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BeegeHnue

BBepeHue

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 02.2022

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: Ucnonb3syiite ENMU Tonbko No HasHayeHuIo, Kak yka3aHo B HacTosLeM PykoBoacTse.
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 coKpaweHns

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 OcCHOBHbIe 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

29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
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 cnepeamn 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. Bup, co ctopoHbl nutepdencos ENMU-X/100-16/8-FX2E1-FX2E1A2C1.

[abapuTHbIE U MOHTAXHble pa3Mepsbl NpuBeaeHbl Ha puc. 1.4 n 1.5.
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OCHOBHble CBeAeHMA
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PucyHok 1.4. FTabapuTHble pa3Mmepbl.
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OCHOBHble CBEAEHMA
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PucyHok 1.5. MoHTaxHble pa3mepsl

Ha3HayeHMe cBeTOaMOO0B:

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 NnocnefoBaTelbHOMY 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 02.2022

HasHaueHue

ENMU cornacHo craHpapty IEC 61869-13 aBnsetcs ycTponcTBoM conpskenmns SAMU
(Stand-Alone Merging Unit). YcTponctBo conpskeHus C wuHoM npouecca ENMU
oCylLlecTBNsSeT  aHanoroBo-umdpoBoe  npeobpas3oBaHMe  BXOOHbIX  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 UMPpPOBbLIX
nHtepdencos u nybnaukyer notoku SV. Ha npuem SV nognucbiBatoTCS YCTPOMCTBA,
MOAKMIOYEHHbIE K «LWKWHE npouecca» (HanpuMmep, undpoBble TEPMUHANbI penerHOM
3aWmThbl, UMbpPOBLIE CYETYMKU  INEKTPOIHEpPruu, CUCTEMbl KOHTPONS  Ka4vyecTBa
3NEeKTPO3HEPrMM, YCTPOMCTBA  CUMHXPOHHbIX  BEKTOPHbIX  u3MepeHui). ENMU
obecneuymBaeT nepepavy Ao YeTbipex NoTokoB SV. COCTaB CMIHANOB B KAXAOM NOTOKe
HacTpamMBaeTCs Nob30BaTeNEM.

ENMU opHoBpeMeHHO ¢ nybnvkaumen SV obecneumBaeT nepenady AaHHbIX COrNacHoO
[EEE C37.118.2, TO eCTb IBNSIETCS OQHOBPEMEHHO M YCTPOMCTBOM CMHXPOHM3UPOBAHHbIX
BEKTOPHbIX n3Mepenuin (YCBU, PMU).

OnumoHanbHo ycTtporctBo ENMU uepe3 nnaty A[ONOAHWUTENbHbIX MHTEpdencos
MO3BONSIET OCYWECTBNATb BBOA/BbIBOA [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 HOMWHANbHBIM BXOAHbIM TOKOM 5 A, HOMUHANIbHBIM BXOAHbIM HaNpsXXeHUeM
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 CBeAeHMA

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 02.2022
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(DyHKUMOHaﬂbeIe BO3MOXHOCTH

2.1

2.2
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(DYH KUMOHAJIbHbl€ BO3MOXXHOCTU

Bbiaaya notoka MDK 61850-9-2

ENMU obecneunsaetr ¢opmumposaHme notokoB cornacHo IEC 61850-9-2 SV80 (80
BbIOOPOK 33 Mepuof  MPOMbIWAEHHOMW  YacTOTbl, YTO COOTBETCTBYeT 4acToTe
anckpetusaumm 4000 lu), a Takke SV256 (vactota guckpetmsaumm 12800 lw).

ENMU obecneunBaet BbiBOA 00 4yeTbipex notokoB SV (SV80 x 2, SV256 x 2), coctas
CUIHANOB B KOTOPbIX HaCTpamBaeTcs nosnb3oBatenem. [oCTynHbl HanpshkeHue, TOK
c UTT, Ttok ¢ 3TT. [N Kaxnoro Ttvna napamMeTrpa HAcTpamBaeTcs paspewenue (Mo
ymonyanuto 0,001 gna toka n 0,01 ons HanpskeHus) n KoadduULMeHTbl TpaHChOpMaLmK.
B noTtoke B KayecTBe TOKa HyNeBOM MOCNELOBATENbHOCTM MOXET nepenaBaTbCs
M3MepeHHOe MU pacyeTHOE 3HAYEeHMe.

ENMU B 3aBucumoctn oT Mogudukaumm obecneumsaeT nepenady SV no umdposbiM
nHtepdencam Ethernet 100Base-FX (pasbvembl tMna LC, MHOroMopoBoe BONOKHO
62,5/125 v 50/125 mkM, anmHa sonHbl — 1300 HM) nan 100Base-TX - nHtepdencol LAN
Al, LAN B1l. ENMU ob6ecneunBaeT noanepxky npoTokona pesepsupoBaHus PRP
B cooTBeTcTBMM |[EC 62439-3.

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

ENMU uepes pononHutenoHole uHTepdericol LAN A2, LAN B2 obecneumnBaer:

e nybnukaumo GOOSE coobLueHnin 0 COCTOSHMSAX BCTPOEHHbIX AMCKPETHbIX BXOAOB
M BbIXOOB, pe3yNbTaTbl JOMMUYECKUX BbIPAXKEHWUI, AMArHOCTUYECKME CUTHANDI,
M3MepeHwus.

e nopnucky Ha GOOSE coobuweHuns, copepxalume cnepytowme Tmnbl AaHHbIX: Boolean,
Quality, Timestamp, SPS, DPC, INT32, Float.

e MMS cepsep. B 3Tom pexxume ENMU nopaepxumpaert:
- HacTpaunBaeMble noryeckune ycrporctea (LD);
- HacTpamBaeMmble nornyeckue y3nbl (LN, Tabn. 2.1);
- HacTpanaeMmble Habopbl AaHHbIX (Dataset);
- dYHKUMM yNpaBneHus;
- Hebydepusnpyembie oTyeTbI.

MNpuBszka namepeHun K ysnam mogenn M3K 61850 ocywectBnsietcs ¢ nomouwbto 10
«KoHpurypatop IHKC». MNepeyeHb AOCTYNHbIX M3MepeHuin NpeacTaBneH B Tabn. 2.2.
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(DyHKUMOHaﬂbeIe BO3MOXHOCTH

I'Io,q,u,ep>KMBaeMb|e niorn4yeckue ysnbl:

Tabnuua 2.1
LLNO Jlornueckuit ysen 0
LPHD MapameTpbl PU3MYECKOro yCTPOMCTBA
CiLO bnoknpoBka ynpaBneH1s KOMMYTaUMOHHbIM anMnapaToM
cswi YnpaBnieHue BbiK/04aTeieM
GGIO 06wmni BBOA/BbIBOA, AAHHbIX
MMTR JHeprusa TpexdasHoM cetu
MMXN MMapameTpbl 0gHOGA3HOM CeTH
MMXU MapameTpbl TpexdazHoM ceTn
MSOI MNocnepoBatenbHOCTM M HebanaHc
PTOC MakcuManbHag ToKoBag 3almTa
PTRC Ycnosus ofig OTKOYEHUS Npy cpabaTtbiBaHUM 3aLWMT
RBRF OTkas BbIkntOYaTens
TCTR TpaHcpopmaTop ToKa
TVTR TpaHcpopmaTop HanpsKkeHus
XCBR Boikntouatenb (KA ¢ BO3MOXHOCTbIO OTKAKOYEHWUS TOKOB K3)
XSwi KommytaTop (KA 6e3 BO3MOXHOCTM OTKIIHoUeHMs TokoB K3)

e [lepenayvy aaHHbix no npotokony M3K-60870-104 nsmepeHunii, COCTOSHMM
AMCKPETHbIX CUrHanoB, obecrneymMBaeT NpuemM KOMaHA TeneynpasneHus. ns
LMCKPETHbIX curHanos pgoctyneH apxus TC rnybuHon 1000 cobbituii. Apxums
nepenaeTcs aBTOMATMYECKM NPU MOAKIOYEHUM K YCTPOMCTBY, a TakxKe AOCTyneH ans
yTeHus ¢ nomoubto MO «IHKC KoHdurypatop».

[Ona untepdericos LAN A2, LAN B2 pgoctynHo pesepsupoBaHue PRP unn RSTP.

2.3 CUMHXPOHM3UPOBaHHbIE BEKTOPHbIE U3MepeHuUs

ENMU noppepxnBaeT nepefayvy AaHHbIX B COOTBETCTBMM CO cTaHaapTtoM C37.118.

Yactota nepepaun pesynbrtatoB u3Mepenun o 100 3HayeHun B cekyHay. Metka

BpeMEHN NPpUCBanBaETCA KaXXaoMy U3MEPEHMUIO.

[NepeyeHb AOCTYNHbIX NAapaMeTpoB NpeAcTaBfeH B Tabn. 2.2.

Tabnuua 2.2
S
S (7))
Mapametp 0603HayeHne 8 E
a
[LelicTBytowee 3HauyeHWe GasHOro HaMpsHKEHMUS Ua, Us, Uc + +
[ernctylowee 3HauyeHne Ga3HOro Toka Ll | + N
(u3mMepuTenbHas 06MoTKa) A T8y TC
[encreylowee 3HavyeHne GasHOro Toka [ap, lgp, lcp + +

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 02.2022
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q)yHKUMOHaﬂbeIe BO3MOXHOCTH

2.4

8 w
MapameTp 0603HaueHue 8 E
a
(3awmTHasn obMoTKa)
AKTMBHasi MOLLHOCTb da3bl Harpysku Pa, Pg, Pc - +
PeakTBHas MOLWHOCTb Ba3bl Harpysku Qa, Qs, Qc - +
OcHoBHas YacToTa F - +
CKOpOCTb M3MEHEHMS OCHOBHOM YacTOTbl dF - +
HanpskeHue HyneBoi NocneaoBaTeNbHOCTH Uo + +
Tok HyneBoM NocnenoBaTe/IbHOCTU | + +
(u3meputenbHas 06MoTKa) 0
Tok HyneBoM NocnenoBaTe/IbHOCTH | + +
(3almTHas 0B6MOTKA) Op
AKTMBHas MOLLHOCTb HYNEBOM NOCNEA0BATENbHOCTY Po -
PeakTMBHas MOLLHOCTb HYNEBOM NOCNEL0BATENIbHOCTY Qo -
MpumMeyaHus:

1. Phasor - 3HaueHus, BblYMCNSEMbIE MO OCHOBHOM rapMOHWMKE W Nepefalollnecs B BEKTOPHOM BUAE
(@amnautyga + yron);

2. RMS - 3HaueHus, BbluMciseMble MO BCEM rAapMOHMKaM M Nepesalolmecs B aHaN0roBoM BUAE;

3. 3HaK «+» UK «-» 0603HA4aET LOCTYNEH UM He AOCTYNeH AaHHbIIM NapamMeTp B COOTBETCTBYHOLLEM BUIE.

CUHXpOHM3aUMa BpeMeHU

ENMU noppepxuBaeT cnepytowme cnocobbl CUHXPOHU3ALMU BPEMEHMU:

e npotokon PTPv2 yepes untepdericol LAN A1/B1, B T.u. Utility Profile B
cooteetctBum ¢ IEC 61850-9-3 u Power Profile IEEE C37.238-2017 .

e JloCTynHble HACTPOMNKMU:

Type Layer 2 (Ethernet)

Domain 0..127

Delay mechanism Peer-to-peer, end-to-end

Operation mode One step, two step

Unicast delay request Bkn, otkn

Delay request interval 0.125,0.25,05,1, 2,4, 8, 16, 32 cek.
Announce interval 1,2, 4, 8, 16 cek.

VLAN ID 0...4095

MNpu ncnonbsosaHun PTPv2 BCE ceTeBoe obopynoBaHue Mexay Yacamm u ENMU
[OMKHO NOAAEPXKMBaTb 3TOT NPOTOKON. PekoMeHayeMmbin pexxuM — Transparent clock.

¢ (no cneuuanbHoMy 3akasy) PPS 1 'y unu IRIG-B(A) no ontnyeckoMy (pasbembl TMNA
ST, MHoromozoBoe BoNokHO 50/125 MKM, anvHa BonHbl — 820 HM) nnm
nocneposatenbHoMy (RS-485) untepdericy SYNC;
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(DyHKUMOHaﬂbeIe BO3MOXHOCTH

2.5

2.6

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

MNpu noTepe BHeLWHEN CUHXPOHW3ALMUN OTKIIOHEHNE BPEMEHW BHYTPEHHMX YaCOB
OT BCEMWPHOTO KoopauHupoBaHHoro BpeMeHn UTC He Bonee £1 mkc obecneunBaeTcs
B TeueHue 10 c.

BB0A/BbIBOA, AUCKPETHbIX CUrHANIOB

ENMU B 3aBucMMOCTM OT MOAMGUKALMM MOXKET MMeTb 16 BCTPOEHHbIX AUCKPETHbIX
Bxo4oB 1 10 nnn 8 ANCKpeTHbIX BbIXOAOB. TeXHUYECKME XapaKTEPUCTUKN AUCKPETHbIX
CUrHanoB cM. B . 3.3.

B mogudukaumm ENMU c gononHuTenbHbiMM MHTEpdENCAMM KONMYECTBO AUCKPETHbIX
CUTHANOB MOXET ObITb YBEIMUYMTb C MOMOLLbIO BHELIHMX YCTPOMCTB pacluMpeHus (Cm. .
2.7).

YnpaBneHne [OUCKPETHbIMW BbIXOAAMM UM Nepefavya  COCTOSIHMA  OCYLLeCTBASeTCS
no npotokonaM M3K 60870-104 (ogHO- mMAu ABYXNO3MLMOHHOE ynpasneHue), MK
61850-8-1 (GOOSE, MMS), Modbus TCP yepe3 pnononHuUTeNbHYO rpynny nHTepdencos
(LAN A2, LAN B2).

3anucb apxmMBoOB

ENMU wumeet BcTpoeHHbin flash Hakonuteno obbemoM 8 [0, Ha KOTOPOM XpaHATCS
NVHENHbIe U aBapUiHble apXMBbl, AOCTYMHbIE A4J1 CKauyMBaHus No npoTtokony FTP vepes
0OMH U3 BblbpaHHbIX MHTepdericos: LAN A1, LAN B1, LAN 1.

B NMHEMHbIN apXMB 3anNMCbIBAOTCA YCPEeOHEHHbIE 3HAYEHMUS TOKA, HAMPSXKEHUS, YrIOB,
MOLLHOCTEM M YacToTbl C yactotor 50 pas B cekyHay. ®arnin apxuBa ¢opmupyeTcs
uMKAnyeckm Kaxable 10 MUHYT.

[na Kaxporo BMAa apxuBa Mpu HACTPOMKE HAa3HAYaeTcs MakKCMMAanbHO AOMYCTUMbIN
obbvem namatu. lpu 3anonHeHun flash HakonuTens GyoyT nepesanucbiBaTbC CaMble
cTapble apXu1Bbl.

3anucb aBapuUMHOro apxmBa NPOU3BOAMUTCS NpU CpabaTbiBAHUM HACTPAaUBAEMOM YCTABKM
no ntoboMy 13 NapamMeTpoB UAU NO U3MEHEHUIO AUCKPETHOrO CUMrHana (BCTpoeHHbin DI,
noanucumk GOOSE wmT.n.). B dain 3anucbiBaloTC MrHOBEHHble 3HAYeHUS TOKOB
M HanpshKeHMM Kaxaoro aHanorosoro Bxoga: Ua, Ub, Uc, UQ, Ia, Ib, Ic, 10, lap, Ibp, lcp
M COCTOSIHMSA BCeX ANCKpeTHbIX Bxoaos.: DIL...DI16.
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q)yHKLIMOHaﬂbeIe BO3MOXHOCTH

2.7

[locTynHa HacTpoMKa NpOAOIKUTENBHOCTU 3aNMCK A0 U NOC/e aBapuu. YacTtoTa 3anucu
- 32/64/128/256 BbIOOPOK 3a Mepuop MNPOMBIWAEHHOW YaCTOTbl, MaKCMManbHas
NPOAOMKUTENBHOCTb 255 cekyHA.

[puMepHbIM  pa3mep ogHOro ¢anna aBapuMMHOrO  apxuBa B 3aBUCMMOCTU
OT NPOAOIKUTENBHOCTU 3aMUCH:

MpoponxurenbHocTb, | Pa3mep, K6

cek 32 BbIGOpPKM 64 BbIGOPKU 128 BbIGOpOK | 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

@annbl apxuBoB xpaHsaTca B dpopmate *.BIN. [na npeobpa3oBaHus B CTaHAAPTHbIE
dopmatbl CSV nnn COMTRADE ucnonb3syetcs 10, noctaBnsiemoe ¢ npubopom.

CTpykTypa ampektopuin Ha FTP-cepsepe:

rog_mecay,  OenbYacMuuCek.Mcek

FTP://192.168.0.10 ARCH_ADC L 21_08 05095904.929
2107 L 05100304.566 o .
| darnbl aBapuMHOro apxmea
|
L+ 06071944.400
NogMecsueHbYac YacMuHCek
— ARCH_VEC \\ 21080900 001000.BIN
—  start_log.txt —1 21080903 L 002000.BIN . .
| | hannbl IMHENHOro apxu1Ba
| I
| I
I
| festlogtxt | - 21083009 | | 0y50008IN

Onpoc BHELWHUX YCTPOUCTB

ENMU yepes gononHutenbHbiMu nHTepdeicol RS-485 1 Ethernet nopaepxusaet onpoc
YCTPOWCTB, CMNOCOOHbIX OCYWeCTBAATb WMHPOPMALMOHHbLIM 0O6MEH 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 oamH ENMU moxeT onpocuTb 240 yCcTpoKnCTB.

CymmapHo ENMU moxeT o6pabaTtbiBaTh Cnefyollee KoMyecTBO NapaMeTpoB:
e 8192 aHanorosbix CUrHana,

e 4096 OMCKPETHbIX CUrHanNa,

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 02.2022 16



q)yHKLIMOHaﬂbeIe BO3MOXHOCTH

e 2048 komaHpg TeneynpasneHus;

e 256 KOMaHA 3anucu B perncrp.

ENMU, PykoBoacTBo no akcnnyatauum, ENMU.422100.001 P3. Pep 02.2022
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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

KonnuectBo BXOAOB HANPXEHMS 4

[nanasoH usmepeHus HanpskeHus, % oT Usow 2..200

YacToTa fmckpeTmaumum 4000/12800 Iy,
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
Konnyectso Bx0a0B TOKa 4
[unana3oH nsmepeHuns Toka, % OT luom 1..200
YacToTa amMckpeTusaumm 4000/12800 Iy,
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 AMCKpeTM3aumm 4000712800 '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 A1s 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 CMIAMKU MEPEMEHHOr0 TOKa
NS OOMOTKM 3aLLUUTbI, 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
KO3 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 COCTaBagrowmnx 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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TexHuyeckme XapaKTepPUCTUKH

0s
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MorpewHocTs amMaMTyas, %
o
z}-’f—
\
|
|
|
I
[
|

PucyHok 3.1. ®akTnyeckas NorpewHoCTb U3MEPEHUS aMIIUTYAbl TOKA U3MepUTENbHOM 0OMOTKM.

YrnoBan NOrpewHoCTy, MUK
>
i1
|
\
|
|

Tok, A

PucyHok 3.2. MakTuueckas yrnosas norpewHocTb Toka M3MepUTENbHOM 0BMOTKM.

25

15

MNorpewHocTs SMANWTY AL, 55
)

-2.5
0 20 40 &0 2D 100 120 140 160 180
Tok, A

PucyHok 3.3. MakTnyeckas NorpeLHoCcTb U3MepeHus aMnanTyabl TOKA 3alMTHON 06MOTKM.
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¥rNOEEA NOMPEWHOCTL, MHH
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PVIC)/HOK 3.4. MakTnyeckas yrnosas norpewHoCTb TOKa 3aLWMTHOM 0O6MOTKM.

Huxe npuBoamtca npumep  GakTMYECKOM MNOrpewHocTM  uM@po-aHanoroBoro
npeobpaszoBaHus (bOpMMPOBAHMS MOTOKA BbIBOPOYHbIX 3HAYEHMI) MO HAMPSHKEHMIO
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,
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Hanpaxenue, B

PucyHok 3.6. MakTmMyeckas yrnoBasi NOrpewHOCTb HAMpPsKEHUS.
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3.3

3.4

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
MPUCBOEHUS METKM BpeMeHM He Xyxe 1 Mc. XapakTepmucTukmu ykasaHol B Tabn. 3.5.

IunckpeTHble Bbixoapl (0603HayeHne Ha wunbamnke «DO») ENMU npepgHasHaueHbl gns
BblAA4YM  YNpaBASOWMX BO3LENCTBUMA  HA BHELWHME OObekTbl (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 ObICTPOAENCTBYIOLLMI CUNBHOTOYHBIM  3IEKTPOMArHUTHOE penie
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

Pa6ouune ycnosusa

Paboune ycnosus npumeHeHms ENMU npuBeaeHbl HMxXe.
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Tabnuua 3.8
Temnepatypa okpyxatouiero sosayxa, °C -40...+70
BnaxHocTtb 6e3 KoHAeHcaTa Lo 98%
ATMocdepHoe paBneHue, Klla 65...106,7
YacToTa BXogHOro curHana, Iy, 505
Tok (u3meputenbHasi 06M0oTKa), % OT HOMUHANbHOro 3Havenns  0+200
Tok (peneiHas 06MoTKa), % OT HOMUHANBHOIO 3HaYeHUs 0+4000
BxogHoe HanpskeHue, % OT HOMUHANbHOIO 3HA4YEeHUS 0+200
HanpsxeHue nuTaHna nepeMeHHoe, B 100...265, 45..55 Ty,
HanpsxeHne nuTaHMa NoCTosHHOE, B 120...370

Pexxum pabotbl yctponcte ENMU HenpepbiBHbIN. [1poa0KUTENBHOCTD HEMpPEepPbIBHOM
paboTbl HeorpaHuyeHHas. Bpema yctaHoBneHus paboyero pexuma (npeaBapuTenbHOro
nporpeea) He 6onee 10 MuH.

HopmanbHble ycnoBusi npUMeHeHns npueeaeHbl B Tabn. 3.9.

Tabnuua 3.9
HopmanbHoe 3HauyeHue [onyckaemMoe OTK/IOHeHUue
MapameTp (HopmanbHas obnacTtb OT HOPMAJIbHOTO 3Ha4YeHUs
3Ha4YeHuM)
Temnepatypa okpyxatoLiero Bo3gyxa, °C +20 %5
OTHOCHUTENbHAS BNAXHOCTb [o 98

BO3AyXa, %

AtmocdepHoe paeneHue, klla (MM pT. cT.) 65-106,7 (487,5-800)

BHelwHee MarHuTHOE none MarHuMTHoe none 3emMnau 0,5 MmTn
yactoTon (50 £ 1) 'y,

MonoxeHne noboe

YacToTa nuTatoLen cetu, ly, 50 +5

®dopMa KpnBOM NEPEMEHHOIO CMHyCcOMaanbHas KO3 DUUMEHT UCKAXKEHUS
Hanps>KeHWs MUTAKLEN CETH CMHYCOMZANbHOCTM

He bonee 5 %

MNpepenbl AOMNONHWUTENbHbLIX MOrPELHOCTEN M3MEPEHUS, BbI3BaHHble BO3AENCTBUMEM
BAUSIIOWMX BENIMYMH, NpuBeaeHbl B Tabn. 3.10.

Tabnuua 3.10

3HaueHue Donyckaemas

Bausiowas BenMumHa BAMSIOLLE [OMNONHUTENbHAA NOrPELLHOCT
BEJIMYMHDI Ox1, %

Temnepatypa okpyxatoliero Bo3ayxa, °C
U3MepeHne TOKOB U HanpsXKeHui -40...+70 +0,05/10 °C -
M3MepeHne MOLLHOCTH +0,10/10 °C -

BHellHee ogHOpOLHOE NOCTOSIHHOE UK

nepeMeHHoe MarHWTHOE Nose, CUHYCOMAANbHO

U3MEHSIOLLErOCS BO BPEMEHM C YaCTOTOM, 0,5

OOMHAKOBOM C YACTOTOM TOKA, NPOTEKAKOLLErO

no u3MepuTenbHbIM LensMm npeobpasoarens,
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3HaueHue Honyckaemas

Bnusiowas BenuumuHa BAMSIIOLLEN DONONHUTENbHAA NOTPELLHOCT
BeJIMYUHBI 6xi, % aX,

npy caMoM He6aronpuUSITHOM Hanpas/ieHWUM

n daze MarHUTHoro nons, MTn
U3MepEHME TOKOB M HAMPSHXKEHWUNM +0,1% =
U3MepeHne 4acToTbl - +0,0005 Iy,

Yctporictea ENMU Tenno- u xononoycTonumebl B Anana3oHe Temnepatyp ot MuHyc 40
po nntoc 70°C, npu 3TOM npepenbl AOMYCKAeMOW [AOMNOAHWUTENbHOM MOrpeLHoCTyH,
BbI3BAHHOM W3MEHEHWEeM TeMmnepaTypbl OKPYXAloLWero BO34yXa OT HOPMasbHOM
[0 nobor  TemnepaTypbl B paboyeM AuanasoHe Temnepatyp Ha kaxaple 10°C,
He NMpeBbIWAOT 3HAYEHMH, YKa3aHHbIX B Tabnmue 3.10.

[ononHuTtenbHasa NOrpewHoCTb U3MEPEHU NMpu U3MEPEHUN TOKOB U HANPSXKEHUN NpU
OTKNOHEHMM YACTOTbl B SHeprocucrteme He 6onee =5 Ny He npesbiwaet 0,8 %.

Mo cnocoby 3awmTbl YenoBeka OT NMOPAXEHWUS INEeKTPUYECKUM TOKOM 0bbeamHsioLme
yctponctea ENMU cootsetctBytor [OCT P 52319-2005, creneHb 3awmtbl P20
no MOCT 14254-96.

3.5 LUudppoBblie MHTepdeicbl

ENMU ob6opynoBaH psooM uHTepdencoB, nepeyeHb W XapakTePUCTUKU KOTOPbIX
NpvBeLEHbl HUXeE.

X RX X RX

M T

[TV

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

A1 LAN B1 LAN 1

LAN

= R

g i B o e |

PucyHok 3.7. Undposblie nHtepdericsl ENMU: ocHoBHOM Habop (BHW3Y) 1 AONOMAHUTENbHbIN (CBEPXY).

Tabnuua 3.11

Untepderic HasHauyeHue CraHpapt Tun pasbema
LAN A1, Bblpava SV; ynaneHHoe Ethernet 100Base-FX
LAN B1 KOHhUIrypupoBaHue; NOAOEPXKKA  UAu
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Untepderic HasHaueHue CraHpapt Tun pasbema
npotokonos |IEEE C37.118.2, FTP, Ethernet 100Base-T;
PTPv2 PRP
YpnaneHHoe koH@urypuposanue; | Ethernet 100Base-FX

LAN A2, noaaepxka nporokonos 1EC WIm

LAN B2 60870-5-104, M3K 61850-8-1 Ethernet 100Base-T; LC, MHOromoz
GOOSE, MMS, Modbus TCP PRP, RSTP 62,5/125 n 50/125
YnaneHHoe KOHPUIrypnpoBaHue; MKM, 1300 HM

LAN 1 noaaepxka nporokonos |[EEE nnu
C37.118.2, FTP RJ-45

YnaneHHoe koHburypupoBaHue; | Ethernet 100Base-T
noaaepxka npotokonos IEC

LAN 2 60870-5-104, M3K 61850-8-1

GOOSE, MMS, Modbus TCP
CAN Onpoc BHELIHMX YCTPOWCTB RJ-45
RS-485-1/2
SYNC Mprem BpeMeHHOro Koaa ans ST, MHoromog, 507125
(cnewu. CMHXPOHM3aLMK BpemeHu oT PPS B coorsetctaum  [EC Mk, 820 M
ucnonwenue) | 1Ty, IRIG-A(B) 60044-8 {ed1.0} m

’ RJ-45, RS-485

USB Cny>kebHbIv nopT USB type B

MakcmnManbHasg oavHa ontuyeckom nuHum ceasm — 2000 m.

[apameTpbl BXOAa ONTUYECKOro NpMeMHuKa curHana PPS:

YpoBeHb Tpurrepa 50 % oT MakCMManbHOM 9pKOCTU

IOnurenbHocTb uMNynbca PPS bonee 10 mMkc

LWar umnynbca PPS He meHee 500 mc

Uctounuk PPS Pekomenayetca JHKC-2-1.1.1 + ESMC
3.6 NMutaHue

ObveamHsatowme ycrporctea ENMU mMMerOT 0guH BCTPOEHHbIM UCTOYHUK MUTAHUS 4N

noAKNKYEHNA K Lenam onepaTtuBHOro Toka.

Tabnuua 3.12

Mapametp 3HaueHune

[lnana3oH BXOAHOro HanpshkeHWUs NepeMeHHOro ToKa Lienei nuTaHus ~100...265 B, 45..55 'y,
[rana3oH BXOAHOIO HAaNpsXKeHWS NOCTOSHHOIO TOKa Lenen nuTaHus =120...370B
[MoTpebnsemMas MOLWHOCTb MO LIENWU NUTaHUA He Bonee 30 B-A

[lonyCcTMMbIA  nepepbiB B MUTAHUKM C COXpaHeHMEM paboTocnocobHocTn npubopa

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

Yctporicteo  ENMU  ocylwiectBnsieT NOCTOSIHHYK CaMOAMArHOCTUKY A1 KOHTPOAs

KOppeKTHOCTM paboTbl annapaTHbIX U NPOrpaMMHbIX KOMMOHEHTOB.

Bce moandukaumm npubopa uMeloT OUCKPETHbIM BbiX04, annapaTHOM HEUCNPaBHOCTM

«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 3arpy3ymKka NpowmBKa (HECKOMbKO CEKYHA, NMOCE BKIOYEHUS npubopa nnu

M3IMEHEHUA HaCTDOEK);

e KpWUTMYECKasi NporpaMMHas HEUCMPABHOCTb.

Yepes pononHutenbHble HTepderncol ENMU goctynHa nepegayva no nobomy m3

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

C60i1 CMHXPOHM3ALUN 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 BPEMEHM

MoTok SV He nybnukyeTcs

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

B MO «3HKC KoHdurypaTop» AOCTYNHA paclumpeHHas nHdopmaumsa oas npoTokona

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

MCNoJsib3yeéMbIX YaCOB, BEJIMYNUHA KOPPEKUNU BPEMEHN U OP.
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3.8

3.9

B Anartocrika SNMP 3.1.5.0 - O x
Hacrpoliki

ENMU-A 192.168.0.22 (Enmu N2 102) Cron OBHoBEWTL
@ Yerpoicreo: ENMU-a s/n: 102 (174 44 39m 32,510¢)

Whrepdeiice | PTP

O6was urpopmauma | Cratvcrvka | Mpodunn  Mctounmkm spemenn | Hewcnonbsyembie yacw | Janpoch

Pexum PTP Brarouen

Bpemn 30.08.2021 07:17:27

CurxpoHusauma Global (ptp_global_synh)

Syntonize 1

Synhronize 1

nsAd)Clock 32

Grandmaster clock class ]

Grandmaster clock accuracy 0x21 {100ns)

Millisecond 1485572524

Internal Second 1485572

Millisecond PPS 1485571895

Mum Of Interfaces 2

Header 08:02:2C:00:00:01:02:00:00:00:00:00:3F:3F:0C:00:3F:6A:25:00:0C:3F:3F:3F:3F 5:00:01:07:3F:00:00
Announce 00:00:00:00:2B:3F:2C:61:3F:04:3F:30:25:00:00:01:06:21:21:4D:02:0C:3F:3F:3F: 3A:35:00:00:20
Sync 38:07:3F:58:00:00:00:00:3F:3F:0C:00:2C:3F:2C:61:3F:3F:10:00:00:00:00:00:2C:3F:2C:61:08:3F:10:00:07:3F:02:00
Delay 2C:3F:2C:61:3F:3F:10:00:2C:3F:2C:61:3F:3F:1 0:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00:00
Index Empty Foreign Master DS 536080864

Index Master DS 536989808

Index Empty Non Qualified DS 536989360

Index Non Qualified DS 0

MNum Clock Master 1

Mum Empty Clock Master 7

Mum Clock Not Qual 0

MNum Empty Clock Not Qual 8

Error PTP list 0

Count Init New Master 3

Count PTP init 1

Statistic Delta N sec -4

Read Time PTF, ms 0

‘Wait Delay Resp On Port 0

Wait Correct ms n

PucyHok 3.8. InarHoctuka SNMP.

MokKasaTenn HapEeXXHOCTHU

Hopma cpegHelt HapaboTkuM Ha oTkas yctponctB ENMU B HOpManbHbIX YCI0BUSX
npumeHeHuns coctasnsget 280 000 u.

MonHbIM cpenHuin cpok cnyxbbl yctponcts ENMU coctasnget 30 ner.

CpenHee BpeMsa BOCCTaHOBMIEHUs1 paboTocnocobHoro coctosHna ENMU He 6onee 1 u.

MC u nsonauma

ENMU cooTBeTCTBYHOT TeXHMYECKMM TpeboBaHMSAM yepe3 2 MMH. NOCne BO3LENCTBUS
KpPaTKOBPEMEHHbIX Neperpy3okK, yKasaHHbix 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 luom Ubiom 2 15 60
2 10:fuom Usom 1 15 -
3 40 luom Usom 1 1 -
4 Twom 2-Unom 1 60 -
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TpeboBanns SMC k noptam ENMU, pernameHTMpoBaHHble cTaHgaptamu [OCT P

51317.6.5-2006 (no knaccy cooTBeTcTBYyeT: pa3MelleHme H, coeguHenme h) n CTO
56947007-29.240.044-2010, npuBeaeHbl B Tabn. 3.14.

Tabnuua 3.14

N2 | MeTtogabl 1 BUAbI UCMBITAHUM =220 ~2208B DO, DI | Al RS-485 Ethern | Kopnyc | 3asemn
B et
1 [OCT 30804.4.11-2013 - - - - - -
MpoBsanei W NpepbiBaHUS
HanpsXKeHUs 3N1eKTPONUTaHUS:
- nposanbl Hanpskehus Ha | 5,0c 50c
0,2UHom Coote. | CootB. A
A 10c
- npoanbl HanpsxeHus Ha | 1,0c Coots. A
0,3UHom CootB. | 1,0cC
A Coots. A
- nposanbl Hanpsxkeuus Ha | 0,1c 0,1c
0,6UHoM Coots. | CooTB. A
A 10c
- NpepbIBaHUS HaNPSXKEHUS - Coots. B
2,0c
- NpepbIBaHUS HaNPSXKEHUS 0,5c Coots. A
Coorts.
- Bblbpocbl  HanpskeHus Ha | B
0,2UHoM -
2 FOCT P 51317.4.17-2000 - - - - - - -
Mynbcauum Hanpskenus nutanus | 10%
NMOCTOSIHHOTO TOKa Coors.
A
3 roct P 51317.4.16-2000
Hu3ko4acToTHble  KOHAYKTUBHbIE
rnomMexu 3008 300B 300 B 300B 300 B 300 B - -
KpaTkoBpeMeHHbie 50 'y 30B 30B 30B 30B 308 30B
OnutenbHble 50 My, 30-3- 30-3-3- 30-3- 30-3- 30-3-3- 30-3-
OnutenbHble B nosoce vactot ot | 3-30B | 30B 3-30B | 3-30B | 30B 3-30B
0,015 po 150 kI'y, Coots. A
4 FOCT P 51317.4.5-99 - -
MUKpoCeKyHAHbIE  UMMYNbCHblE
rnomMexu 6onbLION IHEPrum
«[poBoa-npoBoa» 4,0kB 4,0 kB 40kB | 40kB 4,0 kB 2,0 kB
«poBoa-3emns» 4,0kB 4,0 kB 40kB | 4,0kB 40 «kB | 2,0 kB
€)] €)
Coots. A
5 rocTt P 30804.4.4-2013 | 4,0kB | 40kB 40 kB | 40 kB | 40 «kB | 40 kB | - 4,0 «B
HanocekyHaHble UMMY/IbCHbIE (K) (K) (3) (3 (K)
nomexu Coots. A
6 roct P 51317.4.12-99
3aTyxatowme UMMYNbCHblE
nomexm 2,0kB 2,0 kB 2,0 kB 2,0 kB - - - -
OpuHouHble «[1poBoa-NpoBOLY 4,0 kB 4.0 kB 4.0 kB 4.0 kB 40 «kB | 4,0
OpuHouHble «[poBoa-3emMns» 1,0 kB 1,0 kB 1,0 kB 1,0 kB ) KB(3)
MNosTopstowwmecs «Mposoa- | 2,5 kB 2,5 kB 2,5«kB | 2,5kB - -
npoBoa» 2,5 kB | 25
MNoBTopstowmecs «[poBoa- (9) KB(3)
3eMNa» Coots. A
7 [OCT P 51317.4.6-99
KoHAyKTVBHbIE nomexn | 10B 10B 10 B |10 B | 10B(d) 10 B | - 10B
B AvanasoHe ot 0,15 go 80 Ml (K) (K) (3)
Coots. A
8 FOCT P 51317.4.14-2000 - £20% - - - - - -
KonebaHus HanpskeHus B ceTu Coots. A
3N1EKTPONUTAHUS MEPEM. TOKA
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N2 | MeTtogabl 1 BUAbI UCMBITAHUM =220 ~2208B DO, DI | Al RS-485 Ethern | Kopnyc | 3asemn
B et
9 FOCT P 51317.4.28-2000 - +15% - - - - - -
N3meHeHne 4acToThl cetn lc
3NEKTPONUTAHWUS NEPEM. TOKa CootB. A
10 | rOCT 30804.4.13-2013 - Knacc 3 - - - - - -
MckaxeHne  CMHYCOMAANbHOCTM £25%
HanpsyKeHUs SNEeKTPONUT-1 Coots. A
11 | FOCT 30804.3.2-2013. 3muccug | - KnaccA | - - - - - -
rapMOHUYECKMX  COCTaBMSHOLLMX Coorts.
TOKa B CETb NEKTPONUTAHMUS
12 | roct 30804.3.3-2013. | - PST<1, - - - - - -
KonebaHus HanpsXeHus PLT<0,6
M Gnvkep, Bbi3blBaeMble B CETU 5
3NEKTPONUTAHUS Coorts.
13 | roCT 30804.4.2-2013 | - - - - - - -
JnekTpocTaTMyeckue paspsabl
(3CP) HenocpeacTBeHHO
Ha Kopnyca, C MHTEepBanamu
Mexay umnynbcamm 10 ¢ 6 kB
KKOHTAKTHbIW pa3psagy» 8 kB
«BO3[YLUHbINA pa3psag» CooTB.
14 | TOCT P 50648-94 MarHutHbole | - - - - - - -
nons NPOMbIWNEHHOW 4YacToThI
(MNMY) BTPEX  B3aMUMHO-
nepneHaMKYNSPHbIX MI0CKOCTAX
DJIUTENBHO 100
KPaTKOBPEMEHHO 3 C A/M
1000
A/M
Coors.
A
15 | FOCT P 50649-94 WmnynbcHble | - - - - - - 1000 -
MarHutHole nons (MMI) B Tpéx A/M
B3aWMHO-NEPNEHANKYNSPHBIX Coors.
NNOCKOCTAX A
16 | FOCT 30804.4.3-2013 - - - - - - -
PapnouvactoTHoe
anekTpomarHuTtHoe none (PYMM)
(80-1000) My, 10 B/m
(800-960) My, 10 B/m
(1400-2000) My, 10 B/m
CooTs.
A
17 | TOCT P 50652-94 3atyxatowee | - - - - - 100
UMMYNbCHOE ~ MarHuTHoe none A/M
B TpeX B3aMMHO- Coors.
nepneHanKYNSPHbIX MI0CKOCTAX A
18 | rOCT 30805.22-2013 Knacc KnaccA | - - - - - -
Smucens MHAYCTPUanbHLIX | A Coors.
paguonomex B nosnoce yactot oT | CooTs.
0,15 no 30 Ml'y,
dMuceus WUHAYCTPUANbHbIX | - - - - - - Knacc -
paaMonoMex B Mosoce YacToT A
ot 30 go 1000 Mry, CooTB.
(K) — nomexa nopaeTcs Yepes 3neKTPOMarHUTHbIE KNely,
(3) - nomexa nopaeTca Ha 3KpaH kabens,
DI, DO - nopT AMCKPETHbIX BXOA0B U BbIXOAOB,
Al - nopT aHanoroBbIX BXOL0B,
=220B, ~220B - nopTbl NUTaHWUS NOCTOSAHHOTO Y NEPEMEHHOIO TOKA

ConpoTUBNEHME U30ASILMM  MEXAY KaXKaoM

He3aBMCMMOW Lenblo (rasbBaHUYECKH

He CBSI3aHHOM c apyrmmu LI,EI'IFIMVI) M KopnycoMm, COeanHEHHbIM CO BCEMU OCTa/IbHbIMU

He3aBucumbiMK Lensmu, 6onee 100 MOM npu HanpsxkeHun noctosiHHoro Toka 500 B.
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TexHuyeckme XapaKTePUCTUKHN

JnekTpuyeckas NpoYHOCTb mn3onaumm cootsetcTayeT TpebosaHuam MOCT IEC 60255-5-
2014:

e 3/1eKTpMYeCcKas n3onsaumsa Mexay nopToM 3NeKTPONUTaHKUS, U3MepPUTENbHbIMU
LensaMm HanpskeHMs U TOKa, AMCKPETHbIMM BXOL4AMM U BbIXOAAMWU MO OTHOLLEHUIO

KO BCEM OCTa/IbHbIM HE3aBMCUMbIM LLEMSM U KOPNYCY BblAep>KMBaeT 6e3 NoBpexaeHnn
MCNbITAaTeNIbHOE HaNpsXKeHWe AencTByoWwmMM 3HaueHneMm 2,0 kB yactotel 50 'y B
TeyeHne 1 MuH;

e 3/leKTpuyeckas nsonsaumsa mexay uHrepdercHoiMmn uenamu RS-485, Ethernet,
BbIx040M AlNC no OTHOLWEHMIO KO BCEM OCTaslbHbIM HE33aBMCUMBIM LENSM U KOprycy
Bblaep>XMBAeT 6e3 NOBpeXAeHUIN NCMbITaTeNIbHOE HAaNPSKeHWE AeNCTBYOLMM
3HaveHuneMm 0,5 kB yacTtoTbl 50 'y, B TeyeHmne 1 MUH.

ENMU BbigepXvBaeT MCMbITAaHME WUMNYAbCHBIM  HAMpsHXKEHWEM  CO CleayowmnMm
napameTpamu:

e 3/1EKTPMYECKAS U30N5UMS MEXAY NOPTOM 3N1EKTPONUTAHMUS, U3MEPUTENbHbIMM
LLeNsIMM HaMpPsKEHUS M TOKA, AUCKPETHBIMM BXOAAMM M BbIXOAAMM MO OTHOLIEHUHO

KO BCEM OCTa/IbHbIM HE33aBMCUMbIM LIEMSM U KOPMNYCY BblAEPXKMBAET 6€3 NOBPEXAEHUM
MMnNynbCcHoe HanpsxxeHue 5,0 kB;

e 3/leKTpMyeckas nsonsaumsa mexay uHtepdercHoiMun uensamu RS-485, Ethernet,
BbIX0A0M AlNC No OTHOLWEHMIO KO BCEM OCTa/IbHbIM HE3AaBUCUMbIM LIENSIM U KOpMNyCy
BblAEPXMBAET 6e3 noBpexaeHui nMnynbcHoe Hanpsxerue 1,0 kB.
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Mcnosib3oBaHWE MO Ha3HaYEHUIO

4

4.1

4.2

4.3

4.4
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Ucnonb3oBaHMe No HasHAYEHUIO

YKa3saHue no 3KcnayaTtaumm

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

ENMU nogkntoyaloTcs HenocpeacTBEHHO K M3MEPUTENIbHbIM UM 3aLMTHBIM 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 CY4aNMHOTO BKIKOYEHUS.

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

N3MepwuTenbHble LEenu ToKa W HaMpsKeHUS AO/MKHbI MOAKNHYATLCS Yepe3 UCMbITaTeNbHble BN10KKU Unn
WHble TEXHMYECKMEe CpeacTBa, KOTopblie nNpu oTkAto4YeHnn ENMU oT n3MepuTenbHbIX Lienei 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 BO3L4EMCTBUIO MNPSAMOro Harpesa
MCTOYHMKAMK Tensa no Temnepatypbl 6onee +70 °C. B noMelweHUn He AOMKHO ObiTb
pe3kux KonebaHui Temnepartypbl, B6M3M MecTa yCTaHOBKM npubopa He AO0MKHO ObiTb
MCTOYHUKOB CU/IbHBIX 3N1€KTPOMArHUTHbIX NOJEN.

NMoAaroTtoBKa K MOHTaXy

MNocne nonyvyeHunsa YCTpOVICTBa CO CKNnaaa y6e,ﬂ,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, obecneymBaoLWMX 6e3onacHoe obcnyxuBaHue M 3KCNyaTaumio
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Mcnosib3oBaHWE MO Ha3HAYEHMIO

3NEeKTPOYCTaHOBOK. MOHTaX [OMIXEH OCYyLWeCTBAATb MNepCcoHan C COOTBETCTBYHOLLEN
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 KpoCCMPOBOYHblE KOPOOKM, MCMONb30BaTh NaTy-KOpAbl € 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

@, Lenb

1 Iy

2 Iy

3 1y

4 I,

5 I5

6 Is
NamepurenbHag odmotka TT

,@’ uemn

7 Iy

8 ls

9 Is

10 | Is

11 | 16

12 | 1

13 | I

14 | |
TH

Q uenb

15 | Uy

16 | U

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 0
100Base-FX/ | =
100Base-T | ©
«LAN A»
Ethernet “
100Base-FX/ | =z
100Base-T | ©
«SYNC»
<
=
P
v em
USBType B | <

PucyHok 4.1. U3MepuTenbHble BXOAbl, MHTEPDENCHI, MTUTAHME.
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Mcnonb3oBaHMe N0 Ha3HaYeHUI0

[nckpetHble BXxoabl

29(30)31|32

3313435

36

37138

3914041

42

43]44

45146|47

48

49150

51]52

53

54

55

56

57

58 60

DIl DI2

DI3 DI4

DI5

DIé6 DI7

DI8

DI9 | DI10

DI11

DI12

DI13

DI14

DI15 | DI16

IunckpetHble Boixoapl ENMU-..16/10.

«RS-485-1»

5 |GND

7 |Data+

8 |Data-

RJ-45

«RS-485-2»

5 |GND

7 |Data+

8 |Data-

RJ-45

«CAN»

5 |GND

7 | CAN High

8 |CAN Low

RJ-45

«LAN 2»

Ethernet
100Base-T

RI-45

«LAN B2»

Ethernet
100Base-FX/
100Base-T

LC/RI-45

«LAN A2»

Ethernet
100Base-FX/
100Base-T

LC/RJ-45

DO1

D02

D03

D04

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

OnckperHble Boixoapl ENMU-..16/8..

D03

D04

DO5

D06

DO7

D08

61 | 62

63 | 64

65 | 66

67 | 68

69 [ 70

71

72

73

74

75 | 76

PucyHok 4.2. lononHuTenbHble nHTepdencol nepefaym AaHHbIX U AUCKPETHbIE CUrHANDI.
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HacTpoiika ycTpoiictea

5 HacTtpoika ycTpoucrsea

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 CUrHANOB 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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HacTpoiika ycTpoiictea

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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HacTpoika ycTpoiicTea

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. Pepn 02.2022
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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

7

7.1

7.2

7.3

TexHun4yeckoe ob6cnyxmpaHme

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.

[NepcoHan, OCYLLEeCTBAAOLLMIA obcnyxmBaHue YCTPOMCTB ENMU, LONIXEH
PYKOBOACTBOBATbLCSA HacToawmM P3, a Takke MNOT PM-016-2001, P153-34.0-03.150-00
«MexoTpacneBbiMM MpaBWIaMM MO OXpaHe Tpyaa (nNpasuna 6e3omacHOCTM) npwu
3KCNyaTauum 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 BMAAMW 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 U34enna  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 NOAKOYEHUS

MpunoxeHune A. CxemMa NnoaKNHOYEHUNA

CxeMa noaKIYeEHUs TOKOBbIX LIEMEN:
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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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