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MupoBble TeHOeHUuu B pa3sutum Pl

Poct cymmapHon ycTaHOBJIEHHOM MOLIHOCTM ycTaHOBOK Pl B
3HeprocucrtemMax pasBUTbIX CTpaH

PocTt ycTaHOBJIEHHOM MOLHOCTU €AMHUYHLIX OObekToB PI
(BeTponapkun, KpyrnHble CONMTHEYHbIEe 3NIEKTPOCTaHLINN)

Poct BO3peuctBua obbektoB PI Ha yctaHoBuBLUMECA U
AWHaMUYecKne pexumbl padotbl 33C

Pe3epBupoBaHue PI' YxectouyeHue TT K
3HeproyctaHoBkamu T3C, paboTte 06LEeKTOB
A3C u nx peHoBauus Pl B coctaBe 33C

1. Co3paHue HOBLIX MoAaerneu ynpasneHnsa oobekrtamu Pl

2. Pa3Butne rmopuaHbIX KOMMJIEKCOB C MNPUMEHEHUEeM TEeXHOJSIOrMu
HaKOMJIeHNA 3Heprum

3. PaszButue texHonorun «Smart Grid»

4. Pa3BuTue TexHosiorum coopa, oopaboTtkm u nepenaydm gaHHbIX
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[MpumMmepbI yKecTouyeHna TpedoBaHUN
ana C3C (FepmaHug)

Power Imbalances
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Unclear behavior after under
frequency load shedding Network Fraquency
T T T T T T T T

504 ——=
T LS S S SO S NSO AR S 4]

50 | ; | I | | | | i | ! | ; |
B AE = L PR R I R
] R e R Sl by A el (R A ELE Eenl” GECeal RER SRRt i meabatly
[Hz] 496 ==mrfommnm o ofo oo oy 2 A A Y /A B A
494t - A i I ATani s B SRR

1 I I I I I I 1 I I I I
492 iAot B R

49 _:: | | | | . | . 1 | | . : : : :
48.8-+f--  Well below load-shedding thresholds ———j; ————— S M nhRbly

486 . I
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900

1. BbIcTpoe oTKMoYeHne PV-yCTaHOBOK NP OTKMOHEHUSIX YacToTbl 3a
npepensi auana3oHa 47,5 — 50,2 'y ¢ Bbiaepxkon BpemeHun 0,2 ¢
(Hanpumep, Npu oTKNOYEeHNN HacocoB MoLwHou NADC)

2. Pe3koe cHMXeHue 4acTtoTbl B 93C npu OTKNOYEHUU O6OSbLUOro Yyncna
PV-ycTaHOBOK AeNCTBMEM 3alMTbl MO NOBLILUEHUIO YaCTOTbl

3. HeyctonumBas pabota AYP

HoBble TexHnYeckme TpeboBaHusA K 'Y B ceTAX HU3KOro HanpshKeHus
(VDE-AR-N 4105) yctaHaBnuBarLwme Heo6xoAMMOCTb NIaBHOrO CHUXEHUA MOLLHOCTHU

'Y npu noBbiweHnn Yactotbl B 39C B gnanasoHe 50,2 — 51,5y
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[MpumMmepbI yKecTouyeHna TpedoBaHUN
ans BOC (Kutaun)

1. B 2011 r. — 193 aBapUMHbIX OTKNIOYEHUMN,
B T.4. 12 OTKNOYEHUN C noTtepeun dbonee
500 MBT Harpy3ku

2. 17.04.2011 ¢ oTkno4vyeHnem 948 MBT
(700 BeTpOoyCcTaHOBOK) npuBen K
koneb6anusam f 49,81 — 50,03 Ny B 33C

NMPNYUNHA: HeycTONM4YMBan paboTa

BETPOYCTAHOBOK NMPU CHMXEHUN
HanpsikeHUs B ceTu B pe3ynbrate K3
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CocTosiHMe reHepupyroLiero
obopynoBaHuUSA 3neKkTpocTaHuum B Poccun
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KoTnoarperaTbl u Typ60arperaTb|

B TypOuHbI rugpaenuyeckne (21,4 % cyMMmapHom ycTaHOBNEHHON MOLWHOCTH)
= TypGuHbIrasoBble (5,8 % cyMMapHON yCTaHOBNEHHON MOLHOCTH)

= Typ6uHbI NapoBble (72,8 % CyMMapHOIi yCTaHOBNEHHON MOLHOCTH) Cabiwwe 60 % reHepupyrowmnx MoLiH ocTeun
WHdopmaumsa o npoaneHun pecypca UMEIOT CPOKM cnyx6bl 30 net n 6onee
B npepenax napkoBoro pecypca 1 npoanexue 2 npogneHus 3 npoanexus 4 v 6onee npoaneHun
O6opyAosanue KOS'T'.;O’ MBT, T4 | %ycr. KOS'T'_BO’ NLIBJ’ % ycr. KOS'T'.;O’ MBT, T/u [ % ycT. KOS'T'.;O’ MBT, T/4 | % ycT. KOS'T'.;O’ MBT, T/4 | % ycT.
leHepupytowme
YCTAHOBKM, B T. 4. 1175 | 112 756 52,0 445 46 701 (21,5) 239 (30297| 14,0 | 108 (18 542| 8,5 119 | 8610 | 4,0
2azoebie mypbuHbi| 232 12 128 97,0 8 1514 | 1,2 4 107,4 0,9 2 8 0,1 3 95 0,8

e2udpomypbuHbi] 187 28 162 61,0 149 13688 |29,6] 56 3081 6,7 12 295 0,6 30 983 | 2,1
napoebie mypbuHbl| 756 72 466 45,8 288 32862 (20,8] 179 |27109| 17,1 94 (18 239| 11,5 86 | 7532 | 4,8
Kotnoarperatbl 954 | 342 854 50,4 374 |145940|21,4] 256 |80383| 11,8 | 193 |52 245| 7,7 356 |59 322| 8,7
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Pe3ynbTaTbl aHanu3a onbiTa
npumeHeHus INY Ha oobekTax PIr

> pag 'Y vMHocTpaHHOro nNpou3BOACTBA HEe MNPUMEHUMMbl B OTeYeCTBEHHOW
ANEeKTPOIHEepreTuke, YYNTbiBasd UX TeXHUYECKUE XapaKTepPUCTUKU, T.K. He
yAOBreTBOPAT TpeboBaHuam aeuncteyrowmnx HTO w/mnn tpedboBaHnam no
obecrneyeHUI0 HAAEXHOro 3eKTPOCHa0bXeHUsA

> pag 'Y vMHocTpaHHOro Npou3BOoACTBa He NMpUMeHUMbl 6e3 pa3paboTku wm
peanusauuMu  cneuyuarnibHbIX  TeXHUYECKUX  MeponpusatTMn Ha TY
(peakTMpoBaHue; nameHeHue anroputmoB APB; nameHeHue napameTpoB
HaCTPOUKN PEryriaTopoB CKOPOCTU; U3MEHEeHUue napamMeTpoB roperio4yHoro
pexxuma, nsmeHeHue yctaBok yctpomcts P3A u T.n.)

> pag 'Y MHOCTpaHHOro NpPouM3BOACTBA He NMPUMEHUMbIl 6e3 pas3paboTku wm
peanusaumm cneuuanbHbIX TEXHUYECKUX MeponpuaATUU B Npuneraroleu
cetn (npumeHeHue AlB c OC; npumeHeHune ObicTpoaenctTeyrowmnx YP3A)

BHegpeHne o6bektoB PIT npuHOCUT nonoXxuTtesibHble pe3yrbTaTtbl
TOJIBKO npu KOMMNJIeKCHOM peLleHn BCeX TeXHNYEeCKMUX BOMPOCOB
UHTerpaumMm B pacnpegenuternbHble CeTU UM CeTU BHYTPEHHero
3NIeKTPOCHA0XEHUA NPOMBbILLSIEHHbIX NpeanpPUATUN
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OCHOBHbIE Uenu coocTBEHHUKOB
oobekToB Pl

MonyunTb MaKcMManbHYK0 3KOHOMMIO 3aTpaT Ha NpPoOM3BOACTBO,
CHU3MB Ce6eCTOMMOCTb MPOU3BOANMOMN NPOAYKLUN

MuHuMn3npoBaTb KanuTanbHble 3aTpaTbl HA CTPOUTENILCTBO U BBOA,
B paboTy reHepupyroLEen YCTaHOBKM (3fIeKTpOoCTaHLU M)

MuHuMmunanpoBatb Benn4YuHy wTpacdoB (Hanpumep, OT CXUraHuUS
nonyTHoro HecpTsAHOro rasa) npu BHeapeHuu oovekrta(-oB) Pl

CHu3nTb  3aTparthbl Ha  TPAHCMOPT  3NEKTPO3Heprum no
MarucTpasnbHbIM U pacnpegenuresibHbIM CeTsAM

ObecneunTtb HagexXHoOEe 3fIeKTPOCHabXeHue o0codO0 OTBETCTBEHHbIX
noTpeouTenen npu nNOBpPeXAEHUAX B pacnpenenuTeribHbIX CeTAX
un/vnuv npu Beoge rpacdmkos NBO nnu FrAOPI

| ObecneunTtb ObICTPOE BOCCTaHOBIEHUE paboTbl o6bekTa Pl n ocobo
OTBETCTBEHHbLIX MOTpedbuTerien B CriyyasiX «nocagku Ha HOSMb» MNpwU
BblAaerieHUM Ha cbarnaHCcMpoBaHHYI Harpy3Ky aHepropavoHa

| MuHMMM3IMpOBaTL PUCKM NOBPEXAEHUS FEHEPUPYIOWMX YCTAaHOBOK B
npouecce aKcnyatauum
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CyuwecTBYyrOwWwMe noaxoabl npu
BHeapeHun oobektoB Pl

NMoTeHUuManbHbLIA COOCTBEHHMK o0beKTa Pr, NAaHUPYOLWNNA
aemoHOMHyr0 pabomy, 0o npuobpemeHuss [Y, opraHusyert
BbINOSIHEHME pac4yeToB pexnmoB, yctaBoK P3A u A n Ha ocHOBaHuUU
NoslydeHHbIX pe3yrnibTaToB U BbIBOAOB cocTtaBnsieT T3 Ha 3akynky Y ¢
Yy4Y€TOM BCeX 0COOEeHHOCTEN U NNaHUpPYeMbIX PEXXUMOB pPadoThbl

NMoTeHUManbHbLIN COOCTBEHHUK OOBLEKTaA pacnpeneneHHON reHepauum,
NAAHUPYOLWMN  napasinensHyro pabomy CcTaHUMN C CeTbl, dJo
npuobpemeHuss 'Y, B pacnpenennTersibHOUM CEeTeBOM KOMMaHUU
nony4yaet TY Ha TexHorforn4yeckoe npucoeavHeHUe U TOSMbKO Mocne
BbIMNOSIHEHUAA U COrflacoBaHUA HEOOXOAUMbLIX pacyeToOB PEXUMOB,
yctaBok P3A u A u BbiBoAaoB coctaBnsaeT T3 Ha 3akynky 'Y, c yyeTtom
BCEX OCOOEHHOCTEM U pPexumoB paboTbl CeTU K KOTOpou
noaknrovyaerca oobekT Pl

'Y coGCcTBEHHUMKOM yXe rpuobpemeHa, NPUXOAUTCA NpeanpuHNMAaTb
BCEBO3MOXHble YCUNUA, YTOObI BKIOYUTL €e B paboty, dornyckas, rno
06BbEeKMUBHbLIM MEXHUYEeCKUM T[puU4YuHaM, CHUXeHue HadexHocmu
asieKmpocHabxxeHusi nompebumeneu

P OO
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. MnaHupoBaHue pa3mMelLeHns o6bekTa Pl

B panoHe BbIOpaHHOM COOCTBEHHMKOM ANSA pa3mMelleHnsa obbwekTa PIM nnowaaku
B psige cny4vaeB MNMOJIHOCTbK OTCYTCTBYHT CeTU Heobxoaumoro knacca U gns
BblAa4yM MOLLHOCTU UNN HeobXxoaumMa nx nonHasi/yactTu4Has PeKOHCTPYKUMUSA

Cnedcmeue: 3HaunTenbHble (PpUHAHCOBbIE WU BpeMeHHble 3aTpaTbl Ha
BbIMOSIHEHNE NPOEKTa CTPOUTENbLCTBA/PEKOHCTPYKLUMU CETU U ero peanusaumio

B pa3pabatbiBaemMbiX 5-NeTHUX cXemax UM MnporpamMmmax nepcrneKTMBHOro
pa3BuUTUA 3NEKTPO3HEPreTUKn permnoHoB OTCYTCTBYeT noo6beKTHas
MHcopmauma O NIlaHNpyeMbIX K CTpoUTenbCcTBY obbektax Pl

Cnedcmaeue: 3HauuTenbHoe yBenunieHue cpoka TeXHOJIOrM4ecKoro
npucoeauHeHnsa o6bekTa Pl B pacnpeaenutenbHbIM ceTsM

TpexamanHoe npoekmuposaHue ob6bekmos Pr:

2. Paspa6oTka npoekTa, BKIHOYaKLWero TeXHMKo-aKOHOMU4Yeckoe o60cHoBaHue
3. BbinonHeHue paboyenn AOKYMEHTaUUN No NPOEKTY CTPOUTENbLCTBA 3NIeKTPOCTaHL UM

LIEJIb PA3PABEOTKHW CBM: pokasatb, 4TO O00OBLekt PIT He co3paer
AONOJSIHUTENbHbLIX TEXHUYECKUX npobnemM B npunerawowen cetu, nmodo
0003HauYUTL puUckn u npuHAaTb OTP, nos3BonswwWwMe WUX MNOSHOCTbLIO
YyCTPaHUTb UM MUHUMU3NPOBaATL BRUSIHUE OO0 AOMNYCTUMOro YpPOBHSA
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BapunaHTbl nogkntoyeHns oovektoB Pl

BT 110 kB MopkniovyeHne ob6bLekToB P K WKMHaAmM noacTtaHuumn

110- 220 kB (G1) vnu Kk wmnHam 0,4 — 6 — 10 kB (G2, G4)
NnC 11010 kB
Cnedcmeue:
MpuHUMnbl nocTtpoeHna P3A B npunerarowen ceTu He U3MEHAKTCA, TakK
T2 KaKk He MW3MeHsieTcAa MoToKopacnpeaeneHue, a 3NeKTPOCHabXxeHue

notpe6utenen ocyuwecTBnsieTca no cuaepam, OTXOAALWMM OT LUMH
pacnpegenuTenbHbIX MOACTAHUMA C OAHOHANpPaBnNEeHHbIM MMOTOKOM
MOLUHOCTU «OT LUMH B IUHUIO»

G1

MoaknioyeHue oobekToB Pl k hnpepam 0,4 — 6 — 10 kKB

5 G2 (G3, G5)

~—
31 (k1] 1018

(noTpetuTen) Cnedcmesue:
TM10/0.4 8 1. B ceTu BO3HUKaAIOT peBepCUMBHbIE NMOTOKU MOLLUHOCTU, 3aBUCSALLUME OT
' pexuma reHepauuMum UM NOoTpedGreHusi B y3nax Harpysku, 4Yto Tpebyet
npoBeAeHUA PEKOHCTpyKuun yctpouctB P3A ¢ npumeHeHusa Gonee

G5 vy G4 CNOXHbIX 3alUUT B NpuneraroLlen cetTm
Bl (Kﬂ% 04+B 2. B psipe cny4vaeB TpebyeTcs nameHeHue TONONOrMmn ceTn ¢ yCTaHOBKOWM
(noTpebuteny) OONOSIHUTENbHbLIX KOMMYTAaLMOHHbLIX annapaTtoB, a TakKke MosfHas
3aMeHa KOMMyTaLMOHHOro o6opyaoBaHusa (pocT ypoBHS TokoB K3)

BO3MOXHbI pa3rindHblieé BapuaHThbl

NOAKMIOYOHHS (3aBUCHT OT Mpu nopgknio4vyeHnn ob6bvekTtoB PIT Kk wmHam [C

MOLHOCTH 06BekTa PT, ero CHMXaeTcH BO3MOXHOCTb oGecnequmj

yOaneHHOCTH OT ceTei Ha[eXXHOro JfIeKTPOCHabXeHUaA notpedbuTtenen

pacnpeaenuTenbHbIX CeTeBbIX npun aBapumax Ha wwuHax [C, npu KoTOpbIX
KOMMaHMi 1 Apyrux chakTopos) oTknoyaroTcs u 'Y u Bce notpedburtenu
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OGocHOBaHHbIe NOAXOAbI ANIeKTPOCeTEBbIX
KOMMaHUU K MHTerpaumm obvektoB Pl

MuHuMunanpoBaTtb oTpuLaTenbHOe BNUsiHUE OCOObLIX PeXXUMOB pPaboThbl
obbektoB Pl Ha pexumbl pabotbl apyrux Y u notpebutenewu
3NEeKTPO3HEeprum B y3nax Harpy3ku (KayectBo 39)

MuHuMusnpoBatb onacHble (akTopbl, CBA3aHHble C TpaBMaTU3MOM
nepcoHana npu nogaye HanpshHkeHUa ot oovekToB PIM npu npoBeaeHun
aBapUMHO-BOCCTAaHOBUTENbHLIX PAaboT B pacnpenennuTenbHbIX CeTAX

MuHuMM3npoBaTb BEPOATHOCTbL BO3HUKHOBEHMUA ONacCHbIX A1 CeTU U
noTpedoutenen HAGPOCOB Harpy3KkuU Ha NMUTAKOLYI CeTb, Bbi3blBaeMbIX
oTkno4YeHnamu 'Y (ocobeHHo B pexmmMmax MakCUMMarsibHbIX Harpy3ok)

Ob6ecneunTtb HageXxHoe BblaerneHue obbekKkTa Pl Ha
cbanaHCUpOBaHHYHO HarpyskKy AencTteuem YOA/OAH npu
BO3HMKHoBeHun PBP nnu ucnonb3oBartb B KadectBe PUCIS

Ucnonb3oBatb o6bekTbl PIT B anroputmax MA (AOIJ, AOCH) ans
MMUHUMU3ALUN OOBLEMOB U BpPEMEHU OTKIIIOYEeHUA noTtpedbuTterniem npwu
neperpy3ke JI3M, T (AT) n npn cHMxeHusax U B y3nax Harpy3sku

BO3MOXHOCTb NMOKYIMNKUA aeweBou ANEKTPO3Heprum Aand KomMmneHcauuu
TeXHONMONrMM4YeCcKux noTtepb B IJNIEKTPUYHECKUX CeTAX

PO OO
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- MNMocnepcTteuAa neagsiHoro 4oxAs B @
alldS MockoBckou obnacTtu

25 - 26 pekabps 2010 r. B pesynbrate HeGnaronpuATHbIX NOroAHbIX yCrnoBum (neasiHon
AOXAb, ronosieAHble SABNeHUA) NPOUCXOAUIIN MacCoBble OTKIMIYEeHUsA B
pacnpegenutenbHbIX ceTax MoCKOBCKOM 3HEeprocucTembl

BJ1 220 kB - 5; BJ1 110 kB — 80; INC 110 kB — 68
TN 6-10 kB okono 10000, HaceneHune 6onee 200 TbIC. YenoBeK
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Ucnonb3oBaHue oobekToB Pl B
peanusauunun anroputmoB 1A

YuutbiBas cBonctBa o6bektoB PI, B nepByl oyvepeab — BO3MOXHOCTb MPUHATL
Harpy3ky 3HauMTeNnbHO ObIiCTpee, YeM Ha TEeNsOBbIX 3NIeKTPOCTaHUMAX, LieriecoobpasHo
UCcnonb3oBaTb reHepupyrlwme YCTaHOBKM B peanusauvm anroputmMoB crieayroLlmx
BUAOOB NPOTUBOABapUMNHON aBTOMATUKMU:

m aBTOMAaTUKa orpaHun4yeHus neperpysku ooopyaosaHusa (J13I, TpaHcdopmaTopoB)
m aBTOMaTUKa orpaHu4yeHuss cHWxeHuAa HanpsbkeHusa (AOCH)

PEAJIU3SALNA {, v |

15
14

125 1,5 1,75 2 3,0

Inaw/Tnom
1,0

MonHasa aBTOMaTM3auusa npouecca nycka arperatoB oo
12 :

3MeKTPOCTaHL MM NO KOMaHAe OT BHELWHUX YCTPOMCTB

2

Ob6ecneyeHne BO3MOXHOCTM NpuemMa W peanusauuu
ynpasnsiowmx Bo3gencteum ot yctpoucte [MA B
LeHTpanbHOe YCTPOMCTBO ynpaBneHus 'Y nnm craHumm

2

PacueTHas HacTpoKlka YCTaBOK perynsitTopoB MOLUHOCTU

5 MB1/MuH
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reHepupyromnx YCTaHOBOK Ha CKOpPOCTb Habopa |1,5: 5 25 30 Toeg/Laon 0.,
MOLLUHOCTU, obecneuyuBawllyo pa3srpysky JI19M wnn 1,37 1,63
TpaHccopmMaTopoB B HEOOXOAUMMOM O06BLEMe Kparrocts neperpysxu
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KoMneHcauusa TeXHONOrm4ecKunx @
NnoTepb 3NIEKTPUYECKON IHEeprum

OrA — aTto razopacwumpuTernbHble
TYPOUHbI cneunanbHON
KOHCTPYKUuM paboTaroLwime
napansenbHO C
rasopeayumpyroLWMMN NyHKTam
(FPIM) marncTpanbHbIX
rasonposoaoB

1 — 6nok ynpaBneHus

2 — rasopeayumpyrowmm
nyHkT (FPM)

3 — baMnacHasa nuHusA

4 — petTaHaep-reHepaToOpHbIN
arperart (OrA)

5 — BbICOKOBOJSIbTHaA f4enkKa
B PY - 10 kB

6 — nogorpeBaTesb

7 — punbTp

1. CHnxxeHue cebectoumoctn 1 KBT*4 B 4 pasa no cpaBHeHUIO ¢ coBpeMeHHbiMu TAC

2. CokpalwieHune bonee 4em B 2 pa3a CTOMMOCTU KanuTanbHbIX BFIOXXeHMN Ha 1 KBT
yCTaHOBJIEHHOU MOLWHOCTM (NO cpaBHEeHUIo co cTpouternibcteom TIAC)

3. Manble cpoku ctpoutenbcTBa o6bekToB ¢ [IFA — 0o 1 roga (BbicoKkasi cTeneHb
3aBOACKOM FOTOBHOCTU 060pyaoBaHuUA)

4. CpOK OKynaeMocCTu NpoeKTa cocTaBnseT okono 3-4 fieT OT Hayana akcnsyatauum
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[Mpn4nHbI aHanNn3a NPoosIeMHbIX

TEXHUYECKNX BONPOCOB C oObeKkTamu Pl

| Bo3HUKHOBeHMe TpyaHoOCTen npu nony4vyeHunm TY Ha TexXHONOrmyeckoe
npucoeAvHeHue K pacnpegenuTeribHbIM CeTAM W corflacoBaHuUun
NPOEKTHbIX pelleHUn No nHTerpaumm oovekros Pl

| CHuxeHune oxngaemom 3KOHOMU4Yeckon 3pheKTUBHOCTU OT BHeOApPEHUA
ob6bekra PrI":

> 3HauuTenbHOe yaopoXaHue NpoekTa
> yBenuuyeHue yaenbHbIX pacxonoB TONNMBa
> yBeNn4YeHue 3KcnnyaTauMoHHbIX 3aTpar

| HeBo3MoxHOCTL o6GecneveHUsi HafeXKHOro 3reKTPOCHabGXeHUs1 0co6o
OTBETCTBEHHbIX notpeodourtenen (ocHOBHOrO TeXHOJIOrM4ecKoro
npousBoacTBa) oT oobekTa (-oB) Pl

| YckopeHHOe wucUeprnaHuMe pecypca reHepupywwum obopyaoBaHueMm
(noBbIWEHHbIN WU3HOC, BCreACTBME YacTbiX MNYCKOB/OCTaHOBOB) B
npouecce 3Kkcnnyataumm [Y ¢ HeobOXoAMMOCTbLIO BbINOJSIHEHUSA
BHENJIAHOBLIX TEKYLIUX U KanuTanbHbIX PEMOHTOB

| NMpexpeBpeMeHHbIW (aBapuMHbIN) Bbixog M3 cTpoa [Y npum
HOPMaTUBHbLIX BO3MYLUEHMUAX B CEeTSAX BHeELWHero u/unm BHYTPEHHero
3NIeKTpOoCHabXxeHus
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[MpU4YNHBLI BO3HMKHOBEHUSA NPOOSIeMHbIX
TEXHUYECKNX BONPOCOB C oO0beKkTamu Pl

OTcyTcTBMe Ha 3Tane NMPUHATUA peLleHUs O CTPOUTEeribCTBe OO0BLEeKTa
Pl noHMMaHUA O BO3MOXHbIX pexumax pabotbl NY/anekTpocTaHUUMU
(napannenbHas; nsonnpoBaHHasaA; KOMOMHUpPOBaHHas)

HenpaBunbHbIN BbIOOP BUAA, TUNa, MmowHoctu INY (yaenbHble pacxoAbl
TONNIMBa, BeNINYUHbI MWUHUMANIbHOW TEXHONIOrM4YecKue 3arpyskm,
Habpocbl/COpPOCHI HAarpy3Ku)

OTcyTCcTBME NMpPUHUMNNANBLHO BaXHbIX NMYHKTOB TpeboBaHuun B T3 Ha
3aKynKy reHepupyrwux ycTaHOBOK u/unu B TT K reHepupyrowmm
yCTaHOBKaMm

HenonHoe unu HekayeCcTBeHHOE BbIMNOJSIHEHUE NMPOEKTOB CXeM BblAaa4iu
MOLWWHOCTN C Y4YeTOM OCOOEeHHOCTEN ceTeW BHelWHero wu/vunum
BHYTPEHHero 3HeKTpOCH36)KeHVIﬂ, d TaKXe y4yeTa BJIINAHUNA HAlrpy3ku

P B O

HeynoBneTtBopuTtenbHas opraHusauums aKcnsyaTaumm
'Y/anekTpoctaHUuMn (OTCYyTCTBME MHCTPYKUMA MO IKCNnyatauum,
OTCYTCTBME OOYy4YeHHOro KBanudnumpoBaHHOro nepcoHana)
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OCHOBHbIEe BOMPOCHLI noarnexatiue
aHanusy npuv BHeapeHuun oobekta Pl

OLUEeHUTb KOHCTPYKTUBHbIE
ocobeHHocTU Y (TexHomnornyeckune
OrpaHuU4yeHu1sA 1 3aWwmTbl)

OueHUTb anropuTMbl U NapamMeTpbl
HacTtpouku CAY (CAP) I'Y

OueHnTb anropuTMbl U OueHnTtb BNnsHue
yctaBku yctponucts P3A Y NOOXO KO K 0COOGEeHHOCTEeN CeTU Ha
M UX COrNMacoBaHHOCTb C AXOAbI LIEHKE BO3MOXHOCTb

yctaBkamu P3A cetu BO3MOXHOCTU 6e3aBapunHoun pabotbl 'Y
OBECIMNEYEHUA

HAOEXHOIO
OueHUTL [OMYCTUMOCTE SNEKTPOCHABXEHUS OLIEHUTE BOSMOXHOCTE

pi’:::::ﬂgii:::;_ry NOTPEBUTENEWN yudacTus 'Y B anroputmax

S yctpouctB [A ceten
NU30NMpPOBaHHbLIN)

OueHUTb BNUSAHME O0COObLIX PeXNUMOB
paboTtbl 'Y Ha HAAEeXHOCTb
3NeKTpOoCcHabXxeHUa noTpedbutenen

OueHNTb BNUsIHUE Harpy3Ku Ha
pexumbl pabotbl I'Y
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[MpobnemMHbIe BONPOChLI CBA3aHHbIE C
KOHCTPYKTUBHbIMU 0coOeHHocTaAMMU Y

ANMeKTPOMarHMTHbIX MOMEeHTOB nNnpn BO3HUKHOBEHUU MHOFOCba3HbIX K3

@ MexaHn4yeckue noBpexaeHua [Y wu3-3a BO3AeNCTBUSA yAapHbIX
wnun HAINB BO BHelLHEN 3N1eKTPUYECKON ceTu

BaflaMun — cBO60AHbLIMA CUNMOBbLIMU TYypOuHamMmun) npm MHorocasHbix K3

@ HapyuweHuna puHamuyeckon yctonumsoctu I'Y (FYy, I'TY c paspesHbimu
BO BHELUHEN 3NIeKTPUYECKOU CeTH

MNMpexaeBpeMeHHble OTKMYeHUAa N'TY TeXHONornyeckou 3awmTton npu

@\cnmxeﬂvm yactotbl B 99C unu BbiaeneHHOM 3HepropanoHe (nepexon
KOMIMpeccopa B PeXum «nommnaxa» ¢ BO3MOXHbIM nospexaeHuem I'TY)
HeycnewHble BblaeneHna geuncremem ABCH B cBfi3an ¢ oTknoYyeHuem
'Y TexHonornyeckumum 3awmtamMm WM 3allUTon OT OOpaTHOM
MOLLHOCTMU Npu Habpocax / copocax Harpy3ku

HeBo3amoxHocTb peanu3aumm ABCH un3-3a Hanunuua orpaHnyveHuMn no
@\mmonomqecxomy MUHUMYMY Harpy3ku Y (Amana3oH oT eaMHuU Ao
AecstkoB % oT P HOM.)
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MexaHun4yeckasa ctonkocTtb 'Y npum @
BHewWwHux K3

TPEBOBAHUE: BHewHue K3, nukBugupyembie yctponcrsamm P3A (OCHOBHbLIMU
U pe3epBHbLIMU) IIEKTPUYECKOMU CeTU, He AOMKHbl co3faBaTb
ONnacHoOCTb MexaHun4yeckoro nospexaeHus Iy

Tpeb6oBaHue yctaHoBneHo B FOCT 533-2000 (M3K 34-3-

@ 88) n NOCT 183-74 (2001), n. 1.31., nencTBUE KOTOPOro Bosnukatowme
pacnpoCTPaHAETC Ha BpallaloLMecs 3reKTpuyeckue noBpexaeHus, Kak
MalWHbI MOCTOSAHHOTO WU MNepeMeHHOro TokKa 6e3 npaBuio, cBA3aHbI C
orpaHU4YeHmns MOLLHOCTU, HaNPAXEHUA U YacTOTbl NnpUMeHeHuem NY c¢
C KOHBEPCUOHHbIX

TaHOAPT He pacrnpocTpaHseTCcsA Ha 3NeKTpuyeckue

@ MallMHbI, NpeAHa3HauYeHHble MANs MNPUMEHEeHUs B npon3BOACTB, CO3AAaHHbLIX

GopTOBbLIX CUCTEMAX NOABMXKHbLIX CPeACTB Ha3eMHOro, KakK GOpTOBbIe MCTOYHUKUN

BOAHOIO U BO3AYyLWWHOINo TpaHcnopTa 3]19KTpOCH36)KeHMﬂ

Mpwn 3akase 'Y Heobxoanumo TpeboBaTb YTOObLI 3aBOA-U3rOTOBUTESb (MOCTaBLUMK):

E [AOKYMeHTaribHO noarBepxpasn, 4to nbble K3 BO BHeWHeN CeTU He NnpeacTaBnAaoT
yrpo3bl HapylleHUs1 MeXaHM4YeCKOM NPOYHOCTU FreHepPUpPYHLMX YCTaHOBOK

AnbmepHamuea. 6KJIO4eHuUe 8 Uuenb cmamopa 2eHepamopa MmOoKoo2paHu4Yyusarou,ux
ycmpolicme (peakmopoe) ¢ conpomuesieHueM, docmamo4YyHbiM Osii Heobxodumo20
CHU)XXeHUS1 yOapHbIX 3JIeKMPOMa2HUMHbIX MOMEHMOo8

E YyKasblBan BenuuYuHy npopgomxkutenibHoctn K3, O6e3onacHyw Ansa TepMUYecKoun
CTOMKOCTU reHepaTtopoB (onpepenseTt TpeboBaHusa K BpemeHn nukemaaumsa K3 B cetn)
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YOapHbIN 351IeKTPOMAarHUTHbIN MOMEHT
npu K3 n HAINB

- » MaKcuMarnbHoe 3HayeHue MeXaHU4ecKoro MOMEHTa
SHBHTDDMBFHHTHbM
MOMEHT (Mk(3).makc) npu TpexcdasHom K3 moxer B 5-10 pas
npeBbIaTb HOMUHaNbHbIN MOMEHT (obycnoBneHo
3Ha4YeHueM anepuoauyveckomn coctaBsnsrowen Toka K3)

> npu ayxdaszHom K3 3HayeHuMe Mk(2).makc moxet B 1,3-1,4
pasa npeBbilaTb BenNUYUHY Mk(3).makc (OOYCrNOBIEHO SAPKO
BblpaXeHHON 2-OM rapMOHMKOM, cocTtaBnswwen 50% oT
OCHOBHOW, UCKaXKaloLen cuHyconaanbHyto oopMy MOMEHTA)

» BennuyuHa MHAMB MoOXeT AocTturaTtb ANA reHepartopoB 6e3

aemncgpepHon o6moTkm B 3,2 pa3a Oonbwe, a Aans
reHepaTopoB ¢ aemndcepHon obmMoTkon Ao 1,7 pasa 6onblue,
yem npu TpexdasHom K3
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] BbicTpoe oTKNYeHUe reHepaTopa yctpoucteamu P3A,
> Tokecraropa | YTOObl MOXHO OGbINIO CyLECTBEHHO CHU3UTb BEeNUYUHbI

e T Mk(2,3)makc U MHANB HEBO3MOXHO, U TaKUM CMOCOGOM
Bpems, cek. UCKIIOYUTbL BO3OEeNCTBUE YOapPHbIX HAarpy3ok HepearnbHO

1. Mpn TpexcdaszHom K3 TOK nponopumoHaneH IJOC reHepatopa u oOGpaTHO
nponopLuuoHarieH CcyMMapHoOMy conpoTtuBneHnro uenu K3

2. Mpn HAIMNB TOK nponopuvoHaneH pPa3HOCTU MrHOBEHHbIX 3HavyeHun J[C
reHepartopa W HanpshkeHUs CeTU M obpaTHO nponopuuoHaneH Xz (reHepartopa,
TpaHcopmMmaTopa U BHelHen ceTH), a cteneHb onacHoctn HAlMNB yBenuunBaeTtcs
CO CHUXXEHUEeM MOLLHOCTU 3MeKTPOCTaHUUN
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* ACUHXpPOHHbIe pexnmbl o0beKkToB Pl @

Puc.1. Pacyem u3meHeHuUsi ckopocmeu
epauwieHusi 2ceHepamopoes 1 3C: Puc. 2. Tom e npouecc, Ymo Ha puc. 1,
ra3otypobuHHbIX AByxBanbHbIX [1-I'3, u Ho npu 3ameHe deyxeanbHbix ['TY
napotyp6uHHoro N4 npu TpexcgasHom K3 c Ha oGHoegaJIbHbIe
OTKITIOYE€HUEM JIMHUUN B PEMOHTHOM CXeme

B oanHakoBbIX ycnoBusix, HO B City4ae npunMmeHeHnA oAHOBaAJIbHbIX 'TY BMmecTO
ABYyXBaJibHbIX, CUHXPOHWNU3M 6bICTpO BOCCTaHaBJINBaAeTCH
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BnusHme napameTpoB Harpy3ku Ha
pe3ynbTaTbl pac4yeToB

Puc. 2. PecuHxpoHu3ayusi He Hacmyrnaem, m.K.
803HUKaem JylagUHa Harnpsi)XeHus1
(U cmaHoeumcsi Huxe 50% om U nom. G0
OMKI/II0YEeHUS1 3Ha4YumesibHoOlU Yacmu Ha2py3Ku)

Puc. 1. ACUHXPOHHbIU PeXUM O/TUMCSH MeHee
2 ¢ (pecuHxpoHuU3auyusi Hacmyrnaem rocJie
Yyembipex rnpoeopomos)

MHoroyactotHble AP HaGnopaTca B y3nax NpPoOMbILLNIeHHOW Harpy3ku, oCOGeHHO npwu
Hanununn oovekToB PI' n ¢ 6onblwon aonen CAl (3HauuTenbHble nepemeweHns ALK,
3aTpyaHsawme BbisiBneHne u nukenaauuio AP)
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[lpumMeHeHne aBTOMAaTUKN NUKBUAALNN
aCUHXpOHHOro pexuma (AJ1AP)

XapakTepuCcTUKN aCUHXPOHHOIO peXXnma y paccmMaTtpmBaeMbIX reHepaTopoB:
m OonblUOe CKONbXeHue
m 3HauyMTenbHasaA amMnnuTyaa KonebGaHunM CKONbXeHus
m BbICOKass BEPOATHOCTb CaMOMPOU3BOSIbHOM PECUHXPOHM3ALUN, €CNIu COCTOsIHUE
ceTn 65IM3KO K HOpManbLHOM cxeme

NMocneacTBuA ObICTPON NMKBUAALUN aCUHXPOHHOIo pexuma aencrtemem AJ1AP:

m BpeMeHHas notepsa ANnA ceTu aHHOW reHepauuu, UM 3HaAYUTENIbLHOMU ee YyacTtu (npu
HarM4nM Ha reHepaToOpPHOM HampPSAXKEeHUN Harpy3Ku)

m YyBenM4eHue NnepeTokoB MOLHOCTU MO CeTH

B CHMXeHMe HanpsikeHUW B y3riax ceTu

C TOYKM 3peHUsa HaAeXHOCTU pPaboTbl CeTU U INEeKTPOCHAbXKeHUA noTpeduTenewu,
Lenecoobpa3Ho gonyckatbe AP reHepaTopoB He6OMNbLUON MOLUHOCTU, €CIu:
B KpaTKOBPEMEHHbIN
E 3aKaH4YMBaeTCsl CaMONpPON3BOJSIbHOMN PeCUMHXPOHU3aLMen reHepaTopoB
E He HaHOCUT Bpeada HopMarnbHOUW paboTe APYrux reHepaTopoB U INEKTPONPUEMHUKOB
(AoMmKHO 6bITb 060CHOBAHO pacyeTammu)
m AanutenbHocTb AP KoHTponupyetca AJIAP

OeuctBne AJIAP Ha oOTKnwYeHUe OOOCHOBAHO TOSMIbKO B TOM Cllyyae, ecnu
anutenbHocTb AP oka3biBaeTcsa Oonblie AONYCTUMOMN (3aTsXXHble aCUHXPOHHbIe
peXUMbl reHepaTtopoB Haunbdornee BepOATHbl B PEMOHTHbIX CXeMaxX U aBapUNHbLIX
yCroBuUsAX, Korga ocriabneHbl CBA3U B 3Heprocucreme)
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3awumTa oT nomMmnaxa komnpeccopa I’ Ty @

cpabarbiBanue
TEXHONOrM4ECKMX

Ycmaeku AYP1 46,5 - 48,8 'y (0,3 c); Yemaeku YA 46 — 47,0 'y (0,3 - 0,5 c)
Nomnax — 3To aapoanHamuyeckun cheHoMeH B BUae aBToKorebatenbHOro
npouecca nepemMeLleHnss BCeM MaccCbl Bo3ayxa BHYTPU Komrpeccopa oT
Bxoga W oOpaTtHo (pe3ko napaet KM, Bo3pactaer BuOpauma w
AWHaMN4YecKne HanpsXKeHusa B pabouunx nonaTtkax)

ABnsieTcsa ogHOWM U3 OCHOBHbIX TexHonornyeckux sawmT 'TY n He moxeT ObITb
BbiBeAeHa U3 paboTbl (Mpu GOMNbLUMX HarpysKax MoOXeT NPMBECTU K noBpexaeHuto 'Y,

YTO OOYCIIOBNEHO KOHCTPYKLUEU KomMnpeccopa)
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[NocneaocTBMA HAOPOCOB Harpy3Ku @
Ha MHoroBanbHble [ TY

1 — 8030yx, 2 — monsnueo,
3 — Kamepa ca2opaHusi,
4 — K Kominy-
ymusnu3samopy,
5 — komnipeccop HL,
6 - Kkomnpeccop B/,
7 — mypbuHa B[,
8 — mypbuHa Hf

3HauuTenbHble HaOPOCbl Harpy3ku BbI3bIBalOT pPe3Koe CHUMXeHue
CKOpPOCTU BpalleHUA TreHepatopa U CUNOBOU TYPOMHbLI, UMEKLINX
XECTKYH0 CBA3b, U Manble Tj

Cnedcmeusi.

» BO3HUKHOBEHME rasogmMHamMuyecKoro MMnyrnbca HanpaBfeHHOro Ha MPOTO4YHYH YacTb
U 3NIeMeHTbl ra3oBoM TYpOUHbLI, CKOPOCTb BpaLleHUs1 KOTOPOWU MaKCuUMaribHa U He
n3MeHsieTcsa (MMerT pasgernbHble C CUNoOBOU TYPOUHON Banbl)

> AUCKN MU pabouyne nonaTtku nocnegHux CTyrneHen rasoBom TyYpOUHbLI nogBepraroTcs
3HaYUTENbHbIM MEXaHU4YeCKMM HarpsaxXeHUsiM, nog BIUSIHUEM Pe3KOro yBesin4yeHus
AaBrneHus paboyen cpeabl, BbI3bIBalOWMUM UX MOBpeXaeHUs (orpaHMYeHUA Ha
npumeHeHue HAIB B ceTw)
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[NlocneaocTBMA HAOPOCOB Harpy3Ku @
Ha Y (FNA)

Y
o

npenen
\. knacc 1
Knacc 2
Knacc 3

s
-

Pt
=

—
O

=
uil
z
=
m
(=]
u1]
O
b
L
®
=
-
[
=
]
=

Habpoc MowHOCTH AP, % OT HOM.

Lo

60 80 100
McxoaHaa MoWHOCTE Pg, % 0T HOM.

Ckauykoobpa3Hbin Habpoc P Ha [TI[], He BbiI3biBalOWMN €ro neperpysku,
MOXeT NPUBOAUTb K ero neperpeBy U OTKHOYEHUK TEXHONIOrM4YeCKumMm
3awmTamMm, T.K. Oonbluen nogaye TonnMBa AOMKHO COOTBETCTBOBATb
yBennyeHune nogauum Bo3ayxa B [Tl ot komnpeccopa (MrHOBEHHO
YBeNMYNTb CKOPOCTb BpaLLEeHUsA KoMnpeccopa HeBO3MOXHO)

I'Ipousao.qmenw JIMMUTUPYIOT BEJINYUHY CKa‘-IKOO6pa3HbIX HaGPOCOB MOLLHOCTMU,
npuBoan rpacbm(u AONYCTUMbIX Ha6poc03 MOLWHOCTH, Npu 3TOM UHTEpBaJl Mexay

Habpocamu [OMKeH ObITb He MeHbLue 1-2 MUH
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[MocnepcTBMAa cOpPOCOB HarpysKku @
c ogHoBanbHbIX 'TY

NMpu pe3kom cOpoce Harpyskm c
ogHoBanbHbiX [TY (BblgeneHue
anekTpoctaHuuun geuncremem ABCH
Ha cOanaHCMpPoOBaHHYK Harpys3Ky
U nepexon B PEeXUM XOJloCToro
X04a; CUHXPOHHble KayaHua B
cucteMe) B pas3fIUYHbIX pexumax
padoTbl (ANPPYIUOHHBIN PEXUM
WM  pexum npeaBapuUTesibHOro
CMeLUeHUs) npoucxoaout ompkie
(mo2acaHue) nnameHU e Kamepe
caopaHus u ocmaHoe Ty
mexHoJsio2u4ecKuUMuU 3aujumamu

TpebyeTca moaepHu3aums
BXOAHOrO HanpaBnsaoLwWero
annaparta n nepeHacTpouka
roperioyHoro pexuma 'ty
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TexHOoNnorM4eCKMn MUHUMyM
Harpy3ku gna I'TY n 'y (rna)

, MITx/EBTu

e

YWOCIEHBIT paciol TOINIMEA

Q0 80 70 &0 50 40
HarpysKa, Yo 40 60 MomHoCTs, %

Onpepensierca ocob6eHHOCTAMM ropenok '’y
M napamMeTpaMum TropesiodyHoOro pexuma
(TpeboBaHMA NO TOKCUYHOCTU BbIXNOMHbIX
rasoB - cogepxaHue NOx n CO)

TexHONorM4yeckumn MUHUMYM ans (g 1!
coctaBnsietr nopsgka 30-40% oT PHowm,,
(0cob6eHHO KPUTUYHO B aBTOHOMHOM pexume)

HonyckaeTtca paboTta ¢ YaCTUYHOW Harpy3Kou oT Y ropesnok ¢ npeaBapuTesibHbIM CMeLUeHneM
20% pno 40% HOMMHANBLHOMU, HO He Yalle 6 pa3 B npuv MmanbIiX pacxogax TONJAMBHOIO rasa no
rog, U Ha cpok Ao 24 yacoB OTHOLLEHMIO K NocTynarwwemy Bo3gyxy

Pa6oTa B aBTOHOMHOM pPeXWUMe C Harpy3Kom ropeHne cTaHoBUTCS HeyCTOUYUBLIM

Huxe 50% HOMMHaNbLHOW AONYCKaeTCA He Yalue AnutenbHaa pabota Ha AN Py3NMOHHbIX
OAHOro pa3a B CYTKW Ha CpPOK He 6ornee 4 yacoB ropenkax y psga 'TY He npeaycmaTtpuBaeTca
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NMpobnemMHble BONpPoOChl CBA3aHHbLIe C
anropntmamu/Hactpomnkamu CAY (CAP) n P3A

BO3HMKHOBEHME  CUHXPOHHbLIX  KadaHUW 'Y (mexsoHanbHble
CUHXPOHHbIE KornebaHuma P wnu He3aTyxawlume CUHXPOHHbIe
koned6aHua P Ha I'Y) obycnoBneHHble BbIOopomMm napametpoB APB

HecenektnBHoe OTKIHOYEeHUE reHepaTopoB MpPU OTCYTCTBUU Yrpo3bl
MeXaHU4YeCKOro Ui TepMuYecKoro noBpexgeHus npu BO3HMKHOBEHUMU
K3 B npuneraroLien anieKTpn4eckom cetu

3HauuTernbHbIe CNOXHOCTU B 06ecnevyeHnn CerieKTUBHOIO OTKITHOUYEeHUS
K3 B cetn, a Takke npsMbIX MNYCKOB 3rieKTpoaBuratenev npu
nsonuposaHHou (aBToOHOMHoM) paboTte 'TY ¢ TIMNY

HeBO3MOXHOCTL oOOecnevyeHUss perynupoBaHUA YacTOTbl BpalleHUA
reHepaTopoB B 2-X COCTOSAHUAX. NMPU napanneribHou padoTe ¢ ceTbio U
npv aBTOHOMHOU (M3onMpoBaHHOM) paboTe

lNMoBbIWEHHbIN N3HOC PeryrMpyroLwWmx KrnanaHoB Npu OTCYTCTBUMU 30HbI
HedyyBcTBUTENbHOCTU B APYB (ucknioueHne YB Ha TYypOuHY npwm
MarnbIX OTKIIOHeHUAX f 6rM3n ee HOMMHaNbBLHOro 3Ha4YeHUs)

PP
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NMpumeHeHne APB 3apybexHoro @
nNpou3BOACTBA

Cucmema 0ob6poeosibHOU
cepmudpukayuu CLJC «CO E3C»
(POCC RU.31034.04E301)

224
L

i}

1. Pa3paboTaHbl B COOTBETCTBMM C 3apybexHbiMu cTtaHgaptamu (IEEE 421,
M3K 34-16 v ap.)

. He cootBeTcTBYIOT TpeboBaHuam MNTI, MY n NOCT 21558-2000

. He copepxaTt psaa ocCHOBHbIX PyHKUMK (penenHasa hopcupoBKa, 6yIOKMpOBKa
paboTbl cucteMHoro crabunusartopa npu HebanaHcax P B 33C mn ap.)

W N

Heo6xoanmo npoBeaeHue ucnbitaHun APB 3apybexHoro npomssoacTtea B COOTBETCTBUMN
¢ «MeToaukon npoBeaeHunsa cepTUPUKALNOHHbIX UCNbITAHUA aBTOMaTU4YECKUX

perynsitTopoB BoO30OyXAeHUS CUNTbHOIO AeACTBUSA CUHXPOHHbIX reHepaTopoB»
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OcuunnorpamMmmMbl nepexoaHbIX
npoueccoB 'Y cI'T1[ @

J T

Aw i

YKa3aHbl cpabaTbiBaHUA NYCKOBbLIX opraHoB ycTtpoucts P3A 'Y,
npenAaATCTBYHOLWME HOPManbHOMY (pyHKUUOHUpPOBaHUIO 'Y
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6B
M3C 4+2400 xBr

r2 r4
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CnencrBus HecenekKTUBHOIo BbIOOpa
ycTtaBoK yctpoucts P3A Y

Pabota NM3C B MowHOM ceTn

Bce w™HorocasHble K3 B cetm 110 kB, paxe Ha
pacctosaHum ot nutarowen MNC, a Takke Bce K3 B cetn 6
KB, nutarowencsa ot aton MNC, npuBogAT K OTKNIOYEHUAM
reHepaTtopoB [TI9C gencrBuem 3awmTbl reHepaTopoB OT
NOHWXXEHUA HanpPAXeHUs

Pabota ITIOC B KayecTBe aBapUMHOIO
MCTOYHMKA 3NeKTPOCHabXxeHus npu
OTAeNeHnU OT CeTH

BHe3anHbIN pa3pbiB cBA3U ¢ ceTbio 110 KB no ykaszaHHbIM
Bbllle NPUYMHAM NMPUBOAUT K NOSIHOMY MOralleHuo BcexX
notped6utenen. BoaMmoxHoe ObicTpoaencTBME pa3rpy3Ku
Nno HanpsikeHUW W/MNKM No 4acToTe HeJOoCTaTOYMHO AnA
npeaoTBpaLleHns naBUHbI HaNpPsXXeHust

Pabota [TI9OC B KayecTtBe OCHOBHOrO

MCTOMHUKA NUTaHMsi B BblAENEeHHOM
3HepropanoHe
HeBo3amoxeH npsimovn nyck CUHXPOHHOIO unu

acuHXpoHHoro asurartenen 6 kB, paxe ot 4 napannenbHO
paboTtarowmx rasonopLuHeBbIX reHepaTopoB.
NMooyepeaHble NpsAAMble MYCKW aCUHXPOHHbLIX ABUraTenewn
0,4 kB He6oONbLOW MOLLHOCTU BO3MOXHbI
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'Y ¢ TMPUCTOPHbLIMU (TPAH3UCTOPHbLIMMU)
npeodpasoBaTtenaMmn 4YacToTbl

3agaum perynmpoBaHus

HanpsHKeHUA U aKTUBHOM
MoLwHocTu Y, nmerowmnx
TMNY n padoTtarowmx Kak B
CeTU, TaKk " aBTOHOMHO,

pewarTcs B UHBepTOope

Hanunuwne TMNY pagukanbHO nameHsiet «noseaeHne» 'Y npm aHopmasnbHbIX

M nepexoaHbIX peXXumMmax B CeTU No CpaBHEHUKO € OObIYHbIMKU [TY:

1. PerynunpoBaHue B MHBepPTOpe ABNAETCA O6oree ObICTPOAEUCTBYIOLUM,
yem perynmpoBaHue B TPagULUOHHbIX 'Y

2. BenuunHa BbixogHoro toka TIY xecTko orpaHunuuBaeTcs (TensioBas
WHepLuua mana — TensoBon npooon) Ha ypoBHe 1,1 — 1,2 | Howm.

Ona obecneyeHns aBToOHOMHoM paboTtbl 'TY ¢ TINY HeoObxoanmMo npumMeHeHue

yctpouctB P3A B ceTn ¢ HOBbIX NpuHUMnax, a Takke YPI1 gna nyckoB 3]
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@‘ Bbi10op 3akoHOB perynupoBaHusa f u P @

FeHepupyloLWMe yCTaHOBKM 4acToO OCHaLlalTCs crieayoWwmMmMm Bugamm perynsitopoB:

FeHepupylOWwmMe ycTaHOBKWU, NpeaHa3HavyeHHble AN napannenbHou paboTbl C
CeTbi0 — aBTOMaTU4YeCKMMMU perynstopamum akTtuBHonm mouwHoctn (APAM) 6Ge3s
AOMNONHUTENbHON KOPPEeKL UM Nno 4yacrtorte

Cnedcmeue:
HeBo3amoxHo BbigenuTtb 'Y pencrenem YOA/JAH Ha c6anaHCMpOBaHHYKO Harpy3sKy

@\Feﬂepupyrou.me YCTaHOBKW, NpeAHa3HayeHHble Ansi aBTOHOMHOM paboTbl -—

aBTOMaTU4YeCKUMU perynsatopamu YacToThl BpalleHus (APYB) 6e3
AOoNOoNHUTeNbLHOM Koppekuun no P ¢ S £ 0,3% (acTtaTtnyeckoe perynmpoBaHue)
Cnedcmeue:

HeBo3MoXHO 06ecneunTb NapannenbHylo paboTy ¢ APYrMMy reHepupyroLWmMMN yCTaHOBKaMM
— «packauumBaHue» NapamMeTpPOB pPeXuMa — OTKN4YeHue 3awmTamm

FeHepupylOWwMe YCTaHOBKU, OCHAaLLEHHbIe MNepeKsvaTerieM pexmmoB padoTbl
(onepaTMBHbIM MMM aBTOMATU4Ye€CKMM), OCYLUECTBMAKLWMUM BbIOOP anropuTmoB
perynupoBaHus (BBeaeHue 3ana3gbliBaHUA Ha NepeKkritoyeHue arnropmtmoB)
Cnedcmeue:

KommyTaumu, B pe3ynbrate KOTOpPbIX paspbiBaeTcA CBSA3b  3ME€KTPOCTaAHUMM C
3HEeprocucTeMom, MOryT MNPOUCXOAUTb Ha YyAaneHHbIX Yy4yacTKaxX 3feKTPUYeCKoOn ceTu
(3HaunTenbHoe ycrnoxHeHue pukcaunm pexmma n nepeKkntoyeHns anropuTMoB)

Heob6xoammo npeaycmaTpuBaTb BO3MOXHOCTb pPaboOTbl reHepuUpyroLWmUX YyCTaHOBOK
KaKk B aBTOHOMHOM peXume, TaKk U napansienbHoO C ceTblo 6e3 Heob6XxoaAUMOCTMU
BbINOJIHEHUA NepekrnYeHun (aBTomaTuyeckoro unm py4yHoro) B CAY (CAP)
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XapaKTepUCTUKHU

JoHa
HEMYBCTEMTENEH.

o

yrnpasneHxue
aKTUBHO
MOLLHOCTbH

f, %

| S

ynpasneHve
Y4acToTom

aKTMBHasA MOLLHOCTb

MNoBRLWEHWE MOWHOCTH, %0 K HOBM,

TekylLjas a0 | L
qacma6 a0 1oz

OTKNOHEHWE YACTOTH, %

6 e

1. PerynupoBaHMe 4acTOTbl AO/MKHO OCYLUECTBNIATLCA CO CTaTU3MOM S (CTeneHbHo
HepaBHOMEPHOCTU perynmpoBaHusl), HactpamBaemMbiM B npegenax 4,0-5,0 % ana
3HeprobmnokoB ¢ NapoBbIMU U razoBbiMu TypouHamm (MTI n. 4.4.3 n 4.6.2)

2. B cnyyae aBTOHOMHOMN paboTbl BO3MOXHO nogaepXaHne HOMUHaNbLHOM YacToThbl
He6bonbwum yncnom Ny, ecnns =0, 1. e. f = const.

3. OTapenbHble 3aBOAbLI-U3rOTOBUTENN BBOAAT 30HY HevyyBCcTBUTEeNbHOCTM B APYB
ana uvckndeHna YB Ha TypOMHY npu ManbiX OTKIOHeHuaAx f Onu3sm ee
HOMMUHarIbHOro 3Ha4yeHusa (0Co6eHHO BaXHO NMpPU aBTOHOMHOMN paboTe)
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BuigeneHuve oobekTtoB Pl Ha

cbanaHcMpoBaHHYHO Harpy3Ky

B cootBetctBUM TOCT P 55105-2012 Bce TAC 25 MBT M Bbilwe OO0NMXHbI
OCHawaTbCA YacTOTHOU AenutenbHou aBTomatukon (YOA), 3a UcCknoYeHnEeM
3NEeKTPOCTaHUUU, Ha KOTOPbIX ycTaHOBKa yctpouctB YA HeBO3MOXHa no
ycroBusim paboThbl

%

BbiaeneHune anekrtpoctaHuuu peuncrenem AJAH

Ha cGanaHCUPOBAHHYIO Harpy3Ky LernecooopasHo:

npyM BO3HUKHOBEHUM MNOBPEXAEHUA B MNUTaOWEN CceTU 0e3 CHMXKEeHUA YacToTbl, HO C
HeAoNyCTUMBbIM aBapUNHbLIM MOHMKEHUEM HanpsXKeHUs

npu BOSBHUKHOBEHUUN peXXnmMa BbICOKUX PUCKOB HapyLleHuUA 3HeKTpOCH36)KeHVI$I

—E pacyeTbl BbiABAT BO3MOXHbIe aBapuu, conpoBoxgarwnecs NaBUHOWM HanpsxXeHusd

—a ObicTpopencTeme JAH npu Takmx aBapusix 6yaeT AOCTaTOUYHbIM AN COXPaHEeHUs YCTOMYNBOM
paboTbl OTBETCTBEHHbIX NOTpeduTenen B BbiAeNnAaeMOM panoHe

—m 00beM OTKITIOYEeHUN 3EeKTPONpPUEeMHUKOB Npu cpabaTtbiBaHnn JJAH MeHbLlUue, YeM Npu TaKom Xxe
aBapuu, Ho 6e3 npumeHeHua O AH

NMpumeHenne [OJA addektTyBHO B uUensAXx obecneyeHUss  HaOeXHOro
3NEeKTPOCHabXeHUss OCHOBHOIoO NMPOU3BOACTBEHHOrO LUKIa NMpU NOBpeXaeHUsaXx
B NUTaloLen pacnpenenuresibHOM ceTu U/unmn BO3HUKHOBEHUU PeXnMa BbICOKUX
PUCKOB HapyLUeHUs1 INeKTpocHabxeHusa (Ha ocHoBaHun TI0)
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Mpoekt YOA n JAH ana T3C MexayHapoaHas pa3paboTtaH
OAO «MHCTUTYT «DHEeproceTbnpoeKkT»

Ha otkmonetne
Teproro renepatopa I'TY

oo ceamm 20 K3

Ha oTimouene ByX
omxomsmmax KJI 110 kB

Hanpsoweise
omoii CIIT 110 kB

pecus 1 Tlpecus 2

o
I ouepensn i Tivmaree ToC T Il ouepens
!

!
R . (PV" .
IEl_,‘,_l KPY¥3 110 kB § , . ! KPY¥YD 110 B
1 C| | | |

| i |

1opoii cermni 20 kB3
Hanpaenne
sropoit CIIIL 110 B

U=17.2xB
U<=88.1xB

IECRIEEE

CosmeuieHHoe ucnonHeHne YAA n OAH onpasaaHo, Tak N T30 bovenronn| 1 “ %%é U
KaK CXeMbl UMeloT oblme BXOAHbIE M BbIXOAHbLIE Lenw,
pasnuuus CyWecTBYIOT TONMBLKO B MYCKOBbLIX OpraHax

HeBo3moXxHOCTb peanusaumm YOA B psage cnyyvYaeB OOOCHOBLIBaeTCA He
TEXHUYECKOMN HEeBO3MOXHOCTbIO €€ BbINONIHEHUS, a HenpaBuJibHbIM BbIOOPOM
reHepupyroLmMxX yCcTaHOBOK, ycTaBoK yctpoucTtB P3A u anroputmoB CAY (CAP)
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Ocob6eHHOCTU NnpuMeHeHua A

Bo3moXKHbIe eapuaHmMbIl MOKPbIMUS
peakmueHoUl MOWHOCMU Ha2py3Ku

B

B MOMEHT genenua, AL S U, %
o
YeTaHOBMBLWIAACA YyacToTa, Ny

46

YacToTa
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0 20 30

FeakTMBHaA MOWHOCTR ), MBap, reHepupyemas
B CeTe 220 kB OAHUM reHEpATOPOM B MCX. DEXMME

1. Mpn nokpbiTMn Q Harp. 'Y n BbiaeneHun U CHUXaeTCA MMHUMArbHO,
Harpy3Kka octaeTcsi yCTOMUMBON, a agecpmumnt P npuBoanUT K CHNXKEHUIo f

2. lpwn HU3KOM | Bo36. Q NocTynaeT B Harpy3Kky B OCHOBHOM U3 CeTU U NpwU
BblAeNeHMN Bbi3biBaeT CHUXXeHue U Tem Goree 3HauYuTenbHoOe, YeM HUXxe
Ur0. CKkonbXeHue ABuUratesibHOM Harpy3ku yBerimiMBaeTCsA, HarnpsaxeHune
CHMXXaeTCA UM pa3BUBaeTCA JlaBMHa HanpsxkeHua, f npu 3ITom
noBbiwaeTtcs (AYP HeadheKkTUBHO)
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NMoaxoAabl K peweHnto NpoobneMHbIX
BOMNPOCOB BHeapeHus oobekToB Pl

| To4yHoOe onpeaeneHve uenu BHeapeHna oobekTa Pl nu pexxumoB ero padoTbl
C YY4eTOM TeXHONMOrMm OCHOBHOIoO NPOU3BOACTBA

| NMpaBunbHoe (KayecTBeHHoe) cocTtaBrneHMe TT K reHepupyrouwemy
obopyaoBaHnio U T3 Ha 3aKynky AaHHoro obopyaoBaHusa (Heobxoaum
3HaunTenbHbIU 006BLEeM MHdoOpMauun o napameTpax U xapakrepuctukax Ny
OT 3aBOAOB-M3roToBUTENEen AnA BbINOJMIHEHUA pacyeToB, a TaKXe
TeXHUYECKON OAOKYMEHTalMn Ha PyCCKOM A3blKe)

| lNMpaBunbHoe (KayecTBeHHoe) cocTaBsieHMe T3 Ha NPOEKTUpPOBaHUE CXeMbl
Bblgaun wMowHoctn [Y B pacnpegenutenbHylo ceTb uW/vwnn ceTb
BHYTPEHHEro 3NeKTPOCHabXeHUA NMPOMbILUIIEHHOro npeanpuaTUs

| PeweHne npu nNpoekTUpoOBaHMM BCEX TEXHUYECKUX BOMPOCOB MO
Nnpob6rneMHbIM  acrnektam  WMHTerpauMm oOOBLEKTOB  pacnpeperneHHou
reHepaumMm B 3NEeKTpPUYECKUue cetTu pana obecnevyeHnsa HagexXHoOro
3NIeKTPOCHabXeHUA noTpedbuteneu

| NMpuemka npoekta  COGCTBEHHBIMM  BbICOKOKBaNM(PULMPOBaHHbLIMM
cneuymanucTtamMm unm npoBeaeHne He3aBUCUMOMN IKCNEPTU3bl NPOeKTa

| OOyyeHMe nepcoHasrla OoCOOGeHHOCTAM 3Kcnsiyatauum coBpeMeHHbIx [TY,
rmy (ABC) oteyecTBEHHOro U MHOCTPaAHHOIoO NPOU3BOACTBA
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Moakomuret C6
«CuncTeMbl pacnpeaeneHus aNeKTPOIHEPrun

W pacnpefieneHHasn reHepaLms» TEXHUYECKAA E 3 c

WHCNEKUKNA
'I s0000
Beaywuii

Poccuiickuii HaquO-TeXHM‘IQCKMﬁ

HauuoHanbHbIA

Komutet napTHep

Cnacunb6o 3a BHUMaHue!




