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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

MCDTV4 — pacwuumpeHHasa guddepeHumanbHasn

3awmTa TpaHcopmMmaTopa

Pene opndpdeperHumnanbHon 3awmnThl TpaHchopMmaTopa MCDTV4 npeactasnseT cobon
KOMMAEeKCHoe pelleHne anasa TpaHCpopMaToOpOoB BbICOKOIro, CpegHero u HU3Koro

Hanps>XeHns C LWMPoKUM Habopom hyHKUMI nomMmnuMo anddepeHumnanbHon 3awnTel. Ero

MO>XHO MCMNO0JIb30BaTb A1 0OHAPY>XXEHUSA KpUTNYEeCKMX paboymx coctosHuim Ha baze
N3MepeHNn Hanps>xeHns (Hanpumep, nepeBo3byxaeHue). Momumo 3toro, pene MCDTV4
npenoctaBnseT Habop BHYTPEHHMX COeaNHEHNA. Ero MOXKHO UCMOb30BaTb OJ15 3alUThI
ceTu B obLUen ToYke nogcoegnHeHUs (Hanpumep, 4as HanpaB/eHHON 3alnTbl OT
MOHN>XEHHOIr 0 HarNMps»XeHNa PeakTUBHOM MOLLHOCTW). BCTpoeHHbIn Habop hyHKLUN
pe3epBHON 3alUTbl MO3BOJASET Ucnonb3oBaTb MCDTV4 B KayecTBe yCTPONCTBA
pe3epBHON 3aWnTbl (Hanpumep, A8 BbIXOAHbIX BbiKJOYaTeNEN).

WNHTYUTMBHO NMOHATHAA KOHLIENUMUa paboThl C yCTPONCTBOM C MPOBEPKON KOPPEKTHOCTN
BBOAMMbIX MAapaMeTPOB U PaCLLINPEHHBIMU QYHKLNAMN BBOAA B SKCMJIyaTaLUIO, TakUMU

KaK HanpuMep, BCTPOEHHOE CPpeaCcTBO MOLeNMpPoBaHUA 0TKa3oB, obecneynsaeT

6e30MaCcHOCTb N 3KOHOMMUIO BpeMeHn B npouecce TexHN4eckKoro OﬁCJ’Iy)KI/IBaHI/IFI n BBOAa

B 3KcnyaTauuto. MporpaMmHoe obecrneyeHne ana HaCTPOWKM NapaMeTpPoB U OLLeHKM
Smart view MO>XHO UCMNOJ/Ib30BaThk OANHAKOBbLIM 06pa3oM CO BCeEM CEMENCTBOM

YCTPOWNCTB.
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1 MCDTV4 — pacwmpeHHas anddepeHumanbHasa 3almTa TpaHcpopMaTopa

1.1 KoMMeHTapunm K pyKoBoACTBY

1.1

12

KoMMeHTapuu K pyKOBOACTBY

B HacTosAwWweM pyKOBOACTBE OMNUCLIBAOTCS obLMe NPUHLWMALI MJIaHUPOBaHMA paboThl,
HaCTPOMKW NapaMeTpoB, BBOAA B IKCMyaTaLMWIO U TEXHUYECKOro 06CNy>XMBaHMS
yctponcte HighPROTEC.

HacToswee pykoBoACTBO NpefiHa3Ha4vYeHo B KavyecTse paboyen AOKyMeHTauum ans:
* NHXXeHepos P3A;
* VHXXEeHEepoB Mo NpoBeAeHNI0 NyCKOHanao4YHbIX paboT;

* CMeumnanncToB No YyCTaHOBKE, MPOBEPKEe U TEXHNYECKOMY 06Cy>KMBAHMIO 3aLLNUTHOWN
N KOHTPOJIbHOW annapaTypbl;

* lNpoyero nepcoHasa, paboTatowwero ¢ anekTpoobopynosaHneM N rnepcoHana
3NeKTPOoCTaHLUNN.

B pykoBoACTBe Tak>XXe NPUBOASTCA onpeneneHmns Bcex MyHKLUNA, COOTBETCTBYHOLLMX
Koy TuMna yCTPOMCTBA. ABTOPCKUIA KOIIEKTMB PEKOMEHAYET MFHOPUPOBATb
NHGOPMaLMIO C ONMMUCAaHNEM KaKUX-TMbo (yHKLWIA, MapaMeTpoB UM BXOA0B/BbIXOO0B,
KOTOpble HEe OTHOCATCS K paboTe KOHKPETHOro YyCTPONCTBA.

Bce I'IOﬂ,pOﬁHbIe OnMnMcCaHMAa N CCbIK NpMBOAATCA MO COCTOAHUIO Ha TeKyLLI,I/IIZ MOMEHT ”
OCHOBaHbl Ha HalleM onbITe N NpoBeeHHbLIX NCccienoBaHNAX.

HacTosiuiee pykoBoACTBO OMUCLIBAET NOJIHOYHKLMOHAIbHbIE MOANMUKALNN YCTPONCTB
(onuuns).

Bcs TexHMYeckast UHopMaumMs 1 gaHHble, BK/IIOYEHHbIE B HACTOsILLEE PYKOBOACTBO,
ABNSINCb BEPHLIMU HA MOMEHT NOArOTOBKM PYKOBOACTBA K Ny6MKauumn. Mbl cOXpaHsieM
3a coboli NpaBo Ha BHECEHNE TEXHUYECKNX N3MEHEHUI B paMKaX NMOCTOSIHHOIO Pa3BUTUS
N COBepLIEHCTBOBaHMS 060pyaoBaHMs 6€3 BHECEHUS U3MEHEHUI B TEKCT HACTOSALLErO
PYKOBOACTBA, a TakXXe NnpeaBapuTesibHOro yBeaomseHus. NpeTeH3nm K coaepXxaHuto
NHGOPMaLUMN N OMMUCAHUAM, BKIIOYEHHbIM B HACTOSsILLIEE PYKOBOACTBO, HE MPUHMMAIOTCS.

TekcToBas UHGOPMaLMS, UATIOCTPALUM N POPMYJIbl MOIYT HE COOTBETCTBOBATh
KOHKPETHOMY YCTPONCTBY, BKJIIOYEHHOMY B KOMIMJIEKT MOCTaBku. NnnocTpauum un
rpacgunyeckme n3obpaxeHus npueeaeHsl 6e3 cobnogeHna Mmacwtaba. Mbl He HeceMm
OTBETCTBEHHOCTM 3a YLlepb nnm cbon B paboTe, Bbi3BaHHbLIE OLLMOKaMMN OMNepaTopoB UIn
HEBbLINOJIHEHNEM YKa3aHUN, ColepKallxXCs B HACTOSLLEM PYKOBOACTBE.

KaTeropunyecku sanpeliaeTcsa NosiHoe NanM YaCTUYHOE BOCMNPOM3BeAeHNE HACTOSLLErO
PYKOBOAOCTBA, a Tak)Xe nepefada TPeTbMM Anuam 6e3 NMCbMeHHOro pa3peLleHuns
koMmnaHun Woodward.

HacTosuwee pykoBoACTBO BXOAUT B KOMMJIEKT MOCTaBKW NPU NOKYMKe yCTPONCTBa. B
cnlyvae nepefaydu (Npodakn) yCTporucTBa TPETbUM NNLLAM UK OpraHn3aunsam,
HacTosLee PYKOBOACTBO TakxXe NoanexxmTt obsazaTenbHON nepenaye.

PaboTbl MO peMOHTY YCTPOMNCTBA A0JIXKHbI BbIMOJHATLCA TOJIbKO KBa/IMPULMNPOBAHHLIM
TeXHUYECKMM NepcoHasioM, 03HAaKOMJIEHHbLIM C MECTHbIMN NPaBUaMN TEXHUKN
6e30MaCcHOCTN N MEIOLLUM HagneXXalwmnm onblT paboThbl C 3/IEKTPOHHBLIMW 3aLLUUTHbLIMU
YyCTPONCTBaMM N CMIoBbIM 0bopyaoBaHneM (TpebyeTcsa noaTeep>XaeHme
KBannpumkauun).

UHppopmaumns o6 obsa3aTenbcTBax u rapaHTUHHBIX YC/IOBUAX

KoMmnaHusa Woodward He HeceT OTBETCTBEHHOCTU 3a yuiepb, BbI3BaHHbIN
CaMOCTOATENbHON MOAepHU3aLNeNn Ui n3MeHeHNeM YCTPOMCTBA, WA npouenypsbl
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.1 KoMMeHTapun K pykoBoaCTBY

NJaHWpPoBaHUA PaboTkl YCTPOWCTBA (Ha 3Tarne NPOeKTUPOBaHUSA), HAaCTPONKY
napamMeTpoB U U3MEHEHUS PEryJIMPOBOK MNEePCoHasIoM MoJsib30BaTeNs.

FapaHTUinHble 06513aTeNbCTBa aHHYJINPYIOTCS NPU BCKPLITUM KOpMyca yCTPOMCTBa
NIMUAMU, He ABNSIOWMMUNCS TEXHUYECKUM NepcoHanomM komnaHum Woodward.

YcnoBnsa 0OTBETCTBEHHOCTU N FrapaHTUW, N3N0>KEHHbIE B OCHOBHbIX YCI0BUSAX, MPUHATbIX
komnaHnen Woodward, He OMONHAIOTCS BbllLeyKa3aHHbIMU Pa3bACHEHUSAMN.

CTpyKTypa BaHHOro pyKoBoACTBa

* be3onacHoCTb npexae Bcero! O3HaKOMbTeCb C OCHOBHbIMMK COOBLLEHNSAMM NO
6e30MacHOCTY, KOTOpble UCMOMb3YITCA B HacTosLeM pykosoacTse: > «BaxkHble
onpeneneHns». Kpome Toro, 3gecb npnBoanTcsa obasa nHgpopmaumsa o
koMmnnekTHocTu (L=> «CBeneruns o6 ycTpoiicTBe»), LaHHOM PyKOBOACTBE, a TaKXe
yCNOBHble 0603Ha4YeHNa U CUMBOJLI, B Hell ncnonb3yowmecs (<> «Cumeonbl n
onpeneneHnsa»).

e O6wunin 0630p AOCTYNHbLIX ANsA ycTtponctea MCDTV4 dhyHKLNA 3aWNThl NPUBOAMNTCSA
B BuAe QyHKLIMOHaNbHOM cxeMbl: > «1 0630p dyHKUW». OBpaTuTe BHUMaHMe,
4YTO Ha/JIM4mMe HeKOTOPbIX PYHKLMA 3aBUCUT OT TMMNa 3aKa3aHHOro yCTPOMCTBaA.
Crnncok BapuaHToB cM. B pasgene L=> «bnaHk 3aka3a ycTpoiicTea».

¢ B ycTponicteax MCDTV4 npumeHsieTcs ocobas Moay/ibHash KOHUENLUMS HaCTPoek,
n3MepseMbiX 3HAYEHUN U CUTHaN0B. HeCMOTpPS Ha TO 4TO AaHHasa KOHUenums
MoAayJsien n napaMeTpoB NPOCTa M ACHa, HAaCTOSATENIbHO peKoOMeHayeTCs, 0COBEHHO
Ha4YYHaIOLWWMM, C Hell 03HakoMuTbCes: > «Mopaynu, HacTpoiiku, curHanbl u
3Ha4YeHnna»

¢ 0O Smart view — 370 paboyas nporpaMma, KOTOPY MOXXHO YyCTaHOBUTb Ha MK ¢
OC Windows. KoMnbloTep MOXKHO NOAKIIOYNTb K YCTponcTesy MCDTV4 n
1MCNoJsib30BaTh AN HACTPOUKNU N NoslydeHus ¢ ycTponctsa MCDTV4 faHHbIX
(n3mMepseMbIX N CTaTUCTUYHECKMX 3HaYeHUn, 3anucen o cbosax u T. 4.). KpaTkoe
BCTynneHne npmeoanTcs 3aeck: 5> «Smart view». Mpu 3ToM ¢ NoAPOBHbLIM
OonMcaHMeM MO>XXHO O3HAaKOMUTbLCSH B OTAE/IbHOM AOKYMEHTe — MOJIHOM PYKOBOACTBE
rnosnb3oBaTtena Smart view.

* OnuncaHve obopynoBaHnsa (HanpuMmep, CXeMbl Pa3MepPOB U NOAKOYEHNIN) MOXKHO
HalTu 3pech: > «ObopynoBaHune»

¢ Bo3M0O>XXHO, Heobxoamnmo byneT 3aaTb HEKOTOPbIE HACTPOMKK Be3onacHoCTH, Tak
Kak ycTponcTteo MCDTV4 noctaBnsieTcs 6e3 orpaHNyYeHnin 4ocTyna U NpocTenLwnm
CTaHOApPTHbLIM NApOaEM, 3alKnThbl He obecnedymBaoWMM. [a)ke Mpu HaANYUn
abCcoNOTHOM yBEPEHHOCTU, YTO 0COBbIX OrpaHMYeHUn AocTyna He NoHagobuTcs,
HaCTOATEs/IbHO PEKOMEHAYETCS N3Yy4nTb FNaBy «be3onacHOCTb»:
«be3onacHOCTb»

* Pap HacTpoek OTHOCUTCA K caMoMy ycTponctey MCDTV4. BN «[MapameTpsbl
yCTpONCTBa»

* YcTponcteo MCDTV4 npeanaraeT MHOXXECTBO U3MepSAeMbIX 3HAYEHUN 1 BeLeT
CTaTUCTVUKY ellle HECKOIbKNX 3HaYeHnit: B pasaenax => «/3mepsaembie 3HauyeHna»
n 5> «CraTtncTuka» npueoanTCcs onmMcaHme COOTBETCTBYIOLWMX KOHLIEMLMIA 1
HacTpoek.

¢ [MpOTOKObI CBA3W, AOCTYMHbIE AJ18 CBA3M ycTponcTtBa MCDTV4 noacrtaHumnen
onuceiBatoTca B pasgene > «KoMMyHMKaLIMOHHbIE MPOTOKOSbI».

* YcTponctBo MCDTV4 no3soniseT yrnpaBiaTb 6 KOMMYTaLUOHHLIMU YCTPONCTBaMN,

OO6bIYHO KaK MUHUMYM OAUH W3 HUX UCMONb3YIOT AN YNPaB/eHNs BbiKloYaTenamu,
OTKJI0YaEMbIMU DYHKLMAMM 3aluThl Npu cbosix. => «[ucnetyep cuctem
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1 MCDTV4 — paclwmpeHHas anddepeHumanbHas 3almTa TpaHcpopmMaTopa
1.1 KoMMeHTapunm K pyKoBoACTBY

yrnpaBneHns /[KOMMYTaLMOHHbIX YCTPOMCTB» ONUCLIBAOTCS Pa3/inyHble YHKLMN
yrnpaBneHms.

* MHOXeCTBO (DYHKLUUI 3aMTbl ONMUCbIBAETCA B nogpasnenax rnasbl « PyHKLUK
3aWmnThi»: > «3nemeHnThl 3aWmnTLI». CleayeT UMeTb B BUAY, YTO CyllecTByeT
OfIWH «OCHOBHOW» 3aLUNTHLIN MOAYJb, YNPaBAAIOLWNNA BCEMU PYHKLUNAMU 3aLLMUThI:

«Mopaynb 3al: obwas 3awmnTa». bonee Toro, BaXHO 3HaTb HE TOJIbLKO, KakK
aKTUBMPYeTCA 3alUMTHbIA MOAY/b, HO 1 Kak ero 3abnokuposaTts: L=
«BNOKUPOBKU»

e YcTponcteo MCDTV4 pernctpmpyeT passinyHble cobbiTna (BO3MYLLEHUS,
obHapy>xeHHble cbon 1 T. A.), N03TOMY HeobXoAMMO 3HaTb, KakK NOJYYUTb AOCTYM K
Takum 3anucam: > «PernctpaTopsi»

* YcTtponcteo MCDTV4 npennaraeT UCMOJib30BaTb NporpaMMmpyemMble Iornyeckme
ypaBHEHUS AN8 NPorpaMMnUpoBaHNS BXOA0B, BbIXOA0B, 6N1OKNPOBKK (PYyHKLNIA
3alMThl N CO3AaHNA COBCTBEHHbLIX NOrNYeCcKNX PyHKLUA B pene:
«[1porpammumpyemas siornka»

* Kpome (hyHKLNN 3aLnTbl YCTPONCTBO MCDTV4 nMmeeT 1 pasfinyHble pyHKUNK
KOHTpoNs. OCHOBHOE MX OT/INYME OT (PYHKLUUA 3aLUNUTbl B TOM, 4TO hYHKLMN
KOHTPO/A He BblAAIOT CMFHaJI0B OTKJIlOYeHUs, a B 0cobbix ob6CcToATEeNbCTBAX
reHepupyloT aBapuiHblie CUrHabl. Takon aBapUNHbIA CUTHaN MOXXHO UCMOJ/b30BaTb
Ansa 6NOKNPOBKK (PYHKUNI 3aLUNTbI MM Ha3Ha4YUTb oA4HOMY U3 COAWN nnn Bxonos:
=> «KoHTposb»

¢ OcobeHHoOCTK BBOAa ycTponcTea MCDTV4 B akcnayaTauuto: > «BBopg B
skcnayaTauuto», ObpaTnuTe BHUMaHME, YTO ONMCaHNE BBOAA B IKCMJlyaTauuto
KOHKpPeTHbIX (PYyHKL NI 3alMTbl NPUBOOAMNTCA B Noapa3fenax rnas, NOCBAWEHHbIX
COOTBETCTBYHOLWMM (PYHKLNAM 3aLLNThI.

» TexHUYeckue ycaoBus, LOMNYCKU N NPUMeHUMble cTaHaapThl: > «TexHuyeckune
JaHHble»

* B nocnenHen rnaBe HacTOSLLIErO JOKYMEHTa NPUBOANTCS NPeAMETHbIN yKa3aTeb.
OH nmeeT 0ZIHYy 0COBeHHOCTb: B MCX0AHOM MnoJsie «{» B HEM NepedYncnsioTcs
HOMEpPHbIE CUFHabl «FeHepUpyeMble» JIOrMYeckuMmn cxemMamu (cM. pasgen >
«CMBOJIbI 1 onNpeaeneHns).

CBsA3aHHble AOKYMEHTbI

e CrnpaBo4YHOE pyKOBOACTBO K ycTponcTBy MCDTV4 (MCDTV4-3.6-RU-REF): 3pech
YKa3blBalOTCA BCE HACTPONKMN, CUFHaMbl U 3HAYEHUSA, OOCTYMHbIE B YCTPONCTBE
MCDTV4, a Tak>Xe COOTBETCTBYOLLME MYTN MEHIO K HUM, 3HAYEHUSA MO YMOJIHaHUIO ”
Anana3oHbl 3HAYEHWNA.

* PykoBonacTtso K MO Smart view (SMARTV-x.xx-RU-MAN): TeEXHNYECKOE PYKOBOACTBO K
paboyemy nporpammHoMy obecnevyeHunto Smart view.

* PykoBoAcCTBO no oTnagke yctponcts HighPROTEC (HPT-3.6-RU-TSG): onncaHue
BCEX BHYTPeHHuX cooblieHunn (06 ownbke nnm c npegynpexxgeHmneMm), Kotopbie
MOryT MOCTYMUTL OT ycTponcTea MCDTV4. (Cm. Takxe => «CoobuieHns o
CaMOONarHOCTUKE»).

KpoMe Toro, K 3TOMy OOKYMEHTY cnenyeTt obpawaTbCs, eCnm nocse dasbl 3arpy3ku
(> «12 37an 3arpy3ku») CON «Cuctema OK» («paboTaeT») He FOpUT 3e/eHbIM.

e Cxembl npoBogkun (HPT-3.6-EN-WDG) — [TOJIbKO Ha aHIMJIMNCKOM A3blKe]: B 3TOM

OOKYMEHTEe OJ19 Ka)K40oro AOCTYMHOro BapMaHTa YCTPONCTBa (3akKa3 no Koay Tuna)
MMeeTCs COOTBETCTBYlOWAa cxeMa, Ha KoTopon ycTponctso MCDTV4 nokasaHo
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.1 KoMMeHTapun K pykoBoACTBY

Cc3aanm Co BCeEMU YCTaHOBJIEHHbIMW anmnapaTHbIMX MOOYNAMIN N NOOKNKOHYEHNAMN
npoBsoaos.

* CnpaBo4Hble nokyMeHTbl SCADA
o Cnucok To4ek AJaHHbIX IEC 60870-5-103
o Cnncok To4vyek maHHbIX Modbus
o Cnncok To4ek AaHHbIX Profibus

o CBMOETEeNbCTBO COOTBETCTBUA peanusaynm mogenun (MICS) IEC 61850 —
[TONbKO Ha aHIINNCKOM fA3blKe]

o CBMAETENbCTBO COOTBETCTBUA peanunsaumm npotokona (PICS) IEC 61850 —
[TONbKO Ha aHrNMNCKOM s3biKe]

o [lononHUTENbHbIE CBEAEHMNS O peanm3aunm NpoTokoaa Ana ncnoitaHuin (PIXIT)
I[EC 61850 — [TO/IbKO Ha @HTJIMACKOM $Si3blKe]

o CBMAOETEeNbCTBO COOTBETCTBUSA peannsaumnm texHmndeckux npobnem (TICS) IEC
61850 — [TOSIbKO Ha aHIINNCKOM fA3blKe]

MCDTV4-3.6-RU-MAN MCDTV4 15



1 MCDTV4 — pacwmpeHHas anddepeHuymanbHasa 3almTa TpaHcpopMaTopa
1.1 KoMMeHTapum K pyKoBoACTBY

[

1.1 Ba>kHble onpepneneHus

CoobLueHna NnpMBeAeHHbIX HXKE TUMNOB NpefHa3Ha4vyeHbl Ansa obecnevyeHns 6esonacHom
0N XKU3HW 1 340p0BbA NepcoHana aKcnayaTaumm yCTPoMCTBa, a Takxe obecnevyeHuns
HOpMaibHOM PaboThl YCTPOMCTBA B TEYEHME BCErO CPOKaA CIyKObl.

OMNMACHOCTb!

OMNACHQ! — yka3bIiBaeT ornacHy CUTyaLnio, KOTopas MOXXeT HeMeLJIEHHO NMpuBeCTU K
TAXKKUM TeNeCHbIM MOBPEXAEHUAM NN NeTalbHOMY UCX0AY, €C/IN ee He

npenoTBpPaTUTb.

BHNMAHWE — yka3biBaeT Ha OMNacHylo CUTYyaLuio, KOTOpas MOXET MPUBECTU K TAXKKUM
TeNeCHbIM NMOBpPeXAEeHUAM WIN JIeTaJIbHOMY UCX0AY, €C/IN ee He NpefoTBPaTUuTh.

OCTOPOXXHO!

OCTOPOXXHO — yKa3blBaeT Ha BO3MOXXHYIO ONacCHYI0 CUTYaLuilo, KoOTopas MoXeT
MPMBECTUN K MOBPEXAEHUSAM NErKOW UK CPeOHEN TAXKECTU, eC/IN ee He NPenoTBPaTUTh.

NMPUMEYAHWE — onucaHue cuTyauunin, He NpeacTaBASloWMX OMACHOCTY AN XU3HU 1
3[10POBbA.
Q [aHHbIN cMMBOJT 0603Ha4YaeT NOJIE3HbIE YKA3aHUS U PEKOMEHOALNN, @ TaK)XXe COAEPXKUT
1 nHgopMaumio ona adekTnsHon n becnepebonHom paboThl.

TpeboBaHua TexHUKN be3onacHOCTH, HaneYyaTaHHble Ha kopnyce MCDTV4

9Tn TpeboBaHMA TeXHMKK Be30MacHOCTK HarnevaTaHbl Ha Kopnyce MCDTV4 BmecTe co
CXeMoWn coeJUHEHUN:

Only for use with onAc Ho !

external galvanic

decoupled CT's.

See chapter

gfutrrr]eenr;TargS:If?rmers Bxo4bl naMepeHnsa ToKa MOryT NOAKYaTbCA UCKJTIOYNTESIbHO K
M3MepUTESIbHLIM TpaHcopMaTopaM ToKa (C rasibBaHMYeCcKomn
pa3BsA3Kon).

Boniee noapo6HbIe NHCTPYKLIMK MO cobtoaeHNIo TEXHUKN 6e3onacHoCTH
cM. B 5> «Tl — cTaHpapTHas BxoAHas naaTa U3MepeHns TOKOB dasbl 1
3aMbIKaHUSA Ha 3eMJI0>.
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.1 KoMMeHTapuu K pyKoBOACTBY

A\ Sensitve BHUMAHME!

Current Inputs

HaHHbIM BapnaHT MCDTV4 obnanaeT BbICOKON YYBCTBUTEIbHOCTbIO K
CUrHanam, rno3BoJISIOLWEN N3MEPSATb TOK YTEYKM Ha 3eMto. (Bxoabl ons
TaKNX N3MEPEHUN OTMEYEHbI 3BE3O04YKON «*».)

TexHn4eckme xapakKTepuCTUKM YyBCTBUTEJIbHOINO BXO4a U3MepeHUs ToKa
YyTEYKWN Ha 3eMJIt0 OTJINYAIOTCA OT TEXHUNYECKUX XapaKTEPUCTUK BXOLOB
n3MepeHunsa pasHbiX TOKOB. Ecnu KoadhpuumeHT TpaHchopMaLnm
TpaHcopMaTopa TOKa He COOTBETCTBYEeT TpeboBaHMAM (NpeBbILLaeT
HY>XHOE 3Ha4YeHMe) TO HopMasibHble paboyne ycnoBmsa MoryT BbiTb HE
pacrno3HaHbl.

Bonee noapobHbIE NHCTPYKLMN MO COBNIOAEHNIO TEXHUKN Be3onacHOCTH
cM. B rnaBe «TexHuyeckune xapaktepuctuku» (> «TexHuyeckune
naHHble») n > «TI — cTaHpapTHaa BxogHas nnaTa U3MepeHns TOKOB
a3kl 1 3aMblKaHNSA Ha 3eMJII0».

Hangne>xalyee ncnosb3oBaHue ycrpohcrsa U BaHHOIo pykKoBoacTtTBa

OCTOPOXHO!

He BBOOMTE B 3KCnayaTauuo ycTtponctso MCDTV4, noka He ByaeT BbINOJIHEHA €ro
HacTpoMKa 1 NpueMKa.

MpoynTanTe faHHOe PYKOBOACTBO MO 3KCMyaTauuu.

15 HacTpolkn TpebyeMbix yHKLMIA 3awmTbl npounTanTe > «Moaynb 3aLl: obLuas
3alMTa» U COOTBETCTBYOLWME rNnaBbl B => «3nemMeHTbl 3aWnTbI».

Mpouenypa npuemku onuncaHa B > «Beoa B 3KcnyaTaLmio» U COOTBETCTBYIOLLMX
pa3fenax rnaB, KOTOpPble OTHOCATCS K TpebyeMbiM hYyHKUMSAM 3aLLUNThI.

CNEOYWUTE HACTOSLLUWM NHCTPYKLINAM

Mepen Ha4yasioM YCTAHOBKM, 3KCMlyaTauumn Uam TEXHUYECKOro 06Cy XK MBaHUS
o6opy0BaHUSA TLATENbHO 03HAKOMbTECH C HACTOSALLIUM PYKOBOACTBOM U BCEWN NpoYen
Heob6xoA4MMOl OOKYMEHTauUnen, OTHOCALLENCS K KOHKPETHbLIM ornepaunsm. BeinonHsnTe
BCE yKasaHus 1 NpeaynpexaeHus rno TexHuke 6es3onacHocTu, AeicTByloW e Ha
npeanpusTUN. HEBLINOHEHNE STUX UHCTPYKLMIA MOXKET MPUBECTU K TENECHbIM
NoBpeXXAeHMAM U/MAnN K UMyLLeCTBEHHOMY yLiepby.
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1 MCDTV4 — pacwmpeHHas anddepeHuymanbHasa 3almTa TpaHcpopmMaTopa
1.1 KoMMeHTapunm K pyKoBoACTBY

LEJIEBOE NMPUMEHEHWE

HecaHKLUMNOHUPOBAHHOE BHECEHME N3MEHEHWUI B 060pYyA0BaHNE NN B METOAUKY €ro
MPUMEHEHUS, BbIXOASsILLEE 38 YCTAHOBJIEHHbIE MEXAaHUYECKNE, SNEKTPUYECKNE U NMpoYMe
3KCMnJlyaTalUMOHHbIE OFrPaHUYeHNs, MOXKET MOBJIeYb 3a cobor TpaBMbl U/Man
MaTepuasibHbIA yLIEPD, B TOM YuCsie NPUBECTU K MOBPEXAEHUIO CaMoro obopynoBaHus.
Jtobble noaobHble n3MeHeHUs: (1) aBAAITCA «HEMPaBUIIbHLIM MPUMEHEHNEM» /NN
«HEebpe)XXHOCTbIO» B COOTBETCTBUN C TEPMUHOIOFNEN, MPUHATON B FapaHTUAHbIX
JNOKYMEHTaX; COOTBETCTBEHHO, MPeAnpuaTUe-n3roToBnTesb He obecnevynBaeT
rapaHTUNHbLIM 0O6CNY>XMBAHMEM BCE BbITEKAOLLIME MOBPEXAEHMUS, (2) OTMEHAET AeNncTBME
cepTnUUKaTOB N pa3peLllnTeNbHbIX JOKYMEHTOB Ha AaHHOe obopyanoBaHMe.

MporpamMmMunpyemMble yCTPONCTBA, ONMMCAaHHbIE B HAaCTOSLLEM PYKOBOACTBE,
npefHa3Ha4vyeHbl A0S 3aLUTbl U yNpaB/aeHUs cCnioBbiM 0bopyaoBaHneM U paboymnmn
YCTPONCTBaAMN C MNTAaHNEM OT UCTOYHNKOB HaMNpPs»XeHUsa ¢ PUKCUPOBaAHHOM YacTOToN,
HanpuMmep puKkcmpoBaHHom YactoTon 50 nam 60 N'u. OHM He NpeaHa3HaYeHbl AN
MCMNoJ1Ib30BaHNS C MPMBOAAMU C NEPEMEHHON YaCTOTOW. 3TN YCTPONCTBa NpeaHa3HayYeHbl
ON8 YCTaHOBKWU B HU3KOBOJIbTHLIX OTCEKaX MaHesNen pacnpeaenmTesbHbIX WNTOB
CpenHero ypoBHS Hanps>XeHUsa WM B NaHeNsax C AeLeHTPasM30BaHHON 3alUTON.
MporpaMMmMpoBaHMeE U HAaCTPOWKa MapaMeTpPoB AOJIKHbI COOTBETCTBOBaTbL TpeboBaHMAM
KOHLEMNUNN CNCTEMBI 3aLlUnTbl (060pyAOBaHMS, 3allMTa KOTOPOro OCYLLLECTBSETCA C
MOMOLLIbIO AaHHbIX YCTPOMNCTB). Heobxoanmo 3anporpaMMmpoBaTh YCTPONCTBO U
HaCTPOMTb ero NnapaMeTpbl Tak, 4To6bl OHO Hapsexxalwmm obpasomM pacno3HaBalo
paboyne ycnosusa (c6om) n ynpaBnsano uMu (Harnpumep, NyTeEM BbIKJIHOYEHNS
npepbiBaTens). NpaBuabHoe NCNosib30BaHne TpebyeT pe3epBHON 3aLMThI
OOMNOJIHNTENbHbBIM 3aLLUUTHBLIM YCTPONCTBOM. NMepen Havyan oM paboThl N NOC/Ie BHECEHNS
W3MEHEHNI B NpPOrpamMMy (M3MeHEHUS 3HAaYEeHNI NapaMeTpoB), Heo6xoaMMO NPOBECTU
NCNbITaHUS U 3a40KYMEHTMPOBATL pe3ybTaThbl, MOATBEPXAAOLIME COOTBETCTBNE HOBOW
MpOorpaMMbl N HOBbIX 3HAYEHUN NAapaMeTPOB KOHLEMNLUNA CUCTEMbI 3aLLMNTHI.

B uenax KoHTposss paboTocnocobHOro COCTOAHMNSA NPOrpPaMMMUPYEMOro 3aLlUTHOro
YCTPOMNCTBA KOHTAKT CaMOAMarHOCTUKN (KOHTAKT noA Hanps>kXeHneM) 0oJXKeH bbiTb
CoelINHEH C CUCTeMOW aBTOMAaTUKM MoAcTaHUMK. O4YeHb Ba)KHO, YTOOblI C KOHTAKTa
CaMoanNarHoCTMKKN (KOHTaKTa Nod Hanps>XeHneM) NporpaMMNpyEeMOro 3aLlMTHOro
yCTPOWMCTBa MOCTyNaJjio aBapunHOE ornoBeLleHmne, Tpebytowee 6e3oTnaraTeNbHOro
BMeLUaTeNbCTBa Npn cpabaTbiBaHNW. ABapUHbIA CUFHAM YKa3blBa€T Ha TO, YTO
YyCTpPOMCTBO Hosblie He obecrneymBaeT 3aLLUTY Lenu N cucteme Tpebyercs
obcny>xmBaHue.

Hu>xe nepeymncieHbl TUNoBblIE 061aCTN NPUMEHEHNA MOAEILHOIO pPsAAa YCTPONCTB
OaHHOro Tuna:

e 3alWinTa BBOAA

* 3alnTa 31eKTpoceTH

* 3awmTa obopynoBaHMs

* 3awmTa TpaHchopmaTopa

* 3awmnTa reHepaTtopa
[aHHble YyCTPONCTBaA He NpedHa3Ha4YeHbl 419 UHbIX Lenen. 9TO TakKXe OTHOCUTCH K
NCMOJIb30BaHNIO YaCTUYHO YKOMMJIEKTOBaHHOro obopynoBaHus. Mpeanpuatue-
N3roTOBUTENIb HE HECET OTBETCTBEHHOCTU 3a YLUEPD, BbI3BaHHbIA HELeeBbIM
npuMeHeHnem obopynoBaHUs. BClo OTBETCTBEHHOCTL B 3TOM CJly4ae HeceT

nosib3oBaTesb. B Lenax obecnevyeHns Hagexallero npuMeHeHns yctponcTea: Cnenyet
cobnofaTbh TEXHNYECKME YCIOBUA U JOMYCKKU, yCTaHoBeHHble Woodward.
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa
1.1 KoMMeHTapun K pyKoBoACTBY

O YcTapeBwas noKyMeHTaumns

1 C MoMeHTa nybankKaunm gaHHOM BEPCUM PYKOBOACTBA B €r0 TEKCT MOMIN HbiTb BHECEHbI
n3mMeHeHuns. YTobbl y6eanTbCs, 4TO Bbl MOJIb3yeTecChb NocaenHen pegakumen JOKYMEeHTa,
noceTuTe pasfen 3arpysok Hawero Beb-calTa.

MNMocnepHAsA pefakumsa HaCcToALLEro TEXHNYECKOro pyKOBOACTBA M OOHOBIEHHbIN CIMCOK
ncnpaBneHnn 0ocTynHbl Ha Beb-canTte Woodward.

* [epenante Ha Beb-canT KOMNaHUM (=> www.woodward.com) 1 BbINOJHUTE MOUCK
HeobxoaNUMbIX OOKYMEHTOB. (MOeHTUPUKaTOP KaXK4oro AOKYyMeHTa HaneyaTaH Ha
ero obnoxke.)

* Kpome Toro, Ha Kaxgom yctponctee HighPROTEC HaneYaTaH MHOMBUAYaAbHbIN QR-
Kon. OTCKaHNPYNTE 3TOT KOA, N OTKPOETCS ceTeBas Nanka co BCeEMU
COOTBETCTBYOLWMMN JOKYMEHTaMN B NocaeaHen BEPCUN.

Ba>xHasa nH¢opmMaumsa

B cooTBeTCcTBMM C TpeboBaHNAMN 3aKa3yMKa YCTPONCTBA YKOMMAEKTOBaHbI MOAYJIbHO
(no kogam 3aka3a). Obo3HauYeHUS CoOeANHNTESIbHbIX Pa3beMOB YCTPOWCTBA NPUBOAATCS
Ha BEPXHEN NaHenn Kopnyca (31eKkTpu4yeckasa cxema).

MCDTV4-3.6-RU-MAN MCDTV4 19


http://www.woodward.com/

1 MCDTV4 — pacwmpeHHas anddepeHuymanbHasa 3almTa TpaHcpopMaTopa
1.1 KoMMeHTapun K pyKoBoACTBY

20

OCTOPOXHO!

DNeKTPoCTaTUYECKN pa3pss

Bce a3neKTpOHHbIE KOMMOHEHTbLI B TOW MM UHOW CTEMEHUN YYBCTBUTEJbHbI K
3NEKTPOCTaTUYECKOMY pa3psay. [Ans 3aWmnThl 3TUX KOMIOHEHTOB OT MNOBPEXOEHWIA
HeobXoAMMO MPUHATb CreunaibHble MePbl MO CHUXXEHWUIO NN UCKJTIIOYEHUIO BEPOSTHOCTM
3JIeKTPOCTaTUYeCcKoro paspsaaa. Mpu paboTe c yctponcteom nam B6an3m Hero
cobnopanTe cnepyollme yKa3daHUs:

1. NMepepn HavYasioM TeEXHNYECKOro o6Ccny>XMBaHUS YCTPOMCTBA CHUMNTE CTaTUYeCKoe
2/1eKTPU4eCTBO C TeJla, NPUKOCHYBLUNCbL K 3a3eMJIEHHOMY MeTaJlIJIn4eCKoMy 06'beKTy
(Tpybe, annapaTypHOMY LuKady pamMe 1 T. n.).

2. i3beranTte HakonaeHUs CTaTUYECKOro 3J1IEKTPMN4eCTBa Ha TeJie — He HpMMeHﬂI?ITe
cneuonexay n3 CUHTETUYECKUX MaTepmaJioB. |/|CI'IOJ'Ib3yIZTe XJIOMNKOBYHO Nn
XJ'IOI'I‘-IaTO6yMa)KHyI'O cneuonexnay, rnoCcKoJibKy OHa He 3a4epXMBaeT
/1IEKTPOCTAaTUYEeCKNE 3apdadbl TaK, KaK CUHTETU4YeCKad.

3. XpaHuTe naacTMaccy, BUHWI, MeHOoMNacT 1 NpoyMe MmaTepualsbl (Hanpumep, nocyny vs
NEeHOMONCTUPONa, OyThIIKM, KOP3UHbI Ana 6ymMar, ynakoBKW U3-Mog CUrapeT,
uennogaHoBy 06epTKy, KHUIM B BUHUNOBbLIX 0610)KKax v T. M.) BOaAM oT
obopynoBaHus n pabo4vein 30HbI.

4. He n3BnekanTe nevyaTHbIE NNaTbl U3 KOpNyca YCTPONCTBa 6e3 KpanHen
HeobxoanmmMmocTun. Ecnm nevyaTHble NnaThl HEO6X0AMMO N3BNeYb, cobnoganTe cnepytouime
npasuia:

* Ybenuntecb B 6be3onacHoCTuU M30/IMPOBAHUA OT NCTOYHUKa NUTaHUA. Bce
coegnHUTEeNn A0JI>KHbl BbITb OTCOEANHEHbI.

* [IpnKacaTbCa MOXXHO TOJIbKO K Kpasm [1IM.

* He mpukacanTecb pyKaMu K 3JIEKTPUYECKNM NPOBOAHMKAM, KIIEMMAM WU OPYTrUM
MPOBOASALLNM YCTPONCTBAM NMevYaTHOW MaaThl.

* [Mpwn 3ameHe MMM HoBas MMM gos»KHa HaXo0OUTbCSA B NJACTUKOBOM
HEe3/IeKTPU3YIOLEMCS 3aLNTHOM NaKeTe, NoKa Bbl He ByeTe roToBbl ee
yCcTaHoBUTb. Cpa3y nocne geMoHTaxka ctapown MMM co wkada ynpaBaeHuns
HeobX0ANMO MOMECTUTb €€ B HEINTEKTPUIYIOLMNCA 3aLUNTHbLIN NaKeT.

[Ona npenoTBpaLLEHNS MOBPEXAEHUNSA 3NEKTPOHHbLIX KOMMOHEHTOB BC1EACTBME
HenpaBWUAbHOro obpalleHns obpaTUTeCh K TEXHNYECKOM MHCTPYKLIUMA KOMMOaHUN
Woodward (82715) «PykoBoACTBO Mo 06CNYy>XMBaHUIO N 3aLLNTE 3JIEKTPOHHbIX
YNpPaBASOLWNX YCTPOWNCTB, NeYaTHbIX MaaT U Mogyens.

Woodward coxpaHsieT 3a cobon npaBo B 11060 MOMEHT BHOCUTb U3MEHEHUS B TEKCT
HacTosLwero AokyMeHTa. MHdopmauums, npepnoctasneHHas Woodward, cumTaeTcs
TOYHOM N HageXXHon. Tem He MeHee, Woodward He HeceT OTBETCTBEHHOCTU 3a ee
[OCTOBEPHOCTL, 3@ UCKJII0YEHNEM CMNELINaIbHO OrOBOPEHHbIX Cy4aes.

© 2019 Woodward. Bce npaBa 3aluLLeHbl.
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1 MCDTV4 — pacwmpeHHasa anddepeHumanbHasa 3almTa TpaHcopMaTopa

1.1 KoMMeHTapun K pykoBoaCTBY

1.1.2 CuMBObI M ONpepeneHus
CxemMa nogokKJ/Ilo4YeHnsl, Hane4dyatTaHHasa Ha Kopnyce

Ha kopnyce ycTponctea MCDTV4 3akpenseHa cxema noakatoyYeHms (MpoBoakun). Ha aton
CXeMe MoKa3aHbl BCe pa3beMbl JaHHOI0 KOHKPETHOIr0 BapnaHTa YCTPOMCTBa.

Tabnnuy CMMBOJIOB, KOTOPbIE MOryT 0TOBpakaTbCa Ha 3TOW CXEME, MOXXHO HaNTWN 3[4eChb:
L=~ «YcnoBHble 0603HaYeHNS SNEKTPUYECKNX CXEM>»

OnopHasa cucTeMa CTPeJIOK Harpy3Kku

e O6bIYHO ncnonb3lyeTca «ONopHasa cMCTEMa CTPENOK Harpy3kn» — A7 Harpy3ok
(noTpebnsemon sHeprun) nnn «OnopHas cMCTemMa reHepaTopa» — 414
reHepaTopoB (FreHepnpyeMon sHeprun).

* Bce ycTponcTaa 3awnTtbl HIghPROTEC (Kpome yCTpOMNCTB 3allMThl FeHepaTopa)
NCMONb3YIOT TOJIbKO 3/1IEMEHT «OnopHan cUCTEeMa CTPEJSIOK Harpysku».
YcTponcTBa 3almThl FeHepaTopa paboTaloT Ha OCHOBe 371eMeHTa «OnopHas
cucTeMa reHepartopa».

* DTO OTHOCUTCSH K HanpassieHUsaM 1 pa30BbIM yraam. Pa30BbIN Yros onpenensercs
KaK yrosa mexxnay a3sopoM Toka 1 ha3opoM HanpsKeHuns.

® CTpeJ'IKI/I TOKa N Hanpsa>XeHna OO0JIKHblI CHATAaTbCA NMOJIOXKNTEJIbHbIMU B
HarnpaBJiIeHNN CTPEJIKA.

Tunorpagckme obo3HavYyeHns

® «I'Iapameprl obo3Ha4YaloTCa ABOVIHLIMU ripaBbiMy 1 JieBbIMW CTPEJIKaMun 1
BblAEJIATCA KYpCBOM. »

¢ «CUTHAJbI o603HavatoTCa OBOWNHBLIMW NPaBbIMU N NIEBLIMUK CTPESIKAMU U
BbIAENATCA ManbiMN NPOMNUCHLIMK ByKBaMu.»

e [MyTn obo3HayvatoTCa cKkobkamm.]
e Ha3BaHus nporpaMMHbIX MPOAYKTOB U YCTPOVICTB BblAE/SIOTCA KYPCUBOM.

e Ha3BaHusa Moay/ien n IK3eMISap0oB (3J1EMEHTOB) BbIAE/ISAIOTCA KYPCUBOM U
nog4epKUBaHNEM.

* «KHOMKW, peXXnMbl N 3aNMnUCN MEHIO obo3HayvatoTCH npaBbiMN N NeBbIMN CTPEJIKaMN.»

¢ @@® Onop nsobpax

HyMepoBaHHbIe CUrHasbl Ha d)yHKuMOHaﬂbeIX cxeMax

CurHanbl, 0603Ha4YeHHble LNGPON B KPYXKKE, HY>KHbI ANS YKa3aHNA B3aUMOCBA3EN
Mexay pa3HbIMM cxeMaMu. To eCTb, Hanasa TaKylo Lndpy B KPy>KKe rae-To cseBa Ha
0iHOW CXeme, MOXKHO ByeT yTOYHUTbL Ha Apyrov cxeme, rae MMeHHO reHepupyeTcs
OaHHbIA KOHKPETHbIN CUTHa.

Mpn 3TOM BCe LUUGPLI B KPY>KKe, 0TOBparkatoLMecsi Ha TOM NN MHOM Cxeme crnpaBa
(HanpuMep, Kak BbIXOAHOW CUrHaJ), MepeyncsieHbl B rnaBe «YkasaTesb».
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1 MCDTV4 — paclwmpeHHas anddepeHuymanbHasa 3almTa TpaHcpopMaTopa

1.1 KoMMeHTapun K pyKoBOoACTBY

1.1.2.1

CumMBONbI Ha d)yHKI.I,VIOHaJ'IbeIX cxeMmax

3au .
Bak KomOTknA

Hass .
BnkKoMOTKA

Cuctlap
penbTa gu - pexxum

HPT_YO05

Ha3s . TpeB_genbTa du

HPT_Y06

3alll. aKT.
@ . aKT_
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HasB . aKT. O
= 2

3Ha4YeHUsa HacTpoek

B BepxHen paMKe Ha CXxeMe C/lieBa NpBeLeH
06bIYHbIN CMMBO 3HAYEHUS HACTPOMKM,
MNCMONb3YIOLWMNACA Ha PYHKLMOHANbHbIX CXEMaX.
Ha3BaHMe HaCTPOMKM yKa3biBaeTCH NO
Ha3BaHMAM MOOYNA U NapaMeTpa, pasaesieHHbIM
TOYKOW «.».

BTopon npumep. N3-3a BbICOKOr0 YPOBHS
MOAYJIbHOCTW 3aLMTHbIX YCTPONCTB
HighPROTEC noruka, onncbiBaemMas B
PYHKLMOHANbHbIX CXEMaX, 4aCTO NPUMEHSETCS
B HECKOJIbKUX MOAyNax. B Taknx cny4vasnx
MPUBOANTCA TOJIbKO CMMBOJINYECKOE Ha3BaHue
MoAayns, Hanpumep, «Ha3B». B Ha4yane cxemsbl
3HaYeHne «Ha3B» yKa3blBaeTCHA B BUAE CrNCKa
MoAyJfien, K KOTOPbIM MPUMEHUMa AaHHas
cxema.

B penkunx criyv4asax HeOBX0AUMO TakXXe yKasaTb
MyTb MEHIO (U KaK MUHUMYM 3J1IEMEHT MEHI0
BEPXHEro ypoBHS), MOCKOJIbKY yKa3aTb
KOHKPETHY HaCTPOWKY TOJIbKO MO MMEHU
Moaynsa u napameTpa 6bino 6ol
3aTpyAHuTEesNbHO. B TpeTbeM npumepe
HacTpoKrKa «gesibTa (u - pexnm» obo3HavYeHa
KakK mapameTp y4acTka (To eCTb NCKaTb ee
cnepyeT B BeTBU MeHio [CucTlap]).

JornosiHnTenbHoe npumedyaHme. Ha Bcex cxemax,
rnpuMBeAEHHbIX B 3TOM OOKYMEHTE, UMeeTCs
0603Ha4YeHMe, BbIMOJIHEHHOE MENIKUM LLUPUETOM.
B naHHoOM cny4ae 310 «HPT _Y05». Tak
o603Ha4YaeTCsa Ha3BaHWE CXEMbI, TO €CTb 3TO ee
YHUKasbHbIN ngeHTungukaTop. EctecTBeHHO, OH
He ABJISeTCA HM Ha3BaHMeM napameTpa, HuU
KaKMM-NM60 MHbIM 31EMEHTOM OMUCLIBAEMOM
nornkun. Ha Bcex pyHKLMOHaIbHbIX CXeMax
MMeeTCsa NOeHTUNKaTop, BKIOYaoLWmnn B cebs
CUMBOJIbI «_Y»,

BxogHble U BbIXOAHbIEe CUTHAJIbI
CBepxy noka3aH OBOWUYHbIN (BbIXOAHON) CUMHaI.

Hn>xe NyHKTUPHON nnHuen obo3HavYeHo
M3MepeHHoe 3Ha4YeHmne (TO eCTb aHasIoroBbIN
CUrHan).

HuwxHAS cTpoka, cfieBa: HyMepoBaHHbI
BXOOHOW CUrHa; cnpaBa: HYMEpPOBaHHbIN
BbIXOOHOW cUrHan. C TeXHNYECKON TOYKU
3PEHMS OHUN HUYEM HE OT/IMYaTCH OT
«06bI4YHbIX» (HEHYMEPOBaHHbIX) CUTHAJIOB.
OLHaKo 3TK cMrHasbl oTobparkaloTcs Ha
HECKOJIbKNX pa3HbIX CXeMaX, 1 HyMepaLu s
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Hass .
Bbibop UX

1 MCDTV4 — pacwmpeHHasa anddepeHumanbHasa 3almTa TpaHcopMaTopa

n3MepeHo

N |-

paccynTaHo

Hass .
BHBAK1

HeT NpucB_

1..n_Cnnc_Ha3H_

%(U2/U1) > 40%
%(U2/U1)

MCDTV4-3.6-RU-MAN

HPT_Y07

HPT_Y08

HPT_Y09

1.1 KoMMeHTapun K pykoBoACTBY

nomMoraeT NaeHTNPULNpoBaTb N HAXOAUTb UX
Ha CTpaHMUaX TEXHNYECKOro pykoBoacCTBa.

[Mpn 3TOM BCe LUDPLI B KPYXKKE,
oTobparkatowmecsa Ha TON NN NHO CXxeMe
cnpaBa (Hanpumep, Kak BbIXOLHOW CUFHa),
rnepeyncsieHbl B rnaBe «YkasaTesib», 4TO
MO3BONAET YTOYHUTb, F4e UMEHHO
«reHepupyeTcs» TOT WIN NMHOW KOHKPETHbIN
CUrHan.

Ecnv B Ka4yecTBe 3HAaYE€HUS HACTPOMNKM
napameTpa «Ha3B . Boibop UX» 3agaHo
«M3MEepPEeHO>», TO BbIX0oA 1 aKTUBEH, a Bbixod 2
HEeaKTUBEH.

Ecnn B Ka4yecTBe 3Ha4YeHUs HAaCTPOMKMN
napameTpa «Ha3B . Boibop UX» 3agaHo
«paccYNTaHO», TO BbIX0A4 1 HEAKTUBEH, a BbIXO/
2 aKTUBEH.

3HayeHne HaCTPOMNKN NapameTpa «Ha3s .
BHB/1K1» siBNSieTCA HE OAHUM N3 3JIEMEHTOB
NMPOCTOro HEM3MEHHOr 0 CNMCKA HAaCTPOeK, a
APYrM napaMeTpoM (Kak npaBuio, ABONYHbLIM
BbIXOAHbLIM CUrHAJIOM), Ha3Ha4YaeMbIM U3 CMUCKa
napameTpoB.

3TO 3HAYMT, YTO HacTpaMBaeMbln NapamMeTp
npuHUMaeT 3Ha4YeHue Ha3Ha4YeHHOoro
napameTpa. K npumepy, B cJiy4ae ABOUYHOIro
BbIXOAHOrO CUrHaa 3TO O3HA4YaeT, YTOo
napameTp «Ha3B . BHb/ik1» aKTUBEH, NOKa
AKTMBEH Ha3HAYeHHbI BbIXOLHOWN CUTMHaI.

Ecnu cMrHanoB He Ha3Ha4YeHO, TO BbIXOL
MOCTOAHHO HEAKTMBEH (M aKTUBHbLIM ByaeT
TOJIbKO MOJie «HeT MNPUCB_», KOTOPOE B 3TOM
npMMepe He NOAKJIIYEHO).

[lBa Tuna yCTPONCTB CpaBHEHMNSA («TpuUrrepsl
WMnuTTa»)

BepxHsa cTpoka. Ecnm 3Ha4YeHne aHanoroBoro
BXOAHOI0 CUrHana (34ecb: KoadpuumeHT No
Hanps>xeHnto %(U2/ULl)) npeBbllIaeT yKa3aHHoe
rnoporosoe 3Ha4veHune (3gecb: 0,4) To BbIXOL,
CTaAHOBUTCA aKTUBHbLIM (MPUHUMAET Nornyeckoe
3Ha4vYeHne «1»).

HumxHAa cTpoka. PYHKLKMA 3TOro Tuna
MPOTUBOMOJIOXKHAA: €C/IN 3HaYeHue
aHanorosoro curHasna lgp.A HU>XKe Noporosoro
3Ha4YeHns (30ecCb: 3HaYeHUe HAaCTPOMKN
napameTpa «/<»), TO BbIXO4 CTAHOBUTCH
AKTUBHbIM.
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1 MCDTV4 — pacwmpeHHasa anddepeHymanbHasa 3almTa TpaHcpopmMaTopa
1.1 KoMMeHTapum K pyKoBoACTBY

CTyneHb C TanmepoMm. Ecnv Bxoa cTaHeT
AdKTUBHbIM, TO BblIXO4 CTAaHET aKTUBHbIM T10
t-Bbla BbIKJI ncredeHnn BpemMeHn «t» (3aﬂ,ep>KKa
BKJ'IIO‘-IEHVIFI). B aTom CQlyHae BpeMSA 3a4EPXKKUN
3afaeTcsa 3HadyeHneM napametpa «[IloT . t-
TpeB_».

t-Bbla BKA

ton toff

S

HPT_YOA

Ecnu Bxop CHOBa CTaHET HEAaKTUBHbLIM, TO
BbIXOLHOW CUTHas CTAaHET HEAKTUBHLIM MO
NCTeYeHNn BPEMEHU, 3a4aHHOr0 BTOPbLIM
3HaYeHMEM (3a4ep>KKa BbIKOYEeHUS). B gaHHOM
clydae BpeMs 3afep>XKKn MpoCcTo paBHO «0», TO
€CTb BbIX0[ CTaHET HEaKTUBHbIM
He3aMeaMTEeNbHO.

T Bpems yaep>xaHus. 3To MMNYJbLC,
Anvrensrocts oTkniovenny 3anycKaoLWunncs No BXo4HOMY CUrHany (B
— Tt — AaHHOM Cily4ae AJNTeNIbHOCTb UMMyJibCa
HacTpauBaeTCs C MOMOLLbIO MapameTpa).

HPT_YX0

OO6bIYHbIN Habop nornyecknx onepatopos: U,

ﬂ NN, nckniovatowee WM (XOR) (cneea
O Hanpaso). BTopon BXO4HOW CUIrHaa onepaTopa

XOR aHHynnpyeTcs.

HPT_YX1

RS-Tpurrep.

HPT_YX2

CYeTUYMK C 3aMnyCcKoM Mo PPOHTY.

V
o
HPT_YX3

Monocosown hunbTp (cnesa: IH1, cnpaga: IH2).

KX

HPT_YX4

24 MCDTV4 MCDTV4-3.6-RU-MAN



1.2

(1)
(2)
(3)
(4)
(5)

1 MCDTV4 — pacwmpeHHasa anddepeHumanbHasa 3almTa TpaHcopMaTopa

1.2 CBepeHunsa o6 yctponcTee

CBepeHusa o6 ycTpoucTsee

KoMnneKkT nocraBkm

Copep>xxnmoe KoMnaekTa NocTaBKu:
TpaHcnopTHas ynakoBKa
3awmnTHOE YCTPONCTBO
KpenexkHble ranku
TecToBbI OTHET

Iuck DVD ¢ pykoBoacTBaMm 1 HEO6XOANMOWN OOKYMEHTALMEN MO YCTPONCTBY,
a Tak)Xe NMporpamMMHbIM obecnevyeHrnem g napaMmeTpusaunum n aHaansa
Smart view.

MpoBepbTe KOMMNJIEKTHOCTb MOCTaBKW Npu noayyYyeHnn obopynoBaHunsa (B COOTBETCTBUM C
TPaAHCMNOPTHOM HaKMa4HON).

Y6eauTech, 4TO 3aBoAckas Tabnnyka, coeauHuUTEeNbHaa CXeMa, Ko TUMna u onucaHue
YCTPOWCTBa COOTBETCTBYIOT 3aKa3y.

B cny4ae BO3HMKHOBEHUSA 3aTpyAHEHUN obpaTuTech B oTaen obcnyxnsaHus (agpec
HaxoOMTCs Ha 3aAHen cTpaHuue 06J10XKKN).

XpaHeHue
3anpeLllaeTcsd XpaHUTb YCTPONCTBO BHE NOMELLEeHUSA. YCTPONCTBO ClieayeT XpaHUTb B

CYXOM, XOpOLLO NMpOBEeTPUBAEMOM MOMeELLEHNN (CM. «TeXHUYEeCKMe gaHHbIe»,
«TexHNn4Yeckme faHHbIe»),

bartapes

BaTapes npefHa3HavYaeTCs ANA pe3epBHOro NMTaHWS YacoB peasibHOro BPEMEHU NMpu
o6ecTo4YMBaHMN YCTPOMNCTBA 3aLMThI.

MockonbKy OHa He NCNoNb3yeTCs NPU HopMasbHOW paboTe ycTponcTtea MCDTV4,
0XXMNAaeTcs, 4TO NPU HOPMaJibHbIX YCJIOBUAX 3KCMyaTalun ee 3aMeHa He noTtpebyeTca B
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1 MCDTV4 — pacwmpeHHas anddepeHumanbHasa 3almTa TpaHcpopMaTopa

1.2 CBepeHunsa ob ycTtponcTee

Te4vyeHune BCero cpoka cnyxbbl yctponctea MCDTV4. Ecnu e 3aMeHa baTapeun BCce-Taku
notpebyeTcs, To Heobxognmo byaeT oTnNpaBuTb yCcTporcTeo MCDTV4 nponsBoanTesnto
AN CepBUCHOro 06cny>XnBaHUA.

Yaanenune 6artapeun no ncredyeHumn cpoka cnayxbsi ycrpoiictsa MCDTV4
CnepyeT BbiNaaTb BaTapeo UK «NepeKkyCuTb» KOHTAKThI.
JononHnTenbHble CBeAEHUSA coAep XaTcsa B nacnopTe 6e30nacHOCTM NPOAYKTa,

npenocTtaBieHHOM nponssognTenem batapen (Panasonic, Tun 6atapen: BR2032 — =>
http://panasonic.net/ec/). CM. Takxxe pasgen > «1.2 YTunusauns» Huxe.

YTunmnsauns

[laHHOe 3almMTHOe YCTPONCTBO COAEPXKNT
baTapelo n NOTOMYy OTMEYeHO CMBOJIOM,
yTBEpXAeHHbIM anpekTmuBon EC 2006/66/EC.

BaTapewn MmoryT HaHeCcTu BpeL 0pr>Ka|ou_|,e|7| cpene. lNoBpexaeHHble Ui HENPUrogHble
Oona NcnoJib30BaHMA 6aTape|/| cneayeTt ytunmnamnpoBsaTb B CrieunaJZibHO npegHasHa4YeHHbIX
ona 3Toro KOHTeIZHean.

O6bI4HO yTUAN3aLMA 3NeKTPUYECKNX YCTPONCTB 1 BaTapen pernaMmeHTupyeTcs
TpeboBaHNAMN N HOPMaMKn, AEACTBYIOLLMMN B CTPaHe nosb3oBaTens.
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.2 CBepeHunsa ob ycTponcTee

1.2.1 BbnaHk 3aka3sa ycTpoucTBa

Ynyuy audod 3awmta TpaHccopmaTopa

MCDTV4 -2 # # # #
Kopnyc Oucnnen LUundpo- Penen- AHanoro- WHTepd.
Bble Hble Bble ans
BXO A bl BbIXOAbl BXOAbl / BHELUH.
BbIX0OAbl Bbnok TAC

B2 KK- 16 11 0/0 v A

aucnnen,

128 x 128

nnkcenemn
B2 KK- 8 11 2/2 v B

auncnnen,

128 x 128

nukcenemn
Bepcua obopypoBaHua 2
®a3HbI TOK 5 A/1 A, TOK 3aMblKaHusa Ha 3emsio W1 /W2 5 A/1 A (V)
®a3Hbin TOK 5 A/1 A; W1: YyBCTBUTEbHbIN TOK YTE4YKN Ha 3eMsito 5 A/1 A, W2: 1
Tok yTe4ykun Ha 3emyii0 5 A/1 A
®a3Hbin TOK 5 A/1 A; W1: Tok yTedyku Ha 3emto 5 A/1 A, W2: HYyBCTBUTESIbHbIN 2
TOK yTeyku Ha 3emnio 5 A/1 A
®a3HbIN TOK 5 A/1 A, 4yBCTBUTENbHbIN TOK yTe4YKM Ha 3emnao 5 A/1 A W1 /W2 3
Kopnyc u kpenneHue
[BepHoe KpenneHne A
[BepHoe kKpenaeHne 19 gionmMoB (CKpbITOE KpenseHmne) B
KOMMYHMKaLUNOHHbIE NPOTOKOJbI
be3 npoTokona A
Modbus RTU, IEC60870-5-103, DNP3.0 RTU | RS485 /pa3bemsbi* B
Modbus TCP, DNP3.0 TCP/UDP | Ethernet 100 M6uT/c /RJ45* C
Profibus-DP | onToBos10KOHHOE coeanHeHne /pa3bem ST* D
Profibus-DP | RS485 / D-SUB* E
Modbus RTU, IEC60870-5-103, DNP3.0 RTU | oriToBO/IOKOHHOE coennHeHue /pa3bem ST* F
Modbus RTU, IEC60870-5-103, DNP3.0 RTU | RS485 /D-SUB* G
IEC61850, Modbus TCP, DNP3.0 TCP/UDP | Ethernet 100 M6buT/c /RJ45* B

IEC60870-5-103, Modbus RTU, DNP3.0 RTU | RS485 /pa3bemsbi

Modbus TCP, DNP3.0 TCP/UDP | Ethernet 100 MbuT/c/RJ45*
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1 MCDTV4 — pacwmpeHHas anddepeHuymanbHasa 3almTa TpaHcpopMaTopa
1.2 CBeneHunsa ob ycTtponcTee

Ynyuy aud o 3awmta TpaHccopmaTopa

MCDTV4 2 # # # # #

IEC61850, Modbus TCP, DNP3.0 TCP/UDP | OnTu4eckunii gyniekcHbivi pasbem Ethernet 100 K
MéuT/c /LC*

Modbus TCP, DNP3.0 TCP/UDP | OnTudeckui AyrnaeKcHbivi pasbem Ethernet 100 Méut/ L
c /LC*
IEC60870-5-103, Modbus RTU, DNP3.0 RTU | RS485 /pa3zbemsbi T

IEC61850, Modbus TCP, DNP3.0 TCP/UDP | Ethernet 100 MbuT/c /RJ45*

Oonumsa pnsa arpeccCMBHOM cpepbl

HeT A
KoH(popMHOe nokpbIiTUE B
JocCcTynHble A3bIKOBble HACTPOUKMN MEHI0

AHrnunckmn (CLUA)/HeMeuKnn/McnaHCKnin/pycckmMn/nonbckuir/mopTyransckun (bpasnnums)/
P paHLY3CKUN/PYMbIHCKUI

' (*) Onsa Ka>xgoro BapuaHTa coeanHeEHNA MO>XHO UCIMOJIb30BaTb TOJIbKO OAUNH MPOTOKOJ1
CBA3MN.

Smart view MOXXHO UCMoOJIb30BaTb NapaanenbHo Yyepes uHtepdenc Ethernet (RJj45).

MporpamMmMHoe obecnevyeHue Ansa napamMeTpusaumnm 1 aHanmsa Smart view BKIIOYEHO B
KoMniekT ycTponcTts HighPROTEC.

Bce ycTponcTtsea ocHauleHbl nHTepgencom IRIG-B ana cMHXpoHU3auum BpeEMEHN.

C dyHKUMen ynpasaeHus (4o 6 pacnpenennTenbHbIX YCTPONCTB) U norukon o 80
JIOrNYeCcKnX ypaBHEHNN.
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1.2 CBeneHus 06 ycTponcTee

1.2.2 HaBurauma — pabora ycTtpoucTBa

Cneayrouiasa nHpopMaumnss OTHOCUTCA K 3alUNTHbBIM YCTPOWCTBaM C KOprycom «B2» n
6osbLIMM aucrnieeM, B YacTHocTu, MCDTV4:

@

WOODWARD

HPT 768
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1.2.2.1

30

dneMeHTbl NepeaHen naHenm

(1) Mporpammupyembie COUN

CoobueHns nHpopmMmpytoT nosib3oBaTens o paboyem COCTOAHMKN YCTPONCTBA,
CUCTEMHBIX OaHHbIX 1 MPOYMX NapaMeTpax ycTponcTea. OHM Takxe BbIBOAAT
MHdopMaLnio 0 Henoslagkax B paboTe yCTponcTBa U 0 APYrMX COCTOAHUAX YCTPOWCTBa U
obopypnoBaHus.

CBeTOOMOAHBIM MHANKATOPAM MOXHO Ha3HayaTb pa3/indHble CUIFHasIbl U3 «CMNNCKa

Ha3Ha4YeHnr» (onnucaHme AOCTYMNHbIX CUrHAI0OB MOXXHO HaWTN B CMPaBOYHOM
PYKOBOACTBE).

(2) CON «Cucrema OK» («paboraert»)
CIOW «Cuctema OK» («paboTaeT») ropuT 3eNeHbIM, ecin nocse dasbl 3arpysku (l=> «12

dTan 3arpy3kn») QyHKLMN 3aWnTbl ycTponcTea MCDTV4 paboTatoT. B ntobom nHom
cnydae cnepyeT 06paTUTbLCA K pyKOBOACTBY M0 OT/aAKeE.

(3) Aucnnen

Ha gucnsee MOXXHO NMPOBEPUTDL pa60L||/|e OaHHblE N UBMEHWNTbL MapaMeTpPbI.

(4) NMporpammupyemoie COAUN rpynnel B (cnpasa)

CoobueHnsa nHHOPMUPYLOT Nosib3oBaTeNsd o paboyemM COCTOAHUN YCTPOWCTBA,
CUCTEMHBIX OaHHbIX 1 MPOYMX NapaMeTpax ycTponcTea. OHM Takxe BbIBOAAT
nHGoOpMaLmio 0 HenoslafKkax B paboTe yCTpoONCTBa N 0 APYrMxX COCTOAHMAX YCTPONCTBA U
obopynoBaHus.

CBeToANOAHbIM UHANKATOPaM MOXXHO Ha3HavyaTb pa3/inyHble CUrHasbl N3 «CMNCKa

Ha3Ha4YeHUn» (onnucaHue OOCTYMHbIX CUMTHAMI0B MOXXHO HaMTW B CMPaBOYHOM
pyKoBOAOCTBE).

(5) NMporpaMMHbIe KHONKH
OyHKUnm «MPOFPAMMHbBIX KHOMOK» 3aBNCAT OT KOHTEKCTa. B HMXXHeN cTpoke aucnnes

oTobparkaloTca Tekylume dyHKUUN B BUAe cumeonos. CM. 5> «O6o3HaueHus
NPOrpaMMHbIX KHOMOK>»

(6) KHonka «INFO» (curHasnbi/coobLueHmns)

OTobparkaeTcs Tekyulee Ha3dHavyeHue COWN. 3Ta KHOMKa NPAMOro Bbi30Ba MOXXET ObiTb
Ha>kaTa B ntoboe Bpems.

YT106bI BEINTK U3 MeHI0 COW nnan nogMeHto, HaXKMUTe NMPOrpamMMHY0 KHOMKY «<» (B/1eBO)
O4WVH nUNn OBa pasa.

JononHunTtenbHbIE CBEAEHUS: > «CON»

(7) KHonka «C»

OTMeHa n3MeHeHun NapamMeTpoB N NOATBEPXKAEHNE CUIFHAOoB (B TOM YMciie npoBepka
COWN). Bo Bpemsa X0/04HOMO Nepesanycka — cbpoc nmaponsa n/mnn napameTpos.

JonoNHUTeNbHbIe CBefeHUs 06 0OTMEeHe U3MEHEHUI BO BpeMs 06bIYHOM HacTpoiku: >
«HacTpoinkmn napamMeTpoB»

JononHnTenbHble CBeAeHUs 0 NOATBEPXXAEHUN CUFHANOB: II=|> «[loaTBepxXaeHns»
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1.2 CBeneHunsa o6 ycTponcTee

B yacTHOCTHK, 0 NOATBEPXAEHUN BPYYHYIO 1 nposepke CON: > «1.5 MoaTeepxaoeHune
BPYYHYIO (HaXkaTmeM KHornku C Ha naHenun yrnpasJsieHns)»

C6poc ananora BO BpeMs X0N0AHOro nepesanycka: => «Bo3spaT k 3aBoacKuM
HacTporkaM, cbpoc Bcex maponemn»

(8) UHTepgpeic USB (coegmnHeHune c MO Smart view)

Yepes 3T1oT nuHTepdenc USB MOXHO BbIMONHUTL coeguHeHune ¢ MO Smart view,
yCTaHOBJIEHHbIM Ha K.

(9) KHonka «OK>»

Mpun HaxkaTnum KHonMku OK BpeMeHHO COXPaHATCA U3MeHeHUs napamMmeTpos. MNpu
MOBTOPHOM Ha)kaTum KHOMKK «OK» 3Tn nameHeHunsa 6yayT coxpaHeHbl Ha MOCTOSAHHOMN
OCHOBe.

(10) KHonka «CTRL»

MpaAMo AOCTYN K MEH0 yrpaBieHuns.
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1.2 CBepeHunsa ob ycTtponcTee

1.2.2.2

3

O603Ha4YeHUA NPOrpaMMHbIX KHOMOK

Onsa o6o3HaveHnsn (pyHKLI,I/IIZ MPOrpaMMHbIX KHOMOK UCMOJb3YOTCA cnieayouimne CMMBOJIbI.

KnasuwaCMbICs10BOE copep>XaHue

JIRHNDGRRECENE R C

N

C NOMOLLbIO MPOrPAaMMHON KHOMKW «BBEPX» MOXXHO BbIMOJIHATL NPOKPYTKY BBEPX. C
NMOMOLLbIO MPOKPYTKM BBEPX MOXKHO NEPENTUN K NMpeablayLemMy nyHKTY MeHo 1an
napameTpy.

C NoMOLL b0 MPOrPaMMHOI KHOMKU «BHU3» MOXXHO BbIMOJIHATb MPOKPYTKY BHU3. C
MOMOLLbIO MPOKPYTKM BHN3 MOXKHO MEPENTU K CieayloLWeMy NMyHKTY MEHI0 Uiun
napameTpy.

C NoMOLL b0 MPOrpPaMMHON KHOMKU «BJIEBO» MOXKHO BEPHYTbCSA Ha OAWH LuAr Ha3ag.
MO>KHO BbIATU U3 NOoAMEHI0. MO)XXHO BEPHYTLCS K NMpeabiaylien cCTpaHuLe epeBa MeHIo.

C NoOMOLL b0 MPOrPaMMHON KHOMKU «BMPaBO» MOXXHO OTKPbITb BbiBpaHHOE MoaMeEHHo.

C nomMolLubto I'IpOFpaMMHOIZ KHOMKN «Ha4vano cnnucka» MOXXHO Cpasy nepe|7|T|/| B Ha4daJ10
CrnncCKa.

C nomMoLLbio MPOrpaMMHON KHOMKK «KOHEeL, CMMCKa» MOXKHO Cpa3y NMepenTn B KOHeLl
cnucka.

C NOMOLLLbIO MPOrpPaMMHON KHOMKN «+» yBesnyimBaeTcsa BblbpaHHasa undpa
(HenpepbIBHOE Ha)KaTume: BbICTPLIA MOBTOP).

C NOMOLLIbIO MPOrPaMMHON KHOMKW «—» yYMeHbLUaeTCcs BbibpaHHasa undpa (HenpepbiBHOE
Ha)kaTue: BbICTPbLIN NOBTOP).

C NoMoOLLbI0 MPOrPaMMHON KHOMKW «BNEBO» BblOMpaeTcsa Lunudpa, HaxoasLancs ciesa oT
BbIGpaHHON.

C NoMoLL b0 MPOrPaMMHON KHOMKW «BrMpaBo» BbibrpaeTcs undpa, Haxoaslasica cnpasa
OoT BblbpaHHON.

C NOMOLLLbIO KHOMKW C CUMBOJIOM Fae4yHOoro KJ4Ya MOXKHO M3MEHUTb BblIOpaHHbIN
napameTp (TO eCTb MePeNTU B PEXUM HACTPOWKKM NapameTpa).

C NOMOLLIbIO KHOMKW C CUMBOJIOM KJTl04a MOXKHO ByaeT noay4ynTb 3anpoc Ha BBOA
rnapoJsis, mocjie Yero N3MeHNTb BbiIbpaHHbIM NapamMeTp.

C NOMOLLbIO MPOrPaMMHON KHOMKU «yAannTb» yAANATCA BbiOpaHHble AaHHbIE.

MporpaMMHON KHOMKOW «BbICTPO BNepen» ocylecTeasgeTcs bbiICTpasd NpoKpyTKa
Bnepea.

MporpaMMHOI KHOMKOWN «BbICTPO Ha3aa» ocylLlecTBAsSETCSA BbiCTpas NPOKPYTKa Ha3aa.
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1.3 Moaynwu, HaCTPOMKU, CUTHabI U 3HaYeHUS

1.3 Monaynu, HaCTPOUKMU, CUFHaJIbl U 3HAYEHUA

MCDTV4 — 3T0 uncpoBoe 3alnTHOE YCTPONCTBO, BO BHYTPEHHEN NaMATN KOTOPOro
XPaHATCA pa3/inyHble faHHble. HeKoTopble 3TW AaHHble MOTYT U3MEHATbCA
nofib3oBaTesieM, 4TObObl afanTUPOBaTb pPa3/indHble PYHKLNN YCTPONCTBA K
COOTBETCTBYIOWMM LesaM NpuMeHeHus. ipyrve gaHHble 3ajatTca caMUM YCTPONCTBOM
B npouecce paboTbl U NO3TOMY OOCTYMHbI MOJIb30BATEIO TOJIBKO ANA YTEHUS.

Bce HacTpoWkn, onepaunmn nNiaaHNPoOBaHUA YCTPONCTBA U NPOBEPKN COCTOSIHUSA CMIFHAI0B
BO BpeMsi paboTy MOryT BbIMOJIHATLCSA Criefyowmnm obpasom:

* Hanpsamylo Ha ycTponcTsee
¢ B nporpammHom obecrnevyeHun Smart view

Moaynn

MwukponporpammHoe obecrnedyeHue yctponctea MCDTV4 MOXXHO NpeacTtaBuTb cebe B
BNUOE HECKONbKMX OTAENbHbIX HE3aBUCUMbIX PYHKLMOHaNbHbIX 610K0B. BO BCel Halen
TEXHNYECKOW AOKYMEHTALNM peYb NAET 0 «MOAYNAX» (MU UHOTOA — «PYHKLNAX»).
Hanpumep, cBo MoOyJb €CTb Y KaXK40M 3aWnTHOW pyHKLMK. [1na yCTPONCTB
HighPROTEC oHUM gBNSIOTCSA OCHOBHLIM NOHATUEM: Hanpumep, pyHKUMA noacyeTa
CTaTUCTUYECKUX AaHHbIX ABMsSeTcsa Moaynem (HasbiBaeTca «CTaTuUCTMKa»), MoOAyJieM
ABNSAETCA KaXKAbl MPOTOKON CBA3M, a TakxKe obuwme qhyHKLUN yrnpaBieHns
BblKJItOYaTENsIMU (Ha3biBalOTCA «YNpaBrieHne»). imeeTca ga)ke Moaysb obLien 3aWmnThl
(Ha3blBaeTCs «3aly»), KOTOPbIA B3aUMOLENCTBYET CO BCEMU APYrUMU 3alLNTHBIMUN
MoOynsamu.

(\ Ba>kHO 3HaTb, YTO Ka>k4bln napaMeTp, CUrHaja n 3Ha4eHne Bcerga ABad0oTCA 4aCTbiO

YeTKO 04HOro Moayns (gake ecnu paau 6osnblUen NPOCTOTbl UM MOAYNISA He
oTobparkaeTcsa Ha NnaHenu).

Mogynu mMoryT B3auMOLeNnCcTBOBaTb APYr C APYroM — aAnbo NOTOMY, YTO ABASAIOTCA
BCTPOEHHbLIM KOMMOHEHTOM MUKpoONporpaMMHoro obecnevyeHuns, nmbo NoToMy, 41O
Mosib30BaTeslb Ha3Ha4Yna onpenesieHHOMY CUrHasny MOAYNSa TOT UM MHOW NapaMeTp
(cTaHoBUTCA BXOOOM MoAyns). MpumMepoM BCTPOEHHOr0 B3auMOLenCcTBUSA ABASeTCA
c/lydan, Koraa CUrHan oTK/A4YeHus aoboro 3alMTHOro MOAY A MHULUMPYET CUTHa
OTKJ04YeHNs obLero moayns «3aw». M HA0b6opoT — ecnn CUrHaa OTKJIIYEHNS «3alu»
6nokupyetcsa, byanyT 3ab6/10KMpPOBaHbI BCE 3alUNTHbIE PYHKLNN.

HekoTopble MOAYNN CYLLECTBYIOT B BUAE HECKOJIbKUX (MOEHTUYHbBIX) 3K3EMMISPOB,
KOTOpble MOTYT aKTUBUPOBaATbLCHA U HAaCTpanBaTbCA HE3aBUCUMO APYr OT gpyra. Nx
MO>XHO MCMNO0JIb30BaTb, KOrda TpebyeTcss HECKOMLKO 3TanoB 3awmnTbl. OgHako y MCDTV4
nMeeTca 04HO PyHAaMeHTasibHoe oT/indme: PyHKLNN BCEX IK3EeMMNApoB
(onpepeneHHoro Mmoayns) Bcerga MAeHTUYHbI (3@ UCKJIIOYEHNEM OTANYNIA, BO3SHUKAIOLLNX
B pe3yJibTaTe pa3HbIX 3HAYEHNN HACTPOEK).

MNpuMeHsieTcs clenyollee corsaleHne 06 MMeHOBaHUW: eCN CyLLIeCTBYEeT HECKOJIbKO

3K3eMnsapoB Moayna «Moaynib», TO UMEHa 3TUX 3K3eMMNAAPOB byayT cneayowmnmm —
«Moaynb[1l]», «Mogynb[2]», ... (TO ecTb, cxeMa «Moaynb[x]»).

Tunbl HACTPOEK, CArHaJIOB N 3HaYeHUH
HacTponku (Tak>Xe Ha3blBatloTCA napaMeTpamu)

e [MapamMeTpbl — 3TO AaHHbIE, KOTOPbIE MOTYT U3MEHATLCA MoJib30BaTesieM AN1A
afanTaunn K KOHKPETHbIM CLUeHapunaM NCroJib30BaHUA.
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34

Smart viewllosb30BaTe M MOryT COXPaHATb BCE HAaCTPOMKN B Kakon-nmbo dann.
9TOo posmkeH bbITb hann c uMeHeM cnepytoulero gopmaTa: *.ErPara. Takon cdann
MO>XXHO 3arpy3nTb B ntoboe gpyroe BpeMs, a 3Ha4eHUa HAaCTPOeEK, XpaHaLLnecs B
hanne, MOXXHO NepeHecTn Ha Ntoboe apyroe 3awnTHoOe ycTponcTso MCDTV4.
(MoppobHee cM. B pykoBoacTBe Smart view.)

(MpumeyvaHne. NMeeTca psaa UCKNIOYNTENbHbBIX C/ly4aeB, KOrga HaCTPOMKK BCceraa
XPaHATCHA B MaMATU YCTPOMNCTBA N He MOryT BbITb cOXxpaHeHbl B hann *.ErPara. 370
CUTYyaLWnun, B KOTOPbIX HEXeflaTeslbHO HanpsaMylo nepefaBaTbh 3Ha4YeHNe HaCTPONKKU
Mexay yCTPONCTBaMU. MPUMEPOM MOFYT CNYXUTb HacTponku TCP/IP.)

CyLlecTByeT HECKOJIbKO TUMOB NapaMeTpoB, KOTOPbIE ONpenesnsatoTCs TUMNOM
COOTBETCTBYLLMX OaHHbIX. Nonb30BaTeN0 3HATL AeTan Heobsi3aTeNlbHO, 0OAHAKO
c/flefyeT 3HaTb, YTO CYLLECTBYIOT YMCJIOBbIE MapaMeTpbl (HanpumMep, Noporu
MaKCMMaJIbHOro TOKa) 1 napamMeTpbl, NogpasymeBatoLlme Bbibop 0g4HOro 1
[OCTYMHbIX 3HAYEHWI B CNUCKe. DTO MOryT 6biTb 60 DMKCUPOBAHHbIE 3HAYEHUSA
(Hanpumep, NpoTokoa cBaA3n), NMbo cnrHanbl (4Tobbl BO BpeMs paboTbl yCTPOWCTBA
3aaHHOe 3HavyeHne napaMeTpa COOTBETCTBOBAIO COCTOSHMIO HA3HAYEHHOro
curHana). O Ha3Ha4YeHUN CMFHAJIOB PAaCcCKa3blBasioCh BbiLLE — «BXO[4 MOAYs».

HekoTopble CBOMCTBa NapamMeTpPoOB 3aBUCAT OT 3HAYEHUI OPYrnx napameTpos.
Hanpumep, napamMeTpbl NJjaHUPOBaHUA YCTPONCTBaA (B MeHIo [[MnaHup_ ycTp ]) He
TOJIbKO aKTUBUPYIOT UM LEaKTUBUPYIOT 3aLNTHbIE (PYHKLMU, HO U KOHTPOMPYIOT
BMAMMOCTb COOTBETCTBYIOLMX NapaMeTpoB.

HekoTopble NapaMeTpbl 3aBUCAT OT APYrnX napaMeTpoB He TOJIbKO N3-3a
BUAWUMOCTW, HO U MU3-3a 3HAYEHUI NO YMOJYAHWIO N/MAK OOCTYMNHbIX AMana30HOoB
3HavYeHun. (Hanpumep, Anana3oH 3Ha4YeHUN HEKOTOPLIX NapaMeTpPOoB 3aLNThI
3aBUCUT OT KoappuumeHTa TT.)

IMetoTCs TakXKe NapamMeTpsbl, CyLLECTBYOLLNE B OAHOM 3K3EMMJISipe, KOTopble
Ha3bIBAOTCA «rnobanbHLIMU MapaMeTpamm».

O6bI4HO OHM HaxoaATCca B MeHto [Tno6_ nmap_ 3aw_].

MapameTpbl rpynnbl yCTaBOK MOXKHO HaTW B BeTBAX MeHto [Habop 1] ... [Habop 4].
3TO NapaMeTpbl 3alMThbl, BKOYaOLWMeE Mo YeTbipe 3Ha4YeHuns. To eCTb,
Mnofib30BaTeslb MOXET 3a/laTb YeTbIpe 3Ha4YeHUS, Ka)K0e N3 KoTopbix byaeTt
4YsIeHOM onpeneneHHoro «Habopa napameTpos» (c Habop 1 no Habop 4). B oaunH
MOMEHT BPEMEHN aKTUBEH TOJIbKO OAUH U3 YeTbipex HabopoB NapamMeTpoB, NO3TOMY
aKTMBHO ByfeT TOJIbKO 3HaYeHne N3 CooTBeTCTBYLero Habopa. (3To Bcerpa
3aBUCUT OT PYHKLMN 3aLlMThl: NPU NepeknyYeHnn mexxay HabopamMmu napameTpoB
3aTparvBaloTCsd OAHOBPEMEHHO BCE DYHKLUN 3aLlLNThI.)

Habopbl afanTMBHbLIX NapaMeTPOB NO3BONAIT AUHAMUYECKN U3MEHATbL OTAE/bHbIE
napameTpsbl: onpegessemMble 3Ha4eHUA HaCTPOEK 3aBUCAT OT 3HadeHuns «Nct_/
Noxxb» onpepeneHHoro 6yneea curHana. Mo>KHO onpenennTb 40 YeTbipex bynesBbix
CUTHaJIOB OJ19 NepeKJIYEHNS 3Ha4YEeHMA. ITO 03HaYaeT, YTo BMecTe C 6a30BbIM
3HAYEHNEM , TAKOWM afanTUBHbLIN NapaMeTP MOXXET UMETb A0 NATU allbTEPHATUBHbIX
3HaYeHun (B Ka>kaoM Habope NnapamMeTpoB, TO eCTb, 06Wasa cymma coctaBuT oo 20
3HavYeHun). Kakoe 13 3HavyeHun bygeT akTMBHO UCMNOJIb30BaTbLCSA B ONpeneeHHbIn
MOMEHT BPEMEHMU, 3aBUCUT OT paboyero 3Ha4YeHns (00 YETbIPEX) COOTBETCTBYIIOLLNX
6yneBbIX NapaMeTpoB.

B oTanymne ot napameTpoB rpynnbl yCTaBoK, Habopbl afanTMBHbIX NapaMeTpoB
NUMEIOT «I0KaJIbHbIA» XapakTep, TO eCTb, OHN BO3AENCTBYIOT TOJIbKO Ha Ty
(PYHKLMIO 3aLWLNTbI, 411 KOTOPOW OHU BbIIN aKTUBMPOBAHbI.

OpHako cnepyetT 3aMeTUThb, YTO He BCe (PYHKLUM 3allunThl NOLAEPXKMNBAKOT HaGOpr
alalTUBHbIX NMapaMeTpOB.

MCDTV4 MCDTV4-3.6-RU-MAN



1 MCDTV4 — pacwmpeHHasa anddepeHumanbHasa 3awmTa TpaHcopMaTopa

1.3 Moaynu, HaCTPOMKUN, CUTHAbl U 3HaYeHUS

Monb3oBaTeNn, KOTOPbIE HE 3HAKOMbI C MOHATMEM «Habopbl aAanTUBHBLIX
napaMeTpoB», MOTyT yY3HaTb 06 3TUX NapaMeTpax noapobHee B COOTBETCTBYOLLEN
rnase. CM. pasgen => «Habopbl afanTBHbLIX NapaMeTpoB».

MpaAMble KOMaHAbI

* NMpaMble KOMaHAbI, KakK 1 MapaMeTpbl HACTPOEK, ABNAIOTCA YaCcTbio epeBa MeH!Io,
HO TOJIbKO BbINOJIHAIOTCA HEMedJieHHO. [MoaToMy npamMmble koMmaHabl HE aBnsoTca
yacTblo hanna napameTpos *.HtpPara.

TNANYHBIM NPUMEPOM MNPAMBbIX KOMaHA ABAAIOTCA KOMaHAbI C6pOC8 CHeT4HYMKOB.

Ha naHenn (1 B OKHE cnucka nporpamMmmbl Smart view) npamMble KOMaHObl OTMEY€Hbl
3HAYKOM KHOMKWN «©O», MO3TOMY Y3HATb UX JIErKO.

CurHanbl

e CurHasbl — 3TO pa60-||/|e COCTOAHNA, TO €CTb, OHW onNpenenAaArTCa pe3yJsibTaToOM
pa6OTbI q.)yHKLI,I/IIh 3aLlNTbl NN COCTOSAHUEM LK POBOro Bxona.

CurHasibl SBASIIOTCS YacTbio AepeBa MeHK. IX MO)XHO HalnTu B MeHto [PaboTa /
OTobpakeHne cocTtosiHmSA].

* HekoTopble curHasibi 0TpPaXKalT COCTOAHME YCTAHOBNIEHHOW CUCTEMbI UK
obopynoBaHua (HanpuMep, MHOMKATOPbI MNOJIOXKEHUS BbIK/lOYaTeNs).

* HeKoTopble curHasibl NpeacTaBnsioT cobol pe3ynbTaT aHaM3a COCTOAHUS
anekTpoceTn n obopynosaHua (Hanpumep, HopMaJsibHas paboTa cUCTeMbI,
obHapy>xeHa Henonagka B paboTte TpaHcopmaTopa U T. Nn.).

* HekoTopble curHasibl NnpeacTaBnstoT cobo pesynbTaTbl LENCTBUN, KOTOPbIE
NPON3BOASTCA C YCTPOWNCTBOM (Hanpumep, KOMaHAa OTKJIIOYEHMWS) U 3aBUCAT OT
HaCTPONKN NapaMeTpoB.

* MHoOrme curHasbl MOXKHO Ha3zHayaTb ofnpefesieHHbIM NnapaMeTpaM. DTO O3Ha4vaeT,
4YTO (PYHKLNOHMPOBAHNE TAaKNX MapaMeTpoB 3aBUCUT OT paboyero cocToAHMSA
CurHana. Hanpumep, y Kaxgon yHKLMN 3aLLUnNTbl UMEeTCS HECKOIbKO napamMeTpoB
610knpoBkK. (CM. Takxe > «BbnokmnpoBkun»). Ecnn gna napameTtpa 6JJ0KMPOBKMU
Ha3Ha4YeH CUrHaJj, TO COOTBETCTBYOLWaa PyHKUNS 3aWwmnThl 6/10KNpyeTCs, ecnm
Ha3Ha4eHHbI CMIFHaI nepexoanT B paboyee cocTosHue «UcT_».

e TaknM xe 06pa3oM CUrHaabl MOTryT Ha3Ha4YaTbCA MHOMKATOPaM YCTPONCTBa
MCDTV4, npu 3TOM NHANKATOP 3aropuTCs, Kak TOJIbKO Ha3Ha4YeHHbIN CUrHan
nepenpeT B cocTosiHME «UCT ». (CM. Takxe > «COn»).

CocTosiHMA BXOAO0B (4019 BXoAa MOAYNS)

» COCTOSAIHMS BXOO0B — 3TO CrewumnalibHble CUFHabl, KOTOPbIE SBAAIOTCS YacTbio
JlepeBa MeH0. [ KaXK4oro napaMeTpa, A9 KOTOPOro MoXKeT 6biTb Ha3Ha4YeH
CUrHan, MMeeTCs COOTBETCTBYHOLLEE COCTOSIHME BXoAa. Bo Bpems paboThl
COCTOSIHME BXOAA OTPAXKaeT TeKyLlllee COCTOSTHNE Ha3HaYeHHOro CUrHasa. 3To
Nno3BoJISeT NpocaeanTb B3aUMOCBA3UN B paboTe noboi yHKLUMN 3aLUUTbI.

MpuMeHsieTca cnenytollee cornaweHne o6 nMeHoBaHun: Ecnm napameTp, ona
KOTOPOro MOXKeT ObiTb Ha3HAaYeH CUrHaJ, UMeeT UMA «/Ms», TO COOTBETCTBYOLLEe
COCTOsIHME BXoAa bynet umeTb uma «Mmsa-Bx».

CyeTyunKuM, 3HavYeHUs

* 3HayeHuss — 310 bosiee N MeHee M3MEHsIEMble JaHHbIE, KOTOPbIE BO BPEMS
paboThbl NOCTOAHHO XPaHATCS B 0OHOBJIEHHOM COCTOSIHUW.

MCDTV4-3.6-RU-MAN MCDTV4 35



1 MCDTV4 — pacwmpeHHas anddepeHumanbHasa 3almTa TpaHcpopMaTopa
1.3 Moaynn, HaCTPOWMKWN, CUTHabl U 3Ha4YeHUA

e CaMbIll pacnpoCTPaHEeHHbIN (M CaMbll BaXKHbIN) TUM 3Ha4YeHUn — 3TO Habop
U3MEepEHHbIX 3HaYeHuV (HanpuMmep, 3Ha4YeHUs ToKa NU/Man Hanps>KeHus,
n3MepeHHsble B TT/TH, a Tak>Xe 3Ha4YeHUs 4YacToThbl). TepMUH U3MEePEHHbIE 3HaYEHUS
6yneT Tak)Xe MCNO0JIb30BaTbCA B OTHOLUEHUN 3HAYEHUIA, MONYYEHHbLIX Ha OCHOBE
M3MEepEHHbIX 3Ha4YeHU NyTeM Bbl4NCIeHUn. Hanpumep, 3Ha4YeHne MOLLHOCTH,
MoJsly4eHHOEe Ha OCHOBE 3Ha4YeHUN TOKa U Hanps>xeHus). KoHe4yHo, Habop
DOCTYMHbIX U3MEPEHHbIX 3HAYEHUV 3aBUCUT OT BO3MOXXHOCTEN onpeneneHHoro
3alUMUTHOro YCTPONCTBA.

Bonee nNoApobHO 06 U3MepeHHbIX 3HaYeHNsAX cM. B pasgene = «M3mepsemble
3HAYEHUS».

» CTaTUCTUYECKOE 3Ha4YeHNe — 3TO CneunabHbIA TUM PacCHUTaHHbIX U3MEPEHHbIX
3Ha4YeHun. OHO MOXXET BbITb MaKCMMasibHbIM, MUHUMAaIbHBLIM U CPEAHUM U
NMoMOraeT aHaN3MpPoBaTb N3MEHEHUNS N3MEPEHHOI0 3HAYEHUS B TeYeHne
HEeKoToporo BpemeHu. 015 60/bWNHCTBA CTATUCTUYECKMX 3HAYEHMNI CYLLLECTBYIOT
npsMble KOMaHAbl, KOTOPbIE MOXXHO MCMOJIb30BaThb A1 cOpoca CTaTUCTUYECKMX
3HAYEHUN.

Boslee NoApobHO 0 CTaTUCTUYECKUX 3HaYeHUsX cM. B pasgene l=> «CtaTuctuka».

* Euwe oguH Ba>KHbIM TWUN 3HA4YEHUN — 3TO CYETYUKM. B TO BpeMA KakK M3MepEHHbIE
3Ha4yeHnss — 3To 06bIYHO YMcna C NaBatoWen 3anaTon (M COOTBETCTBYHOLLEN
eQnHNLEN N3MepPEeHns), CHETYMKM npencTaBnaT cobon uenoe yncno. Ang
60NbLINHCTBA CYETYMKOB NMMEIOTCA COOTBETCTBYOWME NPsAMble KOMaHAbl, C
MOMOLLbIO KOTOPbIX MOXKHO cOpoCcnTb 3HavYeHme cyeT4ymnka ago 0.
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HacTpouku napamMeTpoB
YcraHoBka napamMeTpos B UYM

Ka)kabln napaMeTp NpUHagNexunT K onpegeneHHon obnactu goctyna. PegakTmupoBaHumne
N N3MeHeHre NnapaMeTpoB TpebyeT AOCTAaTOYHOIr0 BLICOKOI0 paspeLlleHns goctyna.
(noppobHoe onncaHne obnacTten gocTyna CcM. B pasgene > «[aponn ypoBHS
AOoCTyna».

Monb3oBaTelb MOXKET MOJy4YNTb HEOOXOAMMbIE paspeLleHns AOoCTyna K

pa3610KnpoBaHHbLIM 061aCTsAM AOCTYMNa A0 U3MEHEHUS NMAapaMeTPOB NN KOHTEKCTHO-
3aBuUCMMoO. B cnepyrowmx pasgenax onucbiBatoTcst oba BapuaHTa.

BapuaHT 1: lpaMoe paspelieHne Ha [OCTyn B obnactp
OTkponTe MeHto [Map_ ycTp_/ be3onacHocTb / YpoBeHb focTtynal.
BbibepuTe Hy>XHbIN ypOBEHb AOCTYMNa C MOMOLLbIO Nepexofa Ha Heobxoanmble
pa3pelleHus goctyna (yposeHb). BBeante Tpebyembin naponb. Ecnu 6bin1 BBEAEH
npaBufbHLIN Naponb, byayT nosyyeHsl HeobxoanMble paspelleHnsa gocTtyna. Ons
M3MEeHeHNsa NnapaMeTpoB BbINONHUTE crefylolwme AenCcTBUS:

* C NnoMOLWbI0O NPOrpaMMNPYEMBbIX KNaBuL NepenanTe K napameTpy, KOTopbIn

HeobxoOuMo N3mMeHnTb. Ecnn BeibpaH napamMeTp, B MPaBOM HUXHEM Yry 3KpaHa
NosIBUTCS CUMBOJ1 Fae@4yHOro KJtoYa.

ITOT CMMBOJI NOKa3bIBaET, 4TO NapameTp pa3bnoknposaH n MoOXKeT BbITb N3MEHEH,
MOCKOJIbKY MOJIb30BaTeSlb MMeeT Tpebyemble paspelleHnsa gocTtyna. NoareepanTe ceoe
HaMepeHme C NOMOLLbIO MPOrpaMMHON KAaBMLWK C N30bparkeHNEM raeyHoro Kt4a,
4yTOObl N3MEHUTb NapaMeTp. MI3MeHnTe 3Ha4YeHne NapameTpa.

Tenepb Bbl MOXETE:

* COXpPaHUTb coenaHHble N3MeHeHNA, 4yTOb6bI OHWU BbINN BBeOEeHbl B CUCTEMY, NN

®* N3MEHWNTb 3Ha4YeHNA OPYrnx napaMeTpoB N COXPaHUTb BCE N3MEHEHHbIE
napaMeTpbl, 4T06bI OHW 6bININ BBEAEHLI B CNCcTemy.

Ans HemenneHHOro CoxpaHeHus 3MEHEHWV napamMeTpa
* Ha)XMUTe KHoMkKy OK AN COXpaHEHMS M3MEHEHHbIX NapaMeTPOB HaMpsMyto U NX
NPUMEHEHNS Ha yCcTpoicTBe. MNoaTeepanTe N3MeHEHNS NapaMeTpPoB Ha)kaTUeM
NMPOrpamMMHO KNaBnun «da» Uam oTMEHUTE UX, HaXKaB «HeT»,

s nsmeHeHns 3Ha4vYeHUN Apyrnx rirapaMeTpoB v rocsiegyrulero nx coxpaHeHuns

* nepenauTe K opyromy rnapameTpy U U3MeHUTe ero
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CumMBON «3BE3004Ka» nepeg NaMmeHeHHbIMN NnapaMeTpaMn rNnNOoKa3sbiBaeT, HTO N3SMEHEHNA
COXpaHeHbl BpeMeEHHO, TO €CTb OHUM elle He COXPaHeHbl B NMOCTOAHHOM peXunmMme n He
npMMeHeHbl Ha yCTpOIZCTBe.

Ans ynpouieHuns paboTbl, 0CO6EHHO NPU CIOXKHBIX U3MEHEHUSAX NAapaMeTPOB, Ha KaXka0M
6onee BbICOKOM YPOBHE MEHIO MJIaHMPYEMOE N3MEHEHME NapaMeTpa NnomMmevaeTcs
CMMBOJIOM «3B€3[04Ka». ITO NO3BOJISET KOHTPOJIMPOBATb U3MEHEHUSA 1 MEPEXOAUTDL K
HY>XHOMY YPOBHIO MEHIO, HA KOTOPOM ObIsI NpPon3BeAEeHbl U3MEHEHWS MapaMeTpoB, B
noboe BpeMsi, He COXPaHSAS X OKOHYATEsIbHO.

B pononHeHue K 3Be3404KaM, KOTOPLIMU MOMeYaloTCa NapamMeTpbl C BPEMEHHbBIMU
N3MEHEHNSIMU, B IEBOM YTIJly OUCMJIES Tak)Xe 0TobparkaeTcs Noaynpo3paydHbIin 06LLniA
CUMBOJ1 peAaKTMPOBaHWSA NapaMeTpa, M03TOMY, HAXOASChb B JIIO6OM NMYHKTE MEHIO,
MO>XHO BUAETb BPEMEHHbIE N3MEHEHWSI MApPaMeTPOB (eLle HE aKTUBHbLIE).

Mpwn ncnonb3oBaHUM Smart view ons N3MeHeHWs NapaMeTpPoB CMMBOJI KPACHOW
3BE3[04KWN B flepeBe MeHI0 NoKasbliBaeT, YTO U3MEHEHUS NapaMeTPOB eLLe He COXPaHeHbI
B (halisie napamMeTpoB.

0na oKOH4YaTeNbHOro nepeHoca N3MeHeHHbIX 3HavYeHun napaMeTpoB B YCTpOVICTBO
Ha>XMUTE KHOTMKY OK. MoaoTBEepaoUTE U3MEHEeHNe NapaMeTpa Ha>kaTueM KHOMKN «da» nan
OTMEHNTE N3MEeHEeHNA Ha)KaTueM KHonku «HeT».

Ecnun Ha pucnnee OT06pa)KaeTCFI 3Ha4y0K 06bIYHOr o KJtoYa m, a He rae4yHoro
KJlt04a, 3TO O3Ha4Ya€eT, 4TO HET aBTOpU3alnnh OOCTYyMNa.

Onda Toro, 4Tobbl N3MEHUTL 3TOT napaMeTp, Heobxoaonmo BBeCTU napoJib, KOTOprI;I
npenoctaBideT HeobxoanMble pa3peLlieHn4.
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MpoBepka Npasaonofobus napameTpos: Ona npefoTBpaLLeHNs BO3MOXXHbIX HEBEPHbIX
YCTAHOBOK MapaMeTpOB YCTPONCTBO NOCTOSAHHO KOHTPOJINPYET BCE BPEMEHHbIE
n3meHeHusl. Ecnm ycTponctBo 06HapyXUT HEBEPHbLI NapamMeTp, To nepen HUM byaeT
YCTaHOBJIEH CMMBOJ1 «BOMPOCUTESbHbINA 3HAK».

Ans ynpouieHns paboTbl, 0CO6EHHO NPU CIOXKHbIX U3MEHEHUSAX NapaMeTPOoB, Ha KaXka0M
6osee BbICOKOM YPOBHE MEHIO BPEMEHHO COXPaHEHHbIe MapaMeTpbl C HEAOMYCTUMbIM
3Ha4YeHNEM NOMeYatloTCs BOMPOCUTENIbHLIM 3HAKOM (3TO (PYHKLINA OTCNEXNBAHUS
[ONYCTUMOCTU). DTO MO3BONIAET KOHTPOJIMPOBATh NU3MEHEHUS N NepPexoanTb K HY>XHOMY
YPOBHIO MEHIO, HA KOTOPOM MMEITCS NapaMeTpbl C HEMPaBAONoA406HbIMY 3HAYEHUAMM, B
noboe BpeMs, He COXPaHSAS X OKOHYATEsIbHO.

KpOMe CMBOJIa «HECKOJIbKO BOMPOCUTEJIbHbIX 3HAaKOB>, KOTOprI7I YCTaHaBJZInBaeTCA
BO3J1e NapaMeTpa C HegonyCTUMbIM 3Ha4Ye€HWUEM, B J1IEBOM YIrny OAUCTJIEA TaKXXe
oTobparkaeTcsa B NOaynpo3pavyHOM Buae obLinin CUMBO «BOMPOCUTENbHbIN 3HaK»,
MO3TOMY MNOJib30BaTEJIb MOXXET, HaXoOACb B nobom NMYHKTE MeHI0, BUAeTb, 4TO
HEKOTOpPbIE NapaMeTpbl MMET HeAOoNYCTUMbIE 3HaYEeHUA.

CumBon <<BOI'IpOCI/ITeJ'IbeIVI 3HaK» (cumBO HeaonyctmmMmoro 3Ha4YeHuna) Bcerga
YCTaHaBJINBaeTCd NoBepx CMMBOJ1a «3BE€3404Ka» (cnmBona pe,ﬂ,aKTI/IpOBaHI/IFI).

Ecnu ycTpoiicTBo 06Hapy>xMBaeT HegoMNyCTMMOE 3Ha4YeHNe napaMeTpa, OHO OTKJIOHUT
NeNCTBME MO COXPAHEHMIO N MPUHATUIO 3HAYEHUA [aHHOT O NMapaMeTpa.

BapuaHT 2: KOHTEKCTHO-3aBUCHUMbIe pa3peLueHns BocTyna

Mepengnte K NapaMeTpy, KOTOPLIN A0/KEH BbITb N3MeHeH. Ecnun BbiIbpaTb 3TOT
rnapameTp, B NMPaBoOM HUXXHEM YIly 3KpaHa NosABUTCHA CUMBOJT «KOY».

[aHHbI CMMBOJ1 YKa3blBaeT, YTO YCTPONCTBO NO-NPeXHeMY HaXoAUTCHA Ha ypoBHe «Read
Only-Lv0» (9> «Maponn ypoBHA [oCTyna») namn TeKyLuii ypoBeHb AOCTyMNa He aaeT
npaBa U3MeEHATb AaHHbLIN NapamMeTp.

Ha>xMunTe 3Ty NporpaMMHyto KHOMKY 1 BBEAUTE Napob, NPeOoCTaBAAOWMNA OOCTYN K
OaHHOMY napameTpy. (Ha aTom cTpaHunue Tak>Xe yKa3aHO, KakoWn napoJsb/pa3peLleHue
nocTyna TpebyeTca ona BHECEHUS U3MEHEHUI B AaHHbIA NapamMeTp.)

N3MeHNTe HaCTPOMKN NapaMeTpPoB.

Tenepb Bbl MOXeTe:

* COXpPaHUTb coenaHHble N3MeHeHNA, 4TOObI OHW 6bISIN BBEAEHLI B cncrTemy, nnnm

®* N3MEHWNTb 3Ha4YeHNA OPpYyrmx napaMeTpoB N COXPaHUTb BCe N3MeHEeHHbIE
napaMeTphbl, 4T06bI OHW BbININ BBEAEHLI B CnNcrTemy.

s HemeneHHOro cCoxpaHeHns N3MEHEHWV napameTpa
* Ha)xMuTe KHonKy OK gna coxpaHeHUs U3MEeHEHHbIX NapaMeTPOoB HaMpPAMY U NxX
NMPUMeHeHNs Ha ycTponcTee. MNoaTeepaonTe N3MEHEeHMs napaMeTpoB HakaTmem
MPOrpaMMHON KNaBuwun «a» nnm oTMeHUTe nX, Ha>kaB «HeT».

L8 n3aMeHeHns 3HavYeHu Apyrnx riapaMeTpoB v riocsiegyrLllero nx coxpaHeHns

* MepenauTe K ApyroMy napamMeTpy U U3MEHUTE ero
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CumMBON «3BE3004Ka» nepeg NaMmeHeHHbIMN NnapaMeTpaMn rNnNOoKa3sbiBaeT, HTO N3SMEHEHNA
COXpaHeHbl BpeMeEHHO, TO €CTb OHUM elle He COXPaHeHbl B NMOCTOAHHOM peXunmMme n He
npMMeHeHbl Ha yCTpOVICTBe.

Ans ynpouieHuns paboTbl, 0CO6EHHO NPU CIOXKHBIX U3MEHEHUSAX NAapaMeTPOB, Ha KaXka0M
6onee BbICOKOM YPOBHE MEHIO MJIaHMPYEMOE N3MEHEHME NapaMeTpa NnomMmevaeTcs
CMMBOJIOM «3B€3[04Ka». ITO NO3BOJISET KOHTPOJIMPOBATb U3MEHEHUSA 1 MEPEXOAUTDL K
HY>XHOMY YPOBHIO MEHIO, HA KOTOPOM ObIsI NpPon3BeAEeHbl U3MEHEHWS MapaMeTpoB, B
noboe BpeMsi, He COXPaHSAS X OKOHYATEsIbHO.

B pononHeHue K 3Be3404KaM, KOTOPLIMU MOMeYaloTCa NapamMeTpbl C BPEMEHHbBIMU
N3MEHEHNSIMU, B IEBOM YTIJly OUCMJIES Tak)Xe 0TobparkaeTcs Noaynpo3paydHbIin 06LLniA
CUMBOJ1 peAaKTMPOBaHWSA NapaMeTpa, M03TOMY, HAXOASChb B JIIO6OM NMYHKTE MEHIO,
MO>XHO BUAETb BPEMEHHbIE N3MEHEHWSI MApPaMeTPOB (eLle HE aKTUBHbLIE).

Mpwn ncnonb3oBaHUM Smart view ons N3MeHeHWs NapaMeTpPoB CMMBOJI KPACHOW
3BE3[04KWN B flepeBe MeHI0 NoKasbliBaeT, YTO U3MEHEHUS NapaMeTPOB eLLe He COXPaHeHbI
B (halisie napamMeTpoB.

[ns oKoOHYaTeNbHOro NepeHoca N3MeHeHHbIX 3Ha4YeHW NapaMeTpPoB B YCTPONCTBO
HaXxMuTe KHonky OK. MoaTBepanTe M3MEHEHMS MapaMeTPOB HaXkKaTMeM NPOrpPaMMHON
KNaBuwun «[a» Unm xxe oTMeHUTEe UX Knasuwen «HeT».

MNpoBepka NpaBaononobus napameTpos: 09 NpefoTBpaLleHNss BO3MOXXHbIX HEBEPHbIX
YCTAHOBOK MapaMeTPOB YCTPONCTBO NOCTOSAHHO KOHTPOJINPYET BCE BPEMEHHbIE
n3meHeHusl. Ecnm ycTpoincTBo 06HapyXUT HEBEPHbLI NapaMeTp, To nepen HUM byneT
YCTAHOBJ/IEH CUMBOJ1 «BOMPOCUTESIbHbINA 3HAK>.

Ona ynpouwieHus pa60TbI, ocobeHHOo MNP CJIOXKHbIX N3MEHEHNAX MNapaMeTpPOB, Ha Ka>X0M
6onee BbLICOKOM YPOoBHE MeHI0 BpeEMEHHO COXpPaHEHHbIE NMapaMeTpbl C HEOOMYCTUUMbIM
3Ha4YeHneM rnomMmeyvHaroTcd BONpoCcnTesibHbIM 3HaAaKOM (310 PYHKLNA OTCNeXXnBaHUA
,D,OI'IyCTI/IMOCTI/I). 3To Nno3BongeT KOHTPOJINPOBAaTb U3MEHEHNA N NePEXOANTb K HY>)KHOMY
YPOBHIO ME€HI0, Ha KOTOPOM NMEKTCA NMapaMeTpbl C Hel'lpaB,D,OI'IO,D,O6HbIMVI 3Ha4YeHnamMun, B
noboe BpeMA, He COXPaHAA NX OKOHYaTeJIbHO.

Kpome cnmBosia «HECKOJIbKO BOMPOCUTENbHbIX 3HAaKOB», KOTOPbIN YCTaHaBAMBaETCA
BO3Jle NapaMeTpa C HeAoNyCTUMbIM 3HAYEHMEM, B JIEBOM YIJly AUCMNESA TaKKe
oTobparkaeTcsa B NOJynpo3pavyHOM Bnae obLnin CMMBO «BOMPOCUTENbHbIN 3HaK»,
MO3TOMY MOJIb30BaTEsIb MOXKET, HaX0AAChb B JIIOOOM NMYyHKTE MEHI0, BUAETh, 4YTO
HEKOTOpble NapaMeTpbl UMEKT HEAOMNYCTUMbIE 3HAYEHUS.

CnMBO «BOMNPOCUTESbHBIN 3HaK» (CMMBOJT HEAONYCTUMOr0O 3Ha4YeHUS) BCeraa
yCTaHaBJIMBAETCH MOBEPX CUMBOJIa «3Be3404Ka» (CMMBOJIa pefaKTUpPOBaHNSA).

Ecnn yCTpOIZCTBO 06Hapy>K|/|BaeT HeaonyctmnmMmoe 3Ha4yeHune napamMeTpa, OHO OTKJIOHUT
nencrteume no COXpPaHEHWIO U MPUHATUIO 3Ha4YeHNA OaHHOIo NnapaMeTpa.

Fpynnsl ycTaBok

MapameTp HacTponku [Mapam_ 3awmnTsl / Mepekn_ HM] «llepekn_ HIM» pa3pelwlaeT
BbINOJIHATbL ChefyoLline AenCTBUS:

* AKTUBMPOBaATb OOHY M3 YeTblpeX rpynn ycTaBok («HM1» ... «HIM4»).
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* Ha3HavyaTb aKTUBMPYIOLLNA CUFHAN AN Ka)XKAOW rpynrbl YCTaBOK (3HaYeHne
HacTporkun «MYM yepes ®yHKBX» 1 AONONHUTENBHO Ha3Ha4YaTb COOTBETCTBYOLIMNE
CUrHanNbl 4J1s NepeKsYeHns:

Hanpumep, ecnn onpeneneHHbln CUrHa BbIMNOJIHAET NMepek/todYeHne Ha rpynny
yCTaBoK HIM2, To 3TOT curHan aoJsi>keH 6biTb Ha3Ha4YeH NapaMeTpy HaCTPOMKMN
[Mapam_ 3awnTel / Nepekn_ HM] «HM2: akT_4epe3».

¢ Paspewatb SCADA nepeko4aTb Fpynnbl YyCTaBOK (3HavyeHue HacTponkun «IMHIM
yepes Scada».

Oonuusn MepekniwoyaTenb rpynn ycraBokK

Py4Howi Bbibop Ecnn BbibpaHa gpyras rpynna HacTpoeK, BPYYHYIO BbIMOJHUTE
rnepekJsoyeHmne c NoMoLLblo napameTpa «llepeka_ HIl».

Yepes Bxoa (Hanpumep, MepekaoYyeHne, ecsin CTAaHOBUTCSA aKTUBHBIM TOJIbKO OAUH U3
yepes ungpoBovi BXon) YyeTblpex Ha3HaYeHHbIX CUFHAIOB. [pynna yCTaBOK He N3MeHseTcs,
€C/IN 0AHOBPEMEHHO MMEETCS HECKOJIbKO CMIFHAJIOB aKTUBALIUMN.

Mpumep.

CurHan LIB3 Ha3Ha4veH napameTpy «HIl13: akT_4epe3«. LIB3 akTnBeH
«1».

CurHan B4 Ha3Ha4veH napameTpy «Hl14: akT_4epe3». LIB4
HeaKTuBeH «0».

Ecnn TpebyeTca nepeknoyeHmne c Habopa napameTpos 3 Ha Habop
napamMeTpoB 4, CHavasa HeobxoaAnMo caenaTb HEAKTUBHbLIM CUTHA
LIB3. Toroa akTUBHbIM OOJI>XXEH CTaTb curHan LIB4.

Ecnun pake nocne atoro curHan LIB4 ctaHeT HeaKTUBHLIM, Habop
napamMeTpoB 4 OCTaHETCH aKTUBHLIM A0 TexX nop, Noka He byaeT
VHUUUNPOBAH HOBbLIWN YeTKUM 3anpoc (Hanpumep, LUB3 ctaHOBUTCA
aKTUBHbIM, @ BCe ApYyrmve HasHa4yeHHble CUrHajlbl — HEaKTUBHbIMM)

Yepe3 SCADA lMepeknveHne BO3MOXKHO TOJIbKO MPWY HaJIMYMM 4YeTKOro 3anpoca oT
SCADA.

lMepeknioyartens rpynn ycraBok: pn akTueaumn ntobon opyron rpynrsl YCTaBOK, BCE
3Ha4YeHUs, CBA3aHHbIe C NaMATbIO (HanpuMep, TanMepsbl) ByayT cOpoLleHbl Ana BCex
PYHKLUNN 3aWNTHI.

U3MeHeHMne KoHurypaumnm: Ka)xablii pa3 Nnpun M3MeHeHUN HaCcTPoeK NapameTpoB
3aWmMThl (MNaHMpOBaHMe yCTPONCTBa, rnobanbHble NapaMeTpbl UK NapameTpbl Ans
HECKONIbKMX FPynn YCTaBOK) BCe (hYHKLMM 3aLLUNTbl Ha HEKOTOPOE BPEMS MOJIHOCTbIO
[EeaKTUBUPYIOTCA. DTO 03HaYaeT, YTO HEKOTOPOE BpeMs BCe 3alLUUTHble Moaynm bynyT
HEeaKTMBHbI, MO3TOMY UX MOXXHO ByaeT nepe3anycTuTb C HOBbIMU HAaCTPONKaMUn. ITO
no3BosisieT obecneynTb Takne e BO3MOXXHOCTM 3aLlUNThl, Kak Npu CTapbiX, Tak 1 Npu
HOBbIX HAaCTPOMKax.

UcknioyeHne cocTaBnseT N3MeHeHne KOHUrypaunm, KoTopoe orpaHn4MBaeTcs
HaCTPOMNKAMM M3 TOJIbKO OAHOW FPyMnbl YCTAaBOK. B 3ToM cnyyae Bce pyHKUUN 3aLMThI
MO>XHO TOJIbKO COPOCKTb (KaK B C/ly4ae C nepekoyaTesieM rpynn yCTaBoOK — CM. BblLLE).

MCDTV4-3.6-RU-MAN MCDTV4 41




1 MCDTV4 — pacwmpeHHas anddepeHuymanbHas 3almTa TpaHcpopMaTopa
1.3 Moaynn, HaCTPOMKKN, CUrHa bl N 3Ha4YEeHUA

BbnokunpoBka HacTpoek
BnoKnpoBKa HacTpoeK No3BosiseT 3ab/0KMpoBaTb HACTPONKU NapaMeTpoB OT NtobbIX
W3MEHEeHWIN, eCQN Ha3HAYEeHHbIN CUrHaM MMeeT 3HaYeHne «UCTUHa» (aKTUBEH).

Bkto4nTb 6J10KMPOBKY HAaCTPOEK MOXKHO B MeHto [CucTMap / Obwme HacTponkin] «bok.
HacTpOVKn».

Ob6xon 6/10KMPOBKM HacTpoek

BIOKMPOBKY HAaCTPOEK MOXXHO BPEMEHHO OTMEHUTbL, ECJZIN HEBO3MOXKHO (UK TpebyeTcs)
N3MEHUTb CTAaTyC CUTHaJa, akTUBMUPYIOLLLEr0o BJIOKNPOBKY HAaCTPOEK.

0601MTN BNOKNPOBKY HAaCTPOEK MOXXHO C MOMOLLbIO NapaMeTpa NPSIMOro KOHTPOJIS:
[CucTtNap / Obwme HacTponkn] «Obxoa 610K napam»

YCTPOWNCTBO 3alMTbl CHOBa NepenaeT B peXXunm 6J10KMPOBKM HAaCTPOEK:
» Cpas3sy nocJjie COXpaHEHUs N3MEHEHUS NapaMeTpa Uin

* 4yepes 10 MUHYT Nnocyie akKTnBaunm obxona 6J'IOKI/IDOBKI/I HaCTpoeK.
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1 MCDTV4 — pacwumpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.3 Moaynu, HaCTPOMKUN, CUTHAbl U 3Ha4YeHUS

1.3.2 Habopbl apanTMBHbLIX NapaMeTpPoOB

C nomMoLubto Ha60pOB alaNnTUBHbLIX NMapaMeTpoB MOXXHO ANHAMUNYECKN N3MEHATb
3Ha4YeHnd HaCTpoeK B MoayJie 3allUThbl.

Habopbl afanTuBHbLIX MApaMeTPOB AOCTYMHbI TOJIbKO ANS HECKOIbKMUX MOAYJ/IEN 3aLUMThI
(v 06bIYHO — TOJIbKO 414 MOAYeN 3aWNTbl OT MPEBLILLEHNS TOKA).

C NpaKTM4eCKON TOYKM 3PEHMS, Y HUX MMEEeTCA 04HO Ba>KHOe oT/in4ne oT Habopos
06bI4HbIX NapamMeTpoB (cM. paspen => «1.3 Tunbl HacTPoOeK, CUrHAIOB 1 3HAYEHWNN»):
npu nepekaoyYeHnn Ha gpyron Habop napameTpoB 3aTparMBaoTCsd OAHOBPEMEHHO BCe
hyHKLUMN 3awmThl. ECnn TpebyeTcs BHECTU N3MEHEHUS TONbLKO B OA4HY KOHKPETHYIO
OYHKLMIO 3aLLMThI, 3TO MOXKET YCJI0XKHUTb MpoLeaypbl BBOAA B SKCMAyaTaLMIO 1
MPOBEPKMU.

Habopkl afanTuBHbLIX NapaMeTpPoB, HA0OOPOT, AENCTBYIOT JIOKAJIbHO, TO €CTh, OHU
BO3[IENCTBYIOT TOJILKO Ha TY (PYHKLIWIO 3aLLUMThI, OJ11 KOTOPOM OHW ObIIN aKTUBUPOBAHBI.
(Kak 3To coenaTbh, CM. HUXKeE.)

MO>XHO Ha3Ha4YMTb LMPPOBON curHan ana nboro 13 napameTpos [[MapaM_ 3awmnThbl /

Fno6_nap_3aw_/I-3aw_/ «module»] «Aa_Habop 1», ..., «<Aa_Habop 4». («module» —
3TO UMSA MOAYJIA 3aLLUUThI, A1 KOTOPOro nMelTcs Habopbl afanTUBHLIX MapaMeTpoB.

Hanpwumep, [I[1]]).

ITK YeTblipe NapaMeTpa Ha3Ha4YeHns Bcerga apasTCca obwmmm napameTpamm (To eCcTb,
npuHagsiexaT BeTBM MeHio [Mapam_ 3awmTel / FTNo6_ nap_ 3aw_]). Hanpumep, BbINOJHUM
chepywoulee Ha3HadeHune: «Ag _Habop 1» = «KH[1] . TpeB_». CM. BepxHee Auajiorosoe
OKHO @ Ha PUCYHKe HUXe.

0N 3Toro Ha3Ha4YeHWs B ANasoroBoM okHe Smart view pna napameTpoB rpynnbl
yCTaBOK, Hanpumep, BeTBM MeHto [Mapam_ 3awmnTel / Habop 1/ 1-3aw,_/ I[1]], nosasnseTcsa
}J,OI'IOJ'IHI/ITeJ'IbeII7I CTOJ16€LI, @, KaK NMOKa3aHO B HNXXHEM OMNa/I0FOBOM OKHE Ha PUCyHKe
HWn»Xe.
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1 MCDTV4 — pacwmpeHHas anddepeHuymanbHasa 3allmTa TpaHcpopMaTopa
1.3 Moaynn, HaCTPOWMKKN, CUrHa bl N 3HaYeHUA

4 N\
E] Mapam_ 3awuTbl/Ino6_ nap_ BaUJ,_/I-BaLL...E]

| &

HaunmeHoBaHue Ben_

é@ BHBNK1 - -
&Y BHBK2 ==

&5 BHBIK KoMOTKN .-
Lo BHPEBOIOK il eccceccecane- @

éQ An_Habop 1 KH[1] - 27, 59 . Tpes_
'&'/Xﬂ'_ﬂa’ﬁ'ob 2°TTTT=T° " i
& An_Habop 3 .-

ég Apn_Habop 4 - -

4 N\

[2] Napam_ 3awwTe/Habop 1/1-3au_- 50, 51/I[1] - 50, 51
| & |

HavnmeHoBaHwue HabMoYm KH[1]- 27,59 . Tpes_ Unit
& DyHKLUUSA

&5 BHBIK ®HK

o BH pes 6110K (hyHK
& BAkKomOTK

& BHBNIK KOMOTKN ®HK
é@ MeToa n3MepeHuin
é@ I>

& Xap

Lt

aKT_
HeakT_

HeakT_

HeakT_

HeakT_

OCHOBHble

1 59 1 IHOM
DEFT ég DEFT

L1 c

TR TR

HPT_ZBK

®

Puc. 2: lpu Ha3HayYeHUN napameTpa afanTUBHOro Ha60pa AJ14 rnapamMeTpoB rpyriribl yCtaBoOK
fobasasTcs a/lbTEPHATUBHbIE 3HAYEHUA.

Mpn Ha3Ha4YeHMN aganTUBHOro Habopa 60bLWMHCTBO NAapaMeTPOB rPyMnbl yCTaBOK
Mosly4atoT AOMOSHUTENbHOE afibTepHaTMBHOE 3HavYeHne. CHavasla 3TO HOBOE 3Ha4YeHune
NOEHTNYHO 3HavYeHuUto HablMoYM, ogHaKo ero MOXKHO pefakTmpoBaTh. (OBakAabl
LWeNKHUTEe N n3MeHnTe, Kak TpebyeTtcs.)

Npes npocTa: oNa napaMeTpoB 3allMThl UCNOJIb3YEeTCS ajibTePHAaTUBHOE 3HAaYeHNEe
«An _Habop 1», Korpa HasHavyeHHbIn curHan «KH[1] . TpeB_» NpUHUMAET NCTUHHOE
3HaYeHue.

MOCKOJIbKY MMEEeTCS YeThipe rpynnbl HOPMaslbHbIX HACTPOEK, B KaXKA0W U3 KOTOPbIX
nMeeTCcs 00 YeThlipex afanTuBHbIX HAbOPOB, a TakXxe HacTponka HablMoYMm, 3To
O3Ha4aeT, YTOo A/ NapamMeTpoB, NOAAEP>KMBAIOLLNX afanTUBHbIe Habopbl, AOCTYMHO A0
20 pa3/INYHbIX HAaCTPaMBaEMbIX 3HAYEHUN.

AfanTuBHbIE NapaMeTpbl aBTOMAaTUYECKUN MPUHUMAIOT NMpe)xxHee 3HaYeHne, Kak TOIbKO
npuMMeT NpexxHee 3Ha4YeHne CMrHaa NoATBEPXAEHNS, KOTOPbLIA UX aKTMBMUpPOBaI.

Ecnn B KOHKPETHbLII MOMEHT BPEMEHWN aKTUBHbLIMU OKaXKYTCSH HECKOJIbKO Ha3Ha4YeHHbIX
curHanoB, byneT paboTaTh cneaytollee npaBuio:

Habop afanTMBHbLIX MapaMeTpoB 1 MMeeT NpMopuTeT HaZ HabopoM afanTUBHbIX
napameTpoB 2; Habop afanTMBHbLIX MAapaMeTPoB 2 UMeeT NPMopUTET HaZ Habopom
aflanTMBHbIX MapaMeTpoB 3; Habop afanTUBHbLIX MapaMeTpPoB 3 UMeeT NMPUOPUTET Haf
HabopoM afanTMBHbLIX NapaMeTpoB 4.
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.3 Moaynu, HaCTPOMKUN, CUTHabl U 3Ha4YeHUS
Mpumepbl NpuMeHeHUs HabopoB afanTUBHbBIX NapaMeTpPoB
* AlB: aBTOMaTU4eCcKoe NOBTOPHOE BKJIOYEHME C 2 NOoMNbITKaMun
o 1-9 nonbITKa: xapakTepnctuka DEFT, cTaHgapTHOE OTKJIlOYEeHME
o 2-9 NonNbITKa: XxapakTepncTuka INV, 4yBCTBUTENbHOE OTK/IOYEHNE
* MCXH: 6n10KnpoBKa OT NYCKOBbIX TOKOB
o 3anyck ABuraTens, 3aluTa oT AeceHcnbnnmsaunm Toka
* BHO: yckopeHuMe npu BKAKYEHNN Ha KOPOTKOE 3aMblKaHne
o 3awuTa oT geceHcnbunmsaumm Toka
¢ ANSI 51C: TOK C NYCKOM MO Hanpsi>XeHnto

o [eHepaToOp, ABUraTesb, 3aL4mUTa OT neceHcnmbunumsaumm Toka
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1 MCDTV4 — paclwmpeHHas anddepeHumanbHasa 3almTa TpaHcpopMaTopa
1.3 Moaynn, HaCTPOWMKKN, CUrHabl N 3Ha4YeHUA

1.3.3 OTobOpa>keHMe COCTOAHUA

B okHe cocTosiHMSA B MeHIo «PaboTa» 0To6pa>KaeTc9| TeKyllee COCToAHMne BCeX CUIrHaOoB.
ITO O3HA4aeT, YTO MOXXHO BUAETb, HAX0OUTCA KOHerTHbII7I CWUrHan B AaHHbLIN MOMEHT B
aKTUBHOM MNSIN B HEAKTUBHOM COCTOAHUUN. MOXXHO BUOETb BCE CUrHaslbl B
OTCOPTMPOBAHHOM MO 3aLLUNTHBLIM 3/IeMeHTaM/MoayNaAM nopanke.

CocTtossHMe Bxoga Moaynsa/curHana... CocTosiHue oTobOpa>kaeTcs Ha NaHenm
ynpaBJiIeHUA B BUae...

«HeaKT_» [ JIoxb [/ «0» O

«aKT_» / |/|CT_/ «1»
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTa TpaHcdopmaTopa

1.3 Mogynu, HaCTPOMKUN, CUTHabl U 3Ha4YeHUS

1.3.4 CTpyKTypa MeHIo

CprKTypa MEHI0 UMeeT cnefylolime 3/ieMeHThbl BbiCLLIero ypoBHA. BXxoa B BETBb MEHI0
OCYLLECTBNAETCA HaXXaTNem I'IpOFpaMMHOI7I KHOMKW p. [1pOrpamMMHble KHOMKN A 'Y
NMNO3BONAOT NMepexognTb K npe,u,bl,u,yu.l,e|7| nnn cne,u,yrou.l,e|7| BETBW.

2 PaboTta

~

\
N M 30ecb Haxo4ATCS AaHHble peXxiMa paboThl.
KN

;aﬁora

?gl—’ * N3MepeHHble 3HaYeHns
* CTaTuUCTUKa
- * OTobpakeHne coCTOAHUSA
e [laHHbIE O CHETUYMKE N BEPCUN

* PerucTtpaTop owwmnbok, Pernctpatop cobbiTuit,
PernctpaTop HEMCnpaBH.

e CamogmarHocTuka
* NMoaTeepanTb, Cbpoc

2 NMnaHupoBaHMe YCTPOUCTBA

/J E| O6bI4HO 3TO NMepBbLIN 3Tarn BBOAA YCTPOWCTBA B
MnaHup_ ycTp_ SKCrJlyaTauuto.

KHiw.
Bk/to4aloTCst HE06XOAUMBIE U BbIKJTIOHAIOTCSH HEHYXHbIE
3/1EMEHTBI.

HPT_ZAM

BbibrpaeTcs npotokon (SCADA) cBSI3M C NoACTaHLMEN.

2 MapaMeTpbl yCTPpOUCTBA

B aTO BETBM MEHIO npeacTtaB/ieHbl BCe HaCTpOIZKI/I,
HanpamMyr CBA3aHHbIE C yCTpOI7ICTBOM, Hanpmnmep,

| A | .
* LKN(POBLIE BXOAbl N BbIXOAbI;
g . Ccau;
* HAaCTPOWKWN PErncTpaTopos;
* HAaCTPOWKW CBA3N.
: 8 CucTeMHble NnapaMeTpbl
E Bg 50/60 o
: \/ O6bI4HO 3TO BTOPOW 3Tan BBOAA B IKCMNJyaTauunio —
c CuctlNap HaCTpoOWKa CBOWCTB MNoJs, Hanpumep,
: KEww .
= * HOMWHAJIbHOWM 4YaCTOTbl, HANPSXXEHUs, TOKa;

HPT_ZAO

* KO3I(hpuumeHTtos TT u TH;
* Tuna nogkno4veHnsa TH (Pa3H Hanp, JIMH_ Hanp_).
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1 MCDTV4 — pacwmpeHHasa anddepeHumanbHasa 3almTa TpaHcpopMaTopa
1.3 Moaynn, HaCTPOWMKKN, CUTHabl N 3Ha4YeHUA
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MapameTpbl 3aLLUTDbI

30ecCb HaxoAAaTCA BCe HaCTpOVIKVI 3awnTbl, nMmerLine
OTHOLUEHNE K KOHKPETHbIM 3aLlNTHbIM PYHKLNAM.

HacTponkn Ka>xa4oin 3amMTHOM (YHKLMK CrpynnpoBaHbl

no cnegyrwwmnm Tunam:

* [MapameTp obLien 3aWwmnThI
* Habop 1 ... Habop 4

* Nepekn_ HM (MepeknioyeHne Habopa napameTpoB)

dNeMeHT ynpaBnieHus

HacTponkn KOMMYTaUMOHHbIX YCTPOWNCTB.

» Kaxpgoe yctponctso HighPROTEC ¢ HanmeHoBaHueM
«MR...» nNo3sofseT ynpasssaTb 1 KOMMyTaUNOHHbIM

YCTPOWCTBOM.

* Kaxxpoe yctponcteo HighPROTEC ¢ HanMeHoOBaHUEM
«MC...» Mo3BONAET yNpaB/aATb 6 KOMMYTaLWOHHbLIMA

yCTpONCTBaMN.

Jlornka

* 1o 80 nornyeckux ypaBHeHun
* 4 wnw3a Ha BbIbop

* 4 Bxoga, 4 BbIX04a Ha Ka)X[oe ypaBHEHue

e OYHKUMM TarkMepa 1 NamMaTn

CepBuc

DTa BETBb MEHIO Hy>KHa B OCHOBHOM [J151 TPOBEPKM.

Mpumep.

e Bbixoabl «MpuUHYANTENbHO»/«OTKOYEHNE»

e AHaJIOroBbIN BXO W BbIXOAbl «[TPUHYANTENbHO»/

«OTKAO4YEeHne»

* Vicnonb3oBaHue BHyTpeHHEro reHepaTtopa CUrHasios/

cboeB

* MNepe3arpyska 3alWNTHOIro YCTPONCTBa

MCDTV4
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1 MCDTV4 — pacwmpeHHasa anddepeHuymanbHasa 3awmTa TpaHcopMaTopa

1.3 Moaynn, HaCTPOWMKWN, CUrHabl U 3HaYeHUA

1.3.5 MnaHupoBaHue yCTpPOUCTBA

Mo nnaHnpoBaHnem paGOTbI yCTpOI?ICTBa NMOHNMMaeTCd orpaHn4eHmne ero
PYHKLMNOHANIbHbIX BO3MOXXHOCTEN [0 TOW CTENeHMN, KOTOpa“d Tpe6yeTc;| Ona BbIMOJIHEHUA
KOHerTHOIZ 3a4a4Kn no 3aunTe,T. €. YCTDOVICTBO AO0JIDKHO OT06pa)KaTb TOJIbKO Te
PYHKLNN, KOTOPbIE OEeNCTBUTENbHO HY>XHbI MOJ1b30BaTeEJO.

Tak, HanpuMep, ecan OTKYNTb (PYHKLNIO 3aLMTbl HANPSAXKEHUSA, TO COOTBETCTBYOLLNE
3TON (pyHKLMN NapaMeTpbl He ByayT oTobparkaTbCa B APEBOBULAHOM KaTaJsiore
napameTpoB. OAHOBPEMEHHO C 3TUM ByayT TakXKe OTK/0YEHbI BCE CONYTCTBYOLNE
cobbITNS, CUrHaNbl U T. M. ITO crnocobcTByeT 6onee NOHATHOMY NMpeacTaBEHUIO
APEeBOBUAHbIX KaTaoroB NnapameTpoB. MNaHnpoBaHne Tak)Xe BKJIIOYAEeT HAaCTPONKY
OCHOBHbIX CUCTEMHbIX AaHHbIX (4aCTOTbl U T. M.).

OpnHako Heob6xoanMo MPUHMMaTb BO BHUMAHME, YTO OTKJOYEHUE 3aLNTHbBIX (PYHKL NI
M3MeHSeT CMNCOK AOCTYMHbIX PYHKUUNA YCTPONCTBA. ECM nosib3oBaTelb OTMEHUT
HanpasJIeHHYI0 PYHKLMIO 3aLlUUTLI OT MNpeBbllleHnsa OOMYCTUMOro 3Ha4YeHuns ToKa, TO
YCTPONCTBO HEe 6y,D,ET CpaﬁaTblBaTb HamnpaBJ1EHHO, a TOJIbKO HEHalMNpPaBJIEHHO.

MpeonpuaTne-u3roToBUTESIb HE HECeT OTBETCTBEHHOCTb 3a TeJieCHble NoBpeXaeHus
nnn MaTepVIaJ'IbeH;I yu_l,ep6 B pe3yJibTaTe HeNMnpaBMJIbHOINo rNMNJiaHMpPoBaHUA.

Ycnyru no naaHMpoBaHMIO Tak)Xe OKasbliBaloTCA KoMnaHuen Woodward.

OcTeperanmtecb HeNpegHaMepPEHHOIr0 OTKYEHNS 3aLlWNTHBLIX QYHKLUA Uan MOAYNEN.

Mpwn OTKJlOYEHUN MOoAYNel B NpoLiecce nNaaHMpoBaHUsa paboTbl yCTPOMCTBa BCe
COOTBETCTBYIOLLME 3TOMY MOAYJIO MapaMeTpbl NPMMYT 3HAaYE€HMS MO YMOJIHaHUIO.

MNpV NOBTOPHOM BKJIIOYEHUM OJHOIO M3 3TUX MOAYyel BCe COOTBETCTBYOLME I3TUM
MOZYJISIM NMapamMeTpbl MPUMYT 3HAYEHUS MO YMOIYAHUIO.
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1 MCDTV4 — pacwuupeHHasa gugpgepeHumanbHasa 3alimTa TpaHcgopMaTopa

1.3 Moaynn, HaCTPOMKKN, CUrHa bl N 3Ha4YEeHUA

1.3.6 MapaMeTpbl yyacTKa
B NMnapaMeTpax y4aCTKa MOXXHO HaCTpPONTb BCE NMNapaMeTpbl, UMellne OTHOLLEHNE K
nepsnyHom obMoTKe TpaHchopMaTopa 1 crnocoby paboTbl C 3NEKTPUYECKON CEThLIO,
Harnpmmep 4aCToTy, a TakKXXe OCHOBHblIE N OOMNOJIHUTEJIbHbIE BEJNTMHNHbI.

Bce mapameTpbl y4acTKa AOCTYMHbI B BeTBU MeHto [CucTlapl.

MoppobHblie Tabnnubl U ONMCaHNE BCEX MApPaMETPOB CM. B CMPaBOYHOM PYKOBOACTBE K
ycTponctesy MCDTV4.
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1.3.7

1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.3 Moaynu, HaCTPOMKU, CUTHabl U 3Ha4YeHUS

MapaMeTpbl ycTpOUCTBA
Hdata n Bpems

B meHto [MNap_ycTp_/ Bpemsal «/[laTta u BpeMs» MOXXHO HaCTpPOUTb AaTy 1 Bpems (B TOM
4yucsie MMeeTCs MOAMEHI0 YaCOBOIro Nosica N HaCTPOeK nepexofa Ha JIeTHee BpeMs).

Bepcus

B meHto [Map_ ycTp_/ Bepcusa] MOXKHO Noay4YnTb MHGOPMaLLMIO O BEPCUM MPOrPaMMHOIro
1 annapaTHoro obecneveHus.

OT1obpa>keHune kogos ANSI

BkntounTtb oTobparkeHne koaos ANSI Ha naHenun ynpasneHns yctponctesom (M4M) MoXKHO
B MeHto [MNap_ycTp_/ NYM] «[lokazaTb Homep ycTp_ANSI».

Smart viewOgHako B [10 nMeeTca CBOe MeHIo yrpasneHus otobpaxeHuem konos ANSI,
KOTOpOEe He 3aBUCUT OT NaHesn yrnpasieHnUs YCTPONCTBOM (CM. pyKOBOACTBO
nonb3osaTtens NO Smart view).

MCDTV4-3.6-RU-MAN MCDTV4 51



1 MCDTV4 — pacwuupeHHasa gugpgepeHumnanbHasa 3alimTa TpaHcgopMaTopa
1.3 Moaynn, HaCTPOWMKKN, CUrHa bl U 3Ha4YeHUA
1.3.8 CyeTuuku cOpoca, 3HA4YEHUA U 3anNUcH
Py4Ho#M cbpoc
B meHto [PaboTa / CHpoc] MOXKHO:
¢ 0OHYNATb CYHETUYUKMY;
* yOoansaTb 3anucK (Hanpumep, 3anN1Ucn 0 HapyLUEHUAX);

¢ 0OHYNISATb HEKOTOPLIE NapaMeTpbl (TakKne Kak CTaTUCTUKA, TernJioBas Moaesib U
T.M.).

OnncaHnsa AOCTYMNHbIX KOMaHA cOpoca MOXXHO HAaNTU B OTAE/IbHOM AOKYMEHTE MoA
Ha3BaHneM «MCDTV4 CnpaBo4HOEe PYKOBOLCTBO».
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1.4

1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.4 be3onacHOCTb

be3onacHoOCTb

Ob6Limne nono>xeHms

OCTOPOXXHO!

Bce HacTporkn 6e30nacHOCTU A0XKHbI BbINOJIHATLCA NOJIb30BaTENEM YCTPONCTBA
MCDTV4! HacTtosaTenbHO peKkoMeHOyeTCsa B KOHLe rnpoLeanypbl BBOAA B 3KCrJlyaTauuio
NPUBECTN HACTPOMKKM 6e30NacHOCTN B COOTBETCTBME C MECTHbLIMU NpeanucaHnaMn n
TpeboBaHUAMMN.

Ha MoMeHT nmocTaBku ycTponctea MCDTV4 MakCcMMaibHOE YUCJI0 HAacTPOEeK HaxoOonTCs B
«OTKPbITOM» COCTOSIHUU, T. €. BCE€ OrPaHNYeHNs 4O0CTYyNa CHATbI. DTO NMO3BOsAET
UCKJTIOYNTb HEHYXXHbIE CNIOXKHOCTUY Npu BBOAE B 3KCryaTauuto. OgHako kKorga
ycTponcteo MCDTV4 6ypeT 3anyLieHo, BEpOATHO, NoTpebyeTca HECKOJIbKO OrpaHNYnTb
[OCTyn. B yacTHoCTK Heobxoanmo ByaeT y4ecTb Crieayolme acneKkThbl.

Mo ymon4aHuto nogkntodeHmne Smart view kK MCDTV4 yepes USB-uHTepcenc paspelieHo
(6e3 naponsa), ogHako ceTeBor aocTtyn no TCP/IP oTKA04YeH (CM. «MNaponn gns
noakatyeHnsa K Smart view»). Mo coobpa>keHnsamMm 6e30nacHOCT peKkoMeHayeTCs
W3MEHUTb 3TN HAaCTPOWKN Cpa3y Nocjie BBOAA YCTPOMNCTBA B dKCMayaTaLmio.

OCTOPOXXHO!

HacToaTenbHO peKoMeHAYyeTCs 3aMeHNTb CTaH4APTHbLIE Mapoaun (> «1.4.2 Maponn no
YMOJIHaHWI0») Ha HOBbIe, COOTBETCTBYIOLLME YPOBHIO 6€30MacHOCTN NPUIOXKEHNS (CM.
=> «1.4.4 N3meHeHne naposien»), Hanpumep 3afaTb pPa3Hble Mapoan A pasHbIX
obnacTen /ypoBHen oocTtyna. 3T1o obecneymBaeT BO3MOXKHOCTb HAaCTPOMNKMN
WHOMBUOYaNbHOrO AOCTYMa AN pa3/InYHbIX FPYnn rnojib30BaTenen.

0630p HacTpoek, cBA3aHHbIX ¢ 6e30NacHOCTbIO

B BeTBM MeHto [PaboTa / BesonacHocTb] coaep)KaTcsa cBeAeHNs 0 HAaCTPOMKaXx,
CBSA3aHHbIX C 6€30MacHOCTbIO. B YaCTHOCTM MOXXHO Y3HaTb ClieayloLlee:

* OCTaBJ/ieHbl CTaHAapPTHbIE MapoJin ANda noaKAt4YeHnaA (cm. I|=[> «1.4.3 Maponn gns
MOAK/YEHMSA K Smart view») nam n3amMeHeHbl Ha NoJIb30BaTE/IbCKNE 3HAYEHUS;

* paspeLlueHo i nogkodeHne Smart view (cm. <> «1.4.3 JocTyn Yepes Smart
view»);

*+ Kakoe BbI6GpaHO NpaBo Ha nepektoyeHmne (cM. L=> «5.2 MpaBo Ha nepeknoyeHne»);

* KaKoli BbIbpaH OXBaT NPV BOCCTAHOBAEHMNM 3aBOACKMUX HacTpoek (cM. 5> «Bo3spaT
K 3aBOJICKMM HaCTponKaM, cbpoc BCceX Maposien»).

MMONHbBIM CANCOK HAaCTPOeK, AOCTYMNHbIX Ha 3TOW CTpaHuue, CM. B riase «be3onacHoOCTb»
CMPaBOYHOro PyKOBOACTBa K ycTponcTtsy MCDTV4.

Korpga 6e3onacHocTb UT nmeeT NnpuHUMNManbHOE 3HaYEeHNE, PEKOMEHAYETCSA NPOBEPUTDL
BCE 3TW HACTPOMKN NpK BBOAE YCTPONCTBA B IKCMJyaTaLnto, 0AHAKO C/ierno nonaraTbCs
Ha HUX He cTonT. Ecnm nosib3oBaTeslb U3MEHUT Mapob O1a nogkovyeHns Yepes USB,
HanpuMep, Ha «1», TO Ha 3TOM CTpPaHMLEe NOSABUTCA 3anucb «Maponb ansg USB-nogkn.» =
«Onp. NoNb3.», 0AHaKO 3PPEKTUBHOCTb NOAOOHON 3alWMThl BECbMa COMHUTEBHA.
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1.4 be3onacHOCTb

1.4.1

54

CoobLeHuns no 6e3onacHOCTH

MNpefyCMOTPEH CreunanbHbil perncTpaTop CaMoAnarHoCTUKK, UMeHyeMblin CoobLieHns
0 camoamnarHocTuke. OH cobrpaeT BHYTpeHHME CO0bLEeHNS YCTPONCTBA Pa3INYHbIX
TUMOB, U B TOM 4ncsie 0 COBbITUSX, CBA3AaHHbLIX C 6€30MacHOCTbIO (HanpuMep, ecnu 6bin
BBELleH HEBEPHbIA Naposib). PekoMeHayeTCs BpeMsi OT BPEMEHM NPOoCMaTpPUBaTb 3TH
3anucu.

CoobuieHns no 6€30macHOCTU Tak)Xe MOXKHO NPOCMOTpPEeThb B BeTKe MeHo [PaboTa /
Be3onacHocTb / XKypHan 6e3onacHocTu].

CeTeBas be3onacHoOCTb
CBa3sb SCADA

CnepyeT OTMEeTUTb, YTO UCNoJib30BaHMe NpoTokonoB SCADA Bcerga COnpsi>KeHo C
onpeneneHHbIMM pruckamu. MogpobHyo MHHOPMALINIO MOXKHO HAaTK B TEXHUYECKOW
nmMTepaType.

be3onacHOCTb MHTpaceTHn

Ecnu uHTepdenc Ethernet yctponctea MCDTV4 nogksoyeH K ceTu, TO NoJib3oBaTeslb
[OJKeH caMocToAaTeNlbHO obecnednTb Bce HeobxoauMble cpeacTBa A5 3allnThbl CeTU
KOMMNaHUW. B 4aCTHOCTN HeobXoAMMO rapaHTUPOBaTh, YTO BHELUHWA JOCTyN (T.e. U3
NHTepHeTa) K ycTponcTey MCDTV4 HeBo3MOXXeH. O3HaKOMbTECb C COBPEMEHHbIMU
TexHonornamm (MexxcetesbiMu aKkpaHamu, VPN u T. n.)!
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1 MCDTV4 — pacwumpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.4 be3onacHOCTb
1.4.2 Maponmu
Tunbl naponen

Maponn 6biBatOT ABYX TUMOB:

e [Mapoan onsa NoAKIYEHNS NO3BONAIOT YCTaHaBAMBaTb coeanHeHne ¢ pabo4nm
nporpamMMHbIM obecnevyeHnem Smart view. (CM. > «Maponu ana nogknoyeHuns k
Smart view».)

e [Maposan ypoBHA AoCTyna TpebyoTca ANa BHECEHUSA U3MEHEHUN B HAacTPOMKK. (CMm.
«[Maponun ypoBHA AOCTyNa».)

MpumevaHne. Maponu ANA NOAKAIOYEHUA BrepBble nosasnancek B sepcum HighPROTEC
3.6. MprYNHOM MOCAY>XXNJIO TO, 4TO, Ha4YMHasa C Bepcumn 3.6, BCe COeANHEHNSA Mexay
MCDTV4 n Smart view CTann NOJHOCTbIO LUNGPPOBATLCA C MOMOLLbIO COBPEMEHHbIX
KpUNTOrpaduyeckmnx anroputmoB. (CM. Takxe L=> «1.4.3 Smart viewlNoako4eHme K »).

3afaHHble NapOoIN XPaHATCHA B NOCTOSAHHOMN NamMaTu MCDTV4 n He yaansaiTcs npu
0OHOBJIEHMN MUKPOMPOrpamMMbl (3TO OTHOCUTCA K NaponsaM obomx TUMNoB).

Maposn no ymosdaHumio

Mo ymon4yaHuio AN Bcex naposen (NoakJtoYeHns N ypoBHS A0CTYyMNa) NPoM3BoANTENIEM
yCTaHaBJIMBAlOTCS CTaHAapTHbIE 3HaYeHUs, He obecneyrBatlolle HUKAKOW 3allinTbl OT
HeCaHKLUMNOHUPOBAHHOIro AOCTYynNa.

e Maponn gna NogKAl4YeHUs, Kak NpaBnio, oCTaBAAIT NyCTbiMK (T. €. OHM BoobLLE
He 3anpalwnBatoTcs).

e [1n9 BCEX Maposien ypoBHSA A0CTyNa YCTaHaB/MBAETCSA CTaHOapTHOE 3HavYeHune
«1234».

LWTpagHOe BpeMs npu HeBepHOM BBoAe Naposs

BBopn HeBepHOro napons (He3aBUCUMO OT TOro, KAaKOM 3TO Napob, Naposb ANs
MOAKJIIOYEHNS NN NapoJib YPOBHSA AOCTYMa, U HE3AaBUCUMO OT TOrr0, Kak OCyLWeCTBAAICA
BBof4, Yepe3d UYM nnn Smart view) nHMumMnpyeT COCTOAHUE «LWTpadHOE BPeEMS».
Mporpamma MCDTV4 Bce 6onbluee BpeMs 610KMPYET BBOA Naposis — A0 Tex Nop, Noka
He byneT BBEAEH BepHbIN Maposb. O6 3Ton 610KMPOBKe Nosib30BaTENS UHPOPMUPYET
cneumnanbHoe coobuieHne. B neprop 6/10KMPOBKM 3TOT TaiMep BAUSET TOJIbKO Ha BBOS,

naponen (To eCTb, KHOMKa m Ha NYM) n He BnokunpyeT apyrmne oencTems
nosib3oBaTenNs, KOTopble He TpebyloT BBOAA Napons.

3abbITbI Naposab

Ecnu Ha)KaTb Knasuwy «C» BO BpeMs XOJI04HOI0 nepesanycka, 0OTKpoeTCcs AManiorosoe
OKHO cbpoca (nNpn ycnoBum, 4To OHO He BbIsI0 OTKKYEHO). B HEM MOXXHO COpoCUTbL BCe
Mapoan U BOCCTAHOBUTb 3HAa4YeHUs MO YMOHaHMIO (CM. > «1.4.2 Maponun no
YMOJIHaHUIO»).

CBefeH1s 0 AVNasioroBoM okHe obLero copoca cm. B pasgene => «Bo3spaT k
3aBOJICKMM HaCTpoWnkam, cbpoc Bcex naponemn».
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1.4.3 Maponu pna nopknoyeHusa K Smart view
Smart viewl'lo,quoqeuue K

OOHuM 13 cbyHOaMmeHTaNbHbIX TpeboBaHUn «MT-6e30nacHOCTU» ABASETCSA
npenoTBpalleHne HeCaHKLMOHUPOBAHHOIO AOCTYMa K AaHHbIM, NepefaBaeMblX
onepaTtopoM Ha ycTponctso MCDTV4 n obpaTHo.

MoaTomy Bce coeanHeHns mexay MCDTV4 n Smart view NoNHOCTbIO WNpPYTCS C
MOMOLLbIO COBPEMEHHbIX KpUNTOrpamnieckmnx aaropmTMoB.

Woodward npenocTaBnasieT Ana KaxAoWn yCTaHOBNeHHON Bepcuun Smart view (Ha4ynHas ¢
Bepcuun 4.70) n gna kaxxgoro yctponctea HighPROTEC (HauynMHasa c Bepcun 3.6)
KpunTorpadunyeckmne cepTudmnKaTbl, KOTOPblE aBTOMaTUYECKN NepenatoTcs npu
noakatoydeHnn. CtopoHbl (MCDTV4 n Smart view) NnpoBepstoT NoJlydeHHble CeEPpTUPUKATSI,
4yTO06bl YAOCTOBEPUTLCA B MOAJNMHHOCTY APYr Apyra.

[aHHas PyHKUMA 3alLUNTbl, OCHOBAHHAsA Ha KpUNTOrpacunyecknux anropmTmax, AOCTyrnHa
MO YMOJIHaHUIO: MOJIb30BaTENAM HE Haf0 HMYEro OTAEsIbHO HacTpanBaTb UN
npoBepsThb.

Hdoctyn Yyepe3 Smart view

Ewe ogHUM pyHOamMeHTanbHbIM TpeboBaHeM «UT-6e30nacHOCTH» ABNAETCSA
npefoTBpalleHne HeCaHKLUOHMPOBAHHOIO AOCTYNa K JINYHbIM CUCTEMaM
nosb3oBaTesien, BKAYada 3aWnTHOe ycTponcTeo MCDTV4. K ycTtponctsy MCDTV4
MO>XHO MOJTy4UTb AOCTYM C NepenHen naHenn nnm 4yepes paboyvee nporpaMmMHoe
obecrnevyeHne Smart view.

MockoNbKy NCNOJSIb30BaHNE NepeaHen NaHenn npeanosiaraeT JIMYHOE NMPUCYTCTBUE, PUCK
HEeCaHKLMOHUPOBAHHOIrO AOCTYMNa B 3TOM CJly4ae OTHOCMTE/IbHO HEBLICOK — B OTJINYME
OoT Apyroro cnocoba, Korga [OCTyN OCYLWECTBSETCS yAa/leHHO Yepe3 Smart view,
ocobeHHO ecnun ycTponctso MCDTV4 nogkntodeHo K ceTn Ethernet / TCP/IP.

* B uensax 6e30nacHOCTN MeeTCsa BO3MOXXHOCTb OTKJIYUTb AO0CTYN K Smart view
yepes3 USB-uHTepdenc. Ona sToro Heobxoammo HacTpouTb napameTp [Map_ycTp_/
Be3zonacHocTb / CBA3b] «Smart View yepes USB». 1o ymon4aHUto 3TOT TLN AOCTyna
pa3peLueH.

e Tak>XXe MMeeTCs BO3MOXXHOCTb OTKJIOYNTb AOCTYN K Smart view 4epes Ethernet. g
3TOro Heob6xoaMMo HacTpouTb NapameTp [Map_ycTp_ / Bbe3sonacHocThb / CBA3b]
«Smart View yepe3s Eth». 1o yMoN4aHNO 3TOT TWUM A0CTYNa pa3peLueH.

Ecnn onga oTkno4YeHuUa gocTtyna K Smart view NCroJib3yeTcd CaMO npuioxeHume Smart
view, To TEKyLLI,VIVI CeaHC aBTOMaTU4YeCKN NnpepbIBaeTCA.

Maposaun ana nogknodeHmnsa K Smart view

EcTb ABa naponsa onsa nogkaiyeHus. B Havyane ceaHca yCTponcTBO Smart view npocuT
BBECTM Naposib, N ecnn oH byaeT BBeleH BEPHO, TO NOAKJ/OYEHMNE YCTAaHOBUTCSA. (IDTOT
Lwar nponyckaeTcs, TOJIbKO eCcan naposb BoobLe He 3a4aH.)

* NMopknwoyeHnue yepes USB — gng nogknwyeHns Kk Smart view 4yepes USB-

MHTepdeNnC HY>KHO BBECTU «NapOob OJ1 IOKAJIbHOr O MOAKII0YEHUS» (NO
YMOJITHaHWUIO OH He 3adaH).
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* MopknioyeHue K yaaneHHOW ceTu — A58 NoAKAYeHna K Smart view 4yepes
Ethernet Hy>KHO BBeCTM «Naposb ANA NOAKOYEHUS K yAAaNeHHON ceTu» (No
YMOJTHaHWUIO OH HE 3aJaH, U 3TOT TMUN AOCTYNa N0 YMOMYaHUIKO OTKJ/IOYEH, CM.
«1.4.3 OocTtyn Yyepe3 Smart view».)

N3MeHNTb Naposib AN NOAKIOYEHNS MOXHO B Smart view, 0TKpbIB BETKY MeHto [[Map_
ycTp_/ BesonacHocTb / Maposib] n ABaXKAbl LLENIKHYB MapoJib.

ObpaTnTe BHUMaHMe, 4TO Napoan AN1S MOAKIIOYEHWNS OTIMYAOTCS OT NapPoOsIEN YPOBHS
poctyna (cm. 5> «1.4.4 Beoa naponsi ¢ NOMOLLbI0 NaHen») cneayoLmmm
XapaKTepucTukamm:

* [laponn ona Nooko4YeHNss MOXKHO BBOOUTb U U3MEHATb TOJIbKO B Smart view (a Ha
naHenn N4YM yctponctesa MCDTV4 — HeT).

OOHaKo MOCTOSAHHO XpaHATCA Mapoaun Ha ycTtponctese MCDTV4, a He B Smart view.
MosTomy Npu Heob6XoAMMOCTU Ana NoAKAYeHNs K Kaxgomy pene HighPROTEC
MO>XHO 3aZlaTb OTAE/IbHbIA Napoib.

* B oT/Myne oT naposneit ypoBHa poctyna (=> «1.4.4 VismeHeHue naponeit») naponu
ONSA NOAKJII0YEHUA MOTYT coep>XaTb He TONMbLKO uugpsl 1, 2, 3, 4 n He nMerT
OrpaHMYeHns no AsanHe B 8 CMMBOJIOB (MOryT coaepXaTb 64 cnmBona u 6onblue).
Maponb 019 NOOKIOHYEHNS MOXKET NPeaCcTaBAATb COO0N NPON3BOJIbHYIO
rnocsenoBaTeNbHOCTDb NOObIX MevyaTHbIX cnMBO10B (KOHMKOA), BKOYasa npobensl.

Maponu no ymon4aHuio (Cm. > «1.4.2 Maponu no ymon4aHuio») He obecnevymsatoT
OOJDKHYIO 3alLUTY.

B uensix 6e30nacHOCTN HACTOSTENIbHO PEKOMEHAYETCS Cpa3y U3MEHUTb UX B
COOTBETCTBMM C MECTHLIMU HOPMaMU.

Mpn Heo6X0ANMMOCTU, MOXKHO BoObLLIE yAaIMTb BCE NMApOX, €C/IN 3TO AOMNYyCKaeT Balla
nonuTuka 6esonacHocTn. Torga naposv He 6yayT 3anpalinBaTbCs, U AOCTYN CTaHeT
MOJIHOCTbIO OTKPbITbIM. OZIHAKO Mbl HACTOSTE/ILHO HE PEKOMEHAYEM O0TKA3blBaTbCs OT
BCEX MapoJieil, 1 0CO6EeHHO OT CETEBbIX.
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1.4.4 Maponu ypoBHA AocTtyna

Maponn ypoBHA fgocTyna TpebyoTcs Npy BHECEHUN U3MEHEHUI B HAaCTPONKKN Yepe3
Smart view n HanpsaMyio ¢ naHenu N4YM.

Ka)kabln HacTpanBaeMblil NapaMeTp MMeeT ypoBeHb 6e30nacHOCTK (Mam nHave —
o6nacTb/ypoBeHb A4ocTyna). OnucaHue ypoBHeit focTyna cM. B pasgene => «YposHu
JOoCTyna».

Mpexxae 4emM M3MEeHUTb HAaCTPOKY, Haf0 BBECTW Naposib, 4TOObI BOMTY Ha

COOTBETCTBYHLLNIA YPOBEHb A0CTYNa. (3aTeEM N3MEHEHNSA MOXXHO BHOCUTbL 6e3 naposns,
MOCKOJIbKY YPOBEHb A5l Bac byneT pa3biokmpoBaH.)

BBon naposis ¢ nOMOLLbIO NaHeun

Ha naHenn NYM ycTponctea MCDTV4 MOXXHO BBOAUTL rMaposib YPOBHSA AOCTynNa C
MOMOLLbIO MPOrpPaMMHbIX KHOMOK.

HPT Z91

1 2 3 4

Mpumep. Onsa BBoAa napons «3244» nocnefoBaTesIbHO HaXXMManTe cieayoLine
KNaBuLWn:

* Knasuwa 3
e Knasuwa 2
e Knasuwa 4
* Knasuwa 4

Mpn aKTUBHOM MOAKOYEHUN K Smart view npunoxxeHune Smart view 3anpawnsaeT
naponun. BBoanTb Ux cnenyeT C KJaBUATYypbl KOMMbIOTEpPA.

N3meHeHHne naponen

Maponn ypoBHSA AOCTYyNa MOXHO U3MEeHUTb B MeHto [[Map_ ycTp_/ be3sonacHoCTb /
Maponbl.

lMaposib ypoBHS AOCTYrNa AOKEH NMPencTaBasTb cobon kKombuHauuwo unpp 1,2, 3nd un
UMeTb ONNHY He 6onee 8 ungp. Maponb He OONXKEH coaep)XaTb APYrUX CUMBOJIOB U MpuU
€ro BBOAE He MOryT UCMNO0JIb30BaTbCA APYrne KaaBuLLn.

MoaTBep>xpaeHne 6e3 BBoga napons
Q [Ons nonyyeHns obLiei NHhoPMaLIMM 0 MOATBEPXAeHUAX cM. pasgen >
— «MopTBepxaeHns». CeegeHns 06 061acTax/ypoBHSAX AOCTyNa MOXHO HaWTW B pasaene

«YPOBHWU O0CTyMNa».
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HaunHas ¢ HighPROTEC Bepcuun 3.6, noateBepanTb CAN MOXHO Ha>kaTueM Knasuim «C»
B TedeHue 1 cekyHabl. [MoapobHee cM. B pasfene > «1.5 [MoaoTBep)XxaeHne Bpy4vHyo
(Ha>xkaTmeMm kHonku C Ha NaHesnn yrpaBaeHUs)».

deakTnBauunsa naponeﬁ npu BBoae B 3Kcniayataynio

Mpn BBOAE YCTPOMCTBA B IKCMJIlyaTaL MO MOXKHO BPEMEHHO OTKJ/IOYUTL Napoau.
Ncnonb3oBaHue 3Ton MyHKUUM ONA OPpYrUX Lesien, kpoMe BBoAa B dKCrayaTauuio, He
ponyckaeTtcs. [1ng Toro, 4Tobbl OTKAOYMTb NAPOJIbHYIO 3aLUNTY OJ19 COOTBETCTBYHOLMX
obnacten pocTyna, 3aMeHMTEe CYLLECTBYIOLWNUIA Maposib NyCcTbiM. Bce ypoBHn/obnacTtun
[OCTyna, 018 KOTOPbIX NapoJib He 3afaH, ABJSAIOTCA NOCTOSAHHO pa3b10KNPOBaHHbLIMM.
DTO 03HAYaeT, 4TO BCE NapaMeTpPbl N HACTPOMKM B 3TUX 06/1aCTAX MOXKHO CBOHBOOHO
MEeHSATb.

OCTOPOXHO!

Bbl 4O/TKHbI yﬁe,D,I/ITbCﬂ, 4YTO NnocJsie BBOAa B 3KCrJiyaTaluio BCe NMapoJin CHOBa
aKTUBUNPOBaAHLI. 3T0 03Ha4aeT, 4To BCce obnacTtu AO0CTYMNa OO0JI>KHbI ObITb 3aLLMLLEHbI
HadeXHbIMU NMapoaamn.

Woodward He HeceT HMKaKOW OTBETCTBEHHOCTU 3a tobbie TPaBMbl NN NoBpeEXAEHNA,
Bbl3BaHHbI€ OTKJ/IIOHYEHNEM napoan0|7| 3alllnNThl.

Obwumne coobpakeHuns

Heobxoaumo ybeanTbCs, YTO paspeLleHns A4oCTyrna HaxXoasTCa Mo 3alnUTON HadeXHbIX
naposiei. 3TN Naposiv A0JKHbI ObITb N3BECTHbBI TOJIbKO YNOJHOMOYEHHbIM JLAM U
XPaHWTbCA B TalHe. Mapoan no ymosyaHuio He obecneymBatoT 3aWmTy OT
HEeCaHKLMOHMPOBAHHOIo AOCTYyMNa.

C1MMBO 3aMKa B MPaBOM BepxXHeEM yray AMCnaes nokasbiBaeT, aKTUBHbI 11 B HAaCTOALLUN
MOMEHT Kakune-nnbo paspewleHns goctyna. B pexnme «Read Only-LvO» B npaBom
BEPXHEM yry ancnnes 6yneT oTtobparkaTbCsi CUMBOJT 3aKPbITOro (3anepToro) 3amMka.
Ecnn akTuempoBaTb Ntoboe pa3pelieHne focTyna (Bbiwe ypoBHA «Read Only-Lv0»), B
MpaBoOM BEPXHEM Yrjy MOABUTCH CMMBOJT OTKPbLITOrO 3aMKa.

Ecnun npm HaCTpOVIKe I'IOTpE6yETCFI OTMEHUTb N3MEHEHWNE MNMapaMeTpa, HaXXMNUTE KaBuULly
«C». B €BSA3U C 3TNM noaTeep>xaeHme (cBeTOAMOAOB, BbIXOOHbIX pene...) 6y,u,eT
HEBO3MO>XHbIM [0 TEX MNMop, NokKa CyweCcTBYHOT HECOXPaHEHHbIE (Tonbko K3LIJVIpOBaHHbIe)
napaMeTpbl.

MeHI0 NnoaTBEPXKAEHHbBIX NapaMeTpoB ByAeT HeAOCTYNHO A0 TeX NMop, NOKa N3MEHEHHbIe
napaMeTpbl He ByayT NPUMeEHEeHbI K yCTPOMNCTBY (0603Ha4YaloTCA CUMBOJIOM «3BE3404Ka»
B MpaBOM BEPXHEM Yyriay).

CyLLecCTByOLLME NAPO/IN ABNAOTCSA MOCTOAHHBLIMM (OHW Ha3HaYeHbl yCcTponcTey). Ecau
CO3[4aHHbI B aBTOHOMHOM peXxume (aisi NnapaMeTpoB NepeaaeTcs Ha YCTPONCTBO MK
ecnu ann napaMeTpoB nepeaaeTcs C 04HOro yCTPOMCTBA Ha APYroe, 3TO He BAWSET Ha
CyLlecTByloLIMe Napon yCTPONCTBA.
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1 MCDTV4 — pacwmpeHHas anddepeHuymanbHas 3allmTa TpaHcpopMaTopa

1.4 Be3onacHoOCTb

1.4.5 YpoOBHM AocCTyna

YpPOBHM JOCTYNa UMEDT ABYXHACTHYIO NepapXUYecKyto CTPYKTYpPY.

Maponb pykosognTensa (agMmHncTpaTop) obecnevynsaeT OOCTYMN KO BCEM NapaMeTpam u

HacTponKaMm.
Supervisor-Lv3
KoHdurypaumsa ycTtpoucTtea
9 Prot-Lv2 Control-Lv2
& %
Q'? HacTponku 3awuThbl HacTpownkun ynpaBneHus %0
& A
)
f PI 1 c [ ] 1 %\-
*
¢ Prot-Lv1l Control-Lv1 %
Y %
c,,i? Cbpoc/MoaTs DieMeHTbl yrpaBneHus ooo
Q L)
2
L RO S
%

Read Only-LvO

HPT 793

TonbKO ANA YTeHus

Puc. 3: JoCTyrHble ypOBHU/pa3peLleHNs AOCTyna.

B cnepytowen Tabnmue nokasaHbl 06nactu goctyna. ObpaTnTe BHMMaHME, 4TO Kaxkaas
obnactb goctyna TpebyeT oTAENLHOro Naponsa asTopusaummn. (OgHaKo Npu Bo3BpaTe K
3aBOACKMM HacTponkaM Ha ycTtponcTee MCDTV4 gnsa Bcex naposien yctaHaB/IMBaeTCs
elUHOe CTaHJapTHoe 3HaveHue, cM. => «1.4.6 C6poc Bcex naponeii».)

CuMmBON
obnacrtu

&

kL

60

O6nacTb goctyna JocTtyn K:

Ha3BaHue ypoBHS YpoBeHb 0 obecnevynmBaeT OOCTYM TOJIbKO OJ1S YTEHUSA KO
poctyna (naHenb / BCEM HACTpPOMKaM 1 NapaMeTpaM YyCTPONCTBa. YCTPONCTBO
Smart view): BO3BpallaeTCs Ha 3TOT YPOBEHb aBTOMaTUYECKM Nocie

HaCTpPoOMKK nnn bespencrTeuns.
Read Only-LvO

Ha3BaHue ypoBHS
00CTyrna B CPaBO4HOM

PYKOBOACTBE:

«RO»

3anpoc naposad Ha 3TOoT Napoyib obecnedmBaeT AOCTYN K cOpocy n hyHKUMAM

naHenum / Smart view: noaTeepXXaeHusa. Kpome Toro, OH NO3BOJISET BbINOJIHATb
PYy4HbI€ CUrHaNbl TPUITEPOB.

Prot-Lv1l
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CuMmBON
obnacrtu

kL

EL

kL

Ob6nacTb goctyna

Ha3BaHue ypoBHS
00CTyrna B CPaBO4HOM
pPyKOBOACTBE:

«P.1»

3anpoc naposf Ha
naHenun / Smart view:

Prot-Lv2

Ha3BaHuve ypoBHS
[0CTyrna B CPaBO4YHOM
pPyKOBOACTBE:

«P.2»

3anpoc naposs Ha
naHenn / Smart view:

Control-Lv1

Ha3BaHuve ypoBHS
[0CTyrna B CpPaBO4YHOM
PYKOBOACTBE:

«C.1»

3anpoc naposs Ha
naHenun / Smart view:

Control-Lv2

Ha3BaHue ypoBHS
00CTyrna B CPaBO4HOM
PYKOBOACTBE:

«C.2»

3anpoc naposf Ha
naHenun / Smart view:

Supervisor-Lv3
Ha3BaHuve ypoBHS
[0CTyrna B CIPaBO4YHOM

pyKOBOACTBE:

«S.3»
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTa TpaHcopmaTopa

1.4 be3onacHOCTb

JocTyn K:

3TOoT Napoyib obecnedmBaeT AOCTYN K cOpocy n hyHKUMAM
noaTBEPXKAEHNS. B 0ONO/HEHNE K 3TOMY, OH NMO3BONAET
VM3MEHATb HAaCTPOMNKW 3aLlLNTbl U KOHUrypauunto
aucreTyepa OTKJOYEHNS.

[aHHbIN NapoJib OAET pa3peLleHne Ha onepaunmn
rnepekyeHns (nepekntoyeHmne KOMMyTaLMOHHbIX
YCTPOWNCTB)

[aHHbIM NapoJib AaeT pa3pelleHne Ha onepaumu
rnepekyeHus (nepekntoyeHne KOMMYTaLUOHHbIX
YyCTPONCTB). B fonosiHeHMe K 3TOMY, OH nMpefocrtasnaeT
OOCTYMN K HACTPOMNKaM KOMMYTaLNOHHbIX YCTPONCTB
(nepekntoyeHuto, 6510KMpoBKe, 06LWMM MapamMeTpam,
M3HOCY BbIKJIlOYaTENEeN...).

3TOT Napoyib obecnevymBaeT HEOrPaHUYEHHbIN OOCTYM KO
BCEM MNapamMeTpaM M HaCTPOMKaM YCTPONCTBa
(KOHUrypaLmm ycTponcTaa). 3To BK/OYaeT B cebs
njiaHUpoOBaHWe yCTPOMNCTBa, MapaMeTpbl yCTPONCTBA
(Hanpumep, oaTa n BpeMs), NapaMeTpbl y4acTKa,
rnapaMeTpbl 06CNY>XMBAHMA U NapaMeTpPbl JIOrNKW.
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1 MCDTV4 — paclwmpeHHas anddepeHumanbHasa 3almTa TpaHcpopMaTopa
1.4 Be3onacHoCTb

ECcnm yCTpOMCTBO OCTAeTCA HEAKTUBHbLIM B PEXXMME HAaCTPONKM MapaMeTpPOoB B TEYEHME
onpeaesieHHOro BpeMeHu, 3agaHHoro nosib3oBatesieM (ot 20 go 3600 ceKkyHA), TO OHO
aBTOMaTUYeCKN NepexoaunT B pexxmm «Read Only-Lv0». Bce HECOXpPaHEHHbIE N3MEHEH NS
TepaTCS.

Mouck obnacrei ¢ OTKPbITHIM [OCTYNOM

MeHtio [Map_ycTp_/ YpoBeHb [ocTynal coaepXnT nHpopMaLnio 0 ToM, kakue obnactu/
YPOBHWM AOCTyNa (pa3pelleHuns) B HacTosLee BpeMsa OTKPbIThl (pa3biokmpoBaHbl). B
3TOM MEHI0 Tak>XXe MOXXHO BonTwn B Ntobyto obnacte (pa3bnokmposaThb ee).

OpnHako nMpu NnoBCcegHEBHOM 3KCnyaTauum yctponcrtea MCDTV4 gaHHoe MeHio [YpoBeHb
[OoCTynal ncnonb3lyeTcs penko. Kak npaBnio, NPoCTO YKa3biBAETCA NYyTb K HY)>KHOMY
napaMeTpy 1 BBOAUTCS HOBOE 3Ha4eHue. Mpexxae 4eMm nsmeHeHue byneTt coxpaHeHo,
MosiIBAISIeTCS 3anpoc Ha BBOA Napons. ECim BEpHO yKasaTb €ro, COOTBETCTBYOLWAS
obnacTtb goctyna pa3bnokupyeTcs.

Ecnn nmetoTca pasbnoknposaHHble o6nacTy focTyna (pa3spelleHuns) Bollle ypoBHS «Read
Only-Lv0», To B NpaBOM BEpXHeEM Yriy aucnnes oTobpa>kaeTcsi CUMBOJ OTKPbLITOr0O
3aMKa.

YT106bI 3abn0KNMpoBaTb 06/1aCTb AOCTYNa (BbINTK U3 HEe), HEe O0XNOAACb OKOHYaHNS
TanMayTa «t-Makc pea/gocTtyrn», nepengute B pexum «Read Only-LvO».

Pa3bnokupoBsaHne obnacrtn gocryna Ha naHenam

B meHto [Map_ycTp_/ YpoBeHb focTynal MoXKHO pa3bnokmpoBaTb nam 3abnokmMpoBaTb
nobyto obnacTtb goctyna (pa3peweHune). Nocne pasbnoknposaHus obnactn gocTyna Bce
N3MEHEHNA NapaMeTPOB UM onepaunn, Ha3HAYEeHHbIE 418 3TOro (MK HUXKHErOo)
YPOBHS, MO>XHO BbIMOJHATL 6€3 NOBTOPHOro BBoAa Napons. OgHaKo paspelleHne
[OCTyna OENCTBUTENIbHO TOJIbKO OJ19 NaHenn; focTyn 4yepe3 Smart view Heobxoammo
pa36710KMpoBaTh OTAENBHO.

Ecnn B Te4yeHne BpeMeHn, KOTopoe MOXXHO 3ajaTb B MeHto [[Nap_ycTp / N4YM /
be3onacHocTb] «t-mMakc pea/noctyn», He bByaeT Ha)kaTa HM OOHa KnaBuwa, obnacTb
OOCTyMna aBToOMaTU4YeCKU NoHU3nNTCa 0o «Read Only-LvO» n Bce HECOXPaHEHHbIe
N3MeHeHNs NapaMeTpoB ByayT OTMEHEHbI.

OCTOPOXXHO!

He octasnante yctponctso MCDTV4 6e3 npucMoTpa, ec/in nMetTcs pa3biokMpoBaHHbIE
obnactum poctyna (Ha gucnnee otobpa>kaeTcs CMMBOJT OTKPbLITOrO 3aMKa). Ecnn goctyn
6onble He TpebyeTcs, BepHUTECh Ha YpoBeHb «Read Only-LvO».

Pa3zbnokupoBaHue obnactun gocrtyna c nomowibio Smart view

Mocne pa3bnoknposaHmsa obnactn gocTyna (pa3peweHns) nyTeM BBoga naponasa Bce
NU3MEeHEeHNs NapamMeTpoB Uan ornepaumn, Ha3HavYeHHbIe 418 3TOro (Mn HUXKHEro)
YPOBHS, MOXKHO BbINOJIHATE 6€3 NoBTOpHOro BBoAa napons. O4HaKo pa3pellueHune
JOCTyna AENCTBYET TONbKO A1 TEeKyLLero ak3eMnasapa Smart view; [oCTyn C NaHenu
WM C [pyroro aksemnasapa Smart view cnepyet pa3biokmpoBaTb OTAESBHO.

Ecnn B Te4YeHMe HEKOTOPOro BPEMEHW, YyCTaHaBAMBAEMOr0 BHYTpU Smart view, He byneT
Ha>kaTa HM oAHa KnaBuwa, obnacTb gocTyna 6yaet aBToMaTU4eckn cbpolueHa.
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1 MCDTV4 — pacwmpeHHasa anddepeHumanbHasa 3almTa TpaHcopMaTopa
1.4 be3onacHOCTb

OCTOPOXHO!

He ocTtaBnante yctponctso MCDTV4 6e3 npucMoTpa, ecnm B Smart view nMmetoTcs
pa3bnokmpoBaHHbIe o6nacTn focTyna. bnokMpynTe KOMNbOTEP HA BpeMS CBOEro
OTCYTCTBUA UK XOTA Bbl cOpacbiBanTe HAaCTPONKM AocTyna. Ons 3Toro ABakAbl
LWEeSIKHUTEe CMMBOJ1 3aMKa B CTPOKE COCTOSAHUSA PSAOOM C HUXKHEN rpaHuLLen okHa Smart
view nnu oTKporTe MeHIo [YCTponcTBO / BoCcCTaHOBUTL A4 NapaMeTpoB 3Ha4YeHue
«TONIbKO YyTeHue»] .

MCDTV4-3.6-RU-MAN MCDTV4 63



1 MCDTV4 — pacwiupeHHasa gugpgepeHumanbHasa 3alimTa TpaHcgopMaTopa
1.4 be3onacHOCTb
1.4.6 Bo3BpaT K 3aBOACKMM HacTpoukaMm, cOpoc Bcex naponen

MimeeTcs cneumnanbHoe ananorosoe okHo «COpoc», B KOTOPOM MOXKHO BbiGpaTk Ntoboin 13
cnenyLwmnx napameTpos:

* Bo3BpaT K 3aBOACKUM HAacCTpPOMUKaM U
« COpoc Bcex naponemn.

OnanoroBoe oKHO c6poca MOXKHO OTKpPbITb TOJIbKO C NnaHenn N4YM (n Henb3a B Smart
view).

Ha)xmunTe knaBuwy «C» BO BpeMsi XOJI04HOI0 3amnycka 1 yaep>XunBanTe ee, Noka He
NMOSIBUTCS ANANoroBoe oKHO «CHpocC».

Mo TeEXHUYECKMM MpUYNHaM 3TO AMAJIOFOBOE OKHO <<C6poc>> OOCTYIMNHO TOJIbKO Ha
QHIJIMUCKOM fAi3blKe (He3aBUCUMO OT pervoHasibHOM HAaCTPOMKM A3blka, KOTopas GYJJ,GT
MCMNoJIb30BaTbCsA NO3XKe, MocJie 3anycka yCTpoOMCTBa).

NmenTe B BNAY, 4TO AaHHOE ANAJIOFOBOE OKHO MOXXET COBCEM He oTobpaXkaTbCs, ecnun
OHO 6bIJ10 CneLnanbHO OTKIIIOYEHO (CM. HUXKE) nan ecnu Bbl OTKIIIOYEH NapaMeTp A4S
cbpoca Bcex naponen.

Bo3BpaT K 3aBOACKMM HaCTpoHKaMm

BynyT cbpolueHbl BCe HACTPONKKN MapaMeTpoB. Bce 3anucn bynyT yaaneHsl, a
CTAaTUCTUYECKNE 3HAYEHUA U CHETHYUKN — COPOLLIEHBI.

Nckno4veHne: cHeTUYmK 4YacoB pa60TbI COXpaHAETCA.

1. B onanoroBom okHe «Cbpoc» BbibepuTe «Bo3BpaT K 3aBOACKUM HAaCTPOMKaM».

= [NoABUTCA AMasloroBoe OKHO C BOMNPOCOM «BepHyTb 3aBOACKUE HAaCTPOMKK
YyCTPONCTBa M Nepe3arpysnTb?»

2. NMoaTBepanTe, HaXkKaB «[a».

= BylyT BOCCTAHOBJIEHbI 3aBOACKME HACTPOMKIM MO YMONYAHUIO, U YCTPONCTBO
nepesarpysuTcs.

Cbpoc Bcex napone#n

MO>XHO yOanuTb 3TOT NapaMeTp U3 ANaIOroBoro okHa «Cbpoc» no coobparkeHnsam
6e30nacHOCTU (CM. HUXe).

1. B ananoroeom okHe «Cbpoc» Bbibepunte «CHpoc BCeX Maponemns.

= [OSBNTCA OManoroBoe OKHO C 3anNpocoM noateepxaeHnsa «CobpocuTs BCe
naponu?»

2. MNopTBepavTe, HaXKaB «[a».

= YCTPOWCTBO 3anyCTUTCS CO CTaHOapPTHbIMK NaponsmMun (CMm. > «1.4.2 Maponu no
YyMOJTHaHUIO»).
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa
1.4 be3onacHoCTb

CTaHAapTHbIE NAaponu (cMm. > «1.4.2 Maponu no ymon4daHuio») He obecnevymsatoT
HNKAKOM 3aLUUNThI.

B uensix 6e30nacHOCTN HACTOSITENIbHO PEKOMEHAYETCS Cpa3y U3MEHUTb UX B
COOTBETCTBMM C MECTHLIMU HOPMaMU.

Hactponku 6e3onacHocTn

[ocTyn K gnanoroBoMy okHy «COpoc» MoxKeT BbITb OrpaHMYeH No CoobparkeHnsAM
6e3onacHocTu. C nomoLwubio NnapameTpa [MNap_ ycTp_/ be3onacHocTs / Mpoyee] «HacTp.
cbpoca ycTp.» MOXHO BbiIbpaTb AOCTYMNHbIe BapMaHTbl cbpoca.

e "3aBog. HacTp.", "Cbpoc nap.": poctynHbl 0ba NnapameTpa — «Bo3BpaT K 3aBOACKNM
HacTponkaM» n «Cbpoc naposens».

e Tosibko "3aBofd. HacTp.": AOCTYNeH TOJIbKO OAWH NapamMeTp «Bo3BpaT K 3aBOACKUM
HacTponkKam»,

e [leakTuB. cbpoca: nnanoroBoe okKHo «CHpPOC» OTKOYEHO.

OCTOPOXXHO!

Ecnv naponb yTpayeH n napameTp «COpoc BCcex Naposien» HeQoCTyMneH, TO
€AVHCTBEHHbIA cocob BEpHYTb BO3MOXXHOCTb YMNpaB/eHNsa — BOCCTAaHOBUTb 3aBOACKME
HaCTPOMKK ycTponcTBs MCDTV4 no ymondaHuto. ECam 1 3TOT mapamMeTp OTKJOYEH, TO
ycTponcTteo MCDTV4 HeobxoanMo oTrnpaBuTb B KomnaHuio Woodward ¢ 3anpocom Ha
obcny>xmBaHume.
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1 MCDTV4 — paclwmpeHHas anddepeHuymanbHasa 3almTa TpaHcpopMaTopa

1.5 NopTeepxxaeHus

1.5

66

MoaTBEep>XpeHuna
TepMunH «noATBEP>XAEHME» 03HaYaeT cOpoC TOro MM MHOMo 3aMKHYTOro COCTOSHUS.
3aMblkaHWUe MOXXHO HaCTPOUTb OJ19 06BEKTOB U COCTOSHUN Cnenyowmnx TUMOB.

« CON

¢ PeneinHsble BbIXOAbl

e CurHanbl SCADA

¢ OT/NI0O)XKEHHbIE KOMaHAbl OTK/IIOYEHNS

MoaTBEPANTL MOXKHO COCTOSIHME OTAENbHOro o6bekTa Nan cCMrHan (MocpencTBOM
npegBapuTesibHO 3a4aHHOr0 BHELWHero curHana). Kpome 1oro, nogTeepanTb MOXKHO
HECKOJIbKO 3aMKHYTbIX COCTOSSHUI BMeCTe, HanpuMmep, cpasy sBcex CON.

LOCTYMNHbI NepeyncaeHHble HYXXe TUMbl NoATBEPXKOEeHUS.

* NuamBupyanbHoe NoATBEpP)XAEeHUe 03HavYaeT Ha3HavYeHne BHeLWHero curHana
rnapameTpy, XapakTepHOMY 019 O4HOM0 KOHKPETHOr0o 3aMKHYTOIF0 COCTOAHUSA
(Hanpumep, COWN 3, KoTopbIn OCTancsa Ha gucnaee).

ECnn Ha3Ha4YeHHbI CUrHaN akTUBMPYETCS, 3aMblkaHne nogTeep)xgaetcs (Cm.
pasgen > «1.5 NHovBnpyanbHoe NoaTBEP)XAEHNE 3aMKHYTbIX COCTOSAHUN»
HUXe).

* BHewHee noaTBep>XXAeHUe O03HavyaeT Ha3HavYeHne BHelWHero curHana
napamMeTpy, nMewuwemMy oTHoweHNne K HECKOJIbKUM COCTOAHUAM (Hanpleep, BCeX
can).

ECcnm Ha3Ha4YeHHbI CUTHaN aKTUBUPYETCS, MOATBEPXKAAETCSA CBA3aHHOE MHOXXECTBO
cocTosAHun. (CM. pasgen > «1.5 BHelwHee MOATBEPXKAEHNE» HUXKE).

* ABTOMaTM4YecCKoe noaTBep>XaeHue O3Ha4vyaeT, YTO COCTOAHNE BCeX 3aMKHYTbIX
COWN noaTBep>KOaeTCcss aBTOMAaTUYECKN HOBbIM aBapUiAHbIM CUrHasiom ntobon
PYHKLWN 3aWNTbl NN 06LUMM aBapUNHBLIM CUrHaaoM, «3al . TpeB_». (3Ta pyHKUMNS
pacnpocTpaHsaeTca Tosbko Ha CAN; aBToMaTMYecKoe nogTeep)xaeHne ABOUYHbIX
BbIX040B, curHanos SCADA n KoMaHA OTKIOYEHUSA OTCYTCTBYET).

(C™m. paspen > «1.5 ABTOMaTU4Yeckoe nogTBEPXKAEHMNE» HUXKE).

« COBOKYMNHOE noaTBep>XAeHUue 03Ha4vaeT NoATBEPXKAEHNE BPYUHYO Cpa3y
HECKOJIbKUX 3aMKHYTbIX COCTOSIHUN.

CyliecTByeT HECKOJIbKO pa3HbIX NPAMbIX KOMaHA, KaX4asd U3 KOTOPbIX OTHOCUTCS K
KOHKPEeTHOMY MHOXXeCTBY COCTOSIHUN, KOTOPOE HY>XXHO MOATBEPAUTL (CM. pa3gen
> «1.5 CoBOKyMnHoe noaTeepxaeHune (c mnoMmoubto MO Smart view nnm naHenn
yNpaBAEHUNS)» HUXKE).

* NMoAaTBep>XXAeHne BPYUHYI0 — 0Cobblin cnocob oCyLLeCcTBUTL COBOKYMHOE
NOATBEPXXAEHVE NYTEM MPOCTOr0 HaXXaTUsi KHOMKK «C» Ha NaHenn ynpasieHus.

Tak NoATBEPXKAaeTCs Cpa3y HECKOJIbKO 3aMKHYTbIX COCTOsIHMIA. (CM. pa3gen L=>

«1.5 MoaTBep>XaeHne BPy4YHY (Ha>kaTueM KHomnku C Ha naHenu ynpaBaeHns)»
HUXe).
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1 MCDTV4 — pacwmpeHHasa anddepeHumanbHasa 3awmTa TpaHcopMaTopa

1.5 NopTBepxaeHns

06paT|/|Te BHWMaHMWE Ha TO, 4TO nNoaTBeEPONTb 3aMKHYTOE COCTOAHNE MOXHO, TOJIbKO
€CJIN CUIHaJl, BKJIIOYUBLUNN 3Ty HaCTpOVIKy, bonee He akTUBEH. DTO npaBunJio ABNAETCA
obwmm onsa Bcex TUMoB noaTBep>XOoeHunA.

Opyroe obuiee NnpaBuo COCTOUT B TOM, 4TO Npu HacTporike [Map_ycTp_/MNoatBepanThl]
«[unct cbpoc» = «HeaKT_» paboTaloT TOJIbKO NpsMble NOATBEPXKAEHNS BPY4HHYIO (

«1.5 MNogTBep>XAeHne BPYYHYHO (HakaTmem KHomnkm C Ha NaHenn yrnpaBiaeHns)») c
naHenn ynpasaeHus. NMoaTBepXXAEHUSA APYTMX TUMNOB, B TOM YNC/1€ COBOKYIMHbIE
MOATBEPXAEHMA C moMoLllbio MO Smart view (k> «1.5 CoBOKYMHOe noaTBep>xaeHue (c
rmoMolLubto MO Smart view nam naHenn ynpaBaeHus)»), MPOCTO UTHOPUPYIOTCS.

Bo BcsikoM ciyyae, cbpocC 3aMblKaHNSA ABONYHbBIX BbIXOLOB MOXHO BbIMOJIHUTbL TOJIbKO MO
OKOHYaHWKM oTCcYeTa TanMepa «t-Bblg BbIK/I».

NuguBunpyanbHoe nonTBep>XXaeHue 3aMKHYTbIX COCTOAHUNA

[Map_ycTtp_/CAO/WHAO rpynna A/ CAO 1...7] «CurH MoaT>»

[Map_ycTtp_/CO/WHA rpynna B/ CAO 1...7] «Curx MoaT>»

v Ha3Ha4eHHbIN
CWUrHan noaoTBep)xnaeT
COCTOSIHME OTAEeJIbHOro
coun.

[Map_ycTp_/ OBon4H_BbiX_ /[ PenBbix Pa3 X x / LUBbix y] «[MoaTBEep>xaeHune»

v Ha3Ha4eHHbIN
CUrHan noaoTBep)xnaetT
COCTOSIHME OBOUYHOI O
BbIX0Oa «Yy» B OTCEKE
KX»,

[YnpaBneHue / PacnpepnennTtenbHbin WINT / PacnpeaenntenbHbln wnT [x] / Aucn oTkA]
«MoaKomMOTKN»

v Ha3Ha4yeHHbIN
CWUrHan noaTBep)xnaeT
KOMaHAy OTKJ/Il0YEHNS
KOMMyTaTopa
«PacnpegenuTtenbHbIn
WNT [X]».

MpumevaHne. B BeTBMN MeHI0 abCcTpakTHOe nMsa Moaynsa «PacnpenenntenbHbl WAT [X]»
He oTobparkaeTcs. BMecTo Hero nokasbiBaeTcst 0603Ha4YeHne KOMMYTaLWOHHOIo
YCTPONCTBA, Ha3HAYE€HHOE Ha CTpaHunue ynpasnaeHus (04HOJIMHENHasa cxema), To eCTb
HeyTo Bpogde «QAL» (Cm. > «5 OpgHoNMHeNHas cxemax.)

BHeluHee noaTBep>XaeHue

BHellHee noaTBep)XAeHME OTKOHaeTCa, ecnm Ang napameTpa [Map_ycTtp_/
NoateBepanTb] «AUCT cO6pOC» 3afaHO 3HaYeHne «HeaKT ». MNpu aToM BnokmpyeTca n
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1.5 MNoaTBepxxaeHns

NnoATBEpP)XAEHNE Yepe3 KaHasn obMeHa gaHHbIMKM SCADA (HanpuMmep, Mo NMpoToKosy
Modbus).

[Map_ycTtp_/MNoatBepauTsb] »MoaT CO«

v Ha3Ha4eHHbIN
CUrHan nogTeep>xxpaet
cocTosiHue Bcex COWN.

[Map_ycTtp_/NoatBepauTsb] »MoaT PenBbix«

v Ha3Ha4eHHbIN
CUrHan nogTeepxxpaet
COCTOsIHNE BCex
pesieHbIX BbIXOL,0B.

[Map_ycTp_/MNoatBepauTb] »MoAaT CKA«

v Ha3Ha4eHHbIN
CUrHan nogTeep>xxpaet
3aMKHYTOE COCTOSAHUuEe
curHanos SCADA.

ABTOMaTu4yeckoe noareep>xgeHuve

Mpwn aBTOMaTMYeCcKOM noaTeepxaeHnn sce CAN, ona KOTOpbIX OHO BKJIIOYEHO,
MoATBEPXKAAOTCS NO aBaAPUNHOMY CUTHaly OAHOM U3 (PYHKUWIA 3alLUNTbl UK obLyemy
aBapuiHoMy curHasny, «3au . Tpes_».

9TO0 O3HaYaeT, 4YTO aBToOMaTMUYeckKoe noaTBep>XxaeHme cieayeTt HaCcTpanBaTb OTAOE/IbHO
ana kaxgoro CIAW, coctodaHune KOTOpPOro 6y,u,eT noaATBepP>XAaTbCA TaKUM 06pa30M.

[Map_ycTtp /CLO/WHO rpynna A/ CLO 1...7] «3aMKH_» = «aKT.,MOATB.NO aBapUWH.CUTI.>»

[Map_yctp_ /CO/WHA rpynna B/ CAO 1...7] «3aMKH_» = «aKT.,MOATB.NO aBapPUMWH.CUI.»

v COCTOSIHME Ka>Xa40ro
CIOWN c Taknm
3Ha4YeHNEM HACTPOWNKN
noaTBep)XAaaeTcs
aBapMNHbIM CUFHAN0M
0OHON N3 PYHKLMN
3allinThI.

CoBoKynHoe noaTeep>xaeHne (c nomowbio N0 Smart view nam naHenm
ynpasJsieHuns)

MpnmMmeyaHune. Kak y>Ke roBopusioch Bbille, A8 NOATBEPKXAeHUA ¢ nomoulbto MO Smart
view Heobxoaumo, 4Tobbl ona HacTponkun [Map_ycTp_/ MNoaTBepanTb] «uct cbpoc»
6b1710 3a4aHO 3HAYEHNE «aKT_».

[danee npMBoasaTCSA AOCTYMNHbIE NPSIMblE KOMaHAbl NOATBEPXXAEHUS.
[PaboTa / MoaTBepanTh] «CA . CAU cuc-mbl NnoQTB. »
v lMoaoTBepanTb

COCTOSIHME
npeaynpeXxaeHus no
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.5 NopTBepxaeHns

[PaboTa / MoaTeepanTts] «CA . CAU cuc-Mbl NOATB. »

CUrHany CUCTEMHOrO
can.

MpuMeyaHue. Bce BO3MOXXHbIe cUrHasbl cnctemHoro COW npnBooAaTcs B pyKoBOACTBE 10
oT/ajake.

[PaboTa / MoaoTBepanTb] «Cuc . MoagT CAO »

v Bce CIIN

[PaboTa / MoaTBepanTh] «Cuc . MoaT PenBbix>

v Bce peneiHble
BbIXOAbl

[PaboTa / MoaTBepanTb] «Cuc . MoaT CkA»

v Bce curHanbl SCADA

[PaboTa / MoaTBepanTb] «PacnpeaenntenbHbin WNT [x] . COpc KoMmOTKM»

v MopTBEPOUTDL
KOMaHAy OTKJI4YeHus
KOMMYyTaTopa
«PacnpegenuTtenbHbIn
WMt [X]».

MpumevaHne. B BeTBMN MeHI0 abCTpakTHOe nMA Moaynsa «PacnpenenntenbHbln WKT [X]»
He oTobparkaeTcs. BMecTo Hero nokasbiBaeTcsi 0603Ha4YeHNe KOMMYTaLWOHHOIO
YCTPONCTBA, HAa3HAa4YE€HHOE Ha CTpaHuue ynpasnaeHusa (04HOJIMHENHasa cxema), To eCcTb
HeyTo Bpode «QAL» (Cm. > «5 OpgHoNMHeNHas cxemax.)

[PaboTa / MoaTBepanTb] «Cuc . MoaT PenB UHo Cka KomOT»
v lMoaTBepanTb BCE v BCe pesienHble v Bce curHanbl SCADA v 1 BCe KOMaHAbI

can, BbIXO/bl, OTKJIlO4YEHUA.

C naHenu ynpasaeHUst MOXXHO MOJIyYUTb MPSAMON AOCTYMN K MeHto [PaboTa /
MonaTeepanTb] C MOMOLLbLIO KHOMKK «C» (cM. pasgen => «1.5 MoaTeepxaeHne Bpy4Hyo
(Ha>kaTnem KHomku C Ha NaHesnn ynpaBJIeHUs)» HUXKeE).

MoaTeep>xaeHune BPpy4HYIO (Ha>kaTneM KHonkun «C» Ha naHesnn ynpaBneHmv)

MonTBEPXOEHME BPYYHYIO C MOMOLLbIO KHOMKK «C» ByaeT AOCTYMNHO TO/IbKO Nocne
BbIXO[a N3 peXXMMa HAaCTPOMKK NMapaMeTpoB (MOCKOJIbKY B 3TOM peXxnme y OaHHOW
KHOMKW Apyras gyHKLUNa).

Ho BbInT B MeHto [PaboTa / MoaTBepAnTb] NO-NpeXXHeMY MOXXHO.
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1.5 NopTBepxaeHuns

MoaTBepXAaTb COCTOSAHUSA CUCTEMHbIX, Ha3Ha4YeHHbIX COW, curHanos SCADA, pesienHbIX
BbIXO00B N/UN OTNIOXXKEHHbIX KOMaHO OTKJ/IIOYEHNSA MOXXHO Ha>XaTUeM KHOMKM «C» Ha
naHesnun ynpasJieHns.

CyuiecTByeT ABa cnocoba NoATBEPXXAEHUS HaXKaTUEM KHOMKN «C».,

« KpaTkoe Ha)kaTue C rpoMeXXyTOYHbIM BbIOOPOM: (KPaTKUM) Ha>KaTUEM KHOMKM
«C» BblnonHseTcs Bxon B MeHto [PaboTa / NMoaTBepanTb]. TaM C NOMOLLbIO
MPOrpaMMHbIX KHOMOK BbIBUpPaloTCS 3/1eMeHTHI A4Na noaTBepxaeHus (COAW, cnrHansl
SCADA, penenHblie BbIX0Abl, KOMaHOa OTKJ/IIOYEHUS UM BCE BMECTe, CM. pa3gen
«1.5 CoBoKymnHoe noaTeepxageHuve (c nomouwbto MO Smart view nnm naHenun
yrnpaBaeHus)»). 3aTeM criegyeT Ha)KaTb KHOMKY C CUMBOJIOM «[ @ae€4YHbIN K0Y>».

* [lonroe HaXKaTue C HeMeJ/IeHHbIM NoATBEPXKAEHNEM: 3NIeMEHTbI
noaTBep>XOakTCAa NPOCTbIM Ha>XaTUEM KHOMKN «C» (B TeyeHune 1 CEKyH,D,bI).

Bosee Toro, MOXXHO HaCTPOUTb, KaKne MMEHHO 3/1IeMeHThl ByayT NnoATBEPKAATbCA
«0OJITMM Ha)XaTuUem» (CM. HMXKe).

MapameTpom [MNap_ycTp_/ MoaTteepanTb] «M4T. kKnasuiieyi C» onpepenseTcs,
3/IEMEHTbI KaKNX MMEHHO KaTeropuin 6yoyT NoaTBEPXAATbCA «A0JITUM HaKaTUEM»
KHOMKKN «C»,

* «Hnyero» — 6y,u,eT paGOTaTb TOJIbKO «KpaTKOe HaXXaTune», TO eCTb NoJib30BaTeJlb
6y,u,eT BCerga yKa3blBaTb KOHKpPeTHbIE 3JIEMEHTbLI OANA NoATBEPXOEHNA.

e «MaT. CON 6e3 naponsa» — «[OArMM HaXkaTuem», nputom 6e3 BBoda napons, bynoyTt
noaTBepxaatbca Bce CAW (3T0 3aBoACKasA HaCTPOMKa MO YMOYaHMIO).

e «NpT. CAN» — «gonrum Haxatuem» 6ynyT noaTeep)xaaTtbcs Bce CAN (Tonbko
6yneT nocTynaTb 3anpocC Maposis, CM. HUXE).

e «MaT. CAN n pene» — «aonrnm Hakatnem» 6yayT nooreepxaaTtbcs Bce CON n
penenHble BbIXoAbl (TONbKO ByaeT NOCTynaTb 3anNpoC Naposis, CM. HUXe).

e «[14T. BCE» — «[A0JIFTMM Ha>kaTnem» 6y,£l,yT noaoTBep>XAnaTbCA BCE 3aMKHYTbIE
3/1eMEeHThbI (TONbKO 6y)J,ET NMnoCTynaTb 3anpocC napoJid, CM. HnxXe):

o Bce COMN,
° penenHble BbIXoabl,
° 3aMKHyTble curHanbl SCADA n

° KOMaHOa OTKJI1lo4YeHus.

¢ Mpn nooTBEP)XOEHUUN MHONKATOPOB BCErga BbIMNOJIHAETCS NpoBepKa MHONKaTopos. Bce

3€J1EHbIM.

j MHOWKaTOpPblI B TeHeHne CeKyHAbl MUIratOT KPpaCHbIM, 3aTEM B Te4eHNe CeKyHObl —
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1 MCDTV4 — pacwmpeHHas guddepeHumanbHasa 3awmTta TpaHcdopmaTopa

1.5 NopTBepxaoeHns

ObpaTnTe BHMMaHMe, 4TO OJ18 TUMOB (BPY4YHYIO U COBOKYMHOI0) NOATBEPXXAEHNA (KpoMe
«Huyero» n «Mat. COWN 6e3 napond») MoOXXeT MOCTYNUTb 3anNpocC Ha BBOA AENCTBYIOLLEro
naposis osid ypoBHSA AOCTYyra.

Ha cny4a BO3HMKHOBEHUSA HEOOXOANMMOCTN MOATBEPXKAATb COCTOAHUS penenHbIX
BbIX040B, curHasoB SCADA n KoMaHAbl OTKJ0YeHUA 6e3 BBOAa NapoJsisd NMpeayCcMoTpeHa
BO3MOXXHOCTb OCTaBWUTb MYCTbIM MOJIE€ NMaposia oS8 YPoBHA «Prot-Lvl». EcTecTBEeHHO, 3TO
MOXXET MPeACTaBAATb NOTEHLUMaNbHYIO Yyrpo3y 6e30macHOCTY, Tak YTO MNONb3yNTECh 3TOMN
BO3MO>XHOCTbIO C OCTOPOXHOCTbI0. ObLLMe CBeAEHMS O NapoJIsX N COOBparKeHnax
6e3onacHocTu cM. B rnase 9> «BesonacHocTb».
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1.6 amepsieMble 3Ha4YeHUS

1.6
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N3MepsieMble 3HaYeHuUs
CyYyuntbiBaHUe 3Ha4YEeHNN N3MepeHnn
B meHto [PaboTa / U3MepeHHble 3HaYeHna] MOXKHO NPOCMaTpPUBaTh N U3MEPEHHbLIE, U

pacyeTHble 3Ha4YeHnd. NI3amMepeHHble 3Ha4YeHns paB6I/ITbI Ha ABe KaTeropun:. CtaHOoapTHbIe
3Ha4YeHnsa N cneunasnbHble 3Ha4YeHNs (B 3aBUCMMOCTKM OT TUnNa yCTpOIZCTBa).

MapameTtpsbl gucnnes

B MeHto [Map_ycTp_/ UHAMK _un3mep_] MOXXHO N3MEHUTb 0TobparKkeHne naMepeHHbIX
3Ha4YeHun.

MacwrabupoBanne nsmepeHHbIX 3Ha4eHUM

C nomowbio napameTpa [Map_ycTp_/ UHAnK _un3mep_/ Obwue HacTponkn] «Maclut »
MOXXHO 3a4aTb crocob oTobparkeHns naMepeHHbIx 3HavYeHunn B U4M n Smart view:

* YoenbHble BeNINYNHbI
e [lepBUYHbIE BEINYUHBI

* BTOopu4Hble BEINYUHDbI

EonHMLBI MOLLHOCTH (MPUMEHUMO TOJIbKO K YCTPOHCTBAM C BO3MOXXHOCTbIO
u3MepeHus sHepronorpebseHns)

C nomouwbio napameTpa [MNap_ycTtp_ / UHAMK un3mep_/ O6wiune HacTponku] «Eg-Libi
MOLLH.» MOXHO 3a4aTb cnocob oTobparkeHna namepeHHbIX 3HavyeHnn B U4M n Smart
view:

e ABTOM.MacwTab mMowH — Bbibop npedunkca eannmny (k, M, I') n konn4yecTsa 3HaKoB
rnocne 3anaTon a5 3Ha4YeHNI MOLWHOCTU B 3aBUCKMMOCTM OT OCHOBHbIX NapaMeTpoB
TPaHCHPOPMaATOPOB TOKA U HAMPAXKEHUS.

¢ kBT, KBAp nnn kBA — BbibpaTb npedunkc «k» ana eanHuy (KBT, KBAp nnm kBA)

¢ MBT, MBAp nnn MB-A — BbibpaTb npedunkc «M» gns eaunuy (MBT, MBAp nnu MB-A)

e BT, 'BAp unn NBA — BbibpaTb npedukc «I» ang egnHny (FBT, TBAp unu NBA)

EamHuLUbI 3Heprun (NPpUMeHUMO TOJIbKO K YCTPOUCTBaM C BO3MOXXHOCTbIO
u3MepeHuss 3HepronoTpebsreHns)

C nomouwbio napameTpa [Map_ycTtp_/ UHAMK _un3mep_/ Obwune HacTponku] «Eg-Libi
3Hepr» MOXHO 3agaTb cnocob oTobpa)keHNa namepeHHbliX 3HavyeHnn B MYM n Smart
view:

¢ ABTOM.MacwTab sHepr — Bbibop npedukca eamuHunu (K, M, I') n KonnyectBa 3HaKOB
rnocsie 3anaTon As8 3Ha4YeHNN MOLWHOCTU B 3aBUCMMOCTM OT OCHOBHbIX NapaMeTpoB
TPaHCHOPMaTOPOB TOKA U HANPSAXKEHUS.

e KBT*4, KBAp*4 nnn KkBA*4y — BbibpaTb NpeduKC «K» ansa eanHul, (kBT*4, kBAp*y
nnn KBA*y)

e MBT*4, MB-Ap*4 nan MB-A*4y — BbibpaTb npedukc «M» ana egnHuy, (MBT*y,
MB-Ap*4 nnn MB-A*yY)

e BT*4, FBAp*4y nnn NBA*4y — BbibpaTb npedukc «I» gna egnHuy, (FBT*4, FIBAp*y
nnun FBA*y)
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1 MCDTV4 — pacwmpeHHasa anddepeHumanbHasa 3awmTa TpaHcopMaTopa

1.6 N3mepsaemble 3Ha4YeHUs

Ecnn cyeTYnK NnepenosIHNTCA, TO OTCYET BHOBb Ha4yHeTCA C HynsA. lNepenonHeHne
cHeTHYnKa 6y,u,eT NMOKa3aHO COOTBETCTBYHOLWNM CUTHAJIOM.

MepenonHeHue cHeTYUKaA:

3aBUCUT OT HaCTPOeK TPaHCHOPMaTOPOB TOKA U

* ABTOM.MacwiTab sHepr Hanps>XeHuns
999 999,99

* KBT*4, KBAp*4 nnm kBA*y
999 999,99

e MBT*4, MB-Ap*4y nnu MB-A*y
999 999,99

e BT*4, TBAp*4 unn NBA*y

EnunHnua Temnepartypbl (MPUMEHUMO TOJIbKO K YCTPOHCTBaAM C BO3MO>XXKHOCTbIO
M3MepeHusa 3HepronoTpebnexnns)

C nomoubio napameTpa [Map_ycTp_/ MHAMK un3mep_/ Obwine HacTponkn] «Eg-ua
TeMepaTyp» MOXHO 3a4aTb CNocob oTobpakeHna TeMnepaTypbl (M3MEPEHHbIX
3Ha4yeHun n HacTtpoek) B N4M n Smart view:

e ° Uenbcun
e ° QapeHrenTt
YpoBeHb OoTCeYKH

[ns nogaBneHns WyMa B U3MEPEHHbIX 3HAaYeHUNAX, BJIN3KNX K HYJIIO, MOXKHO 3a4aTb
YPOBEHb O0TCEYKN. YPOBEHb OTCEYKN MO3BOSIET 0TOBpa)kaTb N3MEpPEHHbIE 3HAaYEeHNS,
6113KME K HYJIIO, KaK HOJIb. DTW NMapaMeTpbl He BAUSIOT Ha 3anuCbiBaeMble 3HA4YEHUS.

da3oBbie yribl

®a30Bble yribl BEKTOPOB TOKa M Hamnps>XeHnsa onpenenstoTcsa 13 OCHOBHOW
COCTaBAsOLWEN N BCerga OTHOCATCA K onpeanesieHHoOMY KOHTPOJIbHOMY BEKTOPY.

KOHTpPONbHbIN BEKTOP 06bIYHO ABNAETCA MepBbIM KaHal0M HanpsXxeHus, Hanpumep UA
nnn UAB (B 3aBUCUMOCTU OT TOr0, KOTOPbIA N3 HUX N3MEPSAETCA HAaNpsaMyto — CM. TakxXe
HacTpounky napameTpa [CucTtlMap / TH] «TH coea».)

OfOHako ecnm aMnAnTyAa KOHTPOJIbHOMO BEKTOpPa CTaHOBUTCA C/INLLIKOM Masion, TO B
KayeCTBe KOHTPOJIbHOrO BEKTOPA NCMNOJIb3yeTCH CieyoWwnii BO3MOXHbIAN KaHan
n3mepenuns, Hanpumep UB nnm UBC) n T.4.

Ecnu Hanpsa>XeHna Bcex Tpex a3 CTaHYyT 04eHb HU3KUMU UIWN, eC/IN B 3alLMTHOM
YCTPONCTBE HET PYHKLMN N3MEPEHNS HaNps>XeHUs, To NepBbl BXO4 OJ19 NU3MepeHus
ToKa Ih.A (NnepBou nNnaTbl AN U3MEPEHUS TOKa, HanpuMep cioT X3) ucnosb3yeTcs B
Ka4vyecTBe KOHTPOJIbHOro BeKTopa. Ecnm oH TakXxe HeucnpaseH, MCDTV4 nepeknto4yaeTcs
Ha Id.B, 3aTeM Ha I¢h.C, nocne 3Toro Ha NepsbIv BX0O4 N3MepeHUs ToKa BTOPOW naThl
n3MepeHnsa ToKa, ecyim OHa CyLlecTByeT, N T. 4.

Mo onpefeneHnio KOHTPOJIbHbIN BEKTOP UMeeT ha30Bbli yron 0°.
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1.7 CTaTucTUKa

1.7

1.7.1

1.7.2

1.7.2.1

74

CtaTmcTuka

B meHio [PaboTa / CTaTucTmKal oTobparkatoTCcsd MUHUMaIbHbIE, MaKCUMaJlbHbIE U
cpefHne n3MmepeHHble N pacyeTHble 3HAYeHUS.

HaCTpOﬁKa MMHMMAJIbHbIX U MAKCUMaAJIbHbIX 3HAYEHUN

PacyeT MMHUMaJIbHbLIX N MAaKCMMasbHbIX 3HA4YEHWI Ha4YMHaeTcs cpa3y nocse nwboro ns
nepevyncsieHHblx aanee cobbiTuii:

* eC/In CTaHeT aKTMBHbIM curHan cbpoca (MMH./MaKC.),
* Mpun nepesanycke yCTPOWCTBA,
* MocJie U3SMEHEHNS HAaCTPOEK.
Cbpoc MUHMMAIbHBIX U MAKCUMaJIbHbIX 3Ha4€HUH (MMKOBbIX 3Ha4€HUH/KYpPCOpPOB)
MeHto [Map_ycTp_/ CTaTtuctuka / MuH/makc]
«KBU®H MUH» — cOpPOC BCEX MUHUMASIbHbIX 3HAYEeHUI
«KBN®H Makc» — cOpOC BCEX MAKCMMaJlbHbIX 3Ha4YeHUNn

CurHan cbpoca (Hanpumep, UMMPOBON BXOAHOW CUIFHAJ) MOXKHO Ha3HauYUTb KaXkaoMy U3
3TUX OBYX NapaMeTpOB.

MUHMMaNbHbIE U MaKCUMaJlbHbIE 3HaYeHUS C6paCbIBa}OTCFI npum pocTte CprHTa nMmnynbCa
COOTBETCTBYOLLEro CUrHana c6poca.

npOCMOTp MUHUMAaJIbHbIX 3HA4Y€HNN

B MeHto [PaboTa / CTaTuctuKa / MnH]

MpocMoTp MakcuMasnbHbIX 3HAYEHUH

B MeHto [PaboTa / CTaTucTuKa / MKc]

KoHdurypauus pacuera cpegHero 3Ha4eHus

HacTpoika pacyeTa cpeaHero 3Ha4eHusi Ha OCHOBE CUJ1bl TOKa*

* = NOCTYMHOCTb 3aBMCUT OT 3aKa3aHHOro KoAa yCTPOMCTBA.

HacTpoika nepmona BpeMeHU OJ1 pac4yeTa CpefHNUX U NMUKOBbIX 3Ha4YeHUH
[Map_ycTp_/ CtaTtuctuka / Harpyska / Harpy3ka no Toky] «MIHTepBasa I-Harp» =
* «CKOJIb3»: pacyeT cpefHero 3Ha4yeHMsa Ha OCHOBE CKOJb3ALLero nepmnoaa.

* «(PUKC»: pacyeT CpefiHero 3HavyeHns cbpacbiBaeTcsa B KOHLE Nepruoaa, To ecTb B
Havane cnefyoLlero neprmoaa.

BapunaHTbi 3anyckKa no cpegHUM U NUKOBbIM 3HAY€HNAM Ha OCHOBE CUJibl TOKa

[Map_ycTp_/ CtaTtuctuka / Harpyska / Harpy3ka no Toky] «/lyck I-Harp no_» =

MCDTV4 MCDTV4-3.6-RU-MAN



1 MCDTV4 — pacwmpeHHas guddepeHumanbHas 3awmTta TpaHcdopmaTopa

1.7 CtaTucTuka

* «ANNT-Tb»: PUKCUPOBAHHBIN NN CKONb3AWMNN Nepuos. OnuTesnbHOCTb Nnepnona
HacTpauBaeTCs B MeHIo «auT I-Harp».

¢ «[1yCKDHK»: Cpeﬂ,HVIe 3Ha4YeHnAa paCCHNTbIBAlOTCA Ha OCHOBE Nnepmnoa BpeMeHN

MeXX4y ABYMSA pacTyLuUMn ppoHTaMu MMNyJbCa CUrHasna, Ha3Ha4YyeHHoro onas
napameTpa «llyck I-Harp ®H».

Cbpoc cpegHNUX U NUKOBbIX 3HA4Y€HUH Ha OCHOBE CHUJIbl TOKa
MrHoBeHHbI cbpoc NyTemM NpPSAMOro yrnpaBiaeHus:
[PaboTa / Cbpoc] «KBuTt®H | Harp» — cbpoc BCeX 3Ha4YeHUNn

MO>XXHO TakXe Ha3Ha4nTb curHan cbpoca (Hanpumep, LNPOBON BXOLHOW CUMHAN)
napameTpy [Map_ycTp_/ CTtaTuctuka / Harpyska / Harpy3ka no Toky] «<KBut®H | Harp».

B aTOM cny4yae 3HauyeHust byayT cbpacbiBaTbCs Npu pocTe PPOHTA MMMYJibCa AaHHOI0O
curHana cbpoca.

MpocMoOTp cpeaHUX N NUKOBbIX 3HAYEHUH HA OCHOBE CHJIbl TOKa

B MeHto [PaboTa / CTaTucTtumka / Harpy3kal

BapunaHT (KOMaHAa) OTKJII04eHNA OJi1 OrpaHn4YeHuns cpenHen TOKOBOU Harpy3skm

Cwm. pasgen 5> «CuctemHble aBapuitHble cUrHanbI».

1.7.2.2 HacTpo#iKka pacuyeTa cpeaHero s3Ha4yeHus Ha OCHOBE Hanps>XeHua*

* = NOCTYNHOCTb 3aBUCUT OT 3aKa3aHHOro Koga yCcTpoMCTBa.

Hactponka nepunona BpeMeHHn AJiA pacyeTa cpefHUX 3Ha4YeHumn
[Map_ycTp_/ CtaTtuctuka / V CKONb3. Cp. KOHTP.] »MHTepBas Vavg« =
* «CKOJIb3»: pacyeT CpefHero 3Ha4yeHns Ha OCHOBE CKOJIb34LWeEero nepnoaa.

* «(PUKC»: pacyeT CpefiHero 3HayeHnsa cbpacbiBaeTcsa B KOHLE Nepruoaa, To ecTb B
Havane cnenyoLlero nepmoaa.

BapuaHTbI 3anycka no cpeAHUM 3Ha4eHUSIM Ha OCHOBE Hamnpsi>KeHUs
[Map_ycTp_/ CtaTtuctuka / V CKonb3. Cp. KOHTP.] «[lyck Vavg Jyepes:» =

e «ANNT-Tb»: PUKCUPOBAHHBIN NN CKONb3ALWMNN Nepuoa. AnTenbHOCTb Nepuoaa
HacTpauBaeTCsa B MeHIo «inTesibHoCTb Vavg».

¢ «yCK®HK»: CpegHne 3Ha4YeHNS PAacCYNTLIBAOTCSA Ha OCHOBE Nepuoaa BpeMeHu

MeXxnay OBYyMS pacTyWwmMMn (ppoHTaMu nMmnysbCca CMrHana, Ha3Ha4YeHHoro asns
napameTpa «3anyck ®H Vavg».

Cbpoc cpegHUx 3Ha4YeHUN HA OCHOBE HaNnpsa>XeHus
MrHoOBeHHbIN cOpOC NyTEM NPAMOro yrnpaBaeHUs:
[PaboTa / Cbpoc] «CopPHK Vavg» — cOpoC BCEX 3HAYEHUN

MO>KHO Tak>Xe Ha3Ha4YuTb curHan cbpoca (Hanpumep, UMGPOBON BXOAHON CUrHaN)
napameTpy [Map_ycTp_/ CTtaTucTuka / V CKosb3. CPp. KOHTP.] «COpPHK Vavg».
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1 MCDTV4 — paclwmpeHHas anddepeHumanbHasa 3almTa TpaHcpopMaTopa
1.7 CtaTncTumka

B 3TOM cny4dae 3HayeHus byayT cOpackiBaTbCs NpU pocTe hPOHTA UMMYJSibCa AAaHHOMO
CcurHana cbpoca.

MNpocMoTp cpepaHUX 3HaAYeHUU Ha OCHOBE Hanps>XeHus

B MeHto [PaboTa / CTtaTucTtukal

1.7.2.3 HacTpo#MKa pacyeTa cpeaHero sHa4eHUA Ha OCHOBe MOLUHOCTU*

* = NOCTYNHOCTb 3aBUCUT OT 3aKa3aHHOIro Koaa yCTpOIZCTBa.

HacTtpoika nepmona BpeMeHU AJ1A pacyeTa CpefHNUX U NMUKOBbIX 3Ha4YeHUH
[Map_ycTp_/ CtaTtuctuka / Harpyska / Harpy3ka no mowHocTun] «MIHTepBasa P-Harp» =
* «CKOJ/b3»: pacyeT CcpefHero 3Ha4YeHMsA Ha OCHOBE CKOJIb34Lero nepuoaa.

* «(PMKC»: pacyeT cpefiHero 3HayeHnsa cbpacbiBaeTcs B KOHLE Nepruoaa, To eCTb B
Havane cnefyollero nepmoaa.

BapuaHTbI 3anycka no cpegHUM N NMAKOBbLIM 3Ha4Y€HUSAM Ha OCHOBE MOLLUHOCTH
[Map_ycTp_/ CtaTtuctuka / Harpyska / Harpy3ka no MmowHocTu] «f1yck P-Harp no_» =

e «ANNT-Tb»: PUKCUPOBAHHBLIN NN CKONb3ALWMNN Nepuoa. AInTenbHOCTb Nepuoaa
HacTpauBaeTCs B MeHIo «AimnT P-Harp».

o «[TyCKDHK»: Cpe}J,HI/Ie 3Ha4YeHna paCCHNTbIBAlOTCA Ha OCHOBE Nnepnoia BpemMeHN

MeXX4y ABYMSA pacTyLuMn (ppoHTaMu MMnyJbCa CUrHasia, Ha3Ha4YyeHHoro s
napameTpa «llyck P-Harp ®H».

Cbpoc cpegHNUX U NUKOBbIX 3HAY€HUH Ha OCHOBE MOLLHOCTH

MrHOBEeHHbIN cOpoC NyTEM NPAMOro yrpaBsieHUs:

[PaboTa / Cbpoc] «KBuT®dH ® Harp» — cbpoc BCex 3Ha4YeHUn

MO>XHO Tak>Xe Ha3Ha4YuTb curHan cbpoca (Hanpumep, LMPOBON BXOAHON CUMHaN)
napameTpy [Map_ycTp_/ CTtaTnctmnka / Harpyska / Harpyska rno mMowHocTun] «<KBut®@H @

Harp».

B 3TOM cny4dae 3Ha4YeHus byayT copacbiBaTbCA NpU pocTe hpPOoHTa UMMYJibCa AAaHHOro
curHana cébpoca.

MNMpocMoTp cpegHNX N MUKOBbIX 3Ha4YeHnn Ha OCHOBEe MOLLHOCTH

B MeHto [PaboTa / CTaTuctuka / Harpy3kal

BapunaHT (KOMaHAa) OTKJII0YeHNA [Ji1 OrpaHn4YeHuns cpenHen TOKOBOU Harpy3kKu

CMm. pasgen => «CuctemMHble aBapuitHble CUrHanbI».
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1 MCDTV4 — pacwmpeHHasa anddepeHumanbHasa 3awmTa TpaHcopMaTopa

1.8 Smart view

1.8 Smart view

Smart view — 3To nNporpaMMHoe obecrnevyeHne Oas HaCTPONKN N OLLEHKKN NnapameTpos. Y
NaHHOW NporpaMMbl eCTb COBCTBEHHOE TEXHUYECKoe PyKOBOACTBO.

* YCTaHOBKA NapaMeTpOoB C NMOMOLLbIO MEHIO 1 MPOBEPKA NPaBUJSIbHOCTU 3HAYEHUI
napamMeTpoB.

¢ KoHdurypaumsa TMnoB pese B aBTOHOMHOM peXxume.

¢ CYMTbIBaHME N OLEHKA CTaTUCTUYECKNX OAHHBLIX N U3MEPEHHbIX BEJINYMH.
¢ BkJloYeHUE pexxrnma NOMOLLN.

¢ OTobparkeHune cTaTyca yCTPOMCTBA.

¢ AHa/IN3 HEMCNPABHOCTEN C NMOMOLLbIO perncTpaTopa cobbITUN, HEUCMPABHOCTEN U
CUrHasoB

Ons nonHonm HacTponku MCDTV4 pekoMeHAyeTCs UCnoJsib30BaTb NpoOrpamMMHoe
obecnevyeHne Smart view gna HaCTPOWKN N OLLEHKWN, MOCKOJIbKY HAaCTPOMKa C MOMOLLbIO
MaHesnn yCTPOWCTBaA BbIMOJIHAETCSA CNOXXHO U TpebyeT OJINTENIbHOrO BPEMEHMN.

Onsa Smart view Tpebyetca MK ¢ onepauunoHHon cuctemonm Windows (7, 8.x nnm 10).

TpebyeTca TakXe coeguHUTENbHbIN Kabenb anga npaMoro noakatydeHmna MCDTV4 k MK.
ITOoT Kabenb nogktoyaeTcs K pa3beMy USB n pasbemy «Mini B» Ha MCDTV4 (cm.
Takxel=> «NHTepgenc MK — X120»). CoeanHeHne MOXKHO Tak>XXe YCTaHOBUTb Yepes
Ethernet (TCP/IP), ecnn 3To [ONyCKaeTCsa XapakKTEPUCTUKAMN CETU, eC/in 3aKa3aHHoe
cTponcteo MCDTV4 ocHalleHo nHtepdencom Ethernet (s> «Kopbl MpPoTOKOJ1a CBA3N>,
«BbnaHK 3aka3a yCTPOMCTBa») U ec/in Ha NaHenun yxxe 6bin 3agaHbl HeobxoaMMble
HacTpouku TCP/IP (IP-agpec, Macka nogceTu, LWio3).

3awmuieHHasa CBA3b
B uensx 6e3onacHOCTN BO3MOXXHOCTU CBA3U Mexay Smart view n MCDTV4 moryT 6bITb
orpaHuyeHbl. bonee Toro, NogKMOYEHNE YCTaHABIMBAETCS TOJIbKO MOC/e BBOAA Napons

ans noaknoyeHns. bonee noapobHo cM. B rnaBe «be3onacHoOCTb» (s> «[Maponn ons
noaKJtYeHUs K Smart view»),

1.9 DataVisualizer
DataVisualizer — nporpamMmma ans npocMoTpa hopM CUrHaNO0B 1N 3anucemn o cobbiTuax.
OHa aBTOMaTU4YeCKN yCTaHaB/IMBaeTCs BMeCTe C nporpamMmMmon Smart view. Ee MOXXHO
MCnosib30BaTh N Kak CTaHOApPTHOe cpeacTBo npocMoTpa ansnos COMTRADE.

® OTKprTVIe N NMPOCMOTP 3arpy>XeHHbIX CUrHaJioB

* HacTpoWka KaHajla CUFHAJIOB 1 BUAOB, B TOM YUCJIEe HAJIOXKEHUS KAHAJI0B 1
npubnnxxerms

e [MocnepoBaTesibHLIA @aHa/IN3 TOYEK AAHHbIX U BbiICTpanBaHNE KaHaJi10B
OT06pa)KaeMbIX aHaJIoOroBbIX CUrHaOB B COOTBETCTBUN C 3aMMCAHHON JIOrUY€CKOWN
CXeMom BHYTPEHHEr o pene.

e CoxpaHeHMe HaCTpPOeK OKOH (CHMMKN) 1 NeYaTb 418 OTYeTa
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1 MCDTV4 — pacwmpeHHas anddepeHuymanbHasa 3almTa TpaHcpopMaTopa
1.9 DataVisualizer

e OTKpbITME CTaHOapPTHbIX oTpacneBbix annos COMTRADE, nony4YeHHbIX € Apyrmnx
WHTeNNeKTYallbHbIX 3N1€KTPOHHbIX YCTPONCTB

* [peobpa3oBaHue 3arpy>xeHHbix anaos curHanos B popmaT COMTRADE ¢
MOMOLLbIO PYHKLMN 3KCMNopTa

MCDTV4 MCDTV4-3.6-RU-MAN



2 ObopynoBaHue

2.1 Pa3mepHble YepTexu

2 ObopynoBaHue

2.1 Pa3MepHble YepTeXxu

BHeLwHn Bug — 19 nronMoB

O6beM (rnybmHa) ceobooHOro NpocTpaHCcTBa, Heobxoaumoro ansa cuctembl SCADA,
3aBUCUT OT cnocoba ee nogkNYeHUs. Tak, HaNpUMep, eCcin NCNOoJIb3yeTcs pa3dbem D-
Sub, HeobxoanMO y4ecTb AJINHY COOTBETCTBYIOLIEN BUJIKK NpY onpeneneHnn rnybunHbl.

BHewHWI BUA, NpUBEAEHHLIN B AAHHOM pa3aesie, OTHOCUTCA TOIbKO K 19-A10MMOBbLIM
YyCTPONCTBaM.
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2 ObopypnoBaHue
2.1 Pa3MepHble YepTexu
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HPT 209

Puc. 4: Koprniyc B2: BHewwHwui Bug (19-4t0ViMOBbIE YCTPOVICTBa). (Bce pa3Mmepsbl yKa3aHhbl B
MUJIJIMMETPAX, 3@ UCKJIIOYEHUNEM Pa3MepPOB B KBaApPaTHbIX CKObkax — [aAtovimMbi].)

BHeLUHNA BUA — BepcHsa ¢ 8 KHonKamMu

B 3aBMcMMoCTM OT crocoba noakayeHus, ceobogHoe NpocTpaHCTBO (raybuHa), KoTopoe
TpebyeTtcs gnsa cuctemol SCADA, pasnmnyaetcs. Tak, HanpuMmep, ecain NCNoJib3yeTcs
pa3beMm D-Sub, Heo6x0AnMMO y4ecTb AJINHY COOTBETCTBYIOLLLEN BUKU NPU ofnpeaeneHnu
rnybuHsbl.

CxeMa yCTaHOBKW, NMpuBeAeHHas B AaHHOM pa3aesie, OTHOCUTCS TONIbKO K YCTPOMCTBaAM C
8 kHoNkKaMu Ha nepegHen naHenn NYM. (KHonku «INFO», «C», «OK», «CTRL» n 4
MPOrpaMMHbIE KHOMKN).
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2 ObopynoBaHue
2.1 Pa3MepHble HYepTexu
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Puc. 5: Kopriyc B2: BHeLwHuy Bug (yCTpoKcTBa ¢ 8 KHornkamu). (Bce pa3Mmepsb! yKa3aHbl B
MWJIJIMMETPAX, 3@ UCKJIIOYEHUNEM Pa3MepPOB B KBaApaTHbIX CKObkax — [aAtovimMbi].)

CxeMa YCTAQHOBKMA — BepcCcus c 8 KHonkamu

[la)ke ecnn BCNoMoraTesibHOe HanpsiXXeHne OTKJIIYEHO, Ha CoOeANHUTENbHbIX
NpPMCNocobIeHNAX MOXKET COXPAaHATLCA OMACHOE HamnpsXXeHue.

CxeMa yCTaHOBKM, MpUBEAEHHAsA B AaHHOM pa3fene, OTHOCUTCSH UCKIOYNTENBHO K
YyCTPOMNCTBaM C 8 KHonkamu B nepenHen 4actm NYM. (KHonkn «INFO», «C», «OK», «CTRL»

M 4 NporpamMmMHbIe KHOMKM).
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2 O6opynosaHue
2.1 Pa3MepHble YepTexu

212,7
[8,37] Milimeters - Milimet
197 [ Inches - Cale]
[7,76]
184
[7,24]

1242 160 168,6 183

Frontplatte (4891 [6,30] [664] [7,20]

Frontplate
Panel przedni

HPT 711

Puc. 6: Boipe3 geepubl B Kopriyce B2 (Bepcusi ¢ 8 kHorikamu). (Bce pa3mepbl yka3aHbl B
MUWJIJTMMETPAX, 3a UCKJIDYEHUEM Pa3MepPOB B KBaApPaTHbIX CKoObkax — [AtoviMbl].)

OCTOPOXXHO!

CobnoganTte oCTOPOXKHOCTbL. He 3aTArnBanTe KpenexxHole ranku pesne (ranku M4, 4 mm)
C/IMLLKOM CUbHO. MNMpoBepanTe MOMEHT 3aTAXXKW C MOMOLLbIO ANHAMOMETPUYECKOr0o
kno4a (1,7 Hm [15 dyHT-gonmoB]). YpesmepHas 3aTaXKKa KpenexHbIX raek MoxeT
MPUBECTU K TENECHbIM NMOBPEXAEHNAM WX K NOJIOMKE pere.
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2.2 Koabl NnpoTOKON1a CBA3M

2 ObopynoBaHue

2.2 Kogbl NpoTOKOJ1a CBA3MU

B cneaytowen Tabnuue nepevncneHsl 6ykebl «llapaMeTpoB CBA3M» U3 KOAa 3akKa3a (CM.
«BbnaHK 3aKa3a YCTPONCTBa»), a Tak)Xe COOTBETCTBYOLIMNE NHTEPGENCHI U
MPOTOKOJIbl CBSA3M, KOTOPbIE AOCTYMHbI C A@HHbIM BapUaHTOM 3aKa3a.

UnTepdenc

RS485 / pa3zbemel

=~ «Modbus® RTU/IEC 60870-5-103 yepes
RS485»

[s|J 000 0[]

123456

C Ethernet 100 M6uT/c / RJ45

> «Ethernet — RJ45»

L]

D onToBOJIOKOHHOE coeagnHeHue / pa3beMm ST

L=~ «Profibus DP/Modbus® RTU/IEC
60870-5-103 4yepe3 ONTOBOJIOKOHHOE
coegnHeHune»

RxD TxD

E RS485/D-SUB

> «Profibus DP 4yepe3 D-SUB»

00

F OMTOBOJIOKOHHOE coeiMHeHne / pa3bemM ST

> «Profibus DP/Modbus® RTU/IEC
60870-5-103 4yepe3 ONTOBOJIOKOHHOE
coegnHeHune»

RxD TxD

G RS485/D-SUB

> «Modbus® RTU/IEC 60870-5-103 yepe3
pa3beMm D-SUB»

MCDTV4-3.6-RU-MAN

MCDTV4

JocTynHble NPOTOKO/Ibl CBA3M

be3 npoTokosia

Modbus RTU, IEC 60870-5-103, DNP3.0 RTU
s> «Modbus® »

> «IEC60870-5-103»

> «DNP3»

Modbus TCP, DNP3.0 TCP/UDP, IEC 60870-5-104
> «Modbus®»

> «DNP3»

s> «IEC 60870-5-104»

Profibus-DP

l=> «Profibus»

Profibus-DP

=~ «Profibus»

Modbus RTU, IEC 60870-5-103, DNP3.0 RTU
=~ «Modbus®»

5> «IEC60870-5-103»

> «DNP3»

Modbus RTU, IEC 60870-5-103, DNP3.0 RTU

> «Modbus®»

5> «IEC60870-5-103»
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2 ObopypnoBaHue
2.2 Koabl NpoTOKO1a CBA3M

#

84

UHTepdenc

020

Ethernet 100 MbuT/c / RJ45

> «Ethernet — RJ45»

L]

RS485 / pa3bemel

> «Modbus® RTU/IEC 60870-5-103 4epes
RS485»

[s|J 000 0H]s]
345 6

Ethernet 100 M6uT/c / RJ45

> «Ethernet — RJ45»

L]

OonTtuyeckuvi pavem Ethernet 100 Méut/c/
AyrniaekcHbii pa3bvem LC

s> «Ethernet/TCP/IP yepe3
OMNTOBOJIOKOHHbIN Kabenb»

RxD TxD

onTu4yeckuvi pabem Ethernet 100 M6uT/c/
AyrniaekcHbii pa3bem LC

s> «Ethernet/TCP/IP yepe3
OMNTOBOJIOKOHHbIN Kabenb»

RxD TxD

RS5485 / pa3bemel

> «Modbus® RTU/IEC 60870-5-103 yepes
RS485»

,ﬂocryngle NMPOTOKOJIbl CBA3HU
L=~ «DNP3»

IEC 61850, Modbus TCP, DNP3.0 TCP/UDP, IEC
60870-5-104

> «IEC 61850»
s> «Modbus® »
=~ «DNP3»

> «IEC 60870-5-104»

IEC 60870-5-103, Modbus RTU, DNP3.0 RTU
Modbus TCP, DNP3.0 TCP/UDP, IEC 60870-5-104
s> «IEC60870-5-103»

> «Modbus®»

> «DNP3»

s> «IEC 60870-5-104»

IEC 61850, Modbus TCP, DNP3.0 TCP/UDP, IEC
60870-5-104

> «IEC 61850»
s> «Modbus® »
l—> «DNP3»

> «IEC 60870-5-104»

Modbus TCP, DNP3.0 TCP/UDP, IEC 60870-5-104
<> «Modbus®»
=~ «DNP3»

5> «IEC 60870-5-104»

IEC 60870-5-103, Modbus RTU, DNP3.0 RTU

IEC 61850, Modbus TCP, DNP3.0 TCP/UDP, IEC
60870-5-104
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2 ObopynoBaHume

2.2 Kogbl NpoTOKOJ1a CBA3MU

# WHtepdenc AdocTynHble NPOoTOKOJbI CBA3U

00000 S] L «IEC60870-5-103»
5 6

1234 > «Modbus®»
Ethernet 100 M6uT/c / RJ45 > «DNP3»
> «Ethernet — RJ45» > «IEC 60870-5-104»

s> «IEC 61850»
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2 O6bopynoBaHue
2.3 YcTponcTteo MCDTV4 — ycTaHOBKa 1 NOAKOYEHNE

2.3

2.3

1

Ycrpoucrtso MCDTV4 — ycTaHOBKa U NoAKJlO4YeHUue

3a3eMneHue

Kopnyc cnenyeT TwaTesbHO 3a3eMAnTb. MNoacoeanHnTe 3a3emnaowmnm kabenb
(3aWwmTHOE 3a3emeHune: niaowanb ceyeHns 4-6 mm2 [AWG 11-9], MOMeHT 3aTsXku 1,7
Hm [15 dyHT-A0MMOB]) K KOpNyCy BUHTOM, MOMEYEHHbLIM CMMBOJIOM 3a3eMJieHns (Ha
3aHeNn NaHenn yCTpPoncTBa).

Kpome Toro, otoenbHoe 3a3eMieHmne (paboyvee 3azemneHue: MuH. 2,5 mm2 [=AWG 13],
MOMEHT 3aTsXkn 0,56-0,79 Hm [5-7 dhyHT-aonMoB]) TpebyeTca ana naatel nuTaHud. Ans
ornpefesieHNa COOTBETCTBYIOLLEro pa3beMa cM. Tabnuuy «O6o3HavyeHne pa3beMOB» B
pasgene «DI-4 X — nuTtaHue v undpoBbIe BbIXO4bI».

Bce cuctembl 3a3eMsieHns (3anMTHOE U paboyee 3a3eMIeHNs) AOSIKHbI ObITb
HU3KOMHOYKTUBHBLIMU (T. €. 6bITb MAaKCMMaNbHO KOPOTKUMU) U (eCNr MPUMEHNMO)
COOTBETCTBOBATb rOCYyAapPCTBEHHbLIM CTaHOApTaM.

86

OCTOPOXHO!

Cay yCTpOVICTBa O4eHb BOCMPUNMMYMBLI K BO34ENCTBMUIO IJIEKTPOCTATUYECKNX Pa3pAanoB.
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2 ObopynoBaHue

2.3 YcTponcTteo MCDTV4 — yCcTaHOBKa 1 NOAK/OYEHNE

2.3.2 O630p CNOTOB — rpynnbl COOpKMu

B cooTBeTCcTBMU C TpeboBaHNAMN 3aKa3yMKa YCTPONCTBA YKOMMIEKTOBaHbI MOAYJIbHO
(no komaM 3aKa3a). B KaxxabIl N3 pa3beMOB MOXKET BCTpauBaThbCA rpynmna cbopku. Huxe
rnoka3aHbl 0603Ha4YeHUS KJIEMM N Pa3beEMOB, COOTBETCTBYIOLLME OTAESIbHbIM FpynnaMm
cbopkun. To4HOE MeCTO YCTaHOBKWN OTAESIbHbIX MOAYNEN onpeaenseTcs no cxeme
coeiMHeHMs, KoTopasa 3akpernieHa Ha BepxHen naHesan yCTPONCTBa.

I'lepe,qmm naHeJb

Ha nepenHen naHenn MCDTV4 nmeeTtca nHtepdgenc USB, KOTOPbIA MOXXHO UCMOJIb30BaTh
0Na yCTaHOBKM coegnHeHus ¢ MO Smart view oasa HacTpoek.

e csioT X120

3aaHAaAa naHeJsb

cnotl cnot2 cnoT3 cnoTt4 cnoT5 cnoT6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
L] L) g

Puc. 7: Kopriyc B2 — nipuHUunnuaibHas cxema

cnoTt X1 cJioT X2 cnoTt X3 cjioT X4 cnoTt X5 cnoT X6

cnot X100 cnot X103 cnot X103 cnoT X104
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2 ObopypoBaHue
2.3 YcTponcTteo MCDTV4 — ycTaHOBKa 1 NOAKOYEHNE

2.3.3

88

YcnoBHble 0003HaYeHun dNIeKTpniecCcKux cxem
30ecb NnpuBeAeHbl YCN0BHbIE 0603HAYEHNS pa3INYHbIX TUMOB YCTPOMCTB, Harnpmumep
3aluunThl TpaHcopMaTopa, ABUraTens, reHepaTopa U T. N. No3TOMY Ha KOHKPETHOMN
3N1eKTPUYECKON CxemMe A8 YCTPONCTBa MOrYT NPUCYTCTBOBaTb He BCe 0003Ha4vYeH .
« FE — nogkntoyeHune Kk paboueMy 3asemneHunio (cM. pasgen > «3azemnenne»)
* [lMTaHne — NoaKJYeHne K BCNOMOraTeslbHOMY UCTOYHUKY MUTaHUSA
* |p.A — Bxop ca3Horo Toka .A (B HEKOTOPLIX CTpaHax o6o3HavaeTcs Kak L1)
* |p.B — Bxop ca3Horo Toka ¢.B (B HekKoTopbIx cTpaHax o6o3HavaeTcs Kak L2)
¢ |¢p.C — Bxopg cha3zHoro Toka ¢.C (B HEKOTOPbIX CTpaHax o6o3HavyaeTcs Kak L3)
* 3lo — Bxop TokKa yTeykn Ha 3eMJIto
e Ip.AWL ... Ip.C W1 — Bxoa pa3zHoro Toka .A...¢p.C, cTopoHa obMoTKuM 1
e . AW2 ... Ip.C W2 — Bxoa pa3Horo Toka ¢.A...dp.C, cTopoHa 06MOTKM 2

e 3lo W1, 3lo W2 — BXxOpA TOKa yTeYKUN Ha 3eMJIt0, CTOPOHa 06MOTKM 1/2

* UA — Hanps>xeHue mexnay ¢ason L1 n HenTpanblo (B HEKOTOPLIX CTpaHax
obo3HavaeTcsa Kak «UA»)

¢ UB — Hanps»xeHue mexnay da3on L2 n HenTpasnbio (B HEKOTOPbLIX CTPaHax
obo3HavaeTCa Kak «UB»)

¢ UC — Hanpsi>keHune Mexnay da3on L3 n HenTpanblo (B HEKOTOPLIX CTpaHax
o6o3HavaeTca Kak «UC»)

* UAB — nuHenHoe Hanps>keHne Ul2 (B HEKOTOPbIX CTpaHax ob03HavYaeTCcs Kak
«UAB»)

¢ UBC — nunHenHoe Hanpsi>xeHne U23 (B HEKOTOPLIX CTpaHax 0603HavYaeTcs Kak
«UBC»)

¢ UCA — nnHenHoe Hanps>xeHne U31 (B HEKOTOPLIX cCTpaHax 0603HavYaeTCs Kak
«UCA>»)

* VX — 4yeTBepTbI M3MEepUTENbHbIN BXOA A5 NU3MEPEHNS OCTAaTOYHOr0 HaMpPsXKeHNS
WM MPOBEPKUN CUHXPOHM3ALNN

e LUBbix — BbIXOogHOEe pene (uncpoBble CUrHasbl)

* HET / NC — HOpMasibHO Pa30MKHYTbIN / 3aMKHYTbIN KOHTAKTHbIA BbIXOZ,
e LUBx — uuncpoBomn Bxonq,

¢ COM — obuee noakntoyeHmne ungpoBbiX BXOO0B

¢ Out+, AHanor BbiX — aHanorosbi Bbixoq + (0/4...20 mA nnmn 0...10 B)

¢ |In-, AHanor BXx — aHanorosbin Bxon (0/4...20 MA nnamn 0...10 B)

* H_3 — He coeguHeHo

e HE NCIOJIb3OBATb — He ncnonb30BaTb
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2 ObopynoBaHue

2.3 YcTponictBo MCDTV4 — ycTaHOBKa 1 NMOAKJIIOYEHME
¢ KC — KOHTaKT CaMOANarHOCTUKMN
* GND — 3a3emMneHune
¢ JKpaH BY — 3kpaH coeguHuTenbHoro kabens

e OnT_kabenb — ONTOBOJIOKOHHOE COeAMHEHNE

Only for use with
external galvanic
decoupled CT’s.

See chapter

Current Transformers
of the manual!

— TOJIbKO ANA NCMN0J/Ib30BaHNSA C BHELWHUMMN TT C rasibBaHNYeCKOM
pa3Bsa3kon. CM. rnaBy «TpaHchopMaTopbl TOKa» pykoBoacTBa. CM. pa3gen o> «TI
— CTaHAapTHas BXOA4HasA njaTa U3MepeHns TOKOB pa3bl U 3aMblKaHWA Ha 3eMJ110».

* Caution
A Sensitive
. Currentinputs | — BHpMaHMe! YyBCTBUTEJIbHbIE BXOAbl U3MEPEHUNS MaibiX TOKOB CM.
pasgen s> «Tls — nnaTa N3MepeHNsa TOKOB (ha3bl N MasibiX TOKOB 3aMblKaHUSA Ha
3eMJIo».

MCDTV4-3.6-RU-MAN MCDTV4 89



2 ObopypoBaHue
2.4 Cnot X1

2.4 Crnot X1

* MJiaTta NMTaHUsa C ULMPPOBLIMK BXOLAMU

cnotl cnot2 cnoTt3 cnot4 cnoTt5 cnoT6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
L] L) g [

Puc. 8: 3aaHsas 4acTb yCcTpovicTBa (Ca0TbI)

Twvn nnaTbl MUTAHUA N KONNYECTBO LN POBLIX BXOL0B, NCMOJIb3yeMbIX B IAHHOM CJl0Te,

3aBUCKT OT TUMa 3aKa3aHHOro yCTponcTBa. O6beM PYyHKLMA B pa3/INYHbIX BaprMaHTax
oT/An4aeTcs.

HocTynHble rpynnbl cOGOpKM B JaHHOM CJlOoTe:

e LUBx-8 X1: gaHHasa rpynna cbopkm COCTOMT U3 LWINPOKoAMana3oHHOro 6a1oka

NUTaHNA, ABYX He3a3eMJIeHHbIX LM(POBbIX BXOA0B 1 6 LMEPPOBbLIX BXOO0B
(crpynnupoBaHHbIX).

[ocTyrnHble KOMBMHALMM MOXKHO MOYYUTb MO KOAY 3aKa3a.
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2 ObopynoBaHue
2.4 Cnot X1

2.4.1 DI8-X — nuTtaHue u uudpoBbie BXoAbl

MoMmnMo kabens 3a3eMsieHUs Ha Kopnyc (3aluTHOe 3a3eMieHune, cM. pasgen >
«3a3emsieHue») caegyeT NoACOeONHUTL AOMONHUTENbHbIA Kabesib 3a3eMNEeHNA K naaTe
nuTaHna (pabodvee 3asemneHue: MuH. 2,5 MM2 [= AWG 13], MoMeHT 3aTsxKun 0,56-0,79
Hm [5-7 cdyHT-AonmMoB]).

HaHHbIN Kabenb 3a3eM/IeHMA MogKAYaeTCcsa K pa3bemy Ne 1, cm. <<|E[> Puc. 9» Huxe.
Bce cnctembl 3a3emsnieHns (3awinmTHoe U paboyee 3a3eMeHns) 0OKHbI ObITb

HU3KOUHAOYKTUBHBLIMU (T. €. 6bITb MAaKCMMaNbHO KOPOTKUMU) U (eCNn MPUMEHNMO)
COOTBETCTBOBATb NOCYAapPCTBEHHbLIM CTaHAApPTaM.

ObecneybTe HagNeXalmin MOMEHT 3aTAXKN (CM. CXeMY).

NMonepeyHoe cevyeHne coeguHeHnnm: MuH. 0,25 mm? (AWG 23) ... makc. 2,5 mm? (AWG 14) c
06>XMMHOM BTYnKon nnn 6e3 Hee.

0,3Nm
2.65Ib'In
_0,56-0,79 Nm
5-7 lb-in

HPT_Z13
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2 ObopypnoBaHue

2.4 Cnot X1
rd
1 S
" ®YHKLMOHAIbHOE 3a3eMJieHne
2 | L+ MuTtanue
3 L
4 H_3
5 [ com
6 1 LI Bxlﬁ
7 COM2
8 _J_Lﬁxzﬁ
9 CcoM3
10 [ coMm
11 LBx3
12 LiBx4
13 [~ uBx
14 [ uBx
15 [ uBx
16 [ UBx
17 [ -
18 — -
Puc. 9: Pa3bemMsbl
LLBx-8P X

DyYHKLUNOHaNbHOE 3a3eMiieHne

UBx8 .

1817161514 13121110 9 8 7 6 5 4 3 2 1

SO00000000000000000|s]

Puc. 10: IneKTpoMexaHn4Yeckas agpecaumns

dTa rpynna cbopkun BKIOYaET B cebs:
* LUMPOKOAMANa30HHbIN 610K MNTaHKS;

* LWECTb UNMPOBbLIX BXOA0B, CrPYNMMPOBAHHbIX;

92 MCDTV4

HPT 14

HPT_Z15
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2 ObopynoBaHue
2.4 Cnot X1

* [ABa LKU(ppOBLIX BXOOA, HE CTPYNMNNPOBAHHbLIX.

e pa3beM ansa paboyero 3aszemseHns (06a3aTeNibHbIA O/15 NOOKJIIOYEHNS, CM.
«[pepynpexneHne» Bbilwe).

BcnomMoraTtesibHbIH UCTOYHUK Hanps>xXeHuns
* BcnomoraTesibHble BXOAbl HANPS)XEeHUs (LlJVIpOKO,EI,VIaI'Ia3OHHOFO 610Ka NUTaHns)
ABNAOTCA HEMONAPN3OBAHHbLIMN. YCTDOVICTBO MOXXEeT KOMMNIeKTOBaTbCA
NCTOYHUKaMN NOCTOAHHOIO UM nepeMeHHOro HanpsaxeHums4.

e BcnomoraTtenbHoe Hanps>xeHue: 24 ... 270 BnocT. / 48 ... 230 Bnep. (—20/+10%)

* [pepoxpaHuTenb (BCTPOEHHbLIN B LUMPOKOAMANA30HHbIN 610K NnTaHuA): 6.3 A C
OTCTaBaHMEM MO BpeMeHMN.

(JaHHbIN NpegoxpaHUTENb He NoaJIeXXUT 3aMeHe, OH Heobxoaum ans 6esonacHomn
paboThl.)

B 6110k NnTaHus Heobxoanmo YCTaHOBUTb NMpeaoxpaHNTeEsb.

¢ 2,5 A, MUHMATIOPHBLIN, C OTCTaBaHMeEM Mo BpeMeHun, 5 x 20 mm (oK. 1/5 x 0,8 gonma)
B cooTBeTCTBUMU C IEC 60127

e 3,5 A, MUHMATIOPHLIN, C OTCTaBaHWeM Mo BpeMeHu, 6,3 x 32 um (oK. 1/4 x 1 Y%
atonma) B cootseTcTBUM ¢ UL 248-14

LUngpoBbie Bxoanbi
Moaysb nmeeT 8 crpynnmMpoBaHHbIX LUGMPOBLIX BXOO0B.

Mpoueaypa Ha3HavYeHUs LUMMPOBLIX BLIXOAO0B ONUCLIBaeTCs B pasaene l=>
«KoHurypauma LnppoBbIX BXOL0B>.

MepeyeHb OOCTYMHbLIX Ha3Ha4YeHUN O CUrHaNo0B CM. B OTAEJ/IbHOM LOKYMEHTE Moj,
Ha3BaHueM «CrpaBoO4YHOEe PYKOBOACTBO K ycTponcTtesy MCDTV4» (MCDTV4-3.6-RU-REF.

OCTOPOXHO!

Mpu NCNosb30BaHUN NUTAHUSA MOCTOSHHOIO TOKa OTPULATEIbHbIN MOTEeHLMan A0JIKEH
6bITb NOAKNOYEH K 0bwen knemme (COM1, COM2, COM3 — CcM. MapKMpPOBKY pPa3beMOB).

OCTOPOXXHO!
ONs Ka)k4on rpynnbl LMGPOBbLIX BXOAOB ClleAyeT yCTaHOBUTbL NapamMeTp
COOTBETCTBYIOLLEro AMarna3oHa BXOAHOr0 Hanps>XXeHusl. HeBepHas ycTaHOBKa
MOPOroBbIX 3HAYEHWUI NEPEKIIIOYEHNS MOXKET Bbl3BaTbh HEMPaBUbHYO paboTy nnn
o HenpaBUbHble UHTEPBasbl Nepenayn cMrHana.

Lingpposble BXOAbl MMEIOT pa3/iMdHble MOPOroBblie 3HAYEHUSA NepektnyYeHns (KoTopble
MO>XHO HaCTpPOUTb C NoMoLlblo NnapameTpa [Map_ ycTp_/ Undposble Bxoabl / UBx CnoT
Xx [ Tp_yl «Hom_Hanp_»). Ana Ka)x[own rpynnbl MOryT yCTaHaBAMBaTbLCA ciefyoume
MOPOroBbl€ 3HAYEHUSA MepPeKkTYEeHNS:

* «24 B nocT. ToKa»

¢ «48 B nocT. TOKa»
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2 ObopypnoBaHue
2.4 Cnot X1

* «60 B nocT. ToKa»

* «110 B nocT. ToKa»

* «230 B nocT. ToKa»

* «110 B nep. Toka»

* «230 B nep. Toka»
Ecnn Hanps>xeHne npesBbiwaeT 80% OT yCTAaHOBJIEHHOIO MNOPOroBOro 3Ha4YeHns
nepekadYeHns, NponcxoanT pusnyeckoe pacnosHaBaHne N3MeHeHUs COCTOSHMUA
(pusmyuecknin cnrHan «1»). Ecnn HanpsixkeHne coctaBnseT meHee 40 % oT

yCTaHOBJIEHHOIr0 MOPOrOBOIro 3HAa4YEHUSA MEPEKIIIOYEHNSA, YCTPONCTBO PErncTpmpyeT
DU3NYECKNIN «HOb>.
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2 ObopynoBaHue
2.5 Cnot X2

2.5 Crnot X2

* MNJlaTa BbIXOOOB pene

cnotl cnot2 cnoTt3 cnot4 cnoTt5 cnot6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
L] L) L g

Puc. 11: 3a4HA5 H4aCTb yCTPOWCTBa (C/0ThI)

Tun KapTbl B 4AHHOM C/1I0T€ 3aBUCUT OT TWMNA 3akKa3aHHOro yctponcTea. ObbeM pyHKL WA
B pa3J/IMYHbIX BapyaHTax oTan4yaeTcs.

[ocTynHble rpynnbl C6OpKN B 4aHHOM CloTe:
* ORG6: 'pynna cbopkun € 6 BbIXOAHLIMU perne.

Bce BbIxoOHbIE pesie MEIT nepeksYatowme KoHTakTbl (opm C).

' JocTynHble KOMBMHaLNN MOXXHO noNy4dYnTb NO KOAOY 3aKa3a.
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2 ObopynoBaHue
2.5 CnoTt X2

2.5.1 BO-6 X — rpynna cbopku c 6 BbIXOAHbIMU pene

ObecneybTe HagseXalMin MOMEHT 3aTAXKN (CM. CXeMy).

MonepeyHoe cevyeHue coeanHeHun: MuH. 0,25 mm2 (AWG 23) ... makc. 2,5 mm? (AWG 14) c
06>XUMHOIM BTYNIKOW Unun 6e3 Hee.

0,3 Nm
2.651bIn
0,56 — 0,79 Nm
5-7 lb'in

HPT 213

p<
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O 0 (N |JWIN (- E

LBbix1
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LIBbIx2

L

LIBbix3
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=

LIBbix4

=
N
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EsN

LIBbIX5

L

(=Y
(*)]
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~

LIBbIx6

L

=
00
HPT_Z17

Puc. 12: Pa3bemsbl
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2 ObopynoBaHune
2.5 Cnot X2

w
?
o
b

LiBbix1 NC
LBbix1 C
LIBbix2 NC
LBbix2 C
LIBbix3 NC
LIBbix3 C
LIBbix4 NC
LIBbix4 C
LIBbix5 NC
LIBbix5 C
LIBbix6 NC

LIBbix6 C

181716 151413121110 9 8 7 6 5 4 3 2 1

LIBbix6 HET

SO00000000000000000]s]

HPT 718

Puc. 13: DnekTpoMexaHudyeckas aapecaumns

PenenHble Bbixonbl

BbIxogHble pene nMmetloT 6ecrnoTeHuUManbHble KOHTaKThI. Mpouenypa HasHavYeHns
BbIXOAHbIX pese onucbiBaeTcs B pasgene > «HacTpoliku BbixoaHbIX pene». MepeyeHb
CUTHaNoB, KOTOPbLIE MOXXHO Ha3Ha4YnTb, CM. B OTAENbHOM OOKYMEHTEe Noj Ha3BaHMEM
«CnpaBo4HOE PYyKOBOACTBO K ycTponctey MCDTV4» (MCDTV4-3.6-RU-REF).

OCTOPOXXHO!

HacToAaTenbHO peKoMeHOyeTCs YYNTbIBaTh AONYCTUMYO HarpyskKy no ToKy AJis
BbIXOJHbIX pesne. ObpaTUTeCh K TEXHNYECKUM AaHHbIM (=> «TexHun4yeckune gaHHble»).
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2 ObopypnoBaHue
2.6 Cnot X3

2.6 Crnot X3

¢ TT — n3amepunTesbHble BXOAbl TPaHCHOpPMaTopa TOKa Ha CTopoHe o0bMoTkn W1

cnotl cnot2 cnoTt3 cnot4 cnoTt5 cnoT6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
L L L] | L] :

Puc. 14: 3a4HA5 H4aCTb yCTPOWCTBAa (C/10Thl)

JaHHbIN CNOT COOEPXXUT N3MepuTenbHble BXOAbl TPaHCopMaTopa TOKa Ha CTOPOHEe
obmMoTKKM W1. B 3aBUCMMOCTM OT KOJla 3aKa3a 3TO MOXXET ObITb CTaHAapTHasA naaTa
N3MepeHNa ToKa NN YyBCTBUTEIbHASA NJlaTa U3MepPEeHNs TOKa Ha 3eMJlt0.

HocTynHble rpynnbl c6OpKn B 4AaHHOM CJloTe:

* Tl: BxogHada nnaTta UsMepeHunsa TOKOB a3kl N 3aMblKaHWUA Ha 3eMJilo, CTaH4apTHas
YYBCTBUTE/IbHOCTb.

Tls: BxogHasa nnaTta nsmMepeHns TOKOB pa3bl N 3aMblKaHNA Ha 3eMJ1I0 C BXOLaMWN AN
M3MepeHNs TOKa YTe4YKU Ha 3eMJ10. TeXHNYeCKme XxapakKTepucTukun
HyBCTBUTEJIbHOIO BXO04a U3MEPEHNA TOKa YTEYKUN Ha 3€eMJTIO OTJINHAKOTCA OT
TEXHNYECKNX XapaKTepPUCTUK BXOAO0B n3MepeHUsa pa3HbIX TOKOB. OﬁpaTI/ITer K
rnaBe TeXHN4YECKNX AaHHbIX (II=|> «TexHn4Yeckne gaHHble»).
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2 ObopynoBaHue
2.7 Cnot X4

2.7 CrnoTt X4

¢ TT — n3amepunTesibHble BX0Abl TPaHCHOPMaTopa TOKa Ha CTOpoHe 0bMoTkn W2

cnotl cnot2 cnoTt3 cnot4 cnoTt5 cnoT6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
L] L) L g [

Puc. 15: 3a4HsA5 H4acTb yCTpoyvicTBa (C/0Thl)

[aHHbI CNOT COAEPXUT N3MepUTesbHble BXOAbl TPAHChOPMaToOpa TOKa Ha CTOPOHE
obmoTkM W2.

Tun KapTbl B JAHHOM C/1I0T€ 3aBUCUT OT TUMNA 3akKa3aHHOro yctponcTea. ObbeM pyHKL WA
B pa3J/IMYHbIX BapMaHTax oTan4aeTcs.

[OocTynHble rpynnbl cCOOpKN B 4@aHHOM CJioTe:
e Tl: cTaHOapTHasa nNiaTa N3MepeHusa ToKa Ha 3eMJIto.
e Tl: yyBCTBUTENbHAA NJlaTa U3MEPEHNS TOKA Ha 3eMJ1I0. TeXHU4Yeckue
XapaKTepUCTUKN YyBCTBUTENLHOIO BXO4a U3MEPEHNA TOKa YTEYKN Ha 3eMJIt0
OTJINYAIOTCA OT TEXHUYECKNX XapaKTepPUCTUK BXOAOB N3MepeHUs pa3HbIX TOKOB.

O6paTUTECh K rNaBe TeXHNYecknx AaHHbIX (> «TexHuyeckne gaHHbIe»).

e TU: 'pynna c60pKun pasa naMepeHnsa Harnps>KeHus.

ﬂ,OCTyI‘IHbIe KOMBMHaLNM MOXXHO Mnoay4ynThb MO KOAY 3aKa3a.
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2 ObopynoBaHue
2.7 CnoT X4

N

7.1 Tl — cTaHpapTHaa BXOoAHaA nJjaata usMepeHus TokoB cdasbl U
3aMblKaHUA Ha 3eMJI0

dTa n3MepuTenbHasa njaaTta ocHaleHa 4 BxogaMu 48 naMepeHusa Toka: Tpu U3 HUX
npefHa3HayeHbl 418 u3MepeHnsa pasHbIX TOKOB N OOUH — A1 U3MEepPEeHUNS TOKa YyTeuyku
Ha 3eM10. Ka)KabIl U3 BXOO0B U3MEPEHNA TOKa UMEET N3MEPUTENbHbLINA BXO4 A1 CUbI
Toka 1 Aunb5A.

Bxon 0519 n3mepeHus ToKa HyJIeBOM nocienoBaTesibHOCTU 310 MoXKeT NOAKI0YaThCS K
TpaHchopMaTopy TOKa HyJIeBOM NOCAef0BaTE/IbHOCTA UKW K CYMMUPYIOLWER IMHUM TOKa
TpaHchopMaTopa ha3HOro Toka (coegnHeHne XosamrpuHa).

OMNMACHOCTb!

BTopnyHble 06MOTKM TpaHCHOPMaTOPOB TOKa HEOHXOAMMO 3a3eM/INTh.

>

OMNMACHOCTb!

OTKJ/Il04EHME BTOPUYHBIX Lienein TpaHChopMaTopa ToKa MOXKET MPUBECTU K
BO3HUKHOBEHWIO OMACHbIX HaMPs>XXeHUiA.

>

BTopuyHas obMoTKa TpaHCcopMaTopa ToKa A0/KHa ObiTb coeMHEHaA HAaKOPOTKO Nepen,
OTKJIlOYEHMEM LienNn TOKa, NAYLIEro K 3TOMy yCTPOMACTBY.

OMNMACHOCTb!

Bxoabl naMepeHnsa Toka MOryT NOOKAYATbCA UCKIIOYNTESIBHO K NU3MEPUTENbHBbIM
TpaHchopMaTopaM TOKa (C rasibBaHNYE€CKOWN pa3BA3KON).

>

* 3anpellaeTcsa MeHATb 3TK BXodbl mecTamu (1 A/5 A)

* Ybenuntechb, 4TO KO3DPULNEHT TPaHCHOPMALIUM N MOLLHOCTbL TT paccymTaHbl
npasuJibHO. ECnn KosdhpnumeHT TpaHchopMaunm TpaHchopMaTopa ToOKa He
COOTBETCTBYET TPEOOBaAHMAM (MPEBLILLAET HY>KHOE 3HAaYeHNE) TO HOPMaJibHbIEe
paboyne ycnoBust MOryT ObiTb HE pacrno3HaHbl. 3HaYyeHne cpabaTbiBaHUS
n3mepuTenbHoro 610ka coctaBngaeT NPMMeEPHO 3% OT HOMUHAJILHOrO TOKa
yCcTponcTBa. KpoMe Toro, gns obecrnevyeHnss Heob6xoanMMom TOYHOCTN oNsa TT Hy>KeH
TOK, nMpeBblWatowmn 3% ot HoMMHana. NMpumep. NS TOKOBOroO TpaHCHOopMaTopa Ha
600 A Toku cunon MeHee 18 A He ByayT obHapy>XMBaATbCS.

>

* [leperpy3ka MOXXeT Bbl3BaTb pa3pyLueHne n3MepuTesibHbIX BXOO0B WU BblOa4y
OLINBOYHbBIX CUTHANOB. [Meperpyska o3Ha4aeT, YTO B CJ/lydae KOPOTKOro 3aMblKaHUA
OOoMNnyCcTtnMasa Harpy3ska M3aMepPUTEJIbHbIX BXOOOB MO TOKY MOXET ObITb npesBbiLUEHa.
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2 ObopynoBaHue
2.7 CnoTt X4

ObecneybTe HagNeXallnin MOMEHT 3aTAXKM (CM. cxemy).
NMonepeyHoe cevyeHne CoeaNHEHNN:

e 1wvam 2 no 2,5 mm? (2 wt., AWG 14) c 06)KMMHOWN BTYJIKON, NN

e 1uvam 2 x 4,0 MM?2 (2 wT., AWG 12) c KonbLLeBON UM 06bIYHON KabenbHoM MydTON,
nnm

e 1uvam2 x 6 Mm2 (2 wT., AWG 10) C KoNbLEeBON Nan 0bbl4HOW KabesibHON My TON.

1,35 Nm
11,9 Ib'in

0,3 Nm
2,65 lb-in

HPT 221

X?.
1 1A
5A 3
> _‘E Icp.A
N =<
z 1A
5 SA:E Ich.B
N =<
s 1A
5A =<
8 _‘E Ip.C
N =
9 1A
10 o
11 5“:% 310 .
12 S

Puc. 16: TI — ob0o3Ha4YeHne pa3bLeMOB
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2 ObopygnoBaHue
2.7 CnoTt X4

Ip.A-1A

Ih.A-5A

Icp.B-1A

Ip.B-5A

Ip.C-1A

Ip.C-5A

3lo-1A

3lo-5A

10

11

Puc. 17: Tl — sanekTpoMexaHndeckas agpecauuns

102
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Ip.A-N

Ip.B-N

Ih.C-N

3lo-N

HPT_ 723
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2 ObopynoBaHue
2.7 CnoTt X4

N

7.2 TIs — nnaTta usmepeHusi TOKOB (pa3bl U MaJibiX TOKOB 3aMblKaHUS Ha
3eMJio

M3mepuTenbHasa nsaaTta MasiblX TOKOB 3aMblKaHUA Ha 3eMJ0 «Tls» oCcHalleHa 4 BxogamMu
019 N3MepeHUsa ToKa: TpU N3 HUX npefHa3HavyeHbl 4518 n3MepeHus pasHbIX TOKOB U
OAUH — O N3MepeHnd TOKa YTe4YKn Ha 3eMJII0.

TexHN4Yeckmne XxapakTepUCTUKN YyBCTBUTENIbHOIO BXO[a N3MEPEHMs TOKa YyTeYKM Ha
3eMJII0 OT/IMYAKTCSA OT TEXHUYECKUX XapaKTEPUCTUK BXOO0B N3MepeHns a3HbiX TOKOB.
O6paTuUTeCh K rlaBe TeXHNYeCcKknx AaHHbIX (l=> «TexHuyeckune paHHbIe»).

Bxon ona namepeHus Toka HyJ1eBoM nocnenoBaTesibHOCTM 310 MOXKET NOAKYATLCS K
TpaHchopMaTopy TOKa HYEBOM MOCIEA0BATENLHOCTU UM K CYMMUPYIOLLEN IMHUW TOKaA
TpaHchopMaTopa ha3Horo Toka (coegnHeHne XoaMrpuHa).

OMNMACHOCTb!

BTopu4yHble 06MOTKM TPaHCHOPMATOPOB TOKA HEOOXOAMMO 3a3EMINTD.

>

OMNMACHOCTb!

OTK/I0YEHME BTOPUYHbIX uenen TpaHcopMaTopa TOKa MOXKET NPUBECTU K
BO3HUMKHOBEHWIO OMacCHbIX HaI'IpFl)KeHI/II7I.

>

BTopnyHasa o6MoTKa TpaHchopMaTopa ToKa A0JKHA ObiTb COeANHEHA HAKOPOTKO nepen,
OTKJ/IIOYEHMEM Lienun ToKa, UAYLLEro K 3TOMy YCTPOWCTBY.

OMACHOCTb!

Bxoabl n3MepeHns ToOKa MOryT MOAKIHYATLCA UCKOYNTESNTBHO K NU3MEPUTENbHbLIM
TpaHcdhopMaTopaM ToKa (C rasibBaHNYECKON pa3BA3KON).

>

e 3anpeLlaeTcsa MEHATb 3TK Bxoabl MecTamu (1 A/5 A)

* Y6epuntech, 4T0O KO3Ih(PNUNEHT TpaHChopMaLMM U MOLLHOCTb TT paccYMTaHbl
npasuJbHO. ECnn KosdhpunumeHT TpaHchopMaLum TpaHCchopMaTopa TOKa He
COOTBETCTBYET TpeboBaHMAM (MPEBLILLAET HY>KHOE 3HaYeHNE) TO HOPMasibHbIEe
paboyne ycnoBmsa MoryT BbITb HE pacno3HaHbl. 3HaYyeHne cpabaTbiBaHMS
n3meputenbHoro 610ka coctaBngaeT NpMMepHO 3% OT HOMUHAJILHOIrO TOKa
yCcTponcTBa. KpoMe Toro, onsa obecrnevyeHns Heob6xoanMom TOYHOCTU ANsa TT Hy>KeH
TOK, NpeBbIWawnin 3% oT HoMUHana. Mpumep. [1ng TOKOBOro TpaHCopMaTopa Ha
600 A Tokun cunon meHee 18 A He BynyT obHapyXMBaTbCA.

>

* [leperpyska MOXXeT BbI3BaTb pa3pyLLUeHVe n3MmepuTesibHbiX BXOO0B WU Bbloavy
oWKn6OYHbIX CUFHANOB. [Meperpyska o3HavaeT, YTO B C/ly4ae KOPOTKOro 3aMblKaHNSA
OOMyCTUMasa Harpy3ka UaMepUTeJibHbIX BXOO0B MO TOKY MOXXET ObITb rnpesbilleHa.
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ObecneybTe HagNeXallnin MOMEHT 3aTAXKM (CM. cxemy).
NMonepeyHoe cevyeHne CoeaNHEHNN:

e 1wvam 2 no 2,5 mm? (2 wt., AWG 14) c 06)KMMHOWN BTYJIKON, NN

e 1uvam 2 x 4,0 MM?2 (2 wT., AWG 12) c KonbLLeBON UM 06bIYHON KabenbHoM MydTON,
nnm

e 1uvam2 x 6 Mm2 (2 wT., AWG 10) C KoNbLEeBON Nan 0bbl4HOW KabesibHON My TON.

1,35 Nm
11,9 Ib'in

0,3 Nm
2,65 lb-in

HPT_Z21

X?.
1 1A
5A 3
> _‘E Icp.A
N =<
z 1A
5 SA:E Ich.B
N =<
s 1A
5A =<
8 _‘E Ip.C
N =
9 1A
10 o
11 5“:% 310 .
12 S

Puc. 18: Tls — pa3bemMbl
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Ip.A-1A

Ih.A-5A

Icp.B-1A

Ip.B-5A

Ip.C-1A

Ip.C-5A

3lo-1A

3lo-5A

10

11

Puc. 19: Tls — asnieKkTpomexaHUu4eckas agpecaums
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Ip.B-N

Ih.C-N

3lo-N
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2 ObopynoBaHue
2.7 CnoT X4

2.7.3 TpaHcchopmMmaTopbl ToKa (TT)

MNMpoBepbTe HanpaB/ieHNE YCTAHOBKMU.

OMNACHOCTb!

f BTopuyHble 06MOTKM N3MepPUTENbHbBIX TPAHCHOPMATOPOB AOJIXKHbI ObITb 3a3€MJIEHbI.

OMNMACHOCTb!

Bxoabl namepeHus Toka MOryT NOOKAYaTbCA UCKIIOYNTESIBHO K NU3MEPUTENbHbIM
TpaHchopMaTopaM TOKa (C rasibBaHNYE€CKOWN pPa3BA3KON).

Bo Bpemsa paboTbl BTOpMYHbIe Llenun TT BCcerga A0/KHbI UMEThb Malylo Harpysky uam
6bITb 3aMKHYTbl HAKOPOTKO.

BHELLUHUI TpaHChOPMaTOP TOKa U Hanps>XeHUs, NOAKJIYEHHbIA Hagnexawum obpasom
N COOTBETCTBYIOLWMIA TpebyeMblM BENNYMHAM N3MEPEHNA. DTN YCTPOCTBA
o obecrneymBaloT HEOOXOANUMYIO N30JISLINIO.

' Ans paboTbl QYHKUMIA N3MEPEHNS TOKA U Hanpsi>XeHNst HeobxoANMO MCNONb30BaTb

Bce BxoObl 0N U3MEpPEHNs ToKa O0JIKHbI ObITb paccYnTaHbl Ha HOMUHaNA 1 A nnm 5 A.
Y6eantecb B MPpaBUJIbHOCTN CXEMbl MOOKJIOYEHNS.

2.7.3.1 WN3MepeHue MaNOro ToKka yrediku Ha 3eMJio

Bxoabl namMepeHnsa MasiblX TOKOB UCMOJIb3YIOTCA OJ15 U3MEepPeHNs MaJlbiX TOKOB, KOTOpble
MOT'yT BO3HUKATb B N30JIMPOBAHHbIX 3a3eMJ/IeHHbIX CeTAX C BbICOKUM COMpoTUBJIEHNEM.

M3-3a YyBCTBUTEJIBHOCTUN 3TUX BXOL0B He I/ICFIOJ'IbByIZTe nx ana naMepeHmsa ToKkoB
KOPOTKOIo 3aMblKaHNA Ha 3eMJ1l0, KOTOpPblI€ BO3HUKAlOT B HeNnocpenCtBeHHO
3a3eMJIeHHbIX CeTAX.

Ecnun TpebyeTca UCMosib30BaHMe Y4yBCTBUTEIbHOrO N3MEPUTESIbHOMO BXoAa A/
N3MepeHnst TOKOB KOPOTKOIro 3aMblKaHUSA Ha 3eMJto, Heobxoanumo ybeamnTtbcs, 4To
n3MepsieMble TOKN NpeobpasyoTcs COOTBETCTBYIOWMM TPAHCHPOPMATOPOM COrJIacHO
TEXHUYECKUM [aHHbIM 3aLMTHOIO YCTPOMCTBA.
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2 ObopynoBaHue
2.7 Cnot X4

2.7.3.2 MpuMmepbl NoaKAOYeHNnAa TpaHchOpPMaTOPOB TOKA

®.A &.B  $.C

X2,
° 1 1A
° Ip.A —> |— > ZA ng'A
®
° z 1A
o & r— B
4 6 &
° 7 1A
E_ Ip.Cc' —> | 5 5A Eq)'c
/qb.Bl \ d 9 TA

= = =

N |~ (o
= |2

|E|
o

Ip.C l

HPT_Z26

Puc. 20: i3amepeHune ¢pa3HbIX TOKOB M0 CXEME «MOJIHOV» 3Be34bl; In BTOpUYH. = 5 A.
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&.A ¢.B $.C

g: 1A —B

_Iqo.Al = 1P

_Iqo.Bl )

Ip.C' —»

|
*

I
BﬁSOm\lmmhwwn—-ﬁ

Zg Zk){‘
|w||_||_||_|

e = = =
os)

—
1G' = 3lo n3m

TpaHchopmaTop ToKa C
TOPOVAAJIbHLIM CEPAEYHNKOM: :
n3MepseT TOK yTeuku B 3eMJ1io .I_
(cymma TOKOB Tpex ha3). -
Mo>xeT NpMMeHATbLCA ANs o
N3MepeHust ToKa YTeYKN B I
3eMJII0 B U30JIMPOBAHHBIX CETAX

N CeTAX C KOMMeHcaumnen. :
SKpaHnpoBaHNe AOKHO | I

NPONYCKaTbCs Yepes TOKOBbIV

TPaHC(OPMATOP C TOPOUAASIbHBIM CEPAEHHUKON,

HPT_Z27

Puc. 21: i3amepeHue ha3HbIX TOKOB 10 CXeMe «MOJIHOVI» 3Be34bl; In BTopuyH. = 1 A. TOK Ha 3emJiio,
n3MepsaeMbIvi Hepe3 TpaHCchopMaTopa TOKa HyJ1eBoOV nocsie[oBaTtesbHocTu 3lo.HoMm.BTop. = 1 A.

DKpPaHMPYIOLLYIO OMJIETKY Ha pa306paHHOM KOHLLE JIMHUN HEO6X0AMMO MPOMNyCTUTbL Yepes
TpaHcopMaTOp HaNPSXKEHMA TOKa HYJIEBOW NOCNeA0BaTENbHOCTU U 3a3eMIUTL C
KabenbHOW CTOPOHBI.
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&.A  ¢.B  }.C

X
:\l

g_ Ip.A —> ]

1
2 &.
3
, 4
. Ip.A = é’B
Ip.B —> N
Ipp.A l — ® *— 6 "
¢« < Ip.B 1 ; 5A Ih.C
Ip.ct —> — 9 TA
Ih.B . ? 10
b l ~— Ip.C | I 5A g"

4
=
N

<— 3lo'

ih.C l

HPT_Z28

Puc. 22: 13amepeHne ¢ha3HbIX TOKOB M0 CXEME «MOJIHOW» 3Be34bl; In BTOpnYH. = 5 A. Tok Ha 3emMJito,
N3MepseMbIVi Hepes coeanHeEHME rno cxeme XoamrpuHa 3lo.Hom.BTop. = 5 A.

®.A ¢.B  }.C

X?.
. 1 1A
, -
g_ AT — 2 23 é.A
N 2
. — IpA N i 1A
l | /¢B' —— 5 5A: éB
Ip.A g N3
. — IpB el
n Ip.C' —> 8 SAE é_c
] 9 [ES
/c;b.Bl — IpC t = 1A
11 5A3 go
l Py 12 N =
~— 3l
I®.C =
E\

Puc. 23: 3amepeHne ¢ha3HbIX TOKOB M0 CXEME «MOJIHOW» 3Be34bl; In BTOpnYH. = 1 A. TOK Ha 3eMJii0,
N3MepPSEMbIV Yepe3 coeaAnHEHME rno cxeme XoamrpuHa 3lo.Hom.BTop. = 1 A.
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2.7 CnoTt X4
b.A ¢.B b.C
X2,
° 1 1A
Ip. A" — 5A
| A — 2 Ich.A
-— . 3 -
4 1A
A 5 |2 Ih.B
I, Ip.B" —» ] b .
o 7 1A
Ip.C' —» 5A
1 . L 8 Ih.C
— 1p.C g |N
1.8 T
1G' 10
B 11 2 E 310
= 12 [
10.C i
TpaHcchopmaTop
TOKa C .
TopounaanbHbIM
CepPAEYHUKOM: .I_
n3MepseT ToK - I
YTEe4YKUN B 3eMJ1t0
{cymma TokoB Tpex |
$a3s). MoxeT ! —
NMPUMEHATbLCA ANA °

N3MEepeHnsa Toka I
yTEYKU B 3eMNi0 B
N30/IMPOBaHHbIX .
CeTAX U CeTAX C I_
KOMMeHcauuen. C— —— _
IKpaHMpoBaHME | 3lo n3m = 3lo
LOJIKHO

NponycKaTbCs —

HPT_Z30

Puc. 24: iamepeHue AByxga3Horo Toka («coeanHeHne OTKPbLITbIM TPEYroJIbHUKOM»); In BTOPUYH. =
5 A. Tok Ha 3em10, U3MepPAEMbIV Yepe3 TpaHCcopmMaTopa ToKa Hy1eBOVI roc/ieoBaTe/IbHOCTU
3lo.Hom.BTOp. = 5 A.

SKpaHMpYOLLYIO ONJIeTKY Ha pa3obpaHHOM KOHLE NUHUM HeobXoAMMO NPonNyCTUTb Yepes
TpaHcopMaTop HanpsXXeHWs ToKa Hy1eBOM MOCJIeA0BaTENLHOCTU N 3a3EMANTL C
kabenbHOM CTOPOHbI.

* He ucnonb3oBaTtb 3lo pacy! BMecTo 3TOro ncnonb3lymnte 3lo n3m.

* I3MepeHHbIN ToK Ih.B sBNSeTCs HEBEPHbLIM NPY HECUMMETPUYHON CXEME.

MoaToMy PYyHKUMW 3aLNThl, UCNosb3yowwme |d.B (nan 3HavyeHus, NoyvYeHHbIe 13
Ih.B, Hanpumep |1, 12), moryT paboTaTb HEMPaBUIILHO.
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Puc. 25: 1amepeHne ¢ha3HbIX TOKOB M0 CXEME «MOJIHOW» 3Be34bl; In BTOpnYH. = 1 A. TOK Ha 3eMJii0,
N3MepSEMbIV YHepe3 coeaAnHEHME rno cxeme XoamrpuHa 3lo.Hom.BTop. = 1 A.
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2 ObopynoBaHue
2.7 CnoT X4
2.7.3.3 MopknioyeHue KpyribiX K1eMM

BxoaHasa nnaTa naMepeHnsa TOKOB pa3bl M 3aMblKaHNA Ha 3eMJ1I0 Nnoanep>XmnesaeT
NnoAKJTIOYEHNE KaK LWTbIPbKOBbIX PAa3beEMOB, TaK U KPYIJibiX KJIEMM.

OCTOPOXXHO!

Heobxoanmo cnepoBaTb HaLMOHaNbHLIM CTaHAAPTaM U AUPEKTMBaM. B oTaoenbHbIX
CTpaHax HEKOTOpbIE TUMbl Pa3beMOB MOryT ObITb 3anpeLyeHsbl.

Kakoi 6bl HM MCMOJ/Ib30BAJICS TUM pa3beMa, CHavana
Heobx0AMMO OTCOEAUHUTb UX OT YCTPOWCTBA, OTBEPHYB BUHTHI.

MpumeYyaHre. 3Ta CbeMHas AeTasb NpeacTasaseT cobon
nepemblyKy.

Ona wrekepHbIX 06bemMoB He06Xx0QMMO BCTaBUTL Kabenun u
3aKPENnnTb NX BUHTaMWN, KOTOPbIE HaxoaATCA C60Ky Ha BXO4HOM
njaaTe.

ObpaTuTe BHUMaHMNe Ha MOMeHT 3aTsxku, => Puc. .

[na KonbLIEBOWN KNEMMbI HEOOXO0AMMO BbINOMHUTL OAUH
MPOMEXYTOUHbIN Lar.

112 MCDTV4 MCDTV4-3.6-RU-MAN



HPT P33

N o
2 ‘
3 4 =

~ I

HPT P35

MCDTV4-3.6-RU-MAN

2 ObopynoBaHue
2.7 CnoTt X4

nepeﬂ,Bl/leTe 3aBUXXKY B CTOPOHY, YTOObI BUHTbI U
MeTa/JiIn4eCKne KOHTaKThbl CTaJin MOJIHOCTbIO AOCTYIMHbIMW.

Ka><ablh BbIBOL, COCTOUT U3 BUHTA U HEMOABUXKHOIO
MEeTa/JINYECKOro KOHTaKTa. BUHT (BMecTe ¢ KOHTaKTHOM
MAACTUHOMN) MOXHO MOJIHOCTbHIO OTBEPHYTh.

Mocne ynaneHnsa BUHTa U KOHTaKTHOW NAACTUHbI MOXKHO
BCTaBUTb KOJIbLLO. 3aTEM BCTaBbTe O6paTHO BUHT BMeCTE C
KOHTaKTHOM NAACTUHON TaK, 4ToObl BUHT npowen 4yepes
KOJIbLLO. 3aTAHUTE BUHT.

O6paTuUTe BHUMaHWE Ha MOMEHT 3aTsxku, => Puc. .

MoAa KoHeL nepeaBUHbTE 3aBUXKY 06paTHO B «3aKpbiTOE»
rMosioXKeHue.

MpumeyaHne. Ecnm nonepeyHble ceveHns kKabenenm HaxoaaTcs
B Npenesnax, NpnBeLEeHHbIX B F/laBe TEXHNYECKUX
xapakTepucTuk (l=> «TexHuyeckue paHHble», 5> Tabn. ), k
OOHOMY pa3beMy MOXHO NOAKOYNTb ABE KOJbLIEBbIE K/IEMMbI,
KaK NMoKa3aHO Ha 3TOM pUCYHKe. 3To yaobHo ans
NOAKJIIOYEHUS HENTPASIbHOW TOYKN.
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2.7.3.4 TpeboBaHua TT

Kpome Tex MOMEHTOB, KOTOPbIE U3JI0XKEHbI B JAHHON /1aBe, a TakXKe YMOMSAHYThIX
TpeboBaHui, HeobxoanmMo cobnoaaTh BCE HALMOHAJbHbIE N MEXAYHAPOAHbIE
CTaHfapTbl N TpeboBaHKA.

CumBonei

B cneaytouwen Tabnvue npnBoanTcs 0630p CUMBOJIOB, UCMOJIb3YEMbIX B pa3aesne
TpeboBaHum K TT.

Kssc HoMWHaNbHBIN KO3 HULMEHT TOKA CUMMETPUYHOI0 KOPOTKOIr0 3aMblKaHUS

Ktd MNepexoaHbI MaclTabHbIN KOIPDULNEHT, YYNTHLIBAIOLLUA MOCTOAHHYIO COCTaBASAIOLLYIO
TOKa KOPOTKOro 3aMblKaHNSA

K KoachdunumneHT obLien MoLWHOCTHY

lpsc,max MaKCMManbHbIA TOK CUMMETPUYHOIO KOPOTKOr0 3aMblKaHUA B NepBUYHON 06MOTKe

lpr HoMWHaNbHLIAN TOK NEePBUYHON OOMOTKM TT

lsr HoMnHanbHbIN TOK BTOPUYHOM 0O6MOTKN TT

Ret BHyTpeHHee conpoTMBAEHNE NPOBOAOB BTOPUYHON OOMOTKN TT
Rp HoMuHanbHasa akTMBHAA Harpyska

R'p MooknyeHHas akTUBHaA Harpyska TT

Snom,ct HOMWHanNbHasa MNosHaA MOWHOCTL TT

ALF HoMuHabHaA NnpefesibHaa KPaTHOCTb

ALF' AdhekTMBHaAA HOMUHaIbHasa NpegesibHas KPaTHOCTb, y4YUTbIBatoLWas MOAKIOYEHHYIO
Harpysky

Ex HomunHanbHas 2C B To4ke n3snoMa

Uc Hanps>keHne Ha BTOPUYHbLIX BbiBOLAX

Ustmax MakcumanbHoe HanpsiXKeHne Ha BTOPUYHbIX BbIBOAAX

Mpw BbIBOPE MOLWHOCTM TPaHCOPMaTOPOB TOKa HEOOXOANMO Y4YNTbIBaTb MepexoaHble
3hPeKTbl, TaKMEe KaK NOCTOSAHHYIO COCTaBASAIOLLYIO TOKOB KOPOTKOIro 3aMblkaHusa. Ons
3Toro TpeboBaHmsA K TT 0enaTCs Ha ABe 4acTu: A1 CAMMETPUYHOIro TOKa KOPOTKOro
3aMbIKaHUS N NEePexonHOro NoCTOAHHOIrO TOKa.

PacyeT HauymHaeTca ¢ Kege N9 MakKCUMasIbHOr0 CUMMETPUYHOI0 TOKa KOPOTKOIro
3aMbIKaHUA Ha CTOPOHE NepPBUYHON 0OMOTKM TpaHCopMaTopa TOKa.

I
_ 1pscmax
Ksse = )

Ipr

3HaveHme lpsc, max, @ TakXKe NepexofHbli KO3PPOUUNEHT MOLLHOCTY Kig 3aBUCAT OT
rn1aBHOWM aKTUBHOW (PYHKLMW 3aLUUTbl. DTW NMapamMeTpbl MOXXHO onpenennTb rno
cnefyoLlnM JaHHbIM:
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2.7 CnoT X4
3awmTa oT neperpysKun rno TokKy
PekomeHgyembii Knacc no ctaHgapty 10P, 5P
IEC 61869-100 (2017-01)
Ktg 1
Kssc B cooTBeTCTBUU C ypaBHEHMEM Bbile 1 =20
lpsc,max HacTporka MakKCMManbHOIro MOpPoOroBoro 3HavyeHns |-

AndppepeHunanbHan 3awmnta

PekomeHayeMmbIn Knacc no ctaHgapTty 5PR, TPY, PXR(, TPZ)
IEC 61869-100 (2017-01)

Ktd
e JlInHus: 2
* [eHepaToOp / ABUraTesnb: 3
* TpaHcdopmaTop: 4
Kssce B cooTBETCTBUN C YypaBHEHNEM BbiLLIE
lpsc,max MakKcuMasibHbIN TOK CAMMETPUYHOI 0 KOPOTKOroO
3aMblKaHUS B MEPBUYHON 0OMOTKE NMpu BHELLUHEM
3aMblKaHUK
Onsa 6onblunHcTBa KNnaccoB TT HeobxoanmMo ybeanTbCs B TOM, YTO BbIMOJIHAIOTCSA
cnepywouwmne TpeboraHms. Ona atoro Tpebyetcs KoahpuumeHT obLen MOLWHOCTH:
K = Kssc'Ktd
Knacc TT TpeboBaHue
P, PR K = ALF', rpe:
v Rct + Rb
ALF = ALF m
PX, PXR E, = 1K2 I (Ry+R)
IEEE / ANSI C- UsEK'Isr'(Rct+R'b)
KJlacc
3akaxunTte TT ¢ HOMUHaJIbHbIM HanNps>xeHneM, cneayowmm rnocne Ug.
TPX, TPY, TPZ 3akaxute TT c onpepesieHHbIMU MUHUMaNIbHbIMU Kgge U Kig.

OcTaTo4yHaa MHAYKLMSA NOKa He y4YuTbiBaeT. TeM He MeHee, OHa MOXXeT NMpuBecTn K
npo6bsemam, 0CO6EHHO A1 BHELIHMNX 3aMblKaHNAX, KOFAa UCMob3yeTcs
anddepeHunanbHas 3awmnTa. YTobbl y4eCcTb 0CTAaTOYHYO MHAOYKL WO, Heo6Xoamnmo
BbI6paTb 60AbLWNA KOIDPDULMEHT MOLHOCTbL N/UAN KAcC 3awnTbl TT OT OCTaTOYHOMN
nHOykunun, Hanpumep PR, TPY n PXR.

TpeboBaHMA oNa OUCTAHLMOHHO 3alWNTbl MPUMEHSIOTCA A8 KNAaCCOB 3aMblkaHuin 3 v 4
no ctaHpapTy IEC 60255-121 (2014). Tem He MeHee, B COOTBETCTBUU AaHHbLIM
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2.7 Cnot X4

PYKOBOACTBO ON15 pacyeTa TpeboBaHui TT nosb3oBaTesNIEM YYUTbIBAETCS TOJIbKO
3aMblKaHWe Knacca 3.

Ecin TOK KOPOTKOrO 3aMblKaHUSA YBENNYMBAETCS, TT MOXKET OKa3aTbCsH HEOCTATOYHO
MOLLHBIM A9 NOAOEP>XXaHUA COOTBETCTBYOLLNX PYHKUNA 3aLnThl. MNpn NAaHUPoOBaHUK
HOBOW YCTAHOBKW MMEEeT CMbIC/1 UCMOJIb30BaTb TT ¢ 60/bLLINM KO3DPULIMEHTOM MOJTHON
MOLLHOCTW, YEM HY>XHO, 4T0Obl 0becne4YnTb HEKOTOPLIN pe3epB Ha bynyliee.

MpumMep. 3aWwnTa OT Neperpy3ku no ToKy

TpaHchopMaTop TOKa: Ipr = 500 A

Iss=1A

Ret=15Q
YcTaBKa 3aliUTbl OT NeperpysKnM No ToKy: I = 25/Hom = 25-500 A =12 500 A
HoMuHabHaa akTMBHag Harpyska: Rb = Snom,ct/ls» =5BA/(1A)2=5Q
MoaoknoyeHHasa Harpyska: Rp=25Q

HayHuTe ¢ Bbl4McNeHns Kssc C MOPOroBbIM 3HAaY€HMEM YCTAaBKN A1 MaKCUMaJIbHOro
CYMMETPUYHOIrO TOKA KOPOTKOIro 3aMblKaHUS:

_ Ipscmax _ 25500 A _
KSSC - Ipr - 500 A - 25

Mpn 3TOM BbIMOJIHAETCA AOMOJSIHUTENIbHOE YCN0BUE AJ1S 3alUUThl OT NEPErpy3KN No TOKY
Kssc = 20 1 Kig = 1 (cM. Tabnuuy TpebosaHuii Bbilwe, > Tabn. ).

OTclopa onpepensetcs KoapdnuneHT obLien MOLHOCTK:
K = Kssc'Ktg = 25°1 = 25
ITUX OaHHbIX Y)XKe AoCTaTo4yHOo Ana Bbibopa TT knacca TPX.

OnHako ona TT kKnacca P TpebytoTca AonosHUTEeNbHbIE pacyeTbl. BbINONIHUM MpoBepKY
5P20 5 BA, nogxoaunT X OH AN NPUIOXKEHUSA 3aLlUNTbI:

ALF = 20
. Rq+ Ry, _ S 1,560+5Q _ _
ALF = ALF —Rct_'_R,b—ZO —1,59+2’59—32,52K—25

BbibpaHHbIN TT noaxoanT a8 AaHHoM obnacTtn NnpuMeHeHus.

Mpumep. OndppepeHunanbHas 3alimTa

TpaHchopMaTop TOKa: lpr = 250 A
Isr = 1 A
Ret =0,5Q
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2 ObopynoBaHume
2.7 Cnot X4

MNoaknoyeHHasa Harpyska: Rcrap=0,5Q

Recrep =1,3Q

MaKCVMasibHO BO3MOXHbIN TOK CUMMETPUYHOTO  Ipsc, max = 800 A
KOPOTKOIr0O 3aMblKaHWA NPV BHELLUHEM
3aMbIKaHWUK:

CHavana onpenenum KSSC C MaKCnMaJibHO BO3MOXXHbIM TOKOM CUMMETPUYHOI0O KOPOTKOIro
3aMblKaHNA NMpun BHELWLHEM 3aMblKaHUN:

_ Ipscmax _ 800 A _
Kee =", =250A = 32

HalguTe nepexofHbiil KO3dhMULNEHT MOLLHOCTH Kig B Tabnuue Bbiwe (<> «2.7.3.4

A depeHumnanbHas 3alinTa»); Hanpumep, Ans anpoepeHLmanbHON 3aWnUTbl CUCTEMBI
reHepaTtop / ABuraTtesb:

Ktg = 3

OTcrona KoappuumeHT obuier MmowHoCcTy byaeT paBeH:

K = Kssc'Ktg = 3,2:3 =9,6

MosTomy Bbibupaem cneaytouwiee: CTA = 5PR10 1 BA v ansa CTB = 5PR10 2,5 BA

Tenepb HeOBXOAMMO CKOPPEKTUPOBaTb KO3(hPUUMEHTbI OrpaHUYeHNA TOHYHOCTHM B
COOTBETCTBUW C NOOKIHOHYEHHOWN HAarpy3Kon:

ALFcra = 10, ALFcrg = 10

. Ret+ Remap _ 05Q+1Q _ _
ALF oy = ALFcrp Re+ Rognp 10 05Q0+050 " 15=K=29,6
. Ret+ Retpp _ 05Q+25Q _ _

CKOppeKTMpOBaHHbIE KOIPPUUMEHTLI orpaHnyeHns TouyHocTn ALF' gna CTA n CTB Bbiwe
Koa(hdunumeHTa obLen MOWHOCTN, 3TO 3HAYUT, YTO TT MOXKHO NCMONb30BaTb OJ1A
yKa3aHHOM 3ada4un.

MpumMep. 3awmnrta TpaHcgpopMaTopa

TpaHchopmaTop: YyO

Be 0bMOTKM

3-tha3HbIn
HoMuHabHaa MOLHOCTh: St =25 MBA
HoMuHaibHOEe BbICOKOE HanpsxeHue: Uty = 110 kB
HoMuHaibHOEe HN3KOoe Hanpsa>XKeHune: Ur. =20 kB

MakcrManibHO BO3MOXXHble TOKN CUMMETPUYHOr0 KOPOTKOr0 3aMblKaHNA NMPU BHELLHEM
3aMblKaHNK:
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Onsa BbICOKOro Hanps»XeHuns:

Ona HU3Koro HarnpaxeHn4:

TpaHchopMaTop TOKa A5 BbICOKOI O
Hanps>XeHus:

MooknoYeHHas Harpyska:

TpaHchopMaTop TOKa A9 HN3KOrO
Hanps>XeHns:

MooknoYeHHas Harpyska:

CHavana onpegenum Ksge U Kiy:

— IHV,pSC _ 1500 A =625

Kivsse =T, "= 240 A

Kuvitd = 4

P _ Tupse _ 8250 A _
Wsse = T~ 1200 A

Krvta = 4

IHVIpsc = 1,5 KA

ILV'psc = 8,25 KA

Inv,pr = 240 A
IHvsr=1A
Rryvct =0,5Q
Rrvp =5Q
Rhvp=1Q

ILV,sr = l A
Riviet = 0,9 Q
Rivpb =5Q
Riyp =20

OTctona onpepenseTcs KO3pPULUNEHT obLLen MOLLHOCTK:

118

Kpy = KH\/,SSC'KHV,td = 6,254 =25

Krv = Kryssc'Kivtd = 6,88:4 = 27,5

Tenepb Bbibepem TT 5PR20 5 BA ans Hu3koro Hanpsi>keHua n TT 5PR10 5 BA gns

BbICOKOIO Hanpsa>XeHwus.

CHavaNla HeobXoANMMO CKOPPEKTUPOBATL KOIPPULIMEHT OrpaHNYEHNS TOYHOCTU B

COOTBETCTBUW C NOOKJIIOHEHHON Harpy3K0|7|:

ALFhy = 10
ALF;y = 20
. Ruyvyer + Ruvp _ 050+50Q
ALFyy = ALFny R F Ry~ 10 050+1,00
MCDTV4
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R +R
ALFjyyy = ALF - Lv,ct Vb _ 9 0,909+5Q

Ryyer + Ry '09Q+200 " 40.69=Kyy =275

Takum obpa3om, BbibpaHHble TT noaxona Ans gaHHoON ob6nacTn NpuMeHeHuns.
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2 ObopypnoBaHue
2.8 Cnot X5

2.8 Cnot X5

e [lnaTa C HECKOJIbKUMUN BXO4AMN-BbIXO4aMWN

cnotl cnot2 cnoTt3 cnot4 cnoTt5 cnot6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
L] L) L g [

Puc. 26: 3a4HA5 H4aCTb yCTPOWCTBa (C/0Thl)

Tun KapTbl B 4AHHOM C/1I0TE 3aBUCUT OT TUMNA 3akKa3aHHOro yctponcTea. ObbeM pyHKL WA
B pa3J/IMYHbIX BapyaHTax oTamM4yaeTcs.

[ocTynHble rpynnbl C6OpKN B 4aHHOM CNoTe:
e OR6: 'pynna cbopku C 6 BbIXOAHLIMK pene.
Bce BbIxoOHbIE pesie MEIT nepeksYatowme KoHTakTbl (opm C).
e DI8-OR4: Npynna cbopku ¢ 8 unMppoBbIMM BXOJAMM U 4 BbIXOLHLIMU pene
Bce BbIxoAHbIe pefie MMET HOPMaJsibHO Pa3oOMKHYThle (hopMa A) KOHTAKTbI.

¢ AnlO2-OR4: Npynna moAaysen € 2 aHaloroBbIMU BXo4aMu, 2 aHasiorOBbIMU
BbIXOOaMu 1 4 BbIXOOHbIMU perne.

Bce BbIXOAHblE pene UMeT HOPMaJibHO Pa30OMKHYTble ((hopMa A) KOHTaKTbI.

' [ocTyrnHble KOMOMHALMM MOXKHO MOJYYUTb MO KOAy 3aKa3a.
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2 ObopynoBaHue
2.8 Cnot X5

2.8.1 DI8-OR4 — rpynna c6opku ¢ 8 uncdppoBbiMM BXogamMu u 4
BbIXOAHbIMU pene

ObecneybTe HagseXalin MOMEHT 3aTAXKN (CM. CXeMy).

MonepevyHoe cevyeHue coeanHeHun: MuH. 0,25 mm2 (AWG 23) ... makc. 2,5 mm? (AWG 14) c
06>XMMHOIM BTYNIKOM Unn 6e3 Hee.

0,3 Nm
2.651b:In
0,56 — 0,79 Nm
5-7 lb‘in

HPT 713

X2,
1 2 Bx1
2 - LIBx2
3 - LIBx3
4 - LIBx4
5 An LIBx5
6 in LIBx6
7 n LiBx7
8 7 B8
9 ' com1
10 ' com1
-
1; LIBbix1
l
1‘3‘ LIBbIx2
.
12 LIBbix3
l
17 -
18 j LBbix4 N

Puc. 27: Pa3bemsbl
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LBx1
LIBx2
LIBx3
LiBx4
LIBx5
LIBx6
LBx7
LiBx8
CoM1
CoM1

_/j LBbix1
_/j LBbix2
_/j LiBbix3
T s

BELELELEELL

181716 151413121110 9 8 7 6 5 4 3 21

S000000000000000000]s]

HPT_Z34

Puc. 28: InekTpoMexaHn4Yeckas agpecaumns

122

LingpoBbie Bxoabl
Mony/ib MMeeT 8 CrpynnuUpPOBaHHbIX LM(MPOBbLIX BXOLOB.

Mpoueaypa Ha3Ha4YeHUs LMMPOBLIX BLIXOLO0B ONUCLIBaeTCs B pasaene l=>
«KoHurypaumsa LngposBbiX BXOL0B».

lMepeyeHb AOCTYMHbLIX HA3Ha4YeHUN 019 CUrHanN0B CM. B OTAEJIbHOM [JOKYMeHTe noj
Ha3BaHMeM «CrnpaBoYyHOEe PYKOBOACTBO K ycTponctsy MCDTV4» (MCDTV4-3.6-RU-REF.

OCTOPOXXHO!

Mpn NCNonb30BaHUM NMUTAHUSA NOCTOSAHHOINO TOKa OTpULL@TESIbHbIA MOTEHLWaN AO/IKEH
ObITb NoAKNO4YEH K 0buwen knemme (COM1, COM2, COM3 — cM. MapKMpPOBKY pPa3beMOB).

OCTOPOXXHO!

AN Ka)kaon rpynnbl LMGPOBLIX BXOAOB CllefyeT yCTaHOBUTbL NapamMeTp
COOTBETCTBYIOLLEro AMarna3oHa BXOAHOr0 Hanps>XXeHus. HeBepHas ycTaHOBKa
MOPOroBbIX 3HAYEHWUI NEePEKIIOYEHNS MOXKET Bbl3BaTb HEMpPaBUbHYO paboTy nnn
HenpaBU/bHble NHTEPBaJbl NepenayYn cMrHana.

Lindposble BXoAbl MMEKOT pa3/iMiHbIe MOPOroBbie 3Ha4YEHUS nepekayeHnsa (KoTopble

MO>XXHO HAaCTpPOUTb C MoMoLLbio NapameTpa [Map_ ycTp_/ Undposbie Bxoabl / LBx CnoT
Xx [/ Tp_yl «Hom_Hanp_»). Ana Kax[owm rpynnsl MOFYT yCTaHaBAMBaTbCA cleayoLline
MoporoBble 3Ha4YeHNA NepekstoveHns:

¢ «24 B nocCT. TOKa»
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* «48 B nocT. TOKa»

* «60 B nocT. Toka»

* «110 B nocCT. ToKa»

* «230 B nocT. ToKa»

* «110 B nep. Toka»

* «230 B nep. Toka»
Ecnn HanpshkeHue npesbiwaeT 80% OT yCTaHOBJIEHHOr0 NOPOroBOro 3Ha4eHus
rnepekdYeHus, NPoNCcxXoaunT pusnyeckoe pacnosHaBaHUe UsMeHeHUss COCTOSAHUSA
(pmn3nyecknm cnurHan «1»). Echm Hanps>keHne coctasnseT meHee 40 % oT

YCTaAHOBJIEHHOr 0 NOPOrOBOro 3HAa4YeHUS MepeksnyYeHus, yCTPONCTBO perncrpupyeTt
PU3NYECKUN «HOSb>.

BbixogHble pene

BbixogHble pene nmeloT becnoTeHunanbHble KOHTaKThI. Mpoueaypa Ha3Ha4YeHuns
BbIXOJHbIX pesie onucbiBaeTcs B pasgene > «HacTpoiikn BbixoaHbIX pene». NepeyeHb
CUIrHaNoB, KOTOPbIE MOXXHO Ha3HaYUTb, CM. B OTAEJIbHOM LOKYMEHTe NoJ Ha3BaHMEM
«CnpaBo4yHOE PYKOBOACTBO K ycTponcTtBy MCDTV4» (DOK-TD-MCDTV4).

OCTOPOXXHO!

HacTosTenbHO peKoMeHAyeTCs YyYUTbiBaTb AOMNYCTMMYO HAarpy3Ky no ToKy AJis
BbIXOAHbIX pesie. ObpaTUTeCh K TEXHNYECKUM JaHHbIM (<> «TexHunvyeckne paHHble»).
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2 ObopynoBaHue
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2.8.2

AN-102-OR4 — rpynna c60pku ¢ 2 aHaNoOroebiM1M Bxogamm, 2

aQHaJNIOroBbiMM BbiXOoAaMMm U 4 BbIXOAOHbIMU pene

ObecneybTe HagseXalMin MOMEHT 3aTAXKN (CM. CXeMy).

MonepeyHoe cevyeHue coeanHeHun: MuH. 0,25 mm?2 (AWG 23) ... makc. 2,5 mm? (AWG 14) c
06>XXMMHOIM BTYNIKOW Unn 6e3 Hee.

0,3 Nm
2.651b:In

x
~

|

O (N[O [WIN|[F].

=
o

=
=
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=
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Puc. 29: O6o3Ha4yeHue pa3bLEMOB.
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~0,56-0,79 Nm
5-7 Ib-in

HPT 713

AHanor Bbix 1

AHanor Bbix 1 COM
AHanor Bbix 2

AHanor Bbix 2 COM
dkpaH BY
AHanor Bx 1

AHanor Bx 1 COM
AHanor Bx 2
AHanor Bx 2 COM

dkpaH BY

LBbix1

LIBbix2

LIBbix3

LBbix4

HPT 235
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AHanor Bbix 1
AHanor Bbix 1 COM
AHanor BbIXx 2
AHanor Bbix 2 COM
OkpaH BY

AHanor Bx 1
AHanor Bx 1 COM
AHanor Bx 2
AHanor Bx 2 COM

181716 151413121110 9 8 7 6 5 4 3 21

—H | 3kpaH BY
= \
[~ LUBbix1
~_ B
[~ LUBbIx2
~_ B
[~ LUBbIx3
~_] B
l_ [ LBbix4

J00000000000000000|s]

HPT_Z36

Puc. 30: IneKTpoMexaHn4Yeckas agpecaumns

PeneiiHble BbIXoAbl

BbixogHble pene nmeroT becnoTeHunaNbHble KOHTaKThI. [poueaypa Ha3Ha4YeHuns
BbIXOAHbIX pesie onuncbiBaeTcs B pasgene > «HacTpoiku BbixoaHbIX pesiex». NepeyeHb
CWUrHaNoB, KOTOPbIE MOXHO Ha3Ha4YnUTb, CM. B OTAE/IbHOM OOKYMEHTEe Mo4 Ha3BaHNEM
«CnpaBo4HOE pPYKOBOACTBO K ycTponcTtBsy MCDTV4» (MCDTV4-3.6-RU-REF).

OCTOPOXXHO!

HacTosTenbHO peKoMeHAyeTCs yYUTbiBaTb AOMNYCTMMYO Harpy3Ky no ToKy AJis
BbIXOAHbIX pesie. ObpaTUTeCch K TeXHNYECKUM JaHHbIM (<> «TexHun4eckne paHHble»).

AHaJsioroBbie BxonObl U aHaJsIoroBble BbIXOA4bl

MMeeTcsa 2 BXOOHbIX 1 2 BbIXOAHbIX aHaI0roBbIX KaHasi0B, KOTOPbIE MOXKHO HAaCcTPOUTb Ha
0-20 MA, 4-20 MA nnn 0-10 B. Ina Ka>Xgoro m3 KaHasi0B MOXXHO HE3aBUCUMO
3anporpamMMmpoBaTb OONH N3 3TUX TPEX PEXMMOB BX04a/BbiXo4a.

nO,ﬂ,pOﬁHble cBefneHuns 06 aHanoroBbiX BX0AaX/BbIX0OaX CM. B TEXHUYECKNX OaHHbIX, II=[>
«TexHun4eckne gaHHbIe».

lMpoBoka
¢ PekoMeHayeTCs NCNO0JIb30BaTb SKPaHMPOBaAHHLIN Kabenb.

SKpaH BY
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e ECnm nogkMio4YnUTb 3KPaH K 3a3eMJIeHU 0 C obenx CTOpPOH kabenst HEBO3MOXXHO,
cnepyeT UCMNoJ1b30BaTb KJieMMbl ana BY-3kpaHa. C ogHon CTOPOHDbI kabens 3KpaH
DoJ>KeH bbITb HenocpeanoCTBeHHO coeguHEH C 3a3eMJIeHUNEM.
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2.9 Cnot X6

* TH — nsMepuTenbHble BXOAbl TPaHCHOpPMaTOpa HaNps)XeHns

cnotl cnot2 cnoTt3 cnot4 cnoTt5 cnoT6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
L] L) L g

Puc. 31: 3a4HA5A H4aCTb yCTPOWCTBa (C/0Thl)

Tun KapTbl B 4AHHOM C/1I0TE 3aBUCUT OT TWMNaA 3akKa3aHHOro yctponcTea. ObbeM pyHKL WA
B pa3J/IMYHbIX BapyaHTax oTaM4aeTcs.

JocTynHble rpynnbl c6OpKM B [aHHOM CrloTe:
e TU: M'pynna cbopku ANst N3MEPEHMNSA HaNPsSXKeHUS.
* DI8-OR4: N'pynna cbopku ¢ 8 LnMppoBbIMM BXOAAMU U 4 BbIXOAHLIMUA pene
Bce BbIxoOHbIE pesie UMEKT HOPMaJibHO pa3oMKHyThie ((popMa A) KOHTaKThlI.
¢ OR6: 'pynna cbopku C 6 BbIXOAHbIMUK pene.

Bce BbIXOAHbIE pefie MMelT nepekJsioYdallme KoHTakTbl (opm C).

' ﬂ,OCTyI‘IHbIe KOMBMHaLNM MOXXHO NMnoJly4nTb NO KOOY 3aKa3a.
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2.9.1 TU — usMmepuTenbHble BXOAbl Hanpsi>kKeHus

ObecneybTe HagseXalin MOMEHT 3aTAXKN (CM. CXeMy).

MonepeyHoe cevyeHue coegnHeHun: MuH. 0,5 mm? (AWG 20) ... makc. 6,0 mm? (AWG 10) c
06>XXMMHOIM BTY/IKOW Unn 6e3 Hee.

0,5 Nm ——
4,42 Ib'in

—— 1,0 Nm
8,85 Ib-in

HPT 738

£
S/E e
3/E vees
E[R

(N[ |WIN [ ].

HPT_Z39

Puc. 32: Pa3bemsbl
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UA.1

UA.2

UB.1

UB.2

uc.1

uc.2

VX1.1

VX1.2

U UuUU e

HPT_Z40

Puc. 33: InekTpoMexaHn4Yeckas agpecaumns

Bxonbl nsMmepeHns HanpsiKeHus
[MnaTta «TU» ocHaweHa 4 BXoOaMW A1 U3MEPEHNS Hanps>KeHns.

e [lnana3oH namepeHns Hanps>xeHmns coctasnseT ot 0 po 800 B (o115 Kaxaoro
BXon4a).

e Tpu BXx0oOa npefHa3HayeHbl ANa ha3HOro HaNpPsXXEHUS:
o MexnaydasHoe HanpsxeHue (UAB, UBC , UCA),

° Hanps»keHue mexnay dason n HenTpansto (UA, UB, UC).

® 4-'|7I BXOJ rnpefHa3HayeH oNd 0CTaTOYHOro Hanps>keHusa VX.

MpaBuabHOE NOOKJIOYEHNE BXO40B N3MEPEHUS HAaMNPS)XeHWS yCTaHaBIMBAETCA B MEHIO
[CucTMap]:

* napameTp [CucTtlMap / TH] «TH coea» = «®Pa3H Hanp» — da3a-HenTpanb (3Be3na);

* napameTp [CucTtMap / TH] «TH coea» = «JInH. HanpsX.» — pa3a-das3a
(pa3oMKHYTbIN TpeyrosbHuK, V-0bpa3Hoe coeanHeHMe).
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2 ObopypnoBaHue

2.9 CnoTt X6
OCTOPOXXHO!
CnenyeT y4ecCTb MocaenoBaTesIbHOCTb (a3 (BpaluatoLlleecs nose) NCTOYHNKA NMNTaHUA.
Y6enuntecb B NpaBUIbHOCTU NOOKKOYEHNA TpaHCHOpMaTopa HaMpPs)XXeHnsa n
® N3MepUTENbHbIX BXO40B.

Ons napameTpa V-obpa3Horo coegnHeHns «TH coea» cnenyeT 3aA4aTh 3HayeHne «JInH.
HaMpPsX.».

ObpaTnTecb K TEXHNYECKMM AaHHbIM (s> «TexHuyeckre paHHble»).
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2.9.2 TpaHcchopmMaTopbl HANPSA>XEeHUsA

[MpoBepbTe NPaBUILHOCTb MOAK/IKYEHUA TPAaHCHOPMATOPOB HaMPSAXKeHUS.

OMNACHOCTb!

BTopuyHble 06MOTKMN N3MepPUTENbHbBIX TPAHCHOPMATOPOB AOJIXKHbI ObITb 3a3€MJIEHbI.

Ona paboTbl PyHKLMA N3MEPEHNSA TOKA U HaNps»XeHNs HeobxoAMMO NCMOJIb30BaTh
BHELLUHWA TpaHCHOPMaTOpP TOKa M HaNpPsS»XXeHUs, MOAKIIOYEHHbIN Hagnexxalmnum obpa3om
M COOTBETCTBYOLWMIA TpebyeMbiM BEINYNHAM U3MEPEHUN. DTN YCTPONCTBA
obecneynBaloT HeOOX0AMMYIO N30AALUIO.

MNMpoeepka 3Ha4YeHnn N3MepPeHNns1s HAalnps>KeHnsa

MoaknounTe TpexgasHoe n3MepuTesibHOe Hanps>XXeHne, paBHOe HOMUHAJIbHOMY
HaMps>KeHWUto, K perie.

MNpUHMMaNTe BO BHUMaHNE CXEMY COEANHEHUS N3MepUTESIbHbIX TPAHCHOPMATOPOB
(3B€34a WJIN OTKPbITbIN TPEYroJbHUK).

o Y4YnTbiBaNTe TEXHMYECKME XapaKTEPUCTUKN BXOLOB TpaHC(HOopMaTopa HanpsXKeHus.

Tenepb NPOV3BEANTE PErYJIMPOBKY 3HAYEHUI HAMPSXKEHWS B AMana3oHe HOMUHAJIbHOMO
HanNps>XXeHNsi B COOTBETCTBUM C HOMUHAIbHOM YaCcTOTON, KOTOpas He O0JXXKHa NPUBECTHU
K OTKJIIOYEHMIO MO NPUYMHE NPEBLILLEHUS U NMOHVXXEHUS HaNpPsXXeHUs.

CpaBHUTE 3HAYEHUS, YKa3aHHbIe Ha AWCnJiee yCTPONCTBA, C MoKa3aHMsaMU
N3MepuTesibHbIX NPU60pPOB. OTKIOHEHNS HE OOJIKHbI MPEBbLIWATL 3HAYEHUS], YKa3aHHbIe
B TEXHUYECKUX OaHHbIX.

Mpn NCNosb30BaHUN N3MEPUTESIbHbLIX NMPUBOPOB, oNpeaensalLnX cpeaHeKkBaapaTUYHbIe
3Ha4vYeHus, Mo npuYnHe 60abLION FrAPMOHUYECKOW COCTaBSAIOLWEN B MO4AaBAaEMOM
HaMpPsA>XeHNN MOryT BO3SHUKHYTb OTKJIOHEHUS Bosbluen BeNNYUHbI. [TOCKONIbKY
ycTponcTeo o6opyaoBaHO GUALTPOM AS 3alNTbl OT FAPMOHUK, N3MepeHune
MPON3BOANTCSA TOJIbKO A1 OCHOBHOro kKonebaHus (MCKI0YEHME COCTABAAOT PYHKLUN
TenaoBon 3awnTbl). OQHAKO Npun NCNoJIb30BaHUK Npubopa oNa n3MepeHus
CpeoHeKBaApPaTUYHOrO 3HAaYEHNA FAPMOHMKKN Tak)Xe ByoyT n3amepaTbCs.
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2 ObopypoBaHue

2.9 CnoTt X6
MpuMepbl 31eKTPHUYECKNX cXxeM TPpaHCEhoOpMaTopoB Hanps>KeHUs
®.A $.B ¢.C !
. | . on X2.
YY) ! Yy :
! | ucA' H ; 3§ vauae
e I ' UAB $.B 3
| §|€UB/UBC
~~A | I~~~ uscC ¢.C )
° o — .
UAB | . | N 1 2 3§ ucruca
UBC I Ug.AUg.BU®.C'
UCA |= - ; glgvx
Ugp.A
Ug.B
Up.C
Puc. 34: VT Wye: amepeHne Tpexga3Horo HaripsxeHus rno cxeme «3pe3ga»
®d.A $.B ¢.C !
| o X2.
Y * (YT
! |  uew ] ; 3|E vans
| rrr\! N 08" S ®.B 3
| §|€UB/UBC
— 4
e | ° ~ N\ L_]BCI cp.C
UAB | ! ] N 1 Z 3§ ucruca
uBC ! Up.AUp.BU.C' e
UCA | —T_ Vi- ; 3|€VX
Ugp.A =
Ug.B
Up.C

Puc. 35: VT Wye ¢ coegnHeHUeM pa3o0MKHYTOIro TpeyroJsibHUKa.
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2 ObopynoBaHue

2.9 Cnot X6
¢.A ¢.B &.C !
. | . on X2.
I i uca- ? ; 3|E vauas
e I ' el @8 | []
| 3 3|€UB/UBC
i~ e usc oc |[] 2
UAB | 2 3|€UCIUCA
UBC ' 6
ucr 1 L BlEw
Ugp.A
Ugp.B
Up.C

Puc. 36: IamepeHne TpexgpasHoro HarpsaXxeHus - CXeMa n3MepuTesibHbIX BX040B: "coegnHeHne
TPEYroJIbHNKOM"

Pac4yeT Hanps»xeHUs HyJieBoM nocsenoBaTenbHOCTN VG HEBO3MOXKEH

b.A ¢.B &.C !
. | . on X2.
. 220 0088 : 1
. ! . we | o8 [ |2 ElT
| - - 3 §|€UB/UBC
& b usc X —
UAB | 1 N 5 3|€UC/UCA
UBC T Ucgp.AU.BU.C' g -
QCA |T - - - U cuHx* l_ ; §|€VX
Ugp.A
Ug.B
Uep.C

HPT 246

* U cuHx: * JoCTYNHOCTb 3aBUCUT OT TuMa yCTPONCTBa
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2 ObopypnoBaHue

2.9 Cnot X6
d.A &.B &.C !
. | . on X2.
I i uca- ? ; 3|E vauas
— |y I o'a'a R ik e8| [ |
| 3 §|€UB/UBC
— v\ I o'a'e\ usc oc | ][] 2
UAB | 2 3|€UC/UCA
UBC ! 6
uca | I ; 3IE vx
—
Ug.A =
Uep.B
Up.C

Puc. 37: 3amepeHne TpexgpasHoro HarpsaxeHus - CXeMa n3MepuTesbHbiX BXo040B: "coeAnHeHne
TpEeYrosibHUKOM"VI3MepeHne HaripsixxeHus HyJaeBov rnocsiepoBatesibHocTH VG Yyepes
BCrioMoraTtesibHble 0OMOTKU (€-n) («OTKPbITbIV TPEYrOJIbHUK»)

b.A $.B &.C !
| X?.
¢ S ! ®A -
| uca- > 3|E vauas
| UAB' ®.B E
¢ e | 3 3|€UB/UBC
| uBC: oc | [ :
|
® ! = §|€UC/UCA
|
UAB — ; 3|€VX
UBC
UCA

Puc. 38: N3mepeHne ABYyXEa3HOro HarpsXKeHus - 3J1IeKTpn4eckas cxemMa M3MepuTesibHbIX BXO0B:
«coequHeHne OTKPbITbIM TpeyroJibHUKOM»
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2 ObopynoBaHue

2.9 Cnot X6
2.9.3 TunoBble BHELWWHUEe U3MepuTesibHble NoAKJIo4YeHUA
&.A
$.B
$.C
X6.
’; 3|E ua/ uas
. 0_‘131 3|E us / uBC
i — 1YY S ess .5
g = > {3lg uc uca
Il =
o7
£k Eii
s = 8
E S = =
s 8
o
g_ (6} Ctop 06MOT 1 TT
° X3.
Q 1 1A
. A ECD-A
1 3 [N
) 1A
S aar 10
"__' 1 6 |
g 7 1A
3 i +8 PAsle jpc
Q %- 9 N
° TA
o i 10
= o1 E'o
MoM0X MOLHOCTb — 12
yam / ..... /
oAl @Bl ®.C
- =
g e
s fEE
o
S
N
g
82
=
<)
i/ X
fo
¢.Al d.B] $.C Ctop obmoT 2 TT
L
Th
?_ 2 2 Eq).A
— 3 :A
4
E . s 1A
g g, 8 E@p.c
I} ° Lo [V
§ 10 1A o
5 11 2 Eslo N,
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Puc. 39: TpaHcgopmaTop DY ¢ ¢pa3oBov anghchepeHumnaibHOM 3alunTon n anggdepeHumnasibHo
3alyNTON OT 3aMblKaHWA Ha 3eMJ1t0 ToJIbKo Ha W1.
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2 ObopygnoBaHue

2.9 Cnot X6

O6moTka 1

O6mMoTKa 2
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MCDTV4_Z03

Puc. 40: TpaHcgopmaTop DY ¢ ¢pa3oBont angpgepeHumanbHom 3awmton, REF Ha W1 v VT Ha W2
(coeanHeHne OTKPbITbIM TPEYIrOJIbHUKOM).
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2 ObopynoBaHue
2.10 Cnot X100: nHTtepdemnc Ethernet

2.10 Cnot X100: untepdeuc Ethernet

cnotl cnoT2 cnoTt3 cnot4 cnoTt5 cnoT6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
OO |

Puc. 41: 3a4HA5A H4aCTb yCTpoOWcTBa (C/10Thl)

NHTepdenc Ethernet mo)xeT B6bITb 4OCTYNEH B 3aBUCUMOCTW OT TWMa 3aKa3aHHOIo

YyCTPONCTBA.
' [NOCTynHble KOMBMHALUN MOXXHO MOJYYMUTb MO KOAY 3aka3a.
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2 ObopypoBaHue
2.10 Cnot X100: nHtepdeic Ethernet

2.10.1 Ethernet — R)45

+ | + | |
a ()] ()] m m! a ! o
X
ﬁ |>—< é II II o II II
1 8
\\ | [/ /
) VA W B

HPT 752
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2 ObopynoBaHue

2.11 Pa3bem X102: 3awwmTa CBA3MU

2.11 Pa3zbem X102: 3aimTa CBA3M

cnotl cnoT2 cnot3 cnot4 cnoTt5 cnoT6

X1 X2 X3 X4 X5 X6

X100 X101 X102 X103 X104

] [ [ [ —

Puc. 42: 3agHa8 4acTb yCTpPOUCTBa (C/10Thl).

WNHTepdenc npoTokoa cBA3n cuctembl 3awinTbl ProtCom obecrnevynBaeTcs Yyepe3 pasbeM
X102.

HocTynHble rpynnbl cOopkn B 4aHHOM CrloTe:

* NHTepdgenc onToBosIOKOHHOro Kabena aonga moaynsa «3aw,.Cs.» (Protection
Communication).
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2 ObopypnoBaHue
2.11 Pa3bem X102: 3aWimTa CBA3N

2.11.1 WuTepdenc ana moayna YTAOC
Moaynb YHUBEPCANLHOr0O TEMMepaTypHOro gaTyMka Ha ocHoBe conpoTmBaenmns (YTOC)

D0JKeH ObITb MOAKJ/IIOYEH K 3alLlNTHOMY yCTpOIZCTBy C noMouWwbto CcneynasnbHOro
OMNnTOBOJIOKOHHOIO MHTepq)elhca (1 onTmnyeckoe NogYNHEHHOE yCTpOI7ICTBO).

¥

E_F45

Puc. 43: NHTepgpevic ana BHewwHero moayaa YTAC — obo3HavYeHue pa3beMoB

ORX

Puc. 44: NHTepgpevic BHewwHero moaynsa YT[C — ob6o3HavyeHue pa3beMoB

E_F46
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2 ObopynoBaHue
2.12 CnoTt X103: nepefaya AaHHbIX

2.12 Cnot X103: nepepayva AaHHbIX

cnotl cnoT2 cnoTt3 cnot4 cnoTt5 cnoT6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
N — [ ] |

Puc. 45: 3agHsA5 H4acTb yCTpovicTBa (C/0Thl)

VNHTepdenc nepenayvnm gaHHbix B csioTe X103 3aBUCUT OT TUMa 3aKa3aHHOIMo yCTPOMCTBaA.
O6beM (hyHKLUMI 3aBUCUT OT TUMNa MHTepdenca nepegavyn gaHHbIX.

HocTynHble rpynnbl c6opkn B [aHHOM CoTe:
* Paszbembl RS485 nnsa Modbus, DNP n IEC
¢ NHTepdeinc onToBoslIoKOHHOIro Kabens ans Profibus, Modbus, DNP n IEC
* NHTepdenc D-SUB onsa Modbus, DNP u IEC
* NHTepdenc D-SUB onsa Profibus

¢ NHTepdeinc onToBosIOKOHHOIo Kabens ans Ethernet

' JocTynHble KOMBMHaLNN MOXXHO NMnoNly4nNTb NO KOOY 3aKa3a.
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2 ObopynoBaHue
2.12 CnoT X103: nepefaya AaHHbIX

2.12.1 Modbus® RTU/IEC 60870-5-103 yepe3 RS485

MpoBepbTe NPaBUIbHOCTbL MOMEHTOB 3aTAXKKMU.

0,3 Nm
2,65 Ib'in

- “‘\'Ey‘

0,23 Nm
2,03 |bin

HPT_Z55

3aWwnTHOe pene
+5V GND

8[| 1200
(e}
n

560Q

P
N

6 H——
SkpaH BY

X103
1
2
3
4
5

HPT_Z54

Puc. 46: Pa3beMsbl

3awmnTHOE pene

+5V GND

R1 = 560Q

rR2 = 1200 [JR1R2 |[R1

o 2

—elu gl
12 34

U]
o | JH——n
SkpaH BY

HPT_Z56

Puc. 47: nekTpomMmexaHudeckas aapecaumns

CoepunHnTensHbln kabenb Modbus®/IEC 60870-5-103 go>KeH 6bITb 3KpaHNPOBAHHbIM.
DKpPaHMPYHOLLYIO ONJIETKY CriefyeT NOoAKJYNTbL K BAHTOBOMY pa3beMy noj,
MHTepdencom Ha 3agHen naHesan yCcTponcTBea.

Tvn cBA3M — NonyaynJekc.
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p*
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2 ObopynoBaHuMe

2.12 CnoTt X103: nepefaya AaHHbIX

R1 = 560Q
R2 =120Q

3alWnTHOE perne

+5V GND

R1 R1
R2

dkpaH BY

—2

o | I

U1
345

il
m

Puc. 48: Mpumep coeaANHEHNS: YCTPOVICTBO HAXOANTCS B CPEAHEN YacTU CUCTEMbI LUNH

3alnTHOE pene

R1 = 560Q
R2 = 120Q

+5V GND

ﬁRl R2 er]

—
N

—F=1

—]

2]

JUOouhn
123456

L] L]

HPT 257

HPT_Z58

Puc. 49: lMpumep coeanHeEHUS: yCTpOI;ICTBO HaxoanTcs B KOHLEe CUCTEMBbI LLUNH (}/CTaHaBﬂMBaiOTCH
rpoBOJIOYHbIE NMepeMbIHKN AJ1 akKTuBaLnn BCTPOEHHONO OKOHEYHOIro ,Oe3VICTO,Da).
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2 ObopypoBaHue
2.12 CnoT X103: nepefaya AaHHbIX

T T T T
= «@ = o = o = @
o z ) é oy a z E § {omyr) o z e é oy o z E é (o
= o Z & 8 UKX’WH"}\—L— P:E o =2 B 8 (ﬁ/"”“’" In—: [ 6 8 ﬂ'x)/'"’“"l\—é_ & o Z & 8 (ﬁ/'"’“"l\
000000« © [S] CI000000[ © [ (
1 2 3 4 56 1 2 3 4 5 6 5

HPT 259

SKpaHupyloLas orneTka

SKpaHupyiowas onseTka
NOAKJIOYEHA K 3a3EMJIEHUIO CO

SkpaHupytoilas onneTka SKpaHupylowas onseTka

noAKJoYeHa K 3a3eM/IeHNI0 CO NoAKJoYeHa K 3a3eMIeHMIo COo noAKJoYeHa K 3a3eMIeHnI0 CO

CTOPOHbI BeAyLLEero ycTponcTsaa, CTOPOHbI Npubopa, BCTpOeHHoe CTOPOHbI BeAyLLero yCTponcTea, CTOPOHbLI Npuboa, BCTpOeHHoe

NCNosb3yeTCcsa BCTPOEHHOe OKOHeYHoe COMPOTUBIEHNE HE NCMONb3YBITHOEHHOE OKOHEeYHoe OKOHeYHOoe COMPOTUBJIEHNE He UCMOJb3YyeTCs
OKOHe4YHOe conpoTusieHne ConpoTuB/IEHNE HE UCNOJIb3yeTCs

Puc. 50: BapuaHTbl 3KkpaHupoBaHus (2 nposoaa + 3KpaH)

144 MCDTV4 MCDTV4-3.6-RU-MAN



2 ObopynoBaHue
2.12 Cnot X103: nepefaya AaHHbIX

s g s g s g s g
s ziium s oz 3itm s il s oz 3ibm
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© ©
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SKpaHUpyioLas onaeTka DKpaHuUpytoLas onneTka SKpaHUpyloLas onaeTka DKpaHUpytoLas onneTka
NoAKJIlO4eHa K 3a3eMeHnto co MNOAK/K4YEeHa K 3a3eMJIEHUIO CO NOAKJIOYEeHa K 3a3eMeHunto co NOoAK/K4Y€EeHa K 3a3eMJIEHUIO CO
CTOPOHbI BefyLlero yCTponcTea, CTOPOHbI Npubopa, BCTpoeHHoe CTOPOHbI BeAyLlero yCTponcTea, CTOpOHbI Npuboa, BCTpOoeHHoe
NCcnonb3yeTca BCTPOEHHOE OKOHe4YHOoe CONpoTUBJIEHNE HE UCMOJIb3YRITHOEHHOE OKOHEe4YHoe OKOHe4YHOe CONpOoTUBJIEHNE HE NUCMNOJIb3YeTCA
OKOHe4YHOe conpoTuBsieHNe conpoTuB/ieHNE HEe UCnonb3yeTca

Puc. 51: BapuaHTbl 3KkpaHupoBaHus (3 nposoaa + 3KpaH)
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2 ObopynoBaHue
2.12 CnoT X103: nepefaya AaHHbIX

2.12.2 Profibus DP/Modbus® RTU/IEC 60870-5-103 yepes3
ONTOBOJZIOKOHHOE coefUuHeHue

RxD TxD

Puc. 52: OnToBoJ/ioKOHHOE coeanHeHne — FO, pa3bem ST

HPT_Z61

He cMoTpuTe HenocpeACTBEHHO Ha Jly4 CBETa, UCXOASALWMA N3 ONTOBOJIOKOHHOIO
pa3bema!

MporHOpPMpPOBaB AaHHOE NpenynpeXxAeHNE, MOXXHO MOJYYUTb TSHXKENYI0 TPaBMy rnias.
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2 ObopynoBaHue
2.12 CnoTt X103: nepefaya AaHHbIX

2.12.3 Profibus DP yepe3 D-SUB

HPT_Z62

Pasbem D-SUB
* 1: 3a3eMn_/a3kpaHup_
* 3: RxD TxD - P: BriCc_ yp_
* 4: CurHan RTS
* 5: DGND: 3a3emn_ oTp_ MoT BCMOM_ UCT_ NUT
e 6: H: nonoX_ moTeHu_ BCM_ UCT_ NUT

* 8: RxD TxD - N: Hu3k_yp_

CoeavHNTENbHLIN Kabenb AoXKeH ObiTb SKpaHMPOBAH. DKpPaHMpPYOLLLAa OnJeTKa A0JIKHa
ObITb MPUCOEANHEHA B BUHTOBOMY pPa3beMY C CUMBOJIOM «3a3eMJieHUE>,
® pPacroJsIo>KeHHOMY Ha 3a4Hen MaHennm yCcTpoMncTBa.
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2 ObopypnoBaHue
2.12 CnoT X103: nepefaya AaHHbIX

2.12.4 Modbus® RTU/IEC 60870-5-103 yepe3 pasbem D-SUB

%0 0 0 &°

OO0O0O0O0
1 5

HPT_Z62

Pa3bem D-SUB
* 1: 3a3emMn_/a3kpaHup_
* 3: RxD TxD - P: BriC_ yp_

e 4: CurHan RTS

5: DGND: 3a3emn_oTp_ nNoT BCMOM_ UCT_ NUT

e 6: H: nonoX_ moTeHu_ BCM_ UCT_ NUT

8: RxD TxD - N: Hu3k_yp_

' CoegunHnTenbHbIn Kabenb AosKeH BbITb 3KPaHMPOBaH.
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2 ObopynoBaHue
2.12 CnoTt X103: nepefaya AaHHbIX

2.12.5 Ethernet/TCP/IP yepe3 onTOBOJIOKOHHbIW Kabenb

RxD TxD

llo]

Puc. 53: OnNToBONIOKOHHLIVI Kabesib — FO, AynaeKkcHbIV pa3bem LC.

HPT_Z63

OCTOPO)>XHO!
' Mocne BCcTaBkM pa3dbeMa LC 3aTAHUTE METa/UIMYECKYI0 3aryLuIKy.

MOMEHT 3aTsa>KKK BUHTa paBeH 0,3 HM [2,65 cdyHT-Aonmal.

He cMoTpuTe HenocpeACTBEHHO Ha Jly4 CBeTa, UCXOASALWMA N3 ONTOBOJIOKOHHOIO
pa3bema!

MporHOPMPOBaB AaHHOE NpenynpeXxAeHNe, MOXXHO MOJyYUTb TSHXKENYo TpaBMy rias.
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2 ObopypoBaHue
2.13 Cnot X104: IRIG-BOOX 1 KOHTPOJIbHbI KOHTaKT

2.13 Cnot X104: IRIG-BOOX ¥ KOHTPOJIbHbIA KOHTaKT

cnotl cnot2 cnoTt3 cnot4 cnoTt5 cnot6
X1 X2 X3 X4 X5 X6
X100 X101 X102 X103 X104
L] L] | | | 5,
<

Puc. 54: 3a4HsA5a H4acTb yCTpoOWCTBa (C/10Thl).

3T10T cnoT cocTonT M3 IRIG-BO0OX C KOHTPOJZIbLHOIrO KOHTaKTa.
[OocTynHble rpynnbl COOpKM B 4@aHHOM CJI0Te:

* |RIG-BOOX, BkAtOYasA KOHTPOJIbHbIA KOHTAKT
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2 ObopynoBaHue
2.13 Cnot X104: IRIG-BOOX 1 KOHTPOJIbHbI KOHTaKT

2.13.1 KoHTakT camoamarHoctukm (KC)/KoOHTaKT noa Hanpsi>keHueMm u
IRIG-BO0OX

MNMpoBepbTe NPaBUILHOCTb MOMEHTOB 3aTAXKKMU.

0,55 Nm
4,87 Ib-in

DOyt

0,3 Nm
2,65 lb-in

HPT_Z67
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[ IRIG-B+
I IRIG-B-
j\—‘

X104
1
2
3
4
5

HPT_Z65

Puc. 55: Pazbemsbl

X104

B
RIGB+|[ ][+
RIGB-[[_ ]| N0
KeNC (| w
KCHET|[ ]|

kel ]l w

2]

HPT_Z66

Puc. 56: 2nekTpomexaHu4eckas agpecaums

KoHTaKT caMoAnarHOCTUKH

HacTponTb KOHTaKT caMoAnarHoCTuKKM («KC») HEBO3IMOXKHO. DTO NepeKksoYaoLLni
KOHTaKT (opmbl C), KOTOpbIA cpabaTbiBaeT Npy OTCYTCTBUM BHYTPEHHUX cboeB B
ycTponcTee. [Moka yCTPONCTBO 3arpy>kaeTtcs, pefie «<KC» 0CTaeTCa OTKOYEHHbIM
(obecTo4veHHbIM). [ocsie MOSHOM 3arpy3KnM CUCTEMBI (M aKTUBaALMKX 3alMTbl) OH
cpabaTbiBaeT, N Ha3Ha4YeHHbIN CBETOANOAHbLIN NHANKATOP COOTBETCTBYOLWMM 06pa3om
akTmBupyeTcs (cM. rnaBy «CamoamnarHocTuka», =~ «CamoanarHoctuka»).
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2 ObopypnoBaHue
2.14 NuTepdenc MK — X120

2.14

NuTtepdenc NK — X120

Kopnyc B1 B2 n B3

NHTepd. USB ana MO HacTpOMKN NapamMeTpoB U oueHKn - X120

Puc. 57: USB (Mini-B)

152
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HPT Z88
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2 ObopynoBaHue

2.15 HacTporika BxoAaa, Bbixoga n CAN

2.15 HacTtpouka Bxopna, Bbixoga u CAU

2.15.1 CaAm
Hacrpoika CcON
CAWN mMoXxXHO HacTpouTb B BeTBAX MeHto [MMap_ycTp_/ CO / WHL rpynna A] (ctonbey CON

cnesa oT gucnnes) un [Map_ycTtp_/ CL/ WHAO rpynna B] (ctonbeu COW cnpaga oT
auncnnes).

OCTOPOXXHO!

CnepnyeT obecneynTb OTCYTCTBUE HaJIOXKEHUS (hYHKLWIA N3-3a Ha3HavyeHns ogHomy COAN
ABYX unu 6onee hyHKLMUI NO LBETY U KOAVUPOBKE BKJIOYEHUS.

B aTol rnaBe conepXxutcsa nHgpopmauma o6 COW, 4To HaxoAATCa Ha Aucnaee criesa
(rpynna A).

Ecnun ycTponcTBo Tak>xe ocHauleHo CIW, koTopble Haxo4ATCA Ha Aucnsee crpaBa
(rpynna B), To nHopmaums, npmeeaeHHas B 4aHHOW riaBe, B paBHON CTEMeHU
OTHOCUTCA N K HAM. Pa3sHuLa TOJIbKO B TOM, YTO Fpymnnbl «A» N «B» nMeloT pa3Hble nyTn
MEHI0.

Kaxabin COAWN, kpome CON ona dpyHkymm «System OK» (hyHKUNSA KOTOPOro HEU3MEHHA),
MO>XHO HAaCTPOUTb NPU MOMOLLN NePEYNCSIEHHbIX HMXKE NapaMeTpPOB.

* «Ha3Ha4veHHble curHanbl». MapameTpsbl ¢ [Map_ycTp_/ CAO / CAO x] «Pacripea_ 1» no
«Pacrnipes_ 5» MOXHO NCMN0/b30BaThb, 4TO6bI Ha3Ha4YNTb «CAU Ne x» 0o 5
TPUrrepHbIX CUrHaNoB.

e «NHBepcua». MapameTpbl ¢ «MHBEepcna 1» no «MMHBEpCKsA 5», ecnu 3a4aHo 3HaYeHne
«aKT_», MOXXHO UCMOJ1b30BaTb, 4TOObl MHBEPTUPOBATb COOTBETCTBYIOLLUNA
TPUrrepHbIA CUrHan.

ObpaTuTe BHMMaHMe, YTO AJ19 HEHa3HAYeHHbIX TPUTTEPHbIX CUFHaNO0B (TO ecTb
«VIHBEpcus n» = «-») HBEpCMSA He paboTaeT, Tak YTO TPUITEePHbIN CUrHaa BCeraa
BOCMPUHMMAETCA KakK ABOMYHbIN HOJb (JTOXKb/HEaKT ).

* «DYHKLMA 3aMblkaHUa/caMmoyaepXaHua». Ecnn gna napameTpa «3aMkKH_» 3aaHo
3Ha4YeHme «aKT_», TO COCTOAHMEe, 3ajlaHHOe TPUrrepHbIMN CUrHasaMm, CoOXpaHaeTcs
MOCTOSAHHO (CM. pa3fen «3aMblKaHNE» HUXE, > «2.15.1 3aMblkaHue»).

Ecnn onsa napameTpa «3aMKH_» 3a[laHO 3Ha4vyeHue «HeaKT », To COW Bcerpa
MPUHMMaeT COCTOAHNE Ha3HAYeHHbIX CUTHa0B.

e «CurH lNMoaT»: 9Ta HacTponka byaeT OOCTyMnHa, TONbKO ecnn aJas NnapamMeTpa
«3aMKH_» 3aflaHO 3Ha4YeHMe «aKT_». Tak Ha3zHa4aeTcs curHan, cbpacoiBaowni
3aMKHyTOe cocTosiHne CIAU (Ho 3To paboTaeT, ToJIbKO ecnin cOpoLLeHbl BCe
Ha3Ha4YeHHble TPUrrepHble CUrHanbl).

* «AKT UBeT Anoaa»: CAN ropnT TaknM LIBETOM, TOJIbKO €C/IN aKTUBEH XOTS Obl 0AUNH

N3 Ha3Ha4dYeHHbIX TPUrrepHbiX CNrHaJo0B. ,D,OCTyI'IHbIe 3Ha4YeHna HaCTpoeK: «-» (HeT
I'IpI/ICBoeHI/IFI), «3€N_», «KKpaCH_», «KkKpaCH_ MUT_», «3€J1_ MUT_».
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* «HeakT uyseTt gunogax»: COAN ropnT TakKnm L BETOM, eCJZiIn HE aKTUBHa HN OA4Ha N3
Ha3Ha4eHHbIX qf)yHKLl,VII7I (/J,OCTyI'IHbI TE€ XKe NapaMeTpbl, 4TO N ANnd
BbILLEYMOMAHYTOIO0 «aKTUBHOIO» useTa).

KHonka «INFO»

C nomowubio KHoMKK «INFO» Bcerga MoXXHO 0ToBpa3nTb TeKkyllee CoCToAHue
Ha3Ha4YeHHbIX TPUrTrepHbIX CUFHANO0B.

OcHoBHOM 0630p COU

Ecnn HaxxaTb KHOMKy «INFO» ogunH pa3, To oTobpa3nTtcs ocHoBHOM 0630p COW, KoTopble
HaxoAsTcs cfeBa.

Ecnn Ha)xxaTb KHOMKY «INFO» ewe pas, To oTobpa3ntca ocHosHon 0630p CAWU, KoTopble
HaxoaAaTcsa crpaBa (Mpu Haanyun).

Ha>kaTue nporpaMMHON KHOMKN «Bs1eBO» (Mnn KHonkn «INFO» B TpeTun pa3) no3sBonuT
BbINTU U3 OCHOBHOro meHtwo CAN.

Ha skpaHe ocHoBHOro o63opa otobparkatoTcs rnepsble PYHKLUNN, Ha3HavYeHHble COAN.
Bpems oT BpeMeHn oTobparkatoTCs AOCTYMHbIE MPOrpaMMHbIe KHOMKW.

CtpaHuua COMN ¢ HECKOJIbKUMU Ha3HAYEHUAMHU

Ha cTpaHuue ocHoBHOro o63opa BbibepuTe oanH U3 COW ¢ noMoLLbio NPOorpaMMHbIX
KHOMOK «BBEPX» U «BHU3»,

C 3TOro 3KpaHa, Ha)kKaB NPOrpPamMMHYI0 KHOMKY «BMpaBo», MOXHO OyaeT nepenTtu Ha
cTpaHuuy COW ¢ HECKONBKMMWN Ha3HaYeHUSIMN.

Ha aTonm cTpaHuue otobparkaeTca nogpobHasa nHhpopmaumsa obo Bcex COCTOAHUSAX,
Ha3Ha4YeHHbIX gaHHomMy COW. CumBon «CcTpenka» byaeT ykasbliBaTb Ha TOT UHAUKATOP,
151 KOTOpOro oTobparkatoTCsl Ha3HAYEHHbIE CUIFHASbI.

C NOMOLLBIO MPOrpaMMHbIX KHOMOK «BBEPX>» N «BHU3» MOXKHO NepenTn K ciegyouwemy
wnun npegbiaywemy CON.

Ha)kxaTue nporpamMMHON KHOMKW «BIEBO» MO3BOJINT BEPHYTLCA B OCHOBHOE MeHto CAN.

3aMbIKaHue

Ecnn pna napameTtpa «3aMkKH_» Toro nnm ndoro CAAN safaHo 3HavyeHue «akT_», ero
COCTOSIHNE COXPAaHUTCA, 4TO 6bl HXM NPON30LL0, MOKa He ByaeT NnoATBEP>KOEHO (CM.
pasgnen «BapuaHTbl MOATBEPXKAEHUSA» HUXKE).

3aMKHyTbIn COWN cbpacbiBaeTCs TOJILKO B OAHOM U3 CleayoLlnx Cly4aeB U TOJSIbKO Mnocie
cbpoca Bcex HazHAYEHHbIX TPUITEPHbIX CUTHAJIOB.

e Ero coctosaHue noateepxxgaetcs (nmbo nosnb3oBaTeNneM C NOMOLLLIO MHTepdenca
NYM, nnbo nocpenctsom SCADA), CM. HUXKE.

» Ero coctosiHne cbpacbiBaeTcs (MOATBEPXXAAETCS) C MOMOLLbIO CUrHanNa,
Ha3Ha4YeHHoro napameTpy «CurH MoaT».

* [1ns Hero cHoBa 3ajaeTCa HAaCTPOMKa «3aMKH_» = «HeaKT_».

* EC/IN He Ha3Ha4YeHO HUKAKOro TPUIrepHOro CMrHasna, To ecTh ANA BCex
napaMmeTpoB «Pacrpes_Nn» 3alaHO 3HaYeHUne «-».
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2 ObopynoBaHue

2.15 HacTporika BxoAaa, Bbixoga n CAN
OﬁpaTI/ITe BHUMaHWMe, 4TO 3aMKHyTbII7I CON He C6paCbIBaeTCﬂ npw nepesanycke

ycTponctea MCDTV4. Mocne (ropsadero nam xonoL4HOro) nepesanycka Kaxkabin
3aMKHyTbIn COW BO3BpallaeTcs B CBOe (paHee Ha3Ha4YeHHoe) COCTosAHuMe.

BapunaHTbel noaTBep>XaeHus

Ons cbpoca 3amkHyToro CAU Bcerga TpebyeTca noaTsepxaeHue (nogpobHoe onncaHue
cMm. B pasgene 5> «MoaTeepxxaeHnsa»).

COWN moryT 6bITb NOATBEPXKOEHDI:
e C noMoLLbIo KHOMKW «C» Ha NaHenn yrnpasieHus.

* CoctosiHne CAN MoXXHO NoATBEepPANTb C MOMOLLBIO CUMHasa, Ha3Ha4YeHHOoro
napameTpy «CurH lMogr».

* CocTosiHMe BCex 3aMKHYTbIX CAUN cpa3y MOXXHO noaTBepanTb C MOMOLLbIO CUMHana,
Ha3Ha4veHHoro napameTpy [Map_ycTp_/ Noateepants] «MloaT CAO».

e CocTosiHMe cpa3y Bcex CIAN Mo)XHO noaTBeEpAUTb No KaHany ceA3n (SCADA).

¢ CocTosHMe cpa3y Bcex CIAN MOXXHO NOATBEPAUTbL aBTOMATMYECKN NMPU NMOCTYMNJIeHNN
aBapMNHOro CMrHana ogHom n3 yHKUNN 3aWNThI.

MpumeyvaHne. BapnaHThbl, Mo3Boastowme cOpocnuTb CoCTosHME cpa3y Bcex COW ¢
nomolubio curHana nnm SCADA, 0OCTYMNHbI, TONLKO ecnn Anga napameTpa [Map_ycTtp_/
NopTBepanTb] «AuCT c6poc» 3afaHO 3HAYEHME «aKT_».

MocnegHWn BapmnaHT, No3Bonsowmin cbpocnTb cpasy Bce COWM no cmrHany ogHon mn3
pyHKUNN 3aWnThl, cnefyeT akTUBMPOBaTb C NOMOLLbIO NapameTpa: [MNap_ycTp_ /CO/
WHA rpynna A/ CL 1...n] «3aMKH_» = «aKT.,MOATB.M0 aBapUNH.CUT.»,

[ns nony4YeHns AONOAHUTENbHON MHBOPMaLMM CM. Takxke pasaen >
«lloaTBEPXAEHUA>.

Ha KoMnakT-OuckKe, KOTOpbIA BXOAUT KOMMJIEKT YCTPONCTBA, MMeeTCH WwabsioH B
dopmaTe PDF onsa cozgaHmsa n pacnevyaTkuy Ha Jla3epHOM MPUHTEpe CaMOKJIesALWMNXCs
MJEHOK C TEKCTOM, COOTBETCTBYOLLMM Ha3Ha4YeHHbIM CON yHKUMAM (Hakneek Ha
nvuesBon naHenn). PekomeHaaumns: (aptukyn 3482 AVERY Zweckform)
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2.15 HacTpowka BxofAa, Bbixoga n COMN

DYHKLNOHAJIbHbI€ BO3MOXHOCTH

cn

LED_Y02

CO = UHA rpynna A, ...

ch.
Pacnpepn_1

HeT NpucB_

1..n_Cnunc_ Ha3H_

Ch . NuBepcusa 1

ch.
Pacnpen_5

HeT MpucB_

1..n_Cnunc_ Ha3H_

Ch . NnBepcusa 5

ca.
3aMKH_

HeakT_

aKT_

KT.,MOATB.MO aBapuiiH.CUT:

C[ . AKT ueT gnoaa

[ &

C[L . HeakT uBeTt guoaa

3auy . Tpes

NoaTteBepaunTb (-U4YM)

NoaTteBepanTb (1..n_ Cnunc_ HasH_)

NoaTtBepanTb KomOTKN (Scada)

2.15.2
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CaON «System OK»

OaHHbin COAW MuraeT 3eseHbIM LBETOM MpU 3arpyske ycTponcTtea. o 3aBeplueHumn
3arpyskm CON ona pyHkumm System OK (HopmanbHaa paboTa cucTeMbl) 3aropuTcs
3e/leHbIM LBEeTOM, MokKa3biBas, 4To 3awmTa (hyHKuMA) akTuBmpoBaHa. CM. pa3gen
«CaMoAmnarHoCTnKa» N BHELWHNN OKYMEHT PyKOBOACTBO Mo oT/1afKe, 4Tobbl HanTu
OOMOJIHNTENbHbIe cBefeHUs 0 Kogax BkaodeHusa CON System OK.

MapameTpunsoBaTb COAN «System OK» HEBO3MOXXHO.

KoHdurypauma undppoBbiX BXO4,0B

CocTosiHMe UunpoBbIX BXOJ0B MOXHO NMPOBEPUTL B MeHto [PaboTa / OTobparkeHune
COCTOSIHUSA / UMS rpynnbl y3710B (HanpuMmep, «LUBx-8 X»)]

LindppoBble BXOLbl MOXKHO HAacCTpoUTb B MeHto [MMap_ ycTp_ / LUudposble BXOAbl / UMSA
rpynnsl y3s08B (Hanpumep, «UBx-8 X») / Tp_ X]

Ona Kakaoro n3 ungpoBbIX BXOO0B YCTAaHOBUTE Criefylolime napamMeTpbl:

* «HOMMHaNbHOE Hanps>XeHune»

* «Bpems ycTpaHeHus apebesra»: I3aMeHeHMe CoCTOsAHMS LugpoBoro Bxona byner

MPUHATO TOJIbKO MO OKOHYaHUWN BpeMeHN YCTPpaHeEHNA n,pe6e3ra.

¢ «NHBEpCHA» (ecnmn Heobxoanmo)

MCDTV4
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2.15 HacTponika Bxofaa, Bbixoga n CAN

NHBepcus
HeaKT_
NHBepcus =1
aKT -
- LIBx CnoT X.LIBx x
CocTosHme unudpoBoro Bxoaa
HoMm_ Hanp_ Bpems ycTp_apeb
BX_ curH_ o t 0 .
OCTOPOXXHO!

BpeMs ycTpaHeHus gpebesra HauMHaeT OTCYUTBLIBATLCS MPY KaXKA0M U3MEHEHUN
COCTOSHMS BXOOHOIr0 CUrHana.

OCTOPOXXHO!
Kpome BpeMeHM ycTpaHeHus apebesra, KOTopoe MOXHO 3a4aTb B MPOrpaMMHOM
obecrneyeHunm, BCcera nmeeTcs annapaTHoe BpeMs ycTpaHeHme apebesra (okosno 12 mc),
° OTKJIIOYNTb KOTOPOE HEBO3MOXKHO.

CyuwiecTByeT ABa BO3MOXXHbIX BapMaHTa onpeaeneHuns, 4emy nosxkeH bbiTb Ha3HayeH
LN poBO BXOL,.
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Ha3Ha4YyeHue ungpoBbix BXOA0B

Oonuus Oonuus

Bxopn

Map_ ycTp_/und_ Bxon

Bxon

E_F84

158

BapwmaHT 1: Ha3HayeHne undpoBoro Bxoga 04HOMY WUJIN HECKOSIbKMM MOAYNSM.
JobaBneHue HasHaYeHUs

B meHto [Map_ ycTp_/ Undposblie Bxoabl] LndpoBbie BXOAbl MOXKHO Ha3Ha4vYaTb 44
OOHOr0 UIN HECKOJIbKUX LiesieBbIX YCTPONCTB.

OTKpoinTe UNthpoBOM BXOA (HaXKMUTe A9 Hero CTpenky Bnpaso). HaxxmuTe
MPOrpaMMHYI0 KHOMKY «YCTaHOBKa NapamMeTpa/raeyHbin kato4». HaxxmuTe «1o6aBuThb» 1
Ha3HaybTe ueneson 06bEKT. HazHaybTe AONONHUTENbHbIE LieneBble 06BbeKThI, Fae
HeobxoauMo.

YpaneHme Ha3Ha4YeHuUA:

BbibepuTe B NYM, Kak onncaHo Bbllle, LM POBO BXOH, KOTOPbIN HY>XHO
oTpenaKTUpPoBaTh.

OTKpOIZTe Ha3Ha4vYeHnsa UMpPoBOro BXxoaa (Ha>xMuTe ons Hero CTpenky BI'IpaBO) n

BbiOepuTe Ha3HavyeHne, KOTOPOe HYXKHO yAanuTb (06paTuUTe BHUMAHUE, YTO 3TO
JlenaeTcs C NOMOLLbO Kypcopa). Tenepb HasHayYeHNe MOXXHO yAa/InTb B UHTepgeince
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MNYM, Ha>kaB NporpaMMHYyt0 KHOMKY «YCTaHOBKa nMapameTpa» 1 BblIbpaB 3/1€EMEHT
«Ypanntb». NoaTBepaonTe o6HOBNEHME HAaCTPOMNKN NapaMeTpPoOB.

BapwmaHT 2: [NogksoyeHne Bxoda Moaynsa n ungpoBoro Bxoaa
OTkponTe Mmoaysb. B 3ToM Mogyne Ha3zHadybTe LMGPOBON BXOA BXOOY MOOYS.
Mpumep: Heobxoanmo 3abnokmMpoBaTb MOAY b 3aLWNTbl NPU ONpeaesieHHOM COCTOSIHUN

undpoBoro Bxoaa. [1ns aToro HasHaybTe An4 BXxoga 6/10KNpoBKK B rnobanbHbIX
napameTpax COOTBETCTBYOLWNI LUpPoBON BXoa (Hanpumep, »BHEIK1 «).

MpoBepka Ha3Ha4YeHnu ungpoBoro Bxona

Y106l NpoBEPUTL 06BHLEKTLI, KOTOPbLIM HAa3Ha4YeH Kakon-nnbo undgposon Bxon,
BbIMOJIHUTE CcnefytoLline oencTeus.

OTkponTe MeHto [Map_ ycTp_/ Lludposbie Bxoabl].

MepengnTte K TOMy UMEPPOBOMY BXOAY, KOTOPLIA HY>KHO NPOBEPUTD.

B N4M

MHO>XeCTBEHHOE Ha3Ha4YeHne, To eCTb Korga oAnH U3 LUGPOBLIX BXOO0B NCM0JIb3YyeTCA
HEeCKOJIbKO pa3 (ec/qn Ha3HaYeH HECKOJIbKNM LieneBbiM 06bekTaM), o0603HavaeTCA
oTobparkaloLnMCs paaoM C TaKMM BXOOOM MHOFOTOYMUEM «...». BblBeANTE OaHHbIN

LM(POBOI BXOA Ha 3KPaH C MOMOLLbIO MPOrPaMMHON KHOMKMK «CTPeJiKa BNpaBo», 4Tobbl
NMPOCMOTPETb CMUCOK LieneBbiXx 06bEKTOB 3TOro BXoAa.
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2.15.3 HacTpouku BbIXOAHbIX peJsie

CocTosiHMEe pesiefHbIX BbIXOA0B MOXXHO NMPoBepUTb B MeHto: [PaboTa / OTobparkeHune
cocTosAHuUs / ma rpynnbl y310B (Hanpumep, BO-3 X)]

PenenHble BbIXOAbl MOXXHO HAacCTPOUTb B MeHIo: [[Map_ ycTp_/ ABOWYH_ BbIX_/ WMsA
rpynnsl y310B (Hanpumep, BO-3 X)]

COoCTOSIHMSA Ha BbIXO4€e MOAYNSA U CUFHANO0B/3aLLUUTHBIX (PYHKLWUIA (TakKnX Kak obpaTHas
610KMPOBKaA) MOryT NnepefaBaTbCs NPU MOMOLLN pese aBapuinHbIX CUrHanoB. Pene
aBapPUNHbIX CUTHaIOB MMetoT 6ecnoTeHUWaslbHble KOHTaKTbl (KOTOpble MOTyT
NCMNOJIb30BaThCS KaK 3aMblKAOLWNA UM Pa3MblKAOLWNIA KOHTAKT). g Ka)kaoro pene
aBapPUMNHOIro curHana npu nomoum «Cnmcka HasHavYeHnin» MoXXeT bbITb Ha3HavyeHo o 7

hyHKUNNA.
[na Ka>kgoro 13 pesne uMppoBbIX BbIXOAOB yCTaHOBUTE Criegyloline napameTpbl:

* «Ha3Ha4veHHble curHanbl». MapameTpsbl C «Ha3zHay_ 1» No «Ha3Ha4y_ 7» MOXXHO
NCMNOJIb30BaTb, YTOObI Ha3Ha4YMTb 7 TPUITEPHbIX CUrHaNoB (06begNHEHHbIX
nornyeckom yHkumnen «MJn»).

* «NHBepcua». NMapameTpbl ¢ «MIHBepcua 1» no «MHBEepcus 7», eCnu 3afaHo 3Ha4vYeHne
«aKT_», MOXXHO UCMOJ1b30BaTb, 4TOObl NHBEPTUPOBATb COOTBETCTBYIOLLUNA
TPUITEePHbIA CUTHa.

ObpaTuTe BHMMaHMe, YTO AJ19 HEHa3HAYeHHbIX TPUTTEPHbIX CUFHaN0B (TO ecTb
«Ha3Ha4_ n» = «-») nHBepcus He paboTaeT, Tak YTO TPUIrTEPHbIA CUrHaa BCerpa
BOCMPUHMMAeETCHA KakK ABOUYHbIN HOJb (JTOXKb/HEaKT ).

* Mpy NCNONb30BaAHUN HAaCTPOWNKK «MHBEPCUS» = «aKT_» (KONNEKTUBHOE) COCTOSIHNE
penenHblX BbIXO40B MOXET 6biTb MHBEPTUPOBAHO (MO MPUHLMMY TOKA 3aMKHYTOW
WM Pa3soOMKHYTOW Lienu).

ObpaTnTe BHUMaHMe, 4TO €C/IN HU OAHOro CUrHaJsa He Ha3Ha4yeHo (To eCcTb BCe
«Ha3Hay_ n» = «-») UHBepCcUA He paboTaeT, NO3TOMY 3TO (KOIEKTUBHOE)
COCTOSHWE BCerpa BOCNPUHUMAETCHA KaK ABOVNYHbIA HOJb (JTOXKb/HeaKT ).

* B «PexxuM paboTbi» MOXXHO ONMpenenMTb NOAAETCSA /M Ha BbiXod pesie pabouunii Tok
WM 3aMKHYTa N1 Lenb.

* Ecnn ona napameTpa <<3aMKH_>> YCTaHOBJ/IEHO 3HAYEHNE «HEAKT_», KOHTAKT pee
HenpepbIBHO NMpMHMMMaeT COCTOoOAHNE Ha3Ha4Ye€HHbIX CATHa0B.

* Ecnn png napameTpa «3aMKH_» YCTaHOBJIEHO 3Ha4Y€HME «aKT_», COCTOsIHME
KOHTaKTa pefnie coxpaHsaeTcsa NoCToAaHHO. (CM. TakxXe pa3fen «3aMblkaHue» Huxe,
> «2.15.3 3amblikaHue».)

e «[logTBepxaeHMe»: ITa HaCcTponka ByneT AOCTYMHa, TOJIbKO €CNn ANA NapaMeTpa
«3aMKH_» 3aaHO 3Ha4YeHue «akT_». Tak Ha3Ha4YaeTCsa CUrHan, KOTOPbIN
cbpacbiBaeT 3aMblkaHWe KOHTaKTa pene (Ho 3To paboTaeT, ToNbKO ecnn cOpoLleHbl
BCE HA3HAYEHHbIE TPUTTEepHble CUTHabI).

CoCTosiHMe KOHTaKTa pesie MoXeT BbITb NOATBEPXKAEHO TOJILKO Nnocse cbpoca Bcex
CUTHaNoB, KOTOPbLIE NHULIMNPOBAN HAaCTPONKY pene, U N0 NCTEYEHUN MUHUMASIBHOIO
BpeMeHU 3a0epXXKN «t-Bblg BbIKJ1».

o «t-ya_»: [py N3MEHEHUN CMrHasla MMHUMaNlbHOe BpeMs H610KMpPoBKK obecreynBaeT

nogaep>xaHume pene Bo BKNKOYEHHOM WX BbIKJTIOHEHHOM COCTOAHUN B Te4HeHne
3TOro MMHMNMMaJIbHOIro nNepmoaa BpeMeHN.
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HeB0O3MO)XXHO HAaCTPOUTb pesie aBapunHon curHanamnsaumnm System OK (SC) (3awmTHoEe
YCTPOWNCTBO).

3aMbIKaHue

Ecnu ona napameTpa «3aMKH_» ABOUYHOIO BbIX04a YCTAHOBJIEHO 3HaYeHNE «aKT_», ero
COCTOSIHNE COXPaHUTCA, 4TO 6bl HXM NPON30LL0, MOKa He ByaeT NnoaTBEP>KOEHO (CM.
pasgen «BapuaHTbl MOATBEPXKAEHUSA» HUXKE).

3aMKHYTbI ABOUNYHbLIN BX04 cOpacbiBAaeTCs TOJIbKO B OJHOM U3 CAeyoWmnX Cayvaes n
TOJIbKO Nnocsie cbpoca BCcex HazHaYeHHbIX TPUrTepPHbIX CUrHAJI0B:

e Ero coctosHue noaTeepxxgaetcs (nmbo nosnb3oBaTeneMm C NOMOLLLIO MHTepdenca
NYM, nnbo nocpenctsom SCADA), CM. HUXKE.

* OHa cbpacbiBaeTCa (NooTBEP)KXOAETCHA) C MOMOLLbIO CUIHaa, KOTOPbIN 6bin
Ha3Ha4veH NapameTpy «[loaATBEPXAEHNE.

» [1ns Hee CHOBa 3ajaeTCs HACTPOMKA «3aMKH_» = «HeaKT_».

* EC/IN He Ha3Ha4YeHO HUKAKOro TPMUIrepHOro CMrHaaa, To eCTh ANA BCex
napaMeTpoB «Ha3Ha4y_ N» 3a[aH0 3HAYeHMne «-».

06paT|/|Te BHUMaHWE, 4TO 3aMKHyTbIIZ OBOWNYHbIN BbIXO HE C6paCbIBaeTCﬂ npm

nepesanycke yctponctea MCDTV4: MNocne (ropayvero nam xonongHoro) nepesanycka
Ka)KAbl 3aMKHYTbIN BbIXO4 BO3BpalLaeTCs B CBOe (paHee Ha3Ha4YeHHOoe) COCTosAHMe.

BapuaHTbl noaTBep>XAeHUs

Cbpoc penenHoro Bbixoaa B 3aMKHYTOM MOJIOXXEHUN BCceraa TpebyeT noATBEPXKOEHUS.
(nogpobHoe onncaHne cM. B pa3aerne [N «MNoaoTBep>XOEHNSA»).

I'Io,u,TBepmp,eHme pene|7|Hb|x BbIXOO00B MOXET OCYyLWeCTBIATbLCA:
e C nomoLbio KHOMKK «C» Ha NaHenmn ynpaBJieHns.

e CocTtosaHue COAN Mo)XHO noaTBeEpAUTb C MOMOLLBbIO CUIrHasNa, Ha3HAaYeHHOro
napameTpy «lloaTBep>x4eHNE».

e COCTOSIHME BCEX pesierHbIX BbIX0O0B Cpa3y MOXXHO NMOATBEPAUTL C MOMOLLbIO
CUrHana, HasHadyeHHoro napameTpy [Map_ycTp_/ MNoateepauTb] «MloaT PesBbix».

* C nomouubtlo SCADA Bce peJsieiiHble BbiIXoAbl MOTYT 6bITb MOATBEPXXAEHbI
OLHOBPEMEHHO.

MpumedaHune. NocnegHne gBa BapuaHTa, No3BoJsOWNE COPOCUTL COCTOSIHME BCEX
BbIXOA0B, AOCTYMHbI, TOJNIbLKO ecnn ana napameTtpa [MNap_ycTp_/ MNoateepanTtb] «AucTt
cbpoc» yCTaHOB/IEHO 3HAYEHNE «aKT_».

KoHTaKTbl pesieHOro BbIX04a MOXHO HaCTPOUTb NPUHYANTENLHO NAW OTKJIKYUTb 014
BBOAA B KCMAyaTauuio ( cM. cnepytowme rnasbl: > «OTkN04YeHne BbIXOAHbIX
KOHTakToB pene», l=> «MpuHyauTenbHas HacTPoiiKa BbIXOAHBLIX KOHTAKTOB penie»).
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DYHKLNOHAJIbHbI€ BO3MOXHOCTH

OBOUYH_ BbIX_ OR_Y02

[ 2]

NHBepcua

Ha3Ha4_ 1

HeT NpucB_

1..n_Cnnc_Ha3H_

NHBepcusa 1

Hasnau_7

HeT MpucB_

1..n_Cnnc_ Ha3H_ =1

NHsepcus 7

A

-
<%

Bp_ yAepx

™ 1 L

=1
t-
3aMKH_ A )
—1s1 1

HeaKT_ —— CocTosiHNe penenHbIX BbIXOLO0B

aKT_

o Bhbiagp>xka BpeMeHU Ha BbikJloyeHve

0 t-Bbla BbIKA
MopTBepanTb - U4M

MontBepAanTb - 1..n_ Cnuc_ HasH_
MonTBepAamnTb - Scada

Pe>xum paboTbl

pMasibHO pa3oMKHyTbIn (NO)

OpMasibHO 3aMKHYTbIN (NG}

Pene caMmogmnarHoCTuKun

Pene aBapuinHoro curHana «System OK» (KC) npenctasnseTt cobon ycTponcTaa Tuna
«KOHTaKT noj Hanps>eHnem». MecTo ero yCcTaHOBKW 3aBUCUT OT TUMa Koprnyca.
ObpaTunTech K 31eKTPUYECKON CXxeMe yCTponcTBa (KoHTakT WDC).

Pene «System OK» (KC) He MoxeT 6bITb NapaMeTpusoBaHo. Pesie camoanarHOCTUKN
npenctasnseT cobon KOHTaKT paboyero Toka, KOTopbIn cpabaTbiBaeT Npu OTCYTCTBUMU
BHYTPEHHUX HENOla40K B YCTPOMNCTBE. [NoKa YCTPOMNCTBO 3arpy>xaeTcs, pesie «System
OK» (KC) ocTaeTcs OTKAOYEeHHbIM. [ocsie NosIHOM 3arpy3kn cucTtemsbl pene cpabaTtbiBaeT,
M Ha3HAYeHHbI CBETOANOAHBIA MHAMKATOP COOTBETCTBYOLWNM 06pa3oM akTUBMpyeTCs
(obpaTuTech Kk rnase > «CamopgmarHocTmka»).
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2 ObopynoBaHue
2.15 HacTporika BxoAaa, Bbixoga n CAN
Koucpurypau,vm AHaAJIOroBbIX BbIXOO4O0OB

AHanorosble BbIX0Abl MOTyT BbITb 3aMpoOrpamMMMUPOBaHbl Ha BbIBOA TPEX pPa3HbIX
Anana3oHoB: «0-20 MA», «4-20 MA» nnn «0-10 B».

[aHHble BbIX0Abl HACTPanBalTCA Nosib30oBaTeNeM Ans oTobparKeHUs COCTOAHMUSA
3afaHHbIX NOJib30BaTesIeM NapamMeTpoB, AOCTYMHbIX ANa pese. HacTponku as 3Ton
PYyHKLMN HaXo4ATCA B BeTBM MeHio [[Nap_ ycTp_/ AHanorosble BbiXoAbl].

HacTpolika «Pacrpes_» 3ap4aeT cornocTaB/ieH/e NapaMeTpa 1 BbIXoAa.

Mocne Ha3HayvyeHnsa napameTp «Juana3oH » BblbupaeT Heo6xoAMMbIN TN BbIBOAA /
AMana3oH 3HaYeHUn NapaMeTpa, KoTopbln ByaeT conocTaB/eH aHaIoroBOMY BbIXoAy.

lMonb3oBaTenb onpenenseTt «Auarn MuH» N «[uan makc». NMNapameTp «Auan MyuH»

onpepenseT 3Ha4YeHNe, NPU KOTOPOM HauMHaeTcst nepefaya. AHaNoOrn4Ho, «4unan Makc»
onpepenseT 3Ha4YeHNe, KoTopoe byneT AOCTUIHYTO B KOHLIE Nepenayn.

100% T

Inana3oH

0%

Owvan. MuH. Owvan. makc.

nana3oH NpPpNCBOEHHOIr0 3Ha4YeHUs

HPT 785

MNMpumep HacTpoWku AHaNOroBbif BbiXo4 C AeUCTBUTEJ/IbHON MOLLHOCTbIO P*
*= eCTb TOJIbKO B YCTPONCTBaX, UMEILLUNX 3aLNTY MOLLHOCTW.

Bce HacTporkn/yCTaBkn B MOoAYJie MOLLHOCTU HAaCTpanBatloTCs B COOTBETCTBUN C
ycTaBkamu 6n1oka. Mo onpepenerHunto, Sn ncrnosb3yeTcs B KavecTse 6asbl
MaclwTabupoBaHus.

Sn = V3 - (TpaHcdopmaTop HanNPsXXEHWUS | ine-to-Line_Rated_Voltage) * (TpaHchopmaTop
TOKaRated_Current)

Ecnn ycTaBku [0/IXKHbI 6bITb OCHOBaHbl Ha 3HAYEHUSX CTOPOHbI MEPBUYHOV OBMOTKU:

Sn = V3 - (TpaHcdopmaTop HaNPs>XXEHWUSpri_Line-to-Line_Rated Voltage) * (TpanchopmaTop
TOKaPri_Rated_Current)

Ecnun ycTtaBku JOJ/IXKHbI 6bITb OCHOBaHbI Ha 3Ha4YeHUAX CTOPOHBbI BTOpl/I'-IHOl;I obmMoTKuU:
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Sn = V3 - (TpaHchopmaTop HaNPsXXEHUSSec Line-to-Line_Rated Voltage) * (TparcdopmaTop
TOKaSec_Rated_Current)

lMpumep — nosieBbie AaHHbIE:
e TpaHcchopmaTop Toka: TT neps =200 A; TT BTOp =5 A
* TpaHcchopmaTop Hanps>xeHuda: TH neps = 10 kB; TH BTop = 100 B

e Inana3oH aKTUBHOW MOLHOCTM OT 1 Ao 4 MBT Ha3Ha4YaeTCs aHa/lI0roBbIM BbIX04aM
oT 0 go 100%.

PacyeT HacTpoviku a4ns «Auan. MUuH.» n «[Juar. Makc.» OCHOBbIBAETCS Ha 3HaYEHUSAX
CTOPOHbI NEPBUYHON OBMOTKM:

Ornana3oH aKTUBHOW MOLLHOCTK cocTaBnseT oT 1 oo 4 MBT.

CHa4vana paccynTbiBaeTcs Sp:

Sn = V3 : (TpaHcdopmaTop HaNPs>XXEHWUSPri Line-to-Line_Rated Voltage) * (TpanchopmaTop
TOKaPri_Rated_Current)

S, =1,73-10000B - 200 A = 3,464 MBA

Pac4eT HacTpoek gmanasoHa Ha OCHOBE Sp:

Rangemin (0%) = 1 MBT / 3,464 MBA = 0,29 S,

Rangemax (100%) = 4 MBT/ 3,464 MBA = 1,15 S,

PaccuynTanTe aHaNoroBbIA BbIXOA B MPOLLEHTaxX A9 KOHKPETHOrO 3Ha4YeHUs:
AnalogOutput(InputValue) = 100% / (Rangemax — Rangemin) - (InputValue — Rangemin)
Hanpumep, 018 BX0AHOro 3HavyeHUsa 1 Sp:

AnalogOutput(1l Sp) = 100% /0,86 Sn - (1 S, — 0,29 Sp,) = 82,5%

Tok BbIXxoga, HanpuMmep, ona Tuna «4...20 MA» coctasuT Torga 17,7 MA = 4 MA + 82,%
(20 MA - 4 MA)

100% -— -—_-—,-—--- - - - —— ——— — —— — — —— — ——— — — — — — — — p—— — —
82.5%

T
o
m
©
C
©
s
(=

[Sadhp:]

% — (- " T T T TTTTT—77—~ B A

1
Ovan. MnH.0.29 Sadd: Ownan. makc.1.15 Sacpd:

BxonHoe 3HaveHne = C4OH_.P CK3

*

HPT_Z86
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2 ObopynoBaHue

2.15 HacTponika BxoAaa, Bbixoga n CAN
MpuMep HacTponkmu AHaNIOroBbiN BbiXxon C KO3 pununeHTom mowHocTn PF*
*= @CTb TOJIbKO B YCTPONCTBaX, MMEKLLMNX 3aLNTY MOLLHOCTN.
MoCcKoNbKY 3HA4Y0K KO PMUMeHTa MowHOCTU PF cnegyeT 3a 3HA4YKOM OENCTBUTESIbHON
MOLHOCTK P, HEBO3MOXXHO onpeaesinTb XapakTep peakTUBHON MOLLHOCTN — €MKOCTHas
UM NHAyKTuBHasa. CooTBETCTBEHHO, 019 Ha3Ha4YeHMA aHasIoroBoro Bbixo4a napamMeTp
05 BbIXOAHOM0 AMarna3oHa KosdgduumeHTa MOLWHOCTU ncnonbsyeT PF Cc «cornaweHnem
0 3HaKax»:

MONIOXXNTENbHbIN 3HaK (+) PF, ecnv akTuBHasA n peaKTnBHada MOWHOCTU NMEIKT
OAWHaKOBbIN 3HaK;

OoTpULATENbHbIN 3HaK (-) PF, ecnu akTMBHasA N peakTUBHAasA MOLHOCTU UMEIOT pa3HbIi
3HaK.

Hanpumep, ecnv akTMBHas MOLWHOCTb NOCTYMaeT Ha Harpys3Ky M TOK OTCTaeT oOT
Hanps>XeHs Ha BENNYUHY NHAYKTUBHOW Harpysku, KO3 dunumeHT MOWHOCTHU C
COrjlalleHmneM 0 3HaKax UCMosib3yeT NOJIOXKNTENbHbIN 3HaK. BaXkKHO yCTaHOBUTb
MpaBuJibHbIE HACTPOWKKN AManasoHa AJ19 aHaJl0roBoro Bbixoaa.

Mbl XOTMM MCNOJSIb30BaTb aHanoroebin npubop 4...20 MA C NTMHENHON LWKanon, rae
rnocnenHas HaxoauTca B gnanasoHe ot 0,8 emkocTHOM A0 0,3 MHOYKTUBHOM Harpy3kKu.
OOJXHbBI NCNOJIb30BaTbhCA clleayoume HaCTPONKN:

Rangemin (0%) = -0,8

Rangemax (100%) = +0,3

PaccunTanTe aHanoOroBbI BbIXOA B MPOLEHTaX ANA KOHKPETHOro 3Ha4YeHuns, HanpuMep: |
PF|=1 npu ¢ = 0°:

CHa4vana KoapuLUNEHT MOLLHOCTU CO 3HAKOM cnefyeT NPMBeCTU K INHENHOMY
AnanasoHy:

Rangemin' (0%) = -1 — (-0,8) = -0,2

Rangemax' (100%) = +1 — (+0,3) = +0,7

InputValue' = +1 — (+1) = 0,0

AnalogOutput(InputValue') = 100% / (Rangemax' - Rangemin') * (InputValue' — Rangemin')
AnalogOutput( 0) =100% /0,9 - 0,2 = 22,2%

Tok BbIXoga, HanpuMmep, gng tmna «4...20 mA» coctasut Torga 7,5 MA =4 MA + 22,2% *
(20 MA — 4 MA)
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IND

+0.3

100%

Inana3oH

0% ~

BxoaHoe 3HayveHue = C43H_ . cos O (%)

-09 1 +0.9
-0.80wnan. MUH. +0.3dnan. makc.

HPT 287
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2.15 HacTponika Bxogaa, Bbixoga n CAN

2.15.5 AHanorosbie BXoabl

[aHHble BXo4bl HACTPaMBalOTCA Nosib3oBaTenemM ans 0T06pa)KeHI/Iﬂ COCTOAHNA BHELWHUX
aHaJIOroBbIX NMapaMeTpoB, KOTOpPbLIE MOAAOTCA Ha pene.

Mpouenypa MCNOJSIb30BaHNA aHaI0OroBbIX BXOAOB COCTOUT U3 ABYX 3TaroB.
MNMonb3oBaTesnto HEO6XOANMO HAaCTPOUTbL N3MEPUTEJIbHbLIE 3/IEMEHTHI U @aHaJIOr OBbIE
3aWNTHbIE 3/IeMeHTbl. Ka)Kabli aHanorosbi BXo4 (annapaTHbIN) npedcTtaBsieH 0gHUM
N3MepuTesibHbIM 3/1IeMEHTOM (C Ha3BaHueM «AHanor Bx[x]»). 9To 03HavaeT, 4To
KOIMYECTBO N3MEPUTESIbHbIX 3JIEMEHTOB 3KBUBAJIEHTHO KOJINYECTBY aHal0roBbIX
BX040B. [ToNib30BaTelb MOXET YCTAaHOBUTb AJ18 KaXKA0r0o M3MepuUTEesIbHOrO 3JIEMEeHTa
TN BXoAda (Hanpumep, 4...20 MA). Ha ocHOBe 3TOI HAaCTPOMNKN U3MEPUTESIbHbIN d/IEMEHT
6yneT NOCTaBAATb aHA/IOroOBblE 3HA4YEeHUSA. 3HAYEHNS, MOCTaBJ/ISeMble NU3MEPUTESTbHLIMA
afiemMeHTaMu, HeobxoAMMO Ha3HayaTb aHaJIOrOBbIM 3aLWMTHbLIM 3JIeMeHTaM A5
obecneveHnsa nx nutaHusa. Takum obpasom, oagnH N3MEPUTENbHbBIN SJIEMEHT MOXKHO
Ha3Ha4YNTb HECKOJIbKMM aHa/loroBbIM 3aLLUNTHbLIM 371IeMeHTaM. Kom4ecTBo 1 MMeHa
aHaJI0roBbIX 3aLLUUTHLIX 3JIEMEHTOB 3aBUCAT OT 3aKa3biBAEMOro yCTPOMCTBA.

MprMepbl aHao0roBbiX BXOLAHbIX 3JIEMEHTOB.

¢ YCTPOWCTBO 3alUunThl reHepaTopa (Nnpumep): TBo3[n] — NOCTOAHHbIN TOK
BO3OY>XAEeHUS.

* YCTpONCTBO 3awwunThl aBuratens (npumep): Ckpln] — ckopocCTb.

e YCTPONCTBO 3alinTbl TpaHCchopMmaTopa (npumep): TapVin] — Hanps>xeHune
OTBETBNEHUS.

Ka>abln aHaNoroBbl BXOOHOWN 3/IEMEHT AOCTYMNEH Kak aBapUnHbIA CUFHaN N 3N1eMEeHT
OTKJIIOYEHUS.

HacTpovika Bkao4YaeT B cebs caeayroLyme stanbl:

dTan 1 (cM. «YCTaHOBKa N3MepUTesIbHbIX 3JIEMEHTOB» HMXKE): [epBbIM 3Tanom ABnAAeTCS
yCTaHOBKa TuNa BXo4a OJ18 KaXK40ro U3 JOCTYMNHbIX aHaI0roBbiX BXO40B
(u3MepuTenbHbIX 371IeMeHTOB) B MeHIo [[Map_ ycTp_]. 9TO 03Ha4vaeT onpeaesieHne, Kakon
BN N3MepUTENbHbIX 3Ha4YeHUn By oeT NOCTaBNATLCA KaXKAbIM aHa/OrOBbIM BXOA0M
(Hanpumep, 4...20 MA).

dTan 2 (cM. «HacTponKa aHa/oroBbIX 3alUNTHbIX 3/IEMEHTOB» HUXe): HacTponka
aHaJI0roBbIX 3aLNTHbLIX 3JIEMEHTOB O3Ha4YaeT: AKTUBaALMA «DNeMeHTa OTKOYEHUS u/unu

3/1IeMeHTa CUrHanusaumm» B MeHto [Map_ ycTp_]. Nocne 3Toro anemeHT Heobxoanmo
HacTpPOUTb B NapaMeTpax 3alunTbl (MeHto [MapamM_ 3awnTsl]).

Ttan 1. YcTaHOBKa N3MepPUTEeJibHbIX 3JIEMEeHTOB

Monb3oBaTeNlb MOXKET YCTaHOBUTbL TUM BXoAa B NapameTpe [[Map_ycTp_/ AHanorosble
BXOObl] «PeX.».

¢ 0...20 MA
e 4..20 MA

- 0...10B
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AHanorosble usmep sanemeHTtbi[1]...[n] AnaloginMeasuring_Y01

AHanorosble BxoAbl = AHanoroeble Bxoabi[1]...[n]

** MapameTp 4...20 MA no3BosisieT 06HapyXuTb 06pbIB NpoBOAa. AHanorosbiin Bxog . MoBp.nposoa 13 @@

AHanor Bx .
Twn Bxoaa

0..20mA

4...20 mA **

0..10V

AHanorosbli BXof, . 3Ha4yeHune
AHasn_ Benny_ B i S it

Puc. 58: IamepuTesibHble 3/1EMEHTHI.

168

Stan 2. HacTpo#ka aHaNoroBbiX 3alUNTHbIX 3JIEMEHTOB

B mapamMeTpax 3awwmnThl (HacTponka [Mapam_ 3awmnTbl / Fno6_ nap_ 3aw,_/ AHanoroBsble
Bxonbl / AnaP[x]] «M3mep Bxoa») Nonb3oBaTeNto HeobXoaAnmMo BbibpaTb N3MEPUTESNbHbIN
3/1eMeHT/aHaNoroBbI BX0O4, KOTOPbIA MUTaeT aHaIOroBbIA 3aLUUTHbLIA 31eMeHT. Kpome
TOro, Nosb30oBaTeso HeobXx0AMMO YCTaHOBUTL MOpor cpabaTbiBaHMSA U BpeMS 3a4EPXKN
OJ151 @HAJI0roBbIX 3aLLMTHbIX 371IeMeHTOB. KONMYeCTBO U MMeHa AOCTYMHbIX aHa/0roBbIX
3aLLWTHbBIX 3J1IEMEHTOB 3aBUCAT OT 3aKa3blIBaeMOro yCTPOMCTBa.

Kpome Toro, pexxum cpabaTbiBaHUA MOXKHO BbibpaTb B AMaNa3oHe 3HAYEHUN OT «Bblle»
L0 «HWXe». [MapaMeTp «Bbile» onpenensieT cpabaTblBaHWE pesie, KOrga nusMmepsemoe
3HaYyeHVe aHasIoroBOro CUrHana NpeBbILAET 3alaHHOEe NOPOroBoe 3HavyeHwue. MapameTp
«HWXe» onpepenseT cpabaTbiBaHWe pene, KOrga n3MepsieMoe 3Ha4yeHne aHaloroBoro
CMrHana nafaeT HMXXe 3alaHHOro NOpPoroBoro 3HayeHus. Korga tvn Bxoaa 4...20 MA
BblbpaH, pene obecneymBaeT criexxeHne 3a 06pbIBOM NpoBoga. Mpu noBpexxaeHumn
nposoga cpaboTaeT curHanmsaums obpbiBa NpoBoAa, U KOMaHAbl TPEBOMN U pa3MblKaHUS
aHaJIOroBbIX 3aLMTHbIX 31eMeHTOoB By Ay T 3anpeLLeHsl.
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AHanorosble 3alUTHbIe 3neMeHThI[1]...[n]

2 ObopynoBaHue

2.15 HacTponika Bxogaa, Bbixoga n CAN

AnaloglnProtection_YO01

AHanorosble BXxoabl = AHanorosble Bxoabi[1]...[n]

CM_ anarpammy: Bnok-ku

@ (CTyMeHb He OTKJ/II0YEHa N HET aKTUBHbIX CUTHAN0B 610KNPOBKM)

N3mep Bxon,

Ananor Bx[1]

Ananor Bx[2]

« . .

Ananor Bx[2]

@ Ananorosbii Bxoa[1] . 3HaveHne
AHanorosbln BxoA[2] . 3HayveHne

.

.

a5

O AHanorosblin Bxoa[n] . 3HavyeHve

CM_ anarpammy:
«GeneralProt_Y02»

AHanorosble BXOAbl .
Pex. Tpes.

AHanorosble BXoAbl .
Bobiwe

AHasoroBble BXOAb .
Huxe

AHanorosble BXoAbl .
YcTaBKa

1T
)

Jin

DH6Hapy»x.0bpbiBa NpoBoAg

Tonbko ansa 4...20 MA

A

AHanorosble BXoAabl . NoBp.nposoa

AHanoroBbie BXOAb! .

AHanorossl

£ BXOAbl . ABapUIHbIiA cmrHan@

t

t

—

0

O,

Z . bnk KomOTKn

Puc. 59: AHasioroBbie 3aUiNTHbIE 3/IEMEHTbI OTK/IKDYEHUS.

'?I

AHanoroBble BXoAbl . OTKJ‘I@

AHaIOroBbI€ BXOAbI . KOMOTKHO

15a

Y4yTunTe, 4TO 06LIYHO KOIMYECTBO AOCTYMNHbIX aHaI0OroOBbIX BXOO40B 3aBUCUT OT
3aKa3aHHOro yctponcTaa (Ko 3akasa).

MCDTV4-3.6-RU-MAN

MCDTV4

169



3 KOMMYHMKaLWOHHbIE MPOTOKObI
3.1 Obwas HacTporika SCADA (cBsA3b)

3 KOMMYHMKaLUOHHbIE NPOTOKOJbI

3.1 OOwan HacTpouka SCADA (cBa3b)

Habop gocTynHbix npoTokonos SCADA 3aBUCUT OT TuUNa 3aka3aHHOro obopynosaHus (cMm.
pa3spensl = «BnaHk 3aka3a ycTpoiicTBa», > «Koabl npoTokona cBs3n»).

Heobxoaoumo onpenennTb, Kakor U3 AOCTYMHbIX NpoTokonoB SCADA byanet
1nCcnonb3oBaTb ycTponcTBo MCDTV4. [lenaeTcs 3TO NyTeM HaCTPOMKK Heobxoammoro
npoTokona cBaA3n ang [Mnanup_ ycTp | «[lpoToKo/1».

3aTeM ans BbI6paHHOro NpPoToKoia noTpebyeTcs 3a4aTh PAL AOMNOJNHUTENbHbIX
HaCTPOEK.
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3.2 Hactpownkn TCP/IP

3.2 HacTtpouku TCP/IP

YcTaHOBKa coenHeHNs € yCcTponcTeoM Yyepe3 TCP/IP BO3MO>XXHa TO/IbKO B TOM CJly4ae,
€CIN YCTPOMNCTBO cHab>keHo nHTepdencom ceTu Ethernet (RJ45).

. Onsa yctaHoB/ieHUA coeNHEHNSA C CeTblo 06paTVITer K CUCTEMHOMY aOMNHUCTPATOPY.

HacTpoiku TCP/IP ycTaHaBnuBatoTCa B MeHto [[Map_ ycTp_/ TCP/IP / KoHd-a TCP/IP].
HeobxoanMo HacTponTb cineaytouime napaMeTpsl.

* «TCP/IP» — ons 3TOro NnapaMeTpa MOXHO 3aaTb 3Ha4YeHne «akT_» (Mo ymMosa4aHuio
3a[laHO 3Ha4YeHne «HeakT », U NPOTOKOJ1 He NCMNOoJIb3yeTCs).

OcTanbHble napameTpbl TCP/IP (cM. HMXXe) MOXKHO ByAeT HAaCTPOUTb TOJILKO MOCJIE TOrO,
Kak onsa napametpa «TCP/IP» 6yneT 3afaHO 3HaYeHUE «aKT_».

* «lP-agpec» — appec IPv4 ycTpoinctea MCDTV4.

* «Macka noac_» — MacCKa noaceTu, onpegenswoowan ouanasoH IP-agpecos
JIOKaJIbHOM CeTU NoJib30BaTeNs.

* «llIno3 no ymosi4_» — WJ03 Nno ymondaHuio. Ha 3ToT agpec HanpaBngaoTCA
3anpockl 060 BCeX NOAKOYeHUAX K IP-agpecam BHE IOKasIbHOW CETU NOJIb30BaTENS
(To ecTb K IP-agpecam, KOTOpble He COBNafaloT C agpecaMmun B gnanasoHe,
onpepnesieHHOM MacKowm rnoaceTn).

MepBoOHa4YaNbHYyO HacTPONKY NnapameTpoB TCP/IP MOXHO BbINOMHUTL C NaHeNu
ynpasaeHusa (M4YM) nnm c nomowbto MO Smart view Yyepe3 coeagnHeHmne USB.

bonee Toro, B MmeHto [Map_ ycTp_/ TCP/IP / PaclumpeHHble HaCTPONKN] nmeeTcs paj
crneumanbHbIX MapaMeTpoB, CM. CMPaBO4YHOE PYKOBOACTBO. I3MeHATL 3a4aHHbIe Mo
YMOJT4aHUIO 3HaYeHNsa 3TUX napameTpoB TpebyeTcs o4eHb peako.
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3.3 Profibus

3.3
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Profibus

KoHcurypnposaHune ycTponucTs

BbibpaB Profibus B ka4yecTBe npoTokona SCADA (HacTpous [Mnannp_ycTp_] «lpoTokoi»
= «Profibus»), Bongnte B BeTBb MeHto [[lap_ ycTp_/ Profibus] n yctaHosuTe cnegytowini
rnapameTp CBSA3M:

* «ID n_y » Ang TOMHOW naeHTUduKaumm yctporncTsea. 1o byget Homep oT 2 Ao 125,
KOTOPbIA A0/KeH OblTb YHUKANbHLIM Cpefn BCex YCTponcTB Profibus B ceTw.

MomMnmo 3Toro, B rNaBHOM yCTponcTBe Heobxoammo ykasaTb ann GSD (0O0C). 3ToT
hann HaxoQUTCS Ha QUCKe, MOCTaB/ISIEMOM B KOMIMJIEKTE C YCTPONCTBOM.

O HekoTOpbIX ApYrnux NnapameTpax (cBA3aHHbIX ¢ Profibus) rosopmnTcsa B cripaBoO4HOM
pyKoBOACTBe.

MoakniodyeHne annapaTHbIX CPenCcTB

e [logkoveHne annapaTypbl K CUCTEMe KOHTPOJ1A 3aBUCUT OT TUMa 3aKa3aHHOIo
obopynosaHus (cM. paspensl = «BnaHk 3aka3a ycTpoiicTBa», L= «Kogpl
MpoToKoOJia CBA3M»): Ha 3aaHeln naHenun yctponctea MCDTV4 umeeTtcsa nubo
nHTepdenc RS485 (D-SUB), nmbo onTOBOJIOKOHHLIN NHTepgenc (pasbem ST),
KOTOpble MOXXHO UCMONb30BaTh 414 nogkiodeHus Profibus.

e MogknounTte WnHy n MCDTV4.

* MO>XHO MOAKMYNTL 40 123 NOAYNHEHHbIX YCTPOWUCTB.

e [pu ncnonb3oBaHun nHTepgenca D-SUB yCTaHOBMTE OKOHEYHbI Pe3UCTop Ha
KOHeL, WWHBbI.

ObpaboTka ownbok
WNHdopmauma no pmnsnyecknm owmbkam cBs3u (Hanpumep, No CKOPOCTU nepenayn
NaHHbIX B 60M1aX) MOXXHO MOAY4YUTb C MOMOLLbIO perncrtpatopa cobblTui (CM. pasaen

«PernctpaTtop cobbITUn») K ANCnnes cocTosHUM (BeTBb MeHto [PaboTa / OTobparkeHne
cocTosAHuA]).

ObpaboTka ounbok — cBeTogMOOHbIN MHANKATOP cocToaHnsa D-SUB

NHTepdenc Profibus D-SUB, pacnoso)XeHHbI Ha 3agHen NaHesan yCTpoOncTBa, CHabxxeH
CBETOAMOOHBLIM UHONKATOPOM COCTOSAHUA.

* Mouck nepepayun gaHHbix — COAWN MUraeT KpacHbIM LLBETOM
¢ Mepenaya AaHHbIX 0bHapy>xeHa — COAW MuraeT 3eseHbIM LBETOM
¢ ObmeH gaHHbIMU — COW ropuT 3eseHbIM LBETOM

* MpoTokon Profibus He BbIbpaH B [MnaHup_ycTp_ ] «SCADA . lpoTokosi» — CON
rOpUT KPacHbIM LLBETOM
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3.4 IEC 61850

IEC 61850

BBeneHune

YT106bI NOHATL 0COBEHHOCTN PYHKLUMOHNPOBAHUS U peXxnm paboTbl MOACTaHLUMKM B cpene
aBTOMaTm3auum IEC 61850, nosie3HO CpaBHUTL 3Tanbl BBOAA €€ B 3KCMayaTauuto C TeMu,
4YTO UCMONb3YlTCA ONA 06bl4HbIX MOoACTaHUMM B cpene Modbus TCP.

B 06bl4HOM NOACTaHUUM OTAeSbHble MHTEeNIeKTyallbHble 3/1IeKTPOHHbIe ycTponcTBa (IED)
B3aMMOOENCTBYIOT C LLeHTPOM ynpasyieHna 6osiee BbICOKOro YPOBHSA B BEPTUKAIbHOM
HanpassieHun ¢ nomoubto MO SCADA. NopusoHTasibHas CBA3b UCMNOJIb3yeTCA
NCKJTIOYNTENIbHO A1 COeANHEHNA APYr C APYroM BbixoAHbIX pesne (OR) n undposbix
Bxonos (Dl).

B cpene IEC 61850 anda ceasm mexay IED ncnonbsyetca umgposon kaHan (Ethernet) n
cnyx6a 0bwnx 06 bEKTHO-OPUEHTUPOBAHHbIX COBbITUA NOACTaHUWN No4 Ha3BaHUEM
GOOSE. C nomoubto gaHHol cny»x6bl IED obMeHuBatoTCA MHGOPMaLnen o cobbiTnsX.
Taknm obpaszoM, KaxaoMy IED Hy>XHO 3HaTb 0 PYHKLMOHaNIbHbIX BO3MOXXHOCTSAX BCEX
OpYrnx cBs3aHHbIX ¢ HUM IED.

Ons Ka>kgoro ycTtponcTea ¢ nogaep»xkon IEC 61850 nmeetcsa onncaHme ero oyHKLNN n
BO3MOXXHOCTeW CBA3U (onncaHue Bo3MoxxHocTen IED, *.1CD).

C NOMOLLUBIO MHCTPYMEHTa KOH(UIrypauum nogctaHUnm, cooepxallero onmcaHme
CTPYKTYpPbl MOACTAHUNN, MOXKET 6bIiTb BbIMO/IHEHO Ha3Ha4YeHMe YCTPONCTB K OCHOBHOMY
obopynoBaHuio, BUpTYyasbHoe noakso4deHne IED opyr K gpyry u opyrum
KOMMYHWKALMOHHBIM YCTPOMNCTBAM NoACTaHUMnM 1 T. 4. iMeeTca onucaHne
KoH(Urypaumm noacTaHUMmM, KOTOpoe reHepupyeTcs B Buae garnna *.SCD. JaHHbIN
hann Hy>KHO OTNPaBUTb Ha Kaxaoe yCTponcTeo. MNocne 3toro IED cmoryT
B3aMMOOEeNCTBOBaTb APYr C ApYroM, pearnposaTb Ha 610KMPOBKU 1 yNpaBasATb
KOMMYTaLUWOHHbLIM YCTPONCTBOM.

Modbus-TCP IEC 61850
[naBHbIN naBHbIN

Ethernet Ethernet

Scada
IEC 61850

Scada
ModbusTCP

nayl nay2 nay3 nayl nay2 nays3

LIBx

LIBbix qu| |uBbm LBx LIBbIx

TpaAuUMOHHaR XXecTKasa pa3Bonka Nmbkas pasBoaka GOOSE IEC61850

< »
- >

E_F62

dTanbl BBOAA CTaHA4APTHOM NoACTaHUMK B aKCNayaTauuto B cpege Modbus TCP:
* HaCcTpoWka napameTpos IED;
e ycTaHoBKa ceTu Ethernet;
* HacTpowka ans IED napameTtpos TCP/IP;
* NOOKJIIOYEHNE COrJIaCHO CXEME ISIEKTPUYECKNX COEQNHEHU.
3Tanbl BBOAA NOACTaHUMKM B akcnsyaTayuio B cpene IEC 61850:

* HacTpowka napameTpos IED;
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* yCTaHoBKa ceTu Ethernet;
* HacTpownka TCP/IP gnsa IED;
Hactponka IEC 61850 (nporpaMmMHOe coeanHeEHne):
e 3KCNopT hanna ICD Ka)xaoro yCTpomncTBa;
* HaCTpOWKa MoacTaHuum (cospaHue danna SCD);

* nepepava ¢anna SCD Ha Ka)Kgoe yCTPONCTBO.

Co3paHume/a3Kkcnopt ocoboro ¢gpanna ICD ycTponcTBa

CMm. rnaBy «IEC 61850» pykosoacTsa K 10 Smart view.

CospaHune/akcnopt ¢panina SCD

CMm. rnaBy «IEC 61850» pykoBoacTBa K N0 Smart view.

Hactpo#ka noacrtaHumm, cosgaHune ¢ghanna .SCD (onncaHune KoHpurypaumm
CTaHUMH)

KoHdpurypaums nogcraHumm, T. e. coeuHeHNe BCeX JIOFNYeCKUX Y3108 3alMTHbIX,
KOHTPOJIbHbIX N KOMMYTaLWOHHbIX YCTPONCTB, BbINOJHAETCA C MOMOLLbIO UHCTPYMEHTa
KOHurypaumm noactaHummn. NMostomy Ao/mKHbl 6bITb [OCTYNHbI hannbl ICD Bcex
noakoyeHHbIX IED B cpene IEC 61850. Pe3ynbTaT «NporpaMMHOro coejuHeHunsa»
CTaHLUWUM MOXXHO 3KCNOPTUPOBaTb B BUAE (hainia onncaHnsa KoHurypaumm noactaHUnm
SCD.

HY>XHbIN NHCTPYMEHT HaCTPorKM noactaHuum SCT nmeeTcs B NepPeYnNCAEHHbIX HUXE
KOMMaHUAX.

* H&S, Hard- & Software Technologie GmbH & Co. KG, JopTMyHA (FTepmaHunga) (=>
www.hstech.de).

* Applied Systems Engineering Inc. (=> www.ase-systems.com)

¢ Kalki Communication Technologies Limited (=> www.kalkitech.com)

UmnopT pauna .SCD B ycTpOUCTBO

CMm. rnaBy «IEC 61850» pykoBoacTBa K N0 Smart view.

BuprtyanbHbie Bbixoabl IEC 61850

Kpome cTaHOapTHOM UHopMaL K O COCTOSHUN JIOMNYeCKNX Y3108 ANa 64 BUPTYyasbHbIX
BbIXOA0B MOXHO Ha3Ha4yuTb 00 64 cBo6OAHO HacTpanBaeMbIX 3HA4YEHNN COCTOSAHUS.
CoenaTb 3TO MOXHO B MeHio [[Map_ ycTp_/IEC 61850 / BupT. BbiX. 1...4].

BuprtyansHbie Bxonbl IEC 61850

Ecnun B hanne SCD onpepneneH BXO[L, TO COCTOSIHME BXOAa MOXHO NMPOBEPUTL B MEHIO
[PaboTa / OTObparkeHne coctosaHuaA / IEC 61850 / BupT. Bx. 1...4] «GOSINGGIOI[1...
4].Ind1...32.stVal». Ha Kaxxabih 6uT cocTtosiHUS B MeHto [PaboTa / OTobpakeHue
coctosHusa / IEC 61850 / BupT. Bx. 1...4] «GOSINGGIO[1...4].Ind1...32.g» npuxoanTcs
COOTBETCTBYOWMNIA BUT KavecTBa.
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CoctossHne GOOSE
CocTtosHume coegnHeHns GOOSE MO>XXHO NpoBepuTb B MeHto [PaboTa / OTobparkeHune

coctoaHua / IEC 61850 / CocT_] «Bce noannc_ GOOSE aKT_». 9TOT CUrHan COAEPXUT
CBOAHble JaHHble O KayeCcTBe BCEX BMPTYasibHbIX BXOAOB (CM. BbILLE).
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3.5

DNP3

MpoTokon DNP (npoTokon pacnpeneneHHon ceTn) npeaHa3HayeH ona obMeHa AaHHbIMU
n nHdopmaumnen mexay SCADA (0OCHOBHbIM YCTPONCTBOM) 1 ycTponcteamu IED
(MHTennekTyanbHbIMN 31EKTPOHHLIMN YCTPONCTBaMu). MNMepBble BbiNyCKM NpoTokona DNP
66111 pa3paboTaHbl oA MocnenoBaTeNbHOM CBA3W. bnarogapsa ganbHeNWeMy pa3BUTULo
npoTokosia DNP cenyac oH Tak>ke NO3BOJISET NCMNOJIb30BaTb BO3MOXKHOCTN obMeHa
AaHHbiMn TCP n UDP 4yepe3s Ethernet.

MnannposaHune ycrposicts DNP

B 3aBMCMMOCTM OT annapaTHoro obecneyeHns 3aWMTHOrO YCTPONCTBa B pa3nene
«MnaHnpoBaHMe YCTPONCTB» MOXXeT BbiTb 4OCTYMNHO A0 Tpex BapMaHToB obMeHa
AaHHbIMW NO npoTokosly DNP.

Bongunte B MeHto [MnaHup_ycTp_] v BeibepuTe noaxoaawmi npotokon SCADA B
COOTBETCTBUN C KOLOM YCTPOMCTBA.

e NTHb DNP3 (4epe3 nocnenoBaTesibHbIN MOPT)
* DNP3 TCP (4epe3 Ethernet)

* DNP3 UDP (4epe3 Ethernet)

Ob6wumne HacTposku nporokona DNP

ObpaTnTe BHUMaHME, YTO HE3AMPOLLUEHHbIE COOBLLEHNS HEQOCTYMHbI ANA
nocsiefoBaTe/IbHOrO KaHasla CBA3W, eC/in Yepes nocsefoBaTesibHbIA KaHasl NoAKJII0YEHO
HECKOJIbKO MOAYNHEHHbIX YCTPONCTBA (M3-3@ BO3MOXHbIX KOH(PAMKTOB). B 3Tnx cny4vasnx
He UCMNoJsIb3yTe He3anpoLlleHHble coobuieHns ansa ATE DNP.

He3anpawmnBaeMas 0TYETHOCTb AOCTYMHA N A4 NOC/ef0BaTENbHOIO KaHasna CBA3N,
eCc/IN KaXkaoe noagYMHEeHHoe YCTPOWCTBO NOAK/OYEHO K OCHOBHOW CUCTEME OTAESbHO.
9TO0 03HAYaeT, YTO rnaBHasa cucTtema obopyaoBaHa OTAE/bHLIM NOC/ef0BaTENbHbLIM
NHTEephencom oas Kaxaoro nog4YNHEHHOro yCTPOMNCTBa (HECKOIbKO naaT
nocsiefoBaTeNIbHOrO A0CTYyMna).

Bongunte B MeHto [Map_ycTp_/ DNP3 / CBAa3bl].

HacTpolikn obMeHa gaHHbIMK (0bLIVE) HYXKHO 3aflaBaTb B COOTBETCTBUU C
notpebHocTamu cuctemol SCADA (rnaBHOR).

Ons DNP-TCP gocTynHa caMoagpecaums. 9TO 03HavaeT, 4To ngeHTudnkaTopsl F1aBHoOmn
VN NOOYNHEHHOWN CUCTEM OMpeaenaTcsa aBTOMaTUYECKN.

HekoTopble BbIXOO4HbIe CUTHasIbl, aKTUBHbIE TOJIbKO B Te4eHVEe KOPOTKOIro BpeMeHun
(HaanlMep, CUrHaNbl OTK/OYEHUSA), Heobxoammo noaTBep>XnatTb oTAEJ/IbHO C NOMOLL IO
CNCTEMbI CBA3WU.
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ToyeyHoe npeobpazoBaHune

[ BOMYHbIE BXOObI

I BONYHbIE BXOAbI

MMMy nbCHBIA curHan

JL

CYeTYNKN DNP Master

AHaiorosble BXoApbl

>

I BOVYHBbIE BbIXObI

3awmnTHOE pene

E F63

Puc. 60: Toye4yHoe rnpeobpa3oBaHune

ObpaTnTe BHUMaAHME, YTO Ha3HAYEHNA BXOO0B N BbIXOA0B 3a4al0TCS C TOYKM 3PEHMUS
OCHOBHOW CMCTEMBbI. DTOT cnocob BbIbOpa Ha3Ha4YeHWI CBSA3aH C ONpeneeHNEM B
ctaHgapTe DNP. 3To o3Ha4vaeT, HanpuMep, Y4TO ABONYHbIE BXOObl, KOTOPbIE MOXXHO

o HacTpauBaTb B MapaMeTpax YCTponcTBa Aas npoTtokona DNP, aBnsatoTca 4BOUYHbIMMA
BXO4AMMU r1aBHOW CUCTEMBI.

BonaunTte B meHto [Map_ ycTp_/ DNP3 / ToyeyHoe oTobpaxkeHue]. Korga 3agaHbl obuwme
HacTponku npoTokosia DNP, Ha cnefytouwem 3Tane Hy>XHO HAaCTPOUTb TOYEYHOE
npeobpa3oBaHue.

¢ [1BONYHbIE BXOAHbIE CUIHaNbl (CUrHasbl COCTOSHUN, OTNpPaBAseMble Ha OCHOBHOe
YCTPONCTBO)

Ha3HaybTe HY>)XHbIA CUrHaN COCToAHUSA (Hanpumep, »3al, . OTKA» 0 gHOMY 13
[OCTYnHbIX NapameTpos [MNap_ycTp_/ DNP3 / To4ye4yHoe oTobparkeHue / [IBONYHbIE
BxoAbl] «/lBony. Bxoa 0...63».

e [1Byx6uTOBbLIE BXOOHbIE CUTHasIbl (CUFHAJbl COCTOAHUI BbIKJOYATENS,
OoTnpaBJ/iieMble Ha OCHOBHOE YyCTPOWNCTBO)
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Ha3Ha4ybTe HYyXXHbIN CUrHan (HanpuMep, NoJIOXKEHMNS BbiKlOYaTENS
«PacnpepenntenbHbln WKT[1] . M03» 0AHOMY U3 AOCTYMHbLIX NapameTpos [MMap_
ycTp_/ DNP3 / Toye4yHoe oTobparkeHne / [1BonyHble BXoAbl] «JBonYHbIvi Bxo4 0...5».

CYeT4YMKM (CUrHaNbl CHETHNKOB, OoTnpasasdemMble Ha OCHOBHOE yCTpOI7ICTBO)

Ha3Ha4ybTe Hy>XHbI cHeT4YMK (HanpuMep, konmyecTsa paboynx 4acos «Cuc . C4_Bp_
paboTbl» OAHOMY U3 AOCTYMNHbIX NapameTpos [Map_ycTp_/ DNP3 / To4euHoe
oTobpakeHue / [iBony. cHeTuuK] «BonyHbivi Bxoa 0...7».

AHanorosble BXOOHbIE CUrHaNbI (HAaNpuMep, OTNpPaBJ/ISEMble Ha OCHOBHOE
YCTPOWNCTBO U3MepeHHbIe 3HavyeHus). ObpaTuTe BHUMaHNE Ha TO, YTO 3HAYEHUS C
nyiaBaloLLen 3anaToN HY)XHO NepefaBaTh Kak Lesible Y1ucaa. 3To 03HavYaeT, YTo Ux
HY>KHO YMHO>XaTb Ha KO3(hMULMEHT MacLITabnpoBaHus, YTobbl MPUBECTU UX B
dopmMaT LenbIx Ynucesn.

Ha3Ha4ybTe Hy)XKHOe 3Ha4YeHune (Hanpumep, a3oBoro Toka «TT . Ih.A» ogHOMY 13
[OCTYnNHbIX NapameTpos [[ap_ycTp_/ DNP3 / To4ye4yHoe oTobparkeHue /
AHanorosbil BXxon] «AHasiorosoe 3HavdyeHue 0...31».

3aTem onpefennTte MacwTab ona aToro napameTpa B MeHto [Map_ycTtp_/ DNP3/
Touye4yHoe oTobpakeHue / AHanoroBbii BXxon] «KosgppuumneHT MmaciTabupoBaHus
0...31».

HakoHeu, 3afanTte 0na 3TOro napamMmeTpa 3HayYyeHue 30Hbl HEYYBCTBUTESIbHOCTU B
MeHto [Map_ycTp_/ DNP3 / To4ye4yHoe oTobparkeHune / AHanorosbln Bxoa] «30Ha
HevyBcTBUTE/IbHOCTH 0...31». Tak onpenenseTcs U3SMeHeHne 3Ha4YeHns 3Toro
06bekTa AaHHbIX (KaK MPOLEHT OT MaKCMMasibHOM BEINYUHbI), KOTOPOE BbI3OBET
MOBTOPHYIO OTMNPaBKy 3alWNTHLIM YCTPONCTBOM N3MEHUBLLEr0Cs 3HA4YEeHUS, 4TO
BCeraa fIB/seTCH NPOLEHTOM OT MakCMMaJsibHOro 3HavyeHnsa. CM. Takxe npmMepsl 13
pasnena => «HacTpoiiku 30HbI HeYyBCTBUTENLHOCTY B DNP3».

Ncnonb3ynTe ABOMYHbIE BbIXOAHbLIE CUTHAbI, 4TOObI KOHTPONIMPOBaTL, K Npumepy, COU
UM pene 3alWnTHOro YCTPOMCTBA (C MOMOLLbIO JIOTMYECKMX 3IEMEHTOB).

CtapanTecb usberatb NponyckoB, KoTopble byayT 3aMmennsaTb 06MeH OaHHbIMKU MO
npoTtokosly DNP. To eCTb He OCTaBnAsANTE HENCMOJIb3YEMbIX BXOA0B/BbIXOA0B MeXay
NCNosib3yeMbIMU (HanpuMmep, He NCNONb3yNnTe ABOUYHbIE BbIXoAbl 1 1 3, ecnin He
MCNOJIb3YeTCs BbIXOA 2).

MCDTV4 MCDTV4-3.6-RU-MAN



3.5.1

3.5.2

3 KOMMYHUKaLIMOHHbIE MPOTOKOJIbI
3.5 DNP3

Mpumep npuMeHeHUA: HAaCTPOUKa pene

Jlornka HasHaunTb flornyeckme yHKUUM pesieiHbIM BXO4aM

MRy nbCHBIN cUrHan

Pene ycTtaHoBKK curHana

=1

LIBbix

—q =1

Pene cbpoca curHana

MMMy nbCHbIN CUTHA

JL

CurHanbel 4BonYHbIX Bbixo4oB DNP Henb3a HanpsaMyo UCMob30BaTh OJ15 NepektnyYeHns
pesie, MOCKOJIbKY OHU ABASIOTCA MMNYJbCHbIMK (MO onpeaeneHuio npoTtokosia DNP:
HeyCTaHOBUBLUMMUCS). YCTaHOBMBLUNECHA COCTOSHUS MOXXHO CO3[aBaTb CpeacTBaMum
norn4yecknx QyHKuUnn. Jlormyeckme QyHKLUN MOXKHO Ha3Ha4YaTb PeJsieHbIM BXO4aM.

HPT Y10

Heob6xo0aAnMO MOMHUTL: MOXXHO NCMOIL30BaTh JIOrNYECKNN 3/IEMEHT (pene) «YcTaHoBKa/
cbpoc».

HacTponku 30Hbl HeyyBcTBUTEeNbHOCTU B DNP3

HacTpolika 30Hbl HevyyBCTBUTENBHOCTU [[Map_ycTp_/ DNP3 / Toye4yHoe oTobparkeHue /
AHasnoroBbin BXoA] «30Ha HEYYBCTBUTEIbLHOCTY 0...31» yKa3blBaeTCHA 018 U3MEPEHHbIX
(vnn cTaTUCTUYECKNX) 3HavYeHun. O6HOBIEHHOE 3HAYEHME 3TOro U3MEeHeHUs nepenaeTcs
MOBTOPHO. 3HAYeHMe 19 30Hbl HEYYBCTBUTENBLHOCTU CrieAyeT yKa3biBaTb B MPOLEHTax
OT MakCMMaJslbHOV BENNYUNHBI.

NMpuMepbl HACTPOUKMN 30HbI HEYYBCTBUTEJIbLHOCTH

[ns onncaHns HAaCTPONKMN 30HblI HEYYBCTBUTENILHOCTU CrielyeT NPUBECTM HECKOJIbKO
NnpMMepoB.

Hanps>xeHne (C noMoOLUbIO NN1aTbl U3MEePEHUNSA HanpsXKeHnsa «TU»)
e MnaTa TpaHchopMaTopa HanpsxeHunsa «TU» nogaep>xmBaeT AnanasoH 3Ha4YeHunn 0-
800 B. (Cm. rnaBy «TexHMYeCKne gaHHbie» B 3TOM pyKOBOACTBe.) Apyrnmu
c/loBaMn, MaKCMMaJsibHOe rnoagep>xmpaemMmoe 3HavyeHume coctasnset 800 B.

* HoMuHanbHOe 3Ha4yeHue (BTopnyHoe) coctasnseT 100 B.

* [o3ToMy KOathpnumeHT npeobpaszoBaHMsA NPOLLEHTHOrO 3Ha4YeHN HOMMHANbLHOIO
HaMps>XeHNsa B HACTPOUKY 30HblI HEYYBCTBUTE/IbLHOCTH ByoeT cnenyouwmm:

q=100B/800B = 0,125
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Hanpumep, Tpe6yeTcn 3Ha4eHne 30Hbl HEHYBCTBUTEJIbHOCTN 10%, npeacTtaBjieHHOE
KaK MPOUEHT OT HOMWHAJIbHOIO HanpsaXxXeHun4.

B 3TOM cslydae HacTporKa 3Ha4YeHNs 30Hbl HEYYBCTBUTENLHOCTU AOJ/IKHA ObITb
cnepytoulen:

10% - g = 0,0125 = 1,25%

Tok (1 ATT)

TpaHcdhopmaTopbl TOKa 1 A nogaep>XmMBatoT Anana3oH 3HavyeHun 0-40 A.
3HayYeHne HOMMHANIBHOIO TOKa (BTOpMYHOoe) cocTaBnseT 1 A.

Mo3ToMy KO3(hpULIMEeHT Npeobpa3oBaHNSA MPOLLEHTHOro 3Ha4YeHNss HOMUHAJILHOIO
TOKa B HACTPOUKY 30HbI HEYYBCTBUTEJIbHOCTY Dy eT ceayoLlnm:

q=1A/40A = 0,025

Hanpumep, TpebyeTcs 3HaYeHne 30Hbl HEYYBCTBUTENBHOCTU 10%, NpeacTaB/ieHHoe
KaK MPOLEHT OT HOMUHaJ/IbHOIro TOKa.

B 3TOM c/lydae HacTporKa 3Ha4YeHUs 30Hbl HEYYBCTBUTENBLHOCTU AOJKHA ObITb
cnenytloLen:

10% - q = 0,0025 = 0,25%

Tok (5 A TT)

TpaHchopmMaTopbl ToOKa 5 A nogaep>xXmneatoT AnanasoH 3HavyeHnm 0-200 A,
3HaYeHne HOMMHAJIBHOIO TOKa (BTOpMYHOE) cocTaBnsAeT 5 A.

Mo3ToMy Ko3(puumMeHT npeobpa3oBaHNA NPOLIEHTHOrO 3Ha4YeHUSs HOMUHaJIbHOIO
TOKa B HAaCTPOVIKY 30Hbl HEYYBCTBUTE/ILHOCTM By AeT cnenyowmnMm:

q=75A/200A = 0,025

Hanpumep, Tpe6yeTc51 3Ha4YeHne 30Hbl HEHYBCTBUTEJIbHOCTN 10%, npeacrtaBjeHHOE
KaK MpoueHT OT HOMWHAaJ/IbHOIo TOKa.

B 3TOM c/nly4yae HacTpoMKa 3Ha4YE€HWS 30Hbl HEYYBCTBUTENLHOCTU AO/KHA ObITb
cnenytoLwen:

10% - q = 0,0025 = 0,25%

Tok yTedykmn Ha 3emsio (1 A TT)

MnaTa cTaHOApPTHOro TpaHcopMaTopa ToKa «TI» nogaep>xmeaeT amnanasoH
3Ha4veHnn 0-25 A.

3Ha4YeHNEe HOMMUHANIBHOIO TOKa (BTOpI/I‘-IHOG) cocTtasnset 1 A.

MoaToMy Ko3dhpULMEeHT Nnpeobpa3oBaHNS MPOLLEHTHOr0 3Ha4YeHNSs HOMUHAJIBHOIO
TOKa B HACTPOUKY 30HbI HEYYBCTBUTEJIbHOCTY By AeT creayoLnm:

q=1A/25A=0,04

Hanpumep, Tpe6yeTcn 3Ha4eHne 30Hbl HEHYBCTBUTEJIbHOCTN 10%, npeacTtaB/ieHHOE
KaK MPoOUEeHT OT HOMWNHAaJIbHOIo TOKa.
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¢ B 3TOM c/lyvyae HaCTpPOWKa 3HAaYeHUNS 30Hbl HEYYBCTBUTENBLHOCTU O0J1>KHa ObITb
cnenytloLen:

10% - q = 0,004 = 0,4%
Manbi TOK yTedku Ha 3emsio (1 A TT)

e lMnaTa 4yBCTBUTENILHOIrO TpaHcopMaTopa Toka «TIs» nogaep>xmneaeT gnanasoH
3Ha4veHunnm 0-2,5 A.

* 3Ha4YeHVe HOMUHANbLHOIO TOKA (BTOpVI‘-IHoe) cocTtasnget 1 A.

¢ MoaToMy Ko3thpnumeHT Npeobpa3zoBaHMNsA NPOLLEHTHOrO 3Ha4YeHNS HOMMUHAIbHOI O
TOKa B HAaCTPOVIKY 30Hbl HEYYBCTBUTE/ILHOCTM By AeT cnenyowmnMm:

q=1A/25A=0,4

* Hanpumep, TpeGyeTCﬂ 3Ha4YeHne 30Hbl HEHYBCTBUTEJIbHOCTN 1%, npeacrtaBieHHOE
KaK MpoueHT OT HOMWHAJIbHOIo TOKa.

* B 3TOM C/ly4ae HaCTpolKa 3Ha4YeHNsA 30Hbl HEYYBCTBUTENIbLHOCTU OOJIXKHa BbITb
cnenytoLwen:

1% - q = 0,004 = 0,4%
MowHocTe (1 A TT n nnata usMepeHnsa HanpsikeHnsa «TU»)
e MoaopepxmBaembin guana3oH 3Ha4YeHnn coctasnseT 0-32000 BA.
¢ 3HayeHe HOMMHAJIbHOW MOLLHOCTU (BTOPNYHOE) OCHOBAHO Ha 3HAYEHUAX 3
HOMWHAJILHOIr 0 HaNpPsXXeHNs! U HOMUHAaILHOIO TOKa (BTOPUYHbIX): 100 B - 1 A - V3

= 173,21 BA.

* NMo3ToMy KO3(hPULIMEHT Npeobpa3zoBaHUs NPOLIEHTHOr0 3HAa4YeHNS HOMUHAJIbHOW
MOLLHOCTW B HACTPOVIKY 30Hbl HEHYBCTBUTEALHOCTM ByAeT cneayoLmnMm:

q=173,21 BA/ 32000 BA = 0,00541

* Hanpumep, Tpe6yeTcn 3Ha4eHne 30Hbl HEHYBCTBUTEJIbHOCTN 10%, npeacTtaB/ieHHOE
KaK MPOUEHT OT HOMWHaJsIbHOV MOLLHOCTN.

* B 3TOM csly4ae HaCTpPOWMKa 3HAYEeHNS 30Hbl HEYYBCTBUTENbHOCTU 0J1>KHa BbITb
cnepytoulen:

10% - q = 0,000541 = 0,0541%
MoLwHocTb (5 A TT 1 nnata naMepeHnUss Hanpsi>keHns «TU»)
* [MNoppep)xnBaembln Anana3oH 3Ha4YeHun coctaenseT 0-160000 BA.
¢ 3Ha4YeHMe HOMMUHANbHOW MOLLIHOCTU (BTOPUYHOE) OCHOBAHO Ha 3HAYeHUAX _
HOMMWHAJIbBHOI O HAMNPS»XEHUS U HOMUHAIbHOIO TOKa (BTOPUYHbIX): 100B - 5 A - V3

= 866,05 BA.

¢ [osToMy KO3hpunumeHT npeobpa3oBaHMsA NPOLEHTHOrO 3Ha4YeHNSI HOMUHAIbHOM
MOLLHOCTW B HAaCTPOVIKY 30Hbl HEYYBCTBUTEIbHOCTM ByaeT cnenyowmnm:

q = 866,05 BA/160000 BA = 0,00541

¢ Hanpumep, TpebyeTcsa 3Ha4YeHne 30Hbl HeYYBCTBUTENbHOCTU 10%, NpencTaBsieHHoe
KaK MPOLEHT OT HOMMUHaJ/IbHOV MOLLHOCTMW.
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¢ B 3TOM c/lyvyae HaCTpPOWKa 3HAaYeHUNS 30Hbl HEYYBCTBUTENBLHOCTU O0J1>KHa ObITb
cnenytloLen:

10% - q = 0,000541 = 0,0541%
Yacrora (cetp 50 I'y)
e MopaepxmBaembln guanasoH 3Ha4YeHM coctasngaeTt 40-70 u.
* 3HaYyeHVe HOMMHaJIbHOM YacToThl: 50 Iy,

¢ MoaToMy KoahpunumeHT Npeobpa3zoBaHMNsA NPOLLEHTHOrO 3Ha4YeHNs HOMUHAIbHOM
4YaCTOTbl B HACTPOUKY 30HbI HEHYBCTBUTELHOCTY ByAeT CnefyowmM:

q=50ly/70Ty =0,714

* Hanpumep, TpebyeTcsa 3Ha4YeHne 30Hbl HeYYBCTBUTENbHOCTY 0,1%,
npeacTaB/IEHHOE KakK MNPOLLEHT OT HOMUHAJ/IbHOM H4aCTOThl.

* B 3TOM C/ly4ae HaCTpolKa 3Ha4YeHNsA 30Hbl HEYYBCTBUTENILHOCTU OOJIXKHa BbITb
cnenytoLwen:

0,1% - g = 0,000714 = 0,0714%
YacrtoTa (ceTtb 60 'y)

e MopgepxmBaembin guana3oH 3HadeHnn coctaBnseT 40-70 'y (To eCcTb, Takon Xxe,
Kak gns cetu 50 u).

¢ 3HayeHNe HOMMUHAJNIbHOMU 4acToThbl: 60 L.

* NMo3ToMy KO3(hPULIMEHT Npeobpa3oBaHUS NPOLIEHTHOr0 3HAaYeHNS HOMUHAJIbHOW
4acTOTbl B HACTPOVKY 30HbI HEHYBCTBUTELHOCTH ByNeT cneayoLmnMm:

q=60ly/70ly = 0,857

* Hanpumep, TpebyeTcsa 3HavyeHne 30Hbl HeYyBCTBUTENbHOCTY 0,1%,
npeacTaB/IEHHOE Kak NPOLLEeHT OT HOMUHAJ/IbHOM YaCTOThl.

* B 3TOM csly4ae HaCTpPOWMKa 3HAYEeHNS 30Hbl HEYYBCTBUTENbHOCTU 0J1>KHa BbITb
cnepytoulen:

0,1% - q = 0,000857 = 0,0857%
Kos¢ppuument mowgHoctu (f)
9TO0 3Ha4YeHne ocobeHHOe, MOCKOJIbKY HE MMeeT HOMUHAIbHOIO 3HAa4YeHUS.
* MakcuManbHoOe 3HavyeHue cocTtasngeT 1,0.

* Hanpumep, TpebyeTcs 3Ha4YeHune 30Hbl He4yBCTBUTEeNnbHoCcTH 0,01. (HeT
HeoOX0AMMOCTU BblpaXkaTb €ro B NpoLeHTax.)

* B 3TOM c/sly4ae HaCTpPOWKa 3HAYEeHNS 30Hbl HEYYBCTBUTENbHOCTU 0J1>KHa BbITb
cnepytoulen:

0,01/1,0 = 1%.

* Bce 3Ha4yeHusa yrna npeacTtaBiieHbl B Fpagycax, TO eCTb, MaKCUMaJsibHOe 3HavYeHne
cocTtaBnseT 360°.
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* Hanpumep, TpebyeTcsa 3HavyeHne 30Hbl HEYYBCTBUTENbHOCTY 1°. (HeT
HeoOX0AMMOCTU BbIpaXkaTb €ro B NpoLeHTax.)

* B 3TOM csly4ae HaCTpPOWMKa 3HAYEeHNS 30Hbl HEYYBCTBUTENbHOCTU 0J1>KHa BbITb
cnepytoulen:

1°/360° = 0,278%
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3.6 IEC60870-5-103

Y106kl MCronb3oBaTb NpoTokon IEC60870-5-103, ero Heob6xoaAMmMo NMPUCBOUTL
nHTepdency X103 npn nnaHnpoBaHum paboThl ycTponcTea. lMocne ycTaHOBKU 3TOro
napameTpa NponsongeT nepesarpyska yCTponcTBa.

Bonee Toro, npotokon IEC103 cnenyeT BK/OYUTL, YCTAaHOBUB ANd NapameTpa [Map_
ycTp_ / IEC103] «®yHKLUMA» 3HAYEHNE «aKT_».

MapameTp X103 gocTyneH TOJIbKO B TOM CJly4ae, ec/iv Ha 3ajHeln naHesnn yCTPONCTBa
nmeeTca nHrepcpenc RS485 nam onTOBOSIOKOHHbLIN pa3beM.

Ecnn ycTpolicTBo 060pya0BaHO ONTOBOJSIOKOHHLIM MHTEPdENcoM, To Heobxoanmo
YCTaHOBUTb MapaMeTp YyCTPONCTBa «ONTUYECKas NCXOAHAA KOOpAMHATa».

MpoTokon IEC60870-5-103 ¢ ynpaBaeHWeEM MO BPEMEHUN OCHOBAH Ha NpuHuune paboTsl,
YCTaAHOBJIEHHOM OJ19 FaBHbIX N NOOYNHEHHbIX YCTPOMCTB. DTO O03HaYaeT, YTO CMCTEMA
3aWNTbl N yNpaBAeHnsa NoACTaHLMM MOCbINaeT 3anpoc Uan MHCTPYKLMIO Ha HEKOTOpPoE
YCTPOMNCTBO (MOAYNHEHHOE YCTPOWCTBO), KOTOPOE 3aTeM Bbl4aeT Ha 3TOT 3anpoc
COOTBETCTBYHOLWMNN OTBET UJIN UCMONHAET €ro.

[laHHOe YyCTPOMCTBO COOTBETCTBYET TPeboBaHUAM peXxnMa COBMECTUMOCTM 2. Pexxum
COBMECTUMOCTU 3 He NMoaaep)XMBaAETCS.

MopopepxuBatoTca cneagyowme PyHkumMm npotokona IEC60870-5-103.

¢ NHnymanunsaumsa (cbpoc)

¢ CUHXPOHM3aLMA NO BPEMEHU

¢ CYMTbIBaHMNE MIHOBEHHbLIX CUFHAJIOB C METKO BPEMEHN

* O6wune 3anpochl

e Lmknunyeckmne curHasnbl

¢ O6wne KomMmaHAabl

¢ [epenaya AaHHbIX 06 aBapUNHbIX HApPYLLUEHUSX
NHunumnannzaums
Ka>kabln pa3 npu BKJIOYEHNN YCTPONCTBA UM MOCJIE U3MEHEHUSA NapaMEeTPOB CBA3M
HeobxoanMOo BbINOJHUTL COPOC CBSA3M NMpM NoMoLLM KoMaHabl cbpoca. KomaHaa cbpoca —
«Cbpoc BY». Pene pearupyeTt Ha obe koMaHabl cbpoca («Cbpoc BY» n «Cobpoc BYD»).
Pene pearunpyet Ha KoMaHAay cbpoca nyTemM naeHTudnKaumm curHaia npukiagHoro
cepBucHoro 6n1oka gaHHbix (ASDU 5). OcHoBaHuem (npuynHon nepepayu, MM) gna
nepefayun oreeta «Cbpoc BY» nnm «Cépoc bYD®» byneT Tmn KomaHabl cbpoca. ITa

MHOopPMaLNa MOXET ABNATLCA YacTblo 6/10Ka AaHHbIX curHasna ASDU (MCBA).

Ha3saHue rnponsBoanTesida
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Pasgen ona naeHTUdrKaLnum nporpaMmmbl COAEPXKUT TpexpaspsaHbIA KoL YCTPOUCTBA,
npefHa3HaYeHHbIN ONa MAeHTUDMKALUKN TUMa yCcTponcTea. NMoMMMO BbilLeyKa3aHHOro
NAEHTUPOUKALMOHHOIO HOMepa YCTPONCTBO reHepupyeT cobbiTue Havana CBA3MN.

CI/IHXpOHVI3aLU/IFI rno BpemMeHun

Bpemsa n gata pene MoOXXeT yCTaHaBAMBaTbCA MPW MOMOWMN PYHKLUUN CUHXPOHU3ALMN
BpemMeHun npoTokosa IEC60870-5-103. B cnyyae oTnpaBKy CUrHama CUHXPOHU3aUNK C
3anpocoM Ha NoATBEPKAEHME YCTPONCTBO BblAACT OTBET C CUIFHAJIOM NOATBEPXKAEHUS.

CrioHTaHHbIe cobbiTnsA

Takue cobbiTNA reHepnpyrTCa YCTPONCTBOM N NepechiNaloTCca Ha rlaBHOe YCTPOMUCTBO C
HOMepaMu ANa CTaHOAPTHLIX TUNOB PYHKUMn/CTaHOapTHON MHgopMaunm. Cnncok
WCXOAHbIX AaHHbIX COAEPXUT BCe COBbITMSA, KOTOPbIe MOFYT FreHepupoBaThCA
YCTPONCTBOM.

Linknnyeckoe nimepeHve

YCTPONCTBO reHeprpyeT 3HAaYeHUs, U3MepsieMble LIUKANYECKM, MPU NMOMOLLN CMrHana
ASDU 9. OHM MOTyT CHYATBLIBATbCA NMPK NOMOLLM 3anpoca Knacca 2. HeobxoaAnmo npuHATb
BO BHMMaHWe TO, 4TO U3MepPEHHble 3HaYeHnsa ByayT nepecbinaTbCs Kak KpaTHble (B 1,2
nnu B 2,4 pasa 6osblle HOMWHANLHOIO 3HAYeHUA). YCTaHOBKa MHOXUTensa 1,2 unn 2,4
LAN5 3HAYEeHUs onpefenseTcsl CNNCKOM UCXOOHbIX AAaHHbIX.

MNapameTp «Transm priv meas val» onpegenseT, cnefyeTt v nepegaBaTb
LOMONIHNTENbHbIE 3HAYEHUA U3MEPEHUI B 3aKPbITOM hparMeHTe coobuieHuns, OTKpbITbie
N 3aKpblTble 3HAYEHUA N3MepPeHUIn NepepatoTca curHanom ASDU9. To ecTb, ByneT nn
nepefaBaTbCs «3aKPbITbIA» UIN «OTKPbITbIA» curHan ASDU9. Ecnum 3ToT napameTp
ycTaHoBfeH, To ASDU9 byneT conep>xaTb N3MEpPEeHHble 3HaYeHuns, SBasowmnecs
YNYyYLEHHbIM BapMaHTOM CTaHAAPTHbIX 3HA4YEHUN. «3aKpbITbi» curHan ASDU9
nepecblnaeTcs C PyHKUMEN PUKCUPOBAHHOIO TUMNA U MHHOOPMALMOHHLIM HOMEPOM, He
3aBUCALLMM OT TUMa ycTponcTBa. ObpaTUTeCh K CNUCKY MCXOAHbIX AAHHbIX.

KomaH bl
CnnCoK UCXOOHbIX OaHHbIX COOEPXXUT CMUCOK Noaaep>XXMBaeMbIiX KOMaH. YCTPONCTBO
pearnpyeT Ha Nobyo KOMaHAy NOIOXKUTESNbHBIM NN OTPULATENbHbIM
noaTeepxaeHneM. ECam komaHaa MoXKeT BblTb MCMOMHEHA, TO €€ NCNOJIHEHNE BMECTe C
COOTBeTCTBYOLWEN Npn4nHon nepepayu (MM) byneT nocTaBneHO NepBbIM HOMEPOM B
oyepenun, a 3aTeM UcnosiHeHne byneT noaTBepXAeHO curHasom COT1 (MM1) BHyTpu
curHana ASDU9.
3anucb aBapuviHbIX HapyLUEeHUN
ABapuiHble HapyLleHNs, 3anncaHHble YCTPOMCTBOM, MOXKHO CHUTbIBaTb C MOMOLLbIO
CpeacTB, ONMMCaHHbIX B cTaHgapTe IEC60870-5-103. laHHOE YCTPONCTBO COBMECTUMO C
cuctemon ynpasneHus VDEW no nepepayvye ASDU 23 6e3 3anuncen aBapuinHbix
HapyweHun B Havane umkna Gl.
3anncb 0 HapyLeHUU COAEepPXNUT ClIeAYIOLY0 MHOoPMaLnIo:

* aHaJlorosble U3MepeHHble 3HavYeHusd la, 1B, Ic, IN, HanpsaxeHua Ua, Us, Uc, UEN;

* LUuncpoBble 3HaYEHNs COCTOAHMIA, NepelaBaeMble Kak MeTKU, HanpuMep,
aBapUHbIE CMIHaNbl U CUIHaJbl OTK/IIOYEHUS.

* KoahpuuuneHT nepepnayun He nognepxmsaeTca. KoappuuneHT nepenayu yxe
BKJIIOYEH B «KMHOXUTENb>.

brokupoBka Harnpas/ieHUs nepenadv
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Pene nognep>xunsaeT pyHKLNIO 6TOKMPOBKN B HanpaBiaeHUn MOHMTopUHra. CyuiecTeyeT
ABa cnocoba akTMBaLUN Takol 6JIOKMPOBKM.

* AKTUBaLMA BPYYHYIO Yepes napaMeTp NpsaMoro yrnpasfieHNsa «AKTUBaLnsa pexuma
6/710KNPOBKU»

* BHewWwHss akTMBaumMa NyTeM Ha3Ha4YeHNs CUrHana ansa napaMeTpa HaCTPONKM
«BHeL. akT_ pexuma 6J10k_»

Pe>xxum nposepku

Pene nopgnep>XunBaeT peXxXum npoBepkun (NpuymnHa nepenayn 7). CyuiecTsyeT ABa
cnocoba BKJOUYUTb PEXMM NMPOBEPKN.

e AKTMBALMSA BPYYHYIO Yepe3 napaMeTp NpsIMOro ynpaBfieHUst «AKTUBaLINS TECTOBOIrO
pexuma»

* BHelwHss akTMBaLMA NyTeM Ha3zHaYeHMs CUrHaMa Aas napamMeTpa HAaCTPONKK
«BHeLl. aKT_pexuma TecT »

MCDTV4 MCDTV4-3.6-RU-MAN



3.7

3 KOMMYHUKaLIMOHHbIE MPOTOKOJIbI

3.7 HacTpanBaeMble MPOTOKOJIbl CBA3U

HacTpauBaeMblie NpPOTOKOJ1bl CBA3HU

B HekoTopbIx npoTokonax SCADA, nogaepxusaeMbix MCDTV4, nocTtynHa yHKLNS
ajanTaunm conocTaBsieHNs 06 bEKTOB AaHHbIX C BHYTPEHHMMUN aApecaMin NPOTOKOJIOB,
npuMmeHsiemas npm HeobxooumocTn. CoenaTb 3TO MOXXHO C MOMOLLbK YCTAaHOBIEHHOIO
Ha MK oToenbHOro nporpamMmmMHoOro MHcTpymeHta AJATMTEP SC.

Ha gaHHbIn MOMEHT noaobHoe NoBTOPHOE COMOCTaB/IeHNE MNOAAEPKUBAIOT CaeayoLine
NPOTOKOIbI:

e IEC 60870-5-104, 5> «IEC 60870-5-104»
* Modbus, ||={> «Modbus® »

MoppobHee cM. B nokyMmeHTaumnm AJAMTEP SC, a Tak)Xe B rnaBax pPyKoBOACTBA K
YCTPONCTBY, NOCBALLEHHbIX COOTBETCTBYOLLMM NPOTOKOJ1aM CBA3N. [Nepenadvya HOBOrro
conocTasneHns B MCDTV4 Takxe onncaHa B => «ConocTasneHne To4ek AaHHbIX C
nomoLubto AOAMNTEP SCx»,
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3.7.1 IEC 60870-5-104

MpoTtokon IEC 60870-5-104 — 3To CTaHOAPTHbLIN NPOTOKON CBA3M. OH AOCTYMNeH Ang
ycTponcte HighPROTEC, ocHaweHHbIX nHTepdencom Ethernet.

OXXnpaeTcs, 4TO, HECMOTPSA Ha Hanm4me B yctponctee MCDTV4 ctaHgapTHON hyHKUUN
COMNOCTaBNEHUSA TOYEK AaHHbIX, BOBLWNHCTBO NOJsib30BaTeNEN 3ax04eT afanTMpoBaTh ee
K cobcTBEHHbIM NOTpebHoCcTAM. CaenaTb 3TO MOXKHO C MOMOLLbIO YCTaHOBJIEHHOro Ha MK
OTAesIbHOro NporpamMmMHoro MHcTpymeHTa ALATMTEP SC.

MpoTokon IEC104 pgocTyneH, TOJIbKO €CNiv YCTPOMUCTBO OCHalleHo nHtepdgencom Ethernet
(pa3zbemom RJ45 nnm oNnToOBONIOKOHHBIM AYMNJIEKCHBLIM pa3beMoM LC Ha 3agHen naHenn).

CBeJeH1s 0 COBMECTMMOCTM U CTaHAAPTHLIX cnocobax peanv3auuu cMm. B rnase L=>
«DyHKLMOHaNbHasa coBMmecTMocTb no IEC 60870-104».

Hacrpo#ka

CHavana HeobxoOMMo BbIBpaTb B Ka4yecTBe NCNoib3yemMoro npotokona SCADA npoTokon
IEC104.

3apanTte anga napameTpa [MnaHup_ ycTp_] «[IpoTokos1» 3HavyeHue «IEC104».

Onpepennte obwunin agpec ASDU, 4Tobbl YCTPONCTBO ONpefensasocb 0gHO3Ha4vyHo: [Map_
ycTp_/ IEC104 / Obwme HacTponku] »ObLyunii aapec«.

(daHHasa HaCTpoONrKa ABAAETCHA NPAMON KOMaHAOM N HUKOr4a He COXpaHSAeTCs Kak
3/1eMeHT hanna HacTpoek napameTpos (*.HptPara), noaToMy onpegennTb ee cnenyeTt
SIBHO.)

3aTem Heobxoammo byaeT BkAOUNTL NpoTokon IEC104, ycTaHOBMB A4 NapaMeTpa
[Map_ycTp_/IEC104 / O6wine HaCTPOMKN] «DYHKLMNA» 3HAYEHNE «aKT_».

ObpaTnTe BHMMaHWe, 4TO HEKOTOpPble HacTporku B MeHto [Map_ycTp_/ IEC104 /
PaclumMpeHHbI] HaMepeHHO OCTaBJ/IeHbl TOMIbKO A1 YTeHUS, 4Tobbl afiMUHUCTPATOpP CETH
MOl MPOBEPMUTb, HO HE MOI U3MEHUTb UX 3HAYEHUS.

OgnHako ana napameTpa [Map_ycTtp_/IEC104 / PacwunpeHHbIn] «BpemMsi 06HOBAEHNS»
MO>XHO YKa3aTb BpeMs B Anana3soHe ot 1 ¢ go 60 c. MNMpun ynknmnyeckon nepenade
N3MEepPEHHbIX 3Ha4YeHU 3TUM NnapaMeTpPoM onpenenaeTca oANTeNbHOCTb Lnka (To ecTb
BPEMS, MO UCTEYEHNN KOTOPOro rnepenatoTcs 0OHOBIEHHbIE 3HAYEHNS).

To, CNYXUT N U3MEepeHHOoe 3Ha4YeHne 3/71eMeHTOM LUVKNNYECKOon nepepnadun, ABndaeTcsd
nHonBnayasibHbIM CBOMCTBOM TOYKMW AaHHbIX. Mpwn Nonb30BaTEILCKOM COMOCTaBJIEHNN

TOYEK AaHHbIX AaHHOe CBOMCTBO MOXHO HAacTpouTb (MoapobHee CM. B LOKYMEHTALUK K
MHCTpyMeHTy AZAMTEP SC).

Anpec obbeKkTa BaHHbIX

WNHCTpyMeHT HacTponkn ALJAMTEP SC no3BonseT co3faTh U pefakTupoBaTh Tabanubi
COMOCTaBNIEHNN, B KOTOPbLIX 06bekTaM AaHHbIX Ha3HA4YalTCA COOTBETCTBYOLWME agpeca.

188 MCDTV4 MCDTV4-3.6-RU-MAN



3 KOMMYHUKaLIMOHHbIE MPOTOKOJIbI

3.7 HacTpavBaeMmble MpPOTOKOJIbl CBA3NU
Mo conyTcTBytowemy ctaHpapTy IEC104 agpec o6bekTa AaHHbIX COCTOUT U3 Tpex
6anToB. MHCTpyMeHT ALAMNTEP SC no3BonseT onpenennTb Kaxabihi 6anT oTAeNbHO,

4TOObI MOJSIb30BaTENIb MOI Ha3HAYNTb TaKOWN ajipec Ka>xaomy 06'bEKTy AaHHbIX B
COOTBETCTBUN C KOHKPETHbIMIN Tpe6OBaHI/IF|MI/I.

ConoctaBsieHne ToYeK OaHHbIX N3MEePEeHHbIX 3Ha4YeHUn

B nHcTpymMeHTe HacTponku ALJAMNTEP SC napameTp «30Ha HEYYBCTBUTEIbLHOCTU»
MMeeTCs A9 KaXXO0ro U3MepPeHHOoro (Mnm ctaTUcTn4eckoro) 3HadeHnsa. OH onpegenseT
N3MEHeHMe 3Ha4YeHns, KOTOpoe NpueBeaeT K NOBTOPHOM nepefaye 06HOBNEHHOIrO
3Ha4veHwus.

LUMKINYHOCTb Nepenayvn ans U3MepeHHbIX 3Ha4YeHW onpeaenseTca nyTeM ykasaHus
npoueHTa 30Ha HeYYBCTBUTEJIbHOCTY OJ1S1 TAKMX 3HAYEHUI MO OTHOLLUEHWIO K HYJIIO.

HeHyneson npoueHT 30Ha HeYYBCTBUTENILHOCTU BCeraa ykasblBaeT Ha MakCUMaslbHYo
BeJINYNHY COOTBETCTBYIOLLEr0 U3MEPEHHOr0 3Ha4YeHUs, CM. NMpUMepbl B JIOKYMEHTaLUN K
MHCTpYyMeHTY ALATTEP SC.

[0Na Kakaoro n3sMepeHHoro 3Ha4eHns MOXXHO BbiIbpaTb 0OUNH U3 TPeX PeXXMMOB
npeacTaB/ieHNs B COOTBETCTBUU C CONYTCTBYOWMUM cTaHgapToM IEC104:

¢ «KopoTkoe nnaBatollee 3Ha4YeHne» — 3HayeHue npencrtapnseT cobon Ymcno ¢
rnJjiaBaloLLen 3anaTon.

. <<MaCLLITa6I/Ip0BaHHbIIZ>> — 3HayeHune BKJOYaeT B cebs HeM3MeHHOe KONMYeCcTBO
O0EeCATUNYHbLIX 3HAaKOB; MOXXHO HaCTPOUTb MacwTab.

® <<HOpMaJ'IVI3OBaHHbII7I>> — 3Ha4deHune npenctapndeTcd OTHOCUTEIbHO HOMNHAJIBHOIO
3Ha4eHun4.

CyeTynkmn SHepruun

Bce nokasaTtenu sHeprum Bcerga obpabaThiBaloTCA Kak 06beKTbl AaHHbIX TUMa
«NHTerpasnbHoe Lenoe».

CyeTyunkmn cboes

Moka3aHunsa Bcex cyeT4ynkoB cb6oeB Bcerga obpabaThiBaloTCA Kak 06beKTbl AaHHbIX TUMa
«CTpoka butoB».

dBOnYHbIE COCTOAHMNSA

[ns BCex COCTOSAHUI ABOMYHOIO BbIXOAa MOXHO BbiOpaTbh OAUH U3 ABYX PEXMMOB
npencrassieHUss B COOTBETCTBUN C CONYTCTBYOWMM cTaHgapTom IEC104:

e OOHO3MEeMeHTHbI — OfHOo3IeMeHTHaa nHgopmauua (M SP_TB 1),
e [IByx3neMeHTHbIN — [1ByX3/1ieMeHTHasa nHgopmaumsa (M DP_TB 1),

* Ctpoka 6utos — CTtpoka n3 32 6utos (M BO TB 1).
KomaHnabl IEC
MpoTtokon IEC104 HacyMTbiBaeT 16 cBoboaHO HacTpanBaeMblX KOMaHA. 3TN KOMaHAbl
MOXXHO MCMNO0JIb30BaTb B Pa3/iIMyHbIX LLenax, Hanpumep, Ana noaresepxaeHus CON,
COCTOAHWUI BbIXOAHbIX pefe N 3aMKHYTbIX KOMaHA OTK/OYEeHNS Uan ANs yrnpasieHus
paboTon BbikNtOYaTENS.

Mcnonb3oBaHme komaHa IEC104 BkntoyaeT B cebsl ABYX3TarnHyt HAaCTPOMKY.
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3.7 HacTpanBaeMble MpOTOKOJIbl CBA3N

OOuH 13 3TarnoB COCTOUT B onpenesieHnn NPoTOKOJIbHbIX CBONCTB COOTBETCTBYOLLEN
KOMaHAbl C noMoLbio nMHcTpymenTa ALAIMTEP SC.

IEC104

]

KoHdur_

I0A O6BEeKT AaHHbIX Tvn AaHHbIX 30Hi... Koai... Nckntountb n3 Komw... OnucaHue 10A 61600

00061600 IEC104 .
00061601 IEC104 .
00061602 IEC104 .
00061615 IEC104 .

(15, My_IEC104_Mapping.HptSMap [E=REEE )

| ®aitn  UsmeHnTs Hactponkun Cnpaska

P IEIE:

SCD Kom 1 DATATYPE_DP . . Het Komarna SCADA - 30 215240 =1 160
SCD Kom 2 DATATYPE_DP . . et Komaraa SCADA = = | v |
SCD Kom 3 DATATYPE_DP . . et Komarpa SCADA
SCD Kom 16 DATATYPE_DP . . et Komarpa SCADA

ObvekT aant |EC104 . SCD Kom 1 -

T F

Mogenn ycTpoit|fiposepka coemecTun|Mpumey
CocTosH Bepcus NpumeyaHune

w 0K MCA4, Bepcus 3.6.a aKkT._

ScadaConfigTool_Z05
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BTopon cBsizaH ¢ HacTponkon yctponctea MCDTV4 — KOMaHAbl HaCTpamBaloTCs Kak
3Ha4YeHUs, KOTOPblE MOXKHO Ha3Ha4YUTb COOTBETCTBYIOLMM NMapaMmeTpam.

Ecnu, K npumepy, kKoMaHAa 2 npoTokosa IEC104 6yneT noaTeepxaaTh (cbpoc
3amblikaHunsg) CON 1 yctponctea MCDTV4, To Heobx04MMO yKa3saTb Clenytouyto
HaCTPOWKY:

[Map_ycTtp_/CA/WHAO rpynna A/ CA 1] «Pacnpepn_ 1» = «IEC104 . SCD KoM 2»

Ecnn, K npumepy, 3Ta KoMaHAa byneT ynpasasaTbe paboTov BbIXOOHOIro pene 1 B oTceke
X2:

[Map_ycTp_/ ABonyH_ BbIX_/ PenBbix Pa3 X2 / UBbix 1] «Ha3zHay_ 1» = «IEC104 . SCD
Kom 2»

Ecnu, K npuMepy, 3Ta KOMaHAa byneTt nogreepxxgate (COpOC 3aMblKaHMA) BbIXOLHOIO
pene 1 B oTceke X2:

[Map_yctp_/ OBoudH_BbiX_/ PenBbix Pa3 X2 / UBbix 1] «[loaTBepxaeHue» = «IEC104 .
SCD KoM 2»

Ecnu, K npumepy, 3Ta KOMaHAa byneT yrnpasisaTe paboTovi (OTKAOYEHMEM) BblK/Il0YaTeNs
PacnpepenntenbHbin WnT[1]:

[YnpaBneHune / PacnpegenutenbHbid WUT / PacnpegenntensHbin wnt[1l] / BH kma BK/
BblK] «Kmzg BbIKJ1» = «|IEC104 . SCD Kom 2»

EcTecTBEHHO, 415 YyNpaBAeHUS BbiK/lOHaTEeM HY>)KHO ByaeT HaCcTPOUTb eLle HEeCKOJIbKO
napamMeTpoB. B 4acTHOCTM Heobxoammo byaeT yCTaHOBUTL ANS NapamMeTpa

[YnpaBneHue / Obwine HacTpoku] «fpaBo Ha nepekatoyeHne» 3HadeHne «YnaneHHbln»
nnn «JloKanbHbIN U yaaneHHblii». MoapobHee cM. B pasaene L=> «Oucnetyep cuctem
ynpaBieHnsa /KOMMYTaUNOHHbIX YCTPONCTB>».

MpuMep ncnonb3oBaHna — HaCTpPohKa BbIXOL4HOIO pese
MpaBnao NCNOJIb30BaHUSA MPOrPaMMUPYEMOI JIOFTMKUN COCTOUT B TOM, 4TOBbI HACTPOUTbL

YCTOMNYMBOE COCTOSAHNE, COOTBETCTBYIOLLEE ONUCaHHOMY An4 NMpoTokosia DNP3: >
«[pMep NpUMEHEHUA: HAaCTPONKa pene»

AKTUBaLNsA NoJsIb30BaTesIbCKOIro COnoCcTtaBJ/IeHUs1 ToOYeK AaHHbIX

CeepneHnsa o cozgaHuu hanna conocTaBsieHNA N 3arpy3Ke Uan BbIrpy3Ke ero Ha
ycTponcteo MCDTV4 cM. B 4OKYMEHTauUun K MHCTpyMmeHTy ALAlMTEP SC v pa3gene >
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3 KOMMYHUKaLIMOHHbIE MPOTOKOJIbI

3.7 HacTpavBaeMmble MpPOTOKOJIbl CBA3NU
«ConocTaBneHne To4YeK gaHHbIX ¢ noMoLlbio ADAMTEP SC» (Tak Kak conocTaB/ieHne

TOYeK OaHHbIX ABAEeTCA prHKLI,I/IeIZ obuwero nopsagkKka n oonHaKoBO UCMOJIb3YeTCA B
HECKOJIbKUX NMPOTOKOJ1aX CBA3U, TO ONNCbIBaeTCA OTAEeNLHO).
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3.7 HacTpanBaeMble MpOTOKOJIbl CBA3N

3.7.2 Modbus®

KoHpurypaums nporokona Modbus®

MpoTokon cesi3n Modbus® poctynen ana ycrponcts HighPROTEC, ocHalLleHHbIX 160
rnocienoBaTesibHbIM UHTepdencom («Modbus RTU») nnn nHrtepdencom Ethernet
(«Modbus TCP»).

CTaHOapTHOE onNMcaHmMe NPoToKOoNa (ConocTaB/eHNe TOYEK AaHHbIX), KOTOpoe
noctasnseTca ¢ MCDTV4, nogxoanT gna 60sblLINMHCTBA NPUJIOXKEHUI, MOITOMY
AO0CTAaTOYHO cAenaTb BCEro JINLb HECKOJIbKO HAaCTPOEK (CM. HUXXe).

Tonbko B 0coboM criyyae, Korga BHyTpPEHHEE COMNOCTaBJIEHNE TOYEK OaHHbIX
Heo6XxoANMMO afanTUPOBaTh K CYyLLECTBYOLWLEN CBA3M MOACTaHUMWN, OTAENbHbIE
COMOCTaBNEHNS MOXXHO OnpenennTb C MOMOLLbI OTAENbHOr0 MPOrPaMMHOro
MHCTpYyMeHTa Ha KoMmnbtloTepe, ALAMTEP SC.

MpoTokon Modbus® c ynpaBneHuem no BpeMeHn 0CHOBaH Ha NpuHLUMne paboTbl,
YCTAaHOBJ/IEHHOM A1 T1aBHbIX U NMOAYMHEHHbIX YCTPOMCTB. 3TO O3Ha4aeT, 4YTO cuMcTeMa
3alWNThl U yNpaBAeHUS NOACTAHLMN NOCbIIAeT 3anpoc UAN MHCTPYKLMIO HA HEKOTOPOoe
YyCTPONCTBO (MOAYNHEHHOE YCTPOMCTBO), KOTOPOE 3aTeM BblAaeT Ha 3TOT 3anpoc
COOTBETCTBYHOLIMIA OTBET UKW UCMONHAET ero. Ecnm oTBeT Man ncnosiHeHne 3anpoca uamn
NHCTPYKLMN HEBO3MOXKHO (HanpuMep, Nno npu4nHe HEBEPHO YKa3aHHOro ajgpeca
NOAYMHEHHOr 0 YCTPONCTBA), M1aBHOMY YCTPONCTBY NepechiiaeTca cooblieHne o
HernoslaaKe.

HekoTopble cUrHasbl (ABNAIOLMNECA aKTUBHBIMWU TOIbKO B T@YEHNE KOPOTKOro BPEMEHN)
HeobXoAMMO NMOATBEPXAATb OTAEJIbHO (HanpuMep, CUrHaJbl OTKJIIOYEHUSA) C MOMOLLbIO
CUCTEMbI CBA3MN.

naBHOe YyCTPONCTBO (CUCTEMa yNpaBAeHUs 1 3alinTbl MOACTAHLMN) MOXET
3anpalwmrBaTh C/leayoLyo NHhopMaLnio OT YCTPONCTBA:

e Bepcuto bnoka v Tum;

* N3MepeHHble 3HaYeHus/cTaTucTn4yecKkune n3MepeHHble 3Ha4YeHNA;
* paboyee NosoXKeHMe NepekyaTens;

* COCTOSAHME YCTPOWNCTBA;

* BpeMda 1 gaTty;

* COCTOSAHME LMKDPOBbLIX BXOAOB YCTPONCTBA,

* aBapPUIHbIE CUIHaJIbl COCTOSHNSA 1 3aLlUNTHI.

[NaBHOE YyCTPOMNCTBO (CUCTEMA yNpaB/ieHUS) MOXKET nofaBaTb KOMaHAbI/MHCTPYKUUKX Ha
YCTPONCTBO, Takne Kak:

* ynpaBJieHne pacrnpenennTesibHbIM WNUTOM (rae NpMMeHUMo, B 3aBUCMMOCTN OT
BEPCUUN UCMOJIb3YEMOr0 YCTPONCTBA);

* MNepeHacTponKy Habopa NapaMeTpos;

* cbpoc 1 noATBEPXXAEHNE aBaPUNHBLIX N pabovnx CUrHanoB;
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3.7 HacTpavBaeMmble MpPOTOKOJIbl CBA3N
* HAaCTPOWKY OaTbl N BPpEMEHU;
* ynpasJieHne pene aBapI/II7|HbIX CNIrHaJoB.

Ona nony4vyerHus 6onee noapobHoON MHPOPMALINMK O CMNCKAX MCXOAHbBIX AaHHbIX U
obpaboTke owmnbok obpaTuUTECh K AOKYMeHTauuu rno pabote c npotokonom Modbus®.

IOna Toro 4Tobbl pa3pelnTs KOHPUrypupoBaHne yCTPoOUCTB A5 paboTkl MO NPOTOKONY

Modbus®, Heo6x0AMMO UMETb HEKOTOPbIE AaHHbLIE KOHTPOJILHON CUCTEMBI,
yCTaHaB/MBaeMbIE MO YMOJTHAHUIO.

Hacrtpounka

CHavana Heobxogmmo BbibpaTb B Ka4eCTBe MUCMOJb3yeMoro npoTokona SCADA npoToKos
Modbus.

HacTtpouTb [MMnanup_ycTp_] «[lpoToko/1»

¢ = «ModbusRTU» — ncnonb3oBaTb NPOTOKOJI Modbus® nns nocnegoBaTenbHOro
coegnHeHuns

+ = «ModbusTCP» — ncnonb3osaTh NpoTokon Modbus® ans coeamHennii Ethernet
(TCP/IP)

¢ = «ModbusTCP/RTU» — ncnonb3oBaTb Ethernet (TCP/IP) n nocnepnoBaTebHbIN
nHTepdencol ana coobeHnn Modbus

3aTeM NPOAOSIKNTE BbINONHATL HACTPOMKK, onncaHHble ganee ana Modbus RTU nan
Modbus TCP, B 3aBUCMMOCTW OT BapuaHTa NUCMOJIb30BaHMA.

Modbus RTU
YacTb 1. KOHurypupoBaHume yCTpouCTB

Bongute B MeHto [Map_ ycTp_/ Modbus / CBs3b / RTU] n ycTaHOoBUTE Ccnepytouime
napaMeTpbl CBA3MU:

* «IDn_y » — aagpec NoA4YNHEHHOro YCTPOMCTBA, KOTOPLIN TpebyeTcsa Ana TOYHON
NOeHTUMUKauMmn yCcTponcTea.

* «Ckop_rep_paaH_» —- CKOPOCTb Nepefayvn faHHbIX B 604ax, KOTOPbLIA OOJIXKEH
1UCnosib30BaTh NnocsenoBaTesibHbIA MHTepdenc.

Takxe Heobxoanmo BbIbpaTb YKa3saHHble HUXXe crneunduyeckmne napamMmeTpsbl
nHTepdenca RS485, Takmne Kak:

* KONIM4eCTBO BMTOB AaHHBbIX.
* OOuH 13 yKa3aHHbIX HUXe nogaep>XXMBaeMbiX BapMaHTOB nepefayn AaHHbIX:
KOIM4ecTBO BUTOB AaHHbLIX, YETHbLIN, HEYETHbIW, NAPHbIA UV HEMaPHbIN,

KONINYEeCTBO CTOMNOBLIX GBUTOB.

* «t-nay3sa»: owmnbkn ceA3m 6yayT pacno3HaHbl TONIbLKO NOCAE NCTEYEHUS BPEMEHU
KOHTpoONA «t-naysa».

* Bpems pearupoBaHus (onpegesieHne nepmonaa, B Te4eHne KoToporo Heobxoammo
obpaboTaTb 3anpoc OT r1aBHOro yCTPOWCTBA).

YacTb 2. lNoako4yeHne anrnapaTHbIX CpeacTs

MCDTV4-3.6-RU-MAN MCDTV4 193



3 KOMMYHUKaUWOHHbIE MPOTOKOJIbI
3.7 HacTpanBaeMble MpOTOKOJIbl CBA3N

e [Ina nogkn4YeHUs annapaTypbl K CUCTEME KOHTPOJIA NCNOJIb3YeTCs MHTepdenc
RS485, ycTaHOBJ/IEHHbIN Ha 3agHen naHenn yctponctea (RS485, onTOBO/IOKOHHbLIN
NN Yyepes pas3beMbl).
e [ogKN4YNUTE YCTPOMCTBO K LLUNHE (CM. INEKTPUYECKYIO CXEMY).
ObpaboTka owwmnbok — olwmnbky annapaTHoro obecrnevyeHns
NHdopmaumsa no pmnsnyecknm owmbkam CBs3U, TaKNM KakK:
* ownbKa CKOpPOCTU Nepesaydun AaHHbIX;
e owmnbKa YeTHOCTH ...
MOXXeT BbITb NOJSIyHeHa C MOMOLLbIO perncTpaTopa CobbITUn.
ObpaboTka oLunbok — oLUnbKN YPOBHS NPOTOKOa
Ecnn, HanpuMep, 3anpocC COAEPXKUT HECYLLLEeCTBYIOLWMA agpec NaMaTn, TO B OTBET Ha

3anpoc OT YyCTPOWCTBa NOCTYNUT coobuieHne o6 owmnbke ¢ Kogamu owNBOK, KOTopble
Heobxo0ANMO NHTEePNPeTUPOBaTb COOTBETCTBYOLWWMM 06pa3omMm.

Modbus TCP

YCcTaHOBKa CcoegnHeHNs C yCTPONCcTBOM Yepe3 TCP/IP BO3MO>XHa TO/IbKO B TOM CJlyyae,
€C/IN YCTPONCTBO CHab)xeHo nHTepdencom cetun Ethernet (R)45).

[ [na ycTaHOBNEHMS COeIMHEHNS C CeTbio 06paTUTECh K CUCTEMHOMY af\MUHUCTPATOPY.

Yactb 1. YcTaHoBKa napameTtpos TCP/IP

BoiBegnTe MmeHio [Map_ycTp_/ TCP/IP / KoH)-a TCP/IP] Ha naHenn NYM u ycTaHoBUTE
cnepyoLwive napameTpsbl:

* agpec TCP/IP;
* Macka noaceTu;
* LJIH03.
YacTb 2. KoHurypupoBaHue yCcTpPoycTB

BongunTte B MmeHto «[MapameTp ycTponctea/Modbus» n yctaHoBuTe cnegywuime
napaMeTpbl CBA3MU:

¢ YCTaHOBKa naeHTU@UKaTopa yCTPONCTBa TpebyeTcs TONIbKO B TOM CJ/ly4yae, eciu
ceTb TCP noonexxunt conps»xeHuto ¢ ceTbto RTU.

e Ecnin Heo6xoaAMMO NCNO/Ib30BaTh MOPT, OT/IMYHLIA OT 502, BbINONHUTE cnepytoLime
nencTeuna:

o B HacTponkax nopTa TCP BbibepuTe onumio «4acCTHbIN».
o YCTaHOBUTE HOMep nopTa.
¢ YCTaHOBUTE MaKCMMaJibHO AOMYyCTMMOe «BpeMs be3nencrens cea3u». MNocne

ncrtedeHmsa 3Toro BpemMmeHn (BpeMeHI/I, B Teé4eHNe KOTOPOro CBA3b OTcyTCTByeT)
yCTpOVICTBO perncTtpmnpyeTt HeNCnpaBHOCTb B rnaBHOW CUCTEME UM CUCTEM CBA3N.
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3.7 HacTpavBaeMble NMPOTOKOJIbl CBA3N
e PaspewnTb unm 3anpetntb 610KMpoBKY koMaHa SCADA.
YacTtb 3. lNogk/o4eHne arnrnapaTHbIX cpeacTB

o [1ns noOka4YeHNa annapaTypbl K CUCTEME KOHTPOIS NCMO0JIb3YeTCAa NHTepdENC
RS485, yCcTaHOBJ/IEHHbIW Ha 3aAHEN MaHenn ycTponcTaa.

* MoOkoYeHne yCTPONCTBa ocyllecTnseTcs kabenem Ethernet Hannexxauiero Tuna.

ADBAITEP SC

ALATITEP SC siBnsieTcs oTAe/IbHbIM KOMIMbIOTEPHbLIM NHCTPYMEHTOM, MO3TOMY €ro
ncnonb3oBaHue noapobHo onncaHo B pykosoacTee ALAFTEP SC.

Ecnn Heobxonmmo 3arpysuTb npegbiayliee 3agaHHOEe Mojib30BaTENIEM COMOCTaBNeHne N3
MCDTV4, 4T10obbl ero Mo)>XHo BblJI0 NCMOJ/Ib30BaTh B KavyecTsBe WabsioHa Ans fasibHenLWwmnx
aganTayuin, To 3TO MOXXKHO caenaTb C MOMOLb Smart view. 9Ty nporpaMMy Tak>ke
MO>XHO MCMOJIb30BaTb A1 Mepenadn U3MEeHEeHHbIX conocTaBseHun B MCDTV4. CwMm.
pasgen > «ConocTaBneHune ToYek AaHHbIX C MOMOLLbIO ADATTEP SC».

3aTem 3anyctute ALAMNTEP SC. MNMocne Bbibopa komaHA MmeHto [Pann / Co3aaTb] nnan
[®ann / OTKpbITb] HeEoBXx0AMMO BbibpaTb MOAEsNb YCTPOMCTBA U NPOTOKON CBA3N (B
[aHHOM cny4ae «Modbus»). MNocne 3Toro oTobpa3aTcs WecTb BKNaJoK: «OHK1» ...
«®HK6». Ha Ka)Kaom u3 3Tux BKNafok oTobparkaetTcs Tabanua CONoCTaBNEHHbIX
06BbEKTOB AaHHbIX.

OHK

* HomepoM (hyHKLIMOHANILHOIO KoAa onpeaenseTcs Tun o6beKTOB AAaHHbIX, KOTOpbIe
OH MOXXET COAEP>XaThb.

o

OHK1, ®HK2 copep>kaT COCTOAHUSA (HO HE N3MEPEHHbIe 3HAYEeHUNS).

o

OHK3, ®HK4 moryT conep»xaTb BCe TUMbl, KOOME KOMaH[.

o

OHK5, ®HK6 npenHasHa4veHbl g1 KOMaHg.

o

OHK16 npegHa3HaveH 0nsa ocobbix COOBLLEHN N3 HECKOJIbLKUX COB (B
OCHOBHOM, OJ151 CUHXPOHM3aLUN MO BPEMEHN).

JononHuTenbHyo nHopMaLmo CM. B cneundukaumm Modbus!
Anpec, NonoxxerHne buta
¢ 2T0 agpec Modbus, c KoTopbiM byaeT conocTaBneH 06bEKT AaHHbIX.

* MonoxxeHne 6uta oTtobparkaeTcH, TOJILKO eCNiM eCTb CMbIC/ ee BbibpaThb (B
YAaCTHOCTW, A1 ABONYHbIX COCTOSSHUA OJINHON B 1 6UT).

O6beKT gaHHbIX, OnucaHne, KommeHTapui

¢ O6beKT AaHHbIX, KOTOPbIM ByoeT conocTaB/ieH, N TEKCT onncaHusa. Tun
MHOopMaL M, KOTOPYIo NpeacTaBnseT 06beKT AaHHbIX, LO/HKEH NOALAEPXUBATLCSA
MCDTV4, n nostoMy B crnucke Bbibopa oTobparkaloTcst noaaepXMBaeMble 3N1EMEHTHI
M3 CrncKa Mmoaenen yCcTpoucTB.

* B KayecTBe KOMMeHTapus oTobparkaeTcs onpeAeneHHbI NoJib30BaTeNieM TeKCT bes
KaKoro-mbo TexXHN4YecKoro 3Ha4yeHus. Ero MO>XHO UCnosib30BaTh Npwu
ApPXVUBUPOBAHUN CMPaBO4YHbIX CBEAEHU O CONOCTAaBJIEHNN.

dopmaT, Pasmep 6uTa, 3aMKHYT
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3.7 HacTpanBaeMble MpOTOKOJIbl CBA3N

* BbibepuTte hopmaT 06bEKTa AaHHbIX:
o «Intleé» — Lenoe ynucno gnnHonm 16 6ut
o «Int32» — Llenoe 4yucso ganHon 32 buTa

o «Uint32» — be33HakoBoe (TO eCTb HeoTpuLaTEesIbHOE) Lesioe YNCao gamHon 32
buta

o «[MnaBatowee 3Ha4YeHne» — Yumcno ¢ niaaBatoLlen 3anaTon (cornacHo IEEE 754)
¢ Pa3smep 6UTa aBTOMaTUYECKN 3aaeTCa COracHo hopMaTy obbekTa AaHHbIX.

¢ C nomoublo hriaXkKa «3aMKHYT» onpenenseTcs, cnenyeT nm 3abnokmposaTb
OaHHble Modbus (00 SBHOMO NogTBEPXKAEHUNS).

KoahdunumeHT, MacwtabuposaHue

¢ YKaxunte Ko3PpUUMeHT 1 ypoBeHb MacluTabnpoBaHus gaHHbIX (ecnu 3T nons
BBOOa oTobparkatoTcs). MacwTab MoxxeT BbITh CrieayoLnM.

° <<r|epBI/|‘-IHbII7I>> — MaCLLITaﬁl/IpOBaHI/Ie obbekTa AaHHbIX 40 nepBmn4YHOro
3Ha4eHun4qa

o «BTOpuUYHbIN» — MacwTabupoBaHne 06bekTa AaHHbIX 40 BTOPUYHOIO
3HayeHus

o «OTHOCUTENbHbIN» — MacwTabrpoBaHe 06beKTa AaHHbIX OTHOCUTENIbHO
HOMMHaNbLHOIO 3HAYEeHUSN

CBefeHuNsa o nepefaye N3MEHEeHHOro conocTaB/eHNs Ha ycTtponctso MCDTV4 cMm. B
LNOKYMeHTaLun K MHCTpyMeHTy ALAMTEP SC v 5> «ConocTaBneHune Touek gaHHbIX C
rnomMouubio ALAMNTEP SC» (Tak Kak COMoCTaB/IEHNE TOYEK AaHHbIX ABASETCA PyHKUMen
obuwiero nopsaka n OANHAKOBO NCMNOJIb3YETCS B HECKOJIbKNX MPOTOKOJ1ax CBA3U, TO
OMNnCbIBaeTCA OTAENLHO).
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3 KOMMYHUKaLIMOHHbIE MPOTOKOJIbI

3.7 HacTpavBaeMmble NMpPOTOKOJIbl CBA3N

3.7.3 ConocTraBJsieHMe To4YeK AaHHbIX ¢ noMmoLbio AQANTEP SC
nporpaMMHue MUHCTPYMEHTbI

Mpouenypa HaCTPOMKN A9 NOJIb30BaTE/IbCKOrO CONOCTaB/IEHNA TOYEK AaHHbIX
oLMHaKoBa A4 Bcex npoTokosios SCADA, nogaep>XXmneatwLLmxX NoJsib30BaTesIbCKue
conocTaBneHmns. ConoctaBneHmne o6beKTOB AaHHbIX Bcerga pabortaeT Ha baze
oThenbLHoro canna onpegeneHHoro Tuna (pacwmpennsa) — * . HptSMap. 2ToT hann
pefakTupyeTcs C NoMoLbio oTaesibHOro uHctpymeHTa MK, ALAMNTEP SC, a npuioXXeHune
Smart view ncnonb3yeTcs An4 3arpy3ku akTUBHOIMO B AaHHbIN MOMEHT
MOJ/Ib30BaTENIbCKOr0 COMOCTAaBAEHUSA C 3alLMTHOIrO YCTPONCTBA (419 AasibHenwWwero
penakTMpOoBaHUA) NN S BbIFPY3KU U aKTUBaLUM HOBOIO OTpedakTUpoBaHHOro dannia
conocTaBneHunsa *.HptSMap.

ConocTaBsieHWe, 3aflaHHOE MO YMOYaHWUIO, HeNb3s 3arpy3nTb A5 AaJ/bHENLWero
penakTUpoBaHUS.

3amaHue conocraBJIeHUsI TOYeK [aHHbIX

Onsa napameTpa [Map_ycTp_/ Ma npoTokona / HacTp. o6bekTa gaHHbIX] «Tun
conoctassieHnss SCADA» MOXXHO 3a4aTb 3Ha4YeHne «CTaHgapT» uam
«lMonb3oBaTeNnbCKNN»,

* «CTaHpapT» 03Ha4aeT, YTo 3alMTHOe YCTPOMCTBO NCMOb3yeT ConocTaBieHne
TOYEK AaHHbIX N0 yMo4aHuio (faxke ecnm B MCDTV4 yxe 6b1/10 3arpy>eHo
Mofib30BaTEeIbCKOE COMNOCTAaBJIEHME).

¢ «[lonb30BaTENLCKNIA» 03HAYaAET, YTO 3aLMTHOE YCTPONCTBO NCMOJb3YeT
MoJIb30BaTEJIbCKOE COMOCTAaBJIEHMNE TOYEK OAaHHbIX. (ECK He BblN0 3arpy>KeHo HK
0AHOro AonycTumMoro calisia conocTaB/ieHUs, TO YCTPONCTBO coobwnT 06 3TOM,
BblAaB crepytollee 3HadeHue: [Map_ycTp_/ ma npoTokona / PaclumpeHHsbin]
«Bpemsi obHoBNEHUS» = «Ownbka 1/2».)

Mepenaya conocraBsieHNs TOYEK AAaHHbIX

Ecnun Ha 3alMTHOM YCTPONCTBE Y>XKe MMEeTCH Mob30BaTE/IbCKOE COMNOCTaB/IeHNE TOYEK
AAHHbIX, €0 MOXKHO 3arpysuTb 1 UCMOAb30BaTb 419 AafibHEeNLWero pefakTUpoBaHmA.
(ConocTaBneHue No YMONHaHUIO 3arpy3nTb HENb34.)

B 3aBUCUMMOCTM OT 3Ha4YeHUsi NapameTpa «Tumn cornoctaBneHns SCADA», akTUBHOE
cornocTaBneHmne aBnseTcs MMbo conocTaBfieHNEM Mo yMoNYaHuto, nmbo paHee
3arpy>XeHHbIM 40MNYyCTUMbIM dainsioM CONOCTaBJIEHUS.

W 3arpy3ky arina conoctaBfieHns, 1 (mo3gHee) BbIrpy3Ky oTpeaakTUpOoBaHHOIo garna
COMocTaBNeHns HeobXxoaAnMMO BbIMOSHATL B MporpamMmme Smart view, K KOTOPOW LOJIKHO
ObITb MOAK/IOYEHO 3aLLNTHOE YCTPOMCTBO.

Mocne nogkntoveHns K Smart view 1 Nony4eHnsa Bcex AaHHbIX YCTPONCTBA ABaXK bl
WeNKHNTe 3neMeHT MeHto [Map_ ycTp_/ Imsa npoTokona / HacTp. o6bekTa faHHbIX].

OTKpoeTcs AManoroBoe OKHO, B KOTOPOM MMeeTCa KHoMKa «lepefdaya KoHduUrypaumm
SCADA» (cMm. (1) Ha NpuBeOEHHOM HMXXE PUCYHKE).

Mpun HaXKaTUKM 3TOM KHOMKW OTKPOETCS APYroe AManoroBoe oKHO — «HacTpoiika

conocTtaBneHns Todyek SCADA». B 3ToOM OKHe nmetoTcs ase KHomnku, (2) n (a), Kak
MoKa3aHO Ha PUCYHKE HUXKeE.
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3.7 HacTpanBaeMble MpOTOKOJIbl CBA3N

Mpwu BIBOpE KHOMKK (@) BbINONHAETCA 3arpy3Ka. 3alMTHOE YCTPOMNCTBO OTNpaBaseT
cornocTaBieHne onpeaesieHHbIX rnosb3osaTtenemM npoTtokosioB SCADA B oKHO «HacTporika
conocTaBneHmns Toyek SCADA», a 3aTeM oTobparkaeTca ananoropoe okHo «CoxpaHuTb
Kak», B KOTOPOM U3 3TUX onpefesieHnin NpoToKOoJ1a MOXXHO CO34aTb HOBbIN (hainsi
*.HptSMap (npmn cTaHOapTHOM conocTaBJ/ieHN (C 3aBOACKUMU HAaCcTporKaMun) Takas
3arpyska HeBO3MOXXHaA).

=l Map_ yCTp_/IEC]@CTp. obbekTa AgHHbIXG] 52

£

[
L
L
[

ik b
bl - Smart view |_|
5
HacTpolika conocTtaBfiieHUs To4ek AaHHbix SCADA Lé] Z

@&l OnpaBnTb KOHMUrypauuo
\ " SCADA Ha ycTpoicTBo?

HepaBHO Mcnosib30BaHHbIV hann:

MyIEC104_Mapping.HptSMap | @ e e

BbibpaTb Ha AWCKe halian conocTasieHns
L CADA .
r{q M OTMPaBUTb €ro Ha NoAKJ/YEHHOE YCTPONCTBO
~
F ~
— o Smart view |&|
‘ MonyunTb hann conoctasneHns SCADA
[«
r"] NOAKJIIO4EHHOr0 YCTPOWCTBa U COXPaHUTb )
h"{z‘ €ro Ha aunck ,0:, KoHdurypauwms SCADA ycnelHo nepeaaHa Ha yCTPONCTBO. o
— — N
‘ : ’ °
@ :
5
[ 3aKkpbiTb ] | CnpaBka | 2
8
a
L

Puc. 61: lNpumep ncrionb3oBaHns Smart view gnas nepegayn avina * . HptSMap Ha 3awmnTHoe
YCTPOVICTBO.
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Mpwu BbIBOpe KHOMKK (2), «BbibpaTb Ha aAncke dann conoctasneHnsa SCADA n oTnpaBuTb
€ero Ha NogKJto4YeHHOe YCTPONCTBO», HA4YMHAETCS Bblirpy3Ka OTpeJaKTUPOBAHHOIO
harina conocTasneHUs. MNpn HaXKaTnM 3TON KHOMKWN OTKPbIBAaeTCH AMasoroBoe OKHO
Bbibopa halninos.

3aTem HeobxoaoMMO NepenTun K panny *.HptSMap, B KOTOpoM coepxaTca Heobxoaonmble
onpepnenieHns SCADA, N Ha)KaTb KHOMKY «OTKPbITb».

Smart view oTkpoeT n npoeeput dann *.HptSMap. Ecnn okaxxeTcs, 4To pana CoBMeCcTum
C NMOOKJIIOYEHHbIM 3aLLUNTHLIM YCTPONCTBOM, B ANAJIOFOBOM OKHE MOSIBUTCS 3arpoc
nMnoaoTBEPAUTDL, YTO ONpenesieHNs NPOToOKoNa CledyeT nepenaTb Ha 3alUTHOEe
yCTponcTBo [cM. (3) Ha puCyHKel.

lMocne Ha)kaTna KHOMKK «fa» (U BBOA4A Napons AJ18 YPOBHA O0CTyNa «Supervisor-Lv3»)
OaHHble 6yayT nepefaHsbl, a Nosib30BaTeNb NOJYYMUT coobuieHne 06 ycnewHom
BblNoJsiHEHUW onepaunn: (4).

Mo>xHO ByaeT Ha)kaTb KHOMKY «3akpbiTb» (5) B AnaNioroBoM okHe «HacTpoiika
conocTaBneHmns Todek SCADA», 4ToObl BEPHYTbCSA B raBHOe OKHO Smart view.

HakoHeL, nonb3oBaTesIbCKOEe CONOCTaB/eHNe CrieayeT akTUBNPOBaTb, 3a4aB A4
napameTpa [MNap_ycTp_/ umaA npoTokona / HacTp. o6bekTa AaHHbIX] «Tun
conoctassieHnss SCADA» 3HadeHune «Ionb30BaTENbCKUN».

He 3abynbTe nepeHecTn BCe (UM BCe U3MEHeHHble) HacTponku (u3 MO Smart view) Ha
3alUMTHOE YCTPONCTBO. bosiee Toro, peKoMeHOyeTCs BKAYNTb PYHKLMIO
aBToOMaTmnyeckoro obHoBnernunsa MO Smart view, 4Tobbl Hagnexawum obpasom
06HOBNANNCHL BCE 3aNnUCK B AMasnioroBoM okHe [HacTp. obbekTa OaHHbIX].
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3 KOMMYHUKaLIMOHHbIE MPOTOKOJIbI

3.8 CMHXpOHM3aLMa No BpeMeHU

3.8 CUHXpOHM3aLMNA NO BPpEMEeHM

YCTPOCTBO MOXKHO CMHXPOHU3MPOBAaThL C LIeHTPasibHbIM BpeMs3aaatolM reHepaTopoM.
3T0 maeT ciefyloume NnpenmMyLlecTsa.

* BpeMs He OTKJIOHAETCSA OT 3TaJIOHHOro BpemMmeHu. TakuMm 0b6pa3om, MOCTOSIHHO
HaKanauBatolleecs OTKJIOHEHNE OT 3TaJIOHHOro BpemeHn byaeT
KoMneHcnpoBaTbcs. CM. Takxe pasgen «Crneundukaumnm» (40NyCKN 4acoB

peasibHOro BpeMeHn).

* B0 BCeX CUHXPOHMN3NPOBAHHbLIX YCTPOMNCTBAX MCMNOJb3yeTCa O4NHAKOBOE BpeEMS.
Mo3TOMy BHECEHHbIe B )XypHas cobbITUSA, MMEeBLUME MECTO Ha OTAESIbHbIX
ycTponcTBax (oTAesbHble cObbITUA perncTpaTopa CobbiTUIA, 3aNNCK CUTHA0B),
MO>XHO CpaBHMBaTb N OL,EHNBATD.

BpeMsi yCTpoCTBa MOXHO CMHXPOHU3MPOBATL C MOMOLLbIO NEepPeYNCIEHHbIX Aanee

NMPOTOKOJIOB.
* |IRIG-B

* SNTP

e MpoTokon csa3m Modbus (RTU mnnan TCP)

e lMpoTokon cea3m IEC 60870-5-103

* MpoTokon cea3m IEC 60870-5-104

* [poTokon cesa3n DNP3

3TN NPOTOKOJIbI UCMOML3YIOT Pa3/inyHble annapaTHble MHTepdencobl N OTANYaDTCS Mo
TOYHOCTU. [lONOSIHUTENIbHbIE CBEAEHMNSA CM. B pasgerne > «Cneuundunkaumwn/

MOrpeLlHOCT».

be3 cMHXpOHU3aLNUN BpeMeHH

3TO BO3MOXHO, HO He pekomMeHOyeTCAa And CTaHAapPTHbIX OTPacCJZiEBbIX BAPNaAaHTOB

nMPpMMeHEeHNA.

IRIG-B

AnnapaTtHbin MHTepcenc

Pa3bem IRIG-B

SNTP

AnnapaTtHbin MHTepgenc

RJ45 (Ethernet)

MCDTV4-3.6-RU-MAN

PekoMmeHayeMmoe npuMeHeHUue

PekomeHayeTCs, ecnm MHTepgenc 4oCTyneH.

PeKomer,yemoe npuMeHeHue

PekomeHpayeTca Kak anbTepHaTuBa IRIG-B, ocobeHHO npu
ncnonb3osaHuu IEC 61850 nan Modbus TCP.
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3 KOMMYHMKaLWOHHbIE MPOTOKObI
3.8 CMHXpPOHM3aLWVs No BpeMeHU

Modbus RTU

AnnapaTtHbin uHTepdenc

RS485, D-SUB van onTOBOJIOKOHHbI

Modbus TCP

AnnapaTHbI¥ MHTepdenc

RJ45 (Ethernet)

IEC 60870-5-103

AnnapaTtHbin MHTepcenc

RS485, D-SUB v onTOBOJIOKOHHBIN

IEC 60870-5-104

AnnapaTHbin uHTepdenc

RJ45 (Ethernet)

DNP3

AnnapaTtHbin MHTepcenc

RS485 nnn RJ45 (Ethernet)

PekomeHayeMoe npuMeHeHUue

PekomeHAOyeTCA Mpu UCMOJIb30BaHUM NPOTOKOA CBSA3N
Modbus RTU n oTCyTCTBUM YaCOB peasibHOr0 BpEMeEH!
IRIG-B.

PekoMmeHayeMoe npuMeHeHue

OrpaHu4eHHasa peKkoMeHpauns: ecanm NCrnonb3yeTcs
npoTokos cBsA3n Modbus TCP, oTCyTCTBYIOT Yachbl
peanbHoro epemeHu IRIG-B nnm HegocTyneH cepsep SNTP.

PekoMeHayeMoe npuMeHeHue

PekomeHayeTCa Npu NCronb30oBaHUM NpPoToKoJa cea3n IEC
60870-5-103 n oTCyTCTBUW HYaCOB peasibHOro BPpEMEHN
IRIG-B.

PekomeHayeMoe npuMeHeHUue

PekomeHayeTCa Npu NCMonb30BaHUM NpoToKoa cBA3n IEC
60870-5-104 n oTCyTCTBUN HYaCOB peasibHOro BpeEMEHN
IRIG-B.

PekoMmeHayeMoe npuMeHeHue

OrpaHu4eHHasa pekoMeHpauns: ecain NCnonb3yeTcs
MPOTOKOJ CBSA3U, OTCYTCTBYIOT YacCbl peasibHOro BpeMeHU
IRIG-B nnn HepocTyneH cepeep SNTP.

TOYHOCTb CHHXPOHU3ALUN BPEMEHH

TOYHOCTb CUHXPOHU3ALNN CUCTEMHOI0 BPEMEHU Ha yCTpOI;ICTBaX 3aBNCUT OT

HECKONbKNX (DaKTOPOB:

* TOYHOCTb NOAKJIIOHEHHOI 0O BpeMAa3adalolero reHepaTopa;

* UCMOJIb3YIOLWMACSA MPOTOKOJ CUHXPOHMU3AUMN;

* npu ucnons3sosaHumn Modbus TCP, SNTP, IEC 60870-5-104 nnn DNP3 TCP/UDP —
ceTeBas Harpyska v BpemMs nepefayvyun NakeToB AaHHbIX.
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3 KOMMYHUKaLIMOHHbIE MPOTOKOJIbI

3.8 CMHXpOHM3aLMa No BpeMeHU

Heobxognmo YHNTbIBaTb TOYHOCTb BpeMA3adalowero redepartopa. OTKJ/IOHEeHUA BpeMeHNn
reHepaTtopa BbI3OBYT TaKne Xe OTKJIOHEHNA CUCTEMHOIO BpeMeHN yCTpOIZCTBa.

BbIOOp 4acoBOro nosica v MPOToKoOJs1a CUHXPOHU3ALUMN

Pene 3aWwinTbl KOHTPONMPYET BCEMUPHOE KoopanHupoBaHHoe (UTC) n MecTHOe BpeMsi.
DTO 03HAYaeT, 4TO YCTPOMCTBO MOXXHO CUHXPOHMN3MPOBaTb C BpeMeHeM UTC, a Ha
ouncnnee bynet otobpa>kaTbCa MECTHOE BpeMS.

CMHXpOHM3auMﬂ C BCEMUPHBbIM KOOPOAWHNPOBAHHbBIM BpeMeHeM (peKOMeH,ﬂyeTCH)

O6bI4YHO BPEMS CUHXPOHU3UPYETCS C BCEMUPHbBIM KOOPANHMUPOBAHHbLIM BpeMeHeM (UTC).
9T0 03HavaeT, HanpuMmep, 4To BpeMsalaaaowmnm reHepaTop IRIG-B oTnpaBnseT Ha pene
3aWNTbl JaHHblIe 0 BCEMUPHOM KOOPAWHMPOBAaHHOM BpeMeHU. PekomeHOyeTCs
NCMNoJIb30BaTb UMEHHO 3TOT CMoco6, NOCKOJIbKY OH FapaHTUpPyeT HenpepbIBHYO
CUHXPOHM3aUN0 BpeMeHW. Mpu 3TOM OTCYTCTBYIOT «CKaY4KN BO BPEMEHMW», CBA3AHHbIE C
nepexoaoM Ha JsieTHee BpeMms.

YT106bI Ha YCTpONCTBE 0TOBParkasioCb TEKYLLEE MECTHOE BPEMS, MOXXHO HacTPOUTb
4acoBOM NOSAC U NMepexon Ha fieTHee BpeMs (TO eCTb U3MEHEHNE MeXAY NETHUM U
3UMHNM BPEMEHEM).

BbinonHWTE cneaytolme 3Tanbl HACTPOMKK B BETBM MeHio [Map_ ycTp_/ Bpewms /
Yac_nosac].

* 3apanTe Osa napameTpa «Yac_ nosica» [aHHble MECTHOIro0 4YacoBOro nosca.
e 3aTeM HacTponTe Nepexon Ha JieTHee BpeMs.

Mocne 3Toro BbINONHUTE Cnefytollee B BeTBU MeHto [[Map_ ycTp_/ Bpems / Cunx. Bp. /
CuHx. Bp.].

¢ HacTponTe napameTp «CHMHX. BP.» Ha NCNOJIb3YIOLWNIACA NPOTOKO CUHXPOHN3aUNN
BpeMeHun (Hanpumep, «IRIG-B»).

e 3afanTe 3Ha4YeHnsa NnapamMeTpoB NPOTOKOJS1Ia CUHXPOHMU3ALNN (CM. COOTBETCTBYHOLLWUIA
pa3gen).

CHUHXpPOHU3aLNA C UCNTOJIb30OBAHNEM MECTHOIoO BpeMeHHu

Ecnm HeobxoAnMO BbIMONHUTL CUHXPOHM3ALMI0 C UCMOJIb30BAHUEM MECTHOIr0 BPEMEHMU,
ocTaBbTe YacoBomn nosc «UTC+0 JIOHAOH» 1 He NCNOJSIb3YNTE Nepexon Ha NeTHee BpeMs.

CUMHXPOHM3aLUsa CUCTEMHOr O BPEMEHN pesie BbIMOSHAETCSA NCKIYUTENBHO C MOMOLLbIO
MPOTOKOJIa CUHXPOHM3auun, BbibpaHHoOro B MeHio [Map_ ycTp_ / Bpemsa / CuHx. Bp. / CHMHX.
Bp.l.

be3 cMHXpOHU3aLUN BpeMeHH

YT06bl Ha yCTpOCTBE 0TOOParkasnocb TEKYLLEe MECTHOE BPeMs, MOXKHO HaCTPOUTb
4acoBOW MOSIC U MepPexol Ha NeTHee BPeMs.

BbinonHuTe cnenytwouine sTanbl HaCTpOIZKVI.
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3.8 CMHXpPOHM3aLUVs No BpeMeHU

* B BeTBU MeHlIo [[Map_ycTp_/ Bpems / CuHx. Bp. / CnHX. Bp.] 3afanTe onsa napamMeTpa
«CUHX. BP.» 3HAYEeHNe «-».

* 3aTem B BeTBM MeHIo [Map_ycTp_/ Bpemsa / Yac_nosc] 3aganTe onsa napameTpa
«Yac_nosica» paHHbIe MECTHOI0 YacoBOrro rnosca.

e 3aTeM HaCcTpoMNTe Nepexoq Ha JieTHee BpeMmsi.

* YcTaHOBUTe OaTy U Bpems B MeHto [[ap_ycTp_ [/ Bpemsl «[JaTa v BpemMsi».
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3.8.1 SNTP

Ba>kHoe npeaBapuTensHoe ycaoBme: YCTPONCTBY Heobxoamm OocTyn K cepBepy SNTP
yepes NoAcoeaANHEHHYI0 ceTb. MpepnoyYyTnTenbHO, 4T0bbl 3TOT cepBep OblN yCTaHOBEH
JIOKaJIbHO.

MpuHunn pa6OTbl U OCHOBHblIe obnacTu npuMeHeHns

SNTP — 3TO CTaHAapPTHbIA NPOTOKO AN CUHXPOHU3aLUUM BpEMEHN Yyepe3 ceTb. [Ans
3TOro B CeTn AoJKeH bbITb AOCTYMNeH, No KpanHen mepe, oanH cepsep SNTP. YcTponcTeo
MOXXHO HacTpouUTb A5 paboTbl C 0 AHUM Un AByMsA cepsepamu SNTP.

CucTteMHoe BpeMs 3alnTHOro pene byaeT CMHXPOHU3MPOBATLCA C MOAKIHOYEHHbIM
cepsepoM SNTP 1-4 pasza B MuHyTy. CepBep SNTP, B CBOIO o4epeb, CUHXPOHU3NPYET
cobcTBeHHOe BpeMs € nomMoulbto npoTokosaa NTP ¢ gpyrumn cepsepamu NTP. 3710
HOpMaJibHasa cuTyaums. B KavyecTBe asfibTepHATMBbI OH MOXXET CUHXPOHU3NPOBATb BpeMs
¢ nomouwlbto GPS, pagnoynpaBnsieMblx 4YaCoOB UM aHa/IOrMYHOr0 YCTPONCTBA.

GPS cnyT_ curHan (onu.vm)y

GPS-coegnHeHune (onuwns)

3alwmnTHOE pene
NTP-cepsep TCP/IP

SNTP-cepBep
(onums) NTP-nNpoToKo TCP/IP

SNTP-npoToKON =
-
DOoom

High PROTEC BN

Sntp_zZ48

ToYHOCTB

Ha TOYHOCTb YacoB 3aLLUTHOro pene BJAUSAIT TOYHOCTb UCNOoJib3yeMoro cepsepa SNTP u
COBEpPLUEHCTBO ero OornopHOro CUrHasa CUHXpoHu3saunn. lononHuTeNbHble CBeLEeHNS O
TOYHOCTMN: IE|> «Cneundpunkaumm/norpeHoCTmn»

LononHnTenbHble CBegEeHNA 0 TOYHOCTU CM. B rnase «Crneyndpnkaymnm»,

Kaxabln pas npu oTnpaBke nHgopMaumm o sBpemeHu cepsep SNTP oTnpasnseTt
MH(OPMaLUNIO O TOYHOCTW.

» Crioi: c/iol yKa3bIBaeT, Yepes CKOJIbKO B3auMoaencTByowmx cepsepos NTP
ncnonb3yemblin cepeep SNTP noakto4YeH K aTOMHbIM UK paanoynpaBasieMbiM
Yacam.

* TOYHOCTb: TOYHOCTb CUCTEMHOIO BpeMeHu, npefoctasnasemMoro cepsepom SNTP.

Kpome Toro, Ha TOYHOCTb CMHXPOHU3ALNN BPEMEHN BANAIOT XapaKTEePUCTUKN
MNOOKOYEHHOW ceTun (TpadhuK N Bpems nepenadn nakeToB AaHHbIX).
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PekoMeHOyeTCsa NCMNoJsib30BaTb YCTAHOBIEHHLIN NNOKaIbHO cepBep SNTP ¢ TOYHOCTbIO
=200 MKc. Ecnm pobuTbCca 3TOro HEBO3MOXKHO, COBEPLUEHCTBO NOAKJIIOYEHHOr0 CepBepa
MO>XHO NpoBepuUTb B MeHto [PaboTa / OTobparkeHne coctoaHus / CuHx. Bp. / SNTP].

* KayecTBO cepBepa CBMAETesIbCTBYET O TOYHOCTU UCMNONb3YyeMOoro cepsepa.
KavecTBo fo/mKHO 6bITb XOPOLUNM nnn OOCTATOYHbLIM. He cnenyeTt
ucnone3osaTb cepBep MNJIOXOIO KayecTBa, Tak Kak 3TO MOXKeT NMpuBeCcTU K
HapyLWweHU0 CUHXPOHU3aL NN BPpEMEHN.

* KayecTBO CeTn CBUOETEeNbCTBYET O CETEBON Harpy3ke 1 BpeMeHn nepegaym
MakeToB AaHHbIX. KayecTBo fo0/1>KHO 6bITb XOPOLUWM nnm OOCTATOYHbIM. He

cnepyeT ncnosib3oBaTb ceTb MNJIOXOIO KavyecTBa, Tak Kak 3TO MOXKET NPUBECTU K
HapyLIeHU CUHXPOHM3aUUN BpEMEHN.

Ucnonb3oBaHune aByx cepeepoB SNTP

Mpu ncnosb3oBaHUM ABYX cepBepoB SNTP yCTPONCTBO NO YMOIHaHMIO BCeraa BbiNOJHAET
CUHXPOHM3aUuio Cc cepsepom 1.

Mpun oTKkase cepBepa 1 yCTPOMNCTBO aBTOMAaTUYECKUN NMepPEKOYaeTCsa Ha cepep 2.

Mocne BoccTaHoBNeHMS cepBepa 1 nocne cb6osa yCTPONCTBO CHOBa NepekJsitnyaeTcs Ha
cepsep 1.

Beoa SNTP B skcnayaTtauuio

CuHxpoHusaumnsa speMeHn SNTP akTusumpyeTcsa B MeHto [[ap_ycTp_ / Bpems / CuHX. Bp.].
* YcTaHoBUTe oA napameTtpa «CuHX. Bp.» 3HadeHue «SNTP».
e 3apanTe IP-agpec nepBoro cepsepa B MeHto SNTP.
e 3apanTe IP-agpec BTOpPOro cepsepa, €cjiv OH CyLecTByeT.

* 3apalniTe ANs BCEX HAaCTPOEHHbIX CEPBEPOB 3HAYEHMNE «aKTUBHbIN».
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3.8.2 IRIG-BOOX

' TpeboBaHune. Heobxononm reHepaTop kKoga speMenun IRIG-BOOX. IRIG-B004 n Bbiwwe
o

noanep>xmeaeTt/nepenaeT «MH(MOPMaLINIO O roae».

Ecnun ucnonblyetcsa kog Bpemenn IRIG, He nogaep>xmBatownn MHOpMaLunto 0 roge
(IRIG-B000O, IRIG-B001, IRIG-B002, IRIG-B003), To 3agaTb ron B YCTPONCTBE HEOOXOANMO

BPYYHYI0. B Taknx cny4asx npaBujibHas nHGopMaLums o roge 6yneTt npeaBapuTebHbIM
yCc/ioBMEM npaBuibHoM paboTsl IRIG-B.

MpuHLUMN — OCHOBHOE NpUMeHeHHne

IRIG-B — caMblIn paCcnpoCTpaHEeHHbIN CTaHOAapPT CUHXPOHM3aLUUN BpeMeHH!
CpefHEeBO/IbTHbIX 3aWNTHbIX YCTPONCTB.

3awmTHoe ycTponcTeo nogaepxmneaeT IRIG-B cornacHo ctaHgapTy IRIG STANDARD
200-04.

ITO 3HAYUT, 4TO NOALEPKMNBAKOTCSA BCe hopMaThbl CUHXpPOHM3auun BpemerHun IRIG-BO0X
(IRIG-B000/B001/B002/B003/B004/B005/B006/B007). PekomeHAyeTCA NCNOJIb30BaTb
Koabl IRIG-B004 nnun Bbllwe, nepenarowime «mHpopMaumio o roge».

CncrtemMmHoe BpeMs 3alMTHOMO YCTPONCTBA CUHXPOHMN3NPYETCS C MOOKIYEHHbLIM
reHepaTtopoM koga IRIG-B pa3 B ceKyHAy. TOYHOCTb UCMOJIb3YEMOro reHepaTopa Koaa
IRIG-B MO>XHO NOBBLICUTbL C MOMOLLLIO NOAKAOYEHUA K HEMY GPS-npnemMHumnka.

GPS cnyT_ curHan (onums)
; % GPS-coegnHeHune (onuuns)
SNTP-cepBep

3awmnTHOE pene

High PROTEC EEE

Kabenb BUTasa napa

:

K op_ycTp_

IrigB_z47

MecTononoxxeHne nHtepdenca IRIG-B 3aBucuT oT Tnna yctponcTBa. CM. 3/1eKTPUYECKYIO
CXeMy, BXOAALWY B KOMMJIEKT 3allMTHOro yCTPOMNCTBa.
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Bsoa IRIG-B B skcnnyaTtauuio

AKTuBUpYnTEe cnHxpoHmsaumio IRIG-B B MmeHio [[Map_ycTp_/ Bpemsa / CuHX. Bp.].
¢ BbibepuTte «IRIG-B» B MEHIO CUHXPOHU3ALIUN BPEMEHW.
* 3apjanTe oNaA CUMHXPOHM3aumn BpemeHn B MeHio [IRIG-B] 3HavyeHne «akT_».

* BbibepuTte Tnn IRIG-B (BO00-B007).

AHanun3 cboes

Ecnn ycTponcTtBo He npuHuMaeT kog Bpemenu IRIG-B 6onee 60 ¢, coctosiHme IRIG-B
MEHAETCH C aKTUBHOIO Ha HEAKTUBHOE, 1 B PErMCTPATOP COBLITUIA BHOCMTCSA 3amnuchb.

MpoBepbTe cocTosHUe IRIG-B B MeHto [PaboTa / OTobparkeHne cocTosAHnsA / CUHX. Bp. /
IRIG-B].

Ecnn okaxkeTcs, 4To cocTtosiHne IRIG-B He «aKT_», BbIMOJIHUTE CriefyioLlee.
e CHa4ana npoBepbTe nposoaky IRIG-B.

* YBeguTtech, 4TO HacTpoeH npaBuibHbIA TUN IRIG-BOOX.

KomaHnabl ynpasneuus IRIG-B

Kpome nHdopmauum o gate n speMeHu, Koz IRIG-B MmoxxeT nepepasaTb 40 18 KoMaH[
yrnpaBJ/ieHns, KOTOpble 3allNTHOEe YCTPONCTBO MOXeT obpabaThiBaTh. X Ao/mxKeH
yCTaHaB/MBaTb WU NofgaBaTb reHepaTop koda IRIG-B.

B 3alMTHOM yCTpPONCTBE NMPeaycMoOTPeHOo A0 18 BapMaHTOB Ha3HA4YeHNA KOMaHL,
ynpasneHus IRIG-B onsa BbinoNHeHUS Ha3HaA4YeHHOr o aencTeuns. Ecnm gencreunio
MPUCBOEHA KOMaHaa ynpaBJieHns, oHO ByAeT BbINOJIHEHO, KaK TOJIbKO NepefaBaemMas
KOMaHa ynpassieHnsa bynet nMeTb UCTUHHOE 3HaYeHne. Hanpumep, MOXXHO HavyaTb
3anyCcK CTaTUCTUKN NN BKJIKOYUTb C MOMOLLbIO pesie yJN4YHOE OCBELLEHME.

KomaHpabl ynpasneHus IRIG-B He perncTpmpytoTca HU perucTpaTopoM CobbITUIA, HU
aBapuNHbIM ocUWIOrpacgom.

JNyywinin cnocob 3anmcaTb CUrHaNbl ynpassaeHna (Mpn HeobxoomMMoCcTn) — NUCMOJIb30BaTb
nornyeckoe ypaBHeHume (1 wnto3), Tak Kak CXeMbl MPOrpamMMUPyeMON JIOFNKN BCerna
perncTpupytoTcs.
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4 DJIEMEeHTbl 3allUThbI

4.1 Moaynb 3aw: odwan sawmrta

Moaynb «Moaynb obLien 3awnTbi« («3aL») CAY>KUT BHewHen 060104Kon an1s BCeX
OpYrux Mmoaysen 3alwmnTbl, TO €CTb BCE OHW BXOAAT B 3TOT MOAYJb.

Ecnn B Mmoayne «3aw» 3agaTth 4159 napameTpa [MNapam_ 3awuTtbl / Fno6_nap_ 3aw_/
3aw] «PyHKLMA» 3HAYEeHME «HeaKT_» uan 3ab/I0KnpoBaTb 3TOT MOAY/Ib, TO HA OJHA U3
dyHKUMN 3aWnThl ycTponcTtBa MCDTV4 paboTaTh He byneT.

MocrossHHas 6110Knposxa BCeX 3alUUTHbIX 3J/1eMeHTOoB

YT106bl MONHOCTLIO OTKJIIOYMUTL BCHO 3aLlLUTY, Nepenante B MeHto [Mapam_ 3awnTbl / F1o6
nap_3aw_/ 3aw]:

e 3aganTe ANs napameTpa «OYHKLUMS» 3HAYEHNE «HEeaKT ».
BpeMeHHasa 6710KMpPOBKa BCeX 3aLUNUTHBLIX 3J1IeMEHTOB

YT06bI paspewnTb BpeMeHHYI0 BJIOKMPOBKY BCEN 3alLunTbl, nepenaute B MeHio [Mapam_
3awwmTel / Tno6_nap_ 3aw,_/ 3aw]:

* 3ajanTte ona napameTpa «BHB/IK @HK» 3HaYeHNEe «aKT ».
* Ha3Ha4ybTe curHan 6710KMPOBKM INEeMEHTY «BHBEIKI ».
* MOXXHO TaK>Xe Ha3Ha4YnTb CUrHan BNOKNPOBKN 3NEMEHTY «BHBIK2 ».

Ecnn noboit nx HazHaYeHHbIX CUFHAJIOB NPUMET 3HaYeHne «McTnHa», To BCS 3alumMTa
6ynet 3absokmpoBaHa (Noka Nobon U3 3TUX CMrHanoB 6ByaeT UCTUHHLIM).

MocrossHHas 6ﬂOKMpOBKa BCeX KOMaHL4 OTKJ/II04YeHHnsA

YT106bI NONHOCTLIO 6JI0KMPOBATL BCE KOMaHAbl OTKJIIOYEHUA, NepenanTe B MeHto [Mapam_
3awmThl / Tno6_nap_ 3aw,_/ 3aw]:

* 3apanTte onda napameTpa «bsiKk KoMOTK/1» 3Ha4YeHNe «akKT_».

BpeMmeHHas 6HOKMPOBKa BCeX KOMaHQ4 OTKJII0oY4eHunsA

Y106bI paspelwmnTb BpeMeHHYI0 B/I0KUPOBKY BCEX KOMAHL OTKJ/IIOYEHUS, NepengnTe B
meHto [Mapam_ 3awmTel / TNo6_nap_ 3aw_/ 3aw]:

* 3ajpanTte ana napameTtpa «BHE/IKKOMOTKA®HK» 3HAYEHNE «aKT_».
¢ HasHa4ybTe curHan 6/10KMPOBKN I3NeMeHTY «BHBEIKKOMOTKII».

Ecnn Ha3sHaYeHHbIN cUrHan npuMeT 3HavyeHue «McTuHa», To BCe KOMaHAbl OTKJIIOYEHUS
6yayT 3abnoknpoBaHbl (MOKa 3TOT CUrHaN ByAeT UCTUHHbBIM).
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HAOCTYNHOCTb PYHKLNMN 3aLUNTDI

3auy, - akT

GeneralProt_YO01

B HacT_ BpemMs HW OAUH U3 NapaMeTpoB He U3MEHSETCs (KpoMe NapaMeTpoB Ha60pa?

3all . BBegeHa

N3mepeHHble 3HaveHnsa: OK

3auy .
DyHKUMNA

HeakT_

aKT_

3auy .
BHBAK ®HK

HeakT_

aKT_

3aly . aKT_
1

3aw, . BHBk

[ =]

3auy .
BHBAK1

HeT NpucB_

1..n_Cnunc_ Ha3H_

3au . BHBAk1-Bx

3au .
BHBAK2

HeT NpucB_

L
—

3aul . BHbik2-Bx

1..n_Cnuc_ Ha3H_

Puc. 62: JocTyrnHOCTb MoAy 1A obLyen 3alynThbl.
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4.1.1 OOLwMe aBapuMHbIE CUTHaNbl U OO MEe KOMaHA bl OTKJIIOYEeHUs
Ka)K,EI,bII7I 3aLLI,I/ITHbII7I 2/1eMEeHT reHepupyeT cobcTBEeHHbIe aBapI/II7IHbIe CUTHalbl U CUTTHanNbI
OTKJIt0o4YeHus. B LesioMm, Bce aBapI/II7IHbIe CIrHaJlbl U KOMaHObl OTKJTIOYEHUA NepenarTCA
Ha raBHbIN MonoyJsb <<3aLLI,>> 3a OAHUM Ba>XHbIM NCKJTIOYEHWNEM.

Q Ecnm anemMeHT 3alinThl UMEET HAaCTPOWMKY «Tosibko HabsogeHne» (B BETBM MEHIO

[I_IJ'IaHVIp_ yCTp_]), TO aBapVII7IHb|e CUrHalJlbl N CUTHaJ1bl OTK/IIOYEHNA NepenatnTCcd B
rJ1aBHbIN MoAYyJib «3aL», TOJIbKO ecnn ans NMnapamMeTpa «Tosibko HabsiroaeHve» 3a0aH0
3Ha4YeHune «KHeT».

Ecnn «Tonbko HabawoaeHne» = «Oa», To MoAyJsb paboTaeT ToNbKO KaK KOHTPOJIbHbIN
3/1IeMeHT. ABapuiHbIE CUTHabl U CUrHaNbl OTK/IIOYEHUS COXPAHSAOTCSA KaK CBOMCTBEHHbIE
DAHHOMY 3JIEMEHTY COCTOSHUS (TO €CTb 3TV COCTOAHUS MOXXHO NMPOBEPUTL B BETBU MEHIO
[PaboTa / OTobOparkeHne CoOCTOSIHMUSA] U Ha3HAYNTb Kak BapuaHThbl Bbibopa), HO B Mmoayne
OTCYTCTBYET KOMaH[a OTKJIIOYEHUS, U aBapUNHbIE CUTHabl/CUTHAJbl OTKJIIOYEHUSA He
NpMBOAAT K rMogaye obuiero aBapuinHoOro CUrHana uam obLemMy oTKIOYEHMIO.
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GeneralProt_Y09

Ha3s = Ka)xoe oTKJI_ aKT_ MOAY/Ns aBTOPM3_ 3allMThl Bbi3blBaeT obLlee OTKI0YeHNe

Cm_ anarpammy: Baok-kun
@ (CTyneHb He OTKJ/Il0YeHa 1 HET aKTUBHbIX CUrHanoB 6/10KMpPoB rg)—

HacTtpoviku 3aLnTsbi

UA | Ha3s . TpeB
"""""" = 54
____________ (0]

A
L=

Tpes_
®

Hass .
t
t 0 Hass . OTkn
— 55
————— N
Ecav 4OCTYMNHO:
Hass . i
Tosnbko HabnoaeHne [
HeT ] _
,,,,,,,,,,, &
Aa T i 1 } OTKA @
e v |
ViHaye } i L
[ |
NcT.
_____ &
Hass . KomOTkn [*]
Cm_ anarpammy: 15a
O BNOKUp_ OTKI 5
KoMaHza oTkIlo4eHNsi OTMeHeHa unm 61okupoBaHa. [*] L
Tpes_ ﬂ
oT rux moayneun 3auy . Tpes
@ Apy Aay. u w . Tpes_ />

Otk

@ OT Apyrux moayneu

3auy . OTkn
3aly . Hom_ Hemcn_
© L>+

3awy . Yucno cboes cetun

—

A

3auy . T
C6poc N°Ow.n Kon-saOw.2on.CeT ) >R

Puc. 63: MNpumepHas cxema pyHKUM noboro snemeHTa 3awmntbl HighPROTEC.

[*] KoMaHpAa oTKNo4YeHUs n ee 610KMpPOBKa CYLLECTBYIOT TOJIbKO NpU OTCYTCTBUY
HaCTPONKWN «To/IbKO HaboaeHne» = «aa».

Ha s3Ton cxeme npencTaBsieH OCHOBHOW NPUHLWN paboTbl 3alMUTHbIX 371eMeHTOoB. (TeM He
MeHee, cieayeT NOMHUTb, YTO BO3MOXKHO HasIn4mMe XapaKTepHbIX 418 YCTPONCTB U
3/1IEMEHTOB 3alWUTbl OTKJIOHEHUN. HEKOTOpbIE YCTPONCTBA HE UMEKOT PYHKL NN
N3MepeHNsa HanpsXeHusa, apyrmne — QyHKLUMN n3MepeHns Cuibl TOKa, 19 HEKOTOPbIX
3/1eMEHTOB 3alKnTbl TpebyoTca agpyrmne Tanmepsl U/nnm dasocneymnpunyeckmne
ANropuUTMbl N T. 4. TOYHble cBeAeHMA 0 PYHKLMOHAIbHbIX BO3MOXXHOCTAX TOFO NN
WHOro MoAay/s 3aWnTbl CM. B COOTBETCTBYOLWMNX FaBax.)
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ABapUNHLIA CUrHaN

e Ecnm moaynb 3alumMThl Mo4 Ha3BaHmeM «Hase» obHapyxnTt cbon, To nogacT
aBapuKrHbIN curHan: «Hass . TpeB » — «(54)» Ha cxeme.

o [pn OTCYTCTBUN HAaCTPONKN «Ha3B . Tosibko HabawaeHne» = «aa» aBapUNHbIN
curHan byaet nepenaH Ha — «(14)» Ha cxemMe — rnaBHbIA MOAY/b «3aLl» U
3anycTuT O6Lnyi aBapuviHbivi curHan: «3au . Tpes_» — «(50)» Ha cxeme.

o MOCKONbKY 3anyCTUTb 06N aBapUVIHbIVi CUrHaJ/a MOTyT U ApYyrve 3alunTHble
3/1I€MEeHTbI, MOXXHO CKa3aTb, YTO 00N aBapUVIHbIVI CUrHaJ1 ABNSeTCA
KOJIIEKTUBHbBIM CUFHAJIOM BCEX 3/1IEMEHTOB 3aLlUNThbl, 06 begNHEHHbBIM
normnyeckom pyHkumen «Jn».

OTKNto4YeHne

e Ecnu cboni bygeT obHapyXMBaTbCS U MO UCTEYEHNN BPEMEHMN TalMepa KOHKPETHOWN
CTyneHn 3aWmnTbl «Ha3s . t», 4TO MOAY/Ib NOAACT CUTHaN OTKJ4YeHns: «HasB .
OTkn» — «(55)» Ha cxeme.

o Mpwn OTCYTCTBUN HAaCTPONKK «Ha3B . Tosibko HabogeHne» = «ga» CArHan
oTKNto4eHns byneTt nepenaH Ha — «(15)» Ha cxeMe — rnaBHbLIN MOOY b «3all»
M 3anyCcTuT obuyee oTKoYeHne: «3al, . OTka» — «(51)» Ha cxeme.

o MOCKONbKY 3anyCTUTb 06Lyee OTK/IIOHEHME MOTYT U Apyrue 3almnTHble
3/1eMeHTbl, MOXKHO CKa3aTb, YTO 0bLyee OTK/IIoHYEHNE ABNAETCSA KOJTIEKTUBHbIM
CUIrHaNOM BCEX 3JIEMEHTOB 3alWnTbl, 06begNHEHHBIM IOrNYECKON PYHKLNEN
«<NJTTN>».

KoMaHpAa oTkNo4YeHns (1 ee 6N1OKNPOBKaA CYLLECTBYIOT TOJIbKO NMPU OTCYTCTBUMN
HacTPoOnKN «TosIbKO HaboAeHNE» = «aa»)

¢ B cnydae obLyero oTkaYeHNS MOLYNb 3aWNTbl NOAACT KOMaHA4y OTKJ/IIOYEHUS:
«Ha3B . KomOTKkn» — «(15a)» Ha cxeme, ecnu He 3ab/10KMpoOBaHa KoOMaHaa
OTKJIIOYEHUSA JaHHOro Moaynsa (cMm. pasgen > «BNOKNPOBKUN»).

[MoCKONbKY 3anNyCTUTb KOMaHAYy OTK/IKOYEHUSA MOTYT N ApYyrue 3allUTHbIe 3/IEMEHTHI,
ycTponcteo MCDTV4 ocHawW,eHO TakK Ha3blBaeMbIM AMUCIETHEPOM OTKIOYEHUS
Ka)X[O0ro BblK/l04aTeNs, 4TO NO3BOMSET Ha3HaYaTb €My KOMaHAbl OTK/OYEHNS (CM.
pa3pen > «5.2 dncnetyep OTKAOYEHUS — Ha3HaYeHNEe KOMaHL OTKJII0YEHUSA»).

CurHanbl n3buparesnbHoM 3aWnTel ¢pas

Kpome obLyero aBapuiiHoro curHaszia u CUrHana obLyero oTK/JIYEHNST MOAY b «3all»
VMeeT 1 COOTBETCTBYOLWME ha3ocneumnpnieckme curHasnbl. 3TU CUTFHabl TakXXe MOXeT
3anycTuTb Ntobon n3 monynen 3awmnThbl «Ha3B», ecnm cMoXXeT 06Hapy>XMTb 3aMbIKaHWS
1p 1 B OTCYTCTBUE HACTPONKN «Ha3B . ToibKO HabarogeHne» = «na».

Mpumepsbl: «3aLy . TpeB_ §.A» — KONNEKTUBHbLIN CUFHaN (06befNHEHHbIN NOrNYeCcKomn
dyHKumen «NJIN») onsa Bcex aBapUNHbIX CUrHANOB, NogaBaeMblX I0ObIM U3 3/1IEMEHTOB
3alUUTbl B OTHOLWEHUU da3bl d.A.

«3auy . OTKA p.A» — KONNEKTUBHbIAN CUrHan (06beAMHEHHbIN NornYyeckon pyHKUnen
«NJIN») pna Bcex CUrHaN0B OTKAYEHUSA, NoAaBaeMbIX /l0ObIM N3 3/1IEMEHTOB 3alUNThLI B
oTHowWweHnn dasbl d.A.
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4 neMeHTbl 3alnThbl

4.1 Moaynb 3auwy: obwasa 3awmTa

3aw, . TpeB_

GeneralProt_Y18

Hase = Kaxabli curHan Tpes_ Moaynsa (kpome moayneit Habnofa_ Ho Bkntodas YPOB) Bbi3biBaeT 06LL_ curHan TpeB_ (KOMIEKT_ TpeB_)_

Ha3s . TpeB
14 =

@ Ha3B[2] . Tpes_

H LT
@ ass[n] . Tpes_

3auy .

O)

Cbpoc N°Ow.n Kon-saOw.3n.CeT |

3aw, . Tpe

3awy, . Hom_ Hewncn_

3aw, . OTkn

3auy . Yucno cboes ceTun

GeneralProt_Y17

Ha3s = Kaxxaoe OTK/_ akT_ MOAYJ1A aBTOPU3_ 3allUTbl Bbi3blBaeT obee OTKJIIOHeHUe _

Has3s . OTkn
15

Hass[2] . OTkn
15

Q Hass[n] . OTkn
15

3aw.Tpes_

3, . O
aw . OTkA @

GeneralProt_Y20

Kakp_ ceNleKTVBH_ curHaa Tpesoru dasbl Moayns (I_lo_U_ UX B 3aBUCMMOCTM OT TUMa YCTP_) Bbi3biBaeT 06LL_ CENIEKTUBH_ CUrHaJ TPeB_ (KOJIeKT_ TpeB_)_

@ I[1]...[n]. Tpes_ b.A

@ KH[1]...[n]. TpeB_ ¢.A

5 I[1]...[n] . TpeB_.B

®

50 KH[1]...[n]. Tpes_.B

®

26 I[1]...[n] . Tpes_ &.C

®

20 KH[1]...[n] . TpeB_ ¢h.C

®

27 3lo[1]...[n] . TpeB_

®

31 VGI[1]...[n] . Tpes_

=1
3aw, . Tpes_ .A

=1
3aw, . Tpes_ &.B

[=1]
3aw . Tpes_C

[=1]
3au . Tpes_3

®
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4 IneMeHTbI 3alnThbl
4.1 Mopgynb 3awy: obwana 3awmTa

3aw,.0TKn GeneralProt Y19

KaXk[blih CenekTUBH_ CUrHan oTkJ_ asTopu3_ moayns (I_1G_V_ VX B 3aBUCMMOCTW OT TWNa yCTP_) Bbi3blBaeT 06LL_ CENEeKTUBH_ OTK_

@ I[1]...[n] . OTkA ¢b.A [>1]

=

3aw, . OTkn h.A

@ KH[1]...[n]. OTkA b.A

17 I[1]...[n]. OTkn b.B >1)

©
7

3aw, . OTkn &.B

21 KH[1]...[n]. OTkn ¢b.B

®

18 I[1]...[In]. OTkn .C >1)

®
7

3aw . OTkn .C

22 KH[1]...[n]. OTkn .C

®

19 3lo[1]...[n] . OTkn >1

®
7

3aw, . OTkn 3

23 VG[1]...[n] . KomOTkn

®
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4 SneMeHTbl 3alnThbl

4.1 Moaynb 3auwy: obwasa 3awmTa

4.1.2

214

OnpepneneHue HanpaBJieHUA

YcTtponcTeo MCDTV4 oTcnexxmBaeT HanpasieHne a3HbiXx c6oeB 1 3aMbIKaHWA Ha
3emJo.

DyHKUNS onpeneneHnsa HanpasneHnsa yctponcrtea MCDTV4 aBnseTca BCTPOEHHOM
dyHKUMENn MoayNa «3aL».

Bce 0CHOBHblE HAaCTPONKKN HaxoaAaTcsa B BeTBU MeHto [CucTllap / HanpasneHuel.
Pe3ynbTaThl onpeaeneHns HanpassieHUs oTobparkaloTCs B CIeAYIOLLNX BETBAX MEHIO:
e [PaboTa / N3mepeHHble 3HavyeHnsa / HanpasneHue]
o HanpaBneHue asbl
o Mpwn HopManbHoM paboTe n cbosx
* [PaboTa / OTobparkeHne cocToAHMNSA [/ 3aL]
o HanpaBsieHMe pa3bl U 3aMblKaHUSA 3a 3eMJII0
o Tonbko npu cbosax

Ecnu ha3zopbl HaNpsiXKeHNst U TOKa CJINWKOM MaJsibl A5 TOFo, 4To6bl onpenennTb
HanpaBJsieHne, TO A5 HafnpaB/ieHns oTobparkaeTcs 3HaYEeHNE «HEBO3MOXKHO».

OnpepneneHne HanpaB/eHNA NCNOJIb3YeTCs B CBEPXTOKOBbIX MoAyAsax I[n], ecnn oHn
HaCTpoeHbl Ha paboTy B HanpaBneHHoOM pexume (ANSI 67). To »xe BEpHO B OTHOLLEHUNN
HarnpaBJIEHHOr 0 peXxnMa Moaysen 3aWmnTbl N0 N3MEPEHHOMY N PAaCCYNTAHHOMY TOKY
3aMblkaHUsa Ha 3emto (3lo[n], ANSI 67N). B Takmnx cnyyasax HanpaBJlI€HHbIE 3/IEMEHThI
cpabaTbiBaloT TOJIbKO Npu cH0SX B pacHeTHOM HanpaBJ/IEHUN.

OnpeneneHuns

* Monsapusyouiee KOJIMYECTBO — KOJINYECTBO, KOTOPOE NUCMOJIb3YyeTCs Kak
OrNnopHoe 3Ha4veHune.

® Onepau.uouuoe KOJINYeCTBO — YIroJl Mexxay 3sTuM n nonapumsyrmmnm Koan4ecTtBsom
(OI'IOprIM 3Ha4YeHMeM) eCcTb 0N HeonpenesieHHoOCTU Nnpun onpeageneHnn
HanpaBieHnA.

* Yron HanpaBJieHUs — YroJ, NpUMeHseMblin N5 onpeaeeHNns XapakTepPUCTUKK
HamMpaB/IeHNS MO OTHOLWIEHMNIO K MONSPU3YIOLLLEMY KOJIMYECTBY.

* XapakTepucTUKa HanpaBJsieHUa — npamas, nepneHanKynsapHasa yriay

Harnpas/ieHUs 1 oTceKalowas 06nacTb cboes B MpsAMOM HanpaBseHUn oT obnactu
cboeB B 0bpaTHOM HanpaBneHun (Ha3aa).
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4 SneMeHTbl 3alUnThbl

4.1 Mopnynb 3aw: obuiasa 3awmTa

4.1.2.1 HanpasneHue Mexda3HOro KOpoTKOro 3aMmbiKaHus

Bnepepm,

>

Yron HanpasneHns

® /Nonsp. Kon-so

peBepc

Puc. 64: lMpuHUMI onipegeneHUs HarpasaeHUss Mexgha3Horo KOPOTKOro 3aMbliKaHUA.

MeTtopn onpepneneHa OnepauuoHHoe Monspusyiouwee Yron HanpasJsieHUsA
HanpasBJieHus KOJIN4eCTBO KOJIN4eCcTBO
Da3HbIN TOK Hansbicwinm asHbIN JlnHenHoe »YMY ¢ha3sbi«
TOK Hanps>XeHue Apyrux
a3
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4 SneMeHTbl 3alnThbl
4.1 Moaynb 3awy: obwasa 3awmTa

3aw, - ow_ ¢asbl - PUKC_ Hanpasn_

Pdoc_Y11

UA

(0]

HanpaBneHne Mexxda3Horo KOPoTKOro 3aMblKaHUA

UB

Bnepepn Bnepen@

S
>

uc

pesepc @

Yron HanpassieHuns

HEBO3MOXXHO
13c

4
4
4'\
Monsap. kon-so

Ic.A N
0/7& \\
.8 NP -
22 N
Ih.C o\ |,/ PeBepc <
\“‘?‘
> 3au . | Hanp Brep
&
ng\ |
TH . YMY cbasbl & L |
<y [&]
<
{:& 3auy . | Hanp pes
©
;
Ry -

3auw, . Tpes_ .A

o]l

3auy . | Hanp He BO3M

3auw, . Tpes_ ¢.B

3aw, . Tpes_C

Puc. 65: HanpaBieHne Mexxga3Horo KOpoTKoro 3aMbiKaHUA.
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YcTponcteso MCDTV4 oueHMBaET yroa Mexxay TOKOM a3kl C HauBbICLUMM MOKa3aTeNlem
Toka (OnepaumoHHOE KOJIMYECTBO) N JINHENHBIM Hanps)XeHneM gpyrux gas
(Monsipusytouwlee KONMYECTBO). s TpexdasHbIX 3aMbiKaHUN, KOrga JIMHENHoe
Hanps>XeHne CAINLLKOM HU3KOoe, UCMOJIb3YeTCsA NaMATb Hanps>XeHns.

HacTpoWka yrsa Harnpas/ieHUs 3aBUCUT OT 3HaYeHus napameTpa [CucTlap /
HanpasneHue] «<YMY ¢pa3bi». XapakTepUCTmnka HaripaBJieHns onpenenseTcs Kak JIMHNg,
nepneHAVNKynsapHas yrjy HarpasaeHus.

OCTOPOXXHO!
* Ecam [CucTMap / O6bwme HacTponku] «Yepea ¢asz» = «ABC», To ona yrnia
HaripaBJieHs 3apaeTcs 3HavyeHne «YMY ¢pa3bi».

CnepoBaTesibHO, XapakTEPUCTUKa HarlpaB/ieHNs onpenenseTca Kak «<YMY ga3sbi» =
90°.

* Ecnm [CucTMap / O6wme HacTponku] «Yepea ¢asz» = «ACB», To onsa yrnia
HarnpasJieHns 3ajaeTcsa 3HavYeHune («YMY gaszbi» + 180°).

CnepoBaTesibHO, XapakTeEPUCTUKA HarlipaBJieHns onpenenseTcs Kak «YMY ga3sbi» +
270°.
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4 IneMeHTbI 3alUnThbl

4.1 Mopynb 3aw: obulasa 3awmTa

* Ecnu pa3oBbIf yrona onepaunoHHOro Koam4yectsa MeHblle, 4yeM («YMY ¢asbi» +

90°), To NpPUHUMAETCS peLleHne npsmoe.

e Ecnn pa3oBbIN yros onepaumoHHOro KkoanyecTtsa bonblue, Yyem («YMY gasbi» +
90°), To NpMHUMaeTCA pelwleHne obpaTHoe (Hazan).

Pene MCDTV4 ocHaleHO ABYMSA N3MepuUTesibHbIM BXogamu TT, Mo3TOMY ornpeneneHmne
HanpassieHUs (ha3bl OCHOBbLIBAETCH Ha 3HAYEHMAX TOKA, 3a4aHHbIX B MEHIO MapaMeTpoB

yyacTka ans napameTpa «CTop obMoTKu TH».
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4 SneMeHTbl 3alnThbl
4.1 Moaynb 3awy: obwas 3awmTa

4.1.2.2 HanpasJsieHue 3aMblKaHUA Ha 3eMJI0

OnpeneneHns

* 310 N3M — 3TO U3MEpPEHHOE 3HAYEeHNEe TOKa YTEYKM Ha 3eMJIt0, TO eCTb 3HaYeHne
TOKa, U3MepeHHoe Ha 4°M TT.

* 3lo pacd — 3TO pacyeTHOE 3Ha4YeHMe TOKa YTEeYKM Ha 3eMJIto, TO eCcTb cyMma (Ig.A
+1p.B+Ip.C).

 (CM. Takxke onpegenenus B pasgene > «4.1.2 OnpeneneHns».)

Pene MCDTV4 ocHaleHO ABYMSA N3MepuUTesibHbIM BXxogamu TT, Mo3TOMy onpenesneHmne
HarnpaBJieHUs 3aMblKaHMSA Ha 3eMJ1l0 OCHOBbIBAETCA Ha 3HAYEHUAX TOKa, 3a4aHHbIX B
MeHI0 NapaMeTpoB y4acTKa Ana napamMeTpa «CTop obMoTKu VIH» 3a cneaylowmm
NCKJIIOYEHNEM: B MeToAax onpeaeneHnsa HanpasaeHnsa Ha ocHoBe U2, 12 (cm. paspen >
«MeToabl onpeneneHnsa HanpasaeHnsa») NCNOJIb3YIOTCA 3HAYEHNA TOKa, 3aJaHHble B
MeHI0 NapaMeTpPoB y4yacTKa Ana napameTtpa «CTop obMoTKu TH».
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4 IneMeHTbl 3alnThbl
4.1 Mopynb 3awy: obuiasa 3awmTa

4.1.2.2.1 MeToabl onpefesieHNsa HanpasJieHNs

e 3HaYeHna NoAAPM3YIOLLNX N ONepalMOHHbIX KOIMYECTB AJs napameTpa 3lo u3sm
yKa3biBatoTCs B MeHto [CucTMap / HanpasneHnune / O6wimnn] «Mpm Harp n3m 3l».
[OCTynHbI cneaytowme BapmaHThl:

= «3| n3m 3U0» — npwu onpeneneHnun HanpasneHns 3UO0 ncnosb3yeTcs Kak
nonspusytowee, a3lo N3mM — Kak ornepaunoHHoe Koanyectso. CM. pasgen
«MeTognbl Ha ocHoBe 3UO0, U2, 3lo n3m, 3lo pacy».

= «|2,U2» — Hanps>xeHne c obpaTHOM nocnefgoBaTeslbHOCTbLIO ha3 U2
NCMoNb3yeTcs Kak nonsapusyrollee, a 12 — Kak onepayoHHoe Koam4ecTso. CMm.
pasnen L|> «MeTopnbl Ha ocHoBe 3UO0, U2, 3lo n3m, 3lo pacu».

= «[1BOMHOW» — eC/n AOCTYMNHbl 3Ha4YeHns obpaTHOWM NocsieaoBaTENbHOCTHN |12
n U2, To faHHbIN MeTon paboTaeT Tak »Ke, KaK MeTO[ ornpeaesieHns
HanpasneHuns «I2,U2». MHavye ncnonbsyTca 3HavyeHus 3lo nsm n 3U0, Kak B
MeTone onpeneneHnsa HanpasneHuns «3l usm 3U0». CM. pasgen => «MeToapbl
Ha ocHoBe 3U0, U2, 3lo n3m, 3lo pacy».

= «cos($) » — AaHHbIA METOoA UCMOJb3yeTCs AN onpeneneHns HanpaeaeHus
3aMbIKaHUA Ha 3eMJ1l0 B KOMMNEHCMPOBaHHbIX ceTAX. IHOraa ero HasbiBaloT
MeTOLO0M 06HAapPY>XEeHNA 3aMblKaHUI Ha 3eMJ1t0 Mo MoLHocTK. 3U0 —
nonspusyioLlee, a 310 N3M — onepaLMOHHOe KonnyecTso. CM. pasgen L=
«OnpeneneHne HanpaBieHUs 3aMblKaHs Ha 3€MJIL0 MO MOLLHOCTW/ManoMy
TOKY YTEeYKWN».

= «sin(¢) » — OaHHbLIN MeTo4 NCNONIb3yeTCs ANS onpeneneHns HanpaBaeHns
3aMblKaHUA Ha 3eMJ1I0 B M30JIMpoBaHHbIX ceTax. 3U0 — nondpusyioulee, a 3lo
13M — orepaLMoHHOe KonnyecTso. CM. pasgen > «Onpepenerune
HanpaBJIeHNS 3aMblKaHUA Ha 3eMJIt0 MO MOLLHOCTU/MaNoMy TOKY YTEYKUN».

e 3Ha4YeHnsa NoaApM3YIOLLMX U oNepauNoOHHbIX KOMYeCTB gns napameTpa 3lo pacu
yKa3biBatoTCs B MeHto [CucTlMap / HanpasneHnune / Obwunin] «lap Bbivy Harp 31».
[OCTynHbI cneaytowme BapmaHTbl:

MCDTV4-3.6-RU-MAN

= «3l pcy 3U0» — npu onpeneneHnn HanpasneHns 3U0 ncnonb3yeTcs Kak
nonapusytoulee, a3lo pacy — Kak onepaumoHHoe Koanyectso. CM. pasgen
«MeTognbl Ha ocHoBe 3UO0, U2, 3lo n3m, 3lo pacy».

= «|R oTp» — Hanps>xeHne ¢ obpaTHOM NocnenoBaTeNbHOCTbIO a3 U2
MCNoNb3yeTcsa Kak nonsgpusytoulee, a 12 — Kak onepaumoHHoe Koam4ecTBo. CMm.
pasnen L|> «MeTopbl Ha ocHoBe 3UOQ, U2, 3lo n3m, 3lo pacu».

= «[1BOMHON» — eCcnn AOCTYNHO 3Ha4vyeHue 310 n3M, TO OHO UCMNONb3YEeTCSH Kak
nonspusytloee KoamM4ecTBO BMeCcTe Co 3HavyeHneMm 310 pacy B KavyecTse
onepaumoHHoro n paboTaeT, Kak B MeTo4e onpefeneHns HanpasseHns «3l
pacy Inon (31 nam)». MHave ncnonb3yrTca 3HadeHma 3lo pacy n 3U0Q, Kak B
MeTone onpeneneHna HanpasneHns «31 pcy 3U0». Cm. pasgen => «MeToapbl
Ha ocHoBe 3U0, U2, 3lo n3m, 3lo pacy».

= «3l pacu Inon (31 usm)» — npu onpegeneHnn HanpasneHns 310 n3m
MCrMonb3yeTcs Kak nonspusytowee, a3lo pacy — Kak onepauynoHHoe
Konunyectso. Cm. pasgen > «MeToabl Ha ocHoBe 3U0, U2, 3lo n3M, 3lo pacy».

= «Cos(¢) » — OaHHbIN MeToA UCNOJSIb3YyeTCa AN1A onpefesieHNsa HanpaBaeHus
3aMblKaHWA Ha 3eMJ1t0 B KOMMEHCUPOBaHHbIX ceTax. IHoraa ero HasbiBaloT
MeToA0M OBbHapy>XeHUs 3aMblKaHUI Ha 3eMJto No MowHocTn. 3U0 —
nonapusyiolee, a 3lo pacy — onepaLVoHHOe kKonn4ecTso. Cm. pasgen L=
«OnpepeneHne HanpaBJ/IEHNSA 3aMblKaHWS Ha 3€MJ1I0 MO MOLLHOCTW/MasioMy
TOKY YTEUKM».
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4 SneMeHTbl 3alnThbl
4.1 Moaynb 3auwy: obwasa 3awmTa

o = «sin($p) » — OaHHbIN MeToA UCMOJIb3YETCA O/ onpeaesieHNs HanpaBieHUA
3aMblKaHUA Ha 3eMJ1I0 B M30JIMpOBaHHbIX ceTax. 3U0 — nondpusyoulee, a 3lo
pacy — onepaLmnoHHoe KonnyecTso. CM. pasgen => «Onpenenerune
HanpaBJiIeHNA 3aMblKaHNA Ha 3€eMJ1H0 Mo MOLLI,HOCTI/I/MaJ'IOMy TOKY yTEe4YKn».

HanpaBneHne pacCcYnTbiBaeTCA C YY4ETOM yria Mexay 3Ha4eHUs MM MosSapuU3yoLero n
onepaunoHHOro Konm4yectsa. HanpasasaoLwmnin yros — 3TO KpUTEpPMn, NMo3BoNAoWnNn
ycTponctey MCDTV4 oTanyaTb npsaMoe HanpasseHne oT obpaTHOro. 3ToT yron
onpenenseTca BHYyTPEHHUMM CpeaCcTBaMU U 3aBUCUT OT MapameTpa «YMY ¢pa3bi» nnum
«YMY 3eman» BeTBM MeHto [CnctlMap / HanpasneHue / O6wuninl.

Ecnn 3HaveHne napameTpa 3UO0 ncnonb3yeTcs Kak nonsapusyroulee KoamyecTso, To 414
napameTpa [CuctMNap / HanpasneHue / Obwnin] «Mctoy 3U0» cnepyeT 3a4aTb 3Ha4YeHue
«N3MEPEHO» NN «pacciYNTaHO». B KayecTBe namMmepeHHoro 3HaveHns 3UOQ ncnosb3yroTcs
3HavyeHwu4d, Nosy4YeHHble Yepes 4% n3MepuTenbHbii Bxod TH. Pac4yeTHoe 3Ha4veHme 3UO
npeactasnsaeT cobon cymmy (UAB+UBC+UCA).
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4.1.2.2.2

4 IneMeHTbI 3alUnThbl

4.1 Mopgynb 3aw: obuiasa 3awmTa

MeTonabl Ha ocHose 3UO, U2, 3lo u3mMm, 3lo pacu

Monap. Kon-BO

Puc. 66: lNpuHUnn onpeaesieHns HaripaBJieHns AJ151 BCEX METOA0B, KpoMe «Cos(P) » n «sin(¢) ».

MeTopn onpepeneHusa
HanpaBJieHUA

31 nsm 3U0

3l pcyd 3U0

IR oTp

OsonHon ans «pm Harp
n3m 31»

(To ectb onsa 3lo n3m)

OeonHon ansa «lap BbIY
Harip 31»

(To ecTtb pna 3lo pacy)

3l pacu Inon (31 n3zm)

MCDTV4-3.6-RU-MAN

peBepc

Bnepen

OnepaumvoH- Monsapm- Yron HanpaBneHus

Hoe KO- 3yloLliee Ko-
nnyYecTBO NNYecTBO

3lo n3m 3U0 YMY 3emnn

3lo pacu

12 u2 90° + «YMY ¢ha3bi»
12, u2, 90° + »YMY ¢pa3bi«

... €C/IN [OoCTYMNHbl 3HaYeHna U2 n 12; nHave:
3lo n3m 3U0 YMY 3emnn
3lo pacu 3lo n3m 0°

... €CNIN OOCTYNHO 3Ha4vYeHue 3lo U3M; nHaye:

3lo pacu 3U0 YMY 3emnn
3lo pacu 3lo n3m 0°
MCDTV4
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4 neMeHTbl 3alnThbl

4.1 Moaynb 3auwy: obuwasa 3awmTa

3aw, - 3aM_ Ha 3eMJ110 - (pUKC_ HanpaBn_

Edoc Y11

MonsipusyoLee KOANYECTBO

0}

HanpaBneHune 3aMblKaHUA Ha 3eMJIo

3lo pacy Bnepen / @

OnepaunoHHOe KOJIM4YeCcTBO

TH . YMY chassi

Monsp. kon-so

3lo u3m Bnepen (34a

3lo pacy peBepc / @

3lo n3m pesepc (34b

3lo pacy HEBO3MOXXHO /

TH . YMY 3emnun

3auw, . Tpes_ 3

Bnepepg,

peBepc

3lo U3M HEBO3MOXHO (34¢

3aw, . MNpm Hanp pcy 31/
3aw . MNpm Hanp n3m 31

o]l

3auy . Pacy. obp. Hanp. IG /
3auy . U3m, 06p. Hanp. IG

=l

3auy, . Hanp pc4 31 He onp /
3aw, . Hanp u3m 3l He onp

Puc. 67: OnpegesieHne HaripaBJieHNS AJ151 BCEX METOA0B, KpoMe «Cos(P) » n «sin(@) ».
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4 IneMeHTbl 3alnThbl
4.1 Mopynb 3awy: obulasa 3awmTa

4.1.2.2.3 OnpepeneHve HanpaBleHNsS 3aMblKaHNA Ha 3€MJII0 MO MOLLHOCTU/MasioMy TOKY YTeYKN

PE3NCTUBHbIN

peBepc

MWH. TOK Ha 3eMnio

PEAKTUBHbIV

MWH. TOK Ha 3eMJto

Bnepepg,

Edoc_Z22

Puc. 68: MNpuHUunn onpeaesieHns HarpasseHns 415 Metogda «cos(p) ».
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4 neMeHTbl 3alnThbl
4.1 Moaynb 3awy: obwasa 3awmTa

PE3NCTUBHbIN

3lo

PEAKTUBHBIV

(o)

e
o
0
5

MwvH. TOK Ha 3eMJ10

peBepc Bnepean

Edoc_z23

Puc. 69: MpuHUMN onpeaeneHns HarnpasaeHUs A8 MeToaa «sin(¢) ».

B meTonax onpeneneHns HanpasaeHUS MO MOLWHOCTW UCMOJIb3YOTCA AOMNO/HUTEIbHbIE
HaCTPOMKW.

e [CucTtNap / HanpasneHnune / O6wmnin] «MuH. 3U0» — BeayLWwMM KpUTepnem ans
onpeneneHns HanpaBaeHUS 3aMblKaHNSA Ha 3E€MJII0 B KOMMNEHCMPOBAHHbIX/
N30/IMPOBAHHbLIX CETAX ABNAETCA HaNPs)KeHne HenTpanu. Mo 3Ton NnpuynHe
pe3ynbTaT onpefesieHnsa HanpaBieHNa 3aMblKaHUS Ha 3eMJ1I0 NOoJlyYaeTCs, TOJIbKO
€CNIN Hanps>XeHne HenTpaaun npeBbiLIaeT NoporoBoe 3HavyeHne «MuyH. 3U0».

e [CucTtNap / HanpasneHue / O6wnin] «t(mmH. 3U0)» — pna ctabunbHOro
onpeaenieHNs HanpasJIEHNA NO NePexXOAHbIM COCTOAHNSAM PEKOMEHOYETCS
1MCMNO0JIb30BaTb AOMOJIHUTENbHYIO 3a4epXXKy. Ecnum 3HavyeHne 3UO npeBbICUT
rnoporoeoe 3Ha4yeHne «MuH. 3U0», Tanmep 3anyCcTUTCS, U MO ero ncrevyeHnn éyoyTr
MoJly4eHbl pe3ysibTaTbl onpenesieHna HanpasaeHus. MNpu NCnoab3oBaHUN B
COYeTaHMWN C 3/1IEMEHTOM 3allMTbl OT HaNpPaB/EHHOro 3aMbiKkaHUsa Ha 3emito 3lo[n]
3Ta 3ajepxka fgobasngeTca K 3agepxke 3awmTsbl 3lo[n].

e [CucTtNap / HanpasneHue / Mo MOWHOCTU] «M3M. MUH. TOKa Ha 3EMJII0» —
MOpoOroBoe 3Ha4YeHme 0na akTUBHOM («cos(d) ») nnm peakTmBHoOM («sin(p) »)
COCTaBNAIOLLEN TOKA.

Ecnn ona namepenns 3lo nam ncnonblyeTtcs nnata «TIs» ¢ YyBCTBUTESIbHbIMNA
BXOJaMM, TO Anana3oH 3Ha4YeHN napamMmeTpa «/3M. MUH. TOKa Ha 3eMJ1t0» 3aBUCUT

OT 3HAYEHWUS Ha BXOOE U3MEepPEeHMUs ToKa, NOAK/YEHHOro K 4MY nsmepmntensHomy
Bxony TH Ha cTopoHe ucto4yHuka 3U0.

— [na cTaHAAPTHbLIX BXOA0B N3MEPEHUSA TOKa UCMOJIb3yeTCs 3adaHHOe 3HavYeHne B
Avana3oHe o1 0,02 oo 2,00 IHOM.
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4 IneMeHTbl 3alnThbl

4.1 Mopnynb 3awy: obulasa 3awmTa

— [Ona 4yBCTBUTEJIbHbIX BXOA0B N3MEPEHNS TOKA UCMOJIb3YETCA 3a4aHHOe
3Ha4veHue B Amnana3oHe ot 0,002 go 2,00 IHOM.

[CucTNap / HanpasneHune / Mo MowHOCTN] «M3M. npea. yr/ia Toka Ha 3eMJ0 A1» n
«W3m. npea. yr/ia Toka Ha 3eMJilo A2» — OrpaHMYmMBaloLWmMe yribl, COKpallatowmne
pa3mep 30Hbl, B KOTOPOW onpeaenseTcsa HanpasfieHne (CM. guarpamMmmbl Ha

Puc. 70 Hnxe). Ix pekomMeHAyeTCa HacTpauBaTb aKKypaTHO, MOCKOJIbKY TaKUM
o6pa3oM MOXHO ByaeT COKpPaTUTb YUCIIO peLleHnin, OLNBOYHbIX U3-3a
pacxo)XA4eHusa yrios.

Ecnn ncnonb3syeTcqa 3HavyeHme napameTpa 3lo pacy, TO e crpaBeasnBo ass
COOTBETCTBYIOLWMX HacTpoek [CuctMNap / HanpaeneHune / Mo MowHoOCTU] «Pacy. MUH. TOKa
Ha 3eMJ10», «Pacy. npend. yr/ia Toka Ha 3eM/110 A1» n «Pacy. npes. yria Toka Ha 3eMJI

A2>»,

3aw, - 3aM_ Ha 3eMJ110 - (PUKC_ HanpaBn_ Edoc_Y12

»Map Bbl4 Hanp 3l« = «cos(¢) »
»Mpm Hanp u3m 3l« = «cos(¢) »

0]
3lo pacy/ 3lo usm peBQEC A
(322
TH . Pacy. MUH. ToKa Ha 3eMip / %’ 3awy, . Mpm Hanp pcy 31/
TH . W3M. MMH. ToKa Ha 3emMio 3uol S 3aw . Mpm Hanp u3m 31 (343
8 —
MUH. T a 3emMai0 &
3auy . Pacy. 06p. Hanp. IG / @
A2 Al PeaKTUBHEI 3auy . U3m. 06p. Hanp. IG (34b
TH . Kopp yrna T3lo A2 Al o
— H. TOK Ha Jemnio —
&
TH . Pacy. npea. yrna Toka Hal|3emnto Al /
TH . U3m. npea. yrna Toka Ha pemnio Al 3lo 3auw, . Hanp pcy 31 He onp /
B0COSONY e 3aw . Hanp u3m 31 He onp (34c
TH . Pacy. npen. yrfa Toka Ha|3emito A2 / o
TH . 3Mm. npea. yrna Toka Ha emo A2 T
] Brnepen
TH.
. t(mMuH. 3U0)
MuH. 3U0 t 0
3U0 _D_ | |
I 1

Puc. 70: OnpeaesieHne HarpaB/IeHNS 4151 MeToAa «Cos(P) ».
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4 SneMeHTbl 3alnThbl
4.1 Moaynb 3awy: obwasa 3awmTa

3aw, - 3aM_ Ha 3eMJ10 - (pUKC_ Hanpasn_

»[ap BbIl4 Hanp 3l« = «sin(d) »

~»MpM Hanp n3m 3l« = «sin(¢) »

3lo pac4 / 3lo usm

TH .
TH .

Pacy. MUH. TOKa Ha 3eMJy
N3M. MUH. TOKa Ha 3eMio|

~

TH .

Kopp yrna T3lo

TH.
TH .

Pacy. npep. yrna Toka Ha
N3m. npen. yrna Toka Ha

a 3eMJ110

MuH. T/

3U0

Al

3lo

PE3NCTUBHBI

PEaKTUBHBIV)

3auy . Mpm Hanp pcy 31/ @

TH .
TH .

Pacy. npea. yrna Toka Ha
V3M. npep. yria Toka Ha

A2

3Io-sin('tp)

el|

3aw . Mpm Hanp 13m 31(34a

3au . Pacy. 06p. Hanp. IG / @

el

3aw . 3m. 06p. Hanp. IG (34b

3awy . Hanp pcy 31 He onp /

v
3 BN
e g | epep,
o 1
= 1
TH .
H. t(mMuH. 3U0)
MuH. 3U0 t 0
3U0 _D_ \ ,
I 1

3awy . Hanp n3m 31 He onp (34¢

Puc. 71: OnpeaesieHne HaripaBsieHns A58 Metoda «sin(¢) ».

PekomeHpgauunun no obecne4eHmnio TOYHOCTH

Ons 6onbluen TOYHOCTN peKoMeHOyeTCcs npeanoyecTb NnapameTp 3lo n3m napameTpy 3lo

pacy n HacTpomnKy «McToy 3U0» = «n3mMepeHo» HacTporke «Mctoy 3U0» =
«paccYUTaHO».

226

Bonee TOro, pekoMmeHayeTcs NpoBepuTb 3HayveHne [Cuctlap / HanpaesneHune / O6wni]
«Kopp yrna T3lo». OHO onpefenseT BeJIM4YNHY KOppeKLUn yrna, n no3sonseTt
OTKOPPEeKTUPOBaTb U3MEepPeHHOoEe 3HaYeHre yria yTedkn Ha 3eMJ1t0 414
TpaHcopMaTopOB ToKa. B 4acTHOCTKU, peKkoMeHAYyeTCs UCMNoJib30BaTb ero B pacyeTax rno
MeTony «cos(d) ».

To4HOEe M3MEepeHUe yrya o4eHb Ba>KHO NMpu onpenesieHnn HanpasieHns MeToA0M
«cos(d) ». MoaTOMy pekoMeHAyeTCs UCMONb30BaTbh TPAHCHOPMaTOP TOKa HyNEeBOM
nocaefoBaTeNIbHOCTU. Y HUX Bbllle TOYHOCTb ONpenesieHns yrna, 4em y

TpaHchopMaTopoB, paboTalLLNX Mo cxeme XonMrpuHa.

[0Na KOMNEHCUPOBAHHbLIX U U30JIMPOBAHHbLIX CeTeln NpeanoyYTuTesbHee NCNoJIb30BaTb
ycTponcteo MCDTV4 ¢ 4yBCTBUTESIbHBIMU BXO4aMN N3MEPEHNS TOKa, TO eCTb C NaTomn
«Tls» (cM. Paspen => «TIs — nnaTa n3MepeHns TOKOB (pa3bl M MaJiblX TOKOB 3aMblKaHUA
Ha 3eMJII0»), a He CO CTaHOapPTHOW MAAaTON N3MEPEHNS TOKa YTEYKN Ha 3eMJIto.

MCDTV4
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4 SneMeHTbI 3alnThbl
4.1 Mopgynb 3awy: obuiasa 3awmTa

4.1.2.2.4 YKazaHuA Mo HaCTponkKe
[laHHOe yKa3aHne OTHOCUTCA TOJIbKO K HaCTPOoKKe onpenesieHns HanpaBaeHus
3aMblKaHNA Ha 3eMJI0 B KOMIMEHCUPOBaHHbIX ceTax. NoapobHoe onncaHmne ocobbix
HaCTpoOeK 3alWnTbl (MOpOroBoe 3Ha4YeHNe, Tanmepbl U T. A4.) CM. B F1aBe 0 3aliuTe oT

MaKCMMasbHOro ToKa Ha 3emo (> «Tok Ha 3emMt0 — 3aWmnTa OT MaKCMMabHOro TOKa
3aMblKaHusA Ha 3emto [50N/G, 51IN/G, 67N/G]»).

OnpepnesnieHne HanpaBJIeHUs1 3aMblKaHUsA Ha 3eMJ1I0 MmeTonoM cos(f) — metTon,
onpegenenuns 3lo nam n 3U0 (m3mepeHo) (Mo MOLLHOCTH)

Tok yTeukun Ha 3emio 3lo n3m nsmepsetcsa Ha 4°M nsmepuTensHom Bxofe TT C MOMOLLbIO
TpaHcpopMaToOpPOB TOKa HYNEBOW NocsiefoBaTeNbHOCTH, a 3HavyeHne 3UO nsmepseTcs Ha

4°M y3mepuTenbHoM Bxoae TH yepe3 coeanHeHNE NO CXeMe Pa3oOMKHYTOro
TpeyronabHuKa.

BonnaownTe B BeTBb MeHto [CucTlap / HanpaeneHne / O6wunn].

* Bbibepute ons namepeHns Toka 3aMblKaHUA Ha 3eMJII0 METO[ onpenesieHns
HanpaBneHus cos(f):

«lpm Hanp n3m 31» = «cos(¢) »

e BbibepuTe 019 NCNOJIb30BaHUA N3MEPEHHOE HanpsXXeHne HenTpanu:
«WcToy 3UD» = «n3MmepeHo»

BonawnTe B BeTBb MeHto [CncTMNap / HanpaeneHue / Mo mowHocTH].

¢ Heobxononmo byaeT HaCTpoMTb BbiBpaHHbIN MeToA onpeneneHns HanpasneHus. Mpn
3TOM 3Ha4YeHns HacTpoek byayT 3aBUCeTb OT 06/1aCTU NPUMEHEHNS YCTPONCTBA, U
rnosib3oBaTesto Heobxoaumo byaeTt onpenennuTb UX CamoMy.
«MuH. 3U0»
«t(MuH. 3U0)»
«UI3M. MUH. TOKa Ha 3eMJ10»

* Kpome Toro, Mo>KHO ByieT CKOpPpPeKTUPOBaTb OrpaHNYMBatoOLWNE YT bl
«W3m. npea. yr/ia Toka Ha 3emMsi0 A1»

«WI3m. npea. yria Toka Ha 3eMs1t0 A2»

Mocne 3Toro B cjlydae 3aMblKaHUA Ha 3eMJIt0 HanpasaeHue byaeT onpenesneHo n
oTobpakeHO Ha aKkpaHe [PaboTa / OTobparkeHne cocTosaHma / 3aw].

Ons ncnonb3oBaHUA pesysbTaTa onpeneneHns HanpaBseHNs B COMEeTaHUN C 3JIEMEHTOM
TOKOBOW 3alNTbl OT 3aMblKaHMM Ha 3emJsio «3lo[n]» NnoTpebyoTca A0NONHUTESbHbIE
HaCTPOMKW.

BonawnTe B BeTBb MeHI0 [[MnaHnp_ ycTp_l.

e Bko4ynuTe OOUH U3 3/1IeMEeHTOB 3alUNThbl OT 3aMblKaHUA Ha 3€MJ1I0 B HY)KHOM
HanpaBJieHnn:

«3lo[n] . Pexx_» = «Bnepen» nan

«3lo[n] . Pexx_« = «peBepc»
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4 SneMeHTbl 3alnThbl
4.1 Moaynb 3auwy: obwasa 3awmTa

e EC/M 3N1€eMeHT 3alWmThl OT 3aMblKaHUM Ha 3emiio ByaeT paboTaTb TONBKO Kak
KOHTpONbHasA pyHKUMS (TO ecTb 6e3 obLLero aBapumnHOro curHana, obuiero
OTKJIIOYEHNA N KOMaHAbl OTK0YEeHUS), TO Heobxoanmo byaeT 3agaTh Cnegyowyto
HaCTPOMKY:

«3lo[n] . TonbKo HabawgeHne» = «ga»
BonanTte B BeTBb MeHIo0 [[Mapam_ 3awmnTel / Habop 1...4 / I-3aw_/ 3lo[n]].

e Bkno4ynTe aneMeHT U Bbl6epI/ITe B Ka4eCcTBe BXOOHOIro CUrHana pe3synbTaT
nimMepeHnsa HanpaBieHNA 3aMblKaHUA Ha 3€MJILO:

»DYHKUNSA« = «aKT_»
* «3] UCTOY» = «N3MEPEHO» NN
»3] UICTOY« = «4YBCTBUTENIbHOE N3MEpEeHne»
* 3ajanNTe NOpOroBoe 3Ha4YeHNe TOKa U BPEMS 3a0EPXKKN:
«3lo>» nnn
»IGS>«
»t«

NmeliTe B BUAY, YTO BpeMs 3allep>XKn cpabaTbiBaHUSA 3/1eMEHTA 3alMTbl OT 3aMblKaHUS
Ha 3eMJilo 0o6aBNSETCS KO BpEMEHM 3aepPXKKN onpeliesieHns HanpaBJ/ieHns.
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4 IneMeHTbI 3alnThbl
4.1 Mopgynb 3awy: obwana 3awmTa

4.1.3 BnokupoBku

YCTponCcTBO CHabXXeHO PYHKUNSAMN KPaTKOBPEMEHHOW N NOCTOSIHHOW BIOKMPOBKK BCEN
CUCTEMBI 3aWNTbl NN OTAEJIbHbLIX CTYNEHEN 3alUUThI.

YbepunTech, 4TO 6/IOKMPOBKN HE HapyLIAlT JIOTUKY PaboTbl CUCTEMbI U HE MPeACTaBASAOT
OMacHOCTW AJis nepcoHana n obopyaoBaHuUS.

Y6enunTech, YTO Bbl HE OTKJIOYUAN OLWNBOYHO KaKyo-NnMbo 3alMTHY0 (YHKLNIO, KOTopas
Jl0J>KHa 6bITb BK/IlOYEHa B COOTBETCTBUMN C KOHUeEeNuUnen paboTbl CUCTEMBI.

MocTrosHHas 610KkupoBKa
BKJIlOYEHNE U BbIK/TKOYEHNE BCEX 3aLLUNTHBIX (DYHKLNE CUCTEMBI
C noMoLLbio MOAY NS «3all» MOXXHO MOJIHOCTbIO BKAOYNTL WM OTKAOYNTb 3aLLUUTHYIO

hyHKUMIO YCTpONCTBa. 3ajanTe ana napametpa [Mapam_ 3awmnTel / Thob_nap_ 3aw,_/
3aw] «PyHKUMA» 3HAYEHME «aKT_» UJIN «HeaKT_» C MOMOLLbI0O MOAY/JIS «3all»,

3allunTa BKIOYAETCA, TOJIbKO eC/iv B Moaye «3all» ANs NapameTpa «@yHKLUMS» 3aAaHo
3HaYeHNE «aKT_», TO €CTb MPY 3HaYEeHUN NapameTpa «PYHKLUMA» = «HEaKT » QYHKLUN
3aWnTbl paboTaTk He ByayT. B 3TOM cnyyae yCcTponcTBO He ByaeT 3alniaTh
KOMMOHEHTbI CXEMBbI.

BkJioHeHUE U BbIK/TIOYEHWE MOoAY e

Kaxxablii MOAY b MOXXHO BKJIIOYNTb U BbIKJIOYNTL (6eccpoyHo). [ns 3Toro Heob6xoammo
3afaTb ANs NapameTpa «DyHKLMS» COOTBETCTBYIOLLEro MOAYS 3HAYEHNE «aKT _» UIn
«HEaKT ».

[TocToAAHHasa akTuBauusl Wiv feakTUBaLUsa KOMaHabl OTK/II0YEeHUS CTyrneHun 3aunThbl

KoMaHa OTK/Il0YeHUS BbIK/OYATENA LEenu KaXKAon U3 CTyrneHen 3amnTbl MoXeT 6biTb
3ab610kMpoBaHa NoCcTosiHHO. C 3TOW Uenblo Ansa napaMmeTpa «bAKKoMOTKI1» HE06X0AUMO
3a4aTb 3HAYEHUNE «aKT ».

BpemeHHas 6/10kupoBKa
BpemeHHas 6/10KUpOoBKa 3aLUNThI YCTPOWCTBA 0 CUrHa1y

C noMoLLbio MOAY NS «3all» MOXHO BpeMeHHO 3ab10KMpoBaTh 3aLUUTHYIO PYHKLMIO
yCTPONCTBa Nogayvyen curHana. 9To Npu yCaoBUN, YTO paspelleHa BHeLwWHAA 610KMpoBKa
Monynsa: «BHbK @HK» = «aKT_». Kpome Toro, Heo6xoanmo npeaBapuTesibHO Ha3Ha4YnTb
COOTBETCTBYOLWNIN CUrHaN BJIOKMPOBKU N3 CIMCKa Ha3HavyeHnn. Moayne byneTt
3ab/10KMpOBaH B TeYEHMe BCEr0 BPEMEHU, MOKa curHan 6,10kMpoBkn ByneT akTUBEH.

Ecnn monynb «3aw» 3abi1o0kmMpoBaH, pyHKLMA 3ainThl paboTaTb He ByaeT. MNoka curHan
6J10KNPOBKN aKTUBEH, YCTPONCTBO He ByaeT 3alunaTh HAKAKNE KOMMAOHEHTHI.

BpEMEHHaFI 6/70Kl/lpOBKa MoAayJisa 3alnTbebl Ha3Ha4YeHNeM akKTUBHOIo CUurHasia
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4 neMeHTbl 3alnThbl
4.1 Moaynb 3awy: obwasa 3awmTa

* N5 BKOYEHNA BPEMEHHO BJIOKMPOBKM MOAY NS 3alUUTbI ANa napaMmeTpa «BHBIK
®HK« Moayna HeobxoAMMo 3a4aTh 3HavYeHNe «akT_». CucTemMa BbloaeT
paspeLllatoliee cooblieHne: «ITOT MOAYb MOXKET ObiTb 3a6/IOKMPOBAH».

* MapameTpy «BHbK1» nnn «BHB/IK2» 13 rpynnbl o6 Mx napameTpos Heobxoammo
Ha3Ha4YNTb CUrHaN. BIOKMPOBKa CTAaHOBUTCSH aKTUBHOM TO/IbLKO €C/IN Ha3Ha4YeHHbIN
CUrHaN aKTUBEH.

BpemeHHas 6J'IOKI/IpOBKa KOMaHAbl OTKJIIOYeHUA CTyrneHn 3allnTbl HasHavYeHnem
AdKTUBHOIo CUrHasiaa

KoMaHpAa oTkNo4YeHns ntoboro moayna 3awmTbl MOXXET 6biTb 3a6/10KMpOBaHa BHELWHUM
CUrHasnoM. B 3TOM Crly4yae «BHELIHWA» He O3Ha4YaeT, YTO CUrHan NoCTynaeT He TOMbKO OT
APYrnx 31e€MeHTOB, HAX0OALLNXCA BHE YCTPONCTBA HO U OT APYrnx MoAynen yCTponcTBa.
B kayecTBe cMrHanoB 6J0KMPOBKU MOTYT NCMOJIb30BAaThCS HE TOSIbKO AENCTBUTENbHbIE
BHELUHME CUrHanbl (Takme Kak COCTOSHME LUMPOBOro BXoAa), HO TakXXe CUrHanbl,
BblbpaHHbIe N3 «Cnncka Ha3HaAYEeHUN».

o 1nA BKAOYEHNSA BpeMEHHON BNIOKMPOBKM MOAYA 3aWMThl A4 NnapameTpa «BHbIk
KomOTK/1 ®HK» Moaynsa HeobxoaMMo 3afaTh 3Ha4YeHMe «akT_». CucTema BblgaeT
pa3pelwatoLiee coobuieHne: «<KoMaHOa OTKIIOYEHNS 3TOM CTyNeHn MoXXeT BbiTb
3abnoknpoBaHa».

¢ B rpynne obuwmx napaMeTpoB 3alnTbl HEOOX0AMMO AOMNOJIHNTENbHO BbIBpaTh 13
CMUCKa Ha3HaAYeHUI CMMHaN N Ha3Ha4YUTb ero napameTpy «Bubak KomOTka». Ecnn
BbIOpPaHHbIA CUTHaN akTUBUPOBAH, TO BpeMeHHas 6J10KMPOBKa CTaHOBUTCS
AKTUBHOW.
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4.1.3.1 BbnokupoBka KOMaHAbl OTKJIOYEHUSA

Bnokup_ oTkn

4 SneMeHTbl 3alnThbl
4.1 Mopgynb 3awy: obulasa 3awmTa

GeneralProt_Y02

Ha3B = Bce 610KMpyeMble MOLY /N

3au .
Bak KomOTkn

HeakT_

aKT_

Hass .
BnkKomOTKAN

HeakT_

aKT_

3au .
BHBEAKKOMOTKA

HeT NpucBe_

1..n_Cnnc_HasH_

3auy .
BHBNKKOMOTKA®PHK

HeakT_

aKT_

Hass .
BHBAK KOMOTKA ®HK

[=1] 3aly . bak KoMOTkA
L]
3aw . BHBik KomOTkn
32
3aw, . BHBak KomOTKkA-Bx
=1

HeakT_

aKT_

o]

Hass .
BHBAK KOoMOTKA

HeT NpucBe_

1..n_Cnnc_Ha3H_

HasB.Biik KoMOTKn @

Ha3s.BHBAK KoMOTKA

Ha3B.BHBAK KoMOTKA-Bx

Puc. 72: AKTuBaumnsa v JeakTuBaLmns KOMaHAbl OTKJIHOYEHNS MoAyJiAa 3allnTbl
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4 SneMeHTbl 3alnThbl
4.1 Moaynb 3awy: obwan 3awmTa

4.1.3.2 BpemMeHHOe BKJIlOYeHMue, BbiKJ/loYeHue n 6/10KupoBKa (pyHKUUA 3aLLLUTbI

CﬂeD,YIOLLI,aﬂ cXeMa OTHOCUTCA KO BCEM 3alLINTHbLIM 3J1eMeHTaM, 3a UCKTIIDHEHNEM TEX,

ANna KOTOPbIX HMXXE npencTtaBJZieHa CXeMa OJ1d KOHKPETHbIX Mo,u,yne|7|.

BNoK-Ku

GeneralProt_Y03

Ha3B = Bce 610knpyemMble Moaynu

YacToTa HaxoAUTCs B Npeaenax HopMaJsibHOro Arana3oHa. (*)(**)

Cm_ anarpammy: 3auy,

3all. aKT_

O (Moaynb obLeit 3amnTbl He OTKOYeH uan 610KnpoBaH)
1

Ha3B . aKT_
2

Hass .
DyHKLUMNA
HeaKT_
aKT_
Hass .
BHBAK ®HK
HeaKT_
KT l?| Ha3s . BHBsK
Hass .
BHBAK1
HeT npucs
= Has3s . BHBAK1-Bx
1..n_Cnuc_ Ha3H_
Hass .
BHBNK2 =1
HeT Npucs
= Hass . BHBAK2-Bx
1..n_Cnnc_HasH_
(*) Ecnn yacToTa BbIMAET 3a Npenesbl HOpMasbHOro AMana3oHa, 6yayT 3ab/0KMpoBaHbI BCe

3J1eMEeHTbI 3alllNThbl, KOTOPblIE NCMOJIb3YKOT OCHOBHbIE 3Ha4YeHUNA NN 3Ha4YeHNA 3-1
rapMOHUNKN. NeMeHTbl 3alKnThI, ncrnonb3ywouine 3Ha4eHns CK3, OCTaHYTCA aKTUBHbLIMA.

CM. rnaBy «LLIMPOKNIA YaCTOTHbLIA AMana3oH».

(**) 9TO OTHOCUTCHA TOJIbKO K nMpubopam C hyHKLMEN N3MEPEHNS LUMPOKOIrO YaCTOTHOrO

JunanasoHa.
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4 IneMeHTbI 3alUnThbl
4.1 Mopgynb 3aw: obuiasa 3awmTa

4.1.3.3 BkJlo4YeHue, BbiKJIlO4YEeHue U 6J10KupoBka Mmoaynen ¢pasHoOro Toka

@OYHKLMN 3aWMThl N0 TOKY MOryT ObiTb 3a6/10KNPOBaHbl MOCTOAHHO («PYHKLUA» =
«HEeaKT_») NN BpeMEeHHO He TObKO I0ObIM CUrHaNOM B0KUPOBKN N3 CMINCKaA
Ha3Ha4YeHun, HO N «0BpaTHOMN BNOKUPOBKON».

Bnok-ku (**) Pdoc_Y01

Hase = I[1]...[n]

YacToTa HaxoAnTCS B NpefAeniax HopMasibHOro Anana3soHa.(*)(**)

Cm_ anarpammy: 3auy
3all. akT_
@ (Mopynb obLuelt 3aWnTbl He OTKIOYEH Uan 610KMpoBaH)

Hass .

UOrpaHuny &
HeaKT_ Ha3B . akT_
aKT_ J O 4

T

Hass .
M3mep. cxem KOHTP.
HeakT_
aKT_
Hass .
DyHKLUNA
HeakT_
aKT_
Hass .
BHBAK DHK
HeakT_
H . BHB
aKT_ ,?l a3B . BHbaK
Hass .
BHBAK1
HET pnce_ Ha3s . BHBAK1-Bx
1..n_Cnnc_ Ha3H_
Hass .
BHBAK2 =1
HeT Npuce_
Ha3s . BHBAK2-Bx
1..n_Cnnc_ Ha3H_
Hass .
BH peB 610K hyHK
HeakT_
aKT_ &
HasB . BH peB 610K
Hass .
BH peB 6710k
HeT Npucs
- Ha3B . BH peB 610k-Bx
1..n_Cnnc_Ha3H_
(*) Ecnu vyacToTa BbIAAET 3a Npenesibl HOPMaJibHOro Anana3oHa, 6yayT 3ab10KMpoOBaHbl BCe

3/1IeMeHThbl 3alMThbl, KOTOPbIE NCMOJIb3YIOT OCHOBHbIE 3HAYeHNA UK 3Ha4YeHNs 3-1
rapMOHUKWN. D1eMeHThbl 3alWNThl, NCMOJIb3YloLwmne 3HavyeHnsa CK3, oCTaHyTCS aKTUBHbIMN.
CM. rnaBy «LLMPOKNIA HaCTOTHbLIN Anana3oH».

(**) ITO OTHOCUTCSA TOJIbKO K npubopam c hyHKLUMNEN NIMEPEHNS LLUMPOKOrO YaCTOTHOrO
OnanasoHa.
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4 neMeHTbl 3alnThbl
4.1 Moaynb 3awy: obwasa 3awmTa

4.1.3.4 BkKJlO4YeHMue, BbiKJIlO4YEeHUe U 6JIOKUpOBKa MoAayJied 3alUuTbl OT TOKA YTe4YKM Ha
3eMio
OYHKUUM 3aWNTbl N0 TOKY 3a3emMaeHns MoryT 6biTb 3a6/10KMpOBaHbl MOCTOSAHHO

(«DPYHKUMSA» = «HEAKT_») NI BPEMEHHO He TOJIbKO Nt06biM CUrHasnoMm 610KMPOBKU 13
CMMCKa Ha3Ha4YeHUn, Ho N «obpaTHON 6JIOKMPOBKON».
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4 IneMeHTbI 3alnThbl
4.1 Mopynb 3awy: obuiasa 3awmTa

Bnok-Ku (**) Edoc_YO1
Hass = 3lo[1]...[n]

YacToTa HaxoanUTCcA B N Jlax HOpMaabHOro Anana3soHa.(*)(**) &

Cm_ gnarpammy: 3auy
3al. akT_
@ (Moaynb obLuelt 3alnTbl He OTKJI0YEH 1A 610KMpPOBaH)

Ha3s .
VX Bk
?‘
HeakKT,
= Ha3B . aKkT_
aKT_ J O @
Hass .
Beibop UX

n3MepeHo
paccynTaHo

T

Ha3ss .
3mep. cxem KOHTPp.

HeakT_

aKT_

Hass .
DyHKLUNA

HeakT_

Has3Bs . BHBsK

aKT_

Hass .
BHBK ®HK

HeakT_

aKT_ &

Hass .
BHBAK1

HeT NpucB_

Ha3s . BHBK1-Bx

1..n_Cnnc_HasH_

Hass .
BHBAK2

HEeT NpUCB_

v
=

Ha3Bs . BHBAK2-Bx

1..n_Cnnc_ Ha3H_

Hass .
BH peB 610K hyHK

HeakT_

aKT &
= ’_I Ha3B . BH peB 6110k

Hass .
BH peB 610k

HeT NpucB_

Hass . BH peB 610K-Bx

1..n_Cnnc_HasH_

(*) Ecnn yacToTa BbINAET 3a Npenesbl HOpMasbHOro AMana3oHa, 6yayT 3ab/0KMpoBaHbLI BCe
3/1€MEHTbI 3alNTbl, KOTOPbIE NCMOJb3YIOT OCHOBHbIE 3HAYEHUS UKW 3HAYEHMNSA 3-1
rapMOHUKN. DNEMEHTbI 3alNTbl, NCMOJb3yloWme 3HavYeHnss CK3, oCcTaHyTCS aKTUBHbIMU.
CM. rnaBy «LLIMPOKNIA YaCTOTHbLIN ANana3oH».

(**) 3T0 OTHOCUTCSH TOJIbKO K nMpubopamM ¢ hpyHKUMEN N3MEPEHUS LUMPOKOr0 YaCcTOTHOrO
OnanasoHa.
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4 SneMeHTbl 3alnThbl
4.1 Moaynb 3awy: obwas 3awmTa

4.1.3.5 BkJjiloueHue, BbiKJIlO4HEHUE U 6J1I0KMpOBKa 3aWwmThbl Q->&V<

Bnok-ku Q->&U< (**) Qu_Yo1

YacToTa HaxoauMTCA B Npeaenax HopMasibHOro gnanasoHa.(*)(**)

CM_ gnarpammy: 3auy,
3aL. akT_
O (Moay”nb obLeit 3alWnTbl He OTKJI0YEH U 6710KNPOBaH)
1

Q>&U<. J Q->&U< . aKT_ .
N3mep. cxem KOHTP.

HeakT_

ng

.
|

Q->&U<.
DyHKUMA

HeakT_

aKT_

Q->&U< .
BHBAK ®HK

HeakT_

Q->&U< . BHBK

2]

aKT_

Q->&U< .
BHBAK1

HeT NMpucs_ Q->&U< . BHBnk1-Bx
1..n_Cnunc_ Ha3H_

Q->&U< .
BHBAK2

I\
=

HeT NpucB_
1..n_Cnnc_Ha3H_

Q->&U< . BHBnk2-Bx

(*) Ecnn yacToTa BbIAeT 3a Npenesibl HOpMasibHOro Anana3oHa, 6yayT 3ab6/10KMpoBaHbl BCe
3JIEMEHTbI 3al1Tbl, KOTOPbIE NCMOJIb3YIOT OCHOBHbIE 3HAYEHUS UNN 3HAYEHUS 3-1
rapMOHMKW. DNIEMEHTbI 3aLMTbl, UCNOJb3ytowme 3HavYeHns CK3, oCcTaHyTCA aKTUBHbLIMU.
CM. rnaBy «LLUIMPOKNIA YaCTOTHbLIA AManasoH».

(**) ITO OTHOCUTCHA TOJIbKO K nMpubopam C hyHKLMEN N3MEPEHNS LUMPOKOIrO YaCTOTHOrO
AnanasoHa.
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4 SneMeHTbI 3alnThbl

4.2 BHyTpeHHee coeHeHNne

4.2 BHyTpeHHee coeauHeHue

Onsa yctponcte HighPROTEC 6b1510 pa3paboTaHO HECKOIbKO HOBEMLLUMX 3/1IEMEHTOB
3alWnThl. B €BA3M € BO3pacTaloLlen posbio pacnpeaesieHHbIX 3HEPropecypcoB 3aWmTa
BHYTPEHHUX COeANHEHU CTAaHOBUTCS BCe bonee n 6onee Ba>kHoW. HoBbIN
YCOBEPLUEHCTBOBaHHbIN MaKeT 3alUNTHbIX PYHKLUNIA BKIOYaeT B cebs BCe 3alNTHbIE
3/1IEMEHTbI OJ19 BHYTPEHHNX coeanHeHnn. MakeT [OCTYyrMeH B MeHI0 [BHyTpeHHee
coegunHeHnel.

Mcnonb3oBaHMe 3TUX 3aLLMTHbIE 31IEMEHTbI ABAAETCA rMbKum. C nomMoLlbto HaCTpoekK
napaMeTpoB OHUN MOryT ObITb NErko alanTunpoBaHbl O4J14 Pa3/IN4HbIX MeXAYHapPOOAHbIX U
MeCTHbIX KOOOB 3HeproceTu.

Danee cnepyet 0630pe 3TOro MeHto. NogpobHee 06 3TNX 3aWNTHLIX SN1EMEHTAM CM. B
COOTBETCTBYIOLMX rNaBax.

MeHo BHYyTPEHHUX COEANHEHWI BK/IOYAET B cebs caenyroLmne KOMMNOHEHTHI.

MooMeHIo C asieMeHTaMun pacuenieHnsa cetu. B 3aBUCMMOCTM OT KOL0B SHeproceTu,
KOTOpble cnenyeT y4nTbiBaTb, obsA3zaTenbHbIMKU (MK 3a|'|peLLl,eHHbIMI/I) ABNAKOTCA
pa3sinyHbIE 3/IEMEHThI pacuenjeHnsa ceTn. B 3TOM MeHI0 MOXXHO MOJTy4YnTb O0CTYN K
cneaywouine sanieMeHTaM pacuensieHna ceTn:

« ROCOF (df/dt) (cM. rnaBy o 3awuTe no YactoTe, > «f — yacToTa [810/U, 78,
81R]»). OTOT 3/1eMeHT aHasorn4yeH 31IeEMEHTY 3aWNTbl HaCTOTbl, 3HAYEHNE KOTOPOro
B NJI@aHNPOBaHNN YCTPOMNCTBa yCTaHOBJIEHO Kak df/dt.

« CMelleHMe BekTOpa (AenbTa dhu) (CM. rnaBy o 3alwmTe no YyactoTe, > «f —
yacToTa [810/U, 78, 81R]»). 3TOT 3n1EMEHT aHaNIOrNYEH 3JIEMEHTY 3alNThI
4aCTOTbl, 3HAYEHNE KOTOPOro B MNJaHUPOBaHUN YCTPONCTBA YCTAaHOBNIEHO Kak delta
phi.

* Pr(cm. rnaBy O 3alluTe MOLLHOCTW). TOT 3/IEMEHT aHasIorn4yeH 3J1eMeHTY 3allnThbl
MOLWHOCTHU, 3Ha4YeHNne KOTOPOro B nNJiaHMpoBaHn yCTpOIZCTBa YCTAHOBJIEHO KakK Pr>.

* Qr (cM. rnasy o 3aWMUTe MOLHOCTN). DTOT 3/IEMEHT aHaJIOrNYeH 3NEeMEHTY 3aLmThbl
MOLLHOCTW, 3Ha4YeHNe KOTOPOro B MJIaHMPOBaHUW YCTPONCTBA YCTAaHOBJIEHO KakK
Qr>.

 [INCTaHUMOHHOe oTKo4eHmne (cM. pasgen => «3aBucumoe BbikIIOYeHNE
(ybaneHHoe)»).

MoameHto ona paboTbl MpU MOHNXXEHHOM Hanps>xeHunn (cm. rnasy o PIMH, > «PMH —
paboTa Npu NOHMXXEHHOM Hanps>xeHuun [27(t)]»).

MoameHto 3awnTbl Q->&V< (cM. rnaBy o Q->&V<, s> «Q->&U< — PeakTumBHas
MOLLHOCTb/3alnTa OT MOHUXKXEHHOr0 HaMNPS>XXeHNs»).

MoAMEHI0 CUHXPOHM3aLMK (CM. FnaBy 0 CUHXPoHM3aLunm, > «CnHx — nposepka
CUHXPOHM3aunn [25]»).

Kpome Toro, yCTPONCTBO TakXXe npeaniaraeTt agpyrme QyHKUMN ANsi CUCTEM C
MOHV>XXEHHbIM HaMnpsi>KeHneM, cpean KoTopbix HabnoaeHe 3a KAYeCTBOM HaMps >XeHus,
OCHOBaHHOEe Ha nsmepeHne 10-MUHYTHOrO CpeiHEKBAAPATUYHOIO CKOJIbXXEHUS. (CM.
rnaBy O 3aljUTe Mo Hanps>keHuio, I=> «V — 3awmTa no Hanps>xeHuio [27,59]»).
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4 neMeHTbl 3alnThbl

4.3 |d — gudpdhepeHumanbHas 3awmTa )a3oBoro Toka

4.3

238

Id — audpdepeHumanbHan 3awmrta PasoBoro Toka

Moaynb anddepeHunanbHOM 3aWnTbl Pa30BOro Toka «ld» nmeet cneayowne
3alWNTHbIE pyHKUKKM no ANSI.

* ANSI 87T

OnucaHme

3alnTHOE YCTPONCTBO obecrnevnBaeT anddepeHLnasbHyo 3alUTy C OrpaHNYeHneM
(hba30BOro Toka N UMeeT MHOXXECTBO HAaCTPaNBAEMbIX XapaKTEPUCTUK MPOLLEHTHOr O
OrpaHNYeHnNst HapacTaHWs TOKa, KOTOpbIe MO3BOJISIOT KOMIMEHCMPOBATbL CTaTUYECKNE U
ANHaMnyeckne rnorpeHocTn. CTaTUYEeCKYO MOrpeLlHOCTb COCTAaBASAT NOrPELLIHOCTH
KannmbpoBKM CTAaTUYECKOro TOKa HaMarHM4YnBaHUA TpaHcopMaTopa U LIenn N3MepeHuns
ToKa. AIMHaMmyeckas NorpeLHOCTb MOXET BbiTb 00yC/IoBIeHa NepeKsIloHYeHNEM
OTBETBJIEHUI N HacbIlLleHeM TT BCeACTBME BbICOKUX TOKOB YyTEYKMU.

Kpome Toro, Mo>XHO BPEMEHHO U3MEHUTb XapaKTEPUCTUKY CTAaTUYECKOro OTKJIIOHYEHUS
BO n3bexxaHne HeHY>XXHbIX OTKJIIOYEHUI BCieACTBME BPOCKOB rapMOHUK Npu nogaye
NUTaHUs, NepeBo3byxaeHnn unm rnybokom HacbiweHUn TT. BpoCoK ToKa OLeHNBaeTCs

MO BHE3aMnHbIM N3MeHeHUsaM 297, 407 rapMOHUK, OTCNEXMBAEMbIM C MOMOLLbIO AaT4MKa
HacblweHns TT. U3-3a nepeBo3byxaeHNA MOXKET BO3HUKATbL 57 rapMoHUKa.

ba30Bbii (ONOPHbINA) TOK

ba30BbIl (ONOPHbLINA) TOK paccynTbiBaeTCa cnegytoumm obpasom:

Sy HomuHanbHas MOWHOCMY rpaychopmamop

I. =1 = =
PTPWITB L U wy  V3-HOMUHAAbHOE HANPANCEHUC Tpgpcpopmamop

OnpeneneHune HanpaBsieHUs

lMpuHATOe HanpaB/ieHMe NoKa3aHo HUXe Ha cxeme «ANSI 87TP»: <> Puc. 73.

AncdpepenunanbHo-pasHan 3aumTa TpaHcghopMaTopa — BapHuaHT NPUMEHEHUA
87T

B aToM cnydae moaynb anddepeHunansHo-dpasHom 3awmTbl 06HapyXnBaeT Mexxda3Hble
3aMblkaHna B 06MOTKax TpaHchopMaTopa. OuddepeHunanbHasa 30Ha HaXOAUTCA MeXxay
TpaHchopmaTopamum Toka (TT), ycTaHOBAEHHBIMU Ha 06enx CTopoHax TpaHcdhopMaTopa.

DTaJIOHHbIN KOHTYpP A5 oTcyeTa anddepeHumnanbHOn pa3oBon 3aWnNThl NpeacTasnseT
cobon 06MOTKY Ha cTopoHe 1 (W1).
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4 IneMeHTbI 3alnThbl

4.3 |ld — puddepeHumnanbHas 3awmTa a3oBoro Toka

<« 3auimuiaemas 30Ha —
T Wi T W2
wi w2
—» -
O—H# A——O
MCDTV4
cnoTt cnoTt
X3 ANSI 87T X4
O6moTka 1 sld« O6bmoTKa 2 2

Puc. 73: ANSI 87T: gandpepeHumnanbHo-cpasHas 3aLmTa TpaHcgopmaTopa.

CuMmBON

Sn

UL

UL wi
ULL,w2
TToch., w1
TTpon., w1
-I_I-OCH.,WZ
TTon., w2

lp

lp,w1
lp,w2

Ipri,Wl

Heo6xoauMbie HaCTPOWKM

MpumedaHme 1. «ObMoTky W1 TT» cnegyeT NOAK/OYNTL K TOKOBOMY Bxoay X3 (W1)
yCcTponcTea, a «0bMoTKy W2 TT» — K TOKOBOMY TepMuHany X4 (W2) ycTpoincTea.

3ajanTe napamMeTpbl y4acTka ons TpchcpopMaTopa(l) B BeTBM MeHto [CucTtlap /
TpaHcd_].

3afaniTe napamMeTpbl AuddepeHUnanbHOM 3alnThl B BETBM MeHIo [[apam_ 3awmThl /
Habop x / Andd 3aw].

CumBonebi

[JaHHble CMMBOJIbI NCMONb3YIOTCA B NOC/AEAYIOLWEM ONMCAaHNN MPUHLUMOB OTKOYEeHNS
anddepeHumnanbHO-Pa3HOM 3aLnThl.

ObbsAAcHeHue

HoMuHanbHaa MOWHOCTL 3almlaemMoro obbekTa (HanpuMmep, reHepaTopa Uan
TpaHcdhopMmaTopa).

HoMuHanbHoe Hanps>XeHne 3awunuaemMoro obbekTa (HanpuMmep, reHepaTopa).
HomunHanbHoe Hanpsi>xeHne obMoTku W1 (BbicokoBosIbTHOW, BH) TpaHchopmaTopa.
HomunHanbHoe Hanps>xeHne obMoTku W3 (HM3koBosbTHON, HH) TpaHcdopmaTopa.
HoMuHanbHbIA NepBUYHbIN TOK B 06MoTke W1 TpaHcdhopMaTopa ToKa.
HoMUWHanbHbIN BTOPUYHBLIA TOK B 06MOTKe W1 TpaHcchopMaTopa TOKa.
HoMunHanbHbIA NepBUYHbIN TOK B 06MoTke W2 TpaHcdhopMaTopa ToKa.
HoMUWHanbHbIN BTOPUYHBLIA TOK B 06MOTKe W2 TpaHcchopMaTopa TOKa.

Ba30BbIN TOK (3aBUCUT OT KOHTEKCTA; Kak NMpaBuo, 3TO HOMUHAaIbHbLIA TOK
3awmuiaemoro obbekTa, Hanpumep, reHepaTopa UaM TpaHchopmaTopa).

Ba3oBbIN NN HOMUHaNbHBLIA TOK B 06MoTKe W1 TpaHcdopmaTopa.
Ba3oBbIN NN HOMUHaNbLHLIA TOK B 06MoTKe W2 TpaHcdopMaTopa.

HekoMneHcrpoBaHHbIe ha30pbl MEPBUYHOIO TOKA Ha COOTBETCTBYIOLLEN CTOPOHE.
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4 3neMeHTbl 3anNThbl
4.3 |d — gudpdhepeHumanbHas 3awmTa )a3oBoro Toka

CumMmBON ObbAcHeHue

Ipri,W2

Iwi HekomneHcupoBaHHbIe (ha30pbl BTOPUYHOI0 TOKa B COOTBETCTBYOLLEN 0OMOTKE
(W1 nnn W2).

w2
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4.3.1

A
Id/16

4 IneMeHTbl 3alnThbl

4.3 |d — puddepeHumnanbHas 3awmTa ha3oBoro Toka

KpuBasa oTKnlo4YeHus

Awvan oTkn

Bba3_ cTtaT_ KpuB_

Id_z07

[anee npuBoaATCA onpeaesieHnss CUMBOJIOB Ha KPUBOW OTKJIIOYEHUS.

I "

1"w1 + "w2|

g =

lls| = 0.5-1"w1 — I"w2|

lao = ld(lso)
[ld,minl = ld,min
ls1

MCDTV4-3.6-RU-MAN

OcHoBHOWN AnddepeHumnanbHbI TOK.
OCHOBHOW TOPMO3HOWN TOK.

OH Tak>Xe Ha3blBaeTCs CKBO3HbIM TOKOM HOPMaJIbHOW Harpy3Ku
M BHeLWHnX cboes.

NcxonHaa ToYkKa CTaTUYECKOM XapaKTEPUCTUKU OTKIIIOHEHMUS
npu lsg = 0.

MNapameTp ana HacTponku: [Mapam_ 3awmnThl / Habop 1...4 /
Ondd 3awy / 1d] «Id(1s0)»

MunHuManbHbIN guddepeHumnanbHbii TOK, MaclUTabnpoBaHHbIN
rno 6a3oBoOMy TOKY Ip,.

MNapameTp ana HacTponku: [Mapam_ 3awmnTel / Habop 1...4 /
Ovdd 3aw / 1d] «Id min»

C y4eTOM [laHHOr0 3Ha4YeHMs HACTPOWMKM COOTBETCTBYHOLLIEE
3HaYeHne Ha ocu I ByaeT cneayoLmnMm:

I _ Id,min _ IdO
0,0 —
s 1’<1

To4YKa U3/I0Ma KPUBOM CTAaTUYECKOW XapaKTEPUCTUKN
OTKJIIOHEHNS.

MNapameTp ana HacTponku: [Mapam_ 3awmnThl / Habop 1...4 /
Ondd 3aw / 1d] «Is1»
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4 neMeHTbl 3alnThbl
4.3 |d — gudphepeHumanbHas 3awmTa )a3oBoro Toka

lg1 = lq(ls1) To4ka 13/10Ma KPUBOM CTATUHECKOWN XapaKTePUCTUKN
OTK/tOYEeHUS Npu ls7.

MNapameTp ana HacTponku: [Mapam_ 3awmnThl / Habop 1...4 /
Ondd 3aw / 1d] «Id(Is1)»

ls2 Toyka n3sioMa KpMBOWM CTAaTUYECKOWN XapaKTePUCTUKM
OTKJIIOYEHUS.

MNapameTp ana HacTponku: [Mapam_ 3awmnThl / Habop 1...4 /
Ondd 3aw / 1d] «Is2»

lg2 = lq(ls2) 3HavYeHne CTaTUYECKON XapaKTEPUCTUKN OTKAKYEeHNS nNpu lgp.

MNapameTp ana HacTponku: [Mapam_ 3awmnThl / Habop 1...4 /
Ondd 3aw / 1d] »Id(I1s2)«

K1, K2 YrnoBble KO3MPULNEHTLI OJ19 OBYX COOTBETCTBYIOLLNX
Y4aCTKOB YKJIOHa paboyeln KpnBON.

OHW BbIYMCASAOTCS C YH4€TOM 3aflaHHbIX 3HAYE€HUNN MapaMeTpoB,
Kak Moka3saHo ganee.

— Idl _IdO
Kl B Isl

K2 — Id2 _Idl

ISZ _Isl

d(H,m) BpeMeHHbIN TOPMO3HOW TOK (CM. puc. > Puc. 74),
npenctasnswowmn cobon HacTpamBaeMmoe KpaTHoe 6a3oBOro
TOKa lp.

1w, "w2 CooTBeTCTBYIOLMNE KOMMNEHCUPOBaAHHbIE (DAa30Bble BEKTOPLI
BTOPMYHOI0 TOKa, MacliTabupoBaHHbIe MO NOCTYNAOLWMM Ha

3alMLLLaEMbI 0O bEKT HEKOMMEHCUPOBAHHbLIM (da30BbIM
BEKTOPaM TOKa OCHOBHOW a3bl Ipri, w1 ¥ lpri, w2-

Taknm 06pa3om, MaTeEMATUYECKN XapaKTEPUCTUKY OTKIIOYEHUS AndgepeHumanbHom
3alllNThbl NPOLUEHTHOr o orpaHn4YeHmA q)a3b| MOXXHO BbIpPpa3nTb KaK COYe€TaHMeE Tpex 30H
OTKJIIO4YeHWn4.

e Onals < lsmin = Is1*(la min—!d0) / (la1—1q0):

Iy =14, +d(B, m)

e Analsmin = Is < Isg:

(Idl —Ido) I

Ij=14+
d = 4do I,

+d(B, m)

hd ,D,J'IFI Is = Is_'l_l
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4 SneMeHTbI 3alnThbl

4.3 |ld — puddepeHumnanbHas 3awmTa ha3oBoro Toka

gy —1d1) - Us —Is1) | 45 m)
IsZ - Isl

Mpun HopMasbHbIX YCOBUAX AN depeHLnanbHbl TOK AOJDKeH ObiTb HUXe |y, min. Mpn
BHYTpeHHeM cboe gnddepeHLanbHbIN TOK NPEBLICUT TOPMO3HOW TOK, YTO NMpuBeAeT K

OTKJIIO4HEHUIO.
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4.3.1.1 3apaHuve KPpUBOM OTKJIIOYEHMUA

ld, min ABNSETCA MUHUMAabHLIM ANpdepPeHLManbHbIM TOKOM, KPaTHO
MacwTabnpoBaHHbLIM Mo 6a30BOMYy TOKY B Lienax audgepeHumnanbHoOn 3aWmnThl C
hba30BbIM OrpaHNYEHNEM OTKJIIOHEHUS, KOTOpPas AO0J/KHa BbiTb yCTaHOB/IEHa Ha OCHOBE
cTaTuyeckom ownbkn (6e3 owmnbkm Harpy3km, Toka HaMarHM4YMBaHMA TpaHcopMaTopa 1
N3MepeHunsa WyMa Lenu).

K1 v Ky gBASAOTCA OrpaHNYnMBatoWLMMmM yraoBbiMn Ko puumeHTaMmu, KoTopble
onpepensaTca HacTporkamm lg(lsp), lg(ls1) 1 lg(ls2) cnenyowmm obpasom:

k= Lol 1) =1y 1) |

Icl

I Tp) —1g( 1) |
K2
(IC2_‘[61)

Bce napamMeTpbl TOKa Bblpa)kaloTCsA Kak KpaTHble 3HavyeHusa 6a3oBoro Toka (lp). ba3oBbii

TOK PaCCHUTbIBaAETCA BHYTPEHHUMIW CpeacTtBaMm ncxooa m3 HOMWHAJIbHON MOLLHOCTU 1
Hanpsa>XeHunsa 3allnaemMoro obbekTa, YKa3aHHbIX B MEHIO NapaMeTpoB y4aCTKa.

N8 HACTPOMNKM XapaKTEPUCTUK OTKOYeHNs ha3oBon gnddepeHLmnanbHON 3aLllnThbl
TpaHcdhopmaTopa 87 cnefyeTt Ucnosib3oBaTb 6a30BbIN TOK Iy = Iy wi.

3HayveHunsa napameTpos lg (Isg), Iq (Is1) 1 Ig (Is2) HacTpamBaloTCA coraacHoO NpUBEOEHHbIM
hanee npouenypam.

* Ncnonb3synTe lg (Isg) B Ka4yecTBe MMHMMasbHOroO anddepeHLnanbHOro Toka
OTKJII0YEHUSA (HaYasbHas TOYKa XapaKTePUCTUKN OTKIIIOYEHNA HaxoauTca npu IsO =
0).

¢ BbibepuTte yrnosoi koagpdunumeHT K1 (06b14HO 50%).

* PaccunTainTe 3HaveHune g (ls1), ncnonbsys lg (lsg) 1 Ki:
lg (Is1) = lg (Isp) + ls1-K7.

* BbibepuTte yranoson koahpumumneHT Ky (06b14HO 100%).

e PaccuymTanTe 3HaveHune lq (ls2), ncnonb3ys lg (Is1) n Ky:

lg (Is2) = g (Is1) + (Is2-1s1)-K2.
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4.3.2 KoMmneHcauusa c¢pasopa

Heobxoanmmo NOMHUTL: [laHHbIe 3TOro pasaesa NpUMeHUMbI, TOJIbKO eC/in B
ondgdepeHLmanbHON 30He MMeeTCsa TpaHcdopmaTop.

Onsa komneHcauum )a3opoB ONMOPHON CTOPOHOWN SABASETCSA NiaTa naMmepeHus Toka W1.

KomneHcauusa a3HbliXx TOKOB ha3opa BbIMOJIHAETCS aBTOMaTUYeCKM U BKJIlOYaeT B cebs
KOPPEKTUPOBKN aMNANTy bl 1 ha3 Ha OCHOBE MapaMeTpoB yYacTKa.

KoMneHCcMpoBaHHbIN ha30p BTOPMYHOIrO TOKa Ha cTtopoHe W2, NpUTOM 4TO B KavyecTBe
3ajatollen ncrnosbsyetca obmoTka W1, MOXXHO BblpasuTb criefyrowmm obpasom.

TToca,wa KoMmmeHcauns BennyvHsbl.

ULL,WZ I
= BT12

I
- b Urpwi(l +ITep_otB ) TTocu, w1

KomneHcaums yrna, npun KoTopon
napameTp Tphase Shift(n)
npencTtaenaseT cobomn
KOMMJIEKCHbIA MHOXNTESb KaK
cnencTBme HaCTPOMKN
BEKTOPHOM rpynmnbl
TpaHchopmaTopa.

yl Bt2 — T(I)a30131>11?1 cmBur(n) yl BT2
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4.3.3

PaccornacoeaHue TT

Heobxoanmo NOMHUTL: [laHHbIe 3TOro pasgena NnpuMeHUMbI, TOJIbKO €CJin B

ondgdepeHLmanbHON 30He MMeeTcsa TpaHcdopmaTop.

Hn oounH 13 hakTOPOB COrJiacoBaHWs aMnJINTY L He A0JIKEH MpeBbilwaTb 3HavyeHue 10.

_ TTOCH.,WI
kTTl = W =10
n

_ TTOCH.,WZ
krry = —Jg2% <10

CoOTHOLLEHME MeXOY MaKCMMasibHbIM 1 BTOPbIM MO BeJINYNHE KO3dhduumeHTaMmm
COrjlacoBaHUA aMManNTy A He OOJIKHO NpeBbilwaTh 3HaYeHue 3.
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4.3.4 da3zoBaa KOMNeHcauus

Heobxoanmmo NOMHUTL: [laHHbIe 3TOro pasaesa NpUMeEHUMbI, TOJIbKO eC/in B
anddepeHunanbHoOm 30He UMeeTCs TpaHchopmaTop.

Mpwn pacyeTe ycTponcteom MCDTV4 ¢as3oBon KomneHcauum obmotka W1 npnHumaeTcsa
Kak 3ajatowasn. BekTopHas rpynmna 3aBUCUT OT HanpaBJsieHus HabnoaeHns.

Mpun HacTporke napameTpa [CucTMap / TpaHchopm] «CaBur ¢pa3» yKasblBaeTCAa yros
(kak KoadhdunumeHT B 30°), Ha KOTOPbLIN CTOpoHa W2 oTCTaeT OoT CTopoHbl W1.

Tunosas Tabnunyka TpaHcgopmaTopa

XapaKTepucTuKK, ykasaHHble Ha TUMOBOW Tabinyke TpaHchopMaTopa (BeKTopHas
rpynna, TUn noakatoyeHns, Hanpumep, Yd7) Bcerfa oTHOCATCS K NepBUYHON o6MOTKe.

Ona yctponcts HighPROTEC ctopoHa W1 cooTBeTCTBYEeT CTOPOHE BbICOKOIrO
Hanps>XeHns, No3TOMY NPU NCMNOJIb30BaHUKN ycTporcTBa MCDTV4 TT, HaxoAaLlWMNCa Ha
CTOPOHE BbICOKOIrO Harps>XeHns, peKkoMeHAyeTCs NoAKJI0YaTb Yepes KJIeMMbl pa3beMa
X3, a TT Ha CTOPOHE HU3KOro HanpskeHusa — K pasbemy X4. (Cm. Takxe > «Mpumep
HaCTPOMKKU hyHKUMN anddepeHumnanbHON 3alinTbl 459 TpaHchopMaTopa»).

3apaHHasa nocnepoBaTenbHOCTbL a3 [CucTlap / Obwme HacTponku] «Yepea ¢a3»

NCnosib3yeTcs BHYTPEHHUMM pecypcammn ans a3oBo KOMNeHcauum, To eCTb npu
HaCTpoWKe rpynrbl COeANHEHNA MOXKHO He 0b6pallaTbh Ha Hee BHUMaHMe.
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4.3.5

248

YcTpaHeHue HyJIeBOM NOCJ/1eA0BaTEJIbHOCTH

Heobxoanmmo NOMHUTL: [laHHble 3TOro pasaesa NpUMeEHUMbI, TOJIbKO eC/in B
anddepeHunanbHoOM 30He UMeeTCs TpaHchopmaTop.

TOKN Hy/1IeBOW MOCNe[0BaTE/IbHOCTM A0JIXKHbI ObITb YyCTpaHeHbl BO n3bexxaHue
OTKJIIO4YEHNS C NOMOLLbIO (ha3oBon AnddepeHLMasbHON 3aLlUNTbl B pe3yJsibTaTe BHELIHNX
cboes. 13-3a 3aMblKaHUI 3a 3eMJ1I0 TOK HYJIeBOW Nocne0BaTe/IbHOCTU UMeeTCs TOJ/IbKO
B To 06MOTKe TpaHcopmaTopa, HYy1IeBON NPOBOS KOTOPOW 3a3eMJIeH, HO B
He3a3eMJieHHON 06MOTKe OH OTCYTCTBYET. AuddepeHumasnbHbin TOK, BbiI3BaHHbIN
pa3nnyHbLIM 3a3eMJIeHeM ABYX KOHTYPOB 0O6MOTOK, MPUBOAUT K HapYyLLUEHUIO
HOpMaJibHOW paboTbl AnddepeHUnanbHON 3alWnTbl, €C/iM 3TOT TOK NpeaBapuTEesIbHO He
CKOMMeHCMpOoBaH (oTBeneH). [N 3alNTHOro yCTponcTBa He TpebyeTcs, 4Tobbl TOKMK
HyJIeBOW NocnefoBaTesIbHOCTUN YCTPaHAIUCh BHeWwHe. OHM TakXXe aBTOMaTU4Yecku
YCTPaHATCA BHYTPEHHE B COOTBETCTBUM C NapameTpamn yvacTka «WI1 Coen /3azems_»
n «W2 Coen_/3azemn_».

Iw1” =1lwi — lo,w1

Iw2” = lw2 — lo,w2
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4.3.6 OrpaHuyeHue Nnpu nepexoaHbiX npoueccax
BpeMeHHoe OorpaHn4YeHune

3almMTHOE YCTPONCTBO TaKXe nMeeT PyHKLMI0O BPEMEHHOIO OrpaHNYeHNs 04
nocnepytouwero obecneyeHns andcdepeHumanbHON 3aWnTbl OFrPaHNYEHHOro NpoLeHTa
(hasbl OT rapMOHMK 1 NPOYUX NMEPEXOAHbIX MPOLLECCOB, TakKMX Kak HacbilweHue TT.
BpemeHHoe orpaHuyeHune, ecav BKJK4YeHo, npubasnseT K o6LemMy orpaHU4eHunto
KOHCTaHTy d (H, m).

B rpachnyeckom Bbipa)KeHUn KpBas CTAaTUYECKOro OTKJIIOYEHUS BPEMEHHO MOBbILLAETCSA

Ha d (H, m), npn 3TOM 4YyBCTBUTEJIbHOCTb PYHKUUN anddepeHLnasibHON 3aWnThbl
CHUXKaeTcs.

A

Id/16

Ouan oTkn

77777 Id[Is1]

Id min’ —=
1d[1s0]" —¢=~ Pab_auan
,,,,,,,,,, Id[Is1]
Id min —= }
d[Is0] —¢=° ‘
\ | g
s = 216 Is2 = 10116 Is/16

Id_Z17

Puc. 74: BpeMeHHoe ANHaMNYeCKOE MOBbILLUEHNE CTaTUYECKUX XapaKTEPUCTUK OTKITHOHYEHUS.

MepexoaHblie NpoLecchl MOryT BbITh Bbi3BaHbl B CNEAYIOLWMX CyYasX.
* [psaAmMoe BKJOYeHMEe TpaHchopMaTopa (3chdekT bpocka).

* MHOyumpoBaHHOe NnepepacnpeneneHne 6pocka Toka BCeACTBUE BKIIIOYEHNS
cocenHero TpaHcgopmaTopa.

¢ HacbiweHune TT.

BpemMeHHoe orpaHuyeHne MoXeT BbiTb BbI3BaHO B C/IEAYHOLNX CyYasiX.

 Tpurrep 2°% rapmonuku [Mapam_ 3awuTsl / Habop 1...4 / Oudd 3aw, / Id] «CTab H2»
«aKT_», a MPOLEHT 2°% rapMOHMKM MpeBbIllaeT npeaesbHoe 3HaYeHue.

 Tpurrep 4°% rapmonunku [Mapam_ 3awuTsl / Habop 1...4 / Oudd 3aw, / Id] «CTab H4»
«aKT_», a MPOLEHT 4°% rapMOHMKM NpeBbIllaeT npefesbHoe 3HaYeHue.
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 Tpurrep 5°% rapmonunku [Mapam_ 3awuTsl / Habop 1...4 / Oudd 3aw, / Id] «CTab H5»
«aKT_», @ MPOLEHT 5°Y rapMOHMKM MpeBbIllaeT NpeaesbHoe 3HaYeHue.,

e Tpurrep HacbiweHna TT [Mapam_ 3awmTel / Habop 1...4 / Audd 3aw / 1d] «CTabu.
Hacbil. TT» «aKT_», N UMEeT MeCTO BHeLWHU cbon ¢ HacbiweHnem TT.

C nomoLubio NnapameTpa [MNapam_ 3awmnTsel / Habop 1...4 / Audd 3aw / 1d] «Kpoccb»
MO>XHO YKa3aTb, byayT M rapMOHNYECKUIN CUTHA UM HacbiweHne TT B Nnpegenax
o4HON ha3bl BPEMEHHO OrpaHNYeHbl TONLKO B Npeaesiax gaHHom a3kl nnn bygert
BbIMOJIHEHA NepeKkpecTHasa 61okmnpoBKa (B 3 da3zax).

OTcnexxnBaHune rapMOHHNYEeCKNX UCKa>keHun

3HayeHne BpeMeHHOro orpaHny4eHns npeactasnsaeT cobon kpaTHoe 6a30Boro Toka Ip.

MpoueHTHas fons 201, 407 1 504 F3pMOHUK MO OTHOLLEHMIO K 6a30BOMY TOKY MOXKET
Bbl3BaTb BPEMEHHOE OrpaHmnyeHune. Kaxkaas 3afeiicTBoBaHHas MYHKLUA OTKIOYEHNS
NPV BOSHUKHOBEHUW FrapMOHUK [O/KHa 6biTh BKJIOYEHA, @ NPOLEHTHAs L0/ FapMOHUKM
MO OTHOLUEHMIO K 6a30BOMY TOKY A0/>KHa MPEBbILLATbL 3aAaHHbIN Npeset.

Bonee Toro, yHKuMK cpabaTbiBaHNA Npu 200 |y 500 rapMoOHMKaX MOXHO HAaCTPOUTb
OTOENbHO C pPa3/IMYHbLIMU YPOBHAMMK cpabaTbiBaHUA ANS nNepexonHbixX («H2 YcT», «H5
YcT») n NoCTOoSAHHbIX («H2 CTa», «H5 CTa») rapMoHuK. NepexogHoe orpaHmnyeHue
aKTNBHO B Te4yeHne onpenesieHHoOro BpeMeHn «t-HeycT» C MOMEHTa BKJIIOYEHUS.
HacTpoliky cnefyeT BbINOJHUTbL COrJlaCHO OXXKMAAEMOW NPOA0/IKUTENbHOCTN Bpocka
Toka (IH2). Hanpumep, ona ocobbix BapuaHTOB NMPUMEHEHNSA, TakKMX Kak rpynna
aBTOTpaHCc(opMaToOpPOB, OHA MOXXET BapbUpoBaTbCA OT NpuMepHo 1 nodtun o 30 cekyHA.

MocToAHHOE rapMOHNYECKOe OrpaHNYeHne 0CTaeTCs aKTUBHbLIM MO UCTEeYeHNN TanMepa
«t-HeyCT», eC/IN TOJIbKO NPEeBbILLIEHO OAHO 13 NOPOroBbIX 3HAYEHUN A1 MOCTOAHHOIO
rapMOHNYECKOro nckaxxenms («H2 Crta», «H4 Cta», «H5 Cta»).

OTcne>xkuBaHme HacbiweHmnsa TT (ctabunumsauma npu HacbiLeHun TT)

Kpome TpurrepoB BPEMEHHOIO OrPaHNYEHNS FTAPMOHNK 3alNTHOE YCTPONCTBO MMeeT
APYryto pyHKUNo — cTabunusaunm npu HacbiweHun TT. B TeyeHne HeboNbLLOIO
NMPoOMeXXyTKa BpeMeHM Nocsie BKJIYEHUA HacbiweHua TT nocne Kaxkgoro rnepexona
yepes Hy1eBOW ypoBeHb TOKa TT nepepaeTt curHan 6e3 notepb KU3-3a HacbiWeHUs. B 3To
BpPEMSsI MOXKHO MPOBEPUTb HasIMyMe BHELIHEr0 NN BHYTpeHHero cbos. MNMpn BHeWwHeM
cboe nocne nepexofa 4Yepes HysieBOe 3HaYeHne CTabnnnsnpyowmn ToK yBeIM4YNBaETCS,
Torga Kak guddepeHumnanbHbIi TOK OCTaeTcs Ha Hyne. Mpn BHyTpeHHeM cboe nocne
rnepexoda 4Yepes HoJb YBENYMBAOTCHA 06a 3HaYeHus.
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w1

W2

/
/
°/

Bo3HuKHOBeHMe cbos

I [A]

0,01

0,04

0,05

Is=0,5-1IW1-1W2

Id=IW1+IW2

/

/

\ /
\

N/

/
N/

0,02 0,05

-~
A
1d_220

Puc. 75: XapakTepuctukm Id v Is npn HacbiweHun Ha cTopoHe W1 TT npu BHewHeM cboe.

MCDTV4-3.6-RU-MAN

Ha4ano BpeMeHHOro nHTepsaia 6e3 HacbiLeHNs
Hayano HacbiweHns
OTcyTCTBME HacbILEHMSA NOCe nepexona vyepes Honb: Is>0, 1d=0

HavanbHasa cTagusa HacbliweHus: ld>Is

C nomMoLbio yHKLUKN cTabunmsaunm oueHNBaeTCsa KaXKabli nepexon Yepes HOJlb, ecnu
obHapy>XeH BHelWHN cbon 1 cnegyeT 3anyCcTUTb WU NPOAJINTb BPEMEHHOE
orpaHnYyeHne, ecsin OHO Y>Ke BKJII0YEHO. ECin 0BHapyXNTCst BHYTPEHHMA COOM,
orpaHmn4yeHne cHMMaeTcsA. bbiBaeT, 4TO 1 3HavYeHue Id, 1 3Ha4YeHune |s yBenn4neaeTcCs
nocne AByX NepeceyvyeHuin Hyna noapan.

OrpaHunYeHne HUKOrga He 3anyckaeTcsa npu BHyTpeHHeM cboe, 1, cnefoBaTesbHoO, B
3TOM CJlyyae 3a4ep>XKN OTKJIIOYEHNS He nponcxoamnT. OgHaKo ecnm BHYTPeHHU cbon
BO3HWUKHET BCJIeACTBME BHELLUHErO U NpY 3TOM y>ke ByaeT 3anyLeHo orpaHnyeHune,
OTKJIOYEeHUe gnuddepeHumnanbHON 3alUThl MOXKET 3a4ep)XaTbCsa Ha 1-2 ynkna.

C nomolbto NapameTpa «b1ok. cTabui. Hackil. TT» KOPPEKTUPYEeTCS MakCUMasibHas
ONNTENbHOCTL CTabunmsaumn. Tanmep 3anyCckaeTcs, ecsiv BpeMeHHOoe OrpaHnyeHmne
BKJIlOYEHO cpabaTbiBaHMeM hyHKUMN cTabunmsauunmn. Mo ero nctevyeHun ctabunmsauyms
npekpaLlaeTcs He3aBUCUMO OT TOro, 06Hapy>XeHbl 1N BHeLWHne cbon. HacTpoiiky
[aHHOro Tanmepa (Kak 1 gpyrme 3aBMCUMOCTM) cefgyeT CKOOPAMHUPOBATb C
MaKCUMaJibHbIM BpEMEHEM YCTpaHeHUs BHelHero cbosl.

Mocne oTkA4YeHUsa cTabunmsaynm cnepyowmnin ee UMKA MOXXHO byaeT 3anycTuTb
TOJIbKO Yepes3 oOHYy CEKYHAY.
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4.3.7
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MpuMmep HacTpouku pyHKuum anddepeHunanbHOU 3aLLUTbI AN
TpaHccopmaTopa

34ecb ONUCbIBAaETCA HAacTponkKa Moayna anddepeHunanbHom 3awmnTel. Ocoboe
BHUMaHWe yaenseTcsa hyHKUNOHaNbHOCTN anddepeHumanbHonm 3awnThl. Jns paboTol
3alNTHOro yCcTponcTBa TpebyeTcs ykasaHMe NpakTUYeCKN BCEX NPUBEAEHHbIX Ha
3aBoACKOM Tabnnyke faHHbIX gna obecrnevyeHns onTUMasibHON HACTPOMKMN
andpepeHunansHom 3awmnTbl 63 NCnonb30BaHUSA BCNOMOraTesIbHOro TpaHcgopMaTopa
M MPOYNX MHCTPYMEHTOB, TaKMX, Kak oTBeTBNeHe 06MOTKKM TT (MM aHaNoOroBbIX perne,
KOTOpblE NCMONb30BaJINCb paHee).

370 nMpPMBOOUT K TOMY, YTO peJsie aBTOMaTUYeCKN YHUTbIBAET cliegytouine 4ncsioebie
3Ha4eHun4.

e KoappunumeHT TT 1 ero oTKJIOHEHUE OT CUJIbl TOKa MOJIHOM HAarpy3KM Ha Kak4owm
obmoTKe.

¢ KoadhpuumeHT TpaHcopmMaTopa C y4ETOM aMMINTYAbl U BEKTOPHOM rpynmnbl
TpaHchopmaTopa.

* I3ameHeHMne KoahpuumMeHTa Npm CMeLeHnn nepeksoyaTens OTBETBEHNN.
Bce 370 KOMNeHCUpyeTCcs BbIYNCANTENbHLIM 06pa3om.

[CucTtNap / TpaHcd ] «SN»: HOMUHaNbHasA pac4yeTHas MOLLHOCTbL TpaHcdopMaTopa,
OCHOBa OJ1a pacyeTa TOKa MOJIHOW Harpys3kKu 3TOro TpaHcgopMaTopa.

Mpumep. «SN» = 78 MBA

[CucTtMap / TpaHcoh ] «HomuHasibHoe Bbicokoe HarpsaxeHne (W1)»: HOMUHaNbHOe
Hanps>KeHne TpaHchopMaTopa Ha NeEPBNYHON OBMOTKeE.

Mpumep. «HoMuHanbHoe Bbicokoe HarnpsxeHue (W1)» = 118 kB

[CucTtNap / TpaHcd ] «HoMuHanbHoe HU3Koe HarpsxeHue (W2)»: HOMUHalbHOe
Hanps>XeHne TpaHcopmMaTopa Ha BTOpu4Hom obmoTKe.

Mpumep. «kHoMmuHasibHOE BbicOKoe HanpsaxeHne (W1)» = 14,4 kB

C NOMOLLbIO 3TUX TPeX 3HAa4YEeHUN PacCYNTbIBAETCS TOK MOJHOM Harpy3ku lp, KOTOPbIN
onpenenseTcsa Kak TOK NOJIHOM Harpyskn A8 MakCUMasibHO AOMNYCTUMOW MOJIHOMN
MOLLHOCTW TpaHchopMaTopa. Ona Kaxkaon obMOTKM CyLLLEeCTBYET CBOMN TOK MOJIHON
HarpysKu, HO pe3ynbTaTbl AnddepeHUnaNbHON 3alnThl BCerga otobparkatoTcs
OTHOCUTEJIbHO 3HavyeHus |b obmMoTku 1.

Mpumep.

78000000 BA
Ib=1Iby, = =381 A
W17 W3 . 118000 B

Ip = TOK noaHon Harpy3ku (TMH no oTHoweHnio K 06MoTKe W1, KoTOpas, B 3TOM
npumepe, ABASETCA NepBnYHON 0bMOTKOM TpaHchopMaTopa).
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4.3.8 Fpynnbl coeauHeHUn

[CucTtNap / TpaHce ] «W1 Coen / JonycTuMble 3Ha4YeHUS:
3azems_»
* «Y» - 3Be3aa (coegnHeHmne rpynn nepBuUYHbIX
06MOTOK)

* «D» - TpeyrosibHUK (CoeAMHEHME rpynn NePBUYHbIX
0bMOTOK)

* «Z» - 3ursar (coeanHeHue rpynn NepBuYHbIX
o0bMOTOK)

* «YN» - 3a3eMneHHas 3Be34a (coegnHeHune rpynn
nepBnYHbIX 0BMOTOK)

* «ZN» - 3ursar c 3a3emMaeHuneM (coegmHeHne rpynn
nepBnYHbIX 0BMOTOK)

370 HaCTpOI7IKa 018 CXeMbl noakA4YeHnn obmMmoTkn W1 n ee COCTOAHMNA 3a3eMIEHUS.

[CucTtNap / TpaHcd_] «W2 Coen_/ JonycTnumble 3Ha4YeHMnS:
3azems_»
* «O» - 3Be34a (coeguHeHne rpynn BTOPUYHbIX
obMOoTOK)

* «d» - TpeyronbHUK (CoeanHeHne rpyrnn BTOPUYHbIX
0bMOTOK)

* «z» - 3ur3ar (coegnHeHne rpynn BTOPUYHbIX
obMOTOK)

* «yn» - 3a3eM/ieHHas 3Be3a (coegnHeHne rpynn
BTOPUYHbIX 06MOTOK)

* «zn» - 3Ur3ar c 3a3emsieHneM (coeguHeHNEe rpymnn
BTOPUYHbIX 0OMOTOK)

9TO HacTpoMKa ANA CXeMbl NoAKIII0YEHNN 0O6MOTKM W2 1 ee COCTOAHUSA 3a3eMJIeHMS.
CovetaHune «W1 Coeg_/3azemn_» n «W2 Coen_/3azems1_» NO3BOJISET y4UTbIBaTb BCE
BO3MOXXHble€ CXeMbl (PU3NYECKOro coeiMHEeHNA NoBbILaOLWNX TPaHCHOPMaTOpPOB.

«YN» nnn «ZN» o3Ha4vaeT, 4TO HenTpanb TpaHCcHOopMaTopa CoeAnHEHa C 3a3eMJIEHMNEM
Ha cTopoHe W1.

«YN» UM «ZN» 03HaYaeT, YTO HeNnTpasb TpaHchopMaTopa coegnHeHa C 3a3eMJIEHNEM Ha
cTopoHe W2.

[CucTNap / TpaHco | «Casur ¢gas» JonycTumsble 3HadyeHunsa: O, ..., 11
Cosur a3 HacTpamBaeTcs KpaTHOo 30°, n TaknMm obpasoM onpenenseTcs yros, Ha KOTOpbIN
Hanps>keHne Ha cTopoHe W2 oTCTaeT OT Hanps>XeHus Ha ctopoHe W1.

HoMepa cTaHOapTHbIX NpegnoYTUTEsSIbHbIX TUMNOB TPaHCOPMaTOpPOB CM. B pasaene

«®a3oBas KOMMNeHcaunsa».

Onsa coegnHeHun (Y, y, Z, z) HENTpPanb MOXeET ObiTb Kak NoacoegnHeHa, Tak N He
noacoednHeHa K 3a3eMJsieHuto. B uesioM cyuwecTByeT pa3nmyme mexny HedyeTHoiMu (1, 3,
5, ..., 11) n 4yeTHbIMK (O, 2, 4, ..., 10) HOMepamMun coegnHeHUn. BmecTe co cxemon
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coegnHeHus (y, d Uam z) n cocTosHNEM HernTpaan TpaHchopMaTopa NPUHMMAIOTCS
cnenytouine onpeneneHus.

* [pn nepenaye c 06MoTKM 1 Ha 06MOTKY 2 TpexdasHaa CMMMeTpUyHas cnctema I1
BpallaeTCcs MPOTMB YaCOBOW CTPENKM (MPMMEHNMO K nocsiegoBaTesibHOCTU a3
ABC).

¢ [pn nepenayve c o6MoTKN 1 Ha 0O6MOTKY 2 TpexdasHasa CMMMeTpPUYHas cnctema 12
BpallaeTCs No 4YacoBOW CcTpenke (MpUMEHNMO K nocneposaTenbHoCcTU ha3 ABC).

e [MoakntoveHne TpaHchopMaTopa K oTpuuaTenbHO Bpallatowencsa cncteme (ACB)
YYNTbLIBAETCS COrJlacHO NapaMeTpy.

e TpaHcchopMaLmMsa CUCTEMbI Hy/1IeBOW nocsiegoBaTesnbHOCcTKU |0 3aBnCHT OT
coeanHeHns obMoTOK.

o Tonbko (Y, y, Z, z) — coeanHeHNs nNpeayCcMaTpUBalOT BHELLUHIOI TOYKY
HenTpanu.

o TONbKO eCcnn JaHHaa HenTpasbHas To4YKa coefMHeHa C 3a3eMJieHneM (Ha 4To
yKa3biBaeT 4obaBo4yHOe «n» B HAaCTPOMKax rpynmnsl 06MoToK (Mpumep: Dyn)), u
B KOHTYpe, K KOTOpPOMY noacoegmnHeHa obmMoTKa, 4OCTYMNHO, MO KpaHen Mepe,
elle o1HO coenHeHne C 3a3eMneHneM (Hynesas nocnenoBaTesIbHOCTb —
COOTBETCTBEHHO, BO3MOXXEH TOK 3a3eMJIeHNs);

o TosIbKO ecniv 06e 06MOTKN TpaHcopMaTopa A0MNYyCKaloT TOK 3aMblKaHUS Ha
3eMJIl0, TOK HYJIeBOW MocNefoBaTe/IbHOCTU MOXXET TPaHCHOPMMPOBATLCS C
0AHOV CTOPOHbI TpaHcopMaTopa B Apyryto 6e3 ha30Boro cMeLleHus.

¢ HeyeTHble rpynnbl coegnHeHnn cosgatoTcsa no cxemam Dy, Yd, Yz, Zy.
e YeTHble rpynnbl coegnHeHuUn cosgatotca no cxemam Yy, Zd, Dz, Dd.

* 3Ha4veHus nMnapaMeTpoB I'IepBI/I‘-IHOI7I o0bMOTKK aBnatoTCA 6a30BbIMU npu
OT06pa)KeHVII/I NN OLLEHKE OTHOCUTESIbHbIX 3HAYEHWNA.

KoapdpurumeHT TpaHchopMaLum MOXKHO U3MEHATbL NPU NOMOLLN NepeksovaTens
OTBETBIEHUA.

[CucTtNap / TpaHco ] «lep_oTB_» JonycTumble 3HavYeHnsa: —15%, ..., 15%

MepekntoyaTenb OTBETBIEHUN N3MEHSET KOIPHUUNEHT TpaHCHOPMALUN MO HAMPSXKEHWIO KTap.

X _ By wi (1 + IlepekaouamenvomeemeieHull)
OmeemeseHue ~—

B LL,W2

B OCHOBHOM HY>XHO BbINOJIHUTL C/iedyloLme pacyeTbl Nepen pacyieToM
AnddepeHumnanbHbIX U OrpaHUYNBaIOLLNX 3HAYEHUA DYHKLMN AnddepeHLnanbHon
3alKnTbl TpaHchopMaTopa.

¢ [M0oBOPOT N3MEPEHHbIX 3HAYEHNI OBMOTKIN 2 MO OTHOLLUEHWUIO K ONMopHOK obmoTKe 1
MPOTUB YaCOBOM CTpesiku € yrsom nosopoTa (0...11) x 30 °.

¢ KoppeKuunsa naMmepeHHbIX 3HaYeHNN NapaMeTpoB 0OMOTKN 2 C y4ETOM
HecornacosaHHOro KoagpguuneHTa TT.

e KoppeKkuusi U3MepPEeHHbIX 3Ha4YeHU nNapamMeTpoB 0OMOTKN 2 C y4eTOM CoeNHEHUS
obmoTkuM (y, d, 2).
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» KoppeKkuusa n3MepeHHbIX 3Ha4YeHUn 1 n 2 06MOTOK COrlacHO COeANHEHUIO HeNTpanu
N COCTOSAHMIO 3a3eMeHmns (YyCTpaHeHne TOKOB HYJIeBOW MociiefoBaTesIbHOCTM).
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4.3.9 ABTOMaTM4YeCKMUe pacyeTbl: aMNANTYAbl, BEKTOPHbIE FPynmbl U
yCTpaHeHMe HyJ1IeBOM NnocJieaoBaTeNIbHOCTHU

PacyeTbl MOXXHO BbINOJIHATL C MOMOLLbLIO MaTpPUL,. Heobxoanmo BbINOAHNTb TPpW Wara.

* 1. KoppekTupoBKa aMMinTy bl C y4eTOM BCeX KO3(hpuumneHToB TpaHCchopMau
(noBblwatowmnin TpaHcopmaTop 1 TT).

¢ 2. CKOppEeKTUpOBaTb YroJsl BEKTOPHOW Fpyrnnbl MyTeM COOTBETCTBYIOLLEro BpalleHNs
Tpexda3HOn CUCTEMBI.

* 3. B cnydyae HeobxoaMMOCTU YCTPaHUTb TOK HYE€BOW MOCeA0BaTeNbHOCTU (3TO
MPUMEHNMO K MEePBUYHON U BTOPUYHON 0BMOTKaM).

Mpunmep 1.: Koppekumsa aMnanTyobl:

I ko k.= TTOCH.,W2 . Ib,Wl — TTOCH.,W2 . ULL,WZ
= P2 Liwe o TTomwi TToewwi Uppwil(1+Tlep_ots )

_I Bt2

Mpumep 2.: Koppekuns BEKTOPHONW rpynmbl

Koppekuus BeKTOpHOIZ rpynnbl paccy4nTbIBaeTCH No crefyowmm gopmysiaMm n MmaTpuuam

npeobpasoBaHuns:
_I ;’;TZ = [T®a3OBLII7I CABUT ] ) —I ,BTZ ’ [T®a3OBHﬁ CJIBI/H"] - [TO,l,Z...ll ]

YeTHble rpynnbl COeaUHEHUHN HeuyeTHble rpynnbl cOeaUHEHUN
[1 0 O] 1 [1 -1 0]
To=[010 T,=L.l0 1 -1
001 3 -1 0 1.
[0 -1 O] 1 [0 -1 17
T,=|0 0 -1 Ty3=-=-(10-1
-1 00 3 -1 1 0.
[0 0 1] 1 -1 0 17
T,=[100 T.-=L.[1-10
010 3 L0 1 -1
-1 0 o] L Lo
TS_ O']. O T7=_' 0'1 ].
[0 0 -1 3 L1 0 -1
[0 1 0] 1 [0 1 -1
Tg=100 1 To=-L-]110 1
100 3 1 -1 0
|:O 0 -1] 1 1 0 -1
T10= -1 0 0 Tll—_' -1 1 0
0-10 3 0-11

Tabn. 1: Koppekuunsa BEKTOPHOW rpynrbi:
Mpumep 3.: YCTpaHeHNEe HYJIeBOWN NOCAeN0BaTENIbHOCTU (YCTpaHeHMe ToKa 3aMblKaHUs

Ha 3eMJIl0, eC/IN OH MOXXET TeYb TOJIbKO MO OJIHON 0OMOTKE MPU BHELUHMX
aCMMMETPUYHbIX C60aX 1 He ByaeT TpaHCHOPMUPOBATLCA B APYryi0 06MOTKY).
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YcTpaHeHne HyneBoW NOC/IeA0BaTENbLHOCTN paccyYnTbiBaeTCcs ans obmotkmn W1, ecnn gnsa
napameTpa «W1 Coen /3azems_» 3apaHo 3HavyeHue YN unum ZN.

ToOK Hy/n1eBOW NoC/ef0BaTENIbHOCTN MOXXET Te4b, TOJIbKO:
* eCc/In HENTpaJib CoegnHeHa C 3a3eMJieHneM Ha cTopoHe W1,
* CceTb Ha cTopoHe W1 Takxe 3a3eMJsieHa.

w1 = Ilw1 — lo,w1

Ons ctopoHbl W2: yCcTpaHeHne Hy1eBOM NoC1e0BaTEe/IbHOCTN PacCYNTbIBAEeTCA AN
obmoTkn W2, ecnn ana napameTtpa «W2 Coen /3azemn_» 3a4aHO 3HaYe€HME yn Uau zn.

ToK Hy/1eBOW NOC/IeA0BATENLHOCTN MOXXET T€4b, TOJIbKO:

* eCJIn BEKTOpPHas rpynna He4yeTHas;

* eC/iIn HENTpaJsib coegnHEeHa C 3a3eMJieHneM Ha cTopoHe W2,

* CceTb Ha cTopoHe W2 Tak)xe 3a3emJsieHa.
Iw2” = 1w2" = lo,w2”
Mocne 3afaHns NPOLEHTHbIX 3Ha4YeHUN 19 XapaKTepuCcTNYECKON KPUBON OrpaHNYeHuns
HY>XHO onpenesnnTb HAaCTPONKN OJ19 FaPMOHNUYECKOro 1 NepexonHOro orpaHnyeHui.
HacTporku rapMOHNYECKOro N NepexoHoro orpaHU4YeHnin 3aBUCAT OT MHOXXeCTBa
napameTpoB:

e Tnn TpaHcdopmaTopa

* MaTepunan TpaHchopmaTopa

¢ Pabounii napameTp ceTun

* BpeMs BKAOYEHUNS MO OTHOLIEHMIO K CUHYCcOouAanbHOM ha3e
Mo3TOMYy O4eHb CNOXHO 3a4aTb e4nHble HACTPOMKK B AaHHOW 061acTu U HanTKn

KOMMNPOMUKCC Mex Ay Ype3MmepHO BbICTpbIM N Hanbonee Hafe)XXHbIM OTKJIIoYEHUEM Mpur
rnomMoLumn gnuddepeHumnanbHOro pene.

CoBeTbl o NnMPpUMEHEeHUo

Ha4nHasga ¢ KpMBOM CTaTUYECKNX XapaKTepPUCTUK, PEKOMEHAYIOTCA NCMNOIb30BaTb
CTaHOapTHbIe yrioBble KO3PununeHTbl 50% 1 100%. Nx nony4datoT Yepe3 HaCTPOWKK
[Mapam_ 3awmTbl / Habop x / Ondd 3aw / Id] «Id(1s0)», «Id(Is1)», «Id(Is2)».

B cnyyae rapMoHMUYeCKOro uam nepexonHoro orpaHNYeHns K Kpueon npmbasnaeTcs
cTaTunyeckun casur d (H, m).

Ons conpoTmBneHns Bpockam ToOKa HaMarHM4YMBaHMA 06bIYHOIO YPOBHSA OJ1 NapamMeTpa
[Mapam_ 3awmTel / Habop x / Oudd 3aw / Id] «d(H_m)» pekomeHayeTcs 3adaTbh
3Ha4deHue 8.

Ecnu pocturaeTtcs npenen rapMOHMYECKOro orpaHn4yeHns, 3To 3HadyeHne bypet
NprnbaBNATLCSA K XapaKTePUCTUYECKON KPUBOIA.

Y106kl 06ecneynTb yCTOIZ‘-H/IBOCTb K 6pOCKaM TOKa HaMarHn4mBaHmAa m

nepeBo3by>XeHNI0, BAaXKHO PacCciuTaTb HY)XHOE NMOPOroBoe 3Ha4YeHne rapMoOHNYECKnX
NCKa>XeHUI. FTapMOHNYECKME UCKa)KEeHUs, KOTopble HabnioaanTcsa Npu pasanyHbIX

MCDTV4-3.6-RU-MAN MCDTV4 257



4 3neMeHTbl 3anThbl
4.3 |d — gudpdhepeHumanbHas 3awmTa )a3oBoro Toka

258

KCMNyaTauMNOHHBLIX YCJIOBUAX, TaKUX, KaK 6pOCKI/I TOKa HaMarHmn4mBaHmMAa n HacbllLleHne
TT, 3aBNCAT OT MHOXXECTBa Pa3/INYHbIX MapamMeTpPoB.

Bpocku TOKa HamMarHM4YnBaHUA:

Kak To/bKO B Lenb fobaBnsaoTca TpaHCchopMaTopbl, U3-3a8 OCTAaTOYHOW MarHUTHOWN
WHAYKLUM NPY BKJIIOYEHMN MOFYT BO3HUKATb CuUJibHble Bpocky Toka. CocTaBasoLWen
3TUX TOKOB AIBAAETCH 27 rapMOHMKa (a 4aCTO U HEKOTOpoe Kon4ecTBo 4°% rapMoHUKN).
Ba>XKHO TO, 4YTO 3Ha4YeHue NYyCKOBOIro TOKa 3aBUCUT OT TOYHOIO BPEMEHU NepeksIinyYeHuns,
npwn 3TOM MaKCUMasibHoe 3Ha4YeHne 06bIYHO MMeeT MeCTOo Npu Nepexoae Yepes HyneBoe
3Ha4YeHne HanpsXxeHus. NyCKoBOM TOK NpoTeKaeT TOJIbKO C O4HOW CTOPOHbI U MO3TOMY
n3mepseTca Kak anddepeHumanbHblin, N3-3a 4ero CTaHOBUTCA HEOBX0ONMbIM
BpeMeHHoe orpaHuyeHne gnpdepeHymnaibHON 3alnThI.

O6bI4YHO peKoMeHAyeTCH BK/0YaTb FapMOHMYECcKoe orpaHuyeHmne. s sToro (oTaesbHO
0N KaXK4oW rapMOHNKN) HeobXxoanMMo 3afaTh 419 COOTBETCTBYIOLLEro NnapamMmeTpa
[Mapam_ 3awmnTel / Habop x / Ondd 3aw, / Id] «CTab H2», «CTtab H4», «CTtab H5»
3HaYeHNEe «aKT_».

Ons BbICOKOCTabunabHON paboThbl B MOCTOSIHHBIX YCOBMSIX MOXKHO CAenaTb pasfnyme
MeXAay MOCTOSAHHbIM 3HaYeHMEM MpeaenoB FapMOHUK 1 NpeaesiaMn nepexoaHbix
rapMOHMK HenocpeACcTBEHHO NOCse NoAavyn NUTaHus.

Tak Ha3blBaeMbI NepexodHbIn nepmnog «t-HeycT» HenocpenCcTBEHHO Nocsie Nogayn
NMUTaHNs B BONILLLON CTerneHn 3aBUCUT OT YNOMAHYTOIO BbllUe onpegensdaowiero
napameTpa. B aBToMaTn4YeCKMX TpaHCPOPMATOPHbLIX Fpyrnrnax N3BeCTHbl BPpeMeHHbIe
MHTepBanbl OT NpakTudeckn 0 oo 6onee 15 c. Ang TpaHchopmaTopos obuiero
Ha3Ha4YeHNa PEKOMEHOYETCA YCTaHOBUTb CTaH4apTHOE 3HaYeHune 2 C.

MNepexonHoW Nepuo BCcerna Ha4yMHaeTCs, eciv 3Ha4YeHns U A depeHLInanbLHoro, u
TOPMO3HOI0 TOKa MeHblle 5% 6a30Boro Toka lp. B cTaHOapTHbIX Cay4vasx

peEKOMEHAYITCA crefytoume 3HaYeHUs:
e «H2 Cta» = 30 %
e «<H2 Yct» =15 %
* «H4 Cta» =30 %
MepeBo3byxaoeHne

Mpwn nepeBo36y>Kp,eH|/|v| TpaHchopMaTopa TOK HaMarHM4YMBaHUA pacTeT, YTO Bbi3biBAaEeT

3hpeKT HacbllLeHNs. Takoe COCTOsHME XapaKTepusyeTcs 60bLIMM KOAMYecTsBoM 507
rapMoHUKK. TOK HaMarHM4YNBaHUS N3MepPSAETCHA Kak anddepeHLnanbHbli, 1 NO3TOMY
HeobX0AMMO BpeMeHHoe orpaHunyeHne auddepeHumnansHon 3awmTel. CpabaTbiBaHMe

orpaHmM4YeHmna MO>XHO HaCTpPOUTb MO KOJINYECTBY 50|7| rapMoOHUNKWN.
e «H5 Cta» =30%
o «<H5 YcT» =15 %

Bce aBneHnsa obpa3oBaHUsA rapMOHUK MOTYT B Pa3/INYHON CTENeHW NPOosABAATHLCSA B

O HOWN, ABYX NN BCeX Tpex ha3ax. No3ToMy CyLleCcTByeT BO3MOXHOCTb OFPaHUYnTb
TOJIbKO (ha3bl, NOABEPI)KEHHbIE FAPMOHMKaM, Uan Bce Tpu da3bl. OrpaHnyeHmne Bcex Tpex
a3 cnefyeT NPUMEHATb, TOJIbKO eC/In TOro TpebyloT 4OCKOHalbHOEe 3HaHUe CceTu K
pexxnmoB paboThl.

e «Kpoccbn» = «akT_»: cTabunmnsaumsa ot HasnoxxeHna a3 npu pabote GyHKLUN
anddepeHumnanbHON 3aLmThI.
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* «Kpoccbs» = «HeaKT »: usbupatensHasa ctabunmnzaumsa gas npm paboTte hyHKUNMN
andpdepeHumanbHON 3aLmnThI.

Mocne Ka)kaoro nepexoaa Yepes HysneBoe 3Ha4YeHNE C MOMOLLbI0 (DYHKLIUN
cTabuamsauunm npm HacbilWeHUn TT OTCEXMBAIOTCS M CpaBHMBAOTCA

oV depeHUnanbHbIN U CTabUAN3NPYIOLWKIA TOKW, YTO NO3BOASIET OT/INYUTL BHYTPEHHWUIA
cboi oT BHelLHero. Ecnv HacblweHne TT oXKngaeTcs nol A4eNCTBMEM TOKOB KOPOTKOIO
3aMblKaHWUA, TO BKJILOYEHNE 3TON (hyHKUMM obecrneynBaeT OONOJHUTESIbHYIO
cTabuamsaunio n NpefoTBpaLLAET JI0XKHbIE OTKIIOYEHMS.

Ecnun HacblWweHWe BbI3BaHO BHELHUM CHoeM, KpmBasa OTKJIIOYEHNSA YBENYMBAETCA Ha d
(H, m). Mpwn BHYTpeHHMX cbosix nogbeMa/cTabunmsaumnm KpMBon oTKIKOYEHNS
HabnogaTbca He BynerT.

o «CTabwun. Hackll. TT» = «aKT_»

e «bsio0K. cTabua. Hacbiw. TT» = 0,3¢c (Nnpumep)

MCDTV4-3.6-RU-MAN MCDTV4 259



4 3neMeHTbl 3anThbl
4.4 HeorpaHunyeHHas gudgepeHLmanbHas TOKoBas 3allMTa C BbiICOKOW ycTaBkon |dH

4.4 HeorpaHmnyeHHasa pudcdepeHumanbHas TOKOBas 3awmTa C
BbICOKOM ycTaBkou IdH

3Ha4veHne cpabaTbiBaHUs N0 MakCUMasbHOMY AnddepeHumnanbHOMy ToKy |[dH MoXXHO
W3MEeHUTb HE3aBMCMMO OT 3aJaHHON CTaTUYECKON XapaKTEPUCTUKN OTKIOYEHUSA U
orpaHuydmBatrowmx KodpdpuumeHtos d [H, m]. PeaynbTaToM CTaHET HEMEAJIEHHOE
OTKJIIOYEeHMe Npu NpeBbILLUeHNN NpenesibHOro 3HavYeHns. JaHHbli 3Tan 3aWwmnThl
Ha3blBaeTcA gnddepeHumanbHbiM 3TanoM IdH ¢ NoBbILLEHHON YCTaHOBKOW 1 NO3BOAAET
BbIMOJ/IHATbL BbIK/lOYEHWE TOJIbKO B Npefesiax 30Hbl 3alnThl.

1d/16
aH -
IOuan oTkKn
ld>>
ld[Is2] -
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
}
Id[Is1] b ————___ |
Id min -——-—- o— " } } Pa6_ ovan_
1d[1s0] v | |
Is/16

Isl= 216 Is2= 1016

Idhigh_z01

Puc. 76: 3Tan HeorpaHn4eHHoW anggepeHumnaibHOW 3alunTbl C BbICOKOW ycTaBkou IdH.
ld>> 3awurTa OT MaKCUMaJibHOro AnddepeHUnanbHOro Toka/HeynpassiseMas BbiCOKogasHas

HENCNpPaBHOCTb: BeJIM4YNHa cpabaTbiBaHUA onddepeHUnasbHOro Toka OCHOBaHa Ha
HOMWHAIbHOW Benn4ynHe Toka |lb obbekTa 3alnThlI.
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4.5 1dG — gudhbepeHymanbHasa 3alimTa OT TOKa 3aMblKaHUSA Ha 3eMJII0

4.5 IdG — puddepeHumnanbHan 3aWMTa OT TOKA 3aMblKaHMA Ha
3eMJ0

Moaynb anddepeHunanbHOW 3alLNTbl OT TOKa 3aMblKkaHUA Ha 3eMto «ldG» nmeeTt
cnepyouwme 3awmnTHble yHKUMm rno ANSI.

* ANSI 87TN

* ANSI 64REF

OudpdepeHunanbHasa 3alinTa JUHUN 3a3eMJIEHNSA MOXKET NCMNOJIb30BaTbCA 414 pellueHns
cneayruwnx 3aagasd.

* O6Hapy>XeHne BHYTPEHHMX 3aMblKaHUIA Ha 3eMJTI0 B CO€AINHEHHbIX M0 CXeMe
«3Be34a» 06MOTKax TpaHCOpPMaTOpPOB.

. O6Hapy>KeHV|e 3aMblKaHNA Ha 3eMJ1i0 B HenocpeaCTBeHHO 3a3eMJ1IeHHbIX
reHepaTtopax uam reHepatopax ¢ HU3KUM nMmnenaHCcomMm.

OnucaHme

DTOT NPMHLUMN 3alWNTbl OCHOBaH Ha CXeMe C OrpaHUYeHHbIMU OTKa3aMu 3a3eMJIeHNs,
KoTopasi MOXeT BbITb MCMOJIb30BaHa TOJIbKO B CUCTEMAX C 3a3eMIeHHOMN HeNTpanblo.
OnddepeHumanbHbI TOK 3aMblKaHUS Ha 3eMJIl0 NpeacTaBaseT coboi BEKTOPHYO CyMMy
N3MEPEHHOr0 TOKAa 3aMblKaHUA Ha 3eMJI0 U PAaCCHNTAHHOIO TOKa HyeBow
nocnefoBaTeNbHOCTUN, COCTOSALLEN U3 TPEeX U3MEPEHHbIX (ha30BbiX TOKOB. AHAJIOrMYHO
AnddepeHumansHom 3almnTe ¢ ha3oBbIM OrpaHNYeHNEM TOPMO3HOM TOK 3aMblKaHUA Ha
3eMJilo NpeacTaBnseT cobol BEKTOPHYIO Pa3HOCTb U3MEPEHHOIO TOKA 3aMblKaHUA Ha
3eMJIK0 M PacCYMTaAHHOIr0 TOKa HyJIeBOM MOCNeL0BaTENIbHOCTY, COCTOSILLEN U3 TpeX
N3MepeHHbIX ha30BbIX TOKOB. XapaKTEPUCTMNKa OTK/IIOYEHNSA O4EeHb MOX0)XKa Ha
XapaKTepUCTUKY AnddepeHumanbHOM 3alnTbl C (ha30BbIM OrpaHUYeHNEM, OHa He
NMeeT BPEMEHHOI 0 OrpaHNYeHus.

KoMaHAbl OTKJII0YEHUS, FeHepupyeMble PYHKLMEN OrpaHNUYEHHON 3alMThl OT 3aMblKaHUS
Ha 3emto «ldG», 3a4atoTCsA NPy NOMOLLN AMCMETYEPa BblKoYaTeNen.

CnenyeT 3HaTb, 4TO PYHKLNS OrpaHNYEHHON 3alNTbl OT 3aMblKaHMA Ha 3eMto «ldG»
MOXKET NMPUMEHSATLCS TONLKO K BbiIBOOY 0OMOTKM, CO34alOLLIEMY TOYKY 3a3eMJIEHNS
HenTpanu.
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4 DnemMeHTbl 3aLlNThl
4.5 1dG — pnddepeHumanbHana 3aliMTa OT TOKa 3aMblKaHNA Ha 3eMJIt0

MpuHunn pa6orbl 3aLlUnNThbI

1p.A
-
(—; ¢.A
1.8
-
s $-B
1p.C
-
(¥ d.C
L R
g _T_ 3alnTHOE perne

Ide_Z02

Puc. 77: MpuHunn paboTtbl angpgdepeHUmnaibHOW TOKOBOV 3aLnTbl 0OMOTOK TPaHCHOopMaTopos,
CoeanHEHHbIX M0 CXeMe «3Be34a».

MNMpumep npumeHeHns (TpaHcgopmartop D-y) — ANSI 87TN

3awmuaemasn 30Ha

1dG[2]
TT W1 Wl W TTW
1wl (HV) (V) w2
g »
‘ }r\/
D
= X4 . 3lo
ANSI 87TN X4 . 1h.A
1dG[2] X4 . 1¢p.B
X4 . .G
3alnTHOE YCTPONCTBO ?

LieneBoe ripumeHeHue

Ncnonb3yeTcsl, ecnm CTOPOHY HaydaslbHOW TOYKM TpaHchopMaTopa creayeT 3alnuTuTb OT
3aMblKaHWUI Ha 3eMJ110 B CAaMOM TpaHCchopMaTope.

Hy>XHbIVi TN TpaHChopMaTOPOB TOKa N MX MECTOMOIOKEHNE
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4 IneMeHTbI 3alUnThbl

4.5 1dG — gudhcbepeHumanbHasa 3alimTa OT TOKa 3aMblKaHUSA Ha 3eMJI0

e TpaHcchopmMaTopbl ha30BOro ToKa NMNOAKIOYEHLI B KOHTYpPE JNHUN NNTaHNA
TpaHchopmaTopa.

e TpaHcchopMaTopbl ha30BOro TOKa NOAKI/OYEHDBI B KOHTYpE HENnTpaaum
TpaHchopmaTopa.

Ha3BaHwne ncrnosb3yemoro ssnemMeHTa: 1dG[2]
lMoako4eHne TpaHchopMaTopoB TOKA

e TpaHchopMaTOopbl (pa3HOro TOKa NMOAKJIOYAOTCA K pasbemy: X4 . Ip.A, X4 . I¢.B,
X4 . 1p.C

e TpaHchopMaTOp C KOJIbLLEBBIM CEPAEYHUKOM U TPpaHCHOpPMaTOp TOKOB
3aMblKaHUA Ha 3eMJ1I0 Mo gKJo4aeTCsa K padbemy X4 . 3lo

Pac4eTHbIVi ONTOPHbIV TOK
I, =1 = Sy

b=1lpw2 =
V3 * Bipwa

HoMUuHan1bHaaMOWHOCMb 1,4, cahopmamop

V3 x HomuHanvHoeHanpsistceHUe(W2) 1,qcapopmamop (PA3 — pas)

HeobxoanMbie HacTPOVIKu
BkatounTte anemeHT 3awmThl: [Mnannp_ycTp_ 1 «IdG[2] . Pexx_» = «ncn»
3agjanTe napaMeTpbl y4acTka aasa TpaHcopmaTopa B BeTBU MeHio [CucTlap / TpaHcd 1.

3afaniTe napaMeTpbl auddepeHUnanbHOM 3alWMThl B BETBU MeHI0 [[Mapam_ 3awmThl /
Habop x / Andd 3aw].

Mpumep npuMmeHeHus (TpaHcgpopmartop Y-y) — ANSI 87TN

3aLLl,I/ILLl,aeMaFI 30Ha 3aLLl,I/ILLl,aeMaFI 30Ha
1dG[1] 1dG[2]
TT W1 ‘IfIV\} VIYVZ TT W2
— > -—
7\ 7\

1 ¥

X3 . 3lo = = X4 . 3lo

X3 . 1. A ANSI 87TN ANSI 87TN X4 . 1. A
X3 . Icp.B ldGl1] ldG(2] X4 . 1B
X3 . 1d.G X4 . 1h.Q

Ide_Z09

LleneBoe ripymeHeHne

Ncnonb3yeTcs, ecnm CTOPOHbI HaYalbHOW TOYKM TpaHchopmaTopa Y-y cneayeT
3alMTUTb OT 3aMblKaHWUI Ha 3eMJto B 06enx obMoTKax camoro TpaHcgopmaTopa.
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4 DnemMeHTbl 3aLlNThI
4.5 1dG — pndepeHumanbHan 3allMTa OT TOKa 3aMblKaHUA Ha 3eMJIt0

Hy>XHbIVi TN TpaHChopMaTOPOB TOKa C 06enx CTOPOH N UX MECTOMOIOKEHMNE

* TpaHchopmaTopbl ha30BOro ToKa NMOAKIOYEHbI B KOHTYpPE JIMHUN NMUTaHNA
TpaHchopMaTopa.

e TpaHcchopmaTopbl )a30BOro TOKa MOAKJIHOYEHLI B KOHTYpe HENnTpaaun
TpaHchopmaTopa.

Ha3BaHune ncrosib3yemMoro 3J1eMeHTa:

* |dG[1] Ha cTopoHe obMoTKK W1,

¢ |dG[2] Ha cTopoHe obMoTKkK W2.
lMoako4yeHne TpaHchopMaTopoB TOKA

e TpaHcchopMaTopbl ha3HOro ToOKa Ha CTopoHe obmMoTkn W1 nogkaiyalTcs K
pasbemy: X3 . Ip.A, X3 .1¢d.B, X3 . I¢p.C

e TpaHchopMaTOp C KOJIbLLEBBIM CEPAEYHUKOM WU TPpaHCHOpPMaTOp TOKOB
3aMblKaHUs Ha 3eMJ1t0 Ha cTopoHe 0bMoTkM W1 noakntodaeTcsa K pasbemy X3 . 3lo

¢ TpaHcchopMaTopbl ha3HOro ToOKa Ha CToOpoHe o0bMoTKM W2 nookiyatoTcs K
pasbemy: X4 . Ip.A, X4 . 1¢.B, X4 . I¢p.C

* TpaHchopMaTop C KOJIbLIEBLIM CEPAEYHUKOM MU TPaHC(OpPMaTop TOKOB
3aMblKaHUA Ha 3eMJ1t0 Ha CTOpoHe 06MOTKM W2 nogkstoyaeTcs K pasbeMy X4 . 3lo

PacyeTHbIVi ONOPHbIVI TOK Ha CTOpoHe obmoTku W1

S

Iy=Iyw; = e BN
LL, W1

HoMUuHanbHaAMOWHOCMY rpaycdopmamop

V3 * HOMUHANbHOEHANPANCEHUE Ty cpopmamop (PA3 — a3)

Pac4eTHbIVi OrOPHbIV TOK Ha CTOPOHEe 06MoTku W2

S

Iy =T we = I
' V3 * Bipwa

HoMUHAnbHAAMOWHOCMNY Ty cdopmamop

V3 * HOMUHAAbHOEHANDANCEHUE Tpachopmamop (PA3 — (as3)

Heobxoavmbie HaCTPONKK

BkaouuTe 3neMeHT 3anThl:

e [MnaHnp_ycTtp ] «IdG[1] . Pex_» = «ucn»
e [Mnanup_ycTtp_] «IdG[2] . Pexx_» = «ncn»
3apanTe napaMeTpbl y4acTKa Ana TpaHcdopMaTopa B BeTBU MeHo [CucTlap / TpaHcd 1.

3aganTe napamMeTpbl AnddepeHLnasbHON 3aLlLnThl B BETBU MeHIo [[MapaM_ 3awnThbl /
Habop x / Andd 3aw].
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4 IneMeHTbI 3alUnThbl

4.6 |IdGh — orpaHunyeHHas 3allMTa OT 3aMblKaHUS Ha 3eMJII0 C BbICOKOW YCTaBKOM

4.6 IdGh — orpaHMYeHHas 3aliMTa OT 3aMblKaHUA Ha 3eMJII0 C
BbICOKOW YCTaBKOM

AHaIOrM4YHO HeorpaHn4YeHHon gnddepeHuymnanbHoOn Ga3oBon 3aLMTe A9 BbICOKMX
A pepeHunanbHbIX TOKOB 3aMblKaHUA Ha 3eMJII0 AOCTYMHbl YHKUUN HEOrpaHNYEeHHON
anddepeHumnanbHON 3aWnThl OT 3aMblKaHUS Ha 3eMJII0.

1dG/16

dGH -

Oman oTkn

IdG>>
1dG[IS2] —f -

dG[Is1] _|

MwWH. 3Hay. IdG —— |
1dGIs0] -7 |
\

Pa6_ puvan_

Idehigh_Z01

>
Is/16

Is1= 216 Is2=10-16

Puc. 78: 3HavyeHune cpabaTbiBaHns «ldG>>» rno angpepeHunaibHOMy TOKY YTEYKMN Ha 3EMJIIO,
OCHOBaHHOE Ha HOMWHAaJ/IbHOV BE/INYUHE TOKa «l6» COOTBETCTBYOLWEro o0bbeKkTa 3alynThl.
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4 neMeHTbl 3almnThbl
4.7 | — 3almMTa OT NMpeBbILUEeHNS TOKa

4.7 | — 3awiMTa OT NpeBbILLEeHUA ToKa

Moay/b 3alWMThl OT NPEBbLILEHNSA TOKA «I» MMeeT creayolne 3alnTHbIe YHKLMN MO
ANSI.

ANSI 50

ANSI| 51

ANSI 51C

ANSI 51Q

ANSI 51V

ANSI| 67

Mpwn ncnonb3oBaHUN 61OKMPOBKM OT BPOCKOB TOKA HaMarHU4YMBaHUS AN
npenoTBpaLLeHNs OLNOOYHOIr0 OTK/OYEHNSA 3a4epPXKKa OTKOYEHNS, NCNOoJIb3yeMas
PYHKUNSAMN MaKCUMaJIbHOM TOKOBOW 3alUNThl, AOJIXKHA COCTaBNATb He MeHee 30 Mc.

OCTOPOXHO!

Ons obecnevyeHns NnpaBuabLHON PaboThbl hYHKLMN ornpefeneHnsa HarnpaBaeHUs nocne
04HOMa3HbIX KOPOTKUX 3aMblKaHMN HEOBX0AMMO NCNOJSIb30BaTh Cleayioliee onopHoe
Hanps>xkeHne: [ns pa3oBoro Toka Ig).A OHO paBHO HaMps>XeHuo Mexay nnHuammn UBC,
Ansa asoBoro Toka Ih.B oHo paBHO HanpsxkeHuto mexxay nuHnamu UCA, a onsa a3oBoro
TOKa I).C OHO pPaBHO HaMpPsXXeHNo Mexxay auHuaMmn UAB.

B cny4vae ecnv HeMcnpaBHOCTb Npoun3oLlia B6M3N TOYKM U3MEPEHUS, U ANA Hee
OTCYTCTBYET OMOPHOE HaMNps>XeHne, KOTOPOEe MOXKHO MCMOJIb30BaThb AA ornpeneneHns
HanpaBneHnsa (Kak NU3MEPEHHOr0, TakK U XPaHSLLLErocs B apXnBe NaMsaATN HaNpPS>XKeHUNR),
TO Moay/b cpaboTaeT He HanpaBJIeHHO Unn 6yaeT 6,10KMpoBaH — B 3aBUCUMMOCTU OT
YCTaHOBKUN 3HAY€HUS COOTBETCTBYHIOLLLErO NapamMeTpa .

' Bce anemMeHTbl MakCUMaJsibHOM TOKOBOW 3aLLUNTLl UMET NAEHTUYHYIO CTPYKTYPY.

' [aHHbIN MoayNb MOXeT paboTaTb C HabopamMu afanTUBHbLIX MAaPaMeTPOB.

N3meHeHne 3HaYeHnIn NapaMeTpoB, BXOAALWMX B HAabopbl MapamMeTpoB, NPOUCXoauT
AVHaMUYeCKU Npy NoMoLLM HabopoB afanTUBHbLIX NapamMeTpos. CM. pasgen >
«Habopbl afanTUBHbLIX NapaMeTpPOB».
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4 IneMeHTbI 3alUnThbl

4.7 | — 3alimTa OT NMpeBbILUEeHNS TOKa

HacTpoinka napameTpa [[Mapam_3awuThl / FTNob_nap_ 3aw_/ I-3aw_/ I[x]]
«CTOp.06MOTKY TT» NO3BONAET BblOpaTb, MOHUTOPUHI paboTkl kakoro TT 6yneT
BbIMNOJIHATb 3aLLUUTHbLIA SNEMEHT.

BapunaHTbl:

* «TT HenTp» = TpaHCchOpMaTOpbl TOKa Ha CTOPOHE HENTPaIN Nan
* «Cun TT» = Cnnosas obMOTKa TpaHCopMaTopa TOKa).
CnepnyeT, o4HaKo, 3aMeTUTb, YTO OonpeaesieHne HarnpasJieHUss OCHOBbIBAETCA Ha

3HAYEHUAX TOKA, 3aJaHHbIX B MEHIO MAapaMeTPOB yYacTKa Asis napameTpa «CTop
o0bMOTKU UIH ».

ANSI 50, 51 — 3awunTa OT MAKCUMaJIbHOro ToKa /KOpPOTKOro 3aMbIKaHHUs,
HeHanpaBJIeHHasn

OTOT BapmaHT NPUMeEHeHUsa HacTpaneaeTcs B MeHto [MnaHup_ ycTp_].
* [MnaHup_ycTp_] «Pex_» = «HeHanpaBJ/IeHH_»

Ecnun anemMeHT 3amThl N0 TOKY onpeaesneH Kak «HeHanpasJIeHH_», faHHbIe 0
HanpaBJIeHWM B pacyeT He NPUHMMATCS.

BapnaHThl:
e [Mapam_ 3awunTtbl / Habop 1...4 / I-3aw_ / I[x]] «MeToa usmepeHunii» =
o OCHOBHbIe
o NcT_CK3

° 12

ANSI 67 — 3awuMTa OT nNpeBbILLIEHNsI TOKa/KOPOTKOIro 3aMblKaHWUs, HanpaBJieHHas
ITOT BapuaHT NpUMEHEeHUs HacTpanBaeTca B MeHto [MMnaHnp_ ycTp ]
e [MnaHnp_ycTp_] «Pex » =
° «Bnepepn»
° «peBepc»
BapnaHThbl:
e [Mapam_ 3awunTtbl / Habop 1...4 / I-3aw_ / I[x]] «MeToa namepeHuni» =
° OCHOBHble
o NcT_CK3
° 12
Ecnn 3HaveHne napameTpa «CTop.06MOTKM TT» = Cun TT TpaHChOpMaTOpbl TOKa Ha

He|7|Tpaan0|7| CTOPOHE, BCE 3/1€MEHTDbI 3alilTbl OT MaKCMaJIbHOINoO TOKa MOXXHO
HaCTPOUTb KaK HEHalpaBJZIEHHbIE NN, OOMOJIHUTEJIbHO, KaK HalpaBJIEHHbIE (I'IpS;IMbIe/
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4 neMeHTbl 3alnThbl
4.7 | — 3alimMTa OT NMpeBbILEeHNSA TOKa

obpaTHble). (Ecnn «CTop.0bMOTKM TT» = «TT HENTP», OOCTYNEH TOJILKO
HeHanpasJIeHHbIN PeXXnM.)

Mpsamoe nnn obpaTHOe HanpaB/ieHNe onpeaensaeTcs XapakTepucTUYECKNUM yriom
HanpaBfieHNsa a3bl, KOTOPbLIN, B CBOIO o4epenb, onpefensetcsa napameTpoM [CuctMap /
HanpasneHune] «YMY ¢pa3bi».

MoapobHoe onucaHue onpeaeneHns HanpasaeHns NpusoanTcs aeck: o>

«OnpepneneHne HanpaBaeHUs», U, B YaCTHOCTU, ANs HAaNpaBAeHWs Mexxda3Horo
KOPOTKOro 3aMbikaHus: => «HanpasneHne Mexxda3HOro KOPOTKOro 3aMblKaHUA».

ANSI 51V — 3awmnTa OT nNpeBbilUeHUs TOKa C OrpaHu4YeHneM Halnps>kKeHns
ITOT BapuaHT NPUMEeHEeHNs aKTUBUpPYeTCa cnepyowmnm obpasom:
BapunaHThl:
* [Mapam_3awmnThl / Habop 1...4 / I-3aw_/ [[x]] «MeToa n3mepeHur» =
o OCHOBHbIe
o NcT_CK3
° |2
e «KaHaJs n3MepeHuns» =
o JINH_ Hanp_
o (Ma3a-3emns
Ecnun pna napameTtpa «UOrpaHmny» 3afaHo 3HAYEHNE «aKT_», 3/IEMEHTOM 3allnThbl OT
MaKCUMaJIbHOro TOKa NCMNOJIb3YEeTCs YAEPXKUBAOLLEE HaNpsXKeHWe. ITO 3HAYUT, 4TO
yCTaBKa MaKCUMaJIbHOro ToKa ByaeT CHM)XeHa Npu NageHun Hanps>xkeHnsa. Taknum
obpas3oM obecneymBaeTcsa 6osiee YyBCTBUTE IbHAs 3alUMTa OT NpPeBbIWEHNSA ToKa. Ons
MoporoBoro Hanps»xeHns «UOrpaHny Makc» TakXXe MOXXHO onpenennTb «KaHas
N3MEepPEHUSI».
C nomoubio napameTpa [MNapam_ 3awnTel / Habop 1...4 / 1-3aw_/ I[x]] «KaHan

U3MepEHUSI» MOXKHO ONnpefesiuTb, Kakoe Hanps>XeHne nusMepeHo: «JIMH_ Hanp_» nam
«Pa3a-3eMsisa».

ANSI 51Q — 3awuuTa OT npeBbilleHNSA TOKa OTpULaTe/IbHON NOCJ/ief0BaTesIbHOCTH

¢as
STOT BapuaHT NMPUMEHEeHNs akTUBUPYETCA cleayowmm obpasom:
ANSI 51C — 3awumnTa no ToKy € NyCKOM O Harnpsi>XeH!uio

STOT BapuaHT NPUMEHeHNs aKTUBUPYETCS C NMOMOLLbIO afanTUBHbLIX MapaMeTpoB; CM.
> «Habopbl afanTMBHbLIX NapaMeTPOB».

BapuaHThI:
e [Mapam_3awunTbl / Habop 1...4 / I-3aw_ / I[X]] «MeToa usmepeHuni» =
°© OCHOBHblE
o NcT_CK3

° 12
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4.7.1

4 SneMeHTbI 3alnThbl

4.7 | — 3alumTa OT NMpeBbILUEeHNS TOKa
[Mapam_ 3awmTbl / Habop n / U-3aw_ / KH[X]] «Pexx_ n3m_» =
o JINH_ Hanp_

o ®@as3H Hanp

MeTon namepeHnn

ona

Ka><[10r0 3alMTHOrO 3/1eMeHTa HaCTPOMKON NapameTpa «MeToa n3mMepeHui»

MO>XHO onpefenuTb, ByaeT M n3MmepeHne BbiMNOJHATLCA Ha OCHOBE «OCHOBHbIE» UN
«NcT_ CK3» 3HavyeHuns.

Nnun e MOXXHO 3aZaTb A4 napaMeTpa «MeToa I/I3MepeHl/ll71>> 3Ha4vyeHune «I2». B 3Tom
cny4dae 6y,u,eT N3MEPATbCA TOK OTpVILI,aTeﬂbHOI‘il nocnepoBaTesibHOCTU has. 370
MO3BOJINT BbIABJIATb HeC6aJ'IaHCVIpOBaHHbIe cbown.

XapakKTepucTUukKmu

Ons

Ka>X[0ro 3JleMeHTa MOXXHO HacTpamBaTb CliefyoLline XapakKTepucTuku:
DEFT — onipegeneHHoe BpeMs — MaKCUMaslbHbI TOK

HopmanbHO nHBepcHas xapaktepuctuka [NINV] (IEC) — IEC, ctaHaapTHas
obpaTHO3aBUCUMasa xapakTepucTrka

XapakTepucTuka 60sbLLoN 06paTHON 3aBUCUMOCTY BPEMEHW OTKJIIOYEHUSA OT TOKa
[VINV] (IEC) — IEC, 60osbLuass obpaTHO3aBNCMMas XxapakTePUCTNKA

XapaKTepucTuka OJNTENbHOW 3aBUCMMOCTMN BPEMEHN OTKJIHOYEHMS OT ToKa [LINV]
(IEC) — IEC, anntenbHas obpaTHO3aBUCUMas XapaKTEPUCTUKA BblAEPXKKN BPEMEHU

XapakTepucTuka odeHb 60bLION 06paTHOM 3aBUCMMOCTU BPEMEHM OTKJIIOHEHUNS OT
Toka [EINV] (IEC) — IEC, o4eHb 60/1bLuas 0bpaTHO3aBUCUMas XapaKTEPUCTUNKAE

XapaKTepucTuKa yMepeHHon 06paTHOM 3aBUCMMOCTN BPEMEHM OTKJIIOYEHUS OT TOKa
[MINV] (ANSI) — ANSI, ymepeHHas obpaTHo3aBucuMas XapakTepUCTUKAE

XapakTepucTuka 6osbLioi obpaTHOM 3aBUCMMOCTY BPEMEHN OTKJIIOYEHUS OT TOKA
[VINV] (ANSI) — ANSI, 6osbLuasi obpaTHO3aBUCHMMasT XapaKTEPUCTUKA

XapakTepucTuka odeHb 60bLION 06paTHOM 3aBUCMMOCTU BPEMEHMW OTKJIIOHEHUNSA OT
ToKa [EINV] (ANSI) — ANSI, o4eHb 60/bLuass 0bpaTHO3aBUCMMasi XapaKTePUCTUKA

RINV — obpaTHo3aBucmumMasa xapakTtepnucrtmka R

Mosoras TepMmyeckas XxapakKTepucTmuKa — roJiorasi TepMuYeckas xapakTepucTmka
XapakTepuctuka IT

XapakTepucrtuka 12T

XapakTepuctuka 4T

Ob6bscHeHne

L]

t= Bblﬂ,ep)KKa BpeMeEHN Ha OTK/Ilo4HeHNE

txap = MHOXUTeNb BpeMeHN/KO3(PPUUNEHT XapaKTEPUCTUKN OTKITIOHEHUNS.
Idnana3oH 3Ha4YeHUn 3aBUCUT OT BbIBPAaHHON KPUBOW OTKJIIOYEHUS YCTPONCTBA.

| = TOK KOPOTKOIro 3aMblKaHUA
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4 SneMeHTbl 3alnThbl
4.7 | — 3almMTa OT NMpeBbILUEeHNS TOKa

e |> = [lpn npesbilLeHNN BEINYUHBI CpaGaTblBaHl/lﬂ Ha4YMNHaeTCd OTCHET May3bl A0
OTKJIIO4HEeHNA.

DEFT — onpeneneHHoe BpeMss — MaKCUMaJibHbIA TOK

DEFT
100} E
B 1/ 1> 1
* 10; 001~ | = 40 .
t[s]| i
1 E
L 3(1)5 |
0 I

Nl i B
- 00s ]

0.01 | L1 ‘ | | L1 ‘

1 10
/1> —= ‘

Pdoc Z00

IEC HopmMmasibHO MHBepcHasa xapaktepuctuka [NINV]

«Xap» = IEC NINV

' [OCTYMHbI pa3inyHble pexnmsl cbpoca:

c6poc Mo XapaKTeEPUCTUKE, BblOEPXKKE BpEMEHN NI MTHOBEHHOMY 3HAYE€HMUIO.

MpumevaHwne. Anga | > 20-/> ybbiBaHME KPMBOW NMpeKkpallaeTcs, 3Ha4yeHns t He n3MeHsT
Be/IMYUHbI B TevyeHune | = 20:/>.
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I -
Ecnu: I>~

4 SneMeHTbI 3alnThbl

4.7 | — 3alimTa OT NMpeBbILIEeHNS TOKa

0,5

0,2
0,1

—

0,1 1

100

| /1> (KpaTHble nopor. cpab.)

0,05

txap=
< 1,5

Pdoc_Z01

IEC XapakTepuctuka 6osbLI0i 06paTHOW 3aBUCUMOCTH BPEMEHU OTKJTIOYEHHUA OT

TO0Ka [VINV]

«Xap» = IEC VINV

' [oCTyrnHbI pa3nnyHble pexxumbl cbpoca:

C6pOC Mo XapaKTepuncTnke, BblAep>XXKe BpeMeH NJin MrHOBEHHOMY 3Ha4Y€HUIO.

MpumevaHne. Ans | > 20:/> ybbiBaHME KPUBOW NpekpallaeTcs, 3HaYeHns t He N3MeHsIT
BeJ/INYUHbI B TedeHune | = 20-/>.

MCDTV4-3.6-RU-MAN

OTKn
13,5
t= T4 - txap
I>
I
1<=—=<20
Ecnu: I>

MCDTV4
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4 neMeHTbl 3alnThbl

4.7 | — 3aWnTa OT NPEBLILIEHNS TOKa
Cbpoc
100
t [s]
10

0,1

0,01

OTKn

1 10

| / I> (KpaTHble nopor. cpab.)

txap=
1,5

0,5

0,2
0,1
0,05

IEC XapaKkTepucTtuka o4eHb 60sbLLIOK OOpaTHON 3aBUCUMOCTH BPEMEHM

OTKJII04eHusa oT Toka [EINV]

«Xap» = IEC EINV

Pdoc_702

c6pOoC MO XapakKTePUCTUKE, BblAEPIKKE BPEMEHUN WUJIN MTHOBEHHOMY 3HAY€HUIO.

' [OCTyMnHbI pa3finyHble pexxumbl cbpoca:

MpumeyvaHne. Ons | > 20:/> ybbiBaHME KPUBOW NpeKpaLLaeTCcs, 3Ha4YeHNs t He U3MEeHSAT

BeNIMYUHbI B TevyeHune | = 20:/>.
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4 IneMeHTbl 3alnThbl

4.7 | — 3alimTa OT NMpeBbIlUEeHNS TOKa

Cbpoc OTKN

1000

t [s]

100

10

.

N

1
1,5
R 1
0,1 0,5
0,2
R 0,1
0,01 0,05
0,01 0,1 1 10 100

Pdoc_z04

| /1> (KpaTHble nopor. cpab.)

IEC XapaKkTepuUcTHKa AJINTeJIbHOW 3aBUCUMOCTHU BPEMEHHN OTKJIIOYEHUS OT TOKa
[LINV]

«Xap» = |IEC LINV

' [OoCTyMnHbI pa3fnyHble pexxumbl cbpoca:

cbpocC Mo xapaKTEPUCTUKE, BbIAEP>KKE BPEMEHMW NIV MTHOBEHHOMY 3HAYEHUIO.

MpumevaHne. Ang | > 20:/> ybbiBaHME KPUBOW NpeKkpallaeTcs, 3Ha4eHns t He n3MeHsT
BEJINYMHbI B TedeHne | = 20:/>.

Cbpoc OTKn
t=%-txap t=%_1-txap
1-(£) E
I - 1 1< L < 20
Echn: 1> Ecnu: >~
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4 SneMeHTbl 3almnThbl

4.7 | — 3awWwmMTa OT NpeBbILLEHNS TOKa
Cbpoc OTKN
1000
t [s]
100 J
txap=
10 1,5
1
R 0,5
1 11 0,2
0,1
R 0,05
0,1
0,01 0,1 1 10 100

| /1> (KpaTHble nopor. cpab.)

Pdoc_Z03

ANSI XapakTepucTtnka ymepeHHon obpaTHoi 3aBUCUMOCTHN BPEeMEeHU OTKJII0YEeHHNA
o1 ToKa [MINV]

«Xap» = |IEC MINV

' [OCTyMnHbI pa3finyHble pexxumbl cbpoca:

c6pOoC Mo XapakKTePUCTUKE, BblAEPIKKE BPEMEHUN UJIN MTHOBEHHOMY 3HAY€HUIO.

MpumevaHne. Ang | > 20-/> ybbiBaHME KPUBOW NpeKpallaeTcs, 3Ha4eHns t He n3MeHsT
BeNIMYUHbI B TevyeHune | = 20:/>.

Cbpoc OTKn
_ 485
TP p=|—00515 51940 |-¢
1-(£) = W ' Xap
L 1
I>
I I
“ <1 1<=—=<20
Ecm: 1> Ecnu: I>
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4 IneMeHTbI 3alnThbl

4.7 | — 3alimTa OT NMpeBbIlIEeHNS TOKa
Cbpoc OTKN
1000
t[s]
100 J
o txap=
15
10 10
\—
1
0,5
0,1
0,01 0,1 1
| / I> (kpaTHble nopor. cpab.) ;
ANSI XapakTepucrtuka 6onbLion obpaTHOM 3aBUCUMOCTHU BPEMEHU OTKJIIOYEeHUS
o1 T0Ka [VINV]
«Xap» = ANSI VINV
' [OCTYNHbI pa3sinyHble pexxmnmbl cbpoca:
cbpocC Mo xapakTEPUCTUKE, BblAEPXKKE BPEMEHUN NI MTHOBEHHOMY 3HA4Y€HMIO.
MpumevaHne. Ang | > 20-/> ybbiBaHME KPUBOW NpeKpallaeTcs, 3Ha4eHus t He n3MeHsT
BEJINYUHbI B TedeHune | = 20:/>.
Cbpoc OTKn
t= ZiED 5 - txap
I .
1 (1_>) t ( txap
I I
d -1 1<=—=20
Ecnm: I> Ecnu:
MCDTV4-3.6-RU-MAN MCDTV4 275



4 neMeHTbl 3alnThbl

4.7 | — 3aWwmMTa OT NpeBbILLEHNS TOKa
Cbpoc OTKN
1000 J
t [s]
100
txap=
10
15
~—— 10
5
1 2
S 1
RN 0,5
0,1
0,01 0,1 1 10 100

| / I> (KpaTHble nopor. cpab.)

Pdoc_z06

ANSI XapakTepucrtuka o4eHb 60sbLLIOW OBpaTHOW 3aBUCUMOCTH BPEMEHM
OTKJ1l04eHHnsA oT Toka [EINV]

«Xap» = ANSI EINV

' [OCTyMnHbI pa3finyHble pexxumbl cbpoca:

c6pOoC MO XapakKTePUCTUKE, BblAEPIKKE BPEMEHUN WUJIN MTHOBEHHOMY 3HAY€HUIO.

MpumevaHne. Ang | > 20-/> ybbiBaHME KPUBOW NpeKpallaeTcs, 3Ha4eHns t He n3MeHsT
BeNIMYUHbI B TevyeHune | = 20:/>.

Cbpoc OTKn
29,1
t=—-""7" txap 28,2
(L t=|—-—+0,1217 |- txap
1 (I> ) 2
[ &) 71
I>
I I
1 1< =20
Ecam: I> Ecnu: I>
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4 SneMeHTbI 3alnThbl

4.7 | — 3alimTa OT NMpeBbILIEeHNS TOKa
Cbpoc OTKN
1000 ‘J
t [s]
100 _‘/////
10
txap=
R 15
R 10
1 5
T 2
0,1 0,5
0,01 0,1 1 10 100

| /1> (KpaTHble nopor. cpab.)

Pdoc_z07

R Inverse [RINV] - XapakTepuncrnka

«Xap» = RINV

' [OCTyMnHbI pa3finyHble pexxumbl cbpoca:

c6pOoC Mo XapakKTePUCTUKE, BblAEPIKKE BPEMEHUN UJIN MTHOBEHHOMY 3HAY€HUIO.

MpumevaHne. Ang | > 20-/> ybbiBaHME KPUBOW NpeKpallaeTcs, 3Ha4eHns t He n3MeHsT
BeNIMYUHbI B TevyeHune | = 20:/>.

Cbpoc OTKn

1,0 1,0
t=—"—"—"txa t=——"—~"txa

(L )2 P 0.339- 0,2136 p
I> (&)

I I

d -1 1<=—=20
Echm: 1> Ecnu: >
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4 neMeHTbl 3alnThbl

4.7 | — 3aWwimMTa OT NpeBbILLEHNS TOKa
Cbpoc OTKN
100
t [s]
10 txap=
1,5
1
0,5
1
\ 0,2
\ 0,1
0,05
0,1
0,01 0,1 1 10 100

Pdoc_Z12

| / I> (KpaTHble nopor. cpab.)

Monoras TepMunyYeckas xapakTepucTuka

«Xap» = Thermal Flat

' [OoCTyMHbI pa3inyHble pexxumbl cbpoca:

cbpocC Mo xapaKTePUCTUKE, BbIOEPKKE BPEMEHMN NI MTHOBEHHOMY 3HAYEHUIO.

Cbpoc OTKn

t=(5-32)-txap t=(5-30)-txap
L -1 1<-—1

Ecnn: IHOM Ecnu: Inom
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4 SneMeHTbI 3alnThbl

4.7 | — 3alimTa OT NMpeBbILIEeHNS TOKa
Cbpoc OTKN
1000
t [s]
100 txap=
10
5
10
0,5
1
0,05
0,1
0,01 0,1 1 10 100
| / IHOM (KpaTHble HOM. TOKa) §
Xapakrtepuctuka IT
«Xap» = IT
' [OCTYNHbI pa3finyHble pexxmnmbl cbpoca:
cbpoc No xapaKTEPUCTUKE, BblAEP)XKE BPEMEHWN NN MFTHOBEHHOMY 3HAYeHUIO.

Cbpoc OTKn
— (& .22). sl
t—(5 3 ) txap =2 31'txap
( IH{)M )
I <1 1< I
Ecnu: [HOM Ecnu: [HOM
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4 neMeHTbl 3alnThbl

4.7 | — 3aWwnTa OT NpeBbILLEHNS TOKa
Cbpoc OTKN
1000
t [s]
100
10 txap=
10
5
1
0,5
0,1
0,05
0,01
0,01 0,1 1 10 100 .
| / IHOM (KpaTHbIe HOM. TOKa) g
Xapaktepucrtuka I12T
«Xap» = 12T
' LOCTYyMHbI pasfinyHble pexxmnmbl cbpoca:
cbpoc No xapaKTEPUCTUKE, BblAEPXKE BPEMEHWN NN MTHOBEHHOMY 3Ha4YeHUIO.

Cbpoc OTKN
—(5.22). ey
t—(5 3 ) txap t= 5 32-txap
( IHﬁM )
I <1 1< I
Ecnu: [HOM Ecnu: [HOM
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4 SneMeHTbI 3alnThbl

4.7 | — 3alimTa OT NMpeBbILIEeHNS TOKa
Cbpoc OTKN
1000
t [s]
100
10
1
txap=
10
5
0,1
0,5
0,01
0,01 0,1 1 10 100 _
| / IHOM (KpaTHbIE HOM. TOKa) g
Xapakrtepuctuka 14T
«Xap» = 14T
' LOCTYyMHbI pasfinyHble pexxmnmbl cbpoca:

cbpocC Mo xapaKTEPUCTUKE, BbIAEP>KKE BPEMEHMW NIV MTHOBEHHOMY 3HAYEHUIO.

Cbpoc OTKN
—_— . 2 . . 4
t—(5 3 ) txap t=2 34-txap
( IHﬁM )
I <1 1< I
Ecnu: [HOM Ecnu: [HOM
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4 3nemMeHTbl 3aLMnThI

4.7 | — 3almMTa OT NMpeBbILUEeHNS TOKa
Cbpoc OTKn
1000 8}
\\\\\
t[s] RN
0
100 RERIEY
\\\\\ \\\
IRUY
VWA
0
10 =i
\\ \\\\\ \\
WU RIANY
VW
\[ AN
\ txap=
1 == ey
AW 10
\\ AW
\ 5
NI 2
0.1 SEERNRR
\\ ! \\\\\\ 1
\ \\\\\\
L 0,5
(A 0,05
0,01
0,01 0,1 1 10

| / IHOM (KpaTHble HOM. TOKa)
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4 SneMeHTbI 3alnThbl

4.7 | — 3alimTa OT NMpeBbILIEeHNS TOKa

4.7.2 DPYyHKULUOHAJIbHbIe BO3MO>XXHOCTH

OnpepeneHue HanpasBaeHUA OCHOBAHO Ha MoAyse «3al». [JoMnoJIHUTESbHbIe
ceefieHns cM. B pasgene > «Onpepenexune HanpasneHns».

onpep,_ Hanpasn_ MNep_ ¢asbl No TOKy Pdoc_Y08
I =1[1]...[n]

Mnannp_ycTp_

l.
Pex_

HeHanpaBAeHH_ =1
Brnepep &
pesepc

@ -
(nepen)

| . OwwmbKa 3ann_ Hanpas_ @
(peBepc)

o
HeHanp_ oTkJ_ npu U=0

HeakT_

aKT_ &

(HEBO3MOXKHO)
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4 SneMeHTbl 3alnThbl

4.7 | — 3almTa OT NMpeBbILUEeHNS TOKa
I[1] ... [n] Pdoc_Y09
I =1[1]...[n]
Cwm_ onarpammy: onpep_ Hanpass_ lMNep_ da3bl N0 TOKy
@ | . Owwnbka 3ann_ Hanpass_
Cwm_ onarpammy: Bnok-ku
l. —]
@ KT ?l | . IH2 Bak

l.
IH2 Bnk

HeakT_

aKT_ -

Cm_ anarpammy: IH2 &
IH2 . Bk ¢.A

Cwm_ onarpammy: [H2

O,
@ IHZ . BAK ¢.B

Cm_ anarpammy: |H2 &

@ IHZ . Bk ¢.C

l.
N3mep. cxem KOHTP.

HeakT_

aKT_ &

1. T A
-
9 PR @
]
— & 1. T B
PR @

l.
KaHan nsmepenusa

®as3H Hanp

JIVH_ Hanp_

v

AT
AT
AT

LT .
pes_ .C @

LY

1. T

.0 A
TKA ¢ T6b

.0 B
TKA ¢ 176

l.
MeTon nsmepeHuia
OCHOBHble
NeT_ CK3
UA L
s ®
uc____|
Ih.A
Icp.B N
Jec

UOrpaHuny Mmakc

R

100%

25%

25%

v

51B Cpab =
% cpab - |

v

IMmakc

A

l.
Xa

I.
txa

l.
t-cbpoc 3amepxKkn

0
Pex_ cbp_

)

INV

Lol

. OTKN .C @

IMakc

1. OTKn
15

i

O CM_ fnarpammy: Bnokup_ oTkn
3

KoMaHpa oTKloYeHs oTMeHeHa unun 61okmpoBaHa.

. KomOTKkn
15a

MpumedaHne. Ona ewe 60sbLUEN NPOCTOTHI B CXEME Bbile HE 0TOBparkeHo, 4TOo Npun
Bblbope [CucTtMap / TH] «TH coea» = «JIMH. Hanps>X.» 3Ha4YeHne napameTpa «/[x]».
KaHan namepeHmnsa 6ynet n3aMeHeHo Ha «JInH_Hanp_», HeE3aBMCMMO OT TOro, Kakoe
3HayeHune bbISI0 HAaCTPOEHO B Havasne (CM. MpuMeYaHue B pasgene => rnaga 4.7.3).
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4.7.3

4 IneMeHTbl 3alnThbl

4.7 | — 3alimTa OT NMpeBbILIEeHNS TOKa

51V — 3awiuTa OT NnpeBbilleHUs ToOKa C YA ep>XUBaloWwuMm
Hanps>XeHueMm

YT06bl aKTUBMPOBATb AAHHYIO (PYHKUUIO, HY>XHO AN napaMeTpa [[Mapam_ 3awinThbl /
Habop 1...4 / I-3aw_ / I[x]] «UOrpaHn4» 3apaTb 3Ha4YeHME «aKT_» B Habope napameTpos
COOTBETCTBYIOLLEr0 3/IEMEHTa Neperpysku no Toky I[x].

OyHKUNSA 3aLmThl 51B orpaHmnyneaeT paboTy, 4TO CHU)KaeT 3HavYeHna cpabaTbiBaHUS.
9TO NO3BOJIAET NOHU3UTb 3Ha4YeHMe cpabaTbiBaHMA 3aWLNTHOM PyHKUMK 51B npn
COOTBETCTBYOLLEM BXOAHOM (ha30BOM Hanps>keHuu («JInH_ Hanp_» bkb «®a3a-zemna», B
3aBNCMMOCTU OT 3Ha4vYeHus napameTpa [[Mapam_ 3awunTthl / Habop 1...4 / I-3aw_ / I[X]]
«KaHas namepeHus»). Echm MUHMManbHbIN (ha30BbI TOK KOPOTKOIO 3aMblkaHUS 611M30K
K TOKY Harpysku, 3TO MOXeT YCJI0XKHUTb KOOPANHALNIO MaKCUMaibHON TOKOBOWN 3aLMThl
a3kl C BbIAEPXKKOM BpeEMEHW. B 3TOM Crly4ae UCnosib3oBaTb A4 Yay4lleHnsa cutyauum
PYHKLMIO 3alUNTbl OT NOHUXXEHUS Hanps>XeHUs He cnefyeT. MNpn HU3KOM Hanps>XeHuu
rnoporosoe 3Ha4vyeHue cpabaTbiBaHNA NpY NMpeBbIilleHn (a3oBOro TOKa MOXXHO 3a4aTb
COOTBETCTBEHHO HU3KUM, 4TODbI 3aLiMTa OT MaKCMMasibHOro ha3oBOro ToOKa cTasna
AO0CTAaTOYHO YYBCTBUTEJIbHOW U Jly4dlle CKOOPANHUPOBAHHOW. YCTPONCTBO NCNOb3yeT
NMPOCTYIO NIMHENHYIO0 MoAeNb Ang onpefeneHus appeKTuBHoro cpabaTtbiBaHNSA NyTeM
OLLEHKWN OTHOLUEHUS MeXy Harnpsi>XXeHneM 1 yctaBkomn cpabaTbiBaHMSA 3alumTa OT
rnpesbilLIeHnsA ha3Horo Toka.

Korga akTMBMPOBAHO OrpaHMYeHne HanpsaXXeHus, ahheKkTuBHaa ycTaBka cpabaTbiBaHMS
npwn NpeBbilLeHnn ha30BOro Toka ByOeT BblYMCIEH Cnefytowmm obpa3om:
CpabaTbiBaHNE% * HacTponka cpabaTbiBaHUSA NMPK NPEBbILLEHUN (DAa30BOr0 TOKa.

D deKTMBHOE NOPOroBoe 3HavyeHne cpabaTbiBaHNA OOSIKHO HAaXOAUTLCA B npenenax
[OMyCTUMOro gmana3oHa HaCcTPOMKK. ECnm oHO oka)keTcsa HMxXKe, ByaeT Ncnosib30BaTbCA
MWHNMaIbHOE 3Ha4yeHne cpabaTbiBaHUS.

Cpab A

100%

25%

25% UOrpaHmn4y makc UOrpaHun4y makc

cyv
Pdoc_Z13

2TO O3Ha4aeT:
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4 SneMeHTbl 3alnThbl

4.7 | — 3almMTa OT NMpeBbILUEeHNS TOKa

* Umin = 0,25-Upakc;

* % cpabmin = 25%;

* % cpab = 25%,ecnn U < Upmp;

* % cpabd = 1/ Uyakc (U = Umin) + 25%, ecnn Umin < U < Upake;
* % cpab = 100%, ecim U = Uyake

PYHKUMSA OrpaHNYEHNS HANPSXXEHNA Ha KPUBbIE OTKJIIOYEHMNS (XapaKTEPUCTUKM) He
BANSET.

Ecnn BKNOYEH KOHTPOJIb TpaHCOpMaTopa Hanps)XeHus, To BO n3bexxaHne owmnboYHbIX
OTKJIIOYEHNN npn pa3MblKaHN BbIKJTIOYaATENA 3JIEMEHT 3alllNThbl OT MaKCMaJIbHOIoO TOKa
C orpaHM4YeHneM HanpaxeHms 6n0K|/|pyeTc9|.

OnpepeneHue Un:

Un 3aBUCKT OT TuMa NnoakatovYeHus TH n HacTponKu pexxnMma naMepeHmns B Mogynsax
TeKyLlen 3aLnThbl:

Ecnu [CncTtNap / TH] «TH coea» = «®a3H Hanp» K [[Mapam_ 3awnTtsl / Habop n/ I-3awy_/
I[x]] «kKaHan namepeHmns» = «Pa3a-3emMnsa», To:

_ TH BTOP

U
n 3

Ecnu [CnctNap / TH] «TH coea» = «®a3H Hanp» M [[Mapam_ 3awnTtsl / Habop n/ I-3awy_/
I[x]1] «kKaHan namepeHnsa» = «JInH_ Hanp_», TO:

Un = TH BTOp

Ecnn [CucTMNap / TH] «TH coea» = «JIMH. HaNpsaX.», TO:

Un = TH BTOp

(MpnmeYvaHmne. 3To 03HAYaEeT, 4TO ecnun «TH coeag» = «JIMH. HANPSAX.», TO HACTPOMNKa
«KaHa/ u3MepeHns» B MOAYNAX TeKyLlen 3awmnTel 6yaeT urHopnpoBaThCs.)
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MCDTV4 MCDTV4-3.6-RU-MAN




4 SneMeHTbI 3alnThbl

4.7 | — 3alimTa OT NMpeBbILUEeHNS TOKa

4.7.4 12> — neperpy3ska no TOKy oTpuuaTesibHOU NocJsiefoBaTesIbHOCTHU

[51Q]

YT06bl aKTUBMPOBaTbL AaHHYO DYHKLWIO, HY)KHO A5 NapaMeTpa [MapaM_ 3awunThbl /
Habop n /I-3aw_/ I[x]] «MeToa namepeHuvi» 3anaTb 3Ha4YeHune «I2» B Habope
napamMeTpoOB COOTBETCTBYIOLLErO 3JIeMeHTa Nneperpysku no Toky I[x].

DYHKUNS 3aLLMTbl OT MaKCMManbHOro Toka obpaTHOM nocnenoBaTesnbHOCTK (12>)
paccMaTpuBaeTCs Kak 3KBMBaNEHT (PyHKUNM 3aLUNTbLI OT MaKCMManabHOro ha3oBoOro TokKa
(12>) c TeM nULWb UCKIIIOYEHNEM, YHTO BMECTO Tpexda3HbIX TOKOB, NMCMNOJIb3yeMbIX
hyHKLMERN 3aWMTbl OT MaKCUMasibHOro )a30BOro TOKa, B KaYecTBe N3MepsaeMbIX
3Ha4YeHNI NCNonb3yeTcsa TOK obpaTHOM nocnenoBaTeNbHOCTK (12>). 3Ha4YeHne Toka
obpaTHOIN NocnenoBaTesIbHOCTU, NCNONb3yeMoe PyHKUMeR [2>, nony4aeTcs npu
nomMoLLM cnefytoulero XopoLo n3BeCTHOro CUMMeTPUYHOro npeobpa3oBaHUs
COCTaBAOLWMX:

3HaYveHne HacTpolkn cpabaTbiBaHNA PYHKLMN 3aWNThIl 12> 00JXKHO COOTBETCTBOBATb
TOKy obpaTHOI nocnenoBaTe/IbHOCTM B 3alMiaeMoM obbeKkTe.

Kpome Toro, ona yHKUMN 3alnUThl OT MaKCUMaJIbHOro Toka obpaTHOM
rnocnenoBaTesibHOCTU (I12>) NCNONb3YIOTCHA TakKMe Ke NapaMeTpbl, 4TO 1 AN hyHKLNN
3aWNTbl OT MaKCMMaJIbHOro (Da30BOr0 TOKA — XapaKTePUCTUKN OTKOYeHns n cbpoca
n3 ctaHpgaptoB IEC/ANSI, MHOXWUTENIb BPEMEHN N T. .

@YHKLMIO 3alUTbl OT MaKCUMasbHOro Toka obpaTHOM nocnenoBaTesibHOCTHY (12>)
MO>XHO MCMNO0JIb30BaTb A1 3alMTbl IMHWUA, TeHEepPaTOpPOB, TPAaHCHOPMaTOPOB U
OBuUraTesien, To eCTb, OJ15 3alLNTbl CUCTeM OT HecbanaHCcMpoBaHHbIX cboeB. Tak Kak 12>
3alnTHasa pyHKLUMSA paboTaeT C KOMMOHEHTOM TOKa OTpMLATENbHOMN
rnocsefoBaTesIbHOCTU, KOTOPbIN 06bIYHO OTCYTCTBYET B YCNIOBUAX HArpy3kKu, 12> MO>XHO
HacTpouTb 6osiee TOHKO, YeM PYHKLMIO 3alNTbl OT MaKCMMaJibHOro a3oBoro Toka. C
OPYron CTOPOHbI, KoopAMHaUNS PyHKLNI 3aWnTbl OT Neperpys3kn no ToKy
oTpuuaTesibHON NOCNe[0BaTEIbHOCTM B padnasibHON 3/IEKTPNYECKON CeTU He O3Ha4vaeT
aBTOMaTUYECKN 04eHb 6obLLIOE BpeMs yCTpaHeHns c6os Ans 3alWUTHBLIX YCTPOWCTB,
pPacnosioXKEHHbIX BblLLE B LeMNn, Tak Kak BPEMSA OTKJ/IOYEHUSA COOTBETCTBYIOLWEN DYHKLNN
3aWNTbl OT Meperpyskn no ToKy oTpuuUaTesIbHON NOCNeAoBaTENbHOCTU AO/HKHO BbITb
KOOPAMHMPOBAHO CO C/IeAYIOLLMM YCTPONCTBOM, PACMO/IOXKEHHbIM HMXKE B Llenn, KoTopoe
nMeeT PYHKLMIO 3alMTbl OT Neperpys3kn No ToKy oTpuuaTesIbHOW NOC/IeAoBaTEeNbHOCTH.
OTO BO MHOXECTBe C/sly4aeB genaet 12> BbIr0AHON KoHUenumnen 3awnTbl B AOMNOJIHEHME
K QYHKUUW 3aWNTbl OT MakKCUMasibHOro ha3oBoro Toka.

YT106bI npenoTBpaTuTb oLINBOYHOE OTKIIOYEHNE, npn ncnosib3oBaHMn 6J'IOKVIpOBKVI oT
6pOCKOB TOKa 3afep>XKa OTKJIIYEHMS, NcnojibdyeMas yHKUUSAMN MaKCUMalbHOW
TOKOBOW 3aLWNThbl, LOJ/KHA COCTaBNATb He MeHee 30 MmcC.

B MOMEHT 3aMblKaHWUA BbIKJl0YaTEIA B pe3yJibTaTe NnepexofHbliX NPoLLEeCCoOB MOXeT
BO3HMUKHYTb TOK OTpI/ILl,aTEJ'IbH0l7I nocnenoBaTesIbHOCTN.
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4 SneMeHTbI 3alnThbl

4.7 | — 3alimTa OT NMpeBbIlIEeHNS TOKa

4.7.5 3awmTa no TOKy € NyCKOM no Hanps>xeHuio [51C]

Ecnn KopoTKoe 3aMblKaHWe npoun3soLio B6aM3n reHepaTopa, BENYMHA HaNpPs >XKeHUA
MOXKET pe3Ko yMeHbLWNTbLCS. C MOMOLLbLI0 afAanTUBHBLIX NapaMeTpos (cM. rnasy L=>
«Habopbl aAanTMBHbLIX NAapaMeTPOB»)BPEMS OTKJIIOYEHUS N XapPaKTEPUCTUKN
OTKJIIOYEHNSA MOXXHO U3MEHUTb MO BbIXOLHOMY CUTHay 3JIeMeHTa 3allnThbl Mo
Hanps>KeHUto (B 3aBUCMMOCTM OT YCTaBKM). ITO YCTPONCTBO MOXKET NEPEKIIIOYNTLCS C
KPWBOM Harpy3kun Ha Kpmeyto c60s (B 3aBMCUMOCTU OT BPEMEHWN OTKJTIOYEHUSA, KPUBbIX
OTKJIIOYEHNSA 1 pexxnMmoB cbpoca).

BbinonHuTe cnepyowme OencTeus.

» O3HaKoOMbTECh C pa3fenom «Habopbl afanTuBHbIX NapameTpos» (l=> «Habopbl
afanTUBHbIX MAapaMeTpoB»).

e lpoBegnTe nnaHMpoBaHMe paGOTbI yCTpOIZCTBa n yCcCtaHoBUTE BCe HeobxoauMbl
3/1eMeHTbIl 3alllNTbl OT MOHUXXEHHOI0 HanpAa>xeHn4.

* [poBeanTe nNiaaHnpoBaHue paboTbl yCTPONCTBA N YCTaHOBMTE BCe HeobXxoanMbl
3/1IeMeHThbI 3alUNThl OT MOBbLILLUEHHOr0 HAMpPSXXEeHUS.

* YCTaHOBMTE apanTUBHbIEe NapaMeTpbl 3JIEMEHTA 3aLlUNTbl OT MaKCUMabHOIroO TOKa
B COOTBETCTBYOWMX Habopax NapamMeTpoB (HanpMMep, MHOXXNTENb KPUBOM, TUM
KpuBom n T. n.).

e lMpoun3senuTe HasHa4vyeHne aBapvn7|Horo CUIrHaJla NOHNXXEHHOIro Hanpsa>xeHns B
rnobanbHbIX napamMmeTpax Takmm 06pa30M, 4yT0b6bI OH CNy>Xusa CMrHaaom
aKTuBaLUun COOTBETCTBYHOLLENO Ha60pa AfaNTUBHbIX NapaMeTpPoOB 3JIEMEHTa
3alllnTbl OT MaKCMMaJibHOIo TOKa, KOTOprIZ HeobxoQNMO N3MEHUTb.

* MpoBeanTe nNpoBepky paboTbl yCTPONCTBA NyTEM NYCKOHaNaA04YHbIX NCAbITAHWNA.

4.7.6 BBopa B 3KcnayaTauuio: 3awiuTta no TOKy — HeHanpasJseHHas [50,
51]

TecTupyembii 06bEKT

e CUrHanbl, KOTOpble OOJIKHbI N3MEPATLCA AN KaXKO0ro 3/1leMeHTa TOKOBOW 3allmThl,
yCTaBKu, obuiee BpeMA OTKIKOYEHNSA (PEKOMEHLOBAHHOE) UM HAaobopoT, 3a4EPXKKN
OTKJIIOYEHNSA N YCTAaBKN Ha BO3BpPAT; KaXKAbl pa3 TpUXKAbl 415 Kaxaon gasbl n 1
pa3 gna Tpex ¢as.

B cnyvyae coeamMHeHMA No cxeme XoJIMIpUHa 4acTo CAy4atoTCsa OWNOKN coeanHEeHUS,
KoTopble 6e3onacHo obHapyxmneatoTcA. MiamepeHune obLLLEro BpeMeHn OTKIIOYEHNS
nossosseT ybeaonTbCs, YTO CXeEMa BTOPUYHOM Lenu (TO eCTb, Llenn OT pa3beMOB 40
paboyen KaTyLIKN BblKJlOYHaTENS) UCMPaBHa.
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PekoMeHOyeTcs u3MepsTb obLiee BpeMS OTK/OHYEHNS BMECTO U3MEPEHUSA 3a4EPrKKU
OTKJII0OYEHNSA. 3aep>XKa OTK/IIOYEHMS YCTaHaBAMBaeTCa 3aka3ymkoM. ObLuee BpeMs
OTKJIIOYEHNA N3MEPSAETCHA Ha CUTHAIbHOM KOHTAKTE BbiKJto4YaTesns (He Ha peneiHoM
BbIXoAe).

ObLiee BpeMs OTKJIIOYEHNA = 3a4ep>KKa OTKJI0YEHNA (CM. MOrpPeLHOCTM U AONYCKN
CTYMeHen 3awnTbl) + BpeMsa cpabaTbiBaHMA BbikatoYaTens (okosno 50 mc).

NHpopMaLms o BpeMmeHn cpabaTbiBaHMS BbIKIOYATENS NPUBOOUTCS B TEXHUYECKUX
XapaKTepUCTUKaX U NPoYen TEXHNYECKON OOKYMEHTALWN, BbiMYyCKAaEMOW NMpeanpusTuem-
N3roTOBUTEJIEM BbIKJIlOYaTENS.

Heobxoanmbie cpencrea
* /ICTOYHUK TOKa
* BO3MOXXHO, amnepmMeTpsbl
* Tanmep.
OnuncaHune npoueaypsbl
lpoBepka ycTaBok (3 oaHOa3Hbix n 1 Tpexga3Hoe)

Mpu Ka)KooM naMepeHnn nogasanTe TOK, NPEeBbIWAOWNNA YCTaBKy 418 akTueBaumnmn
hyHKLUMN, Npnbnn3nTenbHO Ha 3-5%. Mocne 3TOro NpoBepsNTe NMOPOroBLIE 3HAYEHMUS.

lMpoBepka 0bLIero BpeMeH 3aAEPXXKN OTKIIOYEHUS (peKkoMeHaaums)

N3MepbTe 0bLiee BpeMsi OTKJIIOYEHMS Ha BCMOMOraTelbHbIX KOHTAKTaxX BblKJlloYaTeNs
(oTKOYEeHMe BbIKAOYaTENS).

V3mepbTe 3a4epXKKY OTK/IOYEHUS (U3MepeHne NPpou3BoanNTCA Ha penenHoM Bbixoae)
N3mepbTe 3aepXKy OTK/IOHEHWS Ha pesieHOM Bbixoae.
N3mepeHune ropora oTrycKaHus

YMeHbLINTE cuny Toka A0 97% OT Be/INYUHbLI CpabaTbiBaHUA PYHKLUUN OTKIIIOHEHUS 1
M3MepbTe NOPOr OTNYCKaHUS.

Pe3ynbTaT ycrielHo npoBepKu
3HavYeHns n3MepeHunin obLero BpemMeHn 3a4ep>KK1 OTKIIIOYEHUA U OTAE/bHbIX 3HAYEHUN
BpeMeHW 3a4ep>KKW, YCTaBOK N YCTaBKWN Ha BO3BPAT, A0JIXKHbI COOTBETCTBOBATh

3Ha4YeHMAM, YKa3aHHbIM B CMUCKEe HACTpoeK. [lonyCTUMble OTKJIOHEHUS N OOMYCKN
YKa3aHbl B TeEXHNYeCKNX OaHHbIX.

4.7.7 BBopa B 3KcnayaTauuio: 3awiuTta no ToOKy — HanpassneHHas [67]
TecTupyembii 06bEKT
Ona kaxgoro HanpaBJZIEHHOIo a/s1eMeHTa 3allTbl OT MaKCMMaJibHOINo TOKa cnepgyeT
N3MepuTh: obLiee BPpeEMSA OTKIOYEHUS (PEKOMEHAYEeTCS) Un e KO3 PULNEHThI

3aep>XKKU OTKJIIOYEHUSA 1N BbliNaOeHUS; KaXKabl pa3 TPUXKAbl 4158 Kakaon gasbl n 1 pas
ona Tpex gas.
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B cnyvyae coeamMHeHMA No cxeme XoJIMIpUHa 4YacTo CAyYatoTCs OWnNbKM coeanHeHns,
KoTopble 6e3onacHo obHapyxmneatoTcA. MiamepeHune obLLEero BpeMeHn OTKIYEHNS
nossosseT ybeanTbCs, YTO CXEMa BTOPUYHOM Lenn (TO eCTb, Llenn OT pa3beMOB 40
paboyen KaTyLKN BblKJOYHaTENs) UCMpaBHa.

PekomeHayeTca namepatb obuiee BpeMs OTKAOHEHUS BMECTO U3MEPEHUNS 3a4EPXKKMN
OTKJIlOYEHUNS. 3a4ep>XKa OTK/OYEHNS YCTaHaBAMBaeTCA 3aKa34dnkom. ObLuee Bpems
OTKJIIO4YEHNS U3MEPSETCH Ha CUTHAJIbHOM KOHTAKTE Bblk/lo4YaTensa (He Ha penenHom
Bbixoge!).

ObLLee BpeMsa OTKJIIOYEHUSA: = 3a[4epPrKKa OTKIIOYEHUS (CM. MOrPELUHOCTU U AOMYCKW
CTYMeHen 3awwunTbl) + BpeMsa cpabaTbiBaHMA BbikatoYaTens (okono 50 mc).

NHpopMaumnsa 0 BpeMeHN OTKIIIOYEHNS BbIKJlOYaTENSA NPUBOAUTCA B TEXHUYECKUNX
XapaKTepUCTnkKax n npoqe|7| TeXHU4YeCcKom OOKYMeHTauunn, BbII'IyCKaeMOIZ npeanpmnaTmneM-
n3roToemTesieM aBToOMaTU4E€CKOro BbiKJll0O4HaTENA.

Heobxoaunmeie cpeacTsa

* CUHXPOHU3NPYEMbIE UCTOYHUKU TOKa N HanpsXXeHus

* BO3MOXXHO, amnepmMeTpsbl

* Tanmep.
OnuvcaHune ripouenypsl
lMpounssenuTe B3aMMHYIO CUHXPOHM3ALUMNIO 3-pa3HbIX UCTOYHUKOB TOKa U HaNps>XeHUs.
Mocne 3Toro Heo6xoANMMO CMOOENNPOBATL HAaNpPaBJ/IEHNS OTKJ/OYEHUSA, KOTOpPbIe
Heo6Xxo0ANMO NMPOBEPUTL MPU MOMOLLM Yria Mexay TOKOM N Hanps>KeHNEM.
B meHio MCDTV4 Tenepb oTobparkaeTca onpenesieHHoe HanpaBaeHne ha30BbiX TOKOB U
N3MEPEHHOr0 N PacCYNTAHHOrO TOKa 3aMblKaHUs Ha 3emiio [PaboTa / 3mepeHHbie
3Ha4veHua / HanpasneHue], c™. > «OnpepeneHne HanpasieHa». PekomeHayeTcs
BbIMOJIHATbL NPOBEPKY HarpasJieHUs TOKa Ha OCHOBE 3TUX 3HAYEHUN.

lpoBepka ycTaBok (3 oaHoga3HbIX n 1 TpexgpasHoe)

Mpn Ka)KgoM namMepeHnn nogasanTe TOK, NPEeBbIWAOWNIA YCTaBKy 18 akTueBaumnmn
byHKUUN, NpnbnnsnTenbHo Ha 3-5%. Mocne 3Toro NpoBepsnTe yCTaBKM.

lpoBepka obLuero BpeMeHV 3a0ePXKN OTKIIOYEHNS (peKoMeHoauns)

N3MepbTe obLiee BpeMs OTK/IIOYEHMS Ha BCMOMOraTelbHbIX KOHTaKTaxX BblKJlo4aTens
(oTKNOYEeHMe BbIKAOYaTeNs).

N3mepbTe 3a8ep>XKYy OTKIIOHEHNS (M3MEePEHNE NPON3BOANTCSA Ha BbIXOAHbIX KOHTaKTax
pene)

N3MepbTe 3a1epXKKy OTKJIIOYEHWS Ha pesieiHOM BbiXoJe.
V3mepeHune nopora oTrycKaHus

YMeHbLnTe cnay Toka 40 97% oT BeNNYnHbI cpabaTbiBaHNS QYHKLWUN OTKOYEHUS U
n3MepbTe MOPOr oTNyCcKaHus.
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Pe3ynbTaT ycrneLiHov rnpoBepku

3Ha4vyeHuns |/|3MepeH|/||7| obuwero BpeMeHN 3a4ePXKXKN OTKIIOHEHNA U OTAEJIbHbIX 3HavYeHun
BpeMeHN 3a4EPXKUN, YCTaBOK N YCTaBKU Ha BO3BpPaAT, AO0JIKHbI COOTBETCTBOBATb
3Ha4YeHMAM, YKa3aHHbIM B CNUCKe HacTpoek. [lonyCcTuMble OTKJIOHEHUS N AOMYCKN
YKa3aHbl B TEXHNYECKNX OaHHbIX.

4.7.8 BBopa B 3KCnJlyaTauuio: 3allMTa OT NpeBbILUEHUA TOKaA,
HeHanpasBJsieHHasa [ANSI 51V]

TecTupyembii 06 bEKT

CurHanbl, KOTopble HEOBXOAUMO U3MepUTb ANA PYHKLUN 3alLUNThI C OFrpaHUYeHNEM
Hanps>KeHWs: MOPOroBbIe 3Ha4YeHus, obLiee BpeMs OTKJIIOYEHUS (PeKoOMeHayeTCs) uam
e KO3 (PLMEHTbI 3aepP>KXKN OTKJIIOYEHNA U NaAeHWS; KaXKAbIA pa3 TpMXabl Ans
Ka)xgon cdasbl n 1 pa3 gna Tpex gas.

PekomeHayeTca namepatb obuiee BpeMs OTKOHYEHUS BMECTO U3MEPEHUNS 3a4EPXKKMU
OTKJIlOYEeHUs. 3aep>KKa OTK/OYEHNS YCTaHaBAMBaETCsa 3aka3dnkoM. ObLiee Bpems
OTKJ/II0YEHUSA N3MEPSETCA Ha CUrHaJIbHOM KOHTaKTe BbiK/loYaTensa (He Ha penenHom
Bbixoge!).

ObLee BpeMs OTKJIIOYEHUSA: = 3a4ep>KKa OTKJII0YEHNSA (CM. MOrPELLUHOCTU U OOMYCKN
CTyMeHen 3awnTbl) + BpeMa cpabaTbiBaHMA BbikAto4aTensd (okono 50 mc).

NHdopMaLma o BpeMeHM OTKII0YEHUS BbIKJIOYATENS NPUBOANTCS B TEXHUYECKNX
XapaKTEePUCTUKAX 1M NPOYE TEXHNYECKON OOKYMEHTALUMW, BbiMyCKaeMon NpeanpusTmeM-
N3roTOBMTENIEM aBTOMaTUYECKOrO BbIK/lOYaTENS.

Heobxoanmbie cpencTBa

* VICTOYHUK TOKa

* UCTOYHUK HaNps>KeHUs;

* amMnepMeTp ” BONIbTMETP;

* Tanmep.
OnuvcaHune rnipouenypsl
lMpoBepka ycTaBok (3 oaHoga3Hbix n 1 Tpexga3Hoe)
MopanTe HanpshxeHne %cpabaTbiBaHMA. [pn Ka>k4om NpoBeEpPKe NodaBanTe TOK,
MpeBbIWALWLNA MOPOr AN akTMBauun QyHKUUK, NnpubansntensHo Ha 3-5 %. 3aTeMm
npoBepbTe, ABAAIOTCHA NN HAaCTPONKKN CcpabaTbiBaHMUSA NPOLEHTHbLIM 3HAYEHUEM OT
HacTpoONKKN cpabaTbiBaHMSA CTaHAAPTHON (hYHKLMN 3alWMThl OT MakCUMaJibHOr0 TOKa.

lMpoBepKa obLIero BpeMeH 3aAEPXXKN OTKIIOYEHUS (peKkoMeHaaums)

N3MepbTe 0b6Liee BpeMsi OTKJIIOYEHMS Ha BCMOMOraTelbHbIX KOHTAKTaxX BblKJlloYaTens
(oTKOYEeHMe BbIKAOYaTENS).

V3mepeHue 3a0epXKu OTKII0YEHNS (M3MepeHmne Npom3BoaNTCA Ha pesieHOM Bbixone)

M3mepbTe 3a0ep)KKY OTK/IIOHYEHNSA Ha KOHTaKTe pene|7|Horo BbIXO4a.
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lTpoBepka KosghpuLUneHTa nageHuns

YMeHbLKnTE cuiy ToKa A0 97% OT Be/INYUHbLI cpabaTbiBaHUA QYHKLUN OTKIIOHEHUS 1
n3MepbTe KO3PPULMEHT NajeHuns.

Pe3ynbTaT ycrneLiHov npoBepKu

3HayeHuns |/|3MepeH|/||7| obuwero BpeMeHN 3a4epPXKN OTKNKHEHNA U nHOnBMNAYaJibHble
3Ha4YeHNa BpeMeHU 3a0ep>XXKKN, MOpPoroBble 3Ha4YEeHNA U KOI(PhPULMEHTLI NageHus
DOJI>KHbl COOTBETCTBOBaTb 3Ha4YEHUAM, YKa3aHHbIM B CNNUCKe HacTpoeK. [lonyCcTumeblie
OTKJIOHEHUNA N OONYCKN YKa3aHbl B TEXHUYECKNX AaHHbIX.

4.7.9 BBopa B 3KCnJlyaTauMio: neperpyska no ToKy orpuuatesibHOMU
nocsienoBaTesibHOCTU

TecTupyembii 06 bEKT
CurHanbl, KOTopble HEOH6X0ANMO N3MEPUTb AN KaXKA0M (PYHKLNM TOKOBOW 3aLlUNThI:

noporoBblie 3Ha4eHn4, obuee BpeMda OTKNIK4HYeHNA (DEKOMeH,ﬂ,yeTCﬂ) nnnm xe
KO3(p(pULUMEHTbI 3a4epPXXKN OTKJIIOHEHNA U NafeHns.

PekomeHayeTca namepathb obliee BpeMS OTKIOHYEHUS BMECTO U3MEPEHUS 3a4EPXKKMN
OTKJIlOYEHUS. 3aep>KKa OTK/IIOYEHNS YCTaHaBAMBaETCs 3aka3dnkoM. ObLiee Bpems
OTKJIIOYEHUSI U3MEPSETCS Ha CUTHAJIbHOM KOHTAKTE BblKJloYaTeNnsa (He Ha penenHom
Bbixoge!).

ObLiee BpeMs OTKIIOYEHUSA: = 3a0ep>KKa OTKJII0YEHUSA (CM. MOrPELLUHOCTY U AOMYCKN
CTYMeHen 3awwnTbl) + BpeMa cpabaTbiBaHMA BbikatoYaTens (okono 50 mc).

NHpopMaLmsa 0 BpeMeHN OTKJII0YEHUS BbIK/l0YaTeNd NPUBOLAUTCAH B TEXHUNYECKUX
XapaKTepunctmnkax un npo-|e|7| TeXHNYecKomn OOKYMeHTauunn, BbII'IyCKaeMOIZ npeanpunaTmnemM-
n3roToBmuTesieEM aBTOMaTUYE€CKOIr o BblKJIlO4HaTENA.

Heobxoaunmele cpeacTsa
* NcTOYHUK TOKa
* AMnepmMeTpbl
* Tanmep.
OnucaHune npouenypsbl
lpoBepka NMoporoBbiX 3HaYeHUN
Y1066l NONY4YUTL TOK 06paTHOM NocnefoBaTE/IbHOCTU, U3MEHUTE NMoC/ef0BaTeNbHOCTb
a3 Ha pa3bemMax UCToYHMKa ToKa (mocnepoBaTenbHOCTb ABC — Ha

nocnepoBaTenbHOCTb ACB; nocnepoBaTenbHocTb ACB — Ha nocnepoBaTenbHoCcTb ABC).

Mpun Ka)K4onm npoBepkKe NofaBaniTe TOK, NPEBbIWAOWMNI MOPOr AN akTusauumn GyHKLNK,
npnbnnsntensHo Ha 3-5%. MNocne 3Toro NpoBepsiTe NOPOroBbie 3HAYEHUS.

lpoBepka obLiero BpeMeHU 3a0ePXKN OTKIIIOYEHNS (PEKOMEH AaLNS)
N3MepbTe obLiee BpeMs OTK/IOYEHMS Ha BCMOMOraTelbHbIX KOHTaKTaxX BblKJlo4aTens

(oTKNtOYEeHMe BbIKAOYaTeNs).
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N3mMepeHue 3a0epXKn OTKII0YEHUS (M3MepeHne npon3BoANTCSA Ha PeNIENHOM BbIXOLE)
N3MepbTe 3a4ep)XKy OTKJIIOYEHNA Ha KOHTaKTe pesieliHoro Bbixoaa.
lMpoBepka KoagppnumneHTa nageHuns

YMeHbLWKnTE Cnay ToKa 00 97% OT BeNYUHbLI CpabaTbiBaHUA QYHKLUN OTKIOHEHNS 1
n3MepbTe KO3IPPULMEHT NajeHuns.

Pe3ynbTaT ycrneLHow npoBepku
3Ha4YeHns N3MepeHunii obLLero BpeMeHN 3a4eP>XXKN OTKJIIOYEHUS U MHAMBMAYAIbHbIE
3HA4YeHMs BpEMEHU 3a[4eP>KKU, MOPOroBble 3HAYEHUSA U KO3IPPULMEHTbI MNadeHuns

DOJIKHbl COOTBETCTBOBaTb 3HAYEHUAM, YKa3aHHbIM B CNNCKe HacTpoeK. [lonyCcTuMeblie
OTKJIOHEHUNA N OONYCKN YKa3aHbl B TEXHUYECKNX AaHHbIX.
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4.8 bpocok Toka IH2

4.8 Bpocok Toka IH2

Moay/b 3aWmMTbl OT 6POCKOB TOKA MO3BOIAET NPefoTBPaTUTb JI0XKHbIe cpabaTbiBaHUS
pene, Bbl3BaHHbIE BKJIIOYEHNEM HACbILWEHHbIX MHOYKTUBHbIX HAarpy3ok. 34ecb

yYUTbIBaETCA OTHOLIEHMe aMnanTya 2°% 1 1°% rapmoHuKu.
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He ncnonb3ymnte sneMeHT 3alnTbl OT 6POCKOB TOKa B COMETaHUN C 3aLLUNTON OT
MIrHOBEHHOI0O MaKCUMaJIbHOIMoO TOKa (,EI,}'IFI npenoTBpalleHns OLWNBOYHbIX OTKJ'HO‘-IGHVII?I).

4.8.1 BBopg B 3KcnayaTauuio: Bpocok Toka

Mpouenypa NPOBEPKN 3aBMCUT OT HAaCTPOEK pexxrMa 6/10KMpoBKN BPOCKOB ToKa:

MCDTV4-3.6-RU-MAN MCDTV4 295



4 neMeHTbl 3alnThbl
4.8 bpocok Toka IH2

e [Mapam_ 3awnTtbl / Habop x / I-3aw_ / IH2] «6/1_ pex_» = «1-th Bnk».

B 3TOM pexxnme nposepKa O0JI>KHa NPOBOAUTLCA CHavana 4N Ka)Kaom ¢a3bl No
OTAEesNIbHOCTW, a 3aTeM OJ/id TpeX a3 BMecTe.

e [Napam_3awmnThl / Habop x / I-3awy_/ IH2] «61_ pex_» = «3-¢ Bnak».

B 3TOM pexxume npoBoOanNTCS NMpoBepKa Ans Tpex das.
TecTupyembii 06bEKT
MpoBepka 6/10KMPOBKN BPOCKOB TOKa.
Heobxoaunmeie cpeacTsa

e TpexdasHbll NICTOYHUK TOKa C peryampyemMomn 4actoTomn

e Tpexda3Hbl NCTOYHMK TOKa (419 NepBOn rapMOHNKN)

OnucaHune npoueaypsb! (3aBUCUT OT rnapaMeTpoB pexxnma 6J10KUPOBKM)

e [lopanTe TOK Ha BTOPUYHYIO 0OOMOTKY C HOMUHAIbHOW YaCTOTOMN.

e BHe3anHO noganTe Ha BTOPUYHYIO CTOPOHY TOK C YaCTOTOM, MPEBbILIAOLLEN
HOMMWHAJIbHYIO B ABa pa3a. AMMINTYAa AOJ/HKHA MPEBbIWAaTb NpeayCTaHOBJIEHHbIN
Ko3(hpuumeHT/noporosoe 3HayveHne «IH2/IN».

e Y6eOunTech, 4TO reHEPUPYETCH aBapUNHLIA CUrHan 6pocka TokKa.

Pe3ynbTaT yCrieLHOW rnpoBEPKM

FeHepupyeTcsa aBapuiHbIA CUrHan Bpocka ToKa, a perncTpaTop CobbITUI perucTpupyeTt
6JJ0KMPOBKY CTYMEHMN TOKOBOW 3aLLNTHI.
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4 SneMeHTbl 3alnThbl

4.9 ToK Ha 3eMJ1t0 — 3alMTa OT MAaKCKMMasbHOro ToKa 3aMblikaHusa Ha 3emto [S50N/G, 51N/G, 67N/G]

S

.9 TOK Ha 3eMJ1I0 — 3alluMTa OT MAKCUMMAJIbHOINo TOKa 3aMblKaHuUSA
Ha 3emni0 [50N/G, 51N/G, 67N/G]

Moaynb 3aWunTbl OT MAaKCUMaJIbHOIrO TOKa Npu 3aMblKaHUKM Ha 3eMJi0 «3lo» nmeeT
cnepyouwme 3awmnTHble yHKUMmM rno ANSI.

* ANSI 50N/G
* ANSI 51N/G

* ANSI 67N/G

YT106bI npenoTBpaTnTb oLwnboYHOEe OTKIIOYEHNE, npn Ncnosib3oBaHMn 6J'|0KVIpOBKVI oT
6pOCKOB TOKa 3afep>XKa OTKJII0YEHMS, NcnojiblyeMas MyHKUUAMN MaKCUMalbHOW
TOKOBOM 3aWNThbl, LOJ/KHA COCTaBNATb He MeHee 30 McC.

' Bce anemMeHTbl TOKOB YyTEYKM Ha 3EMJII0 UMEIOT UAEHTUYHYIO CTPYKTYPY.

[aHHbIN MoayNb MOXeT paboTaTb C HabopamMu afanTUBHbLIX MAapPaMeTpPOB.

N3meHeHne 3HaYeHnIn NapaMeTpoB, BXOAALWMX B HAabopbl MapamMeTpoB, NPOUCXoauT
AVHaMUYeCKU Npw NoMoLLM HabopoB afanTUBHbLIX NapamMeTpos. CM. pasgen >
«Habopbl afanTUBHbLIX NapaMeTpPOB».

HacTpolika napameTpa [[Mapam_3awunTtbl / Tno6 nap_ 3aw_ /I-3awy_/ 3lo[x]]
«CTOp.06MOTKY TT» NO3BONAET BblOpaTbh, MOHUTOPUHI paboTkl kKakoro TT 6yneTt
BbIMNOJ/IHATb 3aLUUTHbIA 3JIEMEHT.

BapuvaHTsbl:

* «TT HenTp» = TpaHCchOpMaTOpbl TOKa Ha CTOPOHE HENTPaIN Nan
* «Cun TT» = Cnnosas obMOTKa TpaHCopMaTopa ToKa).

Pene MCDTV4 ocHalleHO ABYMS U3MepuTesibHbIM BXogaMu TT, MO3TOMY onpegesieHne
HarpasJIeHUS 3aMblKaHNS Ha 3eMJIl0 OCHOBbLIBAETCH Ha 3HAYeHMAX TOKa, 3a4aHHbIX B
MEHIO NapaMeTpPoB y4yacTKa A napameTpa «CTop 06MoTku VIH» 3a cnegyowmm
WNCKJIIDYEHNEM: B MEeTOOaxX onpenesieHnsa HarnpasaeHnsa Ha ocHoBe U2, 12 (cM. pasgen
«MeToAbl onpeaesieHns HarnpaBJieHNA») UCMONb3YIOTCA 3HAaYEHUS TOKa, 3afaHHble B
MEHI0 MNapaMeTpPoB y4yacTKa Ansa napameTpa «CTop 06MoTKu TH».

ANSI 50N/G — 3awumnTa OT MaAKCUMaJIbHOro ToKa Ha 3eMJ1l0, HeHanpaBJ/iIeHHas

DTOT BapuaHT NpUMeHeHNs HacTpauBaeTcsa B MeHio [MnaHup_ ycTp .
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4 neMeHTbl 3alnThbl

4.9 ToK Ha 3eMJ1l0 — 3allTa OT MaKCUMaJIbHOro ToKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

e [MnaHnp_ycTp_] »Pex_« = «HeHarnpasJIeHH_»

Ecnn anemMeHT 3alunTbl MO TOKY onpeneneH Kak «HeHanpaBJZIeHH_>», NaHHbIE O
HarnpaBJIieHNN B paC4HeT He NMPUNHUMaOTCA.

BapnaHTbl:

e [Mapam_ 3awumnTtbl / Habop 1...4 / I-3aw_ / 3lo[x]] «MeToa namepeHui» =

o OCHOBHbIE

° WcT_ CK3

ANSI 51N/G — 3awnTa OT KOPOTKOro 3aMblKaHUs Ha 3eMJ1I0, HeHanpasJieHHas
DTOT BapmaHT NpUMeHeHNs HacTpaueBaeTcsa B MeHio [MnaHup_ ycTp .
* [MnaHup_ycTp_] »Pex_« = «HeHanpaBJIeHH_»

Ecnun anemMeHT 3amThl N0 TOKY OnpeaesneH Kak «HeHanpasJSIEHH_», AaHHbIe O
HamMpaB/eHMN B pacyeT He NPUHMMAIOTCS.

BapnaHThl:

e [Mapam_ 3awunTtbl / Habop 1...4 / I-3aw_ / 3lo[x]] «MeToa nsmepeHui» =

o OCHOBHbIE

o NcT_CK3

ANSI 67N/G — 3awluuTa OT MAKCUMaJIbHOro TOKa Ha 3eMJII0/KOPOTKOro 3aMbiKaHus
Ha 3eMJ110, HafnpaBJieHHas

ITOT BapuvaHT NpUMEHEHUS HacTpamBaeTca B MeHto [MnaHunp_ ycTp ]
e [MnaHup_ycTp_] «Pex_» =
° «Brnepen»
° «peBepc»
* [CucTtMap / HanpasneHue] «Mctoy 3U0» =
° «N3MEPEHO»
° «pacCCYUTaAHO»
¢ [CucTNap / HanpaBneHune] «Mctoy 310» =
° «N3MEPEHO»
° «pacCCYUTaAHO»

BapunaHTbl:

e [Mapam_ 3awunTtbl / Habop 1...4 / I-3aw_ / 3lo[x]] «MeTo4 naMepeHuni» =

o «OCHOBHbIE»

o «NcT_ CK3»
e [Mapam_ 3awunTtbl / Habop 1...4 / I-3aw,_ / 3lo[x]] «3/ uctou» =
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4 SneMeHTbl 3alnThbl

4.9 TOK Ha 3eMJ1t0 — 3alMTa OT MAaKCKUMasbHOro ToKa 3aMblikaHusa Ha 3emto [S50N/G, 51N/G, 67N/G]
° «KN3MepeHOo»
° «pacCCHNTaHO»
* [Napam_3awmnThl / Habop 1...4 / I-3aw,_/ 3lo[x]] «Bbibop UX» =
° «KN3MepeHOo»

° «pacCCHNTaHO»

Onpe,qeneHne HanpaBJieHnsa

MonpobHoe onncaHve onpeaeneHns HanpasieHUs NPUBOANTCS 34ech: L=>
«OnpefeneHne Hanpas/eHNs», a ONMCaHNe MEeTOA0B ero onpeneneHns — 3gech: >
«HanpaBneHne 3aMblKaHWs Ha 3eMJI0».

B meHto [CucTlap / HanpaBneHumne] ¢ noMoLbio NnapamMeTpos «Mctoy 310» n «Micto4y 3U0»
MOXXHO YKa3aTb, cJleayeT N1 onpeaensaTb HarnpaBJ/lIeHNE TOKa YTEYKM Ha 3eMJIo Ha
OCHOBE N3MEPEHHbIX NN PAacCYMTAHHbIX 3HAYEHUI TOKa U Hanps)XeHnsa. [laHHas
HaCTpolKa BJIMSET Ha BCE 3JIeMeHTbl TOKOB 3aMblKaHMS Ha 3eMJII0.

CnepyeT, 0IHAaKO, 3aMeTUTb, YTO onpeaeneHne HarnpaB/ieHNs! OCHOBbLIBAETCS Ha
3HaYeHUAX TOKa, 3aaHHbIX B MEHIO NapaMeTpPoB y4YacTKa Aans napameTtpa «CTop
o0bMOoTKU UNIH».

PacyeT OCTaTOYHOIr0 HaMPSXXEHMS BO3MO)XKEH, TOJIbKO €C/IN Ha BXOAbl M3MepeHus
HaNpPsH>XKeHWsa NofaeTcs ha3Hoe Hanps>KeHne.

Mpwn HaCTDOVIKe «N3MepeHHOE» 3Ha4YeHUnAa cnenyeT NSMeHNTb, T. €. OCTaTO4YHOE
Hanpsa>xeHne un VI3MepeHHbIVI TOK YTE€YKW Ha 3eMJIt0 CJIeAYET NnoAaThb Ha

COOTBETCTBYOL NN 4n N3MepUTESIbHbLIN BXOA.

Bce anemMeHTbl TOKOBOM 3alnThbl OT YTE4YKN Ha 3eMJIF0 MOXXHO (He3aBMCUMO OAVH OT
ﬂ,perFO) HaCTPOUTb KaK HeEHalpaBJZIEHHbIE NN HalNpaBJIEHHbIE CTYIMNMEHW.

NS KaXkgoro OOCTYMHOro 3K3eMrnasapa 3alnTbl OT MakKCMMaJIbHOrO TOKa Ha 3eMJIto
«3lo[n]» cnegyeT oTAENbHO YKa3aTb, KAKON MMEHHO MeToA onpedesieHnsa HanpasaeHus
(U3 onucaHHbIX B pasgene => «HanpasneHne 3aMbikaHus Ha 3em0») BygeT
MPUMEHSTbCA.

e [Mapam_ 3awnTtbl / Habop 1...4 / I-3aw_/ 3lo[n]] «3/ ncto4y» = «TT . pacCyMTaHO":
lMoporoBoe 3Ha4YeHne MaKCMMasibHOro TOKa Ha 3eMJ1l0 1 ornpefesieHne HarnpaBsieHUs
6yneT ocHoBbIBaTbCA Ha 3lo pacy, a nonapusyloLiee KoanyecTso byneTt
onpenenATbLCA 3HaYeHneM napameTpa «flap Bbi4 Harp 31».

e [Napam_3awmnThl / Habop 1...4 / I-3aw_/ 3lo[n]] «3/ ucto4y» = «TT . n3amepeHo”:
lMoporoBoe 3Ha4YeHne MaKCMMaJsibHOrO TOKa Ha 3eMJ1l0 N ornpeaesieHmne HarnpaBieHns
byneT ocHOoBbIBaTbCA Ha 3lo n3M, a nonsgpusytlollee Konm4yecTso bynetr

onpenensiTbCa 3HaYeHneM napameTtpa «f1pmM Hanp u3m 3l».

e [Mapam_ 3awunTtbl / Habop 1...4 / I-3aw,_/ 3lo[n]] «3/ ucto4y» = «TT . 4yBCTBUTE/IbHOE
nimepeHumne”:

lMoporoBoe 3Ha4YeHMe MaKCMMaJZIbHOIrO TOKa Ha 3eMJ1I0 N onpefesieHne HanpasieHus

6yneT OCHOBLIBATbLCS Ha Benn4ynHe 310 n3M, N3MepPEeHHOM Mo BXOAHOMY CUTHaNy
MaJIoro ToKa yTe4ykun Ha 3emso. (Cm. s> «TIs — nnaTa M3MepeHnNsa TOKOB (ha3bl U
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4 neMeHTbl 3alnThbl
4.9 ToK Ha 3eMJ1l0 — 3allMTa OT MaKCUMaJIbHOro ToKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

4.9.1

300

MaJsibiX TOKOB 3aMblKaHMsi Ha 3eMt0».) MNonapusytowee Konmyectso bynet
onpenensiTbCa 3HaYeHneM napameTtpa «f1pm Hanp u3m 3l».

MeTton namepeHumn
[Ons KaXk4oro 3aWmMTHOro 35leMeHTa HaCTPONKOM NapameTpa «MeToa nsMmepeHunii»

MO>XHO onpefenuTb, OyAeT M n3MepeHune BbINOJHATLCA Ha OCHOBE «OCHOBHbIE» N
«MNcT_ CK3» 3Ha4veHuns.

Ucto4yHuuk IG/ucroyHuk VG
MapameTpamu «3/ uctoy» n «Boibop UX» onpenensietcs, ABAATCS /N TOK YTEYKN Ha
3eMJII0 U OCTATOYHOE HaMpPsAXXeHNe «N3MePEeHO» UN «pacCYNTaAHO>».
XapaKTepuUCTUKu
Ona Ka>kaoro asieMeHTa MOXXHO HacTpamBaTb Cliefylolne XxapakTepUCTuUKK:

* DEFT — onpeaeneHHoe BpeMs — MakCUMaJslbHbIVi TOK

* HopManbHO nHBepcHas xapaktepuctuka [NINV] (IEC) — IEC, cTaHAapTHas
obpaTHO3aBUCUMasa xapakKTepucTka

XapakTepucTuka 6osbLioi obpaTHOM 3aBUCMMOCTM BPEMEHN OTKJIIOYEHUS OT TOKA
[VINV] (IEC) — IEC, 6onbLias obpaTHO3aBUCMMas XapakTeEPUCTNKA

XapaKTepucTtuka AJNTENIbHOW 3aBUCMMOCTMN BPEMEHN OTKJIHOYEHMS OT ToKa [LINV]
(IEC) — IEC, anntenbHas obpaTHO3aBUCUMas XapakTEPUCTUKAE BblAEPXKKN BPEMEHMN

XapakTepucTuka odeHb 6osbLuon 06paTHOM 3aBUCMMOCTU BPEMEHMW OTKJ/IIOHEHUNS OT
ToKa [EINV] (IEC) — IEC, o4eHb 60/1bLas 0bpaTHO3aBUCUMas XapaKTEPUCTUNKAE

XapaKTepucTuKa yMepeHHon 06paTHOM 3aBMCMMOCTN BPEMEHM OTKJIIOYEHUS OT TOKa
[MINV] (ANSI) — ANSI, ymepeHHas obpaTHo3aBUCcuMasl XapakKTeEPUCTUKAE

XapakTepucTtunka 6onbLion obpaTHOM 3aBUCMMOCTUN BPEMEHW OTKJIIOYEHNS OT TOKa
[VINV] (ANSI) — ANSI, 6osibLuasi obpaTHO3aBUCHMMasT XapaKTEPUCTUKA

XapakTepucTuka odeHb 60osbLIon 06paTHOM 3aBUCUMOCTU BPEMEHMW OTKJ/IIOHEHUNS OT
ToKa [EINV] (ANSI) — ANSI, o4eHb 60/bLuast obpaTHO3aBUCUMasi XapaKTepUCTUKa

RINV — obpaTHo3aBucumas xapaktepnucTmka R

RXIDG

MNonorasa TepMnyeckKas XxapakTepucTmka — roJiorasa TepMmuyeckas xapakTepucTmka
XapakTepuctuka IT

XapakTepucTuka 12T

XapakTepucrtuka 14T

ObbsAcHeHune
e t = Bblaep>Xxka BPEMEHM Ha OTKJIIOYEHME

e txap = MHOXNTeNb BpeMeHU/KO3(PPULMEHT XapaKTEPUCTUKN OTKIIIOYEHNS.
[dvana3oH 3Ha4YeHU 3aBUCUT OT BbIBPaHHON KPUBOM OTKJ/IIOYEHUS YCTPONCTBA.
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4 IneMeHTbI 3alUnThbl

4.9 ToK Ha 3eMJ1t0 — 3alMTa OT MAaKCKMMasbHOro ToKa 3aMblikaHuUsa Ha 3emto [S50N/G, 51N/G, 67N/G]
* 3l0 = TOK KOPOTKOIro 3aMblKaHNs

* 3lo> = Npu NpeBbILLEHNN BENYMHbI cCpabaTbiBaHUSA NPOUCXOAUT NYCK MoAy s/
CTYNEeHMW.

ABIN — onpepeneHHoe BpeMss — MaKCUMaJibHbIA TOK

DEFT
100 E
- 3lo / 3lo> 1
0.01 =—f—= 20
* 10? B
t[s]| i
1 E
L 3ms i
01 I
- 00s ]
0.01 | L1 ‘ | | L1 ‘
1 10
|/ 3lo> —= |

Edoc Z00

IEC HopmMmasibHO mHBepCHas xapaktepuctuka [NINV]

«Xap» = IEC NINV

' [OCTYyNHbI pa3nnyHblie pexnmsl cbpoca:

C6pOC Mo XapaKTepunucTnke, BblAep>XXKe BpeMeHN NJin MrHOBEHHOMY 3HaA4Y€HUIO.

MpumevaHue. OAng 3lo > 20-3/o> ybbiBaHWe KPNBOW NpeKpaLLlaeTCcs, 3Ha4YeHns t He
N3MEHSI0T BEJINYUHbI B TedeHune 3/lo = 20-3/o0>.
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4 neMeHTbl 3alnThbl

4.9 ToK Ha 3eMJ1l0 — 3allMTa OT MaKCUMaJIbHOro ToKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

Cbpoc OTKn
t= Lo 5 - txap t= O’})%z - txap
31 ’
1'(3100>) (331.21) -1
3lo_ 3lo_
Ecwm: 3lo> © ! Ecm: - 3lo> = 20
100
t [s]
10
txap=
S
1 0,5
0,2
0,1
0,1 J 0,05
0,01
0,1 1 10
3lo / 3lo> (kKpaTHble nopor. cpab.) S
IEC XapakTepucruka 6osbLion obpaTHon 3aBUCUMOCTH BPEMEHU OTKJIIOYEHHUA OT
TOoKa [VINV]
«Xap» = IEC VINV
' [OoCTynHbl pa3finyHble pexxnmel cbpoca:
cbpocC Mo xapaKTepPUCTUKE, BbIAEPXKKE BPEMEHMW NI MTHOBEHHOMY 3HAa4YEHUIO.
Mpumedanne. Ona 3lo > 20-3lo> ybbiBaHNE KPUBOW MpeKpaLLaeTcs, 3HadyeHns t He
N3MEeHSI0T Be/INYUMHbI B TeyeHue 3/o = 20:3/0>.
Cbpoc OTKn
t=L52'txap t=%’51~txap
1 '( S ) 3lo>
31o 310
Ecom: 3lo> © ! Ecm: - 3lo> 20
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4 SneMeHTbI 3alUnThbl

4.9 TOK Ha 3eMJ1t0 — 3alMTa OT MAaKCKMMaNbHOIro ToKa 3aMblikaHusa Ha 3emto [S50N/G, 51N/G, 67N/G]

Cbpoc

100

t [s]

10

0,1

0,01

0,01

OTKn

L

txap=

0,1
1 0,05

0,1

3lo / 3lo> (kpaTHble nopor. cpab.)

1 10 100

Edoc_Z02

IEC XapaKkTepucTtuka o4yeHb 60s1bLLION OOpaTHON 3aBUCUMOCTH BPEMEHM
OTKJ1l04eHHns oT Toka [EINV]

«Xap» = IEC EINV

' [OCTyMnHbI pa3inyHble pexxumbl cbpoca:

c6pOoC Mo XapakKTePUCTUKE, BblAEPIKKE BPEMEHUN UJIN MTHOBEHHOMY 3HAY€HUIO.

MpumeyvaHne. Ona 3lo > 20-3/o0> ybbiBaHNE KPUBOW MpeKpaLLaeTcs, 3HadyeHns t He
N3MEeHSI0T Be/INYUHbI B TeyeHue 3/o = 20:3/0>.

Cbpoc
1 '( 33;3; )
3lo 1

Ecnn: 3lo> =
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OTKn

t= —802 - txap

(Fe )

3lo>

3lo
Ecnu: = 3lo> =20
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4 SneMeHTbl 3alnThbl
4.9 ToK Ha 3eMJ1l0 — 3allMTa OT MaKCUMaJIbHOro ToKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

Cbpoc OTKN

1000

t [s]

100

10

.

N

1
1,5
R 1
0,1 0,5
0,2
R 0,1
0,01 0,05
0,01 0,1 1 10 100

Edoc_z04

3lo / 3lo> (kpaTHble nopor. cpab.)

IEC XapaKTepuUcTUKa AJINTeJIbHOW 3aBUCUMOCTHU BPpEMEHHN OTKJIIOYHEHUS OT TOKa
[LINV]

«Xap» = |IEC LINV

' [OoCTyMNHbI pa3fnyHble pexxumbl cbpoca:

cbpocC Mo xapaKTEPUCTUKE, BbIAEP>KKE BPEMEHMW NIV MTHOBEHHOMY 3HAYEHUIO.

MpumevaHne. Ang 3lo > 20-3/lo> ybbiBaHNe KPNBOWN NpeKpaLLaeTCcs, 3Ha4YeHns t He
W3MEHSAIT BeJIMYUHBI B TedeHune 3lo = 20-3/o0>.

Cbpoc OTKn
t=¢2'txap t=3lg¢-txap
1'(3%(; ) 30> 1
3lo 3lo
Ecnu: 3lo> <1 Ecnu: L= e = 20
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4 IneMeHTbI 3alnThbl

4.9 TOoK Ha 3eMJ1t0 — 3alMTa OT MAaKCKUMasbHOro ToKa 3aMblikaHusa Ha 3emto [S50N/G, 51N/G, 67N/G]

Cbpoc OTKN
1000
t [s]
100 J
txap=
10 1,5
1
R 0,5
1 ] 0,2
0,1
R 0,05
0,1
0,01 0,1 1 10 100

3lo / 3lo> (kpaTHble nopor. cpab.)

Edoc_Z03

ANSI XapakTepucTtnka ymepeHHon obpaTHoi 3aBUCUMOCTHN BPEeMEeHU OTKJII0YEeHHNA
o1 ToKa [MINV]

«Xap» = ANSI MINV

' [OCTyMnHbI pa3inyHble pexxumbl cbpoca:

c6pOoC Mo XapakKTePUCTUKE, BblAEPIKKE BPEMEHUN UJIN MTHOBEHHOMY 3HAY€HUIO.

MpumeyvaHne. Ona 3lo > 20-3/o0> ybbiBaHNE KPUBOW MpeKpaLLaeTcs, 3HadyeHns t He
N3MEeHSI0T Be/INYUHbI B TeyeHue 3/o = 20:3/0>.

Cbpoc OTKn
t=—20 txap 0,0515
1_( 3lo t= T +0,1140 |- txap
3lo> ( 370 ) ) 1
3lo>
_3lo_ _3lo_
Ecnn: 3lo> <1 Ecnu: O 3l0> — 20
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4 neMeHTbl 3alnThbl
4.9 ToK Ha 3eMJ1l0 — 3allMTa OT MaKCUMaJIbHOro ToKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

Cbpoc OTKN
1000
t [s]
100 J
I txap=
1111 15
10 10
\— 2
1
= 0,5
0,1
0,01 0,1 1 10 100

3lo / 3lo> (kpaTHble nopor. cpab.)

Edoc_Z05

ANSI XapakTepucrtuka 6onbLion obpaTHON 3aBUCUMOCTHU BPEMEHU OTKJIIOYEHUS
o1 T0Ka [VINV]

«Xap» = ANSI VINV

' [OCTyMnHbI pa3finyHble pexxumbl cbpoca:

c6pOoC Mo XapakTePUCTUKE, BblAEPIKKE BPEMEHUN UJIN MTHOBEHHOMY 3HAY€HUIO.

MpumeyvaHne. Ona 3lo > 20-3/o0> ybbiBaHNE KPUBOW MpeKpaLLaeTcs, 3HadyeHns t He
N3MEeHSI0T Be/INYUHbI B TeyeHue 3/o = 20:3/0>.

Cbpoc OTKn
_ 216
b e P t= 19,61 0,491 |-t
1 _(_0) =[——"——+0, xap
3lo> ( 310 ) -1
3lo>
3lo 3lo
Ecnn: 3lo> <1 Ecnu: B=sios =20
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4 SneMeHTbI 3alnThbl

4.9 TOoK Ha 3eMJ1t0 — 3alMTa OT MAaKCKMMaNbHOro ToKa 3aMblikaHusa Ha 3emto [S50N/G, 51N/G, 67N/G]

Cbpoc OTKN
1000 J
t [s]
100
txap=
10
15
E=————1 10
T 5
1 S 2
x— 1
EEil 0,5
0,1
0,01 0,1 1 10 100

3lo / 3lo> (KpaTHble nopor. cpab.)

ANSI XapakTepucruka o4eHb 60sbLLIOK OBpaTHOW 3aBUCUMOCTH BPEMEHM
OTKJ1l04eHHns oT Toka [EINV]

«Xap» = ANSI EINV

Edoc_Z06

' [OCTyMnHbI pa3finyHble pexxumbl cbpoca:

c6pOoC Mo XapakTePUCTUKE, BblAEPIKKE BPEMEHUN UJIN MTHOBEHHOMY 3HAY€HUIO.

MpumeyvaHne. Ona 3lo > 20-3/o0> ybbiBaHNE KPUBOW MpeKpaLLaeTcs, 3HadyeHns t He
N3MEeHSI0T Be/INYUHbI B TeyeHue 3/o = 20:3/0>.

Cbpoc OTKn
_ 291 )
t=———=" txap B 28,2
1_(&) t=|————+0,1217 |- txap
3lo> 3lo
( 310>) -1
31lo 3lo
Ecnu: 3lo> <1 Ecnu: L= ee = 20
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4 neMeHTbl 3alnThbl
4.9 ToK Ha 3eMJ1l0 — 3allMTa OT MaKCUMaJibHOro ToKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

Cbpoc OTKN

1000 ‘J
t [s]

100 ‘J
10
txap=
EE 15
EE 10
1 5
RN 2
0,1 0,5
0,01 0,1 1 10 100

3lo / 3lo> (kKpaTHble nopor. cpab.)

R Inverse [RINV] - XapakTepuncrnka

«Xap» = RINV

Edoc_z07

' [OCTyMnHbI pa3finyHble pexxumbl cbpoca:

c6pOoC Mo XapakTePUCTUKE, BblAEPIKKE BPEMEHUN UJIN MTHOBEHHOMY 3HAY€HUIO.

Mpumeyvanne. Ona 3lo > 20-3/o0> ybbiBaHNE KPUBOW MpeKpaLLaeTcs, 3HadeHns t He
N3MEeHSI0T Be/INYUHbI B TedeHue 3/o = 20:3/0>.

Cbpoc OTKn
1,0 _ 1,0 .
t=T-txap t—w txap
1_(310> ) ’ (3?5;;)
3lo_ Slo_
Ecnu: Slo> ~ Ecnu: | Blo> = 20
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4 SneMeHTbI 3alnThbl

4.9 ToK Ha 3eMJ1t0 — 3alMTa OT MAaKCKMMaNbHOro TokKa 3aMblikaHusa Ha 3emto [S50N/G, 51N/G, 67N/G]

Cbpoc OTKN
100
t[s]
10 txap=
1,5
1
0,5
1
\ 0,2
\ 0,1
0,05
0,1
0,01 0,1 1 10 100

Edoc_Z12

3lo / 3lo> (kpaTHble mnopor. cpab.)

RXIDG

«Xap» = RXIDG

' [OCTYMHbI pa3inyHbie pexnmsl cbpoca:

c6poc Mo XapaKTeEPUCTUKE, BblOEPXKKE BpEMEHN NI MTHOBEHHOMY 3HAYE€HMUIO.

MpumevaHwne. Mpu t = 0,02 c ybbiBaHME KPUBOWM NpeKpaLlaeTcs, TO eCTb 3HaYyeHunet gna
6onbLKnX 3Ha4YeHn 310 NOCTOSAHHO.

OTKn

— _ . 3lo
t=5.8-1.35 ln( Toe - oo )

3lo
Ecnu: < 3los Nt=0,02s
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4 SneMeHTbl 3alnThbl

4.9 ToK Ha 3eMJ1l0 — 3allMTa OT MaKCUMaJibHOro ToKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

OTKn

10

t [s]

0,1

0,01

S

i

1 10

100

txap=

1,0
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0,05

3lo / 3lo> (kpaTHble nopor. cpab.)

Monoras TepMunYeckas xapakTepucTuka

«Xap» = Thermal Flat

Edoc_Z13

' JOCTyrMHbI pasfivyHbIe p

eXXumbl cbpoca:

c6poc Mo XapaKTePUCTUKE, BblOEPXKKE BPEMEHN NI MTHOBEHHOMY 3HAYE€HMUIO.

Cbpoc
t=(5-12)-txap

3lo <1
Ecnu: loHOM

310

OTKn

t=(5-1°)-txap

Ecnn:

MCDTV4

3lo
IoHOM
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4 IneMeHTbI 3alUnThbl

4.9 ToK Ha 3eMJ1t0 — 3alMTa OT MAaKCKMMasbHOro ToKa 3aMblikaHusa Ha 3emto [S50N/G, 51N/G, 67N/G]

Cbpoc OTKN
1000
t [s]
100 txap=
10
5
10
0,5
1
0,05
0,1
0,01 0,1 1 10 100
3lo / loHOM (KpaTHble HOM. TOKa) ?;
Xapakrtepuctuka IT
«Xap» = IT
' LoCTynHbI pa3nnyHble pexxuMbl cbpoca:
cbpoc Mo xapaKTePUCTUKE, BbIAEP>KKE BPEMEHMN NIV MTHOBEHHOMY 3HAYEHUIO.

Cbpoc OTKn
— .12). .11
t=(5-1%) txap f=_0 ll-txap
( 3lo )
IorOM
3lo <1 1 < 3lo
Ecnn: Ionom Ecnn: IonoM
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4 SneMeHTbl 3alnThbl
4.9 TOoK Ha 3eMJ1l0 — 3allMTa OT MaKCUMaJIbHOro ToKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

Cbpoc OTKN
1000
t [s]
100
10 txap=
10
5
1
0,5
0,1
0,05
0,01
0,01 0,1 1 10 100 R
310 / loHOM (KpaTHble HOM. TOKa) g
Xapakrtepucruka I12T
«Xap» = 12T
' JoCTynHbI pasfinyHble pexxuMbl copoca:
cbpoc no xapakTepuUCTUKe, BblAEpXKKe BPEMEHN UM MITHOBEHHOMY 3Ha4YeHMIO.

Cbpoc OTKN
= .12). .12
( 3lo )
IoHOM
3lo <1 1 < 3lo
Ecnu: loHOM Ecnun: IoHOM
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4 IneMeHTbI 3alUnThbl

4.9 ToK Ha 3eMJ1t0 — 3alMTa OT MAaKCKMMasbHOro ToKa 3aMblikaHusa Ha 3emto [S50N/G, 51N/G, 67N/G]

Cbpoc OTKN
1000
t [s]
100
10
1
txap=
10
5
0,1
0,5
0,01
0,01 0,1 1 10 100 _
310 / IoHOM (KpaTHbIE HOM. TOKa) g
Xapakrtepuctuka 14T
«Xap» = 14T
' JoCTynHbI pasfinyHble pexxuMbl copoca:

cbpocC Mo xapaKTEPUCTUKE, BbIAEP>KKE BPEMEHMW NIV MTHOBEHHOMY 3HAYEHUIO.

Cbpoc OTKN
= .12). 14
( 3lo )
IoHOM
3lo <1 1 < 3lo
Ecnu: loHOM Ecnun: IoHOM
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4 3nemMeHTbl 3aLMnThI

4.9 ToK Ha 3eMJ1l0 — 3allinTa OT MaKCUMasibHOIro TOKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

Cbpoc OTKn

1000

t[s]

100

\
i \\

\\
A txap=
1 ERERY
ARwY 10
\\\ \\\\\
I\ 5
VA 2
0'1 \\ \\\\\\ \‘
\\ \\ \\ \\\\ 1
\\ \\\
\ \ 0,5
0,05
0,01
0,01 0,1 1 10 100
3lo / loHOM (KpaTHble HOM. TOKa)
314 MCDTV4
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4 SneMeHTbI 3alnThbl

4.9 ToK Ha 3eMJ1t0 — 3alNTa OT MAaKCKUMasbHOro ToKa 3aMblikaHusa Ha 3emto [50N/G, 51N/G, 67N/G]

4.9.2 OnpepneneHue HanpaBJieHUA

OnpepeneHue HanpasBaeHUA OCHOBAHO Ha MoAyse «3al». [JoMnosIHUTeSbHble
ceefieHuns cM. B pasgene > «Onpepenexune HanpasneHns».

onpepn_ Hanpasj_ 3aM_ Ha 3eMJi0 Edoc_Y05
3lo = 3lo[1] ... 3lo[n]

MnaHunp_ ycTp_

3lo.
Pex_

=

HeHarnpaBJieHH_ >

Brepes

peBepc

3lo .
3l ncrtou

paccynTaHo

n3MepeHo =1
BCTBUTE/IbHOE N3MepeHU| —

& [=1] ||
@ 3lo pacy Bnepef ’_Di 3lo Hanp Bnep 3lo . OwnbKa 3ans1_ Hanpaes_ @
& L
3lo n3m Bnepe
e Hpall -

»—! & [=1] —
33b 3lo pact pesepc 3lo 06p Hanp
b 310 n3m peBepc E—_ T

& [=1]
3lo pac4 HEBO3MOXXHO _Di
33¢ P O6H Hanp K3 He BO3M &
3lo N3M HEBO3MOXHO & i_
34c L

[
HeHanp_ oTk/_ npu U=0

HeakT_

aKT_
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4 SneMeHTbl 3alnThbl

4.9 ToK Ha 3eMJ1l0 — 3allMTa OT MaKCUMaJIbHOIro ToKa 3aMblkaHus Ha 3emto [50N/G, 51N/G, 67N/G]

4.9.3 MakcuManbHbIA TOK Ha 3eMJ1I0 — (DYHKLUMU

3lo[1] ... 3lo[n] - KouTponb

Edoc_Y06

3lo = 3lo[1] ... 3lo[n]

CMm_ anarpammy: Bnok-ku**

@ (CTyneHb He OTK/IlO4EHA W HEeT aKTUBHbIX CUrHaN0B 6/10KMPoOBKM)

Cm_ Anarpammy: onpej_ HanpasJ_ 3aM_ Ha 3eMJilo

@ Ha3s.* Owwunbka 3ann_ Hanpasn_

3lo . 3loH2 Bak

3lo.
IH2 Bnk

HeakT_

aKT_ ?‘

CMm_ gnarpammy: IH2
@ IH2..Bnk B33 J

3lo.
VX Bk
HeakT_ =1
aKT_ &
3lo.
Bbibop UX
paccunTaHo
n3MepeHo ETP
(0] VG>
- ] 1T
3lo. 3lo.
3l nctou MeTopn n3mepeHui
n3MepeHo OCHOBHble
n CK3
paccuynTaHo cT_ 30
(0] (0] 3lo>
L | L iy
3lo .
Xap
3lo .
txap
3lo.
t-cbpoc 3apepxKu
3lo.
t
t 0
B
0]
yRFPOHC TR

paccynTbiBaeT
BpeMs OTKJII04EeHUs

N peXuMbl Ha
OCHOBE YKa3aHHbIX
Bbllle MapaMeTpoB_

3lo . Tpe

3lo . OTkn
55

Puc. 79: 3aluMTa OT MAKCUMaJibHOIro TOKa Ha 3eMJllo, 4acTb 1 ((pyHKUNS KOHTPOJIS, OTKIIOHYEHNE).
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4 IneMeHTbl 3alnThbl

4.9 ToK Ha 3eMJ1t0 — 3alMTa OT MAaKCKUMaNbHOro ToKa 3aMblikaHusa Ha 3emto [S50N/G, 51N/G, 67N/G]

3aw, - 3aM_ Ha 3emJio - Tpes_, OTKA Edoc_Y16

3lo.
Tonbko HabnwneHne

HeT
na

Tpes_
27
3lo . Tpes_
54

) OTK/1 15
3lo . OTkn
55
3lo . KomOTKn [*]
Cm_ anarpammy: Baokup_ oTkn 19

@ KomaHAa oTK/to4eHnst oTMeHeHa nan 6nokuposaHa. [*]

Puc. 80: 3aymta oT MakCMmMasibHOro TokKa Ha 3emMJ1t0, 4acTb 2 (KOMaH4a OTKJIIOYEHUS U 3aryCcK
obuiero aBapuiHoro cCurHasia n curHasa obLero oTK/Il04YEHNS).

[*] KoMaHOa oTKo4YeHUs 1 ee 6/IOKNPOBKA CYLLECTBYIOT TOJIbKO MPU HacTpolke «ToJibKO
HabiwaeHne» = «HeT»

4.9.4 BBopa B 3KcnsyaTauuio: 3aliuTa No TOKY 3aMblKaHUA Ha 3eMJI0 —
HeHanpasBsieHHana [SO0N/G, 51N/G]

MpoBegnTe NpoBepKY MOAYyJA HEHaNPaBAEHHON MaKCMMasibHOM TOKOBOM 3aLUThI
aHaJIOrMYHO MOAYJII0 HanpaBJ/IEHHON 3aWNTbl OT MaKCMMasibHOro 9a30BOro TOKa, CM.
pasnen L[> «BBOA B 3KCMayaTauuMio: 3allnTa No TOKYy — HeHanpasseHHas [50, 51]».

4.9.5 BBopg B 3KcnsiyaTauuio: 3auiuTa No TOKY 3aMbiKaHUs Ha 3eMJi0 —
HanpasneHHana [SON/G, 51N/G, 67N/G]

MNpoBeaunTe NPOBEpPKY MOAYJIA HanpaBJ/IEHHON MaKCMMalbHON TOKOBOW 3aLlMTbl
aHaNIOrM4HO MOAYJI0 HanpaBJIEHHOW 3aWMTbl OT MaKCMManbHOro da3oBOro Toka, CM.
pasnen 9> «Beoa B skcnnyaTauuio: 3alimTa No TOKy — HanpaBfeHHas [67]».
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4 3neMeHTbl 3anThbl
4.10 12> n %I2/I1> — HecbanaHCcMpoBaHHas Harpy3ka [46]

4.10 12> n %I2/I11> — HecbanaHcupoBaHHaA Harpyska [46]

Moay/b 3alUUTbl OT HECUMMETPUKN TOKOB «I2>» paboTaeT NogoOHO MOAYIIO 3aLLUNTLI OT
HecuMmMmeTpumn Hanps>keHuin «U 012». TOKK MONOXKNTENbHON U OTpULLaTENbHON
nocsieaoBaTENIbHOCTU pPacCYMTbIBaAOTCA U3 3-ha3HbiX TOKOB. YCTaBKa («I12>» nnn «12/
TIH») onpenenseT MUHUMaNbHYO paboyyto BENNYMHY TOKa |12, Heobxoammyto ons
paboTbl GyHKUUN ANSI 46. 3TO rapaHTUPYET, 4TO y pene byaoeT AOCTaTOYHOE OCHOBaHME
VHNLUNNPOBATb OTKJIIOYEHNE pesie Npu HECUMMMETPUM TOoKoB. MapameTp «%(12/11)» — 3TO
HacTporKa pasa onpegeseHns HecnMmmeTpun TokoB. OHa onpefenseTcs OTHOWEHNEM
TOKa oTpuLaTesibHON NoCef0BaTeIbHOCTU K TOKY MOJIOXKUTETIbHOMN
nocnenoBaTesibHOCTU «%(12/11)».

(MpumevaHue. «TMNH» = TMH: TOK NOJIHON HarpyskKu.)

Bce moaynm 3aWuUTbl OT HECUMMETPUM TOKOB «I2>» UMEIOT OANHAKOBYIO CTPYKTYPY.

Ycnosmnem ang OTKAIOYEHUS 3TOr0 MOAY A ABNSETCH TO, YTO TOK OTpULLaTeNbHON
nocnenoBaTeNbHOCTU |2 Bbilwe 3a4aHHOr0 MOPOrOBOro 3HAa4YEHMA U (€CM HAaCTPOEHO) —
MPOLEeHTHOEe 3HaYeHNEe HECUMMETPUN TOKOB BbiLLe 3a4aHHOI0 3HavYeHus «%(12/11)».
Moaynb MHNUMUPYET OTKJII0HEeHWe, ecsin AaHHOe YCJ/I0BUE BbIMOJIHAETCA B TeveHue
KOHKPETHOro BpeMeHn 3a4ep>XXKN OTKJIIoHeHUS.

MapameTp [Mapam_3awmTel / TNob_nap_3aw,_/I-3aw_/12>[x]] «ba3. Tok» onpepenseT
Moporosoe 3HavyeHue:

* Ecnn «ba3s. Tok» = «HOMUH_ 3Ha4YeHUs ycTp_»: [lonycTumas HenpepbiBHas
HecMMMeTpus TOKOB Harpy3ku: [Mapam_ 3awmnThl / Habop 1...4 / I-3aw_ / 12>[x]]
«l2>», N ee yKa3bIBalOT Kak IHOM.

e Ecnn «ba3. Tok» = «HOMMH_ 3Hay_ 3auw,_ obbekTa»: [lonyCcTuMas HenpepbiBHas
HeCMMMeTpUs TOKOB Harpy3ku: [Mapam_ 3awmnThl / Habop 1...4 / I-3aw_ / 12>[x]] «I12/
TrH», n ee yka3biBaloT Kak TIH.

[N HACTPONKN BpeMEHM 3a4ePXKKN OTKJIIOYEHNS AOCTYMNHbI ABa NapaMeTpa:

* Ecnn «Xap» = «DEFT»: 3a4ep>KKON OTKJII0YEHUS SABNSIETCSA 3HAYEHNE HACTPOIKM,
LOCTYMHOE Kak napaMeTp «t».

* Ecnm «Xap» = «INV»: 3afepKKa OTKJIIOYEHUSA PacCHUTHLIBAETCSA C MOMOLLbIO
MCDTV4.

MpuHUMn paboTbl XapakTepUCTUKM onpeaeneHHoro speMmeHn (DEFT) cnepytowmni.
Moaynb OTKJOYNTCS, eC/IN B TeYEHME BPEMEHN 3a4EPXKKM OTKIIOHEHUNSA «t» TOK
oTpuuaTeNbHON NocnenoBaTesibHOCTY 12 ByaeT Bbille MOPOroBOro 3Ha4YeHUsa U (ecn
HaCTPOEHO) NPOLIEHTHOE 3Ha4YeHe HECMMMETPMN TOKOB ByaeT Bbille 3a4aHHOro
3HaveHnsa «%(12/11)».

MpuHunn paboTbl 06paTHOM XxapakTepucTukm speMmern (INV) cnegyowinin, 3aWMTHbIM
YCTPONCTBOM MOCTOSAHHO PacCYUThLIBAETCH TEN0Bas 3Heprus 0 3awmuwaeMmoro obbekTa.
9TO NpouCxXoamnT BCerga, He3aBUCMMO OT aBapUNHbLIX CUFHAI0B N CUTHAN0B OTKJIIOYEHUS.
MoZLy/lb OTKNIOYUTCSA, €CIN B TeYeHNE BpeMeHMN 3alepXXKN OTKHYEHUS tirip (KOTopoe

3aBUCMT OT O) 6y,D,yT BbIMOJIHEHbLI BCe Ccenytouine yciaoBus.
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toTtkn

2>

I2rmnH

o(t)

90, OXJ1.

4 SneMeHTbl 3alUnThbl

4.10 12> n %I2/11> — HecbanaHCcMpoBaHHasA Harpy3ka [46]

Tok OTpI/ILl,aTeJ'IbHOI?I nocnenoBaTesZiIbHOCTHU 12 6yﬂ,eT Bbille 3aJaHHOIro noporoBoro
3Ha4YeHua («I12>» nnu «I12/TMH»), n

MPOLLEHTHOE 3HAa4YeHNe HECMMMETPUN TOKOB BblllEe 3aaHHOro 3Ha4YeHus «%(12/11)»
(ecnn HacTpoeHOo) n

paccyMTaHHOE 3HaYeHne TEMnJoBOM 3Heprum 6 NPeBbICUT MaKCUMaslbHOE 3HaYeHne
Omax, PACCHNTAHHOE C YYETOM YCTaBKU «K» B Ka4ecTBe (hyHKLUM TEMJ0BON
Harpysku.

Ons 6 = 0 BpeMsi 3a4ep>XKN OTKJIIOYEHUS pacCinTbIBAaeTCs cneaywmm obpasom:

* Ecnn «bas. Tok» = «HOMUH_ 3HavYeHusa ycTp_ »:

N K12
Otkn — 72 ;2
I2 _I2>

* Ecnun «ba3. Tok» = «HOMWNH_ 3Ha4_ 3aw_ o6bekTa»:

__ KL

tOTKJ'I - 1.2 _ Iz
2 2/ TIIH

roe:

3aflep>XKa OTKJIIOYEHUS B CEKYHAX.

= TenJsioBas Harpyska obbvekTa npu pabote npn 100% HECUMMETPUM TOKOB Harpy3Ku.
DTO BHYTpPEeHHee CBONCTBO 3aluuLaemMoro obbekTa, ciefoBaTeslbHO, ero HY>KHO
yKasaTb Kak yCTaBKy (MapaMeTp 13 rpynnbl yCTAaBOK «K»).

NHdopmaLnio 06 3TOM 3HAYEHUN MOXXHO HAaNTK B CrieLndmrKaLmsax reHepaTopa.

HOMWHAJIbHLIN TOK, eCnn «ba3. Tok» = <<HOMI/IH_ 3Ha4YeHUA yCcTp_»

HOMWHAJIbHbIN TOK, ecnun «ba3. Tok» = «<HoMWH_ 3Ha4_ 3awl_ obbekTa»

= TOKWN HECUMMETPUYHOWN Harpy3ku /2 (paccYnTaHHbIE Ha OCHOBE U3MEPEHHbIX
3HAa4YeHUN ToKa)

= 3Ha4YeHue HaACTPONKU «I2>», ecnn «ba3. Tok» = «HOMUH_ 3Ha4YeHns yCcTp »

3HavyeHne HacTponku «I2/TMH», ecnn «ba3. Tok» = «<HOMWH_ 3Ha4_ 3aLl_ obbekTa»

Mpn HanM4YUKM oCcTaTovHOro Harpesa (6 > 0) 3aAepXKKa OTKYEHUS tirip COOTBETCTBEHHO
CokpaliaeTcs, 4Tobbl OTK/IIOYEHME MPOUCXOANIIO PaHbLLUE.

Ecnv TOKM HECUMMETPUYHOM Harpysku /> NpeBbILLAKT NOPOroBoe 3HaYeHne «/2>»,

npeanosaraeTcd, 4TO obbekT HarpesaeTcs. Ona pacyeTta TensaoBon SHEepPrmnm Ha 3ToM
3Tarne BBOAUTCA 3Ha4YeHUe Toka /o:

O =g +f-| | I, % dt

(haKkTU4eckas BesMyYMHa TEMnJ0BON SHeprum.

= 1MCXoAHOe 3HaYeHne B Havasie hasbl HarpeBa, TO €CTb, TEMJIOBAsk SHEPIrnsA B KOHLIE
nocaenHen asbl oxnaxkaeHus (nnv = 0, ecnuv 3aBepLUnIack nocseaHss dasa
OXJIAXXOEHUS, CM. H/XKE, U ecin a3kl OXJ1aXXKAeHUS elle He 6b110).
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4 3neMeHTbl 3aWnThbl
4.10 12> n %I2/I1> — HecbanaHCcMpoBaHHas Harpy3ska [46]

f = KO3(ppuumeHT MacwTabupoBaHus.

Ecnn TOKM HECUMMETPUYHON Harpy3ku |2 MeHbLUe NMoporoBoro 3Ha4YeHus («I2>» nnun
«I2/TTTH»), npennonaraeTcs, YTo 06 bEKT OXx/1aXXAaeTCs.

PacyeT TennoBoOW 3HEPrMn Ha 3TOM 3Tare NPOBOANTCS C Y4ETOM KOHCTAHTbI
oxnakaeHus. [laHHaa KOHCTaHTa SBAAETCS elle 0AHUM BHYTPEHHUM CBOCTBOM
3awmuaemoro obbekTa, cfiegoBaTesibHO, €ro Hy)KHO YKasaTb Kak yCTaBky (napameTp u3
rpynnbl YCTAaBOK «T-OXJ1.»):

__t
o(t) = 90,Hazp.'e foxn

o6(t) = (pbakTnyeckas BenmdmHa TEMIOBON SHEPTUMN,

00, Harp. = NCxXoaHoe 3HavyeHne B Havane dasbl OXNa)KAEeHNSA, TO €CTb, TEMJIOBAsA SHEPrnsa B
KOHLe nocnenHen asbl HarpeBaHms,

toxn. = CBOWNCTBO 00beKTa, YCTaBKa «T-0X/1.».

da3a oxJla)XgeHna Bcerga npoaosmKaeTcs, Noka 3HavyeHme |12 Huxe noporosoro
3HayeHus, T. e, NokazaTenb 6(t) paccynTbIBaeTCAa NOCTOSAHHO. (TO/ILKO NOCAE TOro, Kak
3HavyeHune nokasatens 6(t) onycTntca Huxe 0,01:8y3x, PAaCHET NPeKpaTUTCAa 1
nokasatesnb 6 cbpacbiBaeTca fo 0, To eCcTb, Nocnegytowias dasa HarpeBaHns
Ha4YMHaeTCsA NPN NCXOOHOM 3HavYeHun Bg, oxn. = 0.)

TensnoBas aHeprusa npeacrasssgeT cobon BCnoMoraTesibHbIM NOKasaTesib, U ee 3Ha4YeHune
paccyMTbiBaeTCs U NOSAEPXKUBAETCHA BHYTPEHHEN CUCTEMON, TO €CTb, OHa He
oTobpaxkaetcs N4YM, n ee HEBO3MOXKHO U3BJIeYb HN Yepe3 OO4UNH NPOTOKO CBA3U.
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46[1] ... 46[n]

4 SneMeHTbI 3alUnThbl

4.10 12> n %I2/11> — HecbanaHcMpoBaHHasA Harpy3ka [46]

NPSI_YO1

46 = 46[1] ... 46[n]

Cwm_ auarpammy: Bnok-ku

@ (CTyneHb He OTKJIlOYEHa U HET aKTUBHbIX CUrHanoB H6J10KUPOBKY)

46 . T
6 pes_@

46 . OTKN
15

0]

Ih.A 46 .
""""""" nno 12>
B ] onoe 12 T

Ih.C bunbTp
"""""" 46 .

w1211) %(12/11)
: I
46 .
Xap
46 .
txap
46 .
t
46 .
K
46 .
T-OXJ1.
t 0
e —
0]
l‘ K

T-0XJ1.

CMm_ avarpammy: Bnokup_ oTkn

@ (KoMaHpa oTKJIl04YeHns oTMeHeHa unu 61okupoBaHa. )

’?‘
46 . KomOTKN

4.10.1 Bsop B 3kcnayaTtauuio: Moaynb 3aluTbl OT HECUMMETPUU TOKOB

TecTupyemsbii 06 bEKT

MpoBepka (hyHKLMM 3alLNTbl OT TOKa obpaTHOM NocCenoBaTENbHOCTH.

Heobxoanmbie cpeacTsa

* NcToYHMK Tpexda3Horo Toka C peryampyemMoin HeCUMMeTpue TOKOB

* Tanmep.

OnucaHune npoueaypsl

lMpoBepka rnocsienoBaTesIbHOCTU ha3

* YbeauTech, 4TO Moc/iefoBaTes/IbHOCTb YepeaoBaHUsa a3 COOTBETCTBYET 3a4aHHON
B MapameTpax y4acTka.
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4 3neMeHTbl 3anThbl
4.10 12> n %I2/I1> — HecbanaHCcMpoBaHHas Harpy3ka [46]

* [lopanTe Ha YCTPOMNCTBO Tpex(dasHbIl TOK HOMUHaIbHOW BEJINYUHbI.
* Bongnte B MEHIO «3HAYEHUSA NU3MEPEHNI».
¢ [poBepbTe 3HAYEHNE N3MepPEHNN HecbanaHCUPOBAHHOIO ToKa «I2». 3HavyeHne

N3MEPEHNN ONSA BEJINYUHBI «I2» [OMXKHO BblITb PAaBHO HYJIHO (C YY4ETOM TOYHOCTM
PM3NYECKUX N3MEPEHNI).

Ecnn 0To6pa>KaeMaﬂ BeJIMYUHa 12 COOTBETCTBYET BeJINHNHE A4 CUMMETPUYHHbIX
HOMWHAaJIbHbIX TOKOB, NogaBaeMbIX Ha peJjie, 3TO 3HAa4YUT, YTO TaKaf
rnocsienoBaTesibHOCTb YepenoBaHUA a3 aBnsdeTcs 06paTHOIZ.

* Tenepb oTKO4YMTE ha3y d.A.

* [loBTOpPHO Npomn3BeauTe U3MepeHne HeCMMMEeTPUYHOr 0 ToKa «I2» B MeHI0
«3HavYeHnsa n3MmepeHuin». NamepeHHoe 3Ha4YeHne HeCUMMETPUYHOro ToKa «I2»
Ternepb JO/MKHO coCcTaBNAaATb 33%.

e BknoyuTe pasy ¢.A u oTkaounTe hasy ¢.B.

* [IOBTOPHO Npon3BeauTe n3MepeHne HeECUMMMETPUYHOr o ToKa |12 B MeHI0 «3Ha4vyeHuns
n3MepeHunin». IamepeHHoe 3Ha4eHNEe HECUMMETPUYHOIo ToKa «I2» onaTb A0JIXKHO
cocTaenaTb 33%.

* BkounTte pasy ¢.B n otkaoumTe pasy ¢.C.

* [TOBTOpPHO NponsBeanTe N3MepeHne HeCMMMETPUYHOI 0 ToKa «I2» B MeHIo
«3Ha4YeHNs n3MepeHnin». NlamepeHHoe 3Ha4YeHNe HECUMMETPUNYHOro ToKa «I2»
OOJIXXHO cocTaBNATb 33%.

[TpoBepbTe 3a4EPXKKY OTKIIHOYEHUS:

e [lopanTe CAMMETPUYHbIN Tpexda3HbI TOK Ha YCTPOMNCTBO (HOMUHaIbHOWN
BEJINYUHBI).

¢ OTKNO4YUTE TOK ha3bl la (ycTaBKa ANns BeNNYUHbI «I2» nonxHa bbb MeHee 33%).
* NI3mepbTe BpeMs OTKJIIOYEHUS.

CyLLecTByoLaa HECMMMETPUSA TOKOB «I2» cooTBeTCTBYeT 1/3 0T CyLlecTByloWero
a30BoOro Toka, oTobpa)kaemMoro Ha 3KpaHe.

[NpoBepka NMoporoBbiX 3HAYEHUM

e 3afjanTte MUHMMaNbHOE 3HadeHne «%I2/11» (2 %) n NPON3BOJILHYIO YCTaBKYy
«YcTaBka» (12).

e 1ns NpOBEPKN YCTaBOK HEO6X0AMMO NoJaTh TOK Ha a3y A. BennymHa Toka
No/HKHa ObITb B TPU pasa MeHble, YeM 3aaHHas «YcTaBka» (12).

* [Mogaya nNnTaHMAa ToNbKo a3kl A gaeT pesynabTaT «%l2/11» = 100 %, noaToMy
nepsoe ycnoBune «%l2/11» >= 2% BbINONHAETCSH BCeraa.

* Tenepb yBenn4ybTe TOK ha3bl P.A 00 aKTUBaLMUK pere.

[TpoBepka KoaghpuLneHTa nageHus ycTaBok
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4 IneMeHTbl 3alnThbl

4.10 12> n %I2/11> — HecbanaHCcMpoBaHHasA Harpy3ka [46]

Mpun OTKAOYEHUN pene B NpeablayLlel NpoBepke yMeHblnTe ToK asbl A. Mopor
OTMNYyCKaHUA He JoJKeH ObITb Bbilwe, 4eM 0,97 oT yCTaBKW.

lposepka %I2/11

e 3aganTte MUHMManbHoe 3HadeHmne «lMopor» (12) (0,01 x In) n 3aganTe 3HavYeHne «%
(12/11)» 60nbWINM UK paBHbIM 10%.

* [lopanTe CUMMETPUYHBIN Tpexda3Hbl TOK Ha YCTPONCTBO (HOMUHaJIbHOMN
BeJINYNHbI). 3MepeHHoe 3Ha4veHne «%I2/11» ponxHo cocTanAaTb 0%.

* Tenepb yBenuybTe TOK (a3bl L1. Mpun Takon KoHpurypaumm yctaska «Mopor» (12)
O0J>KHa 6bITb AOCTUrHYTa A0 TOro, Kak NokasaTenb «%I2/11» [oCTUrHeT 3a4aHHOro
3HaYvYeHna KoapdpuumneHTa «%(12/11)».

e Mpoponkante yBen4nBaTb TOK a3kl A 00 aKTUBaLMK pene.

lMpoBepka KoshpuumeHTa nageHns %I12/11

OTKI04YMB pesie B xo4e nNpeablayuen NpoBepke, yMeHbLUNTE TOK a3kl L1. 3Ha4YeHune
«%I2/I1» pomkKHO ynacTb Ha 1% HuXKe ycTaBkn «%(12/11)».

Pe3ynbTaT ycrneLiHov npoBepKu
N3MepeHHble 3HaYeHNS 3aeP)XKW OTKJIIOYEHUS, YCTAaBKU N KOIPMULMEHTbI NageHns

OOJIKHbI HaxXoANTbCA B npeaesiax gonyCctnMbix OTKJIOHEHUN N I'IOFpeLLIHOCTeIZ,
YKa3aHHbIX B TEXHNYECKUX XapPaKTeEPUNCTUKaX yCTpOIZCTBa.
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4 neMeHTbl 3alnThbl

4.11 Moagynb 3awnTbl ThR: Tennosasa moaenb [49]

4.11

324

Monaynb 3awmutbl ThR: Tennosasa mopens [49]
MakcumanbHO gonycTnuMasn TensioBas Harpyska u, Kak cnencTeue, 3afepxxka
pa3MblKaHUSA KOMMOHEHTa 3aBUCAT OT BeJINYMHbI TOKA, MPOTEKaLWero B onpeaesieHHoe
BPEMEHS, OT «MPEXXHEro 3Ha4YeHns TOKOBOW HarpysKm» N oT HEKOWN MOCTOAHHOMN
BEJINYMHbI, 3aBUCALLEN OT KOMMNOHEHTA.
MonHOCTbIO PYHKLMSA TEMNJIOBON MOAENN peann3oBaHa B YCTPONCTBE Kak Moesb
0OHOPOAHOIro Tena, CoOOTBETCTBYOLWEro TOMy 060pyA0BaHNIO, KOTOPOE MOANEXUT
3aWmnTe, C Y4eTOM MNpPeXXHero 3Ha4YeHnsa Harpyskm. @yHKLUMSA 3aWNTbl UMeeT
OOHOLLAroByl CXeMy C Npenynpe)xgatoLwWwmnm npeaesbHbiM 3Ha4YeHNeM.
[N 3Toro yCTpoMCTBO pacCyYMTbiBaeT TEMJIOBYIO Harpysky obopyaoBaHus, NCNONb3y4
nMeLwmnecs sHa4eHNa N3MepPeHNN N HaCTPOMKKN NapaMeTpoB. 3Has TENJ0Bble
KOHCTaHTbl, MOXXKHO CMOAENNPOBaTbL (oNpenennTb) TemnepaTypy obopynoBaHus.
The thermal state is reset in any of the following cases:

* a (warm or cold) restart of the MCDTV4;

* a change of the configuration (i. e. changed settings / parameters);

* a change of the active parameter set.
Pene MCDTV4 ocHawleHO ABYMA U3MepuTesibHbIM BXogamum TT, N03TOMYy onpepnesneHue

HanpaB/ieHNsa 3aMblKaHUS Ha 3eMJ1I0 OCHOBbLIBAETCA Ha 3HAYEHUAX TOKa, 3aJaHHbIX 015
napameTpa [Mapam_3awunTtbl / Tno6_ nap_3aw_/I-3aw,_/ TenMopa] »CTop.06MOTKY TT«.

BpeMs OTK/1I04eHNns1 CTyneHU 3aLUNTbi

ObLLee BpeMs OTKJIOYEHUSA YHKLMN 3alUUTblI OT TEMNJI0BOM Neperpys3kn MOXKHO
NoNYy4YNTb U3 CNefyloLero ypaBHeHus.

2 - I )
I?- (K - 16)?

t = t-Harp - ln(
YcnoBHble 0603Ha4YeHuns:

* t — 3apep)xKa OTKJIl04YeHUA

* T-Harp — KOHCTaHTa BpeMeHn pa3orpesa

® T-OXJ1 — KOHCTaHTa BpeMeHN OXNaXXOeHUA

* |6 — 6a30BbI TOK: MakKCMMasibHO AOMYCTMMOE 3Ha4YeHNe HeNpPepPbIBHONO TEMNJ0BOro
ToKa

e K — Koa(hpuumeHT neperpyskn: MakCcMMasbHbI TENNOBOW Npeaen onpenenseTcs
Kak K:16, T. e. npon3BeneHne Kosh@urumneHTa neperpyskm n 6a3oBoro Toka.

* | — n3MepeHHbIN ToK (B egnHMLax IHoOM)

* In — TOK NpeABapUTEsIbHON Harpy3KK

DYHKLMU 3aLUNTBI OT TENJIOBOM Neperpy3Kun
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4 SneMeHTbI 3alnThbl

4.11 Mopynb 3awunTbl ThR: Tennosasa mogens [49]

TenMop, ThermalOverload_Y01
TenMog .
T-Harp
Ip.A Ih.A TenMog .
""""""" CK3 . T-0XN1
- k- 16
1h.B Ip.B -CK3(Igh.A,Ib.B, Icp.
B ® makc-CK3(Id.A1.B,1b.C) .99, o) -0 =0,
CK3 32 samples per cycle dt 0
ec Icp.C L
CK3
CM_ avarpammy: Bnok-ku
@ (CTyneHb He OTKJ/Il04eHa 1 HET aKTUBHbIX CUFHa0B 6/10KMPOBKN)
- ¢ -
TenMog . ?
ABap_ Mopor TenMog . Tpes@
0 [&]
100% TenMog . OTKn@

&
. TenMog, . KOMOTKJ‘IO
CM_ gnarpammy: 15a
@ BAOKUpP_ OTKI

(KomaHpaa oTklo4YeHns oTMeHeHa unmn 6J10KkupoBaHa. )

Puc. 81: @®yHKUWY 3aLUNTbI OT TEMJIOBOV Neperpy3Ku.

4.11.1 Bsop B 3kcnayaTtauuio: Tensosasa Mmoaesb
TecTupyembivi 06 bEKT
3awmTHaa pyHkumsa: ThR
Heobxoanmbie cpencTsa
¢ Tpexda3Hbln NCTOYHMK TOKa
e Tanmep
OnucaHue npoueaypsbl

PaccuntanTte BpeMs OTKAOYEHUS A5 MOCTOSIHHO NOAaBaeMoro Toka, UCnosb3ys
hopmyny ans TensoBoro nsobparkeHms (CM. > K4).

YT06bl rapaHTMpPOBaTh ONTUMAIbHYIO 3aLUUTY, HE0H6X0AMMO 3HATb 3HAYEeHMe NapameTpa
pOCTa TeMNepaTypbl KOMMAOHEHTA «ty».

llpoBepka MoporoBbiX 3HAYEHUM
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4 neMeHTbl 3alnThbl
4.11 Moaynb 3awnTbl ThR: Tennosasa moaenb [49]

MPUNoXnTE K YCTPOWCTBY TOK, 3HAYE€HNE KOTOPOro JIEXUT B OCHOBE MaTeMaTUYeCKuX
pacyeToB.

lMpoBepKa 3aA€P>XKN OTKJIIOYEHUS

Mepep Ha4asioM NPOBEPKU TersoBas MOLWHOCTb A0JKHA OblTb paBHa Hyso. CM.
[PaboTa / U3MepeHHble 3HavyeHusa / TenMog] «Mcn TennoB_ eMK_».

Ons npoBepKun 3a4eP>XKN OTKJIIOYEHNS HEO6X0AUMO NOAKIIOUYNTb TaMep K KOHTaKTaMm
COOTBETCTBYHLLEro pesie OTKJIIOYEHMS.

MpUNoXnTe K yCTPONCTBY TOK, 3HAYEHNE KOTOPOro JIEXXUT B OCHOBE MaTeMaTU4YeCKNX
pacyeToB. TaMep BKIOYUTCS Cpa3y Nocsie NoAayn ToKa U 0OCTaHOBUTCS noce
OTKJIlOYEHUS TOKa C MOMOLLbIO pese.

Pe3ynbTaT ycrielwHow rnpoBepKu

PacyeTHOe BpeMsi OTKJIIOYEHUS 1 MOPOr BO3BpaTa AOJIKHbl COOTBETCTBOBATb

n3MmepeHHbLIM 3Ha4eHNAM. ﬂ,OI'IyCTVIMbIe OTK/IOHEHNA N OA0MNYCKWN YKa3aHbl B TEXHNYECKNX
JaHHbIX.
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4.12

4.12.1

BpemMs no oTkao4eHuns [s]

4 IneMeHTbI 3alnThbl
4.12 V/f> — B/l'y [24]

V/f> — B/lTy [24]

[daHHbIN 3alMTHbIN 3/IEMEHT YCTPOWCTBa obecneymBaeT 3alLNUTy reHepaTopa 1
TpaHCKHOPMaTOPOB TOKa OT NepeBo3byxaeHns. OH BKOYaeT B cebs ABa 3/1EMEHTa,
KOTOPbIE MOXXHO 3aNpPOrpaMMMPOBaTb Ha KOHKPETHOE BPEMS 1 UCMOb30BaTb OJ15
CO34aHNA CTaHOAPTHOM ABYX3TArHOM 3allnTbl OT NepeBo3byxaeHuns.

KpomMe Toro, 3aWnTHbIE 3/IeMEHTblI MOXKHO 3anporpaMMmnMpoBaThb Kak 3J1I€EMEHTbI
WHBEPCHOro BpeMeHn ans obecneyeHns yayvweHHON 3aLMThl C MOMOLLbIO A0CTAaTOYHO
TOYHOro NpMBAN3UTENBLHOrO pacyeTa KOMBUHNUPOBAHHOM KPUBOW NepeBo3by X oeHns
reHepaTopa/TpaHchopMaTopa sHeprobsioka. CTaHOaAPTHbLIE KPUBbIE NHBEPCHOIO
BPEMEHUN MO>XHO BbibpaTb BMeCTe C IMHENHbLIM Ko3dhdunumeHToM cbpoca, KOTOpbIA
MO>XHO 3arMporpamMMnUpoBaTh A1 COOTBETCTBUA 0COObIM XapaKTEPUCTUKAM OXJ1a)KOeHuns
MaLUUHbI.

npOLl,eHT Cpa6aTbIBaHI/IFI OCHOBaH Ha HaCTpOI7IKaX HOMWHAJIbHOI0O HaNnpsAaXXeHn4d

YacToTbl. PyHKUMA B/I'L, Mo3BONSET BbINOJHATL HadeXXHble naMmepeHusa B/I'y, oo 200%
Ona gnana3oHa 4YactoT 5 ... 70 'y,

XapakTtepuctuka/popma Kpusom: INV A

t = L-MHOXHUTeJIb

U/ Un 2
fl N —1
V/f>

1000
1
\
\
100 \\
‘\
\
1\
N\
X\
10 \\ 2
\\ (4]
N o S
X §
\ — =
1 — 3 4
1
\\
0,1 0,3
0,1
0,01
1,0 1,2 1,4 1,6 1,8 2,0

OverExcitation_Z01

YMHO>XaeT BONbThbl Ha republ npn Cpa6aTbIBaHl/II/I

Puc. 82: XapakTepuctuka/spopma Kpusoii: INV A
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4 SneMeHTbl 3alnThbl
4,12 V/f> — B/Ty [24]

4.12.2 Xapaktepuctuka/cpopma kpusou: INV B

t = L-MHOXHWTeNb

U/ Un
fl N} 1
V/E>
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Y
\
\
\
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OverExcitation_Z02

YMHO>XXa€eT BOJIbThbl Ha repLbl Npu cpabaTbiBaHUM

Puc. 83: XapakTtepuctuka/popma kpusoui: INV B
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4 IneMeHTbI 3alnThbl
4.12 V/f> — B/l'y [24]

4.12.3 XapakTtepuctuka/cpopma kpusou: INV C

t= t-MHOXUTENE
0,5

U/ Un
fl N -1
V/f>
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100 \
\
\
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w10 \
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o X ] 2
5 \ —— 10 ¢
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OverExcitation_Z03

YMHO>aeT BOJIbThbl Ha republ npu CpaﬁaTbIBaHMI/I

Puc. 84: XapakTtepuctuka/popma kpusoui: INV C
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4 SneMeHTbl 3alnThbl

4.13 Y3BB — MoAyJ/ib YCKOPEHUS 3aLlLNT Mpu BKJIKOYEHUN BbIKJlOYaTeNs

4.13

330

Y3BB — MoAyJib YCKOPEHUSA 3allUT NPU BKJIOYEHUU
BblKJIlOUaTENA

B cnyvae ecnm Hanps>keHne NMMTaHuA NoAaHO Ha JIMHUIO C KOPOTKUM 3aMblKaHMeM
(Hanpumep, ecnn 3a3eMNAOLWNA NepekatodYaTeslb HAXOANTCHA B 3aMKHYTOM MOJIOXKEHWUN),
TpebyeTcsi MrHOBeHHOe oTKJloYeHne. Moaynb BHO npenHa3HayvyeH ons reHepupoBaHUs
CrHana paspelleHns A1 BbINOJIHEHUA APYrUX 3alUTHbLIX PYHKLWUA, TAKNX KakK
PYHKLMN 3aWMTbl OT MaKCUMasibHOro TOKa, B LIEsISIX YCKOPeHMS ux cpabaTbiBaHMS (C
MOMOLLIbIO afanTBHbLIX MapaMeTpos, cM. > «Habopbl aganTVBHLIX NapaMeTpoB»).

CocTtosiHne BHO onpenensieTcs B COOTBETCTBMMU C pabounm pexnMoM rosib3oBaTens.
Mpwu BbIbope HacTponku [Mapam_ 3awmTel / FTNob6_nap_3aw,_/ BHO] «Pex_» CTaHOBATCSA
OOCTYMHbIMW cnefylowme napameTpsbl:

* «Pexx » = «[lon_Bblkn» — COCTOAHME BbIKJIIOHaTENS;

* «Pex_» = «l<» — OTCYTCTBUE TOKa;

* «Pexx » = «[lon_Bblknll<» — cOCTOsAHME BbIKJIIOYaTesIA U OTCYTCTBUE TOKA;
* «Pexx_» = «Bblkn Py4yH BKJ1» — BbIKJIlO4a@Tesib BbIKJIIOYEH BPYYHYIO;

* «Pe)x » = «BHewH YBB» — BHeLWHWN TpuUrrep.

Onsa mopnynsa «BHO» TpebyeTcs, 4Tobbl Ana napameTtpa [MNapam_ 3awmnTsel / FNo6_ nap_
3aw_/ BHO] «Ha3HavyeHHoe KY» Bbl0 Ha3Ha4YeHO KOMMYTaLMOHHOE YCTPOMNCTBO
(BbIK/IIOYaTENL). [lONMYCKalOTCA K NCMOJ/Ib30BaHUIO TOJIbKO Takue BblKJloYaTe N, KOTopble
OCHalLeHbl U3MepuUTeNbHbIMU TpaHChopMaTopamMun, NPenoCTaBAAOWMMN AaHHbIE
n3mMepeHnn MCDTV4.

aT0T MOAYJib BblAA€T TOJIbKO OAUH CUI'HaJl, OH HE BblOa€T KOMaHA Ha aBTOMaTU4YeCKoe
OTKJIlOHEHMNE.

YT06bl BANATL Ha HACTPOWKN OTKOYEHUS PYHKLUMI TOKOBOW 3alLnTbl B ciyyae BHI,
Mosib3oBaTesb AO/IKEH Ha3Ha4YNTb curHan «BHO . BKAOY » 1 BKIOYNTbL ero B «Habop
alanTuUBHbLIX NapaMeTpoB». (O6LLee onucaHue cM. B pasaene => «Habopbl afanTuBHbIX
napameTpoB»). B Habope afganTMBHLIX NapaMeTPOB NOJIb30BaTEsb AOJIKEH U3MEHUTb
XapaKTePUCTUKY OTKIYEHUSA PYHKLNM TOKOBOW 3aLLUUTbl B COOTBETCTBUN C
notpebHocTaMN.

Mpumep. OTKNI0YEeHne 3/1IeMeHTa 3aLUMTbl OT neperpy3Ku rno ToKy 6es 3amep>xku
«I[1]»

MpeanonoXXmm, 4To BCe HACTPOMNKN N4 3NeMeHTa 3alnTbl OT MaKCUMaibHOro (ha3oBoro
Toka «I[1]» BbinoNHeHbl (MoapobHOe onncaHmne CM. B pasaene |E|> «| — 3awmTa oT
npeBbilleHNst TOKa»). [lanee Heo6XoOMMO HACTPOUTb 3a4ePXKKY OTKAOHeHUs «I[1] . t»,
M3MEeHMB 3Ha4YeHne no ymondaHuio 1.00 ¢ Ha O ¢, ecnum onpepenseTtca ycnosue BHO.
Danee npmeepeH npumep LENCTBUN, KaK 3TO MOXXHO caenaThb:

e [locTynHo 4 Habopa aganTUBHLIX MapaMeTpoB. Hanpumep, ecnu BbibpaTb Habop
allanTUBHbIX NapaMeTpoB 1, TO NpoLieaypa HaYMHAEeTCs CO CNeaytoLlen HaCTPONKN:

[Mapam_3awmTbl / TNo6_nap_ 3aw,_/I-3aw_/I[1]] «Ag_Habop 1» = «BHO .
BKJTIOY_».

e 3aTeM yKaxkuTe 3HavyeHune «Ag_Habop 1» ons 3afep>XKu OTKIKYEHUS:

[Mapam_ 3awmnTel / Habop 1...4 /1-3aw_ / I[1]] «Ag_Habop 1» [Ap_Habop 1] = 0.00 ¢
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4 IneMeHTbI 3alnThbl

4.13 Y3BB — MoAyJ/1b YCKOPEHUS 3aLLUT MPU BKJIIOYEHUN BbIKJlOYaTENA

Mpwn Bxoae B MmeHio [Mapam_ 3awmThl / Habop 1...4 / 1-3aw,_/ 1[1]] Ha naHenn AONXKHbI
MoABUTLCSA cnepyroume cTpaHuubl:

Ap_Hab6op 1 &

HaG6lMoYmM 5]

A 1>

1.00 Inom
Xap

DEFT

Otxap
1.00

1>

1.00 Inom
Xap

DEFT

Otxap
1.00

i Boipep>xka BpeMeHM Ha OTKJIK i Boipep>xka BpeMeHM Ha OTKJIK

L« | 2 1 V] £ |

L« | 2 1 V] £ |

HPT_ZBV

B Smart view HacTponkun 13 TOro ke npruMepa A0SHKHbI BbIFa4eTh Cleayowmm
obpasom:

4 N\
@ Mapam_ 3awuTbl/Ino6_ nap_ 3au.L/I—3aLL...E]

|

HavmeHoBaHue Ben_

& BHBK1 .-

&5 BHBK2 - -

&5 BHBIK KoMOTKN - -

Lo B N T AR | . @
& An_Habop 1 BHO . BKJItOY_
'&'/S,u'_ﬂa'ﬁ'ob?' STTTTTsRTITTTssssseseeee”
& An_Habop 3 .-

g, Ap_Habop 4 - -

¢ = =y

4 N\

(=)=))

@ MNapam_ 3awmTbl/Habop 1/I-3aw_ - 50, 51/I[1] - 50, 5

| & |

HaumeHoBaHue HabMoYm -27,59.TpeB_  Unit
& PyHKuns &L akT_

& BHBIK ®HK & HeakT_

o BH pes 6510K (hyHK & HeakT_

& BnkKomOTKA & HeakT_

& BHBNK KoMOTKN @HK Ly HeakT_
ég MeTopn nsmepeHuin ég OCHOBHble

é@ > éi_g 1 IHOM
=
& R Lo DR ... LW \
t Ll & 0 0 c &
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4 SDnemMeHTbl 3aLlNThI
4.13 Y3BB — MoayJ/ib YCKOPEHUS 3aLlLNT Mpu BKJIKOYEHUN BbIKJlOYaTeNs

MpuHunn paborsl Mmogyna «BHO»

BHO SOTF_Y01

2

O CMm_ anarpammy: Bnok-ku (CTyneHb He OTK/IYEHa N HET aKTUBHbIX CUTHaN0B 6J10KMPOBKM)

BHO . I<
PU[x] . Mon_ OTKJ1**
PU[x] . Py4H BKJI** BHO .
Pexx_
BHO . Mon_Bbikn >1
I< I<

Ih.A
_cb _____ _D' & & Mon_Bbikn U I<
_Iq);B____ _D' Bbikn PyyH BKJ1

Ih.C _D_ BHewH_YBB

BHO . BHewH_YBB

A

BHO . &
t-BKIOY BHO . Bkto4_

—
AMNB.pab_* BHO . bak AMB*
* OTHOCUTCA TOMBLKO K yCTpomncTBam C AlB
*k [aHHbIA CUrHan 9BaSeTCA BbIXOA0OM KOMMYTALMOHHOMO YCTPONCTBA, Ha3Ha4YeHHoro s

[aHHOro 3/IeMeHTa 3alWnTbl. 9TO NPUMEHUMO K YCTPOMCTBAM 3alLUNTbl, KOTOPble
npegJsaraloT PYyHKUMIO yNpaBJ/ieHus.

4.13.1 Bsop B 3KcnJiyaTauuio: YCKOpeHUue npyu HEMCNPaBHOCTU BKJIIOYEHUA
TecTupyemsbii 06 bEKT

MpoBepKa MOy YCKOPEHUS 3aLLUUT NPU BKIKOYEHUN BbIK/OYATESS B COOTBETCTBUMN C
napameTpaMu paboyero pexmma:

* CocTosiHMe Bblkato4vaTensa (Mon.Boikn);
e OTcyTCcTBUM TOoKa (I<);
¢ CoCTOSAHME BbIK/lOYaTENA N OTCYTCTBME ToKa (Mon.Bbikn n I<);
e Bknwo4veHun BbiklOYaTENA B PyYHOM pexxmme (AB pyd BKJI) U/nan
* Ha cocTosiHuun BHelwHero Tpurrepa (BHew Y3BB).
Heobxoaunmeie cpeacTsa
* ICTOYHMK Tpexda3HOro Toka (ecan pexxmm BKJIIYEHNSA 3aBUCUT OT TOKa);
¢ AMnepmMeTpbl (MOryT MOHaA0BMNTLCS, €CQIN PEXNM BKJIIOYEHUSA 3aBUCUT OT TOKa), U
* Tanmep.

lMpumep rpoBepKn pexmma py4Horo Bk/ato4eHns PL
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4 IneMeHTbI 3alnThbl

4.13 Y3BB — MoAyJlb YCKOPEHUSA 3alnUT NpuU BKIKOYEHUN BblKJIlOHaTeNs

Pexxnm I<: MpoBepka 3hhekTnBHOCTN paboTbl: CHaYana He MogaBanNTe Ha YCTPOWCTBO
TOK. 3anycTuTe TanMep 1 noganTe Ha N3MepuUTeNbHbIE BXOAbl pesie TOK C Pe3KUM
N3MEHEHNEM, KOTOPbIA 3HAYNTENLHO NPEBbLILIAET YCTaBKY, YCTAHOBJIEHHYIO MapaMeTpPOM
I<.

Pexxum I< u cocTtosiHmne PL: OgHOBpPEMEHHO BKJIIOYNTE BPYYHYIO BbIK/IlOYaTEb 1 NoganTe
TOK C pPe3KUM U3MEHEHNEM, BO MHOIO pa3 MpeBbillaloWwmMM yCTaBKy I<.

CocTosiHme PLI: PL, goskeH HaxoauTbca B nonoxxeHun «BblKJ1». CurHan «Y3BB
BktoYeH» =0 (noxb). Ecnu PLL BKAtOYEH, TO curHan «Y3BB.Bk/oYeH» = 1 npuHUMaeT
WCTUHHOE 3HaYeHMe N COXPaHseT 3TO 3HaYeHMe B TeYeHne BCero BpemMeHun tTanmepa t-
BKJI.

* PL, gosmKeH HaxoauTbCsa B NosoxXeHUn «BblKJ1.» ToOK Harpyskmn goJsiKeH
OTCYTCTBOBaTb.

* B OKHe 0T0oBparkeHns COCTOSAHUSA YCTPOUCTBa A5 curHana «BHO . Bkawoy » = 1.
lMpoBepka

* [lepeBennTe BblKJl0OYaTEb BO BKJIIOYEHHOE NOJIOXKEHNE BPYYHYIO N OAHOBPEMEHHO
C 3TUM 3anycTuTe Tanmep.

* [locsie TOro Kak Bpems 3agep>Xku t-Bko4 nctevet, curdan «BHO . Bkawoy » = 0.

* 3annuunTe n3MepeHHoe BpeMS.
Pe3ysibTaT yCrneLHo rnpoBepKu
3Ha4vYeHNs namepeHnin obLLero BpeMeHun 3a4epXXKM OTKJIIOYEHNA N OTAE/bHbIX 3Ha4YeHUN
BpPeMeHU 3aepXKUW, YCTaBOK U YCTaBKKW Ha BO3BpaT, JOJ/IKHbI COOTBETCTBOBATh

3Ha4YeHnAM, YKa3aHHbIM B CNUCKe HacTpoek. [lonyCcTuMble OTKJIOHEHUS N AOMYCKN
YKa3aHbl B TEXHNYECKNX OaHHbIX.
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4.14 MBMNT — moaynb 6JIOKNPOBKN MYyCKOBbIX TOKOB

4.14

334

MBINT — moaynb 6J1IOKNPOBKU NYCKOBbIX TOKOB

Ecnun sanekTpuyeckas Harpyska 6ygeT BKJIlOYEHA MM MOBTOPHO BKJIlOYEHA MOCse
MPOAO/IKNTENLHOIO NepepbIBa, TO TOK HAarpy3sku CTPEMUTCS PEe3KO BbipacTu (Bpocok
TOKa), NpnyemM BesiM4YMHa ToKa Npu 3TOM B HECKOJIbKO pa3 rnpeBbillaeT HOPMaJibHbIA TOK
Harpy3Ku 1n3-3a Nycka ABuraTtesns. OTO ABJIeHME Ha3biBaeTCs «BpPOCOK MyCKOBOro TOKa».
Ecnn ycTaBka MakCMMasibHOMO TOKa yCTaHOBJIeHa B COOTBETCTBUM C MaKCMMasibHO
BO3MOXXHOW BEIMYMHOM BpOCKa TOKa, TO TOKOBAs 3allMTa MOXKET OKa3aTbCH
HEeYYBCTBUTEJIbHOW K HEKOTOPbLIM HENCMPABHOCTAM K K3, 4TO 3aTpyaHSaeT obuyto
KOOpAMHaUNIO CUCTEMBI 3aWNTbl NN fenaeT ee BOBCe HeocyllecTBuMon. C gpyron
CTOPOHbI, TOKOBas 3allMTa AO/KHa cpaboTaTb Npu BpocKe TOKa, eCc/in ee HaCTPONKM
npousseneHbl HA OCHOBAHUN OaHHbIX, MNOJYYEHHbIX NMPU n3MepeHnsax Toka K3. Moaynb
MBNT npegHa3HavyeH ON5 reHepaumnmn cMrHana BpeMeHHON 610KNPOBKU/MOHUXXEHNS
YYBCTBUTENbHOCTN TOKOBOM 3alNTbl N NPefoTBPaLLeHNs ee He)xxenaTenbHoro
cpabaTbiBaHNA. PYHKLNA BJIOKMPOBKN MYCKOBbLIX TOKOB PErNCTPUPYET NEPEXOL U3
ropsivyen Harpysku B X0J104HY B COOTBETCTBUU C BbIBMpaeMbiMU peXXxrMMaMn X0J104HOMN
Harpysku:

¢ [10J1 BbIKJ1. (cocTOosiHME BbIK/ItOYaTENSA);

¢ |< (MOHWXXEHHBLIN TOK);

e [MOJ1 BbIKJ1. 1 I< (cocTosAHME BbIKOYATENA U MOHUXKEHHbIN TOK);

e [10J1 BbIKJ1. nnu I< (cocTtosiHME BbIKAOYATENS NN MOHUXKEHHbIN TOK).

Mocne perncTpaunm nepexofa C ropavyen Harpyskm Ha Xono4Hyo 3anycTUTCA
YKa3aHHbIN TanMep OTKJYeHNA Harpysku. B HeKoTopbIx cly4asax 3TOT 3aflaBaeMbli
noJib3oBaTesieM TaMep OTKJYEHNA Harpy3Kn NCNosb3yeTca A1 NOATBEPXAEHUS
[OCTaTOYHOIr0 COCTOAHUSA XONI0AHOW Harpys3ku. Mo ncteyeHnn BpeMeHn Tanmepa
OTKJIl0YeHNs Harpysku yHkuma MBIMT nogaeT curHan «MBIT.BKAOYEH», KOTOPbIN
MO>XXHO MCMN0JIb30BaTh A8 BJOKUPOBKN HEKOTOPbIX YYBCTBUTE/bHbIX 3aLLNTHbIX
3/1eMEHTOB, TaKMX KaK 3JIeMeHTbl 3aWnTbl OT MFTHOBEHHOIMO MakKCMMaJlbHOro TOKa,
3/1IeMeHThbl 3alMTbl OT HECUMMETPUYHOI0 TOKa WM 3NeMeHTbl 3alMThl MO MOLLHOCTHK (Mo
BbIbopy nonb3oBaTens). icnonb3oBaHMe AAaHHOMO CUrHaNa BKJIOYEHUS NO3BOJISET TakXXe
no Bblbopy Nosib3oBaTeNa CHU3UTb YYBCTBUTE/IbHOCTb HEKOTOPbIX 3/IEMEHTOB 3alUNTbl OT
npesblleHNsa ToKa ¢ 06paTHO3aBUCUMON BPEMEHHON XapaKTEPUCTUKON C MOMOLLbIO
aKTMBaLMM afanTUBHbIX HACTPOEK COOTBETCTBYIOLLNX 3JIEMEHTOB 3allUThl OT
rnpesbllLUeHNs TOKa.

Korpa coctosiHue Xo0/104HOW HarpysKu 3aBepLUeHo (3aperucTpnuposBaH nepexon 13
XONOOHON Harpy3kKu B ropsiyyto) BCnencTene, HanpmuMmep, 3aMblKkaHUS BbiKJloYaTeNa nan
MHXXEKLIMN TOKa Harpysku, byaeT MHUMUMNPOBaH AaT4YMK BPOCKOB TOKa, KOTOPbLIN
KOHTPOIMPYET NpoL,ecc 6pOoCKOB BXOASLLENO N BbIXOOALLEr0 TOKa Harpy3sku. bpocok
TOKa perncTpupyeTcs, ecqiv BXOAALLMA TOK Harpy3Kun npesbilWlaeT 3agaHHoe
MnoJib30BaTeJIeM NOPOroBoe 3Ha4YeHne. Tako 6pocok Toka byaeT cynTaThCA
3aBepLeHHbIM, KOorga TOK Harpysku cHu3nTca 0o 90% noporoesoro 3HadeHus. lNocne
CHV>XEHMSA TOKa Harpy3skun 3anycTuTcsa Tanmep yCcTaHoOBKN. CUrHaN BKKOYEHUSA
6JJOKMPOBKUN MYCKOBbLIX TOKOB MOXXET ObITb COpOLLEH TONbLKO MO UCTEYEHUN BPEMEHN
TalMepa YyCTaHOBKMW. 3aBepLINTb CUrHan BKkAKYeHUS MBIMT npn cAWWKOM OJUTeNbHOM
BpoCKe TOKa MOXeT Tak)Xe ApYyron TanMmep MakCcMMasibHON 6/10KMPOBKIN, KOTOPLIN
3anyckKaeTcs napajisiefibHO C AaTYMKOM BPOCKOB TOKa MO 3aBepLIEHUN COCTOAHUSA
XOJI0AHON Harpy3Ku.

DYHKUNIO BNIOKNPOBKUM MYCKOBbLIX TOKOB MOXKHO 3ab6/10KMPOBaTb BPYYHYIO C MOMOLLbIO
BHELUHEro unm BHyTPEHHEro cnurHana no Bolbopy nosb3oBatensa. Ecnm Ha ycTponcTeax C
COOTBETCTBYHOLWEN PYHKUMeN byneT 3anyuweHo aBTOMaTUYECKOE NMOBTOPHOE BKJIIOYEHME
(cpaboTaeT AlB), To pyHKumMsa MBMNT 6byaneT aBTOMaTu4eckn 3abnokmpoBaHa.
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4.14 MBMNT — moaynb 610KMPOBKM MYyCKOBbIX TOKOB

OCTOPOXXHO!
9TOT MOAY/JIb HE BblAaeT KOMaH[, a BblAaeT TOJIbKO CUTHaJI.

YT06bl N3MEHNTb HACTPOMKN OTKOHYEHNS DYHKLMIA TOKOBOW 3alLNTLI, clenyeT
Ha3HauYMTb curHan «MBIMT.BkAOYEH» 0AHOMY N3 HabopoB aganTUBHbLIX MapamMeTpoB. CM.
pa3nen «MapamMeTpbl/Habopbl aganTMBHbLIX MapaMeTpoB». B Habope aganTUBHbIX
MapamMeTpoB HY>XHO N3MEHUTb XapaKTEPUCTUKY OTKIYEHNA PYHKLMN TOKOBOM 3aLLUThI
B COOTBETCTBUM C HEOBXOOMMOCTHIO.

CnenyeT XOpOLIO MOHMMAaTb 3HaYeHNe ABYX TAalMEPOB 3aepP>XKMU.

t-Harp BbIKJI. (3a4ep>XKa cpabaTbiBaHUA): MNocsie OKOHYaHMS 3TOro BPEMEHU YCTPONCTBO
nepecTaeT UTHOPUPOBATb Harpy3ky.

t-Makc 610K (3agep>kka Ha oTnagaHue): o BbIMONHEHNN MYCKOBOrO YCN0BUS (HanpuMmep,
BKJIIOHEHWSA BbIKJIlOYaTeNa BPY4YHYI0) curHan «MBIMT.Bknto4eH» OyaeT BblAaBaTbCs B
TeYyeHue 3TOoro nepuona BpeMeHn. TO 03HaYaeT, YTO B Te4YeHne 3TOro BpeMeHu
NOporoBble 3HaYeHUs cpabaTbiBaHWA TOKOBOW 3aLUUTbl MOFYT ObITb CHUXXEHbI C MOMOLLbIO
adanTUBHbIX NapaMeTpoB (cM. pasaen «lMNapameTpbl»). [laHHbIN TanMep byneTt
OCTaHOBJIEH, eC/IN TOK ynaaeT Huxe 3HavyeHus 0,9 x ycTaBka faT4ymka 6poCcKoB ToKa 1
OCTaHEeTCH HUXKEe 3TOro 3HAaYEeHUS B Te4YeHe BpeMEHUN YCTaHOBKU.

[aHHOe NpnMeYaHme OTHOCUTCA K 3aLlUTHLIM YCTPONCTBaAM, KOTopble obecrnevynBatoT
TONIbKO KOHTpOb! s faHHOro 3alMTHOro 3JieMeHTa TpebyeTcs, 4Tobbl eMy 66110
Ha3Ha4YeHO KOMMYTaLMWOHHOE YCTPONCTBO (BbIK/OYaTe b). [lonyCKaeTCsa NpUCBOeHnE
OAHHOMY 3aLLUNTHOMY 3JIEMEHTY KOMMYTALMOHHLIX YCTPOWCTB (BbIKOYaTeNs),
N3MepuTesibHble TPAaHCHOPMATOPbI KOTOPOro NPeAoCTaBASAT 3alUMTHOMY YCTPONCTBY
OaHHble N3MepeHun.

(l)BCI'I Bkn

1
0 MCXH . obHap_

1
0 Xon_ Harp_

DCLP_Y02

t-makc 610k t-Harp BbIKN

Puc. 85: lNpumep: lNosioxxeHne BbiK/1lO4aTESA.
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MCXH

DCLP_YO1

@ CM_ Anarpammy: bnok-ku (CTyneHb He OTK/YEHa U HET aKTUBHbIX CUrHa 0B 6/10KMPOBKM)

MCXH . I<
PLU[x] . Mon_ OTKJT**
MCXH .
Pex_
MCXH . Mon_Bbikn =1
A I< I< MCXH . obHap_
_d)'_____ _D' & — & Mon_Bbikn U 1<
loB_ ] _D' Mon_Bbikn Nan I<
RS T L1
MCXH .
t-Harp BbIK/
t 0 &
s1 MCXH . BKtOH_
R —O|_|
MCXH .
t-makc 6510k
0 t
o=1
—|
[aT4nk 6pocka Toka MCXH .
) - Mopor Bpems ycT+e
t 0
—
ILx MaK¢
— > MCXH .
Bpems ycT+e
0 t
3 - MNopor P MCXH . Bpems ycT
MCXH . Bpocok Toka
AlB.pab_*
* OTHOCUTCA TONbKO K yCcTponcTeam c AlNB
ok ﬂ,aHHbIIZ CUrHan aBndaeTcd BbIXoooM KOMMYTaLUMOHHOIO yCTpOIhCTBa, Ha3Ha4eHHOro ansa
AaHHOIo 3JiIeMeHTa 3alWnThbl. 370 NMPNMEHNMO K yCTpOI?ICTBaM 3allnNThbl, KOTOPbIE
npeanaratoT d.)yHKLI,I/HO yrnpaBieHn4.
4.14.1 Bsopg B 3KCnsiyaTauuio Moayna 6J1I0KUPOBKMU OT NYCKOBbIX TOKOB

336

TecTupyembivi 06 bEKT

MpoBepka Mmoaynst 6JIOKMPOBKN MYCKOBbLIX TOKOB B COOTBETCTBUM C HAaCTPOMKaMu
paboyero pexmnma:

e |< (oTCcyTCTBME TOKA);

¢ CoCcTOosiHME BbIKJIlOYaTeNs (MOJIOXKEHME BbIK/OYaTeNs);

* |< (oTCyTCTBME TOKA) N COCTOAHME BbIK/OYATENA (MOJI0XKEHNE BhIKOYaTenNs);

° < (OTcyTCTBI/Ie TOKa) WM COCTOSHNE BbIKOYaTeNs (NOJI0OXKEHME BbiKOYaTeNA).

Heobxoanmbie cpencTsa

MCDTV4
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4 SneMeHTbI 3alnThbl

4.14 MBMNT — moaysib 610KMPOBKM MYyCKOBLIX TOKOB
* NCTOYHUK Tpexcpa3Horo ToKa (ecnu peXxum BKIKO4HYEHNA 3aBUCUT OT TOKa);
* aMnepmMeTpbl (MOFyT I'IOHaLI,O6I/ITbC9|, eCJin peXxMm BKIKHEHNA 3aBUCUT OT TOKa);
e Tanmep.

[MTpumep rnpoBepKu pexuma COCTOSAHWUSA BbIK/Il0YaTE A (nMos10XKeHNS BbIK/I0YaTESS)

Pexxum I<: [lna npoBeAeHNs MPOBEPKM 3aeP>XXKN OTKIOYEHNS 3anyCcTUTe TalMep U
l'lOﬂ,aI?lTe Ha U3MepuTeJibHblE BXOObl pejie TOK C pe3KNM USMEHEHUNEM, KOTOprI7I
3HAYUTENIbHO MeHbLUE YCTAaBKWU, YCTAaHOBJIEHHOW NapaMeTpoM I<. I3MepbTe 3a4epXKKY
OTKJID4HEeHNA. ,ﬂ,ﬂﬂ n3MepeHuns KO3Cb(pI/ILI,I/IEHTa Pa3MblKaHWNA rlo,u,a|7|Te Ha N3MeEpPUTEJIbHbIE
BXOObl pejyie TOK C pe3KNM USMEHEHNEM, 3HAYUTEJIbHO 6onbLInA MoporoBoro 3Ha4eHunA
«l<>».

Pexxum I< n cocTtosHme PL: cMoagennpymnTe pe3koe naMeHeHue (BKJt4YeHne un
BbIKJIIOHEHME TOKa) NyTeM rnocsiefoBaTesIbHOro BKOYEHUS N BbIK/IOYEHWS BbIKlOYaTeNs

BPY4YHYIO.

PeXxuM |< nnm coctosiHMe BbIKJ1.: CHaYvasla NpoBeAnTe NpPoBepKY C BbICTPO
N3MEHSIOLWMMCA TOKOM, KOTOPbI BHaYasie BKOYAETCs, @ 3aTeM BblKJloHaeTCs (Bbllle 1
HUXXe YCTaBKK I<). M3MepbTe BpeMsi OTK/IIOHYEHUSA. 3aTeM NpoBeanTe NPOBEpKY NyTeMm
3aMblKaHWA 1 pa3MblKaHUS BbIKJlOYaTENs BPYUHYIO.

* PL, nosmKeH HaxoauTbCa B NOsIoXKeHUn «BblKJ1». TOK Harpyskm gosKeH
OTCYTCTBOBaTh.

* B okHe oTobparkeHns COCTOAHNA YCTPONCTBa ANa curHana «MBIMT.BkKAOYeH»
oTobparkaeTcsa 3Ha4yeHue 1.

* B okHe oTobpa>keHns COCTOAHNA YCTPONCTBa ANa curHana «MBMT.l1<»
oTobparkaeTcs 3HavyeHue 1.

* VI3MepbTe 3a4epPXKKY OTKJ/IIOYEHUS N KO3PULIMEHT BO3BpaTa.

* MNepeBenunTe BbIK/OYaATESb B 3aMKHYTOE MOJIOXKEHNE BPYYHYIO 1 OLHOBPEMEHHO
3anycTuTe Tanmep.

¢ 1o oKoHYaHUN paboTbl TaMepa «t-Makc 610K (3a4ep’kKa Ha pa3MblKaHWE)» CUrHanN
«MBIMT.BkNo4YeH» = 0 foJIHKEH CTaTb JIOXKHbIM.

e 3anuwuTe n3mMmepeHHoe BpemMA.

* MMepeBenunTe BbIK/OYaTESb B PA30MKHYTOE MOJIOXKEHNE BPYYHYIO 1 OOHOBPEMEHHO
3anycTunTe Tanmep.

¢ 1o oKoHYaHUN paboTbl TaMepa «t-Harp Bblk» curHan «MBMT.BkntoveH» = 1
OOJIKEH CTaTb NUCTUHHbIM.

* 3anuwmnTe 3MepeHHoe BpeMmsi.
YcnewHble pe3ybTaTbl NPOBEPKU

3Ha4YeHnst N3MepeHnii obLLero BpeEMEHN 3aleP>XKKM OTK/IIOYEHUSA U OTAENbHbIX 3HAYEHWI
BPEMEHW 3a4ep KKK, MOPOroB N KO3IMPMLMEHTOB NaAEHNA A0JI>XKHbI COOTBETCTBOBATb
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4 DnemMeHTbl 3aLlnThI
4.14 MBMNT — mMoAyNnb 6JIOKNPOBKN MYyCKOBbIX TOKOB

3HAa4YeHMAM, YKa3aHHbIM B CMUCKe HAaCcTpoeK. [lonyCcTuMble OTKJIOHEHUS N AOMYCKN
YKa3aHbl B pa3gene TeXHN4eCKnx aaHHbIX.
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4.15

4 IneMeHTbI 3alnThbl
4.15 V — 3awuTa no Hanps>keHuto [27,59]

V — 3awuMTa no Hanps>xeHuio [27,59]

OCTOPOXHO!

Ecnn Toyka namMepeHus TpaHcopmMaTopa HanpsaXeHna HaXxoOUTCA He CO CTOPOHbI
C60pHOl7| LUNHbI, @ CO CTOPOHbI BbIXOOa, TO Heob6xoanmMo NMPUHATbL BO BHUMaHNeE
calepgytoulee:

Mpwn oTCcoeanHEHNN NHUN HeobXxoanmMo ybeonTbCcs, YTO Npu BHeELWHen 610KMpoBKe
OTKJIlO4YEHNE 371IEMEHTOB V< Mpn MOHUXXEHHOM HaMNps>XeHUn He NponsongeT. 3To
OCYLLEeCTBNAETCA NyTEM OnpeneneHns nosoXXeHns BbikoYaTens (Yepes umgposbie
BXOObl).

Korfa BcrioMoraTesibHOe HamnpsiXKeHe BKJIIOYEHO, a U3MEPUTESIbHOE HaMNps>KeHne eLle
He NoAaHo, NMPefoTBPATUTL OTK/IIOYEHME MPU NOHVXKEHHOM HaMpPs>KeHUN MOXHO
nocpeacTBOM BHELUHEN BJI0OKMPOBKM.

OCTOPOXHO!

B cniyyae Bbixoda U3 CTpos NpeaoxpaHuTtens Heobxoammo 3abnoknpoBaTb U<-CTyneHu
TakuM o6pa3oMm, 4Tobbl NPeaoTBPATUTL HEXenaTesbHyo paboTy.

[ng aToro yctaHoBuUTe A5 NapaMeTpa «M3Mep. CXeM KOHTP.» 3HAaYEeHNE «aKT » U
AKTUBUPYNTE HEOBXOAUMBLIN MOAY b KOHTpona TH (Hanpumep, MMoT, KTH).

CnepnyeT Tak>Xe 3afaTb BpPeMs 3a0ep)XKN OTKJIIOHYEHUSA 3alNThl OT NMOHNXKEHUSA
Hanps>XeHuns «t», BbibpaB 3Ha4YeHMe, NpeBbiWaoLLee BpeMs obHapy>XeHus Monyss
KOHTposisA TH. HeobxoAMMo y4nTeiBaTh C/ieQyOLLNE BPEMEHHbIE MNOKa3aTenu:

* KTH, onpeneneHne HENCNPaBHOCTU NpeaoxXpaHUTENa C NMOMOLLbIO LINPOBOro
Bxona: 20 Mc

* KTH, onpepeneHne C NOMOLLbLIO U3MEPEHU U BHYTPEHHErO pacyeTa: 20 Mc

* [MoT, onpepeneHve HeUCNPaBHOCTM NpefoXpaHUTesia C NOMOLL b0 LU POBOro
Bxoga: 20 Mc

* MlNoT, onpegeneHne C NOMOLLLIO N3MEPEHUIN N BHYTPEHHero pacyeTa: 30 Mc

(dnsa yctpovicts ¢ mogysiem lloT:)

ObpaTnTe TakXe BHMMaHue Ha To, 4To anga moayns Mot (MNageHne noTeHumana)
onpepnesieHo BCTPOEHHOE (PUKCMPOBAHHOE NMOPOroBOe 3HAYEHUE NMOHMXXEHUS
Hanps>xeHus, pasHoe 0,03:Un. [103TOMYy, HECMOTPS Ha Hanan4dme 3awmnTbl «U<-CTYyNeHn>»,
He cnepyeT MCNoJIb30BaTb 3Ha4YeHme cpabaTbiBaHna «U<» Huxe 0,03-Un, NOCKONbKY B
3TOM CJly4ae MOAYJib 3aLLMThl OT MOHWMXXEHHOI0O HanpsaXXeHnsa byneT Bceraa
610KNPOBaTbLCA eLle 00 BbIKJIIOYEHUS.

Bce anemMeHTbl 3alnTbl MO HANPSXKEHNIO UMEKT UAEHTUYHYIO CTPYKTYPY U MO )KXeNaHuo
MOTYT ObITb CIPOEKTMPOBAHbI KakK 3/IEMEHT C 3aLMUTON OT MOHMXXEHHOIO NN
MOBbLILLUEHHOr 0 HaNPSXXEHUS.
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4 neMeHTbl 3alnThbl

4.15 V — 3awwunTa no Hanps>keHuto [27,59]

Ecnv K namepuTenbHbIM BXOAaM YCTPONCTBa 6yayT NpuioxxeHbl (ha30Bble HaNpsXKeHUs,
N MecTHoMy napameTpy «TH coea» NPUCBOEHO 3HaYeHne «Pa3H Hanp», TO MOAY/Ib
3alMThl MO HAMPsHKEHWIO Npu cpabaTbiBaHMM UK OTKOYEHUM ByeT BblaaBaTb
coobLleHmns, KoTopble HE06X0AMMO UHTEPNPEeTUPOBaTb Ceayowmnm o6pa3om:

* «TpeB_ .A» nunun «OTKA p.A» — aBapUNHbLIN CUTHAN UK pa3MblKaHWE BbI3BAaHO
ha3oBbIM Hanps>xeHnem UA.

* «TpeB_ .B» nnn «OTKN (p.B» — aBapnmnHbLIN CUrHaN Wan pa3MblKaHne BbI3BAHO
(ha30BbIM HanpsaxeHuem UB.

* «TpeB_ .C» nnn «OTkN (p.C» — aBapUNHbIN CUrHaN UK pa3MblKaHUe BbI3BaHO
hasoBbIM Hanps>xeHmnem UC.

OAQHaKo, ecnin Ha u3MepuTesibHble BX0Abl OyaeT nogaHo HanpsXKeHne Mmexay dasamu 1
MeCTHOMY napameTpy «TH coes» NMPUCBOEHO 3HaYeHne «JINH. Hamps»X.», To coobuleHns

Heob6Xo0AMMO UHTEPMNPETUPOBATL Cleaylowmnm obpasom:

* «TpeB_ .A» unn «OTKA p.A» — aBapUNHbLIN CUTHAN UK pa3MblKaHWe BbI3BAHO
HanpsH>keHneM mexay nnHmnsamm UAB.

* «TpeB_ §.B» nnm «OTkn p.B» — aBapuinHbIin CUrHam nan pasMblKaHue BbI3BaHO
Hanps>xeHnem mexay nuHmamu UBC.

* «TpeB_ }.C» unun «OTKN .C» — aBapuHbIA CUTHAN UK pa3MblKaHUe BbI3BAHO
Hanps>xeHnem mexay nuHmnamu UCA.

Cnepytowan Tabanua cooep>XuT BapnaHTbl MPUMEHEHNS 31eMeHTa 3alluuTbl Mo

HaMps>KeHuto.

NMpuMmeHeHue Mmopynsa
3adllMThbl MO Hanpsa>xeHuto

ANSI 27 3awunTta oT
MOHW>XEHHOI0 HaMpPSAXXeHns

10 MMHYT CKONb3ALLEro
cpenHero KoHTposa U<

ANSI 59 3awunTta oT
MOBbILLEHHOr 0 HaMps>XeHuns
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Hactpomuka:

[Mnannp_ycTtp_] «Pex_»,
3an_3Ha4_: U<

[Mnannp_ycTp_] «Pex_»,
3an_3Ha4_: U<

[MnaHup_ycTp_] «Pex_»,
3an_3Ha4_: U>

MCDTV4

BapuvaHTbl 3HA4YEeHUH

«Kputepuni»:

e OCHOBHBbIE,
* Nct_ CK3

«Pexx_ n3m_»:

* ®a3H Hanp, JInH_Hanp_

«Kputepunii»:
* V CKOJIb3. Cp. KOHTP.
«Pexx_ n3m_»:

e ®a3H Hanp, JIMH_Hanp_

«Kpntepunii»:

e OCHOBHbIE,
* Nct_CK3

«Pexx_ n3m_»:

* ®a3H Hanp, JInH_ Hanp_
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4 SneMeHTbI 3alnThbl

4.15 V — 3awuTa no Hanps>xeHuto [27,59]

NMpumeHenne mopyna HacTtpouka: BapuaHTbl 3HaYeHUHA
3alLUTbl MO HANPSA>XKEHUIo

KOHTpO/b CKOJb3ALWL,Ero [MnaHup_ycTp ] «Pex_», «Kputepunii»:
cpenHero 3HavyeHus V> 3aA_3Ha4_: U>
* V CKONb3. CP. KOHTP.

«Pexx_ nsm_»:

* ®a3H Hanp, JInH_Hanp_

MeTton nsmepeHun

[ns BCcex 3NeMeHTOB 3allNThbl MO HAaNPSXXeHU0 HacTponka «Kputepuri» onpenenseT,
BbINOJIHAETCA NN U3MepeHne Ha oCHoBe «OCHOBHbIE» UJIN UCMOMb3YyeTCsa n3MepeHmne
«Wct_ CK3». B pornosHeHne K 3TOMY MOXXHO HaCTPOUTb NapaMeTpbl KOHTPOIA
CKONb34LUero cpegHero 3Ha4yeHus «V CKOMb3. CP. KOHTP.».

HeobxoanMble HAaCTPOMKN AN pacyeTa «CpedHEero 3Ha4YeHns» No «KOHTPOJI0
CKOJIb35ILLIEro CpefHEero 3Ha4YeHns» OOJIXKHbI 3a4aBaTbCs B MeHto [[Map_ ycTp /
CtaTncTtuka / V CKOMb3. CP. KOHTP.].

Pe>xum namepeHuns

Ecnn Ha namepuTtenbHble BXOAbl MNaThl U3MEPEHUNS HANPsSXXeHUA nocTynaeT
Hanps>xeHne «Pa3H Hanp», To 48 NapamMeTpa y4acTka «TH coeg» HeobxoOommo 3aaaTb
3Ha4deHune «da3H Hanp». B 3ToM cnyyae MOXHO YCTaHOBUTL 3Ha4YeHMe napameTpa «Pex
M3M_» ONA KaXX40ro 3JleMeHTa 3almnThl OT (Pa3HOro Hanps)xeHusa Kak «®asH Hanp» nin
«JINH_ Hanp_». 9TO 3HA4YUT, 4TO MO>XHO YKa3aTb OJ19 Ka)KA0ro 3/1leMeHTa 3almnThl crocob
onpepeneHnsa Un:

« «Pexx_u3mM_» = «®a3H Hanp» - Un = TH BTOp/13

o «Pex_13M_» = «JIuH_Hanp_» - U0 = THBTOD _ 14 grop

OnHaKo ecnu Ha n3MepuTenbHble BXOAbI NAATbl U3MEPEHUSA HaNPsSXXeHUA rnocTynaeT
Hanps>xeHne «JInH_Hanp_» («TH coea» = «JINH. Hanps».»), ToO HaCTporKa NnapaMmeTpa
«Pex_ u3M_» NTHOPUPYETCS, N eMy BHYTPEHHUMU CpeacTBaMn NpUCBanBaeTCsa 3HaYeHne
«JInH_ Hanp_», Tak 410 Un = TH BTOP.

MuuuMasnbHOe Noporosoe 3Ha4YeHne ToKa AJ1 3aliNTbl OT NOHNW>KEeHUs
Hanpsa>xeHns

Kputepuin MMHUMaNnbHOIro ToKa JOCTYMNEeH B BUAE HOBOM (OYHKLMM AS15 3aWMTbl MO
HaMpPs>KEHWUIO B PeXUME «MOHUXKEHHOE HaMpshKeHne» -«Pex_» = «U<» — MOXXHO
aKTVBMPOBATb KPUTEPUIA MUHUMANbHOIO TOKA. DTO «MPOBEPKa MO MUHMMANIbHOMY TOKY»,
KOTopas 3akJilo4aeTcs B TOM, YTO 3aliuTa OT NOHUXKEHUA HaNpshkeHns 61okmpyeTcs,
Kak TONIbKO BCe (ha30Bble TOKM NafaloT HMXKE onpeneseHHOro NoporoBoro 3HavyeHus.
HaobopoT, ecan nocsie Takoro nageHns asoBble TOKN CHOBA AOCTYMHbI, 3aWMTa OT
NOHV>XEHNS HAaNPSXKEHUS CHOBA aKTMBMUPYETCS TOJIbKO MO UCTEYEHUM HAaCTPOEHHOr 0
BPEMEHW 3a4epXKKU.

DTa PYHKLUS Nosie3Ha TeM, YTO CUTyaums, KOraa oTCyTCTBYEeT (ha30Bble TOKU, MOXET

yKa3blBaTb Ha PA30MKHYTbI BbIK/lOYaTeSNb, U HEXENaTebHO, YTObbl CpeAcTBa 3alnThbI
OT MOHVKEHUSA HaMNPS>XXEeHWA pearnpoBan Ha 3TO cobbiTue. Llenb BpeMeHn 3aiep)KKn —
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4 SneMeHTbl 3alnThbl

4.15 V — 3awunTa no Hanps>keHuto [27,59]

342

WUCKJIOYNTb HEMedJIeEHHOE OTKJII0YEHNE NPY NOBTOPHOM 3aMblKaHUW BbiKJloYaTens: bes
3TON 3a0EepPXKN CYLLLEeCTBYET PUCK MTHOBEHHOIO OTKJIIOYEHUS 3aLlUNTbl OT MOHUXXEHNS
HanNpPs>XeHns, NOCKOJIbKY Hanpsi>XeHne eLe He NoAHAN0CH Bbile nopora OTKAYeHus
«U<» (X0T4 (pa3oBble TOKM MOryT y>Xe NpeBbIWaTb MUHUMaIbHOE NOPOroBOE 3HaYeHue
TOKa).

MpoBepka N0 MUHUMaNbHOMY TOKY SIBASeTCA Heobsa3aTesIbHOW, OHa aKTUBMPYETCS C
MOMOLLbIO HAaCTPOWKKN «[TpoBepKa BbIK/_ 10 IMUH» = aKT_).

Mocne akTnBaLWM NPOBEPKM MO MMHUMAIbHOMY TOKY MOPOroBOe 3HAa4YeHne MOXXHO byaeTt
3aZlaTb C MOMOLLblO NapaMeTpa «[ToporoBoe 3Ha4veHue IMyUH», To eCTb 3aluTa oT
NMOHVXEeHNS Hanps>XXeHus byneT 6710KMPOBaTHLCHA, Kak TOJNIbKO BCe (ha3Hble TOKW yrnanyT
HV>XXEe 3TOr0 3HAYEeHUs.

Bpems 3agep>XKn ona NOBTOPHOW aKTUBALMN 3aLUNTbl OT MOHVKEHNA HanpsXeHus
(nocne TOro, Kak cHoBa NoOABUTCSA NOOON N3 Pa3HbIX TOKOB) MOXKHO 3a4aTb C MOMOLLbIO
napameTpa «t-3agep>xka npu IMuH».

OCTOPOXXHO!

Ecnun paHHas rnpoBepKa nNo MMHNMaJIbHOMY TOKY aKTWBHa, CNieaAyeT 3HaTb, 4HTO 6e3 Toka
3allinTa OT NOHUXEHUA HaNpAaXeHNA OTKJII0OYEHa HEe 6y)J,eT. |-|03TOMy, B 3aBNCMMOCTWN OT
BbIMO/IHAEMON 3a4a4m, 3Ty q)yHKLI,VIIO MHOIr Aa NUCroJib30BaTb HE CliefyeT.

Pene MCDTV4 ocHalleHO ABYMSA U3MepuTesbHbIM BXodamu TT, MO3TOMY Npu NpoBepke
Mo MMHUMaJsIbHOMY TOKY BCerja UCnoJib3yloTCA 3Ha4eHNS ToKa, COOTBETCTBYOLW e
HacTpolKe NnapaMeTpa yy4acTka «CTop 06MoTKM VIH».

Jlornyeckasa cxeMa pa6OTbl N OTK/NIOYeHunnA

ONsa Ka)K4oro 13 3/1IEMEHTOB 3alUThbl MO HAMPSXKEHUIO MOXXHO onpeaennTb, byaeTt nm oH
cpabaTbiBaTb, KOria NOBbILUEHHOE UV MOHMXXEHHOE HanpsiXKeHne 06HapyXNTCS B OL4HON
N3 Tpex, ABYX U3 TPex Uan BO BCex Tpex hasax. KoahhuumneHT BbIKIIOYEHUSA ABNSIETCA
yCTaHaBMBAEMbIM.
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4 SneMeHTbl 3alnThbl

4.15 V — 3awuTa no Hanps>xeHuto [27,59]

VProtection_YO01

KH = KH[1]...[n]

KH .
Moporosoe 3Ha4eHve IMUH| KH .
Ih.A _D_ =) t-3apep>xka npu IMuH
Ih.B t 0
_D_ ?I KH . Pa3mblK_ Mo IMWUH aKTUBHO
Ih.C _D_ J
KH .
MpoBepka BbIKJI_ MO IMUH
HeakT_ I
=
KH .
N3mep. cxeM KOHTP.
HeaKT_
aKT_ &
O —
MnanHnp_ycTp_
KH .
Pexx_
U>
KH .
U< Pex_ n3m_
®dasH Hanp
JInH_ Han —
_ p_ =
Cm_ amarpammy: «VProtection_Y02»
Y Y —
&
S Cm_ anarpammy: «VProtection_Y02»
Kputepun - _
puTep KA. i KH . L
OcHOBHble U< ' U> o
L
NeT_ CK3 KH . 0 KH . q& .
V CKOJIb3. CP. KOHTP. V= Gepeers 5 > Copeek CM_ avarpammy: «VProtection_Y02»
A ] (0] iR | AT B —
] iR : AT
S E— T 1T
CM_ amarpammy: Bnok-ku

@ (CTyneHb He OTKJ/I04EHa N HET aKTUBHbIX CUrHanoB 6/10KMPOBKM)

Puc. 86: DYHKLMOHa/IbHblE BO3MOXHOCTU MOLY /1S 3aLUNTbI N0 HarpsaxXxeHuro, 4acTtb 1.
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4 neMeHTbl 3alnThbl
4.15 V — 3awumTa no Hanps>keHuto [27,59]

KH VProtection_Y02
KH = KH[1]...[n]

CM_ anarpammy:

«VProtection_Y01» KH . Tpes_ &.A
L1 28

CM_ anarpammy:

«VProtection_Y01» KH . Tpes_ &.B
L2 29

CM_ anarpammy:

«VProtection_Y01» KH . Tpes_ ¢.C
L3 = = 30
KH . Tpes

L&
KH . OTkn h.A
KA. [&]
KH . ¢ KH . OTkn ¢.B @
Pex_ cnrH_
1-¢ OTKN 3< _
> —
nio6 2 : 5 & KH . OTkn ¢.C
3-¢ OTkn 22
L ® I I L
KH.O
o TKI @
& ]
KH . KomOTKn 15
CM_ avarpammy: Bnokup_ oTkn 8
@ «GeneralProt_Y02» a
KH . Bak KoMOTKA T

Puc. 87: ®yHKLNOHAa/IbHbIE BO3MOXHOCTM MOAY/IS 3aLLUNThI M0 HANpPsXXEeHWIo, 4acTb 2.

4.15.1 Bsopg B 3kcnJiyaTauuio: 3alluTa OT NOBbILLEHHOro Hanps>xeHus [59]
TecTupyembih o6beKT

lMpoBepKa 3/1eMEHTOB 3alNTbl OT NOBLILLEHHOr0 HaNpPs»XeHns, 3 ogHOMa3HbIX 1 1
Tpexda3Horo (a4n8 Ka)Kgoro n3 3J1IeMeHTOB).

OCTOPOXHO!

[Mpn npoBepke CTyI'IeHeIZ 3allNTbl OT NMOBbILUEHHOIO Harnpsa>XeHnA HeobxoaMMo Takxe
y6e,D,I/ITbC$| B NMPaBUJIbHOCTWU CXeMbl NOOKNHOHEHNA yCTpOIZCTBa K BXO0OaM
pacnpenennTesibHoOro wmTa. Ownbkn B SJ'IeKTpI/I‘-IeCKOIz cxXeMe nogknr4eHmA
n3MepunTesibHbIX BXOOO0B HalNnpsa>XeHna MOryT NPUBECTU K:

* HenpaBuibHOe cpa6aTb|BaH|/|e Hal'lpaBJ'IeHHOI‘il TOKOBOM 3aLUNThI.

Mpumep. YCTPONCTBO BHE3AMHO Nepek/oYaeTcs B 06paTHOM HamnpasJ/ieHUN, HO OHO
He Nepek/l4YaeTcs B MPSAMOM Hamnpas/ieHUN.

* HenpaBuibHOW MHANKALIUW NN OTCYTCTBUIO UHANKALMN KOSPDULIMEHTA
MOLLHOCTW.

e Owwnbkam HarnpaBJ1IeHNA MOLWHOCTW N T. I.
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4.15.2

4 IneMeHTbI 3alnThbl

4.15 V — 3awmTa no Hanps>xeHuto [27,59]
Heobxogumsie cpeancrBa
* ICTOYHUK TpeXd)aBHOFO nepeMeHHOro HanpsaxeHms
e Tanmep ONs U3MEPEHNA BPEMEHUN OTKJIIOYEHUNS

* BonbT™meTp

Mpouepnypa (3 ogHoga3Hbix, 1 TpexdasHoe AN Ka>X[40ro n3 3/;1eMeHTOB)
lpoBepka NoporoBbiX 3HaYEHUM

[ns NpoBEpPKM NOPOroBbIX 3HAYEHWI N 3HAYEHWIA MOpora OTNYCKaHUS UCMbITaTesIbHOE
Hanps>KeHne Heobxo4MMO MOBbILWATL A0 TEX Mop, NoKa pesie He BKAoYnTCcs. Mpu
CpaBHEHUN 0TOBparkaeMbIX 3HAYEHUIN C MOKa3aHUAMMN BOJIbTMETPA OTKJIOHEHUE [0JIKHO
HaxoOMTbCA B AOMYCTUMBbIX Npeaenax.

lMpoBepbTe 3a4EPXKKY OTKJIIOYEHUS

Ona npoBepKn 3afepXKu OTKKYEeHUS Heobxo4NUMO NOAKNOYNTL Ta|7|Mep K KOHTaKTaM
COOTBETCTBYIOLLLErO peJsie OTKJIIDYEHUA.

Talimep BKIOYNTCS Cpa3y Nocsie Toro, Kak byaeT npeBbIlLeHO NpeaesibHoe 3HaYeHne
HaMpPs>KeHUs OTKJIIOYEHUS, U OCTAHOBUTCS Nocie cpabaTbiBaHMS pere.

V3mepeHune nopora oTrycKaHus

YMeHbLUaNTe N3MepSiEMYI0 BEMYNHY [0 3HAYeHUs MeH ee (K npumepy) 97% oT
Hanps>KeHUsa oTKAYeHus. Mpu focTuxeHnm 97% oT 3HavyeHus, HeobxoamMoro ans
OTKJIIOYEHUS, pefie [OJHKHO NepenTn B UCXOOHOE MOJIOXKEHME.

Pe3ynbTaT ycrneLiHov npoBepKu

N3MepeHHble YCTaBKU, 3aePXXKM OTKJIIOYEHUS N YCTAaBKN Ha BO3BPAT OOJIKHbI
HaxoAUTbLCA B NMpeaenax AonyCTUMbIX OTK/IOHEHWS U MOrpeLlHOCTEN, YKa3aHHbIX B
CNNCKe HacTpoek. JonyCTUMbIE OTKJIOHEHUS N JOMYCKN YKa3aHbl B TEXHUYECKNX
OaHHbIX.

BBop B 3KCNJlyaTauMio: 3aliUTa OT NOHUXKEHUA Hanps>xeHua [27]

DTy NpoBepKy NPOBOAAT aHAJIOrMYHO NPOBEPKE 3aLLUNTLI OT MOBbLILUEHHOr0 HaMNPSXXEeHNS
(c NnoMOLLbIO COOTBETCTBYHOLLMX BEIMYNH MOHMKEHHOI0 HaNpsXXKeHUs).

MpuMnTe K CBEefeHUIo cefyloLme pasnnius:

* [1nsi NpOBEPKN YCTABOK UCMbITAaTE/IbHOE HaMPsXXeHNEe AOJIKHO MOHMXATbLCA 40 Tex
nop Moka pese He BKJIOYNTCS.

e [1na onpegesieHns nopora OTNyCKaHUA usMepseMas Beam4ynHa LO/HKHa
YBENNYMBATbLCS A0 TEX Mop, MoKa OHa He NMpeBbICUT (K NpumMepy) 103% oT
3HayvYeHus, Heobxogumoro ans oTkayveHUs. Mpu gocTrxeHnn 103% OT 3HaYEHUS,
HeobxoaANMOro A OTKJOYEHUS, pene AO0J/IXKHO NMepenTn B UCXOAHOE MON0XKEHME.
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4 neMeHTbl 3alnThbl
4.16 VG, VX — KOHTpO/Ib Hanpsi>keHus [27A, 59A]

4.16 VG, VX — KOHTpOnb Hanps>xeHua [27A, 59A]

Bce 3/1eMeHTbl KOHTPOIA HaNPsXXeHNA YeTBEPTOro M3MepUTENIbHOro BXo4a UMeT
NOEHTUYHYIO CTPYKTYPY.

LaHHbIN 3alWNTHbLIA 3/1IEMEHT MOXXET UCMOJIb30BaTbCs AN C/eayowmnx uenen (s
3aBUCUMOCTW OT NJIAHMPOBAHMA N HAaCTPOEK YCTPOWNCTBA):
e KOHTpPOJIb pacY4eTHOro Win U3MEPEHHOro OCTaTOYHOIr0 Hanps>XeHnsd. Hanps>xeHue
HYJ1IeBOMN NOCNenoBaTesIbHOCTU MOXXET PacCUYMTbLIBATbCA TOJ/IBKO B Clly4ae ecsn
ha3oBble Hanps»xeHus (coeamHeHne 3Be340M) CoOegUHEHBLI C U3MepPUTESIbHBIMU
BXOLaMMn YyCTPONCTBA.
e KOHTpOJIb Apyroro (BCnomoraTesibHOro) Hanps>XeHns Ha NoBbILLIEHHOE U
MOHUXXEHHOEe Hanpsi>XeHue.
DYHKUNA KOHTPOJIA HanpskeHunsa VG, VX
VG - KoHTposnb VeProtection_Y01
VG = VG[1]...[n]

CM_ anarpammy: Bnok-ku
@ (CTyneHb He OTKJ/I04YEHa M HET aKTUBHbIX CUrHanoB 610KMPOBKM)

Og—T :
&

12a &

— ] jj VG . Tpes_ @

N3mep. cxeM KOHTP.

vl |
I

HeakT_

aKT_

MnaHup_ ycTp_

VG .
Pex_

U<
U>

VG .
VG . KpuTepuin
Bri6op UX OCHOBHble A Y
n3mepeHo - NecT_ CK3 0]
paccymTaHo — VX o3HavaeT H3*
VG . VG .
(0] (0] VG> Cpab
XX = o H
¢
VG .
t
t 0 VG . OTkn
55

Puc. 88: KoHTpo/ib Hanpsxerusi VG, VX, 4acTb 1 (pyHKLUUS KOHTPOJISl, OTKJ/IIOYEHHNE).
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4 JnemMeHTbl 3aWKnThl
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3aw, - Tpes_, OTkn, KoMmOTKn VeProtection_Y02

VG .
Tonbko HabnoneHne

HeT
na

Tpes_ 31
Q VG . Tpes
54 = L

) OTkA 15
VG . OTKkn
55

VG . KomOTkA [*]
CM_ anarpammy: Bnokup_ oTkKn 23
KoMaH[a oTK/IloYeHUsi OTMeHeHa uav 61okupoBaHa. [*]

O,

Puc. 89: KoHTpo/ib HanpsxxeHus VG, VX, 4yacTb 2 (KoMaH4a OTK/IIOYEHNA 1 3arnycK obLyero
aBapuNHOro CUrHasaa u curHasa obLero oTK/I0YEHMS).

[*] KoMaHOa oTKo4eHNS 1 ee 6/IOKNPOBKA CYLLECTBYIOT TOJIbKO MPU HacTpolke «ToJibKO
HabiwaeHne» = «HeT»

ANSI 59N — 3awunTa OT OCTaTOYHOIO Hanpsi>XeHusa (M3MepPeHHOro NJin
pac4yeTHoro)

DTOT BapuaHT NpUMeHeHNs HacTpauBaeTcsa B MeHio [MnaHup_ ycTp .
* [MnaHnp_ycTp_] «Pex_» = «U>»
BapunaHThl:
e [Mapam_ 3awunTtbl / Habop 1...4 / U-3aw,_ / VG[x]] «Bbibop UX» =
° U3MepeHo

° paccyMTaHo

ANSI 59A — KOHTpPOJIb NOBbLILLUEHHOro BCNOMOrareJibHOro Hanpsi>keHus
DTOT BapuaHT NMPpUMeEHeHns HacTpanBaeTcsa crepyowmm obpasom:
e [MnaHup_ycTp_ ] «Pex_» = «U>»
* [Mapam_ 3awunTtbl / Habop 1...4 / U-3awy,_ / VG[x]] «Bbibop UX» = «n3mepeHo»
BapunaHThbl:
e [Mapam_ 3awunTtbl / Habop 1...4 / U-3aw,_ / VG[x]] «MeToa nsmepeHuni» =
o OCHOBHbIe

° WcT_ CK3

ANSI 27A — KOHTPOJIb NOHU)KEHHOIro BCNOMOraTeJsibHOro HanpsixeHus
ITOT BapuaHT NpMMeHeHNs HacTpauBaeTcs cnegyowmm obpasom:

o [MnaHup_ycTp_] «Pex_» = «U<»
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e [Mapam_ 3awunTtbl / Habop 1...4 / U-3awy,_ / VG[x]] «Bbibop UX» = «n3mepeHo»
BapuaHThI:

* [Napam_3awmnThl / Habop 1...4 / U-3aw_/ VG[x]] «MeTon usmepeHuii» =

o OCHOBHble
° Nect_ CK3

Bsopn B IKCNnNyaTauumio: 3almuTa OT OCTAaTO4YHOro Hanpa>XxeHuna —
n3MepeHHoe 3HaveHue [59N]
TecTupyembii 06bEKT
CTyneHu 3anTbl MO HANPS>XXEHMIO HYIEBOW MOC/IeA0BaATENBLHOCTMU.
HeobxoaunMbie KOMMOHEHTbI

* IcTOYHMK 0OHOMa3HOro nepeMeHHoro Harnps»XeHus

e TanMep O/ U3MEPEHMNSA BPEMEHUN OTKJIIOYEHNSA

* BonbT™meTp
lMpoueaypa (4719 KaX4oro 3J1IeMeHTa)
lNpoBepka MoporoBbiX 3HAYEHUM
[ns NnpoBepKM NOPOroBbIX 3HAYEHU U 3HAYEHMN NOPOra OTNYCKaHUA Hanps>XeHne
HyJIeBON NOCNefoBaTEIbHOCTN, NOAABAEMOE Ha U3MEePUTENbHLIA BXO4, Heobxoammo
MoBbLILIATL 10 TeX MOpP, MOKa pese He BKIIYMTCS. Mpn cpaBHeHUN 0TOBparKaeMbIX
3HaYeHWUI C NOKa3aHNAMUN BOJIbTMETPA OTKJIOHEHME A0/HKHO HAaX0ANTLCA B AOMYCTUMBbIX
npegenax.

I'IpOBepKa 3adepP>XKN OTKJIIOHEeHNA

[ns NpoBepKn 3a4eP>XXKN OTKIIIOHYEHUA HEOHX0AMMO NOAKJIUYMNTL TallMep K KOHTaKTaMm
COOTBETCTBYIOLLEro pesie OTK/OYEHUS.

Ta|7|Mep BKJTOHYUTCA Cpa3y nocjse Toro, Kak 6yp,eT npeBbiLWLEHO rnpeaesibHoe 3Hav4yeHne
Hanpsa>XeHna oTKN4YeHnA, 1 OCTaHOBUTCA nocne CpaﬁaTblBaHl/Iﬂ pene.

N3mepeHue nopora oTrnyckaHus

YMeHbLIanTe naMepsaemMyto BeJIMYNHY A0 3Ha4YeHus meHee 97% OT HanpsXXeHuns
oTktoveHus. Mpu goctuxeHnn 97 % oT 3HaYeHUS, HeobXoAMMOro oNsa OTKAOYEHUS,
pene LO/HKHO NepenTn B UCXOAHOE MNoJI0XKEHMe.

Pe3ynbTaT yCrieLHO rnpoBEPKM

M3MepeHHble YCTaBKU, 3a0epPXXKN OTKJIIOYEHUSA U YCTaBKU Ha BO3BPaT OOJ/IKHbI
HaxoAMTbCsA B NMpefenax AonyCcTUMbIX OTKJIOHEHUS U NMOrpPeLHOCTEN, YKa3aHHbIX B

CNMncKe HaCTpoeK. ﬂ,OﬂyCTVIMbIe OTKJIOHEHUA N OO0NYCKWN YKa3aHbl B TEXHUNYECKUX
OaHHbIX.
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4.16 VG, VX — KOHTpO/Ib Hanps>xeHus [27A, 59A]

4.16.2 Bsop B 3KcnayaTauuio: 3aliMTa OT OCTaTOYHOro Hanps>keHusa —
pacyeTHoe 3Ha4YeHue [59N]
TecTupyembii 06 bEKT
lMpoBepKa 3/1IEMEHTOB 3aWNTbl MO HANPSAXXEHWIO HYJIEBOM MOCNEe[0BaTE/IbHOCTH
Heobxoanmbie cpeacrTaa

* NCTOYHUK Tpexda3HOoro Hanps>KeHuns

Pac4eT 0CTAaTOYHOro Hanps»XXeHns BO3MOXXEH, TOJIbKO €C/IN Ha U3MepUTesIbHble BXO bl
Hanps>xeHnsa byaeT nogaHo a3HoOE Hanps>XeHue (3Be3na) N eCcv B COOTBETCTBYIOLEM
Habope napameTpoB 3adaH «MCTOYHUK VX = pacHeTHbINn».

OnucaHue npouenypsbl

e MopanTte TpexdasHoe CMMMEeTPUYHOe Hanps>xeHne (Un) Ha BXoObl U3MeEpPEHUNs
Hanps>XeHuns pene.

* YcTaHoBUTE NpeaenbHoe 3HavYyeHne sennduHbl VX[x], pasHoe 90 % oT Vn.

e OTcoegnHuTe ha3oBoe HaNpsXXeHne oT ABYX U3MepPUTESIbHbIX BXO40B
(CcMMMeTPMYHOCTb NoAaYn HanNpPs>KeHMs Ha BTOPUYHYO 0OMOTKY A0JI>KHaA
COXPaHATbCA).

* Tenepb 3Ha4YeHUe n3MepeHusa «VX pacy» OOJHKHO paBHATbCA NnpuMmepHO 100% oT
un.

* Ybegutech, 4TO reHepupyeTcs curHan «VX.Alarm» nnun «VX.Trip».
Pe3ynbTaT ycrneLHoOW npoBepKu

FeHepupyeTca curHan «VX.Alarm» nan «VX.Trip».
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4,17 f — vyacToTa [810/U, 78, 81R]

4.17 f — yacTtoTa [810/U, 78, 81R]

Bce annieMeHTbl 3alWKUThl MO YacTOTe UMEKT UAEHTUYHYIO CTPYKTYPY.

YacToTa — NpUHLMN N3MepeHHns

YacToTa paccyuThbiBaeTCA Kak cpefHee 3Ha4YeHne OT U3MepPEeHHbIX 3HavYeHun TpeX

(¢ra30BbIX HaCTOT. B pacyeT NpuUHMMAlOTCA TOJSIbKO A0MYCTUMbIe 3Ha4YeHUs YacToThl. Ecnn

¢ra30BYy0 HacTOTy 6osbLue He yAaeTcsd U3MepuUTb, TO 3Ta pa3a UCKIIOHaeTCa N3 pacyeTa
. cpeaAHero sHa4d4eHun4.

MpuHUUN n3MepeHnsa Npu KOHTPOJ1e YaCTOTbl OCHOBbIBaeTCA Ha U3MEPEeHNN BpeEMEHU
MOJIHbIX LMKJIOB, KOr4a 3Ha4YeHMe 4acToThl obHOBASEeTCSA npn Ka>XaoM npoxoxxageHmn
yepes HyneBoe 3HavyeHne pa3Horo HanpsH)KeHnd. BanaHue Ha pesynbTaT n3MepeHns
rapMoOHUK 20 1 6onee BbICOKUX ypOBHeIZ cBOONTCA K MUHUMYMY MYTEM UCMOJIb30BaHUA
HU3KO4YaCTOTHOro puabTPa.

A T
u(t)

Ecnu 4yacToTHOE OTKJIloYEeHMEe HexXXeslaTesIbHO NPU HU3KNX 3HAaYeHUAX HanpsaXeHus, To
n3MepeHme 4acCcToThl, a TakXKe BCe PYHKUUN 3allnThl, 3aBUCALLME OT YaCTOThbl, MOXKHO
6nokupoBaTh. MOpor NOHMXXEHUA HANPSXKEeHUA ANA Takon 6NOKNPOBKN MOXKHO
HacTpouTb B MeHI0 [CncTMap / YacToTal «U 610K f».

Mocne TOro Kak Hanps»eHue CHoBa NMPEeBbLICUT AaHHOE NOPOroBoe 3Ha4YeHue,
6noknpoBka byneT akTuBHa ewe Kak MmHumym 0,5 ¢ n, 6osee Toro, 3Ha4eHne 4acToThl
byneT yaepxuBaTbca Ha ypoBHe 0 Ny ewe kak MmHnMmym 0,3 ¢, a 3Ha4YeHne napameTpa
df/dt 6ypneT yoep>xmBaTtbcs Ha ypoBHe 0 I'u/c npumepHo 1 c.

CtabunumsmpoBaTb 3Ha4YeHME HYaCTOTbl OT KPATKOBPEMEHHLIX KONebaHU MOMOXXeT
BPEMEHHON NHTEepBan ycpeaHeHnsa. Ero Mo>XHO HacTpouTb B MeHto [CucTtlap / YacToTal
«CTabun. okHa f». Kak npaBuio, N3MepeHnsa 4acToThbl YCTONYMBbLI K CKavykaM a3 go 90°,
TO eCTb CKaykun a3 cBbile 1° 1 6pockn HanpsXKeHns (>2%) NoYTr NOMHOCTbIO
WFHOPUPYIOTCA. B TakoM cilyyae 3Ha4YeHme 4acTOThbl OCTaHEeTCH HEU3MEHHbIM B Te4YeHne
Kak MMHUMYM 2 nepnonos, a napameTp df/dt 6ygeTt nmeTb 3HaveHune 0 I'u/c, Noka He
ncyesHeT HeCTabmnbHOCTbL U He ByayT NpoNAeHbl OKHA U3MEPEHNS U CTabunmsauunn.

Mpwn yBeNNYEeHU oKHa cTabunmsaumm (To ecTb 3Ha4YeHUsa napameTpa «CTabusl. okHa f»)
yBEeJINYNBAETCSA NMPOAO/DKUTENLHOCTb U3MEPEHUSA U, Cllef0BaTeNIbHO, BPEMS BbINOJIHEHUS
onepauum. (CM. Takxe > «To4HOCTb 3aLNTHBLIX 31eMeHTOB»).
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4 IneMeHTbl 3alnThbl
4.17 f — vacToTa [810/U, 78, 81R]

YacToTHble (pyHKUNMN
YCTPOMNCTBO SIBNSIETCH O4eHb MMOKMM BCNeACTBME Pa3/INYHbIX YaCTOTHbIX PYHKLUUNA. DTO
MO3BONISET NCMNO0JIb30BaTh ero A1 pa3/IM4HbIX ornepaumnin, rae KOHTPOoJsb 4acToThl

ABNAETCA BaXXHbIM KpUTEpmemMm.

B mMeHi0 «lnaHMpoBaHMe yCTPOMCTBA» MOXHO YKa3aTb, Kak ciiefqyeT UCMosib30BaTb
Ka>X bl U3 LUECTUN YAaCTOTHbIX 3/1IEMEHTOB.

dnemeHTbl OT f[1] go f[6] MOXKHO Ha3HauyMTb cnepyowmm obpasom:
¢ «f<» — MOHM)XeHHasa YacToTa (cM. pasgen > «PexxuMbi paboTbl «f<», «f>»»);
o «f>» — noBblleHHas YacToTa (cM. pasgen L=> «Pexumbl paboTbl «f<», «f>»»);

* «df/dt» — ckOpoCTb U3MeHeHNs YacToThl (cM. pasgen > «Pexxum paboTbl «df/
dt»»);

* «f< n df/dt» — NOHMXKeHHaa YacToTa U CKOPOCTb U3MEHEHUS 4acToThbl (CM. pa3faen
«Pexxumbl paboTbl «f< n df/dt», «f> un df/dt»»);

e «f> n df/dt» — nmoBbILWEHHas YacTOTa N CKOPOCTb M3MEHEHUNS YaCTOThI (CM. pasgen
s> «PexxumMbl paboTbl «f< 1 df/dt», «f> 1 df/dt»»);

e «f< n DF/DT» — NOHW>XeHHas YacToTa 1 abConoTHOE N3MEeHeHMe 4YaCToThl 3a
onpenesieHHbIN MHTepBaJ BpeMeHn (CM. pa3aen s> «Pexxkumbl paboThl «f< n DF/
DT», «f> 1 DF/DT»»);

e «f> n DF/DT» — noBbllLleHHas YacToTa 1 abConoTHOE N3MeHeHMe 4YacToThl 3a
onpefenieHHbIN NHTepBas BpeMeHu (CM. pasgen L=> «Pexxumbl paboTbl «f< n DF/
DT», «f> 1 DF/DT»»);

« «penbTa u» — BbIBpoC BekTopa (cM. pasgen => «Pexxum paboTbl «genbTa hu»»).
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Pe>xxuMbl pabotbl «f<», «f>»
f< — NoHM>xeHHasa 4YacToTa.

[JaHHbIN 3alMTHbIN 351eMeHT obecneymBaeT yCcTaBKy cpabaTbiBaHNS N 3a0E€PXKKY
oTKJI04YeHUs. Ecnn YacToTa ynajeT HMKe ycTaBku cpabaTbiBaHWS, HEMenJsieHHO byaeT
noAaH aBapuHbIN CUrHan. Ecnm 4yacToTa OoCTaeTCs HMXKe yCTaBKKu cpabaTbiBaHMA, TO MO
NCTeYeHNN 3a4epPXKKN OTKJIIOHYEHNSA NOJAETCA KOMaHA4a OTKJII0YEHMS.

f> — noBbILLEeHHasA YacToTa.

[aHHbIN 3aWMTHBIN 3N1eMeHT obecneynBaeT yCcTaBKy cpabaTbiBaHUSA U 3a0epXKKY
OTKJloYeHus. Ecnm YacToTa NpeBbICUMT YCTaBKy cpabaTbiBaHUA, HeMenseHHo byneT
nofaH aBapuUHbIN CMrHan. ECAn YacToTa oCcTaeTcs HUXKE yCTaBkM cpabaTbiBaHUSA, TO MO
NCTEYEHUWN 3aePXKKN OTKJII0YEHMS NoAaeTCss KOMaHA4a OTKIIOYEHUS.

MpuHunnbl paboTsl

JaHHbIN YaCTOTHbIN 3/1IeMeHT KOHTpoaupyeT TpexdasHoe Hanps>xeHune UAB, UBC n UCA.
Ecnn okaxkeTcs, 4TOo BCe TpU ha3HbIX HAMPSAXKEHNA HMXKE KOHKPETHOro noporosoro
3Ha4YeHUs, TO pacyeT YacToThbl byaeT 3abnokmMpoBaH (MOPOroBoe 3HaYeHNE MOXKHO
HaCTpPOUTb, CM. pa3fen o NpuHumMnax namepenns L= «4.17 Yactota — npuHumn
N3MepEHNs»).

B COOTBETCTBUM C PEXXUMOM KOHTPOAA YacTOThl, 3a4aHHbIM B MeHI0 [MnaHnp_ ycTp ]
(«f[x] . Pexx_» = «f<» unn = «f>»), oueHnBaeMble ha3Hble HaMPSXXEHNA CPaBHUBAIOTCA C
MOpPOroBbIM 3Ha4YeHneM cpabaTbiBaHMSA, 3a4aHHbIM 415 NOBLILLEHHON NN MOHNXKEHHOWN
YacToTbl. Ecnm B ntobon n3 has 4acToTa NPeBbLICUT NOPOroBoe 3Ha4YeHne cpabaTbiBaHUS
MM ONYCTUTCHA HUXKE HEro 1 Npu 3TOM He nocsenyeT KoMaHg 6,10KMPOBKKN YaCTOTHOIO
aneMeHTa, byaeT HemegNeHHO NodaH aBapUHbLIA CUFHaA N BKAKYUTCA Tanmep
3a4epXXKU OTKAoYeHUA. ECam no ncrtevyeHun BpeMeHn Tanmepa 3a4ep>XKn OTKKYeHNA
4acToTa No-npexHemy byaeT BbilWe NN HUXKE MOPOroBOro 3Ha4YeHNA OTKOYEHNS, TO
byneT nodaHa KOMaHOa OTKJIIOYEHUS.
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f[1]...[n] FregProtection_Y02
f=f[1]...[n]
MnaHunp_ ycTp_
f. f.
Pex_ CHUX. HacToThl
f<
f>
[
Y Y
TH .
Crabwn. okHa f [0) f.Tpes_f
UAB
® f. f.
UBC f< f>
PacyeT 4acToThl =11 TL 1T ,?| f.Tpes
1 " —
UCA ﬂ_‘ @
¢
CuctMap
TH.
U 6ok f
L _D' &
b _D' f.Bnk no U<
CM_ anarpammy: Bnok-ku
@ (CTyneHb He OTKJ/Il0YeHa 1 HET aKTUBHbIX CUFHa0B 6/10KMPOBKN)
¢
f. f.OTkn 4
t 15
t 0 f.OTkn
15
. & f. KOMOTKHO
CM_ gnarpammy: 15a
@ BIOKMp_ OTKA
KomaHaa oTK/lo4eHUs OTMeHeHa uan 61okmposaHa.
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4 neMeHTbl 3alnThbl
4,17 f — yacToTa [810/U, 78, 81R]

4.17.2 Pexum pabotbl «df/dt»

df/dt — ckopocTb H3MeHeHMns1 4acToThbl

dneKkTporeHepaTopsbl, paboTaLme napannesbHO C 3NeKTPOCETLIO (HanpuMep, B
MPOMBbILLIIEHHbIX BHYTPEHHMX 3NEKTPOCTaHLUMAX), AO/DKHbI ObITb OTAENIEHbI OT
3/1eKTPOCETMN, €C/IN BO BHYTPEHHEN cucteme npounsonget cbon, no cnenyowmm
npu4nHaMm:

* Heobxonumo NpenoTBPaTUTh NOBPEXAEHNE 3/IEKTPOreHepaTopoB, ec/un
HaMpsi>KeHne B 3JIEKTPOCETN BOCCTAaHAB/IMBAETCA aCMHXPOHHO (HanpuMep, nocse
KpaTKOBPEMEHHOI 0 NMpepbIiBaHNsA SHEProcHabXeHus).

¢ HeobxoOmmo COXPaHNTb BHYTPEHHIOK NMPOMbILLIEHHYIO NMOAaYy NMUTaHWUA.

HapexxHbIM KpuTepurem obHapyxeHus nepeboes B 3/IEKTPOCETU ABAAETCA U3MepeHune
CKOPOCTU n3MeHeHns YacToTbl (df/dt). MpenBapuTenbHbIM COCTOAHMEM OJ18 3TOr0
ABNSETCS MOTOK Harpy3ku B TOYKe NOACOEAMNHEHNSA 3/IeKTpoceTU. I3ameHeHne NoToKa
Harpysku rnpu cboe B 3/IEKTPOCETN NPUBELET K BHE3AMHOMY MOBbILLUEHWIO NN
MOHWV>XEHWIO YacTOoThl. [1py HEXBaTKE aKTMBHOW MOLLLHOCTW BHYTPEHHEN 3N1eKTPOCTaHLnmn
BO3HMKaeT JIMHENHOEe NafeHne 4acToThbl. [1pn YypeamMepHOWM MOLLLHOCTM BO3HUKaeT
NNHenHoe yeennyeHue. NMpu NpMMeHeHUN «pa3BA3KU CeTU» rpagMeHT 4acToThl 0ObIYHO
coctasnsgeT ot 0,5 Nu/c mo 2 n 6bonee u/c.

YcTponicteo MCDTV4 onpenensaeT MrHOBEHHOE U3MeHeHue YacToThl (df/dt) onsa kaxkgoro
nepvoga HanpsKeHus anekTpoceTun. MNpn 3TOM 3HaAYEHNE rpadneHTa YacToThl
06HOBNISIETCS NPW KaXX4OM NMPOXOXXAEHUN Yepe3 HyeBoe 3HavyeHne hasHoro
HanpsXKeHus.

TOYHOCTb OnNpeaesieHNs rpafAneHTa 4YacTOTbl MOXXHO MOBLICUTbL MYTEM HAaCTPONKMN
BEJINYNHbI OKHA N3MepeHUA. Ta HAaCTPOMKa BbINOJIHAETCH C MOMOLLbIO NapaMeTpa
[CucTNap / YacTtoTa] «OkHo df/dt». MMHUManbHasa BeIMYMHA OKHa CcoCcTaBnsaeT 2
rnepuvoga HOMMHaJIbHON YacTOThl, U €e MOXXHO yBeNn4nTb 40 10 nepnonos (K npumepy,
ecnu fN = 50 N'u, To MakcMManbHasa BenMyYmMHa okHa coctaBumT 1020 mc, To ecTb 200 Mmc).

OnpepeneHne rpagneHTa 4acToTbl OCHOBbIBAETCA HA U3MEPEHHOM 3HAYEHUM YaCTOThI
(mo ycpeoHeHunsa/ctabunumsaunun, cm. pasgen > «4.17 YacToTa — npuHUMN
n3MepeHunsa»). Kpome Toro, TOMHOCTb ONpeaesieHns rpagneHTa 4acToTbl MOXXHO
OO0MNOJIHNTENIbHO MOBbLICUTL NYTEM HAaCTPOWKN BEANYUHbI OKHa cTabunmsaunm. 3T1a
HacTpolKa BbINOJIHAETCH C MomoLblo napameTpa [CucTtlap / YactoTa] «CTabui. okHa df/
dt». (Cm. pasgen > «TOYHOCTb 3aLUNTHBLIX 31IEMEHTOB.)

Mpwn yBENNYEHUN OKHA U3MEPEHMUS NN OKHa CTabunmsaunm yBenndynBaeTcs
NPOAOJIKUTENIbHOCTb U3MEPEHUS U, C/IeA0BaTEIbHO, BPEMS BbIMOJIHEHUA OonepaLnu.

Takas ocobas npouenypa M3IMepeHNs NO3BOJSET AOCTUYb BbICOKON CTEMNEHMN
6e30MacHOCTM OTKJIIOYEHUS U YCTONYMBOCTU K MepexonHbiM npoueccam (Hanpumep, K
npouenype rnepekatoveHmns).

YacTOTHbIN rpagneHT (CKOpoCTb n3MeHeHunsa YacTtoThl [df/dt]) MoXxeT nmeTb
MONIOXKUTENbHbIN UK OTPULLATENbHbLIN 3HAaK B 3aBUCUMOCTW OT TOr0, yBEIMYMBAETCS
(MONOXXNTENbHbIN 3HaK) UK YMeHbLUaeTCcs (oTpuuaTesbHbIAN 3HAK) YacToTa.

B Habope 4aCcTOTHLIX MapaMeTpPoOB MOXXHO yKa3aTb TuUN pexxmnuma df/dt:

e MonoxuntenbHbin df/dt = 4YaCTOTHLIN 3/IEMEHT PErnCTPUPYET MOBbILLIEHWNE YAaCTOThI
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4 SneMeHTbl 3alnThbl
4.17 f — vacToTa [810/U, 78, 81R]

e OTpuuaTenbHbin df/dt = YaCcTOTHbLIV 2/1IEMEHT PErucTpupyeT NOHMKEHNE YacTOoThl

* AbconoTHbIn df/dt (MONOXKNTENbHbLIN U OTPpULL@TENbHbIA) = YaCTOTHbIA 3/1IeMeHT
perncTpupyeT NoBbILLEHWE U NMOHUXXEHWE YacTOoThl.

[aHHbI 3alWNTHBIN 3n1eMeHT obecneynBaeT yCTaBKy M 3a4€PXKKY OTK/OYeHnA. Ecnn
YaCTOTHbIV rpagueHT df/dt NpeBbICUT YyCTaBKY OTKJIIOYEHUSA WK yNageT HUXKE Hee,
HemMeaneHHo ByaeT nodaH aBapUHbIA cCUrHaa. EC/n 4acTOTHLIA rpafneHT BCe eLle
OCTaeTCA BbILE/HMXKE 3a4aHHON YCTaBKW OTKJIKOYEHWS, TO MO UCTEYEHNN 3a4EPXKKN
OTKJIIOYEHNS NOAAETCS KOMaHA4a OTKJIIOYEeHuS.

MpuHunnbl paboTsl

JaHHbIN YaCTOTHbIA 3/1IeMeHT KOHTpoaupyeT TpexdasHoe Hanps>xeHne UAB, UBC n UCA.
Ecnn okaxkeTcs, 4To BCe Tpu ha3HbIX HAMPSXXEHNSA HUXKE KOHKPETHOro noporosoro
3Ha4YeHNs, TO pacyeT YacToThl bByaeT 3abnokmMpoBaH (MOPOroBoe 3HaYeHNE MOXKHO
HaCTpPOUTb, CM. pa3fen o NpuHumMnax namepennsa L= «4.17 Yactota — npuHumn
N3MEepPEHNs»).

B COOTBETCTBUM C PEXXUMOM KOHTPOAA YacTOThl, 3af4aHHbIM B MeHIo [MnaHnp_ ycTp ]
(«f[x] . Pexx_» = «df/dt»), oueHnBaeMble ha3Hble HaNPsS>XeHNSA CPaBHMBAKOTCA C
3aaHHbIM NOPOroBbIM 3HAYEHMEM rpaaneHTa YacToThbl (df/dt). Ecnm B ntoboin s a3
YaCTOTHbIN FrpaaneHT NPEBbLICUT NOPOroBoe 3HavYeHne cpabaTbiBaHUA UM ONYCTUTCA
HM>Xe Hero (corsacHo 3agaHHoMy pexumy df/dt) n npu 3ToM He nocneayeT KOMaHAg
6/IOKNPOBKWM YaCTOTHOro asieMeHTa, byaeT HeMeasIeHHO NoAaH aBapUNHbLIN CUTHaN U
3anyCcTUTCS TanMep 3a4epXKK OTKYeHna. Ecnm no ncrtedeHumn speMeHn Tanmepa
3a4EepXXKW OTKJIIOYEHUSA FPagNeHT 4acToThbl NO-NpexHeMy byaeT Bbille NN HUXe
MOPOroBOro 3Ha4YeHnsa OTK/YeHUd, To byaeT nogaHa KOMaHA4a OTK/OYEHUS.
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4 neMeHTbl 3alnThbl
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f[1l...[n]: df/dt

FregProtection_Y03

f=f[1]...[n]

CM_ aAvarpammy: Bnok-ku

@ (CTyneHb He OTKJIl04YeHa Y HET aKTUBHbIX CUrHaNoB 6I0KMPOBKY)

MnaHnp_ycTp_
f.

Pex_
df/dt
TH e
OkHo df/dt pex_ df/dt f. Tpes_df/dt | DF/DT
df/dt nonox
TH . —
Crtabwn. okHa df/dt df/dt oTpuu_
> ® df/dt abcon_
UAB | +dr/dt | df/dt
pacuyet df/dt — QU —m
UBC — df/dt ~~_1 ‘ T f. Tpes_ 14
| df/dt | o
UCA | |
CuctMNap
TH .
U 6ok f
———= i &
f.Bbnkno U<
——————— g
g
f. OTkn df/dt | DF/DT
7 15
t
f.OTkn
— ()
Cm_ anarpammy: Bnokup_ oTkn & f. KomOTKn
@ (KoMaHza oTkJlo4eHUsi OTMeHeHa unm 6710kupoBaHa. ) 15a
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4 SneMeHTbI 3alnThbl
4.17 f — vacToTa [810/U, 78, 81R]

Pexumbl paboTbl «f< un df/dt», «f> un df/dt»
f< n df/dt — noHn>xeHHasa 4acToTa U CKOpPOCTb U3MEHEHMNS 4aCTOThbl

[laHHas HaCcTpoWKa No3BOJISIET YAaCTOTHOMY 3/IEMEHTY O4HOBPEMEHHO KOHTPOJIMPOBaTb
nageHne 4acToTbl HM)Ke 3alaHHOWN yCTaBKM cpabaTbiBaHMS M MPEBbILEHNE YaCTOTHbIM
rpagVueHToM yCTaBKM.

B BbibpaHHOM Habope NapamMeTpoB 4YacToThbl f[X] MOXKHO 3a4aTb yCTaBKy cpabaTbiBaHUS
Mpn NOHMXXEeHHOW YacToTe f<, YacToTHLIN rpaaneHT df/dt n 3agep>xKy OTKAOYEHMS.

[Mpwn 3TOM:
* MonoxxntenbHbin df/dt = 4HaCTOTHbLIN 3N1EMEHT perncTpupyeT NOBbILWEHNE YaCTOoThI
e OTpunaTenbHbin df/dt = YaCTOTHbBIN 3N1IEMEHT PerncTpupyeT NOHMXKXEHUE YacCToThl

e AbcontoTHbIn df/dt (MONOXKNTENbHbLIN N OTPULL@TENbHbLIN) = YaCTOTHLIA 3/IEMEHT
perncTpupyeT NOBbILLIEHWE U MOHUKEHME YacTOThl.

f> un df/dt — noBbILLIEeHHaA 4YaCcTOTa U CKOPOCTb U3MEHEHHNSA 4acCTOTbl

[aHHaa HacTpolKa No3BoaseT YaCTOTHOMY 3/1IeEMEHTY O4HOBPEMEHHO KOHTPOJINPOBaTb
MpPeBbILLIEHME YacTOThl Bbille 3aaHHON yCTaBKM cpabaTbiBaHWS 1 NpeBblLUEHNE
4YaCTOTHbLIM rPaAMEHTOM YCTaBKMU.

B BbibpaHHOM Habope NapamMeTpoB 4YacToThbl f[X] MOXKHO 3a4aTb yCTaBKy cpabaTbiBaHUS
Mpn NOBbIWEHHOW YacToTe f>, yacToTHbIN rpaaneHT df/dt n 3agep>XKy OTKOYEHNS.

[Mpwn 3TOM:
* MonoxuntenbHbln df/dt = 4aCTOTHLIN 371eMEHT perucTpmpyeT MoBbILLIEeHNEe YaCTOThl
e OTpunaTenbHbin df/dt = YaCTOTHbBIN 3N1IEMEHT PerncTpupyeT NOHMXKXEHNE YacToThbl

e AbcontoTHbIn df/dt (MONOXKNTENbHBLIN N OTPULL@TENbHbLIA) = YaCTOTHLIA 3/IEMEHT
perncTpupyeT NOBbILLIEHWE U NOHUKEHME YaCTOThI.

MpuHumnel paboTei

[aHHbIA YaCcTOTHbLIA 3NeMeHT KOHTpoaupyeT TpexdasHoe HanpsxxeHne UAB, UBC n UCA.
Ecnin okaxkeTcs, 4TO BCe Tpu (ha3HbIX HAMPAXXeHUS HUXKE KOHKPETHOro noporosoro
3HaYeHunsa, TO pacyeT 4YacToTbl byaeTt 3abnokmnposaH (MOporoBoe 3Ha4YyeHne MOXKHO
HaCTpOWUTb, CM. pa3aesn o NpUHUMNax nsMmepeHunsa s> «4.17 YacToTa — npuHLUMN
N3MEpPEHUNS»).

B COOTBETCTBUM C PEXXUMOM KOHTPOA YaCTOThl, 3a4aHHbIM B MeHto [MnaHnp_ ycTp ]
(«f[x] . Pexx_» = «f< n df/dt» nnn = «f> un df/dt»), oueHnBaemMblie hasHble HaNps>XeHns
CpaBHMBAKTCA C 3afaHHLIMW MOPOrOBbIMK 3Ha4YeHNAMN CpabaTbiBaHUS MO YaCTOTe U
rpagneHTa YacTtoThl (df/dt). Ecnn B ntoboin 13 a3 1 YacToTa, U rpaANeHT 4YacTOTbl
MPEeBbLICAT NOPOroBble 3HAYEHUS UM ONYCTATCA HUXKE HMX U NPX 3TOM He nocrenyeT
KOMaHZ 6710KMPOBKM YaCTOTHOIO 371eMeHTa, byneT HeMenJIeHHO NoAaH aBapuUHbIN
CUTHa N BKJIKOYNTCA TalMep 3a4ePXXKN OTK0YeHNA. ECM No ncTev4eHnmn BpeMeHn
TaliMepa 3a4ep>KKN OTKJIIOYEHUS U YacToTa U rpagneHT 4acToTbl Mo-nNpexHemy 6yayT
BbILLIE MW HMXKE MOPOroBOro 3Ha4YeHUS OTKJIIOYEHUS, TO ByaeT nofaHa KOMaHAa
OTKJIOYEHNS.
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4 neMeHTbl 3alnThbl
4,17 f — vyacToTa [810/U, 78, 81R]

f[1]1...[n]: f< u df/dt Unu f> n df/dt

FregProtection_Y04

f=f[1]...[n]
Cm_ anarpammy: Baok-ku

@ (CTyneHb He OTKJ/Il0YeHa N HET aKTUBHbIX CUrHa0B 610KMPOBKN)

MnaHunp_ycTp_

f.Tpes_f

f. Tpes_ df/dt | DF/DT

f. T

f.Bbnkno U<

f.OTkn
15
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P
TH. e
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f< n df/dt
o |
UAB PacuyeT YacToThl |f>—CL | f
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———-o
UCA [ |
f.
TH .
OkHo df/dt [F G
df/dt nonox_
Ctabun. okHa df/dt df/dt oTpuu_
df/dt abcon
0) / _
- pacueT df/dt :&Q j | df/dt
—df/dt -—_1 ‘ o
| dfrdt ]
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CuctMNap
TH .
U 6510k f
----- Hip &
T
———————— Hip
t
B
CMm_ avarpammy: Bioknp_ oTkn
@ (KoMaHpa oTk/lo4eHUsi oTMeHeHa unm 610kupoBaHa. )
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4.17.4

4 SneMeHTbI 3alnThbl
4.17 f — vacToTa [810/U, 78, 81R]

Pe>xxumbl pabotbl «f< u DF/DT», «f> n DF/DT»
f< u DF/DT — noHnm>xeHHasa Yactorta u DF/DT

[laHHas HacTpoWKa Mo3BOJISIET YAaCTOTHOMY 3/IEMEHTY KOHTPOJIMPOBATb YacTOTy U
abCoNOTHYIO0 pasHULY 4YacToT B TeYeHMe onpefesIeHHOro MHTepBasia BPEMEHM.

B BbibpaHHOM Habope NapamMeTpoB 4YacToThbl f[X] MOXKHO 3a4aTb yCTaBKy cpabaTbiBaHUS
Mpu MOHM>XeHHOM YacToTe f<, ycTaBky abCoMOTHOW pa3HULbl HacTOT (MOHMXXEeHNE
YacToTbl) DF u uHTepBan KoHTposa DT.

f> n DF/DT — noBbiLLeHHaA 4YacTtoTta u DF/DT

[aHHas HacTpoKa Mo3BoJISET YaCTOTHOMY 3JIEMEHTY KOHTPOJINPOBAaTh YacTOTy U
abCONIOTHYI0 PasHMLY YacTOT B TeYEHUE onpefieNIeHHOro MHTepBaia BpeMeHM.

B BbIbpaHHOM Habope napamMeTpos YacToThl f[X] MOXKXHO 3ap4aTh ycTaBKy cpabaTbiBaHUA
npuv NOBbILWEHHON YacToTe f>, ycTaBkKy abCcoNOTHON pa3HULbl HacTOT (NOBbILLEHUS
YacToTbl) DF 1 uHTepBan koHTpona DT.

MpuHumnel paboTei

LaHHbIN YaCTOTHbLIN 3/1IEMEHT KOHTpPOAMpyeT TpexdasHoe HanpsxeHne UAB, UBC n UCA.
Ecnn okaxkeTcs, 4To BCe Tpu (ha3HbIX HaAMPSAXXEHUSA HMXKE KOHKPETHOro Noporosoro
3HaYeHUs, TO pacyeT 4YacToTbl byneTt 3aboKMpoBaH (MOPOroBoe 3Ha4YeHNE MOXKHO
HaCTpOUTb, CM. pa3saen o NpuHUMNax naMepeHuns s> «4.17 YacToTa — npuHLWMN
N3MEPEHUNS»).

B COOTBETCTBUN C PEXXMMOM KOHTPOJIA 4acTOThl, 3aZlaHHbIM B MeHI0 [[TnaHup_ ycTp ]
(«f[x] . Pexx_» = «f< n DF/DT» nnn = «f> n DF/DT»), oueHnBaeMble ha3Hble Hanps»xeHns
CPaBHMBAIOTCA C 3a4aHHbIMWN NOPOroBbIMUN 3Ha4YeHUsAMUK cpabaTbiBaHUS MO YaCTOTE n
MOHMXEHUSA NN NOBbILLEHUSA YacToTbl DF,

Ecnn npn oTcyTCTBUM KOMaHg 6/10KMPOBKM HYaCTOTHOro anemMeHTa B tobon n3 das
4acToTa NPEBLICUT YCTaBKY cpabaTbiBaHUA UM yNafeT HUKe Hee, HeMeasIeHHO
noJdaeTcs aBapuUnHbLIA CUrHan. B 3To )ke BpeMa 3anyckaeTcsa TanMep nHTepsasna
KOHTpona DT. Ecnn B TedeHue nHTepsBana KoOHTposaa DT yacToTa BCe elle Bbille Uin
HU>Xe 3af4aHHON yCTaBKM cpabaTbiBaHWSA, N MOHUXEHNE/MOBbILLEHNE YacTOThl 4OCTUTHET
ycTaBku DF, nogaeTcs KOMaHOa OTKJIl0YEHUS.

MpuHunn paboTsl pyHKUMM DF/DT:

(cMm. gnarpammy f(t) Ha > Puc. .)

Cny4an 1.

Korga 4acTtoTa nagaeT HUXe 3adaHHon ycTaBku f< B tl, BkAovaeTcs anemeHT DF/DT.
Ecnun pa3Hunua 4acToT (MOHMXKEHNE) He AOCTUrHeT 3adaHHoro 3HaveHuns DF go
ncTevyeHmnsa BpeMeHHoro nHTepeana DT, oTkAlo4YeHMe He npon3onaeT. HacTOTHbIN
3/1IEMEHT ocTaeTcst 6N1OKMPOBAHHLIM A0 TEX MOP, MOKa YacToTa ONATb He yNaOeT HuxKe
YCTaBKN NOHWXEHHOW YacToThl f<.

Cnyyan 2.

Korpa 4actoTa mafjaeTt HMXe 3ajaHHoln ycTaBku f< B t4, BkatovaeTcsa anemeHT DF/DT.

Ecnn pasHuUa YacToT (MOHMXKeHne) AOCTUrHEeT 3a4aHHOro 3HavYeHns DF no ucteyeHus
BpeMeHHOro nHtepeana DT (t5), nogaeTcsa KoMaHaa OTKJIIOYEHMS.
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4 neMeHTbl 3alnThbl
4,17 f — vyacToTa [810/U, 78, 81R]

f[1]...[n]: f< u DF/DT Unu f> u DF/DT FreqProtection_Y05
f=1f[1]...[n]

Cm_ anarpammy: Bnok-kun
@ (CTyneHb He OTKJIlOYEHa U HET aKTMBHbIX CUFHaN0B 610KMPOBKU)

MnaHup_ycTp_
f . f.Tpes_f
Pex
TH . =
Ctabun. okHa f > n DF/DT
f< n DF/DT
o | i
UAB PacuyeT yacToThl |f>—CL 1 f &
UBC — t< \‘J—I AT f.Tpes (7,
>
UCA [ |
—O]
CuctMap
TH .
U 60k f
=l & f.b U
. Bak no U<
i
g
<
¢
f.
DT
1 _I_l_ < f. Tpes_ df/dt | DF/DT
t
f.OTkn 15
f+DF
— AT &
Cm_ anarpammy: Bnokup_ oTkn f. KomOTkn
@ (KoMaHza oTk/Ilo4eHNsi OTMeHeHa uam 610KMpoBaHa. ) 15a
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4 neMeHTbl 3alnThbl
4,17 f — vyacToTa [810/U, 78, 81R]

4.17.5

362

Pe>xum pabotbl «penbta pu»
Adenbta ¢bu — BIGpPOC BeKTOpa Hanps>KeHus

KoHTponb Bbibpoca BeKTOpa HanpsXXeHns 3alumulaeT CUHXPOHHbIE FeHepaTophbl,
paboTatowme napaanensHo C asekTpoceTblo, 6bnarogapsa o4eHb 6biIcTpoOMy
pa3benunHeHuto npu cboe anekTpoceTn. ANa CUHXPOHHbIX FeHepaToOPOB O4YeHb OMNAaCHbLIM
ABNSETCA aBTOMaTUYeCKoe NOBTOPHOE 3aMblkaHne ceTu. Hanps)KeHune anekTpoceTy,
KoTopoe 06bl4HO Bo3BpaLwaeTcs Yepes 300 Mc, MOXXeT BbIbUTbL reHepaTop B
aCUHXPOHHOeE noJsioXeHne. O4eHb BLICTPoe OTKYeHNE Takxe TpebyeTca B ciyyae
NPOLAO/KUTENbHbIX COOEB 3/IeKTpOCeTN.

CylLiecTByeT ABa BapuaHTa NPUMEHEHNs.
TonbKo napannensHas paboTa C 371eKTpoceTbio 6e3 oTAesNbHLIX ornepaLuit

B 3TOM cnyyae KOHTPOJIb BbiIbpoCa BEKTOPA HaMPSXXeHWs 3alluLLIaeT reHepaTop NyTem
OTKJ/IIOYEHUS

ero BbIkJito4aTens npu cboe cetu.
MapannenbHas C 31eKTpoceTbio paboTa 1 oTaenbHas paboTa:

B 3TOM pe)xnMe KOHTPOJIb BbIOPOCa BEKTOPa pa3MblKaeT BbIK/lOYaTE b 3JIEKTPOCETH.
Mpwn 3TOM rapaHTUPYeTCA, YTO reHepaTopHasa yCTaHOBKa He byaeT 3absioknpoBaHa, ecn
noHapobunTcsa B Ka4ecTBe aBapunHONM.

OuyeHb 6bICTPOro OTK/IYEHNS CUHXPOHHbLIX FeHepaTopoB B ciyvae cbos ceTu
LOCTATOYHO TPYAHO A0BUTLCSA. YCTPONCTBA KOHTPOJISE HAaNPsXKEHNS Heb3s
NCNoJIb30BaTb, TaK KakK COMNPOTMBJIEHNE CUHXPOHHOIO FreHepaTopa, Kak U noTpebutens
CnocobCTBYET MOHUXKEHNIO HAaMNPSXKEHNS.

B Takol CMTyaLUmn HaMps>KEHWE 3NeKTPOCEeTM NaflaeT HMUXKE YCTaBKM cpabaTbiBaHWS
TONbKO Npuban3nTensHo Yepes 100 Mc, 1 No3ToMy 6e3onacHas perncrtpauuns
aBTOMATNYECKOro NOBTOPHOI0 3aMblKaHWS CETU TOJIbKO C MOMOLLbIO KOHTPOA
HanNpPs>XXeHWs HEBO3MOXXHa.

KOHTpPO/Ib HaCTOTbl HE BNOJIHE NOAXOAUT AJ18 3TOW LLesIn, NOCKObKY TOJIbKO reHepaTop C
BbICOKOM Harpy3kKom yMeHbLUaeT CKOPOCTb B TedyeHne 100 mc. Pene Toka pernctpupytoT
cbon TONBbKO NPV HaSIMYUN TOKOB KOPOTKOI0 3aMblKaHWS, HO OHW He MOryT
npenoTBpaTUTb Pa3BUTUA 3TON CMTyauun. Pene MowHOCTM crnocobHbl cpaboTaTb B
TeyeHne 200 MC, HO Tak)xe He MOryT NpefoTBpPaTUTb NOBbILLEHWE MOLLHOCTU 00
3HaYeHUI KOPOTKOro 3aMblKaHUNA. NOCKONbKY U3MEHEHME MOLLHOCTU TakXe Bbi3blBaeT
BHe3amnHasa Harpyska reHepaTopoB, UCM0JIb30BaHWe peJjie MOLWHOCTU MOXeT BbITb
npobnemMaTn4HbIM.

KoHTposib e Bbibpoca BEKTOPA HaMps>XEeHUA YCTPOMCTBA pernctpupyeT cbon
3/71IeKTPOCETN B Te4yeHMe 60 Mc 6e3 NpMBeAEHHbIX BbiLLE OrPaHNYEHUN, TaK Kak OH
cneunanbHo pa3paboTaH ans obnacten npumeHenuns, raoe TpebyeTcs odeHb BbiCcTpoe
OTKJIIOYEHME OT 3N1IeKTpoceTn. Ecnm npnbaBnTh CTaHgapTHoOE BpeMs cpabaTbiBaHWS
BbIKJIlOYATENS UK 3aMblkaTens, obluiee BpeMs OTKJ/II0YEHNS oCTaeTcs MeHblue 150 mc.

OCHOBHbIM TpeboBaHMEM CUCTEMbI KOHTPOJISE K OTKJIIOYEHUIO reHepaTopa/3/1eKTPoCceTH
ABNSIETCA M3MEHeHMe Harpy3ku 6onblie 4yem Ha 15—20 % oT HOMUHaNbHOW. MeaneHHble
N3MEHEHUNSA YaCcTOTbl CUCTEMbI, HAaNpuMep, B NpoLiecce peryanpoBkKn (peryanposka
CKOPOCTW reHepaTopa), He BANAIOT Ha OTKJIlOYEeHMe pene.

OTKIO4YEHUA TaKxXe MOryT ObITb Bbi3BaHbI KOPOTKUNM 3aMblKaHNEM B CETU, TaK KaK

MO>XeT BO3HUKHYTb BbIOPOC BEKTOPA HaNpPsXKeHUs C NPeBbILLIEHNEM MPeaBapUTeNbHO
YyCT@HOBJ/IEHHOIO 3Ha4YeHus. BennyinHa Bbibpoca BeKTopa HaNps>KeHUs 3aBUCUT OT
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4 SneMeHTbI 3alnThbl
4.17 f — vacToTa [810/U, 78, 81R]

PacCTodaHNA Mexay TOYKOWN KOPOTKOro 3aMblKaHNsa U reHepaTopoM. [laHHasa pyHKUMSA
TakXe MoXXeT bbITb NoNIe3HON B 3HepFOCHa6)KaIOLLI,eI7I KOMMaHWN, TakK KakK MOLWHOCTb
KOPOTKOIo 3aMblKaHNA B 3J1eKTpPOCETN N, cnenoBaTesibHO, Nogada sHePrmnm orpaHmM4YeH-bl
KOPOTKUM 3aMblKaHNEM.

Bo n3bexxaHne NnoTeHUMaNbHOr0 10XXHOM0 OTKJII0YEHUS KOHTPOJIb BbIBpOCa BeKTopa npu
HN3KOM BXOAHOM Harnpsi>keHuun 3ab10KMpoBaH, CM. onucaHne NpuHUmMna n3MepeHus B
pa3pene s> «4.17 YacToTa — NPUHLKXN n3MmepeHns». BIoKMpoBKa NMOHMXXEHHOro
Hanps»xeHuns cpabaTbiBaeT bbICTpee, 4eM n3MepeHue Bbibpoca BeKTOpa.

OTkntoYeHme npu Boibpoce BekTopa 6nokupyeTcs obpbIBOM (pa3bl, No3ToMy cboin TH

(HanpuMep, n3-3a HEMCNPaBHOrO NPeaoXPaHNTENIS) HE Bbi3biBaeT OLUMOGOYHOIO
OTKJIOYEHUS.

MpuHUMN n3MepeHns KOHTPOJIA BbIbpoca BeKTopa

FreqProtection_Z03

Puc. 90: kBuBasieHTHas LUerb CUHXPOHHOIro reHepartopa, rnapasiesibHoro 3J1eKTPOCETH.
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\b
CeTb / Harp_

FeHepaTop

FreqProtection_Z04

Puc. 91: BeKTopbl Harps>XxeHus B rnapassiesibHov paboTe C 3/1EKTPOCETLIO.

Yron cMmeuleHns poTtopa Mexay CTaTOPOM U POTOPOM 3aBUCUT OT MOMEHTa
MexXaHN4YeCcKoro BpalleHuns reHepartopa. MexaHn4yeckas MOLLHOCTb Basla

C6aﬂaHCVIDOBaHa C MOLLHOCTbIO NMUTatoLen 2J1EKTPOCETN, NO3TOMY NMoAOEPXKMNBAETCHA
NMOCTOAHHAA CMHXPOHHaA CKOPOCTb.

FregProtection_Z05

Puc. 92: 9kBuBaneHTHas Lenb rnpu cboe 3/1eKTPoCceTH.

B cny4yae cbos anekTpoceTu nan aBTOMaTUYECKOro NOBTOPHOIO BKJIIOYEHUA FreHepaTop
BHE3amnHo nojaeT 04eHb BbICOKYIO Harpy3ky notpebutens. Yron cMelleHms potopa
MHOIMOKpPaTHO yMeHblUaeTcs, U BekTop V1 nimeHseT HanpasneHune (V1').
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Harp_
feHepaTOp

FregProtection_Z06

Puc. 93: BekTopbl HarnpsixxeHus rnpu cboe 371eKTPoceTHn

CKa4. BEKT Hanps»x

u(t)

FreqProtection_Z07

At ~ penbTa hun

Puc. 94: Bbibpoc BEKTOpa HarnpsxeHus.

Kak rnokasaHo Ha cxeme HaI'IpH)KeHVIFI/BpeMeHI/I, 3Ha4dYeHune Hanpsa>xeHna MOMeHTaJibHO

N3MEHSAEeTCH, N MeHAeTCA hba30BOe NOJIOXKEHME. DTO Ha3biBaeTCsA ha3om nam Bbibpocom
BeKTopa.

Pene namepseTt Npoao/XKMTENbHOCTb LUMKJIa. HoBoe n3MepeHue HaunHaeTcsa npu
Ka>X[10M MPOX0XXAEHNN Yepes HyJieBoe 3HayeHune. iamepeHHasi Mpoao/KUTENbHOCTb
LUMKN1a BHYyTPEHHE CpaBHMBAETCA C 3TAJIOHHbIM BpEMEHEM. DTO OTKJIOHEHMWe onpenenseT
NPOAO/IKNTENIbHOCTb LMKJIa CUrHasla Hanpsi>xeHus. B cnyyae Bbibpoca BekTOpa,
NnprMBeAEeHHOM Ha PUCYHKE Bbille, MPOX0XAEHNE Yepe3 HyieBoe 3HaYeHMe NPoONUCXoanT
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paHblue nnu no3xxe. ObpasoBasLIeecs OTKJIOHEHME NPOAO/IKUTENIbHOCTU LKA
COOTBETCTBYEeT yrJy Bbibpoca BeKTopa.

Ecnn yron Bb|6poca BEKTOpPa npesBblilLaeT 3agaHHOE 3Ha4YeHne, pene HeMmenJsieHHOo
OTKJIIO4HaeTCA.

OTkNtoYeHne npu Boibpoce BekTopa 6nokupyeTcs B ciyyae obpbiBa 04HOW U
HeCKOJIbKUX ha3 namepeHuns

Hanpsa>xeHuA.

MpuHumnel pabotei

dneMeHT BbIbpoCa BEKTOpPa KOHTpoAupyeT TpexdasHoe Hanps»xeHne UAB, UBC n UCA.
Ecnn oka)eTcs, 4TO BCe TPU Pa3HbIX HaNpsaXXeHUa HUXe KOHKPEeTHOro noporosoro
3Ha4YeHus, To pacyeT YacToTbl ByaeT 3ab10KMpoBaH (MOPOroBoe 3Ha4YEHNE MOXKHO
HaCTpPOUTbL, CM. pa3fen o NpuHUMNax n3MepeHus > «4.17 YacToTa — npuHLUWn

N3MEpPEHUNS»).

B cooTBETCTBMN C PEXUMOM KOHTPOJISE HaCTOThbl, 3a4aHHbIM B MeHIo [MnaHup_ ycTp_]
(«f[x] . Pexx_» = «aenbTa hu»), oueHnBaeMble pa3Hble Hanps>XeHUs CpaBHUBATCS C
3a[aHHbIM NMOPOroBbIM 3Ha4YeHMEM BbIBpOCa BEKTOpPa.

Ecnn B 3aBUCUMOCTU OT HaCTp0I7IKI/I MnapaMeTpoB BO BCeX TpeX, B ABYX UJN B ofHOW ase
Bbl6p0C BEKTOpPa npesBbillaeT YCTaBKy, a KOMaHAbI 6J'IOKI/IpOBKI/I 4aCTOTHOIro Moayns
OTCYTCTBYIOT, HEMENJIEHHO MNMOoAaeTCHA aBapVII7IHbII7| CrHan N KoOMaHOa OTKJII0OYeHUA.

f[1]...[n]: penbTa n

FregProtection_Y01

f=f[1]...[n]

CM_ anarpammy: Bnok-ku

@ (CTyneHb He OTKJIlO4EHa 1 HET aKTUBHbIX CUFHanoB 6J10KMPOBKN)

CuctNap
TH .
Mnanup_ycTp AenbTa hu - peXxxum
. ofdHa hasa
Pexx_ nBe asbl
nensTa u Tpw asbl
i i
I I
| R |
' V
UAB f.
o nenbTa u
UBC pacyeT gesbTa dun Aenbta g T f. Tpes_ fenbta u
UCA | f. Tpes_
CuctlMap
TH .
U 6ok f
————— g &
T f.Bnk no U<
g
-« f. OTkN_ penbTa cpvl@
10ms f.OTkn
[ — 14
CM_ anarpammy: Bnokup_ oTkn & f. KomOTkn
G\ (KomaHpa oTklo4eHns oTMeHeHa unmn 6J10KkupoBaHa. ) 15a
J
366 MCDTV4 MCDTV4-3.6-RU-MAN



4.17.6

4.17.7

4 SneMeHTbI 3alnThbl
4.17 f — vacToTa [810/U, 78, 81R]

BBopa B 3KCnsiyaTaumio: noBbilLeHHanA yacrtoTa [f>]
TecTupyemsbii 06 bEKT
Bce HacTpanBaeMble CTyMNeHM 3alMTbl OT MOBbILIEHNS YaCTOThI.
Heobxoanmbie cpencrea
* ICTOYHUK Tpexda3HOoro Hanps>XeHns C peryjnpyeMon 4actoTon u
* Tanmep.
Mpouenypa: npoBepka rMnoporoBbiX 3HaYEHUMN

e YBenmnymBanTe H4aCTOTYy A0 TeX nop, rnoka He 6y,£|,eT aKTMBMpoOBaH
COOTBGTCTByIOLLI,I/II;I 3J1EMEHT 3alllnNThbl HaCTOThlI.

e 3anuuwunTe 3Ha4YeHMe YacToThl U
e OTK/IIOYUTE TECTOBOE HaMNps>XKeHUe.
Mpouenypa: NpoBepkKa 3aAePXKKN OTKIHOHEHNS
* YCTaHOBMTE HOMUHAJIbHYIO YaCTOTY TECTOBOr0 HaMNpsXXeHUs n

* Tenepb Npou3sBeanTe CKAYOK HYaCTOThbl ([0 3HAYEHUA aKTMBALUKN) U 3anyCcTuTe
Tanmep. IamepbTe BpemMsa OTKJIIOYEHUS Ha BbIXOAHbIX KOHTaKTax pene.

V3mepeHune nopora oTrycKaHus

YMeHbLUanTe nsMepsaemMyto BEANYNHY 00 3Ha4YeHnsa meHee 99,95 % oT 3HavyeHus
oTknto4eHns (0,05 % oT HOMMHaNbHOM YacToThl fn). Mpn JOCTMXKEHUN 3HAYEHUS,
paBHOro 99,95 % oT 3Ha4vYeHus, Heobxogumoro anga oTkaydeHusa (nam 0,05 % fn), pene
OO0JKHO nNepenTn B UCXOLHOE MOoNoXKeHue.

Pe3ynbTaT yCcrneLHov npoBepKu

JonycTuMble OTKJIOHEHUA N AO0MYCKN NMEIOTCA B TEXHNYECKNX OaHHbIX (II=|> «TOYHOCTb
3aWMNTHbIX 3JIEMEHTOB»).

BBog B 3KCnJsiyaTaumio: NOHM)XKeHHan YactoTa [f<]

0na Bcex HAaCTPOEHHbIX 3JIEMEHTOB 3alNThl OT NOHUXXEHUSA 4YaCTOThbl 3TY NMPOBEPKY
NMPoOBOAAT aHaNIOrM4YHO NpoBepKe 3allTbl OT NOBbILLEHWNA YaCTOThI (c ncnonbsoBaHueM
COOTBETCTBYOLWNX BEJINYHNH MOHWXXEHHON YacCTOThl).

MpuMnTe K CBEeaeHuo crefytlolme pasnniuns:

* [1n5 NpoBEpKM YCTAaBOK YAacTOTy HE0H6X0AMMO yBeNMYMBaTh [0 TEX Mop, NOKa He
O6yneT aKkTMBMPOBAH 3alMTHbIA 3/1EMEHT.

o [1ns onpefpesieHnsa nopora oTrnycKaHMA naMepsaemMas BesmdmHa AOJIKHa
yBEeNM4MBaTbCA A0 TeX Mnop, noka oHa He npesbicuT 100,05 % oT 3Ha4vYeHuUs,
Heobxoaumoro onsa otkaodeHus (unm 0,05 % fn). Mo fOCTMXKEHUN 3HAYEHUS,
paBHoro 100,05% oT 3Ha4yeHus, Heobxoanmoro oasa oTkatoveHus (unm 0,05% fn),
pesie 0O/MHKHO NEPENTN B UICXOOHOE COCTOSAHME.
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4.17.8

4.17.9

368

Beopa B 3kcnanyaTauuio: df/dt — ckopocTb U3MEeHEeHMA 4acTOoThbl
(ROCOF)

TecTupyembii 06 bEKT

Bce cTyneHu 3almnTbl 4acTOThl, KOTOPbLIE 3aNpPOrpaMMMPOBaHbl C NCMOJIb30BaHMNEM
napameTpa df/dt.

Heobxoanmbie cpencrea
* ICTOYHUK Tpexda3HOro HaNps>XeHUs n

* [eHepaToOp 4acTOTbl, CNOCOBHbIN FreHepnpoBaTb N N3MEPATb JIMHENHOE N3MEHEHMne
4aCTOTbl C 3a4aHHON KPYTU3HOMN.

Mpoueaypa: NpoBepKa rnoporoBbIX 3Ha4eHn

® ﬂpop,omKalhTe yBeJZIN4NBaTb CKOPOCTb N3MeHEHNA HYaCTOTbl A0 TeX MNop, NokKa He
6y,D,eT aKTBMNpPOBaH COOTBGTCTByiOLLI,I/II?I 3/1eMEeHT 3allUThbl.

e 3anuwunTe 3Ha4YeHne CKOPOCTUN U3MEHEHNS YacTOThl.
Mpouenypa: NpoBepka 3a4EPXKKU OTKIHOHEHNSA
* YCTaHOBUTE HOMUHAJIbHYIO 4YaCTOTY TECTOBOIO HampsXXeHuns.
* Tenepb npounseeguTe bbicTpoe (CKavkoobpasHOe) N3MEHEHME YaCTOThI,
npeBblLLlaloLLee yCTaHOBNEHHOE 3HavyeHue B 1,5 pa3a (NpuMMep: Npy yCTaHOBIEHHOM

3Ha4vYeHuMn 2 'u/C N3MeHsANTe YacToTy CO CKOPOCTbIO 3 u/c).

* N3amepbTe BpeMsi OTKJIIOHYEHUS HA BbIXOAHbIX KOHTakTax pene. CpaBHUTE
N3MepeHHoe BPEMS OTKJ/IIOYEHUS C 3aaHHbIM BPEMEHEM OTKJTIOYEHMS.

Pe3ynbTaT ycrneLHow npoBepku

JonycTuMblie OTKJIOHEHUA/OOMYCKN N KO(PPULNEHTBI NajeHUs UMEIOTCH B TEXHNYECKNX
naHHbiX (> «TOYHOCTb 3aLLMTHBIX 31EMEHTOB>).

Beop B akcnnyataumio: f< un -df/dt — noHn>xeHHana yacToTta M
ROCOF

TecTupyembii 06bEKT

Bce cTyneHu 3anTbl YaCcTOThl, KOTOPbIE 3aMPOrPaMMNPOBaHbI C UCMOJIb30BAaHUEM
napameTpoB f< n -df/dt.

Heobxoanmsie cpeacTBa
* /ICTOYHUK TpexgasHOoro HamnpsXKeHns u

e [eHepaTop YaCTOTbl, CNOCOOHbLIA rEHEPMPOBATb N U3MEPATb JIMHENHOE U3MEHEHNE
4aCTOTbI C 3a4aHHON KPYTU3HOWN.

lMpouegypa: ripoBepKa rnoporoBbIX 3Ha4YeHUN
e [opanTe Ha YCTPOMNCTBO HOMUHAJIbHOE HaMNpPs>XeHNe N HOMUHaNbLHYIO YacToTy.

e YMEHbLUNTE YaCTOTY HMXKE YCTaBKn f< u
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* Tenepb NponsBeanTe CKaykoobpasHoe n3MeHeHNe 4YacToTbl, KOTOPOE MeHbLUe
YCTAaHOBJ/IEHHOr 0 3HaYeHus (Hanpumep, Npu yCTaHOBJIEHHOM 3HadveHun -0,8 u/c
N3MEHSNTE YacTOoTy CO CKOPOCTbto -1 u/c). Mocne OKOHYaHUS BPEMEHW 3a4eP>KKM
OTKJIIOYEHUS OOJIKHO MPOU30NTU OTKJIOYEHME pene.

Pe3ynbTaT ycrneLHov npoBepKu

JonycTumble OTKJIOHEHUA/O0NYCKUN N KO3 PULMEHTBI NaAEHNA UMEIOTCA B TEXHNYECKNX
naHHbIX (<> «To4HOCTb 3aLUNTHbIX 3/1eMEeHTOB»).

Beop B akcnnyatauumio: f> u df/dt — noBbilueHHana yacToTta u ROCOF
TecTupyembii 06beKT

Bce cTyneHu 3alnTbl YacTOThl, KOTOPbIE 3aNpPOrpaMMMPOBaHbl C UCMOJIb30BAHMEM
napameTpos f> un df/dt.

Heobxoaunmele cpencTsa
* NCcTOYHUK Tpexda3HOro Hanps»xeHus n

e [eHepaTop YaCTOThbl, CNOCOOHbLIN FrEHEPMPOBATb N U3MEPATb JIMHENHOE U3MEHEHNE
4aCTOTbl C 3a4aHHON KPYTU3HOMN.

lMpouenypa: NpoBepKa NMOpPoroBbiX 3HaYEHNN
e [lopanTe Ha YCTPONCTBO HOMUHAJIbHOE HaNpPs)XeHNe N HOMUHaNbHYIO YacToTy.
* YBeNMYbTE YacTOTy Bbllle YyCTaBku f> n
* Tenepb NnpounsBegnTe ckavykoobpasHoe N3MeHeHne 4acToThbl, KOTopoe BbosbLue
YCTaHOBJIEHHOr0 3Ha4YeHus (Hanpumep, Npu ycTaHOBIEHHOM 3Ha4veHun 0,8 Mu/c
N3MeHANTe 4YaCTOoTy CO CKOpPOCTbto 1 'u/c). Mocne oKoHYaHUS BPEMEHMN 3a4EPXKKN
OTKJIIOYEHUNS LOJIKHO MPON30ONTK OTKJIIOHEHNE pene.

Pe3ynbTaT ycrniewHow npoBepKu

[onycTMble OTKIOHEHNS/A0MYCKN N KOIDPULMEHTbI NALEHNA UMEKTCS B TEXHUYECKNX
naHHbIX (> «ToYHOCTb 3aMUTHBLIX N1EMEHTOB>).

Beopa B akcnnyaTtauuio: f< u DF/DT — noHM)XeHHana yactota u DF/DT
TecTupyemsbii 06 bEKT

Bce cTyneHun 3amnThbl 4aCTOThl, KOTOPbIE 3aMporpaMMnUpPOBaHbI C NCMOJIb30BAHNEM
napameTpoB f< n Df/Dt.

Heobxoaumele cpeacTsa
* ICTOYHUK Tpexda3HOro Hanps>XeHns u

e ['eHepaTop 4acCTOThl, CrnocobHbIn reHepmnpoBaTb N N3MePATb ornpeaesieHHoe
n3mMmeHeHmne 4acCTtoThl.

Mpouenypa: npoBepka rnoporoBbiX 3HAYEHUM

* MNopaliTe Ha YCTPONCTBO HOMMHAJIbHOE HaMNPSXXEHNEe U HOMUHAJIbHYIO YacToTY:
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4.17.12

4.17.13

370

* YMeHbLUNTE 4YacTOTy HUXKe yCTaBku f< un
* [lpou3BeauTe onpeneneHHoe (CKavykoobpasHoe) n3MeHeHne 4YacToThl, KOTopoe
60oblUe YCTaHOBJIEHHOIr0 3Ha4YeHUs (NpuMep: NpyY yCTaHOBJIEHHOM 3Ha4veHun 0,8
U/C N3MEeHANTE YacToTy CO CKopocCTbio 1 u/c). Pene fo/mKHO HEMELNEHHO
OTKJIIOYNTBLCA.
Pe3ynbTaT yCrieLHOW rnpoBepKu

JonycTuMblie OTKJIOHEHUA/O0MNYCKN N KO3 DULMNEHTBI NageHUs UMEIOTCHA B TEXHUYECKNX
naHHbIX (> «TOYHOCTb 3aLUNTHbLIX 3N1EMEHTOB>).

BBop B akcnnyatauuio: f> u DF/DT — noBbILLeHHaA YacToTa u
DF/DT

TecTupyemsbii 06 bEKT

Bce cTyneHun 3aWmTbl HaCcTOThbl, KOTOPbIE 3aNpPOrpaMMmMpOBaHbl C UCMOJIb30BaHNEM
napameTpos f> n Df/Dt.

Heobxoanmbie cpencrea
* ICTOYHUK Tpexda3HOro Hanps>XeHns u

e ['eHepaTop 4acCTOThl, CrnocobHbIn reHepmnpoBaTb N N3MePATb ornpeaesieHHoe
n3mMeHeHmne 4acCTtoThl.

lMpoueaypa: NpoBepkKa rnoporoBbiX 3HaYEHUI
¢ [opanTe Ha YCTPONCTBO HOMUHaJIbHOE HaMps»XXeHNe N HOMUHAbHYIO YacToTY:
e YBesnmybTe HYacTOTY Bbllle YCTaBku f> un
* [pon3BeaunTe onpeneneHHoe (CKkaykoobpasHoe) N3MeHeHME YaCcTOThl, KOTOpoe
60/blLEe YCTAaHOBJIEHHOIr0 3Ha4YeHUS (MpUMep: NpyU YCTaHOBJIEHHOM 3Ha4veHun 0,8
U/C N3MEeHANTEe YacToTy CO CKopocCTbio 1 u/c). Pene fO/MHKHO HEMELNEHHO
OTKJIIOYNTBLCS.

Pe3ynbTaT ycrneLiHov npoBepKku

LonycTuMble OTKJIOHEHUA/O0MYCKN U KOIPPULIMEHTHI MageHNa UMEeTCA B TEXHUYECKNX
naHHbIX (> «TOYHOCTb 3aLUNTHBIX 31EMEHTOB>).

BBop B aKcnsiyaTauuio: genbta (v — BbIOPOC BeKTOpa Hanpsa>XeHus
TecTupyemsbii 06 bEeKT

Bce cTyneHun 3aWmnTbl HacTOThbl, KOTOPbIE 3aNpOrpaMMmMpPOBaHbl C UCMOJIb30BaHNEM
napameTpa genbTta un (BbiIbpoc BeKTOpa)

Heobxoanmbie cpeacTsa
e TpexdasHblh NICTOYHMK HAaNPS>XXeHWs, KOTOPbIN cnocobeH reHepnpoBaThb
onpenesieHHoe ckaykoobpa3Hoe N3MeHeHMe BEKTOPOB HaNpsXXeHns ((ha30Bbii

coBur).

Mpouenypa: NpoBepka rnoporoBbiX 3HAYEHUM
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¢ Co3panTe BbIbpoC BeKTOopa (CKaykoobpa3HbI), NpeBbIlWaloOWmnin yCTaHOBJIEHHOE
3Ha4veHune B 1,5 pa3a (Npumep: ecnm 3ajaHHOe 3HaYeHne coctasnsgeT 10°,
ncnosbsynTe 15°).

Pe3ynbTaT ycrneLHow npoBepku

JonycTumble OTKJIOHEHUA/O0NYCKU N KOO PULMEHT nageHnsa MMeTCs B TEXHUYECKNX
BaHHbIX (=> «ToYHOCTb 3alUNUTHBIX 31EMEHTOB»).
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4.18 V 012 — HecummeTpusa HanpsxeHnn [47]

4.18 V 012 — HecuMMeTpusa Hanps>xeHuu [47]
B MeHI0 NNaHMpoBaHNA YCTPONCTBA MOXXHO HAaCTponTb Moayib «U 012» ana KoHTpons
MOBbILLUEHHOI0 NN MOHMXEHHOIro Da30BOr0 HaNpPsXXeHUs MoNOXKNTENLHON
nocnenoBaTeNbHOCTU UM MOBbILWEHHOr0 ha30BOro HarnpsXXeHnsa oTpuLaTesbHON
nocnenoBsaTesibHOCTU. PaboTa faHHOro MoAysiIs OCHOBaHa Ha Tpexda3HOM Hanps >XeHnu.
Moaynb nogaeT aBapuMnHbIA CUrHAN NPU NPEBLILLEHUN YCTaBKN. Mooy b BbINOAHUT
OTKJIl0OYEeHNe, eCn N3MEepPEHHbIE 3Ha4YeHNA ByAyT NOCTOSAHHO COXPaHATbLCA B T@YEeHMe
BpPEMEHN 3a4epP>KKU.
B aTOM cny4dae ByaeT oTCnexXmBaTbCa HanNps>KeHne oTpulaTesibHOM
nocnepoBaTenbHOCTU a3 (HacTporka [Mnannp_ ycTp 1 »U 012 . Pex.» = «U 2>»),
noporosoe 3Ha4veHue [MapamM_ 3awmnTbl / Habop x / U-3awy_/ U 012[n]] «U 2>» MOXHO
KOMBUHUPOBaTb C AOMNOJIHUTESIbHLIM MPOLLEeHTHBIM KputepueM «%(UB/UA)»
(obbeonHeHMe nornyeckom yHkunen «M») ona npenoTepalleHns ownbo4yHoro

OTKJIIOHEHUNA B C/1yHae HEQOCTATOYHOIo HanpsaxeHmsa B cucremMme MONOXKUTENbHON
nocnenoBaTesIbHOCTN.

ANSI 47 — KOHTpOJ/Ib (ha30BOH CUCTEMbI OTpULATEJILHOMU MOC/1IeA0BaTe/IbHOCTH
STOT BapuaHT NMPUMeEHEeHNs HacTpanBaeTca cienyowmm obpasom:

e [MnaHnp_ycTtp_ 1 »U 012 . Pex.« = «U 2>»
BapuaHThl:

e [Napam_3awmnThl / Habop 1...4 / U-3aw_/ U 012[x]] «%(UB/UA)» = HacTponka ans
onpeneneHns HeCUMMETPUN TOKOB, Bbipa>KEHHas B MPOLIEHTaX.

Monaynb BbINOJIHAET OTKJIIOYEHUe, eC/in NpeBbllleHa ycTaBka «U 2>» N

KO3 pULUMEHT ha30BOro HaNPs>XEHNSA NOJIOXKUTESIbHON NOCNef0oBaTeNbHOCTU «%
(UB/UA)» (N0 UcTe4eHnn BpeMeHN 3a8epXKU «t»).

ANSI 59U1 — noBbiLLeHHOe HanpsikeHne B (pa30BON CUCTEMe MOJIOKUTEe/IbHON
nocsnepnoBaresIbHOCTH

oT0T BapMaHT NpnMMeHeHnAa HaCTpaunBaeTCAa csieayrounm 06pa30M:

e [MnanHup_yctp_ ] «U 012 . Pex.» = «U 1>»

ANSI 27U1 — noHn>XeHHoe Halnpsa>eHue B (hpa30BON CUCTEME NOJIOXKNUTEJIbHOHN
nocsnenoBaTesIbHOCTH

3TOT BapuaHT NMpUMeHeHNs HacTpanBaeTCcsa cieayolmm obpasom:

e [MnaHup_yctp ] «U 012 . Pex.« = «U 1<»

DYHKLNOHAJIbHbI€ BO3SMOXHOCTH
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U 012[1]...[n]

4 SneMeHTbl 3alUnThbl

4.18 V 012 — HecnmmeTpusa HanpsxeHnn [47]

NPSU Y01

U012 = U 012[1]...[n]

uo12.
N3mep. cxem KOHTP.

HeakT_

CM_ avarpammy: Biok-ku

i
|

@ (CTyneHb He OTKJ/Ilo4eHa 1 HET aKTUBHbIX CUFHanoB 6/10KMPOBKN)

0]
UA MnaHunp_ycTp_
nno Uo012.
UB Pex.
PUNbTP U1<
uc Ul>
U2>
]
- ———————— QU |
| =~
I—A—-I-L—JZ ——————— @] I :
[ B
|
YYYY
(0]
[ voiz.
i Uil>
i Uo012. U 012
| Uil< U2>
1
; o I
1
i 0]
1
1
L ono i
! uo012.
- pnneTp L4 | %(UB/UA)
i}

U012 = U 012[1]...[n]

uo12.
%(UB/UA)

aKT_

HeakT_

CM_ gnarpammy:

U 012 . TpeB_ O
14

U 012 . OTkn
15

Q BJIOKMp_ OTKA
KomaHAa oTKJIlo4eHns oTMeHeHa unu 610kmMposaHa.

Puc. 95: MpuHuun pabotel Mmoaynsa «U 012 ».

4.18.1

nocinenoBaTeJsZibHOCTM

TecTupyemsbii 06 bEKT

U 012 . KomOTKA
15a

BBopg B 3KCMJlyaTauMio: 3aLiuTa No Hanps>keHuio obpaTHOM

MpoBepKa 3/1EMEHTOB 3aLMTbl MO HaMpPs>XXeHUto 06paTHOM NoC/ief0BaATENLHOCTH
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4 neMeHTbl 3almnThbl

4.18 V 012 — HecummeTpusa HanpsxeHnn [47]

374

Heobxoaunmeie cpeacTsa
* VICTOYHUK Tpexda3HOro nepeMeHHOro Toka
* Tanmep g5 n3MepeHns BPpeEMEHN OTKJII0YEHUS
* BonbT™meTp
lpoBepka 3Ha4YeHUVi OTK/o4YEeHUA (npumep)
YCTaHOBUTE U3MEPEHHYIO BEJIMYMNHY Hanps>XKeHnsa oTpuLaTesibHON NocenoBaTeIbHOCTHU
yepenoBaHua a3 TaknuM obpasoM, 4Tobbl oHa bbina paBHa 0,5 Vn. YcTaHoBUTE

3a0epXXKy OTKJo4eHNs 1 C.

Onsa reHepnpoBaHUs HanNpPs>XeHUs € oTpuuaTeNbHOM NociefoBaTes/IbHOCTbIO
YyepenoBaHMA a3 NoMeHANTe MecTaMn NPOBOAHUKN (ha3 UB 1 Uc.

lMpoBepbTe 3a4EPXKKY OTKJIIOYEHUS

3anycTuTe TarMep 1 pe3kKo N3MeHuTe (BKIYNTE) Hanps>XeHne, cocTasadawwee 1,5 ot
3HaYEHUA OTKOYEHUSA. VI3MepbTe 3a4ep)KKy OTKIIIOYEHUS.

Pe3ynbTaT ycrneLiHov npoBepku
N3MepeHHble YCTaBKMUN 3a4ePXXKW OTKJIIOYEHUSA LOJIKHbI COOTBETCTBOBATh AAHHbIM,

YKa3aHHbIM B CMNCKe HacTpoek. [lonyCTuMble OTKSIOHEHUA U OO0MYCKN yKa3aHbl B
TEXHNYECKUX OaHHbIX.
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4 IneMeHTbI 3alnThbl

4.19 CnHX — npoBepKa CUHXPOHM3aLmn [25]

4.19 CuHX — npoBepKa CUHXpoHu3auum [25]

DYHKLMIO MPOBEPKM CUHXPOHM3ALUN MOXHO 060ATK C MOMOLLbIO BHELLHMX NCTOYHMKOB.
B 3ToM cnyyae nepepn 3aMblKaHMEM BbIK/OYATENS CUHXPOHM3aLMIO AO/KHBI 06ecneynTb
npoYnMe CUHXPOHU3NPYOLLME CUCTEMBI!

lMepBble TP N3MEPUTESIbHbIX BXOAa MaaTbl nU3MepeHusa Hanps>xeHus (VL1/VL1-L2, VL2/
VL2-L3, VL3/VL3-L1) Ha3BaHbl/0OTMeY€eHbI B 3JIeMeHTe MPOBEPKN CUHXPOHU3ALUN KaK
HaNpPS>XXeHUSA WKHbI (3TO TakXXe OTHOCUTCA K YCTPOMCTBaM, obecnevymBaroLLnM 3aLLUnTy
reHepaTtopa). HeTBepPThIN N3MEPUTESIbHbLIN BXO4, MaaTbl n3MepeHusa Hanps>xeHns (VX)
Ha3BaH /OTMeYeH KaK JIMHENHOE Hanps>XeHne (3TO TakXXe OTHOCUTCS K YCTPOMCTBaM,
obecneynBaloLMM 3alWMTy reHepaTopa). B meHto [MapameTpsl 30HbI/lTepenaya
Hanps>xeHunsA/U cCMHX] HYy>KHO 3adaTb, C Kakon ha3om ByneT CpaBHMBATLCA YETBEPTLIN
N3MEPUTESIbHbIN BXOA,.

MNMpoBepKka CUHXPOHU3MaA

PyHKUNSA «CUHX» NpefHa3HavYeHa AJ1S BapMaHTOB NPMMEHEHUs, rae AMHUS umeeT
OBYXCTOPOHHME NCTOYHUKN NUTaHMS. DYHKLMNA MPOBEPKN CUHXPOHU3ALLIUK NO3BOISET
NPOBEPSTb BENIMYNHY HAMPsSHXKEHWs, pasHULY Yr10B U 4acTOT (YaCTOTY CKOJIb)XXEHMs)
MexXay LWWUHOM N NuHnen. Ecnn dyHKUMS NPOBEPKM HaNpsXKeHUs BKJIlOYEHa, OHa
No3BOJISET CIeAnTb 3a ornepaumeint 3amMmblKaHUs BPYYHYI0, aBTOMATUYECKN U U Tak, U
TakK 04HOBPEMEHHO. 3Ta PYHKUNSA MOXKET BblTb OTMEHEHa onpeneneHHbIMK YCI0BUSIMUA
3KCnAyaTaumMm NMHUER LWNHBLI U MOXXET BbiTb 06oiaeHa C MOMOLLbIO BHELLHEro
NCTOYHUKA.

Pa3HocTb norteHuunanos AV

lMepBbIM ycsioBUeM N4 NapasiielbHOro BKJIKOYEHUSA OBYX 3JIEKTPUYECKUX CUCTEM
ABJIAETCA TO, YTO NX BEKTOPbI HAaNpPs>XeHns MMelT OAVNHAKOBYIO BEJINYMHY. DTO MOXeT
KOHTPOIMPOBaTbLCA C MOMOLLbIO reHepaTopa AVR.

I

[

(o] .
SynchronCheck_z01

Pa3HoCTb YacToT (YacToTa cKoJsib)XXeHusa) AF
BTopbIiM ycnoBneM rnapaasesisHOro CoOeUHeHNs ABYX 3NeKTPUYECKUX CUCTEM aBnseTcs

NPUBAN3NTENBHO OAMHAKOBAsA BEJIMYMHA UX YACTOT. DTO MOXET KOHTPOIMPOBATLCA C
MOMOLLIbIO PerynsiTopa CKOPoCTW reHepaTopa.
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4 neMeHTbl 3alnThbl
4.19 CMHX — npoBepKa CUHXPOHM3auun [25]

LLIH UA NnHuna UA

SynchronCheck_Z02

Ecnn yacToTa reHepaTopa fBus He paBHa YacToTe ceTu fLine, Mexxay 4acToTamMun AByX
cUcTeM NMeeT MeCTO 4YacToTa CKonbXeHus AF, pasHas |fBus — fLine|.

. j—
st ﬂU | | ﬂu ﬂU nU
—
Puc. 96: KpuBas HaripsixxeHus.
B(t) JInHunsa
B(t) lWnHa
B(t)

AB(t)

t— Ei

Puc. 97: KpuBas HaripsiXxeHus C yBeJINYeHHbIM pa3peLleHUeM.
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4 SneMeHTbI 3alnThbl

4.19 CuHX — npoBepKa CUHXPOHM3aumn [25]
YrnoBsas pa3sHOCTb, MJIN Pa3sHOCTb ¢pas

Jaxke ecnn 4acToTbl 06eMx CUCTEM SBNISIOTCA COBEPLUEHHO MOAEHTUYHBIMU, KaK NPaBuo,
NPUCYTCTBYET pPa3HuMLA Yr/I0OB BEKTOPOB HaMps>XeHus.

LLIH UA NnHna UA

SynchronCheck_Z05

B MOMEHT CMHXPOHM3aLUNK, pa3HuLa YrioB ABYX CUCTEM A0JIKHA O6biTb 6/IN3KONM K HY IO,
MOCKOJIbKY, B MPOTUBHOM CJly4ae NMPOUCXOAAT HeXXenaTesibHble NPOopPbIBbl HArpy3Ku.
TeopeTnyecku yrjiosas pasHuLa MOXKeT BbiTb CBeAeHa K HYJII0 C MOMOLLbIO Moaayn
KOPOTKUX MMMYJIbCOB perynsatopamMm ckopocTu. MNMpu napanaesbHOM coeanHEHUN
reHepaTOpPOB C CETbIO CUHXPOHM3aLNA TpebyeTcs Kak MOXKHO CKopee, N03TOoMY 06bI4HO
nonyckaeTcst HebonblUas pasHMLA YacToT. B Takux ciydasx yrioBas pa3HOCTb He
MOCTOSAHHA, HO N3MEHSAETCH C 4YaCTOTOW CKoNb>XeHusa AF.

Yu4nTbiBas BpeMs 3aMblKaHUSA BbIKJ1l0YaTeNs, BbIBO BbiNyCKatloLWero nMmnynbca
3aMblKaHNA MOXHO PaCCHYNTaTb TaKNM o6pa30M, 4TOObl 3aMblKaHMeE BbIK/OYaTENSA
nponcxoanno TO4YHO B TO BpeMsA, KOorga obe cucTtembl HaxoaATCS B yFﬂOBOIZ
CornaCoBaHHOCTMW.

B OCHOBHOM MpUMeEHSATCS criefylowme npasuia:

B cnyyanx, korga 3aencTBoBaHbl 60/blUME MAacChl BPaLLEHUS, pa3HMLUA YacToT
(CKOMIbXXeHMe YacToThl) ABYX CUCTEM A0/KHA BbITb 6/1M3Ka K HYJ1t0 B CBSI3W C OYEHb
BbICOKMMU NMPOPbIBAMU HArpy3kKn B MOMEHT 3aMblKaHWS BblkJloYaTeNs. MNpu MeHbLUIMX
MaccCax BpalleHns pa3HMLA YacToT MeXxay CUCTeMaMM MOXET ObiTb BbILLE.

DTy NPOBEPKY CUHXPOHM3ALUN HEBO3MOXKHO NCMO/Ib30BaTb AJ1 ABYX HaMpPSXKEHUN,
KOTOpble CABUHYTbI Ha (OUKCUPOBAHHbIN Yros (HanpuMep, 13-3a TOro, YTO OHM
N3MepPSTCA Ha ABYX CTOpoHax 6J104HOrO TpaHcdopMaTopa reHepaTopa).

Pe>XuMbli CHUHXPOHHU3aUNUN

Monynb MPOBEPKN CUHXPOHMU3ALIMK CNocobeH NpoBEPUTb CUHXPOHU3ALMIO ABYX
3/IEKTPUYECKMX CUCTEM (MEXAY CUCTEMAaMMN) NN MEXIY FreHEPaTOPOM U 3NEeKTPUYECKON
cuctemon. ns napasnesnbHOro CoeAVHeHNs ABYX 3JIEKTPUYECKUX CUCTEM HYacToTa,
Hanps>XeHne N pa3oBbIi Yroa CTaHLUMN O0/HKHbI MOJIHOCTbIO COBMaAaTh CO 3HAYEHUSMN
anekTpoceTu. Mpr CUHXPOHW3ALMN FreHepaTopa C CUCTEMOWN AoMyCcKaeTcs onpenesieHHas
4acToTa CKOJIbXXEHUS B 3aBUCMMOCTM OT pa3Mepa UCMNosib3yeMoro reHepaTopa. lNostomy
HY>KHO Y4YMTbIBaTb MakCMMalbHOE BPEMS 3aMblKaHUS BblkJtovyaTens. MNpu 3agaHHOM
BPEMEHU 3aMblKaHUs MOAYJlb MPOBEPKN CUHXPOHM3ALUN MOXKET PacciMTaTb MOMEHT
CUHXPOHU3ALMN U OCYLLLIECTBUTL NapasiyieslbHoe BbICBOOOX AeHe.
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4 3nemMeHTbl 3aMnThI

4.19 CMHX — npoBepKa CUHXPOHM3aunn [25]

lMpn napannesbHOM COeAUHEHNN OBYX CUCTEM Heobxoaumo yﬁe,ﬂ,I/ITbCﬂ, 4TO Bbl6paH
peXXuUM CUHXPOHMU3aLUK MexXxay cncteMamu. MNMapannenbHoe coeguHeHue ABYX CNCTEM B

peXxnMe CMHXPOHM3ALMN FeHepaTopa C CUCTEMON MOXKET NMPUBECTU K CEPbE3HOMY
nospexaeHuto!

MpuHunn pabotbl MOOYNsA NPOBEPKNU CUHXPOHU3ALUMNN (Me>XXQY reHepaTopoM U
CUCTEeMOMH)

CHHX

SynchronCheck Y01

Pex cuHx = lNeHepaTop-CncT

Instanz_Feldparameter_k

AL
®

HL
®

AN
®

TH .
TH coepn
JINH. Hanpsax.
®da3H Hanp
CUHX .
LWH UA o MUWH Hanp aKT WuHa
LU+ UAB ° o o ?|
L+ UB J
----------- O~y
LLH UBC ~O--1-4 e
___________ o Makc Hanp HeakT Lwu1Ha
— TL ?|
t-Hanp Heak 0
wwuc o Jin
LH UCA o T J
----------- O
CuHX .
MWH Hanp akT AMHUA
_Tmkns ¥X
CuHX .
Makc Hanp HeakT nMHUA
_D— t-Hanp Heak 0
b
CUHX .
0O6xop ®H

HeakT_

aKT_

CuHx . O6xoa-Bx

HN
®

CuHX .
Pex cuHx

FeHepaTop-CucT

Cuct-Cuct

CuHx . Uiy 3am PLU-Bx

T

| PLI=pa3oMKHyT

t-Makc cuHx KoHTp 0

—

@

CUHX . AKT. TaliM. BbIM. CUHXP.

CuHX . C60 CUHXPOH

Puc. 98: MpuHunn paboTel Moayst «CuHx», «FeHepaTop-CucT».

HacTtponka: [Mapam_ 3awmTel / Habop x / BHyTp_coep-3awy / CuHx / Pexxum / nHTepBanbl]
«Pex cuHx» = «[eHepaTop-CuUCT»

DieMeHT MPOoBEepPKM CUHXPOHU3aUNN N3MepseT TpU pasHbIX HanpsKeHna «VL1», «VL2» u
«VL3» nnm Tpn ANHENHbIX Hanps»xeHnsa «VL1-L2», «VL2-L3» n «VL3-L1» wunHebl
reHepaTtopa. Hanps>xeHue nnHumM Ux nsmepseTcs C MoMoLLbio YeTBepToro Bxoaa
Hanps>XeHns. ECNn BbINOSHAKOTCA BCE YC/I0BUA CUHXPOHU3auum (Hanpumep, AU [pa3Huua
Hanps>xeHnn], AF [HacToTa ckonb>xeHuns]l, n Ag [yrnosas pasHuual HaxooaTcsa B

378

MCDTV4

MCDTV4-3.6-RU-MAN




4 IneMeHTbI 3alnThbl

4.19 CnHX — npoBepKa CUHXPOHM3aumn [25]

A0oNnyCTUMbIX npep,enax), 6y,u,eT rnoAaH curHan, 4to obe cUCTeMBI CUHXPOHHbI. DyHKLUA
pPaclLnpeHHOro aHalnsa yrJjia 3aMblKaHNA YHUTbIBAET BpeMA 3aMblKaHWA BblIK/1KO4YaTE 1A,

MpuHunn pa60TbI MoA4yJiA NPOBEePKN CUHXPOHU3aLUNN (Me)K,qy cucremamm)

CHHX

SynchronCheck_Y02

Pexx cnHx = Cuct-Cnct

CM_ avarpammy: Bnok-ku

@ (CTyneHb He OTK/I04YEHa 1 HET aKTUBHbIX CUrHaN0B 610KMPOBKM)

CUHX . 3aMblK FOTOBO

| Ext. Blocked |
CuHX .
ALLIAN
HeakT_
aKT_ &
=1
®
CuHX .
HLUAN
CuHx . CMHXN nepeonpep,
HeaKT_
aKT. &
®
®
CUHX .
HLUHN -
HeaKT_ &
aKT_ I
® :
CUHX . AKTUB. LUNHA
[&]
CuHX . —
Makc pa3H Hanp — & CuHXx . Mpesbiw pa3HU
Pa3HuUa Hanps>XeHUn: NMHUSA-WNFS —[L 1 |C
. EC CurHX . MpeBbIW CKIK
CuHX . —
Makc 4acT CKOoMIbX — &
PasHuUa Hanps>KeHUit: NMHUS-LWNFS —[L
L &
o EC CuHx . MpeBbIWw yrna pasH
Makc yrn pasH L |
PasHUUa HanpsXKeHNA: NMHUS-IUMFE —D_ ?l Cukx . CUC-CUHXPOH
&

t-Makc BbIA 3aMbIk PL

t

PacLUVpeHHbI KaNlbKyIAToOp yria 3aMblkaHus

PLI=pa3oMKHyT I

CuHX .
PeXx cuHx

Cuct-Cuct

FeHepaTop-Cuct

Gl

Puc. 99: MpuHunn pabotbl Mmoaysas «CUHX», «CUCcT-CUCT».

HacTponka: [Mapam_ 3awmTel / Habop x / BHyTp_coepn-3awy / CuHx / Pexxum / nHTepsanb]
«Pex cuHXx» = «Cnuct-Cncr»
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4 DneMeHTbl 3aWnThI
4.19 CMHX — npoBepKa CUHXPOHM3aunn [25]

OYHKUNS MPOBEPKM CUHXPOHM3ALNN ABYX CUCTEM aHaNOrmyHa QyHKLMN NPOBEPKUN
CUHXPOHM3ALUUN MeXOy reHepaTopoOM U CUCTEMOWN, 3@ UCKJIIOYEHNEM TOr0, YTO HET
HeobXx04NMOCTUN Y4YNThLIBAaTb BPEMS 3aMblKaHNSA BbIKJlOYATENSA. DNIEMEHT MPOBEPKU
CUHXPOHM3aUUN n3MepseT TpU asHbiX HaNpsKeHnsa «VL1», «VL2» n «VL3» nam Tpu
JIMHENHbIX HanpsxeHns «VL1-L2», «VL2-L3» n «VL3-L1» WwunHbl reHepaTopa.
Hanps>xeHne nuHmnm Ux namepsaeTcsa C NoMOLLbio YeTBEPTOro BXoda HanpsXeHus. Ecnn
BbIMOJIHAOTCS BCE YCNI0BUA CUHXPOHU3auun (Hanpumep, AU [pa3sHunua Hanps>keHuin], AF
[4yacToTa ckonb>xeHuAl, n A [yrnoesas pasHuual HaxoaAaTCsa B 4ONYCTUMbIX npeaenax),
6yneT nodaH curHan, 4to obe CUCTEMbI CUHXPOHHBI.

Ycnosnsa nepeonpeneseHnss NIpoBepKU CUHXPOHU3aLIUN

Cnep,ytou_u/le ycnoBusa, ecJqin BK/ItoO4HeHbl, MOTYT nepeonpenenaTtb q)yHKLI,VIlO MPOBEPKN
CUHXPOHN3auunn.

e ALLIHN = aKTUBHas WMHa — HEaAaKTUBHAS INHNSA
e HLWAJT = HeaKTMBHas WUNMHA — aKTUBHASA IMHUSA
e HUWHJ1 = HeaKTUBHAA WUMHA — HEAKTUBHASA INHUSA

Takxe PyHKUMIO MPOBEPKM CUHXPOHM3ALUN MOXHO 060ATY C MOMOLLbIO BHELLHMX
NCTOYHUKOB.

Mpu nepeonpeneneHnn nnm obxone yHKLUN NPOBEPKN CUHXPOHU3aLMK Nepes
3aMblKaHMEM BblK/Il0YaTENS CUHXPOHM3aLMIO A0KHbBI 06ecneynTb Npoyune
CYHXPOHM3MpPYIOLLNE CUCTEMBI!
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4.20

4 IneMeHTbI 3alUnThbl

4.20 Q->&U< — PeaKTuBHas MOLLHOCTb/3allMTa OT MOHUXEHHOr0 Hanpsa>XeHus

Q->&U< — PeaKTUBHasA MOLLHOCTb/3aLLMTa OT MNOHU)KEHHOro
Hanpa>xeHusn

KonnyecTBo pacnpeaeneHHbix sHepropecypcoB (P3) NOCTOAHHO pacTeT. B To e Bpems
CoKpaw,aeTcs KOHTPOAMPYEMbI 3arnac MOLWHOCTU KPYMNHbIX 3N1eKTPOCTaHUNNA,

MosToMy TpeboBaHUS N HOPMbl 3JIEKTPOCETEBLIX CTAaHAAPTOB NPeayCcMaTpmMBaloT, YTO
napanfesnbHble 3/1IeKTPOCTaHLUMWN pacrnpenesieHHON SHeprnm, cocTosalme n3 ogHon nnn
HEeCKOJIbKNX FreHepaToOPHbIX YCTAaHOBOK, MoAaloWmnx NMTaHNE B CETb CPeOHEro nnmn
BbICOKOIO HaNpPs>XeHUs, AOJKHbI NOAAEPXMBATb HAMNPSXXEHNE MArncTpanm B ciyvyae
cbos.

B cnyvae cb6osa Hanps>KeHne pAAOM C TOYKON KOPOTKOIro 3aMblKaHMs NagaeT no4YTu 4o
Hynsa. Bokpyr To4kmn cb6osa obpasyeTtcsd o6n1acTb M3MeHEHUS NoTeHUMana,
pacrnpocTpaHeHne KoTopon MoXeT BbITb OrpaHMYeHO NyTEM Mo4ayn peakTUBHOMN
MOLLHOCTW B CeTb. 3alinTa oT ceTeBbix cboeB (NageHnsa HanpsxeHns) Q->&U<
npefoTBpallaeT pacnpocTpaHeHne 061acTu n3MeHeHns noTeHurana B cny4yae
nocaenyouwero NoJy4eHnsa peakTUBHON MOLLHOCTW OT CeTW.

JaHHbIN 3aWNTHBLIA MOAYJb NpedHa3Ha4vYeH He A1 3aWnTbl CAaMON CUCTEMBI
MpPon3BOACTBa SHepPruun, a 6onblue gns oTCoOeANHEHNS CUCTEMbI MPON3BOACTBA SHEPIUN
OT 3/1IEKTPOMArncTpanim, Korga oHa notpebnsaet peakTUBHbLIA TOK N3 MarncTpanm B
c/lydae nageHunsa Harnps>KeHnsa HUXXKe onpefeneHHoro ypoBHs. aHHbIA 3alUNTHbIN
MoAayJb NMpefAHa3HayYeH OJ15 3alnTbl CUCTEM, PACMOJIOXKEHHbIX BbilLE B LIEMN.

3awmnTHbIN Moaynb Q->&U< peasin3oBaH Kak aBTOHOMHbIN 3alUUTHbBIN 3N1eMeHT
COrjlacHo cieagyowmm HopMmaTueam gnsa FrepmanHmu:

* VDE-AR-N 4110 Anwendungsregel: 2018-11: ,Technische Regeln fiir den Anschluss
von Kundenanlagen an das Mittelspannungsnetz und deren Betrieb (TAR
Mittelspannung)“

e VDE-AR-N 4120 Anwendungsregel: 2018-11: ,Technische Regeln flr den Anschluss
von Kundenanlagen an das Hochspannungsnetz und deren Betrieb (TAR
Hochspannung)“

(PekomeHpaumu c™m. B pasgene > «Moaynb NOBTOPHOIO BKJIKOYEHUSA».)
O6LKnpHbIE BO3MOXXHOCTN HAaCTPOMKN N KOH(PUTYPUPOBAHUSA AAaHHOMO 3aLUMTHOrO
3/IeMeHTa Mo3BOJIAIT afanTUpoBaTh MOAKIIOYEHHbIE UCTOYHUKU SHEPrUX K Pa3/INYHbIM
YCJIOBUSAM CETW.
Ons npaBuibHOro QyHKLUNOHNPOBaHUSA OaHHOMO 3aWUTHOrO MOOYS HY>XKHO:

¢ HacTpouTb napameTpbl B 06X HAaCTpOMKax.

® BblﬁpaTb M 3agaTb cnocob oTcoeanHeHns oT MarucTtpanu.

¢ HacTpouTb MOBTOPHOE MOACOEAMNHEHNE K YCTPONCTBY NPON3BOACTBA SHEPTrUM (CM.
pa3nen «[NOBTOPHOE BKJIKOYEHUE ).

Ob6Lwne HacTPouKm

Onsa kaxxgoro Habopa napameTpos [Mapam_ 3awmnThl / Habop 1...4 / BHyTp _coepn-3aw / Q-
>&U< / O6Luime HaCTPONKMN] MOXKHO YCTaHOBUTb 00LLMe HAaCTPOMKN.

34eCb MOXKHO BKJIIOYUTb WJIN BbIKJIIOYUTL BCE PYHKLNN LAaHHOIO 3aLMTHOrO 3J1eMeHTa.

MyTeM akTUBaUMN KOHTPOJIS TPAHCHOPMATOPa HaNpPsXKEHUsI MOXKHO NpeaoTBPaTUTb
HEeNCnpPaBHOCTb AAHHOI0 3alWMTHOro MoAYys.
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HanpaBneHune oTK/NI04Y€HNUsA 3aLlMTHOro Mmogyna QV
OnpepgeneHus

» CcTeMa CTPesiok NoToKa Harpysku = notpebneHHble akTUBHAS N peakTMBHasN
MOLLHOCTb CYUTAOTCS NONIOXKUTENbHLIMUY (boNbLLE HYNS).

e CucTeMa CTpesiok pacrnpenesnieHns reHepaTopa = reHepupyemMast MOLLHOCTb
CYMTaEeTCH MoNoXuTensHon (bonblie Hyns).

C nomoLbio NapaMeTpa NMoJIOXKUTENBHOIO NN OTPULLATEIbHOr0 HanpaBJ/ieHNUS
OTKJIIOYEHNS MOLLHOCTU MOXXHO M3MEHUTb 3HAK PeaKTMBHOM MOLLHOCTU B MOAYJie
3aWwmnTbl QV Ha NPOTUBOMONOXHbIN.

N9 3alUTHBIX YCTPOWCTB, KOTOPblE UCMO/b3YIOT CTPEsIKM NOoToKa Harpysku (cm. =>
«1.1.2 OnopHas cucTtema CTPESIOK Harpy3ku»), Hy>KHO 3agaTb 4S9 NapameTpa «Hanp.
OTKJIOYEHUSI MOLLHOCTU» 3HAYEHNE «NONOXNTENIbHOE». [1N15 3alUUTHbLIX YCTPONCTB,
KOoTopble paboTaloT Ha OCHOBE CUCTEMbI CTPEJIOK pacnpeneneHns reHepaTtopa (T. e.
YCTPONCTBa 3allUThbl FeHepaTopa), napamMeTpy «Harp. OTK/I0HYEHNS MOLLHOCTH» HYXKHO
MPUCBONTb 3Ha4YeHne «oTpuyaTenbHoe». a8 yCTPONCTB 3alunTbl reHepaTopa MOXHO
HaCTPOUTb CUCTEMY CTPEJIOK MOTOKa Harpy3km B moayne 3awnTbl QV (TosnbKOo). 3T0
O3Ha4aeT, 4YTOo 3a npeaenamm 3aWmTHOro moaynsa QV apyrme CUCTeEMbl U3MEPEHMNS
MOLLHOCTU U 3aluMTa MOLWHOCTM He NOABEPraloTCsa BANSHUIO.

Hanp. OTK. MO MOLWWHOCTH Hanp. OTK. MO MOLLHOCTH
NMOJIOKMT. oTpuMuart.
CeTb CeTb
\)( \)(
—C +—C©
o o

T
® ©
© ©

Puc. 100: HaripaBsieHue oTK/1t04eHUs1 QV-3aLlUnThl.

HacTtpoiika napaMeTpoB oTCOe AMHEHUS OT MarucTpasim

B uensax nogaep>XkKu rnpu ANHaMUYECKOM CHUXEHUWN (MageHnn) Hanps»KeHns
BCencTeue cbos afieKTpoceTeBble CTaHAapThl BadesbLeB CUCTEM Nepenayn
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4.20 Q->&U< — PeaKTuBHas MOLLHOCTb/3allMTa OT MOHUXEHHOr0 Hanpsa>XeHus

3NEeKTPO3Heprum TpebyloT NnepeBoda NOAKIOYEHHbLIX SHEPrOPECYPCOB B Ceaytowme
paboune pexxnMbl MNP BOSHUKHOBEHUW B 31IEKTPOCETU NMpobnemM (KpaTKOBPEMEHHbIX
nageHnin Hanps>xeHus).

lMocrne cbos B ceTn ycTponicTBO QV-3aLnTbl OTC/IEXXNBAET COCTOSHMNE CETH.
SHepropecypchl, 0OTpULATE/IbHO BJNAIOLLNE Ha BOCCTaHOBJ/IEHNE CUCTEMbI 3a CHET
notpebaeHns NHAYKTUBHOW PeaKTUBHOM MOLHOCTU, AO/IKHbI ObITb OTK/IIOYEHbI OT CETU
L0 NCTEYEHUS1 CPOKa AEVICTBUSA TariMepOB YCTPOVCTB CETEBOM 3aLLNThI.

To eCTb UCTOYHUK 3HEPrum By eT OTKKYEH OT ceTu Yyepe3 0,5 ceKyHabl yCTPOWNCTBOM
QV-3aLnNTbl, €C/IN 3HAYEHNS BCEX TPEX MEXha3HbIX HaNpsxeHu B obLer Touke
npucoeanHeHns Uerievi coctaBaT meHee 0,85 Un (norn4eckoe coeanHeHne Y) n eciv B
3TO )K€ BPEMS UCTOYHUK IHEPIrun byneT noTpebisite MHAYKTUBHYO PEAKTUBHY O
mowyHocTb ceTu. (VDE AR 4120).

OLeHMBaEeTCs peakTUBHAsA MOLHOCTb (Pa30BON CUCTEMbI MOJIOXKNTENbHOWN
nocnegoBaTesibHOCTU (Q1).

KOHTpOJ’Ib Halnpsa>xeHnsa perncTtpupyeT ToJIbKO JINHENHoe Haripsa>xeHue.

DTO0 NO3BOJISIET NPEAOTBPATUTb BO3AENCTBME Ha N3MEPEHME CMELLEHNS TOYKN HENTpan
B KOMMEHCMPOBAHHbIX 3/IEKTPOCETAX.

B meHto [Mapam_ 3awmnThbl / Habop 1...4 / BHyTp_coep-3aw, / Q->&U< / Pa3Bsizkal MOXXHO
HaCTPOUTb NapaMeTpbl OTCOEANHEHNSA OT MarncTpasiu.

MoTpebHOCTL B peaKTUBHOW MOLLHOCTU OT CETU MOXXHO OMPenEennTb ABYMSA pa3INYHbIMU
cnocobamu. Mo3ToMy CHavafla HY>XHO BbiIbpaTb MeTOA OTCOeAUHEHUSA MarncTpann «QV-
mMeTon» Co cnepynwmmmn napamMmeTpamu:

e «KoHTpoOAab yrna mowHocTu» (Meton 1);

* «KOHTp_ 4UCT_peak_ Mol » (MeTon 2).

Q1
S

CeTb < CeTb —_)

0,5 —

G)-MouTC_\[)/—}"D'MOU-l

Jf
o

o
o
ol 2
QU_z02

11 MuH QV

Puc. 101: MeToq 1: KOHTPOJIb Yrja MOLHOCTMU.
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Q1
S

CeTb < CeTb —_)

0,5 —

Q MuH QV

0,5

o
[

QU_z03

o]

Puc. 102: MeTo4 2: KOHTPOJIb YNCTOU PEAKTUBHON MOLLHOCTH.

Q MuH QV Myck ONns peakTUBHOW MOLLHOCTU (CUCTeMa NOoN0XKUTENbHON NocaenoBaTeIbHOCTU ha3)

KOHTpPO/Ib MMHMMaNbHOIo ToKa (I1) B pa30BOW cMCTEME NONOXKUTESIbHON
rnocsienoBaTeNbHOCTU NpeaoTBpallaeT runepdyHKLNI0 KOHTPOJIS PEAKTUBHOM
MOLLIHOCTW NPU HU3KNX YPOBHAX MOLLHOCTMW.
[ONns KOHTPONS yrjla MOWHOCTM BCerga akTUBEH KOHTPOJIb MUHUMAJIbHOIO ToKa. s
KOHTPONS YACTOW peaKTUBHOW MOLLHOCTN KOHTPOJIb MUHUMAJIbHOIO TOKa SBNSEeTCA
BbIGOPOYHbLIM.
Mpn NCNONb30BaHNN KOHTPOA YACTOW peakKTUBHOM MOLLHOCTHY (MeTop 1):

e 3aganTe yros MOWHOCTU «P-MOLL».

* BbibepuTe noaxoasiiee 3Ha4YeHNE MUHUMAJIbHOIo ToKa «/1 MuH QV» nns
npeaoTBpPaLLEHNSA OLLIMOOYHbLIX OTKITIOYEHWA.

Mpn NCNO0b30BaHNN KOHTPOA YACTOW peakKTUBHOM MOLLHOCTK (MeTop 2):
e 3afanTe yCTaBKYy PEaKTUBHOW MOLLHOCTUN «Q MuH QV»,

¢ Bbi6OpOY4YHO 3afaniTe NOAXOAAWMNA MUHUMAIbHBIN TOK «I1 MuH QV» ans
npenoTBpaLLEHNS OLLINOOYHBLIX OTKJIIOYEHWNIA.

[ocTynHo ABa 3neMeHTa Tanmepa: «t1-QV» n «t2-QV». Oba anemeHTa Talimepa 6yayT

3anylleHbl Npu cpabaTbiBaHUM Moaynsa Q->&U<. OQHAKO COrJlaCHO TEKYLLUM
HopMaTuBaM ceTun TpebyeTcsa TONIbKO OAMH 3Tan OTCOeANHEHNS MarncTpanu.
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4.20 Q->&U< — PeaKTuBHas MOLLHOCTb/3allMTa OT MOHUXXEHHOr0 Hanpsa>XeHus

QU_Y02

@ Cm_ anarpammy: bnok-ku Q->&U< (QU_Y01)

Q->&U< . Yron mowy

Q->&U< . YcT peakT mouy,

Q->&U<.
t1-Qv Q->&U< .
Pa3Bsi3ka pacrnpep. reHepar.
Q->&U< . Tpes

Q->&U< .

t2-QV
Q->&U< . Pa3Bsaska OTIN
-—

Q->&U< . UM Hep

Q->&U<.
®-mou
d-mouy
___________ g i?‘
I_,
Q->&U< .
QV-meTon
KOHTpOSb yrna MowWHOCTHN
KOHTp_ 41CT_ peak_ MoL_ & ]
L
Q->&U< .
Hanp. oTK. Mo MoLHOCTH
MoNOXKUT.
oTpuuar.
Q1 | T
————t———0lY | Q->&U< .
| \\\ | YCT peakT Mol
Lnier g o ~—l_. =
[T
Q->&U<.
UM< QV
UAB
——————————— s &
UBC _I
——————————— il
UCA
___________ T B
Q->&U< .
11 pasbven_
HeakT_ =1
aKT_
Q->&U<.
11 MnH QV
11
——————————— il
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4.21 MoayJib MOBTOPHOIO BKJIOYEHUSA

4.21

Mopaynb NOBTOPHOroO BKJIIOYEHUA

®DYHKUNSA NOBTOPHOI0 NOAKJ/IIOYEHWSA MOC/e OTCOeANHEHUS OT MarnucTpan oCHoBaHa Ha
cnenyLlmnx HopMaTueax ana FepmaHun:

» Technische Anschlussregeln fur die Hochspannung (VDE-AR-N 4120)

* Technische Richtlinie ,,Erzeugungsanlagen am Mittelspannungsnetz”, Richtlinie fir
Anschluss und Parallelbetrieb von Erzeugungsanlagen am Mittelspannungsnetz,
Ausgabe Juni 2008, BDEW Bundesverband der Energie- und Wasserwirtschaft e.V.,
siehe Kap. 3.2.3.2 — Blindleistungs-Unterspannungsschutz Q->&U<

[nsi NpoBEPKN COCTOSIHNA MOBTOPHOIO BKJIOYEHMS MOC/e 0TCOeAMHEHNA OT MarncTpanu
napanniesbHO PYHKLNN OTCOeANHEHNS peasin3oBaHa PYHKLMS MOBTOPHOIO BKJIIOYEHUS.

OCHOBHbIMU KPUTEPUSAMN NOBTOPHOI0 BKJIIOYEHUSA ABJIAIOTCSA HaNps>XeHne ceTu
(nnHenHoe) 1 YacToTa. Hanps>keHue (Mexxga3Hoe) CoO CTOPOHbI MarmcTpasam Ha
pasMblKkaTesie uenn reHepaTopa LOJIKHO MOCTOAHHO N3MepPATbCA.

(DyHKLI,VIFI MOBTOPHOI0 BKJIOYEHUA ABNAETCA €4NHCTBEHHON CUCTEMHON beHKLI,VIGIZ
CUHXPOHN3auUnn oTcoegnHeHNAa OT MarnmcTpaJin n NOBTOPHOIo NoAKA4YeHNA.

DN1eMEeHT MOBTOPHOI0 BKJIIOYEHUSA CBA3AH C PYHKUUAMU BBIKJIIOYEHUNSA, TAaKUMUN KaK
aneMeHT Q->&V< 1 ApyruMu BCTPOEHHLIMU PYHKLNAMUN, HAarnpuMmep, NoHmxeHns/
MOBbILLUEHUNA HaNMpsa>XXeHUs, MOHVKEHNA/NOBbLILLEHUSA YacToThl. [118 3anyCcka NMoBTOPHOro
BKJIIOYEHMA MOXKHO MUCMOJIb30BaTb A0 LWeCTU OTKYaloLWmX 3/1IEMEHTOB, LN poBbie
BXOAHbI€ CUTHabl, Jorndyeckme QyHKUNUN N curHanel cnctemsl cea3nm (SCADA).

[Mocne pa3sMblKaHNA BbIKJIIOYaTENA B obuen Tovyke nogcoegnHeEHNS prHKLI,I/IeIh
oTcoegnHeHMNA OT MarncTpajm noBToOpHOeE BKJIIOYEHUE OO0JIXKHO ObITb BbIMOJIHEHO
BPY4YHYIO.

OnacHOCTb HECMHXPOHHOIO MOBTOPHOIO MOAK/IOYEHUS
®DYHKLNSA NOBTOPHOIO BKJIIOYEHWS HE 3aMeHSsIeT YCTPONCTBO CUHXPOHM3ALUMN.

[Mepen nogknyYeHNeM pasinyHbIX 3neKTpoceTe|7| Heobxoaumo obecnevnTb
CNHXPOHU3aLUNIO.
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[Mocne oTcoeanHeHMA OoT MarucTpann mogynem Q->&V< nnm gpyrumm QyHKUUSAMN
BbIKJIIOYEHUS, TakKUMKN Kak V</V<<, V>/>>, f</>, curHan 3anycka NoBTOPHOIro
BKJIIOMEHMSA AN BbIKAOYATENSA CMN0BOM YCTaHOBKU ByaeT 3ab6/10KMpoBaH B Te4eHme
npeaBapuTeNbHO 3a4aHHOr0 MPOMeXyTKa BpeMeH! (3HavyeHne no ymondaHuto — 10
MUHYT). 3TO HY>KHO ANA TOro, 4Tobbl BCe onepaLum NnepekioyeHUs 3aBepLUnNINCh.
ABTOMaTM4YeCKOEe NOBTOPHOE BKJIIOYEHNE He A0JI)KHO UCMONIHATLCA A0 BO3BpalLleHus
HanpPs>XeHWSA U 4acTOoTbl CETU B HOPMabHbIN (KBa3UCTaLMOHApPHbIA) ANWana3oH, T. e. K
AonycTuMbIM NpeaenbHbIM 3Ha4YeHUAM B Te4YeHe 3apaHee YCTaHOBJIEHHOr 0,
n3MeHAeMOoro BpemMeHwu.

Ha3HayeHue yHKLMM MOBTOPHOIO BKOYEHUs — obpaTHoe nogcoeanHeHne
OTKJIIOYEHHOI 0 3HEPreTMYecKoro pecypca, 6esonacHoe ANs 3N1eKTPOCETU.
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4.21 MopLyJ/ib MOBTOPHOIO BKJIKOYEHUSA

Jlornyeckasa cxeMa ocBobo>xgeHuns ANs BbiKloYaTens reHepartopa

Mos.T. coep. WZ Y01
MoBT. coen. = Mo.T. coea.[1]...[n]

BbixogHoe HanpsxeHne
MoBT. coep. .
UM < BbIXOg,
i —&]
MoBT. coeqn. . —D—
Kputepuii "D_ I
OcHOBHblE
Net_CK3 MoBT. coen, . & -
V CKONb3. CP. KOHTP. Ump> pa3 >1
® i} — o
I} — 5]
Mo.T. coen. . —
YCn noBT BKJIOYEHUS .
Pasbep U BHYTpP
Pasbepg UsH OTM &
Oba e
—
MoBT. coen. . L
UsH pa3sbegn_ OTI HK
HeakT_
aKT_ &
MosT. coen. . Pasben UsH OTI |J
BbixogHas 4acrora .
<
MoBT. coepn. .
f<
i &
_f_____+ MoBT. coea. . *
i 3apeprkka 610K. BbIX.
H MoBT. coen. .
l f> 0 t
1 &
i) P
MoBT. coea. . Buixop
Passsizka cetu
0000000 Tpwr NOBT BKJI
: E< > Pa3es3kal >1]
: f> > Pa3Bs3ka2
f< > Pa3Bsizka3
z > Pa3Bsizka4
Q;3>&U< > Pa3Bsi3ka5
B = Pa3Bs3kab
KOHTPOJIb TPAHCHOPMATOPE HAMPAXKEHNS
MoBT. coen. .
OTN c6 np TH
HeakT_
aKT_ ?I
MoBT. coe. . OTM ¢6 np TH-Bx J
CM_ AvarpamMmy: Bnok-ku
@ (CTyneHb He OTKJIl04EHa N HET aKTUBHbIX CUrHaN0B 6JI0KNPOBKK)
MoBT. coen. . NOBTOPHOE BKOYeHMe-Bx
* Tanmep BpeMeHn cTabunnsaymm Hanpsa>XeHns B ceTu (Mo CUrHasly BbICOKOrO YPOBHS Ha

BXO4e TalMep OTKJIYEHUs nepesanyckaeTcs)

Ecnn cpaboTan Bbik/toYaTeb B 06LLEN TOUYKE NOACOEANHEHNS, MOBTOPHOE NOAKAOYEHNE
Heobxoaumo 6yaeT BbINONHUTL BPYYHY0. CrieymanbHan forndyeckas cxema 610KMpoBKY
He TpebyeTcs.

MCDTV4-3.6-RU-MAN MCDTV4 387



4 DneMeHTbl 3aLlnThI
4.21 Moayib NOBTOPHOr O BKJIOYEHUSA

Ecnu TpebyeTcsi NOBTOPHOE BKJIlOYEHME YCTAaHOBKWN MPOM3BOACTBA IHEPrmn
BblKJllOYaTENIeM FreHepaTopa, TO CO CTOPOHbI MarncTpasnam BbikaovaTens foJKHbl ObiTb
yCTaHOBJ/IEHbI TPAaHCHOPMATOPbI HANPSXKEHUS.

Mepen NOBTOPHLIM MNOAKJIIOYEHNEM CUIOBON YCTaHOBKM nocne cpabaTbiBaHNA QYHKLNN
OTKJIIOYEHUS C pa3MblKaHMEM MpepbIBaTeNs Lenu reHepaTopa onepaTopy ceTu
Heobxoanmo obecrneynTb BbIMOJIHEHNE HEKOTOPLIX YCIOBUA. DTN YCJI0BUSA 3amnycKa
CBfI3aHbl C HE06X0AMMOCTbIO YOeaAnTbCA, YTO 3HAYEHNA CETEBOIr0 HaNpPsXXeHNs 1
4acTOTbl HAXOOATCHA B 4OMNYCTUMOM AMana3oHe. Takylo NpoBepKy MOXHO (Mauv
Heobx0AnUMO) BbINOJHUTL NYTEM NPAMOro N3MEPEHUSA CETEBbLIX HANPSAXKEHUA N/ Nnn C
MOMOLLbIO YOaNIEHHOIr0 CUrHaJsla 3anycka «BHeLWHnn 3anyck n3 obuwen TouYku
MoACOeAVHEHNSA».

[MOCKONIbKY pa3fiMyHbIM OrepaTopam ceTn MoryT I'IOTpe6OBaTbC$| nHOonBmayaJibHble
ycnoBua Os4d NOBTOPHOINO nogkKN4YeHnAa K UX CeTm cpeagHero niam BblICOKOro
Hanpsa>XeHusd, CyuwecTByeT TP BO3MOXHbIX BapuaHTa:

e 1. «Pa3ben U BHyTp» (3anycK No 3aBepLUeHUN NMPOBEPKN Ha OCHOBaHUN
pe3ynbTaToOB N3MEHEHUSA HaMPsS)XeHUs B CeTN);

¢ 2. «Pa3zben UsH OTI» (3anyck Ha OCHOBaHMM BHELLHEro CUrHana 3anycka n3 obuwen
TOYKN NOLACOEONHEHNSA);

¢ 3. «O6a» (ecnm n ycnosme 1, n ycnosme 2 cobnogeHs).

OcBobo>xaeHne HanpsA>XeHUsa C NOMOLLUbIO (CAMOCTOATE/IbHO) N3MEPEHHbIX
3Ha4YeHNN Hanps>KeHns

[aHHbIN cnocob ncnosb3yeTcs, ecan obulas ToYKa NOACOEANHEHNA HAaXOAUTCS Ha
CTOPOHE CpefiHEro HanpsXKeHUs.

Ecnun obuias Tovyka NoaKIYeHUs HaXOANTCS Ha CTOPOHE CpefIHEro HaMps»XeHuns,
YCTPONCTBO MOXET U3MEPSATh JIMHENHOE HAMpsi)KeHne Ha CTOpoHe MarnucTpanu u

onpenensiTb, 1OCTAaTOYHO SIN CTABUIN3NPOBAIOCh HaNPSXKEHNe MarucTpanu ans

NMOBTOPHOI0 NOAK/IOYEHMS.

Mpun ncnonb3oBaHMKM 3TOro MeToda ANa napameTpa [Mapam_ 3awnTbl / Habop x /
BHyTp _coegn-3auwy / MoBT. coea.[n] / Obwme HacTponkun] «UBH pazveq_ OTI1 hpHK» [OJIKHO
ObITb YCTAHOBJIEHO 3HAYEHNE KHEAKT ».

Kpome Toro, ana napametpa [Mapam_ 3awmnThl / Habop x / BHyTp_coea-3awy, / MoBT. coen.

[n] / BoixogHoW NapaM.] «YC/1 NoBT BKIKOYEHMNS» AONXKHO BbiTb YCTAaHOBJIEHO 3Ha4YeHne
«Pa3bep U BHYTp».
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4.21 MopLyJsib MOBTOPHOIO BKJIKOYEHUSA

OcBobo>xgeHune Hanpsa>XeHns C NOMOLLUbIO OUCTAHLAOHHOIoO nogKJ1Io4YeHns n3
obuien ToYkKu nogcoeonHEeHUA

[10 BbIMO/IHEHWSA MOBTOPHOIrO BK/OYEHNSA HanpsXKeHne B obLuelr ToYKe rnoacoegnHeHns
OO0JIXKHO 6bITb BOCCTAaHOBJIEHO.

Ecnu obLlas ToYka pacrnosio)keHa Ha BbICOKOBOJIbTHOM YPOBHE, pacCTOsIHME [0 Hee, Kak
npaBuJIo, YBeINYNBAETCS.

NHpopMaLMs 0 TOM, YTO HaMpsi>XeHWe BOCCTAHOBEHO, NMEPeaeTCs NyTEM OTMNPaBKY
Yya/IEHHOIr 0 YNPaBsOLLEr0 CMIrHaMa Ha pachnpenesieHHbIN SHepropecypc.

JaHHbIN crnocod HeobxoaMMo UCMoJib30BaTh, ecin 0bLasd ToYKa nogcoeauHeHus
HaxoOUTCS Ha CTOPOHE BbICOKOIO HampsiXXeHus.

HaHHbIA cnocob ucnonb3lyeTcs, ecnur obllas Tovka NoacoeANHEHUS HAX0AUTCA Ha
CTOPOHE CpefiHero Hamnps>XXeHus.

Ecnn Tpe6yeTC$| 3alyCK NMOBTOPHOIro noakar4eHNA Ha OCHOBaHUW CUIrHaJ1la ygaleHHOro
ynpaBJsieHna n3 obuien To4YkM noacoeanNHeHns, BbINOJHUTE cnepywouine nencreug.

IOna napameTpa [Mapam_ 3awmTel / Habop x / BHyTp_coep-3auw, / MNo.T. coen.[n] / O6wnme
HacTpownku] «UBH pa3bes_OTI1 ¢pHK» OOKHO ObITb YCTAHOBNEHO 3HaYeHne «akT_». C
OAHHOW HAaCTPOMKOM MCMNO0JsIb3yeTCa CMrHasa 0CBOBOXXAEeHNS Hanps>KeHWA 13 obuen To4Yku
noacoeanHeHnsa (HanpuMep, CUrHan Yyepes undpoBom BXon).

Kpome Toro, gnsa napameTtpa [MNapam_ 3awmThl / Habop x / BHyTp_coen-3auy / MoBT. coea.
[n] / BeixogHoW napaM.] «¥Yci noBT BKIKOYEHNS» OOXHO ObiTb YCTAHOBIEHO 3Ha4YeHne
«Pa3ben UsH OTTI»,

bonee TOro, cnepgyetT Ha3Ha4YnNTb CUrHan OUCTaHUMOHHOIO yrnpaBJZieHNA 3alyCKOM AN
napameTpa [Mapam_ 3awnTbl / Habop x / BHyTp _coepn-3aw / MosT. coea.[n] / Obwme
HacTponku] «Pasbveg UsH OT[1».

OcBobo>xaeHne HanpPsIXKeHNs C NOMOLUbIO U3MEPEHHbIX 3Ha4YeHUN Hanps>keHnsa U
AWUCTaHUNWOHHOIO ynpaBJieHUs NoAKJI04YeHUueM U3 obLuen Touykm nogcoeouHeHus

JaHHbIN cnocob MOXXHO MCMOJ/Ib30BAaTh, €CJin 06LLaa ToYKa NoACOoeANHEHUS HAaXoaUuTCs
Ha CTOPOHE BbICOKOIr0 Hamnps>XeHus.

Ecnun obuwas To4ka NoacoeaNHEHUS HaX0AUTCA Ha CTOPOHE BbICOKOIO HanpsXXeHus,
cTaHpapT VDE AR-N 4120 (01/2015) gonyckaeT NoAKAOYEHNE CUI0BON YCTAHOBKMN,
TONbKO ec/in cobnofatoTcs oba crenyoLwmx yCIoBUS: Halndme CUrHana yaaseHHoro
yrnpaBJ/ieHNA 3aNyCKOM M NCMpaBHOE COCTOSHUE NMOOKJIIOYEHHOW K CUJI0OBON YCTaHOBKE
ceTn. Takum obpa3oM, CTaHET AOCTyMNHa nornyeckas onepaumsa «M» BHyTPEHHEro 1
BHELUHEero CUrHanoB, N ee MOXXHO ByaeT BbibpaTb NPy MCMONb30BAaHMN CETU BbICOKOI0
Hanps>XeHus.

Onsa napameTpa [[MapaM_ 3awmnTbl / Habop x / BHYTp_coepn-3auwy / MoBT. coea.[n] / Obwume
HacTponku] «UBH pa3bea_OTI1 pHK» LONKHO OblTb YCTAaHOB/IEHO 3Ha4YeHUe «akT_». C
OAHHOW HaCTPOMKOM MCMNO0JIb3yeTCa CMrHasm 0CBOBOXXAEeHNS Hanps>KeHnA 13 obuen To4Ku
noacoeanHeHus (HanpuMep, CUrHan Yyepes undposom BXxon).
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Kpome Toro, ana napameTtpa [Mapam_ 3awmnThl / Habop x / BHyTp_coea-3awy, / MoBT. coen.
[n] / BoixogHoW NapaM.] «¥Yc/1 noBT BKIKOYEHMNS» OOXKHO ObiTb YCTAHOBJIEHO 3Ha4YeHne
«0ba».

Bonee Toro, cnegyeT Ha3Ha4YMTb CUMHaA AUCTAHLMOHHOIO yrNpaBieHUs 3anyCckom Asis
napameTpa [Mapam_ 3awnTtbl / Habop x / BHYyTp_coepn-3au / MosT. coea.[n] / Obwume
HacTponku] «Pazveg UsH OT[1».

ObLiana Toyka NoAK/NI0O4YEHNS B CUCTEMAX BbICOKOIo Hanps>xeHns

B cooTBeTCcTBUU C VDE-AR-N 4120 noBTOpHOE BKJIIOYEHME pacnpenesieHHOro
JHepropecypca B 3/1eKTPOCETb HE AOMYyCKaeTCs, MOKa He BbIMOJSIHEHbI CliefyoLime
ycnoBus. YacToTa anekTpoceTn AosmxHa bbiTe Mexay 47,5 n 51,5 'y, a Hanpsi>xeHne
LOJDKHO HaxoauTbcsa mexnay 93,5 n 127 kB (ypoBeHb 100 KB) HanpsikeHne n 4acTtoTa
obs13aTeNnbHO A0/HKHbI OCTaBaTbCsA B Npefeniax YCTaHOBMEHHbIX FPaHUL, B TEYEHNE HE
MeHee 5 MUHYT.

Ycnosna NOBTOPHOrO NOAKIOYEHUSA:

Mepen NOBTOPHbLIM MNOAKIIOYEHMEM CUI0BON YCTAaHOBKN Heobxoanmo obecneymnTb
cTabunbHoe Hanps>xeHue ceTu. Mo ctaHpapTy VDE AR-N 4120 HeobxoamMMo Hanunyume
COOTBETCTBYIOLLLEro yaasleHHOro CUrHasia, a TakXKe Hanpsa>XeHna B pacnpenesieHHoM
dHepropecypce.

YcTaHoBuTe ana napametpa [Mapam_ 3awmnTbl / Habop x / BHyTp_coepn-3auy / MoBT. coea.
[n] / BeixogHow napaM.] «¥Yci noBT BKAOYEHUS» 3HaYeHne «Obax». 3apanTe
HeobxoauMblie NapaMeTpbl B MeHto [Mapam_ 3awunTel / Habop x / BHyTp_coepn-3auwy, / MNoBT.
coen.[n] / Ob6Lwine HacTponku].

Ha3HaybTe TpurrepHole (pasbenHSAOLWME) CUrHabl, N0 KOTOPbIM HAa4YMHAETCS BpeMs
BOCCTaHOBJIEHUSA ceTu (nornyvyeckni snemeHT WIN), napameTpam B MeHto [[Napam_
3awmTbl / Tno6_nap_ 3aw,_ x / BHyTp coea-3auw, / MoBT. coen.[n] / Pa3BA3kal.

YcTtaHoBuTe anga napameTpa [[Mapam_ 3awmnTtbl / Habop x / BHYTp_coepn-3auy / MoBT. coen.
[n] / BoixogHowm napaM.] «3agepxka 6J10K. BbiX.» LOCTAaTOYHO OJINTENbHOE BpeEMS
BOCCTaHoOBJIeHUs. [ToBTOpHOE NOAKOYEHME BO3MOXKHO TOJ/IbKO MO UCTEYEHUN BPEMEHN
3Toro TarMepa. LaHHbI TakMep 3anyckaeTcsa Tpurrepamum B MeHto [MapaM_ 3awunThbl /
Fno6_nap_3aw,_x/BHyTp coean-3auw,/ MoBT. coea.[n] / Pa3Ba3kal, ynOMAHYTOM BblILUE
(ecnun oo TOro, Kak UCTevyeT BpeMs TalilMepa, OKaXKeTCs, YTO 3HAYEHNE HAMNPSAXXEHUS NN
YacCTOTbl HAXO0AMTCSA BHE AOMYCTUMOro gmMarnasoHa, TaMep aBTOMaTU4YeCKun
nepesanycTunTcs).

B meHio [Mapam_ 3awmThl / Habop x / BHyTp_coea-3aw / MoBT. coen.[n] / BeixogHon
napaM.] MOXXHO 3a4aTb AMana3oH YaCTOThbl N HaMPSXKeHNs, KOTOPbIA OOJIKEH
CYLLLeCTBOBaTb OJ19 HACTPOMKN MOBTOPHOI0 BKJIIOYEHWS.

3apanTte napamMeTpbl 419 0CBO6OXKAEHNSA HaNPSAXKeHNA A1 MOBTOPHOIr0 BKKOYEHUS, KakK
onucaHo B pasgene 9> «4.21 OcBoboxkaeHMe HanpsXKeHNA C MOMOLLbIO N3MEPEHHbIX
3HaYeHU HanpsH>KeHns N QNCTaHUNMOHHOIO yrpaBaeHUs NOAK0YEHNEM 13 06LLEen
TOYKN NOACOEAUNHEHUSA».

Ecnn B KayecTBe yCcnoBusA 3anyckKa Tpe6y|0Tc;| ycpeaHeHHbIEe Hanpa>XeHnsd 3a oaHYy
MWNHYTY, B Ka4eCTBe (camocTosTENLHO) N3MepPEeHHbIX 3Ha4YeHUn Hanpa>xeHnsa MOXXHO
NCrnoJib30BaTb CpeaHMNE 3Ha4Ye€HNA HanpaXXeHnada 3 Mmoayna CtatuCtuku.

YcTaHoBuTe ana napametpa [Mapam_ 3awmnTbl / Habop x / BHyTp_coepn-3auy / MoBT. coea.
[n]/ BeixogHo napaM.] «Kputepuvi» 3HadyeHne «V CKoJib3. CP. KOHTP.». 3aganTte
napaMeTpbl 415 0CBOOOXXOEHUS HANPSXKEHUS A8 MOBTOPHOIO BKJIIOYEHNSA, KaK OMMCAHO
B pa3nene => «HacTpoiika pacyeTa cpefHero 3Ha4eHUs Ha OCHOBE HaMPSXKEHNT*».
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4.21 MopLyJsib MOBTOPHOIO BKJIKOYEHUSA
O6Lwas ToYKka nogkKalo4YeHuss B cucTteMax cpegHero Hanps>xeHuns

HopmaTume Erzeugungsanlagen am MS-Netz (BDEW, nsgaHue uioHa 2008 r.[2]) FTepMmaHum
pekoMeHAyeT 3aiaTb BPEMEHHYIO 3aepXXKY (HECKO/IbKO MUHYT) MexAay
BOCCTaHOBJIEHNEM HanNps»>XeHUs U NOBTOPHbLIM BKJIIOYEHUEM MOCSIe OTK/YEeHNS
OTCOelMHEeHHOW CUCTEMBbI B pe3ynbTaTe cbos ceTn. ITO HYXKHO AN Toro, 4Tobbl BCe
ornepaumun nepeknoyeHns 3asepwnancek. O6bIYHO 3TO 3aHMMaeT 10 MUHYT. NToBTOpHOEe
BKJIlOMEHMe PD fonyckaeTcs, TOJIbKO eC/in Hanps>XeHne MarncTpanum coctasgnaet >95 %
Un, a 4yacToTa HaxoamMTcsa B AnanasoHe 47,5-50,05 u.

YcTaHoBUTE TpUrrepHble (pasbennHsaoLWme) cMrHaabl B MeHto [Mapam_ 3awunTsl / [106_
nap_3aw,_ x / BHyTp_coegn-3auy / MoBT. coea.[n] / Pa3Ba3kal, N0 KOTOPLIM Ha4YMHaeTCs
BpPeMS BOCCTaHOBJIEHMS CETU (flornyeckunin anemenT UJN).

YcTtaHoBuTe anga napameTpa [Mapam_ 3awmnTtbl / Habop x / BHYTp _coepn-3auy / MoBT. coen.
[n]/ BbixogHon napaM.] «3agepxka 6/10K. BbiX.» [OCTAaTOYHO AJINTESIbHOE BpeMS
BOCCTaHoBNeHUS. [TOBTOPHOE NoAKJIYEeHNE BO3MOXXHO TOJIbKO MO UCTEYEeHUN BpeMeH!
3TOoro Tanmepa. laHHbl TanMep 3anycKaeTca Tpurrepamu B MeHio [Mapam_ 3awnThbl /
Fno6_ nap_3aw,_x/BHyTp coea-3auw, / MoBT. coen.[n] / Pa3Ba3kal, ynOMAHYTOM BblLUE.

B meHto [MNapam_ 3awmnThl / Habop x / BHyTp_coea-3aly / NoBT. coen.[n] / BoixoaHom
napaM.] MOXXHO 3a4aTb AMana3oH YaCcTOThbl N HaMPSXKeHUs, KOTOPbIA OOJIXKEH
CYLLLeCTBOBaTb OJ19 HACTPOMKN NOBTOPHOI0 BKJIIOYEHWS.

3aZlaTe NnapamMeTpbl A1 0CBOBOXKAEHUSA HAMPS)XEHMs, KaK ONncaHo B
COOTBETCTBYHOLMX pa3nenax.
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4.22

392

UFLS — aBTOMaTM4yecKas 4YacTOTHasA pa3rpyska

KonnyecTBo pacnpeaeneHHbix aHepropecypcoB (P3) NOCTOAHHO pacTeT. B To e Bpems
CoKpaw,aeTcs KOHTPOAMPYEMbI 3arnac MOLWHOCTU KPYMHbIX 3N1eKTPOCTaHUNNA.

Mo3ToMy TpeboBaHUsS N HOPMbl PA3INYHbBIX 3/IEKTPOCETEBLIX CTAHAAPTOB
npeaycMaTpuBatoT, YTO NapasifesibHble 3NeKTPOCTAHLUNM pacnpeneneHHON SHeprn,
CoCTOoALLNE N3 OAHOM UJIN HECKONIbKMUX FreHEePaTOPHbIX YCTAaHOBOK, NOAAKLWMX NMUTAHNE B
CeTb CpeaHEero Hanps»XeHus, A0/KHbI MoOAAEPXKMBATb HAMNPSXKEHNE MAarncTpanm B
cny4vae cbos.

Mpumep:

e Technische Anschlussregeln fur die Hochspannung (VDE-AR-N 4120)

* Technische Richtlinie , Erzeugungsanlagen am Mittelspannungsnetz*, Richtlinie far
Anschluss und Parallelbetrieb von Erzeugungsanlagen am Mittelspannungsnetz,
Ausgabe Juni 2008, BDEW Bundesverband der Energie- und Wasserwirtschaft e.V.,
siehe Kap. 3.2.3.2 — Blindleistungs-Unterspannungsschutz Q->&U<

* Entso-E Operation Handbook, Policy 5, Emergency Operations, V1, asryct 2010

e Kopgekc pacnpegenntenbHbix ceten, 2007. VDN, Bepcusa 1.1, asryct 2007

* FNN: Technische Anforderungen an die Frequenzentlastung, nioHb 2012

* Technische Anforderungen an die automatische Frequenzentlastung

YacToTa CHMXXAeTCs, eCnun U3 aneKkTpoceTn 3abnpaeTcst 60siblle aKTUBHOM MOLLIHOCTH,
4yeM NnoJaeTcs B Hee.

OcHoBHas 3aja4a npouecca aBTOMaTU4YeCKOMN YaCTOTHOMN Pa3rpy3kn 3akaro4aeTcqa B TOM,
4TObbI CTa6I/IJ'II/I3I/IpOBaTb HaCTOTy B CeTW nocpencTtsomMm I/IHTeﬂl'IeKTyaJ'IbHOIZ pa3rpys3kn,
noa KOTOpOIh NMOHMMaeTCA BblpaBHMBaHNE I'IpOI/I3Be}J,eHHOIZ n I'IOTpe6J'IeHHOIZ aKTUBHOM
MOLHOCTMW.

B oT/An4me oT KacCMYeCKoW pa3rpy3ku aBToMaTUYeCKasa YacToTHaa pa3rpy3ka byger
BbIMOJ/IHATb Pa3rpy3Ky TOJIbKO TEX Y4aCTKOB CETU, KOTOPbIE CHU)XAIOT YacTOoTy (Tak Kak
NoTpebNAT aKTMBHYIO MOLLHOCTbL). Pa3rpy3ka y4acTKOB CeTU, KOTOPbIE OKa3blBalOT
NOJIOXKNTENIbHOE BAMSHUE Ha 4acTOTy (Tak Kak MogaloT akTUBHYHO MOLLHOCTL), byneTt
3abnoknpoBaHa.

3a cYeT aganTUBHbIX MAapaMeTPOB MOXXHO OpraHM30BaTb pPa3rpysky 6e3
ANCKPUMUHALUNN.
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4.22 UFLS — aBTOMaTM4ecKas 4aCToTHas pasrpyska

4.22.1 TMMpuMmepbl NpUMEeHEHUs

Knaccnyeckas ueHTpasnn3oBaHHas pa3rpy3Ka
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Puc. 103: Knaccunydeckas LUeHTpaM30BaHHas pas3rpys3Ka.

Knaccmyeckas pa3rpy3ka y4yacTKa CeTU U3 LLeHTPasIbHON TOYKMN MOOKI0YEHMS.
Pa3rpyska 6yneT MHULMUPOBaHa Npu NageHnn 4acToThl.

Knaccnyeckas peueHTpann3oBaHHas pas3rpys3Ka
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Puc. 104: Knaccnydeckas rnostarnHasa geUueHTpasm30BaHHasa pa3rpys3ka.
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Knaccmyeckyio feueHTpanm30BaHHYO pa3rpy3ky MOXKHO peann3oBaTb NyTeM
OTKJIlOYEeHUS1 0BHapy)XeHMs HanpaBJIEHUS NOTOKA MOLLHOCTU.

3a c4eT YepenoBaHMa (poTaummn) y4aCTKOB CETU, OJ19 KOTOPbIX CleayeT BbIMONHATb
pasrpy3Ky, MOXKHO OpraHm3oBaTb pa3rpy3ky (notpebutenen) 6e3 AUCKPUMUHALNN.

LleHTpanun3zoBaHHasa aBToMaTn4yeckas 4YacTOTHasA pa3rpy3Ka B CeTAX C BPeMEeHHbIM
3/1eKTpocHab>xeHnem
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Puc. 105: LleHTpa/in3oBaHHas aBToMaTU4YeCcKas YaCTOTHas pa3rpy3ka B CETAX C BPEMEHHbLIM
IneKTpocHabxeHnem

394

OnpepeneHne HanpaBaeHUA NOTOKA MOLWHOCTY (€CM OHO aKTUBMPOBaHO) byaeT B
c/lydae nageHmsa 4acToTbl 610KMpOBaTh pa3rpysky 415 Tex nogceTen, KOTopble
CcTabunnanpytoT YacToTy. Ang nogcetn OypeT BbINOJHATLCA pa3rpy3ka, TOJIbKO eCnun
CHM)XAEeT 4acToTy (3a cyeT noTpebseHnss akTUBHOW MOLLIHOCTN).
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deueHTpannsoBaHHass aBToMaTudeckas 4YaCcToTHas pa3rpy3ka B CeTAX €
BpPe€MEeHHbIM aﬂeKTpOCHaa)KEHMEM
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Puc. 106: JeueHTpasin3oBaHHas aBToMaTnyeckass HaCTOTHas pa3rpy3ka B CETSX C BPEMEHHbIM
3JIEKTPOCHabXXeHNEM.

OnpepgeneHve HarnpaBJ/ieHWs NOTOKa MOLHOCTU (€C/In OHO aKTUBUPOBAHO) Oy eT B
cJlyYyae nafleHuns YacToThl 6/IOKMPOBATL Pasrpy3Ky Ansa Tex NofAceTeln, KoTopble
CTabMNN3NPYIOT YacToTy.

Ons oTaenbHbIX noTpebutenen, kKotTopble AecTabunnsnpyloT 4YacToTy 3a cyeT
notpebneHns akTUBHON MOLLHOCTW, MOXKET BbIMOSHATLCA pa3rpyska bes
ONCKpUMNHaLNK.
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LleHTpanunsoBaHHOe McnoJsib30BaHUe B CETAX C npeobsiagaHnem
3HeprocHab>xeHus

CeTb

+—@© X

54

Puc. 107: LleHTpasnm30BaHHOE MUCMOJIb30BaHWE B CETSX C rnpeobiagaHnemM 3HeprocHabxeHus.
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HeT HeobxoQMMOCTV NCNOJIb30BaTb aBTOMAaTUYECKYO YaCTOTHYIO pa3rpy3Ky, Tak Kak B
cpenHem nogceTb nopaeT (Npomn3BoanT) 6osblue aKTUBHOW MOLLHOCTHY, YeM noTpebnseT.
MopceTb B LLEJSIOM MNONOXKUTENLHO BAMSAET Ha YacTOTy CETW.

HeeHTpanunszoBaHHOe UCNOJ/Ib30BaHNE B CETAX C npeobnagaHnem
3HeprocHab>xeHuns

CeTb
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Puc. 108: leeHTpan3oBaHHOE UCIOJIb30BaHNE B CETSX C npeobiagaHnemM sHeProcHabXXxeHus.

396 MCDTV4 MCDTV4-3.6-RU-MAN



4 IneMeHTbI 3alnThbl

4.22 UFLS — aBTOMaTM4ecKas 4aCcToTHas pasrpyska

HeT Heobx04MMOCTV NCMO/Ib30BaTh aBTOMATUYECKYIO YaCTOTHYIO Pa3rpy3Ky, Tak Kak B
cpeaHeM noaceTh noaaeT (Npou3BoanT) 60Jible aKTUBHOW MOLLIHOCTY, YeM noTpebnserT.
MonceTb B LIESIOM MNONIOXKUTESIBHO BAINAET Ha YacTOTy CETMW.

4.22.2 HanpaBneHue OTKJIID4EHUA NPU aBTOMaTUYE€CKOMU YaCTOTHOMN
pa3rpyske

OnpeneneHns

* Cuctema CTPEJIOK NOTOKa Harpys3kum = I‘IOTpeﬁﬂeHHble aKTUBHaA N peaKTUBHasd
MOLLHOCTb CHYMUTAOTCA NONIOXKUTENbHbIMKY (6onbLue HyJ'ISv'-I).

* CucTtema CTpesiIoK pacrnpefenieHns reHepaTopa = reHepupyeMas MOLLHOCTb
CYMTaeTCsa NoNoXuTenbHon (bonbLie Hyns).

Hanpasnenue OTK/TI0OY€HNA MOLLLHOCTH

C nomouwbio napameTpa [Mapam_ 3awmTel / FTNob_ nap_3aw, / BHyTp_coep-3aw / UFLS]
«Harnp. 6,10K. P» MOXXHO N3MEHUTb 3HAaK aKTUBHOW MOLLHOCTW Ha NPOTMBOMOJIOXKHbLIN B
Mmogyne UFLS. [N 3aWnTHbIX YCTPOWCTB, KOTOPbIE UCMOAbL3YIOT CTPEsIKM NOTOKA
Harpyskm (cm. > «1.1.2 OnopHasa cucTeMa CTPesIoK Harpyskmn») Hy>KHO 3afaTb 414
napameTpa «Hanp. 6J10Kk. P» 3HayeHne «oTpuL.». [0Na 3allNTHbIX YCTPONCTB, KOTOPble
paboTaloT Ha OCHOBE CUCTEMbI CTPEJIOK pacrnpelesieHns reHepaTopa, NnapamMeTpy «Hanp.
6710K. P» HY>XHO MPUCBOUTb 3HAYEHME «MOJI0XK.».

4.22.3 HacTpo#Ka napaMeTpoB aBTOMAaTU4YE€CKON YAaCTOTHOM pa3rpysKu

OueHnBaeTCsa akTUBHAsA MOLHOCTb (pa30BON CUCTEMbI MOJIOXKNTENbHOWN
nocnepnosatesibHOCTU (P1).

Ob6Lwmne HacTpPouKm
Bonpgunte B MeHto [Mapam_ 3awmnThl / FNo6_ nap_3aw, / BHyTp_coepn-3awy / UFLS].
B 3TOM pa3fiene MOXXHO BbINMONHATL Cnefytouime 4encTeus.

* Ha3HaybTe CUrHabl, KOTOPble aKTUBUPYIOT afanTUBHbIE MapaMeTpbl.

e Ha3Ha4yuTb CUrHaJ, KOTOPbI B/IOKNPYET OLEHKY HarnpaBiAeHUs MOTOKA aKTUBHOM
MOLLIHOCTM.

* /I3MeHNTb 3HaK aKTUBHOMN MOLLHOCTU Ha MPOTUBOMOJNIOXKHbIN. (CM. pa3gen L=>
«HanpaBneHne oTKAOYEHNS NP aBTOMAaTUYECKOW YaCTOTHOW pa3rpyskes.)

KoHdurypaums pasrpyskm
Bongute B MeHio [Mapam_ 3awnTel / Habop n / BHyTp_coepn-3auy / UFLS].

B 3TOM MEHI0 MOXXHO OMpenennTb AJ1s y4acTKa aKTUBHOW MOLLHOCTY BapuaHT, KOTOPbIN

He ByoeT NpMBOAUTL K pa3rpyske (To ecTb, pa3rpy3ka byaeT 3absokmpoBaHa) B Ciiyyae
CHU)XEHUS 4acTOThl.
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KOHTPOJIb MUHUMAJIbHOIO TOKA («/1 MUH.») B CUCTEME C NMPSMON NociefoBaTelbHOCTbIO
(a3 NnpenoTBpaLlaeT HexenaTeslbHoe cpabaTbiBaHMe PYHKLMN KOHTPOJIS aKTUBHOWN
MOLLHOCTW NPU HU3KNX YPOBHAX MOLLIHOCTM.

Bbikntovatolee Hanpsa)XXeHne onpenenseT, C Kakoro Hanps»xeHus (asa-dasa) byaert
3anyckaTbca UFLS.

HanpaB/iieHne NoToka akTUBHOM MOLLHOCTM MOXXHO onpeaennTb pa3HbiMu cnocobamun. C
rnomoLbto NnapameTpa «MeToa UFLS» BbibepuTe MeToa, KOTOpbIN ByaeT ncnonb3oBaTbCs:

* «KOHTPOJIb Yria MOLWHOCTU» — KOHTPOJIb YNCTOWN aKTUBHOWN MOLLHOCTU, CM. >
«4.22.3 MeTog 1 (KOHTPOJIb Yriia MOLWLHOCTW)>»

¢ «KOHTpP. YNCTOMN aKTUBHOW MOLWHOCTU» — KOHTPOJIb YNCTON aKTUBHOMN MOLLHOCTMH,
cM. 9> «4.22.3 MeTog 2 (KOHTPONb YNCTOM PeaKTUBHOMN MOLLHOCTM)»

* «be3 Hanp. P/ BHew. Hanp. P» — Knaccu4eckas pasrpy3ka Ha OCHOBE 4acCTOThl.
NrHopupyeT Hanpas/ieHne nepeToKa 3HePrum N BHELWHero yrnpasieHuns y4yacTKa
610KMPOBKHU., cM. L= «4.22.3 MeTop 3. Knaccnyeckas pasrpyska 6es yyeTta

HanpasBJIeHUS NOTOKa aKTUBHOW MOLLHOCTU, => «4.22.3 MeTopn 4 — HanpasJieHne
MOTOKA aKTMBHOW MOLLHOCTWN HE LOJ/IKHO Y4YUTbIBaTbCSA»

MeTton 1 (KOHTPOJIb Yyrjsia MOLLHOCTH)
Q1
s

d-moL

0,5 | HeT oTkn

)
| | | |
0 Pl

11 MmuH QV

vyl D-MOLLL

PandF_FO7

Puc. 109: Metoa 1 (KOHTposb yria MoujHocTH): «MeTog UFLS» = «KOHTPOJIb yr/ia MOLHOCTU».

Pa3rpy3ka npu NOHMXeHUW 4acToTkl byneT 3ab10KMpoBaHa, ec/i akTUBHAA MOLWHOCTb
HaxoAuUTCs B AMana3oHe, orpaHNYeHHOM YrJIOM MOLLHOCTN.

Cxema Bblwe cooTBeTcTBYeT FNN5. Ha 3TON cxeMe nokasaH y4acTok 6/10KMPOBKM B
cucTeMe CTpesioK pacrnpegesieHna reHepaTtopa.

* Buibepute «MeTtoa UFLS» = «KOHTPOJIb Yrjia MOLLHOCTU».
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4 SneMeHTbI 3alnThbl

4.22 UFLS — aBTOMaTM4ecKas 4aCcToTHas pasrpyska
e 3adanTe yron «Yros MoLy».

» BbibepuTe noaxoasiiee 3Ha4E€HNE MUHUMAJIBHOIO ToKa «/1 MuUH.» ons
npeaoTBpPaLLEHNS OLLIMBOYHbBIX OTKJTIOHEHUA.

MeTtoa 2 (KOHTPOJIb YNCTON PEaKTUBHOM MOLLLHOCTH)

Q1
s

0,5 | HeT oTkn

0,5 P1

PandF_F08

Puc. 110: Metoa 2 (KOHTPOJIb YUCTOW peakTUBHOW MOLLHOCTH): «MeTog UFLS» = «KOHTpP. YncTon
AKTUBHOW MOLLIHOCTU».

OTKO4YEeHME NPUN CHUXKEHUN HaCTOThl 6y,ueT Ba6ﬂOKVIpOBaHO, eCcJin aKTnBHaa MOLLHOCTb
Bbille 3aJaHHOIo NoporoBoro 3Ha4yeHunA.

Cxema Bblwe cooTBeTcTBYEeT FNN5. Ha 3TON CxeMe nokasaH y4acTok 610KMPOBKM B
cucTeme CTPesioK pacrpenesieHna reHepaTtopa.

¢ Bbibepute «Metoag UFLS» = «KOHTP. YNCTOM aKTUBHOW MOLLLHOCTU>.
¢ HacTponTe noporosoe 3Ha4eHNE aKTUBHON MOLLHOCTU «P MUH.».

* Bbibepnte nogxoaawmnin MUHUMasbHbIA TOK «I1 MUH.» fNa NpeaoTBpaLleHns
OLLNBOYHbIX OTKJIHOYEHUIA.

Meton 3. Knaccnmuyeckas pasrpy3ka 6e3 yyeta HanpaBJieHUsI NOTOKa aKTUBHOM
MOLLIHOCTH

Pa3rpyska 6yaeT MHULMUPOBaHa TOJIbKO NMafleHNeM YacToTbl. HanpaBneHne noToka
aKTVMBHOW MOLLHOCTU Y4YUTbIBaTbCA He byaeT.

Hal'lpaBJ'leHl/le MOTOKa aKTUBHOW MOLLIHOCTU HE AOJINHO YYnTbiBaTbCA:

e 3ajanTe gns napameTtpa «Metog UFLS» 3Ha4veHne «be3 Hanp. P/ BHew. Hanp. P».
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4 SneMeHTbl 3alnThbl

4.22 UFLS — aBTOMaTM4yecKas 4acToTHas pa3rpyska

400

MeTton 4 — HanpaBJsieHue NOTOKa aKTUBHOMW MOLLHOCTH He AOJIXKHO YYUTbIBaTbCS
* 3apanTte onda napametpa «Metog UFLS» 3Ha4vyeHune «be3 Hanp. P/ BHeww. Hanp. P».

* HasHaybTe 0s1s napameTpa [Mapam_3awwuTtbl / Fno6_nap_ 3aw,_/ BHyTp_coep-3auy /
UFLS] «BHeL. PHarp.» CUrHan, KOTOPbIN YKa3biBaeT HarnpaB/ieHUA NOTOKa aKTUBHOWN
MOLLHOCTW.

MoporoBoe 3Ha4YeHNne CHU>XKEHUS 4acCTOTbl N 3afepPiXKKa OTKJIIOYEeHUsA

Cnepytouwme napaMeTpbl MOXKHO MCMNOJIb30BaTb B Ka4ecTBe adanTMBHbIX, YTOObI
HacCTpouTb pa3rpy3ky 6e3 auckpummHauun. (Cm. cnegyownin pasgen: > «4.22.3
Pasrpyska 6e3 auckpuMmmHaunum nocpeacTBoOM afanTUBHbBIX MapaMeTpoB».)

* 3ajanTe Noporosoe 3Ha4YeHue CHMXeHUa YacToTsl [MapaM_ 3awmnTel / Habop n /
BHyTp_coen-3auy / UFLS / Pasrpy3ska] «f<».

* YcTaHOBUTE 3a4epXKy oTKao4deHus [Mapam_ 3awmnTel / Habop n / BHyTp_coepn-3awy /
UFLS / Pa3rpy3ka] «t-UFLS». 3ToT Taimep byaeT 3anyckaTbCs, Korga no
aBapumMHOMY CUrHasny 3anyckaetcsa moaysb UFLS.

Pasrpyska 6e3 ouCKpUMMHaL MM NOCPenCcTBOM afanTUBHbIX NapaMeTpPoOB

3a cyeT afanTUBHbLIX MapaMeTPOB MOXKHO OpPraHM30BaTb pa3rpysky 6e3
ANCKpUMUHaumu. Mpun ncnonb3oBaHMmM 3Toro cnocoba He TpebyeTcs 3aHOBO
OCYLLEeCTBAATL BBOA B IKCMNJlyaTaLMO U HacTpanBaTb NapaMeTpbl. AGanTUBHbIE
rnapamMeTpbl/HAaCTPONKN Aal0T BO3MOXXHOCTb MepeKtovYaTb HAaCTPOWKY A1 OOHOWN
hyHKUUM NOCPeEACTBOM CUIrHaNa akTMBaumnn 6e3 nepekntodeHns Ha apyrom Habop
napaMeTposB.

e Ha3Ha4ybTe CUrHanbl, KOTOPble O0JIXKHbI aKTUBUPOBATb COOTBETCTRYOLLME
aflanTuBHbIE NapaMeTpsbl, B rnobanbHbix NapameTpax[MNapam_ 3awmTbl / FNob6_nap_
3aw_/ BHyTp coep-3auw / UFLS]. (CM. pa3gen > «Habopbl aganTUBHbIX
rnapamMeTpoB».)

* B meHio [Mapam_ 3awmTel / Habop n / BHyTp_coepn-3auw, / UFLS / Pa3rpy3kal MOXHO
3a4aTb aganTUBHbIE MapaMeTpbl.
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4.22.4 MpuHumn pa6otbl Mmoayna UFLS

UFLS

4 SneMeHTbI 3alnThbl

4.22 UFLS — aBTOMaTmn4yeckasa 4aCcTOTHasa pa3rpyska

UFLS_Y01

Cm_ gnarpammy: Baok-ku

@ (CTyneHb He OTKJII0YEHA N HET aKTUBHbIX CUrHAN0B 6J0KNPOBKM)
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4 SneMeHTbl 3alnThbl

4.23 PMH — paboTa npu NOHMXEHHOM Hanpsh>keHumn [27(t)]

4.23

402

PMH — paboTta npu NnOHM>XeHHOM Hanps>xeHum [27(t)]

CTpemMnTensHoe pa3BuTUe pacnpeaeneHHbix pecypcos (PP), OCHOBaHHbIX Ha
NCMoJIb30BaHUN BO30OHOBISEMbIX UCTOYHUKOB SHEPIr N, TaKNX KakK BeTep, SHeprus
COJIHUA N ApYyrue, USMEHWJI0 3JIeKTPOIHEepPreTudecKyo CUCTEMY N KOHUENUUN ee
ynpaBieHuns, 3alnTbl, U3SMEPEeHNa N CBA3N.

OOHo’ 13 BaXKHbIX 3a4a4 Ansa obecneyeHnsa Baumonenctemsa mexny PP n nokanbHomn
3/IeKTpoaHepreTudeckom cuctemon (JIOC) asngetca nosegeHne PP Bo BpeMs NoMex B
3/IeKTPOIHEPreTU4eCcKom cncteme. bosbLWMHCTBO NOMEX B JIEKTpOCUCTEME
XapaKTepnsyeTcs B OCHOBHOM MepuoandecKknmu crnagamm Hanps>keHusa (nageHmnamm
HaNpPs>XeHns) € pasndHON NPOOO/IKUTESIbBHOCTbIO.

CornacHo Tpa,EI,VILI,VIOHHOI‘;I KoHUeNnuUMn 3anThbl, B CJlyH4ae O04€Hb HU3KOIo 3Ha4YeHnA
Harnpsa>XeHunsa pacnpenenieHHble aHepreTun4eckne pecypchbl 40J/PKHbI KakK MOXXHO 6bICTpee
OTKJIIO4aTbCA OT 3HepFETVI‘-IeCKOI7I cucTemsbl. laHHbIA Noaxon n3-3a HEMPEPbLIBHOIo pocCTa
O0onn pacnpeneneHHbIX NCTOYHNKOB SHEPIM Ha SHEPreTNYECKOM pPbIHKE bonee He
ABNAETCA NnpnemMmnemMbiM. HEKOHTpOJ'II/IpyeMbIe OTKJIIOYEHWNS 3HAYNTESIbHON YacTun
SJIEKTPO3HEPIrN BO BpeEMA NOMEX B 3HepFeTVI‘-IeCKOIZ CNCTeEME yrpoxairT CTabunnbHOCTK
SHEProcncTemsbl.

Ha ocHoBe Nogob6HbIX MPUMEPOB, MHOINE 3JIEKTPOSHEPreTUYECKME KOMMNAHNN 1
rocynapCTBEHHbIE KOMMYHaJIbHbIE NPeANPUATUSA BbINYCTUAN CTaHAAPThI
B3aMMOOENCTBMSA, KOTOPbIe BKOYaOT B cebs BO3MOXKHOCTb paboThl Mpu NMOHU>KEHHOM
Hanps>eHuun (PMNH) Bo Bpemsa nomex B JIOC.

Y10 umeHHo nogpasymesaeTtcs nog PIH?

PMH He pa3pelwaeT oTAeNATL/OTKAOYaTb PP OT SHepreTn4eckon cncTtemMbl TOJIbKO M3-3a
BO3HMKHOBEHUSA Mepnogndeckmnx nageHnin HanpsKeHns. 3To AO/DKHbI YYUTbIBaTb
3aWmnTHbIe pesnie U 610KK yrnpaBaeHus.

BmMecCTo 3Toro, Npm Taknux HapyLeHMsSX pacnpeneneHHbIn pecypc A0/HKeH bbiTb B
COCTOSIHUM NPOAOC/IKNTL paboTy B cooTBeTCTBUN C Npodunem PIMH. CornacHo HopmaMm
0N pa3HbIX CTPaH U IOKabHbIX ceTen, napaMeTpbl npodunaa PINH 9BAS0TCA 04eHb
CXOXXMMWN. HO OHW MOryT pa3any4yaTbCs B AeTansax.

C nomouubto PIMH noBbiwaeTca cTabuabHOCTb CUCTEMbI B CUTYaLMAX, KOrAa BKag
pacnpeneneHHbIX pecypcoB B ee paboTy Hanbonee Heobxoamm. C poCcTOM [0n
pacnpenesieHHbIX pecypCcoB B CUCTeMax 3N1eKTpocHab)xeHna BaxHOCTb PMH 6yneTt
pacTu.

Ha ocHoBaHMM YNOMSHYTbIX Bbille TexHn4eckux TpebosaHuin beina paspabotaHa
3aWwmnTHasa pyHkuma LVRT gna yctponcts MCDTV4, oxBaTbiBalowWwas npoduau
(Bo3MOXKHOCTK) LVRT, onpefeneHHbIe BO BCEX COOTBETCTBYIOLLUX HALLMOHAJIbHbIX U
MeCTHbIX CTaHOapTaxX B3aMMoA4eNCTBUSA SHEPrOoCUCTEM.

Ha pucyHke Huxe npmeoanTcs noapobHas nHhpopMaumns o ctaHgapTax LVRT, NpuUHATBIX

B pa3HbIX cTpaHax. ObpaTnTe BHMMaHWe, YTO CTaHAAPThl U, CNefoBaTe/IbHO, KOAbI
3HEProCUCTEM B HEKOTOPbIX CTPaHaX HaxXoAsATCs B CTaAUN pa3paboTKu.
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4 IneMeHTbI 3alnThbl

4.23 PMH — paboTa nNpu NOHV>XEHHOM Hanps>XeHuun [27(t)]
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LVRT_Z01

Puc. 111: CtaHgapTbl PlH; ucto4yHuk: eBWK Bd. 60 (2008 r.), Ne 4. ABTOpPbI: ANMIOMUPOBaHHbIV
nHxeHep Tomac Cmosika, 4. T. H. Kapa-XaniHU Bek, ueHTp cepTugukaumn FGH e.V., MaHrevim, a
TakXXe AnnJIoMnpoBaHHbIV nHxxeHep (FH) MaTtuac bap4, Enercon GmbH, Aypux.

(1) dnekTpoceTeBon kKogekc (BennkobputaHus)
(2) E-on (FepmaHuns)

(3) Vattenfall, VDN (F'epmaHuns)

(4) TF 3.2.5, TF 3.2.6 (OaHwnsA)

(5) HOMEP 3AKA3A 1.2.3 (MUcnaHwus)

(6) Awea (CLUA) n Aeso (KaHapa)

(7) Hydro-Quebec (Kanaga)

MpuHunn paéotsl PIMH

C TOYKW 3peHMsa onepaTopoB aHepreTnyeckux cuctem npocdunes LVRT onpepenseT
napamMeTpbl HaNps>XeHns, KOTOPbIM A0JIXKEH COOTBETCTBOBAaTb pacnpeneeHHbIn
JHepropecypc, NOAKJ/YEHHbIN K ceTu, 4ToBbl MPoOo/KMTb paboTy B c/iiydae nageHus
Hanps>XeHus.

OTKI0YEeHME pacnpefeneHHoro SHepreTNYeCcKoro pecypca oT ceTn fonycKaeTcs,
TOJILKO eCNIn Hanpsi>KeHne B To4ke obLiero noakatoyeHns ynageT HMxe rpaHnubl LVRT.
MNHaye roBops, 3awmTHasa dyHkuns LVRT obecneynBaeT 3aBUCSALWLNA OT BPEMEHU
KOHTPOJ1b HAaNps>XeHns B COOTBETCTBUM C NpegonpeneneHHbIMn napaMmeTpamm
Hanps>XeHus.

OYHKLNSA KOHTPOJIA Hanps>XeHNsa C BPEMEHHOW 3aBUCUMOCTLIO 3aNyCKaeTCs, KakK TONbKO
Hanps>XeHne B To4Ke obLiero NoakKIAlYEHNA ONYCTUTCS HUXKE HaYvyalbHOro YPOBHS
[Mapam_ 3awmnTel / Habop 1...4 / BHyTp_coen-3awy / LVRT[x] / MapameTpsl PMH]
«Unyck<».
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4 neMeHTbl 3alnThbl
4.23 PMH — paboTa npu NOHM>XeHHOM Hanps>keHumn [27(t)]

V/Vn (pu)

PaboTa pyHKuMKM LVRT npekpalwiaeTcs, Kak TONbKO HanpsXXeHne nNpeBbICUT YPOBEHb
BOCCTaHOBJIeHNA Hanps>XxeHus [Mapam_ 3awnTtbl / Habop 1...4 / BHyTp _coean-3auy /
LVRT[x] / MapameTpbl PMH] «UBoccTaH<».

ABTOMaTH4YecKoe NoBTOpPHOe BKJIloYeHue ynpasasemon PIrH

Kak y»>e rosopunocs, uenbto LVRT aBnaeTca coxpaHeHne noakoveHuns
pacnpeneneHHoOro pecypca K ceTu B cly4ae nepmoamnyeckoro nafeHus Harnpsa xxeHus.
Onsa cboeB B 9N1EKTPNYECKON SHEPrOCUCTEME, KOTOPbLIE UCMOJIb3YIOT PYHKLUIO
aBTOMaTNYECKOro NOBTOPHOI0 BK/OYEHUS AN KOOPAUHALMM C 3alMTON OT KOPOTKOIro
3aMbIKaHWS, TAKOW KaK 3aWmMTa OT M3bbITOYHOro ToKa Wian oucTaHUMOHHAsA 3almTa,
npegnosiaraeTcs, 4TO B TEYEHME OQHOr0 Nepuoga BpeMeHu, KOTOPbIN onpenenseTcs
3afaHHbIM BpeMeHeM MpoCcTos A/ aBTOMAaTUYEeCKOro nNoBTOPHOM0 BKJOHEHNSA U
BpemeHeM cpabaTbiBaHMA 3alLMTHOrO pesie, BO3HMKaeT 6bosee ogHOro nageHus
Hanps>XeHud. NMNageHna Hanpsa>XXeHNd, KOTopble Bbl3BaHbl BpeMeHeM NpocTosa AsA
aBTOMAaTUYECKOro NOBTOPHOIO BK/OYEHUS, HE SBNAIOTCS NOCTOSAHHbIMU. TaknM obpa3om,
3aWNTHOE YCTPONCTBO OO/HKHO OBHapyXUTb NageHns HanpsaXXeHns, CBA3aHHbIE C
aBTOMATUYECKNM MOBTOPHbLIM BKJIlOYEHMEM, N aKTUBUPOBATb KOMaHObl OTKJIIOYEHUSA B
TOM C/ly4vae, eCc/in Hanps>XXeHue najaeT HMUXXKe YCTaHOBJIEHHOro napamMeTpa, Uin, Koraa
BCe MapamMeTpM30BaHHbIE MOMbITKN aBTOMaTUYE€CKOr0 NMOBTOPHOI0 BKJIOYEHUSA He Bbln
ycneLwHbIMN.

Ha pucyHKe Hu>Xe noka3aHo OTKJIOHEHUE Hanps»XeHUs, BbI3BaHHOE ABYMS HeyOda4YHbIMU
nonbiITKaM aBTOMaTN4YE€CKOIro MNOBTOPHOI0 BKJIIOYEHUA.

CornacHo HeKOTOPLIM 3/1IEKTPOCETEBLIM CTaHA4apTaM, Ana obecnedyeHnsa paboTebl BO
BPEMS HECKOJIbKUX BPEMEHHLIX NaAeHUI HaNpPs)XeHsa Nogpsaa cnegyet obecneynTsb
pacnpefeneHHylo reHepaunio 3Heprmn, HO B CJly4ae YCTOMYMBOIro OTKas3a ceTu
reHepaTopbl MOryT BbITb HE3aME[INTENbHO OTKJOYEHbI OT SHEPrOCUCTEMBI. ITO MOXKHO
6e3 TpyAa peann3oBaTb C MOMOLLbIO KOMNOHeHTa «LVRT ¢ AlB» pyHKUUM 3aunTbl LVRT.

1. Cbon
— — YCKOpeHWe npw BKJIIOYEHNIN Ha KOPOTKOE 3aMblKaHne ___ YCKOpeHMe npu BK/IOYEHUIM Ha KOPOTKOE 3aMbll

case="
——

Mpepen 2

0.3

BpeMsa 3anasfnbBaHua AMNB, cTaHgapTHoe: 0.3s-2s
CTaHpapTHoe BpeMs oTko4YeHus: 0.1s-10s
Bpemsa 3anasabiBaHusa AlNB, ctaHgapTHoe: 155 - 20 s
cTaHpaapTHoe BpeMs oTkaoYeHns: 0.1s-10s

LVRT_Z02

T T T
0 0.15 0 0,15 1,00 0 1,00 t[s]

Puc. 112: KpnBas HarnpsiXXeHns BO BPEMS ABYX HeyAa4yHbIX MorbiTOK aBTOMaTUYE€CKOro noBTOPHOIro
BKJIlOYEHWSA; NCTOYHUK: Technische Richtlinie, Erzeugungsanlagen am Mittelspannungsnetz, Ausgabe
Juni 2008, BDEW Bundesverband der Energie- und Wasserwirtschaft e.V. (cTp. 89.).
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OnucaHune pabortel pyHkumnn LVRT

Moaynb «LVRT» npefHa3HavYeH Ons pacnpeneseHHon reHepaumm pecypcoB, KoTopble
paboTatoT napannenbHo ceTu. OH KOHTPOIMPYET aBapUNHbIe HapyLUEHUSA HaMPsaXXeHnsa B
cucTemMe, CpaBHMBasA UX C HacTpameBaeMbIMU NPOPUNAMU HANPSAXKEHUSA, KOTOpPbIe
3anycKaloTCa, Korga Hanps)xeHue B cucteMe najaeT HU>XXKe HacTpanBaemMoro
Ha4yaNIbHOro 3HavYeHusa «Unyck<».

Cpa3sy nocne 3anycka moaysb «LVRT» nocnenoBaTesibHO KOHTPONMPYET Hanps>XeHne B
cucTeMe N onpenenseT, Bbille NN HUXKEe OTKJIOHEHUE Hanps)XeHUs No CpaBHEHUIo C
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4 IneMeHTbI 3alnThbl
4.23 PMH — paboTa npu NoOHWXeHHOM HanpsixeHuun [27(t)]

Tekywmnm npodusemM Hanps>KeHusa. CUrHan oTKIIHYEeHN akTUBUPYETCHA TOJIbKO TOraa,
Korfga OTKJ/IOHEeHWe Hanpsi>XeHue BbIXOOUT N3 30HbI «[TpoaosiKeHne pa60Tb|>> n
JocTuraeT 30Hbl «OTKIII0YEHME».

UBoccTaH<

V/Vn (pu)

0,500 1,000 1,500 2,000 2,500

<-$-> V[x](t[x]) = ycTaHOBOYHbIE TOYKM KPUBOM

Puc. 113: ObnacTb Npofo/mKeHNA paboTbl M 06/1aCTb OTKJIIOYEHUS.

! t [s]

LVRT_Z03

Moaynb «LVRT» CHOBa nepengeT B PeXUM 0XXNAAHUSA, KaK TOJIbKO Hanps>XeHne B ceTu
BOCCTaHOBUTCHA, TO €CTb NMOAHUMETCH BblLLE 3a4aHHOI0 Hanps>XeHnss BOCCTaHOBJIEHUS
«UBoccTaH<».

Ynpasnaemas pyHkumnsa LVRT ¢ aBToMaTn4eCKMUM NMNOBTOPHbLIM BKJIlOYEeHUEM

Ecnn Heobxoammo, 4Tobbl pyHKUMa PMH npoaosmkana paboTy No BpemMsa aBTOMaTUYECKNX
MOBTOPHbLIX BKAOYEHWUI, TO Ans NapameTpa [Mapam_ 3awmTel / Habop 1...4 / BHyTp_coen-
3aw, / LVRT[x] / Obwme HacTponkun] «LVRT c AllB» cnenyeT 3af4aTb 3HAaYEHME «aKT_».

Ons KoHTpona cobbiTuin paboThl NPY MOHNXKEHHOM HaNPSXXeHUN BO BpeMS NOBTOPHOIr 0O
BKJIIOMEHMA C/leayeT HacTpOUTb ANa TanMepa HabnwoaeHns [Mapam_ 3awmnTsl / Habop 1...
4 [ BHyTp_coepn-3auwy / LVRT[x] / Obwune HacTporkun] «t-LVRT» 3Ha4YeHne, paBHOe Uiun
bonbLiee, 4eM NOJIHOE BpeMS OCYLLECTBIEHUS HECKOJIbKMX MOMbITOK aBTOMaTUYE€CKOro
MOBTOPHOI0 BKJOYEHMSA. KpoMe TOro, Hy>XHO 3a4aTb YNCNO0 pa3peLlleHHbIX 3K3eMMNISpoB
PMH, koTopoe 06bI4HO PaBHO YMCY NOMbITOK aBTOMaTUYECKOrO MOBTOPHOMO BKJIOYEHUS.
dakTunyeckn pabota pyHkumMn LVRT ByaeT KOHTPOAMPOBaThCS, YTO NO3BONT
Npono/HKNTL paboTy Npu NpeABapuUTEesNbHO 3afaHHbIX MapamMmeTpax Hanps>xeHus LVRT.
Mo focTmxeHun 3agaHHoro Yncna coboitunm LVRT [MapaM_ 3awmnTtbl / Habop 1...4 /
BHyTp_coepn-3aw / LVRT[x] / O6bwme HacTponkun] «Koau.nag.Harnp, noc.KOT.MPOU.0OTK.»
hyHKLUMA KoHTpona LVRT onpenenut, 4To obHapy>XeHHbIn cbon B cucteme sBasieTcs
YCTONYMBbBIM OTKA30M, MPOUrHOPUPYET NapaMeTpbl Npoduasa HanpsS>XeHUs 1 MrHOBEHHO
nonacT KOMaHAy OTKJ4YeHUS, 4Tobbl 0TCeYb pacnpenenieHHbI pecypc oT
SHEpProcucTeMmsl.

MCDTV4-3.6-RU-MAN MCDTV4 405



4 neMeHTbl 3almnThbl
4.23 PMH — paboTa npu NOHMXEHHOM Hanps>keHumn [27(t)]

LVRT

LVRT_YO1

LVRT = LVRT[1]...[n]
CM_ anarpammy: Bnok-ku
@ (CTyneHb He OTKJ/Il0YeHa 1 HET aKTUBHbIX CUrHanoB 6/10KMPOBKN)

21 LVRT .
‘ S PeX<_ curH_
1-p OTKN
J nob 2
3-¢p OTKN
LVRT . TONbKO 2
M3Mep. cxeM KOHTP. & o)
HeakT_ ._qi
aKT_ 1 |
& LVRT . Tpes
MnaHnp_ycTp_ | (14
LVRT . 1 |
Pex_
LVRT .
Pex_ n3m_ &
ncn
®dasH Hanp
NvH_ Hanp_
LVRT . Tpes A
] )
LVRT . KH .
Kputepui Unyck< LVRT . Tpes_ cb.B@
OCHOBHble KH .
WcT_ CK3 UBoccTaH< LVRT . Tpes_ .C
UA | [0) 1T — ) @
| T -
= I
[&] LVRT . OTKn ¢b.A
20
LVRT . —
LVRT c AMB & LVRT . OTkn Q).B@
HeakT_ ——
aKT_ ) [&] LVRT . OTkn q).c@
’__

A

LVRT . OTkn
15

Kon nan Hanp B t-LVRT

>+

LVRT .

t
?| t 0 LVRT . UaeT t-LVRT
a —

LVRT . KomOTKn

n<N &
>R
CM_ gnarpammy:
@ BNOKMp_ OTKA

KomaHpAa oTK/lo4eHUs oTMeHeHa unn 610knpoBaHa.

Obwume ykaszaHmsa No NPUMEHEeHUIo U HacTpoike pyHkuum PITH

15a

Kpome npoyero, meHw LVRT Bka4aeT B cebsa nepeqyncsieHHble gasee napaMmeTpbi.

¢ C noMowbto NnapameTpa [Mapam_ 3awmnTel / Habop 1...4 / BHyTp_coen-3auy, /
LVRT[x] / MapameTpsbl PMH] «Unyck<» pyHKuna LVRT BkaovaeTca (3anyckaeTcs).

e C noMowbio napameTpa [Mapam_ 3awmnTsl / Habop 1...4 / BHyTp_coen-3auy, /
LVRT[x] / NapameTpsbl PMH] «UBoccTaH<» pyHKuna LVRT onpenenset MOMeHT

3aBepLUEHNS aBapUNHOIro HapyLleHus.
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4 IneMeHTbl 3alnThbl

4.23 PMH — paboTa nNpu NOHV>XEHHOM Hanps>keHuun [27(t)]

e ObpaTnTe BHUMaHME, YTO 3HaYeHne «UBOCCTaH<» [OJIXKHO ObITh BbilLe 3HaYeHUA
«Unyck<». B npoTBHOM clydae BHYTpPeHHASA hyHKLUNS NPOBEPKU nNpaBaononobus
YCTaHOBUT 3HavyeHne napameTpa «UBoccTaH<» KakK 103% OT 3HavYeHUsa «Unyck<».

* [Mapam_ 3awunTbl / Habop 1...4 / BHyTp_coepn-3auy / LVRT[x] / MapameTpsbl PIMH]
«V(tk)», «tk» — yCcTaBKU ANna HacTponku npocunsa LVRT.

Ocobbie yka3zaHus 1o ripuMeHeHNo U HacTpovike npogunis LVRT

e Bo MHOrux cnyvasax gnsa cosganumsa npoguns LVRT TpebytoTca He BCe AOCTYMHblE
yCTaBKW.

* B cnyvae, ecnin He BCe MMetoLLMecs napaMeTpbl UCMONb3YOTCA, AN
Hencnosib30BaHHbIE NapaMeTPbl MOXKHO YCTAaHOBUTb B TO )Ke 3HAYeHUe, YTo 1
nocnenHni napameTp.

* BbibvpaTb yCTaBKM ceayeT C/ieBa Hamnpaso, a HavasibHas HacTPonKa BpemMeHm t=0
(«tk+1»>«tk»).

¢ YCTaBKU HanpsXXeHns cnenyeT BbibnpaTb no Bo3pacTatowen («V(tk+1)»>«V(tk)»).

* 3Ha4veHue Hanps>XeHuna gnga nocsieaHero NCnoJib30BaHHOr 0 napamMeTpa A0JIKHO
6bITb 60bLIE NCXOOHOIrO Hanps>xeHnd. B npoTUBHOM cny4ae 3Ha4vyeHune
Hanps>XeHnsA BOCCTaHOBNIEeHNA «UBoCcCTaH<» 6y,£l,eT BHYTPEHHUMWU CpenCcTBaMn
N3MEHEHO Ha MaKCMMaJlbHOE 3aaHHOE 3Ha4YeHNE HalpAaAXXeHNA.

Kak npaBusio, 3aBoAcKas HacTponka npodunsa LVRTNO ymond4aHuio NnpeaBapuTebHO
yCTaHaB/MBaeTCHA Ha OCHOBE KPUBOWM TuNa | U3 HEMeLKOro 3/IeKTPOCeTeBOro Koaekca
(Technische Richtlinie «<Erzeugungsanlagen am Mittelspannungsnetz — Richtlinie flr
Anschluss und Parallelbetrieb von Erzeugungsanlagen am Mittelspannungsnetz», nioHb
2008 r., BDEW, bepsivH).

3T0 0TO6PaXKeHO Ha CNEeAYIOLLEM PUCYHKE.

Default Voltage Profile (Germany Grid Code: BDEW-Type )
120

110
100 Vrecover>

3 e
90
80 =07y
—
70 q
ol 60
c
© 50
T

40
30
20

10 V(t2)=0
t2=0,1!

V(t1)=0
ti=0

1.0 0-0.5 0,0 0,5 1,0 15 2,0 2,5 3,0

Bpems [c]

LVRT_Z04

Puc. 114: lNMpogpunb LVRT no ymondaHuto (BDEW, Tun ).
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4 neMeHTbl 3alnThbl

4.24 3aBNCMMOE BbIKJIHOYEHME (yAaneHHoe)

4.24

408

3aBucuMoe BbiKJIlOUeHue (ypaneHHoe)

ITOT MOAY/Ib aKTUBUPYET PEXMM 3aBUCUMOI0 OTKJIIOYEHUSA (BbIMOJIHEHNE BHELLHUX
KOMaH[ OTKJIlo4YeHUs).

Moumep npumMeHeHus

HeckonbKo pacnpeaeneHHbIX UCTOYHUKOB MUTAOT CEeTb, MapasisIeNIbHYI0 3/1IeKTpoceTw,
yepes obLyto Touky npucoeguHeHus (PCC).

3alWmMTHOE persie 31eKTPOCEeTN YCTaHaBIMBAETCSA B TOYKe obLLero coegmHeHus. 3To
MOXKeT 6bITb ANCTAHLUMOHHOE 3alMTHOE peJsie, 3allMiiatollee NCXOASLLYI0 JINHUIO
nepenauym.

HonycTtum, nponsowien c6oin BbIXOAHON NMHUN Nepenayn @.

MNMonayva pacnpenesneHHbIX SHEPropecypcoB Mo NCXOAsILLEN MMHUN Nepeaayn
npekpalliaeTcs.

Tenepb B CeTb He NMoaaeTcs BbipabaTbiBaeMas 371eKTPO3IHEPrus.

Monynb «3aBMCUMMOE OTKJIlo4YeHMe» obecrnevymBaeT BO3MOXHOCTb NnepeaaTbh KOMaHay
OTKJII0YEHUS C 3aLLNTHOro YCTPONCTBA 3JIEKTPOCETUN Ha pacnpelieneHHbIn SHepropecypc.

CurHan oTKJIO4YEeHNA pesie CeTeBOW 3alnThl (B 0bLLen To4yke npucoeamnHenns) byoet
nepepnaH 4yepes LundpoBbie BXOAbl Ha MOAY/IN «3aBUCUMOE OTKJIIOYEHMNE» 3aLLMTHbIX
YCTPOWCTB pacnpeaesieHHbIX SHEPropecypCcoB, PacnoIOXKEHHbIX HMXKE MO uenu .

MuTatowme pacnpenesieHHbIe S3HEPropecypChbl NEPexBaTAT KOMaHAy OTKJIIOYEHUS, 1

COOTBETCTBYIOLLME NUCTOYHUKN NUTAHMS BYAyT OTKJIIOYEHbI OT 3/1eKTpoceTn ©. PelleHune
0 BbIKJIOYEHMN 3aLLNTHOIrO YCTPOMCTBA 3JIEKTPOCETU Bbile B CETU NepexBaTbiBaeTCs.
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4 SneMeHTbI 3alnThbl

4.24 3aBnCMMOE BbIKJII0YEHME (yaaneHHoe)

BXOA

umnd_

3aBUCUMOE OTKJIlDYEeHue

3aBucuMMoe OoTKJIlo4YeHue

BXOA,

und_

3aBMcuMoe OTKJIloYeHue

ExtTrip_Z01

ExtTrip_Y02

Cm_ anarpammy: Bnok-ku

@ (CTyneHb He OTKJIlOYEHa U HET aKTUBHbIX CUrHaNoB 6J10KUPOBKY)

3aBucumoe oTkJoYeHne . OTkI-Bx

3aBucnmoe oTko4eHne . Tpes_-Bx

3aBrCUMOE OTKJIIOHEHNE .
Tpes_ -
HeT NpucB_ &

L&

1..n_Cnnc_ Ha3H_

3aBNCUMOE OTKJIIOHEHNE .
OTkn

HeT NpucBe_

3aBucMMoe oTKJlo4eHne . Tpes_ @

3aBucumoe oTkYeHne . OTKA

1..n_Cnnc_ Ha3H_

Cm_ anarpammy: BAokup_ oTKn

@ (KoMaHaa OTK/lYeHUs OTMeHeHa uamn 610KMpoBaHa. )

TecTupyemsbii 06 bEKT

=i

4.24.1 Bsop B 3KcnayaTauuio: 3aBUCUMOE BbiKJIlOYEeHue

15

lMpoBepKa MoAyns 3aBUCMMOIO BbIKJIIOYEHUSA (yp,aneHHoe)

Heobxoanmbie cpencrea
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4 SneMeHTbl 3alnThbl
4.24 3aBNCMMOE BbIKJIHOYEHME (yAaneHHoe)

3aBucuT oT cnocoba NpMeHeHns

OnucaHue npoueaypsbl

CmopenupyinTte paboTy OTKIOYEHNS 3aBUCMMOIO BbIK/lOYEHWS (aBAaPUNHbBINA CUMHa,
OTKJIto4YeHne, 61OKMPOBKaA M T. M.) NyTEM BKJIIOYEHUSA (BbIKJIIOYEHNSA) NOAAYN NMMYJIbCOB
Ha undpoBble BXoabl.

Pe3ynbTaT ycrneLiHov rnpoBepku

Bce BHeLIHWEe aBapuUiiHble CUTHasbl, BHELLIHNE KOMaHbl OTKJIIOYEHUS U BHELUHNE
6,T0KMPOBKIN MPaBUIbHO Pacro3HatoTcs 1 06pabaTbiBalOTCA YCTPONCTBOM.
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4 IneMeHTbI 3alnThbl
4.25 PQS — mMowHoCTb [32, 37]

4.25 PQS — mowHocThb [32, 37]

Mpn NAaHMPOBaHNM YCTPOMCTBA KaXKObl N3 371IEMEHTOB MOXXeT UCMO/b30BaThbCA B
cnepyrowmnx pexnmax: P<, P>, Pr>, Q<, Q>, Qr>, S< nnum S>.

P< n P> ycTaHaBnuBalTCA 1 paboTaloT B MOJNOXKNTENLHOM AMarna3oHe akTUBHOWN
MOLLHOCTU, Q< 1 Q> - B NONOXKUTESILHOM AMana3oHe peakTUBHON MOLHOCTU. DT
pPeXXnMbl NCMOJSIb3YIOTCS A1 3aLlUUTbl OT Neperpyskn N HeJorpy3KmM B NOJIOXKUTESIbHOM
Jnana3oHe MOoLHOCTen.

SdeKTMBHasA MOLLHOCTb Bbl3blBaeT U3MEHEHWe NapaMeTpoB S< uian S> B BUAe Kpyra
BO BCeX 4YeTBepTaAX rpaduka MOLWHOCTU. 3awmTa NPouCXoanT OT HELOIPY3KN U
rneperpysku.

B obpaTHOM pexxume B OTpUL@TE/IbHOM AMana3oHe akTUBHOW MOLLHOCTY 3 EKTUBHbIM
aBnseTcsa Pr>, a B oTpuuaTesibHOM gMana3oHe peakTUBHOW MOLLHOCTU 3h(PeKTUBHbIM
anseTca Qr>. Oba pexxnMa 3alnLLalT 0T N3MEeHEHMSA HanpaBJeHNA MOLWHOCTK C
MONOXKUTENbHOI0 Ha oTpuuaTesibHoe.

MpuBeneHHbIe HUXKe rpaukn NoKasbiBaT obnacTtn, KOTOpPbIE 3alinLLatloTCA
COOTBETCTBYOLLNMN peEXnMaMn.

Power_Z01

P< P>

Power_Z02
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4 SneMeHTbl 3alnThbl
4.25 PQS — MowHOCTb [32, 37]

¢yHKuMOHaﬂbeIe BO3MO>XHOCTH

Q
//_-\ S>
/ 1 \
[ 7N '\
R W Y A
\ IS
\ /
R
Q
P
Pr>
Q
P
Qr>
MCDTV4
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3M3[1]...[n]

4 SneMeHTbI 3alnThbl

4.25 PQS — mMouwHocTb [32, 371

Power_Y01

3M3 = 3M3[1]...[n]

CM_ fmarpammy: Bnok-km

@ (CTyneHb He OTKJII04YeHa U HET aKTUBHbIX CUFHaN0B BJI0KNPOBKY)

@ 38b (& ]

3M3. =1
M3M. cX. KOHT. Hanp.

HeakT_

aKT_

2] |

@

3M3.
/3M. CX. KOHT. TOKa

HeakT_

aKT_

MnaHunp_ ycTp_

3M3.
Pex_

P>
P< =1
Pr>
Q>
Q< L

3MN3.

lp j | Pex_
B QU

—_—f o “~.b P>, P<, Pr>, Q>, Q<, Qr>, S>, S<

I I el

A

33 . Tpes
= 14

Cm_ anarpammy: Baokup_ oTkn

3MN3 . OTkN
15

@ (KoMaHAaa OTK/IIYeHUs OTMeHeHa unmn 610kMpoBaHa. )

Puc. 115: MpuHunn paboTel 3aLmnTbl MOLHOCTM 3[13.

4.25.1 HacTpo#Mka ycTtaBoK

3M3 . KomOTkn
15a

Bce HaCTPOWMKM/YCTaBKN B MOAYJ/1e MOLLHOCTU HAacTPanBaloTCA B COOTBETCTBUN C

yCTaBKaMu 6n0oka. Mo onpeaeneHunto, Sn NCMNOoJIb3yeTCd B Ka4decCTBe 6asbl

MacLwTabnpoBaHUS.

Sn=v3* TpaHcopMaTop Hanpsa)KeHnapacHeTHoOe_MeXX(hpa3Hoe_Hanps>KeHune*

TpaHchopMaTOp TOKa pacHeTHOEe_Harps)XeHune

Ecnun ycTtaBku [OJIXKHbI 6bITb OCHOBaHbI Ha 3Ha4YEeHUAX CTOPOHBbI I'IepBI/I‘-IHOVI obmMOTKU:

Sn=v3* TpaHchopMaTop HaNps>XKeHUsNepB. pacyeTHOe _Me)Xda3Hoe Hanps»keHne*
TpaHchopMaTop TOKa NepB. pacHeTHOE Harnps»>keHue

Ecnn ycTaBKku AO/IKHbI 6bITb OCHOBaHbl Ha 3Ha4Y€HUSX CTOPOHbLI BTOPUYHOM 0OMOTKM:
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4 neMeHTbl 3alnThbl
4.25 PQS — MowHOCTb [32, 37]

Sn=v3* TpaHc(hopMaTop HaNpPsXXEeHNABTOP. pac4yeTHoe Mex(asHoe HanpskeHmne*
TpaHchopMaTop TOKa BTOP. pacHeTHbIN TOK

lMpumep — noseBbie AaHHbIE:
e TpaHcchopmaTop Toka TT neps. =200 A; TT BTOp. =5 A
e TpaHcthopmaTop Hanps>xeHnsa TH neps. = 10 kB; TH sTop. =100 B
* PacyeTHasa MOWMHOCTb reHepaTopa 2 MBA
¢ ObpaTHas MOLHOCTb A0JIKHA NPUBOAUTb K OTKJI0OYEeHUO Npn 3%.
lMpumep HacTpoviku 1 419 Pr> Ha oCHoBe 3Ha4€HUY CTOPOHbLI MePBUYHON 06MOTKMU

ObpaTHasa MOLHOCTb AOJ/IKHA NMPMBOAUTL K OTKAO4YeHUo nNpu 3%. 3To o3Ha4vaeT 60 kB
(Ha cTopoHe nepBMYHON OBMOTKM)

CHavana paccyuTbiBaeTCs Sn:

Sn=v3* TpaHcopMaTop HaNps>XKeEHUsINEPB. pacyeTHOe MexXda3Hoe Hanps>xkeHne*
TpaHchopMaTop TOKa NepB. pacHeTHOE HarnpshkeHune

Sn= 1,73 * 10000 B * 200 A = 3,464 MBA

Cnepywuwas yctaBka yCTaHaBamBaeTcsa onsa Pr> B yctponctee = 60 KBT / Sn

Pr> = 60 kBT/ 3464 kBA = 0,0173 Sn

lMpumep HacTpoviku 1 A8 Pr> Ha oCHOBE 3Ha4Y€HWUV CTOPOHbI BTOPUYHON OOMOTKM

ObpaTHasa MOLWHOCTb A0J/IKHA NMPUBOAUTL K OTKJtOHeHUto npu 3 %. 9To o3HavaeT 60 kB
(Ha cTopoHe nepBMYHON 0OBMOTKM)

CHavalla paccynTbiBaeTCa Sn:

Sn=v3* TpaHc(opMaTop HaNpPs>XXEeHNABTOP. pac4yeTHoe MexX(a3Hoe Harnpsr>xkeHune*
TpaHchopMaToOp TOKa BTOP. pac4YeTHbIN TOK

Sn= 1,73 * 10000 B*5 A = 866,05 BA
Mpeobpa3ynTe 06paTHYO MOWHOCTb Ha CTOPOHY BTOPUYHOIK OBMOTKN:

PreTop> = PrllepB.> / (THMepB. VLL pacy./VTSBTOp. VLL pacy.* TTlepB. pacy. TOK/
TTBTOp. pacy. Tok) = 60 KBT/4000 = 15 BT

Cnepytowas ycTaBka ycTaHaBauBaeTcs anga Pr> B yctponctee = 15 BT/ Sn

Pr> = 15 BT/ 866 BA = 0,0173 Sn

4.25.2 TpuMmepsbl BBOAA B dKCMJlyaTauuio MOAYNA 3alLUTbl MOLLLHOCTH
TecTupyemsbii 06 bEKT
* [lpoBepka HaCTPOMNKKN MOAYEN 3alThl MOLLHOCTN.
e P>

s P<
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4 IneMeHTbI 3alnThbl
4.25 PQS — mMouwHocTb [32, 371

Heobxoaunmeie cpeacTsa
* ICTOYHUK Tpexda3HOoro nepeMeHHOro Hanpsi>xeHuns
* ICTOYHUK Tpexda3HOro nepeMeHHoOro Toka
* Tanmep

lMpouenypa — lNpoBepKa cxeMbl MOAK/IIOHEHNSA

* MopaliTe HOMUHANbHOE HAMPSXXEeHNE N HOMMHAJbHbIA TOK HA U3MepUTESbHbIE
BXO[bl pene.

¢ OTperynmpynTte BEKTOPbI TOKa TakMM obpa3om, 4Tobbl OHN OTCTaBa/ M OT BEKTOPOB
Hanps>XeHns Ha 30°.

* [omxHbI 0TOBpa3nTbCsa cnepyoline 3Ha4eHnsa nsmepeHnn:P=0,86 PnQ=0,5 QnsS=1
Sn

Ecnuv ykasaHHble 3HaYeHUS NokKasaHbl C aJirebpanyeckum 3HAKOM «MUHYC», MPOBEPbTE
NMPaBUIbHOCTb MNOAKJ/IOYEHUS.

lMoKa3aHHbIe B HACTOALLEN FNaBe npmnMmepsbl Heobxo0AMMO BbINOJIHATL C TEMWU 3HAYEHUSAMU

BEJINYMH OTKJIIOYEHUS N 3a4EeP>XXEK OTKJIIOYEHWS, KOTOPbIe YCTaHOB/IEHbI AJ1S
KOHKPETHOro pacrnpeaesnnTesibHoro wuTa.

Mpn npoBepke napameTpa «6oNbLUEr0 YEM NOPOroBOE 3Ha4YeHme» (Hanpumep P>)
HaynHanTe ¢ 80% OT BEJIMYMHbI Pa3MblKaHNS 1 MOBLILLIANTE BEJINYMHY MPOBEPSEMOr0
obbekTa, Noka He cpaboTaeT pene.

Mpn NnpoBepke NMapameTpa «MeHbLLUEro YeM noporosoe 3HavyeHne» (Hanpumep P<)
HaynHanTe ¢ 120% OT BeNUYNHbI pa3MblKaHNA U MOHMXXaNTe BeIMYMHY NPOBEPAEMOro
obbekTa, Noka He cpaboTaeT pene.

Mpwn NpoBepKe 3a0ep>XKN pa3MblKaHNA MoOyJen «bonblie 4em» (Hanpumep P>)
3anyckanTe TanMep OOHOBPEMEHHO C PE3KUM M3MEHEHNEM MPOBEPSAEMOro obbekTa,
Ha4ynHasa ¢ 80% 00 120% oT Be/INYUHbI pa3MblKaHUS.

Mpn NpoBepke 3afep>XKU pa3MblKaHNA MOAYNEN «MeHbLIe YeM» (Hanpumep P<)
3anyckante TanMep 0A4HOBPEMEHHO C PE3KUM U3MEHEHUEM NPOoBEPAEMOro obbekTa,
Ha4nHasa ¢ 120% no 80% OT BeJINYMHbI pa3MblKaHUS.
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4 neMeHTbl 3alnThbl
4.25 PQS — MowHOCTb [32, 37]

P>
MpoBepKa yCTaBOK (Mpumep: yCTaBKa paBHa 1,1 Pn)

* [loganTe HOMUHaJ/IbHOE Hanps>XeHne N ToK, paBHbIn 0,9 OT HOMUHAILHOI O, Ha
n3MepuTesibHble BXoabl pene (KM=1).

* M3MepeHHble 3HaYeHNA aKTUBHOM MOLLHOCTU «P» OOJ/IKHbI UMETb MOJIOXKUTESbHbIN
anrebpanyeckunnm 3Hak.

* YCTaHOBMTE NOPOr OTK/AOYeHUA (Hanpumep, 1,1 oT Pn).

e [17151 NPOBEPKN YCTABOK OTKJIIOYEHWS NOAaNTe TOK, paBHbIN 0,9 OT HOMUHAJIBHOTO,
Ha N3MepUTEIbHbIE BXOAbl pesie. MeasieHHO yBe/IMYNBaNTE CUY TOKa A0 TeX rnop,
noka He cpaboTaeT pesne. Yoeantech, YTO yron Mexay TOKOM 1 HaMps>XeHUeM
OCTaETCH NOCTOAHHbIM. CpaBHUTE 3HAYEHNE OTKJIIDYEHUS C COOTBETCTBYIOLLMM
3HaYeHWEM napameTpa.

MpoBepKa 3a4ep>XKN OTKJlOYEHNA (MpMMep: yCTaBKa paBHa 1,1 Pn)

* [lopganTe HOMUHaJIbHOE HaMpPs>XXeHNe U HOMUHaJIbHbIN TOK Ha N3MepUTesibHbIe
Bxogbl pene (KM=1).

* M3MepeHHble 3HaYEeHNA aKTUBHOM MOLLHOCTU «P» OOJIKHbI UMETb MOJIOXKUTESIbHbIN
anrebpanyeckunnm 3Hak.

e YCcTaHOBMTE NOpOr oTKAYeHUs (Hanpumep, 1,1 oT Pn).

e [1Ns NPOBEPKMN 3a0EPXKN OTKJIIOYEHUS NofganTe TOoK, paBHbIM 0,9 OT HOMUHAJILHOIO,
Ha u3MepuTesibHble BXoabl pene. Pe3ko yBennybTe ToK Ao 1,2 In. Ybeautecs, 4To
YroJ1 MeX4y TOKOM U Hamnps>KeHMeM OCTaeTCs NOCTOAHHbIM. I3MepbTe 3afepxXKy
OTKJIIO4YEHUS Ha BbIXOOHbIX KOHTaKTax pere.

Pe3ynbTaT yCrieLHO npoBEPKM

3HavyeHuns I/I3MepeHVII7I obwero BpeMeHW 3a4ePXKUN OTKIKDHEHNA U OTAEJIbHbIX 3HaYeHnn
BpeMeHN 3a0epP>XXKN, YCTaAaBOK N YCTaBKWN Ha BO3BpPaT, OOJIKHbI COOTBETCTBOBATb
3Ha4YeHNAM, YKa3aHHbIM B CMUCKe HacTpoek. [lonyCcTuMble OTKJIOHEHUSA N AOMYCKU
YKa3aHbl B TEXHUNYECKNX OaHHbIX.
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4 SneMeHTbl 3alnThbl
4.25 PQS — mMowHocCTb [32, 371

Q>
MpoBepka yCcTaBOK (Mpumep: yCTaBKa paBHa 1,1 Qn)

e [loganTe HOMUHaJIbHOE HaMnMps>XXeHne N ToK, paBHbIN 0,9 OT HOMUHaNbHOI O (CaBUr
a3 90°), Ha n3mepuTenbHbie Bxoabl pene (KM=0).

* NI3MepeHHble 3Ha4YeHuns peaKTI/IBHOI7I MOLLHOCTU «Q>» OO0JIXKHblI UMETb
MOJIOXKNTEJIbHbIN anre6pa|/|quKV||7| 3HakK.

e YCTaHOBUTE NOpoOr oTK/AYeHus (HanpuMmep, 1,1 oT Qn).

e [17151 NPOBEPKN YCTABOK OTKJIIOYEHWS NOAaNTe TOK, paBHbIN 0,9 OT HOMUHAJIBHOTO,
Ha N3MepUTEIbHbIE BXOAbl pesie. MeasieHHO yBe/IMYNBaNTE CUY TOKa A0 TeX rnop,
noka He cpaboTaeT pesne. Yoeantech, YTO yron Mexay TOKOM 1 HaMps>XeHUeM
OCTaETCH NOCTOAHHbIM. CpaBHUTE 3HAYEHNE OTKJIIDYEHUS C COOTBETCTBYIOLLMM
3HaYeHWEM napameTpa.

lMpoBepKa 3a4ep>XKN OTKAOYEHNA (NpuMep: yCTaBKa paBHa 1,1 Qn)

* [lopganTe HOMUHaJIbHOE HaMpPs>XXeHMEe N HOMUHaNbHLIN TOK (coBur a3 90°) Ha
n3MepuTesibHble Bxoabl pene (KM=0).

* I3aMepeHHble 3HAaYEHNA PEAKTUBHON MOLLHOCTU «Q» LOSIKHbI UMETb
MONOXKNTENbHbLIN anrebpanvyecknin 3Hak.

e YCTaHOBUTE NOpOr oTKAYeHMs (HanpuMmep, 1,1 oT Qn).

e [1Ns NPOBEPKMN 3a0EPXKN OTKJIIOYEHUS NofganTe TOoK, paBHbIM 0,9 OT HOMUHAJILHOIO,
Ha u3MepuTesibHble BXoabl pene. Pe3ko yBennybTe ToK A0 1,2 In. Ybeautecs, 4To
YroJ1 MeXay TOKOM U Hamnps>KeHMeM oCTaeTCs NOCTOAHHbIM. I3MepbTe 3afepxKy
OTKJIIO4YEHUS Ha BbIXOOHbIX KOHTaKTax pere.

Pe3ynbTaT yCrieLHO MpoBEPKM

3HavyeHuns I/I3MepeHVII7I obwero BpeMeHN 3a4ePXKUN OTKIIOHEHNA U OTAEJIbHbIX 3HaYeHnn
BpeMeHN 3a€epPXXKN, YCTAaBOK N YCTaBKWN Ha BO3BPaT, OOJIPKHbl COOTBETCTBOBATb
3Ha4YeHNAM, YKa3aHHbIM B CMUCKe HacTpoek. [lonyCcTruMble OTKJIOHEHUSA N AOMYCKU
YKa3aHbl B TEXHUNYECKNX OaHHbIX.
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4 neMeHTbl 3alnThbl

4.25 PQS — MowHOCTb [32, 37]

P<

3Hay
yKa3

MpoBepkKa ycTaBOK (Mpumep: ycTaBKa paBHa 0,3 Pn)

MopanTe HOMMHANIbHOE HaMNPSXXEeHNE U HOMUHaJIbHbIN TOK Ha N3MepUTesibHbIe
BxoAbl pene (KM=1).

N3MepeHHble 3HaYeHNS aKTUBHOW MOLLHOCTU «P» NOJ/IKHbI UMETb MOJIOXXUTESbHbIN
anrebpanyeckunnm 3Hak.

YcTaHOBUTE MOpOor oTKJoYeHus (Hanpumep, 0,3 oT Pn).

ONs NpoBEepKM yCTaBOK OTK/OYEHMS NoJanTe TOK, paBHbIA 0,5 OT HOMUHaNbLHOrO,
Ha U3MepuTeNbHble BXOAbl pefie. YMeHbLUanTe CUy ToKa A0 TexX nop, Noka He
cpaboTaeT pene. Y6eauTech, 4TO yroa Mexay TOKOM U HamnpshKeHMeM ocTaeTcs
NOCTOSIHHBLIM. CpaBHUTE 3HAaYeHME OTKJIIOYEHMSI C COOTBETCTBYIOLNUM 3HAYEHNEM
napameTpa.

lMpoBepKa 3a4ep>XKN OTKJOYEHUA (MpMMep: ycTaBka paBHa 0,3 Pn)

MopanTe HOMMHANIbHOE HaMNPSXXEeHNE U HOMUHaJIbHbIN TOK Ha N3MepUuTesibHbIe
Bxogbl pene (KM=1).

N3MepeHHble 3Ha4YEeHUSA aKTUBHOW MOLLIHOCTU «P» [OMXKHBbI MMETb MOJIOXKUTESbHbIN
anrebpanyeckunnm 3Hak.
YCcTaHOBMUTE NOPOr OTKJYeHUA (Hanpumep, 0,3 oT Pn).

ONs NpoBepPKU 3a4EP>XKN OTKJIIOYEHNS MOAaNTe TOK, paBHbIn 0,5 0T HOMMHaNLHOrO,
Ha u3MepuTesibHble BXoabl pene. Pe3ko yBennybTte Tok o 0,2 In. Ybeantecs, 4To
YroJ1 MeX4y TOKOM U Hamnps>KeHMeM OCTaeTCs NOCTOAHHbIM. I3MepbTe 3afepxXKy
OTKJIIO4YEHUS Ha BbIXOOHbIX KOHTaKTax pere.

Pe3ynbTaT yCrieLHO npoBEPKM

3HavyeHuns VI3MepeHVII7I obwero BpeMeHW 3a4ePXKUN OTKIKDHEHNA U OTAEJIbHbIX 3HaYeHnn
BpeMeHN 3a0epP>XXKN, YCTaAaBOK N YCTaBKWN Ha BO3BpPaT, OOJIKHbI COOTBETCTBOBATb

eHUAM, YKa3aHHbIM B CNNCKe HacTpoeK. [1onyCTMble OTKJIOHEHUS U OOMNYCKU
aHbl B TEXHUYECKUX OaHHbIX.
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4 SneMeHTbl 3alnThbl
4.25 PQS — mMowHocCTb [32, 371

Q<

MpoBepkKa ycTaBOK (Mpumep: ycTaBKa paBHa 0,3 Qn)

e [loganTe HOMUHaJIbHOE HaMnMps>XXeHne N ToK, paBHbIN 0,9 OT HOMUHaNbHOI O (CaBUr
a3 90°), Ha n3mepuTenbHbie Bxoabl pene (KM=0).

* NI3MepeHHble 3Ha4YeHuns peaKTI/IBHOI7I MOLLHOCTU «Q>» OO0JIXKHblI UMETb
MOJIOXKNTEJIbHbIN anre6pa|/|quKV||7| 3HakK.

e YCcTaHOBUTE NOpoOr oTKAYeHus (Hanpumep, 0,3 oT Qn).

o [11151 NPOBEPKN YCTABOK OTKJIIOYEHWS MNOAaNTe TOK, paBHbIN 0,5 OT HOMUHAJIBHOT O,
Ha N3MEpPUTESIbHbIE BXOAbl pesie. YMEHbLLIANTE CUJly TOKa A0 TeX Mop, rnoka He
cpaboTaeT pene. Y6eamTech, YTO Yrosl MeXXay TOKOM U Hanps)XeHNeM OCTaeTCs
NOCTOSAHHBLIM. CpaBHUTE 3HAYEHUE OTKJIIOYEHUSA C COOTBETCTBYIOLLNUM 3HAYEHNEM
napameTpa.

lMpoBepKa 3a4ep>XKN OTKAOYEHNA (NpuMep: ycTaBKa paBHa 0,3 Qn)

* [lopganTe HOMUHaJIbHOE HamnMps>XXeHne 1 ToK, paBHbIN 0,9 OT HOMUHaNbHOI O (CaBUr
a3 90°), Ha n3mepuTenbHblie BXxoabl pene (KM=0).

* I3aMepeHHble 3HAaYEHNA PEAKTUBHON MOLLHOCTU «Q» LOSIKHbI UMETb
MONOXKUTENbHbLIN anrebpanvyecknin 3Hak.

e YCTaHOBUTE NOpOr oTKAYeHus (HanpuMmep, 0,3 oT Qn).

e [1Ns NMPOBEPKMN 3a0EPXKN OTKJIIOYEHUS NoganTe TOK, paBHbIM 0,5 OT HOMUHANBLHOIO,
Ha u3MepuTesbHble BXoabl pene. Pe3ko yBennybTe Tok o 0,2 In. Ybeantecs, 4To
YroJ1 MeXay TOKOM U Hamnps>KeHMeM oCTaeTCs NOCTOAHHbIM. I3MepbTe 3afepxKy
OTKJIIO4YEHUS Ha BbIXOOHbIX KOHTaKTax pere.

Pe3ynbTaT yCrieLHO MpoBEPKM

3HavyeHuns I/I3MepeHVII7I obwero BpeMeHN 3a4ePXKUN OTKIIOHEHNA U OTAEJIbHbIX 3HaYeHnn
BpeMeHN 3a€epPXXKN, YCTAaBOK N YCTaBKWN Ha BO3BPaT, OOJIPKHbl COOTBETCTBOBATb
3Ha4YeHNAM, YKa3aHHbIM B CMUCKe HacTpoek. [lonyCcTruMble OTKJIOHEHUSA N AOMYCKU
YKa3aHbl B TEXHUNYECKNX OaHHbIX.
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4 neMeHTbl 3alnThbl
4.25 PQS — MowHOCTb [32, 37]

Pr
MpoBepkKa yCcTaBOK (Mpumep: ycTaBKa paBHa 0,2 Pn)

e [lopganTe HOMUHaJIbHOE HaMps>XXeHMe N HOMUHaJIbHbIAN TOK (caBuUr a3 mexxay
BEKTOpaMu Hanps>eHus 1 Toka 180°) Ha nsMepuTesibHble BXOObl pene.

* M3MepeHHble 3HaYeHUA aKTUBHOM MOLLHOCTU «P» OOJIXHbI UMETb OTPULIATENbHbIN
anrebpanyeckunnm 3Hak.

* YCTaHOBMTE MoOpor oTK/tYeHUsa (Hanpumep, 0,2 oT Pn).

e [11151 NPOBEPKN YCTABOK OTKJIIOYEHWS MOAaNTe TOK, paBHbI 0,1 OT HOMUHAJIBHOTO,
Ha N3MepUTEIbHbIE BXOAbl pesie. MeasieHHO yBe/IMYNBaNTE CUY TOKa A0 TeX rnop,
noka He cpaboTaeT pesne. Yoeantech, YTO yron Mexay TOKOM 1 HaMps>XeHUeM
OCTaETCH NOCTOAHHbIM. CpaBHUTE 3HAYEHNE OTKJIIDYEHUS C COOTBETCTBYIOLLMM
3HaYeHWEM napameTpa.

lMpoBepKa 3a4ep>XKN OTKJoYEHNA (MpuMep: ycTaBka paBHa 0,2 Pn)

* [loganTe HOMNHaJIbHOE Hanps>XeHne N HOMUHAaJIbHbIN TOK (CABUI a3 Mmexay
BEKTOpaMu Hanpsi>keHus 1 Toka 180°) Ha usMepuTesibHble BXOObl pene.

* M3MepeHHble 3HaYE€HNA aKTUBHOM MOLLIHOCTU «P» OOJIXXHbl UMETb OTPULIATENbHbIN
anrebpanyeckunnm 3Hak.

e YCcTaHOBMTE NoOpor oTKA4YeHus (Hanpumep, 0,2 oT Pn).

e [1Ns NPOBEPKMN 3a0EPXKN OTKJIIOYEHUS NofganTe ToK, paBHbIM 0,1 OT HOMUHAILHOI O,
Ha u3MepuTesibHble BXxoabl pene. Pe3ko yBennybTte Tok o 0,3 In. Ybeautecs, 4To
YroJ1 MeX4y TOKOM U Hamnps>KeHMeM OCTaeTCs NOCTOAHHbIM. I3MepbTe 3afepxXKy
OTKJIIO4YEHUS Ha BbIXOOHbIX KOHTaKTax pere.

Pe3ynbTaT yCrieLHO npoBEPKM

3HavyeHuns I/I3MepeHVII7I obwero BpeMeHW 3a4ePXKUN OTKIKDHEHNA U OTAEJIbHbIX 3HaYeHnn
BpeMeHN 3a0epP>XXKN, YCTaAaBOK N YCTaBKWN Ha BO3BpPaT, OOJIKHbI COOTBETCTBOBATb
3Ha4YeHNAM, YKa3aHHbIM B CMUCKe HacTpoek. [lonyCcTuMble OTKJIOHEHUSA N AOMYCKU
YKa3aHbl B TEXHUNYECKNX OaHHbIX.
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4 SneMeHTbI 3alnThbl
4.25 PQS — mowHocCTb [32, 371

Qr

MpoBepka ycTaBOK (Mpumep: ycTaBKa paBHa 0,2 Qn)

e [loganTe HOMUHaJIbHOE HaMps>XXeHNe N HOMUHaJIbHbIAN TOK (caBuUr a3 Mmexxay
BEKTOpPaMU Hanpsi>KeHus 1 Toka -90°) Ha naMepuTenbHble BXOAbl pene.

* lI3MepeHHble 3HAYEHUS aKTUBHOW MOLLHOCTN Q OO0JIXKHbI MMETb OTPULLATESbHbIN
anrebpanyeckunn 3Hak.

e YCTaHOBUTE NOpor oTKA4YeHus (Hanpumep, 0,2 oT Qn).

o [17151 NPOBEPKU 3a€P)KKW OTKJIIOYEHUSA NOAaNTe TOK, paBHbI 0,1 OT HOMUHAJILHOTO,
Ha N3MepUTEIbHbIE BXOAbl pefie. MeasieHHO yBe/MYNBaNTE CUY TOKa A0 TeX rnop,
noka He cpaboTaeT pesne. Yoeantech, YTO Yyroa Mexay TOKOM 1 HaMps>XeHUeM
OCTAETCH NOCTOSAHHbLIM. MI3MepbTe 3a4ep)XKy OTKJII0YEHMS HA BbIXOAHbIX KOHTAKTaxX
pene.

MpoBepKa 3a4ep>XKN OTKAOYEHMA (NpuMep: ycTaBKa paBHa 0,2 Qn)

* [loganTe HOMNHaJIbHOE Hanps>XeHne N HOMUHAaJIbHbIN TOK (CABUI a3 Mmexay
BEKTOpPaMu Hanpsi>KeHus 1 Toka -90°) Ha naMepuTenbHble BXOAbl pene.

* I3MepeHHble 3HAYEHNS aKTUBHOW MOLLHOCTN Q OOJIXKHbI MMETb OTPULLATESbHbIN
anrebpanyeckunnm 3Hak.

e YCTaHOBUTE NOpOr oTKAYeHus (HanpuMmep, 0,2 oT Qn).

e [1N5 MPOBEPKMN YCTABOK OTKJILOYEHUNS MOAANTE TOK, paBHbin 0,1 OT HOMUHANLHOrO,
Ha u3MepuTesibHble BXxoabl pene. Pe3ko yBennybTte Tok o 0,3 In. Ybeautecs, 4To
YFoJ1 MeXXAy TOKOM U Hanps>KeHMeM oCTaeTcs NoCTOAHHbIM. CpaBHMUTE 3Ha4YeHune
OTKJIIO4YEHNS C COOTBETCTBYIOLLMM 3Ha4YeHNeM napameTpa.

Pe3ynbTaT yCrieLuHOV NMpoBEPKU

3HavyeHuns I/I3MepeHVII7I obwero BpeMeHN 3a4ePXKUN OTKIIOHEHNA U OTAEJIbHbIX 3HaYeHun
BpeMeHN 3a0epPXXKUN, YCTAaBOK N YCTaBKWN Ha BO3BpPaT, OOJIXKHbl COOTBETCTBOBATb
3Ha4YeHNAM, YKa3aHHbIM B CMUCKe HacTpoek. [lonyCcTuMble OTKJIOHEHUSA N AOMYCKU
YKa3aHbl B TEXHUNYECKNX OaHHbIX.
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4 neMeHTbl 3alnThbl
4.25 PQS — MowHOCTb [32, 37]

S>
lMpoBepbTe yCTaBKN

* MopanTte 80 % OT yCTaBKN S> Ha U3MepuTesibHble BXOObl persie.

* MepJieHHO yBe/IMYMBaNTEe NoAaBaeMyto MOLLHOCTb 0 TeX Mnop, Noka He cpaboTaeT
pene. CpaBHUTE N3MEpPEHHbIe 3HAaYeHNSI B MOMEHT OTKJIIOYEHUSA CO 3HAaYEeHUSIMU
napameTpoB.

MpoBepka 3a4eP>XXKN OTKIIIOYEHNS

* NMopmanTte 80 % OT yCTaBKM S> Ha N3MepuTesibHble BXObl pese.

* Pe3Ko yBeNM4YbTE NogaBaemMyto MOLWLHOCTb 00 120% OT yCcTaBku S>. IamepbTe
3a0ep>XXKY OTKJIIOHEHUS Ha BbIXOOHbIX KOHTAKTax pene.

Pe3ynbTaT ycrneLHov rnpoBepKku

3Ha4yeHns n3MepeHnin obLLero BpeMeHn 3a0eP>XXKKW OTKJIIOYEHUA U OTAESIbHbIX 3HAYEeHU
BpeMeHU 3a0epP>XKW, YCTaBOK U YCTaBKWN Ha BO3BPAT, 40JI)KHbl COOTBETCTBOBATb
3HAYeHUAM, YKa3aHHbIM B CMUCKE HAcTpoeK. [1onyCTUMbIE OTKJIOHEHUSA U OOMYCKU
YKa3aHbl B TEXHUYECKUX OaHHbIX.

S<
MpoBepbTe yCTaBKMU

* Mogante 120% OT yCTaBKM S> Ha U3aMepuTesibHble BXOObl pene.

* MeafieHHO yMeHblUanTe NofaBaeMyto MOLLHOCTbL A0 TeX Nop, noka He cpaboTaeT
pene. CpaBHUTE N3MEpPEHHbIe 3HAaY€HNSI B MOMEHT OTKJIIOYEHUSA CO 3HAYEHUSIMN
napameTpoB.

lMpoBepKa 3a4eP>XKN OTKIII0YEHUS

* MNMopante 120% OT yCTaBKM S> Ha U3MepUTESIbHbIE BXOAbl pene.

* Pe3ko yMeHbLIUTe nofgaBaeMyto MOLHOCTb 00 80% oT ycTaBku S<. I3MepbTe
3a0ep>XXKY OTKJ/IIOYEHNS Ha BbIXOLAHbIX KOHTaKTax pene.

Pe3ynbTaT ycrneLHov npoBepKu

3HavyeHuns I/I3MepeHVII7I obwero BpeMeHW 3a4ePXKUN OTKIKDHEHNA U OTAEJIbHbIX 3HaYeHUn
BpeMeHN 3a0epPXXKN, YCTaAaBOK N YCTaBKWN Ha BO3BPaAT, OOJIXKHbI COOTBETCTBOBATb
3HAa4YeHNAM, YKa3aHHbIM B CMUCKe HAacTpoeKk. [lonyCcTuMble OTKJIOHEHUSA N AOMYCKU
YKa3aHbl B TEXHUYECKNX OaHHbIX.
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4 SneMeHTbl 3alnThbl
4.26 KM — koahpmnumnmeHT MowHocTu [55]

4.26 KM — ko3 duumeHT MmowHocTm [55]

Moaynb KM KOHTponmpyeT Ko3ppnumeHT MOLHOCTY B 3aaHHON obnacTu (B 3agaHHbIX
npegenax).

Ob6nacTb 3afaeTcs YeTbipbMA MapamMeTpaMu.
* KoopanHaTHasa 4eTBepThb (KBaApaHT) Tpurrepa (onepexeHue nam otctasaHue).
e YcTaBKa (KoahduuymneHTa MOLWHOCTN).
¢ KoopanHaTHasa 4YeTBepTb (kBagpaHT) cbpoca (onepeXxeHne nav oTctaBaHue).

* 3Ha4veHune cbpoca (kKoahprurneHTa MOLLHOCTN).

"MHBEpPCUA" TOK OTCTAET OT HaNpPsAXeHUs TOK onepexxaeT HanpsaxeHue

KsappaHT2 KsappaHTl
—P (BaTT) +P (BaTT)
—Q (Bap) —Q (sap)
—KM +KM

AKTMBHas MOLLHOCTb NMOAaeTCa Ha NCTOYHUK

PeakTBHas MOLHOCTb NOAAETCS HAa UCTOYHUK

AKTMBHasA MOLWHOCTb MoAaeTcs Ha Harpysky

»
»

>
X
m
>
2
©
—P (BaTT) = | +P(BatT)
I
+Q (Bap) g | +Q(sap)
®
—KM S | +KM
o
F
(9]
o
I
E|
o
=
KBappaHT3 3 KBappaHT4
I
@ g
"MHBepcua" TOK onepexxaeT Hanps>XeHne E TOK OTCTaeT OT Hanpsa>xeHus N
© 2
(] i
o g
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4 neMeHTbl 3alnThbl
4.26 KM — KoathpunumeHT MoLwHocTu [55]

KM[1]...[n]

PowerFactor_Y01

KM = KM[1]...[n]

Cm_ anarpammy: Bnok-kun
@ (CTyneHb He OTKJIlO4YEHa U HET aKTMBHbIX CUFHaN0B 6J10KMPOBKU)

KM .
Pexx_ nycka
| onep. V
loTcT. 0TV
KM .
MeTon n3mepeHuit
OCHOBHble y KM .
NcT_ CK3 craska
q) - _D_ _I_ &
KM . Tpes
L — . s e 0
— R O_|
KM . -
Pex_ cbp_ L———O=1
| onep. V KM . HeBO3MOXXHO
loTcT. 0TV
KM .
C6p_ 3Hay_
<20% Un
N ] 10 >_1|
<0,5% IlHom J
ILx Makc _D— -
KM .
Bp_ A0 NoA_ CUTH_ KOMM_
KM .
Bp_ nocne noa_ curH_ Komn_
Bp_ oo nycka Bpemsa cnexxeHus KM . KomneHcaTop
! |
! 1
KM .
t
t 0 KM . OTkn
— 15
&

Cm_ anarpammy: Baokup_ oTkn

@ (KoMaHpa oTk/Ilo4eHNs oOTMeHeHa unn 610kupoBaHa. )

4.26.1 Bsop B 3xkcnayaTauuio: KoadphpuumeHT MmowHocTm [55]
TecTupyemsbii 06 bEKT
* [lpoBepKa HaCTpOMKM Moaynen KoaphnumeHTa MOLWHOCTHN
Heobxoanmbie cpencrBa
* ICTOYHUK Tpexda3HOro nepeMeHHOro Toka
* NCTOYHUK Tpexda3HOro nepeMeHHoro ToKa;
* Tanmep.

lNMpouenypa — lNpoBepKa cxeMbl MNOAK/IOHYEHNS

KM . KomOTKn
15a

e Mopmante HOMMHaNbHOE Hanpsa>XeHue n HOMWHaJIbHbIN TOK Ha n3mMepuTesibHble

BXO[bl pene.
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4 SneMeHTbl 3alnThbl
4.26 KM — koahpnumneHT MowHocTu [55]

¢ OTperynmpynTte BEKTOPbI TOKa TakMM obpa3om, 4Tobbl OHN OTCTaBas M OT BEKTOPOB
Hanps>eHns Ha 30°.

e [NomxHbl 0TOBpa3nTbCsa cnepyoline 3Ha4eHnsa nsmepeHnn:P=0,86 PnQ=0,5 QnS=1
Sn

Ecnun ykasaHHble 3HaYeHUS NoKa3saHbl C aJirebpanyeckum 3HAKOM «MUHYC», MPOBEPbTE
NMPaBUIbHOCTb MOAKJ/IOYEHUS.

o
B naHHoM npumepe KM-Tpurrep yctaHoBseH Ha 0,86 = 30° (oTcTaBaHue), a KM-Cbpoc
ycTaHoBJ1eH Ha 0,86 = 30° (onepe>keHune).

o MpoBeanTe NPOBEPKY C TEMU HAaCTpoKamu (Tpurrepa n cbpoca), KOTopble UMetoTCcs ans
KOHKPETHOro pacnpenenmTesibHOro WwuTa.

lMposepbTe ycTasku (Tpurrep) (Tpurrep KM: npumep: = 0,86 (oTcTaBaHue))

e [MoganTe HOMUHaNbHOE HanMpPs>XXeHNEe N HOMUHAJIbHbIA TOK Ha U3MEPUTESIbHbIE
BxoAbl pene (KM=1).

* NI3meHANnTe yros Mexxay CUI0n ToOKa N Hanps)XeHneM (BeKTOp TOKa OTCTaeT) 0 TeX
rnop, Noka pene He cpaboTaerT.

e 3anuwuTe 3Ha4vYeHune npu cpabaTbiBaHUN.
lpoBepka cbpoca (Cébpoc KM: npmumep: 0,86 (onepexeHue))

e NI3mMeHANnTe yros Mexxay CUI0n ToOKa N Hanps)XeHneM 3a npenesibl BeNnYnHbl KM =
1 (BeKTOp TOKa ornepexxaeT) 40 Tex Nop, NMoKa aBapunHbIA CUrHaN He nponageT.

e 3anuwuTe 3Ha4veHune npu cbpoce.
lpoBepbTe 3a8epXKy oTka4YeHus (Tpurrep KM: npumep: = 0,86 (oTcTaBaHue))

e MMoganTe HOMUHaNbLHOE HaNpPsXXeHNEe N HOMUHAJIbHbIN TOK Ha U3MEPUTESIbHbIE
Bxonbl pene (KM=1).

¢ Pe3K0O U3MEeHUTE yroa Mexxny Hanps>KeHMeM 1 CUI0N TOKa (BEKTOP TOKa OTCTaeT)
no KM=0,707 (45°) (oTcTaBaHue).

* /I3MepbTe 3afep>XKy OTKJIOYEHUS HA BbIXOAHbLIX KOHTakTax pene. CpaBHUTE
N3MepeHHOe BpeMS OTKJIIOYEHMS C COOTBETCTBYHIOLIMM 3HAaYEeHNEM napameTpa.

Pe3ynbTaT ycrneLiHov npoBepKku
N3MepeHHble 3HaYeHNS 3aep)XXeK OTKIIOHYEHUS, YCTABOK U 3Ha4YeHuin cbpoca

COOTBETCTBYIOT 3HAa4YE€HUNAM, YKa3aHHbIM B CMUCKe HAacTpoeK. [lonyCTUMbIe OTKJIOHEeHUS v
AO0MYCKN YKa3aHbl B TEXHNYECKUX OaHHbIX.
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4 neMeHTbl 3alnThbl
4.27 BHW3all, — BHELWHAA 3amMTa

4.27 BHw3aLw, — BHELWWHAA 3almTa

Bce 4 cTtyneHu BHelwHen 3awwmTbl BHw3aw([1] ... BHWw3aw[4] uMeloT naAeHTUYHYIo

CTPYKTYPY.
MyTem NpuMeHeHnsa MOAY S BHELWHEN 3alnTbl PYHKUWIO 3alWNTbl YCTPONCTBA MOXHO
AOMOJIHNTL cnegyrwwnMmm asieMeHTaMn: KoMaHgaMun OoTKIKO4YeHNnA, aBapVIVIHbIMI/I
CUrHanamm n 610KMPOBKaAMUN BHELLHUX CPEACTB 3alunTbl. YCTPONCTBA, KOTOPbIE He
CHab>XeHbl KOMMYHUKALIMOHHBLIM MHTEPMENCOM, Tak)Xe MOryT NOAKJIO4aTbCSH K CUCTEME
ynpaB/eHuns.

BHw3aw[1]...[n] ExtTrip_YO1

BHw3aw = BHw3aw([1]...[n]

Cwm_ guarpammy: Bnok-ku
@ (CTyneHb He OTKJIl0YEHa U HET aKTUBHbIX CUIHanoB H6J10KUPOBKIK)

BHw3aw, . OTkN-Bx

BHw3aw, . Tpes_-Bx

&
BHW3aLy .
Tpes_ —

HeT MpucB_

BHw3aLy . Tpes

L ¥

1..n_Cnnc_ Ha3H_

BHw3auy, .
OTKn —

HeT MpucB_ & BHw3awy, . OTkA @
1..n_Cnnc_HasH_

CMm_ aunarpammy: Bnokup_ oTkn &
@ (KoMaHAa OTKJ/II0YeHNsi OTMeHeHa v 610KkMpoBaHa. ) BHw3aw, . KomOTKA @

Puc. 116: ®yHKUNOHAa/IbHble BO3MOXHOCTU BHLI3aL.

* *=@C/QIN CUrHan He Ha3Ha4veH BXoay aBapvn7|Horo ChrHana.

4.27.1 Beop B 3KcnayaTauuio: BHelwlHAA 3aWimuTa
TecTupyembii 06bEKT
lMpoBepka MoOyNs BHELIHEN 3aWWUThblI.
Heobxoanmbie cpencrea
3aBucunT oT crnocoba NnpuMmeHeHns
OnuncaHune npouenypsl

CmopennpynTe paboTy hyHKLMN BHELLHEN 3aWnThl (aBapUnHbIA CUFHAN, OTK/OYeHne 1
610KMPOBKY) NyTEM BKOHEHMUSA (BbIKJHOYEHMS) NOAAYN UMMYJSIbCOB Ha LM POBbIE BXOAbI.

Bkatoune moaynb: [MnaHup_ ycTp_] «Pex_» = «UCn», Ha3Ha4vybTe OOCTYMNHbIN LUpPOBON
BX04 Os19 rnobanbHbiX NapamMeTpoB cpabaTbiBaHMS N OTKIOYEHNS, HaNnpuMep:
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4 SneMeHTbI 3alnThbl

4.27 BHW3al, — BHELWHAA 3aWunTa

e [Mapam_3awunTtbl / TNo6_ nap_3aw,_/BHw3aw, / BHw3awn]] «Tpes_» = «LIBx CnoTt
X1 . UBx 1»

e [Mapam_ 3awunTtbl / TNo6_ nap_3aw,_/BHw3aw, / BHw3aw[n]] «OTka» = «LUBx CnoT
X1 . UBx 2»

BbinosHUTE TO XKe AJ1s NapaMeTpoB 6J0KNPOBKYK, HanpruMep:

e [Mapam_3awumnTbl / Tno6_ nap_3aw_/BHw3aw, / BHw3aw[n]] «BHbAKk1» = «LBx
Cnot X1 . UBx 3»

Pe3ynbTaT ycrneLHov npoBepku
Bce BHelLHMe aBapuilHble CUFHaJbl, KOMaHAbl OTKJIOYEHUS 1 6JIOKMPOBKYM NPaBUIbHO

pacno3HatoTcsa U obpabaTbiBatoTCca ycTponcteom MCDTV4. KpoMe Toro, npoBepbTe
COOTBETCTBYOLWME 3anncn B Pernctpatop CobbITUNA.
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4 DneMeHTbl 3aLlNThI
4.28 HabnBHew TemMn — KOHTPOJIb Hapy>XHOW TeMnepaTypbl

4.28 HabnBHewTeMn — KOHTPOJIb HAPY>XHOM TeMnepaTypbl

Bce 31eMeHTbl BHELLHEN 3alUTHON (OYHKLUN KOHTPOIS BHELUHEN TeMnepaTypbl UMetoT
NOEHTUYHYIO CTPYKTYPY.

MyTem npumeHeHns moaynsa «HabnBHewTeMn» QyHKLUMIO 3aLLMTbI YCTPONCTBA MOXKHO
AOMNOJIHNTb C/IEeAYIOWMMN 3NIEMEHTaMMN: KOMaH4aMN OTK/OYEHWS, aBapUNHbIMK
CUrHanamm n 610KMPOBKAMUN BHELLHUX LMPPOBLIX YCTPONCTB TEMMNEPATYPHOW 3aLMThI.

Mockonbky pyHKUUM Moaynsa «HabnBHewTeMn» naeHTUYHbI QPYHKLUAM MOLY NS
«BHLW3aw», BbIbpaTb HY>XKHbIE HA3HAYEHNS HAaCTPOEK aBapPUNHOIO CUrHaNa
OTKJIIOYEHUS, OTpaXkatoLlime uenu 4aHHOro Moaynisa, cneayeT rnosib3oBaTesto.

HabnBHewTemn[1]...[n] ExtTrip_Y03
HabnBHewTemn = HabnBHewTemn[1]...[n]

Cwm_ anarpammy: Bnok-ku
@ (CTyneHb He OTKJIlO4EHa U HET aKTUBHbIX CUrHaN0B 6J10KUPOBKIN)

HabnBHewTemn . OTkN-Bx

HabnBHewTemn . Tpes_-Bx

&
HabnBHewTemn .
Tpes_ -

HEeT NpucB_

HabnBHewTemn . Tpes_ @

L&

1..n_Cnnc_HasH_

HabnBHewTemn .
OTKn —

HeT Nnpucs_ HabnBHewTemn . OTkN

15

1..n_Cnnc_ Ha3H_

Cm_ anarpammy: Baokup_ oTKn &
@ (KomaHpaa OTK/04EHUS OTMeHeHa uan 610KnpoBaHa. ) HabnBrewTemn . KoMOTKA @

* *=@C/QIN CUrHan He Ha3Ha4veH BXoay aBapvn7|Horo CnrHana

4.28.1 Bsop B 3kcnsyaTtauuio: KOHTpoOsib Hapy>KHOM TeMnepaTypbl
TecTupyembii 06bEKT
MNMpoBepka MOAY1A KOHTPOJIS HApPY>XXHOW TeMnepaTypbl.
Heobxoaumele cpencTsa
3aBucuT OoT cnocoba NpuMeHeHus
OnuncaHune npouenypsl
CmopenunpynTe paboTy hyHKLMN KOHTPONSA BHELLUHEN TeMnepaTypbl (aBapunHbIA CUrHan,
OTKJIl04eHne, 6/IOKNPOBKY) NYyTEM BKIOYEHMNA (BbIKIIOYEHMA) NOAAYM UMMYIbCOB Ha

LN POBLIE BXOAbI.

Pe3ynbTaT ycrnieLuHOW rnpoBeEPKu
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4 IneMeHTbI 3alUnThbl

4.28 HabnBHew TeMn — KOHTPOJIb HAPY>XXHOW TeMMNepaTypbl

Bce BHeELIHWE aBapuitHble CUrHalbl, BHELIHNE KOMaH bl OTKJIIOYEHUSA U BHELUHNe
6/T0KMPOBKIN MPaBUIbLHO PAcro3HatoTCs U 06pabaThiBalOTCA YCTPOACTBOM.
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4 2neMeHTbl 3alnThbl

4.29 Moaynb 3awnTbl BHewTemnMacn — BHeLWHAS TeMnepaTypHas 3almTa Mmacna

4.29

Mopaynb 3awuTthl BHewwTemnMacn — BHewWHAA TeMnepaTypHas
3awiuMTa Macna

MyTem npumMeHeHnsa moaynsa «BHewTemnMacn» QyHKUWIO 3aWNTbl YCTPONCTBA MOXHO
AOMNOJIHNTb C/IeAYIOWMMIN 3NIeMEHTaMn: KOMaHgaMn OTKYEHWS, aBapUnHbIMK
CUrHanamm n 610KMPOBKAMUN BHELLHUX LIMPPOBbLIX CPeACTB TEMMNEPATYPHON 3aLUNThI.

MockonbKy pyHKLUM Moayns «BHewTemnMacn» noeHTUYHbI YHKUMSAM Moay s
«BHW3aw», BbIbpaTb HY>KHblEe HA3HAYEHUA HACTPOEK aBapPUNHOIro CUrHaNa U
OTKJIIOYEHUS, OTpaXkatoLLne Lenm 4aHHoOro Moayns, cieayeT nosb3oBaTesnio.

BHewTemnMacn[1]...[n] ExtTrip_Y04

BHewTemnMacn = BHewTemnMacn[1]...[n]

Cwm_ anarpammy: Bnok-kun

@ (CTyneHb He OTKJIlO4EHa U HET aKTUBHbIX CUrHaN0B 6J10KUPOBKIN)

BHewTemnMacn . OTkA-Bx

BHewTemnMach . Tpes_-Bx

Tpes_

&
BrewTemnMacn . ﬂ—

HeT NpucB_

BHewTemnMacsn . Tpes_ @

L ¥

1..n_Cnnc_HasH_

BHewTemnMacn .
OTKkn

HET MNpucB_ & BHewTemnMacn . OTkn @
1..n_Cnnc_Ha3H_

Cm_ anarpammy: Baokup_ oTkn &
@ (KoMaHpAa OTKJ/II04EHNS OTMeHeHa uau 6aoknuposaHa. ) BHewTemnMacs . KomOTkn @

4.29.1

430

*=@C/QIN CUrHan He Ha3Ha4veH BXoay aBapvu7|Horo ChrHana

BBopa B 3KcnayaTaumio: BHewHsAsa 3awumTa

Tectupyembivi 06 bEKT

MpoBepka BHeELIHEro Moaysis TeMnepaTypHOW 3alunTbl Macna.

Heobxoaunmeie cpeacTsa

3aBuncnT oT cnocoba NpMMeHeHns

OnvcaHune npouenypsbl

Cmogenupynte paboTy hyHKLUN BHELWHEN TeMNepaTypPHONM 3aLLMTbl Macia (aBapunHbIN
CUrHan, oTkaYeHne, 6OKUPOBKY) NYTEM BKOYEHUS (BbIKOYEHWS) MOAAYM MMMYJIbCOB
Ha UM poBbIE BXOAbI.

Pe3ynbTaT ycrneLHov npoBepKu

Bce BHelWHWe aBapuiHbIE CUMHasIbl, BHELWLHNE KOMaHAbl OTKJIIOYEHUNSA N BHELLIHNE
67JOKNPOBKW NMPaBWUJIbHO pacrno3HatoTcs n obpabaThiBatoTCA YCTPONCTBOM.
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4.30

4 IneMeHTbl 3alnThbl

4.30 Moaynb 3alMTbl OT CKA4YKOB AaB/IeHNS — 3allMTa OT CKA4YKOB JlaBJieHus

Mopaynb 3aluUTbl OT CKA4YKOB AaBJZiIieHUA — 3aluTa OT CKa4ykKoB
AaBJieHuA

MpuHuMn paboTbl M OCHOBHbIE 0671aCTH NPUMEeHeHnsa

Onsa 6onblunMHCTBa TpaHCcgopmaTopoB 6onblioro pasmepa (5000 KBA v Bbilwe)
peKkoMeHAYyeTCs UCNOoNb30BaHNE pene 3alnThbl OT CKa4ykoB gaBseHunsa (pene byxronbua),
KOTOpPOE PErncCTpUpyeT pe3koe N3IMeHeHne aaBneHns HepTn nnm rasa B bake B
pe3ynbTaTe BHYTPEHHEero Ayrosoro pa3spsna. Pene 3awntbl OT CKAa4YKOB JaBJieHus
MOXKET PErmcTpMpoOBaTb BHYTPEeHHME cOon, TaKne Kak MEXBUTKOBbIE 3aMblKaHUA,
KOTOpble Apyrve 3almnTHble PYHKLMKW, Takme Kak auddepeHunanbHasa 3awmta v
3aliMTa OT NpeBbILLIEHNS TOKa, HE MOTYT pPerncTpupoBaTb BCAeOCTBNE HEOOCTATOYHOMN
YYyBCTBUTENbLHOCTW. Pene 3aWwnTbl OT CKa4koB AaBsieHns 06bbl4HO OCHalWaeTcs
BbIXOAHbIMU KOHTaKTaMW, KOTOPbIE MOXKHO MUCMNOJ1b30BaTb HENOCPEACTBEHHO 014
OTKJIIOYEHUS N NOAAYN aBAPUNHOINO CUrHasla, HO HE UMeeT BCTPOEHHbIX PYHKLUIA
3anucm n ceAa3n.

Moaynb «BHeLWH_ MrH AasJ/i» 3alMTHOrO YCTPONCTBa NpefHa3HavyeH 014 npueMa
BbIXOAHbIX CUFHA/IOB CTaHAAPTHOrO pesie 3alMThl OT CKA4YKOB AaBsieHnsa n obecnevyeHuns
H6osiee HageXXHOWN NHTeNNEeKTYalbHOM 3aLllnTbl TpaHchopMaTopoB. C MOMOLLBIO AAHHOMO
MOAYyJ19 MOXKHO 3amnncbiBaTb COBLITUS paboThl pene 3awWmnThl OT CKa4YKoB AaBieHUsa n
nepefasaTb UX B LEeHTp ynpasnaeHnsa (SCADA).

BHewH_ mrH pgasn[l]...[n] ExtTrip_YO05

BHewH_ MrH gasn = BHewH_ MrH gasn[1]...[n]

CMm_ anarpammy: Bnok-km

@ (CTyneHb He OTKJ/Il04YEHa U HET aKTWBHbIX CUrHano0B 6/10KMPOBKM)

BHewH_ MrH gasn . OTKN-Bx

BHewH_ MrH gasn . Tpes_-Bx

Tpes_

&
BHELH_ MrH AaBn . ﬂ—

HeT NpucBe_

BHewH_ MrH nasn . Tpes

1..n_Cnnc_ Ha3H_

LY

BHelWwH_ MrH fasin .
OTKN

HeT NpucB_ & BHewH_ MrH pasn . OTkn @
1..n_Cnnc_ Ha3H_

Cm_ anarpammy: Bnokup_ oTkn &
@ (KomMaHpa oTKJIlo4eHNs oTMeHeHa nnun 61oknupoBaHa. ) BHewH_ MrH nasn . KomOTKA @

4.30.1

*=@eC/IN CMrHaJl He Ha3HayYeH BXO4y aBapuUNHOro curHana

Bsop B IKCNNyaTauumio. 3au.|,v|Ta OT CKQ4YKOB AaBJieHuxAa
TecTupyemsbii 06 bEKT

MpoBepka MOAY A 3aLLNThl OT CKa4YKOB faBneHUs

Heobxoanmbeie cpeacrsa

3aBucuKT oT crnocoba NpUMeHeHns

OnucaHue npoueaypsl

CmopenupyinTte paboTy pene 3aWnTbl OT CKa4YkKOB AaBsIEHUS.
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4 SneMeHTbl 3alnThbl
4.30 Moy b 3alUMTbl OT CKa4YKoB faBJ/ieHNs — 3alnMTa OT CKAaYKOB JaBleHuns

Pe3ynbTaT ycrneLiHov rnpoBepku

Bce BHeELLIHWE aBapuiiHble CUTHasbl, BHELLIHNE KOMaHAbl OTKJIIOYEHUS 1 BHELIHNE
6,10KMPOBKIN MPaBUIbLHO Pacro3HatoTcs 1 06pabaTbiBalOTCSA YCTPONCTBOM.
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4 SneMeHTbl 3alUnThbl
4.31 3awmnTHbIn Moaynb TAC [26/38/49]

4.31 3awutHbin Mmoaynb TOC [26/38/49]

O6uwasa nHcpopMaumnsa — NPUHLNN UCIIOJIb30BAHUA

3alWNTHbIM MOAYJIb TEMNEPATYPHOro AaT4YMKa Ha ocHoBe conpoTueaeHus (TAC)
NCMoJIb3yeT TemMnepaTypHble AaHHble MOAY/IA YHUBEPCASIbHOrO TeMMNepaTypHOro
OaTynka Ha ocHoBe conpoTusneHns (YTAC) (cMm. pazgen > «NHTepgenc moayna YTOC
I1»).

Ecnu TpebyeTcs oTKOYEHME rOJI0COBaHUS, OnpeaesinTe BbIXo, KOTOPbIA NCN0JIb3yeTCs
ansa otknodeHuns: «TAC . Mpynna OTka 1» nan «TAC . Ipyrina OTK 2».

3awmnTHOE YCTPOWCTBO BbINOJIHAET OTKOYEeHUe U NoAaeT aBapUMHbIA CUrHas Ha
OCHOBaHUN NPSAMbIX U3MEPEHUN TeMnepaTypbl OoT ycTponctea YTAC, koTopoe nmeet 11
KaHanoB AaTyumka. Ka)Kablh KaHan nMmeeT of4HY hYHKLMIO OTKoYeHns 6e3 3aaaHHON
3aepXKU U 04HY PYHKLMIO aBapuUNHOIro CUrHana C 3aep>XKon.

o OYHKUUNS «OTKJIIOYEHNS» MMEET TOJ/IbKO HAaCTPOMKY YyCTaBKM.

* Kaxaas oTaenbHas «yHKLNA aBapuUMHOro CUrHasa» UMeeT Anana3oH YCTaBOK U
MOXKET OTAEJIbHO BKJ/II0YATbCA U BbIKJIlOYATLCA. TeMnepaTypa HE MOXET
N3MEHUTbLCSt MOMEHTaJIbHO (M3MEHEeHMs TeMrnepaTypbl B 3aBUCMMOCTU OT TOKaA).
Mo3ToMy (hyHKLMSA MMEET BCTPOEHHYIO «3afepPXXKy», TaK Kak noTpebyeTcs
HeKoTopoe BpeMs, 4Tobbl TeMMNepaTypa yBeINYMIacb OT KOMHATHOM A0 YPOBHS
«YCTaBKW OTKJILOHEHUS».

* KoahpuumeHT nageHnsa onsa oTKIYeHUs 1 aBapumnHoOro curHana coctasnset 0,99.
* [loBbllleHNe TeMMnepaTypbl orpaHnduBaeT npusoj RTD.

e QYHKUMA MOXKET OblTb MOJIHOCTbIO OTKJIIOYEHA UJIN BKJIOYEHA; OTAESIbHbIE KaHasbl
MOryT ObITb OTKJ/IIOYEHbI UJIN BKJIIOYEHbI.

KaHanbel TOC crpynnupoBaHsbl:

* Bce W1h.A ... W2h.C oTHOCATCA K nepBou rpynne, OKp — Ko BTopon, Bcn — K
TpeTben.

BHyTpu Ka)kgon rpynnbl ucnonbsyetcsa TOC ¢ MakCMMalbHON TeMmnepaTypon.

Bbibop

Kpome Toro, 4oCTyrnHbl U MOIYT NPOrpaMMMpPOBaTbLCSA MOJSIb30BAaTENEM CXEMbI
ronocosaHusa TOC. ®PyHKLMA FOI0OCOBaHUS AOJ/KHA ObITb akTUBMPOBaHa N HaCTPOEHa B
MeHto [Mapam_ 3awmTel / Habop n / Temn-3aw,_/ TOC / Beibop x]. 3aeck napameTpy
«@yHKLMSA» HEOHX0AMMO NPUCBONTL 3HAYEHME «aKT ».

Mocne akTuBaLUKN BbIBUPaeTCs KOJIMYECTBO KaHaIoB, KOTopble By ayT NCMOb30BaThLCSH
(hbyHKLMEN roNlocoBaHMs. ITO HAaCTpPaMBaETCs Yepes napameTp «Bbibop x». DTOT
napameTp onpenensieT, KAKoe KOJIMYEeCTBO 13 BbiIOpaHHbIX KaHaJIOB AOJIXKHO ObITh Bblille
MOPOroBOro 3Ha4YeHUs A5 BbINOJIHEHWS OTKJIIOYEHUS FoflocoBaHMeM. Ka)k bl
OTAENIbHbIN KaHaN HY)XHO BbIbMpaTb NIV OTMEHATL A1 Hero Bblibop, yKa3biBas «aa» Uam
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4 neMeHTbl 3alnThbl
4.31 3awnTHbIN Moaynb TOC [26/38/49]

«HeT». Ecnu Bbl6paH BapMaHT «aa», COOTBeTCTBy}OLLI,I/II7| KaHan 6yp,eT NCrnosnb3oBaTbCA B
npouecce rosocoBaHus. 06paT|/|Te BHUMaHWe, 4TO ANA TOro, 4Tobbl Bbl6paTb KaHaJl, OH
DO/KeH BbITb aKTUBEH, @ TakK)Xe O0JKeH BblTb aKTUBEH CaM Mmonoynb TU.

Ecnu, Hanpumep, aAns napameTpa «Bbibop x» YCTAaHOB/IEHO 3HaYeHue «3», a ANs BCcex
KaHanoB — «ha», N ANs Nobbix Tpex U3 BbIbpaHHbIX KaHa 0B NPEBbILIEHbI
NHOVBUAYaSIbHblEe HACTPOMKM MOPOrOBOro 3Ha4YeHMs, TO MPOM30NAET OTKJIOYEeHNe
roJ1I0CoOBaHUEM.

ObpaTnTe BHUMaHMe, 4TO OTKJIIOYEHNE FOJI0OCOBAHNEM By AET BblAaBaTbCs Kak
oTkNto4eHne Tonbko TOC, ecnn napameTp «Bbibop KoMOTK/1» NMeeT 3HavyeHue
«OTKJII0YEHME FosIoCOBaHUEM» B r1obanbHbIX NapaMeTpax 3awmnTel moaynsa TOC. B
TaKOM CJlydae OTKJIIOYEHNE A0JIXKHO ObITb Ha3HA4YeHO BbLIKJIIOYATESIO B ANCTeTYepe
OTKJIIOHEHUS.

ABapHUHWHbIA CUrHaJN, aBapMUuHbIA CUIHaA rnay3bl U MPUHLNAN OTKJIIOYEHUs Ons
Ka>xgoro garymka T

Ha cxeme Hu)xe nokasaH obwmin NnpmnHUmMn paboTbl (aBapUNHbLIN CUFHaN C 3a4ePXXKON,
OTKJItoYeHne 6e3 3aaep>xKKn) Ka>xgoro n3 gatydmkos T/.

TOC[1]...[n] RTD_Y01
Ons kaxporo kaHana [*1]

TAOC.
Tpes_
TemnepaTtypa TAC [*2] _D_ & ]

TAC. TAC. T
ABap ®yHK a PeR

HeaKT_ TOC .
aKT_ t-BbIA_

— t 0 TAC . Naysa Aap

Cwm_ anarpammy: Bnok-ku
@ (CTyneHb He OTKJII0OYEHa N HET aKTUBHbIX CUrHaNoB 610KUPOBKY

TOC.

DHKOTKAN TAC . OTkn

HeakT_

aKT_

TAC.
OTkn

& —O=1
TAC . HeBepH
YTAOC . Habn [*3] J

Puc. 117: O6bwmvi npuHUnn paboTbl (aBapUViHbIV CUrHas C 3aEPXXKOU, OTK/Il0HeEHME 6e3 3aaep>xKu).

[*1] KaHanel TOC nnu cnepyowme rpynnsl: W1g.A, Wld.B, W1ld.C, W2d.A, W2¢.B,W2¢.C,
Okpl, Okp2, Bcnl, Bcn2, Bcn3

[*2] BHyTpun rpynnbl UCMOJIb3YyeTCA MakKCMMasibHaa U3MepPEeHHasa TemMnepaTypa.

[*3] KoHTponunpytoTca Bce TAC, oTHOCAWMECS K Fpynne.
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4 IneMeHTbI 3alnThbl
4.31 3awmnTHbIn Moaynb TAC [26/38/49]

KonnekTtnBHbIN aBapUWHbIA CUTHaJ, aBapUAHbIA CUrHaJ nay3bl U CUrHaJbl

OTKJ1I0O4€eHHnA

OaT4ynkn T pacnpenenstoTca Mo YeTbipeM rpynnam (B 3aBUCUMOCTU OT 3aKa3aHHOIo
YCTPONCTBA). DTN YeTblpe rpynnbl 06begnHATCA no npuHuuny WJIW c rpynnon
AnyGroup. AnyGroup co3faeT aBapuHbIA CUFHaJ, aBapUNHbIN CUrHaA nay3bl U CUTHanN
OTKJIIO4EeHNs, ecnm nobble N3 YCTaHOBJ/IEHHbIX 4AaTYMKOB BblAalOT COOTBETCTBYOLW NN

CrHarnl.

TAOC . Jliobas rpynna

RTD_Y02

Bce aBapuiiHble CUrHasbl, aBapUiiHble CUMHasbI Nay3bl U OTK/OYEHUS FPYNN COeAUHEHbI Wito3oM WIIN, 4Tobbl reHeprpoBaTh FPYMNMnoBON aBapUiHbIA CUrHaM, rpynn

TOC.

ABap_ Bce O6m

TOC.

ABap BCe noaw A

TOC.

ABap BCe Hec noaw

TAC . ABap Bce ntob rpn

TOC.

AB. cur. BCNIMT. IP.

TOC.

Maysa ABap_ Bce O6m

TOC.

May3a Bce noaw aB

TOC.

May3a BCce Hec noaLw

TAC . Nay3a Bce nob rpn

TOC.

Bp. aB. cur. BCIMT. rp.

TOC.

OTkn BCce O6M

TOC.

OTKkA BCe noALw AB

TOC.

OTKN BCe HecC noAL

TAC . OTkn BCce nob rpn

TOC.

Bcnmr. rp. oTK.

TAOC . Buibop

OTKJ/Il04eHHns rpynn ro1oCoBaHuns

[ns Toro 4To6bl MCNONBL30BATL FPYNMbl FOJIOCOBAHWS, NO/b30BATENIO HY)KHO ONpeaennTb
OATUYMKKM, KOTOPbIE OO0/IXKHbI BXOAUTb B FPYMMy rojloCOBaHUsA, @ TakXXe CKOJIbKO N3 HUX
[OJKHO cpaboTaTb A4S CO34aHMS OTK/IIOYEHUSA FOJI0COBAHMEM B COOTBETCTBYOLLEN
rpynne.

RTD Y03

Bce 12 curHanos T[] MOXXHO UCMNOJIb30BaTb A9 FOJIOCOBAHUSA.

TAC . O6MTK 1 OTKN

TAC . Bcn2 HesepH

TAC . F'pynna OTtkn 1

TAC . O6MTK X OTKA

TAC . Bcn2 HesepH

TAC . Fpynna OTkn 2

KonnekTnBHbIA aBapUUHbIM CUrHal naysbl

Bce aBapuiiHble cUrHanbl AaTYMKOB T/l 1 BCe rpynnoBble CUrasbl May3bl 06begnHEHbI Mo
npuHuuny NN,

MCDTV4-3.6-RU-MAN MCDTV4 435



4 SneMeHTbl 3alnThbl
4.31 3awnTHbIN Moaynb TOC [26/38/49]

TAC . Naysa ABap RTD Y04
Bce aBapuiiHble curHasbl Nay3bl coeguHeHb! Wo30M W ¢ K KoNneKTUBHLIM aBapuiiHbIM CUTHAJIOM.

TAOC . O6MTK 1 Maysa Asap >1

TAC . Bcn2 May3sa ABap
TAC . Nay3a Asap_ Bce O6m

TAOC . Tpes_

TAC . Bp. aB. cur. BCAMT. Ip.

KonneKTnBHbIA CUrHasn OTKJIIOYEeHNs

MyTem BbibOpa KOMaHAObl OTKOYeHUS «Bbibop KoMOTKA» Nosib30BaTeNb OnpenenserT,
cnepyetT nu anemeHTy T ncnosnb3oBaTh 19 OKOHYATE/IbHOr0 CUrHasia OTKl0YeHUS
obbenmnHeHHble No npuHumny U oTknwoYeHna T Mo yMOYaHNIO UK XKE OH A0JIKEH
NCNosb30oBaTb 06beAnHEHHbIE Mo NpuHUuny UJIN oTKAo4YeHS roN0CoBaHMNEM.

TAC . OTkn/KoMOTKN RTD_YO05
Bce oTknto4eHns coeanHenbl wnto3oM W ¢ KoNNeKTUBHbIM CUTHAIOM OTKJIIOYEHUS.

OTK/KoMOTKIT

TAC . O6MTK 1 OTKN

- TOC . TOC . OTkA 4
TAC . Bcn2 OTkA Bbi6op KomOTKA

TAC . OTkN
TAC . OTkn Bce O6M OTKA.

@TKJIIOYEHNE ronocoBaHeM

TAC . BcnMr. rp. oTK.

[

Bbibop

TAC . O6MTK 1 OTKAN

OTkn 1

TAC . Bcn2 HeBepH

TAC . O6MTK X OTKA

TAC . Bcn2 HesepH

— —_—— J

CM_ avnarpammy: Bnokup_ 0Tk TAC . KomOTKA @
@ (KoMaHAaa OTKJII0YEHNS OTMeHeHa nnun 61o0KuposaHa. )

OCTOPOXXHO!

MpenynpexaeHne: KoMaHaa «bNoOKMPOBKa OTKJIOYEHUS» BIOKMPYET OTKJIlOYEHNE BCEX
TAOC.
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4.32

BapuwaHT

4 JnemMeHTbl 3aWKnThl
4.32 WHTepdenc moagyna YTAC I

NuTtepdenc moanyna YTAOC Il
MpuHumnn paboTbl M OCHOBHbIE 0671aCTH NPpUMEeHeHns

LOonoNHNTENbHbIN YHUBEpPCa/bHbIA MOAYJIb TEMNEPaTYPHOro AaT4yMkKa Ha OCHoBe
conpoTtueneHns Il (YTOC Il) npenocTtasnseT TemnepaTypHble AaHHble 3alNTHOMY
ycTponctsy oT 12 TOC, BCTPOEHHLIX B ABUraTe b, reHepaTop, TpaHchopmaTop,
KabenbHble pa3beMbl U ynpasnseMmoe obopynoBaHme. TemnepaTypHble AaHHbLIE
0TO6paXKaTCA KaK N3MEPEHHbIE 3HAYEHNA U CTAaTUCTUKA B MEHI0 paboyunx AaHHbIX.
KpoMe Toro, Kaxkabll KaHas KOHTpoanpyeTcs. UI3MepeHHble faHHble, NpefocTaBnseMble
Mogynem YTLOC I, MOXKHO Tak>Xe UCNOIb30BaTb A5 TeMNepaTypPHON 3aLlnThl (CM.
paspen «TemnepaTypHas 3awWwmTa»).

Moaynb YTAC Il nepenaeT MysibTUMNJIEKCUPOBAHHbIE TEMIMepaTypHble JaHHble B pene C
MOMOLLbIO O4HOIO ONTOBOJIOKOHHOro coeanHeHns. Moayne YTAC || MOXKHO yCTaHOBUTb
Ha PacCTOAHUM OT 3aLUUTHOro yCTponcTBa. ONTOBO/IOKOHHbIN COeAUHUTENb
noaks4YaeTcsa K pa3bemy X102 3aWMTHOroO yCTPONCTBa.

YcTaHoBku moayna YTAC oTaesbHO OT 3alUTHOINO YCTPOWCTBA KakK MOXXHO Bnxe K
3alMLLLEHHOMY 060pyAOBaHMIO MMEET CBOM NMpenmMyuiecTBa. CBA3Ka NPOBOAOB,
coegnHsaowmnx TAC c 3awmuiaemMmsiMm obopyaoBaHNEM, CTAHOBUTCS 3HAYNTESIBHO KOPOYeE.
Mogenb YTAOC Il MOXXHO pa3mMecTUTb Ha pacctosHum go 400 gyTos (121,9 M) oT
3alLMTHOro YCTPOMCTBa C UCMOJIb30BaHNEM OMNTOBOJIOKOHHOIO coeanHeHuns. Obpatute
BHUMaHWe, 4TO ANCTaHLMOHHO pacrnonoXeHHbin moaynb YTOC Il noTpebyeTtcs
MOAK/YNTb K UCTOYHUKY MUTAHUA.

MogknNunTE NOAXOAALUNNA NCTOYHUK K pa3beMaM nutaHmsa J10A-1 n J10A-2 Ha mopyne
YTAOC Il. MoaknynTe padbeMbl 3KpaHa K 3alMTHOMY 3a3eMJIEHNIO, He NPoBOAsALLLEMY
TOK. PekoMeHOyeTCsa MMeTb 3a3eMJIeHNE C KaXK0N CTOPOHbI YCTaHOBKMN.

NCTOYHMK NUTAHMA

yTAOC 11-01 48-240 B nepem. Toka

48-250 B nocT. TOKa

yT4OC 11-02 24-48 B nocT. TOKa
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4 3neMeHTbl 3anThbl
4.32 NHTepdenc monyna YTAOC I

OnToBOJ/IOKOHHOE coeamuHeHne moaynsa YTAC Il ¢ 3alNTHBIM YCTPOHCTBOM

O O
yTAC

3alKnTHOe pene

WOODWARD

& SYSTEM

2 ¢

Monkn K pasbemy X102

[2000000020000000000 |
EEREEEEEREEEER]

©) O

|
|
High PROTEC EEE |
|

CK ONTOBOJIOKOHHOE COeANHEHNe ANA CBA3I
'
'
'

i
i
UrtdProxy_Z01

Ha BbllLLenpMBeAEHHOM PUCYHKE NOKa3aHbl OMTOBOJ/IOKOHHbIE COEAUHEHNSA MeXay
mogynem YTOC Il n 3alWMNTHBLIM YCTPONCTBOM. 3alLMTHOE YCTPONCTBO Nogaep>xmBaeT
OMTOBOJIOKOHHOE COeAVNHEHNE,

MNpenBapnTebHO CMOHTUPOBAHHbLIE OMTOBOJIOKOHHbIE Kabenn C pa3bemMaMu MOXXHO
3aKa3saTb Yy noboro AncTpubbioTopa ONTOBOJNIOKOHHOM Npoaykuum. Kpome Toro,
ANCTpMObLIOTOPLI NpeaJsaratoT AJIMHHbIE Kabenn ¢ pa3beMaMn Ha KaTylKax, KOTopble
MO>XHO MUCMNOJIb30BaTb Ha y4YacTke. HekoTopble AUCTpMObLIOTOPLI NpeasiaraloT As 3akasa
y>Ke 3a4aHHY0 OJIMHY.

N3nnwek onToBOJIOKOHHOI0 Kabens He Bbi3biBaeT NpobsiemM. 1oCTaTOYHO CBEPHYThL B
KOJIbLIO 1 NepeBA3aTbh U3JINLLEK ONTOBOJIOKOHHOro kKabensa B ynobHom Touke. Usberante
6onbLIOro faBsieHNsa CBA3bIBaHUSA. Pagnyc nsrnba onToBoJIOKOHHOr0 Kabens gosmxKeH
npeBbiWaTb 2 Atonma (50,8 mm).

KoHel, onToBOJIOKOHHOI0 Kabensa nerko sBctasnsfeTca B padbeM YTOC Il u nssnekaetcsa ns
Hero. YTobbl NOAK/OYNTL KOHEL, ONTOBO/IOKOHHOIO Kabens K 3allMTHOMY YCTPOWCTBY,
BCTaBbTe LWUITENCesb B pa3beM MHTepdenca yCTPONCTBa U NOBEPHUTE €ro A0 LWenyka.

OCTOPOXXHO!

[OCTYMHbI pa3/inyHble BapuMaHTbl 31EKTPONUTaHNSA. 3aLLUTHOrO YCTPONCTBaA 1 Moay s
YTOC Il pocTynHbl Meped NoAKAlYeHNEM UCTOYHMKA NMTaHNa ybeanTech, 4TO OH
noaxoanT o6ouM yCcTporcTBaM.
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4 JnemMeHTbl 3aWunThl
4.32 WHTepdenc moagyna YTAC I

' MoNHbIE NHCTPYKLUN MOXKHO HaTU B INCTE MHCTpYyKun ana moayna YTOC Il

Ona kaxxgoro Bxoga TOC npeaycMmoTpeHo Tpu BbiBoga YTAC.

Tpwv BbIBOAA Ang NI0BOro HeMCnoab3yeMoro BxogHoro kaHana TAC fo/mKHbI ObITb
coefuHeHbl BMecTe. Ecnun, Hanpumep, moaynm MW5 n MW6 He ncnosb3yoTcs, TO
cnepnyet CBfAA3aTb BMeCTe pa3beMmsbl J2-15, J2-16 n J2-17 moayna MW5 n pasbemsbl J2-19,
J2-20 n J2-21 mopyna MW6.

Universal
RTD Module 1l
1] -1z ] f olCl1
2| +]o Ar+1>2
3 [ c|n «[—3
Shie‘;\;ii/r[;rain a4 3 Group IV 3 4 Shie‘:\t’ii/rI:rain
51 -1= mwlc]5
6[+]9 Bl+]s
7] clm ) 17
8 |- (= ] <l C| 8
9]+19 B[+]9
C |o|- HE
Shle‘;\%‘[;ram S § Group m Group 1 ﬁ 3 Shle‘,\(’ii/rI:raln
3 3
+ o = +
C ©o ) el _
- |= ~ C
-
+ |9 el +
C =] [- 4 =
Shield/Drai Shield/Drai
|eWi/rera|n 3 Group ] S |eWi/rera|n
- |= - C
-
+ |o ar+
C ~N | _
Terminals Terminals

DO NOT CONNECT CABLE'S SHIELD WIRE AT THIS END!
USE TAPE TO INSULATE

UrtdProxy_Z02

CoeaunHenune TOC co Bxogamun YTOC nokasaHo Ha pucyHke Bbiwe. Ncnonb3ynte
TPEX>KUJIbHbIN SKPaHNPOBaAHHLIN Kabenb. Y4TUTE NnpaBuia NOAKNIOYEHUS, MPUBEAEHHbIE
Ha pucyHke. Mpun nogkntoveHun K TAC ¢ AByMms BbiIBOAAMU, MOACOEANHNTE K OAHOMY U3
BbiBoAoB TAC ABa KabenbHbLIX NPOBOAA, KaK MoKa3aHo. BbiINoNHUTE Takoe NogkanyYeHne
KakK MOXHO 6/mxe K 3almnaemomy 06bekTy. TpeTmn KabenbHbI MPoBOL4,
noacoefuHNUTE K ocTaswemycs sbisoay TAC.

MopcoeaHUTE 3KPaH/NPOBOL 3a3eMJIEHUSA K pa3beMy dKpaHa, Kak rnokasaHo Ha
pucyHke. 3kpaH Kabena TOC gosmkeH 6bITb NogcoegnHEH TOIbKO CO CTOPOHbLI YTOC n
n30n1MpoBaH co cTopoHbl TAC. 3a3zemnatb camn TAC Ha 3awwumuiaeMoM obbekTe He
cnepyer.

Hy>XHO 0653aTeNnbHO HAaCTPOUTb ABYXMNO3ULNOHHbIE NepekatodaTenn moaynsa YTOC I
cornacHo tmnam TAC Ha Ka)XOoM KaHane.
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4 neMeHTbl 3almnThbl
4.33 AnaP — 3alimMTa aHaNoroBoro Bxofa

4.33 AnaP — 3awiMTa aHaNorosoro Bxoaa

KonnyecTBO AOCTYMHbIX aHa1I0roBbIX BXOA0B 3aBUCUT OT 3aKa3aHHOro yCTpoOWCTBa (Koa
3aKa3sa).

o Bce cTyneHu 3awmnThl aHanorosoro Bxona AnaP[x] UMeloT NAEHTUYHYIO CTPYKTYpY.

AHarsnorosble BXoAbl HACTPaMBalOTCA Mosib3oBaTesieM A8 oTobpakeHNs COCTOAHUS
BHELUHMX aHaJIoroBbIX NapaMeTpoB, KOTOpbIe NoAanTCA Ha ycTponcTtso MCDTV4.

Ka>Kabln aHaNoroBbl BXOLHOW 3/IEMEHT AO0CTYMNEeH Kak aBapUnHbIA CUFHaN N 9N1eMeHT
OTKJIlOYEeHUS.

Mpouenypa HAaCTPONKKN 3alMTbl aHAIOrOBOr0 BXo4a COCTOMT M3 ABYX 3Taros, U NO3TOMY

CHa4Yana cnepyeT HaCTPOUTb aHAJIOrOBble N3MepUTEeNbHbIE 3/IEMEHThI, YTO ONMUCbIBAETCA
B rnaBe «HacTpoikum Bxoaa, Beixoga n COW», cm. pasgen <> «Ananorosbie BXxombl».
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4.34

4.34.1

4.34.1.1

4 SneMeHTbI 3alUnThbl
4.34 KOHTpOJ1b

KoHTposnb

CBF — oT1ka3 cunoBoro Bbikno4vatens [50BF*/62BF]

* = NOCTYMHO TOJIbKO Ha 3alWMTHbIX pefie ¢ QPYHKUNEN N3MePEHUS TOKa.

MpuHUMn paGOTbI M OCHOBHble obnacTu npuMeHeHusn

Moaynb «YPOB» ncnonb3syetcs ans obecneyeHns pe3epBHON 3alLnTbl, eCn
BbIK/lOYaTeb He cpaboTaeT NpaBMIbHO BO BPEMS YCTPaHeHMS c605. DTOT CUrHan
NCNosib3yeTcsa A8 pa3MblKaHUA BbllLeCTOSALWero Bblk/4yaTena (HanpnuMmep, BBO4, WWHbI)
nnbo yepes BbixogHoe pene, nnbo Yepes KaHan ceasu (SCADA).

B 3aBMCMMOCTIN OT 3aKa3aHHOro Tuna yCTpOI7ICTBa CylecCTBYOT pa3JiniHblE CXEMbI
(HeCKONbKO CXxeM) A4 BbISAB/IEHNA OTKa3a CUJI0BOr0 BbIKKOYaTENS.

CxeMbl KOHTpOJA

HacTpowka [Mapam_ 3awmThl / TNo6_nap_ 3aw,_/ KoHTponb / YPOB] «Cxema» nossonseT
BbIOpaTb MeTo4 KOHTPOJIA, KOTOPbIN AOJ/IKEH NCMO0/Ib30BaTbCA OJ19 BbISB/EHWNS O0TKa3a
CWJI0BOrO BblK/lOYaTeNs. [JoCTynHbl cneayowme BapuaHThbl:

¢ «500B» — KOHTPO/IbHbIN TalMep 3anyckaeTcs cpa3y nocye cpabaTbiBaHUA Mooy
«YPOB» no curHany pasmblkaHns. Pacrno3HaeTcsa 0TKa3s BblK/loYaTeNa 1 BbloaeTcs
CUrHan, eciiv USMepeHHbIN TOK He yrnaZeT HUKe 3a4aHHOro NoporoBoro 3Ha4eHns B
TeyeHune 3alaHHOro BpeMeHu.

3TO NOPOroBoe 3Ha4YeHNEe MOXXHO YCTaHOBUTbL B crefytowem pasaene [MNapam_
3awmnTbl / Habop 1...4 / KoHTponb / YPOB] «I-CBF >».

¢ «Mon BU» — KOHTPOJIbHbIN TaMep 3anyckaeTcsa cpa3y nocsie cpabaTbiBaHUS
Moaynsa «YPOB» no curHany pa3smblkaHusA. Pacno3HaeTCs 0TKa3 BbIK/loHaTensa v
BblAAETCA CMIrHas, eC/in B pe3yibTaTe aHaln3a MHONKaTOPOB MONOXKEHNS
BblK/to4aTeNs 66110 06Hapy>XeHO, YTO BbIKJIlOYaTESIb HE PA30MKHYJICA OOJIKHbLIM
obpa3oM B TeYeHne 3aaHHOr 0 BPEMEHMN.

HlaHHas cxeMa peKkoOMeHOyeTCs, eC/IM 0TKa3bl BblKJIOYATENSA LOSKHbI
pacno3HaBaTbCA 04EHb MajblX TOKax Harpy3ku UamM NxX oTCYTCTBUN. DTO MOXKET
BO3HMKATb MPU BbISIBNIEHNN NMepeHanpsiXKeHnst N NOBbILLEHHON YacTOThbl AJ1s
reHepaTopa, KOTOPbIX HAXOAUTCS B PEXUME OXXULAAHMS.

* «500B u Non BLU» — KOHTPO/bHbLIA TalMep 3anyckaeTcsa cpa3y nocne
cpabaTbiBaHUa moayns «<YPOB» no curHany pasmblkaHus. Pacno3HaeTcs oTKa3
BbIKJIlOMaTeNs 1 BblAAaeTCa CUrHa, €CIM U3MEPEHHbIN TOK HE ONYCTUTCA HUXe
YyCTaHOBJIEHHOr0 NMOPOroBOro 3Ha4YeHUs, a TakXXe ec/imM O4HOBPEMEHHO B
pesynbTaTe aHanM3a NMHOMKATOPOB MNOJIOXKEHUS BbiKO4aTeNsa 66110 06Hapy>XeHo,
YTO BbIKJIlOMaTENlb HE PAa30MKHYJICA A0/DKHbIM 06pa3oM B TeveHne 3a4aHHOoro
BpeMeHN.

JlaHHas cxemMa peKoMeHOyeTCs, eC/In 0TKa3bl BbiK/oYaTens Heobxoanmmo
nepenpoBepATh. JJaHHas cxema BblAaeT KOMaHA4y Ha NpeabiayLnin aBTOMaTUYECKU
BbIKJIlOYaTENb, AaXKe €CNN UHOMKATOPbI MOJSI0XKEHUS HEMPaBUIbLHO (BC/ieacTBMe
HEeNCNPaBHOCTW) NOKa3bIBaOT MO OLIMOKE, YTO BbIK/IOYATEb PA30MKHYT UK ecaun
n3MepeHne Toka HeBepHo (BCNeACcTBME HEMCNPABHOCTU) NOKa3bIBAET, YTO
BblKJIlOYaTE/b Cceyac HaXoAUTCA B PA30MKHYTOM MOJIOXKEHUN.

MCDTV4-3.6-RU-MAN MCDTV4 441



4 SneMeHTbl 3alnThbl
4.34 KoHTpoOJb

3anyck/BknioyeHmne TaiMmepa YPOB

KoHTponbHOe BpeMsa onpenenseTcs HacTporkon [Mapam_ 3awmThl / Habop 1...4 /
KoHTponb / YPOB] «t-YPOB»: TaiMep 3anyckaeTcsa cpa3y nocne cpabaTbiBaHMSA MOOYy NS
CBF. OTcyeT TaMepa NPOAOJIKUTCSA, Ja)Ke B C/ly4ae NMOBTOPHOro npornagaHusa curHana
Tpurrepa. Ecnn Bpemsa TanMepa ncteyeT (A0 TOro, Kak oH 6yfneT ocTaHOBJ/IEH nocse
YyCMewHoro pa3MblkaHusa BblkoYaTens), moaynb «YPOB» BblAaeT CUrHaN pa3MblKaHuMS.
ITOT CUrHaA OTKJIIOYEHUS NCNOJIb3YeTCs A1 OTK/IIOYEeHNS BbIXOAHOMO BbIK/lO4YaTens
(pesepBHOro).

Ons npenoTBpalleHns ownboYHon akTuBauum moaynsa «YPOB» KOHTposibHOe BpeMs «t-
YPOB>» pon»xHo 6biTb 60oMble CyMMbl CIeayoLWmnx 3Ha4YeHN’:
o * Bpems paboThbl 3aLLMTHOrO pene

* + BPEMS 3aMblKaHUSA N OTKJIIOYEHNS BbIK/lOYaTENA (CM. TexHn4Yeckmne gaHHble,
npenoctaBJieHHbIE N3TOTOBUTEJIEM BblKJItOYaTeNs);

* + BpeMs Cnafa (Toka nnun NMHOWKaTOPbI MONOXKEHUNS)
* + 3aMacC Hade>XHOCTMW.

OcTtaHoBKa TanMmepa CBF

OTcyeT Tanmepa «t-YPOB» oCcTaHaBAIMBaeTCA Npu 0OHapy>XeHUN pa3MblKaHUS
BblKJ1tl0OYaTeNnA. B 3aBUCUMOCTN OT KOHTPOJIbHOW CXEMBI (s> «4.34.1.1 Cxembl
KOHTPOA») OTCHeT TaMepa oCTaHaB/INBAETCA, eC/IM TOK ynazeT HUXe Noporosoro
3HaYeHNA NN CUTHasbl MONOXKEHUS NOKaXKyT Pa3OMKHYTOe MoJIoXKeHWe BbiKJloYaTens,
Wan Npu coveTaHnm 3TUx AByx cobbiTnin. Mogynb «YPOB» ocTaeTcs B COCTOSHMN
OTKJIOHEHUS A0 TeX rnop, noka He npornageT curHasna Tpurrepa (BepHeTCs B COCTOSAHME
FOTOBHOCTMW).

CocTosaHuns

Moaynb «YPOB» nepeksito4aeTCd B COCTOAHNE OTKJIOHEHNA, €CJ/IN CUTHAJIbl OTKa3
CN10BOr o BbIKJTlO4HaTENA MO-NMPeXHEMY aKTUBHbI N 6bino ycrneLwHo 06Hapy>KeHo
Pa30MKHYTOE MNMoJiIoXKeHne aBapI/IIZHOFO BbIKJ1KOHaTENA.

B cnydae nponagaHus curHanos cpabaTtbiBaHusa Mmoayib «YPOB» nepekntodaeTcs
0bpaTHO B COCTOSIHNE OXXMOAHUA (COCTOSIHNE TOTOBHOCTN).

BnokupoBKa (3aMbiKaHue)

CurHan 6,J0KMPOBKW BblgaeTCs 0AHOBPEMEHHO C curHaaom CBF (oTkntoveHus). CurHan
610KMPOBKN SIBASETCA MOCTOSAHHbLIM, TOT CUIHaN AO/KEH OblITb MOATBEPXKAEH C
MOMOLLbIO YEJIOBEKO-MALLMHHOIO NHTEepdenca.

ITOT CUrHaN MOXET MUCNoJib30BaTbCA A4 6J'IOKI/IpOBKI/I BbIKJTlO4HATENA OT MOMNbITOK
nepekian4eHn.

Tpurrepsi

MapameTp [Mapam_ 3awmnTel / Thob_nap_3aw,_/ KoHTposnb / YPOB] «Tpurrep» nossonseTt
BbIbpaTb pexum Tpurrepa. Kpome T0ro, MMeoTCa Ha3HavYaeMble BXOAbl TpUrrepa,
KOTOpble MOrYyT aKTUBMPOBaTb Moaysib «YPOB», fa)ke ecsim OHW He Bblnn Ha3Ha4YeHbl B
aucrneTyepe A1 KOHTPOAMPYEMOro BbiKJlo4aTens.

DTN AOMNOJIHUTESIbHbIE BXOAbl TPUITEPOB MOXKHO HAacTPoUTb B pa3saene [Mapam_
3awmTbl / Tno6_nap_3aw,_/ KoHTponb / YPOB] «Tpurrepl» ... «Tpurrep3».
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[ocTynHbl cnepylowme napameTpbl Ans «Tpurrep»:

e «Bce OTKk» — BCE CMIrHasbl OTKJIIOYEHUSA, MPUCBOEHHbIE 4aHHOMY BbIK/lO4YaTeNio (B
ancnetyepe OTKJYEHUN , > «5.2 Oncrnetyep OTKJIOYEHNA — Ha3HaYeHune
KOMaHA OTK/lOYeHUs»), 3anyckatoT Mmoayb «YPOB».

* «BHew_OTKN» — BCE BHELIHNE CUIHaJ bl OTK/OYEHUS, MPUCBOEHHbLIE JAaHHOMY
BbIKJIlOYaTEN0 (B AUCneTyepe OTKIOYEHUN, s> «5.2 OncneTtyep oTKAOYEHNA —
Ha3Ha4YeHMe KOMaH OTKJIIOYEHNS»), 3aNyCKaloT Moayb «YPOB».

OnuncaHue BCEX BHELUHUX CUMHAI0B OTKJIIOYEHNA MOXKHO HaWTU B CMPaBOYHOM
pykosoactee (MCDTV4-3.6-RU-REF), rnaBa «Cnucku Bbibopa» B Tabnunue non
Ha3BaHMeM «BHew OTKA».

e «OTKJI NO TOKY» — BCE& CUIrHaJIbl OTKJIIOYEHUS TOKA, MPUCBOEHHbLIE JAHHOMY
BbIKJIlOYaTENO (B AncneTyepe oTkaoYeHnn, > «5.2 lncneTyep oTkAOYeHNA —
Ha3Ha4YeHVe KoOMaH4 OTKJIIOYEHUS»), 3aMNyCcKaloT MoayJb «YPOB».

OnuncaHme BCEX CMTHAJIOB OTKJIIOYEHNA TOKA MOXXHO HaWTX B CNPaBOYHOM
pykosoactee (MCDTV4-3.6-RU-REF), rnaBa «Cnucku Bbibopa» B Tabnuue non
Ha3BaHueM «OTKJ1 N0 TOKY».

® «-.-» — HEeT Ha3Ha4deHWNA, noJsib3oBaTeslb NMNJIaHNPYET NCMNOJZIb30BaTb OAUNH U3 TpeEX
OOMONTHUTENIbHBIX Ha3Ha4YaeMbIX TPUIrrepHbIX BXOO0B.
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4.34.1.2 ®OYHKUUOHaJNIbHble BO3SMOXXHOCTHU

3awmTta oT cboa aBapmMHHOro BblKJIl0OYaTesNns AN YCTPOUCTB C (PyHKLUuen

HU3MepeHnsa ToKa

YPOB

CBF Y01

* OTKa3 BblkJIlo4aTess OyneT MHULUUPOBATLCS TONIbKO CUFHaIaMU OTKJII0YEHNS, Ha3HaYeHHbIMU BbiKJloYaTento B Trip Manager.

CM_ Avarpammy: Bnok-ku
@ (CTyneHb He OTKJl04YeHa U HET aKTUBHbIX CUFHaNoB 610KMPOBKY)

PL
YPOB .
Tpurrep* YPOB .
OPacnpeneaneanbm wpTx] . Kew@®OwKh CanE
11
YPOB .
\TOK . KoMOTK* OTKN NO TOKy I-CBF >
- YPOB .
@BHGLLI. oTkn.[x] . KoMOTKkn*  BHew_ OTkn t-YPOB
[}
—=1
YPOB .
Tpurrepl
HeT NpucBe_

1..n_Cnuc_ Ha3H_

YPOB .
Tpurrep2

HeT NpucBe_

1..n_Cnunc_HasH_

YPOB .
Tpurrep3

HeT NpuncB_

1..n_Cnunc_ Ha3H_
Ih.A
Ih.B
Ip.C

YPOB . OxupgaHve Tpurrepa

YPOB . pa6_

YPOB . Tpes_ O
14

Cbpoc @

R1

YPOB . bnokuposka

KeuT 610K

KeuTt 6510

YPOB . Tpurrepl-Bx

YPOB . Tpurrep2-Bx

YPOB . Tpurrep3-Bx

4.34.1.3 TMpumMmep ucnonb3oBaHusa: Cxema KoHTponsa 50BF

TecTupyemMbii 06 bEKT:

lMpoBepKa MYyHKLMKN 3aLLUUTbl OT OTKa30B Bbik/to4aTens (Cxema KoHTposis 50BF).

Heobxoanmebie cpeacTsa:
* NcToYHUK TOKa
* AMNepmMeTp "

* Tanmep.
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Mpyn NpoBeOEHUN NMPOBEPKN NOAABAEMbIN NCMbITAaTENbHbIA TOK BCEraa O0JIKEH
MpeBLILLATh MOPOroBOE 3HaYeHne oTKIo4YeHns «I-CBF». Eciv ncnbiTaTesbHbIA TOK
YMeHbLLIAeTCs A0 3HAaYEHMS HMXKE NMOPOroBOro B TOT MOMEHT, KOr[la BblKJllOYaTE b
HaXOAUTCS B PA30MKHYTOM MOJIOXKEHUWN, CUFHAN cpabaTbiBaHUA FreHepUpPoBaTbLCA He
bynert.

lpouegypa (ogHoaszHas yers):

[Ons NpoBepKM BpEMEHN OTKJI0YEHNS C MOMOLLbIO 3awwmnTbl CBF ncnbiTaTeNbHbIA TOK
0OJ/>KeH BbITb Bblle YCTaBKM OOHOIM0 U3 3alWUTHbIX MOAYyJ/1eN, Ha3HAYeHHbIX A4 NycKa
3awwmnTbl CBF. 3agep>xka oTko4eHns YPOB MoxXeT 6biTb M3MepeHa C MOMeHTa, Koraa
OLWH N3 BXOLO0B 3arycka CTaHOBUTCHA aKTUBHbIM, N O MOMEHTa, KOraa oTK/lo4YeHne
3awmnTel YPOB noaTeepxpoaeTcs.

Ons Toro 4tobbl n3bexaTb owWMbOOK pa3BoaKkM, ydbeamTech, YTO BbiK/lOHYATESIb BEPXHEN
CUCTEMbI BbIK/IIOYAETCS.

Bpewms, nsmepsemoe TaimMepom, 0OSXKHO COOTBETCTBOBATb YKa3aHHbIM LOMyCKaM.
Pe3ynbTaT ycrneLHow npoBepKu:

M3mMepeHHble NHTepBasibl BpeMEHWN A0J/KHbl COOTBETCTBOBATb YCTAHOBOYHbIM TOYKAM.
Bbiknto4aTeslb Ha y4acTke 6onee BbICOKOI0 YPOBHA A0JIXKEH OTKJIIOYNTbLCA.

BoccTaHoBUTE NnogkatoveHne kabens yrpasfiieHUs K BblKJloYaTento!
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4.34.2

KLLO — KOoHTpoOsb uenu oTknwdenuna [74TC]

MOHUTOPWVHI LEenn OTKJIIOYEHUSA BbIMOJIHAETCS, eCNN Lienb OTKJIIOYEeHUs TOTOoBa K paboTe.
MOHUTOPUHI MOXXHO BbINOJIHATL ABYMSA cnocobamu. MNpu nepsBoM nogpasyMeBaeTCs, 4TO
B LieNu OTKJIIDYEHNA NCNOJIb3YETCS TONIbKO NapameTp «Aux On (52a)». Bo BTOpoM, 4TO B

nonoJsiHeHme K «Aux On (52a)» oNa MOHUTOPUHIa LEenn TakXXe NCNOoJb3yeTCsa napameTp

«Aux Off (52b)».

Ecnn B uenn ncnonb3lyeTtcs Tobko «Aux On (52a)», MOHUTOPUHI ByaeT 3pheKTUBHBLIM
TOJIbKO MNPV 3aMKHYTOM BblKJllo4aTese. Ecam xe ncnonb3yTcsa n «Aux On (52a)», n «Aux
Off (52b)», MOHUTOPWHI Lenn oTKAoYeHns byaeT BbINONHATBLCSA, MOKa BK/OYEHa
cucTema ynpasJieHus.

HeobxoANMMO NOMHUTb, YTO AJ1S 3TOW LLesIn HY>XKHO NpPaBuJiIbHO HAaCTPOUTL LiMGpoBbIe
BXO/[bl Ha OCHOBAHUW yNpPaBAsIOLLEr0 HaMpPsXXeHUsA Lenu oTKo4YeHns. Ecnn B uenu
oTKto4eHns bynet obHapy»xeH o6pbIB, C onpeaesieHHON 3aep>XKon nogaeTcs
aBapPUMHbLINA curHan. 3agep>xka goJKHa 6biTh 6osblUe, YeM BpeEMS OT 3aMblKaHMS
KOHTaKTa OTKJIlOYEHMSI 4O MOMEHTA, KOrAa pesie YeTKO pacno3HaeT COCTOsIHME
BblKJIlOYaTENS.

Cnot 1 nmeeT 2 UMNpPOBLIX BXOAA, KaXX bl N3 KOTOPbIX UMEET OTAeIbHbI KOPEHb
(paspeneHne KOHTAKTOB) A1 KOHTPOJS Lienu OTKI0YEeHUS.

[aHHOe NpuMeYaHne OTHOCUTCS K 3alUTHLIM YCTPOMCTBAM, KOTopble obecrne4ynBaoT
TOJIbKO KOHTpPOJIb! [/19 AaHHOIro 3aLLUTHOro 3/IeMeHTa TpebyeTcs, YTobbl eMy 6bINO
Ha3Ha4YeHO KOMMYTaLIMOHHOE YCTPOMNCTBO (BbIK/IOYaTENb).

B 3TOM cnyyae Hanpsi>xeHne NUTaHUA Lenn OTKJIOYEHNS CNYXXKUT TakXe HanpsiKeHnem
NUTaHUA N8 UMEPPOBbLIX BXOA0B, MO3TOMY HEUCMPABHOCTb LIENWN OTKJYeHns byaeT
06HapyXMBATbLCSA HaNpPsAMYIO.

0na oToXKOecTBNeHUA HEUCNPaBHOCTU MPOBOAHMKA B Lenu OTKJIIOYEHUSA NNHUK NoAauun
N KaTywWwKW pacuerJieHna 3Ta KaTylwKa A0J1XKHa ObITb BKJIIOYEHA B KOHTYP uenn
KOHTPO4.

Bpems 3apnep>xkn HeobxogmmMo yCTaHOBUTb TakMM obpa3om, 4Tobbl nepekntoveHns He
Bbi3Bann ownbo4Hoe cpabaTbiBaHME 3TOr0 MOAYA.
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L+

YcTp_

OTkA Bblkn

t-TCS

0 KLY . Tpes_

3aKp_

Jo6ow

PLL. Pex_ g:ﬂ

12
7

BuHIWKOLOU dOLENUTHU

KaT_ péu_

T

gH BUHaWOLOU doLex

,_
|
¢
TCS_Z01

Puc. 118: lNpumep coeanNHEHNS: KOHTPOJIb LUEMNU OTKJIOYEHUS C ABYMS BCTOMOraTeslbHbIMU
KOHTakTamMu BblkJto4YaTesss «Bcr Bka» (52a) n «Bcrn Bbika» (52b).

L+

Yctp_

=l
T a & t 0 KLY . Tpes_
i t {

" und_ Bxon

!

OTkA Bblkn

* PLi g
PLl . Pex_ = 7
3akp [T =i e ‘
,,,,,,,,,,,,,,,,,,,,,,,, » \ i
- ] 3 | |
Jo6on _é‘ :
3
o
2
<] i
§
0] D— |
I
S
KaT_ pFcL_
I
L= ©
* 8
PLL . Mon_ BKJ N
S

Puc. 119: lNpumep coeguHEHUS: KOHTPOJIb Lierny OTKJIIDYEHWS TOJIbKO C O4HWM BCIOMOraTes/ibHbIM
KOHTaKTOM BbiKJto4aTesisi «Bcri Bka» (52a).

4.34.2.1 Bsopg B 3kcnnyaTauuio: KOHTpoab uenu oTknoueHus [74TC]

[na Tex BbikJlOYaTeNEeN, YTO AOJIKHbI Pa3MblKaTbCs NpUY Nogavye HebosbLIOro
KOJIMYECTBa 3Heprumn (HanpuMep, C NOMOLLbIO hoTo3IeMeHTa), cneayeT obecneynTs,
4YTOObl TOK BXOAHbIX LIMGPOBLIX CUFHAIOB HE Bbi3bIBasl JIOXKHOIO OTKJ/IIOYEHUS.

TecTupyemsbii 06 bEKT

MpoBepka (hyHKLMM KOHTPOJIA LIeNN OTKJIIOYEHNS
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lMpoueaypa, 4acTtb 1
CMmogenupynTe Henonaaky Npun nogadve yrnpaBasowero Hanps>XeHns B Lenn nuTaHums.
Pe3ysbTaT ycrnewHov npoBepku. Yacte 1

Mo nctevyeHnm spemMmeHn «t-TCS» PyHKUNA KOHTPOA Lenu oTkYeHna KLUO ycTponcTea
[0JKHa nojaTh aBapUnNHbIA CUrHa.

lpouenypa, 4acTb 2
CMopennpynTe pa3pbliB Kabens uenu yrnpaBneHUs BbiKJl0YaTENEM.
Pe3ysibTaT ycrneLwHov rnposepku. Yacteb 2

Mo nctevyeHunn spemeHmn «t-TCS» PyHKLNA KOHTPONS Lenu oTkatodeHnsa KLLO ycTponcTsa
[OJ/KHA NoJaTb aBapUNHbLIN CUrHaN.
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KTT — KoHTpOosnb TpaHcchopMmaTopa ToKa [60L]

Pa3pbiB NPOBOAHMKA WU HEUCMPABHOCTW U3MEPUTESILHON LIenu BEKYT 3a cobol
noBpexxeHne TpaHchopMaTopa TOKa.

Moaynb «KTT» obHapy)XnBaeT HEUCMPABHOCTb TpaHCopMaTopa TOKa B CJly4ae ecnum
pac4yeTHOe 3Ha4YeHne ToKa YTEeYKM Ha 3eMJIl0 He COOTBETCTBYET N3MepeHHOMY
3HaveHuto. Ecnum perynupyemoe noporoBoe 3HavyeHune (pasHuua Mmexay n3MepeHHbIM 1
pac4yeTHbIM 3Ha4YeHNEM TOKa YTeuKUn Ha 3eMto) byaeT npeBbilleHo, 3TO BOCMPUHUMAETCS
KaK HencrnpaBHOCTb TpaHcdopMaTopa Toka. [Tpu 3ToM BblfaeTcsa npeaynpexxjatoLiee
coobLeHne/aBapunHbIA CUFHaN.

MpeanocbIIKON AN 3TOro ABASETCS N3MepeHne YCTPONCTBOM TOKA B MPOBOAHUKE U
CWJbl TOKA YTEYKM Ha 3eMJ1t0, KOTOpOoe NPOon3BOANTCS, HanpuMep, TpaHCHOPMaTOPOM
TOKa C ToponAasibHbIM CEpAEYHUKOM.

MpuHLUUNBI N3MEepeHns NpU KOHTPOJIE LLenn OCHOBaHbI Ha CPaBHEHUU N3MEPEHHOro n
pac4eTHOoro 3HAYEeHUI OCTATOYHbIX TOKOB:

B noeane:

- - - - -
(Ib.A+1p.B+1d.C) + KI*3lo = 3*I,+ KI*3lo =0

Kl npegcTtasndeT cobo NoNpaBoYHbIN KOIPPMNUNEHT, KOTOPLIN YYUTbIBAET pa3nyns B
Ko3(hpuumeHTax TpaHchopmaunum TpaHCPopMaTopoB Pa3HOro ToOKa M TOKA YTeYKU Ha
3eMJ110. YCTPOMCTBO aBTOMAaTUYECKN PacCHNTbIBAET 3TOT KO3 PMULUNEHT Ha OCHOBAHNN
COOTBETCTBYHOLWMNX 3HAYEHNI MECTHbIX MAaPaMeTPOB, T. €. OTHOLIEHNSA MeXay
HOMWHaJIbHLIM TOKOM B MEPBUYHON U BTOPNYHOM 0OMOTKax TpaHCcopMaTopoB ha3HoOro
TOKa N TOKA YTEYKU Ha 3eMJIi0.

[Ons KoMneHcaummy NorpeLHoCcTV NPONopLUUN TOKOB B U3MEPUTESIbHbBIX LIEMSAX BBOAUTCS
ANHaMMNYEeCKNIN NonpaBoYHbIn KoaddunumeHT Kd. DToT KoadhduUMEHT aBaseTcs
dyHKUMEN OT MaKCUMaIbHOrO U3MEPEHHOI0 TOKA U YYUTbIBAET JIMHENHbIN POCT
MOrpeLHoOCTN N3MEepPEHNI.

MpenenbHoe 3HAaYeHNE KOHTPONA TpaHCchopMaTopa ToOKa PacCHNTLIBAETCS Cleayowmm
obpasom:

Dl = oTKnoHeHunsa cunbl Toka | (HoMMHanbHOE 3Ha4YeHne)
Kd = monpaBoY4HbIN KO3 PULNEHT

IMaKC = MakKCUMasbHbIN TOK

MpepensHoe 3HavyeHne = DI + Kd x Imakc
MpefnocbINKN naeHTUMUKaUnUM NnorpeLHoCcTn

3* I_(; + KI* 3?0 = INenvTal + Kd *Imakc

MeTopn OLEeHKU KOHTPOA Lenu € NCNoJsib30BaHNEM KosdhpuumneHTa Kd Mo>xHO
rpacpuyeckn npencTtaBuTb B criefyloulem smae:
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npen. 3H-e A

Kd - Imakc

Al

\

E_F69

IMaKc

OCTOPOXHO!

Ecnn nponcxoanT naMepeHme Toka TOJIbKO No ABYM ha3aM (Hanpumep, ToNbKO la/lc) nan
€C/IN He NMPOU3BOANTCH OTAENLHOINO N3MEPEHNA TOKA YTEYKN Ha 3eMJIto (06bI4HO npu
nomoLwm KabenbHOro TpaHcopMaTopa ToKa), PYHKLUNA KOHTPONS AO/IKHA ObIThb

. OeaKTnBUpoBaHa.
KTT MCSI_Y01
A KTT .
Ih.B
JeB ] 30 | Al
_ec ] paccumTaHo 1+ -
3lo - KT .

_ 3 & KTT . Tpes_

Cm_ pnarpammy: Briok-ku OTka3 7| t 0 [Foka nau Toka 3a3emieHuns

@ (CTyneHb He OTKJIl04EHa U HET aKTUBHbIX CUFHanoB 6J10KMPOBKN) 40

4.34.3.1 Bsop B 3KcnjsiyaTauuio: KoOHTponb 0TKa30B TpaHchopMmaTopa ToKa

YcnoBue:

* NI3mepeHune Tpex ha3oBbiX TOKOB (MPUNOXKXEHHbIX K U3MEPUTESIbHbIM BXO4aM
) YCTPONCTBA); Wn:

* TOK yTEYKM Ha 3eMJII0 ONMpeaesniseTcs C MoOMOLLbI0 TpaHCchopMaTopa kabensHoro
Tuna (He No cxeme XOJMIpUHa).

TecTupyemsbii 06 bEKT

MpoBepka paboTbl MYHKLUN KOHTPONSA TpaHCcopMaTopa ToKa (MyTeM CpaBHEHUS
pPacy4eTHOro N N3MEPEHHOro 3Ha4YeHNs TOKa YTEYKN Ha 3eMJ1i0).

Heobxoanmbie cpencrTBa

e TpexdasHbIn NICTOYHUK TOKa
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OnuvcaHune npoueaypsbl. Yactb 1:
* YcTaHoBUTe npeaenbHyo BennydmHy KTT paBHon «genbTa 1=0,1*In».

e Momante CUMMETPUYHLIN Tpexda3Hbii TOK (MPMMEPHO PaBHbIN HOMUHA/IbHOMY) Ha
BTOPUYHYIO OBOMOTKY.

e OTCcoeguHNTE TOK OOHOWN U3 a3 oT 0O4HOr0 U3 U3MepuUTeNbHbIX BXOLOB
(CI/IMMeTpI/I‘-IHaFl noga4a TOKa Ha BTOPUYHYIO O6MOTKy OOJ1KHa COXpaHI/ITbCFI).

* YbeanTtechb, 4TO reHepupyeTcs curHan «TT.TpeB».
Pe3ysnbTaT ycrnewHov npoBepku. Yacto 1.

e ['eHepupyeTcsa curHan «TT.TpeB».
OnucaHune ripouenypsl. Hacte 2:

e Momante CUMMETPUYHLIN Tpexda3HbIin TOK (MPMMEPHO PaBHbIA HOMUHA/IbHOMY) Ha
BTOPUYHYIO OBOMOTKY.

e MopanTte TOK, KOTOprIh npesbillaeT Noporosoe 3sHa4dYeHMe ona KOHTPoONA
|/|3Mep|/|Tean0|7| uenn