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NMPOAOIOx

To BIBAio Texvikn Mnyxavikn — Avroxn Twv YAIKWV TTOU £XETE OTA XEPIA
0aG TTPOOPICETAl VA €EUTTNPETHOEI TO HABNUA pe ToV idIO TITAO, TTEPIEXEI
YVWOEIG XPNOIPEG O€ OAOUG TOUG TEXVIKOUG, OAAG £XEI TIPOCOPUOOTEI Kal
atreuBUuveTal GTOUG PaBNTEG TNG A™ TAENG TOu 10U KUKAOU Tou MnxavoAo-
yIkoU Topéa, dnAadr) oToug pabntég ekeivoug, ol ottoiol otn B™ 1G¢n Ba
ETTIAEEOUV TUYKEKPIUEVEG UNXOAVOAOYIKEG EIDIKOTNTEG.

2TIG avOAUCEIG TWV ETTAYYEAUATWY TWV dIAPOPWYV EIBIKOTATWY TOU UnNXa-
VOAOYIKOU Topéa avagépovTal £va TTARB0G vvoiwy Kal pwV TTOU OVAKOUV
OTO TTEPIEXOPEVO TNG TEXVIKAG MNXAVIKAG KaI TNG AVTOXAS TWV UAIKWYV, OTTWG
T.X. TTAPAPOPPWOEIG, TPOXAAIES, POTTEG, AEOVES, ATPAKTOI, 0OOVTWTOI TPOXOI,

vii
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@oprTia, dlaypdupaTta, aAuaideg, cuppaTdoxoIva, yepavoi, TTpEoES, WaAidia,
OWANVWOEIG, OTTEIpwUaTa, AEBNTEG, OTOIXEIQ PEUOTWY, UOPOBUVANIKAG,
KAuyn, koihavan, e€€Aaan, oeupnAaacia, OAKIUOTNTA K.ATT.

ATT6 TO TTOPATTAVW TTPOKUTITEL, OTI TO TIEPIEXOMEVO TOU JOBAUATOG KAl TOU
BiBAiou Trepihauavel TEoOEPIG (4) BePaTIKEG EVOTNTEG: ETATIKE, AUVOMIKNA,
AvToxn Twv YAIkWwvV Kol PeuoTounxavikn.

Ta d16aKTIKG avTIKeipeva Tou BIBAIOU, gival QVTIKEIMEVA YEVIKOU TEXVIKOU
evOIOQEPOVTOG Kal Bev OTNPifovTal € EUTTEIPIKOUG KAVOVEG OAAG O€ YEVIKEG
apXEG, TWV OTTOIWV N YVWOT Kal n Katavonorn Ba Kpivel atro@acioTiKA TNV
ETMITUYXia Tou aupiavou etrayyeAparia. To BiIBAio ypd@Tnke pe Baon Tnv avti-
ANTITIKA IKAvOTNTA TWV Habntwy auTthg TNG Babuidag Kal TIG yVWOEIG TTou
€XOUV aTTO TA TTPONYOUNEVA XPOVIA TWV GTTOUDWY TOUG Kal TTEPIAGUPBAVEI
Ta avaykaia SIOAKTIKA AVTIKEIYEVA, ATTO TIG TTAPATTAVW BEPATIKEG EVOTNTEG,
€701 WOTE va TTOPEXEI OAa 6Oa aTTAITOUVTAI VA YVWPICEI O ETTAYYEAUOTIOG TOU
eMTTESOU aAUTOU, aTTO TO CUYKEKPIUEVO YVWOTIKO Xwpo. O@a dwael akdun
TN duvaTdTNTA OTO HABNTA va UTTOPETEI VO TTPOXWPNOEI OE TTEPAITEPW E-
BaBuvaon Kal ETTEKTACN TWV YVWOEWY TOU, OTA OXETIKA [IE TO TTEPIEXOPEVO
Tou BiBAiou avTiKeipeva, TTou Ba KANBEi va avTiyeTwTTioEl wg epyalOuEVoG,
KOTG Tn OIGPKEIQ TNG ETTAYYEAUATIKAG Tou aTadiodpouiag. Oa Bonbrotl,
€TTioNG TO HaBNTA OTNV TTEPITITWON TToU Ba eMI{NTACEI TTAPATTEPO OTTOUDEG.

ZUPQWVA PE TOUG EKTTAIOEUTIKOUG OKOTTOUG TOU aBAPATOG, OTTWG auToi
avagépovTtal aTo Npdypappa ZToudwy TTou ouvEeTage To MNaidaywyiko Iv-
OTITOUTO Kal TNV avAAUCT] TOUG aTTO TOUG OUYYPOQEIG, TO BIBAIO TISILKEI,
(eKTOG TWV YEVIKWV OKOTTWV TTOU GQOPOUV € OAQ Ta Jabrjuara), va dwael
OTOUG paBnTEG TN duvaToTnTa:

A Na avTiAn@Bouv 611 To aBnua CUCXETICEI TN YVWON WE TNV TTPAYUATI-
KOTNTA, TTPOWBET Kal 0EUVEI TNV TEXVIKI - TEXVOAOYIKI) OKEWN Kal va TTEIgBolv
ME OUYKEKPIPEVEG QVAPOPES, EQPAPUOYES, TTAPADEIYHATA KOl AOKAOEIG OTI
«0,TI JaBaivouv £papuolovTal OTNV €TTIAUGN UTTAPKTWY TTPAKTIKWY TTPO-
BANHATWVY.

A Na eicayxBoUv aT10 eupUTEPO PACHA TWV TEXVIKWYV ETTIOTNHWY, WOTE
va BonBnBouv HeAAOVTIKA, «va €xouv Adyo» Kal va cupBAANouv oTnyv ETTi-
Auon TEXVOAOYIKWYV, TTEPIBAAAOVTIKWYV KAI KOIVWVIKWY TTPORANUdTWY, ava-
TITUC00VTAG Kal a&loTToIWVTOG TO TAAEVTO TOUG, TO EVOIAPEPOVTA TOUG, TIG
YVWOEIG Kal TIG OECIOTNTEG TOUG, EITE WG ETTAYYEAUOTIES EITE WG TTEPAITEPW
aKadnuaikoi TTOAITEG.



MPonOros  iX

A Na giocaxBbouv oTnv TEXVIKH 0pOAoyia Kal YEVIKOTEPA OTNV KTEXVIKA
YAWOGoay TTou €ival pia ouvBeon TTEPIYPAPIKWY OTOIXEIWY, JABNUATIKWY
OX£0EWV, OIaYPAUUATWY, TEXVIKWY OXEDIWV Kal GUUBOAWV.

A Na yvwpioouv Kal va KaTavonoouv £VVoIES, Bewpieg, VOUOUGS Kal apXEG,
N OTEPEN YVWan Twv OTToiwv Ba Toug BonBdroel wg aupiavoUg eTTayyeEAUATIES
1 @oITNTEG Va aKoAoUBroouv PeBGOOUG AVTINETWTTIONG TWV TTPORANUATWY
TTEPIOCOTEPO YEVIKEUPEVOUG, OTTOQPEUYOVTAG TN OTEVA QVTIMETWITION TOUG
ME HEBOOOUG «TUTTOTTOINUEVOUG XWPIG OpiovTa».

A Na pabouv va xpnoigoTrololv OwaoTA TOUG TEXVIKOUG TTIVAKEG, TIG
MNXAVIKEG OTOBEPES TWV UAIKWYV, KABWGS Kal Ta YEWMETPIKA OTOIXEIO TWV
KATOOKEUWYV TTOU OXETICOVTAI PE TO QVTIKEIMEVO, YIA TIG EQAPPOYEG TOUG
oTnVv TPAaen.

EidikoTEPQ:

e Na utTopouv ol yadnTég va Katavoouv atrAd TTpoBARuara, va ta
OXNMOTOTTOIOUV KAl VA TO avayAyouv o€ ATTAOUCTEPEG POPYEG,
TTOU Vva gival dUVATOV va EKQPPACTOUV PE ATTAG HaBNUaTIKO TPOTTO.

e Na ptropouUv va AoV Ta TTApaTTavw TTPoBARuaTa he T BonBeia
QTTAWV JaBNUATIKWV.

o Na eAéyxouv Kal va agloAoyoUlv Ta aTTOTEAECUATA O€ OXECT TTAVTOTE
ME TO apXIKO TTPORANUA Kal va KATAARyouv 0 CUPTTEPAOATA.

o Na aTTOKTACOUV 01 JaBnTEG TO AvayKaio UTTORABPO, TTPOKEIUEVOU Va
OeXTOUV TN yvWon GAAWVY JoBnudaTwy OTTWG Ta ZToIXEia Mnyavwy,
TIG MeTaANIKEG KOTOOKEUEG K.ATT.

O1 TTapaTT@vw OKOTTOi avaAUovTal TTEPAITEPW Kal £EEI0IKEUOVTAI O€ OU-
YKEKPIUMEVOUG OTOXOUG, Ol OTTOI0I ava@EéPOVTal OTNV apXH KABe Ke@aAaiou
Tou BiAiou.

O1 auyypopeic

Or avayvwareg, ol oroiol 8a dIamoTWoouV TOAVES TTAPAAEIWEIS, avayKaies
TPOOONKES 1) ETTIBULIOUV va SIATUTTWOOUV YEVIKOTEPES TTAPATNPNOEIS, TTOU Ba BEA-
riwoouv 10 BIBAio otnv eméuevn €kOOOT TOU TTapakaAoUue va ammeubuvovral Tpog
10: MNaidaywyiko Ivarirouto, Touéac MnyavoAoyikdc, Meooyeiwv 396, Ayia MNapa-
okeun 153 41, ABrva.
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% OUVTEAEDTNG OOPAAEIag
p ETTIPAVEIAKT) TTIECN
G Bapog
o] TTUKVOTNTA
\Y OYKOG
g emTdyuvon NG BapuTnTag

pOTT adpPAvEIag ETTIPAVEIAG WG TTPOG ALova X-X~
pOTT adpdvelag ETIPAVEIAS WG TTPOG Gfova Y-y’
QKTiVa adPAVEIag Hiag dIOTOUNAG WG TTPOG Agova X-X
QKTiva adpAvelag Hiag dITOUNG wg TTPOG Ggova Y-y’

X X

__'E__

<
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POTTH avTioTaonNG wg TPog Gfova €1 — g1
TTOAIKA POTTH adpAveIag wg TTPOS TOUG KUPIoug AEoveg adpa-
VEIOG X-X, W-Y KABETOUG PETALU TOUG
TTOAIKR} POTT avTioTaong Jiag dIaTONG
TéMvouoa duvapun

KQUTITIKI) POTTH

OTPETITIKI POTIN

poTr duvaung

Kpio1ho gopTio Auylguou

Kpiolun 1don Auyiopou

QVOIYUEVO PNKOG

Auynpdétnta

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 ISO 1000-1981

EAOT 100

\\

. JEVNON

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

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

EIZArQrH

O1 povAdEG TWV PUOIKWYV MEYEOWV

Ta cuoTApATA TWV HOVAdWYV

MeTaTpoTri KATAPYNMEVWY HOVABWY o€ povadeg Tou Sl

006nyieg ISO ka1 EAOT yia Tn Xpnoipotroinon Twv povadwy tou Sl.
Movddeg ekTOG Sl TTOU EMITPETTETAI | XPNOIMOTIOINCGH TOUg

BaoIkéG YVWOEIG TPIYWVOHETPING
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.) Emdiwképevol oTé)o!I:

E/ Na yVWpPIOETE T CUCTAPATA TWV JOVABWY KOl TIG JOVADEG PETPNONG
TWV QUOIKWY PEYEBWV.
EidIkOTEPQ, VO KATAVOAOETE, OTI N TTANPENG YVWON TwV JoVAdWY JE-
TpNoNG Ba oag BonBroel aTTEPIOPIOTA OTN WEAETN KAI TNV KOTOVONGON
TWV TEXVIKWV KEIMEVWY, OTNV EKTIUNON TWV PEYEBWYV TTOU GUVUTTAP-
XOUV WE TIG KOTOOKEUEG KAl TO OTOIKEIO TOUG, KABWG KOl aTNV €TTIAUCN
OUVYKEKPIYEVWV TEXVIKWYV TTPOBANUATWY.

E/ Na pdaBete TG povadeg, Ta oUPBOAA Toug, Ta TTOAATTAACIA KOl UTTO-
TTOAAQTTAGOIG TOUG, Kal IBIaiTEPA TIG HOVADES Tou OIEBVOUG GUOTANATOG
(S.1.) kar autég AAWY cUCTNUATWY, TTOU ETTITPETTETAI N XPNOIKOTTOI-
nor) Toug.

E/ Na paBeTe TIG QVTIOTOIXIEG TWV XPNOIMOTTIOIOUPEVWY HOVAdWY GAAWY
ouoTNUATWY PE aUTEG TOu S.I.

Iz/ Na OTTOKTACETE TNV EUXEPEID JETATPOTTWYV TWV JOVAdWY OTaA TTOAAG-
TTAdO1a KAl UTTOTTOAAATTAGO1A TOUG.

E/ Na pdaBete TTOAU KOAG TOUG TPOTTOUG XPNOINOTTIOINGNG TWV JOVAdWY
Tou S.1., Bacel Twv 0dnyiwv ISO kai EAOT.

Iz/ Na BuunBeite oplopéveS BATIKEG YVWOEIG TNG TPIYWVOUETPIOG, TTOU
Ba oag Bonbrgouv TNV Katavonaon Tou JabriuaTog Kal aTnv €TiAuUCN
avTioToixwv TTPORANUATWY.

Iz/ Na yvwpioeTe TO EKTETAPEVO TTESIO TNG TEXVIKAG MNXAVIKNAG KAl TTWG
dlagopoTrolouvTal Ta dUO THAMATA TNG, dNA. TNG OTATIKAG TWV OTEPEWV
Kal TNG avToxXAG TwWV UAIKWV.
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E1. Ol MONAAEZ TQN ®YZIKQN MEFEGQN
E.1.1 l'evika

270 BEPa TWV PHOVAdWY TWV PUOIKWV PEYEBWYV UTTAPXE MEYAAN olyxuon,
TTaPA TO YEYOVOGS OTI Ol TIPOCTTABEIEG yIa TNV KABIEpWOn evOG CUCTAUATOG
Movadwyv KOIVAG atrodoxig apxioav OTIC apXEG TOU TTPONYOUUEVOU AIWVA.

270 110 YEVIKO OUVEDPIO PETPWYV KAl OTABUWYV, TToU £yIVe TO €106 1960,
atmo@aacioTnke N KaBiEpwan Tou AleBvolg ZuaTruaTog povadwy (A.Z.) i
SYSTEME INTERNATIONAL D" UNITES (S.1.).

MOoAAEG XWpeG £xouv Kabiepwael VOUOBETIKA TO CUCTNPA QUTO, JETAEU
0¢€ auTwv TrepIAapBavetal kai n EAAGda, TTou 1o kabiépwae oTig 30-12-1983
pe 1o Mpoedpikd Aidtaypa 515, TTou dnuoaoieuTnke oTo aplB. 196 @UAAO TNG
Epnpepidag Tng KuBepvnong.

O EMnvikég Opyaviopég Tutrotroinong (EAOT) €xel apxioel Tn ouvTagn
MIag oeipdag Tpodiaypagwy yia 1o A.Z. - S.1. To rpoTtutro EAOT 100 yia
TTapadelyua, avTioToiXei oto TrpoTuTro 1ISO* 1000.

E2. TA ZYZTHMATA TQN MONAAQN
E.2.1 To cUoTtnpa C.G.S. i} amrdéAuto cuoThua

Eival éva TTAfpeg ouoTnua govadwy, TTou TTpotddnke atrd Tov KELVIN® 10
€106 1881. O1 Baoikég dIAOTACEIG Kal Ol JOVADOEG TOU CUCTHOTOS auToU,
QaivovTal oToV TTapaKATW TTiVaKaA:

Mivakag: E.1.1.a
ZYZTHMA C.G.S.: Baoikég S100TAOEIG KOl JOVADES

pEyeBog prikog pada Xpovog

oupBoAo L m t
povada EKATOOTOUETPO YPOUPApPIO OEUTEPOAETTTO

oUpBoAo cm g sec

*ISO, INTERNATIONAL ORGANIZATION FOR STANDARIZATION (Aiebvrig Opyavi-
ouég Tutrotroinong).

*LORD KELVIN AyyAog @uaikdg (1829 — 1907). Zmoudaoe oTa MNavemoTtAuia TG MNAa-
oKwPNG Kai Tou Kaiptpitd. AoxoAndnke pe BEpata BepuoTnTaG Kal NAeKTPIoPoU. MeAéTnoe,
METAEU TwV GAAwV, TN HETABOAR TOu onueiou TAENG Tou TTAYOU Kal KaBIEPWOE TN YVWOTA
KAipaka BepPOKPATIWV TTOU QPEPEI TO OVOUG TOU.
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To TTAEOVEKTNUA TOU GUOTHUATOG QUTOU, €ival N IKAVOTTOINTIKA EQAPUOYN
TOU OTa BEPATA TG PNXAVIKAG, XWPIG OPWG va cupBaivel To idlo Kal oTnv
NAEKTPOAOYiQ, TNV OTTOIx OI JOVADEG TTOU TTPOKUTITOUV, €ival SUVAUEIC PE
KAQOUATIKOUG EKBETEG TWV BACIKWY PHOVADSWY.

E.2.2 To Texvik6 oUoThHO

To ouoTnua autd TToU OVOPAZeTal KAl TIPAKTIKO oUOTNUA, XPNOIUOTIOIE
oav Baoikd péyebog Tn duvaun Kai auTr ival Kal n diagopd Tou aTrd To
atmoAuTto ouoTnua. O1 Bacikég OIa0TACEIS Kal Ol JOVADES TOU CUCTAMATOS
auTtoU @aivovTal OTOV TIGPAKATW TTiVAKA:

Mivakag: E.2a
Texviké Z0oTnua: Baoikég S100TAOEIG KOl HOVADES
MEyeBOG MrKOG ouvapn XPOVOG
oupBoAo l F t
povada METPO XINIOTTOVT OEUTEPOAETTTO
oUpBoAo m kp S

Ta TTpoAAuATA TTOU TTPOKUTITOUV OTTO TN XPrON TOU CUCTAUATOG auToU
gival Ta id1a pe Ta TTPORAAUATA TOU ATTOAUTOU GUCTAUOTOG.

E.2.3 To cuotnpua MKSA

Eival To auoTnua TTou eTTEKPATNOE TTAYKOO IO KAl TTOU TTEPIAAUBAVEI OTA
Baoika Tou peyEBN 10 NAeKTPIKG peupa (Evraon). O1 BaaikEG SIOOTATEIS KOl
Ol HOVABEC TOU CUCTANATOS aUTOU (aivovTal GTOV TTiVOKA:

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

ouo6g Tutrotroinong).
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Mivakag: E.28
Zuotnua MKSA: Baoikég 8100TAOEIG KAl HOVADEG
MéyeBOG | MNAKOG pada XPOVOG NAEKTPIKG peUPQ
oUpBoAo l m t I
povada METPO | XINIOYPOUUO | OEUTEPOAETITO ApTtrép
oUuBoAo m kg S A

E.2.4 To 8i1gBvég ouoTnpa (S.1.)

O1 Té00epIg TTPWTES BATIKEG HOVADES TOU CUCTHAUATOS aUToU, €ival Ol BACIKEG
povadeg Tou ouoTrpatog MKSA. ZuvoAikd, oTo 81EBvEG cUaTNPA XPNOIKO-
TToloUvTal €QTA BACIKA KAl OU0 CUPTTANPWUATIKA PEYEDN, Ta cUPBOAA Kal
Ol HOVADES TWV OTTOIWV PAivVOVTAl OTO TTOPAKATW TTIVAKA:

MINAKAZ: E.2.y
AigBvég ZuoTnpa (Sl): ZUpBOAA PUOIKWY NEYEOWV KOl HOVADEG

Baoikd peyébn ZUPTTANPWHOTIKG
HeyEdn

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

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

oUuBoro | ¢ m t | T0 n Iv (0] Q
povada | pétpo | XINIG- | 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
ouoTnua gV aPopPa TIG AEPOTTOPIKES, BAAATTIES KOl G1ONPOOPOUIKES UETO-
QOPEG, av aTtrod diebveig cupPaoelg TIPORBAETTOVTAI GAAEG JOVADEG. Ta TTOA-
AatTAGaI0 Kol UTTOTTOAAQTTAGCIO TV Jovadwy Tou S, JE TOUG avTIoTOIXOUG
OUVTEAEOTEG TOUG, QAivovTal OTOV TTAPOKATW TTiVOKA:
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Mivakag: E.2.5
Sl: MoAAatrAdoia kal utTtoTrToAAaTTAdO 1O
Mpo6Bepa
ovopa ouUupoAo OUVTEAECTNG

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 012

Ta oUuBoAa Kal o1 JOVADES PIAG OPABAS QUOIKWY UEYEBWYV, TTOU EXOUUE

EMAEEEL, paivovTal OTOV TTAPOKATW TTiVOKA:



ElzArQrH

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

ISO 31. 1, 11, lll. - EAOT 200. 1,2,3.
Méye0og Z0uBoAo Movada
Emoaveia A, S m2
OYKOG Y m?3
TaxutnTa u, Vv, w m/s
emTtdyuvon a m/s?
ywviakn TaxutnTa w rad/s
YWVIOKN ETTITAXUVON a rad/s?
TTEPIOdOG T s
ouxvotnta f Hz
KUKAIK] ouxvoTnTa w s=1/s
TTUKVOTNTA PAZag p Kg/m?3
duvaun F N (NioUTov)*
Bapog G N
poTT dUvaung M N-m
Tiean p Pa (MaokdA)
POTI adpAvelag I kg- m?2
£pyo W J (TZaouA)
EVEPYEIQ E J
1oxUg P W (Bar)
Bepuokpaaia 0 °C (BaBp. KeAaiou)
BepudTnTa Q J

* SIR ISAAC NEWTON AyyAog @uaikog, pabnuaTikdg kai @IA6cogog (1642 — 1727).
AloTUTTWOE T VOPO TNG BapUTnTag Kal TNG TTayKOOHIaG EAENG. To Gvoud Tou QEPEI N OPWVUUN
povada Tng duvaung.
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O1 pyovadeg ieong: oTAAN vepou, Torr kai ath £xouv kaTapynOei. Atro-
KAEIOTIKA povada yia Tnyv Trieon gival 1o TTaokAaA (Pa). Ze eCalpeTIKES TTEPI-
TITWOEIG ETTITPETTETAI N XPNOIYOTToiNoN TNG Movadag utrap (bar), ou dev
avrkel ato Sl. AgiCel va onueiwBei n oxéon:

1 bar =105 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). ATTOKAEIOTIK Jovada 10XU0g gival To
Bar (W).

E.3. METATPOINH KATAPTHMENQN MONAAQN ZE MONAAEZ TOY SI

O1 avTIOTOIXIEG PEPIKWYV KATAPYNHUEVWY POVAdWY WE TIG povadeg Tou Sl
(aivovTal OTOV TTOPOKATW TTiVaKA:
Mivakag: E.3.8
MeTaTpoTri) KaTapynUéEVWY HOVASWY o0& povadeg Tou Sl

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

Otav oToug UTTOAOYIGHOUG BeV evOIOQEPEI N EYAAN akpiBela, UTTOPOUE,
avTi TNG oxéong:
1kp=9,81N
Va XPNOIUOTTOIOUNE TN OXEoN:
1kp=10N (7)

Kal T0 AdBOG yI' auTh TNV aTTAOTTOINGN, €ival JIKPOTEPO Tou 2%.

* DIN, o leppavikég Opyaviopdg Tuttotroinong.

**TnUaivel «kaTd TTPOCEyyIon»
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E.4 OAHI'IEZ ISO KAI EAOT IN'A TH XPHZIMOIMOIHZH TQN MONAAQN
TOY SI

Odnyia 1n:
Ta cUuBOAa TWV PHOVAdWY YPAPOVTAl AKPIBWG, OTTWG £XOUV TUTTOTTOINOEI,
XWPIG aAAOIWOEIG KAl TTPOOONKEG.

Odnyia 2n:
O d1eBviig opyaviopog Tuttotroinong ISO dev TTPoBAETTEN yIa TIG JOVADEG
TTANBUVTIKO apIBuo.

ZwoTo NdaBog

Newton Newtons

To mpdtutro EAOT 100 TrpoBAETTEl T OVOUATA TWV HOVAdWY va ypdgovTal
€MNVIKAG Kal Ta OUPBOAC TwV Hovadwy, 6TTwG dIEBVWG £XOUV TUTTOTTOINOEI:

Ovopa povadag Z0uBoAo
vioUTov N
BOAT V
Odnyia 3n:

Ta oUuBoAa TTou TTpoEpyovTal atmd KUpIa ovopaTa, Kal Joévo autd, ypa-
QovTal Je KepaAaia ypdupaTa Tou AaTivikoU 1 Tou EAAnvIKoU aA@apnTou,
(6Tmwg N, Pa).

Odnyia 4n:
O d1ebviig opyaviopog ISO kai o0 EAOT dev TpoBAETTOUV avaypa@r} Jova-
Owv oTn BeCIG TTAEUPE TWV TUTTWV.

ZwoTo AdBog

S
U=—
t

n|3
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O1 povadeg avaypd@ovTal, OTnNV TTEPITITWAON TTOU YiveTal apIBuUNTIKA
avTIKATAOTAON O€ TUTTOUG, UOTEPA aTTO OAGKANPN TNV APIBUNTIKN TIUA OTN
dlaTuTTwon evog pey€boug. ETtiong, petagu Tng apiBunTIKAG TIMAG KAl TOU
OUMBOAOU TNG HOovAdaG, TTPETTEI VO UTTAPXEI VA MIKPO dIdaTna.

U NAPAAEIrMA

Av oToV TTapaTTdvw TUTTO TNG TaXUTNTAG QVTIKATAOTAB0UV OI TIUEG:

S=10m ka1 t=2s
Tore:

Odnyia 5n:
Ta yivoueva Kal Ta TTNAIKG TwV Jovadwy PTTopoUV va ypd@ovTal KaTd TOug
€€NGg TPOTTOUG:

r::r%:m.s_l

To cuupoAo Tou TTOAaTTAOCIOOUOU 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 Tp6Bepa (TTOAATTAGCIA Kal UTTOTTOAAOTTAGCIA) TWV JOVADdWY, TTPETTEI

va €TMIAEYETAI JE TPOTTO, WWOTE OI APIBUNTIKEG TIMEG TTOU TTPOKUTITOUY, VA
eivar petagu 0,1 kai 1000.

ZwoTo AdBog
50 ym 0,05 mm

Odnyia 7n:
E€aipeon oTo mpdBepa, ammoTteAei n povada Palag 1o XIAGYpaupo, TN OTToi-
ag 1o 1/ 1000 dev ovopadetal pIAXIAIGypappo (m kg), aAAd ypauudpio (g).
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Odnyia 8n:

H xpnoipoTroinon TrepIcoOTEPWY TOU EVOG TTPOBEUATWY, OEV ETTITPETTETAL.

ZWwoTo AdbBog

3.000.000.000 = 3 Gg 3.000.000.000 = 3 kMg

Odnyia 9n:
Av pia povdda £xel TTpdBepa Kal upwveTal o€ dUvaun, dev XPNOIUOTIOIEITAl
TapévBean. H duvapn 1oxUel Kal yia To TTpOBeua.

U NAPAAEIFMA

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

E.5 MONAAEZ EKTOZ SI NOY ENITPENETAI H XPHZIMOMOIHZH TOYZ

O1 povadeg TTou dev avikouv 0To S| Kal ETITPETTETAI N XPNOIKJOTIOINOT) TOUG,
QaivovTal gToV TTiVaKQ, TTOU OKOAOUBEI.

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

ISO 31

Méye0og Movdada 20upoAo Maparnpnoeig
XPOVOog TIPWTO AETTTO min 1 min = 60 sec

wpa h 1 h =60 min

nuépPa d 1d=24 h

£€10G a 1a=365d
ETMITTEDN YWVia Moipa ° 1° = (1/180) rad

TIPWTO AETTTO 1'=(1/60)°

0eUTEPO AETTTO 17"=(1/60)"
OYKOG Aitpo 1 11 = 1dm3 = 1/1000m3
paca TOVOG t 1t=10% kg
evépyela NAEKTPOVIOBOAT ev 1ev = 1,602x1010J
Trieon peuoTou pTTap bar 1bar = 105 Pa
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E.6 BAZIKEZ 'NQZEIZ TPIFTQNOMETPIAZ

O1 yvwoeIg TTou TTpoépxovTal aTTd TNV TPIYWVOUETPIA, Eival YVWOEIG aTTa-
PaITNTEG YIa TV KATAVONON TwV EVOTATWY TToU Ba akoAouBrjoouv.
‘ET01 Ol TPIYWVOUETPIKOI apiBpoi, givai ol €ENG:

TpiywvopeTpikdg apiBudg | EAAnviké ouufBolo AigBvég oUppoAo
Huitovo nu sin
Zuvnuitovo ouv cos
EgatTopévn £Q tag
ZuveQaTITOpéVN (o[] cotag

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

a ammévavTl KAaBetn TTAeupd
npa =—= -
% uTToTEivouoa

TIPOOKEINEVN KABETN TTAEUPA
uva = P = TPookeiuevn kadern P
uTtoTeivouoa

_ Nua _%_G'Y_G

£Qa = = i
ouva % By B

ETTOUEVWG:

£0a = a _ amévavT KABeTn TAsupa
B TTpookeipevn KABETN TTAEUPG

opa=-— = ===
nua A ay a
ETTOUEVWG:
B Tpookeiyevn KABETN TTAEUPG
opa=—=

a atrévavTl KABetn TTAcupd

O1 TPpIYWVOUETPIKOI apIBOI JEPIKWV YWVIWY, gival:
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TEXNIKH MHXANIKH
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H Texviki Mnxaviki

H Mnxavikn €ival n €moTAun, n otroia €€€TAElI TNV I00PPOTTIO KAl TNV
Kivnon Twv CWPATWV.

H oTaTikA €ival TO TUAPO TNG MNXAVIKNAG, TToU €CETACEI TNV ICOPPOTTIO TWV
CWMATWY, Ta OTToia BEWPEi N TTAPAMOPPWOIHA, OTAV TTAVW OE AUTA
EVEPYOUV OUVAEIG.

H avroxn Twv UAIKWV gival To TuAPa TNG MNxavikrg, To otroio €€Tdlel Ta
TTAPOMOPPWOINO CWUATA KAl TIG TITAPAPOPPWOEIG TOUG, OTAV TTAVW O€
QUTA evepPyoUv DUVAEIG.

a) H aratikn, B) n avroxn Twv UAIKWv
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.) Emdiwképevol oTé)o!I:

Iz/ Na opilete TN dUvAN, VA TTEPIYPAPETE TO XAPOKTNPIOTIKA TNG KAl VO
AVOQEPETE TTAPADEIYUATA.

Iz/ Na TEPIYPAPETE —aVOPEPOVTAG KAl TTAPAdEIYUATA OTTO TN TTPAEN— TO
€idn Twv duVAPEWYV, TO OCUCTNUA TWV OUVAHEWY, TN CUVICTAPEVN Kal
TIG GUVIOTWOEG.

M/ Na ava@EpETe Kal va TTEPIYPAPETE TIG APXES TNG OTATIKAG KAl va O-
vTIAN@OEeiTe TN oTTOUdAIGTATA TOUG, YIa TN BueAiwor TnG.

Iz/ Na AUveTe TTpoBAAuATO TTOU ava@EPOVTal OTIG EVOTNTEG QUTOU TOU
KEPAAQioOU, VO OUYKPIVETE Kal VO JEAETATE T ATTOTEAETATA KAl v
KataAfyeTe atn dIaTUTTWGN XPACINWY CUUTTEPATUATWV.

1.1 HAYNAMH KAI TA XAPAKTHPIZTIKA THZ - EIAH AYNAMEQN

H d0vapn xapakTnpeieTal cav 1o aiTlo, TO OTTOI0 TTPOKAAET TN HETABOARA TNG
KIVNTIKAG KATACOTAONG TWV CWUATWV.
Mapadeiypata duvauewy amoTeAolv, To BAPOG TwV CWUATWY, N €AEN
TTOU AOKOUV 01 HAyVATEG, N €AEN TTOU QOKEI N uNXavA o€ £éva CUPPO K.ATT.
H dUvapn sival péyeBog S1avuopaTikG, (TrapioTtatal wg F 1 OA) kal
£XEI TA XapaKTNPIOTIKG Tou diavuouaTtog (oX. 1.1a), dnAadn:

xAua 1.1a H duvaun sivar diavuouartiko uéyebog

e To onpeio epappoyng ival To onueio (O) aTto otroio n dUvapn evepyei,
OnAadn To oNUEIo TOU CWHATOG, OTO OTTOI0 CUYKEVTPWVETAI N ETTIOPACH TNG.
To yeyovog TNG ONUEIAKNG €TTiIdpaong TG dUVANNG €ival OTTWOONTTOTE £va
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PAIVOWEVO, TO OTTOIO DIEUKOAUVEI TN EAETN TWV CUVBNKWY IC0PPOTTIOG TWV
OWMATWY, XWpPIig aiodnTr aAAoiwan TwV ATTOTEAECUATWY TTOU TTPOKUTITOUV.
lvetal omwodnTToTE AVTIANTITO, OTI N dUVAUN EVEPYEI OE Hid CUYKEKPIYEVN
EMQAVEIQ | € £VO OUYKEKPIPEVO OyKo. H duvaun 1.x. TNG BapltnTtag,
KOATAVEPETAI GTO GUVOAIKO OYKO TwV CWHATWV.

e Tn S1eUBuvon 1 To opEa, TToU BIEPXETAI ATTO TO TNUEIO EQAPUOYAS
TNG dUVANNG KOl CUMTTITITEI JE TNV €UBEia, KOTA TNV OTToia TEivel va KivnOei
TO WA TT.X. N XX -

H &1euBuvaon A o popéag Tng duvaung TTpoodiopilel TN eubcia evépyeidg
NG, XWPIG va TTpoodiopilel TTPog Ta TToU TEIVEI Va KIVAOEI TO GWHPA OTO OTT0I0
evepyei, dnAadr, atrd 10 X TTPOG TO X~ A avTioTpo@a. AuTO UTTOSNAWVETAI
ME TO BENOG TOU BIAVUCUOTOG, TTOU KOBOoPIZEl TO XOPAKTNPIOTIKO TNG POPAg
NG 6Uvapng.

To TTOGOTIKO XAPOKTNPIOTIKO TTOU eKQPAdel Tn duvapn, ival n évraon N
TO PETPO, TTOU UTTOBNAWVETAI ATTO TO PAKOS Tou dlavuopatoc OA, Bepaiwg
UTTO KaBoplopévn KAIPaKa.

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

e OpoeTriredeg auTég OnA. TTou BpiokovTal aTo id10 eTTiTTEDO.

e OpoguBelakég | CUYYPAUIKEG ONA. o1 SUVALEIS TTOU €XOUV TNV idIa
dievBuvon.

® ZUVTPEXOUCTEG QUTEG Ol DUVAEIG, TWV OTTOIWV 01 d1EUBUVOEIG TEUVO-
vTal o€ éva onueio.

o Opo@opeg: dnA. ol duvapelg TTou €xouv TV idla opd.
e AvTipopeg: OnA. oI BUVALEIG TTOU £X0UV avTiBeETN QPOoPA.

e logg Suvapelg: eival QUTEG TTOU €XOUV Kolvd, Tn dielBuvan, Tn gopd
Kal TO JETPO.

e AvTiBeTEG BUVANEIG €ival AQUTEG TTOU £X0UV KOIVA TN dIEUBuvVON Kail TO
METPO, aAAG avTiBeTn TN QopPd.

e KateUBuvon duvaung: €ival o 0pog mmou TrepIAaudvel Tn dielBuvon
Kal TN @opd piag duvaung.
Algukpividoupe akéun, o1 ol TTapAdAAnAeg duvdpelg £xouv Koivi dieuBuvarn.
ZUoTnUa Suvdpewy ival €va guvolo duvauewy, TTou dpolv o€ éva A
TTEPICCOTEPA TWHATA.
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OuocTritredeg
duvdpelg

2UYYPOHMIKEG
duvdapeig

2UVTPEXOUOEG
duvdapeig

a. Ouoégopeg
OuvdapeIg

B. AvTtipopeg
Ouvapelg

ZxApa 1.1B Ta €idn twv duvauewv

ZuVIOTAMEVN VOGS OUOTHHATOG duvapewy (ox. 1.1y) TTou evepyoulv o€
£va owa, gival n dUuvapn, TTou PTTOPEI va avTIKOTAOTACEI TO cUOTNHA, TOU
OTTOIOU 01 BUVAEIG TTOU TO aTToTEAOUV, OVOUAlovTal OTNV TTEPITITWON AUTH,
OUVIOTWOEG.
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ZyxApa 1.1y Svuviotauévn Kai CUVIOTWOEG
2 ¢ivai n ouviorauévn, Fy, F, o1 ouvioTwoeg

1.2 Ol APXEZ THZ ZTATIKHZ

1.2.1 MpwTn apxnA: T0 TAOPAAANASYPOAPHO TWV SUVAPEWY

H ouvioTapévn 800 duvduewv Fq kai Fy, TTOU evepyouv ( o). 1.2a )
oTo id10 onuegio O evog CWPATOG KAl oXnMaTifouv ywvia @, givai n

Siaywviog Tou TrapaAAnAoypdpupou pe TAeupég Fq kai F, TTou éxe1 TO
id10 onueio EPAPHOYAG ME TIG CUVIOTWOEG.

IxAMa 1.2a To mapaAAnAdypauuo rwv duvauewv

To uétpo kai n dietbuvon Tng ouvioTapévng ()" eupiokovTal aTrod TIG
OX£OEIG:

* A1ré 10 Bewpna Tou GUVNUITOVOU, OTO YPAUUOOKIOOUEVO TPIYWVO (TNG UTTOCNHEIWONG)
TIPOKUTITEI VIO TO HETPO TNG OUVIOTANEVNG:

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

H utroonueiwaon ouveyifetal oty £TOPEVN OeAida.
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5 = \/F12 +F +2F,-F,- ouve

F
nué = fznp(p , QVTIOTOIXO!

H idia ouvioTapévn () ival duvartdv va TpoodiopioTei e Tn EBodO Tou
OUVAMPOTTOAUYWVOU, WG €ENG: YE apxn To TTEpag TnG duvaung F4 oxedia-
Coupe Tn duvapn Fy (ox. 1.2B) TTapdAAnAn kai ion Tng F»,. H Tpitn TAEUpd
TOU SUVAHOTTIOAUYWVOU (OTNV TTEPITITWON QUTH TTPOKEITAI TTEPI TPIYWVOU),
Oivel TN ouvioTapévn Z Twv dUO apXIKWV DUVANEWY Kal £XEI apXr TO onuEio
O (apxn Tng duvapng Fq) kail Tépag, 1o Tépag Tng duvaung Fo.

TxAua 1.2 MNpoodiopioudg ouvioTauévng Le TN PEGodo Tou SUVALIOTTOAUYWVOU

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

AT TO BEWPNUA TOU NUITOVOU OTO YPANPOCKIAGUEVO TPIYWVO TIPOKUTITE, yia Tn dIEU-
Buvon TG ouVIOTOPEVNG:

ko z F >

F
2= s > ——=———>nue="2nue
nue nui180 -<pi nué  nue z
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H ypa@ikn pé0odog poadiopicpoU TNG CUVICTAPEVNG 1] TWV CUVI-
OTWOWV, aQOoPA TNV KATOOKEUN, JE TN XpHon KaBopigpévng KAiJakag, Tou
TTapaAAnAoypdaupou Twy SuVAPEWY ) TOU SUVAUOTTOAUYWVOU. To JETPO TNG
OUVIOTOMEVNG, TTPOKUTITEI ATTO TN METPNOT TOU UKOUG TOou euBUYpapuou
TMAMOTOG TO OTTOIO TNV OTTOTUTTWVEI, KAl TV avaywyr ToU PE TNV KAiJoKa
TTOU XpnoiyoTroifoaue. H ywvia Tou Tpoadiopilel Tn SielBuvaon, TTPOKUTITE
META ATTO PETPNON ME TO HOIPOYVWHOVIO.

U NAPAAEITMA

O1 duvapelg F4 =60 N kai F, = 70N evepyoUv utré ywvia 60°. Na TTpoodi-
opIOTEI N cuvioTaPéVN PE TNV AVOAUTIKA Kal TN YPOQIKr JEB0DO.

Aivovrai ZntouvTal

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

Auon
a) Me Tnv avaAuTikn pé6odo:

i) To yéTpo TNG ouvioTaPEVNG, €ival:

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

3 :\/602N2 +70°N? +2-60- 70N? %

¥ =.,/12700N?

>2=112,6N



FENIKA MEPI AYNAMEQN 29

ii) H d1euBuvon Tng cuvioTapévng (o€ Poipeg), givai:

F
f=-—
NKe =Nk
_ BON 43
nue =——— 3=
112,6 N 2
N6 = 0,46
0=27°

B) Me Tn ypa@iki péBodo:
Kabopifoupue kAipaka: 1 cm =10N

AT16 10 onueio O oxedidloupe uTré KAiaka 1o didvuoua OA e dielBuvaon
TTapAAANAN Tpog TN duvaun F4, kai pe Tnv idia gopd. Me v idia uEBodo
oxedidloupe ato 1o onueio A 1o diIdvuopa AB TTOU EKTTPOCWTTEI TNV OUVARN
F». To didvuoua OB pe N @opd TTou QaiveTal 0To OXANG EKTTPOCWTTEL, UTTO
TNV KAigoKa TTou opicaye, Tn ouvioTapévn £ =112,6 N.

1.2.2 AeUtepn apxnA: H 1coppotria Twv duvdpewyv

AUo duvdpeig BpiokovTal og ICO0ppPOTTia, OTAV £XOUV TO 510 PETPO,
€ival oUYYPaMMIKEG KAl AVTIQOPEG.

EmoTtpépovTag o€ Eva avaAoyo TTapddelyua NG TTponyoUuevng Trapaypdgou
Kal epapuédovtag Tn deUTEPN APXT TNG OTATIKAG TTou £€eTAloUE (OX. 1.2Y),
MTTOPOUUE VO I00PPOTTACOUNE TO oUaTna Twyv duvapewy (F4,F5), av oTto
onpeio O epappdooupe pia duvaun Z ion Kal avtiBeTn TNG CUVICTOPEVNG
F’ (teNIKA guvioTapévn ion pe undév).
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xAua 1.2y O1 duvdueis 2, F" 1oo0pporrouv.

ATTO TNV KOTAOKEUT) TOU OUVAPOTTIOAUYWVOU (OUVAUOTPIYWVOU), TIPOKUTITEI
Mia dlagpopd o€ oXE0N PE TO OUVAPOTTOAUYWVO TNG TTPONYOUNEVNG TTAPA-
YPAQPOU, TTOU EVTOTTICETAI OTN POPA TNG dUvaung 2. H TTapaTthpnon auth
Mag odnyei oT0 £€AG oUUTTEPATA: TO OUVANOTTOAUYWVO (duvauoTpiywvo)
TPIWV OUVAUEWYV UE KOIVO ONUEIo EQapUOYNG, TTOU BPioKovTal € ICOPPOTTIQ,
gival £éva KAe10T6 BuvapoTTOAUYWVO (CUVIOTOUEVN ioN PE PUNBEV).

1.2.3 Tpitn apxni: Merakivnon d0vaung otn d1elBuvon Tng

H 3pdon evég cuoThHaTOg SUVANEWY O€ éva owpa Sev peTaBaAAeTal,
av mpooTedei N apaipedei ard auTd, éva dAAo cuoTnua SUVANEWY,
TTou BpioKeTal O€ ICOPPOTTIaL.

Me Bdon Tnv apxn auth, TpooBéToupe oTo cwpa (oX. 1.2.0), ato onueio O
TOu oTToioU gvepyei N duvaun F, To cuoTnua Twy dUo duvduewy F° F™ 1Tou
evepyouv o€ éva dAo anueio Tou cwpartog O, €xouv avTiBeTn @opd, eivai
ioeg e TNV F kai €xouv Tnv idla d1e0Buvon pe auTh. Av TTAAI EQAPPOCOUE
TNV apyn TTou dIOTUTTWOAUE TTapaTmavw, dnAadn av apaipéGoupE aTrd To
Owa To cuaTnua Twy duvauewy F F', Ba TTapapeivel va evepyei oo owpa
povn n duvaun F’, ion ue Tnv F, aAAG o1o onpeio O'.
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ZxAua 1.2 & H duvaun eivai oAioBaivov didvuoua.

AT 600 avapEpBnkav, KaTaAfyouue OTO €€ cupTTépacua: H Suvaun
TTOU OOKEITAI OTA OTEPER CWMATA, UTTOPEI VO HETATOTTIOTEI TTAVW GTO
popéa Tng, dnAadn givai éva oAioBaivov didvuopa.

1.2.4 TérapTtn apxn: Apdong — avridpaong

KdbBe eridpaon d0vaung (5pdon), EMAvVw o€ Eva CWHA, £XEI WG ATTO-
TéEAEoua TN dnuioupyia piag GAANg duvaung (avTtidpaong), WoTe n
Spdon kal n avTidpaon va gival SBUVAMEIG avTiBeTEG.

To owpa (0. 1.2.€) utopacTaleTal aTro £va oTaBePO eTTiTredo AB Kai TO idI10
oupuBaivel oTn TTEPITTTWON TNG PARBOU, TTOU WE TN O€Ipd TNG UTTORaCTACETAI
ato Ta oTnpiyyata A kai B.

TxAua 1.2e Apdon - avridpaon (F, = dpdon, F, = avridpacn)

Mpokeluévou va JEAETHOOUE TIG CUVBAKEG I00PPOTTIOG EVOG CLWUATOG,
Ba akoAouBrnooupe TN PEB0dO Tou eAeUBepOU CWHATOG, dnNAadH Ba aTTaAEi-
WOUE TIG OTNPILEIS (OUVOETHOUG) TOu Kal OTn B€0n Toug, Ba oxedidooupE
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TIG avTioToIXEG avTIdpAaoelS (ox. 1.2.0T). To didypauua TToU TTPOKUTITEI,
ovopddletal SiIdypappa EAeUBEPOU CWHATOG.

IxAua 1.201 Aiaypduuara eEAsuBépwy owudTwy.

ZUPTTEPACHATIKA, UTTOPOUNE Va TTOUNE, OTI VIO VA BPICKETAI £VA CWHA
o€ Io0ppoTria, gV apkei va gival o€ 1I0oppoTria péveg ol duvdpuelg dpdong,
aAAG Ba TTpETTEl OAEG 01 duVAUEIG BPACNG Kal avTidpaang, va atToTeEAOUV
éva oUoTnua OUVANEWY TTOU BPICKETAI OE ICOPPOTTIA.

H Tmopeia TTou TTepIypAWape, gival TTpWTAPXIKNAG ONUACiag yia TN JEAETN
TWV OUVONKWY I00PPOTTIAG TWV CWHATWY Kal TTPETTEI VO TTPAYATOTTOIEITAI
ME MEYAAN TTpOCOXN, YIOTi hia AavBaopévn eKTiunon TOU CUOTHPOTOG TWV
OuvdapEewy TTOU eupavieTal oTo dIdypaupa EAeUBepou cwuaTog, Ba pag
0o0nNynoel ac@aAws o AavBaouéva aTToTEAEGUATA KAl CUPTTEPATUATA.
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’—g—O ZYNTOMH MNEPIAHWH NMPQTOY KEDAAAIOY
H dUvaun gival To aiTIo TToU TTPOKOAET TN HETARBOAR TNG KIVNTIKAG
KOTAOTAONG TWV CWHATWV. Eival diavuopaTiké péyebog Kal
EXEI TA XAPOKTNPIOTIKA TOU d1avUouaTog.

O1 duvdpelg dlokpivovTal O€ OUOETTITIEDESG, CUYYPOUUIKEG,
OUVTPEXOUDEG, OPOPOPES KAl AVTIPOPEG.

\\\

O1 apx€g TNG OTATIKAG cuvowyidovTal WG £EAG :

o [MpwTn apxn: 10 TAPAAANASYPAPHO TWV SUVAPEWY

H ouvioTauévn dUo duvauswyv F4 kai Fy, TTOU evepyoUv aTo idio anueio O
€VOG CWPATOG KAl oxnuaTiouv ywvia @ €ival n d1aywviog ToU TTapaAAn-
Aoypdppou ue TAeupég Fq kal Fo TTou €xel To id10 onueio epappoyAg UE TIG
OUVIOTWOEG.

o AeguTtepn apxn: H icoppotria Twv duvdpewy.

Avo duvdpeig BpiokovTal o€ I00PPOTTIA, OTAV £XOUV TO idI0 PETPO, Eival
OUYYPOMMIKEG KAl QVTIPOPEG.

e TpiTn apxn: Metakivnon d0vapung otn 81eUBuvon TNG

H dpdon evog cuoTAPATOG SUVANEWY O€ éva CWHa dev HETABAAAETaI av
TpooTEBEI A agaipedei atrd auTod, éva AAAO oUCTNPA dUVAUEWY, TTOU Bpi-
OKETAI O€ I00PPOTTIa.

e Tétaptn apxn: Apdong — avridpaong

KdaBe etridpaon duvaung (dpdon), eTavw O€ £€va OWHA, €XEI WG ATTOTEAE-
opa TN dnuioupyia piag dAAng duvaung (avtidpaong), WoTe N dpAcn Kai N
avTidpaaon va gival SUVANEIG AVTIOETEG.
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@ AZKHIEIX

*¢ 1. Na TpocdioplioTei N ouvioTapévn Twyv duvAapewy Fq kai Fo TTou evep-
youv oTo koivé anueio O, uté ywvia 30°

=¢ 2. Na atrodeixBei 611 n ouvioTapévn Twv duvauewy Fq = F, = 2N peiwveral
atmé 4 N €wg 0 N, étav n ywvia utré Tnv otroia evepyouv oI SUVANEIG AUEd-
veTal atté 0° éwg 180° (kai Traipver diadoxikd Tig TIMEG 0°, 60°, 120°, 180°).

o¢ 3. 210 onueio A evO¢ owpaTog evepyouv duo duvdapelg 80 N kai 100 N
TwV oTToiwV o1 dleuBuvoelg oxnuaTiouv ywvia 25°. Na TTpoadlopiceTe TO
METPO Kal TN O1EUBUVON TNG CUVICTAUEVNG WE TN YPAPIKA KAl TNV GVAAUTIKA
péEBoDO.

=¢ 4. Mia duvaun pétpou F4 =20+/3 N kai pia dUvaun pérpou F, evepyouv
oT1o onueio O. H ouvioTapévn Twv 800 duvapewy £xel pétpo = 20 N kal
gival KGBeTn atn dUvaun F4. Na utroAoyioTei To ué€Tpo TG duvapng Fo Kai
n ywvia tng ye tnv F4.
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.) Emdiwképevol oTé)o!I:

E/ Na opiCeTe Tn poTrr) dUVAPNG Kal TN POTTr) {EUYOUG, VA TTEPIYPAPETE TA
XAPAKTNPIOTIKA TOUG KAI VO avagEéPETE TrTapadeiypaTa atro Tnv Tpden.

E/ Na TTepIYPAPETE TO BEWPNUA TWV POTTWV KAl TOV TPOTTO YETABEONG
Ouvaung TapaAAnAa Tpog Tn dieUBuvor] TNG.

E/ Na AUVETE TTPAKTIKG TTPOBAAUATA, OXETIKA PUE OOQ avapépovTal TIa-
POTTAVW, VO CUYKPIVETE KAI VO JEAETATE TO OTTOTEAECUATA, LWOTE Va
KATOAAYETE OTN dIATUTTWON XPACINWY CUUTTEPATUATWV.

2.1 POINH AYNAMHZ

H mopTa ToU OTNITIOU YOG TTEPIOTPEPETAI TTEPI TOV AEOVA TNG, OV OOKIOO0U-
ME o€ auTrv pia duvapn F4, TETOIO TTOU 0 POPEAG TNG Va PN SIEPXETAI ATTO
TOoV Agova TTEPIOTPOPNG TNG Y-y’
(ox. 2.1a). Aev Ba TTEPIOTPAPEI,
av oupBei o popéag TG duvapng,
va Téuvel Tov d¢ova autov. (H
duvapn F3 dev TTepIoTPEPEI TV
TopTA).
270 TTapaTTdvw TTapadelyua
OIATTIOTWYVOUE, OTI YIQ TNV TTEPI-
OTPOYN £VOG OWUATOG GNUAVTIKO
pPOAo TTaidouv, EKTOG aTTO TIG OU-
VAUEIG TTOU ETTEVEPYOUV O€ AUTO,
Kal n améoTacn Twv OUVAUEWY
atro Tov dova TTEPICTPOPNG.

Me Ta @aivoueva TG TTEPIOTPO-

QAG oUVOEETAI TO QUOIKS PEYEBOG,

TTO0U ovopddeTtal potrA duvaung .

Ovopdlouue AoITTOV pOTIA

duvaung F wg mmpog onpeio

IxAMa 2.1a H porrh duvaung A ka1 Tn oupBoAidoupe pe M, 1o
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dldvuopa TTou £xel: a) dievbuvon (Popéa) TNV KABETO OTO ETTITTEDO TTOU
opiCeTal atod 1o opéa TnG duvaung F kai To onueio A (ox. 2.1B), B) popd,
auTAV TToU KaBopiletal atd Tov Kavéva Tou de€idaTpoPou KoxAia™ Kal
Y) METPO, TO YIVOUEVO TOU PETPOU TNG duvaung F eTTi Tnv améoTacn Tou
onueiou A atré 1o opéa TnG . Eival dnAadn: M = F-{

IxAMa 2.1B Porrr dUvaung wg meog onieio

ATTO TNV TTponyoupevn oxEOT CUNTIEPAIVETAI OTI: N POTTH TNG duvaung F
WG TTPOog 10 oneio A, oav péyeBog Icoduvaei Tpog To dITTAGCI0 uBaddv Tou
TpIyWwvou AB F. ETravepxouevol aTo apXIKo TrTapddeiypa (ox. 2.1a), EXOUME:

MF1 = F1'é1 MF2 = Fz'ez

Av F4 = F5 kal ereidn 4y > £, Ba gival: Mgy > Mg,, TTOU onpaivel 611 n
TTOPTA KAEivEl ye pEYaAUTEPN €UKOAia. ATTd Tov opIopd TNG POTTAG Miag
OUvVauNG WG TTPOG ONEI0, CUVAYOUE:

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

e H poTtTr) piag duvaung wg TTPog onpeio, ival pndevikn étav n duvaun
gival uyndevikA A étav o popéag TNG dIEPXETAI ATTO TO OnuEio A (avagpopd
TWV POTTWV).

* AnAadn £X€l QOPA TTOU CUNTTITITEI IE TN QOPA TTOU TTPOXWPET BEEIOGOTPOPOG KOXAIOG,
TTEPIOTPEPOPEVOG KATA T QOPA TTEPIOTPOPNG TOU eTITTEDOU (TT), UTTG TNV £TTIdPACH TNG
duvaung F.
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To onueio ava@opds Twv PoTTWY, (WG TTPOG TO OTTOI0 B TTAIPVOUE TIG
POTTEG TV dUVAUEWY), dUvaTal va €ival TUXQIO ETTI TOU ETTITTESOU TWV, YIO
™ AUon TwV TTPORANUATWY GUWG, ETTIAEYOUUE ONUEIO OTO OTTOIO VO BIEP-
XOVTal 600 TO dUVATOV TTEPIOTOTEPES OUVAEIS WOTE Ol ATTOOTACEIG TOUG,
Va UTTOpOoUV va UTTOAOYIoB0UV €UKOAQ.

e Y116 TnV TpoUTTo0ean, 0TI pOTTEG EvEPYOUV £TTI TOU idIoU onuegiou evog
owpaTog, gival TTpo@aveg, 0Tl “poTTEG TNG idIag Yopdag TTPOCBETOVTAI, EVW
POTTEG AVTIBETNG POPAG apalpouvTal”.

‘ETO1, N ouvicTauévn POTIA, €ival To aAyeBpIkd GBPOIoUa TWV POTTWV
TTOU ETTEVEPYOUV OTO aUTO (id10) ONuUEIO TOU CWHATOG.

I"evikA TTapaTipnon:

Ma T owaoTh AUon Twyv TTPpoBANudTwyY, dev £xel anuaacia TToid gopd Ba TTI-
Aé€oupe wg BeTIKN, aAAG apkei n €TTIAOYN TTOU Ba KAVOUE, va TTAPaEIVEl
n idia p€xpl TEAOUG.

U NAPAAEIFrMA

Av opiooupe oupBarTikd, wg BETIKA T POTIN TTOU TEIVEI VO TTEPIOTPEWEI TO
OWWa KaTa TN Qopd TwV BEIKTWYV TOU WPOAOYIoOU KAl apVNTIKA OTNV AVTIBETN
TTEPITITWON, VA UTTOAOYIOETE TIG POTTEG TWV OUVAHEWY, TTOU PaivovTal OTO
TTOPOKATW OXNMA, YE KAIMOKES: uNKwv 1 cm: 1 m

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

MNa 1o oxAua apioTepaq:

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

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

Me Tnv avaAuTtiki pééodo

MNa 1o oxAUG apIoTEPA :
Av F =58 daN
{=26m

10TE: M=F-£{=58daN:2,6 m
M =150,8 daN

MNa 1o oxAua 6egid:

Av F=52daN
£=19m

T0TE: 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 T oUvBeon TWV POTTWYV dUO I TTEPICCOTEPWY OUVANEWY,
onAadn —kat’ avaloyia Tng oUvBeoNG TwV OUVANEWY— TOV EVTOTTIOUO HIAG
OuVvIOTOUEVNG POTTAG, WG TTPOG TO id10 ONEio 1) WG TTPOG Tov idIo Aova, n
oTToia va avTikaBIoTa TIG ETTINEPOUG POTTEG, UTTO TNV TTPpoUTTé6eon, OTI Ba
ETTIPEPEI OTO CWHA TO iD10 ATTOTEAEC Q.

To Bewpnua dioTUTTWVETAI WG £€N1G: H pOTTH TG ouVIoTOpEVNG EVOG
OUCTAHOTOG OHOETTITTEO WV SUVAMEWYV, WG TTPOG £Va GNIEIO TOU ETTITTEDOU
N wg pPog éva dfova, gival ion pe To aAyeBpikd dBpoioua TWV POTTWV
TWV CUVIOCTWO WYV, WG TTPOG TO id10 onuEio | WG TTPOG ToV idlo dfova.

2UPQWVa JE TO OX. 2.2 a, TTPOKUTITEI OTI:

IxAMa 2.2a To Bewpnua Twv PoTTwv

O1 poTTEG OAWYV TWV BUVANEWY, CUVICTWOWY KOI CUVICTAUEVNG, WG TTPOG
TO onueio A, givai or:

MF1=F1-é1
MF, =F, - £,
MZ=Z'Z

EtTouévwg, katd 1o Bewpnpua:

M; = Mg4 + Mg
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U NAPAAEITMA 1o

Na e@apudoeTe T0 Bewpnua Tou Varignon, wg Tpog éva onueio O Tou eTTITTE-
d0ou, TOU CUCTHHATOG TWV TTAPOAANAWY duvauewy F4, Fo, F3, TTOU @aivovtal
OTO OXAMA, XPNOIMOTTOIWVTAG TIG KAIMOKEG: pnkwv: 1cm: 1m

duvapewv: 1cm: 5 daN

Kataokeudloupe 1o duvapottoAuywvo 0-1-2-3, apyifovtag ato £va Tu-
X0V onueio 0 kal TTpoadiopifoue TN cuvioTaPEVn Z KaTd dielBuvan, popd
Kal JETPO.

Maipvoupe éva onueio 1T, To 0TT0iI0 OVOUACZeTaI TTOAOG KAl PEPVOULE TIG
moAIkég akTiveg 1T-0, -1, -2, 17-3.

Apxifovtag atrd 10 TUXOV onueio A @épvoupe TIg euBeieg AB, BI, TA,
AE tmmapadAAnAeg avTioToixa Tpog TIG TTOAIKES akTiveg 11-0, -1, 17-2, -3
Kal oxnuartifoupe 1o oxoivotroAUywvo A-B-I-A-E. To aonpeio TOuAg Twv
TTpoekTacewV Twv A-B kai A-E 1Tpoodiopilel éva onueio Tng dietBuvong
NG ouvioTapévng Z. Av O gival To anueio ava@opdg kai 44, £, 3, £ givai
Ol aTTOCTACEIG, ATTO QUTO, TWV CUVICTWOWYV avTioToixa F4, Fo, F3 kai Tng
OUVIOTOMEVNG Z, TIPOKUTITOUV:

Mg1=F4 4 =-3-5daN-1,9-1m=-285daN-m
Mgy =-Fo-4,=-15-5daN-0,51m=-3,75daN-m
Mg3=F3-43=2-5daN-1,6-1m=16daN-m
Ms = Mgq + Mgy + Mgz = -16,25 daN - m
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Ms=-3,5-5daN-0,93-1m
M; = - 16,27 daN - m

U NAPAAEICMA 20

Na epapuodoeTe T0 Bewpnua Tou Varignon, wg TPog Tov aova X Tou OUaTH-
HaTog Twv TTapaAAAAwy duvauewy Fq, Fy, F3, TTOU @aivovtal 6To oxAua,
XPNOIUOTTOIWVTAG TIG KAIJOAKEG: pNKwv: 1 cm: 1 m

ouvdpewv: 1 cm: 15 daN

MeTd TOV TTPOCGBIOPICUO TNG CUVICTAUEVNG Z e Tn BonrBeia Tou duvapo-
TTOAUYWVOU Kal Toug GUUBOoAIoCHOUG TToU @aivovTal 0TO OXAUA, TTPOKUTITOUV:

Mg =Fq¢y=3-15daN-3,5-1m=157,5daN - m
Mgp = -Fo £, =-2.15daN 2,4 -1m=-72daN - m
Mes=F343=2,5-15daN - 0,7 - 1 m = 26,25 daN - m
Me1 + Mg + Mgz = 111,75 daN - m
My=3-£=35-15daN-2,13-1m=111,8 daN - m
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2.3 ZEYTOZ AYNAMEQN - POIH ZEYTOYZX

ZgOyog duvdpewy, ival éva oUoTnua U0 SuvAPEWY TToU gival TTAPAAANAEG
KQlI QVTIQOPEG, |E TO idIO JETPO Kal Ol OTTOIEG ATKOUVTAI 0€ OUO SIAPOPETIKA
onpeia evog cwpatog (ox. 2.3a).

IxAMa 2.3a Zevyog duvduewy — Porrr {elyoug

Y16 v emmidpacn (elyoug duvApEwy YiveTal n Kivnon Tou TIJOVIOU ToU
QUTOKIVATOU, N Kivnon TnNg XeIpoAaBng Tng TTopTag, n Kivnon Tou EKTTWHA-
TIOMOU K.ATT.

Potrj {eUyoug cival 10 yIVOUEVO Piag K Twv OUO SUVANEWV ETTI TNV
amoéoTaon YETagU TOoug:

M=F-(
ATTé Ta TTOPATTAVW TTPOKUTITEL, OTI VIO TO OTTOIOONTTOTE OnuEio A Tou

emmmédOoU Twv duvapewy Tou {elyoug TTou Ba emIAEEouE, N potti Mz Tou
Ceuyouc gival dIAvUaa, TTOU £XEI oaV:

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

B) ®opd, auTrjv TTou KaBopIZETaI ATTO TN GOPA TWV dUVANEWY TOU (eU-
youg e Baon Tov kavova Tou Oe€IoaTpdPou KOXAIa Kal

y) Mérpo, 10 yIvouevo Tou pétpou Tng duvaung F etmi Tnv amdéoTaon
METAEU TWV TTAPAAAAAWY Kal QvTIPPOTTWY QUTWV OUVAUEWV.
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ATrodeikvUeTal £TT1 OTI:
a) H ZuvioTtapévn evog (euyoug BUVAPEWY EXEl UNOEVIKO UETPO.
B) O poptag TnG BpiokeTal o€ ATTEIPN ATTOOTACN.
Mivakag METOTPOTTAG HOVASWY POTTHG
ft/lbs. Nm kpm ft/Ibs. Nm ft/Ibs. kpm
(o )
1 14 224 162,1 220
2 2 204 1474 N 20 1648 Zig!
3 41 184 1327 1so§ - L e e
4 54 163 117.9 160\/170 1253 173
5 Zi‘i 143 1032 140\/150 1106 153
6 , 122 884 120 /130 958 133
7 95 AN 81,1 112
102 737 100
8 o - \ 95 700 97
9 12.2 2.2 = 90\/ 85 627 87
10 136 82 69,0 30\/ 7 = -
— % T
15 204 7.1 516 70\ / - v 6o
20 27.1 61 442 so\ / - 40'5 oo
25 339 5,1 369 50\ e - 33'2 4’6
& 407 41 295 1N 5 !
35 47,5 31 221 ms / 35 258 36
40 54,3 21 14,7 20\ / 25 184 26
45 61,1 10 74 10\/ 151 11,1 1,5
50 67,9 08 59 8 / 9+— 66 09
60 814 \ 7 52 07
70 950 W & e \/ 5 37 05
04 30 SN ’ "
&Y e AN 3 22 03
02 15 2 / "
90 1221 g i \ 1 07 0.1
100 135,7
120 162,8
140 1800 2 0
160 2171
180 2442 1Nm < 0,1019 kpm 1 ft/lbs. & 1,3569 Nm
200 ZES 1kpm & 9,807 Nm 1Nm & 07370 tlbs.

ZxApa 2.3 Mivakag perarporrig ovadwv porrng
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2.4 METAGEZH AYNAMHZ ZE AIEYOYNZH NAPAAAHAH MPOZ TH
AIEYOYNZH THZ

Av n d0vaun F, Tou evepyei oto onueio A Tou cwpatog (ox. 2.4a -1), ue-
TaTeBei 010 onueio B og pia dieuBuvon TTapdAAnNAn TTPOG TNV apXIKnA TNG
(ox. 2.4a -2) —1TOU ATTEXEI ATTO AUTHV OTTOOTACN (0)— OIOTTICTWVETAI, OTI N
Ouvapn oTtn véa Tng B€on, TEivel va TTEPICTPEWEI TO WA WG TTPOG TO ONUEI0
A, dnAadn e€aokei 0TO CWPO Pia BETIKA poTrh:

M=F-a

AuTO onpaivel, 6Tl yia va BPIOKETAI TO CWUA OTNV GPXIKI TOU KATACOTACH,
otav o€ auTo evepyouae n duvapn F oto onueio A, Ba mpéTTel va eCaAeiyoupe
TNV €TMidPaaCN TNG BETIKAG AUTAG POTTAG, EACKWVTAG OTO CWHA Wia ion Kal
apvnTikr potmh ( ox. 2.4a -3):

xAua 2.4a Merdbeon duvaung

Emropévwg: Eivan duvati n peragpopd piog duvaung o€ pia digtbuvon
TapdAAnAn Tpog Tn S1IEGOUVOT TNG, EPOOOV N HETAPOPA TNG AUTA OTN
véa Béon ouvodeuTei e TNV TTPOCOBAKN HIOG POTTAG, ioNG Kal avTifeTng
TPOG TNV APXIKA TNG POTTA TTou dnuioUupynoe n dUvaun auTh.
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’—g—O ZYNTOMH NEPIAHWH AEYTEPOY KE®AAAIOY
e Ovoualoupe potrf) 8Uvaung F wg Tpog onueio A Kai
z TN oupPBoAifoupe pe M, 1o didvuoua TTou €xel d1ElBuvon
(popéa) Tn KABETO OTO ETTITTESO TTOU OPICETAI ATTO TO POPED
NG dUvaung F kal To onueio A, @opd auTr] TTou kaBopile-
Tal aTTO TOV KAvOva Tou BeEIO0TPOPOU KOXAIa, Kal HETPO
TO YIVOPEVO TOU PETPOU TNG dUvVANNG F TTi TNV a1TOOTOOT TOU ONnuEiou A

aTré 10 Popéa Tng. Eival dnAadi: M=F - ¢

e To Bswpnpa Twv poTTwv ) Tou Varignon diatuttwveTal wg EAG: H poTtn
TNG CUVICTAPEVNG EVOG CUCTHNOTOG OJOETTITTEOWY OUVAHEWY, WG TTPOG
€va onpeio Tou eTTITTEDOU 1) WG TTPOG Eva Agova gival ion Pe To aAyeRpIko
A0poIoPa TWV POTTWYV TWV CUVICTWOWY, WG TTPOG TO idI0 ONUEio 1 wg
TTPOG TOV idI0 Agova.

® ZeUyog duvApewy gival €va ouoTnua dUo SUVANEWY TTOU AOKOUVTAI O€
OUO BIAPOPETIKA OnuEia evog owuaTog, £Xouv To id10 PETPO Kal gival
TTAOPAAANAEG KAl AVTIQOPEG.

e PoT1rA {eUyoug €ival TO YIVOUEVO Hiag €K TWV OU0 BUVANEWY ETTI TV OTTO-
oTOON YETALU TOUG.

e Eival duvath n petagpopd piag duvaung o€ pia dicuBuvon mapdAAnAn Tpog
TN 81EUBUVON TNG, EQOCOV N PETAPOPA TNG CUVODEUTEI E TN TTPOCONKN
Miag poTTiG, iong kal avTiBeTNG TNG POTTAG TTou dnuioupyei n duvaun, otav
Bpioketal oTn véa TNG B€0N, WG TTPOG TNV APXIKH TNG.

@ AZKHZEIZ

=¢ 1. Na epappooete 10 Bewypnua Tou VARIGNON oT0 gUoTtnua Twy du-
VAUEWY TOU OXNMOTOG, WG TTPOG TO onueEio, O (KAHaKeS: unkwv 1 cm: 1 m
ouvapewv 1 cm: 15 N).
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.) Emdiwképevol oTé)o!I:

Ig/ Na TTepIypA@EeTE TN OUVOEDN, UE YPAPIKO KOl AVAAUTIKO TPOTTO, OUY-
YPAMMIKWY dUVANEWY, SUVANEWY UTTO ywvia 90°, TTOAAWY OUOETTITTE-
OwvV SUVAUEWY HE KOIVO onuEio epapuoyng, TTapaAARAwY opoppo-
TTWV - AVTIPPOTTWY SUVANEWYV Kal TTOAAWY OPOETTITTEO WV OUVANEWY
OTTWOONTTOTE TOTTOBETNUEVWV.

E/ Na TepIypAQeTE TIG ATTAEG TTEPITITWOEIG AVAAUONG DUVAUEWY HE

YPOQIKO Kal avOAUTIKO TPOTTO, Kal TNV avAdAuon o€ U0 TTapAAANAEG
OUVIOTWOEG.

Iz/ Na TTepIypd@eTe TIG CUVOAKES I00PPOTTIOG OTEPEOU CWHATOG.
Iz/ Na AUveTe TpoBAaTa, OXETIKA HE OOQ avaPEPOVTAl TTOPATTAVW, VA

OUYKPIVETE KAl v JEAETATE TA ATTOTEAEOUATA, WOTE VO KATAAAYETE
oTn S1aTUTTWGN XPNOIUWY CUUTTEPOATUATWYV.

3.1 AMNAEZ NEPINTQZEIZ ZYNOGEZHZ AYNAMEQN

H ouvBeon 600 1 TrePITTOTEPWY SUVANEWYV TTOU EVEPYOUV O€ £va OWUA,
QTTOOKOTTE OTOV TTPOCBIOPIoUS PIag dUVANNG, TNG OUVIOTANEVNG, N OTToIA
OTaV EVEPYEI OTO CWHA, ETTIPEPEI TO iOI0 ATTOTEAETUA PE QUTO TWV APXIKWV
OUVAHEWV.

o. AuvAEIG CUYYPAHMIKES KOI OMOQOPEG:

To pETpO TNG ouvioTapévng diveTal atrd T oxéon:

Z=F1+F2

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

Z=F1—F2

ZyxApa 3.1B Auvaueig ouyypauuIKES Kal avTippOoTTeS

H d1e0Buvaon, eival n dietBuvon Twv CUVICTWOWYV Kal N Qopd gival auTh
NG MEYOAUTEPNG € YETPO CUVIOTWOOG.

Y. Auvdpeig utré ywvia ¢ = 90°

Aopou (ox. 3.1y) ¢ = 90°, ouve = 0, émTeTat:

_ 2 2
Z—\/Fl +F, +2F -F,oug -

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

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

2 2
5=\ +F +2F-Fowg -

£ =\ +F +2F-F, ouv180, ouv180® = -1

2 2
T=yF +F -2F -F, > ¥ = (RFR)

kai Z =F -F,
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IxAua 3.1y Zuviarauévn 0o duvauewy, utrd ywvia 90°.

5 = |2 +F2 +2F,-F,00v¢ -

5= \F2 +F2 +2F,F, 0 -
N S

H di1etBuvon Tng X diveTal:

EPO ==
Fl

3.2 ZYNIZTAMENH NMOAAQN OMOEMINMEAQN AYNAMEQN ME KOINO
2HMEIO E®QAPMOIHZ

a) Mg Tn ypa@ikn pé6odo
‘EoTw o1 duvapeig (ox. 3.2a):
F1=20N F2=60N F3=30N F4=40N
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IxAua 3.2a H cuviotauévn ToAAWY ouoeTITTEOWY OUVALIEWY YPAPIKA.
Opiloupe kAipaka: 1cm: 20 N
Kataokeudloupe 10 duvapotroAUywvo 0-1-2-3-4 kal TTpoodiopifoupe
TN CUVIOTAWPEVN X, NE ONUEIO EQAPUOYNG TO KOIVO ONUEIO EQAPUOYNG TWV

OUVIOTWOWV.

Etopévwg:

2=0-4=58x%x20N

=116 N

B) Mg Tnv avaAuTtiki péBodo

Na 10 OKOTTO AUTO XPNaIoTToIoUNE TN HEB0BO TNG avaAuong o€ Afoveg.
‘Eotw Fq Fy kai F3 o1 duvapeig (0x.3.2B) pe koivo anpeio epappoyng 1o O.
AkoAouBoupe Ta €EAG BraTa:
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ZxAua 3.2B Zuviotauévn moAAWY OUOETTITTEOWY OUVALIEWV.

BApa 1o

Me apyn 1o onueio epappoyng Twv duvauewy (O), TTaipvoupe éva op-
Boywvio auoTnua agdvwy Oy Kai Oy,.

BApa 20

AvoAuoupe TIg duvapElg Og OUVIOTWOEG aToug agoveg Oy kal Oy, Kal
UTTOAOYICOUME TO PETPA TWV CUVICTWOWYV UE TOUG YVWOTOUG PJag TUTTOUG:

Fi=2-0ouvl - Fr=2 -nué-
F,=Z - ouvl Fy=2-nué
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F1x = F1 : 0'UV91 FN—' = F1 : r]p91

F2x = F2 : O'UV92 sz = F2 : r]|..|92

F3X = F3 : 0'UV93 F3L|J = F3 : r]p93
BrAupa 3o

YTtroAoyifoupe TNV aAyEPRPIKN TIPA TNG ouVIoTaPéVNG oToug Ggoveg Oy
Kal Oy

zFx = I:1x + I:2x - I:3x

ZFW = F1L|J — sz + F3X

BAua 4o
YT1roAoyifoupe TO JETPO TNG CUVICTAPEVNG:

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

2= (EF)’ +(EF,)

Kal TN ywvia B 1Tou kaBopilel Tn dielBuvon TnG:

>F
Qo = _v

2F,

U NAPAAEIrMA

Na utroAoyioTei To P€Tpo Kai n d1EUBuVGN TG CUVICTAPEVNG TOU CUCTHUATOG
TWV OUVAHNEWY TOU OXNHATOG.

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

F3=8N (p3=45°
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a) To opBoywvio cuoTnua agdvwy £xel 000¢i. YTToAoyifoupe T0 aAyeBpPIKO
a6poiopa Twv TTPOROAWY TWV OUVAPEWY OTOUG AEOVEG X, Y.

V2
F3X =-8N - 7
Fa, = -5,66 N

Auvapeg = Fy
F1=10N | F, =F4 - ouv30° Fqy = F1-np30°
1
Fix =10 N - 0,866 Fiy = 10N - 5
Fix=8,66 N Fiy =5N
F>=6N Foy = F2'O'UV60° sz = F2'F]|J60°
1 V3
Fox = 6N - 5 Foy = 6N- Y
Fox=3N Foy =5.2N
F3=8N | F3,=-8N-ouv45° Fay = F3nu45°

J2

F3L|J=8N'7

Fay = 5,66 N

2Fy = Fyxt Foxt Fax
2Fy=866N+3N-566N
SF,=6N

sz = F1L|J+ F2'~IJ+ F3'~IJ
SFy, = 5N + 52N + 566N

F, = 15,86 N
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5 = \/(ZFX ) +(F,) = JB?N? +15,867N2

¥ =16,95N

2F, 15,86N
B)egf=—*=

IF, 6N
€po = 2,64
0 =69°

3.3 2YNOEZH AYO NAPAAAHAQN KAl OMO®OPQN AYNAMEQN

a) Me tn ypa@iki pééodo
‘EoTw o1 duvaueig (ox. 3.3a):

IxApa 3.3a H guviotauévn ypa@ikd 0Uo TapaAAnAwv Kai ouoppOTwyv SUVALEWY.
Fy=12daN F,=8daN (=2m

OpiCoupe TIG KANIHOKEG: NKWV 1 cm : 25 cm
ouvduewv 1 cm : 4 daN
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MeTagépoupe Tig duvdapelg F4, Fo ota onueia epapuoynig B,A avtioToixa,
EMAVW OTIG O1EUBUVOEI TwV duvapewv Fa, F4. H dielBuvon TnG ouvioTaué-
vng Z Ba gival TTapdAAnAn pe TIG ouVIOTWOEG, Ba dIEpXETAI OTTO TO CNUEIo
TouNg E kai Ba €xel onueio epapuoyng 1o onueio I

Emopévwg :
>=5x4daN ¢ =3,3x25cm £ =4,7%x25cm
£ =20daN 4, =82,5cm t,=117,5¢cm
B) Mg Tnv avaAuTiki pé@odo (ox. 3.3a):
H ouvioTapévn Z €xel PéTpo:

I=F,+F,

kail d1eUBuvaon Kal opd, auTh TWV CUVICTWOWV.
lNa Tov TTPoodIOPICHO TOU ONUEIOU EQAPUOYAS TG CUVIOTAUEVNG, EQOP-
MOJoupE TO BEWpPNUA TWV POTTWY, WG TTPOG TO onueio I

Ms = Mgq + Mgz

Fl 12
0=—F1'l1+F2'52 F1'l1=F2'£2 [ —
FZ el

KaTtd cuvérrela, ytropoupe va KataArnéouue otn d1aTUTIWON;:

H ouvioTapévn éxel: o) JETPO iCO E TO AOPOICHA TWV HETPWYV TWV
OUVIOTWO WYV, B) TNV idia d1elBuvon Kal Oopd HE TIS CUVIOTWOEG, Y)
TO ONUEio EPAPUOYAS TNG BPIioKETAI £TTi TNG €UBEiOG TTOU EVWVEI TA
ONUEIN EQAPHOYAG TWV CUVICTWOWYV, TTANCIECTEPA TIPOG TN HEYOAU-
TEPN Kau &) Siaipei TNV €uBeia, TTOU EVWVEI T GNUEIN EQAPUOYNG TWV
OUVICTWOWYV, O€ THAMOTA AVTIOTPOPWG avAAOYa TTPOG TIG CUVIOTWOEG.
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3.4 ZYNOEZH AYO NAPAAAHAQN KAI ANTIPPOINMQN AYNAMEQN
a) Mg Tn ypa@iki pé6odo

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

Zyxnua 3.4a H ouvioTauévn ypa@ika U0 TapaAAiAwv kar avTipporTwy 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 4,=10x20cm {=2x%x20cm
2 =16 daN 4,=200cm =40 cm

6) Me Tnv avaAuTiki péBodo (ox. 3.40):

H ouvioTauévn €xel yETpo:

Z=F2—F1
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H d1evBuvon TG oupTiTiTel ye TN d1EUBUVON TWV CUVICTWOWYV Kal N
@Opa TNG ME TN POPA TNG MEYAAUTEPNG CUVIOTWOAG. [Na Tov TTPocdIopIoud
TOU ONUEIOU EQAPUOYNG TNG CUVICTAUEVNG, EQAPPOJOUE TO BEwpnua Twv
POTTWV WG TTPOG TO onueio B:

Ms = Mgq + M2

T

i
0=F1 41-Fp & Fr-li=Fp & =2
I:2 21

KaTtd cuvétreia, kataArpyouue otn diatuTrwon:

2

H cuvioTapévn £xel: a) JETPO ioo PE TN S10QOPA TWV METPWYV TWV
OuVvVIOTWOWYV, B) TNV idla d1elBuvon PE TIG CUVICTWOEG Kal POopd, auTh
TNG MEYOAUTEPNG, Y) TO ONHUEIO EQAPMOYAS TNG BPICKETAI OTNV TTPOE-
KTOON TG €UBgiag, TTOU EVWVEI TA ONUEIa EQAPHOYNS TWV CUVIOTW-
oWV, TTPOG TO NEPOG TNG MEYOAUTEPNG KaI 8) Ol ATTOOTACEIG THG ATTO
TIG CUVIOTWOEG, Eival AVTIOTPOQPWGS AVAAOYEG TTPOG OUTEG.

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

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

IxAMa 3.5a 20vOean TUXOUCWVY OUOETTITTEOWY SUVALEWY
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Opioupe kAipaka: 1cm: 2daN

KaTtaokeudloupe 10 duvapoTttoAUywvo 0-1-2-3, apxiovtag ammo éva
TUXOV onueio O kal TTpoadlopifoupe TN cuvioTapévn Z kata dieubuvan,
@OopdA Kal PETPO.

Maipvoupe €vav TTOAO Kal QEPVOUE TIG TTOAIKEG akTiveg TT-0, T1-1, 11-2
Kai 1-3.

Apxifovtag atro 1o TuxOv onueio A, @Epvoupe TIG euBeieg AB, BT, TA,
AE mapdAAnAeg avrioToixa TTpog TIg TTOAIKEG akTiveg T1-0, -1, 17-2, 17-3
Kal oxnuatioupe 10 oxoivottoAuywvo A-B-IM-A-E. To onueio TouAg Twv
TTpoekTAoEWY Twv A-B Kkai A-E 11poadiopilel €va onueio Tng dietBuvaong
NG CUVIOTANEVNG Z.

3.6 ANAEZ NEPINTQZEIZ ANAAYZHZ AYNAMEQN

H avaAuon piag dUvapng TTou evepyei O€ Eva 0WHA, OTTOOKOTTEI OTOV TTPOC-
OI0PIoUO VOGS CUOTHPATOG BUVAUEWY, TO OTTOI0, OTAV EVEPYEI OTO OCWA,
EMPEPEI TO i010 ATTOTEAEO A PE QUTO TNG aPXIKNG dUvauNg. O dBuvAEIG Tou
OUCTHMOTOG OVOUAJOVTal CUVIOTWOES KAl N Epyacia TToU TTEPIYPAYApE,
avAaAuon SUvVaUNG 0 CUVIOCTWOEG.

a) AvdAuon d0vaung o€ 800 CUVICTWOEG, TWV OTTOIWV Eival yvw-
oT1ég o1 diguBuvoeig (ox. 3.6 a).

ZxAua 3.6a AvdAuon duvaung: a) TepimTwon
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Me yvwoTEG TIG BIEUBUVOEIG TWV CUVIOCTWOWY OXNUATICOUNE, KATA Ta
yVwoTd a1rd TN 0UvOeon Twv dUVANEWV, TO TTAPAAANAGYPAUO Kal TTPOC-
dlopidoupe TIG ouvioTwoeg Fq, Fo.

Mia deuTepn evdlapépouca AUon Tou idlou TTPORANNATOG, TTEPIYPAPOUE

TTAPOKATW:

ATT6 £€va TuxXOV onueio O gépvoupe (ox. 3.6 a’) Tnv 0-2 ion kai TTapdAAnAn
Tpog TN Z. A6 Ta onueia O kai 2 @€pvoue avTioTolxa TG TTAPAAANAEG TTPOG
TiIg d1eubuvaoeIg I, r’. To onueio Toung 1 Tpoodiopilel TIg SUO CUVICTWOES
F», F1 o1 otT0ieg pyeTagEpovtal oTig dieuBUVOEIG TOUG T, I

TyxApa 3.6a” AvdAuon dUvaung : a) mepimrwon — 0g0Tepn Adon

B) AvaAuon dUvapung o€ SU0 CUVICTWOEG ME YVWOTA TN S1ebBuvon
TNG TTPWTNG Kal éva onueio P Tng 81e0Buvong Tng deUTEPNG.

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

Y) AvdAuon dUvapng o€ SU0 CUVIOTWOEG PE YVWOTO aTTo éva OnHEio
TwV S1EUBUVOEWV TWV CUVIOCTWTWV.

AvAyeTal ge EUKOAIQ OTNV TTEPITITWON Q).

TyxAua 3.6y AvdAuan duvaung: y) mepirwon

0) AvdAuon dUvapung o€ 500 CUVIOTWOEG UE YVWOTA TO METPO, TH
S1eUBuvon Kal TN @opd TG Hiag.

yxAua 3.68 AvdAuon duvaung: 8) mepirrwaon

Me yvwoTég TG duvapelg Z, F1 oxnuaridoupe 1o Tpiywvo OAB. H {nTouU-
pevn ouvioTwoa Fo Ba gival TapdAAnAn mpog Tnv AB kai Ba €xel anueio
€QapUOYAg auTd Twy Z, F4, dnAadn 1o O.
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3.7 ANAAYZH AYNAMHE ZE AYO NMAPAAAHAEE SYNIZTQZEZ
(MPQTH NEPINTQZH)

‘Eotw (ox. 3.70): Z=20daN £4,=2m &6L=4m

xAua 3.7a AvdAuon d0vaung o€ duo mapdAAnieg duvaueis

a) MpwTn ypa@iki péBodog

OpiCoupe TIG KAIJOKEG: unKwVv: 1 cm: 1 m
duvdapewv: 1 cm: 5daN

2xedIGdoupe Tn dUvAN Kal TIG OTTOOTACEIS ¢4, £, OTIG OTTOIEG PEPOUE
TIG BUO BIEUBUVOEIG TWV CUVICTWOWYV. TN dlEUBUvVoN TNG cuvioTwoag F4
MeTa@Eépoupe TN OUvaun Z ( eival n AA ) kai pépvoupe Tnv euBeia AB. ETri
TNG ouvioTapévng Z TTpoadiopifovTal €101 U0 euBUypaupa TuAuaTa: To NE
= F4 1ToU peTagépeTal oto onueio A kai To EG = F, TTou petagépeTal aTo B.
Me avTiOTOIXEG METPNTEIC TTPOKUTITOUV:

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

B) AcuTtepn ypa@ikn pEB0S0Gg

ZNUEIWVOUUE TIG KAIJOKEG, TN B€0n TNG Z Kal TIG dIEUBUVOEIG TWV CUVI-
oTwowyv (ox. 3.7).
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ZxAua 3.7B Acurepn ypagikn pé6odog

ATTO TUXaio anpeio O oxedidloupe Tn duvaun Z (civai n O -1) kal Ao
TuXaio TTONO TT PEPVOUE TIG TTONIKEG aKTiveg TT-0, T1-1.

ATTO Tuxaio onueio I Tou BpiokeTal oTn diEUBUvVON TNG Z PEPVOULE TIG
A kai 'B TTapAdAAnAeg avTioToixa oTIG TTONKEG akTiveg -0 kai T-1. Evw-
voupe Ta onueia A kai B kal @épvoupe atmd Tov TTOAO T TNV TTOAIKH akTiva
-2 TapAdAANAn TTpog Tnv AB. H O-2 mpoadiopilel Tn cuvioTwoa F4 Kai n
2-11nv Fo.

Me avTioToIXEG METPHOEIG TTPOKUTITOUV:

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

y) AvaAuTiki pé@odog

S=F,+F,=20daN

21
F, (L, 2m

A1é 10 ouoTtnua: F1 + F», =20 daN
F1 = 2F2
TTPOKUTITEL:
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2F, + F, =20 daN 3 F, =20daN
B 20daN
3

F, = 6,66 daN

Fy +F,=20daN

F, =20 daN - 6,66 daN
F,=13,34 daN

P

2 UYKPIVETE Ta QTTOTEAETUATA YPAPIKAG Kal avaAuTIKAG peBGdoU Kal ai-
TIOAOYAOTE TIG DIAPOPEG.

3.8 ANAAYZH AYNAMHZ ZE AYO NMAPAAAHAEZ ZYNIZTQZEZ
(AEYTEPH NEPINTQZH)

‘Eotw (ox. 3.80):

TyxAua 3.8a H ypaikn ué6odog

> =12daN {1 =2m 4 =6m
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a) Me tn ypa@iki pé6odo

Opioupe TIG KAIJOKEG: unkwv: 1 cm:1 m
ouvduewv: 1 cm: 4 daN

2xed1adoupe TN dUvVauN Z, CNUEIWVOUUE TIG OTTOOTACEIG {4, £ KABWGS Kal
TIG 1EUBUVOEIC TWV GUVIGTWOWV.

MeTtagépoupe Tn Z oTn d1EUBUVON TNG TTPWTNG CUVICTWOAG (gival N MA),
@épvoupe TN BA kai Tnv TTpoeKTEIVOUPE HEXPI VO ouvavTiael T dielBuvan
NG X oT10 onueio G.

H améoTtaon AG ekmmrpoowTrei Tn ouvioTwoa F4 o1o onueio I kain EG
Vv F» 010 onpeio B.

Me avTioToIXEG METPHOEIG TIPOKUTITOUV :

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

2=F4-Fy=12daN

R _¢{ 6m
Ro4o2m
I:l —

g =
Etopévwg:
F4- Fo=12daN
F1=3F,

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

12 daN
2:

Fo=6daN
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Fi-F,=12daN
Fi=12daN +F,
F,=12daN + 6 daN

F,=18 daN

3.9 2YNOHKEZ IZOPPOIMIAZ X TEPEOY ZQMATOZ

MNa va 1Ic0ppoTTAcEl £éva aTePed owa (0X.3.9a), 0To OTToI0 EVEPYOUV TTOA-
Aég duvapeig Fq, Fs ..., Ba Tpétrel n ouvioTapévn Twv duvapewy (ZF) kai
N OUVIOTAPEVN TWV POTTWV TWV BUVANEWYV (ZM), va gival ioeg pe undév.

IxAua 3.9a JuvOnkes 1I00ppOTTIaC OTEPEOU CUWUATOS

AnAadn:
ZF=0 ITM=0

H TpwTn ocuvBnikn atrokAEgiel TN JETAPOPIKN Kivnon Kai n &eUtepn TNV
TTEPIOTPOPIKN.
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Ortav o1 duvdpeig gival OJOETTITTEDEG, OI TTAPATTIAVW TUVBONKES ICOPPOTTIAg
TTAiPVOUV TIG AVOAUTIKEG EKPPATEIG:

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

0 NAPAAEITMA (oX. 3.90)

SFy =0
SFy =0
SFy=F1—Fy+F3=0
SMa =0

’—g—. ZYNTOMH NEPIAHWH TPITOY KE®AAAIOY
z
e H ouvleon U0 1 TTEPICTOTEPWY SUVAPEWYV TTOU EvEPYOUV
o€ €éva CWHA ATTOOKOTTEl OTOV TTPOGOIOPIoUO pIag dUvaun,
TNG OUVICTAPEVNG, N OTToIO OTAV EVEPYEI GTO CLIMA ETTIPEPEI
TO 010 ATTOTEAEO A PE AUTO TWV APXIKWY OUVAUEWV.

\\\

o. AuvdApEI§ CUYYPOMHIKEG KOl OOQPOPEG:
To péTpo TNG cuvioTauEvng SiveTal ATTO TN OXEON :

2=F;+F,
H d1euBuvon kai n @opd €ival AUTEG TWV CUVICTWOWV.

B. AuvApEIG CUYYPOMUHMIKEG KOl AVTI(POPEG :
To péTpo TNG ouvioTapévng diveTal ATTd Th OXEON :

Z=F-F,

H &1e0Buvon ival n dielBuvon TwvV CUVIOCTWOWY Kal N @OopA auTh TNG
MEYOAUTEPNG O€ HETPO CUVIOTWOOG.

y. Auvdpeig utré ywvia ¢ = 90°

2= ,/Flz + F22
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F
QO = 2
I:l

H cuvioTapévn TTOAWY OPOETTITTEOWY BUVANEWYV PE KOIVO anuEio epap-
MoynG TTpoadiopieTal aTro TIG OXEOEIS:

2= \/ ZF ZF
2F

epp = —¥
2F,

H ocuvioTtapévn duo TTapaAAfAwy Kai opo@Opwy BUVANEWY EXEI HETPO
ioo pe TO ABpOICUA TWV PETPWY TWV CUVICTWOWYV, £XEl TNV idla OIEU-
Buvaon Kal opd WE TIG CUVIOTWOEG, TO ONUEIO EQAPPOYNAS TNG BPioKETaI
ETTi TNG €UBEiOG TTOU EVWVEI TO CNMEIA EQAPUOYAS TWV CUVICTWOWY,
TTANCIECTEPA TTPOG TN MEYOAUTEPN Kal OlaIpei TNV €UBEia TTOU EVWVEI TO
OnuEia EQaPUOYNS TWV CUVICTWOWY O€ TUAKATA AvTIOTPOPWS avaAoya
TTPOG TIG CUVIOTWOEG.

H ouvioTtapévn d0o TTapaAAfAwWY Kal avTiIppOTTWV OUVAUEWYV EXEI HETPO
ioo pe TN S1aPOPA TWV PETPWY TWV CUVIOTWOWY, £XEI TNV idla dielBuvaon
ME TIG CUVIOTWOEG KAl POPA aUTA TNG MEYOAUTEPNG, TO ONUEIO EQAPUOYNG
TNG PPIOKETAI OTN TTPOEKTACN TNG EUBEIAG TTOU EVWVEI TA ONUEIQ EQAPUO-
VNG TWV CUVIOTWOWY TTPOG TO HEPOG TNG JEYAAUTEPNG KOl Ol ATTOCTACEIG
TNG ATTO TIG CUVIOTWOEG €ival avTIOTPOPWS AVAAOYEG TTPOG AUTEG.

H avéAuon piag dUvaung o€ dUo TTapdAANAEG CUVIOTWOEG GUVOWICETAl
OTIG OXEOEIG:

Fo_ lz

S=F1+F, — == (OUVIOTWOEG OPOPPOTTEG)
P4
Fo_ lz

2=F-F, —= = —= (OUVIOTWOEG QVTIPPOTTEG)
P4

MNa va 1c0ppoTTroel £va oTEPES OWUA, GTO OTTOI0 EVEPYOUV TTOAAEG OU-
vayelg Fq, Fo ... Ba TTpétmel N ouvioTapévn Twv duvduewy (ZF), kai n
OUVIGTOPEVN TWV POTTWV TWV dUVAUEwWY (ZM) va gival ioeg ue undév.
AnAadn:
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2F=0 kar XM=0

H TpwTn ocuvBnkn atrokAgiel TN JETAPOPIKN Kivnan kal n &eUTepn TNV
TTEPIOTPOPIKH.

@ AZKHZEIX

= 1. Na TpoodIopIOTEI N CUVIOTAPEVN PE TNV AVOAUTIKA Kal TN ypa@IKA
MEBOSO TWV opoeuBEIaKwWY DUVANEWY, 01 OTTOIEG EVEPYOUV OTO owpa O.
Fi=2daN
F,=7daN
F;=4daN
F4=9daN

=& 2. Na BpeBei 1o péTpo NG ouvioTapévng Twv duvduewy F4, Fp, F3 TTOU
evepyoUv OTo idI0 onueio, 6TTWG QaiveTal ato oxAua, otav F4 = 50 N,
Fy=10N, F3 = 20v/3 N Kkai ¢ = 60°.

=¢ 3. Na TTpocdIopicETE, e TN YPAPIKA Kal TNV avaAuTikA uéBodo, To on-
MEIO EQAPUOYAS TNG OUVICTAPEVNG TWV TTAPAAAAAWY duvdpewy Fq, F, TTOU
@aivovTal gto oxAua, 6tav n amméotacn MN eivair ion pe 0,70 m.
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= 4. Na utroAoyioTei N ouvioTapévn Twy duvAapewy Tou oxfiuatog Fq, Fo,
Fs, 61av:

Fix=3,5N Fiy=1,5N

Fox = 2N Foy=-1N

F3X =-1,5N F3'-|J =3,5N

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

= 6. Na mmpoodiopioete Tn duvaun Fo, TTpokeIuévou va Eac@aNIoTE n
ICOPPOTTIO TOU CUCTAPOTOG TOU OXNUATOG, av I = 25 cm kal R =40 cm.
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.) Emdiwképevol oTé)o!I:

Iz/ Na opiCeTe TO KEVTPO BAPOUG Kal TO KEVTPOEIDEG KAl VO YVWPICETE TN
OnNPOoia TOUG OTIG KOTAOKEUEG,.

M/ Na yvwpiCeTe TNV avaAUTIKA Kal TN YPA@IKA PEB0dO TTpoadiopiauou
TOU KEVTPOU BAPOUG Kal TOU KEVTPOEIBOUG.

Iz/ Na uTropeite va TTpoodIopifeTe TO KEVTPO BAPOUG KAl TO KEVTPOEIDES
ATTAWYV YEWUETPIKWY OXNUATWV.

M/ Na y1TopEiTe Va TTIAUETE TTPAKTIKA TTPORANMOTA TTPOCdIOPIoHOU TOU
KEVTPOU BAPOUG Kal TOU KEVTPOEIBOUG, UE TNV OVAAUTIKH Kal TN ypa-
QIKr NEBOBO, VO OUYKPIVETE Kal VO JEAETATE TA ATTOTEAECUATA KAI VO
KaTaAryeTe otn d1aTUTTWGON XPACINWY CUUTTEPATHATWY.

E/ Na opiCeTe TNV €uoTaOr, acTadr Kal adidPopn ICOPPOTTIa KAl VO
MTTOPEITE VA KPIVETE TTEPI TNG EVUCTABEIOG ] N TWV KATACKEUWV.
4.1 KENTPO BAPOYZ

H ouvnBéaTepn dUvaun gival 10 BAPOS Pe Tov 0po BAPOG CWHATOG, EVVO-
oupeg, TN dUvVaUN JE TNV OTTOI TO CWHA EAKETAI ATTO TN VN

AlguBuvon J
ouvIoTauévng ouA\I/Tg?c;JJg/?m
1) 2)
s >

IxAua 4.1a H diebBuvon NG ouvioTauévng TTapauével n idia,
orav 10 owyua aAralel Béon.

O1 duvdapeig TNG BapuTnTag agkouvTal atrd Tn yn (oX. 4.10-1) o€ 6Aa Ta
MIKPG TEPAXIA, OTTO TA OTTOIO ATTOTEAEITAI TO CWHA Kal aTToTeEAOUV éva oUCTNUO
TTAPAAAAAWY Kal OopPOTTWY duVAPEWY. To onuEio EQAPUOYAS TNG OUVI-
oTapévng Twv duvapewy, dnAadn TNG dUvaPNG TTOU EKTTPOCWTTEI TO BAPOG
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TOU CWHATOG, OVOUACZETAI KEVTPO BAPOUG TOU CWHATOGS YIA OTTOIOONTTOTE
B8¢on Tou. AnAadr, av To cwpa aAAagel Béon (0. 4.10-2) , N cuvioTapEVN
TOU CUCTAPOTOG TWV SUVANEWY, TTOU QVAPEPAE TTOPATTAVW, Ba £XEI TO idI0
METPO Kal n dieUBuvaon TNG Ba diEpyeTal aTTO TO KEVTPO BAPOUG TOU CWHATOG.

OAgg o1 eubeieg, o1 oTroieg diEpxovTal aTTd TO KEVTPO BAPOUG, OVOUAOVTaI
KevTpofapikoi dfoveg.

Av TO CWO €ival OPOYEVEG Kal €XEI KEVTPO, G&ova 1) TTITTEOO CUPUETPI-
ag, T01e 10 KEVTPO Bdpoug (G) Tou cwuatog Ba BPioKETAI AVTIOTOIXO GTO
KEVTPO, OTOV Afova ) 0TO ETTITTEOO CUMNETPIAG.

Ta K.B. yia pepIkd opoyevr] KavoviKa YEwWHETPIKG OTEPEQ, divovTal oToV
TTapakdaTw Tivaka (4.1 B).

ZxAua 4.18 Kévrpa BEpOUS KAVOVIKWV YEWUETPIKWY TXNUATWY
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U NAPAAEIrMA

To K.B. Twv cwudTtwyv A kai B pe Bdapn avriotoixa 4N kai 6N, gival To anueio
EQPAPPOYNG TNG CUVIOTAUEVNG (Z) Twv OUO TTAPAAARAWY Kal OPOPPOTTWY
OUVANEWV.

F1=4Nka F;, =6 N:

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

2z =10N

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

MF, + MF, = Ms

PoTtrég w¢ 1Tpog 1o onueio B:

4N - 0 —6N - 200mm =— 10N - X,
10N - X, = 1200 N-mm

Xo =120 mm

4.2 KENTPOEIAEZ TPAMMQN KAI EMI®ANEIQN

TNV TEPITITWON KATA TNV OT10id, Wia 1 U0 dIACTACEIG TOU CWUATOG Eival
TTOAU JIKPEG, O€ OXEDN ME TIG UTTOAOITTEG, Ba TTPETTEI VOl IAGE TTEPI KEVTPOU
Bdapoug em@aveiwy 1 ypaupwy avriotoixa. Etreidr) duwg, 1600 o1 emea-
VEIEG, 000 KOl Ol YPOAUMEG DEV £XOUV BAPOG, Ba WIAAUE VIO KEVTPOEIDES
YPOUMWYV KOl ETTIPAVEIWV.
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O 1poacdlopIouOG TOU KEVTPOEIBOUG TWV ETTIPAVEIWV YIVETAI UE TPOTTO
QVTiOTOIXO, JE QUTOV TOU TTPOCdIoPIaHOU TOU KEVTPOU BAPOUG, HE TN dlagopd,
OTI —KaT avaAoyia pe T Bewpnon 0TI TO CWPA ATTOTEAEITAI ATTO OTOIXEIWON
OwPaATidIa— Kal N ETTIPAVEIA ATTOTEAEITAI ATTO OTOIXEIWDEIG ETTIPAVEIEG.

21NV TTEPITITWON TOU KEVTPOEIOOUG TWV ATTAWYV YPOUHPWY, OTTWG TT.X.
Miag o1depéviag papdou, TNG otroiag ol dUo dIBCTACEIG, O OXEQN WE TNV
TPITN (TO MNAKOG), €ival TTOAU PIKPEG, TO KEVTPOEIDEG (OX.4.2a) BpioKeTal OTN
MEon TOU PRAKOUG TNG.

Xo = 0,5£

IxAHA 4.2a Kevrpoeidés ypaupuns

‘Evag TTpaKTIKOG TPOTTOG TTPOCBIOPIoUOU TOU KEVTPOEIDOUG Hiag ETTIPA-
VEIOG €ival auTtog TNG SITTARG avdpTNONG.

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

ZxAHa 4.2B [1p00diopiouOS TOU KEVTPOEIOOUS e OITTAN avapTrnon

ETreidr) o1 800 d1eubuvaeig Tou oUppaTog, ival dieuBuvaelg —kai aTig U0
TTEPITITWOEIG— TNG BUVAUNG, TTOU EKTTPOCWTTEI TO BAPOG TOU EAACUATOG, GU-
pTTEPQiVETQI, OTI 01 DIEUBUVOEIG AUTEG €ival KEVTpoRapIkoi Goveg. ETTopévwg,
10 K.B. TOU eAdopatog, Ba BpiokeTal GTO ONUEIO TOUAG Twv OUO agdVwV.
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To KEVTPOEIBEG TWV CUUMETPIKWY OXNMATWY BpioKeTal TTAVW OTOV GE0-
VO CUUMETPIOG, av To oxnua £xel évav afova cupueTpiag (ox.4.2y), A aTo
onpeio TounRg Twv 800 afOVWV CUPMPETPIAG, AV TO CWHA £XEl OUO TETOIOUG
afoveg (0x.4.20).

IxAHa 4.2y Kevipoegidés oxHIAToS
ue éva déova oupuuerpiag

IxAHa 4.28 KevrpoeidbéG oxnuarog ue
OU0 Géoveg ouuuETPIaS

MapaBEéToupe oTN CUVEXEID, TOUG TPOTTOUG EUPECNG TOU KEVTPOEIOOUG
MEPIKWYV YEWMETPIKWY OXNUATWV.

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 agopd TOCO ThV TTEPINETPO, GO0
Kal TNV €TTIQAVEIA TOou, (OX. 4.3a) BpioKeTal OTO ONWEio TOPAG TWV dlayw-
Viwv Tou, 1] 0TO onUEio TOPAG TWV BUO EUBEILIV TTOU EVWOVOUV TA JECT TWV
QATTEVAVTI TTAEUPWV TOU.
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B) Kevrpoeidég TrapaAAnAoypdppou

h

=—-=05h
2

Xo

ZxAua 4.3B To kevrpoeidbéc mapaAnAoypduuou

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

Y) Kevtpoeldég repipépeiag Kal KUKAou

ZXAMA 4.3y KevipOeIdES TTEPIPEPEINS KAl KUKAOU

upuTritrTel avtioToixa (ox. 4.3y) YE TO KEVTPO TNG TTEPIPEPEIAG, I TOU
KUKAOU.

0) Kevtpoeid£Eg TNG TTIPAVEIAG TPIYWVOU

w| o>

Xo

ZxAHa 4.38 KevrpogIbES TIQAVEIQS TPIYWVOU



KENTPO BAPOYs - EYsTAGEIA 83

Mpoaodiopicetal (0X. 4.30) atmd 10 onuEio TOUAG TWV dIAPECWY TOU TPI-
YWVou.

€) Kevtpoeldég TnG TTEPINETPOU TPIYWVOU

TxAMa 4.3g To KEVTPOEIGES TNG TTEPILETPOU TPIYWVOU

To kevTpoeIdEG TNG TTEPIETPOU TOU Tpiywvou ABI, cupTritrTel (0X. 4.3€)
ME TO ONMEIO TOUAG TWV BIXOTORWY TWV YWVIWV £VOS GAAOU Tpiywvou AEZ,
TTOU OpIeTal ATTO TIG EUBEIES TTOU EVWOVOUV TA KEVTPOEIOH TWV TTAEUPWV TOU
apxIKoU TpIywvou.

‘Evag GANoG TPOTTOG PE TOV OTTOIO €ival duvVaTO va TTPOCBIOPICOUNE TO
KEVTPOEIOEG TNG TTEPIMETPOU EVOG TPIYWVOU KOI JTTOPET VO ATTOTEAETEI YEVIKO
Kavova yia ToV TTPOCdIoPIoUS TOU KEVTPOEIOOUS OI0USHTTOTE TTOAUYWVOU,
€ival 0 €€NG: ZTa KEVTPOEIDN TWV TTAEUPWV TOU TPIYWVOU EQAPHOLOUE QVTi-
oToIxa TTaPAAANAEG BUVAEIG, ioeg, A avaAoyeg JeE TIG TTAeUpEG. To anueio
€QPAPUOYNG TNG CUVIOTAUEVNG TWV DUVANEWYV, CUUTTITITEI UE TO {NTOUUEVO
KEVTPOEIDEG.
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oT) Kevrpoeldég T16¢ou

ZxApa 4.30T1 To KeVIPOEIGES TOEOU

Av AB givai 1o T16¢0 (0X.4.30T) TOU OTT0ioU {NTEITOI TO KEVTPOEISES, VIO TOV
TTPOadIoPICHO Tou epyaldouacTe we €€AG: Av OA 0 afovag CUUUETPIaG Tou
T6¢0U Kal AE 10 puAKog, o€ euBegia ypauun, Tou Turuartog AB tou 600€vTog
T6EOU OTNV EQaTITOUEVN OTO OnueEio A Tou To6Eou AB, @épvoupe Tnv OE Kai
ato 1o onueio B Tnv mapdAAnAo otov agova ouppeTpiag OA. Mpoodiopi-
{oupg, eTopévwg ,To anpeio (I) 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 cupuoAiIouoUG ToU OXNMOTOG, TO
KEVTPOEIDES Ba TTpoadlopileTal aTrd TN OXEON:

r-c
Xo = 7 OTTOU I, N aKTiva TOU TO6E0U

{) Kevtpoeg1dég KUKAIKOU TOpED

TxAua 4.3 KevrpoegldéG KUKAIKOU Topéa
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Av (r) n akTiva Tou KUKAIKOU Topéa (OX. 4.3C), @EPVOUE TO TOEO PE aKTiva
2/3 r kal akoAouBwvTag TNV idia PpEBOdO TToU TTEPIYPAYANE GTNV TTPONYOU-
MEVN TTEPITITWOTN, TTPOCBIOPICOUNE TO KEVTPOEIDEG TOU TOLOU auToU, TTOU
gival Kal To {NTOUUEVO KEVTPOEIDEG TOU KUKAIKOU TOPED. To KEVTPOEIBEG, [E
TOUG OUPBOAICPOUG TOU GXAUATOG Kal TNG TTPONYOUNEVNG TTapaypapou,
Ba divetal atd TN oxéon:

r-c

X-E
0 3

n) Kevrpoeidég Tpatrediou
1og 1pd110¢

Oépvoupe Tn dlaywvio Al kail xwpidoupe To TpaTTéCIo o€ dUO Tpiywva AlA
ka1 ABTI". IMpoodiopifoupe Ta KevTpoeidn Twv Tpiywvwy 1 kai 1°. To onueio
TouNG TNG €uBeiag 11” kai TNG euBeiag MN TTOU evdvel Ta PETA TNG MIKPNG
Kal TNG MEYAANG BdAong Tou TpaTrediou, gival To NTOUPEVO KEVTPOEIDEG.

ZxAua 4.3n To kevrpoeidés Tparmediou (10¢ 1pO1TOC)

20¢ TPOTTIOC

®épvoupe Tn dlaywvio Al Kal Xwpidoupe To TpaTréCio o€ dUO Tpiywva
AlA kai ABT, Twv otroiwv Ta KEVTPOEION €ival avTioToixa Ta 1 kai 17. Me )
diaywvio BA xwpioupe 1o Tpatréfio o€ dUo GAAa Tpiywva BAT kai ABA Twv
OTTOIWV Ta KEVTPOEIDN gival Ta 2 Kal 2°. To onueio Toung Twv gubeiwv 117
Kal 22, gival To {NTOUPEVO KEVTPOEIDEG TOU TpaTTECiOU.
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TyxAua 4.308 To kevrpoeidég Tparmediou (20¢ TPOTTOC)

AvaAuTIKG (0. 4.31), TO KEVTPOEIES 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 gival avTioToixa Ta 4EOQ TNG WIKPAG Kal TNG MEYAANG
Baong Tou Tparreiou.
4.4 NMPOZAIOPIZMOZ KENTPOEIAOYZX- ANAAYTIKH MEGOAOX

Na TTpoCBIOPICTEI TO KEVTPOEIDES TWV TEGOAPWY OWHATWY PE euBadd E4, Eo,
Es, E4 Kal guvTeTayuEveg, OTTWG QaivovTal aT1o (o). 4.4 a).
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ZxAua 4.4a [1pocdiopioudS TOU KEVIPOEIOOUS LE TNV aVAAUTIKY éB0dO.

BAua 1o
2UVOAIKO eppBadov (E): E=Eq{+Ey+E3z+E4

BApa 20

YTT00eTIKOG TTPOCGOIOPICUOG GUVTETAYHEVWYV TOU KEVTPOEIDOUG:
‘Eotw G (X0, Wo)

BRpa 3o
E€iowon pottwv 6Awv Twv eupadwyv, wg Tpog Tov acova W (Trpoadio-
PIOHOS Xo):
E'X0=E1 'X1+E2'X2+E3'X3+E4-X4
E1'X1 + E2')(2 + E3 ‘X3 T E4')(4
E

Xo =

BApa 40

E€iowan pommwv OAwv Twv gURAdWV WG TTPOS Tov dEova X (TTpoadio-
PIOHOS Wo):

E-wo=Eq w1 +Exyy+Ezwst Egyy

Eywi +Eywy +Eg-ws +E4uy,
E

LPQ:
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U NAPAAEIrMA

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

Adon
Xwpidoupe To oUVOETO OXNMa o€ atTAd oxAuaTa, Ta 1 Kal 2 (ox.4.a).
Emodveia Tou mpwtou oxriuarog (E4):

Ei=2cm-5cm
E1=10cm?
Eme@adveia Tou delTepou
oxnuatog (E2):
E>;=10cm-2cm
E, =20 cm?
OAikA Emigaveia (E):
E =10 cm?2+ 20 cm?
E =30 cm?
IxAMa 4.0 20vOeTn eMIQAvEIQ

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

E¢iowaon pottwv 6Awv Twv
€UPadWY wg TTPOG Tov Gova Y:

E'xo=Eq1cm+Ex5cm

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

110cm®

0~ 2
30cm

Xo = 3,66 cm

TxAua 4.8 H 6éan Tou KévTpou emipaveiag

E¢iowon potrwv 0Awv Twv guRadWY wg TTPOG ToV Afova X:

E-wo=E44,5cm + Ex1cm
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30 cm2-yg = 10 cm2-4,5 cm + 20 cm?2-1 cm

65cm°

Yo =
°” 30em’
Yo=2,16 cm

4.5 IZOPPOINIA KAI EIAH IZOPPOIIAZ

A116 Tn B€0n Tou KEVTPOU BAPOUG £VOG CWHPATOG, WG TTPOG TO ONUEIo N
TNV emM@Aveia oTHPIENG TOu, 0dnNyoUuueda oTa TTAPAKATW CUUTTEPACHATA:

1. Av 10 cwpa TTouU BpiokeTal o€ Npepia (ox. 4.5a -1), petakivnBei atrd
TNV apxIKr Tou B€on, KATW atrod TN oTIyuiaia emidpacn piag duvaung, Ba
eTTavENBEI O0€ auTh, OTav TTAUCEl va evepyei N dUvaAUN TTOU TTPOKAAETE TN
peTakivnor] Tou. To €idog auTod TNG I00PPOTTIAG TOU CWHATOG, XAPAKTNPICETAI
WG euoTABNAG KOl uvodeUeTal aTTd TN OIOTTIOTWON, OTI KATA TN YETOKIVNON
TOU CWHOTOG, TO KEVTPO BAPOUG TOU OVUWWVETAI, JE ATTOTEAEC A TN ONI-
oupYia POTING ETTAVAPOPAG GTNV APXIKA Tou BEan.

IxApa 4.5a Euvortabrg¢ ioopporria, aotabng kai adideopn

2. Av 10 owpa (oX. 4.5 a-2) petakivnBei atTd TNV apXIKr) Tou 80N, KATW
ato T oTiypiaia midpacn piog duvaung, To cwua Ba egakolouBroel va
OTTOMAKPUVETAI OTTO TNV APXIKI TOU BE0T 1I00pPOTTIAG, OKOMN Kal 6Tav TTalael
va evepyei n dUvapn TTou TTPOKAAECE TN METAKIVNON TOU. TNV TTEPITITWON
QuTr, MIAGUE yiIa aoTOB IC0pPOTTia KAl SIATTIOTWVOUE OTI TO KEVTPO BApoug
TOU CWUATOG PETAKIVEITAI XAUNAOTEPQ O€ OXEQN WE TNV apXIKA Tou B€on.
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3. ZTnV TEPITITWON TTOU TO oWaA (OX. 4.50-3) YETAKIVEITAI KAI I0OPPOTTET
o€ otroladATToTE B0, MIAGUE YIa adid@opn IC0PPOTTIa Kal CUVODEUETAI
atrd Tn dlaTTioTwon OTI TO KEVTPO BAPOUG TOU CWHATOS TTAPAUEVEI OTO idI0
UYog (dev PETAKIVEITAI UPNASTEPQ ] XAUNAOTEPQ).

2nueiwon: Emdiwgn nag, KaTd Tov UTTOAOYIONO TwV KOTOOKEUWY, gival
g€ OAEG TIG TTEPITITWOEIG, N EVUCTABAG IGOPPOTTIAL.

4. OpifovTag wg eTIPAVEIA OTAPIENG PIOG KATAOKEUNG, TNV ETIYAVEIQ
TToU oploBeTeiTal (OX. 4.5.8) atd TIG EUBEiEC TTOU EVWOVOUV Ta CNUEia OTh-
PIENG TNG, Ba Kpivoupe yia Tnv eucTaBeId TNG A un, €¢eTalovTag Tn B€on
NG d1EUBUVONG TNG CUVICTANEVNG OAWVY TWV OUVANEWYV TTOU EVEPYOUV GTNV
KATAOKEUR, O oxéon Pe TNV eTQAveIa oTAPIENS TNG. Me Tov TPOTTO QUTO
n KaTaokeur Ba xapakTtnpidetal euoTa®ng 0Tav n dielBuvaon TNG ouvIoTa-
MEVNG TTOU ava@EPAE, TEPVEI TNV ETTIQAVEIA OTAPIENG, (OXI OTIG YPAUMES
TTOU OTTOTEAOUV TO £EWTEPIKS TTEPIYPANMPG TNG).

Y
Ve
EGT T'\p\?’“c’

ZxApa 4.5 H suorabeia

5. H kataokeun Ba xapakTtnpifetal aotadrig, étav n dielBuvon TnG ou-
VIOTOUEVNG TEUVEI TO EEWTEPIKO TTEPIYPAUMA TNG ETTIPAVEING OTAPIENG Kal
Ba kaTaAryel o€ avaTpoTrhy, étav n dielBuvaon TNG CuVIoTAUEVNG £CENDEI
aTrod TO TTEPIYPANMA TNG ETTIPAVEING OTHPIENG.
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o—g—o ZYNTOMH NEPIAHWH TETAPTOY KEDQAAAIOY
z
e To onueio epapuoyng TnG duvaung Tou BApoug ToUu CWHa-
z TOG ovopddetal kEvTpo Bdapoug. O1 eubeicg TTou diEpyovTal
atro 10 KEVTPO Bdpoug ovopdaldovTal KevipoRapikoi Aoveg.

® >TnV TEPITITWON, KATA TNV oTToia, dUo A Yia diIdoTaon TOU CWHATOG Eival
TIOAU PIKPEG, OE OXEQN ME TIG UTTOAOITTEG Ba TTPETTEI VA JIAGUE TTEPT KEVTPOU
Bapoug avTioToIXa ypauuwy A emeaveiwy. EmTeidn dpwg, T600 o1 ypay-
MEG, OO0 Kal o1 ETTIPAVEIEG OEV £XOUV BAPOG Ba PIAGUE VIO KEVTPOEISEG
YPOUMWY Kal ETTIPAVEIWV.

e H 1ooppoTria evog CWPaTOG XapakTneifeTal EUOTABNAG, OTAV PETAKIVNOEI
atrd TNV apxIKr) Tou B€on, UTTO TNV £TTIdPOON Wiag dUVAUNG Kail ETTAVEADEI
g€ auTh, 0Tav TTavael va evepyei N dUvaun TTou TTPOKAAEDE TN JETOKIVNON
TOU. AV TO OCWHA £EAKOAOUBNACEI VO OTTOMOKPUVETAI ATTO TNV APXIKA TOU
B¢on 100ppoTTiag Kal 6Tav TTaucel va evepyei N dUvaun TTou TTPOKAAE-
O€ Tn YETAKIVNONA TOU N I00PPOTTIa TOU XapakTnpieTal aoTadng. Av 1o
OWHO PJETOKIVEITAI KAl ICOPPOTTEI O OTTOIAdNTTOTE BE0N N ICOPPOTTIa TOU
ovoudletal adidgpopn.

@ AZKHZEIZ

=¢ 1. Na poadiopioTei 10 K.B. Twv owpdtwv A (F4 = 15N), B (F2 =5N),
I (F3 =10 N), TTou BpiokovTal aTnv idia eubsia.

=% 2. Na mpoadiopioTei 10 K.B. Twv cwpdtwv A (F41 =10 N), B (F2 =4 N),
I (F3 =2 N), Tou BpiokovTail aTo idio eTiTred0o (d100TATEIG O€ Cm).
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*¢ 3. Na mpoodiopioTei T0 K.B. TOU opoyevoug oTeEPEOU CWHPATOG, TTOU
@aivetal oTo oxnua (dlaoTdoelg oe cm).

Ouyn atd

Own amé v mAeupa B NV TTAEUpd A

2TEPEG OWWQ TOU OTToioU {NTEi-

Ta1 n B€0n Tou KévTpou Bapoug

= 4. Na TTpo0dIOPICETE TO KEVTPOEIDEG IAG NUITTEPIPEPEIAG akTivag 1,20m
ME TN YPOQIKH Kal TNV avaAuTIKr p€Bodo.

= 5. Na TTpo0dIOpPIOETE TO KEVTPOEIOEG EVOG TETAPTNUOPIOU TTEPIPEPEING
akTivag 1,50 m pe TN ypa@Ikr Kai Tnv avoAuTikA péBodo.

= 6. Na 1TpoodIopioETE TO KEVTPOEIDEG NUIKUKAIOU akTivag 60 cm pe Tn
YPOQIKN Kal TNV avaAUTIKN HEB0DO.

o¢ 7. Na TTpo0dIOPITETE TO KEVTPOEIDES EVOG TETAPTNHOPIOU KUKAOU OKTIVAG
90 cm, PE TN YPOAQIKN Kal TNV avaAuTIK p€Bodo.

o¢ 8. 21NV AAwoN TOU OXNUATOG UTTAPXEl N opdda Twv TpIWV NAwvY. Na
TTPOCOIOPICTEI TO KEVTPOEIOES TNG Ouddag (SIacTACEIS GE mm).
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KapewTn olvdean

¢ 9. Na TTpocdIopIoTEi TO KEVTPOEIDEG TOU EAAOUATOG PE TO TTAPOKATW
oXAMA JE TNV avaAuTIKN PHEBODO.

=¢ 10. Na TTpO0dIOPIOETE TO KEVTPOEIDEG TNG ICOOKEAOUG DIATOUAS TOU OXAUA-
TOG ME TN YPAPIKN KAl TNV avaAuTikr u€Bodo, av a = 150 mm kai e = 24 mm.






Mépoc B

ANTOXH TQN YAIKQN







>

Emprkuvan avd povada prikoug (€)

KEDAAAIO

BAZIKEZ ENNOIEX

5.1 H avTtoxn Twv UAIKwvV

5.2 Baoikég e1I00YWYIKEG EVVOIEG

5.3 Ta €idn Twv QopTiwyv

5.4 O1 oTToUdAIOTEPEG KATATTOVAOEIG
5.5 H évvoia Tng Tdong

5.6 Nopog Tou Hooke

5.7 EmpuRAkuvon - EmBpdyuvon

5.8 H dokipn o€ e@eAKuou6 1 OAiyn
97



98  TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN

5.9 Emitpemopevn 1don - CUVTEAECTHG Ao@PAAEING

5.10 EmITpeTOUEVN TAGT OTNV TTEPITITWON HETARBANTWYV QOPTIWV — TU-
mmog SEEFEHLNER
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.) Emdiwképevol oTé)o!I:

Iz/ Na avTIAngBeite T0 POAO TNG AVTOXNG TWV UAIKWY GTNV aCQAAEIN
TWV KOTAOKEUWY Kal TN aTToudaidTnTd TNG, WG BACIKOU TEXVOAOYIKOU
MOBAUaTOG, VIO OAEG TIG EIDIKOTNTEG.

M/ Na yvwpioete BaoikoUg TEXVIKOUG OpOUG Tou paBriuartog, yia va
QAPXIOETE VO £COIKEIVEDTE PE TN “YAWOOO TWV TEXVIKWV”.

M/ Na €ioTe o€ B€0N va avagEPETE TA €idN TWV QOPTIWY, ECEIBIKEUOVTAG
TO KOBEva atod auTd, he avtioToixa Trapadeiypara.

M/ Na yvwpioeTe TNV €KTAON KAI TO TTEPIEXOPEVO TOU PABHUOTOG.

Iz/ Na gioTe o€ B€on va avaQEpETe TIG BACIKES “KOTATTOVACEIS”, va opileTe
TNV KOBEPIG atTd auTES KAl VA TIG EVTOTTICETE OTNV TTPAEN.

Iz/ Na KaTavonoEeTe TNV €vvoia TNG TACONG, TO QITIO TTOU TNV TTPOKAAEI Kal
TNV aAAnAouXia: CWHPA-POPTIO-TTAPANOPPWON-AVOTITUCOOUEVEG TAOEIC.

Iz/ Na opileTe TNV TACH, VO QVAQPEPETE TOV AVTIOTOIXO TUTTO KaI VO AUVETE
TTPORAARuaTa TTPOCBIOPICUOU TNG TAONG, TOU POPTIOU, TNG DIATOMNG.

Iz/ Na diatuttwvete To Nopo Tou Hooke.

M/ Na yvwpileTe Ta €idN TWV KATATTOVAOEWYV, OTA OTTOI0 AVOQEPOVTAI N
ETTIMAKUVON Kal N emBpdxuvon.

E/ Na opiCeTe TNV €MIPAKUVOT, TNV €I0IKA ETTINAKUVOT Kal avTioTolXa
yia TnVv €MMPRpAxuvon.

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

Iz/ Na TTepIypda@eTe TN SOKIUN O EPEAKUCHO.
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M/ Na epunveveTe Kal va €ioTe e B€on va avTAeite aToixeia amod T1a
avTtioToixa diaypdpuara.

E/ Na opiCeTe TIG TAOEIG OTO OPI0 avaloyiag, EAaoTIKOTATAG, dIOPPONG,
Bpauvong.

E/ Na yvwpileTe TN onUaAcia TNG ETTITPETTOPEVNS TAONG KAl TOU OUVTEAECTH
AOQAAEIAG yia TNV AVTOXH - ACPAAEID TWV KATOOKEUWV.

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

E/ Na AUveTe TTPpoBAAUOTA OXETIKA e OCQ avaEépovTal TTapaTTdvw, va
OUYKPIVETE Kal VO JEAETATE TO ATTOTEAEOUATA, WWOTE VO KATAARYETE
oTn O10TUTTWON XPNOIHWY CUUTTEPOACHATWY.

5.1 HANTOXH TQN YAIKQN

O11w¢ AdN avagEpBnKe oTNV apxr TOU TTPWTOU JEPOUG, N AVTOXH TwV UAI-
KWV €ival To TURua TnG Mnxavikrg, 1o o1roio E€TACEI TA TTAPAUOPPWUTIHO
owpara, étav Tavw o€ autd evepyouv SUVAEIG.

MpokeIuEVOU va OpioCOUNE TO AVTIKEIMEVO TNG AVTOXNAG TWV UAIKWY TTIO
QAVAAUTIKG, TTPOCBETOUE Ta €ENG:

e H peAéTn TG avtoxAg Miog KOTAOKEUAG, BETEI TOV PEAETNTH aTTéva-
vTI o€ OUO avTIQATIKEG €MIOIWEEIG, TTOU guvowilovTal o€ dUO AEEEIG:
ao@AAEIa Kl OIKOVOia.

e O1 000 auTEG avTaywVIOTIKEG ETIOIWEEIG, AeIToupyoUV N pia o€ Bapog
NG GAANG. 'ET01 N yeyaAUTePn 0G@AAEIQ TNG KATAOKEUNG, TTPOUTTOBETEI
MEYOAUTEPN TTOOOTNTA KATOOKEUAOTIKWY UAIKWYV H KAAUTEPNG TTOIOTN-
TAG, TTOU PETAYPAdovTal o€ UYPNAOGTEPO KATOOKEUAOTIKO KOOTOG, EVW
avTifeTa N EAGTTWON TOU KOGTOUG JE OKOTTO TNV OIKOVOIa, JTTOPET va
Béoel o€ KivOuvo TNV aoQaAsia.

O1 emdIWEEIG TTOU TTEPIYPAWAE, TTAPA TIG AVTAYWVIOTIKEG TOUG TACEIG,
Oev amoteAolv diAnuua yia To peAeTnTr. Eivalr autovonTo, 011 n Kupiapxn
B¢on, TTPETTEl va gival N ETTITEUEN TNG MEYIOTNG DUVOTAG AOPAAEING.

H avToxn Twv UAIKWYV, gival N ETTIGCTAMN, TTOU JEAETA TO OTOIXEIO TWV
KOTOOKEUWYV Kal TIG AVTIOTOIXEG TTOPOMOPPWOEIG TOUG, OTOV TTAVW O€
AUTA EVEPYOUV £EWTEPIKEG DUVAEIG, ME KUPIO OTOXO TOV KOBOPIOUO
TWV ouvlnkwy 1Tou e§aoc@aliouv TNV avToxr Toug.
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5.2 BAZIIKEZ EIZANQIrIKEZ ENNOIEX

O1 SuVAEIG i} Ol POTTEG OI OTTOIEG EVEPYOUV OTO EEWTEPIKO TWV CWHATWY
KalI Ol avTioTOIXEG aVTIOPATEIG TTOU QUTEG TTPOKAAOUV, ovouadovTal popTida.

Otav éva owua, BpiokeTtal UTTO TNV €TTIOPACN POPTIWY, AEUE OTI POPTI-
{eTaun  KaTaTroveital ] BpiokeTal o€ EVTATIKN KatdoTaon. Otav Ta gopTia
TTaUOOUV VA eVEPYOUV OTO CWUA, AEUE OTI TO CWHA ATTOQOPTIgETAI.

ATTOTEAEO A TNG OOPTIONG TWV CWHATWY, ival n aAAayA Tou oXAUATOG
TOUG, dNAQdI N TTAPAPOPPWOT), TTOU £XEI WG CUVETTEIA TNV AVATITUEN OTO
EOWTEPIKO TOUG DUVAHUEWY TTOU OVOUACOVTAl ECWTEPIKEG DUVAMEIG.

O1 TTapapopPWOEIG, TTOU UQIoTaVTal TO CWHATa TTou @opTifovTtal dia-
KpivovTal O€:

a) Tapodikég R EAAOTIKEG, Ol OTTOiEG £€apavifovTal KAl TO CWHATA
ETTAVEPXOVTAI TTANPWGS OTNV APXIKI TOUG KATACTACT), HETA TNV OTTOPOPTION
ToUug, (N 1810TNTA QUTA OVOUACZeTal EAAOTIKOTNTA), KOl

) OvIpEG R TTAOOTIKEG, 01 OTTOiEG £EAKOAOUBOUY vVa TTapapévouy oTa
OWMATA KAl JETA TNV OTTOPOPTIOTN TOUG. AV T0 CWUATA QUTA, TO OTTOIO €XOUV
UTTOOTEI TETOIOU €iO0OUG TTOPAPOPPWOEIG, GOPTIOTOUV OTABIOKA E HEYAAU-
TEPA POPTIA, AvaTTOPEUKTA Ba €TTEABEI N Opaldon TOug.

Omwg gival puaikd, 6Aa Ta UAIKE, aTTO Ta OTTOi0 aTroTEAOUVTAI Ta SIGQOPa
owpaTta, dev mOEIKVUOUV TnV idla cuuTTEPIPoPE OTav opTifovTal. Opiouéva
aTTO QUTA EPPAVICOUV ONUAVTIKEG TTAPAUOPPWOEIS, TTPIV ETTEABEI n Bpalon
TOUG Kal ovouAadovTal OAKIMA UAIKE, vy AAAO ep@aviCOuV TTOPANOPPWOEIG
TTOAU TTEPIOPIOPEVNG EKTAONG KOl OvoudadovTal yabupd.

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

WYabupd UAIKG: XUTOaidNPOG, OKUPODEUA, YUQA, TIETPEG, KEPAMIKA, UAIKG
K.ATT.

5.3 TA EIAH TQN ®OPTIQN
Ta @opria, 6TTwg NdN €xel avaepOei, eival o1 €EWTEPIKEG OUVAUEIG TTOU
evepyouv oTa dIAPOPa CWHATA KAl dIAKPivovTal O€:

o) Movipa @oprTia- cival ekeiva TTou dev peTafaAAovTal, Katd B€an Kal
MEyEBOG. M.x. TO id10 BAPOG TWV CWHATWV.
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B) MeTaBAnTa @oprtia- cival Ta peTaparAopeva, katd B¢on kal péyebog.
.. TO auTOKivNTO TTOU BIEPXETAI Hia YEQUPQ, gival o€ oXEON UE TN YEQUPQ,
METABANTO QoprTio.

Y) ZUYKEVTPWHMEVA KAl ETTIPAVEIOKA POPTIA, EiVal QVTIOTOIXA TO POP-
Tia TTOU evepyoUV O€ dia TTOAU PIKPR TTEPIOXK TOU CWHATOS KAl TA popTia
TTOU EVEPYOUV O€ Jia EKTETAUEVN TTEPIOYKT) TOU CWHATOG. Ta UTTOOTUAWMATA
(KOAOVEG) PIaG KaTOIKIAg Kal N TriEcn TOU VEPOU OTA TOIXWHATA YIS TTIOIVAG,
eival avTioToIxa TTaPAdEIYUATO CUYKEVTPWHEVWY KOl ETTIQAVEIOKWY QOPTIWV.

0) Aueoa Kal EMUECA QOPTIa, Eival avTioToIXa Ta QopPTia, TTou dpouv
areuBeiag TTvw oTa CWPATA KAl TA YOPTia TTou dpoUV PE TN HECOAGBNON
d1atagng (dAAou cwpatog). M.x. To BApog evog TpaTTeiov Kal To BApog
TWV QVTIKEIYEVWY TTOU £XOUV TOTTOBETNOET ETTAVW OTO TPATTEC]), AVTIOTOIXA,
WG TTPOG TO OATTEDO.

5.4 Ol Z[1OYAAIOTEPEZ KATAINONHZEIZ

21V mapdypago auth, Ba ava@epBoUuEe OTIC OTTOUBAIGTEPES ATTAEG KATA-
TTOVNOEIG, ETTIXEIPWVTAG Wi TTPWTN TTPOCEYYIOA TOug (OX. 5.4 a):

o) E@eAkuopog kai OAiyn: O1 KATaTTovroEIS AUTEG, YIa va ekdnAwBolv
o€ éva owpa, Ba TTpETTEl va evepyoUv oTa AKPA TOU POPTIa avTiBeTa, Twv
OTTOIWV N CUVIOTAUEVN GUUTTITITEI JE TO YEWMETPIKO AEOVA TOU CWHATOG.
Avahoya, av To owHa TEIVEl va ETTIUNKUVOED 1 va eTTIRpayuvOei, katatroveital
avTioTOIXO 0€ EQEAKUCHO 1) BAIWN.

B) AldTuNnON €PQaviCeTal OE £va WA, OTAV EVEPYOUV O€ auTd dUO
@opTia KABeTa aTov Gfova Tou Kail ol dlEuBUVOEIG TOUG BpiokovTal TTOAU
TTANciov n pia atnv GAAn.

y) Kdpyn spgavifetal ge éva owpa, 0Tav evepyouv O€ auTO QOPTIa
KABeTa oTov AfOVA TOU, TTOU £XOUV WG CUVETTEIQ TN dnuIioupyia poTTwy,
TTou BpiokovTal o€ £va mTiTTedo KABETO 0TN dlaTOUNA TOU KaI TTOU BIEPXETA
atrod TO YEWMETPIKO Aova TOU CWHATOG.

(AigukpivieTal 611, WG dlaToun opICETal N ETTIPAVEIQ TTOU TTPOKUTITEI OTAV
TTPAYUATOTTOIGOUE Hid TOUF TOU CWHATOG HE €va ETTITTEDO KABETO GTOV
agova Tou).
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ZxAua 5.4a Or o1TTOUdQIOTEPES KATATTOVHOEIS

8) ZTpéyn guaviCeTal o Eva WA, OTaV Ta POPTIO TTOU EVEPYOUV O€
auTo, atroTeAOUV {eUyog TTou BpiokeTal o€ pia diaToun KABETN oToVv dgova
TOU CWPATOG.

€) AuyioOG €ival n Tautdonun Katatrévnon Pe mn BAiyn, atmo Asupdg
0pdaang Twv PopTiwy, UTTO TNV TTPOUTTIO0ECN GUWG OTI TO UAKOG TOU GWHATOG
gival TTOAU peyaAo o€ oxéon pe TIG AAAEG BIaOTACEIG TOU.
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5.5 H ENNOIA THZ TAZHZ

‘EoTw n paBdog AB ( ox. 5.5 a - 1) TTou KaTaTTOVEITAI € EQEAKUTUO ATTO TO
@oprtia P. Mg éva emitredo kK&BeT0 O0TOV ACOVA TNG, TTPAYMOTOTIOIOUNE OTO
onueio I, TNV TOUA T - T/, PE TNV oTToia dlaxwpifoupe TN pdpRdo oTa TUAUATA
AT ka1 Bl (o 5.5 a - 2). E€eTadovTag TIG GUVBAKEG I00PPOTTIAG TOU apICTEPOU
TuAMOTOG AT, SI0TTICTWYOUNE OTI yIO va BPIOKETAI € I00pPOTTIA, Ba TTPETTEI TO
0¢e€16 TuAua BIN va aokei o€ autd pia duvaun F, ion kai avtiBetn Tng P. Kar’
avaloyia, yia va BpiokeTal o€ IcoppoTria 1o TuAa Bl Ba Tpétmel va aokeital
O€ QUTO, aTTd TO APIOTEPO TUNAPa Al pia duvaun F, ion kai avtiBetn Tng P.

ZxAHa 5.5a O1 0pOES EPEAKUTTIKES TAOEIS

O1 duvapelg F, eival ecwTepIKEG DUVAEIG, OUOIOUOPPA KATAVEUNUEVES
oTIg dlaTopéG oTo onpeio I TG pdpdou, TTou TTPonABav aTToé TNV TOUA T—T°
(ox.5.5a-3).

Av uttoB€00upE, OTI KABE GTOIXEIWDEG TUNKA TNG BIOTOUNG DEXETAI TN
oToixelwdn duvaun (o), T0TE, agou n diatoun TG papdou eival ion pe A,
TIPOKUTITEL:

F=0-A=P «a
P

o=—=
A

> | T

To TrnAiko auTo (0), ovouddeTal Tdon Kal akoun opBn Tdon, atmd 10 yeyovog
OTI €ival KABeTN aTn dlaTour, Kal opOn EPEAKUOTIKN TACT, YIATI TIPOEKUWE
ato Katatrévnon TNG PARO0OU O€ EPEAKUTUO.

O1 1doeig dev dnuioupyoUvTal 0av ATTOTEAECHA TNG OPACNG TWV POPTIWV TTAVw OTA
owpara, aAAG oav OTTOTEAECUA TWV TTOPOAUOPPUCEWY TTOU UQICTAVTAI TA CWHATA OTTO TNV
ETMIOPACN TWV QOPTIWV.
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U NAPAAEIrMA

Mia pdBd0og TETpaywWVIKAG dIATOUAG PE TTAEUPA 5 cm, eQeAKUETAI OTTO QOPTIO
AyvwaoTtng évraong. Av n avatTuocoopevn Taon sivar ion e 1500 N/cm?2,
va TTPoodIopIoTEl TO PopTio ot daN/ cm?2.

Aivovrai: Znrouvrai:
a=5cm F oe daN

o =1500 N/ cm?

AOon
o = 1500 N/cm?2 = 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

Mpdyuari, katd 1n didpKela TNG dpAang KATTOIWV POPTIWV O€ éva OWHaA, auTo apxilel va
TTAPAPOPPWVETAI, ONAAdH Ta HEPN TOU GWHATOG 1 KAAUTEPA TO JOPIA TOU GWHATOG PETAKI-
vouvTal, JE ATTOTEAECUQ, OTN @ACN QUTH, TO CWHA va un Bpioketal og IcoppoTria. Oco Ta
@opPTia HEYOAWVOUV, HEYOAWVOUV, OTTWG EiVal PUOIKO, KAl Ol TTAPAUOPPWOEIG TOU CWHATOG
KQI ETTOPEVWG HEYOAWVOUV Kal Ol TAOEIG TTOU avaTTTUooOoVTal, TAOEIG TTOU AVTITIPOCWTTEUOUV
TIG aVTIOPACEIG TWV HOPIWV TOU CWHATOG OTIG TTAPAUOPPWOEIS Tou. " autdv akpIBwg To
AGYO, Ol TTAPAPOPPWOEIG TOU TWHATOG HEYAAWVOUV, HEXPIG OTOU OI AVTIOTOIXEG TATEIG TTOU
avaTITUCoOVTAl, VO ICOPPOTTACGOUV TIG EEWTEPIKEG DUVAEIG KOI TO WA va BPedei kal TTAAI
o€ KATaoTaon 1I00pPOoTTiag. MPETTEl akdUN va TOVIOTE 0TI yia va SIEUKOAUVOET N HEAETN TNG
QAVTOXAG TWV UAIKWY Kal va atrAotroin®ei n etiAucn Twv TTpoBANUATWY TTOU TTPOKUTITOUY,
yivovTal OEKTEG Ol TTAPAKATW BETEIG:

1. Ta owpata BewpouvTal opoyevh, dnNAadr) UAIKE TTou €XOUV TIG iBIEG QUOIKEG IBIOTNTEG €
OAo Toug TOoV OYKO, dnAadn o€ KABe anpEgio Toug.

2. Ta owpaTta BewpolvTal EAACTIKWG I00TPOTTA, dNAAdK UNIKG TTOU £X0UV TIG IDIEG EAATTIKEG
1I810TNTEG TTPOG OAEG TIG DIEUBUVOEIG.
To KAouToOUK TT.X. £XEI TTPOG OAEG TIG DIEUBUVOEIG TIG IDIEG EAATTIKEG 1IO1OTNTEG, YI' QUTO Kal
A€yeTal UNIKO EAQOTIKWG ITOTPOTTO, EVW TO EUAO TTapouaIadel Katd Tn dieUBuvon Twv IVWV
TOU pEYaAUTEPN EAAOTIKOTNTA KOl KATA TNV KABETN d1eUBuvon TTPOG TIG iVEG TOU IKPATEPN,
yr' auTd Kal AéyeTal UAIKO EAAOTIKWG avIOOTPOTTO.
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5.6 O NOMOZ TOY HOOKE

ATTO TTEIPAPATIKEG DOKIPES TWV UNIKWV, £XEl ATTODEIXOET OTI OI TTOPAPOPPW-
O€IG TTOU UQioTavTal Ta QOPTICUEVA CWHATA, Eival AvAAOYEG PE Ta QopTia
oTnNV apxn Twv TTOPAPOPPWOEWY, AANG OTn CUVEXEIQ Ol TTAPAUOPPWOEIG
au&avovtal, (e TaXUuTEPO PUBUO), 0€ PEYaAUTEPO TTOCOCTO ATTO TO AVTIOTOIXO
TT0000TO aUENONG TWV POPTIWV.

O vopog Tou Hooke Aéel OT1: Av Bev EeTepaOTEl EVO CUYKEKPIMEVO OpIO,
TTOU OVOMA{eTaI OpI10 AVaAOYiag, Ol TTAPAOPPWOEIS TTOU UPioTAVTAI
TO POPTIOPEVA CWHATA, EiVOl AVAAOYEG HE TA AVTIOTOIXO QOPTIO TTOU
TIG TTPOKAAET V.

O vopog diaTuttwBlnke 10 1678 pe TN @pdon «ut tensio sic vis» Kai
atroteAei TN BaACIKOTEPN apXH, OTNV OTToia BePEAIWONKE N €MOTAUN TNG
AVTOXNG TWV UAIKWV.

ZUVEXEID TNG UTTOONUEIWONG

3. Ta owpaTa éxouv atabepn diatoun (A= oTaBepr]) o GAO TOUG TO PAKOG.

4. HouvioTapévn Twv QOPTiwV TTOU EVEPYOUV 0T CWHATA, EVEPYEI KATA TO YEWUETPIKO TOUG
agova.

5 OAeg 01 KABETEG DIATOPEG TTPOG TO YEWHETPIKO AEOVA TOU GWHATOG TIPIV ATTO TN KATATIOVN -
on, egakoAouBoUv va gival KABETES Kal KATA TN SIGPKEIA TNG KATATIOVNONG KAl ETTOPEVWG
KQI KOTA TNV TTOPAUOP@WAON, YEYOVOGS TTOU Cnuaivel OTi:

0. OAEG 01 iVEG KOTG JAKOG TOU CWHATOG TTAPAUOPPWVOVTAI KOl KATATIOVOUVTAI KOTA TOV
id10 akpIBWG TPOTIO, A
f3. 6Ao TO CWPO KATATTOVEITAI OUOIOPOPYPA, 1

Y. 6Aa Ta QOpPTia TTOU EVEPYOUV OTO CWUA €ival KATAVEUNPEVA OPoIOPOP®A GE OAn TN
dlaToun, TTou gival KABETN TTPOG TO YEWUETPIKO Aova Kal TN CUVIOTAPEVN TWV QOPTIWY,
onAadn:

3. Ol AVATITUCOOMEVEG TATEIG EiVOI OMOIONOPPA KATAVEUNMEVEG € OAN TN SlaToun
TTOU gival KABETN TTPOG TOV YEWHETPIKO ASOVA KAl Tr) CUVICTAHEV TWV POPTIWV.
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5.7 ENIMHKYNZH - EMIBPAXYNZH

‘EOTw n TTPIOPATIKR pARdOG (OX. 5.7 a), N OTToia KATOTTOVEITAI O EQEAKU-
oMo 1 BAiyn ato 1o goprTio (F), ye atroTEAECTUA TN PETABOAN TOU URKOUG
NG paRdou katd AL H petaBoAr auTr, avTITTpoowTTEVEl TN HETABOAA Tou
OAIKOU PrKoug TNG paRdouU Kal ovopadeTal ETTIMAKUVON OTNV TTEQITITWON
Tou epeAKUTOU Kal eTIRBPAXUVON O¢€ ekeivn TNG BAIYNG.

xAua 5.7a Emunkuvaon kai emippdayxuvon paBdéou

Eival eUkoAa katavonTd, 0TI pia Tautéonun JETABOAN Tou uAKoUG (AL),
£X€l uEyAANn onuaacia yia éva Cwua JIKPOU URKOUG, 0€ OXEON UE €va OWUa
MeEyAAou prkoug. AuTo anuaivel OTl, av €xoupe duo PARdoUG, TToU £XouV
MAKN avTioToixa 2 m Kal 0,5 m, o1 OTToiEG KOTATTOVOUNEVEG O€ EQEAKUOUO
TTapouUaIAdouv TauTOONUN OAIKN ETMIUAKUVON ion gE 5 mm, n onuaacia Kal
TA QUUTTEPAT AT TTOU EAYOVTAI YIQ TIG U0 TTEPITITWOEIG, €ival TTAVTEAWG
OIOPOPETIKA. 2€ ACPAAr CUPTTEPAOUATA ETTOPEVWG, Ba Yag 0dnyei n yvwon
NG METAROANG TOU UAKOUG, avd pJovada PAKoOUG ToU CwuaTtog, dnAadn n
€101KN peTaBoAr Tou PAKOUG (€), TTOU eKPpAdeTal aTTd TN oxéon:

Al

: (™)
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TNV TEPITITWON TOU €QEAKUGHOU, N (€) Ba ovouddleTal E1IBIKA ETTIHN-
KUVO Kal TNV TTEPITITWan TNG BAiWng, €181kN emipdyuvon.

O vopuog Tou Hooke utrayopeuel 611, UTTO OPICUEVEG GUVOAKEG, N EIOIKN
METaBOAA Tou PuAKOUG (g), gival avaAoyn TnG TAong (O) TToU avaTTTUGoETal
OTa POPTIOUEVA CWHATA, TTOU KaTaTrovouvTal atmd gopTia- dnAadn:

e=— «kal o=¢-E (2)
E

o1Tou T0 E ek@padel To HETPO EAACTIKOTNTAG TTOU £EQPTATAI KAl XOPO-
KTNPiZel TO UAIKO TOU CWHATOG KOl TO OTT0io opifeTal a1rd Tn ox£on:

o)
E=—
€

3)

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

ATTO Tn oxéon (2) o€ cuvduao O WE TIG OXETEIG:

F AL
o=— K €=—
A {
TTPOKUTITEL
{ F-¢
At _ F Kal eTTogévwg Al =
{ A-E A-E

H mmapatrdvw oxéon diatuttwvetal wg €€AG: H peTaBoAn Tou pkoug
€£VOG OWHATOG —OTNV TTEPIOXN avaAoyiag— gival avaAoyn Tou gopTiou
KOl TOU aPXIKOU TOU JAKOUG, KAl AVTIOTPOPWGS avaAoyn Tng S1aTopnig
TOU KOl TOU JETPOU EAOCTIKOTNTAG.

U NAPAAEITMA

PdaBdog KukAIKAG dlaToung diapétpou 8 mm kai purikoug 1,50 m, epeAKUETaI
a1o @opTio 5000 daN. Av 1o YETPOo EAAOTIKOTNTAG TOU UAIKOU TNG pdpdou eival
ioo pe 2.100.000 daN / cm?2, va TTpoadIopIoTEi N £TMIWAKUVON TNS PpaRdouU.
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Aivovrar: ZnTouvTal:
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 ouvéTreia:

5000daN-150cm

Al = 5 5
0,50cm” - 2100000 daN/cm
7

AL = w cm
1050000

Al=0,71cm=7,1 mm

5.8 H AOKIMH ZE EQEAKYZMO H OAIYH

Mpokeital yia Tn OOKIUH TTOU TTPAYUATOTTOIEITAI OTA EPYOACTAPIA TNG AVTOXNG
TWV UMNIKWV aT11d €1I8IKA Y10 TO OKOTTO AUTO YNYXAVAUATA, TTPOKEINEVOU VO
TTPOCOIOPICOUNE KAl VO KATAYPAWOUUE TIG XOPAKTNPIOTIKES IBIOTNTEG TWV
UAIKWV, TIG OXETIKEG YE TNV AVTOXI] TOUG.

lNa 1o OKOTTO AUTO, XPENOIUOTIOIOUVTAI AVTITIPOOWTTEUTIKA deiyuaTa Twv
UAIKWV e TTpokaBopiopéveg BI00TAOEIG, TTou ovoudlovtal Sokipia (o). 5.8 a).
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IxAua 5.8a Emunkuvon (Al): To owpa éxel apxiko urkog L. To owua emunkoverai
Kal TO urKog Tou yiverai L.

2T MNXavA Twv dOKIYWY KATaypda@ovTal To EQAPPOCOHEVA QOPTIO KATATTO-
vNonG Tou UAIKOU o€ eQeAKUTO 1 BAiwn (F) Kai o1 avTioTOIXEG ETTIUNKUVOEIG
TOU UAIKOU (AY). To SIdypapua TTou TTPOKUTITEl aTrd TN XPACH TWV OTOIXEIWY
QUTWV YIa TNV TTEPITITWON TOU EQPEAKUCUOU, £XEI TN JOP®r TOu OX. 5.8 B.

ZxAupa 5.8 Aidypauua emunkovoswy - ®opriwv

270 SIAYPAPPO BIAKPIVOUME TTEVTE “TTEPIOXES:

a) Tnv avadoyikn mepioxn (OA), oTnv oTroia Ta epapuoloueva QopTia
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gival avaAoya Twv avTioToIXWV TTAPAUOPPWOEWYV, OTTWG ETTIONG TO OPIO
(popTio) avaloyiag (F). ATTé TO QOPTIO AUTO KA JE YVWAOTEG TIG OIAOTATEIG
TOU SOKIMIOU Kal ETTOPEVWG JE YVwaTh Tn diatopr) Tou (A)*, TTpoodiopiloupe
TNV avtioToixn Tdon avaAoyiag (0y):

_Fa

(0}
A

B) Tnv repioxn (AE), otnv oTToia o1 TTapaPopPUICEIS Eival EAAOTIKEG,
aAAG Ta @opTia dev gival avaAOya TwV ETTINNKUVOEWV.

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

O¢g =—
£ A
0) Tnv TTepIoX TWV TTAACTIKWY | HOVIUWYV TTOPANOPPWOEWV (EA)
ME OPIOKO onueio T0 A, TTOU EKTTPOCWTTEI TO 6p10 dlappong. H avrioToixn
Tdon (6p1o) dlappons (Og), Oa TTPOKUTITEI ATTO T OXEON:

O5 A
€) Tnv repioxn Opavong (AO), otnv otoia cuvavTdue YEYAAES TTa-
POAUOPPUWOEIG, UE MIKPEG AVTIOTOIXEG AUEATEIS TWV QPOPTIWY. ZNUAVTIKO
onpeio Tng TrePIoX NS gival To (M), dnAadr| To onueio, GTO OTTOIO AVTIOTOIXET
T0 péyioTo QoprTio Katatrévnong Tou dokiuiou (F ), To otroio Bewpeital yia
TO UAIKG WG @opTio Bpavong (Fg).
H avrtioToixn tédon (6pio) Bpavong, Ba TTPoKUTITEl aTTO TN OXEON:

_Fe

(0}
° A

Kata tn didpkeia 1ng dOKIYNG, oT1o onueio (M) Tou diaypduuatog onuel-
WVETAI oNUavTIKA peiwan TnG dlatoung Tou dokipiou (oX. 5.8 y), n oTroia
ovouddetal eykdpoia ouoToAn. MeTtd 10 onueio (M), akoAoubei oTo dId-
YPOupa 10 onueio (©). Ztnv epioxn (MO), TTapd 1o yeyovog OTI Ta avTioTolXa
QopTia eAaTTWVovTal, To dOKilIo BpauveTal (O0TO anueio O).

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

U NAPAAEITMA

‘Eva dokipio diapétTpou 12 mm kal prikoug 60 cm, utreBARBN o€ dokiunA o€
EPEAKUCHO Kal £dwaE Ta aTToTEAETUATA:

Poprtio avaroyiog: 1695 daN
Empnikuvon: 0,045 cm

Av 10 QopTio Bpauaong Tou dokiyiou gival ioo pe 4238 daN, va TTpoadli-
oploToUV :

a. H téon oTo 6plo avaloyiag,

B. H 1Gdon oTo 6pIo0 Bpauong,

y. H €181k emunkuvon,

0. H €1®Ikn emuAKuvan €1Ti TOIG €KATO,

€. To YETPO EAAOTIKOTNTOG TOU UAIKOU.



Aivovrai:

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

Fa

A
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ZntouvTai:

a. H tdon 1o 6pio avaloyiag (og)

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

Y. H 18Ik empnkuvon (g)

0. H e1®IkA emmipfkuvon eTTi T0IG £KaTO (%)
€. To pétpo ehacTikoTNTaG (E)

A=1,13 cm?

Oq

_a
A

F, 1695 daN

113cm?

04 = 1500 daN/cm?2

B) Oep =

Fop _ 4238daN
A 1,13cm?

Ogp = 3750 daN/cm?

y)e=

Al

n

60cm

€ =0,00075

Al

€% =0,075

0,045cm

0,045cm )

60cm

100
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E= Fo-¢ _ 1695daN-60cm
A-Al  113cm?.0,045cm

E- 101700 daN
0,05085 cm?

daN

E = 2000000 —
cm

5.9 EMITPENOMENH TAZH - ZYNTEAEZTHZ AZOAAEIAZ

MNa va eival eEaoc@aliopévn n avrioxn Twv KATAOKEUWY, gival autovonTo,
OTI Oev TTPETTEI KATA TN GOPTION TOUG va eEAvVTAOUVTAI T OpIA TNG AVTOXAS
TOUG, YIaTi av auTd oUUBE Kal TO UAIKO TTOPOUCIACE TT.X. £Va UN EYPAVEG
eEAGTTWHA, TOTE OAN N KOTAOKEUN Ba KaTappeUoEl. Oa TTPETTEI ETTOPEVWG, N
KATAOKEUN VO QOPTIOTEI KATA TETOIO TPOTTO, WWOTE VA UTTAPYXOUV ETTOPKEIG
gyyunoeig acpdciag, Evavt Toavwy KIvOUVwWY, TTou dev gival yvwoToi, 6Tav
TTPAYUATOTTOIOUE TOUG UTTOAOYIGHOUG avToxns. O Kivouvol, EKTOG aTTd Ta
mOavd ecwTeEPIKA EAATTWHATA TWV UAIKWY, ITTOPOUV VO GUVOWICTOUV OE€:
MIKPOPWYHEG, TNV UTTapEn EEVWVY TTPOCOHIEEWV OTa UAIKA e eTTakOAOUON
TNV aAAoiwon Twv IBI0TATWY Toug, OTNV aBefaidTNTA TWV PEYEBWY, (Kal
TOU TPOTTOU WE TOV OTTOIO EVEPYOUV), TWV PEYICTWY QPOPTIWV PE ETTAKOAOU-
On Tnv aduvapia TTpocdiopiouol Twv avTioToixwyv Tdoewv. H aduvapia
auTr, yivetal evtovoTepn, AOyw TWV avVAYKACTIKWY ATTAOTTOINCGEWY TTOU
TIPAYHATOTTOIOUVTAI OTOUG UTTOAOYIOUOUG TNG AVTOXNG, TTPOKEIMEVOU va
QVTIUETWTTIOTOUV TTOAUTTAOKQ TTPOBARUATA.

EmiTperopevn Tdon (O¢y), OVOUAZETAI N TAOT HE TNV OTTOIA ETTITPE-
TrETAI VO KaTaTrovn0ei éva UAIKO, yia va gival e§ac@aliopévn n avroxn
TOU, (KOl QUOIKA KATW OTTO OUYKEKPIMEVA TTEPIBWPIA ao@dAEgiag). H
Tdon auTn opiCeTal atrd TN OXEoN:

_Y%p . _
0s1'r - n Gsrr -
\ \'%

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

Mapd 10 yeyovog, OTI 0 GUVTEAEOTNG ao@dAAciag TTpoadiopifeTal aTTod
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TEXVIKOUG KavovIououg, dev gival Aiyeg Ol TTEPITITWOEIG, TTOU TTPETTEI VO
KoBopIoTel aTTd TO HEAETNTH, OXI TTAVTOTE XWPIG 00BaPEG OUOKOAIEG.
M.x.

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

ZUhov=3+4,5
XuTtogidnpogv =6+ 8

5.10 H ENITPENOMENH TAZH ZTHN MEPINTQZH METABAHTQN
®OPTIQN - TYNOZ SEEFEHLNER

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

@opTia, dnAadr| atd @opria petaBarAdueva PeTagu U0 TIMWY, PG EAAXIOTNG
KOl JIag PEYIOTNG, IoxUel 0 TUTTog Tou SEEFEHLNER, TT0U £X€1 TN HOP®A:

o =2, [1e
€T (per) — 3 em oF

OTTOU, Ogr(yer): EMTPETTOPEVN TAON ATTO PETARANTA QOpTIA,

Fer: eANGxioTO pETABANTO QopTio

F: péyioTto yetaBAnTo goprio.

Av 10 QopTio peTaBaAAeTal ueTagu (-F = F), 61mou - F = Fy,, T0T€ 0 TUTTOG
Tou Seefehlner TTaipvel TN pop@n:

2 -F B 1
Garr(psT) - gosﬂ 1+ oF Kai oan(psT) - 3 Ocrr

Av 10 QopTio peTABAAAETOI PETASU TwV aKpaiwy TIHWV (O + F), TdT1e
Fe) =0, oT1OTE TTPOKUTITEL:

2 0 2
Gsrr(psT) = gom 1+ 2F Kat osw(paT) - gosrr

O1 Tapatrdvw oXETEIG £X0UV TTPOCdIOPIOTE TTEIpapPaTIKG aTTo Tov Wohler.
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U NAPAAEIrMA

To e@eAkUOTIKO QopTio Bpauong piag padou, cival ico pe 9000 daN kai
N emMTPETTOMEVN Tdon ion pe 10 daN/mm2. Av 0 GUVTEAEDTHG OOQPAAEING
AnBei ioog ue 3, va TpoadiopioTei N OIGUETPOG TNG paRdou.

Aivovrar: ZnTouvTal:
Fgp = 9000 daN H diduetpog TG paRodou (d)
e = 10 daN/mm?

v=3
Adon
- d? 4A
= d=—
4 T
F F
o = ﬂ A= ﬁ (2)
6p
A Ogp
Og
vz Ogp=V:Oerr  (3)
O-ETT
ATTO TNV (3) €XOUpE:

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

Ogp = 30 daN/mm?

ATTO TN (2) TTPOKUTTTEL

F
A= 0P _ 9000daN

O 30daN/mm?

A =300 mm?

AvrtioToixa, ato Tnv (1) éxoupe:

/ 4. 300mm
—= \/382mm
\I 3,14

Kai eTropévwg:

d=19,55mm




BAsIKEEZ ENNOIEE 117

’—g—O ZYNTOMH NEPIAHWYH NEMNOTOY KE®AAAIOY

o H avtoxn Twv UAIKWV gival n €TIGTAKN, TTOU JEAETAEI T
OTOIXEIO TWV KATOOKEUWY KAl TIG AVTIOTOIXEG TTAPAMOP-
PWOEIG TOUG, OTOV TTAVW OE QUTA EVEPYOUV EEWTEPIKEG
Suvdpeig, pe KUPI0 TTOXO TOV KOBOPICHO TWV CUVONKWY
TTou e§ao@alifouv TV avToxr Toug.

\\\

e O1 SUVAEIG I Ol POTTEG Ol OTTOIEG EVEPYOUV OTO EEWTEPIKO TWV CWUA-
TWV Kal Ol AvTIOTOIXEG avTIOPATEIG TTOU QUTEG TTPOKAAOUV, ovouddlovTal
@oprtia. Otav éva cwpa, Bpicketal UTTO TNV ETTIOPACN YOPTIWV, AEUE OTI
POPTIZETAI 1] KATATTOVEITAI I BPICKETAI O€ EVTATIKA KaTdoTaon. Otav Ta
QopTia TTaUCOUV Va EVEPYOUV GTO CWHA AEUE OTI TO CWHA ATTOPOPTIETAI.

e OI TTapapopPUWOEIS dlakpivovTal 0€ EAAOTIKEG KAl TTAAOTIKEG.
e Ta uAika diakpivovTal o€ OAKIMA Kal yabupd.

e Ta goprTia diakpivovTal 0€ HOVIMA, METABANTA, CUYKEVTPWHEVA, ETTI-
QAVEIOKA, AMECA KOl EUMETO.

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

A

e O vopuog Tou Hooke Aéyel 6TI: Av Bev EeTTEPAOTEI EVO CUYKEKPIPEVO
6p10, TToU ovopuddeTal 6pi1o avaAloyiag, oI TTAOPANOPPWOEIG TTOU UQPi-
OTAVTOl T POPTICHEVA CWHATA €ival avAAOyEg ME T avTioTOIXO
QopTia TTOU TIG TTPOKAAECAV.

e Mg Tov 6pO ETMIPAKUVON XOPOKTNEICOUPE TNV alénon Tou YAKOUG TOU
OWUATOG OTN TTEPITITWON TOU EQPEAKUCHOU KAl JE TOV OPO ETTIRPAXUVON
TNV EAGTWON TOU PAKOUG TOU CWHATOG OTNV TTEPITITWAON TNG BAIYNG.

e H €181k empAKuvon Kai n €181KA emifpdyxuvon divovTtal avTioToixa
a1rd 10 TrNAiKo TNG emMIPAKUVONG (Af) A Tng emBpdaxuvong (Af) kai
TOU apXI1KoU pRKoug (/) Tou CWPATOG.

AL
E= —
{
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o To pérpo eAaoTikOTNTAG (E) XapakTnpidel TO UAIKO TOU CWHOTOG KOl
opideTal a1rd TN OXéOoN: o
E=—

€

o A6 Tn OOKIUN 0€ EPEAKUCUO TTPOKUTITOUV:

F
— H 1don avaloyiag: 0,= X"

E
—H 1don gAaoTikoéTNTAG: O, = Xs

F
— H 1don d1appong: 05= %

—H tdon Bpadong: 9= Ke

e EmTpeTOUEVN TAON (TOgrr) OVOUAZETAI N TAON TTOU ETTITPETTETAI VA KO-
TatmmovnOei éva UAIKO, yia va gival eEaoc@aAiouévn n avToxn Tou, (va
UTTAPXOUV CUYKEKPIPEVA TTEPIBWPIa aoPAaAeiag). H Téon autr opileTal
atro Tn oxéon:

— P - —
Ogn= n 0-sTr_
\'

OTTOU V 0 OUVTEAEOTAG OOQPAAEING, O OTTOIOG OEiXVEl TTOOEG POPEG N
EMITPETTOMEVN TAON €ival HIKPOTEPN TNG TAONG Bpalong Tou UAIKOU 1y
NG TAONG SIAPPONG (V * Oy = Tgp KAI V * Oy = ).
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@ AZKHIEIX

*¢ 1. Mia pdBdog pe opBoywvikr) dlatou 4 cm X 6 cm €@eAKUETAI ATTO
@opTio 2400 daN. Na 1TpoodiopIoTei n avaTrTuooouevn Tadon os daN/cm?2
kai daN/mm?2,

o 2. 2¢ pio JETOAAIKN) OOKO TETPAYWVIKAG dIATOMNNG TOTToBETEITAI BAPOG
80 kN. Av n avatrruooopevn BAITITIKA Tdon civar ion pe 0,8 kKN/mm?2 va
utroAoyioTei n TTAeupd TNG dIATOUNAG TNG.

=¢ 3. ATT0 £va OUPUOTOOXOIVO KpEUETAl BApog ico pe 22,6 kN. Av n avaTrTuo-
ooduevn Téon sival ion pe 0,20 kKN/mm2, va uttoAoyIoTei N SIGUETPOS TOU.

= 4. Mia Adua diatoung 40 x 6 mm kai yAkoug 30 cm KaTaTroveiTal O€
EQPEAKUOPO aTTd @opTio 2400 daN. Av n Adpa etmignkuveTal katd 0,12 mm
kal BpauveTal uttd opTtio 4000 daN, va utroAoyioTouv:

a. H avatrtucoduevn 1aon
. To yétrpo eAACTIKOTNTAG TOU UAIKOU
y. H 1don B6padong 1ng Aduag.
= 5. To @opTio Bpalong Tou UAIKOU piag epeAkuduevng pdpdou cival ico

pe 1000 daN. Av n paBRdog éxel diatopr] ion Ye 4 cm?2 KAl 0 GUVTEAEDTHG
aoQAAEIag gival icog Pe 5, va UTTOAOYIOTEI N ETTITPETTOPEVN TAON.

= 6. EQeAkuduevn pdpdog pnkoug 40 cm, TTapouaciace emiunkuvon 0,04
cm. Na mpoadioploTei n €18IKY ETTIPAKUVON Kal N id1a 0€ TTOCOOTO £TTi TOIG
EKATO.
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A=ONIKOZ EQEAKYZMOZ KAI OAIYH

6.1 AZovikog epeAKUGOG Kal BAiyn

6.2 Em@avelakn Tieon

121
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.) Emdiwképevol oTé)o!I:

Iz/ Na opileTe, TTOTE £va CWHA KATATTOVEITAI € EQEAKUTHO 1] BAIWN Kal
vVa avaQEPETE avTioTolxa Trapadeiypara atmmo tnv Tpdén.

M/ Na AUveTe TTPOBAAPATA OXETIKG WE TN S1a0TACIOAOYNON, TOV EAEYXO
TAoEWY, TNV IKAVOTNTA GOPTIONG, VO CUYKPIVETE TA ATTOTEAECUATA,
WOTE VO KATAANYETE O€ XPNOINA CUPTTEPACUATA.

6.1 A=ONIKOZ EQEAKYZMOZ KAl OAIYH

H atrAoloTepn TTEPITITWON OCWHPATOG TTOU KATATTOVEITAI O€ EPEAKUTHO 1
BAiwn, €ival auTr) TNG TTPICUATIKAG pdRdou (ox. 6.1a), OTIG aKpaieg dIOTOPES
TNG OTTOIAG EVEPYOUV EEWTEPIKEG DUVAEIG, I0EG Kal AVTIOETEG, KABETEG OTIG
OI0TONES TNG PAROOU KOl TWV OTTOIWYV N CUVICTAPEVN DIEPXETAI ATTO TO KEVTPO
Bapoug TNG BIATOPNG ( 1] CUUTTITITEI E TO YEWMETPIKO GEova TNG paRdou).

IxApa 6.1a EgpeAkuoudc kai BAiyn paBdou
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H pd&Bdog, uttd Tnv emmidpacn Twv dUVAPEWY (POPTiwV) TTOU TTEPIYPA-
WOE, Teivel va emuNKuvOEi (oy. 6.1 a-1) A va emBpaxuveei (o). 6.1 a-2).
TNV TPWTN TTEPITITWON MIAGUE YVIa a§oVIKO £@eAKUCUO Kal aTn deUTEPN
yia agovikn OAiypn.

>¢ KGBe diatoun NG paBodou (A), avaTrTuooovTal TAOEIS (O), KABETEG
oTn dIATOMN, TWV OTTOIWYV N CUVICTAPEVN —YIO VA TTOPAUEVEL N pABdOG O€
I00ppOTTio— B0 TTPETTEI VO GUUTTITITEI JE TOV Afova TNG pABdOoU Kal va gival
ion kal avTiBeTn Ye To e€WTEPIKO PoprTio (F).

Emopévwg: o = F
A

O1 uttoAoyIopoi TTOU PTTOPOUYV VA TTPAYHATOTTOINBOUY, UE TNV TTAPATTAVW
oxéan, ival ol €ENG:

a) diaoTacioAdynon: MNpokeiTal yia Tov UTTOAOYICUO TwV SI00TACEWV
POPTICPEVWYV CWUATWY, WOTE VA AVTEXOUV YE AOQPAAEIN TIG AVOTITUCOO-
Meveg TAOEIG.

Av oupBoAicoupe pE:

Agr TNV aTTauTOUpEVN dlaTOUN,

Fur TO GUVOAIKS UTTaPKTS QOpTiO,

10T€, N SlacTacioAdynon Ba TTpayuatoTrolgital Ye Tnv BorRdeia Tng oxéong:

F
Aan— — uTr

o-ETT

B) 'EAgyxog TwV TAoewV: NMPOKEITal yIa TOV EAEYXO TWV TAOEWV TTOU
avaTTITUCCOVTal O€ QOPTIOPEVA CwHaTa, PE dedouévn dlaToun Kal dedouEva
UTTAPKTA ECWTEPIKA QOPTIA, TTPOKEINEVOU VA OIATTICTWOOUE AV TO GWHATA
QAVTEXOUV PE aoQAAEI, i OTI OI AVATITUGOOUEVEG TATEIG Eival HIKPOTEPEG A
i0€G JE TIG ETTITPETTOUEVEG.

Av oupBoAicoupe pe:

Ay TNV uTTdp)Xouaa (8edopévn) diaToun,



AZONIKOE E®EAKYEMOS KAI OAIWH 125

Fur TO UTTap)ov (dedouévo) goprTio,
Oy TNV UTTAPXOUCQ avATITUGOOUEVN TAON,

TOTE, 0 £AEYXOG TWV TAoEwV Ba TTpaypaToTrolgiTal Je Tn Borbeia Tng
oxéong:

=
- uTr < Gg-n-

AU'IT

y) Mpocdiopicuog TNG IKAVOTNTAG POPTIONG:

MpodkeITal yia Tov UTTOAOYIOUO TOU JEYAAUTEPOU POPTIOU, TTOU UTTOPOUV
Va avTEEOUV HE AOQAAEIQ, QOPTIOPEVO CWHATA OEQOPEVWY OIOTOHWV.

Av oupBoAicoupe pe:
Ay TNV UTTAPKTA 0edopévn dlaToun,
F. 70 péyioTo @oprio,

TOTE O TTPOOdIOPINGG TNG IKAVOTNTAG GOPTIONG Ba TTPAYUATOTTOIEITAI PE
TN BonBeia TN oxéong:

Fp =Ayn Ogrr

6.2 EMIPANEIAKH MNMIEZH

H em@aveiokn TTieon eueavifeTal OTIG KATAOKEUEG, OTIC TTEPITITWOEIG, TTOU
eEwTEPIKA QopTia peTaIBAadovTal aTTd OTOIXEIO OE GTOIKEIO KAI KATAVEUOVTOI
O€ EKTETOMEVEG ETTIPAVEIEG. AVTITTPOOWTTEUTIKO TTAPAdEIYHA, ATTOTEAOUV TA
QOPTIa TWV UTTOOTUAWMATWY Kal N JETaBiBacr| Toug 0To £80¢O0g, HECW TNG
emM@Aaveiag eTaerg A (ox 6.2 a).
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ZxAMa 6.2a H emigaveiakn mieon ora médIAQ Twv UTTOOTHAWUAGTWY

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

p=—
A

OTTOU p: N ETMIQAVEIOKA TriEC.
Movddeg p: o1 yovadeg Taong.

U NAPAAEIrMA

Na eAéygete, av pia XaAuBdIvn paBdog (ag, = 490 N/mm?2) TETPaywVIKAG
Ol0TOMNG PE TTAeupd ion pe 40 mm, avTéxel uE aoPAAcla, éTav eQEAKUETAI
ato €va @oprTio ioo pe 6500 daN, pe ouvteAeoTr) ac@dAciag ioo e 5.

Aivovrai: ZnTouvrTai:

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

a =40 mm

v=5
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AUon

H péyiotn 1don Tou utropei va avattuxBei otn papdo, ival n emTpe-
TTOPEVN TAON (Tgrp)-

Og
VvV = 7p KAl

O-éZ'IT

_%9p _ 49daN/mm?

v 5

CJ'IE'IT

daN

Oy = 9,8 >

mm

H 1d0on mmou avatrtioaetal oTn pARdo (), diveTal atrod Tn oxéon:

I:U m

Oum =
uTt

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

For _ 6500 daN

Oy = = >
A, 1600 mm
daN
oy =4 3
mm

ATTO Tn OUYKPION TWV Oypp KAI Ogqp, TIPOKUTITEN OTI:

N N
da ' <98 da !
mm mm

Oy <Oerr > 4

Emouévwg: n paBdog avTEXEL.
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‘—9—0 ZYNTOMH MNEPIAHWYH EKTOY KED®AAAIOY
z
e Mia padog katatroveital o€ EQEAKUTUO OTAV EVEPYOUV O€
z QUTO ECWTEPIKEG DUVAEIG I0EC KOl QVTIOETEG, KABETEG OTIG
OIaTOPEG TNG, TWV OTTOIWV N CUVIOTAUEVN CUUTTITITEI JE TO
YEWMETPIKO TNG Gova.

e O1 avaTrTuoooueveg Taoelg divovTal atrd Tn oxEon:

F
o' = _
A
e O1 uTTOAOYIGUOI TTOU TTPAYHUATOTTOIOUVTAI JE TNV TTAPATTIAVW OXECT OU-

voyiovTal wg £ENAG:

L _ Forr
— AlooTaocioAéynon Agn =
OETT
. L, _ I:U'I'I'
— "EAgyxX0g TAOoEWV Oyn = S Ogn
AU'lT

- lkavotnta @éptiong  F=Ayn- Oy

@ ASKHEEIE

=¢ 1. Me tn BonBeia piag paBdou prikoug 10 m pupouAKoUUE AgOVIKO QOpPTIo
10.000 daN. Av 1o péTpo eAaoTIKOTNTAG TOU UAIKOU TNG paRdou eival ico
pe 2.100.000 daN/cm? kai n emTpeTOpevn TaoT ion pe 1200 daN/cm?, va
UTTOAOYIOTOUV:

a. H diaueTpog NG papdou
B. H empnkuvaon.

=% 2. H aAucida 1Tou @aiveTal 0TO OXr WO KATATTOVEITAI 0€ EQEAKUTUO OTTO
@opTio ioo pe 4000 daN. Av n Tdon Bpadaong Tou UAIKOU gival ion pe
4800 daN/cm? kai 0 ouvTEAEOTHG ao@AAsiag AngBsi ioog pe 6, va uTToAo-
yIOTEl N OIAUETPOG TOU KPikou ThS aAucidag.
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=% 3. ZwAvag pe eEwTtepikn diaueTpo 30 mm Kal E0WTEPIKA 25 mm KaTo-
Troveital o BAiwn a1mo @opTio 10 KN. Na utrohoyioTei n BNITTTIKA Tdon TToUu
Ba avaTtrTuyOei.

o 4. Juppatoxolvo aTroTeAEiTal atrd 6 OE0UEG, N KABeWia aTrd TIG OTTOiEG
€xel 37 ouppartidia diapétpou (To Kabéva) 0,5 mm. Av n tdon Bpadong Tou
uAIkoU eival ion pe 150 daN/mm? Kai 0 GUVTEAEDTIG A0PAAEING i00G pE 6,
va TTPoadIoPIOTEN N EQPEAKUATIKI IKAvOTNTA QOPTIONG, ONAAdK TO PEYIOTO
QOPTIiO TTOU PTTOPEl Va avuwwBEei ue ao@AAeia.

= 5. Mg oxolvi Tou otroiou T0 UAIKO KOTAOKEUAG £XEl TAon Bpauong ion
ue 1200 daN/cm? avuywvoupe Bapog ioo pe 4200 daN. Av AngBsi auvTe-
AeOTAG ao@AaAgIag icog e 4, va TTpoadIopIoTEi N SIGUETPOG TOU OXOIVIOU
(S1acTagioAOynonN).

¢ 6. H aAucida Tou oxuaTOG KaTaTTovEiTal aTTO €QEAKUCTIKG QopTio 1800daN.
Av n emTpeTTOUEVN TAON gival ion pe 820 daN/cm? kai n SIGUETPOG TOU
KAGdou Tou Kpikou ion pe 16 mm, va yivel 0 EAeyx0og TwV TAoEWV, dnAadn
va atro@aveeite av N aAucida avtéxel TN QOPTION PeE aoPAAEIa.
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=& 7. AiveTal KoxAiag pe diduetpo TTupfva ion pe 10 mm kai eTTITPETTOMEVN
1don ion pe 8 daN/mm2. Na TpoadIopIoTei TO PEYIOTO EQEAKUCTIKO (OQTIO,
(IkavoTNTa POPTIONG). ZNPEIWVOUE OTI, VIO TOV UTTOAOYIOUS TNG QVTOXNG
TWV KOXAIWV XpnaolyoTrolgital N SIGPETPOG TOU TTUPHVA Kal OX1 N €EWTEPIKA
TOUG BIAUETPOG.

=% 8. A6 KoxAia TTpOKEITAl va KpepaoTei Bapog ico pe 1000 daN. Av n
1G01 Bpavong Tou UNIKOU cival ion pe 48 daN/mm? kai An@Bei GUVTENEDTHG
ao@AaAeiag iocog Pe 6, va UTToAOYIOTEN N SIAPETPOG TOU TTUPH VA TOU KOXAia
(dlaoTaaioAdynon).
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=¢ 9. Mia xaAUBdIvVN pARd0G KATATTOVEITAI ETTAVOANTITIKA O€ EQEAKUTO KOl
BAiyn atoé goptio 3700 daN. Av n Tédon Bpadong Tou UAIKoU TnNG papdou
givar ion pe 420 N/mm?2 kai o ouvTeAeo TG ao@aleiag icog pe 4, va uttoho-
yioeTe Tn diatoun NG pAapdou.

=% 10. O eyKAPOI0G OTPOPEAG TNG ATPAKTOU TTOU PAIVETAI OTO OXH A TTIECE
Tov TpIR€a Tou edpdavou e poprio ioo pe 1000 daN. Edv n emigaveiakn i-
gon sival ion pe 40 daN/cm? kai 1o prjkog Tou aTpo@éa (£) sivar SITTAAaIo NG
OlapéTpou Tou (d), va TTpoadiopicToUv Ta GTOIXEIo auTd Tou aTpogéa (£ kai d).

Zav eMQAVEIR ETTAPNG OTPOPEA Kal TPIREA & BEWPOUUE TNV NUIKUAIV-
OpIKN €mIQAvela, aAAG TRV opOr TTPOBOAN TNG.



132 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

= 11. ZQaipIKO KEAUPOG ecwTEPIKNG diapéTpou (d) kai Traxoug (t) Bpioke-
Tal UTTO e0WTEPIKA TTiean (p). Na atrodeixBei 0TI N TAON €QPEAKUGHOU, TTOU
avaTTUooETAl OTNV TOUN TOU KEAUQOUG, TTOU TTPOKAAEITAI OTTO SIAPETPIKO
ETTITTEDO TTOU TEUVEI TO KEAUPOG KATA TTEPIPEPEIR PEYIOTOU KUKAOU, Eivail
ionpem-d/4 -t

o 12. MeAeToUpE Eva oQaIpIKO KEAUPOG ECWTEPIKNG dlapéTpou 20 cm Kal
TTaxoug 4 cm TTou BpiokeTal uTTo Trieon. Av n Tdon Bpauong Tou UAIKOU
gival ion pe 52 daN/mm?2 kai o ouvteAeaTAS ao@aAeiag icog e 10, va
UTTOAOYIOTEI N MEYIOTN ECWTEPIKN TTiIECT TTOU gival duvaTdv va avaTrTuxBei
ME AOQAAEIQ OTO KEAUQOG.
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.) Emdiwképevol oTé)o!I:

O1 yabnTég va katavoroouv TNV adpdveia TNG UANG, Tn poTTr adpdaveiag Tou
OWUATOG OAV XAPAKTNPIOTIKO PEYEBOG TNG SUCKAUWIAG YIAG KAPTITOUEVNG
KOTAOKEUNG.

Iz/ Na uttoloyilouv TIG po€g adpAveEIag-avTioTaoNG-TNV TTOAIKI POTTH
adpAvelag Kal avTioTaong-TIG OKTIVEG AdPAVEIAG MIAS DIOTONNAG WG
TTPOG TOV Agova.

B/ Na diatuttwvouv 1o Ocwpnua Steiner kai va 10 epapuolouv o€
TIPOKTIKEG EQPAPUOYEG.

Otwproape okOTTIWO va TTapabéooupe TTapadeiypaTa Aupéva TTou ava-
@EpPovTal TO aTTAG TaU —0TO SITTAG TaU— 0TV KoiAn diatoun. Me faon autd,
@povoupe 6T ol paBnTEG Ba gival ae B€on va mIAUOUV e euxépeia didgopa
TTPOKTIKA TTPOBARuaTa.

7.1 TENIKA

MNvwpifoupe atrod T QUOIKN, 6Tl N UAN TTapouaciadel avTioTaon o€ KABE pe-
TABOAN TNG KIVATIKAG TNG KATAoTaong. Tnv avTioTaon autAg TNG METABOANG
atrd TNV UAN, Tnv ovoudloupe adpdaveia tng UANG. Oco 1o peydAn pala
£€XOUV TO OWHATA, €ival avepo, TOOO TTIO PeyAAn adpdveia eupaviouyv.

Etriong yvwpiloupe 671 yia éva cwpa TTou TTepIoTpé@eTal (ox. 7.1.a)
yUpw atrod éva poviyo afova pe otabepr) ywviakn TaxuTnTa w, N KIVATIKA
TOU evépyela gival ion JE:

1
E=—w’zmys’ (7.1.1)
2
Ztov T0TTO 7.1.1 €ival: w = oTaBepn ywviakA TaxUTNTA TOU CWHOTOG
TTOU TTEPIOTPEPETAI YUPW OTTO TO YOVIKO GEova y — Yy, M; = Ol TTOAU JIKPEG
(oToIXEIWOEIG) HACES OTTO TIG OTTOIEG ATTOTEAEITAI TO CWUA X KAl Yj = Ol OTTO-
OTAOEIG aTTo TOV Agova y — Yy TwV PJadWv TOU CWUATOG.
TNV eAeUBEPN TTEPIOTPOYIKA Kivnan Tou owuaTtog ol EAeUBepol ago-
VEG OEV TTAPANEVOUV UOVIUOI EXOUE TPEIG AEOVEG TTEPIGTPOPAG TTOU TOUG
ovouddoupe KUploug dgoveg adpaveiag. AuToi ival ol A, B, I ox. 7.1.5.
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IxAua 7.1a [epioTpoen owuarog XyxAupa 7.18 Or 1peis kUpior Géoveg
A-B-I" abpaveiag

7.2 POIMNH AAPANEIAZ OPOOIQNIKHZ AIATOMHZ

Ovopddoupe potr adpAveIag TOU CWHATOG WG TIPOG dova TTEPICTPO-
QAGY -y, TO ABPOICHA TWV YIVOPEVWY OAWV TWV PIKPWYV Paldwy m; eTTi
TO TETPAYWVO TWV ATTOCTACEWY TOU KEVTPOU BAPOUG Toug aTtrd Tov dgova.
MNa wia emeaveia F, kai 1ig em@aveleg F; autAg, n potrh adpdveiag g
ETMIPAVEING QUTAG WG TTPOG ToV agova y -y cupBoAidetal pe Jy kar peTpdarai
og cmé.
Oupola, yia Tnv idla em@dveia F kal Tig em@aveleg fi auTAG, N poTTA
adpAavelag TnNG ETMIEAVEING AUTAG WG TTPOG AEova X-X" TUUBOAIZETAI PE Jy
Kal yeTpdral o cm?.
Eival @avepd, 61 To yivouevo Zmiri2 ek@padel To JETPO TNG AdPAVEING
TOU CWPaATog, dnNAadn TNV avTioTaon TTou TTPORAAAETal aTTd TO CUCTNUA,
OoTav atod TNV KAaTdoTaon Npepiag, To BEToupE o€ Kivnon.
To p€yebog TG POTTHG adpavelag piag dIOTOUAG, UTTOPOUNE PE OTTAG
MoBnuaTikd, kKatd TTPoc€yyion, va uttoAoyifoupe epyalduevol wg €EAG:
1. Xwpifoupe, e 600 10 duVATOV PEYAAUTEPO aPIBUO €TTIPAVEIWY f;
(oToIXEIWON EPPADAE), TNV diaTon.

2. KaBe emdveia f; Tnv ToAatTAac1adoupe €TTi TO TETPAYWVO TNG OTTO-
oTOONG TNG X;, Yj GTTO TOUG AEOVEG Y - ¥  Kal X - X~ (01 AEOVEG X - X Kl
y -y’ TePvoUV atrod 1o KEVTPO Bdpoug G TnG dIaToung
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IxAHa 7.2a Eopeon porric adpadveiag diatouns

OnAadn Ba £xoupe:

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

onAadn TIG oxEOEIG:
J =y, +hy, + .. +fy? ka J, = f,x2 +f,x2 +.. +x2

lNa 11 KATATTOVACEIG TTOU Ba EAETHOOUE TTIO KATW (KAPWn, d1aTuNonN,
oTpEWN), gival pavepd OTI TTPOGBIOPIOTIKG PEYEBOS TWV BIAPOPWYV dIATOUWYV
(opBoywVIKWY, KUKAIKWY, CUVBETWYV) €ival auTd TO ABPOICHA TWV ATTOCTA-
OEWV TOUG OTTO TOUG AEOVEG X-X KAl'y - Y.

H diatour] evog CwUATOG £XEI —TTPOPAVWIG— DIAPOPETIKEG POTTEG AdPA-
VEIOG WG TTPOG dIAPOPETIKOUG AEOVEG.

AuTo ouveTttayetal 611, 600 TTI0 JEYAAN gival n poTtrr adpdveiag Tng dia-
TOUNG WG TTPOG A&ova, TOOO TTIo YeydAn gival kal n avtioTaon Tng dIaToung
oTNV TTEPIOTPOPN WG TTPOG QUTOV ToV Agova- gival dnAadr) n potrr adpaveiag
XOPOKTNPIOTIKO PEYEBOG TNG DUCKAUWIAG MIOG KOUTITOUEVNG KATAOKEUNRG.

Eival mpogavég 611 av BéAoupe va uttoAoyiooupe Tn poTTr) adpdveiag piag
opBoywVIKAG diaToung dlaaTdcewy h, b dev €xoupe TTapd va Bewprooupe
TO 0pBoywvIo XwpIoPévo o€ i To TTANB0G em@aveles (Awpideg) f;, ioeg kal
TTAPAAANAEG TTPOG TOV GEOvVA TT.X. X-X  TTAATOUG:

h _ b-h
= — , yfKoug b kail eppadou fi=—
| 2i 2i

lNa kaBe TéTola Awpida Ba Exoupe avahoya y;, kai f, dnAadr| éva dBpoioua
yi2 - f. Tou To GBpoiopa Toug Ba dwael yia i—ee.
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| = b-h’ pot adpdveiag opb.

o 12 JIATOUNG WG TTPOG X — X (7.2.2)
Avahoya TTPOKUTITEI KAl O XPrOIMOG TUTTOG:

.. = b -h poTTA adpavelag opb.

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

Edv yia Tapdderypa AdBoupe pia diatour opboywvikn diacTtdoewy 12
cm kal 4 cm, dnAadn h = 12 cm kai b =4 cm, TOTE 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, TIPOKUTITE! OTI: Iy = Ol,.

7.3 XTATIKH POIH Qz NPOZ A=ONA ENINEAOY ZXHMATOZ

Ma va BpoUpe Tn GTATIKN POTTH EVOG 0pBoywviou, TTAEUpWV a Kal h wg TTpog
dagova TToU CUUTTITITEI hE TNV TTAEUPA Tou —€0TW TNV AB— Xwpiloupe Tnv
EM@AvEIa G€ v TO TTANB0G OTOIXEIWDEIG ETIPAVEIEG (TX. 7.3a) TTAPAAANAES
TTPOG TNV TTAEUPA AB, icwg eTi@aveiag €. ToTe Ba £xoupe

v-g=a-h )

IxApa 7.3a E0peon oTatikng porrig miTedOU OxXAUATOS
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Bpiokoupe TIG OTATIKEG POTTEG YIA KABE ETTIQAVEID XWPIOTA, WG TTPOG
TNV TTAEUpd AB.
Oa £XOUE:
Mz =gy +eya+ ... +eyy (2)
OTTOU: Y4, Y, ..., Yy EIVQI Ol ATTOOTACEIG TWV KEVTPOEIDWYV KABE ETTIPAVEING
arré Tnv TAsupd AB.

Eivai O¢:
- h _h 4n
Yoy ’ 5 14 7
h h h 5h
=+ , =
2 14 7 6 14 7
h 2h h 6h
3 =—+— ’ 7 = (3)
14 7 14 7
h 3h
y = -
4 14 7

H oxéaon (2), 161€ Ba yivel:

a-h h
Mz =¢-3,5-h=——-3,5h=a-h-—

7 2

TxAua 7.3B 2rarikn porrr opBoywvikAg S1aTouns

Mapatnpoupue &1l 0TO iDI0 ATTOTEAECHA PUTTOPOUUE VO @BACOUNE EQap-
podovTag 1o O@cwpnua Varignon.
Oa £xoupe:

MZ:R.

1
\‘
m

N | T

1l
\‘
Q

~N | T

N | T
N | T



140 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

otrou E 10 epfadodv tou opBoywviou (E =a - h)
MNa v mEAvVEIQ TOU OXAUATOG JOG N OTATIKI) POTTA TOU WG TTPOG TOV
agova x-x" Ba givai:
Ms=E4hy—E>-h,

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

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

U NAPAAEICMA 10

Na BpeBei n aTaTikr poTrh TNG dIATOPNG, WG TTPOG Tov Afova X-x’

Auon

H otariki pot M4 Tng diaTtoung 1 wg TTpog Tov Ggova x - X givai:
M; =18 cm? -6 cm = 108 cm3
H otariki pot) M, Tng d1aTtoung 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 dIATOMNG €ival:

M =M + M, = 148,5 cm3

U NAPAAEITMA 20

Na Bpebei n oTaTIKA pOTTA pIag diaTouRg atrAoU Tau wg TTPOG Tov Afova X - X

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

M;=24cm?-25cm=60cm3
H otatiki pot M, Tng d1aToung 2 wg TTpog afova x - X gival:
My, =3cm2-0,5cm=1,5cm3
H oTaTikr) potrr M3 Tng diatoung 3 Tpog afova x - X gival:
Mz =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 Potmr avtioTaong

Oewpoulpe pia opBoywvikr diatoun diooTdoewy h, b. (ox. 7.4.1a)

Ovopuddloupe potrA avriotaong W, tng diatoung ABI'A 1o TTnAiKO Tng
dlaipeong TNG poTrnG adpaveiag Iy TNG dIATOUNG WG TTPOG TOV KEVTPORapI-
K6 dfova x, dl1a TNG ATTOOTACEWS TOU TTIO ATTOUOKPUOUEVOU OnUEiOU TNG
dlaTopng aTrd Tov agova Xx. ‘Exoupe dnAadn:

ZxApa 7.4.1a Porr avrioraong

w, =% (7.4.1.1)

Maparnpnon
Av o KUpIog afovag adpaveiag x - X~ gival kal GEovag CUPMPETPIag TnG dia-
TOUNG TOTE Ba £XOUE:

W, = émou a=—
h 2
2
Kal Ba £XOUUE:
b h3
bh3_ bh? 2
W, = 12 b7 smaasr | Wy = 2N° | (7.4.12)
6 h 6 6

h
2
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AvdaAoya TTPOKUTITEL

h b3
12 _hb3_hb2 , _hb?
W, = S Snhadh | Wy =~ | (7.4.1.3)
2

Eival elkoAo va ouvdayoupg, 611 diatnpwvTag 1o h = oTtabepd Kai dITTAa-
o1alovTtag 10 b, Ba €XOUE:
_2-bh?_ bh?
6 3

WX

onAadn Twpa n potrh avtiotaong Wy dirthaciddeTal.
Tiouptrépacpua Byddete av diatnprAcoupe To b = oTaBepd kai dITTAACId-
OoupE TO h;

MepioodTEPA Ba TTOUNE YIa SIOTOWPEG E DIPOPETIKA OXAUATA GO0V APo-

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

U NAPAAEITMA

Ap@iépelotn B0k, HAKOUG | EPEI KATAKOPUPO CUYKEVTPWHEVO QopTio P
oTo péoov TG dokou. O1 dl1aoTAoEIg TNG 0pBoywVIKAG TNG dIATOUNG Eival
bxh étrou h = 3b kai ToTToBETEITON OTTWG OTA OXAMATA:

Mola atod TIg dUO TTaPATTAVW TTEPITITWOEIG TOTTOBETNONG TNG SIATOUAG,
KPIVETE OTI €ival N OUCUEVESTEPN KAl YIOTI;
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Auon
MNa tnv epimmwan (a) 6a £XOUlE:

_bh? b9b? 9b3
Wa="5"""6 "5

MNa tnv epimmwaon (B) 6a £xoue:

2 12 3
W:h‘b :3‘bb :3b
b 6 6 6

ATTO Tn oUYKPIoN TwV dUO AUTWYV POTTWV AVTIOTACNG TTPOKUTITE:
Wq=3-W,

OnAadn duopuevéaTepn gival n deUTEPN TOTTOBETNON YIATI EXEI MIKPOTEPN
avToxf).

7.4.2 NMoAIkR potr adpdveiag

Ag Bewpnooupe pia opbBoywvikh diatoury ABIA pe Toug KUpIoug GEoveg
adpaveiag Tng x-x” Kal y-y .
lNa 10 oTOIXEIWDEG EPPRADOV f; KOl ATTO TN YEWMETPIO TOU OXIHATOG, EXOULE :

p2=x2+y2 dnAadr fip?=fix2+fiy?
KOl OUVOAIKG Ba TTPOKUYEL:

2fip2=Ic+1, dnAadn

=1+, (7.4.2.1)
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IxAMa 7.4.2a oAikn porri adpadveiag diatouns

Ovopuddoupe roAIkRA poTri adpdvelag l, TG dIATOUAG WG TTPOG TNV
apxn G Twv Kupiwv KevTpoBapikwy afdvwy adpaveiag x - X Kalry —y’ 1o
dBpoioua Twv U0 POTTLV adpaveiag TN dIAToUNS Kal ekpaleTal o cm?.

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

3 3
|p :£+£ :@(h2 +b2)

12 12 12
hb
Apa p = —(hz +b2)
12

MNa opBoywvikn diatour ye b =4 cm kai h =6 cm Ba €xoupe:
_6-4
12

Ip (62 +42)cm4 =104 cm®

7.4.3 MoAIKR poTTH avTioTAONG

Mponyouueva avagepBAKaPE 0T POTIH adpaveiag piag dIOTORAG WG TTPOG
TOUG KUPIOUG GEOVEG X-X~ Kal Y-y, OTn POTI QvTiOTAONG KAl GTNV TTOAIKN
POTI adpaveiag Tne.

Zuvaeng givai kai n évvolia Tng ToAIKAG poTrig avTtiotaong Wy, uiag
BIaTOMNAG KAl XapaKTNPIiZeTal wg 0 AdYyog TNG TTOAIKAG POTTAG adpaveiag TnG
OIaTOPNG QUTAG TTPOG TNV OTTOCTACT) TOU TTI0 AKPAioU anpueiou TNG (autou
ONnAadr| TTou BPICKETAI TTIO PHAKPIA aTTO TO KEVTPO Bapoug G NG dIaTouNG.

I+
Eival SnAadr: w, =P =2 " (7.4.3.1)

a a

Kol eKkQPaeTal ae cm3,
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ATTO TTivaKeg TTapEXovTal Ol poTTEG adpaveiag | dia@dpwy dIAaTouwy, Ol
potrég avtiotaong Wy, ol TTONKEG POTTEG adpaveiag Iy, wg Kal ol TTOAIKEG
potrég avrioTaong Wi,

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

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

Wp=

N

Apa:

MNa opBoywvikn diatopr ge b = 6 cm kai h =4 cm, Ba €xouE:

W, = 2 (62+42) ome = 52 cm?

7.5 AKTINA AAPANEIAZ

H akTiva adpaveiag iy yiag diatoung wg mpog agova, ival ion pe tnv
TETPAYWVIKN pifa TNG poTTG adpaveiag Tng diaToung dia Tng emeaveiog F
™G diatouAg autng. Eival dnAadn:

i=\v/§|<oui:\/U 7.5.1
xT\E Y T E (7.5.1)

H akTiva adpdveiag TTapIoTAavel TNV atTréoTacn ato Toug AEoveS avagpo-
pAg 61ToU OAGKANPN N ETTIPAVEIR TNG DIATOUNG UTTOPOUCE va TOTTOBETNBEI
“‘oupTTUKVWPEVN” o€ onueio, dIATNPEWVTAG TNV idla POTTA adpaveiog Ye TNV
apxIiknf dlaTopn.

Apa pia em@Avela £xel dUO OKTIVEG adpaveiag OTTwg opidovTal aTro ToV
TUTT0 7.5.1.

MNa opBoywvikn diatoun dlooTdoewv b =4 cm kal h = 6 cm Ba £xoue:

bh3 .
i =22 = [N° _ o 289n SnAadr iy = 1,734 cm
bh V12
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B
12 _ D% _ 5 289b SnAash iy = 1,156 cm
bh ~ V12 o

MNa TeTpaywvikn diatopn e 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-
TOMNG WG TTPOG Tov G&ova T1.X. Y-y~ (TTou diEpXETal aTTd TO KEVTPO BAPOUG
G 1ng diaToung) Kal TNG PoTTNG adpaveiag TNG dIOTOPNG WG TTPOG d&ova e-€”
TToU €ival TTapAAANAOG TTPOG Tov Agova y-y .

ZxAua 7.6a Oswpnua Steiner

ATTO TN YEWUETPIO TOU OXAUATOG EXOUE:
(BrN2 = (G2 + (BG)? - 2(BG)(Gr) ouv BGI (1)
€TTIONG €XOUE:

lg= Zf; (B')2 (2)
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lg = Zf; (GI)? 3)
Eav 1n oxéon (1) Tnv ToAAaTTAaoIGooupE eTTi 2f;, Ba £xouue OTTOU,
©=BGI kai (GA)=(GI)ouv (180° - ¢) = -(GI) cuve
Ifi(BIN)2 = Zf(Gr)2 + f,(BG)2 — 2Zf(-Glauve) - (GI') auve

o= g + F-€2 yiaTi TfGA=0

Apa EXOUUE: lg=lg+F - €2 (7.6.1)

onAadn n potrh adpaveiag giag S10TOPAG WG TIPog dfova a-a” TTa-
paAARAou Tou KUpIou dova y-y” 1IocoUTal JE TRV KUPIK POTTH adpaveiag
KOl TO YIVOHEVO TNG ETTIQPAVEIOG TNG SIOTOPAG ETTi TO TETPAYWVO TNG
ATOOoTAONG TWV SUO0 TTPOAVAPEPOHEVWIV AEOVWV.

ATT6 Tov TUTTO 7.6.1 €ival Trpogavég Ol I > |g.

1. Na opBoywvikn diatoun pe: h =10 cm, b = 3 cm kai € = 2 cm kaTd
TO0 @cwpnpa autod Tou Steiner (TUTTOG 7.6.1), Ba £xoupe

hb> (b)z hb> s h-b> 4b°h _b°h

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 SIATOPNG AUTHG WG TTPOG Agova TTOU TTEPVAEI ATTO TO KEVTPO BAPOUG
auTAG Ba £xoupe

2
2.\ bh
IX2 :|GZ +(3h) ? (1)
h)’ bh
|X1=|G1 (3) ? (2)
3
Lo+l =20 (3)
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IxAMa 7.6B Porrr adpdveiag Tplywvikng dIatouns

A6 TIg oXéoeig (1), (2), (3) TTpokUTTTEL:

| _bh®
¢ 36

(7.6.2)
7.7 EOAPMOIEX

1. TETPAIQNIKH AIATOMH

U NMAPAAEITMA

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

a) O1 potrég adpaveiag Tng Iy kai Iy, wg TTPog Toug KUpIoug Agoveg adpa-
Veiag NG

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

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

) H moAikn potm avtiotaong W, Tng diaTopng auTrg

€) H akTiva adpaveiog TnG iar wg Tpog Tn Bdon Al Tng diatopng
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AOon
a) H potrA adpaveiag Tng TETPAYWVIKAG SIOTOURS WG TTPOG dova X — X’

gival:
3

|, =—— omoub=h

I, =—cm® =21,333cm”. Apal, = 21,333 cm?
12 -
Eival rpogavég oI (;) kai
ly=21,333 cm?
B) H potA avtiotaong W, Tng diatopng ivai:
bh?
WX =
6
Kal €T1€10N b = h £xoupe

43
W, = " cm3= 10,666 cm?

Kal TTPOPAVWG
W, =W, = 10,666 cm3

Y) H oAIKn potry adpaveig |, wg Tpog Toug KUploug agoveg adpaveiog
TNG BIATOUNG €ival:

o=l + 1y

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

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

Iy 42,666 5 3
Wp ==, W, = 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 dIaTtoung wg TPog Tn Baon Tou Al Ba givai:

. l,r (85,333 cm®
iar =4l — = -——=2,31cm
F 16 cm

Apa: iar=2,31cm

2. OPOOIQNIKH AIATOMH

U NAPAAEITMA

Tng TapakdTw opBoywvikAg diaTtoung diaoTaoewv 4 cm kal 10 cm va
Bpebouv:

a) O1 potrég adpaveiag ly kat ly Tng dIaToung AUTAG WG TTPOG TOUG KUPIOUG
agoveg adpaveiag Tng.

B) H potm avriotaong W, TngG diatopng wg Tpog afova AB
Y

) H oAk potiy adpaveiag I, wg mpog 10 G
) H moAikA potry avriotaong Wy, Tng diatoung

€) H akrtiva adpaveiag TG wg Tpog Tn Bdon NG Al,
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Aion
a) H pot adpaveiag Tng opBoywVIKAS SIATOUAG WG TTPOS Agova X-X,
givai:
- bh®
12
omoub=6cm,h=10cm
6-10° 3
Iy, = em? = 1%% cm# =500 cm*
12 2
Apa: l, = 500 cm*
10-6°
ly = cm?* =180 cm”.
12
Apa: ly =180 cm*

B) H pot avriotaong Wy Tng diatoung eivai:

bh?
W, :T omou b =6¢cm, h=10cm

Apa: 6.102 ,
= cm
6

X
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dnAadn W,= 100 cm3

2
Avaroya éxoupe: Wy = —— = 60cm®
6

y) H moAikA potry adpaveiag |, wg Tpog Toug KUpIoug agoveg adpaveiag
TNG BIATOUNG €ivau:

lp = Ix + Iy ka1 épa I, = (500 + 180) cm* = 680 cm*.

8) H moAikny potiy avtiotaong Wy, TngG diatoung auTig eivai:

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

€) Edv epapuodooupe 10 Ocwpnua Steiner Ba €xoupe:
Iar= I+ F-e2
Eivai: 5 = 500 cm# + 60 - 52 cm* = 500 cm# + 1500 cm# = 2000 cm*

Iar = 2000 cm?
Apa, n akTiva adpaveiag Tng dIaTouAS wg TTPog TN Baacn Tou Al Ba givai

sk [2000
F 60

cm=5,77cm

Apa: iar=95,77 cm
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3. KYKAIKH AIATOMH

U NMAPAAEITMA

TnG TTapakdaTw KUKAIKAG dIaTOPAG KOUTTUAEG R = 3 cm va Bpebouv:
a) Or potreg adpaveiag |y kai |y wg TPog Toug KUPIoUG Agoveg adpaveiag Tng
B) H potm avTioTaong Wy wg 1Tpog Tov dova AB
y) H oAk por) adpaveiag |, wg mpog G
0) H moAikn potm avtioTaong W, Tng diaTopng auTrg

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

Abon
a) H potr adpaveiog TNG KUKAIKAG dIATOPNG wg TTPOG Tov dgova X - X’
eivar”
m D* i
Ix=ly= ommou D=6 cm
64
3,14 ‘ 64 4 4
Iy =ly =———cm” = 63,585 cm
64
Apa:
l, = 63,585 cm*

* 210 T€AOG TNG dloknaong Ba dobei GuVOTITIKA aTTOdEIEN TOU TUTTOU
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B) H pottA avtiotaong W, Tng dlaToung sivai:

_m-D° 314.6°
32 32

W cm® = 21,195 cm®

X

Apa: W, = 21,195 cm3

y) H oAk poty adpaveiag |, wg Tpog KUpioug agoveg adpaveiag Tng
dlaTopng ivai:

lp = Ix + Iy ka1 Gipa I, = 2 - 63,585 cm* = 127,17 cm*

8) H moAikny potiy avtiotaong 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 Exoupe:
IAF = IX + F'€3
Eivai: Inr = 63,585 cm# + 28,26 - 32 cm*

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

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

Apa, n akTiva adpaveiag TG dilaTtouAg we TTPog Tov agova Al Ba eivai:

| 317,925
iAr :\/Ar = |—¢cm
F 28,26

Apa iar = 3,354 cm

Oewpoulpe £va oToIXEIWOESG THAKA TNG dlaToung, To AGB, atd 1o TTARB0g
i TETOIWV TPIYWVWV TTOU aTTapTi(ouV TN dIATOUN.
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H pottr) adpaveiag wg Tpog dgova x-x', OAWV auTWV TWV TPIYWVWV TToU
diEpxovTal amd 1o G, Ba gival n TTOAIKr) poTTA adpaveiag, Kal ion Ye:

1 1 1 D\ mD*
lb=v-—-bh3=" (vb)h3= 1D - =

4 4 4 2 32
mD*”
emeidn |y = ly Exoupe: =1y =
64
4. ATINO TAY

U NAPAAEIrMA

Tou TTapakd&Tw atrAou Tau, va Bpebei n potrA adpaveiag Tou | wg TTPog Tov

KUplo afova adpaveiag x-x’

*Znuelwvertal 6T 0 TOTTOG | = 1 bh3 &ide1 TN poTA adpaveiag TPIYWVIKIS SIATOUrS BATEWS
4

b ka1 Uwoug h wg TTpog Ggova TTou TTepVA aTrd TNV KOPUPH, TNV atrévavTi atréd Tnv b kai givai
TTapdAAnAog TTpog Tnv b. MapartnpeioTe 611 yia dtreipo TTARBOG TEToIWY TPIYWVWY Ba eivai:

D
vb = 11D omére kar h = —.
2
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AOon

Edw tTapatnpoupe, o611 n diatopn pag dev gival atrAr) —dev €xel dnAadn
ATTAO YEWMETPIKO OXAHUA OTTWG TTPONYOUHEVA ECETATAE TO TETPAYWVO, TO
0pBoywVIO, TOV KUKAO— aAAG aTTOTEAEITAI ATTO TUAHATA ATTAWY ETTIPAVEIWV
opBoywviwyv, 6Twg eival Ta ABI'A kait EZHE. H cuvoAikr potry adpaveiag
NG dIaToMNG AUTAG Tou atrAoU Tau wg TTPoG agova adpaveiag, Ba ival ion
ME TO ABPOICHA TWV POTTWV adPAVEIAG TwV dUO aUTWV TUNPATWY (1) Kai (2)
TNG dIATOUNAG, WG TTPOG ToV Afova. H ouvTeTayuévn Yg TOU KEVTPOU BAPOUg
TNG dIaTounG Ba givai:

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 Aoitrov
(k&voupe xprion Tou ©. Steiner):
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bh3 5 bh3 2
=——+E l,=—-+E>¢
l4 1 1€1 2=, tEat2
3 3

20-4 4.20

l, = 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 pottA adpaveiag TNG oUVOETNG AuTrS DIATOUNG WG TTPOG TOV KUPIO
agova adpaveiag, Ba givai:

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

5. AIMIAO TAY

U NAPAAEIrMA

Tou TTapakdaTw dITTAOU TaU va Bpedei n potr adpaveiag Tou | wg TTPog Tov
KUpIo agova adpaveiag x - X', kKaBwg kai n potr avriotaong Wy auTrg.

Abon
Oa TTapaTnProouE, OTI To dITTAG auTO Tau, dev gival GAAO aTTrd TO Te-
Tpdywvo ABIA, edv atrd auto a@aipEéTouE Ta UPadA Twv opBoywviwy
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EZKI kat HOMA, o1roTe n pott adpaveiag Tou dITTAoU auTtou Tau Ba icouTal
ME TNV pOTTA adpaveiag Tou TETpaywvou ABI'A, a@aipOUPEVWY TWV POTTWV
adpavelwyv Twv opBoywviwv EZKI kar HOMA.

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

Eivai:

20.20° .
|Amﬂ=‘4154*=1333333cm

| 812" 1152¢m*
= = cm
EZKI 12

8.12°
|HOMA:—1£——:1152cnﬁ

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

H potm avtiotaong Wy, Tng diatopnig Ba eiva:

ly 11029,33cm?

=2 =1102,933cm3
y 10

y

Apa: W, =1102,933 cm3

Avaloya Bpeite TN potr adpaveiag TnG dIATOUAS TOU TTAPAKATW OXN-
MOTOG WG TTPOog déova x - X

OcwpwvTtag Tn dlaToun auth wg diagopd TnG (2) amd Tnv (1) Bpeite oTI:

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

U NMAPAAEITMA

Tng TTapakaTw d1aToung, va Bpebei n poTTA adpaveiag TNG WG TTPOG TOUG
acoveg x-x" Kal y-y’, KABWG Kal Ol POTTEG AVTIOTAONG AUTHG.

Auon

Oa uttoAoyiooupe Tnv ammréoTaon €4. Exoupe:

32-1+12-5+12-5
€4= cm

32+12+12
€1=2,71cm
8.16° 6.12°
Apa ly = - cm*
12 12
l, = 1866,7 cm*
16 -8% 12 .63

= 4
Kal Iy cm

12 12
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ly =466,7 cm*
MNa 11g potrég avriotaong Wy, Wy q, Wy, €XOUUE:

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

W, 4667 cm®=172,2cm? kot 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 KUKAIKAG diaTopng pe D = 8 cm kai d = 4 cm, va Bpebouv:

a) O1 potrég adpaveiag Iy kai ly wg TTPog Toug KUpIoug dgoveg adpaveiog
™nG.

B) O1 potrég avtioTaong Wy kar Wy, auTig

y) O1 akTiveg adpaveiag iy ka iy auTrg

AUon
a) 210 TTaPAdEIYUA TTOU avaPEPOUACTAV YIa KUKAIKA SlaTour atTodei-
cape oTI:
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Edw, yia Tnv KoiAn KUKAIKN dlaToun ival TTpo@aveg 0TI Ba €XOUE:

IX=Iy=;(D4—d4)

kal yia D =8 cm kai d =4 cm, 6a €xouE:

3,14
o =ly= —(84-44)cm4 =188,4 cm*
64
Apa: Iy =1, =188,4 cm*
B) Avaloya Ba €xoupe:

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

Apa: W,y = W, =376,8 cm?

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

o o)

(D2 -dz) 2 D? - d?

Iy =ly

ISEIE

T
(acpoU F=— (D2 - d2)
4
1
Eivar i =i,=—VD” +d°

4

1

i =i,="V8" +4° =J5 cm
4

Apa ix =iy =2,24 cm
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’—g—O ZYNTOMH NEPIAHWYH EBAOMOY KE®AAAIOY
e H potr adpaveiag, ival Eva XxapakTnpioTiKO PéyeBog TNG
z SUOKOUWYIag PIOG KAUTITOUEVNG KATAOKEUNG.

Ooo 1o PeydAn cival n potrr) adpaveiag TNg SIOTOUAG WG

TTPOG ToV Afova, TOCO TTI0 HEYAAN €ival Kal n avTioTaon Tng
OIOTOUNG.
Qg 1TTpOG TOUG KEVTPORAPIKOUG AEOVES TwV dIaPOpwV dIATOUWY ATTO TOUG
TivaKeg uTTopoupe va Bpoupe TIG POTTEG adpaveiag.

e [Na ouvBeTeg dlaTOPEG, XPAOIUO gival To O. Steiner, TTOU pag TTAPEXEI TN
po1TA adpaveiag TnG dIATOUAG WG TTPOG ToV Aova TTOU OTTEXEI ATTO TOV
kevTpoBapikd aEova, atréaTtacon €. O TUTTOG ToU BewpRUATOG Eival:

lo=lg+F €2

otrou F n em@dvela 1ng diatoung.

e To 1TnAiko TnNG poT1tig adpaveiag |l TNG dIaTouAg WG TTPOG dgova dia TNG
ATTOOTACEWG O TOU AEova auToU aTro TO TTAEOV ATTOPOKPUCUEVO GNEIo
TOU TUAMOTOG TNG dlaTouAG ovopdlouue potrh avtiotaong W kai givai:

lg
W,=2
a

e To aBpoioua Twv potTwv adpaveiag g dIATOUNG |, WG TTPOG TOUG KUPIoUG
agoveg adpaveiag TNG diatouAg ovoudloue TTOAIKR poTrh adpaveiog
I Tng diaToung kai givar I, = Iy + 1y,

e To TnAiko Tng TTOAIKAG pong adpaveiag I, Tng diatopr|g dia Tng aTooTa-
OEWG A TWV TTAEOV ATTOPAKPUCGPEVWY CNUEIWY TNG aTTO TO KEVTPO BAPOUg
QUTAG, ovouadoupe TTOAIKA potri avtioTaong W, kai giva:

|
_ b
W=
a

e Tnv TeTpaywvVIKA pifa TNG poTTAG adpdvelag |, TNG dIATouNG dia TNG £TTI-
@aveiag F Tng dIaTOPAG QUTAG, OVOuAdouEe OaKTiva adpaveiag i Tng
OIaTOUNG.
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XPNOIUEG €ival 01 EQAPPOYES AUTWV TWV EVVOIWY O€ ATTAEG KOl OUVOETEG
OlaToPEG OTa KEQPAAQIQ TNG KAPWNG Kal TNG OTPEWNG TTou Ba yvwpiooupe
apyoTepa. & BIATOPEG PE DIAPOPETIKA OXNUATA TO PEYEBOG TWV POTTWV
adpaveiag Kar avTioTaong wg TTPOg £va atro Toug OU0 ALoVEG CUMMETPIAg
gival yeyaAuTepo. I’ autod, Katd Tnv ToTroBETNON TWV BOKWV —OTTWG Ba
OOUUE OTO ETTOPEVO KEQPAAAIO— TTPETTEI VO £Ca0PONI(OUUE aTTO TO OXNUaA
TNG OIATOPNAG, Ta MEYAAUTEPO BUVATA TTAEOVEKTAMATA.

@ AZKHZEIZ

=% 1. TpIYWVIKNG I000KEAOUG BIOTOUNG, YE TTAEUPA b kal Uyog h va Bpeite
TN POTIN adpaveiag TNG wg TTPOg Afova TTou TTEPVAEl aTTO TNV Kopuen A.
E@appoyn: b =4 cm kai h =6 cm (ox. 1).
bh®
(Aa&Bete utr 6wn oI IG=¥ kal To ©. Steiner)

bh®
Amavinon: ly = —— (216 cm?)
4

=¢ 2. AideTal opBoywvikr diatour] diaotdoewv b =4 cm, h =6 cm. Na Bpeite
TNV aKkTiva adpaveiag TG dIATOPAG AUTAG WG TTPOG Tn BAan Tng.
bh®
(A\GBeTe UTT OYWN OTI: |y =E Kal To ©. Steiner)
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Amavinon: ipg = 1/%3 cm = 3,46 cm

= 3. AidovTal 500 opBoywvikég SlaTouég aTaBepoU euBadol 2b2. Bpeite
o010 o116 TIG OUO dIATOUEG €ival N TTI0 0TABEPN WG TTPOG Agova X-x Kal Trola
gival n 1o aTabepr] wg TTPog agova y-y .

Amdvrnon: H mpwTtn dlatoun e€ival n
Mo oT1aBepn (;) WG TTPOG X-X" Kal
n O€UTEPN €ival N IO oTaBEPN
WG TTPOG Agova y-y .

=¢ 4. OpBoywvikng diatoung diaoTacewy b =4 cm kai h = 6 cm, Bpeite TNV
TTOAIKA pOTTA adpaveiag TnG.
Amavrnon: 104 cm*
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= 5. Bpeite 11 potTEG adpaveiag Iy, |y TG dlaToung:

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

=& 6. AideTal diatour| dITTAOU Tau PE EYKOTTH. Bpeite Tn potrr) adpaveiag Kal
TN POTTA avTioTaong TNG SIOTOUNAS AUTAG.

Amavinon: |y = 41962,7 cm4, W, = 2331,26 cm3
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=% 7. Bpeite Tn po1TA adpaveiag TNG KoiAng dIaToung wg TTPog Toug AEoveg
X-X" Kaly-y".

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

=% 8. AideTal ap@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 OKTiva adpaveiag iy. .

Amavrnon: (yg = 8 cm, ly.,,=504 cm?, iy.y= 2,6 cm)
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.) Emdiwképevol oTé)o!I:

ZKOTTOG TOU KEPaAaiou auTou, €ival ol pabnTeg:

B/ Na diakpivouv Toug d1agopoug (I000TaTIKOUG) POPEIG, TIG POPTIOEIG,
TIG OTNPEICEIG KAI TN OXNMATIKA TOUG OXEdIAON YE ATTAG KaTavonTd
TTapadeiypaTa.

E/ Na utroAoyifouv —KAvovTag Xpron Twv TPIWV CUVBNKWYV I00ppoTTiag—
TIG QVTIOPACEIG OTAPIENG OE YIA AP@IEPEIOTN DOKO, OE JOVOTTPOEXOUOT
00KO, O€ AUPITTPOEXOUTD OOKO K.ATT.

E/ Na katavorigouv Tnv apxn NG Icoduvapiag HETagu ECWTEPIKWY Kal
€EWTEPIKWYV dUVAUEWY o€ OOKO TTOU QOPTICETAI KOl VO UTTOPOUV va
uttoAoyiouv o€ pia TuxoUuoa B€on TNG doKoU Ta EVTATIKA UEYEDN
[M], [Q], [N].

Emiong n katavénon Twv diaypauuaTtwy autwy Ba dwaoel Tn duvatotnTta
OTOUG HaBNTES va epapuodouv Ta TTI0 TTAVW OTO OTTOUDAI0 KEQPAAQIO TNG

Kapyng.

8. ®OPEIZ - POPTIZEIX - X THPIZEIZ - ENIAYZH AOKQN
8.1 Popsig. ZTOIXEIO PIOG KATAUOKEURG

Miag KaTaokeung (atrd oTTAIoUEVO OKUpOdeua —aTtrd gidepo— atrd EUAo
K.ATT.), Ta OTOIXEIO TNG, OTTWG: a) N pARdog, ) N ok, y) 0 diokog, ) n
TAAKA, €) TO KEAUQOG, OEXOVTAI TIG EEWTEPIKEG DUVANEIG, TA QopPTia. AUTA
peTapifadovTal oTnV KATAoKEUN KAl akoAoUBwG peTapiBadovtal oTo £€8a¢pog
onAadr| oTI oTNPIEIG, TTOU OPEIAOUV VO KPATOUV QUETOKIVATN TNV KATAOKEUN.

‘Eva T€T010 SOMIKO OTOIXEIO TNG KATAOKEUNG TTOU avaAauBavel Kupiwg
KGBETEG DUVAEIS TTAVW OTOV AEOVA TNG KAl TNG OTTOIOG TO MAKOG €ival TTOAU
MeyaAo o€ oUyKpIon WE TIG AAAEG TNG BlaoTdaoelg, ival n dokOg, n oTToia
KQI QUTA OTN CUVEXEID KaTaTTovEiTal ouvOeTa. I.x. n yépupa, o dfovag evog
QUTOKIVATOU €ival 0KOG.
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TUAMA TIPOEXOV dokdg dokdg dokdg

oTpIgN

ZyxApa 8.1a Aokdg TyxApa 8.18 Aokdg TyxApa 8.1y Aokog

H pdaBdog avalaupavel duvapelg epeAKUGHOU R BAIwNG, Hovo Katda TN
d1evBuvon Tou dgovd TnG.

Exfpa 8.15 PaBdoc

O &iokog, kal TETOIOG €ival O TOiX0G WIag oIKodoung, avaAauaver du-
VAUEIG TTOU BpioKovTal OTO HECO ETTITTEDO TOUG PE TTAXOG TTOAU UIKPO, O€
oxéon Pe TIG AAAEG DIAOTATEIG TOUG.

TyxApa 8.1 Aiokog

H mrAdka kai TETola €ival To dATTEDO Iag OIKOOOUNAGS, avaAaudvel duva-
MEIG KABETA TTPOG TO £TTITTEDO TNG. Kal 0w TO TTAXOG, 0€ OXEON UE TIG AAAES
NG d1a0TACEIG, Eival YIKPO.
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TTAGKQ

KoAwva

KOAWVQ

TTAGKQ

ZxAua 8.101 MAdka

To kéAu@OG Kai TETOIO €ival évag TPOUAOG HIaG EKKANGIag, éva BIounyaviko
Il AEPOTTOPIKO UTTOOTEYO, ONAQDK €Vag PIKPOU TTAXOUG KAUTTUAOG QOopEas
avaAauBavel duvapelg Kail TIG JeTapiBadlel oTig oTnpigelg.

TyxAua 8.18 KeAupn

Ag eTravéABoupE OUWG 0T BOKO, TTOU OEV ETTITPETTETAI VO JETOKIVEITAI
(oT0 emiTredd TNG). Apa Ba TTPETTEI N €dpACH TNG va YiVETAI € GNuEia oTa-
Bepd TTOU va TNV dIATNEOUV AUETABETN (auETAKIVNTN).

AnAadn o€ Troleg oTnpieig Ba avagepBoulpe, €101 WOTE va deCUEUOOU-
ME TOUG POPEIG, TTOU AVAQEPOUE TTIO TTAVW, VA PETAKIVNBOoUV opIlovTIq,
KATAKOPUQQ Kal va aTpa@oUv. YTTO Tnv €midpacn Twv gopTiwy, n doKOg
peTaBIBAalel auTd T QOPTIa OTIC OTNPIEEIG, JE ATTOTEAEO A OTIG BECEIC TWV
oTNPIgEwv autwy va ekdnAwvovTtal (va avarTuooovTal) avTiOpAcElg ol Ka-
AOUUEVEG «QVTIBPATEIS OTNPICEWS» .

* O1 popTioelg, To TTWG peTaBiBdlovtal péoa atd Tn dokd TTPOG TIG OTNPIEEIS Ot KABE BEon
TNG doKoU, Tl SUVAEIG avaTrITUoCooVTal, OAa QUTA Ba Ta EETATOUNE AVAAUTIKA TTOPOKATW.
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ZxApa 8.1n KeAupwrd aréyaotpa
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MIAfcaue oTa TTPWTA JABAUATA YIA TIG TPEIS CUVONKES I00PPOTTIAG EVOG
OWMOTOG. AUTWYV TWV £EICWOEWYV Ba KAVOUUE XPraon Yia va deauEUOOUNE
TOUG TPEIG BaBuous eAeuBepiag TG OOKOU Kal va unv hetakivnBei. Mavra
BEAouE o1 POpEIG va TTOPAPEVOUV OMETABETOLI.

8.2 EIAH ZTHPIZEQN TQN AOKQN

Ta €idn oTnpifews Twv doKWV gival Tpia:
a) N waKTWOon, B) n dppwaon, y) N KUAIon

® 3TNV TTAKTWON EPPAvi(ovTal TPEIG AVTIOPATEIG:

1. H op1dévTia avrtidpaon Ax, 2. H kataképu@n avTtidpaon Ay Kai
3. H potrf} mdktwong M. AuTo 10 €id0G TNG OTAPIENG OEV ETTITPETTEI OTN
00K va PETaKIVNOEi, OUTE va aTToXwPIoBE 0UTE Kal TNV TPOPI) OTO ONUEIO
OTNPIgEWG.

IxAua 8.2a MakTwaon

TxAua 8.2B Makrwaon

e 3TNV dpBpwoaon gupavidovral dUo avTidpdoel§ OTAPIENG:

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

AUTO TO €i00G TNG OTAPIENG, DEV ETTITPETTEI GTN DOKO UOG VO PIETAKIVNOET
Kal OUTE VO ATTOXWPIOTE" ETTITPETTEI OUWGS OTPOPN YUpw aTTO TO ONUEIo
OTAPIEAG TNG.
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ZxAua 8.2y ApBpwan
AvdAoya pe Tn B€an TNG doKoU, £XOUlE pIa OGN avTIOpAoEwV A,
e >TnVv KUAION eu@avileTal pia avTidpaon oThpigns, KABETN oTO £TTi-
medo aTPISNG TNG, N Ay.

AuUTO TO €id0G TNG OTAPIENG ETITPETTEI TN OOKO PAG VO ATTOXWPICHOE]
KA@BeTa TTpO¢ TN d1EUBuvon TNG KUAIoNG.

ZxApa 8.286 KuAion

TxAua 8.2e ApBpwon — KUAIon

ZxApa 8.20t1 Apbpwan - kUAion
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TyxAua 8.2¢ Makrwaon — 21ipién aéovog unxavng

TxAupa 8.2n ApbBpwon - KuAion

8.3 YMNMOAOI'IZMOZ ANTIAPAZEQN AOKQN (ANAAYTIKOZ)

1. AMOIEPEIZTHZ AOKOY

xAua 8.3a Auiépeiorn S0KOS

AOon
ATI6 Tn delTepn ouUVONKN Ic0ppoTriag ZF, = 0 éxoupe:

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

ATTO TNV TpITN OUVONKN I00PPOTTIOG ZM,’? =0 €Youpe:
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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 Tn potn Kauwewg M, a1o péoov Tng dokou.

2. MONOIPOEXOYZAZ AOKOY

ZxAua 8.3 Movormpoéyouaa 60KA¢

AOon
ATI6 Tn delTepn ouvONkn IcoppoTriag 2F, = 0, £Xoupe:

Ay + By = 300 daN

ATTO TNV TpiTN OUVBRAKN Ic0ppoTTiag ZM ,/: =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: AL,J =60 daN, BLIJ =240 daN
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3. AMOINPOEXOYZAZ AOKOY

IxAHa 8.3y Auimpoéxouaa 0KOS
Abon
Epyadouevol 0TTwG TTponyoupeva EXOUE:
2Fy=0=Ay+By,=400daN

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

250+1350 daN-m
BlIJ = .
7,5 m
Qore Ay = 186,7 daN, By=213,3daN

Apa

=213,3daN

4. AMOIEPEIXTHZ AOKOY ME XYNEXH ®OPTIZH (OMOIOMOP®H)
Acg avagépoupe PEPIKA dedopéva, yia TO TI ONUaAivel OJoIGPOPPO POPTIo

g = 100 daN/m. To @opTio auTd eival CUVEXES, KOTAVEMNHUEVO OUOIOUOPPa
Kal evepyei o€ KABe péETpo TNG SoKoU.

ZxAua 8.38 AugiépeioTn 60KOS

To TTapIoTAVOUE, OTTWG PAIVETAI KAl OTO OXAUA, PE Eva 0pBoywVIo TToU
€xeloav Baon 10 pNkog | = 7,5 m Tng dokoU Kail UYog TNV TIUH Tou QopTiou
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g avd povada Prkoug (avda YéTpo), e Baon pia KAipaka duvauewy. ‘ETol,
TO OAIKG @opTio Ba cival

daN
q-1=100 — -7,5m =750 daN,
m
Kal apa a1mo Tnv 2F =0 £Xoupe:

750
A, =B, =——daN=375daN
U U >

Apa Ay =By =375daN

Na Bpeite Tn potr kapwewg M, oTo péoov TG dokou.

5. AMOIEPEIZTHZ AOKOY ME TPIFrQNIKH ®OPTIZH

IxAHa 8.3 AugiépeioTn GOKOS

daN
Av n akpaia TR Tou @opTiou aTn aThPIEN (KUAIGN), eival g = 100 ——
m

TOTE N GUVICTAUEVN TOU QOPTIOU auToU Ba gival ion ue To euRaddv Tng Tpi-
YWVIKAG ETTIPaveiag eopTiong, Ba cival dnAadr] ion Je:

gl _100-7,5

daN =375daN
2
Kal apa: Ayt+By=375daN  375:5-By7,5=0
Apa: By=250daN kai A, =125daN

Na Bpeite Tn potr kKapwewg M, aTo péoov TG dokou.
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6. AMOIEPEIZTHZ AOKOY ME ZYTKENTPQMENA KAl OMOIOMOP®A
®OPTIA

IxAMa 8.30T Augiépeiarn SOKOS

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

SM? =0 = (250 - 1,25 + 150 - 4 + 200 - 6,5 - By, - 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, aTo pécov TG dokou.

8.4 AZKHZEIZ

@ AZKHZEIZ

o> 1. 2€ JIA TOPA T — T PIAG BOKOU EXOUME:
1.N=Q=0,M#0
2.N=M=0, Q#0
3.Q=M=0, N#0

Na e€ayeTe Ta avadAoya CUPTTEPACUATA VI KABE pia aTTd QUTEG TIG TTE-
PITITWOEIG.
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=% 2. Na BpeBouv o1 avTidpdoeig OTNEICEWY TWV TTAPAKATW POPEWV.

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

B)
(Amavrnon: Ay = 225 daN, By, = 75 daN)

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

0)

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

oT)

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

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

8.5 APXH THZ IZOAYNAMIAZ METAZY EZQTEPIKQN KAI EZQTEPIKQN
AYNAMEQN

ZxAua 8.5a Aokd¢ aTabepn¢ diaroung
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‘EoTw n 60ok6g AB oT1abepng diatopns (ox. 8.5a), euBuypauun Kai T-T
MIO TOUN TNG —OTTWG QaiveTal 0TO OXAPO— OEXOUEVN TNV ETTIOPACT TWV
duvapewv Fq kai Fs.

MNa va icoppoTrei N paRdog, Ba TTPETTEI va EXOUE:

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

Méavw oto TuAua (1) TG dokou evepyouv ekTOG aTTd TIG: A, Fo Kal GAAEG
OuVAEIG TTOU TTpoEpyovTal atrd To TuAPa (1) TNG dokoU Kal epgavidovTal
EQPAPUOOPEVEG OTO ONEia TNG TOURS T— T (OX. 8.5.8).

ZxAupa 8.5B Tour 1 - 1 1nS BOKOU

210 0. 8.5y emeIdn 1o TpNWa |l BpiokeTal o€ IcOppOTTIa, TTPIV Va YivEl N
TOUA T - T, TO TUAMG | aokouoe TTavw oTo |l duvapelg avTiBeTeg.

ZxAua 8.5y Toun 1-1 TG GOKOU
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O1 duvapeig Tou gvepyouv oto TuAua (Il) Tng Toung ouvTiBeTal oTNV
(A, F2) peratomidovtdag Tnv TapadAAnAa TTpog Tov @opéa TnG (ox. 8.5y) woTte
va Trepdoel atrd 10 T Kal TTpocBéToupe TN potth My = (A, F2)-h kaAeital
KauTTikn potrr. H (A, F») gival rpogavég 611 avaAuetal otnv N (agovikn
Suvapun) kai otnv Q (SraTpnTik dUvapn). H pot My, = (A, F,)-h kaAeitai
KOMTITIKF) POTTH.

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

Ag doUpE OPWG pia TTPOG Wia TIG TTOPATTAVW ECWTEPIKEG OUVAEIG.

i) H N givai BeTikry, N>0, 6tav n afoviki d0vaun epeAKUEl TN dlaToun,
evw n N gival apvnTikr, N<0, 6tav n agoviki d0vapun OAiBel Tn diaTounR.

xAua 8.58 Zrjuavon e N

i) H Q givai BeTikA, Q>0, yia de§i6oTpoPn potri) Kal Q<0, yia apioTe-
pPOOTPOPN PO

ZxApa 8.5¢ Znuavon ¢ Q
i) H My, givai BeTikr}, Mp>0, 6Tav n KOUTITIKF POTTH avayKAdel To BETIKO
ouUvopo TG B0KOU va To PeAKUTEI KAl

Mp<0, 6Tav N KOUTITIKA POTT avaykadel To BETIKO aUvopo TnG dokou
va 1o BAIYEL.
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ZyxAua 8.50T1 2rjuavon tne M

Ma pia opBoywvikr diatour| Yiag dokouU TTou SEXETAI YOPTia, ETTAKOAOUBO
eival n 00kOG va Kau@Bei. ETal AoIrév, n KATw akur ePEAKUETAI, EVW N AVW
akun BAiBeTal- dnAadn or duo Trepioxég (1) kan (1) TnG dokou epgavidouv
EQEANKUOTIKEG KOl BANTITIKEG TAOEIG.

O &&ovag 0-0 Trapouaoidder pia 1diaitepn onuacia. Katd urkog autou Tou
agova ol iveg TNG dIATOUNAG, KATA TN QOPTION, gV dEXOVTAI KAUIA TTAPAPOP-
Qwan (oudérepog agovag TG SIATOUAG).

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

ZxAua 8.5n Kauwn tng dokou
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ZxAua 8.58 Kauwn tn¢ diaroung tng okou

8.6 EMIAYZH AOKQN. AIATPAMMATA [M], [Q], [N]
AM®IEPEIZTH AOKOZ ME ZYTKENTPQMENO ®OPTIO

Aigypappa [N]

Emeidn Ag = 0, ouvayoupe, 0TI KaB’ 6A0 TO UAKOG TNG OOKOU £XOUE:
N =0.

Aidypappa [Q] - TEUVOUOWYV SUVAPEWY

Oewpoupe yia 1o TUAPA AlT Tng dokou AB, Tour T4 - T4 KAI TTEPVOUE TIG
duvapelg TTou BpiokovTal apioTePd TNG TOUAG T4 - T1 (TIG AlyOTEPEG DUVAEIG
TIG KABETEG OTN OOKO aPOU aUTEG Bidouv TEPvouoa). AuTn gival n Ay = 250
daN. Na 70 TpoaNpo TNG TEUVOUCAG, YPAPOUUE TNV Ay BEGIA TNG TOUNG HE
avTiBeTN Popd, oTréTE didouv DECIBATPOPN POTTH Gpa N TEUVouaa OTo A Kall
MéEXpI TO I givar BeTIKA kai ion pe 250 daN.
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IxApa 8.6a Auiépeiarn S0KOS

ZxApa 8.6B Toun 1-1

MNa 1o TuAua BN Tng dokou, dpoia, BEwPOUUE TOWN To-To KAI TIAIPVOUE
TIG duvapelg TTou BpiokovTal BegIA TNG TOPNG T - To. AUTH gival n By, = 250
daN. lNa 1o TPOaNUOo TNG TEPVOUOAG YPAPOUUE TwV By, apioTepd Tng Topng
ME avTiBeTn @opd, ottdTe Sidouv apIoTEPOOTPOPN POTIH Kal APa N TEUVOUCT
eivar apvnTikA a11é 10 B €Ww¢ TO I K1 ion pe 250 daN.
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Aiaypappa [M] - KAUTITIKH POTTWV

TuApa AIM H pottry o1o A gival undév: Ma = 0. H pottry oto I yia 11g du-
VAuEIG TTou BpiokovTal aploTepd Tou I gival ion pe:

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

‘Exel onueio BeTIKO yiaTi TO BETIKO 0UVOPO EQPEAKUETA.

Zxnupa 8.6y 2nuavon tng¢ M
TuAua B H potrr oo B €ival undév Mg = 0. H pott oTo I yia Tig duva-

MEIG TTou BpiokovTal apiaoTepd Tou B, eivar ion pe: By, - 3m =250 daN - 3m =
750 daN - m. 'Exel anueio BTk, yiaTi TO BETIKO GUVOPO QPEAKUETA.

TxAua 8.68 2nuavon tng M

MeTd atmd auTd, KaTaokeuddoupe Ta diaypduuata [Q] kal [M] TG au@i-
£€peioTng dokou AB, TTou déxeTal atn péan 1o @opTio Twv 500 daN.
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2. Na Bpebouv Ta diaypdauuata [M], [Q], [N] oTnv TTapakdTw au@IEPEI-
oTn S0KO.

Aiaypappa [M]

TxAua 8.6 Augiépeiotn SOKOS
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Y1oAoyiouog avTidpdoswyv
1. ZF, =0 dpa: A, = 300 daN cuv60
onA.: A,=150daN

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

3. EM% =0 Gpa: - 259,5 daN - 2m + 200 daN - 6m - 7m - B, = 0
SnA.: By, = 97,29 daN kai A, =- 156,79 daN,

dnAadn anuaivel 0TI N Ay £X€l OPAE avTIBETN ATTO QUTA TTOU £XEI GTO OXNU.

Aigypappa [N] - agovikwv duvdpewyv

210 TUAMa Al TNG dokou, £xoupe atro TIG Akal 150 daN duvauelg, BAiwn
Tou TUAuaTog autou, dpa N < 0 kai N =- 150 daN.

Aidypappa [Q] - TEUVOUCWYV SUVAPEWY

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

Qar =-156,79 daN

Ma 1o TuAna MA TG dokoU Kai yia Toun T - T 0e€Id Tou I, £XOUE:
Qra=259,5 daN - 156,79 daN = 102,71 daN

Kal Qrp > 0 (0e€i6aTPOPN POTIN).

Ma 1o TuAPa AB TNG doKoU Kal yIa TOPN T - T O€€I& TOu A, £XOUE:

Qag = 97,29 daN kai Qpg < 0 (apioTepdOTPOPN POTTH).
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IxAMa 8.60T Zrjuavon e Q

Aidypappa [M] - KOPTTTIKWV POTTWV

TuRpa AI' My = 0. H pottfy oo I yia Tig duvapelg TTou BpiokovTal api-
otepa Tou I, potm) divel n Ay kai giva:

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

Kol emeIdr) n Ay BAiBel To BeTikd oUvopo Tou TuARpaTog Al Tng dokou,
eivar: M #p <0.

TuAua FA MNa pio Toun 1 - T 010 A KOl aploTepd, Ba £XOUUE:

M’ =- 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], mapatnpoupe 6Ti:

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

Apa, AJovTag wg TTPog X €xoupe: X = 3,053 m

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

a) H avridpaon A, = 250 daN

Qa =Ay =250 daN

Qg =B =250daN

o1aBepr] OnA. KaB’ 6Ao TO PrKog Tou TTPoGAou

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

Mg =0
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ZyxAua 8.6¢ MNpdBoAog

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

ZxAua 8.6n MpdéLBoAog
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5. Na BpeBouv ta diaypdupata [M], [Q] TNV TTAOPAKATW AUPIEPEICTN
00K TToU BEXETAI GUVEXH OUOIGUOP®N POPTION (YEPOVOYEQUPQ).

daN
Ag utToB€0c0ouUpE OTI TO UKOG TNG dokou gival | kal To popTioq ——.

ql m
Eivai mpogaveg 6T Ay =By, = E

ZxAua 8.60 AupiépeioTn GOKOS
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a) MNa TV Toun hag T - T o€ amméoTacn x amd Tnv dpbpwon A yia 1o
diadypappa [Q] —TepvoucwV dUVAPEWV— Ba £XOUE:

I I
QX :q-qx:q.(-xj
2 2

I 0, Q a
la x=0, =—
=L AT,

B) MNa 1o didypapua [M]- KAuTTIKWY POTTWV Ba €XOUE:
Mx = ¥ (I'-x),
2
TToU €ival pia g¢icwan dsutépou Babuol wg TTPog X, dnAadn eivai TTa-
PAPOAR.
Na x=0, Mp=0

I qI2
Na x= —, Mygov = —
2 8

AuTn €ival N YEyIOTN TIMA TNG KAUTITIKAG POTTAG OTO PJéTOV TNG OOKOU.

Nax=1,Mg=0
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6. Na Bpebouv Ta diaypdaupara [Q], [M] otov TrTapakdtw TTpéRoAo TTou
OEXETAI TUVEXT OPOIOUOPPN POPTION.

XxAua 8.6n MpdéBoAog
H avtidpaon otnv makTwon A givai: A= 600 daN

Aidypappa [Q] MNa Tnv Toun T - T € aTTOCTACN X ATTO TO A, £XOUE:
Qx=A-qy
Qore yia x = 0, €xoupe: Qa =600 daN

EVW yIa X = im =1,5 m Ba £xoupe:

Q, =600 daN - 200 - zdaN- apa:
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Qy =300 daN

MNa x = 3m, Ba Bpoupe TNV Qg, dnNA. Qg = 600 daN - 600 daN =0

Aiaypappa [M]

H poTTr TTAKTWOEWG gival

My =-600daN - 1,5m =-900daN - m

Mg =0

MNa v kataokeur TNG TTapaBoAng, diaipoupe Tnv AB kai Tnv AA” o€ 8
ioa TuApaTa Kal xapdadoupe Tig 1B, 2B, 3B, ..., 7B. ATo Ta onueia 1, 2, 3,

..., 7 TOU TUAKOTOG AB, Yapddloupe Tig kaBéToug 117, 227, ..., 77 . Ta onueia
A, 7,6°,5,4°,3°, 2,17, B eival Ta onpeia TNG TTapaBoAnc.

7. Na BpeBouv Ta diaypdauuara [M], [Q] oTov TTapakdTw @opéa. Na
Bpeite TNV M.

ZxAua 8.60 Movorrpoéxouaa 60KOS



198 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

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

8. Na Bpebouv Ta dia-
ypdupata [Q], [M] Tou TTa-
PAKATW QopEal.

ZxAua 8.6i Aupimpoéxouoa dokOS
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Eivai Ay + By, = 1200 daN
ZF? =0=-400daN-2m+600daN-2m-B,-4m+200daN-5m=0
Apa 4B,=1400 daN

B,, = 350 daN
A, = 850 daN

Aiaypappa [Q]
‘Exoupe: Qr =0

Q)" =-400 daN

Q2% = +450 daN
Qg” =-150 daN

QY% =+ 200 daN

Qa=0

Aidgypappa [M]

‘Exoupe: M =0

M, =-400daN -2 m=-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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9. Na Bpebouv 1a diaypduparta [M], [Q] oTOV TTAPAKATW POPEQ

ZxAMa 8.6k Au@iépeioTn OOKOS

‘EXOUpE:
Ay + By =800 daN

M, =0
200 daN-2 m + 600 daN-7,5 m - B,-10 m = 0

Apa By =490daN

A, =310 daN
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Aidypappa [Q]
Qa=310daN = Q;°
QX =110daN =Q5°
Qu =- 190 daN
Qg =-490daN

Aiagypappa [M]

Mp=0, Mr=620daN - m
Mp=310daN -5 m-200daN -3m=950daN - m

My =490daN-2,5m-300daN - 1,25 m=850daN - m

AlamoTwoTe TNV aARBgIa TV TTOPAKATW dIAYPAUUATWY:

1.

ZxAMa 8.6A
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2.

ZyxApa 8.6p

ZxApa 8.6v
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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

TyxAua 8.6§
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ZxAupa 8.60

MapartnpeioTe OTI:

My =-100 daN-8m - 200 daN-4m = -1600 daN-m
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o—g—o ZYNTOMH MNMEPIAHWYH OFAOOY KE®AAAIOY
z
e O1 avTIdpdoelg oTNPISEWV €ival EEWTEPIKEG DUVANEIG TTOU
z TIPOEPYOVTAI ATTO TNV £€0paan TOU OTEPEOU TTAVW OTA OTN-
piyMOTA TOU KOl avaTTTUooOoVTal OTO onueia auTd.

MakTwon
AvTidpaoeig Tpeig: Ay, Ay, My

ApOpwon
AvTidpaaoeig dUo: Ay, Ay (OUVIOTWOEG TNG A)

KoAion
AvTidpaon pia: Ay

o Ta KOTOOKEUAOTIKA OTOIXEIO KABE PopEa TTOU DEXETAI EEWTEPIKA POPTIA
givar: 1. n papdog, 2. n dokog 3. 0 diokog, 4. n TAdKA, 5. T0 KEAUPOG.

e Ta €idn Twv oKWV avaloya Pe Tov TPOTTO TNG OTHPIEAS Toug civair: 1.
TPOROAOG, 2. HOVOTTPOEXOUTA, 3. AUPITTPOEXOUTA, 4. AUPIEPEICTN.
Tnv TTEPITTTWON TNG AUPITTOKTNG OOKOU dev Ba Tnv e¢eTdlooupE €dW.

o O1 popeig TTou €€eTACOUE TWPA Eival Ol GTATIKWG OPIGUEVOI POPEIG ONAa-
On €KEivol TwV OTToIWV PE TNV BonBEIa TwV TPILV CUVBNKWY ICOPPOTTIAg
(2Fx=0,2F, =0, 2M ; = 0) ymopoUpE va UTTOAOYiIoOUE TIG avTIOPACEIG
oTNPIEEWG TOug (BNA. 0 TTPOPROAOG, N APPIEPEIOTN DOKOGS KAl TO TIPOEXOVTA
dokapia).

o [Na 1ig eowTepikEG duvdpeig N, Q, M dnAadr Tnv agoviki opBr dUvapun
N, Tnv TEpvouca dUvaun Q kai TNV KAPTITIKA potr My piag diatoung
T-T TNG BOKOU, WG TTPOG TN CHUAVOT] TOUG £XOUUE VO TTOUUE 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 de§160TPOPN POTTA TWV APIOTEPA 1 OECIA TNG TOMAG T - T
OUVANEWV



206 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

Kal Q<0 yia apioTePOOTPOPN POTTA TWV APIoTEPA 1) DEEIA TNG TOUNAS
T-T OUVANEWV.

y) n M;>0 6t1av n potrf KApYnNg avaykdadel 1o BeTIkG oUvopo NG dIATOUAS
Va TO EQPEAKUTEI

Kal M;<0 étav n potrA KAPYnNGg avaykdadel To BeTikd ouvopo TG dia-
TOUNAG va TO BAIYEI.

@ AZKHZEIX

=¢ Na BpeBoulv Ta diaypdpuata [M], [Q] Twv TTApaKATW QOPEWV



®OPEIs - POPTISZEIS - ZTHPIZEIE 207






KEDAAAIO

AIATMHZzH

9.1 lNevikd

9.2 H mapaudépewaon Kai n Tdon

9.3 Ta TroooTIKA peYEDN TNG S1IATPINONG
9.4 Ta 6pi1a POPTIONG

9.5 Tpnon - YyaAidiopog

9.6 H emidpaon Tng TEuvoucag duvaung
9.7 Epapuoyég

209






AIATMHEH 211

.) Emdiwképevol oTé)o!I:

O1 yabnrég:

Iz/ Na avayvwpifouv Kai va ava@eépouv TNV Eueavion dIoTunTIKWY du-
VAUEWV.

E/ Na ava@épouv Toug VOUOUG TToU €XOUV @apuoyn oTn SIATUNoN Kal
vVa yVWpPIidouv TOUG OXETIKOUG TUTTOUG.

E/ Na p1TopoUV va KAVouUV OTOIXEIWOEIG UTTOAOYIOUOUG.

9.1 TENIKA

Otav oupBei o€ éva cwa, TTAVW OTO OTT0I0 EvEPYOUV SUVAEIC, VO EUPA-
vieTal TTapapdp@WOn KAata TNV otroia Exouue oAioBnon diatouwy, TOTE
A€pE OTI TO CWHA KATATTOVEITAI € BIATHNOT. XAPAKTNPIOTIKO TTAPAdEIya
Karammévnong o€ dIATUNON €XOUUE OTOV KOPUO Kap®iou (RAou) 1 KoxAia
TTOU ouvdéel eAdopata, 6TTwg oTo oxAua 9.1.a

xAua 9.1.a MNapadeiyua karamrévnong o€ didTunon

Mapatnpouue AoITTOV OTI OTn dIATOMN a-a £€XOulE KaTatroévnon o€ O1d-
TuNon. O1 avtippotreg duvapelg F, dia Twv eEAaopdTwy, evepyouv eyKAPOIa
oTn dlaTOMN a-a Tou AAOU Kal Teivouv va TTpokaAégouv dioAicbnon Twv
dlatouwyv (oAioBnon Twv Popiwyv), Katd Tn dielBuvaon evEPYEIAS TOUG Kal
av ol SUVAUEIG AUTEG gival ApKETA PeYAAES Ba €xoupe Toun (KOWIPO) Tou
KoppoU Tou AAou, Katd Tn diaTour) a-a.
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9.2 H MNAPAMOP®QZH KAI Ol TAZEIZ

Ag doupe TwPA TN CUPTTEPIPOPA TOU UAIKOU. &’ QUTEG TIG OUVBAKES POPTIONG,
ox. 9.2.a, 10 éAhaopa (1), utto Tnv emidpaon Tng duvaung F, el Tov Kopud
TOU AoV TTPOG Ta O€€Id, evw To EAacpua (2), avtioToixa, TTPOG T ApIOTE-
pd. AnAadn, e€aitiag TNG dpdong Twv duvauswy F, epgavidovral TACEIS T,
eykdpoia, (TrapdAAnAa) TTpog Tn dIATOWN a-a, Ol OTTOIEG TEIVOUV va TTPOKA-
Aéoouv Tnv oAicBnon Twv popiwv, katd T d1ElBuvaon TNG dIATOPNG AUTHG.
Av TTapaTnProoUE £Va OTOIXEIWOEG TUM KO TOU KOPUOU Tou Aou, auTd Ba
EXEI TN Jop®r ABIA, TTpIv Quoiké atrd Tnv €TTEVEPYEIQ TWV DUVANEWYV F.

TxAMa 9.2.a H ouutrepipopd Tou UAIKOU OTnv Karamrovnaon g SIatunong

MeTd Tnv emmBOAN Twv duvauewy F kal Tnv Trapaudppuwaon Tou Kopuou
TOU RAOU, auTd TO GTOIXEIWDEG TUNMa Ba AdRel Tn Béon A'BIA". Epgaviletal,
dnAadn, pia ywvia yeTagu TG apXIKNAG Kal TNG TEAIKAG B€ang TNG akung AB
TOU OTOIXEIWOOUG TUAUATOG.

AuTA N ywvia, TTou TN gUpPBoAIfoUE YE TO YPAUMa Y, OVOUACZETal YwvVia
oAioOnong | ywvia rapapdépewong. H ywvia oAicbnong e¢aptdrai:

a) atré 1n dUvaun TTOU AOKEITAI TTAVW OTO AVTIKEIPEVO,
) a1rd TO UAIKO KOTOOKEUNG TOU AVTIKEIUEVOU
y) OO TO OXUA TOU QVTIKEIPMEVOU.

O1 duvdpelg TTou miRapUvouy, OTTWG TTEPIYPAPETAI TTAPATTAVW, dIAPO-
pOoUG Qopeig, ovoudlovTtal SIOTUNTIKEG BUVAMEIG, VW Ol AVATITUOTOUEVES
TAOoEIG, SIATUNTIKEG TAOEIG.
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9.3 TATIOZOTIKA MEIME®H THZ AIATMHZHZ

TNV TTPOCTTABEIN YOG VO EKPPACOUNE TIG TTOOOTIKEG OXEOEIG, JETAEU TWV
MEYEBWV TTOU avaPEPOVTAI OTO PAIVOPEVO TTOU £CETACOUNE, Ba KAVOUE TIG
€EAG TTOPABOYEG, Ol OTTOIEG EUPITKOVTAI TTOAU KOVTA GTNV TTPAYMATIKOTNTA:

a) 0 vOPOG TNG avaAoyiag Tou Hooke 10xUEl Kal TNV TTEPITITWON TNG
KATatmrovnong o€ didTunaon,

) oI TTOPAPOPPWOEIG TWV BIAPOPWY HEPWIV TWV KATAOKEUWV Eival TTOAU
MIKPEG, Epbdaov BERaia Kivoupueba péoa oTa ETTITPETITA OPIa TOU VOUOU
TNG avaloyiag.

Me autd Ta dedopéva uTTopouue va dexbouue OTi:

1) H kaTavoun Twv SIoTUNTIKWY TACEWY, TNV KATATTOVOUREVN dIATouN,
gival opoiduopen Kai

2) H kaTatrovoupevn diatour] Trapapével eTTiredog, katd Tn dpdan Twv
OIOTUNTIKWY OUVAMEWV.

Etouévwg, av:
F n evepyouaa diatunTikr dUvaun Kai
S 70 €uPadOV TNG KATATTOVOUHEVNG OIATOUNG, TOTE N dIGTUNTIKN TAoN

(1) €ivau

=_ (9.3.0)

lMa TN ywvia Tapapoép@waong y, Tou, 6TrwG eiTraue, Ba ival TTOAU pikpn,

€xoupe (oX. 9.2.0)

AA .
y =epy =——o¢ rad
BA

2UPOWVa PE To VOO TNG avaloyiag, TTou 1oxUEl Kal €dw, 0 Adyog TNG

SIaTUNTIKAG TAONG TTPOG TN ywvia TTapaudp@waong, aTnV EAACTIKN TTEPIOXH,
gival otaBepdg. O Adyog auTdg ovoudadleTal METPO SIATUNONG, 1| HETPO
oAioBnong, ) 5eUTEPO PETPO EAAOTIKOTNTAG. TO OTAOEPO QUTO PéyEBOG,
TO OUpBOAiIfoupe pe To ypduua G. Apa, givail:

:
G=— oe N/m? (9.3.8)
y

* ETropévwg, 1o péyebog vy gival adidoTaTto
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To pétpo diaTuNoNg €xel dIaoTAoEI TAONG, apou To Y, N ywvia dnA.
oAioBnong, ival péyebog adidoTaro.

ATtrodeikvUeTal 6Tl TO HETPO DIATUNONG £XEI Mia aTTAR OXE0N (YPAMMIKE)
ME TO YETPO EAADTIKOTNTAG TOU UAIKOU™.

H 1iuA Tou G yia Ta cuvABn UAIKG TwV KOTOOKEUWY, gival, TTEPITTOU

G=0.385-E (9.3.y)

MNa Toug xaAuBeg, TTou eival Baaikd UAIKG yia TIG NXAVOAOYIKEG KATA-
OKEUEG, OI TIUEG, KOTA TTPOCEyyYIon, Eival:
daN daN

G=7,95x 102l2 n795%x10° — n 7,95 x% 103—2
m sz mm

9.4 TA OPIA ®OPTIZHZ

MNa Ta ouviRBn UAIKA KOTOOKEUWY N ETITPETTOUEVN TAON o€ dIATUNON, Be-
wpeital ion pe 0,85 TNG avTioToIXNG ETTITPETTOPEVNG TAONG O€ EQPEAKUCUO.
Etmouévwg eivai:

Ten = 0,850’511 (940)
MNa Tov xutooidnpo duwg ival:
Tenr = 1,10e; (9.4.8)

ETre1dn eival dUokoAog 0 akpIBAS TTPOGBIOPITUOGS TOU TPOTTOU [E TOV OTTOI0
avTIOPOUV Ta UAIKA KATW aTTd TIG DIAPOPES CUVOAKES POPTIONG KOI HOPPES
TToU AapuBAavouv PECA OTIG KATOOKEUEG, KATAPEUYOUNE O TTEIPAUATIKOUG
TTPOCSIOPIoUOUG TWV ETTITPETTOPEVWY Opiwv @OpTIoNG. 'ETOI, avaloya pe
TO OXAMUA TNG KATATTOVOUUEVNG OIATOUNAG, O€ DIATUNGCN, TTPETTEI VA MEILVETAI
0 OUVTEAEOTHG AOPAAEING, WG EENG :

i. YIo KUKAIKR diatopr, ouvTteAeoTn¢ peiwong C = 0.75
ii. yia opBoywviknA diatoun, ouvteAeoTn peiwon 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

IyxApa 9.5.a Aidrunon i waAidiouog

21NV mepITTwaon Tou 0x.9.5 a, epapudloue oTn dlATour € TOU EAAO Q-
TOG, OUO ioeg Kal avTipopeg duvauels. O oKOTTOC JaG €ival va KOWOUUE TO
£Naopa, dnAadn va eTUXOUME, € TN MOVIUN TTAPAUOPPWaN, TO ETOUUNTO
oxnua. Otav epappolovtal aTnyv idia dl0TOUN ITES Kl avVTIPOPES DUVAEIG,
opiAoUpE yia TuAon f waAidiopo. To eaivouevo, Ouwg, gival autd Tng d1d-
THNONG, HOVO TTOU £0W £PYACOPACTE TTEPAV TWV OPIWV TNG avaAoyiag. ZTnv
TTEPITITWON PNAAIOTA TNG OTPAVTLAG, EpyalOPacTE OTNV TTAACTIKI TTEPIOXN
Kal 0To WaAidl eipacTe aTo 6plo Bpalong.

9.6 H ENIAPAZH THZ TEMNOYZAZ AYNAMHZ

H katamévnon o€ SIGTUNON, EKTOG OTTO TIG TIEPITTTWOEIG OTTOU €ival n facikn
KOTOTTOVNOT TOU GTOIXEIOU, OTTWG O’ aUTEC Twv OX. 9.1a Kal 9.5a epgavileTal
KAl 0€ OAEG TIG AAAEG TTEPITITWOEIG KATOTTOVIOEWYV KAl TTAPAUOPPWOEWV
TWV UAIKWV. AUTO oupBaivel, yiati ag OAEG TIG TTAPAPOPPWOEIS EXOUME Kal
oAiocBnaon Twv dloToUWY TTou gival, AiyOTEPO 1 TTEPICTOTEPO EPPAVIAS KATA
TTEPITITWON,.

27O TTEIPANO TOU EQEAKUCUOU, YIa TTAPGAEIyUa, TTOU Eidaue o€ TTpon-
youUpEVN TTaPAYPAPO EKTOG ATTO TNV ETTIMAKUVAON TOU SOKIMIOU, £XOUE Kal
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oTévwaon TNG dIAToUNG, EKEl akpIBwG, TTou TEAIKG Ba oTTdoEl To BOKiIO.

TxAua 9.6.a H oAioBnan mou sugavidstar kard n dladikaagia Tou EPEAKUTLOU

‘ET01, 010 oXAua 9.6.0., BAETTOUNE OTI TO onuEio A,, TTAnaiov TG B€ong
Bpauaong, oTnv TTEPIOXN OTEVWONG TNG OIOTOUNG, METAKIVABNKE, Adyw TNG
ETIROANG TWV EQPEAKUOTIKWV duvApewy F, atrd Tnv apxiki 8éon A,, O€ pia
GAAn, Tnv A¢. ‘Exoupe Aoimrév, pia petakivnon tnv Ay, TTou UTTopoupE va
TNV avaAUGOUNE WG Pia TTapGAANAN TTPOG TNV dIEUBUVON TWV EQEAKUCTIKWV
OuvAuEwY, Kal hia GAAN peTakivnon, KABeTn aTnv TTponyoupevn, Tnv Ay. H
TEANIK) YETATOTTION Ay — A1 dNAwvEl TTapdAANAnN oAicBnon Twyv diaTopwy,
dpa €xoupe TNV TTapouaia dIaTuNTIKWVY Taoewv. Avaloya gaivoueva Je
QUTO TTOU TTEPIYPAWAE, ENPAVICOVTal O OAEG TIG HOPPES KATATTOVNONG TWV
UAIKWV. O1 aTTaITiOEIG VIO A0QAAEIG KAl CUVANA OIKOVOUIKEG KATAOKEUEG,
Mog kaBopilouv Ta TTAQICIO HECT OTA OTTOIA TTPETTEI VA KATAOKEUAJOUUE TO
épya pag. Ta 6pia autd, dSnNAadn ol ETTITPETTOPEVES TAOEIG VIO TOV UTTOAOYI-
OO TNG AVvTOXNG, €ival TTOoO0OTO TOU opiou avaloyiag ) Bpavong yia Tnv
KATd TTEPITITWON Katatrévnaon, TTou ugioTaTal N KaTaokeur. Me TpouTro-
B¢oeig, OTI dev LeTTEPVANE Ta OPIA Kal OTI O POPEAG TOU EPYOU AVTEXEI TNV
KUPIO KATATTOVNOn TTOU u@ioTaral, JTTOPOUUE va un AGBoulE uTToyn Pag Tig
IATUNTIKEG TACEIG TTOU TIPOKUTITOUV DEUTEPOYEVWG. AV, OUWG, TTPOKUWOUV
uTTEPRACEIS TWV OPiIWYV, OTTWG TT.X. CUMPBAIVEI O€ TTEPITITWOEIG OEICPWY, N
Opdon Twv dIaTUNTIKWY duvApEwy, yivetal aigbnTr. O1 yeydAeg pwyuég oTnV
TOIXOTTOIiQ, TTOU TTAPOTNPOUVTAI O€ CEICUOTTANKTEG TTEPIOXEG - KAl JAAIOTA
uTTO ywvia 45°- o@eilovTal oTIG SIOTUNTIKEG DUVALEIG.
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9.7 EQAPMOIEZ

U NAPAAEIFMA 10

AUo peTaANIKG eEAdopata (a kal B) evw-
vovTal pe éva Ao diapéTpou d = 30 mm
(ox. 9.7.0). O KOpUOG TOU HAOU KaTA-
TToveiTal o€ dIATUNCN Ao pia duvaun
F = 30KN.Av 10 UAIKS TOU AAOU gival
o116 st40 Kal 0 cuvTEAEOTAG AoPaAEiag
5, va e\eyxBei n avtoxn Tou Aou.

IxAua 9.7.a
ATtravrnon daN
1) To uAIkS Tou AAoU €xel Oplo Bpaloewg Og, =40 .
P mm2

ZUPQWVa Pe 60 EXOUNE QVAPEPEL VIO TO CUVTEAEDTH AOPAAEIOG Kal
yia Ta 6pla @OPTIONG aTNV TTapaypa®o 9.4. (oxéon 9.4.a), Ba civai
yIQ TNV €MTPETTOUEVN TAON O€ dIATUNON;:
_ 08505 0,85x40

\% 5

TE'IT

daN
T..= 6,8
ETT mm2

2) H emedveia diatoung Tou nAou givai:
m-d®  1.30°
A = =
4 4
A=706,85 mm?2

3) H avatrruoodpevn 1aon gival 1 =
oxAuaTtog (Trap. 9.6)

, 6oy C=0,75 ouvTeAeOTNG
A.C

a) F = 30KN = 30x103N = 30x103x10-" daN

n F = 30KN = 30%x103x10-"daN
F =3x103 daN
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F 3 x10°
B) I=— =
AC 706,85x 0.75
daN
T=5,66
mm?
daN daN
Gpa T=566 " <7, =68
mm? mm?

Etmropévwg o nAog pe d = 30 mm gival ETTAPKNG.

U NAPAAEITMA 20

>pnva Pe epyaloueveg dlaotdaoelg (ox. 9.7.8), TTAdGToug: 10mm, YAKoUG:
100 mm, 0youg: 5 mm, kartartroveital o€ dIaTunon amo duvaun F. ZnToupe
va uttoAoyIoBei n péyiatn dUvapn TTOU UTTOPOUE VA EQAPPOCOUNE, XWPIG
Va KOTaoTpagei N oeriva. Zntaue akoun TNV mapaudép@waon Tng oQrvag,
oTnNV TTEPITITWON £€QAPUOYNS TNG MEYIOTNS dUvVANNG. Na To UAIKO TNG OOn-
vag, diveral:

MéTpo Siémunonc: G = 7,95 x 105 92N
2
cm
N
Oplio Bpavong: og,= 4000 di
cm?

2UVTEAEOTAG AOQPAAEIOG V = 5

ATTdvinon

IXApa 9.7.8
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1. H emtpemopevn 1édon o€ didtunon ivai
_ 0,85-0y,  0,85x4000

Y, 5
daN

cm?

TE'IT

Ter = 680

2. H em@dveia 1ng dIOTOUNG TNG OYRVAG, TTOU KATATTOVEITAI €ival
A=05%x1+10x1+0,5%x1=11cm?

3. H péyiotn duvapn otnv otroia utropei va avtéEel n o@Ava, gival ekeivn
n duvapn, n otroia Ba avatTugel oTn dlATouR, TNV ETITPETTOMEVN TAON
apa Fax=TenA-C (6110U C = 0,66 0uvTEAEOTAG OXAUATOG TTOPAYPa-
$0G 9.4)
EtTopévwg, €XOoUuE:
Fmax= 680 x 11 x 0,66
n Fnax = 4.936,8 daN

4. Me Tnv g@appoyn TNG Fmax, N TTapaudpewon Ba gival cUPwva Pe
™ oxéon 9.3B.
ETT

Y=7
G

680

y =~ =0,00085rad
7,95x10

w80
y =0,00085 x — =2'56"",4
'IT

Etmopévwg, n p€yiotn duvaun eivar: Frayx = 4.936,8 daN kai n Tapa-
MOpowon y=2'56"",4

U NAPAAEIMA 3o

ATTO XaAUBdIvn Aapapiva UAIKoU st37, Trdyoug t = Tmm, Ba kavoule TTapaywyr)
podeAwv, pe diaoTdoelg, eEwTePIKAG dlapéTpou D =18mm Kal ECWTEPIKAG
d =9 mm. Zntape va TpoadiopiaTei n dUvaun KOTNg Fgg.

ATmrdvrnon
H ko1t o€ péoca avaTrTuooel kabapn diaTunaon. H emeaveia mou ugi-
oTaral TIG SIaTUNTIKEG DUVAEIG €ival N ETTIGAVEIN 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@adveia kotg, eiva: A=t (m- D+ 1 - d)

A=1x(m-18+ 1 9)= 84,8 mm?

3. H duvapun kotig Ba eival: Fg = A - Tgp,

Fgp = 29,6 x 84,8 =2510,08 daN

Apa, n Tpécoa Ba TTPETTEI va avaTTTugel dUvapn, TOUAAXIOTOV ion JE
Fgp =2510,08 daN = 25,1 KN,

YIO VO KOWEI QUTEG TIG POOEAEG.

U NAPAAEIMA 40

Na utroAoyioBei n pé€yioTn dUvaun oTNV OTToIa AVTEXEI N NAEKTPOTUYKOA-
Anon, JE T YEWMETPIKA OTOIXEIQ TOU OXNAPOTOG 9.7y. H emITpeTTOUEVN TACN
o€ didTunon eival Tg; = 8 daN/mm?2.

IxAua 9.7.y

ATmrdavtnon
ZUuvABNG TPOTTOG CUYKOAANONG gival auTdg TTou deixvel To axnua 9.7y.
H ouykOAAnon katatroveital, o€ pia T€Tola TTEPITTTWON, o€ didTunon. H
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ETMIPAVEIQ TTOU UPIOTATAI TRV KATATTOVNOT, €ival QUTH TTOU QVTIOTOIXEI GTO
BéAog AB. H ¢nToUuevn duvaun gival F= 1A
‘ETor:

1. To euyBaddv tng emikivouvng diatoung eivar: Ay = £ x(AB),
(AB) = 10nu 45° = 7,07 mm ka1 apa A4 = 175 x 7,07 = 1237mm?, n
O¢ emmpAvela TTou avaAapBavel To goprio, ivar: A= 2-A4

2. Ta tn ¢ntoupevn duvapn Ba éxoupe F= 8x1237x2 = 19792 daN A
F=179,9KN

U NAPAAEIMA 50

Na utroAoyioeTe TIG dl00TACEIG TTOU Ba TTPETTEI va £X0UV Ol BideS Kal Ta
Aapdkia Tou oxnuartog 9.7.6, 6tav yvwpeifoupe 0TI TO cUOTNPA UTTOKEITAI
o€ popTio epeAkuopou F = 60 KN kai OTI: Ta AApAKIa €X0UV, O€ EQEAKUTUO,
0= 80000 KN/m?2 kau o1 Bideg, o€ dIATUNGN, Ter= 60000 KN/m?2.

IxAMa 9.78

ATtravrnon F
O1 Bideg kaTatTovoUvTal o€ dIATUNCN. ATTO Tn oxéon 9.3.a €XOUlE T = —
Kal ETTOPEVWG, av s N avaykaia diatoun Ba eivai: S
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60
60.000 = —
s
) 60 1
i s= = m
60000 1000
apa s=10cm?

Ma k&Be Bida, eTouévwg, n avaykaia diatoun gival 5 cm2, omoTE N
OIAPETPOG €ival:

60
60.000 = —
S
2
5=1m1—,
4
e 4x5
onAadn dw d= =4/6,38 =2,53cm = 25,3mm
3,14

ATTO TIG TUTTOTTOINUEVEG TWPA BIATOUEG, EXOUUE VIO TIG BIdES, WG TTANCIE-
aTtepn TP, TNV M27. Apa, gival dq = 27mm. Z1a AapdKia, a@rvovTag Kal T
OXETIKA Xapn, Ba £xoupe dIGUETPO TNG TPUTTAG B = 28mm. lMa TI¢ dIa0TACEIG
TTou Ba €xouv Ta Aaudkia, TTapaTnEoUUE Ta €EAG:

a. H 1reipa €xel deigel ,6TI TO KAAUTEPO TTAXOG, O€ TETOIEG TIEPITITWOEIS Eival:

Kal dpa TO TTaY0G oTa AaUAKIA, ATTd TIG TUTTOTTOINUEVES OIOCTACEIC, Ba
eival: t =14mm.

B. MNa va BpoUue 10 TTAGTOG £ TTPETTEI VO KABOPIoOUE TIG ETTIKIVOUVEG
Olatopég. O1 diatopég AB, TA, E= uttokeivial o€ eQeAKUCHO, EVW Ol
diatopés BZ, BK, T'H, TA, A®, AM, EI, EN o€ didTunon, yia KaBe Aauaki.
E¢etadoupe 10 Aapdki (B) €oTw O11: AB = TA = EZ, 167¢€ TO €PadSV Ba
eivare =3 (AB)-t=3-(AB)- 0,014

Apa, yia ToV EQEAKUCUO Ba £XOULE:

_ 60
80000
60
f 3% 0,014 x (AB) =
80000

(AB) = =0,01785m=1,78cm =17,8 mm

~ 80000x3x0,014
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Apa, To TTAGTOG £ Ba ivai:
£=3x17,8+2x28=109,4 mm
Ba TTapoupe
£=110 mm
Etouévwg, o1 dlaotaoelg TnG Aduag givar: 14 x 110 mm

©a uttoAoyiooupue ,TWPA, TIG ETTIKIVOUVES dlaTopéG o€ diaTunor. MNa kabe
Aapa auTtég gival TEooepig (ox. 9.7 8) MNa mn Adua (B), EXOUuE:

a=(ZB) = (Hr) = (A0 ) = (EI)

gival Ao 4 x 0,014 x a = 60/60000
, 60
A a=

60000 x4 x0,014

=0,0178 m=1,78cm =17,8 mm
Kal ag To BewpAooUE yia eyaAUTepn ao@aAeia, wg a =20 mm.

Ma Tnv TANPATNTA TOU BEUATOG, TNV TTEPITITWOTN OUVOEONG EAQCUATWY,
pE TTepTOivia ) Bideg, Ba TTPETTEI va yiveTal Kal EAEYXOG yia Tn oUVOAIyn oTnv
avrtuya. lNa tov €Aeyxo NG Téong ocUvOAIYnG TnNG AvTuyag oTa eEAACPOTA,
KAvouuE Xpron tng oXéong:

04 =

F
d-t
OTIOU Og4: N Taon ouvBAiwng TNG AvTuyag

F : 1o goprTio

d : n dIGPETPOG TNG TPUTTAG TOU EAGCHATOG

t : TO TTAY0G TOU EAGCUOTOG

Evw Ba mpétrel n Tdon ouvBAiyng TG AvTuyag va IKAVOTTOIEl TN axéon :
Oq < 20
2TIG OUVBNKEG TNG AOKNONG KOG 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?

._'9_. 2YNTOMH MNEPIAHWYH ENATOY KEDAAAIOY
Z

a. X€ DIGTUNON KATATTOVEITAl £va CWHA OTAV BUVAEIG EVEPYOUV
z eykdpaola o€ SIOTOUEG TOU.

B. To ammotéAeopa Tng dpdong autwy Twv SUVAPEWV ( TwvV
S1aTUNTIKWY), €ival N oAicBnon Twv dIATONWY .

y. To JETPO TNG TTAPAPOPPWONG Eival n ywvia y, (ywvia oAicBnong n a-
PapOPPWONG).

0. To uETPO oUPTTEPIPOPAG TOU UAIKOU, OTRV Katatrovnon tng didtunong, eivai
10 HETPO G: PETPO dIGTUNONG oAioBNnoNg, r} OeUTEPO PETPO EAACTIKOTNTAG.

€. Ol TTOOOTIKEG OXEOTEIG METAEU TWV PEYEBWV :
F: diaTunTik dpwoa duvaun
S: OIOTOMI KATATTOVOUUEVWY UAIKWV
T: OIOTUNTIKA avaTrTuooéuevn Tdon
Y: Ywvia oAicBnang n Tapapopewan

G: pétpo dIATUNONG i OAIGONaNG 1} SeUTEPO PETPO EAACTIKOTNTAG Eival:



@ AZKHIEIX

=¢ 1. Na uttoAoyio6gi n Tédon d1aTunong Trou
avamTuooeTal 010 Aaiyd xuTtoo1dnpdg déoTpag,
TTOU N dIATOMN TNG €ival KUKAIKOG OAKTUAIOG,
pE eCwTePIKN dIAueTPo D = 40 cm kai TTéx0g
3,5 cm, o6Tav oUpeTal aTTd €yKAPaIa dUvapn
F =500 KN.

Amavinon: T = 12,5 N/mm?

=¢ 2. Tpia eAdopaTa evwvovTal Je
£va TTEipo, TToU €x€l BIAuETPO=18
mm. Av n emTPETTOUEVN TAON TOU
UAIKOU, aTT0 TO OTTOIO £ival PTIOYME-
VoG 0 TTEiPOG, €ival Tgn = 800 daN/
cmZ, va uttoAoyioBei To péyioTo
QOpTiO, JE TO OTTOIO PUTTOPOUE Va
KOTOTTOVAGOUE TOV TTEIPO.

=¢ 3. ' HAwon o€ dITAn oeipd pe 8 TrepToivia,
katatroveitalr amd duvaun F = 280 KN, oe
d1aTuNOoN. Av TO UAIKO TWV TTEPTOIVIWV Ei-
val XaAuBag UAIKoU st42 kal 0 CUVTEAEOTAG
ao@aAeiag 4, va utroloyioBei n dIAUETPOG
TWV TTEPTOIVIWV.

Amavrnon: d = 26 mm
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ZyxApa 9.9.a

TxAua 9.9.8

Amavrnon: Pmax=30,48 KN

IxAua 9.9.y
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¢ 4. Me dU0 Bideg diapéTpou

d, evwvoupe Tpia eAdoua-

Ta. H ouvdeon kartatroveiTtal

ato duvaun F = 10000N.

To UAIKG, aTTé TO OTTOIO €ival

KOTAOKEUQOUEVEG OI BidEG,

£Xel Oplo Bpauong, ggp =

400N/mmZ2. Na utroAoyi-

00¢i N avaykaia dIAPETPOG

TOU KOPMOU, TTOU TTPETTE Va IxAMa 9.9.5
€XOUV Ol BidEC. ZuvTeEAEDTNG

aoc@dAciag, éoTw 4.

Amavinon: d = 8mm

= 5. @¢Aoupe va kdyoupe Adua 10x60 mm o€ punxavikd wahidl. Na uTtro-
AoyioB¢i n avaykaia dUvapun KOTAG, av To UAIKO TNG Aduag gival st37.

Amavrnon: F =188,7 KN

o 6. 2€ TTPE0OO Ba KOWOUUE KOPUATIA
OTTWG BEiX Vel TO TTAPATTAEUPWG OXAMA,
o110 Aapapiva Téyoug t = 2 mm kai UAIKO
He 6pio Bpauang og, = 300 N/mm2. Na
uTtoAoyioeTe TNV avaykaia duvapun KoTAG,
TTOU TTPETTEI VO QVaTITUEEI N TTPECTQ.

ZxApa 9.9.€

Amavinon: Fgp = 310,1 KN

=& 7. K6Boupe évav agova pe d = 6mm. Av n tédon Bpauong eival
Ogp= 370 N/mm?2, 1roia eival n SUvapn KoTAG ;

Amavrnon: P, =6,7 KN
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=¢ 8. Mia o@rjva, uwoug 10 mm, TAGToug 10 mm Kai urikoug 75 mm, cuvoEel
évav agova, diapéTpou d = 50 mm, e pia TpoxaAia TTou Kiveital atrd pia poTrh
M;= 1 KNm. Na uttoAoyicB¢i n avamtruaoopevn diatunTiki Tdon oTn oQrva.

ZxApa 9.9.7
Amavrnon: 1=53,3 My

=& 9. Mg éva poxAo, pnkoug 640 mm,
oTpEQOUpE Evav agova, diauétpou 80
mm, JE TOV OTTOI0 CUVOEETAI UE Mia
oQAva, TTAGTOUG 8 mm Kal UrKoug
30 mm. Av 10 UAIKO TNG OQrvag £XEl
emMTPETOUEVN TAON O€ OIdTUNON, 45
N/mm?Z, va uttoAoyioBouUv: ZxApa 9.9.n

a. H péyiotn duvaun F,, mou
AvTEXEl N COAVA KOl

B. H avrtioToixn péyiotn duvaun P,,, TTOU TTPETTEl VO EQAPPOCOUE OTO
AdKkpOo TOU HoxAoU.

Amavrnon: Fp, =10,8 KN kai P, =675 N
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=% 10. AUo TTAGKEG pE TO iB10 TTAXOG t Kal TTAATOG a, €ival KOANUEVES, OTTWG
@aiveral o1o oxnua. Na opioete Tn PEyIoTn dIATUNTIKN TAGN OTNV KOAANGN,
TTOU QVTIOTOIXEI 0€ QpopTio P.

IxAHa 9.9.0

i 0,707-P
Amdvrnon: 1= ———
T-0



KEDAAAIO

KAMWH

10.1 Tevikd - Eidn kKApyewv
10.2 Tdoe€ig TTOU AVOTITUOOOVTAI O€ KAPTITOMEVH BOKO

10.3 AoKOGg iong avroxng o€ KAuYn

229
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.) Emdiwképevol oTé)o!I:

ZKOTTOG Tou KeQaAaiou auTtou gival, ol pabnTég:

Iz/ Na £gnyouv TIG £€vvoIES Kal Ta €idn TwV KAUWEWY, KaBwG ETTIONG Kai Tn
POTTA KAPWNG. AapBdavovTag utr éyn TIG TIPOUTTOBETEIG - TTAPADOXES
TTOU KAVOUE VIO VO ATTAOTTOINCOUNE Ta TTOAUTTAOKA TTPOBAAATA TNG
QAVTOXNG TWV UAIKWV.

Iz/ Na Karavoroouyv TIg TACEIG TTOU aVATITUCOOVTAl O€ KAPTITOUEVN OOKO,
TNV EAACTIKN YPAPUN, TO BEAOG KAPWEWG, TOV TUTTO TNG KAPWNG €EA-
yovTag ato Tov BepeAitodn autov TUTTO, XPNOIKNa CUUTTEPACUATA.

E/ Na uttoAoyiCouv TIG TINEG TWV AKPAIWY TACEWV KAl VO CUPTTEPAVOUV
ME atmAd TTapadeiypaTta OTI N KAPWN, 0av KATaTTovnon, ETTITPETTE
010 UAIKO avaAnyn duvauewy, TTOAU PIKpoTePN atrd 6on n BAiwn
KOl O EPEAKUOOG.

E/ Na emIAéyouv TIG dIOOTACEIG piag SOKOU €I¢ TPATTOV WOTE, N UTTApXoUCa
POTTA avTioTaonG va gival peyaAlTepn atmo TNV ammaIToUhevn POTTH
avtiotaong. Ta Trapadeiyyata Tou Ba xpnoiuoTroinbouv, vouifoue,
OTI €EUTTNPETOUV TOUG OTOXOUG auToUG Kal Ba gival o€ BEon ol pabnTég
va €TTIAUOUYV JE euxEpEla DIGPopa TEToIa TTPORAAuATA.

10.1 FENIKA

Edv €xoupe pia pdpdo, TTou Pe TNV £TIdPOON ECWTEPIKWY OUVANEWY TTAPA-
MOpP@WVETaI, UTTAPXEI PIa aAAayA 0T KAPTTUASTNTA Tou d¢ova Tng pdpdou
QUTAG Kail OTTWG AEUE QUTA OPEIAETAI O€ KATATTOVNON TNG PABOOU O€ KAUWN.
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IxAua 10.1a Kauwn paBdou amréd agidepo
EIAH KAMWEQN

1. KaBapn kdpyn %’ authfjv, avammtiooeTal JOvo poTrr) Kauywng My pe
atmoTéAeopa n pAaROOG va KAPTTUAWVETAI.

xAua 10.18 KaBapn kGuywn

2. Eykdpoia Kauyn ' auTAv, Ta QOpTia ETTEVEPYOUV KABETA OTO YEW-
METPIKO Gfova TNG pAPRdou, YE aTTOTEAETHA N PARDOG VO KAUTTUAWVETAI.

xAua 10.1y Eykapoia kauywn

3. EmuAKNG KApyYn 2’ auTr)v, Ta QOPTia ETTEVEPYOUV KATA UIKOG TOU
YEWUETPIKOU G&ova NG paRdou, ue aTToTEAEOHO N PAROOG VO KAUTTUAWVETAI.
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ZxApa 10.18 Emunkng kauwn

4. MeIKTH KAPyn X’ auThv, Ta QOPTIa ETTEVEPYOUV EKKEVTPO OPICOVTIO
Kal KABETa OTOV YEWMETPIKO Afova TNG papdou, Pe attoTEAECUA N p&Rdog
VO KAPTTUAWVETA.

ZxApa 10.1€ Meiktn kGuwn

270 KEQPAAQIO aUTO, Ba €CETACOUNE TNV ATTAR TTEPITITWON TTOU AVOTITUO-
geTal 0Tn O0KO MOVO POTTH KANWYEWS M. Tnv Téuvouaa duvaun Tnv TTa-
POAEITTOUPE OTOUG UTTOAOYIOUOUG JaG, YIOTI €ival ouvhBwg JIKpr.

2KOTTOG YAG €ival va UTTOAOYIOCOUE TIG TAOEIG TTOU TTPOKAAOUVTAI, AQ-
BavovTag utr YN OpIoUEVES TTAPADOXEG.

Aépg, 611 p1a SokOG KaTATroVEiTal O€ aTTAR KAUYN, 6Tav QopTifeTal
Me Celyn poTTwyV iong Kal avTiBeTng Qopdg ePOPUOCUEVWYV OE éva
€iTTed0, TTOU TTEPIEXEI TO YEWHMETPIKO dova Tng Sokou.

210 oXAMa 9.10T TTapaTNPEOUKE OTI N CUVICTAUEVN TWV ApIoTEPG 1 Oe€Id
MIOG TOPAG T-T QUVANEWY PETATPETTETAI O€ (EUYOG DUVANEWY —KAUTTTIKI] POTTH
M,— TTou BpiokeTal o€ ETTITTEDO KABETO TTPOG TN dlaTour (ETTITTESO POPTIONG).

ZxApa 10.101 Kduwn 6okou



234 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

O1 Trapadoyéc - TTpoulTroBEoelg TTou AapBdvoupe utr OWn Pag yia va
ATTAOTTOINOOUNE T TTOAUTTAOKA TTPORAANATA TNG AVTOXIG TWV UAIKWV Kal
yia va 10xUouV ol TUTTOI TTou B6a ava@EéPOouE TTIO KATW, Eival:

a) O1 diaoTdoeig NG dokou (h) og oxéon pe 1o uAKog NG (1), €ival
MIKPEG (12 2h).

B) O agovag Tng dokou gival EuBUYPAPMOG TTPIV TNV TTAPAUOPPWaCN:
META, yiveTal KAPTTUAOG (EAAOTIKA YPOMHR).

y) H diatopr Tng dokoU éxel GEova CUPPETPIAG Kal 0°6A0 TO JAKOG TNG
TTaPaUEVEI AUETABANTN.

0) Ta @oprTia TTou eTTeEVEPYOUV 0Tn OOKO gival KABETA TTAVW GTOV AEova
NG doKoU Kal BpiokovTal JEoa GTO ETTITTEOO GUUMETPIAG, TTPOG TO
0TT0i0 TO Avuoua TNG My (KauTITIKAG POTTAG) gival KABETO.

€) NauBdveral utr’ Oywn, OTI OI ETTIUNKUVOEIS gival avaAOyES TwvV TA-
oewv —0nA. 10xUel o Nopog Tou Hooke: o€ kd&Be iva Tng dokou Kal
TO METPO EAAOTIKOTNTOG OTOV EQEAKUCHO, €ival TO idI0 PE TO PETPO
€AOOTIKOTNTOG TNG BAIWNG.

oT) Aaupaveral utr OYn, OTI 01 ETTITTEOEG DIATOPES TTAPAPEVOUV ETTITTEDES
Kal ueTd TNV Tapaudpewaon (Yroeon Bernoulli).

€) To UAIKG TnG BOKOU €ival OPOYEVEG Kal I0OTPOTTO.

21NV KAPWn NG oKOU UTTO TNV ETTEVEPYEIQ TWV QOPTIWV TTOU dEXETAI,
TTAPATNPACAUE OTI Ol KATW iVEG TNG ETTIPHNKUVOVTAI, EVW Ol ETTAVW iVEG
NG €mifpaxUivovTal Kal KaTA KOG Tou Agova TnG doKoU ol iveg TnNG dev
TTaBaivouv kKauid TTapaudpwaon (oudétepog dovag).

2TIG ATTEIPEG EYKAPOIES DIOTOPEG TNG OOKOU, avTIOTOIXOUV Kal ATTEIPOI
OUDBETEPOI AEOVEG TTOU ATTOTEAOUV £VA OTPWUA, TO AEYOUEVO “OTPWHA TWV
OUBETEPWYV IVWV” Kal BPioKOVTAl QUOIKA OTO OPIO TWV ETTIUNKUVOUEVWV
Kal ETTIRPAXUVOUEVWY VWDV, TTOU AVOQEPAE TTIO TTAVW.

Ooov agopd Tov oudéTEPO Afova piag dedopévng dIOTOUNAG, TTPETTEI
vVa ava@EPOUNE OTI AUTOG TTEPVA aTrd TO KEVTPO BApoug G Tng dIaTouNg
(TrapaAcitroupe TNV atrédeiEn). Ocov a@opd TO0 OTPWHA TWV OUDETEPWV
IVWV TNV TTEPITITWON TT.X. OJoyeVOUG 0pBoywVIKAG DIATOUAG, TTOU OEXETOI
OUVANEIC EQAPUOONEVES O’ €Va ETTIUNKES ETTITTEDO CUPUETPIAG, CUNTTITITEI
pe To GAAO eTTiTTESO CUPPETPIAG.
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xAua 10.1¢ O-O Oudérepog déovac. Aiatoun A'BT A’ uiag kaumrouevns 6okou

TxAua 10.1n Tdoeig piag diaroung. Meyiotn kai eAaxiorn Téon.

xAua 10.10 EAaoTikn ypauun — BéAog kGuyng
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10.2 TAZEIZ NMOY ANAMNTYZZONTAI ZE KAMIMTOMENH AOKO

‘EoTw, OTI pia dIoTopA piag SOKOU KOTATTOVEITAI 0€ KAPWN- UTTd Tnv £TTidpaon
eEwTEPIKAG POTTAG M, auTr] TTepIoTPEPETAI YUPW OTTO TOV OUDETEPO GLOVA.
Otav o1 eE0WTEPIKEG OUVANEIG O-a TTOU £KdNAWVOVTaI 0Tn doK6 Ba TTapGyouv
Ceuyog ioo kal avTiBeTo pe 10 CeUyog M TOTE Ba £TTEABEI ICOpPOTTIO OTN
diatoun. ZupBoAifoupe pe o TNV TAon TNG dUVANNG, JE O TNV ETTIPAVEIQ EVOG
OTOIXEIWDOUG OTPWPATOG (0X.10.23), ue Mg TO ABPOICHA TWV ECWTEPIKWV
QUVAPEWY O 0 WG TTPOG Aova TTEPIOTPOPAG Tov oudETEPO Ggova 0-0.
‘ET01 B0 €XOUE:

Mg =M (1)
otToU 200 -y =My (2)

Av €EETACOUYE TIG ETTIUNKUVOEIG A TIG ETMIBPAXUVOEIG TTOU EPgavifovTal
OTIG OIAPOPES IVEG Iag BOKOU, CUUTTEPAiIVOUNE OTI Ba gival TOGO PEYOAU-
TEPEG, 600 Ba gival TTIO ATTOPNOKPUOHEVES OTTO TOV 0UdETEPO GEova 0-0.

O1 mapapopewoelg autég Ba cival (vopog Tou Hooke) euBéwg avaho-
YEG UE TIG ECWTEPIKEG DUVAEIG (TAOEIG), hE dIdypappa TAoewv (aTr OTTou
@aivovTal ol avTiOTOIXEG KATAVOUEG) auTo Tou axruaTtog 10.2[3.

xAMa 10.2a Aiaroun arpe@poucvn mepi Tov oudérepo déova 0-0.
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xAua 10.2B Ecwrepikés OuvAueIs — Taoeis — a€ diaroun 1nS dokoU.
Emeidn, am’ autd, ol TdoEI§ 04, Oo, ..., Oy Eival aVAAOYEG TwV ATTOOTACE-
WV Y1, Y2, ..., Yy TWV IVWV a1TO TOV 0UdETEPO Agova 0-0, av A KAAEOOUE TO

ouvTeAEDTH avaAoyiag Ba EXOUE:

o=A-y 3)

Me Bdon mig oxéoeig (2) kai (3), n (1) yiveta:
Mg = Z Ay - ay = AZay?

O mapdayovTag Zay? dev gival GAAog atrd Tn poTr adpaveiag lg.g NG
OIaTOMNG WG TTPOG Tov 0UdETEPO GEova 0-0° dnAadn EXouE:

M
Apa: o=—-y, dnAadn

o=—FK.y (10.2.1)
J

ATT6 10 BepeAION AUTO TUTTO TNG KAPNWNG OAAG Kal ATTd 000 EKTEVWIG
ava@épONKaV YTTOPOULE VO CUPTTEPAVOULE:
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a) Ztnv Kaduywn o1 Téoeig dev ival o1 idIEG: Pe PNOEVIKN TAOT OTOV OUSETEPO
agova 0-0, o1 Taoeig apxiouv aTrd pia eEAAXIiOTN TIPA KAl KATAARyouv
O€ IO heyioTn TIPA.

B) Av Ta pey€ln | kai M, gival dedopéva kai n HeTaBANTA gival ny (aTmo-
oTaon Y;, KGBe ivag), n o Ba yivel péyioTn, 6a EXoupe ONA. Opay, AV
yivel Jé€yioTn Kal n y, TTPAYUA TTOU CUMPBAIVEI OTIG AKPAIES iVEG.

y) O1 1doeig o€ katmola onueia Tng dokou BpiokovTal, av Bpolue Ta

avrioToixa M, kar W.

0) AV G, KOAEGOUWE TN Opyax N OTTOIQ QVOTITUCCETAI OTNV OKPQIQ iva —TTOU
ATTEXEN ATTO TNV OUBETEPN YPAP KA, aTTOOTACH Yym— TOTE N TAON O TTOU
avaTTuooeTal o€ aTdéoTaon Y aTTd TNV OUOETEPN YPAUMN, Ba givai:

o=0_ > (10.2.2)

(opoi16TNTO TPIYWVWY OTO oYK 9.2[3)

O1 TIpéG TV aKpaiwv TAoewV dpa Ba gival U0 GTTou 01 ATTOCTACEIG
NG Avw Kal KATW ivag PIag dIAaTouNG atrd TNV oudETepn ypauun Ba eival
QVTIOTOIXA Yy, KO Y.

‘ET01 Ba €XOUE:

W= (10.2.3)

W, = — (10.2.4)

MapaTtnpoupe TWPA, OTI N KAPWYI, CAV KATATTOVNOT), ETITPETTEI OTO
UAIKO avadAnyn Suvdpewy, TTOAU HIKpOTEPN a1rdé 60N n OAiyn Kai o
EPEAKUOUOG.

‘EoTw N TopakdaTw d0KOG HE

daN
0=om1=1400—2 Karb =6 cm
cm
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IxAua 10.2y

MNa Tnv Kapwn amé Tnv F, éxoue:

bh? b-(2b)® 4b> 2 ,
WUTTGp = = = =_b
6 6 6 3
o 2 3 3 3
Apa: Wormrap = 3 -67cm” =144cm
Eteidn ¢, Mmax = Oerr * Wymapy.
. daN
Ba £XoupE: Mmax = 1400 — 144 cm?3
cm
Apa: Mmax = 2.016 daN - m
. . . F-l
Eteidn otnv au@IiEpeioTn 0KO EXOUPE Mg = ——
4
TOTE TTPOKUTITEL: F=4032 daN (1)

Ma Tov epeAkUO PO TNG SOKOU, £XOUUE: Fep = 0 - A, dNAADH

daN
F,c.q,=14OO—2 -6cm-12cm
cm

5nAadr Fep = 100.800 daN 2)

ATTO Tn ouykpion Twv (1) Kal (2) oxEoewV EXOULE:
Fep = 25F

AnAadn, N KAPYN eMITPETEI OTO UAIKO avdAnyn duvdpewy, HIKpo-
TEPWYV aT1Té 60N 0 EPEAKUTHOG (1] N OAiwnN).
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10.3 AOKOZ IZHZ ANTOXHZ E KAMWH

A6 Tn oxéon: o= &
w

ouvdyoueg, o011 Tn dlaTtoun TNG dOKOU TTPETTEI va TNV TOTTOBETATOUE £TOl,
WaTE va £XoupE T hEYIoTn duvaTtr W wg TTpog Tov KUpIo Agova KGBeTo oTa
@opTia TNG dokoU. Tig dlIaoTATEIS TNG SIATOUNG TTPOCdIoPI(oUNE avaAoya Pe
TNV TIUA TNG My, WOTE O TTAPATTAVW AOYOG Va TTapauével oTaBePOG.

H d0K&G TToU N Oay Eival N idla g€ KABe diaTour) TNG dokoU, TNV KaAoUpe
O0KO iong avrToxng oe KAuYn.

H diatopn Tng dokoU petafdAAeTal atrd 0éon o€ Béon, OpwWG n Tdon
NG dokou gival oTaBepry. H diatopr Tng S0KoU oTNV OTToid AVTIOTOIXEI
n maxM,, AéyeTai €miKivduvog SiaToun.

FENIKA
1. O yevikdg TUTTOG TTOU XPNOIKOTIOIOUWE Yia T AUon Twv TTPORANUATWY,
eival

o= K (10.3.4)

2. MNa 1 dilaoTdoeIg TNG SIATOWNG, OTAV QUTEG CnTOUVTAI, £XOUE

maxF
Worgr = (10.3.5)

€T

3. H ekhoyn Twv dlooTtdoewv piag dokou Ba gival TETola WOTE N UTTap-
xouoa potr| avtioTaong, Wyrgg., Va ival ueyaAutepn oo Ty aTraiToupevn
portrr) avTtiotaong Wgmar.

OnA. Wynap 2 Warmarr (10.3.6)

4. ATré TIGg TrEpITITWOEIG 2 Kal 3 yiveTal @avepod OTi

maxM,
= >

utap = amar

Oumap

(10.3.7)

OnAadn yia Tov €Aeyxo Twv Tdoewyv B6a TTAPOUE ToV TUTTO:
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maxM
o = K <o (10.3.8)
uTTap W ETITP

uTTap

ONnA. yla Tn PEYIOTN EMITPETTOPEVN POTTH KAPMWNGS Ba £XOUNE:

max My = Oe¢rmrp * Wynap (10.3.9)

U NAPAAEIrMATA

1. Aok6G opBoywvikA 9%16 cm KaTaTToveiTal atrd dUO0 i0EG KAl avTiBETEG
potrég Mk = 28.000 daN- cm.

Na BpeBolv ol TAoEIG 04 KAl Oy TTOU £XOUHE € [ia dlaToun TG OoKoU
yia y4=4 cm Kal y>=9 cm

Noo
on _bh® 9.16° , .
Exoupe: [=—= cm’ =3.072cm
12 12
MNayq =4, €XoupE:
M, 28.000daN-cm-4cm
I 3.072cm
, daN
Apa: 01 = 36,46 —
cm

MNays =9 cm, €XouE:

_ M-y, _28.000daN-cm-9cm

| 3.072cm*

O,

] daN
Apa: o, = 82,03 —
cm

2. AideTal dokdg a1depévia, dlaToung dITTAoU Tau, YE

daN
Ogmnp=1200 —
cm
(oxAua 10.4a). Na Bpebei o TUTTOG TNG C10EPEVIOG QUTAG DOKOU, WOTE
va gival IKavrh va avTeEel Ta QopTia TNnG.
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ZxAua 10.4a

AUon
Eivai M =900 daN - 2m = 1800 daN - m

ATTO Tn oxéon:

_ maxM,

EXOUpE: 1800daN-m ,
= 5 = 150cm
1200daN/cm

Me Tn BoriBeia Tvakwv Kai yia lyg, W = 117 cm3 kai yia l4g, W = 161 cm8.
ZupTTEPaivoupe AoITTov, OTI Ba XpNOIKNOTIOINCOUNE TN OOKO l4g.

aTmait

3. Z& 0oKO, EUAIVNG KaTaoKEUNG, dlaTouNG 21x28 cm, va dIaTTIOTWAOETE OTI, AV
N 0 = 80 daN/cm? = cm?, n dokd¢ BPioKeTal € KAAEC GUVONKEG ICOPPOTTIOG.

Adon 21.28cm®
Emeidi M, = 1800 daN-mkat W = ————
6
IVIK
OnA. W = 2744 cm3 kai — < Ogpy
W
Ba éxoupE:
M . . daN daN
M _ 1800 daN3m _ 180000dal\icm - 65.60 <80
W 2744cm 2744cm cm? cm?

Mpdyuarti n dokoOG BpiokeTal o€ KAAEG OUVOAKES ICOPPOTTIAG.
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4. Tng dokou, Tou oxnuaTog 9.4[3, Bpeite Ta YEWMETPIKA OTOIXEIQ TNG

10
dlatopng av — = —, v = 5 KAl 05,4, = 3500 at.
d 7

ZxApa 10.48

AOon
O1 avmidpdozeig:

Ay =By, = 1000 daN kai Myax = 1000 daN - 3m dnA. Mpay = 300.000 daN - cm.

] Os0p 3500daN / cm? daN
ETeidn Ogrr = ——, EXOUME: Oy = = 700—2
% 5 cm
D 10
AT Tnoxéon: — = —, éxoupe: d=0,7D
d 7
4 44
A6 Tn oxéon: W =0,1 ,
D
, p*-(0,7)'D*
éxoupe: W=0,1————-"—=0,1D%-0,024D3=0,076D3

D

ATé Tn oxéon: W = %,

e

300.000daN-cm

éyoupe: 0,076D° = = 428,57cm?3

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. Aokog atrd xaAuBa, opBoywvikng diaToung 3x6 cm avoiyuaTtogi =3
m QopTiCeTal OTO PHETOV TNG PE POPTIO F. AV Ogrryr = 140 N/mm?2, va BpeBei
TO QopTio F.

AUon
MNa TNV opBoywvikn dlaTOUN, £XOUE:

bh? B 3cm-62cm?

6 6

W = =18cm®

ATI6 Tn oxéon: Mpax = Oenr' W,

£XOUHE: Mmay = 140-18-103 N-mm = 252 - 104 Nmm = 2,52 KN
4.2,52
3

F-l
ATIO TN oxéon: Mpax = — €Xouue: F = KN
4

Apa: F=3,36 KN

6. ZTNV au@IEPEIoTN BOKO Tou oxruaTtog 10.4y va Bpebouv:
a) O1 avTidpdoeig oTta onueia oTAPIENG A kal B
B) To didypappua [Q], TEUVOUCWV BUVAHEWYV
y) To didypapua [M] KOUTITIKWY POTTWV
0) H péyiotn potrA KApWwNns, Miyax, Kai n 6€on Tou avaTtTiooETal AUTA
oTn O0KO.
€) H Wyrqir TNG d1atopng 1ng dokou

Kp
Oermp = 1000 ——
cm
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AUon

2xApa 10.4y Karamrévnon tng 0okoU a€ Kauwn

YT1roAoyIopog AvTiIdpdoewy
a) 5F,=0,  A=0
ZF,=0,  A,-1000 daN - 4000 daN + By, =0
Mg =0, 1000 daN-1m +4000 daN-3m - 5mB,, = 0

amo Tnv otroia TpokUTITEl: By, = 2600 daN



246 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

Kai apa: Ay = 2400 daN

0) Atté 10 didypapua [Q], EXOUME:

Q 1400
=—= 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 a1’ dTr0U: W = —M&X.
(o]

£

429000daN-cm
W = 5
1000daN/cm

Apa: W =429 cm?

7. Av £x0UlE pIa OOKO OTTO OKUPOOEUQ TTOU KAWTTITETAI TTOU TOTTOBETOUE
TOV XGAUBQ; 210 KATW, i} 0TO TTAVW PEPOG TNG SOKOU;

AOon

Mag gival yvwaTo, OTI To KATW PEPOG TNG OOKOU KATATTOVEITAI OE EPEA-
KUGHO, EVW TO TTAVW PEPOG TNG a€ BAIWN.

O xd&AuBag €xel peyaAUTePn avToxr 0€ EPEAKUCUO, aTT’ O,TI TO OKUPOOENQ
(auTd €xel peyaAuTepn avtoxn o€ BAiWn). Apa, ol epeAKOEVEG TAOEIS Ba
avaAn®Bouv a1rd Tov XaAuBa Kal autog Ba TotToBeTnBei 0TO KATW PEPOG
NG doKoU.

ZxApa 10.48 TorroBérnon xaAuBa o€ kautmrouevn S0KO
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IxAua 10.4e Torrobérnon 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 Bapog Tou popéa G,
i) TO KIVNTG QopTio P pe T0 weéAiyo Bapog Q cuv To idlo Bapog Tou
popTiou Gy Kal

ii) n T AeupIkn opiddvTia dUvaun, ion pe TN dUvapn TEdNONG TOU QopEal.
‘EXOUpE:

Y max

2

- -
A :BL|Jq7 KQl M :L

2 8
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B) Av éxoupe KivnTé QOPTIO, TTOU EVEPYEI OTO PECOV, TOTE N DUCHEVEDTEPN
Béan QopTioewg, TTPOKUTITEI IO TO POPTIO TTOU BPIOKETAI OTO HEGOV
(Tou avoiyuaTtog). ‘Exoupe O¢:

A =B, ="
y v,
Kal
F(I-f) F
M. =—|— |=—(-f
max 2(2) 4( )

9. Z1rpowéag (ox. 10.4C) kaTatroveital pe kataveunuévo goprtio P = 6000
daN. To piRkog | Tou TpIR€a gival 18 cm Kail n ETTITPETTOMUEVN TTIEGN ETTIQ.

p =20 daN/cmZ?. Na BpeBouUv:
a) n diapeTpog D Tou aTpopéa
B) n KapTITIKA poTl My 0Tn Béony -y
Y) n 180N KApyng o, oTn Béony —y

ZxAua 10.4¢ STpo0pEas KATATTOVOULEVOS OE KAUWN

AOon

a) ‘Exoupe P_ F
P

6000daN

Apa ——————— =300cm?=F

20daN/cm —

kai etreidn I-D = OF €xoupe
300cm?
D=——=16,67cm
18cm

6000daN-18cm
2

Pl
B) Emreidn M = ——, éxoupe: Mg =
2

dpa M, = 54000daN
W =0,1-D3=0,1:16,673cm3 = 463,24cm?3
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) M, 54000 daN
Kol eTTeidn: o, = — = —
W 463,24 cm
Apa, o= 116,57 daiN
cm?

10. ZTnv ap@iEpeioTn SOKO Tou oXAUaATOg ¢nTouvTal :
a) To diaypauua [Q] .
B) To diGdypauua [M].

y) O1 dlaoTdoeig TG opBoywviknG diatoung TG dokou hxb, av h = 2b
Kal Og; = 240 daN/cm?2.

0) Z& TTola0 ATTOCTACN OTTO T OTAPIEN A BpiokeTal N SUCUEVEDTEPN
diatopr TnG SokoU Kai yiaTi.

a)
B)
Zyxnua 10.4n Augiépeiotn S0KOS KATATTOVOUUEVN O KAUWN
_Mpax . _2800daN-100cm
V) W(xTralT - Apa WG'ITGIT -

240 9aN

ETT
cm?
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Apa Warmar = 1166,7 cm3

Kal aTTo TN oxéon:

b-h® b-(2b)?

Warrar = T , éxoupe: W =——"—
Emeidn 4
Wrmar = 1166,7 cm3, éxoupe 1166,7 cm?3 = ?

n oTroia pag divel
b=3%1750cm =12cm

Kal apa: h=2b=24cm

0) H duopevéoTepn ouvettwg diatopn gival To onueio I, yiati o' autd
EXOUME TNV Mpax KOI TIG HEYIOTEG TACEIG.
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Z

z ZYNTOMH MNEPIAHWH AEKATOY KEDAAAIOY

z e O1 d1GQOopES dIATOUEG pIag dOKOU TTEPIATPEPOVTAI YUPW ATTO
éva agova —Tov OUBETEPO AEOVA— TTOU CUMTTITITEI JE EKEIVOV
TOU KEVTPOU BAPOUC TWV SIATOUWY QUTWV.

O1 TTEPIOTPOPES AUTEG TTAPAYOUV EQEAKUCUO OE PEPIKEG IVEG Kal TTAPA-
youv BAiyn o€ katroieg dAAeg. O1 TAoEIG QUTEG gival EUBEWG avAAOYEG E
TIG ATTOOTACEIG Y; ATTO TOV 0UBETEPO Agova 0-0, Kal avTIoTPOPWG avAAoyEg
ME TN pOTTA adpaveiag Twv SIOTOPWYV WG TTPOG AUuTOV Tov dgova.

e Katd Tnv KAuyn piag dokou, étav gopTtifeTal ye {euyn iong POTTAG Kal
avTiBeTng Popdg, £xouue KAPTTUAWGON TNG OOKOU KOl JETATOTTIOEIG TWV
eMTTEOWYV OIATOPWY TTOU TTEPICTPEPOVTAI YUPW OTTO TOV OUBETEPO Agova
0-0. Ta onpeia Tou oUBETEPOU GEOVA £XOUV PNOEVIKES TATEIG.
2TIG EYKAPOIES DIATOUES TNG OOKOU £XOUUE KAl AEOVEG, TTOU ATTOTEAOUV
TO OTPWHA TWV OUSETEPWV IVWDV.

e Ta TTapaTTdvw IoXUouV, av I0XU0oUV Kal HOVOo TOTE O TIPOUTTOBETEIS - TTa-
pPadox£g, TTou BECaE OTNV Apxr) TNG EE£TOCNG TOU KEQPAAQiou TNG KAPWNG.

® 3TIG KOUTTTOPEVEG DOKOUG, £€AVTAEITAI N avTOXA MOVO TWV OKPAiWV IVWV.
H tepioxA TG d1aTOPNG TTOU BPICKETAI KOVTA OTNV OUBETEPN YPOUUA,
avoAapBavel TTOAU - TTOAU JIKPEG TAOEIG Kal auTog €ival 0 AOyOg TToU Ou-
YKEVTPWVOUHE JOKPIA aTTd TNV OUDETEPN YPAMMI TO UAIKO TWV BOKWV KAl
MAAIOTO 0€ BUO {UVEG CUUUETPIKES KOl TIG EVWVOUNE JE EVa AETTTO KOPUO.
(To &ITTAG TAU TO XPNOIUOTTOIOUE VIO VA £XOUUE OIKOVOMIa OTO UAIKO).
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@ AZKHIEIX

o 1. AUQIEPEIOTn OOKOG 0pBoywVIKAG BIOTOUAG 4%6 cm, dEXETAI POPTIO
50 daN. Na BpeBouv:

a) H Omax

B) O1 akpaieg TA0EIG GTO HEGO TNG SOKOU

i daN daN
ATTavinon: | Omax=500 ——0= 417 —
cm cm

o6 2. AuQIEPEIoTn SOKOG KUKAIKAC SlaToung, éxel: | =3 m, oy = 120 daN/cm?
Kal opolopopen @opTian q = 60 daN/m kaB’ 6Ao To urkog TnG. Na eupeBei
n akTiva R TNG KUKAIKAG d1aToung.

Amavrnon: (R=4cm)

=& 3. AideTal pia ATPAKTOG ATTo XUTOCi®EPO. To TTNAIKO TWV SIAPETPWY TOUG
eivai 1,4 kai o¢; = 800 at. Na Bpebei To Tax0og TG diIaTouNAG.
Amrdvinon: (D=20cm, d=14cm)

o> 4. AuiépeloTn doKOG pNKoug | = 3,5 m Kal Ye opoiduopen @opTIon
g = 200 daN/m atroteAcital atrd xaAUuBdIvo éAacua pe diatoun atrAou Tau.
Na BpeBolv otn ducpuevéaTepn B€an (2) o1 TACEIG G4 KAI O TNG TTAVW
Kal TNG KATW ivag.
(Na Bpebei 611: €4 = 8,8 cm, e, =5,2 cm, J = 763,74 cm?,

daN
0y = -208,5—2
cm
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i daN
Amdvrnon: o4 = 353 —
cm
e 5. 21NV au@iépeiotn Ookd va Bpebouv:

a) O1Ay, By
B) Ta diaypaupara [Q], [M]

y) H péyiotn potm kGuwng maxMg kail n Béon TTou avaTrtuooETal OTN

O0KO KaBwWG Kal avTioTolxn max g, av n poTTA avTtioTaong Tng SIOTOPAG
eivai: 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€peioTn oKOG Tou OXAPATOG QEPEI AyvwaTo popTio F. H diatoun
NG okKoU gival atrAd Tau. Na BpeBoulv:
a) H 6¢éon Tou K-B Tng diatopng.

B) O1 potrég avrioTaong TG TTAvVW Kal KATw ivag TG dI0TOUAS agpou
BpeBei n potrr) adpaveiag wg TTPOG ToV KEVTPORapIKO opIlOvTIo Agova.
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y) H 1iun Tou péyiotou goptiou F TTou ptropei va @épel n dokog, av 1o
UAIKO TNG €X€I TNV idIa avToxr o€ EPEAKUCTHUO Kal BAIwN, ue Ogr = 100
daN/cm?2.

Amavrnon: (y, =3cm, 1,=136 cm?*, W;=27,2 cm?3, W, = 45,3 cm3,
F=453 daN éAeyxog €1mi TG dvw ivag, F = 272 daN
EANEYXOG €TTI TNG KATW iVAG, Fyax = 272 daN)
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.) Emdiwképevol oTé)o!I:

O1 yabnrég:

Iz/ Na €¢nyouv Tnv évvoia TNG OTPEWNG Kal va yVwpidouv TnV IBIoJop@ia
™mG.

E/ Na pédBouv Tn BepeAindn e€icwan TNG oTPEWNG
Iz/ Na e€nyouv Tn ox€on, METALU TNG I0XUOG Kal TNG POTTHG TTEPIOTPOPNG

E/ Na uttoAoyifouv Tn PEYIOTN I0XU, TTOU PTTOPET va pueTadoBei atrd éva
agova.

Ig/ Na yvwpidouv uttoAoyIouO aTPAKTOU O OTPEWN.

11.1 TENIKA

OT1av gpevdpoupe €va auTOKIVOUUEVO OXNUA, TT.X. QUTOKIVNTO, UNXAVAKI, JE
TOUG JNXaVIGHOUG TNG TTEONG (PpEvou), CUYKPATOUE TOV KIVOUUEVO Ggova,
0€ KATT0I0 KATAAANAQ SIAUOPPWUEVO ONUEIO, £TOI WWOTE VA TOV AVOYKACGOUE
va OTOUOTACEI TNV TTEPIOTPOPH TOU.

Mavw aTov dgova, Aoirév, ackoUvTal dUo avTiBeTeg dpdoelg. H M, Tng
MNXOVAG, TToU ToV KIVEi kal N M Tou @pévou, TTou Tov aTauatd, (ox.11.1al).
Emropévwg, gival UOIKN) OUVETTEIQ, OTI 0 GEOVAG KATATTOVEITAI, ATTO AUTEG
TIG OPACEIC.

AvdAoyn Katatrévnon uioTaTal Kal EVag QUTEUTOS KOXAIAG (UTTOUAGVI),
orav Tov o@iyyoupe (ox. 11.1all).



258 TEXNIKH MHXANIKH - ANTOXH TON YAIKQN

IyxApa 11.1.a MepImrioeis eupavions OTPEMTIKAS KATamrovnong

O KoxAiag auTdg, agevog uioTaTal TNV avTioTaon Tou UAIKOU, agpou ExEl
TepuaTioel Tnv diadpopr] Tou Kal a@eTépou TN Opdon M; Tou kA€1dIoU, TTOu
TOV OQiyyel. YTTApXouV TTOAAG TETOIa TTapadeiypaTa Katatrovnong OToIXEI-
WV KaTa Tn AEIToupyia Twv uNXavwy, r TN GUuvappoAdynaorn, YEVIKA, Twy
KATAOKEUWV.

211G OUO TTEPITITWOEIG, TTOU ava@EépOnKav, aAAd Kal o€ 60EG aVAAOYEG
MTTOPOUE Va ECETACOUNE, TTOPATNPOUNE, OTI UTTAPXEI N TTEPICTPOWPIKN Kivnon,
1 N TAon, yia TTEPIOTPOYPIKN Kivnan. AAG TTEPIOTPOPIKA Kivnon EXOUUE, WG
atmoTéAeopa OpAoeEwS POTTWY, TTAVW O’ €Va CWHA.

2TIG TTEPITITWOEIG TTOU €idaUE, TOU Agova dnAadr| Kal Tou KOXAIa, givai
TIPOPAVEG, OTI EVEPYOUV dUO POTTEG.

>TOV GEOVa EXOULE :

a) TNV KIVNTAPIA POTTH) My, TTPOEPXOUEVN aTTO TN UNXavA

B) TNv avBioTduevn potrr) M TTpOG TNV KIVNTHPIA, TTPOEPXOUEVN ATTO TO
PpEvo.

2TOV KOXAIa £XOUE :

a) Tnv KivnTApia potrr My, TTpogpxopevn atrd 1o KAEISI,

B) Tnv avBioTduevn My, TTPOG TNV KIVATHPIA, TIPOEPXOPEVN OTTO TO CWHA.

Eival &edopévo, 611 T oTiyun TTou TTalel n Kivnon, ol 800 AuTEG avTiQopPES
POTTEG €ival KATA PETPO, ICEC. ZTIG TTEPITITWOEIG QUTEG, AEUE, OTI TO CWHA
KOTOTTOVEITOI 0€ OTPEYN.
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11.2 H NAPAMOP®Q>H KAI Ol TAZEIZ XTH X TPEWH

Ag doupeg pia atrAoTroinuévn TTEQITITWON KATATTOVNONG O€ OTPEWN.

210 oxAua 11.2.a, €xouue pia paRd0o, KUKAIKAG SIOTOUNAG, akKTivag r (éva
KUAIVOPO), TTOU €ival TTaKTWHEVN KOTA TO £€va AKPO TNG, EVW OTO GAAO, O€
atréoTaon £ epapudletal pia poti My, KaOeTn oTov d€ova TNG paRdou.

IyxApa 11.2.a H mapauéppwon pdBoou KUKAIKAS d1aToung
KarammovouUuEVnNS o€ OTpéwn

Mapd 10 yeyovog OTI N eEeTadOUEVN TTEQITITWAN €ival ATTAOTTOINUEVN,
EVTOUTOIG €ival TTOAU KOVTA OTN JNXAVOAOYIKH TTPAEN, (TT.X. 0TOug AEOVEG,
OTIG ATPAKTOUG K.ATT.).

21n pdBdo Tou oxnuatog 11.2.a, Tpiv epapudoouue T potrh My, xa-
padoupe pia yevételpa, Tnv AB. 'Exovtag uttdyn, OTI KAl DWW, OTN OTPEWN,
I0XU€l 0 VOuOog Tou Hooke kai 0TI uTTopoupe, akoun, va uttoBEécoupe, OTI
TO UAIKO TNnG pdpdou cival “opoyeveég” Kal “Io0TPOTTO”, TOTE, JTTOPOUUE VO
0exBoupg, 0TI KaTA TNV TTAPAPOPPWON TNG pdRdou, atrd TNV KaTaTrévnon
o€ oTpEéWn, I0XUOUV TA TTAPOKATW:

a) OAeg o1 KABeTES TTPOG TOV Afova, DIATOPEG, TTAPAPEVOUV ETTITTEDEG.

B) O1 akTiveg TwV SIOTOPWY TTOPAUEVOUV EUBEIEG.

y) O1 ammooTtdoeig yeTagu Twv dIOTOUWY, TTOPAUEVOUV OTABEPEG.

MeTtd amod Ta Tapamavw, epapuolovtag tn potmn M, (ox. 11.2a) oto
€AeUBePO AKPO TNG pARdou, To TrEipaua deixvel, 0TI N yevéTelpa, AB, TTaipvel
N 6€0on NG All. Me TIG TTapadox£G TTou £XOUUE KAVEL, gival TTpOQavEG, OTI
o1 d1aTopég oAioBaivouy peTagu Toug. Apa, IoXUOUV O0A EITTAPE OTO KEPA-

Aaio TnG dIGTUNONG, Kail £€T01 o€ KABE diaToun, (1T.X. 0TnV (a) ToU GXAHUOTOG
11.2.a) Ba epgaviovtal o1 DIATUNTIKESG TATEIG T, APA N Ywvia TTou oxnuaricel
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n apxIkf he TNV TEAIKN B€on Tng yevéTelpag AB, dnAadn n ywvia BAI =y,
gival n ywvia TTapapdép@wong, TTou TTPOoKaAEi N didTunon.
Etopévwg, n avTioToixn Tdon T Ba IKAVOTIoIEl TN OXEON:

=G (11.2.0)

otmou G, ival T0 JETPO BIATUNANG TOU UAIKOU TNG pdRdou.

O1 TTapaPOPPWOEIS TWV POPEWYV PHECT OTA OPIa I0XUOG TOU VOUOU TOU
Hooke, €ival TToAU pikpég. ‘ETal, utmopoupe va Bewpriooupe 1o oxrua ABT,
oav opBoywvio Tpiywvo.

T6TE Bat £XOUNE: (BF) = (AB) ey (11.2.8)

Kal €TTEION N ywvia y gival TTOAU PIKpr, €ival EQy = Y EQOCOV N ywvia y
peTpdral o€ rad,

otréte n oxéon 11.2.a ypageTal:
(Br)y=1¢-y (11.2.y)

ATTO TN yewpeTpia yvwpifoupe, OTI yia To hRKog Tou ToEou Bl 10xUEl n
oxéon

(Bry=r-0 (11.2.3)
O1T0U B = n ywvia TTEPICTPOYPNG.
A6 Tig oxéoelg 11.2.y kai 11.2.0 éxoupe

L-y=r-6,
f, AUVOVTOG WG TTPOG Y, EXOULE

=(e)r (11.2.€)
Y . 2.

H oxéon aut ouvdéel Ta oToIxEla TNG YEWMETPIAG TOU QopEa, (To MrKog £
KaI TNV oKTiva r TNG SIATOPNG), ME TO ATTOTEAECHA TNG OPACNG TNG OTPETITIKAG
POTTAG, ONAAdK TNV TTAPANOPPWAN, TTOU €ival N ywvia TTApAPopewaong y
Kal n ywvia oTpo®ng 6.

ATT6 Tn oxéon 11.2.€ yTropouUpe va eEAYOUE TA £EG CUNTTEPAO AT

H ywvia Tapaudpewong y, eivai:
a) ava@Aoyn TTPOG TNV atrdéoTacn r atrd Tov dova Tng papdou
) avdAoyn TTpog TN ywvia oTpo®rg B TTou TTPoKaAei N oTPETITIKA poTrr My

y) avTioTpdPwG avaAoyn TTpog To MAKOG £ TNG pdpRdou, atrd Tn Béan TnNg
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TTAKTWONG YEXPI TN B€0N €Qapuoynig TNG POTTAG M.
Tn oxéon 11.2.a, AUvovTdag TNV WG TTPOG TO Y, UTTOPOULE Va TN YPAWOUUE
Kal WG

_T
V=g (11.2.)

é :(?jr (11.2.n)

H oxéan autr) ouvdéel TRV TAON T KAI T ywvia aTPOYrS B, PE TA YEWE-
TPIKG OTOIXEIO TNG PARSOU.

Emiong, ammd tnv idia oxéon 11.2.n @aivetal 6TI N TG0N T KAl N oKTiva r (n
amréoTacon dnAadr atrd Tov agova Tng pdpRdou) og yia diatopn, gival TTood
avaloya. Apa, n Tadon T, 6a £xel uNOEVIKA TIUN OoTOoV Agova TnNG paROoU Kal
MEYIOTN OTNV TTEPIPEPEIQL.

210 oxnAua 11.2B @aiveral n diavoun Twv TACEWYV OTNV KUKAIKN diaTopr.

ZxApa 11.2.8 H diavoun twv 1doswv o€ KUKAIKN diatoun

Znueiwon: MNa TNV KaAR Asitoupyia Twv Pnxavwy, n ywvia 6, dev TTpETTel
va utrepRaivel opiopéva Opia, E0TW KAl av 0 AEOVAG AVTEXEL, TNV KATATTO-
vnon. ‘Eva kpitipio gival 6 < 15°/m = 07,25/m. ‘Eva GAAo kpitripio givar av
d n diGueTpog Tou GEova, B < 1°/20-d.
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11.3 H ZTPENTIKH POINH KAI Ol ZXEZEIZ THZ ME TIZ TAZEIZ KAI
TIZ NTAPAMOPO®QZEIZ

TxAua 11.3.a Or oxéocis TNG OTPETTTIKAS POTTAS My € TIC TAOEIS Kai TIS TTAPAUoPPU-
o¢Ig, uéoa ata opia Tou vouou Tou Hooke.

‘EoTw évag AeTTTOTOIX0G OWARVAS (0. 11.30), £€T01 TTOU VO UTTOPOUE,
Xwpig coBapn amroékAion atrd TN TTPAYHATIKOTNTA, va TTOUUE OTI
Py tP,
p = p =~ - = = p
17 P2 5
OTTOU P4, P2, P N EEWTEPIKA, N ECWTEPIKN KAI N HECTN TIUA, AVTIOTOIXA, TNG
QKTIVAG TNG KABETNG dIaToung, TTPOG TOV GEOVa TOU CwARvA.

‘EoTw TO €UPAdOV Tou dakTUAiou TNG SIOTOUAS QUTAG ooV JE a.

‘E0Tw, OTI 0 OWARVAg auTog, gival TTAKTWHEVOS OTO ApIoTEPSO GKPO TOU,
evw aTo 0€eI6 e@apuodeTal hia potrr) M, KABeTN TTPog Tov dEova Tou CwAnva.
To ouoTnpa gival o€ IcoppoTTia. AG Bewproouue pia Toun, YE To ETTITTESO
(€), k&BeTN TTPOG TOV AEova Tou CwANva. E¢etdloupe 10 B€€I6 TUANO A.
MNa va Tapayeivel autd o€ KATAOTAON I00PPOTTIOG, B TTPETTEI N POTTH TWV
TAoEWV TTOU avatrTuogoovTal aTnv dlIaToun TNG TOUAG, va €§1I00PPOTTEN TN
potrr) My, KGBeTn TTPOG ToV dEova Tou CWANVa.

Emeidn, omwg eimaue rapatmmdvw, 0 CWANVAG gival TTOAU AeTTTOTOIXOG, N
dlavour Twv TACEWV OTNV TMQAVEIA TNG BIATOUNS TNS TOUNG, Ba gival opol-
Opopen. ETopévwg, n dUvapun rou ackeital atn diatoun TNG ToPNAG, Ba gival

f=1-q

Kal n poTTr, TNG dUVANNG auTAG, WG TTPOG Tov dfova Tou cwAnva, Ba ivai:
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Mi=f-p=1-a-p (11.3.0)
Apa, yia TNV 1I00ppoTTia Tou O£EIoU TUAUATOG A, agpoU TTPETTEN va Eival:
Ms = M; (11.3.8)
Ba éxoupe, ouvduddlovtag Tnv 11.3.a pe v 11.3.8
Tap =M
. M,
n T=— (11.3.y)
a-p
Av Twpa dlaipégoupe Kal Ta dUo PEAN TNG 11.3.y PE TO p, Ba €XOUlE TNV
EKQpaon:
ppacn T M,
—= 5 (11.3.9)
p a-p

ANG, KaTd Ta yvwoTa (Ke@. 2), To péyeBog |, = a - p?, eival n pot
adpdvelag TnG dIAToUNG Tou CWANVA, (TTou gival dakTUAIOG) Kai dpan 11.3.0
YPAQETAI:

=t (11.3.€)

o |+
ie)

Kat’ avaloyia 1pog Tnv oxéon 11.3.n Tng TponyoUuevng Trapaypa@pou,

()

MTTOPOUE VO EXOUME TNV EKPPOON:

OTTOTE KATAAIYOUUE OTIG OXETEIG:
T (6 M,
=2 1G=— 3.
s7(F)e=y (139

Tig TTapaTTdvw aUTEG OXETEIG, OTTODEIEAUE VIO TNV TTEPITITWAON TOU OW-
Afjva Tou oxnpaTog 11.3.a, YE TIG TIPOUTTOBECEIG TTOU BECAE.

TNV TTEPITITWON TWEA TTOU £XOUHE Mia cuuTTayr) KUKAIKN paRd0 - auvrong
TEPITITWON AZOVWY Kal aTpdKTwy - TOTE, N dlaToun dev gival SAKTUAIOG aAAG
KUKAIKOG OiOKOG KOl OTTOBEIKVUETAI OTI IGXUOUV Ol idIol TUTTol. AnAadn, givai:

r ¢ Iy

OTTOU I, N aKTiva TNG SI0TOUAG Kal
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atmo Tnv 11.3.n €xoue:

aAAG

gival n TToAIKn avTioTaon TG dlaToung Kal dpa

7=t (11.3.8)

MNa KukAIKA diatoun pe d =2r, 1Io0xUEl:

Kal a1ro T oxéon 11.3.n €xoupe yia Tnv 1aonN;:

M M,

W, md 5 s

M,  16M,

T =

(11.3.1)

Kal yla TN ywvia atpo@ng 6 petagu dUo diaTtouwy Piag aTpdKTou TTou
aTtréxouv atréoTaon, 6a £XOUUE:
M -¢  32M,.- L 2M, - ¢
0 = = =

= = (11.3.K)
G-l G-m-d* G-m-r?

‘ET01, o1 oxéoeig 11.3.1 kai 11.3.k divouv Tnv 1don T Kal TN ywvia 6, wg
ouvapTNOoN TNG OTPETTTIKAG POTING My, OUVOEOVTAG TIG HE TA YEWMETPIKA
OToIXEIa TNG aTPAKTOU.
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11.4 HIAIOMOP®IA THZ ZTPEWHZ

270 dIAQOPA €idN TWV KATOTTOVHOEWY TTOU £EETACANE PEXPI TWPO BV AGBape
UTTOWYN TO YEWMETPIKO OXMMG TNG IOTOWNG, TOU KOTOTTOVOUEVOU OTOIXEIOU.

Mpayuatikd, To oxfua TNG dIATOUNG, deV TTaiCel ouolaoTIKO POANO OTNV
avAaTrTuén Kai TN diavopr] Twv TACEWV G’ aUTrV, OUTE CUVEICPEPEI UTTOAOYI-
Ol oTo €i00G Kal 0TO PEYEBOG TWV TTapaopPwaocwy. H diatrioTwaon auth
oQeileTal 0TO YeYOVOG, OTI péoa oTa Opla Tou vopou Tou Hooke, o1 dioTouég
TTAPAUEVOUV ETTITTEDEG, KATA TIG TITAPAUOPPWOEIS TWV POPEWV.

2Tn oTPEWN, TA TTAPATTAVW, I0XUOUV POV yia TNV KUKAIKA diatour. Autd
€ival TTEIPAPATIKG EAEYEIUO.

XxAua 11.4.a H meipapartikn ammédeién g 1dlopopeiag tng oTpéwng

210 oxnua 11.4.a, £€xoupe éva KUAIVOpPO (1) kar éva TTapalAnAettitredo (11).
2€ auTa Ta oTePEd £XOUE Xapdtel Eva KavaBo atrd KABeTeS kal TTapaAAnAeg
YPAUMEG, TTPOG TOUG KUPIOUG GEOVEG TOUG. MeTd TnVv TIBOAA Twv pottwv M;,
Qaivetal kaBapd, 6T aTov KUAIVOPO TTapapEVEl N KABETOTNTA TwV SIATOUWY,
EVW OTO TTOPOAANAETTITTEDO £XOUNE OTPERAWOCT] TOUG.

2TIG KATOOKEUEG POG, OPWG, EINACTE UTTOXPEWMEVOI VO XPNOIKOTTOINCOUE
Kal gToIxEia PE DIATOMEG TTOIKIAWY OXNUATWY, TT.X. HOPPOTidNPWYV (YWVIWY,
T, dimAwyv T k.T.A.) (ox. 11.4.B). AKOua, £XOUPE Kal TTEPITITWOEIG, OTTOU N
OTPETITIK POTI eV evepyei KABETa oTOV KUPIO Aova TOu OTOIXEIOU Kal
Exoupe TGN OTPERAWGCEIG OTIG BIOTOWPEG, TTAPOAO TTOU BPICKOUACTE PHETA
oTa OpIa 10XU0G Tou vOuou Tou Hooke.
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IxAua 11.4.8 MNapaudpewan Popéwy UTTOKEINEVWY OE OTPEWN, UN KUKAIKAS OIaTOUNS

11.5 TYNOZ A THN TAZH KAI THN NAPAMOP®QXH
2E AIAOOPEZ AIATOMEZ ®OPEQN, KATA TH ZTPEWH

H BewpnTikr) av@Auon TTou XpeIGeTal, yia va BPOUE TIG OXECEIG METOEU TNG
OTPETITIKAG POTTAG M; KAl TWV AVTIOTOIXWV TACEWV KAl TTOPAPOPPWOEWY,
€ival TToOAU BUOKOAN UTTOBEON. Z€ QPKETEG TTEPITITWOEIG WAAIOTA, avayKa-
{6paoTe va TTpooeyyifoupe To BEUQ TTEIPAUATIKA, TTPOKEINEVOU VO EXOUE
OTOIXEIQ YIa TOUG UTTOAOYIOHOUG TWV KATAOKEUWYV HOG.

2TIG ETTOPEVES OENIDES TTapATI-
BevTal aToixeia atrd dIAPOpPEG TTe-
PITITWOEIG POPEWV, UN KUKAIKAG
dlaToMNG, TToU TTapouaidlovTal
OUXVA OTIG KATOOKEUEG, Kal TA
otroia oToixeia Ba doBouv xwpig
MaBNuaTIKEG OTTODEIEEIG.

A. AakTuAo€1dK g SlaToun
(ZxApa 11.5.0)

ZxAua 11.5.a AakruAiogidng diaroun: H
Karavoun Twv Taoewv Abyw

OTPETITIKNG POTTHS
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SMD _ 40MR oTNV EEWTEPIKA TIEPIPEPEIT
T = =
Hop*.g* Rr*-1*
5Md  40Mr , ,
T = OTNV ECWTEPIKN TTEPIPEPEID

£ :D4-d4 _R4-r4
H ywvia otpo@nig 6, o€ rad, avaueoa o€ dU0 SIATOUEG, TTOU N aTTO0TACN
METALU Tou €iva £,

10M, ¢ 160-M ¢

o= 6P*-d*) o(R*-r)

O1 T0TT0I QUTOI 1I0KUOUV YIO OTTOOTACEIG, P, ATTO ToV Afova aTa 6pIa

r<ps<R
B. ZwAnvwrég diaTtopég
a. KukAiki diaropn (ZxAua 11.5.8)

Emeidn 1o TTax0¢ Tou ToIXwuaTog t gival
MIKPO, N TAOon o’ auTo eival oTabepn,
oTToTE

M
7= t

2-Sm -1
IxAua 11.5.8 ZwAnvwri KUKAIKA
oiaroun. H karavoun twv Taoewv

EVW N ywvia oTpo@rg 6, ot rad, ava- ASyw OTPETITIKAS POTTAC.

pMeoa o€ dUO OIOTOMEG, TTOU OTTEXOUV
METAEU TOUG, €ival:
M, - £

— t
0=—— %
2.Gm-t-1,

B. OpBoywvikA diatopn (ZxAua 11.5.y)

Evllagépouca TTPAKTIKA TTEPITITWAN
ylaTi €dw uTtdyovTal Ta OTPAVTLaPIOTA.

‘Exoupe Aoimrév:
ZxAua 11.5.y OpBoywvikh cwAnvwrni
Siaroun) (otpavrlapioTd)
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a, +a
q=1t%

2

B, +B
p=1 P2

2
1= %27% _ BBy

2 2
Sm=ap

H 1don oT1o py€oo Tng TTAeUpAG, divetal ye peydAn Tpooéyyion atrd Tov
TUTTO:!
M
r=—t
2-S,, -t
OT11W¢6 €XOUME NON aVAQEPEI O TTEPITITWOEIG MN KUKAIKWYV IATONWY,
auTég Oev TTapapévouy eTTTTEDES KAl Apa, N ywvia oTpo@ng B gival TToAU
OUOKOAO va eKPpacBei e atrAd TUTTO.

I. OpBoywvikn diatopn (ZxAua 11.5.08)

B/G Sq S, S3
0.1 0.141 0.208 1.000 lp=SyB*
1.2 0.199 0.263 0.935
15 0.294 0.346 0.859 Wi = SoB°
1.75 0.375 0.418 0.820
2.0 0.457 0.493 0.795
2.5 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

ZxAua 11.5.5 OpBoywvikn diaroun. H diavoun Twv raoswv ASyw OTPETTIKAS POTTHS

Edw, n péyiotn 1d0N 1, €ival aTo pEoOV TNG MEYAANG TTAEUPAG OTO ONEio
A kai givai:

EVW N TAON T OTO PJEOOV TNG MIKPAG TTAEUPAG (anpueio B ), sivai:

T=s_ .-T. =S ——
3 M 3W
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H ywvia oTpo®nig B yeirovikwy diatopwy ival
_ M, - ¢

6 =
G-I,

H Trepirtwon b/a=1, avTioToixei oTnv TETpAYWVIKH dlATOWN.

A. Na diaToun 100TTAEUPOU TPIYWVOU, TTAEUPAG O, EXOUHE :

_ 20M,

(13

T

H 1don autr) avamtiooeTal 0To JECOV TNG TTAEUPAG, EVWD OTNV KOPUPH
gival uNdEVIKNA N ywvia 0TPOPAG TWV YEITOVIKWY dIATOPWY Kal N OTToia ywvia
oTPOYNG, diveTal atod Tn oxéon:

M, - ¢

J3 4
GSOG

E. MNa dAAou €idoug diatopég, 6TTwg L, T, H K.T.A., utrdpyouv euTTeIpIKoi TUTTO,
Ta &€ oToIxeia |, kal Wy, TTou €ival YEWHETPIKA OTOIXEIO KOl XapaKTNPifouv
TN dlaTour], BpiokovTal aTTd TOUG OXETIKOUG TTIVAKEG.

11.6 YMOAOrzZMOZ ATPAKTOY ZE ZzTPEWH

ATPAKTOG €ival EKEIVO TO OTOIXEIO TWV PUNXAVWY, TTOU XPNCIKOTTOIETAI YIa
N METOQOPA 1I0XUO0G Kal TN METAOOON POTTIWYV OTPEWNG €ival Eva pakpu
€€ApTNUA, KUKAIKAG 1 BAKTUAIOEIBOUG, OUVABWG, dIATOUNG KOl OTTAVIOTE-
pa, TETPAYWVIKAG. ZTNV TTPAEN, To €EAPTNUA QUTO, N ATPAKTOG UTTOKEITAI
o€ ouvOeTn Katatrévnon. AnAadn, ugioTaral, cuyXpovwg, TTOAWY E1I0WV
KATATTOVAOEIG. EKTOG atTd TN oTPEWN, UTTOKEITAI KOI O€ KAPWEIG, EKEI TTOU
gival ol TpoxXaAieg i 01 0OOVTWTOI TPOXOIi TTOU PETAPEPOUV TN POTTI) KOI OKOMA,
€TTEION £va KIVOUEVO €EAPTNHO OTNV £0paat Tou Ogv gival TTAKTWHEVO, Apa
€XOUE Kal TOAAVTWOEIG, AOyw PN atTtOAUTNG CUUTITWONG TOU YEWUETPIKOU
agova pe Tov dova oTPOoPrG K.T.A.

OAa ta mapatravw dnuioupyouv TTdpa TTOAAEG BUOKOAIEG 0T BEwPNTIKN
QVTIUETWTTION TOU BEUATOG TOU UTTOAOYIOHUOU TNG QVTOXAG TWV ATPAKTWY.
Mia TTpwTn TTPOCEYYION, €ival va UTTOAOYioOUUE TNV avaykaia didoTaon
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TNG ATPAKTOU, JOVO € OTPEWN, UTTOAOYICOVTAG WG ETITPETTOUEVN TAON,
TIMA TTOAU PIKPOTEPN TNG KAVOVIKAG TT.X. INa Ta didgpopa €idn xaAuBa, ol
TINEG gival OTa OpIaA:

7=500+800 daN / cm?
EVW OTNV TTEPITITWON TNG OTPAKTOU, TTAIPVOUE:

T=120+400 daN / cm?

OuaolaaTikd dnAadr uttoAoyiloupe TTOAU augnuEVO TOV CUVTEAEDTH 0Pd-
Agl0G.

2Tn ouvéxela, BERaia, yiveTal ETTAVEAEYXOG TWV ATTOTEAEOUATWY, £XOVTAG
MO UTTOWN, Ta AOITTA YEWMETPIKA Kal AEITOUPYIK& OTOIXEIO TOU punxaviouou,
péoa aTTd Tov oXEDIOOUO TOU.

U NAPAAEITMA

Mia aTpakTog, KUKAIKAG SIATOPNG aTTO UAIKO TTOU EXEI
Terr = 400 daN/cm?2

KAaTaTToveiTal o€ oTpéwn, aTrd pia potrr) 400 Nm. Av Kpivoupg, OT1 Ol TUXOV
AAAeG eTTIBaPUVOEIG KAPWNG K.ATT., Oev gival TOOO ONUAVTIKEG, UTTOPOUE
Va TNV UTTOAOYIOOUUE JOVO O€ GTPEWN, BEWPWVTAG PIKPOTEPO TO Tey, TT.X.

Terr = 400 daN/cm?2

Tote a1d TN oxéan 11.31 6a £xoupe:

KOl QVTIKOBIOTWVTOG TIG TIMEG, EXOUME:

16 x 400 -
d=3— " =351x10® 20,007 = 3,7cm = 4cm
1T x 40000000

2Tn ouvéxela yivetal EAeyX0G, wg TTPOG TN ywvia oTpoerig 8. Ao TN
oxéon 11.3.k givai:
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32M. L
e =
G1'r'd4
otrou Ba Trpétel 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 Ba AdBoupe d =6 cm.

11.7 EOAPMOTIEZ

AZoVioKOG 0 0TTOI0G KATATTOVEITAI O€ OTPEWN, £XEI DIAPETPO 8Mm Kal JKOG
30 mm. ZTnv akpaia Tou diatopn HETPRONKE ywvia oTpoerg 10° 307", Av
T0 UNIKO TOU €Xel METPO oAigBnong 7.95x103 daN/mm?2, va uttoAoyioBei n
QAVATITUCOOMEVN TAON Kal N dIATUNTIKA TTAPAPOPPWON GTNV ETTIPAVEIQ TOU
afoviokou.

AOon
Mag divovrai:

d=2r=8mm,8=10"30"", ¢{=30 mm kai = 7.95x10% daN/ mm?2
Kai {nrouvrai: r kai y.

1. MeTOTPETTOUE TIG POIPEG O€ AKTIVIA KAl Ba EXOUE:

10°.5 0 m 105
= X rad =0,00305 rad
60

180 60

8=(10".30")=10"5= (

2. Ta va Bpouue TN dIOTUNTIKN TTaPApOp@waon, epapuoloupe Tov TUTTo 11.2.€
y=(0/0r
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, Epapudloupe Tov TUTTO 11.2.0

)
T-c
v
1=Gvy
Gpa  1=7.95%103 92N

x 0,0004072 = 3,24 daN/mm
mm?2

Amdvrtnon
a) H diatunTikA TTapapépewaon ivai:

y=1724"
B) H diaTunTikA TG0N €ivai:

r = 3,24 daN/mm?

U NAPAAEIMA 20

Na uttoAoyioB¢ei n avaykaia SIGUETPOG WIOG ATPAKTOU, YIa TN HETAPOPQ
piag potig 100 KNm. To prikog Tng atpdkTou cival 2m. H aTpakTog givai
OUMPTTAYAG Kal KATOOKEUAOTNKE aTrd UAIKO TTOU €XEl T, = 30 MN/m2 kai
péTpo diatunong G = 7,95 x103 daN/mm?2.

Abon

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 dlaTourg Ba XpnolpoTTold-
ooupe Tov TUTTO: 11.3.1i

16M
Tem ™ m-d
Kal AUVOVTaG WG TTPOG d, XOUE:
16M,
=3
mT

T

TakTOTTOIOUE TIG HOVADEG
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M= 100 KNm = 100x103Nm,

3 daN
mm?2

MN =30x106 ﬁz

G=17,95x%x10
m2 m

=7,95x1010 ;i,TﬂT=30

AvTikaBioTOUpE OTOV TUTTO KAl TTPOKUTITEL:

3

16x100x10 1

d :3—6 :3\/0.016 :—317,9 =0,26m
mx30x10 10

dpa d =26cm.

2. lMpétrel, akdun, va yivel EAeyXog TNG dUCTPEWIAG TNG aTPAKTOU, YIOTI N KAAR
A€ITOUpYia TWV PUNXAVIOUWYV OEV ETTITPETTEI VO UTTEPREI N Yywvia aTpo@ng
(n,6, Tap. 11.2) kamoia opia. Mia kaAf katdoTacon AEIToupyiag UTTAPXEI
av €xoupue B < 15°/m. EpapuolovTag Tov TUTTo 11.2 N

= J— r
G l
Kal AUVOVTaG WG TTPOG B, £XOUE:

_2-1d

T-4
9:7
G-r G-d

2x30x10° x 2
0 = 10 =0,0005805rad/ m
79,5x107 x0,26

6 =0,03326020= 2

KAl N avnypévn ywvia, ava gETpo PIAKOUG TG aTtpakTou, gival:
e 20
—=—=1"/m <15/m
L 2
AtrdvTnon
d =26cm

U NAPAAEIMA 3o

Na utroAoyIo6¢i n dIGUETPOG Tou AEova VOGS NAEKTPOKIVNTHPA, TOU OTTOIOU N
10XUG gival 10 Kw. ZT0 KavovIKO onpeio Asitoupyiag Tou, £xel 1360 oTpopEg
avd Aertd. To UAIKO Tou agova £xel Ten= 50N/mm?2 kai G = 79,5 x 103 N/
mm?Z 10 YrKog Tou a&ova givar 40cm.
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Auon
Mag divovrai:
P = 10Kw
f=1360 RPM
Terr = 50N/mm?2
{=40cm
G =79,5 x 103 N/mm?2
Mag ¢nreitain d ( N SIGUETPOG dNA. TOU AEOVA TOU NAEKTPOKIVNTAPA)

1. TNa ™ doopévn 10X0, N GTPETITIKI POTTH, WG yVWoTO, atrd Tn Mnxavikr,
givai:

P
M, = —
2mrf
onAadn 10x10°
M, = ~ 1360 =70,22 Nmm
21 60
16M,
2. A6 1 oxéon (11.3.0), | Tep = e AUvovTaG WG TTPOG d, EXOUE :
T|' .

16-Mt
d=3
Tr'TmT
/ 16 - 70,22
d= 376 =0,01927m =19,3mm
m-50x%x10

3. O éAeyX0G, WG TTPOG TNV ETTITPETTOPEVN TAON PECa aTTd TN oxéon 11.36

Ocl:

‘Exoupe, apa:
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70220 2
T= = 49,76 N/mm* <50 N/ mm?2
1411
4. O €Aeyxog, WG TTPOG TN ywvia aTpo@ng, héoa atd Tn axéon (11.3.)
_32-M, ¢
G-m-d*
pag Oidel:
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 €Aeyx0G, WG TTPOG TN Ywvia oTpoYng, dev gival IKAVOTTOINTIKOG. Oa
UTTOAOYIOOUE TOV GEOVQ, PE QUTOV TOV TTEPIOPITHO. ‘Exoupe Aoittdv:
6=0,004 rad/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
\JG~Tr9

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, opBoywvikng Siatoung, atd xaAupa pe G = 80 GN/m?2, éxel d100TA-
oeig diatopng 100x150 mm kai pfkog £ = 1000mm. H pdBdog kataTtroveital
o€ oTpéyn, atod potr) 12 KNm. Na uttoAoyioTouv o1 TAoEIG TTou avaTTTuo-
OOVTal OTO PECA TWV TTAEUPWYV, KaBWG Kal N ywvia aTPoPng.
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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 Eivar: E = —— =1,5 Kal a1ré TOV TTiVOKA TOU

ox.11.5.5, éxoupe: a 100
Sq = 0,294
s, = 0,346
s3 =0,859

2. Y1moMloyifoupe TIG poTTéG adpdvelag Kal avTioTaong Kai gival:
lp=51B*A1,=0,294%(0,15)* = 14,9x10-S m*
W, =s,-83Q1 W,=0,340%(0,15)3 = 11,7x104 m3

3. H peyoAuTepn 1G0N T, OTO PECOV TNG PEYAANG TTAEUPAG, €ival:

M, 12x10° )

b o Ty = ——=102,6N/cm
W 11,7

4. H 1don a1o péoov TnNG WIKPNG TTAEUpdg, Ba givai:

Ty=S3Tyy N Tp=0,859%102,6 = 88,1 N/cm?

M. - ¢

5. H ywvia otpo@ng divetal atmd Tn axéon 6 = " kai dpa, EXoupe
.|p
3
12x10" x1
0 = 5 = =0,0010rad
80x10" x14,9x10
n
0 =0,05729°=3"26"",3

Amdvrnon:

1) 11,= 102,6 N/m?
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2) 15,= 88,1 N/m
3)6=326"",3

U NAPAAEITMA 50

Na TTpoodIopiceTe, yia TTOIEG TINEG TNG DIAUETPOU XOAURBIVNG KUKAIKAG OU-
MTTaYyOUG aTPAKTOU, TO KPITAPIO AOPAAEING, ival N ywvia oTpo@rg Kal Ol
N EMTPETTOPEVN TAON.

AOon

1. MNa va £xoupe ac@aAr] Kal Kavovikr Aeitoupyia, Ba TTpETTel, avd YETPO
MFAKOUG TNG aTPAKTOU, VO I0XUOUV GUYXPOVWG Ol OXETEIG:

16M,
>

T >
3
d

€T

Kal
32M,

0. >
Gmd*

£

2. MNa va gival 1o KPITAPIO ACPAAEING N YwVia OTPOPNAG, Ba TTPETTEI Va
I0XU0OUV OUYXPOVWG Kal TTAAI Ol OXEOEIG :

16M,
>

Tem 2 3

d

Kal
32M,

" Gnd*

ETT

3. AlaipwvTag, Katd hgEAN, TIG U0 OXETEIG, Ba EXOUE:
16 M,
Tem > mdd _G-d

0 32 M, 2

e
G-m-d4

ATrdvTnon:

ds 2T€T[
Go

ETT
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U NAPAAEITMA 60

2710 dITTAavo oxnpa 11.7.a n kivnT-
pia TpoxaAia (a), uetadidel 380 Kw
OTO CUCTNHA TWV dUO TPOXAAIWY
(B) kai (y) amod ta otroia 150 kw
otnv (B) ka1 230kw atn (y).

Av 01 OTPOQEC TTEPIOTPOPAG Eival
f=120r - p - m, n péyiotn TGON
Tm= 2100 N/cmZ2 kai ol aTTo0TACEIG
TWV TPOoXaAIWY 41 =180 m kai ¢, =120 cm, va uttoAoyicBoUv:

IxAua 11.7.a

1. O Aoyog Twv diapétTpwy d4 / do ,£T01 WOTE, N PMEYIOTN TACN CTPEWNG
oTa OUO PEPN TNG aTPAKTOU, Va gival n idla Kal

2. O1 didpeTpol dq kal do, oTa dUO PéEPN TNG ATPAKTOU

AOon
Mag divovrai:
Pq =380 Kw
Pg = 150 Kw
P, =230 Kw
f=120 rpm = 2 sec™’
¢, =180cm
¢, =120 cm
Tm = 2100 N/cm?

Mag ¢nrouvrai:
d1/dp yia va givar 14 = Ty
dq, do

1. Av gival Mg Kai My 01 GTPETITIKEG POTTEG TTOU AVATITUCCOVTAI AVTIOTOIXA
OTIG TPOXOAieG (a) Kai (B), TéTE Ba gival cupQwva Kal pe Tn oxéon 11.3.1
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16M
a

w

m-d

16M
)

3
2

m-d
Emeidn ¢nraue va eival 1,=T, Oa €xoupe

16Ma — 16MY I‘] dl =3 M(x
3 3 YN
m-dy m-d, d, \/MY

O1wg dpwg &Epoupe, ammo Ta padnuarta tng PuaoikAg, n POTTA eival
avaAoyn TTpog TNV IoXU Kal apa:

Md — P(]
Mv IDv
oTToTE
d P 380
L5 @ =nT"" 118
d, Pv 230

2. A6 10 pabruara Tng PuaoIKAG €TTioNG, YOG gival yvwaTo, 0TI N OTPE-
TITIKA POTI) CUVOEETAI E TNV QVTIOTOIXN I0XU, UE TN OXEON :

P=M2mf AR
1 P
Com f
Apa £XOUUE:
M, = ip—“ Kall Mv = i=i
2m f 2m f
2UPQWVA, OJWG, JE TNV TTapatTavw oxéon 9.3.i,
_1eM, . 1med
e T e
OTToTE
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Kal AUvovTag, wg TTpog d, EXOUUE:

16 P, 16 P,
di=3— Kar dy=, |—
2" o1, 2 o1,

AVTIKaBIOTWVTAG TWEA TIG TIUES, AAUBAVOUE:

d;= 5 =0,19m=19cm

_i/16 380x10°
2.1 2x21x10°

Kal

16 230x10°
d,=3 5 & =0,164 m=16,5cm
2x21x10

2 -1

ATTavinon
d

1) L1=118
d

2)d;=19cm
3)d, =16,5cm

U NAPAAEITMA 70

XaAUBdIvn KUAIVOPIKA
PABdOG, TTOKTWUEVN KAl
oTta U0 GKpa TnG, Ka-
Tatroveital amd ) dpd-
On OTPETITIKAG POTTAG
TTou €QapudleTal o€
evoldueon diatoun Kai
o€ aTmooTACEIG ATTO TIG
QVTIOTOIXEG TTAKTWOEIG,
¢4, {5, ZnT1oUvTaI Ol OTPETTTIKEG POTTEG TWV TTOKTWOEWY My Kal My KaBwg Kai
N aTTaIToUhEVN SIAUETPOG, VIO OEDQOMUEVO Ter.

ZxApa 11.7.8
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AUon
Mag divovrai:

H potrr) My, Ta uAKn 44, & KAl N T

Mag ¢nrouvrai:
O1 potrég TwV TTaKTWoeWV M4 KaBwg kal M, kai n didpeTpog d.
Eival rpogavég, 611 n ywvia otpéwng NG dIaToung A, €KEi TTOU £Qap-

poletal n potr M, givai n idia, kal a1rd TNV TTAEUpd TNG TTAKTWwoNG (1) Kai
atrod TNV TTAEUPA TNG TTAKTWONG (2). Apa, aTrd Tn oxéon 11.3.k Ba £XOUE:

oMb Myt
Gl, G-I

p
ATTO TN ox€on auTr] eEayoupe OTI:

M4 ¢4 =My &, aAAG kal My = M4+M,

Me Baon auTtég TiG dUO €£EI0WOEIG, KATAA)YOUUE OTO OTI:
(M (LM
M= 2"t aMdkaitMy=_1 "1
L+t b+ 4
H ¢ntoupevn &€ dIAPETPOG, TTPOKUTITEI aTTO TN oxéon 11.3.1 kai givai:
16¢,M,

Tr(ll + lZ)T£1T

U NAPAAEIMA 8o

PaBdog opBoywvikig diatoung, amo XaAuBa, éxel diaoTtdoelg a= 100mm
Kail B = 200mm pAkog &g £ = 2000 mm.
H pdpdog katatroveital atrd oTpeTTIKA pott M= 12 KNm.

Zntouvrar: H Tyax Kal N ywvia otpéyng 6.

Aiderar: G = 81 GN/m?
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Auon
Mag divovrai:
a) H diatopn tng p&BRdou diaotdoewv 100 mm x 200 mm,
B) To puAkog £ = 2000mm,

)
)
y) N oTpemTIKA poTrr) M= 12KNm kai
0) 10 G =81 GN/m?

Mag ¢nrouvrai:

H péyiotn avatrtuoaopevn T1aon Tgr Kal N ywvia oTpéyng 6.

1) Zinv Tapdypago 11.5, mepitrTwon vy, yia TNV opBoywvikn diaTtoun Kai
a1rd ToV TTivaka Tou oxruaTog 11.5.9 yia Tiur) Tou Adyou Twv dIaoTaoEwv

EXOUE:
s1=0,457, s, = 0,293, s3 =0,795

ATTO auTd TTAIPVOUE:
lp = s1-8*
Wi =s2-8°
AnAadn
lo = 0,457 x 200% = 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

= 53 = 3,05 MN/m?
3,94x10°- 10°m

3

EVW N TGON, OTO PECOV TNG MIKPAG TTAEUPAG, gival:

Ty = 3Ty = 0,795%3,05 MN/m?
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Kal N ywvia oTpoenig
_ M, -¢

G-Ip

S

o= 12000Nmx2m

81x10°N/m? x7.31x10% x10 2 m*

0=0,04x10"3rad=8",244

Zz

z ZYNTOMH MNEPIAHWYH ENAEKATOY KEDAAAIOY

z dopéag kaTaTTovEiTal O OTPEWN OTAV AOKEITAI POTTA O€ ETTI-
ed0 KABETO OTOV GEOVA TOU. ZTIG DIATOUEG TOU QPOPEQ, TTOU
KATATTOVEITAI 0€ OTPEWN, AvATITUCOOVTAI DIOTUNTIKESG TAOEIG.
2Tn OTPEWN, TO OXNUA TNG KaTaTTovoupevng diatoung, Traidel poho. 'ETol
Y10 KUKAIKY] d1aTOUR €XOUUE:

e >xéon YETALU TAong Kal Trapapopewaong G = 1/y

e >x€on OIATUNTIKAG TTAPANOPPWANG KAl YwVia OTPOPNG, YEITOVIKWY dia-
TOMWV Y = (8/) - r

e 2xéon TAONG KAl YWViag OTPOPAG, YEITOVIKWY Slatopwy /G = (8/4)-r.

e >x€0n OTPETTTIKAG POTTAG, TAONG KAl YWVIAg OTPOPNAG, YEITOVIKWY dIATO-
Hwv 1/p = (8/6)G=Myl,,

MNa d1aTopéG PN KUKAIKEG €XOUUE OTTOKAIOEIG aTTd TOUG TTAPATTAVW TU-
TTouG. H TTpocappoyr Twv TUTTwY, 0€ dIOTOUES AAANG HOPPNG, YiVETAI PE
OUVTEAEOTEG TTOU TTPOKUTITOUV OTTO TTEIPAPATA. MO YEPIKES TTEPITITWOEIG
OIATOPWY, TTOU ATTAITOUV OUXVOTEPA GTNV TTPAEN, TTapaBEéTOUE TO TTAPA-
KATW TUTTOAOYIO:
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1) KukAIkn diatopn:

_ M, _16M, _2M,

T =
" W, md
5= M,-L_32M,-L_2M, -L
Gl, Gmd"
2) AakTuAIO€IOAG dlaToun:
= M,  16M,D SM,d
T =
W m-(p*-d*) D*-d’
M, 16M, -d M, d
2= " 4 4\ "4 4
W, m(p*-d*) D'-d
M. -L 32M. -L M. -L
6=— - 4t 4 =10 ztt 4
¢, G&-mD*-d*) o(p*-d*)

3) ZwAnvwrr) dlaToun:
M M,

T=—tr, =

2
IIO 2mtr,

ML ML

6 2
Gl, Gamtr,

t=r1—r2




4) OpBoywVikr) cwAnvikr dlaToun

=879
2
B= Byt B,
2
Sm=af
t=%2-01_ B,-B,
2 2
T= M,
2S,t
5) OpBoywvikr diaToun
lp =S4 B4 W, S,- B2
M; .
W= — OTO onueio A
Wi
M,
= — S3 oTo onueio B
W,
5= M, L
Gl,

O1 ouvteAeoTéG Sy, Sy, S3 010 OXAMa 11.5.0

6) Tpiywvikr diatoun (I06TTAEUPO TPiIYywWVO TTAEUPAS a)

20M,
TW=—y

a
5= M,L

G—3a4

80
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@ AZKHZEIX

= 1. Na utroAoyioBoU0v n SIGUETPOG, N Ywvia OTPOPAG Kal N ywvia TTapa-
MOPOWONG evog AEova TTou KATaTToveiTal o€ oTpEWn atrd yia potrr) S0KN/
m?2 oT1av n emTPETOUeVN Taon gival 30 MN/m?2 kai To PéTpo dIATuNong givai
G=80GN/mZ.

Amavrnon: d =20,4cm,0=12"38",3,y=19" ,61

=& 2. Na uttoAoyIoBoUV N ECWTEPIKA Kal N EEWTEPIKN DIAPETPOG VOGS GEova,
pe dakTuAIogIdn diaTopr), KaBwg Kai n ywvia otpo@ig. O dovag KaTaTroveiTal
oc oTpéwn amd pia potrr) 50KN/m?2 n emrpemmduevn téon sivar 30 MN/m?
Kal 1o uETPO diaTunong eival G= 80GN/m?2 o Adyog Twv diauéTpwy gival 0,9

Amavinon:d=26cm,D=29cm, =9’

*% 3. 2TIG OUO TTPONYOUHEVEG AOKAOEIG £XOUUE BUO DIAQPOPETIKWY YEWMETPI-
KWV OTOIXEIWV AEOVES TTOU €ival atrod To 010 UAIKO Kal KaTatrovouvTal atro
TNV id1a potrr]. AT Ta ammoTeAégPaTa Twv OUO TTAPATTAVW AOKATEWY, TI
OUNTTEPACHOTO PITTOPEITE VO £CaYAYETE ATTO TO YEYOVOG TNG SIOPOPAS TOUG
WG TTPOG TO YEWMETPIKG OTOIXEID.

=¢ 4. Mola Taon Ba avamTuyBei o€ éva dfova, dIaPETPOU d, TTOU £XEI HETPO
didrunong G = 80GN/mm? av Béocoupe wg TPolTToOean OTI N ywvia oTpo-
@n¢ Ba eival 1° o€ Pnkog ¢ = 20d.

ATTGVTNON: Tmax = 34,8 N/mm?

=¢ 5. AZovag TTOKTWHEVOG KaTd TO éva AKPO Tou, KaTaTtroveital o€ aTpéyn. O
agovag autog €xel urikog 1000mm, €ival KOTOOKEUAOUEVOG aTTO XAAUBa e
G = 83x104 daN/cm? kai n emTpemmduevn TdoN ival T;;=80 daN/cm?2. Av
BéNoupe yia Adyoug oikovopiag va e€avTAfocoupe Ta dpia avtoxng, Toid Ba
TPETTEN va gival N SIAPETPOG Tou agova; (H PEyioTn emITPETTOMEVN YWwVvia
OTPOYPNG Bmax = 0°,25/m ).

Amavrnon: d =4,5 cm

=& 6. Na uttoAoyIoBei n peyaAUTtepn 1I0XUG TTOU PTTOPED va peTaBIBacBei atrd
éva agova dlauéTpou 150 mm o otroiog aTpépetal he 240 rpm, 1AV N ETTI-
TPETTOMEVN TAON €ival Ter; = 55 N/mm2. O d€ovag autdg £xel éva oUVOETHO
ME €€1 uTTOUAGVIQ, TTEPIPEPEIOKE O€ Pia diapeTpo 260 mm. Na opiceTe Tn
OIAUETPO TWV PTTOUAOVIWV OTAV N PEYIOTN ETITPETTOYEVN TAOHN TOUG Eival
Timax = T00N/cm?2.
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ZyxApa 11.9a
Amavrnon : P =920 kw, d = 24,4 mm

=¢ 7. Na utroAoyioBouUv o1 avayKkaieg SIAUETPOI ECWTEPIKA d Kal EEWTEPIKA
D, evog dfova pe DAKTUAIOEIDN BIATOURA, O OTTOI0G PETAPEPEI I0XU 750kw
pe 50rpm.

Aidovrai:

a) n ywvia otpo@ng 6 atmod 1°/ 5op
B)otnd/D=0,6

y) G = 85 x103 N/mm?2
Amrdvinon: D =283 mmd = 169,5 mm

=& 8. 'Eva dakTUNIOEIBNG dgovag £xel eEwTePIKN didueTpo D=10 cm Kal eEow-
TepIKA d = 7.5 cm. Na uttoAoyioBoUv o1 TAoEIG TTou avaTITUGooVTal OThV
€EWTEPIKNA KOl ECWTEPIKN ETTIPAVEIN TOU GEOVA, OTAV AUTOG KATATTOVEITAI
o€ oTpEéWn ato pia potrr) My = 2000 Nm. Na utroAoyioBei etriong n ywvia
oTpo®nG. To uAkog Tou dgova eival 1m Kal To UAIKG £XEl ETPO DIATUNONG
G = 80GN/m2.

Amavinon T, = 14,9 MN/m2, 1, =11,2 MN/m?, 6 = 12" 49" ,64
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.) Emdiwképevol oTé)o!I:

O1 yadbnréc:

E/ Na Kkatavoroouv To GUVOETO TWV KATAOTAGEWY KATATTOVNONG TNG
UANG Kal TNV TTOAUTTAOKOTNTA TWV OXETIKWY QAIVOUEVWIV.

M/ Na yvwpioouv atmAég TTEPITITWOEIS CUVOETWY KATATTOVAOEWY Kal VO
MTTOPOUV va avayvwpeifouv, atTAEG TTEPITITWOEIG, OTN TTPAEN.

12.1 EIZATQIriKA

Méxpl Twpa, ECETACANE KATAOTATEIG, OTTOU 01 POPEIG, OTTWGS A.X. ol pdpdol,
ol a&oveg, o1 OOKOI, T UTTOOTNAWMOTA, K.O UTTOKEIVTAI O€ £va PJOVO €id0g
@opTIoNG. AnAadr), katatrovouvTal, €iTe HOVO o€ EQEAKUOUO, €iTe HOVO O€
KAPWnN, €ite povo o€ oTPEWN K.T.A.

2TIG KATOOKEUEG PG, OUWG, TIG TIEPICOOTEPES POPEG EP@avifovTal OUVOETEG
KataoTdoelg. AnAadn, KaTaoTAoEIg, OTToU dIGQopa PEAN VOGS UNXavIoHoU,
1 @opEa, KATATTOVOUVTAI, CUYXPOVWG, O€ TTEPICOOTEPA £idN QopTicewy. Mia
ATPOKTOG TT.X., MTTOPEI VA KOTATTOVEITAI, TAUTOXPOVWG, O€ KAUWN KOl OTPEWN.

ZxAua 12.1.a ATpaKTOS KQTATTOVOUNEVN OE OTPEWN Kal KAUWnN

MpétTel, €miong, va ava@EPOUNE OTI, EKTOG TWV QOPTiwY, TTaiouv pOAo
OTn CUPTTEPIPOPA TNG UANG Kal 01 CUVOKES UTTO TIG OTTOIEG, TA POPTIA AUTA,
evepyouv.
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TéTo1EC OUVONKEG, Eivai:
e O1 uwnAég A o1 xapnAég Beppokpaaieg Tou TTePIBAANOVTOG.

"evikd, o1 TTOAU PEYAAEG 1] 01 TTOAU PIKPEG BEpUOKpaaies, ETABAGANOUV TIG
MNXAVIKES 1010TNTES TV cwHATWYV. OI TIUEG TOU Opiou avaloyiag, Tou opiou
Bpavoewg, Tou HETPOU EAACTIKOTNTAG K.T.A., peTaBdANovTal. ETTopévwg,
aAAalouv Kal ol ETTITPETTOPEVEG TAOEIS. AKOUN, OTIG UYNAEG BepUOKpPaTi-
€G, EXOUNE £VTOVO Kal TO PAIVOUEVO TOU EPTTUCHOU. To Qaivouevo auTo,
ouvioTaTal OTN CUVEXT TTAPAUOPPWAOT EVOG CWHATOG, UE TNV TTAPODO ToU
XpPOvou, utré Tnyv eTidpacn otabeprc OUVANPNG, TNV OTToid, UTTO KAVOVIKEG
OUVONKEC, TO WA aUTO AVTEXEL, XWPIS TTapapdpewon’.

e H TaxutnTa mMPROANG TNG OPTIONG.

21NV TEPITITWON TNG KaTaTrévnong o€ BAiwn, av n €TTIBOAN Tou @opTiou
Yivel o€ TTOAU PIKPO XPOVO, TOTE EXOUE TO PAIVOPEVO TNG KPOoUOo NG, OTTOU
eTTEUBaivel Kai n KIVNTIKA evEPyEIa TOU TaxuTaTa eTIBAAASOPEVOU QPOpPTIOU.

o H petaoAf Twv QopTiwv Kal 0 TPOTTOG TV YETABOAWY

OT1av n eopTion peTaBAAETAI KOl JAAIOTA TTEPIODIKWG, TOTE EXOUME TNV
TTEPITITWON TNG BUVOMIKAG @OpTIONG. H TTEPITITWON QUTH, €ival TTapa TTOAU
ouxvh. Epgavietal de o€ OAEC TIG KIVNTHPIES PNXaVES. EBW, 0 popEag avTEXE
TTOAU JIKPOTEPO POPTIO KAI PG EVOIAPEPE! KAl O APIBUOS TWV EVAAAQYWV.
MepimTwon duvauIKAG @OPTIONG, €ival Kal N TAAGVTWOoTN Tou popéa. TETola
@OpTION, £TTIONG, £XOUUE O ATPAKTOUG, OTTOU, AOYW KAKIMG KOTAOKEUNRG,
OV GUUTTITITEI ATTOAUTO O YEWUETPIKOG GEovag pe Tov afova aTpo@ng. Ta-
AavVTWOEIG EXOUE KAl o€ TTPOBOAOUG TToU opTidovTal YE HETABAANOUEVT
QopTia, OTTWG OTIG TITEPUYEG TWV AEPOTTAAVWY. ZTIG TTEPITITWOEIS QUTEG,
TTapaTNPEITal aoToxia ToUu UAIKOU, TTAPOAO TTOU Ta QOPTIa €ival KATWTEPA TWV
QVEKTWYV Opiwv. AUTO aKPIBWG aTTOTEAEI KAl TO QAIVOUEVO TG KOTTWONG .

* To @aivouevo auTod gival EPQavES Kal O CUVABEIG BEPUOKPATIES, O€ AVTIKEIYEVA KATA-
OKEUOOHEVA JE KOKAG TTOIOTNTOG TTAAOTIKG UAIKA.
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12.2 H EPEYNA XTA ®AINOMENA TQN ZYNOETQN KATAMNONHZEQN

ATT6 6oa citTape, Qaivetal 0TI n CUPTTEPIPOPA TNG UANG, OTIG ECWTEPIKES
emOpPACEIg, eival TTOAUTTAOKN. MoAUTTAOKA €ival, KOTA CUVETTEIQ, KAl T TTPO-
BAARuOTa TTOU TIBEVTAI, TIPOKEINEVOU VO ITTOPOUE VA £XOUNE QOQAAEIG KOl
OIKOVOWIKEG KATAOKEUEG. H €peuva €xel aTTOdEIEE, OTI O TPOTTOG KATACKEUNG
TOU KAB¢g aToixeiou (XUTEuan, EAaarn, JNXAVOUPYIKH KATEPYATia ), O€ OUV-
duao o pe TNV KPUoTOAAIKR Sour TOU Kail TNV aKPiBEIa TNG KATAOKEUAG TOU,
€XOUV PEYAAN onuaacia yia TNV avtoxr Tou TTapouaialel. ETreidr, Aoimmov,
Ol TTAPAUETPOI TWV TTPORANUATWY AUTWYV gival TTOAAEG KAl APKETEG POPEG,
ayvwaoTeg, dgv gival duvarr n dIaTuTTwon Jiag yevikAg BewpnTIKAG TTPOTA-
ong, yia TN HEAETN QUTWV TWV KATACOTACEWV. [a Toug TTapatrdvw Adyoug,
OTIG JAAAOV aTTAOUCTEPEG TTEPITITWOEIG, UTTAPXOUV, KAl Ol aVAAOYEG TTPO-
OEYYIOTIKEG BEWPNOEIG, EVW, YIA TIG AAAEG EXOUME TTEIPAUOTIKEG EPEUVEG
TIPOCEYYIOEIG.

TNV TTEIPAUATIKI €PEUVA, EXOUHE :

o KataoTpo@ikég ueBddoug (eAEyxoug), OTTwG ival Adyou xdpn, To TrEipaua
TOU €QEAKUTHOU, TTOU £EETACONKE O€ TTPONYyoUUEVO KEQAAaio. I.x., n e€€Taon
TOU oKupokovidpaTtog (beton) otnv oikodoun, yia Tn Aqyn d€iyuaTtog Trou
UTTORAAAETOI G€ BAIYN, JEXPI KOTOOTPOPAG TOU, TUVIOTA Mia TéETola uEB0BO.

o Mn KaToOTPOYIKEG HEBODOUG (EAEYXOUG).

AUTEG xpnoiyoTToloUVTal OTTOU, €K TWV TTPAYUATWY, OEV €ival ETTIBUPNTA N
KOTOOTPOQr] TOU £EETACOPEVOU OTOIXEIOU, OTTWG TT.X. TWV OTOIXEIWV QPEPOVTQ
opyaviopoU TEXVIKOU £pyou, ) TWV UNXavNUATWY, yia TNV EAAXIOTOTTOINGN
TOU KIVOUVOU aTTPOBAETITNG AGTOXIOG TOU UAIKOU.”

O 01Ox0G6 SAWV AUTWV TWV TTPOCTTABEIWY, BEWPNTIKWY KAl TTEIPAUATIKWY,
gival va Bpoupe TV TA0N €KEivn, TTOU €ival I00dUvapn TTPOG TIG TACEIG TTOU
TTPOKUTITOUV, 0€ KABE anueio (diatopur]) Tou £MBAPUVOUEVOU GTOIXEIOU €€
AITiog TWV dIAPOPWYV YOPTICEWV.

O1 1doeig, OTTWG EEpoupe, gival aviopaTika PeyEdn, dpa, eQOoov evep-
youUv 0To auTé oneio, JTTopoUV va £XOUV Wia ouvioTapévn To TTPORANua,
BéRaia, dev gival TOGO aTTAG, yiaTi Oev yvwpifoupE, TTARPWG, TN CUPPETOXNA
KGO emPRdapuvaong Tou popéa oTo TEAIKO atroTéAeoua. lNa va yivel autd o

* AuTég o1 uéBodol aTnpidovTal 0T Baadikh IB€a, OTI KATTOI OBaPH KAKOTEXVIa ETTIBAPUVEI
TO €EAPTNMA KAl O EAEYXOG YivETal AKOUN Kal OTAV €ival N UNXavr) o€ AEITOUPYIa JE TEXVIKEG,
OTTWG Ta duvopeUaTa, Ta YayvnTIKG cwuartidia, Tnv uTrépubpn akTivoBoAia, Tnv Topoypagia
Kal GAAa avdaAoya.
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KaravonTto, ava@EPOUNE OTI OTNV TTEPITITWON ATPAKTOU TTOU KATATTOVEITAI

o€ OTPEYN Kal KAPWN, £€XOUMNE TECOEPIG BEWPNTIKEG TTPOCEYYIOEIG, TTOU

K&Oe pia KataArfyel Kal o€ dIagopETIKA dIaTUTTIWGON TNV Ic0dUvaun Tédong’.
Av oy, N Taon KAPWng Kai Ty, N Tdon oTpéwng, TOTE Eival:

e ZUuQwva Pe TN Bewpia TNG PéyIoTNG 0pBNG TAONG:
1
o= z(ob o, + 417 ) (12.2.)
e JUPQWVa PE TN Bewpia TNG PEYIOTNG avNyuEVNG TTAPAPOPPWONG:

o= (0,350b +0,65\/07 + 41 ) (12.2.8)

e ZUPQWVa Pe TN Bewpia TNG PEYIOTNG BIATUNTIKAG TAONG:

[ 2 2
0 =40, + 4t (12.2.y)

e ZUuQWVa PE TN Bewpia TNG evEPYEIAg TNG TTAPAUOPPWONG:

0= fo; +31; (12.2.3)

12.3 AYTIZMOZ
12.3.1 T'evika

Eival eukoAo va doupe, pe éva atrAd Treipapa, 0TI N CUPTTEPIPOPE TNG UANG,
oTnVv Karatmrovnon tng BAiyng, e€aptaTal Kal atrd To UYPOGS TOU KATATTOVOU-
MEVOU aTOIXEIOU.

Maipvoupe dUo aToIxEia, ATTO TO AUTO UAIKO, TTOU TTAPOUCIAlOTaV OPKETH
avtoxn o€ BAiyn, kai Ta oTroia diagEpouy, HOvo WG TTPOG To UYWos. ‘EoTw,
OUo KUAIVOpIKoi pdpdol TNG auTAg dlauéTpou d.(ox.12.3.10a,) TTAKTWUEVES
OTO KATW PEPOG.

* Eival B€pa Tou peAeTnTA, TTOI0 £KQPaCT Ba XPNOIKNOTIOINCEL.
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xAua 12.3.1a H diagpopd ouutrepipopds atnv karamovnaon tng Aiyng, eéairiag tng
O1a¢pOopds UWoug TouU OToIXEIoU.
OAiBoupe T1IG dU0o p&PRdoUG E TO AUTO POPTIO, AUEAVOVTAG TO OTADIAKA.
2¢ Mia iy F Tou @opTiou, TTapatnpouuE OTl, eVvw gival
F
o= 4 <O¢n
Ty
N WYnAr papd0G KAUTITETAI KA, XWPIG TTapatrépa auénarn Tou gopTiou, ou-
VEXICEl VO KAPTITETAI KAl TEAIKG KOTOOTPEPETAL. TO paIVOUEVO TTOU TTEPIYPA-
wape, Aéyetal Auyiopog. Eival Tipo@aveg, 6T EpOToV 0 PopEas KAUTITETA,
Ba UTTAPXE! KAl PIa KOUTTTIKA poTTh) My, EKTOG Tou BAITTTIKOU @opTiou F, kai
dpa, £xoupe Pia oUvOETN KOTATTOVNON.

12.3.2 Baoikd XapaKTNPIOTIKA TOU AuylouOoU

O11Ww¢ OTIG TTEPICOOTEPES TTEPITITWOEIG CUVOETWY KATATTOVHOEWY, £TC1 KOl
OTO AUYIGUO, £XOUNE TTEIPAUATIKEG EPEUVEG Kal DIAPOPES BEWPNTIKES TTPO-
oeyyioeig. AT OAa auTd, €XoupEe KATaAALEI OTa £€1G CUUTTEPACUATA :

o) ZTnVv TTEPITTTWAON BAIYNG evog popéa, Katd Tnv Evvola TnG HEYOAUTEPNG
O1doTAoNG TOU, av auTh n diIdoTaon gival TTAVW ATTO OKTW QPOPES PEYO-
AUTEPN OTT6 TIG AAAEG TOU BIOOTACEIG, £XOUME EUPAVION TOU QAIVOUEVOU
TOU AuyIopOU.

B) Ooo peyohwvel TO YAKOG, TOOO EVTOVOTEPO YiVETAI TO PAIVOUEVO TOU
AuyiopoU Kal TOOO PIKPOTEPO POPTIO TTAITEITAI YIA TNV EUPAVICT] TOU.
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y) To cwpa, YETA TRV ELPAVIOT TOU QAIVOPEVOU TOU AUYIOUOU, KOTAOTPE-
QETAI, EVW TO POPTIO, OUTE £XEI UTTEPREI TO OPIO AVTOXIG TOU UAIKOU OTNnV
Katatmrovnon tng BAiwng, ouTe augdvel.

H trepiTTwaon, 61ToU N TTAPAPOPPWON AUEAVETAI, XWPIG ETTI TTAEOV avTi-
oToIXN aUgnon Tou QopTiou, Eival Pio AoTAOAG EVTATIKA KATAOTAGCT KOl
TETOIO €ival 0 AUyIOpOG.

12.3.3 H @uoikn €€iynon Tou Auyiopou - Kpioio @opTio

Ta diGd@opa PEAN TWV KATOOKEUWV Hag, OTTWG 01 SOKOI JE T UTTOOTNAWA-
TQ, 0Ta OOUIKG £pya, 1 T BAKTPA UE TOUG DIWCTAPEG, OTIG UNXAVOAOYIKEG
KOTOOKEUEG, OV ouvdEovTal aKAGVNTA PETAEU TOUG, OUTE N OUVOEDN YiVETaI
MOVO o€ éva pabnuatikd onueio, aAAG yiveTtal o€ pyia oAGKANPN ETTIPAVEIQ.
Ala Yéoou TNG ETTIPAVEING QUTAG YiveTal Kal n YeTapifacn Twv SUVANEWY. 2ZTO
oxnua 12.3.3.a, 1o BAKTPO KaTaTroveiTal, EVAAAAE, o€ EQEAKUCUO Kal BAIwN.

IxAua 12.3.3.a Zrov unxavioud diwatnpa otpopdAou, To BakTpo AB utrdkeiral o€ BAiwn
Kal EQeEAKUOUO eVaAAGE

MNa dia@dpoug Adyoug, €ite aTTd KAKMA KATOOKEUN, €ITE ATTO KIVAOEIG TNG
MNXavAG T1.X. atrd TOAAVTWOEIG, €iTE aTTO €CWTEPIKA AiTIA, TT.X. ATTO O€l-
gpoUg, dev CUNTTITITEI ATTOAUTA O ALoVaG evEPYEIQG TNG dUVAUNG UE TOV
dgova cuppEeTpiag Tou £CapTAPOTOG,0AAG eppavideTal poxAoBpayiovag a
(ox. 12.3.3.0) ,ka1 dnuioupyeital, ETTOPEVWGS, N poti My =a - F

Me katdAAnAn Ty NG F, epgavidetal o Auyiopog.

Ovopuddloupe kpioipo goptio Auyiopou (Fy), To afovikd @opTio BAIwNg
TTOU €ival IKavo va TTPOKAAETEI TNV EUQEAVION TNG KAPTIUAGTNTAG TOU Agova
TOU QOpEA, XWPEIg, OUWG, auTr N TTapaudopewaon va emodeivwveral. EAGxI-
oTn augnon, A peiwon TG TINAG TNG Fy, HTTOpPEi va emipéper mdeivwan TNG
TTAPAPOPPWaONG Kal KATAOTPOPN] TOU PopEa, ) EaPAavion TNG TTapapdpPw-
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ong avTioToixa. Eivalr dnAadn, n Tiur Tou Fy ,To 6pio petagl NG otabepng
EVTATIKNG KaTtdoTaong TnG BAIWNG kal TNG acTaboug To1auTng Tou AuyiouoU.
Av A, 1o eyaddv Tng diaTouAG ToU Qopéa, N Kpiotun Taon Ba givai:

F

o=-K (12.3.3q)
A

12.3.4 O 1UTTOG TOU Eliler

Meipapartikd, €xel ammodeixBei T 0 Auyioudg, KaBWGS Kai N TIUA Tou KPioipou
QopTiou, ECAPTWVTAI aTTO :

o) T0 UAIKO TOU popéa
B) TN yewpeTpia Tou popéa
Y) TOV TPOTIO [E TOV OTTOI0 EVTACOETAI O POPEAG OTNV KATAOKEUN).

AKOUN, TTEIPAUATIKG OTOIXEIO pag EMTPETTOUV va deXOoUE, OTI Ol TTApa-
KATW TTapadoxEg, Bpiokovtal y€oa oTa OpIa TNG TTPAYHOATIKOTNTOG:

a) O gopéag cival paBdog, 1davikad eubuypauun

B) To @oprTio evepyei, akpIBwg, aTov agova Tng papdou

y) To UAIKO TNG pARdOU Eival OUOIOYEVEG ICOTPOTIO KAl HE TIG iBIEG 1016-
TNTEG, TOOO ATTEVAVTI OTOV EQEAKUCUO, GO0 Kal atrévavTi aTn OAiyn.

0) Katd tnv epapuoyr Tou Kpiolpgou gopTiou Fy, Kal yia TNV avaTiTuc-
oopevn Kpiolun Tdon Ok, I0XUEl, OTI OeV €ival PeyaAUTEPN TOU opiou
avaloyiog o dnAadn:

Ok < Oq
dpa, eipacTe OTNV TTEPIOXT] TTOU 10XUEI 0 VOPOG Tou Hooke.
Me 6Aa Ta TTapamavw, o Eller Bewpnoe pia pdRdo, TTou Ta dkpa TNG

MTTOpOUCaV PEV Va TTEPIOTPEPOVTAI, AAAG EUBUYpapUN Kivnon utropolcav
va kdvouv, Yovo katd Tn dietBuvan Tou Ggova Tng paRdou. (0X.12.3.4.a).
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IxApa 12.3.4.a H paBodog rou Euler

Me Ta TTapaTrévw TTEIPAPATIKG OTOIXEIO KAl TIG TTAPadOXEG TTOU £8E0€ O
Edler, diatumtwoe Tnv €€Ng oxéon:
2

) (12.3.4.q)
{

Fi

omou:  Fy: 10 KpioIpo @opTio Auyiopou
E: 10 y€Tpo EAAOTIKOTNTOG TOU UAIKOU

lex: N MIKPOTEPN POTTA adpAvEIng TNG dIATOMNG TNG paBdou
¢: 10 uAKOG TNG paPRdou

OT11wg €idape, Kpiolun Tdon AuyIopoU eKQPAleTal JEoa atrd Tn axéon :

OAAG,

OTTOU i N akTiva adpavelag NG SIATOUAG
Kal apa, EXOUE:

o _TE#
k e2
TO TTNAIKO '57)‘ TO ovopddoupe Auynpdtnta A, dpa,
= IETA (12.3.4.8)

Kal 0 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
010 pou, TTou BewpouvTal KUPIa unXavoAoyikd UAIKA, gival TTEPITTOU TO
id10, aTTOdEIKVUEI OTI N CUUTTEPIPOPA TWV UAIKWV QUTWV £CapTATal OTTO TN
AuynpoTnTa.@a péTrel €dW va TToUpE OTI 0 TUTTOG Tou Euler 1oy 0€l eviog
TwV opiwv Tou Nouou Tou Hooke. AuTtd eCacalileTal, oTnv TTPAEN HE TO
va éxoupue 10 A>100.

12.3.5 Avnypévo pnkog Auyicpuou

TNV TponyouUuevn Tapaypa®o (12.3.4), eitTaye, EKTOG Twv AAAWY, OTI O
AUYIOPOG Kal TO KPiOIUO POpPTIo TOU, LaPTWVTAI Kal aTTd TOV TPOTTO TTOU O
QopEAg, EVIAOOETal JEOT OTNV KATAOKEUN. MNMpaypaTikd, To Treipapa €J€IEE,
OTI T0 uAKOG £ TNG pdPRdou TTou Ba uTTaivel atov TUTTO Tou Eller, dev cival
TTAVTA TO YEWUETPIKO, aAAG Ba gival éva AAAO PAKOG, TO AVNYHEVO HAKOG
AuyIoUOU 4 TTOU €ival oUVAPTNGON TOU YEWUETPIKOU IAKOUG TNG pAaRdOU Kal
TOU TPOTTOU OTAPIENG TNG, HECT OTOV PINXAVIOUO. Tagivounenkav TE00EpIg
TTEPITITWOEIG.

av gival: £ 10 YEWMETPIKO PAKOG TNG p&RSoU Kal
¢ T0 avnyuévo PAKog Auyiouou:

a) H p&Bdog va gival TTaKTwPEVn, JOVO KATA To £va AKPOo, EVW To AAAO
AaKpo va gival eAeUBepo, oTToTE { = 2
B) H paBRdog va ival TrakTtwuévn Kal Katd 1a 000 Akpa, OTToTE § = ¢/2

y) H pd&Bdog va gival TTakTwuévn, Katd 1o éva Akpo, evw To A0 AKpo
va éxel apBpwan, dnAadn eAeuBepia TTEPICTPOPAG Kal EUBUYPAPUN
duvatdTnTa Kivnong, JOvo Katd Tnv évvoia Tou apxikoU afova Tng

pG&ROoU, OTTOTE ¢ = j_
2

8) H pd&Bdog va £xel dpBpwon kal oTa dUo AKkpa, OTTWG €TTIONG, TN du-
vaToTNTa EUBUYPANKNG Kivnong Kal Twv dU0 AKpwV, KATA TNV évvola
TOU apyIkou d&ova TnG pdpRdou, otréTe ¢ =4

OAa ta TTapattdvw ¢aivovtal oto ox. 12.3.5.a
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MepimTwon Mepimrwon | MNepimrwon | MepiTTwon
o B v 5

IxAua 12.3.5 O BaCIkES TEQITTTWOEIS OTEPEWTNS PALBOWY, KATATTOVOULEVWY € AUYIGUO
KQl TO KATd TTEPITITWON avnyHEVO LUNKOS AuyIouOU.

TNV TTPAgN Ol CUVAPPOYEG TV PARdWY GTO UATNUA (UNXAVIOUO A
POpPEQ) OTO OTTOI0 EVTACOOVTAI, OEV KOTATACOOVTAI TTAVTa KaBapd, o€ pia
atrd TIG TECTEPIG TTEPITITWOEIG, TTOU ON ava@EéPBnKav. & aQuTEG TIG TTEPI-
TITWOEIG, TwV eVOIOPETWY dNAAdH KATAoTACEWY, TO avayKaio avnyuévo
MIKOG opileTal KATA TNV KPioT TOU MEAETNT).

12.3.6 H pé8od0og Twv oUVTEAEOTWV W

Otav oxedIadeTal Yia KATAOKEUN, JEAETATAI CUYXPOVWG Kal N por) Twv Ou-
VAUEWYV G’ auThVv Kal SIEUKPIVICETaI, OE TI €i0OUG KATATTOVNGN UTTOKEITAI
KGBe aToixeio TnG. MNa Ta aToIXEIQ EKEIVA, TTOU UTTAPXOUV £VvOEIgEIS OTI Ba
UTTOOTOUV TNV KAtatrévnon Tou AuyIouoU, Ba TTPETTEl va Yivel EAEYXOG TNG
QAVTOXNG TOUG O QUTAV TNV KOTATTOVNON.

Mia atrAr) péBodog yrI' autdv Tov €Aeyxo, BaacifeTal oTnv TTapaTtheEnon
TToU €€ayeTal atrd Tov TUTTO Tou Edler (oxéon 12.3.4.y)

_‘ITZE

)\2

Oy

KAl 0 OTT0i0G pag Ogixvel 0TI N KpiolIun Taan €apTdTal, yia KABe UAIKO,
TeAIKG, atrd Tn AuynpdTtnta A. ‘ETol, ouvtdyxOnkav tTivakeg, aTr’ o1Tou, avd-
Aoya pe TN AuynpoTnTa TOU OTOIXEIOU, BPiIOKOUUE TO OUVTEAEDTN peiwang
TWV Oy (KPIGINWYV TAGEWV AUYICHOU), WG TTPOG TNV ¢y, (ETTITPETTOUEVN TAON
BAiyn), TTou d1EBvwg cupBoAileTal pe ypdupa w. Eival, dnAadn:
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o
w=—">1 (12.3.6.0)

o-E'IT

Ma Tov éAeyxo, epyalouaoTe wg EAG: Kal PE TNV TTPOUTTOBEDN, OTI YVWPI-
{oupe 1O UAIKO TOU OTOIXEIOU KOBWG ETTIONG KOl TN YEWMETPIO TOU OTOIXEIOU.
‘ETo1 ye Bdon 10 UAIKG, CUUBOUAEUOUACTE TOV AVTIOTOIXO TTIVAKA KOl aTTd
TN YEWMETPIA PEV BPICKOUME TO A, EVW) ATTO TOV TTIVAKA, TO W.

Av, hoitdv, gival A n diaTour TOU OTOIXEIOU TTOU KATATTOVEITAI PE dUVAN
F, 161 N avaTrruaodpevn Tadon eAEyXETal ATTO TN OXEON:

F
o=w- <o, (12.3.6.8)
A

MapaBétoupe, yia TTAPAdEIYUA, HEPIKOUG ATTO TOUG TTIVOKEG TWV OUVTE-
AECTWV W, YIA PEPIKA UNXAVOUPYIKA UAIKA.
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MINAKAZ 12.3.6a

2uvTeAeoTEG AuyIopoU w yia xGAuBeg katd DIN 1050

a) Na St 00.12, yia xdAuBa gutropiou kail 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| 1,40 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| 1,59| 161| 163| 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| 5,18 525| 140
150| 5,32 | 5,39| 5,46 | 5,53| 561 | 5,68| 5,75| 5,83| 5,90| 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) Na 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
101,143 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 | 1,57| 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 | 2,565| 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| 4,85| 4,91| 502| 110
120 511 5,19| 5,28 | 537 | 545| 554| 5,63 | 5,72| 581 | 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| g 52| 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 | 12,53 | 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
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MINAKAZ 12.3.68

ZuvTeAeaTEG AuyiopoU w yia xutooidnpo 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
30 (1,11 (1,12 | 1,13 11,14 [ 1,15 [ 1,17 | 1,18 | 1,19 | 1,20 | 1,21 30
40 (1,22 11,21 1125 1,27 (1,29 | 1,31 [ 1,32 | 1,34 | 1,36 | 1,37 40
50 (1,39 | 142|145 |147 150 |153]156|159 161|164 50

60 1,67 | 1,72 [ 1,78 | 1,83 | 1,89 | 1,94 | 1,99 [ 2,05 [ 2,10 | 216 | 60
70 | 2,21 | 2,31 [ 2,47 | 2,60 | 2,73 | 2,86 | 2,98 | 3,11 | 321 [337| 70
80 | 3,50 | 3,59 | 3,69 | 3,78 (3,87 |3,97 | 4,06 |4,15|424 |434| 80
90 | 4,43 | 4,53 | 463 | 4,74 | 4,84 | 494|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| 1,29| 130| 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| 147| 1,49
50| 1,50| 1,52| 1,53| 1,65| 1,56| 1,68| 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| 1,85
70| 1,87 1,90| 1,92| 195| 1,97| 2,00| 2,03| 2,05| 2,08| 2,11
80| 2,14| 217 | 221| 2,24| 2,27| 2,31| 2,34| 2,38| 2,42| 2,46
90| 2,50| 2,54| 2,58| 2,63| 2,68| 2,73| 2,78| 2,83 | 2,88| 2,94

100( 3,00| 3,07 | 3,14| 3,21| 3,28| 3,35| 3,43| 3,60| 3,57| 3,65
10| 3,73 | 3,81| 3,89| 3,97 | 4,05| 413 | 421| 429| 438| 4,46
120| 4,55| 4,61| 4,73| 4,82| 491| 500 509| 519| 528| 5,38
130| 5,48 | 557| 567| 577| 588| 598| 6,08| 6,19| 6,29| 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| 7,77 790 8,02| 814 827| 839| 852| 865| 8,78
160| 8,91 | 9,04| 9,18| 9,31| 945| 9,568 | 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 12.3.68

ZuvTeAeoTéG AuyiopoU w yia apyiAiokpdpuaTa katd DIN 4113

a) kavovikd apylhiokpdauara 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 | 1,190 | 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| 505]| 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
) apyihiokpdpara 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| 1,52 153| 1,655| 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 KATAMNONHZEQN
12.4.1 ATpOKTOI, KOTOTTOVOUMEVEG O€ KAUYN KAl OTPEWN

210 KEQAAaIo TNG oTPEWNG (12.6), TTPOCEYYIOTIKA, UTTOAOYICAUE Wia ATPAKTO
MOVO o€ OTPEYN.

‘E0TW, TWPA, Yia ATPAKTOG TTOU KATOTTOVEITAI € OTPEWN Kal KAPWN,
TauTtoxpova. Av £xoule TNV duvaTOTATA VO UTTOAOYIOOUE TN POTT) OTPEWNG
KAl TN POTIA KAUYNG, 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) Natnv otpéyn: 7, = —t
w

p
H 1co0duvapn 1a0n, Ytopei va utrtoAoyioBei atrd €va TUTTO TNG TTaPA-

ypdopou 12.2

; [ 2 2
Eotw Tov, 0 = o, + 3Tt

ETreidn, yia KUKAIKA diatour] atpdkTou diapéTpou d KaTd Ta yVwoTd, ival:

32-M, 16-M,
O'b = 3 Kdl Tt = 3
m-d m-d
Ba éxoupe:
32
0= [M+3M2

P b 4V

2Tn OUVEXEIDQ, JTTOPOUUE OKOUO va EAEYEOUUE KAl TNV TTOPAUOPOWON,
o116 TOV TUTTO:
g =t
Gl,
MNa KukAIkr diatoun, dlauéTpou d, sivar:
32-M,

6 - v
m-G-d*
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H mapapdpewaon auth, dev Ba TTpETTEl va gival peyaAuTtepn atro 0,25°

ava PETPO PAKOUG TNG ATPAKTOU.

12.4.2 PaBdo1 KATATTOVOUEVEG O€ KAPYN Kol AUyIOUO

2TOUG UOPAUAIKOUG AVEAKUOTAPEG HE
mAdyia avapTtnon, ol odnyoi - papdol
gival otTiow Kail, cuvnBwg, TTOKTWHEVOI
KaTw. O BaAapog, eTTopévwg, gival o€
TTPOROoAO (0x.12.4.2.a). ¢ pia TéTOIQ
EYKaTdoTaon, TO QAIVOUEVO TNG KATA-
TéVNONG TWV 0BNYWYV - pARdwWY o€ KAU-
Wn Kai Auylopo, gival TToAU £vTovo aTnv
TTEPITITWON €KEiVN TTOU Ba AcIToupynoel
TO guoTNua “aptrayns’™. ToTte, ol odnyoi
empBapuvovTal atrd 10 BAPOG Tou BaAG-
Mou Kal Tou w@éAIou gopTiou, (EoTw P)
(ox.12.4.2.0) ka1 ouyxpOVWG, 0 BAAaOG,
TT0U gival o€ TTPOROAO, TECEI KABETA TTPOG
TOoV G&ova Tou 0dnyou, To TTavw CTAPIYUA
TOU TTPOG Ta OEEIA, KAl TO KATW TTPOG TO
aploTepd, pe n duvaun F.'ETol, £xoupe
TN pottr) My, (0X. 12.4.2.0).

IxApa 12.4.2a Aidraén eykardaraong
UdpaUAIKOU aveAKUOTHPQ, EuuEanS
avaptnong, Ue 00nNyous TTaKTwWE-
voug Katw. O1 0dnyoi utTékeivial
o€ Kauyn Kai Auyiouo.
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U NAPAAEIrMA

‘EoTw, évag ouvnBiouévog aveAKuoTApag 8 atopwy (8x75kp = 600kp),
TTOU KIveiTal Ye TayxutnTa éwg 0,63m/s kai diaBéTel cuokeun “apmayng”™,
akaplaiag mEdNaong. H odnyog - padog uAikoU st37 €xel diatoun T, dia-
otaoewv 80%x80x9 mm Kal oToIxEia (OTTWG AuTd UTTAPXOUV OTOUG TTIVOKEG
TWV KATAOKEUAOTWY):

a) diatoury A =13,56 cm?

B) potrA avtiotaong Wy = 9,7 cm?
y) aktiva adpdveiag |, = 1,69 cm
)

0) MNKOG AuyIopoU = n atrdéoTaon 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 KATAOKEUNG TOU QVEAKUOTHPA, N dUvaun Kapuwng
gival Tng Tagng Twv F=550Kp, n dUvapun 1Tou TTPOKaAEi Tov AuyIouo, givail:

P =1,5 (wpéAipyo @oprtio + Bapog BaAduou), n
P =1,5x (600+500) =1650Kp

H ouvoAikr) Aoittév katatrévnon Twv odnywv o€ KAPWn Kal Auyiopo, gival

_ _ F{ Pw .,
0=0,9 0, +0 = 0,9 W + A (TreipapaTikdg TUTTOG)

550x110 N 1650x1,32
4x9,7 13,56

‘ETol: 0=0,9% =1563,97 kp/ cm?®

Kal TO ETTITPETTOPEVO OPIO YIa TNV TIEPITITWoN auTh €ival 1800 kp/cm2,
daN/cm?

* To oloTnua aptrayng dével To BGAaPo TTavw aToug 0dnyoug, OTav yia TTOIOVONTIOTE
AGyo 0 BAGAapog apxiel va TTEQTEN e TaXUTNTA HEYOAUTEPN aTTO TNV ETTITPETTOUEVN.
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12.4.3 MoAudI1doTATEG EVTATIKEG KATOAOTACEIG

12.4.3.1 lsvika
E¢etdlovTag péxpl TWPQ, TNV EVIATIKI KATGOTOON TWV QOPEWY, OTIG OIAPOPES
MOP®EG KATATTOVNOTG TOUG, TTEPIOPICTAKANE OTNV €EETOCN TWV AVATITUC-
oopeEVWY TAoEwV 0€ OIOTOUEG KABETES TTPOG TOV KUPIO AEova Tou QopEal.
AUTO €yive, yiaTi e€eTAlape, KUPIWG, POPEIG PE ETTIUNKES OXNMA. TETOIOI
QopEig givai ol GEoveg, ol DOKOI, Ta UTTOOTNAWUATA, Ta BAKTPA, O DIWCTHPEG.
EkT6¢, Opwg, atmd opeic auTAG TNG dIANOPPWONG, OTIG KOTAOKEUEG UAG
EXOUWE KAl ETTIPAVEIOKES DIAUOPPWOEIG, OTTWG TOIXia, KEAUPN, KABWG Kal
Qopeig peydAou dykou, 6TTwG Badpa.

IxAua 12.4.3.1.a Zroixeiwdng KUPoG, eviaTikng Karaoraong, mepi onueio A kararro-
VOUUEVOU OWUATOG.

OtwpnTiKd, 0 KABE onueio £TTi VO KATATTOVOUPEVOU CWHATOG, UTTO-
poupue va Bewprooupe (0X. 12.4.3.1a) £va aTOIXEIWDN KUPO, 01 £dPEG TOU
0TT0ioU Vva gival KABETOI TTPOG TOUG KUPIOUG dgoveg. To oToIxeio auTod KaTa-
TTOVEITaI ATTO TIG TAOEIG 04, 0o, O3 TTOU Eival ,avd dU0, KABETEG HETALU TOUG
Kal TTaPAAANAEG TTPOG TOUG KUPIOUG AEOVEG TOU CWHATOG.

Alokpivoupeg, AoITTOV, TPEIG TTEPITITWOEIG KATATTOVACEWV:

1. Tnv 1p1a§oVIKA KaTaTéVvNoN:
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OTtav dnAadr 6Aeg ol Tdoeig gival dIdAQopeg Tou PNdEVOS
2. Tnv d1agoviKn KaTamovnon

Otav dnAadn pia, yovo, Twv TACEWV auTwy, gival Jnoév.
3. Tnv povoagovikA Karamoévnon

Otav dnAadn pia, povo, Twv TAoEwyV auTwy, dev gival undév.

12.4.3.2 Mapadsiyua moAudiaoTarng eVIATIKNS KATAOTACNC

Oa egetdooupe, TwpPa, Pia ouvnBiopévn TrepiTrTwan. Eival n epittwaon
AéBnTa uTrd TTieon. O AéBNTag cival Eva o10epévio DOXEIo, PTIaYUEVO ATTO
eAdopaTa, Twv OTToiWV To TTAXOG €, €ival TTOAU PIKPO 0€ OUYKPION HE TN
OIGUETPO TOU.

xAua 12.4.3.2.a AéBnrag utrd micon. Ymokerar o€ d1aéovikh Karamovnon.

210 oxNpa 12.4.3.2.a, BAETToUPE £va AEBNTA PE Pia ECWTEPIKN TTiEon
P. H Trieon auth miédel, opoiduop@a Ta TOIXWHATA KOl TOUG TTUBPEVEG TOU
AéBNTa. To aTTOTEAEO WA TNG TTIEONG AUTHG OTO ECWTEPIKO TOU AéBNTa €ival:

a) H 1adon va mretayxBouv Tpog Ta £€w o1 TTuBuéveg, dnAadr) va KOTTEi 0
AEBNTOG, KOTA pia Toun XX, va KoTrei OnAadr katd T SIGUETPO Tou.

B) Zuyxpovwg, n Taon va avoifel o AEBNTag KaTd YRKog, dnAadr] Katd
YEVETEIPA. AV ETTOPEVWG, ATTOUOVWOOUE £V OTOIXEIWDES OpBoyw-
VIO aT1TO TO Toixwua Tou AéRNTa, To ABIA (o). 12.4.3.2.0), auTd Ba
UTTOKEITAI 0€ EQEAKUOHO Kal KATA TNV YEVETEIPA, KE TAOT Oy, EVW KATA
TNV OIGPETPO, UE TAON O1. EXOUE, ETTOPEVWG, Pia dIALoVIKN KATOTTO-
vnon. Ag @avtaoToupue, OTI KOBouue Tov AéBnTa Tou 0X.12.4.3.2.q,
KOTA Topn XX Kal ag eEETACOUNE TNV ICOPPOTTIa TOU OEEIOU OXAUATOG
ox. 12.4.3.2.8. H ouvioTapévn Twv dUVAPEWY TTOU EVEPYOUV OTOV
TTUBUEVA Kal TEIVOUV va TOV ATTOCTTACOUV KATA TNV TOUNA XX, €ivail:

md?
F=p.——
P 4
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IyxApa 12.4.3.2B3 Or duvdueig atov muBuéva AéBnra utrd mison.

H dUvapn autr) avTiotabuifeTal atmo TIG TAOEIG TTOU avaTTTUcooVTal OThV
Toun xX'. H Toun xx~ €ival évag dakTUAIOG, e eowTePIKN dIGuETpO d Kal

TIax06 €. To euBaddv eival katd Tpoaéyyion':

A, =1-d¢€
Apa n avaTrtuooéuevn Tdon O,, KATd TN SIGUETPO, €ival:
2
o md?
o=—14
2 qrde
d
0,=— (12.4.3.2.0)
4¢

IxAua 12.4.3.2y Or avarmruooOueves TAOEIS, KaTd yevéTeipa, ae AéBnTa utrd Tieon.

Na va utroAoyiocoupe TwpaA, TI§ TAOEIG TTOU aQvATITUCCOVTAI KATA Tr YE-
vETEIPO BEWpPOUE éva TURa Tou AEBNTa, PAKoug £ eTagl Twv TOPWY X-X

*To epBadov eivai:
2 2
m(d + 2¢ md m
A = ( ) R =f(d2+452+4d£-d2)=1T52+1Td£
4 4 4
O 0pog T1e2, eTreIdr] To € gival PIKPO, TTapaAsiTeTal Gpa A = 1-d-e
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Kaly-y'. (ZxAua 12.4.3.2.3). ATTOgovVwVvouUlE To TUAPA auTo (o). 12.4.3.2y)
Kal TTaipvoupe pia Toun, katd digueTpo. H duvapn F4 otn diatoun, e€aitiag
NG Tieong P, eival F4 =p -d - L

H dUvapn auth avamtiooel TIg TAOEIG 04 OTA ToIXia, KATA YEVETEIPA, TOU
AéBNTa. To epBadov Twy Toixiwv givai:

A1=2'l'£

dpa, yia TIg TAOEIG O1,EXOULE:

_pd

12.4.3.2.
17 ( B)

TpIagoVIK) KATOTTOVNON EXOUNE OE TTEPITITWOEIG OVTIKEINEVOU PE OXETIKO
OyKo, OTTWG €ival, T1.X. Ol G1dNPOTPOXIEG TOU TPAIVOU TTOU KATATTOVOUVTAI
aTro TIG PpOBEG TOU.

H egétaon, Opwg, TEToIwY CNTNUATWY, €ival TTEPAV TWV OTOXWY QUTWV
TWV JabnudTtwv.

12.4.4 Auvapeig KWAUOHEVEG BIAOTOANG — CUGTOANG

A6 Tn Puaoikn EEpoupe, OTI av YeTaBANBEi N Bepuokpaaia evog owuaTog,
ato 64 o€ 6,,(8, < 84 €ival n Wuen, 82> B4 gival N BEpuavaon), TOTE Exoupe
METAROAN TwV dl00TACEWY TOU. AV N UETABOAA Twv JIOCTACEWY PTTOPET
va yivel eAeUBepa, TOTE OTO CWHA dev avaTTiooovTal TACEIG, EEAITIAC TNG
BeppokpaaiakAg PETABOANG. AvTiBeTa, av euTrodieTal N HETABOAR Twv dia-
oTAoEWV, €ival 0OV va KATATTOVOUE TO OWa Y dUvauN, TTou Ba eTTIBAAAEI
TTaPAPOPPWAOn, avTiBeTn atrd TNV PETAPBOAN, Adyw TNG BEPPOKPATIOKAG
Olagpopdg. Mapadeiypartog xdpn, av Bepuaivoupe pia papdo kal dev TNV
agrivoupe va dlaoTaAei, eival oav va Tnv BAiBoupe pe BAITITIKA dUvaun,
TTOU TTPOKOAET Bpdxuvon, ion PE TNV ETTINAKUVAN, AOYWw TNG BEPUAVOEWS
TNG. Av 01 QVaTITUCCOOUEVEG TACEIG, EEAITIAG TWV TTAPATTAVW AVAPEPBEVTWY
aiTiwv, dgv gival yWwWOoTEG- WOTE va, AVTIUETWTTIOOOUV Ta aTToTEAETUATA
TOUG - JTTOPEI va @BATOUNE PEXPI KAl TNG KATOOTPOYNG TOU CWHATOG TTOU
UTTOKEITOI 0 QUTEG TIG TAoEIS. 'ETo1, 6TToU €ival duvaTdyv, agrivoupe eAeUBepeg
TIG OIAOTOAEG, YE TN dnUIoUpyia apuwVv dIACTOANG, €dpAvwY KUAIONG K.4,
OTTWOBNTIOTE OUWG TTPETTEI VA EiNA0TE 0€ BE0N va UTTOAOYIOOUUE QUTEG TIG
TdoeIg, o€ KABE TTEPITITWON.
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U NAPAAEIrMA

‘EoTw Hia paRdog, apxikoU purAkoug ¢4 atn Bepuokpaaia B4 TTou Bepuaiveral
aTn Bepuokpaaia B, Kal ATTOKTA WNAKOG £, TOTE, KATA TA yVWOTA AT TN
duoikn,

bL=4[1+a(8-64)]

OTTIOU O, 0 YVWOTOG OUVTEAEDTAG YPAUMIKNAG BIa0TOARG TOU UAIKOU.
O TUTTIOC YPApETaI KOl

24 =0((62 '91)
4

H éxppaaon (¢-41)/¢4 eival n avnyuévn Pkuvan 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(ez -61)
Etopévwg
o = a-E(B,-84) (12.4.4.0)

otrou E, 10 p€Tpo eAAOTIKOTNTAG TOU UAIKOU.
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12.5 EQAPMOIEZ

Xutoo10npd ocwAnvwTh KoAdva €xel Uwog £ = 6m, eEwTepik JIAUETPO
D=140mm ka1 ecwTepik = 100mm. To UAIKO KOTOOKEUNG TNG €XEI METPO
ehaoTikoTNTAG E=107N/Ccm2,

ZnTeiTal To EMTPETOPEVO POPTIO, AV N KOAGva gival TTAKTWHEVN OTO
KATW PEPOG Kal EAeUBePN O0TO TTAVW Kal BEAOUUE va £XOUNE CUVTEAEOTA
ao@aAeiag 4.

AOon

Mac divovrai:

D =140 mm, d = 100 mm, h = 6m, E = 107 N/cm?2, v = 4 Kal T0 avnyuévo
MAKOG AuyiouoU 4 = 2¢ (yiaTi eival TTaKTWPEVN JOVO OTO KATW PEPOG).

Mac ¢nreitar: To emMTPETOUEVO QOPTIO Ferr.

1. H potm adpdveiag Tng diaToung civai

b= ;(D4 —d4) = ;(144 -104)

I, = 1394,86 cm*
2. To guPadov TnG diatoung ivail

A :Z(DZ —dz) ::(142 -102)

A=754cm*
3. To avnyuévo pRkog Auyiopou gival

{=2-t=2x6=12m

£=1200 cm

4. H akTtiva adpdvelag Tng diatoung ivail

) |p 1394,86 o
i=4—=,/—cm i i=4,3cm
A 75,4

5. H Auynpétnta gival
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n A=279,07>100

cipaoTe péoa ota Opla Tou vopou Tou Hooke kai dpa I0XUEl, 0 TUTTOG
Tou Eller.

6. To kpioiuo popTio €ivail:

- m° B, w2 x107 x1394,86
£ 1200°

K
K

f Fy = 95,6 KN

7. To EMTPETTOUEVO POPTIO

Atravtnon: F.; = 23,9 KN

2. ZTUNoG NPT 4 1/2 (DIN 1024) a6 st 37 pe emTpemopevn t1aon BAiyng
14daN/mm? kai grikog 2m, TTou €ival TTOKTWUEVOG Kal aTTo Ta dUo akpa,
kaTaTtroveital o€ OAipn, kevipikd, atmd @optio 30KN. Na eAeyxBei n avroxn
TOU OTUAOU O€ AuyIOWO.

AUon
Mac Sivovrai: £ = 2m ap@itrakTog dpa £, =0,5. Ta yewueTPIKA doxeia Tou
oTUAou NPT 4 1/2. st37. To 0= 14 daN/mm?2, 1o goprtio F = 30KN

Mag ¢nteital o €AeyX0Gg o€ AUyICUO:

1) To avnyuévo PYAKog givail
{=0,51=0,5X200
{,=100cmn

2) Atté Tov TTivaka DIN 1024 €xoupe
lmin = 4,01 cm?
imin = 0,93 cm
A=4,67 cm?

OTTOTE N AUYNPOTNTA Eival
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100
A= o Qi 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
o = 17,6 daN/mm?2

Etouévwg €xoupe
0 = 17,6 daN/mmZ2 > 14, daN/mm? = g,
Amrdvrnon: O oTUAog dev avTExel o€ AUYICUO.

3. Z¢e éva dgova avaTTITUoOETAl CUYXPOVWG POTTH KaPWns 400Nm kai poTrr)
oTPéWNg 200 Nm. Av n emTpeTTOPevn I00dUvapn Tdaon ival 600KN/m?2.
Na uttohoyioBei n didpeTpog Tou dgova.

Auon
Mag diverar: My, = 400 Nm, M= 200Nm
Ter= 600 KN/m?
Mac ¢nreitai: d
1) n avaTrTuocoopevn Tdon KAPWNg ival
_32-My

o
2
m-d

b

_ 32x400 4074

g, =
b 3 3
mxd d

H avatmrtuooduevn tédon oTpéyng givai
16M, 16x200 1018,6

T = =
md® md® d

t

A6 TOV TUTTO 12.2.0 £X0UE TNV I00OUVauN TAON

_[2 2
o= ob+3Tt
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1
600x103= 7\/(4074 4)* +3(1018,6)° = 73\/19 711.373,28 ~
3 44397 3
d°= — - =115,15x10
60010

= 1
d=%115,15x10° = ~ x1,155=0,1155m
10

Amdvtnon:d=12cm

4. Znteital 10 TTAXOG TWV EAACPATWY OTTO TA OTT0i0 6a KATAOKEUATOUUE
AéBNTA, TTOU £X0UV O = 800%103N/m?2, 61av N didueTpog Tou AéBnTa Ba
eival d= 3,4 m, waTe va avtéxel Tiean p=10x103 N/m2,

Auon

Mag diverar: d = 3,4 m, p = 10x103 N/m?

e = 800%103 N/m?2
Mag {nrdve: 10 TTAXOG €

ATTO Tn oxéon 12.4.3.2[3 £xoupe

p-d
8: -
20
3
10x10™ x3,4
&= 3
2x800x10
dpa €=0,02125m=21,2 mm
ZHMEIQZH

H oxéon 12.4.3.2.B ival BewpnTikr). ZTNV TTPAEN TTPOCAUEAVOULE TO TIAXOG €
a11o 1 £€wg 3 mm yia TNV KAAUYnN TNG avaTTOPEUKTNG POOPAG aTTO 0LEIDWOEIG.

Amavrnon: € = 22,5 mm

5. Ze Toia TTieon ptropei va epyacBei Evag AépnTag diauéTpou 2,8m, dTav
€vag AANog AéBnTag, atrd To id10 UAIKG @TIayUEVO UE TO iD10 TTAXOG EAA-
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opaTog £xel didueTpo 3,5 m Kal avréxel Yéyiotn tiean 14000N/m2. T
OUMPTTEPACUA UTTOPET va Byei aTTd TNV doknaon auTr).

Auon

Mag diverai:

d4=2,8 m, do= 3,5 m kai Po= 14000 N/m?2 Ta AoITrd oToixeia Twv Aefn-
TwV idla.

Macg {nrave: P4

MNa Tov TTpWwTO AEBNTA £XOUUE:

Y dy
€T 28
Ma Tov 0eUTEPO AEBNTO EXOUE:
_Py-d,
Ogrr = 2¢
Ta TpwTa HEAN QUTWYV TwWV OXECEWV gival ioa dpa
P, dy_P,-d,
2¢ 20
pydq=podz
PL_9
P, G

ZupTtrépaopa: O1 mETEIS ival avTIoTPOPWS aVAAOYES TTPOG TIG DIOUETPOUG
TwV AeBATwv. MNa tn {nToupevn p4 Ba EXOUE:

d
P, =P, =
dl
3,5
p1 = 14000 =17500N /m?
2.8

ATtravtnon: pq = 17,5 KN/m2

6. XaAURdIvN paRdog (E =210 GN/m2, a=12x10% grad') sival TrTakTwuévn
Kal oTa dUo dkpa TnNg. H diatoun tTng eival 20 cm2. Znteital n dUvaun
TToU Ba KaTaTTovVAOEl TN PARdo av autr) BepuavBei pe pia av¢non Tng
Beppokpaaiag TG 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®,-61)p0=12x106x 210 x 10° = 75,6 MN/m?
Kal dpa
F=0-A=756x10°x2x 103
F=151,2 x 103N/m = 151,2 KN/m?

Atravrnon: F; =151,2 KN/m?

7. ATpaKTOG, KUKAIKAG SIATOUNG KATOTTOVEITAI O€ OTPEWN AT Hia OTPETTTIKA
potrf M; = 8x103 Nm Kkai o€ KGuyn oo pia KopTITIKR ot M; = 2%x103Nm.
Na uttohoyio0¢ei n BIAPETPOS TNG ATPAKTOU AV N ETTITPETTOUEVN TAON
Ogrr = 600 daN/cm? kai G = 81 GN/m?2.

Auon

Mag divovrai:

M; = 8x103Nm, M; =2 x 103Nm
O¢rr = 600 daN/cm2 =60 x 108N/m
Mag {nreitarn d

ATTO Tn oxéon 12.2.6 utroAoyidoupe TNV I00dUVaUN TAON

0 =40, + 3Tt2 aAAG yia KUKAIKN dlaToun ival:
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32M,
o =
b 'IT-d3
Kl
16M,
= 3
m-d
32°M; _16°M7 16 R
0=y 6+*3—35 567 3 \4M, +3M,
m - d m - d m-d
apa,
2 2 6
60x106 = 3\/4><(2><1o3) +3x(8x103) = 5208x10°
™ xd T *xd
3
16x10° /208
60x106 =" — "
mxd
3
4o 16%10° V208
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 6, Ba cixaue ta autd
ATTOTEAECUATA OTTWG OTO TTAPAdEIYUA TNG TTapaypapou 12.6 kal TEAIKG Ba
mraipvape d =12,3cm =13 cm

Av oTnV TTEPITITWON AUTH N KOUTITIKA POTTH ATAV PHEYOAUTEPN TT.X.
Mp = 16 x 103 Nm Ba cixaue

60x10° = l—ﬁg 4x(16x10° )2 +3x (8x103 )2

T1d
16

60x10° = —1216x10°
d

3
d3=16><10 x\/1216: 1 x2.96

% 60x108 108

d= 1333\/2,06 =0,143m=14,3cm
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Z

z ZYNTOMH NEPIAHWYH AQAEKATOY KEDAAAIOY

Z e TNV TTPAEN, Ol KATAOKEUEG UOG, OXEDOV TTOTE DEV KATATTO-
vouvTal o€ éva Povo €idog Katammovnong. AKOunN, ol ouv-
BrKeg yEoa OTIG OTTOIEG BPIOKETAI KAl AEITOUPYEI O PopEG
Kal 0 TPOTTOG ETTIBOANG TWV QOPTIWY TTAPOUCIAlOUV TTOANEG
TTEPITITWOEIG.

e 'ET01 €KTOG ATTO TIG OTTAEG KATATIOVHOEIG, EPEAKUCUO, BAiYwn, didTuIoN,
KAPWN, oTPEWN KAl TOUG OUVOUAOUOUG TOUG, TTAVW oToV idI0 Qopéq,
EXOUE Kal TIG TTOIKIAIEG GTOV TPOTTO £QAPUOYAS TwV QopTiwy. Ta @opTia
MTTOPEl VO epapuoaBoulv atadiakd ) va peTafdaAAovtal. ‘Exoupe Aoittov
oTaTIKEG i} SUVAUIKEG ] KAl KPOUOTIKEG QopTioelS. ETTiong taidel poAo, o€
QPKETEG TTEPITITWOEIG Kal N SIGPKEIQ POPTIONGS OTTWG Kal N BEpuoKpaaia
TOU Xwpou TTou BpiokeTal o opéag. 'ETol éxoupe Ta Qaivopeva TnG
KOTTWONG KAl TOU EPTTUCUOU.

e |diaiTepa e¢eTdoape TNV TTEPITITWON Tou Auyiopou. O Auyioudg cival
ouvleTn KatdoTaon BAIWNG Kal KAUWNG o€ ouvouaoud YE TN Hopen
TOU popéa. Baoikd xapakTnpioTIKO Tou AUyIGHOU Kail TIpoUTTOBECEIG TOU
gival, CUYKPITIKA, TO JEYAAO UWOC Kal N hIKPF dIATOWN) TOU QopEal.

e T0 AUYIONO £X0UNE Ta €EAG OTOIXEIQ:

Avnyuévo 1 eAelBepo PAKOG AuyiopoU 4.
Eival 10 ypapuIiko péyebog mou avdaloya pe Tov TpOTTO OTAPIENG TOU

POpPEQ aVTIKABIOTA OTOUG UTTOAOYIOHOUG TO TTPAYMOTIKO WIKOG TOU.
Kpioiuo @oprio Fy: Eival To gopTio TTou apxilel va eygavidetal n rapa-

MOpPWan Tou Auyiouou .

Kpioiun 1don o: Eival n 1don TTou avTioToIxEi OTO KPiaIuo QopTio.
Auynpdétnta A: Eival 1o adidoTtato yéyebog Tmou Xapaktnpicel Tn duva-

TOTNTA TOU QOPEA VA QVTIMETWTTICEI TOV KivOUVO TOU AuyIouOU I0XUOUV OTOV
Auyioud, oTa TTAaicia Tou vopou avaloyia ol ARG TUTTOL:
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B 112E

A ALE N

e [Na Tov atmoAoyioud aTpdKToU O€ KAUWN Kal oTpEWN I0XUEL:
o= ,Ice + 3T§

e [Na Tov utToAOYIOUO PARdOU € KAPWN Kal AUYICHO 10XUEL:
0 =0,904+ oy
210V uTToAoyIouG AEBnTa UTTS TTieon €xoupe Ton Katd T OIAPETPO:

_ pd

o
2
4¢

e Taon kaTd TN yevéTEIpa:

_ pd

o
2
4¢

OTTOU € TO TTAX0G TNG Aauapivag Tou AéBnTa kail d n SIGUETPOG Tou AEBNnTa.
2TNV TTEPITITWON TwV OUVANEWY KWAUSPEVNG BIACTOAAG — CUCTOANG
£€Xoupe avdaTmTuén Tdong:

o=aE(B,-064)
0 0 OUVTEAEOTAG YPOUMIKAG BIA0TOARG TOU UAIKOU
E 10 p€Tpo EAAOTIKOTNTAG TOU UAIKOU

Ag = 0, — 64 n dlagopd Bepuokpaaiag TTou TTPOKAAE Tn dIACTOAA ] TN
OUCTOAN.
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@ AZKHZEIX

= 1. XaAUBdIvog aTUAOG, TETPaywVIKAG dlaToung TTAeupdg a=50mm Kal
MAKOUG = 2,8m gival TTOKTWUEVOG KATA TO £va AKPO TOU €V OTO AANO EXEI
ouvartotnTa oAioBNong. Av To UAIKO €xel HETPO EAGOTIKOTATAG
E=21MN/cm? {nTeital TO EMTPETTOUEVO QPOPTIO LIOTE O TUVTEAEDTAS AOPA-
Aglag va givai 5.

Amrdvinon: Fep= 55,04KN

o 2. XaAUBdIvog OTUAOG pe KUKAIKEA dlatour diapétpou 10 cm, givai Tra-
KTWHEVOG Kal oTa dUo dkpa Tou. To Uwog Tou gival Sm. Aivetal yéTpo eAa-
OTIKOTNTAG ToUu UAIKOU E= 210 KN/mm?2.

Na uttoAoyioToUV:
a) H Auynpdétnra,
B) TO KpioIPO PopTiO

Y) N Kpioiun 1a0N
Amévinon: a) A = 100, B) F, = 1627,8KN, y) o, = 20,7 KN/cm?

=% 3. BAKTpO €PPOAOU aTuounxavig éxel prikog 300cm. To BAKTPO KaTaTTO-
veital até duvaun 80KN. Av 1o UAIKS Tou BakTpou eival t 52 (E= 2,1x107 N/
cm?) kai 0 ouvTeAea TG ao@aAeiag 10, va uttohoyioBei n avaykaia SIGPETPOG.

Armrdvrnon: d =10 cm

=¢ 4. Na BpeBei n Auynpotnta evog EUAIvou aTUAOU, 0pBOoYWVIKNG OIATONNG
20%25 cm?2 au@ITIOKTOU PE PAKOG 8m.
Armdvrnon: A = 69,3

*¢ 5. YrooTUAwpa atd NP1 10 (DIN1025¢ 1) a1m6 st 52, urikoug 4.5 m givai
au@iTrakto. Na uttoAoyIoBei TTOO0 POPTIO AVTEXEI GE AUYIOUO UE CUVTEAEDTH
aoc@aAleiag v=5.

Amavrnon: Fen,=7028,3 N

=& 6. KuAIvOpIKOG AéBNnTaG aTrd eAdapaTa Taxous € = 30mm Kail g, = 800
KN/ m2 8éAoupe va epydaletal o€ ieon 12x103N/m2. Méxpl Trola dIGPETPO
MTTOPOUE VA TOV KOTAOKEUAOOUE.

Amavinon: d =4 m
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®% 7. 3€ TT0I0 CUNTTEPOCO KATAAYOUUE aV OUYKPIVOUE BUO AEBNTEG WG
TTPOG TNV TTiEoN A&IToupyiag Toug av gival kaB' 6Aa Gpolol Kal dIaPEPOUY
MOVO KaTd TO TTAX0G TOU EAACPOTOG TOUG.

Epappoyr P4y =2x103N/m?2, €41= 4cm, €5 = 6¢cm 1010 N Py;

Amdvrnon: a) Ta TTaxn Twv EAACPATWY €ival avaloya Twv TTIECEWY ,
B) Po =3 x 103N/m?2

=¢ 8. TEooepIg XaAURDdIvVol aTUAOI e KUKAIKA dlaTour oTnpifouv éva Tratdpl
Bapoug 50 KN. Zuyxpovwg 0 Xwpog 0TTou BpiokovTtal o1 6TUAOI, BepuaiveTal
até 15 °C og 60 °C. Av ¢ival yia 1o UNIKO Twv oTUAwV E = 210 GN/m2, a
=12x106 rad™", og,= 500 MN/ m?2 ka1 0 ouvTeEAEOTAG ao@aAeiag v = 5. Na
uttoAoy100¢i n avaykaia SIGUETPOG TWV OTUAWV.

Amavrnon: d =4 cm.
=% 9. ATPOKTOG KUKAIKAG BIATOMNG KATATTOVEITAlI 0€ OTPEWN aTTd pott M; =

12 KNm ka1 o€ kauyn ato potrr) My = 6KNm. Na utroAoyio6ei n avaykaia
d1GueTpOg av gival Ogr = 60 MN/m2 G = 81 GN/m? ka1 6 < 0,00436 rad/ m.

Amavrnon: d =13,6 cm
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.) Emdiwképevol oTé)o!I:

O1 yaBnTEG va KaTavor|gouv Kal va €ENyROOUV TI gival £pY0 —TTApayOUEVO
KAl WPEAIMO— 10XUG — BaBuog amodoong pIag JNXavAG. XpnoIoTIovTag
TOUG TUTTOUG, va UTToAoyidouv Ta PeyEBN auTd Kail va epapuélouy cwaTd
TIG JOVAdEG TTOU Ta OpidouV.

E/ Na €€nyoUv To OKOTTO TTOU €X€l KABE punyavr).

E/ Na yvwpilouv 0TI OKOTTOG TNG PNXAVNG €ival va aAAddel Ta xapa-
KTNPIOTIKA TNG dUVAUNG TTOU £QapUOlOUE YIA VA ICOPPOTTAOEI i} va
UTTEPVIKATEI TWV QvTioTaon.

Iz/ Na epapuolouy, Katd TEPITTITWON, OTIG TTEPIYPOPOUEVESG ATTAEG UNXa-
VEG, TO BeWpnua TWV POTTWY Kal va BPioKouUV TN JOBNUATIKA oXEon:
TTPOOTIABEING-POPTiOU, KOl VO OXOAIAZOUV GE TTOI0 UTTAPXEI MNXAVIKO
TTAEOVEKTNA.

Iz/ Na kaTavoouv Kal va epapudlouv Tn oxéon JeTddoong oTny TTeEpI-
OTPOQYIKI Kivnon Kal va dIaKPivouv TnV IHavToKivnaon, TNV 0dovVTw-
Kivnon kar aAucokivnon.

13. AMIAEZ MHXANEZ
13.1 levika — Mepi pnxavng (awAng)

KdaBe didta&n Tou YETATPETTEI EVEPYEIA PIOG HOPPNG O€ evépyela AAANG
MOopP®NG, AEyeTal INXAVA. ZTNV TTEPITITWON, € TToU deV £XOUNE O€ dIATAEN
TETOIO JETATPOTTA, AAAQ, TOGO TO TIPOCPEPOUEVO £PYO G’ AUTHV, OCO Kal
TO a1TO auTHV aTrodIdopevo (£pyo), cival unxaviko, n diaTagn autr Afye-
Tal oTTAR gnxavr. Mmropoupue dnAadn va TToupe, 6Tl e TNV oTTAR PNXavA
METAOXNUATICOUME INXAVIKA EVEPYEIA OE UNXAVIKO €pyo Zxnpa (13.1a).
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ZyxApa 13.1a Aviypwaon Bapoug

Me TiIg pnxavég dev yiveTal olkovouia €pyou, aAAG JTTOpOUUE va PETO-
BaAAoupe Tnv €vraon, Tn dielBuvan, TN QOpPd, Kail To onueio TNG KataBaA-
Aopevng duvaung.

Oa yvwpicoupe TTI0 KATW, SIGPOPES ATTAEG INXAVEG, OTTOU N GUUBOAN
TOoU ApXIMAdN Kal Tou Hpwva, utripée atroudaloTdrn.

13.2 EPIO
Népeg, OTI pia aTaBepd dUvaun F exteAei Epyo W, 6TaV PETAKIVED aTTAPAITNTO
TO onueio eQapuoyng TnNG, Katd Tn dieuBuvon TnG. To TTapayouevo £pyo,

TNV TTEPITITWON AUTH, AEYETAI MNXAVIKO €pYoO.

U NAPAAEIrMATA

a) 210 TTaPAdElyua auTtod, OTTOU 0 AvOPWTTOG avuWwVvel cwPa Bapoug
B aokwvTag og autd otabepd duvaun F ye Tn BorBeia Tng TpoxaAiag”,
TTapatnpouue o1 To épyo Tng duvaung F gival rapayopevo, yiati To
owua Kiveital katd Tn ditBuvon TnG F, evw 10 £pyo Tou Bdpoug B givai
KATAVAOAIOKOMEVO.

* o KATw Ba PIAACOUE EKTEVWIG YIA TIG ATTAEG QUTEG UNXOVEG.



EPro - Isxys - ANAES MHXANEE 329

IxAua 13.2a Avuywwaon Bapoug

B) Zro TTapdadelyua autd 0 AvBPWTTOG aoKEi aTo owua dUvaun F pe oTa-
Bepn TaxuTtnTa. MNaparnpouue Aoirév 611 10 épyo TnG F gival rapaydpevo
(Ba doupe o KATw 0TI W = F - s 610U s = ut) evwd To €pyo TG T (OnA. 10
£pyo TNG TPIRNAG) €ival KATOVOAIOKOMEVO.

A6 Ta TTapatmdvw TTapadeiypara, yivetar gavepo OTi:

1. To épyo W piag duvaung F gival avaAoyo pe 1o péyebog Tng duvaung
QauTngG.

AnAadn, pia duvaun Twv 1000 N atrodidel £pyo dITTAGCIO aTTO TO £pYyO
Twv 500 N yia TnVv idia HETATOTTION.

TyxAua 13.2B Merakivnon Bépoug

2. To é¢pyo W piag duvaung F, eival avaAoyo Tng ueTabeong Tou onueiou
€Qapuoyng Katda mn dielBuvon TnG dUvaung.

AnAadn pia duvapn Twv 500 N, petakivoupevn katd éva didoTnua s =
10 m, atmodidel diITTAdoio €pyo atrd pia duvapn ion TAAI he 500 N, aAA&
METaKIVOUEVN KaTa didoTnua S =5 m.

‘ET01 cuvdyoupE: atrapaiTnTn TTPOUTTO0£0N Yia TNV £TTiTEUEN £pYyOU,
atroteAei n yeratoémion Tng F katd didoTnpa S Tou onuegiou epapuo-
YAS TNG KaTtd Tn Si1etBuvon Tng duvapng. Av dnAadn S =0, 1é1e W = 0.

Movadeg épyou 210 AlEBVEG ouoTnua, yovada £pyou gival To Joule,
onAadn gival To €pyo, To TTapayouevo uTro duvapewgs F = 1 N kai Tng oTtroiag
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TO ONUEIO EQAPUOYNG PETATOTTICETAI KOTA S = 1 m.
H dUvaun F = 1 kp, 6Tav YETAKIVEI TO ONEIO EQAPUOYNG TNG KATA S = 1
m, Trapdyel Epyo W =1 mkp =1 Kpm (010 T.Z.)
210 guoTnua CGS, n povada £pyou ovoudleTal £pyio (erg) kai opieTal:
Terg=1dyn-1cm.

MeTagU Twv TTapatdvw Jovadwy Epyou, UTTAPXOUV Ol OXECEIG:
1 Joule = 10% dyn-102 cm kai 1 Joule = 107 erg
1Tkprm=9,81N-1mkai1kp-m=9,81Joule

Apa 1 kp'm =10 Joule

Oa eLeTAOOUNE TWPA TTEPITITWON, TTOU TO GNUEIO EQAPUOYAS TNG dUVAUNG
F petakiveital Tavw oTo Qopéa TNG Kal TTPOG TNV KaTeUBUVOH TG.
O1wg avagEépae o TTavw av:

F=1NkarS=1m=>W=1J
F=2NkarS=1Tm=>W=2J
F=2NkarS=2m=>W=4J

K.O.K.

Apa TO TTAPAYOUEVO £pYO gival:

W=F-S (13.2.1)

KOl HGAIOTA €ival JOVOUETPO QUOIKO PEYEDOG.

210 0pICOVvTIO £TTITTEDO (OX. 12.2Y), Ba £xoupe: W =10N - 10m =100 J

ZxAua 13.2y Epyo duvaung

Edv Opwg gixape TV TEPITITWON Tou oxnuartog (B) étmrou dnAadn 1o
onpeio epappoyng G Tng duvaung F petakiveital o€ eubeia TTou oxnuaTiCel
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ywvia @ pe Tn d1evBuvorn) Tng, T0TE avallovTag Tn duvapn F 0TI OUVIOTWOEG
NG: Fouve katd mn dielBuvon x-x kal Fnue katd tn dieubuvaon y-y.

2UhQwVa Pe Tov oplopud Tou £pyou, N ouvioTwoa Fouve TTapayel Epyo
W, evwo n ouvioTwoa Fnue dev Trapdyel £pyo, yiaTi OV UETAKIVEL TO onuEio
€QapPUOYNG TNG KaTa Tn d1EUBUVON TNG.

Apa, Ba £xoupe:

W=F-s-ouvo (13.2.2)

Kal yivetal @avepo ot yia ¢ = 90° tote W = 0J = 0.

Eival Trpogavég, 611 To £pyo Tou BApous evOG CWHATOS TTOU PATAKIVEITAI
opIdovTIa, ival undév, yiati n duvapun Tou BAapoug gival KABeTn aTnv opIfovTia
TPOXIA TOU OWHATOG AuToU.

' Mapatiipnon

AT TNV €iowan opiopou, duvaun €TTi aTTOOTACT TTOU £X0UV TNV idla, TOCO
N POTTA 600 Kal TO £€PY0, EVW N POTTA €ival uEyeBOG dIAVUCUATIKO, TO €pYO
gival uEyebog PovOUETPO.

AG BewproouE TO POPTIO TOU TTPONYOUUEVOU TTAPAdEIYUATOS HAG, TTAVW
0€ KEKAIPEVO eTTITTEDO:

a) Av 10 @oprTio kaTeBaivel atrd To KEKAIPEVO €TTITTEDO, TOTE TO BAPOG TOU
eival Kivntripia dUvapn, evw oTnv kivnon avBioTtavral ol duvayelg F kai Bnueo.

ZxAua 13.28 To poprio Karépxerai

B) Av To @oprTio aveBaivel 0TO KeEKAIUEVO TTiITTEDO, TOTE TO BAPOG TOU
avlioTaral oTnv Kivnon (duvaun avtiotaong).
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TxAua 13.2¢ To goprio avépyxeral

H d0vapun F 1Tou evepyei katd Tnv KaTelBuvon TNG KIVAOEWGS TTAPAYEI
£PYo KIvNTApPIO, evw N B TToU avTitiBeTal otnv Kivnon, TTapdayel £pyo Ka-
TOVOAIOKOMEVO.

@ To épyo oTnV TEPICTPOWPIKN Kivnon

Ag Trapoupe To BapouAko Tou oxAuatog 10.201

IxAua 13.20T To épyo OTNV TTEPICTPOQYIKN Kivnan

To €pyo TTou TTapayeTal atod 1 duvaun F TTou evepyouue atn Aafn Tou,
META a110 pia TrepIoTpo®n Ba civar: W = F-21TR kai yia n 10 TTA80G oTpoPEg
n oxéon auth didel Tov TUTTO:

W = F-21R-n (13.2.3)

Kal €1T€10N TO YIvopevo F-R gival n pottA Tng dUvaung wg Tpog Tov
Aagova TTEPIOTPOPAG, KOI TO YIVOUEVO 2TTN €ival N ywVIA B TToU CapwVvel ToV
oTPOPaAO, O€ OKTiVIA, KATA TNV TTEPICTPOQI) TOU, O TUTTOG (12.2.3) ypageTal:

W = Mg-6 (13.2.4)
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270 KEQPAAQIO 13.4 Ba UIAOOUUE EKTEVEDTEPQ YIA TIG ATTAEG MNXAVEG
(MOXAOG, KEKAIUEVO ETTITTEDO, BAPOUAKO K.ATT.)

13.3 MHXANIKH IZXYZ

O1 KIvnTAPEG, 01 UBATOTITWOEIG Eival PHEPIKES ATTO TIG XPNOIUOTTOIOUHEVEG
onuepa TTNYEG Trapaywyng épyou. MNapdyouv £pyo dnAadn punxaviko,
OTTWG Ol ATPOPNXAVEG, O aTHOCTPORIAOI, Ol BEVIVOUNXAVEG, O TTETPEAAIO-
MNXAVEG, Ol NAEKTPOKIVNTAPEG.

O1 unxavég 1ou TrapaAapBdavouy To UNXAVIKO £PyO Eival Ol EpYOAEIO-
MNXavég (Tépvol, @paila, TTAAvN, ol aVTAIEG K.ATT.).

H ekTipnon Tng IKAVATNTOG UIOG TTNYHG £PYOU CUVETTAYETAI KOl TOV
IKavO XPOVO TToU N TTNyr auTr Ba TTapdyel Kal To OpICHEVO €pyo. Apa, av
&époupe To €pyo TTou TTaPAyETAl O€ KABE XPOVIKN HovAda, TOTE KATAARYOUUE
oTnv évvola Tng 1IoxUog P, wg 10 TTNAiIKO Tou épyou W, TTou TTapdayeTal o€
Xpovikr didpkela t, dia Tou xpdvou auTtou.

£pyo W
al p="" (13.4.1)

I0XUG = )
XPOVOGg t

H 10x0g €ival povopeTpo QuUOIKS PEyEBOG.

To TI yTTOPEI VO OOU TTPOCPEPEI JIa NXavr], eapTdTal atmd Tnv IoXU TNG.
Movadeg 10x00g

210 S |, eivanl To watt (w)

onAadn 1 watt = 1 Joule/1 sec

210 T.Z., eival To Kpm/sec

210 CGS, ¢ivai 10 erg/sec

Tnv 10X0 TWV PNXavwy, TNV JETPAYE O€ ITTTTOUG:

75kp-m

sec

1immog (1CV R 1PS) =
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2xéo€Ig METASU TWV POVABWYV 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

1 KW =1,36 CV

e 'Eva Batwplo (1wh), gival To £pyo TTou TTapdyel ynxavn iIoxuog 1 watt,
Aeiroupyouoa e1mi 1 wpa dnA. 1 wh = 1w-1 h.

¢ 'Eva kihoBartwpio (1 kwh), ival To €pyo TTou TTapdyel pnxavr] 1I0XU0G
1Kw, Asitoupyouaoa etmi 1 wpa, dnA. 1Kwh =1 Kw-1h.

Emeidn 1 W = 1 Joule/sec, 1h = 3600 sec £xoupe:

Joule
1Wh =1

- 3600 sec dnAadn
sec

1Wh = 3600 Joule

kal 1 kWh = 1000 Wh = 3,6-108 Joule

Eival pavepo, 611 n 10X0G evog Lelyoug poTtrg M, TTou oTpépeTal e 0Tabepn
TaxUTNTa N GTOPPWYV GTO AETTTO, Ba €ivai:
M- 21N
P=
60

2’ éva nAekTpokivntripa TTou oTpéeTtal ue 800 otp/min étav ammoé {euyog
potig M = 40 mN kiveital To TOPTTAVO, N 1I0XUG Tou Ba gival cUPPWVA e
TOV TTaPATTavw TUTTO:

40-21-800
P= -
60

=3.349 W
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13.4 ANMAEX MHXANEZXZ
Apx1uRdng o Zupakouoiog

MevviABnke 10 287 1.X. OTIG Zupakouoeg. Epya Tou: «llepi Twv Mnxavi-
KWV OewpnPAaTwy TTPOG £paToaBEVNY £90d0G (UEB0DOC)», «IMepi o@aipag
Kal KUAivOpou», «KUKAOU PETPNONG», «Mepi KWVOEIBWY Kal GRAIPOEIdWVY,
«[epi TOU ETTTAYWVOUY, «APXai YEWPETPIOGY, «INepi TOU UdPAUAIKOU WPO-
AoyioUy, TTepi « ETTITTESWYV 100ppoTTILOVY, OTTOU TiBEVTal hE auaTnPEOTATA
B¢éparta oTaTikng. Mpoodiopifovtag dnA. 0 ApXINAdNG —OTO TEAEUTAIO QUTO
£pYyo— TIG OUVONRKEG I00ppOTTiIaG pIag Bapeiag eubeiag, TTou aTnpifeTal o€
KATAKOPUPO UTTOPOXAIO, OidEl TN OXECN TTOU TTPETTEI va UVOEeEl Ta BApn
Kal Ta UAKN avapTnong aTrd To UTTOPOXAIO T, yia va UTTAPXEI ICOPPOTTIdL.

'ET01 pE TO TEAEUTAIO AuTO £pYyO, 0 ApXIUNAONG BEPEAIWOE TN OTATIKN TWV
oTePEWV Kal kEPdiae Tov TiTAo Tou “TaTépa TNg MnxavikAg”.

XxAua 13.4a loopportria paBdou: BB = Bra

AANa €pya Tou: “MMepi KEVTPWYV Bapwv”, “kéEvipwy BApoug TTapaBoAiKwy
THNUATWV.

O Apxiundng utmpée Tautoxpova Kal 0 BePENIWTAG TNG YOPOOTATIKAG
Kal oTo Xapévo €pyo Tou “Tepi Cuywv” utTAPXaV OIAPOPOI OPICHOI, TTOU
agopoucav Ta KEvTpa Bdpn oxnUATwy, WG Kal TN HETAPOPE EVEPYEIQGS, HE
TN BonRBeia TwWV 0BOVTWTWY TPOXWV.

2TIG aTTOdEIEEIC TWV TTEPIPNUWY TTPOTACEWYV TOU KAVEI XPrion TNG Aeyope-
vng “TewpetpikAG AAyeBpag” Tnv oTToia BeATiwoe o€ axéon Pe Tov EukAeidn.

Xpnoipotroinoe Kai aveTTTuée o€ peyalo Babud Tov ATrelpooTaTikd Ao-
YIOUO, TOV OTTOI0 XPNOIYOTTIOINOE YIO TTPWTN QOoPd o ITTTToKPATNG 0 Xiog Kal
apyotepa o Eudoog.

O ApxIuAdNG, otav BPEBNKE aVTIUETWTTOG WE TNV OTPATIWTN TTOU TOV
OKOTWOE, €iTTe TNV TTEPIPNUN @pdon: «Mn Jou Toug KUKAOUG TAPATTEY N
Katd TN yvwpn dGAwyv, Tn epdon: «IMap’ KEQaAAv Kal un Tapd Ypappavy,
onAadn, KTUTTa To KEQAAI Hou, aAAG TTPOCEXE TO OXAUA.
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13.4.1 MoyxA6¢g

Eival pia atrAn unxav’ amoTeAsital atmod éva AKAPTITO CWHA, TTOU JITTOPET va
TTEPIOTPEPETAI YUPW aATTO £vav Gova 1 éva onueio Tou agova, TTou AyeTal
uttopoxAIo (Y) utrd Tnv emmidpacn U0 SUVAUEWY aVTAYWVIOTIKWY, TTOU
epapuodovtal o€ dUO dlapopeTikG onueia, A kal A eKTOG TOU UTTOPOXAIOU.

MoxA6¢ rpwrou gidoug: To uttopoxAio Y, BpiokeTal yeTa&u Tou onueiou
eQapuoyng TG duvaung A kal Tou onueiou e@appoyng A Tng avTidpaong
A(oy. 13.4B)

ZyxApa 13.48

MoxA6g deuTtépou gidoug: To anueio e@appoyng TnG avtidpaong A,
BpiokeTal yeta&u Tou utTopoxAiou Y Kal Tou anueiou epappoyng A tng du-
vaung A. (ox. 13.4y)

ZxApa 13.4y

MoxAog TpiTou gidoug: To onucio epappoyng A ng duvaung A, Bpioketal
MeTaEU TOu uTTopOoXAiIOU Y Kal TOU onueiou epapuoyng A Tng avtidpaong
A. (ox. 13.40)
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IxAua 13.45

O poxA6g, Ba doupe TTI0 KATW, ICOPPOTTEL, APKEI N MIKPOTEPN dUVANN
va €xel Bpaxiova, avaAoya peyaAuTepo TNG GAANG duvaung. Me Tov TpOTTO
QauTO, 0 HOXAOG AcIToupyEi WG aTTAf unxavr, 61TTou N KIvnTrAPIa dUvaun TTou
Badoupe pTropEi va UTTEPVIKACEI JIa avTidpaan, TTOAU HEyaAUTEPNG £vTaONG.

Av o1 Bpayioveg Twv dUOo duvApEewy gival iool, TOTE yIa VA ICOPPOTTEI O
MOXAGG Ba TTpéTTel va gival ioeg Kal o1 BUVAEIG, OTTOTE dNUIOUPYEITAI EVa
O6pyavo TTou To Aéue Quyo (Cuyapld).

2 UyXpovol JoxAoi givail:

a) 0 MoXAGG SiIBpaxIdviog e avTifapo.
XpnolPoTroloUvTal OTIG XEIPOKIVNTEG AAAAYEG TWV C18NPOSPOUWY, Kal

IxAua 13.4¢ IxAua 13.401
MoxAoi diBpayiovor

) o B1BpaxI6vIiog HOXAOG O€ TXANA OPOVSIUAOU. XPpNOIUOTIOIEITAI O€
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 KivntApla, evw n dUvaun A ivai n du-
Vaun avTioTaong Tou BAPOoUs ToU CWHATOG, TTOU avuywveTal. H duvapun
R, €ival n d0vaun TTou aokei To UTTOPOXAIO Y, €ival ion Kal avTiBeTn TTPOg
TN ouvIoTapEVN Twv duVANEwY F kal A.

Mapatnpouue 61: F-B=A"-q

Zxnua 13.4¢ Ymepviknon avriotaong omou B = Bpayiovag tn¢ duvauns F kai
a = Bpayiovag ng avriotaong A

Av E > 1, 167€ F > A. AnAadn:
a

‘Ooo o poxAopBpayxiovag Tng dUvapung gival NEYaAUTEPOG TOU HO-
XAoBpayiova Tng avriotaong, T6c0 n dUvaun ToOU AOKOUE yia va
UTTEPVIKAOCOUME TNV AvTioTaoN, gival JIKPOTEPN.

210 0X. 13.4n Tapatnpoue (;) o1 IoXUEL:

Av F 5 Fy, 16Te: AT > BA 3nAadn

‘Ooo kepdifoupe o€ BUvauN To XAvouue o€ BpOHO 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 Mnxavikig

O1Ww¢ SIOTTICTWVOUE, ATTO TA TTAPATTAVW, N MEAETN TWV ATTAWY PNXO-
VWV YIVETOI IO va BPoUE TIG OXEOEIG HETAEU TwV SIAPOPWY DUVANEWY TTOU
aoKoUVTal 0" QUTEG aQoU EQAPPOTOULE:

a) TIG OUVBnKeg 1I00pPOTTIOG (OTAV IC0PPOTTOUV) ) TO BePeAILON VOUO
TNG MNXAVIKAG (6TaV KIvOUVTal)

B) To agiwpa Tng dlathPNCNg TNG EVEPYEIQG.

‘ETol:

i) 61OV OEV EXOUME ATTWAEIT UNXAVIKAG EVEPYEING KATA T AEITOUPYIa TOUG,
TOTE TO £pYy0 TNG OpWOag dUVaUNG (daTTavwPEVO) €ival i0o PE TO £pyO TNG
avlioTauevng duvapng (WPEAIUO).

ii) 6Tav £XouE aTTWAEIQ PNXAVIKAG EVEPYEIQG, TOTE Ba AauBAveTal UTr 6yn
0 OUVTEAEOTAG aTTddoong TNG UNXAViG, dNA. To TTNAIKO TNG atrodIdOEVNG
(WPENIUNG) 1I0XUOG TTPOG TNV TTPOCPEPOUEVN (daTTaVWUEVN) I0XU. AnAadK:

Ny =—t =% (13.4.1)
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Eivar pavepd o611 N np < 1 yiaTti dev UTTAPXEI PNXAVI] TTOU va AEITOUPYEI
Xwpig avTioTacelS. Av np = 90% onuaivel 11 yovo 10 90% TnNG dATTAVWHUEVNG
I0XUOG PETATPETTETAI 0€ WPENIUN 10XV evw TO 10% civan atrwAeieg. ETravep-
¥XOpevol a1o o). 13.40 Kal epappolovTag To OewpnUa TWV POTTWYV EXOUE:

YA

2 YB

F=F

OA
onAadn, étav o Adyog O— yiveTal HIKPOTEPOG, MIKPOTEPN dUvaun F4
B

TTPETTEI VO AOKIAOOUE, YIO va UTTEPVIKACOUUE TN duvaun Fo. MNa petatdrmon
TOU PoxAoU a1t Tn Béon AB otn Béon A4B4 Ba éxoupe:
B,A YB, F,
Al YA, F
onAadn
Fq:(B14) = For(A4T)
YEYOVOG TTOU anuaivel, 0TI Ta £pya Twv duvapewy F4 kai Fy, gival ioa. Qore:

To épyo TG BUVAMNG KATA Tr) HETATOTTION TOU OXAOU, gival ioco pe
TO £PYO TNG AVTIOTAONG.

U NAPAAEIrMA

270 JoxAO AYB Tou oxrpaTog 13.4i va uttoAoyicBei n ywvia ¢ waoTe 0 Adyog
Twv Bapwv B4 Tpog B, va givail ioog pe Tn povada,

V3

. B . AY
onAadr: — =1kailva loxuel — = —
B, YB 2

AOon
Av TTdpoupe TIg poTTEG TwV By kal Bs wg TTpog 10 onueio (uttoudyAio)
Y Ba éxoupe:

SMy =0

B1(AY) = By(YT)

B4(AY) = B,(YB)ouve
IxApa 13.4i
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—== -OUVQ = —— CUV(P
B, (AY)

& @

2
1=—ouvep, ouvp = —
V3 2

Apa: ¢ = 30°

"Hpwv o AAe§avdpivog

evviBnke otnv AAe€dvdpeia kal £{noe yupw oTov 20-10 T1.X., OTTOU Kal
0idage. 'Exave ekTETAPEVN EQapuoyn TNG MewEeTpiag o€ BEuaTa HETPrOEWY
Kl JNXOVIKAG.

To £pyo TOU ATTOTEAEI TOV TTUPAVA TWV YEWDAITIKWY YVWOEWY Tou Ap-
xaiou EAANVIKOU KOG OU.

O Hpwyv, oav pnxavikog, epapuolovTtag TIG BePEANIOKES apXEG TNG 2Ta-
TIKAG Tou ApXIUARON, 0dnNyABNKe 0€ ONUAVTIKA CUPTTEPACUATA, OTTWG HAG
TTANpogopei o Matmog a1o £pyo Tou: «MaBnuaTiki cuvaywyr».

OewpouvTav aubevTia OTNV KATAOKEUT SIAQOPWY UNXAVIOUWY KAl TTO-
AEUIKWV OUCKEUWY OTTWGS TOU 0BOUETPOU Kal Tou TNAEBOAOU.

Eptrveuopévo atréd 1o TpoBAnua Tou Apxiundn «ue dedopévn duvaun
va avuywBei dedopévo BAPog» eival N KATAOKEUR « BapOUAKOG».

H «KUKAIKR OTEPEA EAIKOY, TO TTEPI « AUTOUOTOTTOINTIKAGY, Ta «[velua-
Tay», 0 «KATUOOTPORIAOGY eival HEPIKA aTTd Ta €pya ToUu ‘Hpwva 1Tou oav
MewpéTpng, MNewdaitng, Mnxavikdg kal Puaikog ptropei va BewpnOei OTI
QVAKEI GTOUG KOPUPAioug JEAETNTEG TOU TEAOUG TNG EAANVICTIKAG TTEPIGDOU,
WG dNMIOUPYOG £VOG EIOAOYOTATOU £PYOU.

13.4.2 TpoxaAia

Eival yia atrAn pnxavr) atmoTeAeital atro €va dioKOo O OTT0I0G TTEPIOTPEPETA
yUpw o116 éva agova, TTou dIEPpXETAl aTTO TO KEVTPO TOU (TOU SioKou).
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ZxAua 13.4.2a Tpoxadia

TNV €CWTEPIKNA TTEPIPEPEIA TNG TPOXAAIQG, UTTAPXEI AUAGKI OTNV OTToia
TTPoCapudleTal TO OXOIVi, I YEVIKOTEPA Eva Opyavo EAEEWG. H TpoxaAia xpn-
OIJEUEL yIa TNV avUWwaon QopTiwY Kal ETTITPETTEI OTNV KIVATAPIa dUvaun va
evepyei kata dieuBuvan 1 opd, SIOPOPETIKA aTTO TN YOPA TNG AVTIOTACNG.

Z100epn TPOXOAIQ

Eivai, 6tav o diokog €ival oTEPEWPEVOG O’ Eva UTTOOTAPIYUA JE Bixaho. ZTnv
TTEPITITWON AUTA, N KIVNTAPIa dUvaun Kal n avtiotaon 1ou epapuoélovral
oTa OUO avTiBeTa AKPa TOU GXOIVIOU, £XOUV TNV idia £€vTaor.

Zyxnpa 13.4.2B Tpoxalia
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21n didra&n Tou ox. 12.4.2y TG AtTAG UNXAVAG, To €pyo TnG duvaung A
TIPOCPEPETAI O AUTAY, EVW TO £€py0 TNG dUvaung A (avtiotaong) atmodideTal
o1é auTh”.

Ixnua 13.4.2y Tpoxadia

21NV TEPITTTWON Trayiag (akivntng) TpoxaAiac™ Tpoo@EpETal O° AUTAV
MuIkA duvapn F, yia va avupwBei Bapog B. O diokog Tng TpoxaAiag QEpel
oTnV TEPIPEPEIG TOU aUAOKA KOl UTTOPEI Va TTEPIOTPEPETAI, TTEPT OTABEPO
agova.

Xpnolpeuel yia Tnv aviywaon Bapwv, N yia Tnv aAAayr] Tng dielbuvong
MIag duvaung.

U NAPAAEIrMA

ATTO 10 éva AKpOo TOU VIPaTOG TTAyIag TpoxaAiog apeAnTéou Bapoug, avap-
Tatal Bapog B kal 010 GANO GKPO Tou VAPATOG evepyei Bapog By (B4 > B).
Moia gival n €vdeitn Tou duvapopéTpou (ox.13.4.20 Trayia TpoxaAia) étav
Ta cwpaTa apebouv eAeUBEPQ;

E@appoyn: B=12N, B4 =20 N.

* Me TIg unxavég dev yivetal olkovopia £pyou, aAAG putropoUpe va petaBdAAoupe TV
€vtaon, Tn dielBuvan, Tn Yopd, To anueio TNG kKaTaBaAAduevng dUvaung.

** ¥1nv Tayia TpoxaAia, ektdg atrd Tig duvduelg F kal B aokeital kai pia 1pitn F1 mToU Trpo-
€pxeTal atré TNV TPoXaAIoBrKN TNG OTT0IaG 0 OoPEAg DIEPKETAI OTTO TO KEVTPO TNG TPOXAAIAG.
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Auon

Méavw otnv TpoxaAia ackouvTal oI SUVAEIG:

TxAua 13.4.28 layia tpoxadia
MNa Tnv 100ppoTTia TG TPOXaAiag Ba £XoupE:
Fa=F + Fy' (1)

O1duvapeig F', F4', F, F4 aokoUvTal utté Tou vAuaTog auTou, dpa Ba £XOUE:

Fi=Fy=F=F )
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Etropévwg: Fpo=2F (3)
. ) B
MNa 1o owpa Z, Ba éxoupe: F-B=my= —.y (4)
g
B,
Mo 10 owpa 24, Ba éxoupe: By -F =myy=—~-y (5)
9
ATTO TIG oX£aelg (4) kai (5) TTaipvoupe:
F-B B _F B _F
B,-F, B, 2B,-F B+B; 2B,
Apa:
2BB
F= e
B+B,
i 4BB,
£ B+B
1

4.12-20 2.12-20

A= N=30N, F= N=15N
12+ 20 12+20

KivnTA TpoxaAia

Eival, 6tav £va dkpo Tou Gxoiviou
OTEPEWVETAI O éva UTTOOTAPIYHO-
oTnV TTEPITITWON AUTH], TO POPTIO
OUYKpPOTEITal aTTd £va dixaAo TTou
@Epel 0 BIOKOG Kal o€ CUVONKEG
I00PPOTTIAG, N £vTaon TNG KIvNTN-
piou duvApEwg, gival To PIod TG
avTioTaong.

IxApa 13.4.2e Kivnth tpoxalia
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TNV TTEPITTTWON TNG KIVNTAG TPpoxaAiag (0X. 13.4.2¢) EXoue:

B
F1=F2=i
2

(TpoxaAia pe TTapGAANAa OoXOIVIA)

B
A6 10 oxfua 13.4.20T: F1 = onAadni: Fq > —
2

2ouva

(TpoxaAia pe OxI TTapdAAnAa oxolivid)

Zyxnpa 13.4.2071 Kivnti tpoxalia

MpdaypaTti: AV TTAPOUUE TIG POTTEG TWV OUVANEWY WG TTPOG K éXOUpE:

Fy-r=Fy-r onhady Fi=F,

. R B B
Emiong = =
nua nP2a 2nPa cuva
. - B B
Apa: |:l = >
2ouva 2

To TTpog aviywaon @opTio B, yia pia diadpour S Tou onugiou eQapuoyns
NG F, avuywveTtal kata S/2. ETTopévwg Ba £XoUE:

Wg=F-S
. B
s Apan=-—
WB=B'f 2F
2

270 JOXAG Tou o). 13.48 TTou TTEPIECTPAPN aTTd TN B€0N XX~ KATA ywvia w,
uTTo TV eTTidpacn Twyv duvapewy Fq kal F, Ba éxoupe:
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WF1= Flnuw WF2: F,l,nuw

Apa: n= PQ = WL” - l
PFl WFl It Rl
21nv ePITTTwon Tou TroAUoTTaoTOoU OX. 13.4.2¢ éxouue ouvduaouod
METABETWYV (EAEUOEPWYV) KAI AUETABETWYV (TTaYiwY) TPOXaAIWY. OI AUETA-
BAnTeC TpOXaAieC BpiokovTal £TTi KOIVAG TPOXAAIOBAKNG, TTOU OTEPEWVETAI
o€ OTOBEPO UTTOOTAPIYMA, EVW Ol JETABETEG TPOXAAIEG BpiokovTal o€ GAAN
TPOXAAIOBRAKN, aTTé TNV OTToia EEAPTATAI TO POPTIO, TTOU BEAOUE VO aVUYW-
ooupe. Emruyyxdaveral dia Tou cuvduaopuou autou, N doknon PIKPOTEPNG
Ouvaung F kai n petaBoAn tng dieubuvong Tng. Eival rpogaveg, 611 o€ KABe
OXolvi, aokeiTal duvaun
E=_
4
Edv yevika 10 TTOAUOTTAOTO S100£TEI CUVOAIKA vV TO TTAB0G TTAyIEG Kal
KIVNTEG TPOXOAIES, TOTE, O KABE OXOIvi aokeiTal duvaun:

B

v
270 oxNAKa 13.4.2n n 1I00pPOTTIa TOU 0WHATOG Bapoug B ekppdleTal atrd
TNV e€iocwon:

B
F=—

ZxAua 13.4.2¢ lMoAvomracTto e duo TpoxaAiobrkes Twv dUo Tpoxaliwyv n KGO uia
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ZxAua 13.4.2n Kivnth tpoxaAioBnkn

U NAPAAEIrMA

Na Bpeite TN oxéon PeTagu Twv duvapewyv F4 kai F5 TTou gvepyoulv aTn
S1a@opikn TpoxaAia (ox. 13.4.20) oTnv TEPITITWON 1I00PPOTTIAG TOU OU-
oTAMAToG (dev AauBAavoupe Ut dWn TTaBNTIKES AVTIOTACEIG).

ZxApa 13.4.20 Aiapopikn Tpoxalia
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AUon
H diagpopikA TpoxaAia atroreAeital a1ré dUo oTalepég TpoxXaAieg eTTi
TOU auTOoU dova, aAAd dla@opEeTIKNAG SIaUETPOU KAl aTTd Mia EAeU0epPN.

Mo TNV Topn T-T £XOUUE:

S+S=F;

F

Apa s=-1
2

MaipvovTtag TNV TpiTn CUVOAKN IGCOPPOTTIAg EXOUUE:
SM?2 =0, F,R +Sr—SR=0
|
R-r
2R

R

Apa: F,=

2nueiwon:
Av n gival o BaBudg amédoong TnG dIAPOoPIKAGS TPOXAAIAG, N TTPAYHATIKA
ouvapn yia va avuywoel To goprio F4, Ba divetal atrd Tn oxéon:

E o= (R-nNF
2 2Rn

(18avikn peTddoaong)
R

Kl ECapTATOI ATTO TN OXEON

13.4.3. BapouUAko

Eival kal auTtd pia atrAi gnxavr) TTou JTTopouE, EQAPUOOVTAG TTEPIOPICUE-
VEG OUVAEIG, VO AOKACOUUE IOXUPES EAKTIKEG OUVAEIG, HETW EVOG OUOTA-
MOTOG OXOIVIWYV ] aAuoaidwyv. Ta oluyxpova BapoUAKa XpnoiUoTToloUvTal
OoTa €PYOTAEIA yIA TO XEIPIOUO YEPAVWV KOl avaBaTopiwyv oTa KTipId, yia Tn
AeIToupyia Twv aveAKUOTAPWY, OTA TTAOIA YId TO XEIPIOPO TNG AYKUPOG KAl
TNV aviywaon opTtiwy (ox.13.4.30).
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ZxAua 13.4.3a BapouAko

Ta peydAng 10x00¢ BapoUAKa Ta XPNOILOTIOIOUUE OTA AIJAVIA KAl OTO
VOUTTNYEIQ TTOU aTTaITOUV PETAKIVAOEIG HEYAAWY QOPTIWV.

2TV TePITTwan Tou BapoUAkou (ox. 13.4.3B) Tng didTagng dnAadn
TTOU aTroTeAEiTal atmo évav KUAIVOPO aKTivag r (TUUTTOVO) Kal JTTOPED va
TTEPIOTPEPETAI TTEPI OPIOVTIO Afova 00, epapuolovTag To Bewpnua Twv
POTTWYV OTNV TTEPITITWON I00PPOTTIOG, Ba EXOUE:

B-r=FR
. r
Apa: F=—.B
R

TTOU onuaivel 0TI n dUvan TTou IC0PPOTTE T BApog B, gival TOOO pIKpO-
TEPN 600 PIKPOTEPN €ival N akTiva r Tou BapoUAKou Kal 60 PEYAAUTEPO
€ival To uAKog R Tou poxAou Tou oTpo@dAou.

IxfAua 13.4.38
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U NAPAAEIrMA

O o1poé@alog evog BapouAkou €xel Prkog 50 cm Kail To TUPTTAVO AKTiVa
r=5cm. O xeIpIoTr G Tou BapoUAKou ekTeAEi 50 OTPOPES ava AeTTTO, avu-
wwvovTag Bapog 40 N. Na Bpeite:

a) Tn dUvaun TTOU OOKEITaIl aTTo TO XEIPIOTA TOU BapOoUAKOU Kal

B) Tnv kaTaBaAASuEvVn I0XU.

AOon
a) EQapuddovtag 1o Oswpnua Twv pOTTWY OTNV TTEPITITWAON I00PPOTTIOG,
Ba éxoupe:
B-2r=F - 2R
B - r=F - R (ouvbnikn icoppoTriag BapoUAkou)
B-r 40N-5

Apa: F=" 'z M-aN

R 50cm

B) MNa Tnv kataBaAAopevn 1I0XU, Ba EXOUE:
P=Fu=F2mvR
50
P=4N2-314-— -0,5m/sec
60
Apa: P =10,47 N m/sec

U NAPAAEITMA

> € BapoUAKo, 0 OTPOPAAOG £xel Urkog 50 cm kal 0 KUAIVOPOG akTiva 5 cm.
O xeipiomig Tou datrava iIoxu 1/10 CV yia va avuywaoel Bapog 20 N. Av n
atmédoaon Tou BapoUAkou eival 0,6, va BpeBei:

a) n dUvapn TToU AOKEITAI 0TO AKPO TOU GTPOPAAOU KOl

B) TOOEC OTPOPEG ava AeTTTO Ba eKTEAET O XEIPIOTAG TOU OTPOPAAOU.

AUon

H ammédoon diveral amod mn oxéon;:
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P(,U
P
n, = (1)
AP

oatr

O1av 0 oTpOPaAOG EKTEAEI X TTEPIOTPOPEG, TO CUWHUA AVUYWVETAI KATA

h = 21r-x (2)
H ouxvoTtnTta TepIOTPOYNG v, gival:
X
V= 3)
t
H weEhiun 10xUg givai:
B-h
Poo =—— (4)
t
Kal N datravwpevn 10XUG gival:
F-s F2mRx
Poar =4 = 4 ()

Me Bdon mig oxéoeig (2), (3), (4), (5), n oxéon (1) yiverai:

(o8]

-r

nA:

F.

Py

OnAadn n oxéaon TTou €idape TTponyoUuEVa.

AUvovTag wg TTpog F, Exoupe:

20N-0,05m
F=———=3,33N
0,6-0,5m
n,P 0,6-75 c 45.60 c c
V= A" oam — _ =43

B2mr 10-20-2-3,14-0,05 sec_ 62,8 min min
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13.5 KEKAIMENO ENINEAO

Eival pia attAi unxavi- atmroteAgital atro Eva oTaBepd TTITTEDO TTOU OXNUATICEI
oeia ywvia pe pia opifovtia em@aveia. Eva owpa, TTou gival ToTTobeTnuévo
€TTi TOU KeKAIEVOU eTITTEDOU, KIVEITAI ATTO TN dPACN TNG CUVICTWOOG TOU
Bdapoug tou gival TTapAdAANAN TTPog auTod To £TTITTEDO, EVW N KABETN GuVI-
OTWOA TTPOG TO KEKAIYEVO €TTITTEDO, EEITOPPOTIEITAI ATTO TNV QVTIOPACH TOU
emITTEDOU auToU.

ZxApa 13.5a KekAiuévo emimedo

xAua 13.58 KekAiuévo emimedo

H emitdyuvon mou AauBdvel éva owua, gival Too JeyaAUTEPN —av TTa-
paBAéyou e TIG TPIBEG— 600 PeyaAUTEPN €ival N KAioN Tou ETTITTEDOU.

Tnv apxn Tou KeKAIEVOU €TTITTEOOU £QAPPOLOUE TT.X. O€ OAEG TIG KAI-
MOKEG, TIG AVNPOPIKEG 000UG K.ATT. 1I8IQITEPN EQAPUOYI aUTOU £XOUME Kal
O€ MIa OTTAN uNXavA TN o@Riva.

OAa 1a epyaAcia KOTIAG: Jaxaipia, EUpAQIa, TTEAEKEIG K.ATT. €ival OQrVEG.
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BAOMOZ AMNOAOZHZ KEKAIMENOY ENIMEAOY

Eival rpo@avég oT1, av £xoupue éva gopTio kKal BEAoupe va 1o EAEoUE Ka-
TAKOPUPA, Ba TTPETTEI VO XPNOIUOTTOINCOUME dUvVaun, ion pe 1o B&pog Tou
poprTiou.

Av TGN BEAOUPE va HETOKIVAGOUE QOPTIO TTOU OTNpPIifeTal O 0pICOVTIO
eTTiTTed0 Ba TTPETTEI va XpNOIPOTToINooUE dUvaun, ion e TNV TPIRA.

Ma va avuywoouye popTio, pe dUvaun PIKpoTepn atrd To BApog Tou, cav
atrAf unxavr XpnolpoTroloUuE To KeKAIWEVO eTTiTTEDO. MNa va gival duvaTtr n
aviywan Tou @opTiou, Ba TTPETTEI VO EVEPYAOOUNE PE dUvan:

B nua + n B ouva

TxApa 13.5y @oprio o kekAipévo emitredo

Apa 0 Babudg atrdédoong Tou KekAIévou eTITTEDOU, Ba gival:

oo Bnua _ nua 1

A B(npa+nouva)_npa+ncuva _1 +n ooa

Av n = €Qag, TOTE Ba EXOUNE:

1
ny=— (13.5.1)

A=
1+ega,o¢a

i) Av a = ago TUtTog 10.5.1 dider: n = 0,5

i) Av a < ag o Tutrog 10.5.1 didei: n < 0,5

iii) Av a > ag o T0tmog 10.5.1 8idel: n > 0,5

Kpivetal okotipo va TovioBei 611 n unxav mpooAaufdver Epyo atd
10 TTEPIBAAAOV KOl aTrodidel £pyo OTO TTEPIBAANOV.

H TpdoAnwn autr) Tou épyou atrod 1o TTePIBAAAOY, avTioTolxei oTn daTra-
VWUEVN 10XU Py, Vo n atmédoan £pyou a1o TTePIBAAAOV, avTIOTOIXEI OTNV
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atrodId0pevn 1I0XU Pa OTTOU: Py < Pa.
To KaTavaAIoKOPEVO £PYO KATAVAAIOKETAI A@’ €VOG HEV UTTO TNG AVTIOTA-
OEWV (Ayp ) 0@ ETEPOU OE UTTO TWV TPIBWV.

O AOyog Py / Py, gival péye0og XapaKkTnpIoTIKO HIAG MNXAVAS Kal
KaAgiTal “ouvreAeoThG aTTOdooNG”.

Eivai &¢:
PA Pw
n, =— =% OUVTEAEOTAC aTTdd0o0Ng (13.5.2)
PA KOT

H e1Ti TOIG €KOTO % TIMN TOU OCUVTEAECTOU ATTOB00NG MIOG MNXOVAS
AéyeTan “arédoon pnxavng”’ Kai givai:

a = np % | ATT6doon punxaving (13.5.3)

U NAPAAEITMA

21NV 1I000KEAN o@riva Tou oxAuaTtog (13.58) va utroAoyioBei n kKaBeTog
ouvaun N av: F =5N, np=0,16 ka1 a = 15°.

AOon

ZxAua 13.58 loookeAnc opnva
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Eg@apudlovtag tn deUTEPN CUVONKN I00PPOTTIAG, EXOUUE:
2F, =0, F =2Touva + 2Nnua (1)
Emeidn T =n - N, £€xoupe:
F = 2nNouva + 2Nnua
F =2N (nouva + nua)
F

2(n ouva + nua)

Apa: N =

5N 5N

Etmopévwg: N = 5 o\
2(0,600uv15° +nu15°)  2(0,60-0,966+0,259)

Apa: N=2,98 N

210 TTapPAadelyud pag, BewpoUle TO idI0 To BAPOG TNG OPRVAS aPeANTEOD.
AtroTeAei &€ N o@ERAVA, £va OTOIXEIO PNXAVWY TTOU UTTOKEIVTAI OTOUG VOUOUG
TOU KEKAIUEVOU ETTITTESOU.

Xpnaoipeuel 8 yia Tn aUa@IEn pIag TPOXAAIG, i evOg OIOKOU GUUTTAEKTN
€TTi Aovog, yia TNV avuypwaon f TTAEUPIKN PETATOTTION BAPOUG € UIKPA
amréoTaon, yia TNV ac@AAion TwWV CUPUATOOXO0IVWY, TN OTEPEWOT TWV EK-
OKOTITIKWV 080VTWYV Kal aAAoU.

U NAPAAEIrMA

Ta cwyuara pe avrtiatoixa Bapn B4 kai B,, cuvdéovTal e vipa kal oAioBaivouv
TTAvWw OTO KEKAIPEVO €TTITTEDO YwVvia KAioewg a. O1 avTioTOIX0I CUVTEAEDTEG
TPIBAG €ival ny, No.

Na uttoAoyioBouv:

a) N EMTAXUVON Y TWV CWHATWY KOl

B) n TGon ToU vijpaTtog S.
AGon

(Ma ™ Abon TG aoknong autig Ba utrevBuuicoupe TPEIG Baaikoug
TUTTOUG TG MN)XavIkKAG: F=m -y, B=m-gkaiT=n"-N.)
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ZxApa 13.5¢
‘ET01 y1a TO cwpa Bdapoug By, Ba €xoupe:

1
Fav =Bjnpa-S-nN,
Binua =S —n¢yN4 =myy

F2 =

KIV S+ an”a - nZNZ = myy
ATIO TiIg oxéoelg (1) kai (2) & atTaAeIpng TNG S €XOUE:
nua (B1+ By) - ouva (n4B4 + n2By) = y(mq + my)

ATTO Tn oxéon (3) TTaipvoupe:
_nua(B; +B,)-ouva(Bn; +B,n,)
(B,+B,):0

2nueiwon

(4)

Av uttoBéooupe 0TI Ny = ny, = n Kal By = B, = B = 10N, 107€ €€dyoupe TN

YVWOTA Yag oxéon y = g (Nua - nouva).
E@appoyni: Ao Tn oxéon (1) €xoupe:

B
S=-my-n,N,+Bnua= El -y -n,B,ouva + B nua

Apa: S=B,; (-;-nlouvaﬂ]pa)
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1,273
S=10-| - -0,3-0,86+0,5 |=10-(-0,127-0,258 +0,5)
10

Apa: S=1,15N

Ztnv Tapatdvw oxéon (5), eAfedn y = 1,273 m/sec?, agou atrod 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 TTop’ OAEG TIG TEPAOTIES
TTo00TNTES VEPOU TOu Neilou TToTapou, 0driynoe Tov ApxXIpndn va eTTIVOATEl
TN YNXAVA aUuThA, VIO va avuywvel To vepd o€ uywnAdTepn oTaBun Kal va
yiveTal €101 n dIavVor Tou OTa XWPAIa, e EAeUBepPN pon.

O A16dwpog o ZiIkeAIWTNG (106 al. 1.X.), avaépel, 0TI aTnv AiyuTiTo
aypoTeg apdeUouv Ta XWPAQIA TOUG PE TN PNXAVA aUTH TTOU £TTIVONOCE O
Apx1uAdNG Kal 0TI oTa opuxeia TnG loTraviag, e Tov KoxAia Tou Apxiundn
avtAouv Ta vepd atTd TIG TTANUMUPIOPEVES OTOEG.

ZxAua 13.6a KoxAiag
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ZxAua 13.68 KoxAiag

210 BIBAIo Tou «[Mepi ApXITEKTOVIKAGY» 0 BITpoUpiog (10¢ alwvag .X.)
TOVicel, OTI N KAioN Tou TTPETTEI va avTaTToKpiveTal oTo MNubayopeio Ocw-
pPNUa Kal 0TI TO PKOG a€ TTOdIO TTPETTEI VA ival ioo pe TN SIGUETPO TOU O€
OaKTUAOUG: dnAadn) divel pia oxéon SIaUETPOU-PAKOUG TNG TAgNG Tou 1/15.

O koxAiag Tou ApxIPNdN ETTETPETTE TNV AVTANON PJEYAAWY TTOOOTHTWYV
vePOU aTTd PIKPO BAB0G, e Kivnon TTou divéTav atmo avlpwIroug ) atrod
{wa ue TN Bondela, iowg, EUAIVWY 0BOVTOTWYV TPOXIWV.

2AMEPQ, VIO TO OKOTTO aUTO, Kal yia peydAa BaOn, xpnoiyoTroleital n idia
OUOKEUN JE TITEPUYIA TTOU OTTOTEAOUV OTEPER KUKAIKN €AIKQ, O€ KATOKOPUPN
B€on pe kivnon a1rd pnxavn.

KATAZKEYH THZ EAIKAZ

‘EoTw 1O avaTTuypa evog kuAivopou ABIA, akTivag r. Xwpilouue Tnv Tre-
pIPEPEIa TOU KUKAOU Kai TNV TTAeupd AB Tou Tpiywvou ABIT o€ dwdeka ioa
MEPN. Evovoupe Ta onueia TOPAG, TTOU QVTIOTOIXOUV GTOUG idloug aplBuoug
Kal Ba €xoupe TN YPOUMN TNG €AIKAG. 210 oxnua n EAIKa avépyeTal aTmo
apIoTePd TTPOG Ta OECIG (DEEI6ATPOPOG EAIKQ).
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ZxAua 13.6y

210 oxAMa 13.6y civai:
h = 10 Uyog Tou BAuarog
| = 70 BApa TNG EAIKOG
r = n akTiva NG €NIKOG

a = ywvia NG éAIKag

ZxAMa 13.68 Terpaywviko omreipwua
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Av avTi TNG YPOAUMNAG AUTAG, TUAIXBE £1Ti TOU KUAIVOpou éva eTTiTTEdO
oxAMa (Tpiywvo, TETPAYWVO, TPATTECI0) KATA TN YPAPUA TNG €AIKaG TOTE
oxnuaTifeTal Eva oTTEipWa.

Eival rpogavég oTi:

X =rouvo

y =rnué
h h
z=r-6——=—80
2mr 2w
O1 1peig Tapatrdvw £§I0WOEIG, €ival o1 EEICWAaEIG TNG KUAIVOPIKAG EAIKOG.
Etriong éxoupe:

h
£€Qa = ——
2111

Av 0 KoxAiag éxel v BripaTta (koxAiag TToAAaTTAOU BruaTog), TOTE,

v-h
£Qa = ——
2TTr

XPHZH TQN KOXAIQN

O1 KoyAieg xpnaiyoTToloUVTal oAV YECQ:

a) ouvdeong: OnA. yia va ouvdEovTal TEAXIA UNXAvVWY PETAEU TOUG
(koxAieg ouvdeong)

B) Kivnong, €ite pIag TTEPIOTPOYPIKNG Kivnong o€ euBUypauun (T1.X. avu-
WWTIKOI INXAVIOWOI, EPYAAEIOPNXAVEG, TTIEGTHPIA) 1] MIAG EUBUYPAp-
MNG O€ TTEPIOTPOQIKA, EITE YIAG TTEPIOTPOPIKAG OE TTEPICTPOWPIKN (TT.X.
000VTWTOG TPOXOG E aTEPUOVA KOXAIQ).

KoxAloTop0g

H gpyaAeiounxavr] TTou eKTEAEI TNV EKOKAPR TNG EAIKWOEWG EVOG KOXAIa
KOTG MAKOG MIOG KUAIVOPIKAG ETTIQAVEING, AEYETAI KOXAIOTOMOG KOl YiveTal,
€iTE OTNV ECWTEPIKA, €ITE OTNV ECWTEPIKNA ETTIPAVEIQ TOU KUAivVOpou. H xprion
QUTWV TWV EPYAAEiWY, EXEI ETTEKTOBET KOO KAl OTIG OTTAEG UNXAVEG, OTTWG
oTa OPATTavVA Kal TOUG TOPVOUG.

270 OTPOPAAO Kal OTO AKPO TOU ackoUpe Tn duvapn F kaBeTo aTo €TTi-
ed0 TOU OXAUATOG. AV TTOPACTACOUNE PE R TO uAKOG Tou OTpo@AAou TOTE:

W = F-2nR
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Wg=B-2m-r
i B-2mr
Apa Ny=——
F-2mR
. B-r
OTTOTE: N, = ——
A ER

21NV TEPITITWOoN Tou KoxAia (oX. 13.6.€) TNG a1TAG unxavig dnA. TTou
atroTeAgiTal atmd Tov KUupiwg KoXAia Kail To TrEPIKOXAIO, OTAV 0 GTPOPAAOG
MAKouG R aTpagei Katd pia aTpor, TOTE 0 KOXAIOG aveRaivel ) KaTeRaivel
KaTd éva Briua B

TxAua 13.6e KoxAiag

O koxAiag oTpépeTal pe TN BonBeia TnG duvapng F, Tou aokeital aTo
AdKpOo Tou PoXAOU.
ToTe Ba EXOUE:

W = F-2mR
Wa=A"-B
. A-B
atr’ é1Tou na= (13.6.1)
21FR

Mpayuar, To épyo TTou TTapdayetal amod tn duvaun F, katd pia TARpen
TTEPIOTPOYI) TOU KOXAiQ, €ival ico pe:

WE = potm - ywvia =F - R - 2.

* BApa koxAia, Aéyetal n amréoTacn dU0 dIadoXIKWV onueiwv TNG EAIKAG TTou BpiokovTal
TAvw oTnv idia yevéreipa- OnA. givai n amrdéoTtacn peTagu dUo dIadoxIKWY EAIKWOEWY Kal dTav
0 KOXAIOG eKTEAET WO TTAAPN TTEPIOTPOVPT, QUTOG UPICTATAI HETATOTTION iON TTPOG TO B TOU.
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Katd tn oTtpogn autr], o KoxAiag Ba TTpoxwprioel KaTtd 1o didoTnua B
(Brpa koxAia). H duvaun A Ba katavoAwaoel £pyo, ioo e Wa=A - B. Z0u-
Qwva e 1o agiwpa diatApnong Tng evépyelag Ba Exoupe: Wg = Wy pe Tnv
TpoUTTeBeon apeAnTéag TPIRNAGS. Apa, yia To BaBud amddoong n, 1I0xUEl O
TUTTOG B.

U NAPAAEIFrMA

2TOV atépuova KoxAia Tou oxuaTog 13.60T 0 TPOXOG £XEl X 0OOVTEG. ATTO-
OcigTe, oI
B-r
F=—
X-R

E@pappoyn: R=1,5r,x=18,B =108N

xAua 13.601 Arépuwyv KoxAiag

AOon

O aréppovag koxAiag atroteAei cuvduao o KoxAia kal 0dovTwToU TPOXoU
(oxAua 13.60T). Mia TTARPNG TTEPIOTPOPI) TOU KOXAIQ, TTEPIOTPEPEI TOV 0DO0-
VTWTO TPOXO KATA BIACTNUA, i00 TTPOG TO dIAoTNUA PETAEU BUO BIAdOXIKWYV
000VTWYV TOU.

AQOU 0 TPOXOG €xEl X 0OOVTEG, TOTE TO AKPO TOU PJOXAOU EKTEAEI X TTE-
PIOTPOPEG, ONA. dildoTnua ioco ue: 2TTR-X, yia va eKTEAETEI O TPOXOG HIG
TTEPIOTPOYN).

To @oprTio B avuywveTtal kata 21r. ETTopévwg Ba £xoue:
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2R -x-F =2mrB
oT1T0U:
We=21Rx'F ka1 Wg = 2111 - B (JE TNV TpoUTTé0e0n apeAnTéag TpIRNAS)
B-r

Apa: F=—
X-R

Eg@appoyn: MNa R = 1,5r, x = 18 0d6vTeg, B = 108N,

, . . 108N-r

O TTapaTavw TUTToG divel: F=———— = 4N
18-1,5-r
Apa: F=4N

U NAPAAEIrMA

To Brpa evog KoxAia, ival 2,5 cm. O xeipioTig e¢aokei duvaun F = 25N
KABeTa 0TO AKPO TOU OPICOVTIOU OTPOPAAou, prkoug 1m. Na Bpeite Tn
duvapn avtioTaong.

Auon
Na Tov KoyxAia EXOUpE:
F=2mR=A (1)
Auvovtag TNV (1) wg TTPog A €XOUUE:

5 - 25N-2:3,14-100
2,5

Apa: =6280 N

U NAPAAEIrMA

lNa Tov koxAia divovtar: B =2,5cm, F =25 N, A=5000 N, R=100 cm. Na
Bpebei n amodoaon Tou.
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AUon
H atmmédoon Tou kKoxAia Ba eivai:
A-B
nA = 0
2m-F-R
Apa, Ba £xoupE:
500N - 2,5cm
Na = =0,8

© 6,28-25N-100cm

rPYAOI

O1 ypUAol xpnaiyoTrolodvTal yia TV aviywan, Kal TNV KaTakopu®n PETa-
Kivnan, peydAwv @optiwyv T1.X. 20-25 tn o€ pikpd Kupiwg uyn 30-40 cm.
Av o1 ypUAo! ptropouv va YAUGTpoUv TOTE yiveTal opifovTia HETAKIVNON TWV
POopPTIWV.

Eival atTAoi kal ebXpnoTOol UNXAVIOUOI.

‘Exoupe ypUAOUG e 00OVTWTO Kavova Kal 0dovTwpo TPOXO, JE KoXAia,
YPUAOUG, uSpauAIKoUg xpnaolUoTToloUuEVOUG Yia @opTia péxpl 300 tn kal
yia diadpopun 100 £wg 300 mm, yia HETAKIVAOEIG BAPIWV QOPTIWV OTTWG
yIa TIG KUPiwG OOKOUG YEPAVOYEPUPWV Kal JEYAAWY PNXavwy, YypUAoUg
USPAUAIKOUG QUTOKIVATWY TTOU XPNCIKOTTOIOUVTAl YIO BapEa OXAHATA £WG
9 tn kai yia aviywon amd 100 mm €wg 900 mm.

ZxAua 13.6. ot Avupwrikog ypuAog
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13.7 METAAOZH MNEPIZTPO®IKHZ KINHZHZ

>€ KGOe peTAdoon Kivnong atrapaitnTa armairouvtal U0 Aoveg: o KIvNTH-
pI0G Agovag, o TTAPEXWV TNV Kivnan, Kal o KIvoUuuevog d&ovag, o Aaudavwy
TNV Kivnan, TOu OTToiou Ol OTPOYEG, TUVABWG, gival G€ apIBUO, HIKPOTEPES
aTo TIG OTPOYEG TOU KivTHPIou GaEova. O KivnTApIog dEovag, aviAKel OTOV
KIVNTAPQ, 0 O€ KIVOUUEVOGS AEovag OTOV UNXaviouo Tng Kivnong.

O AGyoG TNG TTEPIOTPOPIKAG TAXUTNTAG Ny TOU KIVOUPEVOU GEOVA TTPOG
TNV TTEPICTPOPIKA TAXUTNTA N4 TOU KIVNTAPIOU GEova ovopaletal “Zxéon
pETAdoong” Kai givai:

n w 2
=2 W2 (w= "”j (13.7.1)
60

OTToU W, N ywviakn TaxuTnTa.

Eival yikpdTEPOG TNG HOVADOG KAl EKPPALEI TOV UTTORIBACUO TWV OTPO-
QWvV ava AeTTTO, OTOV KIVOUPEVO Agova.

Edav éxoupe TrepioadTepa atmod €va Celyn PeTAdoong, T.X. Tpia {euyn
agovwy, OTTOU Ol OXETEIG HETABOONG Eival AVTIOTOIXA:

n, 1
n, 3
ng 1
n, 4
n, 1
n 8,33

3
TOTE Ba £XOUME IO PEIWON TWV CTPOPWYV, KAIHAKWTA KAl N oxéon Pe-
Téddoong, Ba civai:
11 1 1

3 . 4 8,33 100

Toug TPOTTOUG PETABOONG TNG TTEPIOTPOYPIKNAG Kivnong atrd dfova o€
afova, TouG SIOUOPPWVOUV:

a) oTnv odovTokivnon, ol 0d0OVTWTOi TPOXOI,

B) otnv aAucokivnon, n aAucida Kai

y) OTNV 1gavTiokivnon o IuavTag.

>€ OAEG AUTEG TIG KIVAOEIG, 0 AOYOG TWV TIHWV TNG TTEPICTPOPIKAG TayU-
TNTAG, €ival avTIOTPOPWS avAAOYOG TTPOG TOV AGYO TwV DIOUETPWY TOUG.
‘ET01, Ba €X0oUpE:
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OdovTrokivnon AAuookivnon lyavTiokivnon
n, _d, n _d, n, _d,
n, d n, d n, d
n_7%
N, 43
IMANTOKINHZH

IxAua 13.7a luavrokivnon

MeTddoon Kivnong pe INAvTa.

2’ auThyv ivar: n o apIBuog TwV OTPOPWV avda AETTTO, V N TTEPIPEPEIAKN
TaxutnTta o€ m/s, i n oxéon PeTadoong oTpopwy, T n TACN IMAVTOG, N O
BaBuodg amdédoong Tng Kivnong, cuvABwg atd 0,96 £wg 0,98, a n ywvia
eTa®ng, P n Tepipepeiakr) duvaun mou PeTapiBaletal ato Tnv TpoxaAia
aTov IgavTa (N avTioTpoPweg) kail G n dUvaun TTPOEVTACNG, YIO VA ETTITEU-
X000V o1 KaTAAANAEG ouVBNKES TPIRNAG.

OAONTOKINHZH

O1 odovTwToi Tpoxoi gival diokol atrd PETAANO, EUAO, | TTAACTIKO. ZTnV
TTEPIPEPEIG TOUG £XOUV XapaxBei 0dOvTeG. XpnoiugUouy yia Tn ueTapifaon
TTEPIOTPOPIKWYV KIVIGEWV KOl TTEPIPEPEIOKWV DUVAUEWY aTTO £vav Ggova
o€ dAov agova.
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MOP®EZ OAONTQTQN TPOXQN

ZyxAua 13.78 Odovrwrog T1poxo¢ ZxApa 13.7y Odovrwroi Tpoxoi e
e 000OVTWTO Kavova EUBUYPaUUA UETWTTIKG OOVTIQ

ZxAua 13.78 Zeuyog odoviwrou ZxAMa 13.7e Kwvikoi odovTiwroi Tpoxoi
TPOXOU Kai arépuova KoxAia

ZxAua 13.701 EAikoeideic odovrwroi Tpoxoi

AAYZOKINHZH

To ouoTnua TG aAucokivnong, aTToTeAEITaI aTTO SUO 0O0OVTWTOUG TPOXOUG,
€K TWV OTTOIWV 0 £€vag gival TTPOCAPUOCPEVOG OTOV KIVNTAPIO dEova Kal 0
GAAOG TTAVW GTOV GEova, GTOV OTToI0 PETAdIdETaI N Kivnon. Méow atéppo-
va aAucidag TTou TTePIBAAAEI TOUG BUO TPOoXOoUG, EXOUUE TN HETGdooN TNG
Kivnong (2x. 13.70).



EPro - Isxys - ANAES MHXANEE 369

ZxApa 13.7¢ AAuookivnon

o—g—o
z ZYNTOMH MNEPIAHWH AEKATOY TPITOY KE®AAAIOY
z e To BApog eival pia duvaun, TTAvTa KAatakoépuen: 170 £py0
NG 1o00UTal JE TO BAPOG ETT TNV KATAKOPUPN UETATOTTION
ToU owparog. OTav To cwa avePaivel, To Epyo Tou BApoug
gival apvnTikO, evw OTAV TO CWUA KaTERAiVEl, TO £pyO TOU
Bapoug gival BETIKO.

e To puBuo TNG TTapayopevng evépyelag W atod Tn pnxavn (Kivnthpa) o€
éva Xpovo t Tnv ovoudloupe 1I6XU TNG UNXAVAG.

e Tnv 10U TToU pag atrodidel pia pnxavi étav AEIToupyei TNV XapakTnpifoupe
WEAIUN (Py,p) EVW TNV I0XU TTOU ATTOPPOPAEI N UNXAVA TNV XOPAKTNPI-
Coupe katavoaAIokOpevn (Pyqgr)-

O ouvTteAeoTAg arddoong n NG PNXavrg gival KaBapodg apiBuog
MIKPOTEPOG TNG MOVADOG KAl EKYPACEI TNV TTOIOTNTA TNG UNXAVNG.

o KaBe dIATagn TTou PETATPETTEI EVEPYEIQ, MIAG HOPPNAG, OE EVEPYEIQ AAANG
HopP®Ag AéyeTal unxavn.
ATTAEG pnXaveEG gival: 0 JoXAOG, N TpoxaAia, To BapoUAKo, TO KEKAIUEVO
eTTTEd0, O KOXAIOG, O YPUAAOG K.ATT.
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@ ASKHEEIE

=¢ 1. Me T a1aBepr| TpoxaAia BéAoupe va avuywaooupue @optio B =30 N. O1
TTAONTIKES AvTIOTAOEIS avEépyovTal o€ 5% Tou QopTiou. MNMola eival n duvaun
TTOU TTPETTEI VO KATABGAOUUE TTPOG TOUTO, Kal 0 BaBudg atrddoong;

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 amrdédoong eivain = 0,7.

Amavrnon: (F=107)

=% 3. To S10¢popIKO TTOAUCTIAOTO aTToTeAEITAI ATTO dUO OTABEPES TPOXAAIES
€TTi TOU idIoU agova, aAAd dIaPOPETIKNG SIAUETPOU, KOl ATTO Wia eAeUBepn
TpoxaAia. O1 TpoxaAieg gival KATOOKEUAOPEVEG 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 AGYyO = —, €xoupe: n = 0,51 ka1 F; =4 N, va Bpeite TNV F¢.
16

Amavinon: (F4 = 32,64 N)
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.) Emdiwképevol oTé)o!I:

O1 yabnréc:

Iz/ Na egnyouv TIg £€vvoIeg: KivnTApia dUvaun- avtioTaon.

E/ Na ptropouUyv va avagEpouy Kal va avayvwpidouv TIG KIvATHPIEG du-
VAUEIG KAl TIG QVTIOTAOEIG.

Iz/ Na g¢nyouv, T givail TpIRr Kal va uTropolv va avagEPouV Ta €idn TnG.

E/ Na avagépouv, va e€nyouyv Kal va YTTopouVv va eQapuOCOUY TOUG
VOMPOUG TNG TPIRAG, OE ATTAEG TTEPITITWOEIG.

Iz/ Na yvwpidouv, Ti gival 0 CUVTEAEOTAG TPIPNG Kal TOV TPOTTO TTPOCdI-
OpIoPOU TOU OTO KEKAIUEVO ETTITTEDO.

Ig/ Na eg¢nyouv, va TTeplypagouyv Kal va uttoAoyifouv Tnv TpIRR, TN POTTH,
TO £PYO KaI TNV 10XV, 0€ OTTAEC TTPOKTIKEG EPOAPUOYEG.

M/ Na yvwpidouv Kal va utropouv va epapuocouy To Voo Tou Euler.

Iz/ Na avTihAaupBdavovTal Kai va eEnyouv To pOAo TNG TPIRAG, 0€ aTTAG
TTPAKTIKG BEpaTa Kal va JTTopouv va UTtoAoyidouv Tnv TpIRNA

14.1 TENIKA

E¢etdlovTag, ye pia TpwTn TTPoatyyion,
Ta {nTApata TG Mnxavikng, dexBrkKaue 1o
“paBnuaTikd” A “1davikd” ateped. To aTePed
QuUTO, TO PAVTACTAKAUE YN TTOPANOPPWTIO,
GKAUTTTO, KaI hJE aTTOAUTA ACiEG ETTIPAVEIEG.
Me Tnv uTT6BE0N AUTH, AVTIUETWTTICAUE IKA-
VOTTOINTIKA, OPKETA TTPORANpaTa. Ag dOUE,
TWpa, £va atrAd Treipapa. Mavw oe opifovTio
emimedo, ox.14.1.a, TomrobeToUE éva KU3O. IxApa 14.1.a
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210V KUBo evepyei T0 Bapog Tou B, katakdpua, Kal apa, KABETa 01O
opilovTio eTTiTTed0 OT1TOU £0pAdETAl. 2ZTOV KUPBO EVEPYEI, AKOMN, KATA TA yVW-
oTd, Kal n avTidpaon Tng €dpaong, n R.

=époupe aTro TTeipa, o1 0 KUPoG dev Ba KivnBei. ETTopévwg, n avrioTa-
on R gival avtigopn wg Tmpog 10 BApog B kal katd péTpo eival, B=R. Av
ouveyxifovtag To TrEipapa, EQapuocouuE pia pikpr) duvaun F atov KUBo,
Kal opifovTia, 6TTwG Qaivetal oto oxnua 14.1.B, 6a £mpete o KUPBOG va
KivnBei Tpog Tnv kateuBuvon Tng F. =€poupe, dpwg, 6T av n F dev gival
QpPKETA PEYAAN, o KUPBOG dev Ba KivnBei. AuTo onpaivel OTl, EKTOG TNG F TTOU
emMRAANOUE EUEIG, EN@AvVICETAI, CUYXPOVWG UE QUTAV Kal GAAN dUvaun, N
T (ox. 14.1.y), woTte va éxoupe IcoppoTria. H duvapn autn Aéyetal SUvaun
TPIBAG KaI EPPaviCeTal yIOTI TO TTPAYHATIKO CWHA £ival TTOPAPOPPWOIUO, dEV
gival GKaPTITO Kal ol ETTIPAVEIES TOu Oev gival SuvaTov va KOTOOKEUAOTOUY,
WOTE va gival atToAuTa AgiEG.

Iyxnpa 14.1.8 Ixnua 14.1.y

14.2 H ®YZIKH EPMHNEIA THZ TPIBHZ

Otav eEeTACOUNE, PE ITXUPA JIKPOTKOTTIA, TIG ETTIQAVEIEG TWV AVTIKEINEVWV,
TTOU KOTOOKEUAJOUE, DIATTIOTWVOUE, OTI QUTEG £XOUV TTOAAEG OVWOAIEG.
‘ET01, n €IKOVA TToU, O€ PEYAAN YeyévBuvan, TTapouaiadouv dUO ETTIQAVEIEG,
0l oTT0iEg BpioKovTal O€ £TTAPN, €ival OTTWG AUTA Tou oxnuaTog 14.2.a.
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IxAua 14.2.a H eikéva mou mapouaiGlouV ETTIPAVEIEG CWUATWY OE ETTAPH, OE TTOAU
ueyaAn ueyébuvan.

21NV TTEPIOXN €TTioN TNG €TTOPRS OU0 CWUATWY, UTTAPXEI KOl N TTapa-
MOPQWON TTOU TTPOKAAOUV O1 POTTEG KAl Ol BUVANEIS TIG OTTOIEG HEOW TNG
ETTIPAVEIAG ETTAPAG, TO Eva owpa YETARIBAEI aTO AAAO.

ZUVETTEIO TWV TTAPATTAVW TTPAYHATIKWY KataoTdoewy gival, 011 étav
UTTAPEEI OXETIKN Kivnon PETAEU CWPATWY TTOU EQATITOVTAI, TOTE, EKTOG OTTO
TNV EVEPYEIQ TTOU QTTAITEITAI yIa TNV Kivnaon, Ba xpelacBei kal evépyeia yia
va QVTIHETWTTIOOET N avTioTaon, aQevog TNG EPTTAOKAG TWV AVWHAAIWY TwV
ETTIPAVEIWV TTOU EQATITOVTAI KOI APETEPOU TOU £PYOU TWV TTAPAUOPPUICE-
WV Toug. AuTN n avTioTaan, TTOU TTPOKUTITEI ATTO AUTH TNV EUTTAOKHA TwV
ETTIPAVEIOKWY AVWHOAIWY Kal aTTd TO £pY0 TWV TTOPANOPPUCEWY TOUG,

gival n TpIRA.

14.3 KINHTHPIA AYNAMH - ANTIZTAZH - MAOHTIKEZ ANTIZTAZEIZ

H tpiBR, yia TNV OTT0i0 MIAACAE KOl O€ TTPONYOUUEVEG TTAPAYPAPOUGS, OeV
TTapayel weéAipo €pyo. MNa 1o Adyo auTtod, Aéue, OTI N TPIRNA €ival pia TTaén-
TIKN avTioTaon.

evikGTEPQ, O€ KABE Kivnon 6oov agopd aTo pOAO TOUG, EXOUME TPIWVY
EIOWV BUVAEIG :

o) Kivntipieg duvdpeig. Eival auTég, TTou KIVOUV TIG INXAVEG Kal divouv
WEEAILO €PYO Kal TTPOEPXOVTAI ATTO TN YUTKA dUVAN, TOUG KIVNTAPES
K.A.TT.

B) Tig avrioTtaoceig. Eival o1 duvapelg ekeiveg TTOU AVTIOTEKOVTAI OTIG
KIVNTAPIEG TT.X. TO BAPOG EVOG YOPTIOU TTOU ONKWVEI £VAG YEPAVOG.
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y) Tig malnTikéG avTioTdoelg: Eival ol SuvAauelg autég TTou dev TTapAayouv
WEEAIYO £pyo, TTaPG PHovo audvouv Tn Bepuokpaaia. AUTEG TIG DUVAEIG
OV PTTOPOUE VA TIG OTTOPEUYOUNE HECO OTOUG PNXAVIOUOUG pag. H
TTPOOTIGBEIO Eival OTO VA TIG JEIWOOULE. . TETOIOU €iDOUG BUVAEIG Eival
Kal ol duvapelg TPIBAG TTou eP@avidovTal, OTTWG EiTTape, JETagU Kivou-
MEVWV CWHATWYV TTOU EQATITOVTA.

MaBnTikég avTIoTAOEIG, OV gival dvov ol TPIRES YeTagu dUo CWHATWY,
OAAG KOl Ol ECWTEPIKES TPIRES OTTO TIG KAUWEIG TWV CWUATWY, dedoEVOU OTI
Ta TTpayuaTikKG cwparta dgv gival AKauTTa. To aIvOuEVO auTo TTAPOUCIALE!
TTPAKTIKO EVOIOQEPOV, KUPIWG, OTav BEAOUE TTOAU EUKAUTITO CWHPATA, OTTWG
B¢éAoupe va gival ol INAVTES Kal Ta CUPUOTOaXOoIva. IdiaiTepa, TEToIO aToIXEI
MEYAAWY Blo0TATEWY, eV UTTOPOUV Va “ayKaAIGoouV” KavoVIK& TNV Tpoxa-
Aia Toug (0x.14.3.0) kal €701 TTAPOUCIACETAI TO PAIVOPEVO TNG SUCKAUWIAG.

xAua 14.3.a Avokauwia iudvra

MadnTIKEG AVTIOTACEIG KAl TRIREG, £XOUME KAl KOTA TN POI TWV PEUCTWV
UYPWV Kal agpiwv TTepi TV OTToiwV Ba JIAACOUE TTOPAKATW.

ZUPTTEPAOUATIKA, TTABNTIKEG AVTIOTACEIG €ival BUVAUEIS TPIRAG, €iTE JE-
TagU CWHPATWY, EITE ECWTEPIKA, OTA idIQ TO CWPATA TTOU KAPTITOVTAI, KAl Ol
oTToieg eypavidovtal, dTav UTTAPXEl Kivnon.

Mapd 10 yeyovog oTi N TPIRR, wg TTabnTIkn avTioTaagn, dev TTapdyel wWeE-
Nigo €pyo, Kal ETTOPEVWG Eival aveTTIBUPNTN, EVTOUTOIG, TTOAAEG POPEG OTN
pnxavoAoyia, atrodeikvUeTal Xproiun. MNpwTtn epapuoyn TnG TPIRAG, ival
Ta @péva. ‘Exoupe, akoun, Toug ouvoECUOUS TPIRAG, TN XPNOIUOTTOIOUME
ETTIONG OTOUG NAEKTPOKIVNTOUG QVEAKUCTAPEG UE TNV TPOXAAIQ TPIBAG TWV
OUPPOTOOXOIVWYV Kal € AAAEG AVAYKAIEG EQAPUOYEG.
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14.4 TA EIAH KAl Ol NOMOI THZ TPIBHZ

Tnv TPIBN TNV cUVaVTAUE, OTTOTE U0 CWUOTA, TTOU EQATITOVTAI JETALU TOUG,
KivoUvTal TO éva w¢ TTPog To GAA0. Tnv TpIRA TNV BpioKoupe, Kal 6Tav Ta
EQATITOUEVA CWHPATA OEV KIVOUVTAI TO £€va WG TTPOG TO AAAO, aAAG £xouv
TNV 1d0oN yia K&t T€T0I0.

H mapatrpnon éxel o¢igel, OT1, N TPIPN €apTaTal ammod To €idog TNG Ki-
vNong METAU TWV EQATITOPEVWY CWHATWY Kal yI' auTd SIOKPIVOUUE TPEIG
TTEPITITWOEIG TNG :

[) Tnv TPIB) 0AioBnong
[I) Tn oTaTikA TpIRA
III) Tnv TpIBA KUAIONG

I. TpiBn oAiocBnong

‘EoTw éva owpa (X) ,mévw o€ €va opilovrio etitredo () (ox. 14.4.a.)

IxAua 14.4.a Zwyua oAicBaivov o€ opilovrio emiedo

Me Tn BonBeia TnG TpoxaAiag, OTTWG QAiVETAI OTO OXNHA, EQAPPOlOUE
OTO CWHa (), pia duvaun €Agng, Tnv F. Auéavoupe ,otadiokd, Tn duvaun F,
MEXPI TO WA va apxioel va oAioBaivel IcoTaxwg. ToTe, TTAVW OTO CWUA,
evepyouv a) n kivatrpia duvaun F, B) 1o Bapog B, kaBeTo 010 0pIfOVTIO
etmimedo (€), Y) N avrigpopn Kai ion katd PéTpo TTPog 10 Bapog B, avridpa-
on Fx TNg €dpacng Tou cwuaTog (2) Tavw oTo emmiTredo (€), kai &) n TpIRA
T. ETe1dr 10 oWpa KIVETal I00TAaXWG, To GUGTNHA Twv OUVANEWY Ba €xXeEl
ouvioTapévn pndév. Ao Tnv e€icwaon TTou TTPOKUTTTEI, UTTOAOYI(OUUE TNV
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TPIBA. MeipapaTiddpevol e Tn didTagn Tou oxNPaTog 14.4.a, KaTaOAAyoupE
OTOUG TTaPOKATW VOPOUG TNG TPIRNAG 0AiocBnoNG, TOUg OTTOIoUG TTPWTOG
dlatutrwoe o Coulomb:

1. H 1pIBA €ival, TavTa, avTiBeTn TTpog TNV Kivnon.

2. H 1p1Bn gival avdAoyn 1Tpog Tn dUvaun, TTOU EVEPYEI KABETO OTO ETTi-
1Ed0 OAioBnong.

3. H 1piIBn e€aptdaral a1rd 10 UAIKO TWV CWHATWY TTOU EQATITOVTAI KAl
atrd TNV KATAOTOON TWV ETTIPAVEIWY OAiIoBNoNG.

4. H 1p1BN ivar ave¢dptnTn atmod 10 eUPadOV TNG ETIPAVEIAS OAicBnong.

5. H tpIBA givar ave¢aptntn atmod Tnv TaxuTtnTa oAicbnong. (AuTtr) n Tpo-
TaON I0XUEI IKAVOTTOINTIKA, Yia TaxUTnTeS JEXPI 5 m/s Mo peyaAUTePEG,
YEVIKG, N TPIRA MEIWVETaI).

O1 rapatrdvw vouol Treplypd@ovTal atro T oXEon:

T=n-F (14.4.0)
otou T, n duvapn TPIRAS
Fx, N KGBeTN oTnV emm@aveia oAicbnong duvaun.

N, 0 CUVTEAEDTNG TPIRNAG TTou e€apTdTal aTTd TO UAIKO Kal TO €i00¢ Twv
EMPAVEIWY OAioBnong.

A6 Tn oxéon 14.4.a, @aiveTtal 0TI 0 CUVTEAECTNG TPIRAGS OAioBnaong n,
eival kaBapdg apIBuoG.

Ta idla TTpdypaTa 1I0XU0UV Kal OTNV TTEPITITWON TTOU AVTi TG TPOXOAIAg
Me TO BApog Tou (oxAua 14.4.0), yia va GUPOUE TO CWHA (Z), TO EXOUME
Tavw o€ KeKAIPEVO emiTredo. ‘EoTw, Aoimrov, 10 cwpa () Tavw o€ KEKAI-
Mévo eTTiTTedO (0).14.4.3) KOl ag UTTOBETOUE OTI €XOUE T duVATOTNTA VO
MeTaBAaAAoupE TN ywvia @ TNG KAIONG Tou ETTITTEDOU.
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xAua 14.4.8 Swua oAigBaivov e kekAiuévo eTTiTedo

Ortav n ywvia @ gival pyikpr, To cwpua dev Kiveital. Au¢avovtag Tnv, OPWG,
o€ KATTola OTIyUR, apXiCel To cwpa va oAigBaivel. Otav n oAioBnon yiveral
I00TAXAG, EXOUME TNV avaAoyn TTEPITITWON, OTTWG Kal éTav OUPAUE TO CWUA
070 OpICOVTIO ETTITTED0. 2’ AUTA TNV KATACTOCN TTOU TO WA oAloBaivel 1I00-
TAXWG, aTTé TNV AvAAUCT TwV SUVANEWY, KATA TNV dIEUBUVOT TOU KEKAIPEVOU
EMITTEDOU Kal TNV KABETO TTPOG AUTAV dIeUBuvaon, £Xoupe: (OX. 14.4.6).

B1=T=Fnue =Bnue

By = Fx = Fouve = Bouvo

Alo1pwvTag TIG OXETEIG KATA JEAN, EXOUME:
T/ Fc=€@@
T=epo-Fy (14.4.8)

H ywvia @, ovopddetal ywvia TpIBrg Kal ouykpivovtag TiG ox£oelg 14.4.a
Kal 14.4.3, éxoupue OTI:

EQO =n (14.4.y)

Eival, Aoirov, eukoAa katavonTo, atd Tn oxéon 14.4.y, 011 pe Eva KeKAIPEVO
eTTTEdO PE dUVATOTNTA PHETABOAAG TNG KAIONG TOU, UTTOPOUE TTEIPANATIKA,
va TTPOCdIOPICOUNE TO GUVTEAEDTH) TPIRNAG N, 0€ BIAPOPES TTEPITITWOEIG.

EVOEIKTIKA, ava@EPOUNE PEPIKEG TIEG TOU OUVTEAEDTOU TPIPRNG OAIoBN-
ong (n):

a) n x&dAuBa Tavw o€ xaAuBa = 0,1
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B) n AdoTixou o€ Bpeypévn dogaito = 0,5

y) N AdaTixou o€ oTeyvr) do@aAito = 0,7
Il. Zrarikn 1181

O1rwg €idape kal oTa dUO TTPONYOUHEVA TTEIPAPATA, KOI JE TO OPICOVTIO KOl
ME TO KEKAIPEVO €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 6T, 6Tav Ol SUVAUEIG TTOU TTPOKAAOUV
TNV oAioBnon (F ka1 n B4 = Fnu ¢, ox. 14.4.a ka1 14.4.3, avTtioToIXa) ival
MIKpOTEPES aTTO TNV avaykaia Tiur) Tou Ba dnuioupyolae oAiocBnan, avTi-
oTtabuidovtal atmod TNV avaTrTucoopevn TpIRR, TN oTaTiKA TPIRA oAicBnong
Tgr, KQI N OTTOIA, TTPOPAVWG, Eival HIKPOTEPN ATTO QUTAV TNV TIKA TTOU diveEl
n oxéon 14.4.a, dnAadn, 1oxvel N avicoTnTa Tor < N Fy.

MeipapaTikéG EpeuveG ExouV aTTodEiCel, OTI N OTATIKA TPIPM EXEI TN MEYQ-
AUTEPN TIYA TNG, TN OTIYUEA TTOU apxiCel n oAioBnon Tou cWPOTOG. ANECWS
META, £XOUME TNV KIVNTIKA TPIRH 0AicBnong, TTou gival KaTta T MIKPOTEPN OTTO
TN PEYIOTN TIMMA TNG OTATIKAG TPIRAG.

H oTatikr TpIRN €ival auTh TTOU Yag EMITPETTEl VA OTEKOUAOTE XWPIG
va YAUOTPAUE, VO KPATAUE QVTIKEIUEVA OTA XEPIA POG, VO PNV “@euyouv”
Ta AuTOKivnTa aTTo TO dPOBPO Toug K.a. H oTatikh TpIry oAiocBnong, €ivai n
Aeyopevn Tpoo@uUON.

Eteidn n 1pIBA €ival pia TaONTIKA avTioTaon, TTPOCTIAB0UE va TNV
pelwooupe. O Bacikog TPOTTOG YEiWONG TNG €ival n Aitravon. H Aitravon
yiveral, Balovtag uypd avaueoa aTiG oAlgBaivouoeg eTTiPaveleS. To €idog
TOU UypoU €¢apTdTal atrod TIG CUVOAKEG AsITOUpYiag TNG UNXavng, UTTOPEI,
TTAVTWG, Va gival vePO, AITTog, opuUKTEAAIO K.A.TT. H AiTravor, eKTOG atrd Tn
peiwon Tou ouvteAeoToU TPIRAG, BonBd Kal oTnv atraywyn NG BepudTNTAG
aTrd Ta OTOIXEIQ TNG PNXAVAG TTou OAIcBaivouv PeTagu Toug KaBwg €TTiong,
aTn CuvTAPNON TWV £EaPTNUATWY Kal aTn Peiwan TNG @OopAag Toug.

21OV TTivaKa TTou aKOAOUBE(, divovTal TIJEG TwV CUVTEAECTWY TPIRAG OAI-
0Bnong (OTATIKAG KAl KIVNTIKAG) atrd OIGQOPES TTPAYHATIKEG TTEPITITWOEIG,
avaAoya Kai Pe To €idog TNG AiTravong.
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MINAKAZ 14.4.A ZYNTEAEZTQN TPIBHZ OAIZOHZHZ

MpooT1piBopeva Kardotaon E@apuoyég ZuvteAeoTng TPIRNG
UAIKG EMIPAVEIWV OTOTIKAG KIVATIKAG
XUTOGidNPOG UE OTEYVEG olvdeapol TpIRAG - 0.49
XUT0OidNPEO 1 JE vepd udpavTAieg - 0.31
UTTPOUVTO ANiravon pe Aitog  uywpaTa pnxavwy 0.16 0.15
Airavon pe Aad1  €UBOAC OTHOUNXOVWY 0.10 0.07
aidnpPog e PTrpouTvio OTEYVEG Cuywpata 0.19 0.18
Je veEPO udpavTAieg 0.35 0.25
aToGAI pE Xutoaidnpo  Aitravon pe Aadi Cuywpata 0.12 0.09
aidnpog Pe aidnpo OTEYVEG odnyoi oAicBnaong - 0,14
AiTravon pe Aadi 0.17 -
0idnpog pe BapPaxi  Aitravan pe Aitrog OTUTTIOBNITITEG = 0.10
1 Kavapl
lll. TpiBnH kUAIONS

Otav évag KUAIVOPOG KIVEITAI TTAVW € OPICOVTIO ETTITTEDO, XWPIG VO OAI-
oBaivel, TOTE AEPE, 0TI 0 KUAIVOPOS KUAA. AuToU TOU €idoug n Kivnon, gival
ouvarn, yiati uttdpyel n Tpoéceuan (oTatikh TPIRr) METAEU Tou KUAivOpou
Kal Tou €TTITTEDOU, TTAVW OTO OTTOI0 AUTOG KIVEITAL.

KUAion, otn Tpdén, £€xoupe OTN Kivnon Twv TPOXWYV, TwV POUAEUAV,
TWV PAOUAWV K.Q.

Kata tn didpkeia TnG KUAIoONG, OTTwG Kal oTnv oAioBnaon, mapoucidleTal
avtiotaon, avBiotduevn otnv Kivnon. MNeipapaTikd, autd atmodeIkvUETal OTTO
TO YEYOVOG, OTI TTPETTEl VA AOKEITal dUvapn TTAvw oTov KUAIVOPO, yia va
MTTOpEi aUTOG va ouvexioel KIVOUPEVOG I00Taxwg. H TpIRR KUAIoNG ogeileTal
OTO TTAPAUOPPUCIHO TWV UAIKWV.

‘ET01, 6TV 0 KUAIVOPOG KIvnOei aTo €TTiTred0, N €Tagr] KUAivdpou - £1TI-
médou dev Ba eival pia yevéTelpa Tou KUAivOpou, (OnAadn pia eubeia), aAAd
Mia TTeploxn, MEYaAUTEPN A MIKPOTEPN, avAAoya Pe TNV TTAACTIKOTNTA TwWV
UAIKWV. ZTNV TTEPIOXT aUTRA TNG £TTAPNG, Ba £XOoUpE TTaPAPOPPWOn, TOOO
TOU KUAiVOpOU, TTou Ba HeyaAwVel N KAPTTUAGTNTA Tou, 60O KOl TOU ETTITTE-
dou, TTou Ba TTapouaiadel pia KOIANGTNTA KATw atrd Tov KUAIVOPO Kal pia
€EOYKWON TTPOG TNV TTAEUPA TNG Kivnong. AnAadn, Ba £xoupe pia €ikova,
OTTWwG oT0 OY. 14.4.y.
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Txnua 14.4.y looraxng kUAian kuAivépou ae opilovrio emimedo

ZUVETTEIQ, AOITTOV, TNG TPIRNAGS QUTAG ival, Tl 01 SUVAEIG TTOU AoKOUVTal
atro 1o miTTedo, deV €ival CUPPETPIKG KATAVEUNUEVES YUPW ATTO TO Bew-
PNTIKO onpeio eTTa@AG A, Kal ETTOPEVWG N ouvioTauévn avTidpaon H €xel
yia onueio epappoyng, éva aAAo, To O, TTpog Tnv TTAeupd TnG Kivnong. H
QAUTH €IKOVA TTAPOUCIAETAI KAl OTNV TTEPITTWON TTOU avTi KUAivdpou, €xou-
ME o@aipa. ZTov KUAIVOPO evepyouv, To gopTio P (idlo Bapog kai To Bapog
TOU QopTiou TTou PeTagEépEl), 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 €101 Adyw Tng 1I00Taxoug Kivnong, Ba
EXOUME PE BAON TIG YVWOTEG GUVORKES IcoppoTTiag (2X=0, XY=0, ZM=0),

Eival katd péTpo:

P=RkaiT=F
Kal akOun (KA)T=R - ¢ (14.4.9)
aAAG kal (KA) =T,
OTTOU I N OKTiva Tou KUAivOpou: dpa
T-r=R-{
A kai F-r=P-Loxéon mou pTropei va ypagei Kal wag:
l

F=—.p* (14.4.¢)
r

* 70 TiNAiKO 4/r, ovoudadeTal Kal GUVTEAETTAG EAENG
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A6 Tn oxéon autr, €xoupe o1 N F, n dUvaun Tmou gival avaykaia yia TNV
I00TOXH Kivnon Tou KUAiVOpou, gival avdAoyn TTpog TO QopTio Tou. [Npdyuao-
TI, Q1O TrEipa, €ival yvwaoTo 0TI €va OXNPa Bapu@opTwUEVO, BEAEI peyAAn
Ouvaun yia va kivnBei. H duvapun F, atmoé tnv idia oxéon, gival avTioTpopwg
avaAoyn TTPOG TNV OKTiVa r Tou KUAiVOpou. '’ auTd oTa oxfuaTa €X0UE
MEYAAEG pddeG. MapaTtnpwvTag To oxua 14.4.y, BAETToupe 6TIn potTA F - r
gival n kivouoa potrh, evw n poTr R- £ gival n avOioTduevn. AnAadn, n poTt)
M= R -¢, givai n TpIBA KUAIONG Kal 0 poxAoBpaxiovag Tng poTrAG auTAg,
10 £, ovopuddetal ouvTeAEo TG TPIRNAG KUAIONG. H Tiur Toug e€aptdral atd
TNV TTAACTIKOTNTA TWV UAIKWYV. METEC TIEG TOU ouvTEAETTOU TPIPNG KUAIONG
dIaPOPWY UNIKWV, Kal N oTroia £xel D100 TAOEIG MAKOUG, BivovTal TTOPOKATW:

1) £ xuTOOIBAPOU TTAVW O€ XUTOTiONPO

Xwpig Aitravon = 0,045cm
2) ¢ xutox&AuBa TTadvw o€ XUuToxXaAuBa

Xwpig Aitravon = 0.050cm
3) ¢ xaAuBa Trévw oe XaAuBa

Xwpig Aitravon = 0.005¢cm
4) L 1pIBéwv KUNIONG, pe Airavan = 0.0005 €éwg 0.001cm
5) £ eANaoTIKOU TPOXOU TTAVW

o€ aopaAtoramnTa = 0.2cm
AapBavovtag uttéwn pag mn oxéon 14.4.6, n 1pIBr KUAIoNg M ptTopei

Va YPOQEi Kal WG
Mc=P-¢

atrd OTTOU CUMTTEPAIVOUNE OTI N TIUA TNG €ival avdAoyn TTPOG TO QOPTIo
TOU KUAiVOpou.

Maparrpnon 1n

H &Uvaun T gival avaykaia yia va €xoupe KUAIon, GAAwG Ba eixaue povo
oAioBnon. H dUvaun autr dev TTapdyel £pyo, yiaTi To anueio O (ox.14.4.y)
TTAPAUEVEI aKivnTO.

laparnpnon 2n

Ma va €xoupe KUAIoN, Ba TTpéTTel va 1oXUel n oxéon: ¢/r < ng;, ONAadH, o
OUVTEAEOTAG €AENG TTPETTEN VA €ival JIKPOTEPOS ATTO TOV OUVTEAEOTH OTA-
TIKAG TPIBAG.
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laparnpnon 3n
H 1p1BA KUAIONG €ivail poTTr| KAl 0 GUVTEAEDTNG TPIRHG KUAIONG, MKOG.
H 1p1Br} oAioBnong cival dUvaun Kal 0 ouvTEAEOTNG TNG KaBapOg apIBuOG.
Etropévwg, dev TTPETTEl va GuyKpivoulue Tn, TpIRR KUAIONG We TNV TpIRA
oAiocBnong, yiari gival avopola peyEon.

Ekeivo TTou 1oxUEl, gival 0TI N eVEPYEID TTOU TTPETTEI VA KOTOVAAWOOUE YId
Va UTTEPVIKIOOUE TNV avTidpacn NG TPIRAS KUAIoNG, gival TTOAU JIKPATEPN
atoé 60N aTaITEITal 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 anueio epapuoyng TnG. Apa, épyo Ba ekTeAEi kal n TPIRA, Kal Ba
UTTAPXELLETTOUEVWG, KAl N 1I0XUG, TTOU Ba avTIOTOIXEI 0 auTO TO EKTEAOUUEVO
épyo. To £pyo TnG TPIRAG €ival autd TTou TTPETTEI va KaTaBANBEI atrd Tnv
KivnTApia dUvaun, woTe va TTpayuaTtotroin®ei n kivnon. Eivar autd mmou
OVOMAloUpE aTTWAEIEG.

O uttoAoyIopOG auToU Tou €pyou yiveTal CUPQWVA PE Ta dIdaokOuEva
oT1o kepaAaio epi “Epyou kai loxuog” atn ®uaoik. Me dUo TToAU atTAd
TTapadeiypaTa, Ba yivel KatavonTA N EVEPYEIOKA GUUTTEPIPOPE TNG TPIRAG.

U NAPAAEITMA 1o

H tpdatreda piag TTAAvng KiveiTal ye péon taxutnta v = 0.2 m/s. To Bapog
NG TpaTredag auTtng eival 8000N. To e€dpTtnua TTou eTTEEEPYACETAI N TTAGVN,
eivar 5500N. Znteital n 100G TTOU XPEIGZETaI yIa va UTTEPVIKNOEN n TpIRA
NG TPATTECG TNG TTAGVNG.

Atravrnon: H tpdmeda tng TTAdvng, Kabwg kai n Bdon Tavw aTnv oTroia
auTr) oAicBaivel, gival attd Xutooionpo. ZUuuewva e Tov TTivaka 14.4.A o0
ouvTeAEOTNG TPIPRNG 0AIGBNnaNg xuTooI1dripou TTAvVwW C€ XUTOaidNPo, JE AiTTav-
on, ival 0.07. H duvapun 1Tou evepyei kaBeTa oTo eTTiTed0 OAioBNoNG, €ival
10 BApog TNG TPATTECAG Kal TO BAPOG TOU TTPOG ETTECEPYATIO AVTIKEINEVOU.
AnAadn:

F¢= 8000+ 4500 =12500 N
H 1p1Br} oAioBnong, oupewva pe TN oxéon 14.4.q, sivai:
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T=n-F¢ 4 T=0.07x12500=875N
H 1ox0¢ divetal atod 1o TUTTO:
loxug = duvapn x TaxutnTa
dapa, yia Tnv 1ox0 TNG TPIRAS N; €XoupE:
P,=875x0.2=175W

U NMAPAAEITMA 20

Méon gival n 1oxUg TToU XPEl-
acetal, woTte va Kivnoei pe f
= 100 otp/min, évag ako-
VIOTIKOG TPOXOG dIaUETPOU
d=800mm, yia va akovioel
€V AVTIKEIYEVO TTOU TTIECETO
pe duvaun F =150N, katd mn
O1elBuvaon TNG aKTiVag Tou
TpoxoU, OTTWG PAiVETAI OTO
oxAua apatAeUpwgs. O cuvteAeaTAG TPIRAG €ivar 0,75.

IxAua 14.5.a

ATTdvTnon
H duvaun 1Tou evepyei kABeTa oTIG OAIoBaivouoeg ETTIQAVEIES, Eival n dUvaun
TToU TTIECEI TO EEAPTNHA TTAVW OTOV TPOXO Eival dnAadn :
F=150N
Apa n 1pIBn Ba gival (ox. 14.4.0)
T=0.75%x150=112,5N,
Ba £xel @opd avTiBeTn TTPOG TNV Kivnaon, kai d1elBuvon KaBeTn atn dU-
vaun Fy.H d0vaun autni TG 1pIBRg dnuioupyei pott
d
MT =T - —
2
QvTITIOEUEVN TTPOG TOV KIVNTHPIa. ETTOPEVWG, EXOUE:

0,8
M, =112,5 =45 Nm
2
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Kal dpa n 10xU¢s Ba givail:

, 100
P,=M,-2mf 1 P,=45x2m-— =4284W
60

AvaAoya dedopéva £XOUUE Kal YIa TNV TTEPITITWON TNG POTIAS KUAIONG.

14.6 EQAPMOIEZ
14.6.1 TpIfR oTpOPEWV

ZTPOQEIG €ival O TTEPIOKEG TWV AgOVWV, UE TIG OTTOIEG £BpAovTal Ol AEOVEG
ata €dpavd Toug. O TTEPIOXES TwV OPAVWY, HETA OTIG OTTOIEG PTTAIVOUV
ol aTpogeig givail o1 TpIReig. O1 oTpoPEig Exouv OXAHa KUAIVOPOU, EVW Ol
TPIREIG gival KUMVOPIKEG TPUTTEG.

ZxAua 14.6.1.a AKTIVIKGS aTpopéac xAua 14.6.1.8 Afovikég aTpopéag

Avaloya Pe TO TTWG OEXOVTAl TO QOPTIa Ol OTPOYEIC, dlaKpivovTal O€
QKTIVIKOUG (0. 14.6.1.a) 6éTav dnAadn Ta opTia cival KaBeTa oTov dgova
TOU OTpOoPEa Kal o€ agovikoUg (o). 14.6.1.3) 6tav dnAadr Ta @opTia ivai
Katd Tn d1EUBuvVoN Tou Afova Tou OTPOYEQ.

H didpeTpog Tou oTpo@éa cival, TTavTa, Aiyo HIKpOTEPN aTTO TN DIAPETPO
TOU TPIREQ, YIa va UTTOPET O OTPOYEAG VA TTEPIOTPEPETAI JECT aTOV TPIREQ.
YTapxel, Emopévwg, Eva didkevo PETaEU TpIBEa Kal aTpogéa. ETreidn Ta
onueia edpaoewg Twv agdvwV UTTOKEIVTaI O€ TPIRES Kal POOPES, paivoueva
ao@OAWG aveTTIOUUNTA, Ta onuEia auTd, TTAvToTE AITTaivovTal.
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A. AKTIVIKOi OTpOQEig

xAua 14.6.1.y Kardoraon npeuiag

Zyxnua 14.6.1.8 O arpogéac kiveital (kard tn popd Tou BEAOUS)

Otav uttdpyel KOTAOTAON NPEEUIAG, TO oNUEIO ETTAPAGS JETAEU TOU OTPO-
@Ea Kal Tou TpIREa, gival 0To KOTWTEPO aneio A, (ox. 14.6.1.y) kal yia Tnv
IcoppoTTia givai:

F=R (14.6.1.0)
otou R, n avtidpaon TpiB€a oTo ONuEio ETTAPNS
kai 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 oTpoEa - TpIBEa PeTaToTTiCeTal ATTO TO A 0TO B, €101 WOTE
va oxnuarticetal pia ywvia @, etagu tng avtidpaong R ato onueio eragng
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Kal TNG Katakopu@ou. AuTr) n ywvia ¢ oTnv TTpdgn gival TToAU JIKpH Kai gival
OTTWG Kal N ywvia TpIRRg aTn oxéon 14.4.3. 'EXoule, AoITTov,
T =¢p¢R, (14.6.1.8)
OTTOU N €QATITOPEVN @ €ival 0 GUVTEAECTAG TPIBAG ONAAdA ,ep @ =1 .
NapBavovtag uttéwn pag kal Tn oxéan 14.6.1.a, EXoue:
T=nF (14.6.1.y)
H potr oTpéwng, e€aitiag TNG TPIRNG €ival:
d
M;=T- — (14.6.1.9)
2

otTou d, n dIduETPOG Tou aTpoPéa Kal N, o apIBuOG GTPoPWY, ava deuTe-
POAETTTO TOU OTPOYEQ, OTTOTE N 1I0XUG Ba ival:

P, =2mN-M, (14.6.1¢)
f, ouvdualovtag TIG 14.6.1.y,0,€, KATOAAYOUUE 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 AINTANZH EAAIOY

YAIKO MPOZTPIBOMENQN EMI®ANEIQN ZYNTEAEZTHZ TPIBHZ
ITPOOEIZ TPIBEIZ NIMANZH KATA NIMANZH
AIAZTHMATA ZYNEXHZ
XuTtoaidnpog XuToaidnpog i opeiXaAKog 0,07+0,08 0.05
2idnpog Opeixahkog fi 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 oTpoPEéwv o KABe £dpavo, eivar 70KN. Ta £dpava eival
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TETOIOG KATOOKEUNG, WOTE O CUVTEAECTAG TPIRNG TOUG va PTTOPEi va AngOEei
w¢s n=0.015. Av n dIGPETPOG TwV OTPOPEWY gival 250mm ¢nreitai:

0. N aTTWAEIN 1I0XU0G €aITiOg TNG TPIPAG Kal
B. n ekarooTiaia ( %) avaloyia TNG aTTWAEIAG TNG I0XU0G TOU GTPORiAou.

ATTdvTnon
a. Ao Tn oxéon 14.6.1.0T, éxOoupe :

0 .250
x 0,015 % 70000 x W n
60 2

P;=2x1x%

P;=19242.25W = 19.3 kW
B. H avahoyia ota % NG ammwAEIag TNG 1I0XU0G Tou aTpoRilou ival:

19,3 x 100
8500

=0.227%

B. Afovikoi oTpo@eig

Avagepouaote aTo 0X.14.6.1.3. AexduaoTe 0TI TO QopTio F katavEueTal
OMOIGUOP®A 0€ OAN TNV ETTIQAVEI ETTAPAS TOU OTPOPER. AUTO €ival TTIO KOVTA
OoTNV TTPAYUOTIKOTNTA, EQOCOV TO CUCTNUA OTPOPEA-TPIREA Eival KalvoUupylo.
2TNV TTEPITITWON TTOU TO CUCTNHA EiVal HETAXEIPIOUEVO, TO PAIVOUEVO Eival
QPKETA TTOAUTTAOKO KalI TTEPAV TWV OTOXWV auTou Tou BiIRAiou. AG TTGpoupe
€va TTOAU PIKPO KUKAIKO TouEa TNG eTTQaveliag eTagng, Tov O - AB. E@oécov
TOV BeWpPOUNE TTOAU PIKPO, uTTopoUlE va Bewproouue 6Tl 0 TOPEAG AUTOG
gival Tpiywvo. ToTe, T0 K.B. auToU TOU TPIYWVOU BPICKETAI KOTA T YVWOTA,
oTa 2/3 Tng dlapégou Tou, TTou €OW €ival N AKTIVA r TNG ETTIPAVEIAG ETTAPNAG.
H cuvioTtapévn duvapn TnG TPIRNG TTOU eVEPYEI OTOV TOUEQD, £XEI WG ONEio
EQAPUOYNG, TO K.B. autou. Apa, n POTTA TNG TPIRNG ival:

2 2
MTZT-i-r r'] MT=nF7r
3 3

Kal avTioToixa n 10XUG:

2
P;=2-11'N-M;= — -:N-n-F-r (12.6.1.n)
3
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14.2.6.2 TpifRAR oXoIvViwV Kal IHAVTWYV

IxAua 14.6.2.a H didraén twv duvauewyv o€ Tpoxalia

ATTO apxaloTATWV XPOVWY, VIO Tn JETAQOPA f aviywaon Bapwv Kai
yla Tn PETAd00N TNG Kivnong, XPNOIKMOTIoIBnKav Kal XpnaolJoTrolouvTal
QaKOWN, ouvOUAOHOi TPOXOAIWV KOl TUUTTAVWY PE EUKAUTTTA OToIXEia. Ta
eUKOUTITO QUTd oToIXEia eival OEPUATIVOI INAVTEG, 1] OX0IVIA KavvaBiva, i
Kal Ta TEAEUTAIO XPOVIa CUPUATOOXOIVA.

Eite £xoupe pia atrAn} otaBepr) TpoxaAia, ite Eva oTTOI0OATTOTE TTOAU-
OTIa0TO, TO BACIKO OTOIXEIO O€ £va TETOIO Unxaviouo, €ival pia TpoxaAia
(ox. 14.6.2.0.) TTou TTEPIBAAAETAI, HEPIKWG, OTTO INAVTA H axolvi. H TpoxaAia
OTPEPETAI OTTWG OtixVvel TO BEAOG. 210 oUCTNUA EVEPYOUV :

a. aToV apIoTEPO KAGSO TOoU IAavTa, N €Akouca duvaun Sy
B. o710 B€I0 KAGDO TOU 1IMAVTA, N avBioTapévn duvaun S;
y. N 11BN T, avTiBeTn TTAvVTa OTNV Kivnon

21NV TTepiTTTwaon 1ou dgv uTTdpxel oAicBnon petagu Tou IHdvTa Kal TG
TPOXaAiag IoxUouV 01 ETTOPEVEG OXETEIG, OTTWG aTTédelCe o Euler:
S
L1 =" xa T=S,-85, (14.6.2.0)
S,
étou, S4 = n éAkouca duvapun
S, = n eAkdpuevn (n avBioTauevn) duvaun

e = n Bdon Twv NeTépiwv (i UOIKWV) AoydpiBuwy = 2,718281
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N = 0 OUVTEAEOTNG TPIRAG METALU TPOXAAIOG Kal IWAVTO

T =n d0vaun TPIBAS

@ = n ywvia emMKAAUYNGS Tou IHAvTa TTAVW OTN TPOXAAIa O€ aKTivia
(rad)

Znueiwon 1n. MNa va pnv €xoupe oAicBnon Ba rpétrel 0 Adyog S/ S, va
MNv gival peyaAlTepog aTro 10 e, Apa, TTPETTEL: Sq /S, < en?®

Znueiwon 2n. O uttoAoyIoUOG Tou e™® yiveTal, €iTe e TN XpHon Twv Ao-
YapIBuwy, €ite ge UTTOAOYIOTIKA pnxavh (computer). Yrdpxouv Ouwg Kai
Tivakeg, 0TTwg o 14.6.B kai vopoypagriuata, 6TTwg atov mivaka 14.6.1
(vopoypdenua Tou Soreau), TTou divouv TIG TIUEG TOU €™?, KaTd TTEPITITWON,
aTTd TO OUVTEAEDTH TPIRAG N KAl TN ywvia TTEPIEAIENG ©.

MINAKAZX 14.6.B Tiuég Tou TrapdyovTta en?

® EUAIVN TpoxaAia TpoxaAia atré xutooidnpo
h=047 p=0,12 | p=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 TG TTPAENG EXOUE,
OTI yIa éva aveAKUOTHpa 8 aTopwy :

Q (weéAiyo popTio): 8 x 75 kp
=600 kp = 6000N

P (Bapog Aaiciwv kai BaAdpou):
500 kp = 5000N

G (avmiBdpou): P+ 6/2 = 800 Kp
8000N

MNa v ac@dAcia EvavT oAioObn-
ONG TWV CUPUATOOXOIVWYV, £EETA-

Getal, N BUOPEVEDTEPN OTTO TIG BUO ZxNua 14.6.2.8 Tumkn didraén aveAku-
TTEPITITWOEIG TTOU aKOAOUBOUV: oThpa ue Tpoxalia TpIBRAS Kai aviiBapou
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a) Kivnon ue adeio 6alauioko

L_C

T, P

T, 8000

- = =1,6
T, 5000

T, 1,25x6000 +5000
== =1.56
T, 8000

MNa Adyoug ao@AAeiag, TTioNg, UTTAPXOUV BUO CUVTEAEOTEG EIDIKWY OUV-
Onkwv Asitoupyiog

a) C4 Aoyw TaxutnTag. MNa ouvABeig Taxutnteg 0<U<0.63m/s C1=1.1
B) C, Aoyw @Bopwv otnv TpoxaAia, otrou C, = 1,2

O ouvTeAeaTAG TPIPAG TWV CUPHATOCXOIVWY OTA AUAGKIA TNG XOAUBSIVNG
TpoxaAiag, ival n=0.291, n ywvia (oxAua 14.6.2.3) 1ng emk&dAuwng Tou
ouppuartoaxoivou TTévw oTn TpoxaAia eival 170°, dpa, o€ akTivia, Ba eivai:

m
¢=170- — =2,967 rad
180

Etopévwg, Ba TTpéTrel va £XOUE :
T1/T5-C4Cyr<en®
1,6 x 1,1 x 1,2 <0.291x2.967

2,112 <2,371

0 NAPAAEITMA 1o (lpavTokivnon)

‘Eva atmd Ta onPavTIKG TTPoBAAUATA TNG UNXavoAoyiag, gival n ueTadoon
NG Kivnong atro TI¢ JovAdeG 1I0XU0C" TTPOG TIC TTOPAYWYIKEG JOVADES™.

*NAEKTPOKIVNTAPEG, UNXAVEG ECWTEPIKAG 1 EEWTEPIKAG KAUONG K.A.

** T0pVOI, PPECES, TTIPECOEG K.T.A.
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To TpOBANua cival €va, o1 AUCEIG OPWG, gival TTOANEG, yiaTi €ival TTOAAEG Kai
Ol TTEPITITWOEIG KA N KABE pia aTTO AQUTEG, £XEI EIOIKEG ATTAITHOEIG. Z€ TTOAEG
aTr’ auTég TIG AUOEIS TTaiCel pOAo n TPIRH. Mia atTAr TTepiTITWoN YETAdOONG
TNG Kivnong, OTTOU CUUMETEXEI N TPIPN, €ival N petddoaon TnG Kivnong atrod
ATPOKTO 0€ ATPAKTO, Ol OTTOIEG METAEU TOUG BPiCKOVTAl OE KATTOIO ATTO0TA-
on. lNa TN yerddoaon auTh, XPNOIKMOTTOIOUVTaI TPOXAAIES Kal INAVTEG, OTTWG
Qaivetal ota oX. 14.6.2.y kal 14.6.2.0.

ZxApa 14.6.2.y AmAn mepimrwon iuavrokivnong (BewpnTikn Eikéva)

ZxAua 14.6.2.5 ArAn mepitrrwon iuaviokivnong (payuarikn
&IkOva, KaTa v Kivnon)

H 1p1B TTOU avaTrtiooeTal HETAEU ToU INAVTA Kal TwWV TPOXAAIWY, gival
auTr TTou dnuioupyei TN Kivnon. OTtav To gUCTNPA gival akivnTo ol TAoEIS
S kal S, oToUG BUO KAGdOUG, gival ioeg (S =Sy = Sp). MOAIG epappooBei
Mia poTTr) oTnV KIvNTAPIa TPOXOAIQ, TTapaTnpoUuE ToV £€va KAA®O0 va TEVTW-
veTal (“EAKwV” KAGS0G) Kal Tov GAAo va xaAapwvel (“eAKOPEVOS” KAGDOG)
ox. 14.6.2.5

AuTn n dlo@opd Twv TAcewv Twv KAAdWV Tou IudvTa, €ival Badikn yia

* H 0mmapén 1dong aTtov INAvTa, PO TNG Kivnong, €ival avaykaia, yiati av o Iuavrag
gival xahapag, n ka0etn duvaun oTIG ETTIPAVEIEG TTOU EQATITOVTAI TOU IHAVTA KOl TWV TPO-
XaAiwv, Ba gival pyIkpr) Kal apa, Ba gival hikpn Kai n hetagu Toug TpIRRA. ToTe, HONIG apxioel
va TTEPIOTPEPETAI N KIVNTHPIO TPoXaAia, Ba £€xoupe oAioBnan Tou 1ydvTa kal Oev Ba yiveTal
n METGd0o0N TNG Kivnong.
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TN METAPOPA TNG Kivnong. loxuouy, €101, TA TTAPOKATW :
a. O1 oxéoeig 14.6.2.a, dnAadn

T=54-S5kalI S4/S, = e ,61ou N, 0 GUVTEAECTAG TPIBAG METALU INAVTa
Kal TpoxaAiag, Kal @, n ywvia emkdAuwng Tou IHavTa TTavw oTnv TPoXaAia.

B. H potr TTou peTagEpeTal givai:
M=(S1-Sy)r (14.6.2.8)
OTTOU I, N OKTiVa TNG KIVNTHPIOG TPOXAAIAG.
Y- Av v, n TaxUTnNTa TOU IYAVTA, N AVOTITUCOOWEVN I0XUG Eival:
P=(S41-S5) v (14.6.2.y)

Kal av AdBoupe uttoywn TIg ox€oelg 14.6.2.a auTr yiveTtai

1
P=S; (1- T j v (14.6.2.5)

la Tov UTTOAOYIOUO TOU Opou eN?, UTTOPOUE VO XPNOINOTIOINCOUUE TOUG
Tivakeg 14.6.B 1 14.6.T.

U NAPAAEITMA

‘E0TW n akTiva TNG KIivATHpIag TpoxaAiag r = 0,3m Tng kivoupevng P = 0,6m
Kal n atréoTacn PeTagl Twv aTpdkTtwy =1,8m (ox. 14.6.2.y) .

Znteitau: Na opicoupe 10 eEAGXIOTO TTAGTOG TOU IHAVTA YIA PETAPOPT I0XU0G
P=7,5 kW kai n Tdon npepiag Tou 1gavTa Sg.

Aegdopéva: TaxutnTa ipavTa v = 12 m/s, cuvteAeoTNG TPIRAG IMAVTa - TPO-
xoAiag n = 0.25 n emTpetTduevn TAon yia JETAPOPA I0XUOG GTOV IAVTa S
= 14 N/mm Tou TTAATOUG TOU IYAvTA.

ATrdvTnon:
180-6

2

ATTO TN YEWUETPIO TOU OXAUATOS N Ywvia W =
A6 10 Tpiywvo 040,A £xoupe:
NHo, A (R-T)
00, ¢
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nu(180-6) (0,6-0,3) (0,3)

n = =0,1667
2 1,8 1,8
Kal aTTO TTIVOKEG TPIYWVOUETPIKWY ApIBUWYV, i HIKPOUTTOAOYIOTH, £XOUME:
180-6
(180-0) _ o,
2
dpa

6=180-2x(9°36") 416 =160°48" =2,81 rad
YToAoyiloupe Tov 6po en®, wg:

eNf = g0.25%2,81 = g0.703 = 2 (2

ATTO Tn oxéon 14.6.2.0 €XOUE:

1
P=S1 [1- jV
erl(P

1
N 7500 =S, x| 1- x12
2,02

. 7500 _ (2,02-1) 1,02
1

12 202 ) 1202
. 7500 % 2,02
apa Si= —— =1237,7N
12x1,02

amo Tn oxéon 14.6.2.a £€xoupe

S
Z1 g9
SZ

Kal
S, =—+

2
e’]‘P

gival opwg Kkai
T=81-S5,
Apa
_1237,7

, AS,=612,7N
2,02
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Apa, n péyioTn peTapepOuevn duvapun, gival 1237,7 N kal ETTOPEVWG, TO
TIAGTOG TOU IYAvTa Ba TTPETTEN va Eival:

1237,7
14

=88,4 mm

onAadn évag 1yavtag TAaTtoug 90 mm. H apxikr) Tdon npepiag evog
IMAvTa, diveTal atro Tov TUTTO:
(S;+S,)

=271 T2 (14.6.2.€)

0 2

Apa, £xoupue
_(123,7+612,7)

o 4 Sp=9252N
2

MapariApnon 1

O1wg E€poupe atmd Tn Puaoikn
N YPAMUIKA TaxUTNTa 0TV TTE-
PIOTPOYN civai:

v=2m-f-R

otrou f, n ouxvoTnTa TNG TTE-
PIOTPOPAG.

Ma va Bpouue TNV TaxuTnTa
ToU IyavTa, Ba Tpétrel va AdBou-
ME UTTOWN YOG KAl TO TTAXOG TOU.
‘EoTw, TpoxaAia Siapétpou D =
2R (o0x. 14.6.2.¢ ) kal 1n&vTOg
mayoug h. Tote, n TaxUTNTA TOU Exfua 14.6.2.€
IuévTa Ba ivai:

(D+h)
2

v = 21f

Kal a1ré TIG YWWOTEG OxEoeIS fy / fo = Dy / Dy, HTTOPOUME VO EXOUME TNV TA-

XUTNTa TOU IHAVTa aTrd 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.)
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Maparipnon 2n

Me Tnv IyavToKivnon YTTOPOUHE VA avaoTPEWOUE TN Yopd Kivnong, ETi-
oNg, MTTOPOUE VO JETAPEPOUE TNV Kivnon KAl 0€ aTPAKTOUG, TToU JeV gival
TmapdAAnAol. Xwpi¢ Tapatépa e¢nynoeig, oto oxnua 14.6.2.¢ deixveral
OXNMOTIKG 0 TPOTTOG avaaTPOPnG, HE TN dIATagn Twv SI0CTAUPWHEVWY
IMAVTWV.

ZyxApa 14.6.2.C H 6idraén twv d1aoTaupoUUEVWY ILAVTWY
yla Tnv avaoTpo@r) TNS Kivnong.

210 oxnua 14.6.2.n, emiong oxnuatikd deixveral o TPOTTOG TNG IHAVTO-
Kivnong o€ dUo opBoywvieg, JETAEU TOUG, ATPAKTOUG.

TxAua 14.6.2.n luavrokivnon o€ un mapdAAnAeg arpdkroug
14.6.3 TpIf} o€ oPNVAUAAKES

H 1pIBA o€ o@nvaUAaKeG gival wg TTPOG TNV avaAucn Tou BEpaTog avaioyn
ME TOo TTPOPBANUa TNG TPIBAG o€ KekAIEVO TTiTTEdO. To B€pa auTd TO ava-
TITOEauE oTnNV TTapAypa®o 14.4. Ag e€E€TACOUNE OPWG, EIOIKOTEPA TNV TTOAU
ouvnBiopévn TTEPITITWON TNG 0PIfOVTIOG KAl EUBUYPAPUNG Kiviong £€apTn-
MATWY TTOU £XOUME OTIG EPYAAEIOUNXAVEG. TETOIEG TTEPITITWOEIG Eival, TT.X. N
Kivnon Tou gopeiou Tou TOPVOU, N Kivnon TNG TPATTedag TG TTAGVNG K.A.TT.
Ma va yivetal n odriynon Twv €apTnUATWY aC0QAAECTEPO Kal OTaBEPOTEPQ,
XPNOIUOTTOIOUHE I00CKEAR TTPICHATIKA QUAAKIO (OQNVAUAAKEG), HECO OTA
otroia oAiocBaivouv Ta idia Ta e¢apTApaTa. 210 oxnua 14.6.3.a, £Xouue €va
owpa Bdapoug B, TTou oAioBaivel o€ a@nvalAaka Pe ywvia KOpuPng 2a.
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IxAua 14 6.3.a 2wua mou oAioBaivel o opnvavAaka
Kai 1o duvauormoAUywvo TS avdAuong tou Bdpoug Tou.

AvaAuovTag 10 BApog Tou owuatog o€ d1EubUVoEIg KABETES OTIG £DPEG
TNG 0PNVAUAAKAG, EXOUUE TIG KABETEG TTPOG TIG ETTIPAVEIEG AUTEG, OUVAEIG
F. ATTO TO duvapoTtoAUywvo, EUKOAD GuUTTEPAIVETAI, OTI:

B
Fk :Er"_]q (14.6.3.0)

MNa va kivnBei To cwua KaTd YAKog TG o@nvauAakag, Ba TTpETel va
aokfooupe duvapn F, TTou va utrepvikAael TIG TPIRBEG. AV N 0 CUVTEAEOTAG
TPIRNG, TOTE, yia KABe £dpa, n TPIRN Ba ival, KaTd Ta yvwoTd, T=n. Fy,dpa,
yia TIG OU0 €0peg Ba eival: 217 = 2n. Fy Kal ETTOPEVWG

F =21 =2nF, (14.6.3.8)

AvTikaBioTwvTag Twpa, TNV Fy NG oxéang 14.6.3.5 a1md Tn oxéon 14.6.3.q,
Ba £xoupe:

F =2 =g (14.6.3.)
2npa nua
Kl av TTAPOUNE
_n
wg n=— (14.6.3.9)
nua
n oxéon 14.6.3.y Ba mépel TN JOPPA:
F=Bn4 (14.6.3.¢)

OTTOU N4 €ival 0 CUVTEAEOTAG TPIRNAG TNG KivNONG O€ ICOOKEAN TTPICUATIKA
oQNVaUAaKa.

Eteidn nua < 1, 6a eival kai nq > n.
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U NAPAAEIrMA

2WHa atrd XuTooidnpo, KIVEITal o€ AITTAIVOPEVN TTPICHOTIKA o@nvaUuAaka,
€TTiong a1o xuTtooidnpo. H ywvia kopu@ng 2a Tng oenvauAakag, ival 110°,

Znteitai
O ouvteAeoTAG TPIBAG M1 TNG KiVNONG OTNV 0@NVAUAAKAQ.

Amdvrtnon

O ouvTeAeoTAG TPIPNAG YIa XUTOCIdNPO TTAVW O€ XUTOOidNpo, e AitTavan
eivar u=0,07 (mivakag 14.4.A) kai e yvwaoTo 10 2a (110°) ,apa 10 a = 55°
Kal ETTOPEVWG, NUa = 0,8192, oTTdTE £X0UNE

n 0,07

nua 0,8192

=0,0855

n, =

AvaAoyn TTepITITWON £XOUUE Kal aTnv Kivnon Tou koxAia (Bidag). Otav
KoxAlwvoupe (Bidwvoupe), o KoxAiag TTepIoTpEPETAI, OAMIoBaivovTag To OTTEl-
PWHA TOU OTO TTEPIKOXAIO TOU, } OTO CWHA OTO OTTOIO EICEPXETAI KAl £TCI
OA0G 0 KoxAiag KiveiTal eubuypappa. To TTpéBAnua gival To idlo Kai Ye TNV
Kivnon o€ KekAINEVO eTTITTEDO.

"EoTw, AoITTov, KoxAiag Kivnong r ETa@opd 10XU0C", JE TETPAYWVIKO
omeipwpa (ox. 14.6.3.B), TTou TTEPIOTPEPETAI OTO OTABEPS TTEPIKOXAIO TOU,
yla va avuywaoel gopTio B. O koxAiag £xel didiueTpo TupAva Do Kal eEwTEPIKN
d1dpeTpo D4, dpa n péon diaueTpog eivar D= (D4 + D,)/ 2.

* KoxAiog Kivhong | META@QOPAG 10XU0G, €ival EKEIVOG TTOU JETATPETTEI TNV TTEPIOTPO-
@IKA Kivnon og euBuypauun Kai xpnolgoTroleital, KUpia, oToug YypUAoug. Exel otreipwua
TETPAYWVIKO 1 TPATTECOEIDEG.

* KoxAiog oUvdeang, cival ekeivog TTou ouvdéel TEpdyIa HETAEU TOUG € AUOUEVEG OUV-
0éoelg. ‘Exel omreipwua TpIYWVIKOS.
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TxAua 14.6.3.8 KoxAiag kivnong kai 1o avamruyua
NS PEoNS EAIKAS TOU OTTEIPWUATOS TOU.

210 oxApa 14.6.3.3 @aiveTal Kal To “avaTTTuypa’ TnG péong EAIKag autou
TOU OTTEIPWHATOG. To avATITUYHA gival éva KEKAIJEVO ETTITTEDO, TOU OTTOIOU
n ywvia kAiong givai n ywvia KAiong TG PEong ENIKAG TOU GTTEIPWUATOG KOl
n otroia diveTal ATTO T OXEON:

€QO = (14.6.3.0)

m-D

TTAvVwW OTO OTTEIpWUA i} 0TO KEKAIPEVO eTTiTredO (0X. 14.6.3.3), evepyouv:
a) To TTpog avuywaon Bapog B, katakdpuga.
B) H avtidpaon R, Tng em@dveiag Tou KeKAIUEVOU eTTITTEOOU, KABETO
o€ auTn.
y) HT1p1BR T, TapAdAAnAa TTpog TNV £MIQAVEIQ TOU KEKAIUEVOU ETTITTEOOU
Kail
0) H eAdxiotn atmraitoupgvn duvapn F, yia Tnv aviywaon Tou Bapoug,
opIgovTIa.
AvaAUoupe TIG QUVANEIG QUTEG OTOUG Agoveg XX TTapAAANAo TTpog TNV
ETTIPAVEIQ TOU KEKAIEVOU ETTITTEDOU Kal Yy KABETO TTPOG AUTAV QvVTIOTOIXA
(Zxnua 14.6.3.y).
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IxAua 14.6.3.y H avdiuon twv duvduewv 1mou evepyouv OTO OTTEIpWUA KoxAia, o€
opBoywvio ouatnua x,x - y,y".
E@apudlovtag TIG YVWOTEG OXETEIG I00PPOTTIOG
2Fy, =0kai 2F, =0, éxoupe :
FouvO - T - Bnub = 0 kai
R - Fnué - Bouve =0 (14.6.3.8)
‘Exoupe e1Tiong,
T=n-R (14.6.3.y)
OTTOU N, 0 OUVTEAEDTNG TPIRAG, METAEU KOXAIOU Kal TTEPIKOXAIOU.
AvTikaBioTwvTtag TNV T oTig 12.6.3.5 ,a10 TNV 14.6.3.Y, £XOUE :
FouvB - nR - Bnub = 0 ka1 R-Fnu6 - Bouv 6 = 0.
AtraAgipovtag TNV R petagl Twv dUo TeAeuTaiwV KATAARYOUNE OTO OTI:

-ouvl +nub + &0
F:B-n uvo +nu :B-n )

(14.6.3.9")
ouve -n nuo 1-n €pb6

*MT1ropoUpe va £xoupe TNV 14.6.3.0 kai g€ pia GAAN TTI0 KOpWwr] ék@paacn, av Bécoupe
n =€ @, 6TToU @ n ywvia TPIPNG, OTTOTE:

B -(e@@p + @b
F o (e@e ¢):B€(p((p+e)
(1-epo - £¢B)
Edv mdAI Bewprooupe Tnv Kivnon xwpig TpIRn, T0TE, BewpnTiKG @ = 0 Kal Fg = B £¢6.
Omére 0 Adyog F/Fg ivel To Babud ammddoong Tou KoxAia.
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Metd Ta TTapaTTadvw, EUKOAA BPICKOUNE TNV avayKkaio POTTA TTEPICTPOPNG
TOU KOXAia, TTou €ivai:

(14.6.3.€)

N | O

U NMAPAAEITMA

‘Evag avupwTIKOG KoxAiag (YPUAAOG ) £xel Ta €€AG OTOIXEIO :
a) péon d1dueTpo D = 20mm
B) BAua otreipwpaTtog h = 5mm
Y) OUVTEAEOTNG TPIRAG METALU KOXAIa - TTepiKoxAiou n= 0,15 kai
0) éva poyAoBpaxiova, uikoug{=0,5m

Znreitai

H dUvaun 1Tou TTpéTTel va @apuocBei oTo dkpo Tou poxAofpaxiova yia
TNV avuywaon evog goptiou B = 1000N. Na Bpeite, akoun, To GUVTEAEDTH
amédoong Tou KoxAia.

Zyxnpa 14.6.3.5

AtTdvTnon

H ywvia kAiong Tng péong €NIKAG TOU OTTEIPWHATOG TOU KOXAIQ, cUUQwVa
Je Tn oxéon 14.6.3.q, eivai:

Apa, n avaykaia duvaun,cupewva Pe Tn oxéon 14.6.3.9, civai:
n+eeo 0,15+0,0796

F=B———— =1000x n F=232,4N
1-nepb 1-0,15x0,0796
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H avaykaia potrr, ETTOPEVWG, oUPQWVa PE TNV oxéon 14.6.3.€ Ba eival
D

M;= F.— =232,4x0,010 = 2,324 Nm
2

Autn Tn potr Aoittédv, Ba TTpéTTel va pag dwael Kal n duvaun mou Ba
€QAPPOCOUNE GTO AKPO Tou poxAoBpaxiova dpa, yia Tn {ntoupevn duvaun
P, Ba éxoupe:

P{=M; n Px0,5=2324N

dpa

P=2,325/0,5=4,648 N

Ma va Bpoupue 10 cuvTeAEOTA amddooNG Tou KoXAia Ba TTpéTrel va Bpoupe
Kal TNV BewpnTikd avaykaia dUvapn, yia TNV Kivnon Xwpig TpIRA. Auth civa:

Fo=B 9B Fg= 1000 x 0,0796 = 79,6 N

Tnv Tpayuatikr) BERaia duvaun, Tnv éxouue Bpel (F= 232,4 N) kal o

BaBudg amddoong, cival o Adyoc:

F, 79,6

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 dpa N EwTePIKN dUvaun. AnAadn,
0 YPUAAOG Ba trpétrel va dlaBéTel auTtotrédnon. lNa va cuuBei auto, Ba
TTPETTEI VO I0XUEL

PO <epp N 6<¢
otTou 6, n ywvia KAiong NG péong €AIKOG TOU OTTEIPWHUATOG KOl
®, N YVWoTA ywvia TpIBAG.

M.x. yla éva ypUAAO TTOU AITTAIVETOI KAVOVIKG, O OUVTEAECTAG TPIRAG
eivar Trepitrou y = 0,1 kail dpa @ = 5° 40°. @a TpéTTel, AoITTdv, yia T ywvia
0, va cival: 6 <5°40°.
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14.6.4 AvtikatdoTaon Tng oAiocOnong e KUAion

Eteidn, 0TTwg éxoupe ndN avagEpel, ol atTWAEIEG OTNV KUAION gival JIkpo-
TEPEG ATTO OTI TNV OAIGONON, TTPOCTIAB0UNE, OTTOU OEV GUVTPEXOUV AGYOI
TTEPI TOU AVTIBETOU, VO QVTIKATAOTHOOUWE TNV OAioBnon ye KUAIoN.

Eival apxaiétatn n p€6o0dog peTakivnong Bapéwy AvTIKEINEVWY PE TOUG
KUAIVOPOUG, TTOU KAl OAUEPQ, HEPIKEG QOPEG, KUPIO OTIG OIKOOOWEG, XpPN-
oigotrolgital. Baloupe kATw a1rd 10 Bapu avTIKEIMEVO, KUAIVOPOUG Kal TO
OTTPWYVOUUE opICovTIa. Ta TTaAId Xpovia gixav TOUG KOPHOUG BEVOPWY,
onuepa Badoupe o1dNPOCWAAVES (Ta KATPAKUAI).

ETtriong oTIG unxavég pag, Kal CUYKEKPIPEVO OTA £dpava TwV agdvwy,
XPNOIYOTTOI0UHE EvOQaipoug TPIREIS (TPIREIC KUAIONG 1 POUAEUAY).

Ymrépxouv TTOAAG €idn évopaipwy TpIBEwy, (0X. 14.6.4.a), £T01 WOTE va
KOAUTTITOVTQI O TTOIKIAEG OVAYKES TWV KOTOOKEUWYV Pag. H Baaikr] diapop@w-
or) Toug aTroTeAeiTal aTTd dUO 1 TPEIG BAKTUAIOUG, avANECT GTOUG OTTOIOUG
KUAOUV Ta aToIxeia TNG KUAIoNg, o€ pia ) duo oeipég. Ta aoToixeia KUAIoNG
eivalr opaipidia, BapeAiokol, KUAIvOpiokol Kal OAa auTd KATAOKEUAGPEVA
atro Bapévo atodAl.

xAua 14.6.4.a Aigpopa €idn évopaipwv 1pIBéwyv (TpiBéag KUAIONG)

Mia oTTAR TTEPITTITWON EQAPUOYNGS Evo@aipou TPIREQ, Exoupe aTo 0).14.6.4.53,
OTTOoU aTTEIKOVICETAI TO TTAVW PEPOG EVOG GEOVA YEVVATPIOG KAl OTTOU £XEI
XpnoluoTtroinBei évag povoopaipog TpIBEAg ywviwdoug ETTAPAS, KN AUGUEVOG.
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ZxAua 14.6.4.8 E@apuoyn 1piéa kUAiong

O dakTUAIoG (1) Tou TpIREa (0. 14.6.4.3) £x€1 GuVapUOYH oUCPIENG WE
10 oTpoPEa Tou Aagova. O dakTUAIOG (2) gival OTEPEWPEVOG OTO CWHA TOU
KeEAUQOUG TNG unxavng. 'ETol, étav oTpépetal o dfovag o dakTUAIog (1)
oTpépeTal padi Tou, evw 0 BAKTUAIOG (2) gival akivnTog, Kal Kat’ avaykn, ol
OQaipeG KUAOUV.

IxNua 14.6.4.y Apwoeg duvaueis ae Tpiéa KUAIong

O1wg eitrape, 6tav Kiveital o dakTuAIog (1), Ba apxicouv ol c@aipes va
KuAoUv, Ba uttapxel, emopévwg duvaun F, TTou Ba evepyei Katd TNV £Qa-
TITOMEVN TNG KUKAIKAG TPOXIAG TwV 0QaIpIdiwv Kal Ba UTTEPVIKA TIG TPIREG
KUAIONG, oTa onueia KUAiong, A kai B (0X. 14.6.4.y). ZTov OTPOQEQ EVEPVEI,
€1iong, 10 @opTio P, katd Tnv akTiva TG TPOXIAG TWV CPAIPIdiwV.

Av givai ¢, 0 ouvTeAETTAG TPIRAG KUAIONG, METAEU TwV OOKTUAIWY KaI TWV
oQaIpIdiwV Kal TTapaAEiPoule, ws aueAnTéD, TO BAPOG TWV CPAIPIdIWY,
Ba éxoupe:

F-d=2-(p
. 2
n F=— (14.6.4.0)
dp

H oxéon autn ivai idla pe Tn oxéon 14.4.€
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U NAPAAEIrMA

ALoVvIKOG TpIBEOG aTTAAG evépyelag gival QopTIaPEVOS pe gopTio G = 10
TOVWYV. KataokeuaoTikG oToIXEia TOu aTpogEa eival:

a) AIGUETPOG TPOXIAG TwV a@alpIdiwy 210 mm
B) AiGduetpog opaipidiwy = 40 mm

y) ZuvTteAeaTAG TPIRAG KUAIoNG = 0,002 cm
2TOIXEiO TOU PUNXaviopou:

O a&ovag petapépel Ioxu 900HP kai oTpEPeTal
pe 100 oTpo@ég, ava AeTTTO

ZxApa 14.6.4.5
ZnTouvTal

a. H duvaun F 1Tou atraiteital yia Tnv utrepviknon NG TpIBAS
B. H1oxUG TnNG TPIRNG (01 ATTWAEIEG)

Y- To TT0000TO TwV ATTWAEIWV TNG METAPEPOPEVNGS I0XUOG AOYW TwvV
ammwAEIWV Tou edpdvou

ATmrdvrnon
o. Exoupe Tn oxéon 14.6.4.a (F= 2¢/d -P)
APXIKQ, TTPETTEl VO TAKTOTTOINCOUE TIG UOVADEG:
£=0,002 cm =0,00002 m,
d =40mm = 0,040m,
P = 101évor = 1000kp = 10000N
2 -0,00002

ApaF=—"""""""" A{F=10N
0,040 - 10000

B. H1oxug givai n d0vaun eTmi TNV Tax0TNTA, APA VIO TNV TAXUTNTO £XOUE :
v=1-D-f
OTToU:
m=3,14159
D=20mm=0,21m
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100 .
f=100 min'= —_g*t

60
Kal dpa
100m |
v = 3,14159x0,21 - n
60s
m
v=11—
S

Etmopévwg, n1ox0g g TpIBAG eival P =10 x 1.1 = 11W

Y. H ekatooTiaia (%) amwAeia Twv TpIBwyY Tou £dpdvou, TNG HETOPEPO-
MévNng 1oxU0g, Ba givar:

P 11x100
T T 20,0016%
P 900746
(1 HP = 476 W)

14.6.5 AUOvapn éA§ng oxnuaTog

O uttoAoyIop6g TNG avaykaiag dUvaung, yia TNV €AEn oxAUATOG, £ival apKe-
T TTOAUTTAOKOG YIaTi TTPETTEI VO UTTOAOYIOB0UV 01 ATTWAEIEG TWV EQPAVWV.
Mpétel, TAVTWG, va gival yVwaoTEG 01 GUVONKES TOu OPOPOU, LWOTE VO UTTO-
AoyioB0Uv o1 atmwAgIeg aTTd TNV KUAIoN Twv TPOXWV 0T0 Opdpo. ‘Exoupe
TT.X. OTTWAEIEG aTTO TIG COUOTEG TWV AVAPTACEWY, EVW YIA T QUTOKIVATO
KAl T OXNAMOTA YEVIKA, TTOU KIVOUVTOI UE PMEYAAEG TAXUTNTEG, EXOUME Kal
AEPODUVANIKEG ATTWAEIEG.

271N BlounxavikA TPAEn, 6TTou T OXAKATA (YEPAVOYEQPUPEG, TTEPOVOPOPQ,
BayovéTa KA.TT.) KivoUvTal JE PIKPES TaXUTNTEG KOl JE TTEPITTOU TTPOKAO0-
PICUEVEG GUVONKEG, £XEI UTTOAOYIOBED, KATA TTEPITITWON, £€VAG GUVOAIKOG
OUVTEAEDTAG TPIRNAG No- ‘ETO1, yia va Bpolue Tn dUvapn €AENG evOg OXAKATOG,
TTOAATTAOCIGZOUE TO OAIKO POPTIO TOU OXIOTOG PE TOV OAIKO OUVTEAEDTNG
TPIBAS.

AG avoQEPOUNE HEPIKES TIMEG TOU GUVOAIKOU GUVTEAEDTH TPIBAG No:

1. OxAuaTa KIVOUUEVA O€ GI0NPOTPOXIES, EAV UEV Eival O10NPOdPOUIKY,
TTapouciddouv nNe=0.002, evw av gival yepavoyEpupeg ng = 0.009

2. OxAuata pe AaoTIXEVIEG PODES, KIVOUNEVA OE OPONO AC0PAATOOTPWHEVO
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KaANG BatétnTag Trapoucidlouv ng = 0.01 kai o€ dpOuo XAAIKOOTPWTO
KaAAG BatotnTag, ng = 0.025

U NAPAAEITMA

Mia yepavoyéupa £xel Bapog “@popeiou” TG 3 TOVOUG, TO BAPOG TNG idlag
NG yepavoyEpupag ival 40 Tovol Kal To WPEAILO @opTio 50 TévOl.

ZnTouvrTai

O1 avTIOTAOEIG Kivnang TOU QOpPEioU Kal TNG YepavoyEQupag (Znu: EEaitiag
KOTOOKEUOOTIKWY AOYWV Kal ouvBnKwv AEIToupyiag, EXOUUE TTPOCAUENTEIG,
yia pev Ta @opTia 40 £€wg 60%, yia &€ Tn yepavoyépupa 60 £€wg kal 100%)

AtTdvTnon
lNa 1o gopeio, ol avTIoTACEIG Kivnong Ba eival:

OAIkS goprTio: 50 + 3 = 53 1évol = 530KN

A6 Tov Tivaka, £xoupe ng = 0.009 kai dpa n duvaun F, Trou avTioTad-
MiCel TIG avTIoTAOEIG Kivnong, gival (ue TTpoocaugnon 50%) :

Fe =530%0,009%1,5= 7,16 KN

MNa tn yepavoyépupa (ue TTpocaugnon 80%) 1o oAikd @opTio givai

50 +40 + 3 =93 16vor = 930 KN ka1 dpa F, = 930%0,009%1,8=15,07 KN

14.6.6 Ppéva — ZUPTTAEKTEG

Ta @péva (o1 TTEdEG) cival BonONTIKOI PNXAvIOUOi TTOU OKOTTO €XOUV va
OTAMOTOUV, VA “@PeEVAPOUV” UNXAVEG, TT.X. AUTOKIVATA, EPYOAEIOUNXAVEG,
KIVNTAPES K.AL.

Ymrépxouv TTOAAG €idn @pévwy (0X.14.6.6.a), yiaTi gival TTOAAEG Kal ol
TTEPITITWOEIG TTOU Eival avAykn va Xpnoluotroinbouyv auTtd.

O1 dlopopég peTagl Toug dev gival JOVO HOPPOAOYIKES, AAAG £xOUV va
KAvVoUV Kal PE TNV apXnA TNG AEIToupyiag Toug, TTAVTWG, Ta TTEPICCOTEPT
@péva otnpifouv TN Asiroupyia Toug atnv UTTapgn TG TPIRNS.
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ZyxApa 14.6.6a Eidn ppévwy

O1 CUPTTAEKTEG €ival, Kal auToi, BonBnTIKOi UNXavIoHOi, éva UTTOGUVOAO
OnAadn Twv Pnxaviouwy, TTou Aéyovtal ouvdeopol. O1 guvdeauol auToi
EVWIVOUV AEOVEC YETAEU TOUG €iTE POVIUQ, EITE PE DUVATOTNTA dlaXWPIGHOU.
O1 oupTTAéKTEG €ival AudpEVOol OUVOEOHOI, TTOU CUUTTAEKOUV KOl OTTOOU-
MTTAEKOUV GEOVEG, XWPIG va OTaPATACEI N Kivnan Toug. YTTApXouv, €TTiong,
TTOAEG HOPPEG GUUTTAEKTWYV (OX. 14.6.6.3). O1 TTEPICCOTEPES HOPPES CU-
MTTAEKTWV OTnpEifouv TN AEIToupyia Toug, OTTWG Kal Ta ppéva, aTnv TPIRA.

Zxnua 14.6.6.8 Eidn ouumAektwv

2Ta PPEVA KOl OTOUG OUPTTAEKTEG, TTOU 0TNPICouV Tn AEITOUpYia TOUG OTNV
TPIRA, TTPETTEI va £XOUPE PeyaAn Tn duvaun Tng idlag Tng TPIRAG, n oTroia,
OTTWG £XOUNE avaPEpPEl, ECAPTATAl OTTO TO GUVTEAEOTA TPIRNG, dNAAdK TO
€id0g Twv eTTIQaveEIV TToU OAIoBaivouv YETALU Toug Kal atrd Tn dUvaun
TToU KABETA TIECEI QUTEG TIG ETTIQAVEIEG. KATOOKEUAOTIKA, dNUIOUPYOUUE
TNV mMéfouoa duvaun HEow eAatnpiwy, avtiBapwyv, i UBPAUAIKAG TTiEang
Kal au&avoupe To oUVTEAEDTR TPIRAG WE ETTIQPAVEIEG OXI AcieG,aAAG ATTO UAI-
Kd, avOekTIK& 0TN @BoPG Kal 0Tn BEpuavon, OTTwWG T1.X. €ival TA PEPUOUIT.

O1 utToAOYIOUOI TWV BUVAHEWY KAI TWV POTTWYV OTOUG GUUTTAEKTEG, €ival
TTAVTWG, TTEPAV TWV OTOXWV auToU Tou BIBAiou. Ag e¢sTdooupe, OPWG, opl-
opéva TTapadeiypara, uttoAoyidovtag Tnv EAGXIOTN avaykaia duvaun TTou
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QTTAITEITAI, VIO VO OTOUATACEI TNV KivnoT) TOU £vag unxaviouog. Oa Bpoupe,
OnAadn, Tn dUvaUN YPEVAPICHATOG.

U NAPAAEIFMA 10

27O TTOPAKEIUEVO OXAMA, EXOUME Eva @PEVO e alayova. O ouvTeAEDTAG
TPIBNG TUpTTAvou -clayévag £oTw, N = 0,3. Av n duvaun TpIRNAS ival T =175
N, va gupeBei n eAdyxiotn duvaun F TTou atraiTeital, yia va GTAPATHOEl O
MNXAVIOPOG.

IxAua 14.6.6.y

AtTavTnon

O1wg @aiveral ato oxAua, €xouue TNV TPIRA T KAl TNV KABETN OTIG ETTIPA-
veleg duvaun R. ‘Exoupe, ETTOPEVWG:

i T 175
T=n-P 1 R=—=
n 0,45

kal dpa R =500 N.

lNa Tov uttoAoylouo NG F, Ba BewpPATOUE TIG POTTEG WG TTPOG TO oNuEio A
OAWV TwV dUVANEWY, KAl IO TNV ICOPPOTTIO TOU CUCTAMATOG, Ba gival ZMa=0

‘Exoupe, Aoittéy,
Fx800+Tx20-Rx300=0
Fo (Rx300-Tx20) :(500><300—175><20)
800 800
apa F=183,125N

Av n @opd TOU TUPTTAVOU ATAV AVTIOTPOEPN ATTO QUTA TTOU PAivETAl OTO
oxAua, Tote N €€icwan Twv poTtwyv 2Ma = 0, Ba ATav:

Fx800 - Tx20 - Rx300=0
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. (Px300+Tx20) (9500x300+175x%20)
800 800
dpa F=191,875N

U NAPAAEIMA 20

Av n dUvapun TTou XPEIAZeTal VIO VO OTAUATACEI O NXAVIOUOG TToU OIaBETE
TO PPEVO Tou aoxnuaTog, eival F = 61N ,va uttohoyioete Tn dUvaun TnG TPIRNAG
T kai Tnv avTidpaon R, av o cuvteAeoTng TPIRAG ivai n = 0,25.

ATmrdavrnon

Ma TNV Ic0ppOTTia TOU CUCTAMATOG, Ba TTPETTEI O POTTEG WG TTPOG TO ONUEIO
A 6Awv Twv duvdpewy, va gival undév, dnAadn ZMa = 0. ‘Exoupe, Aoitov,

ZxAua 14.6.6.5

R x300 + Tx20 - Fx500 = 0. Eival 6pwg:
T=nR=0,25R, dpa
Rx300 + 0,25xRx20 - Fx500 =01
R (300 + 0,25x20) = Fx500
500 61x500

R=F- =
(300+0,25%10) 300+0,25x20

dpa R = 100N
Kal n TpIRr Ba gival
T=nR=0,25x100,
dpa T =25N
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U NMAPAAEIMA 3o

(Ppéva pe eUKApTITN TAIVIa)

Ta @péva pe UKOUTTTN Talvia atroteAoUvVTal ATTO dia Xutoo1dnpd TpoxaAia
TToU TTEPIRBAAAETAI ATTO EUKOUTITN TaIvia, ouvRBwg XaAuBdivn. YTTapXel Kal
€vag HOXAOG OTTOU £apudCeTal n duvaun TEdNOoNG. AG onUEIWBEl TTAVTWG
OTI KAl 0€ QUTA TO PPEVA EXOUME APKETEG TTAPOAAAQYEG.

IxAHa 14.6.6.

2TO TTAPAKEIPEVO, AOITTOV, OXNHA, £XOUUE £va BapOUAKO TTOU gival EQo-
dlaopévo pe “@pévo Taviag”.

Zntdape TN duvaun F oto dkpo Tou poxAou, woTe 1o gopTio B= 400N Tou
BapouAkou, va KaTaBaivel I0OTOXWG.
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 oTnv TpoxaAia, ¢ = 252°
€) ouvTeEAEDTNG TPIRAG TpoxaAiag - Taiviag, n = 0,18

ATTdvTnon

lNa va KIVEITal I00TayXwG To QopTio, Ba TTpETTel N TTEpIPEpEIakr duvapn FR
va 100UTal JE TN IaPOPa TWV TACEWYV TWV KAABWY TNG TaIVIOG TOU ppEVou,
onAadn Ba £xoupe:

(1) FrR=F1-F3
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Kal yla TNV 1I00pPOTTia TOU CUGTAUOTOG, va givai ol potrég Mg = 0, dpa:
(2)FR-R=B-r
‘Exoupe, Opwg, 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:
(5) Fr=F, e®-F;=F5(en?-1)

Emiong, avTikaBiotoupe TNV Fo TNG oxéong (3) otn oxéon (5) Kal €XOUE:

(6)Fy = F;. " -1

AvTikaBioToUpe kai TNV FR TG oxéang (6) otn axéon (2) kal £XOUE:
a

F-—-(e"™-1)-R=B-r
B

dpa

(7) F=¥-(e”q’ -1)-R

§
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)x 270

ATI6 TIg oX€oeig (3) Kai (4) pTTopoUpE va BPoUpE Kal TIG TAOEIG Twv KAGdwvV
TNG TaIviag Tou ppEVOU Kal o1 0TToiEG eival: Fq = 146,9x2,21 =324,6N kai

F,=11,3x13=146,9N.

Amdvrnon F=11,3N
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Z
z ZYNTOMH MNEPIAHWH AEKATOY TETAPTOY KE®AAAIOY
Z

TpIBn gival n dUvaun avtioTaong Katd Tn OXETIKN Kivnon dUo
owpudaTwyv, TTou Bpiokovtal o€ eTTa@r]. H TpIr opeileTal oTig
ETTIPAVEIOKES AVWHAAIES KAl TNV EAAOTIKOTNTA TWV CWHATWV.
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 d0vaun TpIBAG
Fy = n d0vapun TTou mECel KABeTa OTNV £TMIPAvEIa oAioBnong
N = 0 OUVTEAEDTNG TPIRNAS
H oTaTikn TpIBA eivar: Ty < Fk
H 1p1BA KUAIONG €ival pia potry M =P - ¢,
otTTou
P n k@BgTtn duvaun Kkai
£ 0 ouvTeAeaTAC TPIRAGS OAIoBNONG PE DIAOTATEIG UAKOUG

@ ASKHEEIE

=¢ 1. ‘Eva kiBwTio Bdpoug B = 50N, TpoKeITal va eKQopTWOEI HEow piag
PAUTTAG Pe KAion 25° wg 1Tpog 10 0pIovTio eTTiTedo. O ouvTeAeoTAGS TPIRAG
givain =0,6.

Znreirai:

a) H duvapn F pe tnv otroia Ba wbAcoupe 1o KIBWTIO WOTE AUTO VO
UTTEPVIKATEI TN OTATIKA TPIRA Kal va OAIcBRoel aTn pAuTTa Kal

) To Uwog TTou Ba epapudoouue TN dUVAUN WOTE VA PNV AVATPOTIEI TO



418 TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN

KIBwTio. To kévTpo Bdpoug Tou KiBwTiou gival o Uog B= 60cm atd T Baon
TOU Kal o€ opIfovTia amoéoTaon o= 40cm atrd TNV aKur avaTpoTTnG.

Amavrnon: a) F =6,03 N, B) h <90,049 cm

= 2. Mia okdAa urikoug 3,4 m akOUUTTAEl OTOV TOIXO YE KAION a WG TTPOG
1O 0pICOVTIO ETTITTEDO.
a) To Bdpog TnG okaAag eival Bg= 200N, 0 ouvteAeOTAG TPIRAG WE TOV
Toixo M= 0,2 ka1 pe 10 dd&1Tedo Na= 0,15. Na utroAoyioBei n ywvia
a, oTav avBpwTrog BpiokeTal aTn KOPUPA TNG OKAAAG, £TCI WOTE N
OKAAa va punv ohioBroel. (Bapog avBpwTrou By= 800N).

Amavinon: a= 80° 3025”2

=¢ 3. [oiog 0 BaBuodg ammédoong, KaTd TNV I00TaX avUywaon CWHATOG,
ETTAVW O€ KEKAIUEVO ETTITTEDO.
Aivovral: ywvia kekAipévou emmimmédou a = 30°, auvteheoTng TpIBg N = 0,15

Amavrnon: ng = 0,794

o 4. 210 KeKAIMEVA eTTiTTeda AB Kal

Arll, utrdpyouv, 10 cwua Bdapoug By

=110 N ka1 n p6da Bapoug B, =70 N,

avTtioToixa. To cwua €XEl CUVTEAEDTH

oAiocBnong pe 1o etitredo n = 0,30 kai

avTioToixa n poda ouvTeAEOTN TPIRNAS

KUANiong f = 0,40 cm kai aktiva R = 40cm. IxXAMa 14.8.0

To cwua Kal n TpoxaAia cuvdéovTal,

MEOoW TPOXaAiag Xwpig TpIRN, e aBapéc vipa. Na eupeBei TTola TTPETTEl va
gival, Kot eAAXIOTOV N ywvia w, WoTe To GUOTNUA Va KIVNOEi KaTEpXOUEVO
Tou emmiTTédou AB.

Amdvinon: w= 45°
=% 5. ‘Eva €AkuBpo, KIvouuevo TTavw o€ TTAyo, €xel idlo Bapog 700N. 210
¢AKUBpo emiBaivouv Trévte dvBpwrTrol (WEoo Bapog o kaBévag 800N). MNoia

eival n avaykaia duvapn yia va Kivnoei To éAKuBpo 100Taxwe. Aivetal ou-
vreAeoTnG TpIBAG n = 0,015

Amavrnon: F=70,5N

= 6. H 1pdmmeda piag TAdvng kiveital ye Taxutnta U= 0,3 m/s. To Bdapog
NG TpdTtredag autng gival 9000N. To pépog TnG 1I0XUOG TNG PNXAVAS TTou
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di1aTiBeTal yia TV utTEpPViknon Twv TpIBwv gival 200Kw. Méxpi TTo10 Bapog
MTTOPEI va gival To TTpOG eTTEEEPYaTia EEAPTNMA.

Amavinon: Bee= 8142,86N

e 7. O1 eEwTepIkEG duvApEIG TTou dpoUv TTAvw o€ éva TpIREa eivar 300N.
Av n diapeTpog Tou oTpo@éa gival 120mm kail 0 ouvTeAeaTr g TPIRAG 0,1.
Na uttohoyioBei: a) H potrr atpéwng Tng TpIRNS B) H attwAcia 1I0x00g TNG
TPIBAG TN OTIYUA TTou 0 dfovag TTEPIOTPEPETAI e 250 rpm.

Amévinon: My = 1,8 Nm, P, = 23,6 W

=¢ 8. AvEAKUOTNPAG TEGOAPWY ATOHWY, £XEI Ywvia TTEPIEANENG TWV CUPUO-
TOOXOivwy Tou oTnV TpoxaAia TpIRNg @=160°. Mg dedopévo 6T 0 BAAapog
£xel Bapog 3000 N, va eCeTAOETE TNV ACPAAEIQ TOU AVEAKUCTHPA aUTOU ATTO
atmown oAioBnong Twv cuppatooxoivwy. TaxutnTta aveAkuoTApa U<0,63 m/s.

Amavrnon: O aveAKuaTrpag dev oAioBaivel.

= 9. AUo ioeg TpoxaAieg TrepioTpEPovTal Pe Tn BorBeia evog iydvra. O
OuVTEAEDTNAG TPIRNAG METAEU 1uavTa Kal TpoxaAlwy eival 0.4. Av n €Akouca
ouvapn, oTov 1Iyavta, ival 600N, va uttoAoyioBei n eAkdpevn dUvaun oTov
GAAO KAGDO TOU 1pavTa.

Amévinon: S, = 170,76N

¢ 10. TNV TTPONYOUUEVN AOKNGCN, AV N aKTiva Twv TPOXaAIwy, gival r =
20cm kail n ouxvornTa TepIoTpo@nc f = 240 rpm o ¢ 1udvTag TTou Xpnol-
poTrolgiTal £Xe1 TTaX0G h = 25 cm, va uttoAoyioeTe TNV TaXUTNTA TOU IUAVTA.

Amavrnon: U =5,3 m/s

= 11. Ta oToIx€ia piag atmAAg 1ua-

vrokivnong eivair=0,2m, R=0,6 m

né{=2m.

To TAdTOG TOU 1udvTa gival 80mm Kol

N JeTa@epopevn 1I0xUG eival 8Kw. Na

uttoAoyioBei n TaxdTnTa TOU INAVTO.

ZUVTEAEDTAG TPIPAG INGVTA - TPOXaAIOG Sxfipo 14.8.6
n = 0.25 kal emMTPETTOPEVN TAON YIA

METAQOPA I0XUOG aToV IudvTa 14N/mm 1pdvTa.

Amavrnon: U=14.43 m/s
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= 12. '/Evag avuywTikog KoxAiag €xel Ta e¢AG oToixeia: péon dIAPETPOG
D = 30mm, Brpa omelpwparog h= 6mm, TpIRA peTau KoxAiou- TTEPIKO-
¥Aiou n = 0.15. Me éva poxAoBpayiova prkoug £ = 0,5 m kai pia dUvaun
P = 10N, 11 @opTio YTTOPOUNE VO AVUWWOCOUE Kal TToI0G 0 BaBudg atrd-
doong Tou KOXAia.

Amévinon: B = 15452 N, na= 0,295 1} 29.5%

o 13. 2¢ éva QPEVO, PE EUKAUTTTN TaIvid, N SIAPETPOG TOU TUPTTAVOU gival
500mm, n dUvapun TToU evepyeEi
OTO GKPO Tou poxAou eival 200N
Kal 0 GUVTEAETTAG TPIRAG TUMTTA-
vou - Taviag givar 0.3. Na uTro-
Aoyi00¢ei n poTTA @pevapiouaTog,
av Ta YEWMETPIKA OTOIXEIQ TOU
@pévou gival auTtd TOu OXHHATOG.

Amavrnon: My = 1209 Nm IxApa 14.8.y
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.) Emdiwképevol oTé)o!I:

O1 yabnrég:

Ig/ Na divouv Tov opIouO TNG TTiEONG Kal va yvwpiouV TIG JOVABES TNG

E/ Na yvwpilouv Ta XapakTnEIoTIKA TNG TTIEONS TWV PEUCTWYV, KAI TNG
udpOoaTaTIKAG TTiEONG.

E/ Na diakpivouv TIG DIAPOPES HOPYPES TNG TTIEONS (ATTOAUTNG, HAVOE-
TPIKAG, ATHOCQAIPIKAG), Kal TIG HETAEU TOUG OXETEIG.

Ig/ Na dIaTUTTWVOUV Kail va €Qapuolouy TIG apxES Tou ApxIKndn Kal Tou
Pascal.

15.1 EIZATQrikKA

Ta ke@aAaia TNG Mnxavikng TTou €£eTAlouV TNV ICOPPOTTIa ) TV Kivnon Twv
PEUCTWY, atroTeEAOUV TNV “MnXaviki Twv peUCTWV” 1| “PeucTopnxaviki”.

Ta peuoTa TepIAapPBavouv TIG dUO aTTO TIG TPEIG, UTTO KAVOVIKEG CUVONKEG,
KATaoTaoeIg TNG UANG. Tnv uypn Kal TV aépia KatdoTaon.

H uypn kKatdoTaon, o€ pia TTPWTN TTPOCEYYION, XapaKTNPiZeTal aTrod
TO OTI Ta UYpP& Ogv TTapoucidlouv aioBNTA avTioTaon oTn YETABOAR Tou
OXAMATOG TOUG, EVW) TTOPOUCIAZOUV TTOAU YEYAAN avTioTaon OTn METABOAN
TOU OYKOU TOUG £TO1 WOTE va BewpouvTal, aTrd TTPAKTIKAG TTAEUPAG, QOUTTI-
€oTa. AKpIBECTEPQ, O€ UYPH KAaTAoTaon BPioKeTal Eva Cwa, éTav Utro TNV
ETTAPEIN DIATUNTIKWY TACEWY OAAACEI, OUVEXWG, TO OXAMUA TOU. ATTOTEAEO A
auToU TOU YyeYovOTOG €ival, OTI Ta UyPa OEV AVTEXOUV TO id10 BAPOG.

H aépia katdoTaon £xel TTOAAEG OUOIOTNTEG PE TNV UYPH AvTIoTOIXN
yiaTi IoXUoUV Ta aUTA WG TTPOG TIG DIATUNTIKEG TACEIG TWV Uypwv.Ta agpia
dlapépouv aTod Ta uypd, oTa €ENG :

a. Eivar oupTtrieotda

B. ‘Exouv Tnv exTaTIKr 1810TNTA, dnAadA Teivouv va KataAdfouv 6oov To
duvarov, TTEPICTOTEPO XWPO.



424  TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN

AvdAoya pe Tnv 1I01aiTepn KaTtdoTaon OTNV OTToia UTTopEi va Bpedei 1o
KaBéva atrod Ta TTapaTTdvw QUTE CWHATA, EXOULE:

e TNV UdPOCTATIKN, OTAV £LETACOUNE TNV ICOPPOTTIA TWV UYPWV
e TNV UdPOdUVAUIKN, 6TaV €EETACOUME TNV Kivnaon TWV Uypwv

® TNV 0EPOCTATIKN, OTAV £LETACOUE TNV ICOPPOTTIA TWV AEPIWV
® TNV 0EPOBUVAUIKNR, OTaV EEETACOUE TNV KivnON TWV AEPIWV.

>€ auTA Ta JaBrparta Ba aoxoAnBbouue, Kupiwg, Pe Ta uypd.

MaparApnon 1n. Q¢ TTPOG TO ACUUTTIESTO TWV UYPWYV TTAPATNPOUNE OTI
XPEIACETAI VO a0OKAOOUNE TTOAU JeydAn dUvapn yia va eTTITUXOUNE QVTIOTOIXN
TTOAU JIKPR JEIWON TOU OYKOU TWV UYPWYV, EVW POAIG TTAUCEl Va EVEPYEI N
méCouoa dUvan, To UyPO ETTAVEPXETAI OTOV OPXIKO TOu OyKO. Apa Ta uypd,
ato ammoywn Oykou, gival TEAEIWG EAACTIKA.

Maparipnon 2n. ¢ TaxuppeuoTa uypd, OTTWG T1.X. TO AddI, aAAG Kal
O€ TTOAU PIKPEG TTOOOTNTEG TWV UYPWV YEVIKA, EJQavideTal avTioTaon oTn
METABOAR TOU OXAMATOG TOUG, WOTE VA TEiVOUV va AdBouv oaipiké oxAua
(oTayoveg). AuTo yivetai yiaTi eggaviovTal OpAcelg Kal GAAwY dUVANEWY,
OTTWG TWV OUVAPEWY TNG OUVOXNG KAl TNG oUVAQEIag. AuTd, Suwg, gival EI0IKEG
TTEPITITWOEIG TTOU BEV EVOIAPEPOUV TIG OUVNBIOUEVEG TEXVIKEG EQAPUOYEG.

15.2 TENIKA - OPIZMOI

21a yodnuarta Quaoikng, ExEl Yivel ETTAPKAG avATTTUEN TWV BACIKWY EVVOIWY,
OTTWG NG TTiEONG, TNG TTUKVOTNTAG KA.TT .ETO1, €dw Ba xpelacOei pévo pia
ouvToun avagopd.

A.lMigon (p). Me Tov 6po Tigon, vooupe 10 TTNAIKOV Tng dUvaung TTou
evepyei KABETA Kal oyoldPopPa TTAVW o€ Wia em@avela, (ox.15.2.a) dia
Tou ePPadoU auTiG TNG em@Aveiag. AnAadn, av
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xAua 15.2.a O opioudg g micong

F n duvapun 1rou evepyei KABETA KAl OPOIOPOPQPA TTAVW OE Hia ETTIPAVEIQ KAl

A 10 euBadov TnG eTIPAVEING, TTAVW TNV OTToia EvEPYEi N dUvaun

F, 1671¢, n riean p Tng dUvapung F (méfoucag duvaung) TTAvw aTnV MQAVEIQ
eupadou A (Tmeddopevn emQAveia), opifeTal WG:

p " (15.2.0)
=— 2.4
A

H povdda tng mrieong, oto cUoTnua povadwy S.1, gival To TTaokdaA (Py),
oTTOoU:
_ 1IN

1Py=——
¢ 1m?

evw TTaAaIdTEPQ, XPNOIUOTTOIOTAV WG Jovada Trieong, To bar, é1rou:

1bar = 10° P,

ATtpoo@aipiki Tieon Paim

To piyua Twv agpiwv TTou aTToTEAOUV TNV ATHOCPAIPA TNG YNG, WG UAIKO
owHa TToU €ival, £xel BApog. To BApog auTd TG aTudo@alpag ouvioTa duva-
Mn, N OTToia EVEPYEI TTAVW OTIG ETTIPAVEIEG TWV TTPAYUATWY TTOU BpickovTal
€VTOG TNG. ‘Exoupe, eTTopévVWwG, yia TTiean TTou oQEiAeTal oTNV ATUOC@AIPa
TNV aTHOO@AIPIKNA Trieon. H TIuA TNG ATHOCQAIPIKNAG TTIEONG O€ £€va TOTTO
e€apTdaTal aTrd To UYPOUETPO TOU TOTTOU Kal aTTd TIG KAIPIKEG OUVORKEG. Q¢
TTPOG TO TTPWTO, €ival EUKOAQ KaTavonTo, 0TI 600 WNAAGTEPA EipaocTe, TO00
AlyOTEPO O€Pa £XOUNE OTTO TTAVW KOG, dpa AlyoTEPO BAPOG KAl KAT OKOAOU-
Bia pIkpdTEPN TTiEOT. ATTO TNV TTAPATAPNON QUTH TTPOKUTTITEI KAl N hEB0dO0G
UTTOAOYIGHOU TOU UWOMETPOU aTrd TN heiwan dnAadr TNG aTHOC@AIPIKNG
mieong. MNa 1o deUTEPO, TIG KAIPIKEG BNAADN CUVONKES, TTAPATNPOUUE OTI N
pon Twv agpiwv palwyv dnuioupyei dIOQOPOTTOINTEIG OTIG TTIECEIG KAl £XOUNE
ETTAAANAIC 0EPOOTATIKWY KAl AEPOOUVAUIKWY PAIVOUEVWV. ZE KAVOVIKEG
KATAOTACEIG, Jia y€an TP TNG ATHOCQAIPIKNG TTIETNG OTNV ETTIPAVEIQ TNG
BdAaocoag, gival P,=1,012x105 P, TTaAaidéTepa, auTh n TP ovopalétav
“@UOIKA aTPHOC@aIpa” KAl ATAV dia atrd TIG JOVADEG PETPNONG TTIECEWY,
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OTTWG €EAAAOU Kal N Agydpevn TEXVIKA aTUOCQaAIpA, OTTOU:

lat=1kp/cm? =9,81x104 P,
MavopueTpik rieon Py,

MavopeTtpikr Trieon, gival n diagopd Tng TTieoNS, ATTo TV AVTIOTOIXN ATUO-
OQaIpIKA o€ pia BEan.H pavoueTpikr Trieon YTTopEi va €ivai, €ite BeTIKN,
€iTe apvnTIKn, av aTnv uTTOWn B£on €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 XPEIAZETAI VA HETPAUE TIG TTIECEIG, €ival TT.X. N €i0000G 1| n ££000¢G
Miag avTAiag, Ta didgopa onueia avtAiag, SIKTUWY CwANVWaEwy, Ta dIGpopa
BaBn evog @pAayuaTog K.A.TT.

ATTOAUTN TTiEoN P4ps

ATTOAUTN Trigon ivail n TTiean n otroia PETPATAI ATTO TO PNOEV TWV TTIETEWV
TTOU €ival TO ATTOAUTO KEVO.ATTODEIKVUETAI £TG1 OTI Paps = Pmt Patm (15.2.8)

MukvéTtnTa p: Mg TOV 6p0 “TTUKVOTNTA 1 €18IKA PAda”, VOOUUE TO TTHAIKOV
NG MA&dag piag TToodTNTAG UANG, d1a Tou OYKOU TTOU auTr] N TTooOTNTA KO-
TaAappavel. AnAadr dv:

m n pada piog TToo00TNTAG UANG KAl

V 0 6yKOGg auTiG TNG HAdag TOTE:

= (15.2.y)

H povada Tng TrukvoaTnTag 010 oUoTnUa povadwy S.l eival To kg / m3

E181k6 Bdpog w Me Tov 6po “cidIkd BApog”,voouue 1o TTNAiKov Tou Bd-
pPOUG Wiag TToodTNTAG UANG d1a Tou OYKOU TTOU auTH N UAN KATOAQUBAVEI :
AnAadn, av:

B 10 Bdpog piag TToooTNTaG UANG KAl
V 0 6ykog auThg TNG NAdag, TOTE:
B

Tote W=— (15.2.9)
\Y
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Kal €1Te1dr B = m - g Ba gival kai

=p-g (15.2.¢)

H povdada Tou €1d1koU Bapoug aTo oUoTnua povadwy S.I ival N/m3,

E131k6G 6yKog u: Me Tov 6po “cIBIKOG OyKOG”, vooUuE TO TTNAIKOV TOU GyKOoU
TToU KataAauBdvel pia TroodtnTa HAdag, dia TG JAdog auTns. AnAadn, av:

m, N yada piag TToooTNTAG UANG KAl

V, 0 6yKOG TToU auTrA N Jada KaTaAapBavel, TOTe

H povada Tou €1d1koU dykou oT1o cuoTnua S.| eivar m3/ kg.

15.3 YAPOZTATIKH MNIEZH

AtrodeikvUeTal BewpnTIKA Kal ETTAANBEU-

€TAI TTEIPANOTIKA, OTI éoa oTn Pada piag

TTO0OTNTAG UYPOU, YEVIKOTEPD EVOG PEU-

oTOU, TTOU €ival o€ KATdoTaoN ICOPPOTTIOG,

aokouvTal SUVAUEIS.AUTO HTTOPOUE VA TO

OIOTTIOTWOOUNE EUKOAQ, OV GQAIPECTOUUE

oTIOATTOTE EUTTOdICEl TN BUVANN VO OPACEL. ExAHa 15.3.0 H 50vaun Tou uypoU
AvoiyovTag .. pia TpUTra (ox. 15.3.0) oe  Bpioker diE§odo atnv omn kai 10
SOXEi0 PE UYPS, TO UYPO EKPEEI, ExOUpE B~ UYPO EKpEe! (Uo ywvia 90°)
Aadn kivnon kal apa uttapxel duvaun. Napatnpoupe, e1Tiong, 0TI 0TO ONUEIO
€KPONG, N 81EUBUVON Kivnong Tou uypou gival KABETN oTnV ETMIQAVEIQ TOU
doxeiou. Apou, AoItrov, uttdpxel duvaun F yéoa otn pdda Tou uypou, TOTE,
o€ KABe vonTn emm@aAveia Pe €va eufadov A, Ba £xoupe Kal pia Trieon TTou
utroAoyiCetal atré 10 YVwaoTo TUTTo 15.2.0. p = F/A. AUt n Trigon, €ivai n
AeyopEVN USPOCTATIKN TTiECT.

MNa 1ig duvauelg TTou agkouvTal Jéoa oTn Pada uypou TTOU ICOPPOTTEI,
£XOUWE VO TTAPATNPACOUE, OTI €ival TTAvTa KABETEG GE OTTOIAOATIOTE ETTIPA-
VEIQ, KOI JE OTTOIOBNTTOTE TTPOCAVATOANIONO, £iTe p€oa oTn Pada Tou uypou
TIG BEWPOOULE, EITE OTA TOIXWHOTA TOU doxEIoU.
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AuTé yiveTal eUKoAa KaTavonTo, yiaTi av KATrola dUvapn aTrd auTég TToU
aoKouvTal aTn pdda Tou uypou, ATav UTTO KAIon, WG TTPOG KATTOIA ETTIQAVEIA,
TOTE Ba pag €3Ive SIOTUNTIKI CUVIOTWOO. Z€ Wia TETOIO TTEPITITWON, OUU-
Qwva pe 60a £XoUPE avagepel, To uypo dev Ba ATav o€ IcoppoTria. I’ auTtod
AAWOTE, Kal N €Kpor| Tou uypou oTo oxnpa 15.3.a yivetal uttd ywvia 90°,
WG TTPOG TO OXNMa Tou doyeiou. ATTO Ta TTAPATTAVW, TTPOKUTITEI N ETTOUEVN
BepeAidnG apxn yia TNV YOPOOTaTIKN:

“Méoa oTn pada uypou, TTou €ival o€ KATAGTAOT ICOP-
POTTiaG, KATW ATTG OTTOIECONTTOTE OUVONKEG, KOl O€ KABE
OTOIXEIWDN EMIPAVEIQ, EITE AUTA Eival TUAHA TWV TOI-
XWHATWYV £VOG doxeiou, eite BpiokeTal pECa 0TN MAda
TOU UypoU, aOKEITAI TTiECT TTOU £X€I KOTEUBUVGON ATT6 TO
uypo, KABeTa, TTPOG TNV emiQaveia. H Tipn TG mTicong
QUTAG gival ave§dpTnTn A1Td TOV TTPOCAVATOAITHO TNG
gmipaveiog”.

15.4 H METABOAH THZ YAPOZTATIKHZ MNIEZHZ META TOY BAOOYZ

‘EoTw pia TToodéTnTa UYPOU, TTOU Eival HEoa o€ £va OOXEIO Kal BpiokeTal O€
npeeyia, (ox. 15.4.a).

ZxAua 15.4.a H peraBoAn tng udpoartarikng mieans Uerd rou BaBoug

A@oU 10 uypod 1I00pPOTTEN, TOTE N EAEUBEPN eTTIPAVEIG TOU Ba gival opl-
Covtia. MTTopouUpe, ETTONEVWG, va @avTaoBoupe 6T N uala Tou uypou eival
dlaTeTayHEVN KATA AETITA OTPpWHATA KAl OAA TO UTTEPKEiIEVA TTIECOUV TA
uTToKEipEVa, Adyw Tou Bdpoug Toug. Apa, n TTieon augdvel, 600 aufavel To
Bapog. AuTd paiveTal Kal TTEIPAPATIKA (0X. 15.4.6)



YAPOSTATIKH 429

Xxnua 15.4.8 Meipaparikn amdédeién tng avénang tng udpoaTaTIKAG TTiEaNS UETG
Tou Bd6oug

Av dnAadn, oe £va doxeio avoitoupe pePIKEG TPUTTEG, ioou ueyEBoug, Ba
OIATTIOTWOOUE OTI ATTO TIG XAPNAOTEPEG TPUTTEG EKTIVACOETAI HAKPUTEPO TO
uypo, TTOU oNMaivel 0TI 600 TTIO XapnAd BpiokeTal N TpUTTA, TOOO PEYAAUTEPN
gival n apyIkr TaxutnTa EKPOrG TOU UYPOoU, YEYOVOG TTOU CUVETTAYETAI KOl
MeyaAUTepn TTieon. H TTapakdTw BepeAitodng TpdTacn NG YOPOOTATIKNAG,
eKQPACel TN PeTaBOAA TNG TTiEoNG e To BABOG:

“H d1a@opd mMEcewV peTagu dUo onueiwyv péoa otn pada
NPEMOUVTOG UYpoU, IcoUTAl apIOUNTIKA, JE TO BAPOG
oTAANG uypoU TTou €xel Bdon, TN HOVAdA ETTIPAVEING
Kal UYog TNV KATAKOpUPN aTTOOTAON METASU QUTWV
TWV CNMEiWV”.

Avagepduevol oto oxnpa 15.4.a, av n mieon o1o onueio A, B gival P kal,
Pg avTtioToixa, 10T€, €1T€1dA N GTAAN UYPOU, PE BACN TN POVADA ETTIPAVEIAG
Kal UYog TNV UYWOMETPIKN dlagopd PeTagu Tou anueiou A Kal TOU OnuEiou
B, dnAadn 1o h, €xe1 6yko 1. h kai dpa €xel Bapog 1 .h w, éTou w= 10 €18IKO
Bapog Tou uypou. ‘ETol Ba £xoupe cUu@wva e TN BepeAiudn TTPOTOCN VIO
N S10QOoPA TTIETEWV:

Pg-Pa=h-w (15.4.0)

Av 10 onpeio A gival oTnv em@Aveia Tou uypou, TOTE n oxéon 15.4.a pag
divel Tnv TTiE0N £vOG uypoU o€ oplapévo Babog (ox.15.4.y).
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IxAupa 15.4.y H mican uypou o€ opiouévo Babog

Emeidn n mieon o1o A giva N atpoc@aipIKr, TOTE O JOVOUETPIKEG TTIETEIG
gival: Ppa = 0, Pig= wWh, evw o1 atrOAUTEG TTIECEIG €ival:
Papsa = 1 atm
Paosg = 1 at+wh (15.4.y)

ATIO TNV €k@pacn TnNG diagopds TEcewy (oxeéon 15.4.a) petagu duo
onueiwv A,B oTn pdda tou uypou, @aivetal, 0TI TO oXfua Tou doxeiou dev
éX€l onuaaia, A, ue GAAa Adyia n udpoaTartikA TTiean o€ didgopa PAdn Tou
doxeiou dev e€apTdTal atrd To oXrKa Tou (oX. 15.4.0) aAAd e€apTdaTal, Jévo,
atrd 10 Bewpoupevo BAaBog Kal To €181KO BAPOG Tou uypou. ETreidA n oxéon
15.4.a gival TrpwTou BaBpoul (Ypaupikh oxEan), To dIdypauua KATavoung
Twv mMEoewv (ox. 15.4.a |l ka1 ox. 15.4.8) eival euBUypappo.

Zyxnua 15.4.6 H udpoorariki micon ivar aveapTtntn armé 10 oxriua rou doxeiou
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15.5 TA XAPAKTHPIZTIKA THZ YAPOZTATIKHZ MIEZHZ

ATT6 6Aa 6o a eiTTape YEXPI TWPA, TIPOKUTITOUV TA £ENG XAPOKTNPIOTIKA YIO
TO UYPO TTOU NPEWE (I00PPOTTEI) KAl YIO TNV UOPOCTATIKI] TTiEDT] TOU :

1. H mrieon erévw o€ aToixelwdn IQAVEIQ Kal, O€ Hia B€0n Tou uypou,
givai n idia TTpog OAeG TIG KOTEUBUVOEIG.

2. O1 duvapeig TTou ackouvTal ( dpa Kal ol TTIECEIG ) O OTTOIEGONTIOTE
ETMIPAVEIEG JEGA OTO UYPO, KABWG Kal 0T TOIXWHOTA TOU doxEiou, gival
TTAVTa KABETEG TTPOG QUTEG, PE POPA, aTTO TO UYPO TTPOG TIG ETTIQAVEIEG.

3. H mricon yéoa oT0 uypo au&dvel, 600 PeyaAuTepo givail To BAGBOG .

4. H eAevBepn emmipdAveia TOU UypoU, av UTTApPXEI, Eival opifovTia.

15.6 H META®OPA MNIEZHZ - APXH TOY PASCAL

2Tnv TTponyouuevn TTapdypago idape, 0TI N diagopd Tieong peTagu duo
onueiwv péoa o€ éva uypo TToU NPEUE], EEAPTATAI ATTO TNV UYWOUETPIKN OI-
a@opd Toug. Av, eTTouEVWG, BpiokovTal OTo iB10 0pIfOVTIO ETTITTEDO, TOTE N
UWOETPIKA dlagopd Toug eival undév, donAadn, h=0, oroTe atod Tn oxéon
15.4a 0a éxoupe: Po-Pg=0 1 Pp=Pg

AnAadn, o€ 0Aa Ta onuegia evog eITTEDOU, NPEPOUVTOG UYPOU, Ol TTIECEIG
gival idleg. Av OuwG o€ €va uypo TTOU NPEEWEI, QUENOCOUUE TN TTiECN, TT.X. ME
éva €upolo oto onpeio A ( ox. 15.5.a), TOTE:

a) 10 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 KA€IOTO dOoXEiO, €TTEION TA UYPA Eival ACUUTTIECTA, KAl a®OoU TO
doxeio eival TTANPES Kal To uypd dev PTToPEi va KivnBei, n Trieon Tmou
TTpoacTiBeTal aTTd TO £UBOAO OTO aneio A, Trnyaivel TTavTou, o€ OAG
onAadn Ta onueia Tou uypou. Mpayuarti, €o0Tw, (ox. 15.5 a), 611 0
OwAnvag OTTou Kiveital To €PPRoAo, £xel dlaTtour S, av epapudooulE
oT0 €uPoAo pia duvaun F1 oto onueio A Ba éxoupe mieon Pla=F4/S.
270 onueio B, TTou gival oTo id10 0pIfdVTIO ETTiITTEDO, Ba €ival, £TTioNG
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xAua 15.5.a H perapopd tng micong

P_.=

B =P

o |1

IA

210 onpeio I' n mieon Ba gival, cUp@Wva pe TN TTapatdvw oxéon 15.4.a
Pig—Pir=hwn

I:1
P1r=P1B—hW=—-hW
S

Av, Twpa, EQappocouue aTo EPRoAo duvaun F =F4 + Fy,

Ba £xoupe, KaTA oUVETTEID, 0T B€on A, TTieon

_F_R+FR, R R _h
AT o ot TP
S S S S S

oTToTE, GTO Onpeio B (yia Toug Adyoug TTou EiTTape TTPONYOUUEVWG), Ba
EXOUUE:
F

_ R _
=P_+< N PZA_P1F+7

g S

2A “T1B TS

Apa, av éva uypo npepEi, n kaBe peTafoAn Tng wieong o€ éva dAAo
ONMEIO TOU HETAPEPETAI ICOTTOOWGS T€ OAa Ta GAAa onueia Tou uypodu.
(Népog Tou Pascal).AuTti gival n Baoikn apxr Asitoupyiag TTOAMWY udpau-
NKWV ouoTAPATWY, OTTWG TWV UDPAUAIKWY QPPEVWY TOU QUTOKIVATOU, TOU
udpPauUAIKOU 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
ETTIPAVEIEG AUTOU TOU CWwHaTog Ba aocknBei, KABeTa, TTieon, cUPEWVA PE
000 £XOUME avAPEPEL.

xAua 15.7.a H karavoun twv méoewv yUpw armo éva owua Bubiouévo
uéoa oe éva uypo.

Ag onuelwBei TTAVTWG, OTI OTO ETTAVW HPEPOG, Ba gival HIKPOTEPES Ol
TECEIC ATTO OTI 0TO KATW, yIaTi hq < ho.

ATTodeIKVUETAI £€TC1 OTI N CUVIOTAPEVN AUTWY TWV OUVANEWY €ival TTd-
vTa pia dUvaun tmou €xel d1EUBuvon KAaTakopu®n, @opd TTPOG Ta ETTAVW
Kal JETPO TO BAPOG Tou ekTOTMI{OMEVOU UYpoU. Av V 0 GyKOG TOU CWHATOG
Kal w TO €181KO BAPOG Tou uypou, TOTE, N OUVAUN auTh £xel HETPO VW Kal
ovopddletal avwon. Autr n TTpdTacn atroTeAEl TNV apxri Tou ApXIunRdn Kai
OIATUTTWVETAI WG EENG :

“KdBe owpa Bubiopyévo péoa o€ uypO TTOU NPEEI,
U@IioTATAI EK MEPOUG TOU UYPOU, AVWwaT, ion TTPOG TO
Bdpog Tou EKTOTTIOHEVOU UYpOU”.
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15.8 OPFANA METPHXZHZ THZ NIEZHZ
o) ATTAG pavopeTpo

‘EoTw, éva doyeio TTou TrEPIEXEl UYPO O€ Npepia, €181Kou Bdpoug wy (OX.
15.8.a) kal Tou OTTOioU UYPOU, BEAOUNE VA IETPHCOUE TNV TTiEGTN OTO ONEIo
A. 210 onpeio auTod, ye KaTadAANAo cuoTnua, TTpocapuolouuE Eva YUdAivo
OWAAVa OXNMOTOG U, TTOU €XEI JECA TOU Eva uypo €18IKoU Bapoug wy. O
OWARVag auTog gival éva atTAG avoiXTo HavoueTpo, TUTTou u. Eival rpoga-
VEG, OTI TO UYPO TTOU TTEPIEXEI TO HAVOUETPO, OEV TTPETTEI VA avTIOPA XNHIKG
ME TO UypO TOU OTTOIOU PETPAUE TNV TTiECT, OUTE va diaAUsTal o€ auTto. To
oloTnPa 1I00ppOoTTEl, OTTWG PaiveTal oTo oxAua 13.8.a, oToTE, CUPPWVa
ME TN yvwoTr oxéon 15.4.a., Ba €xoupeE:

xAua 15.8.a Mérpnan tng mieang ue ammAd avoixté pavéuerpo rummou U

a) ATé Tnv TTAEUpPA Tou doxeiou,
Pg—Pa=xw (15.8.0)
OTTO0U:
Pa n {nToUpevn trieon oTn Béon A,

Pg n Tieon oTn SIaXwpIOTIKN ETTIQAVEIA HETALU TWV UYPWY Tou doxeiou
Kal TOU JAVOUETPOU.

) ATTo Tn TTAEUpd TOU PavOUETPOU Kal yia Tnv Triean Pg 0Tn diaxwpIoTIKN
ETIQAVEIA, Ba £XOUE:

Pg = 14tm + Wa(h+x) (15.8.8)

Ao TiIg oxéaeig 15.8.a kai 15.8.B3, ammaAeipovtag 10 Pg, Ba éxoupe:
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1atm + Wa(h+X) — Pa = xwq
Kal AUvovTag wg TTpog Pp Ba €xoupe :

Pa = 1atm + Wo(h+X) - Xw4 (15.8.y)

21N oxéon 15.8.y, o1 6pol Tou deuTepou PEPOUG gival OAol yvwaToi. Ta
w1 Kal W €ival Kal auTtd yvwoTtd. Eeocov yvwpifoupe Ta uypd, Ta uAkKn
h kai ¥ ummopouUv Kal autd va heTpnBouv. Apa, £XoUuue TN duvaTOTNTA VO
Bpoupue Tnv mieon Pa. H diadikacia eival idia, €ite To doxeio €ival avoixTo,
giTe gival KAEIOTO, 10¥KU0UV PAAIoTa akpIBWG Ta idla Kal yia OAa Ta PEUCTA

(uypd n aépia).

B) To BapdueTpO, TTOU £ival TO OPYAVO HE TO OTTOI0 PETPAWE TNV ATUOOPAIPIKA
Tieon, €ival Kal auTto éva HavOUETPO, TTOU TO EAeUBEPO AKPO Tou gival KAEIOTO,
€VW TO AANO €iva ePBATITIONEVO OE dia

AEKAVN TTOU UTTAPXEI UYPO EIBIKOU BAPOUG

w. O cwAnvag Tou BapoueTpou eival,

ouvnRbwg, iolog. Z1o oxnua 15.8.3 £xoupe

T0 KAAOGIKO BapoueTpo Tou Torricelli, pe

TO OTT0IO, AUTOG, ATTEDEIEE, APEVOS TNV

UTTOPEN TNG ATHOCPAIPIKAG TTiEONG KAl

QQETEPOU TNV PETPNOE. H aTpooQaIpIKn

TTieon evepyei TTAvwW OTNV ETTIPAVEIR TOU

UYpPOU TNG AekAvnG Kal CUYKPATEI pia

OTAAN UYPWV UECT 0TO OWAAVA, UYOUS  sypa 15.8.8 Bapduerpo Torricelli
h. O xwpog (a) Tavw atd Tn oTAAN, Kal

MEoa oTO OCWARVAQ, gival KEVOGS, BI0TI (N TTiEN TWV ATPWY Tou EATUIOBEVTOG
UypouU OTOV KEVO auTO XWpPo, Bewpeital apeAnTéa Kal dpa,

1atm=h-w

O1wg £xoupe onuelwael, aTo cUoTnUa Povadwy Sl, n TIPA TNG aTOo-
OQAIPIKAG TTiEONG €ival:

atm = 1.012x10%Pa = 101,2x103 N/m?,

Apa, av Baloupe Péoa OTO PAPOUETPO VEPO Kal ETTEION YIO TO VEPO
w =9,81x10% N/m? dapa,

atm =1.012x103 = h-9,81x103 ka
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ETTOUEVWG,
10°
h=1012x —-9-81x103=10,32 m
h

Me cwAfva Opwg TG0 PeyAAo, TO avTioToIXO Opyavo gival TTOAU dU-
oXpPNOTO, YI' QUTO KAl XPNOIUOTTOIOUWE UYPO PE HEYAAO €10IKO BAPOG, OTTWG
eival o udpdpyupog (To HOvo PeuaTd HETAAAO OTN QUON) TToU £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

-9-81x10%=0,758 m

Znueiwon: ETeidn ota BapdueTpa xpnalpoTroleital 0 udpdpyupog eixaue
WG povada TTieong Kal Ta XIANlooTa udpapyupou (m mHg)

ZxAua 15.8.y a) Epyaornpiakd Bapouetpo, B) MetaAAiké Bapduerpo Vidi (apxn),
y) Autoypagikd 6pyavo (apxn)

210 oxfAua 15.8.y £xoupe Eva epyaoTtnpiakd Bapouetpo Torricelli (a) kai
oTta (B) kai (y) TIG apxég peTaAAIkoU BapouéTpou (Vidi) kal autoypa@ikoU
opydvou.

y) To Siagpopikd pavouerpo U
To d10QOopIKO PavOPETPO (OX.
15.8.0) gival cwAfvag o€ oxrua u
Kal XpnoIJOTToIEITal VIO TNV EUPEDN
NG dlapopdg Trieang peTagu duo
onueiwv.

ZxAua 15.8.8 Mérpnon diapopdg micong
peTaéu duo owAnvwy pe d1apopIKd HaVOLETPO
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Av 10 UYpO OTOUG CWANVEG €XEl EIDIKO BAPOS W4 KAI TO UYPO TOU JaVO-
METPOU Wy, TOTE EXOUE:
(1). P1-Pa=hwy
(2). Py =Py
(3
(4

)-
)-
). P3-Pg=(h+y)w,

). P4 - Py =xw,

Kal aTraAgiQovTag aTrd TIG TECOEPIS AUTEG OXEOEIS Ta Py, Py, Pa,

Ba éxoupe:

A6 TNV (1) P4 = Pathwy,

avTikaBioTwvTtag Tn P4 kai TRV Py atréd tnv (2) atnv (3) Kai (4) Ba Exoupe:
(5). P2 - Pg = (h +y)wqKai

(6). PA+hWq-Py=h"-w,

MpooBETovTag, TEAOG, auTEG TIG BUO, KATA PEAN, Ba TTAPOUE :
Pa+hwq-Pg=(h+x)-wq+Xx-wy

N Pa-Pg=hwq+h-wy+x-wp=x(wq+wy)

MNa 1Tieon peyaAuTepn ammo dUO aTHOOPAIPEG,
KaBWG Kal OTIG TTEPIOOOTEPEG TEXVIKEG EQAPHOYEG,
XPNOIUOTTOIOUUE METAANIKA JAVOUETPA, OTTWG OUTO
Tou Bourdon, (ox. 15.8.€) TTou ekueTaAAevovTal
TNV TTOPAPOPPWOT VOGS KAPTTUAOU PETAAAIKOU
OWAAVA, EAAEITTTIKAG BIATOUNG OTavV O€ AUuTOV OIo-
XETEUBEI TO UTTO TTiEON PEUCTO. YTTIAPXOUV KOl GAAC
€idN HavVOPETPWY, OTTWG PE BIAQPAYUA, NAEKTPIKA
Kal GAAQ, WOTE va KAAUTITOVTAI Ol QVAYKES TWV xANa 15.8. MeTaAik6
TTPAKTIKWY EQPAPUOYWV. uavouerpo (Bourdon)



438 TEXNIKH MHXANIKH - ANTOXH TQN YAIKQN

15.9 EOAPMOI'EZ

211G 800 BaoIkEG apXEG TNG YOPOOTATIKAG OTnV apxr dnAadr Tou Pascal
Kal o€ ekeivn Tou ApXIuAdn, oTnpidovtal TTOAEG TTPOKTIKEG EQAPMOYEG.
21nv apyn Tou Pascal otnpifovral epapuoyEg, OTTwG Ta UOPAUAIKA ppéva
TWV QUTOKIVATWY Ta USPAUAIKA TTIECTAPIA, OI UOPAUAIKOI OVEAKUGTAPES
Ol AvapPPOPNTIKES Kal KATABAITITIKEG AVTAIEG K.a. ZTNV apxr Tou ApxiuAdn
OTNPICETAI N KATAOKEUA TWV TTACIWY, TwV UTTORPUXiWY, TWV TTAWTAPWYV TTOU
XPNOIUOTTOIOUVTOI OE€ AUTOUATIOUOUG, O€ JETPNTIKA Opyava, K.a.

15.9.1 YSpauAikoé meoThnpIO

2tnv mapdaypago 15.6 ka-
VOPE avapopa yia TNV apxn
Tou Pascal, dnAadr yia Tnv
IKAVOTNTA TWV UYPWV VO
META®EPOUV TTiIEDN.

‘EoTtw, Aoimmév, dUo KUAIv-
Opol BIAPOPETIKNG DIaYE-
Tpou, (ox. 15.9.1.a) TToU
EVWVOVTAI PE Eva OwARva.
Méoa oToug KUAivdpoug

auTOUG AsITOoUpyOUV £l0- IxXAMa 15.9.1.a H apxri Tou uSpauAikoU
Aa. YTToBéToupE Ta Bépn meoTnpiou - avuywripa
AUTWV TWV EPROAWY WG

apeAnTéa.

210 oUCTNUA, TTOU ICOPPOTTEL, UTTAPXEI UYPO €10IKOU BAapoug w. TNa Tn
YEVIKOTNTA TOu B€paTtog, ag dexBoupe 0TI Ta dUo £uRoAa dev Bpiokovtal
OTO 010 0pPICOVTIO ETTITTEDO.

H em@dveia Tou KuAivdpou (1) gival, s4=11d?2 /4 Kai Tou (2), s, =1 D2 /4.
E@apudloupe pia dUvaun F4 atov kUAIvEpo (1). Tote, otn B€on A Ba éxoupe
pia Trieon Pa= F4/s4, TOU KaTé 10 yVWOTA, Ba aokeital ato onueio B Tou
KUAivOpou (1), otrote:

PB= PA+ h1 W

Kal a@ou 1o B kai 1o I' Tou KUAivdpou (2), eival aTto idio opiovTio eTTiTredO,
Ba eival Pg = Pr dpa, otn B8éon A Ba €XoupeE:

PA=Pr—h2'W
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Pp=Pa+ hy 'W—h2'W=i+h1 “w-hy-w
1

A@oU, WG TO CUCTNUA ICOPPOTTE], Apa Ba TTPETTEI VA UTTAPXE! KAl Hia
Ouvaun F5 oto €uPBoAo Tou KuAivopou (2), omrdTe Ba gival kal Pa=F»/s5. Apa,
KATOAyOUuE OTO OTI:

F,_R
5, s, +w(h, -h,)

2.€ TTOMEG TTPAKTIKEG EQAPUOYEG, OTTWG TT.X. OTO UOPAUAIKO TTIECTAPIO, N
d1aopd (hy - hy) gival TTOAU piIkpr) o€ oUykpion Pe Tov 0po F4/s4 €101 woTE
VQ JUTTOPOUE VA SIATUTTWOOULE OTI:

R_R

S, 5

n mD? 2
F, s, "2-
R _Sy_ 42:@) (15.9.10)
F1 S, 'IT2

AnAadn, o Adyog Twv duvauewy TTou e@appolovTal oTa EUBoAa givai
avAAOYyOg TOU TETPAYWVOU TOU AOYOU TWV BIAPETPWY TWV KUAIVOPWV.
M.x. Av D /d = 10, 16T 0 Adyog Twv duvduewy Ba givai:

F, (D ?
2| 2| =100
F\d

onAadn, epapuolovTag
oToV KUAIVOPO TNG PIKPAG
OlapéTpou, ia duvaun £0Tw
10N, Ba éxoupe aTov GAAO,
TO peydAo KUAIVOpO dUvaun
1000N. Av, uahioTa, éxoupe
otnv €mPBoAr NG duvaung F4
é€va TToAAaTTAOCIa0TH, TT.X.
£va JoxAO, TOTE, Ba €xoupe
TTIOAU peyaAUTepn TNV Fo.  ZxApa 15.9.1.B Mapdoracn udpauAikou meoTtnpiou
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U NAPAAEIrMA

210 oxAMa 15.9.1.8. £XOUNE TN OXNMOTIKA TTAPACTACT Wiag XEIPOKivNTNG
udpauAikng TTpéooag.Me Tn xeipokivnTn avTAia (3), epapudloupe TTieon
oT1o KUAIVOpoO (6). O1 poxAoBpayioveg TnG avtAiag Exouv Adyo a/f = 1/9.01
BaABideg (5) kai (4) gival, avTioToIXa, £1I0000U KAl EKPOPTWANG. Av 0 Adyog
TWV SIQUETPWYV TWV EPPOAwY gival D/d = 10 kai n dUvaun TTou EQapPodeTal
OoTO POYAOG TNG avTAiag, ival P=200N. lMola gival n duvaun Fa;

ATTdvinon

H duvapn F4 oTo éupoio Tng avtAiag (3) eival
(a+B)

Fia=P(a+B) A Fy=P
Ao Tn oxéon a/B=1/9 nf Pla=9 mpokuTrel: (a+p)/a =10
ZUpoewva Pe Tn oxéon 15.9.1.a

= (2] o0 [0

F,=200 x 10 x 102 = 200000N = 200 KN,

onAadn eivai dUvaun 1000 @opég peyaAuTtepn ato Tnv F4.

H didragn autn ptropei va epyacdei wg TTECTAPIO, OTTOTE TO TTPOG TTiIEGN
owpa gival 1o (2) evw 10 (1) €ival oTEPEG CUVOEDEPEVO JECW TWV OTNAWV
(8), €ite wg avapardplo, oTroTE TO TTPOG AVUYPWOn CwHa gival 1o (1), Evw Ol
oTnAeg (8) eivar o1 euBuvTpiol papdol. Ag onuelwBei OTI Kal o1 uUdPAUAIKOT
aveAKUOTAPES oTnpifovTal oTnyv idia apyn. ETTeidr, Opwg, éxoupe dlapope-
TIKEG OTTAITAOEIG, UTTAPXOUV KAl KOTOOKEUQOTIKEG DIAPOPOTIOINTEIG.

15.9.2 To uSpauAiké @pévo

210 oxNpa 15.9.2. a £€xoupe oxNUOTIKA
éva udPauAIKS @pévo. To udPAUAIKO
QPEVO gival dia aTTOAUTN EQAPUOYT TNG
apxng Tou Pascal. Me 1o revTdaA (1) Tou

$pevou E’V‘c'pVOU“s SHGV“’) 070 £uBoAo ZxAua 15.9.2.a YopauAiké ppévo
NG avTAiag (2), ye Tn duvaun P Tou QUTOKIVITOU
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Tmodiou. Katd tnv apxn Tou Pascal, n mieon peta@EpeTal 0TO «PaAPEAAKI»
(3) TTou avoiyel Ye Ta eUBOAAKIA TOU, TIG O1AYOVES (4) O OTTOIEG UE T OEIPA
TOUG TMECOUV TO TTapEPRacua TPIRAS (pepuOUIT) eTTvw OTO KEAUPOG (5)
TOU Qpévou.

15.9.3 E@appoyn Tng apxng Tou Apxiundn

21NV Tapaypa@o 15.7, €idaue TV apxn tou Apxiundn. Kata tnv apxn
auTn, 6Tav éva cwua BubiceTal yéoa o€ uypo, eu@avicetal n duvaun TNG
avwong A. EKTOG, 6uwg, atd Tnv avwan, uttTdpxel TTavTa Kail 1o idio Ba-
pog B. O1 duvdpeig autég, n dvwan kal 1o BApPoG, €ival CUYYPAPIKES Kal
avTiQpopES Kal uTTopEi va eival ioeg ) avioeg. ‘Exoupe, eTouévwg, TpEIG
TTEPITITWOEIG:

1)HA>B

TNV TEPITITWON AUTA N CuvIoTaPEVN Tou BAPOoUG Kal TNG Avwaong EXEI
METPO A-B kal popd mpog Ta erdvw. Apa, To cwua Ba KivnBei TTpog Tnv
EMPAVEIQ TOU UypOoU Kal Ba eTITTAEUCEL, APAVOVTAG JECA OTO UYPO, TOOO
MEPOG, 600 XpelddeTal yia va e€icoppoTroindei To Bapog Tou. Eival n mepi-
TITWON TWV OKAPWY ETTIPAVEIAG.

2)B=A

Edw, n ouviatauévn Tou Bapoug kal TG dvwaong eival und&v, Kal GUVETTWG
TO WA alwpEiTal yéoa oTo uypd. Eival n epimmwaon Twv uttoBpuXiwy.

3)HA<B

Edw, n ouvioTtapévn Tou BApoug Kal TG Avwaong éxel uETpo B-A kai

POopd TTPOG Ta KATW. Apa 1o owpa Pubicetal. H TrepiTrTwon autr Bpiokel
€Qappoyr aTIG UTTOBAAAACIEG BEPEAIVTEIG.

15.9.4 Opyava pETpNnong — TTAWTHPES

Mia dAAn otroudaia epapuoyn TNG apxng Tou ApxXIpndn, gival o1 TTAWTAPEG.
O1 TAwTAPEG gival dpyava pETpnang dIa@opwyV IBIOTATWY TWV UYPWV TT.X. TNG
TTUKVOTNTAG, TNG TTEPIEKTIKOTNTAG TWV OIGAUNGTWY O€ OPICHUEVO CUCTATIKO,
OTTWG, OIVOTTVEUMA, {axapn K.A.TT, TG METPNONG TNG oEUTNTAG Tou Aadiou
K.a. Exoupe dUo 1dwv TTAwTApES (0X. 15.9.4.0)
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xAua 15.9.4.a lNAwrhpes a) arabepou Bapous B) aTtabepol dykou

1. NMAwTAPESG 0TOBEPOU BApoug
To 6pyavo €dw PubieTal 010 UTTO PETPNON UYPO Kal diaBaloupe Tnv
EvOeIEN TNG KAihakag aTo “Aaiud” Tou opydavou Kail n oTroia KAiJaka gival
avaAoyn e O,TI BEAOUE va UETPIOOUIE.

2. NMAwTpeg aoTaBepoU ekTOoTTIoPATOG. AUToi BubBidovTal TTAvVTa PEXPI OpI-
opévou onueiou (0), ge TN BoriBeia oTaBuwy, Kal aTTd Ta OTToIa OTABUA
TTPOKUTITEI N {NTOUMEVN £VOEIEN.

ZYNTOMH NEPIAHWH AEKATOY NMEMMNTOY KEGAAAIOY

Ta uypd avTEXouv JOvo 0pBEG BAITTTIKEG TAOEIG Kal, TTPAKTIKA,
eival acupTtieoTa. YrevBupidoupe OTI TTieon €ival, To TTNAikov
TNG dUVAUNG TTOU VEPYEI KABETA KAI OPOIOPOPPA ETTAVW OF
Mia emmiaveia, dia Tou eUBadou auTrg TNG ETTIPAVEING.

—u—e
Zz
Z
Z

ATTO TTAeUpdag opoAoyiag:
a) F= P/A kai povada éxel 1o 1 Pa = 1N/1 m2. ‘Exoupe oToug 6poug

B) ATuoo@aipikr Trieon Py N TTiECN TTOU QOKEI N aTuOc@aIpa
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y) Mavouetpikn riean Py, n diagopd Tng tTieong, o€ yia 8€on, atrd TV
ATHOCQAIPIK

0) ATTOAUTN TTieon P4ps: H TTiEON TTOU pETPATOI ATTO TO KEVO KA N OTTOIx
€ival Paps = Pm + Paim-

€) Mia TToodTnTa UYPOU EXEL:
m = pdda, B = Bdpog, V = dykog.
Tote ovopdadoupe:

, m
TTUKVOTNTA: p = —
\%

B
€I0IKO Bdpog:w= —=p- g Kal
\%
\%
€I0IKO OYKO: U = —

Y®pooTaTiKA Tigon: og kGO B€an YEoa oe PAda NPEPOUVTOG UYPOU, UTTAPXE!
Tieon n otroia gival idla TTPOg OAEG TIG KaTeuBUvoelg.H Tiun Tng udpoaTari-
KAG TTieong, o€ kABe anueio cival ion pe 1o Bapog oTAANG uypoU, Pe UYOg,
atro 1o onueio PEXPI TNV EAeUBePN eTTiIPAveEla Kal Bdon ion pe TNV yovada.

H apxn Tou Pascal
Av €va uypo npepei, T0TE, KABE peTaBOAA TNG TTiECNG TOU O€ £va onpeio,
METAQEPETAI IOOTTOOWG O€ OAQ TA ONEia Tou uypou.

H apxn Tou Apxiufidn

Kdabe cwpa, Bubiopévo oAdkANpo péca oe uypod TTOU NPEUE, upioTaTal
€K MEPOUG TOU Uypou, dUvaun, TTou Tn Aéue Avwaon, ion e 1o B&POog Tou
eKTOTTI{OPEVOU UYPOU, O OYKOG TOU OTTOIOU gival i00G TTPOG Tov OYKO TOU
BuBiouévou ocwpaTog.
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@ AZKHIEIX

=¢ 1. Mia @uaik atpéo@aipa (at) ivar 9,81 x 104N/m2. MeTpwvTag pe T
Bapouetpa Aépe 611 1 at gival (1) ion pe 760 mm Hg (2) ion pe 10333 mm
H,0 .Na Bpeite Tig oxéoelg uetagd mm Hg, mm Ho0 kai N/m?2.

Armdvrnon: 1mmHg = 13,6 mmH,0, 1TmmH,0 = 0,0735mmHg, 1mmHg =
129,08N/m2, 1mmH,0 = 9,49 N/m?2

o 2. Mia udartatmoBnikn oxnuatog TTapaAAnAeTITTESOU pe BAon 6mx4m,
TepIEXEl vePO o€ UWog 3m. lMola gival n Trieon oTn Bdon TnG udaTaTTodrKNG
Kai TTola givail n oAk} dUvapn TToU aOKEl TO TTEPIEXOUEVO vEPO OTN BAon.

Amévinon: P = 29,43KN/m?2, F=705 KN.

=¢ 3. 2¢ £va doxeio uttdpxouv dUo uypd (Ta
otToia dev avaplyvuovTtal ouTe avTidpouV
XNMIKG PETAEU TOug). To uypo (1) €xel €l
OIkd Bapog w4 = 10 KN/mS3 kai 10 (2) wy =
9,8 KN/m3. Moid givai n diagpopd Trieong,
METAEU TwV onueiwv A kai B. AivovTal hy
=0,7m, h, =1,2m, h3=2,4m.

Amavrnon: Ap = 16,9 KN/m2. 0X-15.10.a

¢ 4. Moia dUvaun médel TwHa, egBadou 4cm? Trou KAgivel pia oTrr o€ Bd-
Bo¢ 1,5 ot £va doxeio TTou TTEPIEXEl UYPO £1BIKOU Bdpoug w = 9,65 KN/mS.

Amavrnon: F=5,79N

o 5. To euPadov Tou peydAou euoAou evog udpauAikou TTiEGTRPIOU Eival
Amax = 150cm? kai Tou pIKpoU Apin = 50cm?2. Av TTdvw oTo HIKPO £uBoAO
aokrjooupe kaBeta pia duvaun F4 = 25N, 16on Ba eival n duvaun F, 10U
Ba ep@avioBei aTo peydAo Eupolo.

Armdvrnon: Fo =75N

*¢ 6. ‘Eva KuAIvOpIkS BapéAl éxel epBaddv Bdong 0,6 m?2 kal Uwog 1m. Av
1O BapéN gival TEAEIWG YeEUATO Pe vePO, TTOIa DUVAUN OOKEITAI GTOV TTUB-
Méva Tou; Av 0T OUVEXEIQ EPAPUOCOUNE OTO TTAVW PEPOG Tou BapeAiou
éva owAnva diatoung, 5 cm? Kal GUPTTANPWOOUUE GANO £va JETPO VEPOD,
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Troia Ba gival n véa duvapun Tmou Ba aokeital aTov TTUBPEVA; Na eupeBouy,
€TTiONG, TA TTOCOCOTA AUENONG TNG TTOCOTNTAG TOU VEPOU KAl TO AVTIOTOIXO
NG augnong Tng dUvaung Tavw oTov TTubuéva (w =104 N/m?2).

Amavrnon: F1=6 KN, F> = 12KN
auénon duvaung 100%
auénon moadtnTag vepou 0,083%

= 7. 'Eva opoloyevég owpa Cuyi{ouevo oTov agpa £xel Bapog By = 4N.
Ortav eival BuBiopévo oTo vepod Cuyilel B, = 3N. To €181kd Bapog Tou vepou
eivar w = 99,86 N/m3. o6 €ivail To €181K6 BAPOS TOU GCWHATOS AV N Avwaon
oTov aépa BewpnBei apeAnTéa.

Amavrnon: w = 40 KN/m3

=¢ 8. 'Eva d10@opIKd HavOUETPO XPNOl-
JoTTOIEiTal YIa TN PETPNON TNG DIAPOPAg
TTiEoNG PETALU dUO CWARVWY TTOU
peTagEpPOuV vePS. To XpNnoluoTTol-
OUMEVO UYPO TOU PAVOMPETPOU EXEI
€101k6 BApog 1,6 N/m3 kai o1 evBEeigelg
Tou opyavou gival h=30 cm kai X =
10 cm. Moia n diagpopd TTieang Twv
OCWANVWV.

Amavrnon: Ap AB = 588,6 N/m?2 0x.15.10.8

= 9. YOPaAUAIKOG YpUAOG €xel 40 cm dIdueTpo aTo peyaho €upoio kai 10
cm o010 WIKPOS. XpnolyoTrolgitarl yia Tnv avowwaon 1o TToAU 15 KN. Na uTro-
AoyioB¢ei n avaykaia dUvaun oTo PIKPO €UPOAO Kail n TTiECN TTOU ETTIKPATET
Méoa oTo ypUAO.

Amrévinon: Fa= 937 N, P = 11.9 x 106 N/m2
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.) Emdiwképevol oTé)o!I:

O1 yabnréc:

B/ Na g¢nyouv Tn por, wg TTPOG £va aUCTNUA ava@opag: To TTEdIo porg
KOl TIG PEUMATIKEG YPOAUUEG (OMOIOOP®N KAl GTPORIAWDN pon).

E/ Na e€nyouv Tnv TaxUTnTa POr|g Kail va divouv Tov OpIoHO TNG TTOPOXNG.

Iz/ Na €¢nyoUuv Toug VOUOUG TNG PONG, TN TPIRAV TWV UYPWY O€ CWARVES
ka1 Tnv apxn Torricelli.

E/ Na ava@£pouv TIPAKTIKEG EQAPHPOYES KAl VO AVTIMETWTTICOUV TTPAKTIKA
TpoBAAuaTa, e Baon TIG ApxEG QUTEG.

Iz/ Na e€nyouv Tn AeItoupyia Kai Tn Xpron Tou JETPNTH Kal TOU TaXUPETPOU.

16.1 FENIKA - OPIZMOI

H kivnon uypou, ovoudadetal por £V O 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 Ta JOPIA TOU va
amokToouv emrtaxuvon. Ommwg cuuBaivel o€ OAa Ta UAIKG cwpaTa, €101
Kal oTa uypd, Ba TTpéTrel oTn PAda Tou uypou va aoknBei duvaun F, TTou
Ba TTpoodwaoel 0Tn NAda auTn ETITAXUVON Y, CUMQWVA PE T BeueAitodn
eCiowan Tng duvapikng: F= m-y

O pdévog 1poTTOG Va epapudooupe duvaun o€ uypo, gival va dnuioup-
ynooupue dlagopd TTieong, TEPAvV TNG OPEIAOUEVNG OTNV UYWOMETPIKN OI-
agopd. Katl T€Tol0 UTTOPEi va yivel, TT.X., M€ avTAIEG 1] Y€ TO va OWOOUE
diodo dlagpuyng oto uypd. Katd mn didpkela TNG POAG, N KATAoTaon Héca
oTn Yada Tou idIou ToU UypoU - gival auTovonTo - dev gival, OTTWG OTaV TO
uypO npepei yiaTi ekTOG aTrd TNV UTTAPEN SIATUNTIKWY OUVAUEWYV, EXOUUE
Kal TNV eu@avion TpIAS. H TpIBA epgaviletal, TOoo PETagU TwV Popiwy Tou
PEOVTOG UYPOU, 600 Kal HETAEU TOU UYPOU KAl TWV TOIXWUATWY TOU XWPEOU,
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 KIVOUVTQI
avedpTnTa 10 éva a1rd TO GAAO Kal OUyKpouovTal JETAEU TOUG, XAVOVTOG
£TO1 EVEPYEIQ O€ QUTEG TIG KPOUODEIG.

AUTA n TPIRA €ival XapakTnEIOTIKA 1I810TNTA yia KABE Eva uypod Kal OVOud-
CeTan 1IE6TNG 1 eoWTEPIKN TPIRRA. TO TTOCOTIKO PETPO QUTAG TG 1810TNTAG,
gival 1o 1IEWdES" 1] oUVTEAEOTAG ECWTEPIKAG TPIRNAG. Ta TTaxUppeUCTa
uypd €xouv peYAAO IEWOEG, VWD TA TTEPICOOTEPO PEUOTA, OTTWG TO VEPO,
EXOUV UIKPO IEWDOEG.

16.2 OI TPOINOI KINHZHZ TON YTPQN

O1wg eimape, Ta HOPIa TWV UYPWV KIvouvTal aveEdptnTa 1o Eva aTTd TO
GAAo. KaBe poplio, eTropévwg, diaypdgel T OIKr) TOU TPOXId, e Tn OIKrA TOu
TayxutnTta. H TpoxId Tou popiou gival yia ypauur], o€ KABe onueio Tng otroiag
n epatTopévn TNG divel Tn dieUBuvaon TNG TaxUTnTag Tou Popiou autou. MNa
va £XOUME TNV EIKOVA £VOG TTEDIOU PONG, Ba TTPETTEN va yVWPICOUUE Kail TNV
KQTaVOUN TwV TaXUTATWY, YIa KABE XPOVIKA OTIYHI, OTO XWPO autoUu Tou
Trediou. MNa 10 oKOTTO AUTS, APOU TTPWTA OPICOUNE éva cUCTNHA avaQo-
PAgG, T.X. £€va TpIoopBoywvIo cUoTNPa agdvwy: uttoAoyifoupe,AoiTtdv, yia
KGBe onueio Tou Trediou porg A (X, W, ¢) Kal yia KABe XPOoVIKr) oTiyun t, TO
Aavuapa Tng TaxutnTag U(u, v, w). EXovTag Ta GToIXEIa aQuTa N €IKOVA TOU
mrediou pong diveTal:

a) Até Tn ypappn Kivnong: O1 ypauuég Kivnong gival KAPTTUAEG, o€ KABE
OnuEio Twv OTToIWV N EQATITOEVN £XEI TN BIEUBUVON TNG TaxUTNTAG HO-
piou, TTou aTn edopévn XPOVIKA GTIYUN BpiokeTal oTo UTTOWN onpeio. Ol
YPAMMEG Kivnong &€V GUUTTITITOUV, OTN YEVIKA TTEPITTITWON, UE TIG TPOXIEG
TWV Popiwv Tou uypou. AuTo cuufaivel yiaTi ol ypauuEéS Kivnong Kai ol
TPOXIEG BEV apopoUV GTO AUTO POPIO TOU UypoU.

* 70 1§WOEG opileTal WG €ENG:

Av n TAGka (1) €xel euBadov A, kai uTTo Tnv €TTidpaon TNG duvaung F, Kiveital ye TaxdtnTa
U4 = U, mavw o€ éva oTpwpa uypol TTaxoug S, evw n TTAdka (2) £xel Taxutnta U, = 0, TéTE,
N-s

m?2

1oxUel F = y-A-U/S, étmou p 10 1IEWdEG Tou uypou. H povada Tou p givai: 1
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B) ATTO TIG ETTIQAVEIEG OTABEPAG TAXUTNTAG, OTTO TIG OTTOIEG PAIVETOI TO PETPO
TWV TaXUTATWV. ATTO Ta TTaPaTTévw, TTPOKUTITOUV 01 €EAG TTEPITITWOEIG:

1) H taxuTnTa gival ave¢dptnTn atmo 1o Xpovo Kail atrd Tn 6€on, dnAadn
eival oTaBepn kai n idia Tavtou péoa GTo XWPO Tou TTediou pong. ToTe,
£XOUNE TNV OJOIOGMOP®N HOVIIN POR, OTTOU O YPAUMES Kivnong Kal Ol
TPOXIEG TWV HOPIWV TOU UYPOU CUMTTITITOUV, €ival euBegieg TTapAAANAES
Kal, IO TNV ETTOTITIKI TTapAoTaON Tou TTediou, Ioatréxouoeg (o). 16.
2. a) Kal ol ETmIPAvEIEG OTABEPAG TAXUTNTAG, Eival ETTITTESO KABETO
OTIG TPOXIEG.

IxApa 16.2.a

2) H taxutnTa ival aveEdptntn ammd 10 XpOvo aAAd gival ouvdptnon
NG 6€0onG: dnNAadn, diagEpel atmd B€on o€ BEan, aAAG o€ KABe Béan
TTapapével aTaBepr. TOTE, £XOUE TNV avouoIoop®n HOVIMN PON
Kal €dW Ol YPANWPES KivNoNg CUUTTITITOUV WE TIG TPOXIEG TWV HOpiwy,
€ival KAPTTUAEG Kal OxI, KaT avAaykn, TTApAAANAEG YETALU Toug (OX.
16.2.B) kai o1 emmpAvelEg OTABEPAS TaXUTNTOG, ival 0pOOYWVIES TTPOG
TIG YPAMMEG QUTEG.

IxAua 16.2.8 Avouoiéuopen uéviun pon

3) H TaxuTtnta €ival ouvapTtnon Kai Tou xpovou Kal Tng 8éong. ToTe,
€XOUME TN YN MOVIKN PON, EVW Ol YPOUUEG Kivong eV CUNTTITITOUV
ME TN XPOVI& TWV POopPiwV Kal gival akavovioTes. Ekei TTou n taxutnTta
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eival aveEdpTnTn TOU XPOVOU, N Kivnon Twv hJopiwy YiveTal Je TAgN Kai
EXOUUE TN AeyOpevn “OTPWTA PONR”. ZTNV TTEPITITWAON AUTH, O YPAMMES
Kivnong Kai ol TPOXIEG TWV PJOPIWV CUUTTITITOUV Kal TOTE oOvouAadovTal

“PEUMATIKEG YPOMMEG”. 2TN un Yoviun por, dnuioupyouvTal OTPO-
BiAiopoi, €€ aitiag, BERaI, TNG EOCWTEPIKAG TPIBAG KAl TOTE £XOULE TN
Aeyouevn “oTpofiAwdn pon”.

IxAua 16.2.y Mn udviun pon

2TPWTH POr| €XOUME O€ XAPNAEG TaXUTNTEG, EVW OE NEYOAUTEPEG TaXU-
TNTEG, N pon yiveTal GTPOoRIAWDNG.

O Osborne Reynolds pag mmapéxel éva eUTTEIPIKO TUTTO PE TOV OTTOIO
MTTOPOUNE va UTTOAOYICOUE, TTOTE Hia POr YETATTITITEI ATTO OTPWTH ,0¢€
oTPORBIAWON.

O TUTTOG €ivart:

Re=p-v-d/p (16.2.a)

oTTOoU:

Re = 0 apiBuodg Tou Reynolds (adidotaTtog aplBuog)

P = n TTUKVOTNTa TOU UypoU (o€ kp/m3)

V = n oTiydigia Taxutnta pong (o€ m/s)

d = n dIGUETPOG TOU aywyou pong (o€ m)

J = T0 1EWAEC Tou UypoU oe N - s/ m?2

‘ETo01,

yia Rg <2000 éxoupe oTpwTn pon,

yia Rg > 2800 £xoupe aTpofiAwdn pon,

yIa TINEG Tou Rg peTagu 2000 kai 2800, n katdoToaon €ival aoapng.
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16.3 TEAEIA "H IAANIKA YI'PA

Emeidn ta mpofAfuara Tou TTapouaidlovTal 6T pon €ival TTOAUTTAOKA, YIa
VO TA AVTIMETWTTIOOUNE, O€ Jia TTPWTN TTPOCEYYIOT, BewpoUE OTI Ta uypd
Oev £Xouv e0WTEPIKN TPIPRN, dnAadn IoxUel yia To 1EWdeg Toug W = 0. AuTd
Ta QavTooTIKA UYPd, Ta ovoualoupe TEAEIA 1) 1IBAVIKA UypPd.

ZUVETTEIO QUTAG TNG UTTOBEONG gival, 6Tl o1 poveg duvaTéG TAOEIG, €ival
01 0pBEG BAITTTIKEG TAOEIG, OTTWG CUUPBaiVEl KOl OTA npePoUvTa uypd. TETola
uypa dev uttdpyouv, BERaia, atn euon. Ouwg o€ uypd Pe PIKPO IEWOEG,
OTTWG TO VEPO, €ival duvaTr N WEAETN TNG KivNONG TOUG, e TTOAU KaAR TTpo-
ogyylon. Ze £va TEAEI0 uypo, N pon gival TTavToTe OTPWTH. Av Bewprooupe
£Va OTOIXEIWDOEG TUNRUA ETTIQPAvVEING A, y€oa o€ €va TTedio porg 1Idavikou
peuaTou, (oX. 16.3a) ka1 atrd KABE onuEio TOu TTEPIYPAUMUATOS PEPOUNE TNV
QVTIOTOIXN PEUMATIKN YPAUMN, EXOUUE, TOTE, Uia @AERA PONG.

IyxApa 16.3.a PAEBa pong

Etre1dn o1 TaxutnTeEG TWV POPiWV TOu Uypou Eival EQATTITOPEVES TWV
PEUNATIKWY YPAUMWY, UYypO oUTE €I0pEel OUTE €EEPXETAI ATTO TN GAERQ.
AnAadn, To peuaTo péel pEaa aTn GAERQ, wg €av auTA ATav £€vag CwWARVaG.
Ovopddloupe “mrapoxn” TG @AEBag, Tov 6yko U Tou uypou TTou Trepva atrd
Mia diatopn TNG @AEBaG, dia Tou XpOvou t, TTou XPEIACTNKE yia Tn diEAeuan
auToU Tou OYKou, 1 he GAAa Adyia TTapoxn TN PAEBAG gival, 0 GyKOg Tou
uypou TTou TTEPVA aTrd pia diatoun, oTn SIGPKEIA TNG JovAdaG Tou XpAvou.
Av Q ,n TTapoxr, TOTE:

U
Q=— o0g — (16.30a)

Emeidr Bewpnoaue 1o uypo 1Idaviko, TOTE, Ba gival Kal aCUUTTIEDTO, OTTO-
Te (OX. 16.3.0) atmo 1n diatopn A TG 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 TeEAEuTaia QUTH OXEON £XOUE:
v=Q/A (16.3y)

(n TaxutnTa v ovouddeTal kKal uEon TaxuTnTa 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 TTAPAKATW
duo vopor:
O véuog TnG ouvéxelag Kal o vouog Tou Bernoulli.

a. O vOOG TNG OUVEXEING

H d1aTUTTWOoT) TOU €XEl WG EENG:

“H mrapoxn piag @AéBag eival oTabepn,
yia otroladATroTe diaToun auTig”

O1wg itrape oTnV TTPOoNYOUNEVN TTAPAYPAPO YIa Wia Sl0TOMNA TNG QAE-
Bag 1oxuer:

Q=A-v (oxéon 16.3.6)

Etreidn 1o uypod Bewpeital 18avIKO, Gpa Kal ACUPTTIECTO, 600G OYKOG
TTEPVA aTTO pia SlaTor O€ KGTToI0 XPOVO t, Ba TTPETTEN va TTEPATEI OTOV AUTO
XPOVO 0 id10G OYKOG Kail aTT0 TIG AAANES BIOTOUES: dpa, PETAEU BUO BIATOUWYV
A4 Kal Ay e TaxUuTnTa V4 KAl Vo, QVTIOTOIXA, Ba TTPETTEI vV IOXUEL

Avi=Ayv, (1636)

ATTO TN ox€0n auTh TToU EKQPACEl TO VOUO TNG OUVEXEIOG, EXOUE TO OU-
MTTEPOAOUA, OTI O€ YIKPR SlaTounA TNG GAEBAG, QVTIOTOIXE HEYAAN TaxUTNTO
Kal avTioTpo@a. ETTiong, ekei TTou n TaxUuTnTa €ival peyaAn £XoUpe Kal JIKPA
Trieon, evw, 0TToU N TaxUTNTA €ival WIKPA, N TTieon gival peydAn. H mapa-
THPENON auTr Io0XUEl, Je TTOAU JEYAAN TTPOCEyyIoN, KAl VIO TA TTPAYMATIKA
UYPA TTOU £XOUV PIKPO IEWDES, OTTWG TO VEPO.
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B. O vépog Tou Bernoulli

210 uypd’, €ite auTtd ival kKivouueva (v£0), €ite o€ npeyia (v=0), utrdpxel
atmmobnkeupévn evépyela. H evépyeia auTr gival TpIwv €10wWV:

i. AuvapIKn evépyela

H evépyeia autry opeileTal otn BEon
ToU uypou. ‘Eotw pada uypou m (o€
kg), TTou BpiokeTal o€ éva UWog z (o€
m) ato pia otéddun avagopdg, (OX.
16. 4. a). Tote, N DUVAUIKA EVEPYEIQ
eEKQPACeTal atrd TN OXEoN:

Esyy = Mgz (16.4.0) IxAMa 16.4.a Auvauikr eVEDYEIX UyPOU

21n oxéon autr], n duvauikn evépyela divetal oe Nm 1y Joule. ToAAEG
POPEG EKPPAlouE TNV eVEPYEIQ, avd povada padlag i povada Bapoug Tou
UypoU, OTTOTE €XOUUE AVTIOTOIXEG EKPPAOEIG

Avd povada padng: Esow=9 2z oe J/kg

Avd povada Bdpoud: Esw=2 oem

ii. Kivnrikn evépyeia

Madca M ( o€ kg) uypou, KiveiTal ge
Taxutnta u = 0 (oe m/s) ( ox. 16.4.8).
ToTE N Kivoupevn Pala €xel KIVNTIKA
EVEPYEID TTOU EKPPALETaI TTO TN OXEON:

Eq="%m-v2 (16.4.8).

2tn oxéon 16.4.3, n KIvnTIKr evépyela
oivetar oe Nm r Joule. AvrigToixa, ol
EKQPAOTEIG TNG KIVNTIKNG EVEPYEIQG, ava
povada padng i BAPOUG Twv Uypwv, Eival:

xAua 16.4.8 Kivnrikn evepyeia uypou

* Z& Tapa TTOAAEG KAl CORBAPEG TTPAKTIKEG EQAPHOYES TO UYPO Eival TO VEPO.
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Avd povada palng: Eqy=V2/2 i’kg

Avd povada Bapoug: E.v = V229 m

iii. MeloueTpIkn evépyeia

Av 10 pavopueTpo deixvel uyog h,
o€ éva CWAAVA, TToU ToV dIappEel
uypo, TOTE N EVEPYEID TOU UYpoU
TTOU QVTIOTOIXEI O’ QUTAV TNV TTiEDN
ka1 o€ TToootnTa M (o€ kg), €ivai:

Exv = Mgh (16.4y)
5N oxéon 16.4.y, n TE(OLETPIKT xAua 16.4.y [MeloucTpikn evépyeia uypou
evépyela divetal oe Nm ) Joule.

Etreidni n mieon p Tou uypou, gival p = p-g-h &meTal 611 p/p = gh Kai dpa
n 16.4.y yivetai Eqee= M p/p (16.4.5)

avTtioToIxa &€ o1 EKPPACEIS TNG TTIECOUETPIKAG EVEPYEING, avd povada
Madng i Bapoug uypou cival:

Ava povada padng: Emez=p/p oe Jkg

Avd povdada Bapoug: Emez=p/w 0e m

To aBpoicua TNG SUVAUIKAG EVEPYEIOG, TNG KIVATIKAG EVEPYEING KOl
NG MIE{OMETPIKNAG EVEPYEIAG, OVOUAleTal “OAIKN EVEPYEIQ™ TNG DOCUEVNG
TT0oOTNTAG TOU UYPOU.

H 1rpdtaon tou Bernoulli diatuttwveTal wg €EAG:

“H oAIkn evépyela, SoOpEVNG TTOOOTNTAG
uypou, Trapapével otadepd, kad’ 6Ao 1o pi-
KOG TNG PAEBOG”.

MapdAo TTou n TTpdTACN QUTH, N otToia diatuTtwOnke atmd Tov Daniel
Bernoulli To 1783, avag@épeTal oTn géviun pon Twv IBAVIKWY UYPWY, EVTOU-
TOIG XPNOIMEUEL YIO TNV EPUNVEIQ, TTOAWVY QaIvopévwy TNG YOPAUAIKAG,
agou BERaia, AneBouv uttéwn, S10pOWTIKOI CUVTEAECTEG, KATA TTEPITITWAN.

Etouévwg:
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Eor = Esuv + Exv + Emeg = 0T08€p0

Kal AapBdavovtag uttéown Tig oxéoelg 16.4.a, 16.4.3, 16.4.y

£€XOUME Eon=Mgz + %2 M - v2 + M p/p = 0100ep0 (16.4.9)
Kal avTioToixa

Avd povada padng zg + v3/ 2 + p/p = o10BePS (16.4.¢)
Avd povada Bdapoug  z + v/ 2g + p/w = oTaBepd (16.4.07)

ATTO TV TeAEUTaIQ QUTH OXEOT, MTTOPOUE Va €XOUUE Kal YPAPIKN] TTapd-
otaon Tou Népou Tou Bernoulli Kail TIG CUPUETOXEG TwV ETTT HEPOUG OpWV,
0710 O0TABEPO GUVOAO, KATA TIG METAPBOAEG TNG ponG 0Tn GAERa (o). 16.4.0).

ZxAua 16.4.5 Or uetaBoAES TwV LYWV TTOU QVTIGTOIXOUV OTIC ETTI UEPOUS EVEPYEIES KAl N
OUUMETOXH TOUS OTNV OAIKN EVEPYEIQ, KATA TN UOVIUN porj 1davikou uypou
kai n medoueTpikn ypauun (Néuog Bernoulli)

H ypauun TToU EVWVEL TIG KOPUPES TV UYPWV Z Kal p/w, dnAadr] auTh
TTOU QVTIOTOIXEI OTN OUVOUIKK Kal TTIECOUETPIKN EVEPYEIA, OVOUALETAI “TTI-
€COUETPIKA YPAPUA”. H KAion auTAg TNG YPAUMNAG, Yag OivVel TIG HETAPBOAEG
NG TaxUTNTAG PONG.
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16.5 POH YI'PQN ZE ZOAHNEZ

210 OoXfMa 16.5.a, BAETTOUNE TNV KATAVOURA TWV TAXUTATWY O€ NOVIPN pon
uypoU Kal TTIO GUYKEKPIYEVA:

IxAua 16.5.a Karavour taxutitwy uypou, uéoa o owAnva a) idavikou uypou f3)
mpayuaTikou uypou

(a) oTnv TTEPiTITWON Pong 1IdavikoU uypou
(B) oTnVv TTePITITWLON PONAG TTPAYHATIKOU UYPOU.

2T0 TTPAYMATIKO UYPO, QUTA N KaTavoun, ival TTapafoAIKr, EVvw aTO
10aviko, gival otaBepry. Autr n dla@opd PETalU TTPayUaTIKOU Kail 1I6avikou
uypouU, o@eiAeTal aTNV UTTOBECN TTOU KAVOUUE OTI Ta 1I0AVIKG Uypd deV £XOUV
eowTePIKN TPIRN. AexouaaoTe, dnAadn, 6T yia Ta 1Idavika uypd, I0XUEl yia TO
1EWoeg u=0. Z1a TTPayuaTIKG uypa 6TToU €ival u=0, £xoupe TNV TTAPABOAIKA
KOATATOMN KaI ATTWAEIEG, TOGO KATA TN HOVIUn porj, 600 Kal oTn un Moviun
TNV TUPPWON, KAt TNV OTTOIa, Ol ATTWAEIEG Eival TTEPICOOTEPEG.
2UVETTEIO QUTWV TTOU EITTAPE TTAPATTAVW, €ival OTI, YIa va £QapuocBei n
eCiowan Tou Bernoulli (oxéan 16.4.0T) Kal avTioTOIXO OI GAAEG EKPPATEIG TOUG
oTa TTpayuaTikd uypd, Ba TTpETTel va TpoTToTToinBei, £701 WOoTE, va AngBouv
uTTOWn Kai ol attwAeles. H e€iowaon Tou Bernoulli, Aoitrév, yia pon Tpayua-
TIKOU uypoU p€oa o€ éva owAiva PeTagu duo diatouwy (1) kai (2) Ba yiver:
Vrznl Py Vr2n2 P,
z,ta,—+-—~==2z,+a, —+-"=+2Zh (16.5.0)
20 w 2g w
2€ QUTH TNV TTEPITITWON TO oXNUa 16.40 yiveTal 6TTwg deixvel To oxRua
16.5.3. Otrou vy, €ival n avtioToixn, k&GO diatopng, yéon TaxuTNTa KAl
adIG0TATOG OUVTEAEOTAG EEAPTOUEVOG ATTO TA OTOIXEIO TG POAG YIa TNV
TTEPITITWON TNG KN MOVIUNG PpONG, Zh €ival To GUVOAO TwV ATTWAEIWY AOYyw
TPIBWV. ATT6 60a Aiya €iTTaue, yia TNV e@appoyn Tou vouou Bernoulli, ota
1I0aVIKG Kal OTa TTPAYUATIKG uypd, KaTagaivetal n agia tng HeAETNG Bew-
PNTIKWYV 10AVIKWY KOTAOTACEWY Kal TIWG atrd Ta TTopiopaTa TNG Bewpiag
METAQEPOPOATE OTNV TTPAEN.
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ZxAua 16.5.8 O véuog rou Bernoulli o€ mpayuarika uypd

EKTOG atmo TIG OTTWAEIEG TWV TTPAYUATIKWY UYpWYV, £EaITiag Tou 1EWo0UG,
£XOUME Kal aTTWAEIEG, Adyw TwV “euTTodiwy” TTOoU TO UYPO cuvavTd Katd Tn
por] Tou yéoa oTo cwANva. TETola euTrodia gival ol BAVVEG, Ol OTPOYEG, Ol
OUOTOAEG K.ATT. ZT0 oxnpa 16.5y @aivovtal oxnuaTika TéTola EUTTOdIA, TTOU
Ta AEPE “TOTTIKEG AVTIOTACEIG” Kal OTTOU QaiveTal KaBapd, Tl Ol TOTTIKEG
avTioTdoelg dnuioupyolv TTEPICTOTEPOUG OTPORIAICUOUG Kal, ETTOPEVWG,
€ival QUOIKO VA £XOUE TTEPICOOTEPES ATTWAEIEG.

TxAupa 16.5.y Tommikés avrioTdoeig

2710 oxnua 16.5.y(a) pe dUO PavouETPa, Eva TTPIV Kal VA JETA aTTO TNV
TOTTIKF) AQVTiIOTOON, QAIVETAI KOI TTEIPANATIKA N ATTWAEIQ TNG EVEPYEIAG. ATTO-
oeikvueTal dnAadn OTI 01 “TOTTIKEG AvTIOTACEIS” BivOuv TITWAON TNG EVEPYEIAG,
avAaAoyn TTPOG To TETPAYWVO TNG HEONG TaXUTNTAG PONGS V. Eival dnAadn,
h=¢. — (16.5.8)

29

f yia TV TITWOonN NG Teong
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2
p=hw=C-[ij-w (16.5.y)
29

O ouvteAeoTAG ¢, (CuvTeEAEOTAG aTTWAEIWY), e€apTdTal aTrd Tn OIGUETPO
TOU OWANVa, T €id0g Tou CWARVA (G1I0EPEVIOG, XAAKIVOG, TTAOCTIKOG K.A.TT.)
Kal atro TO €i00G TNG TOTTIKAG avTioTaong (Bavva, dIakoTITNG, Ywvia K.A.1T.)
O1 Tipég Twv ouvTeAeoTwy ¢ divovtal atod TTiVAKEG, TTOU GUVTACCOUV Ol
KATAOKEUAOTEG QUTWV TWV €1I0WV. H TTIECOUETPIKA YPauun, EEAANOU, OTIG
B£0¢€IG TWV TOTTIKWY AVTIOTACEWY, TTAPOUCIACEl AOUVEXEIQ.

16.6 OEQPHMA TOY TORRICELLI

‘EoTw, o€ £va BaBog h atrd Tnv eAeUBepn
EMPAVEIQ EVOG TAOUIEUTAPA VEPOU (OX.
16.6.a), pia cwAfRva ekpong.

Me tnv TTpolTéBeon o1 TO BABOG h
TTapauével oTaBepo, epapudloupe TNV
eCiowan tou Bernoulli. MeTagu Tng eAeU-
Bepng emeaveiag B, Tou Tapieuthpa Kal
TOU OTOMIoU eKpONAG A, Ba éxoupe atmo
™ oxéon 14. 4. ot

2 2 ZxAua 16.6.a Kivnan uypou Abyw tng
7+ V78 + ij =7 4 VfA + piA emidpaong tng Bapurnrag (Bswpnua
B 29w 29w Torricelli)

AMAG givar: Py = Pg =Pgim (N OTUOC@AIPIKA TTiEDGN), EVW

n TaxUuTnTa pong, Vg, TNV ETTIPAVEIX TOU TAPIEUTHPA, AQOU OEV UEIWVETAI
10 Bd60¢ h, Ba gival vg = 0. MNa Ta UYPOUETPA, EXOUUE :

zp = 0 ka1 zg = h dpa, n 16.6.a yiverai:
2
h+_ atm :V7A+Patm
w 29 w
. 2
n h=v, /Zg

A V, =42gh (16.6.8)
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H mapamdvw autr) oxéon ekppddel Tnv apxn A 1o Bswpnua Tou Torricelli,
TTOU SIATUTTWVETAI WG EENG:

“Yypo 1rou péel, €§ aitiag TG BapuTnTag KAl HOvo,
atrd d1£§odo Tou BpiokeTal o€ opiopévo BdaBog atrd
TNV eAeUBepN emiQAvEIQ, Ba £xEl TaOXUTNTO EKPONG ioN
TIPOG EKEIVN TTOU B0 ATTOKTOUOE, EAV ETTEQPTE EAEUOEPQ
a1ré 10 UYOGS TNG EAEUBEPNG eTIQAVEING MEXPI TN BEon
NG €Kpong”.

TNV TTPAgN, AOyw Twv aTTWAEIWY, TTEPI TWV OTTOIWY EXOUUE KAVEl AOYO,
n TaxuTnTa gival JIKpATEPN, avaAoya e Tn JOP@r TOU OTOUIOU EKPONG, Kal

o TUTT0G 16. 6. B, yiverau:
ua=C, /2gh

(0x.16.6.y) ye 10 ouvteAeoTn C,, va €xel TINES 0,95 €wg 0,99. Oa TrpéTrel,
aKOWUN, va ava@Epoupe 0w, OTI N POK TOU TTPAYHATIKOU UypOoU TTOU EKPEEI
atTd TO OTOUIO £XEI DIATOWPN MIKPOTEPN ATTO TN SIATOMI TOU CWANVA EKPONG
Kal, €101, n dlatopn TNG PAERAG, av S n diaToun Tou CwARva, givai
C¢'S, pe Cc.<1. Omodre, evwo n BewpnTIKN TTAPOXN €ival:

Qe =S 4/2gh
n TTPAYMATIKA Ba givai:

Qn = CyC,S 2gh (16.6.5)

O©¢toupe C,-C. = Cy4 (ouvteAeoTtAg TTapoxns). O1 Tipég Tou Cq yia TIG TTIO
ouvnBIoUEVEG OTTEG, gival QUTEG TTOU aivovTal 0To oxua 16.6.3

xAua 16.6.B Or iuég rou ouvreAeorn Cd, avdAoya pe 10 OTOLIO EKPONC.
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16.7 POH YTPQN IrYyPQ Ao rEQMETPIKA ZXHMATA

ETreidn oTig udpaulIKEG KATAOKEUEG Jag xpnalpoTroloupe didgpopa eEapThuaTa
yIa va KaTteuBUVOUE Tn pOr TWV UYPWYV, TTAPOUCIAel JEYGAO evDIapEPOV
n MEAETN TNG PONAG OXI OVOV PECA OTOUG aywyoug aAAd kal yUpw atrd
d1d@opa cwuarta. Ta TTPoBARPATA TTOU TTAPOUCIAOVTaI O€ TETOIEG MEAETEG
gival TToAUTTAOKa. Oa TrepIypdyoupe, 6w, OUO YOVO ATTAEG TTEPITITWOEIG.

a) Pon uypoU yupw a1ré TTAdKa KA0eTn oTn d1elbuvon pong

Omwg éxoupe TTapaTNPEOE OTN TTAPAYPA-
@0 16.2, Tnv eIkdva TNG PO o€ éva TTedio
pONG TNV divouv Ol PEUNATIKEG YPOUUES. H
EIKOVA TWV PEUPATIKWY YPAPHWY PorS 1davI-
KOU uypoU yUpw atrod TTAGKA TOTTOBETNHEVN
K&BeTa oTn 81EUBUVON PONG, €ival auTr Tou  ZXfipa 16.7.a Porj idavikod uypou
oxiyaros 16.7 e
H pop®n TwV PEUPOTIKWY YPOUUWY oG
Oeixvel 0TI oTa AKpa TNG TTAAKAG XOUME JEYAAN TaxUTnTA, EVW OTO ONUEIO
A ( 010 KEVTPO TNG TTAGKAG) £Xoupe TaxUTNTa puNdEv. To onueio autd 1o
ovoudadoupe “onueio avakoTrig”.
Ag Bewpriooue pia aToIXeIwdn AERA TTOU TTEPVA TTOAU KOVTA aTTd TO
onpeio avakotmg A. H e€icwaon tou Bernoulli petagu tng 6€ong A kai piag
TTOAU pakpUTEPNG Yia TN GAERA TTOU UTTOBECAE YPAPETAI:

2
P, vi Py Va
+ = + -2

w 2g_w 29

aANavp=0
, u? U’
Gpa Py, =P+ =P, =P, +

29 2

OTTOU p N TTUKVOTNTA TOU UypOoU.

AT auTth TN oxéon, yivetal katavonTo, 0TI N TTiEGN OTO GNUEIO AVAKOTTAG
AapBdver TN HEYaAUTEPN TIKMA TNG.

AOYW TNG CUMMETPIOG TNG PONG, N idIa IKOvVa gival Kal atrd TNV AAAN
TTAeUpd TNG TTAAKAG. Apa, auTtr N TTAAKA, péoa o€ por 1Idavikou uypou, dev
TTapouaiadel avTioTaon.

Av o€ €va poviyo edio pong, Paloupe Eva owANvVa PE TO OTOPIO KABETO
aTn pon (0x.16.7.68), Ba oxnuaTioTei OTO ONnuEio €1I06dou A, £va anueio
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QVOKOTTAG Kal, ETTOPEVWG, OTO
onueio auTo, n Trieon Ba eival
ion pe To dBpoIcua TNG OTATIKAG
Kal TN QUVAIKA TTiEan.
H eikdva Tng porig yupw atré
eTTiTTedn TAGKA KABETN OTN PON  syfpa 16.7.B Epgdvion onueiou avakorhic oTo
€ TTPAYHATIKO UypO, dlagépel  OTOUIO OwAnva
atrod TN BewPNTIKN €EIKOVA TTOU
gidape ato oxnua (16.7.a)

ZxAua 16.7.y Pon yupw amd mAdka, mpayuarikou uypou

270 0x.16.7.y, TWPA, £XOUME POr TTPAYUATIKOU uypou, n oTroia OTO
EUTTPOCOIO PEPOG TNG Eival axedOV OpoIa PE TN pon 1Idavikou uypoul. 210
oW PEPOG, OUWG £xoupe Tn dnuioupyia oTpoBiAwy, dev UTTAPXEI, £DW,
OnMEIo avakoTTAG, Kal avTiOeTa atrd Tn TEPITITWON Tou 18avIKoU uypou,
TTAPOUCIAETAl EYAAN QVTIOTOON OTN POI TOU UypPoU.

B) Por uypoU yupw amé caipa

H por} 1davikou uypou yupw a1td o@aipa, gival avadloyn Pe auTr TNG
TTAAKOG (0. 16.7.0.)

IxAua 16.7.8 Pon i1davikou uypou yupw arrd aeaipa
a) O1 peuparikéS ypaupés B) H karavoun twv méoswyv

Epgavifovtal kai €dw dnAadn Ta onueia avakoTrhg (onueia A kai B),
evw oTa onueia I kar A €xoupe augnon TG TaxUTNTAG KAl QUOIKA, AvTi-
oTpo®a dedopéva yia Tnv Trieon, dnAadn, neyaAuTepn TIPNA TTiEong oTA
onpeia avakotig A kai B, kai pikpotepn ota I kai A. OTrwg cuppaiver Kai
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oTn por Tou 1davikoU uypou yUupw aTrd TNV TTAAKa, £T01 Kal €W N agaipa
dev TTapoucIadel avTioTaon aTn Por.

ZxAua 16.7.€ Pon mpayuarikoU uypouU yupw arré oeaipa
a) O1 peuparikéS ypaupés B) H karavoun twv méoswyv

270 0x.14.7.€, £€XOUlE Tn por] TTpayuaTtikoU uypou yupw aTrdé agaipa,
OTTOU Kal £€8W, OTO UTTPOCTIVO PJEPOG TNG, EXOUE EIKOVA, OTTWG Kal OTn pon
15avikoU uypouU, aAAd oTo TTiow, £XOUpEe OTPORIAOUG ETTOUEVWG KOl £DW
TTAAI, £XOUUE OTTWAEIEG.

16.8 EOAPMOIEZ

O1 epapuoyég Twy TTOPIoPATWY TNG YOPOOUVAUIKAG Kal YEVIKOTEPO TNG
QUVANIKAG TwV PEUCTWYV, gival TTOANEG. ‘Exoupe epapuoyég oTn oxediaon
TTACIWYV, AEPOTTAAVWY YyIa TN PEiwan TNG avTioTaong Tou vepou I TOU agpa,
avrioToixa atn oxediaon SIKTUWY CWANVWOEWY yia UBPEUOCN, ATTOXETEUON
K.A.TT. 0Tn oxediaon peydAwv apdeuTIKWV £Epywv Kal aAAou eTTiong, Ta
TTOPIOPATA TNG £XOUV EQapPOyR Kal ag TTOAAG Opyava Kal epyaAgia, OTTwg
OTOUG WEKAOTAPEG, O€ HETPNTIKA Opyava, K.A.TT. 2Ta €TTOuEvVa, Ba doupe
MEPIKEG ATTAEG EQAPPOYES QUTWYV TWV TTOPICHATWY TNG YOPOSUVAUIKAG

(i) MeTpntric Bevroupi (0X. 16.8.a)

O peTpnTrG BevioUpi xpnoiWoTTOIEiTal yia TN
METPNON TNG TTAPOXNAS UYPOU EvOG CwArva. O
METPNTAG aUTOG gival Evag opIZOVTIOS CWARVAG,
TTOU €XEI YIO OTEVWON HOPPH TUYKAIVOVTOG
- aTTOKAiVvOVTOG aKpo@uaiou. OTTwg £XOUlE
avaAloel kal oTnV TTapdypa@o 16.4, o€ HIKPEG  ox. 16.8.a MeTpnThi¢ Beviolpi
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dlaTopég €xoupe avuénon TnG TaxUTNTAG KAl TITWON TNG TTiEONG, VW O¢€
MEYOAUTEPEG DIaTOPEG, OUMPaivel TO avTiBeTo. MeTpdue TN dlagopd TTieong
METAEU TwV dloTouwY 1 Kal 2, e dUO aTTAA HAVOUETPA 1] HE Eva DIAQOPIKO
TUTTou U. ‘ExovTag, Twpa, Tn diagopd TTieong Kal BewpwvTag ouoIopopen
TNV KATAVOUR TWV TOXUTATWY, YPAPOUNE TNV e§icwan TNG avéXEIag Kal TNV
e€iowan Tou Bernoulli petafu Twv dUo auTtwy diatodwyv. ‘EoTtw, AoITTov, s¢
Kal S, o1 diatopég 1 kal 2. ETreidr) o cwAnvag gival opidovTiog Ta Uyn z Ta
AVTIOTOIXOUVTA OTN OUVAUIKI EVEPYEIQ ATTAAEIQOVTAI, KAl £TO1 £XOUUE TIG
e€lOWOEIC:

Vi S1=vS, } oxéon 16.7.a

V2 V2
p1+1=p2W+2} O'XéO'I'] 16.7.a
w 29 2g

ETmAUovTag TO ouoTnua 14.7.0 wg TTPOG V4 EXOULE:

(14.7.8)

OTTOU 0TO BEUTEPO PEAOG AUTAG TNG I0OTNTAG HAG gival OAa yvwoTd.

H Siagpopd Tieang pq - p2 €xel YetpnBei. O1 dlaTouég s¢ Kal s, TOU Opyavou
eival oTaBepEg Kal TToAaTTAaCIGlovTal E TO W, TTOU €ival TO €18IKO BApog Tou
uypou dapa, EEpoupue TNV TaxUTnTa V4, Kal apa, n {nTouuevn TTapoxn €ivai:

Q=vq- Sy (14.7.y)

MNa Ta TpayuaTika uypd, otnv e€iocwan Tou Bernoulli, Ba TrpéTrel va Ad-
Boupe uTTOWN Pag Kal TIG ATTWAEIEG, OTTOTE N EKPPOCN TNG V4, YiVETOI TTOAU-
TTAOKOTEPN. @ETOVTAG, AoITTOV, (P4 - Ps) /w = AH, n oxéan 14. 7. B yiveTa:

(14.7.5)

(14.7.¢)

Aedopévou dg 6Tl 0 TTAPAYwWV
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Kal Gpa:

Edv, avti 00 atmAwV JavouETPwY XPNOIUOTTOINCOUME Eva DIaPOopIKO
udpapyupIKod, TUTToU U, ToTE N T AH Ba eivai:

WHg -W

AH = Ahx

w

ii. ESagpwrtng (carburettors) (ox. 16.8.3)

H ocuokeur auTr XpnOIUOTTOIEITAI OTIG EJ-
BoAo@dpeg pnxaveS EOWTEPIKAG Kauong, yia
TNV TTAPACKEUN TOU PiyHATOG a€PA - KAUTiuou
TTOU XPEIAZETAI N PNXavr).

H Baoiki apxnA Asitoupyiag Tou e€agpwTn
EXEl WG €ENG: DAEBa aépa diEpXETAI ATTO Eva
owArfva TuTToU BevToupl Kal n TTieor) TNG TTé-
QTEl, oUPQWVa e TNV e€iowan Tou Bernoulli.
H mTwon Tng TTieong TG AERAG oTo Aaiud
Tou BevtoUpi (Siatoun 2), avaykadel To kauoiuo va TTepdaoel yéoa atn pon
TOU 0€pa. ZTOV £€aEPWTA Mag evOIaPEPEl TTOAU N avaAoyia Bapwyv Kauaigou
(Gg) - agpa (Ga).

IyxApa 16.8.8 Eéaspwrnig

‘EoTw, TO YEWMETPIKG OTOIXEIQ TTOU £€aEpoUVTal:

a) D didpetpog Tou Aaiuou Tou Bevtoupl

B) d diGuETPOG TOU CWARVA TTAPOXNS TOU KAUGIoU
V) {q OUVTEAEOTAG OTTWAEIWY TOou BevTtoupl

0) ¢, OUVTEAEDTNG ATTWAEIWY TOU CWARVA TTAPOXNG KAl TOU EKTOLEUTH PO
(QiykAEP) TOU Kauaipou. EpapuodlovTag Tnv egicwan Tou Bernoulli
yIO TO PEUMA TOU aEpa PETAEU TwV dIATOPWY 0-0 Kal 2-2, KaBwg Kal
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METALU Twv diaTopwy 1-1 Kal 2-2, 610 peUA TOU KAUGidou, 6TTou aTrd
KATOOKEUN €ival Z4 = Zo, EXOUUE:

2 2
Latm = p72+ VGZ +<a &
Wy, W, 29 29
2 2
Pam _ P2, Vo2 o Voo
Wy Wy 29 29
ATTO auTéG TIG OUO £€10WOEIG EUKOAD EXOUE:
w ngz(l+c )—W 922(1+§ )
a 29 a g 29 f

Ma v ToooTNTA, TWPEA, KATd BAPOG TOU AEPA KAl TOU KAUGIUOU, £XOUNE
avTioToIxa:

_TrD2

Gy = A Vazwa
1'rd2

G =—V, w

g 4 g29

ATTO TIG OXEOEIG AQUTEG, EUKOAD KATOANYOUUE OTn OXECN TwV Bapwv
Kauaoigou - agpa, TTou ivail:

ZUVETTWG aTTo TN OX£CN AUTH, €ival TTIPOPavEG, 6T puBuilovTag To Adyo
d/D, pytropouUpe va emITUXOUUE TNV TTIBUPNTA avaAoyia aEpa - Kauaipou.

iii. Yekaornpag (ox. 16.6.y)

O yekaaTpag atroTeAgiTal ammd £va auykAivov akpo@Ualo, To A, Kal
€va atrokAivov, 1o [, TormoBeTnuévo o€ Ji-
Kpn atréoTaon a1rd 10 A, HECQ O€ £va XWPOo
avappoenaong B. H algnon tng TaxutnTag Tou
PEUPOTOG TTOU £CEPXETAI OTTO TO GUYKAIVOV
aKPOPUOIO0, £XEI WG OUVETTEID TNV TITWON TNG
TTieoNG, T000 OTO £EEPXOUEVO PEUA ,000 Kal
aTtov TrepIBAAAovTa Xwpo avapdéenaong B,
Kal JAAIOTa N TTITWAON AUTH €ival oNUAvTIKA. IxApa 16.8.y Wekaoripag
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270 aTTOKAiVOV aKpo@UGCIO0, TWPEA, N TaXUTNTA YEIWVETAI KAl KOT akoAoubBia
au&avertal n Trieon péxpl TNV €000 Tou PEUPATOG GTNV OTUOCQPAIPA, OTTOTE,
QUOIKA, N TTiEon yiveTal ion Pe TNV aTgoo@aipikr. MeTa aTr’ autd TTou ava-
PEPAUE TTAPATTAVW, YivETal PavePd, OTI N TTiECT OTO XWPO avapdenong B,
gival JIKpOTEPN ATTO TNV ATUHOCPAIPIKY, £XOUHE dNAadA éva Kevo. AQouU GTo
Xwpo B utrdpxel kevo, To uypod TTou gival oTo doxeio A, utrd Tieon 1 atm,
Ba avéBel atrd Tov cwAnva E oto xwpo B. Ekei Ba avauixBei pe 10 petua
TOU aépa aTTd TO GUYKAIVOV akpo@UaIo Kal aKOAOUBWVTAG TNV TTopEia dia
METOU TOU aTTOKAIVOVTOG aKkpo@uaiou, Ba Byel oTnv atudéo@aipa. ATTo To
OUYKAIVOV aKpo@UOI0 €XOUlE Jia TToooTnTa aépa Q4, aTrd T0 doxeio A pia
TT006TNTA UYPWV Q5 dpa, o wekaoTpag Ba Byddlel yia TToooTNTA AEPa ion
ME Qq 4+ Qo.

iv Tayuuerpo Pitot

O owAnvag Pitot (0x.16.8.8) xpnoipotrol-
giTal yia Tn p€Tpnon pong evog uypou. ‘EoTw,
€va uypo TToU pEel o€ avolXTO KavaAl, he pia
TayxutnTa U. Av BdAoupe Eva Kekapuévo CwAnRva
OTTWG QaiveTal oTo oxnua 16.8.9, To uypo, €€
QiTIag TNG KIVNTIKNAG EVEPYEIAS Tou, Ba onkwaoel  ZXAua 16.8.8 ZwArvag Pitot
MECQ O0TO KABETO OKEAOG TOU WA VA, Kal TTAVW
ato TNV eAeUBepn €MIQAvEIQ TOU UYPOU, HIa OTAAN uypoU pe UYOG, i0o pE
QuTO TTOU QVTIOTOIXE OTNV KIVNTIKN evépyela Uo/2g. ATTO TO HETPOUUEVO
UYog, TTPOKUTITEI Kal N ¢nToupevn TaxuTtnTta. To TaxupeTpo Pitot (ox. 14.8.€)
XPNOIKOTIOIEITAI YIa TOV UTTOAOYIOHO TNG TaxUTNTAG TWV AEPOTTAAVWY, UTTO-
AoylouOG o oTroiog aTnpileTal otV idia apxn, M€ auTr Tou CwArva Pitot. 210
oxnua 16.8.¢, TapouaiadeTal, oxnMaTIKE, éva TaxUueTpo Pitot. ©Ocwpouue
Mia oToIXEILBN GAEBA TTOU PEEI KATA PAKOG TNG KEVTPIKAG YPaUUARG AA”™ Tou
opyavou. Maipvoupe dUO dIOTOUES
oTtn QAEBa auTr, Tn dIOTOWN 0-0, ap-
KETA PaKpud, WOTE N poNn va eival
adlatdpakTn, kal Tn diatoun 1-1, o€
ETTAQNA Pe 10 6pyavo. H taxutnta 010
onueio A gival undév, yiati auto 1o IxApa 16.8.€ Tayduerpo Pitot
onueio ival onueio avakoTAg ( TTap.
14.7 ox. 14.7.8). H e€iowaon Tou Bernoulli yia TN @AERa TTOU Bewproape,
METAEU Twv diatopwy 1-1 Kal 0-0, ypdgeTal:
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OTTOU P N TTUKVOTNTA TOU A€PA, KAl ETTEION Po=Pgo EXOUME TEAIKA TIUA YIO
TNV TaXUTATA
2
Vo= 5 (pl -Py )

V. Quoikda Paivopeva

MoAAG QUOIKG @aIvopEeva, EUKOAA €nyouvTal atrd TOUG VOUOUG TNG OU-
véxelag kal Tou Bernoulli. H katavénon Twv @aivopévwy autwy Jag Bondd
yIa TNV ATTOQUYH ATUXNHATWV.

U NMAPAAEIrMATA

Ortav duo mAoia KivouvTal TTapdAANAa Kal OXETIKA KOVTA TO €va 0TO AAAO,
OnuIoupyouv PETalU TOug £va peUa PONG OTEVOTEPO ATTO TO XWPEO 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
£XOVTAG ATTO TNV EEWTEPIKN TTAEUPA TOUG TN YEYAAUTEPN TTiEGN p4 KAI GTO
eVOIAUETO XWPEO TNV MIKPATEPN Py, TEIVOUV VO GUYKPOUGBoUV.

ZyApa 16.8.¢ Kivouvog auykpouong mAoiwv
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Z
z 2YNTOMH NEPIAHWYH AEKATOY EKTOY KE®AAAIOY
Z

Medio pong, AéyeTal, XWPOG JETT GTOV OTT0I0 PEOUV TA UYPA.

To 1Tedio ponig TTEpIypd@eTal aTTO TIG YPOUMES Kivnong Kal
TIG TPOXIEG TWV HOPIWV TWV UYPWV.

a) Fpapuég Kivnong, €ival ol ypappéG oTO XWPO Tou TTediou pong, o€
KABe onuEio TwWV OTToIWY aVA TTACA XPOVIKF GTIYUN, N EQATITOUEVN
Toug divel Tnv dielBuvaon Tng TaxUTNTag POAG OTO UTTOWN ChEio.

B) Tpoxid, gival n 6dgucn Tou Yopiou Tou uypou PEaa oTo TTedio pong.
OTav GUUTTITITOUV O1 YPAMMEG Kivnang UE TIG TPOXIEG, TIG OVOUAlouE
“PEUMATIKEG YPOMMES”.

H por) uypouU xapakTnpeiletal ovipn f oTPWTNR, 6Tav N TaXUTNTA TOU O€

KABe onpeio,ival ave¢apTnTn Tou XPOvou GAAWG OVOUACZETAI MN MOVIUN

1l oTpoBIAWdNG porn.

H péviun pon diakpiveTal o€ opoidpop@n, 61av n TaxutnTa ival Kai
avegapTnTn a1rd TN 6£0n AAAWG, ovouddeTal, avouolopop®n. To KpITAPIOo
METATITWONG OTTO TN OTPWTH POr| aTnV GTPORIAWSN gival o apiBudg Reynolds
TTou divetal atTd TN oxéon 16. 2. a,

p-v- d

u

Re =

ISavikd uypd, €ival Ta uypd TTou dev EXxouv eCWTEPIKA TPIRA. AnAadn,
Exouv IEWdEG U = 0 kai eival atréAuTa acupuTrieoTa. MpaypaTikd uypd
gival Ta uypd TNG eUONG, TTou BERaIa €xouv P#0. ATTOTEAETHA TWV UTTO-
Béoewv autwy gival 0TI aTa 1I0AVIKA UYPA Ol HOvVEG duvaTéG TATEIG, Eival
01 0pBEg BAITTTIKEG TAOEIG.

Mapoxn PAERAG 1) evog CwAnva, gival n ava povada xpovou diEpXOUEVN
TToodTNTA ATTO PIa dlaTour, dnAadn

Q =

t

AAAN ékppaon TNG OTToIaG gival Kai N
Q=AV

otrou: Q, n TTOOOTNTA TOU UYPOU
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V, n TaxytnTa Tou uypou
U, o0 6ykog Tou uypou Kal

A, n diatoun TNG GAEBAG TOU CWARVa

O vOPOG TNG CUVEXEIOG KATA JNKOG Hiag GAERAG A evog cwAnva (TTapd-
yp.14.4.a) diatuttwvetal atrd Tn oXEon:

A1 V1 = A2V2

O vopog Tou Bernoulli katd pAKog piag @AEBAG A evog cwArva (Trapdyp.
14.4.B), dlaTuTTWVETAI ATTO TIG OXECEIG :

Eg = Esuv + Exiv + Eqeg = 0708

To Bewpnua Tou Torricelli (Trapayp. 14.6), diaTuTTWVETAI ATTO TN OXEON:

VA =C,/2gh

O1 aTTwAEIEG, AOYyw €0WTEPIKAG TPIBAG, KATA YAKOG TWV aywyYWwV i O€
TOTTIKEG QVTIOTACEIG, €ival TNG MOPPAG:

2
h:c . Vim
29

@ AZKHZEIZ

o> 1. Ae€apevn TTePIEXEI vEPO, OTO idI0 TTAVTA UYWOG. 2T0 KATW PEPOGS TNG
Oe€apevig, og atrdéoTacn 2,5m atrd TNV eAeUBepn €TIQAVEIQ TOU VEPOU,
UTTAPXEI KPOUVOG, e UBadAv diatoprg 4cm?. Moid gival n TaxuTnTa EKPONG
TOU vePOU Kal TToI& N TTaPOXT TOU Kpouvou.

Amavrnon: v =7m/s, Q = 2800cm?3/s

e¢ 2. Kpouvog e diatouni A = 15cm?2 yepilel pia KUKAIKA udatatrodnikn,
OlapéTpou d = 2 m Kal weEAou Uwoug h=3m oe t=4h 42" 54", T160on gival
n Trapoxn Q Tou Kpouvou Kal TTOéoN N TaxUTNTA EKPONG TOU VEPOU aTTO TOV
KPOUuVO.

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 TaxuTtnta u = 4Km/h. Méoo 6yko vepou Ba dwael 0 CWARVaAG
o€ pia pépa;

Amavrnon: u = 1152m3

o 4. 2 € éva KOUBO aywywy,
OTTWG PaAiVETAI OTO OXAMO KI-
VEITaI Uypo. ZTNV €i0060 TOU
KOuBou otn Béon A n didipe-
TpOG gival da = 450 mm, oTn
0¢éon B eival dg = 300mm.
2710 B yiveral diakAddwaon o€
OU0 okéAn. O1 diaueTpol ival
d;=150mm ka1 dp-225 mm. MeTpriBnkav 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€TEIg B kai 0
Amavrnon: Qr = 0,143m3/s, Qp= 0,143m?3/s, Vg = 4. 99m/s, V=8,08m/s.

=¢ 5. OpIC6vTIog oWAAVOG dlEUpUVETAI OUOAG

atro pia diIaueTpo 75 mm o€ 150mm katd

dleuBuvon porg Tou vepou. Av n por] €XEl

Trapoxn Q = 85x103cm?/s, T0 JAVOUETPO

oTn dlaToun YE SIAUETPO Ta 75 mm deixvel

p1 = 200 KP,. Mola Ba gival n €vdeign Tou IxApa 16.10.8
MavouETpOU OTN BIATOWN PE OIAPETPO Ta

150 mm.

Amavrnon: P, = 373,5 KP,

= 6. EGv 0 cwAAvag Tou TTponyouuEvou
TTPORANUATOG €ival KATAKOPUPOG, UE TN
OI10TOMNA YE TN MIKPR OIGUETPO TTPOG TO KATW
Kal Tn porj Tou vepou TTpOg Ta TTavw, TToia Ba
eival n évoeign Tou pavopETpou aTn Béon (2)
av n améoTacn Twv dUo diaTouwy gival 6m.

Amavrnon: P, = 314KPg4 IxApa 16.10.y
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o 7. ATTO TTidaka dlapéTpou 25mm @elyel
ouvapn vepou ue Taxutnta 12 m/s Tpog 1a
mavw. Na uttoAoyioBei n didueTpog TN O€-
OMNG Tou vePOU o€ UYWog 4.5 m TTavw aTrd
Tov midaka. (O1 atrwAeieg va BewpnBouv
AuEANTEEG).

Amavrnon: d,=32mm

ZxAua 16.10.5

=¢ 8. 'Evag ueTpnTns Bevroupl €xel SIGUETPO
€10600u 150mm ka1 didpeTpo Aaipou 75 mm.
Mol n évdeign Tou opydvou, o€, HETagU TNG
€10000u Kail Tou Aaipou, av n TToodTNTA TOU
vepoU TTou BIEpyETal dIa ToOU opydAvou gival
Q =0,04 m3s.

Armavrnon: h=3,9m IxApa 16.10.¢

=¢ 9. Na uttoAoyioeTe Tn TITwaon TTieong PeTagu dUo onueiwy TTou BpiokovTal
o€ éva euBUypapuo owAnRva, ae atmréaTacn petagu Toug 800m. O cwArnRvag
£xel O1GueTpo 150mm kai n Trapoxn Tou givai 0, 0125 m3/s .

AidovTal ouvteAeoTng ammwAeiwy ¢ = 0,21 N/m, TTukvoTnTa vEPOU
p= 1000 kg/m3

Amrdavinon: Ap = 41.98 KP,

=¢ 10. Na uttoAoyioETe TNV TTPAYUATIKI TTAPOXN TN TTPAYUATIKA TaxutnTa
€KPONG Kal TN TTPayUaTIKA SIGUETPO TNG PAEBAG vEPOU TTOU EKPEEI, OTTO Mia
ot diapérpou d =40mm TTou gival oTn TTAEUPG UBATTOBNKNG N OTToIa £XEI,
oTaBepd, UYog vepou 6m.
AidovTal ouvTteAeo TG peiwong Taxutntag Cy= 0,98 Kal OuvTeEAEOTNG
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
Eppadad kal potrég avrioTaong opBoywviknig S1aTopung

AlooTdoeig EuBada potrA avriotaong W
cm cm? cm3
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
22x29 638 3084
23x30 690 3450
24x32 768 4096
25x33 825 4537
26x34 884 5010
27%36 972 5832
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MINAKAZ 1
EpBadad kal potrég avTioTaong opBoywvikig SIaToung

POMH AKTINA AKPAIA
MOP®H AIATOMHZ AAPAI"‘EIAZ ANTIZTAZHZ AAPANEIAZ ANOXTAZIH
W i AMOTO G
4 3
a
h=l= Wo=w,= y=ly = 0,29 e=—
12 6 2
3 2
bh bh
IX:E sz 67 ix'—“ 0,29h
o h
3 2 =—
| =2h w,= 21 iy = 0,29b 2
Y12 Y 6
3 2
bh bh
IX: — W, = — e= —h
36 24 _ 3
5 ) ix=0,236h
1
LA WL N
48 212
ix=iy= W,=W,=
4 4 3 izi=d d
:nd :d _Trd :O,1d3 X~y 2
64 20 32
ix=iy= Wx=Wy=
D
2, 2
4 g4 .. _\D"+d e=—
_m (- d% _m Db-d ix=iy=
64 32 D 4
ix=£ (H3-h3) Wx=i~(H3-h3) ,=0,29b\ H2+ h2+ Hh
12 H
H
e= "
b b’ i,=0,29b 2
=" .(H-h) |wW,=2—(H-h iy=0,
y 12 ( ) y 6 ( ) Y
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MINAKAZ 3 b
Potrég Adpdveiag Emigaveiwv |, =0
U
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MINAKAZ 4
(Yyikoppol) Z1evég Sokoi | pe eowTepIkd KEKAIPEVA TTEApOTA ZEIPA .
MnKog yevikd 4 €wg 15 m.
YAiIk6: XdAuBag

w w
. Y . . . .
}C:’ N AlaoTaoEIC AI(X'I”O g Mo Tov G&ova KAUWEWS | yia Tov dgova KAPWewWg
= Mn o X—X y—y
H| B | d t A G Iy Wy |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 | 51 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 | 63 | 956 | 22,8 17,9 934 17 6,40 | 54,6 14,8 [1,55
18 180 | 82 | 6,9 [ 10,4 | 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
24 240 (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 1280 (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 | 11,6 (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 [ 19,56 | 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 MAaTUTrEApOI d0KOi | e TTapAAANAEG ETIQAVEIEG
TWV TTeEAPATWY. YAIKS: XdAuBag

MINAKEE 481

S o ) ; ) lMa Toug Ggoveg
lg o AlaoTdoeig Aiatouny | 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 | 4581 | 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
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MINAKAZX 6
T pe oTpoyyuAeupéveg akuég. YAIKO: XdAuBag (B = H)

g E aTéo- lMa Tov dova lMa Tov d&ova

E - AlaoTdoeig g Bdpog KAPWEWG KAPWEWG

2 <] Taon - o

g X—X y—y
B H d A G Yo Ix Wy ) ly Wy )
mm [ mm | mm | cm2 | kg/m cm cm* | cm? 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 |0,85 1,72 0,80 (0,87 | 0,88 | 0,58 |0,62
35| 35| 3| 45| 3 2,3 10,10 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 |140 121 | 335|146 | 6,06 | 24 |[1,03
60| 60 | 60| 7 8 6,2 |1,66 243 | 562 (1,75 [ 12,1 4 1,23
70| 70 | 70| 8 106| 83 1,93 44,5 | 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 |[247 [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

s g5 g | Amo- Mo Tov dgova Ma Tov Ggova
E AlaoTtdoeig g g oTa- KAPYEWS KAPYEWG
P 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 | 0,96
40 |40 |35 |5 7 6,21| 4,9 1,17 14,1 711 15 6,7 | 31| 1,1
50 [50 [38 |5 7 712| 5,6 243 | 26,5| 106 | 1,9 911 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 11 8,65 | 3 106 26,5 | 3,1 19 6,3 | 1,3
100|100 |50 |6 85 13,5 |10,6 3,45 205 411 | 4 29 84 | 15
120|120 |55 |7 9 17 13,3 3,9 364 60,7 | 46 | 43 11 1,6
140|140 |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 11 |28 22 51 [1354 |150 7 114 224 | 2
200(200 |75 |85 |11,5|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 ywVIoKd 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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MINAKAZ 11
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Bdaoei Tou v. 3966/2011 ta d1dakTiké BIBAia Tou AnuoTikou,
Tou Nupvaaoiou, Tou Aukeiou, Twv EMA.A. kal Twv EMNA.Z.
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1946 (PEK 1946,108, A").

ATTayopeUeTal N avarapaywyrn ormoloudnNIToTE TUHRMATOS
autoU Ttou PiBAiou, mou kaAdmrerar amd  dikalwuara
(copyright), n n xprnon Tou g OTTOIABATIOTE LUOPPH, XWPISC
N yparr) Gécia rou Ymroupyeiou lNaideiag, Opnokeuudrwy
kai ABAnTiouoU / ITYE - AIOGANTOS.



Kwdikég BifAiou: 0-24-0026
ISBN 978-960-06-2815-9

IVOTITOUTO TEXVONOYIAG
UNOAOYIOTGV & ekdO0EmV

(01) 000000 0 24 0026 6

%



