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3anpononosano anzopum, aKuii 00360715€
IMeHWUMU KilbKiCmb imepauiii npu nouyKy onmu=
MAT6HOZ0 3G NPIOPUMEMHUMU 015 ocobu, wo npuii-
Ma€ piutenns, Kpumepisimu po3mamysans 3acobie
nideuuwenns nadiiinocmi 6 PO3NOOINLHUX MeEPENHCAX
10 kB. Hagedeno peayiomamu 00Ci0xHceHb 3aI1exHc-
nocmi onmMuMaIbHuUXx piuens wodo munie, Kilb-
xocmi i cxem po3maumyeanis npucmpoig 6i0 napa-
Mempie, AK PO3LANYNCEHUX Pe3ePEOSANUX, max i
uepeaepeoa'auux enexmpuHHUX Mepesic

Kntouosi cnoea: po3nodinvua ejexmpomepe-
sca, Haodiunicm, cexuionysanis, eqpexmuenicmo,
onmumizayis, an2opumm

T

Ipednosicen anzopum, KOMopoulil n0360jseMm
yMenpuums KoIU*ecmeo umepayuii. npu noucke
ONMUMATBLHOZ20 NO NPUOPUMENMHBLM ons auua, npu-
HUM@IOULE20 PeWeHUs, KPUMEPUIM pazmeujenus
cpedcms noBvLULEHUS nadéxcnocmu 6 pacnpeoenu-
menvnvix cemax 10 kB. IIpusedenvl pesyiomamol
uccnedosanuti 3a6UCUMOCY ONMUMATLLHBLY peuie=
Hudi N0 MunY, KOIUMECMBY U CXEMAM paAIMeUEHUs
ycmpoiicme om napamempos, Kax pazeemenén-
HbLX pe3epeuposanvly, max u nepe3epsuposannblx
SNEKMPUHECKUX cemell

Kniouesvie €a08a: pacnpedeiumesnvias dJ1ex-
mpuyeckas cemo, HA0ENCHOCMY, CEKUUOHUPOBANUE,
a(p pexmusHoCnL, ONMUMUILUUR, anzopumm

—0a

1. Brejienune

HecMOTps Ha COBEPIICHCTBOBAHIE KOHCTPY KUK BO3-
JYHIHBIX THHUA aeKTPONEpPeAayH, MOCPEJCTBOM KOTO-
PHIX OCYIIECTBIACTCA pacrnpesesenne HMEKTPHUUCCKON
IHEPrUu MEXKLY noTpebUTENIAMY, ABAPUIiHbIC OTKIIIOUC
Wus B cHCTeMax aJleKkTpocHabKenns Heu30exKIbL.

Tak, ¢ yueToM BCeX NPUUMH, BpEMs], B TEHEHNC KOTOPO-
ro yc/I0BHbLT TOTpebUTE Db B YkpanHe He MOLyUYaeT yeayr
[10 371eKTPOCHABKEHHIO B TEUEHUE TOAA, B CPEAHEM cOCTaB-
nser 6onee 20 uacos, uto bosee ueM B 12 pa3 npespiaet
ANAZOTUY BN TTOKa3aTe b 3a rpanuueit [1].

OanuM M3 OCHOBHBIX (PAKTOPOB, BIMAIONIAX Ha BE-
JAMYMHY BPEMEHU BOCCTAHOBJIEHUA suekTpocHabKeHns,
ABJSETCA BPEMdA, 3aTpauMBaemMoe Ha obHapysKeHue 10-
BPEKAEHHOIO y4acTKa CEeTH. VMEHBIIUTD 3TO BpeMs M0-
3BOJISIET YCTAHOBKA JIOTIOJHUTEIBHBIX CPE/ICTB noBbIIIE-
nua naaéxnoctu (CITH): ykasaTeneu MOBPEKAEHHBIX
YUACTKOB IEMH, a TaKxkKe JMHCHHBIX pagbeAunuTenci u
ABTOMATHUCCKMX CEKUMOHUPYIOILHX YCTPOHCTB, KOTOPbIC
HOMUMO OCHOBHOTO 3h(peKxTa 0T CeKIIHOHMPOBAHMA TAKAKE
[103BOJSIOT CHMKATH BPEMS TIOUCKA MECTA OBPERKACHITI.

O HaKO, HECMOTPs Ha pacnpocTpaHéHHOCTb W pas-
HOO6Pa3HOCTb CPE/ICTB, MPUMEHIEMBIX U NOBBIIIEH N
HAIEKHOCTH HNCKTPOCHAGKEHUA B IMHUAX ACKTpONepe-
nay (JID11) nanpsaxennem 10 kB, Hayuno 060cHOBal O
MPAKTHYECKH HpUEMIEMOIL METOIANKH, 103BOJAIOLLEN
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CHETEME HOBBIILEHNS HAAEKHOCTH CPasy HECKOIbKHIX Bil-
noB CIIH, npeanoxero ue Obl10. 3agada OITHMU3ALHNA
VCAOKHACTCS TAKKE OO/MBIIMM KOJAMHECTBOM BO3MOXKHDbIX
BapUaHTOB pa3Melenms YCTPOHCTB B CETH, UTO Jle1aeT
HEBO3MOXKHbBIM TPUMEHEHHE MeTo/1a TOJIHOTO nepebopa
<«brute forces. B cBs3u ¢ 9THM pasdpaboTKa ajAropuTMa Mo-
MCKa ONTUMAJMBLHOIO PA3MELLCHH S CIIH B pagBeTBAEHHOI
PACHPeAe/IHTeNbHOI CeTH ABJETCA AKTYyaNbHON 3a/aueil.

2. AHAJIM3 JIMTEPATy PHBIX JIAHHBIX U [IOCTAHOBKA 1po6JeMbl

Paspemenue npobaeMbl ONTHMH3ALIH pasMeLICIis
CeKIMOHMUPYIOIMX AllllapaToB 1 YCTPOHCTB LA 1IOMCKA
HOBPEXK/ACHHDBIX YUACTKOB CETH B JIATEPATYPE paceMaTpu-
BAIOTCS, B OCHOBHOM, OTZE/IbHO.

B [2] npeanoxena METOIMKA, KOTOPasd MO3BOJISIET, TPH
HAMY M HA TTATAIONIEM BBOJE TOHUIKAIONIel N0CTa UM
ukcupyonmx npubopoB, OMPEICIAT: paccToanua 10
MeCTa KOPOTKOIO 3dMblKaln (K3) na npucoeannenmax
6—10 KB ¢ yTOUHEHHAMY, YUUTLIBAIOLIMI BIAUAHNE HE-
PEXOHOTO CONPOTHBIICHHS B MECTE K3. Oaako gaHHblil
HOAXOM K PElIeHMIO 3a/la4M MOMCKA MECTa MOBPEeKACH I
apnsercs HeahHEKTHUBHBIM NPH HAJTHHUN B CETH 60abI0-
FO KOJMUECTBA OTBETBIICH .

C 1e/1bIo PelIeH s AanHoH npo6aeMbl B CTAThAX [3, 4]
PACCMOTPEHBI METO/BL ¢ABYXCTOPOHHETO> otpelesieH s
K3 na BelcOKOBOABTHBIX JIDI 1 npeacTas/eHpt airo-
PUTMbI, [03BOJAIOLLIE BbIABIATD MOBPEKAEHHOE TP~
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coenvuenne. A B MeToMKe [5] nenonbayerca aaroputm,
OCHOBAHIBIH Ha ONPCACACHUN NOBPCKAEHIONO yHacT-
Ka ¢ HOCHCAYIOUIHM YTOUHCHUEM PACCTOAUNS JI0 MCCTa
nospexaenns. Hpu aToM BOBMOKHOCTH [POIPAMMHOIO
obecrieuen s 10O Pe3yabTaTaM PErMCTPAILMU MapaMeTpoB
aBapuitHOro pexumMa npuseets B [6].

[1pu BEIGOpE K€ MECT YCTAHOBKM yKasaTelseil MoBpesxk-
JEHHOrO yuacTKa B [7] cHHTAIOTEA HEIeco06pasHbIMU MECTA
{14 OTBETBJICHUAX, OCMOTP COCTOSAHMA KOTOPBIX MPH IOUCKE
MECTA HOBPEKACH IS TPUXOAMTCSA TPOUBBOAUT IIELIKOM, &
HPOTSAREHHOCT PABHA MJIK HPEBBIIIACT 2—2,5 KM.

MeToauKH, MO3BOJAONME ONTUMU3UPOBATL YPOBEHD
HAagleKHOCTH PACTIPEJIeTUTeIbHON CeTH 3a CUET pa3mere-
HUS KOMMYTAIMOHHBIX annapatos, onucanbl B [8, 9]. Tak 8
[8] 6b110 06OCHOBAHO pacIpeieIeHUEe BLIGOpA MOKazaTe/eH
HALCAHOCTH [IPH JIOFOBOPHBIX OTHOWEHUAX 1 IIPC/UIOKCHA
METOAMKA pacueTa HAAEKHOCTH BIEKTPOCHAOKEHMs HaA
BBOJte v notpebuteseit. A B [9] Gbina onucaHa METOLMKE,
OCHOBAHHASA HA METOJE 30HHBIX CTPYKTYP M M03BOJAIONLAS
JOCTHTATh TPeOYeMOro YPOBHS HalCKHOCTH JUIS OTpe/ie-
JICHIBIX OTPeOUTCNCH,

B pa6orax [10, 11] onucansl NOAXOALI K MOBLIMCHIIO
HAAEKHOCTH 2J1eKTPOCHAOKeH s 1HoTpeburesncit B pac-
HPEACSUTENBHBIX CETAX HOCPEACTBOM UX 3aKO/ILUOBbIBA-
Hia v ocHanenns apromatudeckumn KA. Takoit moaxon
obGecnedwBaeT MOBBIIEHHY O YCTORYUBOCTD, @ TAKXKE MPO-
[leCC TaK HA3bIBAEMOTO CaMO3aXKMBJEHWA CETH, OJIHAKO
[PI DTOM XapaKTEePU3YeTes AOPOTOBH3HOI pealusalnu.

CuelyeT OTMETHTD, YTO BCE BbILICHEPCUHCIUCHIIbIC ME~
TOANKH UMEIOT PSIL HEJOCTATKOB, K OCHOBHBIM U3 KOTOPBIX
CJIC/LyeT OTHECTH HEBO3MOXHOCTb MX MPIMEHEHNSA B CIy-
yae, KOrZA B CHCTEME MOBBIMIEHNA HAJEKHOCTH TPHCYT-
CTBYIOT Pa3IMdHbIe TUITBI YCTPOHCTB 1 OTCYTCTBIE 060CHO-
paina Mecta v exemsl paametiienia CTTH.

B [12,13] packpbITBl OCHOBHBIC MPUHIIMIBL K MCTOMLBL,
JIeAKALLME B OCHOBE MATEMATHYECKOr0 ONMCAHMS IIPOLECCOB
(YHKLUHOHMPOBAHUS PASBETBIEHHOM PaCIpese/nTe/bHOI
ceru. Tpeanoxena METOAMKA, TTO3BOJIAIONIAA MTPU ONTHMH-
3a1MM cHeTeMbl nopbimerns Hagéxuocrn JIOIT yuuTeBarh
BO3MOKHOCTh HaJMuyus B €€ coCTaBe PasJMYHBIX THUTIOB
yKasareseil MOBPCKASHIBIX yHAaCTKOB H CCKIMOHHPYIOLLNX
AIIAPATOB, TONOJOIHIO CCTH, MOLULHOCTb QJICKTPOYCTANOBOK
KaskAOI0 13 norpebuteiell, a Takxke nx kareroputo, K He-
JIOCTATKAM K€ MPEUIOKEHHOM METOANKIL CIIe/lyeT OTHECTH
OFPOMHOE KOJMYECTBO UTEPALMH BBITIOMHICMBIX MPU HOUC-
ke onTUManbHoN cxembl paamenierns CITH, uro gesaer 3a-
TPYUHTEBIBIM CAM TPONCCC ONTHMUBATINH TPH TN
B CXCMC PACTPEACTUTCIBHOM ceTh yoke 5—6 OTBETBJICHMIL.

Takum 06paszom, s POBEAEHNS HCCICAOBARNA B~
His napamerpos JIDIT Ha 0KMAAEMbLIT PesyIbTAT ONTUMH-
3allMH CHCTEMBI TOBBIMIEH IS HAAEKHOCTH B PAa3BETBAEHHOM
pPACTIPEseTNTENBHOI CeTH HCOOXOIMMO paspaboTarh asro-
PHTM, HO3B(),‘I$“OII1HI“1 ny‘HhIHHTb KOJIMYECTBO BbITOJIHAC
MBIX TIpH 9TOM HTepaitnit. Kpome Toro, ganiii pacteTIBI
SKCHCPHMCHT MOKCT HOMOUD JIMLLY, IPHHHMAIOLICMY peLuc-
wie (JILIP), npu Beibope THIla i MECTa YCTAHOBKN ClIH B
TunoBoIt pactpeaenTeaboi cetn 10 KB.

3. [lesb ¥ 3a1aUn MCCIIELOBAHUS

LleibI0 MCCHEAOBARNS ABISETCS Olpeeienue Hanbo-
siee 9 PEKTUBHBIX THIIOB YCTPOHCTB, IPUMEHACMBLIX JJIs
MOBBIIIEH A HAZEKHOCTH, a TAaKKe ornpesenenne sddexra

OT ONTUMU3AIMKA KOJUYECTBA M MECT UX PasMelleHns B
TUITOBBIX pacnpeacanTenpusx cerax 10 kB.

JLst AOCTHIKCHMS MOCTABACHHON 1e/ i OblIM NOCTAB-
JIEH bl CHEAYIOLIHE 3a1aUn:

— pazpaboTaTh ANTOPUTM, MOZBOJAIOILNI YMEHBIINTH
KOJIMYECTBO MTEPALMid, BBRITIOJIHAEMBIX B IIPOLECCe ONTH-
Mu3anun Koaudectsa u Mect pasmemenna CITH;

— OMPEACTUTD ONTUMANBHBINH COCTAB CHCTEMbI TTOBBITIC-
HUST HAZAEKHOCTH JUTs TUTIOBBIX PACTIPEIETUTEbIDIX CCTEH
10 kB npy pasiuuHbix codeTanuax napamerpos JIOIL

— onpeneants 9GHEKT 0T YCTAHOBKM OHTHMAIbLHOM
CHCTEMBbl MOBBIIIEHMSA HAAEXKHOCTH B THIIOBBIX pacnpe-
neanrenbubix cetax 10 kKB npu pasnuyHBIX COYETAHUAX
napametpos JIDIL.

4, AIrOpPUTM MOMCKA ONTUMAJILHOTO PelleH s 110
NPUOPHTETHBIM KPUTEPHSM U1l JIUILA, IPHHUMAIOILEro
pelenus

C 1esIbI0 Peticing TOCTABACHITON 3aau TPOBCAEM
MaTEeMATUUYECKHI 9KCIEPUMCHT, B XOIE KOTOPOTo 1Mpous-
BEAEM OB 11epebOp BCEX BOSMOKHbIX BAPHAHTOB Pas-
memenns CIH, npeayemorpennsix meropnkoit [12,13],
UL THIIOBBIX CXEM, TIpeicTaBIeHHbIX Ha puc. 1. ITpu aTom
KOHEUHOE MHOXKECTBO anbrepHaTns X pa3oObéMm Ha Here-
pecekaionuecs kiaccol Xi:

X=X, UX,U..UX,: X,NX, =G, upu vi,je{t;..k}izj (1)

rae k — cooTBercTByeT 061IEMY KOJIMYECTBY TOUEK B CETH,
YCTAHOBKA ATAPaTOB B KOTOPHIX MOKET GbITb Ie/iecoo-
6paszHoil; i — COOTBETCTBYET KOJHMYECTBY TOYEK, B KOTOPBIX
VCTAHOBJICHBI ATIITAPATHI, B TCKYIICH anbTepHaTHBe.

MHOKECTBO HEAOMUHUPYEMbIX @JIbTCPHATUB, OIpe-
JEJEHHOE B XO[€ ABYXKPUTEPUAJbHOH ONTHMMU3ALNY
CHCTeMbl TIOBLIIIEHMA HAJAEKHOCTH THIOBOI pacrpese-
JIMTENBHOMN ceTH, TpeAcTaBIeHHOI Ha puc. 1, a, a Takxe
e/IMHCTBEHHBIE PEIIEH IS TIPH PUOPUTETE TPUBENIEHHbBIX 3a-
tpart, addekra ot yeranosku CITH n TTapurere 06onx kpu-
TEPUEB MPEACTABICHBI Ha pic. 2 1 B Tabi1. 1 COOTBETCTBEHHO.

B ra6n. 1 ycjaoBHo 000312UCHO, YTO BAPHAHTY «a» COOT-
BETCTBYET YCTAHOBKA yKasaTels HOBPEKAEHHOTO yHaCTKa,
BAapMAHTY «B» — YCTAHOBKA JMHEHHOrO PasbelMHUTe/sT CO-
BMECTHO € yKazaTeJeM MOBPEXAEHHOrO yHacTKa, MO3BOJIA-
FOIAM TepeaaBaTh HHOOPMAIIMIO O MecTe MOBPesk/eHns Ha
JMCTIETYCPCKMIT TYHKT, @ BAPHANITY «T» — YCTAHOBKA aBTOMA-
THUCCKOTO CCKITHONHpPYIONICro anmapara (peknoysepa). Cre-
AYET OTMETHUTh, UTO HOMMMO BADHAHTOB, Y KA3aAHHbIX BTalu 1,
B XO/€ [POBEACHNS MATEMATHUECKOrO IKCIEPUMEHTA UL
Ka’k/Ioro MOTeHIHaJbHOr0 MecTa YCTAHOBKM paccMarpuBa-
JIaCh elIé OjiHa a/IbTePHATHBA «O» — yeTaHOBKA yKazaTels 1no-
BPERJEHHOTO YHACTKA, MO3BOMAIONIETO Tepeaasars nHdop-
MATLIO O MCCTC TIOBPEXCICHIS Ha aneneTdepeknit mynkT [13].
[Iposeacuioe pacuérnoe MeciepoBanue NOKa3alo, UTo
onTuMabhas cxema pasmelterna CILH npu npuopurere
OZHOIO M3 KPUTEPHUEB /IS | TOUEK, 3aHIMaeMbIX annapara-
MU, BCEra BKJII0YAET ONTHUMAJbHYIO CXeMY PasMELleHus
CITH npu npuoputeTe TOro e Kpurepus s (i-1) rotek.

Jlanmoe ¢BOMCTBO CHCTCMbI MO3BOJUIIO padpaboTarh
AJITOPUTM IIOMCKA PALLHOHAJIBIBIX PELICHU, BHAMUTCIBHO
CHUAKAIOIHH KOJIMYECTBO UTEPALMIl, BBITOJHAEMBIX [1PH
[OMCKE OITHMAJbHOTO PELIEHUs 110 HPHOPUTETHBIM /IS
JIITP xputepusM.




Puc. 1. Cxembl TUNOBbIX pacnpeaenurensHbix cetei 10 kB: a — 6e3 pe3epsrpoBaHus, 6 — C pesepsupoBaHiem

Tabnuua 1

OnTumanbHas cxema paametuerns CIMH no npuoputeTHbIM
ans JINP kputepusm ANs i TOYEK, 3aHUMaeMmbix annaparamu

Bapuairr annapara n
CAMICTBEIIOC PEIICT | 1o TOUCK | HOTCHIHAIBIOM MCCTE
HHC [0 TPUHOPUTCTY: yeranosku CHITI
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Puc. 2. MHOXECTBO HE[LOMUHUPYEMbIX PeLUEHUM
ANA KaXAoro knacca X;

PaspaboTaHHblil aJrOPUTM COCTOUT U3 2-k+1 waros.
Ha kaxaoM mare m=2-i—ii=1k mpoucxoaur cuHTe3
MHOKeCTB anbTepHaTHB Xy Xzup (i) ¥ Xopt(iy HeoOHxo/a1-
MBIX JLJISE TTOMCKA e/IMHCTBEHHBIX PEIeH M TI0 TPHopHTeT-
JIBIM KPUTEPUSIM B TIpejesiax kiacea Xi. Tak Kak Kax/as
AslbTepHaTHBA X; ABISACT COO0H MHOKECTBO DIACMCUTOB,
KasK/IbLil M3 KOTOPBIX OIPe/e/IAeT TUI allllapaTa 1 MecTo
ero yCTAHOBKH, TO YCJIOBUE, 110 KOTOPOMY dopmupyorcs
ABTEPHATHBLI, MOKHO ITPEICTABAUTD B CIEYIOLIEM BUAE:

— s muokeersa X, o € X, HCOOX0AMMOTO A1 110-
MCEKA CAMHCTBEHHOIO PellieH st 1o npuoputery sdex-
ta ot ycranosku CITH:

Xy = {X| .X- =2 rl;lm—l)}'rl;n(u) =@, (2)

— s muoxkeersa Xz (He X, HEOOXO0AMMOTO /LIS
HOMCKA eAMHCTBEHHOTO PELIEHUA 110 [IPUOPUTETY 1IPU-
Be/eHHbIX 3aTpaT Ha ycTanosky CITH:

qup (Ol {X' |Xl = er, (l—l)}‘rzm, 0= &, (3)

— s mioskectsa X o © X, HE0OXOIMOT0 /LIS TTIOMCKA
eAMHCTBENHOTO pewenus npu [lapurere 06onx KpuTepues:

Xnm(i) = {X. IXi 2 ro,n(.-|)}'rnm(o) =, 4)

TTouCK eAMHCTBEHHBIX PEIeHNIH TEf(iy, TZup.i) Y TOpui)
B npejesax kjacca X BLITOJIHACTCS Ha KaKA0M Harce
m=2-i,i=1k. Jluga aT0oro M3 MHOKCCTB aJbTePHATHE,
CUHTE3MPOBAHHBIX Ha LpPe/blLAyllemM Jralle, BbIOMpa-
I0TCs PeleHns YA0BAETBOPAIONINE YCIAOBHAM B)=(7")
COOTBETCTBEHHO.

T € argmin zg, (), (5)
vy enrgmax(Efi(x, ))
X €X i)
= Ty,@€ argmax Eff(y,), (6)

vy eargmin{Zyy (%))
=2 XX 0)

X:i Foniy € argxmin ((Eff()g )= Eff )2 +(Zm, (X, ))z), (7)
2 * €Romt)

rie Eff,,c,.f — 9TO 0KHMAACMBII CPEAHCIOA0BOI yuiepb
OT 1EPEPbIBOB B 9JIEKTPOCHAOKEH NI norpeburesnei
6e3 CIIH, y.e./rou.

Ha mare m=2-k+1 BBIIIO/IHSETCS MOUCK HEIOMUHU-
PYEMBIX aJbTEPHATHB ¥ eANHCTBEHHBIX pereHuii 1o
npuopurerHbiM s JITIP kpurepnaM Ha MHOKeCTBE
Z, TOJTySCHHOM B XO/Ie Peasu3aiiny Mpeibl iy X aTarnon
AJITOPUTMA, [JLE Z OIPEACISICTCS KaK:

= {rr.t[(l)""’rﬁu(k)}u{rzl,,. (l)!""rlm,(k)}U{r()pv,(l)»'“7ﬁ)p((k;}' (8)

Ha puc.3 Ha MHOXeCTBE MCXOAHBIX anbrepratns X
MOKA3AT0 MIOKCCTBO HEAOMUHMPYCMBIX PCIICHUTL, TTOY-
QEHTHOC B XOJC Peanuaalny pazpaboraliiioro aAropuTma.

[Ipy 9TOM VCTAHOBJEHO, YTO MHOKECTBO Z BCEr/la
BKJIIOUAET e/ HCTBEHHbLE PELLEeH WSl 110 IIPUOPUTETHBIM /114
JIIP kpuTepusiM, Onpe/e/iieMble /ISl BCero MHOXKeCTBa X.
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5. UccnenoBanue BIMSTHUS
napaMeTpoB JUHUU
AJIEKTPONepe Ay Ha COCTAR
ONTUMAJILHON CHCTEMBI MOBBIIEHUS
Ha/1CKHOCTH

<—152030485-860

pa3beAMHUTENA COBMECTHO € yKasare-
JIeM MOBPEKACHHOrO yuacTka, MO3BO-
JSAI0UMM TepefaBath MHQOPMALLKIO 0
MeCTe HOBPEeX/ACHNS Ha AUCIEeTYePCKU il
MYHKT.

B to xe Bpems ycranoska CIIH B ce-
TAX C pesepBUpOBaHueM siBasgercs Gosee
JIOPOTOCTOATIEH, BBULY HEOOXOANMOCTH
YCTAHOBKH XOT#A Obl OZHOrO aBTOMATHMC-
CKOTO CEKIMOHMPYIOLIETO aniapara Ha
MAarvcTpasn JIMHUHK, U, KaK CJeJCTBHE,
apdekTUBHON TONBKO npu HoNbIIHX
(corme 250 kBA) MOIIHOCTAX 971€KTPOY-
CTaHOBOK moTpebureneil.

L4, kM

[Ipn nomeke OUTUMANBHOIO KO-
nuvecrBa u mect ycranosku CITH
B pacnpegenntesnbHbix cerax 10 kB
MCTIONb3YeTCs MaTeMaThHecKas Mo-
JIC/1b, B OCHOBE KOTOPOM JIEKAT Bblpa-
ACHMA, HEPCMEHHBIMK TAPAMCTPAMMK £8,2:8,35.405, 58,6 3w
B KOTOPBIX SABJSIIOTCA CJeAylolne
BENHYHHBL S — noTpebiasemas Moll-
HOCTh 9JIEKTPOYCTAHOBOK i-TO noTpe-
6utens, kBA; |, — qnuna i-ro yvacrt-
Ka Maruetpasau, M. B obmem cayvae
CJACAYCT OXMAATh, UTO B AHANa3zoHe T ——
M3MEHEHHMS 9TUX HapamerpoB Oyuer Spse. kBA
MEHATHCS W €AMHCTBEHHOE NApUTeT-
Hoe pelreHue.

Jlsi npoBepKu HTOTO NPEANOI0KE-
HUA TPOBEAEM pacHeTHOe HcceoBa-
HIHC C MCITONIL30BAHMEM BHIUMCIUTECIb-
HOI nporpaMmbl, onucaninod B [14],
KoTopas peajsusyer moaenu [12,13],
a TaKXe MPeJIOKEHHBIH aJIrOpPUTM,
CHMKAIOUMIT KOJMYECTBO MTEpalUn
npu nepebope aJbTepHATHB.

Ha pwc. 4, a, 6 mokaszano kak 6y-
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ACT CH S 2 ONTHMAJIbIIAd CXCMe
J1¢ MCHATLCA ONTHMAJIbIIAS cMa Sis, KBA

pasmewennss CIIH npu napurere
KPUTEPUEB NPUBEACHHLIX 3aTpaT M
aekTa 0T YCTAHOBKH B 3aBUCUMO-
CTH OT COYETAHMU MOUIHOCTH dJIeK-
TpoycTaHoBok S; W aauusl JIDIT or

4000 (] 1000 2000 3000 4000
Si5, kBA

3 = 3108
HCTOUHWKA MTUTATTNS 10 i-ro noTpebu- 5 2.
SO I DeneDE= X -
Te/s B HEPE3CPBUPYEMOil 1 pesepsu z o Rk Yty
pyeMOit paclpesesuTeNlbHbIX CeTAX = Arsi08
COOTBETCTBEHHO. §
IIpoBegeHHblil pacyE€THBIH 9KC- 3 o= o
nepuMeHT Tokasas (puc.4), 4To B "’ 0 i L o ® i i o i
: P : S5, kBA Sigs, KBA
PaA3BETBACHHBIX OJAHONCIHBIX CCTAX
10 kB kak nmpm mMaapX, Tak U 60Jb- 6 -
KX MOUHOCTAX 9JAEKTPOYCTAHOBOK Puc. 4. U3ameHeHue onTumanbHom cxembl paamelterns CIMH npu naputete
norpeburesneit naubosnee addexTnn- KpWUTepHes B 3aBUCMMOCTH OT coueTaHui napameTpos JI3M:
HOM sABAAETCS yCTAaHOBKA JUHEHHOro @ — B Hepe3epBUpPyeMON ceTH, 6 — B pe3epBUPYeMOoi CeT
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6. UccnenoBanue BIMAHHS IapaMeTPOB JUHHA

snexTponepenayn Ha et oT ycranoBKku
ONTHMAJILHON CHCTEMbI OBBILECHMS HA/IEKHOCTH

[Iposeném Mcc/Ief0BaHue BIMAHUA TOTO, KaK 3a-
gucuT 3GeKT 0T YCTAHOBKM CHCTEMbI MOBbIUICHUA
HAZEKHOCTH B HEPE3EPBUPYEMOH U pesepBupyemon
pacipefey uTeAbHbIX CeTAX 10 kB oT onTuManbnoh
cXeMbl pA3MCIIeH g YCTPOHCTB, BEIOpaloi 174 onpe-

JIEJIEHHOTO COYeTAHUsl MOULHOCTH M JJIHHbI JIDI1 or

Ls, kv o0 S3, xBA

i1, y.efron

b
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T, y.c.lron
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w
S

Las, kM 00 S»5. kBA

MCTOYHMKA THTAHWA A0 i-T0 noTpebutens. Peaynbrars
AANIOr0 MCCACAOBANNA TPEACTaBACHBl HA pHC, 5, 1, 6
COOTBETCTBCHILO.

[IpoBeaetHblil pacuéTHblil 9KCIEPUMEHT 110Ka3bIBA-
€T, YTO YCTAHOBKA ONTMMaJbHON CHCTEMBI MOBbILIEHI
nanéxkHocTi 1o npuoputerHoim Aas JIIP kpurepuam, s
3aBMCHMOCTH OT codeTanus napamerpos JIDTI, nozsoanT
CHUBNTH OKMAACMBIH yIIep6 0T FOAOBOLO HEAOOTHYCKA
91CKTPHUCCKOM arieprun 20 83 % B ceT 6e3 peacpBupoBa-
aust 140 90 % B ceTH ¢ pe3epBUpOBAHMEM.
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Puc. 5. MameHeHWe BenuumHbl apcekta ot ycraHosku CMH B 3aucumocTy ot coueTaHuit napametpos J13M
o — B Hepe3epBMPYEMOLt CeTH, 6 — B pe3epBUpyeMOii ceTh
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7. ViccnenioBanye BANSTHUS TAPAMETPOB JIMHUH
9JIEKTPONepe/Iaud Ha BeTHYUHY BPEMEHH [I0HCKa MecTa
IIOBPEIK/EHUS NIPH YCTAHOBJICHHOH ONTHMAaIbHOM
CHCTEME MOBbIIEHUs HAIEKHOCTH

[Tokaxewm, Kak B 3aBHCHMOCTH OT COYETAHHIA MOIIL-
HoeTr v aauubl JIDIT oT ueTouHMKa NUTaHWA 10 i-Tr0 no-
TpeOUTENA, & TAKIKC BRIOPAHHON /1A KasI0T0 coueTanns
onTuMaabHoi cxembl paameutcuusa CIIH, namengerca
BEAMYHMHA BPEMEHN [TOMCKA MECTA HOBPEKIACHUS B CETH,
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PesynbTaThl JIaHHOTO AKCTIEPUMEHTA JIIS HepeaepBupye-
MOH M PC3CPBUPYCMOH PACcpeACAUTCABIBIX CCTCH NPC-
CTaBJICHBl Ha PUC. 6, @, 6 COOTBETCTBEHHO.

IIpoBeaennoe pacuéTHOE HCCHELOBAHME IOKAZAJI0, 4TO
YCTAHOBKa ONTHMAJLHON CHCTEMBbl MOBBIMIEHUS Ha/leX-
HocTH 1o npuopuretHbiM aast JITIP kpurepusm, nosso-
JIUT CHUBUTH OKUAeMOE CpejiHee BpeMs, 3aTpadnBaemMoe
PEMOHTHOMH OpUTajoiil Ha TMOMCK MECTa MOBPEKICHUA B
pacrpeaeauTe bHoM ceTh 6e3 peaepBupoBanms 10 82 %, a
B CETU ¢ pesepBupoBaHmem — 10 76 %.
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Puc. 6. U3meHeHWe BeNUUMHbI CpefHero BpemMeHu NovMcka B 3aBUCHMMOCTH OT coyeTaHui napametpos J1301:
a — B HEPE3EPBUPYEMON CETU, 6 — B PE3EPBUPYEMON CETH
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8. BbiBobi

B pesyaprate HpOBeACHHBIX HCCACL0BA ML

1. Paspaboran anroput™, HO3BOJSIOUMI BoIOUPATD
THII U MECTO BBeJEHHA YCTPOICTBA MPH MOCJEL0BATE b=
HOW aBTOMATU3alMHN Pa3BeTBIEHHON pacipeaenTebHol
CeTH, a TAKXKE 32 CYET 0COOEHHOCTEN 0OBEKTA MOJIENTNPO-
BaHWA yMEHBIIATE KOJIWYCCTBO UTCPATLMH, BLITTOJIACMbBIX
[PU MOMCKE ONTHMAJIBHOMN CHCTEMbI MOBBIIICHH S Haj¢ K-
HoeTi o npuopureTHbiM st JITIP kpurepusam.

2. llokasaHo, YTO B PAa3BETBJIEHHbIX paClpeUe/Teb-
nbixscersax 10 kB 6e3 pesepBupoBanus Hanbonsee addek-
TUBHBIM CPEJICTBOM TTOBBINIEHUS HAAEKHOCTH ABJIACTCA
JIMHENHbBIH pagbe/IMHUTeNb, YCTAHOBIEHHBIH COBMECTHO €

yKaszaTeJeM MOBPEeK/AEHHOTO yHacTKa, KOTOPbIH MOXKET re-
penaBaTh HHGOPMALMIO O MECTE ITOBPEKACHUA 11a AUCTICT-
4ePCKM NYHKT. B pesepBUPYyeMbIX pacipesieiuTeabiiblX
cerax 10 KB, MOWHOCTH 9/1€KTPOYCTAHOBOK 1oTpebuTeneil
KOTOpBIX He mpebiinaioT 250 kBA, ycranoBka A0m0JHM-
tenbubix CITH, B Tom uncae u camnx ABP, He adppexTnsra.

3. [Mokazano, 4TO yCTAaHOBKA ONTUMANBHOW CHUCTEMbI
MOBBIICHUA HAJAEKHOCTH TO3BOJIUT CHUBUTL 0KM/IACM bl i
VIEepod 0T TOAOBOrO HEAOOTIIYCKA JJMEKTPUUCCKON dHEPrUy
710 83 % B pasBeTBIEHHON paclpeesnTe/bHoi ceTn 6es pe-
3epsupoBatns 11090 % — B ceru ¢ pesepsupoBanuem. lpu
9TOM OXHMIAEMOE CpejHee BPeMs MOMCKA MECTa MOBPEK-
J€HHMS B PACIpEAETUTEbHOI ceTn 6e3 pesepBHpPOBAHMS
cuuauTes 10 82 %, a B ceTH ¢ pesepBupoBannem — 10 76 %.
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THE SEARCH ALGORITHM FOR OPTIMAL
RELIABILITY INCREASING SYSTEM PARAMETERS
IN 10 KV BRANCHED DISTRIBUTION

NETWORKS (p. 4-10)

Sergiy Tymchuk, Mykhailo Sirotenko

To inerease the reliability of power supply to consumers in 10kV
distribution networks, various devices are used, such as pointers of
damaged arcas, lipe isolators, automatic partitioning devices and auto-
matic transfer switches. Optimization of the arrangement of reliability
Increasing means is an urgent task. However, existing cmnpul;\lmni\l
methods cither do not consider the possibility of installing several
types of devices in the network at once, or require performing a large
number of iterations when searching for the optimal layout.

To solve this problem, it is proposed to apply an algorithm that
uses the features of the object of research, namely the property of
optimal layout of RIM in the distribution network with the priority
of one of the criteria for i points occupied by devices, always include
the optimal layout of RIM with the priority of the same criterion for
(i-1) points.

Using the proposed algorithm allowed to carry out the compu-
tational study of the impact of PTL parameters on the structure of
the optimal reliability increasing system and the effect of its instal-
Jation. The experiment showed that the arrangement of RIM will
significantly reduce the expected damage from annual undersupply
of electric power, as well as the average time to search for the dam-
aged arca in both redundant and non-redundant branched distribu-
tion networks.

The importance of the results lies in the fact that the efficiency
of installation of the line isolator together with the pointer of the
damaged area that has the ability to transmit information on the
damaged area Lo the control point, compared to other RIM installed
in 10 kV non-redundant networks was first shown.

Keywords: distribution electric network, reliability, partition-
ing, efficiency, optimization, algorithm.
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STUDY OF THE PROCESS OF MANAGEMENT
OF THE OPERATING MODES OF ELECTRIC
NETWORKS IN MODERN CONDITIONS (p. 11-18)

Vladimir Bondarenko, Nikolay Cheremisin, Veronika Cherkashyna

To improve the process of management of operating modes of
electric networks in modern conditions, the following tasks were
solved. Technical and economic model of OL, taking into account
the incompleteness of the initial information, which is characterized
by changes in analytical connection of investments with the wire sec-
tion to optimize the parametric series of wire sections was improved.
The eriterion of technical and economic distinetiveness of the OL
options taking into account the discreteness of the scale of wire see-
tions in forming the parametric series, which is a prerequisite for the
OL unification and reduces the effect of network heterogeneity was
formed. To optimize the process of management of electric power
transmission, the principle of economic similarity in the problems of
improving the OL structure based on unification, which provides a
twofold extension of the object life until the first reconstruction at
the minimum technological lc was elaborated. Some develop-
ment aspects of OL as the active-adaptive objects of EN under the
SmartGrid platform to regulate the process of management ol clec-
Lric power (ransinission in real time were p sented.

Keywords: management of operating modes of electric net-
works, electric power transmission, SmartGrid, balancing market.
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