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MYJIbTUAT'EHTHE YIIPABJIIHHA OITUMAJIBHUM
POSMUKAHHAM PO3NNOAIVIBHUX EJIEKTPUYHUX MEPEXK

B cmammi nagedeno amaniz npobniem onepamueHO20 8eOEHHs. PENCUMIE PO3NOOLTbHUX eeKMPUUHUX
mepedic nanpyeoro 6-110 (150) kB. Ilokazano ekoHOMIUHY OOYLIbHICIb MA MEXHIYHY MOJICIUGICMb 3a0e3NneUeHHS
Haoitinocmi ma 6e3nepepeHocmi ei1eKmpoOnoCmMa4ants y pasi pOSMUKAHHA KOHMYPIE eNeKMPUUHUX MepPetC
nanpyeoio 110 (150) kB. Obtpynmosarno ocobnusy akmyaibHicms npooiemMu pO3IMUKAHHS 3AMKHEHUX KOHMYPI6 6
CYUACHUX HEOOHOPIOHUX eNeKMPUUHUX MEPENHCAX, KL 3HAXOOAMbCS Y 8e0eHl ONepamopie eneKmpuiHux mMepeic
pi3Ho2o iepapxiunoeo pisus. Ilokazano modciusocmi ma nepcnekmueu (Qopmysants OeyeHmpanizoeanor
MYTbMUALEHMHOI cUCmeMu YNpaesiinHa KOH@Iicypayicto po3nooiibHUX eleKmpUIHUX MEPEdC 8 PENCUMI PealbHO20
yacy. IlpeOcmasneno OCHOBHI NONOJNCEHHSI PO3POOIEHO20 MAMEMAMUYHO20 anapamy RIOMPUMKU DiuleHb
JIOKAALHOT  CUCmEMU  YNPAGIIHHA ORMUMATGHUM POZMUKAHHIAM PO3NOOUILHUX —eLeKMPUYHUX MepPedc, SIKI
003601A10Mb  a0anmysamu KOH@QI2ypayito mepedici 6i0N0GIOHO 00 NOMOYHUX YMOB8 PedCUMY eleKmpUdHol
cucmemu. Ha npuknadi mooenrosanns pesxcumis enekmpuynux mepedxc Hanpyeoro 110-750 xB Iligdennoi
enepeocucmemu OEC Vkpainu noxasano, wjo 3acmocy@amHs NPONOHOBAHO20 HIOX00Y 00360AUMb 3HUUMU
empamu enepeii 8 eneKmpuyHiti mepedsici npomsazom poky Ha 3-5%.

Kniouogi cnoea:. neoonopiona enexmpuyna mepesica, po3nooilbHa eleKmpuita mepedxica, OnmuMaibHe
VAPABNIHHSA, MYTbMUAZEHMHA CUCEMA YIPABTIHHSA, NPULHSMMS PIUEHb 8 PEXCUME PEATIbHO20 Yacy

Beryn 3abe3nieyeHHs HaliifHOTO Ta KICHOTO eJIEKTPOIIOCTaYaHHs B PO3IOAUIBHUX €IeKTPHYHUX Mepekax
Hanpyroro 6-35 kB Ha cyuacHoMy erami BHMarae CTBOPEHHS «PO3YMHHX» €JEKTPHYHUX MEpeX, 3IaTHHX
aJlanTyBaTH CBO{ MapaMeTpH A0 IMOTOYHUX YMOB POOOTH HAassBHHX JDKEpEN SKUBJIICHHS, iJ €IHAHUX CIIOXKUBAYiB
torto [1]. Boarowac BupimieHHs mpo6ieMu iHTEIeKTyami3allii yIpaBIiHHs YCKIaHEHO BEITMKOI PO3MIPHICTIO Ta
PO3TaTyKEHICTIO PO3MOIUTEHOI Mepeki, HU3BKOIO CIIOCTEPEKEHICTIO 11 pexnMy, oOMexeHHM HabopoM 3axX0/iB
aJIalITUBHOTO YIIPABIIiHHS.

BignopimHo n0 uymHHEX HOpM TEXHOJOTIYHOTO NPOEKTYBAaHHS EICKTPUYHUX MEpEeX PO3MOAiIIbHI
SJIEKTPUYHI MEPEXi 3a CBOEIO CTPYKTYPOIO € 3aMKHEHUMH, ITPOTE IX eKCIUIYyaTyIOTh 32 PO3IMKHEHHMH CXEMaMH,
II0 3YMOBJICHE BHMOTaMH 3HI)KEHHS CTPYMiB KOPOTKOTO 3aMKHEHHS Ta OJHO(A3HOTO 3aMHKaHHS Ha 3eMIIIO,
HEOOXITHICTIO PO3PHBAHHSA KOHTYpiB NPOTIKaHHSA 3pIBHIOBAIFHUX CTPYMIB B HEOZHOPITHHX MeEpeXkax,
3MEHIICHHSAM KUTBKOCTI aBapiifHAX BiAKIIIOYEHB TOMIO. 3arajoM 3a1avya BUOOpY MicIlb PO3MUKAHHS KUTBIIEBUX Ta
METICBUX CXEM PO3MOAIIBHAX CINEKTPUIHHX MEPEeK € CKIAAHOI OaraTOKpHUTEpiadbHOIO 3a7adyero, IMijhOBa
(yHKIiSE AKOI Mae BpaxoBYBaTH OOMEXEHHS MIOAO ITOKa3HUKIB HATIIHOCTI eIeKTPONOCTadyaHHs, SKOCTI
eJIEKTPUYHOI eHeprii Ha 3aTHCKadaxX CIOXHUBAYiB, BTPATH €Heprii Ha ii TpaHcopTyBaHHS Tommo. Ciifl 3a3HaYUTH,
IO HAa eTali eKCIUTyaTallii PO3MONUIBHHUX eNEKTPUYHHX Mepek Ha ITepeNoBi MO3WIii BUXOTUTh KPHUTEPId
E€KOHOMIYHOCTI pEeXHMy CHCTEMH elekTporocradanHs. CrpaBa B TOMy, IO 3MiHA IIOJIOKEHHS pPE3epBHOL
MepEeMUIKH B pPOOOUid CXeMi eNeKTpUYHOI MepeXi Maibbke He BIUIMBa€ Ha TIIOKa3HUKH HaAiHHOCTI
€JIEeKTPOIIOCTAaYaHHs, a IIBUIICHHSI €KOHOMIYHOCTI PEXHMY, 3a3BHYaii, 00yMOBIIIOE OJHOYACHE MOKPAIICHHS
SIKOCTI €TIEKTPUIHOI €HEeprii 3a HAIpPyTOr0 Ha 3aTHCKaYax CIIOKUBAYIB.

s peanizamii eKOHOMIYHAX PEKUMI POIIOAUTHPHAX EICKTPUIHNX CUCTEM Harpyroro 6—35 kB mepcoHan
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HiANPUEMCTB IIOPIYHO, ab0 JeKibKa pa3iB Ha piK MPOBOAMTH ONTHMI3alliiiHI PO3paXxyHKH Ta pPO3poOIIsie
HOpMaJIbHY KOMYTallifiHy cXeMy eKcInTyaralii Mepexi. Peamizarist Takux 3aXo/1iB 103BOJISIE ONTUMI3yBaTH BTPATH
AKTHBHOI IIOTY>KHOCTI B PO3IOAUIBHIN ENeKTpUUYHIA Mepexi Uil ycepeqHeHoro pexumy ii podoru. [Ipore,
BIZIXMJICHHSI TOTOYHOTO PEXUMY EJIEKTPUYHOI MEpEeXi BiJl yCepeJHEHOro BH3HA4Ya€ 3HWKEHHS EKOHOMIYHOCTI
peXuUMy Ta OOYMOBIIIOE JIOJIATKOBI BTpaTH aKTHBHOI IOTY>KHOCTI B Mepexi. Bimomo, mo BTpartm eHeprii B
PO3MONUIBHUX ENEeKTPUYHUX Mepexax YkpaiHu ckiagaioTe 10% Ta Buime, Mo 3HA4YHO Oijblle BTpaT B
MaricTpajbHUX €JEKTPUYHUX Mepexax BHUIIUX KIaciB HOMIHAJIBHOI Hampyrd. OdeBHIHO, ONTHMAJbHE
OlepaTHBHE YIPaBIIiHHS PO3MHKAHHIM KIJIBLIEBHX CXEM PO3NOAUIBHUX MEPEX BIAMOBIIHO IO MOTOYHUX YMOB
PpOOOTH eJIEKTPHUYHOT CUCTEMH JI03BOJIMTH 3MEHIIUTH BUTPATH PECYPCIiB Ha IOKPUTTS BTPAT EJIEKTPUYHOT eHeprii.

Inma curyanis Mae Micue B elIeKTpHYHHMX Mepekax Hanpyroto 110 (150) kB. Buxonsuu 3 Bumor
HaJIITHOCTI €JIEKTPOIIOCTaYaHHs TaKi eIEKTPUYHI MEPEeXi eKCILTyaTyroTh 3a 3aMKHEHUMH CXEMaMHU, 1110 BU3HAYAE
NPOTIKaHHS B KOHTYPaxX €JIEKTPUYHUX MEPEXK MapasuTHUX CTPYMiB, 0OYMOBIICHHX HEOIHOPIJIHICTIO YBIMKHEHUX
Ha napajenpHy poboty y ckiani OEC enekTpuyHAX MEpexk Pi3HHUX KIIAaCiB HOMiHAIBHOT HanpyTu. L{e mpu3BoauTh
JIO ICTOTHOTO TOTIPLICHHS TEXHIKO-€KOHOMIYHUX IIOKa3HUKIB PEKUMIB EJIEKTPUYHUX MEpexX, 30KpeMa 10
361BIICHHS BTPAT aKTHBHOI MOTYKHOCTI Ta 3HIKEHHS MPOMYCKHOI 3AaTHOCTI EIEKTPUYHIX MEPEK B IiIoMy [2,
3]

Hacboroini BiToMUi IIMPOKHHA CIIEKTP 3aXOJiB, CIPSIMOBAHUX Ha YAaCTKOBY a0O MOBHY KOMIICHCAIIiO
HEOJ/IHOPITHOCTI ENISKTPUYHHUX MEpEkK, 30KpeMa 3MiHa T€OMETPHYHHMX XapaKTEPUCTUK IOBITPSIHUX JIiHIH
eJIEKTPOIIEPEe/IaBaHHs, 3aCTOCYBaHHsS IPHUCTPOIB MO3JOBXHBOI KOMIIEHCAIll TapaMeTpiB eleKTpornepeady,
BUKOPHCTAHHS JIOJATKOBHX JDKEPEN PEaKTHBHOI MOTYKHOCTI, 3aCTOCYBaHHS (ha30IOBOPOTHUX TpaHC(HOPMATOPIB
1 THIHHKEX PEryJsTOpiB, 3MiHa KoedilieHTiB TpaHcdopMallii CHIIOBHX TpaHC(HOPMATOPIB i aBTOTpaHC(HOPMATOPIB
Ta iHII Cy4YacHI TEXHOJIOTI] THYYKHX enekTporiepenau [2, 4]. OqHuM 3 HalAI€BIIIUX 3aX0/1iB, HAPABICHUX Ha
KOMIICHCAIIfO TIPOSIBIB HEOMHOPITHOCTI ENEKTPUYHUX MEPEX € PO3MHUKaHHS KOHTYpiB [2]. Ile mo3BoJste yecyHyTH
HUSIXK JUIS TIPOTIKaHHS Mapa3uTHUX CTPYMIB 1, SIK HACHIJOK, TMOKPAIIUTH TEXHIKO-€KOHOMIYHI MOKa3HUKH
PSKUMIB SICKTPUUIHUX MEPEK. Pa3oM 3 TUM, 3aCTOCYBaHHS JaHOTO 3aX0/1y 0OMEKEHE 3HIKCHHSAM HAIIHHOCTI Ta
0e3MepepBHOCTI €ICKTPONOCTAYaHHS Y pa3i eKCIuTyaTallii eJIeKTPUYHUX MEPEK 3a PO3IMKHEHOIO CXEMOIO, IO
BBAXKAETHCSI HENOMYyCTUMHUM s Mepex Hampyroio 110 (150) xB. BogHowac, BIpOBajKeHHS CydacHHX
MIBUIKOMIFOYMX KOMYTAI[IfHAX amapariB i3 30UIBIICHHM MEXaHIYHHM pPECypcoM I03BOJIIE BUKOPHUCTOBYBATU
po3mukanHs koHTypiB 110 (150) kB amst 0OMexkeHHs HEraTUBHUX MPOSIBIB HEOIHOPIJHOCTI CKIIaJHO3aMKHEHHX
SNEeKTPUYHUX MEpeX, SKIIO 3aCTOCYBAaHHSA TAKOTO 3aXOLy HE INPH3BOJHUTH IO HENOIYCTUMOTO 3HIKEHHS
HaJiHHOCTI eleKTPOIIOCTayaHHs.

Crix 3ayBaXkKUTH, IO CHUTYAIlisl i3 BIPOBAKCHHS 3aXOJliB, HAIPABICHNX HAa KOMIICHCAIiI0 HETATHBHUX
MPOSIBIB  HEOJHOPIAHOCTI ENEKTPUYHUX MEpPEeX, HOTIPIIYETbCS THM, IO MAariCTpaibHi €IeKTPHUYHI Mepexi
Hanpyroo 330-750 kB Tta posmoxmineHi Mepexi 110 (150) kB 3HaxomsTbes y BemeHHI pi3HHUX OIEpaTopiB
SJIIEKTPHYHUX MEpeX. B pe3ynprati onepaTopy MaricTpalbHUX EIEKTPHYHIX MEPEK He 3aIliKaBiICHl Y BUPIIICHHI
npoOJIeMH HEOTHOPIMHOCTI, OCKUTBKH I HEOTHOPIAHMX MEpeX XapaKTepHE PO3BaHTAKEHHS €JIEKTpoIepenad
BHIIIX KJIaCiB HOMiHAIbHOI HAIIPYTH Ta MOKPAIICHHS TEXHIKO-€KOHOMIYHAX TOKA3HUKIB PEKIMIB MariCTpaIbHUX
eJIIEKTPIYHIX MEPEX 3a PaXyHOK iCTOTHOTO IOTipIICHHS MOKAa3HHUKIB PO3IMOAUTFHUX MEPEXK, AKi 3HaXOIATHCS Y
BEJICHHI OIepaTopiB obOJeHepro. 3 ypaxyBaHHSIM TOTO, IO MariCTpaibHI €NEKTPUYHI MEPEXi 3HAXOIATHCS Ha
BHUIIOMY i€papXigHOMY Iadili B CTPYKTYpi Tepenadi Ta pO3MOAUTY EIeKTPOCHEeprii, OU4eBUIHO, MOXKIIHBICTH
[IEHTPAi30BaHOTO BUPIMICHHS MPOOIeMH HEOTHOPIAHOCTI EIEKTPHYHIX MEPEK ICTOTHO YCKIaTHIOETHCS.

TakuMm 9muHOM, BIpOBaKeHHS KoHIenmii SmartGrid B cydaCHHX pO3MOAITBEHUX CIEKTPHIHUX MEperkax
3YMOBITIO€ HEOOXIHICTh BUPIMICHHS MPOOJIEMH 3MiHM TOIOJIOTIT PoO0YO0i CXeMH MEpeXi B PEKUMI pearbHOTo
4acy BiAMIOBIAHO O TOTOYHUX YMOB PEKUMY IepeIaBaHHs eJICKTPUIHOI EHeprii.

Merta poGoTH moisiTaE y (OpMyBaHHI 3arajbHHUX IPHHIUIIB CTBOPEHHS MYJIBTHATCHTHOI CHCTEMH
JIETICHTPAJIi30BaHOI CHUCTEMH YHIPaBIiHHA KOH(]Irypamiero po3moiuIbHOI eNeKTPHYHOI Mepeki Ta po3pooii
MaTEeMaTHYHOTO arapaTy MiATPHUMKH DIlICHb JIOKAITFHOT CHCTEMH YIPABIIHHSA ONTHMAJbHUM PO3MHKAHHAM
PO3MOIIMEHUX ENEKTPHIHUX MEpPEeX, AKi TO3BOJSIOTH aNanTyBaTH KOHQITYypaIito Mepexi BiATOBIAHO 0
MOTOYHHX YMOB PEKUMY €ICKTPHYHOI CHCTEMH B PEXKHMI PEasibHOTO Yacy.

Marepianu gocaimxens OnruMizariiiHa 3agada BUOOpPY MicIlb POZMHKAHHS POOOYNX CXEM eNeKTPHIHNX
Mepex BimoMa AaBHO. Bimomi Metonm po3B’s3aHHS Takoi 3amadi MOAUISIOTH Ha JABi rpynw. [lo mepmoi rpymm
BIJIHOCSITh KJIACUYHI METO/IH, B SIKHX MOLIYK ONTUMAIBHOTO PIllIEHHS OYNHAIOTH 3 MOBHICTIO 3aMKHEHOT po00401
CXEMH, PO3MHKAIOYH 11 B TOYKAX MTOTOKOPO3AUTY I ONTUMAIFHOTO PEeXIMY CKIIATHO3aMKHEHOI cxemi [2, 5]. B
METOAaxX APYToi TPYIH PO3B’S3aHHS 3aJadi MOYMHAKOTH 3 JCSIKOTO MOYaTKOBOTO CTaHY PO3IMKHEHOI CXEMH,
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OPraHi30BYIOYH HAINPABJICHUH MOUIYK ONTUMAJILHOTO pimieHHs. HOBY TOUKY pO3MHMKaHHS BU3HAYAIOTh BUXOASYH
i3 YMOBH 3HIKECHHS BTPAT eJICKTPUYHOI eHeprii B Mepexi [6-8].

Y Oyap-sikoMy pasi BIJIOMi METOJM ONTHMi3allii PO3MHKAaHHs EJIEKTPUYHHX MepeX IependavyaroTh
LEHTPANI30BaHUI MiXiJl 10 BUKOHAHHS BIAMOBIIHWUX CHCTEM YIPAaBIiHHS, 10 MPAKTHYHO YHEMOIXIHBIIOE
3MIIHCHEHHSI ONTUMAJIbHUX KOMYTALiHHHUX IIEPEeMHUKaHb B PEXHUMI PEIbHOr0 4acy uepe3 HaJBeNuKi 0o0csIru
iHpopMallii, sKka Ma€e NOCTyIAaTH 0 EHTPIB yIPaBIiHHS, AeDIIMT Yacy sl HPUHHATTS pilieHb Tomo. OueBUIHO,
JOIILHO BHKOPUCTOBYBATH AIbTEPHATHBHUI JCUEHTPANI30BAHUI MINXiJ, SKWH Oa3yeTbcs Ha MPUHIMNAX
MYJIBTHAr€HTHOTO YIPAaBIIiHHS PO3IOALIBHOIO eleKTpu4HOo0 Mepexeto [9-12]. TyT ynpasiiHHS ONTHMATbHUMH
KOMYTAI[IHHUMHU NEPEMHUKaHHIMH 31HCHIOETHCS OKPEMHMH areHTaMH, SIKUM JJIsl IPUUHSATTS PIllIeHb JOCTaTHBO
30UpaTy peKUMHY 1HPOpPMALIiIO TUIBKH i3 CYMIXKHOT Mepexi Ta 0OMiHIOBATUCS iIHPOPMAIII€IO TINBKH 13 CyCIAHIMU
areHTaMH.

Bigomi ocHoBHI BuUMOrM /10 (popMyBaHHS MyJIBTHAr€HTHOI CHUCTEMH YIPABIIHHS ONTUMAaJbHUMH
OTepaTHBHUMH MEPEMUKAHHIME KOH(Irypartii po3mnoaiiasHoi Mepexi [11]:

1) noKanmBHICTE KOHTPOJIO PEKHMY (areHT 30upae iH(pOpMAIi0 MPO PEKUMHI MapaMeTpu TiTBKH

CYMIJKHOI 3 HUM YaCTHHH CICKTPHYHOI MEPEKi);

2) NOKamBHICTh 0OMiHY iH(OpMAIii (areHT 0OMIHIOETHCS IHDOPMAIIIEIO TUTBKY 13 CYMIKHUMHE areHTaMHu);

3) MiHiManbHHUI 00MiH iH)OPMALIIEIO MK areHTaMH;

4) wenoripuieHHs GYHKIIOHATBHOCTI CHCTEMH €IEKTPONOCTAYaHHsI BHACITIIOK PHHAHSTTS PillleHb 1010

nepeKkoHdiryparii po3moaiIbHOT MEpeKi OKPEMHUM ar€HTOM.

Jna dopmyBaHHS Takoi MYJIBTHAr€HTHOI CHCTEMH YIPABIIHHSA PO3POOIEHO MaTeMaTHYHHHA amapat
MiATPIMKH PillICHb 3 ONITUMAJIFHOI ONIEpaTUBHOI ITepeKoMyTallii po0odoi cxemu, sike 3a0e3MeYnTh MiHIMyM BTpatT
AKTUBHOI NOTY>KHOCTI JUISI IOTOYHOTO PEKIMY HaBaHTaKEHb PO3IOALIHFHOT MEPEXKI.

Hexaii 3amana nesika BUXiHA cXeMa pO3NOAUIEHOT eEKTPUIHOT MEepeXi i3 BiZIOMUMH MOI0KEHHSIMH MiCIlb
PO3MHKaHHS KOHTYPIB, K MMoKa3aHo Ha puc. 1. Ha puc. 1 po3iMKHEHI TUISHKA MOKa3aHO MYHKTUPHUMH JIHISIMH.
3aMuKaHHS OyIb-IKOTO KOMYTAIIfHOTO amapary Mpu3Be/ie 10 YTBOPEHHS KUTBIIEBOI CXEeMH, OT)KE BITHOCHO OyAb-
SAKOTO MicHs PO3MHUKaHHS po0ody CXeMy pO3IOAUTFHOI Mepeki MOYKHA TPENCTABHTH JIIHIEIO 3 JBOOIYHHM
JKHBJICHHSM, TIPEACTABICHY, HAIPUKIIA, Ha pHC. 2.

Puc. 1. Cxema po3noaiapHOI eNEKTPUIHOT MEepexKi
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Puc. 2. ®parMeHT ceKIiOHOBAHOI JIiHIi 3 JBOOITYHUM KUBIICHHIM

OcCHOBHa i71es1 IPOITIOHOBAHOTO IMiIXOYy HOJIAATAE B MATPUMII MaKCUMAaJIBHO BUCOKOTO MPOQIII0 HAPYTH
B PO3IOJUIBHIN €IEKTPUYHIN MepesKi cepell yCiX peKUMIB 3a pi3HOI KOHQIryparii podo4oi cxemu. 3a3Ha4nMO, 110
OJTHOYACHO i3 3MEHIIEHHSM BTpaT AaKTHBHOI IOTYKHOCTI B pO3MOAUIBHIM enekTpuyHid Mepexi Oyne
MOKPAIIyBaTUCh SKICTh EIEKTPUYHOI €HEeprii 3a Hanpyroko.

Hexaif, BiMOBITHO J10 TOTOYHOT'O CIIOCO0Y CEKIIOHYBaHHS JIiHI1 3 ABOOIYHUM >KUBIICHHSM, crioskuBadi TTI
i Ta j OTpUMYIOTB XHBJIEHHs Bif kepena /, a TIT K Ta | — Bix mxepena /1. [lepeHeceHHs MicIisl pO3MUKAHHS CXEMH
Ha OZMH KPOK BU3HAayae MEepEeBEJCHHS >KUBJICHHS CIIOXHMBAdYiB BiNOBINHOI TpaHcdopMmaTopHOi migcTaHmii 3
onHoro digepy Ha iHImMHA. PexoHdiryparis po6o4oi cxemu, 110 MOJISIrae B IepeBeICHHI KUBIICHHS CIIOKHUBAYIB |-
i TII no mokepena //, o4eBUAHO, MPU3BOIUTH A0 30UIbLICHHS NPoQiI0 HApyry 3 00Ky Jukepena / i, 0HOYacHO,
JI0 3HIDKEHHS Mpodinto 3 00Ky Jukepena //. O4eBUIHO, 10 BTPATH aKTUBHOI OTY>KHOCTI B PO3MOIUIBHIA MepekKi
Oy/ZyTh MEHIIMMH Yy pasi, SKIIO Mpodilib HANPYTH B IyHKTaX CXeMH OyJie HaWBUIIMM CEpel BCIX MOMIIMBHX
CHoco0iB po3MHUKaHHs po00Y0i cxemH, TOOTO peKoHQirypauis cxemu Oyae IOLUIBHOI Yy TOMY pasi, KOJH
30ibIIeHHS TPODLTI0 3 60Ky Jkepena / Oy/e OLIbIIUM, HiXK HOTO 3MEHIIICHHS 3 OOKY jpKepena /7, i B oMy Mo
cxeMmi podisb Hanpyru 301IbIHUTECS. PO3risiHeEMO JaHui MiaXia AeTalbHille.

MoskHa TOKa3aTH, IO ONTHUMajbHE ITOJOXKEHHS BUMKHEHOI IUISHKH JIiHIT 3 JBOOIYHMM >KHBJICHHSIM
XapaKTepU3y€eThcss HAHMEHIIIOI0 MOXKIIMBOIO PI3HHUIICIO HATIPYT ITYHKTIB, SIKi OOMEXYIOTh aHy IUITHKY

U; -U, =min.
[Mepesenennst sxusnennst j-i TI1 Ha mxepeno /1 cynpoBoKy€eThCs 30UIbLICHHAM Hanpyry Ha muHax -1 TTI
BiJIIIOBiTHO /10 BUpa3y 3akoHy Oma
U;/=U,+3,Z,,.
ne Ui — Hanpyra Ha mmHax i-o1 TII y BuximHi# cxemi (o 3IiHCHEHHS ONEpPAaTHBHUX NEPEMHUKaHb); Jj — CTpyM

HaBauTaxeHus J-1 TII; Z.j — cymapHwuii omip AUIAHOK JiHii Mix mkeperom [ Ta j-ro TII.
Hanpyra na munax j-1 TIT micist 3aificHeH S ONIepaTUBHUX EPEMUKAHD CTAHOBUTHME
PR
U i =U, -J i Z

L-jo

ne Uy — Hanpyra Ha muHax K-1 TIT y BuxinHii cxemi; Z;.j — cymapHuii omip IimsHOK JiHiT Mix /pkepesiom /] Ta j-m
IIYHKTOM.
Pi3HuLIs HANIPyYT MyHKTIB, SIKI 0OMEXYIOTh BUMKHEHY JUISTHKY ITiCIIS 341HCHEHHSI TIEPEMHKaHb CTAHOBUTHME

Ui,_U.; :(Ui +‘jjzl—i)_(uk _lell—j):Ui _Uk +‘jj;il_—jll ’

i-j N . . .
ne Z, 7’,, — CyMapHHH Omip JdiHil 3 JBOOIYHUM JKUBJICHHSAM 33 BUKIIOYECHHSIM AIISTHKY 1.
OnepaTuBHI NepeMUKaHHs Oy IyTh JOIUIBHUMH Yy TOMY pasi, KOJIU 3aJI0BOJILHATUMETHCS YMOBA!

U/-U;<uU,-U,,
abo
‘Uj_ui‘>“jj;il_—jll" 1

Awnayoriuaunit KpuTepiit MoxkHa CHOpMYBATH JUTS OOTPYHTYBAHHS TIEPEBEICHHS JKUBJICHHS CITOXUBAUiB K-i
TII mo »xuBNEHHS Bif [Kepena [:

‘Uk _UI‘>“jk;ll<:lll" )
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TakuMm 4yMHOM, onepaTHBHA peKoHpirypamis pobo4oi cxeMH PO3NOALIBYOT EIEKTPUYHOT MEPEXKI TOJISTAE y
MOCTIHHIH nepeBipui BUKOHaHHS yMoB (1) Ta (2) Ha micTaBi JaHUX MOHITOPHHTY CTpYMiB HaBaHTaxkeHHs T1I, ski
00MEXyYIOTh BUMKHEHY JUISHKY JIiHII 3 IBOOIYHMM >XHMBJIECHHSIM, a TAKOX PEKUMY HAIPYI'H B IUX ITyHKTaX Ta
CYMDKHUX. Y pa3i BUKOHAHHS IIMX YMOB 3/Iii{CHIOIOTH OllepaTHBHE NepeMUKaHHs KOHQIrypamnii pobo4oi cxeMu.

OueBuHO, IO JUTS peaii3alii ornepaTHBHUX NMEPEeMUKaHb 3a HABEACHOIO CXEMOIO areHTaM YIpaBIiHHS
JOCTaTHHO OTPUMYBATH OINEPAaTHBHY iH(OpMAILiI0 PO PEKUM HANpPYTU Ta CTPYM HABaHTAXXCHHS BiJIIOBIIHOTO
MYHKTY CXEMH, a TaKOX pPEXHM HalpyrH CYMDKHOTO IYHKTY, TOOTO po3po0iieHa MareMaTHdHa MOJENb
3aJJ0BOJIbHSIE BHMOTaM, SIKi BHCYBAIOTh O MYJbTHAareHTHHX CHCTEM ympaBiiHHS. lle Bu3Hayae MOXIHUBICTH
oprasizauii MyJbTHareHTHOI CHCTEMHU YINPABIIHHS ONTHMAILHUM PO3MHKAHHSIM POOOYMX CXEM PO3MOIUIBHUX
MEpEX B PEKUMI PEaIbHOTO Yacy BiAMOBIIHO /10 TOTOYHUX YMOB (DYHKIIIOHYBaHHS CHCTEMH EJIEKTPOIIOCTauyaHHsI.

3anpornoHOBaHUM MiAXiM O oOpraHi3auii MyJIBTar€HTHOI CHUCTEMH YIPAaBIiHHS ONTUMAaJbHHOIO
PEKOH]Iryparieo po3NnoJUIbHUX ENEKTPUYHUX MEpEeX MPOLTIOCTPOBAHO HA MHPHUKIAAI PO3PaxyHKIB poOOUMX
pexuMiB enekTpuaHux Mepex 110-750 kB IliBnenHoi eneprocucreMu, hparMeHT K01 IPEICTaBICHO Ha pHUC. 3.

+103.5+j23.7 + 78.1+]11.6 « 19B8.7+51.1

1

|
3453 KaxoBekan—220
. - T;’m'““'m Hukonaet—330 | |— 3374 4 I_ 340.2 I B e NS
™ b} i % £ Xepoom-330, = Kmou-cmn—asu‘ E |
9 . : ] ) ; ;
gllg 5 M & : < L1 Q
. DG 43 oo sp e HONCE R g :®
r239-1.3 & - 5.9+1.7 k " s+p ] i e g
Tpuxame—1502 = L A Hukonaeb—150 Xepcor—150
il 295+]7.8 158.6 160.9 150 ! E 166.3
i~
58.8+8.1 E 16.5-RB.4 stepq  1385+P8S
g [§ I
~ o
< -
] &l |3 2 3 2
B 5 |5 L . 3
8 bl o © © b |
' . . o o, g v g " Dyguuko
Tembog 0+0%| | NpomscHa *| Bawmakka b T E‘ T - 157
154.8 = ’I- -T 155.6 __‘ 157.4 ] g g ! l
18405 20+]7 ! e 0 237450.7 o | 88+BE
13449 2.44+[.7 L ' Kef3e | @ S,
; sl |8 & o {166.6) st &
¥ & |8 | o3.2+p38.7 | | 9P o
~ |z ) | & xHn3 ‘: H.Tpouuxoe
i} ~13.7+]14 5|2 + | uepBonan MapoeBka 1583 = - 157.9
i i 2l 157.4 by 1582 © T
Hobos e i il v227-p S o | 3B
1848 T g 2 | 0.8+0.3 10.9414.3 ' 5
= & | 18.7+58 1547 2 Hukoabckan $
‘.% Q ~ A KomMyHaabHan [ 1615 5
a $E = = ] i - 158.6 i
? & ﬁ S L& T —. = U " flop st
' 9.3+ -
Hobas—1 Hobas—2 ? ? = S E + = --(L‘- i
i e o 4 174007 . 3 ¥ b 41.5+13.5
Uexmp—1c Llenmp—2¢ e = =, & 3 ' e
10.9+ 4.4 CED T e e 3 g .
o 18.4+7.4 | 18.4H7.4 L “1-p s t
; g2 o -
b 4, = ibm ey U :
' x o+o . ; -
o 54 194HT3 & 62.3+123.1
! 26+9.8 3064711
HWBU-2e | | -11+jt6 HT3L-1e rC + 226455
4 T T T 37.4 ] .%_ M Mokpobek
~ o 1545 o
18+[7.2 20.3+J8 46 20tB OkmAGpbCKaR b

24.8+P.9
Puc. 3. ®parment pobouoi cxemu enektpuaaux Mepex 150-330 kB IliBneHHOI eHeprocucTeMu

JocnimKyBaHa eJeKTpUYHa CUCTEMa OMMPAETHCS HAa MEPEKY MaricTpalibHHX JiHIM Hampyroto 330 kB,
npejacTaBieHy Ha puc. 3 janmoroM «Tpuxarn—MukonaiB—Xepcon—KaxoBcbka» Ta MICTUTh pPO3rallyKeHy
posmnoineHy Mepexy Hampyroto 150 kB. Kpim Toro, 1o ckinany cucremu BXOIUTh Mepexka JiHild Hanpyrow 35
kB, 3a nonomororo sIKoi 3ificHIOEThCSI BUa4Ya noTykHocTi Mukonaisebkoi TELL. BinnosigHo 1o komyTariiiHol
cxemu enekTpuunux Mepex ITAT «MuxkomnaiBoosenepro» ta ITAT «XepcoHoOaeHEPro» pO3MOAUILHI eIeKTPHYHI
Mmepexi Hampyroo 150 kB ekciulyaTyloThCs 3a 3aMKHEHOI) CXEMOK0 Ta IIYHTYIOTh MariCTpajibHi Mepexi
Hanpyroro 330 kB IliBneHHO1 eHeprocucTeMH, 0 3yMOBIIOE MPOTIKAHHS MAPa3UTHUX CTPYMIB B HEOJHOPITHUX
KOHTYpax eJeKTPUYHUX Mepex. Po3paxyHku Oyjio MpOBeIEHO 32 JaHUMH PEXUMHHX 3pi3iB siTHboro (3-00,
13-00 i 22-00) Ta 3umoBoro (3-00, 13-00 i 17-00) pexumuux auiB 2017 poky. Ha puc. 3 npencraBieHo
MOTOKOPO3IO/LT MOTYKHOCTEH 1O IUTTHKaX POO0Y0i CXeMH IS 3pi3y 3MMOBOTO pe:KUMHOTO HHs 21 rpymas 2017
p.
o0 17-00.

MonenroBaHHS Ta ONTHMI3alis OTIOPHUX PEXUMIB MOKAa3ajH, M0 PO3MUKAHHS KOHTYpiB Hampyroto 110
(150) kB, HampukIaz, 3a yMOBAMH PEKHMY 3HMMOBOTO MaKCHMYMY, AO3BOJISE 3HH3UTH BTPATH MOTYXXHOCTI Ha
9,5 %, a BTpaTu eHepril MpoTAroM poKy opieHTOBHO Ha 8 %. OpraHizauis MyJIbTHAr€HTHOI CUCTEMHU YIPaBIiHHSI
KOHQITYpAaIli€ro pO3IOAUTHFHOI €NEKTPUIHOT MEPEXkKi TO3BOISIE JOAATKOBO 3MEHIIIUTH BTPATH €JICKTPUIHOI eHeprii
B Mepexax 110-750 kB npotarom poky Ha 3-5 %.
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3ayBa)KMMO, 1110 3aJy4€HHs MPOIOHOBAHOTO X0y A0 PEKOHQIrypauii po3MOAUIBHUX €JIeKTPHYHUX
mepex Harpyroto 110 (150) kB B pesxuMi peabHOTO yacy BiJIIOBIJHO 10 MOTOYHHUX YMOB PEXKUMY €JICKTPUIHOT
CHCTEMH JIONYCTHM TUIBKH y TOMY pasi, SIKIIO CEKI[IOHYBaHHS TaKMX MEpEX HE 3YMOBHUTH HEIPHUITyCTUMOTO
3HIDKCHHS HaIIHHOCTI €JICKTPOTIOCTAYaHHS.

BucHoBku BupiiieHHs npo06ieMu iHTeNneKTyanizamil yrpasIiHH YCKIaJHEHO BEJIMKOI PO3MIPHICTIO Ta
PO3TalyKEHICTIO PO3IOUIFHOT MEPEKi, HU3bKOIO CIIOCTEPEKEHICTIO ii pexuMy, OOMeXeHHM HabOpoM 3aXO0lliB
a/IalITUBHOTO YIPaBIIiHHS.

BrpoBamkennss konuennii SmartGrid B cy4acHHX PO3MOIUIBHHUX €JIEKTPUYHHUX MeEpekax 3yMOBIIOE
HEOOXITHICTh BUPIMIECHHS MPOOIIEMH alanTallii TOMOOTiT poO0v0l CXeMH MEpekXi MO MOTOYHUX YMOB PEKUMY
nepejaBaHHs eIEeKTPUYHOI CHEepTil B PEXKUMI pEabHOTO Yacy.

Bimomi MmeToan onTHMIi3allii pO3MHUKAaHHS €JICKTPUIHUX MEPEXK Iepe0adaroTh MEHTPaTi30BaHUH MiAX1T 10
BUKOHAHHS BIIIOBIIHMX CHCTEM YIPABIiHHSA, L0 INPAaKTHYHO YHEMOXJIMBIIOE 3IIHCHEHHS ONTHUMAaIbHHX
KOMyTalifHUX MEepeMHKaHb B PEXHMI pPEAIBHOT0 4Yacy, TOMY JOLIIBHUM BHSBIISETBCS 3aCTOCYBAaHHS
JICLIEHTPAJI30BAaHOTO MiAXOJY, SKHH 0a3yeTbcs Ha MPUHIMIAX MYJBTHATCHTHOTO YIPABIIHHS PO3MOIUIEHOIO
EJIEKTPUYHOIO MEPEXKEIO.

[Toxa3aHo, IO omepaTMBHA ONTHMi3alis MICIb PO3MHMKAHHS PO3IOAUIBHUX EJNEKTPUYHHX MEpex
OJJHOYAaCHO 00YMOBHTH MOKPAILEHHS SKOCTI eJIEKTPUYHOI €Heprii 3a BIAXHICHHAM HaIlPyTH.

Po3pobneno marteMaTHYHHMI amapaT MiATPUMKH pillleHb MYJIbTHAI€HTHOIO CHCTEMOIO YIIPaBIIiHHA
OTEPaTHBHOIO PEKOH(ITrypallieo pO3MOJUIbHUX EINEKTPUIHIX MEPEK.

3anpornoHOBaHUN MiAXig 10 (GOpPMYyBaHHS MYJIBTHATCHTHOI CHCTEMH YIPaBIiHHSA KOHQIryparyiero
PO3MOAITFHAX ENEKTPHIHUX MEPEX MPOLTIOCTPOBAHO HA CXeMi HEOJHOPITHUX eneKTpruyHuX Mepex 110-750 kB
[linennoi eneprocuctemu OEC VYkpainu. Ilpokaszano, mo po3mukanHs koHTypiB 110 (150) kB o0ymoBuUTH
3HI)KEHHA BTPAT aKTHBHOI MOTYKHOCTI Ha 9,5 %, a BTpat eHeprii mpoTArom poky opieHToBHO Ha 8%. OnepaTnBHa
ajanTariist po6o4oi CXeMH pO3MOALTEHIX MEPEX JOAaTKOBO 3MEHIITYE BTpaTH eHeprii Ha 3-5 % mpoTsrom poky.
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MULTIPLE AGENT MANAGEMENT BY DISTRIBUTION ELECTRIC
NETWORKS OPTIMAL DISPATCH

Solving the problem of management intellectualization is complicated by the large dimensionality and
branching distribution network, low monitoring of its regime and limited set of adaptive management measures.
Introduction the SmartGrid concept in modern distribution power networks makes it unnecessary to solve the
problem of adaptation the topology of the working scheme to the electricity transmission mode current conditions
in real time. The paper substantiates the special urgency of the problem of closing closed circuits in modern
heterogeneous electrical networks, which are maintained by operators of electric networks of different
hierarchical levels.

Known methods of optimization disconnection of electrical networks provide a centralized approach to
the relevant control systems that practically impossible to implement optimal commutation switching in real time.
Therefore, it is expedient to use a decentralized approach, based on the principles of multi-agent management of
the distribution grid.

Obviously, operative optimization of the places of unplugging of distributive electric networks will cause
the improvement of the quality of electric energy by voltage deviation. This situation has fallen to the basis of the
developed mathematical apparatus supporting decisions by the multi-agent system of operational reconfiguration
of distribution electrical networks.

The proposed approach to the formation of a multi-agent control system for the configuration of
distribution electrical networks is illustrated in the scheme of heterogeneous electrical networks 110-750 kV of
the Southern power grid of UPS Ukraine. It is stated that the opening of circuits 110 (150) kV will result in
decrease of active power losses by 9.5%, and energy losses during the year is approximately 8%. The operational
adaptation of the working circuit of distribution networks further reduces energy losses by 3-5% during the year.

Keywords: heterogeneous electrical network, power distribution network, optimal control, multi-agent
control system, making decisions in real time
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HanmnonanbHbIil TeXHHYeCKHi yHUBepcuTeT Y KpanHbl « KHeBCKUil MOTNTEXHUYEeCKHII HHCTUTYT HMEHHU

Hrops Cuxopckoro»

MYJIbTUAT'EHTHOE YIIPABJIEHHUE
OIITUMAJIBHBIM PASMBIKAHUEM _
PACHPEJAEJIUTEJIBHBIX EJIEKTPUYECKHUX CETEU

B cmamve npuseden ananuz npobiem OnepamuHOZ0 6€OCHUS PENCUMO8 PACHPEOeNUMENbHbIX
anexmpuyeckux cemetl Hanpsigcenuem 0-110 (150) xB. [loxaszana 3KoHOMUYECKAs UYenecooOpasHoCmy U
MeXHUYeCKas BO3MOICHOCMb 0becnedeHuss HA0ENCHOCU U HeNnpepblGHOCMU IHEPSOCHAOIICeHUsl 8 Cclyyae
DABMBIKAHUSL KOHMYPOS8 3jekmpudeckux cemeil Hanpsoicenuem 110 (150) xB. Obocnoeana axmyaibHOCmb
npobIeMbl PAZMBIKAHUSL KOHMYPO8 6 COBPEMEHHBIX HEOOHOPOOHBIX INEKMPUYECKUX CemsiX, HAXOOAWUXCS 8
8e0eHUL ONEPAMOPO8 INEKMPUHECKUX Cemell PA3IUYHO20 Uepapxuyecko2o ypoeshs. Ilokaszanvl 603modcHocmu ma
nepcnexmuesbl GopMUposanus 0eYeHmpaIu306aHHOU MyTbMUALEHMHOU CUCMEMbL YRPAGLeHUsl KOHpuaypayuet
PACHPedeUmenbHbIX INEeKMPUYECKUX cemell 6 pedicume peanvHo2o epemenu. IIpedcmasnenvl O0CHOGHbLE
nONOJICEHUsT  pa3pabOMANHO20 MAMEMAMUYECKO20 ANnApama noo00ep’CKU Peuenull TOKATbHOU CUCmeMbl
VAPAGNeHUsL  ONMUMATbHBIM — PA3MBIKAHUEM — PACHPEOeTUMENbHbIX  JJIeKIMPUYECKUX — cemell, NO360JIOUUX
aoanmupoeams KOH@U2YPAyulo cemu 6 COOMEEMCMEUU ¢ MEKYWUMU VCIOGUSMU PENCUMA INEKMPUYECKOl
cucmemvl. Ha npumepe moodenuposanus pexcumos snekmpuveckux cemeu nanpsicenuem 110-750 kB IOoxcnoii
anepzocucmemvr OOC Vkpaunvi noxasamo, 4mo npumeHeHue OAHHO20 NOOX00d NO3GONUM CHU3UMbL HOMepU
9Hep2UU 8 INeKMPUIecKoll cemu 6 meyeHuu 2oda Ha 3-5 %.

Knrwouegvle cnosa: nHeoOHOpoOHas 21eKMpUYecKas cembv, pPACnpeoeiumenbHas dNeKmpuiecKkds cems,
ONMUMAanbHOE YNpasieHue, MyIbMUa2eHmusia CUcmema YnpasieHus, NPUHImue peueHuti 8 peicume peaibho2o
epemenu
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