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[TPONOroZz IAPYMATOZ

‘O Evuyévioc Euyevidng idpuTtric kal xyopnyds tol « 1dpuuaros Euyevidouy nmpoei-
de évwplrara kai oxnudrioe 11} BfaBid nermo/6non 811 avaykaio rmapdyovra yid Trjv
nmpéodo tol €Bvouc 84 drioteAolae ) GpTia KATEPTION TWV TEXVIKWY Uag O€ TUV-
Sdvaoud mpdg Trv fBikri Tous dywyr].

Triv mermo/Bnaori Tou auTr T} HETETPEWE T€ yevvala mpdén evepyeoiag, drav KAn-
pod8dTnoe 0eBacTd Mmoo yid T ouaraon ‘I&pluaroc mou Bd eixe w¢ agkond vd
ouufdAer orriv Texvikly éxknaidevan twv véwv 1h¢ ‘EAAGJSac.

Mé 16 B. Aidrayua 1ii¢ 10n¢ @eBpouvapfov 1956, ouveorriBn 16 ‘1dpuua Euvye-
vidou kai kard triv émBuula ToU 61aB€Tn TOU GvEéAaBe Tr) d10iknon n AoeEA@ri Tou
Kuplfa Map. Ziuou. Aré try oTiyur éxkeivn Gpoxroav moayuarorroliouuevor oi akorrof
mou opauartloBnke 6 Evuyévioc Euyevidng kai cuyxpovwe n ekmAnpwaon uias ano Tic
BaoikéTepeg dvdykec Tou €6BvikoU pacg Blou.

Kard rriv kAnudkwon twyv okormwy tou, 16 ‘1dpuua npdrale rriv ékdoon Texvikwyv
BiBAiwyv Té00 yid Abyoug Bewpnrikoug 800 kal mpakTikouc. AiamoTwBnke nmodyua-
71 OTI GrTOTEAET mpwTapxIkr} dvdykn O épodiaouds Twy ualnrwv ué oeipéc aro Bi-
PAia, Td omoia 684 €Gerav 6pOd BeuéAia arriv naideia Toug kal 8d drmoreAodoay
guyxpoOvwes moAuTiun BiBAI0Brikn yid kdBe TexvIKO.

EidikéTrepa, Soov apopd ord exmmaideuTikd BifBAia Twv uabnrwyv twv Anuociwyv
2xoAwv Europikol Nautikod, 16 “Idpuua dvéAaRBe triv €ékdoor Touc aé mAripn kai
orevr) ouvepyaola ué trp AievBuvon Naurtikiic ‘Exknaidevoews to0 ‘Yroupyelou
Eurropixric NauriAiag, ord trjv eérmorrrela 106 ormofou Omdyovrar of ZxoAéc auTtéc.

'H dvdBeon o106 “1épuua Eyive ué triv onm’ GpiB. 61288/5031, riic 9n¢c Avyou-
orou 1966, drépaon rod ‘Ymoupyelov 'Eumopikfic NautiAlag, oriéte kal ouykpo-
1rlnke kaf ry ‘Emrpor} Exkd6oc€ewnv.

Kupiog okonés Twv ékd6oewv auTwv eivar 1 mapoxr mpds rouc uabnréc rwv
VaQUTIKWV OX0AWVY TWv avaykalwv €KmaideuTIKWV KeEIWEVwY, Td orroia avrioToixolv
npog 1d paBriuara mou disdokovrar oTlc ZxoAéc auTéc.

Eniang éAripBn npdvoia, wote 1d BifAla va eivar yevikéTepa xpnoua yig 8Aouc
ToUuS asiwparikous Tod "Eumopikold Nautikol, mou dokodv.ridn 16 éndyyeAua kai é-
seAlooovrar arriv lepapyia Tod kAddou Touc.



Oi ocuyypageic kai 1 ‘Emrtpor) ‘Exééoewyv Ttou ‘Idpuuaros karéffadav kdBe
noooardOeia, waore vd BiBAia vé eivar émornuovikds doTia GAAG kai mpooapuooué-
va oTic dvdykeg kai Tic duvardrnres Twv pabnrwyv. 1" autd kal 7¢ BiIBAla auTd é-
xXouv ypagei o€ anir yAwooa kai avdAoyn nmpdg¢ 1ry ordBun 1 EKMQIGEVTEWS yId
rriv ormoia rmpoopilerar kGBe oelpd Twv BiBAiwv.

"ETor npoo@épovrar aTd €UpU KOIVO TWV KABnynTwyv, Twv alnTwv 11§ VQUTIKIS
uag éxmraroevoews kai 8Aoucg rous dérwuarikous Tou E.N. 0i €k000€Is ToU 1dpuua-
TOG, TWyV oroiwv n cuuBoAr orrv npayuaTomoinon Tou okorou Tou Euyeviou Eu-
vevidou éAmiCerar vd elvar ueydAn.

2riuepa 10 ‘1dpupa Euyevidou ué ueydAn euxaplornon nmooxwpei, o€ ouvepya-
ogia rgvra pé€ 16 YEN, orrj ouyypa@ri kal ékdoon BiBAfwv yid Tad Naurikd Nukera kai
AA2EN, pe paon ndvrore 1d dvaAutikd nmpoypduuara Tod Uroupyeiou.

ENITPONMNH EKAOZEQN IAPYMATOZ EYFENIAOY

‘AA€Eavdpog |. MNammag, ‘Op. Ka®nyntrg EMM, Mpébedpog.

Xpuobéoropog P. KaBouvibng, AmA. Mnx. - '"HA. EMMN, 'Emitipog Aoikntig O.T.E., "Avrinpbebpoc.
MixanA . "AyyeAémnoudog, Taktikdég KaBnyntag EMIM. 1. AioiknTtAc AEH.

"EAAGbI0g Zibepng ‘Ymovauapxo¢ Mnx. (¢ &)

‘Avaoraociog Anpapdakng, MAoiapxog A.Z . AeuB Naur ‘Exkm. Y.E.N

2UpBouAog émi Twv éxddoewy ToU Idplupatog Kwvor. A. Mavaeng, Kadnyntic ®iAoocodikic ZXoARc
[Mav/pyiou "ABnvwyv

pappatedg 1rig 'Emrponig, AnpoaBévng M. Meyapirng.

Eidikog "EmoTnuovikdg ZupBourog via 16 BiBAio JuoTApata AutopdTtou "EAéyxou 6 k. N. KpikéAng,
Ka®nyntng E.M.M.
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‘H gvdarruén Twv cuornudrwyv auroudrou éAéyyou dpxioe kuplwg Aro Triv €ro-
xr) Tou B Maykoowulou MNMoAéuou, 8rav mapouaidaBnke r) dvdykn yid kaAuTepeg kal
dKkpIBEOTEPES IMOAELIKESC KAQTATKEUVES.

Aré T6T€E 1) €EEAIEN Tri¢ Bewplag Tod auTtoudTou éA€yxou OTOUS 31IaPOPOUS TO-
ueic TA¢ TexvikAc, nrav paydala.

2rriiv Gpoxr ¢ cuaTiuara auroudTou €A€yxou rav oxeTikd dnAd kal mepiopllov-
rav oré vd éAéyyouv cuoTriuara ué ula eloodo kal ula €éodo. Mé rrjv ndpodo rou
xpovou kal Tiiv avdnrruén 1ric Bewplag éfeAlxBnkav o€ cuaTrjyara auroudTou EAEY-
xou ué moAAéc eloddous kal moAAég éfédoug, 8rou n kAaooikr Bewpla dév uro-
poUoe vd Swaoer drravrrioeis oTd dvagudueva npofAriuara, kal Eror dvarrruxBnkav
GAAec Bewplec ol oroiec dvdueoa ard dAAa Aaufdvouv urréywn Toug kal Try oTaTI-
oTikr} karavourt twv onudrwy elocédou.

‘H €&€Aén Tic émorriuns twv nAextpovikwyv kal Twv wyn@rakwv KUKAwpdTwy,
kaBuwc¢ kal Twv nAektpovikwyv uomoAoyioTwy, Edwoe Ttepdoria wlnon orrjv épeuva
1ii¢ Bewplas Twv cuoTnudrwy auroudrou €A€yxou. Zruepa Exoue @OBdoe! o€ Té-
TOI0 ONUEIO MPoddou, WOTE O EAEYXOC Tric mapaywyrc Wac Biounxavikrs €ykara-
OTdOo€EwWS vd npayuarornoleital OAokAnpwrikd arré €vav HIN orroAoyiorh.

‘H ouyxpovn €&AIEn Twv LKoo - NAeEkTpovIkKWY KUKAwudTwyY kal ) éupdvion
TWV UIKeoU K8TTOUS LIKOO - UIMOAOYIOTWY Kal UIKPO - EAEYKTWV €lvar dAuaTwdng.
Kal éror aurny try oriyury 6év urmopolue vd nmpofAéwoue 1ic peAdovrikég ééeAlbeirc,
mou rnydaouv Ao trjv lkavdrnra kal éPeupeTIKOTNTA TWYV OXESIQOTWY 0TS Tes/o
EQAPLOYWYV TWV WIKPO - UITOAOYITTWV.

‘Erol, kaBnuepivd eugavifovrar véa ouarriuara Lé ouvexws auéavoueveg duva-
rérnreg, Smwe m.y. auTduara ouaThuara vauainAoiac uéow Sopuddpwy, auTéuara
unxavoardoia, auréuarn oiakivnan €umopeuudTwy, auTOuUATES TNAEPWVIKES TU-
okevég rou Buuodvrar uéxpr 100 A nepicadrepous dpiBuouc TnAepwvwyv kal rmoA-
A€¢ GAAec épapuoyéc.

) Kard ) ouyypa@r) karafBAriBnke npoamndBeia, Wore 1y GAn ol BifAlou vd urv
e/var oynAod uabnuarikol émmédou, GAAG oé dpiouévec mepimTwoeic To0To NTav
avanégeuvkro. llapadelyuaros xdpn orri uaBnuartikry dvdAvon Twv drapdépwv Lov-
TeAwv auroudrou éAéyxou 8rrou eladyerar 0 Spiouds Tod peraoxnuatiouol Lapla-
ce, karaBAriBnke mpoondBeia yid Triv oo 16 Suvardv dnAouarepn rmapouvoiaon. ‘H
nmAnpns pabnuarikry dvdrruén tol peraoxnuariouod Laplace kaBuwg kal & Tpdroc
nmou énavepyxoépaocBe dré 16 medlo tri¢ cuxvdTnTag oré medlo rod xpbvou, SnAads

O avrloTpogog pyeraoxnuariouds Laplace, dvanruooovrar éxkTevwc o1é mapdpTnua
mou dxkoAouBer trjv kupia GAn ol BiBAlou.



EmBuuw xal and try G8éon aurry vd euxapioTriocw Tév kaBnynrr rod EM.M1. k. N.
KoikéAn yid tic moAuriues kal €rmoikodounTikéS Tou rmaparnproeic ot d18pBwan
rou [ifAlou.

Enfong 16 mnpoowmkd Tou Euyevidelou Iopuuarog yid rriv adidkorn [oriBeia
kol ouvunapdoraor) Tou orlc didpopesc @doeis ocuyypapric Tod BiBAlou.

Od nrav Idialrepn Ikavorolnon yid 16 cuyypapéa, édv 16 BiBAlo autd auvéBale,
EoTw kal Alyo, orrjv karavonan aro rous Mnyavikous A§iwpuarikoug rod EN rwv
rmooBAnudTwy 7¢ oOrroia dravrwvrar onNuePa aro Triv 0OAoéva auéavouevn epapuo-
vri Twv 2uoTnudrwy Auropdrou ‘EAéyyxou oTa niAoia.

‘O oguyypapéacg



KEQAAAIO NFAQTO

EIZAMQMH

1.1 ‘loTopiki} Gvaokénnon.

'H np)tn onuavTiky épyacia aT1d medio ToU autoudTtou €Aéyxou AvapepeTal
oTév James Watt (18oc¢ alwvac), & dmoiog kataokeuace 16 GUYOKeVTPIKO pubuI-
oTh via TOov €Aeyxo TAG TaxuTnTag TAG ATHOUNXAVAS.

'And TOTe Sekddec ¢moTAPoveg €xouv TTpoadépel anuavTikd €Pyo OTOV TOPEQ
autd, dnwe 6 Minorsky, 6 Hazeu kai & Nygwist.

T6 1922 & Minorsky Siapdpodwaoe T Bewpia yid Toug auTduaToug pubUIOTES
TGV mndaAiwy TWv mhoiwv kai €Seife 611 f) eboTdBela ToU cuOTAPATOG UTTOPET VA
nmpoadiopioBei and Tig Sdiddpopeg é§icwaelg TAg Suvapikng Tou,

To 1932 & Nyquist dvérTule 1A Bewpia TAg eloTdBeIcg €vOg KAeIOTOU KUKAW-
uaToc éAéyxou otnpilopevog aTd oToixeia AeiToupyiag ToU dvTioToIxou CUOTAUA-
TOC AVoIKTOU KUKAWwpaTtog, &dnAadn 1ol Xwpic dvadpacn oucTNPATOS.

T6 1934, 6 Hazeu kaBiépwaoe TOV Hpo «agepBounxavioudey yid TG cuoTAUATa €-
Aéyxou Béoewc. ETA SdekaeTia ToU 40 xpnoiyornoinBnke MoAu ) uéBodog oxedia-
opoU &1d péoou TRg AvTidpdoews TOU CUOTHEATOG OTN OUXVOTNTA.

216 T€ENOC Th¢ SekaeTiag ToU 40 kai oTig dpxég TAG dexkaeTiag Tou 5O dvarmTuxOn-
ke 1| H€EB0SOC TOoU yewpeTpikoU TéOTMOU TWvV PICWV.

Ol 600 auTéc uéBodol dnoteAolyv kai onPepa TH Baon THS KAaoIkAg Bewpiag ToU
auToudTou éAéyxou kai 6ényolv o€ kpITHpIa eVoTaBelag ToU oxedialduevou Ou-
OTNHATOC.

T6 énopevo BApa €yive PYé TRV épappoyn TWy cuoTNUATWY QUTOUATOU EAEYXOU
o€ ocuaTnuaTta pé MoAAég eloddoug kai MoAAég éEodoug. "'EdW, i) kKAaoikn Bewpia
§€v umopei va dwoel dmavrtioelg otd dvapudpeva npoBAnuara. "Evor dvamruxen-
kav AAec Bewpieg ol Omoieg, dvapeoga o’ GAAa Aaufdavouv UToyn Toug T OTATI-
OTIKA katavoun Twv eloddwv k.4.

‘H €EeEAEN TAG émMOTANNG TWV AAEKTPOVIKWY KAl TWV YnPIakwy KUKAWPATWY,
kaBwg kai TWv HAexTpovikwy UTToAoyIoTWY, €dwoe A TepdoTia wWONon oTHV é-
peuva TN Bewpiag TWV cuoTNUATWY AUTONATOU €Aévxou. ZNuUepa éxope pOBAGoE!
O€ TETOIO onueio mpoddou, waTe O ENeyxog TRG Mapay wynNS pIag Biopnxavikig éy-
KATAOTATEWS va ékTeAeital OAokANpwTIKG péow évo. H/N GmoAovioTh.

‘H alyxpovn €EeAEN TWV PIKPO-HAEKTPOVIKWY KUKALUATWY Kai ) Eudavion Twv
LIKPOU KOOTOUS HIKPO-UTIOAOYIOTOV Kai UIKPO-EAEVKTL + €lval GAPATWéNCS, €Tl (-
OTE QUTN TN OTIYUN va uNv pyrmopoUpe va mpoPBAéyope Tic peAAovTikéc eEeAiteic, mou
nnyagouv and TAv lkavoTnTa Kai ¢PeupeTIKOTNTA TWV OxediaoTwy oTd medio édap-
HOYWV TWV UIKPO-UTTOAOYIOTWV.



| B

"ETol kaBnuepiva éudavilovTal véa cuoTAUATa YE Ouvexws avtavoueveg Suva-
rOTNTEC, OTTWC M.X. AUTOPATA CUOTALATA vaudIimAoiag éow Sopuddpwy, auTdéuarta
unxavooTaoia, autopatn Siakivnon éummopeunaTwy, aQUTONATES TNAEQWVIKEC OU-
okeuég mou BupouvTal péxpl 100 A mepioodTepoug Ap1BUOUG TNAEQWVWY Kai MOA-
AEC GAAe¢ édapuoyeEg.

1.2 "‘Opiopol.

2TAV mapdypado auTh elgdyopue TAV AnapaitnTn vid TAV Trepiypadri TWyv ouoTn-
HATWVYV auTOUATou €Aéyxou OpoAovyia.

Eyxaraocraon.

‘H éykaTtdoTaon eival unxdvnua f olvoAo unxavikdv ékapTnudTtwy, Td dnoia
epyafovtal padi, ué okomd TAV Mpayuartonoinan piag Opiouévng AeiToupyiag. 216
BiBAIo BG dvoualoue eykatdoTaon €va puoikd AvTikeipevo Mol BéAope va éAévEo-
UE.

Eneéepyacoia.
Eival ol §iadoxikég AeiTtoupyieg, ol droieg émdépouv 1O émBuuNTO droTéAeopa.

Zuornua.

Eival ocuvéuaoudg éfaptnudtwy, cUoKEUWY A AeiToupyidv, Ta omoia émdpoiv
peTafl Toug yId TAV MPayuaTonoinon cuykekpiyévou akomol. TO cloTnua &év €i-
val dnapaitnto va éxel dpuoikh UndoTaon: pmopei va eivar BioAoyikd, Suvapikd A
OiKOVOUIKO.

Aiarapaxi.

‘Ovoudleral 76 gfua (NAekTpIkd f pnxavikd) mol énnpedler TAv €£odo évoc ou-
oTAMaTos. ‘OTav ) diatapaxn éxel eéEwyev MPoéAeuan AéveTal é§wrepixnr, évw 8-
Tav mpokaAeital and 1o 1810 76 cuoTnua Aéyetal éowrepixi).

‘EAeyxos ué avddpaon.

Eivai A popdn €Aéyxou pé TAvV drmoia, kai dtav dkbua Undpxouv Siatapaxéc,
Siapopad Ti¢g €£0660u TOU cuoTANATog Kai piag TumkAg eladdou dvadpopdc, pelwve-
Tat+ otd éAAxIoTO.

Zuornua éAéyxou ué avddpaon.

Elval 76 ocUoTnpa ol Siatnpel pid nmpokaBopiopévn axéon dvapeaa oTAv €£080
100 guoTAuaTtog kai TAV eloodo dvadopds, ouykpivovTag Tic. AuTd émiTuyxaveral
ué xpnoigomoinon wg Yéoou éAéyxou TAG dladopdg Tou.

Zepfounxaviouog.

'Ovopdletal 16 cuoTnua éAéyxou pé avadpaaon, Tol dnoiou A €§odog eivai i un-
xavikn 8éon, A TaxutnTa A A émTtaxuvaon. MN.x. /| €§odog evdg ogepBopunxaviouol
uttopei vé eival 1) Béan ¢vécg épyaleiou korfig TOpvou yia T6 énbuevo oTddio Top-
vapiopatog f ) Taxytnta HeTakivigewg ToU GopTiou €vOg yepavou g€ mepinTwan
KIVOUVOU KATT.

1.3 "EAeyxo¢ kA€ioToU kal GvoikToU KUKAWHATOG.

YTAV mapdypado auTh elodyoue Tig €vvoleg ToU AvoikToU Kai TOU KA€IOTOU Ku-

EYr
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KAWPaTOC, 0TA cuoTAuata ToU auTopdrou éAéyxou kai mepiypadope Tig Baoikég
Slapopéc yetall Toug, mpdyua nou dieukoAUvel 161aiTepa T HEAETN TWV TTPAKTIKWY
ouoTNUATWY TWV émopévwy kKedaAaiwv.

1.3.1 Zuornuara éAéyxou KA€IOTOU KUKAWUATOG.

TO kAeloTd KUKAwpa éAéyxou, 1 €Eodog mailel mpwTapxIkO POAO OTOV EAeyXO
rol ouoTAPAToc. AnAadnA TO KAeIOTO KUKAwPa EAéyxou eival kUkAwuPa pé dvadpa-
on (feed-back).

316 oxnua 1.3a daiveral i yevikn didtaén évog TéTolou kukAwpaTog. "Omwg €l-
val davepod, TO agfua TA¢ elobdou cuykpiveTal pé 16 ofjua TAG €E6dou TOU CoUOTN-
uaTtoc éAéyxou Kai €Tol TO gfjpa nou évepyorolei 1) Sivel EvTOAEG OTAV eykaTaoTa-
an eivalr 76 ofpa opdaiuaTtog A Siadopdg petatl eloddou kai ¢Eddou.

: Z?]]J.G. 0V |
g L OYRPLTTC , "Eynatactaom —
Eloobocg 0 PAAUATOG "£E060C
Movaba HETPROEWS | .
Mg €Eobov

Xx. 1.3a.
Mevikn Si1ataln évog cuoTNPaTog €AEYXOU KAEIOTOU KUKAWRHATOC.

AnAadn pé TRV dvadpaaon xpnotpomoiolpe T6 ofua ¢§68ou yid va éAaxioTomoIn-
ooue TO oddAua mou UTEICEPXETAI OTAV €ykaTaoTaon.

“Eva mpakTikd napddelypa TAc kadnpepiviig yac Lwhg eival T6 oUaTnra TAS Kev-
TPIKAC Bepudvoewc TWV KTIpiwv. "Ekel, ofua eicddou eival ) Béan Tol BepuoaTd-
™, 6nAadn f émBupunTth Bepuokpaaoia mepiBaAAlovTog. ‘H kevTpikh Béppavan Ael-
TOUPYE] OUVéXela PéEXpIC OTou émTeuxBeil fy émBuunTh Beppokpacia ToU xwpou
nmoU B€éAope va Bepudvope. ‘H yérpnon TAC Bepuoxkpaaiag viveTalr ouvéxela Kai
doo umndpxel diadpopd petalu TRg Béoewcg ToU BeppuoTdATN KAi TAC Bepuokpaaiag
moU deixvel TO BepudueTpo ToU xwpou, T6O cloTnua 64 Aertoupyel. "OTav ) diado-
PG auTtn pndevioBei TOTe TO guoTnua mavel va Aeitoupyel. "Otav ué TRV NGpodo
TOU XpoOvou 1| Beppokpacia ToU xwpou ueiwBei, T6 cuoTnua favaunaivel g€ Ael-
Toupyia kai é€tol | Bepuokpacia diatnpeitar oTabepn.

ITAV napandvw nepinTwaon Té oloTnua €ivar alTéopaTo, yiati & dvBpwroc Sév
rmaipvel yépog otnv OAn Siadikacia, mapd povo yid va kabopigel Tic €mMBUUNTEC
ocuvBnkeg i Td Ypia AeiToupyiag ToU ouOTAPATOC.

"Av KAmolog Xelp1oTng mapakoAouBoloe TA AeiIToupy 1 TOU guaTiuaTtog kai dtav
N Siagopd TAg Bepuokpaaiag yeTall TAC E¢mMBUPNTAC KMl TAC MpaypaTIKAg undevi-
¢oTav, €kAelve TO diakomTn AelToupyiag ToU oUOTNEA G KEVTPIKAG Bepudvoewc,
TOTE B4 €ixapye €va xelpokivnTo ouoTnua éAéyxou kA~ aToU KUKALATOC,

1.3.2 Zuornuara éAéyxou GvoikTOU KUKAWMATCS,

' ’ ’ ’ ’ T ’ ~ = ’
AVOIKTO KUKAwpa €Aéyxou eival €KeIVy gTd dmoio 1 é€odoc Tol oUTTANATOC



dev naiCer kaveva poAo ot diadikaagia eAéyxou. 210 oxnua 1.3B daiveTal f yevikn
diaragn €vog TETOIOU cuoTnuaTtog. Mmnmopouue eUKOAQ va mapaTtnPnooueE Ti¢ Siado-
DEC TOU AVOIKTOU Kai TOU KAEIOTOU KUKAWNATOC EAEYXOU, v CUYKPIVONE TA OXApA-
ta 1.3a kai 1.30.

2TO oUuOoTNUa €Aéyxou AvoikToU KukAwuaTtoc, f €éodog d€v aouykpiveTal Yé TAV
eicodo. "ETol yia kGBe onua elcddou avtioToixel uid oraBepn Siadikaoia Aeitoup-
yiag TNG €ykataoTacews. H Aeitoupyia kai | andédoon €vog TETOIOU CUOTANATOC €-
fapTATal ATMOKA€IOTIKG amd TAV AKPIBeEIa TwWy CUuVIOTWOWY TOou Kai amo Tig €l-
godouc¢ Siatapaxnc.

- ’E)\Ey}aﬁg ’Ey}{atcllcraa'q - —
FLooboc¢ EEobog

Zx. 1.3B.
Fevikn diataln evog cuoTAUaTog éAéyxou AvoikTOU KUKAWPATOC.

Napadeiypata cuoTnudTwy éAéyxou GvoikToU KukAwpaTtocg dmnoteAolv dAa Tda
guoTnuaTta €Aéyxou mou €pyalovral pé xpovikd mpoypappaTiopo.

"Eva Tumkd mapadeiyya cuoTANATOC AQUTONATOU €A€éyXou AvOoIKTOU KUKAWHATOC
eival TO auTépaTo MAUVTAPIO pouxwy, TO dmoio mponAével, mAével, EeByaler kai oTi-
Bel TG poUxa xwpic va evdiadépeTal v TG polxa é€xouv nmpayuaTikd kaBapioei i 6-
X1

'O xpoVvIkOg TTpoypauuaTIoNos Twy PwTwY KUKAopopiag oTolc auTokivnTOSpo-
uouc eivar éva 8AAo mapddeiyua évoc TETOIOU CUOTANATOC.

MeTa TNV elcaywyn Twv BacikwWy €vvoiwy TWV CUOTNUATWY €AEyXOU AVOIKTOU
KAl KA€EIOTOU KUKAWHATOG, TPOXWPOUME O€ pWia ouykpion JeTatu Toug, yia va diami-
OTWOONE TA MAeovekTApATa A pelovekTApaTa mou mapouaidlouv.

1.3.3 Xuykpion cuorTnudrwyv GVOIKTOU Kai KAEIOTOU KUKAWUATOC.

T6 omoudaIdTEPO TTAEOVEKTNHA ¢vOC CUOTANATOS KAEIOTOU KUKAWHATOC €ival A
xpnoigomnoinaon Tou anuartog é¢ddou (avadpaon) oThAv €icodo ué dnoTéAeoua TAHY
eUoTABEIa AeiToupyiag TOU CUOTAUATOC Kai TAV AvBeKTIKOTNTA OTIC €EWTEPIKEC 1) €-
owTepIkéEC diaTapaxéc. "ETol, ué TA xpnoiyomnoinon oxeTikG ¢Bnvwy UAIKWwyv, TToU
S€v eival dkpiBRA, urmopolpe va KaTaokeudoope owoTd kai dxkpiBA cuoTANaTa av-
TCUATOU €AEyxOU.

AUTO &€v propel vd yivel ot cuoTAuaTa €AéEyXOou AVOIKTOU KUKAWMPATOG.

‘Ao TAV Gmown TAS eUoTdBeIag €va oUoTnua AvoikToU KUKAWHATOS €IVl VEVIKA
eUKOAO vAQ KATAOKEUAOTE], yiaTi | evoTaBeia ToU CUOTANATOG NMAPAPEVE! APETA-
BANTN, mpdyua mou anoTeAei ocoBapd mapayovta 10 OxedIAOUO TWV CUATNHATWY
KA€IOTOU KUKAWMATOC. TO ormoudaldTEPO WEIOVEKTNHA TOU AVOIKTOU KUKAWMATOC
eival 811 6moiadAmoTe Siatapaxn, éEwTepikn | ¢owTepikn, ummopei vd AAAGEer TOv
TPpOTO AeiToupyiag, ué anmoTéAeogpa N €§odog TOU cUOTNPATOG va PNV elval ma n é-
mOBuunTA. "ETol, ouoTApaTa éAéyxou AvoikToU KUKAWHATOG XpNoIdomoloUvTal ékel
drmou &év avapéveral 1) Umapén SiaTapaxwyv oTnA A€iIToupyia Toug.

Ma TAv kaAUTepn katavonon dowyv avanruxonkav mnapanavw Sdivoue napakdtw
Siadopa ArAd napadeiypara:



Y |

[Mapddbeyua 1.

516 Sidypauua ToU axnpaTog 1.3y va kaBopioeTe TAV eicodo kai TAv €§060 TOU
ouoTApaToc puBuilépevou dvakAaoTtinpa déoung GwTOG.

Ka-&pémnc;
%
Mayn %
PwIOg i i
r——— L KoxAlag pudHLOEWG
t a’. n

——— Emureebo
avagopag

NoAOC TEPLOTPOPTC

Ix. 1.3y.
IxnuaTtikn nmapaoraon evog puBuilopuevou aGvakhaotipa déoung GwTOC.

Anavrnon.

STAV TepimTwan auTh, eival davepd 8T A eigodog Tod ouaTANATOC eival A ywvia
kAiocewg ToU kaBpénmTn (O), A dnoia petaBaAreTal pé TRV MepioTpodr TOU KOXAIQ.
‘QQc €¢0dog¢ TOU OCuoTApartog umopel va BewpnBel i ywviakn Béon TR¢ dva-
kKAwpevng akTivag owTtoc. AnAadn A ywvia © + a nmou oxnuaTileTal pé 16 éninedo
avadopag.

Mapadeiyua 2.

KaBopioTe 1G oToixeia ToU BioAoyikoU cuoTApaTog éAéyxou ToU axfpartog 1.36
TO Onoio elkovilel €vav GvBpwno mou mpootraPel va mdaocel €va AVTIKEIPEVO.

ﬁ __— Eynegpaiog
b

YOO

{e— AVTIXELLE VO

t i '
OE0M AVIIHELLEVOU

6e0n YEPLOU

Zx. 1.36.
"AnAd BioAoyikd clUoTnua éAéyxou.
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Anavrnon.

'ESW urmopoupe va kaBopioope, w¢ KUPIAQ OTOIXEIQ TOU CUCTTANATOG EAEYXOU,
TOV éyKEDAAO, TO x€p! TOU dvBpwmou kai Ta paria. 'H Aeitoupyia ToU cuoTANATOG
UTTOPET va mepiypadel wg €ERC:

‘O éykédaArog OTEAVE!I TO ATMMAITOUPEVO OrNua TTPOC TO XEPI, HEOW TOU VEUPIKOU
CUOTANATOC, VIA va mAaoel TO AvTikeigevo. AUTO TO OAUA évIOXUETAlI OTOUG PJUG TOU
xeploU, ol émoiol xpnolgomolotvTal w¢ kupia pyava ioxuog ToUu ouoTANATOoG. Ta
uaTia xpnoluomoloUvTal yia vé mapakoAouBouUv kai va Sivouv cuvexweg mAnpodo-
pie¢ oTOV €yke€EPaAo yia T BEan TOU XeploU.

‘Emopévwe, f) Béon 100 xepioU eivar i é€0do¢ ToU cuaTApaToc. ‘H eicodoc Tod
ouoTAUATOC eival A Béan ToU AVTIKEIPEVOU.

Ykomoc ToU CUOTANATOC €Aéyxou eival A peiwon TAC dnooTdoewc ToU xepIoU
Kai ToU avTikelgévou oTO pndév. 270 oxnua 1.36 ol diakomroueveg ypappeg &ei-
xvouv TR &lelBuvan ponRg Twy TTANPOPOPIWV.

lMapaderyua 3.

‘E&EnyAoeTe mwe BAG umopoude TO auUTOUATO MAUVTAPIO pouxwy, TO OMoio aTo
Keinevo 50BNke wc¢ mapaderypua AvoikToU KUKAWNATOC EAEYXOU, VA PETATPATIET O€
KAEIOTO KUKAWUa €Aéyxou.

‘Anavrnon.

"Ac urtoBéoope Ot BAeg ol moooTnTeg mou kaBopifouv TH A€IToupyia ToU TMAuUV-
Tnpiou, &nAadn & kUkAog MAuciyaTog, A moagdTnTa TOU Vepou, ) Bepuokpaaia Tou
vepou, N moodTnTa ToU AnoppumavTikoU KAT. pmopouv kai puBpuilovral and BaABi-
dec fj Bepuavripec.

“Eva autépato NAuvTAPIO KAEIOTOU KUkAWMNATOC EAEyxou BAa peTpolOe, CUVE-
xela i neptodikd, 76 moocoTo kaBapdTnTag TWV pouxwy, TAV €Eodo SnAadn, kai B4
kaBopile Tic SiIGdopec moooTnNTEC elgddou, €TOl, WOTE va TEAEIWOEI TOV KUKAO A€l-
Toupyiacg Tou 8tav T@ polxa B4 eivar 100% kaBapd.

Tapadeyua 4.

2xed1doTe €va AnAG guoTnua éAéyxou TO Omoio avaBel Td ¢wrta ToU KATTOU TO
Bpddu kai Tad gBAvel TO Mpwi.

"Eva anAd cguoTtnua mou ékTeAel Tic mapanmdvw €évToAég ¢aiveTtal oTtd oxfua
1.3€.

"Avaloya pé 1O pwTIOHO, TO dWTOKUTTAPO, TO OMOI0 évepyel we SiakdmTNg, d-
voiyel | kKAeivel TO KUKAwpa Tpododoaiag Twv dwTwyv TOU KATOU.

lMapaderyua 5.

2xedIAoTe pia auToOpaTn TOOTIEPA KAEIOTOU KUKAWHATOC €AEéyxou.

210 oxnua 1.3o0T1 ¢aivetal €va and Tad Siadopa diaypdupara nol B8G unmopoloe
Kavei¢ va axediaoel.

AiGd péoou ToU KaBpénTn, TO QWTOKUTTAPO AVIXVEUEI TO XpWHA THS dpuyavidag
kai évepyorroiel katdAAnAa ™ SdiakomTn diakonig TAg Tpododoaiag TAg AAEKTPIKAC
AvTIOTAoEwWS Bepudvoewc.
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QwtonvuTtTAapO
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Ix. 1.3e.
IxNUATIKA MapdoTacn auTopdaTou ouoTAPATOG GWTITUOU KATIOU.

TTOXELD YEPUAVIEWL
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Ix. 1.30r.

Aiaypappa autépatTng TOOTIEPAG KAEIOTOU KUKAWMNATOG.

1.4 Baoikég adpyég oxedbiaopou cuoTnuarwyv éAéyyou.

"Eva oloTnua éAéyxou mpérel va eival oTaBepd. "Akéun i) TaxTnTa pé TAV O-
noia auTé dvramokpivetal oé kdBe dAAayn Tol ofRuaToc elogbdou B4 mpémel va eival
IKavoroINTIKA JeyaAn, xwpic duwg ToAAég diakupavoeig Aeitoupyiacg. [evikd, Eva
oUaTnua éAéyxou Tpérel vda eival gé Béan va peilivel TG Tuxov oddAuata oTd un-
S€v, B 0€ TIpég KOVTA oTd Pndév, ¢ddaov auTd eival MapadekTd yid T cwoTh Aei-
Toupyia ToU gUOTANATOG.

216 oxAua 1.4 ¢aiveral K yevikn SiaypaupaTikni Siaraén évog ocuoTripaTog auTo-
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Zx. 1.4.
Fevikn diaypappuartik siGrain évog ocuoTApaTog autopudTou éAéyxou.



uAaTou éAéyxou. TO ouoTnua eheyxou (€EAeykTAG) éudavilel TG Si1ddopa opdAuara
moU MPOKUTTOoUV Ao TN oUuykpion JeTatu Twyv onuaTtwyv elcddou kai €¢E6Sou ToU
OuOTANATOC.

2€ KGBe mpaypaTikn éykaraaTaon undpxouv, oxedov mavTa. HEPIKEC SiaTapa-
x€¢C, MoU émdpolv duopevig oTAH AeiToupyia ToU CUCTARATOS. AUTEC umopei vd el-
vai ¢EwTepikéc i) EowTepPIKES, Tuxaieg B dvapevopeves. To BERaio eival 8Ti B4 mpo-
kaAéoouv AvwuaAia ot AeiToupyia ToUu cuoThAuaTtog v Sév dvTipeTwmaoBouv ka-
TAAANAQ.

[1a va ynopéoope va BeATiwooue TN AeiToupyia ToU cuoTAuaToc, mpémel va Opi-
JOME KATIOIO JETPO CUYKPICEWCS TWV ANMOTEAeOATWY I TNS arnoddagewc Tou. TO on-
ua €Aéyxou tmoU ikavorolel kaBopiogueveg npodiaypadeg OvoualeTal vounog EAEy-
xou 1\ dradixaaia éAéyxou. levika, A émiAuan ToU mpoBARuaTog TAG émBuunTNg &-
MmodOTewWC €vOC CUOTAPATOC AQUTONATOU éA€yxou, KaTw And TOUC UTTAPXOVTEC TE-
xVOAOyIKOUC kai olkovouikoUg mepiopiopolg, akoAouBel Ta ¢&Ac oTadia:

1) "AvadAuon Twyv dnaithoewyv kai TAg dnoddcgew¢ ToU umdywn cuoTAuaTos. ‘H a-
vaAuon autn Baoiletal otdo paBnuaTtikd povTéAo ToU und oxediaon cuoTHPATOC.

2) 2xediooudc TOU CUOTANATOG €KEIVOU TTOU €kTTANpwvVeEl OAec Tig AMaITNOEIC
moU mpokumTouv ard v avaiuan.

3) ZUvBecn Tol ouUGTANATOC, TMOU guvABwc eival pabnuaTiki Kai peBodoAoyia
nmpoaodiopiornl ToU UTO PYEAETN OCUOTAPATOG EAEYXOU.

Fevikd i) GAn Sicdixaaia elvar émimovn kai 6 oxediaoTAC Mpémel va éxer Unéwn
Tou HAoucC TOUQ e . opigrolcg A drnayopeuaei¢ moU undpxouv fj mou B4 napouagio-
ogroily. ©a npénel va cival gé Béon va Siakpivel 8T mBavov dpiouévec amo Tic a-
nairfoeic Sév eiva:r pealiaTikég, OTOTe BG mpémel vd kAvel dvabdidpOpwan TV
noodlayprouy Kkai dricitnoewyv and Tig dpxikég Ppaaoeig ToUu aoxediaguodu.

1.5 ‘Episrihiiets,
Ti 6voualoue ocuorTnua C75v auTOUATO EAEYXO;
Ti dvopudalope datapaxn, Ti EAcyxo ué avadpaon;

3. Ti 6vopadeTal gepfounxaviouog;

4. 2xebiaaTe 1N yevikn 61arakn evog cuoTAPATOC EAEYXOU KAEIOTOU KUKAWWATOG Kai éne§nynoeTe 1A
AeiToupyia kGBe povadacg Tou.

5. Noia i diapopd petalu €vog CUOTNUATOG QUTOUATOU €AEyXOU KAEIOTOU KUKAWMATOG Kai ¢vog a-
VOIKTOU KUukAwpatog, AwoTte napadeiyuara.

6. MNari éva oloTnua auTopdTou éAéyxou mpéner va eivar oTaBepd:

7. Noid Sabikaocia oxediaopol évdg ocuoTANATOG QUTOPATOU éAéyxou AkoAouBeitTal ocuvABwC:

8. MNepiypawTte diapopa cuoTAuATa aUTOUATOU éAéyxou Ta Omoia undpxouv péoa o’ €va amirtl.

1.6 'Aokroel.
1. MNepiypawTte TA A€iToupyia ToU aUTONATOU CUOTANATOG EAEyXOu Mou daiveTal oTd Sidypaupua Tou
oxAupaTtog 1.6a.

"Erteduunto . ) p- Npa armé
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Ix. 1.6a.
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2. IxediaoTe 16 Sidypaupa avTopaTou éAéyxou Beppdvaewg ¢vog amTiol. (O BeppooTarng nailer 10
pOAO TOU éheyxTn TOU ouoTApaTog). ‘AvadépeTe Ti €idoug diatapaxég propolv va unap§ouv oTto

guoTnua.
3 276 oxAua 1.6B oaivetal éva autopaTto ouoTtnua éAéyxou. 'EEnynoeTe TA Aeitoupyia Tou.

4. 'EmefnynoeTe TA Aeitoupyia To0 unxaviouoU ToU axAuaTtog 1.6y 6tav aAAGler yia Aiyo f) TaxutnTa
Tpod®odOoTNOEWE TOU QUOTANATOC.
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KEQAAAIO AEYTEPO

BAZIKEZ APXEZ ZXEAIAZMOY AEITOYPTIKQN AIATPAMMATQN

2.1 lNevika.

T Aeitoupyikd Sidypappa eivar pia ameikévion TAC oxéoewc Mol UMdpxe! Avd-
uecga oTnv eicodo kai TAv €£0b0 é€vog duoikoU cuoTANATOG. 'ATTOTEAET APKETA ATTAN
kai xpAoiun HéEBodO yid 16 xapakTnpioud Twy diadpdpwyv OXECTEWY TTOU OUVOEOUV
Ta S1ddopa oToixeia évog oUOTANATOS AUTOUATOU €AEyXOU.

‘H dnAouoTepn popdn Aeiroupyikol SiaypduuaToc eival Eva AnAd mapaAAnAoé-
ypauuo Pé pia eiocodo kai pia €kodo (ox. 2.1a).

TO €écwTepIikO TOU mapaAAnAoypdauuou autou pag mapéxel ouvhBwg mAnpodo-
pieg yia TAV mepiypadn, 1O dvoua i TH padnuaTiki ékppaacn ToU CUCTANATOCG, OTO
omoio €papuodletar A eicodog kai pag diver TAv €émBupnTn é€todo.

Efaoﬁog "EEodoc
——i
Ix. 2.1a.
X + X Yy X + X—Y X
— -
+ —
Y Y
Iyx. 2.1B.

Ta BEANn Seixvouv TA dopd pong TAC mMAnpodopiag fj TOU CAUATOG.
Ma tAv mpbdoBeon i dpaipeon 00 A MeEPICTOTEPWY CNUATWY XPNTIPOTIOIOUVTAl
€idikG AeiToupyika Saypdpparta dnwe altd Tou axAuartog 2.18.

2.2 Tpénog oxediacpol Siapbpwyv ocuoTnUATWY AUTOHATOU EAEYXOU, GVOIKTOU ff
KAEIOTOU KUKAWHATOG.

‘Yrdpxouv Siddopa dnAd cuoThuara, i AeiTtoupyia Twv ONoiwyv yiveTal Auégwg
avTiAnmTA, dnwce Td nmapadeiyuata mou dxkoAouBouv:



Mapaderyua 1.

'H oxéan y = ax, érmou a = oTaBepdg apiBudg, Seixvel pia ATTAA ypappikn €éEap-
tnon TAC TipAg To0 y amd TAV Tiun (kaBe dopd) Tou X.

Stov mivaka 2.2.1 Siverar pia avrioToixia TigAg x kKai y yid oTaBepn TN TAG Na-
DAUETPOU O B3

MINAKAZ 2.2.1.

X Y

0 O

1 5,3

2 10.6

3 15.8
— 1 — 5,3
— 2 — 10,6
—= 3.5 — 18,55

xy

2x. 2.2q.
Fpadikn dmeikovion TAC OXETEWG Y = aX O€ KAPTEOIAQVEG CUVTETAYUEVEC.

Ix. 2.2p.
NapdoTraon TAC OxXéToewg vy = ax Pé Aeitoupyikd SdiGypappa.

'H ypadikn dameikdvion TRG OXECEWS auTAg O€é &va OpBoywvio cuoTnua
guvTeTayuévwyv ¢aivetal otd oxnua 2.2a.

Ta mapandvw 64 ymopoloav va mapacTaBolv pé 1A BoriBeia évoc AeiToupyikoU
Siaypauuartog, drmwe ¢aivetar otd oxnua 2.28.

2uvnBweg, avTi va onuelwvope TAV TINA a = 5,3 yéoa oTd nmapaAAnAdypappuo,
onuelwvoue 1O ypaupa G, T Omoio QuaIKA, TRV TTePiMTwaon auTh, AVTIOTOIXET Yé
TAv Ty 5,3 (ox. 2.2y).



'Aro TAv éEétaon ToU VAou B€éuaTog Ba mpermel va nmpooéfope SUO Mpdyuara:

a) ‘'H oxéoan y = ax yetadpaletal oxnuaTika o€ AeiToupyiko diaypappua, oto oO-
noio f €icodo¢ OoTO CUOTNHA eival i dvefdapTntn petaBAnTA x kai €£0do¢ ToU ou-
OTANATOC eival A éEnpTnuévn peTaBANTA .

B) TO yéyeBoc péoa atdo 6pBoywvio cupBoAiler T oxéon, mou guvdéel Ta duUo
auTa pevédn x kai y. ZTAV mapanavw mepimTwaon eival A mapdpetpoc G = a. 'H oxé-
on auTtn 6voudleTal kai ocuvdprnon peragopas.

G >
X y =AX
Ix. 2.2y.
B
+
X 6 =a + _‘/:E'K + (3
Ix. 2.26.

NeiToupyikO Si1dypapua TA¢ OxéTeEwS y = ax + f3.

Mapadderypa 2.
“Eva dAAo ouoTtnua B4 umopouce va oxediaoBei pé Bdon T oxéon:
y = ax + 3

dmou B eivar évag aTaBepdc ApIBude A pia EAAN peTaBANTA.
T6 avtioToixo Si1dypaupa daivetar ord oxAua 2.26.

Mapadeiyua 3.

"Ag UmoBéooue OTiI Exone €va mPakTIkKO HAeKTPIKO KUKAwpa. 216 oxnua 2.2¢
daiveTal évag AnAdg SdiaipéTng Taoews. OéAope va mapaoTRooue PYE Eva AeIToupyi-
kKO Sidypappa T ox€an nou undpxel Avapeoca oThv Taon eicddou u,(t) kai TAV TA-
on €§odou u,(t).

O
| \
U}(t) R " - = ®
| HT I U,(t)
O- O
Ix. 2.2€.

"AnAdg SraipéTng Tdoewc.
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216 mapanmdvw oxAua, /| wikA avriotaon TpogodoTeiTal Anmd uia mnyn peupa-
TO¢ W€ TAon u,(t) kai yé 1o SiaipéTn Tagewg, ou eival &va mMoTeVoIOPETPO, TTAIPVO-

ue otnv €£odo TRV TAON U,(t). ]
2TAV Mpokeiyévn mepinmTwan, A oxéan dvaueoa oTig Taoeig u,(t) kai u,(t) eivar:

v1(t)

Ix. 2.20T.
AeiToupyikd Sidypapua To0 d1aipéTn TAoewg ToU aoxnuatog 2.2€.

Eivar euvonTo 611 & oxediaopdc To0 AeiToupyikol SiaypduuaTtog évog moAlnAo-
KOU guoTANaTog S€v umopel va vivel xwpic va mponynBei pyia yaBnuaTikn diadika-
ogia. “‘OTav o106 oUoTNUa pag UTtelgépxovTal MeEPITTOTEPES ATTO SUOo peTaBAnTEC, na-
pouaialovral cuvnBwcg TéEToleC naBnuaTikég axéaelg, ol dmoiec HSév yrmopolv va a-
nmeikoviocBolv Auéowg HE TN HopdN AeiToupyikoU Silaypdupuartoc. ZTAV TeEPIMTWON
auTh Ba npénel mpwTta va dkoAouBnBel uid énetepyaaia, f} Omoia B4 drAomoiIRoe!
Tic paBnuaTtikég éxppdaoelg ot yopdn Mou BEAope €uei.

Mapaderyua 4.

[a va Sieukpivicope 16 mpdBAnua bg éketdooue éva ocuoTnNua Pé TMEPIOCTOTEPEC
and duo petaBAnTtég. "EoTw, 611 4oé TA paBnuartikh dvdAuon évog ouoTANATOC
npoékuwayv ol dkoAouBeg pabnuaTikég ax€éaTelc:

a,x, + 0,X, = Yy,
(2.2:1)
UaXy + Q4X; = Y)

bmou oi mapdueTpol a,, a,, a, kai a, eivar oTaBepoi dpiBuoi kai ol peTaBAnTéC eivai
TA Xq: Xgs Yai Vo

‘YroBeétope OT1 ol avetdprtnreg petaBAntég, SnAadn ol eicodor oTd oloTnud
uac, €ival Ta YeyéBn X, Kai x,. "Ané Tic mapandvw ¢Siowaoeig eival oXeTikd AMAS vd
dnuioupynoope 1O avtioToixo Aeitoupyikd Sidypaupa.

2170 oxApa 2.27 ¢daivetal 16 Aeitoupyikd Sidypappa moU npokUnTel Amd TAV
mpwTnN HaBnuarikn oxéoan kai 016 gxfiua 2.2n alTtd mou mpokurnTel dnd TA SelTepn
uabnuarikn oxéon. 216 oxAua 2.28 ¢aivetar OA6kANpo 16 cloTnua.

"Av UttoBéoope Twpa 671 ol dvetdpTnTeg uetaBAnTécg, SnAadn ol eicodol Tol Tu-
OTAHATOG, €ival TG peVEDN v, kaiy,, & oxediaopég Tol AeiToupyikod SiaypduuaToq
S€v eival Auéowe pavepoc.

2TV mepinmTwon auth dkoAouBolpe TRV &Efg Siadikaoia: "EmAUope karapxAiv
TAV MpwTn &§icwon wg mpdg X, Kai maipvoue:
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X
1 /}:\ = Yi= QX1+ ax Xy
b
"y
%
Ix. 2.20.
AeIToupyikd S1aypappa TNG OXECEWS a,X, + G, X; = Y.
. :@ | —t YT Ryt r e R
4
AY

2x. 2.2n.
AeiToupyikO S1aypappa TAG OXETEWS A3X, + QuX, = Y,.

X, = X, (2.2.2)
G1 l::l‘l

T6 mpwro mpdypa mou mapatnpolpe eival 8T 1| €Eodog x, Sév eival ouvapTnon
uovo TRg eicddou y, AANG kai TRg €§0dou x,, 1) Omoia Bpioketal Qv émAuCOuE TN
SelTepn éfiowon ToU CuOTANATOG WG TTPOG X,. AnAadn:

Y2 dj

Xy = X, (2.2.3)
Qg Sy

“Onwcg rponyoupévwe, 84 oxedidoope Ta avtioToixa AeiToupyika Sdiaypauuara
via kGBe oxéon kai oTr} cuvéxela B84 Ta guvdbudaoope €Tol, WOTE va ANTOTEAECOUV
nmARpec Aeitoupyikd Sidvpappua.

'Ano 1A oxéon (2.2.2) oxediadlope 1O pwTo A€iToupyikd S1dypapua UMOBETOV-
Tag 0T yvwpilope tAV €80do x, (ox. 2.2i).

T6 1610 kGvope kai yia 1ry oxéon (2.2.3), unmoBéTovrag auTn T ¢oprd 611 yvwpi-
(oue TAV €8odo x, (ox. 2.21a).

2uvdudlovtag autd Ta SUo Aeitoupyik@ SiaypduucTa, Naipvope TO TEAIKO A€l-
Toupyikd Sidypappa 1ol eival 76 Sidypapua To0 oxAuatog 2.21p.

"Onwce BAEmope, & oxedlaopdC TWV AeIToupyikWy SiaypappdTwy S€év eivar mav-
ToTe AnAGg. Xpetdletal Idiaitepn mpogoxn yia va unopéoope va avtiAndBodpue TOV
Tpomo Sdiacguvdéoew Twy dlapopwyv oToIxeiwy, Ta O6noia droTeAoUv Ta AeIToupyi-
K@ TuAdarta tou dAou CUCTANATOG. -
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Ix. 2.260.
AeiToupyiko Sidypappa o0 ouoTAPaTog TAG oxégewg (2.2.1) &tav ol eloodol ToU ocuaTAPATOG eival
TG peyEDBN x,, X,.

= X

Ix. 2.21.
T6 Aeitoupyikd Sidypappa TAC ox€oewg (2.2.2).

Ix. 2.2ia.
T6 Aeitoupyikd Sidypauua ThRg oxéoewc (2.2.3).
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.|_
X2

Ix. 2.21B.
To AeiToupyikd Sidypaupa mou mpokUTTel And TO oUoTNUA TAC OXECewC (2.2.1). v UnoTeBel OT1 ol €}-
gobol eival TG pey€Bn y, xai vy,.

2.3 Mpaxnikd npoBAfjuara yiad triv kaAuTepn karavénon Tou Tpénou oxediacuou
TWV Aeitoupyikwy Siaypapparwy.

MMapadeyua 1.

Na axedidoete €va Aeitoupyikd Sdidypappua yia tév mepioTpePOUEVO PUNXAVIOHUO
ToU puBuilopevou dvakAaoTnpa TA¢ Séounc dwTtoc TOoU mapadeiypaTtog 1 TAC ma-
oaypacdou 1.3. 'YnoBéoete OTI yia pia mAARpn nmepioTpodn ToU koxAia katd 360° 16
Srminedo To0 kaBpénTn aveBaivel i kateBaivel katd k°, MpoaobdiopioTe SAa Td oAua-
Ta Kai TG OTOIXEIa TOU OUCTNMUATOCG €Aéyxou aTo Sdiaypapua.

EnmiAuon.

70 oxnuaTtikd didypauua Tou nmapadeiyparog 1 TAC mapaypadou 1.3 émavaAap-
Baveral otd oxAua 2.3aq.
Mapatnpolue &T1 i)y armdoTaon TR¢ d€aung ToU pwTodC Ao 1O emimedo dvadopdcg

Kavpemtne
ot
My a
PWTOG
D ' N KoxAlag pudpLoEwC
t ‘ " o

a - r,..--"' / n '
10— e
Qﬁj avayopac

I'Ic')?\og MEPLATPOYNC

Zx. 2.3a.
2xnuarvikn napagraon évog pubuifouevou dvakiaortnpe déopunc dwToc.



Id

eival ion pé 16 maxog t ToU kaBpérmTn.

210 mapddeiyya 1 tAg mapaypadou 1.3 w¢ €icodo TOU CUCTTAPATOG EIXAHE Ka-
Bopicel TA ywvia © ToU kaBpérrn pé 16 ¢ninedo dvadopds. Twpa ol mpodiaypadeEg
ro0 ocuoTAuatoc kaBopilouv 8T A ywvia O eivai ouvaptnon 100 ApiBuod TWV
oTPOdWV ToU KoxAia. "Ac UroBéoope Aoimdv 8T n eival & pIBudg TWV MEPITTPO-
WV ToU KoxAia kai 611, dtav n = 0 ) ywvia © = 0° Ol dUo auTEG TOTOTNTEG WTTO-
POUV vQ CUOXETIOBO0UV ué Eva AeiToupyikd didypauua g€ ocuvaptnon yetadopag k,
addoU O = kn, dnwg odaivetalr oTd axAua 2.3p.

NEPLOTPE YOREVOC
KATPETTINC
eﬂ 80 2 HG
k —l-- 2 -
N TEPLOTP OPEC
TOU WOXALA -
Ix. 2.3p. Ex. 2.

AeiToupyikO Siaypaupa TAG OXETE WS
Q +-a=20.

AeiToupyikd Sidypaupa TG oxeEcewg O = kn.

216 napadeiyua 1 TA¢ mapaypdadou 1.3 eixape kaBopioel 011 €€0dog TOU CLUOTA-
uaToc eival /| vwvia dvakhdoewc TAc déopng 1ol dwTdS O + a.

'E&QD dpwe, émeidi A Séoun Tol dwToc eival mapdAAnAn oTAv émpaveia dvado-
pag, Exoue O = a. AnAadn i €kodog ToU ocuoTANATOC HeTaTpEmeTal g€ 20. TO &vTi-
OTOIXO A€ITOUpYIKO Sidypaupa TRC OXETEWS AUTAg daiveTtal oTd oxnua 2.3y.

2uvbualovrag 7@ U0 auTd AeiTtoupyika diaypauuarta 84 napoue TO MARPEC A€l-
ToupyikOd didypappa to0 cuoTAuarog, dnwe ¢aivetar ord oxAua 2.36.

MepLOTPEPOREVOC

Koxhtac XA TPETTTING
fwvia ava-
Moipeg 6° > 6o AVKAWHEVT
: : 2 > axtivac de-
N TLEPLOTPOYES Meptotpoyn ST BT

TOU MOXALQ

Ix. 2.36.
AeiToupyikd didypapua évog puBuiopevou advakAaoTnpa déopung dwToC

lNapadeyua 2.

2xediaoTe 176 Aeitoupyikd Sidypaupa ToU mapadeiypatog 2 TAC mapaypddou
1.3.

EnmiAuon.

270 mapadeiyua 2 Tﬁg'napaypécpou 1.3 elxaue kaBopiogel wg eicodo ToU CUOTA-
uatog TN B€on ToU AvTikelpévou kai wg €§0do TA B€aon ToU xepiol gé axéon Pé TO
avTikeigyevo. TG ocuogTAuaTa mou emmaipvav pépog oThv 8An Sdiadikaoia Tol éAéyxou
ATav Td paTia Tod AvBpwrou, & ¢ykédarog kai TO xépi, ToU SexdTav EvToAéc &md
TOV éykéPalo péow TOU veupikoU CUOTANATOC.
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T& paTia Tou dvBpwrnou xpnoidomolioUvTal yid TAv kataypadn TA¢ eicddou kai
TAC é€680ou ToU guoTAuaTog, SnAadh TAV TauTdxpovn TpododdTNaN ToU éykeda-
Aou Pé MAnpodopieg wg mMPdS T OXETIKA Béan ToU XepioU kai ToU AvTikeIpévou.
'Ermopévweg, TG ydaTia BewpouvTal wg 1O 4BpoioTikd onueio ToU SAou ocuoTAPATOC.

To Aeitoupyikd Sidypapua daivetar otd oxnua 2.3€.

, MEITLCI Be0m
Oeom e S XEQLOY
B —
AVTLXELHEVCY YIEPARaS R
— bir T Jn
On AvTLlAr.
7 b £ VOU

- Ix. 2.3e.
To Aeitoupyikd Siaypaupua ToU BioAoyikoU cuoTAuatog Tou napadeiyuarartog 2 TA¢ napaypadou 1.3

Eivar pavepd 811 76 ofua TAc dvadpdoewcs, dnAadA 1) oxeTikA Béan 100 XePI0U
kai ToU AvTikelyévou, ddaipeital drmd TAV mpaypaTikn Béon To0 AvTiKEIévou HEOoW
T00 onueiou aBpoicgewc, TO 6moio eival Ta paTia. ‘H éfodoc ToU 4BpoiaTh, dnAadn
TV paTiwy, mpdc TOV Evkédalo eival i) andoTaon Tol xeplol Ao 76 AvTikeipevo,
SnAadn eival 16 oddAua (e) Tic SAnc kivigewc. “OTav auTd pndevioBei, TOTe B4 €é-
XEl €EMTEUXBET TO €mBuunTd dnoTéAecua, dnAadn 16 mAcIo TOU AVTIKEINEVOU.

2.4 'Epwrroeig.

1. 2é 1i yadg BonBouv Ta Aeimroupyikd diaypduuara;
2. Ti 6voualete ouvaprtnon peTadpopdag;

3. Ti éxppaler iy guvaptTnon PeTapopag;

2.5 'Aokioes.
1. ZxediaoTe TO AeiToupylkO Siaypauua nmou éxppdlel TR oxéon:
y = ax + B — yx

&mou a kai B oTaBepéc. Noid eivar /) ouvadpTnon peTadopdc:
2. 2xebidoTe 16 Aeitoupyikd diaypauua nou ékdppalel Tig OXETEIC:

ax, + Bx, + yx; = v,
Bx, — vyx; + ax3 =y,

X; * X5 + X3 = Y,



KEDQAAAIO TPITO

PYZIKA ZYZTHMATA — MAOQHMATIKA MONTEAA

3.1 lNevika.

Ta diadopa duoikd cuoTApaTa prmopolv va Ta&ivounBolv g€ ynxavika, udpau-
AikG, NAekTpikd, Beppikd, BioAoyikd k.4. 'Emiong unopoldv va mapacTaBouv PéE ua-
OnuaTika povréAa Siadopikwy éflIcwaewy.

‘H éniAuon Twyv Siapopikwy éElowoewyv Pag diver TAv anokpion Tou é¢eTaloOue-
VOU OUOTApaToc o€ pid Siéyepon mou émdpd otnv €icodd TOU.

Té mpdTo BAua oTAv dvaiuon évoc Suvapikol cuoTAPATOS eival & MPoadiopi-
opbdc évog povTéAou, oU meplypadel padbnuaTtikd 16 cuoTnua mou étetdleTal.

MeTd TAv dmokTnon ToU povtéAou, ummopoUue va xpnolyomolinoope S1adopeg
ueBodouc via va dvaAloopue kai va guvBéoope TO guoTnua mou B4 oxedlGooueE.

Ta Siddopa duvauikd cuoThuaTta diakpivovtal g€ dU0 KATNYOPIEG:

— Td ypapuIikG cuoTAuaTa kai

— TG U YPAMMIKAG CUCTANATA.

paupixd cuoTiuara €ival ékeiva Mol XapakTnpilovral amd YPapuIKES EEiow-
oeic. Mpappikn éficwon eival ékeivn oTAv dmoia Aol ol cuvTeheaTéc eival oTaBe-
poi fj ouvapTtiAoelg TRG dveéGpTnTng poOvo peTaBANTAC.

AnAadn, o€ €va ypappikd ouoTnua, ) andékpion ToU CUCTANATOC, OTAV €PaApuo-
v, T.X. SIMAdoiag duvduewc oTAv eicodo, eivai SiMAdaia.

Ta ypauuika cuorhuara SdiakpivovTal éniong g€ ééapTnuéva | dvetdaptnta ano
7O XpoOvo, 8tav ol mapayovTeg TAG €¢lowaewg ekapTwvTal f§ xI dvtioToixa and 16
XpPOVvo.

M1 ypauuikd cuoriuara eival ékeiva mol xapakTnpilovral and PR ypauuikéc é-
flowaoelg. Mapddelypa P ypaupikyv eficwoewy eival ol oxéaeic:

y = edx
= e” (3.1.1)
zZ = x4 + y? + nux

Mia siagpopikn é§icwan dvoudletar uf ypauuikn 8tav §év eival ypaupikd. MNa-
PAdelyua PA ypaupikwy Sladopikv EEilcwoewy eival:

8% el —F ik (3.1.2)
4 + X = t .

dt? dt X L

d?x ax ;

T 4 " +x+x=0
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2TNV Paén, Ta mepioogoTepa Suvauika cuoTNHATa €ival UA YPAUMIKA, HTTOPOULE
OPWCE VA TG Bewpnoope WS ypauuika péoa o€ dpiouéva Opia. Qg napabdeiypa Ba
¢feTAoOpE PePIKG oUOTAPATA, TG dToia, 0€ OPITHEVES TTEPIOXES €1vVAl YPAUMIKA, GA-
AG yeVIKA TUUTTIEPIPEPOVTAl WS PN YPAUMIKA.

a) Xuoriuara mou @Odvouv oTOV KOPETUO.

2TG guoTANaTa auTd peTd anod Opiocuévo Hpio, Boo kai v avgnBei ) Suvaun mou
emdpa otnv eicodo, i €todd¢ Toug mapauével oTabepn.

Napatnpolue BéRaia 61 via Eva dpiopévo SidoTnua TiIHwy TAG elgddou X, I YE-
TaBoAn TA¢ €E6d0ou eival ypappikn, dnAadn oTo SiaoTnua TIHWY X, < X < X,. M4 6-
Aec Tic GANeC TIHéc A oxéan eival ufA ypappikn (ox. 3.1a).

"EEobOC 4 Y y 4 E£Eodog

f(x

A > X > X
x‘ i L T
2 Eloodoc Ewobdocg
______ V
Zx. 3.1a. Iyx. 3.18.
KaumnuAeg kopeouou. KaunuAeg pé vekpn Jwvn.

B) Zuoripara nmou &xouv vexprn {wvn.

TéToia €ival ékeiva TG CUCTANATA, TG OToia yId dpiopévec TIPéC eigddou, f Ano-
Kpion ToU ouaTAPAToC eival undév. MNda dAec Tic BAAec TinéC eloddou 1) oxéan e€l-
oodou - €§6dou eival ypapuikn. 216 mapddeiyua yvid x, < x < x,, N €§odog y = O (ox.
3.1B).

v/ Zvorniuara nou napouaoidg{ouv aoxéan dvaloyias vouou rerpaywvwy (ox. 3.1y).

TéToia eival TG ouogTApATa aTd dnoia loxUel f axéan:

y = X

‘Yrdpxouv TTOAAG €idn TETOIWY PN YPAUMIKWY cuoTnuaTwy 1d émoia B4 éfeTd-
OONE OTA €ndueva kedpaiaia.

Fevikd, T uN ypauuikG guoTAuaTa eivai, cuxvd, mepimhoka ot AUon Toug, yI'
auTd Oouxva katageuyode O€ padnuaTikég peBoddoug émAUoewc dvrioToixwv
ypauuikwy é&fiowoewy, ToU MeEPIypadouv Ta pun ypapuika cuoThpara, o Oplauéva
Opla TINWV.



"EEobog

f{x)

X

=

Flooboc

Zx. 3.1y.
KauynuAn vOuOU TETPAYWVOU.

3.2 MaBnuartik@ povrtéAaq.

270 BiIBAio auTo émdiwkeTal ) MANPETTEPN TEPIYPADN TWV CUCTNNATWY AUTO-
UATOU EAEYXOU XWPIG TH XPNoigomoinon MoAAWY HaBnNuaTIKWY YVWOEWV.

AUTO €V €ival TAVTOTE EDIKTO, VIATI TG MEPICOOTEPA MPAKTIKA TUCTAPATA ATIAI-
TOUV yIG TAV TTEpIypadn Toug uyaBnuaTika dpkeTd uwnAoU émmedou. ZUYKeEKPIPEVQ,
anaiTouv TN Xpnon Twv S1adoPIKWY EEICWTEWNV.

'ESw &€ Ba xpnoiyomoinoope AvwTepa padnuaTtikd, éxTog and Tig S1aPOpIKES €-
Elowoelg, Kai auTég yovo yid TRV dpxikn yaBnuartikn meplypadn.

Oi Siadopikég EElowoelg pag BonBouv va Bpolue TH cuunepidopd €Vog TUOTN-
uatog OTav ol Sieyépoeig ToU ouaTAuaTog hetaBdAAovTal gé guvapTnon Pé TO XPO-
VO.

"EoTtw m.x. 611 B€Aopue va peAetocoue TR Suvapikn cuurepidopd évdg anAol n-
AEKTPIKOU KUKAwWMaTOC, TO Odroio mepiAapBaver pyia dvtioTaon kai évav mukvwTn o€

oeipq, dnwg daivetal oTd axnua 3.2. =
[, (t) R
-
o vV -
} '\
U}{tJ - — Uz(t)
C ===
e — 0
3" .

276 KUKAwpa auTtd emBupolpue va Bpoupe TAV Tdon v, (t), 1) droia éudavileTal
oTa akpa Tou nmukvwTth C, 8dtav édappooBel oTAv eicodo ToU cuoTApaTog A Taon
i {t);

‘Epapudlovrag 16 vOuO TWyY NnTwoewy Taoewv Tou kirckoff o€ €va Bpoxo, B4a é-
XOME:
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u, (t) =ug (t) + u, (t) (3.2.1)

orou ug (t) eival f) mTWwon Taoewg oTa dkpa TAG GvTioTdoewg R.
'H tdon ota akpa tA¢ dvriotTdcgewg R diverar and 1t oxeon:

ug (t) = Ri (1) (3.2.2)
évw 76 pevpa &1d yéoou TOoU MukvwTn SiveTalr anmd 1N ox€an:

du, (t)
dt

RivE=} % (3.2.3)

‘Emopévwe, 8v dvTikataotnooue Tic oxéoeig (3.2.2) kai (3.2.3) oTtn oxéon
(3.2.1) Ba éxoue:

. du, (t)
uy (t) =Ri(t) + u, (1) =RC - + U, (t) (3.2.4)

‘H énmiAuon auTtic TAC Sdiadpopikn¢ efilcwoewc mapéxel TN YETABOAN TAS TACEWS
oTa dkpa TOU TMUKVWTR O€ guvaptnon JE TO XpPOvo.

‘H éniAuon TA¢ éfiowaoewc (3.2.4) eivar SuvaTh yovo Pé TA xpnaipomnoinon avw-
TEPWYV NABNUATIKWYV.

Mia drmholoTepn pnéBodoc eival ékeivn kaTd TAV éroia A Siadopikn ekicwan pe-
TaoxnuaTileTtal o€ dAyeBpiknA é¢icwon. ‘"H péBodog auth dvopdleta MéBodos Me-
racxnuariopuou Laplace.

3.3 ‘'O peraoxnuatiopég Laplace.

2170 KedpdAAaio autd Sév Ba dvadepBolpe Aermropepelakd oThn paBnuarikn mepi-
vpadn Tou yeTaoxnuaTiouou Laplace, yiaTi i) yéBodog mepiypdderal otd MNapap-
Tnua A TtoU BiIBAiou.

'Edw, 6a dwoope povo 1N Baocikn évvola ToU peTaoxnuatiopoU auToU kai B4
Bewpnoope 8TI & dvayvwaoTne eival éfoikeiwpévoc pé TA S1adikaoia xpAoEWS TV
mvakwyv peTaoxnuartiguyou Laplace.

“Onwc¢ avadepBnke mponyouuévwe, 6 yetaoxnuaTiopog Laplace ocuvéBale on-
pavTikG oTtnv avanruén Twv ébapuoocuévwy pabnuaTikwy, viati BonBa oTn yeTa-
Tporn Twv Siadopikwy €Eicwoewyv € AAyeBpIKEC.

Eivai 8¢ eukohovonTo 871 A émiAuon dAveRpikv ¢§iIcwoewy Kai cuaTNEATWY €i-
val oAU eUkoAOTepn and TR Alan Twv AavTioToixwyv diadopikwy éEiIcwoewv.

'Ekeivo moU xapaktnpilel TA péBo&o Tol petaoxnuaTtiopol Laplace eivai 811 A
avetaprtnTtn yetaBAnTn, dnAadn & xpovog, avTikaBioTaTal armd pia GAAN peTaBAnTA,
n omoia opileTal wg:

S =0 + jw (3.3.1)

drou s eival piyadikA peTaBAnNTA OTAV 6moia TG peyéBn o kai w e€ival MPAYUATIKOI

Gp1Buoi. To6 péyeBocg o eival xapakTnpIoTikd pidc avkavopevne f éAaTToUpevneg ap-

HOVIKAG TaAavTwoews kai T6 péyeBog w maplioTdvel TAV KUKAIKA cuxvoTnTa.
AnAadn, 6 yetaoxnuaTiopdg Laplace petadépel TAV mapdoTaon ToU CUOTANATOC
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anod 16 xpovikd medio o€ pid 8AAn looduvaun napdoTaon otd medio TAG TuXVOTN-
Tac.

SUVOTTTIKA, Jé TA xpnoigomnoinon ToU peTtaoxnuaTtiopoU Laplace émTuyxavope
16 NeETAOXNUATIONO PIAg mapaywyou f évog OAokAnpwuatog oé pid ouvnBiopévn
ahveBpikn ékdpaan, &mou 1 avefdptnTn petaBAnTA eival | peTaBAnTA s.

'O petaoxnuaTtiopog Laplace éxel épapuoyn 6x1 yOvo oTd CUCTANATA AQUTONA-
TOU éAéyxou AAAG kai gé mpoBAnpaTa TAg NAekTpoAoyiag, NAEKTPOVIKAG WNXAVIKAG
K.G., y1a TA Siepeldvnon Twyv pyeTaBaTikwy daivopévwy. "ETol éxouv guvtaxBei miva-
KEC TTOU TepIéxouv MARBOC auvapTACEwWY XPOVOU W€ Tig AVTIOTOIXEG CUVAPTATEIG
Laplace.

21ov mivaka 3.3.1 Sivovral ol md ocuvnBiouéveg ouvapTNoEeig ToU XpOvou kai ol
avTioToixol yetaoxnuatiopoi Laplace.

MINAKAZ 3.3.1.

Zuvaprnan xpovou MeTtaoxnuaTtiouog Laplace
1. 6 (1) 'QomnikA A kpou-
OTIKA ouvapTnon 1
2. ku (t) ZuvapTtnon BaBuidag A
BnuaTikn ocuvapTnaon k/s
3.t 1/s?
4. 1" | nt/g" ™!
5. nuwt w/(s? + w?)
6. ouvwt s/(s? + w?)
7. e 1/s + a)
8. df (t)/dt s F (s)
d? f(t) |
g, s?F(s)—sf(0)—f (O
dt?
t
10. L f(t) dt F (s)/s

Maparnpnon 1.

2Tig oxécelg 8, 9 kai 10 Tou mivaka 3.3.1 16 gluuBoAo F (s) mapioTavel TOV GvTi-
oToIX0 yeTaoxnuaTioud Laplace TAg ouvaptioewc f (t). M.x. av f (t) = cuvwt, & pe-
raoxnuaTiopog Laplace TA¢ oxéoewc:

d ouvwt 3 ( S ) s?
, €ival: S =
dt 52 + w?

s? + w?
lMaparnpnon 2.
[MAnpécTepog mivakag ano T1év 3.3.1 undpxel oté MNMapdprTnua A otéd démoio mepi-
ypadertal kai A dvdAuon tA¢ OAN¢ paBnuaTikic Siadikaaoiac.

XpnaoiyorolwvTag Tov nmapandvw rmivaka prmopoUue va émAlooue TAV édiowaon
(3.2.4) TAv Omoia ypagpoue kai dpiBpoldue fava:
du,(t)

u, (t) = RC =

+ U, (t) (3.3.2)



Oa éxoue Aoimov:

g o, )] =V, )

du,(t) |
J [RC dzt | =RC (s V,) =RCsV, |, (3.3.3)
0[ [U2 (t) ] = Vz )
AR gnuaivel TO peTaagxnuaTiopo katda Laplace TA¢ XpOVIKAG ouvapTNOE WS

moU BpiokeTal yéga oTAv AykUAN. 'H peTaoxnuaTtiouévn ouvapTnon mapioTaveral
€ 1O AvTtioToixo kepaAaio cuuBoAo TAg dvetapTnTng peTaBANTAS. MN.x. A cuvapTn-
on u, (t) yetra 16 petaoxnuaTioud kata Laplace mapioTaverar odv V,.

‘Ao TAV €dicwon (3.3.2) nmpokunTel OTI;

V, = RCs V, + V, =V, (RCs + 1) (3.3.4)

i V, = Vs (3.3.5)
i 2= TRCs + 1) e

‘O oxedlacudc Tol AeiToupyikol SiaypdupaToc TRS oxéaewc (3.3.5) eival mAéov
anAhocg kai ¢paiverar oTtd oxfua 3.3.

— V,(s)

Ix. 3.3.
To Aeitoupyikd Siaypappa Th¢ axéoews (3.3.5).

“Onwcg eixape mpoavadépel, N nmapacrtaon yéoa otd dpBovywvio dvoualeTal ou-
vaprnon peragopas.

Maparnpnon 3.

[1éa 16V dvTioTpodo yeTtaoxnuaTtiond Laplace, &nAadn mwg dnd 16 nmedio TAg ou-
xvoTnTag petadepoduacTe kai maAl oTtd medio Tou xpoévou, | padnuaTik dvaluon
Sivetalr o1o Mapdptnua A autoU TouU BiBAiou.

3.4 Zuvaprnoeig peradopag.

2T Bewpia To0 auTtopdTou éAéyxou, ouvaptnon uetadopdc G (s) Aéyetal i) pa-
BnuaTtikf oxéon, mou mpokUTTEl Amd TO Adyo TOoU peTaoxnuaTiopou Laplace TRg é-
t66ou npdg 16 petaoxnuatiopd Laplace TAC elgddou pé TRV mpoundBean 611 OAeg
ol dpxIKéC oUVORKeC eival pndév.

‘H xaravonon toU napamdvw Opiopol umopel va yiver yé T BonBeia Tou ou-
oTAHATOG AUOPTICEP TTOU ¢aiveTal oTd oxAua 3.4a. Méoa oTdv kUAIVEpPO TOU CU-
oThuartog Bpioketal Add1 vid TAv duaAf dndéoBeon TA¢ kKivicewg TS padlag m. 'H
Suvaun x (t) Bewpeital wg eicodog To0 cuaTApaTog kai A petatémaon yl(t) TAg Pa-
(ac BewpeiTal wg €¢odog.

T6 ovoTnua autd xapaktnpiletar and 1A diadopikn éticwon:

d2y(t) dy(t)

= f 3.4.1
m e = ky(t) + x(t) ( )
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Aab. —1—~ f T
Ix. 3.44.

gmou ol ouvteAeoTéc m, f, k eivai ol oTaBepéc.
'O petaoxnuatiopog Laplace g mapandavw éficwoewg, yé€ Trv mpounocBeon OTI
ol apxikéc auvOnkeg eivalr pndév, &iver:

2
o [m ddi(zt) ] =m [s?Y (s)] = ms?Y (s) (3.4.2)
L If AL | =f[sY(s)]=fsY(s) (3.4.3)
Llky(t)] = k [Y (s)] = kY (s) (3.4.4)
L [x(t)] = X (s) (3.4.5)

"‘AvTikaBioTwvrag oTiv dpxikn €Eicwaon, maipvoue:
(ms?2 + fs'+ k) Y (s) = X (s) (3.4.6)

Naipvovtac 16 Aoyo éE66ou-eiagddou, Bpiokope TA aguvaprnon petadopdc G (s)
TOU OUOTANATOG:

Y (s) 1
G (s) = = (3.4.7)
X (s) ms?2 + fs + k

2uvnBwg | oguvaprtnon uetadopag G (s) mapioraveral ypadika dnwg dpaiveral
oTo0 aoxnua 3.4B.

Ix. 3.48.
MNapaoTtaon ocuvapTRoews peTadopdac.

lMapadeyua 1.

Na BpeBei ) ouvdpTnon petadopdg mou xapaktnpilel T6 cuoTnua Tol oxAua-
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e DI,

Ix. 3.4y.

Nl o

Tog 3.4y é€vog mepioTpedpoOuevou dopTiou pé OAIocBnon Ewdoug TpIBAC.
AivovTal:
Por dépdveiag gopTiou J. ZuvteAeoTng TpiBNg f. NTwviakA TaxutnTa w. Apwoa
poTiN OTPEWEWCS T.
Nuaon.
"And TO vouo Tou Newton yia mepioTpedpOUeEVaA CUOTAUATA EXOUE:

Ja= 2T

6mou a f ywviakh émTtaxuvon oé rad/sec?.
‘Epappdlovrag 1OV napamdvw TUMO, B8B4G €xOuE:

dw
dt

"Av Bewproope &1 eicodoc eival i) épappolopevn pori oTpéwews T kai €E080¢
i ywviakn TaxutnTa w, kai maipvovrag 16 petaoxnuatioud Laplace, 64 éxope:

(sd + f) Q(s) =T (s)

Q (s) 1

" T (s) B Js + f =G

lMapadeypa 2.

Na BpeBei O Aoyog e, (t)/e; (t) TV Tdoewyv eigddou-¢E66ou 10U cuaTripaTog ToU
oxnuatog 3.46 wg¢ ouvdaptnon petagopac.

L R
O——d Y Y\
e;(t) i — e, (1)
{ |

Ix. 3.46.
Nuvon.

‘Edappdlovrag 176 vouo Twy mmwaoewyv Tdoewyv ToU Kirchoff, maipvoue Tig é§10w-
gE€Iq:



L di(t)

+ Ri (1) +
dt

i) dt = e.
~Q

(S
—— [}l dt=e

MetaoxnuatiCovrag kata Laplace, 8a éxope:

1 1
Ls | (s) + Rl (s) + | (s) = E; (s)
C S

Kal —

| (s) = E, (s)
S

Mé dnaAeidn) Bpiokope 611 1) {nToUnevn cuvdapTnon peTadopag elvat:

E, (s) 1
E. (s) LC s + RCs + 1

|

G (s) =

3.5 AertoupyikG Siaypauuara (block diagrams).

'‘AvadépBnke mponyoupévwe 811 yid guvdaptnon petagopac G (s) yrmopel va na-
pacgTaBel ypadika pé €va kouTi, mou Sivel T oxeon eloddou-eEd6dou TAG ocuvapTn-
Ooew¢ peTadpopac.

"Av T.X.

30 (s + 1) Y (s)

G (s) = = (3.5.1)
(s + 2) (s + 3) X (s)

TOTe ) paBnuaTikn oxéon mapioTaveTal ypadikd drmwc paivetal otd oxnua 3.ba.

T6 mapandvw AeIToupyikd SiIaypappa, Yevikd eival pid ypadiki mapdoTtaon TAC
PONG TWV onuaTtwy kai Twv diadikaciwyv mou ékTeAolvTal gé kGOe OTOIXEIO TOU OU-
OTAMATOC.

T6 Aeitoupyikd Sdiaypauua kGBe oToixeiou ToU ouaTANaTog ocuvdéeTal ué TA GA-
Aa diaypauuata kai €Tol €xoue I mAAPN GvTiAnwn TWv dAAAnAocembpdoewyv ava-
HeEca oTa diIddopa oOToIXEIa TOU CUOTANATOC.

Oa étetaoope Twpa Siadopa €idn AeiToupyikwy diaypaupdTwy, MoU AmoTeAouv
TUTTIKEG Ypadikég mapaoTdaceig diadpopwyv padbnuaTikwyv npdtewv | cuvapTRoeEwV
LETADOPAC.

Avayvwpion opaAuaroc (ox. 3.5a).

2uxva, xpelalopaocBe tn diadopa dud onuaTtwy, via va yvwpilope gé kaBe oTiy-

0{s £ 1)
(s4+2)(s+3)

X(S)

> Y(S)

Zx. 3.5a.
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un 17O héyeeog TOU opaAparog dnwg n.x. yeTagu piag évroAng mou §66nke kai TAC
ATOKPICEWS TOU OUOTANATOC.

"Av 16 onpa évroAnig napaotaBei pé R (s) kai 76 oApa TAC ANMokpioewg TOU OU-
orAuaTtog ué C (s), 76 onpa diagpopdcg diverar and TR oxéon:

E(s) =R (s) — C (s) (3.5.2)

Q¢ mapddeiyua é€etaloue TAV Nepimmwoaon peTadodoew TAS KIVOEWCS ToU nda-
Alou ano TN védpupa évog rnAoiou mpodg TO pnxaviopd ToU mndaliou.

“Orav TonoBetAocope 16 MNdAAIo 1.x. 10° 8ekid, T6 HAexkTpikd onfpa petadibetal
OTOV KivnTAPAa TAG USpauAikig éykaTaoTdoewg (ox. 3.5B) kai T6 nnddaAio dpxiler va
oTpiBel. MNpénel BERBaia va yvwpiloue ndéTte B4 ndel ot Béon Tou, S5nAadr) mdTE N
Siapopd TAG €vToARg epioTpodig R (s) kai TAg mpayuaTikig mepioTpodng ToU mn-
daliou C (s) elvar undév, mpayua mol SnAwver 8Ti | évToA EkTeAéTTNKE.

R(s)
- l
KivnInpac \ "Eppoia
nnbaiiov | nmnéaAitou
“Topauiino
guotnua —)

}
| , 0
| Ba)\BLBEg#
| EPLOTPOPNG -30
I I
| I
| C(s) o
Ix. 3.5B.
Aiatatn éAéyxou xivioewg nmndaAiou and TR yédupa.
MaBnuaTika, 64 npénel va ¢udavicoue T diapopd wg €&ng:
E (s) =R (s) — C (s) (3.5.3)

A Ooroia gé Aeitoupyikd Sidypauua nmapioTdvetar ord axnua 3.5y.

R(s) @ E (s)
=i

C(s)

Zx. 3.5y.
NapGoraon gAuatog opAaAparog.

3.6 AiaypGuuara cuoTiparog éA€éyxou KAEIOTOU KUKAWMATOS.

216 nponyoUpnevo napadelypa we éAeyxopevo onua BewpnBnke i andékpion Tou
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ouoTAuaTog C (s) mou avTimpoowneue TAV payuarikr) 8éan ToU ndaAiou o€ kabe
XPOVIKN OTIyuN.

"Av ) ouvdapTtnon petadopdc Tol MAApoug cuoThuaTog, and 16 nndaAio TAG yvé-
dupac péxpl TO unxaviopd mepioTpodnig Tod nndahiou, eival G (s), Té dvTigToixo
AeiToupyikd Sidypappa To0 oxnuatog 3.6a Seixvel auth TAV €ykaraoTaan.

To6 cloTnua xpnolpormolel wg ofua éAéyxou TA Siadpopd Tig €vToAig eioddou
kai TAC Anmokpiocews ToU CUCTANATOS, TUVENWG eival cUOTNHA KAEIOTOU KUKAWO-

TOC.
R(S) E(s) C(s)
—% G (s) o

Ix. 3.6a.
Napdoraon kAeioToU KukAwpartog pé avaddpaon povadiaiag TiPAS.

R(s) E(s) C(s)
@ G (s) >
A
B(s)

Ix. 3.6p.
Mapdoraon kAeioToU kukAwpaTtog pé avadpaon H.

‘H yevikOTepn popdn €vog éAéyxou kKAeloTOU KukAwpaTog ¢paiveTal oTd oxAua
3.6.

[evikd, TO onua anokpicewg ToU cuoTApaTog XxpeldleTal va peTarpanel G€ Pé-
YEOOG TuyKkpioiyo Pé TO ofua eloddou.

Mia TéTola mepimTrwon éudaviletar m.x. ¥Tav 16 ofjpa elodédou R (s) elvar 1 yw-
viak B€éan kanoiag nepioTpedOpevns BaABidag, drmwce A eicodog BaAaogoivol ve-
pol oé &va wuyeio Aadiold pific pnxavic, évi 16 ofjpa dmokpicewc C (s) eival i
Beppokpacia Tou Aadiodu.

STAV mepimTwon auTh, Ta §Uo oAuarta &év eival guykpioiua, yiaTti eival peyéon
ué SiapopeTikég povadec peTpAoewc. Eivai Aoimév avaykn vé TpomonoinBei 16 éva
drndé autd kai | cuvaptnon H (s) ékppdaler dkpiBlg auTA TA peTATPOTA.

T6 Tpormmomoinuévo onfua ¢£66ou ToU guoTAuarog Moy ouvdéetal otV eicodo
via ouykpion, 6voudletal ofua dvadpdoews.

‘O Adyog 100 oRuaTog dvadpdacewg nmpdg 76 ofua diagpopdcg (ox. 3.6B) Ovoudle-
Tal guvdprnon peragopas dvoixrou xuxkAwparog kai diverar dnd TH oxéon:

B (s)
E (s)

=G (s) H (s) (3.6.1)

'O Adyog Tou onparog ¢§6dou nmpdg 16 ofiua odpdApaTtog dvoudleral ouvdprnon
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ueragopas rpogodornoews kai divetar dnod TR oxéon:

C (s)
E (s)

“Otav 1) guvdpTtnon dvadpdoewc eival H (s) = 1. 4 ouvdptnon uetadopag a-
VOIKTOU KUKAWWATOg kai A ouvaptnon petadopdc TpodoSOTACEWS eival foec.

270 guoTnua Tou oxnuatog 3.6B8 1) €¢odog C (s) kai i) eicodog R (s) ouvdéovral
€ TiC OXEOEIC:

= QG (s) (3.6.2)

C (s) =G (s) E (s) (3.6.3)
E(s) =R (s) — B (s) =
= R (s) — C {(s) H (s) (3.4.4)

‘AntaAeipovTag TO onua E (s) and Tig mapandavw é&iocwoeig, EXOE:

C(s) =G (s) [R(s) —H (s) C (s)] (3.6.5)
" C (s) B G (s) 3.6.6)
R (s) 1+ G (s)H (s) o

'H TeAeuTaia oxéon ovoudletal cuvdprnon HETAPOPAS KAEIOTOU KUKAWUATOS
kai divel TR oxéan eloddou-¢E66ou ToU cuoThpaTog pé dvadpaon (ox. 3.6B).

‘"H oxéon (3.6.6) umopei vé ypaogei [coduvapa we Enc:

G (s)
C ds) = R (s) (3.6.7)
1+ G (s)H (s)

“Ontwe eival davepod, A éEodoc Tol guoTApaToc kKAeIoTol kukAWuaTog ékaptaral
amo TH guvaptnon udetadpopdg ToU kKAeioToU KUKAwMaTog kai and TAv eicodo ToU
(JUOTAPATOG.

3.7 Zuunepidpopd TO0U KA€IOTOU KUKAwparog o€ Siarapaxr.

216 oxfua 3.7 ¢aiveTal i €midpaon yiag diarapaxng oTH AeIToupyia Tou CUOTA-
LaTOoC.

AwarapaxT
N(s)

Ix. 3.7.
KAe1oTO kUKAwpa éAéyxou pé énmidpaan Siarapaxns.

Yé ypaupikG ouoTthuaTa, dmou énevepyouv Sduo f| mepioaoTepeg eicodol, ava-
AUope TAV émidpaon kGBe elgddou EexwpioTd, xwpic va Bewpolpe TAV énidpaan
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rv GAAwyv, kai kaTomv mpooBétope Tig dvtioToixeg €E6doug yia TRV eUpeon TAG
guUVOAIKAC aguvapTAoewg €§0d0U.

M1a napddeiyua, oté ocvorTnua Tol axAuarog 3.7, &iv Bewprioope 611 povo f dia-
tapaxn N (s) ¢mépd ovdé olvoTnua, énAadn R (s) = O, éxope:

CN (s) _ Gz (s) (3.7.1)

N (s) 1+ G, (s) G, (s) H (s)

"Av Bewphoope 6€ povo TAv émidpaon TA¢ eladdou dvadopdg, d&nA. N (s) = O,
Ba €xope:

Cgp(s) G, (s) G, (s) (3.7 2)

R (s) 1 + G, (s) G, (s) H (s)

'H ouvoAikn andkpion ToU cuaTAuaTog oTig U0 Sieyépaeig BpiokeTal YE TPO-
ogBeon TWv Aanokpigewv Twyv eloddwv mou émdpouv xwpioTd. AnAadh:

C(s)=Cpg (s) + Cy (s)
G, (s)
1+ G, (s)G,(s)H(s)

"A¢ UmmoBéoope OT11I IkavormoloUvTal ol OXECEIC:
G, (s)H (s) | > > 1 Y
Kai G, (s) G, (s)H (s) | > > 1

C(s) = [G, (s) R (s) + N (s)] (3.7.3)

TOTE | guvdptnon petadopdg Cy, (s)/N(s) Teivel pdg 16 undév. AnAadn:
CN (S)
N (s)

AnAadn Td dnoTteAéguata TR Siatapaxnis ékadavifovral. ‘H 1616TnTa auTi dro-
TEAET ONUAVTIKO TTAEOVEKTNUA TWV CUOTNHATWY €éAéyxou KA€IoTOU KUKAWPATOG.
'And TR oxéon (3.7.2) mpoklrrel 811 8Tav:

G, (s) G, (s) H (s) | > > 1

TOTE: Cr (s) 1
R(s)  H{s)

AnAadn f guvaprtnon yetapopds Cr (s)/R (s) yiverar avetGprtntn ané Tig G, (s)
kai G, (s) kai mpooeyyioTika ion yé 1/H (s). 1AV mepimrwan auTth, ol peTaBoAéc
Twyv ouvaptnoewv G, (s) kai G, (s) dév émbpolv oty cuvapTnon petTadopdg
CR (S)/R (s).

‘H i616TnTa auTh armoTeAel éva AkOUa TMAEOVEKTNUA TWV CUCTNNATWY €AéyXOU
kAeioTol kukAwpartoc. Kai eivalr pavepd 811 ué avaddpaon yovadiaiou peyéBouc,
H (s) = 1, Undpxel lgétnTta elcddou kai éE6dou.

3.8 "AAyeBpa cupntuiewg A€IToupyikWyY Siaypappdrwy.

"Onwg eidape péxpr Twpa, yia va oxedidooue Eva anAd Aeitoupyikd didypapua,
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MPemner va yvwpifoue T padbnuatikn axéon nmou Undapxel dvdpeoa oTAV €ic0d0 Kkai
TAv €§060 ToU guaTAuartog éAéyxou. ‘Otav A padnuatikl auTth oxéon eivar AnAn
aAveBpikn, 16 MpOBANpa eival anAéd kai eidape e oxedialope 1@ avTioToixa A€i-
Toupyika diaypduuara.

Npéner dpwg vad TovioBei 611 didpopa Aeitoupyikd Siaypdupara umopolv va
ouvdeBolv o€ geipd we¢ avefdprnTta TuAuaTta (blocks), povo btav N €Eodocg ToU ¢-
vog &€v énnpedaletal amd 16 éndpuevo AeiToupyikd Sidypapua.

"Orav Undpxe! énApeia, eival drapaitnTn A oUPITUEn TWV OToIXEIWV TOD CUOTA-
uaTog g€ €va POvo Aeitoupyikd didypauua.

Ta Aeitoupyikd Siaypaupara mou napiotavouv avefdprnrta oroixeia ¢évoc ou-
oTApaTog, dtav eival cuvdeuéva gé geipd, unmopoldv va dvtikataoTaBolv anod éva
AeiToupyikd &i1dypappa, ToU droiou A ouvapTnon peTadopac eival Té yIvOPEVO TV
ouvapTnoewyv Petadopag Twyv avetaptnTtwy A€iToupyikwy diaypappdtwy.

'H i&16TnTa auth Xpnoiyeuel oTiv anAouoTeuon MOAUTTAOKWY A€IToupyikwy &1a-
ypapupdTwy, Ta Omoia pyrmopouv va mepiéxouv MOAAG onfpata dvadpdoewc. 'H 4-
nAouoTteuon PRaciletar gé OpIoPéEvOUg PadbnuaTikoUug Kavoveg TWV A€ITOUPYIKWV
SiaypaupaTtwy.

Oi kavoveg auToi divovral guvonTikd oTov mivaka 3.8.1.

Katé tAv dnAomoinon Twv Aeitoupyikwy diaypapuartwy atifer va umoypappi-
oBouv 6U0 onue€ia:

a) Té yivopevo Twyv émi pépoug ouvaptTnoewv petadopdg otn dievBuvon pong
npémel va napapeiver AvaAAoiwTo.

B) To yivouevo TWV CuvapTATEwyV HeTadpopag gé éva kKUkAwpa npénel va napa-
ueivelr 1O idl0.

fevikO¢ kavovacg kaTtda TAvV drnAomnoinon évog MoAUTTAOKOU AeiToupyikou Siaypap-
LaToC €ival | peTakivnon onueiwv dBpoicgews kai dvaywynic kabuwg kai A peiwon
TWV €OWTEPIKWY onuatwyv avadpaocewc.

‘Q¢c mapadelyua Bewpolpe 16 KAMWG TOAUTAOKO OUOTNUA QUTONATOU EAEyXOU
ToU oxAuatoc 3.8 (a). ‘H &siadoxikn dmAoloTeuon Tou ué Baon Tolg kavoveg ToU
nivaka 3.8.1 ¢aiverar oté6 oxfna 3.8 (B) wg (e).

Mé petatomon To0 onpeiou dBpoicews ToU dpvnTikoU kKAGdou avadpdoewg H,
éEw Anod 16 kUkAwpa TAG BeTikfg Avadpdoewg H, maipvopue 16 oxiua 3.8 (B). 21
guvéxela, anaAeivovrag TO BeTikd KUKAwpa dvadpdoewg, maipvoue 16 oxApa 3.8
(y). ’AnaAeipovrag TOv kAGdo ol mepiéxel 76 H,/G,, naipvoue 16 axipa 3.8 ().
TeAikd, naipvoue 16 oxipa 3.8 (€), ToU émoiou A ouvdaprtnon petadopdg C (s) /R (s)
nmepIExel OoTOV ApIBUNTA TO YIVOUEVO TWV CuvapTAOewyv peTadopag kara Tr S1eu-
Quvan TAC pofic, évi & mapovopaaTig R (s) eival foog pé:

R (s) = 1 — I [yivopévwy TV ouvapTAcewv peTapopag kGBe kukAwpaTog
(Bpoxou)]

:1"(G1G'zH1"G2G3H2—G16263)
=1-G,G,H, +G,G, H, + G, G, G,

‘0 8pog pé 16 dpvnTikd pdonuo oTOV MapovopacTh AvTioToixel oTé BpOxo O€-
TIKA¢ Avadpaoewcg.
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[TINAKAZ 3.8.1.

APXIKO AEITOYPIMKO AIATPAMMA

IZOAYNAMO AEITOYPIIKO AIATPAMMA

A-B + A—B+C
o

AG AG
AG,
62

AGIG, | A AG1G;
|
l
AG+AG
A A(Gf’"G?)
G+ Gy —
I
A

AG - I?G

?
o F

(cuvexileTal)
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MNINAKAZ 3.8.1.

APXIKO AEITOYPIIKO AIATPAMMA

IZOAYNAMO AEITOYPIIKO AIATPAMMA

A
9 G — AG
A
G = AG
= AG G - AG
A

A A

]
- A

- A AG G




G,
O
R + 619263 | E_
®
R ‘ 61 626{ C
® =G1GH;1+ G2G3H2 +G1 G2 Ga

Ix. 3.8.

a) "Eva nmoAunAoko Aeitoupyikd Sidypaupa. B) - €) Tponog diadoxikig dnAomoiRoew Tou.
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3.9 Npadrjpuara pong.

"Eva Ae1Toupyikd Sidypappa eivai, dnwc eidape, MoAU xpACINO OTA YpadIkl A-
MEIKOVION TWV ouoTNUATWYV eAéyxou. NapoAa autd, yia €va Gpketa MoAuTTAOKO OU-
oTnua, A péBodo¢ peIWoEwWS TOU AeITOUPYIKOD S1aypAppaToC Tou eival ApKeTA éri-
rmovn. Mia yéBodocg vid TAv é€eUpean TWy ox€Egewyv Avaueoa oTic peTaBANTEC €vO¢
ouoTApAaTog, eival i) péBodog TWV ypadnudTwy poi¢ onudTwy (signal flow gra-
phs).

3.9.1 MNpagriuara por¢ onudrwy.

Eivar Siaypduparta Té droia dvrimpocwnelouv TAUuTOXPOVES YpapHIKES AAyEBPI-
k€Eg e&lowaelg. [Nd va édpappbdoope TH PEBOSO ypadnudTwy poic oThv dvaAuaon
TWV CUOTNHATWY éAéyxou, Tpémnel MPWTAa va NETATPEWOUE TiC YPAUMIKES Siadopi-
k€ e§lowaelg o€ AAyeBpikég oTO émimedo s pé TR péBodo Laplace.

"Eva ypaonua pong¢ dnoteAeitar dnod éva Siktuo, oTd dmoio ol k6uBol cuvdéEov-
Tal ano SdieuBuvopeva TunuaTa evBeiwyv, Toug kAGdoug. KdaBe KAdéb'g AVTITTPOOW-
rmevel éva JeTaBANTO cuoTnua kai kaGBe kAGdog cuvdepévog né SUo kOUBouUg, évep-
YET w¢ MoAAammAaoiaoTng onudatwy. MNpéner va yvwpilope 611 76 ypddnua pofg €xe!
uia yévo kateUBuvon. ‘H kaTteUBuvaon auTA NpoodiopileTal ané &va BEAOC TTOU €i-
val TonoBetnuévo oTd Gkpo ToU kKAGdou kai 6 mapdyovrag TA¢ MOAAATAQCI1A0TIKO-
TNTAG ONUEIWVETAI KATA PYAKOS ToU kKAGdou. TO ypddnua pong mapioTavel T pon
TWV oNuaTtwy anod 176 €va pépog ToU ocuoTAuaTtog otd GAAo kai divel pia elkdva Twv
ox€gewv avaueoga aTic Siddopeg peTaBAnTég TOU CUOTANATOG.

“Eva ypadnua pong mepiéxel dvaykaoTika Tig 1d1eg mAnpodopieg ué E€va AeiToup-
viIKO Si1aypappa. Té mAeovékTnua mmou €xel i xpAon ¢vog ypadAuatog pong yid Thv
napouciaon To0 cuoTARATOC EAéyxou eival 8T UMdpxel pia oxéon képdoug, Mou &-
voudaletal véuo¢ rou Mason kai | éroia oxéon nmapouacidlel Tig axéoeig Avaueoa
oTi¢ peTaBAnTég ToU CUOTAUATOG XWpPig va dnaiTeitalr peiwon 100 A€ITOUpPyIKOU
SiaypduuarToc.

1) ‘Opor ypapnudrwv poijs.
a) Kéupocg.

‘O k6uBoc eival €va onueio nol mapioTavel pia petaBAnTh A éva ofpa.

B) ‘AmoAafry xAddbou ff xépbos peradooews.

'Ovopdletal i ocuvaptnon petagopdg amd Tév ké6uBo elod6dou npdg TOV KOUPBO
efodou.

v) KAddoc.

Eivar éva SieuBuvopevo Tuipa ypauung nmou évwvel duo k6puPBoug. TO képdog
100 kAGdou elval 16 képdog peTaddoews.

é) Mnyn elocédou i xduPog eladdou.
‘Ovoudletar droiocdhmoTe k6uBog pé kAGdoug Mol pbvo Gvaxwpouv.
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e) Mnyn dnodboxiis # xéufog éfééovu.

Eivar 6 6mologdnmoTte k6pBog pé kAddoug nmou pbévo karadBAvouv.

J MixTé¢ xéupoc.

Eivar 6 kéuBoc éxkeivog mol éxel 800 1 mepioodTepoug ¢fepxduevoug kai SU0
nmePIoCoOTEPOUC eloepxOuevoug KAGdOUG.

n) Aiadpouri.

'‘Ovopaleral dnoiadnmote diadoxny kKAGdwy, TAG idilag dopag, kata PAKOG TR O-
noiag kavévag ko6upBog &€év npoomepvdel meproodTepo And upia ¢opd.

6) Bpobxos.
‘O Bpoxoc €ival pid kAeioTh S1adpopf KAGdwWV.

1) Zxéon xépbdouc 100G PBpdxou.

Eival T6 yivopevo TWv KepdWv ToU kAAdou ¢évédg Bpodxou.

1a) Mn épanréuevor Bpoxor.

O1 Bpodxol eival pfi édanTéuevol pdévo v Sév €xouv kavéva koivd kOufo.

18) Mpb6oBra Sradpoyurj.

Eival évag §pdpog mol avaxwpei améd Tév k6uBo elgddou kai pOdvel oTdV KOUBO
etodou.

1y) Apobuoc (ff Bpbxog) dvadpdoews.

Eivar évag &popoc mol dvaxwpei kai Tepuariler oTov 810 #§ gé mponyoUpevo
KOM[30.

16) Zxéon xépbous nmpbaBiag Siadpouiic.
Eival 76 yivopevo TV kepdOV TOV KAGSwv pidic mpdoBiac Siadpounc.
216 oxApa 3.9a ¢aivovral kO6uPol kai kKAGdol pali pé 1a képdn petadbdoewc.

X4

0 Nyym €w0obou

- ~_ |9
/ N |
\
a b \" 1
KouBog i _ . Koupo
c\adbou  © > . O ’ 0 éggﬁenf
i / ; ?\ / & 2
Kepbog

Mixtot wopBot

Zx. 3.9a.
Ixnuariki mapdoracn TunkoU ypadriparog pofic onudTtwvy.

netadoocwc
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2) 1816TtnTes ypapnudrwv poijg.

a) ‘O kAabdog mpoadiopiler T AeiToupyikn ¢EGpTnon ToU évoc onuatocg and 16
dAAo. Té oRpa mpowBeiTal yoévo oTnv kateuBuvon nou dpiletar dnd 16 BéAog TOU
kKAadou.

B) ‘O xkopPBog mpooBéTel TG onuata SAwv Twyv eloepxopévwy kKAGdwv kai diafi-
Baler auth TAV moogoTnTa o OAoug TOoUg €&epxoOuevoug kAadouc.

v) "Evag piktdg kKOUBoG, mou éxel kai eloepxOpevoug kai éEepxduevouc kAGdouc,
uTopel va oupunepidepBei wg kOPPBog éE6dou (sink), mpooBéTovTag évav ¢fepxOpe-
vo kKAado povadiaiou képdouc.

"Ag onuelwBei 611 O kKAGdog povadiaiou képdoug kaTteuBUveTal Ano TO X, (OX.
3.9a) o’ &vav Ao k6uPo mou émiong OpileTal and 16 x,. "Ag onuelwBeT emiong &I
S€év pmopoUpe va petatpéyope €va wiktd kO6uBo oé nnyn, pé auTth T péBodo.

&) Tia éva Sedouévo oloTnua, €va ypaobnua poAc 8év eival povadikd. MoAAG
SiapopeTikd ypadnuaTa pong urmopolv va oxediacBouv yia éva Sedopévo auoTn-
ua pé TR SradopeTikn ypadn Twy EEICWOEWV.

3.9.2 "AAyefpa Siaypauudrwyv poijs.

T6 ypadpnua €évog ypaupikoU CUCTAHATOG UTTOPET va oxXeSIaoBel XpNOIUOTIOIWV-
Tag Toug Opiopelg Mol npoavadépape. MG va vivelr auTd, pépvope, ocuvABwg, ToUg
kGuBoug eloddou (nnyéc) oTd dpioTepd kai Toug kOuPBoug €Eddou oTd bedia. Ol dve-
tadpTnTeg kai €tapTnuéveg peTaBAnNTéC TWy édiIcwoewy yivovTal dvTioToixa Koufol
cioc0dou kai kOuBoI €E6dou. Ta képdn peTaddoewyv TWV KAGSWYV unopouv va yivov-
Tal armd ToUg OUVTEAEOTECG TWV €SiIcwWoewv.

Mid va nmpoadiopicoue TH oxéon elagddou - éEddou, yrmopolUue va xpPnNOILOTIOIN-
gope 1OV TUTo ToU Mason, nou 84d 600¢€il dpydTepa, i yrmopoUue vA PEIWOOPE TO
vypadnua poig o' éva ypapnua mou va mepléxel uovo kOuBoug elgddou - €Eddou.
M1a va émrixoue auto, xpnoiuyomoioUue Toug éEf¢ kavoveg:

1) '"H a&ia évog kO6uBou p' éva eloepxdpevo kAGdo, drmweg daiveTal oTd axAua
3.98 (a) eival x, = ax,.

2) To 6AIkO képSog peTaddoew TWV SladoxIkwv KAASWV eival ioo pé TO yivoue-
vo BAwv Twyv émpépoug kepdwv peTtadooewg kAGdwv. Ol diadoxikoi kAGdol umno-
pouv €T1oi va cuvduaocBolv o' €va AnAd.kAGS0 pé 1OV MoAAanAaoiaoud TwyY KEP-
Swv petaddoewg, nweg daivetalr otd oxiupa 3.9B(B).

3) Oi mapaAAnAol kAddol prmopolv va cuvduacBolv mpoaBéTovTag TG k€Epdn Ye-
Tadogewg, Orwg ¢aivetar otdé oxnua 3.9B(y).

4) ‘O pikt6¢ KO6uBog urropei va ékaleidBei, rwe daiverar otd oxnua 3.9B(6).

5) ‘O Bpoxog urmopei va €taleipBel, dmmwce paivetar oTd oxnua 3.9B(€). "Ag on-
uelwBel OTI:

Xy = bx, kai  x, = ax, + CX,
‘Ermmopévwg:
X, = abx, + bcx, (3.9:.1]
ab
A Xgy = — X, (3.9.2)
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ab
O- o O
)(.I )(3
a+b
O - @)
x! XZ
ac
qu
bc
ab
1 -bc¢
— O — @)
X—j )(] X3
DC

Tpbénor cupnTUiewg ypadpnudtwy pong onudTwy.

‘H ¢gicwaon (3.9.1) avrioToixel pé €va didypaupa ol &Exel €va Bpbdxo képdoug
neTaddoewgs (bc) mou dpxiler kai TeAeiwvel oTbdy 1610 k6uBoO. ‘H €EdAeipn avTol pag
divel TAv éticwan (3.9.2), i dnoia deixver kaBapd 811 TO TeAIKO kKépdog peTado-

gewc elval ab/(1—bc).

3.9.3 ‘H napouciaocn ypauuikwv cuornudrwyv ué ypadnuara pons onuarwy.

Ta ypadAuaTa pofic eival MoAU Siadopéva oTAv AvaAuon TWV YPAPPIKOV Cu-
oTnuatrwyv. 'ESW 16 ypadnua pyropei va oxediaoBel and Tic ékicwoelc ToU oUOoTH-
uatog fj ueTa amd npooekTikA ¢EéTaon 1ol UMO NmapaThpnon $ucikoU CUOTAHATOG.
'‘H ocuvnBiouévn peiwan, né 1A xpnon Twv kavovwy mou dvadépOnkav, Siver ™
oxé€on avaueoga oTig peTaBAnTég eloddou kai ¢Eddou.

"Ag Bewpnoopue €va cuoTnua mou mpoadiopileTal amd Tig dkdAouBeg ¢kiocwaoelc:

X; = Q4% + Q% + Q33 + byu,

X; = QpXy + UyX; + Uy3Xy + byu,

X3 = U3¢X; + Q35X; + (33X%;

[(3.9.3(a)
[(3.9.3(B)]
[(3.9.3(y)]




40

Oonou u, Kai u, eival ol peTaRAnTéc elgddou Kai X,, X,, X5 Ol peTtaBAnTég €E6d0u.

"Eva ypadnua pong vy 1O ouoTnua autod, piId ypagikf dvanmapouoiaon TWv
TPpIWV aUTWV TautToxpovwy €Eicwoewy, Mou émonuaivel TAv €¢EapTnon TWv peTa-
BAnTwyv, pmopel va npayuaronoinBel yé Tov dkoAouBo Tpdno:

Katapxnv évromiope TOUg kOuPBoug x,, X, Kai x;, Omwg daiveral oTd oxANA
3.9y(a). "Ac éxope uméwn pag &1 aij eival TO képdog peTaddTew AVALEDT OTOUC
k6uBoug xj kai xi. ‘H éEiowaon [3.9.3(a)] dnAwver 871 76 x, eivai Too pé 16 GBpoiopa
TWV TECOAPwWV oNuATWV a,,X,, 4,,X, Kai 4,,X,, kabwg xai Tou b,u,. Té ypaddpnpa
pof¢ mou mapouoidler TAv ¢fiowon [3.9.3(a)] ¢aiveral o1d oxfua 3.9y(a). “H ¢&Ei-
owaon [3.9.3(B)] 6nAwve! 8Ti 76 x, eival ioo pé T6 GOPOIoHA TWV Oy X,, OyyXy, OyaX,
kai b,u,. Té dvaloyo ypaonua poiig dpaiverar ord oxnipa 3.9y(B). T6 ypddnua pong
noU mapiotavel A ¢Eicwon [3.9.3(y)] daivetar otdé oxiua 3.9yly).

T6 ypadnua poig nmoU mapoucialouv ol édicwaoeig (3.9.3) émrTuyxaverar pé 16
ouvduaopo Twy oxnudrwyv 3.9yla), (B) kai {y). TeAikd 16 nARpeg ypadnua pong yid
16 dedopévo auoTnua ébicwoewyv, paiverar otd oxfipa 3.9y(8). "Orav oxedialope
éva ypaopnua pong, urmopei va AndBei €vag pdvov kGBe popd kduBog eloddou. ToTe
16 ofpa ¢Eédou cival Too pé 16 G6poiopa TWV dTopik@yv dvTidpdoewyv kGBe €lgd-
Sou Eexwpiord. 'H TeAiki oxéan xképdoug dnod uia eicodo o€ pia €Eodo unmopel va
BpeBei kaTeuBeiav amd 16 Sidypaupa pofg pé émTApnon, € TH xpron Tou TUMOU
To0 Mason A ué 7R peiwon ToU Siaypduuatog o' &va mod AnAd TUmo.

a 922
N f.f"’\

O~ . ~O O O @ _A');(’ »
X X 3
v BN _,/ / ! \ 2
H'.\w-” /
b, 4

Ix. 3.9y.
Napdoraon Twv oxéogewv (3.9.3) pé ypadpnuara poig.
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3.9.4 Ipagruara poiis ocuoTnudrwv auroudrou €Aéyxou.

316 oxfua 3.98 daivovral pepikd diaypdupara pofig AmAWyY CuoTNUATWY EAEY-
xou. MNa kaBe TéToio AnAd Sidypappa, i ouvdptnon petadopdg kAeioTol Bpoxou

G(s)
R(s) Cl(s)
"I-G (S)J e (fp PR TIRSERe e . 0O
R(s) C(s)
R(s) E (s) C(s) 1 G(s)
—® W i N T~ S0r ==, f, e e )
R(s) E(s)\ /C(s)
“H(s)
O N(s)
|
1
1 G, (s) G,(s)
O S O ] o =)
R(s) 1 /C(s)
\ /
:m\xth “H(s) ’
O N(s)
vl
1 G(s) 1
OB D8
R(s) \E(s)  c(s)  Cs)
N’
-H(s)
R](S) G”(SJ Cl (s)
O > 0
\\ P
n\\ /.
4
A
s g \\*
/ \
G54(s) N
RAs) G,(s) 22(s :
- o A
R2 (s) C 2 (s)
Ix. 3.96.
Mepixd AeiToupyik@ SiaypduuaTta AnAwv cuoTnuaTwy auTopaTou éAéyxou kai Ta dvtioToixa ypadn-
Hara pong.



42

C(s)/R(s) fj C(s)/N(s) umopei va mpaypatornoinBei elkoAa pé mapathpnon. MoAu
XPNOIUOGg eival O TUTTOG TAG Ox€ETews KEPSoug ToU Mason yid md nepinAoka ypadn-
paTa pong. -

3.9.5 'H oxéon képdouc rou Mason yid ra ypagriuara porgs.

2€ APKETEC MePIMTWOEIg, EmBupoUpde va npoadiopicope TA oxéon dvapeoa oé
uia yeTaBAnTn eiocddou kai g€ pia petalBAnTtn €€0dou TOU ypadrpartog pong. To
KEpSOC peTadooews dvaueoa o évav kOuBo elgddou kai évav kOuPo ¢£é6&ou eival
A TEAIKA axéon kEpSoug, TO TEAIKO k€EPSog ueTaddoewg dvaueoa oToug SUO €Kei-
vOUu¢ KONPBOouUG.

'H axéon képdouc Tol Mason, mou eival ¢dappdoiun oTA oxéon kéEpdoug, Sive-
Talr andé Toév TUTO:

:
P——SP A
Ai%; %k

ormou P, =1 anoAaBn tAg k mpdaBiag diadpoprg,
A N Opilouoa, dnwc AéyeTal, TOU CUCTANATOC
1 — [6Bpoiocua TWv drmoAaBwv BAwv Twv Bpdxwv]
+ [(&@Bpoioua TWV yivopévwy, dva dUo, TWv drmoAaBwv
SAwv TWv PR éyyilovtwy, avd duo, Bpdxwv]
— [&Bpoiopa TWV yivopévwy, Ava Tpeig, TV anoAaBwv
SAwv TWv A éyyilévTwy, avd Tpeic, Bpdxwv]

I

ZLU = TO OUVOAO TWV OXECEWYV KEPOHOUC OAWYV TWV HEUOVWHEVWY BpoOXwy,

a
ZLD L. = 176 46poiopa Twv yivouévwy TAG Ox€Tews kKéEPdoug, BAWV Twyv
b,c mBavwyv cuvduacuwyv dUo Bpdxwy,

ELd Lo Ly = 76 GBpoiopa Twyv yivopévwy TWV Oxégewv KEPSOUG, OAWY TUWV

d,e.f mOavwyv cuvduaopwy TpIwv PN édpanrTopévwy Bpdxwy,

A, = napayovrag TR k mpdoBiag diadpopnig ToU diaypaupartog pé apaipe-
uévoug ToUg Bpodxoug ol éddamrovral oth diadpoun k.
("A¢ onueiwBeT TI oTad d4BpoicuaTa mepiAapBavovral Aeg ol mBavég
S1adpopéc and tAv elcodo otiv €£odo).

2T ouvéxela B84 deifope TA xpAon TG oxéocewg képdoug ToU Mason pé duo na-
padeiyuaTa.

Mapadeyua 1.

"Ag Bewpnoope 16 guoTnua ol ¢aivetal otd oxAua 3.9¢€. "Eva ypdonpa pong
vid 76 cluoTnua autd daiveral atd oxAua 3.90T. "A¢ Bpolpe TA cuvapTnOon HETA-
dopdg ToU kAeigToU-Bpdxou C(s)/R(s) ué 1A xpAon Thg oxéoewg képdoug Tou Ma-
son.

27O ouoTnua autd Undpxel povo pia mpdéoBia diadpopun dvaueoa oTAv €i0060

EYr

b
::r
0 =
o1 a
- ¥

.lfal-:'!l_.
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R(s) kai oTAv €Eodo C(s). Té képdog Tig mpboBiag Siadpopig eivar:
P, = G1GzG3

YO

Ix. 3.9€.
T6 Aeitoupyikd Sidypaupa ouoTANATOG QUTOPATOU €AEYXOU.

_H2

=g~ \\-\\
: : G, &, 6y N\
O o -0 . -0 =

3 O —fe=~ —"C) e

O
R(s) \ C(s) C(s)
Hl

1

Ix. 3.90r.
Té6 ypddnua pong ToU guOoTANATOC AUTOUATOU €éAéyxou Tou oxnuartog 3.1y.

216 oxnua 3.90T, BAénmoue OTI UmGpxouv Tpeig diadopeTikoi Bpodxol. Ol oxéaeig
kEpSoug TWV BpoOxwv auTwyv eivail:

|, = G,G,H,
L, = — (32(33H2
-3 — G162C‘3

Npémel va AaBope unmdywn pag 81, épdoov auToi ol Tpeig Bpdxol Exouv €va KoIvo
kAGSo, Sév Undpyxouv kaBoAou pnh édpamTouevor Bpodxol.
"Evol ) é6pilouca A diveral 4ro TR Ox€EonN:

A=1—1L + L + L4l =1 —G,;G,H, + G,G,H, + G,G,G,4
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'O napayovtag A, katd ynkog TAg npodaBiag Siadpoung mou cuvdéel TOV kKOURO
eloddou kai TOv kKOuBo €E6dou BpiokeTal pé TAV Adaipeon Twv Bpdxwv Mou éda-
rmrovtal ot diadpoun autn. 'Epdoov, o1d mapdbeiyua pag, f) Siadpoun P, épanTe-
Tal Kai oToug TPeig Bpoxoug, TOTE:

Ny = 1
"Evol A TeAikn cuvapTtnon peTadopdg kAeiotou Bpodxou Sivetal and TR ox€on:

Cls) _ P, G,C,G,

— [ —

e, —

R(s) A 1 — G,G,H, + G,G,H, + G,G,G,

o0 eival f} id1a Mol 64 Bpiokape v pelwvape TO ApxXIkd AeiToupyikd Si1dypapua oé
kamolo adAAo iocoduvapo.

"ETol, ovuoiaoTikd 6 TUnog ToU Mason uag BonBa va Bpouue TR ocuvadpTNON HE-
Tadopdc¢ TOU KA€IOTOU KUKAWMATOC XWwPIi¢ va kaAvoue kamoia peiwon otd adpxikod
AeiIToupyikO Siaypapua.

lMapadeyua 2.

"Ac¢ Bewpnoope TO cuoTnua autopdTou éAéyxou mou ¢aiveral oTd oxniua 3.9C.
Znteital va Bpolue T4 ouvdpTtnon petadopdg kAeiotol Bpodxou Cls)/Ris).

"Etor 8nwc o¢aiveTal, otd ogvoTnua auTtd undpxouv Tpeig mpdoBieg S1adpopég
(P,, P,, P,) avdueoa otriv eicobdo R(s) kai TAv €§odo C(s). Ta képdn Twv diadpopwv
auTQV €ivar:

P = 8:0,06:8,0:
P, = G,GgG,Gs
Kai P = 66,06

‘Yriapxouv Téaaepig SiapopeTikoi Bpdxol. Ol oxéaeig képdoug Twv BpoOxwy au-
TV €ivar

= — G,H,
= — G,G,H,

— — G4G,GH,

. = — G,G,G,G;H,

‘O Bpoxog L, 6év épanreral otd Bpbdxo L,. "Etor i) dpilouoa diverar and 1R oxé-
on: '

"

]

W

r - r—

A=1-1(,+L, + L +L) + LL,

‘H émuépoug b6pilouoa A, BpiokeTal and TAv dpilouca A pé TAv apaipean Twyv
Bpoxwv nou ¢dpdamrovrar ot Siadpoun P,. "ETol apaipwvrag 14 L, L,, L; kai L,L,
and TAvV mapandvw oxéon, Bpiokope OTI

A, = 1
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G /6 /[ G h G G ‘*
| 2 ! 3 4
e S - U — A

R(s) 1 Mg |
‘a\\ H, ';:

b /

\ /

\ ;

"\_\l‘
e . H‘F/!.-"
S H?
Ix. 3.9¢.

T6 ypadpnua pong onuatog Tol mapadeiyuartog 2 TAg napaypdgou 3.9.5.
"Opoia Bpiokoue 611 kai
A, = 1

‘H opifouoa A, BpiokeTal ané TAV ddaipeon TWV L,, L;, L, kai Twv L,L, kai pag
Sivel:

A, = 1 = L,
‘Emopévwe | ouvdpTnon petadopdc Tol kAeioTol Bpoxou C(s)/R(s) 84 eivai:
C(s) 1
RS = P == 3 (P,A, + P,A, + P;A;) =

3 G,G,G,G,G¢ + G,G,G,G; + G,G,G,(1 + G,H,)
1+ G,H, + G,G,H, + G;G,GH, + G,H,G,G,H, + G,G,G,G.H,
2170 oxAua 3.9 ¢aiverar 16 ypaonua pong tol mapadeivuartog 2.

3.10 Baoikég aGpxég éAéyxou kal Aeitoupyliag Twv auTopGrwy éAeyKTWV.
3.10.1 levixa.

'O auTopaToc éAeykTric (automatic controller) eival oToixeio #§ cuokeur, Mol
ouyKpivel TAV mpaypaTikn TiyA ¢§6dou évog cuoTAuaTtog pué TAV émBupnTh TIUA,
Bpiokel TAv drokAion (Siadopd) kai mapdyel éva onfpa éAéyxou, TO OTTOIO EXEl WC
okond TA Jeiwan | 76 pndeviopd TAC drmokAicewc. ‘O TpoMog pé 16V O6moio & auTo-
HaTog éAeykTnGg mmapayel TO onua éAéyxou Ovoudletal évépyera éAéyxou.

2TAv mapdypado autn mapouoialope Tic Baoikég dpxég AeiToupyiag Twv alTo-
HATwy €AeyKTWYV TOU Xpnaigomolotvral oTd Bloynxavik cuoTApaTa auTopdTou é-
AEyxOu.

O1 Biounxavikoi autéparol éAeykTég dvaloya pé Tig 1816TNTEC AeiToupyiag Toug,
Siakpivovral oTic €En¢ xaTnyopieg:

a) AuTopaTol éAeykTég dU0 O€gewv 1| éAeykTég on-off.
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B) "AvaAoyikoi €AeYKTEC.

v) "Avaloyikoi kai OAOKANPWTIKOI éAeYKTEC.

S) "Avaloyikoi kai Siadopikoi EAeyKTEC.

€) 'AvaAoyikoi - diadopikoi kKai OAOKANPWTIKOI €AEYKTEC.

'H évepyonoinon TwWv éAeyKTWY aUTWV YiveTal pé NAekTpIkA i USPAUAIKA éVEp-
vela. ‘O TpOmog AeIToupyiag Toug O€ YeVIKEC ypappéc eival & EEAC:

‘O auTtopaToc éAeykTAc dvayvwpilel T6 oAua oddAuaTog, Té dmoio ouvABwC €i-
val GpkKeTa aoBevég kai 16 eviaxuel. 'H éEodog ToU éAeykTn ObnyeiTal oTd pnxavi-
ouo évepyomolngews SMwe eival .x. pia BaARida, évac kivnTApag K.4.

270 oxnua 3.10a daivetal 1O AeiToupyikd Sidypappua eévog auToPNATou EAEYKTA
uali Yé €va OTOIXEIO PETPNOEWC.

"AVIXVEVTTC
JYaApatog

Fhua IMua NPOg HNXavVLOpNO
avagpopac -+ . 0 9AAUATOG ETEVEPYT OEWC

*EVIOXVUTIC

— 4

_ Efpobog aro
T0 EAEYXOMEVO OuTTIMuaA

ITOLXELD
LETPTOE WG

Zx. 3.10a.
AeiToupyikO d1Gypauua €évog autduaTou €AeykTh.

‘O €AeyKTNC AUTOC AmoTeAeiTal amo &vav dvixveutn odAApaTog Kai Evav €viagxu-
™A To0 oARuaTog oddAuatoc. TO oToixeio peTprioews Tol axAuaToc 3.10a eival pia
guagkeun, N omoia petartpémel TO onua TG €§060U TOU EAEYXOUEVOU TUOTANATOG
g€ onua kataAAnAo yia va cuykpiBei yé 16 onua dvadopac. Napadeiyuartog xapn
LG geTakivnon JyeTaTpénetal o€ NAeKTPIKO onua yid va unmopéael v ouykpiOel pé
10 onua dvaodopag, dnAadn 16 ofua 16 Omoio ékdppaler TAV EmMOBUPNTA TIUA EAEy-
XOU. :

2UvNBwg, aToucg Biounxavikoug €AeYKTEG TO OTOIXEIO NETPAOEWC Kai O €mevep-
VWV pnxaviouog éAéyxou dmoteAolv SUo &exwploTéc povadec.

‘Yrmapxouv BéBala kai auTovouol €AeykTEC, ol Omolol xpnoigomolouv TAV loxu n
omnoia rmapayetal and 16 aToIXeio HeETPNOewWC VIA va évepyomnoinBouv. "Evag T€Toi0¢
€AeykTNC dpaiveTtal ato oxnua 3.10B. 2" auTov i B€éon évepyoroINOEwg TOU €Aey-
kTR kaBopileTal ué TA pUBUION TAC duvduewc Tol éAatnpiou kai T6 &iIAdpayua €i-
val T6 oToixeio peTpAoews. TO afua oddAuaToc eival i OAIKA S0vaun mol dokeital
ord diddpaypa, i} Béon Tou Omoiou kaBopilel TO Gvoiypa TNG BaABidag.

‘O Tpomoc AeiToupyiag To0 éAeykTh auTol eival & ¢EAC

"Otav i mieon éE660ou eival xaunAéTepn anmd TAV niean Tol éAaTtnpiou, A GUVOAI-
kA Suvaun nmou épappdleTal mavw oo diddpayua onpwyvel 76 Siappayua kai pu-
oika kai Tn BaABida nmpodg Ta KATW, YE AMOTEAETNA TAV GOEndn TAC PONC Kai TAG TTIE-
gewg étodou.
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KoyAlac pUIULOEWS

Mana Awappaypa
bLappaypatog
B&mpo
ParpLoas Ix. 3.108.

] AUTOVOuOC éNeYKTNAC.

"OTtav f) mieon é£68ou eival fon pé TAvV €mBuunTA, T6 Siddpayua napapével Axi-
vnTo Kkai A pon dilapéoou TA¢ BaABidacg eivar oTaBepn.

Téhog, OTav A mieon ¢E66ou eival peyaAlTepn and TAV €mBUPNTA, 1| GUVOAIKN
Suvaun oTtd Siddppaypa dokeital mpodg TG émdvw, PYé dnotéleopa TH Peiwon TNG
pofc diapéoou TAS BaABidag kai katd guvémnela TRV MTwon TAG METewg €§060uU.

3.10.2 Auréuaroc éAeyxriic 8uo Béaewv (on-off controller).

‘O éAeykTNC aUTOC €mmiTpéETEl, dvdAoya pé 16 oNua éAéyxou, povo U0 évépyelec,
dnAadn &voiyua A kAeioipo (on or off). Abyw 100 XaunAoU Toug KOGOTOUC, TETOIO!
TPOTOI éAéyxOU, XpnaolgomoloUvTal MOAU guxv@ g€ Biounxavikd ocuoTRuaTa auTo-
uatou éAéyxou, kabBuwcg kai gé moAAd GAAa cuoTAuara.

"‘EoTtw 611 76 ofua éAéyxou, TO Odmoio mapdayeTal ard TOv EAeyKTH, MapIoTAveTal
Hé TO m(t) kai TO6 ofua oddApartog mapioTavetal pé 16 elt). TéTe loxuer | oxéon:

mit) = A, yid e(t) > O
mit) = A, yid elt) < O

dmou A, kai A, elval oTaBepéc. TuvABwg A EAAXIOTN TIPA €ival undév f§ — A..
Ol éAeykTéc alToi eival, cuvABWC, AAEKTPIKEC TCUTKEUEC STTWC S1aKOTITES 1 Tw-
Anvoeideig BaABideg f| udpauAikoi diakdmreg dUo Béagewv. 216 oxAua 3.10y dai-

vovTal TO AeiToupyikd Sdiaypappa €vog €AeykT U0 Béoewv kai T6 oxnuaTikd &1a-
YPAMHA €VOC TETOIOU EAEYKTN.

3.10.3 ‘Avaldoyixoi éAeyxrés.

2€ &va dvaloyiko éAeykTA A oxéon petall TV peyeBwv elgddou kai ¢E6dou €i-
val:

mit) = k e(t)
i, v mapoue 76 petaoxnuatiopd Laplace, €xoue T oxéon:

M(s)
E(s)
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dmou k eival otaBepd dvahoyiag, molU dvoudletar xépbdog 100 EAeyTH.
2176 oxnua 3.106 dpaiveral TO Aeitoupyikd Siaypappa évdg dvaAoyikou EAeyKTA.

r(t) e(t) — A, m (1)

@ ®

Zx. 3.10y.
a) 7o Aeitoupyixd didypapua éAeykTh SUo Béoewv. B) IxnuaTikd SiGypaupa Aeitoupyiag éAeyxTh SUo
Occewv.

r® | A m .
+ e(t)
= Uy (t) — ﬁT
L
U, ()

O, ®

Ix. 3.106.
a) To Aeitoupyiko Siaypauua évog dvaloyikol éAeykTi. B) IxnuaTtiki napdoraon ¢vog dvaioyikol ¢é-
AeykTtR, 6mou:

R V, (s) R
Ul = —— u, (A «ai 2 ke ;

R, + R, V, (s) R, + R,

3.10.4 OAloxAnpwrinds éAeynTiig.

2€ €vav TETOI0 €AeykTn A TINA TRG €E660U MIt) AAAGLel pé puBP6d Gvaioyo pé 16
HEyeBog TOU onuartog oddaAuarog. AnAadn:

dm(t) )
dt ko €
A mit) = ko [ eft) ot

dérou k, piG oTabBepa.
"Av AGBope 16 petaoxnuarmiopd Laplace TA¢ napandvw ouvapTAOEwWS EXOUE:
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M(s)
E(s) S

Mé SimAdaoia mipA ToU oddAparog e(t), i TiuA To0 oRuarog ¢§6dou peTaBalAerat
ué SmAdoia Taxutnta. “Otav A TipA Tol odpdApatog eival pndév, A TiuA T00 ohAua-
Toc ¢E660u eival oTaBepn. ITAV nPdin f dAokAnpwTikf évépyeia ToU EAeykTR al-
ToU Ovopdletar kai «évépyela énavaraewc» (reset control action).

Y76 oxfpa 3.10€e daiveral 76 Aeitoupyikd Sidypappa OAOKANPWTIKOU €AeyKTR.

~ 220V

dm(t)
N : iy § ot / m(t)
——l —_—
f = e(t)
Zx. 3.10e.
a) Ixnuartikf napdoraon OAokAnpwTikoU eAeykTi. B) T6 Aeitoupyikd Sidypappa SAOKANPwWTIKOD ¢é-
AEYKTH.

3.10.5 'AvaAoyixoi xai 0AoxAnpwrinoi éAeynrés.

'H évépyela éAéyxou évog dvaloyikol - OAokANpwTIKOD éAeykTA kaBopileTal &-
o TR oxéon:

k
mt) = ke(t) + —— [e(t) dt

A andé TR oxéon peTadpopac:

Misl _ i
E(s) " e

omou 1) oTaBepa k mapiogTave! TO kEPSOG ToU EAeykTh kai T6 T mapioTdver T6 xpdvo

)



5{1.

OAokAnpwoewg. Ol Tiyég Twy k kai T ymopouv va puBuioBodv. ‘H TiuA ToU xpdvou
OAokAnpwoewg T kaBopilel TAV SAokANpwTIKA €vépyeia ToU éAeykTn, SnAadn TAV
TaxutnTa SAokANpwoewg ToU oAuaTtog elt), évw f) TINA TAG oTaBepag k érmnpedle!
TAV avaAoyikn kai TAv OAokAnpwrTikA Spdon Tou éAeykTA. 'H TIinR 1/T dvopdleTal
puBudc émavarabews xai SnAwvel 16 Mooeg dpopéc oTd MpwTo Aerrd énmavarapBa-
vetal N advaloyikn évépyela ToU €AeyKTA.

270 oxnua 3.100T daivetal 7O Aeitoupyikd Sidypappua évog éAeykTh, O dmoiog
cguvdualel dvaAloyikn kai OAokANpwTIkA Spdon. 216 oxAua 3.10L daiveral 16 oxn-
HaTikd d1aypappa mMveuuaTikoUu éAeykTn dvaAoyikng kai SAokANpwTikA¢ Spdoewc.
Ao 10 Sidypaupa autd nmpokumnTel OT1 &v dév uTTRpPxE ) duoouva OAOKANPWOTEWC,
n mieon P, 84 édappoloTav Gueca otn duocouva avadpaoewg, f) onoia avfavel f
WEIWVEI TO NAKOC TNG AvaAloya Pé TRV TN TAS épapuolouevng méoewc. [1a 1 du-
gouva OAokAnpwoewc dnodeikvueTal paBnuatikd 811 i) oTévwaon, moUu UTAPXE!
npiv &nd TH ducolva auTh, évepyei GAokAnpwTikG petaBdAlovtag TAvV mieon P, gé
P.. "ETal, & éAeykTng autdg mapouaidfer avaAoyikf AAAG kai OAokAnpwTikn dpdon.
‘H épdon auTh, ouvdualdouevn yé TRV mieon ToU dépa amod 16 dkpoduaio, Mapayel
TAV TEAIKN €VEPyela €AEyXOU.

. E(s) k{(1+Ts) M(s)
O Ts

e(t) ﬁ Zuvc'xptnon nHovadatou Bﬁpmwg

/(unit step function)

~

®

’Ava?\oymég — Bho}t)\npwuubg 'éhey)(og

AVaROYIHOC EANEYXOC

Zx. 3.100T.
a) Té Aeitoupyikd Siaypappa éAeyxTi dvaAoyikic kai SAokAnpwTikAg dpdoews. B) xai y) AlaypaGupara
oTé dnoia daivovral ol Tipéc THC elobdou elt) Tol ¢AeykTA kai TAg é§6850u Tou M(t) o€ guvapTnan e
TO XpoOvo.
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Zx. 3.100.
T6 Sidypappa évog OAokAnpwTikoU kai dvaAoyikoU éAeykTn.

3.10.6 'Avaldoyixoi xai dragpopixoi EéA€yKTES.

‘H évépyeia éAéyxou evog dvaloyikoU kai Slapopikol éAeykTh kaBopileTal anod
TH OXEON:

de(t
mt) = k elt) + kT 2V
dt
N anmd TA ouvaptnon ueTadopag:
M(s)
=k (1 +Ts)
E(s)

dmou i oTtaBepd k mapioTavel T6 ké€pbdog kai ) oTaBepd T mapioTdvel 76 xpdvo dia-
dopicewc. Kai ol 800 oTaBepéc elval S1aBéaipeg vid plOuion TWV TIHWV TOUC.
Mé Tov 8po Siadopiki evépyeia évvoolpe 8T A EEodoc ToU éAeykTh elval dvalo-

yn mpo¢ 1O puBbpod petaBoAng Tou onuatog elgddou, SnAadf Tol ofjpatog opdApa-
oL,
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+$: )
@ E(s) K(1+Ts) M(i

e(t) 4

;:_ﬁn.t‘:s.popmh, 'H.IEI;. évakoylxﬁ
EVEPYELA EAEYXOU

’ﬂva}\oymﬁ évépy £La é)u':yx ov

ey

Zx. 3.10n.
a) Té Aeitoupyikd Si1dypapupa évog éAeykTii pé Siadpopikf) kai dvaAloyikn évépyela eéAéyxou. B) kai y)
Aiaypauuarta otd dnoia ¢aivovral ) efloodog kai A €odog TOU éAeykTA.

2170 oxnua 3.10n ¢aiveral 16 Aeitoupyikd Sidypappa dvaioyikou kai Siadopi-
koU éAeykTh. “OTav 16 ofjpa opdAuaToc elt) eival avodikd, dnwe paiveTal oTo oxA-
ua 3.10n(B), ) €¢odog ToU éAeykTA M(t) yiveTal Srmwg paiveTal oTd oxAua 3.10n(y),
drmou | Siadopikn évépyeila EAéyxou Exel avTioTaBuioTikd xapakTthpa. Mapd Tév
avTioTaBuioTIKO TN xapakTApa éxel Buwg 16 yelovékTnua 811 éviaoxvel T6 B6pufBo.

276 oxnua 3.100 daiverar 76 Sidypapua mveupaTikoU éAeykTy dvaAloyikig Kai
Siadopikig dpdcews. ‘H Aeitoupyia Tou éxer wg &é&NG:

“OTtav 16 nrepuyio anopaxkpuvBel anod 16 akpoouoio, f mieon P, peiwveTal kai n
duooulva cuaTéNAeTal. Mé TR ocuomeipwon TRg puoouvag napacupeTal i) BaABida
B mp6¢ 1d kGTw, pé dnoTtéAeopua va kAeigel TO mdvw PEpog TAG BaABidag kai va dia-
Korel f) mapoxn Mpog 16 TURpa émevépyeiag ToU €AeykTn. Tautoxpova A katw BaA-
Bida davoiyel kai ouvbéel 1O\ émevepyntn W€ TO €AeyxXOpeEVO WEOTO.

“Orav ) mieon P, au§nBei, A dpuocoulva ékTovwveTal kai i SInAR BaABida B ave-
Baivel. ‘O énmevepynTtig S€xeTal TAV MARPN mapoxn ToU dikTUou kai diakomTeTal f) é-
mKoivwvia Tou pé 1O éAeyxOuevo péoo.

‘H évépyeia To0 éAeykTii MoU mMepiypdwape mapandvw ATav dvaAoyiki.
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1 Exatipo

Ix. 3.1080.

T6 didypappa nmveupaTtikod EAeykTh avaAoyikiig kai diadopikig Aeiroupyiac.

MéE TAv mpooBAkn piIGg dkdun puocolvag, Tiig pugolvag dvadpdoews, kai pé pid
emmmAéov oTévwan Tou dikTOou, pé T6 dmoio petadideral A mieon P, mpdg auTh, kai
€vOog €Aatnpiou, T6 ocluoTnua amokTd kai diadopikn Spdon.

3.10.7 ‘AvaAoyixoi - Siapopixof - dAoxAnpwrixof éAeyxréc.

T6 paBbnuarikd povréAo TR evépyelag eAéyxou &vog éleykTh dvaloyikiic - Sia-
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GOPIKNG - OAOKANPWTIKAG évépyeiag SiveTtal amd TA oxéon:

de(t) k

A and 1A ouvapTtnon peTadopdac:

-1
t) = k e(t) + kT
m(t) = k e(t) + kT, — ¥ T .00 e(t) dt
3
M(s)
= k(1 +T,s + )
E(s) T,s

210 oxAua 3.101 ¢paiveTal 1O Aeitoupyikd didypappa Tou mapandvw €AeykTA.

K ( ] +T1T252+ T15)

Tys

e(t)}

m(t) }

®

/ "AVaAOY LT + BLaPOPLRT + ONOHANPWTIXN EVEPVF 1 £ ALy XOU

A i "AVaNOY LK + BLAYOPIHT EVEPYELD € ALy XOU

-~
f "’f 1 p) [ » '
,,-"‘" S al=me AvaAOy (X" EVEPYELA EAEYXOV
-~
-
-~
~
~
~
~
~
l//
= -3
t

Zx. 3.10u.

a) Té Aeitoupyikd Siaypappa évog AeykTn dvaAoyikig - SOAoKANPWTIKAG Kai diadpopikng €VEPYEITG.

B) kai y) Ta éiaypdupata elgddou kai ¢E660u TOU €AeykTh.

216 oxAua 3.101a dpaiveTal | oxnuaTikA mapdorTacn évog MVEUPATIKOU EAEYKTH.
'H kataokeun Tou Bagilerar 016 oxfApa 3.10f pé mMpooBAKN pIGG OTEVWOEWSG TOU
SikTOou mapoxfg TAg oxégewg P, ot puocolva dvadpdoews. Mé TOv TpdTTIO AUTO,



1 Npog EMEVEPYYTN

7 ra RS

duvoovva

| | avadbpaoews
Luvbeom pe
0pYavo UETPMNIEWS
N

L I ‘|

A/

"ARpOYUOLO

duoouva
ONOUAT PWOEWC

LTEVWOT

2x. 3.101a.
'H oxnuartikn mapactacn évog avaioyikoU SiadopikoU kai OSAOKANPWTIKOU €AeYKTH.

O VEOC EAeYKTAC, €KTOC A0 TAV AvaAoyikh kai SAOKANPWTIKA €VvEpyela €AEéyxou G-
mokTa Kkai diadopikn.

3.10.8 'H énidpaon 10U oroix€iov peTproews orfv amédoon rou CuoTHUATOS.

2176 oxnua 3.101B daiveTal TO AeiToupyikd diypapua évoc CUCTANATOC AUTONA-
TOU €éAéyxou. ‘O auTduaTtog éAeykTNg mepikAeieTal aTd mAaigio pyé SdiakomTOuevn
YPaHuN.

Eivai pavepo 611 1@ Suvapikd dAAG kai Tad oTaTikG xapakTnpioTiKA ToU OToIXEIOU
ueTpnoewg eérnpealouv oAU TAV émBuunTA €€odo Tol BAou cuoThpaTog, viaTi TO
onua mmou bivel TO OTOIXEIO HETPNOEWS ouyKpiveTal yé TAV émBuunTA eicodo yia
va napope 16 ofua odpadAuarog E(s).

G 1A duvapiki A oTaTIKN CUPTIEPIPOPA ¢€vOg TUOTANATOC UTTAPXOUV OPICHEVEC
npodiaypadég dnodooewg ol drnoieg ékppdlovral oTd nedio TRg cuxvoTnTac ff T
nedio To0 xpdvou. “Onwg eival & xpbvoc kabuoTepAgewc, TO TepPIBWPIO KEPSOUC
kai GAAa yia T1a émnoia Spwg 8a culnTRooue éktevéaoTepa aTd MNéumro KeddAailo.

TO oToixeio pyeTpRoews kaBopilel T ouvapTnon yetadopdg His) Tol ofuartog




AUTOPATOE ENEYHTNC | N(s)
| G,(s)

— - —
I
I

R(s) I+ R(s)-B(s)= E(s) C(s)
|
| B(s) 3 .
| EXEYXOUEVO
| guotnua |
| |
I | -
| I | ETOLXELO
| ] HETPMOEWC
H(s)
L ]
Zx. 3.10:1B.
To Aeitoupyikd didypapua évog guoTh-
HATOg aAUTOPATOU €AEYXOU.
R(s) M (s)
k C(s)
Tst1
R(s) M (s)
L C(s)

(Tys+1)(Tys+1)

®

Ix. 3.10my.
Ta AeirToupyikd@ Siaypdupata d0o avtopdrwy eéAeykTwyv pé (a) Tou BaBuol OTOIXEIO PETPNTEWS Kai
(B) pé 2ou BaBuol OTOIXEIO HETPATEWS.

dvadpdoewc. £T6 oxfiua 3.101y paivovral didpopor auTdépatol éAeykTég, ol drofol
éxouv guvapthoeig yetapopdsg Tol oToIxEiou UETPTEWS Ol OTTOTEG eival 1ou kai
20U BaBuol wg mpdg s.
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Zx. 3.10186.

AlGdopor TUNOI OTOoIXEIWV PETPAOEWC.
a) Zuokeur peTpnoews kai diatnpAoews otaBepol 1§wbdoug: 1) MeTaddTng Siladopdc mEéTewy.

2) QetypatoAnmmikn dvtAia. 3) PuBuioThg I§wdoug. 4) Kataypadikd pnxdvnua. 5) Tpixoe18AC owAn-
vag. B) Metaddrtng kai évbdeiktne méocewc.

‘H popdn kai & BaBudg TG ocuvapTNoews NeETADOPAG TOU OTOIXEIOU UETPATEWC
¢fapTaTal dmnd 16 €160¢ Tou. IT6 oxfua 3.10186 daivovral Siadopot TUTIOI OTOIXEIWV
pHeTPNOewC. ZTO BiIBAIo auTd &€ 64 doxoAnBolue pé TRV avamruén TwWv yadnuari-
KWV oxéoewyv mou xapaktnpilouv T dpdon Toug.
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3.11 'Epwrrioeis.

MNoia dvoualovtal ypappik@ ocuoTAparta; oG un ypaupikd: AwoTte nmapadeiyuara

2€ Ti pag BonBoUOv Ta pabnuaTika yovtéAa oTh oxediaon évog CUOTANATOG AUTOUATOU €AEYXOU

2€ Ti yag BonBa 6 uetaoxnuaTiopdc Leplace; Nuweg xapaktnpileTal;

Ti kaA€ital guvaptnon detadpopdsg AvoiKTOU KUKAWPATOG,

Ti kaAeiTtai ouvaptnon peTadopag TpododoTACEWC;

Ti kaAeital guvapTnon PeTadopag KAEIOTOU KUKAWUATOC!

Mwg ouunepidépeTal €va ypauulkd cuoTnua oThAv émBoAn wiag diatapaxns:

Nw¢ pnopolv va mapacTaBouv AeiToupyika Siaypauparta mou napioT@vouv dvetdpTnra oToixeia

¢voc ouoTApaTtoc dTav eivar guvdepéva g€ Oelpd:;

9. "AvadépeTe TOUG KAVOVeS AMAOUOTEUTEWS TWY AeIToupyikwy SdilaypauuaTwy.

10. 'AvadépeTte 1OV kavova Tou Mason.

11. AwoTe Ti¢ katnyopieg Twv Bloynxavikwy auTopaTtwy éAeykTwy.

12. AwoTe 10 AeiTtoupyikd Siaypappa évog BiopunxavikoU aUTOUATOU €AEYKTR Kai MEPIYPAWTE TH A€I-
TOoUupYyia TOu.

13. MepiypdyTe TA AeiToupyia ToU autoudTou éAeykTtn SdUuo Béoewv (on-off controller).

14. MepiypawTte TA AeiToupyia évog AvaAloyikou EAeyKTA.

15. MNepiypawTe 1A AeiToupyia évog OACKANPWTIKOU €AEYKTA.

16. MNepiypawTe TR AciTtoupyia évog AvaloyikoU - OAOKANPWTIKOU €AEYKTR.

17. MepiypdwTe TH Aeitoupyia evog dvaloyikou - Siapopikou €AeykTn.

18 MNepiypdwTe T Aeitoupyia évog dvahoyikol - OAokAnpwTikoU - SiadpopikoU EAeykTn.

19. Moid A émidpaon ToU OTOIXEIOU YETPNOEWSG OTAV ANGdoon évdg cuoTAUATOG QUTOUATOU EAéy-
xou; Ti kaBopilel:

O, G & Y

3.12 'Aokioelg.
1. Mia 16 ynxavikd guoTnua Tou oxAuartog 3.12a loxler ) gxéon:

dw

dt

J +fw=T

omou: J = i ponA dépdveiag ToU opTiou,

w = ) ywviakn Taxutnra,

f =1 édUvaun TpIBARG kai

T = ) épappoloOpevn ponn oTd ocuoTnua.

(2(s)
T(s)

Nd& BpeBei i) cuvapTtnon petadopdg Tol cuaTnuartog Gis) = Aol npwrta yertaoxnuaTiobel

A napandavw oxéon karta Laplace.

\

Ix. 3.12a.

2. Ma 16 AAexTpikd KUKAwpa 100 oxAupatog 3.123 loxuouv ol ox€OoeIg:

di 1 .
L; +R. + | idt =€,
dt C
1 M
Kai R — fldt=€u

c -




DY

L R
O——IW\-— \/\/\./\ = QO
]
91 T C eO
L |
O o -O
Ix. 3.128.
E,ls) ) ) ) _
Na BpeBei A ouvaprtnon petagopag Gis) . Aol npwTa peTaoxnuatioBolv ol napandavw
E,(s
ox€oelg kata Laplace.
Cls) ' )
3. NG BpeOei N ouvapTtnon petadopdag G(s) = ( TOU ougTANaToc mou ¢aivetal otd oxnua 3 12y
R(s)
Cls)

4. Na BpeBei fy ouvapTtnon pyetagpopag Gis) =

TOU ouoTApaToc mou ¢aivetal oTo oxnpa 3.12vyla).

R(s)

S + 1 C(s)

(s+2)(s+3)

Ix. 3.12yla).

5. Na drnAomnoinBei 10 diGypaupa cuoTNEAaTog auToudaTou €Aéyxou mou ¢aivetal otd oxAua 3.128.

6. NG anAomnoinBei 16 61dypapupua ocuoTAuaTog autToudrtou éAéyxou ol ¢aiveTal oTd oxApa 3.12¢€ kai
va BpeBei iy ouvaptnon petagopag C(s)/Ris).

E,ls)

E,(s)

8. Na BpeBei f dnAonoinuévn cuvapTnon yeTadopdg TOU CUTTANATOS AUTOPATOU éAéyXOU OTPODWY
moU ¢aivetar 016 oxAua 3.12L.

7. NG BpeBei ) cuvaprtnon puetadopag Gis) = ToU KUKAWwpaTog MU ¢aiveTal oTto oxAua 3.1207
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35
sS(s+1)(s+0.5)

Ky

Ix. 3.126.

(S)
42 2=
R, =
? \/\/\/\ 1 I o
R
6‘1 eo
|
— 2
o 3
Ix. 3.120T.
N(s)
1002 10 C(s)

52+ 1405 +1007 20(5+1)

('AvtiBapa ) (ZepPBounxaviopoc ) (Mnxavn )

Ix. 3.121.

9. Na BpeBei i ouvapTtnon petadopas G(s)/R(s) TA¢ dokNTEWS 6 ué TAvV épappoyn ToU kavova Tou
Mason.



KEQDAAAIO TETAPTO

ANAAYZIH METABATIKQN QAINOMENQN ZTA ZYZTHMATA
AYTOMATOY EAEIXOY
TAZINOMHZIH ZYZTHMATQON — ZQAAMATA

4.1 lNevikda.

To mpwTo BRNa yia TAV dvaAuon TAS cuutrepidopag €vog CUOTNKATOG AUTONA-
Tou éAéyxou €ival 6 MPoadiopigudc Tol yalnuaTikol povTéAou ToU CUCTAPATOC.

Fevikd, TO ofua eicddou &€év eival ywwoTd Ao TTPONYOUNEVWS Kai KaTd guvé-
nmeia ) dvadAuon To0 guoTAuaTog mou B4 aoxebiacBei, B84 npénel va Baoigbeil g€
Siapopa GAAa kpiTApia dnodooewc. "ETol, diepeuvolpe TAV evoTdBela ToU cuOoTA-
uaToc, TO dmoio oxedidcape, ué Baon Silddopa yvwaoTd oRpara eloddou, mwce €i-
val m.x. | BnpaTtikn cuvaptnon ult), Té6 kpouoTikO afua &(t) kAn. Mé Tig eloddoug
auUTEG, urmopoUpe émiong va peAeTnoope TR duvauikh cupmnepipopd ToU cuUOTANA-
TOC.

[a TAV kaTavonon Twyv PeTaBatikwy daivouévwy, Ta omoia eudaviovral oTd
CUOTAMATA AUTONATOU €AEyxou, Ba dwooue pepPIKEG BaoIKES EVVOIEC TTOU XAPAKTN-
piCouv TG cuoTAuara auTa.

‘H xpovikn drnidkpion €vog cuaTnpaTog éAéyxou amnoTeAeital and d0o pépn: TH
veTaBaTikf kai T poviun amdékpion (transient and steady state response).

MeTaBaTiky andékpion kKaAoUPE TR XPOVIKA cupmepidpopd évOoC TUOTAMATOC
eAEyxou Ao TN OTIYUNA TToU édapudloue €va aonua eigodou péxpl TH oTiyun mou 16
ouoTnua avrarokpivetal MANpwg oTAvV émBuunTtA kataotaon. Ti cupPBaivel m.x.
oT0 OAo cuoTnua Otav yupicope TO olakooTpddelo Tou mndaAiou uéxpic 8STou 1O
mNdAaAIo Tou mAoiou aTpadel oTAv émBuunTth B€éon;

Moviun dnékpion kaAoUue T TUNTIEPIDOPA €vOC CUOTANATOC AUTONATOU EAEy-
XOU, META TO TEAOG TAG peTaBaTikhig AMokpicews MPdyua molU cupBaivel yeta ano
nmapéleuan IkavommoinTik@d peydAou xpodvou.

KaBopiouds noAwv kai undevixwy.

'H ouvdprtnon petadopag évog cuoTANATOC auToPATou éAéyxou, Opiadnke wg
TO TTNAIKO TOU petaoxnuartiouou Laplace Y(s) Tiig €é€ddou, mpdc 16 petaoxnuaTioud
Laplace X(s) Ti¢ eic6dou, pé TAv mpoindBeon &1 BAeg ol dpxikéc ouvBfkeg eival
undév. AnAadn:

Y(s)

Fis) = .
(s) X(s) (4.1.1)




6H2

Tevika & dapiBunTAC kai & MapovopaoTAS TAC MapacTATEwWS AUTAC, €ival TTOAUW-
vuua BaBuol v (v > 0). "ETol, 1| ouvdpTtnon deTadopdg TR OXETEWC UMOPET va
ypaopel wg €§ng:

Y(s) a,s" +a.; s"! 4. +as+aq

F(s) = = (4.1.2)
X(s) 8™ 4 B 8™ .+ By + By

dmou ol guvTteAeoTéga, kai B, (N =0..n, m=0..m-1) eival mpaypaTikoi apiOuoi.
Ta moAuwvupua ToUu dpiBunTn Kai ToU mapovopaoTn prmopouv va avaAuBolv o€
yIvOUevo mapayovtwy kai €7al | oxéon (4.1.2) va petaTtpanei wg ¢€nc:

e el Y(s) _ kis—z,)(s—2)...(s—2z,)..(s—2) 4.1.3)
X(s) (s —p,y) (s—p,) ... (s —p)

orou oi pileg Tou apIBunTA, dnAadn ol adpiBuoi z,, z,... z, eival mpaypaTtikoi f
uiyadikoi kai dvoualovrar undevikd xai ol pilec ToU mapovouacoTA moU eival kai au-
TéC MpaypaTikoi A eavraoTikoi dp1Buoi dvopdlovral méAor. AnAadn, undevixd eiva
ol 4p1Bpoi Mol undevilouv TéV ApIBUNTA Kai méAor eival ol dp1Buoi Mol undevilouv
TOV TTapovopaagTn.

[1.x. ) ocuvapTnon WeTagpoOpPac:

(s + 1) (s + 3)
(s +4)(s+ 3+ 2j)(s+3—2j)

Ex€l TOUG MOAQUGg 8§ = — 4,5, = — 3 — 2] kKai 8§ = — 3 + 2j
kKai 7@ pndevikad s, = — 1 kKai s, = — 3

G(s) =

‘AvapépOnke mponyoupévwe 811 A peTaBANTA s = 0 + jw, ekdpalel TR piyadikn
oguxvoTnTa. "‘Av napacTiooue ToU¢ mMOAoug Kai TG pndevika PIGg CuvapTNOEWS HE-
Tapopdg oTo éninedo s, B4 Eéxope TA Siadtadn ToU oxAuartog 4.1a, 6Snou ol ndéAo! on-
uelwvovTal ué 16 oUuBoAo x kai Ta undevikd pé 76 oclupBoAo 0. "OAa TG anueia api-
oTepd To0 pavraoTikoU GEova, éxouv npaypaTikd pépog dpvnTikd, évw HAa TG an-
ueia 6e&id Tol ¢pavraoTikoU G€ova, éxouv mpaypaTikd uEpog BeTIKO.

4

jw
i S
24 Emimedo S
o= = X —4
|
2, 'Tz F’1 l
- »X—0O - O—% e
-5 -4 -3 -2 -1 |0 g
|
X~ — — — — —4
2)
Ix. 4.1a.

Napdoraon nmoAwv kai pyndevikwyv oTo €éninedo s.
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Mapaderyua.
Na BpeBoUv ol moéAol kai Td undevikd TAG ouvapTACEWS PeTadopPAag:

Y(s) s?— 16
G(s) = = — = -
X(s) s> — 7s* — 30s
Ol moéAo! eival ol Tipég mou undevilouv TéV mapovouaoTh. ‘AvanTiooovTag TOV
mapovouaoTn € YIVONEVO TTapayOvTwy EXOUE:

6% — 7s?* — 303 =¢3(s? —7s —30)=83{s + 3) (s —10) =0

droTe ol Mmool elvar:

Ta pndevikd eivar ol pile¢ TAc ¢ficwoewe s2 — 16 = O
‘AvarrrugoovTag o€ yivopevo mapayovtwy, EXOUE:

s2?— 16 =(s+4)(s—4) =0

‘Enopévwg ol méAol eivar: s, = — 4 kai s, = + 4

270 Si1dypapua Tou émmédou s, ol mOAol kai Tad pndevika éudavilovrar Snwg o O
oxnua 4.1B.
$Jw

TpLtAOC TOAOC $=0
S -3 /
—G —% — g—— ﬂ——(} — > * i - i >
~4 =3 =2 =] . ] 2 3 4 5 -10 o

Zx. 4.1B.

4.2 Yuotijpara 1ov Baduod.

"EoTw 16 ouoTnua éAéyxou ToU axnuartog 4.2ala). Té oloTnua altd pmopei va
mapioTavel eva kikAwpa R.C., &va Beppikd kikAwpa k.4. ‘H ouvapTnon petadopdc
ToU guoTApaTog autol Siverar amd TA oxéon:

Cls) 1

= 4.2.1
RG) Ts+ 1 4.2.1)

1

‘H oxéon T eival 1ou BaBuol wg mpdgs. Od éeTdooue TH GupNEpIdOPE
S +

ToU guoTAuatog autol yid Siddopa yvwoTd gnuata elgddou.




64

R(s) -1;0 E(s) 1 C(s)
2 @ o
Ts

R(s) | ] C(s)
- o
Te+]

®

Iy. 4.2a.
a) To Aeitoupyiko diaypapua cuaTAparog 1ou BaBuol. B) Td dnAcnoinpévo Sidypapuua Tol i§iou ou-
OTAMATOC.

4.2.7 ‘Anbkpion 100 ouarijuaros oé eiocodo évés fnuarikod aruarog uft).

‘H Bnuarikn guvapTtnon uft) é€xer petaoxnuartioud Laplace R(s)= 1/s (mivakacg
3.3.1). Emouévweg | oxéan (4.2.1) 84 ypadei:

1

Clg) = .
Ts + 1 S

‘AvaAlovTag Twpa 10 yivouevo auTtd cé pepikd kAdouaTa, drwg dvadépeTal oTo
nmapapTnua, 684G éxoue:

1 T
C(s) = (4.2.2)

S Ts + 1

Mé TOv avTiBeTo petaoxnuatioud Laplace TRg oxéoewcg (4.2.2) naipvoue:

cl) =1 —e VT (t > 0) (4.2.3)

‘H TeAeuTaia oxéon épunveveTal wg eEnc:

‘H é£0d0¢ ToU ouoTApaTtog clt) vid t = O eivar pndév kai avfdvel ékBeTIkA péXP!
va ¢Baocer TAv TiuR 1, dnAadn ot uéviun katdoTaon (steady state) GkoAouBei TAv
eilcodo TOU CUCTANATOC.

Mia xapakTnpioTikA OTIyuA Tol cuoTApartoc eival dtav t = T, dnéTe clt) =
0,632. 'H oraBepd T Aéyetal oTtaBepd xpdvou ToU cuoTAPATOG Kai 600 pIKPOTEPN
eival auTh T600 TO oloTnua dmokpiveTar moé ypAyopa oTAv eicodo. AuTd daiveral
oTd diaypauua ToU oxApartog 4.20.

"Onwce napatnpolpe and 16 oxApa 4.2B, i éEodoc maipvel TAV TiuA 63,2% TA¢
clgddou g€ xpdévo t = T. Zé 600 xpovikéc oTaBepéc maipvel 76 86,5% Trig TeAikAg
TOU TIUNC K.0.K. péxpic &Tou dBdoel oTAv TeAikn TipA 1. "ETol, yia t > 4t A anéd-
kpion ToU ouaTApaTtoc rmapapével otd 2% and tAv TeEAIKA TNG TIuA. ZTAV TIpdén
Bewpolue 611 76 netaBaTikd oTadadio diapkei 4 oTaBepég xpodvou kai &1 OTA guve-
X€Ela TO ouoTnua MpeUel g€ pia BEan.



c(t) ﬁ 65

0,632

4

2T 3T 47T t

Iv. 4.28.
'ExBeTikA kaUNUAN Gnokpigews cuaTApaTto¢ lou PBaBuol cé pia Bnuatikn €icodo

4.2.2 'Andxpion tou ocuoriuaros o€ €icodc €vog GvappixnTikou Gruarocg.

'O petaoxnuaTiopdg Laplace évég ognuaTtoc dvappixfoewc eival 1/s?, étor A
oxéon (4.2.2) yiverau:

C(s) =

1
Ts+1 g2

"AvaAuvovTag kai maAl g€ yepika KAGouara, TaipvoueE:

1 T T=
Cls) = +
s S Ts + 1

MaipvovTag Tov AvrioTpodpo petaoxnuaticud Laplace, éxope:
clt) =t—T+ TeV7

'H €¢odog ToU cuaThuatog clt) daivetar otd oxua 4.2y.

c(t)d
& - 7 Lpalpa ot LOV LU
®at1aoTaon
— C{f)

47 -
2T 1

a T T T —>

2T 4T 6T t

Ix. 4.2y.
'H anokpian évog ouoTApaTtog €Aéyxou lou BaBpol oTAv €igodo &vog ofRuaTog AvappixNoew.
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“Onwg mapartnpoUue, undpxel €va otaBepd oddAua oo pE:
el =r(t) —clt) =t—(t—=T+Te VT =T (1 —etT)

16 6moio 1Anoidler v miun T, Otav & xpovog t Teivel oTd &nelpo.

4.2.3 ‘Anokpion 100 ouoTijuaros g€ €icodo évos xkpouaTikou arjuaros 6(t).

‘0 petaoxnuaTtiopédc Laplace évog kpouoTikoU aoApaTtoc &(t) eival R(s) = 1. ‘Emo-
vévwe 1 oxéon (4.2.2) yiverar:

C(s)=

Ts + 1

Naipvovtag TOv avrioTpodo petaoxnuaTioud Laplace, éxope:

1
clt) = e VT
T

‘H étodo¢ ToU cuoThuatocg clt) ¢paiveTtar oTtdé oxiua 4.26.

Md t = 0, A ékodoc ToU cuoTApaTog eival duean, pé TiwA 1/T. Mé TAv mapodo
TOU XPOVOU HelwveTal ékBeTIkG kai pyetd 4nd nmapéleuon mepicgoTépwy ano 4
oTaBepég xpoOvou, auTn umopel MPakTIKG vd BewpnBei 811 €xer undevioBel.

c(t) 4

(t=0)
T 1 - Iﬂ-\lﬁ_—.'
9 T 27T 3T 47T 51 t

Ix. 4.26.
‘Andékpion évog ouoTtAparog 1ou BaBuol o€ €icodo kpouoTIKOU ORApPATOoC.

4.3 Zuotijpara 20u BaBuod.

STA PeAETN TWV cuoTnudTtwy aluTopdtou €Aéyxou mapouaialovral ocuxva gu-
oTAuATa, TV 6moiwv T6 padnuatikd povrélo éxel T popdn diadopikig eSilow-
ogew¢ 20u i peyaAutepou BaBuod.

‘H oxéon pmopei va mapacTaBei pé TAV dkdAoudn diagopikr égicwan 2ou Bab-
Hou:



1,6 -
1,5 -
14 1

1,3 -

1.0
0,9
0.8 -
0,7 -
0,6 1
0.5
0,4
0,3 -
0,2 -

0.1+

C

C

=0,3

0,2

:\\

="

\_/

7

67

b

Ix. 4.3.

o -

1

10

1

12

"Anokpicgelg gcuoTApaTog 2o0u BaBuou o€ €icodo BnpaTikol oRuartog yid d1adopeg Tinég ToU BaBuou

anocBécewg (.

13
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d?y dy
+ 2{w
dt2 bw, dt

+ Wiy =w x (4.3.1)

" oroia maiCel onoudaio pdAo, yiati moAAd cuoTAuara, Ta dnoia mapiIcTavovTal ua-
Onuatikweg pé Sdiapopikég €Eiowaoelc peyaAlTepou BaBuol, umopolv vd peleTn-
Bolv pé adnAouoTeupéva povtéra deuTtepoRBabuiwv etlIowoewv.

21NV nmapanavw ¢gicwan, 6 ocuvteAeoTAc { kaAeital BaBuds dnooféoewg xai i
0TaBepa w, KaA€iTal @QuaIKn TuxvlTrnTa TOU ouaTnpartog. ‘H andkpion évog ou-
ornuatog 2ou BaBuold cé kamoio oAua elocddou urtoAoyiCetal yé avrikardoraon
TNG €ic0dou x and TAV AvTigToixn cuvdpTnon oTAV mapandvw eticwan.

YnoBétovrag 811 0 < { < 1, yropolpe vd ypawoue TN diadopikA €€icwan wg é-
&ng:

D? + 2w, D + w? =0 (4.3.2)

dmou D = d/dt.

‘H eiowon (4.3.2) 6voudletar xapanrnpiorixy éffowan rod cuoriuaros.
AUTN dvaAleTal oé yivouevo mapaydviwy we eEAc:

D? + 28w, D + w2 = (D + qw, — jwy /1 = ) (D + Lw, + jw, /1= ) =0
Ol pileg TAg ¢Eiowaoewc alTAC eivar:
D, :—(wn+jwn\ﬁ—C2=—a + jwy
Kai D2=—Cwn—jwn\/1—C2:—a—jwd

ormou a = Cw,, dvopdleTal ouvreAeariis GnogPféoews kai wy = W, \/1 — {* bvopd-
CeTal 1y amooPBevuupévn Quaikr ocuxvornra.

Od npénel éniong vd onuelwaooue 8T a = 1/T, dmou T elvar A oTaBepd xpodvou
TOU OUOTANATOC.

210 oxnpa 4.3 daivetal ) amékpion évog cuoTAparog 2ou BaBuol, ué eicodo
BnuaTikoU onuatog kai yid diapopoug Babuoug drooBéocewc L.

4.4 Tafivépnon cuornuarwyv kal otaBepés odpaAuarog.

2Ta mponyouueva kedpdaAaia, avanTuxOnkav ol évvoieg TA¢ dvadpdoewg kai Twv
cuoTnuatwyv avadépacews. KabBe cuornua pé debopévn ouvdptnon PeTadpopdacg
uTTopel va ouvTeBei w¢ avoikTou fi w¢ kAeloTol Bpodxou. Puoikd, i) ouvBeon Tou
w¢ aguoTnua kAeioTol Bpoxou (Gvadpaaon), éxel dpiouéveg onuavTikég (516TNTEC,
Tic O6roiec &év S1aBéTel | mpayuaTomoinon undé popdn avoiktoUu Bpodxou.

216 mapov kepdAaio dvarnrruooovTtal §1ekodikdTepa dpiouéveg Baoikég 16 16TNTEC
TAC Avadpdoewc kai Twv cuoTnudtwy dvadpdoewg, mpoTeivovral §€ Kai MOTOTIKES
neTpnoeig TA¢ dnoteAeopatikdéTnTag TR¢ dvadpbhoewg, Soov ddopad TG Béuarta Twv
oraBepwv ocpdAuarog.

lTapaderyua 1.

Ta 0o cuoTAuaTa dvoiktol Kai kAeioToU Bpodxou (ox. 4.4a) €xouv TAV idi1a gu-
vaptnon peTagopdg yé Tiun TAg otaBepng k = 2.
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Zuoxeuﬁ

]
(s+1)(s+3) C(s)

K(s+1)(543)

Zuoneuﬁ

]
(s+1) (543) C(s)

Zx. 4.4q.
C (s) B K
R (s), s?+4s + 5
Kai
C (s) B k
R(s), s2+4s+3+k

Mapd 16 yeyovdc 8T Td UCTANATA aUTA eival [ocodUvapa vid k = 2, ol i816TNTéC
Tou¢ Siadépouv onpavTika yid pikpéc (kai peydAecg) dnokAigeic TWyv TINWY ToU k 4&-
mo k = 2. Ol diapopég auTég Ba SieukpivicBouv mapakdaTw.

4.4.1 Tadivounon rwv ocuoTnuarwyv avadpaoews.

"EoTw 16 TUMIKSG cUoTnua dvadpdoewg ToU axApartog 4.483. ‘"H ouvapTnon peTa-

R(s) + E(s) C(s)
Q G(s) -
s

Zx. 4.43.
Zxnuarvikn mapdortacn évog Tumkol cguoTAuaTtog A.E. alTopdtou éAéyxou.

$opag ToU ouoThuaTog AvoikToU Bpdxou pmopel va ypadel wc:

K H (S+Zi)
G (s) H (s) = L =1 B k(s +2zy) (s +z,)... (s + ;)
J. (s + pg) (8 + py)... (s + Pn)

[[ (s+p)

=1
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dmou k eival yid oTaBepd, m < n kai —z; kai —p; €ival AvTioToIXa TA MeMEPACUéVa
undevika kai moAol TAg G (s) H (s). "Av undpxouv a undevika kai b méAoI oTrv dpxn.
N mapanavw exkdppaon ypadertar wg €ENG:

ks _|_11 (s + z,)
G (s) H (s) = =

N

-b
I‘[‘| (s + Di)

Sb_
[

27O UndAoimo ToU kedpaAaiou auToU €EeTtalovTal cuoTAuara yia Ta émoia b > a.

‘Opiouocs.

“Eva cuoTnua dvadpacewc, Tou dmoiou ) cuvaprTnon petadpopag avoikTou Bpo-
XOU HWTTOPET va TeBei oThH popdn:

m-a
JE I A KB (s)
G (s)H (s) = = ==
n-a-/ s' B, (s)

s/ ‘H1 (s + p;)

&mou | = b — a = 0 kai —z; kai — p; eival Temepaopéva PUNOEVIKA Kai TTOAO!
(Srapopa 100 pndevog) TAg G(s)H(s), dvopaletalr ovornua Tumou |.

Mapadervua 2.

T6 cloTnua Tol oxAuatog 4.4y eivar TOmou ! = 2.

R + £ C
e . ==
Ix. 4.4y.
C
—, -




lMapaderyua 3.

Té cloTnua Tol Siaypauuatos Mol gaivetal oTd oxAua 4.46 eival cuaTnua TU-
mou [ = 1.

lMNapddeiyua 4.

Té cUoTnua Tol diaypduuarog Mol daivetal oT6 axfua 4.4€ eivai cUoTnUa TU-
mou [ = 0.

R - £ 10 | C
e -» -
? (5+2)(5%+25+3)
Ix. 4.4¢.

4.4.2 JraBepéc opaAuaroc Géocews.

T6 mpwTo KPITAPIO TAC ArmoTeAeopaTikOTNTAg THG Avadpacewg, yia evoTabn au-
oTApaTa TUmou / ué yovadiaia avadpaon eival ) otabepd opdAparog Béoews (BA-
uatoc). Eivar €va pétpo Tol ada@Apartoc oTh péviun katdotaon petall eloddou kai
¢f660u, bTav A eiocodoc elval cuvapTnon povadiaiou BAPATOS.

'‘Oprouog.

‘H oTtaBepad opdAuatog Béogewc kp évoc evoTabol¢ cuoTANATOCG TUTOU [ Wé
vovadiaia avatpodpodboTnon oOpileTal weg €¢ng:

kB, (0) vid!=0

k B B, (O
ko= op Gi(s)= op | y o | = 2 101

s— 0 s-»0 s'B,(s) o yial>0

T6 opdAua puoéviyng kataoTdoewg €vog evoTaBoug ocuoThpaTog TUmou /, pova-
Siaiac avatpododoTAoews, dTav f eiocodoc eival guvdpTnon povadiaiou BAuaroc,
oxeTileTar wg €Enc ué T 0TaBepd odAApaTog BEoewc:

1
el0)= 0op eft)=

t—> oo 1 +k,

Mapadeyua 5.
‘H oTaBepd odpdApatog Béoewg oé ouoTnua TUmou O eival memepacuévn.
B, (0)
P B, (0)

‘Emopévwg, T6 opdApa poéviung kKataoTdoews gé auaTnua Turmou O eival uA un-
SevikO kai memepaocuévo.




'y

Mapadeyua 6.
'H oTaBepd oddAuaTtoc Bécewc 0é ouoTnua Tumou 1 eivar:

k - kB, (0
= 4
P~ 50 s B, (O)

| = s

‘Emopévweg, 71O oddAua poédviung KataoTacewg eivail:

| 1
1

Mapaderyua 7.
‘H oTaBepd opdAuatoc Bégewc gé ouoTnua TUMou 2 €ivar:

’ | kB, (O) |
S B, (O)

‘Eropévwe, TO oddAua PovIUNg KataoTAoewg €ivail:

1
1

e (o) = = ()

1+kD

4.4.3 2raBepéc ogrdAparoc raxurnrag.

TO deuTepo kKpITAPIO TNG onuaaciag TAG dvadpdoewcg yid eboTaBn cuoTAuara TU-
nou [ povad&iaiag dvaeTpododoTAcew eival | oTaBepd opdAuaTtoc TaxUuTnTac (A-
vappixnoewc). Eivar éva yérpo Tol opAaAuaToc péviung KaTaoTaoew peTakl elood-
Sou kol ¢£6dou TOoU ouoTAaTog, 8Tav A eicodog eivar ouvapTnon povadiaiag a-
vappixnoews, dnAadn r = t kai R (s) = 1/s2

‘Opioués.

'H o1aBepd opaAparog taxutnrag k, évog eboTaBolg cuaThpaTog TUMOU !/
povadiaiag avarpodpodothoewg dpileTar wg €EAC:

O vial=20
. kB, (s) kB, (O) ,
k,= op_ sG(s)= op | — | = via/ =1
s—0 s—»0 s B, (s) B, (O)
00 vial > 1

TOo opdAua yoviung kataoTaocewc évog evoTaBolg cuoTAuaTog Turou [ pova-
Siaiag dvatpododoTioewc, 8Tav A eigodog eival cuvdpTnon povadiaiag dvappixi-
ogewg, oxeTiletal wg ¢&Nc yué TN oTaBepd odpdAparog TaxuTnTag:

eloc) = op elt)=

t = oo
lNapddeyua 8.

‘H oTaPepd oddAuatoe TaxitnTag gé olatnua Timou [/ = O eivar k, = O.
‘Emopévwe, T6 oddAua pévipng kataoTdoews eival Gmeipo.



lMapddeyua 9.

k B,(O)

, (0)
SnAadA eival memepacpévn. ‘Enmopévwe, 16 odaAua poviung KataoTAoe wg ewcn un
uN&EVIKO Kai TIETTEPATHEVO.

'H oTaBepd oddaAparog TaxuTnTac oé cuaTnua Tumou [ = 1 eivai k,

[Mapadeyua 10.

‘H oTaBepd addAparoc TaxUuTnTac gé aloTnua Tunou [ = 2 eivai émeipn. ‘Emo-
LEVWE, TO ObAAPa POVIUNG KATAOTAOEWS €ival Undév.

4.4.4 YraBepéc opdAuaroc émraxuvoews.

To TpiTo KPITAPIO TAG AnoTeAeopaTikOTNTAg TAS Avadpacews yid evaTabn ou-
oTApara Tumnou ! povadiaiac dvatpododoTATewC eival | aTaBepd odAAuaToc émi-
TaxUvoewcs (mapaBoAikic). Eivar éva pyétpo 100 ohAApaTog POVINNG KATAOTATEWC
To0 ouoTApaTog, 8Tav f eicodog eival povadiaia mapaBoAikn ouvapTnon. AnAadn

= t%/2 kai R (s) = 1/s°.

‘Opirouobe.

'H oraBepd opaAuatog emraxuvoewg k, €vog evoTtaBoilg ouoThpaTtog TUMTOU /
povadiaiag avatpododotnoewc OpileTar we ¢ERc:

0] vial=0,1
, kB, (s) kB,
kg = 0p0 s2:G (g)= opo[ 775, LB - vidl =2
S — S —
via!l > 2

TO oddaApa poviung KaTaoTagewgs évog euoTaBols ouaTApaTog TUnou / pova-
Siaiag dvarpopodoTtioews, dtav i elocodog eival povadiaia mapaBoAiki guvdpTn-
on, oxeTiCetar wg €&fg pé TA oTaBepd opaApaTtog émTaxivoewc:

ef(o)= op elt)=
t » o 5

lMapddeypa 11.

'H oraBepd opdAuarog émraxivoeweg oé oumnua TOmou / = O elval Ks = 0.
‘Emopévwg, 16 gddApa pdvipng karaoTdoewg eivar émeipo.

lMapaderyua 12.

'H oTaBepd odpdAuarog emraxlivoewc c:re oUoTnua Turmou ! = 1 eival ke = O.
"Apa, T6 odpdAua péviung kataoTdoews eival &meipo.

Mapadbdeyua 13.
kB, (O)

B, (O)
eival memepacpévn. "Apa, 76 opdAua poéVIung KATAoTACEWC €Ival WA unéevmo Kai

TTETTEPAT UEVO.

'H orabepd opdAuarog émraxivoewg oé glotnua Tomou [ = 2, k, =
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4.4.5 lMivaxonoimuévn nepiAnwn dnoreAecudrwy.

Ol oraBepég odpaAudTtwy kai Td odpdApara pdvipgng xaTaoTdoews o€ euoTadn
ouoTtnuata tunou / = 0, 1 kai 2 yé pyovadiaia dvatpododdTnon, mol AvamTuxdn-
Kav mponyoupévwg, cuvowilovtal otdv mvaka 4.4.1.

MNINAKAZ 4.4.1.

‘\ Eicoubdog

Movadiaio BAua

Movaéiaia dvappixnon

Movaéiaia mapaoAn

Tunog 2PaAua povi- 2daAua podvi- 2PAaAua povi-
ougTAHATo Ko LWNG KATAOTATE WS K, UNG KATAOoTATE W Ky, NG KATAoTATE W
kB, (O) 1
!: 0 O 00 O a2
B, (O) 1+ k,
kB, (O) 1
§ == 00 0 0 00
B, (O) Ky
kB, (O) 1
= 2 o0 O o0 0O -
B, (0) k,,

4.4.6 ZraBepéc opaludrwv yiad yevikeupéva ouorrjuara.

Td amoteAéouarta Twyv mmapaypdowy 4.4.1 wg 4.4.4 épapudlovral pévo g€ eU-
oTaBn cuoTnuarta yé povadiaia dvarpododdtTnon, uymopolv dpwce elkoAa va éme-
ktaBolv o€ vevikeupéva euoTaBn ouoTApata. 216 oxAua 4.401 ) T4 cupPBoAilel
TA guvaptnaon petagopag évog émBuunTol idavikot cuoThuartog kai C(s)/R(s) na-
pPIOTAvel TA guvdapTtnon yetTagpopdg ToU mpayuaTikoU cuoTANATOoC (LG Mpooéyyion
TOU Ty4), R eival f| eicodoc TV dUo cuoTnuaTwy Kai E eival Té oddAua petall TAc
émBuunTtig kai TA¢ mpaypaTikig €éEddou. MNaG 16 yevikeupévo autd ocuoTnua, Opi-
(ovTal ol Tpeic oTaBepéc apdAuaTog kai divovral ol oxéoeig pé 16 odAApa HOVIUNG
KaATAOTATEWC.

16avix0  OLATTMUG

e

ﬂpayu.oﬁornpa

‘Opirouog.

Ix. 4.40T.

‘H oTaBepd apaApaTog BrRparog ke Opifetar wg €§AG:

1

S op_ [T4 — Cls)/R(s)]

s—-0
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T6 opdAupa poOvIuNg KaTaoTAoews yIa TO yeviKeupgévo ouoTnua, Y€ €i0050 Pova-
Siaiou BAuartog, axeTiCeTal wg €&fAg pé TO K :

eloo) = o0p eft)=

t = o0
‘Opiouocs.
‘H oTaBepd odpdApatog dvappixNoewg Opiletal wg €§NG:
1

op [

op [Ty~ C(s)/R(s)] ]

T6 opdApa poviung kataoTdoewg yid TO YeVIKEUPEVO oUOTNUA HE €i00O60 pova-
Siaiag dvappixfnoewg oxeTifeTal wg €§ng pé TO K, :

e (o) = o0p e (t) =

1 - oo
‘Oproudc.
‘H otaBepd opdAuarocg napaf3BoAng kpG OpileTal wg éENc:

1
Kog =

[Ty — C(s)/R(s)]]

op [

s =0 L

T6 odpaApa poviung kataoTdoewc yid 16 yevikeupévo cuoTnpa Pé eicodo pova-
Siaiag mapaBoAnig axeTileTal wg ¢ERg pé T6 -

1
efo0) = op eft)=

t = oo k

pa

lMapaderyua 14.

T6 oloTnua un povuélaiqg avartpogpodoThoewg 10U oxAMatog 4.4( €Exel

C(s)

guvdaptnon yetadopag = — . "Av ) emOBupunTtA cuvdpTnon petado-
R(s) s?2 + 25 + 4

pdc¢, TAv dnoia npooeyyilel f) C(s)/R(s), elval Ty = 1/2 761€ B4 ExopeE:

C(s) s (5 + 2}
4 Ri(s) 2 (s2 + 25 + 4)

C(s)
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"Emouévwg:

1
S (s + 2)

0
S—PO [2(sz+25+4)]

1

: 1 [ s(s + 2) ]ﬁ
O i
S —PO s 2(s*+ 2s + 4)

1

K.. = - =0
R 1 s (s + 2)

op — | =— ]

s—-0 S 2 (s +25+4)_

—

x
|
1
|
»

Mapadeyua 15.

27O ouoTnua Tou mponyouuevou mapadeiyuaTtog, Ta odpdAuata pdviung kara-
oTAoewg, moU ddpeilovTal g€ elogodo povadiaiou BApaTog, eicodo povadiaiag dvap-
pIxNoewg 1 eicodo povadiaiag napaBoAng, unmopouv vda BpeBolv PYé TA XPNOILO-
moinon Twv Tponyoupévwy dnoTteAeopdtwy. Nd elcodo povadiaiou BAuarog,
e () = 1/kg = 0. Nd elgodo povadiaiag dvoppixAoews, e (o) = 1/k, = 1/4. M@
eicodo povadiaiou mapaBoAikol ofuaTog, e (eo) = 17k, = oo,

[1d va BpoUpe oxéoeig petalu Twv yevikeupévwyv otaBepwv opaiupartog k¢, k,
kai k,, kai Twv orabepwv odpaAuartog k,, k, kai k, ouoThuartog povadiaiag
AvatpopodSoTATEWS, XpNoiuomoloUne we mpayuaTikd 16 cuoTnua pé povadiaia a-
varpododoTnon kai w¢ émBupunTtd 76 cuoTnua pé povadiaia ouvdpTnon yetado-
pac. AnAadn BéToue:

. Cls) G(s)
Ty = 1 Kai =
R(s) 1 + Gls)
OnoTe Ba ExoueE:
1
kg = [ 1 ]-1+ SOEOG(S)=1+I(F3
s—»pO 1 + G(s)
1
- oy = § Py SC =k
s20° s  1+0Gk
k 1 = op s?2G(s)=k
. 1 1 s =70 -

% < 'iTew”

4.5 'Epwtroeig.
1. Ti kaAeitar peraBarik andkpion évdg quoTApaTog auToudTou EAEyxou;



2. Ti kaAeital poévipyn dnékpion évog CuoTANATOS AUTONATOU €AEYXOU:

3. Ié pia ouvdprtnon petapopdc G (s), Ti kaAoovTtal nmbéAor kai Ti undevik@ TAG CUVAPTNOEWC;

4. Ti kaAeital guornua lou BaBuou oTd ouoTApATa AQUTOUATOU €AEyXOU;

5. Noia eival A xapakTnpioTikA ¢dicwon évog Uumﬁua?og 20U BaBpou: NMuwg dvaAveTal g€ yivOUevo
napayovrtwy,

6. Ti édvoudaletal BaBuog dnocBécgewsg o€ €va guoTnua 2o0u BaBpol;

7. Noid ouoTpata autopdrtou €Aéyxou Ovoudlovrar Ttumou [ = 0, 1 A 2;

8. AwoTe TG opGApaTta Bégewce, TaxuTNTAg Kai émTaxUvoewc yid éva ouoTtnua Turou [ = 0, 1, 2 oTAv
eigodo évog BnuatikoU oAuartog, évog onuatog avappixAoewc kai yiag povadiaiag mapafoAng.

4.6 'Aoxijoeig.
1. Na BpeBouv ol moéAol kai Ta unbdevikd TA¢ cuvapTNoews PeTadopag
s’ — 64
G &)=
s> — 8s% — 20s°

kKai v& napaotaBolv atd éninmedo s.

2. NG BpeBei | dnokpion 10U elkovi{duevou CUCTAPATOG MpwTou BaBuol dtav oTAV €icodd Tou ép-
¢avioBel pyia Bnuatikn ouvaprtnon. NG oxediacBei ) dndékpion Tou CuUOTAPATOC TTOU QaiveTal oTo
aoxnua 4.6a otd xpdvo.

— - =
O— & ——=
- 5s

2x. 4.6a.
R(s) + 2s C(s)
4 e
_ (S+1)(s+2)
Ix. 4.6p.

3. Na BpeBel ) dndkpion 100 cuaTApaTog TAcg mponyouuevng doknoews tav oTriv €l0086 Tou ¢uda-
vioBel pia ouvaprnon dvappixfioews. NG oxediaoBei  anékpign ToU guoTAuarog oTd xpbvo.
4. Na BpeBei ) anokpian Tol ouoTAPATOC Mo daiveTal oTd oxnua 4.68 8tav aTAv €icodd Tou éuda-
vioBel &va kpouaTikd ofpa & (t) kai vd oxediaocBe] N andkpion 100 CUOTAPATOS OTO XPOVO.




KEOAAAIO NEMNOTO

ANAAYZH KAl ZXEAIAZMOZ 2YZTHMATQON AYTOMATOY EAEIMXOY
ME ANAAPAZH

5.1 lNevika.

2TA ponyoupeva kedpaAaia doxoAnBrikape Pé Tig Baoikég dpxéc, TO pabnuaTika
epyaAeia kai Tig i610TNTEC TWV cUCTNUATWY AUTOPATOU éAéyxou. 216 kKeddAaio au-
TO 04 dvarnTuiope Tig KUpleg peB6Souc dvaAloewc kai oxediaopol TWV cuaTNUA-
TWV auTwv.

2TAv dvanmruén auTt) B4 mepiopiocBolpe OTA PEAETN YPAPMIKWY CUOTNHATWY,
napd 16 yeyovog 8T TG MePIoTOTEPA MPAKTIKA CUOTANATA €ival Ui ypaupikda. To
mPOBANUA TWV PN ypAuuIKWY cuoTnUaTwy nTapakdunTeTal ouvAbwe amd 16 yeyo-
vOg 0TI, MTOAAG PuOoIKG U YyPAUNIKAG cuoTApaTa prmopolv vda mapaoTaBolv pé ypap-
HIKG povTéAa g€ meplopiouéva dpla AelToupyiag.

Ol ypapuikéc uéBodol dvaAlloews kai oxediagpol, oi dmoiec B4 é¢etaoBolv oTa
érmoueva kedpaiaia, épapudlovral g€ ypauuik@ cuoThuaTta povo.

5.2 Zxonoi kafl péBodor avaAivoeu.

Oi Tpei¢ BaoikOTepeg AmaITACEIC évOC TUOTANATOC AUTOUATOU éAéyxou Pé Ava-
dpaon, €ival & kaBopigudc TWV EEAC XapakTNPIOTIKWV ToU TUOTANATOC:
— 'O BaBuode i T6 péyeBocg evoTdBelag ToU CUOTANATOC.
— 'H dnédoon ToU cuoTAuartog oTn poéviun katdorTaon AeiToupyiag.
— ‘H danédoon ToU cuoTRuaTog ot PeTaBaTikn kataoTaon AeiToupyiag.
‘H yvwon povo tAg andAuTtng evoTaBelag 6€v mapéxel TAV mARPN mAnpodopnon
mou amaiTeital cuvlBwcg oTd cuoTApaTa avToudrou éAéyxou. "OTav éva oloTnua
eival eVaTaBéc, cuvRBwc BéAope va Eépope Ti mepIBWPIO UTTApxe! uéxpl va pBAcel
g€ aoTaBn ocupunepidopd. To mepiBwpio auTd ékppalel T OXETIKA €VOTABEIa TOU
CuUOTANATOG.
‘H BaoikA yeBodoAoyia mol dkoAouBeital kaTtad TRV AvaAuon Twy CuoTNUATWY
auTopdaTou éAéyxou umopel va cuvowioBel oTa é&nc BAuara:
— KaBopiopdg TAC nabnuaTikAG ox€Tew A HEPOUG TG CUVAPTAOEWG HETADO-
PAag TWV émMPEPOUG OTOIXEIWY TOU CUOTAPATOC.

— "AvanTuén To0 povTéAou ol mapioTavel TO guvoAikd auaoTnpa (AeiToupyko
Siaypapua).

— KaBoplopd¢ TWV XapakTnEIoTIKwWy ToU OUdTAPATOG.
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5.3 EuotGBeia ouotnudrwyv avtopdrou €Aéyxou.

"Eva anod 1a onoudaidtepa xapaktnpiaTikd yid TAvV d¢&ioAbynon TAG AeiToupyiag
¢vOC ouoTAPATOC AUTONATOU EAEYXOU eival i evoTdBela. Mevikd, éva ovoTnua au-
TopdTou éAéyxou AéyeTal evoTaBég, dTav yid pid dpayuévn eicodo (oRua), ) €€o-
So¢ mapapével ppayuévn pé TRV Madpodo Tou xpodvou, drmwg eival, m.x. i) TeEpPIMTWon
katd TAvV oOmoia T6 ofua éEddou Teivel g€ kamola oTaBepn TIUA.

"Onwce dvadpépOnke mmponyoupévwe, yevika, M eicodog o€ éva cuoTnua Sév eival
€K TWV MpoTéEpwy yvwaTn. "ETol, ) eloTdBeia ToU cuoTApaTog Sdiepeuvaral e €é-
dapuoyn oTAV €ico86 Tou Siaddpwy TUMKDV onuaTwy, 8mwg eivar A Bnuatikn, f
KpouoTIKA 4 A guvdpTnon avappixnoewg.

Ol mapdyovTec moU kaBopilouv TAV eVaTABeIa évog cUOTARATOG €EapTWVTAl KU-
piwg and 1A duon ToU cuaThuaTtog, dnAadn and 1A cuunepIdOoPA TWV OTOIXEIWV
mou 1O amnapTti{ouv.

'ExkTOC 4o TA paBnuaTtikh émiAuon Twy diapopikwy égicwoewyv (Laplace), mou
mapéxel TAvV Amokpion, dpa kai T XapakTnpIioTIKN cuuttepidopd TOU CUCTANATOCG
g€ pia yvwoTtn eicodo, untapxouv kai GAAa kpiTApIa evoTaBelag TG dmoia YTTOPOUUE
va XPNOIMOTIOINCOME YIA va peAeTAoope TN Suvauikn cuumnepidopa Tol cuoTANA-
Tog, dvetaprtnra 4nd T popdn TAS eloddou.

Ta kpITApPIa TG 6moia Bd éfeTdoope eivar Td EEAC

— T6 kpiTApio evoTaBelag Twyv Rauth-Hurwitz.

— T kpITHPIO evoTGBEIag né TH BonBeia Tou yewpeTpikoU TOTTOU TWwy PIfWV.

— T6 kpiTApI0 evoTdBeiag Tou Nyquist.

— T6 kpiTAPIO evoTaBelag yé T BoRBela Twv Sdiaypaupdtwy Bode.

— TO kpiITAPIOo €VoTABEeIag pé A BoABela Twyv daypappdTwy Nichols.

Ta yevika cuunepdouara, molu ddopolv T6 cuoxeTiond pyetall Twv piIlwyv TAHG
XAPaKTNEIOTIKAG é§iIcwoews kai TAC yeTaBaTikAg ATMOKPIoEWS TOU CUCTANATOC, CU-
voyilovTal wg €&nc:

a) "Av 8Aeg ol pileg TAg xapakTNPIOoTIKAG éEiIcwoewg BpiokovTal aTd dpioTepd -
uiemimedo s, ol petaBarikég dmokpioeig Adyw TWV APXIKWY cuvOnkwy Teivouv A-
CUUTTTWTIKA OoTO undév, bdtav O xpovog Teivel oTd Greipo kai katd guvémela 16 gU-
oTnua €ival eloTabéc.

B) "Av éva 1 mepiogdtepa Lelyn pilwv TAig¢ xapakTnpioTikAc ¢ficwoewc Bpi-
okovTal oTo pavraoTiko Gfova, évw ol urrdAoimeg pileg BpiokovTal oTd ApioTepd N)-
uierinedo s, ol anokpioeig BA eival fpITovoeIdeic TaAavTWwoeic oTaBepod MAQTOUC
kai T oloTnua eivar doTaBéc.

y) "Av pia /| nepioaoTepeg pileg BpiokovTtal aT1d S€&id Auieninedo s, T6 MAATOC
TWv anokpicewv B4 auvfaveral guvexwg, oo avfavel & xpdvog kai Té ocloTnua kai
nmahl 84 eival doTaBéc.

5.4 Zxon6g ToU oxediacuod.

Baoik6g okomnég 1ol oxediaopol évég guoTApaTog alToudTou éAéyxou eival i
éniteusn dlapOpwv npodiaypadwyv dnoddoews. Ol mpodiaypadéc TAC ANMoSOTewWC
eival ol mpdg Ikavomoinon AnaITACEIS THAC duvauikfig kai oTaTikii¢ oupmepIPopac
ToU cuotnuatog. Ol mpodiaypadég auTég guvABwe kaBopilovral o166 medio Tol
xpovou f} oTd nedio TAg ocuxvoTnTAC.
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"ETol, T émBupnTa xapakTnpIoTIKA ToU ouoTANATOg urmopoUv vda kaBopioBolv
a7 pia A kai oTig dUo amd Ti¢ mapandavw popdéc. MNevikd, ol Baoikéc ANMAITATEIC €i-
val TPEIG:

— 'H Taxutnta AnMokpicew¢ TOU CUOTANATOC.

— 'H oxeTikn evoTaBeia ToU CUOTANATOC.

— 'H dakpiBela Tou ocuoTApatog i TO AvekTd oddaApua.

Ol mpodiaypadég oTd Medio TAG cuxvoTnNTag cuvRBw dvadépovral oTtd ¢ENC:

— MepiBwpio képdoug (Gain Margin).

— [epiBwpio pacewg (Phase Margin).

— Xpobvo¢ kaBuoTepnoewcg (Delay time).

— EUpoc Twvnec ouxvoTATwy (Bandwidth).

— 2uxvoTtnrta drnokonnig (Cutoff Frequency).

— PuBpdc damokonig (Cutoff rate).

— Ywoc¢ ouvtoviouou (Resonance Peak).

— Zuxvornrta ouvtoviopoU (Resonant Frequency).

"‘AvTioToixa, ol mpodlaypadeg oTd medio Tou xpovou avadépovtal ouvnBw¢ oTa

— [NapéxkAion dnd TAv émBuunTtA TIKA A UnepakovTion (Overshoot).

— Xpovog kaBuoTepAoewg (Delay time).

— Xpovog avodou (Rise time).

— Xpovog fpeuiag (Settling time).

Ol dpiopol Twv mapamadvw PeyeBwy, ol XpnoigeUouv yid Tov KaBopIiouo Twv
npodlaypadwy, Sivovral mapakdaTw.

5.5 Mpodiaypadés oréd nedio TAg cuxvoérnras.

‘Onweg dvagpépBnke mponyoudévwg, UMapxouv €mTd KpITAPIa mou prmopoulv va
xpnoigomnoinBouv yid Tév kaBopiopd Twyv podiaypadwy TRAg armnoddocewg évog ou-
OTANATOC auTOPATOU €Aéyxou oTO medio TAC cuxvoTnTac. Ta kpiTnpia auTd dpifov-
Tai TapakaTw.

aj MepiBwpro xépdbdous.

Eival €éva péyeBoc peTpATEWCS TAS OXETIKAS eVoTABEIag kai dpileTal Wg TO HETPO
T00 AvTioTpodou TAC ouvapTATEWS HeTadopdg AVOIKTOU KUKAWNATOG yIA TH OUu-
xvOTNTa W, , OTAV dmoia A aon eivar —180° (ox. 5.5a). AnAadn:

1
Gljw,) Hjw,)

NepiBwpio képdoug =

B) MepiBuwpro Ppaoews.

Dppm eival éva péyeBoc peTpACEWS TAC OXETIKAG eVoTABelag kai OpileTal wg n
ywvia Twv 180° olv A paoikA ywvia ¢, TAg cuvapThoews petadpopasg avoikTou
KukAwpaTtog, étav 10 képdog elval Too pé T povada (ox. 5.5a). AnAadn:

®Opp = [180 +|Gls) His) g _, I°
6rou |G(s) His) g _, =1
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G(s)H(s)| *
S=jw
Nepidwplo
KEPBOUC
- W
|
| I
5 l
[lesHe)| ? : |
- S=jw W |
— & | - W
|
| |
I ® ﬂgpL%prLo
0 PM  @aogcwg
8 —————————— = ————

2x. 5.5a.
Ixnuartikn nmapdaoraon Twyv nepiBwpiwyv kéEpdoug kai GATEwWC.

InuelwveTal €dw o1 yé ToOV xapaxTnplopélG(s) ¢vvooUpe T ywvia TAvV omoia
axnuatilel oTé éninedo s 16 didvuopa Gis) = a + jw pé 16 6piIfdévTio GEova kai Opi-
(eTai odv

w w
G(jw) = 10k.ed =ed”
a a

v) Xpévog xaBuorepricews T ,.

Eival &va xpoviko péyeBocg peTpioewc TH¢ TaxutnTag drmokpicews Tol ouaThua-
TOC O€ OUyKekpIyévo anua eloddou. ‘OpileTal wg:
dy

Ta= dw

drou vy = C(s)/R(s) yid Tiuég 100 s = jw.
&) Eupog {wvne oguxvorfrwv (Buw).

T6 eupoc Lwvng évog ouoTANATOC BpioTnke Wwe T dAoua TUXVOTATWY (TAC €l-
og6dou) mavw oTtd Oémoio B4 damokpiveral lkavormoinTik@ T6 cUoTNMA.

."H lkavommoinTikA cuunepipopd kaBopileTal dnd TAV édpapuoyn kai TG xapakTn-
PIOTIKA TOU empépoug ouoTnuartog. [1a napddeiypa, ol AKOUOTIKOI éVIOXUTEG TUY-
kpivovTal guxvd pé Bdon 6 elpoc Lwvne Touc. “Evac 18avikd¢ AKouoTIKOC EVIaXu-
TAG UWnARg moToTnTag €xel pid énmimedn amoékpion cuxvotntag amdé 20 péxpl
20.000 kUkAoug ava sec (cps). ‘Emimedn andékpion ocuxvoTnTag onuaiver 611 & Ab-
yOC HeveBWV ¢E680u Mpo¢ elgodo eival évTeAlic oTaBepdc oTd eUpoc Lwvne. ‘Emo-



82

HEVWG Ta oApaTta aT16 dkouoTikd pAopa avarmapdyovral elUkoAa and &vav éEvioxuTn
eUpoug Cwvng 20.000 cps. ‘O Adyog peyeBGv eivar A andAutn TIMA TAC ouVapPTA-
Oewg petadpopdag ToU CUCTANATOG PE S = jw.

‘H anokpion guxvoTnrag évog dkouaTikol €vioxuTh UWNARC cuxvOTNTAC daive-
Tal 076 oxfua 5.5B. ‘O Adyog peyeBwv eivai 0,707, A nmpooeyyioTIKa 3db kdTw A-
mo 76 PEYIOTO cmg aguxvornres amoxomijs (Cutoff frequency) f. = 20 cps, .
20.000 cps. «dby» €ival cuvTopoypadia To0 decibel, oy Opl(’,eml w¢db = 20 |Ogm
(AOYOC peyeBWV).

A

Aoyoc peyedwv db

Ix. 5.5B.

Suxvé 16 €Upog JWvng vOC TUTTANATOC €ivail ékeivo TO Tedio ouxvoTATWY Td-
vw T Ommoio 6 Adyog heyeBwyv &€ diadpépel mepioodTepo amd 3db amd TAV TN
TOU O€ A dedopévn auxvoTnta. Nda dpketd cuoTApaTa éAéyxou ué avadpaon au-
™A ) ouxvéTnTa eival pndév. Té eUpog Lwvng o’ alTA TAV MepimTwon eival ioo pé )
ouxvétnTa armokomig w,. (o€ axtivia dva sec).

[evik@ i) akpIBAg onuacia 1ol eUpoug (wvng yiveTal capng amdé TAV nepiypadn
ToU npoBARuaroc. Té eUpog Lwvng eival éva péTpo TAg TaxUTNTac dnokpigews To0
CUOTANATOG,

€) PuBuég anoxonijc (Cutoff rate).

‘O puBpbdC AmokomA¢ eival ékeivoc & puBudg TA¢ ocuxvoTNTag oTAV 6roia & Adyog
HeyeOwv EAaTTwveTal Mépav Ao TA guxvoTNTa ANokKomng w,.. [da mapadeiypa, N
BaBuida dnokomAc umopei va dpioTel w¢ 6 db/octave. Mid dkTdBa kaBopileTal wg
aAAayny ocuxvoérnTag kata éuo.

o1) Yyos ouvroviouoi M,, .

Eival éva kpITipio anmodd6oewc TAC OxeTIKAC eUoTABeIag kai ékppalel TR péyioTn
TIUA TOU péTpou TAC AMMOKpPITgEWS € ouxvoTNTa TOU CUOTAKATOG KAEIoTOU Bpdxou
(ox. 5.5y). AnAadn:

M. = max. 481
P W Rlg) S$TIW
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=

Zx. 5.5y.
IxNUaTikA napdotaon TAg ouxvoTNTag AMOKOTAG KAi JUVTOVIOUOU.

() Zuxvérnra ocuvroviouOU W, .

Eivar ) ouxvéTnTa oTAv dmoia ¢udaviletar 16 péyioTo UWOgE CUVTOVIONOU M,
(ox. 5.5y).

5.6 Mpodiaypadr o16 nedio Tou xpbdvou.

Zuxvd, TG cuoTAuaTa auTtopaTou €Aéyxou mapoucidlouv AnmooBuvoueveg Ta-
AavTwaoelg npiv kataAnfouv oA poviun kataoTaon Aeitoupyiag. MNa va émpBaAoue
Aoimmov kata 16 oxediaoud dpiouévec mpodiaypadég oTa yetalarika paivoueva, u-
nmoOéTope 871 i eiloodog eival BnuaTikd ofpa kai kaBopilope Tic ¢Efc MoooOTNTEC:

— T6 xpovo kaBuaTeprioewg (delay time), ty.

— To6 xpdvo avoddou (rise time), t, .

— T6 xpoOvo péyiaoTng amokpicewg (peak time), t . .

— To6 péyioTo Hplo amokAicewg (max. overshooti M o
— Té xpdvo Npepiag (settling time), t. .

a) Xpévog kaBuorepricews t ;.

Eivar 6 xpovoc mou dnaireital péxpl va ¢0dael i) éf080¢ oUOTANATOC OTO PITH
TAS TEAIKAC TNG TIUAS.

B) Xp6vog avééou, t,.

Eival 6 xpoévoc mou anaiteital péxpic 8tou 1) €£0850¢ ToU ouoTAparToc peTaBei d-
n6 16 10% o1é 90% 1} and 76 5% o716 95% 1) &4nd 16 0% o016 100% TARC TEAIKAC TI-
un¢s. TO katdAAnAo kpiTApIo émAéyeTal dvaloya pé TAV TiwA ToU { (6mou C & Bab-
uOC GrooBEéTewc).

v) Xpbvoc uéyiornc dnokdicewc, L, .

Eivai & xpovog mou dnaiteital néxpic tou i €£080¢ ToU CUCTANATOC MAPE! THV
mTpwTN WEYIOTA TNS TIUA.
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8) Méyiarn (%) anéxAian, M, .

Eivar /) mooooTiaia péyiotn andkAion TAS TIRAS TAS ¢£680u Tol oUCTANATOC WG
mpo¢ TAV TIiuA TR éE6dou ot poviyn kataorTaaon.

€) Xpovog npepiag, t, .

Eivalr 6 dmairoUpevog xpovog péxpic ®Tou i €€odoc ToU OUOTANATOC MAPE! TAV
TeAikn TNS TIpA (ouvnBweg oé wd {wvn +2% f +5% TAg TeAikAC).

216 oxnua 5.6a divovral ypadika ol mapanmdvw TAPAUETPOI, TTOU XPNOINO-
rmoloUvTal Katd 1ad oTddia Tou oxedlagpol TWY CUCTNUATWY AUTOUATOU EAEYXOU.

Ercdupm
anpLfewa

Zx. 5.6a.
'Anokpion évoc ouoThpatog 2ou BaBuol oé eicodo évog Bnuatikol onuatog povadiaiag TIUAG.

lMapaderyua 1.

NG BpeBel 16 nmep1Bwpio képdoug yid TO cUoTnua alToPAaTou €AEyXOU via 1O O-

MO10.

1
GlsIHis) =173

FpadovTag T guvéptnon uweTadopdg agé mMoAIKA popdn Ba exoue:

|— 3ed ' w Kai
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‘Enopévweg: — 3ed 'w, =—1n, w, =€ (n/3)=1,732
kai émopévweg MepIBwpIo KEPSOUG:

]
G(s) Hs)s_jq,

lMapaderyua 2.
Nd BpebBei 16 nmepiBwplo dagewc ToU Tponyouuevou napadeiyuaTog.
Od éxopue:

1
GlsIH Sl = ——— =

TO OToio ioxuel povov dtav w = w, = 0.

‘Emopévwg:
Opp = 180 + (— 3 ed™'0) = 180° = mm dkTivia

MMapadeyua 3.

N& BpeBei Té elpoc Lwvng CUXVOTATWY YId TO cUoTNUA aUTOPATOU éAéyxou ToU
omoiou ) ouvapTnon Jetadopag eival.

Cls)
R(s) s+ 1
@a éxope:
C(s) o 1 I 1
Ris) 7' jw+1 w?re

To diaypappa ToU péTpou wg pdg TA cuxvoTnTa ¢aivetar otd oxAua 5.68.

C(s)
R(s)

{Ei

STjw

1 ¢

0,707
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‘H ouxvornta w,. umopei va BpeBei and T axéon:

fw. ~ 1 axT.

‘Ermopévwc: B, = 1 dxTivio

lTapadeiyua 4.

[Nooeg OkTABeg Undpxouv peTatu:
a) 20 Hz kai 1600 Hz;
B) 200 Hz kai 100 Hz:
v) 10.048 rad/sec kai 100 Hz;

Od éxope:
a) Tpeig OkTaBec
B) Mia 6kTaBa
v) f = w/2m = 10.048/2n = 1600 Hz
"Enmopévwg éxope 4 OkTaBeg petatl 10.049 dkTiviwv/sec kai 100 Hz.

lMapaderyua 5.

Na BpeBei 16 Uwog cuvtoviouoU I\/1D kKai j cuxvoTnTa CUVTOVIOPOU W,
ouoTNHa auTopaTou éAéyxou ToU oOmoiou ) ocuvdptnon petadopdc eival:

vid 1O

Cls) 5
R(s) s+ 2s+5
Oa éxope:
- Cls) B 5 B 5
l R(s) = N —w?+ 2w+ 5 - \/w4-6w2+25
‘E§ilocwvovTag TRV mpwTn napdywyo fon npog 16 undév Bpiokoue: w, =% \/3
"Ermopévwc:
M, = max C(s) o Cljy/3) _ 5
w  Ris) R(jv/3) 4

5.7 'Epwriioeig.
1. Noiég eivai ol Tpeic BaoikdOTEPEC ANMAITAGEIC CUOTANATOC aUTONATOU éAéyxou pé Avadpaon:
2. Noid eival A BaoikA peBodoAoyia mou dxkoAouBeital vid TAV AvaAuan guoTAPATOC AUTONATOU
ENEYXOU;
3. MNoTe €va cuoTnua auToudaTou eAéyxou AéyeTal evoTaBég;
4. 'AvapépeTte Ta yevikd cuunepaocparta nou dgopodv 16 cuaxeTiopd peTatu Twyv piI{wy TAG xapa-
" kTNPIoTIKAG €Eicwoew kai TAG pHeTaBaTikAg AMokpiogewg TOU OUOTAKATOC.
5. Noid eival TG Baoikd ¢mBuUPNTA XaPAKTNPIOTIKA évOC TUOTANATOS AUTONATOU €AéyXOU:
6. MNMoiég eival ol mpodiaypadéc ¢vdg cuaTApATog alTopdTou ¢Aéyxou oTo nedio TAG ouxvoTNTAC;
7. Noiég eivar ol mpodiaypadéc évoc ouoTApatog aluTopdTou éAéyxou aTd medio 100 XpOVOU;
8. Ti 6voualetal mepiBwpio képboug; Ti kaAeital nepiBwpio PATEWS;



9. Ti kaAeital xpovog kaBuaTepAoewg T, kai Ti eUPog JWvng CUXVOTATWY;
10. Ti 6vopaleral xpovog Gvodou t,, xpOvog péyiaTng anoKAigEwWS t kai xpbvog npeuiag t, ;

5.8 'AoKNOEI.
1. Na BpeBei 16 nmepiBwpio pAcews TAG cuvaptTATews PYeTadopag kAeioTou Bpodxou:
2(s + 1)
G(s H(s) =
s?(s + 2)

2. N@ BpeBei 10 €Upoc {Wvne oUXVOTATWY TAC OXETEWC:
50

s(s+2) (s+3)

G(s) H(s) =

3. Né BpeBolv Tad nmeplBwpia pdogewc kai képdoug TAC ouvapTRoews peTadopdag:

640
s{s + 4) (s + 16)

G(s) H(s) =

4 Na BpeBolv 1d neplBwpia pagews TAG ouvapTHoews PHeTadpopag:
210

s(s + 2) (s + 4)

G(s) H(s) =

87



KEOAAAIO EKTO
TO KPITHPIO EYZTAGEIAZ TQN ROUTH - HURWITZ

6.1 lNevikd.

Té6 kpITAPIO auTd, eival €vac kaBapd aAveBpikdc AAydpIBuoc kai mpoodpépeTal
yia TN diepelvnon TAG €UOTABEIOC TWV CUOTNUATWY aUTOUATOU éA€éyXOu.
Ta cuvnBiouéva ypauuik@ ocuoTANATa auTouaTou éAEyXou KAeloTOU KUKAWPA-
TOG €XOUV OUvapTAOEIC YeTadopag TASC HOPDAC:
C(s) bos™ + b,s™ ! + ... + D1 84 b B(s)

_ = 16, 1.1
R{s) a,s" + 015”‘1 +..4+0, 1 S+a0a, A(s)

&mou ol guvTeAeoTéc a kai b eival aTaBepoi kai m < n.

“OTav Td moAuwvupa To0 dpiBunTA kai Tol napovouaaTh eival BaBuol peyaAu-
Tepou &mo 3, 1) peTaTpomh gé yivopevo mapayovTwy eivar &UokoAn. Té KpITAPIO
Twv Routh - Hurwitz emtpémel v kaBopicoue 1OV A4piBud Twyv mMOAwWV TOU KAEI-
oToU cuoThuaTtog, ol omoiol BpiokovTal oTo Sek1d Apieninedo s, xwpig va anaiTeiTal
6 mpoadiopiondc Twy pi{wy ToU MoAuwvUipou ToU mapovouaoTh. 'H evoTdBeia Tou
ouOTANATOC TTPpOoKUTTEl AnAG pé édapuoyn ToU mapandvw KPITNPIOU OTA XapaKTn-
pioTIKA €€icwon ToU CUCOTANATOC. 2UuVvoTTiKa, dkoAouBoupue Ta é&ng BAuara:

1) N'pddoue 1A xapakTnpeioTikA éicwaon oTA popodn:

a,s" +a,s"! +..+a,,s+a, =0
dTou ol ouvTeAeaTég a,, a, ... A, €ival oTaBepoi mpayuaTikoi dpiBuoi. ‘YrmoBéTope
O0Tia, # 0, dnAadn 611 kGBe pndevikA pila Exer anaAeipOel.

2) "Av 6noiogdAToTE ANd TOUG OCUVTEAEODTEG Q... A, eival undév A dpvnTikdC Kai
umapxel TouAdxioTov évag BeTikd¢ ocuvTeAeoTng, TO CcUOTNEA eival aoTaBéc.

3) "Av &Aool ol ouvTeAeaTéc eival BeTikoi ApiBuoi Toug kaTaTtdooope oé mivaka

ué TAV €§Ag popdn:

s" O Oy O O

g~ @ Gy f ..
ghi== b, b, b, b, ...=
gh-3 Go I Ly Gy

gh-4 d, d, d, d,

52 e, &,

s’ f,

3¢ 91
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Orou:

b, = — (6.1.2)
a,

b, — a,a, — 0,05 6.1.3)
01

b, = —e— Tk (6.1.4)
a,

‘O UmoAoyiopog TWV ouVTEAeOTWY b; cuvexifetal péxpig 6Tou va yivouv OAol
undév. ‘H idia Sradikacia dkoAouBeiTal kai yid Toug ouvTeAeaTég c,d,e... KA. AnAa-
on:

E = b1°3b‘1°1b2 (6.1.5)

. = b,a; b10,b3 -

g = bTU?;u‘b“ (6.1.7)

Kai d, = c,bzc—. 'b1cz (6.1.8)
1

g, °1b3; D:Cs (6.1.9)

‘H Siadikacia éEakoAouBel péxpic 6Tou TeAeiwoouv kai ol n geipéc. ‘O mivakag
moU TPOKUTITEl €XEI TPIYWVIKA Hopodn.

T6 kpitipio Twv Routh - Hurwitz kaBopilel 611 & GpiBudg Twyv piwyv, mou Bpi-
okovTal oTo Seki6 AuIeminedo s eival Toog MPAC TOV Ap1BPd TV AAAayWV Tol Npo-
OAUOU TWV CUVTEAECTWYV TAG MPWTNS OTAANG TOU mivaka.

lMapadeyua 1.
To kpiTApio ToU Routh B4 épapuoaBei oTd MOAUWVUHO
ay,s’ + a,8° + a,s +a, =0
&mou ®Aol ol ouvTeAeoTéC eival mpayuaTikoi BeTikoi dpiBuoi.

'O mivakag TV cuvTeAeoTwv eival w¢ eEAc:

s a, o8 "
s? a, a,
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s° a,
‘Emopévwg, vid va eival Aec ol pilec aTéd dpioTepd Auieninedo s, OA mpémen:
a,a, — a,a, > 0
N a,a, > 4,04
Kai a, > 0
lMapaderyua 2.
T6 kpiTApio ToUu Routh B84 épapuooBel oTd MOAUWVULO
s* + 28 + 35?2 + 45 + 5 =0

‘O mivakag oxnuartifetar wg éEn:

s? 1 3 5
s3 2 4 0
S? 1 5

3 —6

g¢ 5

2TAV MpwTn oTNAN untdpxouv duo AAAayég mpooApou, katd cguvéneia duo pileg
TAG mapamavw €&owoewg Bpiokovral oTto Se€&id6 Auieninedo s.
Mapadeyua 3.

2170 guoTnua auTopdTou éAéyxou kAelaToU Bpodxou (ox. 6.1), va BpeBouiv ol TI-
uéc ToU guvteheaTh k yiId Tic dmoiec 76 gloTnua eival euoTabéc.

R(s) + C(s)

Zx. 6.1.
'‘H ouvdpTtnon petagopdc Tol kAeigTtoU kKUKAwuaTtog divetrar and TR Ox€on:

C(s) k

—_—
—_—

R(s) s(s?+s+ 1)(s+2)+Kk

'H yxapakTtnpioTiki éfiocwaon eivai:

s + 38 + 352 + 2s + k=0

‘Emopévwe, & mivakag oxnuaTtifeTar wg €§Ng:
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h 1 3 k
S3 3 2 0
g2 7/3 k

9
S 2 ——k

7/
s? k

Té oUoTnua eival evoTaBéc dtav k > 0 kai étav 2 — 9/7 k > O.
AnAadn 6tav 14/9 > k > O

“‘Otav 16 k = 14/9, 76 oloTnua AnokTad TaAavTwaoelg Kai paénuaTtikweg, f) TaAdv-
Twon auTth ouvexileTal én’ dmeipov pé oTaBepd evpoc.

6.2 'Epwrrioeis.
1. Ti pag emTpéner va npoadiopicope 1O kpiTrpio Twv Routh - Hurwitz;

6.3 'Aoxijoei.
1. NG épappoaBei 70 kpitApio Twyv Routh - Hurwitz yid 16 moAuwvuyo:
s¥ 4 387 + 4¢% 5+ Bs? + 2 =0

2. 'Ynapxouv pilec TR¢ éflowaewg
s* + 8653 + 262 + 2 =0
oTo 6ek16 Apremimedo s;
3. ‘H guvaprtnon petadopdc évdg ouoTANATOS auTouaToUu ¢Aéyxou pé povadiaia davadpaon eivat:

kis + 20)
(s + 4) (s? + 3s + 20}

Gl(s) =

NG BpeBolv ol Tiuég ToUu k yia Tig dmoieg 16 cUoTnua eival eVoTabéc.




KEQPAAAIO EBAOMO

TO KPITHPIO EYZTAQEIAZ ME TH BOHOEIA TOY TEQMETPIKOY
TONOY TOQN PIZON

7.1 levika.

‘O yewpeTPIKOC TOMOC TWv pilwv €eival pia ypadiki péBodoc mpoadiopiouod
TwV pIWyV TAG xapakTnEIoTIKAG é§lcwoewg TOU KA€EIOTOU ouoTApaTog, Otav 176 KéEp-
do¢ petaBaiAerar and 16 undév péxpr T6 aGnelpo.

'H uéBodog autn Baailetal o1 oxéon mou unmapxe! yeTatlu TWv MOAwV TAC OU-
VapTNoews peTadopag kKAeioTtol Bpoxou kai Twv mOAwv kai pndevikwyv TAC Ou-
vapTnoews avoiktoU Bpdxou kai Tou képdSoug auThc.

Tda kUpia mAeovekTAuaTa TS neBOSOU ToU yewpeTpikoD TOMou TWv pilwv eival
Ta €&Ng:

1) Oi méAol ToU kAeioToU cuoTANaATOg pmopouv va BpeBouv admeuBeiag dno 16
VEWUETPIKO TOTMO TWv piIlwy, kKaTG cuvémnela pnmopoupe va Bpolue pia mARpnN Kai
akpiBn Auon 1600 yia TH peTaBaTtikn oo kai yia TA yovipgn karadoraon ToU CUOTA-
uato¢ kAelgToU Bpoxou.

2) 'H yéBodog ToU yewueTpikou TOMoU Twyv piIlwyv mpoodépeTtal idiaitepa yia )
HEAETN TAC cuumepidopdc TOU CUCTAUATOG € ouvapTnon Pé Tic yeTaBoAég ToU
kéEpdoug k TOU cuaoTANATOC.

3) Mé 16 yewpeTpikd TOmo Twv pilwyv prmopoupe va Siepeuvioopue Qv éva au-
oTnua eival eVoTaBéc A Bxi, kai émiong va ékTipAgope T6 BaBuéd evoTddeldg Tou.

4) Mé 16 yewpeTpikd TOT0 TWV PI1{Wv yrmopolpe va éAéyEope katd Nn6co €va ou-
oTnua avranokpiveTal oTic anaiTnoeig Twyv npodlaypadwyv, Xwpeig va xpelaagbel va
AUooue Tic¢ Siadpopikég €Eicwaelg ToU di€mouv TO cuoTnua.

OQewpolpe TO ouoTnua éAéyxou kKAeioToU Bpodxou ToU axnuartog 7.1a. 'H ou-
vaptnon petadpopdc ToU kAeloToU KukAwpartog divetar dnd 1 Ox€on:

C(s) G(s)
R(s) 1 + G(s) H(s)

"Eotw 611, ) ouvdptnon petadopdc Tol dvoikTtol kukAwpaTtog G(s)H(s), diveral
Ao TN OXEOonN:

(7.1.1)

-n
£
|
|

k N(s) kish +a,, s"! + ..+ a,)
H(s) = = (7.1.2)
ik il D(s) s +B,.1 ™1 + ...+ B

grmou N(s) kai D(s) eivai kaBopiopéva moAuwvupa Tol s, m2n, kai k eivar pia oTa-
Bepd képdoucg. 'AvTikaBioTwvTtag TA axéan autn ornv (7.1.1) éxope:
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R(s) + C(s)
.@ G(s) s

Zx. 7.1a.
Ixnuartiki napdoraon TumkoU CUOTANATOG QUTOUATOU €Aéyxou pé avadpaan.
C(s) G(s) G(s) D(s)
F(s) = = = (7.1.3)
R(s) T + k N(s)/D(s) D(s) + k N(s)

Oi néAol To0 kAeloTol cuoTrpaTocg eival ol pileg TA¢ éfiowoewg D(s)+k N(s)=0,
| &moia eivar i xapakTnpioTik eéEicwan.

[evika, ol Bégeig Twv MOAWYV auTwy aTod émimedo s yetaBaAAovral otav 70 k pe-
TaBaAAeTal. ‘"H kapmuAn TRV O6noia diaypddouv ol mOAol oTo énmimedo dTav peTaBaA-
Aetal TO k, Ovopdletal yewpeTpikdg TOMOg Twy pilwy.

Ma k = 0, oi pileg TA¢ efiowoewc (7.1.3) eivar ol pilec To0 MoAuwvlpou D(s),
SnAadn ol moéAor TRg ouvapTAoewc peTadopag dvoikToU kukAwpatog Gs)H(s).
“OTtav 16 k yivel moAU peydaAo, ol pilec TA¢ ¢Eicwoewc (7.1.3) Teivouv aTic pileg TOU
nmoAuwvUpou N(s), SnAadn otd pndevikd Tol dvoikTol guoTApaTog éAéyxou. AnAa-
on, O6tav 6 cuvteAeoTAg k yeTaBaAAeTal and 16 unbév péxpil 76 Greipo, & YyEWNETPI-
KO¢ TOTog Twv pIlwyv TOU KA€IOTOU KUKAWPATOC Eekivael Amo Toug nmdAoug Tou a-
VOIKTOU KUKAwpaTog kai kataAnyer ot@ yndevikd o0 dvoikTol KUKAWPATOG.

lMTapaderyua.
"Ag UrtoBéoope OTI €xope TAV AvoikTA guvaprtnon petadopdc:

Gls) H(s) — k N{s) _ k(s + 1) B k(s + 1)
D(s) g% 4 78 gls 4+ .2)

Ma His) = 1 f ouvdptnon petagpopdc Tol kAeioTol KUKAWPATOC elvai:

Cl(s) k(s + 1)

R(s) g2 + 2. + kis + 1)

Ol néAol ToU kAeioToU kKukKAwpaTog BpiokovTtal ekoAa Gv peTarpéwope TV na-
povouaoTn o€ yivopevo mapayovrtwy. AnAadn:

s? + 2s + ks + k =s? + (2 + kls + k =

= [s +—1 (2 + k) — \A Al k?] | L (2 + k) \A L k2]
-

1 k?
s1=—7(2+k)+ 1 + 4

'Enouévu:ag:




94

' 1 (2 + k) \/1 2
KAl B, = w— + = #
: 2 4
'O vyewpeTpikdg TOMOG TWv pIlwy auTtwy, tav 16 k yetaBdAAeTal, paiverar o1
oxnua 7.1B. "Onwg naparnpoupe oTd axAua autd, O yewpeTpikodg TOMOCg éxel U0
kAadoug, €va yia Tov TOAO TOU kKA€10TOU KUKAWNaATOS, & droiog dpxilel Améd Tév mé-
Ao TOU AvOIKTOU KUKAWPATOG OTAV APpXA TWV CUVTETAYNEVWY Kai kaTaAAyel oTo
unNdevikdO — 1 TOU GvoIKTOU KUKAWATOG, kal éva 6 dmroiog dpxilel drd 1OV MOAO — 2
TOU AGVvOoIKTOU KuKAwuaTog kai kataAnyer otd undevikd 100 AvoikTol KUKAWHATOC
mou BpiokeTal otd — oo,

y W
|
k=15
— K=o k=15 k=0 K=c0 o
— —— O -—-—-m——i—*—— — - O
-2 - %
k=0
Ix. 7.18.

2176 napandavw nmapddeiyua, yid va Bpolue 16 yewpeTpikd Té6mo Twv pilwy, dva-
AUcape o€ yivOuevo mapayovTwyv TO TMOAUWVUHPO TOU mapovopaoTi TAC Ou-
vapTnoews peTadopdg Tol AvoikToU kKukAwpartog. O étetdoope Twpa Kkai pepl-
KOUG YeVIKOUG Kavoveg TToU BonBolv otV KaTtaokeun ToU yewMeTpikoU Té6MOU TWV
p1lwv.

7.2 Kpitripra ywviag kali pérpou.

‘H kaumUAn 100 yewpeTpikoU TOMou Twy pi{wv nmepva and &va onueio s, ToU €-
mmédou s, Tav kai pévo ¥tav 16 onueio s, eival pila TAS xapakTnPIoTIKAS ¢EITw-
gew¢ yia kamola npayuaTtiki TiuA Tou k. AnAaédn, &rav loxuel ) oxéon:

D(s,) + k N(s,) = O (7.2.1)

3 G(s,) H(s,) = s 0 = —1 (7.2.2)
D(s,)
‘H ouvBnikn (7.2.2) via A piyadiki napdoraon G(s,) His,), looduvapei ué Tig &-
tENg SUo0 ouvOnKeg:
NpwTo, A ywvia TA¢ mapaoTdoews auThg mpéner va eivar 180° + n.360°, érou n
TUxaio¢ mpaypaTtikdg aptBudg. MpokorTer €Tal 7O Aeyduevo kpITAPIO TAG ywviag

G(s,)H(s,) = 180° + n.360° = (2n + 1)n d«Tivia

AeUTepo, TO péTpo T napaotdoews Gis,)H(s,) 84 npéner va eivail ioo npode TH

£

b
;Fr
0 =
1 a
- ¥

.lel:'Fll.
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povada. MpokUrrel €tal 16 kpiTApIo ToU péTpou. AnAadn:

G(s,)H(s,) =1
2
= | (7.2.3)
N(s,)

7.3 'ApIBubég KAGOWvV 100 YyEwWHETPIKOU TOTOU.

'O 4p1Bu6C TWY KAGdWY ToU vewpeTpikoU TOMOU TWV pIlWv eival Igog pé Tév a-
PIBu6 TWV MOAWYV TA¢ cuvapTRoews peTadopag dvoikToU kukAwuartog G(s) H(s).

lMapaédeyua 1.

‘H ouvdpTtnon petagpopaqag

GlsIH(s) k(s + 2)
s)H(s) =
s? (s + 4)
€vOog ouaTnuarTog avoikToU kKukAwpartog éxel TPeig méAoug (s, =s, =0, s, = —4), ¢é-

TOMEVWG UTTapxouv Tpelg diadpopeTikoi KAGSoI ToU yewpeTpikoU ToOMOU TWV pilwv.

lMapadeyua 2.

Nd& kaBopioBei ) ywvia kai 16 pétpo TAC ouvapTHoews peTadopac AvoikTou
KUKAWPATOG:

G(s)H(s) =

s(s + 2)?

yia tav mipA s = j2. Moid 1iun Tol k Ikavoroiel T oxéon [G(s)H(s) _ i2 =1;
TO pétpo TAg ouvapToews peTadopdc BpiokeTtal elkoAa pé TAv AvTikaTdoTaon
s = j2.

K N _ K
Gis)H(s)s _ 5 = - = T
G(s)H(s)g _ j2 i2(j2 + 2)2 2(8) 16

'H ywvia BpiokeTar wg ¢&Ac:

G(s)H(s) LY : 13 |L

=02 22+ 27 |24+ 4+8) 167
k. { —180°via k>0
-16
=l 0° yi4d k<O
kKai  [G(s)H(s)g _ 5; =1 btav k/= 16

lMapddéeyua 3.

MNoooug kKAGSoug €xel & yewpeTpikbdg TOTOG TWV pIlwv THS CUVAPTACEWCS LETA-
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kis + 1) (s + 2)
sSs+1+))(s+1—j

dpopdc G(s) H(s) =

‘O dp1Budeg TGOV MOAwWV To0 AvoIKkTOoU CUOTAPATOS €ival TPeiC. ‘Emouévwe undp-
XOUV Tpei¢c kAadol.

7.4 'O yewperpikdég TONog Twyv piIlwv oTév Hiova Twv npayparikwv GpiBuwv.

Oi kKAGSo! ToU yewpeTpikoU TOTOU TWV pifwy, mou Bpiokovral oTtov GEova o Twv
nmpayudaTtikwy apluwyv ToU €mmédou s, BpiokovTal eUKOAa pé PéETpNOn TOU OU-
vOAIKOU dpiBuoUu Twv memepagpévwy nOAwv kai pndevikwv TAC TuvapTACTEWC
G(s)H(s). "AvaAioya pé TRV TiuA TOoU k Umdpxouv ol éEnc kavovec:

a) ‘Otav 10 k>0, Td onueia ToU YeEWPETPIKOU TOMOU émavw oTOV nmpaypuaTikd G-
tova BpiokovTal mpdg Ta dpioTepd anod €va povo GpiBpd mdAwyv kai undevikwyv (ol
uivadikoi moAor kai undevika dueAodvral).

B) "Av 16 k<O T0Te TG onueia ToU yewpeTpikoU Témou BpiokovTal émdvw oToOV
rmpayuaTtikd d&ova apioTepd anod éva (uyd apiBud moAwyv kai pndevikwy (ol piyadi-
koi moAol kai undevika dueAolvTral).

v) “Otav §év unmdpxouv anueia Tol npayuaTikoU Géova npdg 1d dpioTepd povou
ApiBuol mOAwv kai undevikwy, TOTE Kavéva ONUEIO TOU YEWMUETPIKOU TOMOU YIA
k>0 &€év BpiokeTal oTov mpayuaTikd G€ova. To avrioToixo cuumépaocpa loxuel oty
mepinTtwaon 6mou k<O.

tjw
X 9+ )
—¥ *- O - —
-4 -2 -1
X +-j
Ix. 7.44.

Mapadeyua 1.

"Ac UmoBécope OTI €xope TOUG TMOAOUG Kai TA pndevikG TAG OUVAPTNOEWS
G(s) H(s) moU eikovilovtal oTd oxfipa 7.4a. "OAa 1@ gnueia Tol npaypaTtikoU G§ova
uetafl To0 O kai ToU —2 BpiokovTal Mpdg Ta dpioTepd évog povol ap1Buol MoAwv
kai undevikwv. ‘Emopévwg, T@ onueia autd dvAkouv OTO YEWHETPIKO TOTIO TWV PI-
(Gv yid k > 0. T Tunpa toU npaypatikou dfova petall — oo kai —4 BpiokeTal €mi-



X ¢ +)
— St - —o————-—-——ﬂ-#-}g— >
=4 -2 —1
X pi—=)
Ix. 7.48.

onc mpoOC Ta apioTepd évog pwovol apiBuold mOAwv kai PndeviKWy, EMOPEVWE KAl
auTo TO TURApa Tol mpaypatikol Gfova AmoTeAei TUAPO TOU YEWWETPIKOU TOTOU
TOV PIlOV y1a Tipég k > 0. “OAa T1d TuApaTa ToU YEWHETPIKOT TOTTOU Yia TIHEGK > O
daivovral oTd oxfua 7.4B. Ta uméAoima TpApaTta Tou npaypaTikol G§ova, dnAadn
vetafl —2 kai —4 kai petakl O kai + o~ Bpiokovral oTO YEWPETPIKO TOTIO TWV PI-
(wv yia k < 0.

Mapaderyua 2.

NpoaodiopioTe TG TuANaTa To0 MpayuaTikoU GEcva mou TauTi(ovTal HE TO YEWHE-
TpIkd TOTO TWv pIllWyv yia TA ouvapTnon PeTaPopag AvoIKTOU KUKAWPATOG:
k (s + 2)

e 17k >0
B leiH (s+1)(s+3 +j)(s+3—j) viak>

Td onueia ToU nipaypaTikoU d€ova mou BpiokovTtal dpioTepd amd €va povo apiB-
uo6 MOAwvV kai undevikWv eival TG onpeia Tol TpApaTog and —1 péxpr —2. “Etol,
ocUpdwva pé Tov kavova, yvid k > 0 yévo 16 TuRua 100 nmpayuaTikod GEova petatu
—1 kai —2 eivar kA@do¢ 100 yewpeTpikold TOMOU TV Pillv.

7.5 'AcupunTwreg ypauués.

Ol kAG&o1 ToU yewpeTpikoU TOTOU TWyv pilwyv moU dméxouv oAU and TRV dpxn
TWv atdvwy, Teivouv pdg Oplopéveg GouumTwTeg cu9€leg. O evbeleg auTég Eeki-
voUv amd eéva onpeio Tou émmédou s mavw oTdv mpayvuaTiko 4A¢ova, 16 6moio dvo-
paCeTal KEVTPO Twy GouunTwTwy O Kai BpiokeTal ariv TA oxéon:

o, —- (7.5.1)

=N

AnAaén, and 16 GBpoicua Twyv MOAwv addaipeital TO GBpoIoTua TWV PUNSEVIKWY
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Kai 70 arnotéAeopa Siaipeital yé TAH Siadopd ToU BaBpol Twv moAuwviupwy napo-
vopaaoTn kai apiBunTh.

'H ywvia mou oxnuarifouv ol dolumTwTeg eUBeieg pé TéV mpayuaTtikd dova &i-

VETAI A0 TR OX€OonN:
( 2]+ 1 )Dylék>0
m —n

B = i vial=0,1.2.n—1 %71.85.2)
((21)180 )yic'lk<0

m —n

[Tapadeyua 1.

a ™ ouvaptnon petadopds G (s) H (s) = k (s + 2)/s? (s + 4) TO kévTpo TV &-
ouurTwTwy BpiokeTar otd onueio:

—4 2
(J. =
- 3—1

Epooovm —n=3—-1=2, Undpxouv 6§00 dolprrwTeg eUBeiec. O ywviec mou
axnuariouv Pé Tov mpaypatiko Gfova eivar 90° kai 270° avrioToixa, STwe daive-
Tal otO oxAua 7.5a.

| b jw
|
I
|
270° M ALTEAOC TTONOC

—2: g —O— —p— *‘ >
-4 3 =2 \‘ Oc =-1

2x. 7.5a.

Mapadeyua 2.

Na BpeBouv ol ywvieg kai TO KéEVTPo TWV ACUUTTWTWY TAS CUVapTATEWS AVOoI-
KTOU KUKAWNATOG:

Gl(s) H(s) Kis+ 2, k>0
= |
> s+ 1is+r3+jlls+3—flls+a) "

kai v oxedlacTouv oTd €éminedo s.
TO kévtpo TWvV douunTwTwy BpiokeTar oTd ONUEio:

1+3+j+3—-j+4-—-2
9c = 4 — 1 B
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"Yrnapxouv TPei¢ AgUPTTWTES Ké ywvieg B = 60° 180° kai 300° dnwg daiveTar
oTo oxnua 7.5pB.
/ j jw
/
/

)

Ix. 7.56.

7.6 T4 onueia ¢uyis (breakaway points).

To6 onueio ¢uyng oy eival éva onueio mavw oTdév mpayuaTikd Gfova, Ano 16
dnoio dvaxwpolv f ¢Bavouv SUo | MepigodTeEPOi KAASOI TOU yeEWNETPIKOU TOTIOU
Twv pilwv. Ado TuAuaTa ol SieuBuvovTral mpog TG é§w aivovTal oTo axnua 7.6a
kai 0o TuRuaTa moU dBdavouv oTov npaypaTikd Gfova ¢paivovral oTo aoxnua 7.60.

b jw b
b
—_—X T - X% —- —= O
{
Ix. 7.6a. ¥x. 7.68.
'H Béon Twv onueiwv Quyng BpiokeTar Yé emiAtion TAC Ox€TewWC:
m m
1 T
= 3 (7.6.1)
i=1 (o, +p; =1 (o +z;)

Wwe¢ MPoOg 16 0y, , drou —p, kai —z. eival oi MOA0I kai Td pPndevika TAS cuvapTATEWS
ueTapopdag AavoikToU kukAwpatoc Gls) Hs).

lTapaderyua.

['a va Bpolpe 16 onueio puyng ToU kAGdou TAR¢ ouvapTAoewS PeETAPOPAc:
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G(s) H(s) =

s(s+ 1)(s + 2)
€TAUOUE TNV AkOAoOUON Ox€an wg MPOG Oy,

1 1 1

s -+ :O
Gb +O Ub'f'll Ub +2
ﬁ (Ub =t 1)(Ub +2)+Ub (Ob +2)+Ub (Ub 4+ 1)20
f 30f + 60, +2=0

'H é8iowon autn €xel duo pifeg 0, = —0,423 xai g, = —1,577
‘Epapuolovrag TOV kavova via Tov nmpaypaTiko Géova tTA¢ mapaypadou 7.4 pé
k > O, mapatnpoupe OTI UMAPXOUV TUNUATA TOU YEWUETPIKOU TOTOU peTadu Tou O

kai Tou —1 kai pyetradl ToU —oo kai TOU —2. 'H Auon o, = —0,423 Bpiokeral g€
TUAMaA ToU TOmou peta&Uu duo moAwv. ‘Emopévwg eivar anueio ¢uyne. 'H Tipn
o, = —1,577 eival onpeio duyng yia 16 yewpeTpikd T6mo pé k < O kai &€

XPNOIYJomoleiTal. 270 axnua 7.6y ¢aivetal ) kKataokeun autoU ToU YEWHETPIKOU
TOTTIOU.

{jo
A
—x SRS S SSS— | 0
_5 1 e
/
0= -0,423
\
Ix. 7.6y.

7.7 Twvieg GoPpitewg kal Gvaywpnioews.

‘H ywvia dvaxwpnoewg TAS KANTUANG TOU YewWPETPIKOU TOTTOU dnd €va piyadikod
noAo Siveralr anmd TA oxéon:
Op = 180° +|G (s) H' (s) (7.7.1)

drou & 6pog|G (s) H™ (s) UmoénAwvel TA ywvia TA¢ cuvaptAoewc G (s) H (s) unoAo-
viICOpevNG Xwpic TA cupgpeToxn Tou mMOAou ol umoAoyilope.

lMapadeyua 1.
"Ac UmoBéoope OTI €éxope TA cuvdpTnon petapopds AvoikToU KUKAWHATOG:

G(s) H(s) R+ & Gk >0
— |
SHTS Gr1+jls+1—3) "
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'H ywvia advaxwpnoewg Op Tig kapmiuAng 100 yewpeTpikoU TOTOU AMO TO

uiyadikd noho s = — 1 + j umohoyiletar wg €&ng. 2t oxéon G(s) H(s) avrikaOi-
oToUpe TO s pé 16 ioo Tou —1 + j kai dyvoolpe 1OV mapdayovra mou pndevifer TOvV
napovopaoT &nAadn TOv napdyovta (s + 1 — j). ‘Emouévwg 64 éxope:
|k (—1+j+2
| G(s) His) = —
s2—1+j |(=1T+j+]j)
|k (1 +j)
&
= k(1 +j)— 2]

0° — 45° = —45°
‘Enopévwe, A ywvia dvaxwpnoews eivar:
Op = 180° — 45° = 135°
kai ¢aivetar otdé oxnua /7.7a.

$jw

135° _
. SRR Y

Ix. 7.7a.

‘H ywvia ao¢iewg TG KAUMUANG TOU YEWHETPIKOU TOMOU O€ piyadikd pndevikod
unmoAoyileTal amd T oxéon:

O, = 180° —|G(s) H"(s)

6nou|G(s) H”(s) eivai i} ywvia Tii¢ ouvapTAoewc G (s) H (s) oT6 Umd Bewpnaon piya-
S1k6 pndevikd, pé dyvonon Tou pndevikol auTodu.

lTapadeyua 2.
'And TR guvdaptnon petadpopag AvoikToU KUKAWNATOC

Gl His) = —s*ils=i o
s{(s + 1)

va BpeBel ) ywvia aoifewg TAg xapmiAng 100 yewpeTpikoU TOMMOU 0TO PNSEVIKO
S = + |.
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YroAoyiCoue mpwrta TR ywvia dyvowvtag 6 undevikd s = j, SnAadn ToOvV nmapad-
yovta (s — j) moU pndevilel 1OV apiOunTA Kai €xoue:

k (s +j)

s(s+ 1)

k{is+j)—s—s5+ 1

I

|Gis) H(s) =

yias - |

=k2) —j—-j+1=
= 90° — 90° — 45° = — 45°

Emopévwg: O = 180° — (—45°) = 225°, dnwg daivetar otd axAua 7.76.

e

>~ )

Fian ¥

Ix. 7.7B.

7.8 Kataokeurl ToU yeEwMeTpIKoU Témou Twv pilwv.

Mé 1R BonBeia Twv kavovwy, molU avanruiaue oTi¢ mponyoUpeveg mapaypa-
dOUg, UTTOPOUME VA KATAOKEUAOOUE TOV TMAAPN YEWMETPIKO TOMO Twv pilwv.

Mia Aoyikn kai xpAoiun &iadikagia eivar i ¢EAC:

a) KaBopioudg Twy Tunuatwy 100 YEWHETPIKOU TOTTOU ToU BpiogkovTtal aTov G-
tova Twv mpaypaTtikwy apiBuwyv o.

B) “YrnmoAoyiopdc TOU KEVTPOU Kai TAC ywviag TWV ACUNNTWTWYV Kai xapaén Touc.

v) ‘"YrmoAoyiouog Twy ywviwy dodite wg kai dvaxwpnoewg TR KaunmuAng and Toug
uiyadikou¢ moAoucg ) undevika.

S) Kata nmpooéyyion xapaén Twv TUNUATWyV ToU YEWMNETPIKOU TOMOU, €TOI, WOTE
KGBe TuAua va TeAeiwvel g€ €va undevikd | va Teivel mpodg 16 Greipo kaTa PAKOG
UIA¢ TWV AOUNTITWTWV.

AebSopévou OTI oi piyadikoi moAol kai undevika ToU cuoTnuartog éudavifovral
kaTd Lelyn, & YEWUETPIKOS TOTIOC TV PIliv €ival CUPHETPIKOS WS Mpag TévV GEova
TWV TpayuaTikwy aplBuwy. "ETol, ynmopoupue va oxedidoope yovo 16 navw anod Tov
mpayuaTtikd dfova TuApa ToU yewpeTpikoU TOmmou. To undéAoimo 64 €ival TO OUPE-
TPIKO TOU.

Mapadeyua 1.

Nd kataokeuaoBei & yewpeTpikOg TOMOC TWV pilwy évodg ouoTANATOG AUTONA-
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Tou éAéyxou, ToU OToiou A ouvapTnon peTadopdc AvoikTol KUKAWWATOS €ivar:

G(s) H(s) = “ via k>0
s(s + 2) (s + 4)

'‘Edapuodlovrag Toug kavoveg, B4 éxope 611, TG TuRuaTa ToU mMpaypaTikou déova
peTall 10U O kai ToU —2 kai petall ToU —4 kai TOU —oo, AVAKOUV OTO YEWUETPIKO
Tomo Twv piICwyv yia k > 0.

T6 kévtpo Twv doupnmTwTwy BpiokeTal dnd TH OxXEON:

(2 + 4)
UC: 3 —

‘Ynidpxouv Tpei¢ AoUumTwTeg eUBeleg pé ywvieg B = 60° 180° kai 300°.

Ta S0o TuApaTa To0 yewpeTpikoU ToToU vId k > O, mou dvaxwpouv amrd 1a on-
pneia — 2 kai O kai BpiokovTal o1V mpaypaTikd GEova, 8a dnokoAAnBolv o€ kamoio
onueio ouyng, and Tov npayuaTiko Géova. ‘H Béon 100 onueiou puyng mpoadiopi-
CeTtar 4o 1A Oxé€on:

1 1 1

+ -+ =20
Ub Ub -t 2 Ub - o 4
ﬁ 302b+120b +8=0
‘EmAvUovTag TAv €gicwon autn, Bpiokoue TAV drodekT Béon ToU onueiou Qu-
yns wg o, = — 0,845, drwg paiveral 016 oxnua 7.8a.
djw
t)2
S — D, e g
i =9 0
300°
b—j2

Ix. 7.8a.
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zx. 7.8B.

Me epapuoyn ToU KpITNPIOU TAG Ywviag g€ anueia kovTa oTnv mpoaogeyyilouoa
KAuTTUAN TOU YeEWPETPIKOU TOTOU TWwv piltv €mTuyxavope KaAUTepn akpifeia xa-
paiewg. M€ épappoyn TOU KpiTnpiou ToU péTpou kaBopifoue Tig TINEC TOU k mavw
oTAvV kaumuAn. TO anotéAeopa daivetar ord oxnua 7.8B.

[Tapaderyua 2.
NG kaTtaokeuaoBei 6 YewPeTPIKOC TOTTOG TWV pifwyv yid TN guvaptTnon PeTado-
pqacg: .
k

H(s) = ik >0
b s+ 1)(s+2—j)(s+2 +)) HR R

T6 TuRpa To0 npayuaTikou GEova damo 16 —1 g 71O —oo €ival TUAKA TOU YEWE-
TPIKOU TOTOU.
TO kévTpo TWv GouunmTwTwyv BpickeTar oTd onueio:

—1—-2+)—2—]

O. = =—1,67
¢ 3
‘Ynapxouv Tpei¢ acUumrwrTol (n — m = 3) 0nmé ywvieg 60°, 180° kai 300° 'H
vwvia duyic amd T piyadikd mého s = — 2 + j eivar —45°,

T6 oxediaypappa 100 YEWRETPIKOU TOTOU daiveTar aTd oxfua 7.8y.
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40
14,5

I I

Ix. 7.8y.

7.9 "H ouvaGprnon peragpopacg kKA€1ioTol KUKAwuarog Kal i) xpovikr anokpion Tou
CUCTIHATOG.

"ATTO TRV KAUTIUAN TOU VEWMETPIKOU TOTOU Twyv pifwy PmopoUpue eUkoAa va
Bpolue T oguvaptnan petadopag C(s)/R(s) ToU kKA€IOTOU KUKAWUATOG yIA pia TiPA
TOoU k. Kata cuvéneia, uyrmropoUpe va Bpouue kai TAvV Amokpion ToU guoTAPATOC OTO
XPOVo.

"Ac UrmoBécope 8TI A popdA TAC CUVAPTACEWS PeTadOPAac évoc kKAeIgToU Ku-
KAWpaTog pé povadiaia avatpododoTnon eivai:

C(s) _ G(s) (7.9.1)

R(s) 1 + Gls)

'H ouvaprtnon petagopdg ToU AvoIKTOU KUKAWMATOC Prmopel va ypadel wc:

k N(s) k(s +2z,)(s+2)..(s+2z,)

G(s) = =: (7.9.2)
D(s) (s +p,)(s+p,).{s+p,)
émou z,, €ival Ta undevika kai p.,, €ivail ol TéAor.
'H oxéon (7.9.1) unopei éniong va ypaoei we éERc
Cls) k N(s) 7.9.3)
R(s)  Dis) + k N(s) -

"Onwg eival pavepd ol oxéaeic C(s)/R(s) kai G(s) éxouv Ta idia pndevikd AAAG
Ox! kai Toug id1oug mOAoug (ékTdg €av k = 0). "Emopévwg, uyrmopolue va ypdwope A
oxéan C(s)/R(s) wc¢ &&Ac:
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C(s) k{8 + 2,0 (8+2,)...[8+2,])
— (7.9.4)
R(s) (s +a,)(s+a,)..(s+a.,)

orou pé a agupBoAifovtal ol mdéAol ToU KA€roTold cuoTAparog. ‘H Béon aluTV TWv
MOAwv, €§ dpIoPoU, MPOoKUTTEl AMd TO YEWWETPIKO TOTTO TWV pilwv vId kdBe Tiun
TOU K.

lMapadeiyua 1.

"Ag utoB€coue OTI €xoue éva ouoTnua pé TRV dkd6AouBn cuvaptTnon NeTadopac
AVOIKTOU KUKAWMNATOG:

Gis) = via k>0

210 oxApa 7.9 divetal 6 yewpeTpikdg TOMOC TWV PI{Wwv Kai ol AvTioTOIXEC TINEC
ToU k. TG onueia To0 yewpeTpikoU TOMOU moU AvTioToIXoUV OTi¢ S1IAPOopeC TIpéC
ToU k, €ival ol moéAol Tou kKAelgToU cuoTAuartog. lN.x. yia k = 2 A ouvdpTnon peta-
®opag TOU KAEIOTOU CUOTAMATOC €ival:

C(s) 2 (s + 2)
R(s) (s+2+]j)(s+2—])

P

Zx. 7.9.

'Afilel va onueiwBei 8T kai oTAV MepimTwaon autn éav i avatpodpoddTnon dev
eivar povadiaia [H(s) = 1], T6Te kai maAi pnmopolue va Bpolue Tolug MéAoug T00
KAe1oTOU CUOTANATOC STTWC TTPOoNYoUNévwe, AAAG Ta undevikd To0 KA€10TOU OU-
oTAnaToc &€év eival md Ta idia pé auTd To0 dvoiktoU. Ta pndevika oTAV TepimTwWan
auTn 84 mpémner va UmroAoyioTolv dvetdprTnra, dnwg Seixvel 16 énduevo napadely-
ua.

lMapaderyua 2.
"Ag UrtoBéoope OTI éxoue €va cloTnua avadpdoewg pé ouvapTNoeiq:

k (§ + 2) 1
Gl(s) = Kai H(s) =
S + 1 S + 1




107

‘H guvaptnon petadopdc To0 AvoikTod KUKAWpATog €ivar:

k (s + 2)

(s + 1)2

G(s) H(s) =

'H guvapTnon peTapopdc Tol KA€IoTOU KUKAWPATOG €ivar:

C(s) kis + 1) (s + 2) kis + 1) (s + 2)
R(s) (s +1)2 + k(s + 2) (s + a,) (s +a,)

'O UroAoyiopog TWV a, Kai a, yId pia cuykekpigevn Tiun To0 K mpayyaToToleiTal
ué TA BonBeia ToU yewpeTpikoU TOMoU TWv pilwv. ‘O Témog auTog mpoodiopioBnke
oTO mponyoupevo napdadeiyua. 'ETol, yid k = 2 €xope:

C(s) 2(s+1)(s+ 2) .
R(s) (s+2 +j)(s+2—}j)

7.10 'EpwTioeig.

1. Noid TG nAeovekTApaTa TR pEBOSOU TOU yewpeTpikou TOTOU Twv PIfwy;

2. Nwe Bpiokope TOV APIBPO TWy KAASWY TOU yewpeTpikoU TOTOU Twv pifwyv Mou BpiokovTal gTov 4-
fova 0 Twv npayuatikwyv apiBuwv;

3. Mepiypawte 1A Siadikacia xapatew 100 yeWUETPIKOU TOTTOU TWyv pifwv.

7.11 'Aoknoels.
1. NMoooug kAGSoug €xel O yewMeTPIKOG TOMOC Twy pi{wy TG ouvapTnoews Pgetadopdg:

kis + 2) (s + 3)
G(s) H(s) =

s(s +2 +j)ls+2—j

2. Na BpeBouv TG TuAuara Tou mpaypaTikou Géova Ta Omoia gupminmTouy Pé TO YEWHETPIKO TOTIO TWV

pi{wv TA¢ ouvapTNoewS PeTapopdag:
k (s + 3)

(s +1)(s+ 2)(s+ 4)

G(s) H(s) =

3. NG BpeBoUv TO KEVTPO Kai Oi ywViec GUYRC TWY AOUPTTWTWY yIA TA ouvaprTnon petadopac:
k(s + 1)
(s+2)(s+3+jl(s+3—j)(s+ 6)

G(s) H(s) =

4. Na oxediaocBouv ol douprmrwreg yid k > O kai k< O TAg ouvapTATewg peTadopdac:

k
G(s) H(s) =

s(s +2)(s+ 1 +j)(s+1—j)
5. Na BpeBolv 1@ onpeia puyng ToU yewpeTPIkoU TOMou Twy pilwyv TAC ouvapTACEwW peTadopag:

k
Gl(s) H(s) =

sls + 3)2
6. Na BpeBouv Ta onpeia puyng Tou yewueTpikod TéMmou Twv pilwy TG ouvapTNoews peTadopac:

k (s + 2)

(s+1+j/3) (s +1—j/3)

G(s) H(s) =
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7. Na BpeBouv ol ywvieg dvaxwpnoews anod TOl:lE Hiyadikoug moAoug kai ol ywvieg ddifewg oTa pi-
yadika pndevik@ TRC CuvaptTRNOews PYeTtadopag:

kis+ 1 +j)(s+1—j)
G(s) H(s) = via k>0
s(s + 2j) (s — 2j)

8. NG kataokeuaogBoUv ol kAaSoi ToU yewpeTpikoU TOTOU TWV pifwy TAC ouvapTnoews petadpopag:

kis + 2)
Gl(s) H(s) = via k>0
s+ 1)(s+2+j)lls+3—))

S. NG kataokeuaagBei ¢ yewpeTpikdg TOMOg Twyv pilwy TAG ouvapTnoewg peTtadopag:

k
Gl(s) H(s) = via k>O0Oxka k<O
s(s + 1) (s + 3) (s + 4)

10. Na BpeBei | cuvaprTnon peTtapopag KA€IoTOU BpOXoU TOU CUOTANATOG AUTONATOU €AEyXOU TOU O-
nmoiou | guvaprTnon petadpopdg avoikTtou Bpdxou eival:

k
s(s + 2) (s + 4)

G(s) H(s) =

via k = 48 kai €xovrag Ti¢ dkbAouBe¢ guvapTnoei yeTagopag yia avadpaon:
a) His) = 1

4
B) H(s) =

S + 1
y) His) = (s + 1)/(s + 2)



KEOQAAAIO Oraoo
TO KPITHPIO EYZTAQEIAZ TOY NYQUIST

8.1 MNevikA.

T6 kpITAPIO eUoTaBelac Tol Nyquist eivai pia ypadikA p€Bodoc, 1 droia mapéxel
nmAnpogopiec wg pog T diapopd petalu ToU ApIBuoU Twy MOAWV Kai Twv pNdevi-
KWV TAS ouvapTNoews neTadopag KA€EIoToU KuKAwPaTog nmou Bpiokovtal oT1d Se€id
Autemimedo 5, yé KaTtaokeun kai emorreia ToU diaypauuaTtog Nyquist TAg ocuvapTh-
gewg peTapopag AvoikToU KUKAwNATOC.

To moAikd Sidypapua fj diaypaupa Nyquist TAg cuvapTHoewg petadopag Gs),
eival €éva 81aypappa, oé MOAIKEC TUVTETAYUEVES, TOU PETPOU Kai TAC dATEWC TAC
cuvaptnoewg G(s) otV énoia éxel TeBeT TO s = jw, Tav 76 w PyeTaBdaAAeTal Amo 16
undév péxpl 76 Greipo.

G T4 cadn karavonon Tou TPOTIOU XPNOIMOTOIACEWS TWV diaypappdaTwy
Nyquist, €fetdlope 176 cglUoTnUa €éAEyxou KAelOTOU KUKAWMATOC TOU OXANATOC
8.1a.

Z(5)
R(s) -+ + -+ ) C(s)
oo }—=C T

Zx. 8.1a.

levikeupévo kAe10TO KUKAwpa €Aéyxou pé diatapaxn kai povadiaia avadpaon.

'H ouvdpTtnon petadopdc Tol ocuoTApaTog auTol, tav A Siatapaxn z(s) = O, el-
vai:

Cls) G,(s) G,(s)
= (8.1.1)
R(s) 1+ G,(s) G, (s)

"H avrioToixn ouvaprtnon peTadopdg AvoikTol KUKAWNATOS MPOKUTITE! Amd TO i-
810 kUkAwpa, &v diakomel & Bpodxoc dvadpdoewc, kai eivar;

C(s)
R(s)

= G,(s) G,(s) (8.1.2)
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2TO KAeioTO cuaTnua €Aéyxou Tou oxnuatog 8.1a pyé oguvaptnon petadopacg
AV (8.1.1) dnuioupyouvTal TaAavTwoei¢ oTaBepol elpoucg Tav loxUel A oxéon:

G,(s) Gyls) = — 1 (8.1.3)

“Orav ikavomoleital ) napanavw oxeon, 76 onua 16 émoio mepva 81a HEOOU TWV
oToixeiwv G,(s) kai G,(s) unmdkeitar g€ Siadopd pacewg 180°, pé dnoteAeopa 16
onua avadpdoewc va mpooTiBetal oo onua efcddou avri va doaipeitar anmod auTo.
AnAadn éxope €nauvénon ToU évepyoUuvTOg OANATOC KAi TUVETTIWG EXOUE AVETIOU-
unTn avénon ToU elpoug TAg TAAQVTWOEWC.

‘H TeAeuTaia oxéon épunveueTal ypadika wg €ERc: [1d va kpivoue TNV €UaTa-
Beia €vOg OUOTAUATOC, CUYKPIVOUE TR B€EON TOU YEWUETPIKOU TOTIOU TOU YIVOUE-
vou G, ({s) G,(s) wg mpodg T Béon ToU anueiou —1, Srwg paiveTar aTd oxAua 8.1B.

b 1M

e

o 7 | I
,* T BEvotadeg ovotnua

T Y0plo EvoTaveLac

~ -} -~ \’Amq{'yég cﬁomua

Zx. 8.18.
FewpeTpIKOC TOMOC TOU AVOIKTOU KUKAWHATOS.

“‘OTav & YEWUETPIKOS TOTTOG TAE OUVAPTATEWS HETAaPOPAg AVOIKTOU KUKAWUATOG
Téuvel TOv Gova TGOV mpaypaTik@y apiBuwv gé éva onueio petafu O kai —1, 10
oUoTNUa aUTONATOU €éAEyxOU eival e0oTaBéc. “Otav nepva anoé 16 onueio —1, 10
sUoTnua TahavTeletal kai Tav mepva mépa améd 16 onueio —1, T6 ouaTNua €ival
aoTaBéc,

“Onwc eival pavepod, yid TAV édpapuoyn Tol mapandvw kpitnpiou dpkei va xapa-
xO€i | KauTMUAN péTpou Kai pagews TAG ouvapTATews HeTapopag avoikTou KUKAW-
UaTOC, O€ TTOAIKEG TUVTETAYHEVEG, Pé TV AvTikaraorTaon s = jw, oTav TO W HETA-
BaAAetal amd 16 O wg TO oo,

Mapaderyua.

Aivetal f} ouvdptnon peTadpopdg AVOIKTOU KUKAWPATOG

20

Gfs) =
s(1 +0,756s)(1 +0,1s)(1 +0,0328 s)
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kai {nTeital va épapuooBei 16 kpiTApio Nyquist yid Té6V npoobiopiopd TAG evoTa-
Beila¢ ToU CUOTANATOG.
O€éTope s = jw Kai EXOME:
20
jw(1 + 0,756jw) (1 + 0,1jw) (1 + 0,0328jw)

G(S)S =jw =

Té pétpo autig TAg ouvapThHoewg divetal Aand T OxEonN:
20
wy\/[1 + (0,756w)?] [1 + (0,1w)?] [1 + (0,0328w)?]
kai | ¢don andé TA oxéon:
® = —90° —ed' 0,756w — €' 0,1w — €' 0,0328w

Gljw) =

Mé Bdaon Tic mapandvw dUo axéoeig axnuaTtifoue TOV mivaka TIpwv PETPOU Kai
ddoewc yid Siddopeg TIuéc ToU w (mivakag 8.1.1).

MINAKAZ 8.1.1.

w 0° 1 2 4 5 10 40 0
¢ -90 | —139.,68 -161.51 | —191,01 | —201 —235,64 —306.,6 —360°
M 00 16 5,4 1.46 0.845 0,177 0,00245 0

Té avrioToixo moAikd Sidypappa daiverar otd oxAua 8.1y,

A 1M

Ix. 8.1y.

"Onwc eival pavepd i kaumuAn repikAeler T6 onueio —1. "Emopévwe 76 guoTnua
-elval doTaBéc.



[1a va a&ioAoynoope 16 BaBud TAG OxXeTIKAG eVOTABEeIag TOU CUOTANATOC, XPN-
OIJOTIOI00HE TO TMepIBwpIo kéEpdoug kai TO MepiBwpio pdoewc.

T6 nmeprBwpio képdoug nmapéxel 76 pétpo TAC dnooTdoewg peTalu ToU onueiou
TAC KauTTUANRG oTéd droio A pdon eivar 180° kai To0 kpigiyou onueiou —1. "Av TeOe]
Gljw) H(jw) = a, yid TA ouxvoTnTa $mou A ddon eival 180°, 16 mepiBwpio kEPSOUC
OpileTal wc:

20 log oé db (decibels)

a

"OTav 10 moAikd didypaupa nmepva amd 76 onueio (—1, jO), 76 nepiBwpio kép-
Soug eival undév. ‘Emopévwe, T6 mepiBwpio képdouc dpileTal we Té pétpo oé db,
kaTd 16 6moio eivar duvaTd va avinBei T6 képdog péxpic 8Tou T6 cloTnua ¢BACTel
oto6 Opio TAG evoTABeiqag.

To mepiBwpio pdoewg mapéxel yéTpo TAC drnooTdoewc peTall ToU onueiou TAC
KauTUANg oTd dmoio T6 képdoc eival ioo pé TA povdda kai Tol Kpioipou onueiou
—1.

To mepiBwpio padoewcg OpileTal wg A ywvia katd TAv Onoia mpénel va oTpadei 16
moAIKO &1dypappa, WoTe Té anueio oTod droio TO képdoc eival oo pé TA povada va
ouumécel pé 16 Kpigigo onueio (—1, jO).

"AvaAuTikd, TO mepiBwplo paoewg unmoAoyileTtal dnd T ¢aon Tou diaviouaTog
G(s) H(s)s _j,,, oTA ouxvéTnTa w, 8mou 16 KépdOg eival Too mpé¢ T povada anéd

TAV Omoia adaipoUpe TN ywvia 180° AnAadn:
O, =|G(jw,) Hljw,) — 180°

8.2 'EpwTtniocl.

1. Nepiypawte TA xpnaon TG kpitnpiou euoTaBerag ToU Nyquist.

2. Ti pag mapéxouv Ta neplBwpia kéEpdoug kai pAgewc;

3. Mepiypawte 1OV TPpONO oxediaguou ToU Slaypdupartog Nyquist.

4. Nic Siakpivoue 8T &va ouoTnua eival evoTaBéc f doTaBég pé 6 kpitApio Nyquist;

£.3 'Agkio€lg.
1. Aivetar 4 ouvaprTnon petadpopacg avoiktou Bpdxou

s + 1
G(s) H(s) =

s{s + 2)(s + 3)

kai {nTeital va épappooBei 1O kpiTApIo ToU Nyquist yid Tov npocdiopiopd TAG eVoTABEIOg TOU OU-
OTANATOC.

2. NG kaBopioBei ) evoTdBela ToU CUOTARATOS AUTORATOU €Aéyxou TOoU Omoiou A ocuvaprnon PerTa-
dopac Sivetrar oav

1
G(s) H(s) = viap >0
s?(s + p)




KEGOAAAIO ENATO

KPITHPIA EYZTAGEIAZ BAZIZOMENA ZTA AIATPAMMATA BODE

9.1 MNevikA.

Kata tAv dvadluon Twv cuoTnudtwy éAéyxou pé avadpaon, ol yéBodol Bode
kai Nyquist eival lcodUvapeg, yiati mpokUmTouv and TAv idia mapaoraon Gljw)
H (jw). Td diaypdupara Bode dnoteAolvral and d0o ypadruarta: T yérpo ToU
GH (jw), xai TA ywvia ¢doewcg Tou GH {jw) gé cuvaptTnon hyé TR CuxvoTNTa W. 2U-
viBwc¢ xpnoiyoroleital AoyapiBpikh kAiyaka otév G€ova tAg ouxvdTnTag, €vw T0
GH (jw) éxdppaleTtar g€ decibels.

Ta Sraypdpuarta Bode nmapéxouv eUkoAn émomreia TAG OXeTIKAG eVOTABEIOg €vOg
OuUOoTANATOC YE Xpnoigomoinon Twy epIBwpiwv kEpdoug kai pacewg, Ta omoia o-
piCovral Gueoa ord diaypdpparta Bode. ‘O mpoadiopioudbg Twy mepiBwpiwy auTwy
eivar oAU ypriyopog aTd SiaypdupaTta Bode kaf pmopei va yivel and meipapaTiké
Sedopéva TNG AnMokpiocewg ouxvoOTNTAC.

9.2 AoyapiBuikég kAlpakeg kal diaypaupara Bode.

27a Siaypaupara Bode xpnoiyonolouvral ol AoyapiBuikég kKAipakeg, yeyovog
nmoU 17a kaBioTa ISiaitepa eUxpnoTa ot xapaén, TO xeIpioud Kai TAV €punveia Toug,.

‘"H AoyapiBuikn kAiyaka otév GEova w émTpémel TA xadpa&n peydAou mediou gu-
XVOTATWY CUYKPITIKA Yué ToUg ypauuikoug GEoveg. 216 Aoyap1Buikd diaypappa ol a-
oUuTTWTES KEPSOUC Kai dpAgews eival eUBelec ypaupéc.

To péyeBog |G (jw)| widg ocuvapTioews petapopds G (jw) yid kaBe Tiun Tol w,
oxedialetar gé AoyapiOuikA kAipaka, gé povadec decibel (db) émou:

db = 20 log,, Gljw)

lMapadeyua 1.

"Av |G (s) H (s) | _ 2 = 10, T6Te T6 péyeBoc eival 20 log,, (10) = 20 db. T6
HEyeBog g€ db widg cuvapTAoews AMokpigewg ouxvoTnTag drnmoteAoUpevng Amo yi-
vopevo Opwyv, loouTtal yé 16 dBpoioua Twy peyeBwyv oé db Twv émpépouc Hpwv.
"ETo1, Otav xpnoiponoieital AoyapiBuikA KAigaka, 16 Sidypapua peyéBoug PIGg ou-
vapTAoews dnokpicewc ouxvoTnTac, mou €ival yIvOUEVO TIEPICOOTEPWY TOU évog
Opwv, uNopei va BpeBel pé mpdoBeon Twy diaypappdTwy NeyeBwyv g€ db TWv émi-
uépoug Spwv TOU YIVOPEVOU.

To didypappa peyéBoug o€ db g€ cuvaptnon pé 16 log w dvoudleTal Sidgypau-
pa pyeyéBoug Bode xai 16 diaypappa TAg ywviag ¢pdcewg oé cuvaptnon pé 10 log
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w amoTeAel 1O Siaypaupa Bode TA¢ ywviag pdaocewg. TO Siaypauua Bode ToU ueyeé-
Boug O6voualetal ot BiBAloypadia kai Sidypaupa Log-modulus.

[MTapaderyua 2.

To diaypaupa peyéBoug Bode yvid G (jw) = 100 1 + j (w/10)]/1 + jw pmopel va
emTeuxBei v mpooTeBoUv dAyeBpika Td Siaypdupata peyéBouc Bode Twyv Spwv:
100, 1 + | (w/10) kai 1/(1 + jw).

9.3 'H popodry Bode kai 16 képdog Bode.

‘"H kataokeun ToU Siaypauuatog Bode SieukoAUveTal moAU &v iy ouvaptnon a-
MOKPICEWSG ouxvoTnTag TeBel ot Aeyouevn popdn Bode.
"EoTw ) dkdAouBn cuvaprtnon:

K(jw +2,) jw + z,)... jw+2z.)

(9.3.1)
(jw) (jw + p,y) jw + py) +... (jw + p,)

Ormou [ évag un apvnTikog AképPaiog.
‘H popodn Bode émrTuyxaverar pé mapayovTiopd OAwv Twv z; kai p; xai
S1leuBéTnonN TOUg OTN LOPDN:

m n
(k _H1 Z./ .H1 0:) (1 +jw /z,) (1 + jw/zy)... (1 + jw/z,)
— — (9.3.2)

(jw)! (1 + jw/p,) (1 + jw/p,)...(1 + jw/p,)

Képdog Bode, kg, opiletai & oTaBepdg napdyovrag oTov apibuntn TAS
¢fiowoewc (9.3.2), SnAadn:

kg = (9.3.3)

9.4 AiaypGupara Bode anAwv cuvaptioewv anokpiocewg ocuxvornrag kali aouy-
NTWTIKEG TTIPOCEYYITEIS.

'H oTaBepd kg €xel péyeBog kg kai ywvia pdoewg 0° &tav 16 kg eivar BeTikd
kai —180° 6rav 106 kg eivalr apvnTikd. “Etol, 1@ Siaypduparta Bode 100 kg eival
Opi1lovTieg eUBeiec ypapuég dnwe daivetal ord oxiua 9.4a.

‘H ouvdptnon dnokpicewg ouxvotntag (A AuiTovoeidrng ouvaprnon HeTAPo-
0dc), Mol éxel €va noho [ Téfewc oTAv dpxn TWv GEOVWY, eivar:

1
(jw)’

(9.4.1)
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T6 diGypappa Bode piag oraBepag kB .

Ta siaypaupara Bode TRg ouvapTRoew AUTAS eival eVBeiec ypappég Smwe dai-
veTal otd oxnua 9.48.

Ma €va undevikd Tafewc ! aTAv dpxA TWv atdvwy eival (juu)’ kai Tad Siaypdupara
Bode eival ol KaTOTTPIKEC YPAUNES TWV oxNUATWY 9.4B kai 9.4y w¢ npdg Tou¢ &Eo-
vec ToU O db kai O° davrioToixa.

Qewpoupe Twpa TA cuvdprtnon petadpopag eévdg amAou noAou, dnAadn p/s + p
(p > 0). Ta Saypdupata Bode 1ig ocuvapThoewg:

1
1 + jw/p

(9.4.2)

Sdivovtal oTtd oxnua 9.486.

InuelwveTal 8T f AoyapiBuikA KAiJaKa GUXVOTATWY €ival Avnypévn oé moAAa-
nmAdoia ToU0 p. MNd va BpoUue Ti¢ ACUPTITWTIKECG TIPOTEYYIOEIC TWV SiaypappaTwy
Bode, mapatnpolpe 6T yid w/p << 1, f w <<p €ivar:

1

20 log,, _ '~ 20log,|1/=0db
1+ jw/p
kai yia w/p >>1, § w >>p, €ivar
1 1
20 log,, _ ' ~20log,y | — '=—20log,, (w/p)
1+ jw/p jw/p

AnAadn 16 Sidypappa ueyéBoug Bode mpooeyyilel doupmmwTikG pid opildvTia
€euBeia ypapun ota O db, éTav 10 w/p Teivel oTo0 undév, kai oTAv evBeia —20 log,,
(w/p), dtav 16 w/p Teivel oTd Grreipo (ox. 9.48). ‘H SelTtepn doUummwTn VWNAWYV
TUXVOTATWY €ival pid eUBeia ypappn pé kAion —20 db/&exdda | —6 db/6kTdaRa,
oTA AoyapiBuikA kKAipaka ocuxvoTATwy, Onwg ¢aivetar otd oxipa 9.48. Ol Sud a&-
oUuMTWTEC TéPvovTal oTh ouxvoTnTa w = p rad/sec. Na va Bpolpe TAV ACUPTITW-
TN TAg ywviag ¢aocewg, BAEmope 011 via w/p << 1,  w << p
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kai yia

db

60 =
40
1
20lo -
910| (jw)! } T
20
0 o
/S
.
—20
/\
e
- 40
- 60
R 0.2 05 ] 2 5 1C
—— w rad/sec
OGT | ) ] 1
Ffwva |
(=1 PAOEWS | (jw )}
e e S i R
k | =2
=180
) =3
=270
R 0,2 0.5 ] 2 5 10

— o rad/sec

Ix. 9.4. !
To6 diaypapupa Bode yid A auvaprnon 1/(jw).

1 B}
— —ed " (w/p) ~0°
1 +jw/p
w/p >>1, 4w >>p
1 B}
_ = —e¢ ' (w/p) ~ —90°
1T+ )jw/p
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60

40

20

= 20

-40

-60
0,1 0,2 0.5 l 2 5 10

— wrad/sec

360

wvLa
$OCEWC

. | =3 (Jw)!
770 f——— o

] BOE ——-‘————l__‘—__—————————-

Yoy | S DS NSS! NSNS ) SN—— S, |

O 0,2 08 1 2 5 10
— wrad/sec

Ix. 9.4y.
: ; . o
Ta Siaypdppata Bode yid T guvaprtnon (jw).

AnAadn 16 Sidypapua Bode ThA¢ ywviag ddoewg mpooeyyilel AOUPNTWTIKA TAV
Tiun 0° drav 16 w/p Teiver 016 pndév, kai TAV TInR —90°, 6Ttav 16 w/p Teivel oTo G-
nelpo, Ormweg daivetal otdé oxnua 9.46. Mia napanmdvw ACUUTTTWTIKA €VBeia Moy U-
nofBonBdel TA xapaén ot6 xwpo petall TRAg dolumrwong Twyv 0° kai TAg doUunTw-
g TV —90° eival i eUBeia dpvnTikAc kKAiocewc Mo Téuvel TAV AgUumwTn TWV 0°
o710 w = p/b kai TAV douurmrwTtn Twv —90° 016 w = 5p. "H mpaypaTikA KAuTTUAN
Pdoewg epanTetal oTiv dclumTwTn AUTA OoTO W = P.

Ta opaiuara mou elodyovral d4méd Tig MPooeyyioeIg TWY ACUNTITWTWY YIA TA OU-
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1
( AU TWI L
’ /kv.apmkn
& 7—-\% |
- . =
| ra
-10
| "‘C‘/lo |
<Y TR0 1+ jw/pc
- 20
L
0, 0,2 09 ] 2 5 10
— W/p
0° |
_~ AOUUMTWTLHT
e HQ UTTUAT
~20° 7
Mwvia ( 1 )
Yaocwd 1“'}0)/[3
~ 407 ﬁ
- 60°
-80°
01 0,2 05 ] 2 5 10
Zx. 9.46.
Ta Siaypappara Bode 1A guvaptnoewg 1/ (1+ jw/p).
MTNINAKAZ 9.4.1.
1
Aocupunrwrikag opaAuara rrig
! +jwl/p
w p/5 p/2 o) 2p T 5p
2paApa peyéBoug (db) —0,17 —0.96 -3 —0.,96 —-0,17
s -
2paiua ywviag ¢pagewg | -11.3° | —-0,18° 0° +0,8° +11.,3°
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vaprtnon petagopdg amAou nmoAou o€ cuvapTnaon PeE TAH ouxvoTnTa cuvowifovTal
oTov nivaka 9.4.1.

Td Siaypduuata Bode kai of AOUNTITWTIKESG TOUG TTPOCEYYITEIC yIA TR ouvapTnon
anAou pndevikoU

1 + jw/z (9.4.3)

¢aivovral otdé oxnua 9.4e€.

— db

20
20 10G, | 1+ yw/z|
10 %
- ’AUUpf{t WTLYT
' KA LTTUAT
0
01.1 0.2 05 ! 2 5 1C
- (] )
80
60
40
20
- ROUPTTWT LN
UA LTTUAT,
O
0,1 0,2 0,5 ! 2 = 10
i LU
Iy. 9.4¢.

Ta diaypdupara Bode yid 1 cuvaptnon 1 + jw/z.
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01 0,2 05 ! 2 10
— w/wpn
—
C -
- Ll = 101
// g =6 2
-G~ 10,3
40°} C=0,5
- £=0,707
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—140°
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011 0;2 0,5 ] 2 ]O

Ix. 9.40r.

— W /wn

Ta diaypappara Bode yig 1A guvaptnon 1/[1 + j2 Jw/w, — (jw/w,, )?].;
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Ta SiaypdupaTta Bode kai ol AOUPTTWTIKEG TOUG MPOCEYYITEIG yIA TAV GkOAoUON
guvdptnon dnokpigewg guxvoTnTag deuTtépag Tafewg pé piyadikoug MOAOUG

.

a0=<¢=<1 (9.4.4)
1 +j2lw/w, — (w/w,)? v ‘

paivovTal oTé oxfna 9.40T, rou ol diIadopeg KAPTTUAeg AvTIOTOIXOUV T€ S1APOPES
Tigéc TOU Adyou anooBécewg (.

'Atiler va onueiwBei 611 ol dolunTwTeg pey€Boug ToU axnuaTtog 9.40T T€Pvov-
TAl OTA YWVIAOKA OUuxXvOoTNTa W = Ww,, Kai f kAion TA¢ AoUuNTWTNG UYNAWYV
guxvoTATWYV €eival &ImAaaia &améd TAv kAion TA¢ AvTioToixNg AoUUMTWTNG OTAV TEPI-
mwaon anmhol moAou Tol axAuaToc 9.4€. Ol AoUpTTWTES TAG Ywviag pagewg eival
Huoleg ué€ alTég ToU oxnuatog 9.4a01, GAAG i douurTwTn LYNAWYV CUXVOTATWY BPi-
okeTal aTi¢c —180° dvti Twv —90° kai 76 onueio énadng TRG MPAYNATIKNG KANTTUANG
otic —90°.

Td diaypdupata Bode yia €va (eOyo¢ piyadikwy TOAwv €ival ol KATOTTPIKEC
VPappég yUpw amod Tig ypappég Twyv O db kai 0° éxkeivwyv mou avTtioToixoUv OTOUg
niyadikoug mMOAQUG.

9.5 Karaokeury Twv diaypappdrwyv Bode.

Ta diaypaupara Bode Twv cuvapTAoewyv ATIOKPICEWS oUXVOTNTAC KATAOKEUA-
(ovtal yé émaAAnAia Twv empépoucg SiaypappudTtwy KGBe nmoéAou kai undevikoU (A
Ceuywv piyadikwyv moAwv kai undevikwyv). Ol AouunTwTikég MTpogeyyiogeig Twy dia-
yPappdaTwy auT@V €ival cuxvd émapkeic. TO dkpiBéc S1dypappa kaTaokeudletal pé
TAV KATtaAAnAn $16pBwon TWV TINWY TWV AOUPTITWTWY KAPTIUAWY O€ €mAeYUEVEC
cguxvornTeg. 'O mivakag 9.4.1 kai Td oxAuaTta TAg mponyoUpevnc mapaypdadou ma-
PEXOUV Tig TIHEC TWV OPaApdATwy TToU Mpénel va xpnaoigomoloUvTal OTAV mapandavw
S516pBwan.

[a T yevik guvdaprtnon Anpokpicgewg ouxvoTnTag EXOME:

kg (1 + jw/z,) (1 + jw/z,)..(1 + jw/z )

GH (jw) = (9.5.1)

(jw) (1 + jw/p,) (1 + jw/p,)... (1 + jw/p,)

émou [ eival BeTikdg Aképaiog f undév, kai T6 péyeBocg kai N ywvia ¢acgewc Sivov-
Tl ATO Ti¢ OXETEIC:

20log,,GH (jw) = 20 log,o kg | + 20l0g,o 1 + jw/z, +...+ 20 log,, 11 + jw z., '+
1

+ 20104, ; + 20 log,, — +
(jw) 1+ jw/p,|
1
+...+ 20 log,, : (9.5.2)
1+ jw/p,
kai IGH (jw) :@ +|(‘I + jw/z,) +...+|(1 + jw/z)
1 1 1
A ——— ) _ )+ ..o+ |l _ ) (9.5.3)
(jw) 1 + jw/p, 1+ jw/p,




Td Siaypduuarta Bode yid kdBe Hpo Twv oxégewv (9.5.2) kai (9.5.3) Sivovral
otd oxnuata 9.4a wg 9.401. TO nARpeg didypaupa xapaletal pé émaAAnAia Twv
vpadikwy nmapacTdoewyv Twyv diapopwyv dpwv Twyv oxégewyv (9.5.1) kai (9.5.2) pé
16 AdkOAouBo mapadeiyua.

[Tapaderyua.
Ta douprrwTika SiaypdaupaTa Bode yid 74 cuvdaptnon dnokpicewg ouxvoTnTag

10 (1 + jw)

H (jw) =
GH (jw) (jw2 [1 +jw/4 — (w/4)?]

kataokeudalovrtal yé T4 BoABela Twyv eficwoewv (9.5.2) kai (9.5.3). AnAadn:

40 | r —_—
20log,,(10)
20 ! - - |
:g 2010910||+j'~}l. 2010 ] B
1 0 .01t )w/4 - (w/A)2
-20 r
Olo I—_E] I
910 (Jw)
- 40
- 60
01 0,2 04 | 2 4 10 20 40
— w rnad/sec
100° =Y 1
50° . . 1
fwvia gadewd (1+ jw|)
0° g | | |
_Twvia ( 1 )
S Pa0Ewe N 14 jw/4 — (w4 Y
-50
-100 , ' 1
[wvia Yaoewg ( ——=
. Ig<(1w)2
~150
01 0,2 04 1 2 4 10 20 50
— w rad/sec
Zx. 9.5a.

10 (1 + jw)

Ta diaypdupara Bode tAg ouvaptAcewg Gis) =
(jw)? [1 + jw/d + (w/4)?]
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2010g,, GH (jw) = 20log,, 10 + 20 l0g,, 1 + jw|+ 20 log,, ™ +

1
1 + jw/4 — (w/4)?

+ 20 l0go

1
’ . — e . /' 2
KGIIGH(]UJ) [(‘I jw) +|(1 jw)c + (1 wid (LU/4)2)

Ta SiaypauuaTta Bode kaBe dpou Twyv napanavw €E1owoewy €XOoUv XapaxOel pe
Bdon Td oxnuata 9.4a w¢ 9.4071 kai ¢paivovral oTd oxAua 9.5a. Ta doupunTwTIKG
Siaypdpuata Bode yid GH (jw) drmokTtodvral yé énmaAAnAia Twv kaumuAwy To0 axn-
uato¢ 9.5a kai ¢aivovral otd oxnua 9.5B.

60

40

01 02 04 | 3 &% 10 20 40

TuXVOTNTAa W, rad/sec

100°

150+

200°

250°

01 02 04 ] 2 4 10 20 40
Tuxvotnta w, rad/sec

Ix. 9.50.
To ouvoAiké Sidypapupa Bode 100 napadeiypatog 16 6roio Npoékuwe Ao 16 ouvOUaO PO TWY KAPTTU-
Awv 10U oxAuatog 9.5a.
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9.6 XZxemiki] evoTGBeia.

Oi SeikTeg TAGC OXETIKAC evoTaAB€eIag «mmeplBwpiou kEpdougy kai «meplBwpiou
dacewg» OpigBnkav yé Bdon TRV Aokpion cuxvoTNTag ToU oUoTANATOS AVOIKTOU
BpOxou, o€ mponyouuevn napaypado. Onwc daivetal Twpa ol mnapdueTpol auToi
¢¢ayovTal eUkoAa ano ta Siaypdaupata Bode tou GH (jw).

Aedopévou 811 Ta O db dvTioToIxolv oé péyeBog 1, T6 mepIBwpio képSoug eival
O apiBuo¢ Twv db, katd Tév dmoio anéxel T6 GH (jw) &nod tov GEova Twv O db oTh
ouxXvoTNTa W, TOWNG TAG KAuTUANg dpdoewg pé 1oV Gfova Twv —180° [GH (jw,) =
180°]. Té mepiBwpio pdoewc eival 6 ApIOPOC polplv Katd TOV Aoio Améxel f) yw-
via GH (jw) ané —180° ot cuxvéTnTa w, oriv 6noia GH (jw,) = 1.

[a va BpeBolv ol w, kai w, yé IkavomoinTikf axpiBeia, 84 npénel va kara-
okeuaoBouv Ta npayuaTika diaypauparta Bode, pé S16pBwon Twy dvrioToixwy Aa-
TUPTTTWTIKWYV Siaypappdtwy. Mé Tov Tpomo auto étaodpaAiletal dkpi3Rg ékTipnon
TWV MepBwpiwv képdoug kai pacews. "Onwe dvadpépOnke mMponyoupévwg, BeTIKA
meplBwpia kEpdoug Kai Pacewg AVTIOTOIXOUV O€ eUOTABEC TUOTNHA EAEYXOU KAEI-
oToU [Bpodxou.

lMapaderyua.

T6 cvoTnua ToU émoiou Td Sraypduparta Bode daivovrarl otd oxApa 9.6 €xer ne-
010Wwpio képdouc 8 db kai mepIBWPIO pdoews 40°, kaTd cuvémneia eival eVoTaBéc,

20 | | F
20 log10|GH(Jle
2 |
0 T | e
} 8 db mepLvwpLo
5 fwvia &PCIIOEMJQ GH()w), nePOOUC
© -20 /[ { _100°
d |
‘ 1
I Q
-40 , , —T | 150
Nepdwpro waoewg = 40 [ 1 |
; |
I (4]
o0 | } -200
| 1
|
' |
I (]
-80 |- | i o
I
i ! | |
he W I W, 0 20
ol d
Ix. 9.6. w rad/sec

9.7 'Anékpion ocuxvOéTnNTag ToU KAEIOTOU KUKAWMATOG,

"Av kai §év Undpxe! arreuBeiag péBodog yiad TH xapakn TAG drMokpigeEws ouxvOo-
tnTac C/R (jw) ané ta Siaypduuata Bode Tiig GH (jw), pnopei va mpooeyyigBei ka-
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TG TOV akOAouBo Tpdmo. ‘H andkpion aguxvoTnTag To0 ocuoTAPATog KAeIoToU Bpo-
xou divetar dndé T oxéan:

G (i
C/R (jw) = Ll
1 + GH (jw)
“Otav IGH (jw) >>1
, . G (jw) 1
TOTE — (jw) ~ . —
R GH (jw) H (jw)
"Orav GH (jw) <<1
TOTE — (jw) ~G (jw)

R

‘H dndékpiaon cuxvornTacg dvolkToU BpOxou TWYV MEPICTOTEPWY CUOTNHATWY Xa-
pakTnpileTal and UWnAd képdog oTig xapnAég aguxvoTnTeg TO OTOIO éAATTWVETA
OTi¢ UWNAOTEPEC auxvOTNTESG, AOYw TRG ouvnBIouévng unepBacewc ToU GpIBuoU
Twv mOAwyv and 1a undevikd. "Evol, A andkpion cuxvoTnTag kKAelioTou Bpdxou O€
éva oguoTnua povadiaiag dvadpdoewg (H = 1) nmpooeyyileTtar and 16 péyeBo¢
1 (O db) kai ywvia ¢pdoewg 0° yid ouxvoTnNTES XauNAOTEPES ATTO TR OXUvOTNTA TO-
ufig ToU képdoug w,. MNa ocuxvoTnTeg Mavw Aand TAV w,, N AnNdkpIoN CuxvoTNTAG
kA€loTOU [BpoOxou umopel va mpooeyyioBel ard 10 péyeBog kai TR ywvia dagew
To0 G (jw). Té kaTd mpooéyyion eupoc Lwvng kKAeIoToU BPOXOU yId APKETA CUTTA-
uarta eival /| guxvoeTnTa Topfg ToU KEPSOUG W,.

MNapadeyua.

T6 diaypaupa peyéBoug Bode dvoikTolU Bpodxou kai 16 mpoageyyioTikd S1daypau-

ix. 9.7.

|
|
|
}
I
|
|
|
|
v 02 0.4 1,0 20 w, 40 100

-

— w, rqad/sec
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ua peyéBoug Bode Tou cuoThpaTog povadiaiag avadpdcew mou mpokUmTel And T

10
ouvdaptnon G (jw) = - _ ¢aivovral oto oxfua 9.7.
jw (1 + jw)

9.8 'Epwrijocic.

1. Noa BoABeia udg mapéxouv Ta diaypauuarta Bode otAv dvdAuon Twv guoTnudTwyY auTopdTou é-
AEYXOU;

2. Marti xpnoiyomoioupe AoyapiOuikég kKAipakeg gta diaypauuara Bode;

3. NMuwg ékppaletal 10 képdog Bode;

9.9 'Ackijoelg.
1. Na éxdppaoBoulv oi dkoAouBeg moodTtnTeg g€ db (Decibels):
(a) 2, (B) 20, (y) 45, (&) 100, (e) 250 (o7) 600.
2. Na kataoxeuaoBel 16 Sidypappa Bode tTAC guvaptnoews petadopds AvoikToU KUKAWPATOC:

1 4 §/2. + (§12]%
s (1 +s/0,5) (1 + s/4)

3. N& xataokeuaoBei 170 Sidypapua Bode tRg ouvaprtnoews yetadopag AvoikToU KUKAWMPATOC:

G (s)H (s) =

2
s {1 +s/2) (1 + s/5)

4. NG kataokeuaoBei 16 Sidypaupa Bode T cuvaptThoewg PHeTadopag AvoIKTOU KUKAWUATOG:

G (s)H (s) =

2 (s + 2)

52 — 1

G (s)H (s) =




KEQAAAIO AEKATO
TO KPITHPIO EYZTAQEIAZ TOY NICKOLS

10.1 Nevikd.

T6 didypapua Nickols Baailetal oTd péTpo Kai TH ywvia ¢doews THG cuvapTn-
oewc petadpopac avoikTol kKukAwuaTog, 6drweg 16 didypaupua Bode kai xpnoipeuel
oTA PEAETN TAC AMOAUTNCG Kai TAGC OXETIKAS €VOTABEIQg TWY CUCTNUATWY AUTONA-
TOU €Aéyxou kAeioToU [BpoOxou.

216 Sidypaupa Nickols, 76 yéTpo kai i) ywvia ¢aoewg THG ATTOKPICEWS CUXVOTN-
Ta¢ TOU guoTApaTog avoikToU Bpbdxou, dneikovilovral oé Eva kai yévo Sdidypaupua,
avti 0é SUo, ol éxouv TG diaypbuuaTta Bode.

XpnoiyomoloUue Ti¢ ouvapTAoeIg HETPOU Kai dACEeWS:

Gls)g =, db=20log Gls)
ICD = Gls) s — jw

kKai xapdalope Tig TIuéc auTég o€ €va OpBoywvio cUoTNua cuvTeTaypévwy, dmou O
G¢ovag Twv x mapiagTdvel T ywvia ¢bdoewg kai 6 Géovag Twv y 7O péTpo g€ db, pE
ouxvoTnTa w, petaBaAAopevn dndé undév péxpr Gnelpo.

AnAadn, yia TA xapakn Tou SiaypduuaTtog Nickols, UnmoAoyiloue, yid Siddopeg TI-
WEG TAC auxvoTnTag W, TO WETPO Kai TH ywvia ¢doewg TAC ocuvapTRnoewc¢ G(s) ToU
AvoIKTOU KUKAWWATOG Kai oTA cuvéxela xapaloue TAV kaumuAn, dnwc paiveTal m.x.
o160 oxnua 10.1a oTo drnoio éxouv xapaxBel ol kaumiAeg U0 TUMIKWY TUVAPTA-
gewv PeTadopac.

Ta diaypaupaTta Nichols, dnwg kal & yewpeTpikdg TOMOC TWV pIlwv, mapéxouyv
aueca nmAnpoodopieg yia TAV eVoTABeIa TOU KA€IOTOU CUCTANATOC AUTONATOU EAEY-
xou. M.x. étav A kapmuAn mou mpokuTTel TéEPvel TOV GEova TAC ywviag ddoewg gé
Eva onueio mou éxel TIUN MIKpOTEPN And —180°, 16 kAe1oTO KUKAWUA €lval €UOTA-
Béc. ‘H andoTaon petatl Tol anueiou TouAC TAC KAuMUANC kai TWv —180° eival T6
nepiBwpio paoewg kai 76 mepIBWpIo képdoug eival i andoTaon oé db Tol péTpou
Tou avTiaToixel ot ywvia Twv —180° and 16v d¢ova Twv O db. Td oToixeia autd
daivovral 016 napddelypa Tol oxfpaTtog 10.1B. Td nepiBwpio pdoewc eivar 50°
kai 76 mepiBwplo képdoug eivar 32 db.




fwvia Yaoews,
-10C -80 -60 -40 -20 O
2
t-5
db
o(s) =1+ yw t-10
t-15
O =5 e 2 —_— —_—
20 40 60 80 0C 7—20
, , G(s)=
fwvia waoewg 14w
2x. 10.1a.
XapakTnpioTikeg kaumuAeg diaypaupaTtog Nichols.
a) Ma ta oguvaptnong G(s) = 1 + jw kai B) yid TR ouvdprnon Gis) = 1/1 + jw.
K
1+10 G(s)=
I . S(1+sTy)(1457))
| 2t |
i ' [+ 5
-180 -16C -13 -100 -70 -40 -10
O
|
! ${— 5
|
T
i
|
; $—-1C
|
|
: $ 20
|
I
I
I
? S t 30
d -40
Ix. 10.1B.
T6 &iaypappa Nichols yid T ouvaptnon Gis) = k/s (1 + sT,) (1 + sT,).
E¥r
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Mapaderypa.

NG kataokeuaoBei 16 Sidypappa ywviag pdoews/pérpou o€ db TAg auvapTn-
oewc¢ petadpopdg AvoikTOU KUKAWUATOG:

10(1 + s/2)

i Hise (1 + g) (1 4 8% 4+ 5/2) -

10(1 + jw/2)
(1 +jw) [1 — (w/2)? + jw/2]

AuTo kaTaokeualetal d8poilovrag TG péTpa kai Tig PaoIkég ywvieg Twy €évdia-
HECTWV TTapayovTwy:

1
1 — (w/2)% + jw/2

10, 1 +jw/2,  1/1 +jw,

'H mivakonoinon auTwy Twy mapayovTwy ¢aiveral otov mivaka 10.1.1 yid b1a-
OOPEC TIMEG TOU W.

MINAKAZ 70.71.7

wémmw

Napayovrag \ o 04 08 12 16 2 28 4 6 8
10 20db 20 20 20 20 20 20 20 20 20

h e ©9° @ © 0 0 0 pr v o}
Odb 02 06 1.3 22 30 47 7 10 123

1+ jwi2 0°  11°  21° 31° 39° 45° 64° 63° 71¢ 76

1 Odb -06 -22 -38 -54 -70 -94 -123 -157 —18/1

1+ jw 0° -21° —-39° —50° -57° -63° -70° —-76° —81° -83°
1 Odb 03 06 09 10 O —-48 —-12 -195 —245
1= (w/2)? +jw/2 | 0° —12° —26° —46° -68° --90° —126° —148° —160° —166°
20db 19,9 19,0 184 178 16 105 27 -52 —103
‘ABpoiopa = GH(jw)| 0° -22° —44° —65° —86° —108° —142° —161° —170° —173°

‘"H kaumUuAn moU mpokUnTel and 1a dedopéva Tou mivaka 10.1.1 ¢paiveral o1o

oxnua 10.1y.

'H xapaén Twv Siaypappudrtwyv Nichols dieukoAlverarl [SiaiTepa pé T Xxpnoiyo-
noinon €ldikol ¢vTimou T6 droio eivai ywwaoTod pé TAv dvouacia yderne Nichols, &-
nwg ¢gaivetar grdé axnua 10.16.

270 didypauua autd unapxouv xapayuéveg diagoneg kaumuAeg oTaBepol KEP-
60ug kai kaumuUAeg oTaBepng ywviag ¢pdoewc ToU G/oIKTOU KUKAWHATOC.

2€ €va TETOIO XAPTN MMOPOUME va oxedidooue Akoua TO HETPO Kai TA ywvia ¢pa-
Oewg TOU XA€10TO0U KUKAWUATOG € guvaptTnon pé Tn ouxvoTnTa w, mpdyua mou
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180° 120° 60° 0F
Fwvia PAOEWC - -4
6.0
- =8 Ix. 10.1y.
8,0
43
32
G=|-2
| 28
230 050215,
Glw),
1db 20
Xo)®
16
d -10° 3
12 =
3db % 2
2db 5 8 O
. -20 . 3
" o 4 &
D
] 62 . %ﬂ
Q.
)
¢
-9
12
+ 12
20° 0

260° 240° 22¢° 200° 180° ©C° 140° 12¢° 100° B80Q° 60°. 40°

Frwyta kpdoewg Gp (Jw)

Zx. 10.16.
‘O xéptn¢ Nichols.
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§év ATav duvatd pé Ta Siaypdupata Bode oTd dnoia TG dvrioToixa peyéBn napi-
gTavouv TO GvoikTO kKUkAwpa. ‘H &iabikacia Exel wg &ER¢:

a) Ixedialope TAV KAPTUAN ToU dGvoikTol KukAwpaTtog, Onwg davadeépBnke
nponyoupévwe petaBailovrag TA ouxvéTnTa kai umoAoyifovrag yia kGBe Tiun NG
TO AVTIOTOIXO HETPO Kai ywvia ¢aAgewg TAC CUVAPTATEWS PETAQOPAS.

B) "Amd TAV TOuA TWvV KapmuAwyv oTaBepol képbdoug (k) kai oTaBepng ywviag
bAacewg (M) pé T kaumuAn mou oxebrdoTnke BaBlovounpévn o€ TILEG TNG OCUXVO-
TnTag w, npoadlopifoue Tig TIHEG TOU PYETPOU Kai TAG ywviag ¢paoew TOU KA€/OTOU
kukAwpaTtog. Mé TA BoABela TWv TIPWY aUTWV PYTTOPOUUE va OXeESIGOONE TIG KAW-
nmuAec¢ péTpou kai ywviag odoewg agé AoyapiBpikd xapTi kai va éxoue €Tal TO S1a-
vpappa Bode ToU kA€1OTOU KUKAWRATOS.

To anotéAeopa ToU nmponyoudevou napadeiyuarog ¢paivetal oo oxnua 10.1e.

O [
S _400
wn
7
-80° o
S
-120°
- .8
-160° 3
(-
_20_00
0,3 1 10 100

Zx. 10.1e.
Ol xaunuAeq képdoug kai ywviag pacews ToU KAEIOTOU KUKAWHATOS ol dnolec MpokUTToUY Anod Tn
oxediaon ToU AvoikTou kKukAwpatog otd xaprtn Nichols.

10.2 'Epwrrigeilg. '

1. 2€ 1i Siapépouv 1a Saypduuara Bode kal Nichols:

2. Noia nAnpogopia yag mapéxouv 1@ Siaypaupara Nichols;

3. Nuwc¢ Bpiokovral 76 NepiBwpio Ppdoewg kai 1O NMeplBwpio kKépbdoug ord diaypapuara Nichols;

10.3 "Aoknjoeis.
1. Nd kataokeuaoBei 10 diaypapua Nichols yid 1A guvlptnan peTadopas AvoIKTOU KUKAWHATOG:

2
s{1 +s) (1 + s/3)

G(s) H(s) =

2. NG kataokeuaoBel 16 Siaypaupa Nichols vid 14 cuv@pTno» petadopa AdvolkTolU KUKAWPATOC:

4(s + 0,5)

s? (82 + 25 + 4)

G(s) H{s) =




KEQANAIO ENAEKATO

MAPAAEITMATA ZYZTHMATQON AYTOMATOY EAEMXQY

11.1 Auréparn puBuIon TaxuTnrag ff cTpopwv.

21N vauTiAia, Onwg kai oTA Biounxavia, cuvavTaue cuoTApara, oTta énoia anai-
TouvTal 0TaB€EPEG ouvBOnkeg Aeitoupyiag, Smwcg m.x. oTaBepdg GpIBudc oTpodwy A
puBuion TWv OTPOGWYV CUPPWVA HE CUYKEKPIMEVO Mpoypaupa. Baoikh cuvicTwoa
o€ MOANEC €papuoyEC eival & AAEKTPIKOC KIVATAPAC, & ATTOToC AmoTeAET OTOIXETO KI-
VAOEWG Kai unxaviouoU éAéyxou 8w 1.x. OTAV NAEKTPIKA MPpowaon MAoiou ué oTa-
Oepég OTPOPEC pnxavng Kai EAIkag. 21O aguoTnua auTo, O NAEKTPIKOC KIvNTAPAC
oguvdéeTal Pé TOV TeAikO Gfova TRAg €Alkag ameuBeiag ff ué TAV mapeuBoAn évog
UEIWTNPA OTPOPWV.

2170 oxnua 11.1a ¢aiverar 16 diaypauua ToU0 cuoTApaTog yida T puUBUIoN TWV
OTPOPWYV T €va TAOIO PE HAEKTPIKA TTPOWan.

Zx. 11.1a.
luoTnua altdéuatng pubuloewg oTpodwyv EAkag.

‘O AAexTpIkOC KIVNTAPAG ouvexoUg peupatog M dtav dexBei Triv kataAAnAn 1a-
on oTo énmaywyipgo rmnvio Tou, dvanruooel Trv dnapaitntn porn oTdv dova Tou yia
vd@ UTEPVIKACEI TR porf AvTioTaoew s ToU dopTiou. TO GopPTio OTAV MPOKEIPEVN TTE-
pimrwon eival T6 vepd mol éktomilel A EAika g€ pia mAApPN nepioTpodn TnS. 'Emeidn
Spwce A katdoTaon TAS émaddaveiag TAg BAAagaag dANalel AvaAoya pé Tig KAIPIKES
ouvBnikec, A moadbTnTa 100 vepol mou éxkTorilel 1| €Aika peTaBaAAeTal ouvexwg.
MN.x. o€ kupaTiopo yid kamoio xpovikd didornua i €Aika Eevepilel, évw yia kanoio
dAAo SidoTnua BubBiletal mepioocodTEpOo 0T BdAacoa. ‘H petaBoAn Tou ¢opTiou
otov Gfova Tric ENikag énnpedlel T ocuvioTapévn potin aTov Gova Tou KivnTNPa
kai auTn N€ TA oeIpd Tng énnpedlel dvtioTpoda Tig oTpodég Trg pnxavng. Ol ouve-
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X€I¢ peTaBoAéc Twyv oTpodwyv pokaAouv duvapikn karandvnon Tou KIvnTAPA, Yia-
Ti dnuioupyouvTal OTPENMTIKEC TAAQVTWOEIG, TOU pmmopel va ddnynoouv g€ karta-
aTpenTikd daivopeva. Eivar Aoimdv avaykn va Undpxel pnxaviopog ¢ énoiog 64
S1atnpel otaBepécg Tic aTpodéc avetdpTnTa and Tic AAAayég TOU opTiou.

AUTO émTuyxaveral pé Ty BonBeia Tol puBuioTh, 6 dnolog avTiAauBaveTal Tig
Siatapaxég oTd popTio TAC EAIkAg Kai MPOKaAel pia katdAAnAn petaBoAn TRAg Ta-
oewg U, OTO €maywyipo Tou KivnTApa.

'H ypAyopn GAAayn TAg Taoewg U, eémTuyxavertar yé T BonBeia Twv ouokeuwy
SG kai Th. Té aToixeio SG (Sawtooth generator), moU €ival pid CUGKeUR pé transi-
stors, mapayel otV KataAAnAn xpovikn oTiyun pid geipa anod naAuyoug mou Xpnoi-
HeEUOUV yIA TR d1€yepon Twv Auxviwyv thyristors TA¢ ocuakeung Th, mou yé TR celpd
Tn¢ Sivel otAv €£080 TNg piIG dvopBwpévn Taon.

'H dvopBwpuévn Taon é¢opaAlveTal oTo ninvio L kai katomyv épapudleTal oTov
kivnTApea. ‘O naApoddtng SG dieyeipeTal dnd 16 onua oTAv €€odo ToU puBpioTi R,
O omoiog TpogpodoTeital ué 10 péEyeBocg dvadopdg (Tadon dmrd 16 moTevoidpeTpo 1
nouU AVTIOTOIXETI OTOV émMBuUUNTO ApIBud oTpodWYV) Kai Yé TAV MPAYHATIKA TIMA TWV
oTpodwyv TAG unxavig adol mpwra petaTtpanel o€ Taon V, pé 1 BonBeia Tig
Taxo - yevvntpiag TG.

Ta fAexTpovik@ agToixeia, moU ocuvBéTouv TO guaoTnua éAéyxou, yia TR pUBuIoN
TwVv oTpodwyv TAG uNxavig, xapaktnpiovral dnd Tic mapapérpouc: Taon, avrioTa-
on kai xpévog kabuoTepnoewg Mpooapuoync, ol 6é padnuaTikég MapaoTAgeig MToU
ékppalouv TN duvapikn Toug paivovtal atd Aeitoupyikd Sidypaupa ToU OXAPATOC
11.1B.

= |
a 1 l VSG | Un =Y 11 |'A M |
— (| Vp(1+ ) T > - >~ C & 1.1
-In RS | 1475 S Th |+ Ra 1+TA_5_I J s "
R SG 2 Y S S ]
TG
Ix. 11.18.

AeiToupyikd Sidypappa To0 CUuOTAPATOS auTOPATNG PUBUIcEWS TWY OTPOPWV AAEKTPOKIVNTAPA.

"Otav épapuooBei aTd énaywwuo ToU kivnTApa M, A tdon (U, — c® ) émou ©

eivai HayvnTIkA pon kai ¢ eivai wid oTaBepad Tiig unxavig, mapdyetar UoTepa Anod
Hikpn kaBuoTépnon T6 pelpa l, .



1734

'H unxavn tTpopodoToupevn pé TO PeEUNQ |, . HNUIOUPYEI TNV ETWTEPIKN POTIN
M = c®l,, moU avTioToIxel OTAV €KAoTOoTE ouvONKN AeiToupyiag kai A droia Teivel
va énavageEpel Tig aTPODEG TAG EAIkag oTAV emBuunTn Tiwn dvetdpTnTta anod Tic ue-
TaBoAéEC TOU opTiou.

11.2 Z0oTnua autéparng puBuicewg Oepuokpaciag AéBnra.

'O poAog Twv AeBNTwyv OTAG MAOIA €ival MoAU oNUavTikOg, €iTe OTav AUTOI ATTOTE-
AoOv TuRua ToU BaoikoU ocuoTAUATOC KIVATEWS (MAoia kivoUupeva pé atpooTpofi-
Aoug) €ite dTav xpnoigormoioUvTal we povadec mapaywyng atuod yid TA AeiToupyia
BonBnTikwyv unxavnuartwy, Onwce 1.X. Kivnon depOCUPTIIETTWY, YIA TAV €KKivnon
TAC KUplag ynxavng, aTtuokivnTol vepavoi ¢opTiou K.4.

‘H Bepuokpacia oTd écwTepIikO TOU AéBNTa nailer peydAo poAo oTAv moloTNTA
Kai KaTtd cuvemeia oTNV évepyelakn IkavoTnTa ToU mapayouevou atpou. "ETaor i 1i-
un TAG Bepuokpaaciag mpémel va puBuileTar pyé dkpiBera kai va éAéyxeTal ouvéxela
kata TR Sitdpkela TAC AeiToupyiag ToU AéRNTa.

‘H AeiToupvia évoc drnmAou ocuoTAPAaTog auTopaTng pubuicewc THC Beppokpaaiag
eEvog AéERNTa daiveTtal oTd oxnua 11.2.

"EvioyuTnc
AEPLO .
, | Pl ﬁp 'l' AeBntag
[ ' Aadi
L] S
2 SO
| : -
Pudpiomig  Huwmmpag  Oboviwtot - ‘Egtia
avtitag TpoXoL ~ Aepnta
aﬂ)u,ag
Zx. 11.2.

IXNUATikA mapaoragn cuoTANaTog auTopdTou éAéyxou Bepuokpaaiag AEf3nTa.

TO vepd aTuomoleiTal oTov KATw XWpPo ToU AéEBNnTa kai unepBepuaiveTal oToOV
navw XwWpo PJé €éva ogvoTnua geprnavtivwy. 'H dtyonoinon émTuyxavetal oTov Ka-
Tw XWpo (xwpo kauoTpa) yé T BonBeia TAg BepudTNTAg MOU nNapdayetal and TNV
kaluaon ToU kauagipyou (cuvnBwg Bapl nmeTpéAailo fi viRleA) évw ) umepBéppavan vyi-
VETAl OTOV TTAVW XWPO PE TAV €nmadn TWV KAUCAEPiwWY OTi¢ OEPNAVTIVEG HETADO-
pag ATtuou - vepou.

>TAV €00 TWV Kauoaepiwv TomoBeToUpe €va BepuooToixeio Th. To Beppo-
oToIXeio mTapdyel uyia taon Ug, davaAoyn pé 11 Beppokpacia TAG YEITOVIKNG
nepioxne. "H tdon auTh évioxUetal yé T BonBeia évog évioxuTn KAi CUYKPIVETAI PE
AV Tdon dvadopdcg (tadon Mol avTioToIXxel oTAV émBuunTh Bepuokpaaia) ) droia
napéxetar And €éva motevoidueTpo. ‘H diapopd peralu TAg Tdoewg Uy, kai TAG
Tacewg avagpopag V, 0ényeital o’ éva puBpioTh mou kaBopilel T Aeitoupyia Tol
OUOTAPATOG TTAPOX¢ KAUCIJOU OTOUG KAUOTNPEG.

'Avdalovya pé TOv TUTIO TOU AéBnTa Kai TOV TpoMo Aeitoupyiag Tou & puBuIoTAG é-
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revepyei €ite dneuBeiag oTrv AvTAia ToU KAQUTiyoU €iTe OTOV Aywyd MPooaywyng
TWV KAUOAEPIWV.

ZTAV mepimrwon To0 BonOnTikoU AéBnTa nmou mapdyeTtal Atpdg yiad TG BonBnTika
unxavuaTta, TOo vepd arponoleital ué TR XPNOIPOToinan TWV KAQUOAEPiwV THG KU-
pla¢ pnxavic. 2TAv mepimmwaon autn & puBuioTAg émevepyel ot BaABida mpo-
Caywyn¢ TWV Kauoaepiwv TAG pnxavig oto AéBnra.

11.3 Zuotrijpara avutopdrou éAéyxou M.E.K.

Fevik@, TG guoTApaTa auTtopdTou éAéyxou mou TonmoBeTolvTtal oTigc M.E.K. €ival
anAovaTepa &4nod Td dvrioToixa TWv AeBATWY Kai dTpooTpoBiAwy kai AmooKomouy
gé puBuion TRAc Bepuokpaoiag ToU Aadiou kai ToU vepoU TAG MNXAVAC.

11.3.1 Z.A.E. wuéewcs Aimavrikou Aadiod.

'H Bepuokpaoia wutewcg ToU AimavTikoU AadioU éAéyxeTal Gnd €va puBuioTn To-
moBeTnuévo oTd YUKTIKO aguoTnua. ‘O puBuioThg SéxeTal oTAV €ilcodd Tou TO oRpa
ol kaBopilel TO péyeBoc TA¢ peTpoupevne peTaBANTAC (Beppokpaaia Aadiold) and
€va BeppooToixeio. TO ofua guykpiveTal pé éva péyeBog dvadopac, mou kabopi-
Cetal ano TRV émBuuNTA Bepuokpaaia ToU YUKTIKOU ouoTAuaTos. 'H diapopd Twv
SUo0 pyeyeBwyv, mou divetal UMO popdn Taoewgs, d&nyeiTal o puBpioTikA BaABida
mou kaBopilel TR pon ToU BaAaocoivou vepolu oTd wuyeio Aadiou.

T6 onua opdaAuartog SioxeTeUeTal TPONYOUNEVWE O€ PG cwAnvoeldbn BaABida
(solenoid valve). ‘H BaABida dnoTteAei pépog To0 unxaviouoU yia émAoyn avTopa-
NG | X€1pOoKivNTNG AEITOUPYIag TOU CUuaTANATOG EAEyXOU. 2TH B€éon TAC XEIPOKIVN-
NG AeiToupyiag, 1 awAnvoeldng BaABida éumodilel T6 oRua va ndael Anod 16 pubdpI-
oTn ot puBuioTIKA BaABida, évw émTpémel TA Si€Aeuon ToU oAPATOC MOU cn'éz\ve;
O xeIp1aTNG, and TO oTaBud €Aéyxou ToU unxavooTaciou A TA yépupa. ‘O xeipioTAC
enepuBaivel oTd ocloTnua éAéyxou, 8tav n.x. xpelaletal va dAAaGEer Tic Sidpopecg na-
papéTpoug Aertoupyiag ToU cuoTAuaTog. TO guoTnua auToddTou éAéyxou Wiewc
ToU Aadio0 daiverar ord oxnua 11.3a.
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Ix. 11.3a.
TuoTnua avutopdTou éAéyxou wutews ToU Aadiou.
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11.3.2 Z.A.E. wubews (ué vepd) PaABibas rkauoiuov ué BonOnriké Bepuavrind
OTOIXEIO.

T6 ouoTnua to0 oxAuatog 11.3B Seixvel TR xpAaon tR¢ BaABidacg SIMAAC évép-
veiag. 2uvnBwg, kaTtw and kavovikég ouvOnkeg AeiToupyiag, drmaiteitar yuin TA¢
BaABidag kauoiyou. Katd tAv ékkivnon Opwg TR unxavic, dmou xpeidletal Bepuo-
TNTAa yia va aveaocel Tn Bepuokpaaoia TAS pnxavig, f BaABida émTpémel TAV efcodo
(eaoToU vepou toU TpoépxeTal amd évaAAakTn BepudTnTag pé aTpod.

FUOTUG EOUVTOEWS xat
" @QUTOUATNC N XELPORLVNTING

-~

o 13 i AELTOUPYLAG
A
'POPMES_ 1T
onuatwy L4 &
EAEYXOU a
K
13
I J
= GRS g (S . I3
| ‘Exrog : + : —
et P G ¢ | T Metabdotng tanpowopLwy
i < JEPUOXPAOLAC
—ee N d

1 f'(0'2—0'4 mr)£(0,4-1bar) OaAAO0W VEPO
\ PuEEws
>~ AVIALA VEPOU

PUEewe BaiBLbac

Ix. 11.38.
zuoTnua wuteweg BaABidag kauagipou.
1) "EvaAAGkTng BepuoTnrag pé arpd. 2) PuBuiothAg. 3) Wuyeio yAukoU vepou. 4) Aoxeio diaagToAng.

11.3.3 2.A.E. yubewc xrrwviwv unxavi.

Kartw and ortaBepég ouvBOnkeg AeiTtoupyiag, €vag puBuioThic ikavorolel mMARpwg
" Tig AnaiTtnoeig Yuéewg Twy XITwviwyv. 'O puBpIoTAG auTOg S€V émapkel Spwe yid va
diatnpnoel T Bepuokpacia péaga o€ anodektd Hpia dtav 1O MAOIO KAVE!l KIVAOEIG
kai pavoUBpec. AuTo OdeileTal kupiwg ot Bepuikn ddpdvela TAC NXavig, Tou é-
nmnpeclel TO WUKTIKO KUKAWMNA TWV XITwviwyv. T npoBAnua uropei va AQvTigeTwmi-
ogBel yé TA xpnoigomoinon évog KUpiou kai évog BonBnTikoU CUOTANATOG PUBI-
gew¢ TAC Mapoxng YUkTIkoU péoou drmwe dpaivetal oto oxnua 11.3y. 'H ékodog Tou
kUpiou puBuioTh Bepuokpaoiag TAg ynxavhig mpoodiopilel kai puBpilel cuvexwg
76 émMBupunTd Bepuokpaoiakd émnimedo 16 O6moio émTuyxaveral yé 1A Bonbeia Tou
BonOnTikoU puBuioTh.

11.4 Z0oTnua puBuicgews oTpodwv PNXavis ECWTEPIKASG KAUTEWS.

171.4.1 [evika.
"Onwce yvwpilope A prixavi ToU mAoiou xpeidletal ouvexn puBpion, yid T dia-
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Ix. 11.3y.
J0oTNUa QUTONATOU éAéyxou WUlewg XITwViwV.

TAPNON TWv oTpodwyv gé oTtaBepd ¢énimedo, dvetaprnra anod Tig peTaBoAég ToU
dopPTioU. XTI PNXAVES €OWTEPIKAG Kaloewg, dnmwg kai aToug ATuooTpoBiAoug, N
pUBNION TWV oTpodwyv émTuyxaveTal yé pid UdpauAiko - nveuparTikn didraén r) O-
moia oOvoudaletar puBuoric orpogwy. Ol nepicodTepo S1adOPEVOI PUBUIOTEG
oTpodwyv Tou Xpnoipomololvral aTA vauTiAia eival oi puBurorés Woodward. ‘H
pUBMION TWv oTpodwyv émTuyxdaveTal Pé avfopeiwon TAG NMapoxng TeTpeAaiou
oToU¢ KUAivdpoucg TAC pnxavig éowTepikAg Kaloewg i TR¢ moocoTNTAg ATUOU OTO
aTpOBIAo.

11.4.2 Baoikéc ouvioTwaes 10U pubBuioTi.

‘O puBuioThAg Woodward (ox. 11.4a) dnoteAeital and Opiopuévec ouvIOTWOEC, N
KaBeuia amod Ti¢ dmoieg ékTeAel piIdv kaBopiopévn AeiToupyia, €Tol, WOTE TO TUVO-
Ao émTeAel dnoTeAeopaTikd EAeyxo ToU kivnTApa (M.E.K. f§ dvepooTpoBiAwyv). Z16
Siaypapua ToU oxnuatog 11.483 onueiwveTal ) poR TWV onuaTwy peTaél Twyv S1a-
dOpwv cuvioTwowyv Tou. Ol cuvioTWwoeg Tol pudBpIoThH eivar ol é§Ac:

a) Xeipokivarn romki povdda pyeradooews émBuunrwy arpopwyv [ox. 11.4a(A)].

Mé 1A BonBeia tAg povadag avTtng umopolpe va kaBopiogoue Tomika TOV émBu-
uNTO GpiIBud oTpodwyv TAG pNxavig wé TR BonBela évdg kouutol ToU BpiokeTal
navw oTé puBpioTA. ‘H Ty auTth Twyv oTpodwyv petadidetal ot povada kabopi-
ohoU TWV OTPOodWV HE unxavikd ouoTnua HOXAWV.
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Zx. 11.48.
To Aeitoupyikd Sidypappa 100 puBuioT Woodward.

B) TnAexeipi{buevn nvevuarikii povada perabéoews émBuunTwv oTPOPUV.

2TA povada autn [ox. 11.4a(B)] SiaBiBalope TAV évToAn, mol kaBopilel TOV api-
Ouod Twv EmMBuunTwy oTpodwyv TAG unxavig, amd kamola dndéoraon (rm.x. SWPATIo
éAEyxou pnxavooTagiou, yédupa).

‘H petadoon TAg évrtoAng yivetrar yé TR BonBeia mveupaTikol oApato¢ mmou
MTPOEPXETAI A0 TOV mveupaTikd YeTadodTn TOU KEVTPIKOU CUOTANATOC AUTONATOU
éEAEyxou TOU pnxavooTaagiou. "Onwg kai oTAv mepimmwon TAS XEIPOKIivNTNS pUBpi-
gewg N emMBuUPNTA TIMA TWV oTpodwyv Petadidetal ot yovada kaBopiouol TWV
gTpodwyv WE TA BoABela cuoTANATOC PHOXAWV.

v/ Movada kaBopiouod arpogpwv (r.p.m.).

‘H povada auth [ox. 11.4a(l)] Aeitoupyel pé AGd oraBepfiic méoews mou
ﬂDOéDXETGI ano TN yovada méocewg Aadiol. ‘H povada auTtn évepyoroleiTal amo Tig
novadec (a) i (B) moU dvadépBnkav nponyoupévwe, Kai oTéAvel éva USPAUAIKO an-
ua, umd popdpn méogewc Aadiol, oTO PUYOKEVTPIKO EAEYKTH OTpOoPWY, HE TO OMOIO
kaBopileTal & emBuunTog dpIBudg oTpodwy (set point) AeiTtoupyiag TAG PNxaving.

2TN povada auTn émaTpédouv SUO ynxavika onuara, To éva anod ToOv EMevepyn-
TN Kai TO AAAO Ao 76 PUYOKEVTPIKO EAEYKTH OTPOPWYV MOU éVNUEPWVOUV T Hova-
da kaBopiopoU oTpodwyv yia TRV €KTEAean TAS €VTOANG KABOPIOWOU TwWV OTPO-
dwV.

6) Movddba miéogewc Aadiog.

‘H pyovada auth lox. 11.4a(A)] anoTteAeital and pid avrAia Aadiol kai pia didra-
¢n ol Siatnpei TAvV miean ToU0 Aadlol aTaBepn. ‘H dvappocdnon TAg avrAiag Bpi-
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okeTal otA defapevh Aadiol TAC pnxavig kai fy katdBAipn dbnyel, yé ™ BonBeia
cwAnviokwyv, ot povada kaBopiouoU oTpodwy Kai OTO DUYOKEVTPIKO €AEYKTN
agTpPoOPWV.

€) Quyokerpin6s EAEYKTIIC TTPOYWNV.

'H povada auti [ox. 11.4a(E)] naipvel kivhon ano tov GEova TA¢ pnxavig pé mn
BonBeia cuoTApaTtog dSovTwTWwy TpoxwV. ‘O PUYOKEVTPIKOG EAEYKTAHC TPOPOSOTEI-
Tal yé Aad1 oTaBepng méogews Ao T povada megews Aadiold, Kai HeTaBANTAG TTE-
gew¢ Ao 1A povada kaBopiouou Twv OTPODOWV.

‘O duyoKeVvTPIKOC EAEYKTAC, KATA TA A€IToupyia Tou, OTEAvVEl éva USPaAuAIkKO on-
ua, urmo popdn méocewg Aadiol, otn povada anoocBEcew TAAQVTWOEWYV Kai SEXe-
Tal oNuaTa Aanod 1OV €TevepynTn OTPOPWY, TTOU TOV MANPODOPET yid TAV éKTEAeON
TNG EVTOANG pUBUICEWS TWY oTPOodWY Kai ard TR povada dnooBREécewc TaAQVTW-
OewV, ToU pelwvel kai TEAIKG agBnverl Tic SiIakKupAvoeic TwWY aTPODWV.

or) Movdda danoofBéocews radavrwoewv.

‘O okonog TAS povadag auTic [ox. 11.4a(2)] eivar ) dnmdéoBeon THV TAAAVTW-
CEwWV Twv oTpodwy TAG unxavng, dtav & puBuIoTAC, ué TH BoNBeia ToU duUyOoKeV-
TPIKOU EAEYKTN OTPOPWY, EMMXEIPET va SiaTnpnoel Tic aTpod€g TAC unxaving oTaBe-
p€¢. ‘H povada aurn Séxeral €va onfua amd 1O GUYOKEVTPIKO EAEYKTNA Kai OTEAvVE]
duo udpauAika onuata unod popodn mécewg AadioU, TO6 Eva OTOV ETTEVEPYETA OTPO-
PWv Kai Té6 GANo 0TS PuUYOKeVTPIKO EAeYKTN.

{) '‘Emevepynriic orpopwv.

'H povdada autn [ox. 11.4a(H)], Mol eival 76 ékTeAeaTikd dpyavo ToU puBuIoTA,
SéxeTal onua amo Tnv €§odo ToU dnmocBeoTpa TAAAVTWOEWV Kai OTéEAvel OoRpa
npog T unxavn, Yé 16 démoio puBuileTal A mapoxn To0 meTpeAaiou (A ToU ATuoU)
OTAV KIVNTAPIa punxavi mou xpnaoipgomolel T6 mAoio. To afjua Tol émevepynTth S1afi-
BaleTal pog TH unxavn pé TH BoABeia évog ouOTANATOC PHOXAWV.

'O énevepynTtng oTéAvel éniong éva USpauAikbé afjua mpdg T povada kabopi-
opoU oTpodwy Kai TO PuUYOKeVTPIKO €AeyKTAH TTOU TTANPODOPET Tic povadec alTéc
yia TAv mopeia TRg ékTeAéTEwS TRG EVTOAAC.

Tad mapandvw &ivouv wid yevikh mepiypadn TAS AeiToupyiac To0 puOuIaTh
Woodward. Té oxApa 11.4a nepiéxel éva Aemropepéc axnuartikd didypauua Tod
puBuioTn auTou.

11.5 Zuornua €Aéyxou méogewg BondOnTikoU ATpHaAYWYOU.

TO ouoTtnua éAéyxou TG méagewg ToU BonBNTikoU &Tpuaywyol AmoTeAel xapa-
KTNPIOTIKO mapdadelyua TAg Xxpnoipomoingews To0 onuatog é§6dou évog pubBuioTh
0710 d1adoxikd éAeyxo TR AeiToupyiag dUo SiapopeTikWv BaABidwv.

216 oxnuatikd Sidypapua Tol oxAuartog 11.5 eivar dpavepd &1 A mieon ATUOD
TOoU BonOnTikoU kukAwpaTog petaTtpémnetal pé 1A BoRBeia To0 peTaddTN METEWC
o€ avaAoyn mieon Gépa. To6 ofjpa auTtd ékdppdler TA peTpolpevn petaBANTA Kai
TpododoTeiTal 0TO PUOBUIOTA Kai oT6 oTaBPO éAéyxou. ‘H TiuA alTh cuykpiveTal pé
TNV €mMOuuNTA TIuA o’ €éva SIMAG peTpnTA. KaBe dndkAion petafld TAg EMOBuUUNTAC
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2x. 11.5.
2uoTnua éAéyxou meéoews BonBnTikod dTpaywyou.

Kai TAG HETPOUNEVNG TTIETEWS EVEPYOTIOIET TO pUBUIOTA, & droiog MpokaAei AAAayA
TNG METeEwWG TOU KukKAwpartog BonBnTikoU dTuol dvadoyn pé TAv dnokAian. Té of-
ua €§06ou TOU puBpIoTA €mMdPa ot BaABida eicaywyAg Tol KUKAWHATOC TOU Bon-
OnTikou atpaywyoU kai oTn BaABida mol ddnyel OTO TUUTTUKVWTHA.

[1G va armoduyope Tuxdv anwAeieg UMépBeppou (kai UWNARSE Méoews) ATuoU
OTO CUMTIUKVWTA, €icdyoue pia vekpn {wvn mepimou 34 mbar oTd nedio méocewv
€§6dou 100 puBuioTh ) Onoia drmoTpémnel TO TauTOxpovo dvoiyua Twv SUo RaApi-
Swv €Aéyxou. "ETol, A pia BaABida éAéyxou eival MARPWC AVOIKTA yId meaeig Amo
0,2 wg 0,6 bar xai fy GAAN amd 0,63 wg 1,0 bar mpayua nmou ééaodaliler TA Siadoxi-
KA A€iToupyia Twv BaABidwv.

Yrapxouv moAAég mpakTikég €épapuoyég 8mou 2, 3 1} kai 4 BaABidecg éAéyxou
XxpelageTar va Aeitoupyouv 81adoxikd. ZTig MEPIMTWOEIS AQUTEC XPNOIPoToieiTal A i-
d1a apxn, érou BéRaia 16 medio méagewyv €€6dou ToU pubuIoTA StaxwpileTal kaTAA-
AnAa.

11.6 Zuotjpara ouvayepuol (Alarm systems).

Ta cuoTruaTa guvayepuoU Twy MAoiwv drmoTeAoUVv MPOoEKTAON Kai CUNTTARPWHA
TWV KAEIOTWY guoTnuaTtwy éAéyxou, Ta omoia meplypddnkav Kai NeAeETABNKav OTig
mponyoupueveg mapaypaoouc. [evikd, 1 MepIMAOKOTNTA TWV CUCTNUATWY aUTWV
moikiAA€l AvaAoya Pé Ti¢ AnmaiTAoEIg Eykaipng TMPoeIdomoiNogewd moU Unapxouyv yid
TN AeiToupyia Twy diladpdpwyv cuoTNUATWY f KUKAWPATWY TG édrmoia kaAodvTal va é-
momTevuouyV. 2TNV mapdaypado auth dvadépoue mpwTa Tic Baoikég ApxEC AeiToup-
yiag pepikwyv ArmAwyv cuoTnuaTtwy kai katomyv é€etdloue kanweg mo Siefodika €éva
mo ouvBeTo SAokANpwHéEVo ouoTnua.

11.6.1 AnAag ouorruara.

Ta anAa cuoTApaTa cuvayepuou damoteAouvral cuvnBwg Ao TeIPES NAEKTPI-
KWV diakormTwy mouU AeiToupyouv kai évepyomnolouvtal dnd kataAAnAa onpara Bep-
uokpaoiwyv f méoewv. ‘Otav pia Bepuokpaaia f| mieon AeiToupyiag urtepBei f me-
ogel, And kamoio npokabopiouévo emTPenTO Oplo, O S1IakOTTNG KAEIVEI TO KUKAWNA
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TAC Auxviag kivdUvou | évepyorolei T gelpriva ocuvayeppou dTav UTapxel TETOIO
oT6 cloTnua. Mid BeAtiwpévn napaAAayn auToU TOU CUGTANATOG EXEl EVOWNATW-
uéva kukAwpata yid TAv eiocdoxn Tol OAPATOG oUvayePHOU Kai TOV EAeyxO A€l-
Toupyiag SAGkAnpou ToU cuaTAuaTtog Kivdélvou. Z€é kaTaoTdoelg KivOUVoU, YEVIKA,
dvaBoaBrvel kamoio oW kai ktundel ) oeiprva. ‘O a§iwpaTtikdg GUAAKAG OTN YE-
dupa A TO PNxavooTAdlo, MAaTwvTag €va KouuTi, «amodéxeTan Té6 ofua kivéuvou,
‘H anodoxn 100 oApatog otapatd TR AeiToupyia TAgG geipivag, évw diatnpel 10
PWC KIVOUVOU Avappévo, péxpr va SiopBwBel i) BAGBN f va armokatacTaBel ) dvw-
uaAia. “OTtav A TR TAC peTaBANTAC, TOU MPOoKAAeTEe TAV évepyoTioinan TOU CUOTN-
uaTto¢ kivdlvou, émaTpéwel otd émTpenTd dpia, | Aduna kivduvou a3nvel,

TA KUKAWPATA KAl KOUPTTIA EAEyXOU EMTPETTOUV TOV TTEPIOSIKO EAEYXO AeiTOUP-
yiag ToU cuoTANATog Kivouvou.

ZTAV Ayopd propel kaveic va Bpei dpkeTég mapaAAayég Twy SeIKTwWY KIvoUuvou,
dmwe AnmAd kOkkiva Aaumdkia, moU eivar oBnoTa gé kavovikn AeiToupyia f SIMAG
CUOTANATA AQUTMTAPWY PEé KOKKIva Kai mpdaiva ¢uwTa g€ KOUTIA éAEyX0OU I KOVOO-
Aec. KaBe kovooAa pmopei va ékunnpetioel 20 wg 30 ouaTAuarta kivduvou. Mia
TRiTN mapaAAayn darnoteAeital dnd uikpég 680veg, Omou AmeikovifeTal 1 Mopeia TAG
neTpoupevng petaBAnTAc. "OTtav ) yetaBAnTn kivnBei €Ew and TG €mBupunTa 6piq,
N 668ovn avdapel.

MveupaTikéc SiaTakeic évdeifewv xpnoipomolodvtal §Tav eival dnapaitnTn f a-
moduyn TUPKAIGg Kai ouykévTpwan Bepuokpagiag OTAV eykartaoraon. 2Tig TepPI-
MTWOeEIC auTég ) évdeltn kivOUvou EmTuyxXAVETAl W€ XPWHATIOTA onualakia kai
OPUPIKTPES AEpPQ.

11.6.2 Xuornua kivéuvou Tumou capwoews (Scanning type system).

Ta cuothuata kivéuvou TUTIOU «Tapwoewsy mapéxouv Tn duvatoTnTta oToug
XEIPIOTECG N AdlwpuaTIKoUug UAakig vd MApouv TEPICOOTEPEC KAl KAAUTEPNC TTOIOTN-
Ta¢ TANpodopiec yid T €id0¢ TAC AvwpuaAiac Mol MUPoUCIACTNKE T& KATOIO KU-
kKAwpa A ovoTtnua. MNd 16 Adyo auTd Ta cuoTApATa auTd eival mMoAUTTAOKOTEPA KA
duaika dkpifoTepa.

Tumkn d1aTagn TETOIOU TUOTAUATOS PE Tic SIAPOPEC CUVIOTWOEC dpaiveTal aTod
Sidypappa ToU oxAuatog 11.6.

>TOV Kavovikd TpOTo AeiToupyiag, mou eival A avixveuaon mOavv AvwuaAiby,
KGBe anueio MoU Mpémel va PYeTpnBOei émAéyeTal auToéuaTa kai kataypddeTal danod
TO ouoTnua peTpnoews. "Otav évtomaBel kadnmoia dvwpuaAia kata TR pétpnaon, 1O
ouoTnUa oTéAvel TpoeldomoinTikd onpag. To cloTnua éxel SUo TaxUuTNTES, pia xa-
UNAN YIG avixveuon Kai Aemrouepn mapouciaan o€ 666vn kai pid twnAn vid anin
avixveuon kai mpoeidomoinon. |

'H cuokeun umopei va xpnoiuomnoinBei kai and 16 xeipioT 016 aTaBpd éAéyxou
TOU pnxavooTadgiou. 2ZTAV MepIiNTWwaon auth, O XeIPIOTAC €mMAéyel TG onpeia oTd o-
rmoia B€Ael va kaAvel €Aeyxo TTATWVTAC €va KOUWTTI.

Ol mAnpodopieg yivovralr dvriAnmrég pé Sidpopoug TpoéToug, dmwe m.x. Oepudue-
Tpa avrioTacews, Beppolelyn, pavopeTrpa kAm. Ol évéeifeic TWV peTpNTWV peTa-
TpENMovTal o€ NAekTpIKA ognuarta, Ta émoia pé T ogeipd Toucg évepyoroloUv TO oU-
oTnua guvayeppoU yid Tuxov BAGBeg kai dvwpaliec molu mapoucidoBnkav.
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Ol BaoIkéC TUVIOTWOEG TOU TTApaAnmavw Uumﬁpémg ¢aivovTal oto oxnua 11.6
kai eivar ol &EAc:

a) Ol 4vixveuTtéc (Scanners).

B) ‘O petarponéag Twv évdeitewv o€ HAekTPIKG oApaTa.

v) ‘O kevTpikdg UnoAoyioTri¢ (Central processor) mouU kdvel Tig cuykpigeig petadu
UETPOUNEVWY PETABANTWYV Kai €mMBuUuUNTWYV TIHWV TWV PETABANTWY aAUTWV.

&) '08d6vn yid TH Aemrropepn mapouaiaon TWy dnoTeAeopdTwy TAG AviXVEUTE WC.

€) XpovokukAwpaTta mou kaBopilouv TR Aoyikn TAS OANg Sdiepyaciag TAG Avi-
XVEUOEWC Kai mpoeldomoINoewc.

oT) 200oTnua cuvayepuoU, TO omoio divel, OTTIKG i AKOUOTIKA, TTPOEISOTOINTIKA
gnuata oTo XEeIpIoTn.

11.7 Autéparn Aeitoupyia ¢uyokevrpikoO kaBapiorripa (De Laval).

TKOTTOC TV PUYOKEVTPIKWY KaBapioTrpwyv nmolu xpnoipomoloUvTal oTd mAoia €i-
val 6 kaBapioudg Tou Aadiol Aimdvoewc rj ToU meTpeAaiou dno &éveg mpoopiteic
kKai 6 Staxwpioudg Toug Amd 16 vepd. ‘O Siaxwpiopdg émTUYXAVETAl Y€ XPNOIMO-
nmoinan TA¢ dpuyodkevTpng SuvANEWC.

'Ano Tig §éveg poouifeig, TO vepd, mou mBavwg va umapxel otd AGdi 1 1O Te-
TPEAaIo, dnoxwpileTal elkoAa &andé TR pala ToU AadioU fj ToU meTpeAaiou kai
armopakpuveTal and €idikd kpouvd mou BpiokeTal o1d SdiaxwpraThApa. O AAeg E€-
VEG TIPOONIEEIC Owg €mKkABovVTal OTA ECWTEPIKA TOIXWHATa TOU KUTTEAAOU ToU Sia-
XWwPIoTAPA, YEyovog mou Kavel anapaitntn TAV mepiodikn Siakonn TA¢ AeiToupyiag
TOU SdlaxwpioTApa yid va vivel kaBapioudg 100 KUTTEAAOU.

Mid Tumikf oxnuaTtikn Sidrtaén Tou SiaxwplioTApa daivetar otdé oxipa 11.7a.

“Onwg eivar pavepd d ouxvog kabapiopdc ToU SlaxwpioTAPa €ival ¢minovoc kai
urTopeil va 0dnynoel o€ avwualieg TG AeiToupyiag TA¢ kUpiag unxavic. MNa 16 Adyo
auTo undapxel Sidragn auTopdTou kabBapiopol Mol &év amaiTel TA SiakomA TAS A€l-
Toupyiag To0 SdiaxwpioTApa kai droouvapuoAdynon Tol PNXavApaTocq.

Té oUoTnua avtopdrou kaBapiopol ToU SiIaxwpIoTAPA €ival oUTIAoTIKA dvor-
KTO KUKAwPa auToudTou €Aéyxou, g€ avTidiaoToA né TG UmdAoima cuoTApaTa mou
dvaAiBnkav oTig mponyoupeveg napaypddous, Ta dmoia eival KaTd TEKUAPIO KAEI-
ord, Snhadn nmapéxouv T duvaTdTNTa MapakoAouBnoews TAC ékTEAéTEWC TAC €v-
TOARG p€ T BonBeia unxaviopuold avadpdoews.

T6 ouoTnpa avtoudTou kaBapiopol ToU SiaxwpioThpa émTuyxdveTal yé kara-
oKeuaaTikn dtapdpdpwon ToU KUMEAAOU, WOTE va €xel mepidepeIakd KwVIKO axXApa
yia va ouykevtTpwvetal f) Adorn Twv §évwy mpoopi§ewv. ‘O KwVIKOS XWPOC KaTaAn-
ver g€ pia €§odo - oxioun, f) onoia ppdletal anod €va kivntd petaAAikd mwua, mou
MTTOPET va KiIveTTal kaTtakOpuda dvaueaa oé SUo dkpaieg Béaeig. ETrAv émdvw Béon
KaAurret TO Gvolyua ToU Kwvikod pépoug ToU KumméAAou. ZTAV KATw Béon émTpérel
N pon TAg Adamnng éEw Aamd TO KUMeAAO.

‘H xivnty BaABida diatnpeital oTAv émavw Béon (kAeloTA) pé xpnoipomoinon
XapNARG mMégewg mou napéxetal and kUkAwpa vepol. Té id10 kUkAwpa vepol Xpn-
olgoTIoleiTal €miong yid va kaAlTTel Tuxdv anwAeieg Tol vepolU ToU SiaxwpioTAPaA.

“OTav xpelaoTei va yivel kaBapigpdg Tou SilaxwpioTAPa, dioxeTeleTal §1d péoou
OIKTUOU OTO Mavw Pépog TiAg kIvnTiAg BaABidag vepd UywnAfg méoewc. ‘H dvamruo-
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Eloa ywy"ud daptov rabiov

EEaywyn
HAJapov R
Aabdiov
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via auzopmn avanknp_won ATMWAELDV
VEPOU JLaXWPLOTINOU OTpWHATOC

Zx. 11.7a.
Zxnuatik Siatafn ouyokevrpikold kaBapioTnpiou.

obuevn diapopd méoews dvaykalel TAv kivnTn BaABida va kivnBei nmpodg Ta kaTw
(Beon «avoikTA») kai va dneAeuBepwoel TAV €¢odo TAg Adomnng.
‘"H auTtopaTtomoinuévn diataén Tou SdiaxwploThnpa ¢aivetal otd oxnua 11.7.
“OTtav npodkeiTal va yivel autouartog kaBapiopog Tou diaxwpioTApa, SIakdmTouE
TAV mapoxn Aadiou fj meTpeAaiou oTO MAvw PEPOC TOU KUTTEAAOU yIG va pnv napa-
oupBeil kaBapd AadI | meTpéAaio pali pé T Adomn, évw 176 KUMeAAD éEakoAouBei
va mePIOTPEDETAI KAVOVIKA.

11.8 'Epwrioeig.

1. MepiypawTte TA AeiToupyia €vOg CUOTANATOS QUTONATOU €Aéyxou €évog Aéf3nTa.

2. NepiypayTte A AeiToupyia évog CUCTANATOG QUTOUATOU €Aéyxou Wulewg AimavrikoU Aadiod piag
M.E.K.

3. Mepiypayrte 16 gvoTnua pubuicewg orpodwyv pwidc M.E.K. kai dvadépeTe Tig Siadpopeg povadeg
nmoU 17O AmoteAoUv Pé pia ouvTopn nepiypadn TAg AeiToupyiag Toug.

4. MeprypawTte TN AeiToupyia évog ArmAoU guoTANATOG ouvayepuou. ‘And rnoia AeiIToupyika pepn ano-
TeEAeITAl;
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KineAAo SiaxwploThApa kaBapioyod.

5. NMepiypawre A AeiToupyia €vog duyokevTpikol kaBapioTnpiou Aadiol. Ti onuaiver autéuatn Ae€i-
TOUpyia évog duyokevTpikoU kaBapiornpiou:

6. Nati xpnoiyornoioupe TR Quyodkevtpn Slvaun yid Tév kaBapiguod;




KEQAANAIO AQAEKATO

EOAPMOTEZ TON MIKPO-YNOAOTIZTQON ITO ZYITXPONO
AYTOMATO EAEIXO

12.1 TevikA4.

21N dekaeTia mou mépaae, M TexvoAoyia TWv OAOKANPWHEVWY KUKAWPATWY pPE-
yaAng kai €§aipeTikG peyaAng kAipakag (LS| - VLSI)*, xapakTnpioTnke w¢ «émava-
oTatiknN». H peydAn nmpdodog mou eémTeAéETONKE, XAPAKTNPIOTNKE ONPAVTIKOTEPN
KQl ard auThAv TRG TExvoAoyiag Twy transistors, oTd TéEAo¢ TAC SekaeTiac Tou 1940.
'H texvoAoyia LSI, kaver SuvaTth 1A ouikpuvon TWv S1a0TAoewy TWV KUKAWPATWY,
€Tol woTe o€ €va «Chip», 4 déTa amd Aplaywyipo UAIkO SiaoTdoewyv 5,5 x 4,2
mm? va pmopoulv va TonoBeTtnBolv mdpa nmoAAd nAexTpovikd aToixeia.

‘(Q¢ mapadeiyua dvadépetal 6 pikpo-unmoAoyioTic TA¢ INTEL 8085, & dmoiog é-
X€l TNV UumoAoyioTikn ikavoTnTa pidg CPU évog nAekTpovikoU UToAoyioTA, mou me-
piAapBavel 6.200 transistors kai urmopel va ékteAéoel 770.000 évToAéc ava sec.

‘O HIkPO-uUTTOAOYIOTAC aUTOC AVAKE! OTAV TTIPWTN YPANMA TWV CUYXPOVWYV HIKPO-
uttoAoyioTwy 8-6uadikwyv wnoiwv f bits, &nAadn oTAv dpiakn Béon TAS TUyXpPO-
vNng TexvoAoyiag (texvoAovia Twv 5 mm, dnd TAv éAdxioTn ypauuikA didoTaon Twy
XAPAKTNPICTIKWY TWV MIKPOKUKAWNATWY auTwy).

Od npémel va TovioBel OTI KaTa TAV TeAeuTaia 2€Tia, oi guvexei¢ mpoodol TAG é-
peuvag avarmTuagoouv Jid véa TexvoAoyia, TAV TEXVOAOyia TWV PIKPO-UTTOAOYIOTWYV
16-bits, yé mukvoTNTEC TAG TG¢ew¢ Twyv 20.000 transistors kai TaxuTNTEC MAvw 4-
o 2.000.000 évroAwv Aava sec.

‘QQc €vOeitn TAC KAIHaKAg TWV PIKPO-UTTOAOVYIOTIKWY KUKAWMATWY €xEl MPOTabEl
TO NETPO UMOAOYIOTIKAG ikavoTnTag, mou ékdpaleTal Ao 16 yivopyevo Twy icodu-
vapwy Aoyikwyv uAwyv ol «oTteyalovraln o€ éva chip 1 cm?, émi 16V dpiBud Twyv
oToIxelwdwv Aoyikwv éVToAwvV mou Propel va ékTeAéoel g€ €va sec.

‘O GpiBudg autdg (figure of merit), moU dneikovileTar wg mapaueTpog Tou dia-
ypdaupatoc 1Mol dkoAouBei (ox. 12.1), eivar:

— TMid& pikpo-umtoAoyioTég 8-bits: 5 x 10°

— Md& pikpo-unoAoyioTég 16-bits: 10

XapakTnploTikd ToU puBuol éfeAifewcg TRG TexvoAoyiag Twv OAOKANPWUEVWY
KUKAWUATWY €ival T6 yeyovoc 8Ti oTo TeAeuTaio eEaunvo Gpxioe va yivetar yvwaoTo
éva dkoua mo émavaoTaTikd émiteuypa TAG TexvoAloyiag VLSI, | TexvoAoyia OAo-

* LSI. Large Scale Integration
VLSI: Very Large Scale Integration
** VHS-IC . Very High Speed Integrated Circuits
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Ix. 12.1.
Aiaypappa moAunAokdTNTag/TaxiTATAS HIKPO-UTTOAOYICTIKWV cguoTnudTtwy évég chip.

KANPwHEéVWY KUKAWPATWY €EaipeTikad UwnAng TaxuTtntag (VHS-IC)** pé Tiuég Tou
napanavw Seiktn dfiohoynoewc (figure of merit) TA¢ TGEewg o0 102, Mo U MPoPBAE-
netar va fenepdoel 6 10" péxpr 16 19886.

MEé TAvV TexvoAoyia adTn, katd TAv énduevn mevTaeTia, AvauéveTal ) 0iIKOVOUIKA
o€ oelpd nmapaywyn chips, yé mukvoTnTa Aoyikwy nMmuAwy TA¢ Tatewg Twyv 200.000
A kai meploodTEPO, KaTtavaAwaon loxluog pikpdTepn and 2 W dvda chip, TaxiuTtnTeg
EKTEAEOEWC €vToAwv TR Ta¢ewcg TWv 40.000.000 4&va sec pexp! kai
200.000.000 4va sec (texvoAoyia 0,5 um).

[d 1AV kaTavdonon TAg UToAoyioTIKAg SuvaTdTnTag €vOg TETOIOU chip, Avadépe-
Tar 811 ) UnmoAoyioTikA IkavoéTnTa évOog guyxpovou peydAou UmoAoyloTtn  mou
exdpalel TAV mapovoa alxun TexvoAoyiag oTdv Touéa autd (CDC - CYBER 205),
cival 40.000.000 dpiBunTikéc mpdEeic émi piyadikiyv apiBudiv dvd sec, pé énekep-
vaoTég mou dmaitolv 6yko dpkeTwy «dekddwvy KUBIKWY WETPWY, Kai moU KaTava-
Awvouv dpketad kW AAekTpIikA¢ loxuog yia TAV Tpogdodoaia Toug.

274 nmAaigia TAg ouyxpovng TexvoAoyiag, mou é€aodalilel TepdoTia UTTOAOYIOTI-
KA ikavoTNTa Pé EAAXIOTOUC dUTIkoUC Bykouc, eival SUTKOAO Kaveic va davTaodei
edpappoyn TRG oUuyxpovng TExXVOAOYIKAG dpaoTnpldéTnTag TOoU AvBpwrou, mou va Pn
meptAauBdvel kanoia yopdPpn MIKPO-UTTOAOYIOTH.

2170 kKedAAalo auTtd B6d doxoAnBoUue PE €PAPUOYEC TWV MIKPO-UTTOAOYIOTWYV
oTOv auTtouaTo €Aeyxo Bilounxavikwy Sdiadikaoiwvy.
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12.2 'Edpapuoyéc.

2TIC TMEPIOXEG edapuoywy 1o dvadépope, meplopi{dOpaoTe g€ pId eicaywyikn
mepiypadn otd pOAO Mou €xouv Ol hIKPO-ummoAoyIoTéEC OTAV AvamTuén Tol AvTioTo!-
XOU Top€a kai aTig duvatoTnTeg édpapuoyn¢ TOuG.

Mid yevikn eikova Twy mediwyv €HAPPOYWV TWYV PIKPO-UTTOAOYIOTWY 0€ S1ddopa
ouaTnuara divetal oTd diaypduuarta Twy oxnuatwy 12.2a kai 12.2B dmmou Siakpi-
vovTal ol €¢ng katnyopieg épapuoywv:

— Ol émkoivwvieg peTatl dvBpwnwv.

— 'O xelpiopog Siadikaoiwy kabuweg kai

— N AVTIOTOIXN APXITEKTOVIKA douA Yé TAV droia UAonoleitTal TO PIKPO-UTTOAOYI-

OTIKO gUuoTnua.

‘Ao avopwtoug TE avIpwmoug

ﬂ)mpoqnoptcmb oﬁmnpa

— ' Lk _

£ T e S Emunol-
Bonvntina T [ i N \ ‘ VWVLIAXC
ouotnualta oLV W vroguotnuata|
= —
Actuators
ZS |
, “,
LLLXPO-UITOAOYLO O
2 1
|
Ao Stabixaoia Ie diabiraoia

Ix. 12.2a.
Nepiypadn (concept) nAnpodopiakold guoTAPATOG énikoivwviag.

>tov mivaka 12.2.1 ¢aiveral i katataén Twyv PIKPO-umoAoyIOTWY, CUpNdwWva Pé
TAV €ECWTEPIKN TOUG APXITEKTOVIKA dpyavwaon, kKai ol AvTioToIxeg MeEPIOXEG €PAPPO-
vAS. ZTOV mivaka 12.2.2 Sivovtal ouykevTpwTikd oi diadopeg MepIoxEg TRG oUy-
Xxpovng TexvoAoyiag mou npoadépouv idiaiTepa eupeieg duvaToTnTeg AvanTuiewg
MIKPO-UTTIOAOYIOTIKWY QUOTNUATWY.
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TUOTNUa HETAYopas  Hebopevwy

zyotnua
€10060u
I'I?mpoq)opia ( Sensors

Input

Elements)

TuoTnua Yuotmua
eMeEcpyaoiac cEobov

MAnpopopieg

(*YmohoyLoTTC (Actuators 5pAaT
- MEPLPEPELQRA ) Output

Elements)

TPOYOBHOTINO

Tx. 12.28.

[evikn apxiTekTovikn mMAnpodopiakou guoThuaTtog énefepyaciac dedopuévwv PHETW WPIKPO-

urmoAoyioTh.
MINAKAZ 12.2.1.

Kararaln pikpo-unmoAoyiorwyv, GvaAoya pé 16 prjxog Aéfewc.

Mnkog Aé¢ewg & AvTimpoowneu-
TIKOI TUTIOI

Xpnoiyonoinan

1. Mikpo-unohoyioTég Twv 4
bits
— INTEL 4040/4004
— NATIONAL MM3799
— ROCKWELL PPS-4/1.2
— Texas Inst. TMS-1000/
1200 kAm.

AOyw TOU PIKPOU WAKOUG TAG XPNOIKOTOIOUKEVNGS Aéewg, XxpNoi-
MOTTOIOUVTAl KUPiwG vIa ap1BunTikég mpakeic ) dnAég AeiTtoupyiec
¢Aeyxou Omwc:

— "HAexTpovikG unxaviuata nwAnoewc €idwv

— Mnxavhuata éAéyxou kai émaAnBeloewg MOTWTIKWY KAPTWV
— Olkiakég TUOKeUEC

— "HAekTpovikd naixvidia k.4.

2. MIKpO-uUTTIOAOYIOTEC TV
8 bits
— Fairchild F8
— Intel 8080A/8085
— Motorola 6800
— Mostek 3870
— Signetics 2650/A-1
— Zilog Z-80A
KATT.

2uvnBwg xpnoipomoiolvtal 0é ¢PappoyEC EAEYXOU Kai PETPNA-

gewv OMwg:

— JUOKEUEG UETPHAOEWY KAI TEPUATIKA PE vonpoouvn

— 2uaTnuara e€Aéyxou 081kA¢ KukAodopiacg

— "Exnaibeuvon i

— 2uaTAUOTAa NAEKTPOVIKOU éAéyXOU pNXavnNudaTwy Kai OXNUATwWYV
gé npaypaTikd xpovo (Real time)

— 2UOKEUEG EAEyXOU XNUIKWY Slepyadiwyv

— 2UOKEUEG eAEyXOU AEPOOKADWYV KA.

3. Mikpo-UnoAoyioTég TWv
16 bits
— NATIONAL IMP-16
— NATIONAL PACE
— MOTOROLA 68000
— ZILOG Z8000
— Texas Inst. TM9000
— Data General Micro Nova
— Digital Eq LSI- I
KA.

2uvnBweg xpnoigomoiolvTal yia épappoyéc vevikol akomol O-

mwg:

— 2ugTApaTa guAAoyhig wndiakwy nmAnpodopiwv

— 2U0TAKATAa auTopdATou éAéyxou

— 2UgTApaTa vauamhoi’ag

— ZuoTnuata napakoAouBnocewg diepyaadiwy piag OAGkANpNg éy-
KATAOTATEWC
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MINAKAZ 12.2.2.

[Tepioxéc -ouyxpovrns rexvoAoyias kardAAnAes yiad épapuoyés pikpo-vmoAoyioTrwv

1. Autdparog Biognxavikog
ENEYXOC:

® AUTtoparonoinon €épyooTaAcIaKWV €yKATAOTACEWV.
® AUuTopatog EAeyx0og €pyaleiopnxavwy.
® 2uoTtnuarta guAAoyng MANPOGOPIWY Kai EAEyxou:
— "HAekTpovikég (uyapiécg
— "EAeyxo¢ ypaupwyv Siakivioews mpoiovTwy
— "ApIBuNTIKOC EAeyXOC
— AloBntApia 6pyava
— Xelpigpdg étaptnuartwy and poundT
— MapaxkoAouOnon ocwoTAg pifewg UAIKWYV
® ‘lepapxikd UnoAoyioTikG cuoTAuarta épyooTadiwyv, Bnou ol
MIKPO-UTTOAOYIOTECG E€KTEAOUV OUYKEKPIPEVEC AEITOUPYIEC KATW
anod TOV €Aeyx0 HIVI-UTTOAOYIOTWY, Ol Omoiol éAéyxovral Aamno
HEYAAUTEPOUG UTTOAOYIOTEG.
® "EAeyxog pundvoewg kai moidétnTag Atuoadaipag Kai Vepuwv.
® [apakoAouBnon TAG «év geipl» Mapaywyns épyooTagiwy.
® [lapakoAolBnon kai katavoun AAEKTPIKOU dopTiou.
® [MpocappooTd (adaptive) cuoTAuaTta éAéyxou O81KAG KUKAQ-
dopiag méAewv.

2. TnAemKkoIVwVieg:

|

® MeTarpor dvaAoyikwy TNAEMKOIVWVIAKWY SIKTUWV T€ Yn-
dr1akd.

® 2uokeuég wnolakng TNAemKoIVwyviag, Pé «vonuoauvny:
— MoAumnAékTeg (multiplexers)
— MeTtarporeig kwdikwyv
— ZUOKeUEG dvayvwpicews/SiopBwoews odaApdTtwy peTa-

dboewg

— ElSikég guokeuéc yid TAv émTuxia cupBiBaoTéTnTag

® WYnoiaki petrddoon dedouévwyv gé diktua nmolu éugavifouv
nmoikiAia Kwdikwv

® 'HAexTtpovikd kévrpa Siavopic yndiakwy pnvupdrwy mol: |
— MeTaTpénouv 16 pAvupa oTdév kKatdAAnAo kwdika |
PETTOU HAVUM n
— "Avayvwpifouv ToU¢ xapakTApeg €Aéyxou TWV eloepXOuE-
VWV PNVUNAaTwy
— 2uvappoAoyolv kai dnoguvapuoAoyolv XAPAKTAPES Kai
unviuara
® 'EnavaAnnrec pé «vonuooulvny», o€ cucTANATa YndIakng JeTa-
S60ewe dedbopévwy Pé pikpokUparta.
KivNTé¢ TEPUATIKEC TUOKEUEG.
Meiwan AAekTpovikoU BopuBou.
2€ OUOKEUEC TNAEQWVWV:
— MAnkTpoAdYIO GPIBuWYV
— WYnoiakn dmeikdvion oxnuati{ébpevou GpiBuou
— A16pBwaon opdAuarog oTd XeEIPIouo6
— MvAun via dropikd TnAedwvikd kardAoyo
— Mpoowpivh diakom guvdéoewg kai énmavagopad
— Mpoowpivh pvAun

e e e e T e —— ==

3. ‘'YrmoAoyioTég kai ynoiaka O'U—Ai

oTnHara

———

® Movadeg éAéyxou TEPIPEPEIGKWY CUTKEUWV.

® Tepuarmik@ pé «vonuoouvny.

® 'Evdiduecgeg ouoKeUéEg eémKkoIvwviag.

® ‘YAonoinon pé hardware moAAwv Aeitoupyiwyv To0 software.
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MINAKAZ 12.2.2.

fTepioxéc auyxpovng texvoAoylac kardAAnAec yid épappoyéc Likpo-umoAoyiorwy

4. KaravaAwTikd KoIvo "Epynépio:

TeppaTikd kaTaoTnuaTwy

"HAekTpovikég uyapiég

QopnTad TEppaTIKA

KaravaAwTég:

— "HAexTpovikd maiyvidia

— 2ZUOKEUEC TUXEPWY maixvidiwy

— 'EvouppaTtn TnAebpaon (cable TV)

— Ei&ika kits yid@ TAv kataokeun 6pyavwyv
Olxiaka:

— Olkiakég CUOKEUEC

— Maiyvibia oTAv TNAebpaon

— "Atopikéc povadeg yid ToOvV mepiopiopd TAG KATAvaAioko-

HEVNG EVEPYEIQC
— «'O umoAoyioTAg TAG olkiagy

5. EldIké¢ ouokeuécg kai Hpyava P
i

T e——— = ==

"Opyava ouvOETEWC CUXVOTATWV.

2UOKEUEG yIa TOV ToIOTIKO €Aeyxo ToU kataokeualopevou
MPOIOVTOG.

WYnoiakoi maApoypddor ué mANKTPOAOYIO.

"HAekTpovikd laTtpik@ pnxaviuara.

2UCTAMAaTa auTopaTtng dvayvwpigews avBpwmivng dpiAiac.

6. ZTPaTIWTIKEC €DaPUOYEC Aiapopeg epapuoyég dvaroya pé 16 ouornua nou ¢fetdletal

7. AuTopaTiouog Npadeiou —

2uatripata Mnxavopyavwoewsg 'EmyeipAoewyv
MapakoAouBnon AoyioTIKAS KIVATEWS
"EEunnpéTnon MeAatwv

Management Information System
KooToAbynaon épyaaiag - MNMpoibvTwy
2uoTthuara AutouaTtiouyoU lMpadgeiou
Word Processing

Elextronic Mail

Telefax

Teleconferencing

Local Network

Distributed Processing Network
Interconnected Network

12.3 'O pb6Aog Twv pikpo-unmoAoyioTv oT6 Biopnxaviké abtéparo EAeyyo.

12.3.1 levixad.

‘H avaykn unapews ¢Onvol kai drmoteheouaTikol éAéyxou oTd Siddopa gu-
arnpara éAéyxou Bropunxavikwy Siadikaoiwy, énéBale T6 MIKPO-UTTOAOYIOTA W¢ TAV
Mo ooBapn TeXVOAOYIKA CuVIOTWOA oTOV Topéa auTo.

TO yeyovog auté SikaloAoyeital and TAv eUxépeia, moU mapéxel N TexvikA LS| kai
VLS| via 1 opikpuvon gé éAaxioTo puaikd 8yko, évoc pevaiou apiBuol étaipeTi-
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KA MOAUTIAOKWYV A€ITOUPYIWY, OTwC eival auTéc mou dnaitoldvTal vid TAV UAomoinon
TWV S1IapopwV VoUWV Kai TaKTIKWV éAévxwyv Twv Brounxavikwy §1adikaciwv.

2NUEPA, uTTOPOUPE va UAoTToInoopE O€ €va chip MOAUTTAOKEC SOPEC CUOTTNPATWY
auTopaTtou é€Aéyxou, mou GAAoTe drraiToloav peydAo &yko kai AAekTpikA foxu. To
oUoTNPa aUTopdToU éAéyXOu €ival TOTO PIKPO Té BYKO MOU UMopPET va «évowpaTw-
Bein puoika oTd Spyavo PHETPNOEWS TWV PeEYeEBWY ToU BlopunxavikoU OCuOTANATOC
(BepudueTpo, aioBnTApio mMéogewg, émTaxivoews KAT.) A va «évowpatwBein oTd
puBuioTn (actuator) évog ékaptAuartog A unxavAuatog, & dnoiog AeiToupyel Pé TOV
EAEYXO aQUTOU AKPIBWE TOU WIKPO-UTTOAOYIOTH.

Kata 16 oxediaoud, dpoU ueAeTnBel kai dvaAuBei 1 «BEATIOTN MOAITIKA» EAEy-
Xou piag Biounxavikng Siadikaciag, & oxediaoTA¢ ToU oUTTANATOC EAEYXOU PTTOPET
va xpnoigomnoinoel kukAwpara LS| A VLSI, yid va mpayuaTtonoinoei Tic AoyikéC Ael-
TOUPYiEG TWV oxnNuatwy 12.2a kai 12.2B3 ué olkovouikd Tpodmo gé xpnua, dyko kai
laxU.

'H kaAuTepn moAiTik €Aéyxou, dnAadn & vopog 1OV dmoio 16 oloTnua KaAeital
vG UAomoinoel yia Tov €Aeyxo TA¢ Siadikaoiag, umopei va mpoypappaTioBel we pia
O€IPA €VTOAWY, MOU PurmopoUVv va dnmoBnkeuBoUv Pé 1A popdn wndiakwy «AéEewvy
0é KAMoIa TEPIDEPEIAK TUTKEUR WVAUNG, TTOU UMOpPEi vd eival yia oeipd auToTe-
AWV HJIKPOKUKAWNATWY NVANNG, Mia OUCKEUN HayvnTIKAS uvAuNng, ff évag Kevrpikog
urroAoyioTng, 6 dmoiog KaTw Anod TRV énevépyela €iSIKoU MPOoyPAPPATOG MTAPEXE! Tig
EVTOAEG QUTEC TTPOC TO WIKPO-UTIOAOYIOTH TOU TOmMKOU CUOTAUATOC €Aéyxou.

Ol évtoAéc mpOg 176 uikpo-ummoAoyioT Snuioupyolv Opiopéveg Spdaoeig, ol O-
rmoie¢ uTropei vd eival cuvduacopoi kai énefepyadiec dpiBUNTIKGOV HeyeOwy, A GANEC
EVTOAEC 6paocews 0€ mepidepelakd guoTANaTa puBpuicewc (actuators, regulators
KATT.), mou émbpolv aTi¢ mapauéTpoug TrR¢ Biounxavikig¢ diadikaoiag kai UAOTTOIOUV
TAV KaAUTepn MOAITIKA €AEyxou.

2TO onueio auto Sieukpivifovral 1@ xapakTnpioTikG TAg é€dapuoyng MIKPO-
UTTOAOVYIOTIKWY cuoTnuaTwy oTd Biopnxavikd €Aeyxo, mou dpopouv Tig duvaTtoTn-
TEC EVOWHATWOEWS «AOYIKAGH, KaTa TpoTo AnAd kai olkovouikd, oTd guoTnUa Nna-
pakoAouBnoewc kai éAéyxou tTRAg Siradikaaoiag.

‘H évvora 100 «BéATioroun éAéyxou, adopa TRV akpin mpooapuoyrn ToU HIKPO-
UTTOAOYIOTIKOU CUOCTANATOS OTN CUYKEKPINEVN Biounxavikn diadikaaoia.

MG 16 BEATIOTO €Aeyxo Hév dnaiTeital eldikd software, GAAG umopei va xpnoiuo-
rmoinOei, yevikAc xpnoewg, hardware, moU Prmopei va mpoypaupaTioBel WoTe va €-
mTeAéETel TO BEATIOTO VOMO.

'EnakdAouBo Thc évomoinogews auTAc eival i palikh mapaywyn hardware yevi-
KAC XPNOewC, Kai émopévwg i kGBetn mrwaon ToU kO6OTOUG Ayopag Tou.

NapdAAnAa, f avTiyeTwmaon autn anaitel TAv avamruln e§eidikeupévou softwa-
re, moU onuaivel kataképuodn Gvodo TAg mMogoaTiaiag CUNHPETOXAG TOU KOOTOUG TOU
software oTd ouvoAikd KOOTOG TAG €yKATAOTATEWS.

‘H évvora «Aoyixé» ddopad T duvatdéTnTa ToU UNMoguoTApaTog va npoenegepya-
letal T4 Sedouéva ol npoépxovral and TAvV napakoAouBnon fj mpoopifovTai yida
TOV EAeyx0 €TOI, WOTE va yiveTal AnmokévTpwaon ToU €pyou énefepyaaiag Kai €AEy-
xoU Amd TOV KeVTPIKO UTTOAOYIOTA.

Mé Tév TpdTO auTd, & KevTpikdg UTTOAOYIOTAG TAG BiouNXavikAg €ykaTaoTAoE WS,
ddlepwveTal gé AvwTepo lepapxikd €pyo Tautdxpovng mapakoAouBnoewg Kai
eéNéyxou nepiocoTépwy TAC WIGg Biounxavikwy diadikaotwy.
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'H boun évég kevrpixou umoAoyiori, mou mMAaigIwveTal And Ouada PIKPO-UTIo-
AovyioTwy, O kaBévag amd Toug droioug éNéyxel uid ouykekpigévn diadikaaoia, Amo-
TeAel TAV énavaoTaTikdTepn pEBoSO UAomoIRocewc PBiounxavikou éAéyxou. Mé TN
dSnuioupyia évog SiIacuvOeUEVOU TOMMIKOU SIKTUOU UTTOAOYIOTIKWY PNXAvwy, EMITUY-
xavetal 1} mapdAAnAn énefepyacia o€ MoAAG énineda, pé «mpoidvy TO OTOI0 UTIO-
BaAAeTal oTic MpolioTAUeVeG, lepapxika, UTTOAOYIOTIKES povadec. Ol povadeg auTEC
ArmooTEéEAAOUV TTPOC TA KaTwTepa lepapxikG kAIuAkia €vTOAEC, yid UAomoinon Aarmo-
dATewV TTOU €xouv AndBel amd T vevikdTepn Bewpnon Tou MARpoug mpoBARua-
TO¢ 0€ AvwTepo émimedo. "ETorl émTuyxaveTar yia odaipikh) BeATioTomoinon, ToU
ouvoAou Twyv Siladikagiwyv kai 6xi HOvo TOmMKOC BEATIOTOC €Aeyx0¢ KAOE piag émi
uépouc Sladikaoiag ToU BiounxavikoU ouvoAou.

‘H mapandvw avrigeTwmon Tol mpoBAAuaToc Tol éAéyxou eival Suvath Pé TAV
€DapuUoyn TAG MPONYHEVNG TEXVOAOYIAG TWV PIKPO-UTIOAOYIOTWYV, N Otoia €epodiace
ué €énetepyaoTikn IkavoTnTa ToUg €AeyKTEC I puBuIOTEC, Kai émméTpewe TR Slaguv-
dean MOAAWV pikpo-utoAoyioTikKwy SiaTtaewyv oé €va évomoinuévo UTTOAOYIOTIKO
SikTuO, TO OMoTo Exel MOAU PIKPOTEPO KOOTOG Kai TMOAU pyeyaAuTepeg SuvaTodTNTEC
ano €kelveg evog KevTpikoU H/Y, 16 dmmoio kaAeiTal va €Aéyxel W€ TOV KAAUTEPO TPO-
no yia Biouynxavikn diepyacia, HéE XPNOIPOTIOINON «TTaBnNTIKWV» TTEPIPEPEIAKWY HO-
vadwyv.

Oi Adyol, mou émTaxuvav TAv avamruén cuoTnudTwy auTopdTou €éAéyxou, Tou
Xpnoiyomolody piIKkpo-UTTOAOVIOTEC, eival moAAamAoi kai énédpacav dvdloya ué
TOUG éMSEIWKOPEVOUC AVTIKEINEVIKOUC okomolUc. Mevikd, umopolue vda nolue 6T ol
KUpIOTEPO!I AdyoI eival ol mapakdTw:

a) Meiwon 100 k6OTOUG Mapaywyfc dyaBwyv kai MPoidvTwv.

B) Meiwon 100 kb6oTOUG Kai ToU xpoOvou oxediaopol Tol CUCTANATOC.

y) Ta TeAikd npoidvra SiatiBevral oTAv dyopd ypnyopoTepa, mpayua mou €r-
TPEMEI O€ yia émxeipnon va dmoktnoel 16 mpoRadiopa oTAv aAyopad.

&) Ta npoidvTa éxouv kaAlTepn anmddoon kai A BeATIWOR TOUC €ival OXETIKA €l-
KOAN.

€) 'H d§iomoTia 100 mpoidvrog avkdveTal kai Tautoxpova Té6 KOHOTOC ouVTNPNA-
JEWg Kai éyyunoewcg HEIWVETAL.

oT) ‘H davrikatdotaon Siapdpwv SlakekpIévwy AAEKTPIKWV f AAEKTPOVIKWV
dlarafewv cupPBarikol oxediaopol pé éva mpoypapupaTi{OPEVO HIKPO-UTIOAOYIGTH
HEIwWVEl TO KOOTOG KATAOKEURG Kai BeATIoTOTOINCEWS TOU CUOTAPATOC EAEéyXOU.

¢) "H UAomoinan To0 BewpnTikolU BEATIOTOU vOpOU EAéyXOU €ival eUxepéaTepn
Kal anoTeAeopaTIKOTEPN HE TA XPAON HIKPO-UTIOAOYICTIKWY CUOTNUATWY Nol pmo-
poUvV va mpoypapuatioTolv.

‘H xpnon Twv Pikpo-ummoAoyIoTWy pelwvel TO kKOOTOC Kai TO xpovo oé dAa Td
oradia Tou kUkAou mapaywyns. ‘H peiwon adTth 1ol kdoTOUC peTadépeTal aToOV
KaravaAwTn uno pgopon mpoidvTwy uwnAoTépwyv mpodiaypadiv kai peyaAlTepnc
agiomaoTiag and 8,71 Tponyouuévwc.

Of pikpo-umoAoyioTég §év BeATiwwvouv povo TRV dnddoon TWV MPOIdVTWY TAC -
yopag aAAd BonBolv kai oTAv mapaywyn TeAeiwg véwv TPoidVTWV.

[1a va avtiAndBolpe 16 Mé6go BeATiwveTal T6 KOOTOC KATATKEUAC WE HIKPO-
urroAoyioTr), divope ToOv mivaka 12.3.1, aTdv émoio daivetalr 6 dpIBPdSC TOV dAo-
KANpwpévwy KUKAWPATWY, O droiog umopei va dvtikataoTabel and éva nmpoéypap-
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MNINAKAZ 12.3.1.
'O Gp1Bubs rwv kukAwudrwv mou pymopouv vd dvrikaraocraBouv dno pvijun ROM.

‘Ap1Buo6¢ "Ap1BuoC
MéyeBog avTikaBioTapévwy tﬁvnmeumauévwv
uvAung ROM MTUAWV HAOKANPWHEVWV
g€ bits KUKAWpATwy (0.K)
2048 128 ~ 256 13<+ 25
4096 256 =512 25+ 50
8192 512 = 1024 50 =~ 100
16364 1024 - 2048 100 = 200

ua g€ yia pvnun. ‘O mivakag autdg €xel mpokUWwer ué TAv napadoxn OT1 A AeiToupyia
uiag nmuAng fooduvapel pé mpoypappa mou kataAauBavelr 8 - 16 B€oeig pvAuNnc.
"ETol, katd 16 oxediaoud évog ouoTAUAToC EAéyxou pé pvAun 4096 Béoewv pumo-
poUue va avrikataoTnoope 256+ 512 miAeg ) 25 ~ 50 dAokAnpwpéva KukKAwpPa-
Ta (fy MoAU peyaAlTtepo apiBud TpaviioTopg AvTIOTACEWY KAI TTUKVWTWV).

Eival Aoimév pavepd, 6T T KOOTOC TAC KATAOKEURAC €ival TOAU PEIWPEVO Kai O-
deiAeTal oTO PIKPOTEPO APIBUOG XpNOIYOTTOIoUPEVWY OTOoIXEIwV. Mia SeuTepn peiw-
on TOU KOOTOUC MTPOKUTITE!I ATTO TO PelwpEVOo Ap1Bud oToixeiwy, Ta émoia dnaiTouv-
Tal yia TAV kataokeun. Z1ov mivaka 12.3.2 diverar pia ocuuBartikn dvaluon kKOOTOUS
KGBe dAokAnpwuévou KUKAWKHATOC évog cuoTANAaTOog, évw oTov mivaka 12.3.3 ¢ai-
veTal TO KEpSHOog mou mpokUTTEl Ao TA XPNOoN MIKPO-UTTOAOYIOTRH, CUPPWVA PE TO
kOOTOC mapaywyng Tou mivaka 12.3.2.

MINAKAZXZ 12.3.2.
Kéoro¢ mapaywyiis O.K. o€ $.

0.K. . B
"EmBewpnon .05
NAakeTa 5,
"EAeyxo¢ mMAak€ETAg KAi KUKAWHATOG .05
NMukvWwTEQ AVTIOTATEWG KATT. .05
zuvoeTnpag .05
KaAwdiwan .04
A1Gpopeg ¢pyaaieg .06
Y UVOAO $1.00

MINAKAZ 12.3.3.
Képbn Gand rip xprion Software davri Hardwave.

'Ap18ud¢
MéyeBog avTikaBioTauévwy Képdog
MVAUNG O.K. oé $
o€ abits
2048 13+~ 25 1950+ 78
4096 256+ 50 37.50 = 150
8192 50 = 100 70 - 300
16364 100 = 200 150 =~ 500
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12.3.2 Auvardérnres rwv uikpo-umoAoyiotrwyv yid auréouaro EAeyxo.

"Eva and Td BaoikOTEPA XAPAKTNPIOTIKA TWV UIKPO-UTTOAOYIOTWY €ival 8Ti pro-
pouv va xpnoiyoroinBolv oé ouvexwg avtavouevo ddoua epappoywyv. Ta mAeo-
VEKTANATA MoU MPOKUTITOUV And T xpAon Toug eival MoAAd. Od dvadépope pepikd
ano auTa.

KatapxAv, /) xpnon 1o0 pikpo-unoAoyioTh, aufaver tAv GiomoTia dAdkAnpou
ToU ouaTnuartog, dedopévou 8T eAaTTwvovTal TG SdiIapopa SiakpiTad oToixeia, Ta 6-
ol O€ KATAOKEUESG aUTONATOU €Aéyxou drmoTeAoUoav TOV éAeykTh TOU OUOTANA-
10¢. Ol dnaitnoeig xwpou, loxvog, Bepuokpaciac mepiBAAAovTOg, Uypaagiag KATT.
ueiwvovTal TMoAU. "Yridpxel f) dSuvatdétnta dAAaynig Tou TPOToOU €AEYXOU HE HEPIKEC
HOVO GAAayég OTOV MPOYPANNATIONO TOU HIKPO-UTIOAOVYIOTA.

Ol SuvaTtdTnTeg énMekTATEWCS TOU CUOTANATOC BEATIWVOVTAlI ONUAVTIKG, yiaTi &-
vag PIKPO-UTTOAOYIOTAS eivarl lkavdg va éAévEel moAAG cuoTAuaTa { Siadikaoiec, |-
Sdiaitepa Gv €xoue ApyéEg Biounxavikég épappoyéc Adyw UWwnARg TaxuTnTac émeep-
yaoiag oToixeiwv kai nAnpogopiwy, i va ocuvdeBel yé kamoio dAAo unoAoyioTn via
TN MeTadoon Twv AnoTeAeopdTwy €AEyXOU.

2170 oxnua 12.3a daiveral 1| Baoikn Sidta&n évoc pikpo-umoAoyioTh oé éva au-
oTNMa auTopATou éA€éyxou.

KEVTPIRY

povada
eteEepyaaiac
(CPU)

Zuvbeom
HE TOV

TPOYPAHUATIOTY

"ATTOHARP VO uév A
exeyxive /0
Remote [ /0
Scanner

Tuvbean
ue aAAO
UTTOAOYLATY

ToT(ROC

. ENEY WTY 0
_ Movaba ¥ l *ng/I/
ewekepyaotiag Local 1/0
AP UM TORDV Scanner

npakewv BCD

Edoobol -"EE0bHOL
100 OUOTHUATOC

Ix. 12.3a.
Avaypapparikn diarafn évog pikpo-unoloyioTh oé Siarafn autopdTou éAéyxou.
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‘Evapgn

Apxino
Tpoypauua

SelypaTornpia
NAIl wa. avampocacuoyn
Sebouevwy yLa oAa

1a xavaiia 0 povabeg

OXl| !
NA| Na EJ}LTEXEO'&EI
-ﬁ éVIO)\'TJ" !_-'"
TOU XELPLOTT

OX | 1

Na 609€l 0 E0WTE PIrog

'EEthept}tdg NAl E?‘«EYXOQ TOU TMPOYpPau -
EAEY X0 HATOg OTOV EAEYYO
TOU Elguu'[ ﬂpprdupmog
OX| B
<
Zx. 12.3B.

O GAyopiBuog 6 omoiog xpnoiuomoleital yid Tov éAeyxo 128 dvaloyikwyv onuatwy €loddou.

Oi eicodol ToU cuoTAuATOg €AEyxOU PTTOPET va TpoépxovTal Ano:

— Aiakonreg on-off.

— AlakonTeg Opiwv (limit switches).

— MeTpnTég TATEWG.

— MeTpnTég Bepuokpaaiac.

— MeTpnT€C METEWC KATT.

0! €£0801 To0 CuOTANATOC UTTOPET VA elval oAuaTa éAéyxou Tpoc:

— "EkkivnTéc.

— BnuartioTikoug kivnTApE.

— BaABidec.

— 'Onmikég ameikovioeig (displays) k.4.

‘AvaAoya pé TOV TpOTO XpNTINOTIOINCEWS TOU PIKPO-UTTOAOYIOTA OTA CUCTAHNA-
Ta AQUTOPATOU €éAéyxou SIakpivopeE:
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— Tév Guego ynodiakd €Aeyxo kai

— 1OV énommikd ynolakd €Aeyxo.

3TOV tipeco wnoiaxé EAeyxo, 6 pikpo-uTIoOAOYIOTNG €Aéyxel AmeuBeiag Tig HETPN-
gipec eTaBANTéEC TOU oUOTAPATOG, 81G HECTOU PEPIKWV TXETIKA ANAWY GAyopiBuwy
(ox. 12.3B) kai unoAoyilel TG dnaitolueva oApaTta €Aéyxou, Ta Omoia TPOPOdO-
TOUVTAl OTOUC ETTEVEPYNTEG.

TuvRBwe, Gueoco wndiakd éheyxo (ox. 12.3y) xpnoigomoloUPe 0€ HEPOVWUEVES
épapuoyéc, ol OTToIEC €ITE eival auTOVopeg €iTe AnoteAolv pépPog KATIOIOU CUOTA-
uaTtoc. TéToleg ¢DAPHOYES eival, mapadeiypatog xapn, 6 éAeyxog xnuikwyv dlepya-
g1V, A €xTéNean AeiToupyiWy émkoivwviag, ol UrmoAoyiouoi mou Baagifovral g€ au-
TépaTec peTpnaeic kai SiopBuwoeig, b éAeyxog aloBnTnpiwyv ypaupwy Kai A katara-
tA Toug (sensing and monitoring) KA.

Npoypappa Oc
| ROM
Alsvovvor — I

KeEvIpian uovaba

Mpogappo-
JTLHO
ELgobwyv

MOAUTTAE -
XTG

(MUX)

ETELEPY (1O VI

LR )

Aebopeva
RAam)

Yn@uann

ATEL#OVLOT
WL 070xea |
ELOO&OU v E W |
€. T0AWY

'Avaroyixeg €loodol (128 )

Ame wovidnm
Displa,

Ix. 12.3y.
Ta Siaypaupa évog pikpo-utoAoyioTn o€ Gueco wndiakd €Aeyxo.

Oi 61adpopeg A€ITOUPYIEG, TiG OTTOIEG UTTOPET VA EKTEAETEI O PIKPO-UTTIOAOYIOTAS,
nepiAauBdavouv npoemneéepyaaia onpdTwy (HeTaTpomnh dedopévwy O€ XPNOTIPES HO-
vade¢ ToU ocuoThApaTtog, GIATpapiopa, anAoi unoAoyiopoi yéoou Bpou, TUOXETI-
OEWC KAL), XEIPIOYO ETIIKOIVWVIAKWY TIPWTOKOAAWY, KwdIKOMOINOEWS, EAEYXO
odaApdTwy, €Aeyxo onudtwyv wg Po¢ TG kaBopiopéva eémTpentd dpia KA.

21OV émonmikd wnraxkd EAeyxo, O piIkpo-ummoAoyioTng &€ SéxeTal dneuBeiacg Tig
ueTPNOoIueg peTaBAnNTég oUTe évepyommolel TA anuarta éAéyxou, AAAG T€ yevikEg
YPAUHEC €Xel TAV eUBUVN kaBopioguou Twy Opiwv AeiToupyiac Twy SiIapopwy KAG-
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Swv Guecou wndiakou eAéyxou. ‘H ékmAnpwaon Tou pOAOU auTOoU ATAITET TAV €KTE-
Aeon MoAUTTAOKwWY AAyopiBuwyv AeiToupyiag, mapakoAouBnon dvwTtepou émmédou
Twv KAadwv kai Sdievépyeia Twyv diaddpwyv émkoivwviwy (supervisory control).
2Ti¢ diatdaleig émomTikoU €Aéyxou, & pIKPO-uTToAoYIoTAC KaBopilel cuvexweg TNV
KaAUTeEPN AeiToupyia TAC éykaTaoTAOewC. TA XapakTNPIOTIKA TOU PIKPO-UTTOAO-
VIOTA OTAV TepimTwaon auTA Tpénel va eival oadwe AvwTepa Amd éxeiva Tol ui-
KPO-UTIOAOYIOTH TTOU XpNOoIdoTioloUde via Gueco wndiakd €Aeyxo. "Evag T€Tolog pi-
KPO-UTTOAOVYIOTNAC MPETTElI VA UTTOPET vA AEITOUPYET O€ TpayuaTikd Xxpovo (real time),
vda umopei vd émxkoivwvAoel ué BAAOUC PIKPO-UTTOAOYIOTEC, va eival akidémaToc, vé
S1aB8€éTel AeiToupyikd cuoTnua 16 O6moio va xelpiletal oRuaTta diakomnng, va éxel Hi1a-
dOPOUC TPOTIOUC MPOCTIEAQTEWCS TAC UVAPNG, UWNAR TaxuTnNTa éKTEAETEWCG €VTO-
AWV, TToOANoUC kaTaxwpnTég, peydAo unkog Aéfewcg (Léxpr kai 16 bits) k.4.
'Emiong, T6 software To0 pikpo-urmoAoyioTA TPEMel vda eival, Adyw TV ANaiTh-
gewyv, AvwTepo anod 16 software évog pikpo-uroAoyioT Gueocou YndIakouU eAEy-
xou. "ETol, B4 mpémer va Umdpxel mpoypauua monitor fj executive mpayuaTikou
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xpovou, Td6 6mmoio Bda xpevornpoypappuatilel TAV ékTéAeon TWv diapOpwyV MPOYPAN-
udTwy npayuaTikoU xpdévou, 84 napéxel dSuvatdéTnTa moAAarmAwy diavuoudtwy dia-
KoTTwyv K.4.

[evikd@, yrmropoUpe va moUpe 611 TG mpoypdpuaTa épapuoywyv xpeidlovral yeya-
AUTEPN NpoomnaBela kai Mo eldikeupéveg yVWOEIC,

216 oxnua 12.36 daiveral | Siarain Biounxavikold cuoTAuaTog éAéyxou, TO O-
noio S1aBéver kai Gueoo kai érmommikd wnodlakd €Aleyxo.

12.4 Npoocapuoyrj (Interfacing).

"OTNwe¢ TTEPIYPADNKE, OTIC EPapUOyEG AUTOUATOU EAéyxXou O PIKPO-UTTIOAOYIOTNG
SéxeTal oTAv €ic066 Tou SiIdpopeg peTPNTEIG Kai UoTepa and kaTtaAAnAn émegepya-
oia épdaviler oTAv €£066 Tou Siadopa agnuaTa EAEyxou. Eivar Aoimév avdykn vd
ueTaTpamnolv ol petaBAnTég elobdou oé wnoiakn yopdn yia va pmopéocel va Tig av-
TIAN®OET & UnoAoyioTA kai va petatpanolyv émiong ol €évTOAEG TOU UTTOAOYIOTH ATTO
wnoiakn o€ dvaloyikn popdn, yid va évepyomnoinB8olv ol cuokeuég eAéyxou. AnAa-
&n mapouoidletar 76 npoBAnua TRg mpoogapuoyfg (interfacing).

[evika, UTTApxOUV TETOEPIS KATnNyopieg onuaTtwy atd MpoBAnRua TRg MPooapuo-
yns. ol €§ng:

— ‘H dnmopovwuévn ywnolakn eicodoc.

— ‘H drmopovwpuévn ynolakn €¢odoc.

— 'H dvaAoyikh eicodog kai

— 1 dvaAoyikn €¢odog.

Ta ouoTApaTa pé dnogovwpévn ynoiakn eicodo, mpooapuodfouv Ta diadpopa €-
mineda Tadoewv Kai Béoewv pWOTAPWY TPOS TAV KevTpikA povada émefepyaaiag
(CPU), mpooTatevovTac TnV amnod Tic diadpopeg dvwpadieg TGoewg kai Amo Toug Bpo-
xoug édadouc. Ta ocuoTAuaTa Yé armopyovwuevn wnolakn €§odo mapéxouv T duva-
TOTNTA €860V onudaTwy Ikavwy va évepyoroinoouv S1AHOPoUs PWOTHPES.

Td cuoTAuara dvaAoyikng elgddou €xouv TR SduvatoTnTa €MAOYRAG, BEATIWOEWS
Kai peTatporng Twv dvaloyikwyv onuatwy €icddou oé yndiakd onuata Katw anod
TOV €Aeyx0 TAG KeEVTPIKAG Hovadag énetepyaciag ToU pikpo-umoAoyioTh. Ol diauAol
eiogddou émAéyovTal cuvABwg pé TR S1eBuvon pvAuNng kai Kamolo dvaAoyikd KU-
KAwpa, Ta omoia EAEyxouv T HETATPOTI TOU dvaAoyikoU onuartog oé ynoiakod. Ta
cguoThpaTta dvaloyikng €E6dou peTaTpémouv TAV wnoiakn €§060 ToU PIKPO-UTTOAO-
yioTR oé davaAoyikn. TOé péyeBog ToU dvaAoyikoU oAuato¢ kaBopileTtar and T16
WIKPO-uTIOAOYIOTH, oUpudwva Pé Ti¢ Avaykec.

‘Yrapxouv €idikd kukAwuarta, Td omoia mapéxouv Amopovwuévn wndlakn ei-
0060-€§060 dedopévwyv | avaroyikwv onudtwy eicddou-€Ed6dou. Td KukAwuaTa
ynolakAg eicddou-€E6dou emTpémouv OTO HIKPO-UTIOAOYIOTA va TTapakoAouBel
S1Gdopeg enadég kai va TpododoTel pwoTRpeg UWYNAARS TAOEWC TTOAU peyaAlTepng
and €ékeivng mou TpododoTel TOV UTTOAOYIOTH.

'H xpnoiyomoinon avaAoyikwv onudtwy I/0* kupiapxel oTAv mepimrwon éAé-
yxou Siadikagiwyv payuaTikoU xpovou. [NMoAAG andé Td npoodpepdueva ouoTANaTa
ouvouafouv kai Tig Suo mapandvw popodég I/0 ué xpnoiyomoinon évog cuoTAPATOC
ouAAoyiig mAnpodopiwyv (data aquisition system) kai évog dpiBuol dvaloyo-

* 170 Input - Output
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ynoiakiv petatpoméwy (A/D kai D/A) pé ta@ dnapaitnta kukAwpara Npooapuo
vyAS YPauuwy OnMwg ¢aiveTalr otd oxnua 12.4.

Té ovoTnua cuAAoyAg MANPOPOPIWY TTEPIEXEI EvaVv TTIOAUTTAEKTN, €vav eviaxuTn,
éva ocvoTnua delypatoAnwiacg kai diatnpRoewg ToU onuartog, €va petarponéa A/D
kaBwe¢ kai TAV anmapaitnTn Aoyikn yid 10 xpovioud Twv S1adikaciwy.

Qi nepioooTepol MOAUTIAEKTEG S1aBéTouv ikavoTnTa Tuxaiag rn $1aSoxIKNG €MIAO-
yN¢ Twyv StalAwyv eicodou. ‘H Tuxaia émAoyiy cuvioTaral oTnv nepirirwaon Slepya-
OIWV TIPAYUATIKOU XPOVOU, YIATi émiTPEMel OTOV MOAUTIAEKTN TAV émAoyn OMOIoU-
dnnoTte SiauAou mou émBupel va émkoivwvncel pé tnv CPU.

Oi moAUTTAéKTEG ummopouv va S€xovTal €iTe AMAG onparta €ite chpara diadopdcg,
oupdwva pé TRV €émBuuia pag kai TAv eldikiY épapuoyn.

'O évioxuTng mou AkoAouBel TOV MOAUNAEKTN xpetaleTal yid TrRv éviaoxuon Tou
onuatog TO Omoio mpokelTal va umocTel T Siadikacia uetatponng. TO kKUKAwWPQ
derypatoAnyiag kai SiatnpAoewg TpodpodoTeil TO petatponéa A/D. tod dmoiou A
akpifBela kai f) Taxutnta kabopileTtar dnd Tic dvAykec TV éPapuoywv.

12.5 'EmiAoyr] €vOg pikpo-unmoloyioTi autopdrou éAéyxou.

‘H émAoy 10U kaTtaAAnNAOTEPOU CUOTAPGTOG WIKPO-UTIOAOVIOTR GUTOPATOU
ENEyXOU B€V eival €UKOAN, AAAG éSaptaral (diaitepa and 16 péyeBoC¢ TAC fyxkaTa-
OTAOEWS Kai armd Toug TUMOUG Kai TG peyéBn Tov A&N éykaTeoTNUEVWY ouaTNEa-
TWV QUTOPATOU €AéyXCU.

Oi mapdayovTteg Mol guvTeivouv aTh XpRoiponcinon évog HIKPO-uTToAOyYIOTH QuU-
TOpATOU €Aéyxou eival ol ¢&fc:

— YWnAA 1} moAlGnAokn mapaywyn oeipds, pé moAAG UmompoidvTa.

— [loAumAoke¢ puBuioeic.

— MoAAa kpiThpia moidTNTAC.

— 2UXVEG GAAayég ToU €idoug kai TAG MoIOTATAC TWV TPOIOVTWY.

— KoéoToc.

'O ap1Buodg Twv €Aeyxopévwy enmadwv kai Stakomwyv Kai N TaxuTnTa AMOKPIoEWC
(real time 1 6x1) To0 ouoTAPATOG AUTOPATOU éAéyxnu, AMOTEAoDY BaoikoUcg mapa-
YOVTEG yia TOV KaBopiopd 100 TUTIOU TOU PIKPO-UTIOAOVIOTA Ny B¢ XPNOIJONoIn-
Oel.

2€ peyaleg €ykaTaoTACEIS, €ival OKOMIPO VA XPNOILOTIOIROOME HIKPO-UTIOAOYI-
oTeég MoAAWY elocddwyv kai ¢E6dwv (n.x. 512 eicodoi, 128 avaAoyikécg €¢odol, 128
ynoiakég €€odor kAmM.)

NMapdaAAnAa, /) dpxiTekTovikn Tod BAou cuaTAPAToOL (Wnd1akdg i €monTikOg €Aey-
X0G) oupBdaAAer oTAv €émAoyh Tol €idouc Tol ouoTiuaTog 16 6moio Bd xpnoiuo-
moinBer.

‘H Tehikn émAoyn To0 cuoTAuaTog éAéyxou, Té drreio dmoTeAeital and TO PIKPO-
UTTOAOYIOTA Kai TG mepidpepeiakd Tou, BagileTal oTd €§NG oToIX€ETa, TG doia MPOoKU-
mTouv ano T peAéTn To0 cuoTApATOC:

— Taxutnrta UnoAoyiopod kai €i60¢ ékTeAoupévwy mpatewy.

— XwpnTIkOTNTa TAG KEVTPIKAG PVARNC.

— XwpnmikéTnTa TAS BoNOnTIKAS PVANNC.

— "‘Ap1Bpod¢ Siakomv.

— Xpovog dnaoyxoAfoews kai TaxuTnTa AEITOUPYIag TWV TTeEPIdEPEIAKWV Opya-
VWV,
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'O xwpog oTov Omoio B4a éykataoTaBel TO cuoTnua auTtoudTou éAéyxou, Ba
MPETEl va eKMANpwvel OpIoPéveg mpodilaypadég uypaoiag Bepuokpaaiag, Mapoxng
TACEWG K.4., yIa TAV ArpOOKOTTTN A€ITOUPYia TOU CUOTAPATOC KAi Jeiwan TWv arnai-
TACEWYV Kai TOU KOOTOUC €TIIOKEUWV.

12.6 Biounxavikég édappoyég autopdrou éAéyxou.

Oi diadopeg AeiToupyieg kai O TexviKOC ¢EomMAIoCUOC TWV CUOTNUATWY aUTOPATOU
eAEYXOU Exouv AAAGEel cuoTnuaTikd TG TeAeuTaia 10 xpovia.

Ta ouyxpova cuoTtAuaTa (ox. 12.6a) drmoteAouvral dnd SIKTUO PIKPO-UTIOAOYI-
OTWV (Kartaveunuévn vonuoouvn), otd onoio ol Spaoceig Tou €AéEyXOVTOC UNXavi-
OMOU ouvTeAouvTal héE TN BonBeia AMOKEVTPWHEVWY PIKPO-UTTOAOYIOTWV.

'Evepyortono E;f;js:;m

TuoTpa
HETPNOEWG

XAl HETATPO-
nn OTOLXELWV
LETPNOEWS

KEVIPINO gUOTTUA
EAEYXOU

- ) o . LUAAOYT ,
Bondmtixn Etgodog EEodog BeﬁoutY:va Xat
N9y OTOLXELWV OToLXEL WY QIO YMREVC T

Zx. 12.6aq.

AeiToupyik) 81aTakn cuoTAPATog auTopdTou €éAéyxou éyxUoews MAQOTIKOU piypaTocg.

27ig véeg auTég €EeAitelg O pnxavikd¢ aUTONATOU AQUTONATOU €AEyxoU SEV TTPETTE]
anAGC vd eival ywvwoTng TAg kAaooikig Bewpiag alTopdTou ¢Aéyxou, AAAG mpémel
vQ KaTéxel kai TR véa TexvoAoyia, &nAadrf B4 nmpéne va éxel yvwaoeig software kai
hardware TWvV HIKPO-UTTIOAOYIOTWV.

@4 nepiypawopue TR XxpPAoN €vog PIKPO-UTIoAOYIOTH OTOV auTOUATIONO TRG €TTE-
tepyaaiag MAQOTIKWV.

‘H TexvoAoyia Trg éyxUoewg MAaoTIKwyY UAIKWY AMOTEAET AVTIKEINEVO TUVEXOUG
¢EeAiewcg kai BeATiwoewg, Y€ MapAAAnAn yeiwon 100 ApPIOPOU TWV €ldikeUpévwy
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X€IPIoTWYV. TO MPpOBANua 100 €Aéyxou TRAS éyxuaewg ummopel va AuBei HE TN xPNON
véwv NeEBOSWY auTopdTou éAéyxou TR diepyaciag alThg, €Tol, WOTE va HeIwWOEeT O
OOPTOC €épyaciac TWV XEIPIOTWY KATaA TAvV mmapakoAolBnon TAC AeiToupyviag Twv
unxavnuatwy auTwv.

Té KUPIOTEPO OTOIXETO €VOC TETOIOU CUOTANATOC AUTONATOU éAéyxou €eival TO
LUIKPO-UTIOAOYIOTIKO KEVTPO, TO Omolo anoTeAeital and SUo pikpoemefepyaoTéc (Ox.
12.6B). 'O kevtpikdg pikpoenetepyaoThe kataypdder SAa ta dedopéva, Td 6moia
MPOEPXOVTAl ATTO TN pNxavn €yxuoewg Kai eAéyxei Tig S1IGPope¢ KATAOTATEIC A€I-
Toupyiag. "Evag aAhog mepidpepeiakdg pikpoenefepyaoTng Avaiuel Ta dedopéva kai
EAEyxel TAV dameikovion kai T povdada éAéyxou ToU CUOTAPATOC.

'HAERTPOVIRG Ru¥AWUATA |

I INUata €ALyyou

I "
1|‘ * 1—-1 f""l r—1 Y ;i b
g: 7772200 | =)
\

T 7 J

...... B Metpoupcvee| petapintec
] Y

) _ V ¥ T l' l v
I "HAEWTPOVIRG WUKAWHATA

Me prpepe Lanog .

pmpo-unohoymmr_r-.l "EAEyxog ROM
l | C J"D\EYXGQ :ﬂ"EM:‘YXOI; SLAROTTWV OPIWY
aTELUO VIoEw(

e

wat ACLTOUPYIEC ENEYXTOVU "

PSPy & espuomcotu HUALVOpou
Aeltoupytag Ly al mpwing UAng
TLEON - Huvapikn nat
gtatwy . Taxvinta me-
PLOTPOYTC  HOYAQ

KEVIPIROE HIMPO —UTOAOYLOTTC
| |

eyt

Ol U0 pikpoenegepyaaTéc ouvdéovTal ME TapaAAnii i Siadoxikn oUvdean Gva-
Aoya pé TAvV édapuoyn.

'H areikévion Twv dedopévwy vivetar oé via €yxpwpun cuokeuny CRT, /) &dnoia

Ix. 12.68.
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DEE
D00 OO
Sonn
OB

Zx. 12.6y.
[ANKTPOAGYIO X€IpIOTH.
ekO€Tel mapaoTaTika SAa TG Aeitoupyikd aToixeia. TO MANKTPOAOYIO TOU OxNUATOL
12.6y xpnoiyorroieitTal yid TAV €icodo oToixeiwv and 76 xeipiotn. ‘H eicodo¢ Twv
YVWOTWYVY OTOIXEIWY, yIa TAV dpxikil AeiToupyia (mpoBépuavon kAn.) TA¢ éykarta-
OTAoewC, emTuyxaveTal yé TR BonBela piIdg payvnTIKNG KAgETag.

MeTd TRV ékkivnon TA¢ diepyaaiacg, ol Siadopol mapaueTpol TAS AeiToupyiag Tou
JUOTANATOC Pmmopouv va eicaxBouv dlauécou ToU TMANKTPOAOYIOU.

‘O kUKAOG TAG éyxUoewc ToU piypaTtog kaBodnyeital dmd TOV KEVTPIKO HIKPOETIE-
tepyaoTn NECTW Ywnodlakwyv onudTtwy éAéyxou TA¢ Tpododoaiag, ToU xpodvou kai TAG
mMéETewC TOU piypatoc. ZddAuaTta ToU KUkAou AeiToupyiag f) Tuxov unépBaocn Twv
mpokaBoplopévwy Opiwv AeiToupyiag ToU cuoTAuaTog fj AaBn xeipiouou AmeIkovi-
(ovral otnv 666vn CRT.

‘H xpAhon ToU pikpoemeEepyaoThn OoTAV auTopaTtomnoinon TA¢ mapamndavw dlepya-
oiag, ékTOC and 1O ouuBaTikd ENeyxo, EmMTPETE! Tig €ENG AEITOUpPYIEG:

— "EAeyxo Beppokpaciwyv TOIXWHATWY.

— "EAeyxo TaxuTnTag éyxuoewes.

— "EAeyxo méoewg dvaloya pé Tig ouvOnkeg AeiToupyiag.

— "EAheyxo SAwv TWv nmapapéTpwyv A€iToupyiag kai aneikdvion TAG ArodOoewg

10U OUOTANATOG KABe oTIyun.

— EuUxepn peTaBoAn oToixeiwv AeiToupyiag.

— "Aneikbévion opaAudTwy Kai urepfacewv.

Nepac

'Evapgm
eLgobou

, e Lgobou
OTO LYELWY

OTOLXYE LWV

12.7 'Epwrrio€Ig. ] .. |
1. "AvadépeTe TOUG Adyoug mou emTaxuvav Tnv ¢dapuoyn TWV PIKPO-UMOAOYIOTWY OTA ouaTNuaTa

auTopaTou €A€yxou.
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2. 'Ano noU npoépxovtal Td gAuaTa eicddou o €va ocUuoTnNEa aUTOPATOU €AEYXOU PE PIKPO-UTIOAO-
viotn: Ti €idoug onuarta é&odou pnopei va pag Swaoel €va TETOIO CUOTNUA;

3. Mou xpnoigonoioUue Gueco WwndIakd €Aeyxo;

4. NMoU xpnOIYOTIOIOUPE ETMOTTIKO WYNPIakd EAEYXO;

5. AwaoTe diaypappaTika 1R diatain évog Biounxavikou CUOTAPATOG €AEYXOU.

6. AwaTe napadeiyuara dnou katd TA yvwpn gag 84 unopoloe va édpappooBei Guecog 1 éToONTIKOC
WNPIaxkog €Aeyxog O€ €va mMAoIO.

12.8 'EniAoyoc.

‘H ¢EENEN TOV aUTopdTWwY ouoTNUdTwy o7 Biopnxavikd EAeyxo eival TOo0 AA-
naTwdng, WoTe kKABe anuepivh MPORAewn va BewpeiTal mapakivbéuveupévn. "Eva
eival dpwe BERalo, TO pEANOV AvAKel O0TOUC AAEKTPOVIKOUS UTMOAOYIOTEC.

217G mAoia, 8Aa TG péxpl oCNUEPA XEIpoKivnNTa cuaTnuaTa avrtikaBioTavral oTa-
S1akG pgé auTopaTa cuoTAuaTa éAéEyxou ToU Kai auTd PYé T oeIpd TOUG EAEyxovTal
Aanmd KAnoio NAEKTPOVIKO UTTOAOYIOTH.

Ta cuoTAuaTa alTopaTou A€ITOUPYIAg TWV PuNXavwy TTPOWOEewWS, Kabwcg kai 6-
Awv TWV BonBnTikwyv ynxavnuaTtwyv o€ moAAG nmAoia BpiokovTtal RN Katw Amo TOV
EAEYXO KATTOIOU NAEKTPOVIKOU urtoAoyioTil 6 dmmolog 8x1 povov pag €AEyxel Kai pag
kataypadel TH A€IToupyia TOU CUOTANATOG TTPOWOEWCS, AAAG uropei kai va pacg i-
VEI AUO€IG EVAAAQKTIKES, OTTWG T1.X. TTOI0UC XEIPITPOUC TTPETTEI VG KAVOUE yIA va Admo-
duyope kamola peAAovTikh dvwpaAia, f, 8tav éxope kamola dvwpualAia, mwe Ba
MPETIEI VA TNV €MOKEUACONE Kai Ti AvTAAAGKTIKAG B4 XpeliaoToUpE.

BéBaia, édv moTé TeBO€l TO épwTnua dv B4 émpere oi uNXAVIKOI TWV TMAOIWYV va é-
£e1&1keuBolv oTOUg AAEeKTPOVIKOUG UMOAOYIOTEC, A AmavTnon 6d ATav dpvnTikA.
AUTO Opwg &€ aonpaiver 011 dév BA npémel va yvwpilouv Tig SuvaTtdTNTEC TTOU PAC
Tapexel €vag NAeEKTPOVIKOG UTTOAOYIOTNG Kai TG OPEAN TOU umopet va mpokUwouyv 4-
nd TAv 0pBN Aeitoupyia Tou oTOV aUTONATO €AEyXO.




MNMAPAPTHMA

KEQAAAIO AEKATO TPITO

O METAZXHMATIZMOZX LAPLACE

13.1 levika.

‘O petaoxnuaTiopédg Laplace eival péBodoc Mol xpnoiuele: oTAV ETAUON TWYV
YPAUUIKWYV Si1adopikwyv efiowoewyv. Té nAeovéxkTnua TA¢ neBoddou eivar 811 ol Sia-
dopikEg E§icwaeig peTtaTrpénmovral o€ AAveBpikég kai €Tal SieukoAUveTal A émiAuon
Toug. M€ T xpnoipomoinon ToU yeTaoxnuaTiopoU Laplace, moAAég koivéc ouvap-
TAoEIg, Omwg ) ouvapTnon To0 AUITOvou f(x) = nux, A €kBeTIKA ouvAPTNON KATT. pe-
Taoxnuariovrai g€ aAyeBpikég ouvapTnoelg YiIag pyadikng petaBAnTiC. “Eva GAAo
nMAeovéxkTnua THC xpnoiponoifjoews To0 petaoxnuaTiopod Laplace, eival A duvaTo-
TATA XENOIHOMOINCsws ypadikwy ueBddwv kai Texvikwy, ol dnoieg pag unmofBon-
Oo0v otV nMPORAeywn Tiig dnoddoewg ToU CUCTANATOG XWPRIG va émAUoOouE Tig Sia-
HOopeTikéES €Eicwaeig MoU mepiypddel padnuatikwe 16 ocuoTnua.

13.2 Muwvabinol apiBuci kal myadikég ouvaprioeig.

[Mpiv duigope 16V O6pIoud TOU peTaoxnuaTiopou Laplace piag xpovikng ouvap-
TAoewC f(t), kKGvope piIG dvaokomnon Twy Bagikwy dpxwv TWv Piyadikwy apiBuwv.

‘O piyadikdg apiBuodg s = o + jw, droTeAeiTal and €va npayuaTikd YéPog o Kai
anod €éva oavraoTikd jw. KaBe piyadikog GpiBudg propel va napacTabel wg éva on-
ueio oTd piyadikd 6pBoywvio ouoTnua cuvrTeTayuevwy f mo anAa oo €minedo s.

270 oxnpa 13.2a ¢aivetar 16 éminmedo s kai €va AVTITIPOCWITEUTIKO ONUEIO
S, = 0, + jw,.

Mia uiyadiky ouv@prtnon G(s) ymopei yé Tov 1610 TpdéMo va mapacTaBei oTd €mi-
medo s péow TWv mpaypaTikwyv guvteTaydévwy tng Gix) kai Gly), dmou Gls) =
G(x) + jGly), dnwc dpaivetal oTd oxfpa 13.2B. ZTAv mepinmTwon auTn, A cuvapTnon
nmapiotdaveral and éva diavuopa, 16 6moio éxel Si1e0Buvon kai géTpo, drmwg daive-
Tar ord oxfua 13.28.

T6 pétpo piag piyadikfig ouvaptnoewg G, + ij SiveTal andé T aoxéaon:

G(s) =G, +jG,|=/GZ + G2 (13.2.1)

kai ) ywvia 6, mou &iver T §1eUBuvon Tou diaviuouartog, diverar and TN oxéon:

G, . _
6 = 1ok eg Gv =[G, +iG, (13.2.2)

X
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WbFF—-———=-—=——— —}? ST
7|
<
4 |
o |
Ve
/ |
/ |
i l
/ I
// '
4 ., Re
0 d,
Zx. 13.2a.
Mapaoraon piyadikwy dpiBuwy kai pryadikwv diavuoparwy oTo piyadikod eminedo.
I
§y m ,
- R G=Gx+10y
Y
‘ 6" JeTuT
Gx 0 Re
| \/ Gy
l
: 6" apvmTIL
|
l F
L‘__'_,_'______ Gy
G=0,+ IGy
Ix. 13.28.

2uluyng piag piyadiking cuvaptioews dvoudletar ) mapdaoTaon:
G(s) =G, —jG, (13.2.3)

“Onwg ¢aivetal elkoAa, &vag piyadikdg apiBudg kai 6 culuyng Tou €xouv 10 1610
MéETpo kai GvTiOeTn ywvia ©.

13.3 ‘H ouvOrikn Cauchy - Rieman.

Mia piyadikry cuvaprnon Gls) Aéyetal dvaAuTikiy o€ pia mepioxn, Gv unapxer
ouv@ptnon G(s) kai 8Aeg ol mapaywyoi TNg &° alTA TAV Trepioxn, SnAadn dv Sév ei-
vai «ék TautdéTNTOoG) HN&EV.

‘QQc mapddeiyua, Bewpolipe TH piyadikf cuvaprtnon G(s) = 1/(s + 1). "AvTikaBi-
oTWVTAg TN OX€ON s = 0 + jw, €XOUE:

1
Glo + jw) = : =G, +jG (13.3.1)
o+ jw+ 1 Y
5 G o+ G — (13.3.2)
nmou = Kai = 3.
X (0 + 1)2 + w? Y (0 + 1)2 + w?
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BAémmope OTI éxkTdOG A6 16 onueios = — 1 (bnNA. o= — 1, w = 0), A cuvdpTnaon
b€ undevifetal. To 1610 loxUer kai yid Ti¢ mapaywyous TAS ouvapTAoEwWS auTAC. 11a
napddelyua eivai:

d —1

Gils) = (13.3.3)
ds (s + 1)2

Ta onpeia To0 émmédou s, oTd driofa A cuvdaptnon G(s) eival dvaruTiki (SnAadn
éxel Auan), 6voudlovral dpaAd onueia (Ordinary) évw TG onueia Tou émmnédou, oTa
droia A ouvaptnon Gis) 8év eivar dvaiuTikh, dvopdlovtar dvwpaia (Singular).

Ta onueia otd omoia f ouvdptnon Teivel MPog TO Gneipo kaAouvTal mdAol.

1a mapdbdeiypa A cuvaprtnon:

kis + 2)
G(s) = (13.3.4)
(s + p,) (s + p,)
éx€el MOAOUG TG onueEla s = — p, KAi S = — P,.
"Av ) G(s) Teivel mpoc 76 Greipo Otav s — p kai v | cuvaptnon Glis) (s + p)" yid
n=1,2.. &xel uia TeAlkn uN pNSevikN TINA yIG s = — p, TO s = — p bvopaleTal vio-

ar6¢ ndAog.

“Orav u = 1, 6 néAog dvoudletar mpwrov BaBuod.

Td onpeia Tou é¢mnriébou s, atd Omoia iy cuvdaptnon G(s) undeviCerail, dvoualov-
Tar ppbevird. XAy maoandvw ocuvaptTnaon, 71O ONUEIo § = — 2 eival éva pndeviko
onuUeETo.

13.4 'C =vooynsanoude Laplace.

21hv napdypago auth Sdivoue TOV Opiogud Kai TOV TPOTO XPNOIPOTIOINTEWS TOU
JeTaaxroTiopou Laplace.
MaBnuaTikwg, Opilope 16 peTtaoxnuaTiopd Laplace piag cuvapthoewg f(t) wg:
LIf0)] = F(s) =7 e St dt[f(t)] =/ (1) e dt (13.4.1)
7 J
&mou f(t) cuvapTnon TAg dvedpTnTng peTaBANTAG t, mMoU cuvRBwg MapIaTavel xpo-
vo. X f(t) = 1 vidt > O kai f(t) =0 vyidt <O, s uyadikn petaBAnTn, LTé guuBo-
Ao To0 petraoxnuartiopoU Laplace kai F(s) ) yeTaoxnuaTtiopévn mapaoTacn kard
Laplace.

Mapadeyua 1.
N& BpeBei 6 petaoxnuaTtioudg Laplace TAg ouvapTNoewg:
f(t) =0vyidt <O
Kai f(t) = Ae@ viat >0
mou A kai a eivar otaBepoi apiBuoi.
Nuon.

‘Epappdlope TOV TOMO TOU METAOXNMKATIOPOU Kai EXOUE:
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A

S +3a

LIF0] = Aet et dt = A e 0+ )t gt =
0 "0

‘H oxéon autn loxvel pbévo yvia s = — a.
MNapakdTw &ivovral dUo Baoikoi kavoveg ToUu petaoxnuaTtiouoU Laplace.

Kavovacg 1.

"Av uia guva@ptnon f(t) moAAanAaciacBei ' €éva oTaBepd GpIBuod A, & yeTaoxn-
uatiopog Laplace 1A¢ cuvaptnoewc nmoAAanAacidletal pé Tov auto ApiBuod. AnAa-
an:

LIAf0)] = A L [fit)] = AF(s) (13.4.2)
Kavdvac 2.

‘O pyetaoxnuatiou6dg Laplace ToUu dBpoiopaTog dU0 1 MEPITTOTEPWY XPOVIKWIV
guvapTAgewv eival Toog pé 76 86poigua Tol pHeTaoxnuaTiopod Laplace kGBe pidc
guvapTtnoews xwpiota. AnAadn:

L0 + £, 0] = L[] + L [f,0)] (13.4.3)
lTapaderyua 2.

N& BpeBel 6 peTtaoxnuatiopds Laplace TR¢ ouvapTAHoEwWC:

Oviat<O
u(t) = f(t) =
A=a0aTab.viat >0

'H ouvaprnon aut évoudaleTal ouvdprnon Briparos 1 Bnuariki ouvaprnon (ox.
13.4qa) kai ocupBoAileTal ouvRBwe pé ult).

\

BnuaTikny ouvaprnon.

f(t)

Nuon.
‘Epapubdlovrag Té6v dpioud Exope:

' OO0 A
o[ [f(t)] =/ AeS' dt= ués =0
‘U S
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‘H BnuaTmikh ouvdptnon xpnoigormoleiTtal cuxvd oTtd cuoTApata auTtoudTou
eAéyxou. 2ZTAV ntpayuaTtikdéTnTa avrioToixel o &va oTaBepd onpa, mou édpapudleTal
oT6 guoTnud uag faodpvika ortd xpévo t = 0.

"Av TO6 elUpog elvai A = 1, | guv@pTnon AéveTtal BnuaTik povadiaiou elpoug.
"Av ) BnuaTiki cuvaprtnon épapuooBel oT6 cuoTnua g€ xpovo ty # 0 ToTe ypade-
Tar we ult — ty) Gv t, > O kai we ult + ty) Gv t, < O.

lMapddeyua 3.
NG petaoxnuaTticOei kara Laplace )y ocuvaprtnon:

Ovyiat<O
f(t) =
Atyidt >0

8mou A = oTaBepd (ox. 13.4PB).

f(t)

I

Zx. 13.48.

L -t

'"H ouvaprtnon auth 6voudletal cuvdptnon dvappixnoewg (ramp function).

Noon.
O4a éxope:

£ [ -st _ 00 00 _
L )] [ Ate®t dt = At " —

A oo " A
= f oS! dt = - vids #0
S 0 S

lNapaderyua 4.
N& petaoxnuatioBei | cuvaprTnon:

Oyiat<O
f(t) =
Anuwtyiat> 0

8mou A kai w oTaBepoi apiBuoi.
Nuaon.
Od& éxopue:
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CL [f(t)] =f°° Anuwt . e St dt
ejwt . e-jwt

2]

AAAG nuwt =

OmdTE

A | |
L [f(1)] = " (el — et 5 gt =
] To

A 1 A [ Aw

2] S — jw 2] S + jw s? + w?

Twpa 84 yeAetficope T6 peTaoxnUaTIoud piIdg cuvapTHoewgs, TToU S€v apxider -
mé 76 xpévo t = 0 AAAG 4né t = t, #= O [ox. 13.4vy(a)(B)].
f(t)+ A f(t—to)

@ ®

Ix. 13.4y.
'EneidA f (t — ty)) = 0 vid O < t < t, éxope O

F(s) =( f(r) e dr =" fit—t,) et "t dt=
"o

=e"°sf°° fit — t,) &St dt
émou t — t, =r. g
"ETol ¢aiverar 6T

L [ft — )] =7 flt—t)) et gt = e F (s) (13.4.4)

AnAadn i xpovikl ueT@Beon wiGg cuvapThAoewg f(t) kaTa t,, cuvendyeTal TTOAAa-

nAaociapd Tol pyetaocxnuaTiopol Laplace Tfig ouvapTthoewg F(s) yé 16v mapdyovra
e S

Mapdderyua 5.
N& petaoxnuarioBeil katd Laplace § ocuvdptnon maApol (ox. 13.468):
fit)y =A=0106. yiIa 0 <t < t,
kaf fit) =0yidt <O, t>t,
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Ix. 13.46.
2uvapTtnon naAuou

tO
Nuan.

‘O petaoxnuatioudg Laplace TAg ouvapTAoew aUTAC PTToPeT va BpeBei wc &-
§NG:

Qewpolpe 8T i) ouvdpTtnon f(t) arnoTeAeitar and T Siadopd piag BNuaTiKAg cu-
vapTAoews pé elpog A, Mol dpxilel o€ xpovo t = O, kai widg GAANS BNUATIKAC Tu-
vapTAoews pé eupog A, ol dpxilel oé xpovo t = t,. AnAadA:

fit) = Au{t) — Aut—t
‘O pyetaoxnuaTiou6dg katdé Laplace tA¢ mapandvw oxéoewg pag Siver:

L ()] = LAauw]) - LiAu(t- tal} =

A A A
— e St = (1 —eSh) (13.4.5)
5 S S

[Tapaderyua 6.

Suvdprnon kpouoewc | ouvdprnon §éAra (5(t)]. 'H ouvaprtnon auth dnoTeAei
Opiakn katdoTaon TAG ocuvapThoews TMaAuou kai OpileTar wg €ERc:

0 a0 <t<t
Stofo b ! i
&it) = fif) = » ,
[ O viat <O, t; <t

'Ene1&n 16 Jwog TG ouvapTAoews eival A/t,, kai i S1Apkeid Tng eivai t, SeuTe-
pOAerTa, i) émddavela To0 maApol eival fon pé A. “OTav ) Sidpkeia To0 maApod Tei-
vel mpdg 16 undév, 16 Uwog A/t, Teivel mpdg TO Greipo, AAAG A mepikAeidpevn émi-
davela mapapével ion pé A. T uéyeBog TAG ocuvapTNOEWS LUETPEITAI PHE TO TTEPI-
KA€IOpevo epuf3ado.

‘O petaoxnuatioudg Laplace TRg ouvaptTnoewg auTng BpiokeTar wg €ENG:

[1—e% )=

L [6(t)] = L[] = op_.
t 20

tos
[A(1 — e St )]
dt A
= op 2 s (13.4.6)
t—-0 d S
(toS)
dt,
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AnAadn 6 petaoxnuaTiopdc Laplace TAc¢ ouvapThoewc kpoUoewc & (t) eival i-
go¢ ué TAV TEPIKAEIOPEVN ¢mddavela KATw Améd TAV KapumuAn. ‘H guvdapTnon &(t) ei-
val and Ti¢ mé xpAoIueg ouvapTnoelg. 2Tov rmivaka 13.4.1 daivovral XpNoIPo! JE-
TaoxNUATIopoi ouvnBiopévwy ouvapTAoewv katd Laplace.

21ov mivaka 13.4.2 Sivovral, xwpig anddeifn, dépiouévec Baoikég (516TNTEG TOU

ueTaoxnuaTtiouou Laplace.
MINAKAZ 13.4.1.

Xprjowpor yeraocxnuariopoi ouvnBiouévwy auvaprricewv kara Laplace.

f(s) F (t)

1 & (t) KpouoTikf ouvd@ptnon

- u (t) Movadiaia BnuaTtikni
S ouvaprTnaon

1 tn-1
in=1.,2...)

s (n— 1)
1 1
Vs NG
s':ﬂz 2/ ——t

m

2” tn“ 1 f2}

1.3.5..(2n— 1) /1

S-[{n +(1/2)] (n = 1'2)

M (k)
— (k> 0) el
S
1
at
o
S—3a
1
teﬂt
(s — a)?
1 1
— (n=12..) " g™
(s — a) (n — 1)1
(k) k-1
( X (k > 0) ' ™
§ —. 0

(guvexileTat)
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NINAKAZ 13.4.1.

Xprnoipor yeracxnuariouoi ocuvnBiouévwyv ouvaprriocewv kara Laplace.

f(s)

F(t)

1

(s —a) (s —b)
S

(s —a)(s—Db)

1

(s — a) (s — b} {s—rc)

at

DI)

(ae” — be

a—>b

(b—c)em +(c—<:1}er‘}1 + (a—b) e™

(a—b)(b—e) (e —a)

sin at
a
cos at
1
sinh at
a
cosh at
1
(1 — cos at)
02
:
(at — sin at)
03
:
(sin at — at cos at)
2a°
t
— sin at
2a
1
—— (sin at + at cos at)
2a
t cos at

(ouvexileTar
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Xprjoipoir peracxnuariouol ocuvnBiocuévwy aguvapriiogewv kard Laplace.
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f(s)

F(t)

H

S

(s? + a?) (s? + b?)

[(s + a)? + b?]"

((s + a)? + b?]"

s? + a®

4a3

s? + 4qa?

s® + 494

(a® # b?)

cos at — cos bt

dr
(-—2t)r'1 —_— [sin bt] }
dt

3
Clt\z/_- — \/é_sin

-at /
at _ glan/2

e (cos

sin at cosh at — cos at sinh at

1

2a?

sin at sinh at

e

b? — a?
1 at .
—— e  sin bt
b
e cos bt
*'-'E_m n (Zn—r-—- 1 ) dr
> |2y
4" S\ - dt’
g n ( 2n—r—1 )
4" pn {r=1 n—1

aty/3

2

)

(cos (bt)]
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MNINAKAZ 13.4.2.
1816TnTes roU peraocxnuariopou Laplace.

F (t) f(s)
1 F) /7€ F i dt
"G
2 AF(t) + BG (1) Af (s) + Bg (s)
3 F (t) sf (s) — F (+0)
a4 F" @) 8" fis) — %! F 40V —8"% F (400 —...
—F™" (+0)
5[tF(T)dT Lf(s}
J R
6 [ F(Ndrar L s
0 s?
. f‘a (t — 1) F, (1) dT = F,*F, f, (s) f, (s)
(0]
8 tF (1) —f" (s)
9 t"F (1) (—1)" £ (s)
1 F (1) "7 £ (x) d
10 —_— 5 x) dx
: i
11 e F(1) f(s—a)
12 F({t—Db) 8mouF(t)=0 ebs f(s)
épboovt <O
| 1 t
. 13 — F{—) f (cs)
C C
1 t
14 aoWe g ) f(cs — b)
C C
fﬂ e S' F (t) dt
15 Fl{t+a)=FI(t) . T
f° e ' F (1) dt
16 F(t+a)=—FIt) :
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T6 Bewpnua tric diapopioews.

'O peraoxnuatiopog Laplace ¢ mapaywyou pidg ouvapToews divetar amo T
ox€Eon:

d
L[—de(t)]st(s)—f(OJ (13.4.7)

Ymou f (0) efvar A dpxikA TiuA ThAg f (t) yia t = O.

2176 oxAua 13.4¢€ daivetal A onuaacgia mou éxel O KABopPIoUOG TAG APXIKAG TUV-
BAkN¢ TAS TINAS PG ocuvapTRoews. 'H TIiuA oTAV mpwTn MEPITTWON THS TUVAPTN-
cgewc f (t) eival SiapopeTikA yia t = 0, Tav nAnaidlope 16 anueio t = O 4rd dpvn-
TIKEC TINEG ATMO O, 11 Ttav mAno1Glope 76 onueio t = O 4nd OeTikEQ TIYEG.

£(t) ?HU

_”O”:ﬂ f(0)=A f(07)= A
P

§-
\
—

2x. 13.4¢.
a) Zuvdptnon Bnuatog. B) Zuvnuitovoeidng.

T6 Bewpnua rijc 6AokAnpuwicews.

‘O petaoxnuatiop6g Laplace To0 dAokAnpwparog piag ouvapThRoewc f (t) Sive-
Tar and 13 oxéon:

F (s) f~1(0)

LUt dt] = ; (13.4.8)

S S

Smou ' (0) = [f (t) dt yia t = O

Fevika, i OAokAfpwaon auTh elval dpkeTd émimovn kai moAUTAOKN. ‘Yridpxouv 8-
HW¢ MOAU dnAouoTepeg péBodor pé Tig dmoieg umopolue va Bpolpe TA cuvapTnNan
f (t) ané 1 ouvaprnon F (s), xwpig va dnaiteitar aneuBeiag dAokAApwon.

Mé ) xpfion mvakwyv pyrnopolue elkoAa va émAdoope TAV mapandvw axéan, 8-
Tav | ouvaptnon F (s) TeO€el oTAv katdAAnAn popdn.

27ig €mOueveg mapaypagpoug neplypddope ne®ddoug peTatpomnic TAC ouvapTh-
ogewg F (s) o€ yopdr katdAAnAn woTte va@ pumopolue elikoha va XPNOINOTOIRCOUE
ToUg Tivakeg, yid va Bpolpe 1A {nTolpevn popdA TAg cuvapTAoewc f (t).

13.5 'AvrioTpogog petaoxnuatiopég Laplace.

‘Avadépape ponyoupévwg 811 yid va dndonoifoope TAv émiAuon TV Siadopi-
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Kwv €§iIcwaewy, ou meplypdgouv pabnuatikd A Suvauikn TV cuoTnudTwy au-
TOMATOU €Aéyxou, kaTadeuyope oTd petaoxnuatiopd Laplace.

Mé TOv TpOTmO auTd ol diapopikég ¢Eiocwaelg peTaTpénmovTal o€ AAyeRPIKEC kai A
éniAuon Toug eivar elikoAn kai ypAyopn. OuaiaoTiké dnAadni 16 MpoBANua peTarti-
Oetal dnd 16 xpovikd medio oTd piyadikd nebio.

Eivai Aoimbv eukoAovonto 871, vid vé Bpolue T XpovikA ouvdpTnon mou eiva
AUon TAGg diadopikig é§icwaoews, mpémel va Eavayupicope oTd xpovikd medio and
TO Omoio §exivicape apxikd. ‘O Ttpbdmog énmavadpopdg Amd 16 piyadikd oTd XpPovikd
medio emTuyxavetal Pyé 1OV AvTioTpodo peTtaoxnuatTiopd Laplace.

‘O guuBoAioude Tou eivar: -

—

f1
oA [F (s)] = f (1) (13.9:1)

MaBnuaTikg, | cuvdptnon f (t) BpiokeTal andé TA cuvaptnon F (s) yé Tév TUMO:

1 S B
Fitl= — | AR - (s) eSt ds, viat >0 (13:5.2)
21—” C ~ |oo

13.6 MéBobog GvaAuoewg oé pepikd kAGopara.

[evikG, oTd cuoTApaTa autoudTou €Aéyxou N yeTaoxnuaTiopgévn kaTtd Laplace
AUon nmapouci@letalr ot HOPDN:

B
F(s) = s {13.6:1)

A (s)

Ymou A (s) kai B (s) elval moAuwvupa 100 s, kai & BaBuég Tol moAuwvipou B (s) ei-
val JikpoTepog f Toog amd 16 BaOud 1ol moAuwvupuou A (s).

“‘OTtav autd dév ouuBaivel, ékTeAoOpe TRV AAyeRBpikA Siaipean kai TO émTuyxa-
VOUE.

Mé vé ynopéoopue va épapudooue 1 nEBOSO TG Avalloewg g€ pePIKA KAGQ-
ouarta, npénel va éxppdoope TOV ApIBuNTA Kai Tév mapovouaoTn ToU KAQOHATOG
F (s) gé yivbuevo mapaydvtwy, §nAadr mnpémnel va 16 Ppépoue oTn popodn:

F (s) — B(s)  kis+2z)(s+2).(s+2z,) (13.6.2)

A (s) (8 + py) I8 + poh (84 P )

8mou ol moodTNTES 2,, 2,,... 2, Kal Py, Py... P, €IVAI TIPAYUATIKOI f PAVTATTIKOI
apiBuoi.
Efvai pavepd 611 yid kGOe piyadikbd dp1Oub z ff p, Ba npémel va Undpxe kai & au-

CuyAg Tou.
NapakGrw ¢Eet@loue Tpeig mepImTwaoeig AvaAloewg TR F (s) o€ pepikd kAaopa-

Ta dvhoya pé Té6V ApiBubd kai Tév TUMo TWyY NOAwv MoU éudavifovral oTA ouvap-
tnon F (s).

lMepimTrwon 1.

‘AvdAuon oé &6poioua pepikwv kAaoudrwv, 8rav ol néAoi elvar npayuarixof 6-
p1Buof un énavadaufavouevor.
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2TV nepimrwon auth A ouv@ptnon F (s) yrropel mavra va dvaAuBei o€ GBpoi-
oua pePIKWY kKAaoudTwy. AnAadry urmmopolue mavra va dépope T ouvaptnon F (s)
OTA HopPON:
B (s) K, k, k

F{s) = = + o aen ¥ L (13.6.3)
A (s) (s + p,) (s + p,) (s +p,)

6émou ol apiBuoi k,, k,,..k_ eival mpaypaTikoi. 'ESQ 16 mpdBAnua dvayetar otov
UrToAoyIouO TWV cuvTeAeaTwy K,, k,,...k . & dmoiog yiveTar wg €§Ag:

‘H 1y k@Be GpiBuou k., (k = 1,2... n), yrropel va BpeBei v moAhanAaaiGoope
Kai 7@ 600 PéAn TAg efiowaoewg pé TOV avtioToixo mapdayovra (s + p, ) kai oTh

guvéxela avrikaraoTAoope brou s = — p, . AUTO pag diver T oxéon:
B(s) K, k,
| (s + p.)] = | (s + p. ) + (s +p,) +...+
A (s) Pk — (s + p,) Pk (s + p,) :
(13.6.4)
kk n
+ (s + py) + ... + (s + p)]
(s + p) (s + p,) s =—p,

2tAv TeheuTaia oxéon, 8Aoi ol dpoil unbevilovral ékTog dnd TOV $po MoU mepi-
Aaupaver T6v mapdayovra k, . "ETot:

k= [ —2 (s 4 pu] (13.6.5)
= S + 6.
X A (s) Pk |s =— Py

‘ApoU UmoAoyicope BAoug Toug ouvTeAeoTég k., k = 1, 2..n A ouvaptnon f (t)
urmopei va BpeBei dnd T6v mivaka 13.4.1 4n’ dmou maipvoue:

f(t)=k,eP' +k,eP' + . +k ePnl yiat>0 (13.6.6)
lMapaderyua 1.
Na BpeBei 1)y ouvaprtnon f(t), mol dvrioToixel oTh ouvapTnon:

s + 3

BiE) =
(s+ 1)(s + 2)

Auon.
‘AvanTtOooope TA ouva@prtnon F(s) oé pepikd kAdopara:

s+ 3 K, k,
F(S)= = +
(s + 1) (s + 2) s + 1 g 4 2

[a va Bpolue 16 k, moAAanAacialope kai Ta §U0 péAn TAC ediowoewc pé (s + 1)

Kai 0T guvéxela Bpiokope 16 k, BéTovrag émou s = —1. AnAadn:
s+ 3)(s+ 1) ky(s+ 1) k, (s + 1)
— - '
s+ 1)(s+2) s=-—1 (s + 1) (s + 2) i esi]
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, (—17 + 3) ) 2
; ErEETE i ==

Mée 1OV 1610 TpdNO Bpiokoue OTI:

(s + 3) (s + 2)
(s +1)(s+2) s=-2

‘AvtikaOigToUue Tig Tiuég Twv k, kai k, oTd KAGouara kai EXOuE;

s+ 3 2 =
Fis) = ' - 0
(s +1)(s + 2) S + 1 S + 2

‘A0 TOUG mivakeg maipvope TAV €mBuunTtA ouvapTnaon:

fit) =2e ' —e?, t>0

lMapadeyua 2.
Na BpeOei ) xpovikn cuvapTtnon f(t), molu davTioToIXel OTA cuvapTnon:

§2 + Bg?2 + 9 + 7

F(s) =
(s +1)(s+ 2)

Auon.

‘O dp1BuNTAS €eival peyaAlTepou BaBuod amé TéV mapovopaoTh. AlaipwvTac,
BpioKOUE:

S + 3
(s + 1) (s + 2)

Fls) =s + 2 +

‘O TpiTog 8pog TAC oxéoewc auThA¢ eival | guvdpTnan Tol MPONYOUNEVOU Mapa-
SeiyuaTtog. 'ETol, pé XxpAON TWV MVAKWY EXOME:

d -t -2t {
f(t) = - S5(t) + 28(t) + 2 —e™@', yiat >0

lTepintwon 2.

‘AvdAuon o€ GBporoua pepikwv kAaoguarwv, 8rav r) cuvdprnon F(s) nepidaufa-
ver ouluyeic moAous.

“Otav éxope ouluyei¢ nmoOAoug, | dvdAuon o€ GBpoiopa pepIKwY KAQONATWYV
nmaipvel TAvV €&EN¢ popdn:

B(s k,s + k k k
F(s) = b : = + - & g (13.6.7)

~ Als) (s + p,) (s + p,) (s + ps) (s +p,)

¥mou ol mdAol p, kai p, eivar ol culuyeig mdhoi. ‘H diadikaoia UMOAOYITUOT TWV
guvteheaTwv k, eival | iia, Smwg Mponyouuévws.
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Mapadadeyua 3.
NG BpeBel & avrioTpodog peTaoxnuaTtiopog Laplace Tng guVvapTNOEWC:

S + 1
Fig) =

] s {e® +5+ 1)
Nuon.

Npwra ékppalope T ouvaptnon F(s) g€ yivouevo mapayovrtwy mpwTtou Pab-
uoU. ‘H oxéon s?2 + s + 1 eival deutépou BaBpol. 'EmAvovTag ) SeutepoBdabuia
gx€an, TAipVvVOUE:

s2+s+ 1=1(s+ 05 + j0,866) (s + 0,5 — j0,866)
‘AvTikaBioToUueE OTAV APXIKA OXEON Kai TTAIPVOME:

S + 1
s(s+ 0,5 +j0,866)(s+05—j0,866)

Fis) =

‘Edvappodlovrag TH péEB0SO Avalloewg o€ GBpoIoua PEPIKWY KAQOPATWY, TNV
mepimrwon undptew¢ oculuywyv TMOAWY, EXOUE:

S + 1
s(s+ 0,5 +j0,866)(s+ 0,5 —)0,866)

|

kys + Kk, Bz
(s + 0,56 +j0,866) (s + 0,6 —j0,866) S

NoAAamAaoidalovrag kai 7Ta dUo péEAN pé TO YIVOWEVO

(s + 0,5 + j0,866) (s + 0,6 — jO8B66)

Kai avtikaBioTwvrag dmou s = (—0,5 — jO,866), éxope:
s + 1
=|k,8 + k,
S s =-0,56—-j0,866 s=—-0,5-0,866
0,5 — j0.866 |
A _ =k, (—0,5 —j0,866) + k,
—0,5 —j0,866

n 0,5 —jO0,866 = k, (0,25 + jO,866 — 0,75) + k, (—0,5 — jO,866)
‘E§icwvovTtag Td npaypaTik@ kai davraoTikd yépn maipvope:

—0,5k, — 0,5k, = 0,5 -k, — k, =1
A
—0,866k, + 0,866k, = 0,866 -k, + k, =1
‘EmAUovTag Bpiokope: k, = —1 kai k, = 0.

[1a va Bpoupe TAV TN 1700 ky; MoAAamAaaoialope kai Ta SUo PéAn pé s kai oTA
oguvéxela Bétoue s = 0. AnAadn:

S + 1

S
s{s? + 5+ 1) 5= 0
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Mg avtikaraoTaon twv Tipwv k,, k, kai k,, maipvoye:

—S 1 1 s + (05 0.5
F(S): + — = — 4

s+ s+ 1 S s (s+05)2+08662 (s+05)?~+08662

"ArTo ToOv mivaka 13.4.1 maipvoue 1A {nTOUpevn éxdppaon:
f(t) = 1 — e 95t c0s0,866t + 0,578e79°! sin0,866t, yiat > 0
lMepintwon 3.

AvdAuon o€ &6Bpoioua pepikwv kAaocuarwv 8rav i ouvdprnon F(s) nepiAauBa-
ver Buorous moAouc.

‘YnoBétoue, 611 & napovopaoTAg TAC ouvapTnoewcg F(s) = B(s)/Als) dtav dvaAu-
O€el g€ yivouevo mmapayovtwy, mepiAauBdver A moAAanAég idieg pifec. AnAadn:

Als) =(s +p)A (s +py)(s+py)..{s+p,) (13.6.8)

2TAV MepimTwaon auTtn f dvaAuon TA¢ ouvapTnoewg F(s) gé GdBpoiopa Pepikwy
KAaouATWYV YiveTal wg &Enc:

B(s) k K, K,
Fs) = = : Nt “M i Az,\z
Al(s) (s + p,) (s + p,)"" (s + py)™
K a a a
+ L 1 + 2 + .+ L (13.6.9)
S + p, s + p, S + P, S+ P,

omou ol ouvTeAeaTég k,, k,, ... k, divovTal ano Tig ox€TEIS:

B(s) \
ky = [ i (s +p))" g = _p, (13.6.10)
1 d B(s) \
kp1 =— X [ (s +p)*] g = _p, (13.6.11)
1 ds A(s)
1 d B(s)
K, . = . (s + p)* o — _ (13.6.12)
1 sl B(s)
Iy = | 54 o oo (13.6.13)
ToA-1 dsM? Afs) Pl s =,
kai ol guvteAeaTég a,, a,, .. a, Bpiokovral dnwg OTAV TEPIMTWON TWY AMAWY

nMOAwWV.
‘H TeAikA éxkdpaon vid TA xpovikn cuvdptnon f(t) diverar andé 1t oxeon:

B _ K A-1 Kh-1 A2 Pyt
(1) = o, Flo = (A o1+ 2 gtk e Py

+a,ePt +a,ePt + . +a,ePnt yidt>0 (13.6.14)
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[Mapddeiyua 4.
NG BpeBei | xpovik ouvaprtnon f(t) mol avTioToixei oTA ouvapTnon:

§2 + 26+ 3

(8 4+ 1)°

F(s) =

Nuon.
'Exdpdlope TAV mapandvw guvdptnon oé &6poioua PEPIKWY KAQOUATWYV:

K3 N K, Ky

F(s) =
8) (s + 1)° (s + 1)* " 5+ 1)

01 ouvteheoTég k,, k, kai k, umoAoyilovral amd Tig YVWOTEG OXETEIC.
AnAadn:

B(s)

kEZ[A(s) s+ 1P . __,=1{2+2s+3} ,__1 =2
ks = | js [ ig s+ 1Pllg__1 =

= | - (s?+2s+3)] . __,=2s+2)__,=0

k‘_(3-1-1)1 { j; | 28 or Wl =
:% [ ;; (s2+2s + 3)] |, _ _; =;—><2=1

"Apa fy {nToupevn aguvdptnon f(t) divetar amdé T oxéon:

-1 2 =] -1 1
#) =L | 1+l 01+ 1 = (12 + e, yid t > 0
(s + 1)° S

+

13.7 'EnfAuon ypapuikwyv diadopikwv éficwoewv pé 11y u€Bodo yeraocxnuatiopou
Laplace.

Méxp! Twpa mapouciaoaue TOV OpIoud, Tig 1616TNTEC Kai TAV TEXVIKA €PAPHOYNAS
ToU yetaoxnuartiopou Laplace kai To0 avrioTpdpou Tou. TH néBodo autry B4 TRV é-
dapudooue oTAV émiAuon Twv ypaudikwy Sdiadopikwy éElcWoewV.

‘H péBodog To0 petaoxnuaTiopol Laplace eival 4nAnR, elkoAn kai ypAyopn Kai
Sivel TAvV AARPN Alon oTig diadopikég e§iIcwaoelg, dTav UTdpxouv ApXIKEC TUVORKEC
(o€ xpbvo t = 0).

M1a tAv édpapuoyn TRg peBbdou dkoAouBolue dUo BAuara:

1) ZtA diadopikn égicwon yetarpénoue kGBe Hpo TNG, HETW NETAOXNUATIONOU
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Laplace, g€ &po mouU mepiéxel TA peTaBANTA s. MeTaTtpenoue €T1ol TN diapopikn €di-
gwon g€ aAyeBpikn, TAV Omoia émAlope wg Mpog TNV €kapTnuevn yetaBAnTn.
2) ‘H xpovikf cuvdptnon, moU dnoteAel TA Avuan TA¢ S1adopikng €Eiowoewq

BpiokeTal pé épapuoyn ToU AvtioTpdPOU PeTaoxnuaTiopou Laplace.

[1a mapaderyua 8¢ UmoBeéoope 811 BéEAope va émAvooue TN diagopikn €ficwan

20U BaBuou:
mx + kx = f(t)

brou, N ouvaptnaon f(t) mapioravel TAv édpappolopevn dUvaun oTd CUCTNUA KAl X

onuaivel T deuTepn nmapaywyo TA¢ pweTtaBAnTAg X(t).

‘Edappdlovrag 16 mpwTo BANA, HeTATPETOpE KABe Opo OTOV AVTIOTOIXO OPO

TOU petaoxnuaTtiopou Laplace. AnAadn:

[(mx] = m [s2X (s) — sx (0) — x(0)]
[kx] = kX(s)

[f(t)] = F(s)
"AvTikaBioTwvTag maipvoueE:
(ms? + k) X(s) — msx(0) — mx(0) = F(s)
"Av ol dpxikéc auvOnkeg eival pndév, B4 Exoue:
(ms? + k) X (s) = F(s)

X X(s) 1
F(s) ms? + k

’ X(s) = F(s) :
l =S ms? + k

"Av ) f(t) eival wid Bnuartikh ocuvdpTtnon, dv dnAadn,

L [f(t)] = F(s) =

S
04 éxoueE:

/

Xis) = s(ms? + k)

'Edapudlovrag T6 20 BAua ToU TEOMOU €MAUCTEWS BPioKOUE:

B [ T 1 / k
X(t)==[ [ = cosy/ —t,yiat>0

s (ms? + k) k k m

“Av ol dpxikéc auvOfkeg &€v eival pndév, Exope:

F(s) msx(0) + mx(0)
X(s) = > e -
ms* + k ms* + k
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'‘Ané auTtn, Gv F(s) = 1/s, maipvoye:

. . e .
x(t)=a£ | (s) ]+L [ msx(0) + mx(O) |

ms? + k ms? + k
1 1 k k m k
= cos\/ — t) + [x(0) cos — t + x{(0) / — sin 1]
k k m m k m
Mapdderyua.

Na émAuBeil i diapopikh €tiocwan:
X + 3x + 6x = 0

ué dpxikéc ouvBnkeg x(0) = O, x(0) = 3.

Nuon.
'Edapudloue 16 petaoxnuaTtiond Laplace oé kGBe Opo kai €Tl EXOUE:
[s2X(s) — sx(0) — x(0)] + [3sX(s) — 3x(0)] + 6X(s) = O
A s?X(s) — 3 + 3sX(s) + 6X(s) = O
3 X(s){s® + 3s + 6} — 3 =0

V15
2
\ﬁg)z

2

3 23
5

: (s} — ~
" sl s°+3s+ 6 \/h‘

(s + 1,5)2 +(

2 UVETTWC:

/15

gin { ~——1)
2

x(t) =

N
/5

B e e B —
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