NMPOAOIOz

EYXAPIZTIE2

H ekmovnon kal oAokAfpwaon Tng mapouoag SUTAWUATIKAG gpyaciag 6 Ba ntav
duvatd va mpaypatononBel xwpic tnv PBonBela kat umootnplen OpPLOUEVWY
oavBpwnwv.

ApxLkd Ba fBela va euxapLoTHow Tov eMIPAETTOVTO OTNV gpyacia autr, Kabnynth
Tou EMM k. InaBn Mepdotpo. H moAUuTIUn kaBodriynaon Tou Kol n oéPLOTn oThpLeén
TIou Hou mpocédepe Katéotnoav Suvath TV MPayHATonoinon tng epyaciag autng.
Emiong, Wblaitepa onpavtikn ATav n urtootneEn ek pépoug tou K. Gouvtoukidn
lewpylou, uleUBuvVo Tou «oXedLaOTNPLOU» OTO TopED Mnxaviknig tou EMIM, yia thv
onuovtikn BonBela otn xprion Tou Aoylopikol makEétou Mathematica kaBwcg kat ota
TELPAPATLIKA SE60UEVA TTOU ATAV QAMOPALTNTA YLO TNV EKTIOVNGN TOU TIOPOVTOG
B£parog.

INEPIAHYH

JKOMOC TnC TMapoloag epyociog eival n oUyKpLon TwV OMOTEAECUATWY Kal N
npooopoiwon Tou pnxavikol mpotunmou standard linear oe oxéon pe 1N
ouumeplpopd Kot TG LSLOTNTEC evoc LEwdoeAaoTIKoU UALKOU UE TN Xpron Twv
£€LOWOEWV TNC YPOUMLKAG KOL TNG 1N YPAUULKAC LeBSSou.

H ev Aoyw olykpLon yivetal pe tn BornBela Tou AOYLOULKOU TTOKETOU :
e Mathematica.

H epyaocia aut eival Sopnuévn UE £va ELOAYWYLKO TUAMO Kol TEooepa KedAlala.
JKOTOC TNC EL0AYWYNC Elval va MopoUoLACOU E apXLKA TO TIPOPANUa ou udiotatal
Kal tn Sldotaon Tou pe éva Bewpntikd unoBabpo. Me £va TpOmo GUVOTMTIKO OGOV
adopd TO TOMEA TNG MNXAVIKAC yivetal n oavadopd Kol gpunveia KAmolwv
ELOOYWYLKWY EWOLWY, OMWC ylot TAPASELYHA N «TACN» Kal N «mapopdopdwaon».
Emiong yivetal pia avodopd oto ¢alvOpEVO TOU «EPMUCHOU» KOL TNG «XOAAPWONG».
Eniong yivetal avadopd otnv €vvola tng lEwdoehaotikotntag. Autd 6oov adopd
v “Elcaywyn”.



Emi tou mopovtog, UMOPOUHE VO SWOOUME ML CUVTOUN Teplypadrn yla 1o TL
TUPOKELTAL VO CUVOVTNOOUE OTA TECOEPA OUTA KEDAAALO OTA TAALCLA TNE TAPoUCaC
SUTAWMATLKAG epyaociag :

Ito KeddAawo 1 yivetal avadopd kot avaluon Stadhopwy HNXAVIKWY TIPOTUMWY ,
OTWG yla mopadely o To POTUTo Tou ehatnpiou, To mpdtumo Maxwell (cuvbeon oe
oclpa), to mpotumo Kelvin-Voigt (mapaAAnAn olvdeon) kat to mpotumo standard
linear mou eival kat To B£pa pag Katd KUpLo Adyo. Ta MPOTUTA AUTA AMoTEAOUV pLa
npoomadelot vo TPOOEYYioOUME TNV Tpayulatikotnta. B£houps &nAadn, va
npooeyyiooupe 600 eival Suvatdov Kal vo UEAETAOOUUE T CUMMEepLPopd €VOC
EwdoehaotikoU UAKOU. Mo OUYKEKPLUEVA, OVOAUETAL O TPOMOC AELTOUPYLOC TOU
HEOW KOTAANAOU OUVSUOGOUOU HUNXAVIKWY OTOLXELWY, evw avaAluovtal Kal ol
KOTOOTOTLKEG €ELCWOELG TIOU TO SLEMOUV EEKIVWVTAG OO TO AMAOUGCTEPO LOVTEAOD Kol
dtavovtag pExpL to povtédo standard linear.

Ito Kedbdlawo 2 emuxelpeital n evdeAexng UeAETN Kal avalucon TOu ypappilkol
npotunou standard linear. Xtn ouVEXELD OUWE, UE TNV ELCAYWYN €VOG 1N YPAUULKOU
armoppodnTAPA, HEAETAUE TNV LEWSOEAAOTIKN) CUUIEPLPOPA EVOC TPLTOPAETPLKOU
povtélou, avtiotolyo tou Standard Linear.

Zto KedaAaro 3 mapartiBevral ol KWSLKEG TTOU TIPAYLLATONOLONKAV UE TO AOYLOULKO

nakéto "Mathematica”péow twv omoiwv £ylve N HEAETN TOU HNXOVIKOU TPOTUTIOU
“standard linear”. Tuykekplpéva yivetal n kataypadrn tou Kwdko mou adopd T
VPOULKA HEBOSO KAl avTioTolxa O KWOLKAG ylol TN N YPOUULKA Bswpla TG
wdoehaotikotntag. EmumAéov ametkovilovtal ta Slaypdppata TOU TPOKUTTOUV
OO TIG OsWPNTIKEG LEAETEC.

Télog oto Kedbdlawo 4  mpayuatomoleital n ouykplon kat sfaywyn Twv
CUUMEPOOUATWY PACEL TWV ATIOTEAECUATWY Ao TIG SU0 PeBOSOUC PEAETNG TWV
UALKWV avtioTtolya. XxoAlalovtal ol SLamIoTWOELG oo TN BewpnTIKy avaAuon Kot TLG
VPOPLKEC TIOPOOTACELG TIoU TtepAapPBaveLl n SmMAwpatTky auth epyoacia. TEAog,
SLOTUTIWVOVTOL CUYKEKPLUEVEG TIPOTAOELS YO TIEPALTEPW EPEUVA OXETIKA UE TNV
L€WE0ENOTIKI CUUTIEPLPOPA TWV UALKWY HE TILO OUVOETA PNXOVIKA TIPOTUTIA WOTE
VO IPOCEYYiooUupE KaAUTEPA TO PaLVOUEVO TNG LEWOOEAATIKOTNTOC.
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A. EIZATOrH

1.BAzIKOI OPIZMOI

Mnyavikés loiotnteg

*  Avorvypévn Hopapodpewon 1| Tponn (Strain) / tdon (Stress)
* Eidn Moapapdpewonc:

— Eopehkvopoc / OAiym
— Aldtunon / Ztpéyn

Yynua 1.1. Papdog vmd a&ovikn dodption : (a) eperkvopdg, (b) OAlWN

. , l-lo , Al
Opbn tpomn : €= n e=—
lo lo

F
OpBn tdon : 0=
pon ul Ao

o
Métpo elaoTtikotntac: E = ;



E = pétpo ehaotikotntag tov Young
lo = apyko punkog papsdou
| =punkog paBdou petd tn mMapauopdwaon

Ao = guPaddv draToung

IxAua 1.2. PAaB6og umd mAevpikn tpomn : (c) diatunon, (d) otpédn
AlQTUnTIKA TPOTN 1 Y = %
AlaTunTikn taon 1 t= G-y
e Oy = SLOTUNTLKA LETATOTILON
e h=U0yog ToU CWHATOC

e G =pETpo SlAtUnong

TTAEVPLKY TPOT)

ANOIFOzZTOYPOISSON: v = . .
aéovikn Tpomn



FENIKA

To EMLOTNUOVIKO KOUUATL TIOU ETLKEVIPWVEL TNV MEAETN TNG, N UNXOVIKA Tou
MOPAUOPPWOLUOU  CWHATOG, 0dopd TNV oupnepldopd TWV OCWUATWY TIOU
UTTOKELVTOL O€ eEWTEPLKEG Poptioelg. Apeong Kat dLalouoag onuaociog otoxog, eival
0 UTTOAOYLOUOC TWV TACEWV KOL KOT' EMEKTAON TWV tapapopdwoswyv o KABe onueio
TOU OWHOTOG. Metd amo emiotnpovikn Olepelvnon £€xel amodelyBel otTL OtV
edapuolovtal o EVOl OCWHO ULKPA OXETIKA €EWTEPLKA POPTIO TOTE UTAPXEL HLOL
AQueon oxéon Twv efWTeEPKWV ¢GOPTiWV KAl TWV TAPAHOPPWOEWY TIOU aUTA
TIPOKOAOUV.

TAZH

H tdon (stress) sivat To mnAiko Tng SUvVOUNG IOV aoKe(TOL 0g éva UALKO CWHO TIPOC
10 eMPBadO NG SLOTOWNG TOU.

H tpomn (strain) eivat to mnAiko Tng HeTOBOANC TwV SLACTACEWVY TTIOU £XEL UTIOOTEL TO
UALKO owpa AOYw TG TAONG TIOU TOU €XEL loKNOEL TPOC TG apXLKEG SLAOTACELG TOU
OWMOTOG.

Yniapyouv 800 €i6n Tdoswv :

a) OpBEg taoelg : OL 0pBEG TAoELG avamtuoovTal and SUVAUELG TTOU €ival KABETEG
OTNV €yKAPOLA SLOTOUA TOU CWHOTOC

B) Awotpntikég TAoELG @ OL SLOTUNTIKEG TAOELG avamtUoovTal oo OSUVAUELS TIoU
edpappdlovral mapdAANAa LLE TNV EYKAPOLO SLOTOUN TOU CWHATOC.

Onwg £xoupe nNdN avadEpel EMYPOUUOTIKA OMOLAOATIOTE TACON TPOKOAEL
TapapopdwWaon Tou CWHATOG. H mapapopdwan xapaktnpiletol avaloya pe To ei6o¢
NG TAong mou TNV Tpokalel. Eldikotepa, pio opbr taon Ba mpokaAécsl opbn
napapopdwon, n omnola adopd o HeTABOAN TOU PUAKOUC TOU OwHOTOC. AvtiBeta
pio Statuntikn taon Ba mpokaAéosl Statuntikg mapapdpdwaen, n onoia adopd otn
LETABOAN TOU OXNUATOC OTO UALKO CWHAL.

OL opBég taoelg mou umopoUlV va avarmtuxBolv oe éva ocwpa sivat dvo : H
£peAKUOTLKN TAON Kal N OAUTTIKY TAoN.

ApXLKA oTnV eloaywyn TG epyaciag paivetal Eva KUALVEPLKO CWHA LUE aPXLKO URKOG
lo kat eykapota dtotour) eppadol Ao ota akpa tou omolou aokeital Suvaun F, n
omola sival KABetn otnv eykdpota dlatopn. H duvaun outr oto aploTePO UEPOC,
oxAua 1.1(a), empnkovel To KUAVEpo katd Al. H tdon autng tng Suvapng kaleital
edpelkuoTikn) tAon. Ito 866 pépog, oxnua 1.1(B), daivetoal o KOAWSEPOG, PE TN
Swadopd oOtL Twpa, n Suvaun eival pev KABeTn otnv eykapola Siatopr, aAAd



oupmLEleL To owpa. AOyw auThg tng dUVAUNG To UAKOC Tou KUAlvdpou Ba pelwdel
kota Al. H tdon autng tng Suvapng KaAsitol OAUTTIKA Tdon.

Jto oxnua 1.2(c) ameikoviletal n SLOTUNTIKA TACN O£ £€va CWHO oXNUATOC KUBoU
OpPXLKNG eyKApoLlag Slotopng Ao. 2to owpa aokeital duvaun F mapdAAnio pe tnv
gykapola Slatopn Tou, n onoia PeTaBAAEL TO OXNUA TOU CWHATOG, oo KUBo os Aogd
napaAAnAeminedo. AuTtO €xel ooV QTMOTEAECHA VA TIPOKOAEITAL UEYLOTN HETABOAN
TOU apykoU HAKOUC TNG MAEUPAG tou KUBou katd 8X. Itn mepimtwon aut) n
Slatuntikn Tadon (ta) umoAoyileTol oav To YIVOUEVO TNG SLATUNTIKAG Tpomn¢ (y) Kot
ToUu PETpoU Slatunonc (G). Avtiotolxa n SlatunTikn teomn (y) otn mepimtwon auvtn
urnoAoyiletal wg n ywvia 6 katd tnv omola mopapopdwbnKe To CWHO KAl OTWG
daivetal unmoAoyiletal and to nnAiko NG mapapopdwaong &y mpog to UPog h Tou
KUBovu.

H otpéPn eival pla cuvduaopévn GoOpTLoN KAl OUCLACTIKA amoTeAEL £va cuvSuaouo
edeAkuopov, BALPNG kat Stdtunonc. Ag SoUUE yLOTL :

Y10 mapadelypa tou oxnuotog 1.2(d) BAEmoupe €va KUAWVOPLKO CWHO TIAKTWHEVO
oto opllovTlo £60dog Kal TAVW AKPO TOU acKeital pio KUKALKA $opTion, yUpw amo
TOV KEVTPLKO EMLUAKN Gfova Tou KUALvEpou. AUTO £XEL oav QTTOTEAEGUA TN CUGTPOGN
TOU CWHATOC YUpW arod Tov Afova Tou. X eminedo KABETO W¢ MPOC TOV KATAKOpUDO
agova tou kal oe enineda mapdAAnAa pe autdv avoamtuooovTal SLATUNTIKEG TAOELG.
AvtiBeta oe emineda mou eival Aofd wg mpoc tov afova, ta idla otpodikd doprtia,
£€XOUV OOV QTOTEAECQ, VO AVOITTUGOOVTAL Kol EGEAKUCTIKEG 1} BAUTTIKEG TAoELS. Me
oA G AOyLa, N oTpEYPn TPOoKAAEL TNV avATUEnN SLOTUNTLKAG TACNC TOLUTOXPOVA LE TNV
gudavion epeAKUOTIKAG 1} BAUTTIKAC TAONG.

Eion Hoapouoppwons

* EAaotikn: H tdon sivat avdroyn g mapopuopemonc.
* [TAaoTikn: Moviun Tapopdpeoon Tov Tapauivel Kol LETE TNV
OTOLLAKPLVGT] TOV OLTIOV TTOL T SNULOVPYNOE.



Stress

Sfrain

Aldypoppa tdong-rapapdpdwong (EAAOTIKNA Kal TTAQOTLKN TtepLoxn)

AV TTPAOTACOUUE YPAPLKA TIC TLUEC TNG EDaPUOIOUEVNC TACNG KOL TNG tapapopdwong mou
QUTA TIPOKAAEL, TOTE TPOKUTITEL TO SLAYPOALO TIOU OTELKOVIIETAL OTO TMOPATIAVW CXAUA. ITO
Staypappo auto, otov opllovtio afova eival n mapapopdwon (strain) kat otov katakdpudo
elval aokoUpevn taon (stress). H KaumuAn ypapupn ovoupdletal KoumUAn Ttaonc-
napapdpdwons. Napatnpwvtag tn ypadikr mopdotacn SLAKPIVOULE apXLKA Uit YPORLLLKE
HeTOBOAN TNG TAONG Ot oxéon UE TN Tapapdpdwon. To TUAMA autd TNG KOUTUANG
ovopaletol EAOOTIKA TIEPLOXA TNG KOL TO onUelo Tou KaTtaAfyeL To eUBUYPOUUO QUTO TUAUA
Aéyetal Oplo eAaoTkOTNTAG. AUTO onualvel OtL av n epopuolopevn taon e€avaykAosL TO
owpa vo mapapopdwbel péxpt to onueio (2) tou opiou €AAOTIKOTNTOC KAL OTNH CUVEXELQ
oTapoTAosL vo epapuoleTal, TOTE To cWUO Ba emMOTPEPEL 0TV APXLIKA TOU KOTACTAON,
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XwpIg va UTooTel Kapla poviun mapopopowon. H ypapkn aut ouoxEton UeTal
doptiou kat mapapdpdwong otnv EAACTIKN TEPLOXN lval yvwotr wg vopog tou Hooke.

TNV EAQOTIKA TIEPLOXN AUTO Tou Tailel LEYAAO pONO €lvol TO HETPO EAQOTIKOTNTOG
To omoio e€opTdTal amo To UALKO CWHA TIOU €XEL UTTOOTEL EAAOTLKY Tapapopdwaon
KOl CUYKEKPLUEVA EEXPTATAL OO TLG XNMULKEG LELOTNTEG TOU cwHaAToC. Meydho pETpo
€AAOTIKOTNTOG ONUAIVEL OTL TO UALKO oWwHa Ttapouctdlel peyahn avtiotaon oes
€AAOTLKEC MO pOAUOPPWOELG.

Eniong petd to onpeio Tou oplou eAaoTkOTNTAS , SLOKPIVOUUE pia Tieploxn, OmMou n Taon
Sev aufavetal YpaUUIKA O ox£on He T mopapopdwon. To TUAKA aUTO TG KAUTIUANG
Aéyetal MAaoTik TtepLoxr. Auto onpaivel otL av n edpappolopevn taon unepPel to onpeio
QUTO KOl OTN CUVEXEQ OTAUATAOEL va. epapuoleTal, TOTE To cwpa de Ba emiotpéPel otnv
apxtkr Tou Kataotoon kat Ba éxel umootel pla poviun mapapdpdwon. Eva cwpa mou
nopapopdwvetal pudvipya Kot’ autd Tov TPOTO AEHE OTL €XEL UTOOTEL TAOOTIKN
napauopodwaon.

TéNoG LOALG N edbappolopevn Taon GTaoel we to onueio (3) TG KaumUANG emépyxetal prén
TOU CWHOLTOG KAL TO ONUELO aUTO AEyETOL OPLO AOTOXIG TOU UALKOU CWUATOG.

B.I=QAOENAZTIKOTHTA

H Bewpia tng wdoshaotikotntag vdlotatal amd tig apxEC Tou 19w awwva Kal
e€ellooetal péxpl kal onuepa, kabwe Bplokel epappoyr os MANBWPA UALKWV (TT.X.
TAQLOTLKA, TIOAUMEPH, EAaoTopEpr), €6adIKA, LETAAAQ, TO OKUPOSEUA K.AL.).ZUYXPOVEC
Bewpieg ™G EwSoeAAOTIKOTNTOG yla UALKA HE TETola Sopn £€xouv YiVeL OVTLKEipevo
EVTATIKAG LEAETNG Ta TeAeuTaia xpovia. Ta UALKA autd Stadpapatilouv éva onpaviiko polo
oe TOMOUG KAASOUG TNG HUNXOVLKAG, TG TeEXvoAoyiog Kal to teAsutaia xpovia TG
spplopnxavikng. 1€wdoghaotikd LALKA eival, ylo mapdadelypa, ta auopda mMoOAUUEPH, TO
NULKPUOTAAALKA TtOAUPEP, Ta Blomolupepr k.a. Ma tnv KoAUTEPN KATavonon Ttng
XPOVIKA  €€QPTWHEVNG  HUNXOVIKNG  OUUTIEPLPOPAG TWV  UAKWY  OUTWV
xpnotpormnotlolvTal SLadopa TPOCOUOLWHOTO, TA OTtola £ival UNXAVIKA TIPOTUTIO TNG
oupuneplPopdc Twv LEwdoeAaoTikwy. AnAadn, Ta EWOO0EANOTIKA UALKA umopei va
povtehonotnBolv wote va mpPoadloploTel N Tdon, n TPomn Kabwe Kal n XPovikn e€aptnon
peTafl Touc. Itn Bewpia Tng LEwdoehaotikdTnTag MephapBavovtal To povtédo Maxwell, to
povtého Kelvin-Voigt kot to mpotumo povtého Standard Linear. Ta mpotuma autd
XpNoLlpomolouvTal yia va TpoBAEPOUV TNV avtomokplon evog LEwSoeAaoTikol UALKOU UTIO
Sladopetikég ouvOnkeg dopTIONG.

I€EwdoehaotikdTnNTa €ival n W8LOTNTA Twv UAIKwY va gudavitdouv toco Ewdn 6co Kat
€AOOTIKA XOPOKTNPLOTIKA OTav urtoPBdAAovtal og apapdpdwon. Ta €W VALK, dnwg To
MEAL, QVTLOTEKOVTAL OTN SLATUNTLKI Pon Kal n TPOm UETOBAANETAL YPAUULKA LE TO XPOVO,
otav edpopuolovtal o auUTA pia taon. Avtifeta, ota EAAOTIKA UALKA, N tpomn petafaAAeTal
otyplaia Otav sival tevtwpévo kol e€icou ypriyopa emlotpédPouv OTNV aPXLKA TOUG
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Katdotaon OTav n Taon oMOUOKPUVETAL amo autd. Ta LEwdoeAaoTikd UALKA £€Xouv oToLXELa
Kal oo TIg U0 aUTEC LELOTNTEG Kal W¢ €K ToUTou gudavitouv e€dptnon NG TPOMAG TOUG
arno 1o xpovo, otav urtofdaArlovtal oe hoptLon.

Mo cuykekpLpéva, LEWSoeAAOTIKA YapakTtnei{ovtol Ta UALKA TTOU oTnV EAACTLKN TIEPLOXA TNG
KaUmUANG tpomig-xpdvou Sev eudavilouv amdAutn YpOUULK oxéon HETOEU TPOTAG Kal
XPOVoU, OAAG OUVOUOOUO YPAUULKAG KOl N YPOUULKAG OXEonG. Av TOpOTNPHOOUME TN
KOUTTUAN TNG TPOTNG UE TO XPOVO Of €va TETOLo UALKO Ba Solpe OTL umdpyxetl pio apxLkn
meploxn (meploxn primary oto TMAPAKATW OLAypoappo) KAtd tThv omoia n Tpomn O
HeTaBAAAETAL YPOAUULIKA OE oX€éon Ue To Xpovo. Mapdla autd, av n tdaon Pploketol otn
TEPLOXN OUTH KAl 0T CUVEXELQ oTapaTroeL va edappoletal, To cwpa Ba eniotpédel otnv
apXLKA TOU Katdotoon.

JTN CUVEXELA TIAPATNPOULE Uia TIEPLOXN OTOU N TPOTN UETABAAAETAL YPOULULKA OE OXECN UE
TO XpOVO, HEXPL TO OpLo eAaoTikdTNTAS (TEPLOXN secondary 0To mapakdtw Slaypappa). Ito
TUAMO QUTO N KAUTUAN eival euBUypapun. Av n tpormn GTAcsL LEXPL TO TEALKO onueio g
TEPLOXAG QUTAG, TO owua Ba eEMLOTPEYEL OTNV APXLKI) TOU KOTACTOON, LOALS OTAUOTHCEL Va
edpapuoletal mMAvw TOou n TAon. TéAog¢ TapatnpoUUE TNV TMAAOTLKA Teploxr (meploxn
tetriary). Autd mou cupBaivel edw sivat to €€AC: Av n Tapapdpdwaon Tou UALKOU Eemepdoel
TO OpLo EAAOTLIKOTNTOC TOTE B UTIOOTEL OVLIUN TTapapopdwan. TETOLO UALKA CUVOVTAUE yla
TAPASELYUA, OTO aVOPWTILVO CWHA LOG KoL Elval oL TEVOVTEG Kal oL cUVSECOL.

c I prmary  secondary  terary

= firme

Aldypappa Tpotrig-Xpdvou yia 1IEwd0eAATTIKO UAIKO

Ag e€eTAO0ULE TWPA TN TAPAUOPPWON VOGS LEWSOEAAOTIKOU UALKOU OTNV EAOOTLKI TIEPLOXN
Tou. Onweg Ba Solpe MAPAKATW OTO SLAYPAUUA TNG KAUTUANG TAONC —XPOVOU yla €va
L&wdoeglaotikd UALKO cupBaivouv ta €Ac:

To ocwpa ¢doptiletal pe taon PEXPL TOU Oplou EAAOTLKOTNTAC TOU KoL OTNH CUVEXEQ N TAoN
mavel va epappoletal péxpl To LEWSOEAAOTIKO Vo EMAVEPBEL 0TNV OPXLKN TOU KOTACTAON.
MapatnpoUpe OTL N KAUTIUAN TPOMNG-XPOVOU Katd Tn ¢option (avodlkd TUApa) Kal n
KOUTTUAN Kotd tnv enavadopd (kabodikd tunua), dev tavtilovral. Auté Ba cuvéBalve os
£€va eAaotikd ocwpo. OL SUo autég kaumUAeg oxnuoatilouv pio OnAld. To euBadd tng
TMEPLOXNC MeTalld Tou ovodSlkoU Kal Tou KoBoSLKoU TUAMATOG OUTAG TNG KOUMUANG
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ovopaletal «uotépnon» tou EWEOEAAOTIKOU CWHATOG KoL QVTUTPOOWTIEVEL TIG OTTWAELEG
EVEPYELAG KATA T mapapdpdwaon kat emavadopd TOU CWHOTOC.

Aldypappa Tpomg-Xpovou LEwdoeAaoTikol oTnV EAAOTIKN TIEPLOXN

Ev katakAeid, n LEWS0EAQOTIKOTNTA EIVOL TO ATMOTEAECHO TOU TPOTIOU SLAXUGCNE TWV ATOUWVY
N Hoplwv péoa oe éva UAKO. To LEwS0EAAOTIKO UALKO CUMPBOAIZETOL LAKPOOKOTILKA Oav
ehatnplo kot amnoofeotipag ouvdedepévo petafl TOUC, TPAYUA TIOU TEPLYPAdEL TN
LULKPOOKOTIKY cupmepldopd autol tou UAWKOU. Me ta XpOvio Ol EMIOTAUOVEG £Kavav
TOAEC mpoomdbeleg yla T TPOoopoiwon TG ouumnepldopds TETOWWV UAWKwy. H
TPOCoUoilwaon AUTH £XEL WG OTOXO OTO

(i) Na SteukoAUvouv Thv avalucon TG cUUIEPLPOPAC TWV TTAACTLKWY TIPOLOVIWY

(ii) Tn mapoxr cuvdpoung oto GaLvOLEVO LE TTAPEUPOAN Kal Xprion Twv
TIELPOUATIKWY SES0UEVWY KATA TNV EKTEAECN DOLVOUEVWY TOU KEPTIUGHOU» KalL
™G «xaAdpwong»

(iii) TN Helwon TNG aVAYKNG YLOL EKTETAUEVEG KOl XPoVoPBOpeC SOKLUEG EPTIUGHOU.

Mo to oKomo auTd yivetal xprion Kal LEAETN “UNXaVIKWVY TTPOTUTIWY” TTou artoteAolvTalL amnod
ehatriplo (spring) kat arnocBeotripa (dashpot), otolxeia mou avtimpocwrnelouy, aviiotoya,



13

N eAaotikn Kal €WwoNng ocuumeptdpopd AUTWY TwV UAKWV. Av Kal UTtapXeL Sladopd peTall
TWV LEWSOEAAOTIKWY UALKWY KOL TWV HNXOVIKWY TIPOTUTIWV TIou Tipoavodépape, wotdoo Ta
npdtuna autd PBonboluv otn KoOTAVONon KoL TNV ovaluon NG oupmepldpopdg Twv
LEWO0EAOOTIKWY UALKWY. MEePLKA amd ta pUnXavika mpotuTa mou Ba e€etaoctouy yI' auto To
oKOTO €lval Ta akoAouba:

e  Movtélo Maxwell : ehatriplo koL amooBeotrpag o€ oslpa

e  Movtélo Kelvin-Voigt: ehatrplo kot amoofeotrpag os mopdAAnAn oclvdeon

e Movtélo Standard Linear: cuvéuaopdg Twv Kot Twv dU0 TIPOoNYOUUEVWY LOVTEAWY
padl.

James Clerk Maxwell (1831-1879)

To povtého Maxwell givar éva 1E@O0EAAOTIKO VAIKO, OV £xEl 1O10TNTEG Kol OO TNV
ghaotikoétTTe Ko omd 1o 1EMdec. To mpodTLTO CWVTO TPE TO GVOUd TOL Omd TOV
Ykotoélo puowopadnpotikd James Clerk Maxwell, o omolog mpoteive 10 poviélo
avtd 1o 1867. Elvar emiong yvootd kot cav pevotd Maxwell. To mo mpoegEéyov
EMITEVYUA TOV NTAV M SWTOTOON TN KAUGIKNG NAEKTpOpayvNTIKNG Bempiog. Auth n
Bewpla evwvel OAEG TIG TPOYEVECTEPEG LOUCYETLOTEG TTAPATNPNOELG, TO TELPALATA
Kol TIC €loWOEL TOU NAEKTPLOUOU, TOU HOyvNTIOMOU Kol TNG OMTIKAG Ot pia
ouvekTik Bewpla. Ou eflowoelc tou Maxwell amodesikviouv OTL N NAEKTPLKN
EVEPYELQ, O HAYVNTIOMOG Kat To ¢wg eival ekdnAwaoelg tou dlou dpavopévou Kot
OUYKEKPLUEVA TOU NAEKTPOUAyvVNTIKOU Tiediou. Metayevéotepa, OAoL oL GAAoL
KAaolkol vopolL | gflowoelg autol tou KAGdou, €ylvav amAég uToBEoelg Twv
eflowoewv Maxwell. Ta emrtevypata tou Maxwell mou adopolv ToV
NAEKTPOUAYVNTIOUO, £XOUV ovopooTel «n §e0Tepn HeyAAn evomoinon otn duoLkn»,
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HETA TN MPWTN Tou Tpaypatomnol)inke and tov Isaac Newton. O Maxwell anébelée
OTL TA NAEKTPLKA Kol To. payvnTika nedia tafldelouv péoa oTo XWPo Ue TN popdn
KUMATWV Kat pe tn otabepr) tayxutnta tou ¢wtdc. To 1865, o Maxwell dnupocisuoe
pio Suvapikr Bewpla Tou nAektpopayvntikou mediov.

Kelvin, Lord William Thomson (1824-1907)

To viko Kelvin-Voigt etvar éva 1E@S0EAAGTIKO VAIKO, TOV £)EL IOOTNTES KAl OO TV
ehaotikdtTTa Kou amd 10 1EDdeg. To poviého avtd mhpe 10 OVOUG TOL OTd TO
Bpetovo, yevwnuévo oty Iplavdio, pnyovikd xor euowopadnupoatikd William
Thomson, mov 7ApPe TOV TITAO EVYEVIOC Y10 TO. EMIOTNUOVIKG EMITEVYUATA TOV OG O
npmtog Baron Kelvin (Adpdog) xon petémeito and 10 'eppovod guowd Woldemar
Voigt. To povtého awtd avtimpocoreveTol and £va kabapd 1EDON anosPeotnpog Kot
ond éva KaBopd ehooTikd €hatiplo, To Omoid givol ovvdedepéva petath Tovg
mopdAinia. O William Thomson, oto mavemotipio g ['Aackopng Ekave onpavtikd
épyo otn pabnuotiky aveivon g nAekTpikig evépyelog Kot oty datvmmon tov 1%
kot tov 2% vopov ¢ Oeppoduvapikic kot kave TOAAG Yo VO EVOTOMGEL TOV
OVAOLOLEVO KAGDO TNG UOIKNG OTN GVYYXpovn Hopen tov. Epydotnke otevd pe to
kaOnynt| Mabnpotikeov Hugh Blackburn. Epydotnie cav nAektpordyog pnyovikog
Kol IOV 0 EPEVPETNG TOV TNAEYPOAPOV, TPAYLO TOL TPOMONGE TN PN KoL TN TN
oV o011 dMuocL €KOve Tov. [ v gPevpec| Tov 610 STAAVTIKO TNAEYPOUPO
yplomke amd 1 Boaoilooo Biwtopia, Sir William Thomson. Eiye ektetapévo
EVOLAPEPOV Y10 TN VOLTIAIL KOl EPYACTNKE TAVEO oTN vauTiKn mo&ida mov ¢ T0TE
ntav mepropopévng atlomotioc. O Adpdoc Kelvin eivan gupémg yvmootog yo. v
VAOTOINGT TOL KATOTEPOL opiov Bepuokpaciag, «To amOAVTO PUNdEVY. Ot amOAVTEG
Oepurokpacieg Snimvovton cav povadeg Kelvin mpog tiuv tov. Ipog e€gvyévion tov,
0 1892, mpo¢ TWNV TOV EMTELYUATOV TOL GTn Oepuodvvopukn Kol wopd Tnv
Iphavdim kotaymyn tov, viobétnoe 1o titho Baron Kelvin of Largs kot cvyvd
kaAeitor ©¢ Aopdoc Kelvin. ‘Htov o mpotog Bpetavog emiomiuovag mwov
apoPipdoke otn Bovin tov Adpdwv. O tithog avapépetal oto motau Kelvin wov
péel  Kovid oto gpyaothipld tov oto Ilavemomuio ™ TMoaokopfne. MMopd Tig
TPOoPopES Yo VYNAOPadeg Béoelg amd ddpopa maykocuiov eriung Ioavemotwua,
0o Aopdoc Kelvin apvinke va apnoet m I'laockofr, mapapévovtog kabnyntng
QLOIKNG PLLocOoPiag Yia TEPIEGOTEPO amd S0 ypodvia, pEyPL mov TEMKE amocvponKe
and to mooto Tov. To povoeio oto Iavemompo g I'aokdPng Exel pio povun
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€xbeon tov £pyov TOV, GUUTEPIAAUPAVOVTOG TOAAL OTO TO YVAOLN GUYYPAUULATO,
opyova Kot GAAC OVTIKEILEVA TOV.

Woldemar Voigt (1850 - 1919)

O Woldemar Voigt frov [eppovog Duowog mov didate oto Georg August
Movemotjwo g GoOttingen. O Voigt TteAkd €ywve mpoedpog oT0 TUAMA
duowopadnuatikwy Toavemotyuo g Gottingen to 1914. O Voigt yevwriBnke oto
Leipzig kat méBave oto Gottingen. Htav pabntrg tou Franz Ernst Neumann. H A£€n
TAVLOTAG UE TNV TPEXoUOa epunveia elonxBel oav kawvoupla évvola amo tov (5lo to
1899. Ta podiA kat n onpeloypadia tou Voigt avayvopiotnke petd 1o 06votod tov.

Jtnv epyooia autn Ba aoxoAnBoulpe emiong Ue TIC KATOOTATIKEG EELOWOELG LOOPPOTILOG TWV
Sladopwv pNxavikwv Potunwy . Eival eflowoelg Sladoplkeg, yla TV enMiAucn Twv omoiwy
Ba ypnowwomolnBolv «petaoxnuatiopol Laplace» mou elval xpricwuol ya thv oAyeBpikn
eniluon touc.



16

KEDAAAIO 1°

To pawvopevo tng LEwdoeAAoTIKATNTAG TaPOVGLALETOL |

(1) otav 10 Qoptio drompeitar otabepd Kol M TAPOUOPE®STN AVEAVEL PE TOV
xPOVo (epmLGUHC) Kot

(i1) otav Owtnpeitonr otabepn 1 TAPAUOPP®ON, KOBDG TO (QOPTIO UELDVETOL
otadlokd (yoldpwon).

A. Epmoopnog (creep)

Epriuopdg (creep) sival To GALVOUEVO TNG XPOVIKA-£EapTnUEVNG TTOPAMOPIWONG,
Tou Tapatnpeital otav to LEwdoeAAOTIKO UALKO doptiletal und otabepn tdon ot
otaBepn Beppokpaoaia.

JTO TMAPOKATW oxnuo Selyvetal n yevikn popdn TS KAUTUANC TPOTIG-XPOVOU
(KapmUAn epmUOUOU) TTOU TIPOKUTITEL O SOKLUEG EpMUCHOU (creep test). & QUTEC
TG Sokipég emuParletal pia taxeia avénon tng taong, mou otn cuvéxela Statnpeltat
otabepn. ITO «TMPWTOYEVEC 1 MHETOPATIKO OTASLO» TOU E€PMUCHOU, AOYW TNG
eAaOTIKNG avTidpaong Tou L€wdoeAaoTikoU, otnv apxn o pubudg petaBoAng Tng
TPOTAG Elval HEYANOG EVW OTN CUVEXELD UELWVETOL. ATO KATOLO ONUELO KAl PETA
apxiletl To «Ssutepoyevec ) oTabepd otddLlo» ou To UALKO Tipoaoeyyilel Eva otabepo
puBUO petaBoAng TN TPOTNG Tou. Me tn popTion Tou LEwSoeAAOTIKOU TTEPAV EVOG
opiou, akoAouBel to TpLTOyEVEG OTASLO TOU EPTUGHOU, OMou epdaviletol anotoun
avénon tou puBbuol petaBoAng tng TPOmNG Tou odnyel TEAKA oTNV ooTOXia TOU
UALKOU (Bpaion).

IxAMa 1: KapmnuAn eprucpol/Ztadia priucpol
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JTOV MPWTOYEVI EPTIUCHO, 0 PUBUOG LETOBOANG TNG TPOTING LELWVETAL CUVNBWC WG
SUvopun Tou XpOvou. 3To SeUTEPOYEVEG OTASLO TOU €PTUCHOU 0 pUBUOC HETAPBOANG
NG TPOMNG £lvol TPAKTIKA oTABePOC Kal €EapTATOL £VTOVA OO TO EMIMESO TNG
edpappolopevng tdong. Amotelel £va petafatiko otddlo PETAED TOU MPWTOYEVOUG
KalL Tou TpLtoyevolg epriucpoU. Katd tn SLdpkeLa Tou tpLttoyevouc otadiou o pubudg
HETABOANG TNG TPOTNG auidvetal wg Suvapn Tou xpovou. Eva mapddeslypa Tou
dALVOUEVOU TOU KEPTIUCHOU» ATIELKOVIETOL TIOP AKATW.

B. Xarapwon (relaxation)

AvtiBeto pe Tov gpmuouo sival to palvopevo tng xahapwaong (relaxation), kata tnv
omoia To UALKO epdavilel cuvexn pelwon tng TAong KUe To XPOVO, EVW N avtioTtolyn
napapopdwon mapopével otabepn.

Katd to ¢dpavopevo tng XaAapwong to EwSoeA0oTkO UALKO UTIOPAMAETOL akapLoia
oe pla tpomn € mou Slatnpeital otabepr). TuvABwWG aUTO MPAYUATOMOLETAL av
aoknOel amoétopo pio €peAKUCTIK TAONH OTO UALKO WOTE VO OTTOKTNOEL ia
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napapdpdwaon. AvantlooeTal EMOUEVWE aKaplaia pio t@on o, n omoia otadlokd
ehattwvetol OMwc dalvetal amd To MApAKATW OSldypoppo. H tdon ouvibwg
KOTOANYEL LOCUUTITWTIKA O€ pia otaBepn TN 1) 0TO UN6EV.

Emopévwg, Katd Tto dawdpevo TNG XOAAPWONC TG TAONG, n mopapopdwon
Slatnpeitol otabepr) pe anotéAsopa tn Helwon TNE MTPOKAAOUUEVNG TAONG LETA aTtd
OPLOMEVO XPOVIKO OSldotnua. To ¢awopevo NG XaAdpwong TeplypadeTal
TOPOAOTATIKA OTO OX O TTIOU atkoAouBEeL.

Y

time
t0

b)

c0_|

t0

IXAHMA 2 : KapmuAn xaAdpwong
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TA MONTEAA

1.1 EAatinpio (spring)

gAarnpio

To shatnplo eival To MPWTO PNXOAVLKO TPOTUTIO TIoU Bal PLEAETACOURE OTO MOPOV
ouyypappa. Eival To armAouotepo ypovika aveEdpTnTo UNXAVIKO OTOoLXElo, KBWG o€
omotadnmote HeTafoAn TG TAONG O oXEon LE TNV Ttapapopdwon dev emnpedletal
OO TOV TapAyovTa «Xpovo». Na tn HeEAETN TG ouumepldopdg Tou eAatnpiov pia
Baoikr €vvola mou Ba XPNOLUOTIOLOOUME ElVOL TO «UETPO EAACTLKOTNTAG» TIOU
e€aptaral amno tn ¢von Tou UALKOU Ttou mapapopdwvetat, SnAadn tou ehatnpiov.

H elaotikotnta sivatl n 810TNTa TwV UAKWV vo €KSNAWVOUV TO OUVOAO TWV
napapopdWoswV Toug akaplaia pe tnv emBoAn tng doptiong. Navaon tng optiong
€XEL WC QATOTEAECUO TNV EMLOTPOGIN TOU UAKOU OTnV OpXLKA Tou Kotdotaoh. H
LLNXOWVLKN QUTr cuumepLdopd TPOCOUOLWVETAL E €va amAo elatrplo (oxnua 3). To
e\aTnpLo ival Aoumov éva EA0OTLKO NXOVIKO TIPOTUTIO, TO OTtolo akoAouBel To VOO
Tou Hooke. ZUpdwva Pe To VOUO auTo, n ox€on METaU TNG TAONG TTOU OKEITAL OTO
eAaTrPLO Kal TG mapapopdwaong, sivat ypoppLkn Kot aveédptntn Tou Xpovou.

Nopog Hooke : o=E-¢

Omou o: ntdon mou epapuoletal oTo eAATHPLO
E: To HETPO EAAOTIKOTNTOG TOU EAOTNPLOU
£: ntpoOMN
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a) Epriuouog

31O MPOTUTIO TOU eAatnpiou, mapatnpoUpe OtL av emBaAloupe pia otobepr taon
(o0 =0y), T0 ehatriplo epdavilel pia otabepr tponn (81 = % )

Yyqpa 3:  Epruoupog ehatnpiou

B) XaAdpwaon

AvtiBeta pe to dalwvopevo Tou egpmucpol, SnAadni Katd TN XaAdpwon Tou
elatnplov, emBalloupe otabepn tPOMN (€ = &) KOl AMOKTAUE TAAL pia otabepn)
TpoT oUpdwva pe To vopo tou Hooke mou Looutat pe ( gy =E- &, ).



21

Yyqpoe 4:  Xohdpwon ehatnpiou

To glatrplo amo povo tou &g pmopel va meplypaet éva LEwS0EAAOTIKO UALKO, TO
omolo €xeL Xpovika efaptwpevn oupneplpopd. MNapoAo outd amotelel €va
Bepellwdeg MPWTO €epyoAelo ylo TOV UTOAOYLOMO TNC OPXIKNC  €AOOTLKAG
napapdpdwong, n omoia mapatnpsital otnv apxn tng ekdnAwong piag tétolag
ouunepldpopdg.

1.2 AmnooBeoTnpac (dashpot)

Anoofeotipag
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H €wdn¢ pon gival n 8LOTNTA TWV UALKWYV TTOU UTopEeL va meplypdel o
anooBeotnpag. O anooBectipag anoteAsital anod éva KUAWVEPO pe éva LEWOEC
uypO. Méoa oto KUALVEpO KLveital éva €uBoAo Kal Katd tn Kivnor) Tou SlappéEel eite
omo to €UBolo eite amo kamolo Tpuma. Exel mapatnpnOel pia ypappikn avaioyia
QVALECO OTN TAON O KOlL 0TO pUBUO HeTABOANG TNC TPOTG € ToU euBOAou péoa o
ouTO. Ta LEwdN VALKA lval yvwoTtd Kot w¢ NEUTWVELA KoL N LaBnUaTikr) oxécn mou
Ta Yapaktnpilel elval tne popdnc:

o(t)=n-&

Omnou, O : ntdon nou dpa otov anocBeotrpa
N : o ocuvteheotng LEwdoug Tou uypol Tou anooBeotrpa
€ : 0 pUBUAC HETAPBOANC TNG TPOTIAC

Me Bdon to mponyoUUEVO TUTIO £XOUE :

de

ot)=n"é¢ & oft)=n- ”

& de=%-c-dt & e=f%-a-dt+c &

1
g==-ot+c
n
Ma (t=0) €xoupe ot (g(0) = 0). Apa (c = 0). OndTe 0 TUMOC yiveTal :

1
g==-ot
n

a) Epriuopuog

A¢ peAeToOOUE TN cUpMEepLPOpPA TOU amocBeotrpa yia otabepr tdon. Mo otabepo
0, €0Tw (0 = 0y) , OTO XPOVIKO Slactnua amno (t = 0) puéxpl (t = t;) Exoupe :

et) =~ 0 t

Eival n e€lowaon tng tpomnc katd To GpalvopEVo Tou EpUCHOU amooPeoThpa.
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Yyqpa 5: Epruopdg anooPeotripa

AUTO onuaivel OTL OTO OTASLO TOU €PTUCHOU, N TPOMN AUEAVEL YPOUULKA HE TO
XpOvo. AnAadn to UALKO UTO otaBepr Taon PEEL SLAPKWCG.

B) XaAdpwaon

AC UEAETNOOUHE TWPA TN XOAAPwon Tou otolxelou. Apxlkd emiBalloupe otov
anocfeotnpa akaplaia pia Tpomr € kot tn Slatnpoupe otabepr) yua t = ty.
E€etalovpe Tt Ba oupPel otn tdon. Epdoov n tdon ywa tov amocoPeotrpa eival
oUVAPTNOEL TOU pUBUOU PETABOANG TNG TPOTIAG, cUMPWVA HE TOV apXLko TUTO Kal
epelc €xoupe OTL n Tpomn elval otabepr, £mMeTal OTL QUTOG O PUBUOC LooUTal UE
undév. Exoups :

de

€ = otabepd & E=O =

o=0

Eival n e€lowaon ¢ taong Katd To patvopevo T XaAdpwaong Tou anocPfeotnpa.




24

3
&
O 1 t
o |
Xaiapwon
0 t

Tyqpa 5:  XoAdpwon anooBeotripa

EmMopévwg oto otadlo tng xahdpwaong n taon pundeviletal amdtoua, dpa to UALKO 8¢
puropel vo emavépBel otnv apxlkn Kotdotacn, &nAadn OmMw¢ ATov TPV TN
napapdpdwon. Oa Aéyape OtL €xel pla mAaotik cupnepidpopd. O amooBeotrpog
mou amoteAel To mpotuno cupmepldopdg LEwdeg otolxeiou, dev eival Lkavo va
MEPLYPAYPEL HOVO TOU XPOVIKA €EOPTWEVEG CUUTIEPLPOPEC, AV KOL EUTEPLEXEL TOV
TAPAYOVTA TOU XPOVou. TO LELOVEKTAMOTA TOU elval OtL 8 AapPavel umoyn tv
OpXLK €AaoTik Topauopdwon. Iuvenwe 6 Ba pnmopoUos vo ATMOTEAECEL TO
LLNXOVLKO TIPOTUTIO £VOG LEWwSoeAAOTIKOU UALKOU.

1.3 NMpoétunmo Maxwell (cuvdeon o€ oelIpa)

n E
O /B —0

Npotuno Maxwell
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To povtélo Maxwell amoteAeitat amno éva eAooTIKO Kal Eva LEwdeC otolyeio
ouvbebepéva og oslpd. H taon mou edpapudletal ota SUo otolyeia eival ibla Kal n
OALKI) TPOTIN TOU HOVTEAOU LOOUTOL LE TO ABPOLOLO TWV ETLUEPOUG TPOTIWY TIOU
ovVamntUoooVToL O AUTA, KOTA TN oX£on:

€= & + Eqn (0X€ON 1)

OToU, &3 : N Mopauopdwon tou ehatnpiou
Eqn - N TIOPOUOpdWON TOU anocBeotrpa

Jto mpotuno Maxwell n taon mou sdapudletatl ota SU0 AKpa TOU LooUTAL UE Th
TAON OToV anooBeotrpo Kol TN TAon oto sAathplo. EOTw 6 n TACn oTo AKPaA Tou
TPOTUTIOU, O3 N TACH OTA AKPA TOU €AATnpPlou KAl 0,; N TACH OTA AKPA TOU
anooBeotnpa.

loxueL Aonov o,y = 0,; =0 (Ox€on 2)

Ano tn Bswpla Tou ehatnpiov £Xoupe OTL :
O¢) . O-:El .
Oep=E € & &= E S g = F (oxeon 3)
Ao tn Bswpla Tou amooPeotipa EXOUE OTL :
. . Oqn .
Oan =N " €qn & Eqn = 7 (ox€on 4)

Omou, n eival o ocuvtedeotnc LEwdoUG Tou amooPeotnpa.
Awadopilovrag tn (ox£on 1) kat AapBavovtag UToyn TLC OXEOELS 2, 3 Kal 4 £XOUUE :

de de de de g de do
_=_‘€A+£ —_ﬂ'l'% =) ____Sl_l_ﬁ (O'XéOT]S),

dat  dt dt dt  E 7 dt  dt
OTou T = % elval o xpovog kaBuotépnong.

H teleutaia oxéon amoteAel tnv teAkn e€iowon tou povtédou Maxwell. Ag dolpe
TWPOA TL CUMPBaiveL 0TO HALVOUEVO TOU EPTIUCHOU KAl TNC XOAAPWONE aVIioTOLYO.

a) Epriuouog

Av eruparloupe pia otaBepr taon (o = g1) 6An n napapodpdwon Ba mapaindBOet
omo to eAatnplo. AnAadn tn xpovikn otyun (t = 0) o anooPBeotnipag & Ba kvnBeL.
Tnv (t=0) £xoupe:

e(0)=¢; = % (oxéon 6).

AvtikaBlotwvtag tn (oxéon 6) otn (ox€on 5) MPOKUTMTEL OTL:
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(X o1t
< £=f—1+c & e=—+c
n n

de oy
at

Onou 10 c eivalt n otaBespd oAoKARPWONC Kal UTOAOYL(ETAL OO TIG QPXLKEG

, . . . , g1 , . . ,
ouvOnkec. Ano tn (ox€on 6) MPoKUMTEL OTL € = R Apa teALKA o TUTOC YiveTal :

oyt 01 _ 0g (t ) , ( Ui ) , , .
= — == — |- —_ -
(t) " E P + 1 ,omou | T ;) Elvatoxpovog koBuotépnong

H televtala e€lowon eival n e€lowon tng Tpomng epruopoyl oto npoturno Maxwell.

Yyqpoe. 6 :  Eprmuopdg mpotumou Maxwell

B) XaAapwaon

210 pavopevo TG xahdapwong emBailoupe akaplaia pio tpomr (€ = &), TNV onola
Kpatape otabepr). OMwg Kol MPOoNYoUHEVWE OAN n apauopdwon Ba mapaindBOei
omo to eAatrplo. To eAatrplo Ba amoKTAOEL TNV TACN

O-1= E- 81.

O amooBeotnpog &g Ba kivnBel, mou onuaivel OTL n TPOmMN tou eival undevikn. H
Tdon tou amooBeotrpa Ba sival on pe tn tdon ota dkpo tou ehatnpiou. Me Tto
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TMEPOOUA TOU XPOVOU o amoaoPeotnpag Ba apxiosl va Kiveital, onmote To sAatrplo Ba
XOAOPWOEL.
MNa (e = &) n(oxéon5) Ba yivel:

do o do dt do dt t
—+-=0 & —=-— & [—=-[— & ht)=--+¢ &
dt 7 o T o T

—£+C _E _t
oft)=e ' ' & oft)ze‘lre T & oft)=ce =

Omou c eival otaBepd oAoKANpwoNC Iou MpoadlopileTal amod TIG APXLKEC CUVONKEG.
Ma (t =0) €xoupe o(0) =c.

Apxika eimape otLtny (t = 0) oyvel o(0) = g, = E- &;.

Onoéte npokUmTeL OTLC = E- &4

Apa n teAkn e€lowon TNG TAoNE KATA To GALVOUEVO TNG XAAAPWONC TOU TPOTUTIOU
Maxwell elvat n akéAoubn :

O(t) =E- &1 e

L
T

,0Tou (r = ) glvat o xpovog kaBuaotépnonc

SR ES

Xypa 7:  Xaldpwon npotunou Maxwell
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Jupnépaopa, Aoutov, ival OtL To poviého Maxwell pmopel vo euBuvetol emapkwg yla To
dawouevo tng xaAdpwong, OpwC elvol avemapkéG oe oxéon Ue tn Tapaudpdwon mou
arokTdel To LEwS0EAAOTIKO KATA TO PALVOLEVO TOU EPTIUGHOU.

1.4 NMpotuno Kelvin-Voiqt (mapaAAnAn ouvdeon)

o4 n o

Npotuno Kelvin-Voigt

To povtélo Kelvin-Voigt amoteAeital amo €va shatiplo Kal éva amooPeothipa
ouvbebepéva mapdAAnia. H tpomr twv Vo otolxeiwv eivat dla kot n oAkr taon
mou £pappoleTal OTO POVTEAO LOOUTAL LE TO AOPOLOHA TWV ETILUEPOUG TACEWVY TIOU
S8pouv og QUTA, KATA TN oX€on:

0=0g + Ogn (Oxéon1)

OToU 0y, : N Taon nou epapudleTal oTa AKpa ToU eAaTnpiou
Ogr - N TAON TIOU £QAPUOTETOL OTA AKPA TOU AMOCBECTHpA

Emiong n mapauopdwon eivat kowrn kot ota OSUo otolxeia  (eAatrplo-
anoofeotnpag). Apa oL Tpomég Toug Ba elval loec.

€= & =Eqn (0XEON2)

OTOU, &g, : N TPOTH OTO AKPO TOU eAatnpiou
Eqm - N TPOTIN OTA AKPQ TOU AMocPBeatrpa

Oa YPNOLUOTIOL|OOUUE €MIONC TOUC SUO EMUEPOUG TUTOUC Yla EAOTHPLO KOl
anoofeotrpa avtiotolya.

EAatriplo : o:,3=E-¢&.; (oxéon3)
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AnooBeocTNPOG: Oyp=N-Eqr (OX€on 4)

, (oxéan 2)
(oxéon 3) Rl o3 =E-¢€

, (oxéon 2) ) (oxéon 1) . ,
(oxéon 4) £:> Oqr =N" € £:> o=FEe€(t)+n e(t) (oxéonb5)

a) Epriuouog

Av gruBaloupe pia otabepn tdon (o = g, ) To Mpotumno e Ba avtdpdoel akaplaia
810TL To eumodilel o anooBeotrpag . Tnv (t = 0) £€xoupe otL €(0) = 0 kat 6An n taon
napaAapBavetal anoé tov amocPeotipa. lNa tnv emiluon tng (oxéong 5) Ba
xpnotpomnotnBolv petacxnuotiopol Laplace avti tng amAng pebodouv xwpllopevwy
petaBAntTwy. OnOTE €XOULE :

oo =Eelt)+n e(t) > fLlog)=E L{e®}+n He(D)) & 2= E LM} +

s LM} & T=(Erns) L) © Sphs=LED} (oxEon6)

H teAevtala oxéon AUvetal alyeBpLkd avaluovtag To KAACHO TOU TPWTOU LEAOUG
oe 600 KAdopata we ENG :

() A

S(NSTE) s (ox¢éon7) © gp=(n-'s +E)-A+sB

+
n's +E
Me s=0 sivat:
0o ,
o,=EA & A= z (oxéon 8)

Me s=1 eivot :

(ox€an 8) oo
UOZ(n+E)-A+B (—4 B:O'O-(r]+E)-A{= Bzo‘o-(n+E). ? =

Nn-0p 0o

=gy -— - & Bz -— S
B =0, =~ 00 B E (oxéon 9)
, , (oxéon 8,9) oo 0o n-ay 1 o, 109
> = —_—— = —_—r—_ e —— =
Apa (oxgon 7) s(VS+E) " SE E-(ps+E)  E s pEe(s+ %)
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Ytn (oxéon 6) edapuodloupe aviiotpodo petaoxnUatiopd Laplace kot €XOUpE :

;1) 1o 1, 00 _Lo-1fo0) %0, ;1) 1
g(t) =L {E s E (s+n£)}<:) E(t)_E L {s} E L {(5+£)}<:)

n

oo O . o, _E,
g)=—=-=e 1 & e(t)=—°-(1— e n ) o

E E E

0-0 _E ) n ’ ’ ’
e(t):E' (1 — e T) ,OTou (T = E) elval o xpdvog kaBuotepnaong

H teAevtala oxéon eival n e€lowon tng TPOmNG EpmUcoU oTo tpotuTo Kelvin-Voigt.

Yyqpa 8: Eprnuopog mpotumou Kelvin-Voigt
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B) XaAapwaon

Av emiBaMhoupe akaploia pio tpomn (g = &) Tnv onmola kpatricoupe otabepn TOTE
TN XPOVIKN oTyun (t =0) n tdon yivetol amneslpn Aoyw aviidpaong Tou anocBeothpa.
TN ouvéxela Kabwg n tpormn mou edapudloupe eival otabepr, 0 amooBeothpag
naleL va avtdpad, omote OAn tn taon tn mapoAappavet to ehatriplo. Apa and vouo
Hooke g,=E- &5 . AMwOoTe auTto paivetat kaL amd ™ (oxéon 5) av Bécoupe &(t) = 0.
AUTO LoXUEL PHEXPL TN XPOVLKA oTyun (t = tq). Mat > t; n tdon pndeviletal.

Yyqpa 9 : Xahdpwon npotunou Kelvin-Voigt

O mpoodLloplopdc TNG apXLKAG EAAOTIKNG mapapdpdwaonc Tou poviedou Kelvin-Voigt
Sev eival duvatog, kabwe pe tv emtPoAn ¢optTong o amooBeotnpac MPoBAAel
avtiotoon. Me tnv mdpodo TOUu YXpovou o amooPBectipag oapxllel va
napapopdWVETAL, HE QMOTEAECUA €va HEPOC TNG TAONG Tou avoaAopuPavel, va
petaBLpaletal oto eAatniplo avaloya Le TNV MApapopdwon tou. To yeyovog auto
€XEl WG emMokOAouBo TN Helwon TG TAoNg Tou amooBeotripa Kol tou pubpou
napapopdwong Tou K.o.K.. JUVENWC, N taon Ba teivel Babuaia va petaBlpocdet
TANPWC OTO €ANTNPLO KL N TPOTH Bo TEIVEL ACUUMTWTLKA OTNV EAQOTIKN TpoTtH. H
ouumeplpopd aut Kaleitol kabBuotepnuévn elaotikotnta. Otav oto HOVTéAo
Kelvin-Voigt amopakpuvBel n ¢option, tote N Mapauopdwon EMelta omd KAMOLo



32

XPOVIKO SLAoTnUa Teivel va pndevioTel, KATL Tou 8ev LoYUEL oTNV LEWSOEAAOTLKN
oupumneplpopd. Emopévwe, TPOKELTAL Yo £VOL OUCLWEEG LELOVEKTNO TOU HOVTEAOU
Kelvin-Voigt. Emopévwg autd to povtédo sival kald, aAld dev eival oe Béon va
neplypaPel To Palvopevo TG XaAdpwong TG TAONG O TETAUEVO LEWOOEAAOTIKA
UALKA. ‘Evol KON ONUOVTLKO PELOVEKTNA TOU LOVTEAOU QUTOU Elval TO yeEyovog OtL

aduvotel vo ekppdoel TNV apxLlkr €AOOTIK CUUMEPLPOPA TIOU TOPOUCLAlEL €val
LEWO0ENOOTLKO UALKO.
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KEDAAAIO 2°

A. EIZATOMH

To povtédo Maxwell énwg kat to povtélo Voigt, &g pumopouv va euBUvVoVTOL YLo OPLOUEVEC
ONUOVTIKEC TTUXEGC TNG ouumepldopdc twv  wdoglaotikwyv. Ta HOVIEAA autd
arodelkvUovtal avenapkr. To poviého Maxwell meplypddel avemapkwg to GpoLvopeEVa TOU
€PMUCHOU Kol TNG avaAndng kat to povtélo Kelvin-Voigt meplypddel avemapkws To
dawopevo g xoAdpwong. I ‘ autd to AOyo TPOXWPNOAUE TIEPETAlpW OTN HEALTN
TEPLOCOTEPO TOAUTIAOKWY HNXAVIKWY TPOTUNMWY, T omoia evéexopévwe Sivouv pia mo
QVTUTPOOWTTEUTIKY cuUTepLdopd TwV LEWSoeAAOTIKWY. EVa TETOLO TTEPLOCOTEPO TOAUTTAOKO
HOVTEAO UMOPEL VA KATOOKEUOOTEL HE ouvappoAoynon mpocBetwv  glatnplwv kat
armoofeotrpa pe pia Stadopetikol TUMou Suatafn. KabBwg mpootiBevtal oOAo  Kkal
TEPLOCOTEPA OTOLXELQL OTO UNXOVIKO HOVTEAO, TOGO N MPOCOMOiwan HE TO LEWSOEAAOTLKO
UAWKO yivetal kaAUtepn. Qotdoo oL pHaBnuaTiKEG €ELOWOELS TIOU EMIOTPATEVOVTAL YL TNV
eniluon tou mpoPARuaTOC yivovtal MoAUTAoKOTePeS. Ta paBnuoatikd gpyoleia mou Oa
XPNOLUOTIOLOOUHE yLo TNV emiluon TETOwwV lowWoewV elval oL petacynuotiopol Laplace.
ta Mabnuotikd, o HETAoXNUOTIOMOC Laplace elval pia armd T o YWWOTEG KAl TILO EUPEWG
xpnotpomnotnuévn pébodog, mou petaoxnpoatilet pia Stadopikn e€icwon. Mag Bonbdel wote
va opAyoupe pio elkoAa emhvoun alyeBpikn e€iowan, n omola MPOoEPXETAL OO APKETA
moAUTAokn Sladopiki €lowoan.

B. To povrédo Standard Linear R oTeped Tou Zener

To mpotuno ypappko oteped (Standard Linear) povtélo, smiong ywwotd wg to HOVIEAO
Zener, sival pla péBodog povtelonoinong tng cupmeptdhopag evog LEWE0EAAOTLKOU UALKOU
XPNOLUOTIOLWVTOG £Val  YPOUUIKO cuvSuoouo elatnpiwv kol amoofeoctipa  TOU
QVTUTPOOWTEUOUV TA €AOOTIKA Kal LEwdn oTolxeia, avtiotolya. UYKeKPLUEVA, €AV éva
npdoBeto ehatiplo ouvopupoloynBel mapdAnAa pe éva  poviého Maxwell , Ba
QTOKTAOOUME TO MovtéAo “Standard Linear” 1 “oteped Zener” mou elkoviletal oTo
TAPAKATW OXAUA.
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(a)Movtélo Maxwell, (b)Movtélo Kelvin-Voigt, (c)Movtélo Standard Linear

YuvoéovTag Evo EAUTPLO Kot £VO. amoGPESTNPA GE GEPE, PTIAYVETOL TO LOVTEAO TOL
Maxwell. Zvvdéovtag éva eAathplo Kot Eva amooPestnpo G€ TAPAAANAT GUVIEST,
eTidyvetan to povtéro Kelvin-Voigt. Xe avtifeon pe to povtého Maxwell kon Kelvin-
Voigt, 10 povtého Standard Linear, elvor €logpdc 7o TOAOTAOKO, O(POV
coumephapPdvet kot Ta S0 otoryeia o€ oepd Kot mapdriinia. To ehatiplo, To onoio
OVTUTPOCMOTEVOVV TNV EAUCTIKT] GUVIGTMOGO. VOGS 1EMA0EANGTIKOD VAIKOD, DTAKOVOVV
610 vopo tov Hooke :

oc=E=¢

Omnov, o givon 1 epappoldpevn téon
E givon 10 pétpo ehaoticotntog tov Young

€ etvou n TpoTN

O amocfecTNpag OVIUTPOCOREVEL TI GUVICTMOGA TOV 1EDO0VS VO 1EMO0ELNTTIKOD
VAMKOV. Xg avtd TO otoryeio, M epoppolopevn tdon eivor avaioyn tov pvOuov
HETAPOANG TNG TPOTNG GE GLVAPTNON LE TO XPOVO :

__ de
G—n';

Omov, 1 givor 0 cuvtereoTng 1EDAOVS TOV VYPOV TOL aTOSPESTHPO
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Xapoaktnplotikd Movtélov

To MPOTUTIO YPOULKO OTEPED HOVTEAO ouvOuAlel MTUXEG Tou Hoviédou Maxwell kot
Tou povtélou Kelvin-Voigt. Me tn BorBeta Twv U0 aUTWV HOVTEAWVY ETLXELPOULE VA
nieplypaPoupe pe okpifela tn ouvoAlkn cupmepldopd TOU GUOTHUOTOC KATW oo
éva 6edopévo alvolo ouvBnkwv ¢optionc. H ocupmepidpopd tou wdoelaotikou
UALKOU, oto omolo edapudletal pla otyplaia taon daivetal va £xeL pila otyplaia
OUVLOTWOO TNG avTidpaong Tou UALKOU. ITypaia SLoKomN TG TAoNG KATAANYEL O
plo pelwon otnv acuveyn tpomr, Onwe eival avopeVOUEVo. To SLAYpaUUa TNG TAONG
0€ oUVAPTNON UE TO XPOVO, gival pio kapumAn aAndn kat avaioyn tg e€iowaong mou
xapaktnpilel T ouumnepidopd TOU HOVIEAOU OTn MAPodo Tou XPOVou Kol eivol
OVAAOYO HE TO TIWCE TO LOVTEAD £XeL HOPTLOTEL.

AUTO TO HOVTEAO pmopel va xpnotuornotnOet yia va tpoBAEPEL e akpiBeLa TO YEVIKO
SLAypappa TNG KOUTUANG TNG TPOTNG, AVAAOYyd HE TO TIWG CUUTEPLDEPETAL TO
L€EWE0ENOTIKO YLOL LEYAAO XPOVIKO SLACTNUA O OXEON HE TN OTLyHLaio Tou dpoption.
MapoAa autd To HovTéEAo Sev €XEL TNV LKOWVOTNTA VO LOVTEAOTOLOEL aplOUNTIKA
akplBéotepa cuoatrnpata, SnAadn KUNXavIKA LovtEAa Tou eival Lo ToAUTIAOKAL.

AMAG pnNYOVIKA HOVTEAQ TIOU XpnOLUOTooUV o ocuvduaopo ehatipla Kot
anooPeotnpeg cuvbeopeva pe Sladopoug TPOmouc, Sev avilotolyoUV AUECH OE
OLOKPLTEG HOPLOKEG OOMEC evog LEwdoeAaoTIKOU UAkoU. Qotoéco, Bonbolv
ONUOVTLKA OTN KATAvonon Tou MWE auTd To UALKA avtamokpivovtal otig diadopeg
LETABOAEC TNG ePpapUOTOUEVNG TAONC OE CUVAPTNON UE TN Mopapopdwar) Tou.

Y& YEVIKEC YPOUUEG, 6000 TLO TOAUTIAOKO VIVETAL TO MNXOVIKO HOVTEAO TOOO
KaAUTepa TALPLAEL PE T TIELPAMATIKA SeSopéva paG. AUTO €XEL OOV GUVETELD va
dnuloupyeitat n amaitnon ywa xprion UeyaAltepou aplBuol  TELPAUATIKWY
otaBepwv.

To povtélo Standard Linear mapéxel pia KOt TPOCEYYLON OVAMAPACTOCN TNG
TOPATNPOUHEVNC OUUTIEPLPOPAG TIOAAWV TOAUUEPWY, TA OMOold AVAKOUV oTnV
EUPUTEPN YKALO TWV LEWSOEAACTIKWY UALKWV.
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MaBOnuatikn EmiAUon Tou TPOoBARLATOC GTO LOVTEAO
Standard Linear

_/Ba55880N—
E2 n

MNpotuno Standard Linear 1§ otepeo tou Zener

‘Eotw OTL aokoUpe otabepn TAON O 0T AKPO TOU Tapamndvw mpotumnou Standard
Linear. A¢ UTtOB£00OUE OTL N TACN OTA GKPO TOU eAATnPlov pe HETPO EAAOTIKOTNTOG
E;, elvav 0y. Ag umoBéooupe emiong, OTL n TAON OTO EAATAPLO HE HETPO
elaotikotntag E, kal otov amocBeotipa pe ouvteleotn wdoug n, €lval oy.
MNapatnpoUpe OtL N epopuolOpevn TGN O glval Lon Ue To ABPOLOUO TWV ETILUEPOUG
TACEWV Ty KOL 0.

0 =0, + 0, (oxéon 1)

H etlowon ouvpBBacuol twv mapapopdwoswv OSilvel OTL oL Tpomég ot Suo
ETUHEPOUG TIAEUPEC TOU TPOTUTIOU €ival (ogg peTal Toug Kal (0eg Pe T oUVOALKNA
TPOTIN TOU TTPOTUTIOU.

e=¢ =&, (oxéon2)

OToU, & N TPOTA oTa AKpa Tou eAatnpiou pe peTpo ehaotikotnTag E;
&, N TPOTH 0TO €AATPLO LETPOU eAaoTikOTnTag E, KAl otov anooBeotrpa.
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A. TPAMMIKH ME@OAOZ

ITa akpa tou ehatnplou pe pétpo elaotikotntag E; epapudloupe to vOUO TOU
Hooke kat maipvoupse :

o1 = E; - €1 (oxéon 3)

JTNV amévavtl TIAEUPA Tou elatnplou autol UTApXEL €vol EAATAPLO KOL €vag
armooPeotnpag ocuvdedepéva oe oepd ( mpoturmo Maxwell ). Emopévwg Ba
edapuoooupe tnv e€lcwon mou amodeifape yia to mpdtuno Maxwell. O Tumog eivat:

. o, 1 . (oxéon2) 5 1 . ,
Ey=—+—"0, —— Eé=—+—"0, (oxeon4)
n  E; n  E

Nopaywyilw tn (oxéon 1) kot £xw :
d'=O:1+O:2 (=4 d-=E1'é+02 (O'XéOTIS)

' B . 1 . (/) . .
H(oxeon4)ytverat:UZ'E—=€-; = 02=E2'(8——
2

(oxéon 1)
) —
n

(oxéon 2)
)

0, =E, - (8 - a_nal) 0, =E; " (8 - %El) (oxéon 6)

( 6) . —¢E . . .
(OXEOI‘]S)%@ o=E,-€+E;- (8—%)(:» o=E,-é+E,-¢

Eyo  EyE . E . E
-+ 12e o a+72-0=(E1+E2)-e+ !

2 y
€ (oxeon?7
» ” (oxg€on 7)

a) Epriuopuog

Av eTupdaAAoupe pia otabepr) taon (0 = 0y ) OTO MPOTUTIO EXOULE :

Ytn (oxéon 7) edbapuoloupe petaoxnUatiopo Laplace kat maipvoupe :

Llo+ 2 oj=p{E1 + E) e+ 22 ¢ & s-a(s)+%-0(s)

= (Ey + E;)'s e(s)+ - e(s) z 00+E = (Ey + E;)-s e(s)+

Ep 90
Ei E, —— S ao.(1+—) - —-(s ‘n+ Ey)
— &S = &(5)= (=4
() () = (E1 + E3) s+ElnE2 £(s) = (Eq + E3)s+ 117E2
e() = e & &) = I —— (oéon )

n'(E1 + Ez)-s? +E;-Eg's s [n(Ey + E2)s+E; - Ep]
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H teAevtala oxéon AUvetoal aAyeBpikd avalvovtag To KAaopa Tou SeUTEPOU HEAOUG

oav dBpolopa SU0 KAAOHATWY WG EENC :

B

ol — 90 -(Ex+7-5) ol o) —
£(s) = s [n(E1 + E2)'s+Eq - Ep] e )=

(2 I

n(E1 + Ez)s+E;-E;
S 0p(E;+ n:s)=A[E; -E;+ n-(Ey+ E;)s]+B-s
Me (s=0) nteheutaia oxéon yivetal :

oo E,=A-E{-E, & A=;—0 (oxéon 10)
1
Me (s=1) n (6o oxéon yivetal :

0o " (E; + n):g_j'[El'E2+rl'(E1+ E;)]+B & oy (E;+ n)=0¢Ex +

n: 7)'0'0-E2

E

+B &

JO(El'l'Ez)+B (—4 00'E2+n'00=00'E2+n'00+
1 1

N-00-E,

B=-———= (oxéon11)
Eq

) (oxtoeig10,11) —— g, MN0Og.E 1

(oxgon 9):} E(S) = 0 . Z.
Eqis Eq EyEx+n - (E1+ Ez)s
—— 0, 1 0005, 1 7~ _00 1 90 E;
£(s) TE s 1 Ey(ExtEy) 2o e &) "By s Er(ErtEp)
n-(E1+ E2)
1

Eq1-Ep

n'(E1+Ez)+S

J1tn teAevtala oxéon KAvoupe avtiotpodo petooxnuotiopd Laplace kot €xoupe :

< _ o 1 00 E 1 (o1
L 1{5(5)}21' 1{_0 LT . "TTEE } & gt)=—-
Eq S E - (E1+ E3) m‘l‘s Eq

E1Ep

00-E o 00-E -1z .
—0F2 .- L o g(t) =R 22T Gt
E1*(E1+ E3) 7Bt By E1 Eq(E1t+E3)

+ (oxéon 9)

=~
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glt)=2(1 E2 -e_"'(glll]iz’?z)'t ton 12
=L, oLk, (oxeon 12)

H teAevtala oxéon amotelel tnv e€lowan tTnNg TPOMAG KOTA TO GaLVOUEVO TOU
EPTIUCKOU E TN YPAUULKN HEB0SO yla To mpotumo Standard Linear.

I
Op
0 = t
b,
£
&(@)|-------m-mm e
€p
t
0

Yyfqpa 1: Epmuopog npotumou Standard Linear
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Ornou, ¢(0) =?' (1 — = )

B) XaAapwaon

Av gmufalloupe akaplaia pio tpomn (g = &) tnv omola kAl Kpatricoupe otabepn
TOTE n TAON TOU MpoTUumou Ba Sivetal amoé tnv enilucn TNG MAPOKATW SLadopLKng
eflowong :

3tn (oxéon 7) epopuolov e HeTaoXNUATIONO Laplace kal maipvou e :

Llo+2 o)z (B + E) e + 22 ¢} & s-a(s)+%-0(s)

=(Ey +E,)s e(s) + Elni £(s) == (s + %) -0(s) = (Ey + Ey)s %"+

E{E, ¢ E — g .E1E; 1
EvEz 80 (S+—2)'J(S)=so'(E1+E2)+M'— o
n S n n S
— g (E1 +E g -E1'E; 1

a(s)zn 0 (E1 z)+ n LEo-Erka 1

E,+1ns Ey+1s n s
— & ‘(E1t+E & .E1'E
p S)= 0 ( 1E2 2) 0-E1'Ep (oxéon 13)

S+7 s (Ex+1ms)

H teAeutala oxéon AUvetal aAyePplkd avallovtag To KAACoUO Tou SeUTEPOU HEAOUG
oav aBpolopa U0 KAACUATWVY WG £EAG :

EO'EIIEZ _A B
s (Ex+ 1) T s E;+7s

& g EiE;=A(E;+n-s)+B-s
Me (s=0) n teheutaia oxéon yivetal :

& "EiE,=AE, © A=¢gy-E; (oxéon14)

Me (s=1) n 6o oxéon yivetat :

€ E1 Ey=¢gEy - (E;+n)+B © B=-g E;'n (oxton1s)
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, (oxéoeig 14,15) —— &y (E1+E;) ¢€9'E1 &y 'Eq-
(OXEOI‘] 13) O'(S) _% (E21 2 051 & B1M
445 S E2+ ns
n

——~ _& (E1+Ep) & E1r & Eq

o(s)=

—~_%E;  &Eq
= -5 & o(8)=g—+—
—=+s S —=+s —=+s
n n n

S

2Tn teAevtaio ox€on KAVOUUE avtiotpodo LETACXNUATIONO Laplace kol £xoupe :

I i ‘E
L o(s)) =112 + 22 b o oft)=gy By L ¢+
245 s 245
n n
Ey
-1 1 ——=-t
go'El'L {;} = O'(t)=€0'E1+€0'E2'e n {—4

_E2,
o(t) = & '(E1 + E,-e 7 ) (oxéon 16)

H teAevtala oxéon amoteAel tnv e€lowon tng TAONC KATA TO GALVOUEVO TNG
XOAAPWONG Ue TN YPappLkn pEBodo yia to mpotumo Standard Linear.
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o0} t- - - — (o _

—=
0 t

Xyfqpa 2 : Xaldpwon nmpotunou Standard Linear

IOT[OU, 0(0) =&y (E1 + Ez)

0(00) = Eo - El
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B. MH TPAMMIKH MEOOAO2

H un ypapuikp péBodog adopd to L€EWOEC oTOKED TOU HNYOVIKOU TPOTUTOU
Standard Linear. AnAadr, tov amooBeotripa o omolog eival Xpovo-££apTWHEVO
otolyeio. Xtn ypaputkn néBodo, yla to otolyeio Tou amocBeotrpa, epopUdcapE TV
e€lowon :

: Oan(t)
Eqn(t) = T
Omnou, &4,(t) eivat o puBUAG HETABOAAC TG TPOTIAG TOU AMOCBECTHPA
O qr (t) €lval n Tdon oto dkpa tou anocBeotripa

n glval o ouvteAeotr¢ LEwdouc Tou amocBeotrpa

Qot600, N XPron outoU Tou TUTIOU 8eV elval OPKETA LKOVOTIOLNTLKY W¢ TPOE TO
amotéAeopa Kabwg, Omw¢ Bo SLAMIOTWOOUUE KOL OTO EMOUEVO KedAAaLo
napouctalel anokAion and tnv IEwSOEAACTIK cUUTEPLPOPA TOU UALKOU. AUTO TO
CUUMEPOOMO TIPOKUTITEL OV TIAPOTNPOOUHUE TNV KOAUTIUAN €PTMUCHOU KoL TNV
KOUIUAN XaAdpwong HECW TNC YPAUULIKAG MEBOSOU Kal TIC aVTIOTOLXEG KOAUTMUAEG
TWV TEPAUATIKWY HoC OeSopévwy. Juykplvovtdc Tec odnyoUpoote OTo
CUMUMEPOOMO OTL TO HOVIEAO ToU £XoUupe emAé€el  Sev  elval  apketd
QVTUTPOOWTEUTIKO TNG LEWOOEAAOTIKAG CUUTEPLPOPAC Kol €XEL OVAYKN QMo
BeAtiotomnoinon. Yotepa amd MEPAUOTO KOl EMIHOVEG KoL KOTILAOTIKEC SOKLUEC TNG
LNXAVLKAC ETLOTAMNG, OL EPEUVNTEC KaTEANEav o €vav «Opo», 0 Omoiog sival un
VPOLLULKOC TToU avTLkaBLotd Ttnv mponyoUl evn €iowon :

gan'(t) =a - sinh(b - 0gr(£) )

Onwg daivetal kal amdé Tov Mopamdvw TUTO yivetal xprnon Ttou umepPoAlkou
nuLTtovou, To omoio kaBlotd tnv teAkn €lowaon tNG KN YPOUUKNAG HeBOdou Lo
PEOALOTIKA KOoBwe mapouctalel HKPOTEpA OPAAUOTO O OXEON TAVIO MHE TIG
TELPAPATIKEC TIMEG, TOOO KATA TOV £PrUOHO OCO Kal KAtd TNV XaAdpwon Tou
HOVTEAOU.
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ANTEBPIKH ENMIAY2ZH ME TH MH TPAMMIKH MEGOAO

‘Eotw OtTL aokoUue otabepr) TAON O oTa AKPO TOU HUNXavikoU povtélou Standard
Linear kat ta U0 elatrpla emipnkuvovtal. Eotw OTL n Tdon ota dkpa Tou eAatnpiou
HE pETPO ehaotikotntag E;, €lval o; KAl n TAON OTO €AATAPLO HE HETPO
elaotikétntag E, kal otov amoofeotnpa He ouviedeot Ewdoug n, gival o.
MopatnpoUpe OTL N epapuolOUevn TAon o ival (on pe To ABPOLoUA TWV ETILLEPOUG
TACEWV 07 KOL 0.

o=0,+0, (oxéonl)

OL Tpomég otic SU0 EMIUEPOUC TTAEUPEG TOU TIPOTUTIOU Elval (0EC LETALY TOUC KAl (OEC
LLE TN GUVOALKN TPOTII TOU POTUTIOU.

e=¢g =¢& (oxeon?2)

OToU, &; N TPOT OTA AKPA Tou eAatnplou e LETpo ehaoTikotntag E;
&, N TPOTIH OTO EAATPLO LETPOU eAaoTIKOTNTAG E, KaL oTov anooBeotnpa.

Zta dkpa tou glatnpiou pe pétpo ehaotikotntag E; edpapupodloupe 1o vopo tou
Hooke kot maipvoupe :

0,=E,-&=E;-¢ (oxéon3)

Oa KAVOUWE XpNon TNG KN YPOUULKAG e€lowong yla Tov amooBeotipa cUudwva LE
TOV TUTIO :

gqn(t) =0 - sinh(b - 04, (t) ) =a-sinh(b-0,(t))  (oxéon 4)

TNV Omévavtl MAEUPA Tou elatnpiou pe pétpo elaoctikotntag E; umdpxet éva
ehatnplo kol €vag amoofeotnpag cuvdedepéva os oeslpd ( mpotumo Maxwell ).
Enopévwg Ba edappodooupe tnv e€lowon mou anodeifape ya to mpotuno Maxwell.
O tumoc sivat:

a2(t) + L.
E;

&,(t) = 0, (t)

o, (t)

270 TMAPATAVW TUTIO AVTLKOOLOTOVE TO YPOUMLIKO OpPO E(m.(t) = HE TO HN

VPOUULKO TUTIO E(m.(t) = a - sinh(b-0,(t)) oOudpwva ue tn (oxéon 4) kat

€XOUE :

. 1 . (oxéan 2)
&(t)=a-sinh(b-o,(t) ) + = o,(t) ———
2
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e(t) = a - sinh(b - o,(t) ) + Ei <0, (t) =4

0,(t) = E, - e(t)-E, - a-sinh(b-0,(t))  (oxéon5)
MNoapaywyiloupe tn (oxéon 3) Kat £(OUHE :

o.(t)=E; - €(t)  (oxéon6)

MNapaywyiloupe tn (oxéon 1) kot £€XOUpE :

(oxéon 5,6)
f——1

a(t) = 0, (t) + 03(t) o(t) =E; -&(t) +

. (oxéon 1)
E,-e(t)-E, a-sinh(b-0,(t)) ——

. . . ) (oxéan 3)
o(t)=E,-e(t)+E, e(t)-Ey-a-sinh(b-(co(t) — a.(t)) ——

o(t)=E,-e(t)+E, €(t)-E,-a-sinh(b-(o(t) — E; - £(t)) &

dfl(tt) -Ey - a-sinh(b - (o(t) — Ey - £(1))

do(t)
Zt =(E; + Ep)-

O tUmoc¢ autoc amoteAel Tn Sladopikn e€iowon TG TAONG O CUVAPTNON HUE TNV

Tpomn Tou povtélou Standard Linear yla Tn pn ypoupkn pébodo.

H emihuon tnc eival apketd nepimAokn. Ma To Adyo auto Ba XpnOLLOTIOL)COULE TO

Aoylopiko makéto Mathematica, To omoio eivat éva mOAU Xprolgo HoOnuUaTIKO

gepyaAeio yla TNV emitevén Tou MOPATIAVW OTOXOU. ALaBETEL PeYAAEG SUVATOTNTEG

otnv emiluon HOKPOOKEAWV Kal TOAUTAOKWY Oladoplkwy €lOWOEWV KAVOVTOG

xpnon Sltadopwv MPOYPAUUOTIOTIKWY TEXVLIKWY Kol OAYOPLOULIKWY EVIOAWV TIOU £ivoil

XPNOLUEG Yyl TO OKOMO outd. DUOIKA TO OUYKEKPLUEVO AOYLOUIKO TAKETO Of

meplopiletal povo o€ autd, KOBWC MIMOPEL vo TPAYUATOTONOEL Kol GAAEC

HOONUATIKEG EPOPUOYEC, OTIWG YPOPLKEC TTAPAOTACEL;, OAOKANPWHATA KOl TTOAAQ

aAAQL.
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KEDAAAIO 3°

A. EIZATOMH

Y10 Kepahalo autd, To KUpLo BEpa pag, ival ot Vo péBodol mou avalloape oTo
KEDAAQLO 2, N «YPAUULKAY KOL N €N YPOUULKA». ZKOTIOC KOG ELVOL VO CUYKPLVOUUE
v wdoeAaoTikr cupmepldpopd TwV UAKWY He Baon Tic SU0o auTég pebodoug. Katt
TéTOlo pmopel va oupPel kdvovtog xprion MEPAUUTIKWY dedopévwy, dSnAadn TLUEC
NG TAONG KOl TNG TPOTIAC ToU £XOUME PBpel amod melpapota edpeAkuopol oTo
L€WO0EANOTIKO UALKO. OL TLUEC QUTEC LETPRONKAV 05 SESOUEVEC XPOVIKEG OTLYHEG, TLG
ormoliec kol €xoupe kataypael. O xpovog eival onNUOVTLKO CTOLKELO OTNV €PEUVA PG
KaBWE N HEALTN yivETAL TAVW OE «XPOVIKA HETABAANOLEVO TTPOTUTION, TIOU ELVOL TO
Standard Linear. 3tn GUVEXELO KAVOULE CUYKPLTIKA HLEAETN TWV TELPAUOTIKWY QUTWY
TIHWVY, HE TIC OEWPNTIKEG TIHEG TNG TAONG KOL TNG TPOTIAG TTPOKUTITOUV TG00 armod TN
KYPOUMULKAY, 000 Kol amod T «Un ypauukn» péBodo. H peAétn auth yivetal pe
Xpon tou Aoylopikou makétou “Mathematica”, mou eival éva mAnpeg Mabnuatiko
nPOypaupa, TO omoio elval KatdAAnlo yla To OKomo Tou Tmeplypadope
TIPONYOUMEVWG. JUVOTTTLKA avadEPOUUE KATOLEG £PAPLOYEC TIOU TIPOKELTOL vl
avantuéoupe pe tn PonBela autol ToU AOYLOULKOU TTAKETOU :

e Anuloupyia «Alotag» amo Statetaypéva eUyn TILWY, OTWG YLa TTOpAdeLypa
Alotag amno dotetaypéva {evyn «TPOTINC-XPOVOU».

e Xprion ouvoPTNOEWY, YPAUUIKWY KL PN YPOUULIKWY, OTIWE Yl TTOPAdELya
TN CUVAPTNON NG TPOTING LE TO XPOVO (EPMUCHOC) Kol TN ouvapTnon TNG
TAong HE to Xpovo (xaldpwon), mou umoloyicape pe tn Bonbela NG
VPOUULKAC ueBobou.

e Anuoupyia ypadlkwv mapactdcswv TOCO amod «Alota» 000 Kal omo
BewpPNTIKEG ocLUVAPTNOELG TwV SUO HEBOSWV.

e Emiong Ba beifoupe mwg pmopolUe vo dnuloupynooupe «Alota» omo
Slatetaypéva evyn pnéoa amd pilo SuoemiAuTn Kal HOKPOOKeAN Slodoplkn
eflowon pe xpAon TMOPAUETPWY, OMWE Ylo TOPASELYHO TOU HETPOU
elaotikdtntag E; kat E,, Tou ouvieheotn EwdoUG N Kol Twv MAPAUETPWY
a,b Tou untepBoOAKOU NULTOVOU.

‘OAeg auTég oL edpapuoyEC amotedoUv Ta amapoitnta Brpato ylo emiteuén tou
BaolkoU poag otoxou mou Sev eival GAAog amd TN MEAETN, Tpocopoiwon Kol
HOVTEAOTIOLNGN TNG CUUMEPLPOPAC TWV LEWSOEANOTIKWY UALKWV.
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A. MONTEAO NPO2OMOIOQ2H2 ME TH TPAMMIKH ME@OAO

a) Eprtuopog

Av erTufarloupe pia otabepn tdon (o = gy) oto npotumo Standard Linear, cOudwva
Le to anoteAéopata Tou Kepoahaiou 2, n eélowon tng Tpomnig g(t) os ouvaptnon He
TO Xpovo t elval n akoAoubn :

___EEy |
g(t) = Jo, (1 ~_E ) -e M (E1+E3) ‘ (oxéon 1)
Eq Ei+E,

H televtaia oxéon amotelel tnv £€iowaon TNG TPOMNAC WE TTPOC TO XPOVO KOTA TO
dawvopevo Tou «gpmUopoU» e TN Bewpla TNG YPOUULKAG LEBOSOL yLa To TpATUTIO
Standard Linear.

B) XaAdpwaon

Av erupaloupe akaplaio pio tpomn (€ = &) tnv omola Kot Kpatnooupe otabepn yla to
nipotumo Standard Linear,cUpdwva pe o mponyoupevo Kedpdhoto, n eiowon tng
Taong o(t) oe cuvaptnon e To Xpovo t Ba Sivetal and To TUTO :

_E2,
0(t)=€1 'EZ e 7 t+€1 'E1 (O')(éO'T] 2)

H teleutaia oxéon amoteAel thv eflowon TNG TAONG WG TPOG TO XPOVO KOTA TO
dawopevo g «xaAdpwong» Ue tn Bewpla TNG yPAUUIKAG LEBOSOU yLo TO TIPOTUTIO
Standard Linear.

Enettoa a6 pla ospd  Soklpwv edpeAkucpol TOU  Tipaypatomol)nkav os
LEWO0EAOOTLKO UALKO LOC 081 yNnoaV OTO TIOPAKATW TILVOKO TIELPAUATIKWY TLHwV. OL
OOKIUEC aUTEC edelkuopol €ywvav Pe TNV edpoppoyr otabepng TAong, He
Sladopetikn KaBs dopd TUN. TUYKEKPLUEVA edapUOcapE €EL SLOPOPETIKEG TAOELG
Kol yla KaBe taon, mnpape plo oslpd amod TPOMEG, OL OTMOIleC HETPNOnKaAv o€
Sebopévec kKaBe Popd XPOVIKEG OTLYHEG. OL apXLKEC TAOELG TTOU £PAPUOCAUE YLO TV
npaypatonoinon twv Soklpuwy givat oL €€AC :

{oo =42 MPa, 0, =53 MPa, g, =64 MPa, g, =74 MPa, g, =85 MPa, 0,=94 MPa}

Ol YETPAOELG TWV TPOTWV TipayHaTonolnonkav amnd tnv apxLlki XPovikn otyun (t =
50 sec) pé€xpl TN TEALKN XpOVIKN otyun (t = 1000 sec) pe Bripa 50 seconds kdaBe
dopa. Ac SoU e To TtivaKa TTOU TTPOEKUE :
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09=42MPa | 0y=53MPa | 0,=64MPa | 0y=74MPa | 0,=85MPa | 0,=94MPa
t(sec) (t) g(t) g(t) g(t) g(t) g(t)
50 0.012 0.018 0.024 0.032 0.038 0.065
100 0.014 0.019 0.027 0.036 0.045 0.076
150 0.014 0.02 0.028 0.039 0.049 0.083
200 0.014 0.02 0.029 0.04 0.051 0.09
250 0.014 0.021 0.029 0.041 0.054 0.095
300 0.014 0.021 0.03 0.042 0.056 0.1
350 0.014 0.021 0.03 0.043 0.058 0.106
400 0.014 0.021 0.031 0.044 0.06 0.111
450 0.014 0.021 0.031 0.045 0.062 0.115
500 0.014 0.022 0.032 0.046 0.063 0.120
550 0.014 0.022 0.032 0.047 0.065 0.126
600 0.014 0.022 0.032 0.047 0.066 0.131
650 0.014 0.022 0.033 0.048 0.068 0.137
700 0.014 0.023 0.033 0.049 0.069 0.142
750 0.014 0.023 0.033 0.049 0.07 0.148
800 0.015 0.023 0.034 0.05 0.071 0.155
850 0.016 0.023 0.034 0.051 0.073 0.162
900 0.016 0.023 0.034 0.051 0.074 0.169
950 0.017 0.023 0.034 0.051 0.075 0.177
1000 0.017 0.023 0.034 0.051 0.076 0.186

Mivokag MEpapaTikwy SeSopévwy

H puebobdoloyia mou akoAlouBoUue gival n akdAoudn :
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Ye mpwtn ¢pdon Ba mapacTooUUE YPadIKA TA MELPAPATIKA (VYN TWV TLLWV TNG
TPOTNC (€) o€ cUVAPTNON LE TO XPOVO (t), CUHPWVA LIE TOV TTAPOTTAVW TIiVAKA YL
otaBepr| apxkn tdon (o, = 42 MPa). Onote Ba €xou e o ypadnua :

c
—

—
et

P N T I R T B

COLO0000
OO —
S E OO &

{—>=sec
0 200 400 600 800 1000

Mepapatikd Levyn Tipwyv Tpomrg-Xpovou yLa taon g, = 42 MPa

YTov opl{dvTio afova MapPLOTAVOULE TO XPOVvo t (sec) kal oto Katakopudo afova thv
Tpomr €. Me TeAiToO TAPLOTAVETOL TO EKACTOTE (VYOG TPOTTHG-XPOVOU. TN CUVEXELQ
pe tn Ponbewa evtodwv tou Mathematica kdvoups pio pUn TOPOUETPIKN
pooopoiwan TG BewpPNTIKAC CUVAPTNONG TNG TPOTIAG (0X€on 1), LUE TO TELPALOTLIKA
Sebopéva tne mopandvw ypadikng mapactacnc. H dtadikaola autr £XeL KOO TNV
gUpEON TWV EENC TTOPAUETPWV :

e Métpo EAaotikotntag F; Tou MpwTtou eAatnpiou
o Meétpo Ehaotikotntag E, tou Seutépou ehatnpiou

e JYuvteAeotn¢ LEwdoug Tou amooBeatnpa N
JUYKEKPLUEVQA, Oa TIAPOULE TIG TIUEC :
E,=2044.11, E,=1280.68, n=1476597.33

To emMOpEVO BriKa TTOU KAVEL TO TIPOYPAUUA ELVAL VO OVTIKATAOTAOEL AUTEC TLG TLUEG
TWV MOPAPETPWY OTn (oxéon 1), n omoia eivat n Bewpntikn e€lowan TN TPOMNC
£pPTMUCKOU yla tpotuTo Standard Linear pe tn ypoppikn péBodo. Tuvenwe, n
ouvaptnon TG tpomng Ba £xelL A€oV pia povo petapAntr, ou eivat o xpovog (t) :

g(t) = 0.0205 — 0.0079 - ¢~ 000053
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AT To TUTo aUTo 08NYyoUAOTE OTN YPadLKH TIAPACTACHN TNG TPOTNG (€) 0 cuvapTnoN UE
TO XpOvo (t) mou cuvdualel tn BewpnTikn e€lowaon (oxéon 1), UE TA TTELPAUATLKES TLUEG TNG
TpomnG yla Sedopévn tdon (0, =42 MPa) :

e(t)

0.0155}
0.0150¢
0.0145}
0.0140}

0.01354
d

200 600 800 1000 ~°°¢

KapmUAn Tpomig-Xpdvou Tng MPOCOUOLWUEVNG CUVAPTNONG YA 0y =42 MPa

Enetta mapouotaloupe T KAUMUAN auth o aviutapaBoln pe ta (elyn TwV TEPAUOTIKWY
TIHWV avtioTowya, ou adopouv thv epappolopevn taon (0y =42 MPa). Ondte EXOULE :

CLOOO000
OO —
SRERHOOMI &~ O
=
» e

— : : — [—>sec
0 200 400 600 800 1000

Juvluaopog KOUTUANG TpomG-XpAvou Kol TIELPOUATIKA {eUyn TLHWV
Ye Seltepn daon Oa mapacTHooUpE YyPadLKA TA TELPOUATIKA {eVyn TWV TLUWV TNG

Tpomng (g) og ocuvaptnon Ue To Xpovo (t), cUUPwWvA PE TOV MOPATIAVW TVAKA yLo
apxkn taon ( oo = 53 MPa). Onote Ba €xouie To ypadnua :
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e(t)
0.14
0.12
0.10
0.08
0.06

0.04¢
102
[—>sec

200 400 600 800 1000

Mepapatikd Levyn TLpwv Tpomrg-Xpovou yLa taon g, = 53 MPa

2TN OUVEXELX XPNOLUOTIOLOUME TLG (BLEG TIUEG TWV TTOPAUETPWY «E;», « E;» Kol «n»,
TIOU UTTOAOY(CQLE |LE XPrON TOU MPOYPAULATOG E ApXLKT Tdon (0 = 42 MPa), O6mwg
daivetal mopamdavw. AUTEC TIC TIHEC TIC avTikaBloToU e otn (oxéon 1), n omola sivat
n Bewpntikn e€iowon g TPOmMNG gpruopol yla Tpotumo Standard Linear pe t
VPOUULKA HEB0SO. Me tn povn Stadopd, otL auth tn dopd n epappolouevn apxLkn
taon ivat (g, = 53 MPa). Zuvenwg, n cuvaptnon Tng TPOTG Ba £xel MAEov pia povo
petaBAnTh, ou eival o xpovog (t). Ard tn Kawvoupla cuvaptnon mou dnuLoupyeitatl
odnyoluaOTE 0T ypadLKr mapAotocn TnG TPOmMNAC (€) oe cuvdptnon e To xpodvo (t), yia

Sebopévn apyikn tdon (oy =53 MPa) :

e(t)
0.020¢

0.019}
0.018}
0.017

5€C

: : : o
400 600 800 1006

KoapruAn Tpomrg-Xpovou tng mpooopolwlévng cuvaptnong yla g, =53 MPa
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Enetta mapouotaloupe T KAUMUAN auth o aviutapaBoln pe ta elyn TwV TEPAUOTIKWY
TLLWV avtioTtowa, ou adopouv thv epappolopevn Taon (0y = 53 MPa). Ondte XoU e :

e(t)
0.14
0.12
0.10
0.08
0.06
0.04}

Q020+ o v v i e e
: : : t—=see
200 400 600 800 1000

Juvbuaouog KaumuAng TpomnG-Xpovou Kal MELPAATIKA LeVyN TLUWV

Ye tpitn daon Ba mapactriooupe ypadlkd TO TEPAUATIKA (eUyn TWV TIUWV TNG
TpomN¢ (g) og ouvdptnon He To Xpovo (t), cupudwva He TOV TOPATTAVW TVAKA yLo
apxtkn taon (o, = 64 MPa). Ondte Ba £XoupLe TO ypadpnua :

e(t)
0.14
0.12
0.10
0.08
0.06

0.04¢
0.02}
[—>5e¢

200 400 600 800 1000

.............
-

Mepapatika Zevyn TLHwV Tpomng-Xpovou yla taon g, = 64 MPa

AKOAOUBWG KAVOUE Xpron Twv (Slwv TIHWVY yla TIG TopaETpous «Ey», « E;» kal
«n», TIOU UTIOAOYLCOE LLE XPrON TOU TIPOYPAUUATOG HE apxLkn tdon (ay = 42 MPa),
onw¢ ¢aivetal mopamavw. AUTEG TG TIMEG TIC avtikaBlotolpe otn (oxéon 1), n
omola eival n Beswpntikn £€lowon TNG TPOMNC €pmMucuoU ylo Tpotumno Standard
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Linear pe tn ypappikn pébodo. Autn tn dopd n eboappolopevn apxLkn taon eivat (o,
= 64 MPa). Juvenwg, n ocuvaptnon TG TPOmNc Ba £xeL MAEov pia povo petapAnti,
mou elval o xpovog (t). Ao tn KovoUupla CUVAPTNON TIOU TIPOKUTTEL 0dnyolaoTE
otn ypadlkr mopactacn tg TPOMNC () o ouvaptnon He to Xpovo (t), yia Sedopévn
apxikn taon (o = 64 MPa) :

(1)
0.024¢

0.023}
0.022}
0.021}

e [ TSR0
400 600 &00 1000

KapmuAn Tpomig-Xpdvou tng MPocooLWMEVNG CUVAPTNONG yLa g, = 64 MPa

Opoiwg mapouctaloupe TN KOUMUAN auti o avtutapaBoArn pe ta {elyn Twv
TEPOUATIKWY TLIHWY avTiotowa, Tou adopouv tnv epappolduevn taon (o, = 64
MPa). Omote £X0OUpE :

e(t)
0.14
0.12
0.10
0.08
0.06
0.04}

Fite]
L

""""""""""
-

: : : t—=see
200 400 600 800 1000

Juvluaopog KapmUANg Tpomng-XpOvou Kal MELPOUATIKA {eUYN TLUWV
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Ye TETOpTn Paon Oa MAPOOTHCOULE YpaPLKA TA MELPAUATIKA (VYN TWV TLUWV TNG
Tpomn¢ (g) oe ouvdaptnon He To Xpovo (t), cupudwva HE TOV TTOPATIAVW TVaKA yLo
apxtkn taon (gp = 74 MPa). Ondte Ba €xoupe To ypadnua :

e(t)
0.14

' ' ' ' t—>se¢
200 400 600 800 1000

Mepapatikd evyn Tipwyv Tpomrg-Xpovou yLa taon g, = 74 MPa

AkoAOUBWG KAVOURE Xpron Twv (Slwv TIHWV yLo TIG TIOPOUETPoUG «Ey», « Ey» kal
«n», TTOU UTIOAOYLOQLE E XPrON TOU TPOYPAULOTOG HE apXIkn Tdon (o = 42 MPa) ,
OmMwc daivetal mopamdavw. AUTEC TIC TIMEG TIG avTikaBlotolpe otn (oxéon 1), n
omola eival n Beswpntikn £flowon TNG TPOMNC €pmMucpoUl ylo Tpotumno Standard
Linear pe tn ypappikn pébodo. Autn tn dopd n eboappolopevn apxLkn taon eivat (o,
= 74 MPa) . JUVETIWC, N CUVAPTNON TNG TPOTNG Ba £xel MAEov pia povo petaBAnth,
mou elval o xpovog (t). Ad tn KovoUupla CUVAPTNON TIOU TIPOKUTTEL 0dnyolaoTE
otn ypadLlkr mapdotacn ¢ TPOTNC (€) oe ouvaptnon Ue to Xpovo (t), yia Sedopévn
apxLKn taon (o, = 74 MPa) :

e(t)
0.028;

0.027}
0.026}
0.025}
0.024}

5eC

: : : o
400 600 800 1006

KapmuAn Tpomrig-Xpdvou tng mpooopoLwEVNG oUVAPTNONG yLd g, = 74 MPa
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‘Ouola MOPOUGCLAlOUME TN KAUTUAN aut ot aviutapofoAnl pe ta {elyn Twv
TELPOUATIKWY TIHWV avtiotoa, mou adopolv tnv edpappolopevn tdon (o, = 74
MPa). Onote €xou e :

: : : t—=see
200 400 600 800 1000

JuvduaopOC KApUANG TpoTr¢-XpOvou Kal TELPAUATIKA EUYN TLHWV

Ye méumntn ¢aon Oa MopaACTCOUUE YPAPLKA TO TIELPAMATIKA {EVYN TWV TLUWV TNG
Tpomng (g) oe ocuvaptnon Ue To Xpovo (t), cUpPwva PE TOV MOPATIAVW TVAKA yLo
apxtkn taon (op = 85 MPa). Ondte Ba €xoupe To ypadnua :

e(t)
0.14
0.12
0.10
0.08
0.06} . .-
0:04}

0.02}
: : : ' t—>se¢
200 400 600 80O 1000

Mepapatikd evyn Tipwyv Tpomrg-Xpovou yLa taon g, = 85 MPa
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Opolwg KAvoupEe Xpron Twv (SLwv TWHWV yLa TIG mapapeTpous «Ey», « Ey» kat «n»,
TIOU UTTOAOYLCOE LLE XPrON TOU TIPOYPAULOTOG LE OPXLKN Tdon (o = 42 MPa), omwg
daivetal mapandavw. AUTEC TIC TIHEC TLC avTkaBloToU e otn (oxéon 1), n omola sivat
n Bewpntikn eflowon tng TPomNg gpmucpol yla mpotumno Standard Linear pe tn
YPOUULKA HEBoSO. Auth tn dopd n edpapuolopevn apxLkn Taon sival (o, = 85MPa).
JUVETIWC, N ouvaApPTNON TNG TPOMNC Ba £xel TMAEov piat povo petaBAntr, mou eival o
XPOVoG (t). ATtO Tn KawvoUupla cuVAPTNON TIOU TIPOKUTITEL 08NYOUHOOTE OTN YPADLKN
MaPACTAON TNG TPOTNG (&) o€ cuvaptnon Le To Xpovo (t), yia dedopévn apyLkn taon
(09 =85 MPa) :

e(t)
0.032}
0.031}
0.030}
0.029¢
0.028}

0.02.#
/} SEC

. . . . 6_}
400 600 800 100

KapmuAn Tpomig-Xpdvou tng MPocooLWMEVNG CUVAPTNONG yLa g, = 85 MPa

3TN OUVEXELX TAPOUCLAJOUUE TN KAUMUAN auth o avtimapofoAn pe ta {gvyn twv
TEPOUATIKWY TIHWV ovTiotola, Tou adopouv tnv edpappolouevn taon (g, = 85
MPa). Omote £X0OUpE :
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e(t)
0.14
0.12
0.10
0.08
0.06) . .-«
0:04}

002t
' ' ' ' t—>se¢
200 400 600 800 1000

JuvSuaopog KapmUANG TPOmAG-XpOvou Kal TELPOUATIKA {eUYN TLUWY

Y& €Ktn KoL Tedevtalo dacn Bo MapaoTtooUpEe YPadIKA Ta TELPOUOTIKA {elyn TwV
TILWV TNG TPOTING (g) 0 ouvdptnon He To Xpovo (t), cUPPWVA PE TOV TTOPATIAVW
niivaka yla apxLkn taon (o, = 94 MPa). Onote Ba €xou e o ypadnpua :

e(t)
0.14
0.12
0.10
0.08

oo
COD
o = &

' ' ' ' t—>se¢
200 400 600 800 1000

MNelpapatikad Levyn TLuwyV Tpomng-Xpovou yla Tdon g, = 94 MPa

Opolwg KAvoUupE Xpron Twv (SLwv TIHWV yLa TIG MapapeTpous «Ey», « Ey» kat «n»,
TIOU UTTOAOYLCOLE LLE XPrON TOU TPOYPALLOTOG LE OPXLKN Tdon (o = 42 MPa), omwg
daivetal mopandavw. AUTEC TIC TIHEC TLC avTikaBloToU e otn (oxéon 1), n omola sivat
n Bewpntikn eflowon tng TPomNg gpmucpol yla mpotumno Standard Linear pe tn
vypapukn peBodo. Autn tn dopd n ebapuolopevn apyiki Taon gival (o, = 94 MPa).
JUVETIWC, N ouvaApTNoN TNG TPOMNC Ba £xel TMAEov pia povo petaBAntr, mou eival o
XpOvog (t). Amd t KatvoUpla GUVAPTNON TIOU TIPOKUTITEL 06NYOUHAOTE 0T ypadLKN
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MOPACTAON TNG TPOTNG (&) o€ cuvaptnon Le To Xpovo (t), yia dedopévn apyLkn taon
(09 =94 MPa) :

e(t)

0.035}
0.034}
0.033}
0.032}

: : : - t—=5ec
400 600 800 1000

KaprmuAn Tpomrig-Xpdvou tng mpooopoLwEVNG CUVAPTNONG yLd g, = 94 MPa

Télog mapouclaloupe TN KAUmUAR auth o avtutapaBoAn pe ta levyn Twv
TEPOUATIKWY TIHWY avTiotowa, Tou adopouv tnv epappolduevn taon (o, = 94
MPa). Onote €xou e :

e(t)
0.14
0.12
0.10
0.08
0.06
0.04}

0.02¢
: : : t—=se
200 400 600 800 1000

I

Juvduaopog KapmUANnG Tpomr¢-XpOvou Kal TELPAUATIKA EUYN TLHWV

YTnv enopevn oeAida, mapouaotalovpe aBpoloTikd OAa Ta Tapamavw ypadiuata, Ue
apXlkn TAon 0y = 42 MPa, yla pla o €mMOMTIKN mapouciaon TNG «YPAMLKNAG
pnebodou».
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Me tnv 6la peBodoloyia, akolouBwvtag Snhadn Ta mapandvw £E€L BApoto Tou
neplypAPape avaAuTKA, Ba KAVOUUE KOl YLO TLG UTTOAOLTIEC OPXLKEG TAOELG. AnAadh,
ya g {o, =53 MPa, g, =64 MPa, g, =74 MPa, 0,=85MPa kaL g, =94 MPa}.

JUyKeKplpuéva, e Tt Ponbela evtohwv Tou Mathematica kdAvoupe TN Hn
TAPOAUETPLKN TTPOCOUOIWaN TNS BEWPNTLKAE cUVAPTNONG TNG TPOTNC (oxéon 1), He Ta
nelpopatika dedopeva yua tnv ekdotote apxikn téon {0, = 53 MPa, g, = 64 MPa,
0p=74MPa, 0,=85MPa koL 0o,=94 MPa}.

H Stadikaocia auth oToXeVUeL 0TNV EUPECH TWV £ENC TIOPAUETPWV :

e Métpo EAaotikotntag F; Tou MpwTtou eAatnpiou
e Meétpo EAaotikotntag E, tou Seutépou ehatnpiou
e JYuvteAeotn¢ LEwdoug Tou amooBeatnpa N

Onwg ylvetal avtAnNmTo oL mapdpetpol autol aAldalouv kaBe dpopd avaloya ve TNV
opxtkn edappolopevn Taon oTo MPOTumo, £hpOcov aANAYEC TACEWV TIPOoUTOBETOUY
Kol S1adOPETIKEG TPOTIEC CUUDWVA LLE TOV TIIVAKA [LE TA TIELPAPATIKA LoC SeSopéval.

To emOpevVOo PALO TIOU KAVEL TO TIPOYPAUHA ELVOL VO OVTIKOTOOTHOEL OUTEC TLG TLUEC
TWV Mopapetpwyv ot (oxéon 1), n omola eivat n Bewpntikn £€lowon TNG TPOTNG
EPMUOUOU ylat Tpotunto Standard Linear pe tn ypappikn péBodo. Juvemwg, n
ouvaptnon tg tpomng Ba £xeL MALov pia povo petaPfAnTh, mou gival o xpovog (t).

Amo to TUMO auTO obnyolpaote otn ypadlkn mapdctacn tng teomng (g) oe
ouvaptnon He To Xpovo (t) mou cuvdualel tn Bewpntikn e€iowon (oxéon 1), pe ta
TMEWPAPATIKEC TIMEG TNG TPOMNG vyl Kabeplo amd TG apylkéG TOOELG ToU
npoavadpepape. Opoiwg akohouBel n mpoyevéotepn SLadikaoia Twv BNUATWY PEXPL
KalL tnv TeAeutaio ¢aon Kol KAVOVTaG TNV YL TLG UTIOAOLTIEG OPXLKEG TAOELG 0.

B. MONTEAO NPOZOMOIQ3HZ ME TH MH rPAMMIKH MEOOAO

JTO HOVTEAO QUTO Ba XpNOLUOTIOLCOULE ToV TUTIO TIou amodeifape otnv emiluon pe
TN 1N YPOUULKN HEBoboO. Elval n Stadopikn e€lowan tng TAoNG O CUVAPTNON UE TNV
TPOTI Tou povtéAou Standard Linear ylo th pn ypapkn pébodo :

2O _E, a-sinh(b- (a(t) — E; - £(t))  (oxéon 1)

do(t
0()_(/3'14‘ E,) - "

dt
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Onwg €xoupe mpoavadepel n emiluon tng mapoanavw Sladoplkng etiowong dev
elvat e0koAn uméBeon. Me 1 Ponbswa tou mpoypdupoto¢ Mathematica
epappodoape pio alyoplbuikn péBodo KatdAAnAn yia to mpoPAnUa outo, WOoTE va
06nynBoulpe 0To OKOMO TNG SUTAWMOTLKAG Hag epyaciag. AnAadn, va epeuviooupe
KOTA TIOCO QVTATOKPIVETAL N CUYKEKPLUEVN Oladoplkr efiocwon oe oxéon e Ta
MelpapoTikad Sedopéva ™G £psuvag, oUUPwva HE TOV TIVOKQ, OTOV OTolo
ovaypadovrtal. Katd OUVEMELN, TIPAYUATOTMOLOUMUE £VA OCUYKPLTIKO €AEyXO TNG
«BewpnTiknc» AVoNC TNG £€lowong AUTNG, HE TNV TPAYHUATIKA cUupmeplpopd evog
LEwdoehaotikol UALKoU. H pébobdog akoAouBel ta € Brpata :

Je Mpwtn ¢aon Ba MapaoTHooUUE YPadIKA TO MEPAMATIKA {eVyn TWV TIHWV TNG
Tpomn¢ (g) oe ouvaptnon Le to Xpovo (t), cludwva PE TOV TIVOKO TIELPAUATIKWY
dedopévwy yla otabepn apxikn taon (o = 42 MPa). Ondte Ba £xou e To ypadnua :

0.1%(-0
0.08}
0.06}
0.04}
0.02}

00—
0 200 400 600 800 1000 °°

Mepapatikd evyn TLpwyv Tpomrg-Xpovou yla taon g, = 42 MPa

Jtov opllovTio Gfova MOPLOTAVOULE TO XPOVO t (sec) kol oto Katakopudo afova tnv
Tpomn €. Me TeEAITON MAPLOTAVETAL TO EKAOTOTE (eUYOC TPOTING-XPOVOU. 2T CUVEXELQ,
Ba KAVOULE XproN TWV MAPAUETPWVY TLG «E;» Kat « E,», Tou umoAoyloape Pe xprion
TOU TIPOYPAUUATOG LE apXLKi Taon (o, = 42 MPa) amno tn ypapuikn pébodo. Onwg
yvwpiloupe amo tn Bswplia ol mopapetpol autoi dev e€aptwvtal amnod tn péBodo nou
edpappodloupe, aAAG oo to UALKO kat tn dUon tou ehatnpiou. Oupiloupe OtL :

o F, elval To HETPO EAAOTIKOTNTOG TOU MPWTOU eAatnpiou

o F, eilval to péTpo EAQOTIKOTNTAG TOU SEUTEPOU eAaTnpiou
JUYKEKPLUEVA, Ba KAVOULE XPNON TWV TLUWV :
E;=2044.11 kaw E, = 1280.68

H Stadopikr) e€lowaon mepAalBAVEL TO N YPALLULKO OpO :



61

{ a-sinh(b-(a(t) — E; - €(t)) }. Eivaito Aeydpevo unepBoAikéd nuitovo mou
TepLEXEL U0 VEEG TAPOAUETPOUC a Kol b. 'YoTtepa amo MelpapatikéG SOKLUEC, oL
€peuveg KatéAn&av, OTL ol U0 AUTEG TTAPAUETPOL £XOUV TLC TLUEG :

a=10"% kat b=0.2.

To emdpeVO Brila TTIOU KAVEL TO TIPOYPOUHA ELVAL VA OVTLKOTOOTHOEL QUTEC TLG TLUEC
TWV TOpaUETpWY otn (ox€on 1), n omolia elval n Bewpntikn dtadopikn e€iowon g
TACNG OE CUVAPTNON UE TNV TPOTH EPTMUCUOU yLa To tpdturmo Standard Linear pe ™
LN Ypap ik péBodo. Emiong, yivetal aviikotdaotoohn tng Tpomnnc £(t) otn Stadoplkn
etlowaon (oxéon 1) and TIg MELPAUATIKEG TLUEG TOU TIivaKa ylo apxtki taon (o, = 42
MPa). NapdAAnAa pe auto, emeldn omwg mpoavadepape, n Abon g dtadoplkig
e€lowong dev MPOKUMTEL APeoa, Ao To TUTIO aUTO Ba e€ayoupe ta {elyn Tpomnc-
Xpovou, povo mou Ba  oamattHooupe «TOAD  Ukpd» BApa yia to xpdvo t.
Juykekplpéva Ba epapuoooupe Bripa (dt = 0.01) kat o Adyog eival otL ta onueia mou
Ba mpokUPouv otn ypadikn mapactacn and ta (evyn Tpomng-Xpovou Ba eival 1oco
Kovtd petafl Touc, WoTe To ypadnua Ba amelkoviletal oav pio cuvexn KoumoOAn.
AkpLBwg, Aowrdv, epooov Sev pmopovoape vo BpoUpe APeC TO TUTO TNC TPOTNG OF
OUVAPTNON LE TO XPOVO KAVAUE QUTO TO «TEXVOOUOY, TO Omoio Ba pag Swaoet dnelpa
{elyn Tpornc- Xpdvou, Ta omnolia Ba mMapacTHOOUE OTO MAPOKATW Ypadnuad :

(1)

0.0150}
0.0145;
0.0140}
0.0135;

Vi pyeyroess {—>s
200 400 600 8001000

eC

KapmoAn Tpomrg-Xpovou e apxikr téon g, = 42 MPa kat Bripa dt = 0.01

Enetta mapouotaloupe T KOUMUAN auth o aviutapaBoln pe ta elyn TwV TEPAUOTIKWY
TWwWV avtiotolya, mou adopolv thv ebappolduevn taon (0, = 42 MPa). Onote €XOUE :
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t
0.10,

0.08
0.06
0.04
0.02 e

00 : : : - t—>sec
0 200 400 600 800 1000

Zuvbuaopog KapmUAng Tpomrg-Xpovou pe apyikr taon g, = 42 MPa Kal TELPAUATIKA
Zevyn LWV yla g, =42 MPa

ZTn ouvéxeLla Xwpig va aAAG§ou e TIG TLEG TwV apapetpwy Eq, E,, a, b, S10TL autég
napapévouv otabepéc (e€aptwvtal amd t™ ¢uvon Tou eAatnpiou Kal Tou
anooBeotnpa) , yivetal avtikatdotacn tng Tpomng £(t) otn dwadopikn efiocwon
(oxéon 1) amo TG MELPAUATIKEG TLULEG TOU THivaka ylo apxtkn tacn (op = 53 MPa).
MoapdAAnAo pe auto, amd to TUmo tng Stadoplkng eélowong, e€ayoupe ta leuyn
Tpomnc-Xpovou, povo mou Oa amaltACOUE «TTOAU HLKPO» BAMA yla To Xpovo t.
Juykekplpéva Ba edpapupdoovpe fava PrApa (dt = 0.01) yia to Adyo Tou
npoavadEpaps, wote va TpokUPouv dmepa  levyn Tpomng-Xpovou, Tou
TapLoTAvVoVTaL HE TeAeleg, oL omoleg Bplokovtal og MAPA TTOAU KOVTLVH amootoon
HETAEL TOUC. AG SOUE TO MAPAKATW YpAdnUa.

e(t)
0.020}

0.019}
0.018}
0.017}

: : : - [—>-
200 400 600 8001000 <€

KauruAn Tporrc-Xpdvou pe apxikr tdon oy = 53 MPa kat fripa dt = 0.01
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Enetta mapouotaloupe T KAUMUAN auth o aviutapaBoln pe ta elyn TwV TEPAUOTIKWY
TLLWV avtioTtowa, ou adopouv thv epappolopevn Taon (0y =42 MPa). Onote EXOULE :

t
0.10,

0.08
0.06
0.04
0.02

]
R L

00 : : : t—=sec
0 200 400 600 800 1000

Zuvbuaopog KapmUAnG Tpomrg-Xpovou pe apyikr taon g, = 53 MPa Kal MELpAUATIKA
Zevyn LWV yla g, =42 MPa

Ze tpitn ddon xwpic va oAAdfoupe TG TWEG Twv TOpapeTpwy E;, Ey, a, b, ot
OUTEC TTAPOHEVOUV OTABEPEG, YIVETAL AVTIKOTAOTOON TNG TPOMNAC £(t) otn dladopikn
e€lowon (oxéon 1) amod TG MELPAMATIKEG TUUEG TOU TivaKa yLa apxikn taon (o, = 64
MPa). MapdAAnia pe autd, amod to TUmo tng Sladopikng etiowong, e€ayoupe Ta
{evyn TpOmMAG-XpOVOU KOl OIMALTOUHE «TIOAU ULKPO» BApA ywo Tto Xpovo t.
JUuyKekpLpéva, epappoloupe maAl frpa (dt = 0.01) yia to Adyo mou rpoavadEpapE,
wote va mpokUPouv anetpa levyn TpomnG-Xpovou, TToOU TTAPLOTAVOVTOL LE TEAEIEG,
oL omoleg Bplokovtal o Tapa MOAU Kovtivh amootaon HeTafl Toug. TOOO KOVTd,
TIOU AOYW TNC TTUKVOTNTAC TOUC, amelkovilovtal oav pia ouvexn KaumuAn :

5eC

£ e (>
200 400 600 8001000

KapumOAn Tpomrg-Xpdvou Ue apyikr tdon g, = 64 MPa kat Bripa dt = 0.01
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2T CUVEXELQ, TIPOUGLATOUUE TN KAUTIUAN aUTr Og avtutapaBoAn pe ta {elyn Twy
TIELPAUATLKWY TLLWV avTioToXa, ou adopoulv tnv ebpappolopevn tdon (op = 42 MPa).
Onote €Xoupe :

t
0.10,

0.08
0.06
0.04
0.02

.
P I T T T

00 : : : t—=sec
0 200 400 600 800 1000

ZuvlUAoUOG KAUTTUANG TPOTIAG-XPOVOU We apxikh Tdon g, = 64 MPa KoL TTELPQUATIKA
Zevyn LWV yla g, =42 MPa

Ye Tétaptn ¢aon, datnpwvtag T OLeg TIHEG Twv mapauetpwy E;, E,, a, b, dotL
OUTEC TTAPOHEVOUV OTABEPEG, YIVETAL AVTIKOTAOTOON TNG TPOMNAC £(t) otn dladopikn
elowon (oxéon 1) and Tig MELPAPOTIKEG TLLEG TOU Tiivaka yLo apxikn taon (o, = 74
MPa). MapdAAnAa pe auto, amd to tumo tne dadopikng e€iowaong, e€ayoupe ta
{evyn TpoOmMAG-XpOVOU KOl OIMALTOUME «TIOAU ULKPO» BApa ywo to Xpovo t.
JUYKeKpLUEVa, epappoloupe maAl frpa (dt = 0.01) yia to Adyo mou mpoavadEpapE,
wote va npokUPouv ametpa levyn TpomnG-Xpovou, TTOU TAPLOTAVOVTOL e TEAELEG,
ol omoliec Bplokovtal og mapa MOAU Kovtiv andotoon HeTafy Toug. TOOO KOVTda,
TIOU AOYW TNC TIUKVOTNTACG TOUC, amelkovilovtal oav pia cuvexr KopumuAn. Ag Solpue
TO MOPAKATW ypadnua :
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e(t)
0.030}

0.028}
0.026}
0.0241

' ' - {—>>8eC
0 200 400 600 8001000

KapmoAn Tpomrg-Xpovou e apyikr téon g, = 74 MPa kat fripa dt = 0.01

‘Enetta, mopouctldlou e T KAUMUAN auth og avtutapaBoAn pe ta elyn TwV TELPAUOTIKWY
TLLWV avtioTtowa, tou adopouv thv epappolopevn Taon (0y =42 MPa). Onote EXOULE :

t
0.10,

0.08
0.06
0.04
0.02

P
----------------

00 : : : - t—>sec
0 200 400 600 800 1000

ZuvlUAOUOG KAUTTUANG TPOTING-XPOVOU We apXikh Tdon g, = 74 MPa KoL TTELPAULATLIKA
{evyn TLpwv ya g, =42 MPa

Y& MEUMTN daon, datnpwvtag Tig (Leg TIUEG Twv mapauétpwy E;, E,, a, b, yivetat
avTikatdotaon tng Tpomng (t) otn Swadopikn e€iowon (oxéon 1) amod TG
TELPOLATLKEG TLLEG TOU TTlvaka yLo apXLkn taon (g, = 85 MPa). MapdAAnAa pe auto,
arnd 1o Tno g Stadopikng efiowong, e€ayoupe ta lelyn Tpomng-Xpovou Kal
QTTAULTOUHE «TIOAU HIKPO» Brpa ylo To Xpovo t. Juykekpluéva, epoppolouvpe Brpa
(dt = 0.01) ywa To Adyo mou mpoavadEpape, wWoTe vo. tpokUPouv dmelpa (elyn
Tpomng-Xpdvou, Mou MaPLOTAVOVTAL UE TEAELEC, oL omoieg Bplokovtal o Ttapa oAU
Kovtwvl amootaocn Metafld Toug. TOOO KOVTd, Tou AOYW TNG TUKVOTNTAC TOUC
amewkovilovtal oav pia cuveyr KaumuAn. Ag SoU e To MAPOKATW ypddnua :
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g(t)

0.034}
0.032}
0.030}
0.028}

: : : - [—>-
200 400 600 8001000 <€

KapumOAn Tpomrg-Xpovou Ue apyikr tdon g, = 85 MPa kat fripa dt = 0.01

‘Enetta, mopouotldlou e T KAUUAN auth og avtutapaBoAn pe ta elyn TwV TELPAUOTIKWY
TIHWV avtioTtowa, ou adopouv tnv epappolopevn taon (0y =42 MPa). Ondte EXOULE :

t
0.10,

0.08
0.06
0.04
0.02

P
----------------

00 : : : - t—>sec
0 200 400 600 800 1000

ZuvlUAOUOG KAUTTUANG TPOTIAG-XPOVOU We apxikh Tdon g, = 85 MPa Kol TTELPAUATIKA
Zevyn TLHwV ya g, =42 MPa

Ye éktn kat tedevtaia daon, Statnpwvtag tig (BLeg TLpEG Twy Ttapapetpwy Ey, Ey, a,
b, yivetal avtikatdotaon tnhe TPomng £(t) otn dtadopikn e€icwon (oxéon 1) amnod Tig
TELPOLATLKEG TULEG TOU TIivaKa yla apxLkn Taon (g, = 94 MPa). MapdAAnAa pe auto,
amo to tuTo g Stadoplkng e€lowonc, e€dyoupe ta levyn Tpomnc-Xpovou Kot
QTTAULTOUE «TIOAU ULIKPO» B yLO TO XPOVO t. ZuyKekpLuéva, edpapudloupe Brupa
(dt =0.01) yia To Adyo mou mpoavadEpape, Wote va mpokuPouv anetpa Levyn
Tpomnc-Xpovou, ou MapLoTAvVOVTaL e TEAELEC, oL omoieg Bplokovtal og mapa oAU
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KOVTLVN) amootacn Metafl toug. TOoo Kovid, TMou AOYw TNg TIUKVOTNTAG TOUC
amelkovilovtal oav pia cuvexr KapmuAn. Ag SoUHE To MOPaKATW ypadnuad :

e(t)
0.040;

0.038}
0.036}
0.034}
0.032}
0.030

. . . . - 1 —=
200 400 600 8001000 ~ ¢

KaurOAn Tpomrg-Xpovou Ue apyikr tdon g, = 94 MPa kat Bripa dt = 0.01

‘Enetta, mopouctldlou e T KAUMUAN auth og avtutapaBoAn pe ta elyn TwV TELPAUOTIKWY
TWwWV avtiotolya, mou adopolv thv ebappolouevn taon (0, = 42 MPa). Onote €XOUE :

t
0.10,

0.08
0.06
0.04
0.02

P
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00 : : : t—=sec
0 200 400 600 800 1000

ZuvbuaopOg KAUmUANG Tpomrg-Xpovou pe apyikr taon g, = 85 MPa Kal TELPAUATIKA
{evyn TLpwv ya g =42 MPa

JTnVv enoOpevn oeAlda, mapouolaloupe aBpoloTikd O Ta MopATAvVW YpadHHOT, LE
apxXlKA TAon g, = 42 MPa, yla pia TILO ETOTTIKA MAPOUCLACn TNG KN YPOAMMLKAG
pnebodou».
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Me tnv 6la peBodoloyia, akolouBwvtag Snhadn Ta mapandvw £E€L BApoto Tou
neplypAPape avaAuTKA, Ba KAVOUUE KOl YLO TLG UTTOAOLTIEC OPXLKEG TAOELG. AnAadh,
ya g {o, =53 MPa, g, =64 MPa, g, =74 MPa, 0,=85MPa kaL g, =94 MPa}.

Juykekplpéva, pe tn Bonbela evtohwv tou Mathematica kAvoupe avtikatdotaoh
TWV MOPAUETPWY «E7» Kat « E5», TTOU UTIOAOYLOQUE PIE TN YPOUMKY HEBOSO, yia TNV
EKAOTOTE OpPXLKN TAON 0y, KOOWG KAl TG TWEG TWV TOPOUETPWY a KAl b, otn
Bewpntikn dtadopikn e€icwon tou pubuol petafoAng TNG TACNS O cuvVAPTNON LE
v tpomn (oxéon 1). EmutAéov, oto TUTO AUTO YIVETAL OVTLKATAOTAON TWV TPOTIWY
€(t) pe ta avtiotola melpapaTikd deSopeva yia TNV ekdotote apykh tdon {dp = 53
MPa, o0y,=64MPa, 0y,=74MPa, o0,=85MPa «kaL og,=94 MPa}.

OL TLHEG TWV TTAPAUETpWY o Kal b avaypadovrtal mopakdatw :
a=10"% kot b=0.2.

MNopdAAnAa e AUTO, EMELSN) OMWC poavadEpape, n Avon tneg dtodoplkig e€lowonc
8ev TPOKUTTEL AUEDO, OMO TO TUMO auto Ba e€dayoupe ta {evyn Tpomng-Xpovou,
HOVO Ttou Ba amaLtOOUPE «TTIOAD HUKPO» Brpa yLol To XpOvo t. Suykekplpéva Oa
edpappdooupe Bripa (dt = 0.01) kat o Adyoc eival OTL Ta onpeia mou Ba mpokUPouv
otn ypadlkn mopdotacn amnod ta elyn Tpomrg-Xpovou Ba eival Tdo0 Kovta UeTAlY
TOUG, TTIOU AOYW TNC TIUKVOTNTAC TOoug To ypdadnua Ba amelkoviletal oav pia cuvexn
KOUTUAN. KAvovtag auTo To «TEXVAoUA», Talpvoupe anslpa (evyn Tpormnc- Xpovou,
TOL OTIOLOL TTOPLOTAVOU LE YpadLKA.

To emopevo PBApO TOU KAVOUME, elval va SLatnpriooupe TG (Sleg¢ TIHEG TwV
napapétpwy Ey, E,, a, b, kavovtag avtikatdotacn twv tponwv £(t) otn dtadopikn
eflowon (oxéon 1) amod TG MEIPAPATIKEG TIHEG TOU TIVOKA yla TLG GAAEC OPXLKEG
Taoelg (0y) kaBe popd. H kaumuAn mou mpokUmtel KABe dopd CUYKPLVETAL UE TA
TELPOLATLKA SESOpEVA TNG APXLKNG TAONG (0,) TTou Xpnolpomnoleital oav BAaon yLo
HLEAETN TwV UTIOAOITTWY. e KABe emopevn dpaon £PpopUdlOUE TO TEXVAOUA LE TO
BAua (dt = 0.01) wote va mpokLPouv ta (evyn Tpomng-Xpovou, TIOU AOYW TNG
TIUKVOTNTAC TOUG amelkovilovtal cov pia ouvexr KoumuAn. H peBodoloyia auth
enmavoAapBavetal yla OAeg TIG AAAEG aPXLIKEG TAOELS (0,), woTe va pokUuouv Ta
odalpata. EvvooUpe, SnAadn, TG AMOKAIOELS TWV TEIPAMOTIKWY TIHWV OO TIG
ovTioTolXeC TIHEG TNG BewpnTikAg SladoplknG £€lowong mMoOU TMPOTEIVOUUE LE TO
OUYKEKPLUEVO HOVTENOD LEWEOEAQOTIKNG CUUTTEPLPOPAC.



70

KEDAAAIO 4°
NINAKAZ ZOAAMATQN
E€lowon | Baon | AmokAlon | AmokAlon | AmokAlon | AmokAlon | AmokAlon | AmOkALon
WG TPOG | WG TPOG | WG TIPOG | WG TIPOG WG IIPOG WG IPOgG
0-0 :42 0-0 :53 0-0 :64 0-0 :74 O-O :85 0-0 :94
MPa MPa MPa MPa MPa MPa
TPOUUIKA | 0y = - 1.1x107> | 8.5x107° | 3.9x10~* | 1.15x1073 | 9.5x1073
42
MPa
Mn oy = - 3.3x107> | 1.5x10~* | 5.35x107* | 1.4x10~3 | 1.0x1072
VPOUULKA | 42
MPa
Fpapuiky | o= | 7.6x107° - 2.8x107° | 2.4x10™* |8.3x10™* | 8.5x1073
53
MPa
Mn 0o= | 1.4x107° - 9.8x107° | 4.3x10™* | 1.2x1073 | 9.75x1073
ypPOupkn | 53
MPa
Mpappiky | op= | 3.8x107> | 1.9x107° - 8.7x107> | 4.8x10™* | 7.1x1073
64
MPa
Mn 0o= | 2.6x107° | 5.6x107° - 3.4x10™* | 1.0x107% |9.1x1073
YPOUUIKN | 64
MPa
Mpappiky | og= | 1.3x107* | 1.2x10™* | 6.5x107° - 1.3x10™* | 5.3x1073
74
MPa
Mn o= | 1.2x107> | 2.6x107° | 2.3x107°> - 7.4x107* | 7.9x1073
YPOuKN | 74
MPa
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E€lowon | Baon | AmokAlon | AmokAlon | AmokAlon | AmokAlon | AlmokALon | AtokAlon
WGTPOG | WGTPOG | WGTPOG | WG TPOG | WG TMPOC | WG P0G
0-0 :42 O-O :53 0-0 :64 O-O :74 0-0 :85 O-O :94
MPa MPa MPa MPa MPa MPa
Mpapuikn | 0o = | 2.8x107* | 3.2x10™* | 2.7x10™* | 9.6x10~° - 3.65x1073
85
MPa
Mn o= | 1.6x107> | 4.8x107° | 7.8x107° | 1.0x10™* - 6.2x1073
VPOUUKA | 85
MPa
Mpapuikr | o= | 1.9x1073 | 2.7x1073 | 3.3x1073 | 1.9x1073 | 2.9x1073 -
94
MPa

JKOMOC NG epyaciag sivat n Stepevivnon piag e€lowong, n omola va neplypadet
aglomota TNV LEwSoeAACTIKY CUUIEPLDOPA TWV UALKWV. lNa To AOYo auTo EUELg
ETUKEVTPWONKAUE 0T HEAETN TOU povteéAou Standard Linear, To omolio sival éva 1o
mtoAUTAOKO LOVTEAO o€ ox€aon He ta ponyolueva Maxwell kat Kelvin-Voigt. Ma to
povtého Standard Linear avamtu€ape tn ypapuikr Oswpla, and tnv onola
0dnynBrKope oTouG TUTTOUG EPMIUCHOU Kol XaAdapwaong. Emiong, kavovtag xprion Tou
«UTepBOALKOU NULTOVOU», KataAnfape otn Stadopikn elowaon Tng Tdong oe
ouvapPTNON UE TO PUBUO PETABOANG TNG TPOTNG, N omola LEAETHBNKE yLo EPTTUCUO
Kal xaAdpwaon, avtiotolya.

Me xprion Tou mpoypappatog Mathematica, BprKope TG ypadIKEG TTAPACTATELS TNC
KQUTTUANG TNG Mapapopdwong yLo TNV EKACTOTE apxXLKN TACN gy, KaL TNV
TIAPOUCLACAE O CUYKPLON LLE TLC AVTIOTOLXEC TPOTIEG ATTO TELPOUATIKEG UETPAHOELG
yla Tnv avtiotolyn apytkn tacn g,. H dtadikacia autr éyve EexwpLota ya tn
VPOUULKA e€lowon KAl yLoL TN 1N YPAUULKA.

ZTn ypappKn e§lowon, KpoToUoape oTaBePEG TIG apXLKEG tapapétpoug Ey, E, kaln,
TIOU €(X€ UTIOAOYLOEL TO IPOYPAUUA ATTO TN TIPWTN APXLKH TACH 0. EMELTA TG
QVTIKOTAOTACAUE OTLG EELOWOELG TWV UTIOAOIMWYV apXIKWV TACEWV Kal kabe dopd
BAETapE TG AMOKALOELG TTOU €X0UV QUTEC OL KOUTTUAEG QIO TLC TIELPAMOTLKEC TLUEC. OL
QTTOKALOELG AUTEC avaypAadovTaL AVAAUTLKA OTO TTOPATIAVW «TTVOKA OHAAUATWYY.
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ZTn KN YPORULKNA €§lowaon, KAVOLE Xprion TWV TLLWV Twv Topauetpwy E;, E,, Tou
BprAKope amod T YPAUULKA ETAUGN KABWE KAl TwV TLHWV TWV TTAPOUETPpWY a, b, TOu
umtepPoALKoU nULTOVOU yLa tn Stadoplki e€lcwaon Tou epMUGHUOU TOU POVTEAOU.
MetaBdarAope KaBs Ppopd Ta MELpAPATIKA SedoPEVA AVAAOYA LE TNV APXLKN
ebopuolopevn TAoN gy Kot BETovtag éva kpo Brpa xpovou (dt = 0.1) Bpilokape tn
KQUTIUAN EPTIUCLOU. 2Tn cuVEXELD, aAlalovtag kaBe dopd n apxLkn Tdon g,
TIPOEKUTITE KABE popd pia vEa KAUTTUAN KaL TV CUYKPIVALLE JLE TIC OVTIOTOLXEC TLUEG
TWV MELPAPOTIKWY SEOUEVWVY. ZUVETIWC, 0dNyNnBrnKape Twpa os VEEG amokALoELg, oL
ormoleg paivovtal avaAUTIKA OTO «TIVOKO OHAALATWVY Y.

MopatnpwVTOC OXOAAOTIKA TOV TtivaKa auto, Ba ol e OTL, Ta ohAApATA TNG
VPAULKAC e€lowang Kot To. ohAAPOTO TNG KN YPOUULKNAG e€lowonc, mopouolalouv
Sladopec. Eival pavepo OtL, we el Twv MAEIOTWVY TOL GHAALATA TNG N YPOULLKAC
Sladoptkng e€lowong yla to povtélo Standard Linear eivat pLkpOTEPA CUYKPLTLIKA LE
o 0PAALATA TWV OVTIOTOLXWV OPXLKWV TACEWV TNG YPAULKAC e€lowaong. H dtadopa
NG TAENG TWV OPOAUATWY OUTWV oG 08NYEL OTO CUUTMEPOCLO OTL TO LOVTEAO TNC LN
VYPAUULKNAC e€lowang yla to mpotumno Standard Linear mpooeyyilel epLocOTEPO TNV
LEWOO0EAOOTLKA CUUTEPLPOPA TWV UALKWV OTTO OTL N YPAULKY. ONTIKA, Unopel Kaveig
VaL TO SLOTMLOTWOEL QUTO TIOPATNPWVTOC CUYKPLTLKA TLC AVTIOTOLXEG YPADLKEG
TIOPUOTACELC OAWV TWV OPXLIKWVY TACEWV TOCO yLa TN YPOULLKA 0G0 KAL yLa TN 1N
VPAULKA Tepimtwon. Ta ypadrpoata autd Kabwg Kot OAog 0 KWSLKAC Tou
AoylopwkoU makEtou Mathematica, mou ypadtnKe yLo To 6KOTo auTo, avaypddovtat
AEMTOUEPWC OTO KTIAPAPTNHO» TNG AUTAWUATIKAC EPYACLOC LA,
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NMAPAPTHMA A

Nivakag¢ petaoynuoatiopou Laplace

Juvdptnon Metaoxnuatiopévn cuvaptnon Laplace
ft) f(s)
o-at 1
s+a
cos(a-t) S
s?2 + a?
sin(a - t) a
s+ a?
t",n=0,1,2... n!
g+l
o a
s
1

vl -
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NAPAPTHMA B

O KQAIKAZ 2E TANQ22A MATHEMATICA:

Ol ENTOAEZ MPOrPAMMATIZMOY

KAI TA AIATPAMMATA
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Fig. 4. Creep tests on annealed PMMA at 296 K for different
values of frue stress.
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table42={{50,.012},{100,.014},{150,.014},{200,.014},{250,.014},{300,.014},
{350,.0141,{400,.0141,{450,.014},{500,.014}, {550,.014}, {600,.014},{650,.014},
£700,.014},{750,.014},{800,.015},{850,.016},{900,.016},{950,.017},{1000,.017} }

ListPlot[table42,PlotRange— { {50,1000},{0,.15} } ,AxesLabel—>
{"t->sec","0(t)"} ,AxesStyle—Large]

table53={{50,0.018,{100,0.019}, {150,0.02},{200,0.02},{250,0.021},{300,0.021},
{350,0.021},4400,0.021},1450,0.021},{500,0.022}, {550,0.022}, {600,0.022},
{650,0.022},{700,0.023},1750,0.023},{800,0.023}, {850,0.023},{900,0.023},
£950,0.023},41000,0.023} }

ListPlot[table53,PlotRange— { {50,1000},{0,.15} } ,AxesLabel—
{"t->sec","0(t)"},AxesStyle—Large]

table64=1{{50,0.0241,{100,0.027}, {150,0.028},{200,0.029}, {250,0.029}, {300,0.030}
,1350,0.030},1400,0.031},{450,0.0311, {500,0.032}, {550,0.032}, {600,0.032},
{650,0.033},{700,0.033},{750,0.033},{800,0.0341, {850,0.0341, {900,0.034},
{950,0.034},{1000,0.034} }

ListPlot[table64,PlotRange— { {50,1000},{0,.15} } ,AxesLabel—
{"t->sec","0(t)"},AxesStyle—Large]

table74={{50,0.0321,{100,0.036},{150,0.039},{200,0.04},{250,0.041},{300,0.042},
{350,0.0431,{400,0.0441}, {450,0.045},{500,0.046},{550,0.047}, {600,0.047},
{650,0.0481,{700,0.049}, {750,0.049}, {800,0.050}, {850,0.051}, {900,0.051 1,
£950,0.0511,{1000,0.051}}

ListPlot[table74,PlotRange— { {50,1000},{0,.15} } ,AxesLabel—>
{"t->sec","0(t)"},AxesStyle—Large]

table85={{50,0.0381,{100,0.045},{150,0.049},{200,0.051},{250,0.054},{300,0.056}
,{350,0.0581,{400,0.060},{450,0.0621, {500,0.063},{550,0.065", {600,0.066},
{650,0.0681,1700,0.069},{750,0.070},{800,0.071},{850,0.073},{900,0.074},
{950,0.075},11000,0.076} }

ListPlot[table85,PlotRange— { {50,1000},{0,.15} } ,AxesLabel—
{"t->sec","0(t)"},AxesStyle—Large]

table94={{50,0.065,{100,0.076}, {150,0.083},{200,0.09}, {250,0.095},{300,.1},
{350,.106},{400,.111},{450,.115},{500,.120}, {550,.126},{600,.131},{650,.137},
£700,.142},{750,.148},{800,.155,{850,.162,{900,.169,{950,.177},{1000,.186} }

ListPlot[table94,PlotRange— { {50,1000},{0,.15} } ,AxesLabel—>
{"t->sec","0(t)"},AxesStyle—Large]
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{{50,0.012},{100,0.014},{150,0.014},{200,0.014},{250,0.014},{300,0.014},
{350,0.014},{400,0.014},{450,0.014},{500,0.014},{550,0.014},{600,0.014},
{650,0.014},{700,0.014},{750,0.014},{800,0.015},{850,0.016},{900,0.016},
{950,0.017},{1000,0.017} }

e(t)
0.14
0.12
0.10
0.08
0.06
0.04}

002f. . . ... .. . ... ..
: : ' t—=sec
200 400 600 800 1000

{{50,0.018},{100,0.019},{150,0.02},{200,0.02},{250,0.021},{300,0.021},
{350,0.021},4400,0.021},{450,0.021},{500,0.022},{550,0.022},{600,0.022},
{650,0.022},{700,0.023},{750,0.023},{800,0.023},{850,0.023},{900,0.023},
{950,0.023},{1000,0.023} }

e(t)
0.14
0.12
0.10
0.08
0.06

0.04¢
D020+ v v aem v
[—>sec

200 400 600 800 1000

£50,0.0241,{100,0.027}, {150,0.028}, {200,0.029}, {250,0.029}, {300,0.03},
{350,0.031,{400,0.0311,{450,0.031},{500,0.032},550,0.032}, {600,0.032},
{650,0.033},{700,0.033},4750,0.033},800,0.0341, {850,0.0341, {900,0.034},
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£950,0.0341,{1000,0.034} }

e(t)

""""""""""
-

: : : t—=se
200 400 600 800 1000

{{50,0.032},{100,0.036},{150,0.039},{200,0.04},{250,0.041},{300,0.042},
{350,0.043},{400,0.044},{450,0.045},{500,0.046},{550,0.047},{600,0.047},
{650,0.048},{700,0.049},{750,0.049},{800,0.05},{850,0.051},{900,0.051},
{950,0.0511},{1000,0.051} }

e(t)
0.14

: : : t—=se¢
200 400 600 800 1000

{{50,0.038},1100,0.045},{150,0.049},{200,0.0511, {250,0.0541, {300,0.056},
{350,0.058},{400,0.06}, {450,0.062}, {500,0.063}, {550,0.065}, {600,0.0663,
{650,0.068},{700,0.069},{750,0.07},{800,0.0711,{850,0.073},{900,0.074},
{950,0.075},{1000,0.076} }
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e(t)
0.14
0.12
0.10
0.08
0.06) . .-«
0:04}

0.02}
; ; : ' t—>8e¢
200 400 600 800 1000

{{50,0.065},{100,0.076},{150,0.083},{200,0.09},{250,0.095},{300,0.1},
{350,0.106},4400,0.111},{450,0.115},{500,0.12},{550,0.126},{600,0.131},
{650,0.137},{700,0.142},{750,0.148},{800,0.155},{850,0.162},{900,0.169},
{950,0.177},{1000,0.186} }

<
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COoO000
e I e
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: : : t—=se¢
200 400 600 800 1000

table42=1{{50,.012},{100,.014},{150,.014},{200,.014},{250,.014},{300,.014",
{350,.0141,{400,.0141,{450,.014},{500,.014}, {550,.014},{600,.014},{650,.014},
£700,.014},{750,.014,{800,.015},{850,.016},{900,.016},{950,.017},{1000,.017} }

£150,0.0121,{100,0.014},{150,0.014},{200,0.014},{250,0.014},{300,0.014},
{350,0.0141,{400,0.014}, {450,0.014},{500,0.014},{550,0.014}, {600,0.014},
{650,0.0141,{700,0.014},{750,0.014},800,0.015},{850,0.016},{900,0.016},
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£950,0.017},{1000,0.017} }

ListPlot[table42,PlotRange— {{0,1000},{0,.15} } , AxesLabel->
{"t->sec","0(t)"},AxesStyle—Large]

o
—

—
et

rrrrrrrrrrrrrrrrrrr

COLLOO000

0 D 0 e et
L] QU RN o R Jf ] S R

: : : ' t—>8e¢
0 200 400 600 300 1000

<<Statistics' NonlinearFit’

General::obspkg:

_Statistics'NonlinearFit" is now obsolete. The legacy version being loaded may
conflict with current Mathematica functionality. See the Compatibility Guide for
updating information. [

Clear[el,e2,n];

s0=42;

e=s0/el-(e2 s0/(el(el+e2))) Exp[-(el €2) t/(n (e1+e2))] ;
NonlinearFit[table42,e,t,{{e1,1,2000},{e2,10,3000},{n,50,5000} } ,ShowProgress—
True]

Iteration: 1 ChiSquared: 0.0000269194
Parameters: {2906.13,0.815282,362.398}
Iteration: 2 ChiSquared: 0.0000131769
Parameters: {2586.57,808.234,352795.}
Iteration: 3 ChiSquared: 0.0000111439
Parameters: {2176.9,1105.13,1.21137X10°}
Iteration: 4 ChiSquared: 0.0000109839
Parameters:_{2080.55,1250.28,1.39102X10%}
Iteration: 5 ChiSquared: 0.0000109659
Parameters:_{2044.11,1280.69,1.4766X10%}

0.0205468-0.00791446 ©-0.000533237 t
Plot[%7,{t,50,1000} ,AxesLabel->{"t->sec","d(t)" } ,AxesStyle—>Large]
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e(t)

0.0155}
0.0150¢
0.0145}
0.0140}

0.01354
d

200 600 800 1000 ~ ¢

Show[%2,%8]

SREGHONE O
—t
» e

COooLo000
OO —

: : : - f—>secC
0 200 400 600 800 1000

strain=%"7

0.0205468-0.00791446 ©-0.000533237 t

newtable42=Table[ {t,strain}, {t,50,1000,50} ]
{{50,0.0128406},{100,0.0130433},{150,0.0132407},{200,0.013433},
{250,0.0136201},{300,0.0138024},{350,0.0139798},{400,0.0141526},
{450,0.0143208},{500,0.0144846},{550,0.0146441},{600,0.0147994},
{650,0.0149506},{700,0.0150978},{750,0.0152412},{800,0.0153808},
{850,0.0155167},{900,0.015649},{950,0.0157779},{1000,0.0159034} }
sfalma42=Sum|(table42[[i,2]]-newtable42[[i,2]])"2/20,{i,1,20}]

5.48295X10

table53={{50,0.018},{100,0.019}, {150,0.020},{200,0.020},{250,0.021},
{300,0.021},{350,0.021},{400,0.021},{450,0.021},{500,0.022}, {550,0.022},
{600,0.022},{650,0.022},700,0.023},1750,0.023},{800,0.023}, {850,0.023},
£900,0.023},{950,0.023},{1000,0.023} }

{{50,0.018},{100,0.019},{150,0.02},{200,0.02},{250,0.021},{300,0.021},
{350,0.021},4400,0.021},{450,0.021},{500,0.022},{550,0.022}, {600,0.022},
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{650,0.0221,{700,0.023},{750,0.023},{800,0.023},{850,0.023}, {900,0.023},
£950,0.0231,11000,0.023} }

ListPlot[table53,PlotRange— {{50,1000},{0,.15} },AxesLabel—
{"t->sec","0(t)"},AxesStyle—Large]

e(t)
0.14
0.12
0.10
0.08
0.06
0.04}

D02F - v v v e m o
: : : t—>sec
200 400 600 800 1000

e1=2044.1;e2=1280.6;n=1.4765973393126987 *"6;

s0=53;

e=s0/el1-(e2 s0/(el(el+e2))) Exp[-(el €2) t/(n (e1+e2))] ;

Plot[e, {t,50,1000},AxesLabel->{"t->sec","o(t)" } ,AxesStyle—Large]

e(t)
0.020}
0.019}
0.018}
0.017

400 600 800 1000 ¢
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Show[%14,%18]

e(t)
0.14
0.12
0.10
0.08
0.06

0.04¢
(170 2] TIPSR S S
f—=secC

200 400 600 800 1000

newtable53=Table[ {t,e},{t,50,1000,50}]

{{50,0.016204},{100,0.0164599},{150,0.016709},{200,0.0169515},
{250,0.0171877},{300,0.0174176},{350,0.0176415},{400,0.0178595},
{450,0.0180718},{500,0.0182785},{550,0.0184798},{600,0.0186757},
{650,0.0188665},{700,0.0190523},{750,0.0192332},{800,0.0194093},
{850,0.0195808},{900,0.0197478},{950,0.0199104},{1000,0.0200687} }

sfalma53=Sum|[(table53[[i,2]]-newtable53[[i,2]])"2/20,{i,1,20}]
0.0000108534

table64={{50,0.024},{100,0.027},{150,0.028},200,0.029}, {250,0.029', {300,0.030}
,{350,0.0301,{400,0.0311,{450,0.031},{500,0.032},4550,0.032}, {600,0.032},
{650,0.0331,{700,0.033},{750,0.033},{800,0.034}, {850,0.0341, {900,0.0341,
£950,0.0341,{1000,0.034} }

{{50,0.024},{100,0.027},{150,0.028},{200,0.029}, {250,0.029}, {300,0.03},
{350,0.03},1400,0.031},{450,0.031},{500,0.0321, {550,0.032}, {600,0.032},
{650,0.033},{700,0.033},4750,0.033},800,0.0341, {850,0.0341, {900,0.034},
£950,0.034},{1000,0.034} }
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ListPlot[table64,PlotRange— {{50,1000},{0,.15} },AxesLabel—
{"t->sec","0(t)"} ,AxesStyle—Large]

e(t)

""""""""""
-

: : : t—=s5eC
200 400 600 800 1000

e1=2044.1;e2=1280.6;n=1.4765973393126987" *"6;

s0=64;

e=s0/el-(e2 s0/(el(el+e2))) Exp[-(el €2) t/(n (el+e2))] ;

Plot[e, {t,50,1000} ,AxesLabel->{"t->sec","0(t)" } ,AxesStyle—Large]
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newtable64=Table[ {t,e},{t,50,1000,50}]

{{50,0.0195671},{100,0.0198761},{150,0.0201769},{200,0.0204697},
{250,0.0207549},{300,0.0210326},{350,0.021303},{400,0.0215662},
{450,0.0218226},{500,0.0220722},{550,0.0223152},{600,0.0225518},
{650,0.0227822},{700,0.0230066},{750,0.023225},{800,0.0234377},
{850,0.0236448},{900,0.0238464},{950,0.0240428},{1000,0.024234} }

sfalma64=Sum|(table64[[i,2]]-newtable64([i,2]])"2/20,{i,1,20}]
0.0000849741

table74={{50,0.032},{100,0.036},{150,0.039},{200,0.040},{250,0.041},
{300,0.0421,{350,0.043}, {400,0.044}, {450,0.045},{500,0.046}, {550,0.047},
£600,0.0471,{650,0.0481,{700,0.049}, {750,0.049}, {800,0.050}, {850,0.051 1,
£900,0.0511,{950,0.051},{1000,0.051} }

£50,0.0321,{100,0.036, {150,0.039},{200,0.04},{250,0.041}, {300,0.042},
{350,0.0431,{400,0.044}, {450,0.045},500,0.046},{550,0.047}, {600,0.047},
{650,0.0481,{700,0.049}, {750,0.049}, {800,0.05},{850,0.051},{900,0.0511,
£950,0.051,{1000,0.051}}

ListPlot[table74,PlotRange— {{50,1000},{0,.15} },AxesLabel—
{"t->sec","0(t)"},AxesStyle—Large]

e(t)
0.14

: : : t—=see
200 400 600 800 1000

€1=2044.1;e2=1280.6;n=1.4765973393126987 *"6;
s0=74;
e=s0/el-(e2 s0/(el(el+e2))) Exp[-(el e€2) t/(n (el+e2))] ;
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Plot[e, {t,50,1000},AxesLabel->{"t->sec","0(t)" } ,AxesStyle—Large]
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Show[%32,%36]

L T B
""""""
L T

f—>=secC
200 400 600 800 1000

newtable74=Table[ {t,e},{t,50,1000,50}]

{{50,0.0226245},{100,0.0229817},{150,0.0233295},{200,0.0236681},
{250,0.0239979},{300,0.0243189},{350,0.0246316},{400,0.024936},
{450,0.0252323},{500,0.0255209},{550,0.0258019},{600,0.0260755},
{650,0.0263419},{700,0.0266013},{750,0.0268539},{800,0.0270998},
{850,0.0273393},{900,0.0275724},{950,0.0277995},{1000,0.0280205} }

sfalma74=Sum|(table74[[i,2]]-newtable74([i,2]])"2/20,{i,1,20}]
0.000396509
table85={{50,0.038},{100,0.045},{150,0.049},{200,0.051},{250,0.054},

£300,0.0561,{350,0.058}, {400,0.060}, {450,0.062},{500,0.063},{550,0.065},
£600,0.066,{650,0.068},1700,0.069},1750,0.070},{800,0.071}, {850,0.0731,
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{900,0.074},{950,0.075},{1000,0.076} }
{{50,0.0381,{100,0.045},{150,0.049},{200,0.051},{250,0.054},{300,0.056} ,
{350,0.0581,1400,0.06},4450,0.0621, {500,0.063},{550,0.065", {600,0.066},
{650,0.0681,1700,0.069},{750,0.07,{800,0.071},4850,0.073,{900,0.074},
{950,0.075},11000,0.076 }

ListPlot[table85,PlotRange— {{50,1000},{0,.15} } ,AxesLabel—
{"t->sec","0(t)"},AxesStyle—Large]

e(t)
0.14
0.12
0.10
0.08
0.06f . ..+ ""
0:04}

0.02¢
: : : t—=s5eC
200 400 600 800 1000

e1=2044.1;e2=1280.6;n=1.4765973393126987 *"6;

s0=85;

e=s0/el1-(e2 s0/(el(el+e2))) Exp[-(el €2) t/(n (e1+e2))] ;

Plot[e, {t,50,1000},AxesLabel->{"t->sec","o(t)" } ,AxesStyle—Large]
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Show[%41,%45]

e(t)
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newtable85=Table[ {t,e},{t,50,1000,50}]

££50,0.0259876},1100,0.0263979}, {150,0.0267974", {200,0.02718641,
£250,0.0275651},4300,0.0279339},{350,0.0282931, {400,0.0286426},

{450,0.0289831},4500,0.0293146},{550,0.0296373}, {600,0.0299516}
£650,0.0302576},4700,0.0305556,{750,0.0308457},{800,0.0311282},
{850,0.0314032},4900,0.031671},{950,0.0319318},{1000,0.0321857} }

sfalma85=Sum][(table85[[i,2]]-newtable85[[i,2]])"2/20,{i,1,20}]
0.00114997

table94 ={{50,0.065},{100,0.076},{150,0.083},4200,0.090}, {250,0.095},{300,.1},
{350,.106},{400,.111},{450,.115},4500,.120},{550,.126}, {600,.131},{650,.137},
{700,.1421,{750,.148},1800,.155},{850,.162},{900,.169,{950,.177},11000,.186} }

{£50,0.0651,{100,0.076}, {150,0.083},{200,0.09},{250,0.095},{300,0.1},
{350,0.1061,{400,0.111},{450,0.115},{500,0.12},{550,0.126}, {600,0.131},
{650,0.137},{700,0.142},{750,0.148},1800,0.155},{850,0.162},{900,0.169},
{950,0.177},{1000,0.186} }
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ListPlot[table94,PlotRange— {{50,1000},{0,.15} } ,AxesLabel—
{"t->sec","0(t)"},AxesStyle—Large]
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e1=2044.1;e2=1280.6;n=1.4765973393126987 *"6;

s0=94;

e=s0/el1-(e2 s0/(el(el+e2))) Exp[-(el €2) t/(n (e1+e2))] ;

Plot[e, {t,50,1000} ,AxesLabel->{"t->sec","0(t)" } ,AxesStyle—Large]
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Show[%50,%54]
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newtable94=Table[ {t,e},{t,50,1000,50}]

£50,0.0287392},{100,0.0291931, {150,0.0296348}, {200,0.0300649},
£250,0.0304838},4300,0.0308916},{350,0.0312887}, {400,0.0316754},
{450,0.0320519},4500,0.0324185},1550,0.0327754},{600,0.033123},
{650,0.0334614},1700,0.0337909},{750,0.0341117}, {800,0.0344241}
{850,0.0347283},900,0.0350245},1950,0.0353128},{1000,0.0355936 }

sfalma94=Sum[(table94[[i,2]]-newtable94[[i,2]])"2/20, {i,1,20}]

0.00951817



91

GraphicsGrid[ {{%9,%19},{%28,%37},{%46,%55} } ,Frame—All]
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sfalma[42]={sfalma42,sfalma53,sfalma64,sfalma74,sfalma85,sfalma94}

{5.48295X107,0.0000108534,0.0000849741,0.000396509,0.00114997,0.00951817}
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table42={{50,.012},{100,.014},{150,.014},{200,.014},{250,.014},{300,.014},
{350,.0141,{400,.0141,{450,.014},{500,.014}, {550,.014}, {600,.014},{650,.014},
£700,.014},{750,.014,{800,.015},{850,.016},{900,.016},{950,.017},{1000,.017} }

£150,0.0121,{100,0.014},{150,0.014},{200,0.014},{250,0.014},{300,0.014},
{350,0.0141,{400,0.014}, {450,0.014},1500,0.014},{550,0.0141, {600,0.014},
{650,0.0141,{700,0.014},{750,0.014},800,0.015},{850,0.016}, {900,0.016},
£950,0.017},{1000,0.017} }

ListPlot[table42,PlotRange— {{0,1000},{0,.1} } ,AxesLabel->
{"t->sec","0(t)"},AxesStyle—Large]

t
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0.00 (—
0 200 400 600 800 1000 ¢

e1=2044;e2=1280;a=10"-6;b=.2;dt=.01;str=42;strain=str/(c1+e2);

creep=Table[ {t=dt i,dstrain=e2/(e1+e2) a Sinh[b (str-strain el)];strain=strain+dstrain
dt;strain},{i,1,100000} |;

sfalma42=Sum|[((table42[[i,2]]-creep[[i 50,2]])"2)/20,{i,1,20}]

4.52309X10°

ListPlot[Table[ {creep][[i,1]],creep[[i,2]]},{i,1,100000} ],PlotRange—
All,AxesLabel->{"t->sec","o(t)" } ,AxesStyle—Large]
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e(t)
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Show[%2,%6]
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table53={{50,0.018},{100,0.019},{150,0.020},{200,0.020},{250,0.021},
{300,0.0211,{350,0.021},{400,0.021},{450,0.021},{500,0.022}, {550,0.022},
£600,0.0221,{650,0.022},{700,0.023},1750,0.023},{800,0.023}, {850,0.0231,
£900,0.0231,{950,0.023},{1000,0.023} }

£150,0.0181,{100,0.019,{150,0.02},{200,0.02}, {250,0.021},{300,0.021},
{350,0.0211,{400,0.021}, {450,0.021},{500,0.022},{550,0.022}, {600,0.022},
{650,0.0221,{700,0.023},{750,0.023},800,0.023},{850,0.023}, {900,0.023},
£950,0.0231,{1000,0.023} }

e1=2044;¢2=1280;a=10"-6;b=.2;dt=.01;str=53;strain=str/(e1+¢e2);
creep=Table[ {t=dt i,dstrain=e2/(e1+e2) a Sinh[b (str-strain el)];strain=strain+dstrain
dt;strain}, {i,1,100000}];

sfalma53=Sum][((table53[[i,2]]-creep[[i 50,2]])"2)/20,{i,1,20}]

0.000032725

ListPlot[Table[ {creep][[i,1]],creep[[i,2]]},{i,1,100000} ],PlotRange—
All,AxesLabel->{"t->sec","o(t)" } ,AxesStyle—>Large]
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Show[%2,%12]
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table64=1{{50,0.024},{100,0.027},{150,0.028},{200,0.029}, {250,0.029},
{300,0.030},4350,0.030},400,0.031},{450,0.031},{500,0.032}, {550,0.032},
{600,0.032},{650,0.033},{700,0.033},1750,0.033},{800,0.034}, {850,0.034},
£900,0.034},{950,0.034},{1000,0.034} }

{{50,0.024},{100,0.027},{150,0.028},{200,0.029},{250,0.029},{300,0.03},
{350,0.03},{400,0.031},{450,0.031},{500,0.032},{550,0.032},{600,0.032},
{650,0.033},{700,0.033},{750,0.033},{800,0.034},{850,0.034},{900,0.034},
{950,0.034},{1000,0.034} }
e1=2044;¢2=1280;a=10"-6;b=.2;dt=.01;str=64;strain=str/(e¢1+¢2);

creep=Table[ {t=dt i,dstrain=e2/(e1+e2) a Sinh[b (str-strain el)];strain=strain+dstrain
dt;strain},{i,1,100000} |;

sfalma64=Sum][((table64[[i,2]]-creep[[i 50,2]])"2)/20,{i,1,20}]

0.000146305

ListPlot[ Table[ {creep[[i,1]],creep[[i,2]]},{i,1,100000} ],PlotRange—

All,AxesLabel->{"t->sec","o(t)" } ,AxesStyle—>Large]
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Show[%2,%18]
0. 1%(-t )
0.08}
0.06}
0.04}
0.02

LI T
nnnnnnnnnnnnnnn

00 : : : - t—=sec
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table74={{50,0.032},{100,0.036},{150,0.039},{200,0.040},{250,0.041},
{300,0.0421,{350,0.043}, {400,0.044}, {450,0.045},{500,0.046}, {550,0.047},
{600,0.0471,{650,0.0481,{700,0.049}, {750,0.049}, {800,0.050}, {850,0.051 1,
£900,0.0511,{950,0.051},{1000,0.051} }

££50,0.0321,{100,0.0361, {150,0.039},{200,0.04},{250,0.041}, {300,0.042},
{350,0.0431,{400,0.044}, {450,0.045},1500,0.046},{550,0.047}, {600,0.047},
{650,0.0481,{700,0.049}, {750,0.049},{800,0.05},{850,0.051},{900,0.0511,
£950,0.0511,{1000,0.051}}

e1=2044;¢2=1280;a=10"-6;b=.2;dt=.01;str=74;strain=str/(e¢1+¢2);

creep=Table[ {t=dt i,dstrain=e2/(e1+e2) a Sinh[b (str-strain el)];strain=strain+dstrain
dt;strain}, {i,1,100000}];

sfalma74=Sum][((table74[[i,2]]-creep[[i 50,2]])"2)/20,{i,1,20}]

0.000535341

ListPlot[ Table[ {creep[[i,1]],creep[[i,2]]},{i,1,100000} ],PlotRange—

All,AxesLabel->{"t->sec","0(t)"} ,AxesStyle—>Large]
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Show[%2,%24]
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table85=1{{50,0.038},{100,0.045},{150,0.049},{200,0.051},{250,0.054},{300,0.056}
,{350,0.058},400,0.060}, {450,0.0621, {500,0.063}, {550,0.065}, {600,0.0663,
{650,0.068},{700,0.069},{750,0.070},{800,0.071},{850,0.073},{900,0.074},
{950,0.075},{1000,0.076} }

££50,0.0381,{100,0.045},{150,0.049},{200,0.051},250,0.054}, {300,0.056},
{350,0.0581,{400,0.06}, {450,0.062},{500,0.063},550,0.065}, {600,0.066},
{650,0.0681,{700,0.069}, {750,0.07},{800,0.071},850,0.073}, {900,0.0741,
£950,0.0751,{1000,0.076} }

e1=2044;e2=1280;a=10"-6;b=.2;dt=.01;str=85;strain=str/(c1+e2);
creep=Table[ {t=dt i,dstrain=e2/(e1+e2) a Sinh[b (str-strain el)];strain=strain+dstrain
dt;strain}, {i,1,100000}];

sfalma85=Sum][((table85[[i,2]]-creep[[i 50,2]])"2)/20,{i,1,20}]

0.00139633

ListPlot[Table[ {creep][[i,1]],creep[[i,2]]},{i,1,100000} ],PlotRange—
All,AxesLabel->{"t->sec","0(t)"},AxesStyle—>Large]
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table94 ={ {50, 0.065},{100,0.076},{150,0.083},4200,0.090}, {250,0.095},{300,.11,
{350,.106},{400,.111},{450,.115},{500,.120}, {550,.1261, {600,.131},{650,.137},
{700,.1421,{750,.148},1800,.155},{850,.162},{900,.169,{950,.177},11000,.186} }

{{50,0.065},{100,0.076},{150,0.083},{200,0.09},{250,0.095},{300,0.1},
{350,0.106},{400,0.111},{450,0.115},{500,0.12},{550,0.126},{600,0.131},
{650,0.137},{700,0.142},{750,0.148},{800,0.155},{850,0.162},{900,0.169},
{950,0.177},{1000,0.186} }
e1=2044;¢2=1280;a=10"-6;b=.2;dt=.01;str=94;strain=str/(e¢1+¢e2);

creep=Table[ {t=dt i,dstrain=e2/(e1+e2) a Sinh[b (str-strain el)];strain=strain+dstrain
dt;strain}, {i,1,100000}];

sfalma94=Sum|[((table94[[i,2]]-creep[[i 50,2]])"2)/20,{i,1,20}]

0.010201

ListPlot[ Table[ {creep[[i,1]],creep[[i,2]]},{i,1,100000} ],PlotRange—>

All,AxesLabel->{"t->sec","o(t)" } ,AxesStyle—Large]
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GraphicsGrid[{{%7, %13}, {%19, %25}, {%31, %37}}, Frame — All]
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sfalma[42]={sfalma42 sfalma53,sfalma64,sfalma74,sfalma85,sfalma94}

{4.52309X107,0.000032725,0.000146305,0.000535341,0.00139633,0.010201}
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Napouciaon

Ma tnv SaktuAoypddnaon Tou KELPHEVOU XpnoLpomolnonke to “Microsoft Office Word
2007”. Na tic MaBnuatikeg e€lowaelg xpnotpomnolBnke to “equation editor” tou

i6Lou mpoypappatoc.

Ta ypadnuata dnuloupyndnkav pe KwdLka arnd To AoyLoULKO TToKETO “Mathematica
8” kal n teAkn Toug popdr 5606nke pe To mpdypappa “Paint”.

TéAog ta oxAuata Twv LEwS0EAACTIKWY LOVTEAWV Kol TwV PopEwV TIou EMALONKaY
SnuloupynBnkav pe To mpdypappa “Paint”.



