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BJIMSTHUE OTKJIOHEHUA HATIPSIKEHW S MU TAIOIIEN CETA HA PABOTY ACHHXPOHOTI'O
IJIEKTPOIIPUBOJA B TOPHOPYHBIX TIPEAIIPUATUAX.

BBenenue. OOecrnieueHne HAAEKHOCTH YPOBHS DSJICKTPOCHAOKEHHS peamu3yercs, B TOM dHCIE, 3a CUET
MOJICP/KaHMS TIOKa3aTesiell KadecTBa HJICKTPO’HEPIMM THTAIOUNICH CETH Ha YpPOBHE 3HAUYCHHWH, YKa3aHHBIX B
HopMmatuBHBIX nokymeHTtax (OCT). [lns peanu3anuii Bbillie MOCTABICHHOI 3a1a4l HEOOXOAUMO OOpaTHTh BHUMAaHHUE
Ha paboTy Hanbosiee PacIpOCTPaHEHHBIX TUIIOB JIEKTPUUECKUX JBUTATEIICH B YCIOBUSIX KOHKPETHOT'O JKEJIE30PYAHOTO
KoMOHMHATa ¢ y4€TOM HM3MEHEHHWs! 3HAuCHMs IOKa3zaTelled KadecTBa 3JICKTpOdHEpruu. B naHHOM ciydail Hambosee
MacCCOBBIMH SIBJISIETCSI ACHHXPOHHBIE IEKTPOJBUTaTEN.

IocranoBka 3amaum. Pemenne npoOneM 35eKTpocHa0XKEHHsT TOPHBIX NPEINPHITHH SBIsSETCs, oOecredeHus
ONITUMAJIbHON HaJEKHOCTH B CXeMax, obecredenne 3aeKTpornpueMankoB (DI1) HeoGX0ANMBIM Ka4eCTBOM MHUTAFOIIETO
HaTpsDKCHHS BO BCEX PEXHMMax paboOTHl CTaporo W HOBOTO TOPHOTPAHCIOPTHOTO OOOpYIOBaHWS H, KPOME TOTO,
HCTIONB3yeMasi CHCTeMa HIICKTPOCHA0KEHHS TOJDKHA OBITh SKOHOMHUYIECKH HanboJiee BBITOTHA.

MatepuaJjbl uccjiegoBaHus. VICIoIp30BaHNE IEKTPHUSCKON YHEPTHUN OIpPEaesieTcS He TOJNBKO T0Ka3aTeIsIMU
Ka4decTBa AJIEKTPOIHEPTHH INHTAIOIIEH CeTH, HO M 3aJaHHBIM TOTPEOJICHHEM 3IIEKTPOIHEPTHH 3JIEKTPOTEXHUUECKUM
000pyI0BaHNEM O0OBEKTOB HATPY3KH, a TAK)KE WX BIMSHUEM Ha Ka9eCTBO JIEKTPOIHEPTUH.

W3meHeHne noTpeOiaeHus] 3JIEKTPOIHEPTUU OOBEKTOB HArPY3KH IIPOMCXOAWT OECIpephbIBHO — BKIIOYACTCS H
BBIKJTIOUAETCSl TEXHOJIOTHYECKOE 000pylNOBaHHE, BapbUPYyETCs €ro norpediseMas MOIIHOCTh — 3TO O0YCIlIaBJIMBAET
HEOOXOMMOCTh KOHTPOJIS HaJl PACTIPEACICHUEM IIEKTPHUICSCKON SHEPTUH U HOPMUPOBaHHEM HArpy3KH [1].

IIpoBenéHHBINl aHANM3 OCHOBHBIX THUIOB OJJICKTPUYECKHX IPHUBOAOB IPUMEHSEMBIX Ha JKEIE30pPYAHBIX
KOMOMHATax YKpauHbl II0Ka3blBacT, 4YTO ACHHXPOHHBIE [BUraTeld 3aHUMAIOT Joio Oojee TpeTH Bcex
9KCIUTyaTHPYEMBIX JBHUTrATelCH, 4TO MmoKa3aHo Ha rpaduke (puc.l).

AKTyalbHOCTH  BONPOCA  BIMAHUS  IOKa3aTesei
kadecTBa dyiekTposHeprun ([IKD) Ha acHHXpOHHBIN
DJIEKTPONPUBOA  MOATBEPXKIAETCS  3HAYMTEHLHOM
PacnpOCTPAHEHHOCTBIO MOCIEIHETO.

CHmKeHHEe KadecTBa DJIEKTPOIHEPTHH NPUBOIUT K
OTPHUIATENFHBIM TOCIEACTBHAM JIIEKTPHYECKOTO U
TEXHUYECKOTO XapaKkrepa.

Ca
Cpe[ll/l HHUX CJIEAYET OTMETHUTH:

39.4%
\/ *  VYBenuyeHUe NOTEPh AaKTUBHOW U PEAKTUBHOU

MOII[HOCTH;
e Coxkpoenue Cpoka CILyKOBI
Puc.1 lnarpamMmma COOTHOIICHHH YCTaHOBJIEHHBIX 3IIEKTPOOOOPY IBIBAHNS;
MOIIHOCTEH 10 BUAAM SJIEKTPUUYECKUX IBUTATEIICH. ° Hapymrenne ycnoBuit HOPMAJIBHOTO
(TTAO « KpuBOpOKCKHIA 5KETC30PYAHBIN KOMOUHAT » (YHKIMOHUPOBAHUS 3JEKTPOIPHEMHUKOB U
, 2014ron) MOTpeOUTENEH B IIEIIOM;

. Hanecenme Bpema okpyxaromeid cpeae u
3I0POBBIO YEJIOBEKA.

Jnsi mpeAoTBpAILCHUsS] TAaKUX IOCICACTBUIl HJIM WX OrPAaHHUYHUS HEOOXOAMMO KOHTPOJHPOBATH U YIPABIATH
KaueCTBOM DIICKTPOIHEPruux [2].

OpnHUM U3 OCHOBHBIX, (DUKCHpYEMBbIM IokazateneM KO sBisieTcss OTKIIOHEHHME HANpsDKEHHMS HMHUTAIOIIEH CeTH OT
HOMMHAJIBHOTO 3HaYCHHs, HOpMUpOBaHue Kotoporo pernamentupyercs TOCT 32144 — 2013[3].

MeuieHHbIE U3MEHEHHSI HAMPSDKEHUS 3JIeKTponuTaHus (Kak MPaBWlo, MPOJODKHTENILHOCTBIO Oosiee 1 muH)
00yCIIOBIICHBI OOBITHO N3MEHEHUSAMH HATPY3KH dJIEKTPUIECKON CETH.

IMokazarensmu K3, oTHOcSAmMMHUCA K MEUICHHBIM M3MEHEHHSIM HAIPSHKEHUS DJICKTPONUTAHUS, SIBISIOTCS
orpunatensHoe OUy u monoxurtenpHoe OU(,) OTKIOHEHHsS HANpsDKEHMs OJIEKTPONMTAHMS B TOUKE Ieperadyn
ANEKTPHYECKON SHEPTUH OT HOMHHAJIEHOTO COTIIACOBAHHOTO 3Ha4eHUs, 0!
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riae Um( R Um(_) - 3HAUYEHUS HANPSKCHHs dJeKTponuTanus, MeHpine Uy m Gompimue Uy COOTBETCTBEHHO,

ycpenHeHHble B uHTepBane BpemMenn 10 muH B coorBercTBum ¢ TpeboBanusimu ['OCT
30804.4.30noxpaznen 5.12;

UO- HaIllps’KCHUE, paBHOC CTAaHAApPTHOMY HOMHUHAJIBHOMY HANPSAKCHUIO unom wau

coTrTacoBaHHOMY HampspkeHnio U,

B aneKkTpHUUeCcKHX CETSX HU3KOTO HANPSDKCHHUS CTaHIAPTHOE HOMHHAIBHOE HATPsDKeHHE dJekTporutanus Unom
paBHo 220B (Mexay (asHbIM ¥ HEHTPAILHBIM TPOBOJAHUKAMHM JUIS OAHO(DA3HBIX U YETHIPEXIPOBOAHBIX TPEX(PasHBIX
cucteMm) 1 380B (Mexay GpasHbIMU MPOBOIHUKAMU [T TPEX M YSTHIPEXIPOBOJHBIX TPEX (DA3HBIX CHCTEM).

B 3JeKTpHYECKUX CETAX CPEIAHET0 M BBICOKOTO HAIPSUKCHUM BMECTO 3HAYCHHS HOMHHAIBHOTO HANPSKCHUS
SIICKTPONUTAHUS TPUHAMAIOT COTJIACOBAHHOE HAMpPsDKEHHE syekTpormTanus Uc - COTIacOBaHHOC HAMPSIKCHUE
anekTponuranus, B, kB.

Jlnst yKa3aHHBIX BbINIE MOKaszareneir KD ycTaHOBICHBI CICIYIONIME HOPMBI: MOJOKHTEIBHBIC W OTPUIATETbHBIC
OTKJIOHCHHSI HATIPSDKEHHS B TOYKE Tepeaavn 3JIEKTPUUCCKONW DHEPTHUH He MOJDKHBI mpeBbimiath 10 % HOMHUHAIBHOTO
WITH COTJTACOBAHHOTO 3Ha4YeHHs HanpsokeHus B Tedenue 100 Y%BpeMeHn HHTEpBaia B OJHY HEIEIIO.

JlonmycTuMble 3HAYCHHUs MOJIOKHUTEIBHOTO M OTPHLATENBLHOTO OTKIOHCHHH HANpsDKCHHS B TOYKaxX OOIIero
TIPUCOCANHEHHST JOJDKHBI OBITh YCTAHOBJICHBI CETEBOW OpPTaHM3alUell ¢ y4eTOM HEOOXOMMMOCTH BBIMIOJHEHHS HOPM
HACTOSILIETr0 CTaHIAPTa B TOUKAX Mepenayn dJIeKTPUIecKor sHepruu. [3]

B oanekTpuueckoil ceTH MOTpeOUTeNs MAODKHBI OBITh OOCCIEYEHBI YCIOBHS, NPH KOTOPHIX OTKJIOHCHHS
HAMPSDKEHUS] TUTAHUS HA 3aKUMax OSJICKTPOIPHEMHHUKOB HE MPEBBINIAIOT YCTAHOBJICHHBIX IS HHUX JOMYCTHMBIX
3HaYEHUH MPHU BHITIOTHEHUH TpeOoBaHUI HacTosIero ctanaapra kK KO B Touke mepeaadn 2JIeKTpUIeCKO SHEPTHH.

st ompesieNieHnsl OTPULIATEIBHOTO U MOJOXKHUTEIBHOTO HanpskeHus, % Ugn H3MEpAI0T CpeHEKBaIPaTHYCCKUC
3HaueHus: HanpsoKeHUst U s 200ms HA OCTANIBHBIX MHTEpBasax Bpemenu (10/12nepuonos).

3HaueHHe OTPULATEILHOrO OTKIOHEHUS HANPSKCHUS Urmg under | B IOJIOXKHTEIBHOTO OTKIOHCHHS HAIPSIKCHHS
Urmsover i B | —M OCHOBHOM HHTEPBaJle BPEMEHH ONPEJIEIAIOT C HCIob3oBanueM Boipaxkenuit (3),(4),(5),(6). [4]

st ompezereHns] 3HaYCHUST OTPHLATEILHOTO OTKJIOHECHHS HAMPSDKCHUS B | — M OCHOBHOM HHTEpBAJic BPEMEHH
U ms under_i IPUMEHSIOT CIEAYOLIEe IPABUIIO:

eclimn U rms200,i > U din? TO U rms_under ,i = U din? (3)
ecmt U oo00i SUgins 10 U ingeri = Y rms200 - ) (4

rae U rms200i " PE3yabTAaT UBMEPCHUS HAIPSAKCHUSA B i —M OCHOBHOM HUHTEpPBAJIC BDCMCHU.

Jliist onipeiesieHust 3HAYSHUS [TOJIOKUTEIHHOTO OTKIIOHEHHSI HATIPSHKEHUS B | —M OCHOBHOM MHTEPBAJIC BPEMEHU
Urims over | IPUMEHSIOT CIIEYIOIIEE IPABUIIO!

eciim U rms200,i < U din? TO U rms_ over ,i = U din’ (5)

eciim U rms200,i 2 U din? TO U rms_under ,i = U rms200;i * (6)
3HaYeHHs OTPULATENHHOTO OTKJIOHEHH)S HANPSKEHNS Ha 00beIMHEHHOM HHTepBaie BpeMeHH Uynger, %0 U din »

oIpenessioT 1o Gopmyre:

n
2

ZU rms_under ,i

_ i=1

U din n

U ner = ) 7

under
U din

rae N —4ucJi0 OCHOBHBLIX HHTEPBAJIOB BPEMECHHU B 06’BC,HI/IHCHHOM HUHTEPpBAJIC.

3HaYeHUS OTpHULIATCJIbHOTO OTKIIOHCHUS HAIIPSY)KCHUSA HaA 06’])6,HI/IHCHHOM HUHTCPBAJIC BpEMCHU Uover, % U din

OTIPEISIISAIOT 10 popMyJIe:

-u din
U = . (8)

over
U din
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Kaxmprit NPUEMHHUK DJICKTPOOHEPTUU HMEET HAUITYdIIIEC TEXHUKO — DKOHOMHUYECKHE IIOKa3aTeiini IIpu
OIIPEACIICHHOM ONITUMAJIbHOM HANPsHKCHUHW HA €T0 3aXXKUMax. OTKJIOHEHHE HAIMPSAXKCHUA OT ONITUMAJIBHOTO ITPUBOJUT K
H3MEHCHHUIO TEXHMKO — DJKOHOMMYECKHMX IIOKa3aTellei MNPUCMHUKOB SHGKTpI/I‘IGCKOﬁ OHEPIruu. HpI/I HU3MCHCHUHU
HaPpsKCHUST MCHAIOTCA TAKXKE MOKA3aTCIIN camoii CCTHU, B OCHOBHOM 3a CUYCT U3MCHCHUS IOTECPb MOIMHOCTHU U DHCPTHUU.
Taxum 06p3.30M, OTKJIOHCHUSA HAIPSHKEHUA B OTHACJIBHBIX TOYKaX CETH OKa3bIBAlOT BIMWAHUE HA BCIO CHCTEMY

ANEKTPOCHA0KEHUS IPEATIPUATHS.

B Hacrosimiee Bpemsi Hanbosiee pPaclpOCTPAHEHHBIMU MPHEMHHKAMH 3JICKTPUYECKOW JHEPTUH B IOA3EMHBIX
BBIPA0OTKAaX MIAXT FOPHOPYAHOHN MPOMBIILICHHOCTH SIBIISIOTCS aCHHXPOHHBIC IBUTATEIH, KOTOPBIC UCIIOJIB3YIOTCS IS
MPUBO/IA CaMbIX Pa3HOOOPa3HbIX MeXaHU3MOB. B Tabi. 1 npuBeaeHb! AaHHbIC MO BIUSHUIO OTKIOHEHHN HAMPSHKCHUS B
npenenax ot — 10 %mo + 10%mna xapakTepHUCTHKN aCHHXPOHHBIX 3JICKTPOIBUTATEIICH.

Tabnuna 1 - Bousiaue OTKIOHEHHS HanpspkeHus B npeaeiax oT — 10 %no + 10%Ha xapakTepuCTHKH
ACUHXPOHHBIX 3JICKTPOIBUTATEIICH.

XapaKkTepuCTUKU JBUTATENEH

H3menenne XapaKTCPUCTHUKU ITPU USMCHCHUU

HaIpsDKEHUS
-10% +10 %
ITyckoBoil 1 MakCUMabHbIHM BpalllaloIiii MOMEHT - 19% +21%
CUHXpOHHAsl 4YacTOTa BpaICHHs
Ckonbxenue, % +23% -17%
YacToTa BpallleHus NP HOMUHAJIBHOW HAarpy3ke -15% +1%
KoaddunmeHT mosie3Horo AeWcTBUS:
ITpu HOMUHAIBHOI Harpy3Ke -2% +1%
[Tpu Harpyske 75 %
[Tpu narpyske 50 % -1%/-2% +1%/+2 %
Koaddunment MomHocT Ipu Harpyske :
100 % +1% -3%
75 % +2%/+3% -4%
50 % +4%/+5% -5%/-6%
Tok poTopa npu HOMUHAJIBHOH HArpy3Ke +14 % -11%
Tok craTopa Ipu HOMHHANBHOH Harpy3ke +10 % -7%
[TyckoBoii TOK +10%/+12% —-10%/-12%
[Ipupoct Temneparypbl 0OMOTKH IIPU HOMUHAJIBHOW Harpy3Ke +5%/+6% [MpakTuyecku 6e3
HM3MECHEHUS

PaccMoTpuM BIMsSIHME OTKIIOHCHWI HAmpsDKEHUS Ha pabOTy aCHHXPOHOTO IIBUTATENS. DJICKTPOMATrHHTHBIN
MOMEHT, CO3/[aBaeMblii BpamamommMcs mosem cratopa AJl, omuceiBaetcs (ynkuueir M, = f(U) (puc.2). Ha stom
pUCYHKE TpWBEACHA 3aBUCHMOCTH BPAINAIOMIEr0 MOMEHTa pabodero MexaHu3Ma My, OT €ro CKOPOCTH BpalleHHS.
Touka 1 cooTBeTcTBYET paboTe NBUTATENS MPU HOMHUHAIBHON HArpy3Ke, IIPH 3TOM CKOJBKCHHE PABHO Sy = S,,,. llpu
MMOHMKCHUU HATPSIKCHUS, OTPEACISIEMOT0 MOJOXKCHAEM XapaKTCPUCTHKH B TOUKE 1, 10 HANPSOKEHHS, ONPEACIsIeMOro
TOJIOKEHHUEM XapaKTePUCTHK B TOYKE 3 (U,L,,M > U, > U3), CKOJIbLKCHHE YBEIIMYUBACTCSI S, < $ < $, a
9NEKTPOMArHUTHBIA MOMEHT CHmXaercs M,,, > M, > Mgs, T.e. IpOM3BOAUTENHHOCTh MEXaHNW3Ma, NPHBOANMOTO BO
BpallleHHE JJICKTPOJABUIATENIEM, CHHXKACTCSA. 3alyCK JBUTATENsl MPU MOHMKEHHOM HAmpsbKeHWH, korma S > 1,

HEBO3MOKEH, Tak Kak M,, < M,,,,.

Man1=(U1 = Unom)
M9n2=(U2 < UHom)

Man3=(U3 > Urom)

MMEX1
Muex2 H,
’ MMEX
Mo T
/‘ '\
A Ny \
| ~ U~
/ \'\ — —
0 S15283 s=1 "

Puc. 2 BiusiHue u3MeHeHH HAPsHKEHUS Ha DIICKTPOME-
XaHUYECKHE XapaKTePUCTUKU aCHHXPOHHOTO JIBUraTes

290

M3BeCTHO, YTO MPH CHIDKCHHH HAIPSOKCHUS Ha
3akuMmax JgBurareias Ha 15% HOMHHANIBHOTO €ro
JJIEKTPOMATHUTHBIT MOMEHT CHmKaercs a0 72%
HOMMHAJILHOT'O.

IIpy yMCHBIICHUU HAMPSDKCHHUS CHIDKACTCS
ammiMtyna  xapakrepuctuk  M,, = f(U),
YBEJIMYMBACTCS €r0 CKOJBKEHHE S W CHIKACTCS
cKopocTh  Bpamienus. Ilpu  ocranoBke AJl,
HaMpuMep IpH rIyO0KOM MpoBase HANPSHKEHHS, S =
0,9 +1, uckmovaeTcss BO3MOXKHOCTh CaMO 3aIycKa,
YTO MOXET OBITh OYCHb HEOOXOJUMO  JUIS
HEKOTOPBIX TEXHOJIOTUIECKUX MPOIECCOB.
ACHHXPOHHBII [BUraTeib HE 3alyCKaercsi B Tex
cinyyasx, korma M,, < M,.,. VYMeHblIeHHE
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ko3 unpenTa 3amaca ycronunBoctd AJl K = M., vax! M., 110, MOKET TIPUBECTH K €T0 ONMPOKUabIBaHuI0 ipu K< 1. Ilpu
YBEJIMICHUH CKOJIBKEHHUS BO3PACTAET TOK, YTO MPUBOIUT K JOMOJHUTEIbHOMY HarpeBy A/Jl. Ilpu qInTeIsHOM PEeKUME
pa6orst ipu U = 0,9U,,,, cpok ciryx0b61 AJ] coxparaercst BIBoe.

[Ipu W3MEHEHUH HANPSKEHUS CETH 110 CPABHCHUIO C HOMHUHAIBHBIM aKTHBHAS MOIIHOCTh HA Bally aCHHXPOHHOIO
JIBUTATEIISL OCTACTCS MPAKTUUCCKU MMOCTOSHHOM, OJTHAKO U3MEHSIOTCS NOTEPU aKTHMBHOM MOIIHOCTH B HEM, YTO MOMKET
BbI3BaTh IIEPEPACXON WM IIOJYYUTh DKOHOMHIO 3JICKTPHUYECKON OSHEPruu. PeakThBHAsS MOILIHOCTh IPH 3TOM
CYIICCTBEHHO MeHseTcs. [ MPpUOIMKEHHBIX PAacYeTOB MOJYKHO IPHHSTH, YTO IS ABHTaTelIeH CIWHOW cepum A
MotHOCTh 0T 20-100kBT noBeiienne Hanpspkenus Ha 1% npuBoguT K pocTy peakTuBHOW MomHocTH Ha 3%, a s
JIBATATEIIEN MEHBIIEH MOIIHOCTH Ha 5-7%.

3HAYUTEIBHBIN YIIEpPO MPOMBIIUICHHBIM HPSANPHUITASIM HAHOCHT COKPAIICHUE CPOKa CIIY)KObl aCHHXPOHHBIX
JIBUTaTeNiel, paboTalommuX ¢ OONBIION 3arpy3koil W TOHMKEHHBIM HaNpsDKeHHEM. PacdeThl IMOKa3bIBalOT, YTO
HAMBBITOJAHCHIIIAM C TOYKH 3PCHHS YBEIHUYCHHS CPOKA CIIYKOBI JIBUTAaTEICH SIBISCTCSI HOMUHAIBHOC HAMPSDKCHUE WA
HanpsbKeHUeE BbIllIe HOMHHAIBLHOTO.

Yacrorta BpalicHNsd aCUHXPOHHBIX ﬂBHFaTeHeﬁ MCHACTCA B 3aBUCUMOCTHU OT MMOABCACHHOI'O HAIIPSY)KCHU .
BLIBOII. OTKII0HCHHE HapsPKCHUA CYIICCTBECHHO BJIUACT HaA pa60Ty ACUHXPOHOT'0 IpHUBOAA.

Heo6x0auMoCTh MpOBEICHUST MEPOIIPUATUIN TI0 YAYYIICHHIO KAueCTBA HAMPSHKEHUS B dJIEKTpHIECKuX ceTsx. [Ipu
OTKJIOHCHHMSIX HATIPSKCHUSI Y TIPUEMHHKOB 3JIEKTPOYHEPTHUH BBINIE HOPMBI 1€7IeCO00pa3HO HE YCTAaHABIHBATH CPEACTBA
PETyIMPOBAHKS HAIPSUKCHUSI, KOTOPHIC YBEIMYMBAIOT KAlUTAIbHBIC 3aTPaThl HA CETh W MOTEPH 3JIEKTPOIHEPTHH, a
paIUKalbHO MEPECTPOUTh CHUCTEMY JJIEKTPOCHAGKEHMsI, OCYIIECTBUTH II€PEeX0o] Ha 0oJiee BBICOKHHM YPOBEHb
HAMpPSDKEHUS paclpeIeuTeNIbHbIX ceTeil. [I0BbIIeHIEe HAMPSHKEHUsI, KaK PABHUJIO, YIyUIaeT TEXHUKO-IKOHOMHUYECKHE
MOKA3aTellM CHCTEMBI 3JIEKTPOCHAOKEHUS TIPSINPHUATHS, OJHOBPEMEHHO YIIyUIITACTCS U KAYeCTBO AIICKTPOIHEPIHH Y
moTpeOUTENCH.
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