EIZATQI'H

A. Tevikég oonyieg Yo ) oweCaymyn tov Epyoctnprok@v Ackicemv
A.1 Ilpogtopocio TOV 0GKNGEOV

v apyn Kabe eEQUMVOL OVOKOIVAOVOVTOL Ol HEPES KOL 0L MPEG SEEAYWOYNG TOV OLOKNCEMV
v KaOe yoAn, Kabmg Kot 1 Katavoun Tmv AcKNcE®V Yo KAOe portnt Yo OA0 to e€Qunvo.
e kbOe portnt avtiotoyel £vag apBudg Kataidyov (A/A), mov avoypapetal TPV amd TO
ovoud tov oty Katovour. Emiong omv kotavour avagépetor kot n 0€éon (aibovoa ko
0poPog) Kabmg Kot To dvopa Tov emPAETOVTA Yo kKGBE AoknoT Kot yio KO XyoAn.
Ot KoTtavopEG Kot 01 GYETIKES OVOKOWV(MGELS VITAPYOVV GTO 160YE0 TOv KTipiov Puoikng kot
oV 1otocerida tov Topéa dvokng www.physics.ntua.gr/gr/ergasthria.htm

Ov gpoumtég mpémel vo. £govv mPoETOHOoTEL Yoo v Acknon mov mpoKeEToL va
eKTEAEGOLY, €xovtag OlPAoEl TPOCEKTIKA TO OVTIOTOWO KEIUEVO, YlO. VO UTOPEGOLV VO
OOVAEYOLV GTO EPYOCTNPLO LE IKOVOTOMTIKO TPOTO Kot Ywpig duoKoAieg Kot yio va glval o€
Béom va amavTGoLY OTIG EpMTNOELS TOL eMPAETOVIN Katd TNV de&oywyn TG Aoknong, ot
omoieg Ba AneBovv v’ dym oy telkn Paburoroyia tov Epyactnpiov.

A2 Ae€oyoyn TOV 00K GEOV

[Tpwv yivel oMol dNTOTE GVLVIEST TV OPYAVOV o TPETEL O POITNTES VO Avayvepicovy OAeg
TIG GLOKEVEG KOl Vo KATaAdBovy tov Tpdmo Aettovpyiog TOvG.

H ovvdeoporoyia tov kKukAdpatog yiveton cOH@®vO pE TIg 0dnyieg mov divovion otnv
EKTEAEDT] TOV TEPALOTOS KOL LE TOVG KAVOVEG AGPOAEinG OV avagépovtol o Kdtw. [Ipv
amd T oLVoeon TV cvokev®v pe to 220 V, 10 KOKAopa mpénel va eheyyfel ond TtOv
emPAEmTOVTO TNG AGKNONG.

[Tapte T1c omapaitnTeg HETPNOES OKOAOLODVTOG TO GTAOWOL UE TN GEWPE TOLS KOl
KATO(WPNOTE TA AMOTEAEGHLATE GOG GUGTNUOTIKG KOl TOKTIKA 6ToVg avtictoryovg ITivakes.

[Mo tov TpOTO KOTOXDOPNONG TO®V OTOTEAECUATOV, KOODG Kol TOV 0ovTIGTOL®V
c@oipdtov cvppovievteite to I' Kepdiao «Avaivon kot [Tapovsioon tov Iepapatikdv
Amotedlespdtovy. o omoladnmote amopia va angvBoveste otov emPAETOVTO TG ACKNOTG.

Otav TEAEOOETE TIG HETPNOELS KOL TPV OMOGVVOEGETE TO. KUKADUOTO, GLUPOVAEVTEITE
tov emPAEnovTa Yoo va eE0KPIBOCETE oV Ol TEPAUATIKEG oag TWEG Ppiokovtan péca ota
Aoykd Opla Ko 0Tt dev €xete KAmolo AdBog otig petpnoels. Ot oeldeg Pe To amoTEAEG AT
TOV UETPNOEOV TPEMEL VAL LIOYPAPOVTOL amd Tov emiPAémovio TG Acknong Kot vo
cuvumofdArovtal pe TV gpyactnplokn cog Exbeon.

2PNOTE TIG GLOKEVEG KOL ATOCLVOESTE TO KOKAMLO, TOTODETMVTOS To KAAMO Kot Ol
T eE0PTILOTA TOL KUKADNOTOG OTIG BEGELS TOVC.

Téhog, mpv puyete, Pefarwbeite 0Tt £xete KOTAAGPEL KAAE TNV d1001KOGIO TOV TPETEL VL
axolovOnocete oty Eneéepyacia towv petpnoemv.



A.3 Xovraén, mtopadoon Kot ow0pOwon s ExOeong

Ot epyaotnproxéc ekBéoelg Oa mpémetl va ypagpovtol oe oeAidec Ad wg eENg:
2NV Kopuen TG TPOTNG GEAISNC O TPETEL OTMGINTOTE VAL VLY PAPOVTOLL:
. To ovopatendvopo Tov PortnTn, N ZyoAn Kot to Tpua tov.

. O ap1Buo¢ kat o Tithog g Aoknong.

. O apBpdg KataAdYOL TOV POITNTH GTNV KOTAVOLUT TV 0CKGEMV.
. To dvopa Tov 1] T®V GLVEPYATMOV TOV GTNV AGKNON.
. To 6vopa Tov veHBvvoL TG AoKNoNG.

. H nuepounvia die&aymyng g doxnong.

Oa akoAovBovv 30-40 mepimov YpAUUES, OTIG OTOieS Ba TEPLYPAPETOL GVVOTTIKG KOl O
AEPIANYN O OKOMOG TNG ACKNOoNG, 10 0¢po, M péBodog, M mEWPOUATIKY] SUTAEN Kol 1
dwdwkacio Tov akoAovOnOnke. Mépn tov KEWEVOL TOL AVTLYPAPOVTOL OO TO EPYACTNPLOKO
BiBArio o AapPavovtar vdyn Kot ivar amoppirTéa.

[Ipoywpnote oV avAALOT TOV OTOTEAEGUATOV AKOAOLODVTOS O100Y KA TO GTAO
OV OVOPEPOVTOL OTNV «EmeEepyacio Twv petpiioemv» kot pe v Ponbeia tov Kepaiaiov
«AVAAvon Kol TOPOVLGIOCT) TOV  TEWPAUATIKOV omoteAecpatovy. llpoomabnote va
OTOVTNCETE OTIC EPMOTNOELS GUUE®VO pe TN Owkn cog kpion. Télog va punv Eeyvate va
EMGVVANTETE TIG VTOYEYPOUUUEVES OO TOV EMPAETOVTO LETPNOELS

Ov gpyaompuokés ocag ekbéoelg Bo mopadivovial GUUTANPOUEVEG GTOV AVTIGTOL(O
emPAémovia TG AoKNoNG, oV apéows emduevn doknon tov dov TunuaToc. BOa
dropbavovtal amd tov emPrénovia kot Ba emotpépovior dtopbopéveg Kot Pabporoynuéveg
OTOVG QOUTNTEG TNV EMOUEVT] Opd. Xe mepintmon mov avti yio Babud avaypdeetor n AEEN
«AdpBwon», N doxknon Ba tpénel va 510pBwOel OUE®VA e TIC 0dNYiEG TOL AVOPEPOVTOL KoL
va apadofel TNy emdpevn eopd, mote va fadpoioyndei.

B. Kavioveg Aoc@areiog

[Ma Adyovg ac@areiog, O1KNG GOG, TOV GUVOUIEAP®Y GOG KOl TOV GUCKELMV TOV EPYOGTNPIOV,
axolovbeite TévTa TOLG TAPUKAT® KAVOVEG

e Mn Bdlete moté avrikeipeva, PETAAMKE 1] LOVOTIKE, LEGO GTIC NAEKTPIKES VITOJOYES TOV
Tivako TPOPOd0GIaG Kol TV GCLGKEVMV.
e Mn BpayvkukAdveTe TOTE pnatapies, TNYEG CLVEXDV TAGEMV 1| YEVVIATPLEG.

o Yuvoéote MPOTA OAN TO OPYOVO, TOL KUKAMUOATOG METOED TOVG KOl PETE TNV MAEKTPIKY|
myn tov 220 V. H ocbvoeon pe ta 220 V yiveton mavta tedevtaic, OGOV TPAOTU TO
KOKAOLO ELEYY Ol 0t Tov emPArémovTa.

o Avagpépete omolodnmote PAGPN N avoporio ot Agttovpyio TOV opyavev, HOAG TNV
TOPOT PN CETE.

o [loté unv amocvvdéete N TPOmOMOLEiTE Eva KOKAMUO LE TNV NAEKTPIKY TNYN OVOLLUEVT).
Yvvnbiote va mdvete To KOA®OW amd T0 HovouEvo POGHA Kot TOTE amd TO HETOAAIKO
dicpo.

o IIpw ofnoete o myn katefalete tpota faduaio Ty Tdon £650v TG 6TO PNdEV.

e  Orav Byalere tic mpileg N To KAAD®OLOL OO TIG LIOJOYES, VA T Tpafdte amd TNV id1o TV
npiCa 1 10 POopa kot Toté amd to KaAmdto. Kivdvvedel va cag peivel oto yépt.



I'. Avaivon Kot Topovcioon TEPUUUTIKAOV 0TOTEAECUATOV

I'.1. Ewayoy

H Mé£tpnon cvvictatol 6tov KoBopiopd tov peyéfoug 1 HETPOL ULOG PLGIKNG TOGOTNTOG GE
oYéon Ue o optopévn pHetpikn povada. To amotéhecpo emouéveg tng HETPMONG MG
QLOIKNG TOcOTNTOG EKPPAleTan pe Evav aplBud (mov divel ™ oxéon HeETaEy Tov peyébovg mov
peTpnOnke Ko ekeivov mov AapuPavetor mg Hovada) Kot e tnv avtiotoryn povada. Emmiéov,
oV epinTmon davvopatikoy peyéfovug (m.y. TayxdInTa, dvvaun, Eviacon mediov), n HETpNoN
opilet ko 1N 01ev¥0VVEN KOl POPE TOL PETPOVLEVOL HEYEOOVG.

To amotéleopa g HETPNONG OV OVOUEVETAL, EV YEVEL, VO CUUTEGEL LE TNV TPOYUOTIKT
Tiun tov peyéboug, n omoia eivar dyvowotn. EEdAAov, n emavdinym ¢ puétpnong oomyet
YEVIKG € O1POpPeTIKA HeTaED Tovg amoteAéopata. Eivor emopévag e€icov onupaviikd va
Bpebel kot va d0bel éva pétpo aglomotiog Tov amoTeAEGUATOG.

H dwpopd peto&d tov amoteAéopatog Hog HETPNONG Kol TNG TPAYUOTIKNG TIUAG TOL
petpovpevov peyédovg ovopdletor o@daipa e pétpnons. H Beopia tov cporpdtov divel
TOVG KOVOVEG EKTIUNONG KOl VITOAOYIGHOD TOV CEAALOTOC HOG HETPNONG, TOGO Yo QUEGH
petpovpeva Leyedn 6co Kot yuoo pey€dn mov vmoAoyilovron Eupeca and To OMOTEAEGLATA
HETPNOEDV AWV HEYEDDV.

Elvar, téhog, mOAD OMUOVTIKY 1| TOPOLGINOT] TV OTOTEAEGUATOV TOV UETPNOEWV E
TPOTO OV VO TEPEXEL KOl VO HETAOIOEL OAEC TIC TANPOPOPIES TOL TPOKLITOVV OO TIG
LLETPNOELG.

Ot Baocikéc apyxés TG avaAvong Kot TopoLGIooNS TEPAUATIKMY OTOTEAECUAT®OV divovtal
AUECMG O KATO.

I'.2. Ocowpio Xeoipdtmv

To ocpdipato TOV pETPNOE®V dlokpivovtal, ovAAoyd He TNV TPOEAELON TOLG, GE OVO
KATNYOPlES, TOL GLGTNUOTIKA KOl TO TV 1 OTATIOTIKG GOAALATA.

I'.2.1. Xvotnpotika cpaipato

ZVOTNUOTIKA Elval TO, GOAALOTA TTOV TOAPAUEVOVY AUETAPANTO GE S1UO0YIKEG LETPTGELS 1] TOV
peTaBAAAOVTOL [LE KOO0 GLGTNUATIKO TPOTO HE TOV YPOVO 1 KAmowov GAAN TOpPAUETPO.
Mmnopet va opeidovtal 6e aTEAEEG TOL 0pYAVOL, 6N LEBOOO OV YPNGILOTOMONKE 1 KOl GTOV
1010 ToV apatnpnty. Mepikd moapadeiypata givor Ta akdAovOa:

o To «o@aApa UNdevOcH gival £va TOAD KOO GLGTNUATIKO GaAua. Av, Yo TopAdELya, O
OelkTNG VO 0pYAvOL £XEL LETOTOTIOTEL GE OYEOMN He TNV KAMUOKA TOV, TOTE Ol EVOEIEEIS TOV
Ba drapépovy amd TIC GOOTEG KAt o otafept] TOGOTNTO.

e Av petpdpe pNKmn He £vOv «OpaKO TOL €VOC UETPOL» TOV £XEL TPOYUOTIKO pnkog 99,9
cm, t0 omoteAécpato mov Bo mpokOmrovv Bo elval cvoTnpaTKd pEYOADTEPO TOV
mpaypatikav katd 0,1%.

e 'Eva Opyavo mov yperaletar €va OpiopEVO YPoviKO Otdotnua yioo vo @tdost og pia
katdotoon tooppomiog (my. Oepuikng), evoéyetar va divel cvotnuatikd AoavOoouéveg
€VOEIEEIC 0T JLPKELD TNG LETOPATIKNG TEPLOSOV.

e Ot ocvvnbeleg TV SEOPOV TOPATNPNTAOV SOPEPOVY Kot £yl TEKUNPLOBEl emaprdg,
KUPIOG OO OOTPOVOHIKEG TOPATNPNOELS, OTL KOTOW GLOTNUOTIKG CEOAUHOTO Elval
YOPOKTNPLOTIKA TOV TOPATNPNTY.

o Av oty enelepyacio TV anoteAecUdTOV ypnoiponombel o Aavlacuévn otabepd 1 ko
L. TPOGEYYIOTIKY Bempntiky] oyéon petald o600 M meplocotépov peyebadv, tote O
TPOKVYOLV GLUGTNLOTIKA COAALATA OTA EEAYOUEVO, OTOTELEGILOTOL.



Ta cvoTpatikd cedApaTo eival SOGKOAO VO AVIXVEVTOVV KOl GLYVA EIVOL TOL CUAVTIKOTEPQ,
ocpdrpata. H meipa tov mapammpnt elval o Kupldtepog Tapayoviag yio TV oToQuYN Kol T
dopbwon toug. O Mo Kowog TPOTOG OVIYVELGNG TOV GUOTNUATIKOV GOUAUATOV gival 1)
Skpifmon TV opydvev TG TEPAUATIKNG O14TaENS ONAadn 1 cOYKPLoT TOV OpYAvVOV 1 Kol
OAOKAN POV TOL GLGTIHLATOG LETPNONG HE AAAL TTOV £XOLV HEYOADTEPT aKpifeia Kot Tov givot
JMIGTOUEVO OTL £XOVV AUEANTEN CLUGTILLOTIKG COAALLOTAL.

I'.2.2. Toyaia 1 otoTioTIKA GQOGApATO

Toyoio M otatiotikd eivor ta c@dApato mov o@sihovial o€ TOAAOVS OmPOPAETTOVG
TAPAYOVTESG, LETAPAAAOVTOL e TOV YPOVO KOTE oKavOVIGTO TPOTO Ko eivan e&icov mBavd va
etvan Betikd M apvntikd. H enidpaon tov mopaydoviov avtdv TPpoKoAoLY UIKPEG 1| LEYAAES
TUYOUES OLUKVUAVGELS TOL LETPOVUEVOL LEYEOOLS YOP® OO Lo, LEGT] TIUT.

Y& HETPNOELS OTOV Ol TLYOUES SLOKLUAVGELS TOL peyEBoug stvan apeintéeg, Ommg givor N
LETPNOT TOL UNKOLG 1| TNG KOAG GTAOEPOTOINUEVIS GLUVEYOVLS TAOTG, 1| RETPION YiveTan povo
pio @opd, evod yuoo cedipo pétpnong AapfPdvetar 1o cedALo TOv OpyAvov, TO OmOi0 GTa
avaroywd opyava givor 6Go 1 TIpN TS EAGYIGTNS VTOdLXIPEST S TNG KAMUOKAS TOV, VD GTOL
ynoelokd divetar cuvNOWE 6€ TOCOGTIAIN LLOPPT).

Khoowd mapadetypa toyoiov ceoipdtov elval autd mov opeiloviol 6Tov NAEKTPIKO
00pVPO TOV NAEKTPOVIK®DV 0pYavmV, OTav yivetor puétpnon piog oxetikd pkpng téong. O
B8opvPoc avtdg mpoépyetar amd v tuyoio Oepuikn kivinon tov mAektpoviov péca ce
OVTIOTAGELS KOl GE GAAO EVEPYA GTOLXEIDL TOL OPYAVOV, M Omoie TPOKAAEL ELPAVION LUKPDV
dtpopdv duvapkod ota dxpa tovg. Ta nAektpikd avtd onfpoto, a@ov VITOGTOHV TNV
eneepyacio oty omoia o vVIoPdAlel To 1610 TO dpyavo, eppaviCoviar oty ££0560 TOV WG
toyaieg oEOUEIDOELS TG TAONS otV évoeldn tov opydvov. Ymdpyovv PePaimg tpodmot
eloyrotomoinong avtod tov HopvPov, eivor OU®G TPakTIKE Ko BewpnrTikd addvoTo va
unodeVIoTEL.

H Boown 8womra tov toyoiov ceoipdtov vo eivol pe ioeg mbavotnreg Oetikd 1
apVNTIKA, KOOADS Kot TO YEYOVOS OTL IKPEG AMOKMGELS OO TNV TPOYUOTIKY TN givol mo
mhavéc amd T peYdAeS, KAvouv Ouvvatd Tov mepopiopd e afefoardtnrag  oTtov
TPOGOOPIGHO €VOG UEYEBOLG [E TV EMAVAANYY NG UETPNONG TOAAES (QOPEC, DOTE KATH
HEGOV 0pO Ta TV GEAALOTA VO aAANAoavVapovVTaL G KAmolo Paduo.

v npdén etvor 006KoA0 va Yivel S0 ®PIGHOG TOV CLUGTNUATIKOV GOUAUAT®V 0o To.
toyoaia. EEGAAOV, oe mOAAG mepdpaTo To oEAApATO givol GLVOLACUOS TV OV0 TUTMV.
Yndpyovv Spmg Kot KataosTaceLg Oov 0 £vag amd Tovg 600 TOToVS elvat aUeANTEOGS.

H obdvtoun mepidnyn g Bewpiog tov cpaipdtov mov Ba akolovdnoel Ba avapépeTot
povo o€ Tvyoio caipata. Asv Tpiémel OGS vo EEVAUE OTL Ol LETPNOELS EVOEXOUEVMG VL
TEPLEYOVV GLUGTNUOTIKA COAALOTO TOAD PEYOADTEPO TOV TUYOIMV KOl ETOUEVOS KOOOPIoTIKA
v TV a&lomoTio TOL OTOTEAEGUOTOG,

I'.3. H 0copia 6Qaipdtov TOV TOYOIOV TIHOV

‘Eoto 611 Béhovpe va Tpocdiopicovpe v Tiun evog uotkov pey€éBouvg X, Tov omoiov M
TPOYUATIKY) TN Xo Mog €ival dyvootn. Mw pétpnon tov peyébovg avtod Ba dmoet
OTOTEAECUO, X1 OV, AOY® TOV TLXOI®V CGQOAUATOV TOL EGEPYOVTOL OTIG UETPNOELS, Oa
SLPEPEL YEVIKA OTTO TNV Xo, £GTM KOTA TOGOTNTA €1 = X1-Xo TOV OVOUALETOL COAALO PLETPTIONG
(Zy. I'.1a ko 1B). Emedn 1o X pdg etvan dyvooto, To €1 pog eivon emiong dyvmoro.

Mo debtepn pétpnon, Katw omd 660 to duvatdv 1d1eg cLVONKES, divel ATOTEAEG O X2
(Zy. T.1y) pe cedrpa €2 = X2 — Xo TOV YEVIKA dtapépel amd 10 €1, poL Tpitn pétpnon oivel
amotéAeopa X3 K.0.K. (Zy. [.18). Av exteAécovpe tn HETPNoN GUVOAIKA N POpES, Ba Exovpe N
anoteAéopato OTMG oto Xy. I 1e.
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Yympo I 1. H dwonopb tov anotelesudtomv N HETPHGEDY YOP® OO TNV TPOYHOTIKY TN Xo.

Onwg PAEmOLLLE, VTTAPYEL Lo SOCTOPE TOV ATOTEAECUATOV YOP® OO TNV TPAYLOTIKN
TN Xo. AT avadEKVOETOL KAADTEPA OV KATOAGKEVAGOVE £VOL IGTOYPOLLO TOV UETPTCEDV
pag pe tov akdéiovbo tpomo. Xwpilovpe tov AEova TV X 6TV TEPLOYN TOV OTOTEAEGUATOV
pog o€ ica daotnpate Kamowv AX (Zy. I'.2a), petpdpe tov apBud tov petpioewv Nj, 610
KkdOe Sidotnpa, Kot vydvovue o€ KABe dtoTnuo GTAAN pe VYog aviioyo tov n; (Zy. I.2P).
Me Bdomn 1o 1otdypappa Tov LETPNoE®V Ba 0picOVIE LEPIKA XOPAUKTNPIOTIKA LEYED.
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Yympa I.2. To otoypoppo Tov onoteAesuaTov N LETPRGEMY TOL HeYEOOVG X, TOV £XEL TPOYLATIKY T Xo.



I''.3.1. Méon Tyu] Tov peTpriceov

‘Exovtog kavel n petpnoelc pe omoteréopata X (i =1, 2,..., 1) pmopovpe va vtoAoyicovpe
péon T, X, L0 GEPAG LETPNCEDV,

n
X1+x,++x 1
)E: 1 2 n:—le- (Fl)
n n
=1
Emeon x; = xo + e; éyovpe
n n
——12 +e) = +1Z T.2
x—nll(xo e;)) = X Tl.lel .2)
1= =

Agdopévov 0Tt Ta GPAANATO TOV LETPCE®V, &), elvar e&icov mBavo va givarl Betikd 1)
APVNTIKA, TEPIUEVOVUE OTL V1oL LEAVOUEVO N, TO AOPOIGHA TOV GPAAUAT®OV S10POVUEVO dlaL
0V N Ba tetvel 6To UNdEV Ko  péom T Ba TAnoldletl v mpaypatiky, Xo. BAémovpue Aowmdv
TOLOTIKA KATL TOV UTOPEl VO OOOELYTEL KOl UE UEYOAVTEPT OLGTNPOTNTA, OTL ONAAdN N X
etvar n KaAOTEPN EKTIUNGT OV UTOPOVLLE VO EYOVLLE Y10 TNV TPOYLOTIKY TIUN Xo LETE omd N
LETPTCELS.

I'.3.2. Tvomkn awdKAoN TOV PETPNOEMV

INo kGBe pétpnon, Xi, opilovpe v amdkiion omd ™ péon tiun oc di = X — X . e avtibson
ue ta €, to d; eivat yvootd.

Q¢ nETPO TS S1IoTOPAS TV TINAV Xi YOP® antd v X opilovpe v teTpay@VIKN pilal
™G HEOTG TIUNG TOV TETPOYDVOV TOV OTOKAICEDV

2?:1(751' - f)z

- (T.3)

TNV omoia OVOUALOVLE TOTIKT] OTOKALGT P0G CELPAS LETPTCEMV.

I'.3.3. H kavoviki katavoun

Av Bewpnoovpe 0Tt 0 aplBUOg TOV HETPNoE®Y, N, YiveTal OAoéva Kol LEYOADTEPOG, EILACTE GE
0éon va mpocdlopicovpe pe peyorvtepn akpifela o oTtOYpOappa (] TNV KATAVOUR) TV
petpnoedv pag. Mmopolpe vo KAvoupe oAoéva Kot o HiKpo To dtdotnuo AX tov Zy. .20,
omwg eaivetonl oto Xy. I'.2y, ppovtilovtag 10 oAk epPaddv TOV 1GTOYPAUIATOS VO TAPUUEVEL
otafepd Ko 160 pe TN HoVAdQ, e KATOAANAN €mAoyn TG KAMpokag tov Ni. Avtd €rel og
OLVETELD TO EUPAOOV KAT® amd TO 10TOYpappe HeTAED 000 TIUADV X1 Kot X2 Vo Lag Oivel v
mOavOTNTO TO AMOTEALEG A OGS LETPNOTG VA BPIoKETOL AVAUESH G QVTEG TIG OVO TUUEG.

Amo tov opopd tov S (EE. I'.3), BAémovpe 6Tt yio kdOe emmpocHetn pérpnon mwov
KGVOLLLE, TO AOPOIGHL 6TV apdpn Ty avEavel katd évay 6po di2 e Kot 0 TapovopasTig, N,
avédavel kotd pio povada. BePaimg to di £xel otatiotikéc dtokvudvoelg, aAld oto Oplo, yia
TOAD peYGAa N, 1 TOVTOXPOVY VENCT] aPLOUNTA Kol TOPOVOLAGT EXEL WG ATOTEAECLLOL 1] TIUY
TOV S va Tetvel va otabepomomBel oe Lo T, o, TOL 0pilovpEe MG

10



2EACZ DTy, [RizaC o) (r.4)

n n—-oo n

0o = lim s = lim

n—-oo n—-oo

Kot 1oL ovopaletal TOmIK aroKAien TS Katavouns. BePaing, 0rmg kot 1 Xo, £T61 kAL 1) g
pog etvor Ayvootn Kot LOVOV EKTIUNGELS LTOPOVUE VAL KAVOLUE Y10, TV TN TNG, OTAV £YOVUE
TOV TEMEPACUEVO APLOUO TV N LETPNCEWV.

Kobmng AX — 0 kot N — oo, 1 péomn Ty X — Xp, KOL TO OTOYPOUULO TOV UETPNCEDV
yivetar po cvuveyng koumoin f(X), omwg eaivetan oto Xy. I'.26. H cvvéptnon f(X) ovoudletan
ovvaption katavopns. Eival kavovikomompuévn, 1o oAkd eufaddv oniadn kdtw amd tnv
KoumOAN eivan {60 pe ™ povdoa.

Eivar dvvatdv va mpoPrepbel Osopntikd m popen g koumoing f(X) kdrto amod
opiopéveg vmobéoelg. Avtd €ywve amd tov De Moivre 1o 1733 kou apyotepa and tovg Laplace
kot Gauss. YmoOétovrag 01t 10 TEAIKO GQAAna o€ o péEtpnon eivorl omotélecpo vOg
peyaiov apBpod moAd HIKpOV amokAMoemv, mov ogeilovtol oe aveEdptnto aitio Kot ot
omoieg givarl e&ioov mbavov va sivar Betikég N apvntikég, o Laplace to 1783 €deiée otL
GLVAPTNGT KOTOVOUNG TOV UETPNCEDV SIVETOL OO TNV

flx) = e~ (x=x0)*/20% (T.5)

OgV2T

O Gauss PBpnke v 010 katavoun Pacilopevog oty vedbeon 6t ) wo mbovn T evog
petpoduevov peyébovug eivor m péon tun evog aplBuov eficov afdmotov petpnoewv. H
Katavoun givon yvoot og Katavoun Gauss 1 ykoaovoavr. Exiong ovopdletot kot Kavovik,
TPOLO OTL 0ev €xel KaBOMKN 1oy0. AKOUN OUMOS KOl OTIG TEPUTTOCELS OOV TOPOTNPOVVTOL
QTOKAIGELS ATO TNV KOVOVIKY] KOTOVOUN, TO YEYOVOS OTL gival pLabnpatik®g oAy bypnot,
Kol €fvol po TOAD KOAN TPOGEYYIoN OTIS TEPLGGOTEPES MEPIMTMOELS, £XEL OONYNOEL GTNV
vwoBénon g o Bewpio GEAAUATOV TOV TUYLOV TYLOV.

H popen g yxaovciavig koatavoung eaiveton oto Xy. [.3a. 'Exel péyioto yuu X =Xo,
TPAYLO, TOV ONUAIVEL OTL TIUES KOVTE GTO Xp €ivol Mo mBavES, VD UETPNOELS UE UEYOAES
amokAoelg amd To X eivan mo omdvies. H kapmoAn eivor GUUUETPIKN ®¢ TPOS X =Xg, KOl QLTO
TPOKVTTEL Ao TNV VIOBEST OTL 01 BETIKEG KOt 01 opvNTIKES AmOKMGELS amd T0 Xg elvan e&icov
mhavéc. H kapumdin telvel acvopntotikd oto undév yio X = £ . To mAdtoc g kabopileton
amd TV TopAaueTpo ap (Xyx. I'.3a). Ta onueio X = Xg = g elvar onpeio kapmc. H ykaovsiovn
katavoun (I'.5) etvon kovovikomompévn, 10 oAoKANpopa TS dNANON HETAED X = — 00 Ko X =
o givar 6o pe 1 povdada. Etor, n mbavoétnto pio pétpnon tov X vo dMCEL OMOTEAEGLOL
peta&y X ko X + dx givan f(X)dx. Emiong, to guPaddv kdto amnd tnv koumdin petaéd tov
TILAOV X1 Kot X2 dtvel TNV mBovotnta pio LETPNON TOL X VO OMGEL ATOTEAES O LETAED X1 KOl X2
(Zx. T'.3B).

f(x) f(x)

1
!
1
|
I
1
|
|
|
I
1
1
!

X

2 %0 x x+dx X

()]

Yympoa I'.3. H ykaovciovi cuvépmmon kotavounc.
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Ymroloyilovtag ta eppadd, Bpickovpe 6T1 | mbavotnta va Bpioketal pia péTpnon

petald xy—ag, xu x5+ 0, elvan 68,3 %
>>  xg— 20, >> xp+20, >> 954%
>> XO - 30-0 >> xO + 30-0 >> 99,8 %

Anhadn, povo pio pétpnon mepinov otig 3 Oa SpEPeL amd TNV TPAYUOTIKN T KOTA
neplocotepo omd lop (pio Tvmikn andkiion) eved povo pio otic 400 petpioelg Bo dapépet
TEPLGGOTEPO Ao 300.

H tomikn amdxhMon, oo, 6ivel Aowmdv €va HETPO NG OOTOPAS TOV HETPNOEDV. MeydAo
op onpaivel peyddn swomopd (Xyx. I.3a). Eivor emopévmg n ag éva pétpo g axkpifelog g
pueBOO0L LETPNONG TOL PN CLUOTOUONKE.

I'.3.4. Tomk1 andékiion piog pérpnong

Ao o ogpd peTpricemv Exovpe HOVO Evav TEMEPAGUEVO aplOUd TILOV TOL LETPOVUEVOL
peyéovc. I'' avtdv 10V AOY0 POVOV EKTIUNGELS UTOPOVUE VO KAVOLUE Yo TIG MO TOOVES
TIWES TV Xp Kot ap. 'Eyovpe 1on e€nynoet yuori n koAvtepn ektiunomn ywa 1o Xo givor 1 péon

T X TtV N petpnoemv. Mropet va amodetytel 01t | mo mbavi| T Yo 1o gg ivoe m

n

o= s (T.6)

n—1

6mov S givar N vk amdkiion Tov N petprioemv [EE. (I'.3)]. H tiun

o= \/M r.7)

n—1

ovopdleton TomKY amékiion TG piog péTpmong kot sivor M KoAdTEPN extipmom mov
UTOPOVLLE VO, KAVOLLE Yo TNV (AyvmoTn) agp.

I'.3.5. Tomu] amékiien ™ péong TIpnG - TeaipaTo.

H tonum amoxkiion g plog pértpnong pog divel £vo HETPO TG S0oTOPAS TOV LETPNOEDV
YOp® amd TV TPAyHaTIKN TN Xo. Etvon BéParta éva ypriowo péyebog yuo va agroroyndel n
akpifela g pebodov pétpnong mov ypnopomomOnke. Ilepiocdtepo pog evolapépel va
EYOVUE P10 EKTIUNOT TNG OOKMONG TNG MEOTG TIUNG, X, OO TNV TPAYUOTIKY, Xo.

Av vmoBécovpe 0TI M GEPd TV N PETPGE®V emavaAapaveTal TOAAES Popég, Ba Exovpie
Y KGOe GEPd HETPNOEOV Uio SLPOPETIKN péon T, Xk H péon tun avtdv tov X Oa
TEIVEL TPOC TO Xp Y10 TOVG 10100¢ AdYOoLG oL avapEpape Otav eEgtalape TNV X . Oo vdpyet
OUMC (o SlloToPA TOV Xk YOp® amd v Xo, N omoia Oa yapoktnpiletol amd o TLTIKY
amdKAIoN 0, LIKPOTEPT TNG 0o, TOV OVOUALOVLE TUTIKY ATOKALoN THS REGTG TIUG.

Amodeicvietan 6TL 0, = o/vn  Snhadn

_ n—1(x; — %)?
oy, = \/W (F 8)
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Ag e€gTdoovpe TN GUOIKY] oCNUAGTO AVTNG TNG TOPAUETPOV. AV LTOBEGOLE OTL Ol HEGEC
TIWEG, Xk, €lvol KaToveUnUEVES YUP® MO TNV TPUYUOTIKY TN, Xo, COUGOVO HE Mo
YKOOLG10VT] KOTALVOUN

f(x) = e~ (F%0)*/20}; (r.9)

Ou

TOL £YEL TVTKY ATOKAION 0, TOTE umopovUE va vToAoyicovpe TNV mBavoTnTa N péon T X
LG GEPAG N LETPNCEMV VO, SIUPEPEL ATTO TNV TPOYLATIKY, X, KOTA L0 OPIOUEVT] TOCOTNTO.
2oppova pe 6ca emmdnkov oto £daeto I'.3.3, vrdpyel mboavotnta 68,3% 1 X va doeépet
amd TNV Xo KATA Hio T0OGOTNTO LKPOTEPT OO 0y,

H gpvowm onuacio g o, etvar 6t divel éva pétpo Tov mbovod GEAALATOG TOV KAVOVULE
vrofétovtog 0tim X elvar n T Tov pey€Bovg mov ExEl TPOAYUOTIKY TN Xo.

Agdopévov OTL TO S KOl EMOUEVMOG KO TO 0 €lvar, OT®MG £XOVUE EENYNOEL, OLGLUGTIKA
avegaptnra amd Tov aplopd TV pHETpcEV, N, Yo peydia N, BAETovE OTL TO 0, LELOVETOL UE
avEavopevo N. Kakn yvodon tov Xp onuaivet Aomdv pkpn Tiun Tov g, Kot ETOHEVMG OGO TO
duvatov peyodvtepo aptdud petpriicev N. Enedn opwg, 0nwg gaivetat and m oyéon o, = o /
Jn , ywo va BeAtioBel n akpifeta (dniadn vo pewwbdei n o,) kotd Evov mopdyovto nepinov 3,
TPEMEL TEPITOL VOl SEKATAAGIAGOVLE TOV aplBUd TV PETPNGEMY, ival cuVNB®S EVKOAOTEPO
Vo TPOGTAONGOVLE VO LELDWGOVUE TN SOCTOPE TV PLETPNGEWMV, VO LELWGOLLE dNAAdN TNV 0,
pdypo wov pmopel va emttevydet pe Pertiooon g peboddov péTpnonge.

H tvmr| amdéxiion g péong tipng o, cupBoriletar Kot pe ox OTOV OVOPEPETOL GTNV
TN X, K.0.K. Ovopdletot Kot TomKG 6@aipe 1 anAdg o@aipa e LETPNONS ToL peyEfoug
X Ko to cvpPorilovpe pe 0X. Emopévag

?=1(xi — Xx)?

=D (T.10)

EEattiog g omoudatdtnTos Tov GOAALATOS OX, TO OMOTEAEGHO OGS GEWPAS LETPTCEMV
Otvetal TAVTOTE PE TN LOPON:

x =X + 8x (Lovadeq) (r.11)

Mepucéc popég etvar ypriotpo va avapepBet kot o aptOpdc tov petpioemv, N.

‘Eva mapdderypo vworloyiopod tov X kot 0X yio N = 7 vwofeTikéc PETPNOELS UNKOVG
otvetar otov Iivaka 1. To telMkd amotédlespa diveton og:

X=969,7+0,7 mm (7 peTpnosig).

Extég amd to Tumikd cpdipa 1 oedApa 1 amdAvto cedApne dx = 0z ™G LEONC TWUNG X,
opileTan KOl 1) GYETIKT TUAKY ATOKALON TNG NEGS TIUNGS 1| TO OYETIKO CPAANA TNG X, (OC

ox
Oy = = (I.12)

OV UTOPEL VO EKPPOGTEL KL (G TOGOGTO EML TOIS £KOTO,

ox
Ooy =100 — % (T.13)
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INa 1o mapdoetypa tov IMivaka I,

)

969,7

Ggy = 100 - = 0,07 %

Hivaxog 1
AprOpunTIKO TAPAIEY RO VTOAOYIGHOV TOV HEYEODV X, 6 KoL IX
Yo n = 7 vwo0eTIKEG HETPNOELS HIKOVG

i x; (mm) di=x;—x (mm)|d?=(x;—%)? (mm?
1 968,1 -1,59 2,53
2 972,3 2,61 6,81
3 970,5 0,81 0,66
4 969,0 -0,69 0,48
5 967,2 -2,49 6,20
6 971,1 1,41 1,99
7 969,6 -0,09 0,01
7 7 7
Z X; = 6787,8 mm d; = 0 Z d? = 18,67 mm?
i=1 i=1 i=1
_ 67878 , .
X = 7= 969,69 mm HEDT) TLUY)
, 18,67 ., ,
o= 7-1 = 1,76 mm TUTILKT] QTTOKALOT] TNG MLXG TLUTG
ox =L = |27 _ 67 { adrhon 1 oA : '
x = 7o lox7=0 mm TUTILKT] QTTOKALOT 1] GQAApQ TNG LEOTG TLUNG

Amotédeopa: X =969,7 £ 0,7 mm (7 petpnoeig).

(BAéme mapdypopo I'.4.1 yio tov aptBud tov onuaviikov yneiov mov dtnpovviol 6To
OTTOTEAEGLOL).

X@aipo avayveoong

Orav petpape éva péyebog pe ) Pondeta evog opydvov, vdpyovv Opto 6TV akpifela pe v
omoio, UmTopovuE va OoBAGOVHE TNV EVOEIEN TOL OPYAVOL, 1| LE TNV OToio TO OPYOVO UTOpPEl
va dwoel Vv €voeln. Tnv afePordtra pe v omoia drafdlovpe v Evoelgn evog opydvov,
oVOHAlovE CPAAN AVAYVOOTC.

INa éva opyavo pe ynoaxn évoeiln, to tedevtaio yneio tpénet va Bempeiton aféParo.
Eneon ocuvvnBwg dev yvopilovpe av 10 Opyovo oUTO GTPOYYVAEVEL TO ONMOTEAEGUO GTO
tehevtaio ynolo, | av omAdg ayvoel Ta vroroma yneia, Oa Tpémel va Taipvovpe ¢ GOAAL
avayvoong po povédo oto terevtaio yneio g €voeiéne. o mapdaderypa n €voeén 3,43
npénel va Bewpeitoan 6tL €xel opdipo avayvoong £ 0,01. Tlpopavodg to cedipa ovtd ivor
oA TOavOV v eivorl KATmS peyaAdtepo tov mpaypatikov. Eival opmg mhvtote mpotyndtepo
VO VTEPEKTIHOVUE EVOL COAALN TOPE AVTITTPOPOC.

Mo avoloywkd Opyoava, £voc TOPAYOVTOS VTOKEUEVIKOTNTAG VREIGEPYETOL GTNV
EKTIUNON TOV GPAALOTOS avAYVOONGS. 26 YeViKOG Kavovas pmopel va BewpnBet 0TL To G
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avayvoong eivoal ico pe avtd mov ovTioTolyEl o€ (o vrodlaipeon Tng KAlpakag. Xe éva
yapaxo pe vrodiupécels 1 mm 1o opdipa avayvoons o ntav £ 0,5 mm. Av culroyiotel
OUmG Kavelc OTL 1 pETPMoN UNKOLG TPOVTOBETEL avAyvwon Kot oTo VO GKpa TOV
UETPOVUEVOL OVTIKEWWEVOD, €va. o@dAuo ovayvoong =1 mm Ba ftav opBotepo. e Eva
YPOVOLETPO pe vrodianpéoelg 1/5 tov devteporémton avtd Ba givatl To GEAALO OVAYVOGONG,
Omm¢ elval mpoavég av Anedel v’ dym OTL 0 deikTng 0eV HETAKIVEITAL GLVEXMG, OALL LE
mmonpata tov 1/5 sec. Xg pepikd opyova, ot LITOdPESELS TOV givar yapayuéves givatl 1O60
apUEC HETOED TOLG TTOV L0 EKTIUNON e TO MATL pmopel va 0ol kaAvtepn axpifela oty
avayvmon. Ze oVTéG TIS MEPIMTMOEIS TO GOPOAUN HEDVETOL avoArdyws, yopic PePaing va
VIEPEKTILOVUE TIC OLVOTOTNTES LLOG.

To cedipa avdyvmong Tpénet vo Bempeital oG T0 KATATATO OPlo 6TO GOAALN LETPNONG
evog peyébove. Emavainyn tg pétpnong moArEC @opéc dev Ba odnyNoel GE YVAOGN TOL
HeYEBoLG e COAAUO HUKPOTEPO TOL GOPAAUOTOS OVAYVOONS. X& €va KoAd oyedlaopuévo
nelpapa, Oa TPEMEL TO GOEAALO QVAYVOONG Vo €ival IKPOTEPO OO TIG OLUKVUAVGELS TOV
TOPOTNPOVVTOL G O10O0YIKEG LETPNOELG EVOC HEYEDOVG.

Mia edwn mepintoon mov mpénel vo. mpoceyfel avapopkd Pe TOV LVTOAOYICUO TOV
oQAALOTOG gival aVT oTNV omoia OAEG oL LETPNGELS £OoVV dDGoEL TO 1d10 amotélecpa. Eival
AGBoc va BewpnBet 6TL oK amdkon givor ion pe undév. Ily. n pérpnon evog unkovg /¢
umopet vo, 0GEL:

156 156 156 156 156 mm.

Eivar AdBoc vo modpe 6t ¢ = 156 £ 0 mm. Avtd mov ovpPaivel €dm givar 0Tl dev
SwAéEape 10 KatdAAnAo gvaicOnto Opyovo Yoo T HETPNON, OCTE va YivOuv QavePES Ol
OLIKVUAVOELG N Ol SLOPOPEG OTIC EKTIUNCELG OO UETPNON O HETPNOT. LTO GLYKEKPLUEVO
TAPASELY IO UTOPEL VO YPNOLLOTOOVUE EVa XApaKo e vrodlapéoels 1 mm amo@edyovtag
(oA cmoTd!) va KAvovpe eKTiUNoTM TOL KAAGUATOS TOL MM GTO UNKOG. XTI TEPUTTOCELS
aUTEG G GOAAUN TNG HEONG TWNG TPEMEL VO TOipvovpEe TN OlOKPLTIKY KOVOTNTO TOL
HETPNTIKOD OPYAVOL 1] TO COAAUN OVAYVOONG. XTO TOPAdetypd pog n akpifeio avayvoong
TOL UNKOLG ivan 1 mm kol EmOpEVMG T0 TEMKO amoTtéhespa Tpénetl vo d0obel og /= 156 £ 1
mm.

I'.3.6. Avdooon cparpaTeV

[ToAd cvyvd to péyebog mov pog evdlopépel dev petpdtar amevbeiog, oAl vroAoyileton
éupeca amd TIC LETPNOELS AAMWV peyebmv Tov onoimv givan cuvaptnon. o mapdderypa, To
euPadov evog KOKAOL Ogv HeTplETal AUESH AL VTTOAOYILETOL OTd HUETPNGELS TG OKTIVOG TOV
r, amd ™ oxéon S = ar’. H niextpikn ovtiotaon, R, vroroyileton g o Adyog R = U/l 6vo
petpodpevev peyebmv, e dtpopdg duvaptkov, U, kot g évtaong tov pevparog, I.

"o ™ oyéon S = ar’, pe mapaymyion égovue dS = 2zxrdr mov pmopel va epunvevdet mg n
oyéon mov divel v (amepoot) petaPoln, dS, tov eufadod Tov KOKAOL Yo peTofoAn, dr,
™G aktivag Tov. [ pukpn petafoin dr oe oyéon pe to r, dnAadn yuo dr/r << 1, pmwopovue va.
€YOVE, TPOCEYYIOTIKA, OS~ 2mrdr. Avtn 1 oxéon prnopel va Bewpnbei 6Tt divel To cedipa dS
O6TOV VIOAOYIONO Tov S Yo éva pikpd c@dApa, dr, oty axtivo. Emopuévmg 6S~ (dS/dr)dr.
Ytov vroloyiopd g (dS/dr) ypnoipomolovpe Ty KOADTEPT EKTIUNGT OV £XOVUE YO, TNV
TN TG I, ONAAON TN HEoM TN, T, TOV HETPCEMV TNG OKTIVOG.

"o ocvvaptioelg f(U,0,,...) TEPIOCOTEPOV TG MIAG aveEAPTNTOV HETAPANTOV U, v, ®,
KA., 10%0€L TPOPAVAOG

df = (%)6u+(%)5v+(%>6w+--- (T 14)
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o6mov df Oswpeitar n petafoin tov f yuo petaforég du, dv, dw, Kin. tev petofintodv. H
of /0u givor 1 pepkn mopdymyog g f ™G Tpog U, av 0mPNGOVLLE TIC VITOAOITES LETOPANTES
otafepéc, k.0.k. H oxéon avt eivor pio koA Tpocéyyion yio To GeAaAua 0 f 6Tov VTOAOYICUO
™e f yio pikpd o@aipata ou, v, 0w, KA., LE TV Tpoimdbeon OTL 01 TOCOGTINIEG TIHEG dU/U,
dvlv, dwlw, Khwt. €lvarl TOAD [UKPOTEPEG TG LOVASOG.

‘Eoto tdpa 611 yvopilovue to peyéin

u=1u+du, v=17=dv, w=wtdow,..

OmO PETPNOELS OV KAvape kot BELovpe vo vtodoyicovpe To maphywyo peyebog f = f +6f.
Amd ™ Bewpia OV cpoipudtov TpokdmTel 60Tt N Mo mhavi T g f vroloyiletal, av
ypnoonombovv ot oxéon yia 1o f (U, v, ®,...) o1 o TOAVES TIWES TOV U, 0, @ ..., SNAAOT

f=f@ua,..) (I.15)

7OV &lvor M TN TNG f TOL TPOKVTTEL AV YPNCLUOTOMGOVHE TIG péEcES TWéG, U,0, @, ... TOV
pETAPANTOV.

IToto &ivar TOPOL TO GRAALLN 1) 1] TLTKN omOKAON ™G Héong TNG £, dhadn to 8f; Av
yvopilaue 1660 10 pnéyedog 0660 Kat To TPOHSNUO TV GPAAUAT®Y dU, v, 0w ,... ota. U,D, @, ...
Oa elyape

5f = (%) Su + (%) S+ (%) 8w + -+ (. 16)

Y10 T0 GQEM0 Sf 610 f. Avtd dpmg pog sivar advvaro, yori yvopilovpe povo To TOMIKG
oc@aipata du = gy, 0V = o5 KAT, MOV PUOVO OTOTIOTIKEG TPOPAEYELS LOG EMTPETOVY VO,
KOVOLLLE.

YmoB£TovTag YKAOUGI0VEG KATAVOUES Y10l TOL GOAALLOTO, LLE TUTIKEG OMOKMGOELG
oz = 6u, oy = 6V K.AT., Kol OTL TO GOAANATO OTA U, U, W, ... Eivar ave&aptnta petatd toug,
TPOKVATEL OTL 1 KAADTEPY EKTILNGT Y10 TNV TUTIKY AIOKAIGT TNG HéonC TS f eivon

o= 0= (L) + (o) + (L) +- w17

Kot Al 6tov vIoAOYIoHO TOV TIUAV TOV HEPIKAOV TOPAYDY®OV YPNGULOTOLOVVTIOL Ol
HEGEC TIWES TOV PETAPANTOV U, U, @, ...

Ytov Iivaxa II mapabBétovpe pepikd xpioLo OmOTEAEGUATO TOV TPOKVTTOLV amd TNV
EPAPLLOYN TOV KOVOVO 0LTOV, KUPIMG Yot GUVAPTAGELS Hiog 1 dV0 PETAPANTOV.
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Mivaxag 11

A130061M 6QUARATOV. YATOLOYIOPOG TUTIKMV UTOKAIGE®V (GOUANATOV)
cuvapticeov f mog | agprocotépmv petafintov U, o, ...
Anoteléopata peTpiiceov: u =u+ éu v ="v t dv, ..
Ta a kot K givor yvootéc otadepéc

Tuvapmmon f

Tumkr) amoékALlon TG HEONS TIUNG

Ievucn Zxéon f = f(w, 0, w, ...)

o7 == (L) + (L) + (L) +-

Abpowopa  f=u+v Sf =/ 6u? + dv2
Awgopd  f=u—v Sf = +/8u? + Sv?
Tevikdh  f=utvtwt- | 6f =+/6u?+6v%+ 6w? + -

IToM\. pe otaBepa [ = ku

5f = kéu

&

o v
6f =uv + (T)
I'wvopevo [ =uv v
5F = u (Su)z N (61))2
Adbyog =% /= U\ U v
Avvopun  f =u? 8f = |a|(@)* 16u
_bu
Aoyapbuoc f =Inu of = M
ExOeticd  f = e Sf = e%Su

Ta mapadeiypato mov okorovBodv delyvouy Tn ¥PNoT TOV ATOTEAECUAT®V GE aplOuUNTIKONG
VIOAOYIGHOVG. Ta TeEAMKG amoTEAEGHOTA OivovTal LE TOGH CTUAVTIKA YNeio 660 TPOKVTTOVY
amtd ToVG Kavoveg Tov mopatifevror oty mapdypagpo .4.1.3.

1. Muw ogpd petpnoemv g oktivog evog kokAov édmwoe = 9,73 = 0,01 m. To prkog

g TepLPEpelag dtvetar amd ) oxéon ¢ = 2ar Kot ETOUEVOS (=2rr=21x 9,73 =

61,135 m «ot 8/ = 27or = 2nx0,01 = 0,06 m. Enopévag ¢ = (61,14 +£0,06) m.

To

epPadov tov KdoKAov S = r’ vroloyileton wg S = 7 9,732 = 297,42 m%. To GOAALLOL
ot0 S eivar 8S = (8S/81dr = 2ar dr. Enopévac 8S = 27x9,73x0,01 = 0,6 m?.

Tehcd, S = 297,4 + 0,6 m>.

2. To pebpo péoo amd o aviiotaon eivor

[=81,3+05mA «ou m dpopd

duvapkov ota dxpa g etvan V = 3,67 + 0,02 Volt Emopévmg

R =

2 2

o on = () +()

=————=45141 (]

1% 3,67V
I 0,0813 4

0,02\2  /0,0005\2
= 45,141 (—) +( ) =037102 ~ 04

3,67 0,0813

apa ypagovpe R=45,11+0,4Q
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3. 'Eotm 6tin oyéon
5

uv
f=kos

diver v e€aptnomn tov peyéboug f amd ™ otabepd K xon Tic petaPfintéc U, v Ko W, TmV
omoimVv ot TIéS petpndnkav og U + du, U + 6v kar w = dw, avtictorya. Tote,

of w5 f
ou w3 u

R‘
Il

of uv* f
a0 ks =0y
f w®  f
ow 3k wt 3W

or = (L) + (5] + (-5 |
KaL TeAKA <é}—f)2 = (%)2 + (5 %) + (3 %)

To oyetkd ocpdipo oto f elvar emopéveog M teTpayoviky pilo tov abpoicpotog twv
, , , 5 3
TETPAYOVOV TOV GYETIKOV GCPUAUATOV TOV U, 0° Kot W',

I''4. MAPOYZIAXH TQN AITIOTEAEEMATQN

o d®oOVUE HEPIKEG YPNOEG TANPOQOPIEG YL TNV TOPOVLCINCT) ATOTEAECUAT®OV OF
apLOUNTIKN HOPOT KOL LUE TN HOPPT] YPOPIKADV TOPUCTACEWDV.

I'4.1. llopovoiacn aprOUNTIKOV GTOTEAEGUATOV

To amotédheospa pog oelpds LETPNCEWV TAPOVCIALETOL TAVTOTE GTI LOPPT:
(Pvowo péyedog) = (Méon Ty = Tomun] adxiion g péong Tipng) (Movaoeg)
Mepucéc popéc dlvetor Ko 0 aplfuog Tov HETPNOEDY TOV Eyvay. AnAadn
x =x * 8x (novddec) (n peTproeig)
ny. x=457+003 m (12 perprioeig)

Xpetdletar mpocoyn otov aplnd oNUOVTIKOV yneiov mov divovial ota apldunTikd
anoteAéopata kot o 0€pa avtd o culinOel mapaKdTo.
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I'4.1.1. Znpovtika yneio. Ztpoyyviomoinen aprOpov

Inuovtikd ynoeio evog apBpov Aéyovtar 6ha Tov To yneio €kT0¢ omd To GLVEXOUEVO
UNOEVIKG TTOL EVOEYOUEVMG VAL VTTAPYOVY GTNV apyN TOL aplBpov, av avtdg givar dekadikdc. H
Béom ™G VTodGTOANG (dNAadN 0 aplBUOg TV dekadIKOV YNeiwv) N Kot Evag ekBETng Tov
10 o¢ moAlomlaciaotikdg mapdyovtag kabopilovtor amd TV €mA0Y TG HOVASOS Ko
EMOUEVMG  OeV EMNPEALOLV TOV OPOUO TOV CNUOVTIKOV YNeimv.

Mepwcd mapadetypata dtvovion otov [ivaxa III.

Mivaxag 11
Hopadeiypoto aprtOpov pe S10QopPeTIKO aplOpd CNRAVTIKOV YNEimv

Ap1Opog onpovtik®v yneiov
1 2 3 4
2 15 100 2400
0,3 0,18 0,243 0,8900
0,004 0,020 0,00140 0,03051
4x10°3 2,0x107 1,40x107 3,401x1072
8x10’ 0,99x10° 4,05%x10° 1,300x10°

["a v eTpoyyviomoinon oyvovy Ta €ENG:

Av 10 0e&10tepo ynoio givon 0, 1, 2, 3 1 4, amAdg mapodieinetar. Av givar 5, 6, 7, 81 9,
TAPOAEITETAL, KOl TO APESMG TPONYOVUEVO (TO TEAELTAIO) ONUOVTIKO YNeio avEaveTol KoTd
pio povéda.

[Mopadeiypata: 1,42 ~ 1,4 ko 1,46 ~ 1,5.

o va otpoyyvAedcovpe aKkEPOIOVS, TOVG LETOTPETOVIE TPATO GE OEKOOIKOVS LE Lo
dvvoun tov 10 ¢ moAAATAAG10 KOl GTPOYYLAEDOVIE TOV OEKAOIKO.

Mapodeiypata: 1432 = 1,432x10% ~ 1,43x10° kon 1506 ~ 1,51x10°,

®a Ntav AdBog vo movue ot 1432 ~ 1430 wAm., yati oe avt) ™V mePinTOON TO
televtaio unodeviko Ba Bempeito onuoavtikd yneio, Tpdyuo mov dev eivar aAnbec.

Yrdpyovv peptkés TPOPANUATIKES TEPUTTOCELS OGOV APOPE TOV AP TOV CUAVTIKOV
ynoiov. Av yio tapadetypa 0élovpe va ddcovpe tov aptBpuo 1200 m pe 600 povo onpoavtikd
ynoio, pmopodpe va ypayovpe 1,2x10° m i 1,2 km. Opog eivar kémog acvvidioto va
dmcovpe 10 40 pe éva onuavtikd ymeio og 4x10. Ze avtég TIG MEPMMTOGES UTOpPEl, OV
ypewaletal, va avaeepbel pntd molog eivar o aplBpdc TV SNUAVTIKOV yNneiov yio vo, punv
vdpyel apePordtra. Av 0ev OVOQEPETOL TO GOPOAUO TNV YPAPN MG HETPMNONG TOTE
Bewpodpe o TeEAevTAi0 oNUOVTIKO aféPato Katd pio povada.
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I'.4.1.2. ABeparotnro oty TR TOV GOAARATOS

H tomucn) amdkAion g Héong Tins, ©G OmOTEAEGLO EVOG TETEPAGLEVOL OPlOLOD LETPCEWVY,
dev etvar yvoot) pe amodivtn axpifeto. Ipokdmtel amd m Bewpio 6TL TO TUTIKO CEAAUA TNV
TN TNG TLTKNG OTOKAIONG TNG HEGNG TIUNG Oy (ONAST TO GEAALN TOV GEAALATOG) Etvart

o O
T J2(n—1)

Omov N o apBudc Tov petpnoewv. BAémovue 1o 611,

v n=9 HETPNGELS, TO TUTIKO GQAANA TNV 0, elvon 25 %
>> n=51 >> 10 %
>> n=200 >> 5%
>> n=5000 >> 1%

Eivor Aowmdv cagég 01t yio tov suvin aptBud petpnoemv mov cuvavtd kavelg g éva
ekmadevTIKd epyactnplo, n ofefordmto oty T e 6, dev dikaroroyel va divovron
TEMKEG TIUEG CQOALATOV LE TEPIGGOTEPO TOV €VOC ONUOVTIKGA Ynoio. TNV EMIGTNUOVIKN
épeuva OLmS, 0 aplBpdc TV PETPCE®V Elval GLVNOMG OPKETA PEYOAOG DGTE VO SIKOLOAOYEL
ueyolvtepn axpifeia 6to o, [l 10 A0y owtd eivon embountd va cuvnbicet kaveilg 610 va
dtvel TIc TIHEG TV GQOARATOV pe 0O CNUOVTIKA Yneia.

I'.4.1.3. Ilapovciaon aplOuUNTIKOV ATOTELECHATOV

Yoppova pe 6co eimape mo mave, Bo egtdoovpe topa v okpifel pe v omoia
mapovotdlovtal To aplOunTIKG AmOTEAECUATA.

"Eva kowvo AdBog mov yiveton givar 1 Tapovciaorn amoTeEAECUATOV HE OOUKALOAOYNTA NEYAAO
apOpo onpavtikov yneiov. ['a tapddetypo, av n o1dpetpog evog dickov Ppédnke va elval
D = 2,3 cm (ayvoodue to c@AAp0 TPOG TO TOPHV), givar AdBog va ddcovpe to UPadov g
empvelac 00 o S = zD*4 = 4,154756285 cm? eneidn 101 EPQOVIGTIKE TO OMOTEAEGLO!
otV 086vn tov voloyioty. Tétown axpifeia oto S givar adikatordyn dedopévov 6tL To D
elval yvootd pe 600 onuoavtikd ymeio, 1o teAevtaio amd to omoio pmopel vo givon ko
aféPato. Av o mapdoetypa siyope D = 2,29 cm tote Ba NTav S = 4,12 cm’?, evod Yo
D = 2,31 cm Ba giyope S = 4,19 cm?. BAémovpe Lodv 6t dvo onpavtikd ymeio oto S eivon
To. LOva Yo to. omoio pmopovpe va gipaote oiyovpot. I'evikd to amotéleoua to divovpe pe
TOG0 GNUOVTIKE 00 £XEL TO HEYEDOC e Ta ATYOTEPO GMUOVTIKAL.

Ot kavdveg ylo TV TOpoLGiaon VOGS TEAKOD aplOunTikod amoteAéopatog eivat ot €ENG:

1. To ek 6@aAipo 6To peTpovpevo pEyedog divetar pe éva onpavTikd ynoeio.

2. Agbtepo onuavtikd oT10 GQAANN emTpENETAL POVO €6V M PETPNON £XEL TPOKVYEL OO
ueyéAo apOuo (N) LETPNOEMY KL TO TPMTO GTLOVTIKO Eivol LkpOTEPO TOL 3.

3. Ao 1N oTiypr| TOL £XOVUE OMOPOGIGEL Yl TNV TN TOL GOAAUATOG, 1| LEGT TN diveTol Le

v 1010 axpifeta pe v omoia 660nke 10 ceaipa. [Tapadeiypara:

3,1+0,3 128 + 7 (4,1 +0,4)x10°
420+0,13 433+24 (8,12+0,22)x10°

[Ipénel Opwg va onuelwbet 0TL, Yoo voo amopevydel N GLOCCOPELOT GPAALATOV OO TNV
OTPOYYVAOTOINGCN TOAADV APOU®V, GTOV VITOAOYIGUO EVOLOUECMV OTOTEAEGUATOV (ONA0ON
OA®V EKTOG TOL TEMKOV) TOL GOAALOTO KATOYMPOVVTIOL LE VO CUAVTIKG Yyn@io Kol 01 LEGES
TIWES OGS KOt 01 EVOEIEEIS TV 0pYAvmV pe TV 1dto akpifeto. Av OV ava@EPETAL TO COAALN
oTNV YPOON MG HETpNong tote Bewpole 10 TeEAevTaio onuavTikd ynoeio aféfaio katd pio
povada.
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I'4.2. I'pa@ikég mapaotacelg

H oamewkdvion tov 0OmOTEAECUATOV HE TN HOPON YPAPIKNAG TOPACTACNG UTOpeEl va
VILAYOPEVETAL OO TOLAGYIGTOV VOV Omd TOVS akOAOLOOVE AOYOVG:
() To va doBel pe emomtikd TPOéHmO M oyxéon petald Svo peyebdv, avadelkvuovTog
YOPAKTNPIOTIKA TTOV OV Bl yivovToy eUeavY] o€ Evay Tivako oplOunTiK®Ov TIHOV
(B) Ta va ypnoonombei otov vroroyiopd ¢ KAiong 1 Tov onueiov Toung evog déova,
Kupimg otV TEPITT®ON OTOV 1) GYEoN HETAED TV dV0 HeyebdV elvar YpOULKY
(v) T va diepevvnBel 1 popen g oxéong petald ovo peyedmv (Ypoupkn, ek0eTIK K.AT.)
oL Umopel axkoAovBmg va StoTvTwOel 6 LOBNUATIKY LOopeN YloL LEYAADTEPT akpifeia
() T v emoAnBevon pog BempnTikng oyéong petald 6vo peyebmv pe ™ oOyKplon g
De@PNTIKNG KOUTOANG LE TO TELPUUOTIKAE oMUEio
(¢) T va ypnoomomBet o¢ koumdAn Boabpovounons evog opydvou 1 yevikd yio vo, givan
duvati 1 ELPECT TNG TIUNG TNG LG LETAPANTHG TOV OVTICTOXEL GE KATOWOL TN TG GAANG Yo
™V omoia 0V LILAPYOVV TEIPAUATIKEG LETPNGELC.

Ot KUPLOTEPOL KAVOVES YO TNV KOADTEPT TOPOVGIOCT) TELPOUATIKAOV ATOTELECUATOV GE
YPaOIKN Hope1| B doBoHV TapaKATO.

I'.4.2.1. H gmioy TV 0E0vOV

To péyebog mov Bewpeiton wg aveEdptntn petaPfAnt oyxedialetol g teTunpévn (d&ovog Tmv
X), evd M e€aptnuévn petafint og tetaypuévn (aEovag tov Y). H dbkpion dev eivan mhvtote
dvvaty. 'evikd, av oto meipapa gpeic kabopilovpe Tic TIES piag petafintig (m.y. v téon
ota GKpa oG oviiotaong), 10te avt] Bewpeitor M avedptnn petafAnty, eved 10
amotédecua (T.y. To peopo péca omd Ty avtiotaon) eival n eEaptnuévn. Avtd dpmg dev
npénel va Bewpeitan og anapdfotoc kavovag. H @pdon «kataypayete 1o péyebog V g
cuvaptnomn tov t» dnAdvel 6T N t elvar n aveEdptnn ko n V 1 eoptnuévn petafant.

AoV yopaytovv ot doveg, avaypdeovtarl dimha Tovg Ta HeYEON TOV AVTITPOGHOTEVOVY
Ko péoa o mapévheon ot povadec mov ypnoipomolovvtal, my. t (s) 7 h (cm), Zy. T'.4o.
Emdéyeton n kAipoka tov kdBe dEova Kot xapdocovtal Tive 6e avtdv ot aplOunTIKES TIHEG
™m¢ kMpoakoc. Kéfe vroowipeon tov yoptiov avrictovyei o 1, 2 1 5 povadeg 1 ota
avtiotoy o moilamAdolo puag dvvaung tov 10, avaroyo pe v meproy] TINAV Tov Oa
KoAv@Ogl. Avto yivetar yu va givor €0koAn tOG0 M KaToypoen 0G0 Kol 1 avayveoon Tomv
aplOUNTIKOV TILOV (o€ Eva XapTl PAMUETPE Le LTOOPECELS G cm Kot mm o NTov KATWS
dBoilo va avtiotoymoovpe €va cm tng KAlpokag oe 70 povadeg tng petofAntg, v
Tapddeypa). Ztov d&ova avaypapovtal ot apliunTikég Tinég oe éva Aoyko aplud onpeiov
(MOTE 1) EVPECT EVOLAUEC®V TILMV VA vt EDKOAN, Y®PIg OUMG VO TAPUPOPTAOVETOL 1] KAILOKOL
pe apfpote mov Ba propovoay va TPOKAAEGOVY GUYYVOT| EVM OEV TPOGOEPOVV TIMOTE. LTOVG
GEoveg pmopel vo LAPYOVY Kl VTOSIMPECELS Y10l TIG OTOIEC OEV OlvovTal Ol OVTIOTOUYEG
aplOUNTIKES TIHES, OV OVTEG LTOPOVV gVKOAN Vo, BpeBolv amd Tig TIHéG Tov avaypdeovtal, Zy.
I.4p.

Agv glvar amapaitnto ot kKhMpoakeg vo apyilovv and to 0 aAld pmopovv vo. KaAOTTOLV
HOVO TNV TEPLOYN Yo TV OToio VILAPYOLY TEWPAUATIKA aroteAécpata (Xy. ['.4y) ektog av 10
0 amoteAel onpavTikd 1 XPNGHO SNUEID TNG KOUTOANC.

Ot Mpokeg dev eivor amapoitnto vo eivor Ypopuukés ®¢ mpog To. peyédn mov
petpnOnkav. Av avapéveral, yio Topdderypa, 6Tl 1 oxéon mov cuvdéel To h kot 1o t 610 Xy,
I.40 givor h = gt¥/2 tote, av kataypapei n h og cuvaptnon tov t2 omwg oto Xy. .49, ta
onueia Ba mpémel va Ppiockovior kovtd otnv gvbeia mov mepvd amd to (0, 0) ko Exel KAion
0/2. H evbeio avtn givor €DKOAO Vo GYESNOTEL, OALA KOL 1) YPOLUUIKT GYEON O €OKOAO V.
dwmotwbel avti g mapafoing tov Xy. [4a. Alho mapadeiypoto eTAOYNG HETARANTOV

(MOTE VO, TPOKVYEL YPOULKT oyxéon dlvovton otov [Tivaxa IV.
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Zyua 4. Tpaewég [Mapactdoelg. Emioyn kot oxediaon a&ovov.

Mivaxog IV
Hopadeiypota arhayfic TOV petafintov @ote vo
YPORMIKOTOU 000V U1 YPOPMIKES OYECELS

Mn ypoppikn oxéon | Néeg petofAntés | Ipoappikn oxéon mov tpokvntet
X y

1 2

h=h0+§gt2 t h y=h0+§gx
k 1

F = 3 = F y = kx
N = Nyje % t In N y =InN, — Ax
v=kr" logr logv y =logk + nx




I'.4.2.2. ATelk6VioN TOV TEPUPOTIKAOV G UEI®OV

e kbPe Cevyog Tywmv g aveEdptntng kot e e&optnuévng petafAntng avtiotolyetl éva
onuelo ot YpaQIKy Tovg mopdotacn. To onueio mpémel va eivar vdtdkptto kot yi' avtd M
oe014COVE oL OPKETA HeYOAN KOVKida 1 €va onueio pe €va pkpd KOKAO yOp® TOv, XY.
I'.50. Ta onpeia mpénet va etvar apKeTd pHeYOAN MGTE Vo UV KOAOTTOVTOL 0O TV KOUTOAN
oL Ba oyedlooTEl Yo avTd Ko vo un cvyyéovion e toyoio onuadia oto yopti. Emiong, av
YL VoL 6YEO0GTEL oL KApTOAN o mpofAémeTon amd ) Bempia ypelactel va onuetmbovv 6to
YOPTL KAmolo onueia amd TOLG LIOAOYICUOVS, OVTA TPEMEL LETE VO GPIVOVTIOL YioL VO, [NV
eKAapPAvovTal OG TEWPAUATIKA oTHEln

/ [,)) Oy
(x,y)

dx Ox

/

(x,y)
oy Oy
/

(a) B3 (y)

Tyfqna 5. H aneikdvion Tepototikdv onpeiov og Ypaeikés mapaoTdoels.

Av, Yo v Tiun X g oveEaptnng petofAne, n avtictoym tiun g e€aptnuévng eivan
y £ 9y, av dniadn elivarl yvootd Kot 10 GOAAU otV Y, T0TE €KTOG 0md TNV TeAeia 61O onpeio
(X, Y) ONUELDVETOL GTN YPOPIKT TAPAGTOOT Kol TO OQAANN OTOG Qaivetat oto Xy. .5 (B), pe
™ oyxedioon and To onueio (X, Y) evbeidv unKovg oy oTig KaTevdiveels £ Y. T TEPUTTAOGELS
OV KOl M HETOPANT X elval YvOoT He TO GOAAL TG, OX, TO 1010 YiveTal Kot LE OVTO, OTTMG
eoivetal oto Xy. 5.
Xe mepTdGElg Omov ypedletarl va oxedaoTOVV dV0 N TEPIGGOTEPES GEIPEG LETPNCEDY GTO
1010 d1dypoppia, ¥pNOLUOTOI0VVTOL SUPOPETIKA GOUPBOA Yio Ta onueia TG kKOs cepdg (..
KOKAOL, otavpol, Tplyove KAm.) yw va Eeyopilovv. Enueudvetor 8¢ GTO GYNUO GE Tl
AVTIGTOLYOVV 01 SLAPOPES GELPEG LETPNCEWV.
Téhog, ag onuelmbel 611 6TOVG AEOVEG dEV TTPETEL VAL CNUEDOVOVTOL Ol TYEG TOV TEPAUATIKAOV
onpeiov, aAAd povov ot apBpoi mov avapépoviot 6t Pabporoyia TV aEOvov OT®G EYEL O
TEPLYPOPEL.

I'.4.2.3. Xapa&n g kopmrding

AoV omnuewwbodv oto dypappo 6ia to onuelo poall pe Tt oeAApatd Tovg (o
VILAPYOVV), YAPACCETOL 1] KAADTEPT KAUTOAN TOV OVTICTOL(EL GE OVTA.
O 06pog «KOADTEPN KAUTOAN» EYEL SOPOPETIKO VONUO AVAAOYO LE TNV TEPINTTOGT TOV
e€etdletor. Kat’ apynv mpénet va toviotel 01t | KapmoAn dgv Tpémel Kat' avaykn vo mepva
amd oA to mepapatikd onueia (Zy. 60, kot 6f). Katt 161010, 0TIC ONAVIEG TEPUTTOCELS
mov umopel va cupuPel, Tpémet va eivarl TOAD KaAd TEKUNPLOUEVO.

AV 1 Hope1| ™S KOUTOANG eivar yvootn and T Bewpio, ToTE Ko avT AapPdvetor mg
oedopévn. INa mapaderypa, umopel va eivar yvootd 0Tt n oyéon sivor ypoppukn 1 6t n
evbeio 1 M KapmOAN Tpénetl vo TepvA omd 1o UNndéV N amd KAmolo GAAo onpeio.
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(a) B)

Tyqpa 6. AovBaopévn yapo&n KapmOAng.

H kopmdin mpénet va etvar 1 opokdtepTn KOUTOAN TOL TEPVA AVAUEST GTO oNpeio. ATOKALOT
amd TV OMOAN KopmoAn (] kot v evbeia) dtkaoloyeitar udvo oV VIAPYOVV OPKETE
aS1OMoTO TEWPOUOTIKA GNUEID GTNV TTEPLOYN. TN YAPAEN TNG KAUTVANG, ONUOVTIKOTATO POAO
oilovv Kol T0 GEAAUATO TTOV AVTIGTOLYOVV GTO TEPAUOTIKG onueia. Omov givarl dvvatov, M
KOUTTOAT TPEMEL VOL EMOLDOKETOAL VO TEPVE LEGA OO TOL OPLOL TOV GPAAULATOV. Agv TPEMEL OULMG
va Egyvape 0Tl onpeio mTov améyovv amd TNV KOUTOAN KOTd TEPIGGOTEPO OO Wi TLTIKN
amoKAlon ogv amokAeiovtar and 1t Bewpia. Av PBefaing éva onueio anéyel mTOAD amd Vv
KOUTOAT, TpEneL va, enavesetaletal Kot vo amoppintetal, ov dev Ppebovv coPfapoi Adyor yia
va YiVeL 0EKTO G GMOTO TEPOUATIKO OTOTEAEGLLAL.

‘Exovtag vroyn oca emmbnkov, pmopovpe vor dovpe 0Tt To. onueioc Tov Xy. 7o dgv
SKAOAOYOUV TN YAPAEN AAANG KapmOANG amd TV vbeia mov @aivetol 6to oynua. Av OLwG,
TopA TO UEYOAQ OCOAOAUATO, TO TEWPAUATIKO onueion wopovctdlovy o GLGTNUOTIK
ocoumeppopd Omwg oto Xy. TP, tOte M YbpoEn oG KOUmOANg, avii g evbelag,
dwkaoroyeital.

K

1+

s A

(a) (p)

Yyqpa 7. H oyedioon tng kaldtepng KOUTOANG mTpémetl va Aapupdvel vmoyn TG0 To GPAALOTO TOV
TEPALATIKOV CNUEIMV OGO KOl TNV TVYOV GLGTIUATIKT CLUTEPLUPOPE TOVG.

H ovomuotiky coumepipopd €vog 1000 peydAov aplBpod onueiomv, pog Kavelr vo
CLUTEPAVOLLE OTL Y10, KATO10 AGYO TO GOAALOTA £XOVV VITEPEKTIUNOEL.

2y mepintwon tov Xy. 8 eivar mpoeaveg 6tL 1 oxéon dev elvar evBvypauun. H Béon
TV onpeiov kot 10 péyefog TV GEAALATOV VITOYOPELOVY TN YAPOEN HOG KOUTOANG OTMG
eoaivetor oto oynuo. BePaimg m akpirg Béom kot m popen g KouUmOAng dev eivan
povoonuavta kabopiopéves. Emiong sivor mpoeavég 61t 10 onpeio A oto Xy. 8 mpémet va
ayvonbfei, extodg av emmpdcobeteg PETPOELS G aUTHV TNV Teployn O€i&ovv OTL LEdpyEL
TPAYLOTL L0, ATOKALGN 0Td TV KOUTOAT TOV YOPAYTNKE.
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210 OVO TOPAPTHHOTO TOV OKOAOVOOVV TEPLYPAPETAL O TPOTOG VITOAOYIGHOV TG KAIoNG
pog evbeiog | oG KapmdAng og kdmolo onueio kot n HEB0d0g TV EAAYIOTOV TETPAYDOV®V
Yo TNV €hpeon NG Kahvtepng evbeiog mov Tepvd avAaues amd KATOo dEOOUEVO TEIPOLOTIKG
onueia.

Typa 8. H ydpa&n koumding kot oyt gvubeiag dikotoroyeiton amod tig 0E6EIG TOV TEPOUATIKMV
onpeiov Kot ta caipotd tovg. To onueio A eivor moAd Thavov 6t Tpénet va aryvonOet.

I'.5. YHHOAOTI'IEMOX THX KAIZHYX EYOEIAX'H KAMIITYAHX

[ToAd ovyvd, €xovtag yopdéel po evbeion OTWG VT TPOKVTTEL ATO TO TEPUUOTIKG onpeio
(Zyx. 9a), yperaldpaote va fpodue v KAion G, X oxéon y = a + BX, mov vwobétovpe Ot
ouvdéel v aveEdptnn petafAnt X pe v e&aptmuévn Yy, (nteiton to P.

%) v

(a) B)

Zyqpa 9. O voroyiopdg g KAlong evbeiag 1 KoUmTOAng o€ éva onueio.

[Mpogavag toydel 6tL dy/dx = f. T'a tov vrodoyiopud g KAiong f, maipvovpe dvo onpeio
A kot B mhveo oty evbeia, pe cuvtetayuéves (Xa, Ya) Kot (Xg, YB) OTIG KOTOAANAES LOVADEG
tov X kot Y. H kAion diveton and to Adyo

B = d_y _ A_y _YB~Ya
dx Ax xg—2xu
Ot povadeg tov f Ppiokovtar omd ™ oyéon:

(T.18)

[novadeg g KAiong] = [povddeg tov Y]/[ovadeg tov X].

o axpipéotepo amotédecua, ta onueia 4 kor B mpémel va améyovv 060 TO OLVATOV
TEPLGGOTEPO UETOED TOVG,.
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‘Eva AdBog mov yivetar cuyvd eivar va ypnotipomotodvtal wg onueio 4 kot B dvo
TEWPAPATIKA onpeio. AVTO €xel WG OMOTEAEGHO VO AyVOOLVTOL OAOL TOL TEPOUATIKE onpEia
ekTOc TV 0Vo mov ypnowwomomOnkayv. Emiong AavBacuévn eivor n dmoyn Ot Kiion g
evBeiag givar n ep(d), 6mov 0 givar n yovia wov oynuatifel n evbeia pe tov dova tv X. Avtd
GYVEL LOVO OTNV TEPIMTMOOT TOL Ol AEOVEC X Kol Y €xouv Tig 101eg HovVAdES Kol TIS 101G
KMUOoKEG Kal o€ Kapid GAAN mepintwon.

I"a Tov vroAoyopd TG KAoNG Hog KOUTOANG o€ €va g onueio (éotm P oto Xyx. 9B), N
ddkacio Tov akoAovbeitar etvar n €€Nc: APov oYedlaoTEL N KOUTOAY, oxeOtGlovUe [
evbeia AB e@anTopéV TG KOUTUANG 610 onpeio P 6to omoio BEAovpe vo vtoAoyicovue v
KAion. H {ntovpevn «hion (dy/dx)p eivar n xhion g evbeiag 4B mov vroloyileton Ommg
TEPLYPAYOALLE TTLO TTAVC.

I'.6. HMEOOAOX TQN EAAXIXTOQN TETPAT'QNQN

Mo v akpiPéotepn edpeon g gvbeiog 1 KAUTOHANG TOL AVTIGTOLKEL GE KATOL0L TELPOUATIKE,
onpeta ypnoponoteiton n pEBodOC TV edayicToV TETpAyOVEOV. A0 TEeptypdyovpe T HéB0d0
Yo TNV TEPIMTOOT TOL VITOOETOVLE L YPOULIKT] GYECT LETAED TV HETAPANTOV X KO Y.

‘Eoto o0t1 ta N mepoapatikd onueio (X, Yi) €govv oyedwotel 6nwg oto Xy. I.10.
YnoOétovpe 6TL 1 GYECT TOL GLVOEEL TaL X KO Y €fvan 1)

y=a+px (I'.19)

y=a+0x-

. — (x,,a +6x,)

0 X, X

Zynuo I'.10. H pébodog tov erayictov tetpaydvav.

Znteiton 0 Tpocdlopiopdg Tov onpeiov (0, &) oto onoio n evbeia TéUverL Tov dEova TV Y
Kot g KAlong S g gubeiag. n pébodo mov Ba meprypdyovpe, vmoBétovpe Tl o1 TYWEG X;
etval yvooTég pe apeAntéo cOAANOTO Kol OTL Ol OTOKAMGELS TOV TEPAUATIKOV onUeiov and
v evbeia (E&iomon I'.19) opeilovtal oTic amokAGEIS TOV TW®V Vi 00 TIC TPOYUOTIKES.
IMa v TN Xi g ave&dptntng HetaAnTg, N T Tov y mov avapéveral and v E&icmon
(I'.19) eivon @ + fX;. Avti avtg, n Tapatnpoduevn tun sivon yi. H amdxion tov onueiov (X;,
Yi) omd v gvbeia elvan emopévag

di=y;—a—pBx (T'.20)

onw¢ eaiveton oto Xy. I'.10.
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Amodeikvietar Bempntikd 6Tt 1 mBavoTEPN gvBeiat TOL AVTIOTOVYEL GTOL TEPOUATIKA
onueta givar vt mov divetar amd ekelveg TIG TWES TOL a Kot ff TOV EANYIGTOTOLOVV TO
aOpotopo Tev TETpaydvoV TV d; Yo Ao Ta TEpapaTiKa onpeio. Eivatl dnlaon

=1

n n
S = z d? = Z(yl- —a— Bx;)? = eddyioto (T.21)
i=1

Ot avaykaieg ocuvOnkeg yia ehdyioto S givan

aS—O aS—O .22
Pl Kalaﬁ— (I.22)

Ao TIG 0Toieg TPOKVTTOVY Ol GYECELS

n n
an+ﬁ2xi=2yi (T.23)
i=1 i=1

Ko

S

=1

n n
ain+,Bin2=zxiyi (T.24)
i=1 i=1

AvTéc pmopovv va AvBovv mg mtpog a Kot

(. 25)

B = (T.26)

Omnov éyovpe ypNOYHOTOMGEL TO GUUPOAICUO

[x] = Zn: X;, [x?] = zn: x?, [xy] = Z X;Yi K. ATL (T.27)

4

Ta cpdipato da ko of twv a kol f umopobvv eniong va tpocsdioptotovv. ‘Exovrag Bpet
TI§ TIEG TV a Ko B vroroyilovpe Tig amokAioelg di = yi — a — fX; yuo kGOe mepapatikd
onueio kot o GOpotopa [d?]. Tote:

Sa = j o | (T.28)

n-2 nl[x?] — [x]?
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58 = da [:—2] (T’.29)

Kot £XOVUE TIG TEMKEG TIWES a £ da Ko ff + Of.

Xmv mpdén, mpwv epappootel 1 péBodog TV EAAYIOTOV TETPUYDOVOV, TPEMEL VO
oed106TOVV ToL oNUEln MOTE va SlamoTBel OTL pia Yypopputkn oyéon Oa ftav Tpdypott deKT
Kol Yo v amoppipOovv onpeia Tov TuyovV amoKAIVOLY TOAD a0 TNV OVOUEVOUEVT] YPOLLUIKY)
oyéon.

‘Eva aptBunticd mopdderypo g eQoproynsg e nebddov tmv eAayiotov TETPUYOVEOV
dtvetan atov Ilivaka V, yio v mepintwon g oxéongy = a + fX.

Hivaxag V
AprOunTIKG TOpadEYpO EQOPROYNS TGS pEBOIOL TOV EAdioTOV
Terpoyovov oty nepintoon y = a + fX
(ywo oot Ta mapereipdniay ot povadec tov peyedmv)

Xi Vi XiYi Xi© di di’

0,0 4,6 0,0 0,0 -0,04| 0,0016
1,0 7.1 7.1 1,0 0,14 | 10,0196
2,0 9,5 19,0 4,0 0,22 | 0,0484
3,0 11,5 34,5 9,0 -0,10 |  0,0100
4,0 13,7 54,8 16,0 |-0,22| 0,0484
5,0 15,9 79,5 250 |-0,34| 0,1156
6,0 18,6 111,6 36,0 0,04 | 0,0016
7,0 20,9 146,3 49,0 0,02 | 0,0004
8,0 23,5 188,0 64,0 0,30 | 0,0900
9,0 25,4 228,6 81,0 [-012| 0,0144

45,0=[x] | 150,7=[y] | 869,4=[xy] | 285,0=[x"] 0,3500=[d"]
n=10
150,7 x 285 — 45 X 869,4 10 x 869,4 — 45 x 150,7
*= 10 x 285 — 452 =4638 B=——0xogs a5z 2318

1 285x0,3500
da = =0,1229

8 10 x 285 — 452

’ 10
6 =0,1229 |—=0,0230
g 285

Emopévoc o = 4,64+ 0,12 kat S = 2,318+ 0,023
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I'.7. I'pa@ui] pg00d0g vTOLoYIGROD TOV TAPARETPOV A Kot f piog gvbeioag Yy =a + fX.
KOl TOV 6QUARATOV TOVG 0a Kot 8f, amd melpapatikés petpnoes (Vi, Xi).

2nucioon:
H uébodos avtn umopei va, ypyowpomroinlei avri tng MeBooov twv Elayictwy Tetpaydvwy

[Tapovoraletor €0 (o ypagikn pEB0dog, amhovotepn amd TN OVOALTIKY HEB0OO TmV
EMIYIOTOV TETPAYDOV®V, Y10 TOV VTOAOYICUO TV TOPAPETP®VY a Kot f g evbeiog y = a + X
KOl TOV GQOAUATOV TOVG, da Kot df. Tlap’ 6o mov otn HEBOdO AT VIEIGEPYOVTOL OPKETES
VTOKEWUEVIKES KPIGEIS, TO OMOTEAECUOTA TNG €lvol KAVOTOMTIKA OTI TEPIGGOTEPES TMV
TEPMTOGE®V. Oa TPEMEL OU®G VA £YOVLE VTTOWYT OTL 0L TYES TOV COOAUATOV TOV TPOKVHTTOVLV
pe tn péBodo avtn Exovv afePardtmreg e tdEng tov 50% 1 Kot TEPGGOTEPO.

‘Exovtag oyedibost v kaAdtepn evbeion yoo to dedopéva onueio, mpocsodlopilovyte,
YPOPIKA, TNV TN NG TOpauéTpov f, amd v KAion g evbeiog, ko v TN g
Tapopétpov a, amd to onueio toung g evbelag pe tov dEova TV Y. XN CLVEXEW
akolovBovpe v e&Nc dadtkacio Yoo TNV EVPECT TOV GOPUAUATOV OVTOV TOV TOPUUETPOV
oaxolrdf (Pr. Zy. I.11):

1. Zyedualovpe v kaAvTEPN gvbeio TOV TEPVA avapESH G eKElva TOL onpeia Tov Ppickovton
v amd v KOpla evbeia 6TO APLOTEPO TNG TUNUA KOl KAT® 0md ovThv 010 010 g
tuniua. H evbeia mov oyeddlovpe €tot €xet e€icmon Y = a1 + f1X Ko amd v KAlon g Ko
amd 10 onpelo 610 omoio avTN TEUVEL TOV AEova TV Y mpocdlopilovpe Tig TéS fr Kot ay,
avTicTolyO.

2. Zyxedualovpe v koAvTEPT gubeia mov Tepvd avapeca oe ekeiva To onpeia mov Ppickovton
Kt and v KOpro evbela 610 OploTEPd TG TUNUO Kol Ve omd avtv 6to 010 TG
tunua. H gvbeia mov oyedidlovpe étol éxel eicwon Yy = az + foX Ko, amd v KAomn g Kot
T0 onpeio oto omoio avtn) TEUVEL TOV dEova TV Y, mpocsdlopilovpe TG TIHEG f2 Kot Ay,
avtiotolya. IkavomomTikéc EKTIUNGELS Yo TO GQAALATO OTa 8 Kot B vt ot TIHEG

1 1

da = 2 (a; —ay) ka8 = P (B — B2) (I.30)

I I i

X
Yynpa I.11. H eopeon, pe ypapikn pé€B0d0, TV COUANITOV 0TV
KAiom pag evbeiog Kot ota onpeio Topng TV aEOVeV amd oLThV.
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Mopdocrypa

Na Bpebovdv ot THES TV TaPAUETPOV 8 Kol f Kol TOV GEUAUAT®V TOVS da Kot Jff Yo TNV
evbeioy =a + fxtov Xy. I'.11.

Y10 Zy. .12 Eavaoyedualovpe 1o Xy. .11 pe apBunrikéc kiipokeg. Zyeddlovpe Kot
extiunon v KaAvtepn gvbeian mov avtioTolyel oto mEPApaTKd onueia (koplo gvbeia, f
YPOUUY OTO oyYNUa). Zyedtalovpe Kal TIg 000 akpaiec evbeieg, f1 Kot f2 6TO GYNUA, COUPOVA
pe t néEB0do oL TEPLYPAYOLE TTLO TAV®.

Emiléyovpe va Bpolpe TiG TETAYUEVES TOV CNUEIOV TOV TPLOV EVOEUDY TOV OVTIGTOLYOVV
oTig TIéG X = 0 ko X = 13. Ot tipég autéc mpoodtopilovtot ypapikd Kot givat:

Kvpa evbeia: (x=0 y=17) (x=13,0 y=10,3)
Evbeia 1: x=0 y=22) (x=130 y=9,6)
Evbeia 2: x=0 y=12) (x=13,0 y=10,7)
Oewpovpe 0Tt Ta peyedn avtd etvor adidototo Kot £T61 Ogv Xpetdletot va OOGOVUE HOVADES.
Ta onpeia topng tov d&ova twv Y etvor emopévag:
a=17, a=22 a=12

10 1 ]

L

QO = N w s WO
A\
\
N

ot SR 1 s 1 } | ] } ! } ] 1 } I
17 T T T T - T llOI 1 v v

5 ’ 15 'x

Yyfqpa .12, Topdotaon apBuntikod Tapadeiyatog yo v e0peon, pe ypoeikn uébodo, tmv
GQOALATOV 0TV KAion oG evbelog kot oto onpeio Topng TV aEOvmv ord auThv
Kot o1 kAicelg tov evbeidrv
10,3 —-1,7 8,6

©13,0—0 13,0

= 0,66

L 96-22 74

_107-12 95
b= 13,0—0 13,0

= 0,57 = =
B2 13,0—0 13,0

=0,73

Xoppova pe 1ig E€lomnoeig (I.30), ta cpdipata eivor
1 1
da = 5(2,2 —1,2) =05 kat 68 = 5(0,73 —0,57) = 0,08

Emopévoc, tehkd
a=17+05 p=066=0,08.

30



XYNOYIXH TQN KYPIOTEPQN AIIOTEAEEMATOQN

Av n petpnoeig evog peyéboug X dwcovv amoteréspata X (1=1,2,...n), opiloviot oc:

Zn: %, (T.31)

i=1

1
Méon Tym X = -

no(x; —x)2
Tumkn amoxAon (1 oEEANQ) TNG LEONG TUNG Of = 6X = % (I'.32)
To apBuntikd amotélespa TG LETPNONG TAPOVSIALETAL (OC
x = (X £ 6x) povadeg (T'.33)

To opdipo X divetan tehkd pe éva (1) onuavtikd yneio Ko n péon Ty X pe v idw
axpipeta.

o obvbeta peyébn f(w,v, w,...), mov vroloyioviar amd TG HETPNOES TOV HEYEDDV
U, 0, ®, ..., TO ATOTEAECUATO TV omoiwv givor U + du, U % 6v, ... K.0.K.  To mOavy Ty
etvau

f=f@va,..)

KoL TO GOAApLO TNG Etvat

Sf = \/(%511)2 + (%&))2 + oo (T.34)

H ebpeon tov mapapétpov a kot f pog gubelag y = a + fx, mov avtiotoryel og o oelpd
TEWPOUATIKOV PETPNce®V (X, Vi), KOODS KOl TOV OVTIGTO®V CQOALATOV TOVG, da Kol df,
yivetar pe v péBodo tov elayiotov tetpayovev (apdypaeog I.6) 1 pe v ypagikn
puébodo (Iapdypagpog I'.7).
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