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BeegeHnue

BBepeHue

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 05.2023

Hactosiwee pykoBOACTBO MO 3KcnnyaTauuu (oanee - P3) ycTponcTBa CONpspKEHMS
C wuHon npouecca ENMU (panee - ENMU) npepgHasHauyeHO /18 O3HAKOMJEHMS
noTpeouTens C TEXHUYECKMMU  XapaKTepuCTMKaMu, QyHKUMaMM 1 obecrnevyeHus
CBeAeHUsIMKU, HeobxoaMMbIMM ANg npasBuabHOM 3kcnayatauun ENMU. P23 copepxut
TeXHUYEeCKMe AaHHble, onMcaHmMe paboTbl, YKa3aHWS MO YCTAHOBKE M MUCMOJIb30BAHMIO,
TEXHUYECKOMY OBCY>KMBAHMIO, YNAKOBKE, TPAHCMOPTUPOBAHUIO U XPAHEHUIO, @ TaKXe
cxembl nogknoveHnss ENMU kK uaMeputenbHbiM  LensaM, UensM MNUTAHKUS, LensMm
AUCKPETHbIX CUTHANOB U UUM(POBLIM MHTEPpGhENCcaM.

o Hayana pabotbl ¢ ENMU Heo6x0aMM0o 03HaKOMUTLCS C HacToawmum P3.
MpouyunTanTe 3Ty MHCTPYKLMIO MONHOCTbIO Npexae, 4eM ncnonb3osate ENMU.
Lenesas rpynna

HacTosiwee P3 npefHasHayeHO Ans nepcoHana, OCyWecTBASAIOLWEro NpoeKTMPOBaHueE,
YCTaHOBKY, HaNaaKy M 3KCnayaTalmio YCTPOMCTB.

Cdepa peiicTBuA fOKyMEHTa
P3 pacnpocTtpaHset geicteune Ha ycTporictea ENMU Boinycka ¢ 2018 roga.
Moanepxka

Ecnu y Bac Bo3HMKkAM Bompockl, oTHocawmecs kK ENMU, obpauwanTtech, noxanymcra,
B CNy0y TexHnyeckom nogaepxxkn 000 «MHXeHepHbIV LEHTP « JHEProCcepBuC»:

https://enip2.ru/support/

+7 (8182) 65-75-65

enip2@ens.ru

Mpumeuanune: Ucnonb3ayiite ENMU Tonbko No HasHayeHuIo, Kak yka3aHo B HacTosueM PykoBoacTBe.
YcraHoBka u obcnyxunsaHne ENMU ocyliectBnseTcs Tonbko KBanMPUUMPOBAHHbLIM U 06yYEHHbIM
nepcoHasnom.

ENMU ponxeH 6bITb COXpaHEH OT yAapOB.

Mopkntouarite ENMU TONbKO K MCTOYHUKY MUTAHKUS C HAaNpsXKEHWEM, COOTBETCTBYIOLLMM YKa3aHHOMY
Ha MapKupoBKe.

BHumaHue! NporpamMmHoe obecneyeHne NOCTOSIHHO COBEPLUEHCTBYETCS M JOMOSTHAETCS HOBbIMM
(dyHKLMOHaNbHbIMK HacTporikammn ENMU. MpouseoamTens octaBnset 3a coboi NpaBo BHOCUTb U3MEHEHUS
n ynyJdwenus B M0 6e3 yBegomneHuns notpebuteneii.


https://enip2.ru/support/
mailto:enip2@ens.ru

0603Ha4YeHMA 1 COKpaLLEHMA

O603Ha4YeHna N cCoOKpalleHUs

B HacTosieM pyKoOBOACTBE MO 3KCMyaTaLuMm NPUMEHSIOTCS Cneaytolme 0603HaYeHUs
M COKpaLLEeHMS:

e PRP (Parallel Redundancy Protocol, IEC 62439-3 Clause 4) - npoTokon
pe3epBMpoBaHus cetn Ethernet;

e PTPv2 (Precision Time Protocol Version 2, IEEE 1588-2008) - npoTtokon To4HOro
BpPEMEHMU;

e SV (Sampled values, IEC 61850-9-2) - BbIGOPKM MTHOBEHHbIX 3HAYEHUNA;

ANC - aBapuiHO-NpeaynpeauTenbHas CUrHann3aums;

3TT - TpaHcdhopmaTop TOKa 419 3aLWMTbI;

UTH - TpaHchopMaTop HanpsikeHus AN U3MepeHun 1 yyeTa;

UTT - TpaHchopmaTop ToKa AN U3SMEPEHMI U YYeTa;

TC - TenecurHanu3aums.
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OCHOBHble CBeAeHMA

1 OcHOBHbIe cBeaeHuUs

1.1 BHeWwHUN BUA U KOHCTPYKLMUS

KoHctpyktnBHo ENMU BbINOAHEHBI B METAaNIMYECKOM Kopnyce, NpeaHa3HaYeHHOM NS
HaCTEHHOro MOHTaxa.

59 60
nus
7 0B D

pif3 Difé DI DI

HaT
g DHO DIff Di

ENMU-HWMN&IZO-FXZEi-FXZHAZCi

araog anddghal mergng urit

Ne02020 062020

Volage inpus U1 - U4} 3611100V 50 K

Cureatinpus: 1A (4- 7). 1A 1 -)

01 -Difé: 220V DC

D01-D0% 304220 C; D04-DO: 024220V DC

Power:120.370VDC00.285VAC, 15VA
-~

RS-485-1 RS-485-2

ens

CAN

LAN 1

LAN A1 LAN B1

Pucyrok 1.1. O6wwmi Bnug ENMU-X/100-16/8-FX2E1-FX2E1A2C1.

Ha nesyto naHeno ENMU BbiBegeHbl KneMMbl Ang NOAKAOYEHUs Lenei Toka (06MOToK
TT pna “3MepeHus M 3aWwmTbl) U USMEPUTENbHBIX Lenen HanpsxeHus (obmotok TH).
Ha npaBoi pacnonoxeHbl pa3beM Ans Kaptel namsatn, nopt USB, nHtepdencol Ethernet
(pasbembl «LAN»), RS-485, CAN, Bbixoabl AMNC (kneMmbl «FAULT»), kneMMbl NUTaHUs
(«<POWER»), BMHT ons 3a3emneHusi. Ha BEpXHEW W HUXKHEW MaHenu pacnonarakrTcs
AUCKpPEeTHble BXOAbI/BbIXOAbI.
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OCHOBHble CBeAeHMA
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Dt DI2 DI3 D4 DI5 DI6 DI7 DI8 DI9 DI10 DI11 DI12 DI13 DI14 DI15 DI16

= ENMU

merging unit

ce

ENMU-1/100-16/8-220-FX2E1-FX2E1A2C1
analog and digital merging unit

Ne02020 06.2020r.

Voltage inputs (U1 - U4): 3x57,7/100 V 50 Hz

Cument inputs: 1A (4 ~ 17), 1A (11 - 13)

DI1-DI16:220 VDC

DO1-DO3: 30A/220 V DC; DO4-DOB: 0.247220 V DC

Power: 120..370 VDC/100..285 VAC, 15VA
r 4

ens

DO3 DO4 DO5 DO6 DO7 DO8
65 66 67 68 69 70 71 72 73 74 75 76

PucyHok 1.2. Bug cnepean ENMU-X/100-16/8-FX2E1-FX2E1A2C1

LAN A2 LAN B2 RS-485-1 RS-485-2

POWER

LAN A1 LANB1

L e ¥ o e )

o LTILTT

PucyHok 1.3. Bug, co ctopoHbl nHTepdencos ENMU-X/100-16/8-FX2E1-FX2E1A2C1

[abapuTHbIE U MOHTAXHbIe pa3Mepsbl NpuBeaeHbl Ha puc. 1.4 n 1.6.

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 05.2023



OCHOBHble CBeAeHMA
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PucyHok 1.4. FabaputHble pasmepbl ENMU-X/X-16/8-X-X

65

Ul sEuDOdddds

PucyHok 1.5. FabaputHble pazmepbl ENMU-X/X-X (6e3 LonONHUTENbHbIX MHTEP(ENCOB)
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OCHOBHble CBEAEHMA

[N - - -

olo|olo|o|o

i)

1
#]Ls][s][s]ie][s][s][s]

[eeeceeea |

(]
)

S= =S

PucyHok 1.6. MoHTaxHble pasmepbl

Ha3HayeHMe cBeTOoaMO00B:

Csetoauon Onucanue \
LAN A1 Hanuuune cessu Ethernet nopta Lan Al

LAN B1 Hanuuune cessu Ethernet nopta Lan Bl

LAN 1 Hanuuune cessu Ethernet nopta Lan 1

LAN A2 Hanuuune cesasu Ethernet nopta Lan A2

LAN B2 Hanuuune cessm Ethernet nopta Lan B2

LAN 2 Hanuuune ceasu Ethernet nopta Lan 2

RS-485 1 O6MeH faHHbIMM Mo NocienoBaTeNbHOMY nopTy 1
RS-485 2 O6MeH faHHbIMKM N0 NocnefoBaTeIbHOMY NOPTY 2

X1 Pabota 3arpy3unka npoLwmBKM
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OCHOBHble CBeAeHMA

1.2

1.3

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 05.2023

HasHaueHue

ENMU cornacHo craHpapty IEC 61869-13 aBnsetcs ycTponcTBoM conpskenmns SAMU
(Stand-Alone Merging Unit). YcTponctBo conpskeHus C wuHoM npouecca ENMU
ocyllecTBNsSeT  aHanoroeo-uudpoBoe  npeobpas3oBaHMe  BXOAHbIX  CUFHANOB
OT 3NEeKTPOMArHUTHbIX  U3MEepUTE/IbHbIX TPAHCHOPMATOPOB TOKA WM HANPSKEHUS,
n nepepavy BblIbOpok 3HayeHmn (Sampled Values) no cetn Ethernet B cooTBeTCTBMM
c IEC 61869-9.

ENMU nogkniouaetca Kk «wuHe npouecca» (Process Bus) c nmomMowbio UMPPOBbLIX
nHtepdencos u nybnaukyer notoku SV. Ha npuem SV nognucbiBatoTCS YCTPOMCTBA,
MOAKMIYEHHbIE K «LWKWHE npouecca» (Hanpumep, undpoBble TEPMUHANbI penenHon
3aWmThbl, UMbpPOBLIE CYETYMKU  INEKTPOIHEpPruu, CUCTEMbl KOHTPONS  Ka4vyecTBa
3NEeKTPO3HEpPrMM, YCTPOMCTBA  CUMHXPOHHbLIX  BEKTOPHbIX  M3MepeHun). ENMU
obecneuymBaeT nepepavy Ao YeTbipex NoTokoB SV. COCTaB CMIHANOB B KAXAOM NOTOKe
HacTpamMBaeTCs Nob30BaTeNEM.

ENMU opHoBpeMeHHO ¢ nybnukaumen SV obecneumBaeT nepenady AaHHbIX COrNacHoO
[EEE C37.118.2, TO eCTb AIBNSIETCS OQGHOBPEMEHHO U YCTPOMCTBOM CMHXPOHM3UPOBAHHbIX
BEKTOPHbIX n3Mepenuin (YCBU, PMU).

OnumoHanbHo ycTtporctBo ENMU uepe3 nnaty A[ONOAHWUTENbHbIX MHTEpdencos
NMO3BONSIET OCYWECTBNATb BBOA/BbIBOL [AMCKPETHbIX CWUIHANOB, OMPOC BHELWHUX
YyCTPOMCTB, Nepefavy AMCKPETHbIX M aHANOroBbIX AAaHHbIX NO npoTokonam M3K 61850-
8-1 (MMS, GOOSE), M3K 60870-5-101/104, Modbus RTU/TCP.

YcnoBHble 0603HaUYeHUa

HomuHanbHble 3HaueHuA: OcHoBHble uHTepdelichi:

1/100-1A/577(100) B E3 — 3 x 100Base-TX

5/100-5A/57.7(100) B FX2E1 — 2 x 100Base-FX LC/MM, 1 x 100Base-TX

LOMCcKpeTHbIe BXOALI M BbIXOALI: LononHutenbHble MHTepdeicDbI:

16/8 — 16 Bx0008B, 8 BbIXOA0B E3A2C1 — 3 x 100Base-TX, 2 x RS-485,1 x CAN

16/10 — 16 exonos, 10 Bbixoaos FX2E1A2CT — 2 = 100Base-FX LC/MM, 1 x 100Base-TX, 2 x R5-485,1 = CAN
(TONBKO € AONONHWUTENBHBIMU HE YKa3aHo — OTCYTCTBYIOT

uHTepdercammn E3A2C1)
HE YKa3aHo — OTCYTCTBYHOT

MNpumep 3anucu 0603HaveHna yctponctea ENMU:

® C HOMWHANbHLIM BXOAHbIM TOKOM 5 A, HOMUHANIbHBIM BXOLHbIM HanpsXKeHUeM
57,7(100) B, Hanpspkenmem nutanms 100...265 B~, 45...55 'y van 120..370 B=, ¢ 16
AMCKpeTHbIMM Bxodamu, 10 guckpeTHbIMU BbIXoAaMu, AByms nopTamu Ethernet
100Base-FX pna nepenauun notokos SV, asyma noptamu Ethernet 100Base-FX ans
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OCHOBHble CBeAeHUA

nepepaun GOOSE n MMS, nymsi noptamu Ethernet 100Base-TX n oBymsi noptamu
RS-485 nns HacTporkm 1 onpoca. [pu ero 3akase 1M B JOKYMEHTauuu apyrom
NPOAYKUMMU, B KOTOPOM OH MOXET ObITb MPUMEHEH:

«YCTPOMCTBO CONPSHKEHUA C LIMHOM npouecca:
ENMU-5/100-16/10-220-FX2E1-FX2E1A2C1 TY 4221-001-53329198-16»

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 05.2023
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(DyHKUMOHaﬂbeIe BO3MOXHOCTH

2.1

2.2
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(DYH KUMOHAJIbHbl€ BO3MOXXHOCTU

Bbiaaya notoka M3K 61850-9-2

ENMU obecneunsaetr ¢opmumposaHme notokoB cornacHo IEC 61850-9-2 SV80 (80
BbIOOPOK 33 Mepuof  MPOMbIWAEHHOM  YacCTOTbl, YTO COOTBETCTBYET 4acToTe
anckpetusaumm 4000 Tu), aTakke SV256 (yactota aumckpetmsaumm 12800 Iw).
OnuuMoHanbHO JOCTYMHA Bepcus C noaaepkor notokos SV96 n SV288.

ENMU obecneunBaeT BbiBO4, [0 YeTbipex NOTOKOB SV, COCTaB CUrHANOB B KOTOPbIX
HacTpamBaeTcs nonb3oBateneM. [octynHbl Hanpsxenue, Tok ¢ UTT, Tok ¢ 3TT. Ona
KaZoro TMna napameTpa HacTpamBaeTcs paspewenue (no ymonyaruio 0,001 gnga Toka
n 0,01 ona HanpskeHns) U KoahduumeHTbl TpaHchopmaumn. B noToke B KavecTse TOKa
HyNeBOM MOC/Nef0BaATENbHOCTM MOXET nepefaBaTbCsl M3MEpPEeHHOEe WM  pacyeTHoe
3HayeHue.

ENMU B 3aBucumoctn oT moamdukaumm obecneumBaet nepepavy SV no uudposbiM
nHtepdencam Ethernet 100Base-FX (pasvembl t™Mna LC, MHOroMmoposoe BONOKHO
62,5/125 v 50/125 mkM, anuHa BonHbl — 1300 HM) nnn 100Base-TX - nHtepdencol LAN
Al, LAN B1l. ENMU ob6ecneunBaeT noaaepxky npoTokona pesepsupoBaHusi PRP
B cooTBeTcTBMM |IEC 62439-3.

NMepepaya paHHbIX No M3K 61850-8-1, M3K-60870-104

ENMU uepes pononHutensHblie uHTepdericol LAN A2, LAN B2 obecneumBaer:

e nybnukaumo GOOSE coobLueHnin 0 COCTOSHMSAX BCTPOEHHbIX AMCKPETHbIX BXOAOB
M BbIXOZO0B, pe3yNbTaTbl JOTMYECKUX BbIPAXKEHWUM, ANATHOCTUYECKME CUTHANDI,
N3MepEHMS.

e noanucky Ha GOOSE coobuieHus, cogepxalume cnenytowme Tunbl AaHHbIX: Boolean,
Quality, Timestamp, SPS, DPC, INT32, Float.

e MMS cepsep. B atom pexxume ENMU noppepxusaert:

HacTpauBaeMble nornyeckune ycrporctea (LD);

- HacTpamBaeMmble nornyeckue y3nbl (LN, Tabn. 2.1);
- HacTpanBaeMble Habopbl AaHHbIX (Dataset);

- GOYHKUMM yNpaBneHus;

- Hebydepusnpyemblie oT4eTHI.
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(DyHKUMOHaﬂbeIe BO3MOXHOCTH

2.3

MNpuBsska namepeHun K ysnam mogenn M3K 61850 ocywectsnsietcs ¢ nomouwbto 0
«KoHpurypatop SHKC». MNepeyeHb AOCTYNHbIX M3MepeHui NpeacTaBneH B Tabn. 2.2.

MoaaepxmMBaeMble NOrMYECKME Y3/bl:

Tabnuua 2.1
LLNO TNornueckuit yzen 0
LPHD MNapameTpbl pu3nyeckoro ycTponcTea
ciLo BnokupoBka ynpaBneHuss KOMMYTALMOHHBIM anmnapaTom
cswi YnpasneHue BoiknoyaTenem
GGIO O6wmi1 BBOA/BbIBOJ, l@aHHbIX
MMTR JHeprusa TpexdasHoMm cetu
MMXN [MapameTpbl ogHOda3HOM ceTn
MMXU MNapameTpbl TpexdaszHon ceTn
MSOI MocnepoBaTenbHOCTU U HebanaHc
PTOC MakcuMManbHas TOKOBas 3aLumTa
PTRC YcnoBus ons OTKIOYEHUS NMpU cpabaTbiBaHWM 3aWMT
RBRF OTka3s Bblknto4aTens
TCTR TpaHcdopmaTop Toka
TVTR TpaHcdhopmaTop HanpsKeHus
XCBR BoikntouyaTtens (KA ¢ BO3MOXHOCTbIO OTKOYEHMS TOKOB K3)
XSwi KommyTaTop (KA 63 BO3MOXHOCTM OTK/IHoUeHMs TokoB K3)

e [lepenayy gaHHbIx no npotokony M3K-60870-104 usmepeHuit, COCTOSHUIA
AVCKPETHbIX CUrHaNoB, obecneymMBaeT NnpMemM KOMaHA Teneynpasnenus. [na
OMCKPETHbIX curHanos goctyneH apxus TC rnyduHon 1000 cobbitnin. Apxme
nepenaeTcs aBTOMaTUYECKU NpU NOAKIYEHUM K YCTPOMCTBY, a TakXKe AOCTyneH Ans
yTeHmsa ¢ nomoubto M0 «IHKC KoHdurypatop».

[na untepdericos LAN A2, LAN B2 poctynHo pe3sepsupoBaHue PRP unn RSTP.

B mogudukaumm ENMU-X/0-220-X-SO poctynHa nybaukaums GOOSE-coobuieHuin
yepe3 wuHTepdencol LAN A1/Bl. Habop napaMeTpoB He HacTpauMBaeTcs, BcCerga
CoOepXuT 4 TOKa C onucaTens MM KavecTsa.

Cu HXPOHU3NPOBAaHHbIE BEKTOPHbIE U3MEepeHUs

ENMU noppepxuBaeT nepefayvy AaHHbIX B COOTBETCTBMM CO cTaHZapToM C37.118.

Yactota nepepaum pesynbtatoB mamepeHuin Ao 100 3HauveHni B cekyHay. MeTka
BPEMEHU NPUCBAMUBAETCA KAXKAOMY U3MEPEHUIO.

lNepeyeHb AOCTYNHbIX NApaMeTpPOB NpeACTaBfieH B Tabn. 2.2.
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q)yHKUMOHaﬂbeIe BO3MOXHOCTH

2.4

Tabnuua 2.2
S
74 v
MapameTp 0603HaueHue 8 E
a
[enctylowee 3Ha4yeHe GasHOro HanpsHKeHUs Ua, Ug, Uc + +
[LevicTeylowee 3Ha4YeHne HasHOro Toka L T | + +
(u3mepuTenbHas 06MoTKa) A 18 1C
[LevicTBylowee 3Ha4YeHne $Has3HOro Toka W + +
(3aWwmTHas 06MOTKa) Aps TBps 1Cp
AKTMBHas MOLWHOCTb (a3bl HAarpy3Kku Pa, Ps, Pc - +
PeakTnBHas MOLLHOCTb a3bl HarpysKku Qp, Qs, Qc - +
OcHoBHas yacToTa F - +
CKOpOCTb U3MEHEHWS OCHOBHOM YacTOThl dF - +
HanpshkeHne HyneBoM nocief0BaTeNbHOCTH Uo + +
Tok HyneBoi NOCNeA0BaTENbHOCTH | + +
(u3mMepuTenbHas 06MOTKa) 0
Tok HyneBoi NOCNeA0BaTENbHOCTH | + +
(3awmTHas 06MoTKa) o
AKTMBHasi MOLHOCTb HY/IEBOW NMOCNEA0BaTEIbHOCTH Po -
PeakTvBHas MOLHOCTb HY/IEBOM NOCNEA0BATENBHOCTH Qo -

MpumMeyaHms:

1. Phasor - 3HauyeHus, BblYUCNSIEMblE MO OCHOBHOM rapMoHuKe ¥ nepegavouimeca B BEKTOPHOM BUAOE

(amnautyga + yron);

2. RMS - 3HaueHus, BbluMCNISEMbIE MO BCEM rapMOHUKAM M NepeaatolmMecs B aHaN0roBOM BUAE;

3. 3HaK «+» UK «-» 0603HAYAET AOCTYMNEH UM HE AOCTYNEH AaHHbIN NapaMeTp B COOTBETCTBYHOLLEM BULE.

CHXpOHM3aUUA BpeMeHH

ENMU noppepxnBaet cneayowme cnocobbl CUHXPOHM3AUMU BPEMEHMU:

e npotokon PTPv2 yepes nntepdericol LAN A1/B1, B T.u. Utility Profile B

cootBeTcTBMM C IEC 61850-9-3 u Power Profile IEEE C37.238-2017 .

e JloCTynHble HACTPOMKM:

Type Layer 2 (Ethernet)
Domain 0..127
Delay mechanism

Operation mode One step, two step

Peer-to-peer, end-to-end

Unicast delay request Bkn, otkn

Delay request interval 0.125,0.25,0.5, 1, 2, 4, 8, 16, 32 cek.
Announce interval 1, 2,4, 8, 16 cek.

VLAN ID 0...4095

MNpu ncnonbzoBanmmn PTPv2 BCcé ceTeBoe 06opynoBaHme Mmexay Yacamm u ENMU

DO/MKHO MOAAEPXKMBATL 3TOT NPOTOKO. PekomMeHayeMmbliii pexkum — Transparent clock.

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 05.2023
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(DyHKUMOHaﬂbeIe BO3MOXHOCTH

2.5

2.6

¢ (no cneuuanbHoMy 3akasy) PPS 1 'y unu IRIG-B(A) no onTnyeckoMy (pasbemsl TMNA
ST, MHoromogoBoe BonokHO 50/125 MKM, anuHa BoaHbl — 820 HM) nnu
nocnepoBatenbHoMy (RS-485) nntepdency SYNC;

Mpn HanMuMM BHELWHEN CUHXPOHU3ALUN OTK/IOHEHWE BPEMEHW BHYTPEHHMX YaCcOB
OT BCEMUPHOIO KoopauHupoBaHHoro BpeMeHn UTC coctaBnsieT He 6onee 1 MKcC.

MNpu noTepe BHeLWHEN CUHXPOHW3ALMUKN OTKIIOHEHNE BPEMEHW BHYTPEHHMX YACOB
OT BCEMWPHOTO KoopauHupoBaHHoro BpeMeHn UTC He Bonee £1 mkc obecneynBaeTcs
B TeueHue 10 c.

Beoa/BbiBOA, AUCKPETHbLIX CUFHANOB

ENMU B 3aBUCMMOCTM OT MOAMDMKALMM MOXKET MMETb 16 BCTPOEHHbIX AMCKPETHbIX
Bxo4oB 1 10 nnn 8 AMCKpeTHbIX BbIXOAOB. TEXHUYECKME XapPAKTEPUCTUKN AUCKPETHbIX
CMIHanoB CM. B . 3.3.

B mogudukaumm ENMU c gononHuTenbHbiMM MHTEpdENCAMM KONMYECTBO AUCKPETHbIX
CUIHANOB MOXET ObITb YBENNYUTD C MOMOLLbI0 BHELHUX YCTPOMCTB paclumMpeHms (CM. M.
2.7).

YnpaBneHue AUCKPETHbIMU BbIXOAAMM M Nepefaya COCTOSHUMIM BXOLOB OCYLLECTBASETCS
no npotokonaM M3K 60870-104 (ogHO- mMAu ABYXNO3ULMOHHOE ynpasneHue), MK
61850-8-1 (MMS), Modbus TCP uepe3 pononHutensHyto rpynny nHtepdencos (LAN A2,
LAN B2).

3anucb apxmMBoOB

ENMU wumeet BcTpoeHHbin flash HakonuTeno obbemoM 8 [0, Ha KOTOPOM XpaHATCS
NVHENHbIe U aBapUiHble apXMBbl, AOCTYMHbIE /1 CKauymMBaHus No npoTtokony FTP vepes
0auH 13 BblbpaHHbix MHTepdencos: LAN A1, LAN B1, LAN 1.

B nnHerHbIM apXMB 3anMCbIBAOTCS YCPeAHEHHbIE 3HAYEHMS TOKa, HanpshKeHwus, yrioB,
MOLLHOCTEM M YacToTbl C yactotor 50 pas B cekyHay. ®ann apxuBa dopmupyeTcs
uMKnnyeckn kaxabole 10 MUHyT.

[na Kaxporo BMAa apxuBa Mpu HACTPOWMKE Ha3HAYaeTCs MAKCMMANbHO AOMYCTUMbIN
obbvem namatu. Mpu 3anonHeHun flash HakonuTens GyoyT nmepe3anncbiBaTbC CaMble
cTapble apXuBbl.

3anucb aBapuUMHOro apxmeBa NPOU3BOAUTCS NpU CpabaTbiBAHUM HACTPAaUBAEMOM YCTABKM
no ntoboMy 13 NapamMeTpoB UAU NO U3MEHEHUIO AUCKPETHOrO CUMrHana (BCTpoeHHbin DI,
noanucunk GOOSE wmT.n). B dann 3anucbiBaloTCd MrHOBEHHble 3HAYeHUs TOKOB
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2.7

M HanpshKeHMM Kaxaoro aHanorosoro Bxoga: Ua, Ub, Uc, UQ, Ia, Ib, Ic, 10, lap, Ibp, Icp
M COCTOSIHMS BCeX ANCKpeTHbIX Bxoaos.: DIL...DI16.

[locTynHa HacTpoKrKa NPOAO/IXKUTENBHOCTM 3aNUCKU A0 U Nocne aBapun. YactoTta 3anucu
- 32/64/128/256 BbIOOpPOK 3a MEpMoA, NPOMBIWAEHHOMW 4YaCTOTbl, MaKCMMasbHas
NPOAOMKUTENBHOCTL 255 cekyHa.

[lpuMepHbIM  pa3sMep opgHOro ¢davna aBapuMMHOrO  apxuBa B 3aBUCUMOCTH
OT MPOAOMKUTENLHOCTM 3aNUCHK:

MpopomkurensHocTb, | Pasmep, K6

cek 32 BbIGOpKM 64 BbIGOPKM 128 Bbi6opok | 256 BbIGOPOK
10 350 690 1380 2755

30 1040 2075 4135 8260

60 2080 4140 8265 16515

120 4755 8280 16525 33025

255 8825 17595 35140 70200

Marinbl apxuBoB XxpaHsitcs B popmate *.BIN. [Ing npeobpa3oBaHus B CTaHOAPTHbIE
dopmatbl CSV nnu COMTRADE mncnonb3yetcs 10, noctaBnsiemoe ¢ npnbopom.

CtpykTypa ampektopuin Ha FTP-cepsepe:

rog_mecay,  OenbYacMuuCek.mcek

FTP://192.168.0.10 ARCH_ADC \\ 21 08 05095904.929
21 07 L 05100304.566 . o
| Gaiinbl aBapuHOro apxusa
|
L+ 06071944.400
NogMecsueHbYac YacMuHCek
— ARCH_VEC \\ 21080900 001000.BIN
—  start_log.txt 1 21080903 L 002000.BIN . .
! | bainbl IMHeRHOro apxunea
| I
| I
I
— testlogtxt | 1= 21083009 | L| (750008IN

Onpoc BHELWHMX YCTPOMUCTB

ENMU uepe3 pononHutenbHbiMn nHTEepdencol RS-485 n Ethernet nopaepxusaet onpoc
YCTPOWCTB, CMNOCOOHbIX OCYWeCTBAATb WMHPOPMALMOHHbBIM 06MEH NO NPOTOKOJIAM
Modbus, M3K 60870-101/103/104, M3K 61850 (GOOSE), a Takxe no cobCTBEHHbIM
npotokonaM psga ycrpoucts (COT-4TM.03, Mepkypuin-23X, CC-301, b3M1-01/02/03,
ABB Emax/Tmax u ap.). MakcumanbHo oanH ENMU MoxeTt onpocutb 240 yCcTpoKicTs.

CymmapHo ENMU moxeT 06pabaTbiBaTth cieaytolee KoNMyecTBo NapaMeTpos:

e 8192 aHanorosbix CUrHana,

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 05.2023 16
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e 4096 OMCKPETHbIX CUrHana,
e 2048 KomaHp, TeneynpaBneHus;

e 256 KOMaHA, 3anmcu B perncrp.

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 05.2023
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TexHUYeCKne XapaKTepUCTUKM

3.1

TexHUYecKue XxapakrepucTuKu

M3MepuTenbHble BXOAbI

K BXx0gaM HanpskeHus MOAKNHYATCS BTOPUUHbIE M3MepuTesbHble 0OMOTKM
TpaHcpopMaTopa HanpsbkeHus. [ToaknyYeHMe OCyLeCTBASETCS K KNEMMaM, UMEKLWMUM
o603HaveHune: Uy, U,, Us, Us. CxeMa nogknoveHns npueseHa B NpUaoXKeHnn A,

Tabnuua 3.1

Mapametp 3HaueHue

HoMuHanbHOe 3HaYeHne BXOAHOro n3MepaeMoro q)a3Horo HanpsaXxeHuna

nepeMeHHoro Toka (Uuow), B >77

Konnyecteo BXO0B HAaNpPsKEHMS 4

[nanasoH namepeHus HanpskeHus, % ot Uyow 2...200

YacToTta amMckpetusaumm Do 14,4 kl'y,
3apepKka BpEMEHM OT NOCTYM/IEHUS CUTHAMA Ha BXOA A0 Bblaaum SV He 6onee 100 mMkc

[onHag MowWHOCTb, NoTpebnsemas Kaxaomn nocnefoBaTe/ibHON Lenbio (Lenu u3mMepeHus
Toka) ENMU npyv HOMMHANbHOM 3HAYe€HUW CUAbl TOKA M HOMMHANBHOM 3HAYEeHWUM
yacToTbl, He 6onee 0,1 B-A.

K BxogaM TOKa MOAKMOYAKTCS M3MepuTenbHble W 3alWMUTHbIe BTOPUYHbIE OOMOTKM
TpaHchopMaTopa Toka.

MoaknyeHne n3MepuTenbHOM 0OMOTKM OCYLLECTBASETCS K KNeMMaM, PacnoIOXKEeHHbIM
nocepeguHe, uMerwWwUM obo3HauveHue: s, Is, lg, |;. CxeMa nogkntoyeHns npuBeaeHa
B NpUNoXeHun A.

Tabnuua 3.2
HoMuHanbHOe 3HaueHne BX0AHOro nepemMeHHoro Toka (low), A 1wan 5
Konunyectso BXxoa0B TOKa 4
[unana3oH nsmepeHuns Toka, % OT luom 1..200
YacToTa amMckpeTusaumm [o 14,4 kl'y,
3apepkKa BpeMeHu OT MOCTYM/EHUS CUrHaNa Ha Bxo4 A0 Bblaaun SV He 6onee 100 Mkc

MNoaknoyeHne 0OMOTKM 3aLUNTbI ocywecrendeTca K kniemMmam, UMerLLmnMm 0603HayeHue:

l1, Iz, Is.

Tabnuua 3.3
HoMuHanbHOe 3HaueHMe BXOAHOro nepeMeHHOro Toka (luow), A 70 170
Konuyecteo BXxoLoB TOKa 3
[Onana3oH usMepeHust Toka, % OT luom 10...4000
YacToTa amMckpeTtnsaumm [o 14,4 kl'y,
3apepka BpeEMEHM OT NOCTYM/IEHUS CUTHaNa Ha BXOA A0 Bblaaum SV He 6onee 100 mMkc
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TexHuyeckme XapaKTePUCTUKHN

3.2

MNonHag MoWHOCTb, NnoTpebnsemMas Kaxaon napannenbHon uenbi (Lenn M3MepeHus

HanpshkeHns) ENMU npu HOMWMHANBbHOM 3HAYE€HUM HAMpPSHKEHUS WM HOMMHANBHOM

3Ha4YeHumn YyacToThl, He bonee 0,1 B-A.

MeTponoruueckue XxapakTepucTUKm

Tabnuua 3.4. MeTponornyeckue xapakrtepuctuku yctporncts ENMU

HomuHanbHble 3HaYeHns Ga3HOro (MMHEMHOro) HanpsKeHUs NepeMeHHOro
Toka UHoM, B
[nanasoH npeobpaszoBaHuii U U3MepeHuit cpeaHeKBaApaTUIECKOrO
3HaYeHUs Ha3HOro (TMHENHOr0) HaNPSXXEHUS NEPEMEHHOrO Toka 2, B
MNpepenbl fonyckaemMor OCHOBHOM OTHOCUTENBHOM NOrPeLIHOCTH
npeobpasoBaHui U USMEPEHWI CPeAHEeKBAAPATUYECKOrO 3HAYEHHUS
($a3HOro (MMHEHOro) HanNpsXKeHUs NepeMeHHOro Toka 2), %:

- npu 0,02-UHom € U < 0,2-UHom

- npu 0,2-UHoM € U € 2,0-UHoM
Mpepenbl gonyckaemMor abCcontoTHOM NOrpeLHOCTM Npeobpa3oBaHmMii yria
$a30Boro caBMra Mexay BXOAHbIM U BbIXOAHbIM (a3HbIMU (TUHERHBIMMK)
HanpsHXeHUsIMU NepeMEHHOr0 TOKa, MUHYT:

- npu 0,02-Unom € U < 0,2:-UHomM

- npu 0,2-UHom € U € 2,0-UHom
HoMuHanbHble 3Ha4YeHMs CUbl MEPEMEHHOTO ToKa [HOM, A
[nana3oH npeobpasoBaHuMit U UIMepeHUI CpefHeKBaAPaTUYECKOro
3HAYEHMA CUMbl MEPEMEHHOrOo Toka 3), A:

- u3MepuTenbHas 0b6MoTKa

- 06MOTKa 3aLLmThI
CTapToBbIV TOK (YYBCTBUTENBHOCTD), A
MNpepenbl fonyckaemMor OCHOBHOM OTHOCUTENbHOM NOrPeLIHOCTH
npeobpasoBaHuit U UIMEPEHWI CpefHEeKBAAPATUYECKOro 3HAYEHMs CUIbI
NepeMeHHOro TOKa AN U3MEPUTENbHOM 06MOTKM ¥, %:

- npn 0,01-lHom £ 1 < 0,05:1HOM

- npn 0,05-1Hom < | € 2-IHOM
MNpepensbl gonyckaeMor abCcontoTHOM NOrPeLHOCTM Npeobpa3oBaHmMii yria
($a30BOro casura Mexay BXOAHOM M BbIXOLHOM CMIaMM MEPEMEHHOrO TOKa
NS U3MepuTenbHOM 0OMOTKU, MUHYT:

- npu 0,01-lHom £ | < 0,05:1HOM

- npu 0,05-I1Hom < | € 2:IHOM
Mpenenbl 4ONYCKAaEMOM OCHOBHOM OTHOCUTENbHOM NOrpeLHoCTH
npeobpasoBaHuit U UIMEPEHWI CpefHEeKBAAPATUYECKOro 3HAYEHMS CUbI
nepeMeHHOro TOKa A1g 06MOTKM 3awmThl 3, %:

- npn 0,1-lHom € 1 < 0,2-1HoM

- npu 0,2:lHom € | € 40-lHom
MNpepensbl gonyckaemMor abCoNOTHOM NOrpeLHoOCTM Npeobpa3oBaHmMii yria
($a30BOro cABura Mexzay BXOAHOM U BbIXOAHOM CMIAMMU MEPEMEHHOr0 TOKa
[N OBMOTKM 3aLUMTbI, MUHYT:

- npu 0,1:IHom € 1 < 0,2:1HoM

- npu 0,2:IHom € | € 40-IHom
[nanasoH npeobpaszoBaHmii U U3MEPEHUIA YaCcTOTbl NEPEMEHHOTO TOKa, 'Ly
Mpepenbl gonyckaemMor abConoTHOM NOrpeLtHOCTM Npeobpa3oBaHmi
W U3MEPEHUI YACTOTbl MEPEMEHHOrO TOKa, 'L,
[unana3oH usmepeHui KoappuumeHTa MOLWHOCTH
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57,7 (100)

ot 0,02-UHoM po
2,0-UHom

+0,4
10,2

+20
+10
1;59

ot 0,01:-lHom po 2:lHoM
ot 0,1:-lHom go 40:l1HoM
0,001:lHoM

0,4
10,2

H+ I+
=N

+240
+180
ot 45 no 55

+0,001

or-1p00+1
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TexHuyeckme XapaKTePUCTUKHN

MNpepenbl gonyckaemMor abCoNOTHOW NOrpPeLHOCTU U3MEPEHMI
K03 PULMEHTA MOLLHOCTH

[unana3oH usmepeHuit hasHom n TpexdasHoin aKTUBHOM (peakTUBHOWM)
3N1eKTPUYECKOM MOLHOCTH, BT (Bap)
lNpepenbl fonyckaemMon OCHOBHOM OTHOCUTENBHOM NOrPeLIHOCTH
usMepeHui GasHom u TpexdasHon aKTUBHOM (peakTUBHOWM)
371eKTPUYECKON MOLLHOCTH, %:
- npu 0,8 < [cosd| € 1 (0,8 < |sing| < 1)
- npu 0,5 < [cosd| < 0,8 (0,5 < [sind| < 0,8)

[vnana3oH nsmepeHunit GasHom 1 TpexdasHom NOMHOM 3NeKTPUYECKOM
MOLLHOCTH, B-A
lpenenbl [ONYCKAaeEMOM OCHOBHOM OTHOCUTENbHOM MOrpPeLlHoCTH
n3mepeHui GasHom n TpexdasHon NOMHOM SNEeKTPUYECKOoM
MoLHoCTH, %
[vana3oH usmepenui yrna ¢asoBoro casura Mexay GasHbiMM TOKaMum
OCHOBHOW 4acToTbl, rpagyc
Mpepenbl ponyckaemMor abCoNOTHOW MNOrpeLwHOCTM U3MEPEHUI YA
$azoBoro casura mexay hasHbIMU TOKAMWU OCHOBHOM YaCTOTbl, MUHYT
[vana3oH usmepenuii yrna ¢asoBoro casura Mexay GasHbiMu
HanpsKeHUIMU OCHOBHOM YaCTOTbI, rpasyc
MNpepensbl ponyckaemor abCoNOTHOW NOrpeLHOCTM U3MEPEHNIA yrna
$a3o0Boro casura Mexay GasHbiMK HaNPSHKEHUSIMU OCHOBHOM YaCTOTbI,
MWHYT

MpumMeyaHus:

1) B 3aBUCMMOCTM OT UCNOJSIHEHMS;

%0,01

o7 0,2:1HoM-0,2-UHoM
0o 2-UHom:2:lHom

+0,5

+1,0

o7 0,2:lHoM-0,2-UHoM
00 2-UHom:-2-1HoM

0,5

ot -180 o +180

£10

o7 -180 no +180

*10

2) K CpefHEKBAAPATMYECKOMY 3HAUEHMIO HANPSKEHWUS OTHOCAT CpeAHEKBAAPATUYECKOE 3HAYEHME
HanpsYKeHWs OCHOBHOW YaCTOTbl, CPeIHEKBAAPATUUECKOE HANPSXKEHMS MEPEMEHHOIO TOKA 3HAaYeHME

BXOAHOro CMrHana c y4eToM rapMoHUYECKMX COCTaBngaroWwnx oo 50 nopsaka,

_7)) K CpeaHeKBaApaTM4eCKoOMy 3Ha4YeHUIO CUbl NepEMEHHOI0 TOKa OTHOCAT CpeHeKBaapaTnyeckoe
3Ha4yeHune Cuibl nepeMeHHOro Toka OCHOBHOW 4acTOThl, cpegHekBagpaTnU4eCcKoe 3Ha4YeHne Cunbl
NepeMeHHOoro Toka BXo4AHOro cMrHasaa c y4eToM rapMoHU4YeCKMX COCTaBagaroWwnx Ao 50 nopsagka.

Huxe npuBogutca npumep  hakTUyeckon

npeobpasoBaHusa  (bopMupoBaHMS  NOTOKA

NOrpeLwHoCcTu
BbIOOPOYUHBbIX

LUMbPO-aHaNoroBoro

3HaYeHUN)

Mo TOKy

COOTHECEHHbIN C rpaHnLAaMM OONYCTUMbIX MOrpewHocTer namepeHns no knaccam 0,2S
cornacHo NOCT 7746-2015 v rpaHvuamMm ooNyCTUMbIX NOrpelHoCcTen, 3asBAeHHbIMU B
onucaHMe Tuna CpeacTBa M3MepeHusi. VM3MepeHusi BbiMOMHEHbl O/ CTALMOHAPHOro
CUrHaNA B HOPMAsbHbIX YCIOBUSX MPUMEHEHMUSI.
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0s
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MorpewHocTs amMaMTyas, %
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PucyHok 3.1. ®akTnyeckas NorpeLwHoCTb U3MEPEHUS aMMIUTYAbl TOKA U3MepUTeNbHOM 0OMOTKM.
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Tok, A

PucyHok 3.2. MakTuueckas yrnosas norpewHocTb Toka M3MepUTENbHOM 0BMOTKM.
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PucyHok 3.3. MakTnyeckas NorpeLHoCcTb U3MepeHus aMnanTyabl TOKA 3aLUMTHON 06MOTKM.
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¥rNOEEA NOMPEWHOCTL, MHH

0 20 40 60 B0 100 120 140 160 180 200
Tok, A

PVIC)/HOK 3.4. MakTnyeckas yrnosas norpewHoCTb TOKa 3aLWMTHOM 0O6MOTKM.

Huxe npuBoamtca npumep  GakTMYECKOM MNOrpewHocTM  uM@po-aHanoroBoro
npeobpasoBaHus (bopMMPOBAHMA MOTOKA BbIBOPOYHbIX 3HAYEHMI) MO HAMPSHKEHUIO
COOTHECEHHbIN C rpaHMLaMM OOMYCTUMbIX MOrpewHocTen m3mepeHus no knaccy 0,2
cornacHo FOCT 1983-2015. N3mMepeHusa BbINOAHEHbI ANS CTAaLMOHAPHOrO CUrHana B
HOPMAasbHbIX YCIOBUAX MPUMEHEHUS.

MorpeuHocTs aMnaMTYasl, %

Hanpaxenue, B

PucyHok 3.5. MakTuyeckas norpeHoCcTb M3MEPEHUS aMMIUTYAbl HAMPSHKEHMS.
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Yrnoean NOrPewrsoCTs, MAH,
|
|
|
|
|

10 0 1] ] 0 &0 F &0 90

Hanpaxenue, B

PucyHok 3.6. MakTmMyeckas yrnoBasi NOrpewHOCTb HAMpPsKEHUS.
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3.3

ENMU, PykosopacTBo no akcnnyataumun, ENMU.422100.001 P3. Pepn 05.2023

OuncKpeTHble CUrHasbl

Yctponctea ENMU ocHalleHbl OMCKPETHbIMM BXOA4AMMW. [1pU M3MEHEHMM COCTOSIHMS
noboro AMCKPETHOro BXoaa CobbiTMe perncTpupyeTcs, NpMCBaMBaETCa METKa BPEMEHMU
1 3adMKCMPOBAHHOE COCTOSIHME TOTOBO A1 nmepefayn no noptam Ethernet. TouHoCTb
NMPUCBOEHUS METKM BpeMeHM He Xyxe 1 Mc. XapakTepmucTuku ykasaHbl B Tabn. 3.5.

IunckpeTHble Bbixoapl (0603HayeHne Ha wunbamnke «DO») ENMU npepgHasHaueHbl gns
BblAA4YM  YNpaBASOWMX BO3LENCTBUMA  HA BHELWHME O0ObekTbl (KOMMYTaLMOHHbIE
annaparbl, NPOMEXYTOYHbIE pene U T.N.).

B ENMU peanusoBaHbl AMCKPETHblE BbIXOAbl Ha 6a3e CNabOTOYHbIX 3NEKTPOHHbIX
TBEPAOTENbHbIX  KJ/IKOYEN, SNEKTPOMArHUTHbIX  pefie U ObICTPOAENCTBYHOLLMX
CUNIBHOTOYHBIX TPAH3UCTOPaX. XapaKTePUCTUKM yKa3aHbl B Tabn. 3.6.

Tabnuua 3.5. XapakTepucTuku gUCKpeTHbIX BXOA0B

Mapametp Onucanue

KonuuecrBo 16

Tun &MOKPbIA KOHTAKT»

UHom, B 220 (DQ)

Mopor cpabatbiBaHus, B HactpavBaemniii 1...300 B
Mopor oTnyckaHus, B Hactpansaemsbiit 1...300 B
HoMuHanbHbIi TOK, MA Hactpausaemniti 0,05...3,75
UMnynbc pexekuuun, MA Hactpansaemsiit 0,05...105

MpoponxkurenbHocTb UMNYNbCa pexekuuu, Mc  Hactpansaemas 0...120

Tabnuua 3.6. XapaKTepl_ACTMKM OMCKPETHbIX BbIX0A0B Moaudukaumm ENMU-X/100-16/10.

MapameTpbl D01-DO3 D04-DO10

Konuuectso 3 7

Tun 3NEKTPOHHbIN KM 3NeKTPOMarHMTHoe pene
Umakc, B 400 DC 300 DC, 400 AC

IHoMm, A 1,35 (AC/DQ) 6 (Imakc = 15)

lotkn, A 1,35 (AC/DC) 0,45 (npn 220 B DC)
tBKAN/0TKA, MC 5/1 6/5

Tabnuua 3.7. XapakTepucTuKu AUCKPETHbIX BbIX0A0B Moandukaumm ENMU-X/100-16/8.

| MapameTtpbl - DO1-DO3 D04-D08
Konuuectso 3 5
Tun ObICTPOAENCTBYIOLLMIA CUNBHOTOYHBIM  3IEKTPOMArHUTHOE pesie
Umakc, B 250 DC 300 DC, 400 AC
IHoM, A 10 (Imakc = 40) 6 (Imakc = 15)
lotkn, A 40 0,45 (npn 220 B DC)
tBkn/oTKN, MC 1/16 6/5
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3.4

Pa6ouune ycnosusa

Pabouune ycnosus npumerHeHnss ENMU npuseneHbl Huxe.

Tabnuua 3.8
Temnepatypa okpyxatowiero so3ayxa, °C -40...+70
BnaxHocTb 6e3 KoHAeHcaTa Lo 98%
ATMocdepHoe paBneHue, Klla 65...106,7
YacToTa BXogHOro curHana, Iy, 505
Tok (u3meputenbHasi 06MoTKa), % OT HOMUHANbHOro 3Havenns  0+200
Tok (peneiHas 06MoTKa), % OT HOMUHANBHOIO 3HaYeHUs 0+4000
BxognHoe HanpskeHue, % OT HOMUHANbHOIO 3HA4YEeHUS 0+200
HanpsxeHne nuTaHna nepeMeHHoe, B 100...265, 45..55 Ty,
HanpsxeHne nuTaHMa NocTosHHoe, B 120...370

Pexxum pabotbl yctponcte ENMU HenpepbiBHbINA. [1poaomKUTeNnbHOCTb HeNpepbiBHOWM
paboTbl HeorpaHuyeHHas. Bpema yctaHoBneHus paboyero pexuma (npeaBapuTenbHOro
nporpeea) He 6onee 10 MuH.

HopmanbHble ycnoBusi npUMeHeHns npueeaeHbl B Tab. 3.9.

Tabnuua 3.9
HopmanbHoe 3HauyeHue [onyckaeMoe OTKNIOHEHUE
MapameTp (HopmanbHag obnacTtb OT HOPMaJIbHOTO 3Ha4YeHUs
3Ha4YeHuM)
Temnepatypa oKpyxatolero Bo3ayxa, °C +20 £5
OTHOCHTENbHAs BNAXHOCTb no 98

BO34yXa, %

ATMocdepHoe pasnenue, klla (MM pT. cT.) 65-106,7 (487,5-800)

BHewHee MarHuTHOEe none MarHuTHoe nose 3eMnu 0,5 mMTn
yactoton (50 + 1) 'y

MonoxeHne noboe

YacTtoTa nutatowwen cetu, ly, 50 +5

@®opma KpuBOI NEPEMEHHOO CUHYCcoMZaNnbHas KO3 DULMEHT UCKAXKEHMS
HanpsKeHUs NUTALOLLEN CeTH CUHYCOMIANbHOCTM

He bonee 5 %

Mpenenbl OONOMHUTENbHbIX MOrPewHOCTEn M3MEpPEeHUs, BbI3BAHHbIE BO34EUCTBUEM
BAMSIIOWMX BENIMYMH, NpuBeaeHbl B Tabn. 3.10.

Tabnuua 3.10

3HaueHue Donyckaemas

Bnusiowasn sennumHa BAMSAIOLLLEN AOMNOJIHUTENbHasA NOrpeLHoCTb
BeJINYUHDI Ox1, %

Temnepatypa okpyxatowiero Bo3gyxa, °C
U3MepEeHME TOKOB M HAMPSHKEHWUM -40...+70 +0,05/10 °C -
U3MepeHNEe MOLLHOCTH +0,10/10 °C -
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3HaueHue Honyckaemas

Bausiowan BenmumMHa BAUSIOWLEH AONO/MHUTENbHASA NOTPELIHOCTb
Be/IMYMHbI Ox1, % AX,

BHewHee ogHOpOAHOE NMOCTOSIHHOE MK

repeMeHHOe MarHUTHOe rone, CUHYCOMAANbHO

M3MEHSIIOLLEroCs BO BPEMEHU C YacTOTOM,

0JMHAKOBOM C YacTOTOM TOKa, NPOTEKaLLEero

no U3MepuTeNbHbIM LiensaM npeobpasosatens, 0,5

npyY CAMOM HEGNArONPUSTHOM HamnpaBNEHWUM

u haze MarHWTHOro nons, MTn
M3MepeHMEe TOKOB U HaMpPsSXXeHUM +0,1% -
U3MepeHue 4acToThl - +0,0005 Iy,

Ycrponctea ENMU Tenno- 1 xonogoyctonumebl B AManasoHe TeMnepatyp oT MuHyc 40
po nntoc 70°C, npu 3TOM npepensl AOMYCKaeMOW [AOMOAHWUTENbHOM MNOrpeLHoCTyH,
BbI3BAHHOM W3MEHEHWEeM TeMmnepaTypbl OKPYXAKLWero BO3A4yxXa OT HOPMasbHOM
[0 nobon TemnepaTypbl B paboyem [agmanasoHe TemnepaTyp Ha kaxable 10°C,
He NpeBbILAOT 3HAYEHMH, yKa3aHHbIX B Tabamue 3.10.

[lononHuTenbHas NOrpewHoOCTb U3MEPEHUIN MPU U3MEPEHMM TOKOB U HANPSXKEHWUM NpU
OTKJIOHEHMM YaCTOTbl B IHEprocucteme He bonee =5 'y He npesbiwaeT 0,8 %.

Mo cnocoby 3almMTbl YenoBeKa OT MOPAKEHMUS INEKTPUYECKUM TOKOM 0bbeauHsoLme
yctponctea ENMU cootsetctBytor [TOCT P 52319-2005, creneHb 3awutbl P20
no MOCT 14254-96.

3.5 Lndposbie HTepdencobl

ENMU ob6opynoBaH psaoM WHTEpdENCOB, MepeyeHb W XapakTEePUCTUKU KOTOPbIX
npuBeOEHbl HMXE.

T RX X RX

Ll B |

[TV

LAN A2 LAN B2 CAN RS-485-1 RS-485-2

A1 LAN B1 LAN 1

LAN

R R

g e N o A |

PucyHok 3.7. Uudposbie uHtepdericel ENMU: ocHOBHOM Habop (BHWU3Y) U LONONAHWUTENbHbIN (CBEPXY).
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3.6

Tabnuua 3.11

Bbigaya SV; yoaneHHoe

LAN A1, KOH(UIrypupoBaHMe; NoaaepxKKa
LAN B1 npotokonos |IEEE C37.118.2, FTP,
PTPv2
YpnaneHHoe KOHPUIrypnpoBaHue;
LAN A2, noaaepxka nporokonos 1EC
LAN B2 60870-5-104, M3K 61850-8-1
GOOSE, MMS, Modbus TCP
YpaneHHoe KOHPUIrypnpoBaHue;
LAN 1 noanepxka nportokonos |IEEE
C37.118.2, FTP
YpaneHHoe KoHbUrypupoBaHue;
LAN 2 nopaepxka npotokonos IEC
60870-5-104, M3K 61850-8-1
GOOSE, MMS, Modbus TCP
o) Onpoc BHEWHMX YCTPOMCTB
RS-485-1/2
SYNC MNpuem BpeMeHHOro Koaa ans
(cnew. CMHXPOHU3aLMK BpeMeHu oT PPS
ucnonHenune) 1Ty, IRIG-A(B)
USB CnyxkebHbir nopT

Ethernet 100Base-FX
UM

Ethernet 100Base-T;
PRP

Ethernet 100Base-FX
U

Ethernet 100Base-T;
PRP, RSTP

Ethernet 100Base-T

B cootsetcTtBMM C IEC
60044-8 {ed1.0}

MakcuManbHas aamMHa onTu4eckom nuHum cesasu — 2000 m.

lNapameTpbl BXOAA ONTUYECKOrOo NpUEMHMKA curHana PPS:

YpoBeHb Tpurrepa

DOnutenbHocTb Mnynbca PPS

Lar umnynbca PPS
UcTounuk PPS

MurtaHue

50 % oT MaKkCMManbHOM 9pKOCTU

bonee 10 mkc

He meHee 500 mc
Pekomenayetca DHKC-2-1.1.1 + ESMC

LC, MHoromop,
62,5/125 n 50/125
MKM, 1300 HM

Unm

RJ-45

RJ-45

ST, mHoromop, 50/125
MKM, 820 HM

Unm

RJ-45, RS-485

USB type B

ObveanHsatowme ycrporctea ENMU mMMeroT 0guH BCTPOEHHbIM UCTOYHUK MUTAHUS O

nogknw4veHnsa K uensaMm onepaTtnBHOro Toka.

Tabnuua 3.12

[rana3oH BXOQHOrO HanpaXeHna NnepeMeHHOro Toka uenern nuTaHus
[rana3oH BXogHOro HanpaXeHnsa NoCTOAHHOIo Toka uener NUTaHus
nOTpe6J'IFIEM89I MOLLHOCTb MO LEeNM NUTAHWUS He bonee

~100...265 B, 45..55 'y,
=120..370 B
30 B-A

[onyctmbld  nepepbiB B NMUTaHUMM C cCOXpaHeHneM pabotocnocobHocTM npubopa

He 6onee 300 MC ong nepeMeHHOro HanpsxeHus u He 6onee 100 MC Ang NOCTOSIHHOTO.
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3.7 AduarHocTtuka

Yctporicteo  ENMU  ocylwiectBnsieT NOCTOSIHHYK CaMOAMArHOCTUKY A1 KOHTPOAs

KOpPEeKTHOCTM paboTbl annapaTHbIX U NPOrpaMMHbIX KOMMOHEHTOB.

Bce moandurkaumm npnbopa MMeoT AUCKPETHbIM BbiX04, annapaTHOM HEMCMPABHOCTU

«FAULT». B HopManbHOM pexuMe Knemmbl 23-24 - pa3oMKHyTbl, 24-25 - 3aMKHyTbI.

PeneiHble BbIXOAbl MEHSAOT CBOE COCTOSIHME Ha NMPOTMBOMOMOXKHOE B CEAYHLLMX

cnyyasx:

e OTCYTCTBME BHelHero nutaHna ENMU;

e annapaTtHasa HEUCNPABHOCTb,

e paboTa 3arpy3ymKa NpowmBKa (HECKONbKO CEKYHA NOC/e BKIOUYEHUS Npubopa niu

M3IMEHEHUA HaCTDOEK);

e KpWUTMYECKasi NporpaMMHas HEUCMPABHOCTb.

Yepes pononHutenbHble uHTepderncol ENMU goctynHa nepenava no nobomy ms

noagepXxuBaeMbix NpoTokonos B Buae TC cnepywowen oMarHoCTMYeCKom nHpopmaunu:

HeucnpaBHocTb ycTpoiicTBa
Otkn. LAN-A1 ENMU-A
Otkn. LAN-B1 ENMU-A
Otkn. LAN-1 ENMU-A
Otkn. LAN-A2 ENMU-D
Otkn. LAN-B2 ENMU-D
Otkn. LAN-2 ENMU-D

C60i11 CMHXPOHU3ALUN BPEMEHU
C6oi1 SV-notoka

3anyck ocuMnnorpaMmbl
3anucb ocuMANOrpaMMmbl

Kputnyeckas HemcnpasHoctb ENMU

HeTt cBsi3n no nHutepdency LAN-A1

Het cBsi3u no nHtepdency LAN-B1

Het cBsi3u no nHtepdeicy LAN-1

Het cB3u no uHtepdericy LAN-A2

HeT cBa31 no untepdericy LAN-B2

HeT cB3u no uHtepdericy LAN-2

OTCyTCTBYET CMHXPOHM3aLMS BCTPOEHHbIX YaCOB

MoTok SV He nybnukyeTcs

CpaboTtana ycTaBka Ha 3anMCb aBapuMMHON OCLIMIIOrPaMMbl
MpoéT npouecc 3anncu ocLManorpaMMbl BO BCTPOEHHYH NaMsTh

B MO «3HKC KoHdurypaTop» AOCTYNHA pacwmnpeHHas nHpopmauma oas npoTtokona

PTPv2 (puc. 3.8). 3pecb oTobpaxkaeTcs CTaTyC CMHXPOHM3ALUMK, KonmyecTso u 1D

MCNoJsib3yeEMbIX YaCOB, BE/IMYNUHA KOPPEKUNU BPEMEHN U OP.
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E Awnarnoctuka SNMP 3.2.0.2
Cepeuc

J-A v v Mowck ycrpoiicts

(%) Yerpoiicreo: ENMU-A s/n: 115 (364 204 4u 59,590¢)

Wurepdeiicsl | PTP Slave
Pexaam PTP BraroueH
Bpema 04,05.2022 07:22:17
CuHXpOoHUzaLMA None (ptp_none_synh)
Syntonize 0
Synchrenize 0
Adjustment, ns 72090
Grandmaster clock class ]
Grandmaster clock accuracy 0x21 (100ns)
Clock master 0/a
Clock not qual 0/8
Init new master 315
Init PTP 1
LAM A P2P Delay 334
LAN E P2P Delay 317

@ LonoanMTentHas MHGopMaLna

OBHoBWTE

PucyHok 3.8. InarHoctmyeckas nHpopmauus PTP

3.8 MokasaTenun Hage>XHOCTU

Hopma cpepHert HapaboTku Ha oTka3 ycTponcte ENMU B HOpManbHbIX YCNOBUSIX

npumeHenuns coctasnsget 280 000 u.

MonHbIM cpenHuin cpok cnyxbbl yctponcts ENMU coctasnget 30 ner.

CpenHee BpeMs BOCCTaHOBEeHUs paboTocnocobHoro coctosiHma ENMU He 6onee 1 u.

3.9 SOMC u nsonauma

ENMU cooTBeTCTBYIOT TEXHMYECKMM TpebOoBaHUSIM Yyepe3 2 MUH. Nocne BO34ENCTBUA

KpaTKOBPEMEHHbIX Neperpy3ok, yka3aHHbIX B Tabn. 3.13.

Tabnuua 3.13

DnutenbHoCTb WHTepBan mexay
3HaueHue 3HaueHune Yucno N
N2 KaXXA01 neperpysku, | nocsenaoBaTesibHbIMU
CUNbI TOKa HanpsXeHua neperpysok
(4 neperpyskamm, c
1 7 liom Usom 2 15 60
2 10: fuom Ubiom 1 15 -
3 40- lyom Usom 1 1 -
4 Twom 2-Unom 1 60 -

TpeboBanns SMC k noptam ENMU, pernameHTMpoBaHHble cTaHgaptamu [OCT P
51317.6.5-2006 (no knaccy cooTseTcTBYyeT: pa3MelleHne H, coeguHenne h) u CTO

56947007-29.240.044-2010, npuBepeHbl B Tabn. 3.14.
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Tabnuua 3.14
N2

1 TOCT 30804.4.2-2013
nekTpocTaTMyeckue paspsabl
HenocpeacTBEHHO Ha KOpMyc C
MHTepBanamu mMexay umnynbcamu 10 ¢
KOHTaKTHbIN pa3psag»

«BO3JYLIHbIA pa3psagy»

2 TOCT 30804.4.3-2013
PapuoyacToTHOE 3nekTpoMarHuTHoe none
(80-1000) My,

(800-960) My,
(1400-3000) My,

MeToab! 1 BUABI UCTIBITAHWIA

3 TOCT P 30804.4.4-2013 HaHoceKkyHAHblE
MUMMYNbCHbIE MOMEXM

4 TOCT P51317.4.5-99
MuKpoceKyHOHbIE UMMYNIbCHbIE MOMEXU
60n1bLUION 3Heprumn
«lMpoBoa-npoBoa»

«lMpoBoa-3emns»

5 TOCTP51317.4.6-99
KOHOYKTVMBHbIE MOMEXM B AMANA30He OT
0,15 no 80 My,

6 [OCT 30804.4.11-2013
MpoBanbl, NpepbiBaHuUs, U3SMEHEHUS
HanpsKeHUs 3NEKTPONUTAHUS:
- NPOBabl (OCTAaTOYHOE HaMpsKEHUE,
LNIUTENbHOCTD);

- NPEepPbIBAHNA HaNpAXEHUA,;

- BbIBPOCHI HaMpsKeHUs

7 TOCT IEC 61000-4-12-2016
3BeHsLLAs BOMHA
«[poBoA-npoBoa»
«lMpoBopa-3eMnsa»

8 TOCT 30804.4.13-2013
MckaxeHne cMHYCoMaanbHOCTH
HaNPSXXeHUS INEKTPONUTaHNSA

9 TOCT P 51317.4.14-2006
KonebaHna HanpsxeH1s B ceT
3N1eKTPONMTaHMS NePeMEHHOr0 TOKa

10 FOCT P 51317.4.16-2000 H13ko4acToTHbIE
KOHAYKTUBHbIE NOMEXU
KpatkoBpeMeHHble 50 'y,
OnutenbHble 50 T,
LnutenbHble B nonoce yactot 0,015-
150 kl'y,

11 TOCT P 51317.4.17-2000

=220B

+4 kB

Coots. A

+1 kB
+2 kB
Coots. A
10B
Coots. A

£ kB
*4 kB
Coots. A

100 B
308B
30-3-3-
30B
Coots. A
10% U,
CooTs. A

~220B

+4 kB

+2 kB
+4 kB

10B

70% Uy,
1000 mc;
40% Uy,
100 mc
Coots. A

0% U,
100 mc;
Coots. A
0% Us,
1000 mc

Coots. B
1)

120% Uy
2000 mc
Coots. A

+2 kB
+4 kB

Knacc 3
Coots. A

£12% U,
T/t=5/1
()

Coots. A

100 B
308
30-3-3-
30B
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BenuunHbl Bo3aeicTeuii Ha noptbl ENMU

DI, DO

+4 kB
(YCP)

+2 kB
*4 kB

10 B (K)

£ kB
*4 kB

100 B
30B
30-3-3-
30B

Al

*4 kB
(YCP)

+2 kB
*4 kB

10 B (K)

£ kB
*4 kB

100 B
30B
30-3-3-
30B

RS-485  Ethernet

+4 B (K) 4 KB (K)

+4 B (3) 4 KB (3)

10B(3) 10B(3)

+1 kB (3) 20,5 kB (3)

100 B
30B 30B
30-3-3-  30-3-3-30
30B B

100 B

Kopnyc  3asemn

6 kB
+8 kB
CootB. A

10 B/m

10 B/m

10 B/m

Coots. A

- *4 kB (K)

= 10B

30
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N2 MeTtoabl M BUAbI UCNbITAHUIA

Mynbcauumn HanpsixKeHUs NUTaHUS
MOCTOSIHHOIO TOKA

12 TOCT IEC 61000-4-18-2016
3aTtyxatowas konebartenbHas BosHa
«[poBoa-npoBoa»
«[poBoa-3emns»

13 NOCT P 51317.4.28-2000
M3MeHeHWe 4acToTbl CETH 3N1eKTPONMUTaHUS
nepeMeHHOro Toka

14 TOCT IEC 61000-4-29-2016
MpoBanbl, NnpepbiBaHM1s, U3MEHEHUS
HanpsHKeHUst ANeKTPONUTaHUS
- NpoBabl (OCTaTOYHOE HaMPsKEHWe,
LNUTENbHOCTD);

- NpepbIBaHUS (BIUTENBHOCTD);

- UBMEHEHMNA

1

v

FOCT P 50648-94
MarHuTHbIEe NONS NPOMBILLNEHHOM YacTOTbI
B TPEX B3aWMHO-NEPMNEHANKYNAPHBIX
NA0CKOCTAX:
- BIVTENbHO
- KpaTKOBPEMEHHO 3 C
16 FOCT P 50649-94
MMnynbcHble MarHUTHble Nons B TPEX
B3aMMHO-NEPNEHANKYASPHBIX MIOCKOCTAX
17 TOCT P 50652-94
3aTyxaruliee UMMynbCHOE MarHUTHOE Mone
B TPEX B3aWMHO-MEPMNEHANKYNSAPHbIX
NI0CKOCTSAX
18 rOCT 30804.3.2-2013
IMUCCUA TapMOHMYECKUX COCTABNSHOLLMX
TOKa B CETb 3NEKTPONUTAHMUSA
19 IOCT 30804.3.3-2013
KonebaHus HanpspkeHus u daukep,
BbI3bIBAEMbIE B CETU INEKTPONUTAHUSA
20 FOCT 30805.22-2013
IMUCCUI UHAYCTPUANbHbBIX pafnonoMex
(nen).
HanpsxeHne UPT1 Ha ceTeBbIX 3aXUMax B
nonoce yactot 0,15-30 Mly,

Hanps»keHHocTb nons UPI B nonoce
yacTtoTt 30-1000 Ml
CokpalueHus:

=220B

+1 kB
+2.5 kB
Coots. A

70% U,
1000 mc;
40% Uy,
100 mc;
Coots. A

0% Uy,
100 mc
Coots. A
0% U,
500 mc
Coots.
B2

(80-
115)%
Uy, 10 C
Coots. A

Knacc A
CooTs.

BenuunHbl Bo3aeincTeuii Ha noptbl ENMU

~220B DI, DO Al RS-485

+1 kB
+2.5 kB

+1 kB
+2.5 kB

+1 kB
+2.5 kB

2,5 kB
©)

5% - - - -
lc
Coots. A

Knacc A - - - -
CooTB.

Ps<1, - - - -
P.7<0,65
CooTB.

Knacc A
Coorts.

(K) — nomexa nopaeTcs Yepes 3NeKTPOMArHUTHbIE KNeLLyu;

(3) - nomexa nopaetcs Ha 3KpaH Kabens;

(YCP) - nomexa nopaeTcs Yepes yCTPOMCTBO CBA3U-PA3BA3KMY;
DI, DO - nopTbl AUCKPETHbIX BXOLOB U BbIXOLOB;

Al - nopTbl aHaNOroBbIX BXOLOB;

=220 B, ~220 B - nopTbl NUTaHMA NOCTOSIHHOTO U NEPEMEHHOIO ToKa

MpuMeyaHus:

ENMU, PykosopacTBo no akcnnyataumun, ENMU.422100.001 P3. Pepn 05.2023

Ethernet Kopnyc

100 A/M
1000 A/m
Coots. A
1000 A/m -
Coots. A

100 A/M -
Coots. A

Knacc A
CoorTs.

3asemn
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TexHuyeckme XapaKTePUCTUKHN

Y MpepbiBaHUS HANPSKEHUS 3NEKTPONUTAHMS NEPEMEHHOIO TOKa AMTeNbHOCTbI0 1000 MC Bbi3bIBAET BbIKMIOYEHNE YCTPOIACTBA C
nocnenyLWwmM BocCTaHoBNEHMEM Be3 BMellaTeNbCTBa onepaTopa;

2 MMpepblBaHMs HANPSHKEHNS 3NEKTPONUTaHMS NOCTOSIHHOMO TOKa ANTENbHOCTbI0 500 MC BbI3bIBAET BbIK/OUYEHME YCTPONCTBA C
nocneayLWwmM BoccTaHoBeHMeM 6e3 BMeLaTenbCTBa onepaTopa, Ans obecneyeHns Kputepus kayectsa QyHKLMOHUPOBAHMS A
HeobXx0AMMO UCMONb30BaTb KOHAEHCATOPHYIO NMPUCTABKY

ConpotuBneHme U30M5LMM MEXAY KaXAOM HEe3aBUCMMOM Lenbl (ranbBaHUYECKM
He CBA3aHHOM C ApYrMMU LensMu) M KOpryCcoM, COeAMHEHHbIM CO BCEMM OCTaNIbHbIMU
He3aBucuMbiMK Lensmu, 6onee 100 MOM npu HanpskeHun noctosiHHoro Toka 500 B.

JnekTpMyeckas MNpOYHOCTb wm3onsumMM  cooTBeTcTByeT TpeboBaHusmM [OCT |EC
60255-5-2014:

e 3/leKTpuyeckas nsonsaumsa mexay uHtepdercHoiMn knemmamm RS-485, Ethernet,
BbIxoaoM AMNC 1 0CTanbHbIMU HE3ABUCUMbBIMKU KNEMMAMM U KOPMYCOM BblAEPXKMBAET
6e3 noBpeXxAeHMI UCNbITaTeNbHOE HAMpPsSXXeHUe AeNCTBYOWMM 3HAYEHMEM

0,5 kB yactotbl 50 'y, B TeyeHmne 1 MUH.

® J/IeKTPMYECKAs U30NALMSA MeXAay KNeMMaMu NMUTaHUS, U3MepUTENbHbIX BXOLOB
HanpshKeHus 1 TOKa, AUCKPETHbIX BXOA0B/BbIXOA0B U OCTASIbHbIMU HE3ABUCUMbIMU
KNeMMaMu 1 KOpNyCcoM Bblaep>X1BaeT 6e3 NoBpexaeHUn CnbiTaTeNlbHOe HanpskeHue
fencreyowunm 3HaveHmeM 2,0 kB vactotbl 50 'y, B TeyeHne 1 MuH;

ENMU BblOepXMBAET UCMbITAHUE UMMYNbCHbIM  HAMNPSXKEHUEM  CO CIEAYIOLMMM
napameTpamu:

e J/IeKTpMYecKas usonsaums Mexay uHtepdericHoiMm knemmamum RS-485, Ethernet,
BbIx0A0M AlC no OTHOLWEHMIO KO BCEM OCTaNIbHbIM HE3AaBUCUMbIM KIEMMaM U KOpMycy
Bblaep>XuBaeT 6e3 noBpexaeHnn nMnynbcHoe HanpsxkeHue 1,0 kB.

e 3/1eKTpMYECKas U30NALMS MexXay KNeMMaMu NMUTaHUs, U3MepUTENbHbIX BXOLOB
HanpsXKeHMs 1 TOKa, AMCKPETHbIX BXOA4O0B M BbIXOAO0B MO OTHOLIEHMIO KO BCEM
OCTaNbHbIM HE3ABMCUMBIM KNEMMaM U KOPMYCY BblAEPXMBAET 6e3 NoBpexaeHUN’
nMnynbcHoe HanpsxxeHue 5,0 kB;
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Mcnosib3oBaHWE MO Ha3HaYEHUIO

4

4.1

4.2

4.3

4.4
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Ucnonb3zoBaHue No HasHAYEHUIO

YKa3saHue no 3KcnayaTtaumm

Jkcnnyatauus yctponcts ENMU pomkHa npom3BoamMTbCs B COOTBETCTBMM C HACTOSILLMM
PYKOBOACTBOM M0 3KCMNyaTaLmu.

ENMU nogkntoyaloTcs HenocpeacTBEHHO K M3MEPUTENbHbIM U 3alMUTHBIM 0OMOTKaM
TpaHCchHOpPMATOPOB  TOKA U U3MEpUTENbHbIM  TpaHCHOPMATOpaM  HaMpsHKEHUS.
MoaokntoueHue u oTkntoyeHne ENMU Kk naMeputenbHbIM LENSM, a Takke K LMdpOBbIM
nHTepdencam HeobXOAMMO BbINOMHATL TOMBKO MOC/AE OTKAYEHMUS Lenen MuTaHus,
MPUHSB Mepbl NPOTUB CIY4aMHOIO BKITHOYEHMS.

MNopkntovueHne ENMU k wuHe npouecca IEC 61850-9-2 n Kk wuHe nopctaHummn |EC
61850-8-1 ocywectBnseTcs B COOTBETCTBMM C IKCMYaTaLMOHHON OOKYMEHTaLMEN.

N3MepuTenbHble LEenu ToKa M HaMpsKeHUS AO/MKHbI MOAKNKYATLCS Yepes UCnbITaTenbHble 610KK Unm
WHble TEXHWYECKMEe CpeacTBa, KOTopblie nNpu oTkAtovYeHnn ENMU oT n3MepuTenbHbIX Lenei AOMKHbI
obecneynBaTb BO3MOXHOCTb 3aKOPOTKM TOKOBbIE Lieren U pa3MblKaHUe Lenei HanpsxeHus.

JKcnnyaTauMOHHbIe OrpaHMYeHuUs

ENMU He npegHasHaveH ansi paboTbl B YCNOBMAX B3PbIBOOMACHOM W arpeccUMBHOM
cpeapbl.

MNpn pabote ENMU He gomkeH noaBepraTbCs BO3AEMCTBUMIO MPSAMOro Harpesa
MCTOYHMKAMK Tensa no Temnepatypbl 6onee +70 °C. B noMelweHUn He AOMKHO ObiTb
pe3kux KonebaHwi TemMnepartypbl, B6M3M MeCTa yCTaHOBKMU Npubopa He AOMKHO ObiTb
MCTOYHUKOB CU/IbHBIX 3N1€KTPOMArHUTHbIX NOJEN.

NMoAaroTtoBKa K MOHTaXy

MNocne nonyvyeHnsa YCTDOVICTBa CO CKNnaaa yﬁeﬂ,MTbCﬂ B LLEJTOCTHOCTK YNaKOBKMU.

PacnakoBaTtb, n3eneyb ENMU, nponsBecT BHeELWHUI OCMOTpP, YOeanuTbCcs B OTCYTCTBUM
BMAMMbBIX MEXAHUYECKMUX MOBPEXAEHUNA U HAMUYUKU KOMMNEKTHOCTY.

MpoBepuTb COOTBETCTBUE XaPaKTEPUCTHK, YKA3aHHbIX B MACNOPTE C XapaKTepuUCTUKaMy,
YKa3aHHbIMM Ha NIMLEBOW CTOPOHEe npubopa.

O6uime yKasaHUA MO MOHTaXy

Bce paboTbl N0 MOHTaXy M 3KCnyaTauMmM Npon3BOAMTL C COBNIOAEHNEM AENCTBYHOLLMX
npasun, obecneyunBaloWmx be3onacHoe obcnyxuBaHue M 3KCNyaTaumio
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Mcnosib3oBaHWE MO Ha3HaYEHUIO

3NEeKTPOYCTaHOBOK. MOHTaX [OMIXEH OCYyWeCcTBAATb MNepCcoHan C COOTBETCTBYOLLEN
KBanu@ukaumen.

Tvn KpenneHus YCTPOMCTBA — HACTEHHOE, C MCMOJIb30BAHMEM [ABYX MPOYLUMH.
Honyckaetcs kpennenue yctporictea ENMU noa nto6biM yrnoM K ropu3OHTaNbHOM
NAOCKOCTM.

MN3mepuTenbHble Lenu HanpskeHus MOAKNYaTb K YCTPOMCTBY MPOBOAAMM CeYeHUEM
He 6onee 4 MM?, LUenNu TOKa M3MEpPUTENIbHOM 0BMOTKM - 6 MM? U AN TOKOB 3aLMTHOWM
06bMoTKM - 16 MM2,

[lna 3a3emMneHuns kopnyca npubopa peKoMeHAYEeTCS UCMONb30BaTb NPOBOL CEYEHMEM HE
MeHee 2,5 MM?2, 06aTblii KOJIbLLEBbIM HAaKOHEYHWMKOM C AMaMeTpoM 4-6 MM (nog 6ont
M4).

MNpu noaKNOYEHNN U3MEPUTENBHBIX LENe MOMEHT 3aTSXKKU He fokeH 6biTb 6onee 0,5-0,6 H*M.

MoaoknoueHne ENMU k ontuuyeckown cetn Ethernet nponssogutb onTMyeckum kabenem
yepe3 KpOoCCMPOBOYHblE KOPOOKM, MCMONb30BaTh NaTy-KOpAbl C pasbeMamu Tuna LC,
MHOrOMOZ.

Llenu nuTaHUs NoaKIYMTL NPOBOAAMM CEYEHUEM He bonee 4 MM2,
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Mcnonb3oBaHMe N0 Ha3HaYeHUI0

4.5 0O603HaueHua

K/IeMM U pa3beMoB

ENMU

3awmTHag obmorka TT

g Lenb

1 Iy

2 Iy

3 Iy

4 I,

5 ls

6 I3
NamepurenbHag oomotka TT

,@’ uernb

7 Iy

8 ls

9 ls

10 | Is

11 | 16

12 | I

13 | 1/

14 | 1
TH

| uem

15 | Ur

16 | Ui

17 | Uy

18 | U,

19 | Us

20 | Us

21 | Us

22 | Us

«MMTAHNE»
PE 28
N/- 27
L/+ 26
«AlMC»
=%
= =
23
«LAN 1»
Ethernet 0
100Base-T | =z
«LAN B»
Ethernet w
100Base-FX/ | =2
100Base-T | ©
«LAN A»
Ethernet o
100Base-FX/ | =2
100Base-T | ©
«SYNC»
o
=
P
v em
USBType B | <&

PucyHok 4.1. U3MepuTenbHble BXOAbI, MHTEPDENCHI, MUTAHKE.
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Mcnonb3oBaHMe N0 Ha3HaYeHUI0

[nckpetHble BXxoabl

29 (30 (31|32

3313435

36

37138

39|40(41

42

43]44

45146|47

48

49150

51(52

53

54

55|56

57

59] 60

DIl DI2

DI3 DI4

DI5

DI6 DI7

DI8

DI9 | DI10

DI11

DI12

DI13

DI14

DI15 | DI16

IuckpetHble Boixoabl ENMU-..16/10..

«RS-485-1»

5 |GND

7 |Data+

8 |Data-

RI-45

«RS-485-2»

5 |GND

7 |Data+

8 |Data-

RJ-45

«CAN»

5 |GND

7 | CAN High

8 [CAN Low

RI-45

«LAN 2»

Ethernet
100Base-T

RJ-45

«LAN B2»

Ethernet
100Base-FX/
100Base-T

LC/RI-45

«LAN A2»

Ethernet
100Base-FX/
100Base-T

LC/RJ-45

DO1

D02

D03

DO4

DO5

D06

DO7

D08

D09

DO10

61 | 62

63 | 64

65 | 66

67 | 68

69 | 70

71 (72

73| 74

75

76

77

78

79 | 80

DO1

D02

InckpetHble Bbixoabl ENMU-..16/8..

D03

D04

DO5

DO6

DO7

D08

61 | 62

63 | 64

65 | 66

67 | 68

69 [ 70

71

72

73

74

75176

PucyHok 4.2. lononHUTenbHble nHTepdencol nepefavm AaHHbIX U AUCKPETHbIE CUrHANDI.
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HacTpoiika ycTpoiictea

5 HacTtpoika ycTpoucrea

5.1 Oo6HoBneHue MO

MO «ESBootloader» ncnonb3yetcs onga obHoBneHms mukponporpammel ENMU u cbpoca
HacTpoek nprMbopa Ha 3aBOACKME.

Ccbinka Ha MO «ESBootloader» Ha calite enip2.ru: https://enip2.ru/software/bootloader.zip

Ccbinka Ha pykoBoacTBo k 10 «ESBootloader»: https://enip2.ru/documentation/ESBootLoader.pdf

KonctpyktneHo ENMU moxeT coctoatb n3 aAByx 6aokos (naaT):

e bnok ENMU-A - ons BBoga npeobpasyemMbix B SV MOTOKM aHANOrOBbIX CUTHANOB U A4
CBA3M C WKHoM npouecca. CxeMa nHTepdericos 610ka npuBeaeHa Ha puc. 5.1.

e bnok ENMU-D - (onuuoHanbHbI) AN BBOAA M BbIBOAA AMCKPETHLIX CUFHANOB, @ TaKXe
NSl CBSI3M C WMHOM cTaHumn. Cxema nHTepdenco 610ka npmBeaeHa Ha puc. 5.2.

[na obHoBneHns Mmukponporpammbl 3anyctute 10 «ESBootloader», panee cnepyvite
HWXenpuBeAEeHHbIM YKa3aHUSM:

E EsBootloader 2.0.0.26 (19.08.2021) - *

Daiin Bug  WMectpymedtel  Momows

Cepua ENMU i
MpnBop EMMU-A ~
WHTepdeiic Ethernet i
Xocr |192.153.D.22 V| o

[ NMoaknroueHne no cepriiHomMy HoMepy

S/N 02 =
Mapeonk |"'" @|
Mpowweka CAFirmware\enmu-a.mhx v | =

ENMU-A gep. 1.02.002

OGHoBNTE

PucyHok 5.1. O6HOBNEHWE NpOWUBKM NAATbl C aHANOroBbIMKM BXoAaMu Ha ENMU
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EsBootloader 2,0.0.26 (19.08.2021) - X

Qain  Bug  WHcrpymedTsr  TNomows

Cepun ENMU el
MpuBop ENMU-D ~
WHTepdeiic Ethernet ~
XocT |192.153.D.15{ v‘ o

[] Noaknrouenue no cepuiinomy Homepy

S/N 115 :
Mapons LT @|
MNpowmwexa ChFirmware\enmu-d.mhx A —
ENMU-D sep. 1.06.004 ot 02.07.2021
OBHoBUTE Mo ymonuanu

PucyHok 5.2. O6HoBNEHWE NPOLUMBKM NAaTbl C AUCKPETHBIMM BXO4AMM U Bbixoaamu Ha ENMU

Bbibepute ceputo yctporicte ENMU;

B 3aBucumocTtu ot TMna obHoBnsiemoro 6noka (nnatol) Boibepute ENMU-A (cm. 5.1)
nnu ENMU-D (cM. 5.2);

Bboibepute nHTepdenc Tekywero nogknoveHus Ethernet;

YkaxuTe HacTporku nogkntodenus (IP agpec);

3anonHute none «laponb» (Mo ymMonyaHuto admin);

o vk W

Ykaxute dann ¢ MMKpONporpamMmon, npu 3ToM psagom 0TobpasuTcs Homep BepCum
MPOLIMBKM.

7. Haxmute kHonky «OBHOBUTLY, MOCNe Yero NnporpaMmMa B aBTOMaTUYECKOM pexume
HAYyHeT UMKN MOAKNHYEHUS K YCTPOMCTBY, CTUPAHUS TeKyLLen NPOLIMBKM, 3anncu
HOBOW, Nepe3arpy3kun yCTpOMCTBA.

5.2 KoHdurypupoBsaHue

KoHdurypuposaHue yctponcte ENMU ocywectsnsetrca npu nomowm nporpaMMHOro
obecnevernns «ES KoHdwurypatop» (6nok ENMU-A) u «KoHdurypatop IHKC» (6nok
ENMU-D).

Cebinka Ha MO «ES KoHurypatop»: https://enip2.ru/software/esconfigurator.zip
Ccebinka Ha pykosoacTso K 10 «ES KoHdurypatop»:
https://enip2.ru/documentation/po_enip.411187.002.pdf

Ccbinka Ha MO «KoHdurypaTtop IHKC»: https://enip2.ru/software/encs3mconfigurator.zip
Ccebinka Ha pykooacTso K 10 «KoHdurypatop IHKC»:
https://enip2.ru/documentation/po_encs.403500.001.pdf
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MO «ES KoHdurypatop» npegHasHaAYeHO ANS HACTPOMKM MapaMeTpoB nepefayun OaHHbIX
B LWUMHY npouecca (noToku SV), aHanoroBbiXx BXOAOB M MPOCMOTPa M3MeEpPSEMbIX
napameTpoB. HacTpovika ocywectsnsetcs yepe3s mHTepdencol LAN Al/B1/1. JkpaHHas
dbopMa OCHOBHOIO OKHA NPOrpamMMmbl NpeacTaBaeHa Ha pucyHke 5.3.

m EsConfigurator 1.0.0.63 (13.08.2021) — [m] ®
®aiin Bug  Cepeac  Cnpaska Q
Mogknrouerne 192.168.0.22:2404
Mpnbop EMMU-5/100-16/10-220-FX2E1A1-FX2E1A2C1
CepuiHEIA HOMED 102
Bepcua npowmekn 162
Kondurypauna ot 06.08.2021
@ 2 ChpocuTe BNA Mpouwrate 3anucate -
= Ef Qaza @ sin (O cos

- Macwl
L. LAN AT Dunetp 1 ~
L~ LANB1
~LAN1 Brnrounts PRP (LAN A + LAN B)
- IEC 61850-9-2
3. C37
(8- C37 Mapons senee @
- MK 104
- Apxue
YcTpoiicrso naeHmdnLpposano

PucyHok 5.3 «ES KoHdurypatop», HacTporika ENMU-A.

MO «KoHpurypatop JHKC» npegHasHavyeH Ans HAaCTPOMKM Nepenaym AaHHbIX B LWUMHY
noactaHummn (MMS, GOOSE), aMckpeTHbIX BXOA40B/BbIXOA40B M MPOCMOTPA U3MepsSeMbIX
napameTtpoB. HacTporika ocywectensetcs yepes nHtepdencol LAN A2/B2/2. kpaHHas
$hopMa OCHOBHOr0 OKHa NporpaMMbl NpeacTaBfieHa Ha pUcyHke 5.4.

B Kordurypatop 3HKC 1.0.0.53 (11.08.2021) - O b
Gaiin Bua Cepsnc [Jononnvmensie  Cnpaska

(%) Hacrpoiixa coegumeni

(%) ENMU-X/X-X-X-X-X N2 115

¢ B Wgennéuumposars Mposurars 3anncars
@ 4 ENMU-D (N2115) - ENMU_S Whgopmaums ob ycrpolictse
g Cemn
E Mloprat Mogudmkaums ENMU-X/X-X-X-X-X Mopaepxka IEC61850 ma
3 Iy
S e Cepuithsiii vomep 115
Yerpoiicrsa
fKariana Firmware version  1.5.2
IEC 61850

Hardware version 1

Obuve wacTporiin

Onmcane ENMU_S

Mapons admin

Bpewn nexcay oBium anpacom ycTpoiicTs, cek. 120

Uacosoii nosc 3

TC AnR 33MyCKa 38MMCH OCLMARGTPEMME! IEDO3 (IEC101/EC104) ~
TC 25 (0x19) v

Urenne HacTpoex - ssinonneno

PucyHok 5.4 «KoHdurypatop IHKC», HacTporika ENMU-D
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5.3

NMapamMeTpbl N0 yMOJSIYaHUIO

MapamMeTpbl aBTOPU3aLMK AN KOHPUTYPUPOBAHUS:
e JlornH: admin

e [laponb: admin

MopT ans KoHPUrypmuposaHus: 2404

IP appeca nHtepdencos:

e Lan A1:192.168.0.20

Lan B1:192.168.0.21

Lan 1:192.168.0.22

Lan A2:192.168.0.10

Lan B2:192.168.0.11

Lan 2:192.168.0.12

MapameTpbl noTokos SV:

MapameTp Sv80-1 SV80-2

UsmepeHuns HanpseHwue, Tok ¢ UTT HanpsyeHue, Tok ¢ 3TT
SVID ENS80pointMUO1 ENS80pointMUO1
Untepderic LAN A LAN B

VLAN OTkn. OTKN.

MAC-address = 01-0C-CD-04-01-FF 01-0C-CD-04-02-FF
UsmepeHuns HanpsxeHwue, Tok ¢ UTT HanpsyeHue, Tok ¢ 3TT
SVID ENS256MUnn01 ENS256MUnn02
Untepderic LAN B LAN B

VLAN OTkn. OTKN.

MAC-address  01-0C-CD-04-03-FF 01-0C-CD-04-04-FF

ENMU, PykoBopacTBo no skcnnyataumu, ENMU.422100.001 P3. Pep 05.2023
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YnakoBKa 1 KOMMieKTaums

6

YnakoBKa U KOMMJeKrauud

Yctponcteo ENMU nocTtaBnseTcs B TpaHCMOPTHOM Tape.

Yctponcteo ENMU ynakoBaHO B MHOMBMAYANbHYHO YNAKOBKY.

BapwmaHT 3awmtbl: B3-10 no NOCT 9.014.

B ynakoBky gomkeH yknagpiBatbcst 1 komnnekt ENMU, ykazaHHbIM B Tabn. 6.1.

Konuyectso yctporicte ENMU, wuHOMBMAOYaNnbHO YNaKOBAHHbBIX M YKN3AbIBAEMbIX
B TPAQHCNOPTHYI0 Tapy, rabapuTHble pa3mepbl, Macca HETTo u BpyTTO - B 3aBUCMMOCTMU
OT 3aKasa.

Macca HeTTo — He bonee 3 Kr.

Macca 6pyTTo - He 6onee 4 Kr.

Tabnuua 6.1
HanmeHoBaHue 0O603Ha4eHne Kon-so  [lpnMeyaHue
YCTpOWCTBO CONPSKEHUS C WKMHOM npouecca ENMU 1
Mopmynsp (nacnopt) ENMU.422189.001 ®O 1 Habymaxom
HocuTene
Eyr;oBoncmzenggeké:n:y:m:@:ES KO _ ENMU.422189.001 P2 Ha CD/DVD
POTPAHH netenne: HOUIYPATOPY,  ¢\\11).422189.001 11O HocuTene

«KoHdurypaTtop JHKC», «ESBootloader» u ap.
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TexHnyeckoe obCnyxxmBaHue
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7.1

7.2

7.3

TexHun4yeckoe ob6cnyxmsaHume

O6wue ykasaHus

JKCNNyaTaUMOHHbIA  Hag30p  3a paboTon  00beaMHAWEro  YCTPOWCTBA  AO/MKEH
NpOU3BOAMTLCS NMLAMM, 33 KOTOPbIMM 3aKpeniieHo AaHHOe 060pyaoBaHMeE.

Ycrponctea ENMU He gomkHbl  BCKpbIBATbCS BO BpeMa 3Kcnayatauuu. Hapywenue
LEeNOCTHOCTU  FAPAaHTUMHOM  HAKNEeMKM CHMMaeT C NpOM3BOAMTENS  rapaHTUiHble
obs3aTenbcTBa.

Bce BO3HMKalOLWME BO BpeMsi 3KCMyaTauMuM HEMCNPaBHOCTM YCTPAHAET npeanpustue-
M3rOTOBUTEND.

Mepbl 6e3onacHoCTH

PaboTbl N0 TEXHUYECKOMY O0OCNYXXMBAHUID AOMKHbI BbIMNOAHATLCS KBANMMOULMPOBAHHBIM
nepCcoHanom.

MNepcoHan, OCYLLECTBAAOLLNN obcnykuBaHue YCTPOMCTB ENMU, LOJKEH
PYKOBOACTBOBATbLCSA HacToawmM P3, a Takke MNOT PM-016-2001, P153-34.0-03.150-00
«MexoTpacneBbiMM MpaBWIaMM MO OXpaHe Tpyaa (nNpasuna 6e3omacHOCTM) npwu
3KCNAYyaTaUMK 3N1eKTPOYCTaHOBOKY.

MopaaoK TeXHMYECKOro 06CNyKMBaHUSA

PekoMeHAyeTCs  eXerogHo  MpoBOAMTb  NPOMUNAKTUYECKMIA  OCMOTP  HA MecTe
3KCnAyaTaumm.

[ns atoro:

® CHSITb BXOAHbIE CUTHANbI (3aKOPOYEHHbIE TOKOBbIE KNIEMMbI M PA3OMKHYTbIE Lienu
HanNpsKeHus) 1 OTKNYKUTL NuTaHme ¢ ENMU;

e npu Heob6X0AMMOCTU YAANIUTb C KOpMyCa Mbifb;
e MpPOBEPUTb COCTOSIHUE KPEMNEHMUI KOPNYCA M MOMEHT 3aTSXKKM NMOAKNHOYEHHbIX Lienen;
e 0AaTb HANPsKEHWE NUTAHUSA U BXOAHbIe curHanbl Ha ENMU.

[py HeMcnonb30BaHUM aHANOroOBbIX BXOAOB Tenensmepernin ENMU, ycTponcteo cnepyet
obcnyxumBaTb B cooTBeTCTBUM € TpeboBaHuamu CTO 34.01-4.1-005-2017 (NMAO "Poccetn”)
«[MpaBuna TexHMYecKoro 06CNYXMBAHUS YCTPOMCTB peNnemHOM 3aliMTbl, aBTOMATUKM,
AVUCTAaHUMOHHOIO YNpaBneHus W CUrHaAM3auMu 3NeKTPOCeTeBOro Komnnekca», nmbo
aQHANOTMYHbIX NPaBUI.
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TexHnyeckoe obCnyxxmBaHue

7.4

7.5

TpaHCcNOpPTUPOBKA

Ycrponctea ENMU TtpaHcnopTtupytotcs B cootBeTcTBUM € TpeboBaHusmm TOCT 22261-94
BCEMW BMAAMWM TPAHCMOPTA B KPbITbIX TPAHCMOPTHbIX CPeACTBax (Kene3HOLOPOXHbIM,
aBTOMOOW/IbHBIM, BOAHBIM TPAHCMOPTOM B TPHOMax, B CAMONETax - B repMeTU3MpPOBAHHbIX
oTcekax) npu Temnepatype oT MuHyc 50 po nawoc 70 °C M OTHOCMTENbHOM BAAXHOCTU
Bo3ayxa 95 % npu Temnepatype +30 °C.

[onyckaeTcs TpaHcnoptupoBaHue yctporcte ENMU B kKoHTelHepax u naketamu. CpeacTea
naketuposanus - no NOCT 24597.

Mpu  KenesHOLOPOXHbIX  MepeBO3KaX  [AOMYCKAlOTCS  MENKME  MaNOTOHHAXHble
“ NOBaroHHble BMAbI OTNPABOK B 3aBUCMMOCTM OT 3aKasa.

XpaHeHuUe

XpaHeHue yctpoicte ENMU Ha cknagax npeanpustug-usrotosutens (notpeburens) -
no MOCT 22261-94.

B MecTax XpaHeHMsi YCTPOMCTB B OKPYXKAlOWEM BO3AyXe [O/MKHbl OTCYTCTBOBATb
KUCNOTHbIE, LLLeNOYHbIe U ApYyrMe arpecCcuBHbIE NMPUMECH, U TOKOMPOBOAALLAS Mblb.

CoCTaBHblE 4YacTM YCTPOWMCTB B TPAHCMOPTHOW Tape Mpu XpaHEeHUMM paspeluaercs
CKnafMpoBaTh He bonee, YeM B 4Ba paaa.
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lapaHTUu usrotosutens

8

FapaHTUM UsrotoeuTens

[peonpuatue-u3roToBuTeNb  rapaHTUMpyeT  COOTBETCTBME  U34EeNus  YKa3aHHbIM
XapakTepucTukam npu cobnogeHum yCNOBUM 3KCnnyaTaumm, XpaHeHus,
TPAHCMOPTUPOBAHUS M MOHTAXKA. FAapaHTUIHBIN CPOK 3KcnayaTtaumm — 60 Mecsaues C AaTbl
noctaBku. WM3srotoButenb 06s3yeTcs B TeYEHME TFAPaHTUMMHOIO Cpoka 6e3B03Me3aHO
NpOM3BOAMTb PEMOHT M34enns npu cobnogeHnun notpebuTenem ycaoBUM dKCNAyaTaumm.
M3roToBuTeNb He HeceT OTBETCTBEHHOCTM 33 NOBPEXAEHUS U34enua BCneacTeue
HENpaBWIbHOTO  €ro  XPaHeHWs, TPaHCNOPTUPOBAHMS M IKCMAyaTauMu, a Takxe
33 HECAHKLUMOHUPOBAHHbIE U3MEHEHWs, BHeCeHHble noTpebuTenem B TeXHUYeckue
M NPOrpaMMHble CpeacTBa Usgenus.
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Mpunoxexune A. CxeMa NOAKNKYEHUS

MpunoxeHune A. CxemMa NnoaKNHOYEHUNA

CxeMa noaKIYeEHUst TOKOBbIX LIEMe:
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UTT - nameputenbHble TpaHCHOPMATOPLI TOKA;
TTHI - TpaHcdopMaTop TOKa HyneBoM NOCNEA0BATENbHOCTY;

3TT - TpaHchopmaTOpbl TOKa ANS peNernHON 3aLmThbl.
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Mpunoxexune A. CxeMa NOAKNKYEHUS

CxeMbl NOAKNHYEHUS Lenen Hanpsa>XeHua:
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TH - TpaHcdopmaTop HanpsxeHus;

3U0 - TpaHcdopmaTop HanpsKeHMs HyNeBOW NOCNeA0BATENIbHOCTMU.
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