6. IHPECMETKA HA JAMKACTHU U
CJIOXEHO-3ATBOPEHU MPE/KU

6.1. OIIIITO 3A IPECMETKATA HA CJIOXEHO-
3ATBOPEHUTE MPEXH

Bo 3aTBOpeHHTE MpEXH HAJTOJIEMHUOT AEN O] MOTPOITyBaYUTE UMaat
JIBOCTPAHO Tla M TOBEKECTpPaHO HAIOjyBamke KOE€ IITO 00e30eayBa BHCOK
CTETIeH Ha CHTYPHOCT BO HarojyBameTo. [loTpomryBadn BO MPEHOCHUTE
Mpexu ce Tpadocrannuute BH/CH on kou mTo ce HamojyBaar rpaaoBu
WIN TIOTOJIEMH TPAJICKH HACENION KaKO W TOJIEMH MHIYCTPUCKH KOMILICKCH
KOM IIITO MTOPaJI CBOjaTa BAYKHOCT M TOJIeMUHA 0apaaT BHCOKA JOBEPIHUBOCT
BO €JIEKTPOCHAOIYyBAamkETO. 3aT0a COBPEMEHHUTE MPEHOCHH MPEKH PEIOBHO
Ce MpaBaT KaKo CJI0KEHO-3aTBOPEHU CO TOT0JIeM Opoj KOHTYPH CO INTO Ce
00e30emyBa 6apeM JBOCTpaHO, a OHAMy KaJie IITO € HEOMXOJIHO U TMOBEKe-
CTpaHO HalojyBake¢ HAa HHUBHUTE IOTPOUIyBaud. Bo TakBUTE MpexXH U
OpOjOT HA M3BOPHU OJTHOCHO HATIOJHU TOUYKH € ITOTOJIEM.

Bo enexkTpoeHeprcTckuTe MpEXH jaziu €€ TOYKUTE BO KOM €
NPUKIYYEH HEKO] O]l M3BOPUTE WM MOTPOIIyBauYUTE HA Mpexkata. Jasiu ce
¥ TOYKUTE BO KOU C€ BPILU CIOjyBame Ha OapeM JiBa eJIeMeHTa O] Mpekara
(MPeHOCHH BOJOBU HJIM TpaHC()hOpPMATOPH) U THE C€ HAPEKyBaaT NACUBHU
jazau (dummy buses). [ToBekeTo ox ja3nuTe BO MPEHOCHUTE MPEXKH Ce
nOMpOULy8ayKu, T.€. ja3Id BO KOM LITO C€ MPUKIYYEHH MOTPOLIYBAUYUTE HA
eJIeKTpuyHa eHepruja. Hekom of jaznmure, HO BO 3HAUMUTEIHO ToMan Opoj,
ce U T.H. eenepamopcku jazau. Toa ce OHME ja3y BO KOU IITO € MPUKIy4YeHa
eJIEKTpUYHA LEeHTpana. Bo cormacHoCcT co M310KEHOTO BO TpeTara IJIaBa,
touka 4.5, The ce penat Ha ,,PQ“ n,,PU* jasnu. Kaj npBurte enexrpanara e
neguHUpaHa co CBOETO MPOU3BOJICTBO Ha aKTUBHA M PEAKTHBHA MOKHOCT U
TAaKBUTE MU3BOPU MOXKE Jla C€ TPETHpaaT Kako ,,HETaTHBHM'® IOTPOLIYBAYH.
3a pa3nuka ox HHB, Kaj ,,PU“ jasnure ce MO3HATH NpPOHM3BEAyBaHATa
aKTUBHA MOKHOCT P 1 HanoHOT Ug Ha COOMPHUIIUTE O] TEHEPaTOPOT, T.€.
Kaj HMB CHHXPOHHOT TEHEpaTop IIOKpaj MPOM3BOJICTBOTO Ha aKTHUBHA
MOKHOCT UMa 3ajlaya ¥ Jia TO OJIp>KyBa HAallOHOT BO MPUKJIYYEHHUOT ja3eln Ha
enHa oaHampen 3amaneHa BpeaHocT Ug. IlocTojaT M MEIIOBUTH ja3mu KOU
IITO MPETCTaByBaaT KOMOMHAIMja O/ MOTPOIIYBAaUYKU U T€HEPATOPCKH ja3Iu.

Bo cexoja mpexa moctou u T.H. bararncen jazen (slack bus wim swing
bus). Toa e reHeparopckd jazen BO KO INTO € NPHKIydYeHa TrojiemMa
eJlIeKTpaHa Koja MMa 3ajJadya Jla IO HCIOJHU OWJIAHCOT Ha MOKHOCTH BO
CUCTEMOT, T.€. pa3jHKaTa Mmomery cyMapHara MOTPOLIyBayka Ha MOKHOCT,
3aryOuTe W reHepUpaHUTE MOKHOCTH Ha mpeoctaHarute enekrpanu Bo EEC.
HcTtoBpeMeHO Taa eneKkTpaHa MMa U JOIMOJHUTEHA 3ajaya Ja ro OJApKyBa
HallOHOT BO OaJaHCHMOT ja3edl Ha OJHANpesa 3ajJaJeHaTa BpPEIHOCT,
nedbuHupana of crpana Ha aucnedepoT Ha EEC.

Enna ox ocHoBHMTE 3aaun Ha aHanu3aTta Ha EEC e onpenenyBameTo
Ha pEXUMCKHTE TIapaMeTpu Ha HaOJbyAyBaHHOT pEXHUM, a Toa Ce
MOKHOCTHTE (CTPyHTE€) BO TPaHKHTE M HANOHUTE (II0 MOIYJ U apryMEHT,
omHOCHO (haza) BO ja3nmuTe OJ CHUCTEMOT. Bp3 oOCHOBa Ha HHB ce
olpelieNlyBaaT W BKYIHHUTE 3aryOM Ha MOKHOCT BO TOj pexum. OBue



aHaJIM3W CEe HEONXOJHH O]l TIOBEKEe NMPUYMHM a TJIaBHA TPUYHMHA 32 TOA €
YTBPJYBaWkE JAllM CUTE OJ] PSKUMCKHUTE IMapaMeTpy ce HaoraaT BO JI03BO-
JICHUTE WU OJHAIpe. 1eGUHUPAHUTE TPAHUIIH.

MareMaTHUKH TJIEaHO peIIaBamkeTO Ha COCTOj0aTra BO €IHAa Mpexa
(koe IITO BO JUTepaTypaTa € MO3HATO yIITe W MOJ HazuBoT ,.Load Flow
aHaiM3a“) ce CBEAyBa Ha pEIIABAKE HEIMHEAPEH CHCTEM KOMILJIEKCHU
paBeHKH. MeroauTte 3a aHanM3a Ha crauuoHapHute pexxumu Bo EEC ce
nenat Ha oupexmuu U umepamugnu. [IpBurte ce 6a3upaHu Ha MpUMEHaTa Ha
OCHOBHHMTE 3aKOHU BO €JEKTPOTEXHMKAaTa W TJaBHAa HUBHA OJUIMKA C€
€IHOCTAaBHOCTA, MpErjieqHOCTa M MpocTara (U3MYKa HWHTEepIpeTaluja Ha
Ha0JbyTyBaHHOT PEXHUM. 3aTOa TAKBUTE METOJM CE NMPHUMEHYBaaT CEKOraml
KOTa 3a Toa MOCTOM MOKHOCT U ONPaBAAHOCT, & TOA € HajueCTO BO CIIy4ajoT
Ha OTBOPEHUTE NUCTPUOYTHBHM MPEXHU 32 HU30K U CPEJCH HAllOH KaKo U
Kaj 3aTBOPEHHTE MpPEXU CO €IHOCTaBHa KOoHQuUrypamuja u maia Opoj
KoHTypHu. Kaj HUB ompenenyBameTo Ha cocTojO0aTa BO MpexaTa ce CBEeIyBa
Ha pellaBamke CUCTEM JIMHEApHW anre0apcku paBeHKH, U C€ BPIIU
JUPEKTHO, IIITO BO JICHEIIHO BpeMe IPETCTaByBa JeCHa 3a/1a4a.

WTepaTuBHATE METOIH, IMaK, MPOOJIEMOT HE IO pemiaBaaT JUPEKTHO
TYyKy HWTEpaTHBHO, BO TMorojeM Opoj uekopu. Cekoj TakoOB HYEKOP
NPETCTaByBa €HA MCTa MPOIeaypa Koja MITO ja MPUMEHYBa MOCTalKaTa Ha
JWHeapu3anrja Ha HEIMHEPAHWOT CHCTEM paBEHKH BO OKOJMHATA Ha
CaMOTO peIlIeHHEe M KOja IITO OOMYHO ce CBeAyBa Ha peEIIaBamke CHCTEM
JuHEeapeH anre0apcKu paBEeHKH KOJIITO MPOUW3JIeryBa OJl camara
JUHeapu3alfja Ha HeIuHeapHUoT mnpoOnem. Twue cekoram Oapaat
MI03HABaKkE Ha €ITHO ,,TOOPO‘‘ TIOYETHO pEIIeHUE 32 PeKUMCKHUTE TapaMeTpH
T.€. PElICHHEe KOE IITO € JOBOJHO OJMCKY O BUCTHHCKOTO PEUICHHE 3a J1a
MO>X€ UTEPATUTBHHOT MPOIIEC CUTYPHO Ja KoHBeprupa. [lorpedHMOT OpOj
WUTEpaluy TMPUTOA 3aBUCH OF TOTojeM Opoj (akTopw: oa MpUMEHETaTa
MOCTarNKa 3a pellaBame Ha JMHEAPHHUOT MpoOIieM, OJ] 3aajieHara TOUHOCT
CO KOja IIITO CE caka Ja ce Ao0He caMOTO PEIICHHE, O/ TOa KOJIKY € J00po
CaMOTO TIOYETHO PEIlIeHHE, O] TKMHATA Ha aHAITU3UPAHUOT PEIKUM U JIP.

MonenupameTo Ha €IEMEHTUTE O MpeKaTa BO BAaKBUTE aHAIU3U CE
BpIIM Ha HAYMH KOJIITO € ONHILIAH BO TpeTara IjaBa, MPeKy HUBHHUTE IHU-
3aMEHCKM IemMH. M3BopuTe HajuecTo ce MoJenupaar co I03HATHTE
WHjeKTHPAaHU aKTUBHA U peaKkTUBHA MOKHOCT. T0j HaUMH Ha MOJAETHpAE €
cocemMa KOpeKTeH Kora craHyBa 300op 3a T.H. PQ-ja3znmu, noneka
MOJENUPABETO Ha M3BOpUTE MpukiydyeHn Bo PU—jaznute ce Bpmm Ha
CJIMYEH, HO MAJIKy IOCJIOKEH HAauyuH, 3a LITO MOAETAIHO K& cTaHe 300p BO
JPYTH TUCHMILIMHA KOUIITO I'0 HA/IOTOJIHYBAaT IPaiBOTO BO OBOj KypC.

[ToTponryBaunTe BO OBHE aHAJIM3U MOXE Ja C€ MOJENIUpaarT Ha
HEKOJIKY pa3IMYHH HaYMHU: a) IPEKY HUBHUTE CMpyu KOUIITO KaKko Ga3opu
ce cMmeraar 3a Mo3HaTH (HAYWH KOJIITO Ce NMPUMEHYBa JI0CTa YECTO INPH
anamm3zatra Ha HH u CH guctpubytuBHM Mpexu); 0) NpeKky HUBHUTE
KOMNIEKCHU MOKHOCMU —KOUIITO C€ CMETaaT 3a TMO3HATH W HE3aBUCHH O]
HAIIOHUTE BO CHCTEMOT W B) CO TIOMOII Ha KOHCMAHMHU UMNEOAHYUU
OJTHOCHO admumanyuu. MoJIenoT Ha KOHCTaHTHA NMPUBUIHA MOKHOCT Ha
NOTPONIYBAYUTE CE€ KOPHCTH HAjYeCTO IPH aHajiu3ara Ha MPEHOCHUTE
mpexu. Kaj HUB BUCTUHCKUTE MOTPOUTYBAYM CE€ BCYNIHOCT MPHKIYYSHH Ha



MPEHOCHHUOT cucteM Tpeky Tpanchopmaropcku cranuiu TC BH/CH u Toa
Ha CH crpaHa Taka mTo aBTOMaTCKHTE PETyJIaTOpy Ha HANIOHOT Kaj CAaMUTE
TpanchopmaTopu ycreBaat aa 0oe36enat HanmoHotT Ha CH cTtpana, ox unja
IITO BUCHHA 3aBUCH MOKHOCTa Ha IMOTPOIIYBAdYoT, Aa ja AoOue OapaHata
BPEIHOCT M Ja OWJe MPaKTHYHO KOHCTAHTCH, HE3aBHCHO OJI PEKHMOT Ha
pabota Ha cucTeMOT. MOAENOT Ha KOHCTAaHTHAa HWMIIC/IaHIIMja, IaK, CE
NpUMEHYBa TOTAIll KOTa Ce caka BO MPECMETKHUTE Jla C€ YBaXKH CTAaTHYKAaTa
KapaKTepUCTHKa Ha TOBAPOT, T.€. Ja ce ondarn Ha HEKOj HAYMH 3aBHCHOCTA
Ha TOBApOT OJl HAMOHOT. TakBHTE MOAETH C€ NMPUMEHYBaaT OOMYHO BO
aHAJTM3UTE HAa TUCTPUOYTHBHUTE MPEXKH KaJe INTO TOMHUHUPAAT TEPMHU-
KHATE TIOTPOIIYBaYd U Kaj KOW HABUCTHHA CTATHYKUTE KApaKTEPHCTUKU Ha
MOTPOITYBaUYNTE UMaaT KBaJpaTHA (WM TPUOJIMIKHO KBaJIpaTHA) 3aBUCHOCT
O]l HAallOHOT. YBaXXYBamhETO HA CTATHMYKUTE KApPAKTEPUCTUKHA HA KOH3YMOT
00e30eryBa MOBHCOKA TOYHOCT MPH MOJCTHPAHETO Ha CUCTEMOT HO 3aToa
TOA TH YCJIO)KHYBA CAMHTE TIPECMETKH.

Bo cute aHanu3u mTo ke ce BpLIAT BO HAPEIHUOT JEN KE ce IpHUMe-
HyBa MOJIEJIOT HA KOHCTAHTHA MOKHOCT.

6.2. OIIIIITA ITOCTAIIKA 3A IPECMETKA HA TEKOBUTE
HA MOKHOCTH BO EJIEKTPOEHEPTETCKHUTE
MPEXHA

[Tocrou rojem 6poj HyMEpHUUKHA METOIM 3a IPECMETKa Ha TEKOBUTE Ha
mokHocTH Bo EEC, pa3nuyau mo cBojata e(puKacHOCT U cioxeHocT. Cute
THE Meryce0Oe ce pa3IiKyBaaT 110 IOCTalKaTa Ha pellaBamke Ha MpoosIeMoT ,
nopaad IITO THE Ke C€ pa3sIMKyBaaT M MO Op3WHaTa Ha NPECMETYBambE,
TOYHOCTA Ha JOOMEHUTE Pe3yNTaTH KaKo U MO MOTpeOuTe 01 KOMIjyTepcKa
mMemopuja. Tue ce u3ydyBaar BO CIEIHjaTUCTUYKUTE KypCOBU Ha €HEprerTc-
KATE HACOKM Ha eJeKTpoTexHuukuTe Qakynretu. be3 na HaBieryBame
NOJETATHO BO HUBHHOT OIKC, BO OBOj KypC MPOOJIEMOT Ha MPECMETYBAE
Ha TEKOBHTE Ha MOKHOCTHU BO enHa mpexa (Load Flow Problem) ke ro
peliaBaMe co MpUMeHa Ha JBa HAjuecTO MPUMEHYBaHHU METOAA: Memo0om
Ha KOHMYPHU CMpyu U Memooom Ha jazioeu nomenyujaiuy. 3a Taa el Ke ce
3all03HaeMe CO CEKOj O/l HUB OJIIEITHO.

Kaj mpBHOT MeTOn Kako HEMO3HAaTH C€ jaByBaaT CTPyWTE Ha T.H.
HE3aBUCHU KOHTYPHM BO Mpekara udj ImTo Opoj 3a peanmnute EEC e
pelaTUBHO MaJl BO cropenda co OpojoT Ha ja3nmu BO HUB. Ho HaumHOT Ha
(dopMHpameTo Ha CUCTEMOT PAaBEHKH IITO MPOMU3JIETYBaaT Ol TOj METOH €
NPUINYHO CIIOKEH TMOpajd IITO TOj C€ KOPHCTH CaMO BO EIHOCTaBHU
CIIy4aw Ha MPEXH CO Mall OpOj KOHTYPH.

6.2.1. MeTtoa Ha ja3/IOBU NOTEHIUjaJIU

Enen ox HajuecTo mpuMEHyBaHUTE METOIM 3a PEIlaBamke Ha COCTO]-
0aTa BO CJIIOKEHUTE MPEKH € MO3HATHOT METOJ Ha ja3JIOBU TOTCHIIH]aIH.
BpojoT Ha paBeHKH KOW HITO MPOU3JICTYBaaT O]l HEroBaTa NpuMeHa € e/IHa-
KOB Ha OpOjOT Ha HE3aBUCHHUTE ja3JId BO CHUCTEMOT M TOj € 3HAYUTEITHO
MOTOJIEM BO OJHOC Ha OpPOJOT paBEHKH AOOWEHU CO MPETXOJHO CIIOMEHa-



THOT METOJl Ha KOHTppHH CTpyu. Ho 3aT0a HaYMHOT Ha HUBHOTO (POPMH-
pame € cocema eIHOCTaBEH, a Toa T MPaBU TOj J1a OWJIe HajueCcTO KOPUCTEH
3a Load Flow ananu3ute Ha CIIO)KEHHUTE €IEKTPOSHEPTETCKH MPEKH.

Criopen Hero momery WHjeKTUpaHUTE CTpyH J U (pa3HUTE HAOHH BO
jaznure V BO elHa Mpeka IOCTOM ClIeHAaTa MaTpuyHa (JIMHeapHa) peia-
nyja:

Yxv=J (6.1)
Penanujata (6.1) BCyIIHOCT HpeTCTaByBa CHCTEM JIMHEAPHU KOMIUIEKCHU
paBeHKH KOj ja JlaBa BpcKara romery Marpuiarta KOJIOHa (BEKTOpOT) Ha
(azHuTe HanoHu Ha jasnute V, (V; = Uj/\/3; j =1, n), MaTpunara KojoHa Ha
UHjeKTHPAaHUTE CTPyH BO jaznure J €O MOMOUI Ha MaTpulata Ha
aaMuTaHud Y Ha HE3aBUCHHUTE ja3nu HAa Mpexkara. OBaa maTpuia e
KBaJIpaTHA ¥ CAMETPUYHA M, KaKO IITO € 03HATO, Taa € ,,peTka‘ T.e. OpojoT
Ha HEHYJITU €JIeMEHTH BO Hea € MHOTY IIOMall BO CIOpenda co BKYIMHHOT
6poj Ha enement n°. Bo passuena dopma penarujara (6.1) usriena Baka:

Y, Y - 4,) (K Jy
Y Y - Y V- J
el o el e ey (6.2)
Yy Yo - YLy Va I

Jlokonky BO mpoOJIeMOT € Io3HaTa JecHara crpaHa on (6.2) T.e.
NO3HATHU C€ MHjeKTUpaHuTe cTpyu Ji; (i = 1, n) BO HE3aBUCHUTE ja3]y TOTAII
npoOJIeMOT ce pelraBa TUPEeKTHO, 0e3 uTepanuu. Bo T0j cirydaj HajHAmpen
ce omnpezeayBaaT HallOHUTE BO ja3JIHTe, T.€. MaTpHlaTa KojJoHa V a motoa u
CTpyuTE BO rpaHkuTe oj mpexkata. Ho Hajuecto mpobiemot Ha Load Flow
aHaJM3aTa € OCTaBeH MouHaKy. VIMEeHO BO TakBUTE aHAJIM3M BOOOMYACHO €
Ja ce MO3HATH WHJEKTUPAHWUTE MPHUBHIHU MOKHOCTH BO ja3iuTe, T.C.
€JIEMEHTUTE OJl MaTpULlaTa S KOW IITO Ce M3pa3yBaaT MpEeKy HEMO3HATUTE
HaroHU Ha jaznurte V. Bo Toj ciydaj mpobaeMoT ce peraBa HTepaTHBHO.

Scic

Cnuka 6.1. CnoxeHo-3aTBOpeHa Mpexa co 4 He3aBMCHM ja3nu U 5 rpaHku

Ja ja mrycTpupamMe mpuMeHaTa Ha OBOj METO/T Ha €ICH MPUMeED.

Heka 3a mpexkata mpukakaHa Ha ciukata 6.1 e morpeOHO ma ce
Hamumat pejJlaguuTe MMTO IMPpOU3JicryBaarT o4 MCETOAOT Ha jaBHOBI/I
MOTEHIIMjali ¥ T0TOa Ja Ce Olpelaeiar PeXUMCKUTE NapaMeTph 3a



3aJ]aICHUOT peXXHUM Ha paboTa, T.€. Ja Ce MPecMeTaaT HallOHUTE BO ja3JIUTe
U CTPYUTE OJHOCHO MOKHOCTUTE BO TpaHKUTE 011 MpekaTa. CuTe BOJOBU BO
MpekaTa HMMaaT WCTH TOMOJDKHHM mapamerpu: z = (r+jx) = (0,129+)0,40)
Q/km; y=0. HuBaute nomkuau Bo (km) ce mpukakaHu Ha camaTa CIuKa
6.1. Tlo3Har e HamoOHOT BO HaloOjHAaTa TOYKa OJ Mpexara A, T.e. BO
,oamancHuoT  jazen, Uy = 112 kV kako u CTpyJHUTE WH]EKIIMH BO OJIEIN-
HUTE ja3iau O] Mpe)kaTa cO MOMOII Ha KOW ILITO C€ MOJEIHpaaT HEJ3UHUTE
MOTPOIITYBAYU:

J,=(157,5-j52,5) A =166,02-¢ "> A;

J,=(105-j52,5) A =117,39-¢ " An

J.=(52,5—j52,5) A =74,25-¢ ¥ A
Pemienue

Hexka GanancHUOT ja3en ro o3HaunMe co perHuot 6poj 0. OcranaTture
ja3nu ke TM HyMmMepupame MPOU3BOJIHO, cO OpoeBu ox | A0 7, KOJNKY LITO
W3HECYBa OpOjOT HA HE3aBUCHM ja3itu BO Mpexara. Ke ru 3aHemapume
NOMPEYHUTE TI'paHKU BO MpekaTa. Toram rpadoT Ha Mpexara ke Oume
IIPUKaXaH Ha ciukara 6.2.

Cnuka 6.2. 'pach Ha mpexara og cnuka 6.1

Criopes METOJIOT Ha ja3JI0BH MOTEHLMjAJIM 32 MpeXkara o] cliukata 6.2
MOXeMe, Bp3 OCHOBa Ha penanujara (6.1), ma ja Hamumieme cieaHara
MaTpUyHa penanuja:

Yoo Yor Yoo Yo3) (Vo

Yio Yy Yo Y3 || V0| | S 63)
Yoo Yoy Yy Yoz || Vo | o
Y30 Y31 Y3

Kako mTo e mo3naro, 3a e1€eMEHTUTE HAa MAaTPULIATA HA aJAMHUTAHI[UU
Ha ja3nuTe Y Baxar CIeIHUTE IIPaBHIIa;

— JMjarOHAJHUOT €JEeMEHT BO peIWIliaTa i € €JIHAKOB Ha cymara Ha
aJIMUTAHIIMUATE HA CUTE TPAHKH KOW TO COIPXKAT ja3eloT i (BO Taa cyma
Tpeba Ja ce cMeTaaT W aJMUTAHIIMATE Ha HANPEYHUTE TPAHKH O]
€KBUBAJICHTHUTE IIEMH Ha BOJIOBHUTE U TPaHCHOPMATOPHUTE JOKOJIKY TH
nMa);



— BOHJIMjarOHAJHHOT €JIEMEHT BO pEAMIaTa i M KOJIOHATA j € eJHAKOB Ha
HeraTHMBHATAa CyMa Ha aJMUTAHIMUTE HAa CHUTE TPAHKU KOHM €ITHOBpE-
MEHO TH COAPIKAT Ja3JIUTE i U j (AMPEKTHU BPCKHU METy ja3IuTe i | j).

Ha npuMep, Cropca TOPHUTC IIpaBUJia 3a OAACIIHU CIICMCHTHU O[]
MaTpunara X MOXKXEME a HAITMIICMC:

Z; = (0,129 + ;0,40)-30 = (3,858 + j12) Q;

Z, =(0,129+ 0,40)-50 = (6,430+ j20) €;

Z5; =(0,129+ j0,40)-25 = (3,215+ j10) Q;

Zy =(0,129+ j0,40)-40 = (5,144 + j16) Q;

Zs =(0,129+ j0,40)-25 = (3,215+ j10) Q;
1 1 1

Yoo =—+—+—=(0,068— j0,211) S;
Zy, Z, Zj

Yoy =———=(-0,024+ j0,076) S.
Z
[IpuMeHyBajki ja MCTaTa MOCTAllKa 3a OCTAHATHTE EIEMEHTH, 3a
marpunara Y 1o0uBame:

0 068— ]0 211 I -0 024+]0 076 | -0 015+]0 045 | =0,029+ 0, 091

4

T -| S
0, 062 jo, 193 1 —0,029+ j0, 091

—0 029+]0 01 ] i 0 120,029+ 0,091 1 0,058 /0,181

<
Il

Cera HEM TIpeocTaHyBa Jla TO pEIIMMe KOMIUIEKCHUOT CUCTEM PaBEHKH
(6.3). Bunejku mamonor Uy = V3V, = Bo jasemor 0 e mo3HaT, HynTaTa
penauiia on CUCTeMOT paBeHkH (4.8.1) Mokeme na ja HWCHyITHME, a BO
OCTaHATUTE TPU PABEHKH TO3HATATa BPEIHOCT Ha HAMIOHOT V) ja mpedprame
Ha JieCHaTa CTpaHa Ha PaBEHKUTE CO INTO ro JoOWBamMe CICAHHOT CHCTEM
PaBEHKH:

Yo Yy Y3 (V) (4-VoXyo
i Yoo Yoz || Vo |=| o —VYa (6.3)
Y3 Y3 Y33) (V3 ) \J3-VoY3g

Heno3narute HamoHW BO jaSJ'II/ITe N4} ,Z[O6I/IBaMe KaKO pCHICHUC Ha
CJICAHUOT CUCTCM PABCHKMU!

v Yi; hp Y3 J1=VoXyg
Vol=|Yar Yo Yo3| *|Lr=FoYy (6.4)
£ Yy Y3 Y3 J3=Vo¥3
NI
V) (2,640+ 8,210 1,015+ /3,158 0,508+ /1,579 (1,728 j4,936

V,|=| 1,015+ 3,158 2,369+ 7,368

v, ) 10,508+ 1,579

1,184+ j3,684 2,200+ j6,842

1,184+ ;3,684 |x| 1,047 — ;2,983 |-

1,937 - /5,913



Pemennero Ha mpoGiemMoT riiacu:

-70,77 o
v, 63,960 ¢/
Vo |= | 63,96-¢77% | kv; wm
£ 64,11-¢~ /04

-70,77 o
U, 110,781-¢”/ (110,77 - j1,49)

U, |={110,790-¢7/%% |=| (110,78 - j1,22) | kV.
Us) | 110,048.¢7/041° | ((111,04—0,79)

Co mo3HaTUTE BPEIHOCTH HA HANIOHUTE BO CHTE ja3]id, TCKOBHTE Ha
MOKHOCT C€ MpecMeTyBaaT Ha CJICJHHOT HAauyMH. AKO TpaHKaTa co peleH
Opoj k, mITO TM TOBp3yBa ja3NuTe [ U j MOXKEMe, BO OIINT cIyd4aj, Ja ja
NPEeTCTaBUME CO €JIHA T—3aMEHCKa IIeMa Kako Ha cimkara 6.3, Torain
MOYKEMeE JIa MTUIITyBaMe:

L=——— == (6.5)
Zy 3 Ly
i S} b S J
o [ 1 o)
T — — ITI —
A T
4 Y Y Y
O O

Cnuka 6.3. © — 3aMeHcKa Wwema Ha rpaHkaTta K (i—j)
Sp=+3-U;- (1k+ V) =B-U- I+ U (6.6)

P=V3-U (L - ) Bu; LUty (6.7)

KaJge LTO CO [y € O3Ha4yeHa CTpyjara BO peaHaTa rpaHka, coS,u S, ce
O3HAa4Y€HU MPUBHIHUTE MOKHOCTH Ha IOYETOKOT M Ha KPajoT Ha rpaHKaTa,
noneka Zi, Y, u Y, ce peaHata UMneaHIuja 1 HANPEYHUTE aIMUTAHIMU Ha
IIOYETOKOT M KPajoT OJ T — EKBUBAJICHTHATA IIEMa Ha TPaHKaTa, BO COrjac-
HOCT CcO ciukara 6.3.

Ha T10j HaumH 3a MOKHOCTHTE BO TpaHKUTE T'M J0OMBaMe CIEIHHUTE
BPEIHOCTH:

peoer nomery noYemox Kpaj
opoj Jasnume | MW Mvar MW Mvar
1 0-1 27,605 10,988 27,448 10,501
2 0-2 14,205 7,237 14,130 7,003
3 0-3 19,297 12,329 19,219 12,088
4 2-1 29,081 -0,828 29,046 -0,835
5 3-2 9,050 2,061 9,036 20,213




MoKHOCTUTE IITO WM CE€ HCIOpadyyBaaT Ha IMOTPOIIYBAYUTE BO
Mpekata ke Ouniar:

S,=~3-U,-J. = (30,083 + j10,479) MVA;

S, =~/3-Us;-J;, = (20,036 + j10,297) MVA;

S.=~3-U,-J: = (10,026 + j10,170) MVA.

=C

Bo nmnpaktukara 3amagara Ha Load Flow anamm3zara Ha
€JIEKTPOCHEPTeTCKUTE MPEXHU ce AeuHupa Ha MalKy MMOMHAKOB HAYWH.
HNmeHo HamecTO HHjeKTHpaHHTE CTPyH, C€ 3a7aBaaT MOKHOCTHTE Ha
HOTPOLIYBAYUTE M MOKHOCTUTE HA CHUTE M3BOPH (CHHXPOHU T'€HEPAaTOpH)
OCBEH 3a T'€HEpaTopoT BO OajlaHCHUOT jasen. Toram mpoOJIeMOT cTaHyBa
HEJIMHEapeH ¥ HEeroBOTO peIlaBamke Ce€ BPIIM CO  CIELUUjaTU3HpaHH
MOCTANKH KOU BO OCHOBA MMaaT UTEPATUBEH KapakTep.

OBaa mocTanka ke ja WIycTpupaMe Ha BcTata Mpexka oj ciaukara 6.1.
caMO WLITO cera HaMecTo CTpyjHUTe uHjekuuu J,, Jp u J. BO jasmiwure,
NOTpoIIyBaykaTta Ke Owuae 3amajgeHa MpeKy MOKHOCTHTE Ha CaMUTe
notpomryBauu: S, = (30+/5) MVA; §, = (20+10) MVA; S. = (10+10)
MVA.

Ke ja 3agpxume mcrara Hymepalyja Ha ja3auTe KaKo M MPETXOJHO.
Bo T0j cnmyuaj uHjekTupanara crpyja Bo jazenot i (i = 1, 2, ..., n) Moxxeme
Jla ja IpecMeTaMe CO 3aJaJieHaTa MOKHOCT Ha MOTPOIITYBavy0T BO TOj ja3es U
HEroBHOT (pa3eH HaIoH:
%
Sp; P, — jOp:
2P Pi —J¥pPi. . _
Ji=—Jpi=- : = — —i=12,...,n, (6.8)
3.V, 3.V,
IpH MITO 3HAKOT MHUHYC € MOpajad Toa IITO CTpyjaTa HE C€ WUHjEeKTHUpa BO
ja3emnoT i TyKy U3JIeryBa OJ1 Hero.

3'K1
Yo 4y Y3\ (Y Py — 0
P2 —J¥p2

Yri Yy Yy ||V, |= _T_Kozzo , (6.9)
)

Y3 Y3 Y33)\ Vs

3amenyBajku ja penarujata (6.8) Bo (6.3) To moOmBame CHUCTEMOT
HEeJIMHEeapHU paBeHKH (6.9), Kaje MTo HENmO3HATH BEJIUYWHU CE HAIIOHWUTE
Ha ja3nuTe co moTrpomryBaunte Vi, V, u V3, noaeka 3a ¢ha3HUOT HAMOH HA

HAIlOJHUOT ja3en uMame Jj =l_]0/\/§=112/\/§ kV. Cucremor (6.9) e

HEJIMHEeapeH 3alliTO HeMO3HaTUTe npoMenuBu Vi; (i = 1, n-1) ce jaByBaaT u
Ha JIECHaTa CTpaHa oJi CHCTEMOT.

OBoj cucTeM MOXeE J1a ce pellld cO MPUMEHa Ha TOTOBU MAaTeMaTU4YKU
coTBEpCKM TMakeTH Kako ITO ce Ha mpumep Matcad, Matlab u cin. Bo
HAIIMOT CJIy4aj HEIMHEPApPHUOT CHUCTEM pABEHKH Ke IO pelIMe CO
UTepaTHBHA MOCTanka. [IpuToa MoYeTHOTO pelieHue Ha MpoOIEMOT Ke To
nobreMe KOPUCTEJKH o CO3HAHMETO JieKa HAllOHUTE BO ja3JHUTE O]l elHa



peaiiHa Mpeska 32 HOpMaJHH PaOOTHU PEXKHUMH CE JIBMKU BO TECEH MHTEPBAI

OKOJIy CBOWMTE HOMHHAQJIHHM BpeAHOCTH. Ha TOj Ha4yWH, yCBOjyBajKu TH 3a
MOYETHOTO PEIICHUE BPETHOCTUTE:

Vi=Vy i=12,...n, (6.10)

co momom Ha (6.3) ke MOXeMmMe Ja ja MmpecMeTaMe JecHaTa CTpaHa O]l
cucteMoT (6.5):

2.452 - j8.415
——t=—=== VYoo | =] 1.453-j4.986 |KkA.-
3.174 - j10.062

[Tonaramy ciequ pelieHUETO 3a KOMIUICKCHUTE HAllOHW HA ja3JIUTE TOCIe
npBaTa uTepanuja:

Vi Yo np ~
Vol=|Y1 Yy Yp3| X|-————5—-
Vs Y3 Y3 Y3

VoYy |- (61D

KaJe IITO €:

Yy, %y Y3\ (2.640+ 8,210 1,015+ ;3,158 0,508+ 1,579
Yoy Yy Yoy| =|1,015+,3,158 1,369+ 7,368 1,184+ ;3,684
Yy Yy Vi 0,508+ 1,579 1,184+ 3,684 2,200+ ;6,842

[Ipuroa ce 1oOuBa CIEAHOTO peIICHUE:
U,=(110,28-2,65) kV

U,=(110,07~2,13) kV u
U, =(110,45- j1,37) kV.

Ho oBa He e KOHEYHOTO pemieHHe OWACJKM JecHaTa CTpaHa Ha
CUCTEMOT paBeHkH (6.9) Oemie mpecMeTaHa MPUOIUKHO, CO MPETIOCTABEHU
BPEIHOCTH 32 HAIlOHUTE V.

Bo HoBara ureparuja qecHaTta cTpaHa oJ] CACTEMOT paBeHKH (6.9), T.e.
MaTtpuiata kojgona D ke ja mpecmerame co MOMOII Ha HOBUTE, TYKYIITO
npecMeTaHu, BpeaHCcTH 3a HanmoHuTe V. Ha Toj HaumH 3a BekTtopoT D ke
JIOHWEME HOBH BPEIHOCTH:



U KaKo pe3yiTar Ha Toa ke JoOuemMe HOBU, YTOYHETH, BPEAHOCTH 3a HEMo-

HUTC:

U,=(110,19- j2,653) kV
U,=(109,997 - j2,125) kV u

U, =(110,396 - j1,362) kV.

[Tocne moBosien Opoj utepanuu ce A00MBa ,,KOHEUHOTO pelieHue Ha

3aJayara;

2.449 — j8.407

1.452— j4.981

kA.»

3.174— j10.059

U,=(110,187 - j2,655) = 110,219-¢ /138" kv

U, =(109,995~j2,127) 110,016-¢ /" " kv u

U, =(110,395- j1,363) = 110,404-¢~/*"kv.

Pesynrature 3a HEMO3HATUTE MOAYJIM HAa HAIIOHUTE HA HE3aBUCHUTE
jasnu, J0OMEeHU BO MPBUTE 4 WTEpAllMH 32 BpeMe Ha UTEPATUBHUOT MPOLIEC

CC IIpHUKAKaHU BO CJICAHATa tabena:

Cera, co momom Ha uspasute (6.5), (6.6) u (6.7), MoxkeMe J1a TH MpecMe-

HUmepayuja U, U, Us
0 112,000 | 112,000 | 112,000
1 110,309 | 110,092 | 110,454
2 110,221 | 110,017 | 110,405
3 110,220 | 110,016 | 110,404
4 110,219 | 110,016 | 110,404

TaMe MOKHOCTHUTE BO I'PaHKUTE OJ1 MpeKaTa:

10

peden | nomery noyemox Kpaj
opoj | jasrume | W Mvar | MW Mvar
1 0-1 27,104 | 7368 | 26,863 | 6,614
2 0-2 13,947 | 6316 | 13,827 | 5,942
3 0-3 18,947 | 11,316 | 18,823 | 10,928
4 2-1 2,800 | 2,383 | 2,794 | -2,401
5 3-2 8,839 | 1,188 | 8818 | 1,123
_ om—




6.2.2. Meroa HA KOHTYPHHU CTPYH

OBOj MeTon ce KOpUCTH 3a Op30 MpecMeTyBame Ha TEKOBHUTE Ha
MOKHOCTH BO MPEXH CO TMOIMPOCTa KOHPUTYypaIrija u co Majl O6poj KOHTYPH.
3a morojieMu U MOCJIOKEHU CUCTEMHU HaYMHOT Ha (OpMUpame Ha CUCTEMOT
KOMIUIEKCHM PaBEKH CO MOMOII HAa KOU HITO C€ MPEeCMETYBaaT KOHTYPHUTE
CTpyH CTaHyBa MPWIMYHO KOMIUTMIUPAH U BO THE CIydau C€ Mpernopavyna
MpuUMEHaTa Ha METOJOT Ha ja3loBH MOTeHIMjaau. OOMYHO HAMECTO CO
CTpyHTE, BO IPECMETKUTE CE€ OIepHpa CO MPUBUIHUTE MOKHOCTH BO
TPaHKHUTE O] MpekaTa Mopajy IITO OBOj METOJ Ce cpekaBa U IMOJ HAa3UBOT
Memoo Ha koumypHu moknocmu'‘. Toj e, UICTO KaKo U MPETXOHUOT METO/I,
UTEPaTUBEH, HO KOTa MPEeCMETKHUTE Ha cOCTOj0aTa BO €JHA MpeXKa ce MpaBar
CO 11T Ja ce YTBP/M a/IeKBaTHOCTA Ha JaJIeH PEKUM, T.€. JalIU PEKUMCKUTE
napaMeTpH ce BO Npu@atiuBUTe TPaHUIM, METOI0T HA KOHTYPHU MOKHOCTH
ce KOPHUCTH 3a NMPUOIMKHO OpeyBamke Ha pacipenendara Ha MOKHOCTH BO
MpekaTa, T.e. lieJara MpecMEeTKOBa NpoleAypa 3aBpllyBa Ha IpBaTa
uTeparmja.

OBoj meron e Oasupan Ha npumeHata Ha Il Kupxodo 3akon 3a
HATNIOHM, KO] BEJH JCKa CyMaTa Ha MaJO0BU Ha HAllOHM BO €HA 3aTBOpPEHA
KOHTYpa, BO Koja Hema HajaBopeutan EMC, e ennakBa Ha HyJa, T.€:

2Z 1 =0. (6.12)
k

Ho mo3rogHo € HaMecTo co CTpYUTE BO TPaHKHUTE [ J1a oreprpame co
COOJIBETHUTE MOKHOCTH BO TPaHKHUTE S; KOM MOXAT Ja ce JOBeAaT BO
JUPEKTHA peraiyja co MOKHOCTHUTE Ha motpornyBauute. Co orjemx Ha
(GaKTOT JeKa HAIIOHUTE BO €HA MpEKa BO HOPMAaJTHH PabOTHU PEXHUMHU CeE
Oycku 10 cBojaTa HOMHHAIHA BpeaHocT (U; = Uy), BO TOj cilydaj MOKeMe
Jla UTIyBaMe:

V3-U,-3(Z,1,) =0, omsocno (6.13)
k

> 2,8, ~0. (6.14)

k

AKO MpekaTta uMa m HE3aBUCHU KOHTYPH M aKO 3a CEKoja OJ] HUB
HaIUIIeMe 10 eJJHa BaKBa paBEHKa, Ke I00ueMe CHCTEeM O] 71 KOMILJICKCHU
PaBEHKH, BO KOM HEMO3HATUTE C€ KOHTYPHUTE MOKHOCTHU S , 57 ,..., Spp-

ZT1'§1+ZT2'§2+...+ZT}"'S :Al

—m

Zy S+ 2y Syt 42y S, = Ay (6.15)
Zoy S+ Zpy Syt it Ly S, = A,

WA BO MaTpU4EH OOJIHK:
(2% )x(sx) = (A) (6.16)

Kazac 1ITo €:
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le le Zlm Al §1
Z Z Z A S

(ZK) _ £21 =22 Z2m : (A): EEY) : (SK): 22 (617)
Zml ZmZ U Lm Zm Em

Bo wmarpuunara penamuja (6.17) (ZK) € T.H. MaTpula Ha

UMIIEAHIINY HAa HE3aBUCHUTE KOHTYPH, KOja € KBaJpaTHA U CHMETPUYHA, O]
m-TH pea. JlujaroHamHUOT eNeMeHT Z; Ha OBaa MaTpulia ce 100uBa Kako
CyMa OJf CUTE€ MUMIEJAaHIUU IITO W MpUNaraaT Ha i-Tata KOHTYpa, JOACKa
BOH/IMjarOHAJHUOT €JIEMEHT Z;; € €HAKOB Ha CyMara Ha MMIEJAHIUUTE Ha
TPaHKHUTE OJ MpeKaTa KOU IITO CE€ 3aeIHUYKH 3a i-TaTa U j-TaTa KOHTYpa, CO
3HaK ,,+“ KOra HaCOKWUTE Ha i-TaTa U j-TaTa KOHTypa HU3 THUE TPAaHKHU Ce
coBmaraaT, OJJHOCHO CO 3HaK ,,— BO CIPOTHUBHUOT CITy4a].

Marpuuara (A) mro durypupa Ha JecHara CTpaHa Oj MOCICIHATA
MaTpU4YHa PaBEeHKa, 3aBUCH O] ONITOBAPYBambaTa BO MPEKaTa U O/ UMIICaH-
[IUMTE Ha TPaHKUTE Ha MpeXaTa M Taa € CEKOrall Mo3HaTa, HO HEj3HHOTO
OTIpeJIeNyBambe € MIaBHUOT Po0JIeM 3a MpUMeHaTa Ha OBOj METO/.

Ha 10j HauuH pemnaBameTo Ha €Ha MpPEka CO MOMOII Ha METOIOT Ha
KOHTYPHH MOKHOCTH C€ CBEIlyBa Ha PEIllaBamk-e¢ Ha €/IeH CUCTEM KOMILJICKCHU
paBenku. [loHaTaMy TaKBUOT CUCTEM paBEHKH MOKE JIa CE€ PEIld CO HEeKoja
Ol TO3HATUTE HYMEPUYKM TMOCTAlKK, Ha MpUMEp CO HWHBEp3Wja Ha
MaTpullaTa Ha UMIICIaHI[MU HAa HE3aBUCHUTE KOHTYPH, WIIH, MaK, CO TIOMOIII
Ha HEKaKOB TOTOB coBTBepcku anat (MatCad, Matlab u ap.).

Otkora ke ce npecMeTaaT KOHTYPHUTE MOKHOCTH (S K) ox (6.16), xou

BCYILIHOCT C€ COBIIAalaaT cO MOKHOCTUTE BO TPAHKUTE CO IIOMOII HA KOU Ce
neuHUpaar rJIaBHUTE KOHTYpH BO MpekaTa, co npuMmeHa Ha | Kupxodos
3aKOH 3a CTPYM C€ IIPECMETYBAaT U CTPYUTE BO IPEOCTAHATUTE TPAHKH.

CrnernujaneH ciy4aj Ha METOJO0T Ha KOHTYPHH MOKHOCTH € METOJIOT Ha
pa3nBojyBame. OBOj METOX CIIYy)KH 3a pellaBakbe Ha TaKaHAPCUCHHUTE
wYomoeenu' mpexu. Toa ce oHMEe Mpexu Kaj KOou OJHOCOT X/R =& 3a
CeKOja peaHa IpaHKa € KOHCTaHTeH. Tyka, Ha IpuMep, craraaT MpEXUTE
YHHINTO BOJOBU MMAaaT UCT MPECEK, HITH TTaK, BACOKOHAITOHCKUTE TPEHOCHU
MpexH 3a kou € R« X ma e X/R =& e ronem 0poj. Kaj oBue mpexu, 3a
CeKoja KOHTYpa, MECTO KOMIUIEKCHaTa paBeHKa (6.14) mobuBame 1Be anre-
Oapcku paBeHku: 2B -X;=0 u XQ,-R, =0, 3a cekoja He3aBHCHa

koHTypa. Co apyru 300pOBH, KOMIUIEKCHHOT CHUCTEM OJf M PaBEHKHU ce
pacnara Ha JBa anredapcku cucTema Off 1O 7 PaBEeHKH, LITO MPETCTaByBa
TOJIEMO OJIECHYBAI€ IIPU MPECMETKUTE.

@opMUpamEeTO Ha CHCTEMOT pPaBEHKH KOJIITO TPO3HUIIETYBAa O]
METOJOT HAa KOHTYPHU CTPyHM (MOKHOCTH) K€ IO WIYCTpUpame Ha CIEAHHOT
npumep. Heka e moTpeOHO 3a crnoKeHO-3aTBOpeHaTa Mpexa, MpuKakaHa Ha
ciukata 6.4, na ce HamMIle CHCTEMOT KOHTYpPHM PpaBEHKM KOU WITO
IPOM3JIETyBaaT 0O/l IpUMeHaTa Ha OBOj METO/.

[Ipukakanara Mmpexa uMa BKymHo # = 6 jazmu (A, 1,2,3,4uS)u b=
8 rpanku (A-1, 1-2, 3-4, A-4, 1-5, 2-3, 5-4 u 3-5). bpojor Ha
HE3aBUCHUTE KOHTYPH /m Ha MpekaTa u3HecyBa: m=b —n+ 1.
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Cnuka 6.4. CnoxeHo 3aTBOpeHa Mpexa CO TPU He3aBUCHMU KOHTYPU

3HayM, BO HAIIMOT cliy4yaj ke umame m = 8§ — 6 + 1 = 3 He3aBUCHHU
KoHTypH. CrIOpe/1 Toa CUCTEMOT KOHTYPHHU PABEHKH CO MITO KOj CE OMUIITYBa
cocrojbara Bo Mpexara ke Ouie o TPeTH pell.

Cera ke v nepuHNpaMe TPUTE HE3aBUCHU KOHTYPH U K€ TH YCBOMME
HUBHUTE Hacoku. Heka A—1-5-4—A Ounme mpBara KOHTypa, IMOHATaMy
1-2-3-5-1 Oupme BTOpaTa M HEKa Tperara KOHTypa Ouae 3—4-5-3.
[To3uTUBHUTE HACOKM Ha HE3aBUCHUTE KOHTYpM HeKa OMAaT Kako Ha
cnukara 6.5.

A S] §Pl 1 S2 2
| . - ]
— — — i )
§A I_ ST ST §P2
Y \\ , \\
sfbor sty s
" ¥

S. S Sp;
§p4<—{ —L o — \487
4 /// \\\ 3
’\\ I /)
s, “

Cnuka 6.5. CnoxeHo-3aTBOpeHa Mpexa €O TPU He3aBUCHU KOHTYPM.

3a cekoja KOHTypa J1a ogbepeMe Mo eHa TpaHKa IITO MpuIiara camo
Ha Taa KOHTpypa. Bo Toj ciydaj, Ha mpumep, rpankara A—1 mpumnara camo
Ha MpBaTa KOHTypa, rpaHkata 1—2 mpumara caMo Ha BTOpara KOHTypa, a
rpankara 3-4 mpunara camo Ha Tperara KoHtypa. Cera co S, $» u S3 ke
O3HauYMMe MOKHOCTUTE HH3 OBHE TPAHKH M MPHUTOA HUBHUTE HACOKH Ke T
yCOTJIacuMe CO MO3UTHUBHHUTE HACOKU HAa COOTBETHUTE HE3aBUCHHU KOHTYPH.
Hymepanujara Ha OcTaHaTUTE MOKHOCTH HH3 TPaHKHUTE O]l Mpexara |
YCBO]YBaWbETO HA HUBHHUTE HACOKH € Mpou3BoJiHA. [IpuToa co Z; u S; ke ru
O3HaYMMe peJHaTa UMIIeIaHIMja 1 MOKHOCTA BO i—TaTa rpaHka. [loHaramy,
TPTrHYBajKM OJ] YCIOBOT Je€Ka CyMaTa Ha IaJOBH Ha HAallOHW BO €JHA
3aTBOpeHa (macuBHA) KOHTYypa € enHakoB Ha Hyna (Il Kupxodos 3akoH), 3a
CEeKOja O/ He3aBHCHUTE KOHTYpPH IHIITyBaMe IO €Ha TaKBa paBeHKa. Ha Toj
HAuYWH T'W I00MBaMe KOHTYPHHUTE paBEHKH Ha MpeKaTa:
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S Zi+85 Zs+872Z7-8,Zy = 0,
* * * *
Sy Zy+8¢-Zo+8g-2y—S5-Zs = 0,
* * *
§3 A _§7 L _§8 Zg = 0.
Bo 0B0j cucteM paBeHKH HEMO3HATH CE€ CaMO KOHTYPHHTE MOKHOCTH
S1, $> u §; 6unejku MokHocTUTe Si, S ... Ss HH3 OCTaHATHTE TPaHKU O]
MpeKaTa MOXKAT Jia Ce U3pa3aT MPEeKy HUB M MPEKy MO3HATUTE MOKHOCTH Ha

ONTOBapyBamwara Spj ..... S ps. Umeno, co mpumena Ha I Kupxodos 3akon 3a
MOKHOCTH BO jasnute 1, 2, 3, 5 u 4, nobuBame:

Ss=8,-8,-Sp;

S¢=8,=Sp;

Sg=86-83-Sp3 =8, =85 (8p, +Sp3);
S;=83+85=8, =83 (Sp +8pr +Sp3);

S, =8py=87-83==8,+(Sp; +Spy +Sp3+Sp4)

AKO BO CHCTEMOT KOHTYPHH PaBEHKH Ha MpexkaTa MOKHOCTHTE Sy, S5
..... Sg T'M U3pa3uMe NpeKy KOHTYPHUTE MOKHOCTH S|, S» U S3 U MOKHOCTHUTE
Ha TMOTPOILYBAYUTE Spj ..... Sp4, ke ro nobueMe KOHEUHHOT OOIMK Ha
CUCTEMOT KOHTYPHH PaBEHKH, KOj MOCJE CPETyBamhETO TIacH:

ATRN +Z;, ‘S +Z5 Sy = Ay

Zy -5, +2Z5 S + 255 83 =43

AT +Z3 "S5 +Z3 "S3 = 4;.

KaJe IITO CE:
A =S (Zy+Zs+Z7) +(Spy+8p3) - (Zy+Z7) +Sp 'Z:Q
Ay =-8p Z; +8py(Zs+Zs) +Sp3 -Zs;
A3==8p ’Z; +(Spy +8p3)(Z7+Zg)

Cnopen Toa maTpuIlaTa Ha WMIICIAHIIMA HA TJIABHUTE KOHTYPH Ke
H3riIea BakKa:

VAR AR VAR —Zs —Z;
(ZK): —Zs Ly+ZsgtLg+Zs —Zg
~Z; —Zg Li+Z,+2Zy

6.2.3. Ilpubau:kHa mocTamka 3a npecMeTKa Ha pacnpenendara
HA MOKHOCTH BO jaMKAaCTH MPeKH

OCHOBHHOT HENOCTAaTOK Ha OTBOPEHUTE MpPEXH (IITO MPETCTaByBa
tunruHa KoHpurypanuja Bo CH u HH auctpulOyruBHu Mpexu) € manara
CUTYPHOCT Ha €JIEKTPOCHAO0IyBameTO Ha TMOTPOIIYBAYUTE CO EIEKTPHUYHA
eHepruja. [Ipu moBpeaa Ha €€H O] BOJOBUTE BO TAKBUTE MPEXH goara Jio
NPEKHH BO CHA0IyBAaWETO CO EJIEKTPUYHA €HEepruja Ha CHTE MOTPOIIyBaYH
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KOU C€ HaIlojyBaaT MPEeKy Hero, a MPeKWHOT Ke Tpae Ce 10 OTKPUBAETO U
OTCTPaHYBamkEeTO Ha IOBpelara, INTO MOXKE Ja W3HECyBa M HEKOJIKY
JIECETUHH CaaTH.

[TooBepnuBO HaroOjyBamke €O EJIEKTPUYHA EHepruja Ha MOTPOIIY-
Ba4yHTe Ce MOCTUTA CO Tpagda Ha 3aTBOPEHU MPEXKH, Kaj KOU MOCTOjaT eaHa
WM TIOBEKE KOHTYPH M TOTOJEMHOT JIeN OJf OTPOIIyBAYUTE MOXKAT Ja ce
HaTojyBaaT OJ JIBe, Ma U MOBEKE CTpaHU. 3aTBOPEHHUTE MPEXKH O] CBOja
CTpaHa ce JieJar Ha: npcmenecmu (jamkacmu) U croxceno—3ameopenu. Kaj
MPBUTE BO MpekaTa MOCTOM caMo €/1Ha jaMKa (KOHTypa) A0JeKa Kaj BTOPUTE
OpojoT Ha KOHTYPH BO MpeXkaTa € IOToJIeM.

[Ipcrenectn kKoHGUTYpaIK HAa MpeXaTa ce MPUMEHYBAAT JIOKATHO BO
nucTpuOyTuBHHOT e oA 110 kV mpexu a monekoram u kaj 35 kV Mpexu
CO IIeT J1a ce 00e30eau OeCpeKnuIHO HAIOjyBamke Ha MOTPOITYBAUNUTEe TypH
u npu nedext (mpocieneH co MCIaja) Ha OWIo KOj O BOAOBHUTE INTO ja
¢dbopmupaar 3aTBopeHaTa KOHTYypa.

Bo ciyuajot kora Mpekara COOp)KM caMmoO €lIHa KOHTypa, Hej3uHaTa
KOHTYpHa MOKHOCT ce€ J100MBa JUPEKTHO CO MOMOII Ha COOJIBETEH H3pas,
3rojleH 3a Op30 padyHoO IpecMeTyBame. Bo jgenor mTo cieau ke ce
3all03HAaEMEe CO €J€H JUPEKTEH, HEUTEPaTUBEH, METOJ 3a pelIaBame Ha
cocTojbaTra BO jaMKacTUTE MpexH (MpPEXH CO elHa KOHTypa) KOW JaBaar
npUOIMHKHO pelieHre Ha TPOOJIEMOT €O 3aJ0BOJTUTETHA TOYHOCT.

a ro pasriegame ciydajoT Ha €JHOCTaBHA jaMKacTa Mpeka (CIIMKa
6.6). Heka mpeskara ce cocton oj1 4 BOAOBH Mer'yceOHO TIOBp3aHHU TaKa IITO
ja popmupaat konTyparta ,,A—1-2-3—A*“ . Mpexara ce HamojyBa oJ TouKaTa
»A“. AKo KOHTypaTa (NMPCTEHOT) ITO T'o 00pasyBaaT YETHPUTE BOAA TO
mpecedyeMe HW3 HalojHaTa Todka ,,A“ M ro oTBopuMme (pa3BuUeMe), Ke ja
nobueme memMara oJl cimkaTa 6.7, Koja mTo MPETCTaByBa MaruCTPaJIeH BOJ
HaIojyBaH oJ1 IBata Kpaja. [Iputoa HamoHuTe BO KpajHUTE TOYKH ,,A*“ 1 ,,B’
UMaaT €IHAKBH C€(QEKTHBHH BPEAHOCTH W €JHAKBU (Da3HU arjiu, MTO €
cocema pa3z0oupimBo, OUIejku TOUKUTE ,,A*“ 1 ,,B* BCymmHOCT peTcraByBaar
€/IHa FICTa TOYKA.

et 21
_.$4_A 3_&3._

Cnwuka 6.6. JamkacTa (npcteHecTa) Mpexa

A 1 2 3 B=A
= 3= 3 3= e W
Sy 8,7 8,7 t

Cnuka 6.7. MpcTeHecTa Mpexa 0OTBOpeHa BO TovKaTa
Ha HanojyBake (ABOCTPaHO HanojyBaHa Mpexa)
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[IpecmeTkara Ha JBOCTpaHO—HAIIOjyBaHAaTa MpeXka o] ciiukaTta 6.2 ce
BPIIIK CO MTOMOIII Ha TIPECMETKOBHATA IIeMa, IpUKakaHa Ha ciimkata 6.3. Bo
onToBapyBamara S , S U S, IpPUKaXaHW BO Mpekara, C€ BKIYYCHH U
TeHEPHpPAHUTE PEaKTUBHH MOKHOCTH Ha TOEIWHUTE BOAOBH. McCTO Taka,
JIOKOJIKY jaznure ,,1¢, ,,2* u ,,3* mpercraByBaar TpaHC(OPMATOPCKH CTaHH-
mu (TC), Bo cmoMeHaTuTe MOTPOITYBaun Ke Tpeba Ja OMaar BKIYYCHH U
3aryOuTe Ha MOKHOCT BO CaMHUTE TPaHC(HOPMATOPH.

Hacoxute Ha MOKHOCTHUTE HU3 IPAHKHUTE OJf MpexXarta S, | , S, , 5,3 1
S 5 Ce yCBOjyBaaT IIPOM3BOJIHO. BUCTHHCKMTE HACOKH HA MOKHOCTHTE K€ €
700ujaT KaKo pe3yaTaT Ha IPECMETKHTE.

A Za l Zy, 2 Zys & Zy: B=A

e A > 3+ — af — .
b Sai §|¢ Si §2¢ Sh3 §3¢ Sp: 4

Cnuka 6.8. [lBocTpaHo HanojyBaHa Mpexa Co eAHaKBW HaNMOHM Ha KpauwuTaTa

Bo mpBara anpokcumarigja mpeTnocTaByBaMe JeKa HeMa 3aryom Ha
MOKHOCT BO BOJIOBUTE M JIeKa CHUTE HAIIOHH BO MpeXara Ce eIHAKBU Ha
HOMUHATHUOT. bunejku Toukute “A” u “B” Bo Mpexkara oj ciaukara 6.8 ce
elHa MCTa TOYKa, 3a jamkara A—1-2-3—-A moxeme , criopen Il Kupxodos
3aKOH, Jla HaluIIeMe:

Iy lpy+Zyn Ly +Zy-Iyy—Zpylp;=0. (6.18)

bunejku e mnpermocraBeHo Jeka CHTE€ HAllOHM C€ €IHAaKBU Ha
. . 19 .
HOMHHAJIHHOT, 33 CTpyjara [;; HU3 IpaHKara ,,i — j* MOXe [ja Ce [ULIYBa:

*

5; *
=—L— re. S, =\3U, I . (6.19)

I. =
Lij \/g_Un

Crnopen Toa, ako paBeHkara (6.18) ja koHjyrupaMme U 1MoToa Lenara ja
TTOMHOXHME CO /3 .U, , ke nobueme:

Sy Zpy+ SpZin+Sy-Zy— Spy-Zpz=0. (6.20)

bunejku ru 3aHemapuBMe 3aryOuTe, MOKHOCTUTE HH3 TPAHKHUTE O]l
MpexkaTa ke ra Jo0ueMe Ha €THOCTaBeH HayMH aKko TM H3pa3suMe MpPeKy
MOKHOCTa S ,; HA3 BOAOT A—1 1 mpeKy MOKHOCTUTE Ha IIOTPOILYBAYUTE, T.€:

Sio=8ua-3S8u;
$3=Sa-85-%;
Spy=8S1+SH+8 —Sar. (6.21)

Axo MmokHocTHTe S; on penauuure (6.20), wu3paseHH MpeKy
HENo3HaTaTa MOKHOCT S, I' 3aMeHuMe Bo (6.18), ke noOueme:

S Zyn+Sa—58)Zir+ (S48, _Ez)'ZXB —(8,+8,+83-S5 1) Z33=0,(6.22)
T.C.
S (Zin+Zin+Zi+Zi3) =S, (Zin+ Ly + 2 ) =Sy (L33 + Zipy) =S5 L3 =0.(6.23)

Axoru BOBCIACMC O3HAKHTC:
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Zyp=Zpyt+tZip+tZy+ZLys;

Zip=Zy+Zyy+Lgs; (6.24)
Zyp=Zy+ZLps,
=2y, Zp=ZytZn, Zp=LZg+Zp+Zy, (6.25)

TOTaI CIIeayBa:

S1Zig+ S8, Zyg+S3-Zip

Sp== 1
Zp
(6.26)
g L+, ZintS5-Zys
Sp3= )
Zyp

Bo ommt cnywaj, Kkora mpcTeHecTata Mpexa HamojyBa
OINTOBapyBama, 01 OuIo:
n n
Z S;-Zip Z S:-Zy
_ =l . _ =l
§A1 - ’ §Bn -

Zyp Zyp

(6.27)

[To onpenenyBameTo HA MOKHOCTUTE Sy U Sp, HU3 TJIABHUTE JCITHUIIN
o1 TIpcTeHoT, co oMol Ha I KupxodoB 3akoH 3a MOKHOCTH, TPUMEHET HA
jaznmmre onm mpexara ,, 1%, 2% .., n, ce ompenenyBaaT U MOKHOCTHTE BO
OCTaHATUTE JIEJIOBU OJ1 MperKarTa.

OnpenenyBameTO Ha TEKOBUTE HA MOKHOCTHUTE BO BOJOBHUTE O] jaM-
KacraTa Mpexa, Crope HaBeJeHuTe (popmynu, € mpBa erama oJl MPEeCMeT-
kara. [lo Hea ciequ BTOpa erama, BO Koja c€ MpecMeTyBaaT 3aryourte Ha
HAIOH ¥ 3ary0uTe Ha MOKHOCTH BO IOGIUHUTE JIETHULIU OJ MpeXxaTa.

Ke mpermocraBuMe jeka Kako pe3ylaTaT oOj IpBaTa eTama Off
MIPECMETKUTE € JToOMeHa pacmhpenenda Ha TEKOBUTE HAa MOKHOCTH, KaKo Ha
cnukara 6.9.a, Ipu MTO KOH TOYKara ,,2”” MOKHOCTA Jioara OJ IBETE CTpaHu
Ha Mpekata. BakBaTa Touka BO MpexaTa ce HapeKyBa mouka Ha paszoei
WIH pazdelHa mouykKa, U Ha IIEeMUTe OOMYHO ce O3HauyBa CO 3alpHET
TpUAroJHukK V.

OuwnrnenHo € AeKa HUIITO HEMa Ja c€ M3MEHH aKo BO IeMaTa O
cnmukata 6.9 a u3BpIIMME pa3BOjyBakbE HA MpeKaTa BO pa3JeiiHaTa TOYKa,
Kako MTO € Toa MpHKakaHo Ha ciukara 6.9 6. Ilpu oBa pasnBojyBame
MOTPOIITYBAaYOT S, BO pa3jeliHaTa TOYKa Ce JeIH Ha J1Ba (GUKTHUBHU MOTPO-
1ryBava:

§h=8nu

"

§2=353,

MIpH IITO BaXKu (Buau ci1. 6.9 6 u ci. 6.10):

Sh+89=8Sn+8n=25.

g _
Az, I Zy 2y Ly B Zy: B=A
——t— — - 0N — —— -~ —od— P — e
? S—Al —l¢ S]Q L_§’2¢ 532 53 ¢ §B3 zr

Cnuka 6.9 a
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Az, I Z, 2 2" 7y : Zg: B=A
Sai S S1s ¢ ¢ é32 S §BE zr
n Sy S5 -
Cnuka 6.9 6
NP S35
—i,—l §12 2! _g_ _i_ o
—_

Sall 1 %

| — =

R A Sp: 3 }

Cnuka 6.10. Ceyetbe Ha MpexaTa BO pa3feniHaTa Touka

3Hauyu, TEKOBUTE HA MOKHOCTH HU3 BOJOBHUTE O MpexaTa MpuKakaHa
Ha ciukata 6.9 a, a UCTO Taka M HAIOHUTE, CE€ HMCTH CO MOKHOCTHUTE U
HallOHUTE BO Mpekara Ha ciukarta 6.9 6. Meryroa, memara oj CiauKara
6.9 6 coap>ku [1Ba HE3aBUCHU Jiesia U CEKOj OJ1 HUB MPETCTABYBA pajivjaliHa
Mpeka CO MO3HATH ONTOBapyBama W IMO3HAT HANOH BO HAroOjHAaTa TOYKA.
3aroa HaTaMoOIllHAaTa MpEecMETKa MOXE Jla Ce CIpOoBedyBa Kako U 3a
paaujaTHUTE MPEKH.

Hoxkonky ce paboru 3a BH mpeHocHa mpcreHecta Mpexa, HajHaIrpen
ke Oune moTpeOHO /1a ce ompeenar MOTOYHUTE BPEAHOCTH HA MOKHOCTHTE,
YBaXXYBajKu T U 3aryOuTe Ha MOKHOCT BO CEKOj O[] JIEJIOBUTE HA MpeKaTa, a
10TOA Ja ce MPEMUHE KOH MPECMETyBamke Ha HAllOHWTE BO Mpexkara. Kaj
TUCTpUOYTUBHUTE MPEXU BIIMjaHUETO HA 3aryOuTEe HA MOKHOCTA OOMYHO HE
ce 3eMa IpeaBH/I.

[To u3BenyBameTO Ha MPBHOT YEKOP OJl MPECMETKUTE MOXKE Ja ce
CIIydd BO Mpe)arta Jia ce jaBaT JBE pa3/ie/iHi TOUKU — e/IHaTa 3a aKTUBHA, a
JIpyrata 3a peakTHBHAa MOKHOCT. TakoB cilyuaj € TMpHUKa)kaH Ha CIUKara
6.11 a, Bo k0ja Toukarta ,,2* € pa3z/ieJHa TOUYKa 3a aKTUBHA MOKHOCT U € 00e-
JeXKEeHa CcOo 3HakoT VY, JoJeKa Todkara ,3“ € pasleaHa Todyka 3a
peakTHBHATAa MOKHOCT M Ha CJIMKaTa € 00eJIeKeHa CO 3HAKOT V ..

A P 1 Py, 2 P3, 3 Py B=A
! — !I! — !'I! — _T_V =— !
¢ QAI O, O3 QB3 ¢
S S S
21 25 23
Cnuka 6.11 a
A 1 2 3 B=A
— — o >< o —
¢ Sy $ ‘iz $ $ *53 ¢
Cnuka 6.11 6

18



W BO 0BOj cirydaj, HAMECTO J1a ce pasrjieyBa ABOCTPAHO HaIlOjyBaHa
Mpeka, Kako Ha ciukara 6.11 a, Moxe Aa ce pasriieyBaar JBE paJiujaHA
MpEXH, Kako Ha ciukata 6.11 6. [IpuToa, BomoT 2-3 € uUCHymITeH, HO MpHU
OIpeIeNyBalkbeTO Ha (PMKTUBHUTE onToBapyBawaTta S, u S’y Tpeba na ce
3eMaT BO TPEABUJ M 3aryOMTE Ha MOKHOCT BO BOJOT Mery pa3eiIHUTE
TOYKH ,,2”" ¥ ,,3”. OBHe 3aryou (MpuOIMKHO) U3HECYBaaT:

2.2 2.2
Aby; = 32;2Q_23 Ryy s AQy = 32;2Q23"X 23> (6.28)

Taka IITO, 32 MOKHOCTUTE Ha (PUKTUBHUTE moTpoumryBaun S, u S5 ce
nobusa:

§Y=P'+jO",= B+ j(O), +A0,3);
S'3=P's+jO's = (Pp3 + APz )+ jOps

(6.29)

IIpumep 6.1. Ha cnuxara I1.6.1 e mnpukaxkaHa mnpcTeHecTata Mpexka
aHanmu3upaHa Bo mnpumepoT 5.4. Ho oBoj mar mpexara paboTH Kako
3aTBOpEHa, CO BKJIYYEHU CHUTE JEIHUIIM o1 mpcTeHoT. Ilapamerpure Ha
€JIEMEHTUTE O] MpeKaTa KaKo U MOKHOCTUTE Ha TOBAPHUTE CE UCTH KAaKO U
BO mpumMepoT 5.4. HamoHOT BO HAmojHUOT ja3en ,,A“ MOBTOPHO M3HECYBa
Ua=10,3 kV.

Ha ce mpecmera mpuOMIDKHATA pacmpenenda Ha MOKHOCTHTE BO
Mpekara co moMomn Ha penanuute (6.27) U Bp3 OCHOBa Ha Toa Ja C€
orpezenu TOYKaTa Ha pa3zien Bo Mpexkara. [loToa na ce u3Bpiu oTBOpame
Ha Mpekara BO TOYKaTa Ha pas3fell co IUTO MpCTEHecTaTa Mpexka Ke ce
pacrmajgHe Ha JIB€ pajvjadHUd MPEXH HANojyBaHHM O] MCTaTa HAIOjHA TOYKa
A. Bo Taka oTBOpeHaTa Mpexa Jia ce MpecMeTaaT HAallOHUTE BO CHUTE jas3iu
ox mpexata. Koskasa e 3ary6ara Ha HarmoH AU Bo Mpexara.

JlobuenuTe mpuOIMKHHA PE3yITaTH 32 MOKHOCTUTE M HAIllOHUTE /1a ce
CriopeaT co HUBHUTE TOYHH BPETHOCTH, JOOMEHU CO MOMOII Ha KOMIjY-
TepCKa Iporpama.

500 kW
2 ]

242 kvar
® 1 km

242 kvar

2 km

400 kW
194 kvar

400 kW
194 kvar

- 194 k
U, =103kV o

500 kW
242 kvar

500 kW
242 kvar 1,5 km

242 kvar
1km

500 kW
242 kvar

242 kvar

Cnuka 1.6.1.1. 10 kV kabencka mpexa Kora padoTu kako 3aTBOpeHa (npcTeHecTa)
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Pemenmne:

3a ga ja ompeaenuMe NpHOIMIKHATA pacmpenenda Ha MOKHOCTH BO
MPCTEHOT CO TMOMOII Ha pemanuute (6.27) HajHampen Ke WU3BPIIUME
,,TIPUBEyBame ™ Ha CUTE TOBAPH KOH MPCTEHOT, KaKO MITO € TOAa HAIIPABEHO
Ha ciukara [1.6.1.2. Ha TOj HaumH MOKHOCTa BO jasneoT ,,2° ke Owunue:
(500+242) + 3x(400+j194) = (1700+/824) kVA nmoneka Bo jazenoT ,,6° Taa
ke m3necyBa 3x(500+7242) = (1500+;726) kVA.

1km R

242 kvar

1700 kW
824 kvar

2 km

500 kW
242 kvar

l‘1500 kW

726 kvar 242 kvar

Cnuka I1.6.1.2. AHanusmTaHaTta npcTeHecTa Mpexa
CO NpMBeAEeHU TOBApU KOH NPCTEHOT

Cera MoxemMe CO TOMONI Ha NPUOMMKHUOT wu3pa3 (6.27) nma tu
omnpesieTuMe MOKHOCTHTE BO TJIaBHUTE AenHuuHd ,,A-1° u ,,A-6“. Taka, Ha
IIPUMEp, 32 MOKHOCTA S4.1 K€ UMaMe:

> S Zy_p D Splip

g k=l _ k=l
24-1 * /
Z4 B A-B
o _g _8:(500+242)+7-(1700+ j824) +6-(500+j242) +5-(500+j242)
D41 — 21 —
9
L 4:(500+242)+2,5-(500+ j242) +1,5- (1500 + j726)

9
S = (2656+ j1287) kVA.
Bo nmocnennuTe ABE penanuu MECTO CO KOHjyTMpaHUTE BPEIHOCTH Ha
UMIICJAHIIMUTE HA PEIHUTE TPAHKH OJl MpekaTa OlepHpaBMe CO HUBHHUTE

JOJDKMHM 3aIITO CUTE€ BOJOBM MMaaT UCTH NPECeld M HMCTU IOJOJKHU
napameTpH.

Cera co npumena Ha I KupxodoB 3akoH 3a MOKHOCTH BO ja3iute Op.
1,2, 3,4 u 5 necHo ke ru onpeeTuMe MOKHOCTUTE BO OCTAHATHUTE ICITHULIN
0J1 MpeXxara:

Sio =8, -8 =(2656— j1287)— (500 + j242) = (2156 + j1045) kKVA;
Sy 3 =8, — 8, =(2156+ j1045) — (1700 + j824) = (456 + j221) kKVA

HUTH.
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Ha Toj HaumH ja moOwBame cregHaTa pacmpesnenda Ha MOKHOCTH,
NpUKaKaHa Ha CIIMKaTa

2156 KW 2 456 kW
1045 K 221 kvar 3
] var
500 kW
p— 242 kvar
2656 KW 1km 1700 KW \{
1287 kvar 824 kvar
A 500 kW
242 kvar 44 KW
21 kvar
—>
U,=10,3kv
()—>
500 kW
/r 242 kvar
6

1500 kW

263 kvar
726 kvar

1044 kW

500 kW
505 kvar

242 kvar
Cnuka .6.1.3. MpubnuxHa pacnpean6a Ha MOKHOCTU BO NPCTEHECTaTa Mpexa

Cera nmoara BTOpaTa (aza Kora MPCTEHOT C€ OTBOpa BO TOYKATa Ha
paznen (ci. 11.6.1.4).

500 kW
2156 kW

2242 kvar 456 kW , 456 kW
: 1045 kvar 221 kvar 3' 221 kvar
1200 kW 1 g
2656 kKW 582 kvar
1287 kvar
A

—_—
3" 44 KW
15k 8 21 kvar
400 kW
=< 194 kvar ok 44kkW
— N % 400 kW 400kw 2Hm|| 21 kvar
194 kvar 194 kvar
400 kW
U,=10,3kv 194 kvar 11
km —
500 kW 500 kW
2544 kW 242 kvar ¥ 200 KW 4 5y 242 kvar
1231 kvar var
544 KW
6 263 kvar
l1500 kW 1044 kW 500 kW
726 kvar 505 kvar

242 kvar

Cnuka I1.6.1.4. NMpubnuxHa pacnpeanda Ha MOKHOCTM BO OTBOpeHaTa
npcTeHecTa Mpexa

Ha T10j HaumH mnpcrenecrara wmpexa on cinukata [1.6.1.1 ja
IPEeTBOPUBME BO OTBOpEHa T.e. ,,paaujanHa“. Cera ke mpHucTanuMe KOH

OTIpe/IeNTyBakhETO Ha HAMOHUTE BO ja3IMTE OJ OTBOPEHATa Mpexa Ha HCT
Ha4YMH KaKo ILITO TOA I'0 MPaBeBME BO MPUMEPOT 5.4:

r=0,208 Q/km; x =0,092Q/km;

AU, = Ppt R+ O Xy _ Py r+0y°%
Ua

Ua
_ 2656-0,2084—1287-0,092'1; AU, = 0,065 kV:
10,3
U, = U, —AU; = 10,3 — 0,065 = 10,235 kV.
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_ B, r+0_, X 2156-r+1045-x
U, 2 10,235
U, =U,-AU,=10,235 - 0,053 = 10,182 kV, wurH.
[Tonaramy, 3a BropaTa JeTHHUIIA UMaMe:
_ By Ry +0s,-X, _ 2200-0,208+1066-0,092 1= 0,054 kV:
U, 10,234

U, =U,-AU, =10,234 - 0,054 = 10,180 kV, urh.

CnnuHo ce mpecMeTyBaaT U MPeocTaHaTUTE HANIOHU BO jasiure. Kako

pe3yiaTaT Ha MPECMETKUTEe Ke W Ao0ueme ciemaHute pesyiratu (Tabena
[1.6.1.1):

AU, -1=10,053 kV;

AU,

Ta6ena 1.6.1.1. TekoBM Ha MOKHOCTK, 3arybn Ha HaNoH W HaNOHU BO MpeXara

p.Opoj | Memtmua | Py (kW) | O (kvar) | AU (kV)) | [omo HiM
1 A-1 2656 1287 0,065 10,235
2 1-2 2156 1045 0,053 10,182
3 2-3 456 221 0,011 10,170
4 A—-6 2544 1231 0,094 10,206
5 6-5 1044 505 0,026 10,181
6 5-4 544 263 0,020 10,160
7 4 -3 44 21 0,002 10,158
8 2-7 1200 582 0.030 10,152
9 7-8 400 194 0.015 10,137
10 7-9 400 194 0.010 10,142
11 6-10 1000 484 0.025 10,182
12 10-11 500 242 0.025 10,157

[Mopamgu ToOa mMTO OBaa MOCTAamKa € MPUOJMIKHA, 32 HAMOHOT BO
Toukara 3 mobueBme nBe Bpemnoctu: Us = 10,170 kV u Us» = 10,158 kV.
Ke yconme Us = (Us+Us)/2 = 10,164 kV.

Touka co HajHU30K HAINOH BO Mpekara € jasenor Op. 8. HamonoT BO
TOj jazen, cropen MpuOIMKHUTE MpecMeTkH, u3Hecysa: Ug = 10,137 kV.
Bo Toj ciryuaj 3arybara Ha HaroH Bo Mpekara AU ke nu3Hecysa:

AU =U, - Ug =10,3 -10,137 = 0,163 kV (1,63%).

Ilpecmemkxa na moynume mekosu Ha MOKHOCHU

Co momomr Ha KOMIjyTepcka mporpama Oa3upaHa Ha METOJOT Ha
ja3JIoBH TIOTEHIIMjaly, KakKo pelieHne Ha paboTara Ha Mpekara Kako
3aTBOpeHa ce J00MBaaT CIEJHUTE pe3yaTaTH, MpHUKaXKaHU BO Tabenara
[1.6.1.2. Ciopen oBHe MpecMETKH TOYHATa BPEIHOCT Ha 3arydaTra Ha HAIoOH
BO Mpexara AU n3Hecysa:

AU =U, - Ug =10,3 -10,133 = 0,167 kV (1,67%).

3aryoute Ha akTMBHA MOKHOCT APy BO Mpexara ce J00mBaaT co
JTUPEKTHO COOMpame Ha CUTE 3ary0r BO HEJ3MHUTE TPAHKH, T.€:

AR = 66 kKW (1,26%).
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BunnuBo € m BO OBOj cilydaj TOJIEMOTO COBIAaramke Ha JTOOMCHHUTE
pe3yiATaTh co MPUOIMKHATA U CO TOYHATA TTOCTAIKA.

Ta6ena 1.6.1.2. TekoBM Ha MOKHOCTM U HaNOHU BO MpexaTa — TOYHW BPeAHOCTH

pelieH ITouemox Kpaj Han;aH Ui AP; AQ;

0p0j | Jlennuua |Py; (kW) (k%zir) Ps; (kW) (k%zir) K(pka\J/(;T (kW) | (kvar)
1 A-1 2.746 | 1321 | 2.728 | 1.313 | 10,233 |18.24 8.05
2 1-2 | 2228 | 1.073 | 2.216 | 1.068 | 10,178 |12.17 5.37
3 2-3 0.511 | 0.244 | 0.510 | 0.244 | 10,165 | 0.64 0.28
4 A—-6 | 2520 | 1.210 | 2.497 | 1.199 | 10,207 [23.01 10.16
5 6-5 | 0993 | 0478 | 0.991 | 0.477 | 10,183 | 2.43 1.07
6 5—-4 | 0491 | 0.237 | 0.490 | 0.236 | 10,165 | 0.89 0.39
7 4-3 |-0.010 |-0.004 |-0.010 |-0.004 | 10,165 | 0.00 0.00
8 2-7 1.205 | 0.584 | 1.201 | 0.582 | 10,148 | 3.60 1.59
9 7—-8 | 0.401 | 0.194 | 0.400 | 0.194 | 10,133 | 0.60 0.27
10 7-9 | 0400 | 0.194 | 0.400 | 0.194 | 10,138 | 0.40 0.18
11 6—-10 1.004 | 0.482 | 1.001 | 0.481 | 10,183 | 2.48 1.09
12 | 10-11 0.501 | 0.241 | 0.500 | 0.240 | 10,158 | 1.24 0.55

6.3. METO/Jl HA PA3IBOJYBAIBE HA MPE/KATA

PemaBameTo Ha jaMKacTUTE M CI0KEHO-3aTBOPEHUTE MPEXH, BO
OMIIT Ciy4aj, Oapa omepamuu CcO KOMIUIGKCHH OpOeBH, TpU IMITO
pesyaratute ce n00MBaaT co BHCOKa To4HOCT. Ho Bo mpakcara uyecto ce
cpekaBaaT 3aJayd BO Kou ce Oapa ompenenyBambe Ha NpUOJIMKHATA
pactipenenioa  Ha  MOKHOCTHTE BO MpekaTa (HAa TmpuMmep Tpu
TUMEH3MOHUpAmke Ha MpekaTa, IpH TpOBepKa HAa TEPMHUYKHUTE
ONTOBapyBama Ha HEJ3MHUTE EJIEeMEHTH Kako W TMpH TpoBepKa Ha
HAIOHCKUTE MPHUIUKK) Koe Tpeba Ja ce BpIIM MOBEKEKPaTHO, 3a pa3HU
BKJIOIIHU COCTOjOM BO MpeXkara U 3a pa3HU PeKUMH Ha paboTa, MpH IITO HE
ce Oapa BUCOKa TOYHOCT Ha JOOMEHUTE pe3yaTaTtu. Bo TakBuTe ciaydau of
UHTEpeC € pelIieHueTo (Makap W NMpHOJIKHO) Ja ro jodueme co MTo €
MOYXHO HMOMAJIKy NMPECMETKOBHHU OMNEpPAlMM U 33 MITO € MOXKHO IMOKPATKO
IPECMETKOBHO BpEME.

Cekoe ympocTyBambe Ha IMPECMETKOBHATA IIOCTANKa, BO TPHHIIMII,
JIOBEyBa JI0 CKpaTyBamke Ha 00EMOT Ha MPECMETKUTE, HO M 10 HAMATyBambe
Ha TOYHOCTa Ha pe3yiTaTHTe. AKO YIpPOCTyBamaTa c€ 3HAYUTCIHH, a
npuToa ce jgoOuBaar pe3ydaTatd co npudaTiIMBa TOYHOCT, TOTAIll
MocTarnkKaTa MMa COOJIBETHO TIPAaKTUYHO 3Hauewme. EjaHa on TakBuTe
NOCTallKl € W T[IOCTamKkaTa YCJIOBHO HapeueHa pa3060jyéarbe Ha
mpedxcama.
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Heka e motpebHO na ce mpecMmera pacrmpeaendaTa Ha MOKHOCTHTE BO
jamKacTtara Mpeka, OJ €IHA WM MOBEKE MACHBHH KOHTYpH, T.€. KOHTYpH
KOM HE COJAPKaT BHATPEUIHH €.M. CHWJIM WM TaK TpaHCPOPMATOPH CO
paznmuuHu KoeduimeHTy Ha Tpancdopmalija U HeKa o]l Hea ce HarojyBaaT
HEKOJIKY TIOTPOIIyBauyu. AKO NMPHUTOA KOHTypaTa C€ COCTOM OJ m TPaHKH
HU3 KoM 1TO Teuat crpyure [ (i=1, 2,..., m), Bp3 ocHoBa Ha Il Kupxogos
3aKOH MOXKEME J1a TTHITyBaMe:

> Z;-1,=0. (6.30)
i=1

[Tox mpermocTaBkara Jieka HAIIOHUTE BO CHTE ja3lId OJ Mpexara ce
NpUOJIMKHO €THAKBM Ha HOMHUHAJTHUOT HAIOH, MHOXKE]KU TH 00€Te CTpaHu

on paBerkata (6.30) co NE) Uy, noOuBame:

0=\3-Up-Y 2, L= (B~ jO)-(R+ X)) . (631)
i=l1 i=1
ITonaramy umame:
0470 = X (BB +0-X) L (BX~OR), (63
creyBa: _ _

Zm:(E-Ri +0;-X;)=0 u (6.33a)
i=1

> (B-X, - Q-R)=0. (6.336)

i=l1

Penarnuure (6.33 a) u (6.33 6) BaXkaT cexorai Kora BO KOHTYPUTE Of]
MpeXkara BOOMIITO HEMa TPaHC(HOPMATOPH, ITO € MHOTY YeCT CIIy4aj, MU
MaK JOKOJKY CHUTE TpaHCOPMATOpPH BO KOHTypaTa MMaaT UCTH TMPEHOCHHU
omHocH. [IpeTxomHUTE IBE paBEHKH 3a€JHO CO COOJBETHHTE pPaBEHKH,
Harmmanu cropen [ Kupxodor 3akoH, OBO3MOXyBaaT Aa ce OIpenenaT
MOKHOCTHTE BO CUTE /1 TPAHKH Ha pasriieyBaHaTa MpExa.

On pasenkute (6.33a m 6.336) ce rnena Aeka pacnpeznendara Ha
AKTUBHHUTE M PEAKTUBHUTE MOKHOCTHU 3aBHCH KaKO OJ] aKTUBHUTE TaKa M O]
pEaKTUBHUTE OTHOPHOCTH HAa EIEMEHTUTE O MpeXkKara.

PaBenkara (6.33 a) Mo)keme /1a ja HaruIIeMe BO OOJIHK:

O:ﬁ.Pl.Xl+&.P2.X2+...+R” Pan+
Xl X2 Xn
Y Y X (6.34)
1 2 n
+—" R+ —=. R+ -+ . R .
Rl Ql 1 R2 Q2 2 Rn Qn n
Bo noceben cnyqaj, KoOr'a BaXyl yCJIOBOT:
ﬁzﬁzﬁz...:anfzconst_, (6.35)
Rl R2 R3 Rn

Mpekata ce HapekyBa xomoeena. Toram paseHkara (6.34) ro moOuBa
OOJIMKOT:
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éZB'Xﬁf'ZQer:O- (6.36)
i=1 i=1
PaBenkara (6.33 0) Moxe 1a ce HAMMIIIE HA CICAHUOT HAYWH:

i=1 i=1

Co pemaBame Ha paBeHKuTe (6.36) u (6.37) nobuBame:

s

Il
—_

P-X =0 u (6.38 a)

1 1
1

Z Qi 'Ri -
i=1

PaBenkara (6.38 a) ciyxu 3a ompenenyBamke Ha pacmpenendara Ha
AKTUBHHUTE MOKHOCTH, JT0JIeKa paBeHKaTa (6.38 0) CiIyxu 3a ornpenenyBame
Ha pacnpenendaTa Ha PpEaKTUBHUTE MOKHOCTH HU3 TPAHKHUTE OJ1 MpEKaTa.

|
(e

(6.38 6)

[TocnemHuTe NBE paBeHKH Ce HE3aBHCHU €HA O] Apyra M KakKyBaar
JeKa Kaj XOMOTEHHUTE MpEXH pacmpenendara Ha aKTUBHUTE MOKHOCTH
3aBUCH CaMO OJI PEaKTUBHUTE OTIOPHOCTH, a pacmpeaenbaTa Ha
pEaKTHBHUTE MOKHOCTH 3aBUCH CaMO OJl AaKTUBHUTE OTIOPHOCTH Ha
penHuTe TpaHKu o Mpexata. OBOj 3aKITy4OK OBO3MOXKYBa IpPEeCMETKaTa Ha
MpuOJIMKHATA pachpeaenta Ha MOKHOCTH Jia C€ YIPOCTH MPEKYy HEJ3UHOTO
CTIpOBElyBamke Ha JIBE 3aMEHCKHU Iemu. [IpBata ox HUB ke Ouje cocTaBeHa
camMo OJI peaKTaHIMHTEe Ha MpeKaTa M Ke CIY)KH 3a OIpelelyBame Ha
pacripenenbaTta Ha akTUBHUTE MOKHOCTH. BTopara mewma ke Ouje cocraBeHa
caMmo O] pe3UCTAHIIMUTE Ha EJIEMEHTHUTE OJ] MpeKaTa M BP3 OCHOBA Ha Hea
Ke ce ompeielyBa pacmpenendara Ha peakTUBHUTE MOKHocTH. Ha T10j
HAuYWH, MI0jJOBHATA 3aMEHCKA IIeMa ce pa3BOjyBa Ha JIBE IMIEMH, IITO JAJI0
MOBOJI OBaa IIOCTalKa Ja ce Hapede Memoo Ha pa308ojysare Ha
mpedxcama.

[ToceOGHa mMOroTHOCT Ha OBOj METOJ] € BO TOA IITO CO BOBEIYBAHETO HA
JIBE ILIEMH U CO Pa3/[BOjyBamETO HA TEKOBUTE HA AKTMBHUTE M PEAKTHBHHUTE
MOKHOCTH € U30€THATO ONEPUPABETO CO KOMIUIEKCHH OpoeBH, Na paboTejku
caMmo co peaslHu OpOoeBH, IMPecMeTKaTa 3HAYUTEIHO CE OJIECHYBA U 3a0p3yBa.

TpruyBajku ox paBeHkara (6.33 6), Ha cocemMa aHaJOTEeH HA4YWH, 3a

XOMOTeHa Mpeka ce ToOuBaaT M CICTHUTE PEIIallhu:
m

S>PR=0, (6.28 a)
i=l1

iQI--X,- =0. (6.28 6)
i=1

Toa 3Haum geka pacrnpenendaTa HAa aKTUBHUTE MOKHOCTH Kaj
XOMOTEHHTE MPEXH MOXKE Ja Ce ONpeIeNd M CO TMOMOLI Ha 3aMeHCKara
meMa Koja COJIpKM camMO aKTUBHU OTIOPHOCTH, a pacmpenendara Ha
pEaKTUBHUTE MOKHOCTM MOXKE Ja C€ OIpeleld CcO KOPUCTeHhE Ha
3aMEHCKaTa IIeMa, COCTaBeHa caMO O] PEeaKTHBHHUTE OTHOpHOCTH. OBOj
IPUCTAIl €, BO IOTJe] Ha JOOMEHUTE pe3ylTaTH, coceMa PaMHOIIPABEH CO
PETXOAHHUOT.
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AKO MpexaTa He € HaloJHO XOMOT'€Ha, T.e. aKO BO Hea TOCTOjaT U
€JIEMEHTH CO IMIOMHAKOB OJTHOC X/R, TOa K€ YCIIOBH H OTpe/eICHa IPEIKa BO
pe3yaTaTuTe OJ MPECMETKUTE MIOOMEHM CO TIOMOII Ha METOAOT Ha
paznBojyBame. Ilpu moromema HEXOMOTEHOCT U TpeliKata ke Ouje
norojema. Cenak, HCTpaXyBamara MoKa)xale JIeKa 32 BOOOUIaeHUTE MPEKH
co HomuHaJIeH HamoH 110 110 kV rpemkara oouuno He e ronema. [Iputoa,
NPETXOAHUTE JIBa TIPUCTAIa He Ce MOACTHAKBO YCIICIIHH.

[MomoOpo mpubnmwxyBame 10 BUCTHHCKAaTa pacrpenaenda Ha
MOKHOCTHTE c€ J0OMBa aKko MPH MPECMETKaTa CO METOJI0T Ha Pa3/iBOjyBamke
pacripenenbara Ha aKTUBHUTE MOKHOCTH C€ ONpeAeTyBa MPeKy 3aMeHCKaTa
eMa Ha Mpe)kaTa cOCTaBeHa O/l peaKTaHIMHTE, JI0JIeKa pacrpeaenbdaTa Ha
PEaKTUBHUTE MOKHOCTH C€ ONpeAelyBa MpeKy 3aMeHcKaTra IIeMa Ha
Mpexara, COCTaBeHa caMo OJ1 PE3UCTAHIIMUTE Ha €JIEMEHTHTE O] MpEKaTa.

MeTtonoT Ha pa3BOjyBamke OOWYHO Ce KOPUCTH 3a Olp4e/enyBame Ha
npuOJIMKHATA pacrpesienioa Ha MOKHOCTUTE BO MPEXH IITO Tpeba ma ce
10jaBaT BO MEPCIEKTHBA, BO (azaTa HA HUBHOTO MpPOCKTHpame. | pemkure
IITO TPUTOA C€ J0OMBaaT 3a TEKOBUTE HAa MOKHOCTH C€ OJI PEIOT Ha
ronemuHa 5 — 10%, mrTo Moxe na ce cMeTa 3a npudariauBo OUAEjKU CO
TOJIKaBa (I1a ¥ oMajia) TOYHOCT Ce TI03HaBaaT UIHUTE TOBAPH BO MPEIKHUTE.

6.4. IPUMEPH

IIpumep 6.2. 110 kV mpexa clioxkeHO-3aTBOpEHA € MPUKaKaHa Ha CIMKAaTa
[1.6.2.1. Ilo3HaTH ce MOKHOCTHTE Ha MOTPOIIYBaYUTE BO coOMpHHULIUTE 1, 2
u 3, 3aganeHn Bo MVA, Kako W peIHHTE UMIECJAHIMKA HA TOCAMHUTE
BOJIOBH , u3paseHu Bo Q. [la ce oxpenu pacmpenendara Ha MOKHOCTH BO
Mpexara.

Bpojuu epeonocmu: 2, =(10+ j20) Q; Z,=(5+j10) Q3;

Z;=(10+;20) Q; Z,=(6+j12) Q: Z;=(20+ j40) Q;

Sp =10+ j5) MVA; Sp,=(30+,20) MVA; Sp;=(10+,5) MVA.

Cnuka 1.6.2.1 110 kV mpexa co ABe He3aBUCHU KOHTYPU

Pemenune
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bunejku mpexara e xomoreHa (BOJOBUTE€ HWMaaT HCTa IMOAOKHA
UMIICJIaHIIAja), MOXEME Ja TO TMPUMEHHME METOJOT Ha pPa3BOjyBame.
3Haun, ke popmupame ase memu (cnuka [1.6.2.2).

[llemata on cnukara [1.6.2.a, cocTaBeHa caMO OJ] p€aKTaHLUUTE Ha
€IeMEHTUTE, K& HHU CIYXH 3a OIpelelyBamke Ha pacmpenendara Ha
aKTUBHUTE MOKHOCTH, J0JIeKa mmemaTa of ciaukara [1.6.2.0, coctaBeHa caMo
O/1 AaKTUBHUTE OTHOPHOCTU (PE3UCTAHLUUTE), K& HHU TMOCIYyXKU 3a
OnpeJieyBalkhe Ha TEKOBUTE HA PEAKTUBHUTE MOKHOCTH.

6) lemMa Ha pe3nctaHumMn u peakTuBHU MOKHOCTH

Cnuka I1.6.2.2. Pa3pgBojyBatbe Ha XoMoreHaTa Mpexa

Co mpumena Ha KupxodoBute 3akoHH, 3a Mpexara oOJ] 1IeMa a) TU
MUIITYBaME PABEHKUTE :

P X, +(B=10)- X, +(B+ B ~50)- X5 =0;

B-X;+(B-10)- X, +(A+B5-50)-X5=0;
WJIU BO CpeJieH OOJUK:

70-F +40-P, =2100;

40-F +72-P, =2120.
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Pemenuero Ha 0BOj cHCTEM paBEHKH Ke Ouje:
Pi=193MW u P;=18,7MW.
Ha cnuueH HauwH, 3a memata 0) Tv MUIyBaMe PaBEHKUTE:
O R +(0 -5 R +(0+05-30)-Rs =0
O3 Ry +(0; =5) Ry + (01 +0; =30)-Rs = 0;
WIIN:
35-0,+20- 0y =625;
20-0, +36-0; =630;
0]l KaJie IITO ce AoOuBa:
Or=11,5Mvar nu Q3=11,2 Mvar.

3Hauwm, ' JoOMBaMe MOKHOCTUTE HU3 BojgoBuTe A-1 1 A-3:
S1=84-1 =P +)01) = (19,3 +j11,5) MVA
S3=8y-3=(P3+]j03)=(18,7+)11,2) MVA

MoKHOCTUTE HU3 OCTAaHAaTUTE BOAOBU CE ONpPEAEIyBaaT CO IMPUMEHA
Ha | KupxooB 3aK0oH 32 MOKHOCTH.

S,=8,,=58 —8p =193+ j11,5—(10+ j5)=(9,3+j6,5) MVA,

8,=8;5 =8, — Spy = (18,7+ j11,2)—= (10+ j5) = (8,7 +j6,2) MVA.

[0%)

Ss =8, y=8+8;-%5
Ss = (38+,22,7) —(50+ j30) = (=12 — j7,3) MVA,

T.C.
S, o=—8s=(12+7,3)MVA,

Pacnpenenbata Ha KOMIUIEKCHHUTE MOKHOCTH BO 3aJlafileHaTa Mpexa e
npukaxana Ha ci. [1.6.2.3.

(10+/5)

(30+/20)

Cnuka I1.6.2.3. UHTerpanHa pacnpegenda Ha MOKHOCTW BO MpexaTa

o g O
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Ipumep 6.3 Ce nocmatpa z1es1 01 BUCOKOHAITIOHCKATa MPEHOCHA MPEkKa Ha
EEC na PenyOinka Maxkenonuja, Ha moteroT Bpyrok - Ckorje, mpukaxaH
Ha ciukara [1.6.3.1. Mpexara paboTH BO KapaKTEpUCTUYHHUOT PEKHUM Ha
“MakcUMaTHO omnToBapyBame”. [loTpeOHO € ma ce mpecMera MpUOIMKHATA
pacnpenenda Ha MOKHOCTH BO MpekaTa, HallOHCKUTE MPHJIMKHU BO Hea U Ja
ce MpoIeHaT BKYNHUTE 3ary0u BO MpuKakaHuOT pexum. [lomarorure 3a
ONTOBapyBamaTa Ha IOTPOIIYBAYMTE Ce€ JaneHu Bo Tabemara [1.6.3.1,
J0JIeKa TOJATOLUTE 3a MapaMEeTPUTE Ha eIEMEHTUTE O]l MpekaTa (CBEeIeHU
Ha 110 kV crpana) ce nagenu Bo tabemnara 11.6.3.2. Bomot 220 kV “Bpyrok
220 — Cxomje 1 220” uma nonomkan mapamerpu z = (0,08 +j0,42) QQ/km u
b = 2,62 pS/km. Ocranatute BomoBu ce 3a 110 kV Hanon u umaat uctu
nogomkHU mapamerpu: z = (0,123 +j0,40) Q/km u b = 2,75 pS/km.
Hanonor Bo HanojHaTta Touka “A” usHecyBa U, = 115 kV. 3a tpancgop-
MaTOPUTE c€ MO3HATH CIEAHUTE MOJATOLIH:

T1:1x 150 MVA (220+12x1,25%)/115 kV/kV u,% = 10,9%
T2: 3x150 MVA (220+12x1,25%)/115 kV/kV  ©,% = 15,4% .

B 220 Crkomje 1 22(
) pfﬂf'_ 65,5 km ; 220 kV 5
ALC 360/6(
V5
T ]/@'220/1 15kV/kV 220/115 kV/kV T2
150 MVA 3x150 MVA

Bpyrox 110 T'ocrusap TeroBo Jyroxpom Cronje 1 11C 90+j50

A Vi » K 4 s

8,2 km 1 26.1 km 2 16,8 km 3 34,5 km 4 S
@ L ALC 240/4C -’T— AlC 240/4C -’T— ALC 240/40 -’T— ALC 240/4C =G4

—

XELL BpyTtok 10+j4 20+j7 60+j30 120+j60

Cnuka .6.3.1. len og EEC Ha Peny6nuka MakegoHuja

Tab6ena 1.6.3.1. Nogarouu 3a noTpowyBa4yuTe BO CUCTEMOT

peoeH Ume na O3naxa 6o Pp Qp
opoj jasenom wemama MW Mvar
1 Bpytok 110 A / /
2 T'octusap 1 10 4
3 TetoBo 2 20 7
4 Jyroxpom 3 60 30
5 Ckomje 1 110 4 120 60
6 Ckomje 1 220 5 / /
7 Bpyrok 220 6 / 0
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Ta6ena 1.6.3.2. MogaToun 3a napameTpuTe Ha eNleMEHTUTE

peoen Enemenm Honicuna R X B
opoj km Q Q uS

1 Bon A-1 8,2 1,01 3,28 22,6

2 Box 1-2 26,1 3,21 10,44 71,84

3 Box 2-3 16,8 2,07 6,72 46,2

4 Bon 3-4 34,5 4,24 13,80 67,4

5 Tpanchopmarop T1 - - 9,61 -

6 Tpanchopmarop T2 - - 4,53 -

7 Bon 5 -6 65,5 1,43 7,52 628

Pemenue:

bunejku ce paboTu 3a BHCOKOHAIIOHCKa MpeXka, K€ Mopa Ja TH
yBaXyBaMe Kallal[ATHBHOCTUTE Ha BOJOBUTE W IPOM3BEIyBaHUTE DPEak-
TUBHU MOKHOCTH OJ1 HUB. 3aT0a, TpeJ J1a 3all0YHEMe CO IPECMETKHTE, Ke TH
npecmerame (IpOLEHUME) TeHepupanute MokHoctd Q.. (i = 1, 6) mro ce
WHjEKTHpaaT BO IMOCAWHUTE ja3dH OJ Mpekara MOpaad MPUCYCTBOTO Ha
KalalMTUBHOCTa Ha BojxoBHTe. [loTOa, MHjekTupaHuTe MOKHOCTH (. K€ T
“BHeceMe” BO TOTPOIIYBAaYWTE W HA TOj] HAUMH Ke jJo0ueMe Mpexa 0e3
MONPEYHN TPAaHKH W HOBHW, (UKTUBHU TIOTPOINYBAa4YH, CO HaMaJlCHH
peaKTHBHU MOKHOCTH.

Qu=b-U? (L, ,+1_,)/2=2,75-10°-110*-(8,2+ 26,1)/2= 0,57 Mvar;
S1=8p1—JQ =(10+3,43) MVA,

Oy =b-U2-(l_y+1,3)/2=2,75-10"° 110 - (26,1+ 16,8) /2= 0,71 Mvar;
8,=8pr—J0., =(20+6,29) MVA,

Q :b.U2 .mzz 75_10—6.1102.1638*'34,5
C3 n > ) —

= 0,85 Mvar;
83=S8p;—JO.5 =(60+,29,14) MVA,
Qcy=b-U? -1, ,/2=2,75-10"°-110? -34,5/2= 0,57 Mvar;

§4 :§P4 _§G4 _ch4 :(30+]9943) MVA,

2
Qcs= b3 U, '157622,62-106 : ff(s)z '1102~65’5 =3,8 Mvar;
Ss=8ps—jO,s =—j3,80 MVA,

2
Ocs = b3y 'UZ '15?6:2,62'10_6' 2?22 1107 '65’5 =3,8 Mvar;

Sc=8ps—JO.6 =—J3,80 MVA,
Ocs =0c1+ Qo+ Ocs + Ocg+ Ocs + O = 10,46 Mvar .

ITpubnmxHUTE BPEJHOCTU HA MOKHOCTUTE S, U S, HU3 I'PaHKHUTE
»A-171,,A -6 ke ru nodueme co momorr Ha uzpasure (6.10):
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S\ Zi g +S8y)-Z5 p+83-Z5 p+S8S4-Zy p

Sy = - ;
Zyp
g = Sy Ziq+SyZy 4+S83-2Z5 44842 4
D 6= s
Zy g
KaJe ITo €:

Z,, =(1,01 +33,28) Q3; Z,, =(3,21 +j10,44) Q;
Z,,=(2,07+6,72) Q; Z,, = (4,24 +j13,80) Q;

7% = (1,431 j7,52) Q.

Zn=19,61Q; Z,=3453Q.

Zip=Zyaa YLyt Lt Lna T LZnt Lyss T Ln -
Z,5=(11,96 +355,90) Q2
Zig=LpatLnstZpnatLntLysetLn
Z,5=(10,95+352,62) (2,

Zopg=ZLinst syt Lp T Zyset L= (7,74 +)42,18) Q,
Lyig=Zyst Lyt Zyso+ L =(5,67+]3546) Q,
Zyig=Znt ZLyset Zp=(143+])21,66) Q,
Zsg=Lyso+Zp=(143+]17,13)Q,
Zsz=2r=1(0,00+39,61)Q.

HNmnenanuuure Z, , noTpeOHU 3a IPECMETYBamke Ha MOKHOCTA S, ( ke
Ty fo0ueMe co MOMOII Ha CclieJ[HaTa peJialuja:

ZigstZipg=2Zup; i=1,6,
OJ1 KaJIe IIITO CIIC/IH:
Zig=Zyp—Zipg; 11,6,

==l

Ha T0j HauuH, Kako pe3ynraT of MPECMETKHUTE ce OOWBa CIETHUOT
pe3ynTar:

S, =(74,65+)2391) MVA u S, ,=(45,35+j17,38) MVA .
MoKHOCTHTE HU3 OCTaHATUTE TPAHKU OJ MpexaTa Ke TH Jo0uemMe co
npumena Ha I Kupxodos 3akon 3a cekoj ox jaznute 1, 2, 3,4 u 5:

Si,=8,, -8, =(74,65+j23,91) — (10,0 +j3,43) ;
S, , = (64,65 +j20,48) MVA ,

S, 3 =8, — 8, = (64,65 +j20,48) — (20,0 + j6,29) ;
S, 5= (44,65 +j14,19) MVA ,

S, 3=8,—8,,=(60,0 +j29,14) — (44,65 +j14,19);
S, 5 = (15,35 +j14,95) MVA ,

Se ,=8,,+8,= (1535 +14,95) + (30,0 + j9,43);
S, , =(45,35+24,38) MVA ,

S, s =S, + S5 = (45,35 +j24,38) + (0 — j3,80);
S, s = (45,35 +20,58) MVA .
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[Tpumenara Ha | KupxodoB 3akoH 3a jazenor Op. 6 ke HH MOCITYXH
KaKo MPOBEPKa 32 TOYHOCTA HA MTPECMETKHUTE:

Sy6=865+S5s=(45,35+20,58) + (0 —3,80);
S, ¢=(4535+)16,78) MVA ,
a TOa € UCT PE3yITaT CO PE3YNTATOT 32 MOKHOCTA S, ¢, JOOMEH MPETXOIHO.

On nobuenara pacrmpeaenda Ha MOKHOCTUTE (KOja MpEeTCTaByBa IpBa
anpokcuMalija) ce Iiena Jeka ToukKa Ha pas3fesl BO Mpexara ke Oupe
jazenot ,,3” (Jyroxpom). Cera crnemyBa BTOpara (haza Ha MPECMETKUTE BO
KOja HajHarpes ke ce mpecMmeraar (MpuOIMKHO) BPEAHOCTUTE HA HATIOHUTE
BO TIOCAMHUTE ja3JH, a M0TO0A K€ Ce M3BPIIM YTOUYHYBAHE HA TEKOBHTE Ha
MOKHOCTHUTE.

3a HanoHot Bo Toukata 1 (I'octuBap) ke mobueme (MPUOINKHO):
U zU;=(Pyy R0, X)/U,
Uy =115-(74,65-1,01+23,91-3,28)/115=113,66 kV.
[Tonaramy umame:
Uy=U=(P1 5 Ryt 0,5 X,)/ U
U,=113,66—(64,65-3,21+20,48-10,44)/113,66 =109,96 kV;
U= U, = (PysRy + 0,5 X3)/U,
Us =109,96 — (44,66.2,07 + 14,19-6,72)/109,96 =108,25 kV;
Upz Uy + (PysyRy+ 043 X)/ Uy =
Us=108,25 + (15,36.4,24 + 14,95-13,80)/108,25 = 110,76 kV;
Usz Uy + (PsyRs + Q054 X5)/ Uy =
Us=110,76 + (45,36.0 + 24,38-4,53)/110,76 =111,75 kV,
Us,, =k Us =213,79kV ;
Us= Us + (PgsRs T O.6X6 )/ Us
Us= 111,75+ (45,36.1,43+ 20,58-7,52)/111,75 = 113,72 kV;

Usow = k7" Us =217,55kV.

Cera mnpcreHOT ke IO OTBOPMME BO TodkKaTa Ha pasgen 37,
(CoctuBap).

[Toroa, TprayBajku ox Toukata ,,3”, cO ,,IO3HATHOT HamoH U; =
108,25 kV u co mosnarara moknHoct S”,; = (44,65 + j14,19) MVA Ha
KpajoT ox BOAOT V,;, co momoul Ha uspasure (4.18) u (4.19) ke ru
npecMeTaMe 3aryOuTe Ha akTMBHA M PEaKTHMBHA MOKHOCT BO BOAOT V, 3, U
ke ja toOuemMe MOKHOCTa Ha MOYETOKOT O] BOJOT S’ 4

_ B+ (Q55) 4465414197
2

AP, -2,07=0,39MW,
7 U > 108,25
(Py3) + (Q5.3) b )
AQ, 5 = U2 "Xy 3 _5'12—3 U3
3
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44,65+ 14,197 2,75
AQ, =— 6,72 -2
Ors 108,25

16,8-10°-108,25%=15,17 Mvar.

S5 3=85 4 +AP_; + jJAQ, 5 =(45,04+ j15,17) MVA.

Cera, mpumenyBajku ro | KupxodoB 3akon 3a jazemor “2”, ke ja
olpezenuMe MOKHOCTa S'| , Ha KpajoT 0f BOAOT V, 5

Si =8, 3 +8,=(45,04+ j15,17)+(20+ j7)=(65,04+ j22,17)MVA .

3a 1a ja nmpecMeTaMe MOKHOCTa S'| , Ha IIOYETOKOT OJ] BOAOT V,,, ke
Oune noTpeOHO HajHAIpen Ja ja mpecMeramMe MOKHOcTa S, , HU3 pelHara
rpaHKa Ha OBOj BOJI:

" b 2
Sio= S_lfz_JE'llfz %

S, =(65,04+22,17)— j0,43=(65,04+ j21,74) MVA.
3arybOute Ha MOKHOCT AS, , BO BOJOT V, , ke 6uar:
P:+0% . o
8, =T AL (Ry+ ) = b AL (UF+UD)
2

65,042 + 21,742

A51.0= 109,96

-(3,21+ j10,44) —

-j2,75-107° -%-(109,962 +113,66%);
AS, , = (1,25+ j3,17)MVA.

U koHe4HO, MOKHOCTa S |, Ha IOYETOKOT O BOAOT V,, Ke H3He-
cysa:
S ,=8"_,+AS, ,=(6504+;22,17)+(1,25+ j3,17)

S’ =(66,29+ j25,34) MVA .

[Tonaramy cneam mocTamnkaTa 3a MpPECMETyBalkbeé Ha MOKHOCTA HU3
BOJIOT V,_;, @ IOTOA U MOKHOCTA HU3 IPEOCTaHATUTE BOAOBU O Mpexkara.
Taa e uaeHTHYHA KaKo BO pasrielyBaHUOT ClIy4yaj cO BOAOT V,_, .

Koneununor pesynrar oJ IpPEeCMETKMTE HAa TEKOBUTE HAa YTOUHETUTE
MOKHOCTH BO CHUTE T'PaHKH OJI Mpexara € NpHukaxaH Bo Tabenata [1.6.3.3.
Bo ucrara Tabena ce mpuKakaHU U €r3aKTHUTE BPEIHOCTU HA MOKHOCTHTE
U HAIOHHUTE OJ1 Pa3rielyBaHUOT CUCTEM, TOOMEHH CO TIOMOII Ha KOMIIjyTep,
CO eHa UTepaTHBHA MOCTAIKa Koja JaBa TouHU pe3ynratd. On tabenara ce
IJieJia JIeKa coBIaramaTa Ha BPEIHOCTHTE 33 MOKHOCTUTE M HAIIOHUTE CE
coceMa 3aJ0BOJIMTEIHM OJ KaJe INTO MOXKE Ja Cc€ 3aKiIydd JeKa
npuOJIMKHATA TIOCTAlKa 3a pellaBambe Ha MPCTEHECTUTE MPEXHU, H3JI0KEHA
BO TjaBaTa 5 BO pEaJHUTE MPEXKH JaBa PE3ylTaTH CO COCEMaA 3a/0BOJIH-
TEJIHA TOYHOCT.
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Ta6ena 1.6.3.3. Pe3yntaTtu og npecmMeTKUTe Ha HANOHMTE U TEKOBUTE
Ha MOKHOCTM (3aOKpY)XeHW Ha efHa Aeumana) NpUbNMKHU N TOYHU

[MpubnuxHHU pe3yiaTaTu TouHu pesynartaTu

pea. | Mokunoct

(MVA) IToyetok | Kpaj U(kV) |Houetoxk | Kpaj U kV)

Si 76,8+j30,7 | 76,3+j29,3| 113,7 | 78,1+31,9| 77,6+j30,3| 114,1

S 66,3+j25,3 | 65,0+j22,2| 110,0 |67,7+j26,3 | 66,3+j22,9| 109,1

S, 3 | 45.0+j15.2] 44,7+j142] 1083 |463+15,9|458+j15,1] 1073

15,5+15,8 | 15,4+j15,8| 110,8 | 14,3+j14,3 | 14,2+j14,9| 109,7

Ss . |455+26,8|455+25.8| 111,8 [44,3+253|44,3+24,3| 1108

S5 45,8+j20,4 | 45,5+j26,8 | 113,7 |44,6+19,7|44,3+j25,3| 113,1

S, 6 | 45.8+22,3|458+20,4 /| 44,6+21,7] 44,6+19,7 /

:(>\loxux.l>uat\.)~€
ka
&

Sy 122,6+j53,0 / 115,0 [122,7+)53,6 / 115,0

0 g O

IIpumep 6.4. Ce nmocmarpa mpexara on npumepor 6.3. Co momom Ha
METOAOT Ha Pa3/iBOjyBame Ha MOKHOCTH Jla Ce ONpEeNH pacmpenendara Ha
MOKHOCTH M HAaIlOHCKHTE MPWIMKH BO cucteMoT. ObaTa TpaHcdopmaropa
paboTaT co HOMMHAJIEH IPEHOCEH OJHOC kpy = ki =k, = 220/115 kV/KV.

Pemenmne:

Cnopen 0BOj METOJ, BO XOMOTCHHUTE WU MPUOIMHKHO XOMOTCHHUTE
MpPEXH, TEKOBUTE Ha AKTUBHUTE M PEKTUBHUTE MOKHOCTHM MOXaT Ja ce
pemaBaat oanenHo. [Ipyuroa, TekOBUTE HA aKTUBHU MOKHOCTH BO KOHTYypaTta
ke ru gobueMe co pelaBamke Ha MpeXaTa COCTaBeHa OJ peaKTaHLMUTE Ha
€JIEMEHTHUTE, BO KOja IOCTOjaT caMO aKTHBHUTE ONTOBapyBama. CIudHO,
TEKOBUTE Ha PEAKTHBHHUTE MOKHOCTH BO Mpekara Ke TH JoO0ueMe Ha TOj
HAYMH IITO KE€ ja pelraBaMe Mpekara COCTaBeHa CaMO OJ aKTUBHUTE
OTIIOPHOCTH, KOTa BO HEa IOCTOjaT CcaMO PEaKTHUBHUTE ONTOBApYyBama Ha
NOTPOIIyBauyuTe. 3HAUM, PEIIaBalb€TO Ha OBaa 3ajJaya Ke ce COCTOU BO
OJIJICJTHO pElIaBamk-e HAa EeMHUTE NpukakaHu Ha caukute [1.6.4.1 u 11.6.4.2.

Bo memarta Ha ciuka [1.6.4.1 3a Hero3HaTa BeaMuuHa (MOKHOCT) Ke ja
nporjacuiMe MokHocta P, Hu3 rpaHkara “A-17. Moknocture HMH3
OCTAaHATUTE TPaHKU OFf Mpexara MOXeMe Jla T Hu3pa3uMe MpeKy
Hero3HaraTa MokHocT P, ,, npumenyBajku ro I Kupxodos 3akoH 3a cekoj
jasen onnenHo. Iloroa, Bp3 ocHoBa Ha penauujara (6.38a) (ZP,;- X, =0),
KOoja e aupekTHa mnocieauua oa npumenara Ha Il KupxodoB 3akon 3a
KOHTYypaTa, ke ja rodueme cieaHara (mpuOiImKHa) paBeHKa:

Py X1+ (P —R)- X+ (P —-R-B)- X5+ (R+B+B— Py ) X, +
+(B+B+P+FP— P ) (Xs+ X+ X7)=0,

BO KOja €JMHCTBEHa Hemo3Hara € MokHocTa P, ;. Co HEJ3MHOTO pelllaBame
nobuBame:
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PA—l 3928 + (PA—l_IO)'10944 + (PA_1_30)'6,72 +
+(P;;-90)-13,8 + (P,_,—120)-21,66 = 0
= P, =74,91MW.

Ha cocema upeHTHuYEH HAuWMH MOCTallyBaMe€ W IMPU PEIIaBaBETO Ha
MpekaTa COCTaBEHa O]l aKTUBHHTE OTHOPHOCTH HHU3 KOja TeYaT pPEaKTHB-
Hute MokHocTH (Il mema). Kako pesynrat o mpecMeTKuTe 100MBame:

0,1-1,01+(0,, —3,43)-3,214(0,_; —9,72)-2,07+(0,_, —38,86)-4,24+

+(0,,-48,29)-0+(0Q,_, —44,49) 1,43+ (0, —40,69)-0 = 0.
= 0,,-21,7 Mvar.

7,520
6 o 5
P, -120
Py,-120 P, ,-120
9,61 Q 453 Q
N A AR (R AL U A U
380 1 10440 672Q ¢ 13800
120 MW 10 MW 20 MW 90 MW 120 MW

Cnuka I.6.4.1. Lema 3a npecMeTka Ha pacnpegen6ara Ha akTMBHUTE MOKHOCTH

| 3,8 Mvar 1,430 3.8 Mvar |
6 - 5
0 ,.1-44,29
| 0,41 -40,69 0 4.1-48,29 i
0Q 00
Q,.1-343 0,,972 -38,86
A Qi-l 1 A-; 2 A-;’ 3 QA-] %, 4
1,010 | 3210 } 2,07Q | 424 Q
40,69 Mvar 3,43 Mvar 6,29 Mvar 29,14 Mvar 59,43 Mvar

Cnuka I1.6.4.2. LLlema 3a npecmeTka Ha pacnpeaendarta Ha peakTUBHUTE MOKHOCTU

Koneunara ,,uHTerpamna” pacmnpenenda Ha MOKHOCTH BO Mpexkara €
npuKaxaHa Ha ciukara [1.6.4.3.
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Bpyrtok 220 Ckomje 122

45,09 MW —
¢ T C > i 5
22,79 Mva
45,09 MW 45,09 MW l
T 18,99 Mvar 26,59 Mvai
T1 220/115 kV/kV 220/115 kV/kV T
150 MVA 3x150 MVA
Bpyrox 1 T'ocrusap Teroso Jyroxpom Cronje 1 110 90+j5(
A 74,91 MW 64,91 MW 44,91 MW a 15,09 MW 4 L
— 1 — 2 — B — S
St 21,7 Mvar ‘T‘ 18.27 Mvar “Tv"' 11,98 Mvar T‘ 17,16 Mvar LG
o=
XEL BpyTox 10+j4 20+j7 60+j30 120+j60

Cnuka I.6.4.3. Pacnpegen6a Ha MOKHOCTUTe No npBata (hasa Ha NnpecMeTKuTe

Taka nobuenara pacnpenenda Ha MOKHOCTU € npuOinkHa, Ounejku,
HOKpaj JIpyroTo, Bo cebe He I yBakyBa 3aryOuTe HA HAIlOH M 3aryOuTe Ha
MokHOCT. Taa mpercTaByBa camo IpBa arnpoxkcuMalija U K€ HA MOCITYXH 3a
orpeJienyBame (MPOLICHKA) HAa HAOHCKUTE MPHJIMKUA U TOYKaTa Ha pa3ien
Ha MOKHOCTUTE BO MpEXKara.

[TonaTaMOIIHMOT TEK Ha MPECMETKHUTE (,,ceuee” M OTBOpamE Ha
IIPCTEHOT, Mojenba Ha Mpekara, MpecMeTKa Ha MPUOIMKHUTE BPEIHOCTH
Ha HAMOHWUTE BO jas3NIUTe, MPECMETKAa Ha 3aryOuTe Ha MOKHOCT W yTO4-
HYBaib€ Ha TEKOBUTE HAa MOKHOCTHM HHU3 TPaHKUTE OJf Mpe)kaTa) MpeTcTa-
ByBaaT BTOpa (pa3a oJl MPECMETKUTE U THE C€ M3BEAyBaaT Ha HAMOJIHO UCT
HAa4YMH Kako IITO Toa Oelle HampaBeHO BO mpumepoT 6.2. Pesynratute on
IIPECMETKUTE IITO Ce BpIIAT BO OBaa (a3a, 3a€JHO CO TOUHUTE PE3YyTaTH ce
npuKaxkanu Bo Tadenara [1.6.4.1.

Ta6ena 1.6.4.1. PeayntaTu oA npecMeTKMTE Ha HaNmOHWUTE U TEKOBUTE
Ha MOKHOCTW JOOMEHU CO METOAOT Ha pa3aBojyBatbe
(3aoKkpyxeHu Ha egHa geumana) — NPUOGAIMKHM N TOYHM

[IpubnmxHU pe3yaTaTu TouHu pe3yaTaTu
%?' I\EI&K\I;Z(;T [Mouerox | Kpaj U (kV) |Ilouetox | Kpaj U (kV)

1 S, |77.0+28.4(76,5427,0| 113,7 |78,14j31,9| 77,6+j30,3 | 114,1
2 Si» | 66,5+23,0(653+19,9| 1102 |67,7+26,3|66,3+22,9| 109,1
3 SH 3 45,3+12,9| 44,9+j12,0| 108,6 |46,3+j15,9|45,8+j15,1| 107,3
4 Sy 3 15,3+17,5] 15,1+j18,0| 1114 14,3+j14,3 | 14,2+j14,9| 109,7
5 Ss 4 45,3+j28,5|45,3+j27,5| 112,5 |44,3+25,3 | 44,3+j24,3| 110,8
6 S5 45,6+j22,1|45,3+j28,5| 113,4 |44,6+19,7|44,3+25,3| 113,1
7 Sy s 45,6+j24,0 | 45,6+j22,1 / 44,6+j21,7| 44,6+j19,7 /

A Sy 122,6+j52,4 / 115,0 [122,7+53,6 / 115,0

O 5 O
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