D=0,6

y) G = 85 x103 N/mm?2
Amrdvrnon: D =283 mmd = 169,5 mm

=& 8. 'Eva dakTUNIOEIdNG dgovag £xel eEwTePIKN didueTpo D=10 cm kal eow-
TepIKA d = 7.5 cm. Na uttoAoyioBoUv o1 TACEIG TTou avaTITUGoovVTal OTNY
€EWTEPIKN KOl ECWTEPIKH ETTIPAVEIX TOU AEOVA, OTAV AUTOG KOTATTOVEITAI
o€ oTpéWn ato pia potrr) My = 2000 Nm. Na utroAoyioBei etriong n ywvia
OTPO®NAG. To UrKog Tou Ggova gival 1m Kal To UAIKO £XEl HETPO BIGTUNONG
G = 80GN/m2.

Amavinon T, = 14,9 MN/m2, 1, =11,2 MN/m?, 6 = 12" 49" .64
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.) Emidiwképevol oTéxol:

O1 yabnréc:

E/ Na katavoroouv To GUVBETO TWV KATAOTACEWY KATATTOVNONG TNG
UANG Kal TNV TTOAUTTAOKOTNTA TWV OXETIKWY PAIVOUEVWIV.

Iz/ Na yvwpioouv atmAég TTEPITITWOEIS CUVOETWY KATATTOVAOTEWY Kal VO
MTTOPOUV Va avayvwpeifouv, atTAEG TTEPITITWOEIG, OTN TTPAEN.

12.1 EIZATQriKA

Méxpl Twpa, EEETACANE KATAOTATEIG, OTTOU 01 POpPEIG, OTTWGS A.X. ol pdpdol,
ol a&oveg, o1 OOKOI, Ta UTTOOTNAWMATA, K.O UTTOKEIVTAI O€ éva POVO €i00g
@opTIoNG. AnAadr), katatrovouvTal, €ite HOVo o€ EQEAKUOUO, €iTe HOVO o€
KAPWnN, €ite yOvo o€ oTPEWN K.T.A.

2TIC KATOOKEUEG POG, OUWG, TIG TIEPICCOTEPES POPEG EPaVIovTal OUVOETEG
KaTaoTdoelg. AnAadr, KaTaoTdoelg, OTTou dId@opa PEAN VOGS uNXaviouou,
1 @opPEa, KATATTOVOUVTAI, CUYXPOVWG, O€ TTEPICOOTEPA €idN QopTioewy. Mia
ATPOKTOG TT.X., MTTOPEI VA KOTATTOVEITAI, TAUTOXPOVWG, € KAPWN KOl OTPEWN.

ZyxApa 12.1.a ATpaKTOS KATQITOVOUUEVN OE OTPEWN KAl KAUWN

Mpétrel, €miong, va ava@EéPouE 0TI, EKTOG TWV QOoPTiwY, TTaifouv poAo
OTn CUPTTEPIPOPA TNG UANG Kal 01 CUVORKEG UTTO TIG OTTOIEG, TA POPTIA AUTA,
EvePyOUV.
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TéTo1EG OUVONKEG, Eivat:
e O1 uwnAég A o1 xapnAég Beppokpaaieg Tou TTePIBAANOVTOG.

"evikd, o1 TTOAU PEYAAEG 1] 01 TTOAU PIKPEG BEpUOKPaTies, HETABAGANOUY TIG
MNXOVIKES 1016TNTES TV cwHATWYV. OI TIHEG TOU Opiou avaAoyiag, Tou opiou
Bpavoewg, Tou YETPOU EAACTIKOTNTAG K.T.A., peTaBdAAovTal. ETTopévwg,
aAAalouv Kal o1 ETTITPETTOUEVES TATEIG. AKOUN, OTIS UYNAEG Bepuokpaai-
€G, £XOUME £VTOVO KAl TO QOIVOUEVO TOU EPTTUOHMOU. TO paIvOUEVO aUTO,
ouvioTaTal 0T CUVEXT TTAPAUOPPWAON EVOG CWHATOG, UE TNV TTAPODO Tou
XPOvou, UTTO TNV €TTidpacn oTabepAg dUvaPNG, TNV OTT0IA, UTTO KAVOVIKEG
OUVOAKEC, TO WA aUTO AVTEXEL, XWPIS TTapaudpewon’.

e H 1axutnTa mMPROANG TNG OPTIONG.

21NV TEPITITWON TNG KaTaTTévNoNG o€ BAiwn, av n €TTIBOAr Tou QopTiou
yivel ag TTOAU PIKPO XPOVO, TOTE £XOUE TO PAIVOUEVO TG KPoUong, OTTOU
eTTEUPaivel Kal n KIVNTIKA evEpyela TOU TaxuTaTa emIRAAAOUEVOU POpPTIOU.

o H petaBoAf Twv QopTiwv Kal 0 TPOTTOG TwV PETABOAWY

OT1av n @opTion peTaBAAAeTal KOl JAAICTA TTEPIODIKWG, TOTE EXOUME TNV
TIEPITITWON TNG SUVOMIKAG POpTIONG. H TTEPITTTWON QuTH, €ival TTapa TTOAU
ouxvh. Epgavicetal de o€ OAEG TIG KIVNTHPIEG UNXaVES. EBW, 0 popEag avTEXE
TTOAU PIKPOTEPO POPTIO KAl Pag EVOIOPEPEI KAl O APIBPOG TwV EVAAAAYWV.
MepimTwon duVaUIKAG @OPTIONG, €ival Kal N TAAGVTWON Tou popéa. TETola
@OpTION, £TTIONG, £XOUME O€ ATPAKTOUG, OTTOU, AOYW KOKIG KOTAOKEUNG,
OV GUUTTITITEI ATTOAUTA O YEWUETPIKOG GEovag pe Tov afova aTpo@ng. Ta-
AVTWOEIG EXOUNE KAl 0€ TTPOBOAOUG TTOU QopTifovTal Je PETaBaAAOuEvVa
@opTia, OTTWG OTIG TITEPUYEG TWV AEPOTTAAVWY. ZTIG TTEPITITWOEIG AUTEG,
TTapaTnpEiTal aoToyia Tou UAIKOU, TTapOAO TTOU Ta QOPTIa Eival KATWTEPA TWV
QVEKTWYV Opiwv. AUTO aKPIPWG aTTOTEAEI KaIl TO QAIVOUEVO TG KOTTWONG .

* To @aivouevo auTod gival EPPAvES Kal O CUVABEIG BEPUOKPATIES, O€ AVTIKEIUEVA KATA-
OKEUOOHEVA JE KOKAG TTOIOTNTOG TTAAOTIKG UAIKA.
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12.2 H EPEYNA ZTA ®AINOMENA TQN ZYNOETQN KATANONHZEQN

A6 6oa citTape, aiveTal 0TI N CUUTTEPIPOPA TNG UANG, OTIG ECWTEPIKES
emOpPACeIg, eival TTOAUTTAOKN. MoAUTTAOKA €ival, KOTA CUVETTEIQ, KAl T TTPO-
BAAuaTa TTOU TIBEVTOI, TIPOKEIUEVOU VO UTTOPOUE VA £XOUNE GOQAAEIG Kal
OIKOVOWIKEG KATAOKEUEGS. H €peuva €xel aTTOdEIEEI, OTI O TPOTTOG KATAOKEUNG
TOU KAB¢g aToixeiou (XUTEuan, EAaan, JNXAVOUPYIKH KATEPYACTia ), O€ OUV-
duaouo pe TNV KpUoTaAAIKA doun Tou Kal TNV akpPiBEIa TNG KATAOKEUNG TOU,
€XOUV YeydAn onuaacia yia TNV avtoxr TTou TTapouaiadel. Eeidn, Aoimrov,
Ol TTOPAUETPOI TWV TTPORANUATWY AUTWYV Eival TTOAAEG KOl APKETEG POPEG,
ayvwaoTeg, dgv gival duvarr n dIaTUTTWwonN Jiag YevikAg BewpnTIKAG TTPOTA-
ong, yia TN HEAETN QUTWV TWV KATaoTAaoewv. [Na Toug Trapatrdvw Adyoug,
OTIG JAAAOV aTTAOUCTEPEG TTEPITITWCEIG, UTTAPXOUV, Kal Ol aVvAAOYEG TTPO-
OEVYIOTIKEG BEWPNOEIG, EVW, YIA TIG AAANEG EXOUME TTEIPAUATIKEG EPEUVEG
TIPOCEYYIOEIG.

TNV TTEIPAUATIKI €PEUVA, EXOUME :

o KataoTpo@ikég ueBddoug (eAEyxoug), OTTwG ival Adyou xdpn, To TrEipaua
TOU €QEAKUTHOU, TTOU £EETAOBNKE O€ TTPOoNyoUuEVo KeQAAaio. I.x., n e€€taon
TOU OKUpoKoviauaTtog (beton) otnv oikodour, yia TN Aqwn dgiypartog mou
UTTORAAAETOI GE BAIYN, JEXPI KOTOOTPOPAG TOU, TUVIOTA Mia TéETola uEB0dO.

o Mn KaTaoTPOQIKEG HEBBBOUG (EAEYXOUG).

AUTEG XpnoiPoTTolouvTal OTTOU, €K TWV TTPAYUATWY, eV gival emBuuNTA N
KOTOOTPO®N) TOU £EETACOPEVOU OTOIXEIOU, OTTWG TT.X. TWV OTOIXEIWY PEPOVTA
OPYQAVIOHOU TEXVIKOU £pyou, A TWV UNXavNUATWY, Yia TNV EAAXIOTOTTOINON
TOU KIVOUVOU aTTPOBAETITNG AGTOXIOG TOU UAIKOU.”

O 01606 OAWV QUTWV TWV TTPOCTIABEIWY, BEWPNTIKWY KAl TTEIPAUATIKWY,
eival va Bpoupe Tnv TGon eKeivn, TToU gival I00dUVAUN TTPOG TIG TACEIG TTOU
TTPOKUTITOUV, 0€ KABE anueio (diatopur]) Tou €MRAPUVOUEVOU GTOIXEIOU €
AITiog TWV dIAPOPWV YOPTICEWV.

O1 1doeIg, OTTWG EEpoupe, gival aviopaTika peyEdn, dpa, eQooov evep-
yoUv 0To auTé oneio, JTTopoUV va £XOUV Wia ouvioTapévn To TTPORANUA,
BéBaia, dev gival TOOO aTTAS, YiaTi dev yvwpifoupe, TTARPWG, TN CUPUETOXNA
KaBe emPBdapuvang Tou popéa oTo TEAIKO atroTéAeopa. lNa va yivel autd 1o

* AuTég o1 uéBodol aTnpidovTal 0T BaadiKr ID€a, OTI KATTOI OORaPH KAKOTEXVIa ETTIBAPUVEI
TO €EAPTNMA KAl O EAEYXOG YiveTal akOun Kal OTav €ival n Unxavr] o€ AEITOUPYia JE TEXVIKEG,
OTTWG Ta duvoPEUPATA, TO PayvnTIKG cwuartidia, TNV uTrépubpn akTivoBoAia, Tnv Topoypagia
Kal GAAa avdaAoya.
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KatavonTo, ava@EPOUNE OTI OTNV TTEPITITWON ATPAKTOU TTOU KATATTOVEITAI

o€ oTPEYN Kal KAPWN, €XOUNE TECOEPIG BEWPNTIKEG TTPOCEYYIOEIG, TTOU

K&Oe pia kataArfyel Kal o€ dlagopETIKN dIaTUTTIWGON TNV Ic0dUvaun Tédong’.
Av oy, N TA0oN KAPWNG Kai Ty, N Tdon oTpEWng, TOTE Eival:

e ZUPQwva Pe TN Bewpia TNG PéyIoTNG 0pBNRG TAoNG:
1
o= Z(ob 4o, + 417 ) (12.2.q)
e JUPQwva PE TN Bewpia TNG PEYIOTNG avNyUEVNGS TTAPAPOPPWONG:

o= (o,ssob +0,65\/07 + 41 ) (12.2.8)

e 2UpQwva Pe Tn Bewpia TG PEYIOTNG dIATUNTIKAG TAONG:

[ 2 2
0=,/0,+ 4T, (12.2.y)

e ZUPQwva PE TN Bewpia TNG evEPYEIAG TNG TTAPAUOPPWONG:

0= o] +31; (12.2.3)

12.3 AYTIZMOZ
12.3.1 T'evika

Eival eUkoAo va doupe, pe Eva atrAd Treipaua, 0Tl N CUPTTEPIPOPE TNG UANG,
oTnVv Karatmoévnon tng BAiyng, e€aptaTal Kal atro To UYPOGS TOU KATATTOVOU-
MEVOU aTOIXEIOU.

Maipvoupe duo aToixgia, atrd To AuTO UAIKO, TTOU TTAPOUCIalOTav OPKETH
avtoxn o€ BAiyn, kal Ta oTroia diagEpouv, POvo wg TTPOG To UYWogs. ‘EoTw,
OUo KUAIVOpIKOi pdapdol TNG auTAg dlauéTpou d.(ox.12.3.10a,) TTAKTWUEVES
OTO KATW PEPOG.

* Eival Bépa Tou peAeTNTA, TTola £KQPacT Ba XPNOIKOTIOINCEL.
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xAua 12.3.1a H diagpopd ouutrepipopds atnv karamovnon tng OAiyng, eéairiag ng
O1apOopds UWoug TouU OToIXEIoU.
OAiBoupe TIG dUO PEPRdOUG UE TO AUTO POPTIO, AUEAVOVTAG TO OTADIAKA.
2¢ pia Tin F Tou @oprTiou, TTapaTtnpouuE OTI, VW Eival
F
d2
iy
n wnAR papRO0G KAPTITETAI KA, XWPIG TTapaTtrépa auénan Tou popTiou, Gu-
VEXICEl VO KAPTITETAI KAl TEAIKG KOTOOTPEPETAI. TO QaAIVOUEVO TTOU TTEPIYPA-
wape, Aéyetal Auyiopog. Eival Tipo@aveg, 6T pOToV 0 POPEAG KAUTTITETA,
Ba UTTAPXE! KAl JIa KOUTTTIKA poTTr) My, EKTOG Tou BAITTTIKOU opTiou F, kai
dpa, £€xoupe Pia ouvBeTN KATATTOVNON.

o=

<Oen

12.3.2 Baoikd XapoKTnNpIGTIKG TOU AuyiopOoU

OT11wg OTIG TTEPIOTOTEPEG TTEPITITWOEIG CUVBETWY KATATTOVAGEWY, £TO1 KO
OTO AUYIOUO, £XOUNE TTEIPAUATIKEG EPEUVEG Kal DIAPOPES BEWPNTIKES TTPO-
oeyyioeig. Ao OAa auTd, €XoupEe KATOAALEI OTa £€1G CUUTTEPACUATA :

a) ZTnv TEPITITWon BAIYNG evog @opéa, Katd TNV Evvola TNG JEYaAUTEPNG
O1d0TAONG TOU, av auTA n diIdoTaon €ival TTAVW ATTO OKTW QPOPES PEYQ-
AUTEPN aTTO TIG GAAEG TOU OIOCTACEIG, EXOUME EPPAVION TOU PAIVOUEVOU
TOU AUyIOopOU.

B) Ooo peyaAwvel T0 YAKOG, TOOO EVTOVOTEPO YiVETAI TO QPAIVOUEVO TOU
AuyiopoU Kal TOOO PIKPOTEPO POPTIO ATTAITEITAI YIa TNV EUPAVICT] TOU.
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y) To cwpa, YETA TRV ELPAVIOT TOU QAIVOPEVOU TOU AUYIOUOU, KOTAOTPE-
QETAI, EVW TO QOPTIO, OUTE £xEI UTTEPPEI TO OPIO AVTOXIG TOU UAIKOU OTNV
Kartatmrovnon tng BAiYng, ouTe augavel.

H trepimTwaon, 61T0U N TTAPAPOPPWCN AUEAVETAI, XWPIG ETTI TTAEOV aVTi-
aToIXn augnon Tou opTiou, Eival Pia aoTAOAG EVTATIKA KATAOTAGT KOl
TETOIO €ival O AUyIOpOG.

12.3.3 H @uoikn €€lynon Tou Auyiopou - Kpioio @opTio

Ta diGd@opa PEAN TWV KATOOKEUWYV Pag, OTTWG 01 SOKOI JE Ta UTTOOTNAWA-
Td, OTO OUIKA €pya, i Ta BAKTPA PE TOUG DIWOTAPEG, OTIG NXAVOAOYIKEG
KOTOOKEUEG, Oev auvdEovTal akAdvNTa PETAEU TOUG, OUTE N OUVOEDN YiVETaI
MOVO o€ éva HabnuaTikd onueio, aAAG yivetal o€ yia oAOKANPN ETTIPAVEIQ.
Ala Yéoou TNG ETMPAVEIOG AUTAG YiveTal Kal n YeTapifacn Twv SUVAPEWY. 210
oxnua 12.3.3.a, 1o BAKTPO KaTaTToVEiTal, EVAAAAE, 0€ EQEAKUCUO Kal BAIwN.

IxAua 12.3.3.a 2rov unxavioud diwaTtnpa otpopdAou, To BakTpo AB utrdkeiral og BAiwn
Kal EQEAKUOUO eVaAAGE

MNa dia@dpoug Adyoug, €iTe aTTd KAKNA KATOOKEUN, €ITE ATTO KIVAOEIG TNG
MNXavAg T1.X. atrd TOAAVTWOEIG, €iTE ATTO €CWTEPIKA AiTIA, TT.X. ATTO OE€l-
OPoUG, dev oUUTTITITEl aTTOAUTA O AEOVOG EVEPYEIOG TNG BUVAUNG PE TOV
afova ouppeTpiag Tou €apTANOTOG,aAAG eugavifeTal poxAoBpayiovag a
(ox. 12.3.3.0) ,ka1 dnuioupyeital, ETTOPEVWGS, N potii My =a - F

Me katdAAnAn Ty NG F, epgavidetal o Auyiopog.

Ovouddloupe kpiotpo @optio Auyiopou (Fi), To afovikd gopTio BAIYNg
TTOU €ival IKAVO va TTPOKOAETEI TNV EPPAVION TNG KAUTTUASTNTAG Tou dfova
TOU QOpEa, XWPEIig, OUWG, auTr N TTapaudopewaon va emodeivwveTal. EAGxI-
oTn augnon, A peiwon TG TIMAG TNG Fy, UTTOpPE va emiQEpel mdEivaN TNG
TTAPAPOPPWONG KAl KATAOTPOPH TOU QopEa, i e€apdvion TG TTApaUOpPw-
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ong avrioToixa. Eivar dnAadn, n Tiun Tou Fy ,To 6pio petagl NG otabepng
EVTATIKNAG KaTtdoTaong TnG BAiWNG kai TNG aoTaboug TolauTng Tou AuyiouoU.
Av A, 10 eyaddv Tng dIaTouAG TOU QopEa, N Kpiotun Taon Ba givai:

F

o=-FK (12.3.30)
A

12.3.4 O 100G TOU Eliler

Meipauartikd, €xel amrodeixBei T 0 Auyioudg, KaBWG Kail N TIUA Tou KPioipou
popTiou, e€apTwvTal ATTO :

a) T0 UNIKO TOU Qopéa
B) TN yewpeTpia Tou popéa
Y) TOV TPOTIO WE TOV OTTOI0 EVTACOETAI O POPEAG OTNV KATAOKEUN).

AKOUN, TTEIPAUATIKG OTOIXEIO pag EMTPETTOUV va deXOoU e, OTI oI TTapa-
KATW TTapadoxEG, Bpiokovtal y€oa oTa OpIa TNG TTPAYHOTIKOTNTOG:

a) O gopéag cival paRdog, 1davika eubuypauun

B) To popTio evepyei, akpIBwg, aTov dEova Tng paRdou

y) To UAIKO TNG pAROOU gival OUOIOYEVEG ICOTPOTIO KAl HE TIG iDIEG 1016-
TNTEG, TOOO ATTEVAVTI OTOV EQEAKUCUO, GO0 Kal atrévavTi aTn OAiyn.

0) Katd tnv epapuoyr Tou Kpiolgou gopTiou Fy, Kal yia TNV avaTTuo-
oopevn Kpiaiun Taon ok, 10XUEl, OTI Oev €ival PeyaAlTEPN TOU opiou
avaloyiog o dnAadn:

Ok < Oq
dpa, eipacTe TNV TTEPIOXT] TTOU 10XUEI 0 VO[OS Tou Hooke.
Me 6Aa Ta TTapamavw, o Eller Bswpnoe pia pdRdo, TTou Ta dkpa TNG

MTTOpOUCQV PEV Va TTEPIOTPEPOVTAI, AAAG EUBUYpaPUN Kivnon uTropolcav
va Kavouv, Jovo katd Tn dietBuvan Tou Ggova Tng paRdou. (0X.12.3.4.q).
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TxAua 12.3.4.a H paBdog rou Euler

Me Ta TTapaTTavw TTEIPAPATIKG OTOIXEIT KAl TIG TTapadoxEG TTou £8e0€ O
Edler, diatumwoe Tnv €€N1G oxéon;:
2
(2
omou:  Fy: 10 KpioIpo @opTio Auyiopou
E: 10 y€Tpo EAAOTIKOTNTOG TOU UAIKOU

lex: N MIKPOTEPN POTTA adpdAvelag TNG dIATOMNG TNG paBdou
£: 10 pKog TNG pdapoou

F (12.3.4.q)

OT11wg €idape, Kpiolun Tdon AuyIGPOoU eKQPAleTal JECQ aTTd TN OXEON :

kA AL?
aAAQ,
Is)\ _
X =lea

OTTOU i N aKTiva adpavelag NG SIATOUAG
Kal dpa, EXOUE:

. ..2
O = L EzI€A
l
TO TTNAIKO '57" TO ovopddoupe AuynpdtnTa A, dpa,
A= 'STA (12.3.4.8)

Kal o TUTTOG YiveTal:
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(12.3.4.y)

Oedopévou O¢ o1 To E, yia Ta did@opa €idn Twv xaAUBwv kal Tou EAaTou
016 pou, TTou BewpouvTal KUPIa PNXavoAoyikd UAIKA, €ival TTEPITTOU TO
id10, ATTOdEIKVUEI OTI N CUUTTEPIPOPA TWV UAIKWV QUTWYV £CapTATal OTTO TN
AuynpoTnTa.Oa TTpétrel €dw va TToUuuE OTI 0 TUTTOG Tou Euler 1o0xUel evidg
TwV opiwv Tou Nopou Tou Hooke. AuTtd e¢acalileTal, aTnv TTPAEN HE TO
va €xoupue 10 A>100.

12.3.5 Avnypévo pnkog Auyicpuou

21NV TTponyouuevn rapdypa@o (12.3.4), eifraue, eKTOC Twv GAAWYV, OTI O
AUYIOPOG Kal TO KPIOIUO QOpPTIO TOU, ELaPTWVTAI KAl aTTO TOV TPOTTO TTOU O
QopEag, evIiAooeTal JEOO OTNV KATAOKEUH. MpaypaTikd, To Treipapa €D€IEE,
OTI T0 uAKOG £ TNG pdPRdou TTou Ba uTTaivel atov TUTTO Tou Eliler, dev cival
TTAVTA TO YEWMETPIKO, aAAG Ba gival Eva AANO PNKOG, TO AVYMEVO MKOG
AUYIOUOU 4 TTOU €ival CUVAPTNGN TOU YEWUETPIKOU PAKOUG TNG PARSOU Kal
TOU TPOTTOU OTAPIENG TNG, HECQ OTOV PINXaVIoUO. Tagivountnkav TE00epIg
TTEPITITWOEIG.

av gival: £ 10 YEWMETPIKO PAKOG TNG pARSoU Kal
4 T0 avnyuévo PAKog Auyiouou:

a) H pdBdog va gival TTakTwuEVn, JOVO KATA To £va AKPOo, VW To AAAO
Aakpo va gival eEAeUBepPO, oTTOTE { = 2L

B) H paBdog va eival TTakTwuévn Kal KaTd Ta dUo dkpa, oTréTe § = 4/2

Y) H pdBdog va gival TTakTwévn, KaTtd To éva AKpo, VW To AAAO AKPOo
va €xel apBpwan, dnAadr eAeuBepia TTEPIOTPOPNG KAl EUBUYPAUKN
duvatdTnTa Kivnong, JOvo Katd Tnv évvola Tou apxikou afova Tng

pGRdoU, OTTOTE ¢ = £

V2

8) H pd&Bdog va £xel dpBpwon kal oTa dUo Akpa, OTTWG €TTiIONG, T du-
vaToTNTa EUBUYPANMNNG KivnoNg Kal Twv 800 AKPpwYV, KATA TNV €vvoia
TOU apyIkou d&ova TnG pdpRdou, otréTe 4 =4

OAa 1a TTapattavw ¢aivovtal oto ox. 12.3.5.a
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MepimTwon Mepirwon | MNepimrwon | MepiTTwon
o B’ V' 5

TxAua 12.3.5 O BaCIkES TTEQITTTWOEIS OTEPEWTNS PALBOWY, KATATTOVOUUEVWY € AUYIGUO
KQl TO KATd TTEPITITWON avnyuEVO UNKOS AUyIGLOU.

2TV TTPAgN Ol CUVAPUOYEG TwV PARdWY GTO UCTNUA (UNXAVIOUO A
(POpPEQ) OTO OTTOI0 EVTACCOVTAI, OEV KOTATAOOOVTAI TTAVTA KaBapd, o€ pia
atrd TIG TECTEPIG TTEPITITWOEIG, TTOU ON ava@EépBnKav. & AQUTEG TIG TTEPI-
TITWOEIG, TwV evOIauéowy dNAadN KATaoTACEWY, TO AVAYKAio avnyUEVO
MRKOG opileTal KATA TNV KPion TOU NEAETNTH.

12.3.6 H p€6050G TwWV CUVTEAECOTWYV W

Otav oxedladeTal Yia KATAOKEUN, JEAETATAI CUYXPOVWG Kal N por) Twv Ou-
VAUEWV G auThVv Kal SIEUKPIVICETAI, O€E TI €i00UG KATATTOVNGN UTTOKEITAI
KGBe aToixeio TnG. MNa Ta aToIXEIQ EKEIVA, TTOU UTTAPXOUV £vOEiLelg OTI Ba
UTTOOTOUV TNV KATaTrévnon Tou AuyiouoU, Ba TTPETTEl va Yivel EAEYXOG TNG
avTOXNG TOUG O QUTAV TNV KOTATTOVNON.

Mia atrAr) péBodog yrI' autov Tov €Aeyxo, BacifeTal aTnv TTapaThPENon
TToU €€dyeTal atod Tov TUTTO Tou Edler (oxéon 12.3.4.y)

_112E

)\2

Oy

Kal 0 OTT0i0g pag deixvel OTI n Kpioiun Tédon e€apTdral, yia KABe UAIKO,
TENIKA, a1Té TN AuynpdTnTa A. ‘ETo1, ouvTdyBnkav TTivakeg, atr’ oTrou, ava-
Aoya pe TN AuynpdTnTa TOU OTOIXEIOU, BPIOKOUUE TO OUVTEAEDTA HEiwoNg
TWV O (KPIoINWV TAoEWV AuyIoPOU), WG TTPOG TNV Oy, (ETTITPETTOPEVN TAON
BAiyn), TTou diEBvwg cupBoAideTal ye ypduua w. Eival, dnAadn:
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o
w=—">1 (12.3.6.0)

C)-IE'IT

Ma Tov éAeyxo, epyalduooTe wg EAG: Kal JE TNV TTPOUTTOBECN, OTI yVWPI-
{oupe 1O UAIKO TOU OTOIXEiOU KOBWG ETTIONG KOl TN YEWMETPIO TOU OTOIXEIOU.
‘ETo1 ye Bdon 10 UAIKO, CUUBOUAEUOUACTE TOV AVTIOTOIXO TTiVAKA KAl aTTd
TN YEWMETPIA PEV BPICKOUME TO A, EVL) ATTO TOV TTIVAKA, TO W.

Av, hoitdv, gival A n diaTour TOU OTOIXEIOU TTOU KATATTOVEITAI JE OUVAUN
F, T0T€ N avatmmtuccoéuevn Tdon eAEyxeTal aTTd TN oXEoN:

F
o=w- <o, (12.3.6.8)
A

MapaBéToupe, yia TTAPAdEIYUA, HEPIKOUG ATTO TOUG TTIVOKEG TWV OUVTE-
AECTWV W, YIA HEPIKA UNXAVOUPYIKA UAIKA.
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MINAKAZ 12.3.6a

2uvTeAeoTEG AuyIopoU w yia xGAuBeg katd DIN 1050

a) MNa St 00.12, yia xdAuBa gptropiou kai yia St 37.12
A+
A 0 1 2 3 4 5 6 7 8 9 A
0|1,00| 1,00 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00 0
10| 1,01| 1,01| 1,01| 1,01| 1,01| 1,01 | 1,01| 1,02 | 1,02| 1,02 0
20| 1,02 | 1,03| 1,03 | 1,03| 1,03 | 1,04 | 1,04 | 1,04 | 1,05| 1,05 20
30| 1,05| 1,06 1,06 1,07| 1,07 | 1,08| 1,08 | 1,09| 1,09 1,10 30
40| 1,10 1,11 1,11 | 1,12| 1,13 | 1,13 | 1,14 | 1,15| 1,15| 1,16 40
50| 1,17 1,18( 1,18 1,19| 1,20| 1,21| 1,22| 1,23 | 1,24| 1,25 50
60| 1,26 1,27| 1,29| 1,30 1,31| 1,32| 1,34| 1,35 1,36 | 1,38 60
70| 1,39 1,41| 1,43 | 1,44| 1,46| 1,48| 1,50 | 1,52 | 1,54 | 1,56 70
80| 159 161| 1,63| 1,66 1,69 1,71| 1,74| 1,78 | 1,81| 1,84 80
90| 1,88 1,92| 1,95| 2,00 | 2,04 | 2,09| 2,14 | 2,19 2,24 | 2,30 90
100 | 2,36 | 2,41| 2,46 | 2,51| 2,56| 2,61| 2,66 2,71| 2,76| 2,81 | 100
110| 2,86 | 2,91 | 2,97 | 3,02| 3,07 | 3,13 | 3,18 3,24 | 3,29 | 3,35| 100
120| 3,40 | 3,46 3,52 | 3,58| 3,64 | 3,69| 3,75| 3,81| 3,87 | 3,93 | 120
130| 4,00| 4,06 | 4,12 | 4,18 | 4,25| 4,31 | 4,37 | 4,44| 450 | 4,57 | 130
140| 4,63 | 4,70 | 4,77 | 4,83| 490| 4,97 | 5,04| 511 | 518 | 525| 140
150| 5,32 | 539| 546 | 553 | 561 | 568 | 5,75| 5,83| 590 | 598 | 150
160 | 6,05| 6,13 | 6,20 | 6,28 | 6,36 | 6,44 | 6,51 | 6,59 | 6,67 | 6,75| 160
170| 6,83 | 6,91 | 6,99 7,08| 7,16 | 7,24| 7,32 | 7,41| 7,49| 7,57 | 170
180| 7,66 | 7,75| 7,83 | 7,92| 8,00 8,09| 8,18 | 8,27 | 8,36 | 8,44| 180
190 | 8,53 | 8,62 8,72| 8,81| 8,90 | 8,99| 9,08 | 9,17 | 9,27 | 9,36 | 190
200| 9,46 | 9,55| 9,65| 9,74 | 9,84 | 9,94 (10,03 | 10,13 [ 10,23 | 10,33 | 200
210(10,43 | 10,53 | 10,63 | 10,73 | 10,83 | 10,93 | 11,03 | 11,13 [ 11,24 | 11,34 | 210
220 (11,44 | 11,55 | 11,65 | 11,76 | 11,86 | 11,97 [ 12,08 | 12,18 [ 12,29 | 12,40 | 220
230(12,51 | 12,62 | 12,72 | 12,83 | 12,94 | 13,06 | 13,17 | 13,28 [ 13,39 | 13,50 | 230
240 (13,62 | 13,73 | 13,84 | 13,96 | 14,08 | 14,19 | 14,31 | 14,42 | 14,54 | 14,66 | 240
250 | 14,78 - - - - - - - - -| 250
B) MNa xéAuBa St 52
A+

A 0 1 2 3 4 5 6 7 8 9 A
0| 1,00| 1,00( 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,01 0
10| 1,01| 1,01 1,01| 1,01| 1,01| 1,02| 1,02| 1,02 | 1,02| 1,03 10
20| 1,03 | 1,03| 1,04 | 1,04 | 1,04| 1,05| 1,05| 1,06 | 1,06 | 1,06 20
30| 1,07| 1,07 | 1,08 | 1,08| 1,09| 1,10| 1,10 1,11 | 1,12| 1,12 30
10| 1,43 | 1,11 | 1,15| 1,15 1,16 | 1,17 | 1,18| 1,19| 1,20| 1,21 40
50| 1,22 1,23 1,24 | 1,25| 1,26 1,28| 1,29 1,30| 1,32 1,33 50
60| 1,35( 1,36| 1,38| 1,40 1,42| 1,41| 1,46| 1,48 1,50| 1,52 60
70| 1,54 | 157 1,59 1,62| 1,65| 1,68| 1,71 | 1,74 | 1,78 | 1,81 70
80( 1,85 1,89| 1,93| 1,98 2,03 | 2,08| 2,13 | 2,19 2,25| 2,32 80
90| 2,39 2,17 | 2,55| 2,64 | 2,74| 2,81| 2,96 | 3,08 | 3,22 | 3,38 90
100| 3,55| 3,62| 3,69| 3,76 | 3,81| 3,91 | 3,98 4,06 | 4,14 | 4,21 | 100
110| 4,29 | 4,37 | 4,45| 4,53 | 461| 469 | 4.77| 485| 4,91| 502| 110
120 511 5,19| 5,28 | 537 | 545| 554 | 5,63 | 5,72| 5,81 | 590 120
130| 5,99 | 6,09| 6,18 | 6,27 | 6,37 | 6,46 | 6,56 | 6,66 | 6,75| 6,85 130
110| 6,95| 7,05| 7,15| 7,25| 7,35| 746| 7,56| 7,66 | 7,77 | 7,87 | 140
150| 7,98 | 8,09| 8,19 8,30| 8,41| 852 | 8,63| 8,74 | 8,85| 8,97 | 150
160 | 9,08 | 9,19| 9,31 | 9,42| 9,54 | 965| 9,77 | 9,89|10,01|10,13| 160
170 (10,25 (10,37 | 10,49 | 10,61 | 10,74 | 10,86 | 10,98 [ 11,11 | 11,21 [ 11,36 | 170
180 | 11,49 | 11,62 | 11,75 | 11,88 | 12,01 | 12,14 | 12,27 | 12,40 | 12,63 | 12,67 | 180
190 | 12,80 | 12,91 | 13,07 | 13,21 | 13,35 | 1348 | 13,62 | 13,76 | 13,90 | 14,04 | 190
200 | 14,18 | 14,33 | 14,47 | 14,61 | 14,76 | 14,90 | 15,05 | 15,20 | 15,31 | 15,49 | 200
210 | 15,64 | 15,79 | 15,94 | 16,09 | 16,24 | 16,39 | 16,55 | 16,70 | 16,85 | 17,01| 210
220 | 17,16 | 17,32 | 17,48 | 17,64 | 17,79 | 17,95 | 18,11 | 18,27 | 18,44 | 18,60 | 220
230 | 18,76 | 18,92 | 19,09 | 19,25 | 19,12 | 19,58 | 19,75 | 19,92 | 20,09 | 20,26 | 230
240 20,43 | 20,60 | 20,77 | 20,94 | 21,11 | 21,29 | 21,46 | 21,64 | 21,81 | 21,99 | 210
250 | 22,16 - - - - - - - - -| 250




>YNOETE: KATASTASEIE 303

MINAKAZ 12.3.68

ZuvTeAeaTEG AuyiopoU w yia Xutoaidnpo katd DIN 1051

A
A 0 1 2 3 4 5 6 7 8 9 A

011,00 1,00]|1,00|1,00 1,00 |1,00]1,00|1,00 (1,00 ] 1,00 0
10 (1,01 | 1,01 |1,02 | 1,02 1,03 |1,03|1,03|1,04 1,04 1,05 10
20 | 1,05 (1,06 | 1,06 | 1,07 | 1,07 | 1,08 | 1,09 | 1,09 | 1,10 | 1,10 20
301,11 (1,12 | 1,13 | 1,14 [ 1,15 [ 1,17 | 1,18 | 1,19 | 1,20 | 1,21 30

40 11,22 (1,21 [ 1.25 (1,27 | 1,29 | 1,31 | 1,32 | 1,34 | 1,36 | 1,37 40
50 (1,39 | 1,42 |1,45|1,47 1,50 153|156 |1,59 |1,61]|1,64 50

60 1,67 | 1,72 | 1,78 | 1,83 | 1,89 | 1,94 | 1,99 | 2,05 | 2,10 | 2,16 | 60
70 | 2,21 | 2,31 | 2,47 | 2,60 | 2,73 | 2,86 | 2,98 | 3,11 3,21 | 337 | 70
80 | 3,50 | 359 | 3,69 | 3,78 (3,87 |3,97 4,06 |4,15|424 |434| 80
90 | 4,43 | 453 | 463 | 4,74 | 4,84 | 4,94 |504 514 [525[535| 90
100 | 5,45 - - - - - - - - - | 100

MINAKAZ 12.3.6y

>uvTeAeaTéG AuyiopoU w yia E0Aa kata DIN 1052

A+

A 0 1 2 3 4 5 6 7 8 9

0| 1,00] 1,01| 1,01] 1,02] 1,03 1,03| 1,04| 1,05 1,06| 1,06
10| 1,07| 1,08| 1,09| 1,09| 1,10 1,11| 1,12| 1,13| 1,14| 1,15
20| 1,15 1,16| 1,17| 1,18] 1,19] 1,20| 1,.21| 1,22| 1,23| 1,24
30| 1,25| 1,26 1,27| 1.28| 129| 1,30| 1,32| 1,33| 1,34| 1,35
40| 1,36 1,38| 1,39| 1,40| 1,42| 1,43| 1,44| 1,46| 1,47| 1,49
50| 1,50| 1,52| 1,53| 1,55| 1,56| 1,58| 1,60| 1,61| 1,63| 1,65
60| 1,67| 169| 1,70| 1,72| 1,74| 1,76| 1,79| 1,81| 1,83| 185
70| 1,87 1.90| 1,92| 1,95 1,97| 200| 203| 2,05| 2,08| 211
80| 24| 217| 2,21| 2.24| 227| 231| 2,34| 238| 242| 2,46
90| 2,50| 2,54| 258| 2,63| 2,68| 273| 2,78| 2,83| 2,88| 2,94
100| 3,00 307 | 314| 321| 3,28| 3.35| 343| 350| 3,57| 3,65
10| 3,73| 3,.81| 3,89| 3,97| 4,05 4,13| 421| 429| 4,38| 4,46
120| 4,55| 4,61| 4,73| 4,82| 491| 500| 509| 519| 528| 538
130| 548| 557| 567| 577| 588| 598| 6,08| 6,19| 629| 6,40
140| 6,51| 6,02| 6,73| 6,84| 6,95 7,07| 7,18 7.30| 7.41| 7,53
150| 7,65| 7,77| 7.90| 8,02| 8,14| 827| 839| 852| 865| 8,78
160| 8,91| 9,04| 9,18| 9,31| 945| 9,58| 9,72| 9,86|10,00|10,15
170 10,29 [ 10,13 | 10,58 | 10,73 | 10,88 | 11,03 | 11,18 | 11,33 | 11,48 | 11,64
180 | 11,80 | 11,95 | 12,11 12,27 | 12,44 | 12,60 | 12,76 | 12,93 | 13,00 | 13,26
190 | 13,43 | 13,61 | 13,78 | 13,95 | 14,12 | 11,30 | 14,48 | 14,66 | 14,84 | 15,63
200 | 15,20 | 15,38 | 15,57 | 15,76 | 15,95 | 16,14 | 16,33 | 16,52 | 16,71 | 16,91

210 17,11 17,31 [ 17,51 17,71| 17,92 | 18,12 | 18,33 | 18,53 | 18,74 | 18,95
220(19,17 | 19,38 | 19,60 | 19,81 | 20,03 | 20,25 | 20,47 | 20,69 | 20,92 | 21,14
230 | 21,37 | 21,60 | 21,83 | 22,06 | 22,30 | 22,53 | 22,77 | 23,01 | 23,25 | 23,49
240 | 23,73 | 23,98 | 24,22 | 24,47 | 24,72 | 24,97 | 25,22 | 25,48 | 25,73 | 25,99
250 | 26,25 - - - - - - - - -
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MINAKAZ 12.3.66

2UVTEAEOTEG AuyIopoU w yia apylAiokpduaTta katd DIN 4113

a) kavovikd apylhiokpdauata Al-Cu—-Mg
A A+
A 0 1 2 3 4 5 6 7 8 9 A
0| 1,00| 1,00( 1,00 1,00| 1,00| 1,00( 1,00| 1,00| 1,00| 1,00 0
10| 1,01| 1,01| 1,01| 1,01| 1,01| 1,02| 1,02| 1,02 | 1,03| 1,03 10
20| 1,03| 1,04| 1,06 | 1,07| 1,10( 1,11 | 1,13 | 1,14 | 1,16 | 1,17 20
30| 1,18 | 1,20| 1,22 | 1,24| 1,26 1,28| 1,30 | 1,32 | 1,34 | 1,37 30
40| 1,39 1,41| 1,44 | 1,46| 1,49| 1,52 | 1,54 | 1,56 | 1,59 1,63 40
50| 1,66| 169| 1,73 | 1,76| 1,80| 1,83 | 1,87 | 1,90| 1,93 | 1,96 50
60| 1,99 2,05| 2,11| 2,16| 2,22 | 2,28 | 2,34 | 2,39 | 2,45| 2,51 60
70| 2,57 | 2,65| 2,73 | 2,81| 2,88| 2,96 | 3,04 | 3,12| 3,20 3,28 70
80| 3,36 | 3,45| 3,561| 3,63 3,72| 3,81| 3,90 | 3,99 4,08 | 4,17 80
90| 4,26 | 4,36 | 4,46 | 4,56 | 4,66 | 4,75| 4,85| 4,95| 5,05]| 5,15 90
100 | 5,25| 5,36 | 547 | 558| 569| 580| 592 6,03 6,14 | 6,25| 100
110| 6,36 | 6,48 | 6,60 | 6,72| 6,84 | 6,96 | 7,08| 7,21 | 7,33 | 7,45| 110
120| 7,57 | 7,70 | 7,83 | 7,96 | 8,09| 8,22 | 8,35| 8,18 | 8,62 8,71 | 120
130| 8,88 | 9,02 9,16 9,31| 9,45| 9,59 | 9,73 | 9,87 (10,02 [ 10,16 | 130
140 | 10,30 | 10,45 | 10,60 | 10,75 | 10,91 | 11,06 | 11,21 | 11,36 | 11,52 | 11,67 | 110
150 | 11,82 | 11,98 | 12,15 12,31 | 12,47 [ 12,63 | 12,80 | 12,96 | 13,12 | 13,20 | 150
160 | 13,45 | 13,62 | 13,79 | 13,97 | 14,15 | 14,32 | 14,49 | 14,67 | 14,81 [ 15,02 | 160
170 15,19 | 15,37 | 15,55 | 15,71 | 15,93 | 16,11 | 16,29 | 16,48 | 16,66 | 16,85 | 170
18017,03 | 17,22 | 17,12 | 17,61 | 17,80 | 18,00 | 18,20 | 18,40 | 18,60 | 18,78 | 180
190 | 18,97 | 19,17 | 19,38 | 19,58 | 19,79 | 19,99 | 20,20 | 20,40 | 20,61 [ 20,81 | 190
200 (21,02 | 21,23 | 21,45 | 21,66 | 21,88 | 22,09 | 22,31 | 22,52 | 22,71 | 22,95 | 200
210 (23,17 | 23,39 | 23,62 | 23,85 | 21,07 | 21,30 | 24,53 | 21,75 21,98 | 25,20 | 210
220 | 25,43 | 25,67 | 25,90 | 26,14 | 26,38 | 26,61 | 26,85 | 27,10 | 27,32 | 27,56 | 220
230 (27,80 | 28,05 | 28,54 | 28,80 | 29,03 | 29,28 | 29,53 | 29,53 | 29,78 | 30,02 | 230
240 | 30,27 | 30,53 | 30,78 | 31,01 [ 31,30 | 31,55 | 31,81 | 32,07 [ 32,33 | 32,58 | 210
250 | 32,84 - - - - - - - - -] 250
) apyihiokpduara Ai-Mg3, F18
A

A 0 1 2 3 4 5 6 7 8 9 A
0| 1,00| 1,00( 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00 | 1,00 0
10| 1,00 | 1,00| 1,00| 1,00| 1,00| 1,00 | 1,00| 1,00| 1,00 1,00 10
20| 1,00 1,00| 1,00| 1,00( 1,00| 1,01| 1,01| 1,01 | 1,01| 1,02 20
30| 1,02| 1,02| 1,03 | 1,03| 1,04| 1,04| 1,05| 1,05| 1,05| 1,06 30
40( 1,06 | 1,07| 1,08| 1,09| 1,09| 1,10| 1,11 | 1,12 | 1,13| 1,14 40
50| 1,15| 1,16 | 1,17 | 1,18| 1,19| 1,20| 1,22 1,22| 1,23 | 1,25 50
60| 1,26 1,27| 1,28| 1,29 1,31| 1,32| 1,33 | 1,34 1,36 | 1,37 60
70| 1,38| 1,39| 1,40 | 1,42| 1,44| 1,45| 1,46 1,48| 1,49 1,51 70
80| 1,52 1,53| 1,65| 1,57 | 1,58 | 1,60| 1,62| 1,63 | 1,64| 1,66 80
90| 1,68 1,70| 1,72| 1,74 | 1,76 | 1,77 | 1,79| 1,81 | 1,83 | 1,85 90
100 1,87 | 1,89| 1,91| 1,94| 1,96| 1,98 | 2,00 2,02 | 2,05| 2,07 | 100
110 | 2,09 | 2,12| 2,16 | 2,19| 2,23 | 2,26 | 2,29 2,33 | 2,36 | 2,39 | 110
120| 2,43 | 2,47 | 2,51 | 2,56 | 2,60 | 2,64 | 2,68| 2,72| 2,76 | 2,81 | 120
130| 2,85| 2,89 2,94 2,98 | 3,03| 3,07 | 3,12| 3,16 | 3,21| 3,25| 130
140| 3,29 | 3,35| 3,40 3,45| 3,50| 3,54 | 3,60| 3,64 | 3,69 3,71 | 140
150 | 3,79 | 3,84 | 3,89| 3,95| 3,99| 4,05| 4,10 4,15 4,21 | 4,26 | 150
160| 4,31 | 4,37 | 442 | 4,48 | 453 | 459 | 4,65| 4,70| 4,76 | 4,81 | 160
170| 4,87 | 4,93 | 4,99 505| 511| 516 | 522 | 528 | 534 | 540 | 170
180| 5,46 | 552 | 558 | 564 | 571| 5,77 | 583| 589| 595| 6,02 180
190| 6,08 | 6,14 | 6,21 | 6,28 | 6,34 | 6,41 | 6,48| 6,54 | 6,61 | 6,67 | 190
200| 6,74 | 6,81| 6,88| 6,95| 7,02| 7,08 | 7,15| 7,22 | 7,29| 7,36 | 200
210| 7,43 | 7,50 | 7,57 | 765| 7,72 | 7,79 | 7,87 | 7,94 | 8,01| 8,09| 210
220 8,16 | 8,23| 8,30| 8,38 | 8,45| 8,52 | 8,60| 8,67 | 8,74| 8,82 | 220
230 8,92 | 8,99| 9,08| 9,16 | 9,24 | 9,31 | 9,39 | 9,47 | 9,55| 9,63 | 230
240 9,71 | 9,79| 9,87 | 9,95 10,04 | 10,12 | 10,20 | 10,28 | 10,37 | 10,45 | 240
250 (10,53 - - - - - - - - -] 250
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12.4 ANAEZ NEPINTQZEIZ ZYNOETQN KATANMONHZEQN
12.4.1 ATpOKTOI, KATOTTOVOUUEVEG O€ KAUYN KOl OTPEYN

210 KEQAAQIo TNG oTPEWNG (12.6), TTPOCEYYIOTIKG, UTTOAOYICAUE Hia ATPAKTO
MOvVO o€ oTpEYn.

‘E0Tw, TWPA, Yia GTPAKTOG TTOU KATOTTOVEITAI 0 OTPEWN Kal KAPWN,
TauTtéxpova. Av £XOUlE TNV duVATOTATA VO UTTOAOYIOOUE TN POTT) OTPEWNG
KAl TN POTIA KAPYNG, TTOU TNV KATATTOVOUV, TOTE, JTTOPOUNE VA EiaoTE
QKPIBECTEPOI GTOUG UTTOAOYIONOUG pag. Av gival, Aoitrév, My n KapTITIKA
poTTh Kal My N po1TA oTPEWNG, TOTE, KATA TA YVWOTA, EXOULE :

M

a) Na v kapyn: o, = —b

W,
b

M

B) Matnv otpéwn: 1= —*
W

p
H 1co0duvapn 1a0n, uTropei va utrtoAoyioBei atrd €va TUTTO TNG TTaPA-
ypagou 12.2

., [ 2 2
Eotw Tov, 0 = o, * 3Tt

Emeidn, yia KukAikn diatour atpdkTou SlapéTpou d KaTd Ta yVwaoTd, givail:

32-M, 16-M,
0'b = 3 Kl Tt = 3
m-d m-d
Ba €xoupe:
32
o = M2+ 3 M2

i T d b4Vt
2Tn OUVEXEIQ, JTTOPOUME OKOMO va €AEYEOUUE KAl TNV TTAPAPOPPWON,
atré Tov TUTTO:
o=t
Gl,

MNa KukAIkn diatoun, diauéTpou d, sivar:
32- Mt

927
m-G-d*
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H mapaudpewaon auth, dev Ba TTpETTel va gival peyaAuTtepn atro 0,25°

avda PHETPO PAKOUG TNG aTPAKTOU.

12.4.2 PaBdo1 KATATTOVOUEVEG O€ KAPYN KAl AUyIoU6

2TO0UG UBPAUAIKOUG aVEAKUOTAPESG HE
TAdyia avdptnon, ol odnyoi - papdol
gival oTTiow Kal, ouvhBwg, TTOKTWHEVOI
Katw. O BaAapog, eTTopévwg, eival o€
TTPpoRoAo (0X.12.4.2.a). Z& yia TETOIQ
eyKatdoTaon, TO QAIVOUEVO TNG KATA-
TTOVNONG TWV 0dNYywWV - PABdWV O€ KAW-
Wn Kal AUYIopO, gival TTOAU £vTovo oThv
TTEPITITWON eKEivn TToU Ba AeIToupyoEl
10 oUoTnua “aptrayng’™. Tote, ol odnyoi
empBapuvovtal atrd 1o BAPOg Tou BAAG-
Mou Kal Tou w@éAIou gopTiou, (EoTw P)
(ox.12.4.2.0) ka1 cuyxpPOVwWG, o BAAaOG,
TToU gival o€ TTPOROAO, TECEI KABETA TTPOG
1OV G€ova Tou 0dnyou, To TTAvVW CTAPIYUA
TOU TTPOG Ta O€€Id, KAI TO KATW TTPOG TA
aploTepd, pe mn duvaun F.'ETol, £xoupe
TN pot) My, (0X. 12.4.2.0).

IxAua 12.4.2a Aidraén eykardoraong
USPAUAIKOU QVEAKUOTHPAQ, EUUETNS
avapTnong, e odnyous MaKTwUé-
voug Kartw. O1 0dnyoi utroKeivTal
o€ Kauyn Kai Auyiouo.
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U NAPAAEIrMA

‘EoTw, évag ouvnBiouévog aveAkuoTRpag 8 atduwy (8x75kp = 600kp),
TTOU KIVEITal PE TaxUTNTa éwg 0,63m/s kal dlaBéTel cuoKeun “aptrayng’™,
akaplaiag mEdnong. H odnyog - paRdog uAikou st37 €xel diatoun T, dia-
otaoewv 80x80x9 mm Kal oToIXEI (OTTWG AUTA UTTAPXOUV OTOUG TTIVOKEG
TWV KATAOKEUOOTWV):

a) diatoury A =13,56 cm?2
B) potrAj avtiotaong Wy = 9,7 cm?

y) aktiva adpdveiag I, = 1,69 cm

)

0) UNKOG AuylopoU = n améoTaon Twv oTNPEIYHATWY = 110 cm

. 110
€) Auynpotnta A = =65
1,69

OT) a1TO TOV TTVOKA TWV W, YIa UAIKO st37, w =1.32

ATTO TN YEWWETPIA TNG KATOOKEUNRS TOU QVEAKUOTHPA, N dUvaun Kapuywng
eival Tng Té¢ng Twv F= 550Kp, n dUvaun 1Tou TTPoKaAEi Tov Auyiouo, givai:

P =1,5 (wpéNipo @oprtio + Bdapog BaAduou), n
P =1,5x (600+500) =1650Kp

H ouvoAikr Aoirdv kaTtatrdvnon Twy odnywv o€ Kapwn kal Auyiouo, ivai

F-{ Pw ..
0=090, +0,=0,9 W A (TreIpOpaTIKOG TUTTOG)

550x110 N 1650x%1,32
4x9,7 13,56

‘E101: 0=0,9% =1563,97 kp / cm?

KQl TO ETTITPETTOPEVO OPIO YIa TNV TTEPITITWaoN auTh €ival 1800 kp/cm2,
daN/cm?

* To oloTnua aptrayng dével To BGAaPo TTavw aToug 08nyougs, OTav yia TTOIOVONTIOTE
AGyo 0 BAAapog apxidel va TTEQTEN e TaXUTNTA HEYAAUTEPN OTTO TNV ETTITPETTOUEVN.
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12.4.3 NMoAud14oTATEG EVTATIKEG KATAOTACEIG

12.4.3.1 lsvika
E¢etdlovTag péxpl TWPQ, TNV EVIATIKI KOTAOTOON TWV QOPEWY, OTIG OIAPOPES
MOP®EG KATATTOVNOTG TOUG, TTEPIOPICTAKAME OTNV £EE£TACN TWV AVATITUC-
oopeEVWY TAoEWYV O€ OIOTOUEG KABETES TTPOG TOV KUPIO AEoVa TOU QopEQl.
AUTO €yive, yiaTi e€eTAlape, KUPIWG, POPEIG PE ETIUNKES OXNMA. TETOIOI
Qopeig gival o1 a&oveg, ol doKOi, T UTTOOTNAWNATA, TA BAKTPA, Ol DIWCTAPEG.
EKTOG, Spwg, atrd gopeic auTig TNG SIANOPPWONG, OTIC KOTAOKEUESG HaAG
EXOUME KAl ETTIPAVEIOKES DIAUOPPWOEIG, OTTWG TOIXia, KEAU®N, KABWG Kal
popeig peydAou dykou, 6TTWGS BABpa.

Iyxnpa 12.4.3.1.a 210ix€1000NS KUBOG, EVTATIKNG KATAOTAONG, TTEPI ONueEio A Kararo-
VOUUEVOU OWUHATOG.

OtwpnTiKd, 0 KABE onueio €TTi VOGS KATATTOVOUNEVOU CWHATOG, UTTO-
poUpue va Bewpnooupe (oX. 12.4.3.1a) £va aTOIXEIWDN KUPO, 01 EdPEG TOU
oTT0ioU va gival KABETOI TTPOG TOUG KUpPIoug Gfoveg. To aToIxEIO AUTO KaTa-
TTOVEITaI aTTO TIG TACEIG O, Op, O3 TTOU Eival ,avd 600, KABETEG HETALU TOUG
Kal TTapAAANAEG TTPOG TOUG KUPIOUG AEOVEG TOU GWHATOG.

Alokpivoupeg, AoITTOV, TPEIG TTEPITITWOEIG KATATTOVACEWV:

1. Tnv Tp1aOVIKN KATATTOVNON:
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Otav dnAadr 6Aeg ol Tdoeig gival dIAQopeS Tou PNdEVOS
2. Tnv d1agoviKR KaTatrovnon

Otav dnAadn pia, yovo, Twv TaoEwv autwy, gival undév.
3. Tnv povoagovikA Karamoévnon

Otav dnAadn pia, yovo, Twv TAoEwyv auTwy, dev gival undév.

13.4.3.2 Mapadsiyua moAudiaoTarng eVIATIKHS KATAOTACN S

Oa egeTdooupe, TwpPA, Pia ouvnBigpévn TrepiTrTwan. Eival n epimmtwaon
AéBnTa utrd Tieon. O AéBnTag cival Eva o1depévio doXEIo, PTIAYPEVO ATTO
eAdopATA, TWV OTTOIWV TO TTAXOG €, €ival TTOAU YIKPO O€ OUYKPION WE TN
OIGUETPO TOU.

ZxApa 12.4.3.2.a AéBnrag utro mieon. Ymokeirar o€ 01aéoVIKN KaTamroévnaon.

210 oxNpa 12.4.3.2.a, BAETTOUUE £va AEBNTA PE Pia ECWTEPIKN TTiECN
P. H trieon autn T€CEl, OPOIOPOP®A TO TOIXWHOTA KAl TOUG TTUBUEVEG TOU
AéBNTa. To aTTOTEAEO A TNG TTIEONG AUTHG OTO ECWTEPIKO TOU AéBnTa gival:

a) H 1don va mretayxBouv Tpog Ta £€w o1 TTuBuéveg, dnAadr va KoTrEi o
AEBNTOG, KOTA pia Toun XX, va KoTrei OnAadr) katd T SIGUETPO Tou.

B) Zuyxpovwg, n Taon va avoifel o ABNTag KaTd YRKog, dnAadr Katd
YEVETEIPA. AV ETTOPEVWG, ATTOUOVWOOUE £V OTOIXEIWDES OpBoyw-
VIO aT1T0 TO Toixwua Tou AépNTa, To ABIA (0X. 12.4.3.2.0), auTd Ba
UTTOKEITOI 0€ EQEAKUOHO KAl KATA TNV YEVETEIPA, KE TACT Oy, EVW KATA
TNV OIAPETPO, UE TAON O1. ExXOupE, ETTOPEVWG, Pia BIAagoVIKN KaTaTTO-
vnon. Ag @avtaaToupe, 0TI KOBoupe Tov AéBnTa Tou 0X.12.4.3.2.0,
KOTA Topr XX Kal ag eEETACOUE TNV ICOPPOTTIa TOU OEEI0U OXAUATOG
oX. 12.4.3.2.3. H ouvioTapévn Twv dUVAPEWY TTOU evEPYOUV GTOV
TTUBUEVA Kal TEIVOUV va TOV ATTOCTTACOUV KaTA TNV TOUNA XX, €ivail:

md?
F=p.-——
P 4
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TyxApa 12.4.3.23 O: duvdueis atov muBuéva AéBnra utrd mison.

H duvapn autr avtiotabuifeTal ato TIG TACEIG TTOU avaTTTUGo0oVTal OThV
TouN XX . H Topn X~ €ival évag dAKTUAIOG, HE ECWTEPIKN OIAPETPO d Kal

TTaxoG6 €. To eYPadOV eival Katd TTpooéyyion’

A, =1de
Apa n avaTrTuooouevn Tdon 0o, Katd TN SIGUETPO, €ival:
2
o Td?
g = 4
2 mrde
pd
0,=— (12.4.3.2.0)
4¢

ZxNua 12.4.3.2y Or avarrruoooueves TAOEIS, KaTd YeVETEIpQ, o€ AéBnTa uTTd Tmiean.

MNa va utroAdoyiocoupe TwpA, TIG TACEIG TTOU aAvVATTTUCCOVTAI KATA Tr YE-
VETEIPO BEwpPOUNE éva TUAA Tou AéBNTa, PAKoug £ eTagl Twv TOPWY X-X

*To epBadov eivai:
2 2
m(d + 2¢ d m
A= y . = T (d® + 46 + 4de - d°) = me? + Tde
4 4 4
O 6pog T1e2, eTreIdr] T0 € gival PIKPO, TTapaAsiTeTal Gpa A = 1-d-e
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Kaly-y'. (ZxAua 12.4.3.2.3). ATTOJOVWVOUE TO TUAA auTo (o). 12.4.3.2y)
Kal TTaipvoupe pia Toun, katd digueTpo. H duvapn F4 otn diatoun, eaitiag
NG Tieong P, eivai F4 =p-d - L

H dUvapn auth avaTtiooel TIG TAOEIG G4 OTA ToIXia, KaTd YEVETEIPA, TOU
AEBNTA. To eUBadOV TWV ToIXiwV gival:

A1=2'l'8

dapa, yia TIG TAOEIG O1,EXOUNE:

_pd

12.4.3.2.
17 ( B)

TpIaCOVIK) KATOTTOVNON EXOUNE OE TTEPITITWOEIG OVTIKEINEVOU LE OXETIKO
OyKo, OTTWG €ival, T1.X. 0l O1dNPOTPOXIEG TOU TPAIVOU TTOU KATATTOVOUVTAI
aTro TIG PpOdES TOU.

H egétaon, Opwg, TETOIWY ¢NTNUATWY, €ival TTEPAV TWV OTOXWY QUTWY
TWV YabnudTtwv.

12.4.4 Auvapeig KWAUOUEVEG BIAOTOANG — CUGTOANG

A6 Tn Quaoikn EEpoupe, 0TI av YeTaBANOE N Bepuokpadia evog owuaTog,
ato 64 o€ 6,,(8, < 84 gival n Wuen, 82> 64 gival N BEpuavon), TOTE Exoupe
METAROAN TwV d100TACEWY TOU. AV 1 JETABOAA Twv JIOCTACEWY UTTOPET
va yivel eEAelBepa, TOTE 0TO OWHA eV AvaTITUCOOVTAI TAOEIG, ECAITIAG TNG
BeppokpaaIakAG PETABOANG. AvTiBeTa, av euTrodieTal N HETABOAR Twv dia-
oTdoEwWV, €ival 0OV va KATATTOVOUHE TO oWa Je dUvaun, TTou Ba eTTIBAAAEI
TTAPAPOPPWOT, avTiBeTn atrd TNV PETAPBOAR, Adyw TNG BEPPOKPATIOKAG
dlagpopdg. Mapadeiypartog xdpn, av Bepuaivoupe pia papdo kal dev TNV
agrivoupe va dlaoTaAei, eival oav va Tnv BAiBoupe pe BAITITIKA dUvaun,
TTOU TTPOKAAEI Bpdxuvaon, ion Ye TNV EMUAKUVAN, AOYyWw TNG BEPUAVOEWS
TNG. AV Ol AVOTITUCOOUEVEG TAOEIG, ECAITIAG TWV TTAPATTAVW AVOPEPBEVTWV
aiITiwv, dgv gival yWWOoTEG- WOTE va, AVTIUETWTTIOOOUV Ta aTTOTEAECUOTA
TOUG - UTTOPEI va @BATOUUE PEXPI KOl TNG KATOGGTPOPAS TOU GWHATOG TTOU
UTTOKEITOI 0 QUTEG TIG TAoEIS. 'ETol, 6TTou gival duvatdyv, agrivoupe eAeUBepeg
TIG OIA0TOAEG, YE TN dnuIoupyia apuwv OIACTOANG, £dpdvwy KUAIoNG K.4&,
OTTWOBNTIOTE OUWG TTPETTEI VA €iuACTE 0€ BN va UTTOAOYICOUE QUTEG TIG
Tdo¢Ig, o€ KABE TTEPITTTWON.
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U NAPAAEITMA

‘EoTw Hia paRdog, apxikoU purikous ¢4 atn Bepuokpaaia B4 TTou BepuaiveTal
aTn Bepuokpaaia B, Kal ATTOKTA UAKOG &, TOTE, KATA TA yVWOTA AT TN
duoikn,

L=4[1+a(8-64)]

OTTOU O, 0 YVWOTOG OUVTEAEDTAG YPAUMIKNAG BIA0TOARG TOU UAIKOU.
O 100G YpdeTal KAl

24 =0((62 '61)
4

H éxppaaon (¢-41)/¢4 eival n avnyuévn Prikuvan kai n Tédon mou Ba avartu-
X0¢i, av Tnv eutrodicoupe Ba eival, katd Tov vouo Tou Hooke:

9_-"2"1
E {
. o)
Kal apa E=a(92 -91)
Etopévwg
o = a-E(B,-84) (12.4.4.0)

otrou E, 10 p€Tpo €AAOTIKOTNTAG TOU UAIKOU.
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12.5 EQAPMOIEZ

Xutoo1dnpd ocwAnvwTh KoAdva €xel Upog £ = 6m, eEwTepikr JIAUETPO
D=140mm ka1 eowTepik = 100mm. To UAIKO KOTOOKEUNG TNG €XEI ETPO
ehaoTikOoTNTag E=107N/cm2.

ZnTeital To EMTPETOPEVO QPOPTIO, av N KOAGvVa €ival TTAKTWHEVN OTO
KATW PEPOG Kal EAEUBEPN OTO TTAVW Kal BEAOUPE va £XOUNE CUVTEAEOTH
ao@aAgiog 4.

AOon

Mac divovrai:

D =140 mm, d = 100 mm, h = 6m, E = 107 N/cmZ2, v = 4 kal TO avnyuévo
MAKOG AuyiopoU £ = 2¢ (yiaTi eival TTaKTWPEVN JOVO OTO KATW PEPOG).

Mag ¢nreitai: To EMTPETTOUEVO QOPTIO Fery.

1. H potm adpdveiag Tng dIaTOUAS Eivai

b= ;(D4 —d4) =61:1(144 -104)

I, = 1394,86 cm*
2. To gupadov TG diatoung ivail

A :Z(D2 —dz) ::(142 -102)

A=754cm*
3. To avnyuévo pRkog Auyiouou gival

(=2-t=2x6=12m

£,=1200 cm

4. H akTtiva adpdvelag Tng diatoung ivai

) |p 1394,86 o
i=4—=,/—cm A i=4,3cm
A 75,4

5. H Auynpétnta cival
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A=279,07 > 100

gipaoTe péoa ata Opla Tou vopou Tou Hooke kai dpa IoXUEl, 0 TUTTOG
Tou Edler.

6. To kpioiuo gopTio €ivail:

2
c B m” x10" x1394,86
I 1200°

K
K

A F, = 95,6 KN

7. To EMTPETTOUEVO POPTIO

Atravtnon: F.; = 23,9 KN

2. ZT0Aog NPT 4 1/2 (DIN 1024) atré st 37 pe emtpemmépevn 1adon BAiwng
14daN/mm? kai urikog 2m, TTou €ivail TTOKTWUEVOG Kal aTTd Ta dUo akpa,
kaTaTtroveital o€ OAipn, kevipikd, amd @optio 30KN. Na eAeyxBei n avtoxn
TOU OTUAOU O€ AUYIOUO.

AUon
Mac divovrai: £ = 2m ap@itTakTog dpa £, =0,5. Ta yewudeTpikd doxeia Tou
oTUAou NPT 4 1/2. st37. To 0¢= 14 daN/mm?2, 1o goptio F = 30KN

Mag ¢nteital o €AeyX0Gg o€ AUYIGUO:

1) To avnyuévo PAKog gival
{=0,51=0,5X200
4, =100cmn

2) Att6 Tov TTivaka DIN 1024 €xoupe
lmin = 4,01 cm?
imin = 0,93 cm
A =467 cm?

OTTOTE N AUYNPOTNTA Eival
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100
A=lf"= n A=107,5 >100
i 0,93
A6 Tov Trivaka 12.3.6.a yia st 37 kai A = 107,5 €xoupe w = 2,735 dpa
F-w
0 =
A
30x10° x 2,735 )
o= =17.569,6 N/cm

4,67
o0 = 17,6 daN/mm?

Etropévwg éxoupe
0 = 17,6 daN/mmZ2 > 14, daN/mm? = g,
Amravrnon: O aTUAog dev avTExel 0€ AUYICUO.

3. Z¢e éva agova avaTITUooETal CUYXPOVWG POTTH KAPWns 400Nm kai poTrr)
oTPéWNg 200 Nm. Av n emTpeTTOPevn I008Uvapn Tdan eival 600KN/m?2.
Na uttoAoyioBei n diGpeTpog Tou dgova.

AUon
Mag diverar: My, = 400 Nm, M= 200Nm
Terr= 600 KN/m?
Mac ¢nreitai: d
1) n avaTrtuooopevn Tdon KAPWNG ival
_32-M,

1'r~d2

Op

_ 32x400 4074

g, =
b
Tr><d3 d3

H avatrruooduevn tédon oTpéywng givai
16M, 16x1200 1018,6

T = =
md® md® d

t

A6 ToV TUTTO 12.2.6 £x0UpE TV Ic0dUVauN TAON

_[2 2
o= crb+3Tt
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600x10° = :3\/(4074, 4)* +3(1018,6)"

43 _ 690905
600x10°

= 1
d=%115,15x10° = ~ x1,155=0,1155m
10

=115,15x10"

Atmravtnon:d=12cm

4. Znteital 10 TTAXOG TWV EAACHATWY OTTO TA OTT0I0 6a KATAOKEUAGOUUE
AéBNTA, TTOU £X0OUV O = 800%103N/m?2, 61av N didueTpog Tou AéBnTa Ba
eival d= 3,4 m, woTe va avréxel Triean p=10x%103 N/m?2.

Adon

Mag diverar: d = 3,4 m, p = 10x103 N/m?

O¢rr = 800%103 N/m?
Macg {nrave: 1o TTAXOG €

ATTO Tn oxéon 12.4.3.2[3 £xoupe

p-d
8: -
20
3
10x10™ x 3,4
E: -
2x800%10°
dpa €=0,02125m =212 mm
SHMEIQEH

H oxéon 12.4.3.2.3 eival BewpnTIKr. ZTNV TTPAEN TTPOCAUEAVOUE TO TIAXO0G €
a1mo 1 £€wg 3 mm yia TNV KAAUYN TNG avaTTOPEUKTNG POOPAG aTrd 0LEIBWOTEIG.

Amdavrnon: € = 22,5 mm

5. e moi1d mieon ptropei va epyacBei Evag AépnTag diapéTpou 2,8m, dTav
€vag AANog AéBNTag, atrd To id10 UAIKG @TIayUEVO UE TO iD10 TTAXO0G EAG-
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opaTog éxel diapeTpo 3,5 m kal avréxel uéyiotn tieon 14000N/m2. T
OUMPTTEPACUA UTTOPET va Byei aTrd TNV doknaon auTr.

Auon

Mac diverai:

d4=2,8 m, do= 3,5 m kai Po= 14000 N/m?2 Ta Aoitrd oToixeia Twv Aefn-
TWV idIa.

Macg {nrave: P

MNa Tov TTpWwTO AEBNTA £XOUUE:

o =P dy
ETT 28
MNa Tov deUTEPO AEBNTA EXOUE:
_Pyrd,
Ogrr = 2¢
Ta TpwTa HEAN AUTWYV TwV OXECEWV Eival ioa dpa
P,-dy_P,-d,
2¢ 20
pydq=podz
P_9
P G

ZupTtrépaopa: O1 méoels ival avTioTpOPwS avAAOYES TTPOG TIG DIOUETPOUG
TwV AeBATwv. MNa tn {nToupevn p4 Ba €XOUE:

d
P, =P, =
dl
3,5
p1 = 14000 =17500N /m?
2,8

ATtravtnon: p; = 17,5 KN/m?

6. XaAURdIvN paRdog (E =210 GN/m2, a=12x10% grad') sival TrTakTwuévn
Kal oTa dUo dkpa TnNg. H diatoun Tng ival 20 cm2. Znteital n dUvaun
TToU Ba KaTaTTovVAoEl TN PARdo av auTr) BepuavBei pe yia av¢non Tng
Beppokpaaiag Tng katd 30 °C.
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Auon
Mag divovrai
A=20cm?=2x103m? a=12x 106
E =210 GN/m? =210 x 1026 =30 °C
Mag {nreirar; F
A6 Tn oxéon 10.4.4.a Ba £xoupue
o=aE®,-01)p0=12x106x 210 x 10° = 75,6 MN/m?
Kal dpa
F=0-A=756x106x2x 103
F=151,2x 103N/m = 151,2 KN/m?

Atravrnon: F4 =151,2 KN/m?

7. ATpOKTOG, KUKAIKAG BIOTOUNG KATATTOVEITAI O GTPEWN OTTO Wia OTPETTTIKA
potrf My = 8x103 Nm Kkai o€ Kauyn oo pia KapTITIKR potr M; = 2x103Nm.
Na utroAoyioBei n SIAPETPOG TNG ATPAKTOU av N ETTITPETTOUEVN TAON
O¢rr = 600 daN/cm? kai G = 81 GN/m2,

Auon

Mag divovrai:

M; = 8x103Nm, M; =2 x 103Nm
O¢rr = 600 daN/cm?2 =60 x 108N/m
Mac ¢nreirarn d

A6 Tn oxéon 12.2.6 utrohoyidoupe TNV I00dUVaUN TAON
0=4/0, *+ 3Tt2 aAAG yia KUKAIKE diaTopun ivau:
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32M,
o =
b TT~d3
KAl
_16M,
= 3
m-d
32°M2 16°M° 16 3
0=y 2 6%t3 3 6~ 3 \4M, +3M;
m - d m - d m-d
dpa,
2 2 6
60x106 = 3\/4><(2><1o3) +3x(8x103) = 5/208x10°
™ xd mxd
3
16x10° /208
60x106="—— "
mxd
e 16x10° /208
mx60x10°
5 1 1,06
d=31,224x10" =~ /1,224 = =0,106m
10 10
d=10,6 cm

EA€yxovTag Twpa WG TTPOG TN ywvia oTporig O, Ba cixaue ta autd
ATTOTEAETUATA OTTWG OTO TTAPAdEIYUA TNG TTapaypa@ou 12.6 kal TeAIKG Ba
Traipvape d =12,3cm = 13 cm

Av TNV TTEPITITWON AUTH N KOUTITIKA POTTH ATAV HEYOAUTEPN TT.X.
Mp = 16 x 103Nm 6a eixape

60x10° = 1—63 4x(16x10° )2 +3%(8x10% )2

TTd
16

60x10° = . \1216x10°
TTd

3
d3 - 16x10° x+/1216 _ 13 x2.96
7% 60 x 10° 10

d= 1;33\/2,06 =0,143m=14,3cm
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Zz

z ZYNTOMH NEPIAHWH AQAEKATOY KEDAAAIOY

z e >TnVv TPAEN, Ol KATOOKEUEG JOG, oXEOOV TTOTE OEV KATATTO-
vouvTal o€ éva Povo €idog Katammovnong. AKOuN, ol ouv-
Brkeg y€oa OTIG OTTOIEG BPIOKETAI KOI AEITOUPYET O POPEQG
Kal 0 TPOTTOGC ETTIBOANG TWV QOPTIWY TTAPOUCIAlOUV TTOAAEG
TTEPITITWOEIG.

e 'ET01 €KTOG ATTO TIG OTTAEG KATATIOVHOEIG, EPEAKUCUO, BAiwn, dIATION,
KAuyn, oTpéyn Kal TOUG CUVBUOCUOUG TOUG, TTAVW OToV idlo popéa,
EXOUHE Kal TIG TTOIKIAIEG GTOV TPOTTO £QAPUOYAS TWV QopTiwy. Ta QopTia
pTTOpPEi Va epappoaBouv otadiakd i va petapaAlovtal. ‘Exouue Aoimrov
oTaTIKEG i} SUVAUIKEG ] KAl KPOUOTIKEG QopTioelS. ETriong Taidel poAo, o€
QPKETEG TTEPITITWOEIG Kal N SIAPKEID GOPTIONG OTTWG Kal N Beppokpaacia
TOU Xwpou TTou BpiokeTal o opéag. 'ETol éxoupe Ta paivopeva TnG
KOTTWONG KAl TOU EPTTUCUOU.

e |diaiTepa eCeTdoape TNV TTEPITITWAON Tou Auyiopou. O Auyioudég cival
ouvleTn KataoTaon BAIWNG Kal KAUWNG o€ ouvduaoud e Tn Hopen
TOU popéa. Baoikd xapakTnpioTIKO Tou AuyIoHOU Kal TIpoUTTOBECEIG TOU
gival, CUYKPITIKA, TO JeEyAAo UWOG Kal N hIKPF dIATOWN) TOU QopEal.

e >70 AUYIOUO €XOUE Ta €€NG OTOIXEID:

Avnyuévo 1 eAelBepo PAKOG AuyiopoU 4.
Eival 10 ypapuiko péyebog mmou avdAoya pe Tov TpOTTO OTAPIENG TOU

POpPEQ avTIKABIOTA OTOUG UTTOAOYIOHOUG TO TTPAYMOTIKO JAKOG TOU.
Kpioipo goprio Fy: Eival To @opTio TTou apxilel va pgavi¢eTtal n mapa-

MOpOWan Tou AuyiouoU .

Kpioiun 1don o,: Eival n 1don Tmou avTioToixEi OTO KpioIuo opTio.
Auynpotnta A: Eival To adidoTarto péyebog mmou xapaktnpilel Tn duva-

TOTNTA TOU POPEA VA AVTIMETWTTICEI TOV KivOUVO TOU AuyIouOU I0XUOUV OTOV
Auyiopd, oTa TTAaicia Tou vopou avaloyia ol ARG TUTTOL:
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2
e TElL.  TE
O'kziz

A AL A?

min _

e [Na Tov atmoAoyioud aTpdKToU O€ KAUWN Kal oTpEWN IoXUEL:
_ 2
0=,/0g+ 3Tp

e [Na Tov uttoAOYIOUO PARdOU O€ KAPWN Kal AUYIoHO 10X UEL:
0 =0,904+ oy
210V UTToAOYIoHO AEBNTa UTTO TTiEON €XOUME TAoN KATA TN OIAUETPO:

_pd

o
248

e Taon kaTd TN yevETEIPQ:

_ pd

o
2
4¢

OTTOU € TO TTAX0G TNG Aapapivag Tou AéBnTa kai d n SIAUETPOG Tou AERNnTa.
2TNV TTEPITITWON TwV OUVANEWY KWAUOUEVNG BIA0TOAAG — OUOTOANG
€xoupe avatTuén Taong:

o=aE(B,-064)
0 0 OUVTEAEOTAG YPOUMIKAG BIA0TOARG TOU UAIKOU
E 10 p€Tpo EAAOTIKOTNTOG TOU UAIKOU

Ag = 6, — 64 n dlagopd Bepuokpaaiag TTou TTPOKAAEI Tn dIACTOAA ] T
OUCTOAN.
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@ AZKHIEIX

o 1. XaAUpdIvog aTUAOG, TETPAYWVIKAG dIaTtoung TTAeupdg a=50mm Kai
MAKOUG = 2,8m gival TTOKTWUEVOG KATA TO £va GAKPO TOU €V OTO AANO EXEl
duvartotnTa oAioBnong. Av To UAIKO €x€l HETPO EAQCTIKOTNTAG
E=21MN/cm? {nTeital TO EMTPETTOUEVO QPOPTIO LIOTE O GUVTEAEDTAG AOPA-
Aglag va givai 5.

Amavrnon: Fep=55,04KN

o¢ 2. XaAUBdIvog OTUAOG pe KUKAIKE dlatour dlauétpou 10 cm, givai Tra-
KTWPEVOGS Kal oTa dU0 Akpa Tou. To Uyog Tou gival 5m. AiveTal JETPO €Aa-
OTIKOTNTAG TOU UAIKOU E= 210 KN/mm?2.

Na utroAoyioTouv:
a) H AuynpdétnTa,
B) TO KpioIO PopTIO
Y) n Kpioiun Tdon
Amavinon: o) A = 100, B) F = 1627,8KN, y) o, = 20,7 KN/cm?

=% 3. BAKTpO €PPOAOU aTpounxavig éxel prkog 300cm. To BAKTPO KaTOTTO-
veital ammo duvaun 80KN. Av 1o UAIKG Tou BakTpou civai t 52 (E=2,1x107 N/
cm?) kai 0 ouvTeAeaTAG ao@aAeiag 10, va uttohoyiaBei n avaykaia SIGUETPOG.

Armrdvrnon: d =10 cm

=¢ 4. Na BpeBei n Auynpotnta evog EUAIVou aTUAOU, 0pBOoYWVIKNG OIATOUAG
20%25 cm?2 Qu@ITIOKTOU PE PAKOG 8m.
Armavrnon: A = 69,3

*¢ 5. YmmooTUAwpa ammd NPI 10 (DIN1025¢ 1) aré st 52, yrikoug 4.5 m gival
au@itrakto. Na uttoAoyIaBei TTO00 POPTIO AVTEXEI GE AUYIOUO UE CUVTEAEDTH)
ac@aAeiag v=5.

Amdvrnon: Fen,=7028,3 N

=% 6. KUMIVOPIKOG AEBNTOG aTTd eAdapaTa TTaxous € = 30mm Kai O = 800
KN/ m2 8éAoupe va epydadetal og iean 12x103N/m2. Méxpl TToid dIGPETPO
MTTOPOUE VA TOV KOTAOKEUAOOUE.

Amavrnon:d=4m
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®% 7. € TT0I0 CUNTTEPOCO KATAAYOUUE vV OUYKPIVOUE BUO AEBNTEG WG
TTPOG TNV TTiEoN A&IToupyiag Toug av gival kaB' 6Aa Guolol Kal dIaPEPouY
MOVO KaTd TO TTAX0G TOU EAACUOTOG TOUG.

E@apuoyn P4 = 2x103N/m?2, €4= 4cm, €5, = 6cm 101G N Po;

Amavrnon: a) Ta TTdxn Twv EAaCPATWV gival avadAoya Twv TTIECEWV ,
B) Po =3 x 103N/m?2

=¢ 8. TEooepig XaAURDdIVol aTUAOI e KUKAIKA dlaTour oTnpifouv éva Tratdpl
Bapoug 50 KN. Zuyxpdvwg 0 Xwpog 0TTou BpiokovTal ol aTUAOI, BepuaiveTal
até 15 °C og 60 °C. Av ¢ival yia To UNIKO Twv oTUAwV E = 210 GN/m2, a
=12x106 rad™", og,= 500 MN/ m? kai 0 ouvTeEAEOTAG ao@dAeiag v = 5. Na
utroAoy100¢i n avaykaia SIGUETPOG TWV OTUAWV.

Amavrnon: d =4 cm.
=% 9, ATPOKTOG KUKAIKAG BIATOMNG KATaTToveiTal o€ oTpEéwn atrd potr M; =

12 KNm ka1 o€ kauyn ato potrr) My = 6KNm. Na uttoAoyioBei n avaykaia
dIGuETPOG av gival Ogr = 60 MN/m2 G = 81 GN/m? kai 6 < 0,00436 rad/ m.

Amavrnon: d =13,6 cm
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.) Emidiwképevol oTéxol:

O1 yaBbnTég va KATaVOrooUV Kal VA €¢nyHoouV TI €ival £pyO —TTAPAYOUEVO
KAl WPEANIMO— 10XUG — BaBuoOg amodoong HIog JNXaVAGS. XpNoIWOTIoIWVTAG
TOUG TUTTOUG, VO UTTOAOYICOUV Ta PEYEDN auTA Kal va €Qapuolouv OwoTd
TIG Jovadeg TTou Ta opilouv.

E/ Na e€nyouv T0 OKOTTO TToU £XEI KABE punxavi.

E/ Na yvwpilouv 0TI OKOTTOG TNG PNXAVNAS €ival va aAAGel Ta xapa-
KTNPIOTIKA TNG dUVAUNG TTOU £QapuOlOUE YIA VA ICOPPOTTATEI A va
UTTEPVIKATEI TWV QvTioTOON.

Iz/ Na epapuolouy, Katd TEPITTITWON, OTIG TTEPIYPOPOUEVES ATTAEG INXa-
VEG, TO BeWpnua TWV POTTWY Kal va BPiCKOUV TN JaBNUaATIKr oXEon:
TTPOOTIABEInG-POopTiou, Kal va XOAIGZoUV G€ TTOIO UTTAPXEI MNXAVIKO
TTAEOVEKTNA.

Iz/ Na kaTavoouv Kal va epapudlouv Tn oxéon JeTddoong oTny TTeEpI-
OTPOQYIKN Kivnon Kal va dIaKPivouv TNV IHavToKivnon, TNV 0dovTw-
Kivnon kai aAuookivnon.

13. AMIAEZ MHXANEZX
13.1 levika — Mepi pnxavng (awAng)

Kd&Be d1aTagn TTou HETAPETTEI EVEPYEIQ MIAG HOPPNG OE EVEPYEIQ AAANG POpP-
QNG, AéyeTal INXAVA. ZTNV TTEPITITWON, O€ TToU OV £XOUNE O€ dIGTAEN TETOIA
METOTPOTTH, aAAd, TOOO TO TIPOCPEPOUEVO £PYO O AUTHV £pyo, 60O Kal
TO a1TO auTrV aTrodiIdopevo (£pyo), cival unxaviko, n diaTagn autn Afye-
Tal oTTAR gnxavr. Mmropouue dnAadn va TToupe, 6Tl Je TNV aTTAR JnXoviA
METAOXNUATICOUME INXAVIKH EVEPYEIA OE UNXAVIKO €pyo ZxNpa (13.1a).
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IyxApa 13.1a Aviypwaon Bapoug

Me TiIg pnxavég dev yiveTal oIKovoia €pyou, aAAG PTTOpOUUE va PETO-
BaAAoupe Tnv €vraon, Tn dielBuvan, TN QopPd, Kail ToO onuEio TNG KaTaBaA-
Aopevng duvaung.

Oa yvwpicoupe TTIo KATW, SIGPOPEG ATTAEG INXAVEG, OTTOU N GUUBOAN
Tou ApXIMAON Kal Tou Hpwva, uTripge aTToudaIoTATn.

13.2 EPIO
N€Epe, 0TI o 0TaBepd dUvapn F ekTeAei Epyo W, dTav PETAKIVE aTTapaiTnTa
TO onuEio epapuoyng TnNG, Katd Tn dieuBuvon TnG. To TTapayouevo £pyo,

oTnV TTEPITITWON AUTH, AEYETAI MNXOVIKO €pYoO.

U NAPAAEIFMATA

a) 210 TTaPAdElyua auTtod, OTTOU 0 AvOPWTTOG avuWwVvel cwPa Bapoug
B aokwvTag og auté otabepd duvaun F pe Tn Bonbeia Tng TpoxaAiag”,
TTapaTtnpoupe o1 To épyo TnG dUvaung F gival Trapayduevo, yiaTi 10
owua Kiveital katé Tn dietBuvon TnG F, evw 10 £pyo Tou Bdapoug B givai
KATAVOAIOKOMEVO.

* Mo KATw Ba JIAACOUE EKTEVWIG YIA TIG ATTAEG QUTEG UNXAVEG.
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XyxAua 13.2a Avuypwon Bapoug

) 210 TTapadeiypa autd o AvBpwTTog aokei 0To owua duvaun F pe oTa-
Bepn TaxuTtnTa. MNaparnpolue Aoirév 611 10 £pyo TnG F gival Trapayopevo
(Ba doupe o KATW 0TI W = F - s 610U s = ut) evd To €pyo TG T (OnA. 10
£€pyo TNG TPIRAG) €ival KATAVOAIOKOHEVO.

A6 Ta TTapamdvw TTapadeiypara, yivetar gavepo OTi:

1. To €épyo W piag duvaung F gival avaAoyo pe 1o péyebog Tng duvaung
QuTnG.

AnAadn, pia duvapn Twv 1000 N atrodidel £pyo dITTAGCIo aTTd TO £pYyO
Twv 500 N yia TnVv idIa HETATOTTION.

Tyxnua 13.2B Merakivnon Bépoug

2. To ¢pyo W piag duvaung F, gival avaAoyo Tng ueTabeong Tou onueiou
eQapuoyng katda tn dielbuvon Tng duvaung.

AnAadn pia duvapn Twv 500 N, petakivouuevn Katd éva diIdoTnua s =
10 m, ammodidel diTTAdoio €pyo atrd pia duvaun ion TaAI ge 500 N, aAAG
METaKIVOUEVN KaTA didoTnua S =5 m.

‘ET01 cuvdyoupE: atrapaiTnTn TTPOUTTO0£0N Yia TV £TTiTEUEN £pyOu,
atroteAei n perarotmion Tng F kKatd didoTnua S Tou onueiou epappuo-
YAS TNG KaTtd Tn SietBuvon Tng duvaung. Av dniadn S = 0, Téte W = 0.

Movadeg épyou 210 AlEBvEG ouoTnua, povada Epyou eival To Joule,
onAadn givail To €pyo, To TTapayouevo uTro duvapewgs F = 1 N kai Tng otroiag
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TO ONUEIO EQAPUOYNG PETATOTTICETAI KOTA S = 1 m.
H dUvaun F = 1 kp, 6Tav YETAKIVEI TO ONEIO £QAPUOYNG TG KATA S = 1
m, Trapdyel Epyo W =1 mkp =1 Kpm (010 T.Z.)
210 ouoTnua CGS, n yovada £pyou ovouddleTal £pylo (erg) kai opideTal:
Terg=1dyn-1cm.

MeTalu Twv TTapatrdvw HovAdwY £pyou, UTTAPYXOUV Ol OXECEIG:

1 Joule = 10% dyn-102 cm kai 1 Joule = 107 erg

1kprm=9,81 N -1 mkai1kp-m=9,81Joule

Apa 1 kp'm =10 Joule

Oa eEeTACOUPE TWPA TTEPITITWON, TTOU TO GNUEI0 EQAPPOYAG TNG dUVAUNG

F petakiveital Tadvw oTO Qopéa TNG Kal TTPOG TNV KaTeuBuvor TnG.
O1wg avagEpae o Tavw av:

F=1NkarS=Tm=>W=1J
F=2NkarS=1Tm=>W=2J
F=2NkarS=2m=>W=4J

K.O.K.

Apa TO TTApayOUEVO £pYO €ival:

W=F-S (13.2.1)

Kal JGAIOTa €ival JOVOUETPO QUOIKO PEYEDOG.

210 opIfovTIO £TTITTEDO (OX. 12.2Y), Ba €xoupe: W = 10N - 10m =100 J

ZxAupa 13.2y Epyo duvaung

Edv Opwg gixape TV mEPITITWON Tou oxNuartog (B) étmou dnAadr 10
onpeio epapuoyns G ng duvaung F petakiveital o€ eubeia TTou oxnuaTiCel
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ywvia @ pe Tn d1evBuvaon Tng, T6TE avallovTag Tn duvapn F oTIg ouvIoTWOEG
™G: Fouve katd mn d1elBuvon x-x kal Fnue kartd tn dieubuvaon y-y.

2UPQWVa e Tov oploud Tou £pyou, N ouvioTwoa Fouve TTapdyel Epyo
W, evwo n ouvicTwoa Fnue dev Trapdyel £pyo, yiaTi OV HETAKIVEL TO onuEio
€QAapPOYAG TNG Katda Tn d1EUBUVON TNG.

Apa, Ba £XoupE:

W=F-s-ouvo (13.2.2)

Kal yivetal @avepo ot yia ¢ = 90° 1ote W = 0J = 0.

Eival rpogavég, 611 10 £pyo Tou BAPOUG VOGS CWHOTOG TTOU JATAKIVEITAI
opIdovTIa, ival undév, yiati n duvapun Tou Bapoug gival KABeTn aTnv opIfovTia
TPOXIA TOU OWHATOG auToU.

= Maparnpnon

AT TNV €€iowan opiouou, duvaun €TTi ATTOCTACN TTOU £€XOUV TNV idia, TOCO
n poTTr 600 KAl TO £pY0, EVW N POTTH €ival u€yeBog diavuouaTikd, To £pyo
eival péyebog HovouETpoO.

AG BewprioouE TO YOPTIO TOU TTPONYOUHEVOU TTAPADEIYUATOS HAG, TTAVW
o€ KEKAIPEVO eTTITTEDO:

a) Av 1o QoprTio kaTteBaivel aTTo To KEKAIJEVO €TTITTEDO, TOTE TO BAPOG TOU
eival Kivntripia dUvapn, evw oTnv kivnan avBioTtavral ol duvayelg F kai Bnueo.

ZxAua 13.28 To poprio karépxerai

B) Av 10 @opTio aveBaivel oTO KeKAIMEVO €TTITTEDO, TOTE TO BAPOG TOU
avlioTaral oTnv Kivnon (dUvaun avtiotaong).
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Zxnua 13.2e To goprio avépyeral

H d0vapun F 1Tou evepyei katd Tnv KaTelBuvon TNG KIVIOEWGS TTAPAYEI
£pyo KIvnTApPIo, evw N B TTou avTitiBeTal otnv Kivnon, Tapdyel £pyo Ka-
TOVOAIOKOMEVO.

@ To épyo oTNnV TEPICTPOPIKN Kivnon

Ag TTapoupe To BapouAko Tou oxAuaTog 10.20T

IxAua 13.20T To épyo OTNV TTEPICTPOQYIKN Kivnon

To €pyo TTou TTapayeTal atod 1 duvaun F TTou evepyouue atn Aafn Tou,
META a110 pia TrepIoTpo®n Ba eivar: W = F-21R kai yia n 10 TTA00G TpoPEG
n oxéon autn didel Tov TUTTO:

W =F-2mRn (13.2.3)

Kal €1eIdn 10 yivouevo F-R gival n pot Tng dUvaung wg TTpog Tov
Aagova TTEPIOTPOPRG, KAl TO YIVOPEVO 2TTN €ival N ywvId B TTou Capwvel ToV
oTPOPAAO, O€ OKTiVIA, KATA TNV TTEPICTPOYN) TOU, O TUTTOG (12.2.3) ypageTal:

W = Mg-0 (13.2.4)
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210 KEQAAaIo 13.4 Ba PIANOOUNE EKTEVEDTPA VIO TIG ATTAEG MNXOVEG
(MOXAOG, KEKAIUEVO ETTITTEDO, BAPOUAKO K.ATT.)

13.3 MHXANIKH IZXYZ

O1 KIVvNTAPEG, 01 UDATOTITWOEIG Eival HEPIKEG ATTO TIG XPNOIUOTTOIOUPEVES
onuepa TTNYEG Trapaywyng épyou. MNapdyouv £pyo dnAadn punxaviko,
OTTWG Ol ATPOPNXAVEG, O aTHOCOTPORIAOI, Ol BEVIVOUNXAVEG, O TTETPEAAIO-
MNXAVEG, Ol NAEKTPOKIVNTAPEG.

O1 unxavég Tou TrapaAduBAavouv To PNXOVIKO £PYO cival Ol EpYaAEIO-
MNXaVEG (TOPVOI, Paila, TTAGVN, Ol AVTAIEG K.ATT.).

H ekTipnon Tng IKAveTNTOG UIOG TTNYNG £PYOU CUVETTAYETAI KOl TOV
IKavO XPOVvo TTou N TTNyn autr Ba TTapdyel Kal To wpIouEvo Epyo. Apa, av
&époupe 1o €pyo TTou TTapdyeTal o€ KABE XPOVIKN Hovada, TOTE KATAAAYOUE
oTnVv évvola Tng IoxUog P, wg 10 TTNAiIKO Tou épyou W, TTou TTapdyeTal o€
XPoVIKR didpkela t, dia Toug xpodvou auTou.

: W
£PYO p=_—" (13.4.1)

XPOVOGg ’ t

I0XUG =

H 10x0¢ €ival povopeTpo QuUOIKS PEYEBOG.

To TI uTTOPEI VO GOU TTPOCQPEPEI JIa unXavn, egaptaral atrd Tnv 1oXU TNG.
Movadeg 10xU0¢g

210 S |, €ival To watt (w)

onAadn 1 watt = 1 Joule/1 sec

210 T.Z., €ival To Kpm/sec

210 CGS, ¢ivai 10 erg/sec

Tnv 10X0 TWV PNXavwy, TNV JETPAYE O€ ITTTTOUG:

75kp-m

sec

1immoc (1CVR1PS) =
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Zx€o€Ig HETASU TWV PovAdwYV I0XU0G
Watt = 1 Joule/sec = 107 erg/sec
1kp m/sec = 9,81 Joule/sec = 9,81 W
1CV =75kp m/sec =736 W
1HP =76 kp m/sec =746 W

1KW=1,36 CV

e 'Eva Batwplo (1wh), ival To £pyo TTou TTapdyel ynxavn iIoxuog 1 watt,
Aerroupyouoa etmi 1 wpa dnA. 1 wh = 1w-1 h.

¢ 'Eva kihoBartwpio (1 kwh), ival To €pyo TTou TTapdyel pnxavr] 1I0XU0g
1Kw, Aeitoupyouoa eti 1 wpa, dnA. 1Kwh =1 Kw-1h.

Etreidn 1 W = 1 Joule/sec, 1h = 3600 sec £éxoue:

Joule
Wh =1

- 3600 sec dnAadn
sec

1Wh = 3600 Joule

kai 1 kWh = 1000 Wh = 3,6-108 Joule

Eival pavepd, o011 n 1oxU¢ evog (euyoug poTtAg M, TTou oTpé@eTal ue oTaBepn
TaxUTNTa n oTOPPWYV GTO AETTTO, Ba givail:
M- 21n
P=
60

2’ éva nAekTpokivnthpa 1Tou oTpépetal he 800 otp/min étav ammd {euyog
potig M = 40 mN kiveital To TOPTTAVO, N 1I0XUG Tou Ba gival cUP@wva pe
TOV TTapaTTavw TUTTO:

40-21-800
p=— "
60

=3.349 W
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13.4 ANMAEX MHXANEZXZ
Apx1undng o Zupakouoiog

"evvABnke 10 287 1.X. OTIG Zupakouaoeg. 'Epya Tou: «llepi Twv Mnxavi-
KWV Oewpnudtwy Tpog epatocbivny £podog (LEB0DOG)», «IMepi opaipag
Kal KUAivOpou», «KUKAOU PETPNONG», «Mepi KWVOEIBWY Kal GRAIPOEIdWVY,
«[Mepi TOU eTTTAYWVOUY, «ApXai YEWUETPIOGY, «epi TOU UBPAUAIKOU WPO-
AoyioUy, TTepi « ETTITTESWYV 100ppoTTILOVY, OTTOU TiBEVTAI e auoTNPEOTNTA
B¢éparta oTaTikAg. Mpoadiopifovtag dnA. o ApXINNAdNG —OTO TEAEUTAIO AUTO
£pYyo— TIG OUVONKEG I00pPOTTiag Jiag Bapeiag eubeiag, Tou aTnpileTal o€
KATAKOPUPO UTTOPOXAIO, OidEI TN OXETN TTOU TTPETTEI va OUVOEEl T BApn
Kal Ta PJAKN avapTnong aTrd To UTTOPOXAIO I, yia va UTTAPXEl ICOPPOTTIdL.

‘ET01 Pe TO TEAEUTAiO AuTO £pyo, 0 ApXINAONG BePENiWOE TN OTATIKY TWV
OTEPEWV Kal KEPBIOE ToV TiTAO Tou “TMaTtépa TG MnxavikAg”.

XxAua 13.4a loopportria paBdou: BB = Bra

AMNa €pya Tou: “MMepi KEVTPWYV Bapwv”, “kEvipwy BApoug TTapaBoAIKwy
THNUATWY.

O ApxiunRdng utnpée Tautoxpova Kal o BePeNIWTAG TNG YOPOOTATIKAG
Kal oTo Xapévo €pyo Tou “Tlepi Cuywv” utthpxav diIAPopol OPICHOI, TTOU
agopoucav Ta KEVTpa Bdpn oxnUATWY, WG Kal TN HETAPOPE EVEPYEIQGS, HE
TN BonBeia Twv 0dOVTWTWYV TPOXWV.

2TIG ATTOOEIEEIG TWV TTEPIPNUWY TTPOTACEWY TOU KAVEI XPron TNG Aeyoue-
vng “TewpeTpikAG AAyeBpag” Tnv otToia BeATiwoe o€ oxéan pe Tov EUkAEidn.

XpnoipoTroinoe Kai aveTTTuée o€ peyalo Babud Tov ATTelpooTaTikd Ao-
YIONO, TOV OTTOI0 XPNOIYOTIOINOE YIO TTPWTN QOopd o ITTTToKPATNG 0 Xiog Kal
apyotepa o Eudoog.

O ApxIuAdng, otav BpEOnKe avTIUETWTTOG WE TNV GTPATIWTN TTOU TOV
OKOTWOE, €iTTe TNV TrEPIPNUN @pdon: «Mn You Toug KUKAOUG TAPATTEY N
Katd TN yvwpun dAwyv, Tn epdon: «IMap’ KEQAaAQv Kal un Tapd YPapPavy,
OnAadn, KTUTTa TO KEQAAI Hou, aAAG TTPOCEXE TO OXAUA.
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13.4.1 MoyxA6¢

Eival pia amAf ynxavh atroteAgital atmmod £va GKAUTITO GWUA, TTOU UTTOPEi va
TTEPIOTPEPETAI YUPW ATTO £vav Afova r €va anueio Tou agova, TTou AEyeTal
uTtopOxAI0 (Y) UTTO TNV €TTidpacn dU0 SUVANEWY AVTAYWVICTIKWY, TTOU
epapuolovtal o€ dUO dlaPopeTIKG onueia, A kal A eKTOG TOU UTTOPOXAIOU.

MoxA6¢ TTpwrou gidoug: To uttoudxAio Y, Bpioketal ueTa&u Tou anueiou
€Qapuoyng TnNG duvaung A kal Tou onpueiou e@appoyng A Tng avTidpaong
A (ox. 13.4B)

xAua 13.48

MoxA6g deuTtépou €idoug: To anueio epappoyng TnG avtidopaong A,
BpiokeTal yeta&u Tou utTopoxAiou Y Kal Tou anpeiou epappoyng A tng du-
vaung A. (ox. 13.4y)

xAua 13.4y

MoxAog TpiTou gidoug: To onueio epappoyng A tng duvaung A, Bpioketal
METAgU Tou uTTOPOXAIOU Y KOl TOU onuEiou epapuoyng A Tng avtidpaang
A. (ox. 13.40)
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IxAua 13.45

O poxA6g, Ba doupe M0 KATW, ICOPPOTTEI, APKEI N MIKPOTEPN dUvVaN
va €xel Bpaxiova, avaAoya peyaAuTepo TNG GAANG duvaung. Me Tov TpOTTO
auTO, 0 HOXAOG AcIToUpYEi WG ATTAR pnxavr, 6TTou N KIvNTRAPIa dUvVaun TTou
Badoupe pTropEi va UTTEPVIKATE! JIa avTidpaaon, TTOAU HeEyaAUTEPNG EvTaONG.

Av ol Bpayioveg Twv dUOo duvapewy ival iool, TOTE yIa va ICOPPOTIEI O
MOoxAGG Ba TTpéTTel va gival ioeg Kal o1 dUVAEIG, OTTOTE dNUIoUPYEITal Eva
Opyavo TTou To Aéue Quyo (Cuyapld).

2UyXpovol JoxAoi givail:

a) 0 HoxASg BipaxIdviog e avTifapo.
XpNOoIPoTroIouvTal OTIG XEIPOKIVNTEG AAAAYEG TWV C10NPOSPOUWY, Kal

IxAua 13.4¢ IxAua 13.40T
MoxAoi diBpayiovor

) o diBpaxi16viog HOXAOG o€ aXHA o@OoVSUAoU. XpNOIUOTIOIEITAl OE
MEPIKOUG TUTTOUG poAoyiwyv yia va diatnpnBei atabepr| n AciIToupyia Toug.
(ox. 12.407)
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21NV TEPITITWON Tou hJoxAoU (ox. 12.4C) £€xouue YETABOAN TOU PETPOU
Twv duvapewv. H duvaun F, ival n KivntApIa, evw n dUvaun A ivai n du-
vaun avrioTaong Tou BGPous Tou OWHPOTOG, TTOU avuywveTal. H duvapn
R, €ival n d0vaun TTou aokei To uTToOXAIo Y, €ival ion Kal avTiBeTn TTPOg
TN ouvIoTOaUEVN TwV dUVANEWY F kal A.

Mapatnpouue oti: F-B=A-a

TxAupa 13.4¢ Ymepviknon avrioraong omou B = Bpayiovag tng duvauns F kai
a = Bpayiovag ng avrioraong A

Av E >1, 101¢ F > A. AnAadn:
a

Ooo o poxAoBpayxiovag Tng dUvaung gival MeyaAUTEPOG TOU O~
XAo-Bpaxiovra Tng avrtioTaong, T6G0 n dUvaun TTou AOKOUME yid va
UTTEPVIKAOCOUME TNV avTioTaon, gival JIKPOTEPN.

210 0X. 13.4n TTapatnpoue (;) o1 IoXUEL:

Av Fy 5 Fy, 167e: AT > BA 3nAadn

‘Ooo kepdifoupe o€ BUvaun To XAvouue o€ SpOHO ol Spopoil gival
avTIoTPOPWGS avdAoyol Twv duvduewyv (XPYZOYZ KANQN THZ MH-
XANIKHZ).
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IxAua 13.4n

ZyApa 13.4n ka1 13.40 Xpuoous kavwv 1ns Mnxaviking

O1rwg SI0TTICTWVOUHE, ATTO TA TTAPATTAVW, N MEAETN TWV ATTAWYV PNXO-
VWV YIVETaI IO VO BPOUUE TIG OXEOEIG METAEU TWV BIAPOPWY OUVAPEWY TTOU
aoKoUVTal 0" QUTEG aQoU EQAPPOTOULE:

a) TIG ouVOnKeg I00ppOTTiaG (OTAV IC0PPOTTOUV) ) TO BePeAILLON VOUO
TNG MNXAVIKAG (6TaV KIvOUVTal)

B) To agiwpa TnG diatAPNCNG TNG EVEPYEIQG.

‘ETol:

i) 6Tav deV £XOUNE ATTWAEIO UNXAVIKAG EVEPYEIAG KOTA TN AEITOUPYia TOUG,
TOTE TO £pYy0 TNG Opwaag dUvVaUNG (SaTravwuEVO) gival ico PE TO £pyo TNG
avlioTauevng duvaung (WPEAILO).

ii) OTaV £XOUNE ATTWAEIO UNXAVIKAG EVEPYEING, TOTE Ba AauBdaveTal uTr YN
0 OUVTEAEOTNHG aTTOdooNg TNG MNXAVAS, dNA. To TTNAIKO TNG atrodIdouEVNG
(WPEAIUNG) 1I0XUOG TTPOG TNV TTPOCPEPOUEVN (daTTavVWUEVN) 1I0XU. AnAadH:

N, =—"t =2 (13.4.1)
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Eivar pavepd 611 N np < 1 yiaTti dev UTTAPXEI NXAVI) TTOU VA AEITOUPYEI
Xwpig avTioTacelS. Av np = 90% anuaivel 611 yovo 10 90% TnNG SATTAVWHUEVNG
I0XUOG ETATPETTETAI 0€ WPEAIUN 10XV evw TO 10% cival aTtwAeleg. ETravep-
XOuevol aTo 0. 13.40 Kal EpapudlovTag To OeWwpPnUa TWV POTTWV EXOULE:

YA

2 vyB

F=F

OA
onAadn, étav o Adyog O— yiveTal HIKPOTEPOG, MIKPOTEPN dUvaun F4
B

TIPETTEI VA AOKIOOULE, VIO VO UTTEPVIKACGOUE Tn duvaun Fo. MNa petatommon
TOU oxAou a1t Tn Béon AB otn Béon A4B1 Ba éxoupe:

B,A YB, F,
Al YA, F
dnAadn
F1:(B4A) = Far(A4)
YEYOVOG TTOU onuaivel, 6T Ta £pya Twv duvapewy F4 kai Fy, gival ioa. QoTe:

To épyo TG BUVAMNG KATA TN HETATOTTION TOU OXAOU, gival ico pe
TO £PYO TNG AVTIOTAONG.

U NAPAAEIrMA

270 JoxAO AYB Tou oxrfipaTog 13.4i va uttoAoyicBei n ywvia ¢ waoTe 0 Adyog
TwV Bapwyv B4 Tpog B, va gival icog pe Tn povada,

V3

. B, . AY
onAadn: — =1kailva loxuel — = —
B, YB 2

AGon
Av TTdpoupe TIG poTTEG TwV By Kal Bs wg TTpog 10 onueio (UTToudyAIo)
Y Ba éxoupe:

My =0

B1(AY) = By(YT)

B4(AY) = B,(YB)ouve

ZxApa 13.4i
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—== -OUVQ = —— CUV(P
B, (AY)

2
1=—ouve, ouvp = —
V3 2

Apa: ¢ = 30°

"Hpwv o AAe€avdpivog

evviBnke otnv AAe€dvopeia kal £(noe yupw aTov 20-10 T1.X., OTTOU Kal
0idage. 'Ekave eKTETAPEVN EQapuoyn TNS MewPETpIag o€ BEuATa HETPrOEWY
KAl INXOVIKAG.

To £pyo TOU ATTOTEAEI TOV TTUPAVA TWV YEWDAITIKWY YVWOEWV Tou Ap-
xaiou EAANVIKoU KOG UOU.

O Hpwyv, oav pnxavikog, epapuolovTtag TIG BePeNIOKES apxEG TNG ZTO-
TIKAG TOu ApXIKAdN, 00NyNBNKE 0€ ONUAVTIKG CUUTTEPATHATA, OTTWG HOG
TAnpoopei o Mammog a1o £pyo Tou: «MaBnuaTiki cuvaywyn».

OewpouvTav aubevTia oTnNV KATAoKEUR SI0QPOPWY PINXAVIOHUWY Kal TTO-
AEUIKWV CUCKEUWVY OTTWGS TOU 0BOUETPOU Kal Tou TNAEBOAOU.

Eptrveuopévo ato 1o TTpoPAnua Tou Apxiundn «ue dedouévn duvapun
va avuywBei 6edopévo BAPOG» gival N KATAOKEUR « BaOpOUAKOG».

H «KUKAIKR OTEPEA EAIKOY, TO TTEPI « AUTOUOTOTTOINTIKAGY, Ta «[veUua-
Ta», 0 «ATHOOTPORIAOGY eival PEPIKA aTTd Ta €pya Tou Hpwva 1Tou oav
Mewpétpng, MNewdaitng, Mnxavikdg kal Puaoikdg ptropei va BewpnOei O
QVAKEI GTOUG KOPUPAiouG PEAETNTEG TOU TEAOUG TNG EAANVICTIKAG TTEPIODOU,
W¢ dnUIoUPYOG VOGS aglohoydTaTou £pyou.

13.4.2 TpoxaAia

Eival pia atrAn pnxavn " atroteAeital atro €éva dioKOo O OTT0I0G TTEPIOTPEPETAI
yUpw o116 éva agova, TTou dIEPXETAl aTTO TO KEVTPO TOU (TOU SioKou).
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xAua 13.4.2a Tpoxaldia

TNV €EWTEPIKNA TTEPIPEPEIA TNG TPOXAAIGG, UTTAPXEI AUAGKI OTNV OTToia
TTPOCapuUGETal TO OXOIVi, | YEVIKOTEPQ £va Opyavo EAEEwG. H TpoxaAia xpn-
OIJEUEl yIa TNV avOWwaon QOpTiwY Kal ETTITPETTEI TNV KIVNTAPIa dUvaun va
evepyei kata dieuBuvan 1 opd, dIOPOPETIKA aTTO TN YOPA TNG AVTIOTACNG.

2100epn TpOXaAia

Eivail, 6tav o diokog €ival oTEPEWPEVOGS O’ Eva UTTOOTAPIYUA JE Bixaho. ZTnv
TEPITITWON AUTA, N KIvnTAPIa dUvaun Kal n avriotacn mmou epappolovTal
oTa OUOo avTiBeTa AKPa TOU GXOIVIOU, £XOUV Tnyv idia £€vraon.

Zyxnupa 13.4.23 Tpoxalia
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21N didra&n Tou ox. 12.4.2y TG atmArG uNXavng, To €pyo TnG duvaung A
TIPOCPEPETAI O AUTAY, EVW TO £€py0 TNG dUvaung A (avtioTaong) atmodideTal
atré auty’.

IxAua 13.4.2y Tpoxadia

21NV TEPITITWOonN Trayiag (akivntng) TpoxaAiac™ Tpoo@EpeTal 0° AUTHV
MuIkA duvapn F, yia va avupwBei Bapog B. O diokog TNG TpoxaAiag QEpel
oTnNV TTEPIPEPEIG TOU AUAOKA KOl UTTOPEI VO TTEPIOTPEPETAI, TTEPI OTABEPS
acova.

Xpnolpeuel yia TNV aviywaon Bapwy, N yia Tnv aAAayr] Tng dielbuvong
Miag duvaung.

U NAPAAEIrMA

ATTO 10 éva AKpO TOU vhuaTog TTayiag TpoxaAiog apeAnTéou Bapoug, avap-
TaTal Bapog B kal 0to GANO GKPO Tou VAPATOG evepyei Bapog By (B4 > B).
Moia gival n €vdeitn Tou duvapopéTpou (ox.13.4.20 Trayia TpoxaAia) étav
Ta ocwuaTa apebouv eAeUBEePQ;

E@appoyn: B=12N, By =20 N.

* Me TIg unxavég dev yivetal olkovopia £pyou, aAAG putropoUpe va peTaBdAAoupe TNV
€vtaon, Tn dielBuvan, Tn Yopd, To anueio TNG kKataBaAAduevng duvaung.

** 21NV TayIa TpoxaAia, ektdg atrd Tig duvduelg F kal B aokeital kai pia 1pitn F1 1TOU TTp0-
€pxeTal atré TNV TPoXaAIoBrKn TNG OTT0IaG 0 opEag JIEPYETAI OTTO TO KEVTPO TNG TPOXOAIAG.
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Auon

Mévw otnv TpoxaAia ackouvTal oI SUVAEIG:

IxAua 13.4.28 layia tpoxadia
lNa Tnv 1Ic0ppoTTia TG TPoXaAiag Ba €xoupE:
Fa=F + Fy’ (1)

O1duvapeic F', F¢', F, F4 aokoUvTal utté Tou vAuaTog auTou, dpa Ba £XOUpE:

Fi=Fy'=F=F (2)
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Etropévwg: Fpo=2F (3)
. , B
MNa 1o owpa Z, Ba éxoupe: F-B=my= —.y 4)
g
B,
MNa 1o owpa 4, Ba EXOUUE: B1 -Fp=my=—-y (5)

ATTO TIG OoX£o¢lg (4) Kai (5) TTaipvoupE:

F-B B F B _F
B,-F, B, 2B;-F, B;+B 2B
Apa:
. 2BB,
B+B,
i 4BB,
£ B+B
1

4.12-20 2-12-20
A= N=30N, F= N=15N
12+20 12+20
KivntA Tpoxalia

Eival, 6tav éva dkpo Tou GxoIviou
OTEPEWVETAI G éva UTTOOTAPIYHO-
oTnV TIEPITITWGN AUTH], TO POPTIO
OUYKpoOTEiTal atTd £va dixaAo TTou
@Epel 0 BIOKOG Kal o€ CUVONKEG
I00PPOTTIAG, N évTaon TNG KIVNTN-
piou duvApewg, gival To PIod TNG
avTioTaong.

IxAua 13.4.2e Kivnth tpoxalia
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21NV TTEPITTTWON TNG KIVNTAG TPpoxaAiag (oX. 13.4.2¢) Exoue:
B
F,I = F2 = __
2
(TpoxaAia pe TTapGAANAa OXOIVIG)

A6 10 OXAua 13.4.20T: F =

B
onAadni: Fq > —
20uva 2

(TpoxaAia pe Ox1 TTapdAAnAa oxolivid)

Zyxnua 13.4.2071 Kivntij tpoxalia

Mpdyuarti: Av TTAPOUE TIG POTTEC TWV DUVAPEWV WG TTPOG K EXOUUE:

Fy-r=Fy-r onhady Fi1=F,

. R B B
Emiong = =
nua nP2a 2nPa ouva
. - B B
Apa: |:1 = >
2ouva 2

To TTpog aviywaon @opTio B, yia pia diadpour] S Tou onugiou Qapuoyns
NG F, avuywwveral katd S/2. ETTopévwg Ba EXoupe:

W|:=F'S
] B
s Apa:n=-—
Wg=B- — 2F
2

270 JoxAG Tou o). 13.48 TTou TrepIeaTPA@n atrd T B€on xx™ KaTd ywvia w,
uTTo TNV €TTidpacn Twv duvapewy F4 kal F, Ba éxoupe:
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WFlelllnpw ) WF2:F2|2”“‘*’

Apa: n= Pi = WL“ - l
P Wg/t Fly
21nv TePITTTwon Tou TroAUoTTaoTOoU OX. 13.4.2¢ éxouue ouvduaouo
METABETWV (EAEUBEPWV) KaI AUETABETWYV (TTAYiWV) TpoxaAIwY. O1 aueTd-
BANTEG TPOXOAiEG BpigkovTal ETTi KOIVAG TPOXAAIOBNKNG, TTOU GTEPEWVETOI
o€ 0TABEPO UTTOOTAPIYHA, EVW Ol JETABETEG TPOXAAiES BpiokovTal o€ GAAN
TPOXaAI0OAKN, aTTd TNV oTToia EEQPTATAI TO POPTIO, TTOU BEAOUE VO avuw-
ooupe. Emruyxdaveral dia Tou cuvduaopuou autou, N doknon PIKPOTEPNG
Ouvaung F kai n petaBoAn tng dieubuvong Tng. Eival pogaveg, 611 o€ KGBe
oXolvi, aokeital duvaun
E=_
4
Edv yevika 10 TTOAUOTTAOTO O100£TEI CUVOAIKA Vv TO TTAB0G TTAYIES Kal
KIVNTEG TPOXOAIEG, TOTE, O€ KABE OXOIvi aokeiTal duvaun:
B

Vv
210 oxAua 13.4.2n n 100ppoTTia TOU CWUATOG BAapoug B ekppdaletal atmd
TNV e€icwon:

B
F=—

ZxAua 13.4.2¢ [ToAvommacTo e 600 TpoxaAioBnKes Twv 6UO TPOXAAIWVY N KGOt uia
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ZxAua 13.4.2n Kivnth tpoxaAioBnkn

U NAPAAEIrMA

Na Bpeite TN oxéon PeTagu Twv duvauewv F4 kai F5 TTou gvepyoulv aTn
S1a@opikn TpoxaAia (ox. 13.4.20) oTnv TTEPITITWON 1I00PPOTTIAG TOU OU-
otpaTog (dev AapBdavoupe Ut Own TTABNTIKEG AVTIOTATEIG).

IxApa 13.4.20 Aiapopikn Tpoxalia
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Abon
H diagpopikA TpoxaAia atroreAsital atrd dUo oTaBepég TpoxaAieg i
TOU auTOU dova, aAAd dla@opPETIKNAG SIaUETPOU KOl aTTd pia EAeU0epPN.

Mo TNV TOopM T-T £XOUUE:

S+S=F,

R

Apa S=—
2

MaipvovTtag TNV TpiTN CUVOAKN ICOPPOTTIAg EXOULE:
EMP =0,F,R +Sr—SR=0
|
R-r
2R

R

Apa: F,=

2nueiwon:
Av n gival o BaBudg aTédoong TNG dIAPOPIKAG TPOXAAIAG, N TTPAYHATIKA
ouvapn yia va avuywaoel To gopTio F4, Ba divetal atrd Tn oxéon:

- (R-1F
2 2Rn

R-r
(18avikn peTddoong)
R

Kl €CapTATAI ATTO TN OXEON

13.4.3. BapoUAko

Eival kal auTtd pia atrAf gnxavr) TTou JTTopoUpE, EQAPUOOVTAG TTEPIOPICUE-
VEG OUVAEIG, VO AOKAOOUWE I0XUPEG EAKTIKEG OUVAEIG, HEOW EVOG CUOTH-
MOTOG OXOIVIWYV ] aAucaidwyv. Ta oluyyxpova BapoUAKa XpnoIPoTTolouvTal
OTa €PYOTAEIO yIA TO XEIPIOUO YEPAVWV Kal avaBaTopiwv oTa KTipid, yia Tn
AeIToupyia Twv aveAKUOTAPWY, OTA TTAOIA YIA TO XEIPIOPO TNG AYKUPOG KAl
TNV aviywaon @opTtiwy (ox.13.4.3a).
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IxAua 13.4.3a BapouAko

Ta peydAng 10x00G BapoUAKa Ta XPNOIUOTTOIOUKE OTA AIJAVIO KAl OTO
VAUTTNYEia TTOU aTTaIToUV PETAKIVATEIG HEYAAWY QOPTiWV.

21NV TEPITITWOon Tou BapouAkou (ox. 13.4.3B) Tng didtagng dnAadn
TTOU aTToTEAEITAI ATTO €vav KUAIVOPO aKTivag r (TUUTTAVO) Kal UTTOPEi va
TTEPIOTPEPETAI TTEPI OPICOVTIO Afova 007, epapudlovTag To Bewpnua Twv
POTTWYV OTNV TTEPITITWON I00PPOTTIOG, Ba EXOUE:

B-r=FR
. r
Apa: F=_—.B
R

TTOU onuaivel 611 n dUvan TTou IcoPPOTTE To BApog B, gival TOOO HIKPOS-
TEPN OCO PIKPOTEPN €ival N aKTiva r Tou BapoUAKou Kal 600 PEYOAUTEPO
€ival To uAKkog R Tou poxAou Tou oTpo@dAou.

Ixfua 13.4.38



EPro - Isxys - ANAES MHXANE: 351

U NAPAAEIrMA

O oTpdpalog evog BapouAkou £xel prikog 50 cm Kail To TUPTTAVO aKTiva
r =5 cm. O xeIpIoTr G Tou BapoUAKou ekTeAEi 50 OTPOPES ava AETTTO, Avu-
wwvovTag Bapog 40 N. Na Bpeite:

a) Tn dUvaun TTOU QOKEITAI ATTO TO XEIPIOTA TOU BapOoUAKOU Kal

B) Tnv kaTaBaAAGuEvn I0XU.

AOon
a) EQapuoddovtag 1o Ocwpnua Twv pOTTWY OTNV TTEPITITWAON IC0PPOTTIOG,
Ba Exoupe:
B-2mr=F - 2R
B - r=F - R (ouvbnikn icoppoTriag BapoUAkou)
B- 40N-5cm

Apa: F=o = =4N

R 50cm

B) MNa Tnv kataBaAAopevn I0XU, Ba EXOUE:
P=Fu=F2mvR
50
P=4N2-3,14-— -0,5m/sec
60
Apa: P =10,47 N m/sec

U NMAPAAEITMA

2€ BapoUAKo, 0 aTPOPAAOG £XEl UKog 50 cm kal o KUAIVOPOG akTiva 5 cm.
O xeipiotig Tou datravd iIoxU 1/10 CV yia va avuywaoel Bapog 20 N. Av n
atmrédoon Tou BapouAkou eival 0,6, va BpeOdei:

a) n duvapn TToU AOKEITAI 0TO AKPO TOU GTPOPAAOU KOl

B) TOOEC OTPOPEG ava AeTTTO Ba eKTEAET O XEIPIOTAG TOU OTPOPAAOU.

AOon

H atmrédoaon divetal attd Tn oxéon:
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P(,U
P
N, = (1)
AP

oatr

O1av 0 oTpOPaAOG EKTEAEI X TTEPIOTPOYPEG, TO CUWHA AVUYWWVETAI KATA

h = 21r-x (2)
H ouxvoTtnTta TepIOTPOYNG v, gival:
X
vV=— (3)
t
H weéAipn 10x0¢ €ivai:
B-h
Poo =—— 4)
t
Kal n datravwuevn 10XUG gival:
F-s F2mRXx
sam - ()

t t

P, =—+
Me Bdaoel Tig oxeoeig (2), (3), (4), (5), n oxéon (1) yiverai:

w

T

nA:

F.

Py

OnAadn n oxéon TTou €idape TTponyoUuEva.

AUvovTag wg TTPog F, Exoupe:

20N-0,05m
F=—=3,33N
0,6-0,5m
n,P 0,6-75 (o] 45.60 c c
V= A" darmr — _ =43

B2mr 10-20-2-3,14-0,05 sec_ 62,8 min min
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13.5 KEKAIMENO EMNIMNEAO

Eival pia attAi unxavi- atmroteAgital atmé Eva oTaBepd eTTITTEDO TTOU OXNUATICEl
oeia ywvia pe pia opifovtia em@aveia. Eva owpa, TTou gival ToTToBeTnuévo
€TTi TOU KEKAINEVOU €TTITTEDOU, KIVEITAI ATTO TN dPACN TNG CUVIOTWOAG TOU
Bdapoug tou gival TTapdAANAN TTPog auTod To €TTITTEDO, EVW N KABETN CUVI-
OTWOA TTPOG TO KEKAIYEVO €TTITTEDO, EEICOPPOTIEITAI ATTO TNV AVTIOPACH TOU
emmmédou auTou.

ZxApa 13.5a KekAiuévo emimedo

xAua 13.58 KekAiuévo emrimedo

H emitdyuvon mou AauBdvel éva owua, gival Too JeyaAUTEPN —av TTa-
paBAéWou e TIG TPIBEG— 600 PeyaAUTEPN €ival N KAiON Tou ETTITTEDOU.

Tnv apxn Tou KeKAIEVOU ETTITTEOOU £QAPUOLOUNE TT.X. O€ OAEG TIG KAI-
MOKEG, TIG AVNPOPIKEG 000UG K.ATT. 1I8IQITEPN EQAPUOYI aUTOU £XOUE Kal
O€ IO aTTAR unxavi TN ocenva.

OMa 1a epyaAeia KOTTAG: paxaipia, Eupdoeia, TTEAEKEIS K.ATT. ival OQrVEG.
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BAOMOZ AMOAOZHZ KEKAIMENOY EMNIMEAOY

Eival Trpo@avég o1, av Exoupe éva opTio Kal BEAoupE va To EAEOUUE Ka-
TAKOPUPA, Ba TTPETTEI VA XPNOIYOTTIOINgoUE dUvaun, ion pe 1o B&pog Tou
poprTiou.

Av TTadAI BEAOUPE va HETOKIVACOUNE QOPTIO TTOU OTNpIifeTal O 0pICOVTIO
eTTiredo Ba TTPETTEl va XpnoidoTtroifoouue dUvaun, ion e TNV TpIRN.

Ma va avuywoouye opTio, e dUvaun PIKpoTepn atrd 1o Bapog Tou, cav
atrAf unxavn XpnolhoTroloUue To KeKAIYEVO TTiTTEDO. MNa va gival duvaTtr n
aviywan Tou @opTiou, Ba TTPETTEI va EVEPYAOOUE e dUvapn:

B nua + n B ouva

TxAua 13.5y @oprio o kekAipévo emitredo

Apa o Babudg atrédoong Tou KekAIuEvou eTiTTédou, Ba givai:

Bnua nua 1
n, = =

B (nua + n ouva) _r]pa + n ouva - 1+ noga

Av n = €Qag, TOTE Ba EXOUE:

1
ny=— (13.5.1)

A=
1+ega,0¢a

i) Av a = ago TUtToG 10.5.1 dider: n = 0,5
i) Av a < ag o TUTT0G 10.5.1 &idel: n < 0,5

i) Av a > ag o Tutrog 10.5.1 8idel: n > 0,5

Kpiveral okomipo va TovioBei 611 n unxavn wpooAaufdver Epyo atd
TO TTEPIBAAAOV KOl aTrodidel £pyo OTO TTEPIBAANOV.

H TpdoAnwn autr) Tou £épyou atrod 1o TTePIBAAAOY, avTioToixei oTn daTra-
VWUEVN 10XU Py, Vo n atmédoon £pyou aT1o TTePIBAAAOV, aVTIOTOIXEI OTNV
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atrodId0pevn 1I0XU Pa OTTOU: Py < Pa.

To KaTavaAIoKOPEVO £pYO KATAVAAIOKETAI A’ eVOG JEV UTTO TNG AVTIOTA-
OEWV (Ayp ) 0@ ETEPOU OE UTTO TWV TPIBWV.

O AO6yog Pp / Py, gival péye0og XapaKTnpPIoOTIKO HIAG MNXAVAS Kal
KaAgiTal “ouvreAeOThHG aTédoong”.

Eivai O¢:

n :i :Pﬂ
PA PKaT

A OUVTEAEDTNG aTTOd00NG (13.5.2)

H e1ri TOIG €KOTO % TIMN TOU OCUVTEAECTOU ATTOS00NG MIOG MNXOVAS
AéyeTan “ardédoon pnxavig”’ Kai givai:

a = np % | ATT6doon punxaving (13.5.3)

U NMAPAAEITMA

TNV I000KEAN a@rva Tou oxnuartog (13.58) va uttoAoyiaBei n KaBeTog
ouvapn N av: F =5N, np =0,16 ka1 a = 15°.

AOon

ZxAua 13.58 loookeAnc opnva
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Eg@apudlovtag tn deUTEPN GUVONKN ICOPPOTTIAG, EXOUUE:
2F, =0, F =2Touva + 2Nnua (1)
Emei®dq T=n - N, €xoupe:
F = 2nNouva + 2Nnua
F = 2N (nouva + nua)
F

2(n ouva + nua)

Apa: N =

5N 5N

Emopévwg: N = 5 o\ =
2(0,600uv15 +nul5 ) 2(0,60-0,966+0,259)

Apa: N=2,98 N

210 TTapPAdelyua pag, BewpoUe TO idI0 To BAPOG TNG OPRVAG aPEANTEOD.
AttoTeAei &€ N o@ERAVA, £va OTOIXEIO JNXAVWY TTOU UTTOKEIVTAI GTOUG VOUOUG
TOU KEKAIUEVOU ETTITTESOU.

Xpnaoiueuel 8 yia Tn aUa@IEn PIag TPOXAAIG, i evOg OIOKOU GUUTTAEKTN
eTTi dovog, yia TNV avuywaon 1 TTAEUPIKN PETATOTTION BAPOUG € UIKPA
ammoéoTaon, yia TNV ac@AAion TwWv CUPUATOOXOIVWY, TN OTEPEWOT TWV EK-
OKOTITIKWV 080VTWV Kal aAAoU.

U NAPAAEIrMA

Ta cwpata pe avrioTtoixa Bapn B4 kai B,, cuvdéovTal pe vrjua kai oAioBaivouv
TTavw OTO KEKAIPEVO ETTITTESO YWwVia KAioEwg a. O1 avTioToIXOl CUVTEAEDTEG
TPIBAG €ival ny, no.

Na uttoAoyioBouv:

a) N EMTAXUVON Y TWV CWHATWY Kol

B) n Tdon Tou vijpartog S.
Auon

(Ma ™ Abon ™G aoknong autig Ba utrevBuuicoupe TPEIS Bacikoug
T0TTOUG TNG MNYavikAG: F=m-y,B=m-gkaiT=n"-N.)
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Zyxnpa 13.5¢
‘ET01 y1a TO cwpa Bdapoug By, Ba €xoupe:

1
Fav =Bjnpa-S-nN,
Binua =S —nyNy=myy

F2 =

KIV S+ an“a - n2N2 = myy
ATTO TIg ox€aelg (1) kai (2) & aTTaAeIpng TNG S €XOUE:
nua (B1+ By) - ouva (B4ng + Bony) = y(mq + my)

ATTO Tn oxéon (3) TTaipvoupe:
_nua(B; +B,)-ouva(Bn; +B,n,)
(B,+8,) 9

2nueiwon

(4)

Av uttoBéooupe 0TI Ny = ny, = n Kail B4 = B, = B = 10N, 107¢€ €€dyoupe TN

YVWOTA Yag oxéon y = g (Nua - nouva).
Eg@appoyn: Ao Tn oxéon (1) £XOUE:

B
S=-myy-n,N,+Bnua=- El -y -n,B,ouva +B nua

Apa: S=B; (-;-nlouva+npa)
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1,273
5:10.(- -0,3-0,86+0,5j =10-(-0,127-0,258+0,5)
10

Apa: S=1,15N

Ztnv Tapatrdvw oxéan (5), eAqedn y = 1,273 m/sec?, agou atoé Tnv
(4) TrpokUTITEL

0,5-30-0,86-13 m
= =1,273 M,
3 sec

13.6 O KOXAIAZ TOY APXIMHAH

H aduvapia dpdeuong Twv Xwpa@iwv TG AlyUTITOU TTap’ OAEG TIG TEPATTIEG
TT006TNTEG VEPOU TOU Neilou TToTapou, odrynoe Tov ApxINAdN va ETTIVONCEl
TN YNXavh auTh, yia va avuywvel To vepo o€ uwnAdTEPn aTdBUn Kal va
yiveTal €101 n dlIAVON) TOU OTa XWPAYIa, e EAeUBEPN pon.

O A16dwpog o ZikeAwTnG (1og ai. .X.), ava@Eépel, 0TI TNV AiyuTrTo
aypoTeg apdeUouv Ta XWPAQPIA TOUG PE TN PNXOVA QUTH TTOU £TTIVONCE O
ApxIuRdnG Kai 0TI oTa opuxeia TnG loTraviag, Ye Tov KoxAia Tou Apxiunidn
avtAouv Ta vepd atTd TIG TTANUMUPIOPEVES OTOEG.

ZyxAua 13.6a KoxAiag
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ZxAua 13.68 KoxAiag

210 BIBAIo Tou «[Iepi ApxiTeKTOVIKAG» 0 BITpoUBiog (1og aiwvag .X.)
TOViCel, OTI N KAiON Tou TTPETTEI VA avTATTOKPiveTal aTo MNubBayodpeio Oew-
pPNUa Kal 0TI TO PKOG O€ TTOdIO TTPETTEI VA ival ioo pe TN SIGUETPO TOU O€
OaKTUAOUG: dnAad divel pia axéon dIOPETPOU-PAKOUG TNG TAgNG Tou 1/15.

O koxAiag Tou ApxINNdN ETTETPETTE TNV AVTANON PEYAAWY TTOCOTHTWYV
vepoU atrd pIKpS BaBog, pe kivnon tmou divoTav atmd avepwTtoug A atmo
{wa ue TN Bonodela, iowg, EUAIVWY 080VTOTWYV TPOXIWV.

2AMEPQ, VIO TO OKOTTO aUTO, Kal yia peydAa Baln, xpnoipotrolgital n idia
OUOKEUN JE TITEPUYIA TTOU OTTOTEAOUV OTEPER KUKAIKN €AIKQ, O€ KATOKOPU®N
B€on e Kivnon a1rd ynxavi.

KATAZKEYH THZ EAIKAZ

‘EoTw TO avaTTuypa evog KuAivdopou ABIA, akTivag r. Xwpiouue Tnv Tre-
pIPEPEIa TOU KUKAOU Kai TV TTAeupd AB Tou Tpiywvou ABIT o€ dwdeka ioa
pEpN. Evovoupe Ta onueia TOPAG, TTOU avTIOTOIXOUV 0TOUG idloug aplBuoug
Kal Ba éxoupe Tn ypauun TNG EAIKAG. XTO OXNMA N EAIKO avEPXETAl ATTO
apIoTePA TTPOG Ta OeCIG (DEEI6OTPOPOG EAIKQ).
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xAua 13.6y

210 oxAua 13.6y civai:
h = 10 Uyog Tou BAuarog
| = 70 BApa TNG EAIKOG
r = n okTiva TNG £AIKOG

a =n ywvia TngG €AIKag

ZxAMa 13.68 TeTpaywViko OTTEipWUA
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Av avTi TNG YPOAUMNG QUTAG, TUAIXBEI £TTi TOU KUAiVOpou éva eTTiTTedO
oxAMa (Tpiywvo, TETPAYWVO, TPATTECIO) KATA TN YPAPUA TNG EAIKOG TOTE
oxnuaTifeTal £va OTTEIpWQ.

Eival rpogavég oTi:

X =rouvo

y =muo
h h
z=r-6—=—90
2mr 2w
O1 TpeIg TTapaTTavWw £EI0WOEIG, €ival ol EEI0WOEIG TNG KUAIVOPIKAG ENIKAG.
Etriong éxoupe:
h
£Qa = ——
21
Av 0 KoxAiag éxel v BripaTta (koxAiag TToAAaTTAOU BAuaTog), TOTE,

v-h
£Qa = ——
2111

XPHZH TQN KOXAIQN

O1 KoxAieg xpnoiyoTToloUvTal oav JECQ:

a) ouvdeong: OnA. yia va ouvd£ovTal TEAXIA UNXAvVWY PETAEU TOUG
(koxAieg ouvdeong)

B) kivnong, €ite oG TTEPIOTPOPIKAG Kivnong o€ euBUypappn (TT.X. avu-
WWTIKOI INXAVIOUOI, EPYAAEIOUNXAVEG, TTIECTAPIA) ] MIOG EUBUYPA-
MNG O€ TTEPICTPOYIKN, EITE PIAG TTEPIOTPOPIKAG OE TTEPIOTPOPIK (TT.X.
000VTWTOG TPOXOG WE aTépPova KOXAIa).

KoxAloTop0g

H gpyaAeiounxavr) TTou eKTEAEI TNV EKOKAPN TNG EAIKWOEWG EVOG KOXAIa
KOTG MAKOG MIOG KUAIVOPIKAG ETTIQAVEING, AEYETOI KOXAIOTOHMOG KOl YiveTal,
€iTE OTNV ECWTEPIKA, €ITE TNV ECWTEPIKA ETTIPAVEIQ TOU KUAivVOpou. H xpron
QUTWV TWV EPYAAEIWYV, EXEI ETTEKTABET KOO KAl OTIG OTTAEG UNXAVEG, OTTWG
oTa OPATTavVa Kal TOUG TOPVOUG.

270 OTPOPAAO KOl OTO AKPO TOU acKoUpe Tn duvapn F kaBeTo aTo £TTi-
ed0 TOU OXAUATOG. AV TTAPACTACOUE PE R TO uAKOG Tou oTpo@AaAouU TOTE:

W = F-2nR
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Wg=B-2m-r
i B-2mr
Apa Ny=——
F-2nR
] B-r
OTTOTE: Ny, =——
A ER

21NV TEPITITWon Tou KoxAia (ox. 13.6.€) TNG atrAG unxavig dnA. TTou
atroTeAeiTal atrd Tov KUpiwg KoxAia kai To TrEPIKOXAIO, OTaV 0 OTPOPAAOG
MRKoug R oTpagei katd pia otpo®r, TOTE 0 KOoXAiag avePBaivel ) kaTeRaivel
KaTd éva Bripa B

TxAua 13.6e KoxAiag

O koxAiag oTpégeTal ye T BoriBeia TNG duvaung F, TTou aokeiTal oTo
AKpPO Tou POXAOU.
ToTe Ba EXOUE:

Wg =F-2mR
Wr=A"-B
. A-B
atr’ é1Tou na= (13.6.1)
2TFR

Mpayuari, To épyo TTou TTapdayetal amod tn duvaun F, katd pia TARpen
TTEPICTPOPI TOU KOXAIQ, €ival ico pe:

WE = pot - ywvia =F - R - 2.

* BApa koxAia, Aéyetal n amréoTacn 800 dIadoXIKWV onueiwv TNG EAIKAg TTou BpiokovTal
Tavw oTnv idia yevéreipa- OnA. givai n ardéoTtacn peTagu dUo dIadoxIKWV EAIKWOEWY Kal dTav
0 KOXAIOG eKTEAET IO TTAAPN TTEPIOTPOVPT, AQUTOG UPIOTATAI JETATAOTTION iON TTPOG TO B TOU.
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Katd tn oTtpo@n autr], o KoxAiag Ba TTpoxwprioel KaTtd 1o didoTnua B
(Bripa koxAia). H dUvaun A Ba katavoAwaoel £pyo, ioo e Wa=A - B. Z0u-
Qwva Pe 1o agiwpa diatApnong Tng evépyeiag Ba Exoupe: W = Wy pe Tnv
TpoUTTeBeon apeAnTéag TPIRNAGS. Apa, yia To BaBud amddoong n, 1I0xUEl O
TUTTOG B.

U NAPAAEIrMA

210V aTéppova KoxAia Tou oxruatog 13.60T 0 TPOXOG £XEI X 0BOVTEG. ATTO-
OcigTe, OTI:
B-r
F=
X-R

Epappoy: R=1,5r,x=18,B =108N

xApa 13.601 Arépuwyv KoxAiag

Abon

O arépuovag koxAiag attoTeAei cuvduaopod KoxAia Kal 0dovTwTou TpoxouU
(oxAua 13.60T). Mia TTARPNG TTEPIOTPOQI) TOU KOXAIQ, TTEPIOTPEPEI TOV 0DO0-
VTWTO TPOXO KATA BIACTNUA, i00 TTPOG TO dIACTNUA PETAEU BUO BIAdOXIKWYV
000VTWYV TOU.

AQOU 0 TPOXOG €XEl X 0OOVTEG, TOTE TO AKPO TOU PJOXAOU EKTEAEI X TTE-
PIOTPOPEG, ONA. dilaoTnua ioco ue: 2TTR-X, yia va eKTEAETEI O TPOXOG HIO
TTEPIOTPOPH).

To @oprTio B avuywwveTtal katd 21r. ETTopévwg Ba £xoue:
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2R -x-F =2mrB
oT1T0U:
We=21mRx'F ka1 Wg = 2111 - B (J€ TNV TpoUTTé0e0n apeAnTéag TpIRNS)
B-r

Apa: F=_—_
X-R

Eg@appoyn: MNa R = 1,5r, x = 18 0d6vTeg, B = 108N,

) ) . 108N-r

O TTapaTravw TUTToG divel: F=——— = 4N
18-1,5-r
Apa: F=4N

U NAPAAEIrMA

To Briua evog KoxAia, ival 2,5 cm. O xeipioTAg e¢aokei duvaun F = 25N
KABeTa 0TO AKPO TOU OPICOVTIOU OTPOPAAou, unkoug 1m. Na Bpeite Tn
duvapn avtioTaong.

Auon
Na Tov KoyxAia EXoupe:
F=2mR=AB (1)
Auvovtag TNV (1) wg TTPog A €XOUUE:

A = 25N -2-3,14-100
2,5

Apa: =6280 N

U NAPAAEIrMA

Na Tov koxAia divovtar: B =2,5cm, F=25N,A=5000N, R=100 cm. Na
Bpebei n arddoaon Tou.
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Abon
H ammdédoon Tou koxAia Ba eivai:
A-B

nA = 0
2m-F-R

Apa, Ba £xoupE:
500N - 2,5cm

Ny = =0,8

© 6,28-25N-100cm

FPYAOI

O1 ypUAol xpnoipoTtrolouvTal yia TNV avUywar, Kal TNV KaTakopu®n JETa-
Kivnon, peydAwv @optiwyv T1.X. 20-25 tn o€ pikpd Kupiwg uyn 30-40 cm.
Av o1 ypUAoI pTTopouv va YAUGTpoUV TOTE yiveTal opIfovTia HETAKIVNON TWV
POpPTIWV.

Eival atrAoi kal euXpnoTol JNXAVIOHOI.

‘Exoupe ypUAOUG e 000OVTWTO Kavova Kal 03ovTwpo TPOXO, e KoXAia,
YPUAOUG, uSpauAIKOUG XPNaOIUOTTOIoUUEVOUG Yia @opTia péxpl 300 tn kal
yia diadpopun 100 £wg 300 mm, yia HETAKIVAOEIS BAPIWV QOPTIWYV OTTWG
yia TIG KUPiwg OOKOUG YEPAVOYEPUPWYV Kal JEYAAWY PnXavwy, YPUAOUG
USPAUAIKOUG QUTOKIVATWY TTOU XPNOIYOTTOIOUVTa VIO BapEa OXAMOTA EWG
9 tn kai yia aviywon amd 100 mm €wg 900 mm.

ZxAua 13.6. o1 Avupwrikog ypuAog
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13.7 METAAOZH NEPIZTPO®IKHZ KINHZHZ

2 € KGBe peTddoon Kivnong atrapaitnta arairouvTal U0 AEOVES: O KIVNTH-
pI0G Aovag, o TTAPEXWV TNV Kivnan, Kal o KIvoUuuevog a&ovag, o Aaudavwy
TNV Kivnorn, TOU OTT0IoU 01 GTPOYES, CUVABWG, €ival o€ apIBud, JIKPOTEPES
aTo TIG OTPOYEG TOU KivATHPIou agova. O KivnTAPIog AEovag, avAKEl aTOV
KIvNTrpa, 0 € KIVOUUEVOG AEOVOG GTOV PUNXAVIoUO TNG Kivnang.

O AGYoG TNG TTEPIOTPOPIKAG TAXUTNTAG Ny TOU KIVOUUEVOU GEOVa TTPOG
TNV TTEPICTPOWIKY) TaXUTNTA N4 TOU KIVATHpIoU dEova ovouddleTal “Exéon
MeETAdoong” Kal givai:

n w 2
=2 %2 (w= "”j (13.7.1)
w, 60

4TToU W, N ywviakn TaxuTnTa.

Eival yikpoTEPOG TNG HOVADOG Kl EKPPALEI TOV UTTORIBACHO TWV OTPO-
PUWV ava AETTTO, OTOV KIVOUUEVO AEova.

Edav éxoupe mrepioooTepa atrd éva Celyn PeTadoong, T.x. Tpia {euyn
agovwy, OTTOU Ol OXETEIG HETAdOONG Eival AVTIOTOIXA:

n, 1
n, 3
n, 1
n, 4
n, 1
n, 833

TOTE Ba €XOUME IO PEIWON TWV CTPOPWYV, KAIHAKWTA KAl N oxéon He-
Tadoong, Ba eivai:
11 1 1

3 ‘ 4 8,33 100

Toug TPOTTOUG PETA®OONG TNG TTEPIOTPOYPIKNAG Kivnong atrd dfova o€
afova, TOUG dIAPOPPWVOUV:

a) oTnv odovTokKivnon, ol 000VTWTOI TPOXOi,

B) otnv aAucokivnon, n aAucida Kai

y) OTNV 1gavTiokivnon o IuavTag.

2€ OAeG QUTEG TIG KIVAOEIG, 0 AOYOG TwV TIHWVY TNG TTEPICTPOPIKNG TaXU-
TNTAG, €ival avTIOTPOPWS avAAOYOg TTPOG ToV AOYO TwV DIOUETPWY TOUG.
‘ET01, Ba éXoUupE:
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OdovTtokivnon AAuookivnon lyavTiokivnon
n, _d, n, _d, n, _d,
n, d n, d n, d
n_7%
N, 43
IMANTOKINHZH

IxAua 13.7a luavrokivnon

MeTadoon Kivnong pe INAvTa.

2’ aQUTAV €ival: N 0 apIBPOG TwV OTPOPWV AVA AETTTO, V N TTEPIPEPEIAKT)
TaxutnTta o€ m/s, i n oxéon PeETAdoong oTpopwy, T n TACN IMAVTOG, N O
BaBuog ardédoong Tng Kivnong, cuvABwg atd 0,96 €wg 0,98, a n ywvia
emaeng, P n mepipepeiakr dUvaun mmou petafiBaletal atrd Tnv TpoxaAia
aTov IgavTa (f avTioTPoPwG) kal G n dUvaun TTPOEVTACNG, VIO VA ETTITEU-
XB0UV o1 KaTAAANAEG oUVOBNKES TPIRNAG.

OAONTOKINHZH

O1 odovTwToi Tpoxoi eival diokol atrd PETAANO, EUAO, | TTAACTIKO. ZTnV
TTEPIPEPEIG TOUG £XOUV XapaxBei 0dOvTEG. XpnoiueUouy yia Tn ueTapifaon
TTEPIOTPOPIKWYV KIVAGEWV KOl TTEPIPEPEIKWV DUVAUEWY aTTO £vav Géova
o€ dAov agova.
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MOP®EZ OAONTQTQN TPOXQN

ZyxApa 13.7f Odovrwrog 1pox0¢ ZyxApa 13.7y Odovrwroi Tpoxoi e
UE 000VTWTO Kavova EUBUYpauua UETWITIKG OOVTIA

IxApa 13.78 Zeuyog odoviwrou ZyxAua 13.7e Kwvikoi odoviwroi Tpoxoi
TPOXOU Kai atépuova KoxAia

ZyxAua 13.70t1 EAikogibeic odoviwroi Tpoxoi

AAYZOKINHZH

To cuoTnua TG aAucokivnong, atToTeAEiTal aTTd U0 0O0VTWTOUG TPOXOUG,
€K TWV OTTOIWV 0 £vag gival TTPOCAPUOCPEVOG OTOV KIVNTAPIO dEova Kal 0
GAAOG TTAVW CTOV GEova, GTOV OTToI0 PETABIdETAI N Kivnon. Méow aTéppo-
va aAucidag 1Tou TTePIBAAAEI Toug BUO TpoxoUg, Exouue Tn ueTddoon TNG
Kivnong (2x. 13.70).
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ZxApa 13.7¢ AAuookivnon

o—g—o
z ZYNTOMH NEPIAHWH AEKATOY TPITOY KEQAAAIOY
z e To BApog cival pia duvaun, TTAvTa KATakoépuen: T0 £py0
TNG I00UTal PE TO BAPOG ETTI TNV KATAKOPUPN UETATOTTION
ToUu cwparog. OTav To cwua avePaivel, To £pyo Tou BAPoug
gival apvnTikO, evw 0TV TO CWHA KaTERAiVEI, TO £pyO TOU
Bdapoug givai BeTIKO.

e To puBuo TG TTapayouevng evépyeiag W atrod tn pnxavn (Kivntipa) o€
€va xpovo t Tnv ovoudloupe 1I0XU TNG PNXAVAG.

e Tnv 10U TToU pag atrodidel pia pnxavi étav AIToupyei THV XapakTnpifoupe
WEAIUN (Py,p) EVW TNV I0XU TTOU ATTOPPOPAEI N UNXAVA TNV XOPAKTNPI-
Coupe KATavaAIoKOPEVN (Pyqr)-

O ouvTteAeoTAg arddoong n NG PNXavrg gival KaBapodg apiBuog
MIKPOTEPOG TNG HOVADOG Kal EKOPALEl TNV TTOIGTNTA TNG MNXAVAG.

o KaBe dIATagn TTou JETATPETTEI EVEPYEIQ, HIAG HOPPNAG, OE EVEPYEIQ AAANG
HOPPNG AEyeTal unxaviy.
ATTAEG pnxaveg givar: 0 JoXAOG, N TpoxaAia, To BapoUAKo, TO KEKAIUEVO
eTTITTED0, O KOXAIOG, O YPUAAOG K.ATT.
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,@\ ASKHEEIE

=¢ 1. Me Tn a1aBepr| TpoxaAia BéAoupe va avuywaooupue @optio B =30 N. O1
TTaONTIKEG avTIOTACEIG avEpXovTal o€ 5% Tou @opTiou. MNoia gival n duvaun
TTOU TTPETTEI VO KOTABGAOUE TTPOG TOUTO, Kail 0 BaBuog atmédoong;

Amdvrnon: (F=31,5N, n=0,95)

=% 2. 370 ouvduaouo TpoxaAiwy va Bpebei n duvaun F yia Tnv aviywaon
@opTiou 1200 N, 6Tav o BaBudg atmrdédoong eivain = 0,7.

Amavinon: (F=107)

=% 3. To S10¢popIKO TTOAUCTTIOOTO aTroTeAEiTAl aTTO dUO OTOBEPES TPOXAAIEG
€TTi TOU idIoU Agova, aAAd dIaPOPETIKNG IAUETPOU, KOl aTTO Wia eAeUBepPn
TpoxaAia. O1 TpoxaAieg €ival KATAOKEUOOUEVEG WG TPOXOI aAuaidag, n o€
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AeIToupyia Tou TTOAUGTTAOTOU, YiveTal e aTéppova aAuaida. Av gival dedouévo

R-r 1

OTI yia TO Adyo = —, éxoupe: n=0,51 kai F =4 N, va Bpeite TNV F¢.
2R 16

Amravinon: (F4 = 32,64 N)
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.) Emidiwképevol oTéxol:

O1 padnréc:
Iz/ Na egnyouv TIg €vvoieg: KivnTApia dUvaun- avtioTaon.

M/ Na pgrTopolv va ava@EépouV Kal va avayvwpeifouv TIG KIVNTAPIES du-
VAUEIG KAl TIG QVTIOTAOEIG.

Iz/ Na g¢nyouv, T givail TpIRr Kal va uTropoUlv va avagEpouy Ta €idn TnG.

E/ Na avagépouv, va e€nyouv Kal va JTTopouV va EQapUOCOUY TOUG
VOMOUG TNG TPIRAG, OE ATTAEG TTEPITITWOEIG.

M/ Na yvwpidouv, Ti €ival 0 CUVTEAECTAG TPIPNG Kal ToV TPOTTO TTPOCdI-
OpPICPOU TOU OTO KEKAIPEVO ETTITTEDO.

Iz/ Na gg€nyouv, va TTeplypagpouy Kal va uttoAoyiouv Tnv TpIRN, TN pOTTA,
TO £PYO KaI TNV 1I0XU, O€ OTTAEC TTPOKTIKEG EPOAPUOYEG.

M/ Na yvwpidouv Kal va utropoulv va epapuocouy To Voo Tou Euler.

Iz/ Na avTiAaupdavovTal Kai va eEnyouv To pOAo TnG TPIRNG, O€ aTTAd
TIPOKTIKA BEuaTa Kal va uTTopouv va uttohoyiouv Tnv TpIRA

14.1 TENIKA

E¢etdlovTag, ye pia TpwTn TTPOayyion,
Ta {ntAuata TN Mnxavikng, dexBrkaue 1o
“HaBnuaTikd” A “1davikd” aTeped. To oTePEd
QUTO, TO PAVTOOTHKOWE YN TTAPAPOPPWOIHO,
GKAUTTTO, KaI hJE aTTOAUTA ACiEG ETTIPAVEIEG.
Me TnVv uTT6Be0N AUTH, AVTILETWTTIOOWE IKO-
VOTTOINTIKA, OPKETA TTPORANpaTa. Ag dOUE,
TWpa, £va atrAd Treipapa. Mavw oe opildvTio
emimedo, ax.14.1.a, TomrobeToUuE éva KUO. IxApa 14.1.a
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210V KUBo gvepyei To Bapog Tou B, katakdpua, Kal apa, KABeTa 010
opilovTio eTTiTredo O1TOU £0pAdeTal. ZTOV KUPBO EVEPYEI, AKOMN, KOTA TA yVW-
oTd, Kal n avTidpaon Tng €dpaong, n R.

=époupe aTro Treipa, o1 0 KUPoG dev Ba KivnBei. ETTopévwg, n avrioTa-
on R gival avtigopn wg Tmpog 10 BApog B kal katd péTpo ival, B=R. Av
ouvexiovtag To TrEipapa, EQapuocouuE pia pikpr) duvaun F atov KUBo,
kal opifovTia, 6TTWG Qaivetal oto oxAua 14.1.3, 6a £mpetre o0 KUPBOG va
KivnBei TTpog Tnv KateuBuvon Tng F. =€poupe, dpwg, 6T av n F dev gival
QpPKETA PEYAAN, 0 KUPBOG dev Ba KivnBei. AuTd onpaivel 0TI, EKTOG TNG F TTOU
EMPRAANNOUE EYEIG, ENPAVICETAI, CUYXPOVWS ME QUTAV Kal GAAN duvapn, n
T (ox. 14.1.y), woTe va éxoupe IcoppoTria. H duvaun autn Aéyetal SUvaun
TPIRAG KaI EUPaviCeTal yIaTi TO TIPAYHUATIKO CWHA Eival TTAPAUOPPWOIUO, OEV
gival GKaPTITO Kal o1 ETTIPAVEIES TOu OV gival SuvaTOV va KATOOKEUAOTOUV,
woTe va gival atréAuTa Agieg.

Iyxnpa 14.1.8 IxAua 14.1.y

14.2 H ®YZIKH EPMHNEIA THZ TPIBHZ

Otav eEeTACOUNE, PE IGXUPA MIKPOTKOTTIA, TIG ETTIPAVEIEG TWV AVTIKEINEVWY,
TTOU KOTOOKEUACOUE, DIOTTIOTWVOUE, OTI QUTEG £X0UV TTOAAEG aVWOAIEG.
‘ET01, n €IKOVA TToU, O€ PHEYAAN PeyévBuvan, TTapouaiadouy dUO ETTIPAVEIEG,
0l OTTOiEg BpicKoVTal O€ £TTAPN, €ival OTTWG AUTA Tou oxruaTog 14.2.a.
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IxAMa 14.2.a H eikéva mou mapouaialouV EMIQPAVEIEC CWUATWY OE ETTAQH, OE TTOAU
ueyaAn ueyébuvan.

2Tnv TEPIoXn €TTion TNG €TTaPnRg OU0 CWUATWY, UTTAPXEI KOl N TTapa-
MOPQWON TTOU TTPOKAAOUV O1 POTTEG Kal Ol QUVANEIS TIG OTTOIEG HECW TNG
EMQAVEIAg ETTAPNAG, TO éva oW PETABIBAEI OTO GAAO.

ZUVETTEIO TWV TTaPATTAvVW TTPAYHATIKWY KaTtaoTAcewy gival, 011 étav
UTTAPEEI OXETIKN Kivnon JETAEU CWHPATWY TTOU EQATTTOVTAI, TOTE, EKTOG OTTO
TNV EVEPYEIQ TTOU ATTAITEITAI yIa TNV Kivnan, 6a xpelacBei kal evépyeia yia
vVa avTIHETWTTIOOET N avTioTaon, aQevog TNG EPTTAOKAG TWV AVWHAAIWY TwV
ETTIPAVEIWV TTOU EQATITOVTAI KOI AQPETEPOU TOU £PYOU TWV TTAPANOPPUCE-
WV Toug. AuTN n avtioTaan, TTOU TTPOKUTITEI ATTO AUTH TNV EUTTAOKA TwV
ETTIPAVEIOKWY AVWHOAIWY Kal aTTd TO £pY0 TWV TTAPANOPPWOEWY TOUG,

givai n TpIBA.

14.3 KINHTHPIA AYNAMH - ANTIZTAZH - MAOHTIKEZ ANTIZTAZEIZ

H 1p1Bn, yia TNV oTroia JIACAPE KOl O€ TTPONYOUNEVES TTApaYPAPouUg, dev
TTapayel weéAipo €pyo. MNa 1o Adyo auTtod, Aéue, 611 N TPIRN €ival pia TTaén-
TIKN avTioTaon.

IevikOTEPQ, O€ KABE Kivnon 6oov a@opd aTo POAO TOUG, EXOUME TPIWV
€10WV BUVANEIG :

o) Kivntipieg duvdpeig. Eival auTég, TTou KIvOUV TIG INXAVEG Kal divouv
WOQENIPO €pYO Kal TTPOEPXOVTAl ATTO TN MUIKA dUVAN, TOUG KIVATAPES
K.A.TT.

B) Tig avTioTaoelg. Eival o1 SuvApelg eKEIVEG TTOU QVTIOTEKOVTAI OTIG
KIVNTAPIEG TT.X. TO BAPOG EVOG YOPTIOU TTOU ONKWVEI £VAG YEPAVOG.
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y) Tig Tabnrikég avioTaoelg : Eival o1 duvapeig autég TTou dev TTapAyouv
WEEANIYO £pyo, TTaPG H6vVo audvouv Tn Bepuokpaaia. AUTEG TIG DUVAEIG
OV PUTTOPOUE Va TIG ATTOPEUYOUNE HECO OTOUG PNXaviopoug uag. H
TTPOOTIGBEIO €ival OTO VA TIG JEIWOOULE. . TETOIOU €iDOUG DUVAEIG Eival
Kal ol duvapelg TPIBAG TTou eP@avidovTal, OTTWG EiTTape, PETAgU Kivou-
MEVWY CWUATWYV TTOU EQATITOVTA.

MadnTikég avTiIoTAOEIG, OEV gival POvov oI TPIREG PETALU BUO CWHATWY,
OAAG KOl 01 ECWTEPIKES TPIRES OTTO TIG KAUWEIG TWV CWUATWY, dedopEvou OTI
TO TTPAYUATIKG CWHATA OEV €ival AKAUTTTA. TO QAIVOPEVO QUTO TTAPOUTIAE!
TTPAKTIKO EVOIQPEPOV, KUPIWG, OTaV BEAOUNE TTOAU EUKAUTITA CWHATA, OTTWG
B&éAoupe va gival ol IHAVTES Kal Ta oupuaTtéoxoliva. 1d1aiTepa, TEToIa aTOIXEID
MeyaAwy dlaaTdoewy, dev HTTOPOUV Va “ayKaAIGcouV” KAavoVvIKE TNV TPoXa-
Aia Toug (0x.14.3.0) kal €701 TTAPOUCIACETAI TO PAIVOPEVO TNG SUCKAUWIAG.

xAua 14.3.a Avokauwia iudvra

MadnTikéG avTIoTACEIG Kal TPIBES, EXOUNE KAl KATA TN POI TWV PEUCTWV
UYPWV Kal aEpiwv TTEPi TwV OTToiwY Ba JIAOOUPE TTAPAKATW.

2UPTTEPACUATIKA, TTABNTIKEG AVTIOTACEIS ival BUVAUEIS TPIRAG, €iTE JE-
TagU CWHATWY, EiTE EOWTEPIKA, OTA DI TO CWHPATA TTOU KAUTITOVTAI, KA Ol
oTroieg eypavidovtal, dTav UTTAPXEI Kivnon.

Mapd 1o yeyovog oTi N TPIRR, WS TTabnTIKA avTioTaon, dev TTapdyel weE-
ANipo €pyo, Kal ETTOPEVWG Eival aveTTIBUPNTN, EVTOUTOIG, TTOAAEG POPEG OTN
pnxavoAoyia, atrodeikvUeTal xproiun. MNpwTtn epapuoyn NG TPIRAG, gival
Ta @péva. ‘Exoupe, akoun, Toug ouvoECUOUGS TPIRAG, TN XPNOIUOTTOIOUE
€TTIONG OTOUG NAEKTPOKIVNTOUG OVEAKUCTHPEG PE TNV TPOXOAIQ TPIRAGS TWV
OUPPOTOOXOIVWY KOl 0 AAAEG AVAYKAIEG EQAPUOYEG.
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14.4 TA EIAH KAl Ol NOMOI THZ TPIBHZ

Tnv TPIBN TNV CUVaVTAUE, OTTOTE U0 CWUATA, TTOU EQATITOVTOI ETALU TOUG,
KIvoUVTaI TO €va WG TTPOG TO GAA0. Tnv TpIRA TNV BpicKoupeE, Kal OTav Ta
EQATITOPEVA CWHATA OEV KIVOUVTAl TO £€va WG TTPOG TO AAAO, aAAd €xouv
TNV Tdon yia KAt T€T0I0.

H mapatrpnon €xel o¢igel, OT1, N TPIPN €apTaTal atmod To €id0g TNG Ki-
vNong META&U TWV EQATITONEVWY CWHATWY Kal yI' auTtd SIOKPIVOUUE TPEIG
TTEPITITWOEIG TNG :

i) Tnv TpIBA oAicBnong
i) Tn oTamikA TP1BA
i) Tnv TpIBA KUANIONG

I. TpiBn oAiocbnong

‘EoTw €va owpa (X) ,mavw o€ €va opilovrio etritredo () (ox. 14.4.a.)

Zxnua 14.4.a Zwyua oAioBaivov o€ 0pIfovTIO ETTITTEOO

Me Tn BonBeia TG TpoxaAiag, OTTWG PaivETAl OTO OXNHA, EQAPPOJOUNE
OTO CWHa (), pia duvaun €Agng, Tnv F. Auéavoupe ,aTadiokd, Tn duvaun F,
MEXPI TO WA va apxioel va oAioBaivel IcoTaxwg. ToTe, TTAVW OTO CWUA,
evepyouv a) n kivntApia duvaun F, B) 1o Bapog B, kadBeTo oTO 0pICOVTIO
emiTredOo (€), Y) N avTipopn Kai ion Katd uETpo TTpog 1o Bapog B, avtidpa-
on Fx TG €dpaong Tou cwuatog (2) Tavw oTo eTmiredo (€), kai &) n TpIRA
T. ETre1dr) TO WA KIVEITAI I00TAXWG, TO cUOTNUA TwV OUVAUEWY Ba £XEl
ouvioTapévn pndév. Até Tnv €iowan TTou TTPOKUTITEI, UTTOAOYI(OUNE TNV
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TP1BA. MeipapaTiddopevol ye Tn didtagn Tou oxNPaTog 14.4.a, KATaOAAyoupE
OTOUG TTAPOKATW VOPOUG TNG TPIRNAS 0AioBnong, Toug OTToIoUG TTPWTOG
dlatutrwoe o Coulomb:

1. H 1pIBA €ival, TavTa, avTiBeTn TTpog TNV Kivnon.

2. H 1pIBn gival avdAoyn 1Tpog Tn dUvapun, TTOU EVEPYEI KABETO OTO ETTi-
medo oAioBnong.

3. H tpiIBn e€aptdral a1rd 10 UAIKO TWV CWHATWYV TTOU EQATITOVTAI KOl
atTd TNV KATAOTOON TWV ETTIPAVEIWY OANIoBNoNG.

4. H 1pIBn eivar ave¢dptnTn atmo 1o euPadOV TNG ETTIPAVEING OAioBnong.

5. H mpIBA givar ave¢aptnTn atmod Tnv TaxUutnTa oAicbnong. (AuTtr n Tpo-
Tao™ 1I0XUEl IKAVOTTOINTIKA, yia TaxUTNTEG PPl 5 m/s .Ma peyaAlTepEg,
YEVIKG, N TPIRA MEIWVETaI).

O1 rapatr@vw vopol TTeplypa@ovTal atro Tn oxXEon:

T=n-Fg (14.4.0)
otrou T, n duvapn TPIBAS
Fx, N KGBETN oTnV mmi@aveia oAiocBnong duvaun.

N, 0 OUVTEAEDTNG TPIRNAG TTou £€apTdTal aTTO TO UAIKO Kal TO €i00G Twv
EMPAVEIWV OAioBnong.

A6 TN oxéan 14.4.a, @aiveTtal 0TI 0 GUVTEAECTNG TPIRAGS OAioBnaong n,
eival kaBapdg apIBuoG.

Ta idla TTpdypaTa 1I0XU0UV Kal OTNV TTEPITITWON TTOU AvVTi TG TPOXOAIag
ME To BApog Tou (oxAua 14.4.a), yia va UPOUNE TO CWHA (Z), TO EXOUME
TTavw o€ KeKAIPEVO eTTiTTESO. 'E0TW, AoITTéV, TO cWwa (Z) TTAVw O€ KEKAI-
pévo etTiTredo (OX.14.43) Kal ag utTToBEgoupE OTI £XoUpE Tn duvaTdTNTA VA
peTaBAaAAoupe TN ywvia @ TnG KAIONG Tou ETTITTEDOU.
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xAua 14.4.8 Zwua oAigbaivov g kekAIuéEvo eTTiTES0

Ortav n ywvia @ gival yikpr, To cwua dev Kiveital. AuEavovTag Tnv, OPwWG,
o€ KATTola oTIyUR, apXiCel To cwua va oAioBaivel. Otav n oAicBnan yiveral
I00TAXNG, EXOUME TNV avAAoyn TTEPITITWON, OTTWG Kal OTaV OUPANE TO CWHA
070 0pICOVTIO ETTITTED0. 2’ AUTA TNV KATACTOCN TTOU TO WA oAloBaivel 1I00-
TAXWG, atrd TNV avaAuon Twv SUVAPEWY, KaTA TNV d1EUBuvVCN Tou KEKAIEVOU
emTTESOU KAl TNV KABETO TTPpOG auTrv dieuBuvon, éxoupe: (ox. 14.4.53).

B1=T=Fnue =Bnue

B¢ = F« = Fouve = Bouve

AlaIpwvTag TIG OXECEIG KATA JEAN, EXOUME:
T/ Fc=€@@
T=¢epo-Fy (14.4.8)

H ywvia @, ovopadetal ywvia TpIRAGS Kal CUYKpivovTag TIG oxéaeig 14.4.a
Kal 14.4.3, £Xoupe OTI:

EQY =N (14.4.y)

Eival, Aoimév, eukoAa katavonTto, atd Tn oxéon 14.4.y, 611 he Eva KeKAIPEVO
emiTTedo pe duvaTdTNTa PETAROANG TNG KAIONG TOU, UTTOPOUE TTEIPAUATIKA,
va TTPOC0dIOPICOUNE TO GUVTEAEDTH TPIRAG N, 0€ BIAPOPES TTEPITITWOEIG.

EvOeIKTIKA, ava@Eépoupe HEPIKES TIUEG TOU OUVTEAECTOU TPIRAG OAioON-
ong (n):

a) n x&AuBa Tavw o€ xaAuBa = 0,1
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B) n AdoTixou o€ Bpeypévn dogaito = 0,5

y) N AdaoTixou o€ oTeyvr) do@aito = 0,7
II. Zrarnikn Tpin

O1rwg €idape kal oTta U0 TTPONYOUHEVA TTEIPAPATA, KOI JE TO OPICOVTIO KOl
ME TO KEKAIYEVO €TTiITTEDO, N OAICBNON Tou cWaTog (2) dev apyilel apEowe,
OAAG peTd aTrod pia TIPA, €ite TNG dUvaung €AENG F, €ite TNG ywviag KAiong
@, KaTa TTEPITTTWOoN. AUt onuaivel 611, GTav Ol SBUVAUEIG TTOU TTPOKAAOUV
TNV oAioBnon (F kai n B4 = Fnu ¢, ox. 14.4.a ka1 14.4.3, avTtioToIxa) ival
MIKPOTEPES ATTO TNV avayKaia Tiur TTou Ba dnuioupyouoe oAiocBnon, avTi-
oTtabuidovtal atd TNV avaTTucoopevn TpIRR, TN oTaTiKA TPIRRA oAicBnong
Tor, KQI N OTTOIQ, TTPOQAVWG, Eival HIKPOTEPN OTTO QUTAV TNV TIPN TTOU divel
n oxéon 14.4.a, dnAadn, 1oxvel n aviodtTnTa Tor < N Fy.

MelpapaTikéG EpEUVEG ExoUV aTTodEiCel, OTI N OTATIKA TPIRM €XEI TN MEYQ-
AUTEPN TIPNA TNG, TN OTIYUA TTOU apxilel N oAicBnon Tou cwPaToG. ANECWS
META, £XOUME TNV KIVNTIKA TPIRH 0AicBnong, TTou gival Kata T JIKPOTEPN OTTO
TN MEYIOTN TIMMA TNG OTATIKAG TPIRAG.

H oTatikn TpIfN €ival auTh TTOU Yag EMITPETTEI VA OTEKOUAOTE XWPIG
va YAUOTPAUE, VO KPATANE QVTIKEIMEVA OTA XEPIQ HOG, va unv “@elyouv”
Ta auToKivnTa a1mo TO dPOUO Toug K.a. H aTaTikh TpIri oAicBnong, €ivai n
Aeyouevn TpooQUON.

ETeidf n 1pIfN €ival pia TabnTik avriotaon, mpootTaboupe va tnv
peiwooupe. O Baoikdg TPOTTOG Peiwang TnG eival n AitTravon. H Aittavon
yivetal, Balovtag uypd avapeca oTig oAIgBaivouaeg eMQAvEIES. To €id0G
TOU UypoU €&apTdaTal aTTd TIG CUVONRKES AEITOUpPYiag TG INXAVAG, WTTOPEI,
TTAVTWG, va gival vepod, NiTTog, opukTéAalo K.A.TT. H Aitravaon, ekTog atrd Tn
Meiwon Tou ouvteAeoToU TPIRNAG, BonBd Kal oTnV atTaywyn NG BepudTNTAG
aTrd Ta GTOIXEIa TNG PNXAvAGS TTou oAlIcBaivouv PJeTagU Toug KaBwg eTTiong,
aTn CuvTAPNON TWV ££aPTNUATWY Kal aTn Peiwan TNG @OopAag Toug.

21OV TTivaKa TTou aKOAoUBE(, divovTal TIWEG TwV CUVTEAECTWY TPIRAG OAI-
0Bnong (oTATIKAG KAl KIVNTIKAG) atTd OIGQOPES TTPAYMATIKEG TTEPITITWOEIG,
avaAoya Kai Pe 1o €idog TNG AiTravong.
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MINAKAZ 14.4.A ZYNTEAEZTQN TPIBHZ OAIZOHZHZ

MpooTpiBopeva KardoTtaon Eg@appoyég ZuvTeAEOTAG TPIPNAG
UAIKA EMPAVEIWV OTATIKAG KIVNTIKAG
XUTOGIdNPOG UE OTEYVEG ouvdeapol TPIRAG - 0.49
XuToaionpo n JE veEPO udpavTAieg - 0.31
uTTPOUVT(O ANimavon e Aitog  uywpata pnxavwy 0.16 0.15
ANimavon pe Aad1  éuoAa aTpounxavwy 0.10 0.07
0idnNpPog Pe PTTpouTv(o OTEYVEG Cuywpata 0.19 0.18
JE vepod udPavTAieg 0.35 0.25
aToGAI pE Xutoaidnpo  Aitravon pe AddI Cuywpata 0.12 0.09
0idnpog Ye oidnpo OTEYVEG odnyoi oAicBnong - 0,14
AitTravon pe Aadi 0.17 -
0idnpog pe BapPdaki  Aitravan pe Aitrog OTUTTIOBAITITEG - 0.10
1 kavapl
lll. TpiBn kUAIONS

Otav évag KUAIVOPOG KIveiTal TTAvw o€ opIOVTIO TTITTEDO, XWPIG va OAI-
oBaivel, TOTE AEPE, 0TI 0 KUAIVOPOS KUAA. AuToU TOU €idoug n Kivnon, €ival
duvarn, yiati uttdpyel n Tpoéoeuan (oTatikh TPIRA) METAEU Tou KUAivOpou
Kal Tou €TTITTEDOU, TTAVW OTO OTTOI0 AUTOG KIVEITAL.

KUAion, otn Tpdén, £€xouphe OTN Kivnon Twv TPOXWYV, TWV POUAEUAY,
TWV PAOUAWV K.Q.

Kata tn didpkeia TnG KUAIoONG, OTTwG Kal oTnv oAioBnaon, mapoucidleTal
avtiotaon, avBiotduevn oTtnv Kivnon. MNeipapaTikd, autd ammodeIKVUETAl OTTO
TO YEYOVOG, OTI TTPETTEl va aoKeiTal dUvapn TTédvw otov KUAIVOPO, yia va
MTTOpEi aUTOG va guvexioel KIvoUuEeVog IooTayxwg. H TpIRr KUAIoNG ogeileTal
OTO TTAPAUOPPUICIHO TWV UAIKWV.

‘ET01, 6TV 0 KUAIVOPOG KIvnOei aTo €TTiTred0, N €magr] KUAivdpou - £1TI-
médou dev Ba eival pia yevéTelpa Tou KUAivOpou, (dnAadn pia eubeia), aAAd
Mia TTeploxn, HeyaAuTepn A MIKPOTEPN, avaAoya Pe TNV TTAACTIKOTNTA TWV
UNIKWV. TNV TTEPIOYXT QUTH TNG ETTAPNAG, Ba EXOUNE TTAPAPOPPWON, TOGO
TOU KUAiVOpOU, TTou Ba HeyaAwVel N KAPTTUAGTNTA Tou, 600 KOl TOU ETTITTE-
oou, TTou Ba TTapouaiadel pia KOIANGTNTA KATw atrd Tov KUAIVOPO Kal pia
€€OYKwWaON TTPOG TNV TTAEUPA TNG Kivnang. AnAadr], Ba £xoupue pia eikOva,
OTTWwG oT0 OY. 14.4.y.
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TxAua 14.4.y looraxng kUAion kuAivépou ae opilovrio emimedo

ZuvETTEla, AoItrov, TnG TPIRNGS auTrG ival, Ti 01 SUVANEIG TTOU AoKOUVTal
atro 1o eTiTTedo, deV €ival CUPPETPIKG KATAVEUNUEVES YUPW ATTO TO Bew-
PNTIKO onpeio eTTa@AG A, Kal ETTOPEVWG N ouvioTauévn avTidpaon H €xel
yia onueio epappoyng, éva aiAo, To O, TTpog TNV TTAeupd TnG Kivnong. H
QUTA €IKOVA TTAPOUCIACETAI KAl OTNV TTEPITTWOT TTOU avTi KUAIVEpou, £Xou-
ME o@aipa. ZTov KUAIVOPO evepyouv, To gopTio P (idlo Bapog kai To Bapog
TOU QOpPTioU TTou PETaPEpPEl), N dUvaun F yia Tn diatApnon TnG 1I00Taxoug
Kivnong kai n avtidpaon H. AvaAUoupue Tnv avtidpaon H OTIC CUVIOTWOEG
T opi1fovTia Kal R katakopuen Kai €Tal Adyw TnG 1I00TayxoUgs Kivnong, 6a
Exoupe pe Bdon TIg yvwoTEG ouvlnkeg IcoppoTriag (2X=0, £Y=0, 2M=0),

Eival katd pétpo:

P=RkaT=F
KOl OKOUN (KA)T=R- ¢ (14.4.9)
aAAG kal (KA) =T,
OTTOU I N OKTiva TOUu KUAivOpou: dpa
T-r=R-!{
A kol F - r=P -£{oxéon TTou YTTopei va ypagei Kal wg:
{

F=—.p* (14.4.¢)
r

* 70 TiNAiKo 4/r, ovoudadeTal Kal GUVTEAETTAG AENG
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AT6 Tn oxéon autr, £xouue Ot N F, n dUvaun TTou €ival avaykaia yia Tnv
I00TOXH Kivnon Tou KUAivdpou, gival avdAoyn TTpog 10 @opTio Tou. MNpdayua-
TI, 1O TrEipa, €ival yvwaoTo 0TI €va OXNPa Bapu@opTwHEVO, BEAEI peydAn
Ouvaun yia va kivnBei. H duvapun F, atmé tnv idla oxéon, gival avTioTpopwg
avaAoyn TTPOG TNV aKTiva r Tou KUAivOpou. '’ auTtd oTa oxAuaTa £€X0OUNE
MEYAAEG podeG. MapaTtnpwvTag To oxnua 14.4.y, BAéTTouue 61N potA F - r
eival n kivouaa potrr, evw n potm R- £ eival n avBiotauevn. AnAadh, n potri
M= R -¢, givai n TpIBA KUAIONG Kal 0 poxAoBpaxiovag Tng poTrAG auTAg,
10 £, ovopuddetal ouvTeAeo TG TPIBNAG KUAIONG. H Tiur Toug e€aptdTal atrd
TNV TTAACTIKOTNTA TWV UAIKWV. METEG TINEG TOU ouvTEAETTOU TPIPNG KUAIONG
dIaPOpwWY UNIKWV, Kal n oTroia £xel S100TACEIG JKOUG, divovTal TTOPAKATW:

1) ¢ xuTOOIBAPOU TTAVW O€ XUTOTidNPO

Xwpig Aitravon = 0,045cm
2) { xutox&AuBa TTavw o€ XutoxaAuBa

Xwpig Aitravon = 0.050cm
3) ¢ xaAuBa Trévw oe XaAuBa

Xwpig Aitravon = 0.005cm
4) L 1pIBéwv KUNIONG, pe Aitravan = 0.0005 éwg 0.001cm
5) £ eANaoTIKOU TPOXOU TTAVW

og ac@aAtotdmnTa = 0.2cm
AapBavovtag uttéwn pog mn oxéon 14.4.6, n 1pIBr KUAIoNg M ptTopei

Va YPOQEi Kal wg
Mc=P-¢

atrd OTTOU CUMTTEPQIVOUNE OTI N TIUA TNG ival avAaAoyn TTPOG To QopPTio
TOU KUAivOpou.

laparnpnon 1n

H duvaun T ival avaykaia yia va €xoupe KUAIoN, GAAwG Ba eixaue pévo
oAioBnon. H duvaun auth dev TTapayel £pyo, yiati To onueio O (ox.14.4.y)
TTAPAUEVEL aKivnTO.

laparnpnon 2n

Ma va €xoupe KUAIoN, Ba TTpéTrel va 1oXUel N oxéan: ¢/r < ng;, ONAAdH, 0
OUVTEAEOTAG €AENG TTPETTEN VA €ival JIKPOTEPOS ATTO TOV OUVTEAECTH| OTA-
TIKAG TPIBAG.
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lMaparpnon 3n
H 1p1BA KUAIONG €ival poTTr| KaI 0 GUVTEAEDTNG TPIRNG KUAIONG, WIAKOG.
H 1p1Br} oAioBnong civai dUvaun Kal 0 uvTeEAEDTNG TNG KaBapdg apIBuoG.
Etopévwg, dev TTPETTEl va GUYKPIVOUNE Tn, TPIRN KUAIONG PE TNV TPIRA
oAiocBnong, yiari gival avopola peyEon.

Ekeivo tTou 1oxUEl, gival 0TI N eVEPYEID TTOU TTPETTEI VO KOTAVAAWOOUE Yia
Va UTTEPVIKIOOUE TNV avTidpaacn TnG TpIRNS KUAIoNG, gival TTOAU PIKpOTEPN
atoé 60N aTaITEITalI OTNV TTEPITITWON TNG TPIRNAG OAioBnong.

14.5 EPI O, IZXYZ KAI POINH TPIBHZ

H 1p1Br oAioBnong eival pia dUvaun. H dUvaun ekTeAei €pyo, 1AV PETOKI-
VEITaI TO onueio epapuoyng TNG. Apa, £€pyo Ba ekTeAEl kal n TpIRN, kal Ba
UTTAPXELLETTOUEVWG, Kal N 1I0XUG, TTOU Ba avTIOTOIXEI 0” auTO TO EKTEAOUUEVO
épyo. To €pyo TnG TPIRAG €ival autd TTou TTPETTEl va KaTaBAnBei atméd tnv
KivnTApia dUvaun, woTE va TTpayuaTtotroin®ei n kivnon. Eivar autd mou
OVOuAdoupE aTTWAEIEG.

O utroAoyIopOG auToU Tou €pyou yiveTal CUPQWVA e Ta dIdaoKOuEva
oT1o kepaAaio repi “Epyou kai loxuog” atn ducik. Me dUo TTOAU atTAd
TTapadeiyuarta, 6a yivel KATavonTn N EVEPYEIAKN CUUTTEPIPOPAE TNG TPIBAG.

U NAPAAEITMA 1o

H tpatreda piag TAAvng KiveiTal ye yéon taxutnta v = 0.2 m/s. To Bapog
NG TpaTTeCag auTthg cival 8000N. To e€dpTnua TTou eTTECEPYAETaI N TTAGVN,
givar 5500N. Znteital n 100G TTOU XPEIGZETAI yIa va uTTePVIKNOEi n TpIRA
NG TPATTECOG TNG TTAAVNG.

Atravtnon: H tpdmeda tng TTAAvNG, KaBwg Kai n Baaon TTavw OTnV OTroia
auTr) oAiIcBaivel, gival attd Xutooidnpo. ZUuuewva e Tov Trivaka 14.4.A 0
ouvTeAEOTNG TPIRNAG 0AIGBNaNG xuTooIOrPOU TTAVW G€ XUTOTIONPO, WE AiTTav-
on, eival 0.07. H duvapun 1Tou evepyei kaBeTa oTo £TTiTEd0 OAICONONG, €ival
T0 BAp0og TNG TPATTECOS KAl TO BAPOG TOU TTPOG ETTECEPYATIa AVTIKEIUEVOU.
AnAadn:

F¢= 8000+ 4500 =12500 N
H 1pI13A oAioBnong, oupgwva pe T oxéon 14.4.q, givai:
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T=n-F¢ 4 T=0.07x12500=875N
H 1ox0¢ divetal atrd 1o TUTTO:
loxug = duvapn x TaxutnTa
apa, yia Tnv 1ox0 TNG TPIRAS N; €XOUpE:
P;=875x0.2=175W

U NAPAAEITMA 20

Méon gival n 100G TTOU X PEl-
acetal, woTte va Kivnoei pe f
= 100 otp/min, €vag ako-
VIOTIKOG TPOXOG DIaUETPOU
d=800mm, yia va akovioel
£VO AVTIKEIYEVO TTOU TTIECETO
pe duvaun F, =150N, katd mn
O1elBbuvaon TNG aKTivag Tou
TpoxoU, OTTWG PAiVETAI OTO
oxAua apatrAeUpwgs. O cuvteAeaTng TPIBAG eivar 0,75.

IxAua 14.5.a

ATTdvTnon
H duvaun 1Tou evepyei kABeTa oTIG OAIoBaivouaeg ETTIQAVEIES, €ival N dUvaun
TToU TTIECEI TO EEAPTNMA TTAVW OTOV TPOXO Eival dnAadn :
F=150N
Apa n 1p1BA Ba gival (ox. 14.4.a)
T=0.75%x150=112,5N,
Ba éxel popd avTiBeTn TTPOG TNV Kivnaon, Kai diglBuvan k&BeTn aTtn OU-
vaun Fy.H d0vaun autnh TG TpIBRg dnuioupyei potth
d
MT =T —
2
AvTITIBEPEVN TTPOG TOV KIVNTAPIA. ETTOPEVWG, €XOUE:

0,8
M, =112,5 =45 Nm
2
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Kal dpa n 10xU¢s Ba gival:

] 100
P,=M,-2mf 1 P,=45x2m-— =4284W
60

Avaloya dedopéva £XOUUE Kal YIa TNV TTEPITITWON TNG POTIAG KUAIONG.

14.6 EQAPMOIEZ
14.6.1 TpIfR oTPpOPEWV

ZTPOPEIG €ival oI TTEPIOKES TWV afoOvVwY, WE TIG OTToieg edpddlovTal ol Aoveg
oTa £dpava Toug. O1 TTEPIOXES TWV £dPAVWY, PEOA OTIG OTTOIEG UTTAIVOUV
ol aTpogeig givail o1 TpIPeig. O1 oTpoPEig Exouv OXAHA KUAIVOPOU, EVW Ol
TPIREIG €ival KUMVOPIKEG TPUTTEG.

ZxAua 14.6.1.a AKTIVIKGS aTpopéac xAua 14.6.1.8 Afovikog oTpopéag

Avahoya pe To TTWG dEXoVTAl TO QOPTia Ol OTPOYEIG, dlakpivovTal o€
QKTIVIKOUG (0. 14.6.1.a) 6Tav dnAadn Ta opTia cival kabeta oTov déova
TOU OTPOQEQ Kal o€ agovikoug (oy. 14.6.1.B) 6tav dnAadr Ta QopTia gival
Katd Tn d1EUBuveon Tou Afova Tou OTPOYEQ.

H d1dueTpog Tou oTpo@éa cival, TTavTa, Aiyo IKpATEPN aTTO T DIAPETPO
TOU TPIREQ, YIa VA UTTOPEI O OTPOPEQG VA TTEPIOTPEPETAI ECT OTOV TPIREA.
YTapxel, Emopévwg, £va didkevo PeTagl TpIBEa Kal oTpoéa. ETeidn Ta
onueia edpaoewg Twv agdvwV UTTOKEIVTOI O€ TPIBES Kal POOPES, paivopueva
ao@OAWG aveTTiBUUNTA, Ta onueia auTd, TTAvToTe AITTaivovTal.
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A. AKTIVIKOi OTpO®Eig

xAua 14.6.1.y Kardoraon npeuiag

Zxnua 14.6.1.8 O arpopéac kiveital (kard tn popd Tou BEAOUS)

Otav uttdpyel KATAOTAON NPEEUIAG, TO oNUEIO ETTAPAS PETAEU TOU OTPO-
@Ea Kal Tou TpIREa, €ival 0To KOTWTEPO aneio A, (ox. 14.6.1.y) kal yia Tnv
Ic0ppoTTia givai:

F=R (14.6.1.a)
otou R, n avtidpaon TpiBéa oTo ONuEio ETTAQPNG
kal F, To popTio TTou @épel o afovag.

Ortav apxioel n kivnon, (ox. 14.6.1.8), katd Tn popd Tou BEAOUG, TOTE TO
onueio eTTaQng oTpo®Ea - TpIBEa PeTaToTTiCETal ATTO TO A 0TO B, €101 WOTE
va oxnuarticetal pia ywvia @, etagl Tng avtidpaong R ato onueio emagng
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KalI TNG KAaTakopu@ou. AuTr) n ywvia ¢ oTnv TTpAgn €ival TToAU JIKpr Kai gival
OTTWG Kal N ywvia TpIRRG aTn oxéon 14.4.3. 'Exoule, AoITTov,
T =€@oR, (14.6.1.8)
OTTOU N €QATITOPEVN @ €ival O GUVTEAECTAG TPIBAG ONAAdA ,ep @ =1 .
Aappdvovtag uttoyn pag kai Tn oxéon 14.6.1.a, £€XOUE:
T=nF (14.6.1.y)
H potr oTpéwng, e€aitiag TNG TPIRNG €ival:
d
M;=T- — (14.6.1.9)
2

o1Tou d, n dIduETPOG Tou aTpoPéa Kal N, 0 apIBUOG aTpoPwy, ava deuTe-
POAETTTO TOU OTPOYEQ, OTTOTE N 1I0XUG Ba ival:

P, =2mN-M, (14.6.1¢)
f, ouvdudalovtag TIG 14.6.1.y,0,€, KATOAYOUUE OTNV £KQPOON:
d
P;=2mNn-F- — (14.6.1.07)
2

TToU pag divel TNV atTwAEIa 1I0XU0G, eEQITiag TNG TPIRNAG.

MINAKAZ 14.6.A ZYNTEAEZTQN TPIBHZ ZTPO®EQN
ME AINANZH EAAIOY

YAIKO MPOXTPIBOMENQN EMI®ANEIQN ZYNTEAEZTHZ TPIBHZ
ITPOOEIZ TPIBEIX NIMANZH KATA NIMANZH
AIAZTHMATA ZYNEXHZ
XuTtoaidnpog XuTtoaidnpog i opeixaAkog 0,07+0,08 0.05
2idnpog OpeixaAkog A xutoaidnpog 0,07+0,08 0.05
XaAuBdivog OpeixaAkog i Aeukd PETaANO 0.08+0,10 0.03-0.05

U NAPAAEIrMA

ATHOOTPORINOG £xel IoXU 8500KW, Kai Kiveital he oTpo@ég N=1400min-".
To gopTio Twv OTpoPEwV o€ KABe £dpavo, eival 70KN. Ta £dpava gival
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TETOIOG KATOOKEUNAG, WOTE O OUVTEAECTAG TPIRNAG TOUG va uTTopEi va AngOei
w¢ N=0.015. Av n dIGPETPOG TwV OTPOoPEWV gival 250mm ¢nrTeitat:

0. N aTTWAEIN 1I0XU0G €aITiOg TNG TPIPAG Kal
B. n ekatooTiaia ( %) avaloyia TNG aTTWAEIAG TNG 1I0XUOG Tou aTPOoRiAou.

AtTdvTnon
a. Ao Tn oxéon 14.6.1.0T, éxoupe :

00 .250 i
x 0,015 % 70000 x W n
60 2

PT:2XT|'>(

P;=19242.25W = 19.3 kW
B. H avaloyia ota % Tng atmwAeIag TnNG 1I0XU0G Tou oTpofilou ival:

19,3 x 100
8500

=0.227%

B. Afovikoi oTpo@eig

AvagepouaoTe o1o 0X.14.6.1.B. AexouaaTe 6T TO QopTio F KaTavéueTal
OMOoIGUOP®A 0€ OAN TNV ETTIQAVEIN ETTAPAS TOU OTPOPEA. AUTO gival TTIO KOVTA
oTNV TTPAYUOTIKOTNTA, EQOTOV TO CUCTNUA OTPOPEA-TPIREA ival KalvoUupylo.
21NV TTEPITITWON TTOU TO CUCTNA Eival JETAXEIPIOTHEVO, TO QAIVOUEVO €ival
QPKETA TTOAUTTAOKO KalI TTEPAV TWV OTOXWYV auTou Tou BiBAiou. Ag TTdpoupe
€va TTOAU PIKPO KUKAIKO Topéa TNG eTTIpaAvelag eTagng, Tov O - AB. Epoéoov
TOV BeWpPOUNE TTOAU PIKPO, HTTOPOUNE Va BEWPrOOUUE OTI O TOPEAS AUTOG
eival Tpiywvo. ToTe, T0 K.3. autoU Tou TPIYWwVou BPicKETal KOTA T YVWOTA,
oTa 2/3 Tng dlapéoou Tou, TTou BW €ival N AKTiva r TNG ETTIPAVEIAG ETTAPAG.
H cuvioTtapévn duvapn TnG TPIRNG TTOU eveEPYEi OTOV TOUED, £XEI WG ONEio
EQAPUOYAG, TO K.B. auToU. Apa, n poTrr TNG TPIRAG eivail:

2 2
M;=T-—-r 4 M=n-F:—"r
3 3
Kal avTioToIxa n 10XUG:

2
P;=2-1'N-M;= — -T:N-n-F-r (12.6.1.n)
3
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14.2.6.2 TpifRAR oXoIviwyv Kal IHAVTWYV

TyxApa 14.6.2.a H diaraén rwv duvduswv o€ Tpoxalia

ATTO apxaloTATWV XPOVWY, YIG Tn WETAOPA f aviywaon Bapwv Kai
yia Tn yeT@ddoon TnG Kivnong, XxpnaoiyoTtroiénkav Kal XpnoipgoTrolouvTal
aKOun, ouvOUACHOI TPOXAAIWY Kal TUPTTAVWY PE EUKAUTITA OToIXEia. Ta
eUKOUTITO QUTé oToIXEia gival OEPUATIVOI INAVTEG, 1] OX0IVIA Kavvafiva, i
Kal Ta TEAeUTaia Xpovia ouppaTdoxoiva.

Eite £xoupe pia atmAn} otabepr) TpoxaAia, ite Eva oTTOI0OATTOTE TTOAU-
OTIa0TO, TO BACIKO OTOIXEIO O€ £va TETOIO UNXAVIOUO, Eival hia TpoxaAia
(ox. 14.6.2.0.) TToU TTEPIBAAAETAI, HEPIKWG, OTTO INGVTA 1 axoIvi. H TpoxaAia
OTPEPETAI OTTWG OtixVvel TO BEAOG. 210 oUCTNUA EVEPYOUV :

a. oToV apIoTEPO KAGSO TOoU IavTa, N €Akouca duvaun Sy
B. 010 B€€10 KAGDO TOU 1NAvVTA, N avBioTapévn duvaun Ss
y. n 11BN T, avTiBeTn TTAvVTa GTNV Kivon

21NV TTEPITTTWon 1ou dev UTTApXEl OAioBnon peTagu Tou IHdvTa Kal TG
TPOXaAIAG I0XUOUV Ol ETTOUEVEG OXEOEIG, OTTWG aTTEDEICE O Euler:
S
L™ xa T=S,-5, (14.6.2.0)
S,
étou, S¢ = n éAkouca duvapun
S, = n eAkdpuevn (n avBioTauevn) duvaun

e =n Bdon Twv NeTépiwv (A QUOIKWYV) AoydpiBuwy = 2,718281
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N = 0 OUVTEAEOTNG TPIRAG METALU TPOXAAIOG Kal IHAVTa

T =n duvaun TPIBAS

@ = n ywvia emKAAUYNG Tou IHAvTa TTAVW OTN TPOXaAIa O€ akTivia
(rad)

Znueiwon 1n. MNa va ynv éxoupe oAiobnon Ba mpéTrel 0 Adyog S/ Sy va
MNV gival peyoAuTepog atrd T0 en?. Apa, TTPETTEL: Sy /S, < en®

Znueiwon 2n. O uttoAoyIoPUOG Tou e™® yiveTal, €iTe e TN XPHon Twv Ao-
YapIBuwyv, €ite pe UTTOAOYIOTIKA unxavr (computer). YTTdpyxouv Ouwg Kal
TTVAKEG, OTTWG 0 14.6.B Kkal vopoypagruata, 0TTwg otov Trivaka 14.6.1
(vopoypdenua Tou Soreau), TTou divouv TIG TIUEG TOU €™?, KaTd TTEPITITWOoN,
aTrd TO OUVTEAEDTH TPIRAG N KAl TN ywvia TTEPIEAIENG ©.

MINAKAZ 14.6.B Tiyég Tou TTapayovta en®

® EUAIVN TpoyaAia TpoxaAia atré xutoaidnpo
W=047 p=0,12 | py=0,18 | p=0,25 | p=0,28 | p=0,38

36 1,34 1,01 1,12 1,17 1,19 1,27
72 1,81 1,16 1,25 1,37 1,43 1,61
108 2,43 1,25 1,40 1,60 1,69 2,05
144 3,26 1,35 1,57 1,87 2,02 2,60
180 4,38 1,46 1,76 2,19 2,41 3,30
216 5,88 1,57 1,97 2,57 2,81 4,19
252 7,90 1,66 2,21 3,00 3,43 5,32
288 10,60 1,83 2,47 3,51 4,09 6,75
324 14,30 1,97 2,77 4,11 4,87 8,57
360 19,20 2,12 3,10 4,81 5,81 10,90
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MINAKAZ 14.6.I' YroAoyiopog Tou e"? (vopoypd@nua Soreau)

U NAPAAEITMA 1o

A6 Ta dedopéva TNG TTPAENG EXOUE,
OTI yia éva aveAKUOTHpa 8 aTopwy :

Q (weéhiyo goprio): 8 x 75 kp
=600 kp = 6000N

P (Bapog Aaiciwv kai BaAdpou):
500 kp = 5000N

G (avmiBdapou): P+ 6/2 = 800 Kp
8000N

MNa Tnv ac@dAcia EvavT oAioobn-
OnNgG TWV CUPHATOOXOIVWY, £EETA-

Getal, n SUOPEVEDTEPN OTTO TIG BUO xnua 14.6.2.8 Tumkn didraén aveAku-
TTEPITITWOEIG TTOU 0KOAOUBOUV: oThpa e Tpoxalia TpIBRAS kai aviiBapou



TPiBH 395

a) Kivnon ue adeio 6alauioko

L_G

T, P

T, 8000

= = =1,6
T, 5000

T, 1,25%x6000+5000
=1.56
8000

MNa Adyoug ao@AaAeiag, TTiong, UTTAPXOUV dUO CUVTEAEOTEG EIDIKWY OUV-
Onkwv AsiToupyiog

a) C4 Aoyw TaxutnTag. MNa ouvhBeig Taxutnteg 0<U<0.63m/s C1=1.1
B) C, Aoyw @Bopwv atnv TpoxaAia, ottou C, = 1,2

O ouvTeAeOTAG TPIRNG TWV CUPHATOCXOIVWY OTO AUAGKIA TNG XOAURdIVNG
TpoxaAiag, eival n=0.291, n ywvia ( oxAua 14.6.2.8) Tng emKAAUYWNG Tou
ouppartooxoivou TTévw oTn TpoxaAia eival 170°, dpa, o€ akTivia, Ba eivai:

©=170 - =2.967 rad
180

Etopévwg, Ba TTpéTmel va £XOUE :
Tq/To-Cy-Co<en®
1,6 x 1,1 x 1,2 < g0.291x2,967

2,112<2,371

0 NAPAAEITMA 1o (lpavTokivnon)

‘Eva a1rdé T onuavTiKa TTpoAfuarta TG pnxavoAloyiag, gival n yerddoon
NG Kivnong atd TIg ovAdeg Io0XU0G TTPOG TIC TTAPAYWYIKEG JOVADES™.

*NAEKTPOKIVNTAPEG, UNXAVEG ECWTEPIKAG I EEWTEPIKAG KAUONG K.A.

** 16pVol, PPECES, TTIPECOEG K.T.A.
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To TpoOBANua cival €va, o1 AUCEIG OPWG, gival TIOAAEG, yiaTi €ival TTOAAEG Kai
Ol TTEPITTITWOEIG KAl N KABE pia aTTo aQUTEG, £XEI EIOIKEG ATTAITHOEIG. Z€ TTOAEG
aT’ auTéG TIG AUOEIS TTaiCel pOAo n TPIRH. Mia atTAr TTepiTTTwon YETAdooNg
TNG Kivnong, OTTOU GUUMETEXEI N TPIPN, €ival N petddoan TnG Kivnong atrod
ATPOKTO 0€ ATPAKTO, Ol OTTOIEG UETAEU TOUG BPICKOVTAl OE KATTOIO ATTO0TA-
on. lNa TN yerddoan auth, XPNOIKMOTTOIOUVTAI TPOXAAIES KAl INAVTEG, OTTWG
Qaivetal ota oX. 14.6.2.y kal 14.6.2.0.

ZxAua 14.6.2.y AmAn mepimrwon iuavrokivnong (Bewpntikn Eikéva)

IxAua 14.6.2.8 AAn mepirrwon ipaviokivnong (mpayuarikn
EIKOVQ, Katd 1nv Kivnon)

H 1p1BA TTou avamTiooeTal HETAEU TOU INAVTA KOl TWV TPOXAAIWY, gival
auTr TTou dnuioupyei T kKivnon. OTtav 1o gUCTNPA gival akivnTo ol TAoEIS
S kal S, oToUG dUO KAGdOUG, eival ioeg (S1 =Sy = Sp). MOAIG epapuooBei
Mia poTrr) oTnVv KIvnTAPIa TPOXOAia, TTapaTnpouue Tov €va KAA®O0 va TEVTW-
vetal (“EAkwv” KAGd0G) Kal Tov dAANo va xaAapwvel (“eAKOPEVOS” KAGDOG)
ox. 14.6.2.5

AuTn n dla@opd Twv Tacewv Twv KAAdWV Tou IudvTa, gival BAadikn yia

* H 0mmapén 1dong aTtov INAvTa, TTPOo TNG Kivnong, €ival avaykaia, yiati av o Iuavrag
gival xahapog, n kA0eTn duvaun oTIG ETTIPAVEIEG TTOU EQATITOVTAI TOU IHAVTA KOl TWV TPO-
XaAiwv, Ba gival gIkpr) Kai apa, Ba gival hikpr Kai n Jetagu Toug TpIRRA. ToTe, HONIG apxioel
Va TTEPIOTPEPETAI N KIVNTHPIO TPoXaAia, Ba £€xoupe oAioBnan Tou IydvTa kal Ogv Ba yiveTal
n METAd0o0N TNG Kivnong.
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TN METAPOPA TNG Kivnong. loxuouy, €101, TA TTAPOKATW :
a. O1 oxéoeig 14.6.2.a, dnAadn

T=51-S5 ka1 S4/S, = e 610U N, 0 GUVTEAECTAG TPIBAG METALU INAvVTa
Kal TpoxaAiag, Kai @, n ywvia emkdAuwng Tou IndvTa TTavw oTnv TPoxaAia.

B. H potr) TTou peTapépETal Eivai:
M= (Sq-Sy)r (14.6.2.8)
OTTOU 1, N OKTiVa TNG KIVATHPIAG TPOXAAiag.
Y- Av v, n TaxUTnNTa TOU IYAVTA, N AVOTITUCOOWEVN I0XUG Eival:
P=(S1-Sy) -V (14.6.2.y)

Kal av AaBoupe uttéywn TIG oxéoelg 14.6.2.a auTn yiveTai

1
P=S; (1- T ) v (14.6.2.5)

la Tov UTTOAOYIOUO TOU Opou eN®, UTTOPOUE VO XPNOIMOTTIOINCOUUE TOUG
mivakeg 14.6.B 1 14.6.I.

U NAPAAEITMA

‘EoTw n akTiva NG KivnTApIag TpoxaAiag r = 0,3m g kivoupevng P = 0,6m
Kal n atréoTacn Petagu Twv aTpdkTtwy =1,8m (ox. 14.6.2.y) .

Znteitau: Na opicoupe 10 eEAGXIOTO TTAGTOG TOU IHAVTA YIA JETAPOPT I0XU0G
P=7,5 kW kal n Tdon npepiag Tou 1havTa S,.

Aegdopéva: TaxutnTa ipavTa v = 12 m/s, cuvteAeaTNG TPIRAG IMAVTa - TPO-
xoAiag n = 0.25 n emTpetTduevn TAoN yia JETAPOPA I0XUOG GTOV IHAVTa S
=14 N/mm Tou TTAGTOUG TOU IJAvTa.

Amravtnon:
180-6

2

ATTO TN YEWUETPIO TOU OXAUATOS N Yywvia W =
A6 10 Tpiywvo 040,A £xoupe:
NHo, A (R-T)
00, ¢
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180-6) (0,6-0,3) (0,3
’ N( ) _( ) _( ):0,1667
2 1,8 1,8

KQlI OTTO TTIVOKEG TPIYWVOUETPIKWY apIBUWY, i HIKPOUTTOAOYIOTH, EXOUE:
nu(180-6)
2

=9°36
dpa
8=180-2x(9°36')f} 6 = 160° 48" = 2,81 rad

YtoAoyiloupe Tov 6po en®, wg:

end = g0.25%2,81 = g0.703 = 2 (2

ATTO Tn oxéon 14.6.2.0 £XOUE:

1
P= S1 (1- )V
e"I(P

1
n 7500 =S, x| 1- x12
2,02

. 7500 _ (2,02—1) 1,02
1

12 202 ) 1202
. 7500%x 2,02
apaSy=— — =1237,7N
12x1,02

ato TN oxéon 14.6.2.a £€xoupe

S
Z1 g9
SZ

Kal
S, =—+

2
ef](P

gival dpwg Kkal
T=81-S,
Apa
_1237,7

, AS,=612,7N
2,02




TrPiBH 399
Apa, n péyIoTn peTa@ePOuevn duvapn, eival 1237,7 N kal eTTOPEVWG, TO
TIAGTOG TOU IAvVTa Ba TTPETTEN va Eival:

1237,7
14

=88,4 mm

onAadn évag iyavtag TAaToug 90 mm. H apxikr) Tdon npepiag vog
IMAvTa, diveTal atro Tov TUTTO:

S, +S
_(51%52) (14.6.2.€)

0 2

Apa, £Xoupue
_(123,7+612,7)

o N Sp=9252N
2

Maparipnon 1

O1wg E€poupe atd Tn Puaikn
N YPAPUIKA TaxUTNTa 0TV TTE-
PICTPOYN €ivai:

v=2m-f-R

otrou f, n ouxvoTNTa TNG TTE-
PIOTPOPAG.

Ma va Bpouue TNV TaxuTnTa
TOU 1pavTa, Ba TPETTEl va AdBou-
ME UTTOWN POG KAl TO TTAXOG TOU.
‘EoTw, TpoxaAia diapéTpou D =
2R (0x. 14.6.2.¢ ) kal 1y&vTOg
Tdyoug h. TéTe, n TaxUTNTA TOU
IuévTa Ba ivai:

TyxAua 14.6.2.€

(D+h)
2

v = 21f

Kal a11é TIG YWWOTEG OxEOeIS Ty / fo = Dy / Dy, HTTOPOUME VO EXOUME TNV TA-

XUTNTa TOU IHAVTa ATTo TA OTOIXEIA, €ITE TNG KIVOUUEVNG, €ITE TNG KIVNTAPIAG

TpoxaAiag pe Bdon Toug TUTTOUG:

(D, +h) (D, +h)
=2mf, ———

2 2 2

v =2mf, (14.6.2.7)
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Maparipnon 2n

Me Tnv 1yavToKivnon YTTOPOUHE Va avaoTPEWOUHE TN Yopd Kivnong, ETi-
ONG, MTTOPOUE VA JETAPEPOUE TNV Kivnon Kal 0€ aTPAKTOUG, TToU JEV ival
TTapdAAnAol. Xwpig TTapatrépa €€nynoeig, oTto oxnua 14.6.2.¢ deixvetal
OXNMATIKG 0 TPOTTOG AvVACTPOPNG, ME TN IATALN TWV dIACTAUPWHEVWY
IMAVTWV.

IyxApa 14.6.2.3 H didraén twv d1acTaupoUUEVWY INGVTWY
yla Tnv avaoTpo@r) TNS Kivnong.

210 oxnua 14.6.2.n, emiong oxnuaTikd deixveral o TPOTTOG TNG INAVTO-
Kivnong o€ 500 opBoywvieg, JETAEU TOUG, ATPAKTOUG.

IxAMa 14.6.2.n luavrokivnon o€ un mapdAAnAegs arpdkroug
14.6.3 TpI} oe cpnvauAakeg

H 1p1BA o€ o@nvaUAaKeG gival wg TTPOG TNV avaAucn Tou BEpaTog avaioyn
ME To TTPOPRANUa TNG TPIBAG o€ KekAIEVO TTiTTEdO. To B€ua auTd TO ava-
TTOCauE oTnV TTapaypago 14.4. Ag e€eTaooupe OuwWG, IDIKOTEPA TNV TTOAU
ouvnBiopévn TTEPITTITWON TNG 0PIZOVTIOG KAl EUBUYPAPUNG Kivnong £¢apTn-
MATWY TTOU £XOUME OTIG EPYAAEIOUNXAVEG. TETOIEG TTEPITITWOEIG Eival, TT.X. N
Kivnon Tou gopeiou Tou TOPVOU, N Kivnon TNG TPATTeCag TNG TTAGVNG K.A.TT.
Ma va yiveral n odriynon Twyv €apTnUATWY aC0QAAECTEPO Kal 0TaBEPATEPQ,
XPNOIUOTTOIOUHE I000KEAR TTPICHATIKG QUAAKIO (OQNVAUAAKEG), ECO OTA
otroia oAiocBaivouv Ta idia Ta e¢apTApaTa. 210 oxnua 14.6.3.a, £Xouue €va
owa Bdapoug B, TTou oAioBaivel o€ opnvaUuAaKa PE YwVia KOPUPRAGS 20.
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ZxApa 14 6.3.a Zwua mou oAioBaivel o€ opnvavAaka
Kai 10 duvauotmoAUywvo TS avaAuong tou Bdpoug Tou.

AvaAuovTag 10 Bapog Tou owpatog o€ d1EubUvoeIg KABETEG OTIG £DPEG
TNG 0PNVOUAAKAG, EXOUUE TIG KABETEG TTPOG TIG ETTIPAVEIEG AUTEG, OUVAMEIG
Fy. AT1é 10 duVapOTTOAUYWVO, EUKOAO CUMTTEPAIVETAI, OTI:

B
Fk :Enpq (14.6.3.0)

MNa va kivnBei To ocwua KaTd YAKog TNG o@nvauAakag, Ba TTpETel va
aokfooupe duvaun F, TTou va uttepviKAael TIG TPIBEG. Av N 0 CUVTEAEDTAG
TPIPNG, TOTE, yia KABe £dpa, n TPIRNA Ba gival, KaTtd Ta yvwoTd, T=n. Fy,dpa,
yla TG dU0 €6peg Ba gival: 21 = 2n. Fy KAl ETTOPEVWG

F =21 = 2nF, (14.6.3.8)

AvTikaBioTwvTag Twpa, TNV F TnG oxéong 14.6.3.3 atod Tn axéon 14.6.3.q,
Ba £xoupe:

F o=2n- =g (14.6.3.y)
2npa nua
Kl av TTAPOUNE
_ N
wg m=— (14.6.3.9)
nua
n oxéon 14.6.3.y 6a mapel Tn gopen:
F =B'njy (14.6.3.€)

OTTOU N4 €ival 0 CUVTEAEDTAG TPIRNAG TNG KivnOoNng O€ ICOOKEAN TTPICUATIKA
opnvauAaka.

Emeidr nua < 1, Ba givai kai ng > n.
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U NAPAAEITMA

2WHa atrd xuTooidnpo, KIVeiTal o€ AITTaivOpevn TTPICUATIKA OQnVAUAaKa,
€TMiong a1o xuTtooidnpo. H ywvia kopueng 2a Tng oenvauAakag, ival 110°.

Znteitai
O ouvteAeoTAG TPIRAG M1 TNG KiVNONG OTNV GONVAUAAKA.

Amdvrnon

O ouvTeAEOTAG TPIRAG YIa XUTOCidNPO TTAVW O€ XUTOCidNEO, e AiTravan
eivar u=0,07 (tivakag 14.4.A) kai e yvwaoTo 10 2a (110°) ,apa 10 a = 55°
Kal ETToPEVWG, Nua = 0,8192, o1rdTE €X0UUE

n 0,07

nua 0,8192

=0,0855

N, =

AvaAoyn TTepPITITWOoN £X0UUE Kal aTnv Kivnon Tou KoxAia (Bidag). Otav
KoxAlwvoupe (Bidwvoupe), o KoxAiag TTepioTpEPeTal, oAioBaivovTag 1o OTTEi-
PWHA TOU OTO TTEPIKOXAIO TOU, | OTO CWUA GTO OTT0IO EICEPXETAI KAl £TCI
OAOG 0 KOXAiag KiveiTal euBUypaupa. To TTPORANPa gival To id10 Kal PE TNV
Kivnon o€ KekAINEVO eTTITTEDO.

‘EoTw, Aoimrév, KoxAiag Kivnong r METaQopd 10XU0G", E TETPAYWVIKO
omeipwpa (ox. 14.6.3.B), TTou TTEPIOTPEPETAI OTO OTABEPS TTEPIKOXAIO TOU,
yla va avuywaoel gopTio B. O koxAiag £xel didueTpo Tupfva Do Kal EEWTEPIKN
d1apeTpo Dy, dpa n péon diaueTpog givar D= (D¢ + D,)/ 2.

* KoxAiag Kivnong N HETAQOPAG 1I0XUOG, €ival EKEIVOG TTOU UETATPETTEI TNV TTEPIOTPO-
@IKA Kivnon og euBuypauun Kai xpnaolgoTrolgital, KUpia, oToug YpUAoug. Exel otreipwua
TETPAYWVIKO A TPATTECOEIDEG.

* KoxAiog oUvdeang, cival ekeivog TTou ouvdéel TEpAyIa HETAEU TOUG € AUOUEVEG OUV-
0éoelg. ‘Exel oTreipwpa TPIYWVIKO.
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Zxnua 14.6.3.8 KoxAiag kivnong kai 1o avamruyua
NS HEONS EAIKAS TOU OTTEIPWUATOS TOU.

210 oXNpa 14.6.3.3 gaiveTal Kal To “avaTTTuyua’ TnG Péong EAIKag auTou
TOU OTTEIPWHATOG. To avATITUYHA gival éva KEKAIJEVO ETTITTEDO, TOU OTTOIOU
n ywvia KAiong gival n ywvia KAiong TG Péong ENIKAG TOU OTTEIPWHATOG KOl
n otroia diveTal ATTo T oxéon:

€90 = (14.6.3.a)

m-D

TAvw OTO OTTEipWHA R 0TO KEKAIPEVO eTTiTTEdO (O)X. 14.6.3.B), evepyouv:
a) To TTpog avuywan Bapog B, katakdpuga.
B) H avtidpaon R, Tng em@dveiag Tou KeKAIUEVOU ETTITTEDOU, KABETA
o€ auTh.
y) H1p1BA T, TapadAAnAa TTpog Tnv em@AveEIa TOU KEKAIUEVOU ETTITTEOOU
Kail
0) H eAdxiotn amraitouuevn duvapn F, yia Tnv aviywaon tou Bdpoug,
opIdovTia.
AvaAUoupe TIG OUVANEIG QUTEG OTOUG Agoveg XX TTapAAANAo TTpog TNV
EMPAvVEIQ TOU KEKAIHEVOU ETTITTESOU Kal Yy KABETO TTPOG AUTHV avTioToIXa
(ZxAua 14.6.3.y).
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IxAua 14.6.3.y H avdiuon twv duvduewv mou evepyouv OTo OTTEipwUA KoxAia, o€
opBoywvio ouatnua x,x - y,y".
E@apudlovtag TIG YVWOTEG OXETEIG I0OPPOTTIOG
2Fy=0kai 2F, =0, éxoupe :
Fouvd - T - Bnub = 0 kai
R - Fnu6 - Bouve =0 (14.6.3.8)
‘Exoupe €1Tiong,
T=n-R (14.6.3.y)
OTTOU N, 0 OUVTEAEDTNG TPIRNAG, METAEU KOXAIOU Kal TTEPIKOXAIOU.
AvtikaBiotwvTag TNV T o116 12.6.3.3 ,a116 TNV 14.6.3.Y, £XOUE :
FouvB - nR - Bnub = 0 kai R-Pnu6 - Bouv 6 = 0.
AtraAgipovtag TNV R petagu Twv dUo TeAeUTAiWV KATOARYOUNE OTO OTI:

-ouvO +nub + &0
F:B-n uvo +ny :B-n )

(14.6.3.9")
ouve -n nuo 1-n €pb6

*MT1TopoUpe va £xoupe TNV 14.6.3.5 kai g€ pia GAAN M6 Kopwn ék@paan, av Bécoupe
n =€ @, 6TTOU @ N ywvia TPIPG, OTTOTE:

B -(epo + @B
F:—((p(p (p)=Bs<p((p+6)
(1- epy - £¢0)
Edv éAI Bewprooupe Tnv Kivnon xwpig TpiRn, T6TE, BewpnTika @ = 0 kai Fg = B £¢6.
Omére 0 Adyog F/Fg divel To Babud ammddoong Tou KoxAia.



TPiBH 405

Metd Ta TTapaTmavw, EUKOAA BPICKOUNE TNV avayKaia pOTTH TTEPIOTPOPNG
Tou KoxAia, TTou €ivat:

(14.6.3.€)

N | T

U NAPAAEITMA

‘Evag avupwTIKOG KoxAiag (YPUAAOG ) £xel Ta €EAG OTOIXEIO :
a) péon d1GueTpo D = 20mm
B) BAMa oTTeipwpaTtog h = 5mm
Y) OuvTEAEOTNG TPIRAG METALU KOXAIa - TTepikoxAiou n= 0,15 kai
0) éva poxAoBpaxiova, uAakoug{=0,5m

Znteitai

H dUvaun 1Tou TTpéTTel va @apuocBei oTo dkpo Tou poxAoBpaxiova yia
TNV aviywaon evog goptiou B = 1000N. Na Bpeite, akOun, To GUVTEAEDTH
amodoong Tou KoxAia.

ZyxApa 14.6.3.5

ATTdvTnon

H ywvia kAiong Tng péong EAIKOG TOU OTTEIPWHATOG TOU KOYAIQ, cUP®WVa
pe Tn oxéon 14.6.3.q, eivai:

epp=— =—=0,0796
m-d 20m

Apa, n avaykaia duvaun,cup@wva pe Tn oxéon 14.6.3.9, civai:
n+eeo 0,15+0,0796

F=B———— =1000x n F=232,4N

1-ne€pb 1-0,15x0,0796
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H avaykaia potrr, eTTOPEVWG, oUPNQWVa PE TNV oxéon 14.6.3.€ Ba eival
D

M;= F.— =232,4x0,010 = 2,324 Nm
2

Autn Tn potr Aoittév, Ba TTpéTTel va pag dwael kKal n duvaun Tmou Ba
€QAPPOCOUNE GTO AKPO Tou PoxAoBpaxiova dpa, yia Tn {nTouuevn duvaun
P, 6a éxoupe:

P{=M; n Px05=2,324N
dpa
P=2,325/0,5=4,648 N

Ma va Bpoupue 1o cuvteAeoTA amddoong Tou KoxAia Ba TTpéTrel va Bpoupe
Kal TNV BewpnTikA avaykaia dUvaun, yia TNV Kivnan Xweig TpIn. Auth civa:

Fo=B 9B 1 Fg= 1000 x 0,0796 = 79,6 N
Tnv Tpayuatikr BERaia duvaun, Tnv éxouue Bpel (F= 232,4 N) kal o

BaBuog amdédoong, cival o Adyoc:

F 79,6

LA
F 232,4

=0,343 1| 34,3%

NAPATHPHZH

Av 0 ypUAAOG Bev dIabéTel cUOTNUA KAOTAVIAG, TOTE, Ba TTPETTEI VA UTTOPET
VO OUYKPOTEI TO pOPTiO, OTAV TTAWEI va 8pd N EwTEPIKN dUvaun. AnAadn,
0 YPUAAOG Ba TTpéTTel va d1aB£Tel autotrédnon. MNa va cupBei autd, Ba
TTPETTEI VA I0XUEL

Eph<ep . 6<0
o1Tou 6, n ywvia kKAiong NG péong €AIKOG TOU OTTEIPWHUATOG KOl
®, N YVWoTA ywvia TpIBAG.

M.x. yla éva ypUAAO TTOU AITTQIVETOI KAVOVIKA, O OUVTEAECTAG TPIRAG
eivail repitrou y = 0,1 kail dpa @ = 5° 40°. @a TpéTTel, AoITTov, yia TN ywvia
0, va cival: 6 <5°40°.
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14.6.4 AvtikatdoTaon Tng oAicOnong pe KUAion

Eteidn, 0Tmwg éxoupe ndN avagEpel, ol aTTWAEIEG OTNV KUAION gival JIKpo-
TEPEG OTTO OTI TNV OAICONON, TTPOOTTAB0UE, OTTOU BEV GUVTPEXOUV AOYOI
TTEPI TOU AVTIBETOU, VO QVTIKATACTHOOUWE TNV OAioBnon pe KUAIoN.

Eival apxaiétatn n uéBodog PeTakivnang BAapEwy avTIKEINEVWYV UE TOUG
KUAiVOPOUG, TTOU Kal CRPEPQ, MEPIKEG QOPEG, KUPIA OTIG OIKODOMEG, XPN-
oipotrolgital. Badloupe kATw at1rd 10 BapU avTIKEIMEVO, KUAIVOPOUG Kal TO
OTTPWYVOUNE opIdovTIa. Ta TTaAId xpovia gixav TouG KOPPoUG dEVOPWY,
onuepa Badoupe o1dNPOCWAAVES (Ta KATPAKUAI).

ETtriong oTIG unxavég Yag, Kal CUYKEKPIPEVO OTA £dpava TwV atdvwy,
XPNOIYOTTOI0UHE EvOQalpoug TPIREIS (TPIREIC KUAIONG 1 POUAEUAY).

Ymrdpxouv TTOAAG €idn Evaopaipwy TpIBEwy, (0X. 14.6.4.a), £T01 WOTE va
KOAUTTITOVTQI O TTOIKIAEG OVAYKES TWV KOTOOKEUWYV PaG. H Baaikr] diIapop@w-
or) Toug aTroTeAEiTal aTTd dUO A TPEIG BAKTUAIOUG, avAPETT OTOUG OTTOIOUG
KUAOUV Ta gToIxeia TG KUAIoNG, o€ pia ) duo oeipés. Ta aToixeia KUAIoNG
eival ogaipidia, Bapeliokol, KUAIVOpiIoKo! Kal OAa AuTG KOTAOKEUAOUEVA
ato Bapévo atodAl.

xAua 14.6.4.a Aiagpopa €idn évopaipwv 1pIBéwv (TpiBéag KUAIONG)

Mia oTTAR TTEPITTITWON EQAPUOYNG £VO@aIpou TPIREQ, Exoupe aTo 0).14.6.4.53,
OTTOU ATTEIKOVICETAI TO TTAVW PEPOG EVOG GEOVA YEVVATPIOG KAl OTTOU EXEI
XpnolPoTroInBei évag povoopaipog TpIBEAG YwvIwdoug ETTAPAS, N AUGUEVOG.
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IxAua 14.6.4.8 E@apuoyn 1piéa kUAiong

O dakTUAIoG (1) Tou TpIREa (0. 14.6.4.3) €x€1 GUVapPUOYH CUCYPIENG WE
TO OoTpOo@Ea Tou agova. O BaKTUAIOG (2) €ival OTEPEWPEVOG OTO CWHA TOU
KEAUQOUG TNG unxavng. ‘ETol, étav oTpépetal o d¢ovag o dakTUAiog (1)
oTpEPETal Padi Tou, evw 0 OAKTUNIOG (2) eival akivnTog, Kal KAt avaykn, ol
OQaipeG KUAOUV.

IxNua 14.6.4.y Apwoeg duvaueis ae Tpiéa KUAIong

O1wg eitrape, 6tav Kiveital o SakTuAIog (1), Ba apxicouv o1 6Qaipes va
KUuAoUv, Ba uttapxel, eTopévwg duvaun F, TTou Ba evepyei katd Tnv £Qa-
TITOUEVN TNG KUKAIKAG TPOXIAG TwV C@aIpIdiwy Kal Ba UTTEPVIKA TIG TPIBEG
KUAIONG, oTa onueia KUAiong, A kai B (0X. 14.6.4.y). ZTov OTPOQEQ EVEPVEI,
eTriong, 10 @opTio P, katd Tnv akTiva TG TPOXIAG TWV CPAIPIdiwV.

Av givai £, o ouvTeAeOTAG TPIBAG KUAIONG, HETAEU TWV SOKTUAIWY Kal TWV
ag@aipIdiwv Kal TTapaAgiyoupe, wg apeAnTéo, To BAPOS TwWV CPaIPIdiwy,
Ba €xoupE:

F-d=2¢p
, 2
f F=" (14.6.4.0)
dp

H oxéon autn eivai idla pe Tn oxéon 14.4.€
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U NAPAAEIrMA

ALovIKOG TpIBEOG aTTAAG evépyelag gival QopTIOPEVOS pE gopTio G = 10
TOVWV. KataoKeuaoTIKA OTOIXEIQ TOU OTPOPEQ ival:

a) AIGUETPOG TPOXIAS TwV aPaIpIdiwy 210 mm
B) AiGuetpog opaipidiwy = 40 mm

y) ZuvteAeaTng TPIBAGS KUAIoNG = 0,002 cm
2TOIXEIQ TOU PUNXavIoHoU:

O a&ovag petapéper IoxU 900HP kal oTpEQeTal
pe 100 oTpo@ég, ava AETTTO

ZxApa 14.6.4.5
ZnTouvrTai

a. H dUvapun F 1Tou atraiTeital yia Tnv utrepviknon NG TpIRNGS
B. H1oxUg TG TpIBAG (01 OTTWAEIEG)

Y. To TT0000TO TWV OTTWAEIWY TNG PHETAPEPOUEVNG I0XUOG Adyw TwV
atmwAEIWV Tou edpdvou

Amrdvrtnon
o. Exoupe Tn oxéon 14.6.4.a (F= 24/d -P)
APXIKQ, TTPETTEI VO TOKTOTTOINCOUE TIG HOVADEG:
£=0,002 cm = 0,00002 m,
d =40mm = 0,040m,
P = 1016vor = 1000kp = 10000N
2 -0,00002

ApaF=—""""""" AF=10N
0,040 - 10000

B. Hioxu¢ gival n duvaun i TV TaxUTNTA, APA YIA TNV TaXUTNTA EXOUUE :
v=1m-D-f
OTT0U:
m=3,14159
D =20mm =0,21m
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100 .
f=100 min'= ——g*t

60
Kal apa
100m |
v = 3,14159x%0,21 - n
60s
m
v=11—
S

Emopévwg, n1oxug g TpIRAG eivar P =10 x 1.1 = 1MW

Y- H ekatooTidia (%) ammwAeia Twv TpIBWY Tou £dpdvou, TNG HETOPEPO-
MévNg 10XU0G, Ba givai:

P 11x100
T T 20,0016%
P 900746
(1 HP = 476 W)

14.6.5 AOvapun £A§ng oxnuaTog

O utrohoylou6g TnG avaykaiag dUvaung, yia TNV €AEN oxfAUaATOG, €ival apKe-
T TTOAUTTAOKOG YIaTi TTIPETTEI VO UTTOAOYIOB0UV 01 ATTWAEIEG TV EQPAVWV.
Mpétel, TAVTWG, va gival yVwaoTEG 01 GUVONKES Tou SPOOU, WOTE VO UTTO-
AoyioB0ouUv o1 atrwAEgIEG aTTd TNV KUAIoN Twv TPOXWV 0T0 Opdpo. ‘Exoupe
TT.X. ATTWAEIEG ATTO TIG COUCTEG TWV AVAPTIOEWY, EVW YIO Ta auToKivnTa
KAl T OXNAMOTA YEVIKA, TTOU KIVOUVTOI PE PMEYAAEG TAXUTNTES, EXOUME KOl
aEPODUVANIKEG ATTWAEIEG.

21N Blopnxavikn TPAEn, OTToU T OXNAKATA (YEPAVOYEQPUPEG, TTEPOVOPOPQ,
BayovéTa KA.TT.) KIvoUvTal PE MIKPES TaXUTNTEG KOl JE TTEPITTOU TTPOKAB0-
PIOUEVEG OUVONKEG, £XEl UTTOAOYIOBEI, KATd TTEPITITWON, £vag GUVOAIKOG
OUVTEAEDTAG TPIRNAG No- ‘ETa1, yia va Bpolue Tn dUvaun €AENG evOg OXAUATOG,
TTOAaTTAACIAZoUE TO OAIKO QOPTIO TOU OXHUATOG JE TOV OAIKO GUVTEAEOTAG
TPIBAG.

AG avoQEPOUE HEPIKES TIMEG TOU GUVOAIKOU GUVTEAEDTH TPIBAG No:

1. OxAuata Kivouueva o€ o1dNpoTPoxIES, AV PEV Eival a10NPOdPOUIKA,
TTapouaciadouv Ng=0.002, evw av eival yepavo@épupeg ng = 0.009

2. Oxnuata pe AaoTIXEVIEG PODES, KIVOUNEVA OE OPONO AC0PAATOOTPWHEVO
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KaANG BatdétnTag rapoucidlouv ng = 0.01 ka1 o€ pOuo XaAIKOOTPWTO
KaAAG BatotnTag, ng = 0.025

U NAPAAEITMA

Mia yepavoyépupa £xel Bapog “@opeiou” TG 3 TOGVOUG, TO BAPOG TNG idlag
NG yepavoyEpupag ival 40 Tovol Kal To WPEAILO @opTio 50 TévOl.

ZnTouvTai

O1 avTioTdoeig Kivnong Tou Qopeiou Kal TNG YEPAVOYEPUPOGS (ZNW: EgaiTiag
KOTOOKEUOOTIKWY AOYWV Kal ouvBnKwv AEIToupyiag, EXOUUE TTPOCAUENTEIG,
yla pev 1a @opTia 40 £wg 60%, yia de Tn yepavoyépupa 60 éwg kal 100%)

ATTdvTnon
lNa 1o gopeio, ol avTIoTACEIG Kivnong Ba eival:

OAIkS goprTio: 50 + 3 = 53 tévol = 530KN

A6 Tov Trivaka, £xoupe ng = 0.009 kai dpa n duvapun F, Trou avTioTad-
MiCel TIG avTiIoTAOEIG Kivnong, gival (ue TTpoocaugnon 50%) :

Fe =530%0,009%1,5 = 7,16 KN

Ma 1N yepavoyépupa (ue Tpooauénon 80%) 1o oAikd goprTio gival

50 +40 + 3 =93 16vor = 930 KN ka1 dpa F, = 930x0,009%1,8=15,07 KN

14.6.6 Opéva — TUPTTAEKTEG

Ta @péva (o1 TTEdEG) cival BonONTIKOI PNXAvIoUOi TTOU OKOTTO €XOUV va
OTOUATOUV, VA “@PEVAPOUV” UNXAVEG, TT.X. AUTOKIVNTA, EPYOAEIONNXAVEG,
KIVNTAPEG K.AL.

Ymrdpxouv TTOAAG €idn ppévwy (0X.14.6.6.a), yioTi gival TTOAAEG Kai Ol
TTEPITITWOEIG TTOU €ival avAykn va Xxpnoluotroinbouyv auTtd.

O1 dlogpopég peTagl Toug dev gival JOVO HOPPOAOYIKES, AAAG £xOuV va
KAvouV Kal hE TNV apXA TNG AEIToupyiag Toug, TTAVTWG, Ta TTEPICTOTEPT
@péva otnpifouv TN Asiroupyia Toug atnv UTTapgn TG TPIRNG.
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Zyxnpa 14.6.6a Eidn ppévwyv

O1 oupTTAEKTEG Eival, Kal auToi, BonOnTIKoi uNXaviouoi, £va uTTooUVOAO
OnAadn Twv Pnxaviouwy, TTou Aéyovtal ouvdeopol. O1 cuvdeauol auToi
EVWVOUV AEOVEG PETOEU TOUG €iTE POVIUQ, €iTE PE DUVATOTNTA BIAXWPICUOU.
O1 oupTTAéKTEG €ival AudpEVOl OUVOEOMOI, TTOU CUUTTAEKOUV KAl OTTOOU-
MTTAEKOUV GEOVEG, XWPIG va OTAPATACEI N Kivnon Toug. YTTApXouv, £TTioNg,
TTOAAEG HOPQPESG CUUTTAEKTWV (OX. 14.6.6.3). O1 TTEpIc0OTEPES HOPPES OU-
MTTAEKTWV OTNpEifouv TN AEIToupyia Toug, OTTWG Kal Ta ppéva, aTnv TPIRA.

Txnpa 14.6.6.8 Eidn ouumAektwv

2Ta PPEVA KOl OTOUG CUPTTAEKTEG, TTOU OTNPICouv TN AEIToupyia Toug oTnV
TPIRA, TTPETTEI va £XOUPE PeyaAn Tn duvaun Tng idlag Tng TPIRAG, n oTroia,
OTTWG £XOUPE avaEpEl, EapTdTal atrd TO CUVTEAEOTA TPIRAG, dNAadA TO
€i00¢g Twv eTTIQaveEILV TTou OAIoBaivouv YeTagu Toug Kal atrd Tn dUvaun
TTOU KABeTa TTIECEI QUTEG TIG £TTIPAVEIEG. KATOOKEUAOTIKA, dNUIOUpYyoUlE
TNV mMéfouoa duvaun HEow eAatnpiwy, avtiBapwy, i UBPAUAIKAG TTiEaNg
Kal augAvoupe To OUVTEAEDTR TPIRAG WE ETTIPAVEIEG OXI AcieG,aAAG ATTO UAI-
Kd, avOekTIK& 0TN @BOoPAG Kal 0Tn B€puavon, 6TTwG TT.X. €ival TA PEPUOUIT.

O1 utToAOYIOUOI TWV BUVAHEWY KAl TWV POTTWYV OTOUG GUUTTAEKTEG, €ival
TTAVTWG, TTEPAV TV GTOXWV auTtou Tou BIBAiou. Ag e¢eTdooupue, OUWG, OpI-
opéva Trapadeiyuara, uttoAoyifovtag Tnv eAGXIOTN avaykaia duvaun TTou
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QTTAITEITAI, VIO VO OTOPATACEI TNV KivnoT Tou £vag unxaviouog. Oa Bpouie,
OnAadn, Tn dUvaun YPEVAPICHATOG.

U NAPAAEICMA 10

2TO TTOPOKEIYEVO OXAUA, EXOUUE Eva @PEVO e alayova. O ouVvTEAEDTNG
TPIBNG TUpTTAvou -oclayévag £oTw, N = 0,3. Av n duvaun TpIRAG eival T =175
N, va gupeBei n eAdxiotn duvaun F TTou atraiTeital, yia va GTaPATAOEl O
MNXAVIOPOG.

IxAua 14.6.6.y

AtTdvTnon

O1rwg @aiveral ato oxAua, £xouue TNV TPIRA T KAl TNV KABETN OTIG ETTIPA-
veleg duvaun R. ‘Exoupe, eTTOPEVWG:

. T 175
T=n-P n R=—=
n 0,45

kal dpa R =500 N.

lNa Tov uttoAoyiouo NG F, Ba BewpATOUE TIG POTTEG WG TTPOG TO anuEio A
OAWV TwV dUVAPEWY, KAl IO TNV IGOPPOTTIO TOU GUCTAMATOG, Ba gival ZMa=0

‘Exoupe, Aoittéy,
Fx800+Tx20-Rx300=0
F= (Rx300-Tx20) _ (500%300-175x%20)
800 800
apa F=183,125N

Av n @opd TOU TUUTTAVOU ATAV AvTIOTPOEPN ATTO QUTA TTOU PAiveETal OTO
oxAua, Tot1e N €€icwan Twv poTtwv ZMa = 0, Ba ATav:

Fx800 - Tx20 - Rx300 =0
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. (Px300+Tx20) (9500%300+175x20)
800 800
dpa F=191,875N

U NAPAAEIMA 20

Av n d0vapn TToU XPEIAZETAI VIO VO OTAPATHACEI O JNXAVIOWOG TToU DIaBETEl
TO QPPEVO TOU OXNATOG, ival F = 61N ,va uttoAoyioeTe Tn dUvapn TG TIPS
T kai Tnv avtidpaon R, av o cuvteAeaTng TPIRAG ivai n = 0,25.

ATmrdavrnon

Ma TNV Ic0ppOTTia TOU CUCTAMATOG, Ba TTPETTEI O POTTEG WG TTPOG TO ONUEIO
A AWV Twv duvdpewy, va gival undév, dnAadrn ZMa = 0. 'Exoupe, Aoittdy,

IxAua 14.6.6.0

R %300 + Tx20 - Fx500 = 0. Eival 6pwg:
T=nR=0,25R, dpa
Rx300 + 0,25xRx20 - Fx500 =01
R (300 + 0,25%20) = Fx500 )
500 61x500

R=F. =
(300+0,25x10) 300+0,25x20

apa R = 100N
Kail n TpIRN Ba eival
T=nR=0,25x100,
dpa T =25N
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U NAPAAEIMA 3o

(Ppéva pe eUKauTITN TAIVIA)

Ta @péva pe UKOUTTTN Talvia atroTeAoUVTal ATTO Pia Xutoo1dnpd TpoxaAia
TTOU TTEPIBAAAETAI ATTO EUKAWTTTN TAIVIA, OUVABWG XAAURBIVN. YTTAPXEI Kal
€vag PoXAGG OTToU £apudleTal N duvapn TEdNONGS. AG ONUEIWBET TTAVTWG
OTI KAl O€ QUTA Ta QPEVA EXOUNE OPKETES TTAPOAAQYEG.

IxAua 14.6.6.¢

2TO TTAPAKEIPEVO, AOITTOV, OXNHA, £XOUUE £va BapOoUAKO TTou gival EQo-
dlaopEVo g “@pévo Taviag”.

Zntdape TN duvaun F ato akpo Tou poxAou, woTe 1o @opTio B= 400N Tou
BapouAkou, va kaTapaivel I00TOXWG.
Aegdopéva

a) AKTiva TUPTTGVOU BapouAkou r= 120 mm

) Aktiva TupTtdvou @pévou R = 270mm

y) Adyog Twv poxAoBpaxiovwy B/a =1:13
0) ywvia epIEAIENG TNG Talviag aTnv TpoxaAia, ¢ = 252°
€) ouvTeAEOTAG TPIBAG TPpOoXaAiag - Taiviag, n = 0,18

ATTdvTnon

lMNa va KIVeiTal IcoTaxwg To opTio, Ba TTpéTTel N TTepipepeiakr) duvaun FR
va 100UTal JE T BIAPOPa TwV TAOEWV TWV KAGBWY TG TAIVIOG TOU QpEVou,
onAadn Ba £xoupe:

(1) Fr=F1-F3
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Kal yla TNV I00pPOTTia TOU CUGTAUATOG, va gival ol pottég Mg = 0, dpa:
(2)FR-R=B-r
‘Exoupe, 0pwg, ZMp=0,dpaF -a=F, B A
F

a
(B)F, =F- —kai L =¢"?
F

2
dpa
(4)Fq=F5- e
AvTikaBioToupe Tnv F1 Tng oxéong (4) otn oxéon (1) Kal €XOUE:
(B)Fr=F2-e®-Fy=F;(e"®-1)

Emiong, avTikaBiotoupe TNV Fo TNG oxéong (3) otn oxéon (5) Kal €XOUE:

(6)Fy = F;. " -1

AvTikaBioToUpe kai TNV FR TG oxéang (6) atn oxéon (2) kal £XOUE:

a
F-—-(e™-1)-R=B-r
B

(" -1)-R

M F="t

B
ATT6 ToV Trivaka 14.6.B yia ¢ = 252° kai n = 0,18, éxoupe: e® = 2.21.
AvTikaBIioToUpE, TEAOG, TIG TIUEG OTNV (7) KOl £XOUE :

400x120
F= =11,3N
13x(2,21-1)x270

ATI6 TIg oX€oeig (3) Kai (4) uTTopoUpE va BPoUpE Kal TIG TAOEIG TwV KAGOwv
TNG TaIviag Tou PpEVOU Kal ol 0TToiEG eival: Fq = 146,9x2,21 =324,6N kai

F,=11,3x13=146,9N.

Atravtnon F=11,3N
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z
z ZYNTOMH MNEPIAHWH AEKATOY TETAPTOY KEDAAAIOY
Z

TpiIBA cival n dUvaun avTioTaong KaTd Tn OXETIKA Kivnon dUo
owpudaTwy, TTou Bpiokovtal o€ eTTaQr]. H TpIr opeileTal oTig
ETMQPAVEIOKEG AVWHAAIES Kal TNV EAAOTIKOTATA TWV CWUATWV.
Alokpivoupe Tpia €idn TpIBAG :

a) Tnv TpIBr} oAioBnong
B) Tnv otaTikn TPIRA
y) Tnv 1pIBA KUAIONG

Ma tnv 7pIRA oAiocBnong, éxoupe : T = nFy
oTToU
T =n duvapn TpIBAg
Fx = n d0vapun 1Tou mECel KABeTa aTNnV £TMIPAvEIa oAioBnong
N = 0 OUVTEAEDTNG TPIRNAS
H oT1aTikn TpIBA eivar: Tgy < Fyg
H 1p1BA KUAIONG €ival pia potriy M =P - ¢,
otTTou
P n k&BgTtn dUvaun Kai
£ 0 ouvTeAeaTAC TPIRACS OAIoBNONG PE DIAOTATEIG UAKOUG

@ ASKHEEIE

=¢ 1. ‘Eva kiBwTtio Bdpoug B = 50N, TpoKeITal va eKQOopTWOEI HEow piag
PAUTTAG Pe KAion 25° wg TTpog 10 opIfovTio eTTiTed0. O ouvTEAEOTAG TPIRAS
givain =0,6.

Znreirai:

a) H duvapn F pe tnv otroia Ba wbAcoupe 10 KIBWTIO WOTE AUTO VO
UTTEPVIKATEI TN OTATIKA TPIRA Kal va OAIGBARoEl aTn pAuTTa Kal

) To Uywog TTou Ba QapUOGOOUPE TN dUVANN WAOTE VA PNV QVOTPATTEI TO
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KIBwTio. To kévTpo Bdpoug Tou KiBwTiou gival o UWog B= 60cm a1od Tn fAon
TOU Kal o€ opIfdvTIa atréoTacn a= 40cm atrd TNV aKur avaTpoTig.

Amavrnon: a) F =6,03 N, ) h <90,049 cm

=& 2. Mia okdAa urikoug 3,4 m akOUUTTAElI OTOV TOIXO PE KAION a w¢ TTPOg
10 0pPIfOVTIO ETTITTEDO.
a) To Bapog Tng okaAag eival Bg= 200N, 0 ouvteAeOTAG TPIRAG PE TOV
ToiX0 M= 0,2 ka1 pe 10 dATESO Na= 0,15. Na uttoAoyIoBEi N ywvia
a, oTav AvBpwTTog BpiokeTal TN KOPUPN TNG OKAAAG, £€TAI WWOTE N
OKAAa va punv oAioBnoel. (Bapog avBpwTrou By= 800N).

Amavinon: a= 80° 30'25" |2

=% 3. [Molog 0 BaBuodg amodoong, Katd Tnv I00TAX aviywaon CWHaATog,
ETTAVW O€ KEKAIPEVO ETTITTEDO.
Aivovrai: ywvia kekAipévou etmirédou a = 30°, ouvteAeoTng TpIBAS N = 0,15

Amavrnon: ng = 0,794

o 4. 310 KeKAIPEVA eTTiTTeda AB Kal

Arll, utrdpyouv, 10 cwua Bdpoug By

=110 N ka1 n po6da Bapoug B, =70 N,

avTioToixa. To cwua €X€l CUVTEAEDTH

oAioBnong pe 1o etitredo n = 0,30 kai

avTioToixa n poda cuvTeAEOTA TPIRAG

KUANiong f = 0,40 cm kai aktiva R = 40cm. IxApa 14.8.a

To cwpa Kal n TpoxaAia cuvdéovral,

MEOoW TPOXaAiag Xwpig TpIRN, e aBapéc vipa. Na eupebei TToid TTpETTEl va
gival, Kat eAAXIOTOV N ywvia w, WoTe To GUOTNUA Va KIVNOEi KaTepXOUEVO
Tou emmiTTédou AB.

Amavinon: w=45°

=¢ 5. 'Eva €AkuBpo, KIvouuevo TTavw o€ TTayo, £xel idlo Bapog 700N. 210
€AKUBpo emiBaivouv TTévte AvBpwTrol (UEco Bapog o kaBévag 800N). MNoid
eival n avaykaia duvaun yia va kivnoei To éAKuBpo 100Taxwe. Aivetal ou-
vreAeoTng TpIBAG n = 0,015

Amavrnon: F=70,5N

= 6. H Tpdmeda piag mAAavng kiveital ye taxutnta U= 0,3 m/s. To Bapog
NG Tpdmedag autng ival 9000N. To pépog TNG I0XUOG TNG MNXAVNG TTOU
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diaTiBeTan yia Tnv uttEpviknon Twv TpIBwv givar 200Kw. Méxpr To16 Bapog
MTTOPEI va gival To TTpOG eTTEEEPYOTia EEAPTNMA.

ATavinon: Bee= 8142,86N

o 7. O1 e€wTepIkEG duvApEIg TTou dpolv TTavw o€ éva TpIREa civar 300N.
Av n d1GpeTpog Tou oTpo@éa gival 120mm Kal 0 ouvTeAeaTAG TPIRAG 0,1.
Na uttohoyioBei: a) H potr otpéywng Tng TpIRNAS B) H atmwAcia 1o0x00g TnNG
TPIBAG TN OTIYUA TTou 0 dfovag TTEPIOTPEPETAI e 250 rpm.

Amévinon: My = 1,8 Nm, P, = 23,6 W

=¢ 8. AveEAKUGTNPAG TEGOAPWY ATOHWY, EXEI Ywvia TTEPIEANENG TWV CUPUO-
TOOXoivwy Tou oTnVv TpoxaAia TpIRNS =160°. Me dedouévo 6T 0 BAAauOg
£Xel Bapog 3000 N, va eCeTAOETE TNV ACPAAEIQ TOU AVEAKUCTHPA aUTOU ATTO
atmown oAioBnong Twv cuppartooxoivwy. TaxutnTta aveAkuoTtApa U<0,63 m/s.

Armravrnon: O aveAkuaTrpag dev oMioBaivel.

= 9. AUo ioeg TpoxaAieg TrepioTpEPovTal Pe Tn BorBeia evog ipavra. O
OuVTEAEDTAG TPIRAG METAEU 1uavTa Kal TpoxaAlwy eival 0.4. Av n €Akouca
ouvapn, oTov Iyavta, ivar 600N, va uttoAoyioBei n eAkdpevn dUvaun oTov
GANO KAGDO TOU 1pavTa.

Amavrnon: S, = 170,76N

= 10. TNV TTPONYOUUEVN AOKNGON, AV N akTiva Twv TPOXaAlwy, gival r =
20cm kai n ouxvornTa TTepioTpo@ng f = 240 rpm o ¢ IudvTag TTou Xpnol-
poTrolgiTal £x€1 TTaX0G h = 25 cm, va uTtoAoyioeTe TNV TaXUTNTA TOU IJAVTQ.

Amavrnon: U =5,3 m/s

=¢ 11. Ta oToIxEia piag atmAAg Iua-

vTokivnong givair=0,2m, R=0,6 m

n{=2m.

To TAdTOG TOU 1udvTa gival 80mm Ko

N YeTa@epopevn 1Io0xUs eival 8Kw. Na

uttoAoyioB¢i n TaxutnTa Tou IHAvTa.

ZUVTEAECTNG TPIRAG INAVTA - TPOXAAIOG Sxfipo 14.8.8
n = 0.25 kal emMTPETTOPEVN TAON YIA

META®OPA I0XU0G oToV IhavTa 14N/mm 1pdvra.

Amavrnon: U= 14.43 m/s
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= 12. 'Evag avupwTikog KoxAiag €xel Ta €¢AG oToixeia: péon dIGPETPOg
D = 30mm, BAua omeipwpatog h= 6mm, TpIRr] HETAEU KOXAiOU- TTEPIKO-
¥Aiou n = 0.15. Me éva poxAoBpayiova prikoug £ = 0,5 m kai pia dUvaun
P = 10N, 11 @opTio YTTOPOUHE VO AVUYWWGCOUE Kal TToI0G 0 BaBudg atro-
doong Tou KOXAia.

Amévnon: B = 15452 N, na= 0,295 1} 29.5%

o 13. 2¢ éva QpEVO, e EUKAUTITN TaIvid, N SIAPETPOG TOU TUPTTAVOU gival
500mm, n dUvapun TTou evepyeEi
OTO GKPO ToU poxAou gival 200N
KaI 0 OUVTEAEOTNG TPIPAG TUPTTA-
vou - Taviag eivar 0.3. Na utro-
AoyioB¢i n poTTr pevapiouarog,
av Ta YEWMETPIKA OTOIXEIO TOU
@pévou gival auTtd Tou OXHUATOG.

Amavrnon: My = 1209 Nm IxAua 14.8.y
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.) Emidiwképevol oTéxol:

O1 yadnréc:

Iz/ Na divouv Tov opIouO TNG TTiEONG Kal va yVwpiouV TIG JOVADEG TNG

M/ Na yvwpilouv Ta XapakTnEIoTIKA TNG TTIECNS TWV PEUCTWYV, KAI TNG
udpOaTaTIKAG TTiEONG.

E/ Na diakpivouv TIG DIAPOPES HOPYPES TNG TTIEONG (ATTOAUTNG, HAVOE-
TPIKAG, ATHOCQAIPIKAG), Kal TIG HETAEU TOUG OXETEIG.

Iz/ Na dIaTuTTWwVoUV Kail va €papuolouV TIG apxES Tou ApxIKndn Kal Tou
Pascal.

15.1 EIZAIQrikA

Ta ke@aAaia TNG Mnxavikig Tou €€eTAloOUV TNV ICOPPOTTIa ) TNV Kivnon Twv
PEUCTWY, aTroTEAOUV TNV “MnXaviki Twv pEUCTWV” | “PeucTopnxaviki”.

Ta peuoTa TepIAapBdavouy TG U0 aTTo TIG TPEIG, UTTO KAVOVIKEG OUVONKEG,
KATaoTaoEIS TNG UANG. Tnv uypn Kal TV aépia KatdoTaon.

H uypn kKatdoTaon, o€ pia TTPWTN TTPOCEYYION, XapakTnpieTal atrd
TO OTI Ta UYpP& Ogv TTapouaidldouv aioBNTA avTioTaon oTn YETABOAR Tou
OXAMATOG TOUG, EVW) TTOPOUCIAZOUV TTOAU YEYAAN avTioTaon oTn METABOAN
TOU OYKOU TOUG £TO1 WOTE va BewpouvTal ,atrd TTPAKTIKAG TTAEUPAG, aoUTTi-
eaTa. AKpIBEOTEPQ, O€ UYPH KATAoTaon BPioKeTal Eva owa, éTav Utro TNV
ETTAPEIN DIATPNTIKWY TACEWV OAAACEI, CUVEXWG, TO OXAUA TOU. ATTOTEAEO O
auToU TOU YEYOVOTOG gival, 0TI Ta uypd dev AvTEXOUV TO id10 BAPOG.

H aépia katdoTaon £xel TTOAAEG OUOIOTNTEG PE TNV UYPH AvTioTOIXN
yIaTi 1I0KU0UV Ta aUTA WG TTPOG TIG DIOTUNTIKEG TAOEIG TV UypwV.Ta aépla
dlagépouyv atrod Ta uypd, oTa €ENG :

a. Eivar gupTtmieoTta

B. ‘Exouv Tnv exTaTIKr 1810TNTA, dnAadA Teivouv va kataAdfouv 6oov To
duvaTOV, TTEPIOCOTEPO XWPO.
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AvdAoya pe Tnv 1I01aiTepn KATAoTACN OTNV OTToia UTTopEi va Bpedei 10
KaBéva atrod Ta TTapPATTAvw aUTE CWHATA, €XOULE :

e TNV UdPOCTATIKN, OTAV £LETACOUNE TNV ITOPPOTTIA TWV UYPWV
e TNV UdPOdUVAUIKN ,0Tav EETACOUME TNV Kivnan TWV Uypwv

® TNV 0EPOCTATIKN, OTAV £EETACOUNE TNV ICOPPOTTIA TWV QEPIWV
® TNV 0EPOBUVAUIKR, OTaV EETACOUE TNV KivnOn TWV AEPiWV.

>¢ auTd Ta padruata Ba aoxoAnBouUpe, Kupiwg, YE Ta uypd.

MaparApnon 1n. Q¢ TTPOG TO ACUUTTIESTO TWV UYPWV TTAPATNPOUUE OTI
XPEIACETAl VO aoKAOOUNE TTOAU JeydAn dUvapun yia va eTTITUXOUME QVTIOTOIXN
TTOAU HIKPF) MEIWON TOU OYKOU TwV UYPWYV, EVW JONIG TTAUCEI VA EVEPYEI N
mélouoa dUvapn, To Uypd ETTAVEPYETAI OTOV APXIKO TOU OyKOo. Apa Ta uypd,
ato ammoywn Oykou, gival TEAEIWG EAACTIKA.

Mapatipnon 2n. & TTaxUppeuoTa Uuypd, OTTWG T1.X. TO AddI, aAAd Kai
O€ TTOAU MIKPEG TTOOOTNTES TWV UYPWV YEVIKA, EJQaviCeTal avTioTaon oTn
METABOAN TOU OXNMOTOG TOUG, LWOTE VA TEIVOUV va AdBouv oQaIpIkKO oxHa
(oTayoveg). AuTo yivetai yiaTi eggavidovral dpaaoelg Kal AAAwY SUVANEWY,
OTTWG TWV OUVANEWV TNG CUVOXNG KaI TNG OUVAPEING. AUTA, OPWG, €ival EIBIKEG
TTEPITITWOEIG TTOU BEV EVOIAPEPOUV TIG CUVNBICUEVES TEXVIKEG EPOAPUOYEG.

15.2 TENIKA - OPIZMOI

>1a yodnuarta QuaIkng, EXE YiVEl ETTAPKAG AvATTTUEN TWV BACIKWY EVVOIWVY,
OTTWG TNG TTiEONG, TNG TTUKVOTNTAG KA.TT .ETO1, €dw Ba xpeiacBei pdvo pia
ouvToun ava@opd.

A.lMigon (p). Me Tov 6po Tigon, vooupe 1o TINAiIKov TNG dUvaung TTou
EVEPYEI KABETA KAl OpOIdPOPPA TTAVW O€ Wia emmipavela, (0X.15.2.a) dia
ToU guPRadoU auTng TNG em@aveiag. AnAadn, av
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xApa 15.2.a O opioudg NS micong

F n duvapun 1Tou evepyei KABETA KAl OPOIOPOPPA TTAVW O Jia ETTIPAVEIA KAl

A T0 guPadOV TNG ETIPAVEIAG, TIAVW OTNV OTToia evEPYEi N dUvVaUN

F, 161¢, n mrieon p TnG duvaung F (médoucag duvaung) TTavw oTnV ETTIPAVEIN
eupadou A (Trefopevn eIQAveIQ), opifeTal WG:

p " (15.2.0)
=— Z.a
A

H povada Tng trieong, oto ouoTnua povadwv S.1, gival To TTaoKAA (Pqy),
oTToU:

AN

1P
¢ 1m?

EVW TTAAQIOTEPA, XPNOIKMOTTOIOTAV WG Jovada Trieong, To bar, étTou:

1bar = 10° P,

ATtpoo@aipiki ieon Py,

To piyua Twv agpiwv TTou aTToTEAOUV TNV aTPHOCPAIPA TNG YNG, WG UAIKO
owHa TToU €ival, £xel Bapog. To BApog auTd TG aTtudo@alpag cuvioTa duva-
KN, N OTToia EVEPYEI TTAVW OTIG ETTIPAVEIEG TWV TTPAYUATWY TTOU BpickovTal
evTOG TNG. 'Exoupe, eTTOPéVWG, Wia TTiEon TTOU OQEIAETAI OTNV ATUOCPAIPA
TNV aTHOO@AIPIKA TTieon. H TIuA TNG ATHOCQAIPIKAG TTIECNG O€ £€Va TOTTO
e€apTdTal ATrd TO UPOUETPO TOU TOTTOU KAl aTTO TIG KAIPIKEG OUVONKEG. Q¢
TTPOG TO TTPWTO, €ival EUKOAQ KaTavonTo, 0TI 600 WNAAGTEPQ EipaocTe, TO0O0
AlyOTEPO OéEPa £XOUME OTTO TTAVW PAG, dpa AlyoTepo BAPOG Kal KAT aKOAOU-
Bia pIkpdTEPN TTiEOT. ATTO TNV TTAPATAPNON QUTHA TTPOKUTITE KAl N hEB0d0G
UTTOAOYIGHOU TOU UYWOMETPOU aTrd TN hEiwan dnAadn TNG aTHOC@AIPIKNG
mieong. [Na 1o €UTEPO, TIG KAIPIKEG BNAADN CUVONKES, TTAPATNPOUUE OTI N
pon Twv agpiwv palwyv dnuioupyei dIGPOPOTTIOINTEIG OTIG TTIECEIG KAl £XOUE
eTTOAANAIO AEPOOTATIKWY KAl OEPOBUVANIKWY PAIVOUEVWYV. ZE KAVOVIKEG
KOATAOTACEIG, Jia u€an TP TNG ATHOC@AIPIKNG TTIEGNG OTNV ETTIPAVEIQ TNG
B8dAaocoag, gival P,=1,012x105 P, TTaAaidTEPQ, QUTA N TP ovoualétav
“@UOIKA aTPOC@aIpa” Kal ATAV Hia aTrd TIG JOVAdEG PETPNONG TTIETEWY,
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OTTWG €CAAAOU Kal N AeyOpEVN TEXVIKA OTUOCPaAIPA, OTTOU:

1at=1kp/cm?=9,81x104 P,
MavopeTpiki Tieon P,

MavopeTtpikr Trieon, €ivai n diagopd Tng TTieoNS, ATTd TV AVTIOTOIXN ATHO-
oQalpikf o€ pia B€on.H pavoueTpikn Trieon Ptropei va ivai, €ite BeTIKA,
€iTe apvnTIKN, av TNV UTTOWN B€0n €ival peyaAuTepn, A WIKPOTEPN OTTO TNV
ATHOOQAIPIKA avTioTolxa. AEyETal HAVOPETPIKA, yIATi €ival n TTieon Tnv oTToia
METPA €va €10IKO Opyavo PETPNONG TTIETEWY, TO HavopeTpo. O1 BEoeIg Twv
OTTOIWV XPEIAZETAl VA JETPAE TIG TTIECEIG, €ival TT.X. N €i0000¢ 1) N £€€000¢
Miag avTAiag, Ta didgopa onueia avtAiag, SIKTUWY CwWANVWOEwY, Ta dIAQopa
BAON evog pAaypaTOS K.A.TT.

ATTOAUTN TTiEon P4ps

AToAuTn Trigon €ivail n Tieon n otroia YeTpdTal aTTd TO NGV TWV TTIECEWV
TTOU €ival TO ATTOAUTO KEVO.ATTODEIKVUETAI £TO1 OTI Paps = Pm™t Patm (15.2.8)

MukvéTtnTa p: Me TOV 6p0 “TTUKVOTNTA 1 €10IKA PAZA”, VOOUUE TO TTNAIKOV
NG MA&CaG piag TToodTNTAG UANG, d1a Tou OYKOU TTOU auTr] N TTooOTNTA KO-
TaAapBavel. AnAadr av:

m n Jada piag ToodTNTag UANG KAl

V 0 éykog auTi¢ TNG HAdag TOTE:

= (15.2.y)
H povada Tng TrukvaTnTag 010 oUoTNUA povadwy S.| eival To kg / m3
E181k6 Bdpog w Me Tov 6po “cidIkd Bapog”,voouue To TTNAikov Tou Bd-

pPOoUG piag TToodTNTAG UANG dia Tou GYKOU TToU auTr N UAN KATOAQUBAVEI :
AnAadn, av:

B 10 Bdpog piag TToo6TNTOG UANG KAl
V 0 6ykog auThg TNG NAdag, TOTE:
B

Tote W=— (15.2.9)
\Y
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Kai €1Te1dr) B = m - g Ba gival kai

=p-g (15.2.¢)

H povada Tou €1d1kou Bapoug ato oUaTnua povadwy S.1 ival N/m3,

E181k6¢g 6ykog u: Me Tov 0po “€IBIKOG OYKOG”, VOOUE TO TTNAIKOV TOU OYKOU
TTou KataAauBdaver pia TrToooTnTa HAdag, dia TG JAdog autns. AnAadn, av:

m, N yada piog TToooTNTAG UANG KAl

V, 0 6yKOG TToU auTA N Jada KaTaAauBavel, TOTe

H povada Tou 1dikoU dykou oTo cuoTnua S.| eivar m3/ kg.

15.3 YAPOZTATIKH MNIEZH

AtrodeikvUeTal BewpnTIKA Kal ETTAANBOEU-

ETAI TTEIPAMATIKA, OTI péoa oTn pada piag

TTOoOTNTOG UYPOU, YEVIKOTEPD EVOG PEU-

oTOU, TTOU gival o€ KaTdoTaon ICOPPOTTIOG,

aokouvTal SUVANEIG.AUTO UTTOPOUUE VA TO

OIOTTIOTWOOUNE EUKOAQ, VvV GPAIPECTOUME

oTIdNTTOTE EPTTOBICEI TN dUVAUN va OPATEl. ExApa 15.3.a H 50vaun rou uypoU
AvoiyovTtag .. pia TpUTTa (ox. 15.3.0) og  Bpioker diE§odo atnv omn kai 10
SOXEIO HE UYPO, TO UYPO EKpEel, EXOUpE Bn-  UYPO EKpEel (U6 ywvia 90°%)
Aadn kivnon kal apa uttdpxel duvaun. Napatnpoupe, Tiong, 0TI 0To onUEio
€KPONG, n d1eUBuvaon Kivnong Tou uypou gival KABeTn oTnv £MQAVEIQ TOU
doxeiou. Apou, AoIttdv, uttdpxel duvaun F yéoa otn pdla tou uypou, ToTE,
o€ KABe vonTn em@adveia Pe €va eufaddv A, Ba £xoupe Kal pia Trieon TTou
utroAoyietal atro 1o yvwoTo T0TTo 15.2.0. p = F/A. AuTA n Triean, €ivai n
Aeybuevn udPOOTATIKA TTiEOT.

MNa 11g duvauelg TTou agkouvTal Jéoa oTn Pala uypou TTOU ICOPPOTTEI,
£XOUE VO TTAPOTNPACOUE, OTI €ival TTAVTA KABETEG O€ OTTOINdNTTOTE ETTIPA-
VEIQ, KOI JE OTTOIOONTTOTE TTPOCAVATOAIONO, €iTe p€oa oTn Pada Tou uypou
TIG BEWPOOUE, EITE OTA TOIXWHOTA TOU doxEioU.
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AuTé yiveTal eUKoAa KaTavonTo, yiaTi av KaTrola dUvaun oTrd auTég TToU
QaoKouvTal aTn pdda Tou uypou, ATav UTTO KAIoN, WG TTPOG KATTOIA ETTIQAVEIQ,
TOTE Ba pag £DIve dIATUNTIKI CUVIOTWOA. Z€ Wia TETOIO TTEPITTITWON, OUM-
Qwva pe 60a £Xoupe avagépel, To uypo dev Ba ATav o€ IcoppoTria. I’ auTtod
AAAWOTE, Kal N €Kpor| Tou uypou oTo oxnpa 15.3.a yivetal uttd ywvia 90°,
WG TTPOG TO OXNMa Tou doxeiou. ATTO Ta TTAPATTAVW, TIPOKUTITEI N ETTOUEVN
BepeNidng apxn yia TNV YOPOOoTaTIKN:

“Méoca oTn pada uypou, TTou €ival o€ KOTAGTAON ICOP-
POTTiOG, KATW ATTO OTTOIECTSATTOTE CUVONKEG, KOl € KABE
OTOIXEIWDN EMIPAVEIA, EiITE AUTA Eival TUAHMO TWV TOI-
XWHATWYV £VOG doxeiou, eite BpiokeTal pECa 0TN MAda
TOU UypoU, aOKEITaI TTiECT TTOU £X€I KOTEUBUVON ATT6 TO
uypoO, KABeTa, TTPpOg TNV emiQAvela. H Tipf Tng rieong
QUTAG gival ave§dpTnTn a1Td TOV TTPOCAVATOAITHO TNG
emiQaveiog”.

15.4 H METABOAH THZ YAPOZTATIKHZ MIEZHZ META TOY BAOOYZ

‘EoTw pia TToodTnTa UYPOU, TTOU Eival yEoa o€ Eva OoxEio Kal BpiokeTal O€
npeepia, (ox. 15.4.a).

Zyxnpa 15.4.a H peraBoAr 1ng udpoaTartikng Tieons LETd Tou Baboug

A@oU 10 uypod 1I00ppPOTTEl, TOTE N AEUBEPN eTTIPAvEIG Tou Ba gival opl-
{ovTia. MtTopoupe, ETTOPEVWG, va @avTacBouue 611 N yada Tou uypou gival
dlaTeTayuEVN KATA AETITA OTPWUATA Kal OAa T UTTEPKEIYEVA TTIECOUV TA
uTToKeipeva, Adyw Tou Bdpoug Toug. Apa, n TTieon augdvel, 600 aufavel To
Bdapog. Autd @aiveTal kal TreipapaTikd (ox. 15.4.8)
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Iyxnua 15.4.8 Meipaparikn amdédeién tng avénang tng udPOCTATIKAG TTiEaNS UETA
Tou Bd6oug

Av dnAadn, o€ £va doxeio avoitoupe pePIKEG TPUTTEG, ioou peyEBoug, Ba
JIATTIOTWOOUE OTI ATTO TIG XAPNAOTEPES TPUTTEG EKTIVACTETAI HAKPUTEPQ TO
uypo, TTOU oNaivel 0TI 600 TTIO XapnAd BpiokeTal N TpUTTA, TOOO PEYAAUTEPN
gival n apxikf TaxuTnTa EKPONG TOU UypoU, YEYOVOG TTOU GUVETTAYETAI KOl
MeyaAUTepn Tieon. H Trapakdtw BgueAindng TTpdTacn NG YOPOOTaTIKAG,
eKQpPAdel Tn peTaBoAn Tng Trieong pe To BAbog:

“H diagopd méoewyv METAEU U0 onuEiwv péoa oTn pada
NPEMOUVTOG UYypoU, IcoUTAl apIOUNTIKA, UE TO BAPOG
oTAANG uypoU TTou £xel BAon, TN HOVAdA ETTIPAVEING
Kal UPog TNV KATAKOpUPN aTTOoTAON METASU QUTWYV
TWV ONuEiwv”.

Avagepduevol oto oxnpa 15.4.a, av n mieon oto onueio A, B gival P kal,
Pg avTtioToixa, 101€, £1T€16A N GTAAN UYPOU, PE BACN TN POVAdQ ETTIPAVEIAG
Kal UYog TNV UWOMETPIKN dlagopd YeTagU Tou onueiou A Kal Tou onueiou B,
onAadn 10 h, €xe1 dyko 1. h kai dpa €xel Bapog 1 .h w, é1ToU
w= T0 €101KO BApog Tou uypou. ‘ETol Ba €xoupe cUP@WVa Pe TN BepeAindn
TTPdTAon yia TN d10Qopa TTIETEWV:

Pg-Pa=h-w (15.4.q)

Av 10 onpeio A gival oTnv em@Aveia Tou uypou, T0TE n oxéon 15.4.a pag
divel TNV TTiE0N £vOG UypoU o€ oplopévo BaBog (ox.15.4.y).
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ZxAua 15.4.y H micon uypou o€ opiouévo fG6o¢

Emeidn n mieon o1o A €iva N atpoc@aipIKr, TOTE OI JOVOUETPIKES TTIETEIG
eivar: Ppa =0, Prg= wh, v o1 attOAUTEG TTIETEIG €ival:
Papsa = 1 atm
Papsg = 1 at + wh (15.4.y)

ATIO TNV €k@pacn TngG dlopopds TEoewv (oxEon 15.4.a) petagl duo
onueiwv A,B otn pdda tou uypou, @aivetal, 0TI TO oxfAua Tou doxeiou dev
€x€l onuaaoia, A, ue GAa Adyia n udpoaTtartik TTiean o€ didgopa AN Tou
doxeiou dev eCapTdTal aTTd TO OXNUA Tou (OX. 15.4.0) aAAG €apTdTal, pévo,
atrd 10 Bewpoupevo BAEBog kal To €101KO BApOog Tou uypou. ETTeidA n oxéon
15.4.a gival TipwTou BaBpol (Ypaupikh oxéan), To dIdypauua KATAVOUAG
Twv mMEoewV (ox. 15.4.a Il ka1 ox. 15.4.8) eival euBUypauuo.

xAua 15.4.8 H udpoararikn micon givar aveédprntn amd 10 oxnua Tou doxEiou
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15.5 TA XAPAKTHPIZTIKA THZ YAPOZTATIKHZ MNMIEZHZ

ATT6 6Aa 6oa eiTTape HEXPI TWPA, TIPOKUTITOUV TA £EMNG XAPOKTNPIOTIKA YIO
TO UYPO TTOU NPEWE (I00PPOTTEI) KAl YIQ TNV UOPOCTATIKI TTiEDT] TOU :

1. H mrieon er@vw o€ aToixelwdn IQAVEIQ Kal, O€ hia B€0n Tou uypou,
givai n idia TTpog OAEG TIG KATEUBUVOEIG.

2. O1 duvapeig TTou ackouvTal ( dpa Kal ol TTIECEIS ) O OTTOIECONTTOTE
ETMIPAVEIEG JETA OTO UYPO, KABWG KAl OTA TOIXWHUATA TOU doxEiou, gival
TTAVTa KABETEG TTPOG QUTEG, PE POPd, aTTd TO UYPO TTPOG TIG ETTIPAVEIEG.

3. H mrieon pyéoa oT0 uypo au&dvel, 600 peyaAuTepo givail To fABOG .

4. H gAevBepn emmipAvela TOU UYpOU, av UTTAPXEI, Eival opifovTia.

15.6 H META®OPA NIEZHZ - APXH TOY PASCAL

21NV TTponyoupevn TTapdypa@o cidaue, 0TI n diagopd Tieong petagu duo
onueiwv péoa o€ éva uypPO TTOU NPEUE], EEAPTATAI ATTO TNV UYWOUETPIKN] OI-
agopd Toug. Av, eTTopévwg, BpiokovTal OTo iBI0 0pIfOVTIO ETTITTEDO, TOTE N
UWOUETPIKA dlagopd Toug ival undév, donAadn, h=0, oroTe atod Tn oxéon
15.4a Ba éxoupe: Py-Pg=0 1 Po=Pg

AnAadn, o€ 0Aa Ta onuegia evog ETITTEDOU, NPEPOUVTOG UYPOU, Ol TTIECEIG
eivar idieg. Av Owg o€ €va uypod TToU NPEUEl, AaUEACOUE TN TTiEDN, TT.X. ME
éva €uPBoAo oto onueio A ( ox. 15.5.a), TOTE:

a) Z1o avoixTé doxeio, Te1dr) Ba eu@avioBbei diagopd TETEWY PETALU
TWV onueiwv A kai B Tou autou emmirédou, Ba €xoupe Kivnan Kal 1o
uypo Ba upwBei péoa o’ auTd PEXPI ECICWOEWG TV TTIECEWY, OTA
onueia A kai B.

B) Z10 KAEIOTO dOXEIO, £TTEIDN TA UYPA Eival ACUUTTIECTA, KAl a®OoU TO
doxeio eival TTANPES Kal To uypd dev PTTopEi va KivnBei, n Trieon Tmou
TTPOoCTIBeTaI aTTO TO £€UBOAO OTO anueio A, Trnyaivel TTavTou, o OAa
onAadn Ta onueia Tou uypou. MpayuarTi, €o0Tw, (ox. 15.5 a), 611 0
OwARvag O1Tou KiveiTal To EUB0oA0, £xel dlaTopun S, av epapuOCOoUpE
oTo £uoAo yia duvapn F4 oto onueio A Ba éxoupe ieon Pja=F4/S.
270 onueio B, TTou gival oTo id10 0pIfdVvTIO £TTITTEDO, Ba €ival, eTTioNG
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TyxAua 15.5.a H perapopad 1ng mieong

P.=

1B =P

o [T

IA

210 onueio I n mieon Ba gival, aUP@Wva pe Tn TTapatdvw oxéon 15.4.a
Pig—Pir=hwn

I:1
P1r=P1B—hW=—-hW
S

Av, Twpa, EQapPocouue aTo ERoAo duvaun F =F¢ + Fy,
Ba £xoupe, KaTA ouVETTEID, 0T B€on A, TTieon

F F+F, F F F
—7:¥:71+72:P1A:72
S S S S S

Poa =
oTTéTE, GTO anpeio B (yia Toug Adyoug TTou giTrape TTponyoupévwg), Ba

EXOUME:

R

_ ‘ _ F
aA=Pgtg N Pu=Pp+g

P,

Apa, av éva uypo npepEi, N kaBe peTafoAn Tng mwieong o€ éva dAAo
OnNUEIO TOU HETAPEPETAI ICOTTOOWG O€ OAA T AAAA GnuEia TOU UypOU.
(N6épog Tou Pascal).AuTtn ival n Baoikn apxr Aitoupyiag TTOAAWY udpau-
NKWV ouoTNUATWY, OTTWGS TWV UBPAUAIKWY QPEVWY TOU QUTOKIVATOU, TOU
udpPaUAIKOU TTIECTNPIOU K. A.TT.
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15.7 APXH TOY APXIMHAH

Av BuBiocoupe éva cwpa, péoa o uypod ( ox. 15.7.a), T0TE eTAVW OTIG
EM@AveIEG auToU TOU owpaTog Ba aocknBei, kabeTa, TTieon, cUUPWVA JE
600 £XOUME aVAPEPEL.

ZyxApa 15.7.a H karavoun twv mégewy yupw amo éva owpa Bubiouévo
uéoa og éva uypo.

Ag onuelwBei TTAVTWG, OTI OTO ETTAVW HEPOG, Ba gival HIKPOTEPES Ol
ECEIG aTTO OTI 0TO KATW, yiaTi hq < ho.

ATTodeIKVUETAI £€TC1 OTI N CUVIOTAPEVN AUTWV TWV OUVAPEWY gival TTd-
vTa pia dUvaun tmou €xel d1EUBuvan KAaTtakopu®n, @opd TTPOG Ta ETTAVW
Kal JETPO TO BAPOG Tou eKTOTTICOUEVOU UYpPOU. Av V 0 GyKOG TOU CWHATOG
Kal W TO €181KO BAPOG TOU uypou, TOTE, N OUVAUN AuTh £xel HETPO VW Kal
ovopddletal avwon. Autri n TTpdTacn aTtroTeAEl TNV apxri Tou ApXIUnRdn Kai
OIATUTTWVETAI WG EENG :

“KdBe owpa Bubiopyévo péoa o€ uypO TTOU NPEEI,
U@ioTATOI EK MEPOUG TOU UYPOU, Avwan, ion TTPog To
BApPOG TOU EKTOTTI(OMEVOU UYPOU”.
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15.8 OPFTANA METPHZHZ THZ NIEZHZ
o) ATTAG pavOpETPO

‘EoTw, éva doyeio TTou TrEPIEXEl UYPO O€ Npepia, €181IKou Bapoug wy (OX.
15.8.a) kal TOU OTTOIOU UYPOU, BEAOUNE VA ETPHACOUE TNV TTIEGTN OTO ONEIO
A. Z10 onueio auto, Ye KATAAANAO cUoTNHA, TTPOCAPHUOLOUNE £Va YUAAIVO
OWAAVa OXNPOTOG U, TTOU €XEI JECA TOU Eva uypo €18IKoU Bapoug wy. O
OwARvVag autog gival éva atTAG avoiXTo JavoueTpo, TUTTou u. Eival rpoga-
VEG, OTI TO UYPO TTOU TTEPIEXEI TO HAVOUETPO, OEV TTPETTEI VA avTIOPA XNMIKA
ME TO UypO TOU OTTOIOU PETPAUE TNV TTiECT, OUTE va diaAusTal o€ auTto. To
ouoTNPa 1I00pPOTTEl, OTTWG PaiveTal oTto oxAua 13.8.a, oTToTE, CUPPWVA
ME TN yvwoTn oxéon 15.4.a., Ba €éxoupe:

IxAMpa 15.8.a Mérpnon tng micong ue amAd avoixtd pavouerpo rumou U

a) A6 TNV TTAEUpPA Tou doxEiou,
Pg —Pa=xw (15.8.a)
oT1T0U:
Pa n ¢nToUpevn trieon oTtn Béon A,

Pg n TTicon otn dIaXwpICTIKN ETTIQAVEIQ HETALU TWV UYPWVY Tou doxeiou
KQl TOU JaVOUETPOU.

B) ATrd Tn TTAEUPAE TOU PAVOUETPOU Kal yia TNy TTiean Pg 0T d1axwpIoTIK
ETIQAVEIA, Oa £€XOUE:

Pg = 14tm + Wa(h+x) (15.8.8)

Ao TiIg oxéaelg 15.8.a kai 15.8.B3, atmmaAeipovtag 10 Pg, Ba éxoupe:
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1atm + Wa(h+X) — Pa = xw4
Kal AUvovTag wg TTpog Pa Ba €xoue :

Pa = 1atm + Wo(h+X) - Xwj4 (15.8.y)

21n oxéon 15.8.y, o1 6pol Tou deuTepou PEPOUG gival GAol yvwaoToi. Ta
W1 Kal Wy €ival Kal auTd yvwaoTd. Epocov yvwpifoupe Ta uypd, Ta uRkn
h kai ¥ ummopoUv Kal autd va PeTpnBoulv. Apa, EXOUHE TN duvaTOTNTA VO
Bpoupe Tnv mieon Pa. H diadikacia eivai idia, €ite To doxeio gival avoixTo,
€iTe €ival KAEIOTO, 1I0XUOUV PAAIoTA aKPIBWG Ta idIa Kal yia OAa Ta PEUCTA

(uypa n agpia).

B) To BapdueTpO, TTOU £ival TO GPYAVO HE TO OTTOI0 PETPAWE TNV ATUOCPAIPIKA
Tieon, gival kal auTto éva HavouETPO, TTOU TO EAEUBEPO AKPO TOU gival KAEIOTO,
EVW TO AAAO €iva eUPATITIOUEVO O€ dia

AeKAvN TTOU UTTAPXEI UYPO €IBIKOU BAPOUG

w. O cwAnvag Tou BapoueTpou eival,

ouvrBwg, iolog. 1o oxnua 15.8.6 €xouue

T0 KAaoGIKO BapoueTpo Tou Torricelli, pe

TO OTT0iO, AUTOG, ATTEDEIEE, APEVOS TNV

UTTOPEN TNG ATHOCPAIPIKAG TTiEONG KAl

QQETEPOU TNV PETPNOE. H aTpooQaIpIKA

TTieon evepyei TTAvw OTNV ETTIQAVEIQ TOU

UYPOU TNG AekAvnG Kal CUYKPATEI Jia

OTAAN UYPWV UEOT 0TO OWAAVA, UYOUS  syfpa 15.8.8 Bapduerpo Torricelli
h. O xwpog (a) Tavw atd Tn oTAAN, Kal

MEoa oTO OCWARVAQ, gival KEvOg, BI0TI (N TTiEDN TWV ATPWY Tou eEATUIOBEVTOG
UypouU OToV KEVO auTO XWpPo, Bewpeital apeAnTéa Kal dpa,

1atm=h-w

O1wg £xoupe onuelwael, aTo oUoTnua Povadwy Sl, n TIPA TNG aTyo-
OQQaIPIKAG TTiEONG gival:

atm = 1.012x10%Pa = 101,2x103 N/m?,

Apa, av BaAloupe Péoa OTO PAPOUETPO VEPO Kal ETTEION YIO TO VEPO
w = 9,81x103 N/m?2 dpa,

atm =1.012x103 = h-9,81x103 ka
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ETTOUEVWIG,
10°
h=1.012x —-9-81x103=10,32 m
h

Me cwAfva Opwg 1000 PeyAAo, TO avTioToIXO Opyavo gival TTOAU dU-
oXpPNOTo, YI' AUTO KaIl XPNOIUOTTOIOUUE UYPO PE HEYAAO €10IKO BAPOG, OTTWG
eival o udpdpyupog (To uévo peuaTd PETOANO OT @UON) TToUu €xel w = 13,6
N/ m3, oTToTE TOTE:

atm =1.012 x103=h - 13,6x9,81 x 103 kal

dpa

h=1.012 x

10°

13,6

+9-81x103=0,758 m

Znueiwon: ETeidn ota BapdueTpa XpnolpoTroleiTal 0 udpdpyupog eixaue
W¢ povada TTieong Kal Ta XIANlooTa udpapyupou (m mHg)

ZxApa 15.8.y a) Epyaornpiakd Bapouerpo, B) MeraAAikd Bapouerpo Vidi (apxn), v)
Auroypagik6 opyavo (apxn)

210 oxAua 15.8.y £xoupe £va epyaoTtnpiakd Bapouetpo Torricelli (a) kai
ata (B) kai (y) Tig apxég peTaAAIkou BapouéTpou (Vidi) kal autoypa@ikou
opydvou.

y) To Si1agpopikd pavoperpo U
To d10QOpIKO PAVOUETPO (OX.
15.8.0) cival cwAfvag o€ oxrua U
Kl XPNOIPOTIOIEITAl YIO TNV €UPETN
NG d1aPOpPAg TTieong HETAEU dUO
onueiwv.

ZyxAua 15.8.8 Mérpnon diapopdg micons
peTaéu duo owAnvwy pe d1apopIKd HAVOLETPO
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Av 10 UYypO OTOUG CWANVEG €XEl €EIOIKO BAPOG W4 KAI TO UYPO TOU JAVO-
METPOU Wy, TOTE EXOUE:

(1 .P1 -PA=hW1

Kal attaAgiQovTag aTrd TIG TECOEPIG QUTEG OXETEI Ta Py, Py, P3,
Ba éxoupe:
A6 TV (1) P4 =Pathwy,
avTikaBioTwvTtag Tn P4 kai TRV P, atréd tnv (2) atnv (3) kai (4) Ba Exoupe:
(5). Po-Pg=(h+y)wqkai
(6) PA+ hW1 -P2= h * Wy
MpooBETovTag, TEAOG, auTEG TIG OUO, KATA PEAN, Ba TTAPOULE :
Pa+hwy-Pg=(h+x)-wq+Xx-wy
ﬁPA'PBth»] +h * W1 +X'W2=X(W1 +W2)
MNa 1Tieon peyaAuTepn ammo dU0 aTPHOOPAIPEG,
KaBWG Kal OTIG TTEPIOOOTEPEG TEXVIKEG EQAPHOYEG,
XPNOIUOTTOIOUUE JETAANIKA JAVOUETPA, OTTWG OUTO
Tou Bourdon, (ox. 15.8.€) TTou ekpeTaAAeUovTal
TNV TTAPAPOPPWOTN EVOG KOUTTUAOU PETAAAIKOU
oWwAAVaA, EAAEITTTIKAG SIATOUNG OTAV O€ AUTOV Olo-
XETEUBEI TO UTTO TTiEON PEUCTO. YTTAPXOUV KOl GAAQ
€idN HavopETPWY, OTTWG PE IA@PaYUA, NAEKTPIKA
Kal GAAQ, WOTE va KAAUTITOVTOI Ol AVAYKEG TWV IxApa 15.8.€ MeraAiko
TTPAKTIKWY EQPAPUOYWV. uavouerpo (Bourdon)
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15.9 EOAPMOIEZ

211G 800 BaoikEG apxEg TNG YopooTaTikng otnv apxry dnAadr Tou Pascal
Kal o€ ekeivn Tou ApXIuAdn, oTnpidovtal TTOANEG TTPOKTIKEG EQAPMOYEG.
21nv apyn Tou Pascal otnpifovral epapuoyEg, OTTWG Ta UOPAUAIKA ppéva
TWV QUTOKIVATWY Ta USPAUAIKA TTIECTAPIA, OI UOPAUAIKOI aVEAKUCTAPES
0l AvVapPOPNTIKEG Kal KATABAITITIKEG AQVTAIEG K.O. ZTNV apx Tou ApxIunodn
OTNPICETAI N KATAOKEUA TWV TTACIWY, TwV UTTORPUXiWY, TWV TTAWTAPWYV TTOU
XPNOIUOTTOIOUVTAI OE€ AUTOUATIOUOUG, O€ JETPNTIKA Opyava, K.a.

15.9.1 YSpauAikoé meoThpIO

2tnv mapdaypago 15.6 ka-
VapE ava@opd yia TV apxn
Tou Pascal, dnhadn yia Tnv
IKAVOTNTO TWV UYPWV VO
META®EPOUV TTIEDN.

‘EoTtw, Aoimév, dUo KUAIv-
OpoI DIAYOPETIKNG OlaUE-
Tpou, (ox. 15.9.1.a) TTou
EVWOVOVTOI PE €va OwARva.
Méoa oToug KUAivOpoug

auToUG AsIToupyouv £upo- IxXAMa 15.9.1.a H apxri Tou udpauAikol
Aa. YTToBéToupe Ta Bépn meoTnpiou - avuywripa
AUTWV TV EPROAWV WG

apeAnTéa.

270 oUOTNUA, TTOU ICOPPOTTEl, UTTAPXE! UYPO €181KoU Bdpoug w. a Tn
YEVIKOTNTA ToU B€paTtog, ag dexBoupe 0TI Ta dUo £uPoAa dev Bpiokovtal
OT0 i010 0pPICOVTIO ETTITTEDO.

H emipavela Tou KuAivdpou (1) ival, s1= 11d?2 /4 kai Tou (2), s, = D2 /4.
E@apudloupe pia dUvaun F4 atov kUAIvEpo (1). Tote, otn B€on A Ba éxoupe
pia TTieon Pa= F4/s4, TOU kKaTd 10 yVWOTA, Ba aokeital oto onueio B Tou
KUAivOpou (1), otrote:

Pg=Pa+hy-w

Kal agou To B kai 1o I' Tou KUAivdpou (2), eival aTo idio opIovTio eTTiTTESO,
Ba eival Pg = P dpa, otn 6éon A Ba €xoupe:

PA=Pr—h2'W
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PA=PA+h1 'W—h2'W=i+h1 'W-h2'W
1
A@OoU, 6JwG TOo CUCTNUA ICOPPOTTE], Apa Ba TTPETTEI VA UTTAPXE! KAl ia
Ouvaun F5 ato €uPBoAo Tou KuAivopou (2), otroTe Ba eival kal Pa=F»/s5. Apa,
KATaAryouue oTo OTI:

2.€ TTOAEG TTPOKTIKEG EQAPPOYEG, OTTWG TT.X. OTO UOPAUAIKO TTIECTAPIO, N
d1a@opd (h4 - hy) gival TTOAU pIkpr) o€ oUyKpion Pe Tov 0po F4/s4 €101 woTe
Va JUTTOPOUE Va SIATUTTWOOULE OTI:

R_R

S, 5

n D2
F, s, T2 2
B _Ss_ 42:(2j (15.9.1q)
R s, %

AnAadn, o Adyog Twv duvAauewyY TTou e@apuolovTal ata EUBoAa givai
avAAOYyOg TOU TETPAYWVOU TOU AOYOU TWV BIANETPWY TWV KUAIVOPWV.
M.x. Av D /d =10, 16T€ 0 Adyog Twv duvauewy Ba givail:

F, (DY
212 =100
F\d

onAadn, epapuolovTtag
oToV KUAIVOPO TNG PIKPAG
SlapéTpou, ia duvaun £0Tw
10N, Ba éxoupe aToVv GAAO,
TO peydAo KUAIVOpO dUvaun
1000N. Av, pahioTa, éxoupe
oTnv €mPBOoAr TG duvaung F4
éva TTOAAQTTAQCIOOTH, TT.X.
£va JoxAO, TOTE, Ba €xoupe
TTOAU peyaAUTepn TNV Fo.  ZxApa 15.9.1.B Mapdoracn udpauAikou meoTnpiou
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U NAPAAEITMA

210 oxAMa 15.9.1.6. £€XOUNE TN OXNMOTIKN TTOPACTACN YiAg XEIPOKIvNTNG
udpaulikig TTpécoac.Me Tn xeipokivntn avTAia (3), epapuodloupue TTieon
oT1o KUAIVEpo (6). O1 poxAoBpayioveg TnG avtAiag Exouv Adyo a/f = 1/9.01
BaABideg (5) kai (4) ival, avtioToixa, EI0080U Kal EKPOPTWONG. Av 0 Adyog
TWV SIOPETPWY TwV ePROAwV gival D/d = 10 kai n duvaun TTou epapuodleTal
OTO POoYAOG TnNG avTAiag, ival P=200N. lMoia gival n duvaun Fo;

ATTdvinon

H dUvaun F4 oto éupoio Tng avtAiag (3) gival
(a+B)

Fia=P(a+B) n F1=P
Ao Tnoxéon a/f =1/9 3 PB/a =9 mpokuTrrel: (a+p)/a =10
2Upowva pe Tn oxéon 15.9.1.a

= (2] o0 [0

F,=200 x 10 x 102 = 200000N = 200 KN,

OnAadn cival duvapn 1000 opég peyaAuTepn atro TNV Fq.

H didtagn auth ptropei va epyacBei wg TTECTAPIO, OTTOTE TO TTPOG TTiEdN
owpa gival 1o (2) evw 10 (1) €ival oTEPEG CUVOEDEPEVO JECW TWV OTNAWV
(8), €ite wg avapardplo, oTrdTE TO TTPOG AVUYWON CWHa gival 1o (1), evw ol
oTnAeg (8) eivair o1 euBuvTpiol paRdol. Ag onuelwBei OTI Kal o1 udPAUAIKOT
aveAKUOTAPES oTnpifovTal oTnyv idia apxn. ETTeidr, Opwg, éxoupe dlapope-
TIKEG OTTAITAOEIG, UTTAPXOUV KAl KOTOOKEUOOTIKEG DIAPOPOTTOINTEIG.

15.9.2 To uSpauAiké @pévo

210 oxNpa 15.9.2. a £xoupe OXNUOTIKA
éva udpauAiké @pévo. To udPAUAIKO
QPEVO gival Pia atTOAUTN EQApPUOYT TNG
apxng Tou Pascal. Me 1o trevTdA (1) Tou

$pevou E’Vspvoups sﬂavu’) 070 £pBoAo ZxAua 15.9.2.a YopauAiké ppévo
NG avTAiag (2), ye Tn duvaun P tou QUTOKIVITOU
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Trodiou. Katd tnv apxn Tou Pascal, n mieon peta@Epetal 010 «PapeAdKI»
(3) TTou avoiyel pe Ta eUBOAAKIA TOU, TIG OlAYOVEG (4) OI OTTOIEG YE TN OEIPA
TOUG TMECOUV TO TTapEPRacua TPIBAG (PepUOUIT) eTTAvw OTO KEAUQOG (5)
TOU Ppévou.

15.9.3 E@appoyn Tng apxng Tou Apxiundn

21NV Tapdypago 15.7, idaue Tnv apxr Tou Apxiundn. Katd tnv apxn
QuTA, 6Tav £va owpa BubieTal yéoa o€ uypo, epavi¢eTal n duvaun Tng
avwong A. EKTOG, 6uwg, atd Tnv avwan, UTtTdpxel TTavTa Kal To idio Ba-
pog B. O1 duvdapeig autég, n dvwan Kal 1o BApog, €ival CUYYPAPIKES Kal
avTipopeg Kal YTTopei va eival ioeg f avioeg. 'Exoupe, eTToEVWG, TPEIG
TTEPITITWOEIG:

1)HA>B

21NV TEPITITWON AUTH N CuVIOTaPEVN Tou BAPOUG Kal TNG Avwaong EXEI
METPO A-B kal popd mpog Ta eTdvw. Apa, To cwpa Ba Kivnoei TTpog TNV
ETMIPAVEIQ TOU UYPOU Kal Ba eTITTAEUCEL, APAVOVTAG NETA OTO UYPO, TOGO
MEPOG, 600 XpelddeTal yia va e€iooppoTroindei To Bapog Tou. Eival n mrepi-
TITWON TWV OKAPWY ETTIPAVEIAG.

2)B=A

Edw, n ouviatapévn Tou Bapoug kal TG dvwaong eival undév, Kal GUVETTWG
TO OWWAa alwpEiTal péoa aTo uypo. Eival n TepimmTwaon Twy UTToRpuxiwv.

3)HA<B

Edw, n ouvioTtapévn Tou BApoug Kal TG Avwaong éxel uETpo B-A kai

@opd TTPOG Ta KATW. Apa To owua Pubiletal. H TrepiTrTwaon autr Bpiokel
e@apuoyn oTIg UTTOBAAAACIEG BEPENILIOEIG.

15.9.4 Opyava péTpnong — TAWTAPES

Mia dAAn otroudaia epapuoyn TNG apxns Tou ApxXIundn, gival ol TTAWTAPEG.
O1 MAwTAPEG gival Opyava PErpnang dIapopwy IBIOTATWY TWV UYPWV TT.X. TNG
TTUKVOTNTAG, TNG TTEPIEKTIKOTNTAG TWV OIOAUUATWYV OE OPIOCPEVO OUOTATIKO,
OTTWG, OIVOTTVEUMA, {axapn K.A.TT, TG METPNONG TNG 0EUTNTAG Tou AadioU
K.a. Exoupe dUo €1dwv TTAwTAPES (0X. 15.9.4.0)
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TyxAua 15.9.4.a [NAwrpeg a) orabepou Bapous B) aTabepol dykou

1. MAwTRpeg oTaBepou Bapoug
To 6pyavo €dw PubieTal 010 UTTO PETPNON UYPO Kail dIaBAloupE TNV
€voeIn TNG KAiNakag aT1o “Aaiid” Tou 0pyavou Kal N OTToia KAipaka givai
avaAoyn e O,TI BEAOUE va PUETPOOUIE.

2. NMAwTtApeg oTaBepoU ekTOTTIOPATOG. AuToi BubBidovTal TTAvTa PEXPI OpI-
opévou onueiou (0), ge Tn BorBeia oTaBuwy, Kai aTTd T OTToIa OTABUA
TTPOKUTITEI N {NTOUNEVN £VOEIEN.

Z
z 2YNTOMH NEPIAHWH AEKATOY MNEMIMNTOY KE®AAAIOY
Z

Ta uypd avTEXouv JOvo 0pBEC BAITTTIKEG TAOEIG KA, TTPAKTIKA,
eival agupTtieoTa. YrevBupioupe OTI TTieon gival, To TTNAIKov
TNG dUVAUNG TTOU evEPYET KABETA KAl OPOIOPOPPA ETTAVW OF
Mia emmiaveia, dia Tou eUBadou auTrig TNG ETTIPAVEING.

ATTO TTAeUpdag opoAoyiag:
a) F= P/A kai povéda €xel 1o 1 Pa = 1N/1 m2. ‘Exoupe oToug 6poug

B) ATuoo@aipikn Trieon Payy N TTiECN TTOU QOKEI N aTudo@aIpa
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y) Mavouetpikn Triean Py, n diagopd Tng tTieong, o€ yia 8€on, atrd TNV
ATUOOQPAIPIKN

0) ATTOAUTN TTiean P4ps: H TTiEON TTOU pETPATAI ATTO TO KEVO KA N OTTOIx
€ival Paps = Pm + Paim.

€) Mia TToo0TNTO UYPOU EXEL:
m = pdda, B = Bdpog, V = dykog.
Tote ovopdadoupe:

, m
TTUKVOTNTA: p = —
\%

B
€I0IKO Bdpog:w= —=p- g Kal
\Y
\Y
€I0IKO OYyKO: U = —
m

YdpooTaTikA Trieon: og kAOe B€an Yéoa o€ Pada NPEPOUVTOG UYPOU, UTTAPXEI
Tieon n otroia gival idla TTPOG OAEG TIG KaTeuBUvoelg.H Tiur TG udpoaTari-
KAG TTieoNnG, o€ KABe aonueio cival ion pe 1o Bapog oTAANG uypoU, pe UYOG,
atrd 1o onueio PEXPI TNV EAeUBepN emTipAvela Kal Bdon ion pe TNV yovada.

H apxn Tou Pascal
Av éva uypo npeuei, TOTE, KABE PETAPBOAN TNG TTIEONAG TOU O€ éva onueio,
METOQEPETAI ICOTTOOWG 0€ OAQ TA ONuUEia TOU uypou.

H apxn Tou Apxiufidn

Kabe cwpa, Bubiopévo oAOkANpo péca og uypod TToU NPEUEi, ugioTaTal
€K MEPOUG TOU UYypOU, dUvaun, TTou Tn AéPe dvwan, ion pe 1o B&Pog Tou
EKTOTTICOMEVOU UYPOU, O OYKOG TOU OTTOIOU Eival i00G TTPOG TOV OYKO TOU
BuBiouévou cwpaTog.
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@ AZKHZEIX

=¢ 1. Mia @uaik atpéo@aipa (at) givar 9,81 x 104N/m2. MeTpwvTag Je Ta
BapoueTtpa Aépe 6T 1 at givar (1) ion pe 760 mm Hg (2) ion pe 10333 mm
H,0 .Na Bpeite Tig oxéoelg yeTagy mm Hg, mm Ho0 kar N/m?2.

Armravrnon: 1mmHg = 13,6 mmH,0, 1TmmH,0 = 0,0735mmHg, 1mmHg =
129,08N/m2, 1mmH,0 = 9,49 N/m?2

=% 2. Mia udatatmoBnikn oxnuatog TTapaAAnAeTITTESOU e BAon 6mx4m,
TTEPIEXEI VEPO O€ UYWog 3m. Mold eival n rieon oTtn Bdon TnG udaTaTTodnKkNng
Kal TToI1d givail n oAk} dUvapn TToU aOKEN TO TTEPIEXOUEVO vEPO OTN BAon.

Amévinon: P = 29,43KN/m?2, F=705 KN.

=¢ 3. ¢ éva doyeio uttdpyouv duo uypd (Ta
otroia dev avaplyvuovTtal ouTe avTidpouV
XNMIKA HETAEU Toug). To uypd (1) éxel €I
Oikd Bapog w4 = 10 KN/m3 kai 1o (2) wyp =
9,8 KN/m3. Moid eivai n diagopd Trieang,
METAEU Twv onueiwv A kai B. AivovTal hy
=0,7m, h, =1,2m, h3=2,4m.

Amavrnon: Ap = 16,9 KN/m?2. 0x.15.10.a

¢ 4. Moia dUvaun médel TwHA, egBadou 4cm? Trou KAeivel pia oTrr o€ Ba-
00o¢ 1,5 o éva doyeio TTou TrepIEXel UypPO €10IKoU Bdpoug w = 9,65 KN/m3.

Amdvrnon: F=5,79N

o¢ 5. To uPadov Tou peydAou euoAou evog udpauAikou TTiEaTNPIoU Eival
Amax = 150cm? kail Tou pIKpoU Apin = 50cm?2. Av TTdvw oTo HIKPO £UBOAO
aokrjooupe kaBeTa pia duvapn F4 = 25N, 1éon Ba gival n duvaun F, Tou
Ba epgavioBei aTo peydAo Eupolo.

Armdvrnon: Fo =75N

= 6. 'Eva KUAIVOPIKO BapéAl éxel epBadov Baong 0,6 m2 kal Uog 1m. Av
1O BapéN gival TEAEIWG YEUATO PE vePO, TTOI0 DUVAUN OOKEITAI GTOV TTUB-
Méva Tou; Av 0T OUVEXEIQ EPAPUOCOUNE OTO TTAVW PEPOG TOU BapeAioU
éva owAnva diatoung, 5 cm? Kal CUPTTANPWOOUUE AANO €va UETPO VEPOD,
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Troid Ba cival n véa duvapun TTou Ba aokeital oTov TTUBPEVA; Na eupeBouy,
€TTioNG, Ta TTOOOOTA AUENONG TNG TTOGOTNTAG TOU VEPOU KAl TO AVTIOTOIXO
NG augnong Tng dUvaung Tavw oTov TTubuéva (w =104 N/m?2).

Amavrnon: F1=6 KN, F> = 12KN
augnon duvaung 100%
aué¢non moadtnTag vepou 0,083%

= 7. 'Eva opoloyevég owpa Cuyi{duevo oTov agpa £xel Bapog By = 4N.
Ortav eival BuBiopévo oTo vepod Cuyilel B, = 3N. To €101kd Bapog Tou vepou
eivar w = 99,86 N/m3. Moio givai 1o €181kd BAPOC TOU CWHATOS av n dvwaon
oTov aépa BewpnBei apeAnTéa.

Amdvrnon: w = 40 KN/m3

= 8. 'Eva 81apopIkd pavopeTpo Xpnal-
JoTTolgiTal yia T éTpnon NG dIaPopag
TTEONG PETALU dUO CWARVWY TTOU
peTagEpouv vepd. To XpnolYoTTol-
OUMEVO UYPO TOU PAVOMPETPOU EXEI
€101K6 BApog 1,6 N/m3 kai o1 evOeieig
Tou opyavou gival h=30 cm kai X =
10 cm. Moi& n diagpopd TTieang Twv
OCWANVWV.

Amavrnon: Ap AB = 588,6 N/m? 0x.15.10.8

= 9. YOPaAUAIKOG YpUAOG £xel 40 cm dIAUETPO GTO peyaho €uBoAo kal 10
cm oT0 JIKpPOS. XpnolyoTrolgital yia Tnv avoywaon 1o TToAU 15 KN. Na uTro-
AoyioB¢ei n avaykaia dUvaun oTo PIKPO €UPOAO Kal n TTiECN TTOU ETTIKPATET
Méoa aTo ypUAoO.

Amavinon: Fa= 937 N, P = 11.9 x 106 N/m?






KEDAAAIO

YAPOAYNAMIKH

16.1 evikd - opiopoi
16.2 TpoéTTOI KivnOoNng TWV UYypWV
16.3 TéAeia [ 1davikd uypd
16.4 O1 vopoI POAG TWV ISAVIKWYV UYPWV
16.5 Pon uypwv o0& OwWARveG
16.6 Otcwpnua Tou Torricelli
16.7 Pon uypwv yUpw a1rd YEWHETPIKA CWHATA
16.8 E@appoyég
447






YAPOAYNAMIKH 449

.) Emidiwképevol oTéxol:

O1 pyabnréc:

Iz/ Na g¢nyouv Tn por|, wg TTPOG £va CUCTNHA ava@opdg: To TTEdIo Porg
KOl TIG PEUMATIKEG YPOAUUEG (OPOIOUOP®N KAl GTPORIAWSN pon).

M/ Na e€nyouv Tnv TaxUTnTa POr|g Kai va divouv Tov OpIoHO TNG TTOPOXNAG.

M/ Na €¢nyouv Toug VOUOUG TNG PONG, TN TPIRAV TWV UYPWY O€ CWARVES
ka1 Tnv apxn Torricelli.

E/ Na ava@£pouv TTPAKTIKEG EPAPHPOYES KA VA AVTIUETWTTICOUV TTPAKTIKA
TpoBAAuaTa, pye BAon TIG ApxEG QUTEG.

E/ Na e¢nyouv Tn Acitoupyia kai Tn XxpRaon ToU ETPNTHA Kal TOU TaXUUETPOU.

16.1 FENIKA - OPIZMOI

H kivnon uypou, ovoudadetal por £V 0 XWPOG JETA OTOV OTTOI0 £XOUME
por], ovoudletal redio pong. Na va Tpayuartotroindei n porj, dnAadn yia
va apyioel éva uypod o€ npepia va Kiveital, Ba TTpETTEl T JOPIA TOU va
amokToouv emTtaxuvon. Omwg cupBaivel o€ OAa Ta UAIKG cwuata, €101
Kal aTa uypd, Ba TTpéTrel oTn PAda Tou uypou va aoknBei duvaun F, TTou
Ba Tpoodwaoel 0Tn NAda auTr ETMTAXUVON Y, CUPPWVA PE T BepeAitodn
eCiowaon TNG SUVANIKAG: F=m-y

O poévog 1pdTTOoG Va epapudooupe duvaun o€ uypo, gival va dnuioup-
ynooupue dla@opd TTieong, TEPAV TNG OPEIAOUEVNG OTNV UYWOMETPIKN OI-
agopd. Katl T€Tol0 UTTOPEi va Yivel, TT.X., M€ AVTAIEG 1] Y€ TO va OWOCOULE
diodo dlaguyng oto uypd. Katd mn didpkeia TNG POAG, N KatdoTaon déoa
oTn Yadla Tou idlou TOU UypoU - gival auTovonTo - dev gival, OTTWG OTaV TO
uypO6 npepei yiaTi eKTOG atrd TNV UTTapEn dIATUNTIKWY OUVAUEWY, EXOUME
Kal TNV e@avion T1pIBAGS. H TpIBA epgaviletal, TOoo PETAgU TwV POopPiwV Tou
PEOVTOG UYPOU, 60O Kal JETAEU TOU UYPOU KAl TWV TOIXWHUATWY TOU XWPOU,
MEOO oTOV OTTOIO £X0OUME TN por|. H TpIRr auTr ogeiAeTal aTO yeyovog, OTI Ol
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OUVAEIS CUVOXNG TWV POPIWV TWV UYPWV gival TTOAU PIKPOTEPEG, aTTO OOEG
gival oTa OTEPEQ, Kal £T01, KATA TNV Kivnon TwV Uypwyv, Ta JOpIa KIVoUvTal
avedpTtnTa 10 éva atrd To GAAO Kal CuyKpouovTal JETAEU TOUG, XAVOVTOG
£TOI EVEPYEIQ O€ QUTEG TIG KPOUODEIG.

AuTH n TPIRA €ival XapakTNPIOTIKA 1I816TNTA yIa KABE £va uypo Kal OVOUd-
CeTan 1I86TNG 1 eoWTEPIKN TPIRRA. TO TTOCOTIKO PETPO QUTAG TG 1810TNTAG,
gival 1o 1IEWdEG" 1] oUVTEAEOTAG ECWTEPIKAG TPIRNAG. Ta TTaxUppeUCTa
uypd €xouv heYAAO IEWOEG, VWD TA TTEPICCOTEPO PEUOTA, OTTWG TO VEPOD,
EXOUV UIKPO IEWDOEG.

16.2 Ol TPOINOI KINHZHZ TON YITPQN

O1rwg eimmape, Ta gOpIa TwV UYPWYV KivouvTal aveEdptnTa 1o Eva aTrd 1O
AaAAo. KaBe popio, etropévwg, diaypdgel Tn OIKr) ToU TPOXId, e Tn OIKA TOU
TaxuTtnTa. H Tpoxid Tou popiou givai pia ypapur, o€ KGBe onueio TNG oTToiag
N epaTTouévn TG divel Tn dieUBuvon TNG TaxXUTNTAG Tou Jopiou auTtou. lNa
va £XOUME TNV EIKOVA £VOG TTEDIOU PONG, Ba TTPETTEN va YV WPICOUUE Kal TNV
KATAVOUNA TWV TaXUTATWY, yia KAOE XPOVIKN OTIyUr, OTO XWPEO auTou Tou
mrediou. INa 10 okoTTd AUTS, aPOU TTPWTA OPICOUNE éva cUCTNHA avaQo-
PAgG, T.X. £€va TpIcoPBOoYWVIO cUCTNUA a&dVwWV: UTToAoYiCoupe,AoITTdVY, Yia
KA@Be anpeio Tou TTediou pong A (X, W, €) Kal yia KABe xpovikA oTiyun t, To
avuopa g TaxuTnTag U(u, v, w). ‘ExovTtag Ta oToixEia autd n eiIkova Tou
mrediou pong diverai:

a) A6 Tn ypappn Kivhong: O1 ypapuég Kivnong gival KAPTTUAEG, o€ KABE
OnuEio Twy OTToiWV N EQATITOEVN £XEI TN dIEUBUVON TNG TaxUTNTAG YO-
piou, TTou aTn 6edopEVN XPOVIKA GTIYUN BpiokeTal oTo UTTOWN anpeio. Ol
YPAMMEG Kivnong &€V GUUTTITITOUV, OTN YEVIKA TTEPITITWON, UE TIG TPOXIEG
TWV Mopiwv Tou uypou. AuTo cuuBaivel yiaTi ol ypauuEéS Kivnong Kai ol
TPOXIEG OEV apopoUV GTO AuTO POPIO TOU UYPOU.

* 70 1§WOEG opileTal WG EEAG:
Av n TAGKka (1) €xel egBadov A, kai uTTd Tnv eTTidpacn TnG duvapng F, Kiveital ye TaxutnTa
U4 = U, mavw o€ éva oTpwpa uypol TTaxoug S, evw n TTAdka (2) €xel Taxutnta U, = 0, TéTE,
1oxUel F = y-A-U/S, étmou p 10 1IEWdES Tou uypou. H povada Tou p givai: 1 Nizs

m
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B) ATTO TIG ETTIPAVEIEG OTABEPAG TAXUTNTAG, OTTO TIG OTTOIES PAIVETAI TO UETPO
TWV TaXUTATWV. ATTO Ta TTAPATTavWw, TTPOKUTITOUV 01 £EAG TTEPITITWOEIG:

1) H taxuTnTa gival avegdpTtnTn atmo 1o Xpovo Kal atrd Tn 6€on, dnAadn
eival otaBepr kai n idia TTavToU YEoa OTO XWPO Tou TTEdiou porg. ToTe,
£XOUME TNV OMOIOHOP®N MOVIUN POT], OTTOU Ol YPAUMES Kivong Kal Ol
TPOXIEG TWV PJOPIWV TOU UypOoU CUMTTITITOUY, gival euBeieg TTapAAANAEG
Kal, IO TNV ETTOTITIK TTapdoTaon Tou Trediou, Ioatréxouoeg (o). 16.
2. a) Kal o1 EmIPAvVEIEG OTABEPAG TAXUTNTAG, Eival ETTITTESO KABETO
OTIG TPOXIEG.

IxAHa 16.2.a

2) H taxutnTa eival aveEdptntn atmo 10 XpOvo aAAd cival ouvdaptnon
NG B€0ng: dnNAadn, diagEpel atmo B€on o€ BEan, aAAG o€ KABe BEan
TTapapével atabepr. TOTE, £xOUE TNV AvoloIOopP®n HOVIMN PON
Kal €dW Ol YPAMNWEG KivNoNg CUUTTITITOUV WE TIG TPOXIEG TWV HOopiwy,
gival KauTtrUAEG Kal 01, KAt avaykn, TTapdAANAeg petagl Toug (o).
16.2.B) kai o1 emmpAvelEg OTABEPAS TaXUTNTAG, €ival 0pOOYWVIES TTPOG
TIG YPAMMEG QUTEG.

IxAua 16.2.8 Avouoiéuopen uéviun pon

3) H Taxutnta €ival ouvapTtnon Kai Tou xpovou Kal Tng Béong. ToTe,
EXOUME TN YN MOVIUN POR, EVW O YPAUUEG Kivnong &V oUUTTITITOUV
ME TN XPOoVI& TWV JopiwV Kal gival akavovioTes. Ekei TTou n taxutnTta
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eival aveEdpTnTn TOU XPOVOU, N Kivnon TwV Jopiwy YiveTal Je TAgN Kal
EXOUUE TN AeyOpevn “OTPWTA PONR”. ZTNV TTEPITITWAON AUTH, O YPANMES
Kivnong Kai ol TPOXIEG TWV PJOPiIWV CUUTTITITOUV Kal TOTE OVoPAadovTal
“PEUMATIKEG YPOMMEG”. 2TN Wn POvIUn pon, dnuioupyouvTal OTPO-
BiIAiopoi, €€ aitiag, BERaI, TNG ECWTEPIKAG TPIBAG KAl TOTE £€XOUE TN
Aeyopevn “oTpofiAwdn pon”.

IxApa 16.2.y Mn poviun pon

2TPWTH POr| €XOUME O€ XAPNAEG TaXUTNTEG, EVW O€ HEYOAUTEPEG TaXU-
TNTEG, N por yiveTal oTPORIAWDNG.

O Osborne Reynolds pag mmapéxel éva euTreIpIKO TUTTO PE TOV OTTOIO
MTTOPOUNE VO UTTOAOYICOUE, TTOTE dia por| PETATTITITEI ATTO OTPWTH ,0€
OTPORIAWON.

O TUTTOG €ivar:

Re=p-v-d/u (16.2.a)

oT1T0U:

Re = 0 apiBuodg Tou Reynolds (adidoTaTtog aplBuog)

P = n TTUKVOTNTA ToUu UypoU (og kp/m3)

V = n oTIydiaia TaxuTnTa pong (o€ m/s)

d = n dIGuETPOG TOU aywyoU pong (o€ m)

M = T0 1€WAEC Tou UypoU oe N - s/ m?2

‘ET01,

yia R < 2000 éxoupe oTpwTn pon,

yla Rg > 2800 £xoupe oTpofiAwdn pon,

yla TIWéEG Tou Rg petagu 2000 kai 2800, n katdoTaon gival acagrg.
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16.3 TEAEIA "H IAANIKA YI'PA

Emreidni ta mpofAfuaTa Tou TTapouaidlovTal oTn pon €ival TTOAUTTAOKA, VIO
Va TA AVTIMETWTTIOOUME, O€ Jia TTPWTN TTPOCEYYIaT, Bewpoupe OTI Ta uypd
Oev £X0ouv e0wWTEPIKN TPIPRN, dnAadn IoxUel yia To 1EWdeS Toug W = 0. AuTd
Ta QAVTOOTIKG UYPQ, Ta ovoudloupe TEAEIA 1) 1IBAVIKA Uypd.

ZUVETTEIO QUTAG TNG UTTOBEONG gival, 6Tl o1 péveg duvaTéG TAOEIG, Eival
01 0pBEG BNITTTIKEG TAOEIG, OTTWG CUUPAiVEI KOl OTa NEEPOUVTA uypd. TETola
uypa dev uttdpxouv, BERaia, atn euon. Ouwg o€ uypd PE PIKPO IEWOEG,
OTTWG TO VEPO, gival duvaTr) N HEAETN TNG KiVNOAG TOUG, JE TTOAU KAAR TTpO-
ogyyion. Ze £va TEAEI0 uypo, N pon gival TTavToTe OTPpWTH. Av Bewprooupe
éva OToIXEIWOEG TUNPa eTIQAveIag A, péoa o€ Eva 1edio pong 10avikou
peuaTou, (oX. 16.3a) kail a1 KABE ONUEIO TOU TTEPIYPAUUATOS QEPOUNE TNV
QVTIOTOIXN PEUMATIKN YPAUMN, EXOUUE, TOTE, Uia @AERA PONG.

IyxApa 16.3.a PAEBa pong

Etre1dn o1 TaxutnTeG TWV POPiwV TOU UypoU Eival EQATITOPEVEG TWV
PEUNATIKWY YPAUHMWY, UYypO oUTE €I0pEEl 0UTE €EEPXETAI ATTO TN YAERQ.
AnAadn, To peuaTo péel pEaa atn PAERQ, wg €av auTA ATAV £€vag CwWARVaAG.
Ovopddloupe “mrapoxn” TnG PAEBag, Tov 6yko U Tou uypou TTou Trepva atrd
Mia diatoun TNG @AEBaG, dia Tou XpOvou t, TTou XPEIACTNKE yia Tn diIEAeuan
auTou Tou OyKou, 1 Je GAAa Adyia TTapoxn TG PAEBAG gival, 0 GyKog Tou
uypoU TTou TTEPVA ato pia diatoun, ot SIGPKEIA TNG JovAdaG Tou XpOvou.
Av Q ,n TTapoxn, TOTE:

U
Q=— og — (16.30)

Emeidr Bewpnoaue 1o uypo 1I8avikd, TOTE, Ba gival Kal aCUUTTIEDTO, OTTO-
Te (OX. 16.3.0) a1mo 1n diatopun A NG PAERAG TTEPVE OyKog uypou U = A-S
OTTOTE N TTapox cUP@Wva e Tn oxéon 16.3.a, Ba eival Q = A-S/t dnAadn
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Q=Av (16.3.8)
ATT6 Tn TeAeuTaia auTh OXEON £XOUE:
v=QA (16.3y)

(n TaxuTnTa v ovouddeTal Kal uEon TaxuTtnTa oupBoAieTal o€ pe 10 Vi)

16.4 OI NOMOI THZ POHZ TQN IAANIKQN PEYZTQN

MNa TN por Twv 1I0aVIKWY UypwV Péaa o€ Jia GAERa IoXUOUV OI TTOPAKATW
Ouo vopol:
O voéuog TnG ouvéxelag Kal o vouog Tou Bernoulli.

a. O vOUOG TNG OUVEXEING

H d1aTUTTWOoT TOU €XEl WG €ENG:

“H rapoxn piag @AéBag sival oTabepn,
yia otroladnTroTe diatoun auTig”

OT11wg eitTape oTnV TTPONYoUPEVN TTAPAYPAPO YIA Mia SIATOUA TNG PAE-
Bag 1oxUEl:

Q=A-v (oxéon 16.3.8)

Etreidn 1o uypod Bewpeital 18avikd, dpa Kal ACUPTTIECTO, 000G OYKOG
TTEPVA aTTO Pia dIaTOUA O€ KATTOI0 XPOVo t, Ba TTPETTEl va TTEPACEI GTOV AUTO
XPOVO 0 id10g OYKOG Kal o110 TIG AAAES BIaTOPES: dpa, PeTa&U dUO SIOTOUWY
A4 kal Ay pe TaxUTNTa V4 Kal Vo, avTioToIxXa, Ba TTPETTEl va IoXUEL:

Avi=Av, (1636)

ATIO TN oxéon auTA TTOU EKPPALEI TO VOUO TNG OCUVEXEIAGS, EXOUNE TO OU-
MTTEPAOUA, OTI O€ KPR dlaToun TNG PAEBAS, avTIOTOIXET HEYAAN TaxXUTNTO
Kal avTioTpo@a. ETriong, ekei TTou n TaxuTnTa €ival geydAn £XOUNE Kal JIKPA
TTieon, evw, 61ToU N TaXUTNTA €ival hIKPR, N TTieon gival peydAn. H mapa-
TAPNON auTr I0XUEI, JE TTOAU PeEYAAN TTPOCEYYIOH, KOl YIa TA TTPAYUATIKG
UYpPA TTOU £XOUV PIKPO IEWDBEG, OTTWG TO VEPO.
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B. O vépog Tou Bernoulli

210 Uypd’, €ite auTd gival Kivoupeva (v#0), €ite o€ npepia (v=0), utTrdpxel
amobnkeupévn evépyela. H evépyeia auTr gival TpIwv €10WV:

i. AuvapIKnA evépyela

H evépyeia autry opeileTal otn BEon
Tou uypou. ‘Eotw pada uypou m (o€
kg), TTou BpiokeTal o€ éva UYog z (o€
m) ato pia otéddun avagopdg, (oX.
16. 4. a). Tote, n duvapIKA evépyeia
eEKQpPAdeTal atrd TN OXEON:

Esuyy = m-gz (16.4.0)  IxAupa 16.4.a Auvauiks vépyeia uypoU

21n oxéon autr, n duvauikn evépyela divetal oe Nm 1 Joule. ToAAEG
POPEG EKPPAlouE TNV evEPYEIQ, avd povada pdadlag i povada Bapoug Tou
UYpOoU, OTTOTE £XOUUE AVTIOTOIXEG EKPPATEIG

Avd povada padng: Esow=9 2 ot J/kg

Avd povada Bdpouc: Esu=2z gem

ii. Kivnrikn evépyeia

Mdada M ( o€ kg) uypou, KIveiTal Je
Taxutnta u = 0 (oe m/s) ( ox. 16.4.3).
ToTE N Kivoupevn Pala €xel KIVNTIKA
EVEPYEID TTOU EKPPACETAI TTO TN OXEON:

Eq="%m-v2 (16.4.8).

21n oxéon 16.4.B, n KivnTIKA evEPyEIQ
oivetar oe Nm r Joule. AvTigToixa, ol
EKQPAOTEIG TNG KIVNTIKNG EVEPYEIQG, ava
povada pdadng n BAPOUG Twv Uypwv, Eival:

ZxAua 16.4.8 Kivntikn evepyeia uypou

* Z& Tapa TTOAAEG Kal CORBAPEG TTIPAKTIKEG EQAPHOYES TO UYPO €ival TO VEPO.
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Avd povada padng: Eqy = V2/2 i’kg

Avad povada Bdpoug: E.v = Vv2/2g m

iii. MedoueTpIkn evépyeia

Av 10 pavopetpo deixvel Uyog h,
o€ éva OWAAVa, TToU ToV dIappEEl
uypo, TOTE N evéEPYEIQ TOU UypouU
TTOU AVTIOTOIXEI O” QUTHV TNV TTIEOT
kal o€ TToootnTa M (o€ kg), €ivai:

E.v = Mgh (16.4y)
5N oxéon 16.4.y, n TElOLETPIKN xAua 16.4.y Melouetpikn evépyeia uypou
evépyela divetal oe Nm r} Joule.

Eteidni n mieon p Tou uypou, gival p = p-g-h &meTan 011 p/p = gh Kai dpa
n 16.4.y yiveral Ee;= M p/p (16.4.0)

avTtioToixa &€ o1 EKPPACEIS TNG TECOUETPIKAG EVEPYEIQG, avd povada
padng R Bapoug uypou cival:

Ava povada padng: Emeg=plp ot Jkg

Ava povada Bdapoug: Emez=p/w 0 m

To dBpoicua TG SUVAMIKNAG EVEPYEING, TNG KIVITIKAG EVEPYEING KAl
NG MIECOUETPIKAG EVEPYEING, OvOoUAleTal “ONIKA evépyela” TG BOOUEVNG
TTO0OTNTAG TOU UypoU.

H 1rpdTacon Tou Bernoulli diatuttwveTal wg €EAG:

“H oAIkN evépyela, SOOUEVNG TTOOOTNTAG
uypou, Trapapével oTadepd, kad’ Ao To pi-
KOG TNG PAEBOG”.

MapdAo TTou n TTpdTACH QUTH, N oTroia diatuTtwBnke atméd Tov Daniel
Bernoulli To 1783, ava@épeTal 0Tn HOVIUN POK TWV IBAVIKWY UYPWV, EVTOU-
TOIG XPNOIMEUEL YIO TNV EPUNVEIQ, TTOAWVY Qaivouévwy TNG YOPAUAIKAG,
agou BERaia, AneBouv uttéwn, S10pOwWTIKOI CUVTEAECTEG, KATA TTEPITITWAN.

Emopévwg:
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Eor = Esuv + Exy + Emeg = 0108€P0

Kal AapBdavovtag uttéwn Tig oxéoelg 16.4.a, 16.4.3, 16.4.y

EXOUME Eorn =Mgz + %M - v2 + M p/p = oTa0epd (16.4.9)
Kl avTioToIXO

Avd povada padng zg + v3/ 2 + p/p = 0100ePS (16.4.¢)
Avad povada Bdpoug  z + v/ 2g + p/w = oTaBepd (16.4.071)

ATTO TNV TeAEUTaiQ QUTH) OXEQT, TTOPOUE Va EXOUME Kal YPAQIKI TTapd-
otaon Tou Noépou tou Bernoulli Kai TIG CUPUETOXEG TWV ETTI HEPOUG OPWV,
0710 O0TOBEPO GUVOAO, KATA TIG METAPBOAEG TNG ponG 0Tn GAERa (o). 16.4.0).

ZxAua 16.4.5 Or uetaBoAES Twv UWWV TTOU QVTIGTOIXOUV OTIC ETTI UEPOUS EVEPYEIES KAl N
OUUETOXH TOUS OTNV OAIKN EVEPYEIQ, KATA TN UOVIUN porj 1davikou uypoU
kai n melouetpikn ypauun (Néuog Bernoulli)

H ypapuun TTou eVWVEL TIG KOPUPES TV UYWV z Kal p/w, dnAadr] auTh
TTOU QVTIOTOIXEI OTN OUVOUIKK] Kal TTIECOUETPIKN EVEPYEIA, OVOUALETAI “TTI-
eCoPETPIKN Ypauun”. H KAion autig TNG YPOUUAS, Mag Bivel TIG JETOBOAEG
NG TaxUTNTOG PONAG.
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16.5 POH YI'PQN ZE ZOAHNEZ

210 oXNMa 16.5.a, BAETTOUNE TNV KATAVOURA TWV TAXUTATWY O€ JOVIPN PON
UYypPOU Kal TTIO OUYKEKPIPEVA:

IxAua 16.5.a Karavour taxutitwy uypou, uéoa o owAnva a) idavikou uypou fB)
mpayuarnkou uypou

(a) oTnv TrEpiTITWON Pong 1IdavikoU uypou
(B) oTnVv TrePITITWLON PONAG TTPAYHATIKOU UYPOU.

2T0 TTPAYMATIKO UYPO, QUTHA N KaTavoun, €ival TTapaoAIKr, VW OTO
10avIKO, gival oTaBepr]. AuTh N dlI0QOoPA PETALU TTPAYUATIKOU Kal I0AVIKOU
uypoU, o@eiAeTal aTNV UTTOBECN TTOU KAVOUUE OTI Ta 1I0AVIKE Uypd dev £XOUV
eoWTEPIKN TPIRN. AexouaaoTe, dnAadn, 6T yia Ta 10avika uypd, I0XUEl yia TO
1EWoeg u=0. Z1a TTPayuaTIKG uypa oTToU €ival u=0, £xoupe TNV TTAPABOAIKA
KOATATOMN KaI ATTWAEIEG, TOGO KATA TN PovIUn porj, 600 Kal oTn un MOviun
TNV TUPPWAN, KATA TNV OTTOIq, Ol ATTWAEIES EiVal TTEPICCOTEPEG.

2UVETTEIO QUTWV TTOU EITTaPE TTApATTAvVW, €ival OTI, yIa va €QapuocBei n
eCiowan Tou Bernoulli (oxéan 16.4.0T) Kal avTioTOIXO OI GAAEG EKPPATEIG TOUG
oTa TTpayuaTikéG uypd, Ba TTPETTEl va TpoTToTToINGEI, £T01 WOTE, va An@Bouv
uTTOWnN Kai ol aTtwAeles. H e€iowaon Tou Bernoulli, Aoitrév, yia pon Tpaypua-
TIKOU uypoU péoa o€ éva owArnva petagu duo diatopwy (1) kai (2) Ba yivel:

2 2
V1 pl Vim2 p2

z,ta,—+-—~==2z,+a, —+-=+2Zh (16.5.0)

20 w 20 w

2€ QUTA TNV TTEPITITWON TO oXMa 16.40 yivetal 6TTwg deixvel To oxiua
16.5.3. Otrou vy, €ival n avtioToixn, k&GO diatopng, Yéon TaxuTnTa Kal
adIG0TATOG CUVTEAEOTAG EEAPTOUEVOG ATTO TA OTOIXEIO TG POAG YIa TNV
TTEPITITWON TNG PN MOVIUNG PONAG, Zh gival TO GUVOAO TwV OTTWAEIWYV AdYW
TpIBwv. ATTé 60a Aiya €iTTape, yia TNV epapuoyr Tou vouou Bernoulli, oTta
I0aVIK& KAl OTO TTPAYMOTIKG Uypd, KaTagaivetal n agia TnG HEAETNG Bew-
PNTIKWYV 10AVIKWY KATAOTACEWVY Kal TTWG ATTd TA TTOPICHATA TNG Bewpiag
METOQEPOPOOTE OTNV TTPAEN.
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ZxAua 16.5.8 O véuog rou Bernoulli o€ mpayuarika uypd

EKTOG atmo TIG OTTWAEIEG TWV TTPAYUOTIKWY UYPWYV, EEQITIOG TOU IEWO0UG,
EXOUME Kal aTTWAEIEG, AdYw TwV “euTrodiwyv” TToU TO UYPO cuvavTd Katd Tn
por] Tou yéoa oTo cwANva. TETola euTTodia gival ol BAVVEG, Ol OTPOYEG, Ol
OUOTOAEG K.ATT. ZT0 oXNpa 16.5y @aivovtal axnuaTikd TETola EUTTOdIA, TTOU
Ta AEUE “TOTTIKEG AVTIOTACEIG” KAl OTTOU QaiveTal KaBapd, OTI Ol TOTTIKEG
avTioTdoeig dnuioupyolv TTEPICTOTEPOUG OTPORIAICUOUG Kal, ETTOPEVWG,
€ival QUOIKO va EXOUNE TTEPIOOOTEPEG ATTWAEIEG.

ZxAua 16.5.y Tormkés avrioTdoeis

210 OXNUa 16.5.y(a) pye dUO pavoueTpa, Eva TIPIV Kal Eva YETA aTTd TNV
TOTTIKA) AQVTiIOTOON, QAIVETAI KOI TTEIPANATIKA N ATTWAEIQ TNG EVEPYEIAG. ATTO-
oeikvUeTal dnAadn OTI o1 “TOTTIKEG avTIOTACEIS” Bivouv TITWON TG EVEPYEIAG,
avaloyn TTPOG To TETPAYWVO TNG JEONG TaxUuTNTag Ppong V. Eival dnAadn,
Vm
h=C. — (16.5.8)
29

f yia TNV TITWOonN TNG Teong



460 TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN

2
p=hw=C-[ij-w (16.5.y)
29

O ouvteAeoTAG ¢, (CuvTEAEOTAG aTTWAEIWY), E€apTaTal aTrd Tn OIGUETPO
TOU CWAAVQ, TO €i60G TOU CWAR VA (O10€PEVIOG, XAAKIVOG, TTAOCTIKOG K.A.TT.)
Kal atro TO €i00G TNG TOTTIKAG avTioTaong (Bavva, dIakOTITNG, Ywvia K.A.1T.)
O1 Tipég Twv ouvTeAeoTwy ¢ divovtal aTd TTiVAKEG, TTOU GUVTACTOUV Ol
KATAOKEUAOTEG QUTWYV TWV €1I0WV. H TTIECOUETPIKA YPOUUR, EEAAAOU, OTIG
BE0¢€Ig TWV TOTTIKWY QVTIOTACEWYV, TTAPOUCIACEl ACUVEXEIQ.

16.6 OEQPHMA TOY TORRICELLI

‘EoTw, o€ éva faBog h atd Tnv eAeUBepn
EMPAvEIQ EVOG TAOUIEUTAPA VEPOU (OX.
16.6.a), pia cwAAva ekpong.

Me tnv TTpolTéBeon 611 TO BABOG h
TTapauével oTabepd, eQapuolouue TNV
eCiowan Tou Bernoulli. MeTagu Tng eAeU-
Bepng em@aveiag B, Tou TapieutApa Kal
TOU OTOMIOU €KPONG A, Ba €xoupe aTTod
TN oxéon 14. 4. ot

2 2 ZxAua 16.6.a Kivnon uypou Abyw tng
" V78 " ij -7 + VfA + piA emidpaong g Bapurnrag (Bewpnua

z 29w A 29w Torricelli)

B

AMAG givar: Py = Pg =Pgim (N 0TUOCQAIPIKA TTIEGN), EVW

N Tax0TNTA PONG, VR, OTNV ETTIPAVEIA TOU TAMIEUTAPA, AQOU BEV LEIWVETAI
10 BABo¢ h, Ba givanl vg = 0. MNa Ta UYPOUETPA, EXOUE :

zp=0kai zg = h dpa, n 16.6.a yiverai:

2

h+ atm =VA +Patm

w 29 w
. 2
n h=vA/2g

i V, =42gh (16.6.8)
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H mapamdvw autr) oxéon ekppddel Tnv apxn i 1o Bswpnua Tou Torricelli,
TTOU JIATUTTWVETAI WG EENG:

“Yypo trou péel, €€ aitiag TnG BapuTnTAg KOl MOVO,
atrd d1£§od0 Tou BpiokeTal o€ oplopévo BABog atrd
TNV €Ae0BePN eTIQAVEIQ, Ba £XEI TAXUTNTO EKPONRG ioN
TPOG EKEIVN TTOU B0 ATTOKTOUOE, EAV ETTEQPTE EAEUOEP T
a1ré 10 UYOGS TNG EAEUBEPNG eTIQAVEING MEXPI TN BEon
TNG €KPONG”.

2NV TTPAEN, AOyw TwV ATTWAEIWY, TTEPI TWV OTTOIWY EXOUUE KAVEI AOYO,
n TaxuTnTa gival gIKpAoTEPN, avaAoya e Tn JOP@r TOU OTOUIOU EKPONG, KOl
o TUTT0G 16. 6. B, YiveTau:
ua=C, /2gh

(0x.16.6.y) ye 10 ouvteAeoTn C,, va €xel TINES 0,95 €wg 0,99. Oa TrpéTrel,
aKOUN, va ava@Epoupe dw, OTI N PO TOU TTPAYHATIKOU UYPOoU TTOU EKPEEI
aTTd TO OTOMIO £XEI DIATOWN MIKPOTEPN ATTO TN SIATOWN TOU CWANVA EKPONG
Kal, €101, n dlaToun TNG PAEBaG, av S n diatour Tou cwANva, givai
C¢'S, pe Cc.<1. Omére, evwn n BewpnTIKN TTAPOXN €ival:

Qe =S {/2gh
n TTPAYMATIKA Ba givai:

Qn=C,C.S +/2gh (16.6.5)

O¢toupe C,-C = C4 (ouvteAeoig TTapoxng). O Tiuég Tou Cq yia TIG TTIO
ouvNBIoUEVEG OTTEG, €ival AUTEG TTOU QaivovTal oTo oxfAua 16.6.3

ZxAua 16.6.B Or iuég rou auvreAeorn Cd, avdAoya pe 10 OTOLIO EKPONC.
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16.7 POH YITPQN IrYyrPQ ANno reQMETPIKA ZXHMATA

ETreidn oTig udpauAIKEG KATAOKEUEG Jag xpnalpoTroloUpe didgopa e€apThuaTa
yIO VO KATEUBUVOUE TN POA TWV UYPWYV, TTOPOUCIAEl JEYAAO evDIagEPOV
N MEAETN TNG PONG OXI HOVOV PECO OTOUG aywyoug aAAd Kal yUupw atro
did@opa cwuarta. Ta TTPoBARPATA TTOU TTAPOUCIAlOVTaI O€ TETOIEG MEAETEG
eival TToAUTTAOKa. Oa TrepIypdywoupe, 6w, OUO YOVO ATTAEG TTEPITITWOEIG.

a) Pon uypoU yupw a1ré TTAdKa KA0eTn oTn d1elbuvon poRg

Omwg éxoupe TTapATNEROEI GTN TTAPAYPO-
@0 16.2, TNV €IKOVA TNG PoNG o€ £va TTedio
pONG TNV divouv Ol PEUMATIKEG YPOUUES. H
EIKOVA TWV PEUPATIKWY YPAPHWY PONG 1davI-
KOU uypoU yUpw atrd TTAGKA TOTTOBETNHEVN
KGBeTa 0Tn O1EUBUVON PONAG, eival auT Tou  ZXAMa 16.7.a Por) idavikou uypou
oxparos 16.7.a. e

H pop®n TwV PEUPOTIKWY YPAPPWY HOG
Oeixvel 0TI oTa AKPa TNG TTAAKAG €XOUME JEYAAN TaxUTnTa, EVW OTO ONUEIO
A ( 010 KEVTPO TNG TTAGKAG) £xoupe TaxUTNTa pNdEv. To onueio autd 1o
ovopdadoupe “onueio avakoTTig”.

Ag Bewpriocoupe pia oToixelwdn QAERA TTOU TTEPVA TTOAU KOVTA OTTO TO
onpeio avakotmg A. H e€icwan tou Bernoulli petagu tng 6€ong A kai piag
TTOAU HaKPUTEPNG YIa TN GAERQ TTOU UTTOBECaUE YPAPETAL:

2 p . vi

P, +v®

= A
w 29 w 2¢

aANavp=0
, u? %
Gpa Py =P+ =P, =P, +

29 2

OTTOU p N TTUKVOTNTA TOU UypouU.

ATI6 auTr Tn ox€an, yivetal katavonTo, OTi N TTiEon 0TO CNUEIO AVAKOTIAG
AapBaver TN peyaAUuTePN TIWA TNG.

AOYW TNG CUMMETPIOG TNG PoNg, N idla IKOva gival Kal atrd TNV GAAn
TTAEUPd TNG TTAGKAG. Apa, auTr n TTAAKA, H€oa o€ pory IDavikou uypou, dev
TTapoucidlel avtioTaon.

Av o€ €va poviyo tedio pong, Padoupe Eva owANva PE TO GTOPIO KABETO
oTn pon (0x.16.7.B), 6a oxnuatioTei oTo onueio el06dou A, £va onueio
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QVOKOTTAG Kal, ETTOPEVWG, OTO
onueio auTo, n Trieon Ba eival
ion pe To dBpoIcua TNG OTATIKAG
Kal TN QUVAMIKA TTiEaN.
H eikéva Tng poA¢ yupw atro
emimmedn TAGKA KABETN OTN PO sy qua 16.7.8 Epgdvion onueiou avakorric oTo
€ TTPAYHATIKO Uypo, dlaépel  OTUIO OwWAnva
atod TN BewPNTIKN €EIKOVA TTOU
€idape oto oxAua (16.7.a)

IxAua 16.7.y Pon yupw amd mAdka, mpayuarikou uypou

270 0X.16.7.y, TWPQ, £XOUME pPOr TTPAYHATIKOU uypou, n oTroia OTO
EMTTPOOBI0 PEPOG TNG Eival oxedOV Ouola Pe TN pon 1IdavikoU uypou. 10
Tiow PEPOG, OUWGS £XOUUE TN dnuioupyia oTPoRiAwy, dev UTTAPXE!, £BW,
OnWEIo avaKoTIAG, Kal avTiOeTa atrd Tn TEPITITWON Tou 18avIKoU uypou,
TTapouaCIAdeTal JEyAAn avTioTaon oTn por) Tou uypou.

B) Pon uypoU yupw atré caipa

H porj 1davikou uypou yupw aTréd o@aipa, gival avdloyn We auTr TNG
TTAAKOG (0. 16.7.0.)

ZxApa 16.7.8 Porj 16avikoU uypou yupw arré o@aipa
a) O1 peupartikés ypauués B) H karavoun Twv méoewv

Epgavifovral kar €dw dnAadn Ta onueia avakoTig (onueia A kai B),
evw oTta onueia I kar A €xoupe alénon Tng TaxUTNTAG KAl QUGIKA, QvTi-
oTpo®a dedopéva yia Tnv Trieon, dnAadn, peyaAuTtepn TIPN TTiEong oTa
onueia avakotig A kai B, kai pikpotepn ota I kar A. OTTwg cuppaivel Kai
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oTn por Tou 1davikoU uypou yUupw aTrd TNV TTAAKa, £T01 Kal €W N agaipa
dev TTAPOUCIAfEl avTioTOON OTN POH).

IxAua 16.7.€ Pon mpayuarikolu uypou yupw arré oeaipa
a) O1 peupariké ypaupés B) H karavoun twv méoswv

270 0x.14.7.€, £€XOUlE Tn por] TTpayuaTikou uypou yupw aTrd agaipa,
OTTOU KAl £€dW), OTO PTTPOCTIVO PEPOG TNG, EXOUME EIKOVA, OTTWG KOl OTN PO
1IdavIKoU uypou, aAAd oTo TTiow, €xouuEe OTPORiIAOUG ETTONEVWG Kal €OW
TIAAI, £XOUUE ATTWAEIEG.

16.8 EGAPMOIEZ

O1 epapuoyég Twy TTOPIoPATWY TNG YOPOOUVAUIKAG Kal YEVIKOTEPO TNG
QUVANIKAG TwV PEUCTWYV, gival TTOANEG. ‘Exoupe epapuoyég otn oxediaon
TTAOIWY, OEPOTTAGVWY YIa TN PEIWON TNG avTioTaoNng Tou vepoU I TOU agpa,
avTioToixa atn oxediaon SIKTUWY CWANVWOEWY yia UBPEUON, ATTOXETEUON
K.A.TT. 0Tn oxediaon peydAwv apdeuTIKwV Epywv Kal aAAoU €TTiong, Ta
TTOPIoPATA TNG £XOUV EQAPHOYK Kal 0€ TTOAAG dpyava Kal EpyaAeia, dTTwg
OTOUG WEKAOTAPEG, O€ HETPNTIKA Opyava, K.A.TT. 21a eTTOuEva, Ba doupue
MEPIKEG ATTAEG EQAPUOYEG QUTWV TWV TTOPICUATWY TNG YOPOBUVAUIKAG

(i) MeTpntric Bevroupi (0X. 16.8.a)

O peTpnTrg BevioUpi xpnaoipoTToIEiTal yia TN
METPNON TNG TTAPOXNAS UYPOU EvOG wArva. O
METPNTAG aUTOG gival Evag opIZOvTIOS CWARVaG,
TTOU €XEI JIa OTEVWON JOoPP OUYKAIVOVTOG
- atrokAivovTog akpo@uaiou. OTTwg €xoupe
avaAUoel kal oTnV TTapdypa@o 16.4, o€ JIKPEG  ox. 16.8.a MeTpnTi¢ Beviolpi
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dlaTopég €xoupe auénon TnG TaxUTNTAG KAl TITWON TNG TTiECNG, EVW O€
MEYOAUTEPES DlaTOPEG, GUMBaivel TO avTiBeTo. MeTpde TN dlagopd TTieong
METAEU TwvV dlaTouwy 1 Kal 2, e OUO aTTAG HAVOUETPA ] PE Eva BIAPOPIKO
TUTTou U. ‘ExovTag, Twpa, Tn diagopd TTieong Kal BewpwvTag OuoIopopen
TNV KATAVOUR TWV TOXUTATWY, YPAPOUNE TNV e§icwan TNG avéXEIag Kal TNV
eCiowan Tou Bernoulli petagu Twv dUo autwyv diatopwy. EoTtw, AoItrdv, s4
Kal So o1 diatopég 1 kan 2. ETreidr) o owAnvag gival opidovTiog Ta Uyn z Ta
AVTIOTOIXOUVTO OTN OUVAIKN EVEPYEIQ QTTAAEIQOVTAI, KAl £TOI £XOUE TIG
e€lowoeIg:

vq - S1=VS, } oxéon 16.7.a

2 2
&+V71:pzw+v—2 O'XSO'I’]167G
w 29 2g

ETmAUovTag 10 ouoTnua 14.7.a wg TTPOG V4 EXOULE:

(14.7.8)

OTTOU OTO BEUTEPO PEAOG QUTHG TNG 1I00TNTAG PAG €ival OAa YVWOTA.

H Siagpopd Tieang p - p2 €xel PetpnBei. O1 dlaTouég s4 Kal s, TOU Opyavou
eival oTaBepég kal TToAaTTAaCIGovVTal E TO W, TTOU €ival TO €18IKO BApog Tou
uypou dapa, EEpoupe TNV TaxUTnNTa V4, Kol apa, n {nTouuevn TTapoxn €ivai:

Q=V1'S1 14.7.Y

MNa Ta TpayuaTika uypd, otnv e€icwan Tou Bernoulli, Ba TrpéTrel va Ad-
Boupe uTTOWN pag Kal TIG ATTWAEIEG, OTTOTE N EKYPOCN TNG V4, YiVETAI TTOAU-
TTAOKOTEPN. OETOVTAG, AOITTOV, (P4 - Po) /w = AH, n oxéon 14. 7. B yiverau:

(14.7.5)

(14.7.¢)

Agdopévou b€ 0TI 0 TTapdywv
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Kal dpa: Q=C-VvAH

Edv, avti U0 aTTAWV PHAVOUETPWY XPNOIKMOTIOINCOUUE £vVa SIAPOPIKO
udpapyupIKod, TUTToU U, T6TE N TIr AH Ba givai:

WHg -W

AH = Ahx

w

ii. E§aspwrn¢ (carburettors) (ox. 16.8.B)

H ouokeur auTr xpnOIUOTIOIEITAI OTIG EJ-
BoAo®OPESC uNXAVESG EOWTEPIKAGS KaUoNg, yia
TNV TTAPOOKEUA TOU HiyUaTOG 0€PQ - KAUTioU
TTOU XPEIAZETAl N INXOVA.

H Baoiki apxnA Asitoupyiag Tou e€agpwh
Exel wg eEAG: PAEBa agpa DIEPXETAI OTTO £va
owArfva TuTToU BevToupl kai n TTieor) TNG TTé-
QTEl, oUPQWVa Pe TRV e€iowan Tou Bernoulli.
H mTwon Tng TTieong TG AERAG oTo Aaiud
Tou BevtoUpi (S1aToun 2), avaykdadel To kauoiuo va TTepdoel yéoa atn pon
TOU Q€Pa. ZTOV E0EPWTNA HAG EVOIOQEPEI TTOAU N avaAoyia Bapwv Kauaiuou
(Gg) - agpa (Ga).

ZxAua 16.8.8 Eéacpwrnc

‘EoTw, Ta YEWMETPIKA OTOIXEIQ TTOU £€aEpOUVTal:
a) D didpetpog Tou Aaiuou Tou Bevtoupi

)

B) d diGuETPOG TOU CWARVA TTAPOXNS TOU KAUGIUoU

V) {y OUVTEAEOTAG OTTWAEIWYV TOou Bevtoupl

0) ¢, OUVTEAEDTNG ATTWAEIWY TOU CWARVA TTAPOXNG KAl TOU EKTOCEUTH PO
(QykAEP) TOU Kauaipou. EgapuodlovTag Tnv egicwan Tou Bernoulli
yIO TO PEUMA TOU aEpa PETAEU TWV DIATOPWY 0-0 Kal 2-2, KaBwg Kal
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METagU Twv diaTopwy 1-1 Kal 2-2, oTo peUPa TOU KAUGiou, OTTou aTrd
KATOOKEUN €ival Z4 = Zo, EXOUUE:

2 2
patm = piz + VGZ + CG E
W, w, 29 29
2 2
Pam _ P2, Vo2 o Yoo
Wy Wy 29 29
ATTO QUTEG TIG U0 £EI0WOTEIG EUKOAA EXOULE:
w —ngz (1+ C )— w —gzz (l+( )
a Zg a g 29 f

Ma v ToooTNTA, TWPEA, KATd BAPOG TOU AEPA KAl TOU KAUGIUOU, £XOUME
avTioToIxa:

_'ITD

Gy = A Vazwa
1'rd2

G =—V, w

g 4 929

ATTO TIG OXETEIS AQUTEG, EUKOAD KATOAAYOUUE OTn OXECN TwV Bapwv
Kauaoigou - agpa, TTou ivail:

ZUVETTWG aTTd T OXECN QUTH, €ival TTPOPAVES, OTI puBPiovTag To Adyo
d/D, pytropouUpe va emMTUXOUUE TNV €TTIBUPNTA avaAoyia aEpa - Kauaipou.

iil. Yekaornpag (ox. 16.6.y)

O yekaaTpag atroTeAgiTal ammd £va guykAivov akpo@Ualo, To A, Kal
éva atrokAivov, 1o I, ToTroBeTnuévo o€ JI-
Kpn atréoTaon a1rd 10 A, HECQ O€ £va XWPOo
avappoenaong B. H algnon tng TaxutnTag Tou
PEUPOTOG TTOU £EEPXETAI OTTO TO GUYKAIVOV
OKPOQUOIO, £XEI WG CUVETTEIQ TNV TITWOTN TNG
TTieoNG, T000 OTO £EEPXOUEVO PEUA ,000 Kal
oTtov TrepIBGANovTa Xwpo avapdéenongs B,
Kal JGAIOTa N TITWAON AUTH €ival oNUAvTIKA. IxAMa 16.8.y Yekaoripag
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270 aTTOKAiVOV aKpo@®UaCIo, TWPEA, N TaXUTNTA JEIWVETAI KAl KaT akoAouBia
au&avetal n Trieon péxpl TNV €000 Tou PEUPATOG GTNV OTUOCQPAIPA, OTTOTE,
QUOIKA, N TTieon yiveTal ion pe TNV aTgoo@aipiki. MeTd atm’ auTd TTou ava-
PEPOUE TTAPATTAVW, YivETal QavePO, OTI N TTiECN OTO XWPO avapoenong B,
gival hIKpOTEPN ATTO TNV ATPHOCPAIPIKY, £XOUnE dNAadA éva Kevd. AQou GTo
Xwpo B utrdpxel kevo, To uypod TTou ival oTo doxeio A, utrd tieon 1 atm,
Ba avéRel amrd Tov cwhnva E oto xwpo B. Ekei Ba avapixBei pe 1o petua
TOU 0épa aTTd TO GUYKAIVOV akpo@UaIo Kal aKOAOUBWVTAG TNV TTopeia dia
MEoou Tou atrokAivovTog akpo@uaiou, Ba Byei otnv atudéoaipa. Ao To
OUYKAIVOV aKpo@UaIo €XoUE Wia TToooTnTa aépa Q4, atrd 1o doxeio A pia
TT00OTNTA UYPWV Q) Gpa, 0 YekaoTAPAGS Ba Byddel pia TrToodTNTa 0EPa ion
ME Qq 4+ Qo.

iv Tayuuerpo Pitot

O ocwAnvag Pitot (0x.16.8.0) xpnoipotrol-
giTal yia Tn p€Tpnon pong evog uypou. ‘EoTw,
€va uypo TTOU pEEl a€ avolXTO KavaAl, he pia
Taxutnta U. Av BaAoupe Eva KEKaPEVO GWARva
OTTWG QaiveTal oTo oXNua 16.8.9, To UYPO, €€
QiTIag TNG KIVNTIKNAG EVEPYEIAG TOu, Ba ankwaoel  ZxfApa 16.8.8 SwArnvag Pilot
MECQ O0TO KABETO OKEAOG TOU WAV, Kal TTAVW
ato TNV eAeUBepn eTIPAvEIa TOU UypoU, YiIa 0TAAN uypoU pe UYOG, ioo pE
QuTO TTOU QVTIOTOIXEI OTNV KIVNTIKNA evépyela Uo/2g. ATTO TO JETPOUUEVO
Uyog, TTPOKUTITEI KAl N {nToupevn TaxutnTa. To TaxuueTpo Pitot (ox. 14.8.€)
XPNOIUOTTOIEITAI IO TOV UTTOAOYIOHO TNG TAaXUTNTAG TWV AEPOTTAAVWY, UTTO-
AoyiouoG o otroiog oTnpileTal oTnv idia apxn, M€ auTr Tou CwArva Pitot. 210
oxAua 16.8.¢, TTapoucialeTal, oXNUATIKG, éva TaxUueTpo Pitot. Ocwpoupe
Mia oToIXEILON GAEBA TTOU PEEI KATA PAKOG TNG KEVTPIKAG YPAUUARG AA”™ Tou
opyavou. Maipvoupe dUO dlaTOUES
otn QAEBa auTr, Tn dIOTOWN 0-0, ap-
KETA PaKpud, WOTE N PONA va eival
adlatdpakTn, kal Tn diatoun 1-1, o€
ETTAQNA Pe 1o 6pyavo. H taxutnta 010
onueio A gival undév, yiati auto 1o IxXAMa 16.8.€ Tayouerpo Pilot
onueio ival anueio avakoTAg ( TTap.
14.7 ox. 14.7.8). H €€iowaon tou Bernoulli yia TN @AERa TTou Bewproape,
METAgU Twv dlaTopwy 1-1 Kal 0-0, ypAQETaAl:
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OTTOU P N TTUKVOTNTO TOU A€PA, Kal ETTEION Po=Pg EXOUME TEAIKA TIUNA YIO
TNV TOXUTATA
2
Vo= o (pl -P> )

V. Quoika Paivopeva
IMoAAG QuUOIKAG paivoueva, EUKOAD ¢nyouvTal atrd Toug VOUOUG TNG OU-

véxelag kal Tou Bernoulli. H katavénon Twv @aivopévwy autwy Jag Bondd
yIQ TNV ATTOQUYA ATUXNMATWV.

U NAPAAEIrMATA

Ortav duo Aoia KivouvTal TTapadAANAa Kal OXETIKA KOVTA TO €va 0TO AAAO,
OnuIoupyouv PETALU TOug £va PeUa POrG OTEVOTEPO ATTO TO XWPO TTOU
EKTEIVETAI TTEPA ATTO QUTA. AUTO £X€I 0OV CUVETTEIQ, TNV aUENON TN TaxUTNTAG
Kal TNV TITwaon NG Trieong, (ox. 16.8.¢). To atrotéAeoua ival OTI Ta TTAOIQ
EXovTag aTTd TNV EWTEPIKI TTAEUPA TOUG TN PEYOAUTEPN TTiECN P4 KOI OTO
eVOIAPEDO XWPEO TNV MIKPATEPN Po, TEIVOUV VO GUYKPoucBouUv.

ZyxApa 16.8.¢ Kivduvog auykpouong mAoiwv
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Z
z 2YNTOMH NEPIAHWYH AEKATOY EKTOY KEDAAAIOY
Z

MNedio pong, Aéyetal, XwPog YEoa OTOV OTTOI0 PEOUV T UYPA.

To 1Tedio pong TTEpIypd@eTal aTTd TIG YPOUMES Kiviiong Kal
TIG TPOXIEG TWV POPIWY TWV UYPWV.

a) Fpappég Kivnong, €ival ol YpappéG GTO XWPO Tou TTediou pong, o€
KGO onueio Twv OTToIWY ava TTACA XPOVIKF GTIYHI, N EQATITOUEVN
Toug divel Tnv dielBuvan TnG TaxUTNTag POAG OTO UTTOWN ChEio.

B) Tpoxid, gival n 6dgucn Tou Yopiou Tou uypou PEaa oTo TTedio pong.
OTav GUUTTITITOUV 01 YPAMMES KivnNang UE TIG TPOXIEG, TIC OVOUAlouE
“PEUMATIKEG YPOMUMES”.

H por) uypou xapakTnpeifetal 4Ovipn r oTPWTHR, 6Tav N TaXUTNTA TOU O€

KABe onpeio,ival ave¢dptnTn TOU XPOVOoU AAAWG OVOUAZETAl M MOVIMN

1l oTpoBIAWdNG pon.

H péviun pon diakpiveTal o€ opoidpop@n, 61av n TaxutnTa ival Kai
avegapTnTn a1rd TN 6£0n AAAWG, ovouddeTal, avouolopop®n. To KpITAPIO
METATTTWONG atrd TN OTPWTK por oTnv oTPoRIAwdN gival o apIBudg Reynolds
TToU diveTal aTTd T oxéon 16. 2. a,

mv-d

u

Re =

ISavikd uypd, ival Ta uypd TTou dev €Xouv ECWTEPIKA TPIRA. AnAadn,
€xouv 1Ewdeg P = 0 kai gival atréAuTa acuuTtrieoTa. MpaypaTikd vypd
gival Ta uypd TNG eUOoNG, TTou BERala xouv P#0. ATTOTEAEOUA TWV UTTO-
Béoewv auTWV gival 0TI oTA IBAVIKG UYPA Ol JOVEG dUVATEG TAOEIG, Eival
01 0pBEg BAITTTIKEG TAOEIG.

Mapoxn PAERAG 1 evog cwAnva, gival n ava povada Xpovou diEpXOUEvN
TTOoOTNTA ATTO JIa diaTour, dnAadn

Q =

t

AAAN ékppacon TNG OTToIaG gival Kail N
Q=AV

otrou: Q, n TTOCOTATA TOU UYPOU
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V, n TaxutnTa Tou uypou
U, o0 6ykog Tou uypou Kai

A, n dilatoun TNG GAEBAG TOU CWARVT

O vOPOG TNG OUVEXEIOG KATA JNKOG Hiag GAERAG A evog cwAnva (TTapd-
yp.14.4.a) diatutrwveTal attd Tn oxéon:

A1 V1 = A2V2

O vopog Tou Bernoulli katd pAKog piag @AEBAG A evog cwArva (Trapdyp.
14.4.B), dlaTUTTWVETAI ATTO TIG OXECEIG :

Eg = Esuv + Exy + Eqeg = 0708

To Bewpnua Tou Torricelli (Trapayp. 14.6), dlaTuTTwvETAl ATTO TN OXE0N:

VA =C,/2gh

O1 atrwAcIgg, AOyw 0WTEPIKAG TPIBNAG, KATA PAKOG TWV aywywV A O€
TOTTIKEG QVTIOTAOEIG, €ival TNG MOPPAG:

2
h:c . Vim
29

@ AZKHZEIZ

o 1. Aeapevn TePIEXEl VEPO, OTO idI0 TTAVTA UYOG. 210 KATW PEPOG TNG
0eCapevAG, og amooTaon 2,5m atrd Tnv eAeUBepn €TIQAVEIQ TOU VEPOU,
UTTAPXEI KPOUVOC, e UBaddv diatoprc 4cm?. Moid gival n TaxUTnTa EKPORS
TOu vePOU Kal TToI& N TTapOXr TOU Kpouvou.

Amavrnon: v =T7m/s, Q = 2800cm3/s

*s 2. Kpouvog e diatouni A = 15cm?2 yepilel pia KUKAIKA udatatrodnikn,
dlapéTpou d = 2 m Kal weEANIHou Uwoug h=3m o¢ t=4h 42" 54°". T16on givai
n Trapoxh Q Tou Kpouvou Kal TTéoN N TaxUTNTA EKPORG TOU VEPOU aTTO TOV
KPOuVO.

Amavrnon: Q=2m?3/h, v=0,37 m/sec
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*¢ 3. ‘Evag owAnvag £xel eppaddv diatoung 120 cm2. Ao Tov cwAnva
péel vepo pe Taxutnta u = 4Km/h. Méco 6yko vepou Ba dwaoel 0 CWARVAG
o€ pia pépa;

Amavinon: u = 1152m3

ot 4. 2€ éva KOUPBO aywywy,
OTTWG PaAiVETAI OTO OXAMO KI-
VEiTal uypo. TNV €i0odo Tou
KOuBou otn Béon A n didiue-
TPOG €ival da = 450 mm, oTn
B¢éon B civar dg = 300mm.
210 B yivetai diakAddwaon o€
OU0 okéAn. O1 didueTpol ival
d,=150mm ka1 dp-225 mm. MeTprBnkav ol TaxUTnTeS TOU UypoU OTIG BETEIS
A kai A kai eupéBnaav Va = 1.8 m/s kai V= 3,6 m/s. Na uttoAoyicBouv

ZxApa 16.10.a

a) O1 Trapoxég oTig B€oeig I kal A
B) O1 TaxuTtnTeg OTIG B€T€Ig B kau 0
Amavrnon: Qr = 0,143m3/s, Qp= 0,143m?3/s, Vg = 4. 99m/s, V=8,08m/s.

=¢ 5. Opif6vTIog owAvag dieupUVeTal OPOAG

atro pia d1aueTpo 75 mm o€ 150mm katd

d1euBuvaon porg Tou vepou. Av n por] €XEl

TTapoxn Q = 85x103cmS3/s, T0 AVOUETPO

oTn dlatopn Pe dIAUETPO Ta 75 mm Seiyvel

p1 = 200 KPq. Moid Ba eival n £vdeign Tou Ixfina 16.10.8
pHavouéTpou ot dIaTouA YE SIAPETPO Ta

150 mm.

Amravrnon: P, = 373,5 KP4

= 6. Edv 0 cwAAvag Tou TTponyouuEvou
TPORANMATOG €ival KATAKOPUPOGS, HE TN
OI10TOMNA PE TN MIKPR OIGUETPO TTPOG TO KATW
Kal Tn porj Tou vepouU TTpog Ta TTavw, TToid Ba
eival n évoeign Tou pavopuETpou oTn Béan (2)
av n aréoTacn Twv dUo diaTouwy gival 6m.

Amavrnon: P, = 314KPgy IxfApa 16.10.y
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o 7. ATTO TTidaka SlapéTpou 25mm @elyel
duvapn vepou ue Taxutnta 12 m/s Tpog 1a
mavw. Na uttoAoyioBei n didueTpog TnG O¢-
ouNG Tou vepou o€ Uwog 4.5 m mévw atrd
Tov midaka. (O1 atmrwAeieg va BewpnBouv
AuEANTEEG).

Amavrnon: d,=32mm

IxAua 16.10.5

=¢ 8. 'Evag ueTpnTig Bevioupl £xel dIGUETpO
€1l0600u 150mm ka1 didpeTpo Aaipou 75 mm.
Moid n €vdeitn Tou opydvou, o€, JETALU TNG
€10000U Kal Tou Aaipou, av n TToodTNTa ToU
vePOU TTou BIEpETal dIa TOU opyAvou gival
0= 0,04 m3s.

Armavrinon: h=3,9m IXAMO 16.10.€

=¢ 9. Na uttoAoyioeTe Tn TITwaon TTiecong Yetagu dUo onueiwy TTou BpiokovTal
o€ éva euBuypappo cwAnva, e atrdoTacn HeTagu Toug 800m. O cwArnvag
éxel DIdueTpo 150mm kai n Trapoxn Tou givar 0, 0125 m3/s .

Aidovtal ouvteAeoTng ammwAeiwy ¢ = 0,21 N/m, mmukvéTnTa vEPOU
p= 1000 kg/m?3

Amrdvinon: Ap = 41.98 KP,

= 10. Na uTToAOYiOETE TNV TTPAYMOTIKA TTAPOXN TN TTPAYMATIKA TaxUuTnTa
€KPONG Kal TN TTPAYUATIKA OIGUETPO TNG PAERAG vEPOU TTOU EKPEEI, ATTO Wia
ot diapétpou d =40mm 10U €ival aTn TTAeUpd udATTOBNKNG N OTToIa £XEI,
oTaBepd, UYog vepou 6m.
AidovTal ouvTteAeo TG Peiwaong Taxutntag Cy= 0,98 Kal cuvTEAEOTAG
ouoToAAg C.= 0,66.
Amavinon: Q;=0,00888 m3/s, V;=10,6 m/s, d;=32,7 mm
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MINAKAZ 1
EpBadad kal potrég avtioTaong opBoywvikig S1aTopung

AlooTdoeig EuBada potrA avriotaong W
cm cm? cm?3
8x10 80 133
9x12 108 216
12x16 192 512
14%x18 252 756
15%20 300 1000
16%21 336 1176
18x24 432 1728
20%26 520 2253
21x28 588 2744
22x%29 638 3084
23x30 690 3450
24x32 768 4096
25x33 825 4537
26x34 884 5010
27%36 972 5832
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MNINAKAZ 1
EuBadd ka1 potrég avriotaong opOoywvikAg SIaTopng

POMH AKTINA AKPAIA
MOP®H AIATOMHZ AAPAINEIAZ ANTIZTAZHZ AAPANEIAZ AMOZITAZH
w i AMOTOG
4 3
a
l=l,=— Wx:wy:i Ix=ly= 0,290 e=—
12 6 2
3 2
bh bh
|X=E szei iX: 0,29h
h
3 2 e=—
 =b°h w=oh i, = 0,200 2
Y12 Y6
b h3 _bh?
T CaYS = gh
. ) ix=0,236h
= b”h w, = bh A
48 212
ix=iy= W,=W,=
4 4 3 i=i= E e= E
_md 4 _E201d3 v 2
64 20 7
ix=iy= \Nxzwy=
D
2, 2
4 g4 L D°+d e=—
_m (D4—d4) _m D' -d iy=iy=
64 32 D 4
._b b C N
i=— (H3-h3) | Wy=—-(H3-h3) | ix=0,29b\V H"+ h"+ Hh
12 H H
e=—
,y:li.(H_h) Wy=b—3»(H-h) iy=0,29b 2
12 6
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MINAKAZ 3 b
Pomrég Adpdveiag Emgaveiwv |, =0
u
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MINAKAZ 4
(Yyikoppol) Z1evég dokoi | pe eowTtepikd KEKAIPEVA TTEApOTA ZEIPpd .
Mnkog yevikd 4 £wg 15 m.
YAiIk6: XdAuBag

w w
) g ) i . .
E o AaoTéoeic AI(X'I"O g Ma Tov d&ova KAUWeWS | yia Tov agova KAPWewg
= WA 2 x—x y—y
H| B | d t A G Iy W |z ly wy, |y

mm [ mm | mm [ mm [ cm? kg/m | cm* cm? cm cm# cm? | cm

8 80 | 42 | 39 | 59 7,57 5,94 77,7 19,4 3,20 6,28 2,99|0,91
10 100 | 50 | 45 | 6,8 | 10,6 8,34 | 170 341 4 12,1 4,86 | 1,07
12 120 | 58 | 5.1 7,7 | 14,2 11,1 327 545 4,80| 214 7,38 1,23
14 140 | 66 | 57 | 86 | 182 14,3 572 81,8| 560 | 351 10,6 | 1,39
16 160 | 74 | 6,3 | 9,5 | 22,8 17,9 934 117 6,40 | 54,6 14,8 [ 1,55
18 180 | 82 | 6,9 [ 104 | 27,9 21,9 1444 | 161 7,20 81,2 19,8 [ 1,71
20 |200 [ 90 | 7,5 | 11,3 | 33,4 26,2 2138 | 214 8 116 259 |1,87

22 |220 | 98 | 81 |122 | 39,5 31 3055 | 278 8,79 | 162 33,1 |2,03
24 1240 (106 | 8,7 | 13,1 | 46,1 36,2 4239 | 353 9,59 | 220 41,5 2,19
25 |250 (110 | 9,0 | 13,6 | 49,7 39 4958 | 397 9,99 | 255 46,4 |2,27
26 |260 (113 | 94 | 14,1 | 53,3 41,9 5735 | 441 |10,4 |287 50,9 |2,32
28 280 (119 [10,1 | 15,2 | 61 47,9 7575 | 541 |11,1 | 363 61 2,44
30 (300 (125 | 10,8 [ 16,2 | 69 54,2 9785 | 652 |11,9 |450 71,9 |2,55

32 320 |131 | 11,56 {173 | 77,7 61 12490 | 781 |12,7 |554 84,6 |2,67
34 |340 (137 [12,2 | 18,3 | 86,7 68 15670 | 922 | 13,4 |[672 98,1 |2,78
36 (360 (143 | 13,0 [ 19,6 | 97 76,1 | 19580 | 1087 |[14,2 |816 114 2,90
38 (380 149 | 13,7 [20,5 (107 84 23980 | 1262 |15 973 131 3,02
40 |400 [155 (14,4 | 21,6 |118 92,5 (29210 | 1461 |15,7 | 1158 |149 3,13
42,5 |425 (163 [ 153 | 23,0 |132 104 36930 | 1738 |[16,7 |1434 |176 3,29
45 |450 [170 [ 16,2 | 24,3 | 147 115 45790 (2035 | 17,7 [1722 |203 3,42
47,5 |475 (178 [17,1 | 25,6 | 163 128 56410 | 2375 |[18,6 |2084 |234 3,58
50 [500 185 | 18,0 [27,0 (179 141 68650 | 2746 |[19,6 |2474 |268 3,71
55 |550 |200 | 19,0 |30,0 212 166 98950 | 3598 |[21,6 |3481 |348 4,05
60 |600 [215 [21,6 | 32,4 |254 199 38800 | 4626 |[23,4 |4679 |435 4,29
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Zeipd IPB MAaTUtreEApOI d0oKoi | e TTapaAANAEg emiQAvEIEG
TWV TTeEAPATWY. YAIKS: XdAuBag

MINAKEE 481

S ) ; ) lMa Toug Ggoveg
lg o AlaoTdoeig Aiatopuny | Bapog
P x—x y—y
H | B t d A G | W oW,
mm | mm | mm | mm cm? kg/m cm* | cm? | cm? | cm?
12 | 120 | 120 1 6,5| 33,81 26,54 860 | 143 317 53
14 | 140 | 140 12 8 44,12 34,63 1522 | 217 550 79
15 | 150 | 150 | 12 8 47,32 | 37,15 | 1897 | 253 676 90
16 | 160 | 160 | 14 9 58,36 | 45,81 2634 | 339 958 | 120
18 | 180 | 180 | 14 9 65,76 | 51,62 | 3833 | 426 | 1363 | 151
20 | 200 | 200 | 16 10 82,73 | 64,94 | 5952| 595 | 2136 | 214
22 | 220 | 220 16 10 91,13 71,54 8052 | 732 | 2843 | 248
24 | 240 | 240 18 1 111,32 87,39 | 11686 | 974 | 4152 | 346
25 | 250 | 250 | 18 11 | 116,02 | 91,08 | 13298 | 1064 | 4692 | 375
26 | 260 | 260 18 1 120,72 94,77 | 15050 | 1158 | 5278 | 406
28 | 280 | 280 20 12 | 143,58 | 112,71 | 20722 | 1480 | 7324 | 523
30 | 300 | 300 | 20 12 | 153,98 | 120,87 | 25759 | 1717 | 9007 | 600




482 TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN

MINAKAZ 6
T pe oTpoyyulAeupéveg akpég. YAIKO: XdAuBag (B = H)

¥ s améo- Ma Tov GEova Ma Tov GEova

E -|  Aoraoeig £ |Bapog KAPWEWS KAPWEWS

2 5] Taon Al e

< X—X y—y
B|H|d| A]| G Yo Leo| oWy | yolow, |
mm [ mm | mm | cm2 | kg/m cm cm* | cm3 x cm* | cm3 ly

20| 20| 20| 3 1,1 0,88 |0,58 0,38| 0,27 (0,58 | 0,20 | 0,20 | 0,42
25| 25| 25| 35| 16| 1,3 |0,72 0,87| 0,50 (0,73 | 0,43 | 0,34 |0,52
30 30| 30| 4 23| 1,8 |085 1,72 0,80 {0,87 | 0,88 | 0,58 | 0,62
35| 3 | 3| 45| 3 23 0,10 3,10 1,23 1,02 | 1,53 | 0,90 |0,72
40 | 40 | 40 5 38| 3 1,12 520| 1,83 |1,17 | 2,57 | 1,28 |0,82
45 | 45| 45| 55| 47| 3,7 1,26 8,10| 2,51 1,31 | 4,01 | 1,80 |0,93
50 50 | 50 | 6 57| 45 1,40 12,1 3,35 11,46 | 6,06 | 24 [1,03
60| 60| 60| 7 8 6,2 1,66 24,3 | 5,62 [1,75 [ 121 4 1,23
701 70 | 70| 8 106 | 8,3 1,93 445 | 8,78 |2,05 | 22,1 6,37 | 1,44
80| 80| 80| 9 13,6 | 10,7 |2,20 749 (12,9 (2,34 |37 9,25 1,64
90| 90 | 90 | 10 17 13,3 2,47 |118 18,3 |2,64 |585 |13 1,85

100 | 100 [ 100 | 11 21 16,4 2,74 179 246 [2,93 |88 17,7 |2,05




MINAKAX 7
Aokoi [ pe oTpoyyuAeupéveg akpéG. YAIKO: XaAuBag

MINAKEE 483

v g5 g | Amo- lMa Tov dova MNa Tov dgova
E AlaoTdoeig g g oTo- KAPWEWG KAUWEWS
[ g m an X—X y—y
H B d t A G y Iy Wy ix ly Wy iy
mm | mm [ mm | mm | cm® | kg/cm | cm cm* | cmd | cm | cm® | cm | cm
30 |30 |33 |5 7 544 | 4,2 2 6,4 43| 1,08| 51| 26 | 096
40 (40 |35 |5 7 621 49 1,17 14,1 71| 15 6,7 31| 11
50 |50 |38 |5 7 712| 56 243| 26,5| 106 | 1,9 91| 37 | 11
65 |65 |42 |55 |75 9,03 7.1 2,78 375| 17,7 25 | 14 51| 1,25
80 |80 |45 |6 8 1 8,65 | 3 106 26,5 | 3,1 19 63 | 1,3
100|100 (50 |6 85 |13,5 |10,6 3,45 | 205 41,1 4 29 84 | 15
120120 |55 |7 9 17 13,3 3,9 364 60,7 | 46 | 43 1 1,6
140140 (60 |7 10 |20,4 |16 4,25 | 605 86,4 | 545| 63 14,8 | 1,75
160|160 (65 |7,5 |10,5|24 19 47 925 | 116 6,2 | 85 18,2 | 1,9
180(180 (70 |8 1 28 22 51 |1354 |[150 7 114 | 224 | 2
200|200 |75 |85 |11,56(32,2 |253 55 | 1911 191 7,7 (148 | 27,0 | 2,14
300|300 |100 |10 |16 |[58,8 |46,1 7,3 |8028 |[535 |[11,7 [493 | 67,6 | 2,90
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MINAKAZX 8
AvioookeA YywVIOKd eEAdopaTta L pRkog yevikd 3 éwg 12m atré xdAuBa
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MINAKAZ 9
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MINAKAZ 10
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