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Hapy>xHasa cuctemMa o6Hapy>XeHUA v
noKanusauun XMLeHM 3/1eKTPo3IHeprum B
paioHax 6e3 6bITOBbIX CHETUUNKOB

Executive summary

B paiioHax, rae y AJOMOX0O3AMCTB HeT UHANBUAYANbHbBIX CHETUMKOB 1 MHCMEKTOPbLI He MoryT 6e3onacHo
3axo41Tb B JOMa, Hanbonee HageXHas cTpaTerns He COCTOUT B OAHOM “dyfo-aaTumke”. Paboyas
apXnTeKTypa A0/MKHA 6biTb MHOTOYPOBHEBOW: ONMOPHbLIN y4eT Ha TIN n ungepax, cermeHTaumus cetu
JaTUMKaMy Ha ornopax Wam no ynmuam, BbibopoyHoe BbiHeCEHVEe yyeTa B YINYHbIe UK CTON60BbIe
WKadbl, APOHBI KaK C/I0M I0KaAM3aunmn 1 BU3yanbHO-TeMNI0BOro NoATBEPXAEHUS, 1 MOBU/bHbIE
Ha3eMHble KOMMeKCbl ANs 4006CNeA0BaHUS 1 AoKa3aTebHOW ¢pukcaummn. Tako nepexos oT KOHTPOAS
BHYTPM OMa K KOHTPOJItO MO pU3NYECKMM NapamMeTpaM CeTN COOTBETCTBYET U NOTMKe Ballero
npunoxeHHoro koHuenTa. EfileciteEturnOfileOBEL16-L17E

FNaBHbI BbIBOA NCCNEA0BaHNS: A/1F rOCYAapCTBEHHOIO NUI0Ta He CTOUT HauMHaTL C MOAHOW YANYHOM
“CHeTUMKOBOW peBoNLMN" NN, HA0BOPOT, TONBKO C APOHOB. HanayyLLnii CTapToBbLIV CTEK AN 30H
BbICOKOIO pMCKa BbIMAANT TaK: 06a3aTesIbHbIN yyeT Ha Tl 1 BbIXOAHbLIX duaepax, AaTUMKM Ha YacTu
onop B “KpacHbIX” cerMeHTax, ApoHbl ¢ RGB/VK/no Bo3amoxHocTK LiDAR anst KapTMpOBaHUSA U HOYHO
niokanusaumm, 1 MobunbHas rpynna c nepeHocHbIMK cpeacTBamm M- n GPR-nokanmsaumm ans
NoZ3eMHbIX OTMNarKOK 1 CMOPHbIX cy4aes. MNonHOoLEeHHbIe ynYHbIe Uan cToboBble split-meTpbl HaAo
BKNtOYATb TOUEUHO, TaM rje nocesieHne OTHOCUTE/IbHO CTabUIbHO U rocyAapcTBO OJ4HOBPEMEHHO
XOYeT He TONbKO I0BUTb XULLLEHWS, HO U Nerann3oBaTb notpebaeHve. !

Mo TOUHOCTV TIOKANN3aL MK apXUTeKTYpbl PasnnyatoTcsa pagukansHo. banaHc Ha ypoBHe ¢uaepa nam
TpaHcpopmaTopa 06bIYHO yKa3biBaeT TONbKO NPO6EMHYHO YLy, BeTBb UK 30HY. CerMeHTHble
[ATUNKL Ha oropax No3BOJISKOT Cy3UTb MOUCK A0 NPOoeTa, rpynnbl OTBETBAEHWI UK KBapTana.
Ynn4Hble KacTepHble cHeTUMKM 1 pole-box split-MeTpbl AatOT NyyLLy TOYHOCTL A0 AOMa WX rpynmbl
LOMOB. IpOH MOXET N0KaIN30BaTh TEMIOBYIO UM BU3YyalbHY0 aHOManuto NpakTUYeckn 4o MeTpa Ha
MECTHOCTU, HO He 3aMeHsieT ceTeBol banaHc 1 cam no cebe He AoKasbiBaeT HE3aKOHHOCTb
NOAKIHOUEHMS: OH NOKa3blBaeT Nneperpes, NOA03pUTE/IbHY FrEOMETPUIO NMPOBOZAOB WUN C/1ef CKPbITOro
MapLupyTa. lNoa3emHble Kabenu 1 cKpbiTble 0TNANKN OKOHYaTeIbHO 0KAIN3YTCS MOBUABHBIMU M-
nokatopamu n GPR, a He ogHOIM aspodoTOCHLEMKON. 2

MexXayHapoaHble Kecbl MOATBEPXAAOT OTMKY KOMBUHNPOBAHHOIO NMOAXOAA, XOTS NyOANUHbBIX
BHeApPeHWI MMEHHO A/ cueHapus “6e3 6bITOBbIX CHETUMKOB 1 6e3 gonycka B AOM” HeMHoro. B fAmarike
ESMAP 1 JPS coobLunan, 4To 0KOM0 YeTBepTU NPOn3BeAEHHOWN 3N1eKTPO3IHEePrm Tepsaiocs 13-3a
XULLEHNA 1 OLINBOK, N MPUMEHNAN OTKPbIThIA ML-MOAynb ANS BbIABNEHWA aHOMannin. B iHann
rocypapctseHHas cxema RDSS npsimo ¢mnHaHcmpyeT communicating metering Ha ypoBHe ¢uaepos n
pacnpegaenntenbHbIX TpPaHCGOPMAaTOPOB A5 CHUXKEHWSA noTepb. B HOXHOM Adpurke npakTnka
electrification informal settlements nokasana, 4To split-MeTpbI ¢ aKTUBHOW YacTblo B pole boxes
CHMXXaIOT BO3MOXHOCTb BMeLLaTeNbCTBa, @ Eskom oTaensHo ykasbiBaeT Ha value tamper alarms u
remote reporting. B bpasununu perynatop ANEEL oueHun yep6 ot “gatos” B 2024 rogy B R$10,3 mapg,
W NCNOMIb3YeT PerynsiTopHble OPUeHTUPbLI NO NOTEPAM, He HaBA3bIBas O4HON-eANHCTBEHHO
TexHonornv 6opb6bbl. 3
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Ans npaBMTeNbCTBA NPaKTUYECKNI NPUOPUTET JOKEH BbITb TaKMM: CHayasna co3jaTthb HOPUANYECKN U
TeXHUYeCKN KOPPEKTHYHO CUCTEMY BHeELLIHero sHepro-6anaHca n M’MC-tononoruun, 3atem 3anyckaTb
PUCK-OPUEHTUPOBaHHbIE NaTpyAu 1 aapecHyto BepudrKaLmio, 1 ToIbKO MOTOM MacLLTabupoBaTh
YANYHBIV yyYeT 1 npasonpuMeHeHve. Camas vactas omnbka B NOAOOHbBIX MporpaMmmMax COCTOUT B
nonbITKe 3anyckaTb “YepHbIl awmk NIN" 6e3 kauecTBeHHOV Tononorum, 6e3 onopHoro 6anaHca v 6e3
HOpMasbHbIX NPOTOKONOB NosieBo Bepndrkaumm. CoBpeMeHHble 0630pbl ETD NpsMo yka3sbiBakoT Ha
AePULMT KauecTBeHHbIX pa3MeYeHHbIX JaTaceToB 1 Ha TO, UTo generalized Al-nogxoabl 6e3 cMnbHO

I/IH)KEHepHOI7I 1 TOMOJIOFMYECKO OCHOBBI AdOT OrpaHNYEHHYH NePeHOCNMOCTb. 4

Huxe cymmrnpoBaH pekoMeHayeMblii 6a30BbIl CTEK ANs NX0Ta.

Cnoui YTO CTaBUTL MepBbIM Ponb B cncreme Moyemy 370 NpPMOPUTETHO
ba3oBbIl
. CyeTumkn/gaTumkmn Ha . bes upstream-pedepeHca
OnopHbIn 3HepreTnyecKnin
TM n BbIXOAHBLIX BCe OCTalJibHble CUTHasbI
6anaHc 6anaHc, BblgeneHme
dunaepax Y Y N Xy>XXe NHTepnpeTUpyroTcs
KpacHbIX” BeTBel
JaTunkm Ha vactn
Cy>XeHue 30Hbl noncka  Jly4ywas uyeHa/adpdekT ans
ornop u/vnn Ha .
CermeHTaums A0 ynuubl, Nnponeta, palioHOB 6e3 focTyna B
NPOMEXYTOUHbIX .
rpynnbl OTBETBAEHU Joma
yyacTkax yamy,
Camas cunbHas
. To4HOCTb A0 AOMa Un
YnunuHeble split-meTpbl n . JoKasaTenbHas 6a3a, HO
AapecHas . Masfion rpynmnbl 4JOMOB,
pole-box cabinets B BblLwe CAPEX 1
TOYHOCTb BO3MOXHOCTb
CTabUNbHbIX 30HaX coumanbHas
neranusaumm
UYBCTBUTENIbHOCTb
HouHble natpynu,
JpoHbl RGB + XopoLo paboTaeT kak
Bo3gylwHas KapTUpoBaHWe, MOmncK N
TennoBwn3op, Npu CN0Vi NOATBEPXAEHUS U
nokanusaums . CKPYTOK, HeyUTeHHbIX
6toaxete LiDAR 6e30MnacHoCTn
Tpacc
MobunbHbIli komnnekc  JoobcnesoBaHue
. Heobxoaum ans
Ha3zemHas ¢ OM-nokaTtopom, GPR, CKpbITbIX Kabenein, .
3aBepLUeHns KelicoB 1
Bepumkaums nepeHocHbIM PQ- CMOPHBIX 30H,

aHanm3aTopom

NMoA3eMHbIX OTNANKOK

cHmxeHus false positives

McTouHMK anst 6a3oBoii norvku MHorocnoriHoro creka: World Bank, ESMAP, RDSS India, South Africa
informal electrification practice, vendor docs no line/DT monitoring n drone payloads.

JlokannsaunoHHas rpajgauna no CTpokam YaCcTUYHO ABAAETCA NHXEeHEePHbIM BbIBOAOM aBTOpa U
noANeXnMT nNpoBepkKe Ha nnaoTe. 5

PamMka 3agaum m KNo4YeBon BbiBOA

MNpobnema Ha A3blke SHePreTUKN BbIMAANT Tak: MOTepY B pacrnpeseneHnm 3T0 pasHmLa Mexay
3Hepruer, BowwejLlein B CeTb, 1 MOJIE3HOM 3Hepruen, kotopas AMbo yuteHa, 1mbo He yuteHa. World
Bank v IDB pasgensitoT notepn Ha TexHU4Yeckre N HeTeXHUYeCKNe; HeTeEXHNYeCKne BKIKOUAOT Kpaxy,
HeyuTeHHOe noTpebaeHme, OLLIMBKN yveTa 1N agMUHUCTPaTUBHbIe gedekTbl. BputaHckme DNO npsamo
onpegenstoT non-technical losses kak None3Ho NOTpebIeHHY0, HO HeOMIaYeHHYHO SHEPruto, a Takxke
OTAEeNbHO NOAYEPKMBAOT PoJib OWMBOK No unmetered supplies 1 conveyance errors. nsi BaLlero
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CLeHapusa 3TO KPUTUYHO: He BCS “aHoManunsa banaHca” paBHa MMeHHO Kpaxe, 0CObeHHO B palioHax C
YNYHBIM OCBeLLleH1eM, HacoCcaMu, pekaMHbIMU WMTamn, HeakTyanbHoli TNC 1 MeHsitoLLelics
Tononorven. ©

KntoueBow caBWr B rosioBe: NpoekT Hago GopMynMpoBaTh He Kak “deM 3aMeHUTb AOMAaLUHUNA cCYeTUmK”,
a KakK “Kak co3jaTb AoKa3yeMblil BHELIHWI LndpoBO ABOMHNK HN3KOBOJIBTHOM CeTU, A0CTaTOUHbINV A4
npropuTM3aLmK, 1okanmsaumm n 6esonacHom sepudunkaumn”. BHELLIHW KOHTPOb He 06513aH
N3MepsTb KaXayro KBapTUPY C NepBoro AHA. EMy gocTaTouHO nocnefoBaTenbHO yMeHbLUaTb
HeonpegeneHHoCTb OT Tl K yauue, OT yanLbl K onope, OT ONopbl K OTBETBAEHUIO, 1 3aTeM NnepejaBaTtb
y>Ke Y3KO /10KaNN30BaHHbIN Kenc MobunbHOM rpynne. IMEHHO Takyto I0rnKy NoKasblBatoT U
rocyAapcTBeHHble nporpammel dungepHoro/DT-yueTa, n npakTukn pole-box split metering, v utility use
of drones for line inspection. 7

YT0 13BECTHO AOCTAaTOYHO HajeXHo. B emerging economies AMI n smart-grid UHCTpyMeHTbI
BHeAPSAOTCS raBHbIM 06pa3oM pajmn HageXHOCTH, cucTeMHoM 3¢dekTMBHOCTU 1 revenue collection.
World Bank Takke oTmeuaeTt, uto AMI ocobeHHO apdekTnBHO ycunmsaeT revenue collection v gaet
utility ABycTOpOHHMe faHHble, power quality, outage identification n tamper-resistant monitoring. Mpw
3ToM Bank nogyepkunBaeT, uto BHegpeHne AMI cnoxHO 13-3a governance, interoperability,
compatibility 1 security. 3T BbIBOAbI HENb38 MeXaHMYeCKN NepeHOoCUTb Ha Ball CLieHapuiA, HO OHN
nosie3Hbl Kak OPUEHTUP: rOCYyAapCTBEHHbIV NUNOT A0JIXXEH BbITb MpeXje BCero NporpaMmMoi revenue
assurance u grid visibility, a He TonbKO “aHTN-BOPOBCKMM ragxeTom”. 8

UTo BbIBOAMTCS Nornyeckn. Ecnm goma HegoCTynHbI M CHETUMKOB HET, TO HanbonbLwni agdpekT gaeT He
[OpOroVi aapecHbIli KOHTPOJIb KaXA0ro BBOAA, a paHXmMpoBaHue 30H no losses-per-feeder, 3atem
noLaroBoe yrnjaoTHeHMe HabAAaeMOCT. 3 3Toro ciegyeT n cTpaternyeckmini NpUopuTeT: CHavana
6anaHc 1 TOMosiorMs, NOTOM CerMeHTaLMs, NOTOM POHbI U Ha3eMHas BepudrKaLms, 1 TONbKO B
HEKOTOPbIX MOAPANOHaX MOHbIA BEIHOC yUYeTa Hapy>y. ITOT BbIBOZ OCHOBaH Ha KOMBMHaL MK
odurLmManbHbIX case studies 1 MHXeHepPHOW TIOrnKK ceTeBoro banaHca. 9

YTO Noka He YTOUYHEHO 1 AO0/IKHO 06pabaTbiBaTbCsA Kak gonyllieHre B TIO: NAOTHOCTb 3aCTPOAKM, AONS
BO3/YLUHbIX U MOA3EMHbIX TNHUIA, AMHA dUaepoB, GakTnyeckas CTpyKTypa YANYHbIX OTBETBAEHN,
Hann4yme CBA3WN Ha ONOPax, AONSA HECTABU/IbHBIX MOCENEHWIA, FOPUANYECKNTI pexmnM cbeMKkn ¢ BIMJTA n
AOMNYCTUMOCTb M3MEPeHWUI Kak JoKa3aTenbcTea. Mo3ToMy Hue BCe OLeHKM TOUHOCTM IoKanumsaumm n
6rogxeTa AaHbl B cLieHapHo dopMe, a He Kak “ofHa npaBuibHas Lndpa”.

ApXUTEKTYpbl BHELLHEro KOHTPO/IS

Hu oaHa apxunTekTypa He 3aKpbiBaeT 3agady LenmkomM. CpaBHMBaTbL Haj0 He “AaTUnKn NPOTUB APOHOB",
a KOMBMHaLMK No TpeM KpUTepmsaMm: rybrHa HabtoAaeMoCTH, TOUHOCTb JI0KaIM3aLumMmn N CTOUMOCTb
nepexoAa K ajpecHoMy NpaBonpuUMeHeH1to. TeXHONOrMYeCckn JOCTYMHbIE oMLK XOPOLLO BUAHBI B
coBpeMeHHbIX utility line sensors, transformer monitors, split-meter practice n UAS payloads. 10
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C VIHXeHepHOI TOYKM 3peHNs apXMTeKTYpbl HaZo pa3AennTb Ha NATh K1accoB.

TunnyHaga
YT0 peanbHo CnnbHble Foe nyywe
ApxuTekTypa 30Ha OrpaHunyeHus
n3mepser CTOPOHHbI Bcero paboraet
nokanusaumm
Bxoa/BbIxo, Hwn3kuin
3Heprun, CAPEX Ha
Jdatunkn Ha T CrapT nunoTta n
TOKW/ dnaep, eAnHuLY He paet gom-
N BbIXOZHbIX o paHXupoBaHue
HanpsXeHWs,  yauua, BeTBb oxBaTa, basa level attribution
dungepax hot spots
cobbITUSA, ANs BCEro
vHorga PQ oCTasibHOro
Tok no
dazam,
dasnposka, TpebyeT ceTeBoW
Jatunkn Ha Mponer, Nyuywee BosaywiHble
TemnepaTypa TONONOrNU U
onopax u rpynna COOTHOLLEeHune LV/MV yyacTkm
NPOBOAHNKA, . MOHTaxa Ha
NPOMEXYTOUHbIX OTBETBNEHWUIA, ueHa/ C MaccoBbIMU
fault/non- MHOXecTBe
cekumax YacTb yAnLbl nokanmsaums Habpocamwu
fault events, Toyek
waveform
snippets
Yyet no CoumanbHo 1
AOMY UK ropugmnyeckn CtabunbHble
Ynu4Hble y Hawnnyuiias
Manor Jowm, box, YyBCTBUTE/IbHEE,  MOCeNeHus,
CYETUMKN N TOYHOCTb U
. rpynne rpynna 1-9-27 Bbiwe CAPEX, nporpammbl
split/pole-box .  revenue
JJOMOB, NOAK/TIOYEHIA yXe 4aCTUYHO neranusauuu n
meters control "
tamper dbopmanunsaums prepayment
alarms yyeTa”
leomeTpus . He oTaenser
BbICTpbIN
NNHUK, 3aKOHHYHO
MeTpuueckas oxBar, Nokanunsauus,
Tennosble . BbICOKYHO
BMNJIA ¢ RGB/UK/ npuBeAska 6e30nacHsbIl KapTupoBaHue,
) aHomanuu, Harpysky ot
LiDAR aHOMaNMmM Ha 0oCMOTP, HOYHbIEe
HeyuJTeHHble Kpaxwu 6e3
MeCTHOCTH ocobeHHO naTpynm
nposoja, 3D ceTeBoro
HOUbIO
routes KOHTeKcTa
Mop3emMHble/
CKpbITble
. MeaneHHee n MNoaseMHble
Tpacchl, MeTpbl, Nyywini “last N
MobunbHble - - JOpoxe Ha oTnarku,
ToYeuYHble KOHKPEeTHbI mile” ans
MNHCNEeKUMOHHbIe oxgar, Tpebyet CNOPHbIe 30Hb,
PQ n3oM Kabenb/ CMOPHbIX .
KOMMIeKChb! N 0byYeHHOo JoKa3aTebHas
CUTHanNBbI, MapLupyT KelicoB
i rpynnbl Bepudumkauns
field
evidence

PYHKLMNOHaNbHbIE BO3MOXHOCTYW 3TUX K/1AaCCOB MPSMO NOATBEPXAatoTCs odULManbHbIMUN U
nepBUYHBIMU NCTOYHUKaMK: Sentient MM3 3asaBnseT nsmepeHue current, conductor temperature,
voltage characteristics, GPS and waveform capture; Franklin DTM oTcnexwBaeT per-phase current,
voltage, temperature and power factor; Hubbell line post sensors mepstoT voltage/current 6e3
oTkMtoveHus nnHuuy; Eskom n npaktunka South Africa informal settlements noaTBepXxaatoT LEeHHOCTb



split metering c BeIHeceHneM akTMBHOW YacTn B pole boxes; DJI n cBa3aHHble payloads garoT
MeTPUYeCKyHo NMPUBA3KY, TEMIOBYIO CbeMKY U BbICOKOTOUHY LiDAR-Mozenb. JTokanmsaums no cTpokam
TabnuLbl ABASETCS NHXEHEePHbIM BbIBOAOM aBTOpa M3 3TKX capabilities n gonxHa 6bITb KannbpoBaHa
Ha nuaote. M

MpakTUYeckn 3To NPUBOAUT K MPOCTON pekoMeHAau . Ecnm 61oakeT orpaHnYeH, CTapToBaTb Haf0 C
¢duaepHoro 1 DT-yueTa NAKOC cCerMeHTaLMs Ha YacTy onop. Ecan 3agaya ewe 1 NoanTUYeckasi, To ecTb

NpaBUTENbLCTBO XO4eT NepeBoAnTb 30HbI informal supply B neranbHoe notpebneHue, Torga B
CTabunbHbIX MOApPaioHax Hajo cpasy NpoekTnpoBaTh pole-box split metering. Ecnv gons ckpbITbIX

NnoA3eMHbIX OTNaKOK BbICOKA, TO 6e3 MobubHbIX DM/GPR-KOMMIEKCOB APOHbI U OMOPHbIE AATUMKN He

[0BeAyT Kelic A0 yBEepeHHO nokanvsaumm. 12

N3mepeHUs n aHannTUKa o6Hapy>XeHuns

YTO MMEHHO N3MepATb

Ans cueHapua “6e3 6bITOBbIX CHETYMKOB” eCTb C06/1a3H N3MepATb Kak MOXHO 6onbLue. 3To owmnbka.
Hy>xeH MMHMManbHO AOCTaTOUHbIN Habop, KOTOPLIN AaeT IHepreTuyeckmini 6anaHc, TONOAOrNYeckyro

COrNacoBaHHOCTb U COBLITUMHYIO NoKanmMsauuto. bazoBbiMUM ABNSOTCA TOKM Mo dasam, HanpskeHe B
onopHbIX Toukax, ¢pasmposka/phase angle, akTBHas 1 peakTMBHaA MOLLHOCTb, power factor, cobbITns
sag/swell/fault, remnepaTypa NnpoBOAHMNKOB N COEANHEHWI, @ TaKXXe aKTyanbHas TONOI0rs

BO3AYLUHbIX 1 MOA3eMHbIX MyTel. FapMOHUKW 1 NoApobHble waveform captures BaxHbI, HO Kak
BTOPWYHbIN CNIOM, @ He KaK MepBUYHbIA geTekTop. 13

PekomeHpyemas Tpebyemas
MNapameTp 3aueM HyxeH e mepntb
nepnoAnNYHOCTb TOUHOCTb
screening: knacc
TN, dngep, 1-5 MUH
OcHoBa 6anaHca n 0.5-1 3kB.;
Tok no ¢pasam onopa, pole- Tenemetpus; 1 ¢
cerMeHTauumn - enforcement
box BOKPYT CO6bITUI
nydwe 0.5
Hopmanusauums
P PQ-grade B
Harpysku, sag/
N, dnaep, 1-5 MUH; OMOPHBbIX TOYKAX,
swell, nonck .
HanpsxeHue yacTb orop, COBBITUHBIN nHauve
HeferasnbHOro . .
pole-box apxuB engineering-
oT6opa n
grade
neperpysa
Mposepka
topology
. TMn npu BBOJE B CUHXPOHM3aLUMA
dasunposka n consistency,
CerMeHTHble 3KCnyaTaunio + no BpemeHn
phase angle nepekocsl,
TOUKM npu CoBbLITUSX obs3aTenbHa
He3aKOHHble
nepeckoku
YTo4uHeHve
TN, DT, pole-
P/Q/S, cos ¢ XapakTepa box 1-5 MVH meter-grade
Harpysku
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PekomeHpyemas Tpebyemas
MNapameTp 3ayeM HyxeH Fae mepntb
nepnoAnNYHOCTb TOYHOCTb
BTOpUYHBIiA
curHan T, DT,
" . no IEC
FapmMoHwuKn, HETUMNUYHON OTAe/IbHble 10-MunH arperarthbl
61000-4-30 / IEEE
THD/TDD 3/IEKTPOHUNKN U npobnemHbie + event capture
519 Ha PCC
NAOXMNX CermMeHThbI
coefMHeHnIn
Jlokanusaums
CKPYTOK, line sensors, . OTHOCUTeNbHas
TemnepaTypa line sensor 1-5
neperpeTbix APOHbI, . aHomanus
npoBoAHMKa/ . MUH; drone risk-
coefjMHeHUI, MObMIbHasA BaXxHee
KOHTaKTa based .
HOYHbIX MNKOB Tepmorpadus abcontoTHOM
Kpax
Residual/ Mpu3Hak
DT, pole-box,
neutral HeneranbHbIX 1-5MUH / o 3aBUCUT OT CXeMbI
MO6UNbHas -
current, cxeM u unsafe Kemncy cetun
. nposepka
leakage wiring
6a3oBoe Ans LiDAR 4-5 cwm;
leonpussska bes Hee Henb3A . .
NG, LiDAR, KapTupoBaHue + Ans aerial route
n topology nlokannsoBaTtb i
N field survey 06HOBNEHME MO map nydue <0,2
layer Kemnc

N3MEHEHNAM

M

HopmaTuBHbIN opreHTUp Ans power quality measurements, ecam faHHble AOMKHBI IMeTb
perynsiTtopHyto Uau gokasaTtenbHyto cuny, 310 IEC 61000-4-30 Class A v ero HaunoHanbHbIA
skBmBaneHT. Poccmiickmin TOCT IEC 61000-4-30-2017 npsiMo 3aZaeT MeToAbl M3MepeHUs nokasaTenei
KayecTBa 3/71eKTPO3HEepPrnuv 1 NopsagoK NHTepnpeTaLumn pesynsTaTos, UTOObI obecneynTs
[,0CTOBEPHOCTb 1 MOBTOPAEMOCTb. /119 rapMOHMK Ha ToUKe 0bLLero NpUcoeanHeHNs NCNob3yeTcs
noaxog IEEE 519. ba3oBble nHTepBanbl arpernposaHus B IEC-npakTuike coctaBnsaoT 10/12 cycles,

150/180 cycles 1 10 minutes, a ans flicker long-term ncnonbsyetca 2-hour interval. 14

Ans retrofits 6e3 oTkNOUeHMA NMHUK Hanbosnee npakTU4HebI split-core CT 1 Rogowski coils. Eaton
ykasbiBaeT, uTo split-core CT ya06HbI ans retrofits, paboTatoT B AnanasoHe 10-130% rated current, a
oTaenbHble Mogenu umetoT 0.5% accuracy. Janitza ana Rogowski coil 3asiBnsieT retrospective clip-on
installation without disconnecting the phase conductor, class 0.5, high linearity, no saturation, go 700
kHz bandwidth n pa6oTy B Wnpokom TemnepaTypHOM ananasoHe. LEM fononHUTeNbHO nokasbiBaeT
utility-use line sensors Ha 6ase split-core Rogowski coil n oTMeuaeT nsmepeHne amplitude and phase of
current, conductor surface temperature n fault detection. 31o genaet Rogowski ocobeHHO
npuBaeKaTenbHbIM A48 BLICTPLIX MUIOTOB Ha CyLLecTBYtoLLel ceTu, a split-core CT nonesHbIM Tam, rae
HY>XHbI 60J1ee NpYBbIYHbIE METPOIOrMYEeCcKMe CXeMbl 1 MeHbLLEe TPeboBaHW K BHELLHEMY
npeobpasosaTento. 5

Kakme anropmtMmsbl peanbHo pa6oTtatoT

[ns rocysapcTBeHHOro NpoekTa 1 pekoMeHayH He “oanH ML-knaccndukatop”, a Kackag 13 yeTbipex
cnoes.


https://protect.gost.ru/gost/details/2e494f4b-34a9-4e4d-aa00-84b89be2cd77
https://www.eaton.com/content/dam/eaton/products/low-voltage-power-distribution-controls-systems/power-energy-meters/5a-solid-core-current-transformer/5a-split-core-current-transformers-%28ct-sp%29-technical-data-td049001en.pdf

< YTO HYyXHO Ha CunbHas nasHbIN
Cnoli aHanutukn  Yto genaet
BXOje CTOPOHa puck
pedepeHcHble
n3mepeHuns He oTnvaeT
CunTtaeTt HebanaHc npocToTa,
banaHc pugepa/ Ha TMN/DT n theft ot
MexXay upstream un 06BACHMMOCTb,
DT XOTs1 6bl . topology/data
downstream ObICTPbIA CTapT
YacTUYHO errors
HUXe No cetu
CerMeHTHble
YyBCTBUTENIEH
NuieT HeTUNnYHble 4aTUNKWY, .
CpaBHeHue XOpPOLUNIA K Ce30HHOCTU
load-shapes 11 30HBbI C KaneHAaapb, )
CerMeHTOB 1 screening Ha N CKPbITbIM
HenponopuuoHanbHbIM  weather,
dugepos ynnuy/kBapTan  neranbHbIM
pocTom known legal
Harpyskam
loads
PacnpegeneHHass  Comnocrtasnser time- time-sync,
) pesko TpebyeT
Koppenaumsa n series mexay GPS, .
ynyJiiaet XopoLueit
Tononornyeckas COCeAHVMUN TOUKaMn U dasmposka,
. nokanusaumio Mozenu cetn
nposepka reomeTpuen cetu GIS graph
history,
. . Y label scarcity,
N PaHxunpyeT kelicbl No confirmed CHWXaeT .
ML-peATnHr i concept drift,
N BeposATHocTK npw field cases, Harpysky Ha
aHoManum ) i ) poor
capacity constraints engineered WHCMNeKLMIo .
transferability
features

CoBpemMeHHbIe 0630pbl data-driven ETD cxoadATcs B ABYX Bellax. Bo-nepBbix, MOAeNn YyBCTBUTENbHbI K
KayecTBy jaTaceTa, AMcbanaHcy KnaccoB 1 cnaboi nepeHoCMMOCTU MexXay TeppuTopramMu. Bo-BTopelx,
NyyLwnii npakTnyecknin 3¢ dexT fatoT rmbpuaHble NoAXo4bl, rae upstream master meter nan
transformer-side meter ncnonb3yetcs kak pepepeHc, a ML He 3aMeHseT 6banaHc, a MNLb paHXupyeT
aHomanuu. ViMeHHO No3ToMy B BallieM KOHTekcTe black-box supervised classifier Ha cTapTe He saBnsieTcs
npuoputeToM. MNproputeTom aeaseTca graph-aware anomaly system ¢ pyuHoli Bepudukaumein nepsbix

COTeH KelcoB. 16

leonpuesaska fo/mKHa 6bITb He “kpacnBoiil kapToin”, a YacTbto geTektopa. CIRED-noaxogbl K NTL n

spatiotemporal regional estimation Nnoka3bIBatOT, YTO MPOCTPAHCTBEHHbIE MPU3HAKM YAyYLLAKOT action
planning 1 cHuxatoT inspection cost. B BalLei 3aAaye 3T0 O3Ha4aeT ciejyroLlee: Kaxgasa aHoManns
[O/DKHA XPaHUTBLCA He ToNbKO Kak timestamp u percent imbalance, Ho n kak segment ID, pole span,
distance from transformer, thermal image link, last topology survey, nearby unmetered public loads n
field outcome. Be3 atoro gaxke xopowwnii ML He ByaeT ynpaBasieMbiM Ha ypOBHe NpaBuTenbCcTBa. 17

npaKTI/IHeCKOG npaBnio No 4YacToTe CbeMa TaKoe. Ana MOCTOSAHHOM TenemMeTpmnm 40CTaTtovyHO 1-5 MUHYT

Ha current/voltage/power, ecin B yCTPOVCTBE eCTb JIOKaNbHbI 6ydep cobbITUM 1 BOSMOXHOCTb
coxpaHuTb high-resolution waveform around anomalies. 10/12-cycle n 150/180-cycle okHa He Haj0
HenpepbIBHO roHATbL No LPWAN, 1x HaZo 1Cnonb30BaTh Kak JiokanbHbI/ event recorder. ns
TenJI0BU3NOHHOIO C/1051 OCTAaTOYHO 6a30BOM KapThbl 1 3aTeEM PUCK-OPUEHTUPOBAHHbIX NaTpyner. 3To

He npsiMoe TpeboBaHMe CTaHAAPTa, a MHXeHepHas peKkoMeHAaLVs, BbiBeJeHHas U3 CTaHAAPTHbIX PQ
intervals n orpaHnyeHnn LPWAN backhaul. 18


https://www.researchgate.net/publication/381617825_Data-Driven_Approaches_for_Energy_Theft_Detection_A_Comprehensive_Review
https://www.cired-repository.org/server/api/core/bitstreams/bda5c164-d35d-4d34-883b-7ea6c42da59d/content
https://www.fluke.com/en-gb/learn/blog/power-quality/what-does-the-iec-61000-4-30-class-a-standard-mean-to-me

Pa3Bepr|BaHv|e, CBA3b 1 onepaunnm

MoOHTa>X U NnuTaHmne

BHelwHMe 1 “6e3Bx040Bble” AaTUNKM BO3MOXHbI TexHuyecku. Hubbell npsamo ykasbiBaeT, uto line post
Sensors MoryT cTaBuTbCs 6e3 de-energize n 6e3 cut the main conductor. Rogowski u split-core CT
OpVeHTUPOBaHbI Ha retrospectives installation. 3To 03Ha4aeT, YTO NMMAOT MOXHO pasBopayvmMBaTh 6e3
MacCMPOBaHHbLIX OTKAOYEHWIA 1 6e3 BXoJa B YacTHble BAaZeHUs. [ ONOPHbLIX CErMEHTOB 3TO
KpUTMYeCcKoe yCnoBme BbINMOJAHUMOCTA. 19

Mo NUTaHWIO eCcTb TPU PeannCcTUYHbIX pexnma. Mepsbiii, line-powered, nyJylle Bcero NnoAxoAnT ANs
MOCTOSIHHbIX AAaTUMKOB Ha IMHUAX 1 TpaHCPopMaTopax, MOTOMY YTO CHMMaeT Npobaemy battery theft,
Ce30HHOro 06CNYXMBaHMA N NajeHNsa CBA3K B “ropaymnx” panoHax. Bropon, battery-first LPWAN,
noseseH A4na peAkux Sensor points 1 aBTOHOMHBbIX boxes. TpeTui, solar-assisted, pasymeH To/bKO Tam,
rfe eCTb OTKPbITbIA AOCTYN K COMHLY U HU3KUI pUCK BaHAanM3mMa. 3ajava npaBuUTenbCTBa AO/MKHA
bopmynMpoBaThCs Tak: MUHMMU3MPOBATbL YNCI0 NOJIEBLIX Bble3J0B Ha 3ameHy 6aTapeli B
Hebe3onacHbIX parioHax. 3GPP gns eMTC 1 NB-IoT ncnonb3yet opueHTUp nopsgka 10 net paboTel oT 5
Wh battery npu cooTtBeTcTBYIOLLEM traffic pattern and coverage, HO B peanbHOW ceTeBON 3KCMJTyaTaumm
3TOT nokasaTenb Haj0 pacCMaTpPMBaTh Kak TeopeTnYeckniA MoToNMoK, a He Kak SLA. 20

CBs3b
BapunaHTt
Yto paet F'ae ncnonb3osatb OrpaHunueHune
CBA3N
private utility network, low .
. HY>X€H COBCTBEHHBIW
power, xopoLuuii fit ansa mMaccoBsble low-data )
LoRaWAN . gateway footprint n
meters and grid CeHcopbl Ha ornopax o .
o discipline B RF design
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Tam, rae ectb cellular
extended coverage, huge . 3aBUCUMOCTb OT
. . coverage u utility He .
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XO4YeT CTPOUTB private
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BblCOKUI bandwidth n gateways, pole LOpOXe U N36bITOUYHO
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oint-to- L
P ) n utility-owned path clusters W NaaHMpoBaHue
point RF

3GPP gna NB-IoT 3agaet o 164 dB maximum coupling loss, opueHTup 10-year battery life n nogaepxky

nopsaka 50,000 devices per cell. LoRa Alliance n ABI npsimo oTmeuatoT, uto LoRaWAN 1 NB-IoT He
06513aHbl KOHKYPMPOBaThb 106 B 106: OHW MOTYT COCyLLlecTBOBaTh, a utilities smart metering and grid
monitoring SBAAIOTCS O4HMM U3 eCTeCTBEHHbIX Use cases. /114 Balleli 3a4aun 3T0 NepeBognTCSA B
NpocTyro apxuTekTypy: endpoint telemetry Ha LoRaWAN mnan NB-IoT, backhaul gateways n
BUAeoAaHHbIX Ha 4G/5G, a imagery 1 3D models He Hago TAHYTb Yepe3 LPWAN. 21


https://hubbellcdn.com/literature/BR10169E_LinePostSensors_HPSUtilityAutomation.pdf
https://www.3gpp.org/images/presentations/3gpp_standards_for_iot.pdf
https://www.3gpp.org/images/presentations/3gpp_standards_for_iot.pdf

[ pOHbI N NONEBOW peXXxum

OdunuymansHble utility and aviation sources xopoLLIO MOKa3bIBakoT, YTO 6eCNUAOTHUKN Haj0 CTaBUTb B
orepauMoHHYI0 PoJib, @ He B pOJib “0OCHOBHOrO cyeTymka”. DJI Matrice 4T n Zenmuse H30T
obecrneynBatloT TEMNIOBU3VOHHBIV €104, spot and area temperature measurement, 30 Hz thermal video,
a nasepHblil JanbHOMep JaeT JaNbHOCTb U MeTpUYeckyto NpmBasKy. Zenmuse L2 gaeT 4 cm vertical
accuracy n 5 cm horizontal accuracy gns aerial LIDAR mapping. 31o genaet UAV OTANYHbBIM
WHCTPYMEHTOM A/18 KapTUPOBaHMA Tpace, Noncka AMWHMX NpoBoAo., thermal hot spots n
NOATBEPXAEHMSA TOro, rae UMeHHO PpU3nYeckn HaxoanTca aHomanums. Ho legality no Hemy He
BbIBOANTCA aBTOMaTn4Yeckn. 22

[nsa onepaumnin LenecoobpaseH Takol pexxm. CHavana genaetcs 6a3oBoe aspo-KapTMpOBaHMe BCel
NMUNOTHOW 30HbI 1 MOCTPOEHMe “3TanoHHoi” 3D/GIS-moaenu. 3aTtem no hot feeders BBOAATCA HOUHbIE
WK-natpynu He pexe 1 pa3a B Hegeto, a B peak theft hours, Hanpumep B Be4YepHEM 1 HOUHOM OKHe,
2-3 pasa B Hejeno ANS AeNCTBUTENbHO NPobeMHbIX y4acTKoB. [ocne storm events, topology changes
VAN KaMMNaHW NOAKIOYEHVS fenaeTcs BHen1aHoBbIN 061eT. Poccuiickas npaktuka “Poccetn Cnbunpb”
noatsepxgaet utility-value BIMJIA gns yckopeHUs BU3yaNbHbIX 06C1ef0BaHUIA NVHNA 1 60nee BbICTPOro
ycTpaHeHus gedekToB, a B cTaHgapTax “Poccetn” npumeHeHue BINJA gns ob6cnegosaHus B/l yxe
WHCTUTYLMOHANN3NPOBAHO. OTO He aHTUXULLIEHYECKWNT Kec B YUNCTOM BUJE, HO OYeHb BaXHbI
operational precedent Ha pycckoMm fA3bike. 23

Kn6ep6esonacHOCTb U 3aL4MTa OT caboTarka

Jns BHELWHNX AaTYMKOB N YNINYHBIX LIKadOB Hy>KHa He “obLyas UB", a yeTkuii procurement baseline.
NIST SP 800-213A onpegensert katanor IoT device cybersecurity capabilities, a NIST IR 8259A otgensHo
nog4vepkmBaeT secure software update by authorized entities, verification/authentication update
packages n device-level capabilities. NISTIR 7628 gaeT obwuii framework no smart grid cybersecurity.
OTO 03HaYaeT, YTO roCyAapCTBEHHBbIV MUAOT AO/IKEH 3aKynaTb TONbKO Takue yCTpoMcTBa U N1athopmsbl,
KoTopble noagepxuatoT device identity, signed firmware, secure update, event logging, data
protection u ynpasnsewmsliii lifecycle nogaepxkn. 24

C TOYKM 3peHns GU3NYECKO 3aLLMTbI HaUYULLINA Habop Mep TakoB: BbICOTHbIV MOHTaX BHE J1erkoro
A0CTyna, aHTMBaHAanbHbIN kopnyc, hidden cabling where possible, xawmpyemsle xxypHanbl cobbITUIA,
BCKPbITVE KOPMYCa KaK OTAe/IbHOe CObbITUE, pe3epBMPOBaHLMe KPUTUUYECKUX TOHYEeK M3MepPeHUs U
perynsipHas cBepka topology layer c drone imagery. Tam, rae BBoAUTCSA YAUYHbIN split metering, tamper
alarms un anti-bypass reporting AomxHbl 6bITb YacTbio 6a30B0ro T3, a He onumeli “ecnn bygeT 6roaxeT"”.
Eskom oduumansHo noguepkmsaet reduced theft and fraud nmeHHo ns-3a anti-tampering technology
n tamper alarms, linked to utility system. 25

Mpas.o, privacy u safe use

[ns drone ops B eBponerickoi HopMaTMBHOM noruke MHorme utility-infrastructure missions nonagatot
He B open, a B specific category, ecin BbIXogAT 3a 6a30Bble open limitations. EASA Takxxe npamo
TpebyeT BcTpamBaThb privacy and data protection principles B operations manual, procedures and
policies. ns NnpaBTeNbLCTBEHHOrO NMPOEKTa 13 3TOro BbITEKAIOT ABa NPpaKTMYeckux npasuna. Nepsoe:
BCe NoJeThl 1 image processing AO/KHbI UATY N0 yTBEPXAeHHOMY SOP, ¢ MUHUMM3aLMeR He
OTHOCALLMXCA K AeNly NepcoHaNbHbIX AaHHbIX 1 CPOKOB XpaHeHWs. BTopoe: aerial imagery AonkHa 6bITb
“onepaumnoHHbIM A0Ka3aTe/IbCTBOM AN I0KaNM3aumMn”, a CaHKLUMOHHbIE peLleHs A0/DKHbI ONMpaThCs
elle 1 Ha ceTeBOl banaHc, GIS topology, akT noneBol Bepudurkaumm n cobnrogerHre chain of custody
Nno AaHHbIM. 3TO yXe He TO/IbKO TeXHMKa, HO 1 governance design. 26


https://enterprise.dji.com/matrice-4-series/specs
https://www.rosseti-sib.ru/news/rosseti_sibir_kontroliruyut_lep_s_pomoshchyu_bespilotnikov/
https://www.nist.gov/itl/applied-cybersecurity/nist-cybersecurity-iot-program/faqs
https://www.eskom.co.za/distribution/customer-service/energy-saving-smart-energy/eskom-smart-prepaid-split-meters-programme/
https://www.easa.europa.eu/en/domains/drones-air-mobility/operating-drone/specific-category-civil-drones

I1pa|(Tv|Ka BHEApEHVIﬁ, npaBo N 3TUKaA

My6nnyHble BHeApPeHMA peaKo ONMMCbIBatOT exactly TOT xe cLeHapuii, KOTOpbI MHTepecyeT Bac. Ho
cocefjHMe Kecbl AA0T A0CTaTOUHO MaTepmnana, YTobbl CPopMMpPOBaTh rOCYAAPCTBEHHYIO CTpaTeruio.

CtpaHa / opraHusauus

YT10 BHEApeHOo

YTo BaXKHO ANd BaLlero npoeKTa

fAAmalika, JPS + ESMAP

NHamsa, Ministry of Power
RDSS

NHpamnsa, Tata Power-DDL

FOxxHas Adpuka,
informal settlement
electrification + Eskom

bpasunna, ANEEL

BennkobputaHus, UKPN
n SP Energy Networks

Poccusa, Poccetn

ML-mogenb ans nowncka theft-
related anomalies; open
source code

smart metering + system
metering at feeder and DT
level with communicating
feature, TOTEX PPP

long-run loss reduction,
5.54% AT&C k mapTy 2025,
5.75 lakh smart meters

split-type meters in pole
boxes preferred; smart
prepaid split meters with
tamper alarms

perynmpyet u MOHUTOPUT
losses, B 2024 yuiep6 ot
“gatos” R$10.3 bn

dopmanmsytoT NTL kak theft +
UMS + misallocation/
conveyance errors

institutional use of UAV for
line survey and dedicated
standards

nokasblBaeT, YTO CeTeBol U
noTpebuTensckmnii anomaly
screening MacLUTabupyeTcsa 1 MoXeT
6bITb BOCMPON3BOANMBIM

rocyAapcTso MoxeT dpLUHaAHCMPOBaTb
He Tonbko household meters, HO u
CcuUcTemy BHelLHero 6anaHca

loss reduction paboTaet kak
nporpaMmMa MHGpPacTpyKTypsl,
aHaNTVKM 1 governance, a He Kak
pa3oBasi KamnaHus

Nyywnii Ny6anyHbIn npeueaeHT
BblHECEHWS aKTUBHOU YacTu yyeTa
Hapy>Xy B C/IOXHbIX paioHax

rocyfapcTBo MOXeT 3ajaBaTb
targets and incentives, He
HaBA3bIBas OA4HY TEXHOOT IO

Nnose3Ho AN perynaTopHom
KnaccndurkaLmm Kemncos
NCKNHOUEHURA NOXKHbIX 06BUHEHWA

pyCCKOA3bIYHbIV precedent ans
6ecnmnnoTHOro KOHTypa 1
6e30macHOro obcnesoBaHUs ceTun

MoaTBepXxaeHWe no ctpokam Tabnumupel: ESMAP coobuiaeT, 4To okono veTBepTy electricity in Jamaica
was stolen or lost and that the implemented model is open source; RDSS explicitly funds feeder and DT
communicating metering; Tata Power-DDL 3adukcmpoBana cHmxeHne AT&C losses ¢ 53% B 2002 rogy
40 5.54% B 2025-Mm; South African practice pekomeHgyeT split-type meters with active units mounted in
pole boxes and documents maypole/pole-box architectures; Eskom opuumansHO nuweT o tamper
alarms; ANEEL oueHuBaeT yLiep6 ot theft-related losses n ncnone3syet regulatory limits; UKPN n SPEN
dopmanmsyroT administrative/unmetered/theft categories; Rosseti documents UAV use in line

inspection. 27

N3 3Tnx KelicoB ciesyeT BaXHbI FOCyAapCTBEHHbIN YPOK. YCMELLHbIE NPOrpaMMbl yrpasieHUs

NnoTepsMN MOYTU HUKOFAa He OrpaHNYMBAlOTCSA TONIbKO AeTekKTopoM. OHM 06beANHAOT measurement,
GIS/topology, billing-governance, field enforcement, customer regularization n regulatory incentives. B
Latin America and the Caribbean IDB npsimo noguepkuBaer, uTo loss-reduction TpebyeT prioritization of

10


https://www.esmap.org/multimedia/machine-learning-helps-power-down-electricity-theft-jamaica

investments, data flows and management systems, a B 93kBaOpPCKOM Keiice ycrnex CBA3bIBaeTCs €
MOHUTOPUHIOM NPUYVH NoTepb, Mepamu NpoTuB theft u digitization of metering and billing. 28

STYecKniA Npejen Takoro NpoekTa NpocToi. Lenbto AomkeH BbiTh He “ToTanbHas cnexka 3a 6egHbIMU
paioHamn”, a nepeBoj, He6e30MacHOro N HeyuTeHHOro NOTpe6baeHNs B ynpaBasieMblid, neranbHbli 1
6osiee besonacHbIN pexum. KOxHoadpprkaHckui onbIT informal electrification nokasbiBaeT, UTo
TeXHOMOrnMyecknin Nnogxos 6es community engagement He peluaet npobnemy: removed illegal wiring
can reappear within days, n neither technological approaches alone nor periodic clearing is adequate.
3TO KPUTUYHO A/18 BaLLero NpejnoXeHns NpaBnTebCTBY: KOHTYP BbISBAEHWA Haf0 Cpasy CBA3bIBaTb C
KOHTYpOM neranusauunm, coumaneHoro Tapmuéda 1 6e3onacHoro nogkatoHeHns. 29

JKOHOMMUKA, PUCKN n MaCLLITaGI/IpOBaHI/Ie

YTO nN3BEeCTHO N0 CTOMMOCTMU, a YTO AABNISIeTCA agonyueHmnem

Ha pbliHKe Mano ny6nYHbBIX 1 COMOCTaBMMBbIX LieH MMEHHO Ha Ball Habop peLUeHunid, M03ToOMy 6roaxeT
HVXKe HOCUT CLIeHapHbIA XxapakTep. B kauecTBe sskoperi MOXHO onepeTbes Ha ABa 0PULMaNIbHbIX
opueHTupa. World Bank gns cesoero noptdens AMI-npoeKkToB yka3blBaeT cpeAHUI nopsgok installed
cost smart meter okono $240, xoTa BapnaTUBHOCTb Benvka. FOxKHoadppukaHckas npakTuka informal
settlement electrification noka3seiBaeT, 4To NnonHoueHHoe household connection MoxeT cTOUTb NOpAAKa
R8,000-R12,000 Ha foMm, TO eCTb CeTeBbIe U OPraHM3aLMOHHbIe 3aTpaTkl YaCTO HAMHOIO BaXKHee LeHbl
camoro cyetyumka. CnegoBaTenbHO, 419 Ballero CLieHapus caMble 40porne 31eMeHTbl 3TO He CTOIbKO

sensor hardware, cKosbko BbIHOCHOW yueT B yn4Hble box'bl, GIS cleaning, operations, cBsi3b,

npaBoBow KOHTYp u field verification. 30

CpaBHeHMe BapMaHTOB MO LieHe, MacluTaby v nokanmsauuu

B Tabnuue Hmke CAPEX 1 localization range siBASiHOTCA MHXXEHEPHOW oLeHKoM aBTopa a1 T30, a He
KOMMepuecKkor KoTUpoBKOoM. OHM onuparoTcs Ha opuLmanbHO AOCTYNHbIE KNaccbl 060pyaoBaHUA U
case anchors, HO A0/KHbI 6bITb NepenpoBepeHbl Yepes RFI/RFP.

. TunnyHas
OTHOCUTENbHbIV .
BapuaHT CAPEX OPEX  MacwrabupyeMocTb  TOYHOCTb KommeHTapun
nokanusaumu
XOpoLUNTi
Tonbko TI1/ ynnua / nepBbIi
dnaepHbIin Huskuin Husknin  OuyeHb BbicoKas BeTBb / dnnbTp,
6anaHc feeder njoxas
a/ipecHoCTb
BanaHc + nponet/ .
NyyLwni
CerMeHTHble . . KkBapTan/ .
CpegHuin  CpeaHuri  Bbicokas CTapToOBbIN
AaTYNKN Ha rpynna
KoMnpommcc
ornopax JOMOB
banaHc + nydywas
CpeaHe- o AOM / awmk /
YNINYHble . CpegHnii  CpegHsas a/ipecHoCTb U
BbICOKWIA Manas rpynna

split-meTpbl

billing outcome


https://publications.iadb.org/publications/english/document/Electrokit-Power-Utility-Toolkit-Electricity-Loss-Reduction.pdf
https://www.cityenergy.org.za/uploads/resource_22.pdf
https://documents1.worldbank.org/curated/en/979981468940285618/pdf/107120-BRI-ADD-SERIES-Live-Wire-Series-09-Knowledge-Note-PUBLIC.pdf

OTHOCUTENBHBIN

TunnyHasa

BapuaHTt CAPEX OPEX  MacwTabupyemMocTb  TOYHOCTb KommeHTapui
nokanusauum
MeTpuyeckas He
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MapLupyTa

CueHapHas oL,eHKa TOYHOCTM

Ecnm nunoT nocTpoeH Tonbko Ha ¢uaepe n DT, To realistic target 310 yBepeHHoe BbigeneHne
NpPo6aeMHOI yANLbl NI YacTy noceska. Ecnm gobaBneHbl CErMeHTHbIE JaTUMKN Yepes Kaxable
100-250 M B NAIOTHOW BO3AyLLHOM ceTu, To median localization radius MoxHo Lenntbcs B 20-80 M, a B
6naronpusaTHol topology even better. Ecnu ncnonb3ytotcsa pole-box street meters nnu agpecHblie
branch CTs Ha kaXa0om 0b6cy>XK1BaeMOM OTBETB/IEHUM, TO JIOKaNN3aLUmnsa MOXeT bbITb JoBeAeHa A0
AOMa Unun HebonbLol rpynnel gomos. Ana UAV thermal/RGB nokanusauus ¢usnyeckort aHoManum
06bIYHO MeTpuyeckas bnarogaps own-positioning 1 laser range tools, Ho attribution kK KOHKpeTHOMY
noTpebuTento 3aBUCUT OT BUANMOCTU service drop, overlap wires u legality chain. ns ckpbITbix
underground cables mobile EM/GPR ocTaeTcs 06a3aTeflbHbIM GUHULLIHBIM MHCTPYMEHTOM. 3T1
PacCcTosHUA ABNSAIOTCSA MHXEHEPHbIM BbIBOAOM aBTOpa U3 Sensor spacing, pole geometry v drone
payload specs. 31

FnaBHble pUCKKN

TexHn4eckue false positives yayT NponcxoAnTb U3 NATU NCTOUHMKOB: HeyuTeHHble public loads,
topology errors, TexHnueckme losses Ha neperpy>eHHbIX U AIMHHbIX ydacTkax, faulty joints/
overheating that are not theft, n cesoHHble nerancHele high loads. VimeHHO nosToMy ronbiv “HebanaHc
bunaepa” Henb3si NpeBpaLLaTh B caHKUMto. OH A0MKEH NPUBOAUTE K AONOAHUTEIbHOMY
obcnepoBaHuto. UKPN 1 SPEN nonesHbl 3geckb kak obpasel, regulator-friendly classification, rae
unmetered supplies 1 conveyance errors siBHO oTaenstotcs ot theft. 32

OnepaumroHHbIA pUCK 3akao4aeTcs B TOM, UTo 6e3 community and legal pathway BbisiBneHuve byget
NopoXaaThk eLe 60nbLUYH HeCcTabunbHOCTL. South Africa NpsiMo MokasbIBaeT, YTO O4HU TONBKO
technology and enforcement He peluatoT npo6aemy informal supply. Regulatory risk coctont B
BO3MOXHOW HeJOMyCTMMOCTM YacTu aerial or remote measurements Kak CaMOCTOSATE/IbHOTO
AokasaTenbcTBa. Privacy risk Bo3HMKaeT npu 3anucy n3obpaxeHunii YacTHbIX y4acTkoB. Cyber risk
CBAI3aH C KOMMpPOMeTaLVen ynn4HbIX yCTPOKCTB, MoAMeHOoN TenemMeTpum 1 cabotaxem OTA updates.
Bce 310 TpebyeT oTaenbHoro legal-tech design Ha cTapTe, a He post factum. 33
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https://enterprise.dji.com/matrice-4-series/specs
https://www.ukpowernetworks.co.uk/distribution-network-energy-losses/non-technical-losses
https://www.cityenergy.org.za/uploads/resource_22.pdf

UyBCTBUTENbHbIV aHanU3 No TUNy TeppuTopmun

ApxeTun TeppuTopUm

Jly4yiias 6a3oBasi apxUTeKTypa

Yto ycunmeaTb

MnoTHasa Bo3AayLLHaA
3aCTpoWKa, KOPOTKMe NMponeThl,
visible service drops

CmellaHHas ceTb, YacTb Kabens
rnoJj 3emnein, XxaoTuuHas
Tonosoruns

[ANVHHbIE cenbckune duaepb,
HEeMHOro OTBETB/IEHWNI Ha
oropy

CTabunbHble NoceneHns, rae
BO3MOXHa Jleranmnsaums un
prepayment

CerMeHTHble JaTUmKmn Ha ornopax
+ HouHble NK-natpynu

TN/dunaepHbIi 6anaHc + dpoH
ANSt KAPTMPOBaHUSA +
MO6UNbLHLIA EM/GPR

¢naep/DT metering + peakas
cermMeHTaums B y3KMX MecTax

BbIHOCHOV split/pole-box
metering

BbI6OPOYHO Street meters
Ha SKOpPHbIX pole-box
ToYKax

GIS cleanup un topology
verification

drones Kak survey, He KaK
primary detector

coumnaneHbIl Tapud,
customer regularization

MnaH NnunoTa U peKoMeHAALUN NPaBUNTENbCTBY

Llenb nunota

Llenb xopoLuero nnioTa He B TOM, YTObbI “noiMaTb MakcMMyM HapyLlumTenei 3a 3 mecaua”. Lienb

nuaoTa B TOM, UTO6bI A0Ka3aTb A/15 NPaBUTEIbCTBA YEThIPe BELLW: YTO BHELLHWI 6anaHc 6e3 gocTyna B
AOMa felicTBMTeNbHO BbiISBAsSET hot segments; 4To 30Ha noucka reliably cyxaeTcsa go npriemnemoro
pagunyca; UTo NoJsly4arTCs OPUANYECKM 1 ONepPaLMOHHO NPUTrofHble Kelichl; 1 YTo cost per confirmed
case v recovered energy justify scaling. 9To ZOMXKHO N3MEPATLCSA He TOIbKO BbISIB/IEHHBIMY Kpaxamu,
HO 1 Ka4YeCcTBOM MOZENWN CETU, CKOPOCTbIO BepdUKaLMK 1 JoNeli KecoB, A0BeAeHHbIX 40

nerannsaunmn am caHkumm, 34

Mpeanaraemblii KOHTYpP NUIOTa

PedepeHcHbIV NUAOT 51 66l 3aknagbiBan Ha 3-5 dnaepos, 1-2 noactaHUMU/NNTaOLWMX paioHa, 8-20
pacnpegenntensHblx TpaHcpopmaTopos, 60-120 onopHo-cermeHTHbIX Touek, 10-30 yanuHbIX pole-box
metering points B Hanbonee cTabuibHbIX MUKPO30HaX, 1-2 drone teams 1 1 MO6UIBLHYHO Ha3eMHY0
rpynny. Macwtab MeHbLLUe 3TOro AacT CIMLWKOM Mano pasHoobpasus topology and behavior. MacwTtab
CUBHO BOMbLUE 3aTPYAHUT KaueCTBEHHYIO PyYHYO BEPUPUKALIMIO MEPBOA BOJIHbI KENCOB. ITO yXe
AonyLleHne aBTopa AN NPOEKTUPOBaHUSA NUAOTa.

MeTpuku ycnexa

MeTpuka

basoBas noruka

LleneBoii opmneHTUp
nunoTa

Jons ceTu, rae nsBecTHbl T, dugep,

MonHoTa undposoi
Tononorun

onopa, oTBeTBNeHMe, unmetered public
loads
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>90% B NW/IOTHOW 30He


https://www.esmap.org/multimedia/machine-learning-helps-power-down-electricity-theft-jamaica

MeTpuka

basoBas noruka

LleneBoii opmneHTUp
nunoTa

Alarm precision Ha
yposHe “ynnua/

JAOnNs cMrHanoB, kotopele nocne field
review felicTBMTe/IbHO BeAyT K anomalous

>70%

cermeHT” or illegal condition

<50 m B overhead
subzones

Median localization
radius

OT MepBOro c1MrHana Ao yvacTtka
dakTnyeckon Bepnurkaumm

>50% B instrumented
microzones

[Jons kelico. ¢ house-

Tam, rae topology u visibility nossonstoT
level attribution A pology y

Bpewmsa ot curHana o
Bble3ja

<72 vacos ans high-risk

nokasartenb operational maturity
cases

CHUXeHne HebanaHca

. Ao/nocne c ydetom seasonalit
no pilot feeders y Y

15-30% 3a 6-12 mecsueB
3aBUCUT OT MOAUTUKU, HO
AOJDKEH CUMNTATLCA
OTAeNbHO

Jons neranMsaumm vs . .

L BaXXHbI coumanbHbin KPI
punitive cases
JocTtynHocTb

uptime communication/data pipeline
TenemeTpum

>95% ansa critical nodes

371 KPI BNSOTCA NPOEKTHOM pekoMeHAaumein asTopa. Vix dopmynnposka onnmpaeTcs Ha MUPOBOIA
onbIT revenue protection and AMI deployment, HO KOHKPETHbIe YNCIEeHHbIe target values foNXHbI BbITb
yTBepXxAeHbl nocne baseline survey. 35

3Tanbl, o6opyaoBaHuMe, 6104>KET U CPOKU

OcHoBHOE .
BroKeTHbIN
3T1an CopepxaHune obopygoBaHue/ Cpok
nopsifoK
paboTbl
baseline losses,
) obcnepoBaHme
feeder selection,
. ceTn, data room,
MogroToBka legal/privacy . 2 mecsaua $80k-$250k
npaBOBOW MakeT,
package, GIS
T3
cleanup
TN/dpnpep/DT feeder/DT
WHCTpymMeHTUpOBaHMe metering, meters, pole
Py P 9 P 2-3 mecsaua $150k-$450k
cetun CerMeHTHble sensors, LoRa/
JaTyuunkun, gateways NB-IoT gateways
1-2 UAS
6asoBas
KOMMAeKTa, 2 Mecaua un
. aspodoTockemka,
Bo3ayLLUHbI KOHTYP thermal/RGB, Janee $80k-$250k
HOYHble VK-
npu 6roaxeTe LUMKINYHO

natpynu, 3D model
Py LiDAR
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https://documents1.worldbank.org/curated/en/979981468940285618/pdf/107120-BRI-ADD-SERIES-Live-Wire-Series-09-Knowledge-Note-PUBLIC.pdf

OcHoOBHOE

BroakeTHbIV
JTan CogepxxaHue obopygoBaHue/ Cpok A
nopsizoK
paboTbl
mobile unit, EM/ .
. vehicle/ 1-2 mecsuya
HasemHas GPR tracing, .
equipment/ n panee $60k-$180k
Bepudurkaums portable PQ, o
. training NMOCTOSIHHO
evidence workflow
integration,
Mnaté MDMS/GIS, rules ‘
natdopma n storage,
P engine, anomaly g . 3-4 mecsaua $150k-$400k
aHanuTMKa ) cybersecurity,
ranking, dashboard
workflow
before/after
@] lysis, regulator Hesasnciman
eHKa 1 peLueHue o ana ,
H P y 9 OLIEHKa, 1 mecsy, $30k-$80k
MacwTabrpoBaHUn report, scale-up
. roadmap
design

NToro ana pepepeHCHOro NMnoTa pasyMHbI CLLeHapHbIl Aranas3oH nopsjka $0.55-$1.6 MH 6e3 yueTa
KPYMHbIX Civil works, MaccoBo 3aMeHbl BBOAOB 1 LUMPOKOMACLUTa6HOM NporpamMMsbl ieraamsagmm. 370
He pbIHOYHAs KOTMPOBKA, @ MPOEKTHBIN AnanasoH. OH coBMeCcTUM ¢ oduumanbHbIMK cost anchors
World Bank no AMI n South African household connection economics, HO B BalLeM Kelice 3HaunMas
Aons pacxoAos yinaeT Ha GIS, operations, legal framework v integration, a He TonbKO Ha xene3o. 30

MNOTHLIA NPOEKT Ha 12 MecaLies

PekomeHgaLnu NpaBUTENbLCTBY

rocyAapCTBeHHbIVI npropuTeT A0JIKEH 6bITb pacCTaB/iEH TakK.

MNepBoe, NPUHATL HOPMATMBHYIO PaMKy “BHELLIHEro 40Ka3yeMoro yyeta 1 MOHUTOPUHra” Anst paioHOB
6e3 household metering. B Heli fo/xHbI 6bITb pa3geneHsl screening data, evidence-grade metering,
aerial evidence, field verification n customer regularization. be3 Takoro pasgeneHus Benuk puck
CMeLlaTb VHXEHEePHbIA CUrHan C oPUANYECcKUM A0Ka3aTebCTBOM. Mone3HbIn perynsiTopHbI
precedent gaet ANEEL: perynatop 3agaet loss incentives and limits, Ho He npeanucbIBaeT 04HON
TexHonornu, octa.nsas utility npocTpaHCTBO 419 ONTUMAaNbHOM KOMBMHaLMK mep. 36

BTopoe, dmHaHcmMpoBaThb He Tonbko end-user meters, a Becb cTek system metering at feeder and DT
level plus communications and analytics. Haniickas RDSS 35ecb ocobeHHO nokasaTtenbHa:
communicating system metering Ha feeder u distribution transformer level BctpoeHo B
rocysapcreeHHyto loss-reduction scheme uepes TOTEX/PPP logic. Ans Ballero npesnoxeHuns ato
CUNBbHBIN apryMeHT: NpaBUTENbLCTBO MOXeT GMHAHCMPOBATL He “cyeTunkn B gomax”, a visibility and
control of distribution segments. 37
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https://documents1.worldbank.org/curated/en/979981468940285618/pdf/107120-BRI-ADD-SERIES-Live-Wire-Series-09-Knowledge-Note-PUBLIC.pdf
https://www.gov.br/aneel/pt-br/assuntos/noticias/2025/relatorio-traz-niveis-de-perdas-tecnicas-e-nao-tecnicas-em-2024-no-sistema-de-distribuicao-de-energia
https://powermin.gov.in/sites/default/files/uploads/Final_Revamped_Scheme_Guidelines.pdf

TpeTbe, cTpOUTL procurement BoKpyr interoperability n cybersecurity baseline. 1na yMHbIX yan4HbIX
yCTpolicTB 1 gateway layer T3 fo/XHO TpeboBaTb COBMECTUMOCTb C OTKPbITbIMY MPOTOKOaMU 1
Hannune device identity, secure update, cryptographic logging, term-of-support un incident reporting.
MHaue yepes HeCKoNbKO NeT cucTeMa pacnagercs Ha vendor silos. World Bank otgensHo
npegynpexgaeTt o puckax interoperability/compatibility, a NIST gaet baseline no IoT and smart-grid

security. 38

YeTBepTOe, Cpa3y 3aknafbiBaTb B NPOEKT feranmnsaLmoHHbIA KOHTYp. B stable settlements, rae
rocylapcTBO HaMepeHOo He ToJIbKo npecekaTb theft, HO 1 dpopmanmsoBaThb access, Ha40 NPUMEHSTL
pole-box split metering, prepaid/social tariff options n nostanHyto regularization. FOxxHoadppukaHckni
onbIT NpsAMO nokasbiBaeT, uTo blanket connection, split meters and community liaison often work
better, uem endless cycle of illegal wire removal. 29

MaToe, opraHN3oBaTh MoJsieBble rpynnbl He Kak “MaccoBble peigbl”, a kak narrow, intelligence-led
operations. CHadvana digital screening, notom drone/ground verification, noTom 6e30MacHbIN Bble3g rno
Y3KOMY CNUCKY. TO CHUXaeT PUCK ANSi NepcoHana 1 ymeHbLuaeT KOHGAMKTHOCTL npoekTta. World Bank
revenue protection logic n utility drone practice nogaepXxnBatoT UMeHHO Tako noaxod. 39

LWecToe, cucteMy prHaHCMpPOBaTb CMELLAHHO. BO3MOXHbIE NCTOUHWUKI: FOCYAaPCTBEHHbIV AN
perynupyembliii utility CAPEX; nporpammel PPP/TOTEX Ha loss reduction; loans/grants M®O n
development partners no anHum grid modernization, distribution efficiency, public safety and digital
transformation; revolving fund, nononHsemelln YacTbio recoverable savings. World Bank v IDB
mMaTtepuanbl no AMI/loss reduction nokasbiBatoT, UTO revenue protection and loss reduction siBnsatoTcs
nHBecTuumsamMun B cash flow and utility sustainability, a He Tonbko B KOHTpONb. 40

BOo3MOXKHbIe MOCTaBLUKU N TEXHOIOFrNYecKue Kacchbl

Huxe He pekoMeHAaLMK No 3akyrke, a shortlist kateropuin gns RFL

Knacc peLueHuns

MpuMepbl nocTasLmkos/nnathopm

KommeHTapuin gna RFI

Line / pole
sensors

Distribution
transformer
monitoring

Split-core /
Rogowski sensing

Pole-box / split
metering

Drone platform
and payload

Sentient Energy, Hubbell Power
Systems, system integrators Ha 6a3e
Rogowski/CT

Franklin Grid Solutions n ananorun

Janitza, Eaton v aHanorn IEC 61869/
utility-grade

vendors c split/prepayment/tamper
alarms, HanpvMep NpPoAyKTOBbIE
knaccbl Landis+Gyr v permoHanbHble
OEM

DJI Enterprise class, nn6o cyBepeHHble/
HaumoHanbHble BAC No nonnTuke
3aKyrnok
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nckatb: current + temperature +
event capture + GPS/time sync +
secure OTA

nckaTe: per-phase current/
voltage/temp/PF + alarm logic

nckaThb: retrofit, class 0.5 or
equivalent, tamper sealing

McKaTk: active unit outside home,
tamper alarms, DLMS/COSEM,
relay control where legal

nckatb: RGB + thermal +
rangefinder, npu HeobxogMmocTK
LiDAR, encrypted storage


https://documents1.worldbank.org/curated/en/979981468940285618/pdf/107120-BRI-ADD-SERIES-Live-Wire-Series-09-Knowledge-Note-PUBLIC.pdf
https://www.cityenergy.org.za/uploads/resource_22.pdf
https://documents1.worldbank.org/curated/en/979981468940285618/pdf/107120-BRI-ADD-SERIES-Live-Wire-Series-09-Knowledge-Note-PUBLIC.pdf
https://documents1.worldbank.org/curated/en/979981468940285618/pdf/107120-BRI-ADD-SERIES-Live-Wire-Series-09-Knowledge-Note-PUBLIC.pdf

Knacc pelueHua MpuMepbl nocTasLmkos/nnateopm KommeHTapuin gna RFI

obazaTensbHbl API, audit trail,
graph/GIS support, role-based
access

GIS/analytics/ OTKpbITas MHTerpaLmoHHas
platform apxuTekTypa, vendor-agnostic stack

MoaTBepXAEHM e Mo TexXHoNorn4Yecknm knaccam: Sentient, Franklin, Hubbell, Janitza/Eaton, Landis+Gyr
keypad prepayment, DJI Enterprise official specs. a5 rocyaapcTBeHHbIX 3aKyNnoK Hy>XeH OTAeNbHbI
screening No KM6eppurckam, NoKaamsaumnm cepBmrca, IKCNOPTHBIM OrPaHNYEHNUSIM 1N HALVMOHaNbHOM
ceptudumkaumm bAC. 41

OTKprTbIe BOMNPOCHI N OrpaHNYEeHuA

370 McCef0BaHMe NO3BOJISET YBEPEHHO NPEASIOKNTE apXUTEKTYPY, MPUOPUTETHI Y MNNOTHYHO pamky,
HO He 3aKpbIBaeT HECKOJIBKO NMepeMeHHbIX, KOTOpble MPUHLMNMANABHO BAMSIOT Ha T30.

Bo-nepBbIX, Hy>XHa TOYHasA UCXOAHasa KapTa ceTu: AnHbl duaepos, uncno TIN/DT, gons underground vs
overhead, cpegHee unc0 OTBETB/EHWI Ha oropy, pakTnyeckas HOCTb 3aCTPOWKM 1N Hann4vmne
unmetered public loads. be3 aToro ntbas cMeTa oCTaHeTCs CLieHapHOWA.

Bo-BTOpbIX, CTpaHa 1 IOPUCAMKLMA He YToUHeHbI. [To3ToMy regulatory section onvpaeTcs Ha
MexJayHapoaHble precedents, a He Ha OANH HaLMOHaNbHbIV CBOA HOPM. [INs NPaBUTENbCTBEHHOMO
npeAioXeHns 3T0 03Ha4aeT HeobXoANMOCTb OTAeNbHOro legal annex: gonycTmocTb aerial inspection,
privacy/data retention, ctaTyc remote measurements, powers for disconnection, social tariff and
regularization pathway. 42

B-TpeTbux, Ny6nUHbIX 0dULMaNBbHBIX KEACOB Ha TEMY MMEHHO “HapyXXHasi cucTemMa BbisiBieHUs theft B
parioHax 6e3 6bITOBbIX CHETUMKOB 1 6e3 foMnycka B 4OMa” HEMHOrO. [JOCTyMNHbIe KeACbl MOATBEPXKAAIOT
feasibility anemeHTOB cucTeMbl, HO peako packpbiBatoT house-level precision, false positive rates n cost
per confirmed case. [Mo3ToMy NMIOT AO/MKEH BbITb NOCTPOEH Kak instrumented evaluation, a He Kak
npocTo rollout o6opygoBaHusa. 43

NToroebili BepAMKT. Ana NpaBuTeNbCTBa Hanbonee CUibHOE NpeAnoXeHe CeroAHs BbIMSANT Kak
nosTanHas nporpamMma BHelLLUHei HabnogaeMocTy pacnpegennTesbHOW CeTU, a He Kak
3K30TMYecKas “oxoTa ApOHaMKN” N He Kak MFHOBEHHas ToTaslbHasi yCTaHOBKA BbITOBbIX CHETUMNKOB.
MpaBubHbIV NOPSAOK AeicTBU: 6anaHc Ha TM/¢uaepax u DT, cermeHTaLus onopamMmu, ToUeUHbIV
BbIHOC y4eTa Hapy>Xy, APOHbI KaK C/I0V IoKannsaumm, MobunbHas HaseMHas Bepupukaums,
3aTemMm MmacwtabuposaHue no gokasaHHomy KPI. 3ToT noaxoga ny4le Bcero banaHcmpyet
CTOMMOCTb, 6€30MaCHOCTb, 06 BACHNMOCTb 1 MaCLLUTabMpyeMoCTb. 44

15 7 9 12 37 44 https://powermin.gov.in/sites/default/files/uploads/
Final_Revamped_Scheme_Guidelines.pdf
https://powermin.gov.in/sites/default/files/uploads/Final_Revamped_Scheme_Guidelines.pdf

2 22 31 https://enterprise.dji.com/matrice-4-series/specs

https://enterprise.dji.com/matrice-4-series/specs

3 27 34 43 https://www.esmap.org/multimedia/machine-learning-helps-power-down-electricity-
theft-jamaica
https://www.esmap.org/multimedia/machine-learning-helps-power-down-electricity-theft-jamaica
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4 16 https://www.researchgate.net/publication/381617825_Data-
Driven_Approaches_for_Energy_Theft_Detection_A_Comprehensive_Review
https://www.researchgate.net/publication/381617825_Data-
Driven_Approaches_for_Energy_Theft_Detection_A_Comprehensive_Review

6 https://documentsi.worldbank.org/curated/en/829751468326689826/pdf/
926390WP0B0x3800in0theOpower0sector.pdf
https://documents1.worldbank.org/curated/en/829751468326689826/pdf/926390WP0B0x3800in0theOpowerOsector.pdf

8 30 35 38 39 40 https://documents1.worldbank.org/curated/en/979981468940285618/pdf/107120-
BRI-ADD-SERIES-Live-Wire-Series-09-Knowledge-Note-PUBLIC.pdf
https://documents1.worldbank.org/curated/en/979981468940285618/pdf/107120-BRI-ADD-SERIES-Live-Wire-Series-09-
Knowledge-Note-PUBLIC.pdf

10 11 41 https://sentientenergy.com/products/mm3-line-sensor/

https://sentientenergy.com/products/mm3-line-sensor/

13 https://www.franklingrid.com/en/products/power-grid-monitoring/distribution-transformer-
monitor/
https://www.franklingrid.com/en/products/power-grid-monitoring/distribution-transformer-monitor/

14 https://protect.gost.ru/gost/details/2e494f4b-34a9-4e4d-aa00-84b89be2cd77
https://protect.gost.ru/gost/details/2e494f4b-34a9-4e4d-aa00-84b89be2cd77

15 https://www.eaton.com/content/dam/eaton/products/low-voltage-power-distribution-controls-
systems/power-energy-meters/5a-solid-core-current-transformer/5a-split-core-current-transformers-
%28ct-sp%29-technical-data-td049001en.pdf

https://www.eaton.com/content/dam/eaton/products/low-voltage-power-distribution-controls-systems/power-energy-
meters/5a-solid-core-current-transformer/5a-split-core-current-transformers-%28ct-sp%29-technical-data-td049001en.pdf

17 https://www.cired-repository.org/server/api/core/bitstreams/bda5c164-
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