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NEPIAHWH

H al&non Twv IDIKTIKOV UNooTabuwy UWNANRG Taong dnuIoupyei Wia osipd epwTNUATWV OTIC ETAIPEIEG NMOU
oxedialouv Kkal KaTaokeudalouv Toug unooTaduouc. To olUoTnua yeiwong evog unooTtabuol npénel va
€€aopahilel TNV NpooTacia, TOOO TwV ATOPWY, NMou BpickovTtal 6’ autd, 000 Kal Tou €EonAiopoU, KaTa TNV
nepINTWon BPAayxUKUKAWKATOC. Ma To AOyo auTo, To TEAIKO KPITAPIO OTn oxediaon Oev Npenel va ival Hovo n
€AayioTonoinon TNG OUVOAIKNG avTioTaong yeinwong, aAAd eninpocBETwG, kal pahioTa peyaAlTepng onyaciac,
N TAPNON TWV BNUATIKWOV TACEWV KAl TWV TACEWV €NAPNC KATW TWV ENITPENTMV OpiwV acpaleiac, onwg
unoAoyilovTal pe Baon To MpoTuno ANSI/IEEE Std 80:2000. H napoloa epyacia npoonabei va ouvowioel
TNV anoktnOeioa euneipia kai va Owoel KANOIOUG anAoUG Kavoveg yia Tnv oxediaon Twv CuoTnUATwv

yeiwong,.

METHODOLOGY FOR DESIGN, ANALYSIS AND MEASUREMENT
GROUNDING SYSTEMS OF HIGH VOLTAGE SUBSTATTIONS

I.F. Gonos' V.T. Kontargyri' I.A. Stathopulos® G.A. Manos®
High Voltage Laboratory NTUA ETAE

ABSTRACT

The increase of high voltage substations that belong to private companies creates a lot of questions to the
companies designing and building them. The grounding system of the substation must guarantees the
safety, of the people as well as the equipment and the present in the substation, in case a short-circuit takes
place. Considering these, the final criterion when designing a grounding system, should not only be the
minimization of the overall grounding resistance, but also, the restraint of step-, and touch-voltages below
the safety limits, as calculated according to the ANSI/IEEE Std 80-2000 Standard [1]. In fact, the last
criterion is considered to be of higher importance. This paper summarizes the accumulated experience and it
gives simple rules on how to design a grounding systems.
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EIZArQrH

JUoTnua yeiwong ovopaleTal To oUvoAo opIfOVTIWY Kal KATAKOPUPWVY NAEKTPOdIWV YEIwoNS nou
anoteAeital ano évav apiBuo dlaoUVOEdEPEVWY, YURVOV QYWYWV TOMOBETNUEVWY OTN YN Kal NAapeExel Hia
KOIVI YEIWON YIa NAEKTPIKEG OUOKEUEC 1 WETAAIKEG KATAOKEUEG, OUVABWG O HIa OUYKEKPIKEVN TomoBeaia.
Ta nAéypata nou TonoBeToUvTtal opilOVTIa KOVTAa OTnv €m@Aveld TNG yng eival, ouvnbwg, €niong
anoTEAEOHATIKA OTOV EAEYXO TWV EMIPAVEIAKWV KAICEWV Tou duvapikou. '‘Eva Tunikd nAEyda ouvnbwg
OUMNANPWVETAl ano €vav apiBud papdwv, kal urnopei va ouvdebel oTo NAéyUa yeiwong woTe va eAaTTwoEi N
OUVOAIKH avTioTaon Tou yeiwong [1].

Bnuatikn Taon ey OvopaleTal n dilagopd duvaikoU aTnv ENIPAVEId TNG YNG NOU QPApPOeETal HETAEY
TwV Nodwv €vOG ATOUOU, TO OMoio KAvel Brjua avoiydaTog 1m, kal Osv €PXETAl O ENAPN HE AANO YEIWHEVO
avTikeigevo. EQogov n kAion Tou duvapikoU oTn yn €ival HeyaAUTEPO OTNV MEPIOXN MOU VEITOVEUElI YE TO
NAEKTPOdIO, OUVENAyeTal OTI N WEYIOTN BNMATIK TAoOn UNO OGUVONRKEG OMAAUATOC MPOC YN, MPOPAvecd,
npokunTel oTn 6éon opaAuaroc [1].

Taon ena®ng Ezues OVopaleTal n diagopd duvapikol avapeoa otnv aviwwon duvapikoU yne (GPR) kai
0TO dUVaMIKO ENIPAvEIac oTo oNEio OMOU £va ATOUO OTEKETAI EVW) CUYXPOVWG EXEI £va XEPI O ENAPN) UE Hia
yelwUevn Ooun. O kivduvog and autod Tov TUMO TNG €nagng eival PeyaAUTepOG and Tov KivOuvo Mou
oxeTileTal PE TN BNUATIKA TACN, YIATI N TAon €apuoleTal dla JECOU TOU OWWUATOC KAl UNOpPEi va ennpedcel
TOUG HUG TNG kapdidg [1].

MOAAEC POPEC OTNV ENIPAVEId TOU €DAPOUG TOMOBETEITAl TO AEyOHEVO «UAIKO enipavelac» (UNIKO pe
uwnAGTePN €10IKN avTioTaon and To Navw oTPWHA TOU XWHATOG) o€ oTpwia naxoug 0.08 — 0.15m, e akond
TNV auénon Tng avrioTaong enagnc. 'ETal, o NePINTWOn Nou To £3agog KAT®W ano To UAIKO EMNIPAVEIAG EXE
MIKpOTEPN £IDIKA avTioTaon and autod, YOVOo €va HIKPO PEPOC Tou pelNaToG o@aiuaToc Ba kivneei npog Ta
€NAvVW Kal To peupa, nou Ba diappeel To ATopo, Ba peiwbei. H peiwon autn e&apTaTal Togo anod Tn diagopa
TV EI0IKWV AVTIOTACEWY TOU UAIKOU €NIPAVEIAC KAl TOU UMOKEIMEVOU OTPWHATOG £0APOUC OGO Kal ano To
naxog Tou UANIKOU enipavelac. H enidpacn Twv dUO auTwv Napayovtwv ekppaleTal and €va euneipikoc
ouvteheotn G [1]:

C,=1-0.09-(1— p/ p,)/(2-h, +0.09) (1)
Onou ps Kai As n 18Ik avTioTaaon Kai To NAxog Tou UAIKOU enipaveiac (o€ Q'm kal m, avTioToixa).
Ta emiTpenTa opia yia Tn BnupaTikr kai Tnv Taon enaeng (o V) divovtal ano Tig e§lowoelg 2 kai 3 [1]:

Ee =(1000+6-C, - p,)-C, /t; )
Eiuen = (1000+1.5-C_ - p,)-C,, 1 Jt. 3)

onou £ sival n dIApKeia nou To peuya diappeel To avBpwnivo owua (os sec) kai G, otabepd pe TIPEC 0.116 /
0.157 yia cwyatikd Bapog 50kg / 70kg avTioToixa. ‘Otav dev xpnaoiponolsital UAIKO enmigpaveiag, Tote G = 1
Kal ps = p, ONoU p €ivai n €I0IKf avTioTaon Tou £dAgpouc.

H au&non Twv aloAikwv napkwv, n nopeia Tou OZE npog TNV nAekTpokivnon, alAa kai n dnuioupyia
VEWV OTaBPW®V napaywyng €xel odnynoel oTnv Kataokeur nAnBouc 1IBIwTIKwV unooTabuwv (Y/Z) uywnAng
Taonc. AuTo OnuIoUPYE Wia ogIpd epwTNUATWV OTIG eTAIpEieg Nou oxedidlouv Toug unooTabuoUc. H napouaoa
gpyaoia npoonabsi va cuvowioel TNV anokTnBeioa euneipia kai va dwoel Kanoloug anAoUG Kavoveg yia Tnv
oXediaon Twv CUCTNUATWY YEIWONG.

O oxedIaopoG Kal N KATAOKEUN TOU OUOTNHATOC YEIWONG HIAC EYKATAOTACNG OTOXEUEl OTNV AoQPaAn
AeIToupyia Tng, dnAadr Tov nepIopIoNO TwV KAIOEwv OUVAMIKoU yng o€ TETold €nineda TAONG, WOTE, UMO
OUVONKEC OPAANUATOC, va Pnv KIVOUVEUOUV OUTE Ta ATopa mou BpickovTtal oTtnv nepioxr, oUTE OUWC Kal O
€€onAIopOG. H peAETN yia To oxediaopod evog GUOTHATOC YeiwonG Npensl va AayBavel unown Ta acpain opia
yla Tn Bnuarikn Tdon kar Tnv TAon €naegnc, avaioya WE Tn MEYIOTN AVAUEVOMEVN TIUN Tou pelNaToq
o(QAAJATOC Kal TO CUVOAIKO XpOvo ekkaBapiong Tou [1].

Ma To oxedlaoud kal KATAOKEUN €VOC CUCTAMATOC YEIWOoNG €ival anapaitntn n yvwaon Tng doung Tou
€dagouc Tou ynnedou, OMou NPOKEITal va XwpoBeTnBei n und npooTtaciav eykatdoracn. O nNpoadiopIoHOG
TWV XAPAKTNPIOTIK®Y TNG JOMNG Tou &ddagouc (nAnbog oTpwuatwy, Paboc kal €0k avtioTaon Kade
oTPpWHATOC) eival enmPBeBANUEVOC yia Tn oxediaon evog aocpaAloUc CUOTNUATOC YEIWONG HE TAUTOXPOVN
€\AXIOTOMOINON TOU KOOTOUC KATAOKEUNG Tou. MeTpnAosic TG €IOIKNAG avTtioTaong Tou £dAPOUC, Mou
OIeENXONoav o DIAPOPEC NEPIOKEC TNC XWPAC, €dIEav OTI TO €DAPoC €XEl OUVABWG NOAUCTPWHATIKN o).
Enopévwe, ival anapaitnTn pia pebodoloyia yia Tov urnoAoyiopd Twv NApaueéTpwy TN dOMNG Tou £6APOUC
(e101kny avTtioTaon kai BABoc Tou kABe OTPWHATOC Tou €dAPouC). >Tn BIBAIoypapia undpyxouv OIaBECIUEG
pEBoSoAOYiEC yia TOV UMOAOYIOMO QUTWV TWV NAPAUETPWV YIa JIOTPWHATIKN [4-7], TpIoTpWHATIKA [8] kal
NoAuCTPpWHATIKA doun [6, 7, 9] Tou €dAPOUC, Ol OMOIEC XPNOIJONoUV UETPNOEIC TNG EIDIKAC avTioTaong Tou
£dAgouc.



METPHZH THZ EIAIKHZ ANTIZTAZHZ TOY EAA®OYZ

H ouveiopopd TNng €IDIKAC avTioTaong Tou £3Agouc atn dIauopPwon TNG TEAIKNG TIWAC TNG avTioTaong
veiwaong sival onuavTikotaTtn [1]. MNa Tov unoAoyiopd Tng €ISIKNC avTioTaonG Tou £dAPoUC EXOUV avanTuxoei
NoAAEC TexvikéG [1-3]. O1 kupiOTepec and auTeég sival [1, 2, 7] a) n pEBodoc Wenner, B) n HEBOdOC
Schlumberger, y) n pEBodoc Twv diNdAwv, d) n HEBOdOC Lee, €) 0 evaAACGOOWEVOC OXNUATIOWOG, OT) N
TeETpaywvikn 01aTtagn kai {) n YEBodOG TNG HETPNONG TNG av/ﬁ\omonq yeiwong.

N

r%

¥ Y ¥
[TTIT] [ [ *b W
A M N B

h— o —sf— a —h— o —]
Wenner

Synua 1: Suvoeopoloyia LETPNONS TNS EIDIKIC avTIOTAOTC.

O Tponog e Tov onoio GuvdEovTal Ta PondnTIKA NAEKTPOdIA OTNV NAEOV Xpnaoigonolouyevn HEBodo
(Wenner) @aivetal gto Zxnua 1. ZUuewva pe Tn WeBodo Wenner, xpnoigonoloUvTal TEooepa BononTika
NAekTPOdIa, TONOBETNUEVA OE €UBEia ypauur Kal Ioanéxovta To éva and To aAo andoTaon a. Ta nAekTpoddia
EUEUTEUOVTAI JE TO KATW AKPO TOUG MEPIKWG OTO £dagoc (Babog A), evw To Avw AKPO TOUC CUVOEETAI O€ £va
METPNTIKO Opyavo, TO YEIWOOUETPO. To pelpa KukAogopei PETAEU Twv OUO akpaiwv nAekTpodiwv Kal
MeTpeiTal n diagopd duvapikou avapeoa ota duo peaaia nAekTpodia. O Aoyog Tng diagopdg duvapikoU npog
To peUpa opileTal w¢ @aivouevn avriotaon R (n €vOeEIEn Tou opydvou) kal €EapTATal anod Tn YEWHETPIa Tou
nAekTpodiou kali Tnv €DK avTiotacn Tou edagouc. H aivopevn €IOIKn avTioTacn Tou €dAgpoug p
unoAoyiletal ano Tnv oxéon (4) [1]:

4.7-a-R

p=
1+2-a _a
" //z;12+4-b2 //aﬁb2

‘'Otav a>>b, T0Te n napandvw e€icwaon anAonolsital wg eENG:

p=2-7-R-«a (5)

Ma Tn oxediaong Tou CUCTRKATOC YEIWONG anaiTeiTal va €XoUME wg dedopéva €1I00d0U TN HETPNON TNG
€10IKNG avTioTaong Tou €dagoug. AuTd NpolnoBETel KaTAAANAN eniAoyn yia:

e TOUC G&ovec PETpNONG (NARBOC HETPNOswWY, BECEIC, anooTACEIC)

e TNV €noxn Tou €Toug, nou Ba npaydaTtonoinBolv ol PeTproelc. H 0k avtiotaon Tou £3APoug
MeTaBaMeTal kata Tn dIdpKela Tou £TOUC avaAoya WE TIC KalpIkEG ouvenkec. M’ auTtd TovileTal OTI €ival
anapaitnTn n PETPNON TNG €I0IKNAC avTioTaong Tou €dAQOUG KATA TOUG KAAOKQAIPIVOUC MNVEC, OMOTE Kal
gu@avidel TN PEYIOTN TIWN.

e Tov €\eyxo Tn¢ afonioTiac Tou (popEd, NMou MPAyuaTonolsl TIG JETPACEIC, N onoia anodeikvUETal JE TN
XPoN TwvV UMNNPECIWV  OlanIOTEUPEVOU  €pyacTnpiou, OIQBETOVTOC E€WMEIPO  MPOCWMIKO  Kal
XPNOIKONoIoUVTOG KAaTAAANAO SIakpIBWHEVO €EONAIOHO.

4)

ZXEAIAZH ZYZTHMATQN FEIQZHZ YINIOZTAGMQN

Mpokelpévou va oxedlaoTel kal va WovredonoinBei To olUoTnUa yeiwong evog unooTabuou eival
anapaitnTo va kabopioTei To MPOTUNO, WE To onoio Ba yivel n oxediaon, kal va OIEUKPIVIOTOUV Td
anairoUPEvVa yia TNV NPOCOUOoIwan OTOIXEId, ONwG To €idog £3APoUC (HOVOTTPWHATIKO, dIOTPWHATIKO, K.AM.),
nou Ba xpnoigonoinBsi otn povTehonoinon, n Hop@oloyia Tou £dAQOUC, n ouxvoTNTA, TO PBAPOC TOU
avBpwnou kabwg kal o npolnoAoyiopog nou diatifeTal yia Tnv oxediaon-kataokeur). EmnAéov, epdoov dev
kaBopioTolv To pelpa BpaxukUKAwONCG kal n dlacTacioAoynon Twv aywywv, 6a npénel va doBolv Ta
anapaitnTa oToIXEia yia TOV UNoAoyIoHO TOUC.

AvaAUTIKG Ta BrpaTa nou akoAouBoUUE yia Tnv oxediaon Kal KATAaoKeEur) TOU CUCTAWATOG YEIWong
nePIyPAgovVTal NapakaTw:

1. Emhoyn Twv unoywngiwv Béccwv eykatdoTaonc. Ta Kpimpia, Nou Mpenel va ikavonolouvTal, yia Tnv
gniAoyn Tnc B6€ong Tou unooTadpou givai:

e  Mikpr| andoTaon (katw av €ivar duvatov) anod TNV UPICTAUEVN YPARKR UWNARG TAong, £TOl WOTE va
unv anarreital nepIBArAOVTIKR HEAETN.




10.

11.

e 2WOTN XWPoBETNON Tou Epyou: EmAoyn Xwpou ag’ evog, Hev, KATAMNAoU and nAsupdc
£MNIKIVOUVOTNTAG YIa TOUC KATOikoug, a®’ eTépou, Og, Makpia and apxaiohoylkoUC XWeouc Kai Tonia
101AITEPOU PUOIKOU KAANOUC 1) eVOIAPEPOVTOG

e KaTtaAAnAn TonioTéxvnon TOU XWPOU, WOTE va anopeuxBolv avTIOPACEIC TWV KATOIKWV AOYW OMTIKNG
punavong

e KataMnho oikdnedo. 'Edagoc pe XaunAn €10k avtioTaon, Ikavn €KTaon woTe va avantuxdei o
UnooTaduoC PE anaiTnon Alywv XwPaToupyIKWV £pYwV Kal EEkaBapo 1010KTNCIaKO KaBeoTwG.

MeTpnon Tng edikng avriotaong Tou eddgoug pe Tn peBodo Wenner yia kaBe unowngia 6gon

£YKATAOTAONC. 2€ KABe unowngia B£on eykaTadoTaong YeTpArtal n €I9IKR avTioracn Tou €0AQOUG YE TN

pEBodo Wenner oe diagopouc agovec. H npodiaypagr] Tng AEH [12] {nTdel TpeIG £wG NEVTE AEOVEG
avaloya We TIC METPOUMEVEC TIMEC TG IBIKNAC avTioTaong. O unelBuvog TNG METPNONG UNOPE va EMIAEYE

TOUG Afovec: a) oTiG NAEUpES, B) OTIC diaywvioug Kal y) HE «Tuxaio» TpOMo woTe va nepihappavovral

OAeC oI aA\ayég Tou €0APoUC OTO PETPOUUEVO 0IKONEDO. € kGBe afova AapBavovTal PJETPROEIC PE TN

pEBOSO Wenner oe anooTdcelg 2, 4, 8, 12 kal 16m. Eav undpxel peyaAn HETABOAN TWV UETPOUMEVWV

TIHWV TOTE AauBavovTal PeTpnoeig emnAéov ota 20 kar 24m.

YnoAoyiopog Tou povtéhou dapoug, BAcel HETPNOEWV TNG EIDIKNG AVTIOTAONG Tou £dAMOUG YIa OAEG TIG

B<£0¢€Ic aTIC onoieg £xoupe PETPNOEIC. Ma kABe andoTacn PETPNONG w¢ TIUN AauBaveral o pEoog 6pog Twv

METPAOEWV TNC EIDIKNG avTioTaong Tou £dAMOUC YIa OAOUC TOUC GEOVEG, OTOUC OMOIEC EXOUUE PETPNTEIG.

2Tnv ouvéxela eEeTaleTal N NOAUCTPWHATIKOTNTA TOU £DAPOUC. ZUVNBWE TO £APOC NPOTOMOIWVETAl WG

HOVOOTPWHATIKO i JIOTWHATIKO, XWPIG va arnokAEiETal kal n NEPINTWON NEPICOOTEPWY OTPWHATWV. QG

KPITHPIO YIa TNV £MIAOYN TOU HOVTEAOU TOU £DAMOUC EXOUKE TNV €AAXIOTOMOINON TOU GPAAUATOC UETAEY

TV HETPOUMEVWV TIHWV TNG €IOIKAC avTioTaong Tou €6AQOUC Kal auTwv Mou Hag divel TO HOVTEAO

NpooouoiwonG. Ma Tov UnoAoyiopo Twv NapapeTpwv Tou dagouc (NAndoc / s1dikr) avtioTaon / ndaxog

OTPWUATWV) £iTe Xpnoiponolsital pebodoloyia, nou avantuxdnke oTo Epyaotnpio YwnAwv Taogswv Tou

E.M.M. [6, 7], n onoia We Xpnon YeveTikwv aAyopiBuwv unoloyilel Tn Oour] Tou €dAQOUG, E€iTeE Ol

METPNOEIC TNG €I0IKNG avTioTaong Tou €dAgouc €lgayovtal oTtov emAUTN RESAP Tou npoypduuaTog

CDEGS.

YnoAoyiopdg Tng PEYIOTNG ENITPENOUEVNG ao®@alolg BnuaTikng Taong kal TnG PEYIOTNG EMITPENOUEVNG

aog@alolg Tagewe enagng. lMa xpovo ekkabdapiong ogaiuatog 0,5s, ouxvotnTa 50Hz kai Bapog

avBpwnou 50kgr [10] unoAoyiloupe Ta aopaAr] opia Twv BNUATIKWV TACEWV KAl TWV TACEWV ENAPNC YIa

To £dagocg Tou unoaTaduou. Eniong, unohoyifoupe Ta acpahr) Opia Nou NPOKUMNTOUV WETA TNV NPOGBNkKN

UAIkoU emipaveiag (n.x. Xahiki fj ao@aAiTog) kataAAnAou nayoug (n.x. 15 rj 10cm).

KaBopiopdg TnG PEYIOTNG TIUAG PEUUATOG O@AAUATOG. H HEYIOTN TIUAR TOU PEUMATOG OPAAUATOG

kaBopileTal and Tnv npodiaypa®r Tng AEH [10] ion pe 30 kA yia Y/ nou avrkouv oTo dIaoUVOEDEUEVO

oUotnua Meragopdac 150 kV. TMa unootaBuolc pe pia, dUO 1 MEPICOOTEPEC MUAEC £PapupoleTal

ouvTeAeoTnc diaipeonc peuparoc (S) 0,9, 0,8 kai 0,7, avTioToixa [10].

>xe01a0POC TUNIKOU NAEYUATOC VEiwonc. Avaloya HE TIG DIAOTACEIC TOU OIKOMEDOU Kal TO WEYEBOC Tou

unooTabuol oxedialeTal £€va TUMIKO NAEypa. To TUMIKO nNAEyda ouvhBwg eivar opBoywvio (n.x.

50mx100m, 75mx100m r} 75mx125m). O1 eEwTepIKEG DIAOTATEIC TOU NAEYMATOC kaBopilouv KaTa KUpIo

AOYO TNV TIFA TG avTioTaong yeiwong. To noco nukvo Ba eival To nAEypa (n.X. Me «pdm» 10m n 5m n

3m) kaBopilel TNV TIKN TWV avanTUCOCOUEVWY TACEWV.

YnoAoyiopdg TnG avTioTaong veiwong. Me Tn BonBeia katdAAnAou npoypdappaTog (n.x. MALZ Tou CDEGS)

UnoAoYi(oule yia To BEATIOTO HOVTEAO TOU €DAMOUG, MOU AVTIOTOIXEI OTIC PETPNOEIC MAG, TNV TIUA TNG

avTioTaong Yeiwong Tou NAEYUAToc.

YnoAoyiopdg TG BnuaTikng TAong Kai TG Taong enaenc vid KAbe onyeio oTnv enipAvela Tou 5APOUC

navw ano To nAeyud veiwonc. Me Tn Bonbeia katdAnhou npoypdppatog (n.x. MALZ Tou CDEGS)

unoAoyi(oule TIC avanTUCOOMEVEG TACEIC yid To BEATIOTO POVTEAO TOU €DAMOUG, MOU AVTIOTOIXEl OTIG

HETPAOEIG Hag

"EAeyX0C TWV TIHQV TWV NApandavw PEYEBWV.

» Eival emiBupunTo n avrioTaon yeiwong va gival pikpoTepn and 1Q,

> Anaiteital ol BnuaTikéG TAOEIC Kal ol TACEIC ENAPC va Pnv Eenepvouv Ta aopahr opia, 6nwe auTta
opiCovTal and To MpdTuno [1].

Edav ikavonoloUvTal ol anaitioeic Tou Bnuartog 9, ToTe n axediaan éxel ohokAnpwOei (onoTe akoAoubei To

Brua 13), aANIKC To enopevo Brua 11.

BeATiwon ouoTruaTog yeiwong Ye:

e al&non TnG emipAveIag Tou CUCTRKHATOC Yeiwong,

¢ nUKvVWOn Tou NAEyPaTog yeinong,

e MPOCONKN KATAKOPUPWV NAEKTPOSIWY,

e MPOOONKN XWHATOC YE XaunAn €10IKn avTioTaon r BEATIOTIKWV €dAPOUG,




e Xpnon kataAnhou UAikoU emipaveiac, ouviBwc XaAlkioU, oTnv enipaveia Tou £dApouc Navw anod 1o
oUoTnua yeiwong, €av auTtd empépel alhayr oTa opia acpaAeiac.

e AMayn otnv nepippa&n (yeiwon, UAIKO KATAGKEUNC)

12. Enavainwn Tn¢ napanavw diadikaoiac ano 1o Brjua 7.
13. KaTtaokeun Tou ouoTNUATOG veiwong. ©Oa npénel va doBei £Upacn oTnv KATAOKEUN TOU GUCTRHATOG

YEIWONG GUPPWVA PE TNV HEAETN.

14. Npayuartonoinon Tuxov eninAéov BEATIOOEWY, ONOU TOUTO €ival TEXVIKA avaykdio Kal EQIKTO.
15. Métpnon Tng avTioTaong Veiwong kal avanTuooOUMEVWY BNUATIKAOV TACEWV KAl TACEWV ENAPNG.

Kpioiueg napapetpor og autd To otadio ivai [3]:

e H eAdxioTn TIUA TOU EyXUOHEVOU peEUNATOG (NpoTeiveTal va ivar >50A).

e H anooTtaon yia TNV €yxuon Tou peUpaToG MpPENEl va €ival TOUAAGXIOTOV 6,5 (OPEC n MEYIOTN
Ol1doTaon Tou cuoTnHaTog yeimong [3]. XpnoigonolwvTag Toug oTUAOUG TNG HEONG TAONG KNOPOULE
va ¢BAacoupe og andoTaon TG TAEEWGS TWV APKETWV EKATOVTAOWV UETPWV. To onueio nou Ba yivel n
£yXuon Tou peUPATOC MPENEl va €XEl XAUNnAr avTioTacn - auTo €Eao@alileTal €iTe Ye apKeTA
KATakopuPa nAekTpOdia €iTe, akOpa, pe npoodnkn WeTalikwv nAakwv. Eniong, eivalr duvartn n
npoaoBnkn vepou yia va peiwdei n avrioTaon. MNpénel, OJWC, va NpoaTiBeTal vepd o OAn Tn diapkela
£yXUONG ToU peuPaToc dlapopeTika, Aoyw BEpuavong, Ba petaBaAAeTal n TIUA TNG avTioTaong Kai
KATa GUVEMEIQ Kal N TIUN TOU EYXUOWEVOU PEUATOC,

e Ta onueia PETPNONG TWV BNUATIKWV TACEWV, TAOEWV enagng, metal to metal (NARBog peTprioewy,
onwodNMoTe 0 OAEG TIGC YWVIEG) .

e H afonioTia Twv YETPrOcwy, Nou anodeikvUeTal: @) and Tnv euneipia Tou epyacTnpiou n.x. AEH, B)
ano dianioTeuaon nou JIaBETEl TO pYACTNPIO Y) ANo TUXOV CUUHETOXN O avaloya OlEpyacTnpIaKEG I
OUYKPITIKEG JETPNOEIC,

Ta anoTeAéopaTa TWV HETPROswv anoTehouv anddeiEn O dev undpyel, oUUPWva We Ta loxuovta

MpdTuna, KivOUVOC yia TOUC KaAToikoug — epyalopevouc. EminAéov, n OnUoCIgucn anoTeAEOUATWV

METPNONG TOU NAEKTPIKOU Kal Tou PayvnTikoU nediou Ba pnopolos va anoTeAECEl onuavTikod napayovra

yla Tov KaBnouxaopd Twv NePIoiKwY NMou auxva diapwvouV [E TNV yKATAaTaon Tou unootabuod.

MAPAAEIMTMATA ZXEAIAZHZ ZY2THMATQN NEIQZHZ YMNOZTAOGMQN

'EoTw OTI unapyouv dUo oikoneda (A, B) Ye MECO OPO WETPNOELWV EIDIKNG avTioTaong Tou £3APouc,
OnNwc napouaialovTal GTov ENOYEVO Mivakda.

Mivakag 1. MeTprioeig gI0iKri¢ avTioTaons Tou e0dpous

OIKONEDO a[m] 2 4 8 12 16 20 24
A p[Qm] 498 428 350 280 226 168 120
B o [Qm] 240 209 173 142 115 82 64

To £daPoC NPOCOUOIWVETAI EITE WC HOVOOTPWHATIKO £iTE wC dioTpwuaTIKO (Mivakag 2). To opdaiua Tng
HOVOOTPWHATIKAC NPOCOM0InaNG Tou €dagoug eival 57,09% yia To olkonedo A, To onoio KpiveTal pn
IKavonoINTIKO, £V TO OMAAUA KATAd TN dIOTPWHATIKI NPOCEYYION HEIOVETAl onuavTika (5,58%).

[Tivakag 2: Movrelonoinon Tou eddpouc

MovTENO £DdApouC OikOnedo o [Qm] 0 [Qm] h[m] RMS opaliua [%]
MOVOOTPWHATIKO A 266,39 - - 27,09

B 133,20 - - 53,05
AIOTPWUATIKO A 453,43 58,51 9,71 5,58

O! YEYIOTEC ENITPENOUEVEG BNUATIKEC TACEIC KAl TACEIC €NagrG oTa dUo oIkOneda yia HOVOSTPWHATIKO
n dloTpwuaTIKO £dagoc napouacialovTal otov NMivakag 3 ya didpkeia opaipartog 0,5s, ouxvoTnTa 50Hz kai
Bapog avBpwnou 50kgr.

Ma To PovooTpwHaTIKe £dagoc n avriotaon (R) TOu CUOTAMATOC VEIWONG, N MEYIOTN BnUaTikn
Taon(£s) kai n PEYIOTN Taon enagpnc (£7) divovTal ano TIC NApAKAT® NPOCEYYIOTIKEC EEIOCWOEIC:

R=2- (6)
R

E; =Ci-p-S; )

Es=Cs-p-S; 8)



onou ol TIPECG Twv napapeétTpwv Cr, Cr kar Cs divovTal yia Ta OUuykekpipéva nAéypata oTov Mivaka 4, kar Sr
gival 0 ouvteAeotnc diaipeonc pelpaToG avaAoya We Tov apiOuo Twv NUuAwv Tou YnooTtaBuou. la
HOVOOTPWHATIKA 5GP O UNOAOYIOMOC TwV avwTépw peyebwv (EE. 6-8) pnopei va vyivel Kal JE avaAuTIKEC
oxéoeic [1].

Mlivakac 3: MEYIOTEC rITPENOUEVES BILIATIKEC TAOEIC KAl TAOEIC ENAPIIC

Tdaon enaeng Bnuarikn Tdon
. YAIKO YAIKO , YAIKO YAIKO
. . Xwpig \ \ Xwpig . .
MovTéNo OIko- . enipaveiag | emeaveiag . enpaveiag enipaveiag
\ UAIKO UAIKO
€0aPouc nedo enioaveia 10cm, pe 10cm, pe EnIoaveia 10cm, pe 10cm, pe
PAVEIAS | 5-25000m | p=10000Qm | EMPIVEIS | ,-25000m | p=100009m
MOVOOTOWUATIKO A 218,8 593,4 1828,9 411,8 1910,2 6852,1
pwp B 186,7 580,0 1814,8 283,1 1856,6 6795,7
AIGTOGLATIKG A 264,0 611,3 1848,4 592,4 1981,6 6930,2
po B 208,0 589,0 1824,2 368,5 1892,4 6833,2

>Toug Mivakec 4 kai 5 napouaialovTal ol TIMEC TNG avTioTaon g YEIwonG Kal Ol JEYIOTEC AVANTUOCGOUEVEG
TAOEIC ENAPAC Kal BNUATIKEG TAOEIG yia peUpa o@aiuatoc 30kA oTo oikonedo A kal yia diagopa Tunika
nAéyparta yeimonc. Or npaypaTtika avanTuooOUEVEG TACEIG ival MIKPOTEPEG (01 TIMEG TOU nivaka npénel va
noAanAaciacBoUv pe Tov ouvTeAeoTn diaipeang pelaTog).

[Tivakag 4. AvTioraon Yeiwons Kal LEYIOTEC AVaNTUOTOUEVES TAOEIC Vid LIOVOOTPWUATIKO £0AQOC OTO OIKOMEDD A.

. , R Er Es Cr Cr Cs
Aldoraon mASyparos Q] V] V] [m] | [v/@m] | [v/9m]
50mx100m pe «pdati» 10m 1,73 36619 5408 154,0 137,5 20,3
50mx100m Pe «udTi» 5m 1,64 33962 4785 162,4 127,5 18,0
50mx100m pe «udaT» 3m 1,61 32884 4649 165,5 123,4 17,5
75mx100m pe «pdTi» 10m 1,43 28957 4122 186,3 108,7 15,5
75mx100m pe «pdT» 5m 1,36 26898 3692 195,9 101,0 13,9
75mx100m pe «pdTm» 3m 1,34 26133 3626 198,8 98,1 13,6
75mx125m pe «yat» 10m 1,26 24962 3542 211,4 93,7 13,3
75mx125m pe «pdTi» 5m 1,21 23192 3170 220,2 87,1 11,9
75mx125m pe «pdT» 3m 1,18 22553 3116 225,8 84,7 11,7
[Tivakac 5: AvTioraon yeiwong Kal LEYIOTEC avanTUOTOUEVES TAOEIC yia JIOTPWUATIKO £0apo¢ oTa oikoneda A kai B.
AldoTacn nAEypaToc Oikonedo A Oikonedo B
R[] Er[V] Es [V] R[Q] Er [V] Es [V]
50mx100m pe «pat» 10m 1,24 33802 7170 0,62 16848 3532
50mx100m Pe «udTi» 5m 1,09 29134 5709 0,55 14572 2824
50mx100m Pe «udTi» 3m 1,03 27386 5320 0,52 13715 2635
75mx100m pe «pati» 10m 0,93 24795 5208 0,47 12411 2571
75mx100m pe «pdTi» 5m 0,81 21241 4109 0,41 10676 2038
75mx100m pe «pdTm» 3m 0,77 20034 3854 0,39 10085 1916
75mx125m pe «udt» 10m 0,78 20643 4299 0,40 10349 2124
75mx125m pe «pdT» 5m 0,68 17613 3396 0,35 8869 1688
75mx125m pe «pdT» 3m 0,65 16620 3186 0,33 8383 1586

Ano Tn dlEpEUVNON, NOU E£YIVE NMPOKEIMEVOU va eMIAeyel N B£on Tou unooTaduoU Kal va KATAOKEUAOTEI
£va ao@aAéc oUOTNUA YEiwoNG, NPOKUNTOUV Td £ENC GUMNEPAOHATA:

. ‘OTav TonoBeTeiTal NAéypa 8laoTacewv 75mx100m e «uaT» 5m oTo 0Ikonedo A kal epapudleTal To
HOVOOTPWHATIKO HOVTEAO, Ol AVANTUOCOMEVEC TACEIG €NAPNG €ival KATW TWV EMITPENOMEVWOV 0PIV
oTnNV MEPIOXN NOU KAAUMTEl N €yKATAOTACN TOU unooTabuoU, €@’ Ooov €xel yivel nioTpwon TNng
EM@Aveliag Tou €0AMOUC HPE UAIKO emipaveiac nayxouc 10cm kal €0IknG avTioTacng 10000Qm
(Gopaitoc) (Exnua 2). AvtiBeta, oTav €pApuPooTel TO OICTPWHATIKO HOVTEAO, O AVANTUCCOMEVEG
TACEIC ENAPNC €ival Ave TWV EMITPENOPEVWV Opiwv GE OAN TNV MEPIOXN Tou unooTabpoU. ZUVENWC,
oTNV NEPINTWON TOU HOVOOTPpwHATIKOU PovTEAOU £daPouc sival duvaTo va odnynOei kaveic (6Tav To
Navw oTPWHA TOU JIOTPWHATIKOU HOVTEAOU €XEI UPNAOTEPN TIUN and TNV TIKA TOU HOVOOTPWHUATIKOU
€0Agouc) OTNV KATAOKEUN €VOC KN ao@alouc CUCTAHATOG YEIWONG, YEYOVOG TO OMoio oPeiAeTal OTO
Meyaho o@aAua nou napoucialel To JOVOOTPWHATIKO JOVTEAO.




‘'OTav XpnoigonoloUe SIoTPWHATIKO HOVTENO €DAMOUC N AVTIOTACH YEIWONG PEIWVETAI OE OXEON KE TO
HOVOOTPWHATIKO HOVTENO €DAQOUG, autd OPwG dev onuaivel OTI To oUCTNMA Yeiwong €ival nio
ao@aléc. O avanTuooOpeveC PBNUATIKEG TACEIC KAl TACEIC enapnc eEaptwvral andé Tnv €idikNn
avTioTaon Tou avw oTPWHATOC Tou £dAgoUC, N onoia sival duvaTo va auéndsi kaTta Tn dIOTPWHATIKN
Npoceyyian Tou 5APOUC.
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Zxnua 2: Tdon enaric yia 1o nAgyua 75mx100m ye «udrr» 5m, TornoBETNUEVO OTo OIKONED0 A, yid EMIOTPWON ToU
£0dpouc e UAIKO eripaveiac ndyous 10cm, &diknc avrioraons 100002m kai xpovo ekkaBadpions opdiuaroc 500ms. a)
yIa LoVoOoTPwWUATIKI} Kai B) yia JICTPWLATIKI} TPOOCEYYION TOU £04POUG

‘Otav TonoBeTeiTal nAéypa dlaoTdoewv 50mx100m pe «udaT» 3m gTo 0IkOnedo B kal epapuoleTal eite
TO HOVOOTPWUATIKO EITE TO JIOTPWHATIKO HOVTEAO, Ol AVANTUCCGOUEVEC TACEIC ENAPNG Eival KATW TWV
EMITPENOPEVWV OPIWV OTNV NEPIOXN Nou KAAUNTEI N EYKATACTACN TOU UNOGTABUOU, £p’ OO0V €XEI YIVEl
eNioTpWONG TNG nIPAvelag Tou €dAPOUG PE UNIKO enigaveiac naxoug 10cm kar €I0IKNAG avTioTaong
10000Q2m (Go@aAToq) (Zxnua 3).
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Synua 3: Tdon enaeric yia 1o nAgyua 50mx100m pe «udti» 3m, TOrmoBETHLEVO OTO OIKOMEDO B, yia eMioTpwor Tou
£0dpouc LE UAIKO eripaveiac ndyous 10cm, eidikric avrioraons 100002m kai xpovo ekkaBadpions opadiuaros 500ms. a)
VIa HOVOOTPWLATIKI Kal B) yia dIoTpwLATIKI) MPOCEYYION ToU £0GPOUG
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Sxnua 4: Bnuariknj Tdon yia 1o nAEyua 75mx125m pe «udti» 5m, TornoBETNUEVO OTo OIKOMEDO A, yid EMIOTPWON ToU
£04pouc LIE UAIKO eripaveiag nayoug 10cm, e0ikri¢ avrioraons a) 25002m kar B) 100002m kai xpovo ekkabapions
opdAuaroc 500ms
H eEaopdAion BnuaTik®V TACEWV KATW and TAd anodekTd Opia €ival EUKOAOTEPO MPOPANUA anod To
avTioToIXO TWV TACEWV €NagnG. AQevOg yiaTi Ta Opla sival peyaAUTepa Kal aQeTEPOU yiaTi, oxedov
navra, n €EaAeiPn Twv TACEWV ENAPNC NPOKAAsi kal eEAAEIPN TWV EMNIKIVOUVWV BNUATIKWV TACEWV.
>T0 oXnuUa 4a napoucialetal w¢ AUon n enioTpwon He XaAiki o€ 6Ao To oikdnedo. Or enikivOUVEG



BnuaTikéC TAOEIC oTO OPIO TOU OUCTANATOC Yeiwong e€apavilovTal Pe TNV €nioTpwon aopdATou oTa
opIa Tou (ZxNua 4B).

. 'OTav avantuooovTal €niKivOUVEG TACEIG TOTE w¢ AUCN pnopei va npoTabei n UNap&n oIKonedou He
MeyaAUTepn €kTaon and To cUOTNUA YEIWONG WOTE N NEPIPPAEnN va anexel apkeTd (TouAaxioTov 2m)
ano 1o nA&ypa. AlGQOpPETIKA, O KANOIEG NEPINTWOEIC, MMNOPEl yia TNV NEPIPPAEn Tou olkonédou va
XPNOILONOIEITAl Un METAANIKO UAIKO (n.X. METPIVOC TOIXOG), TOTE Ol AVANTUOOOWEVEC TACEIC ENAPNC
yUpw ano Tnv nepippa&n va pnv eivar enikivduves. Puoika, o ouvouaouog Twv duo AUoeswv eival
TEXVIKA KAAUTEPN AUON OIKOVOUIKA OMWG gival onpavTika akpiBoTepn.

. H Tiyn Tne avrioTaong yeimwong eEapTartal Kupinwg ano Tn ouvoAikr 8IAoTacn Tou NAEYRATOG Kal oxI ano
Tn didoTaon Tou «uaTioU». To NUkvo, OUwG, NAEypa eEao@alilel Tn Weiwon Twv avanTuooopevwv
BNUATIKWV TACEWV Kal TAoEwvV €nagnc. H nUkvwan, OPwG, Tou NAEYUATOC Jev €ival TEXVOOIKOVOUIKA
anodekTn HETA and €va oplo. MeyaAUuTepn Heiwon TwV avanTuooOUeVwY TACEWY ENITUYXAVETAI JE TNV
eNioTpwon TNG em@avelac Tou €dA@ouc We UAIKO enipaveiac, ouvnBwg nayxoug 10cm kal €IOIKNG
avtiotaong 25002m (xaAiki) f; 10000Qm (Go@aAToc).

. 3TNV NEPINTWON OUOIOMOPPOU £5APOUC, N avTioTaon Yeiwong €ival YpauuIkn ouvapTnon g €IdIKNG
avTioTaong Tou dAPOUC YIa OUYKEKPIPEVO ouaTnua yeiwong (E&iowan 6).

ZYMMNEPAZMATA

To oUoTnua yeiwong evog unootabuol npénel va eEaopalilel TNV NpooTacia, TOCO TWV ATOPWY, Nou
BpiokovTal o’ autd, 600 Kal Tou EONAIOPOU, KATd TNV NePINTWon BpaxukukAwpaToc. MNa To Adyo auTto, To
KUpIo {NToUUEVO OTn WEAETN, oxediaon kal KaTaokKeur €vOog UnooTaduou gival n pn avanTtugén enikivouvwy
BNHATIK®V TAOEWV KAl TAOEWV €Nagnc. EMnAéov, aTOX0C TNG oXediaong Tou GUOTHUATOC YEIWONG NpENsl va
givar n BeATIoTn d1GTagn Twv OTOIXEIWV UNOOTABHOU, n €AaxioTonoinon TnG avTioTaong yeiwong Tou
NA&YHaToG, kabwg kai n eEAaxioTonoinon TwWV avanTuoOOUEVWY TAOEWV ENAPNG Kal BNHATIkwv Tacewv. Ma va
€ival ol avanTuUOOOUEVEG TACEIG HIKPOTEPEG anO Ta EMITPENTA Opid aoPaleiag anarrouvTal PETPA ONWG: a)
MeyaAUTepn €kTaon unootabuou, B) MukvoTepo MAEyda, y) Xprion kataAAnAou uAikou emigaveiag, 0)
KaTtaAAnAn nepippan.

Me Tnv napouoa epyacia nNpoTeiveTal 0TI, TO TENKO KPITrpIo oTn oxediaon dev NpENel va €ival Jovo N
€AaxIoTONOINGN TNG OUVOAIKNG avTioTaong yeiwong, aA\d eninpooBeTwe, kal pahioTa peyaAlTepnc onyaciac,
N TAPENON TWV BNHATIKWOV TACEWV KAl TV TACEWV ENAPRG KATW TwV ENITPENTWV OPiwvV aoPaAeiag, Onwg
unoAoyicovtal pe Baon To MpoTuno ANSI/IEEE Std 80-2000 [1].

TéNOg, WETA TNV KATAOKEUN TOU OUCTAMATOC Yeiwonc, €ival anapaitntn n e€naAndsucn Twv
ANOTEAEOUATWV TNC NPOCOUOINONG HECW UETPHOEWV.
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