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NEPINHWH

H efdptnon tng olyxpovnG Kowwviag amd tnv mapoxn NAEKTPLKNG EVEPYELAG EXEL
obnynoel otnv aufavopevn IATNon Kal KatavaAworn tng kabwcg kat otnv avénon tou
MEYEBOUC KL TNG TTOAUTTAOKOTNTAC TOU oUOTHHaToG dtavounc. Etal, n mbavotnta epdaviong
odaApatoc aAld Kot n eployr mou Ba emnpeaoctel and autod £xouv auénbel avadelkviovtag
™ omoudaldétnTa TNG yprnyopng omokataotaong tng Asltoupylag Toug €Tol WOTE va
SlaodaAlotel n aueon efumnpétnon Twv KotavaAwtwv. EmumpdcBeta, n aufavopevn
Slelobuon tTwv povadwv Sieomapuévng mapaywyng (MAN) oe mpwtn ¢aon Suoxepaivel
QUTAV TNV KOTAOTAON, WOTO0O0 XPNOLLOTIOLWVTAG KOLVOTOUEG TEXVOAOYLeC EEumvwV SIKTU WV
pmnopel va BonBnoel oe mpoBARuaTa anokatdotacng twv AA.

JKOTOC NG Tapouoag SUMAWUATIKAG gpyaociag sival n Statimwon Kal n enilucn tou
TipoBANHATOS TNG eMavaSLanopdwWong aKTWVIKWY AA yLa TV amoKaTAcTacn g Aettoupyiog
TouG.

Apxka, mapouaotaletal pia péBodog amokataotaong, n onola eival Baclopévn og Evav
armAoiko (Un BEATIOTO) aAyoplBUO Kol KAVEL Xprion Twv TTAnpodopLwy TIou £xouv cUAAEYOEel
amd TNV eMiAuon TG Porg Loxuog TpLv amod TNV epdavion oGAALNTOS KL TNV LKOVOTNTO TWV
YPOUUWY. To ev Adyw HovtéAo ulomolnBnke os meplBaiiov MATLAB kat edbapudotnke oe
npotuna Siktua Stavopng tng IEEE twv 33 kat 69 {uywv. Ta amoteAéopata Tou
napouactalovrol adopolv TNV epdavion oPAAUATOS O pia YPOUUN ToU SIKTUOU Kal n Kabe
nepintwon edapuootnke oe diktua xwpic Stelobuon AN al\ad kat o Siktua pe dietoduon Al.

3TN OUVEXELD, OlATUTTWVETOL Kal €TAVETOL  TO  TPOPANUa TG  PEATLOTNG
enavadlapopPwong akTvikwy AA. ApxLlkd, avaAUeTol To POVTEAO TG BEATIOTNG pon¢ LoV oG
Kol ot €€lowoelg Tpomormnolouvtal KataAAnAa £tol wote va Boolotel n datumwon Tou
npoBANuatog tng BEATIOTNG emavadlapopdwons. Me TNV YPOUULKOTONGN TwV 0pwv TWV
eflowoswv TNG PONG LoYXUOC KalL TNV eloaywyn Twv Suadlkwv petaBAntwy Tou
OVTUTPOOWNEVUOUV TOUG OLOKOMTEC TOU €KAOTOTE OIKTUOU, TEAKA TO TPOPRANUA
povtehomoleitot wg poBANpa 0/1 HIKTOU OKEPALOU TETPAYWVLKOU TIPOYPALUOTIOUOU. ITOXOG
Tou mpoPAnpatoc elvat 1) n peytotonoinon tng eEUTINPETOUEVNG TIEPLOXNG LE TIPOTEPALOTNTA
ota kpiowa ¢optia Tou cucTANATOG, 2) N EAAXLOTOMOLNGN TWV XEPLOUWY TWV SLOKOTITWY
Slvovtag mpoTepaloTNTA OTOV XELPLOMO TwV ThAexelpllOpevwy Slakomtwy Kat 3) n
g\ayLotonoinon NG MEPLKOTING evepyou LoxUog Twv MAM ota Siktua pe Sieioduon Al.

Mo tnv eniduon tou mpoPAnRuatog BeAtiotonoinong avantuxbnke KwSLKAG e Xprion TG
mAatdoppag YALMIP oto meplpdAdov MATLAB kal edapudotnke oe mpotuma Siktua
Stavoung tng IEEE twv 33 kal 69 {uywv. Ta anoteAéopata mou mapouotalovial adpopouv
Slakorn Aettoupyiog piag aAAd Kal mapamavw Ypapwy og diktua pe Steioduon Al kot xwplg
Steiobuon AN aAAd kot oAwkr dltakomr) otov utootaBuo oe diktua pe dieicduon AN.

Téhog, Slevepyouvtal cuykploslc PeTall tng BEATIOTNG emavadlapopdwong Kal TG
QTAOIKAG LEBOSOU AMOKATACTAONG.

AEZEIZ KAEIAIA

Axtwvika Siktua Stavoung, Sleomappévn mapaywyr], anokatdotaon Aettoupyiag, omAoikog
aAyoplBpuocg, BEATiotn emavadlapopdwon, Un eEUMNPETOUUEVN LOXUG






ABSTRACT

The dependence of modern society on electric power has led to its increasing demand and
consumption, as well as to the increase of the size and complexity of the distribution system.
As a result, the likelihood of occurrence of fault, as well as the area affected by the fault have
been increased designating the importance of fast restoration so as to ensure immediate
service restoration to the customers. In addition, the increased penetration of distributed
generation units (DG units) in distribution networks in the first instance aggravates this
situation, but on the other hand, innovative smart grid technologies can support the
restoration of distribution networks.

The scope of this dissertation is the formulation and solution of the distribution network
reconfiguration problem for service restoration.

First, a restoration method is presented based on a simplified (not optimal) algorithm and
utilizes the information collected by the pre outage power flow and the capacity of the lines.
This model has been developed using the MATLAB environment and was applied to the IEEE
33 and 69 bus distribution systems. The method is tested for a single line outages. Each
scenario was tested to networks without DG penetration but also to networks with DG
penetration.

Then, the problem of the optimal reconfiguration of radial distribution network is
formulated and solved. First, the model of the optimal power flow (OPF) is used as a basis for
the formulation of the optimal network reconfiguration problem. By linearizing the terms of
the power flow equations and introducing binary variables representing the switches of each
line, the problem is finally modeled as a 0/1 mixed integer quadratic programming problem
(0/1 MIQPP). The aim of the problem is to 1) maximize the served area prioritizing the critical
loads of the system, 2) minimize the number of the switching operations prioritizing the
operation of remotely controlled switches and 3) minimize the curtailment of active power of
DG units in networks with DG penetration.

The optimization problem has been developed using the YALMIP toolbox in the MATLAB
environment. The proposed model was applied to the IEEE 33 and 69 bus distribution systems.
The results presented study single or multiple lines outages in networks with and without DG
penetration but also outages of the substation of networks equipped with DG penetration.

Finally, comparisons are performed between the optimal distribution network
reconfiguration and the simplified restorative method.

KEY WORDS

Radial distribution networks, distributed generation, service restoration, simplified
algorithm, optimal distribution network reconfiguration, non-served power
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Emiong, Ba nBeha va suxoplotriow Ta PEAN TNG OLKOYEVELAG HOU Anunten,
lewpyla, Martiva kat Mapia yla tTnv apépLotn cupmopactacn, fonBela kaL tTnv ayann
TIOU oV €XOUV TipoodEPEL OAQ QUTA TA XPOVLA.

Aev Ba pmopoloa va Eexaow toug piloug pou Xproto, Nwpyo, Xavtl kat Ounpo
mou efattiog toug €Baia otdoxo autnv tn ZxoAn kot Ba nBeAla va toug suxndw
KoupayLo, duvapun Kat emLtuxia otnv kawoupla Toug {wn.

ErmutAéov, Ba nBela va mw €va PeyAAo €uXoploTw oOTov TMOAU KaAd pou ¢iho
BaoiAn yla tnv otpl&n Tou OAa auTta Ta XPOovia KoL yla TIG OpopdeG Kal SUOKOAEC
OTLYHEG TIOU ATAV Kal ouvexilel va eivat SimAa pou.

Jiyoupa, BEAw va suxaplotiow OAQ QUTA Ta TALSLA TOU yvweloa Katd Tnv
SLAPKELX TwV OTOUSWV HOU Kal N TAPEQ TOUG HOU TIPOODEPE OAPKETEC OMOPDEG
OTLYMEC. € QUTO TO ONUELO, OpwWC, Ba nBsAa va €uXaPLOTOW KATIWE TTOPATIAVW
Kamowoug avBpwmou¢ (@avaong m., Oavaong, NikoAag, lepdoipog, OiAutmog,
KwvoTtavtivog) yla T wpaleg LEPEC TIOU TIEPACOUE TIOPEQL.

TéAog, €éva Eexwplotd suxaploTw, HEoa amo tnv kapdld pou, otnv lewpyla
KwotouAdkn, n omoia pe umopével kABe pépa kal pe Bonbael va kataAdfw mola
npdyuata €xouv afia otnv {wn KE TNV avidloteAn ayamnn mou pou deixvel OAa autd

TO XpOvla.






MINAKAZ NMEPIEXOMENQN

KEMANAID 1.ttt ettt e et e st e e e s be e e e s b et e e sabe e e e snbeessaneeeesneeeesnneeesnrenenn 1
EIZATQNH ...t e e s a et e e e s s esraa e e e e s seanres 1
11 2YZTHMA HAEKTPIKHZ ENEPTEIAZ ....oevvviiiiiiiiiiiiiiniinnc e 1
1.2 AIKTYA AIANOMHZ HAEKTPIKHZ ENEPTEIAZ....ccooiiiiiiiiceecceneeeeceen 3
13 ANANEQZIMEZ MHIEZ ENEPTEIAZ (ANE)....ciiiieiiieeiieenie ettt 4
1.4 AIEZMAPMENH MAPATQIH KAI MIKPOAIKTYA ...ttt 7
141 AIEIZAYZH ANE 2TO 2YZTHMA HAEKTPIKHZ ENEPTEIAZ......ocovviiiiiiiiiiiieee, 7
1.4.2 AIEZMTAPMENH MMAPATQIH ..ot 8
143 ENEPTA AIKTYA AIANOMHEZ (EAA)..cccuviiiiiieieeete ettt 9
1.4.4 MIKPOAIKTYA (MICROGRIDS) ...ccutiiiiiiiiie ettt ettt ettt et e 9
1.5 EZYTINA AIKTYA (SMART GRIDS) ...eeitteiieeniiee ittt sttt sttt 10
KEANAID 2°.......ooiieeeee ettt ettt ettt e st e s et e st e st e st esab e e s b e sabeeebeesabeesanees 15
ENANAAIAMOP®QZH AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPTEIAX ...........ccceveeevineeannnen. 15
2.1 EIZATONH e 15
2.2 EZONMAIZMOZ AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPTEIAZ ......evvviiiiiiiiieeeeee 16
2.3 TOMOAOTIEZ AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPTEIAZ .....ovviiiiiiiiiiiciiee, 21
231 AKTINIKO AIKTYO AIANOMHEZ ...cooiiiiiiiiireettee e 21
2.3.2 BPOXOEIAH AIKTYA AIANOMHZ ...ccoiiiiiiiiiiiiiiiiiirrrrrrrecreere e 23
233 AIKTYQTO AIKTYO AIANOMHZ (TOMOAOQTIA PRIMARY NETWORK) ................ 25
2.4 ENANAAIAMOPOQOZH AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPTEIAZ A

ATTOKATAZTAZH AEITOYPTIAZ ..ottt 26
241 AIAAIKAZIA BLACK START ettt 29
2.4.1.1 O POAOZ TON MIKPOAIKTYQN ZTHN AIAAIKAZIA ..., 30
24.2 TYNOI ZOAAMATON et e s 33
KEMANAID 3.ttt ettt e st e e s emb e e st e e s mr e e e sn b e e e smrenesanreeesanreeas 35
ANAOIKH MEGOAOZ ANOKATAZTAZHZ AKTINIKOY AIKTYOY AIANOMHE .............cocveneenen. 35
3.1 [ D Y 10 ] I OO 35
3.2 AIATYTIQZH TOY NMPOBAHMATO ... 36
33 MEOOAOZ EMIAYZHZ TMTPOBAHMATOZ ...ttt 37

3.3.1 MEPIBAAAON YAOMNOIHZHZ TOY NPOBAHMATOZ KAI ANEIKONIZH TON
AKTINIKQN AIKTYQN AIANOMHZ .....ccoiiiiiiiiiiiiiiiiiiccirccc e 37
3.3.2 AIAKOTMH AEITOYPTIAZ MIAZ TPAMMHEZ TOY AA ...ooviiiiiiiiiiiniiiinece, 38
KEMANAIOD 4 ...ttt st e e sttt e s eab et e s bbe e e s anb e e e snbeeesnreeesanreeesanreeas 43
EDAPMOTEZ KAI AMTOTEAEZIMATA ...ttt ettt e st e e e s e e s nnre e e snreeas 43

4.1 EIZATQIH Lo 43



4.2 EQAPMOTH 2TO AIKTYO 33 KOMBQON.......cociiiiiiiiiiiiiciicieee e 43

4.2.1 AIAKOMH AEITOYPIIAZ THZ TPAMMHZ (28, 29)....coiiiieiieeiienieeniie e 43
4.2.2 AIAKOMH AEITOYPTIAZ THE TPAMMHE (6, 7)uveeeeeeeieeeiie ettt 46
4.3 EDAPMOTH ZTO AIKTYO AIANOMHZ 33 KOMBQN ME AIEIZAYZH AM.....covveeenneee. 48
43.1 AIAKOMH AEITOYPTIAZ THEZ TPAMMHZ (28, 29)....veeiiieeieerieeneeesee e 49
4.3.2 AIAKOMH AEITOYPTIAZ THE TPAMMHE (6, 7) ceveeeieenieenieeniee e 51
4.4 EQAPMOTH 2TO AIKTYO 69 KOMBON.....cciiiiiiiiiieiiiereeecree e 54
44.1 AIAKOMH AEITOYPTIAZ THE TPAMMHE (43, 44) ittt 55
4.4.2 AIAKOMH AEITOYPTIAZ THE TPAMMHE (8, 9).eveeeiieeieeeiee et 55
4.5 EQAPMOTH 2TO AIKTYO AIANOMHZ 69 KOMBQN ME AIEIZAYZH AN......covuveennneee 57
4.5.1 AIAKOMH AEITOYPTIAZ THZ TPAMMHZ (43, 44) ..o 59
4.5.2 AIAKOMH AEITOYPTIAZ THEZ TPAMMHZ (8, 9)..uveeeieeeiieeiie ettt 62
KEMANAID 59 ...ttt ettt et sttt e s aab et e st e e s abe e e e snr e e e smrenesanreeesanreeas 65
BEATIZTH EMANAAIAMOP®OQZ2H AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPTEIAL ................ 65
5.1 EIZATQIH Leoiiiiiiii e 65
5.2 BEATIZTH POH IZXYO2 AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPTEIAZ ................... 66
5.2.1 AIATYNQZH TOY MPOBAHMATOX ....eeeieiiiieiee et e e 67
5.2.2 FTPAMMIKONOIHZH TON EZIZQZEQN POHZ IZXYOZ ....ovviviiiiiiiiieciiieceeee 71

53 BEATIZTH ENANAAIAMOP®QIH AIKTYQN AIANOMHZ TIA THN AMOKATAZTAZH
THE AEITOYPTIAZ TOYZ ..ottt 74
531 MONTEAOMNOIHZH AIAKOTITON ..ot 75
5.3.2 MONTEAOTMOIHZH TQN MONAAQN AIEZMMAPMENHZ MAPATQIHY ................ 76
533 MEPIOPIZMOI AEITOYPTIAZ TOY AIKTYOY AIANOMHZ ...coooiiiiiiieiiiiiieeeee 77
534 ANTIKEIMENIKH ZYNAPTHZH ...cooviiiiiiiiiiii e 81
KEMANAID B ...ttt ettt ettt ettt ettt e sttt e et e e s eab e e e sabe e e ssabeeesnbeeesnbaeessnbeeesanbeeas 85

ANANTYZH KQAIKA ENMIAYZHZ NPOBAHMATOZ BEATIZTHZ ENANAAIAMOP®QZHZ

AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPTEIAZ........c..eieeeeeeeee e 85
6.1 EIZATQINH oo srre e e e 85
6.2 YALMIP Lottt 87
6.2.1 ZYNTA=ZH MONTEAQY ZTO YALMIP ....coocuviiiiiiiiiiiiiiiiiiiinc i, 88
6.3 O EMUAYTHZ GUROBI.....eeiiiiiiiiiiiiiiiiiiii e 90
KEMANAID 7° ...ttt ettt st e sttt e s an et e s nr e e sbe e e e sn b e e e smrenesanneeesanreeas 93
EDAPMOTEZ KAI AMTOTEAEZIMATA ..ottt sttt s s s 93
7.1 EIZATQIH oot 93
7.2 EQAPMOTH 2TO AIKTYO AIANOMHE 33 KOMBQN......ccocteirrieriienieerree e 93

7.2.1 AIAKOMH AEITOYPTIAZ THE TPAMMHZ (28, 29) ...uviieiiieiieeiieeite et 95



7.2.2 AIAKOMH AEITOYPTIAZ TON TPAMMOQN (2, 19) KAI (13, 14)....cocieviiiiiiiinens 98

7.3 EQAPMOTH ZTO AIKTYO AIANOMHZ 33 KOMBQN ME AIEIZAYZH AM.................. 102
7.3.1 AIAKOMH AEITOYPTIAZ TON FTPAMMOQN (7, 8) KAI (23, 24)..cccciieieeiieeenne 102
7.3.2 ZOAAMA ZTON YMNOZTAGMO TOY KOMBOY 1 ..ccviiiiiiieeenireeeereeee e 106

7.4 EQAPMOTH ZTO AIKTYO 69 KOMBQOIN.....cociiiiiiiiiieriie ettt 109
7.4.1 ZDAAMA ZTON KOMBO 12.....coiiiiiiieiieeiiee sttt 110
7.4.2 AIAKOMH AEITOYPTIAZ TQN TPAMMOQN (3, 28) KAI (20, 21).c.ceeveereeeieennnne 113

7.5 EOAPMOTIH ZTO AIKTYO AIANOMHZ 69 KOMBQN ME AIEIZAYZH AN.................. 115
7.5.1 AIAKOMH AEITOYPTIAZ THZ TPAMMHZ (8, 9) ..eeeeieeeiieeieeeieeeiee et 117
7.5.2 AIAKOMH AEITOYPTIAZ THEZ TPAMMHE (43, 44) ...ueieiiiiieeeeeee e 120

7.6 2ZYTKPIZH ANOTEAEZMATQN POHZ IEXYOZ (MATPOWER — YALMIP).....cccevrneennene 123

7.7 2YTKPIZH TON AYO MEOOAQN ..ottt 125
7.7.1 AIAKOMH AEITOYPTIAZ THZ TPAMMHZ (28, 29)...ceiiiiieiieeiieeieeeiee e 125
7.7.2 AIAKOMH AEITOYPTIAZ THZ TPAMMHZE (8, 9) .eeeeieeeiieiieeeieeeiee e 126
7.7.3 AIAKOMH AEITOYPTIAZ THZ TPAMMHZ (43, 44) ...eeieiieeeeeeee e 127

KEMANAID 8 ...ttt ettt ettt s bttt e s s bt e e s bt e e e s bbe e e snbeeessbeeesaneeeesaseeeesanns 129
ZYMNEPAZMATA KAI TIPOOTITIKEZ........coeeiiiiiiiiee et e e 129
8.1 ZYMIMEPAZIMATA ettt 129
8.2 TTPOOTTIKEZ ..ottt 132
KEDANAID 9 ...ttt ettt et ettt e sre e e b e et e ene e e nne e 133
BIBAIOTPADIA ...ttt ettt e e sttt e e st e e s s e e s bee e e snre e e snre e e saneeeesaneeeesanns 133

FIAPAPTHIVIA ...ttt st e e e s s raa e e e e 137






KEDAAAIO 1°
EIZAFQrH

1.1 2Y2THMA HAEKTPIKHZ ENEPTEIAZ

TUotnua NAEKTPLKAC evépyelag (ZHE) eival To cUVOAO TWV EYKATAOTACEWV KoL TWV
HEOWV TIOU XPNOLWUOTOLOUVTAL Ylo TNV Tapox NAEKTPIKNG EVEPYELAG OF
€EUTNPETOUEVEG TIEPLOXEG KaTAVAAWONG. MNa TNV KaAn Asettoupyla evog ZHE, Baoikn
npolmoBeon eival n mapoxn NAEKTPIKAG eVEPYElag OTMOU UTIAPXEL {NTnOon HE TO
e\dXL0To SUVOTO KOOTOC KAl TIG EAAXLOTEC OLKOAOYIKEG EMUMTWOELS, e€aodaAilovtag
TILEG oUXVOTNTAC KAl TAOCEWC TIOU LKAVOTIOLOUV Ta armodektd opla aAAd kat uPnAn
alomiotia tpododotnong. Ito Ixnua 1.1 paivetal o TpoOmog pe tov onoio Sopeital
€va TuTtiko ZHE.

H tpododotnon twv KaTtavaAwtwv HE NAEKTPLKN evépyela TPOUTIOBETEL TPELG
Slakpltég Aettoupyieg tou IHE: tnv mapaywyn, T petadopd, kot tn Stavour. H
NAEKTPLKN) EVEPYELX, amo To onueio mou Ba mapaybel péxpL to onuelo mou Ba
KatavaAlwOel, BplOKETAL O€ LA CUVEXH PO KL TIPETEL VA KOTOVAAWVETAL TN XPOVLIKN
OTlyMn TNG INTnong Adyw tng aduvauiag amobrkeuvong (VLPnAd KOOTOG) Kal TNG
amaitnong ywa aflomotia kot acdpalela tpododooiog [1].

To IvUotnua Noapaywyng mepllapPdavel Tou¢ otabuoug mapaywyng Omou
TLAPAYETAL TO NAEKTPLKO pevpa pall pe Toug urmootaBuous avupwoews TG TACEWS
yla tn petadopd tou uno vPnAn taon [2]. To cUVoAo TG NAEKTPLKAG EVEPYELAG TIOU
TLOPEXETOL OTOV KATAVOAWTN TIPOEPXETAL KUPLWC ard BepUONAEKTPLKOUG OTAOUOUG HE
NV KaUon OPUKTWV KAUoipwy (avBpakag, Alyvitng, metpéAaio, Gpuolkd agplo), anod
uSponAekTpLKOUG OTABUOUC HE TNV PO N TNV TTWON TwV USATWY, AMO TTUPNVIKOUG
otaBuol¢ PE TNV TUPNVIKA oxdon (oupdvio, B6plo, MAOUTWVLO) KoL Ta TEAsuTal
XPOVLA LE LEYOAUTEPN EVTOOHN OO OTAOUOUG AVAVEWCLLWV TINYWV EVEPYELAC, KUPLWE
LE TNV EKUETAAAEVUON TOU QVEUOU (aLOALKA EVEPYELA) KL TOU AALOU (NALOKK EVEPYELA)

[1].



To Zvotnua Metadopdg nepthapBavel ta SdikTua TWV YPAUUWY UPNAAG TACEWG,
Toug¢ umootaBuoug Telfew¢ Twv  SIKTOWV — AUTWY, TOUC UTooTaBuoUG
HETAOXNUATIOMOU HeTAEL TwV SladopwV TACEWV TOU SIKTUOU KOl TOUG UTIOOTOOOUG
unoBLBacpol TNG TACEWG O€ PEon TAon TPog TPododotnon Twv SIKTUWV SLAVOUNAG
[2]. H petadopd tng NAEKTPLKAC EVEPYELOC OO TA EPYOCTACLA TIOPAYWYNC TIPOC TLG
TLEPLOXECG KOTOVAAWONC YIVETAL HE TIC YPOUMES UPNANG Taong (YT) (150 kV) kat umep-
uPnAnRg taong (YYT) (400 kV), yia va pelwBoulv ol anmwAeLeG, oL OToleg peTadEpouv
TNV NAEKTPLKN) EVEPYELQ OE KEVIPLKA Onueia Tou SIKTUOU, TOUC UTOOTABOUOUC
petadopdg, omou yivetat urmtoBLBacpog Tng taong otn péon taon (MT), dnAadn ota
20 kV tou &iktuou. Ot unootabpot ivat n adetnpia Twv Siktvwv Stavoung MT mou
SLOVEUOUV TNV NAEKTPLKI EVEPYELO OTOUG KOTOVAAWTEG SLOUECOU TWV UTOOTOOUWY

SLOVOUAC KoL TWV YPOUMWVY XaUNARC taong (XT) 230/400 V (Evpwmn) [1], [3].
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Ixnua 1.1 Aoprn cuoTUATOG NAEKTPLKAG EVEPYELOG



INUELWVETOL OTL N SOWUN TOU CUOTHMOTOG EMNPEATETAL CNUAVTIKA amo T {ntnon
NAEKTPLKNC EVEPYELAC, TN XPOVLKN TNG LETAPBOAN KATA TN SLApKELD TOU 24WPOU Kal amnod
TN XWPOTAELKNA TNG KATAVOUN.

Av kal to MéyeBo¢ Ttwv IHE OSladépel, umapxouv HeTaEl TOUG KOwa
XOPOKTNPLOTIKA. Tol XpNOLULOTIOLOUUEVO. CUCTHHOTO E(VaL TPLPOOKA EVOAQCOOUEVOU
pevpartog, ocuxvotntag onuepa 50 1 60 Hz, xpnollomolouvtol OUwWG, O ELOIKEC
TIEPUTTWOELG KAl CUOTAUATA CUVEXOUG PEVUATOC yla T MeTadopd TNG NAEKTPLKAG
eveépyelog. Ot ypappég petadopag kat dtavoung MT €xouv TPeLg aywyouc dAcswy,
EVW OL YPAUMECG Slavoung XT €xouv emMAEOV KAl OUSETEPO aywyo. MPAUPES SLAVOUNG

XT untdpyouv kat povodactkeg, SUo aywywv [1].

1.2 AIKTYA AIANOMHZ HAEKTPIKHZ ENEPTEIAZ

H nAextplkn evépyela, n omoia PETAPEPETAL OTLG TIEPLOXES KATOAVOAWOEWS HECW
ToU SIKTUOU HETOPOPAC, SLAVEUETAL OTOUG KATAVOAWTEG Ue Ta Siktua Sltavoung (AA).
Mia oadng npooéyylon eival OTL pe Tov 0po Stavoun NAEKTPLKNG EVEPYELAG EVVOOULE
TO oUVOAO Twv Sladlkacwwy Aettoupylog Kal EAEyXOU UE TG OTIOLEG N NAEKTPLKN

evEpyeLa SLAVEUETAL OTOUG KATAVOAWTEG [1].

210 ovotnua Slavoung xpnotgomnotovvtal dUo emnineda Taong SLOVOUNC:

e H mpwtevouoa taon f tdon tpododoaiag mou xapaktnpiletal kal peon Taon
(MT)
e H deutepeliovoa tdon 1 TAoN KOATOVAAWGONG TTOU XapaKTneiletal kal xaunAn

Taon (XT)

To obotnua Stavoung mephappavetl ta AA MT kat XT Kol TOUG LETAOXNUOTLOTEG
Slavoung pe toug omoiou¢ n MT unofiBaletal oe XT. H adetnpia twv Sktvwv
Stavoung (AA) eivatl ol urmtootaBpot unoBiBacpol tng taong and YT o MT, omou

QIOTEAOUV KUPLWG TOUG KOUBOUC Tou SIKTUOU Kal TApEXOUV NAEKTPLK EVEPYELQ OF



HLKPOUG OLKLAKOUG KATAVOAWTEG (urd tn XT Slavoung) Kal o€ Peocaiou peyEBouUg
KaTavaAwTEG (UTto T MT Stavoung).

Ooov adopd v KaTaoKeEVAOTIKN Sltapdpdwon Twv AA, onUAVTIKO pOAOo €XOUV Ta
WSlaitepa xopakTnpLloTikd d6UNoNG Twv MOAEWV Kal n xwpotallkn Stapopdwon. Ta
AA MT Kat XT OTIC 0LOTIKEG TTUKVOKOLTOLKNUEVEG TIEPLOXEG £lval KATA Kavova UTIOYELA
adou €vag Aoyog sival n €AAewdn TOU QMOLTOUMEVOU XWPEOU yla TNV THPNON TwV
anootdoswv acpadeiog Kal Evag AAAog¢ Adyog ival n alobnTikr, EVW OTIC AYPOTLKEG
TLEPLOXEC lval evagpla. Ta MAeoveKTHaTa ou mapouactalouv ta evaépla Siktua os
OX£0N € T UTIOYELA elval OTL elval Alyotepa darmavnpd KoL ETONG £XOUV EUKOAOTEPN
amnokataotacn Twv BAafwv [1].

To €pyo ywa tnVv Aettoupyia, Tn ouvtApnon Kat TNV avamtuén tou AA nAeKTPLKAG
EVEPYELOG EXOUV avaAAPEL oL ALaxelploTéG TwV Aktiwv Atavoung. Ztnv EAAGSa, and
tov Oktwpplo tou 2010, oL SpactnplotnTeg TNG Alavoung HAekTpkng Evépyelag €xouv
avateBel otnv AEAAHE A.E. (Awoxeploti¢ tou EAANVikoU Alktuou Alavopng
HAektpknc Evépyelag) kat eival kata 100% Buyatpikn tatpeia tng AEH A.E [4].

1.3  ANANEQZIMEZ MHIEX ENEPTEIAZ (AME)

IAUEPO €va oo Ta peyala Bépata yia To pEAAOV TNG avBpwmoTnTaG lval Kal To
B£pa tou meptBaiAovtoc. OLmapeUBACEL; TOU avBpwTTou, LOLAITEPA TOUG TEAEUTALOUC
1-2 awwveg, dnulovpynoav TPOPANUATA KOL KOTOOTPOPIKEG TIPOOTITIKEG yla TNV
avBpwnotnTa. Mua amnod Ti¢ mopeUPBACELS TOU avOpwWIou, TToU SNULOUPYOUV TEPACTLA
npofARuaTa yla To PUOLKO TEPIBAAAOV, €lval OL QVAYKOLEC OAUEPO HEYAAEG
TIOOOTNTEG EVEPYELAC, TIOU OUIMOLTOUVTOL OTn oUyXpovn Kowwvia, Omwc &eival n
Bépuavon, o NAeKTPLOPOC, oL peTtadopeg, aAAd Kal n mapaywyn ayabwv mou
Baoilovtal onuepa otnv nAektplkr evépyela (Blopnxavia, Blotexvia, yewpyla,
0PUKTOC TAoUTOC) [5].

MNa va meploplotel n pumaveon tou puotkol mepBAAAoviog and tnv mapaywyn
NAEKTPLKNC EVEPYELOC yivovtal TTOANEG TIPOTAOCELS, ML OO TI( OTmoleC €ival ot
OVOVEWOLUEG TtNYEC evépyelag (AME). OLANE A Amieg popdég evépyelag eivat LopdEg

EKUETAAAEVOLUNG EVEPYELAC TIOU TIpoEpyovtal amo diadopeg duoikég Sladikaoleg,



OTWG €lval N KWNTIKN €VEPYELA TOU AVEUOU, N NALoKA aktwvoBoAia, n yewBeppuia, n
KukAogopia Tou vepou Kal AAAeG. AUo Baoka xapaktnplotika twv AME sivatl ot yia
™V eKUeTA@AAeuor Ttoug Oev amalteital KAmola evepyntik mapéufacn, OMwe
€€opuén, avtAnon n kavon, OMWE HUE T UEXPL TWPO XPNOLUOTIOLOUHEVES TINYEG
eVEPYELOG (OCUUPBATIKEC HOPPEC evEpYELaC), aAAd amAWG N eKUETAAAEUON TG NON
UTIAPXOUOOG PONG EVEPYELAC oTn ¢uon. EmumAéov, AOyw TNG <<PAKOTNTAG>> TOUG
TpoG To mepBariov, amoteAolv pia adetnpila yla TNV €mMiAUcn TWV OLKOAOYLKWY
TIPOPBANUATWYV TTOU aVTIHETWTTEL N IN.

OL Avavewolpeg Mnyég Evépyelag (AME) oe ox€éon HE TNV XPOVIKN KALpAKA TNG
avBpwrivng wng kat mapouoiag otn 'n eivat aveéavtAnteg kabBwg n e€avtAnor toug
e€aptatal ano t {wn tou nAou. Avefdptnta amo to pUBUO eKUETAAAEUCHG TOUG
ouvexilouv va eival apeoa SLaBEoLUeS (OTIWE N ALOALKH EVEPYELQ) 1} OVATTANPWVOVTOL
o€ OUVTOMO XPOVIKO Staotnua (onwe n Bopala). YmApXouv OUWG HOVO TPELG KUPLEG
TINYEG EVEPYELAC TIOU €vVal AVAVEWOLUEG: N NAlakn, n yewBepuia Kal n maAlppoikn.
OAeg oL GAAEG OVAVEWOLUEG TINYEG TTPOEPYOVTAL amod TNV NAlakr oktwvofoAia mou
npoornintel otn M. Na to Adyo auto n atoAkn, n vdponAektpikn, n Bopala, n
KUMOTLKA Kal n Bepuokpactakn dStadopd Twv wkeavwv Bewpouvtat SeUTEPOYEVEIS, N
€UpEOEG popdEG NALaknG evépyelag [6].

Me tnv Sieioduon twv AME OTO MOYKOOULO EVEPYELOKO LOOTUYLO ETILTUYXAVETAL
uelwon tng pumavong Tou nén apketa BePapnuévou puatkoL meptBaArlovtoc. OL AME
Bewpouvtal n AUon oto emMepXOUEVO eVEPYELAKO “ablE€0b0” mou mpokeLtal va BpeBbel
OVTIHETWTTOG 0 EVEPYOROPOC avOpWTITLVOC MOALTIOUOC OO TNV AVAUEVOUEVN OTASLOKN
€€AVTANON TWV OPUKTWV KOUOLHWY HECO OTOV €MOUEVO alwva [7]. MNa autoug Toug
Adyoug ta teAeutaia xpovia Sie€dyetal oAoéva Kol TEPLOCOTEPN E€PEUVA yla TNV
KaAUTEPN Kal armodoTIKOTEPN eKUETANAEUOT) TwV AlE.

‘Eval onpavtikd BEpa mou POKUMTEL €ival OtL ot AME Sev €xouv tn duvatotnta
OKOUO VA QVTIKOTOOTAO0UV TIANPWCE TG CUUPATIKEG LOVADEG TTAPAYWYNG EVEPYELAG.
INUOVTIKO pOAo otnv mapamdvw Olamiotwon €ival Ta  UELOVEKTAUATA TOU
napouaotalouv. Eva Baoko HeloVEKTNUA gival n e€dptnon anod tnv EnNoxn Tou £Toug,
OAAG KOl OO TO YeEWYPADLKO TAATOC KAl TO KAMO TNG TEPLOXNG OTnV omoia
eykaBiotavtal, yeyovog mou kaBlotd kdmole¢ popdéc AME (atoAwkr, nAwakn,

USPONAEKTPLKN) AVIKAVEG OTNV TOPAYWYH EVEPYELOG TN OTLYMI OTOU UTIAPXEL {Tnon



yla Katavalwon. Emiong, €Xouv apKeTA PIKPO CUVTEAEDTH amodoong tng Ta&ng tou

30% 1) KoL XOUNAOTEPO. ZUVETIWG ATTOLTEITOL O PKETA LEYAAO aPXLKO KOOTOG EGAPLOYNC

o€ UeydAn emipdvela g yns. M' autd to Adyo PEXPL TWPA XPNOLUOTIOLOUVTOL WG

OUMTTANPWHATIKEG TINYEG EVEPYELAG [8].

OL HOPDEC TWV AVOVEWCLUWY TINYWV EVEPYELOC TTAPOUCLAloVTaL TaPaKATw [9]:

H nAlakn €vEPYeELd, LIE UTIOTOMEIC TA EVEPYNTIKA NALOKA OUOCTAUATA, TA
nadnTkad nAlakd cuotpata Kat tn ¢pwrtoBoAtaikn HeETATPOT,

H aoAkn evEpyeLa, n omoia XpNOLUOTIOLEL TNV KIVNTLKH EVEPYELA TOU QVEUOU,
H udpauUAKA EVEPYELQ, |LE TIEPLOPLOLO OTA LLKPA USPONAEKTPLKA, LOXUOG KATW
Twv 10 MW,

H yewOBeppikn evépyeLa, n evEpyeLa amo To BepUIKO SUVOLLKO TNG yNG,

H Bopala, Oeplikn 1 XN EVEPYELX LE TNV TTApaywyn BlLOKAUGIUWY, TN
XPNON UTIOAELUUATWY  OaOlKWV eKUETAAAEVCEWY Kol TNV aflomoinon
Bropnyavikwv aypoTkwV (uTikwv Kot IwlKwV) KoL acTIKWV armoBARTwy,

H BdAacoa, evépyela KUUATWY, TIAALPPOIKI) EVEPYELD KOL EVEPYELD TWV
wKeavwy amo tn dtadopd Bepuokpaciog Twv VEPWVY OTNV eMLPAVELX KAl OE

peyalo Badog.

O texvoloyieg ekpetaAAevong twv AME Bplokovtal onuepa os diadopa enineda

avamtuéng. AMeg Bplokovtat oe uvPnAo emimedo avamtuéng, OMwG TLX. OL

OVELLOYEVVNTPLEG, EVW AANEG O£ OpPXLKO, OTWG TL.X. OL pnxaviopol aflomoinong tng

EVEPYELAG TwV KUpATtwv. OL texvoloyieq autég upmopolv va KoatavepunBolv o€

TEOOEPELG UEYANEG KaTnyopieg [10]:

TEXVOAOYLEC TIOU TOPAYOUV HNXOVIKO €pYO, OMWG OTNV TEPUTTWON TNG
USPONAEKTPLKAG N TNG EVEPYELOG TWV KUUATWY,

TEXVOAOYLEC TOU TAPAYOUV AUECA NAEKTPLOMO XwpPLlG TN HecoAaBnon
Bepuoduvapikwyv KUKAwV, OmMw¢ otnv mnepimtwon tou d¢wrtofoAtaikol

dawvopévou,



e Texvoloyie¢ mou mopdyouv BepudtnTa, OMWCG TLX. TA NALOKA Oepuika
cuoTtnuata,
e Kal TeXVOAoyieg mapaywyng Kauolgwyv, ONMwG otnv TNepimtwon Twv

Blokavaoipwy.

H ayopd evépyelag ival €évag and Toug ONUAVTIKOTEPOUG TOUELG TNG TTAYKOOLOG
OLKOVOULaG KAl 0 POAOG TTIOU £XEL TOOO OE OLKOVOLLKO, TIOALTIKO 000 KOl O€ KOLWWVIKO
eninedo elval kuplapxoC. Emopévwg, amotelel woxupn e€oucia o £€Aeyxog TtNng
TIAPOYWYNG EVEPYELAC.

To 2012, to 41% tng 81060NC IPWTOYEVOUG EVEPYELAC OTOV KOOWO, KaLTo 54% tng
EVEPYELAG TEALKNG XPNONG KAAUTITETOL OO TO TETPEAALO (Tl TOCOOTA autd To 1990
Atav 45% kat 50% kat 1o 1960 Atav 35% kat 34% avtiotolya), To 25,5% KaAUmTETAL
Qo Ta OTEPEA Kavaoa , to 20% anod ¢uciko agplo, 1o 9,5% amo AME kat to 3,5%

Qo MUPNVLKH EVEPYELQ.

1.4 AIE2NAPMENH NAPATQIrH KAl MIKPOAIKTYA

1.4.1 AIEIZAYZH AMNE 2TO XYZTHMA HAEKTPIKHZ ENEPTEIAZ

H ¢uown ouvdeon plog yevwntplog pe to Siktuo opiletal wg dtoouvdedepévn.
AN\Q eival anmapaitnto otL mpémel va 600l n 6€ouca Mpoooxr otnv aohAAELa KOl
otnv aodaAn AETOUPYLO TOU CUCTAUOTOC KOL TOU EAEYXOU TNG YEVVATPLOG £TOL WOTE
va emteuxBel n BEATIOTN XPriON TNG EVEPYELOC TTOU UMOPEL va mapayO«t.

levika, n Slelobuon Twv yevvniplwv mou tpododotolvtal and tig AME esivat
OUCLOOTIKA N (8l HE TIG YEVVNTPLEG PE OPUKTA Kauolpa Kal Baociletal otnv idla
pneBodoloyia. Qotoco, ot AME eival MOAU ouxvd HETABANTEG Kol Yewypodlkd
SLOLOKOPTILOPEVEG.

MLa YEVVATPLO QVAVEWOLUNG EVEPYELOG UIMOPEL va OPLOTEL WC autovoun N
Slaouvbedepévn pe to Siktuo. Mia autdvoun YEVWATPLO QVOVEWGCLUNG EVEPYELAG
TIAPEXEL TO HEYAAUTEPO MEPOG TNG INTNONG ME 1 Xwplg OGAAEG YEVVNTPLEG

1l CUOKEVEC amoBnkeuong. Ao tTnv GAAn MAeupd, o€ Eva cuvdedeEVO e TO SIKTUO



oUOTNUA, N YEVVATPLA OVOVEWG NG EVEPYELOG TIAPEXEL EVEPYELD OE EVOL LEYAAO LEPOG
Tou Olktiou, TO oOmoio Tpododoteital emiong omO AAAEC  YEVVNTPLEG.
ESw, n LoXUG OV TTAPEXETAL OUTTO TN YEVVATPLO OVAVEWOCLUNG EVEPYELAC Elval POV Eva
HLKPO MEPOG TNG LOXVOG TTOU TIAPEXETAL OTO SIKTUO OE OXEON JLE TNV LOXV TTOU TIOPEXETAL
oo AAAec cuvOedepgveg YevnTpLeG. To onpeio cuvdeong ovoualeTal ONUELO KOWVAG

ouleuénc (2K2) [11].

1.4.2 AIEZNAPMENH NAPATQIH

OL UkpEG yevvnTtpleg ev pumopouv va cuvdeBolv oto clotnua petadopag Aoyw
Tou UPNAOL KOOTOUG TWV PETACXNUATIOTWY YT Kal Tou €€0TALOUOU TWV SLOKOTITWV.

Ma autd to AGYO, oL UIKPEG YEVVNTPLEG TIPETEL va eival ocuvdedepéveg oto AA.
AUTOG O TUTIOG YeEwNnTplwv Elval yvwotog wcg Siteomapuévn mapaywyn (AN) i
Slavepnuévn mapaywyn).

H woxU¢ o€ Tétola cuoTaTa LoXUOG UIOPEL va pEEL amod onueio oe onUelo EVTOG
Tou AA. Zav amotéAeopa, pia TETola aouvnOLoTn por) LoxUog Umopel va dnpLoupynoel
POOBOETEG TPOKANOELG OTNV AMOTEAECUATIKN AELTOUPYia KAl TpooTtacia Tou AA.

AOyw NG HEWONG TWV TOPWV OPUKTWV KOUCLUWY, TNG XOUNANG EVEPYELAKNAC
anodoaong Kal tng pumavong Tou MePLBAAAOVTOGC, N VEQ TIPOCEYYLON VLA TNV TTAPAYyWYH
TOTUKAC LoxVOoG o€ eminedo tdong Stavoung sival pe tn xprion pun cuppatikwv/AME
OTWG TO PUOLKO OEPLO, N ALOALKN EVEPYELD, T NAlaKA PpwToPoATaikA KUTTAPA, TO
Bloagplo, Ta cuoTAUATO CUMTAPAywYNG (ta omola eival cuotApata cuvéUACUEVNG
napaywyng Bepuotntag kot NAeKTPpLKNG evépyelag (2HO), oL kvntrpeg Stirling, kat ot
MIKPOTOUPUTTIVEG).

AUTEG oL VEEC TNYEG evépyelag ouvdéovtal (| evowpatwvovtal) oto AA.
Onwg npoavadepOnKe, Ula TETOLA Tapaywyn NAEKTPLKNG EVEPYELAG ovopdletal All
KOlL OL EVEPYELOKOL TTOPOL TNG Elval yvwoTol w¢ Steomappévol evepyetakoi mopol (AEM).
EmutAéov, to Oiktuo Slavoung yivetalr «evepyo» pe tnv Sleicbuon tng AN kot
EMOPEVWG avadeépetal wg evepyo biktuo Siavoung (EAA). Ou duotnteg tng AN

nepappfavouv ta akdéAouba [11]:

e Eival povadeg tagng peyeboug péxpt 50 MW.



e Ot povadeg AN 1 mNy£CG LOXVOG ou eival ouvdedepéveg oto AA €xouv TUTILKA

TAoeLG amo 240 V péxpt kat 34.5 kV.

1.4.3 ENEPTA AIKTYA AIANOMHZ (EAA)

210 mapeABov, ta AA eixav povokateuBuVTIKY pon ¢ Loxvog, dnAadn amod To
oTaBuo Mmapaywyng TNG NAEKTPLIKAG EVEPYELAG TTPOC TOUC KATAVAAWTEG. Ma auTo TO
Aoyo ta AA ixav poho mabntiko.

Inuepa, ta diktua Stavoung kabiotavtal evepyd Pe TNV tpoodnkn tng All, n omoia
npokoAel apdidpoun pon wxvog ota Oiktua. Ta onuepwva AA dpxloav va
gUMAEKOVTAL OXL LOVO Ue Tn Staxeiplon TnG NTnong, aAAd Kal Ke TV Slacuvdeon tng
Al.

Mpokelpévou ta evepya Siktua Stavoung (EAA) va amoktioouv €UEALKTN Kal

geudun Aettoupyla kat €EAeyxo, mMpeNeL va pPeAetnBolv ta akdAouBa Intipata [11]:

e [pootaocia Kat EAeyxog mou Ba mpooapuolovtal avaloya pE TG CUVONRKEG
e [lponyuévol alocOntrpeg KAl LETPNOELG

e JUOKeUEG Slaxeiplong Siktuou

e [lpooopoiwaon SIKTUOU O€ TTPAYUATIKO XPOVO

e Etaywyn 6ebopévwy pe xprion eupuwv pebodwv

e NE£o¢ Kal cUyXpovoG oXESLAOUOC CUCTNUATWY HETAPOPAC Kal SLUVOUNG

1.44 MIKPOAIKTYA (MICROGRIDS)

Eva pikpodiktuo (MA) eival ouclaotikd éva EAA, to omolo amoteAeital anod Eva
ouvuaouo povadwyv A, poptiwv Kal povadwyv anobrnkeuong (OMwWE CUCCWPEUTEG,
OVTALOTOUELEVUTAPEG K.A.) o€ eminedo Tdoews Stavoung [12].

OL YeEVWNATPLEG 1 TINYEC LoXVOC TTOU Xpnotpomololvtal o€ éva MA sivat katd KUpLo
AOyo ovavewolUeg/un OUMPPBATIKEG TINYEC evépyelag (KUPEAEG KOUGLUOU,
HULKPOTOUPUTTIVEG, avepoyevvnTpLeG, pwToPfoAtaikd). Ol meplocoTeEPEG TINYEC LOXVOC
b6ev éxouv tn OSuvatrotnta va ouvbebolv dpeca pe 1o OSiktuo XT Adyw Twv

XOPOKTNPLOTIKWY TNG NAEKTPLKNAG EVEPYELAC TIOU TIAPAYETOL OE QUTEC T HOVADEG.
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JuvnBbwg amatteital pia nAektpovikny Stacuvdeon DC/AC i AC/DC/AC €10l wote va
yivel Suvartn n Sloxéteuon tng Loxvog oto diktuo XT. 2to IxNua 1.2 amelkoviletal n
OPXLTEKTOVIK €VOG MA. e auTr TNV OPXLTEKTOVIKH, To MA eAéyxetal amd évav
KEVTPLKO eAeykty (MicroGrid Central Controller, MGCC), o omoiog e&ival
EYKATEOTNUEVOC 0TOV UTtooTaOUO uTtoBLBacpol MT/XT. O eleyktr¢ elval uteuBUVOG
yla TOAAEC Aettoupyieg (omwg mpoPAePn doptiou, Staxeipion ¢ INTNONG,
OLKOVOULKOG TIPOYPAUMUATIOUOG TWV TNYWV LoXUoC¢ K.A.) Kal gival o emkepaing tou
ouoTNUAtoG eAfyxou. e £va Oeltepo emimedo eA€yxou, €AEYKTEC TOU E€lval
tonoBetnuévol ota ¢optia 1 oe opada ¢optiwv (LC) aMAd Kol €AEYKTEC
tomoBetnuévol otig mNyES LoxLog (MC) avialAlaooouv ANPodOpPLEC UE TOV KEVTPLKO
€AEYKTN Kal EAEYXOUV TLG TOTUKEG CUOKEUEG [13].

‘Eva. MA mapouaotalet moAEG Sladopég and pia cuppatikn povado mapoywyng
evépyelog. Mia onuavtikn Stadopd gival OTL n LoxUG MapAyETOL O EMIMESO TACEWC
Slavoung kat €toL prnopet va SloxeteuBel aneuBeiag oto cvotnua diavoung. Emiong,
o MA cuvnBwg eykabioTavtal o Kovid oTLC TomoBeaieg TwV MEAATWY, £TOL WOTE T
NAEKTPLIKA/Oepikd doptia va pmopouv va e€unnpetnBolv AMOTEAECUATIKA HUE TO
KATAAANAO emimedo tAONG KaL ouxvoTNTAC Kal Xwpig va emnpedlovial amd Tig
QMWAELEG TWV YPAPUWVY. To BepeAlwdeg mAgoveékTnUa Twv MA yla Toug TeEAATEG elval
OTL TIANPOUV TG TOTIKEG NAEKTPLKEC/OEPUIKEG QmaLtroel. AuTO onpaivel OTL akopa
KOl Ot Tepmtwon odAAUATOC OE KATIOLO ONUEl0 Tou SIKTUOU, Ol KATAVOAWTEC
purmopouUv va AdBouv adldAeuttn woxL, HEWWUEVEG amwAeleg tpododooiag Kot
BeAtiwpévn tomikn aflomiotia. To Baoiko MAeoVEKTNUA Yo To TtepLBAAAov gival OTL
LELWVOUV TN pUTAVON Tou EPLBAANOVTOC KoL TNV UTIEPOEPUOVON TOU TIAQVATHN LE TN

Xprion texvoAoyilag xaunAwyv ekmounwy avpaka [11].

1.5  EZYNNA AIKTYA (SMART GRIDS)

Ouolaotikd, to €€umvo OiKTuo €lval O €EKOUYXPOVIOMOC TOU OIKTUOU HE TNV
EYKATAOTAON EUPUWV NAEKTPOVIKWY CUCKEUWV OTWE €lval oL £Eumvol HETPNTEG Kall
€Va TIPONYUEVNC ETIKOWVWVIAG Kal anmoktnong S6e60UévwV AOYIOULIKO UE EAEYXO OE

TIPAYUATIKO XpOvo Tou PeAtiotomolel tn Aettoupyia oAOGKANpOU TOU NAEKTPLKOU
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ocuotiuartog [11]. Eivat ebAoyo va moupe 6t To €€umvo SikTuo elval eEOTALOUEVO HE
ONUOVTIKO aplOud ouoKEUWV UTIOAOYLOTIKNAG euduiag (computer intelligence). O
arnodAoelg ou maipvel to £Eumvo Siktuo oToxelouv ot BEATIWON TWV AELTOUPYLWY,
NG ouvtpnong KatL tou oxedlaopol, Sacdaliloviag Ot kaBe otolelo Ttou
NAEKTPKOU SIKTUOU UTIOPEL var «HINGEL Kol Vo «oKOUEW. Evol AANO GNUAVTLIKO
oTolxelo TN Texvoloyiag Twv £Eumvwy SIKTUWV gival N autopatomnoinon [14].

To €€umvo biktuo emuTpEmeL tn dnuloupyia VEWVY oTpaTNyLKWY Slaxeiplong tou
SIKTUOU TOPEXOVTAG TNV OMOTEAECUATIKY) EVOWUATWON TWV pLovadwv Sleomtappévng
TTapaywyng ylo tnv dtaxeiplon tng {tnong Kat Lovadeg amoBrkeuong Ttng EVEPYELOG
yla e€loopponnon tou doptiou. H evowpdtwon twv AME, n pelwon Twv anwAgwwy
TOU OUOTAMATOG KalL n avfnon tng aflomotiag, TG amodoTkOTNTAG KOl TNG
aopaAelag Tou £podlacpol NAEKTPLKAC EVEPYELAC OTOUC KATAVOAWTEG £lval KATIOLW
oMo TA TAEOVEKTNUATA OUTOU TOU Olktuou. To udlotdpevo nAeKTpKO Oiktuo
napouotalel €AAewn otNV KOVOTNTO EMLKOWWVIOG, evw pio €€umtvn umodoun
NAEKTPLKOU  SIKTUOU TOPEXEL QUENUEVEG  OSuvaTOTNTEC ETUKOWVWVIACG, OTMWC
amnelkoviletal oto IxAua 1.3.

e éva €fumvo 6iktuo, oL MAnpodopleg MOU AVOKTWVTIAL OE TPAYUATIKO XPOVO
QamoteAoUV To BACIKO TTAPAyoVTA YLa TNV HETAPOPA KOl SLAVOUH TNG EVEPYELOG OTOUG
KaTavaAwTéC. O avtikTtumog Twv BAaBwv Tou e€omALopoU, TwV PUCLKWY KOTOOTPODWV
oAAG kal dAAwv BAaBwv mou mpokaAoUv SlatapaxEC Kal SLaKomEG Asltoupyiag oto
Olktuo elval Suvatdov va amodeuxbolv oe apketd HeydAo PBabud péow NG
TIapakoAoUONGCNC, OE TTPAYHUATIKO XPOVO, TNG KOTAOTOONG TOU CUCTHHOTOC LoXUOG, TNG
Slayvwong kot tn¢ mpootaociag [15].

‘Eva ouyxpovo Eumvo Siktuo €xeL Tig e€ng duvatotnteg [16]:

BeAtiwon tng alomiotiag kat tng moldtnTag LoV og

BeAtiwon NG avOEKTIKOTNTAG OTLC SLATAPOXEG TOU CUOTHATOC SLOAVOUNG

JUYKEVTPWOT KOTOVEUNUEVWVY TINYWV EVEPYELAC

e AUTOMOTOTIOLNGCN CUVTHPNONC KOL AElTOUpYLOG

Mapouciaon sukalplwy yla tn BeAtiwon tng acpaielog Tou SIKTUou
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e EvOBAappuvon NG CUMMETOXNG TWV KATAVOAWTWVY OTIG Sladopeg Asltoupyleg
Tou Slktuou kat duvatdtnta olvdeong OAwvV Twv PovASwVY SlaveUnUEVNG
apaywyng Kat Stavepnuévng amobrkevonc [17]

e BelAtiwotomoinon tNg XPNong Ttou €COMALOROU Kol TNG AElToupyilag tou
OUOTHOTOC

e AuvaTOTNTA EL0AYWYNE VEWV TIPOLOVIWY , UTINPECLWV Kol ayadwv

-
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Ixnpna 1.2 MA pe mny£g oxvog, poptia kat eEomAlopo Sdlaxeiplong kat EAEyxou
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Ixnua 1.3 H apyttektovikn €€umvou SIKTUOU aUEAVEL TNV LKOWVOTNTO KAl TNV
gvell€ia Tou SIKTUOU Kal TOPEXEL TIPONYUEVN ailoBnon Kot EAeyX0 HEOW

oUYXPOVWV TEXVOAOYLWV ETILKOLVWVLWV.
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KEDAAAIO 2°

EMANAAIAMOPOQZH AIKTYQN AIANOMHZ HAEKTPIKHZ
ENEPTEIAZ

2.1  EIZATQrH

OL Ttexvoloyle¢ kol oL Hn OUMPATIKEG/AVAVEWOLUEG TINYEC OYXVOG  TIOU
napouotdotnkav oto Kepalaiwo 1 deixvouv tnv tdon Twv ALOXEPLOTWY AKTUWV
Atavopng ya aAAayrn Twv UPLOTAPEVWVY TEXVOAOYLWY TOU cuaThpatog dtavoung. Ta
VEéa Héoa TIou €Xouv avamtuxBel (aloBntripeg Kal UALKO €AEyXOU) £XOUV ONUOVTLIKO
poAo oto olotnua Olaxeiptong tou AA, adol kobiotatal €UKOAOTEPN N
OLUTOMOTOTIOLNUEVN QAVIXVEUCN KOl AMOUOVWON OGOAUATWY, N OUTOUATOTOLNHUEVN
amokataotacn PAABwWY, 0O QUTOUATOTOLNUEVOC EAEYXOG TNG TAONG KAl TNG AEPYOU
loxvo¢ K.a. OAa Ta MaPANAVW CUVTEAOUV OTNV OLKOVOULKOTEPN KOL TILO EUEALKTN
Aettoupyia Twv AA Kol yla auto To AOyo amoteAoUV €va evdladEpPoV AVTLIKEILEVO
HeAETNC.

Aoyw NG aufavopevng IATNonG NAEKTPLKAG €VEPYeElag, TO MEYEBOC Kal n
TLOAUTTAOKOTNTO TOU CUCTHMOTOG SLavopnG €XeL auEnBel onuavtikd. To yeyovog auto
LE TN OELPA TOU €XEL EVIOXVUOEL TNV TIBavOTNTA eUPAvIong ohAAUATOG aAAd KoL TO
HEYEBOG TNG TTEPLOXNC, TOU CUOTNHUATOC SLAVOUNG, TTou enmnpedletal and auto [18].
Eniong, dAAo éva onuavtikd BEpa mou mapouoialetal ota AA sival n pelwon Twv
anMwAEWV oxvog. OAa Ta Tapamdvw oUVTEAOUV OTNV TPOOTIABELd EVPECNG TNG
BéATiotng emavadlapdpdwonc tTwv AA xwplc va mapafialovral ol Asltoupylkol
TiepLopLopol tou Siktuou, KatLmou otnv dtebvn BiBAloypadia avadépetal wg Optimal
Distribution Network Reconfiguration (ODNR) kat givat dlaitepa onuavtiki yla tnv
QUTOMOTOTONON KAl TO TIPOYPAUUATIONO Tou Siktuou [19].

MmopoUpe va opiocoupe tn Aettoupyia evog iktuou Stavopung wg BEAtiotn otav
elval og Béon va e€unnpetel BEATIOTA TOUG KATAVOAWTEG Kal va tpododotel to poptio

HE TIC eAayloteg Suvatég amwAeles. MNa va emteuxBel n BEATIoTn Aettoupyia, ot
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TapAyovieg mou tnv kabopilouv eival oL amwAeleg, n ouvéxewa (aflomiotia)
tPododoTNONG KAl N oTabepoTNTA TNG TAONG.

H Swoapopdwon tou SlkTUou £€XeL OUCLAOTIKO poOAo otn PeAtiotomoinon Tng
Aettoupylog tou. Onwg avadépOnke kat oto Kepahato 1, ta diktua Stavoung MT mou
Bplokovtal og EPLOXEC AYPOTLKEG Elval ouvnBwWG evagpla. € auTd ta SiKTUA PE UIKPO
oplOpo Sakhadwoewv, To MPOPANUa emiAoyng tng BEATiotng cuvdeopoloyiag eival
TIEPLOPLOUEVO, EVW O BaBUOC eEUTNPETNONG TTOU ETILTUYXAVETAL E€0PTATOL KUPLWG oo
NV KA €AOYH TWV TPOCTOOLWY KoL TWV HECWV pUBULONG TNG TAoNG. AVTIOETWC,
otav avapePOUAOTE OE VA AOTIKO SikTuo pe TANBwpa Sltacuvdéoswy, TOTE UTTAPXEL
éva mAnBo¢ mBavwv oxnuatwyv emavadlapopdwong kat n emdoyn ¢ BEATIOTNG
ouvbeopoloylag amoteAel oUvOeTo TPOPANUA, €Vw €lvol TIEPLOPLOUEVEG OL
SuvatotnNTeg €MAOYAG TWV TIPOOTOCLWVY KAl TWV MECWV pUBULWONG NG TAONC.
KataAaBaivoupe Aoutdv, OtL o kaBoplopog g BEATIOTNG Asttoupyiag evog AA
amoteAel éva ouUvBeto TPOPANUA AOyw TNG TOAUTAOKOTNTAC TOU KAl TNG

petaBaAlopevng doptiong tou [17].

2.2 EZONAIZMOZ AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPTEIAZ

‘Eva cuotnua SLavopng tng NAEKTPLKNG EVEPYELAC amoTeAElTAL amo Bactkd SopKA
oTolela, KaBEva amo auta £XEL CNUAVTIKO POAO 0TN AELTOUPYIA TOU CUCTHHOTOC £TOL
wote va petadepBel N NAEKTPLKA EVEPYELX QMO TOUG OTAOUOUC TOpaAywYnG OTOUG
KATAVOAWTEG pe amodoTikd tpomo. Kabe povada s€omAiopou, sival avaykaio va
oXeSLALETAL YE TETOLO TPOTIO WOTE VA AELTOUPYEL LKAVOTIOLNTLKA OE CUVEPYATiA E TO
UTTOAOLTTO CUCTNUA AVEEAPTNTA LE TIC CUVONKEC TTOU ETUKPATOUV.

Mapakdtw Tmapouctdlovtal oplopéva amd ta PBaolkd OOUIKA oOTolKEla Tou

OUOTNUATOC SLOVOUNC NAEKTPLKAG EVEPYELOG:

¢ YnootaOpoi Metadopdg:

Ta AA &gkivouv amo toug umootaduoug petadopag YT/MT. Ot unmootaduol autol

€XOUV EYKOTOOTNUEVO €EOMALOUO TpooTACiOG KAl XEWPLOHOU Tou  SIKTUOU.
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JuyKekpLpéva MepAapBAVOUV amoleUKTEG, AUTOUATOUG SLOKOTITEG, EV OELPA /KL €V

TapoAAAAW XWPNTIKOTNTEG, YELWOELG KOl AOUTEC CUOKEVEC [11].

o lpappéc Metadopag kot ALavoung:

Ol ypappég petadopdc Kot Sltavopng amoteAolvTal amd NAEKTPLKOUC oywyous
KATAAANAQL TIPOOTOTEUOUEVOUG HME poOvwon (mupyol petadopdg, aAuoildeg
HOVWTAPWY, HOVWTIKA TUAlypata) amod Tig SlappoEg tAong Kal TIG avermBupunteg
YeEwwoelg. Autol oL aywyol glvat urtetBuvn yla tn pHeTadopd TG EVEPYELOG ATIO £val
onuelo og aAlo. OL ypappéG petadopac sival mavra TpLPacikéC (Tpelg Eexwplotol
oaywyol yla To eVOANQCOOUEVO PEVUUA) KOL OTIAVIWG £XOUV KOL TETAPTO OUSETEPO
(adoptioTo) aywyod. Ta kupLa LEpn evog cuothpatog Slavoung kataokeualovtol €€
0pLoHOU WG TPLPOOIKEC ypOppEC. OL ypappég Stavoung otnv MT eival mavrote
TPLOACIKEG, VW Ol Ypauuéc XT eival ocuvABwg tPLdaotkeg, oaAAA UTIAPXOUV Kol
HOVOPAOIKEC YPOUUEG. AveEdpTnTa armd Tov TUTIO TOU i} TNV XWPNTIKOTNTA Tou, KABe
NAEKTPLKOC aywyog €XeL pla avtidpaon (avtiotaon otn por pevpatog Slapécou
0UTOU) TIOU TIPOKOAEL TITWON TAONG KoL NAEKTPIKEG OMWAELEG OTOTE HETADEPEL
NAEKTPLKN evépyela. Mtwon taong eival n pelwon TG Taong avVAPECSH oTa onueia
avaxwpenong kot apEng tng evepyelakng pong. Ol amwAELEG CUVLIOTOUV HELWON TNG

KaBapn¢ evépyelag Kal eival avAAOYEC TOU TETPOYWVOU Tou peupatog [20].

e YnootaOpoi Alavoung:

To AA katoAnyet otoug umootaBuoug Stavoung, ot omoiol umofiBalouv to
eninedo TAoNC £T0L WOTE va Yivel TpododOtnon Twv KATAVOAWTWY XT HE NAEKTPLKN
evépyela. E€omAilovtal amo PETACXNUATIOTEG SL0POPWV TUTOTIOLNUEVWY HEYEBWY,
oo €€OMALOUO pUBULONG TAoNG, aAAd Kal HE PEoA TpooTaciog Omwg eival ol

Slakormtikol unxaviopot [11].

¢ METAOXNUATLOTEG:
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OL petaoxnuatiotég (M/Z) amotehoUv BaOIKO KOPMATL TOU €VAAAACOOUEVOU
OUOTNUATOG eVEPYELOG. Mpaypatomololv alAayég ota emimeda TG TAONG KOL TOU
PEVUATOC £TOL WOTE va dlatnpeital (EKTOC amod €va UIKPO HEPOG TWV NAEKTPLKWV
anwAewwv) n dla cuvoAikn pon oxvog. Ot M/2 eivat dLaBéaiuol og Totkiha pey€on,
TUTIOUG KOl XwPNTKOTNTEG. H Xxprion toug ota IHE amoteAsital amd TPELS KUPLEG
TIEPLOXEG: OTO EPYOOTACLA TTAPAYWYNC OTIOU TTpayaTonolouv avlPpwaon tng Taong os
Y.T (20 kV/150 kV 1} 20 kV/ 400 kV), otn petadopd tng evépyetag (150 kV/20 kV r 400
kV/ 20 kV) kat yta tn dtavopun tng evépyelag (20 kV/400V). [20]

e ALOKOTTEG:

H avdykn yla amopovwon KAMowwV TUNUAtwy Tou AA ylwa Adyoug aodaleiag,
ouvTNPENONG N EMIOKEUNG 08NYNoE otV avamtuén OpPLOHEVWY EL6WV SLOKOTITWV.
Meplotactakd, €ivat emBupnto va sivat duvaty n petafoAn tg ovvdeong Twv
TUNUATWY Hi0G YPOUUAG EVIOG €VOC OUOTAHUATOC TAPOXNG Loxvog, olaitepa ota
cuotiuata Slavoung yla tn dtatnpnaon tng mapoxng Loxvog oto Siktuo. OL SLaKOTTES
TomoBeToUVTAL O OTPATNYIKEG O€0ELC £TOL WOTE N oVUVOEDN HETAEL SUO TUNUATWY Vo
umnopet va avoi&et ) va kAeioel. Ot Stakomteg oxedlalovral £T0L WOTE va elval avolytol
N KA€lotol o€ ouvONKeg Kavovikng Aettoupylag [20]. Avahoya e Ta XOPAKTNPLOTIKA

KalL TN Xpron toug dlakpivovrtal os:

1. Anoleukteg (A/Z - isolators or disconnectors):
OVOUAloVTOL OL CUCKEUEC TIOU QTTIOUOVWVOUV OO TNV Tapoxn &va
KOKAw Ttou €xeL N6n teBel ekTtoOC TAONC Asttoupylag i SlappEetal amo
apeANTED peL . To pelpa auTd odelleTal KUPLWG oTA XWPLKA pEL LT

TWV HOVWTAPWY, TWV KOUBWV Kol TwV HETAoXnUaToTwy [21].

2. Awkonteg Qoptiov (A/D - Switches):
ovopaovtal OL CUCKEUEC TIOU €XOUV TNV LKAVOTNTA VA SLOKOTITOUV N
VO OmOKABLOTOUV EVTAOEL UTIO KOVOVLKEG OUVONKeEG Aeltoupyiag Tou
KUKAWHOTOC KaBwG Kal vol armokaBlotouv aAld OxL Kot va SLaKOTTouV

TIEPUMTTWOELS BpaxUKUKAwHATwY [21]. Zta Sdiktua Stavoung dtakpivovrtal
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oe O6U0 Kkatnyopiec. H mpwin &lval oL SLOKOMTEG QMOMOVWONG
(sectionalizing switches), mou cuvééouv 800 TUAUATA YPAUUWVY TNG
dlag ypapuung tpododooiag. H beltepn katnyopia mepllapPadvel
Toug Slakomteg (amoleukteg avolktol umd doptio, tie switches), mou
elval avolktol Katd tnv Kavovikr Asttoupyia tou Siktuou. KAsivovtag
Tou¢ Snuloupyeitatl €vag Bpoxocg, He tn ouvdeon SUO SLOPOPETIKWV
ypauuwyv tpododooiag. OL mapamdvw Katnyopileg Slakomtwv
oupBaiouv otnv emavadlapdopdwon tou Siktvou SLAVOUAG Kal ota
ouyxpova Siktua divetal n Suvatotnta TnAeXEPL{OUEVWY SLOKOTITWY YL
™ petafolAn tng tomoloyiag tou SIKTUOU OE TPAYHOTIKO Xpovo. H
avaykn vyl MetaBoAn tng Ttomoloyiag Mmopel va  umdpgel av
TIOPOUCLAOTEL KATIOO OPAAUA OE KATIOW YPOUUN OAAQ KoL oV
mapaBLaotouv oL AettoupyLkol meploplopol Tou Siktuou (6mwg enineda

TAONG N PEVUATOC TWV YPAUUWY).

3. Awkonteg loxvog (BpaxukukAwoewg, A/l — Circuit Breakers):
elval oL CUOKEUEG TIOU €XOuv TNV KAvOTNTA va SLAKOTTouV 1 va
QmoKaBloTOUV EVIACEL; UMO KOVOVIKEG OUVONKEG TOU KUKAWMOTOG
oAAG KUPLWG UTIO OPLOPEVEG HUN  KOVOVIKEC OUVONAKEC, OmMwe eival

n mnepintwon BpayxukukAwpotog [21].

o Metaoxnuatiotég pe SATYD:

OL petaoxnuatiotég unmofBiBacpov YT o MT eival ouvnBwc e€omAlopévol pe
ocuotApata ou divouv tn duvatdtnta petafoAng tng tadong e€66ou toug unod doptio
(Z0otnua ANayng Taong Yo Moptio — ZATYD). Me t xprion moAAarmAwv AqPewv
OTO TPWTEVOV TUALYHO TOU UETOOXNMOTLOTH KOl Kvntwv enadwv oto dsutepelov
kaBiotatoat epiktr) n aAAayr Tou AGyou LETOOXNUATIOUOU TWV TUALYLATWYV TOUC XWPIg
Slakomn NG pong wxvog [2]. H petafoAn tou Adyou HETAOXNUATIOMOU Sev gival
ouveXNg alld pe BApata, KATA €va TOCOOTO TOU apXLlkoUu Adyou ava Brua [17].
YuvnBwg, n péylotn duvartr moocootiaia avénon Tou AOyou UETOOXNUATIOHOU Elval

on pe tn péylotn duvatn mooootiaia pelwon tou. Me ) Xpon TwWV LETACXNHMOATLOTWY
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ue ZATYO® Suvartat va mpokAnBel avgnon N peiwon Tou emutédou tng TAONG OTOUG
{uyouUg tou Siktuou Slavoung mou PBpilokovtal otoug unootaduoug unofiBacouou,
pHetaBaAlovtag avtiotolya TIG TIHEC TACEWV O OAa Ta UMOAouta onueia Tou.
Emopévwg, oe MEPUTTWOELS Topafilaocng Twv TMEPLOPIOUWY TAONG OE TUNUA TOU
TIPWTEVOVTOC SIKTUOU, E LA N TIEPLOCOTEPEC AANAYEC AP EWY OTOV LETACKNHUATLOTA
™C KATAAANANG KUpLlag ypauung tpododooiag eival duvati n omokataotacn tng

AELTOUPYLOG TOU EVTOC TWV EMOBUUNTWV OpLwVv.

o XwpPNTKEG avTloTaOUIoELG:

OL eyKaTEOTNUEVEC ouoTOolYieC TUKVwWTwV Tou Slabétouv ol umootabuol
petadopag kat ot M/ Slavoung sival oe B€on va puBuilouv tnv taon aAAd Kat va
S10pBwvouv To cuvteAeoTH LOXVOC TWV YPOUUWY Tou Siktuou. OL tpomol ouvdeong
TWV OUCTOLXLWV £lval o oepd | TAPAAANAA HE TIG YPAUMES. Ol TTUKVWTEG OELPAC
(series capacitors), 5nAadr oL TUKVWTEG TTOU CUVOEOVTOL OE OELPA UE YPAUUES, EXOUV
XpnotuomnotnBet o€ MOAU TeploplopéVo Babuod o KUKAWUOTA SLavVoUng e¢attiog evog
o e€eldIKEUPEVOU TUTIOU OUCKEUNG LE TIEPLOPLOUEVO €UpoC edappoyng [11].
AvtiBeta, supela xprion ouvavToUV OL TIUKVWTEG TIou cuvEEovTal MapAAANAQ PE TIG
YPOUMEG Kol ovopalovial €YKAPOLOL TUKVWTEG (shunt capacitors) 1 €ykapoleg
avtlotabpuiosls. Auto cupBaivel AOyw tng SuVOTOTNTAG TOUG VO TIOPEXOUV AEPYO LOXU
oto Oiktuo avrtiotaBuilovtag £tol PEPOG TNC GEPYOU KATAVAAWONG amod TIC
avTOpAcel; Twv ypoppwyv. Me tnv tomoBetnor toug oe {uyolg Tou SIKTUOU
oUUBAANoLV emiong ot PElwWoN TNG MTWONG TACNE LETAEL TWV YPOUUWY TOU aAAd Kot
oTn UETaBOAN TOUu ouvteAeoTH LOXVOC TTPOG TN povada. 1dlaitepa XpRoLUEeC elvatl oL
EYKAPOLEG AVTLOTOOUIOELG LE TTOAAATIAEG KATOLOTACELG AELTOUPYLOG, OL OTIOLEG EXOUV TN
duvatdtnta puBULoNG TNG XWPENTIKOTNTAG TOUG 000 TO cuotnua Pploketal umo
doptio. Me tov Tpomo auto eival Suvatn n pubuwon ¢ emidpacng Toug oto SikTuo
oavaloya UE TIG avaykes KAAL NG depyou LoXUoG 1 TIPOCAPUOYNG EMUTESWV TACEWC
mou mapouatalovrtal kabe otyun. H epappoyn tng pebddou autng yia tn BeAtiwon
NG TAOEWC €XEL YEVIKOTEPA OOV QATOTEAECUA Kol TN BeAtiwon NG olkovouiag tou

ocuotnuartog. Ot eyKAPOLOL TTUKVWTEC avTloTabuiosw  eivatl ovyxpovol Kal otatol [2].
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2.3 TOMNOAOTIEZ AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPIEIAZ

OLtpomol oxedLAOHOU EVOC CUOTUATOG SLAVOUNG TTIOU £XOUV ETIKPATIOEL E(VAL TO
OKTWLKO, TO PBpOXOelSEC Kal To Siktuwtod AA (tomoAoyia primary network). Ot
SlopopEC peTafl AUTWVY TWV TOTMOAOYLWV ELVOL OTO WG Ta cuoTrpata tpododoaciag

Slaouvééovtal yupw amod €vav urmootaduo.

2.3.1 AKTINIKO AIKTYO AIANOMHZ

MNavw amnod to 80% twv AA TAYKOOUIWE KATAoKELAIOVTAL UE OKTIVIKN Sdopr), otnVv
omola UTApPXEL pOvo pio Swadpoun) avdapeoa oe KABe KATAVOAWTH Kol OTOV
UTooTaOpO. Ta AKTWWIKA AA AmoTEAOUV TNV OLKOVOULKOTEPN AUCH Ao Toug GAAOUG
TUmoug AA kat emiong eival amAovotepa oTnV availuon Kot otnv Asttoupyia toug [20].
To Baolkod TOUG PELOVEKTNUA glval n UTtapEn VoG LOVaSIKOU LOVOTIOTIOU AVAEDQ O
KABe KaTtavoAwTn KAl oTov UTtooTtabud, dnuoupywvtag toL va devdpoeldeg diktuo
He amoAngelg toug M/Z Stavoung. H 6evbpoeldng doun tou AA mepllapBavel tov
KOPUO Tou SLKTUOU, TIOU KOTOOKEUALETAL OO aywyoUC HEYAANG SLATOUNG KOl TIG
SLOKAQSWOELG, TTOU £€XOUV AYWYOUC UIKPOTEPNG SLATOUNG OO OTL O KOPHOC. ITLG
Slakhadwoelg ouvdéovtal cuvnBwWE oL PETACXNMOTIOTEG pEoNG TAong / XAUNnAAG
taong (MT/XT). Ze autr t Soun ouxva ultdpxouv kat Bpoxol (loops, meshes) aAAd ta
Siktua AelTOUPYOUV OE OKTVIKY SLopOpP WO UE KATIOLOUG OVOLKTOUC SLOKOTITEG, yLa
VoL ETUTPEMETAL N avixveuon BAABNG Kol N amopovwon TUNUATWY OE TEpimTtwon
odaApartoc. H kaBe ypappn evog tétolou Siktuou tpododoteital Hovo amod to éva
akpo. H kupla ypapung dtavoung, dnAadn o kopuog, tpododoteital otnv apxn Tng
amnd 1o petaoxnuatiot YT/MT.

Itnv mapouca epyacia To OkTwiKO AA Ba amewoviletal pe TNV Xpnon
kateuBuvouevou ypadou, omou ol kouBot eival ta onpeia ouvdeong twv doptiwy
(Cuyol) kat oL akuEC €lval TA TUAMATA TWV YPOUUWY HETAEU SU0 KOUBwWV. OUCLOOTIKA
TO QKTWIKO biktuo elval looduvapo pe eva 6évipo (av dev Atav KAteuBUVOUEVOG O
ypadog). H por| toxvocg ekppaletal and tnv katevBbuvon twv BeAwv (IxHnua 2.1).

H aflomiotio Toug yla ocuvexn mapoxr NAEKTPLKAG evépyelag eival wdlaitepa

XapnAn kat o Adyog eival 6tL n epudavion opaApatog oe onoladnmote tonobeoia
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TiPOKaAel Slakomn TNG TMOPOXNG EVEPYELAG OTOUG KOTAVOAWTEG Tou Pplokovtal
KOTAVTL TNG TEPLOXNG Tou odaApartog [11]. BEéBala, To PalVOUEVO QUTO UMOpPEL va
OVTIUETWTILOTEL OAKA 1) €V UEPEL HE TNV UTIAPEN TWV armoleUKTWYV TIoU €lval avolktol
uno ¢optio (tie switches), oL onoiot cuvdéouv petall toug dadopa onueia Kata
UAKOG TWV KUPLWV ypaupwyv Stavoung. Adou Aoutdv amopovwBel n meploxn tou
odaipatog pe tnv Bonbeta Twv KATAAANAwV SlakomTwy anopovwong (sectionalizing
switches), To untéAouno pépog tou diktuou Ba cuvdeBel kAelvovtag Toug KatdAAnAoug
anoleVKTEG 0€ KAToLA YpOppn Stavoung. To Ixnua 2.2 anelkovilel €va oKTWIKO AA pe

SLOKOTTN IOV €(val aVOLKTOG KATA TNV apXLKH TormoAoyia Tou Siktuou.

/A

\

/

@

IxAna 2.1: AKTVIKO AA

(O kopBoc 1 gival to cuotnua tpodpodociog Tou CUCTAUATOC)
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Feeder 1 load area

" a——Tie switch (normally open)——_

Feeder 2 load area

¢ ¢ ¢ ' ¢ ¢ ' {!

A _-h_l_k u«,_l_a«,_» uj\,_,x_,f AL _-K_JLA k_aj\'_,k_,f \_A_l_zu
Sectionalizing switch

H o NG

# 4
D______.__(__Lﬂu ' C . \KI "\ .nj i
"J B
c N o
—D_ 3 \_Aj\.)\.z' '«.J\jAJ

W:I FVTY—\J /—Y—T‘—v—\J rvj;‘v‘x r-vTY—\J ) W—;\ﬂﬁl—vﬂ
{ { [ g (

(

.

S W S S—
N\ —Tie switch (normally -;:-pu:n_'a"___h \
I Feeder 3 load area

IXAHA 2.2: AKTIVIKO AA pe SLaKOTITEG amopovwon  (sectionalizing switches) kat

amoleVUKTEC avolktouc uTto doprtio (tie switches)

2.3.2 BPOXOEIAH AIKTYA AIANOMHZ

To TMAEOVEKTNUO TIOU TIAPOUCLALEL auT N TtomoAoyia Tou SKTUoU Evavtl TNg
OKTWVIKNG €lval n umapén Suo povomatiwy, Pe TNV Umapén evog amoleuktn Bpoxou
(loop tie switch) o omolog péveL avolXTOC O KOVOVIKA AELTOUPYiQ, QVAUESA OTOV
unootaBuo YT/MT kal og kaBe katavaAwTtr). Me TNV owoTr KATAoKeUr aAAd Kol
npootaocia, ta Ppoxoewdny Siktua pmopouv va mpoodépouv upnAa emineda
aflomiotiag oToug KaTtavaAwTEG. ITo IxAua 2.3 epdaviletal éva Bpoxoeldéc cuotnua

Slavounc.
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To uéyebog Tou aywyou tpododoaiag, ouvnBwg, eival idlo oe 6Ao tov Bpoxo Kot
ETAEYETOL £TOL WOTE VA €lval Lkavo va gEunmnpetnoel Ta dika tou doptia cuv Ta
doptia Tou dA\ou pLooU tou Bpdxou. Me auToV TOV TPOTIO, OE EPITTWON 0DAAUATOG
€VOC TUNHOTOG TNG KUPLOG YPOUMNG, elval Suvatr) n e§unnpétnon Leyalou HEPOUG TwY
doptiwv Tou ennpedotnkav oo to opaipa [11].

Mevika, ta Bpoxoeldn AA €xouv HeyaAUTEPO KOOTOG KAl €Lval TILO TTEPUITAOKA OTNV

avAaAuon Kot otnVv Aettoupyia Toug amo ta akTvika [20].

Zoyoc
LETHGMUATOT
YTMT.
\ Avropntog SKoTmg
Kp1ac ypaynic

& ]
—— s !

] \

N
b Maxhadaoag —
! / (laterals)
-/ g
—on e e ",
. 0
. . \ Aaxorreg
] LTOUOVOONE
(sectionalizing switches)
Oéoag MT e

— o o+ Stavonis v

;

Anolammys Ppoyov
(loop tie switch)

IxAua 2.3: Bpoxoeldeg AA
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2.3.3 AIKTYQTO AIKTYO AIANOMHZ (TOMOAOTIA PRIMARY NETWORK)

e autnVv tnv tomoAoyia, to Siktuo eival éva cUOTNUA OTO OMOI0 TaPEXETAL
evépyeld amd €va oplOuo umootabuwv. ESw oL KUPLEG YPOUUEG OLOVOUNAG
tpododotouvrtal and dvo umootaduouc, £va o KABE AKPO TOUC, KOl QO QUTEG
€EKLVOUV OL QKTLVLKEC YpaUUEG Slavoung (radial feeders), ol omoieg e€unnpetouv Ta
doptia Tou diktuou, 6nw¢ paivetal oto IxAua 2.4.

Ta Siktua authg ™G Hopdng KUmopolV va eEumnpetioouv Goptia amo MOAAEG
KATEVOUVOELC. € VEVIKEC YPOUMEC, OL ATIWAELEG TOUG Elval XaUNAOTEPEC OO AUTEC O€
avtiotolyou pey€Boug akTwika 1 Ppoxoeldr Siktua Kal TapEXouv HeyaAUTEPN
alomiotia. Map’ 6Aa autd nmapouclalouv peyaAutepn SuokoAia oto oxeSLOOUO Kal

TO XELPLOUO.

- -—p "
. . ] » -
Substation A
L S -—s
— s [ . .
—r—a
L

.
P ™
'8 ]
E s £ =
= A L= =
- o
z CH 2
7 £ £ £ &

- - _f"\. I
8

- - L ]
I ' I .
-8 —=8
L ]
- - - Substation E

Ixnua 2.4: ToroAoyia Primary Network
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24 EMANAAIAMOPOQZH AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPTEIAZ TA
AINOKATAZTAZH AEITOYPIIAZ

Ta Baokd otolyeia evog cuothpatog Sltavopng eivat n ocuvéxela tpododotnong
Kal n aflomotia. Emopévwe, eav auta ta dUo otolyeia epdavicouv dlatapayxeg anod
TNV KOVOVIKN TOUC Asltoupyla (LKavOTtoinon Twv AELTOUPYLKWY TIEPLOPLOUWY TOU
Siktvou) téte To olotnua eival mBavov va odnynBel o oplakég ouvOnKeg, 6mou
Umopel va elval elte katdotacn nMPoeLdonoinong ite KATAOTAON EKTOKTNG QVAYKNC.
OL CUVETIELEG TWV TIOPATIAVW ELVOL LKAVEG VAL 08NYAOOUV OE PUEYAAEC OMWAELEG OCOV
0¢popd TOV OLKOVOUIKO QVTIKTUTIO Ttou Ba €xouv otov Slaxelplotry aAAd Kal tnv
lkavormoinon twv meAatwy. AUuTog Aowmov sival o Topéag otov omoilo Sie€dayovtal
OPKETEG EPEUVEG OE TIPAYUATIKO XPOVO KoL OL LEANOVTLKEG KOTAOTACELG SEV UIMOPOUV
akopa va ipoPAedBolv. Emopévwe, n epdavion opaipatwy ota AA gival o Adyog yla
ToV omoio emnpedletal n omodoTIKOTNTA TOU CUCTAMATOG SLAVOUAG Kal yla va
Eemepaotel autd Tto MPOPANUa elval emtakTikg  avaykn n  Swadikacia TG
amokataotaocng, n omola cUMPBAAEL otn Slatrpnon Tou Woluylou LoXUOG LETA amod
™V epdavion opaipatog. O KUPLOG 0TOXOC TNG ATIOKATACTACNG TOU GCUCTAUATOG Elval
va amokataotaBouv 6co elval duvatov meplocdtepa amd ta doptia mou
ennpedlovtal anmd Tto odaipa, efetalovrag tn Sabéoun WXL Xwplg va
napaPlalovtal oL MEPLOPLOUOL TOU CUCTHLATOC.

H amokatdotaon Aettoupylag Ttwv OSktuwv  Slavoung mpaypatomnoleital
aAAalovtag katdotacn otoug SLaKOmTeg anopovwong (sectionalizing switches) kat
TOUC avoLKTOUC UTto doptio amoleUkteg (tie switches). H epudavion evog opaipoatog
O£ KATIOLO OTOLXELO TOU CUOTAUATOC aviXveVETAL amo ta Sladopa EMOTTIKA LECA TOU
CUOTNHATOG KOL OTN CUVEXELA HECW TWV SLAKOTITWVY ATIOUOVWONG, ATTOUOVWVETOL TO
oTolyelo auTO OAAA Kol KOMUATL TOU YELTOVIKOU TOU SIKTUOU AOYW TNG OKTLWVLKAG
doung. Itn ouvéxela, yivetat avalntnon tng BEAtiotng emavadlapdopdwonc Pe To
KA€lOWWo Twv amoleuKTwV TIOU €lval ovolkTol umo ¢opTio TPOKELUEVOU va
SnuoupynBel pia véa Sladpopr Loxuog mou Ba UmopEoeL va LKAVOTIoLN oL Ta ¢poptia
TO OTola EMNPEACTNKOV OO TO 0PAAUA HE TNV TPoUTOOeon N aKTLWVIKN TomoAoyia,
OTWG Kol AAAOL AELITOUPYLKOL TtEPLOPLOUOL va NV mapaBlactouv. Onwc ¢alvetal, n

AUon n omoia avalnteital oe auth tnv enavadiapopdwon tou AA divetal anod pia
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OELPA eVAAAQYWV KOTOOTACEWY TWV SLAKOTITWVY. 2T0 Ixnua 2.5(a) paivetal n apyikn
tomoAoyia evog AA 6 KOUBwWVY pe pia ypapun va SlaBEtel amoleUKTn AVOLKTO UTO
doptio (KOKKWVO XpwHa), 0 OTMOLOG €lval OVOLKTOC KOTA TNV KOVOVLKA A€ltoupyia
(Aettoupyla mpwv Vv gudavion opaiparog) kot oto Ixnua 2.5(B) amelkoviletal n
TormoAoyia Tou SIKTUoU PETA amo TV enavadlapopdwor] Tou Aoyw opaApatog otnv
VPO TIOU EVWVELTOUG KOUBOoUG 3 kat 6. O avolktog umo poptio anolevKTNnG EKAELOE
(Ypappn pe mpdolvo xpwia) ET0L WOTE VA UTTOPECEL VAL LKAVOTIOLNBEL N akTviki Soun

Tou AA kat va g€untnpetnOel to poptio mou amopovwdnke Aoyw tou oHAALATOG.

Ixnua 2.5 (a): Apxikn tomoAoyia Siktuou 6 KOPUBwWV
(Mg kOKKLVO Xpwa amelkovileTal n ypappn mou Stabetel to tie-switch kat eivat

OVOLKTO)

Ooov adopad ta EAA, n pon NG LoxUog dev elval MAEOV LOVOKATEUOUVTIKN) UETA
and TNV ouvdeon Twv povadwv Sleomapuévng mapaywynsg oto Siktuo. Adol n
Aewtoupyila, n porn woxvo¢ OAANA Kol Ta XAPOKTNPLOTIKA Asttoupyiag Twv EAA

eudpavidlouv aAlayeg, eival emiong avaykaia kot n aAkayn tng Stadikaociag tng
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QmoKaTAoTAoNG TN Aettoupyiag Touc. H mapadoaotakr néBodog amnokataotaong Ba
elxe w¢ amotéAeopa TNV amoocuvdeon OAwv Twv MAIM £T0L WOTE va YIVEL EPLKTH N
npootacio TnG aodpdAelag tou OLlKTUOU, KATL TIOU TAPAAAnAa emnpedlel tnv
Tpododooia oxvoc. Qotooo, n kavotnta Twv EAA yia mapoyxn eléyxou dladopwv
Sleomappévwy Tinywv evépyelag (AM, eleyxopeva ¢optia, péca amobnkeuong,
Slaxeiplon IATNONG, K.G.) KAl N ONMOTEAECUATIKA) OUVOEDN TNG MAPAYWYNG UE TIC
OVAYKEC TWV KOTOVOAWTWY HECW TOU EVEPYOU €AEYXOU KoL TNG EvePYNG Slaxeiplong,
Silvel Tn duvatotnTa yla AUECH KOl AMOTEAECUATIKY OIMMOKATAOTAON TNG AELTOUPYLOC
Twv EAA petd amod tnv gudavion evog r Kol MEPLOCOTEPWY opaApdatwy. Etol, ol
oAAQYEG TIOU TIPAYLLOTOTIOLOUVTAL OTLG KOTAOTACELS TWV SLAKOTITWY AMOUOVWoNG Kol
TWV OVOLKTWV UTO ¢optio amoleUKTwWV £XOUV WG AMOTEAECUA TNV allayn Tng
TomoAoylknG B€onc twv MAM oto AA, pe amotéAsopa tnv allayn Ttou eUpPoUC Tou
Siktvou mou xpelaletat va tpododotrioouv Kat tnv amoduyn tng vnoldomoinong [22].
ZNUOVTLIKO TAEOVEKTN A TToU TipoodEpouv ta EAA sivat n Suvatotnta tng mapapovig
Twv MAM Katd TNV omoKATAoTAoN TNG AELTOUPYILAC TOUG, KATL TTOU OUVTEAEL oTnv

BeAtiwon tng alomiotiog Aettoupylag Kat TnE moLoTnTaG Tou AA.

Ixqua 2.5 (B): Emavadiopdpdwon tou Siktiou Twv 6 KOUPBWV LETA amd opAApa
OTNV YPOLLLUI TIOU EVWVEL TOUG KOUPBOUG 3 Kal 6

(Me mpAowvo XpwHo ATEIKOVIIETAL N VPO LE TO KAELOTO tie switch)
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24.1 AIAAIKAZIA BLACK START

ExeL N6n avadepBel OtL Ta cuyxpova Siktua €xouv TAEoV evepyd pOAO Kal
SlaBétouv pla mAnBwpa amd cuyxpova HEoa mpootaciag Kat eAéyxou. Autd ta
ouoTnuata £Xouv oXeSLAOTEL Ue OKOTIO va TtapEXouV eva UPnNAO entimedo aflomiotiog
Kall va punv rapafralovrol oL Asttoupyikol meploplopot tou diktvou. Map’ OAa auta,
oL Slakomég Astoupylag o€ Koppdatia tou SIKTUoU 1 Kol o€ oAOkAnpo to Siktuo
ouveyilouv va epdavilovral. OL MEPLOCOTEPEC SLAKOTIEG ONUELWVOVTAL OE pia pepida
TOU OUOTAUATOG Kal £Tol, He Tn BonBela Twv Stakomtwv mou dtabétouv ta diktua, n
TLEPLOXN TIOU amopovwinke Aoyw tou odAApoto¢ pmopel va efumnpetnBel amnod
YELTOVIKO KOUUATL TOU SIKTUOU.

Oupwg, n mapamavw dadikacia dev pumopel va mpaypatonolndel os mepimtwon
oAwkn¢ Sdtakomng (blackout). & AUTEG TIG KATAOTACELG, N ATIOKATAOTOON TOU SIKTUOU
TIPEMEL VA EEKLVAOEL QMO HOVASEG Tapaywyng, oL omoleg €xouv Tnv duvatdtnta
ekkivnong xwpig tn xpnon Bondntikwv péowv (black-start units) kat amoteAovv tov
TIUPAVA VLA TNV EKKIVNON TNG anokataotaonc. H dtadikacia TG amokataotaong £XeL
w¢ adetnpla TG HEUOVWHUEVEG HOVASEC Topaywyng Kol ouvexilel mpog tnv
g€unnpétnon Twv Kpiolwwyv ¢optiwv Tou cuotnpatog. Duaotka, yla va emtaxuvOel n
Swadkaoia, sival avaykaio n Omoapén APKETWV TETOLWV HOVASWVY HE KOVOTNTO
OQUTOMATNG €KKIVNONG, OL OTOLEG OTNV OUVEXELA Ba UMOPECOUV VAL GUYXPOVIOTOUV
HETAEL TOUC £TOL WOTE VO AMTOKATACTHOOUV OAo To SikTUuo.

MapakAatw Mopouctalovial oL TEGOEPLG KOTNYOPLEG TWV HovAdwy Pe duvatotnta

oUTOMATNG EKKivnong [23]:

®  Y&ponAektpikéG LOVASEG.
AUTEG oL povadeg pmopouv va oxedlaoctolv €T0L WOTE va €XOUV TN
duvatotnTa autopatng ekkivnong kat va epdavilouv opkKetd ypriyopn
anokplon.

e Tevvntpleg NtileA.
OLyevVNTPLEG QUTEC XPELATOVTAL LOVO TNV LoXU prmatapiog Kot elval IKAVEG va

TIPAYLATOTIOL 00UV EKKIVNGON OPKETA ypriyopa. To péyebog Toug eival pikpod
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KOl n xpnon toug TmeplopileTal otn mapoxn LoxUog ylo TtV ekkivnon
UEYAAUTEPWV HOVASWV.

e AsgplootpoBiloL agpomnopikol tunou (Aeroderivative gas turbine).
AUTOG 0 TUTOG HoVASAG MOLTEL TUTILKA POVO TNV LoYXU pmotopiag ywa va
gekvnoeL. Zuxva n ekkivnon ivat pa tnAexelpllopevn Asttoupyia. AUuTEG oL
HOVASEC UmopouV va EumnpeToouyV ypnyopa éva ¢poprtio.

e  MeydAeg povadeg aeplooTpofiAwy.
AUTEG oL povadeg bev eival amd HOVEC TOUG LKOVEC yla ekKivnon, oAl os
ouvbuaoud pe pia yevvntpla vtileh vAomolouv autrv tTnv duvatotnta. Ot
TIETPEAQLOYEVVATPLEG EKLVOUV KAl XPNOLULOTIOLOUVTAL YL TNV EVEPYOTIOLINON
Twv Bondntikwv uywv TNG EYKATACTOONG KOL Yl TNV €KKivnon €ite Tou
oeplooTpOPAou eite Tou atpootpoBilou. Evag asplootpoBLhog ival yevika
Taxutepog vy va Ppebel fava oe Aettoupyila. BEPawa, o xpovog
EMAVEKKIVNONG Elval TTAVTA CUVAPTNGCN TOU XPOVOU TIAPAOVAG TNG Lovadag

EKTOC AsLToupyiag.

2.4.1.1 O POAOZ TQN MIKPOAIKTYQN 2THN AIAAIKAZIA

H apxltektovikn evog MA, onwg eidape oto Kepdalalo 1, amoteleital anod éva
Siktuo XT, dtadopeg eAeyXOUEVEC Kal N EAEYXOUEVEC KPEC MAT, popTia, CUOKEUEC
amoBrkeuong KoL Eva oxnua LEpapxLkng dlaxeiplong kat eAéyxou mou unootnpiletal
aro éva cUoTNUA ETIKOLWVWVIAC.

Edv oupPel pla yevikn 1 TOTUKN OLOKOTIH EVEPYELOC TOTE OL TOTIKEG MOVASEC
TIapoywyng mou umapyxouv oto Siktuo XT pmopouv va aflomolnBouv £ToL WOTE va
HEWWOOUV ONUAVTLKA TOV XpOVo Un tpododotnong twv MeAatwy: a) mapexovrag uia
OPKETA ypryopn amokatdotacn Tou Sktuou XT XpnOoLLOTIOLWVTAG T LOVASEG UE
Sduvatotnta black start kat B) enttpénovrag tnv vnoldomolnuévn Asttoupyia Twv MA
£€T0L WOTE va TPododoTOUV TOUG TOTIKOUC KATAVAAWTEC HEXPL VO ammoKaTaoTaBel To
Siktuo MT.

Ma tnv emtuxn dtadikaoia tou black start oe éva MA, eival avaykaia pia ospa

Spaocewv eléyxou, n omola kaBopilel TOUG KOVOVEC Kal TIC CUVONKEG TTOU TIPETEL Val
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eleyxBolv katda tn OldpKeld TNG amokataoctacng. Autol oL Kavoveg eival
EVOWUOTWUEVOL OTO AOYLOMLKO TOU KeVTpLKoU gleyktny (MGCC).

Quoika, ya va uAomolnBei n Stadikacia eival amapaitntn n napoucia povadwy
Tapaywyng He duvatdtnta autopatnG ekkivnong wote va tpododotioel Tt
BonBntka cuothuata eAéyxou Kal va EeKvroel n mapoywyn. Qotoco, yla va
uAomownBouv oL Aettoupyieg tou black start og éva MA mpémnel va gival StaBEaotpeg ol
enopeves Suvatotntes: 1) n apdidpopn enkovwvio AVAPESA OTOV KEVTPLKO EAEYKTH
KOl OTOUC EAEYKTEC Ttou SlaB£Touv oL povadeg mapaywyng kat ta ¢optia (MC, LC), 2)
n ouxvn avavewon MANpodopLwWV £TCL WOTE VA YIVETAL EVNUEPWON VLA TNV KATAOTAON
Twv doptiwv Kal TNG Mapaywyng mpwv v gudavion opaipartog, 3) n avtopatn
anoolvdeon ¢optiwv HETA TNV KATAPPEUCN TOU CUOTNUATOC yla TNV amoduyn
dAVOUEVWY PEYAAWY ATIOKALOEWV ouXVOTNTAC Kal ulteppopTwaong Twv MMM kKatd to
apXLkO otaddlo TnN¢ amokataotacng, 4) n duvatdtnta yia anmoocvvdeon touv M/ MT/XT
nipwv Eekwvnoel n Stadikacia kat 5) n duvatotnta yla SlaxwpLlopod g MEPLOXAS TOU
Swktvou XT [13].

OuOoLOOTLKA, LETA aTtO TNV EULPAVION OALKNC SLOKOTIAC TOU CUOTILATOG O KEVTPLKOG
eheyktng Ba mpoomabniosl va enavadépel 1o MA oto teAeutaio ogvaplo mou €xel
kataypadel. H dtadikaoia aAAA Kol Ol KOVOVEG TIOU TIPETEL VA TNPOUVTAL KATA TNV

amokatdotaon givat oL €€NG:

e Amnoouvdeon OAwV Twv dopTiwv Kat Staxwplopdc tou MA oE IEPLOYEC TTOU

Ba mephapfdavouv pikpeg MAM pe SuvatoTNTA AUTOUATNG EMAVEKKIVNONG
Kal Lkavotnta tpododotnong Twv Tomikwy ¢optiwv. H mapandvw evépyela
obnyet oe dnuoupyla HIkpwv vnolbwv péoa oto MA. 3to Ixnua 2.6
amelkoviletal o Slaxwplopog evog MA o T€ooeplg vnoideg mou Pmopouv va
AeLToupynoouv autévoua.

o «Kataokeun» tou Siktuou XT. O KevTplkog eAeykTig anodaoilel mota MAM

Ba tpododotroel ta kaAwdia XT kat mota tov M/ MT/XT.

e  JUYXPOVLOUOG TWV ULIKPpWV vNoidwv. OL puikpég MATN ot omoieg tpodpodotouv

TG vnoideg mou €xouv dnuloupynBel Ba MPEMEL va cUyXPOVIOTOUV UE TO
Siktuo XT, KATL TO omoio avaAlapBavetat and toug eEAeyKTEG Tou Bplokovrtal

OTLG HoVASEG.
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JUvbeon eheyxouevwy ¢opTiwv. Autr n oUVOEDH ETIITUYXAVETOL EAV OL ULKPEG

MARN bev €xouv doptiotel MANpwC. H mooodtnTa Twv doptiwv mou pnopouv
va ouvdeBouv e€aptatal amnod tn SLaboun XwenTIKOTNTA arnodrKkeuong £Tol
wote va anodeuxBouv amoKAIOELG OTn cuXVOTNTA KAl TNV TAoN KOTA TNV
Slapkela TN ouvdeong Twv poptiwv.

Zuvéeon un eleyyousvwv MAMN, onwg eivat ta ¢wtofoAtaikd kot ot

OVEUOYEVVNTPLEC. Z€ AUTO TO oTAdlo ol MAM kot Ta ¢optia mou €xouv
ouvdebel elvat kava va eEopaAUvouV TIC LETOBOAEC TAONG KOL CUXVOTNTOC
AOyw TwvV SLOKUPAVOEWV LoXUOG Tou Tapouctalovtal amd TG Un
eleyxopeveg MAM kat £ToL N oUVOECH TOUC lval EPLKTH.

AvEnon doptiou. MMpokelpévou va e€unmnpetnBel 600 1O Suvatov

TIEPLOCOTEPO HOPTIO, AVAAOYQ LE TNV LKAVOTNTA TTAPAYWYNG, ELVOL ETUTPETTO
va ouvdeBoUv akopa MepLocOTeEpa GopTiaL.

Juyyxpoviopoc MA pe to diktuo MT.

LEGEND
(O DG with BS capability /% DG without BS capability

u Line switch opens /y Line breaks down --—-Tie switch

IxAua 2.6: Aloxwplopog tou MA oe vnoideg mou meptéxouv MAIM pe tkavotnta

OQUTOMATNG EMAVEKKIVNONG
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242 TYNOI 2OAAMATQN

H gudavion dtadopwv TUNWY OPAAUATWY OTA CUCTAOTO NAEKTPLKNG EVEPYELAG,
oe Sladopetikeég tomobeoieg kal pe Sladopetikr) ocuxvotnta, elval Eéva Kabnuepwvo
dawopevo.

OuOoLlO0TIKA, TPELC TUTIOL OPOAUATWY UMopouvV va eudaviotolv ota AA. Ta
odaApoata autd epdavilovial o€ oToLXELO TOU SIKTUOU Kol KOTNYOPLOTIOLOUVTOL OE )
oddaApata ypauung, B) opaipata uywv kat y) oddaApata M/Z. BéBala, éva AA
amoteAsital Kot and aAAa oToElQ, Ta oMol PImopoUV Vol UTTOOTOUV apAaApaTa, 0AAL
olyoupa pmopoUV va CUCXETIOTOUV HE €vav amd TOUC TPEL TAPATAVW TUTIOUG.
MNapadelypa anotelet n epdavion ohAAPaTog o€ €va SLaKOmTn Loxvog evog M/z, to
orolio Ba £xeL TIg iSlec eTumTwoEelg pe Eva opaipa M/Z.

O TUMmO¢ Kal oL EMUMTWOoELS ou Ba unootel to AA kaBopilouv Tov aplOpd Twv
nieAatwy 1ov Ba otapatiocouv va tpododotouvtal, SnAadn Tnv meploxn Tou Siktuou
nou Ba amopovwBel. O aplBudC Twy otolxeiwv Tou Siktuou Tou Ba TeBolV €KTOG
Aewtoupylog €xel peyaln e€aptnon amod TNV MOAUTIAOKOTNTA KoL TO XOPOKTNPLOTLKA
Tou AA. H moAumtAokOTNTA avadEPETAL OTA XAPAKTNPLOTIKA ToTtoAoyiag Tou SiKTuou,
ol Aewtoupylkég Suvatdtnteg (Suvatotnteg emavadiapopowong, MAMN  pe

SuvatoTNTA AUTOUATNG EKKIvNONG), aAAd Kol o GAAeG Suvatotnteg Tou AA [24].
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KEDAAAIO 3°

ANAOIKH MEOOAOS ANOKATASTASHS AKTINIKOY AIKTYOY
AIANOMH2

3.1 EIZATQrH

H avdAuon mou €xeL én yivel, oto mponyouuevo Kepahato, £6€L€e Tn onpacia g
QIMOKATAOTAONG TWV AA LETA amo TtV epdavion opaipatog. OL cUYXPOVEG UTTOSOUEG
TWV SIKTUWV NAEKTPIKNG EVEPYELAC ELVOL OPKETA EVOAWTEG OE KOTOOTPOPEC TIOU
Umopel va mpokAnBouv amod akpaia Kalplkd ¢alvopeva, Omwe lval ol oswouol, ot
KATALYLOEC K.A. KOl Elvall ApKETA CUVABELS TIEPUMTWOELG AOYW TWV KALLATIKWY aAAQywV
TIOU €XEL UTTOOTEL 0 TTAAVATNC MaG [25]. Elvat eUAOYO, Vol TTOURE OTL UTIAPXOUV OLPKETEG
ottieg mou eivat LKkaveg va po&evrioouv BAABN ota AA Kol OL TIEPLOCOTEPEG ATIO OUTEC
€XOUV CNUAVTIKEC ETUTTTWOELG OTOV OLKOVOULKO TOUEQ TWV SLaXELPLOTWV AAAA KAl oTNV
€€UMNPETNON TWV TEAKWV KatavalwTtwy. O KUPLOG 0TOXOG TWV ETALPELWV NAEKTPLKNG
EVEPYELOG €lval n pelwon g Sdapkelag Stakomng tpododoTNoNnG oToug TEALKOUG
KOTAVAAWTEC KoL KOTA CUVETELD N evioyuon Tng aflomiotiag Twv AA. OuoLOOTIKA, T
TIAPATIAVW CUVTEAOUV 0TnV oXeblaon Kal KATAOKEU) avOeKTIKWY AA.

Itnv BBAoypadia umGpyXouv QPKETOL OPLOHOL TIOU OVTUTPOCWTEUOUV TNV
avOeKTIKOTNTA €VOC AA, TwV omoiwv N MAsloPndio EMKEVIPWVETOL OTNV LKAVOTNTA
TMPOBAEYNG, QVILUETWIILONG KAl OTNV TOXElQ amokoatdotacn amd &va uynAou
avtiktumou o¢paApa. H ouclo TG KATOOKEUNG €vog avBektikou AA elval n
TpayUaTonoinon tNg amokataotaong 000 To Suvatov ypnyopotepa, £T0L WOTE N
TLAPOXN EVEPYELOG VA ATTOKATAOTAOEL 0TOUC TEAIKOUC KATAVAAWTEC [26].

Ze auto to Kedpdahaio, Ba efetaotel éva mpoBAnua amokatactaong ywa AA
NAEKTPLKNC EVEPYELOG. To MPOPANUA AUTO XPNOLUOTIOLEL TNV aAAAYr) KATAOTACNC TWV
YPOAUUWY HUE TOUG QVOLKTOUCG UTo doptio amoleUKTEG, £T0L WOTE VO ETULTUXEL TNV
el\aylotomnoinon tng un eéunnpetoupevng {NTnong Aoyw tng Sdlakomng Aetoupyiog
KATIOLWV ypappwy. To MpoBAnUa TG AmoKATAOTOONG Xapaktnplletal wg mpofAnua

ULKTOU OKEPOLOU UN YPOUULKOU mpoypoppatiopol (MINLP) Adyw tng ¢puoncg twv
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HETOBANTWV KL TWV TIEPLOPLOUWY TIOU SLABETEL, KATL MOV €ival apkeTd SUCKOAO va
eMAUBEL KaL n avaAuon tou omoiou Ba yivel oe emopevo KepdaAato. H péBodog mou
npoteivetal eival tkavr va avtaneféABel otnv SuokoAia emiluong tou, adoul KAVEL
XpPnon twv mAnpodoplwv mou £xouv cUAexBel amd tnv emiAuon TNG Pong LoxUoG mPLY
oo TNV epdavion opAAUATog aAAG Kot Twv TANPOodopLWY yLa Ta OEpULKA OpLol TWV
YPAUUWY. Me TNV €eKUETAAAEUON QUTWV TwWV TIAnpodopwy, n HEBodog mou
napoucotaletal eival oe B€on va avayvwpiletl TG Stabéoiueg KatdAANAeg SLadpouEG
TIOU OUVOEOUV TNV OMOUOVWHEVN TepLloxn, AOyw odpaipoatog, pe tov {uyd TOU
unootaBbuol wote va e€unnpetnBouv ol anoocuvdedepévol {uyol. H mpotelvopevn
TPOooEyyLlon Tou TpoPANUatog Sev amattel Tov UTIOAOYLOUO TNG VEAG PONG LOXVOG LETA

amnod kabe allayr) TG KATAOTAONG TWV Slakomtwy [26].

3.2  AIATYNQzH TOY NPOBAHMATOZ

Onwg €xoupe avadEépel, otnv moapovuoa epyacia, to AA Ba avamnapiotatal and
€vav KaTeUBUVOUEVO, OUVEKTIKO aKUKAILKO ypado G = (V, E), omou ta V, E
OVTUTPOOWTEVOUV TO OUVOAO TwV KOUPBwvV ({uywv) Kal TwV OKUWV (YPAUUWY) Tou
Siktuou avtiototya. O Aoyog mou o ypadog Bewpeltal CUVEKTLKOG Kol KUKALKOG, Elval
S10TL Ta AA ou Ba peAetnBolv AsltoupyoUv HE akTWVIKN TtomoAoyia. Emiong, Suo
YELtovikol kKop ot tou Siktuou Ba cupBoAilovtal we i Kal j, EVW N YPOAULN TIOU EVWVEL
aUToUG Toug SU0 KOUPBoug Ba cupBoAiletal wg (i, j). H Intnon kaBe kOuPou i o€ evepyd

LOXU xapaktnpiletat and to cUUPBoAo Pp;, n pon oxVog aAAd KOl N LKOVOTNTA TNG

vypapung (i, j) oe MW cupBoAilovtal wg Piz;re'pf Kol Pi?lax'wp avtiotolya. MNpémnet va
ONUEWWOEL OTL yLA TIC TLUEG TTIOU QVIUTPOCWITEVOUV TNV LKAVOTNTA TNG KABE YpaUUAG
oe MW, n pon woxVog mpLv anod tv epudavion odAAUATOC Umopel va eEUTNPETHOEL
oAa ta doptia oto Siktuo XWpPLc va TapaBLaleTal o MEPLOPLOUOS TNG LKAVOTNTOG OE
Kaia ypappr tou Siktvou. ErumAéov, Ba Bewpriooupe OtL 6tav pia ypapun Byaivet
EKTOC AElTOUPYLOG TOTE N OUVOALKA LKAVOTNTA TNG XAvetal, SnAadn av Pyel €KTOC
Aettoupylag n ypapun (i, j) (n ogypd mou TomoBetouvtal Ta i Kal j €xeL onuacia yati

max_cap __

pag Selyvel tnv kateuBuvon tng pong Loxvog), TOTe F;; = 0 (elvatL .oobuvapo pe
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v adaipeon NG ypapung amd to Obiktuvo) [26]. Kata tn Slatunmwon Ttou
npoPBAnuatog, Ba eéetdocoupe povo tn {ATnon evepyou LOoXVOC Kal €miong Ba yivel
OUYKPLON TWV ANOTEAECUATWY TNG avapeoa o€ diktua pe dieioduon AN kat og diktua
Xwplig dteioduon A, £T0L WOTE VAL EEAYOUE CUUTIEPACHATA YLOL TNV EEUTINPETNON TWV
doptiwv.

Ta AA ou Ba HEAETHOOUUE OE QUTHV TNV €PYOOLA, AMOTEAOUVTAL OO YPOAUUES
mou SLaB£Touv Toug avolktoug uno doptio anolevkteg (tie-lines). OL ypaUUESG AUTES
Xpnotpornotovvtal otnVv emoavadlapopPwaon Tou SIKTUoU oE MePIMTwon opAAUATOC O
KAamowo KOopuPo 1 Slokomng Aesttoupyilag twv ypopuwv. Emiong, oe kdBe kopPo
umapyouv OlakOMTeG amopovwong (sectionalizing switches) kat n xprjon Ttoug

ETUKEVTPWVETAL OTO AVOLYHA TWV YPOUMWV KATA T SLAPKELA TOU 0AAUATOG.

3.3 MEOOAO:2 ENIAYZHZ NMPOBAHMATOZ

To mpOPANUO TTIOU €XOUUE SLOTUTIWOEL TOPATIAVW OTNpLleTal otnV por LoxLog
KOTA TNV Kavovikn Asttoupyia tou AA (Asttoupyla mpv TtV epdavion opaipartoc)
OAAQ KOl OTNV LKOVOTNTA TWV YPAUUWYV. H oTpatnyLki autr eival opKeETA XpRoLUN yLa
TNV AmoKATAOTACN TOU SIKTUOU XwpIig TG e€epelivnon OAwv Twv mBavwyv aAlaywyv
KOTOOTAOEWV Twv Stakomtwy. Mapakdatw Ba yivel avaluon tng peBodoloyiag mou
UAOTIOLBNKE YL TNV ATTOKATACTACN TOU SIKTUOU PETA arnod Slakomn Asttoupyiag piag

YPAUUAG Kal Ba culntnBouv ta amoteAéoUATA TNG.

3.3.1 TMEPIBAAAON YAOMNOIHzHZ TOY NMPOBAHMATOZ KAI AMEIKONIZH TQN
AKTINIKQN AIKTYQN AIANOMH2

H avamtuén tou kwdika yla tnv vAomoinon Tou mpoBAAUATOC TpayaTOToLONKE
010 UuToAoyloTiko TieplBdAlov MATLAB (Matrix Laboratory) kat n €kdoon mou
xpnotpornot0nke ivatl n R2016b. EnutAéov, to mpoPAnUa TG pong LoxVog KOTa TV
Kavovikn Asttoupyia Twv Siktuwv AUBNKe e TN xprion tou makétou MATPOWER [27].

Ztnv evotnta 2.3.1 éywve avadopd kat §60nKe oxNUATIKA AvaTapAoToon ylo tThv

QMELKOVLON TwV AA Tou xpnotponol)nkav otn mapovoa epyacia. H oxediaon twv
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AA mpaypotomoliOnke pe TNV epyoaAelodnkn biograph [28] tou mMpoypdupatog
MATLAB. Ta 6iktua mou Ba peletnBouv avadEpovtol 0To MPWTEVOV TUNUA TOU
Siktbou, 6nAadn otn MT. Omodte o kOuPo¢ tpododooiag AVIUTPOOWTEVEL TOV
unootaBuo umofiBacpuot YT/MT kal ol umoAoutol Koupol avadpépovial oToug
nieAdtec MT kat otoug M/ Siavoung (MT/XT). YrevBupiloupe OTL Ol YPAUMES TIOU
Sl00€touv avolkto umo ¢doptio amoleUKTn, 0 OMOILOG Elval OVOLKTOG OTNV apPXLKN
tomoAoyia tou SIKTUOU amelkoVIZeTOL E KOKKLWVO XPWHA, EVW UE TIPACLVO XpWHUA
OUTTELKOVILETAL N KATAAANAN VPO TTOU XPELACTNKE Va KAELOEL 0 amolgUKTNG TNG LETA
™V enavadlapopdwaon tou Siktuou. O KOUBOC mou avtiotolyel otov umtootadbud tou
OIKTUOU  QMELKOVIZETAL HE QVOLKTO WUIMAE XPWMO, €VW OL UTOAOUTOL ToU
QVTLUTPOOWTEVOLV Ta hopTia pe Kitpvo. Emiong, n pon tng evepyou oxvog and MAT,
ota Siktua pe Slelobuon Al mou Ba peAetnBolv, amelkovileTal e UITAE XpWHO. 2TO
Ixnua 3.1 daivetat n tomoloyia tou AA 33 kéuBwv, xwplic Sieioduon A, katd TV

Kavovikn Aettoupyia (apxikn tomoAoyia Siktuou mpLv TNV epdavion opAApartog).

3.3.2 AIAKOMNH AEITOYPT1AZ MIAZ TPAMMHZ TOY AA

Ita AA, n Stakomn Aswtoupyilog piag ypapung (i*, j*) €xel wg amnotéAeoua tv
QIOMOVWON KATIOLAG TIEPLOXNG ToU SIKTUOU e€alTiag TNG AKTLVIKNAG TomoAoyiag. Etat,
oL amopovwuévol Koot Sev tpododotouvtal amnod tov untootadpod. H anokatdotacn
NG MapoXN¢ Loxuog duvatal va payuatonoln0etl Eow TnG aAAaynG KATAOTAONG TWV
KatdAANAwv avolktwv umd ¢optio amoleuktwyv. QoTOC0, CNUAVIIKO POAO OTnV
g€unnpétnon tng NTNoNG TNG AMOUOVWHEVNG TEPLOXNG Stadpapatilel n tkavotnta
TWV YELTOVIKWV YPAUHUWV.

Z€ aUTO TO onpelo gival anapaitnto va opiooupue ta €€ng oUVoA:

e T;: t0 cUVOAO TWV ypaupwV (tie-lines) arod to omoio pmopel va cuvdebet pia

KaBe dopa, £T0L WOTE N TomoAoyia Tou SIKTUOU Va TOPAEIVEL OKTLVLKN.

® T.: N YPAUUR TIOU cuvdéeTal wote va emuteuxBel aAlayn katevBuvong tng

Loxvog.
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o Si:ndadpoun mou nephapBavel tn cuvbedepévn ypapuun Ty € T; kal cuVOEEL
TOUG QUMOMOVWHEVOUC KOUBOUG UE TO KOUUATL TOU SIKTUOU TIOU TIEPLEXEL TOV

UTIOOTAOUO.

IxAua 3.1: Apxikr tomoAoyia tou AA 33 kOuBwv
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H dadikaoia tng amokataotacns EEKWVAEL E TOV EVIOTIOUO TWV KOUBwWV Tou
amopovwBnkav Adyw tNC SLOKOMNAG A£lToupylag TNG YPOAUUNG. TN OUVEXELQ,
evrtorniletal n dtadpoun péoa amod tnv omoia Oa pmopéoel va kateuBuvOel n pon
LOXVOG, HETA amo tn ouvdeon NG YPOUUNAG Tk € T}, OTNV AMOUOVWLEVN TIEPLOXT TOU
Siktbou [26]. H woxuc mou eival SwaBéoun, péoo amd auth tn Sdwadpoun yla
TP0od0odoTNON TNG YPOAUMNG T, PplokeTaL 0O TNV SLASPOUN TTOU EVWVEL TO KOUUATL
TIOU TIEPLEXEL TOV UTIOOTAOUO Kat €XEL KatevBuvon tov KOpBo-adetTnpia TNG YPAUUNG
Tg- H 8laBéoun oxug mou pmopet va kateuBuvBel péoa amno autn tn Stadpopr oToug

OTTOOVWUEVOUG KOpBoUC Tou Siktuou Sivetal amnod tn oxéon:
_ . max_cap pre_pf
DFy, = mm(i.j)esk(sz —F; 3.1

TeAlkd, n Loxug mou eivat Stabéoiun yla tnv T1pododotnon Twv AMOUOVWUEVWY

KOUBwWV PeTA amd tn ouvdeon TG KATAANANG YpaUUAG T) Sivetal amo:

Ps, = min{DPg, , PET¢P/ (3.2)

MNa napadeypa, oto ZxNnua 3.1 otav n ypauun (28, 29) Byel ektog Asttoupylag,
TOTEe Ba Ypelaotel va KAeloel n ypappn (25, 29) kat n tpodpoddtnon Twv KOUBwv 29
uExpl 33, Ba mpaypatonolndel and t Stadpopn mMou cuVSEEL Toug KOUBOUC 3 HEXPL
29. H woxU¢ mou Ba eival dtabéoun ekeivn tn otyun Oa kaboplotel: 1) and tnv
LKAVOTNTA TWV YPAUHUWY TIoU Bplokovtal otn dtadpourn autr, 2) ano TNy T Tt pong
LoxVOC TIOU UTTHPXE O€ OLUTEC TIPLV A0 TO OPAApa Kal 3) armo TNV pon LoxUoc, TpLV oo
TO0 0AAMQ, TNG EKTOG AELTOUPYLAC YPOAUUNAG.

To emopevo PBAPa TNG amokatdotaong €ival 0 KaBopLopog Tou GUVOAOU Twv
KATAMNAWY ypapuwy Tj eléyxovtag tnv ouvlrikn Pg > Pg, . . Eival evkola
KATAvVoNnTto OTL N {NTnon tnN¢ AMOUOVWHUEVNG TIEPLOXNE Tou SikTuou Sev pmopel va

< pRTES

ggunnpetnBel MApwg umo tn ouvbrkn Ps, i

. H mA\npnc¢ g€unnpétnon twv
doptiwv unopei va emutevxBeil povo otav Pg, = Pip*;.f, katL BEPBata mou dev eival
TANPWC amapaitnTto, AOyw Tou OTL KATIOLEG YPOAUUEG TTou Tpododotolvtal amd tn

YPOUUN T UTTOPEL VAL EXOUV XOUNAN TLUA LKOVOTNTAG.
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H emloyn t¢ KATaAANAOGTEPNG YPOLMNG TIOU TIPETEL va ouvdebel e€aptatal amno
Vv tonobeoia TG oto Siktuo Kal Wlaitepa 0TO0 KOUUATL TTOU OMOUoVWwONKe AOyw
odaApatog. Q¢ mapAdelypa, UOPOUKE va mopatnpiooupe oto IxAua 3.1 (kal and
TLG TWEG LKAVOTNTOG TWV YPOUHWY oto Mapatnua) otL av Byl eKTOG Asttoupyiag n
vpapun (14, 15) tote n ouvdeon g ypapung (33, 18) dev Oa mapafiacsl tov
TLEPLOPLOUO TNG AKTLVLKAG ToTtoAoyiag. MapoAa autd, n Intnon o€ .oV Twv Koupwv 15
€wg 18 dev Ba efumnpetnBel MARpwg SLOTL N IKAVOTNTA KATOWWY YPOUUWY TIOU
EVWVOUV TO KOMUMATL TIOU TIEPLEXEL TOV UTOOTAOUO HE Tov KOUPBO 18 elval apketd
Hkpn. Qotooo, av ol koot 15 £wc 18 tpododotnBolv amd tnv ypapun (9, 15), 6An
n {Atnon unopel va e€unnpetnOel.

O aAyopLlOp0oGg TToU XPNOLUOTIONONKE yLa TNV EVPECT TWV KOUBWV mou Bpiokovtal
OTNV QMOUOVWUEVN TiepLloxh elval n avalntnon katd Babog (DFS — Depth-first search).
O alyoplbuog DFS mpaypatomolel avalitnon mou €eKvd LE TNV EMEKTOON TOU
npwtou KOouPou-mtatdi (madi tou kOuPBou omou BéAoupe va emnokedBole OAouG
TOUC YELTOVIKOUG KOpBoUC Tou) Ttou eudaviletal kat cuveyilel oe BaBog tou dévtpou
HEXPL va BpeBel o InToluevog KOUPBOG 1N pEXPL va ptaocel o KOUPo Tou Sev €xel
matdld. Itn ouvéxela, n avalntnon ouveyiletal otov MO TPOodATO aAveEEPELVNTO
kKoo [29].

H uébodog autr divel Tnv SuvatdTnTa yLa TOV EVIOTIOUO TwV TALSLWV Tou KOpBou-
TEPUATIKO TNG YPAMUAG Tk, SnAadn tov KOUPO mMOU KATOANYEL N YPOUUN Tk, MUE
tomoAoykn diatagn. MNa napadsypa av oto IxAua 3.1 umoBécou e 6tL cuvOEETaL N
vpapun (25, 29), énhadn pe katevBuvon amod tov KopPBo 25 otov kKOpuPo 29, ToTE
KOUPBOG-TEPUATLKO TNG YPOUUNC Bewpeitat o 29. Itnv nepinmtwon Unapéng Suo KAAdwv
nadlwy, mpotepatdtnta Sivetal otov KAAdo mou amaltel peyaAltepn {NTnon o€
doptio. Av cupBolicoupe pe VE™-PT, touc kOpBouc mou Bpiokovtal otov KA&So mou
£XEL IPOTEPALOTNTA OTNV TIAPOXH LOXVOCG, TOTE UMOPOUUE VO UTIOAOYIOOUUE Qv N

VPO T) TIOU XPELAOTNKE va ouVOEDEL Lkavomoinoe tn {ATtnon amno tnv oxeon:

|VBr_pr|

DETT = py — Z Po,, (3.3)

bp=1
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onou Pp, eivar n Zftnon twv kopPwv mou Ppiokovtar otov KAAGO TOU EXEL
TPOTEPALOTNTA OTNV MOPOXI) LOXVOG. ATto TNV oxéon (3.3) unmopoUpe va KataAdBoupe
OTL av kar-pr>0, 10T N {ATnon KoAUdONKe kol emiong pmopel va efumnpetnOsi

HEPLKWCE N MARPWCG N INTNON TOU EMOEVOU KAASOU.
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KEDAAAIO 4°
EQAPMOrEZ KAI ATTIOTEAEZMATA

4.1  EIZAFQrH

Ye auTO Tto Kedpalatlo Ba yivel mopoucloon TwWV AMOTEAECUATWY TNG EPAPUOYNG
¢ amAoikng HeBOdou yla TNV amokataotaon tng Asttoupyiag AA NAEKTPIKNAC
EVEPYELOG. ApXKA, n edapuoyn ¢ pueBOdou Ba mpaypatorownBel yia Siakomn
Aettoupylog plag ypauung oe Siktua mou dev Stabétouv MANM kal otn cuvexela Ba
yivel oUykplon pe ta anoteAéopata ¢ pebodou ota diktua pe Sieioduon A, €tol
WOTE VO UMOPECOUE VA EEAYOUE CUUTIEPACHATA YL TNV KAAUTEPN €€UTNPETNON TNG
QIMOMOVWUEVNG TTEPLOXNG. Ta Siktua ou xpnolpomolidnkav eival mpoétuna AA Tng
IEEE 33 kat 69 Luywv (KOpBwV) Kot Ta Se50UEV TWV OTIOLWV UIMopoUV va avaktnBouv

amno tnyv [30].

4.2 EQAPMOTIH ZTO AIKTYO 33 KOMBQN

To biktuo 33 kOpBwv mou amnewkoviletal oto ZxAua 3.1 gival éva akTviko AA pe
€vav umootabuo, 33 kopBouc kat 37 ypaupES, 5 amo Tig onoleg elvat eEOTMALOUEVEG UE
armolgUKTN OVOLKTO UTO $opTio. To cUVOALKO Tou dopTio €xel {ntnon 3.715 MW. H

LKavOTNTA TWV ypopuuwv o MW daivetal oto Mapdptnua mou PpilokeTal oTo TEAOC

NG epyaociag.

4.2.1 AIAKOMH AEITOYPIIAZ THX TPAMMHZ (28, 29)

Ze nepimtwon Slakomng Asttoupyiag tng ypapuns (28, 29), ot k6ot 29 uéxpt 33
amoocuvdéovtal amod To umootabud YT/MT kot cuvenwe ta doptia toug Sev
tpododotouvtatl. Ot SUo TIBAVEG YPOAUPES TTOU Hmopouv va cuvdeBouv (uia kAaBe

dopd) xwpic va mapaflaletal o MEPLOPLOUOC TNG OKTWVIKNAG TomoAoylag eival ot
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YPOUMES (18, 33) kat (25, 29) onwg paivovtal ota xNuata 4.1 kat 4.2, avtiotoya. Ta
S6ebopéva mou e€nxOnoav amnod to MATLAB peta tnv eniAucn tou mpoBAnuatog Baoel
Twv gélowoswv (3.1) — (3.3) ouykevtpwvovtat otov MNivaka 4.1. Napatnpole OTL N
YPOLLLUI TIOU TIPETEL va oUVOEBEL yla TNV emavadlapdpdwaon tou Siktuou eivat n (25,

29) adou kavorolel peyaAUTePO HEPOC TOU dopTiov.

Ixnua 4.1: TomoAoyia AA 33 KOUBwWV HETA amd TNV enavadlapdopdwaon Tou Aoyw

odaApatog otnv ypapun (28, 29) kat cuvdeon tng ypouung (18,33)
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Ixnua 4.2: TomoAoyia AA 33 KOUPBwWV HETA amd TNV enavadlapopdwaon Tou Aoyw

odAApatog otnv ypouun (28, 29) kat cuvdeon ¢ ypauung (25, 29)

ZAtnon Koppwv 29 - 33
(Mw)

Mn e§uninpetolpevn Loxug (MW)

0.74

1, = (18,33) 1 = (25,29)

0.7103 0.5823

Nivakag 4.1: Katdotaon AA 33 kOpBwv peTa TNV emavadlapopdwaon Tou Aoyw

Slakomng Asttoupyiag g ypapuung (28, 29)
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4.2.2 AIAKOMH AEITOYPTIAZ THzZ TPAMMHZ (6, 7)

Y& nepintwon opaipatog otnv ypauun (6, 7) ot képpolr 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17 kai 18 amopovwvovtal and to urntoAouto diktuo pe amotéAeopua ta poptia
ToUug va punv tpododotolvral. Ot SLaBECLUEG YPAUUEG TTOU UTtopoUV va cuvdeBouv
(uia kaBe Popd) xwpic va moapaBLlaocTtel n akTWIKN TomoAoyia tou Siktuou Sivovral
and to ovvoho T; = {(21,8),(22,12), (33,18)}. Ta anoteAéopata nmou e€fxdnoav
arno to MATLAB peta tv eniluon tou poBAnuartog napouaotalovral otov Mivaka 4.2.
MapatnpoULE OTL OL YPAUUEC TIOU KaTAdepAy, LETA TNV cUVEEDH TOUC, VOl EMITUXOUV
Vv mARpn g§unnpétnon twv ¢optiwv gival n (21, 8) kaw n (22, 12). H tomoAoyia tou
Siktou petd amod tn cuvdeon tNG yPauUUng (21, 8) daivetal oto IxAua 4.3 KoL oto

Ixnua 4.4 paivetal n TomoAoyia Tou PETA amo tn oUVEeon TNE ypauung (22, 12).

Ixnua 4.3: TortoAoyia AA 33 KOUPBwWVY LETA Ao TNV eMavaSLapopdwaor] Tou Aoyw

odaApatog otnv ypappun (6, 7) kal ouvdeon Tng ypapuuns (21, 8)
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Ixnua 4.4: TomoAoyia AA 33 KOUPBwWV HETA amod TNV enavadlapopdwaon Tou Aoyw

odAApatog otnV ypouun (6, 7) kat cuvdeon Tng ypapung (22, 12)

ZAtnon Mn e§unnpetoUpevn LoxUG
KOpBwv 7 — 18: (MW)
(Mw)
1.075 7, = (21,8) T = (22,12) T = (33,18)
0 0 0.9956

Nivakag 4.2: Katdotoaon AA 33 kKOpBwV peta TNy enavadlapopdwaon Tou Adyw

Slakomnc Asttoupyiag tng ypapuns (6, 7)
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4.3  EQAPMOTIH ZTO AIKTYO AIANOMHZ 33 KOMBQN ME AIEIZAYZH Al

H napoloa epyaoia €xel w¢ okomo tnv e€€taon AA, pe dieioduon Al, ota onoia
OAec oL MAIM Bplokovtal 0To mpwTteVoV TR Tou Siktuou, SnAadr otn MT. H péylotn
EYKATEOTNHEVN LOXUC Twv MAM Bewpeitat otL elvat to 40% Tou HEYLOTOU PopTiou ToU
Siktvou. H eloaywyn NG mapoywyLlkng avotntag twv MAIM mpaypatonolionke pe
adaipeon amno ta poptia Twv KOUPWV oTOUG OMoiou¢ eykataotabnkav. H kateuBuvaon
™C¢ Slabéoung toxvog amo tig MAM kaBopiletal amo TNV emilucn Tou MPoBARUATOC
™G pon¢ oxvog. Emiong, elval onUavIiko va TOVIOOUUE OTL O€ HEPLKA ATIOTEAEOUATA
e€unnpetBnke MARPpwG To doptio Kal urnpxe emutAéov SlaBEoiun LoXUG amo TLg
MATN. Ze autég TIG TEPUTTWOEL BewpriBnke OTL ot MAM eixav tnv duvatotnta
TLEPLKOTIAG TNG LOXVUOG TouG. lNa tnv kataokeun tou AA 33 kopBwv, pe dieioduon AN,
€xouv eykataotabel kamoleg MAM oto 6iktuo 33 KOUBWV TTOU UEAETOAUE OTNV
T(PONYOUUEVN evotnta. To TMANB0¢ Twv eykateotnuévwy MAM Ba amoteAeital anod
dwToBOATAIKA KOl AVELOYEVVATPLEC YLa Ta omola Ba Bewprjooupe OTL TAPAYyoUV TNV
HEYLOTN oYU Toug Katd tn dtadikaotia tng amokataotaonc. H oxu¢ tn¢ kabs MAM ot
MW (Pp¢) aAAd kat ot kOuPol otoug omoioug eivat TomoBetnuéveg mapouaotaovial

otov MNivaka 4.3 kat n tornoloyia tou AA amnewkoviletal oto ZxAua 4.5.

MAn ZYro: EIAOS Ppe
(Mw)
DG, 25 A/T 0.5
DG, — DGy 10-12, 15, 16, 18, /B 0.1
19, 22, 33

Nivakag 4.3: Asdopéva MANM tou AA 33 KOpBwV
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Ixnua 4.5: Apxikn tormoloyia AA 33 kO6uBwv pe Sieioduon AN

4.3.1 AIAKOINH AEITOYPIIAZ THZ TPAMMHZ (28, 29)

ITNV TPONYOUMEVN €VOTNTA MEAETHOOMPE TNV EMIMTWON TNG OUVOEONC TWV
KATAAANAWV YPOUUWY oTNV KAAUYN TNG LoXUOG TWV QTIOUOVWUEVWY KOUBWVY Adyw
odAaApatog otnv ypapun (28, 29). Eival puoiko otL pe tnv tonmobEtnon kamowwv MAM

Kal TNV olvdeon NG KATAAANANG YPAUUAG Ta armoteAféopata Ba mapoucldcouv
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BeAtiwon adou Ba umapxel eykateoTnUEVN LOXUG oto Siktuo, n omola Ba pmopéoel
VL LKOVOTIOLNOEL KAmoLa popTia xwpig tnv mapoxn oxVog and tov urntootaduo YT/MT.
Ta anoteAéopata TnG anokatdotaong Aettoupylag mapouaotdalovrtat otov Nivaka 4.4
Kall n tomoAoyia tou SIKTUOU PETA amo Tn cUVOEDN TNG YPAUUAG IOV €EUTINPETNOE

mANPwC tn INTnon ¢aivetal oto IxAua 4.6.

Ixnua 4.6: ToroAoyia AA 33 kOpBwv, pe Steicduon AN, peta anod tnv
enavadlopopdwar Tou Adyw opaipatog otnv ypappn (28, 29) kat cuvdeon tng
ypapung (25, 29)
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ZAtnon Kopupwv 29 - 33 Mn g§unnpetovupevn LOXUG
(MW) (Mw)
0.74 T = (18,33) T, = (25,29)
0.49 0

Nivakag 4.4: Kataotaon AA 33 kOpBwv, pe dieioduon A, peta tnv

enavadlapopdwaon Tou Aoyw Stakomng Asttoupyiag tTng ypapupung (28, 29)

4.3.2 AIAKOMH AEITOYPIIAZ THX TPAMMHZ (6, 7)

Onwg €xeL N6 avadepbel, oe mepimtwon obAApaTog otnVv ypauun (6, 7), avolyet
outopata o SLAKOMTNG TNG YPAUUNG Yla va amopovwBOesl to opaipa. Adyw tou
odalpatoc kamola dpoptia dev kavomolovvtal. Me tnv tomobétnon twv MAN, Ta
arnoteAéopata tng emavadlapopdwong Tou SIKTUOU e OAEG TIG TIOAVEC YPAUUES TTIOU
umopoLV va cuvdeBolv waoTe N TomoAoyia va TMOPAEIVEL AKTIVIKI) GUYKEVTPWVOVTAL
otov Mivaka 4.5. Onw¢ sidape otnv mponyoUUEVN EVOTNTA, Ol YPOAUUEG TIOU HE TNV
ouvdeon toug kKatadepav va Eumnpetioouv MARpwG ta doptia Atav ot (21, 8) kat
(22, 12). e avtiBeon Opwg pe tnVv edappoyn tng HeBOSou otnv mponyoUUEevn
neptmtwon, n {Ntnon twv dpoptiwv eEunnpetnOnke oe PLeYaAUTEPO TTOCOOTO HE TNV
ouvdeon ¢ ypapunc (33, 18). O Adyog mou cuveRn To mapanavw, eivat yiati ot MAM
katddepav va eEunnpetricouv kamola doptia KoL £T0L N LoXUG TTOU XPELAOTNKE va
SlavepunBel otoug amopovwHEVOUG KOUBOUG armod tov urtootabud YT/MT ntav apketd
HULKPOTEPN. OL TomoAoyieg Tou AA peTd TNV emavadlapopdwaor) Tou Kal Thv mARpn

tpododotnon Twv doptiwv napoucialovtal ota IxAuata 4.7 kat 4.8.

Zntnon Koupwv 7 — 18: Mn g§unnpetoupevn LOXUG
(Mw) (Mw)
1.075 T, = (21,8) T = (22,12) 7 = (33,18)
0 0 0.2954

Nivakag 4.5: Kataotaon AA 33 kopBwv, pe dieioduon A, peta tnv

enavadlapopdwor) tou Aoyw Slakomng Aettoupylag tng Ypappng (6, 7)
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Ixnua 4.7: ToroAoyia AA 33 kOpuBwv, pe Steioduon AN, petd amnod tnv
enavadlapopdwaor) tou Aoyw oPAAUATOG 0TV ypauun (6, 7) kat cUvdeon TG

ypauung (21, 8)



Ixnua 4.8: ToroAoyia AA 33 kOpBwv, pe Steicduon AN, peta anod tnv
enavadlopopdwaon Tou Aoyw opAApOTOC TNV ypapun (6, 7) kat ouvdeon TG

ypappng (22, 12)
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44 EQAPMOTIH ZTO AIKTYO 69 KOMBQN

To Siktuo 69 KOUPwWV mou amelkoviletal oto IxAua 4.9 eival éva aktwiko AA pe 1
urmootaBbuo, 69 KOUPBoUG Kal 76 YpaPUEG, 8 ek TwV omolwv Slabétouv amolelKTn
OVOLKTO UTO dopTio, 0 omolog gival aVOLKTOG KATA TNV KOAVOVIKH A£ltoupyia Tou

Siktvou. To ouvoAlkd tou doptio €xeL Intnon 3.8 MW.

IxAnua 4.9: Apxikn tomoloyia AA 69 kKOpBwvV
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4.4.1 AIAKOIMH AEITOYPTIAZ THZ TPAMMHZ (43, 44)

H eudavion opaipatog otnv ypopun (43, 44) €xel wg amotéAeopa tnv SLakomn
TAPOXNG LoXUoG otoug KopBoug 44 — 54. OL ypaupEG TTOU UE TNV oUVOEDOH TOUG
UMOpOUV va €EUTNPETAOOUV HEPKWE N TANPWC To ¢optio Kal mapdAAnAa
LKOVOTIOLOUV TNV aKTWVLKA TomoAoyia ivat n (9, 50) kat n (60, 45). O Mivakag 4.6 ou
oakoAouBel mapouotdlel To ouvoAlkd ¢doptio mou Tpododdtnoe KABe ypauun oto
avadiapopdpwpévo Siktuo. Mapatnpolpe OtL n ouvdeon NG ypauung (60, 45)
Lkavormoinos MANPWCS To $opTio Kal n tomoAoyia Tou avadlapopdwuévou SiKkTUou

daivetal oto Zxnua 4.10.

ZAtnon Koupwv 44 - 54 Mn e§unnpetoU eV LOXUG
(MW) (Mw)
1.682 T = (9,50) T = (60,45)
0.2435 0

Nivakag 4.6: Katdotaon AA 69 kOpBwv HeTd TNV emavadlapopdwaon Tou Aoyw

dlakomng Asttoupyiag Tng ypopung (43, 44)

4.4.2 AIAKOMH AEITOYPIIAZ THz TPAMMHZ (8, 9)

Ye nepintwon opaipatog otnv ypauun (8, 9), avolysl avtopata o SLAKOMTNG TNG
YPOAUUAG QUTAG Yl TNV amopévwaon tou opaipatog. Ta dpoptia otoug kOuBoug 9—27,
42 — 58 6ev tpododotouvtal. O Mivakag 4.7 mapoucLalel TG MIBAVEG YPAUUEG TIOU UE
TNV OUVOECK TOUC LKAVOTIOWOUV TNV QKTWVIKA TomoAoyia tou &lktuou. Amo Tta
amnoteAéopata tou Mivaka 4.7, mapatnpoUE OTL N YPAULN TToU eival KataAAnAdtepn
yla ouvdeon oto Siktuo elval n (67,15) adou efunnpetel peyaAltepo HEPOC TOU
doptiov. To avadiapopdwpévo Siktuo 69 KOUPBWY HETA TN oUVEEDN TNG YPAMUAG

anelkoviletal oto IxAua 4.11.
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ZAtnon Mn g§unnpetoluevn LOXUG
KOUBwWV (MW)
9-27,42 -58
(Mw)
2.5060 T, = (38,43) | 7, =(60,45) | 7, =(59,22) | 1 = (67,15)
1.3548 0.6657 0.6917 0.5313

Nivakag 4.7: Katdotoon AA 69 KOUBwWV PeTA TNV enavadlapopdwaon Tou Adyw

Slakomnc Asttoupylag Tng ypapupns (8, 9)

{18

@
©)
(4) 29 &9
B 66 29 60
©® 6060 45 &I
®) 6962 @63
@@ 63 @9 6d
104@24) GH @965
DXE 89 60 €6
2 69 69 67
43 62 €6 62 68
49 68 63 69
& 64
49
W,
\E
a9
60
67
62
63
64
65
66
67)

IxAua 4.10: TortoAoyia AA 69 KOUBWV PETA Ao TNV eMavadLopuopPwaor] Tou Aoyw

odaApatog otnv ypapuun (43, 44) kal cuvdeon g ypapuung (60, 45)
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IxAua 4.11: TomoAoyia AA 69 KOUBWV PETA Ao TNV eMavVASLOUOpPwWor) Tou Aoyw

odalpatog otnv ypopun (8, 9) kat cuvdeon Tng ypapung (67, 15)

45 EQAPMOTIH ZTO AIKTYO AIANOMHZ 69 KOMBQN ME AIEIZAYZH Al

Ma tnv kataockeur) tou AA 69 kopPwv, pe Sieicbuon Al, tomoBetnONKavV oTO
6lkTUO, TTOU MOPOUCLACTNKE OTNV TiponyoUUevn evotnta, kamoleg MAM. H péylotn
EYKATEOTNHEVN LOXUGS Twv MAN glval ion pe to 40% tou péylotou poptiou Tou SikTtuou

KOL TOL XOPOKTNELOTIKA TOUC OTWG Kal ol KOpBoL oToug omoloug sykataotadnkav
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daivovral otov Mivaka 4.8. & autAv TNV evotnTa Ba MapaATNPCOUUE TNV enidpaocn
TIou €XEL N gykataotacn Twv MAM otnv tpododdTnon Twv AMOUOVWHEVWY dopTiwy,
AOYWw oPOAUATWY OTIG YPAUUES TOU SIKTUOU, 0€ OUYKPLON LE TA ATTOTEAECUOTO TIOU
e€nxOnoav ywa to AA 69 kOpuPBwv xwplic Steioduon AM. 1o Ixnua 4.12 anewoviletal n
apxtKn tomoAoyia tou AA pe Sieiobuon All.

IxAua 4.12: Apxikr tomoloyia AA 69 kouBwv pe dieicduon AN
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MaAn ZYTOz EIAOZ Ppe
(Mw)
DG, 38 A/T 0.5
DG, — DGy, 3,5,7,10, 15, 20, /B 0.1
50, 56, 64
Nivakag 4.8: Asdopéva MAM tou AA 69 KOUBwWV

4.5.1 AIAKOMH AEITOYPTIAZ THX TPAMMHZ (43, 44)

H euddvion odpaipatog otnv ypapun (43, 44) mpokAAece TNV aAmopovwon
KATOWWV KOMBwWV Kol cuvenwc tnv dlakomr tpododotnong toug. MNMponyoupévwe
eldape tnv enidpaon TG cUVEEONC TWV KATAAANAWY YPOAUUWVY OTNV EEUTINPETNON TOU
doptiov. H eykatdotaon twv MAM Bonbnoe otnv BeAtiwon Twv AMOTEAECUATWY
adol kavomowbnkav ta poptia Twv KOUPWV TOU ELVOL EYKATECTNUEVEG KoL OTN
OUVEXELDL UMOPECAV va TOpEXOUV TNV SlaBéolun LoXU TOUC OTOUG YELTOVIKOUC
KOUBOoUG. Ta amoTeAEoHATA PE TNV gyKATAoTAoN TwV MAI CUyKEVTpWVOVTOL OTOV
Mivaka 4.9. Bdoel twv amoteAecpdtwv mou e€nxbnoav pe tv edoapuoyn Tng
pebodoloylag amokaTAoTAoNC, CUUMEPAIVOULE OTL OL YPAUUEG TTOU cuVEEDNKav (pia
KaBe popa) katadepav va tpododotricouv MARpwe to doptio. e avtiBeon pe Tnv
epapuoyn t™g peB6dou otnv mponyoluevn evotnta, n Oleiocduon twv MAN
T(POKAAECE AN PNG e€unnpétnon Twv ¢doptiwv Kal pe Tn ouvdeon TNG ypauung (9, 50).
To avadlapopdwpévo Siktuo pe tnv ouvdeon twv ypappwv (9, 50) kat (60, 45)

amnewoviletal ota Zxnuata 4.13 kot 4.14 avtiotoya.

Zntnon kKopupwv 44 - 54 Mn g§unnpetolevn LOXUG
(Mw) (Mw)
1.682 T = (9,50) T = (60,45)
0 0

Nivakag 4.9: Kataotaon AA 69 kopBwv, pe dieioduon A, peta tnv

enavadlapopdwon Tou Aoyw Slakomng Aettoupylag g ypoupung (43, 44)
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Ixnua 4.13: TormoAoyia AA 69 kOpBwv, e dieioduon A, PHeTd amo tnv
enavadlapopdwaon tou Aoyw opaApatog otnv ypapun (43, 44) kot cuvdeon tng
ypapung (9, 50)
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Ixnna 4.14: TormoAoyia AA 69 kOpBwv, pe Sieloduon A, LETA Ao TV
enavadlapopdwor) tou Aoyw opAApatog otnv ypauun (43, 44) kol cuvdeon Tng

ypaupng (60, 45)



62

4.5.2 AIAKOMH AEITOYPTIAZ THz TPAMMHZ (8, 9)

Jtov Mivaka 4.10 CUYKEVIPWVOVTAL TA QTNOTEAECUATA TNG OTTOKOTAOTOONG
Aettoupylag tou Siktbou 69 kOpPwv pe Sieicbuon AN, petd amd tnv eudavion
oPAAUOTOC OTNV YPAUUN TIOU €VWVEL TOuC KOUPBoug 8 kat 9. Ytov Mivaka 4.10
urmopoupe va Slakplvoups OTL HETA TNV 0OULUVOeEon KABe ypauUNg yla TNV
enavadlapopdwon tou Siktvou, Tapouclaletal avénon otnv efunmnpétnon Tou
doptiou o oULyKpLON HE TA ONMOTEAEOMOTA TNG TIPONYOUHEVNG €EVOTNTAC.
Awamotwvoupe otL n Slelobuon twv MAM oto AA métuxe KOAUTEPA AMOTEAECUOTO
otnv eéunnpétnon twv ¢optiwv, adol ol MAM katddepav va eEUMNPETHCOULV TaA
doptia Twv KOUPwWV MOV €lval EYKATECTNUEVEG Kal EMELTA VO TPODHOSOTACOUV TOUG
yeltovikoU¢ kopBouc. Etol, o umootabuog YT/MT xpeldotnke va tpodpodotroet
OPKETA HLKPOTEPO UEPOG TOU OUVOALKOU ¢opTiou. H ypappn mou LKOVOToinoE To
HeyoAUTEPO LEPOG TOU dopTiou eival n (67,15). To ZxAua 4.15 anewovilel To diktuo

HETA TNV oUvdeon TNG ypauung (67, 15).

Z/tnon KOppwv
9-27, Mn g§unnpetovupevn LOXUG
42 - 58 (MW)
(Mw)
T, = (38,43) | 7, = (60,45) T T, = (67,15)
2.5060 = (59,22)
0.3546 0.0657 0.0917 0.0313

Nivakag 4.10: Kataotaon AA 69 kOuPBwv, pe Sieiobuon AM, YeTd TtV
enavadlapopdwon Tou Aoyw SLakomng Asttoupylag TG ypaupung (8, 9)




Ixnna 4.15: TormoAoyia AA 69 kOpBwv, pe Sieloduon A, LETA Ao TV
enavadlopopdwaor] Tou Aoyw opaApatog otnv ypauun (8, 9) kat cuvéeon tng

ypappng (67, 15)
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KEDAAAIO 5°

BEATIZTH ENANAAIAMOP®QzH AIKTYQN AIANOMHZ
HAEKTPIKHZ ENEPIEIAZ

51 EIZArQrH

MNna tv eniluon tou mpoPfAnuatog t¢ BEAtTiotng emavadlapdopdwong evog AA
elvat avaykaia n avamtuén evog pabnuotikol povtélou mou Ba pmopécel va
ovamapaotnoeL To MPOBANUa. Eva TETOL0 HOVTEAD HaBnuaTikol MPOoYPAUUATIOMOU
amoteAeital ano éva ocUvoAo petafAntwv anddaong (decision variables), péow Twv
omolwv givat duvatn n ékbpaon TwV TEXVIKWV TEPLOPLOUWY (constraints) Tou Siktlou.
To oUVOAO TwV MEPLOPLOUWYV TOU TIPoPANHaToC opilel Eva edpiktd cuvolo (feasible set)
KOl amoteAeital amd to oUVOAO TwvV AUCEWV TIOU LKAVOTIOLOUV OAOUG TOUC
neploplopole. H avalntnon ¢ BEATotng AUong amnd autd To epLKTO cUVOAO yiveTtal
He Baon tv T mou AapuPBavel pio cuvaptnon, n omnolo oVOUAleETOL OVTIKELUEVLKN
ouvaptnon (objective function) kot ekdppdalet T0 KOOTOC TOU BO€Aoupe va
BeAtiotonolooupe. Itoxo¢ tn¢ PeAtiotomoinong eivat n ehaylotomoinon (A
LEYLOTOTIOINON) TNG AVTIKELWWEVIKAG ouvaptnong [31].

Itnv napovoa gpyoaoia £ylve PeEAETN TNG BEATIOTNG emavadlapopdpwong twv AA
yla QmOKATACTACN TNG AELTtoupyilag Tou¢ UeTa amd tnv eudavion opAApotog os
YPOAUUES Kat Luyoug og AA pe Sieicbuon Al kat og AA xwpic dieicbuon AM aAAd kat
o€ mepintwon oAwkng Slakomng Aettoupyiag tou unootabuol YT/MT oe Siktua pe
Sieiobuon AM. H emavadlapdpdwon Baociotnke otnv emiluon tou MPoBARUATOC
BéAtiotng pong Loxvog (optimal power flow — OPF) aAAd kot otnv petaBoAn tng
TomoAoyiag Tou SIKTUOU XPNOLUOTIOLWVTAC TOUG SLOKOTITEG TTOU SLABETEL TO EKAOTOTE
Siktuo kot ol omolol ivatl umevBuvol yla tnv cuvdeon/andlevén Twv YPAUUWY TOU
Swtuovu.

ApXKA, YlveTal 0 TPOOodLOPLOUOG TwV €ELOCWOEWV TIOU CUVOEOUV Ta NAEKTPLKA
HEYEDN TOU CUCTANATOCG KABWGE KoL TO GUVOAO TWV TEXVLKWYV TIEPLOPLOUWY TOU SIKTUOU

TIou amoteAsital amd £va olOTNUA OVIOOTATWV/EELOWOEWY HE OYVWOTOUG TIG
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uetaPAnTéC anddaong. Kabe tiun twv PeTaBAnTwy autwy, Oou OAoL oL IEPLOPLOOL
Lkavormolouvtal, odnyel og pia Kal poOvo Katdotaon AEltoupyiog tou SiktUou. ITo
TéNoG, mapouotalovtal Ol TIHEG OAWV TwV PeTAaBANTWY anddaon Tou PoPARUATOG
TIOU LKavoTroLloUV Tn BEATiotn AUon yla tnv eAaxLotomnoinon (f tnv peylotomnoinon) tng
OVTLKELUEVLKIC OUVAPTNONC. 2TNV Ttapouoa epyoaacia, n BEAtiotn emavadlapopdwaon
€VOG AA NAEKTPLKNG EVEPYELOG EKOPALETAL LE LA AVTIKELUEVIKH OUVAPTNON, N omola
elval aBpolopa cuvaptAoEWV KAl €XOUV WG OTOXO TNV €Aaxlotomoinon Tng un
€€UTINPETOVUUEVNC TIEPLOXAG, TNV EAOXLOTOTIONGCN TWV XELPOKIVNTWY SLOKOTITWY, TNV
e\aylotomnoinon Twv TnAeXelPOPEVWY SLaKOTTWY OAAAQ KOl TNV EAaXLOTOMOLNGN TNG
TLEPLKOTIAG LoXUoG Twv MAIM otnv nepintwon peAétng twv AA pe Sieioduon Al.

Y& auto 1o Kedalato Ba yivel Statimwon tou mpofAnuatog tng BEATLOTNG PONG
Loxvog, Ba yivel avaAluon Twv TEPLOPLOUWYV AeLToupyiag kaBwg Kal Ba mapouoLlaoTel
N OVTIKELUEVIKI) OUVAPTNON TIOU XPNOLUOTORONKE yla Tnv enavadlopopdwaon Tou

Swtvovu.

5.2 BEATIZTH POH 12XYOZ AIKTYQN AIANOMHZ HAEKTPIKHZ ENEPIEIAZ

H BéAtiotn pon woxvog (n doptiou) oe éva IHE eival dlaitepa onUavVTIKN yLo TOV
TPOOSLOPLOUO TWV EMIBUUNTWY TACEWV TWV KOUBWV KOl TWV powv LoXUOG ylo pia
6ebopévn katdaotaon Asttoupyiag Tou Siktuou. H BEATIOTN pon LoxUOG Elval XprHoLn

yla dtadpopoug Adyoug Kol PEPLKOL amo auToU  mapoucLalovTal TopaKATW:

1. EkAoyn tTng MA£0OV OLKOVOLLKAG AELTOUPYLOG TWV YEVVNTPLWY TOU GUCTAUATOG,
adoU katd tn SLApKeLD TNG NUEPOG T dopTia peTaBAANOVTOL CUVEXWG Kall
elval amapaitntog o UTTOAOYLOMOG TNG AP AYOUEVNG LoXVOG KABE yevvnTpLag.

2. AlaTApnon TwV TACEWV KoL TWV POWV LOXUOC €VTOC TWV TEPLOPLOUWV
AelToupylog Tou EKAOTOTE SLKTUOU.

3. MeA€Tn Kal OQVTIHETWTILION €&vOeXOUeVWY Slatapaywyv Tou Hmopolv va
urnootoUV ta Sladopa otolyeia Tou SIkTUou. AUTOC 0 AOYOC AOTEAEL Kal TO
B€ua tng mapovoag epyaciag.

4. Mel€teg eméktaong Tou SikTuou.
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Katd tnv dtatunwon tou mpoPARUaTog TG BEATIOTNG pOrG LOXUOG XPELAOTNKE Val
npoPoU e og KATIOLEG TP aSOXEC yia Ta AA ou peAetrioape. OUoLAOTIKA Bewproape
OTL TOL CUCTAMATA TIOU EEETACAE ELVOL CUUHETPLKA TpLdaoikd Siktua, dSnAadn otL oL
YPOUMEG €lval CUMUETPLKEG KOl Ttapouatalouv tnv dla ouvBeTn avtiotaon os KAOe
daon. Eniong, ta doptia mapouvoidlouvv to iSlo PETPO Evtaong os KABe ¢paon Kal oL
YWVLEC Toug Stadépouv kata 120°. Etal, eival duvatr) n avaAucon tou povodaoikou
looduvapou (oL TIHEG Twv AAAwV GACEWV TIPOKUTITOUV UE XPNon TNG TPLPAGCLIKAG
OUMMETPLOC), N Xpnon Tou ava povado cuothpatog (o.p.) KoL N HOVOYPOUULKN

OVaTaPACTAON TOU CUCTIUATOG.

5.2.1 AIATYNQZH TOY NMPOBAHMATOZ

Ita AA NAEKTPLIKNG EVEPYELAC N LOXUG SLAVEUETOL OO Toug unmootaduoug YT/MT
HEOW TWV ypapuwv dtavoung otoug Stadopoug Luyouc (kopBoucg) tou Siktuou. O
{uyog tpododooiag tou OSiktvou avadépetal w¢ Tuyog talaviwong (n Tuyog
avadopdag, slack bus), ot Luyol mou pépouv Ta cuvdedepéva poptia avadépovtal wg
Cuyol ¢optiou ( Tuyol PQ) kat ot Tuyol mou €xouv SLacuvOESEUEVEG YEVVNTPLEG
avadépovral w¢ luyol mapaywyng (n Tuyol PV). H &iavoun t¢ oxvog Kol n
katevBuvon tNg Kabopiletal mavta amo TG OSlaOEoUeC YPAUUEG TOU €lval
ouvdedepéveg yla pia dedopévn kataotoon Asttoupylag Tou Siktuou.

To oUvVoAa TIOU TIPETEL VAL OPLOTOUV TPV amd T Habnuatikn Slatumwaon tou

poBARUaTOC TNG BEATIOTNG PONG LOXVUOG Elval Ta aakoAouBa:

e N:T10 cUvolo Twv {uywv (KOUBwV) Tou diktuou

e L:TO GUVOAO TWV YPOUUWVY (aKUwV) Tou SikTuou

lMNa tnv emiAuon Tou mpoBARpATOC TNG BEATIOTNG PONG LoXUOG os éva Siktuo, slval
avaykaia n xprion Tou mivaka oywyLoTATwyY, 0 omoiog cupPoAiletal wg Yy, . Kabe
ypauun tou diktvou (i, j) € L mou evwvel toug Luyoug i, j umopel va avamapactabel
HE To ava ¢paon teoduvapo M poviédo (Zxnua 5.1) kat xapoktnpiletol amo To oTolyElo
TOU TtivaKa aywylHoTATwy ¥;;:

Y, = |Y;j|26:; = |Yij] cos 6y + j|Y;| sin 6, = Gi; + jBy; (5.1)
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, , _ . _ _ Ry _ _ Xij
onou: Gi; + jBij = —gij — jbij,  9ij = gji = RE+ 7 bij = bj; = REAX7

R;j, X;j: avtiotaon kat aviidpaon oepds tng ypapung (i, j) € L, avtiotoa

270 ZXfiHa 5.1, To peyeBOG y;; MAPLOTAVEL TNV AYWYLHOTNTA OEPAG TNG YPAUMUAG (i,
j) evw ta peyedn yg; Kal Y TOPLOTAVOUV TIG EYKAPOLEG OyWYLUOTNTEG. Ot
QY WYLHLOTNTEG AUTEG EKPAlOVTOL CUVOPTHOEL TWV OVTIOTACEWVY KOL AVILOPACEWV TNG

YPOAUUAG, WG EEAG:

Yij = 9ij +jbij,
Ysij = Ysij +jbsij;
Ysji = Gsji + Jbsjis

ITnVv napoloa Epyacia, oL EYKAPOLEG OYWYLLOTNTEG WE TTPOG TN yn Ba BewpnBouv
UNGeVIKEC Kal €ToL Ba umapéel pia amhomnoinon otic e€lowoelg mou Ba mpokUuPouv.

AnAadn ya kaBe ypapun (i, j) € L woxvet:

Vsij = ¥sji = 0
Zvy6g 1 AV Tl
T Vij T
Vi Ysiji
o4 Yoo

Ixnpa 5.1 lcoduvapo KUKAwA M ypappng
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Extoc amnd ta Sedopéva Twv ypapwy Tou SIKTUOU TIoU EAYOVTAL OO TOV TVAKA
OYWYLLOTATWY, GNUOVTLKO £lval KAl To cUVOAO TwV MANpodopLwV yia kabe uyo i € N.
AuTO Tt0 oUVoAo TAnpodoplwy ekPpaletal amo tpila peyedn mou xapaktnpilouvv tov

kKaBe {uyo i € N:

e Tdon tou luyou i:

Vi = |VL|L(51 = |Vi|(COS 51' +]sm 61) (52)

ormou |V;|, §;: uétpo kat ywvia tou Luyou i, avtiotoya

e KatavdaAwon toxvoc otov Luyo i:

Sa; = Pg; +JjQq, (5.3)

omou Py, Qg;: n {Atnon evepyou kot depyou Loxvog otov uyo i avtiotoxa

e [Napaywyn woxvoc oto Luyo i:

Sgi = Fg; +JQq, (5.4)
onou By, Qg,: N mapaywyn eVePYoU Kal depyou LoXLOG otov Luyo i avtioToxa

Ta mapamdvw MeyéBn, mou opiloape, pag Sivouv tn duvatotnta ylwa TOv
UTIOAOYLOMO TNG €yXUONG evepyol Kol GAEPYOU LoXUoC atov {uyo i wg dtadopad tne
TIAPOYOLEVNG ATIO TNV KOTOVAALOKOUEVN LOXU, N omola pmopel va AdBeL TO00 OeTIKEG
TIUEG (eLogpXOUEVN OTO SIKTUO) 000 KAl OPVNTIKEC TIUEG (e€epxOUEVN amod To SikTuo).

H ouvoAikn pyadikn Loxug mou eyxéetal otov {uyo i elval n akoAoubn:

(5.3),(5.4) . .
Si=Sg; = Say =P +jQi = (Pgi - Pdi) +J(Qgi - Qdi) (5.5)
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MNapakdtw Ba 600el 0 avaAUTIKOG OpPLOMOC TNG GUVOALKNAG €yXUong MLyaSIKAG
Loxvo¢ oe kabe Tuyd i € N kavovtag xprion Kat AAAwv peyebwv mou xapaktnpilouv
gva AA.

H évtaon tou pelATOC TTOU gyxEETAL 0TOV {UYO i 0€ cUVAPTNON LE Ta oTolxeia Yy,

TOU Tivaka aywylpHotitwy Sivetat amod to abpolopa:

N
I = YV + VigVok HYaVy = ) Yinly (5.6)

n=1

OTIoU N: To oUVOAO TwV KOUBWV TIou cuvdéovtal e Tov Luyo i

Y€ OUTO TO ONUELO WITOPOUUE VA OPLOOUUE TNV Uyadikr oxy oTo o.{. cUOoTNUQ,
TIou gyx€etal otov {uyo i, CUVAPTAOEL TNG TAONG Tou {uyou Kal TN €viacng Tou

PEVLATOG TIOU EYXEETAL OE AUTOV:
P +jQ; = VI (5.7)
omou [;": 0 ouluyng Tng évtaong pevpatog I;
AvtikaBlotwvtag Twpa T oxéoels (5.1), (5.2), (5.6) otnv (5.7) kat e§lowvovtag Ta

TIPAYHOTIKA KOl OVTOOTIKA HEPN TNG TPOKUMTOUV Ol €ELOWOELS ylat TO LoolUyLo

gvepyoU Kol AEPyoU LoxUog o€ kaBe Luyoi € N:

N
Pi = Gl‘iViZ + Z |Vl| |VJ|(GU COS((Si - (Sj) + Bij sin(6i - 8])) (58)

jen=1

N
Q= —ByV{i + Z Vil [V;|(Gyj sin(8; — &;) — Byj cos(6; — ;) ) .9

jen=1
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Eniong, oL a.l. pogg evepyou Kat Agpyou LoxXLoG P;j, Q;; ue kateuBuvon amd tov

jr
Tuyo i mpog tov Tuyo j (BTIKEG TIHEG) N avTioTpoda (OPVNTIKEG TLUEG), UIMOPOUV va

UTTOAOYLOTOUV KAVOVTAC XProN TWV MOPAKATW OXECEWV:

Qij = —bijViz — |Vl||V]|(gl] sin(5i — 6]) — bl] COS(SL' - 6])) (511)

5.2.2 TPAMMIKOMNOIHZH TON EZIZQZEQN POHZ 12XYOZ

O aplBuoG Twv e€lowoewv ULYadLkng LoxUog, TTOU TTAPOUCLACTNKAY, EEQPTATAL OO
oV aplOpuo Twv {uywv Tou ekdotote AA nAEKTPLKNG evEPyELaG. MNa mapdadelyua, Eva
Siktuo mou anoteAeitat anod n {uyoug oxnuatilel n §LOWOELG ULYadIKNG pONG LOYXUOG.
OuoLOOTLKA, TIPOKUTITOUV N LN — YPOUULIKEG EELOWOELC EVEPYOU KAL N N — YPOULKEG
eflowoelg agpyou woxvo¢. H emiluon tou mpoPAnuato¢ tn¢ PeAtiotomoinong
kaBlotatal apketd SUOKOAN ME TNV Mopoucia aUTWV Twv gflowoswv adou n
npooBnkn tou wooluyiou por¢ LoxUOC OTOUG TEPLOPLOMOUC TOU TIPpoPANHaTOC 0dnyel
otnV SLoTUTWOoN EVOG ULKTOU-AKEPALOU N YPAUUIKOU TipoPARHatog. MExpL onuepa,
n vpapuikn DC por oxUog mou £XeEL XpnollomolnBel yla TNV avilkatdotaon Twv
TOPOTOVW KN YPOUUKWY £EL0WOEWV EXEL TAPAYEL EVOl TILO OTAO UTIOAOYLOTIKA
TIPOPBANUA LKTOU-0KEPALOU YPOUULIKOU TIPOYPAUUATIOMOU. MNapOAa autd, EVa OpKETA
ONUOVTLIKO HELOVEKTNMO TIOPOUCLAZETAL HUE TN XPAOoN Tou HovtéAlou tng DC pong
Loxvog, adou Sev AapBavetal umoPv n enibpacn Tng depyou LoXVOG OTLG TACELS TWV
KOUBwv tou &iktuou. MoAAEC peAéteg BeAtiotomoinong, Omwg otnv [26], €xouv
OUUTEPAAPEL OTOUG TIEPLOPLOUOUG TOU TTPOPANLATOC LOVO TNV EVEPYO POH LoXUOG Kall
€xouv Bewpnoel OTL TOo MAedVOOUA TNG AEPYOU LOXUOG TOU TAPAYETAL QMO TNV
Sieioduon MAMM, xpnotpomoleitat yia tnv Stadikacia g aviotaduiong. Itnv [32] ta
QITOTEAECATA TIOU TIAPOUCLACTNKAV £XOUV cUUTePAABeL tnv DC avaluon Tng pong
Loxvo¢ aAAa bev katadEépvouv va Bpouv pia edpiktr) AVon tou MPoBARUATOC TTOU va
LKQVOTIOLEL TOUG TTEPLOPLOOUE TOU LoolUYLoU TNG ULYaSIKAG LoXVOG KL TOL AELTOUPYLKA

Oplal TWV TACEWV OKOUN Kal otav Bewpolvtal oTo SIKTUO YEVVATPLEC UE EMAPKN
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TIAPAYWYLKN  LKOVOTNTA AEPYyoU LoXUoG. H €psuva mou mpayupatonolonke,
Slamiotwoe otL eAelelg ) TAeovAoUATA AEPYOU LOXUOC 08rynoav o €KTOG - oplwyv
TIUEG TWV TACEWV OE OPLOUEVEG TEPLOXEC Tou Siktuou [33]. MNa va pmopéosl va
erutevyBel pla apketd apeon Kol EPLKTH AVILLETWTLON TOU TIPoPAnuatog, Ba yivel
pio ypOoULKA TIPOoEyyLon TwV e€loWoswV PONG ULYadikng toxvog n omoia AapBavet
uToYILV TNV Taon Twv {uywv oAAAQ Kal TNV por AEpyou LoxUoG. To HOVIEAO yla TV
YPOUULIKOTIOINON TwV €lOWOEWV TIOU XPNOLUOTIOBNKE O QUTAV TNV e€pyacia
otnpiletal oto avantuyua Taylor.

H ypappwornoinon avadépetal otnv avaltnon tng yPOUULKAG TPOoEyyLlong piag
ouvaptnong oe éva 6edouévo onueio [34]. Mo TNV YPOUULK TIPOCEYYLON TWV UN
YPOUULKWVY EELOWOEWV TNG PONG LOXUOG Ba KAVOUE Xpron TOu OPOU PWTNG TAENG
Tou avartuypartog Taylor Twv e€lowoewv pong Loxvoc.

Mo TNV YPOUULKA TIPOCEYYLON TWV KN YPOUULKWY OPpWV €lval XpOLLOG O OPLOUOG

TWV TOPAKATW OXECEWV:

e To avamrtuyua Taylor mpwtng Ta¢ng ya pia cuvaptnon f(x) piag petaBAntng

yYUpw amo £va onpeio a ypadetatl wg EAG:

d
fG) =f@) + L max—a) (5.12)
e To avamtuyua Taylor mpwtng tagng yla pia cuvaptnon f(x, y) Suo petaBAntwy
yUpw amo ta onueia a, B ekdpaletal amo tnv nNapokAaTtw oxEon:

f(XIJ’) = f(afﬁ) +fx(al.8)(x - Cl) +fy(a',8)(y _ﬁ) (513)

e To avamtuypa Taylor mpwing taéng ywa pla ocuvaptnon f(x, y, z) tpuwv
HeTaBANTWY yUpwW oo Ta onueia a, B, y ekdppaletal amo tnv mapokATw oxEon:

f(x,y,2) =
fla,B,7)+fx(aBv)(x—a) + f,(a,B,V)y - B) + f(a.B,¥)(z—vy) (5.14)
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Ita Siktua Slavopng NAEKTPLKNG evépyelag N dladopd TWV ywVLWY TWV TACEWY
avapeoa og SUo ouvdedepévouc Luyouc i, j Elval APKETA PLKPN KAl £TOL UITOPOUE Va
Bewpnoouvpe t™ Sladopd auty ion pe to Undév. It sflowoelg (5.8) — (5.11)
nopaTNPOUKE OTLO 0pOG §; — &; epdavileTal OTIG TPLYWVOUETPIKEG CUVAPTAOELG Sine
Kal cosine. Me xprion tng e€lowong (5.12) cuumepaivou e OTL N YPAUULKA TIPOCEYYLON

Twv 8V0 aUTWV OpwWV yUPW armod To undév eival n akdoAoubdn:
sin(8; — &) = 6 — 6 (5.15)
cos(8;—6;) =1 (5.16)
Eniong, ol TWéEG Twv Taoewv o kABe {uyd tou SIKTUOU TMOPOUGCLAlOUV ULKPN

amokAlon amno to 1 a.p. Me xprion tn¢ oxéong (5.12) n ypoUULKA TIPOCGEYYLoN TOU OPOU

V2, yla kdBe i, j € N, yOpw amd o 1 eival n akéAoudn:

VA =2l -1 (5.17)

Yt eflowoelg (5.8) — (5.11) mopatnpoUUE TOUC KN YPOUUIKOUG OPOUG
IVL-||V]-| cos(6l- — 6]-), IVL-||V]-| sin(6i — 5]-). Me xpfion t™¢ (5.14) n  ypPOUULIKA
TIPOOEYYLON TWV OpwV YUPW amo ta onueia 1, 1, 0 eivat n akdéAoubn:

Vil|V;| cos(8; = 8;) = Vil + |vj| = 1 (5.18)

Baoel twv (5.15) — (5.19), ot e€lowoelc (5.8) — (5.11) ypadovrat:
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N
P~ G2Vl — 1) + Z (Wil + V| = )61+ Byy(6; - 7)) (5.20)

jen=1

N
Q; ~ —B;2lv;| — 1) + Z (Gi; (8 — &) —(Ivil + |vj] = 1)By)) (5.21)

jen=1
Py =~ g;; 2V = 1) — ((lViI + V| - 1)gij+ by (6 — 5j)) (5.22)
Qij ~ —b;;2IVil = 1) = (g (6; = 8;) =(IVil + |Vj| — 1)by;) (5.23)

OL €€Ll0WOELG TTOU TTPOKUTITOUV YLa To LloolUyLlo evepyoU Kal AEPYOU LoXUOG o€ KAOe

fuyo i € N eivai ol €€NgG:

P, = Z P;; (5.24)

Q; = ;.Qij (5.25)

JEN;

omou N;: to cUvoAo Twv {uywv oL oTtoiloL cuVEEoVTaL LECW YPAUUWY LE TOV i

5.3 BEATIZTH ENANAAIAMOP®QZH AIKTYQN AIANOMHZ A THN
AINOKATA2TA2H THZ AEITOYPTIAZ TOY2

ITIG TIPONYOUUEVEG €VOTNTEC auUToU Tou KedbaAaiou €ywve Slatumwon Tou
npoBARUaTOC TNG BEATLOTNG PONC LOXUOG KOL TTIOPOUCLAOTNKE N HEBOSOG YPAUUIKAG
TPOOEYYLONG TwV £ELOWOEWV TNG. To HOVTEAD TNG BEATIOTNG emavadlapopdwong, ou
Ba xpnolpomnownBel oe autd 1o Kedpdlalo eVvowHATWVEL TIG €ELOWOELS PONG LOYXUOG
OTOUG TIEPLOPLOUOUG TOU TTPOPARLATOG KoL TWV SLAKOTITWYV ToU SLABETEL TO EKAOTOTE

AA. 3e mepimtwon opaApatog os kamola ypappn 1 {uyo tou Siktvou, o KATAAANAOG
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SLOKOTITNG AMOUOVWONG AVOLYEL QUTOUATA EXOVTAG OOV OMOTEAECLLA TNV ATIOUOVWON
KATIOLOG TEPLOXNG Tou SikTUou. MNa tnv Apeon €EumnPETNON TWV KATAVOAWTIWY,
ONUAVTLKO pOAO €XOUV oL TNAEXELPLIOUEVOL KAl XELPOKIVNTOL SLAKOTITEG TOU SIKTUOU,
€10l woTe va yivel emavadlapopdwaon tou SIKTuou pe tnv cuvdeon/amndlevén twv
KATAAANAWY YPOAUUWYV KAl va avakateuBuvOel n oxuc.

Mapokdtw Ba mMapouclacTel N HABNUATIK HovTEAOTOINoN tN¢ €UPEONC TWV
KatdAAnAwv Slakomtwv tou AA ywa 10 TMPOBAnua g emavadlapdpdwons. Ze
avtiBeon pe tn ouvexn dvon Twv NAEKTPIKWY peyeBwv (ouvexeic petaBAntég) tou
SiktUou, oL SLaKOMTEG MAPOUCLA{OUV TIEMEPACHEVEG SLOKPLTEG KATAOTAOELS. Mo TNV

napaotaor] toug Ba xpnotpomnotnBouv Suadikég LetafANTEG.

5.3.1 MONTEAOINOIHZH AIAKOIMTQN

Ma tv padnuatikn povieAomoinon Twv SlaKomTwy Tou elval e€OMALOUEVO TO

ekadotote AA glval XpAOLLOG 0 OPLOKOG TWV TTOPAKATW CUVOAwWV [35]:

o SWp: e€lval To cUVOAO TwV SLAKOTITWY TIOU N KOTACTACK TOUG €AEYXETAL

XElpokivnta

o SWpg: elval To OUVOAO TWV SLAKOTITWY TIOU N KOTAOTACK TOUG €AEYXETAL

tAexeplopeva

o TNV apXLKr KATAOTOOoN TwV TNAEXELPL{OUEVWV KAl TWV XELPOKIVNTWV SLAKOTITWV

glval apKeTA XPriOLLLOC O OPLOLOC TWV TOPAKATW SUASIKWV PETABANTWVY:

o SWM;: ekdpdlel tnV apxilk KOTACTACN TWV XEPOKIVNTWY SlaKomTwy,
&nhasdn av SWM;;; = 1, tote 0 dakomtng tng ypapuns (i, j) € L eivat kAelotog
KOTA TNV KOWVOVLKH Kataotaon Asttoupyiag tou Siktuou, aAAlwg eival apxika

OVOLKTOG.

o SWR;: exdpalel TNV apXLKN KATAOTACH TWV TNAEXELPW{OUEVWY SLOKOTITWY,

&nhasdn av SWR;;; = 1, tdte 0 dtakomtng tng ypaupns (i, j) € L elvau khelotog
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KOTA TNV KOWOVLKI Kotaotaon Aettoupyiog Tou Siktuou, aAALwG eivatl apyLlka

QVOLKTOG.

Eniong, onuavtikd poAo otnv Slatunmwaon Tou MPOBARUATOC EXEL N KATAOTOON TWV
YPaUHwV oto avadlapopdwpévo AA. Me Ttov 6po katdotaon B€Aoupe va SnAwooupue
av pia ypappun (i, j) € L Slappéetal amd pevpa petd tnv dadkaocia tng
enavadlapopdwons. Etol, TMPEMEL va €L0AYOUUE Hio véa petafAnt mou Ba
OVTUTPOOWTEVEL TNV KATAOTAon TNG ypopunc. H Sduadikn petafAnty auth

oupBoAiZetal pe S;; kat opiletal we €&nG:

e ;i =1:nypappn (i, j) € L eivar cuvbedepevn oto diktuo yia tnv Sladkacia

TNG QMOKATACTAONG TNG AELTOUPYLAG TOU.

e S;; =0:nypapun (i, j) € L bev £xeL ouvdebel oto biktuo yia tnv dadikacia

NG QMOKATAOTACNG TNG AELTOUPYLAG TOU.

5.3.2 MONTEAOMNOIHZH TQN MONAAQN AIEZMAPMENHZ NAPATQrHz

Onwg avadépOnke kat oto Kepahato 4, otnv napovoa gpyacia, Ba peAetnboulv
kat AA pe Sieiobuon AMN. OuolaoTik@d, n kataokeun twv AA pe Sieiobuon AN Ba
nipaypotononBel pe t eykatdotacn kamowwv MAM oe oplopévoug {uyols Twv
SiktUwv. EmumAéov, untevBupiloupe otL OAeg ot MAM Bpilokovtal otn MT kot yla auto
70 AOYO N ATEKOVION TWV SIKTUWV EEKIVAEL Ao ToV UTtooTaOuo YT/MT Kot KataAryet
otoug rtehdteg MT kat toug M/Z Stavoung (MT/XT).

Ta €lén Twv MAIM, mou pmnopel va sival Stacuvdedepéva oe éva AA, dlakpivovtal
OTLC “Un eAeyxOpeVEC” Kal oTLG “eAeyxoueveg” MATI. Ol “un eleyxoueveg” MAN dgv
UImopoUV va poBoUlv o€ TEPLKOT TNE MAPAYyWYNS LoxUOoC yla TNV LKOVOToinon Twv
TIEPLOPLOHWYV Agttoupyiag Tou Siktuou. Autd cupPaivel S10TL amoteAoUv emevOUOELS
evioyuong tou Siktuou Kal n enidpaocn tng Al oto SiKTuo HEAETATOL KATA TO 0TASL0
oxedlaopou kot n Sltacuvdeor] TNG YIVETAL LOVO OTOV OTO XELPOTEPO SUVATO CEVAPLO
Aettoupylag dev mapafLlaletal KavEvag amo Toug MEPLOPLOUOUG Tou SIKTUou. Ao TNV

GAAN pepLd, ol “eheyxopevec” MAM €xouv tnv duvatdTnTa va TEPIKOTTOUV TNV
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TIapaywyr Toug o€ MEPIMTWON UTEPHOPTWONG TWV YPAUWY TOU SIKTUOU OAAG KalL yLa
TNV EUPUTEPN LKOWVOTIOLNGOT TWV AELTOUPYLIKWV TIEPLOPLOUWV [36].

Ou MAN mou xpnotwuomnolBnkav oto mopov HoVTEAD elval “eAeyXOUeVEC” Kal N
mapaywyrn evepyou LoxVUoG emAEXOnke va eival n péylotn Suvartr. EmutAéov, o
ouvteAeotnc oxvog (2.1) twv MAN Bswpnbnke OTL £ival KUUOLWVOUEVOC EVTOC
OUVKEKPLUEVWYV 0plwVv £TOL WOTE va lval EVEALKTN N TIPOCAPLOYH TNG AEPYOU LOXUOC
avAaAoya UE TG avAYKES Tou SIKTUoU (mapaywyn f KatavaAwaon agpyou Loxvog).

MNna tnv e€étaon twv AA pe Sieiocduon Al sivol OKOTILHO VO OPLOOUUE KoL TO

akOAouBo cuvolo:

e G: 710 oUvoAo Twv “eheyxOpevwv” MAIM

5.3.3 TEPIOPIZMOI AEITOYPT1AZ TOY AIKTYOY AIANOMHZ2

Mna tnv enavadtapopdpwon tou AA eival avaykoia n THPNON TwV MEPLOPLOUWY
AewToupylag Tou. 1o mapov povtélo Aappavovtat untdPy meploplopol mou adopolv
TO LETPA TWV TACEWV KAL TLE TILEC YWVLWV TwV {uywv, To Loollylo oxLog o€ Kabe uyo,
TNV KOVOTNTA TWV YPAUUWY KAl TG TOPOYWYEG LoxUog twv MAM. Ou oxetkol

TIEPLOPLOUOL AELTOUPYLOG:

e Opla PETPWVY TACEWV oTtouc luyouc:

095a.u<V;<1.05a.y, i € N (i # slack bus) (5.26)

e Taon Kat ywvio tou (uyou TOAGAVTWOonC:

Vsiack bus = L a. 1t (5.27)

(SSlaCk_bus =0rad (528)



78

e |goluylo Loyvoc:

Ot e€lowoelg yla to .oolUyLo evepyou Kal Agpyou LoxLog os kabe uyo i € N:

Pg, — Pp, = Z P;j (5.29)
JEN;

Qo= 0, = ). Oy (5.30)
JEN;

0< PDi = PDemandi (5-31)

0< QDL- < QDemandi (5-32)

Onov Ppemand;r @pemana;: N TNTNON ToL KOUPOU (QUyou) i o€ evepyd kat depyo LoXL

avtiotolya
OL ox€oelg (5.29) kat (5.30) eyyvwvtat to toolUylo evepyoUu Kal AEpyou LoxVOC O€
kaBe Cuyo. O oxéoelg (5.31) kat (5.32) ekdppalouv ta Opla amokomng ¢optiou,

Bewpwvtag doptia otabepol cuvteleoTtr) LoXVOC.

e |KOVOTNTO TWV YPOUUWV:

OL oxéoelg (5.22) kat (5.23) ekdpalouv Tnv por) evepyol Kal AEPYOU LOXUOG Ao
tov {uyo i otov j. Ot e€lowoelg autég edpapudlovtal otav n ypapun (i, j) € L eivat
ouvdedepévn oto avadlapoppwpévo Siktuo Kat yio va AdBoupe umoPv Tn ouvenkn
ouTh, TMPENEL vaL cupTiepAndBOoUV oL MapaKATwW MEPLOPLOOL:

—P[**Si; < Pyj < PS5 (5.33)

_Qir?axsij SQij = Qir;laxsij (5.34)
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-M(1-S;) <

Py = (gy@vil = D) = (Wil + ] - Dgy+by (5:-8)))  (535)
<M(1-S;)
~M(1-S5;) <

Qi — (=by@Ivil = 1) = (g4 (8: = 8) =(vil + [y} - 1)bi,-)) (5.36)
< M(1 - Sy)

omou M: évag peyalog aplOuog

Ol oxéoelg (5.33) - (5.36), yta kAO« (i, j) € L, toxouv aveaptnTwE TNG KATAOTACNC
Twv Stakomtwv. OLoxéoelg (5.35) kal (5.36) peTaTpémovTal o€ LOOTNTEG OTAV N YPAUUA
elvaw ouvbebepevn oto biktuo, dnhadn S;; = 1, kaL CUVEEOULV TO PETPO KaL TN Ywvia
NG TAoNG Me TNV pon LoxLoG. Emiong, oL armobekTeg TIUEG TwV peTtaPAntwy Pyj, Q)
e€aodalilovral péow Twv oxéoewv (5.33), (5.34). e mepimtwon mou n ypauun dev
XpeLaletaL va ouvbebel yia tnv enavadlapdpdwaon tou Siktvou, SnAadn S;; = 0, tote
oL petaPAnteg Pyj, Q;; yivovtal iogg pe to pundev, evw n emloyn tng mapapetpou M
ETUTPETEL TOV UTIOAOYLOMO TOU METPOU KAl TNG Ywviag TNG TAoNG Twv {Uywv TIou

Bpilokovtal ota dkpa TNG YPOAUUAG.

e [leploplopol toyvoc twv MAN:

PRt < Ppg, < PR, 1 €EG (5.37)

QpG; < Qpg; <Qp¢Y, L €EG (5.38)

210 Tapov HoviéAo BeAtiotomoinong Bswpnbnke otL ot MAM €xouv OUVOALKN
HEYLOTN €yKATECTNUEVN LoV Tov €ival ion e to 40% tou dopTtiou Tou ekdotote AA
Kal Krtopolv va amokoyouv tnv mapaywyn toug and 0% - 100%, avaloyo PE TLG
ovAyYKeG Tou Siktuou. Emiong, o 2.1 twv MAM kupaivetol and 0.95 xwpnTkog HEXpL

0.95 emaywylkog. Onote oL ox€oelg (5.37) kat (5.38) pnmopouv va ypadBolv wg €€NG:
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0<Pps, <PRY, i€G (5.39)

_PDGi tan((pDGi) < QDGi < PDGi tan((pDGi) , i €EG (540)

OTOU @pg,: N Ywvia Tou ouvteleot LoxLOG tng MAI mou eival Torobetnuevn otov

uyoi,i € G.

e [IepLOPLOPOC AKTVIKAC TOTIOAOYLOC:

H enavadlopdpdpwon evog AA mpolmoBetel tnv elpeon NG KATAAANANG
ouvbeonc/amolevéng TWV YPAUUWY £TOL WOTE N TOTOAOYLO VOl TTOPAEIVEL AKTLVLIKA. H
ouvOnKn aUTr UMopEL va LkavomolnBet pe tnv mpooBnkn mMPooBETWV MEPLOPLOUWY, OL
omoiol e€aodaliifouv OTL To SIKTUO AVTLOTOLXEL O€ €va GUVOETIKO S€vVTpo (spanning
tree) mou eival ocuvéedepévo otov KOpBo Tou unootabpol. Me auTov Tov TpOmo, N
OKTLVLKN ToTtoAoyia Tou Siktuou pmopel va dtatnpnBel avefapttwg T kKateuBuvong
TWV PowV LoXVOG OTLC YPAUMES Tou [19].

Mo tnv pabnuatiki povtehomoinon tou cuvdetikol S€vtpou elval avaykaia n
gloaywyn 6vo duadikwv petaBAntwy f;; kat fj; yia kabe ypaupn (i, j) € L. Eva Baotko
XOPOKTNPLOTIKO TOU CUVOETIKOU SEVTPOU TMOU UMopel va SloodaAioel TNV OKTIVIKN
tomoAoyia Tou AA, eival 6Tt KaBe kKOUPOC Tou SIKTUOU, EKTOC TOU UTIOOTABUOU, £XEL

akpBwg Evav yoveéa. O TepLOPLOUOG aUTOG ekdpaleTal OO TG aKOAOUBEC OXETELG:

JEN;

omou N;: T0 cUVOAO TwV KOUPBWV TOU CUVSEOVTAL LIE TOV i

ﬁlj =0, j ENg (5.43)

pijef0,1},  (i,j) €L (5.44)
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H oxéon (5.41) ekdppalel OTL pia ypO) TOU SIKTUOU OVAKEL OTO CUVOETIKO SEVTpOo
av o kopPog j elva yovéag tou kopPou i (B;j = 1) i o kopPog i elvan yovéag tou
kouBou j (Bj; = 1). H (5.42) amoutel Ot KABe KOUBOG €KTOG TOU KOMBOU TOU
urmooTaBpoU €xeL akplBwc €vav yovea, evw n (5.43) ekdppadlel 0Tl 0 KOUPBOC 1 TOU
UTtOoTA OOV Sev £XEL KOVEVAV YOVEQ.

TENOG, ONUOVTLKO POAO yLO TNV EVPECH TNG OKTLVLKI G TOTIOAOYLAG TOU SIKTUOU, UE

£€vayv UTIooTaBOO, £XEL KAL N OXEON:

Z S;=N-1, () €L (5.45)

ijeL

5.3.4 ANTIKEIMENIKH ZYNAPTHZH

210 APOV HOVTEAO, TO TIPOPANUa TG BEATIOTNG emavadlapopdwaong evog AA yua
TNV QmoKATAOoTOoN TNG A£ltoupyiag Tou ekdpaletal oMo HIO OVIKELUEVLKN
ouvaptnon, n onoia anoteAsital and abpolopa cuvaptioewv. OL CUVAPTIOELG TIOU

QIMOTEAOUV TNV OVTLKELLEVLKI) OUVAPTNON OE AUTH TV €pyacia, eivat ot €§AG:

1) EAaylotomoinon tng un eEUnnNPETOUUEVNG TEPLOXNG

N N
Zy = min <Z WLi(PDemandi - PDi) + Z WLi(QDemandi - QDJ) (5.46)
i=1 i=1

ornov,

wy,: 0 ouvteleotr) Bdpoug Tou doptiou Tou kOpuBou (Luyou) i

Ppemand;r @pemana;: N {NTNon tou kopPou (Quyou) i o€ evepyd Kal depyo oYU
avtiotolya

Pp,, Qp,: n ggunnpétnon tng Zntnong tou kopPou (Juyou) i o evepyd kat depyo LoxU

avtiotolya peta and Tnv enavadlapopdwaon Tou SIKTUOU
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2) EAoylotomoinon Tou aplBuol XEWLWOoUWY TWV XEPOKIVNTWY SLOKOTTTWY

SWy

. 2
Z, = min Z Wsw i, (Sij — SWMy;5) (5.47)
ij=1

omnovu,

Wswpy;° O ouVTeAEOTAC BApoug TNG yPaUNG (i, j) TTou SlaBETel xelpokivnTo Sdltakomtn
Sij: N Katdotaon TNg YPOauung, mou Slabetel xewpokivnto Siakomtn, (i, j) oto
avadlapopdpwuévo diktuo

SWM;j: n apxiki KATAOTAON TNG YPAUMNG, TTou SlaBetel xewpokivnto Slakormn, (i, j)

3) EAoylotomoinon Tou oplBuol XEPLOUWY TwV TNAEXEPWOUEVWY SLOKOTITWV
SWg
. 2
Z3 = min Wsw gy (Sij - SWR,ij) (5.48)
ij=1
omnov,

Wswpy;: O ouvteleotnc Bapoug TnG ypapung (i, j) mou SwaBétel tnAexelpllopevo
SlakomTn

Sij: n Katdotaon TNG YPAUUNG, Tou Slabtel tnAexelpiopevo dwakomn, (i, j) oto
avadlapopdpwpévo diktuo

SWRy;j: n ap)XIKr KATAoTaon TG YPAUUAG, Tou SLlabetel TnAexelp{OpueVO Slakomn,

(i, j)

4) EAaylotomoinon tng mePLKOTIC EVEPYOU LoxUog Twv MAT

G
Z, = min Z wpg, (Ppg,> = Ppc,) (5.49)

i=1
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omnov,

Wpg,: 0 ouVTeAeoTrg Bdpoug tng MAIM rou eivat eykateotnuevn otov KopBo (Quyo) i
Ppgoin apaywyrn evepyou Loxuog tng MAIM tou k6pBou (Tuyou) i KATA TNV KAVOVLIKN
Aettoupyia Tou Siktuou

Ppg;: n mapaywyn evepyou woxuog tng MAM tou képBou (Juyou) i petd amd v

gnavadlopopdwaon tou Siktuou

H oxéon (5.46) £xeL WG OTOXO TNV HeyLloTomoinon tng tpododotnong twv dpoptiwv
HeTd amo tnv Sadkacia tng emavadiapdpdwong. O cuvieheotig Bapoug wp,
ekPpalel To KOOTOC TNG OVTLOTOLXNG EVEPYELAG Yyl TNV TIEPLKOTH Tou dpoptiou Tou
KOuBou i, i € N omou ol TIpéG tou dev eival (dleg yia 6Aa ta doptia. O Adyog TG
Sladopomnoinong Twv TWwv gival SLOTL oto Mapov HoviEAo emavadlapopdwong
Silvetal mpotepaldtnTa oTNV €€UTNPETNON TwWV Kplolwwy dopTiwy, Ta onoia cuvBwg
avadépovtal o BLOUNXAVIKA EPYOOTACLA, VOOOKOUELR, GWTIOHOUE SpOUwWV aAd Kal
o€ AAAec uTtoSopEG TTou oxeTilovtal e T BaoKEG avAYKEC TNG avBpwrvng {wn¢ [37].
Ot (5.47) kat (5.48) amookomoUv otV AaxLoTonoincon Tou aplBpol XEWPLOUWVY TWV
SLoKOMTWV aveEQPTATWE TO £160C TOUG, £TOL WOTE va emteuxOel n eAayLotomnoinon tou
XPOVIKOU Slaotpatog tng enavadlapopdwaong tou Siktuou. Tuykekpluéva n (5.47)
OTOXEVEL OTNV EAAXLOTOTOLNON TWV XELPLOUWY TWV XELPOKIVNTWY SLOKOTITWY EVW N
(5.48) otnv elaylotomoinon TwV XEWPLOHWVY TwV TNAEXEWPWOUEVWY SLOKOTITWV.
MapoAa auTd, n MPOTUNCN OTn XPNon Twv TNAEXELPOUEVWY SLAKOTITWVY yLla TNV
enavadlapopdpwon tou Siktvou efaodaliletal amnod Tov cuvieheotr Bapoug Wsw gy
OTIOU LOYVEL OTL Wswpyi; < Wswpgy;- 2TV mapovoa epyacio €xel emheyel Wswyi; =
1, yia kaBe (i, j) € SWy kau Wswp,; = 10, yw kaBe (i, j) € SWx. H (5.49)
xpnotporoleital otnv e€€taon twv AA pe Sieicduon AN Kal €Xel WG OTOXO TNV
e\aylotonoinon TNC TEPIKOMNC TNG oxVo¢ twv MAM. Emeldy oto poviélo
XPNOLLOTIOLOUVTAL OL O L TLUEG TV GoPTIWV Kal Twv MAT CUUMEPALVOUUE OTL OL TLUEC
TWV OUVTEAECTWYV BapwV TOUC TIPETEL VA EIVaL APKETA LEYAAUTEPEG OE OXEDN LE AUTEC
Twv Slakomtwy. Emiong, o ouvteleotng Bapoug twv MAM Sev Aappavel tnv dla TLun
yla OAec T povadec aMa Sivetal peyaAutepn TR ot MAM mou eival

TomoBeTnUEVEG KOVTA ota Kpiowa doptia tou Siktuou. EmMopévwg, o€ autnv tnv
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epyoaoia LoyUeL OTL Wswyj < Wsw,; < Wpg; < Wy,. ‘ETOL yLa TNV QVIIHETWTLION Miag
Swatapaxng Ba dobel udacn otnv e€unnpétnon Twv ¢opTiwv PE 600 To dSuvatov
ALYOTEPEG KLV OELG SLAKOTITWYV KOlL TIEPLKOTITOVTOG UKPOTEPO TTOCOOTO TNG LoXVOC TWV
MATIN.

To ohokAnpwpévo mpoPAnua tg BEATIOTNG enavadlapopdwaong Tou SIKTUoU yla
™V aviyetwrnion dtatapaywyv ota diktua ou Sev untapyxel Steicbuon All, Ba yivel pe

XPNON TNG AVTIKELUEVIKNG OUVAPTNONG:

Zi =21+ 7y + 23 (5.50)

Y16 Toug EPLOPLOUOUG:

(5.26) — (5.36), (5.41) — (5.45)

AvtiBeta, To mpoBAnua tng BEATIOTNG emavadlapopdwong yla TNV OVTLUETWITLON
kamolag Statapaxng oe AA pe Sieioduon AN Ba mpayuatononBel pe xprion g

OVTLKELUEVIKIG OUVAPTNONG:

ZZ 221+Z2+Z3+Z4 (551)

Y16 Toug MEPLOPLOUOUG:

(5.26) — (5.36), (5.39) — (5.45)

MNa tnv eniluon tou mpoPAnuartog tng BEAToTng enavadlapdpdwaong AA yla thv
QIOKATAOTAON TNG AElToupyilag toug avamtuxbnke kwdikag pe tn Ponbela tou
YALMIP, 6mou amoteAel pia epyalelobrkn povielomoinong Katl BeAtiotonoinong Kat
urmopel va  xpnowormnownBel oe meplBallov MATLAB. H mopouciacn tng
epyaAelobnkng autng Ba yivel oto enopevo KedbdAalo, evw ol ebapUoyEC Kal Ta

OQTMOTEAECHATA TOU HOVTEAOU kTiBevTaL oto KeddaAaio 7.
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KEDAAAIO 6°

ANANTY=H KQAIKA ENIAYZHZ MPOBAHMATOZ BEATIZTHZ
EMANAAIAMOPOQ2HZ AIKTYQN AIANOMHZ HAEKTPIKHZ
ENEPTEIAZ

6.1 EIZAFQrH

Jto Kedpdhaio 5 mepypadnke Tto TPOPANnUa  BeAtiotomoinong mou Ba
npoonaBricoupe va AUCOUE oTnV mapoloa epyacia. MmopoU e va TapatnprooOUE
OTL oL HeTaBANTEG TTou amoteAoUV To POPANUa xwpilovtal oe SU0 Katnyopleg: 1) Tig
UETAPANTEC TIOU pmopoUV va AAGBouv OmMoLadATOTE MPAYUATIKA T (ouvexeig
HETABANTEC) Kal 2) TIG LETABANTEG TTOU UTIOXPEOUVTOL VO TIAPOUV OVO OKEPALEC TIUEG
(6LakpLtég peTaBANTEG) KO CUYKEKPLUEVA Elval SUABIKEG.

‘Eva t€tolo mpOoPAnUa UIopel va ApeL TNV €£€NG YeVIKA popdn:

EAayLotonoinon tne: f(x,y)

Y16 toug neploplopous: h(x,y) =0
gx,y) <0
x € XCSR"®
y eyczm

Ta cuvoAa X, Y Twv petafAntwy, n popdn tng f mou amoteAel TNV OVTIKELEVIKN
ouvaptnon Kabwg Kal oL LopdEC TwV g, h TTou avVTUTPOCWIEUOUV TOUG TTEPLOPLOUOUG
Tou mpofAnuatog kabopilouv T HABNUATIKA XOPAKINPLOTIKA TOU TPOBAAUATOC
BeAtiotonoinong. Eva mpoPAnua PBeAtiotomnoinong pmopsi va StakplBel otig £€ng

katnyoplec:

e [lpoPfAfuata ypapuikoU (Linear Programming — LP) kot pn-ypopplkoU

nipoypappatiopou (Non-Linear Programming — NLP):
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Ita mpoPARuaTa ypapulkoU Tpoypappatiopoy, ot f, h, g elval ypopuLKES
OUVAPTAOELC TwV UETOPANTWV. ATIO TNV AAAN LEPLA, OTAV TO CUVOAO TWV TIEPLOPLOUWV
N TWV OVTIKELWEVIKWY CUVAPTACEWV OITOTEAOUVTOL ATIO 1N YPOUMLKEG CUVAPTHOELC,
TOTE TO MPOPANUA xapaktnpiletal w¢ un ypoupko. Emiong, dUo katnyopieg twv
TIPOPBANUATWY TOU [N — YPOLULKOU TIPOYPOUUATIOHOU amOTEAOUV Ta TPOBAR LT TTIOU
TIEPLEXOUV TETPAYWVIKEG OVTIKELUEVIKEG OUVOPTIOELG KOL OL TIEPLOPLOUOL TOUG €lval
YPOAUULKEG cuVapPTAOELS TwV petaBAntwy (Quadratic Programming — QPP) kaBw¢ kat
TO TPOPANUATA TIOU OTOUG TIEPLOPLOUOUC TOUC TIEPLEXOUV TETPAYWVIKOUC OpOUG,
OVEEAPTNTA TNG AVTIKELUEVIKN G ouvaptnong (Quadratically Constrained Programming

—QCPP) [31], [38].

e [lpofAnuata cuvexwyv Kal SLakpLtwv LeTaBANTWVY:

Ye éva MpOBANUa cuvexwv PeTaPANTwY, OAEC oL PETABANTEC €lval TPOYUATIKOL
aplBpol dnAadn pnopouv va mapouv omoLladAMOTE . YIIAPXouV OpwE mpoBAnuata
TIOU yLaL VoL EXELVON A N AUGCH TOUG, TIPETEL KATIOLEG ATO TLG LETAPANTEG va Aapdvouy
OKEPOLEG TIMEG. Ta mpPoPAnuaTa auTd ovopalovtal UIKTA oképoala TpoBAnuata
(Mixed Integer Programming Problem — MIPP). Av twpa OAeC oL aképaleg LETABANTES
uroxpeolvtat va eivat Suadikég (0/1), tote to MPOPAnUa avikel otov 0/1 pIKTO
oKEpao mpoypappatiopo (0/1 Mixed Integer Programming Problem — 0/1 MIPP).
T€Aog, av OAeg ot pPeTaBANTEG TOU TPOPANUATOC TIPEMEL Va €lval AKEPALEC, TOTE TO
TIPOPBANHA OVAKEL OTOV OKEPALO TIPOoypappatiopd (Integer Programming Problem —

IPP) [31].

Me Bdon TG KATNYOpieG MOU OVAAUCAUE TOPAMAVW, TO TPOPBAAUAT HLKTOU
OKEPOLOU TIPOYPOUUATIONOU Slakpivovtal o€ TPOoBAAUATA  UIKTOU OKEPOLOU
YPOULKOU Tipoypappatiopol (MILP), mpoBARHaTa UIKTOU OKEPOLOU HN — YPOAUULKOU
npoypappotiopol  (MINLP), mpoPAAuaTa  UIKTOU  OKEPOLOU  TETPAYWVLIKOU
npoypappatiopol (MIQP) kat mpofARUATA ULKTOU OKEPOLOU TIPOYPAUUATIOUOU HE

TETPAYWVIKOUG TIEpLOPLOpOUC (MIQCP).
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Ta mpoPAnuata mou avaAudnkav mapamdvw mapouclalouv opKETEG SLadopEg
otnv Stadkaoia emiAuong Toug. OUCLAOTLKA, TNV LEYAAUTEPN €UKOALQ OTNV €miluon
napouaotalouyv Ta PoBARUaATA YPAUUKOU TIPOYPOUUATIONOU adoU To £LKTO cUVOAO
TwV AUCEWV €lval pia KUpTr TepLloXn Kal ylo auTto tov Adyo elvat duvarth n eUpeon Tou
OAlkoU BéATioTou. AVTIOETWG, Ta TPOPRARMATA KN YPOAUULKOU TIPOYPOLUATIOHOU
evOEXETAL VA TTAPOUOCLAIOUV LN KUPTEC I KAl AOUVEXELG TIEPLOXEG. H bdlotnTa auth
KaOLoTtd tnV €miAUcn TWV CUYKEKPLUEVWY TIPOPBANUATWY apKeTA SUOKOAN SLOTL N
Umapén aPKETWY TOTIKWV BEATIOTWY 0dnyel og aduvauia yvwong eav pia Avon, anod
TG urtoPdLeG, avTLoTolyel oTo 0ALKO BéATioTo. Elval onuavtikd va tovicoupe OtTL Ta
QP mpofAfuata, av KoL OVAKOUV OTnV Kotnyopia TOU MNn  YPOUMLKOU
TIPOYPOUUOTIOMOU, EMAVOVTAL EUKOAOTEPQ QTIO TO TEPLOCOTEPO TPOPBANUATA MN
YPOUULKOU TIPOYPOUUATIONOU. ITNV MEPIMTWwon Eviaéng aképalwy LETOBANTWY, OTIWC
elbape OTIC KATNYOPIEC TOU MIKTOU OKEPOLOU TIPOYPOMUATIONOU, N Sladikaoia
eniAuong tou mpoPARuatog yivetat mo ovvBetn [31]. MNa mapdadewyupa, oe €va
nipoBANua 0/1 aKEPALOU YPOULKOU TIPOYPOUUATIOMOU UE N LETABANTEC UTTAPYOULY 2™
ouvbuaopol Tou TMpENeL va eAeyxBolv. e autd ta MPOoPANUATA UTIAPXEL EKOETIKN
avénon ¢ SduokoAiag tou mpoBAnuato¢ SOTL KABs dopd MoOu O apPLOPOG TwV
HETABANTWY aUEAVETAL KATA pia povada, o aplOuods Twv AVcewv duthaoctaletal .

To mpoPAnua tnG BEATIOTNC PONC LOXUOC OTwG daivetal kat otig e€lowoels (5.8) -
(5.11) mepléxel OPKETA EVTOVEC N YPOUULKEG ouvapTNOELS (NuLtovoeldeig). O Tpomog
HE Tov omoio dlaxelplotnke autd To {NTNUA ATAV N YPOUULKY TIPOCEYYLoN TWV HUN
VPOUUKWY 0pwV. MapoAa autd, To mpoPAnUa aviKeL otnv Katnyopio tou 0/1 piktou
OKEPALOU TETPOYWVIKOU Tpoypoppatiopol (0/1 MIQP) AOyw TWV QVTIKELUEVIKWV
ouvaptioewv (5.47), (5.48). B€Bata, to mpoBAnua MIQP pag édwoe tnv duvatotnta
HEYAAUTEPNC eUKOALAC emiAuong amo to apxtkd MINLP rmipopAnua.

6.2 YALMIP

MNa tnv avamtuén kol TtV  €milucn TOu HaBnuatikol HOVIEAOU TNG
BeAtiotonoinong xpnotpomnoionke to YALMIP (= Yet Another LMI Parser). To YALMIP

anoteAel pla epyalelodnkn yia to meptBaAlov MATLAB, n omola elval apKeTA LOXUPN
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WOTE VA UTTOOTNPLEEL APKETA LOVTEAD OO NUATIKOU TTPOYPAUUATIOMOU. Ta KupLotepa

XOPOKTNPLOTIKA TNG EpYAAELOBNKNG aUTAC elval Ta akoAouBa [39]:

e Amhomnoinon t¢ dtadikaociag tng BeAtiotonoinong adou n avamntuén Kwdika
yla tnv povielomoinon &vog mMPoBARUATOC TPOYHOTOTOLETOL KAVOVTAG
XPNON TUTILKWVY EVTOAWYV TOU Tipoypappoato¢ MATLAB. Itnv mpaypatikotnta,
TPELC Baoikeg evioAeg Tou YALMIP eival apketég yla tnv mAsoyndia twv
XPNOTWV WOTE VO LOVTEAOTIOL)COUV KoL VAL ETUAUGOUV TO SLKO Toug TpOBAnua

BeAtiotomoinong.

e Ikavotnta povtelomoinong mpoBAnuatwy xwplc va nailel poAo 1o péyebog
Twv edopévwy Toug. OUCLAOTIKA, PE Xpron Hiog evtoAng kat kabopilovtag
Tov apOpo twv petapAntwv tng, Sivetalr n Suvatotnta SHAwong Twv
HeTaBANTWY ToU €ilval Tou 8lou eldoug pe eviaio tpodmo. Etol, n avamrtuén
Tou (6lou Kwdika pmopel va xpnottomnotnBet yla tnv €kdppacn TO0O UIKPWY

TPOPBANUATWY 600 Kal yla LeyaAUTEPQA TIpoBANHaTA.

e Yrmootnpn O&1adpopwv HOVIEAWV HABNUATIKOU TpOoypPappOTIopol. Ta
televtaia xpovia, to YALMIP éxeL e€ehxBel onuaviikd adou o xprotng
kaBlotatal Kavog va HOVTIEAOTIO|OEL TIC TIEPLOCOTEPEG KATNYOpPLeG Twv
MPOPANUATWY TOU HABNUATIKOU TIPOYPAUUOTIOHOU EVW TOUTOXPOvVa
anaAAAooeTe Ao TG SUOKOALEG TToU adopPOoUV TIG TEXVIKEG eTtiAuonG. Mo TV
eniAuon Twv mpoBAnuatwy to YALMIP ivat tkavo va aAANAemSpAceL pe Eva
oUVoOAO eTAUTWY, TO omolo TepAapBavel Kot emAUTEG Swpeav Slabsong
OAAQ KOLL EUTTOPLKOUC, KaL £TOL 0 XPHOTNG UIopEl eUKOAA va 0ploEeL, HEow piag

€VTOANG, Tov KatdAAnAo “solver” yia tnv emiluon tou mpoPAnuaTtoc.

6.2.1 2ZYNTA=H MONTEAOY 2TO YALMIP

To mpoPAnua mou mapoucidotnke oto KeddAawo 5 povredomolibnke pe xpnon

Tou Aoylopikou MATLAB kat tng gpyaAeloBnkng YALMIP. Ot BaoLkEG €VTOAEG TOU
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XPNoLLomotnkayv yLa Tov 0plopo TwV HETABANTWY, TWV MEPLOPLOUWV OAAA KOl TNG

OVTLKELUEVLKN G oUVAPTNONG tapouaotalovrtol mapoakatw [40]:

A. MetaBAntég anodaong

Tov Kevtplkd polo, og éva TPOPANUa BeAtiotonoinong, KaTéEXouv oL LETAPANTEG
anodaong adol HECW AUTWVY TPOOSLOPIlETAL TO QVTIKELUEVO amodaong Tou
npoBARuatog. 3to YALMIP ot petafAntég amodacnc aviumpoowrnelovial and to
avtikeipeva sdpvar. Otav dnAwvetal pia petafAntr amodaong TOTE TIPEMEL va
ocuunephapBavovtat Kat oL SlacTtAcelg tnG. Na mapadelyua, os €va SiKkTtuo n KOUPwWVY
N HetaBAnT) anodacng Twv HETPWY TWV TACEWV TwV KOUPBwVY elval évag mivakag n

YPOUHUWY, (log oTAANG KAl SNAWVETAL LLE TNV TTOPAKATW EVIOAN:

BusVoltage = sdpvar(n,1,’ full")

Eniong, to YALMIP mpoodépel pia mAnBwpa eVIOAWV TTOU XPNOLUOTIOLOUVTAL YLd
TOV MPOCSLOPLOUO CUYKEKPLUEVWY TUTIWV HETOPRANTWY. O XpROTNG UMOPEL va ELOAYEL
oto TPOPANUa aképaleg, SUASIKEG aAAA Kol NUL-OUVEXELS HeTaBAntéc (semi-
continuous variables) (uila nui-ouvexng petafAntr) pmopel va AdBeL eite TNV TN
uUNdEv eite omoladnmote GAAN TLUA METALY VOGS KATW KOl AVw oplou) Kavovtag xprnon
TWV eVIOAWV intvar, binvar kol semivar avtiotouya.

EnutAéov elval onuavtikd vo TOVIOOUUE OTL O XPNOTNG UMOpPEel va epapUOoEL

oxeb0v OAeC TIG evtoAég Tou MATLAB o€ éva avtikeipevo sdpvar.

B. ARAwon TEPLOPLOUWV

Onwg éxoupe avadepel, Eva ePKTO oUVoAo opileTal To cUVOAO Twv AUCEWY TTOU
LKaVoTtoLEL OAOUC TOUG TTEPLOPLOHOUG TOU TIPOPANHaATOC. H SAwon Twv MEPLOPLOUWV
oto YALMIP mpayuatomoleital apketd eUkoAa. [Mapakdtw, o KwOKAC Tou
napouotaletal Snuoupyet pia Alota meploplopwy, oL omoiot SnAwvouv OTL Ta PETPA
TWV TACEWV OAWV TwV KOUPBwVY gival petafd Twv Tipwv 0.95 a.p kot 1.05 a.u evw n

Taon tou {uyou Talaviwong sival ton pe 1 a.p.
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constraints = [ ];
constraints = [constraints, 0.95 <= BusVoltage(:) <= 1.05];

constraints = [constraints, BusVoltage(slack_bus) == 1];

C. EniAuon tou mpoPAnpatog BeAtiotonoinong

Eddoov €xouv oplotel ol petafAntég amodaong Kol Ol TEPLOPLOUOL TOTE TO
npoBAnua tng BeAtiotonoinong unopet va emiluBel. Av Bewpricoupe otL B€Aoupe va
EANOXLOTOTIOLAOOVUE TNV  QVTIKELUEVIK OuvAPTNON Z TIOU UTIOKELTAL OTOUG
TLEPLOPLOUOUG constraints, TOTE UMOPOUME EUKOAQ VA TO TIPAYUOATOTOLCOUUE
Xpnotlpomnowwvtag tTnv evtoAn optimize. Mia akopa onuavtikr evtoAn, mou Slabetel
1o YALMIP, eival n sdpsettings kal xpnollomnoleitat yla va kaBoploel o xpnotng tov
KATAAANAO €mAUTH ywa To TPOPANUa. MapokATw TAPOUCLAIETOL O KWOLKAG TIOU
TiEPLYPADEL TNV EAOXLOTOMOLNGCN TNG Z TTOU UTIOKELTAL OTOUG TEPLOPLOOUG constraints

XPNOLLOTIOLWVTOG EVAV CUYKEKPLUEVO ETUAUTH.

Objective = Z;
options = sdpsettings(solver,’ ...");

diagnostics = optimize (constraints, Objective, options);

6.3  OENIAYTHZ GUROBI

Onwg npoavadEpdnke, to mMPoBAnua tng BEATIOTNG emavadlapopdpwaong, mou
avaAlBnke oto Kedpdlalo 5, aviKeL otnv KOTnyopla TWV MIKTWV OKEPALWY
TETPOAYWVIKWV TIPOPBANUATWV.

Itnv nmopouoa gpyacia yla Tnv eniluon tou mpoBARpaTog xpnoluomnowtnke o
ermAutri¢ GUROBI [41]. O GUROBI mpood£pel apKETEG SUVATOTNTEG KAl ElvaL LKAVOG
va AUosl TpPOoBAAMOTO  YPAUUIKOU  TIPOYPAUUATIOMOU  (LP), TeTpaywvikou
TiPOypPAUMaTIOHoU (QP), UIKTOU OKEPALOU YPAUULKOU Tipoypaupatiopou (MILP),
HIKTOU  QaKEPOLOU  TETPOAYWVIKOU  Tpoypoppatiopoy  (MIQP), TeETpaywVIKWY

neploplopwyv (QCP) Kol HIKTOU QKEPALOU TIPOYPOUUATIOHOU HE TETPOYWVLKOUG
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neploplopols (MIQCP) o QpKETA MIKPO XPoviko Sitdotnua. O aAyoplBuog mou
xpnotuorolel o emAuti¢ GUROBI yia tnv AUon Twv MPOoBANUATWY UIKTOU aKEPALOU

TipoypappaTIopoU eivat o Branch-and-Bound.
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KEDAAAIO 7°

EQAPMOrEZ KAI ATTIOTEAEZMATA

7.1  EIZAFQrH

Y10 mapov KepaAato Oa yivel pia mapouasiacn Twv edapUoywy TOU POVIEAOU TNG
BéAtiotng emavadlapdpdpwong oe AA NAEKTPLKAC EVEPYELAG YLOL TNV ATIOKATACTOON
™G Asttoupylag toug oe mepimtwon epdaviong odpdipato¢. Ta Siktua mou Ba
xpnotpomnotnBouv sivat diktua 33 kat 69 koupwv (luywv), Ta onola Ba anoteAovvtal
a6 diktua pe Sieicduon AN kat amo Siktua xwpilg Sieiobuon AN, kol T
XOPOAKTNPLOTIKA Toug Tapouctalovtal oto KepdAawo 4. O Swatapaxeg mou Ba
T(POOTIAONCOUHE VO QVTIUETWITICOUUE avadEpovTal o ohAAPATA YPAUUWY, KOUPBWY
oAAa kot og oAk Stakorr (dtakomr) mapoxng tou umtootaduol YT/MT) twv Siktiwv
pue Oietobuon AM. e k@Be mepimtwon, To amoteAéopota TG €emMiAuong Tou
npoPAfuatog t¢ BeAtiotonoinong, ota diktua xwpic Steioduon All, amoteAouvral
anod TIg anapaitnte¢ aAAAYEG KATAOTAONG TWV SLOKOTTWY Kal and ta ¢optia mou
katadepav va tpododotricouv. And tnv aAAn, ota AA pe Sieioduon AN Ba e€ayovtatl
KOl QTMTOTEAECHOTO YL TNV TIEPLKOTIH LoXUog Twv MAIM mou Slobétel To ekAoTOTE
Siktuo.

OAeg oL edpappoyEG Tou povtéAlou tn¢ BeAtiotonoinong mpayuatonotonkav pe

xpnon H/Y pe ta akoAouBa TEXVIKA XapaKTNPLOTIKA:

o Enefepyaotnq Intel Core i3 370M @ 2.40 GHz
e Mvnun RAM 8 GB
e JKAnpoc diokog Samsung SSD 850 EVO

7.2  EQAPMOrH ZTO AIKTYO AIANOMHZ 33 KOMBQN

To biktuo twv 33 kouPwv amoteAeital and 1 unootabuo, 33 koupoug kat 37

YPOAUUEG, 20 €K TWV OTIOLWV €ival eEOTMALOUEVEG UE TNAEXELPL{OPEVO SLAKOTITN KoL Ol
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UTIOAOLTTEG €lval eEOMALOUEVEG e XElpokivnTo Slakormtn. O Mivakag 7.1 mapouotalel
TNV 0PXLKN KOTAOTAON TWV YPAUUWVY He Stakomtn, SnAadn Tnv KATAoTacr Toug otnv
apxkr) tomoAoyia tou AA. Emiong, n apxwn tomoAoyia tou AA 33 kOUPBwv

amnewoviletal oto Zxnua 7.1.

IxAna 7.1: Apxiknr tomoloyia AA 33 KOUBwv
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EIAOZ THAEXEIPIZOMENOI XEIPOKINHTOI
KATAZTAZH
KAEIZTOI (1,2), (2, 19), (19, 20), (2, 3), (4, 5), (5, 6), (7, 8),
(21, 22), (3,4), (6, 7), (9,10), | (8,9), (10, 11), (12, 13),
(11, 12), (13, 14), (15,16), (3, | (14, 15), (16, 17), (17,
23), (23, 24), (24, 25), (26, 18), (6, 26), (27, 28), (29,
27), (28, 29) 30), (30, 31), (31, 32),
(32, 33), (20, 21)
ANOIKTOI (8, 21), (9,15), (12,22), (18,
33), (25,29)
Nivakag 7.1: Apxkn katdotaon Stakomtwy AA 33 KOUBwvV

7.2.1 AIAKOIMH AEITOYPTIAZ THZ TPAMMHZ (28, 29)

Onwg eidape kat otig edpappoyég tou Kedalaiov 4, n dtakomn Aettoupylog Tng

YPOAUUNAG TIOU OUVOEEL TOUG KOUPBoUC 28 Kat 29 €xel wC AmMoTEAeoUa TNV SLaKomN

tPododotnong twv kopPwv 29, 30, 31, 32, 33. Itov Mivaka 7.2 daivovtal ta

amoteAéopata tne PBéAtotng emavadiapopdwong tou AA kot oto IxAua 7.2

onelkoviletal To O6KTUO HE TNV YpOMUR TIOU Xpeldotnke va ocuvdebel wote va

efunnpetnBoulv 600 To duvatov meplocodteEpa doptia divovtag mpotepALOTNTA OTA

Kplolpa ¢poptia Tou Siktuou.

ZAtnon Koupwv 29 - 33:

0.74 MW, 0.34 MVAr

Z0vbeon ypappng:

(25, 29)

Mn g§unnpetoVevn LOXUG:

0.58 MW, 0 MVAr

XpOvog eKTEAEONG KWSIKAL:

4.657 sec

Nivakag 7.2: AnoteAéopata Tou TPoBARUATog TNG PEATIOTNC enavadlapopdwaong

Tou AA 33 kOpBwv Aoyw dlakomn g Asttoupyiag e ypappns (28, 29)
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IxAua 7.2: ToroAoyia AA 33 KOUBwWV LETA TNV EMAVASLOUOPPWOT) TOU AOYWw
Slakomnc Asttoupylag Tng ypapung (28, 29)

To Ixnua 7.3 amnelkoVvilel TIC ypadLKEC TAPAOTACELS TNG {NTNONG TwVv dopTiwv o€
MW kot tnG {NTnong mou EumnpeTAONKe PETA TNV oLVSEEDN TNG KATAAANANG YPOUUNC.

Mapatnpouue OTL N emavadlapdpdwon Tou SIKTUOU SEV UMOPECE VA LKOVOTIOLHOEL
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karola poptia SLOTL £5wae MPOTEPALOTNTA OTNV UEPLKN EEUMNPETNON TWV PopTiwV
mou BewpnBnkav kpiowa Adyw tou cuvteleotr Bapouc.

Télog, oto ZxAua 7.4 mapouctdlovtol T AMOTEAECUOTO TOU TPOPANUATOC
BeAtioTomoinoNG yLa TIG TIUEG TNG PONG EVEPYOU LOXVOG O€ KABE ypapun Tou Siktuou
o€ olyKpLon E TIC TIUEC Ttou e€nxOnoav amd to MATPOWER LETA TNV eKTEAECH TOU

npoBARuaTog pong ¢optiou pe dedopévn tnv avadlapopdwuévn tomoloyia tou AA.

03 T T T T T
Il ZHTHZH GOPTION (MW)
I E=YMHPETHEH ®OPTIQN (MW)
0.25 [ ]
0.2 8
0.15 [ 8
0.1 .
0.05 [ 8
0 1 1 1 1
29 30 31 32 33

KéuBol
Ixnua 7.3: Npadikr mapaotaon eEunnpetolevng {ntnong (MW) peta tnv
enavadlapopdwon tou AA 33 KOUBwV Aoyw Slakomn g Asttoupylag TG YPOUUAG
(28, 29)
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Pon evepyou 10xUog (MW)

—— TiyR pong evepyou 1oxuog (YALMIP)
—— TiyRA pong evepyou 1oxuog (MATPOWER)

pappeg

IxAna 7.4: Mpadikr mapaotacn Tng Pong evepyou LoXUOG o€ KABE ypapun tou AA
33 KOUBwWV PETA O TNV emavadlapopdwaor) tou Adyw Slakomng Aeltoupylog Tng

ypPauung (28, 29)

7.2.2  AIAKOMH AEITOYPTIAX TON TPAMMOQN (2, 19) KAI (13, 14)

Je meplmtwon Slakomng Aswtoupyiag twv ypappwyv (2, 19) kot (13, 14) Ba
amopovwOel peydhn meploxn tou SIKTUOU. ZUYKEKPLUEVQ, N Slakomr Asltoupyiag tng
ypauuns (2, 19) 8a mpokaAéoet Stakomn tpododdtnong otoug koupoug 19, 20, 21, 22
evw n Slakomn Asttoupyiag g ypoapung (13, 14) Ba eivat umevbuvn ywa Vv
amopovwon twv KopBwv 14, 15, 16, 17, 18. Emopévwg, Ba xpelaotel va cuvdebolv
TIAPOTAVW ATtO Uia YPAUUEG WOTE Vo amokataotabel n Aettoupyia Tou AA o€ 660 TO

Suvatov peyailtepo Babuo. O Mivakag 7.3 mapouotldlel Ta AMOTEAECUATA OO TNV
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eniluon tou mpoPAnpatog BeAtiotonoinong kat to IxAua 7.5 anekovilel to Siktuo
HETA TNV emavadlapopdwor) Tou.

210 IXAUaA 7.6 umopou e va Stakpivoupe ta ¢poptia mou tpododotriBnkav mARpwg
KalL AUTA TTou TpododotnOnkav peplkwg. Mapatnpolpe otL n enavadlapopdwaon Tou
Siktvou tpododotnoe MANPwC Ta doptia Twv KOUPwv 14 - 18. EmumAéov, pia
onNUaVTIKA mapatipnon eival n e€unnpétnon twv koupwv 20, 21 os oxéon He Ta
doptia Twv kKOPPwWv 19, 22 ta omola dev TpododotBnkav. O Adyog eival otL 66nke
potepaALOTNTA OTa PopTia Twv KOUPBwvV 20, 21 (kplowpa dpoptia) Kal £ToL UTHPXE pia
Slapopormoinon oTIG TEC TwV BapwVv Toug o oxéon Ue Ta doptia Twv AaAAwv duo
KOUBwWV.

310 IxAMa 7.7 anewkoviletal n ypadlkn MapaoTacn Twy TLULWV TNG PonG evepyou
LoxVo¢ Tou TpoékuPav amod to MPOPANUA TNG BEATIOTOMOINONG O CUYKPLON LE TO
amoteAéopata  Tou TpoPAnuato¢ TG pong ¢optiou, pe bSedopévn TNV
avadlapopdpwuévn Tomoloyia tou AA, mou e€€nxBnoav amd to MATPOWER.
MapatnpoUUE OTL, KOL OE QUTAV TNV MEPIMTWOon opaApatoc, n HEB0SOC YPAUMUKNC
TPOOEYYLONG TWV €ELOWOEWV NG BEATIOTNG pong oXVOE TIOU TIOPOUCLACTNKE OTO

KedbdaAawo 5 dev epdavilel onpOVTIKEG ATTOKALCELC.

Z\TNON OMOMOVWUEVWV KOUBWV: 0.75 MW, 0.33 MVAr
Z0véeoN YPAUUWV: (9, 15), (8, 21)
Mn e§unnpetol eV LOXUG: 0.235 MW, 0 MVAr
XpOvog EKTEAEGNG KWSLKOL: 1.088 sec

Nivakag 7.3: AnoteAéopata Tou poPARpatog tng BEATIOTNG emavadlapopdwaong

Tou AA 33 KOUBwV Adyw Slakomng Asttoupyiag Twv ypapupwy (2, 19) kai (13, 14)
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Ixnua 7.5: TomoAoyia AA 33 KOUPBwWV HETA TNV EMAvVASLApUOpdwWaoH Tou AdYyw
Slakomng Aettoupyiag Twv ypappwy (2, 19) kat (13, 14)
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0.2 T T T T T T T T T

Bl ZHTHSH DOPTIQON (MW)
0.18 B E=YMHPETHSH ®OPTIQN (MW)

0.12

0.1

0.08

0.06

0.04

0.02

14 15 16 17 18 19 20 21 22
Koupol

IxAna 7.6: Mpadikr mapaotacn eEunnpetolevng {ntnong (MW) peta tnv
enavadlapopdwon tou AA 33 KOUBwWV Aoyw SLakorrg Asltoupylag TwV YPAUUWY

(2, 19) ko (13, 14)

Pon evepyoU 1o0x0og (MW)

——— Tiun pong evepyou 1oxvog (YALMIP)
——— Tiun pong evepyou 1oxvog (MATPOWER)

pappég

IxAna 7.7: Fpadikn mapaotaon Tng pong evepyou LOoXVOG o€ KABOe ypauur tou AA
33 KOUPBWV UETA TNV eMavadLlapopPwor] Tou Aoyw Slakomrg Aettoupylag Twv

VPAUUWV (2, 19) kai (13, 14)
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7.3  EQAPMOTH 2TO AIKTYO AIANOMHZ 33 KOMBQN ME AIEIZAYZH AN

To AA 33 kOpPBwv pe Steioduon A, mou Ba e€etdoou e o€ auto To Kepahalo, Exel
Ta (6l XapaKTNPLOTLKA e To SikTuo Ttou mapouctdcape oto KedpdAato 4. Ot MAM mou
eival Staocuvdebepévec pe to SiKkTuo HEPOUV HEYLOTN EYKATECTNMEVN LOXVU TOU £ival
lon pe 1o 40 % TOoUu PEyLoTou dopTiou Kat ta Sedopéva Toug mapouaotdlovtol oTov
Mivaka 7.4. YrnevOuuiloupe OTL N depyog LoxuG kaBe povadag eival duvatdv va
TIPOCOPUOOTEL OVAAOYO UE TIG OVAYKEG TOoU OLKTUOU €€AITIOG TOU KUMOULVOUEVOU
ouvteleotn oxvog (BA. oxéon (5.40)). Emiong, n apxlki KATAOTOON TWV SLAKOTTTWY
daivetat otov Mivaka 7.1 kat n apxikn tormoAoyia tou AA 33 kOpPwv pe dieioduon AN

amnelkoviletal oto IxAua 7.8.

MAn ZYroz EIAOZ Ppe
(Mw)
DG, 25 AJT 0.5
DG, — DGy, 10 - 12, 15, 16, /B 0.1
18,19, 22, 33
Nivakag 7.4: Aedopéva MAN tou AA 33 kOuBwv pe Steioduon AN

7.3.1 AIAKOMH AEITOYPTIAZ TON TPAMMOQN (7, 8) KAI (23, 24)

H Stakomn Asltoupyiog TG YPaUUAG TIOU CUVOEEL TOUG KOUPBOUG 7 Kal 8 €XEL WG
OUVETELa TNV dlakomn tpododotnong twv kouPwy 8, 9, 10, 11, 12, 13, 14, 15, 16, 17
Katl 18, evw n dtakormn Asttoupylag e ypappung (23, 24) emnpealet toug kOpPBoucg 24
Ka 25. Mo va pmop€oel va SnutoupynBet €va véo pPovomATL yla TV KateuBbuvon tng
PONG LoXVUOG TIPOG TOUG ATIOUOVWLEVOUC KOUBOUC Kal va amOoKATAOTAOEL N KAVOVIKN
Aettoupyla tou AA, XpeldoTnKe va KAELOEL 0 TNAEXELPL{OUEVOG SLAKOTITNG TNG YPAUUAG
TIou oUVOEEL ToUuG KOUPBoUG 29 Kkal 25 alld kKol o TNAEXEWPLLOUEVOS SLOKOTTNG TNG
YPAUUNAG (22, 12). Me TNV ocUVEEDN TWV YPOUUWY AUTWV, To avadlopopdwpévo Siktuo

elvat kavo va tpododotioel MANpw¢ OAa Ta ¢opTiat TWV ATOUOVWHEVWY KOUBWVY,
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onw¢ ¢aivetat kat oto Zxnua 7.9. O Nivakag 7.5 mapouctldlel Ta AMOTEAECHATA TOU
npoBARUaToC TNG BEATIOTNG emavadlapopdwong kat to IxAua 7.11 aneikovilel to AA
HETA amod TV cUVEEDN TWV KATAAANAWY YPOUUWV.

TéNog, oto IxNua 7.10 aneikoviletal n ypadikrn mapAactacn TG pong evepyou
LOYXUOG £TOL WOTE VA YIVEL OUYKPLON TWV OIMOTEAECUATWY TOU TPORAAMATOC ME Ta
anoteAéopata  Tmou  eéayovtat  amd to MATPOWER pe 6ebopévn  tnv

avadlapopdpwuévn tormoAoyia tou AA.

25

56O O

o 2

Ixnua 7.8: Apxikn toroloyia AA 33 kopBwv pe dieiobuon AN
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Ixnna 7.9: Mpadikr mapaotacn eEunnpetolevng {ntnong (MW) peta tnv
enavadlapopdwaon tou AA 33 kOpBwv, pe dieiobuon A, Adyw SLaKOTAG
Aettoupyiog Twv ypappwv (7, 8) kat (23, 24)

s Pon evepyoU 1ocxuog (MW)

——— Tiun porg evepyou Ioxuog (YALMIP)
Tiun pong evepyou Ioxuog (MATPOWER)

0.5

Mpappég

Ixnua 7.10: Mpadiki mapaotoon TS porng EVEPYOU LoXUOG o KABE ypappr Tou
AA 33 kOpBwv, pe dietoduon AN, petd tnv emavadlapdpdwon Tou Aoyw SLaKOoTAG

Aewtoupylog Twv ypappwy (7, 8) kat (23, 24)
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Z\TNON OIMOHOVWHEVWV KOMBwWV: 1.715 MW, 0.81 MVAr
Z0vV6EoN YPAUUWV: (22, 12), (29, 25)
Mn e§unnpetolevn LOXUG: 0 MW, 0 MVAr
Nepwkomnn evepyol Loxvog MAM: 0 MW
XpOvog eKTEAECNG KWSLKAL: 0.56 sec

Nivakag 7.5: AnoteAéopata Tou poPARUaTog tng BEATIOTNG emavadlapopdwaong
Tou AA 33 kOpBwv, pe dieiobuon AN, Aoyw SLaKOTIAG AELTOUPYLAC TWV YPOUUWY
(7, 8) kaw (23, 24)

Ixnpna 7.11: ToroAoyia AA 33 kopBwv, pe dieiobuon AN, petd tnv
enavadlapopdwon tou Aoyw Stakomng Aettoupyiag tng ypauung (7, 8) kat (23, 24)
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7.3.2 ZOAAMA XTON YNOZTAGMO TOY KOMBOY 1

Ye nepimtwon epdaviong opaApatog otov M/2 untofiBacpot YT/MT, Ba Stakormel
n teododotnon OGAwv twv ouvdedepévwy doptiwv tou AA. Eival onupavtikd va
Toviooupe OTL N Tapo)r LoXVUOC, LETA armo TV oAk Stakomr tpododotnong efattiog
™¢ epdaviong opaApatog otov urootaduod YT/MT, mpogpxetal povo amnod tg MAMM.
Onwcg éxoupe avadépel, ot MANM pmopouv va TapAdyouv Kal Agpyo oxL, e¢altiag tou
2.l. EmumAéoy, eidape kat otnv Evotnta 2.4.1 ot elval avaykaia n vmoapén povadwy
mapaywyng pe duvatotnta autopatng ekkivnong (black start capability) wote va
gekvnoel n mapaywyn. Ztnv mopovoa epyacia Bewpnbnke OTL UTIAPXOUV TETOLEG
pHovadecg mou eival tkaveg va tpododotricouv Tig¢ MAT, ou eival EyKATECTNUEVES OTO
Siktuo Tou Ba PEAETOOUE, KAl UE QUTOV TOV TPOTIO £lval EPLKTH N CUVEXELD TNC
Sladkaoiog amokataotaong Ue TNV eEumnpETnon Twv Kplolwwv doptiwv. O Nivakag
7.6 mapouotdlel ta anoteAéopata Tou poPAnuatog BeATiotonoinong Kat To XU
7.12 anekovilel To avadlapopdwpévo diktuo.

Onwg pmopoupe va dolupe Kal oto Zxnua 7.13, ot MAM, adol tpododdtnoav To
doptio tou kOpPou Tou elval eykateotnuéves (AOyw Tou ouvieleotn Papouc),
£€6woav mpotepaldtnTa otV TIPododotnon KAmolwv GopTiwy AOYw TWV HEYOAUTEPWV
TIHWV BAPOUC TTOU TA OVTUTPOCWTIEUAV OTNV OVTLKELLEVIKY) ocuvaptnon. Ta urmoAouta
doptia tou AA mou eixav xapnAotepn T Bapoug, SnAadn Bewpndnkav Alydtepo
kplowa, &ev tpododotibnkav. 2to ZxAua 7.14 amewkovilovtal ol ypadlKeG

TIAPACTACELG TNG PONG EVEPYOU LoXUOG O€ KABE ypapun tou AA pe Sietobuon Al.

ZATNON OMOUOVWHEVWV KOUBWV: 3.715 MW, 1.76 MVAr
Z0véeon YPAUUWV: -
Mn g§unnpetovuevn LOXUG: 2.315 MW, 1.3 MVAr
Nepikomr) evepyou woxvog MAM: 0 MW
XpOvog eKTEAEONG KWELKAL: 302.7063 sec

Nivakag 7.6: AnoteAéopata tou pofARuatog tng BEATIOTNG enavadlapdopdwaong
Tou AA 33 kOuBwv, pe dleicbuon AN, Aoyw Stakomnig Aettoupyiag tou

unootaduou
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IxAua 7.12: TomoAoyia AA 33 kOpBwv, e dieicduon AN, petd tnv
enavadlopopdwar] tou Adyw Stakorng Aettoupyiag tou untootadpou (to BEAog
TIOU QVTLOTOLXEL amd Tov KOUPo 1 otov 2 dev €xel onuacio adol dev umtapyel

Tapoxn LoXUog arnod Tov UTTooTaOuO)
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Ixnpa 7.13: Npadikn mapdotaon eEunnpetovpevng Intnong (MW) peta tnv
enavadlapopdwon tou AA 33 kOpUPBwv, pe Sleicbuon AN, AdOyw SLOKOTIAG

Aettoupyiog Tou umootaduou

Pon evepyouU 1ocxuog (MW)

0.5

TipA porg evepyou 1oxvog (YALMIP)

0.4 r TiIuA PoNg evepyoU IoxUog (MATPOWER) | |

0.3 T

0.2 T

0.1 f 1

-0.5
Mpappég
Ixnua 7.14: Mpadikn mapaotoon TS porg EVEPYoU LoXUOG o KAOE ypapur) Tou
AA 33 kOpBwv, pe dieioduon AN, petd tnv emavadlapdpdwor Tou Aoyw SLOKOTIAC

Aettoupyiog tou umootaduou
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7.4  EQAPMOTH ZTO AIKTYO 69 KOMBQN

To AA 69 k6pPBwv, ou epdaviletal oto Ixnua 7.15, eival éva aktviko diktuo mou
anoteleital and évav umootabuod, 69 koupoug, 76 ypapuuég kot 34 Stakomrteg. H
OpPXLKA KATAoToon Twv Slakomtwv oAl Kal to €i60¢ Toug mapouaoialovial oTov

Mivaka 7.7. Ta eMUTAE0V XAPOKTNPLOTIKA Tou AA avadépovtal oto Kedalaio 4.

Ixnua 7.15: Apxikr tomoAoyia AA 69 kKOpBwv
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EIAOZ THAEXEIPIZOMENOI XEIPOKINHTOI
KATAZTAZH
KAEIZTOI (3, 4), (9,10), (15, 16), (1,2), (2, 3), (4, 5), (5, 6),
(3, 28), (33, 34), (52, 53), (8,9), (11, 12), (12, 13),
(12, 57), (21, 22) (14, 15), (18, 19), (20,

21), (22, 23), (25, 26),
(43, 44), (60, 61), (4, 36),
(8,40), (9,42), (49, 50)

ANOIKTOI (9, 15), (21, 27), (38, 43), (9,
50), (45, 60), (29, 64), (22,
59), (15, 67)

Nivakag 7.7: Apxikn kataotaon Stakomtwy AA 69 KOUBwvV

741 ZOAAMA ZTON KOMBO 12

Ye mepimtwon eudaviong opAApotog otov KOpBo 12, toTe ol SLOKOTTEC TWV
vpapuwv (11, 12), (12, 57) kot (12, 13) avolyouv autopoto €Ttol WOTE va
QMOUOVWOoOoUV To odpaApa. Emopévwe, omwe PAEMOUUE Kol oto xApa 7.15, éva
HEYAAO KOMMATL TOUu OktUuou Pyaivel €Kktog Aewtoupyiac. To KOUUATL, OUTO,
nepAapBavel Toug kopPBoug 12 péxpt 27 Kat toug KopBoug 57, 58. Ta amoteAéopata
Tou mpoPAnuarog tng BeAtiotomoinong mapoucialovtal otov MNivaka 7.8 kol to

Siktuo peta tnv emavadlapdopdwaon Tou ameikoviletal oto 2xnua 7.16.

ZTNon AMOUOVWHEVWY KOUBWV: 0.4393 MW, 0.2938 MVAr
Z0véeon YPAUNWV: (9, 15)
Mn e§uninpetoluevn LoxUG: 0 MW, 0 MVAr
XpOvog eKTEAECNG KWSLKAL: 0.875 sec

Nivakag 7.8: AnoteAéopata Tou MPoPBARUATOC TNG BEATIOTNG

enavadlapopdwaong tou AA 69 KOUBwV AOyw opaApatoc otov Koppo 12
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(8) 39 62 €3
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10 (9 @2 @) G4 69

1) (9 (9 @3 Go) 69

69) (13 (1) @9) 67)

66) (12 (8 @) 68)

67) (9 @o 69
68) 0) @)
21 @9
22) @9
23 60
29) 6
25) 62)
26) 63)
2) 69

Ixnpna 7.16: TormoAoyia AA 69 kOpBwv peta TNV emavadlapdpdwaon Tou Aoyw

oddaApatog otov kKOpuPo 12

Amné tov Mivaka 7.8, mapatnpoUue OtL n ouvdeon tng (9, 15) katddepe va
tpododotroel MANPWGS OAQ TO ATIOOVWHEVA, AOYW odAApATOG, popTia Kal n ypadikn
mapAaotaon NG e€UMNPETOUEVNG {ATNONG amnewoviletal oto 2xnua 7.17. Eniong, to

IxAua 7.18 mapouctalel tnv ypadkr mapAaotoon Twy TILWV TNG poNG EVEPYoU LoXUOG.
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Ixnpa 7.17: Npadikn mapdotaon eEunnpetovevng Intnong (MW) petd tnv

enavadlapopdwon tou AA 69 KOUPBwV Adyw odAApatog otov kKoo 12

Pon evepyou 1oxuog (MW)

—— TiyR pong evepyou Ioxuog (YALMIP)
35 —— TiuR pong evepyoU IoxUog (MATPOWER)

Mpapuég

IxAna 7.18: Mpadikn mapaotacn tng pong evepyou LoXUoG o€ KABE ypaupn Tou

AA 69 KOPBwWV peTa TNV enavadlapopdwaor) Tou Aoyw odAAUATOG oTov Koo 12
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7.4.2 AIAKOIMH AEITOYPTIAZ TON TPAMMAQN (3, 28) KAI (20, 21)

H eudavion odpdApatog tng ypappng (3,28) £xel wg OUVEMELD TNV SlaKOTN
tpododooiag otoug kOUPoug 28 — 35, evw n Slakomn Asttoupylag TnG ypapuung (20,
21) emnpealet tnv Tpododotnon Twv KOUPwV 21 — 27. JUVENWG, VO LEYOAO KOUHLATL
Tou SlkTUou emnpedletol amo TNV SLAKOTH AELTOUPYIAC QUTWY TWV YPAUUWY KoL yia
va anokataotabel n Asttoupyia Tou SIKTUOU XPELACTNKE VoL cUVEEBOUV OL YPOLLUEC
(59, 22), (64, 29), oL omoieg eival e€OMALOUEVES e TnAexelpl{Opevo Slakomtn. Me tnv
ouvVOEON TWV YPOUUWY, Ta ¢opTia TwV KOUPWV MOU eEMNPeACTNKAV ATd To apaApa
tpododotouvtal MANPwWE 6nwe daivetal Kal oto Ixnua 7.19. ErutAéov, o MNivakoag 7.9
mapouotalel ta anoteAéopata tou TpoPAnuartog BEAtiotng emavadlapopdwong
Aoyw eudaviong oPpaAUaAToC oTIC YPOUMES (3, 28) kat (20, 21) kat To IxAua 7.21
amnewovilel to AA peta tnv enavadlapopodwon.

Eniong, to ZxAua 7.20 mapoucldleL tnv por evepyol LoXUOG MOU UTIOAOYIOTNKE
and T1o0 TMPOPANUa  BeAtioTomoinong o€ OUYKPLON HE TO OTMOTEAECUOTA TOU
npoPBARuatog porg doptiou mou ekteAéotnke and 1o MATPOWER pe dedouévn tnv

avadlapopdpwpévn tonoAoyia tou AA.

Z\TNON OMOMOVWUEVWV KOUBWV: 0.1528 MW, 0.1082 MVAr
Z0véeON YPOAHUWV: (59, 22), (64, 29)
Mn g§unnpetovuevn LOXUG: 0 MW, 0 MVAr
XpOvog EKTEAEGNG KWSLKOL: 1.087 sec

Nivakag 7.9: AnoteAéopata tou poPARuatog tng BEATiotng enavadlapdpdwong

Tou AA 69 KOUPBwWV Aoyw Slakomng Asttoupyiag Twv ypaupwvy (3, 28) kat (20, 21)
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Ixnpa 7.19: Npadikn mapaotaon eEunnpetovpevng Intnong (MW) peta tnv
enavadlapopdwon tou AA 69 KOUBwV Aoyw SLakomng Aeltoupylag TwV YpaUUwyY

(3, 28) kaL (20, 21)

Pon evepyou 10x00g (MW)

—— Tiyn pong evepyou ioxuog (YALMIP)
35 —— TiyA pong evepyou IoxUuog (MATPOWER)

Fpappég

Ixnua 7.20: MpadLki mapaoTaon TG PoNG EVEPYOU LOXUOG O KABE ypa L) TOU
AA 69 kKOpBwv peta Tnv enavadlapopdwon tou Aoyw Slakomng Asttoupyiag Twv

YPOUUWV (3, 28) kat (20, 21)
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Ixnua 7.21: ToroAoyia AA 69 kKOpBwvV Hetd TNV enavadlapdpdwon Tou Aoyw
Slakomng Aettoupyiag twv ypapuwy (3, 28) kat (20, 21)

7.5 EOAPMOrIH ZTO AIKTYO AIANOMHZ 69 KOMBQN ME AIEIZAYZH Al

To AA 69 kOpUBwv pe Siteioduon A, mou Ba e€stdoou e o€ auto To Kedpahalo, Exel
TO (BLa YO aKTNPLOTLKA e TO SiKkTUO TTou Ttapouatacape oto Kedpaiato 4. Ot MAM mou
elval Staocuvdebepéveg pe to Siktuo HEPOUV HEYLOTN EYKATECTNUEVN LOXU TOU £lval
ion pe to 40 % tou pEylotou doptiou Kal ta Sedopéva Toug mapoucLAlovTaL OToV

Mivaka 7.10. YrmevBupiloupe OTL n Gepyog LoxUG KaBe povadag eivatl dSuvatov va
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TIPOCAPHOOTEL avaAoya MPE TG OVAYKEG TOU OIKTUOU €altiag TOU KUUOUWVOUEVOU
OUVTEAEOTN LOXVOCG Kal £€T0L UTTOPEL va mapadyet kot aspyo woxL. (BA. oxéon (5.40)).
Eniong, n apxwkn kataotoaon Twv Stakomtwy daivetal otov Mivaka 7.7 Kal n apxikn

tomoAoyia tou AA 69 kouBwv pe dteiocduon AN amneikoviletal oto IxAua 7.22.

Ixnua 7.22: Apxikn tomoloyia tou AA 69 kOuBwv pe Steioduon AN
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MaAn 2YTOz EIAOZ Pp¢
(Mw)
DG, 38 A/T 0.5
DG, — DGy, 3,5, 7,10, 15, 20, /B 0.1
50, 56, 64
Nivakag 7.10: Asdopéva MANM tou AA 69 KOUBwWV

7.5.1 AIAKOMH AEITOYPTIAZ THZ TPAMMHZ (8, 9)

Y€ mepintwon opaApatog otnv ypauun (8, 9), avoiyel avtopata o SLakOmTNnG TG
YPOUUAG QUTAC yla TNV amopovwon tou opaApartoc. Ta ¢poptia twv KOUBwv 9 — 27,
42 — 58 6ev tpododotouvtal. O NMivakag 7.11 mapoucldlel To AMOTEAECUOTO TOU
nipoBAnpatog BEATIOTNG emavadlapopdwaong Kal TIG YPAUUEG TIOU PE TNV oUVOEoN
TOUC LKOVOTIOLOUV TOUC AELITOUPYLKOUG TIEPLOPLOUOUG Tou AA. Ao Ta amoteAéopata
Tou Mivaka 7.11 moapatnpoU e OTL N YPAUUN TIou gival KAatdAAnAn ywo cuvdeon oto
6iktuo eivatr n (60, 45) adol efumnpetel peyaAutepo pEpog Twv doptiwv. To
avadlapopdpwpévo Siktuo 69 KOUPBWV PETA TN ouvdeon TNG KATAAANANG YPOAUUAG
amnelkoviletal oto Ixnua 7.23.

Ta ZxAuata 7.24(a) kat 7.24(B) napouvotalouv tnv €umnpetoVevn {NTNON TWV
QMOMOVWUEVWY KOUPBwV. ETtiong, To Zxnua 7.25 anelkovilel TiG ypadIKES AP ACTACELS
TWV powv gvepyol OoXVOC amod ta amoteAéopata mou e€nyays to YALMIP kot ta
amoteAéopata tou mpoPAnuatog pong doptiou mou AUBNKe pe xprion TOU

MATPOWER pe 6edopévn tnv avadiapopdwpévn tomoAoyia tou AA.

ZATNON OMOMOVWHEVWV KOMBwWV: 2.5060 MW, 1.7743 MVAr
Z0véeoN YPOAUUWV: (60, 45)
Mn e§unnpetolevn LOXUG: 0.0917 MW, 0 MVAr
Nepikomn evepyou woxvog MAM: 0 MW
XpOvog eKTEAEGNG KWOLKAL: 1.334 sec

NMivakag 7.11: AnoteAéopata Tou mpoBARUaATog tng BEATLOTNG
enavadlapopdwong tou AA 69 kopPwy, pe Sieioduon A, Adyw Slakomng
Aertoupyiag tng ypapupung (8,9)
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Ixnua 7.23: ToroAoyia AA 69 kOpBwv, pe dietoduon A, peTa amo tnv
enavadlapopdwon tou Aoyw ocdAApatog otnVv ypouun (8, 9)
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Ixnua 7.24(a): Nrpadikn napactaocn eEunnpetovpevng Intnong (MW) petd tnv

enavadlapopdwaon tou AA 69 kopBwv, pe Steioduon AN, AOyw SLOKOTING

Aertoupyiag tng ypapupung (8, 9)
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Ixnua 7.24(B): Nrpadwkn napdaotacn eEunnpetolevng {ntnong (MW) peta tnv

enavadlapopdwon tou AA 69 kOuPwv, pe Steicbuon Al, Aoyw SLakomng

Aettoupyiag g ypaupng (8, 9)
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Pon evepyou 1o0x0og (MW)

257 —— TiyA pong evepyou Ioxuog (YALMIP)
—— TiyA pong evepyou Ioxuog (MATPOWER)

-1.5

-2
Ipappég

Ixnua 7.25: Mpadki mapaotaon tng pong eVeEpyou LoXUoG o KABE ypauun

Tou AA 69 kOpBwv, pe dteioduon All, peta tnv enavadlapopdwar) Tou Aoyw

Slakomng Aettoupylag tng ypapuung (8,9)

7.5.2  AIAKOIMH AEITOYPTIAZ THZ TPAMMHZ (43, 44)

Y& mepimTwon odpAApatog otnv ypapun (43, 44), avolyel autopata 0 SLOKOTITNG
™G YPAUUAG QUTAC yla TNV Amopovwaon tou odAAPaToG. Juvenwe, Ta doptia Twv
kKouBwv 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54 &ev tpododotouvtat. O Mivakag 7.12
TapouoLalel Ta anoteAéopata Tou poPAnuatog BEATIOTNG emavadlapopdwong Kat
TIC YPAUHEG TTIOU HE TNV OUVOESH TOUG LKAVOTIOLOUV TOUG AELTOUPYIKOUC TTEPLOPLOUOUG
Tou AA. Ao ta anoteAéopata tou Mivaka mapatnpoUpe OTL N YPOUUAR Tou gival
KatdAAnAn yla ouvéeon oto Oiktuo elvat n (9, 50), n omoia katddepe va
tpododotrioel MANPwWE T hopTia, OMWGE UMOPOULE Vo SOUUE KoL oTo ZxNua 7.26. To
avadiapopdpwpévo Siktuo 69 KOUPwV HETA TN oUvOeon NG KATAAANANG YPOAMUAG

amnelkoviletal oto IxAua 7.27.
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Eniong, o IxNua 7.28 amelkovilel TG YpOoPIKEG TTAPACTACELS TWV POWV EVEPYOU
loxVo¢ amo ta anoteAéopata mou e€nyoye to YALMIP kal ta amoteAéopata Tou
npoPBAfRuatog pong doptiou ou AUBNnke pe xprion tou MATPOWER pe 6edopévn tnv

avadlapopdwpévn tornoloyia tou AA, avtiotolya.

ZATNON OIMOMOVWHEVWV KOMBwWV: 1.6820 MW, 1.2050 MVAr
Z0véeon YPAUUWV: (9, 50)
Mn e§unnpetol eV LOXUG: 0 MW, 0 MVAr
NMepwonn evepyou oxvog MAN: 0 MW
XpOvog eKTEAEGNG KWELKAL: 2.577 sec

NMivakag 7.12: AnoteAéopata Tou mpoBARUaATog tng BEATIOTNG
enavadlopopdwong tou AA 69 koupwv, pe Steioduon AMl, Aoyw SLakomng
Aertoupyiag tng ypauung (43, 44)
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IxAua 7.26: Mpadikn mapaotacn eEunnpetolpevng {ntnong (MW) petd tnv
enavadlapopdwon tou AA 69 koupwv, pe Steioduon AN, Adyw SLOKOTING
Aettoupyiag tng ypauung (43, 44)
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Ixnua 7.27: TornoAoyia AA 69 kOpBwv, pe dietoduon A, YeTa amo tnv
enavadlapopdwon tou Adoyw opaApatog otnv ypapuun (43, 44)
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PonR evepyou 1oxUog (MW)

—— TiyR pong evepyou 1oxUog (YALMIP)
—— TiyR pong evepyou 1oxlog (MATPOWER)

Mpappeg

Ixnpa 7.28: Mpadkn mapaotaon T porng eVvepyou LoXUoc o KAOE ypapun
Tou AA 69 kOpBwv, pe dleiobuon AN, petd tnv emavadlapdpdwor Tou Aoyw

dlakomng Asttoupyiag TG ypoupung (43, 44)

7.6 2YTKPIZH ANOTEAEZMATQN POHZ IZXYOZ (MATPOWER — YALMIP)

Ta amoteAéopaTa MOV MOPOUCLACTNKAV O auTO To KedbdAalo amoteAolv pia
edappoyn tou mpoBARuatog TnG BEATIOTNG eEmavadlapopdwong akTviKwy AA ya thv
amokataotacn tn¢ Astoupyiog toug. H akpifela Twv umoloylopwv pong doptiou
e€aptatal amno tnv akpLpn npocéyylon Twv €lowoswv t¢. Ot Nivakeg 7.13 kat 7.14
napouclalouy, Tn KECN TLUNA KOL TO HEYLOTO EKOTOOTLALO odAApa TToU tapatnPnOnKe
HETAEL TWV AMOTEAECUATWY TTOU UTtoAOyLloe To MATPOWER Kal TwV OmMOTEAECUATWV
Tou mpoPAnuatog PBeAtiotomoinong ywo TNV por] evepyou Kal Agpyou LoxLOG

avtioTolya o€ OpLOUEVEG EDAPHOYES TNG LEBOSOU.



124

AIAKONH METIZTO ZOAAMA MEZH TIMH MEZH TIMH
AEITOYPTIAZ (%) MATPOWER YALMIP
(MATPOWER - P (MW) P (MW)

YALMIP)
(28, 29) 1.10410 % 0.5476 0.5435
(2, 19), (13, 14) 1.69497 % 0.6763 0.6696
(7, 8), (23, 24) 1.06837 % 0.3827 0.3788
KOMBOz 12 1.86821 % 0.4664 0.4567
(8,9) 1.45299 % 0.2268 0.2243
Nivakag 7.13: Méon tiun Kat péyloto opaipa (%) porg evepyou LoxUog
(MATPOWER - YALMIP)

AIAKOMNH MEFIZTO SOAAMA (%) | MEZHTIMH | MEZH TIMH
AEITOYPTIAZ (MATPOWER - YALMIP) | MATPOWER YALMIP
Q (MVAr) Q (MVAr)
(28, 29) 1.12359 % 0.3144 0.3114
(2, 19), (13, 14) 2.22222 % 0.3382 0.3332
(7, 8), (23, 24) 1.28275 % 0.2257 0.2227
KOMBOS 12 1.31501 % 0.4346 0.4306
(8,9) 0.70666 % 0.2058 0.2048

Nivakag 7.14: M€on Tun Kal péyloto opaipa (%) pong agpyou Loxlog

(MATPOWER - YALMIP)

OnMw¢ UMOPOULE VO TTOPOTNPHOOUE KAl ard Toug apanavw MNivakeg, to opaiua

TIOU TtapOUGCLAETAL O OAEC TIG EPAPHOYEC TNG LEOOSOU elval OPKETA UIKPO (LECT oTaL

QMOSEKTA OpLA). ZUUMEPAIVOULE AOLTIOV OTL N YPAUULKY) TIPOCEYYLON TWV EELOWOEWV

NG PONG LoV oG SelyVeL LkavomoLnNTiKn akpiBELla oTov UTTOAOYLOUO TNG.
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7.7  2YTKPIZH TQN AYO ME©GOAQN

INUOVTIKO KOUMATL TNG Tapouoag OSUTAWUATIKAG epyaciag omoteAel kol n
oUYKPLON TWV QMOTEAECUATWY TNG amAoikng UeBOSOU amokaTtdotoong HE T
amoteAéopata t¢ BEATIoTNG emavadlapopdwonc. Na va PmopECOUUE va eEAYOUE
OWOTA cuumepAopaTa yla TV anddoon tng amAoikng pebddou, eival avaykaia n
OUYKPLON TWV ONMOTEAECUATWY TNG HE TA amoteAéoparta mou €¢AxOnoav amod to
TPOPBANUA TG BEATIOTOMOINONG KOTA TNV AVTLLETWTILON 61wV TUTIWV 0DAAUATWV. ITIC
TIOPOKATW EVOTNTEG MOPOUCLAIOVTAL Ol CUYKPLOELG TWV EPapUoywV TwV SU0 peBOdwv

yla tnv e€umtnpétnon tng {ntnong (MW) Twv amopovVwPEVWY KOUBwWV.

7.7.1 AIAKOIMH AEITOYPTIAZ THZ TPAMMHZ (28, 29)

Onwg eidape kot oto Keddlawo 4, n amloikn pEBOSOC amokaTAoTAONG
edappootnke oto Siktuo 33 Luywv yla dtakomn Aettoupylag tng ypoppns (28, 29). Ta
anoteAéopata mou e€nxbnoav amd TNV edpoapuoyn TNG amAoikng HeBoSou
eudavidovratr otov Nivaka 7.15 (a), evw o Mivakag 7.15 (B) mapouoialel ta

anoteAéopata Tou pofAnuatog BeAtiotonoinong.

ZAtnon Koppwv 29 - 33 Mn e§unnpetolpevn LoxLg (MW)
(Mw)
0.74 T = (18,33) T = (25,29)
0.7103 0.5823

Nivakag 7.15 (a): Katdotoaon AA 33 KOpBWV PETA TNV enavadlapopdwaon Tou

Aoyw Slakomr¢ Asttoupylag Tng ypapung (28, 29)

ZAtnon kKoupwv 29 - 33: 0.74 MW
Z0véeon YPAUUAG: (25, 29)
Mn e§unnpetol eV LOXUG: 0.58 MW

Mivakag 7.15 (B): AnoteAéopata Tou MPoPANUATOS TNG BEATLOTNG
enavadloapopdwong tou AA 33 KOpBwWV Adyw Slakomng Asltoupyiag TNG YPAUUAG
(28, 29)
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Baoel tou Mivaka 7.15 (a) mapatnpoUpe OTL N YPAWUN TIOU elval KATAAANAN yLa
ouvdeon elval n (25, 29), adoL IKAVOTOLEL TNV AKTLVLKA TomoAoyia Tou Siktuou, aAAd
efunnpetel kalL to peyoAUtepo pEpOG tou doptiou. Amo tov Mivaka 7.15 (B)
TapaATNPOUME OTL n PEATIOTN ypauun Tmou Tpénel va ouvdebel ywa tnv
enavadlopopdwaon tou diktuou eivatn (25, 29). Emiong, n amokAion ou spdaviletal
oTNV Un e€uMnPeTOUUEVN LOYXU avapeoa otic SUo pebodouc odeiletat oTo yeyovog OtL
otn BEéAtiotn péEBobo €xoupe MARPN povieAomoinon tTwv eflowoswv pong doptiou

KATL TToU 8ev LoXUEeL yLla tnv amhoikn pébodo.

7.7.2  AIAKOMH AEITOYPTIAZ THZ TPAMMHZ (8, 9)

AN\N pia ovykplon Tou popel va te€axBel avapeoa ota anmoteAéopata Twy dUo
pneBodwv eival n epapuoyn toug otnv dlakomr Asttoupyiag tTng ypapupuns (8, 9) oto
Siktuo 69 Luywv pe dleiocdbuon AlN. O MNivakag 7.16 (a) mapouctdlel Ta anoteAéopata
™¢ amAoikng pebddou, evw otov Mivaka 7.16 (B) mapoucidlovial Ta AMOTEAECHOTA

Tou mpoPAnuartog BeAtiotonoinong.

Z/tnon KOuBwv

9-27, Mn g§unnpetov eV LOXUG

42 - 58 (MW)

(Mw)

Tk = (38,43) Tk = (60,45) Tk Ty = (67, 15)
= (59,22)
2.5060
0.3546 0.0657 0.0917 0.0313

Nivakag 7.16 (a): Katdotaon AA 69 kOpPwv, pe Stetobuon A, petd tnv
enavadlapopdwon Tou Aoyw SLakomng Asttoupyiag tng ypapuung (8, 9)
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ZATNON OMOHOVWHEVWV KOMBWV: 2.5060 MW
Z0v6EON YPOAUNWV: (60, 45)
Mn e§uninpetoUpevn LOXUG: 0.0917 MW

Nivakag 7.16 (B): AnoteAéopata Tou MPoPARULaTog TNG BEATLOTNG
enavadlapopdwong tou AA 69 kopBwv, pe dieioduon A, Adyw Slakormng

Aertoupyiag tng ypapuung (8,9)

Baoel tou Mivaka 7.16 (B) mapatnpoUue OTL N BEATLOTN YPA LU TTOU XPELAlETaL VOl
ouvdeBel yla tnv emavadlapdpdpwon tou diktvou eival n (60, 45). To mpoPANUa ToU
mapouaotaletal katd tnv epappoyn T amAoikng Lebodou eivat OTL Ta amoteAéopatd
NG MPOoTeivouv WG KATAAANAN ypapur tnv (67, 15). Zuunepaivoupe Aoutov, 6tL oL Suo
pnEBodol amokAivouv adoU Ta AMOTEAECUATA TOUC €pYOVTaL OE aviutopdabeon.
ZNUAVTIKO pOAO o€ auTH TNV Sladopomoincn TwV AMOTEAECHATWY KATEXEL TO YEYOVOG
otL N amAoikn LEBodog Sev Bpiokel tnv BEATIOTN AUON, AAAQ piot AUGTN TTOU LKAVOTIOLEL

TNV OKTLWLKN TortoAoyia tou Siktlou.

7.7.3 AIAKOIMH AEITOYPTIAZ THZ TPAMMHZ (43, 44)

TENog, n cuyKplon Twv dU0 PeEBOSWV UTopel va emiteuxBel kat pPe TNV epapuoyn
Toug otn Stakomn Asttoupylag tng ypauung (43, 44) tou Siktuou 69 KOUBwWV pe
Sleiobuon AN. Ta amoteAéopata TnG amAoikng peBodov nmapabetouv SUo MIBAVEC
YPOUUEG TIOU UE TNV OUVOEDH TOUG LKAVOTIOLOUV TNV OKTLVLKI TomtoAoyia tou Siktuou
Kal e€unnpetolV MARPwC to doptio. Ot Nivakeg 7.17 (a) kot 7.17 (B) mapouvctalouvv ta
amoteAéopata tnG amAoikng peBodou kol Ta amoteAéopata Tou TPOBARMATOC

BeAtiotonoinong, avtiotowa.

Zntnon Kopupwv 44 - 54 Mn g§unnpetou eV LOXUG
(Mw) (Mw)
1.682 T = (9,50) T = (60,45)
0 0

Nivakag 7.17 (a): Katdaotaon AA 69 koppwv, pe dteioduon All, HeTd TNV

enavadlapopdwaon Tou Aoyw SLakomng Asttoupylag Tng ypapuung (43, 44)
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Z\TNON OUMOMOVWHUEVWV KOUBWV: 1.682 MW
Z0v6EON YPOAUNWV: (9, 50)
Mn e§uninpetoUpevn LOXUG: 0 MW

Nivakag 7.17 (B): AnoteAéopata Tou MPoPARUaTog TNG BEATLOTNG
enavadlapopdwong tou AA 69 kopBwv, pe dieioduon A, Adyw Slakomng

Aertoupyiag tng ypauung (43, 44)

Baoel tou Mivaka 7.17 (o) mapatnpoupe OtL n amAoiky péBodog mapabitel Suo
TOaVEG YPAUUEC TIOU HE TNV ouvdeon Ttoug (pio kaBe ¢opd) pmopolv va
tpododotricouv mMARpwe to doptio. O Mivakag 7.17 (B) mapouoialel 6tL n BEATIOTN
ypouun mou mpénel va ouvdebel elvat n (9, 50), KATL TOU CUUTUITEL KAl HE TA
amoteA£opata TN anAoikng pebodou. OPWG, ONUAVIIKO UELOVEKTNUA TNC ATTAOIKAG
pneBodou eivat n aBePfatdotnta mou mpoodidel adol mapouocialel Svo TOAVEG

KATAAANAEG YPOUMES YL TNV emavadlapopdwaon Tou SIKTUou.
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KEDAAAIO 8°

2YMNEPAZMATA KAI NPOONTIKEZ

8.1 ZYMIEPAZMATA

Jtnv moapoloo OSuUTAwpATIKA  epyacia  peAeTnOnke TO  TPOPANUHA  TNG
ENavVASLOpOpdWonG OKTWVIKWY SIKTUWV dlavoung (AA) yla tnv amokataotacn tng
Aeltoupylog Toug PeTa amnod tnv epdavion oPpAAUATOC 0€ KATIOLO oToLXELO TOU SIKTUOU.
Baolkdg 0TOX0C TNG £pyaciog amoTéEAETE N ypryopn amoKATAoTACH TNG AEtoupylag
Twv AA KoL n eAaylotonoinon tng pUn e€umnPETOUEVNG TIEPLOXNG. Mia emumpooBetn
AUon oto poPANUa autd Bewpndnke kat n Steioduon Tng SleoTmapUEVNE TAPAYWYNG
(AN) ota AA, adou vdiotatal emutAéov SlabEaotun LoXUE TTOU UMOpPEL vaL LKAVOTIOLNOEL
KATTOL0 HEPOC TwV dopTiwv. EMumAoy, Ta cuyxpova PEaa eAEyxou Twv AA pmopouv
va unootnpiéouv tnv Umopén twv AN xwpic tTnv mapofiacn Twv AETOUPYLKWY
TLEPLOPLOUWY TOU SIKTUOU.

Apxikd, €ywve avamtuén evog amAoikoU oAyopiBuou o€ TPOYPAUUATIOTIKO
niepBailov MATLAB, o omoiog KAveL xpron Twv MANPodopLwV TToU £€Xouv CUAAEXOEeL
oo TN POoN LoXUOG TWV YPOUUWY TPV oo TV epdavion odAApato¢ aAAd Kal TNG
LKAVOTNTAG TOUG. ZTOXO0C TNG LeBodoAoyiag autrg eival n allayn TnG KATACTAONG TWV
ovolktwv umo ¢optio amolevktwv (tie — switches) €tol wote va evtomioBel n
KATAAANAN VPN TIOU LKOVOTIOLEL TNV QKTLWVLKA TomoAoyia Tou SIktuou aAAd Kot
e€unnpetel peyalltepo HEPOG TwV popTiwv.

H npotewvopevn péBodog edpapuootnke o mpotuna diktua dtavoung tng IEEE twy
33 kot 69 Luywv Kat oL SOKLUEC TTou £yvav adopouoayv TNV dlakorr) Asltoupylag piog
YPOAUUAG TOU SIKTUOU. ApXLKa, €eTAOTNKE N SloKomn Asttoupylag piag ypapuung os
Siktua xwplig Sleioduon AN kat Emewta €ywve edappoyn o diktua pe dieiobuon Al.
Ta amoteAéopata TG pebodou cuunep\appavav, os kKabBe epapuoyr, tn ocuvdeon
TWV KATAAANAWY YPOUUWY TIOU LKOVOTIOLOUV TNV QKTLVLKI TOTIoAoyia Tou SLktuou

oAAG koL tnv eumnpétnon Twv ¢opTiwv Tou emttuyxavetal. Emiong, 6Aeg ol
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edbappoyég tng pebodou ota Siktua pe Sieiobuon AM €6elav avénon otnv
gfunnpétnon Twv poptiwv oe ouykplon Ue Ta diktua xwpic dieicbuaon Al.

To umodlouto HéPOG TNG epyaciag adopd tnv Satumwon Kal emilucn Tou
npoBARpatog tng BEATIOTNG emavadlapopdwong AA. H Statumwon Tou mpoBAnRUatog
Baoiotnke oto pOVTEAO NG PEATIOTNC PONC LOXUOG, TO Omoio Tpormormnolonke
KataAAnAa, adol mpaypaTonoliOnke ypoULKOTIONoN TWV N YPOUULIKWY OpWwV TOU,
€TOL WOTE VA ATOKTAOEL EUVOIKOTEPA XOPAKTNPELOTIKA emiAuong. TeAKA, PE TNV
sloaywyn Twv SuadKwy HETABANTWY TIOU OVIUTPOCOWTEVUOUV TOUC SLaBE0LUOUG
SLaKOTTEC TOU eKAOTOTE SIKTUOU, TO POPBANUa xapaktnpiletal wg 0/1 piktd aképatlo
TETPOAYWVIKO TIPOBANUa (0/1 MIQP). Ito mpofAnua avtd avalnteltal n KATAoTAoN
Aettoupylog Tou SIKTUOU, N OTtola LKOWVOTIOLEL TOUG TIEPLOPLOOUC AELTOUPYLOG TOU. 2TO
€V AOYWw HOVTENO, oL Teploplopol Aettoupylag anotedovvtal anod ta embupunta opla
TWV TACEWV TWV {UYWV, TNV LKAVOTNTA TWV YPAUHUWY, To LoolUyLo LoxLo¢ o€ kaBe {uyo
OoAAQ KOl TNV AKTLWVIKI ToTtoAoyia tou Siktuou. Emiong, yla tnv HEAETN TwWV SIKTUWVY UE
Sieiobuon AN ARdOnkav umoPv Kol To AELTOUPYLKA OpLa TwV Hovadwyv alAd Kot n
LKAVOTNTA TOUG VA LIMOPOUV Va TTOPAYoUuV Kal Agpyo LoxU.

H avtikelevikr) ouvaptnon mou emhéxBnke oto mpoPAnua tng BeAtiotonoinong
€XEL WG OTOXO TNV €haylotomoinon Tng un efumnpetoupevng meploxng, Sivovrtag
TpotepaLOTNTO OoTa Kplowa doptia tou SikTUOU, KOL TNV €Aaylotomoinon Ttou
oplOpoy  TWV XEPLOHWV Twv SloKomtwv Slvovtag TPOTEPALOTNTA  OTOUC
TNAeXELPL{OUEVOUG SLAKOTITEG EVAVTL TwV XElpokivnTwy. EmutAéov, ota Siktua He
Sieiobuon AN, n OVTIKEWEVIK ouvaptnon oXeSLAOTNKE HME OKOMO KoL TNV
e\aylotonoinon ¢ MEPLKOTNAG evepyol oxLo¢ Twv MAM. KaBoplotikd poAo otnv
eniAuon tou MpoBARUATOC £XOUV OL CUVTEAEDTEC BApoug adoU emAEXONKaAV £TOL WOTE
va entevyBel n emavadiapopdpwon tou diktuou divovtacg Eudacn otnv eEUMnpPETNON
Twv dpoptiwv pe 600 to Suvatdv Alyotepoug Xelplopouc Stakomtwv. Emiong, ota
Siktua pe Sleiobuon AN §60nke Eudaon Kal otV EAOXLOTONOLNCN TNG TIEPLKOTIAG TNG
TIapOaywyng evepyou Loxuog twv MAT.

INUOVTLKO €lval va TOVIOOUUE OTL N YPOUULKY TIPOCEYYLON TWV ELOWOEWV PONG
doptiou  bev  egudavioe onuaviikd odAApOTA  KOL E£TOL  UMOPECAUE v

LOVTEAOTIOL)OOUUE HE LKOVOTIOWNTIKY akpifela TtOo TPOPANUA TG PEATIOTNG
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EMAVASLOUOPPWONG LKAVOTIOLWVTAG OAOUC TOUG AELTOUPYLKOUG TIEPLOPLOUOUG TOU
Swktvou

To mPOTEWVOUEVO HOVTEAO UAOTIOONKE OE TPOYPAUUATIOTIKO TiepBAAAov
MATLAB pe xprijon tg epyalelobnkng YALMIP kat ebappoodnke og mpotuna Siktua
Stavopunc ¢ IEEE twv 33 kot 69 uywv. Ol Statapayxeg mou Soklpaotnkayv apopouv
Vv Slakomn Aswtoupyiag og pia ypappn, o SU0 ypappéG alld Kal tnv eudavion
oddaApatog oe kamolov {uyd tou Siktvou. EmumAéov, ota biktua pe Sieloduon AN
BewpnOnke kat oAk Stakormn (odpaApa otov {uyo Tou untoctaduou).

JUpdwva HE TA QTMOTEAEOUATA, OUTO TOU Topatnpendnke eival OTL OTIC
TEPLOCOTEPEC SOKLUEG Ta dopTia TpododotiBnkav MARPWE KATL TTOU €lval CNUAVTLKO
adou eival TpwTapXLKOE 0TOX0C TNG AmoKataotaong. EMutAéov, oTig SOKLUEG TTou Sev
Atav epkTA N MANPNC Tpododotnon Twv ¢popTiwy, ToTe 800nkKe éudaon ota Kpilotpa
doptia Aoyw Sladopomoinong Twv THWV BAPOUC OTNV AVTIKELWEVIK) CUVAPTNOT).
INUOVTLKA Ttapatnenon amoteAel Kal N mpotiunon twv TnAEXEPLOUEVWY SLOKOTITWV.
Ye OAO TQL OEVAPLO UMOPOUKE Vo SOUE OTL TPOTIUNONKE n oUVOEDN YPOUUWY TIOU
SlaB€touv tnAexelpllopevo SLakomTn yla tnv enavadlapopdwon tou diktuou. Mia
OKOUO TTOPATAPNON ATOTEAEL KoL N EAOXLOTOTIOINON TNG TIEPLKOTIAG EVEPYOU LoXUOG
adol oe OAeg TIg SOKIUEG, TTOU TipaypatonowBnkav o diktua pe Sieioduon A,
UTLApPXEL péylotn Sieioduon twv MATM. TéAog, n epdavion opaApatog otov {uyo Tou
UTIOOTOOUOU OVTIUETWTIIOTNKE UE TNV Xpnon twv MAI, oL omoleg ATV KAVEG va
urnootnpiéouv éva PEpog Twv PopTiwv Kal Pe TNV tapaywyr evepyol aAAd KoL depyou
Loxvo¢. KaBoplotikd poho otnv efumnpétnon autwv Twv ¢opTiwv amoTtEAecavV oL
OUVTEAEOTEG BAPOUC TTOU TA AVILTPOCWITEVOV OTNV OVTLKELUEVIKI) CUVAPTNON.

TéNOG, MOPOUCLACTNKAV CUYKPLOELS QVAPECO OTA ANMOTEAECUATA TOU ATAOIKOU
oAyopiBpou kal ota oamoteAféopata Tou TpoPAnuato¢ BeAtiotomoinong yia
QVTIHETWTTILION TNG dlag datapaxng. H e€€taon Tou anhoikol adyopiBuou pag édwoe
€Va ONUOVTIKO TIAEOVEKTNUA, adol Sev XPELACTNKE O UTOAOYLOMOC TNG VEACG PONG
doptiov petd amnod kabe allayn katdotaong Twv Slakomtwy. BERala, n olykplon TNG
BeAtioTtonoinong e Tov armAoiko aAyoplOuo dev mapouaciace og OAEG TIC TTEPUTTWOELG
LKavormoLlnTka amoteAéopata. Mia e€fiynon mou pmopel va o0&l eival n peAétn povo
™G pong evepyol oxLoG. Me auTO ToV TPOTO, 0 AMAOIKOG aAyOpLlOuoG Sev ival og

B€on va AdBeL umtdPLy OAOUG TOUG TTEPLOPLOUOUG AELToupyiag Tou SIKTUou OwG eivat
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TO METPA TWV TAOEWV, OL POEG AEPYOU LOXUOG aAAd Kol n mapoaywyn twv MATR.
AvtiBeta, odeiloupe va moupe OtL n BEAtiotn pEBodog povtelomolel OAa T
XOPOAKTNPLOTIKA Tou SIKTUOU Kal n AUCN TNG LKOVOTIOLEL OAOUC TOUC TTEPLOPLOUOUG
Aettoupylog. To PELOVEKTNA OWG TToU Ttapouotlaletal eival n SuckoAia emiAuong tou
TPOPBAAUATOC AOYW TWV HUN KUPTWV TIEPLOXWV AUCEWV, KATL TIOU OTNV mapoloa
EPYACIOl OVTIUETWITIOTNKE HUE TN YPAUULKN TIPOCEYYLON TWV HUN YPOUUIKWY Opwv,

€XOVTOG WG ATOTEAECHA TNV SLaTUTIWGON TOU TIPOPBANUATOC WG KUPTO.

8.2  TPOONTIKEX

H edoappoyn tou amloikol oaAyopiBuou 6ev pag €6woe  IKAVOTOLNTIKA
amoteAéopata, o OAEC TG EPapUOYEC, yia TNV enavadlapopdwon Tou SIKTUOU Kal
NV €€UTMNPETNON TWV KATavoAwTwv. Mia miBavn enéktaocn Tou aAlyopiBuou sival kat
N UEAETN TNC PONG AEPYOU LOXVOC £TOL WOTE va SlatumwBel £va Mo oAoOKANPpWUEVO
MPOPBAnua emavadlapopdwong. Eniong, unopet va SoKIHaoTeL Kat pia mio evOeAeXNG
ouykplon twv &Uo peBOdwv oe Mo TeplmAoka Kol ektevr) Oiktua, Omou n
QVTLUETWTTLON piag Statapaxng Ba ival mo amattnTikn.

Yta mAaiola Tou mpoBARpatoc TNG BeATioTonoinong, N YPAUULKY TIPOCEYYLON TNG
PONC LoXUOG IOV Ttpayatornolinke Bewpnoe TV TIUA Tou cosine (on e Tnv povada.
Mia miBavn enéktaon tng LeBOSoU €ival N TUNUATIKA YPAUULIKOTIONON TOu cosine
XPNOLLOTIOLWVTAG KATAAANAO TIEPLOPLOUO £TOL WOTE va. SOKLUAOTEL N pelwon Twv
odaApdTWY IOV TaPoUCLALoVTaL OTLG POEG LoXVOG.

E€alpetiko evbladépov €xel emiong kat n Sieioduon twv MAM ota AA. Itnv
mapovoa epyacia, oL LOVASEC TIOU XpnoLHomoLOnkav YoV ULKPR EYKOTECTNUEVN
LoxL. Me tnv évtaén meplocotepwy pPovadwyv Ba eival Pkt n PEYLOTOMOINCN TNG
eEunnpétnong twv ¢optiwv Adyw oddApatog otov {uyo tou untootabuou. Eniong, Ba
elvat Suvartn kat n LEAETN TNG MEPLKOTING LOXVOG TWV HOVASWY AOyw Hn LKavomoinong
TWV AETOUPYIKWV TIEPLOPLOUWY TOU OSiktuou. TEAog, TO TPOPANUA NG
BeAtiotonoinong pmopel va edappocbel kal ywa PEAETN TNG TOMOBETNONG TWV

pHovadwv og kataAAnAotepeg BEoeL.
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rPAMMEZ2 IKANOTHTA (MW)
(1, 2) 4
(2, 3) 3.5
(3,4) 2.5
(4,5) 2.5
(5, 6) 2.5
(6,7) 1.2
(7,8) 1
(8,9) 1
(9, 10) 0.95
(10, 11) 0.9
(11, 12) 0.75
(12, 13) 0.6
(13, 14) 0.5
(14, 15) 0.3
(15, 16) 0.3
(16, 17) 0.2
(17, 18) 0.2
(2,19) 1.5
(19, 20) 1.5
(20, 21) 1.5
(21, 22) 1.4
(3,23) 2.5
(23, 24) 1
(24, 25) 1
(6, 26) 1.5
(26, 27) 1.2
(27, 28) 1.2
(28, 29) 1
(29, 30) 0.75
(30, 31) 0.5
(31, 32) 0.5
(32, 33) 0.3
(25, 29) 1.5
(8,21) 1.5
(12, 22) 1.5
(9, 15) 1.5
(18, 33) 1.5

Ikavotnta ypappwv AA 33 kOpBwv [26]




