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Br100p ycTaBok cpadaThIBaHUS MHKPONPOLECCOPHBIX
TEPMHHAJIOB PEJICHHON 3alUMTHl U ABTOMATUKH CePUU
«Cupuyc» 1Ji4 pacnpeaeanTebHbIX ceTeil 6-35 kB

I0.A. bBapa6anos
BBenenune

CoBpeMeHHbIE pPelIeHHs B 00JIACTU BBIMOJIHEHUS peleiHOMN 3auThl U aBToMaTuku (P3 u A)
JIEKTPOTEXHUYECKUX OOBEKTOB, B TOM YHCIIE€ M PACCMATPUBAEMBIX HMXKE PpaCHpEeAETUTEIbHbBIX
ceTeil HampsbkeHueM 6-35 kB, OCHOBBIBaOTCSI Ha IIMPOKOM MPUMEHEHMH MHKPOIIPOLIECCOPHBIX
TepMUHAJIOB, peanudyroumx (yHkoun P3 um A. Kak oTeuecTBeHHBle pa3paOOTUMKH, TaKk MU
npescTaBieHHble Ha PoccuiickoM pbiHKe 3apyOekHble (UPMBI, BBITYCKAIOT pa3zHOOOpa3HbIN
KOMILJIEKC TEPMHHAJIOB, CIIOCOOHBIX B IOJIHOW Mepe BBIIOJHUTH TPeOyeMbli Ul 3alUIaeMOro
00beKTa 00beM (QYHKIIHH.

ANropuTMBI MUKPOIIPOLIECCOPHBIX 3aILUT, B 11€JI0M, 00eCIeunBatOT 0ojiee BEICOKUE TEXHHU-
YECKUe I0Ka3aTeau, YeM 3alUThl aHAJIOrOBOro McHojHeHus. Bmecre ¢ Tem, craTucTuka pabOThI
MHUKpPOIIPOLIECCOPHBIX TEPMUHAJIOB HE HAMHOIO IIPEBBIINIAET, a MHOTJA M YCTYNAeT CTAaTUCTHUKE
paboThl TPAaTUIIMOHHBIX AHAJIOTOBBIX YCTpoucTB P3 m A. DTO 00yclOBIIEHO, HE B MOCIEIHIOK
ouepesib, He10CTaTOYHO 3(P(HEKTUBHBIMU PEIICHUSAMHU, 3aJI0KEHHBIMU IIPU IPOSKTUPOBAHUU CHCTEM
P3 u A Ha 0a3e MUKpPONPOLECCOPHBIX TEPMHUHAJIOB, OMIMOKAMM IIPU pacueTe [apaMEeTPOB
cpabaTbIBaHMs, HEMOJHOLEHHON HAcCTpOWKOHM, KOH(UIypHpoBaHHEM TepMUHaNOB. OTCyTCTBHE
a/ICKBaTHOW METOJMKH MPOCKTUPOBAHUS CTAHOBUTCS CIEPKUBAIOMIMM (PaKTOPOM OoJiee MIUPOKOTO
BHE/IPEHUs COBPEMEHHBIX YCTpoilcTB P3 m A, HecMOTps Ha MX MOBBILICHHbIE (DYHKIMOHAIbHBIE
BO3MO>XHOCTH U YJIy4LIEHHbIE TEXHUYECKUE OKA3ATEIH.

IIpu npoextrpoBanuu cucreMsl P3 u A pemarorces 1Be HEHTpaIbHbIE 3aJaUHn:

e pa3paboTka CTPYKTYpbI KoMILIekca P3 1 A 3amuiaeMoro o0beKra;
e pacuer nmapamMeTrpoB cpadarpiBaHusi yctpoiictB P3 u A u ¢opmupoBanue napa-
METPOB KOH(UTYPHUPOBAHUS TEPMUHAIIA.

Pa3paborka cTpykTypbl KOMILIeKca P3 u A HaleneHa Ha pelIeHHE CIEAYIOLUX 3a1a4:
OTIPEICIIACTCS COCMAa8 MePMUHANO8, YCTAHABIMBAIOTCS BBIMOIHIEMbIE KaXJbIM TEPMUHAIOM
@yHuKyuu, YyCTaHABIMBACTCSA G3auMOOelicmeue mepmMuHalog Kak B BBIXOJHBIX LEMSAX Ha ypOBHE
[10/1a4¥l CUTHAJIOB Ha MCIOJIHUTEIbHBIE OpraHbl, TAK U HA YpOBHE OOMEHA IUCKPETHBIMU CUTHAJIaMU
MEXy TEpMUHAJIaMU KOMIUIEKCa

Cocmas mepmunanos NpUMEHUTEIBHO K ceTsaM 6 + 35 kB onpenensiercs 1octatouHo mpo-
cT0. BO3MOXHOCTH COBpEMEHHOHM ammapaTHOM 0a3bl, T.H. «1JIaT(GOPMBD» MHKPOIPOLECCOPHBIX
TEPMHUHAJIOB, IO3BOJISIIOT COBMECTUTh B TEpPMHUHAJIE 3HAYUTENbHOE uucio QyHkumi P3 u A.
3amuThl ceTelt 6-35 kB He OTIMYArOTCS MOBBIIIIEHHON CIOKHOCTBIO, XapaKTepHOU JIsl ceTel Oornee
BBICOKOI'O KJIacca HaIlpsDKEHUs, YTO TO3BOJIET B OJJHOM TEPMHUHAJIE pealn30BaTh MOJHBIA HaOOp
(GyHKIMU peledHOM 3alMThl M AaBTOMATHKH OTAEIBHOTO 3JeMEHTa ceTH. TakuMm oO0pasom,
CTPYKTypa KoMmiiekca P3 m A MHOTO3J€MEHTHOTO OOBEKTa B YACTH allapaTHOW peaTu3aiuu
JIOCTaTOYHO TPHUBHAJIbHA: OJWH TEPMHHAJI BBINOJHAET MOJHBbIA Habop ¢ynkuuit P3 u A oxHoro
3aIUIIIAEMOT0 dJIEMEHTA.

3allaHHBI JUPEKTUBHBIMU MaTepuanaMu [l] uid Kakooro 3aluIiaeMoro 3JIEMEHTa CETH
o0s3aTenbHbI cocmae ¢hynxyuii P3 u A, conepXuTcs B CIIUCKE CTaHIAPTHBIX (QYHKIMHA TepMUHAaIa
U B 3TOW dYacTu mpoOieM He BO3HHMKaeT. Bwmecte ¢ Tem, CHUCOK (YHKIMHA COBPEMEHHBIX
TEPMHHAJIOB CYILIECTBEHHO PaCIIMPEH MO OTHOUIEHHIO K MUHUMAIbHO 3aJaHHOMY [1], B cBsi3u c
YeM JIOJKEH pelaThCsi BOMPOC 00 aKTUBU3AIMK, BBOAE TE€X WJIM MHBIX JOMOJHUTEIbHBIX (QYHKIUH
B KaXJI0M KOHKPETHOM ciiydae. YacTo Takue BOIPOCHI PEIIAIOTCs Ha CTAJAMM pacueTra mapameTpoB
cpabatbiBaHus ycTpoicTB P3 u A.
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Bzaumooeiticmeue mepmunanos MOXeT peycCMaTpUBATHCS HAa YpOBHE 0OMEHa JAUCKPETHBI-
MU CUTHAJIAMH O COCTOSIHUM IyCKOBBIX M M3MEPUTEIBHBIX OPraHOB 3allUT, BXOJSIIMX B COCTaB
CMEXHBIX TEPMHUHAJIOB. Takoe B3aUMOAEHCTBUE OOBIYHO MPEyCMaTPUBACTCS B aITOPUTMAX 3AIIHUT
ceTell Oosiee BBICOKOTO YpOBHs HampspkeHus, HaunHass oT 110 kB u Beime. B cetsx 6 ~ 35 kB,
KOI'Zia JUIsl 3aIMThl OJJTHOTO IPUCOEINHEHUS NCIIOJB3YETCSl OJIMH TEPMHUHAJ, TAKOE B3aUMOJICHCTBUE
OTCYTCTBYET. /[[pyroil BapuaHT B3aMMOJEHCTBHS TEPMHUHAIOB MOXET IPEIyCMaTpUBaThHCS B
BBIXOJHBIX LEISIX 3allUT U, KaK IPaBUII0, 00ECIIEUNBAET NapauIeIbHYI0 Bbl1adyy CUTHAJIOB OT JBYX
u 0oJiee TEePMUHAIOB HA HCIIOIHUTEIbHBIE OPraHbl IPU OpraHU3aIUHN OJMKHETO pe3epBUPOBAHUS B
cilyyae HEOOXOJMMOCTH TIOBBIIICHHUS HAJSKHOCTH (YHKIMOHUPOBAHUS PEJCHHON 3aIlUTHI.
TpebGoBanus 10 HAAEKHOCTH (QYHKIIMOHUPOBAHUS 3alUTHI ceTel 6 ~ 35 kB 3aMeTHO HMKe, YyeM
JUIs ceTeil Ooyee BBICOKOTO ypoOBHsS HampspkeHust [2, 3]. B c¢Bf3W Cc 3TUM, B TNOAABISIONIEM
OOJIBIIMHCTBE CIy4YaeB B YKA3aHHBIX CETAX JOCTATOYHO OTPAaHUYUTHCS JAIbHUM PE3€PBUPOBAHUEM,
KOTJ]a OTKa3 CpabaThIBaHUS 3alIUTHI WM OTKJIIOYEHHS BBIKIIOYATENS MOBPEKICHHOTO MPUCOCIH-
HEHUs PE3EpBUPYETCS CMEXKHOM 3aIMTON, YCTAHOBJICHHOW HA NMPHCOECIMHEHUH, PACIIOI0KEHHOM
Onmmke K HMCTOYHUKY NHTaHUSA. VCKIIOUeHHE MOTYT COCTaBISTh CETH COOCTBEHHBIX HYX]
OTBETCTBEHHBIX 00BEKTOB, HAIIPUMEP, AaTOMHBIX CTaHIINI, KOTOpBIE Jajiee HE pacCCMaTPUBAIOTCSL.

Taxum obpazom, i cereir 6 + 35 kB BeIOOp cTpykTypsl cucteMbl P3 u A He siBisieTcs ak-
TyallbHOM 3a/jayeil, B yueOHOM MOCOOMHU 3TH BONPOCHI HE paccMaTpuBaroTcsi. Bmecte ¢ Tem, Ha
MEPCIEeKTUBY CIEAYeT OTMETHTb, YTO B IOCJIETHEE BpPEMs AaKTHBHO OOCYXAAIOTCS BOMPOCHI
pa3pabOTKK M BHEAPEHUS T.H. «AKTUBHO-3JAalTUBHBIX ceTel» (3a pyOeXoM HX Ha3blBalOT Smart
Grid — ymHble ceTH) M Hcnonb3oBaHus crangapra MOK 61850 mns moctpoenust «udpoBoit
nojACTaHIMuY [Hanpumep, 4, 5]. KauecTBeHHONH OCOOCHHOCTBIO PEJICHMHON 3alUThl U1 ABTOMATHUKH
Opu TakoM TMOaXofe sBisercs oObenuHenue ¢yHknuii P3 m A Bcero oOwbekra (cTaHLuH,
MOJICTAaHIIMH, ()parMEHTa CETU) B €MHOM IIPOTrPAMMHO-aNNapaTHOM KOMILJIEKCE C paclpeesieHueEM
GbyHKIMH, BO3MOXHO HE(UKCHPOBAaHHBIM, MEXAYy >3JEeMEHTaMH KoMmIuiekca. B sTom cmyuae
OTMEYEHHBIC BBIIIE NMPOCTEHIINE CTPYKTYpbl cucTeMbl P3 m A oObekTa 3aMeHSIOTCS Ha Oosee
CIIOXKHBIE CTPYKTYpBL. 3ajauedl MpoeKTupoBIIMKa cucteMbl P3 u A He sBusercs pa3paboTka
CTPYKTYpPbl TaKUX KOMILJIEKCOB, €€ JOJDKHBI pelllaTh CIEHHUAIUCThl COOTBETCTBYIOUIETO MPOQUIIS.
Co CTOpOHBI TNPOEKTHUPOBIIMKA JOCTATOYHO OIPAHUYUTHCS TPEOOBAHUSAMU K TEXHHUUECKUM
napamMeTpaM KOMIUIEKca, a pa3padoTuyuku TepMuHaioB P3 u A JOMKHBI 00ECNEYUThH BBITYCK
anmnapaTyphbl, BCTpauBae€MOUM B KOMIUIEKC MO YCIOBUSAM MPEAbSIBICHHBIX CTAHAAPTOB.

OpuuM U3 onpenensoomux (GakTopoB, YUUTHIBAEMBIX MPU BBIOOPE CTPYKTYphl KOMILIEKCA,
ABJsieTcs o0ecrneueHne TpedyeMbIX MoKazaTeliell HaJe)KHOCTH (YHKLIIMOHUPOBAaHUS cucTeMbl P3 u
A. Bormpocsl obecriedeHus] HaJie)KHOCTH BO3HUKAIOT B HACTOAILIUMN MOMEHT IpPU MPOEKTUPOBAHUU
MUKPOTIPOIIECCOPHBIX cucteM P3 u A s o6bekToB HanpsbkeHus 110 kB u Bolne, a B mepcrnekTHBe
BO3HUKHYT U NpPUMEHHUTEIbHO K ceTsM 6 + 35 kB mnpu peanuzanuu KOHILENLUU «aKTHBHO-
aIalITUBHBIX ceTeil». BrIOop cTpyKTyphl KomIuiekca ycTpoiictB P3 1 A 10oKeH cOmpoOBOXKAATHCS
pacueraMu rokasareseil Hae)KHOCTH (YHKIIMOHUPOBAHHUS 3aIMThl U aBTOMAaTUKU. Takue pacueTsl
0a3upyIOTCs HAa UCXO/HBIX JAHHBIX O MOBPEXKAAEMOCTH JIEMEHTOB 3aLUIAEMOI CeTU: apamMeTphbl
MOTOKOB BHYTPEHHUX M BHEIIHMX KOPOTKHMX 3aMbIKaHHM, a TakXe IOKa3aTelsX arnmnapaTHON
Ha/IKHOCTH OTJENBHBIX AJIEMEHTOB KOMILJIEKCA: HapaOOTKa Ha OTKa3 OTJENIbHBIX TEPMUHAIOB U
BHEIIHUX YCTPOUCTB (TpaHchopMaTOpbl TOKAa U HANPSKEHHsI, UCIIOJIHUTENIbHbIE Opranbl). YacTota
WM TapaMeTpbl MOTOKOB BHYTPEHHUX M BHEIIHUX KOPOTKHUX 3aMBIKAHUM 3aBUCAT OT CXEMBbI
3alIMIIaeMoro o0beKTa M cocTaBa oOopynoBaHus. Hampumep, pa3BeTBiieHHash BHEHIHSS IO
OTHOILEHHIO K 3alllMIIaeMOMY 3JIEMEHTY CeTh 00YyCIOBUT Oosiee yacTble BHeImHUE K3, 4To 10MIKHO
YUUTHIBAThCSl MPHUHATHEM JOMOJHUTENIBHBIX Mep MO0 MCKIIOYEHUIO H3IHUIIHUX CpabdaThiBaHUN
3alIUTHl MpU pa3zpaboTke CTPyKTypbl Komruiekca P3 um A. IlosToMy, HEM3MEHHYIO, THIIOBYIO
CTPYKTYpy MAJisi JIOOBIX BapHaHTOB 3alllMIIA€MOro OOBEKTa YCTAaHOBUTh HE ynaaercs. THUMOBbIE
BAPUAHTHI CTPYKTYP, XapaKTEepPHBIE JJIsl aHAIOTOBOM TeXHUKH P3 1 A, yluiM B mpo1uioe.

Pacyer mapamMerpoB cpadaTbIBaHUsl SIBIIICTCS TPAJWLIHMOHHOM 3aJadei, peniaeMoil Kak
JUIsl aHAJIOTOBBIX, TaK M MMKPOIPOLECCOPHBIX HCIOJHEHUH ycTpoHCTB. OCHOBHBIE NPUHLMIIBI
QITOPUTMOB MPHUHATHS pElIeHUs] 0 cpabaThbIBaHUU WM HecpaOaThIBaHMS 3alIUT B MHUKPOIPOLIEC-
COPHBIX M AaHAJOIOBBIX pealIM3alMsAX COBINAJAIOT, B CBA3M C YEM, 4acTO MOYKHO BCTPETUTH
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YTBEPKACHUE O COXPAaHEHMM METOAMKHM pacueTa 3allMT, NPUMEHSBIICHCS JUIsl aHAJIOTOBBIX
ucroHeHui. Takoe yTBepKICHUE HEJIb3sl CYUTATh B TIOJTHON Mepe 000CHOBAHHBIM.

Haubonee mpocto pemaercs BOIPOC yueTa B pacueTax 3allUT MOTPEIIHOCTeH TeXHUYECKON
peanu3aliy MYyCKOBBIX U HM3MEPHUTEIbHBIX OPraHOB, IPEACTABICHHBIX B AHAJIOTOBBIX 3allUTaX
OTJICIIbHBIMU H3MEPUTEIIBHBIMU pEJIE - peJe TOKAa, pelieé HAIpsDKeHHUs U T.aI. U yCTPOWCTBaMHU
npeaBapuTeNbHON  00paboTku MH(opMamuu — QUIBTPEl CUMMETPUYHBIX COCTaBJISIOILUX,
4acTOTHBIE (PUIABTPHI M T.n. B MHMKpPONPOLIECCOPHBIX 3aIIMTax B3aMEH YKa3aHHBIX JJIEMEHTOB
UCIIOJIb3YIOTCSl MOAYJIH MIPOrPaMMHOI0 O00ECIIEUEHHUs], PEAIU3YIOIINE COOTBETCTBYIONMUE (DYHKIIUH
[I0 PACYETHBIM COOTHOLICHUSM, YTO MPUBOAUT K 3aMETHO MEHbUIMM morpemHoctsM. CooTBeT-
CTBEHHO, YYMTHIBAIOIME IOTPEUIHOCTH IPU pacyeTax 3aluT, Kod(pQUIUEeHTb OTCTpoiku u
CTYIICHb CEJIEKTUBHOCTHU TI0 BPEMEHH 33Jal0TCsl MEHbIIMMHU 3HadeHUsIMU. Koadurrents Bo3Bpara
pesie B MUKPOIIPOLIECCOPHBIX 3allluTax Oojiee MPUOIMKEHBbl K €JUHULE. 3HaYeHUs1 HEOOXOAMMBIX
uis pacdera KO3(pPUIMEHTOB 3a7ar0Tcs B TEXHUYECKOM TOKYMEHTAUU (HPM, BBITYCKAFOIIUX
TE€PMUHAJIBI.

Bonee cnoxnble mpoOieMbl pacdera 3allUT BO3HHMKAIOT TPU Y4YETe 3AJ0KEHHBIX B IPO-
rpaMMHOE o0ecriedeHrne TepMUHaja aIropuTMOB (DYHKIIMOHUPOBAHUS TyCKOBBIX M U3MEPHUTEIbHBIX
OpraHoB, a TaKXKe Y4eTe, a MHOTJa U JOCTYITHOM MPOEKTUPOBIIMKY pa3pabOTKe JOrMYECKON yacTu
3alIUT.

MukponpoueccopHasi peanu3anus (QyHKIUH peneiiHON 3aluThl M aBTOMATUKU CHUMAET
WIH, 110 KpaiiHel Mepe, 3HaUUTEeNbHO 0CJIa0JIIeT PO0JIeMbl, CBSI3aHHBIE TEXHUUECKOHN peanu3anueit
CJIOKHBIX ITOPUTMOB (DYHKIIMOHUPOBAHUS IYCKOBBIX U M3MEPHUTEIbHBIX OPraHOB, TPAaJULHMOHHO
BBITNOJIHABUINXCS OTAEIbHBIMU pelie. AJTOpUTMBI IPEICTABIIAIOTCS AaHATUTUYECKUMU COOTHOIIEHH-
AMU B (opMme, IpeJHa3HAUEHHOM M MX JaJbHEHIIero HCHOJHEHUS B BHUJAE NPOrPaMMHBIX
Monyisiell. CoBpeMEHHbIE CPEJICTBA MPOrPaMMHUPOBAHUS M OTJIAJKH MPOTPaMMHOIO OOecreyeHus
HO3BOJISIIOT 0€3 Upe3MEepHBIX TPYA03aTpaT pa3paboTaTh COOTBETCTBYIOIIME IPOrpaMMHBIE MOYIIH
3a OTHOCHUTENBbHO HeOosbiioe Bpems. OCHOBHbIE YCHIUS pa3pabOTUMKOB NEPEMECTHIIMCH OT
pa3pabOTKU CXEMHBIX peau3aliii OTIENbHBIX Pejie U BBIIOJHEHHBIX HA X OCHOBE yCTpOHCTB P3 u
A K moucky Oojee COBEpIICHHBIX MAaT€MaTH4YEeCKHMX MOJENeH, OINUCHIBAIOIIMX IPOLECCHI,
HNPOMCXOAIINE B AJIEKTPUYECKON CeTH NPU aBapUMHBIX CUTYyalUsX, U pa3pabOTKe Ha UX OCHOBE
METOJIOB pacliO3HaBaHUS aBapUUHBIX CUTYyallMi, KOTOPBIE U 3aKJIa/IbIBAIOTCS B aITOPUTMBI.

PaboThl B yka3aHHOM HamnpaBieHUU MPUBENIU K CYHIECTBEHHOW MOAM(DUKALNU M3BECTHBIX
WIM TIOSBJIEHUIO HOBBIX aJTOPUTMOB IIYCKOBBIX W M3MEPUTENbHBIX OPIraHoB, 00JaJaroIInX
yAY4IIEHHBIMH TEXHUYECKUMHU XapaKTepUCcTHKaMu. Bmecte ¢ Tem, BHOCHMbIE MOAM(UKALNU
IPUBOJAT K U3MEHEHUIO, U YacTO JOCTAaTOYHO CYIIECTBEHHOMY, METOJUKU pacyeTa MapameTpoB
cpabaTbIBaHMs 3aLUTHI U OLIEHKH €€ 3(PPEKTUBHOCTH, TPAAULIMOHHO MTPOBOJIMMON MyTEM pacuera
ee Ko (PHUITMEHTOB YyBCTBUTEIIBHOCTH.

MHorue 3ammThl B MUKPOIIPOLIECCOPHOM HCIIOJHEHUM YacTO UMEIOT CYIIECTBEHHO PAaCIIM-
PEHHBIA COCTaB IO CpPaBHEHHMIO C TPaAMIMOHHBIM. Hampumep: TOKOBbIE 3alIUTHI BBITOJHEHBI C
pacUIMpEeHHBIM JI0 YEThIpeX 4YHCIOM CTYIEHeH, BBEIE€Hbl BO3MOYKHOCTU BBINOJHEHUS JI000M
CTYNEHU HAIpPaBJIEHHOW, 3aJaHus pa3jIMYHbIX, B TOM YHCJIE€ M 3aBUCUMBIX XapaKTEPUCTUK
BBIJICPKKM BPEMEHHU, KOHTPOJIs cpabaThIBaHUS Ka)/10H CTYNEHHM OT IyCKOBOTO OpraHa Hampske-
Hus. HexkoTopble 3aiuThl IpecTaBlIeHbl B MHOTOBAPHAHTHOM HcnofHeHHH. Harmpumep, 3aiuThl oT
0oHO(A3HBIX 3aMBIKAHUI Ha 3€MJII0 MOTYT KOHTPOJUPOBATh MPOMBIIIICHHYIO YacTOTY WIIH
BBICOKOYACTOTHBIE COCTABIIAIONIME B TOKE HYJIEBOW MOCIEAOBATEIBHOCTH M T.NI. TakoW MOAXOX
OOBSICHAETCS C OIHOH CTOPOHBI E€CTECTBEHHBIM >KEIaHHEM (UPMBI-pa3padOTUMKa BBIIOIHHUTH
YHUBEPCAIbHBIM TEPMHUHAI I Pa3HBIX YCIOBUN NMPUMEHEHHUs], C JPYIrOW — BBICOKOM NMPOU3BOINU-
TEJIbHOCTBIO (OBICTpOAEHCTBHE, OOBEM 3alMOMUHAIOIIMX YCTPOMCTB) ammapaTHOM IIaThOpMBI
COBPEMEHHBIX TEPMHUHAJIOB, IMO3BOJISIONIEN peanu3oBaTh 3TO >KelnaHue. Pacimimpenue cocraBa
TPAJUIMOHHBIX 3alIUT CO3/1aeT BO3MOXKHOCTH NpUHATHS Oonee 3()(HEKTUBHBIX peIICHUH,
MpaKTHYECKasl peasin3alysi KOTOPbIX OMSThH K€ TpeOyeT OOHOBIEHUSI METOIUKH TPOEKTUPOBAHMUS.

B aHanoroBbIX 3ammMrax JIOTMYECKas 4acTh 3aLIUTHI 33JjaHA HA CXEMHOM YpPOBHE JKECTKO
(UKCUPOBAaHHBIMHU CBSI3SIMH BBIXOJIOB M3MEPUTEIBHBIX peje C AJIEMEHTaMU JOTMYEeCKOW 4acTu —
IIPOMEXYTOUHBIMHU pEJIE, PEJI€ BPEMEHM, BBIXOJHBIMM ILEMSMHM 3alIUThl HA HCIOJHUTEIbHbBIE
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opranel. HesHauutenbHas MOIUGHUKAIMSA JOCTUTalach YCTAHOBKOM HaKJIaIOK, MEPEMBIYEK B
CcXeéMax OIEPaTUBHOIO TOKa. BO3MOXXHOCTH MHKpONPOLECCOPHBIX 3aIlUT MpH (HOPMHUPOBAHUU
JIOTUYECKON YacTH HECOU3MEPUMO pacUIMpeHbl. BBox B airopuT™M 3aluThl «IIPOrPaMMHOI»
HAaKJIaJKu Mpu pa3paboTKe anroputMa (UPMON-U3rOTOBUTEIEM TEpPMUHANIA, €€ YCTaHOBKA WU
CHATHE NPHU HACTPOWKE TEPMUHAJIA MEPCOHATIOM (UPMBI-IIOTPEOUTENS MPAKTHYECKH He TpeOyer
HUKAKUX TPyJ03aTpar, B CBA3M C YEM YMCJIO JOCTYIHBIX JJIS1 HACTPOMKH Y3JI0B JJOTMUECKOW YacTH
BO3pPOCIO B JIECATKH, @ MHOIJA M B COTHU pa3. Takoe IO0JIOKEHHE SIBISETCSI HECOMHEHHBIM
JIOCTOMHCTBOM MHUKPOIPOLIECCOPHBIX 3aILUT, T.K. IO3BOJISIET aJalTUPOBATh aIrOPUTMbI (PYHKIHO-
HUpPOBaHMA ycTpoiicTB P3 u A mox 3amumaemMblii 0ObEKT U MONYYUTh YIYYIICHHbIE TEXHUYECKHE
nokazareny. OJHAaKo, IpU MPOEKTUPOBAHMM BO3HHUKAeT IpolieMa BblOOpa ONTUMAIBHOIO
BapHaHTa, B TOM YHUCIIE C y4ETOM OCOOEHHOCTEH CXeMbl 3aIIMIIAeMOro OOBEKTa, PEKHMOB €ro
paboThl U T.A., 4TO TpeOyeT COOTBETCTBYIOLIEH KBaIM(UKALMU MPOEKTUPOBIIMKA U HATMYUS
HE00X0IMMOW UH(POPMALIUU B UHCTPYKIHSIX 10 IPOSKTUPOBAHUIO.

[Tomumo ynkmuit P3 1 A TepMuHaANIBI coepKAT 3HAYMTEIILHOE YUCIIO T.H. «CEPBUCHBIX)
(GyHKUIMH, HE OTHOCSIIMXCA HEMNOCPEICTBEHHO K 3alllUTe M AaBTOMATHKE, HO CYIIECTBEHHO
o0Jieryaronux Mnpouecc dKCIulyatauu. B ocHOBHOM 3To0 ociuniorpadupoBaHue 3IEKTPUYECKUX
BEJIMYMH KakK TPEANISCTBYIOIIErO IOBPEXKACHUIO HArpy304HOTO pEeXMMa, TaK U COOCTBEHHO
peKuMa KOPOTKOI'O 3aMbIKaHUS, PEerucTpauus cpabaTblBaHUS OTIENbHBIX ITYCKOBBIX M H3MEpH-
TEJIbHBIX OPTaHOB U yCTpOHCTB P3 1 A B 11e510M, onpeieneHne pacCTOSHUS 10 TOUKH MTOBPEXKACHUS
Ha JIMHUU 3JeKTporepenaun u T.m. CepBHUCHbIe (GYHKINHU, HApIATy C OCHOBHBIMU (QyHKIMsAME P3 u
A, TaKKe HMEIT CBOM IapaMeTpbl HACTPOIKH, T.e. (OpPMaIbHO BXOJIAT B COCTaB YCTAaBOK
tepmuHaina. [Iporecc BBoa B TepMHHAI BCETO Ha0Opa yCTaBOK HA3bIBACTCS KOH(PHUTYPHPOBAHUEM
tepMuHana. [lonHblii Habop ycTaBOK, 3a/laBaeéMbIX NPH KOH(GUI'YpUPOBAaHHM, BEChbMa LIMPOK U
JI0JbKEH OBITh YCTAHOBJICH B MpOIlecce MPOESKTUPOBaHMS KoMIutekca P3 u A.

OOumii BBHIBOJ M3 NPUBEAECHHBIX IOJIOXKEHUI: MCIOJIb30BaHUE TPAIULIMOHHBIX METOAMK
IIPOEKTUPOBAHMUS, IIPEJICTABICHHBIX B PA3HOT'0 PO/ia PYKOBOASIIMX MaTepraliaX U HHCTPYKIMSIX IS
aHaJIOTOBBIX 3alllUT, UMEIOT OIpPaHUYEHHOE NPUMEHEHHE IPU MPOEKTUPOBAHUU MUKPOIPOLECCOP-
HBIX 3alUT. YYHUThIBas 0OOJbIIOE YHCIO (PUPM, MIPOU3BOISAIINX MUKPOIPOLECCOPHBIE TEPMUHAIBI,
MHOI'OBapMAaHTHOCTh aJITOPUTMOB Jlake OJHOU (UpPMBI, TeM OoJiee aarOpuTMOB pa3HbIX (GUpM, He
1e1eco000pa3HO CTaBUTH 3ajjady pa3paboTKHU OOIIEH YHUBEPCATBbHOM METOAMKH MPOEKTHUPOBAHUS
OJTHOTUIHBIX 3alIMT. Takas 3ajadya Morja ObITh pellleHa TOJIbKO MPUMEHHUTEIbHO K aHAJIOTOBBIM
3amuTam, He o0JaJarouM O0JbIIUM pazHooOpasueM. Pa3paboTky METOAMKH MpPOEKTUPOBAHUSA,
WM, 110 KpaiiHeW Mepe, KOMMEHTapHUEB K CYIECTBYIOIIEH METONKE, Ul KaXKI0M 3alIUThl JOJKHBI
BECTH (PUPMBI, BBIITYCKAIOLINE TEPMUHAIIBI UJIM COOTBETCTBYIOLIUE OPraHU3alUHU 110 3a/IaHUI0 TaKUX
bupm.

[IpencraBieHHble B MOCOOMM MaTepHaibl UMEIOT 1I€JIbI0 JaTh OOIIMN MOAXOJ K BBIMOIHE-
HUI0 KoMmiulekcoB P3 u A pacnpenenutenbHbIX ceteil 6 + 35 kB M pacdery ycTaBOK 3allMT,
BBINIOJTHEHHBIX Ha TepMHuHaNax cepun «Cupuyc-2» ¢pupmsl «PAIINYC ABTOoMarukay, MOTyIUBIINX
3aMETHOE pACIpOCTPaHEHUE B OTEYECTBEHHOM IpakTuke. MeToauka NpOEKTUPOBAHUSA CUCTEM
peneiHoN 3aluThl 1 aBTOMAaTUKU TPaHC(HOPMATOPHBIX MOJCTAHIMM U JIWHUHN HanpsokeHueM 110 +
220 xB, BbIOTHEHHBIX HAa TepMHUHANaX TOH e (UpMBI, NMpHBeneHa B [6], a Takke MaTepuaiax
bupmbl, IPEICTaBICHHBIX Ha caiite ¢upmbl [7]. YuuTbiBas orpaHHYEHHBIH 00beM MocoOus, He
CTaBUTCS 3aj7iaya IIOJIHOTO ONMCAaHUs TEPMHHAJIOB W HMX AJITOPUTMOB, MMOCOOME HE 3aMEHsET
PYKOBOJCTBA IO 3KCIUTyaTallUW KaXXJIOTO KOHKPETHOIO TEpMHUHAJIa, BBIMYUIEHHbIE (HUPMOIi-
pa3paboTUYUKOM.

B nepeoti enase naercsa xpatkuit 0630p ceteit HanpspkeHueM 6 + 35 kB, oTMedeHbI 0COOeH-
HOCTH, CYIIECTBEHHBIE IPU BBHINOJHEHUM 3alIUTHl U ABTOMATUKH TaKUX CETEH. 3HAUUTEIbHOE
BHHMaHUE Y/EJIEHO BOIPOCaM pacuera 3JEKTPUUYECKUX BEIWYUH B PEKHUMax pabOThl, YUUTHIBaeE-
MBIX TIPH OPOEKTHpPOBaHMHU 3amuThl. OcoOeHHOCThIO pacuera cerel 6 + 35 kB sBmsercs
HEO0OXOUMOCTh y4YeTa Harpy30YHBIX COCTABJISIOUIMX TOKOB B peXUMaxX KOPOTKOTO 3aMbIKaHU. 3a
CUET AJIEKTPUUYECKOW ONM30CTH HArpy3kd K TOYKE MOBPEXKICHHMS HArpy304yHas COCTaBIISIOLIAs
MOKET 3aMETHO BIMITh Ha YPOBEHb TOKAa KOPOTKOTO 3aMmblkaHMs. Pacder Toka KOPOTKOro
3aMbIKaHHUs 0e3 ydera Harpy304HOW COCTaBIISIONIEH MOMKET NMPUBOJUTH K 3aMETHBIM IOTIPEIIHO-
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CTSIM, PE3yJIbTATOM KOTOPBIX OYAE€T HETOYHO OIpEIeNIEHHBIH TOK CpabaThIBaHUs TOKOBBIX 3aILUT H,
KAaK CJIE/ICTBHE, HECEJIEKTUBHOE UX JICHCTBHE.

Bmopas enasa conepkuT 0030p MUKPONPOLIECCOPHBIX TepMUHANOB cepun «Cupuyc-2»
npousBoacTBa pupmbl «PAJIMYC ABromMarukay». TepMUHAIBI TO3BOJISIOT PEATM30BaTh IMOJHBIN
KOMIIJIEKC 3aI[UT ¥ aBTOMATHKH JIEKTPOTEXHUIECKOT0 00opyaoBanus cereit 6 + 35 kB. Onucansl
(GyHKIIMY TEPMHUHAJIOB U MPUBEJCHBI allTOPUTMBI, PEAIU3YIONUE OCHOBHBIE (GyHKIIMH. MaTepuaibl
IJIaBBI TOATOTOBJICHBI HA OCHOBE TEXHUYECKO# gokymenTanuu pupmsl «PA/ITYC ABromatukay, ¢
KOTOPOH aBTOP UMEET MHOTOJIETHUM OIBIT AKTUBHOT'O COTPYAHUYECTBA.

MeTtoauka pacdeTa TOKOBBIX 3aIUT OT KOPOTKUX 3aMbIKAHUN paclpeleIUTeNbHbIX ceTel 6
+ 35 kB npuBenena B enase mpemveti. Pacueram TOKOBBIX 3aIIMT, B TOM YUCJIE U TPUMEHUTEIBHO K
CeTsSM paccMaTpUBAEMOTr0 Kjacca, MOCBSIIEHO MHOTO padoT, METOIMKA PacuyeTa aHaJOrOBbIX 3aIIUT
nopoOHO omucaHa B JjurTeparype. [loaToMy OCHOBHOE BHUMaHUE YIEISIETCS OCOOCHHOCTSIM
IIPOEKTUPOBAHUSI MHUKPOIIPOLIECCOPHBIX 3alllUT, BBINOJIHEHHBIX, MPEXAE BCEro, Ha TEpPMHHAJIaX
cepun «Cupuyc-2», XOTs PsJ MOJOKESHUH pactpoCTpaHsAeTcs Ha OOIMK ciiydai. 3HAaYUTEIbHOE
BHUMAaHHE YJENCHO 3allUCH PACUETHBIX YCIOBUH B aHAIMTUYECKOH (opme, 4yTO B psle ClydyacB
MO3BOJIUJIO UCKIIIOUUTH TPAIUIIMOHHBIE PEIICHUS C MOCTPOCHUEM IpapuuecKux 3aBHCUMOCTEH, H,
KaK CJIE/ICTBHE, MOBBICHJIO TOYHOCTh PAacCUY€TOB M YMEHBIIWJIO TPYA03aTpaThl Ha HUX INPOBEJICHUE.
Takass BO3MOXKHOCTh BO3HHMKAeT BCIEACTBHE HCIIOJIB3yeMOl Mpu pa3paboTKe MPOrpaMMHOIO
oOecrieueHrss TEPMHUHAJIOB 3alMCH aITOPUTMOB U3MEPUTEIBHBIX OPraHOB 3allUT B aHATUTHYECKON
¢dopme. Hampumep, 3aBuUCHMBIE BPEMATOKOBBIE XAPAKTEPUCTUKH 3ALUT C BBIIEPKKOH BpeMEHU
3a/laHbl U3BECTHBIMU AHAIUTUYECKUMHU COOTHOLIEHUSMHM, YTO MO3BOJISIET IIPOBECTH COIJIACOBAHUE
CMEXHBIX 3aIIUT 0€3 TOCTPOCHHUS TPAPHUKOB BBIIEPIKKHA BPEMEHH.

Inasa uemeepmas cOaepKUT ONMUCAHUE KOMILJIEKCA MUKPOIIPOLIECCOPHBIX 3AIUT CUHXPOH-
HbIX M AaCHHXPOHHBIX JBUrareneil MomuocTeio a0 5000 kBT, BBINONIHEHHOrO Ha TEpMHMHAJE
«Cupuyc-21-I». IlpuBeneHa MeToauKa pacyeTa TOKOBBIX 3alIUT OT MeXAY(ha3HbIX KOPOTKUX
3aMBIKaHU W OT OAHO(A3HBIX 3aMBIKAHMA Ha 3EMIII0, a TaK)Ke€ HEKOTOPBIX JPYTUX 3alluT.
MeTtoauka pacueTa 3aiiT OT 0JHO(A3HBIX 3aMbIKaHUW Ha 3€MJTII0 HOCUT OOILMN XapaKkTep U MOXKET
TaK)K€ MCIOIb30BaThCS U MPHU MPOEKTUPOBAHUY 3AIIUT PACTIPEACTUTENBbHBIX CETEH.
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1. PexmMmbl paGoThl ceTH M UX pacyeT
1.1.Pacnpeoenumenvuvie cemu 6-35 kB

Kak mpaBumiio, pacnpenenuTelbHble CETH COIAEP’KAaT HECKOJIBKO IOCIEN0BAaTEIbHO COEIU-
HEHHBIX BO3JYIIHBIX WM KaOelbHbIX JIMHHKA [8], dopmupyromux maructpanb (puc.l.l). Jluaun
MOTYT UMETb OJHY HWJIM HECKOJIBbKO OTHAaeK. BapHaHTBl NOAKIIOYEHUS OTHAMKM K OCHOBHOU
MarucTpaliu: >KeCTKO, 0e3 KOMMYTAIIMOHHBIX allllapaToB; 4yepe3 OOJIETYeHHbIE KOMMYTAIMOHHbBIE
annaparbl (OTAEIMTENH, BBIKJIIOUATENIN HArpy3KH) WIM 4epe3 IMOJHOLEHHbIE BbIKItodarenu. [Ipu
BBIMIOJTHEHUM  3aIIMTHl OTHACYHBIX IMPUCOCIUHEHUH, TOJKIIOYEHHbIX uepe3 OoO0JerdyeHHbIe
KOMMYTAllMOHHBIE amnmaparbl, CJleIyeT HMMETh BBHJY, YTO TaKHE amnmapaTbl HE CIIOCOOHBI
oTkiounTh ToK K3, a nns otkimouenus K3 Ha oTnaiike HeoOX0MMO BHaYaje OTKJIIOUUThH MUTAHUE
OTIANKK OJMMKANIIUM MOJIHOLIEHHBIM BBIKIIIOYATEIEM, YCTAHOBJIEHHBIM Ha MarucTpald, a 3aTeM B
0e3TOKOBYIO May3y - KOMMYTAIlMOHHBIN anmnapaTt OTHaNiKu.

C1

C1 :))C C2
Ot 0
6)

Puc. 1.1 Ilpumeps! pacnpeienUTENIbHON CETH

Otnaiika MOXXET MPeACTaBIATh COOON MOHIKAIOMUN TpaHchopMaTop, MOCie KOTOPOTo
MMPOBOAUTCA PACTIPCACICHHUEC MMTAHHUA Ha HU3KOM HAIIPAKCHHUU HECIMOCPECACTBCHHO K HOTp€6I/IT€J'I$[M
WIH JIMHUIO SJIEKTPONepeaur ¢ MOHIKAIINUM TpaHCchOopMaTOpoM B KoHIle. B mocnennem cioyyae
oTmaiika OT MaruCTpaJii MOXET UMETh COOCTBEHHBIE OTIAWKH, MOCPEACTBOM Yero (OpMHpPYETCs
pacmpefenuTeNbHas CeTh «IPEBOBUAHON» CTPYKTYPHl. XapaKTePHBIM JJIEMEHTOM CETH SBISICTCS
0JIOK «TMHUSA-TpaHCHOPMATOP» € MOAKIIOYEHHEM TpaHchopmaropa K JUHUU O€3 MOJHOIEHHOTO
KOMMYTAaIlMOHHOTO arapara.

PacnipenenurenbHas ceTh MOKET WMETh OJHOCTOpOHHee (puc. 1.1,a) WM JAByXCTOpOHHEE
(puc. 1.1,6) nuranue. IlapamnensHas paboTa OBYX HCTOYHHKOB IHUTAaHUS CO CBS3BIO uepe3
MarucTpanb, KaKk IMpaBuiIo, He mpexycMaTpuBaeTcs. [1o3ToMy ceTh pa3zeneHa Ha TBE HE3aBUCHMEIC
YacTH OTKJIFOUYEHHBIM CEKIIMOHUpPYomUM Beikimouarenem QC. B myHKTe CEKIIMOHUPOBAHUS YacTO
YCTaHABIWBAIOT CICIMAIM3NPOBAHHBIC BAKYYMHBIE BBIKITIOUATEIN — PEKIIOy3ephl [9], oOecneunBa-
IOI[ee MOBBIIIEHHOE YMCJIO OINEepalyii KOMMYTallud ¥ CHAOKEHHBIE BCTPOSHHBIMU YCTPOHCTBAMU
3aIUTHI.
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C1 C2

C1 C2

0)
Puc.1.2. Jlokanuzaius Touku K3, a — 1o ngeiicteus P3A, 6 — nmocue aeiicreus P3A

B cetu ¢ AByXCTOPOHHUM MUTAaHUEM MIPU OTKIIOYECHUU OJHOU U3 JTUHUN MarucTpaiu BCIe -
CTBUE €€ TIOBPEXK/ICHUS NMUTaHue oTpeduTeneit MoxeT ObITh BoccTaHOBIIeHO. Hanpumep, mpu K3 B
touke K1 (puc.l1.2) mnga BoccraHoBieHMs NUTaHus noTpedurtene auHUM W3 HEoOX0IUMO
OTKJIIOUMTh BhIKIrOYaTenn Q2 u Q3, mocie 4Yero BKIOYUTH BhIKIOYarenb Q4, mpu 3Towm,
BbIKJTIOUaTeb Q3 OyIeT BBIMOJIHATH POJIb CEKIMOHUpYIOoEero. [loaToMy mosjaoxkeHne CeKIMOHUpPY-
IOIIETO BBIKIIOYATENsl HE SBISETCS JKECTKO (PUKCHUPOBAHHBIM M MOXKET U3MEHSTHCS B 3aBUCHMOCTHU
OT pexuMa pabOThI CETH.

C uenpio CHIKEHUS 3aTpaT Ha OoOOpyAOBaHUE IOJHOICHHBIC BBIKIIOYATENH, CIIOCOOHbBIE
OTKJII0uaTh TOKM K3, MOTYT yCcTaHAaBIMBATHCS TOJBKO HA TOJIOBHBIX YYacCTKaX JIMHUN CO CTOPOHBI
ucrounrka nutaHus (Ha puc. 1.2 B mosunmsax Q1 um QS5). Ilpu 3TOM, B OCTAIBbHBIX IMO3HIIMIX
YCTaHABIIMBAIOTCS OOJICTYCHHBIC BBIKJIFOUATSIM HATPy3KH, a peJeiHas 3alluTa BBITOJHICTCS
HECEJIEKTUBHOMN, 0€3 BO3MOKHOCTH BBISIBICHUS MOBPEKACHHOTO Y4acTKa MarucTpaliu, 4To CO3JaeT
npoOiieMy B CBSI3M  OTCYTCTBHEM HWH(MOpPMAlUKA O TIOBPSKICHHOM YYacTKe, MOJIeKaIeM
oTkmoueHuto. Jlokamm3zauus K3 B Takoil ceTw ¢ MOCIHEAYIOIIMM BOCCTAHOBJICHUEM IHUTAaHUS
00ecTOueHHOM Harpy3ku TpeOyeT BBIMOIHEHUS IENOT0 psijia ACHCTBUIA, BBITOTHSIEMBIX B )KECTKON
MOCJIEIOBATEILHOCTH, YTO JIOJDKHO OBITh YYTEHO MpPU BBIMOJHEHUU 3allUThl U aBTOMATHKH.
[TpoGrema pemraeTcst myTeM MOCIeA0BaTEIHLHOTO OTKIIOYEHHS B OE3TOKOBYIO May3y BBIKIIOUaTeNei
Harpy3kd B II€TIOYKE, HAaYMHAs OT TOJOBHOTO BBIKJIIOYATENs A0 Ommkanmero k Touke K3 ¢
MHOTOKPAaTHBIM ONMPOOOBaHMEM JIMHUU TOCIE BKIIOYEHHUS TOJOBHOTO BBIKITIOYATENS B PEKUME
O4YepeHOT0 OTKJIFOYEHHOTO BBIKIIOUaTeNst Harpy3ku. lllar, Ha kotopom ompoOoBaHHE OKaKeTCS
HEYCIeNTHbIM, YyKa3blBaeT Omkaimmii k Touke K3 BBIKIIOYAaTenh Harpy3ku, KOTOPBIA B HUTOTE
OKOHYaTeNnbHO oTkirovaercs. Hampumep, nmpu K3 B Touke K1 (puc.1.2) peneitas 3amura
TOJIOBHOTO BBIKJIIOUATENSI OTKIJIIOUaeT BbIKIo4Yarenb Q1, a B OE3TOKOBYIO May3y HEOOXOIUMO
OTKJTIIOUUTH OJIMKANIITNI BBIKJIIOYATENb HArpy3ku Q2, TeM caMbIM OTCOEIMHUB UCTOYHUK MUTAHUS
C1 ot Touku K3.

JIy1st BOCCTaHOBJICHUSI TUTAHUSL HA JIMHUAX, PACIIOJIOKEHHBIX Tociie Touku K3, HeoOxommmo
OTKJIIOYUTH BBIKIIIOUATEIb Harpy3ku Q3 ¢ MpOTHBOMOJOKHOW CTOPOHBI OT Touku K3, mpu sTom
JIAHHBIN BBIKIIIOYATEh Oy/IeT BBIMOJHATH POJIb CEKIIMOHUPYIOIIET0. BoccTaHOBICHUE MUTAHUS
nuHud W3 BBINIOJHSIETCS] BKJIIOYEHUEM BbIKiItovarens Q4, paHee MCHOJb30BaBUIETOCS B KaueCTBE
CEKITMOHHUPYIOMIETO.

Kak mpaBumno, nuTanue pacrnpeaenuTeIbHON CeTH OCYIIECTBISETCS OT TpaHC(HOPMATOPHBIX
MOJCTAHIIMI, MOJKIIOUYEHHBIX K CEeTH BbICOKOro HampsokeHuss 110-220 xB. Tumoas cxema
nojactanimu  (puc.1.3) mnpemycmaTpuBaeT HalW4He JBYX TOHIKAIOMIMX TpaHC(HOPMATOpOB,
paboTamux mapaienbHo Ha ctopoHe BH um pasmenbHO, ¢ OTKIIOYEHHBIM CEKIIMOHUPYIOIIMM
BhIKIItOUareneM Ha cropoHe HH. Ha cexkumoHupyromem BbIKIOYaTelle MpeaycMaTpUBaeTCs
ucnons3oBanue ABP, mnosBoistoniee coxpaHuUTh NUTaHHE OOECTOUYEHHON CEKIUU IIMH TpH
aBapHUITHOM OTKJIFOUEHUU OJTHOTO U3 TPaHC(POPMATOPOB.
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Puc.1.3. Tunosas noHmxaroias moaCTaHIIUsS

Co cropoHBl HAarpy3Kd YCTAHABIIMBAIOTCS INOHMKAIOLIUME OJHOTPaHC(OPMATOpPHBIE MOA-
CTaHIIMHU, Kak mpaBwio, koMmruiekTHble Tuna KTII ¢ nanpstokenuem croponst HH 0,4 xB. s
norpeduTeneil MepBOM  KAaTEropuM  HAJEXKHOCTU  HCIOJB3YIOTCA  JBYXTpaHc(opmaTopHbIe
MOJICTAHIINH, KaXAblil TpaHchopmaTtop mpu 3TOM HUMEET MUTaHHE OT HE3aBUCUMOTO HCTOYHHKA
(otmaiiku ot pa3Hbix JuHui). [1o cropone HH nenu pesepBupoBaHbl OT IBYX TpaHC(HOpPMATOpPOB C
BO3MOXXHOCTBIO aBTOMATHYECKOTO MEePEKIIOUeHUS TUTaHUs BceX morpedurenei ot cexiuu muH 0,4
kB, coxpaHuBlIel mnuTaHue, aHajgoruyHo cxeme puc. 1.3. B kausectBe ABP wucnonb3yrorcs
ABTOMATUYECKUE BO3AYIIHBIC BHIKIIOUATEIH (ABTOMATHI) C DJIEKTPOMArHUTaAMH YIIPABIICHUS.

1.2.Cocmas P3 u A pacnpedenumenvhvix cemel

CocraB P3 u A pacrpenenuTenbHbIX CETEN U yCI0BHS UX KCILTyaTalluu PErJaMeHTUPYETCs
[Tpasunamu [1, 10]. Kommneke P3 u A nomkeH yqoBIETBOPATH TPAJULUMOHHBIM TPEOOBAaHUSAM K
peneiinoit 3amure [10,11]: ceneKkTUBHOCTH, OBICTPOJEHCTBUE, UYBCTBUTEIHHOCTH, HAICKHOCTD.
3amuTa JI0JIKHA pearupoBarh Ha BCEe BUJBI Mexayda3HbIX (Tpex u aByxdasznbix) K3 ¢ Oonpmmmu
TOKaMHU KOPOTKOT'O 3aMbIKaHMs C JEHMCTBUEM Ha OTKJIFOUEHNE IOBPEXKICHHOTO 2JIEMEHTA CETH.

[TockonbKy paccMaTpuBaeMble CETH pabOTAIOT B peXUMax ¢ U30JIMPOBAHHON WM KOMIICH-
CHUPOBAHHOM HEUTPaJIbIO, XapaKTEPU3YIOLINXCS MAIBIMU TOKaMH TPU 0HO(A3HBIX 3aMbIKAaHHUIX Ha
3eMJII0, TO, KaK IPaBWJIO, TAaKUE PEXKUMBI SBJSIIOTCS HE ONACHBIMU C TOYKHM 3peHHs] paboThI
AIIEKTPOTEXHUYECKOTr0 000pYy/IOBaHMS, B CBSA3M C YeM JONyCTUMa JUIMTENbHas paboTa ceTh Ipu
HaJIMYUU TaKOTO MOBPEXKACHHUS, a IEHCTBUE PEJIEHHOMN 3alllUThl MOKET ObITh OIpPaHUYEHO MoAayeit
CUTHAJIa ONIEPAaTUBHOMY NepcoHally. VICKIIIOUEHUE COCTABIIAIOT CETH, B KOTOPBIX IIPU BO3HUKHOBE-
HUU 0IHO(A3HOTO 3aMbIKaHUS Ha 3€MJII0 BO3HUKAET MOBBIIIEHHAS! OMACHOCTh MOMAJaHus YeJIOBeKa
[0J] HAIIPsDKEHHE, HAalpUMEpP CETH IaXTHBIX pa3padoToK.

(1)
KA

Q1 27
e
KB
Q2 77/7/;77

Puc. 1.4. JIBoitHOE KOPOTKOE 3aMBIKAHUE
B pexxume anmutenbHON pabOThI CETH, MMEIOLIEH 3aMbIKaHHE Ha 3eMJII0 OJHOW W3 (a3, 110
€ro yCTpaHEeHMsI BO3MOXHO 3aMbIKaHHE Ha 3eMIIIO JIpyrod (a3l BO BTOPOW TOYKE HA TOM K€ WIIU
WHOM IIPUCOEIMHEHUU — JBOMHOE 3aMblkaHWe Ha 3emito (puc.l.4). Ilpu Hammuum ABYX TOYEK,
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CBSI3aHHBIX C 3eMJIeii 00pa3yercss KOHTYp KOPOTKOTO 3aMbIKaHUS, BKIIOUYAIOIINI JBE TOBPEKICH-
Hble ()a3bl U y4acCTOK 3eMJIM MEXIYy TOYKaMu MoBpexjaeHus. ConpoTuBiIeHUE KOHTypa HE3HAuH-
TEJIbHO, a MPOXOJSAIINE MPU 3TOM TOKH COM3MEPHMBI C TOKaMu JByxdasHoro K3, B cBs3u ¢ yem
TpeOyeTcs AelicTBUE 3alIUThl Ha OTKIOYeHHE aHanorudyHo JByxdaszHomy K3. OcobeHHOCTHIO
I[CﬁCTBPISI 3al0UTHI IIPpU HBOﬁHBIX 3aMbIKaHHUAX Ha 3CMJII0 SABJIICTCA BO3MOXHOCTL M OaXKC
1eJIeCO00Pa3HOCTh OTKIIOYEHHUST TOJBKO OIHOTO MPHCOSAMHEHUS] C MOBPEXKICHHOU (ha3o,
Hanpumep Q1. IIpu sTOoM, TBOIMHOE 3aMBIKaHUE TEepeiieT B oqHO(a3HOE, a BTOPOE MPUCOSTUHECHUE
MOXET ocTarbcs B pabore. Takoe pdeiicTBHEe BO3MOXHO, €clid OAHO(DA3HBIE TOBPEKICHUS
IMMPOU30ILIIM HAa PA3HBIX NPHUCOCAUHCHUAX.

Jjig 3aIMTHI BO3YIIHBIX U KaOenbHbIX TUHUI 0T K3 ¢ GonbpImrMu TOKaMH HOBPEXKIACHUS —
Tpexda3HbIX, ABYX(Pa3HBIX U JBOHHBIX - B OCHOBHOM HCIIOJIB3YIOTCS MHOTOCTYIIEHYAThIe TOKOBBIC
3alUThl, 00ECIIEYNBaIOIUE HEOOX0IMMbIE YYBCTBUTEIBLHOCTh U ObIcTpoeiicTBuHe. [Ipu BOZHUKHO-
BEHUU MPOoOJEeM ¢ 0OecrieueHueM YyBCTBHTEIBHOCTH WU (M) OBICTPOJCHCTBHS MOTYT HCIOJB30-
BAaTbCsSl JIMUCTAHLIMOHHBIE 3alUThl. Jlanee NMCTaHLMOHHBIE 3alIUTBl HE PaccMaTpPHUBAOTCS, T.K.
OTHOCHUTCIIBHO PCAKO NPUMCHAIOTCA AJId 3alIUThI paCclpCACINTCIbHBIX ceTeﬁ, a TaKK€ HE BXOJAT B
COCTaB paccMaTpUBAEMBbIX TEPMUHANOB cepun «Cupuyc-2».

HOCJIGI[HI/IG CTYIICHH YCTAHOBJICHHBIX Ha JIMHUAX 3alIUT AOJDKHBI COIJIaCOBBIBATHCSA MCKAY
co00i1 Mo BpeMEHHU, YTO MPUBOAUT K YBEIMUEHUIO BBIACPKKM BPEMEHHU 3aIIUT 110 Mepe MpHOIIKe-
HUA K UCTOYHUKAM nuTaHusA. CeTb MOXET BKJIIOYATh LIETIOYKY 3HAYMTEJIBHOIO YMCJa MOCIeA0Ba-
TCJIbHO BKIIIOYCHHBIX Y4YaCTKOB JII/IHPIfl, B CBA3H C YEM BpEMA Cpa6aTI)IBaHI/I$I 3aluT, BKIIOYCHHBIX
Ha TOJIOBHBIX YyYacTKaX, MOKET IMpeBbIaTh TpeOyemble 3HaueHUs. [lomoskeHne Moxker ycyryo-
JATBCA TCM, YTO 3alllMThl, BKIIFOYCHHBIC HAa y4JaCTKaxX CCTH B KOHIEC LECIIOYCK HCIIOCPCACTBCHHO Y
MOHIDKAIONUX TpaHC(POpPMATOPOB HArpy3Kd, B CBOIO Ou€pellb, COIVIACYIOTCS IO BPEMEHU C
3alliuTaMy HAarpy3kKu U y>K€ MOI'yT UMCThb 3HAYHUTCIbHBIC BBIACPKKHU BPCMCHU. ITo MEpe HpI/I6JII/I)K€-
HUE K TOJIOBHBIM Y4acTKaM CETH 3TH BBLACPKKU BPeMEHU OyIyT TOJIBLKO BO3PACTaTh.

Puc. 1.5. [loouepennoe AIIB

CHuXeHue BBIIEP)KKM BPEMEHH 3aIIUT T'OJIOBHBIX YYACTKOB JIMHUN MOXET ObITh JOCTUTHYTO
BBIMIOJTHEHUEM HECEJIEKTHUBHBIX 3alUT, HE OTCTPOEHHBIX IO BPEMEHHU OT CMEXKHBIX 3alllUT, B CHITY
yero OHM MOryt cpaborath npu K3 Ha cMexHbIX JMHUAX. B nanbHeileM HeceleKTHMBHOCTD
NeiCTBUS MOXKET OBbITh HCHpaBiieHa, HalpuMep, MyTeM HCIoJib3oBaHus noodepeanoro AIIB. B
KauecTBe IpHUMepa Ha puc.l.5 npuBeneH yyacTok ceTd, B KoTopoil 3amura P3-1 He cormacoBana 1o
BPEMEHH C 3aIlIMTON cMexHoro ydactka P3-2. O0e 3ammrthl paboTatoT 0€3 BBLAEPKKU BPEMEHU,
npu 3ToM 3amura P3-1 gyBcTBuTenbHa k BHeHUM K3 Ha cMmexxHoM yuactke. [Ipu K3 B Touke K1
06e 3amutel P3-1 m P3-2 cpaboTaroT OAHOBPEMEHHO W OTKIIOYAT BbIKItouarend Q1 - He
cesniekTBHO U Q2 — cenektuBHO. AIIB BoikimtouaTens Q1 mMeeT MEHBIIYIO BBIAEPKKY BPEMEHU U
MPOMJET MepBbIM, 10 BKIOUeHUs BbikitodaTens Q2. [Tockonpky K3 B 3TOM pexnMe OTKIIOYEHO,
AIIB Oyner ycnemssiM. Ilocne 3Toro HecenekTHUBHasl CTYIEHb OyAeT JUOO KpaTKOBPEMEHHO Ha
BpeMs BBINOJHEHUS TOCIEAYIOIIMX OIepanuil BbIBeJeHAa M3 JeHCTBHs, TUOO mepeBeleHa Ha
YBEJIMYEHHYIO BBIJIEPKKY BPEMEHHU, 00€CIeUnBaIOLIYyI0 CeIeKTUBHOCTh. Jlanee BeimonHsercs AIIB
BeIkIrouarenst Q2. B ciyuae Heycnemnoro AIIB wHa moBTopHoe K3 cpaboTaet Tonbpko 3amura P3-2.
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Takoe pelieHue, XOTS U UCIPABISET HECEKTUBHOCTh ACHCTBHUSA 3allHUT, OJHAKO, UMEET Psif
HenmocTatkoB. Bpewmsi cpaGatwiBanust AlIB mocneayrommx ydacTKOB JIMHHN BO3pacTaeT, MNpH
[IOCJIEZIOBATEIbHOM IPUMEHEHUM IPUHIMINA K POy YYacTKOB JIMHMM OHO MOXET OKa3aThCs
3HaunTenbHbIM. Ha Bpems nefictBus AIIB mocnenyromiero ydactka JimO0O OTCYTCTBYET JajibHEe
pe3epBUpPOBAaHUE CO CTOPOHBI 3amuThl P3-1 - mpu ee BbIBO/E U3 NEHCTBUS, TMOO BpeMs JCUCTBUS
pPE3epBHOM 3alIUTHl CTAHOBUTCS HEIOMYCTHUMO OOJBIIMM - TpPHU MEPexoJie¢ Ha CEIEKTUBHYIO
BBIJICP’KKY BPEMEHH.

bonee s pexTUBHBIM SBIIETCS MPUHATOE B paCCMAaTPUBAEMBIX TEPMHUHAIAX HUCIOJIb30BAHUE
MHOTOCTYIIEHUYATBIX 3alIUT C YHCIOM CTymeHedl oT Tpex u Oonee. Ilpu sToMm, mepBast cTyneHb —
oTceuka 0e3 BBIIEPKKH BPEMEHH O0eCleynBaeT MPAKTUYECKH MTHOBEHHYIO 3alllUTy HadallbHOTO
ydyacTKa JIMHUHM, a BTOpas CTYIE€Hb — OTCE€YKa C BbLAEpkKKOM BpemeHu mnopsiaka 0,3+0,5 c.
obOecrieunBaeT OBICTPOACHCTBYIONIYIO 3allUTy OCTAJBHOTO Yy4YacTKa JHMHHHU. 3HAYUTEIbHYIO
BBIIEP’)KKY BPEMEHU UMEET TOJBKO MOCIEIHAS CTYIEeHb, 0OecIeurBaroias 1ajJbHEEe pe3epBUpOBa-
Hue npu BHemHuX K3. [Ipu ucnosnp3oBaHUM B MOCHEIHEH CTYNEHH XapaKTEPUCTUKU BBLICPKKU
BpPEMEHH, 3aBUCHUMOH OT 3HAUCHHs TOKAa, MOXXHO HECKOJBKO CHU3UTh BpeMs cpalOaThIBaHUS
MOCITIEAHEH CTYIeHH, T.K. pH npubaumxennu Touku K3 k uctounuky nuranus Toku K3 Bo3pacra-
0T, a BpeMs CpabaTbIBaHHUS CTYIIEHH CHU)KAETCSL.

CryneHnu 3amuThl MOTYT UMETh HANpaBICHHOCTh, UX CpabdaThlBaHWE KOHTPOJIUPYETCS pesie
HanpaBlieHUus: MOIHOCTU. OIMHOYHBIC JTUHUH, UMEIOIINE OJUH UCTOYHHUK MHUTAHUA, B HaIllPaBJICH-
HOCTU HE Hy)KJaroTcs. Bmecre ¢ TeM, cielyeT yuyecTh, YTO B CETU C CEKLHOHUPYIOIIMM BBIKIIIOYa-
tenem (puc.1.1,6. puc.1.2) B 3aBUCHUMOCTH OT pexuMa pabOThl CETU U MOJO0KEHHS CEKIIMOHUPYIO-
IIETO BBIKJIIOYATEIIS Y4aCTOK CETU MOJKET MOJIy4aTh MUTAHUE OT OJHOIO (JIEBOrO HA PUCYHKAX) WU
apyroro (mpaBoro) uctouHuka. [Ipu 3Tom, peneiiHas 3aluTa 3alIMIIAST MPaBblii OT BBIKIIOYATENS]
WIA JIeBBI yYacTOK. YCTaBKM CpadaTblBaHWsA CTYIEHH MOTYT TNpPH 3TOM HE COBMaJIaTh, a
MEPEKIIIOUEHNE ¢ OJHOU TPYIIbI YCTAaBOK Ha APYTYIO JIOJDKHO MPOBOAUTHCSA MO COCTOSHHUIO pelie
HAIpaBJIEHUsI MOILIHOCTH, T.€. 3allUTa MPHUOOpEeTaeT CBOKWCTBA HalpaBileHHOCTU. BBoA HarpaBieH-
HOCTU B 3aIIUTy MOXET MOTPeOOBaThCS HA MPUEMHBIX KOHIAX MapasielbHBIX JHHUM, a TaKXKe B
KOJIbIIEBOW CETH JlaXKe MPH HATMYUU OJTHOTO UCTOYHMKA MMUTAHUS.

Bo Bcex ykazaHHBIX CIy4asx HEOOXOIMMO pEIIeHHE BOIPOca O HAIpPaBICHHOCTU CTYIEHHU.
[Ipu sTOM cienyer WCXOOUTh W3 YCIOBUS HENOMNyIleHus cpabaTeiBaHus cryneHu npu K3 «3a
CIIMHOWY», €CIM TaKoe NEHCTBUE B MPUHIMIE BO3MOXHO. HecpabareiBanue crymenu npu K3 ««3a
CIOUHOW» B JIOOOM ciydae oOecneduT KOHTpPOJIb CTYNEHH CO CTOPOHBI peje HalpaBlICHUs
MouHocTH. BMmecTe ¢ Tem, HecpabaTbiBaHue cTyneHd Ha K3 «3a crinHoi» MOXkeT ObITh 00ecriedeHo
3a CUeT HEJOCTATOYHOM YyBCTBUTEILHOCTH pelie ToKa K TakuMm K3.

Puc.1.6. [IpoBepka HanpaBI€HHOCTH

Hanpumep, Ha puc. 1.6 npuBe/ieH BapuaHT CETH C ABYXCTOPOHHUM nuTaHueM. [Ipu BeiOope
TOKa cpabaThIBaHHs TIEPBOM CTYNEHU — OTCEYKHU O3 BBIIEPKKH BPEMEHU — TOK CpaOaThIBAHUS
oTcTpauBaeTcs oT Toka I; , mpoxozsiero yepe3 Mecto BKIoYeHud 3amuThl Tpu K3 B Touke K1 ot
cuctembl Cl. ITpu 6auskom K3 «3a crinHOi» HEMOCPEACTBEHHO Ha IIMHAX MOJACTAaHIIMU B Touke K2
yepe3 3ammuTy npoxoauT Tok I, oT cuctembl C2. 3a cueT OONBIIEH JIEKTPUUECKOW yIaIeHHOCTH
toukn K2 ot cuctempl C2 TOK B MECTE BKIIOUEHHS 3aIlMTHI MOJKET OBITH MEHBIIE M OKAa3aThCs
HEJIOCTaTOYEeH /I cpabaThIBaHUsSl €€ pelie Toka. TakuMm o0pa3oMm, HANpPaBICHHOCTHh CTYIEHU
obOecrieueHa «aBTOMAaTUYECKW» O€3 ydacTusi pelie HampaBleHuss MomHocTh. JlomycTuMoe
WCKIIFOUCHHE peJie HAmpaBJICHUs MOIIHOCTH M3 JIOTMKH padOThl CTYNEHHU IeJ1eco00pa3Ho, T.K.
YCTPAHSIOTCS BEPOATHOCTH OTKa3a CTYNEHU HU3-3a HEMPaBWIBHOW palOTHI peie HaIpaBJICHUS
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MOIIHOCTH, Hampumep, Nnpu Omm3kux Tpexdasueix K3 B «MepTBOI» 30HE pene MOITHOCTH
BCJICICTBHE MAJIOrO OCTaTOYHOI'O HANPSHKCHMS HA MIMHAX MOJCTaHIIUH.

3ammra oT 0JHO(A3HBIX 3aMBIKAHUN Ha 3€MIII0 10 BO3MOXXHOCTH JIOJDKHA BBITOIHATHCS
CEJICKTUBHOH € BBIOOPOM TOBPEKIACHHOIO IMpUCOeAMHEHHUs. YacTo HCIoNIb3yeMble 3allUThl,
pearupyoomue Ha HamnpspkeHHE HYJIEBOM IOCIeNOBAaTEIbHOCTH Ha COOPHBIX IIWMHAX, TaKOH
CEJICKTUBHOCTBIO HE 00JIafaloT, IIOCKOJbKY HANpsDKEHHE HYJIEBOH IOCIe0BaTelbHOCTH
HOSABISICTCA TPU 3aMBIKAaHUHM Ha JIOOOM W3 NPUCOSAMHEHUH, MOAKIIOYCHHBIX K JaHHOH IIMHE.
[Touck NOBPEXACHHOIO MPUCOECAUHEHMSI IPOBOAUTCSA IEPCOHAIOM IIYTEM IIOOYEPEIHOIO
OTKJIFOUEHUS MIPUCOEANHEHUN K JaHHOM muHe. CelneKTUBHOCTD 3alllUThl MOKET OBITh JOCTUTHYTA
IIPU JIOIIOJHUTEIBHOM KOHTPOJIE TOKOB HYJIEBOM IIOCIENOBAaTEIBHOCTH, YTO INPEAYCMOTPEHO B
MHUKPOIPOIIECCOPHBIX TepMHuHaiax. CpabaThIBaHHE 3aIUTHl MOXKET OBITH OIpaHMYEHO JIEHCTBHEM
Ha CHUTHAJ, €CIM HE IPEJYyCMOTPEHO OTKIIOYCHHE IPUCOCAMHEHUS 110 YCJIOBHAM TEXHUKHU
0€30MaCHOCTH B OTAEJBHBIX CIIydasix.

Tpancdopmaropsl ¢ HanpspkeHneM ctoporsl BH 110-220 kB ot Bcex BumoB K3 B 0OMoTKax
¥ Ha BBIBOJAX JIOJDKHBI CHAOXKaThCS 3aIUTON O€3 BBIACPKKHA BpPEeMEHU. B KauecTBE OCHOBHOM
peNeiHON 3aIlMThl UCIIOB3YIOTCA ra3oBast U AuddepeHnnanbHas 3auuThl MTHOBEHHOTO JIeHCTBHUSL.
PesepBHbiMU 3amuTamMu OT BHEIIHUX K3 SBISIOTCS TOKOBBIE 3alMThHI, BKIOYEHHbIE Ha (a3HbIE
TOKA M TOKHM HYJIEBOH IOCIENOBATEIbHOCTU. B 30HY HEWCTBHA DPE3EPBHBIX 3alIUT BXOIUT H
TpaHchopMaTop, MO3TOMY YKa3aHHbIE 3alUTHl BBIMOJIHIIOT TakkKe (PYHKIMH PE3EpBHBIX 3aIUT
Tpanchopmaropa.

3amura TpaHcdopmaTopos ¢ HampsbkeHueM ctopoHsl HH 0,4 kB o0bl4HO orpannuuBaercs
TOKOBOM cTyneH4aroil 3amurtoil. [Ipu 3ToM, TOKOBas orceuka 0e3 BbIIEPKKU BPEMEHU BBIIOJIHSAET
(YHKLIMU OCHOBHOH 3alluThl BBOJOB CTOpoHbl BH M uwactu oOMOTKM, a cTapliue CTYHNEHH —
(GyHKIMM 3aUThl OT BHyTpeHHUX K3 B 30HE HEOCTaTOUHOM 4yBCTBUTEIBHOCTH TOKOBON OTCEUKH
u 3aumThl oT BHemHUX K3. Takoe pemenue npuMeHUMO Ui TpaHC(HOPMATOPOB MOIIHOCTHIO 10 4
MBA. Ha tpancdopmaropax MomrHocTh0 6,3 MBA 1 Gojnee 0MKHA yCTaHABIMBATHCS MPOIOTh-
Has nuddepennpanbHas 3amura. OOBIYHO MOLIHOCTh YCTAHOBJICHHBIX Ha MOJCTaHLUU TpaHchop-
MaTopoB He mpeBbimaer 1,6 MBA, 4To mo3BONSET OrpaHUYUTHCS HCIOIB30BAHUEM TOKOBOM
orceuku. Ecimm ko3 duimeHT uyyBCTBUTENBHOCTH TOKOBOH otTceuku npu K3 Ha BBomax He
npeBbImaer 1.5, To nus TpancopmMaTropoB MorHOCThIO Oosiee 1 MBA npumensitor nuddepeniu-
AJIbHYIO 3aIUTY.

CoBpeMeHHbIE MUKPOIIPOLIECCOPHBIE TEPMUHAJIBI, MTPEIHA3HAUEHHBIE JUJIS 3alUThl pacipe-
JIeTUTENbHBIX CeTeH, OOBIYHO BKIIOYAIOT pPsA  JOMOJHUTENBHBIX 3aIIUT, HE SBISIOLUXCS
o0s3aTenbHBIMU cornacHo [IpaBuiam, HO OKa3bIBAIOIIMMUCS BEChbMa IOJIE3HBIMU B SKCILTyaTallUu.
B ux yucne: 3amuTa ot o0pbIBa (a3, 3a1MTa MUHUMAJIbHOTO HANPSKEHUs, 3alIUTa OT MOBBIICHUS
HaNpsDKEHUs, JIOTMYeckas 3aliura muH. B coctaB (QyHKUIUE psiia TEPMHUHAJIOB TAaK)KE BXOJUT
(byHKLUS ONpeIesIeHUs] pacCTOSIHUA JI0 MeCTa MOBPEKACHUST BO3JIYLIHBIX U KaOEIbHBIX JTUHUH.

PacnipenenurenpHble CeTH CHA0XKalOTCsS yCTPOMCTBAMM JIOKaJbHOM aBTOMAaTHKuU. [ BO3-
JYUIHBIX, CMEIIAHHBIX KaOeIbHO-BO3AYIIHBIX JIMHUHM, a TakKe B psAJe ClydyaeB U Ui KaOelbHbIX
auHUM noikHO mnpeaycMmaTtpuBatbes AIIB. Kak mpasuno, npumensiercss AIIB onHokpaTHOrO
JENCTBUSA, a JUIsl IPUCOEIMHEHUH, HE NUMEIOLIUX PE3EPBUPOBaHUs, Hanpumep, o uensm ABP, AIIB
JIBYKpaTHOTO AeicTBusA. Ha CeKIMOHHBIX BBIKIItOUaTensax ycraHaBinusaercss ABP. IIpumenuTensHO
K BBIKJIFOUATEIIIO: JUISl JINKBUAALIMY aBapUH B YCIOBHAX OTKAa3a BBIKIIIOYATENs ucnoiasizyercs Y POB,
a TaKKe HEKOTOpble (PYHKIIMH YIPaBJIE€HUS BBIKIIOYATEIEM, COBMEIICHHbIE B OJJHOM T€PMHUHAJIE C
(GYHKUIMAMEU 3aIIUTHL. J{OTIOHUTENFHO MOTYT MPUMEHSTHCS OTAENbHbIE TEPMHUHAIBI YIPABICHUS
BBIKJIIOYaTeseM, obecreuynBaroniye (QyHKIMM YhpaBieHHs B TIOJIHOM o0Obeme. B  kauecTtBe
CHCTEMHOW aBTOMATHKH psiji TepMUHanoB peanusyet ¢pynkuun AYP u HAIIB.

1.3. Pacuem pesxcumos pabomsi cemu
B xozxe pacuera ycTaBOK peieifHOMN 3allUThI OMPEAETSIOTCS, MIPEXKIE BCEro, YCTaBKU cpabda-

ThIBAaHUS ITYCKOBBIX U U3MCPUTCIIbHBIX OPraHOB peneﬁHoﬁ 3alMTHI, YCTaAaBKHU BBIJACPIKCK BPEMCHU, a
TAKKEC OMPCACIIIIOTCA HCKOTOPBIC JOIIOJIHUTCIIBHBIC MapaMETPHhI, HCO6XO,Z[I/IMBIC JJIA KOH(I)I/Il"ypI/IpO-
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BaHUs (HacTpoiikn) TepmuHanoB P3 u A. Hanbonee TpynoemKoii 3a1aueil SIBISETCS pacdyeT yCTaBOK
cpabaTbIBaHUs IYCKOBBIX M HM3MEPHUTENbHBIX OpraHoB. OCHOBHBIE TpPya03aTpaThl MPHU PELICHUU
ATOM 3a/1a4il NIPUXOJATCS Ha pacyueT IEKTPUUECKUX BEIMUUH (TOKOB M HANPSIKEHUI) B Pa3IMUHBIX
pekuMax paboTsl 3amuiaeMoil cetu. [Ipu n3BECTHBIX TOKaX M HAINPSDKEHUSX YCTABKM ONpeess-
I0TCS IIO TOCTaTOYHO MPOCTHIM COOTHOIIEHUSIM.

CH0XHOCTb pacueToB ONpeeNsIeTCs], PEeXae BCero, AByMs npuunHaMu. Ilepsas - 0osb1Ioi
00BEM CETH, YaCTO JOCTUTaIOLIed MHOTHUX JECATKOB M JaXKE COTEH JJIEMEHTOB B UCXOIHOH cXeMe.
Bropast — MHOrOBapMaHTHOCTh PEKUMOB pabOThl CETH, CBSI3aHHAsI C PA3JIMYHBIMU IOJIOKEHUSIMU
toukn K3 ® ero Buaa, u3MeHeHHEM KOH(UTYpallMUM CETH NPU OINEPATUBHBIX M aBAPHIHBIX
HNEPEKIIOUYEHUAX, Ppa3IMYHBIMU pEXUMaMHM PabOThl  AIIEKTPOTEXHUUECKOro 00OpyJOBaHUS,
OPUBOAALIMM K HW3MEHEHHIO, YacTO CYIIECTBEHHOMY, IapaMeTpoB OOOPYJIOBaHUS B CXeMax
3amelieHus. KpoMe TOro, HeKOTOpbIE CIOXKHBIE PEKUMBI, HAIIPUMEpP, PEKUMbI TOPMOXKEHUS WU
pa3BopoTa JBUraTEIbHON HAarpy3Ku, HE UMEIOT MPOCTOr0 MaTEMAaTUYECKOTO OMMUCAHMUS, TI03BOJISAIO-
IIEr0 B OJWH IPUEM MOJYy4UTh TpeOyeMblil pe3yiapTaT, 4TO NPUBOJUT K HEOOXOIUMOCTH
NPOBEICHUS 00bEMHBIX UTEPALMOHHBIX PACUETOB.

PacnpenenurenbHas ceTh siBiseTcsl (hparMeHTOM OOLIeH CeTH 3HEProCUCTEMBI, BKIHOYAIO-
meil OoJIbIIOe YUCIIO 3IeMEHTOB. [Ipyu mpoBeneHUH pacueToB IENeco00pa3HO COXPAHHUTH TOJBKO
4acTh 00OLIel ceTH, B mpeesax KOTOPOM BeleTCsl IPOEKTUpOBaHUE pesieiHON 3amuThl. OcranbHas
YacTh CETH 3aMelaeTcs OHKBUBAICHTAMM, MOACIUPYIOIIMMH BHEUIHIO 110 OTHOIIEHUIO K
npoexktupyeMoit cetb [13]. CoxpaHsiemMas 4yacThb CETH CBs3aHa C OCTAJbHOM CEThIO Y3JaMu
9KBHUBAJICHTUPOBAHMSL.

—_————

| CoxpaHsiemas
“ YyacTb ceTun

—_—_——— -

Puc. 1.7. DOKBUBaJICHTHPOBaHUE CETH

OKBHBAJICHTUPOBAHNE CETH WILTIOCTpUpyeTcs puc.l.7. BHemH s ceTh npeacTaBieHa conpo-
tuBneHussMU U OJIC, MOAKIIOYEHHBIMH K Yy3jJ1aM SKBUBAJICHTUPOBaHUA. BHemHHEe HCTOYHMKHN
nutanus otobpaxatorcs DJIC Eogp. ¢ BHyTpeHHHM comnpoTuBieHueM Zsxp, B obmem ciaydae k
KaX/IOMY Y3]1y SKBHUBAJCHTUPOBAHHUS MOJKIIOYEH CBOM HMCTOUYHUK mnuTaHus. OOXOAHbIE CBS3U
MEXy y3JaMH SKBUBAJICHTUPOBAHMS 4Yepe3 BHEUIHIO, HE COXPaHEHHYIO, CeTh OTOOpakaroTcs
HKBUBAJIEHTHBIMU COMPOTUBIEHUAMU Zkp opx. B MpeieabHOM ciyyae 00XOAHBIE CONPOTUBICHUS
BKJIIOUEHBI MEXAY KaXJoi mapoil y3moB. IIpu KOpPpeKTHO 3aJaHHBIX 3KBUBAJIEHTAX PE3yJIbTaThl
pacyera B 5KBUBAIEHTHOM ceTH OyIyT COBMAJaTh C pacu€TaMH B UCXOJIHOM CETH.

[IpakTuuecku pacrnpenenuTenbHas ceTh CBs3aHa ¢ OOLIeH CeThi0 SHEProCUCTEMBbI OJHHM,
pelnKo IBYMs y3JlaMH, OT KOTOPBIX IMOJyyaeT MUTaHue. TakuMu y3Jaamu SBISIIOTCS TpaHcpopma-
TOpHBIE MOACTAHIMU, K CTOPOHE HU3KOTO HANPSHKEHHUsS KOTOPBIX M MOJAKIOYEeHa ceTb. COOTBET-
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CTBEHHO, SKBUBAJIEHTHAsl CXE€Ma NMEET, KaK IIPaBUJIO, OJUH Y3€Jl 3KBUBAJCHTUPOBAHUS, a BHELIHSIA
CETh 3aMEIAETCsl OJHUM MCTOUYHHUKOM — 3KBUBaJeHTHOM cuctemoit ¢ DJIC E. U conpoTHBIEHUEM
Z.. 3nauenue E. c JOCTaTOYHOM CTENEHBIO TOYHOCTU MOXKHO NPHUHATH PAaBHOMY HOMUHAJIBHOMY
HANpPsDKEHUIO ceTH. TOYHOE 3HAuY€HHE CONPOTUBIIEHUS Z, XKEJATeJbHO MOJIy4yaTh MO Iporpamme
AIIEKTPOTEXHUYECKUX pPACUYETOB, B KOTOPYIO BBEIEHA BCS HCXOJHas ceTb. B sHeprocucremax
mupoko pacrnpoctpaneHa mnporpamma APM CP3A (crapoe nazBanme TK3-3000), mmeromas
¢GyHKUMIO SKBUBaNEHTHpoBaHus [ 14].

[TpubnnxeHHo, HO C TOCTATOYHOM AJISl PacCMAaTPUBAEMBbIX CETEH CTENEHbIO TOYHOCTH, CO-
IOPOTHUBJICHHE MPSIMOM IIOCIEJOBATEIBHOCTH Z, MOXKHO paccuuTaTh IO M3BECTHOMY TOKY

3
Tpexdasznoro K3 B y3ie SKBUBaJICHTUPOBAHUS 1}53):

E
Ze="° [® (1.1)
K3

ConpoTuBieHusi npssMONl M OOpaTHOM IOCIEAOBATEIBHOCTH MOKHO NPUOIMIKEHHO IPUHATH
COBMAJAIOMIUMHU. AKTHBHYIO COCTaBJSIOINYI0 KOMILJIEKCHOTO CONPOTHUBICHHS Z. OOBIYHO
IIPUHUMAIOT PAHOH HYJIIO.

WHorma B MpakTHUYECKUX pacyeTax B KauyeCTBE CONMPOTUBICHUS Z, OEpyT CONPOTHUBIICHUE
TpaHcopMaTopa, OT KOTOPOrO pacHpelesIuTeNIbHas CeTh IojlydaeT mnuranue. I[lpu sTom,
UTHOPHUPYIOTCSI CONPOTHUBIICHUS 3JIEMEHTOB BHEIIHEH CETH, CBS3BIBAIOIIME MCTOYHMKHU MUTAHUS C
yKa3aHHBIM TpaHcpopmaropoM. [Ipu 3HAYMTENHHON NPOTSIKEHHOCTH BHEIIHEH CETH B pacueTax
MO’KET HAKOIMUTHCS 3aMETHAsl IOTPEIIHOCTb.

Pexumpl paboOThl 3aMEIIEHHON IKBHUBAJIEHTOM CETH MOTYT M3MEHSTBHCS, YTO NPUBOJUT K
HEIIOCTOSIHCTBY JKBHUBAJIEHTHOIO CONPOTUBIICHUS Z:, KOTOPOE B OTIEIBHBIX CIIy4asX MOXET
U3MEHATHCA B 2 U Oosiee pa3. B pacderax ciemyer paccmMaTpuBaTh ABa KpaHUX 3HA4YCHUS Z, —
MaKCUMaJIbHO€ M MHMHHMMAJIBHOE, OIPEIEICHHBIE COOTBETCTBEHHO JJII MHMHMMAQJIBHOIO H

MaKCHMaJIbHOT'O 3HaUYEHUs TOKa IIE?.

ITpu npoextupoBanuu cucteM P3 u A, mpexe Bcero Ipu pacuyere UX yCTaBOK cpaOaThiBa-
HUSl U OIIEHKU YYBCTBUTEIBHOCTH 3aIUT, U3 BCErO MHOTr000Opa3usi BO3MOXHBIX PEKUMOB PabOThI
CEeTH CYLIECTBEHHBIM SBIIIIOTCSI TaK Ha3bIBAEMBIE pacuemHuvle pedcumbl, OIPEIEISIOIHe
npenenbHble (3KCTpeMabHble) 3HaUEHHsI pacCUUThIBaeMbIX NapameTpoB. Hanpumep, npu pacuere
TOKOB cpa0aThIBaHUSI TOKOBBIX 3aIlIUT PACUETHBIMU SBISIOTCS PEXHUMBI, MPUBOJAIINE K MaKCH-
MaJIbHBIM TOKaM B 3alllUTe, a MpU pacuere Kod(p(ULMeHTa YyBCTBUTEIBHOCTH - K MUHUMAJIbHBIM
TOKaM.

B nenom, npu pacuere napaMeTpoB pa3HbIX CTYNEHEH 3alUThl PACCMATPUBAIOT CIIEIYIOLIHE
PEKUMBI pabOTHI CETH:

® YCTaHOBUBIINECS HATPY30UHBIE PEKUMBIL;

® Harpy3ouHbl€ pEKHMBbI B YCIOBHIX CaMO3aIycKa BbIJICIIEHHOM YacTH Harpy3KHu;

e Tpexdasnsle, AByx(a3zHbie u aBoitHbIe K3, B HauaabHBI MOMEHT BPEMEHH, a TaKXKe OJ1-

HO(a3HbIE 3aMbIKaHUS Ha 3€MIIIO;

e Tpexdasnble, IByxda3Hble U 1BoiHbIe K3 B ycTaHOBUBIIEMCS peXHUME.

PacueTHble MOZIETM HEKOTOPBIX JIEMEHTOB CETH CYIIECTBEHHO OTINYAIOTCS B 3aBUCUMOCTHU
OT BPEMEHH, Ipoulenero ¢ MomeHTa BosHukHoBeHus K3. Haubonbuime oTiinyus UMEOT MOAETH
JBUTaTENel U reHeparopoB. Mojenu ABUrarenei A HavyaJlbHOIO MOMEHTA BPEMEHM BKIIIOUYAIOT
O/1C, mocpeACTBOM Yero y4yuThIBaeTCs MOANUTKAa Touku K3, B To BpeMsi, Kak B YCTaHOBUBLIEMCS
pexxume K3 nBurarenu 3aTopMoXeHbl M NMOANMUTKM HE Cco34a0T. Kpome TOro, conmpoTHBIEHHUS
3aTOPMO’KEHHOI'O JIBUTATeNs W JBUTATeNsl, MUMEIOLIEr0 HOMHHAJIbHBIE OOOpPOTHI, CYIIIECTBEHHO
ornuyaroTcs. 3HadueHuss DJIC u CONpOTUBIEHUS TE€HEPATOPOB 3aBUCUT OT COCTOSHUS CHCTEMBI
BO30YXKICHHS, KOTOPOE HM3MEHSETCS B 3aBUCHUMOCTH OT YyAajleHHOCTH Touku K3 oT BbIBO/IOB
reHeparopa 1 BpeMeHu oT MoMmeHTa K3 ¢ yuerom MHepuuu cuctembl Bo30yxaeHus. B paznuyHbIx
pexxumax 3HaueHus DJ[C U CONmpOTHBIEHHS MOTYT OTJIMYAThCS HA MHOTHE JIECATKU IMPOLIEHTOB,
0COOEHHO JJIs1 MaJIOMOIIIHBIX T€HEPaTOPOB.

Pacuer anexTpuueckux BeauuuH B ycnoBusax K3, kpoMe yka3aHHBIX HAYaJIbHOIO MOMEHTA U
YCTQHOBUBIIETOCS PEXHMa, MOXKET MOTPeOOBaThCS Uil HEKOTOPOTO MPOM3BOJIBHOIO MOMEHTA
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BpPEMEHH, 3aJ]aBaeéMOro, HalpuMep, YCTaBKOHl BpeMeHU cpalbaThIBaHUS CTYNEHH, HMEIOIIEH
BBIICP)KKY BpeMeHHU. Takue pacyersl CONPsKEHBI CO 3HAYMTEIBHBIMH TPYJHOCTSAMH, IOCKOJBKY
4acTO TPeOYIOT UTEPALIMOHHBIX MHOTOIIATOBBIX PAacuyeTOB, MCXOJHBIC JaHHBIC JIJIs1 KOTOPBIX YacTo
OTCYTCTBYIOT. Hampumep, TOpMOKE€HHME M Pa3rOH JBUraTelIeld OIMCBIBAETCS ypPAaBHEHUSIMHU, B
KOTOpBIE BXOJAT IOCTOSIHHBIE MHEPLUHU HAarpy3Kd Ha Bally W ps] APYTHX [1apaMeTpOB, 3HAYCHUS
KOTOPBIX HE U3BECTHBI HA CTaUU NIPOCKTUPOBaHUs. 1103TOMY, IPUMEHHUTENBHO K PACIPENEIUTEIN b-
HBIM CETsSM, OIPAaHMYMBAIOTCA pacdyeTaMM JUIS JABYX YKa3aHHBIX IIPEIEIbHBIX COCTOSHMM, a
HOrPEIIHOCTH  pacueTa YYMTBHIBAIOT uepe3 KO3(PPUUUEHTHl OTCTPOHKH U KOIPPUIMEHTHI
YyBCTBUTEIIBHOCTH.
ITonck pacueTHOro pexuma HauMHAKOT C ONPEIEICHUs OJHOTO WM HECKOJIBKUX PEXHMOB
paboThl CeTM W3 YKa3aHHOTO CIMCKa peXKUMOB. Hampumep, npu aHaimse ObICTPOACHCTBYIOLIMX
CTyIIEHEH 3alIMT 3a1ar0Tcs peskuMbl K3 11 HagalbHOrO MOMEHTa BPEMEHH.
B pexumax K3 cnenyer onpenenuTs 0JI0)KEHNE TOUEK NOBpeXAeHU. B psae ciydaes no-
JoxeHue Kaxaoi toukn K3 Ha cxeme cetw MoxkeT ObITh ONpeneneHo oAHo3HauHo. Hampumep,
olleHKa Kod(ppHILIMeHTa YyBCTBUTEIFHOCTH B 30HE JAJBHETO PE3CPBUPOBAHMS ITOCICAHUX CTYIEHeH
nposoautTcs 1o K3 B KOHIIE BCEX CMEXHBIX MPUCOECIMHEHUN. MOryT BO3HUKATh CUTyalluu, KOT1a
nosiokeHne Touku K3 Ha cxeme cetu 3ajaThb HEBO3MOXKHO, Hampumep, mpu pacuere Toka K3 nHa
IPaHULIE 30HBI JACUCTBHA IOCIEIHEH CTYNEHM TOKOBOHM 3amuThl. /s cerell paccMaTpuBaeMoro
Kjacca B OOJBIIMHCTBE CIy4aeB YIAeTCs ONPEACNIUTbh 3HaueHHE (PUKTUBHOTO CONPOTUBIIECHHS,
3a[al0IIEr0 JJEKTPUYECKYI0 yAaleHHOCTh 10 Toukun K3. Meromuka pacuera (UKTUBHOTO
COINPOTHBIICHUS I XapaKTEepHBIX CllydaeB IpuBeneHa B riase 3. Bux K3, a Ttaxxke coueranue
NOBPEXJICHHBIX (ha3 Tpu HecUMMETpuuHBbIX K3 dacTto MOXXHO OmNpeAenuTh OJHO3HAYHO. B
IPOTUBHOM cllyuyae ciiefyeT nepedpars Bce Buabl K3 1 3aMKkHyBIIMECs (a3bl, 10CIE YEro BHIOpATh
HKCTPEMAIIbHOE 3HAUEHUE TPEOYEeMON ANEKTPUUECKON BETUUUHBI.
B ka)x0M u3 BEIOpaHHBIX PEKUMOB pabOThI CETU COCTABIISIETCS CIIMCOK BO3MOKHBIX COCTO-
ssauit cetu. COCTOSTHUE CETH 33aaeTCsl CIEAYIOMNUMHU (haKTOPaMU:
® pPEXUM pabOThl IKBUBAJIEHTHON CUCTEMBI: ¢ MAKCUMAJIbHBIM MJIM MUHUMAJIbHBIM COIIPO-
TUBJICHUEM Z;

® COCTaB BKJIIOYECHHBIX U OTKJIIOUEHHBIX 3JIEMEHTOB ceTH. Hanpumep, nmapauienbHas nin
OJIMHOYHAas paboTa MapajuleNbHbIX JMHUHN, OTKIIOUYEHHE YacTH HArpy3KH, BKIIOUEHHOE
WM OTKJIFOYEHHOE COCTOSHUE CEKIIMOHHOIO BBIKIrouaTens u T.4. [lo nanHOMy npusHa-
KY BO3MOKHBI HECKOJIbKO KOMOMHAIMI BKJIFOUEHHBIX U OTKJIIOUEHHBIX JIEMEHTOB CETH;

e nonoxeHue padoueit ornaiiku PITH tpanchopmaropos. I1pu uzBectHom auamna3oHe mo-
JIO’)KEHUM OTHANKH PacyeThbl NMPOBOAATCS JUISA BYX IMO3MIMI: MAKCUMAJIbHON M MUHMU-
MaJIbHOM W3 33JaHHOTO auarnaszoHa. [Ipy OTCYTCTBMM NaHHBIX pacCMaTpUBAIOTCS Ipe-
JIEIIbBHO BO3MOJKHBIE TOJIOKEHUS OTIMAaWKH, 3a/JaHHble KaTamorom. ClenyeT OTMETHTb,
4YTO HM3MEHEHHE IIOJIOKEHMS OTIAMKK 3aMETHO M3MEHSET KaK CONPOTHBIICHHWE TpaHC-
¢dopmaTopa, Tak U KO3PPUIUEHT TpaHCHOPMALIUH, YTO CUJILHO BIMSET HA YPOBHHU TO-
KOB U HalpsKEeHUM;

® B Harpy304HBIX pEXKHMMax, CBS3aHHBIX C CAMO3AaIlyCKOM JBUIaTEIbHOW HArpy3KH, yCTa-
HAaBJIMBAETCS 4acTh HAarpy3KH, OKa3aBIIAsiCA B YCIOBHUAX caMo3alrycka. Bompoc pemaer-
Csl UCXOsl U3 COOBITHI, MPUBOAAIIMX K CaMO3alycKy, Hanpumep, ycnemnoe AIIB win
nericteue ABP.

ITouck pexxuma, OKa3aBILErocsl pacueTHBIM, MOKET MMOTpeboBaTh nepedopa 3HAYUTEIHHOTO
YHClla COCTOSIHUI ceTH, B TOM 4ucie ¢ nepedopom cepuu Touek K3.

Cremyer OTMETHTb, YTO pacyeThl TOKOB U HampsbkeHui B pexkumax K3 HeoOXoaumo mpoBo-
JTUTh C YY4ETOM Harpy304YHBIX COCTAaBJISIONIMX, OOYCIOBIEHHBIX CONPOTUBJICHHEM Harpysku. [lpu
HECUMMETPUYHBIX, U TeM Oosiee ynaneHHbIX, K3 ocTarouHoe HampspkeHHE Ha IIHHAX MOXKET
0Ka3aThCsl 3HAYUTEIBHBIM, YTO MPUBOJUT K MPOXOXKIACHHUIO TOKOB B LIEMSAX HArpy3KH, HAKJIA/IbIBa-
romuxcsa Ha Tok K3. B psane ciydaeB npu NpoBEIEHUN PYYHBIX pacdeTOB Harpy304YHbIE COCTaBIIsS-
IOIME€ HE YYWUTHIBAIOTCS, T.€. PACCMATPUBAETCA XOJOCTOM XOJA B CETH, IPEAIIECTBYIOIIMMI
BO3HUKHOBeHNIO0 K3. [IpuBeneHHblE HMXKE NPUMEPHI WUIIOCTPUPYIOT IOJYy4YaeMble IPH 3TOM
MOTPEIIHOCTH. Pe3ynbTaThl pacueToB nosiydeHsl o nporpamme «TK3-M»y, npenHazHadyeHHOW 1
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pacuetoB pexxuMoB cetu 6 — 220 kB. CornacHo pekoMmeHaauusm [15] npuHsATO 17151 SKBUBAJIEHTHOMN
Harpy3kd CONPOTHBIICHAE OOPATHOM IOCHENOBATENBHOCTH Z3 yarp = 0,35Z1 yarps THE Z1 yarp

COMPOTUBIIEHUE TMPSAMON mocienoBareabHOCTU. [IpuBeAeHHOE COOTHOIIEHHE Mperoaaraet
HaJM4he 3HAYUTEJIbHOM JIOJM JBUTaTelied B COCTaBE SKBHUBAJICHTHOW HArpy3KM M YUHUTHIBACT
CYILIECTBEHHO MEHbIIIee 3HAUCHUE COMPOTHUBIICHUS 00paTHON MOCIIEA0BATEIBHOCTH Ui JBUTATENeH

10 CPAaBHCHUIO C COIMPOTHUBJICHUCM HpSIMOfI oCIaCa0BaTCIbHOCTH.
/

(o -
¥
1 K1

—_

Puc. 1.8. Cxema npumepa 1

Ilpumep 1. PacdeT TOKa KOPOTKOTO 3aMbIKaHHUSI.

Cxema 1o puc. 1.8 umeer cinenyromnue napamerpsl. Hanpsokenue cetu 10 kB, 3AC cucremsl
11 xB, conporusBnenue cucremsl Z. = 1O0m. Bozaymnas nuaus pouHod 10 kM., ynenbHOe
conporusnenue Zy, = 0,1 + j 0,4 Om/km. Harpyska: momnocts P = 3000 kBT, cos ¢ = 0,9.

Tok B nuuum npu tpexdasnom K3 B Touke K; kak ¢ yuetom, Tak u 0e3 ydeTra Harpys3ku
I® =1247A..

Toku B nunun npu asyxdaznom K3 B touke K; mexxny dazamu B u C (Mmoaynb, yromn):
Lo Al [l [A]| Ic [A]
6e3 yuera Zyar, 0 1079e77169 107911
C y4eTOM Zyparp 333e7/38 | 1194¢7/175 980e/1?

[Ipu yueTe HaArpy304YHOW COCTaBIISIIOIICH TOKM HETOBPEXKIECHHOW (ha3bl OKa3bIBAIOTCS Ha
ypoBHe 28+34% OT TOKOB MOBPEKICHHON (Da3bl, a B OBPEKIACHHBIX (Da3ax TOKU OTIMYAIOTCS HA
21%. Cnenyer OTMETUTBH, YTO 3a cuUeT (a30BBIX CIBUIOB MEXKAY TOKAMH MOBPEXACHHBIX (a3,
ormmunbix o 180°, ¢ yueToM HepaBeHCTBAa MOyIEl TOKOB B OBPEKICHHBIX (Da3ax ¥ HEHYIEBOTO
TOKa HEMOBPEXIeHHOU (Pa3bl KO HULIMEHTHI CXeMbI PpU COOpKE TpaHC(HOPMATOPOB TOKA IO CXEME
«TPEYTOJBHUK» OYAYyT CYIMIECTBEHHO OTIUYATHCS OT TPATUIIMOHHBIX 3HaueHui 1 u 2. B npuBeaen-
HOM IIpHUMepe 3HaueHUs K03 (HUIIMEHTOB CXEMBbI:

_ la-lp _ .l _ Ip=lc _ .ol _ I=lc _
ch.AB - g - 11225 KCX.BC - Ig - 1'81a ch.BC - Ic - 212
MpuieM IJisd peJIiC, BKIIFOUCHHOTO HAa pa3HOCTh TOKOB (1)8.3 Bu C 3HAUYCHUSI KOB(I)(l)I/ILII/IeHTOB CXEMBI
pa3nuyaroTcsa B 3aBUCMMOCTU OT IPUBEACHHUS PAa3HOCTH TOKOB K TOKY (1)21351 B win (i)a:;LI C. Js

CXEMbI «TPEYT'OJIbHUK» TOK B PpCJi€ CICAYCT pAaCCUUTBIBATH HC YCPE3 KOBCI)(I)I/ILII/IGHT CXEMEI, a
HEMMOCPCACTBCHHO 11O BTOPUYHBIM TOKaM TpaHC(i)OpMaTOpOB TOKa.

()
M3BecTHOE COOTHOIIEHHWE MEXIY TOKaMH JAByX(asHoro u Ttpexcgasznoro K3 [ 3=

V3 1079

o = 0,865 BBINONHACTCS TONBKO JUIsl TOKOB, MOJYYCHHBIX 0€3 y4eTa Harpy3Ku: 1247 =

0,865 . Ilpu ydere HaArpy304HOW COCTABISIONICH TOKAa B NMPUBEIACHHOM IPHUMEpPEe UMeeM MO0

980 — 1194 —
1247 = 0,79, 100 1247 = 0,96

Cro—EB—+

Puc. 1.9. Cxema npumepa 2

IIpumep 2. Cxema no puc. 1.9 umeer cnenyronme napamerpsl. Hanpsoxenue cetn 110 kB,
OJIC cucremsl 115 kB, conporusnenue cuctemsl Z, = 10 OM. Tpancdopmarop: MOIIHOCTH 25
MBA, nanpsoxkenue 110/6 kB, cxema coeanHeHust 0OMOTOK «3Be3aa/TpeyronbHuk-11», PITH umeer
19 cryneneit, Hanpsikenue cryneru 1,78%, nanpsokenue K3 cpegnee 10,5%, makcumym 11,72%,
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MuHUMYM 9,84%. Harpyska: momHocts P = 22,5 MBT, 4T0 COOTBETCTBYET IOJHOW MOIIHOCTH
Tpancpopmaropa, cos @ = 0,9.

Touxa K3 na cropone HH tpanchopmatopa — K. [Tonoxxenne ornaiiku PITH tpancdopma-
TOpa — HEUTpaIbHOE.

Toku Tpexdaznoro K3 B Tpanchopmarope Kak ¢ y4eToMm, Tak M Oe3 ydera HarpysKu:

3
HH — 20040 A
S 1093
BH
Toxku B Tpanchopmarope npu nByxdazaom K3 mexny dazamu B u C (Moyinb, yromn):
LAl Iz (Al | I [A]
6e3 yuera Zy,yp | cropona HH 0 17350e~/° | 17350 /180
cropona BH 548¢/180 544¢/180 1093e/°
C y4eTOM Zy,rp, | cTopona HH 4310e/'*3 | 19110e~7/* | 15680e /175
cropona BH 405 /162 717e/170 1093e/°

Toku Ha BeIXOJe CXeMBbI COOpKH TpaHC(HOPMATOPOB TOKA «TPEYrOJIBHHUK» co cTopoHbl BH ¢
Y4€TOM Harpy3KH:
Iy — 1 =406 A4; Ig — I, = 1804 4; I —1y =1357 A.
Co croponsl BH makcumansHbie 3HaueHHUs ¢dasHoro toka — 1093 A u pasHoctu (a3HbIX
TokoB — 1804 A, momyuyennble mnpu aByxdasmom K3 ¢ yderoM Harpys3ku, HE MPEBBIIAIOT

COOTBETCTBYIOIIME 3HAUCHHUS, MOTydeHHbIe s Tpexdasnoro K3: 1093 A u 1093 - 3 = 1891 A,
0e3 yuera Harpy3ku. Takum oGpa3om, orcTpoiiky orceuku oT K3 3a TpancpopmaTopoM MOXKHO
OPOBOJIUTH MO TOKY Tpex(asHoro K3, momyueHHOMy 06e3 ydera Harpy304HbBIX COCTaBIISIOLIUX.
OrneHka 4yBCTBUTEIBHOCTH TOKOBOH 3amuThl K K3 3a TpaHcopmMaTopoM MOMKET MPOBOAUTHCS IO
TokaMm aAByx(asHoro K3, momyueHHbIM Takke Oe3 ydeTa Harpys3kd, MOCKOJIbKY Harpy3o4yHble
COCTABIISAIONINE MOTYT TOJIBKO YBEIIMYMBATH TOK B PEje€, ONMpeAesiomeM Kod(QQHUIUEHT TyBCTBH-
TEIBHOCTH.

Puc. 1.10. Cxema npumepa 3

IIpumep 3. Cxema no puc. 1.10 umeer cnenyromme napamerpsl. Hanpsokenne cetn 10 kB,
OC cucremsr 11 kB, comporusnenue cucremsr Z. = 1 Om. Kabens mnmunoit 1 kM., ynenbHOe
conporusienue Zy, = 1,2 + j-0,475 [Om/km]. OxBuBanenTHas Harpyska H1: momuocts P = 22,5
MBTt, cos¢@ = 0,9; skBuBanenTHass Harpy3ka H2: mommuocts P = 2,25 MBt, cos¢@ =0,9. B
cocraBe 3KkBUBaNeHTHON Harpy3ku H1 n H2 umerorcs nurartenu, cyMMapHas MOIIHOCTh KOTOPBIX
coctaBisier 70% oT mosHOW MomHOCTH Harpy3kd. [loamurka toukm K3 ot aBurarenend mis
HA4YaJIbHOTO MOMEHTA BO3HUKHOBEHUS IMOBPEXKJIEHUS OPUEHTHPOBOYHO YYTEHA BBOJOM B MOJEIb
Harpy3ku ponosHutenbHor JOJIC, 3Hauenue koropoil npuHsaTo 0,7U,,. 1 ycTranoBuBmierocs
pexxuma K3 ata O/IC B cxeme 3amelleHus: He y4acTBYeT.

[Tonoxenune Toukn K3: Touka K; B KoHIIe Kabensi, YTO COOTBETCTBYET pacueTy TOKOBOH 3a-
MUTH Kabesst. B pacuerax, MpoBeIeHHBIX C y4ETOM Harpy3KH, TOKU MOJIyYeHBbI B IBYX BapHaHTax:
JUISL HAYaJIbHOTO MOMEHTA BPEMEHHU C y4eTOoM MOoANUTKH Touku K3 oT aBurareneil Harpys3ku u ais
ycTaHOBUBLIETOCS pexuma K3, korna qsurareian 3aTOpMOKEHBI.

Tpexdaznoe K3 B Touke K;. Tok uepe3 Bwikitouarens Q1 Ié31): C Y4Y4€TOM Harpysku B

HayalbHbI MOMEHT BpeMeHHU 2892 A., B ycTaHOBUBIIEMCS pexxume 2657 A., 0e3 ydyera Harpys3Ku:

3040-2657
3040 A. OtnuymMe TOKOB B YKa3aHHBIX PEKHMMax Ha ey 100% = 14,4% oOwbscHsieTcs

myHTUpYIommM 3¢ dextom BeTBu K3 BeTBbio Harpys3ku H1.
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JByxdaznoe K3 mexnay dazamu B u C B Touke K. Toku yepe3 Boikimouarens Q1 Iézl) (mo-
fyme, yron):

Ih [A] |Ip [Al | Ic [A]
6e3 yuera Zyarp 0 2632e7/149 2632¢/3°
C YH4ETOM Zjy, -, JUISL HAYATEHOTO MOMEHTA 151e7/3% | 2561e /135 2549¢/48

C y4eTOM Zyarp VIS YCTAHOBUBIIETOCS pexkuMa | 223e /42 | 2367¢ /144 233240
OTnuums MakCMMalbHOTO M MHHHMAJILHOTO 3HAYeHHs TOKOB IOBPEXIEHHLIX (a3 B PACCMOTPEH-
HBIX PeKUMax 2632 — 2332 2332 100% = 12,8%.

[Ipu pacyerax pa3iaMyYHBIX CTYNEHEH TOKOBOM 3aIIMTHI HYXHO BBIOMpPATh MaKCHMaJbHbIC

wi MuHUManbHble Toku K3. Hanpumep, npu BeiOOpe TOka cpabaThIBaHHsI OTCEUYKHU IO YCIOBHUIO

I é31) , TIOCKOJIbKY

ycrpaHeH myHTupyromui sddexr Harpysku. [Ipu pacuere kodd¢uilmeHTa YyBCTBUTEIHHOCTH
nocneanei crynenu k K3 B koHie kabens cienyeT IpUHATh MaKCUMaIbHO BKIIOYEHHYIO Harpy3Ky
U PacCMOTPETh YCTAHOBUBIIHMICS PEXKHUM, TIIOCKOJBKY IIYHTHPYIOIIHA 3P(HEKT Harpy3Ku
MaKcHUMaJeH, a moAnuTky Touku K3 ot nBurateneil HeT. 3HaYeHHs TOKOB, IOJTyUYE€HHBIE C YIETOM U
0e3 yuera Harpy3kH, OTJIMYAIOTCS MpUMEpHO Ha 15%, 4TO MoATBEpKAaeT HEOOXOAUMOCTh y4eTa
Harpy304Hoi cocrasisitoniei B Tokax K3 npu pacuerax 3auiuThl.

otctpoiiku ot K3 Harpy3ky ciefyer NpuHITh OTKIOYEHHOMN, YTO YBETUYUBAET TOK
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2. BbInosHeHue pesieiHON 3aIIUTHI M ABTOMAaTHKH Ha 0a3e TePMHUHAJIOB
cepuu «Cupunyc-2»

2.1. Obwasn xapakmepucmurka mepmMuHaio8

[IpuBeneHo onucanue TepMuHaIoOB cepun «CHUpuyc-2» B COCTaBE CIEAYIOMNUX UCTIOTHEHUIHA:
«Cupunyc-2-JI», «Cupnyc-2-MJI», «Cupuyc-2-B», «Cupuyc-2-Cy», «Cupunyc-21-/1», «Cupuyc-YB»,
«Cupuyc-TH». Ha tepmunanax cepun «Cupuyc-2» MOXKHO BBIIOJHUTH MOJHOLEHHBIE CHCTEMBI
3aIUTHI, YIPABICHUS U aBTOMATHKH DJIEKTPOTEXHUYECKHX OOBEKTOB HampspkeHuem 6 + 35 kB, a
TaKkKe YacTUYHO U O0OBeKkTOoB HampspkeHuem 110 + 220 xB. TepMuHambl HMEIOT CXOTHOE
UCTIOJIHEHUE, 00JIaCTh HMCIIOJIb30BAaHMs, Ha3HAYCHUE, a TAK)Ke OJHOTHITHBIE aJTOPUTMBbI (DYHKIHO-
HUPOBAHUS, YTO IMO3BOJIMIIO OOBEIUHUTH X B €AUHYIO CEPUIO.

N3noxensl obmipe, 0000maronme XapakKTepUCTHKU TEPMUHAIOB. B HE0OXOIUMBIX MecTax
OTMEYAIOTCSl 0COOEHHOCTU TOTO WJIM MHOTO UCHOJHEHUs. JlaHHbIe MaTepualibl IpeIHa3HAYCHBI [
HAYaJIbHOTO O3HAKOMJICHHUSI C TEPMUHAJIAMU M METOJAMH MPOEKTUPOBAHHUS BBIITOJIHEHHBIX Ha MX
ocHoBe cucteM P3 u A, B CBSI3u C 4eMm psj JeTaleld, CYIIECTBEHHBIX IPH MPUMEHEHUH U
AKCIUTyaTallMl TEPMUHAIIOB, onylieH. [[oaToMy OHU He 3aMEHSIOT PYKOBOJCTBA IO IKCILIyaTalluu
Ka)KI0r0 KOHKPETHOTO TePMHHANA, BHIMYIIIEHHBIE (hrupMoii-pazpaboTunkoM [16].

2.1.1. Hasnauenue u ocHosHble yHKYUU

OOmast 061acTh MCHOJB30BaHUSA TEPMHUHAIOB cepun «CHupuyc-2» - 3IEKTPOTEXHUUECKUE
00BbeKThI HanpspkeHUeM 6 + 35 kB, a Takke yactnuHo u Hanpspkenuem 110 + 220 kB. TepmuHas
BBIMOJIHSIOT (DYHKIUU PEIeHHON 3alIUThl, aBTOMAaTHKH, YIIPABJICHUS M CUTHAIHM3AIMUA 000PYI0Ba-
HUS B COCTABE YKa3aHHBIX OOBEKTOB.

O061acTh UCNOIB30BAHUS KOHKPETHBIX TEPMUHAIIOB CEPUMU:

o «Cupnyc-2-JI» u «Cupuyc-2-MJI» - Ha npucoedounenusx HampspkeHuem 6 + 35 kB:

BO3/yIIHbIE U KaOeIbHbIE JIMHUU, a TaKKe TpaHCPOopMaTOphl, Mpeodpa3oBaTEeIbHbIE ar-
peratel U T.1.;

e «Cupuyc-2-B» - Ha 6600ax cUCTEM LIUH MOJCTAHLIUN, PACIPENEIUTENbHBIX MYHKTAX U
T.J. HanpspkeHuem 6 + 35 kB;

o «Cupnyc-2-C» - Ha ceKyuoHHbIX 8bIKTIOYamensix Hanpskenuem 6 = 35 kB;
«Cupnyc-21-J1» - Ha CUHXPOHHBIX U ACUHXPOHHBIX O8ueamensx HalpspkeHueMm 6 + 35
KkB;

o «Cupuyc-YB» - Ha gvicokosonbmublx @uikaouamensx HamnpsbkeHuem 35 + 220 kB ¢
Tpex(da3HbIM WK 0(]a3HBIM YIIPaBICHUEM, a TAaK)K€ CUJIOBBIX TpaHCPopMaTopax B Ka-
4EeCTBE PE3EPBHBIX 3alINT;

o «Cupuyc-TH» - mist KOHTPOJIE U3MEPUTEIBHBIX MPAHCHOPMAMOPO8 HANPANCEHUsL, A
TaK)K€ BBINOJHEHUS (PYHKIMH penelHOlN 3aluThl U aBTOMATUKKU MoAcTaHIui 6 + 110
kB.

OcHoBHbIE (PYHKIIUU pEJIeHHOMN 3aIIUThl U aBTOMATHKH, BBIIIOJHSAEMbIE TEPMUHATAMHU, PH-

Be/IeHbI B Tabuie 2.1.

Uepes TepMUHAIBI MOTYT OBITH BBINOJHEHbBI ONEPAllMU BKIIOYEHUS WM OTKIIOYEHUS BbI-
Ktovaress. TepMHUHaNbl OCYIIECTBISIOT IPUEM U UCIIOJHEHHE CUTHAIOB CpabaThIBaHUs BHEIIHUX
3a1uT, a Takke ycrpoictB AUYP u YAIIB. Psa tepmuHanoB BeINONHSIET QYHKIUU AYTOBOM 3aIUThHI
IIMH HU3KOTO HampsbkeHus ¢ ¢ukcanueir K3 mo curnanaMm aatyukoB AyroBoi 3amurbl. CpabaThl-
BaHUE TyTrOBOW 3aIIMTHI MOKET KOHTPOJUPOBATHCS MO HAJIMYMIO TOKA B LIEMU MUTAHUS COOPHBIX
IIMH.

18
http://energo24.ru



Tabmuua 2.1. OcHOBHBIEC (YHKIIMU TEPMHUHAJIOB.

Tun TepMmuHana JI MJI B C J| VB TH
«Cupunyc-2»
M Yucino 3+1 3+1 3 3 3 3
T CTYIICHEU
3 | Hanpasnen- + + + +
HOCTh
TIOH + + + +
300 + + + + + +
O| Tok, 50T + + + T3HII
3| TOK, cymMMa + + +
3 TapMOHMK
HanpspKCHUE + + + +
3MH + + + + +
3ITH + + +
JI3II + +
YPOB + + + + +
ATIB + + + + +
OMII + +
AYB + + + + + +
ABP + + +

CoxkpaiteHus, IpUHATHIE B Ta0JINLIE:

MT3 — MakcuMaJIbHasl TOKOBAs 3allNTa;

[IOH — nyckoBble opraHbl HAaIPSKEHUS;

30® — 3ammuTa ot oOpbIBa (has;

033 — 3amura oT 0JHO(DA3HBIX 3aMbIKaHUI HA 3€MJIIO B CETU C M30JIMPOBAHHOW MM KOM-

[IEHCUPOBAaHHON HEUTPAIIBIO;

T3HII — TokoBas 3amura HYJIEBOM MMOCIENOBATEILHOCTH OT KOPOTKHUX 3aMbIKaHUM Ha 3eM-

JIIO B CETH C 3a3€MJICHHOM HefITpaJ'IBIo;

3MH — 3amuTa MUHUMaIBHOTO HANIPSDKCHHUS;

3I1H — 3amuTa OT NOBBIIEHUS HAIPSKEHUS;

JI3LL — ¢popmMupoBaHue CUTHAIOB JJOTUYECKON 3alUTHI IIMH MPpHU cpadbaTbiBaHuu MT3;
YPOB — ycTpoiCTBO pe3epBUPOBaHUs IIPU OTKA3€ BBIKIKOYATEIIS;

AIIB — aBTOMaTH4YeCKO€ MOBTOPHOE BKIIFOYEHUE;

AYB — aBTOMaTHKa yIpaBJIcHUsI BBIKJIIOUATENIEM;

OMII — onpenenenue MecTa NOBPEKACHHUSL.

Psin TepMHHANIOB BBIOTHSIOT JOMOJHUTEIbHBIE, KPOME YKa3aHHBIX B Ta0ONUIE, (PYHKIUH.
Tepmunans! «Cupuyc-2-B» u « Cupuyc-TH» BbIIOIHSIOT QYHKIMN aBTOMaTHYECKOIO BBOJA

pe3cpBa (ABP), a TAaK¥XXC BOCCTAHOBJICHHUC CXCMbI HOPMAJIBHOI'O PCKHMaA IMOCJIC BOCCTAHOBJICHUA
INUTaHUs OT OCHOBHOI'O HCTOYHHKA.

Tepmunan « Cupuyc-TH» NOTIONHATENBHO BKIIIOUYAET:

® 3aIUTy OT MOBBIILIEHUS YaCTOTHI;
e BbIJauy CUTHaJNa pa3pelieHus A KoMOMHHpoBaHHOro nmycka MT3 npyrux npucoenuHe-

HUH.

® KOHTPOJb TpaHc(hopMaTOpa HANPSIKEHUS;
® TPEXCTYNEHYATyI0 aBTOMAaTUYECKYIO YaCTOTHYIO pa3rpy3ky (AUP);
® YaCTOTHOE aBTOMaTHueckoe noBTopHoe BkItoueHue (YAIIB).

Tepmunan « Cupuyc-21-/[» NONIOJTHUTEIBHO BKIIIOYAECT:
3allUTY CUHXPOHHBIX JIBUTATENIEeH OT aCHHXPOHHOTO X012 B cTynenu MT3-2;

¢ MHHHUMAJIBbHYIKO TOKOBYIO 3allIUTY;

3alUTY OT NCPErpeBa 3JICKTPOABUTATCIIA;
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3alUTY OT 3aTSIHYTOIO ITyCKa;
3aLIUTY OT OJIOKUPOBKU POTOPA;

3amuTy 00paTHON MOIIIHOCTH;

AIIB nocne cpabarbiBanus 3MH;

3anpeT BKJIIOUEHUS BBIKIIOYATENs MPU IPEBBILIEHUH JONYCTUMOIO YMCJa 3allyCKOB WIIHU
IIpU IIEpETPEBE.

Tepmunan «Cupuyc-YB» nipenHa3sHadyeH JUIsl UCTIOIb30BaHMs B ceTsAxX BhIcokoro (110 + 220
kB) HanpspkeHus, B CBA3M € 4eM UMEET PsAJl OCOOCHHOCTEW 1O CPaBHEHHIO C APYTUMH TEPMUHAIAMHU
JTAHHOM CEpHH KakK 10 COCTABY 3aILUT, TAK U 110 UX UCIIOJHEHUIO.

Jlnst 3amuTel oT Mexaydasueix K3 ncnonp3oBaHa TpexcTyrneH4yaras TOKOBast 3allIuTa, B KO-
TOpO#l Jt00asi M3 CTYNEHEH MOXET MMEeTh MYCK [0 HAMpSHKEHUIO MO BHEIIHEMY JHUCKPETHOMY
paspelanIeMy CUTHAIY MM KOMOMHHUPOBAHHBIN ITyCK OT COOCTBEHHBIX IIeTiel HanpshkeHus. Pene
TOKa MOTYT OBITh BKJIFOUEHBI HETIOCPECTBEHHO Ha BXOAHBIC (Da3HBIE TOKHU MO CXEME «3BE3/1a» WIIH,
npu HEOOXOAMMOCTH, HANpUMEp, HCKIIOYCHHS BIUSHHS TOKOB HYJIEBOM MOCIEIOBATEIbHOCTH,
KOHTPOJIMPOBATh PA3HOCTh (ha3HBIX TOKOB, IMOJIyYa€MbIX IO CXEME «TPEYTrOJIbHHUK», IJS 4Yero
IIpelyCMOTpEHA onepanus «Uu(ppoBoil TPEYroIbHUKY, peajin3yeMasi IpPOrpaMMHBIM ITyTEM.

Jlns 3ammtsl oT K3 Ha 3eMII10 MCIIONIb30BaHa YeThIpEXCTyNIeHYaTasi HalpaBJIeHHAs! TOKOBAst
3ammTa HyneBoi nocnegoarenbHoctu (T3HIT).

Oco0eHHOCThIO TOKOBBIX M3MEPUTENbHBIX OPTaHOB (pere TOKa) SBISETCS Haauuue OJIOKH-
POBKH IO COJAEPYKAHUIO BTOPOM FApMOHHMKHU B KOHTPOJIMPYEMBIX TOKAX JIi OTCTPOMKU OT JIOXKHBIX
cpabartbiBanmi pu 6pocke Toka HamaranunBanus (BHT) cuitoBoro Tpancdopmaropa.

s nanpasnenHsix cryneHedt MT3 u T3HII npexycmorpeHa BO3MOXHOCTh aBTOMaTHyYe-
CKOro II€pEeBOJA B HEHAIPABJIEHHBIA pEXUM WIM BBIBOJ HMX U3 JCHCTBUS IpPHU BbISBICHUU
HEUCIPAaBHOCTEN B LENAX IEPEMEHHOr0 HAIpPSHKEHMs, a TaKXKE BbIBOJ HAIPaBICHHOCTH IpU
BKIIIOUEHUU BBIKIItOUaTens (onpoOoBanuu). [[7si BBISBICHHS MOBPEXKIACHUM B IIEMSIX HAMPSIKECHUS
UCIOJIb3YETCsl OJIOKMPOBKA IPH HEUCHPABHOCTSAX B LENAX HampspkeHus. lloBpexnenue uenei
HaIPSIKEHUS BBISBIIACTCA 110 CIEAYIOLIUM KPUTEPUSIM:

e KOHTPOJb OTKJIIOUEHHUS aBTOMaTa TpaHchopMmaTopa HampsbkeHuss TH mo nuckperHomy

Bxony «ABTomar TH», ocHOBHOI KpuTepuii, 1eiicTByeT 06€3 BhIAEPKKH BPEMEHHU;

® KOHTPOJb 3HAUYUTEJIBHOTO CHUXKEHHS XOTS OBl OJHOTO M3 MeXAy(a3HbIX HampsHKeHUi,

JeICTBYET uepe3 3aJaHHOE BpeMS;

® KOHTPOJIb HAPYIIEHUSI CUMMETPUN BTOPUYHOT'O HAMPSKEHUS 110 TIOSABIICHUIO COCTABIIAIOIIEN

HarnpsDKeHUs1 00paTHOM MOCIIe0BAaTEIbHOCTH, IEHCTBYET Yepe3 3a/1aHHOE BpeMsl.

Curnain cpabatbiBaHUs OJIOKUPOBKH CHUMAETCS aBTOMAaTUYECKH MOCIIE UCUE3HOBEHUSI HEHC-
IIPABHOCTH B LIETISIX HAIPSKEHUS.

B tepmuHane npeanycmMoTpeHa cucTeMa aBTOMAaTHKHU yrpaBieHHs BbikitodareneMm (AYB) c
Tpexda3zHbIM WIH 1MOpa3HbIM MPUBOJIOM, C IBYMS 3JIEKTPOMArHUTaAMU OTKJIFOUEHUS, BKIIIOYAIOIAs
cienyromue QyHKIUU:

® OIEpaluy OTKIIOYEHHUS W BKIIOUEHMS BBIKIIIOYATENS M0 BHEIIHMM KOMaHJIaM. 3alluTa OT

MHOT'OKPaTHOT'O BKJIFOUEHUS BBIKJIIOYATEIS;

KOHTPOJIb 1IETOCTHOCTH TETIeH AJIEKTPOMArHuToB yrpasienus (OMY);

® KOHTPOJIb COCTOSIHMSI BHIKJTIOUATENS IO PSAY BXOJHBIX IUCKPETHBIX CUTHAJIOB;

3aIUTa 3JEKTPOMArHUTOB YIPaBJICHUs OT JAJUTEIBHOTO MPOTEKAaHUS TOKA C JeWCTBUEM Ha

MIPOrpaMMHUpPYEMOE pelie;

e 3amwurta oT HenepekmoueHus ga3 (3HD) u venonrodaszHoro pexuma (3HDP) ¢ nelictBuem

Ha peJie OTKJIFOUEHHUs BBIKIIOYaTessd U Ha myck YPOB cooTBeTcTBEHHO. 3anura nIpuUMeHs-

eTcs IPU UCTIOJIb30BaHUM BBIKIIIOUATENS C MO(pa3HbIM IPUBOJIOM;

e IByXCTyNEHYaTas 3all[UTa OT CHIDKEHUS JaBlieHWs 3jeraza (Bo3ayxa) B BBIKIIIOUYATEllE.
CpabatpIBaeT npu MOSBJICHUH Ha COOTBETCTBYIOLIUX JUCKPETHBIX BXOJlaX CHTHAla O CHHU-
KEHUU JaBieHus. J[edCTByeT Ha CUTHAJI M Ha yCKOpeHHoe cpabaTbiBanue cxembl YPOB npu
MOTBITKE OTKJIFOUEHHUS OT OJIHOM M3 3aIIUT.
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JIOTIOJTHUTENPHO K yKa3aHHBIM (DYHKIHSM 3alUThl U aBTOMAaTUKU B TepmuHan «Cupuyc-
VYB» BBeJeHa 3aluTa OT MOABJICHUS B IEPBUYHOM CETH HANPSKEHUSI HYJIEBOU MOCIEI0BATEIbHO-
CTH C ICUCTBUEM Ha OTKJIIOYEHUE BBIKIIOYATEIS WM Ha OT/ACJIBHOE IPOrpaMMHUPYEMOE pelie.

Cepsucnuble ¢pynkyuu. B TepMuHaIBI BBEICH P CEPBUCHBIX (PYHKITUH, OOIETYaIOMUX dKC-
ruryaTanuio. KOHKpeTHBI COCTaB CEPBUCHBIX (DYHKIIMH 3aBHCHT OT THIa TepMuHana. OCHOBHBIE
(GyHKIIMH, BBEJICHHBIC B COCTaB OOJIBIIMHCTBA TEPMUHAJIOB:

® HM3MEpPEHHUE TEKYIUX 3HAYCHUH (ha3HBIX TOKOB, HAMIPSHKCHUI, MOIITHOCTH;

¢duKcalys TOKOB M HANIPSHKEHUH B MOMEHT Cpa0aThIBaHUS OJHOUN M3 3allNT;
¢ poBoii ocmIorpad MrHOBEHHBIX 3HAUEHUI TOKOB U HAIPSKEHHIH;
pEerucTpaTop COOBITHI: cpabaThiBaHWE WIJIM BO3BPAT MYyCKOBBIX M M3MEPUTEIBHBIX OPTaHOB
3amUT ¢ PUKCAIe MOMEHTA COOBITHS;
JIOTIOJTHUTEILHBIC PEJIe M CBETOIMOIBI ¢ (DYHKIIMEH, 3aJaHHOM 1TOJIb30BaTEIIEM;
JIOTIOJTHUTEILHBIE TUCKPETHBIE BXOJIBI C MPOrPaMMHPYEMOU TOJIb30BaTEIeM (YyHKITUCH;
U3MEpEHHUE BPEMEHU CpadaThIBaHUs 3alTUTHI U OTKIIOYCHHS BBIKITFOUATEIIS;
BCTPOCHHBIC YaChI-KaJICHIaph;
BO3MO>KHOCThH BCTPauBaHUsI YCTPOUCTBA B CUCTEMY €IMHOT'O TOYHOTO BPEMEHH CTaHITUU WIN
IOJICTAHIINY.

2.1.2 Bxoonvie ananozogvie cucnanvl. Mzmepenue s1ekmpuieckux 6eiudum

@OyHKIMOHAIbHBIE BO3MOKHOCTH TEPMUHAJIOB B 3HAYUTENIBHOM CTEIIEHU 3aBUCAT OT COCTaBa
BXOJIHBIX aHAJOTOBBIX BEJIMYMH, KOHTPOJIMPYEMBIX Ha 3alluiiaeMoM ooObekTe. B Tabmuue 2.2
IIPUBE/IEH CIIMCOK BXOJHBIX aHAJIOIOBBIX CUTHAJIOB.

Tabnuua 2.2. BXoHbIe aHAJIOTOBbIE CUTHAJIBI

Tun Tepmunana J MJI B C i VB TH
«Cupnyc-2»
®da3HbIE TOKU + + + + + +

®dazHble + + + + +
HaNpsHKEHUs
Toxk HyneBou + + + +

IIOCJIEI0BATENb-
HOCTH
Hanpsixenune + + +
HYJIEBOU
IIOCJIEI0BATENb-
HOCTH

JInneiinpie + +
HaIpPSDKEHUS OT
TH, ycraHoBneH-
HOIO 10
BBOJIHOT'O
BBIKJIIOYATENs

Tepmunan «Cupunyc-2-B», ycTaHaBInBaeMblil Ha BBIKIOYATEISIX BBOAA HANPSHKEHHEM 6
35 kB, umeet HekoTopble ocoOeHHOCTH. KoHTponupyroTcest ¢a3Hble TOKM CEKIIMOHHOTO BBIKITIOYA-
Tens, ha3HbIe HANPSHKEHUST OJTHOM CEKIMM ITWH, a Takke JBa TuHeHHbIX HanpspkeHus Uap U Ugc,
nocrynaromue or TH, yCTaHOBJIEHHOrO BBIIIE BBOJHOIO BBIKIKOYATENS. TpeTbe JMHEHHOE
HanpsbkeHue Ucy OnpenesaeTcst paC4eTHbIM ITyTEM.

Hekotopsle dneKTpuyYecKre BEIMYUHBI, UCIIOJIB3YEMbIE B AIITOPUTMAX U3MEPUTEIIBHBIX OP-
TaHOB, BBIYMCISIOTCS 110 3HAYEHUSM BBEACHHBIX CHUTHAJIOB. Takke YaCTUYHO BBIYUCISIIOTCA
BEJIMYHMHBI, UCIIOJIb3yEMbI€ B CEPBUCHOM YacTH MPU OTOOpakeHUH pekuMa paboThl CEeTH.

[Ipu oTCYTCTBUHM U3MEPUTENBHOIO TpaHchopMmaTopa Toka B (paze B Tok ¢a3sl paccunTsiBa-
eTcs o popmyIe:

21
http://energo24.ru



L=-L-Ic (2.1)

[Ipu OTCYTCTBHU M3MEPHUTEIBHOTO TPpaHCPOPMATOpA HAPSIKEHUS HYJICBOU MOCIIEA0BATENb-

HocTu 3HaueHue 3U, paccuuThIBaeTcs 1o Gpopmyie:
3Up=Us+tUs+Uc (22)

[Ipu u3MepeHnsax oCyIIeCTBIAETCS KOMIIEHCALNS allepUOINIECKON COCTABIISAIONIEH, a TAKKe
bunbTpanus BBICIIMX TapMOHUK BXOJHBIX CHUTHAIOB. J[Js CpaBHEHHS C YCTaBKaMu 3allUT
HCIIOJIb3YETCSI TOJIBKO JEHCTBYIOIIEE 3HAUEHHUE [IEPBOM rapMOHUKN BXOJHBIX CUTHAJIOB.

Jlyia ycTpaHeHHUs 3HAYUTEIbHBIX MOTPEIIHOCTeH TpaHC(hOPMaTOPOB TOKA MPHU UX HAChIIIe-

HUH TPETYCMOTPEHO BOCCTAHOBIICHHE CHHYCOMIANBbHONW (hOpMBI TOKa BILIOTH 10 50% morpemrHo-
ctu TT.

[To BXOAHBIM CUTHAJIaM MPOU3BOJUTCS PACUET CIAEIYIOMMNX BEJTUYMH:
e JuHEWHBIX HanpsokeHud Uyp, Upc, Ucy;
® AKTUMBHOW M PEAKTUBHON MOIIHOCTH;
®  COCTaBJISIOIIMUX MPSIMON M 0OpaTHOM MOCIIE0BATEILHOCTH TOKA U HATIPSKECHUSL.

2.2. Aneopummbl moKo8ou 3aujumaol

IIpuBoauTcs oluiee onucaHue aIroOpuTMOB, B KOTOPOM OTPasKE€HbI TOJBKO OCHOBHBIE T0JI0-
KEeHHs, o0IIre JJisi OONBIIMHCTBA TEPMHUHAIIOB cepuu «Cupuycy. B 3aBucuMocTi 0T MouUKaINA
TEpMUHAJIa KOHKPETHbIE AJITOPUTMBI, peaau3yrole (YHKUUU 3alIUThl U ABTOMATHKH, MUMEIOT
HEKOTOpbIE HE OTMEUYEHHBIE 3/16Ch OCOOCHHOCTH, B CBSI3M C YeM AJis 0ojiee AEeTaabHOro U3y4eHUs
QITOPUTMOB PEKOMEHAYeTCs 00paTUThcsi K PyKOBOJCTBY IO 3KCIUTyaTallud COOTBETCTBYIOILEIO
TEpMHHAJIA.

CryneHuarasi TOKOBasl 3allUTa KOHTPOJIUPYET (pa3Hble TOKU M MpeHa3HaueHa /sl 1eHCTBUS
npu Mexaydasueix K3. 3amura BbimosHeHa B Tpex(a3sHOM BapHaHTE, T.€. C KOHTPOJEM TpPeX
¢da3HbIx TOKOB, npu Haauuuu TT B AByX (ha3ax TOk TpeTbel (ha3bl «BOCCTAHABIUBACTCA» IO
BbIpaxkeHuto (2.1).

CryneHn TOKOBOM 3alllUThl B 3aBUCUMOCTH OT UX Ha3HAUEHUS U, COOTBETCTBEHHO, pacyeT-
HBIX YCJIOBUH JUIsl BbIOOpa TOKa CpabaThlBaHMS, TPAAMIIMOHHO pA3JAEISIOT HAa «OTCEUKYy» 0e3
BBIJIEPKKH U C BBIIEPKKOM BpeMeHM (IlepBas U BTOpas CTYNEHH) U «MaKCHUMaJbHYI TOKOBYIO
3aIuTy» (MOoCNeaHss CTyNneHb). Takoe AeneHne yCTosuIoCh sl TPAAMIIMOHHBIX 3aIMT aHAJIOIOBOTO
UCIIOJIHEHUS, KOTJla Ha3HaYeHHEe CTYNEHU ObUIO (PUKCHPOBAHO CXEMHBIM HCIIOJIHEHUEM CTYIEHH B
cocTaBe MaHenu. B MUKpoIpolieccopHbIX 3aluTax Ha3HauY€HUE CTYNEHU He (PUKCUPOBAHO U MOXKET
W3MEHATHCA B 3aBUCHUMOCTH OT YCJIOBMM NMPUMEHEHMs TEPMMHAJA 3AIIUTHL. TE€PMHHOIOIMYECKOE
paslieNieHne CTyNeHeH Ha «OTCeUKy» M «MaKCUMaJbHYI0 TOKOBYIO 3alllUTy» OKa3bIBaeTcs
JIOCTaTOYHO YCJIOBHBIM U B PsiJI€ CIy4acB HEOJHO3HAYHBIM. [IpUMEHUTENBHO K MUKPOIPOLECCOP-
HBIM 3aluTaM Bce 0ojiee 4acTO MCMOJb3yeTCs TEPMHUH «MaKCHUMallbHas TOKoBas 3ammurta» (MT3)
JUIs JIIOOBIX CTYMEHEH, B TOM 4YMCie, U MEpBbIX, paHee MMEHOBABIIUXCS «oTceukoi». [lanee mon
MT3 nonumaercsi mr00asi CTyNEHb 3alIUThl, pearupyrolias Ha YBEIWYEHHE TOKAa B YCIOBHSIX
cpabaTbIBaHUA.

MaxkcuMaibHasi TOKOBasl 3allldTa MOXET ObITh BBINIOJIHEHA B MPOCTEHIIeM BapHaHTEe, HE
peycMaTpUBarOIleM KOHTPOJIb HANPSDKEHUH, B CBA3M C YeM OHa He 00J1aZaeT HaIlpaBJICHHOCTHIO
Y HE COJIEPKUT IIyCKOBBIE OPraHbl HAIPSDKEHUS - TepMHUHAIBI «Cupnyc-2-JD»
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Puc. 2.1. MakcumanbHasi TOKOBas 3alUTa: a - (yHKIMOHaNbHas cxema MT3;

0 - ¢pyuxuuonanpHas cxema [IOH; B — o0nacTh cpabaTbiBaHUSl OpraHa HaNPaBJIEHUs MOIIHOCTH

n «Cupnyc-2-C», a Takke B pacliupeHHOM BapuaHTe ¢ HannureM [IOH u HanpaBineHHOCTBIO — psif
JIpYTUX TepMUHAIOB (cM. Tabnuiy 2.1.).

Upene
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3amuTa uMeeT Tpu OCHOBHBIX ctynenu (MT3-1, MT3-2, MT3-3), kotopbele o0ecrieunBaoT
HOJTHOLCHHYIO 3aIlUTY 3alUIIAaeMOro IEMEHTa, BKI0Yas (PyHKIUIO JaIbHETO PE3epPBUPOBAHUS OT
BHemHuX K3 u derBepryro, npomnonHuTenbHyto crynedb (MT3-4), npenHasHaueHHYIO JUIst
OTKJIFOUYEHHUsI TPUCOCIMHEHUS INPU JJIMTEIBHOM IPEBBIICHUM TOKOM 33aJaHHOW YCTaBKH, 4TO,
Harpumep, TpeOyeTcsl MpH «aJIpecHOM» OTKIIOUEHUH. TpU CTYNEHU ACHCTBYIOT Ha OTKIIIOYCHHE
BBIKJIFOYATENSA, a4 4YEeTBEpPTas MOXKET JCHCTBOBATh HA CUTHAI WM OTKJIIOYEHUE C Pa3HBIMHU
BbIIEp>)KKaMH BpeMeHU. Tperbst ctynenb (MT3-3) MoxeT ObITh BKIIIOUEHA C IEHCTBUEM TOJIBKO Ha
CUTHaJI (3aIluTa OT Neperpy3Kn) UK ¢ AeHCTBUEM Ha OTKIroueHue (3amura ot K3).

Pucynku 2.1. nmroctpupytot padory MT3.

B kanane kaxmoil cTymeHH BKIIOYeHa Jjornyeckas cxema «M», obecnednBaromiast
HaCTPOUKY CTYIIEHH, YTO II03BOJISET:

® BBECTH CTYIIEHb B JICHICTBHE: 3aMBIKAETCsl IPOIPAMMHBIN KJIIOU «BBOJY», YTO OOecedu-
BaeT MOCTOSIHHYIO [T0/1avy JIOTUYECKOrO CUTHAJIA «1» Ha COOTBETCTBYIOLIUHI BBOJ CXEMBI
u;

® I[IOCTaBUTh ACHCTBHE CTYNEHHM IIOJ KOHTPOJb OT IIyCKOBOIO OpraHa HampsbkeHus. Ilpu
BepxHeM nosiokeHnn kimova [IOH nyck crynenn ot IIOH He mpenycMoTpeH, Ha BXOJ
cxeMbl W MOCTOSIHHO MOCTYHaeT JIOTMYECKUH curHan «l1», Mpu HUKHEM IOJIOKEHUHU
KJIH04a Jjorndeckui curnain «1» nocrynaer ot [IOH tosbko npu ero cpabaTbiBaHUH;

® BBECTH HANpPABICHHOCTh JEHCTBUS CTYNEHHU KIIOUYOM «HAIp.» C KOHTPOJIEM HallpaBiie-
HUS MOLLHOCTHU OT OopraHa HarpasieHus MomHoctd (OHM).

IlepBas ctynens - MT3-1 (TokoBas OTceuka) MMEET HE3aBHCHUMYIO XapaKTEPUCTUKY BBbI-
nepxkku BpemeHu. Bropast (MT3-2) u tperbst (MT3-3) cTyneHn MOryT UMETh HE3aBUCHUMYIO WU
3aBHCHMYIO OT TOKa XapaKTEPUCTUKY BBIAEPKKH BpeMeHH. Jlrobas u3 cryneneit MT3-1, MT3-2 u
MT3-3 moxeT ObIThb yCKOpeHa IpH BKJIIOUEHUU BBIKIKOYATENS, YCKOPEHUE YETBEPTOH CTYNEHU
MT3-4 He mnpenyCMOTpPEHO. YCKOPEHHME CTYNEHEH BBOJUTCS aBTOMAaTHMYECKH Ha BpeMs
(Tyckop + 1 ¢) mocinie nroboro BKIIOUEHHUs BbIKIouaTens. Ha cxeme puc. 2.1,a mokaszaHsl 1enu
BBOJIa YCKOPEHMsI OT peie, KOHTpOoIHUpyrowmux nojoxenue Boikatouatens: PIIB u PIIO. Beon
YCKOpEHUsl JI000W CTYNEHM MOXKET OBbITh OTKIIYEH KII0YaMU «YCKOPEHHE ... CTYHEHH.
Briep:kka BpeMEHU B peXHMME YCKOPEHHUS OIMHAKOBA Ul BCEX CTYNEHEH M 3a/aeTCsl YCTaBKOH
Tyckop. Ecin ans cTyneHu 3ajjaHa ycTaBKa IO BpEMEHM MeHee 3HaueHUs 1ycxop, TO B PEKUME
YCKOPEHHUsl CTYNEHHU 3a/laHHas BBIJEpXKKa COXpaHseTcs (JeficTByeT MeHblas ycraBka). B ciydae
3a/1aHus 3aBUCUMBIX XapakTtepucTuk MT3-2 i MT3-3 Ha BpeMsi yCKOPEHUS! OHU MEPEBOASITCS B
PEKHUM C HE3aBUCUMOM BpEeMATOKOBOM Xapakrepuctukod. Curnan «Ilyck MT3», ucnonsszyercs B
JIOTUYECKOHN 3allluTe UIMH A ee mycka, oT MT3-4 myck jnormdeckoi 3aliUThl HE MPOU3BOIUTCS.
Oynkuus AIIB npu cpabarsiBanuu MT3-4 61okupoBaHa.

s cryneneit MT3-2 u MT3-3 Bo3moxkeH BbIOOp OJHOW U3 6 XapaKTEPUCTUK BBIIEPKKH
BPEMEHHU:

1. He3aBucumas xapakrepuctuka. Bpems BbIIepKKH 3aaeTCsl 3HAUEHUEM YCTaBKH Tycr.

2. NuBepcHble xapakTepuctuku no MOK 255-4, Bpemst cpabaTbiBaHUS 337]a€TCsl COOTHOIIIE-
HUEM:

a-T
t=— YT (2.3)

e HOpMmanbHO WHBepcHas: @ = 0,14; £ = 0,02;
e cunbHO MHBepcHas: a = 13,5; f = 1,0;
e upe3BbIuaiino uuBepcHas: a = 80,0; f = 2,0.
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Puc.2.2. IIpumep 3aBUCUMON XapaKTEPUCTUKH BBIIEPKKHA BPEMEHH.

3. XapakTepuCTUKH, MOJICTUPYIOIINE 3aBUCUMOCTH aHAJOTOBBIX pene. Bpems cpabartbiBa-
HUSA 33/1a€TCSI COOTHOILLICHUEM:
. pene PTB-I:

t = 3 + TyCT (24)

S —
30 I 1
. pene PT-80, PTB-IV:
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t= p =+ Tyer (2.5)

20. e

1€ Tyep ¥ Iyer — YCTABKM BPEMEHM M TOKA CpabaThIBAHMUSL.

[IpuMep XapakTepUCTUKU BbIIEPKKH BPEMEHH MPUBEICH HA puUC. 2.2.

[TyckoBoii opran HanpspkeHust (puc. 2.1.60) MOKeT OBITh BBINOJHEH C OJHUM pPeje MHHH-
ManbHOro HanpspkeHust KV1, KoHTponupyomumM MUHUMaIbHOE MEXAy(]a3sHoe HampsiKeHHe, WU
komOunupoBanubiii [IOH ¢ 7onogHUTENBHBIM KOHTPOJIEM HampspKeHUs: 00paTHOM MOCIe0BaTEeNb-
HOCTHU OT MaKCHUMaJIbHOro penie HampspkeHus KV2. Hanpsokenue oOpaTHOHM MOcCiieoBaTeIbHOCTH
dbopMupyeTcs mporpaMMHBIM (DUITBTPOM HAMPsDKEHUS 00paTHOi nocienosareabHocTy (OHOIT).

JIro6ast cTyneHb MOXKET ObITh BBIIIOJIHEHA HAPABICHHON ¢ KOHTPOJIEM cpabaThIBaHUS OT
oprana Hamnpasienus moirHoctd (OHM). B coctae OHM umeroTcst Tpu, 00beIMHEHHBIX 110 CXEMe
WNJIN, pene HanpaBiIeHUs] MOLIHOCTH, KOHTPOJIUPYIOLIUX YIJIOBBIE COOTHOLIEHUSI MEXKYy TOKOM U
HaNpsHKEHUEM B CIEAYIOIUX coueTanusax: Iy u Upc; Ip 1 Ucy; Ic m Uyp. IlpuBeaeHHble coueTaHus
COOTBETCTBYIOT CTaHAApTHOW 90-TpagyCHON cXeMe BKJIIOYEHHUS peJi€ HaIpaBiICHUsS MOIIHOCTH.
VYrioBas xapakTepucTHKa cpabaThIBaHUsSI pelie HampaBieHMs MolHocTd (puc. 2.1,c) 3amaercs
JIBYMsI YCTaBKaMU: yIJIOM MaKCUMalIbHOW YyBCTBUTEIBHOCTH ()y U 30HOU CpaOaThIBAHUS Z(PCEKT.
Yroin ¢y orcunThIBaeTCs OT BeKTopa Hanpsikenus pene Uppip: Ugp, Upc v Ucy IPOTUB 4aCOBOM
CTpenKu. 30Ha cpabaThIBaHUS Z@cgrxr OTCUUTBHIBAETCS OT HAIPABIIEHUS MAaKCHMaJlbHOW YYBCTBU-
TEIbHOCTU B 00€ CTOPOHBI.

2.3. ,ZZOI’lO]lHumejleble 3awumaol uycmpoﬁcmea asmomamuxKu

3awuma om ooHoghasHvix 3amvikanuu Ha 3emaro (O33). 3ammra IPUMEHSETCS B CETAX C
M30JIMPOBAHHOW WJIM KOMIICHCUPOBAHHOW HEUTPAIbIO M JEUCTBYET HA OTKIFOYEHHUE WIM TOJIBKO
CUTHaJI. 3aIlluTa MOXET ObITh peaJ30BaHa HECKOIbKUMH CIIOCOOAMMU:

® [10 MOJYJIO CyMMBbI 3-H, 5-H, 7-i1 u 9-ii rapMOHMK B TOKE HYJIEBOH MOCIEI0BATENb-
HocTH 31);
110 MOZYJIK0 OCHOBHOM 4aCTOTBI B TOKE HYJIEBOM MTOCIIE0OBATENBHOCTHU 3/y;
10 HAINPSDKEHUIO HYJIEBOM nocnenoBarenbHocTu 3Uy;
10 TOKY U HaIllPsDKEHUIO HYJIEBOM MOCIEN0BaTENBHOCTH 31y, 3U) OMHOBPEMEHHO;

e 110 TOKY 3/), HanpspkeHuto 3Uy U B3aMMHOMY (pa30BOMY CIBUTY TOKA M HAIPSKEHUS
HYJIEBOM MOCJIEI0BATEILHOCTH (HaIpaBIeHHAs 3aIl1Ta).

B 3aBucuMocTH OT THIIa TepMHHAJIa BapUAHTHI BHIMOJIHEHUS 3alllUThl pazauyatorcs. Heoo-
XOJIMMBI BapUaHT BBINOJHEHUS 3aIlIMUTHI 33/1a€TCS MPU HACTpOiike TepmuHaia. B ciydae, korjga B
TEpMUHAJIE TMPEAYCMOTPEHO HECKOJIbKO BAPMAHTOB BBHIMOJIHEHUS 3allIUThl, OHU MOTYT OBIThH
BBEJICHBI OJTHOBPEMEHHO C JIEUCTBUEM Yepes Jiorndeckyro cxemy WJIN.

3amuTra MOKET UMETh HE3aBUCUMYIO XapaKTEPUCTHUKY BBIIEPKKH BPEMEHU WJIN 3aBUCHUMYIO
OT TOKa B JIByX BapuaHTaX: Ype3BbIUaliHO HHBEPCHYIO (2.3) uiau 00paTHO3aBUCUMYIO:

I
t = 5,8 — 1,3511’1 # (26)

yer ~ tycr

Yposenb TokoB O33 ¥ NPUHIMIBI BBITOJIHEHUS 3aIIUTHI 3aBUCAT OT BapHaHTa 3a3€MJICHUS
HeliTpanun. COOTBETCTBEHHO, BBIOOp BapHaHTa, aKTUBU3MPOBAHHOTO B TEPMHHAJE, OJDKEH
CONPOBOXKAATHCA AHAIIM30M THIA 3a3€MJICHHS U pacueTaMy €MKOCTHBIX TOKOB.
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Jlozuueckas 3awuma wun (JI3111). JI311I BeimonHsIeT OBICTPOE OTKIIOYCHUE BBOJHOTO H/WIIN
CEKIIMOHHOI'O BBIKJIFOYATEIS IPU BO3SHUKHOBEHHMH MOBPEXKAEHU Ha mnHax. B cnydae K3 Ha mmnax
cpabaThIBalOT pelie Toka B coctrae MT3, BKIFOUEHHON HAa BBOJHOM W/WMJIH CEKIIMOHHOM BBIKJIFOYA-
Tene, U He cpabarpiBatoT pene Toka MT3 Ha BBIKIIOYATENSX OTXOMAUIMX K MOTPeOUTENSIM
NPUCOCTUHEHUH, YTO ABIsieTCA Mpu3HakoM Hanmuuust K3 Ha mmHax. B 3TOoM cinydae cpabarbiBanue
MT3 BBOAHOTO M CEKIIMOHHOTO BBIKJIIOYATENIEH MPOUCXOAUT Oe3 Bblepk kU BpemeHu. Ecim K3
BO3HHKJIO Ha OJJHOM U3 MPHUCOECTUHEHUH, TUTAIOLINX HATPY3Ky, TO KpOMe cpabaThIBaHUs pelie TOKa
B coctaBe MT3 BBOAHOrO M CEKIIMOHHOTO BBIKJIIOYATENCH cpabaThiBaeT pene Toka B MT3
MOBPEKACHHOTO TMpHUcOoeauHeHus, kKoTopoe Onokupyer JI3II, a MT3 BBOAHOTO M CEKIIMOHHOTO
BBIKJTIOYATeNIeil cpabaThIBAIOT C BBIACPIKKON BpeMEeHU, 00eCIIeUnBatoIIel CEIeKTUBHOCTD 3allUT.

ITpumep peanuzanuu JI3II npusenen Ha puc. 2.3. Pa3menienue 3amuT IpUBEIEHO Ha PUC.
2.3,a. Ha mmTarommx BBOJAX BKJIIOYEHBI MaKCHMaJIbHBIE TOKOBBIC 3amIuThl BBojga — MT3-BI u
MT3-BII, BeinosnHeHHbIe Ha TepMuHaNaxX «Cupuyc-2-B», a Ha CEKIIMOHHOM BBIKJIIOUATEIIE - 3alUTa
MT3-C, BbinonHeHHass Ha TepmuHaiie «Cupuyc-2-Cy». Ha kaxaoM 3 OTXOASIIMX MPUCOCTUHEHUN
NEpBOIl ¥ BTOPOW CEKIMH IIMH YCTAaHOBJICHbI MAKCHUMAJIbHbBIE TOKOBBIE 3aUThI GunepoB — MT3-DI
u MT3-®II cooTBETCTBEHHO, BBINOJHEHHbIE Ha TepMHHaax Tuna «Cupuyc-2-JI», «Cupuyc-2-
MIl», «Cupuyc-Z» u 1.11.

Ha BBOAHBIX BBIKIIIOUATENSAX U CEKIIMOHHOM BBIKJIFOYATENIE B COCTABE TEPMUHAJIOB UMEIOTCS
JIOTUYECKHE 3allluThl IIMH. B kauecTtBe BbhIxogHOro curHana ais 6moxkupoku JI3II ucnonb3yercs
BbIXOAHOM KOHTAaKT «llyck MT3» 3amuT orxondummx npucoeAuHeHul. MmeeTrcss BO3MOXHOCTH
BbIOOpa u3 nByx cxem JI3UI — ¢ mapamiensusiM (puc. 2.3,0) Wi mocienoBaTenbHbIM (puc. 2.3,B)
COCIMHCHUEM BBIXOJHBIX CUTHAJIOB 3alIUT OTXOAAmMX npucoenunennit. Kaxnas JI31 umeer nBa
OJIOKHPYIOIUX BX0J1a, 0003HAYEHHBIX Ha puC. 2.3 Kak «BXoA 1» u «Bxox 2». Tum 6I0KUPYIOIIMX
CUTHAJIOB B cxeMax puc. 2.3,0 u puc. 2.3,c pa3ivyeH: B NapaJIeIbHON CXeMe HaIWn4yhe CHTHajla Ha
OJIHOM U3 BX0/I0B Onokupyet cpadareiBanue JI3I, a B mocnenoBaTensHoil cxeme, Hao0opoT, JI3II
0JIOKHpPYETCSl, €CIIU CHSTHI CUTHAJIBI C BXOJOB «BXOJ 1» U «BXOJ 2».

[Ipu BHemHem K3 Ha 0JTHOM K3 OTXOASIIMX MPUCOEAUHEHUH, HAIPUMED, TPUCOECIUHEHUH K
cekuun Ic, cpabarbiBaer pene Toka B coctaBe MT3-®I moBpexIeHHOro NPHUCOEAMHEHUS H
nossinsierca curnan «[lyck MT3-®I». B napannensHoit cxeme Ha Oiokupyroumii «sxon 1» MT3-BI
u MT3-C nocrynmaer curHan OnoxkupoBku JI3II, a B mocienoBaTelbHOH CXeME 3TOT CUTHAJ
cHumaercs. B oboux BapuanTtax cpaGatsiBanue JI3II B MT3-BI u MT3-C 0GaokupoBaHo.
CpabateiBanue MT3-BII He npoucxoaut, T.K. €€ pene Toka He o0Tekaercs TokoM K3.

bnokuposka mraosenHoro cpabarsiBanus MT3-C u MT3-BI npu BHemnux K3 nactynut
TOJIBKO TOCcJie cpabaTbiBaHus pelie Toka B coctaBe MT3 moBpexieHHOro npucoequHeHus. Utoosl
U3JIMIIHEro cpabaThiBaHUs 0e3 BBIIEPKKU BpeMeHU He mpousonuio, B JI3II BBenena Hebosbias
3a/ieprKKa, MepeKpbIBaIoIasi HHEPLHIO cpabaThIBaHUS YKa3aHHBIX pele TOKa.

IIpu BHyTpenneM K3, nanpumep, Ha cexunn Ic, Het curnanos «Ilyck MT3» kak or MT3-
@I, tak u or MT3-®II. Pene toka B coctaBe MT3-C cpabarbiBaeT U, MOCKOJBKY CHUTHaJIa
omokupoBku JI3II B cocrae MT3-C Her, MakcuMalbHas TOKOBas 3alllUTa CEKIMOHHOTO
BBIKJIIOYATeNsl cpabarbiBaeT ©0e3 BBIAEPKKM BpeMmeHH. llocie OTKIIOYEHHsSI CEKLMOHHOIO
BhIKIItOUaTess pene Toka MT3-C BepHeTcs B HecpaboTaBIliee COCTOsSIHUE U cHUMeTcst curHai «[lyck
MT3-C». Ha Bxonax JI3II B coctae MT3-BI curnansl GJ10KUPOBKM CHUMYTCS, YTO NMPUBEIET K
cpabatbeiBanuIo 0e3 BeIaep kKU Bpemenrn MT3-Bl, a K3 Ha mmnax Oyzaer oTkit04eHo 0e3 BbIIEPKKU
BpeMeHu. HeznaunrtenbHas 3aepikka cpabaThiBaHUS 00YCIIOBJIEHA TOJIBKO MHEPIUEH N3MEpPUTEINb-
HBIX OPIaHOB U BBIKJIIOUATENEH.

Yempoticmso pezepsuposanus npu omxase sviknrouamens (YPOB). Ycnosusimu popmupo-
BaHUs BBIXOAHOTO curHana «YPOB» sBnswoTcs: cpabaThiBaHHE TOKOBBIX 3alllUT B COCTaBe
TepMUHAJa Ha OTKIIOUEHHWE WM TOCTYIUIEHHE Ha JUCKPETHBIC BXOJbI TEPMHHAJIA CHUTHAJIOB
cpabaThIBaHMsI BHEIIHHMX 3aIlUT, €CIM TaKWe CUTHAIBI 3aBEJCHbl B TEPMHUHAN. BBIXOTHOW CHTHANI
«YPOB» dopmupyercst ¢ 3amepkkoid Ha Bpemsi ycTaBkH Typog. Bbeimepkka Bpemenu Typop
OTCUUTBIBACTCS OT MOMEHTA IMOJAauYu CHUTHAlla cpadaThIBaHUS 3alIUT Ha BBIXOAHBIE pene. CurHan
«YPOB» cHuMaercs mocie CHUKEHHUS TOKa Yepe3 BBIKIIOYATENh HIDKE YCTaBKH [ypop. Takum
00pa3oM, eciii BBIKIIIOYATENh IMOCie cpabaThIBaHUS 3alIUThl HOPMAILHO OTKIIFOUWIICS 32 BpeMs
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Typog, TO curHan «YPOB» He dhopmupyercs. B mpoTUBHOM ciiydyae Ha COOTBETCTBYIOLIEM BBIXOJIE
TepMHHaNa TOSBUTCS AUCKPETHBIM curHan «YPOB», KOTOpbId HCHOJIB3YETCA ISl OTKIIOYECHUS
CMEXHBIX C OTKa3aBLIMM BBIKJIIOUATEIIEH.

Dyuxyus onpeodenenus mecma nospedcoenus (OMII). OnpenencHue MecTa TMOBPEKICHUS
MPOU3BOJUTCS TOJIBKO TPHU OTKJIFOUEHUHW BBIKIIFOUYATENI OT COOCTBEHHBIX TOKOBBIX 3amuT. s
pacyera pacCTOsIHUS JI0 MecTa BYyX(ha3HbIX U Tpex(aszHbix K3 UCONb3yIOTCS YCTaBKH 110 TIOJTHOMY
YIETBHOMY COMPOTUBIICHUIO JIMHUH, 110 COMPOTUBIICHUIO CHCTEMbI «3a CITMHOW», a TAK)KE YCTaBKa
HOMHUHAJIBHOTO HANPSHKCHUS IPUCOCHHEHUSI.

Asmomamuueckoe noeémopHoe exnouenue (AIIB). B TepmuHanax npeaycMOTPEHO OJIHO-
KpaTHOE WM JABYKpaTHOE aBTOMAaTUYECKOe IMOBTOpHOe BkimoueHue. Hamuume AIIB, a Ttakxke
KOJIMYECTBO IIMKIIOB 3a/a€TCsl yCTaBKOM. Takke yCTaBKaMU OIpPEAESsieTCs] BpeMs BBIICPKKU
MEPBOrO U BTOPOTO IUKIIOB.

Bpems BoccranoBiieHus (roroBHOCTH K cpabateiBannio AIIB mocne BTroporo K3 m3-3a He-
ycnemHoro AIIB) cocraBnsier 120 ¢. Bpems roroBHoctu AIIB mocie komMaHapl Ha OMIEPATUBHOE
BKJIIOUEHUE BBIKJItOUaTesns cocrasiser 30 c.

C moMoIIpI0 COOTBETCTBYIOIINX YCTABOK MOKHO pa3pelInuTh Win 3abaokupoBaTh myck AIIB
npu cpabaTbIBaHUU OTACIBHBIX BHUJIOB WJIM CTYNEHEH 3alllUThl, BKIIOYas HECAHKIMOHUPOBAHHOE
(camonpou3sBosibHOE) oTkiatoueHue. AIIB Bcerma Onokupyercs MpU OTKIIOYEHHUH OT JYyTOBOM
3aIUTHI, OT Ta30BO# 3anmuThl, OT MT3-4, a Takke npu cpadbareiBanuu Y POB.

Jlyeosasa 3awuma. JlyroBas 3amura npeaHa3HauY€Ha ISl 3allUThl KOMIUIEKTHBIX pacipeae-
JUTENbHBIX YCTpoHCcTB 6-10 kB, pearupyer Ha (u3uyeckue mapamerpsl, CBS3aHHBIE C HATUYHEM
nyru K3: cBeTOBOW MOTOK, jJaBiieHUE. J[aTYMKH COOTBETCTBYIOIIUX IMapaMeTPOB BBHIPAOATHIBAIOT
JUCKPETHBIM CHUTHAJ, MOCTyHarwluid Ha BXoAd «/lyroBas 3amurta» TepmuHana. J[Jis MOBBILIEHUS
HAJCKHOCTH M OTCTPOHKH OT JIOXKHBIX CpaOaThIBAHWNA MOXET OBITh BBEICH JOTOTHUTEIHHBIN
KOHTpOJb MO0 ToOKy. CpabaTbiBaHHe 3allUThl TPOU30HAET NpPU OJHOBPEMEHHOM HAIMYUU
JUCKPETHOTO CUTHaNA OT JAATYMKOB M MPEBBIIICHUN BXOJHBIM TOKOM 3HAau€HUs YCTaBKH Ilxoprp. B
ciyyae 3aJjaHus PeXHMa «C KOHTPOJEM MO TOKY» MPU OTCYTCTBHM TOKA MPUXOJ CUTHAIAa HAa BXOJ
«yroBas 3ammrta» Oosnee yem yepe3 0,25 C. BBI30OBET CUTHAJIM3AIMIO HEUCIPABHOCTH IlIETICH
JIyTOBOM 3alllUTHI C COOTBETCTBYIOLIEN MHAMKauue. Ilocne aToro neicTBue TyroBOM 3alliUuThl Ha
OTKJIFOUEHHUE 3aIPENIACTCS IO CHATHS CUTHAJA C BXOJa.

Aemomamuueckas uacmomnas pazepyska (A4P) u vacmomnoe agmomamuyeckoe nogmop-
noe exniouenue (YAIIB). CobctBenno ¢pynkunu AYP wnn YAIIB B TepMuHanax He mpeaycMoTpe-
Hbl. BO3MOXXHO TOJBKO MCIIOJIHEHME KOMaHJ aBTOMAaTHMYECKOM 4YacTOTHOM pasrpy3ku AYP u
MIOCJIETYIOLIEr0 YaCTOTHOIO aBTOMAarnyeckoro BkiItoueHus YAIIB, mocTymarommx OT BHEHMIHUX
ycrpoicTB. [IpenycmoTpena pabora HAIIB B aByX pekumax — «BHYTpEHHEM» U «BHemHeM». [Tpu
«sHemHeM» YAIIB Bxmtouenue nunuu nocie AYP npousoiiner nocie nojauu BHEIIHETO CUTHAJA
Ha nuckperHelid Bxon YAIIB, a npu «BHyTpeHHeM» — nocne cHiatus curHana AYP. IlosicHenne
npuHuuna padotsl no Bxogam AYP u YAIIB npuseneno Ha puc. 2.4.

Jlnst MckItoueHns OONbIION HArpy3kd Ha akKKyMYJSITOPHYIO O6arapero mpH O0JJHOBPEMEHHOM
BKJIIOUCHUM HECKOIbKHX BbIKItOUaTesneil ot YAIIB mocie AYP mpemycmoTrpeHa BO3MOXHOCTH
BBOJAa IPOrpaMMHUPYEMOI0 BpPEMEHHM 3aJE€pKKM BKIIOUEHUS Iocie mnpuxoja curhana YAIIB
(cuarus curtana AYP — npu «BHyTpenHem» YAIIB).
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‘ \ Bxog AYP

OTKN. OT YCTPOIACTBA 3aLUMTI

Bxog YAIMB —‘

TYANB
BKs1. OT YCTPONCTBA 3aLmThI

—

CocTosHue BbIKNtoYaTens

Bkn.
Bicn Otkn.

a) MpuHumn pabotbl AYP 1 YATIB npu «BHelWHeM pexume YATB»

J Bxon A4P
j OTKN. OT YCTPOICTBA 3aLLMTbI

Tyans
BKn1. OT YCTPOWUCTBA 3aLmThI

— CocTosHME BbIKNtOYaTENS

B Bkn.
o OTKA.

6) MpuHuMN paboTsl A4YP 1 YATIB npu «BHyTpeHHeM pexume YATIB»
Puc. 2.4. [Ipunuun padotst AUP u YAIIB.

3awuma munumanvnozo Hanpaxcenus (3MH). 3amuTa KOHTPOJIHPYET TPH JIMHEHHBIX
HanpsDKEHUsT W cpabaThlBaeT NpPU OJHOBPEMEHHOM CHUKEHMHM BCEX TpPEX KOHTPOIUPYEMBIX
HanpspKeHUH. B pa3nuyHbIX MCMONMHEHMAX 3alluTa UMEET OT OJHOM N0 Tpex cTymneHel. Curaai
cpabaThIBaHMs 3alIMTHl MOKET HCIIOJIb30BAThCA MPU OpraHU3alMyd aBTOMATUYECKOTO BBOJA
pesepBa. Mcnonb3oBanue 3MH B cucteme 3amuThl 1BUraTesiell IpuBeIeHO B pasaeine 4.4.
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Aemomamuueckuii 6600 pesepsa (ABP). ®ynkuus ABP BBenena B TepmuHainsl «Cupmuyc-2-
B», «Cupnyc-2-C» nu «Cupnyc-2-TH». Bo3zmoxken ABP BkiItoOU€HHEM CEKIIMOHHOTO BBIKJIHOYATENS
(puc. 2.5,a) UK BKJIIOYEHHEM BBIKJIFOUYATENS] pE3€PBHOTO UCTOYHMKA NUTaHus (puc.2.5,0).

KoHTponb HanpshxeHus

( Cwupuyc-2-B Cwupuyc-2-B )

TH Cmpmyc -2-C |TH

Q1 E|]<— —>E|]Q2

T

PesepBHbIn
WCTOYHWUK
TH

OcHosHoM
MCTOYHUK
()—» Cupuyc-2-B [——»| Cupwuyc-2-B 4—()
Q2
ABP
TH
Q1
0)
Puc. 3.5. Bapuants! BeimmonHenust ABP: a — ABP cekunoHHOro BBIKITIOUaTEI, 60—

ABP pe3epBHOro HCTOUHMKA MUTAHUS

YcnoBusmu cpabateiBanus ABP 1 BKITIOYEHHS BBIKITIOYATENST PE3EPBHOTO MUTAHUS SIBIIS-
FOTCSL:

® TI0Teps HANpPSIKEHUS Ha NIMHE, pe3epBUPOBAHNE MUTAHUS KOTOPO# BbinoHsieT ABP;

® OTKJIIOYEHHE BBOJHOTO BBIKIFOUATENS, Yepe3 KOTOPHIA M01aBaloCh MUTaHUE HA 00ecTo-

YEHHYIO IUHY

® HaJIM4YME HAINPSDKEHUS Ha IIMHE, 0T KoTopoli ABP BoccTaHaBnMBaeT nNuTaHue;

e OTCyTCTBHUE curHaia 6nokupoBku ABP.

BrinosiHeHUE NPUBEAEHHBIX YCIOBHI KOHTPOJUPYETCS MYTEM OPraHU3alMu B3auMOJICi-
CTBUS TEPMUHAJIOB, BKJIIFOYEHHBIX HA NUTAKOIIUX IPUCOEAUHEHUSIX U NPUCOECIUHEHNUH, OT KOTOPOTO
BOCCTaHaBlMBaeTca nutaHue naeicteuemM ABP. Tepmunansl umeror ycraBky «DyHkius ABPy,
KOTOpasi 3ajJaeTcsl MpuU KOH(UTYPUPOBAHUU TEPMUHAJIAa M MOXET MPUHUMATh OJHO M3 TpPex
3HaueHui: «Bxom», «Bwixom» m «OTkmodeHo». YcrtaBka «OTKIOUeHO» BbBOAUT ABP us3
JIEHCTBUS U Jaliee He paccMaTpuBaeTcs. YcraBka «Beixom» obecreunBaeT MmosBISHUE TUCKPETHOTO
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CHTHAJIa Ha BBIXOJIC TEPMHMHAJA B YCIOBUSX, Koraa HeoOxoaumo aeiicteue ABP, a ycraBka «Bxoa»
oOecrieunBaeT MpUeM BHEUIHEro AMCKPETHOTO CUTHaja W BKJIIOYEHHE BbIKIouatens oT ABP npu
BBIIIOJIHEHUM BceX ycioBHi cpabarbiBanuss ABP. Ha puc. 3.5,a ycraBka tepmunanoB «Cupuyc-2-
B» 3amana B nonoxenun «Bpixon», a tepmunana «Cupuyc-2-C» B nosioxkennu «Bxoa». Ha puc.
3.5,0 ycraBka Tepmunana «Cupuyc-2-B» B 11enmu OCHOBHOTO MUTAHUs B MOJOKEHUH «BbIXoa», a B
LEH PE3EPBHOIO MMUTAHUS B MOJOKEHUH «Bxom.

Tepmunansl, umeromue ¢yakiuo ABP, cHaGxeHbl G0KOM KOHTpOis HampspkeHus. Ha
puc. 3.5,a tepmunansl «Cupuyc-2-B» KOHTponupyroT HanpsbkeHue Ha cekuusx muH I u I, a Ha
puc. 3.5,0 — Ha UCTOYHHKAX OCHOBHOTO M Pe3epBHOrO mutaHus. IloTeps mutaHust OT OCHOBHOTO
HMCTOYHHMKA MOXKET COINPOBOXKIATHCS OTKIOUYeHHEeM BhIKIouaTesst Q1 (wm Q2 mo puc. 3.5,a) B
[[EM1 OCHOBHOT'O ITUTAHUsl, HAIIPUMED, BCIECACTBHE CpabaThIBaHUs 3aIIUT TpaHCPopmaropa, nin 6e3
€ro OTKJIFOUEHHS — OTKJIFOYEHHUE MPEABIAYIINX IEMEHTOB B Lienu nuTtanus. [Ipu norepe nuranus c
COXpaHEHHUEM BKJIIOYEHHOTO cOCTOsiHUS Bbikimouarens Q1 (Ha puc. 3.5,a B xadecTBe mpumepa
paccmaTtpuBaeTcs nmoteps nutanus cekiuu ) cpadateiBaeT 3MH 1 oTkirouaer BeikirodaTens Q1. B
UTOTe, KOHTPOJIMPYETCS NOTEPs] HAIIPSDKEHUS HA IIMHE OCHOBHOI'O IIUTAHMSI, HAJIMYME HAIPSKEHUS
Ha LIMHE PE3€pPBHOIO MHUTAHMS, a TAK)KE OTKIIOYAETCS BBOJAHOW BBIKJIKOYATENb B LEMHU OCHOBHOTO
NUTaHMs, €CJIM OH paHee He ObUI OTKJIIOUEH BHEIIHUMU 3alllUTaMU, T.€. IIPOBEPSIIOTCS BCE YCIOBUS
cpabareiBanust ABP.

CpabarpiBanne ABP moxxeT ObITh 3a0J0KUPOBAHO MO YCIOBUIO Cpa0aThIBAHUS 3aIUT CBOE-
ro TepMHUHAJA WIH MPU TOCTYIUIEHUN BHEUIHETO curHaia OjgokupoBku. CurHan OiokupoBku ABP
BbIpa0aThIBaeTCs MpU cpabaThIBAHUM MAaKCHUMAalbHOW TOKOBOMW 3aIIMTHI, JOTHYECKOHN 3aIlUThI IIHH,
3amUTel OT OOpbIBa (ha3bl, IYroBOWM 3aIUTHI IWH, OTKIOYeHWH 1Mo memsiM YPOB, BHemHero
oTkimoueHus ¢ 3amnperom ABP, cpabareiBanus 3alIMTHI MIKUH. JTO MPENSATCTBYET MOIKIIOYCHHUIO
NOBPEXJACHHON CEKUMU K MCIPAaBHOMY HCTOYHHUKY IIMTAaHUS U IIOJHOMY O00€CTOYHMBAHUIO
nojacraniu. ABP Oyaer 610kupoBaHO Mpu HAIWYUK curHana 6mokupoBku ABP ot nporpammupy-
€MBIX BXOJIOB, a TAK)KE€ IPY BbIBEICHHON ()YHKIIMU OTIEPaTHUBHOTO ynpasieHus «ABP» Ha nmuneBoi
naHenu tepmuHana. [Ipu KoH(UTYpHpOBaHMM TEepPMHMHAIa COOTBETCTBYIOIIEH YCTaBKOH MOXET
ObITh 3a0JI0KMpPOBaHO cpabaTbiBaHue ABP npu Hamuuuu HampspKeHHs HYJEBOM MOCiieIoBaTeabHO-
CTH B MOMEHT, NIPEAIIECTBYIOIINN BbIIAUM KOMaH/1bl Ha OTKJIIOYECHHUE.

B HekoTophIX cXxeMax pacHpeleNUTeIbHbIX YCTPONUCTB MOJACTAHIIMM MOTYT BO3HHMKATh MpO-
OJ1eMBbl OpraHU3aluN KOHTPOJIS HAPSKEHUS B CBSI3U C OTCYTCTBHEM M3MEPUTENbHBIX TpaHChOpMa-
TOPOB HANpPSDKEHUS B HEOOXOIMMBIX y3iax ceTH. [Ipu Hanmnumm Ha moacTaHUuu TpaHcpopmaropa
cobctBeHHBIX HYXJ (TCH) BO3MOXEH KOHTpPOJIb HamNpsDKEHHs OT YKa3aHHOTO TpaHchopmaTopa.
[Tonkmouenue tepmuHana Kk TCH npoBoauTcst uepe3 BHEUIHUM JEIUTENb HANPsDKEHUS B COCTaBe
IIPEeIHA3HAYEHHOTO I ATHX Leneil ycrpoiictBa «OpuoH-H», koTOpoe corimacyer ypoBeHb
HanpspbkeHus: Ha BbixoJie TCH ¢ HanpsbkeHueMm, TpeOyeMoM i MOAKIIOYEHHUs] TEPMUHAIOB TUIIA
«Cupnyc-2».

Asmomamuueckoe soccmanogienue Hopmaibhozo pexcuma (BHP) nocie ABP. cxonHbIH,
umeBIIuiics 1o neiictBus ABP, pexum MoxkeT ObITh BOCCTAHOBJIEH, €CIIM B €M OCHOBHOI'O
UCTOYHUKA THUTaHUS HaIpsHDKEHHE BOCCTaHOBWIOCH. I[Ipu 3TOM, mpousBoauTcs 0OpaTHOE
NEPEKIIIOUEHNE: OTKJIIOUAETCS] BBIKJIIOYATENNb B LIENIM PE3EPBHOIO NMUTAHUS (HAIIpUMEP, CEKLMOH-
HBII) ¥ BKJIIOYAETCS BBIKIIIOYATENb B IS OCHOBHOI'O MUTAHUS (HallpuMep, BBOJHOM).

BHP moxer paborats Tonbko mocie cpabatsiBanusi ABP. Ilocie moboro onepaTHBHOTO
nepekitoueHus: Boikitoyarens aaroputM BHP OnoxupoBan. Kputepuem mycka anroputma BHP
ABJIIETCS. BOCCTAHOBJIEHUE HAIIPSDKEHUE 0 BBIKJIFOYATENS] B LIETH OCHOBHOTO ITUTaHMS.

[Ipenycmorpeno asa Bapuanta pabotsl BHP — ¢ nmepepsiBom unu 6e3 nepepbiBa MUTaHUS
norpeduteneii. B mepBoM ciydae BHawajie OTKIIIOYAETCS BBIKJIIOYATEIh B LENH PE3EPBHOTO
IIATaHUS W, IIOCJIE€ IPOBEPKM €ro COCTOSIHUS OT pEJe IOJOKEHHs BKIIOYEHO, BKIIFOYAETCSA
BBIKJIFOYATENb B LIEMM OCHOBHOI'O NMUTAaHMA. Bo BTOpoM ciyyae NnpeaycMOTpeHa KpaTKOBPEMEHHAas
napajuiesipHas paboTa JBYX HCTOYHHMKOB IMUTAHUS: BHayaje BKIIOYAETCS BBIKIIOYATENh B LENU
OCHOBHOT'O MUTAHHUS U 3aTEM OTKJIIOUAETCSI BHIKJIIOUATEIb B LIENU PE3EPBHOIO MUTAHUS.
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Bpewms oGecTounBanusi moTpedUTENeH MM MapauieNbHON paboThl BYX MCTOYHHKOB MHUTA-
Hus ipu BHP, a taxxe Boiaepxka BpeMenu nepe nyckoM anroputma BHP nocie BoccranoBieHus
HaIpsKEHUs Ha BBOJIE OT OCHOBHOTO MCTOYHMKA 33]Ia€TCSl YCTaBKAMH.

Buibop mexywezo nabopa ycmasox. B psiie TepMUHAIIOB ITPETyCMOTPEH BBOJI IBYX HA0OOPOB
YCTaBOK, B COCTaB KOTOPBIX BXOJAT KaK CaMH YCTaBKH 3allHT, TAK U MPOTPaAMMHBIC TMepeKIroyare-
¥, 3a/Ial0IIHe PEXUM pabOThl YCTPOWCTB 3alllUTHl M aBTOMATHKH. DTO MO3BOJISIET aIalTHPOBATh
(GYHKIIMM TepMUHATA ¥ KOHKPETHBIC 3HAYCHHSI YCTABOK IO/ TEKYIUN PEKUM PabOThI 3aIIUIIIaeMO-
ro o0bekTa. IlpegycMoTpeHa BO3MOXKHOCTH «rOpsideii» CMEHBI YCTAaBOK, YTO TO3BOJISIET Oosee
rHOKO aJanTUPOBATh 3alIUTHI K U3MEHEHUIO PEKUMOB ceTH. BriOOp akTHBHOTrO Habopa ycTaBOK
MPOM3BOJIUTCS C TIOMOIIBIO CHUTHAJIA, ITOJaBaeMOro OT BHEUIHETO0 MCTOYHHMKA. HoMep akTUBHOTO
HaboOpa yCTaBOK KOHTPOJIUPYETCS HA MHIUKATOPE TEPMUHAA.

IIpoepammupyemvle pene. JIns TOBBIIEHUS] YHUBEPCAIBHOCTU TEPMHUHANIA TIPETYCMOTPEHBI
CIeLHaTIbHBIE MPOrPAMMHPYEMBIE peJie (10 CEMU pelie), KOTOPhIE MOKHO MTPOTPaMMHO MOJIKIJIFOYATh
K OJTHOW M3 BHYTPEHHUX TOYEK (DYHKIMOHAIBHOM JIOTHYECKOI CXeMBI JII000T0 YCTPOHCTBA 3allIUTHI
WJIM aBTOMATUKU B COCTaBe TepMUHaJa. [Ipy 3TOM MOXHO MOJYyYUTh HOBBIEC PEJICMHBIC BHIXOIbI UIIH
MIPOCTO Pa3MHOXKUTh KOJIMUYECTBO BBIXOJHBIX KOHTAKTOB YK€ UMEIOLINXCA penie. BoaMoxkHbIEe TOUKH
MOJIKJIFOUEHUST MTPOTrPAMMHUPYEMOTO pelie K (YHKIIMOHATBHOW JIOTUYECKOW cxeMe (PHKCHpPOBAHBI,
YHCIIO TOYEK IOCTATOYHO BEJIMKO M HE OTPAaHHYMBAET BO3MOKHOCTHU MPUMEHEHHUS MPOrpaMMHUpYe-
MBIX peTie.

[Iporpammupyembie pene UMEIOT 3aJaBacMble yCTaBKAMH 3a/ICPKKH Ha cpabaThiBaHUE U
BO3BpaT U MOTYT paboTaTh: 0e3 (UKcaluu B CIEAAIIEM pexuMe; ¢ QUKcarueil — ¢ naMarbio 10
cOpoca nmaMmsTH (aHAJIOT «yKa3aTeJIbHOTO Pelie»), B UMITYJIbCHOM PeXUME, UTUTEIBHOCTh UMITYJIbCA
paBHa 1 c.
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3. PacueThbl TOKOBBIX 3aIIIUT CETEBLIX 00LEKTOB
3.1 Obwue nonosicerus

3amumniaeMpiM 00BEKTOM SBISIETCS (PPAarMEHT CETH: BO3IYIIHAS WM KabelnbHas THHUS (PHC.
3.1,a), Tpanchopmarop (puc. 3.1,6), 610k «IMHUSA-TpaHCHOPMATOP» 0€3 BBIKIIOYATENS TpaHchop-
martopa Ha cropore BH (puc. 3.1,B), cOopHble MMHBI HU3KOro HampspkeHus (puc. 3.1,r). 3amuThl
JBUTATENIEl paCCMOTPEHBI OT/IENBHO B TJ1aBe 4.

B) OJIOK «JTMHHSA-TPAHCHOPMATOPY ) cCOOpHBIE IINHBI

Puc.3.1. Bapuants! 3amuimaemMbix 00beKTOB

Kpome cobcTBeHHO 3amumiaeMoro o0bEKTa, B Iepeneiax KOTOPOro TOKOBAs 3allluTa BhI-
NoJNHseT (QYHKIIMKU OCHOBHOM 3aIlIUTHI, B 30HY IE€HCTBUS MOTYT BXOJUTh CMEKHBIE DJIEMEHTHI CETH,
JUIST KOTOPBIX 3alllUTa BBHITIOJNHSIET (YHKIUU JajJbHEro pe3epBUpoBaHUs. B 30HY pe3epBHOrO
neicTBus BXOAAT (puc. 3.2) CMeXHbIe JUHUH U TpaHC(HOPMATOphI, BKIIOUEHHBIE HA MPOTHUBOIO-
JIO)KHOM KOHIIE 3aIIHAIIaeMO# JIMHUH HITH Ha OTIHanKe.

Croo—

[
| o

|

I

I

I

: |

| |

| | :

| | |

| | |

| | |

I | |

| | |

| | |

| | |

| | |

I | |
I I

- !

30Ha 30Ha
OCHOBHOIO pe3epBHOro
JencTBusi JencTeusi

Puc.3.2. 30HLI IEUCTBUS TOKOBOU 3aIIUThHI

B kauecTBe 3amutsl 00bekTOB ceTu 6 + 35 kB or mexnydasnsix K3 B 0CHOBHOM HCHOJb-
3YIOTCSI TOKOBBIE 3aIUThI, KOHTPOJHUpYIoe (a3Hble TOKU. HYacTo TOKOBBIE 3aIIUTH TPAAUIIUOH-
HOTO aHAJIOTOBOTO HCIIOJHEHHUS BBINOJHEHBl OJHOCTYMEHYATHIMH C TOKOM CpabaTbiBaHUS,
OTCTPOEHHBIM OT HAarpy30OuYHbIX PEXUMOB: MakcHUMajbHas TokoBas 3amura (MT3). Mrorna MT3
(Il crynienp) mOMOMHSAETCA OTCEYKOM O€3 BhIACp)KH BpeMeHH (I CTymeHsb) M peaKo OTCEUKOM ¢
BeIJIepkKoi BpemeHu (Il crymens). MuKpompolLecCOpHbIE TEpMHUHANBl COAEPHKAT 0 YeThIpex
CTyIIEHEH, B CBSI3M C 4YeM, MpPU MPOEKTUPOBAHUU JOJKEH pEIIaThCs BOIPOC O YHUCIE CTYNEHEH,
KOTOpBIE 11e1eCO00pa3HO UCTIOIB30BATH B KAKIOM KOHKPETHOM CITydae.
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YerBeprasi cTyneHb B TepMuHaax «CHPHYC-2» BBIOTHSACT (PYHKIHUIO T.H. «aJIPECHOTO»
OTKJIIOUEHHUS MPHUCOEANHEHUS B Cllydae MEeperpy3ku ceTd Tokamu Harpy3ku. [Ipm oOGHapyxeHuun
NEpErpy3Ku CTYNEHb JAaeT CUTHAJ JAUCIETUYEPY U, €CIIU MEperpy3ka He YCTPaHEHA Ha JJIUTEIbHOM
WHTEpBaJEC BPEMEHH, U3MEPIEMOM MUHYTaMU, IPOBOAUT OTKIIFOUEHUE NpUCOeuHEHUs. YeTBepTas
CTYIICHb HE sBJISCTCS 3auToN 0T K3 1 nanee e paccMarpuBacTcsl.

Pacuer Kax10if N°" CTYIEHH TOKOBOH 3aIHThI BKIIOYAET: ONPEICICHHE TOKA CPadaThIBAHMS
17, BpeMeHH cpabarbiBanus t(, U K03 UIIHEHTa YyBCTBUTEIBHOCTH K, TI€ N — HOMEp CTYICHU
ot 1 no 3. Jlna mepBoil cryneHu (OTCEYKH) MPH UCIOIB30BAHUM €€ JJIS 3allUThl JIMHUM B3aMEH
K03 QHIIMEeHTa YyBCTBUTEIBHOCTH MOXKET HCIIONb30BaThCA 3aAIIUTOCIIOCOOHOCTh [y — J0JIA
3aIIMINAaeMas OTCEYKOH JIMHUMU. )

TlepBUYHBIA TOK cpaGaThIBAHUA A" CTYIIGHH BBIOMPAETCS M3 YCIOBHS OTCTPOHKH OT pac-
YETHOT'O TOKa!

Iy = Kore - 111)13 (3.1)

rae Kov. — KoOpPUIMEHT OTCTPONKH;

I}, — MaKCHMAJIbHBIH TOK B 3alIUTE B PACYETHOM PEXHUME PabOTHI CETH.

PacueTHpIil pexumM ceTd IS KaXJOW CTyNeHW MHAuBHAYaleH. [Ipu moucke pacyeTHOro
pexXuMa, NPUBOASAIIET0 K MAaKCUMaJIbHOMY TOKY B 3alUTE, YacTO PAacCCMATPUBAIOT HECKOJBKO
BO3MOXKHBIX PEKHUMOB, BHIOMpAs pacueTHBIA MO0 MaKCUMyMy TOKa cpabateiBanus 1. TpeOyembie
aHaJM3a PEeKUMBI pabOThl CETH W YCJIOBHUS WX BO3HHUKHOBEHHUS NPUBEICHBI B paslienax TIJIaBbl,
MOCBSIIIEHHBIX OTJEIbHBIM CTYIICHSIM.

B TepmunHaine 3amuThl 3aaeTcsl TOK CpabaThiBaHUs pesie TOKAa. TePMHH «pelie TOKa» Clieay-
€T TOHMMAaTh YCJIOBHO, T.K. B TEPMHHAIE COOCTBEHHO pele OTCYTCTBYET, a €ro (QyHKIUH
BBIMIOJHSET COOTBETCTBYIOUIMI (pparMEHT MporpaMMHOro oOecredeHus. BropuuHblii TOK
cpabaTbIBaHUsI CTYIIEHU — TOK cpabaThIBaHUsI pesie TOKa OMPENEISAETCS 110 BBIPAXKEHUIO:

KCXIC.3
Iep = K (3.2)
rae K; — koaddunueHT Tpanchopmaiuy TpaHchOpMaToOpOB TOKA;
K. — xo3dduuueHT cxXeMbl, Yy4YUTBHIBAIOIIUNA CcXeMy cOOpkH TpaHchOpMaTOpOB

Ka: K, = 1 mist cxemsbl «3Be3na» u K = V3 = st cxemsl «TPEYTOJIbHUKY.
D¢ PexTUBHOCTD 3alIUTHI OLIEHUBAETCA MO KOI(DPUIIMEHTY YyBCTBUTEILHOCTH

_ IK3.pene (3 3)

A
1€ I3 pene — TOK B peie pu K3 B pacueTHON TOUKE;
I p. — TOK CpabaTbIBaHUsI PETIE.

MukpomnpoleccopHble TEpMUHAIBI KOHTPOJIUPYIOT TPU BXOJHBIX TOKA, MOCTYMAOUIUX OT
TpaHc(OpPMATOPOB TOKA, a B aIFOPUTME pelie TOKAa HCHOJIb3YETCS MaKCUMAaJbHBIA M3 BXOIHBIX
TOKOB. J{71s1 pacuera no (3.3) ciaenyeT onpeneanuTb TOKA Ha BBIXOJIE U3 CXEMbI COOpKH TpaHchopMa-
TOPOB TOKA, MAKCUMAJIbHBINH U3 KOTOPBIX U nojacTaBuTh B (3.3). [Ipu cxeme cObopku Tpanchopmaro-
POB TOKa «HETOJIHAs 3Be3/[a» TOK TPEThell (pa3bl «BOCCTAHABIMBACTCS» B aITOPUTME pejie TOKa, B
CBSI3U C YEM CXEMy CJeIyeT pacCMaTpHUBaTh KaK «IIOJHAsl 3Be3/la» C KOHTPOJEM BceX (ha3HBIX
ToKOB. PaccmatpuBaroTcst Bce Buabl K3 M coueraHus moBpexIeHHBIX (Da3 BO BCEX pacUETHBIX
TOYKaX, IPUYEM PEXKHUM CETH BBIOMPAETCS U3 YCIOBHS MOJyYECHUS] MUHUMAJIBHOTO KO3 HIIMEHTa
YYBCTBUTEIBHOCTH.

MuHMManbHOE 3HauUeHHe KOA(PHUIIMEHTa YyBCTBUTEIBHOCTH MO3BOJISIET MIPUHAThH PEIICHUE
0 BO3MOKHOCTH IIPUMEHEHHUsI TOKOBOM 3allUTHI U YUCIIe ee CTyneHel. B ciydae, korna He ynaeTcs
BBINIOJIHUTh TPEOOBAaHUS 1O YYBCTBUTENBHOCTH TPEThEH CTYMEHH, HEOOXOAMMO HCIIOJIb30BaHUE
0oJsiee YyBCTBUTENbHON OTUCTAaHIIMOHHOM 3amuThl. B TepMuHansl cepun «Cupuyc-2» AUCTaHIUOH-
HbI€ 3alUThl HE BXOJAT U Jlajiee He paccMaTpuBatoTcs. [lepByro cTyneHb — 0TceuKy 0€3 BhIIEPKKU
BPEMEHHU — CJIENYEeT BKJIIOYATh B COCTAB 3aIllUTHI, €CJIM OHA crocoOHa 0O0Hapyx uTh K3 xo0Ts Obl B
OTpaHUYEHHOW 30HE B Haubojee OJaronpHUATHHIX ycinoBHAX. OIEeHKa TakoW CIIOCOOHOCTU MOXKET
MPOBOAMUTHCA 1O KOA((ULHMEHTY YyBCTBUTENbHOCTU Npu Tpexdaznom K3 B Ommkaiimeit k Mecty
BKJTIOYEHHS 3aIUTHl TOYKE MJIH, YTO OoJiee MPaBUIBHO MPH 3aIlUTE JUHUN - TIO 3aIUTOCIOCOOHO-
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cti. OTCEUKY C BBIICPKKOW BPEMEHHU — BTOPYIO CTYIEHb — I1e7IECO00Pa3HO HCII0JIb30BaTh, €CIIM OHA
UMeEET 3allUIIAEMYI0 30HY, IPEBBIIAIOIIYIO 30HY J€HCTBHS NEPBOl CTYIIEHH.

Iw2
I3 W1 B 7\> /W2

Do log—

H

a)
Ec :lZA //
C Zc YA %
ZH

0)
Puc. 3.3. Yuer narpy3ouHnoii coctaBnsromeii B Toke K3: a — cxema cetu; 6 — cxema 3aMeleHus

VYkazanusie B popmynax (3.1) u (3.3) Toku B 3alIMTe YaCTO ONMPEAENSIOTCSA MPU BHEIIHUX
K3 Ha cMexHBIX ¢ 3amuiraeMsiM npucoeanHeHusx (puc.3.3). B cersax paccmaTtpuBaeMoro kiacca
Harpy3ka HE3HAuYMTEJIbHO 3JIEKTPUYECKU YAAJIeHa OT MeCTa BKIIIOUEHHMs 3amuThl. [lo3ToMy, TOK B
3alllUTe JOJKEH PacCUUTHIBATHCA C YUYETOM HArpy304HOM COCTaBISIOLIEH TOKa, NMPOXOJAIIETO B
Harpy3ky H B ycnoBusx K3. Ilpu npoBeneHum pacyeToB C HCIOIb30BAHHEM IPOTPAMMHOIO
oOecrniedyeHus cieayeT oOpaTUTh BHUMaHUE HA KOPPEKTHOCTh 3aJI0’)KEHHOW B aITOPUTMBI METOAUKHU
ydyera Harpy3o4dHoul coctaBistomed B Tokax K3. B pydHbIX pacyerax 4acTo Harpy3odHyro
COCTAaBJISIIOLYI0 HE YYMTHIBAIOT, T.€. CUYMTAIOT, YTO JO MOMEHTa BO3HMKHOBeHMs K3 cerb
HAaxoJ/IUJIaCh B PEXKUME XOJIOCTOTO X0J1a, YTO MOYKET MPUBOAUTH K 3aMETHBIM IOTPEIIHOCTAM, KaK
OTMEYEHO B IJ1aBe 1.

VY4er Harpy304HON COCTABIIAIOLIEH JOJDKEH IMPOBOAUTHCA IO CXEME 3aMEIICHUS C YYETOM
COINPOTHUBIIEHUSI HArpy3Ku. Jlis nmpuBeneHHON Ha puc. 3.3,a CXeMbl CETH MPOBOJUTCS pacyeT ToKa
[13 B MecTe BKIIIOUEHHUS 3amUThl T3 ¢ y4eTOM Harpy304yHO# cocraBisitomei. Cxema 3aMerieHust
npuBeneHa Ha puc.3.3,6. Touka K3 pacnonokeHa Ha CMEXKHOM NPUCOEIUHEHUU, JIEKTPUUECKU
VAQJICHHOM OT IIWH TMOACTaHIMH b Ha comportuBnenue Z,. 3HAYEHHE COMPOTUBICHUS Z,
onpenensiercs nonoxenueM Touku K3. Bo3amoxus! crneayromnue BapuanThl. Touka K3 pacnosnoxxena
B KOHIIE CMEXHOTO dJIeMeHTa: Zy = Z,,, TIe Z,, - CONPOTUBIIEHUE CMEKHOTO JIEMEHTA: JINHUM (Ha
puc. 3.3,a ato W2) mnu tpancopmaropa. Touka K3 pacronoxeHa B KOHIE 30HBI J€HCTBHSA
CEJIEKTUBHOM OTCEYKHM CMEXHOH JIMHUM, T.€. B npeaenax qunun W2: Z, = Zy, - Logeon THE Zyy —

yIeabHOe conpoTuBiIeHue JUHUU [OM/KM], lyrc oy — 3AIIUIIAEMAas OTCEYKOM 30Ha [KM |. PacueTHoe
BBIPQXKCHHUE IS ONPEICICHUS 3HAYCHHUS [yr..y TPHUBEIACHO HUXE B pasfele, IMOCBSAIICHHOM
pacdeTam OTCEUKH.

Bonee cnoxHo pacuer Z, npoBOAMTCS MpHU pacnonoxkeHun Touku K3 B KOHIIE 30HBI A€il-
ctBust MT3 cMexHOM THHUH, UMEIOIIEH TOK cpabaThiBaHus [y13 . B 3TOM CiIydae COMpPOTHUBIICHHE
Z, sBnsietcs:i PUKTUBHBIM. (DUKTUBHOE COMPOTHUBIIEHUE Z, HOCUT WHAYKTUBHBIH XapakTep, 4TO
COOTBETCTBYET XapakTepy comporuBieHuss B metnu K3.  BwiBog ¢GopMynsl Uisi KOPPEKTHOTO
pacueta 3HaueHus Z, mnpuBeneH B npuioxkeHuu 1. [lpubnuxeHHas omeHka Z, MOXKET OBITH
MpOBEJICHA 110 YIIPOIIEHHOH hopmyie:

K E,
Zy=—— (3.4,a)
IMT3.CM
rae E. — ha3Hoe HanpsoKeHHe CeTu;

K, — nonpaBouHbIil K03 PULIHEHT.
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E
OtHomenne ¢ I3, PABWIBHO OTPEIEIACT 3HAUCHUE Z, TOJIBKO TPH YCIOBUH, YTO B
.CM

cinydae K3 B Touke K| Hanpspkenue Ha mmHax noactannuu b paao DJIC cucremsl, T.e. 6e3 ydera
NaJCHUsT HAMNpSOHKEHUS B COMPOTHUBICGHUU CUCTEMBbl Z. W JUHUMU Z,,, NPUHUMAas YyKa3aHHbIC
COMpPOTUBIIEHUSI paBHBIMU HYO. [lonpaBounbiii K03 duienT K, HECKOJIbKO CHMKAET MOrperl-
HocTh. Ha mepBoM Im1are pacyeToB NMPOBOAWTCS HadaldbHAs OLEHKA 3HAYCHUE Zp .y 1O QOpMyIe
(3.4,a), B xoropoit mnpunuMmaercs K, = 1,0. Jlamee, ompenensercs 3HAYCHUE ITONMPABOYHOTO
K03 uImeHTa o COOTHOMIEHUIO
Kn — ZA.Haq

ZA.Haq + Zwl + Zc
B KOTOPOM Z4 4aq — ACHCTBUTENBHAS, @ Z),1U Z. — KOMILJIEKCHbIE IepeMeHHble. OKOHYAaTEIbHOE
3Ha4YeHue Z, onpenensiercs no (3.4) ¢ y4eToM mornpaBogHoOro ko3 duireHTa.

, (3.4,6)

3.2 Omceuxa 6e3 vloepaicku epemenu (I cmynens)

Pacuer Toka cpaGarsiBanus ., oTceuku mo Bepaxkenuto (3.1) HpoBOAUTCA MO YCIOBHAM
OTCTPOMKH OT CJIEAYIOLIUX PEKUMOB:
® OTCTpOWKA OT MAaKCHMAaJbHBIX TOKOB IPH BHEIIHUX TpexdasHbsix K3 Ha ynaneHHOM KOH-

3
1€ 3aIMIIAEMOTO IPUCOCTUHEHUS: [p,cy = 11(<3)3

e OTCTpoO¥Ka OT Opocka Toka HaMarHuuuBaHus TpanchopmartopoB (BHT), noakiaroueHHbIX
K 3aIUIIAEMON TMHUK: [pacy = [gHT

[Tonoxxenue Touku K3 mpu otctpoiike ot BHemHux K3: ans nuHMil snekrponepenayu (puc.
3.1,a) — K3 Ha mpoTHBOMOJIOXKHOM KOHIIE JUHHH, Ui TpaHchopmatopa (puc. 3.1,0) m  Omoka
auHusA-Tpaicpopmarop (puc. 3.1,r) — K3 nHa cropone HH tpancdopmaropa. Ilpu nHanmmuuu
TparcopmaropHoi otnaiiku Ha BJI orceuka tarke orctpamBaercs oT K3 3a tpancdopmaTopom
oTnaiiku. 3HaueHue ko3¢ (uIeHTa OTCTPOMKH ¢ yueToM 3((hEeKTUBHOTO M0/IaBICHUS allepuoiuye-
ckol cocrasisomel Toka K3 B anroputme pene Toka cocrasuser Ky.. = 1,2. Paccmartpuaercs
PEeXHUM CEeTH, IPUBOJAIIMNA K MAaKCUMAIbHOMY TOKY B 3aluTe. PacueTHbIN peskuM XapakTepu3yercs
CIIEIYIOIIMMHU YCIOBUSAMU:

® MHUHHMAaJbHOE CONPOTUBIIEHUE MUTAIOLIEH CHCTEMBI;

e [IpM YCTAaHOBKE 3aIlMTHI HA OJTHOM U3 MapajuIeIbHbIX JUHUN BTOpas BJI oTkirodeHa;

e BHelHUe napamienbHble BJI HaxondTces B pesxnMe napauieabHOU paboThl;

e s cxeM no puc. 3.1,0 puc. 3.1,r Ha TpaHchopmaTopax otmaiika PIIH nHaxomutcs B

KpaliHeM MOJI0KEHUH, 00eCIIeYNBaIOIIEM €r0 MUHUMAJIbHOE COITPOTUBIICHHE.

MaxkcumanbHbIi OpOCOK TOKa HaMarHM4KMBaHUS BO3HHMKAET B HAYaJbHBIH MOMEHT BPEMEHU
Opy T0Jlaue HaNpsDKeHWs Ha TpaHchOpMaTop M MOXKET JOCTUraTh 3HaueHuil [gyr = 5+ 6
Iyomtp- Hamxynmmii ciyuaii, npusoasimuii kK MakcumansHomy bHT depes 3amuty -ycnemnoe AIIB
JMHUH, KOTJIa BCe TPAHC(POPMATOPHI, MOIYYaAIOLIHe OT Hee MUTaHUE, OJTHOBPEMEHHO OKa3bIBAIOTCS
B pexume Opocka Toka HamarHuuuBaHHUs. [loyHBIM TOK B 3aluTe paBeH CyMME TOKOB BCEX
TpaHc(hopMaTopoB, B TOM YUCIIe TPaHCHOPMATOPOB, MOJIKIIOYEHHBIX Ha MPOTUBOIOI0KHOM KOHIIE
auHUM, Ha oTnaiikax BJI mpu ux Hanuuuu, a Takke TpaHCPOPMATOPOB HA CMEXKHBIX JIMHUSX,
MUTAEMBIX OT 3aLIUIAEMOM.

B anroputmax MHUKpONPOLIECCOPHBIX 3alIUT A0 CPAaBHEHUS C YCTaBKOW MTHOBEHHBIE 3Hade-
HUS TOKa MPOXOASAT IMpPEeIBApUTENIbHYI0O 00paboTKy mo anroputMmy dDypbe, KOTOpbIH 00iamaeT
cBoiictBamu yacToTHOM puibTpauuu. @opma Toka npu BHT cuibHO oTimyaeTcss OT CHHYCOUAAN b-
HOU U COIEP>KUT 3aMETHbIE allepUOJNYECKYI0 U BBICOKOYACTOTHBIE COCTABJISIOIINE, OCIadiseMble
anroputMoM ®ypre. C yderoMm storo, npu orcrpoiike or BHT B Bbipaxenun (3.1) 3HaueHue
ko3 dunmenTa orcTpoiiku npuauMaetcs K,.. = 2,5 =+ 3,0, a pacdyeTHbIif TOK — CyMMa HOMHHAJIb-
HBIX TOKOB TPaHCHOPMATOPOB Ipacy = Ylyomrp. [IpM HEOOXOIMMOCTH CHMKEHHS PACIETHOTO TOKA
MOJKET OBITh BBEJCHA 3ajiepikKa cpabaThIiBaHUS OTCEUKH Ha BpeMs, mopsaka 0,1 c. 3a 310 Bpems
3HayeHus Toka BHT 3ameTHo cHmkawoTcs M KO3(PPHUIHUEHT OTCTPOMKH MOKET OBITh MPHHAT
Kore = 1,2.
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Tok cpabaTeiBaHus 3alUTH BHIOMPAETCS MAKCUMAJIBHBIM U3 JIByX PACCMOTPEHHBIX pacyer-
HBIX YCIJIOBHIA.

Ecnu na BJI umerores otmaiiku Ha TpaHc(opMaTopsl, 3allyilaeMble TUIABKUMHU TPEIoXpa-
HUTEJISIMH, JOMOJHUTEIBHO K YKa3aHHBIM YCJIOBHSIM IIPOBEPSETCS COIJIACOBAaHHE OTCEYKH C
napamMeTpamMH IpelOXpaHUTeNed M3 YCIOBHS OOECIEUYEeHHUsl CENeKTHMBHOCTH oTceuku npu K3 Ha
otnaiike. B ciydae K3 B Tpanchopmarope nin Ha ero BbIBojax co croponsl HH momkHO OBITH
obecrneveHo OTKIIIoUeHUE TpaHcopmaTopa MpeaoXpaHuTeIeM ¢ coxpanenneM nutanus BJI. Bpems
cpalaThIBaHMSI 3aIUTHI, HE UMEIOLICH BBIACPKKU BPEMEHHU, OINPEAEISETCS HHepLUUeH U3MEepUTEIb-
HBIX OpPraHoOB 3allWUThl. MUKpPONPOLIECCOPHBIE U3MEPUTEIbHBIE OpraHbl UMEIOT BECbMa HE3HAUM-
TEIbHYI0 MHEpLMIO Ha ypoBHE 1 -+ 2 mepuoja IPOMBILUIEHHONM 4acTOThI, YTO MEHBIIE BPEMEHU
IUIaBJICHUS BCTaBKU NPEAOXPAHUTEINS, B CBSA3M C YEM OTCeUKa 0e3 BBIICPKKH BpPEMEHHU cpaboTaer
HecenektuBHOo mnpu K3 B Tpancopmarope. [lonmHoe BpeMsi HECEIEKTUBHOTO OTKIIOYCHHS
BbIKIIO4arenss BJI cknaapiBaeTcss U3 MHEPLUM 3alllUThl U BPEMEHU OTKJIIOUEHUS BBIKJIIOUATEN U
cocramsieT nopsaaka 0,1 c. Eciu BcraBka npepoxpaHuTens 3a 3T0 BpeMsl ycIienia pacilaBUThCs, TO
HECEJICKTHBHOE cpabaThIBaHHE OTCEUKH OyneT mcmpaieHo mnocienyromuMm AlIB Beikmouarens
muaun. [Ipu orcyrcrBun AIIB B oTceuky BBOAMTCA 3aepiKKa, IEPEKPhIBAIOIIAsl BpeMs IIaBICHUS
BcTaBku. [Ipm Hasmumm AlIB sMHMM DPOBOOMTCA COIVIACOBAHME OTCEYKM C IIapaMeTpaMu
MPEeIOXPaHUTENS B CIECIYIOIIEM MOPSIKE:

® [pOBEpSETCS BO3MOKHOCTH cpabareiBanusi oTceuku npu K3 B TpanchopmaTope ormaid-

KU 110 KO3 PUIMEHTY uyyBcTBUTENbHOCTH K, mipu Tpexdaznom K3 Ha BBoae Tpancdop-
MaTopa co cTopoHbl BH mim 3ammTocriocOOHOCTH OTCEYKH [y, — OJIM JIMHHUH, 3aIld-
naeMoi orceukoil. PaccmarpuBaercst pexxuM paboThl CETH, IPUBOASILNN K MaKCUMAaIlb-
HOMY TOKY 4epe3 3ammty. Eciu Ky < 1 wim Tpanchopmarop yaalieH Ha paccTOsHUE,
npeBbImaroniee [y, 0TCeuka He cpadaThIBACT U COTJIACOBAaHUE HE TpeOyeTcs;

® [Ipu HEOOXOIMMOCTH COIJIACOBAHMS, PACCUUTHIBAECTCS BpPEMs IUIaBIEHUS t,, BCTaBKU

npenoxpanutens mnpu toke I, = 0,811, . Kospdunuent 0,8 yuuThBaeT AOIYCTUMBIHA
pa3dopoc BpeMsA-TOKOBBIX XapaKTEPUCTUK IIABKUX MPEAOXPaHUTENCH;
e ccimu ty,; < 0,1 c. BcTaBKa NpeaoXpaHUTENsl yCIEeT pacIiulaBUThCs 10 oTKiIroueHust BJI,
KOPPEKIHs TapaMeTpOB OTCEUKU He TpeOyeTcs;

e ccmu t,,; > 0,1 c., To cneayer MMOO BBECTH BBIJAEPKKY BPEMEHH, MEPEKPHIBAIOIILYIO T10-
JTly4eHHOEe 3HaYeHue ty,, MO0 yBeIMUUTh TOK cpabaThiBanus I/, 1o 3HaueHus, mpu ko-
TOPOM BpeMs IUIaBJIEHUS BCTaBKH YAOBJIETBOPUT ycioBumo ¢, < 0,1 c.

O} PeKTUBHOCTh OTCEUKH MOMKET OLIEHHMBATHCA KOA(P(PUIMEHTOM YYBCTBUTEIBHOCTH WIIU
3alIUTOCIIOCOOHOCThIO. [IpUMEHHTENbHO K BO3AYIIHBIM MM KaOenbHbIM JUHMSIM (puc.3.1,a)
1es1eco00pa3HO UCMHOJIb30BATh 3AIMTOCIIOCOOHOCTD lope — OIS JIMHUM, 3alUIlaeMas OTCEYKOM.
[Mpu 1y < 0 oTceuka He ncnonb3yercs. OTCeuka BXOJUT B COCTaB TEPMHHAIA MUKPOIIPOIECCOP-
HOM 3aluTHI, MO3TOMY BBOJ €€ B JeiCTBHE Ienecoo0pa3eH, €ClIM OHAa HMEET HEHYJIEBYIO
3aLIUTOCIIOCOOHOCTh XOTsl OBl B KAaKHUX-TO peXHMMax paboThl 3amuinaeMoi cetu. s mpuHsTHA
pelIeHusl O BBOJIE OTCEUYKH B pabOTy PAacCUMTHIBAETCS €€ 3aIUTOCHOCOOHOCTh lyp. B PEXHUMAX,
IPUBOJALINX K MAKCUMAaJIbHOMY TOKY Y€pe3 3aluTy.

Cxema cetu A5 pacyeTa 3alUTOCIOCOOHOCTH MpHBeieHa Ha puc. 3.4.

lorc
Ec |

-
|
N S
¥

Puc.3.4. 3ammrocrnocoOHOCTh OTCEUKH

I[J'ISI K3 na I'paHUIIC 30HBI JIENCTBUS OTCEUYKHU CIIpaBCAJINBO PABCHCTBO:
Ee _ _,

C.3

Ze+ Zyp lonc
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rae E. — DJIC cucremsl, paBHas (pazHOMY HANPSHKEHUIO TTUTAIONIEH CETH;
ZC — OKBHUBAJICHTHOC MHUHUMAIBHOC COIPOTHUBIICHUC CUCTCMbI <«3a CHHHOfI»,
BKJIFOYAIOLIEE CONPOTUBIICHUE ITUTAOIIEH CUCTEMBI U IPEAbIAYIINX JIUHUM;
Zy, — yACIBHOE CONPOTHBIICHUE 3aIMIIACMOI JIMHUH.

W3 npuBecHHOTO COOTHOIICHMS TTOTy4aeM (POpMYITy ISl pacueTa 3aluTOCTIOCOOHOCTH
I
I _EC_ZC'Ic.s 3.5
oTC — ( ' )

Zyp - 1L

B (3.5) Gepyrcs monynaum conpotuBieHud Z. u Zy,. B3amen (3.5) MOXKHO NPOBECTH pacyeT
koad¢unuenta yyBcTBuTenbHOCTH K, mpu Tpexdaznom K3 B Hauane 3amuimaeMoil JTuHUU, B
ciayyae K, > 1,0 oTceuka ycTaHaBIMBAETCH.

[Tpu ncnonbp30BaHUM OTCEUKH B KQUE€CTBE OCHOBHOM 3alUTHI TpaHchopmaTopa 1o puc. 3.1,0
(orcyrcTByeT nuddepeHnuanbpHas 3anmTa TpanchopmaTopa) I0JDKHO ObITh 00€CcIeueHo 3HAaYCHUE
koa(ddurmenta yyBcTBuTeabHOCTH K K3 Ha BBOme co croponbl BH K, = 2,0. Omnpenensercs
MUHUMAaJIbHOE 3HayeHHe KOI(PQUIMEHTa YyBCTBUTENbHOCTH mNpu AByx(pasHom K3 B pexume
paboThI CETH ¢ MAKCHMAJIbHBIM COTIPOTHBIICHUEM CHUCTEMEI.

Ornenka 3¢ (HEeKTUBHOCTH OTCEUKH OsioKa JTMHHSA-TpaHcpopmarop (puc. 3.1,r) umeeT ocoOeH-
HocTh. [TOCKOJIBKY TOK cpabaThiBaHMs BEIOMpacTCs IO YCJIOBUIO oTcTpoiiku oT K3 3a Tpanchopma-
TopoM Ha ctopone HH, ona MoxkeT okazarbcst uyBcTBUTENbHOM K K3 Ha ctopone BH Tpanchopma-
TOpa W BKJIIOYATh B 3amuiiaemMyro 30Hy Bcio BJI. B aTtom ciiydae oTCyTCTByeT HEOOXOAMMOCTH
YCTaHOBKH OTCEUYKU C BBIIEP>KKON BPEMEHHU (BTOPOW CTYINEHU TOKOBOH 3amiuThl). BTopas cryneHs
He TMOTpedyercsi, eciaM MUHUMalbHOE  3Ha4YeHHEe KOX(P(UIMEHTa YYBCTBUTEIHHOCTH IIPU
nByxdaznom K3 Ha ynanennom xonue BJI K, > 2,0.
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Puc. 3.5. HecenexTuBHas TOKOBas OTCEUKA

B HekoTophix cinyyasx k 3amure nenouku BJI (puc. 3.5) MoxxeT BbIABUraThCsl TpeOOBaHUE
OTKJIIOUEHHUs 0e3 BbIIEPKKU BpeMeHU Tpexdas3ubix K3 Ha rojoBHBIX ydacTKax LEMOYKH. Takoe
TpeOOBaHHWE MOJKET BBIJIBUTAThCS, HCXOAS M3 YCIOBHHA OO0€CleYeHUss CHHXPOHHOW paboThI
TeHepaToOpOB, IMPENOTBPALLEHUS BBIMAJCHUS] W3 CHUHXPOHU3MA CHHXPOHHBIX JBUTaTesei,
o0ecrieyeHnss TePMUUYECKONW CTOMKOCTH MPOBOJHMKOB, Mpexae Bcero kabeneit n T.m. KoppektHas
OIICHKa BO3MOXXHOCTH HAapyIIEHUSI CHHXPOHHOM paboThl MalMH JOKHAa MPOBOAMTHCA Ha
OCHOBAaHUHU PAacueTOB 3JIEKTPOMEXAHMYECKHX IEPEXOAHBIX IPOILIECCOB, CBA3AHHBIX C HAYaJIbHBIM
TOPMO>KEHHEM TPU CHW)KEHMM HampsbkeHus u3-3a K3 u mocnenyromuMm BTATHMBaHHEM B CHHXPO-
HU3M I10CJIE BOCCTAHOBJICHUS TUTaHUS.

[TpubnuxeHHas, KOCBEHHasi OI[EHKAa MOKET MPOBOAUTHCS HA OCHOBAaHHM pacdera OCTaToy-
Horo HampsbkeHus U,..p Ha IIMHaX NUTAIOLIEH MOACTaHUIWU NpU Haubosee HeOIarompHsTHBIX
tpexdazubix K3. Ha puc.3.5 nonoxenue toukn K; orpannunsaer 30my ly. [Ipu tpexdazubix K3 B
mpeJienax 30HbI [, ocraToyHoe HampspkeHue MeHbIne Tpedyemoro 3Ha4eHUS Uyera < Kyoer * Unoms
rne Kyoer — 108 JOMYCTUMOTO OCTaTOYHOTO HanpsbkeHus. V3 ycinoBuil obecrieueHnss CHHXPOHHON
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paboTHl TEHEPATOPOB MOXKHO MPHUHATH Kyoer = 0,6. J CHHXPOHHBIX IBUTATENECH TOCTATOYHO
OrpaHu4uThCS 3HaueHHeM Ky, = 0,5. 3ona [y momkHa 3ammmarbes OBICTPOJCHCTBYIOIIEH
3amuTo 0e3 BBIAEPKKH BpeMeHW. Ecimu 30Ha gneiictBusi cenektuBHOW oTceuku TO1 meHbIe
TpeOyeMoii 30HBI [y, HCIIONB3YETCA HeceleKMmUeHas omceykd, y KOTOPOH 30HA ACUCTBUS lopeyc
IepeKphIBacT TpeOyeMyo 30HY [y ¢ KO3()OHUIMEHTOM YyBCTBUTENBHOCTH Ky 1oy

HecenexTuBHas oTceuka MOXKET M3JMILHE cpadaTbiBaTh npu BHEMHUX K3 Ha cMexHOil u-
Huu (Hanpumep, Touka K, Ha puc. 3.5). McnpaBineHue HECENEKTUBHOIO JAEUCTBUS BBIIIOJIHAETCS
noouepenusiM AIIB. Ilpunuun aeiicteus nooyepennoro AIIB 3akmtouen B cienyromem. [Ipu K3 B
touke K, ogHoBpeMeHHO cpabarbiBatoT TokoBbIe oTceuku TO1 u TO2. Bpems cpabGatsiBanus AIIB
auaun W1 BeIOMpaeTcsi ¢ MeHbIeH BhIIep kKON BpemeHH, yeM AIIB muanm W2 u cpabaTbhiBaeT
nepBbIM. [Ipu 3TOM, BBIKITIOUaTeNnb Q2 moka He BKItoueH u AIIB Oyner ycnenmasiM. J[anee orcedka
TO1 BeBoguTca u3 aeiictBus Ha BpeMsi AIIB cmexnoro Beikmouatenss Q2. Ilpu Heycneurnom
AIIB Boikirouatens Q2 Oyzmer MOBTOPHO OTKIOYEH oTceukoil TO2, mpu 3Tom BeiKitoyarens QI
OCTaHETCs BKIIOYEHHBIM, T.K. orceuka TO1 BwiBemeHa w3 aeciicrBus. [amee orceuka TOI1
BO3BPAILACTCA B ICUCTBUE.

Takum 06pazom, MpUMEHEHNE HECEJICKTUBHOM OTCEUKU TPeOyeT UCIOIB30BaHUs MO0Yepe/-
Horo AIIB u Hamuuust orceuku Oe3 BBIAEPKKM BPEMEHM HAa CMEKHOHM JMHMM. Ecian Ha cMexHON
JUHUHM OTCEYKa MO KaKHUM-TO MPUYMHAM HE MOXKET OBITh YCTAHOBJICHA, HE YJAeTCsl 00ECIeYuTh
KOPPEKTHYIO pPabOTy HECEJIEKTUBHOW OTCEYKM 3allMIIAaeMON JUHUU. YacCTUYHBIM pelIeHHUEM
npo0JieMbl MOXET OBITh JOIMYCK M3JIMIIHEr0 cpadaThiBaHUS HECENEKTUBHOM OTCEYKH B CIydae
HeycriemHoro AIIB Ha BHemnee K3 wim aBrOomMatuyeckuil mepexo] Ha YCTaBKM CEJIEKTHBHOMN
orceuku B pexume AlIB. Cnegyer ydectb, uTo B mocieAaHeMm ciydae npu HeycnemHom ABII
noBropHoe K3 BHE 30HBI NEHCTBHS CENEKTUBHOW OTCEUYKH OyNEeT OTKIIOYAThCS C BBIIEPIKKOM
BPEMEHU.

ITIpu K3 nHa rpanuue 30HBI [, gocTtaToyHO 0OecneyuTh KOIPPHUIMEHT YyBCTBUTEIBHOCTU
HECENEKTUBHOM OTCeukr Ha ypoBHe K, .o, = 1,1. He ciemyer cTpeMHTbCA K IIOBBILIEHHBIM
3HaYCHUAM KOI(P(UIMEHTAa UYBCTBHUTEIHHOCTH HECEICKTHBHOM OTCEYKH, IMOCKOJIBKY 3TO
HEOIIPABIaHHO PACUIMPUT 30HY €€ HECENEKTHUBHOrO AEHCTBHs. YKa3aHHOe 3HaueHue K, o, = 1,1
NEPEeKPbIBACT BO3MOXHBIE aMMapaTHble MOrPEIIHOCTH padOThl  3aIIUTHL, OOYCIOBIECHHbBIE
NOTPEIIHOCTSIMHA, TpeXAe Bcero, TpaHchopMaropoB Toka. IlorpemHoctu pene Toka AJis
MUKPOIIPOLIECCOPHBIX 3allUT HE3HAYUTEJIbHBl U B PACCMAaTPUBAEMOM CJIydae HECYIIECTBEHHBI.
Koad¢uuuent uysBctBuTenbHocTH omnpenensercs npu MeramnudeckoM K3. B cimywae K3 uepes
nepexoaHoe conporuieHne Tok K3 MeHblle n oTceuka ¢ MajabiM KO3(pPUIIMEHTOM 4yBCTBUTEb-
HOCTH MOXET OTKa3zaThb. OJHaKo, U3-3a MEPEXOJHOro compoTuBieHUs B Touke K3 ocrtarounoe
HanpspkeHue Ha muHax U, AOyzaer Bbllle, cpabaThIBaHUE OTCEUKH 0€3 BBIIEPIKKH BPEMEHH HE
Tpebyetcs, a K3 Oyler OTKIIIOYEHO CTapIIMMM CTYNEHSIMM C BBIJEPKKOW BPEMEHHU, MMEIOLIMMHU
00J1€€ BHICOKYIO UYBCTBUTEIBHOCTD.

ITpoBepka HEOOXOAMMOCTH UCIOJIb30BAHUS HECEIEKTUBHOM OTCEYKM MPOBOAMTCS B CIEIY-
IOLIEM MOPSIIKE:

e ompexensercs 30Ha ly, B npeaenax kotopoit tpexdasusle K3 mpuBoaar k Uyerp <
Kyocr = Unoms
® paccuHThIBaeTCs KOA(P(GUIIMEHT YyBCTBHTEIBHOCTH OTCEYKH Ha TPAHHIIE 30HHI lj.
Ipu K, ;o CETEKTHBHAS OTCEYKA COXPAHAETCS, B IPOTHBHOM CITy4ae PacCUNTHIBACT-
sl TOK cpabaThIBaHUS HECETIEKTUBHOM OTCEUKH [rc yc;
® TOK cpabaThbIBaHUs HECEIEKTHUBHON OTCEUKH [yyrcyc OMPEAEISIETCS U3 33JJaHHOTO KO-
3¢ duIMeHTa YyBCTBUTEILHOCTH Ha TPaHMIIE 30HBI [ MO BBIpaXKEHHIO:
IOTC.HC = Kq./:mn ' 1(3) (36)
e 1) — ok Tpexdasnoro K3 Ha rpanume 3088 L.
B vacTHOM, HO BecbMa PAcCIpPOCTPAHEHHOM CIIydyae YCTAaHOBKM TOKOBOM OTCEUKH Ha OAM-

HOYHOM JmHUM (puc.3.5), Mo NMpPUBEIEHHOW METOAMKE MOXHO nonyduth (cMm. Ilpunoxenue I11)
MPOCTYIO pacueTHYI0 (opMyTy AJs TOKA cpabaThIBaHUsI HECEICKTUBHOMN OTCEUKH:
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I _ Ux-mM(1 - KUOCT) (3 7)
OTC.HC — K Z "
y. o %c

rae U,y — HOMUHAIhHOE (ha3HOE HAMPSHKEHHE 3aIlUIIaeMON JINHUM;

Z. — SKBUBAJICHTHOE CONPOTHBJIEHUE CUCTEMBI «3a CIIMHOIY, BKIIOYAIOLIEe COMPOTHUB-
JICHWE TIUTAIONIEH CUCTEMBI U COMPOTUBICHUS MPEABLAYIINX JTMHHUMA.

B (3.7) 3Hauenue Z, 1OMHKHO OBITh MAKCUMAIBHO BO3MOXKHBIM, HCXOJIS1 U3 PEATbHBIX PEKHU-
MOB pa0OThI MUTAIOIEH CETH.

[Tonyuennoe mo (3.6) wiu (3.7) 3HaueHHWe TOKa cpabaTHIBAHHMS HECEIEKTHMBHOM OTCEUKH
CJIEZIyeT CPaBHHUTb C TOKOM CpabaThIBaHUS CENIEKTUBHOW OTCEYKH, MOJYYCHHOH IO BBIPAKECHHIO
(3.1). B ciy4ae BBINOJHEHHS HEPABEHCTBA Iype e < Il, HEOOXOIMMO HCIONB30BAaHUE HECEIEKTHB-
HOM OTCEYKM C BBIOpAHHBIM TOKOM cpabaTbhIBaHHS, B MPOTHBHOM CiIy4yae CEJIEKTUBHAs OTCEYKa
obecnieunBaet oTkiIoueHus K3 B Tpedyemoii 30He ().

[Ipu BbIOOpE TOKA cpabaTbiBaHUsl HECENIEKTUBHON OTCEUKH, HApsAy C YCIOBUSIMU, 3a/laBac-
MbIMU BeIpaskeHUsIME (3.6) unu (3.7), mpoBepseTcsi COOMI0JCHUE CIETYIONUX JOMOTHUTEIbHBIX
YCIIOBUM:

® OTCTpOIKa OT CyMMapHOTO OpOCKa TOKa HaMarHWYMBAHHS BCEX TPAHCPOPMATOPOB,
MONABIIUX B 30HY JE€HCTBHS HECEIIEKTUBHOM OTCEUKH;

e otcrpoiika ot Tpexdaszubix K3 nHa cropone HH Bcex Tpanchopmaropos, momaBmmx B
30HY JIEHCTBUSI HECEJEKTUBHOM OTCEYKH. [Ipu 3TOM, MpUHUMAETCS MOJIOKEHHUE OT-
naiiku PITH TtpancopmaropoB, mpu KOTOpPOM COMPOTHBIEHHE TpaHcopmaTopa
MUHHUMAJIBHO;

e npu Hamumuuu Ha BJI ormaiiku Ha TpaHcdopmaTophl, 3amIUIIacMble TUTABKUMH
MPEAOXPAHUTEISIMHU, COTJIACOBAHNUE OTCEUKHM C IapamMeTpaMM MpEeAoXpaHUTENs, Kak
3TO CIIEJAHO JIJISl CEJIEKTUBHON OTCEUKH.

Hapymienne m000ro u3 NpUBENCHHBIX YCIOBUN NPHUBEACT K HECEJICKTUBHOMY JIEUCTBHUIO
OTCEYKHU, KOTOpPOE He ynacTcs ucnpasuth nocienyromum AlIB. TlonHouenHoe pemienre mpooieMbl
MOJKET 3aKJIF0UaThCS B HCTIOJIB30BaHUU 00JI€€ COBEPIIEHHOMN UCTAHIIMOHHON 3aIlIUTHI.

Hannuue HeceneKTHBHON OTCEYKH MOXET MOTpedOBaTh KOPPEKIIMH TOKa cpadaThIBaHUS
CMEXKHBIX 3amuT. [IoCKOIBKY 30Ha JEHCTBUS HECEJIIEKTMBHOM OTCEYKM BBIXOAUT 3a MPEIEIIbl
3allUIIaeMON JIMHUW, HEOOXOAMMO TMPOBEPUTH COTJIACOBAHUE 30H JIEHCTBUS CMEXHBIX OTCEYEK
lorenc ¥ lpoz: 30HA [)rc e HE TOMKHA BBIXOAMTH 32 MpPEENbl 30HHI [1g,, KaK 3TO MOKa3aHO Ha pUC.
3.5. CornacoBaHue€ BBIIIOJHEHO IPH YCIOBHHU:

Itz < —KI"TC'.HIC{ (3.8)
OTC T
rae K, — koapduuuent orctpoiiku, Ky = 1,1;
K, — xoadpunireHT TokopacnpeaeneHus;
ITg2 — TOK cpabaThIBaHUS OTCEYKU CMEXHOM JIMHUU.
IIpy HANMYMK HECKOJBKUX JUHUK, OTXOAALIMX OT IIMH IPOTUBOIIOJIOKHOW NMOACTAaHIUUA YCIIOBUE
(3.8) mpoBepsieTcst A1 KaXA0U U3 HUX.

Koaddumnment Toxopacnpenenenus K, = Iy I, PaBeH OTHOLICHHIO TOKOB B 3alliMIlae-
Mot Iy, u cmexHoil Iy, nunun npu K3 Ha rpanuie 30HbI aeiictBus orceukn TO2 B Touke Ks,
ANEKTPUYECKH YIAJICHHOW OT IIMH MPOTHUBOMNOJOKHOW TOJCTAaHIIMM Ha COIMPOTHUBJICHHUE Z,4
COTJIaCHO CXEeMe 3aMelleHus puc. 3.5. PaccmaTpuBaeTcsi pexuM ¢ peaibHO BO3MOKHOW MUHUMAJb-
Hoil Harpy3koil H1, T.e. B mpeaene K. = 1. Ecnu B Harpy3ke H1 umeercss 3HaumTtenbHast 1oJis
JIBUTaTeneu, moanuThiBaromux Touky K3 B HayaibHBII MOMEHT BPEMEHH, TO pacyeT 3HadeHus K.
JIOJKEH MIPUBOJIUTHCS 10 YTOUHEHHOM CXEME 3aMEIICHUs, B KOTOPOl SKBUBAJICHTHAS IBUTATEIbHAs
Harpy3ka BbIJIEJIEHA OTIEIbHOW UEMOYKOW, BKJIIOYAIOIIEN CONPOTHUBICHUE JKBUBAJIEHTHOIO
nsuratens u ero JJ{C. [lockonbKy MOANUTKA OT JIBUraTeiei, yBeIuuuBas TOK [y ,, yBEIUUUBAET U
KodUIMEeHT ToKopacnpeaeneHus, a B popmyny (3.8) cTaBuUTCs MakCUMallbHOe 3HadeHune K., To
paccMaTpUBAETCS PEXKUM C MAKCUMAJIBHO OTKJIFOUEHHBIM YHCIIOM JIBUTATEIICH.
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[Tpu Hapymenun ycnosus (3.8) yrounsercs TOK cpadaThbIBaHUs OTCEYKH CMEXKHOTO yJacTKa
Itg,. Pacder npoBoautcs o ¢opmyne (3.8), B KOTOpPOil OT HEPABEHCTBA MEPEXOAAT K PAaBEHCTBY
npaBoil u neBoi yacteil. Orceuka TO2 ToXe CTAaHOBUTCS HECEJIEKTUBHOM U €€, B CBOIO OYepe[lb,
CJIeZlyeT COIacoBaTh ¢ OTCEUKOH CIIeIyIOIEero CMEeXHOI0 y4acTKa.
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Puc. 3.6. HanpaBneHHaﬂ TOKOBasi OTCEUKa
Ha npuemMHBIX KOHIIaX MapajuledbHbIX JUHUH (puc. 3.6,a) WK FOJOBHBIX y4acTKaX KoJjblie-
BOIl uHMU (puc. 3.6,B) 3alluTa COCTOMT U3 OJHOW CTYNEHU - OTCEUKH O€3 BBIIEPKKH BPEMEHH,
JieicTBUE KOTOPOHW KOHTPOJIMPYETCsl pelie HANpaBJIEHUs] MOIIHOCTH, MUMEIOIIETO XapaKTePUCTUKY
cpabaThIBaHMs HAIPABJICHHYIO B CTOPOHY 3alIMIAeMbIX JIMHUH.
Tox cpabaTbiBaHHs OTCEYKH OTCTPAUBAETCS OT TOKA B JIUHHUHU a6 vaxe> TPOXOMALIETO B MAK-
CHUMaJIbHOM Harpy309HOM PEXHMe:
= KOTC ’ Ipa6.MaKc
C.3 KB
rae K, — koadduuuent orctpoiiku, Ky = 1,3;
K, — koapduuuent Bosspara, K, = 0,95.
Koadduuuent Bo3Bpara B ¢popmysne (3.9) yuuTbIBaeT, yTo pelsie TOKa JOKHO BEPHYTHCS B
HecpaboTaBIllee COCTOSTHUE TOCHe ero cpabarbiBanus npu BHEITHUX K3 «3a crnimHOM» JeicTBUS
orceukn. Otcrpoiika 1o (3.9) mo3BONSET HMCKIIOYUTH JIOKHBIE CpabaThIBaHUs 3aIIUTHI H3-32
HEBEPHOTO JCWCTBUS pelie HalpaBJIeHUs] MOIIIHOCTH TIPY TIOTEPE HANPSHKEHUS IMOABOAMMOTO K pele,
Harpumep, B ciiydae oOpbIBa BTOPHUHBIX enel. [Ipu 3Tom, yBenndeHrne Toka Harpy3Ku B pekuMe
camo3armycka JBHTraTelieil JOIMyCTUMO HE YUYMTBHIBaTh B CHIIYy HE3HAUUTEIFHOW BEPOSITHOCTH

HAJIOXKEHHsI camo3almycka Ha OOpBIB Ilemeil HampshkeHHs. MakcuMaibHBIA pabouyuii TOK B
BeIpakeHnn (3.9) ompenensieTcss ms CXeMbl pucC. 3.6,a B peXUME OTKJIIOYEHUS OJHOW U3

(3.9)
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napajuieIbHbIX JIMHUM, a B cXeMe puc. 3.6,B — B peKUME pa3pbiBa KOJbIA MPU OTKIIOYEHUU OJHOU
U3 JIMHUM FOJIOBHOTO y4acTKa.

Koaddutment uyBcTBUTENEHOCTH TIpOBepsieTcs Mo aByxdasHomy K3 B KoHIIE JTUHHUH B pe-
JKUME, KOI/Ia CO CTOPOHBI MHUTAHUA JHHUS YK€ OTKJIIOUEHa, KaK MOKa3aHO Ha pUCYHKax 3.6,0 u
3.6,r. MunuManeHOe 3HaueHue KodpdummeHTa yyBcTBUTEAbHOCTH K, = 2,0. [Ipu mnomydenun
OonbMX 3Ha4YeHUH K, pPEKOMEHIyeTcs €ro OrpaHW4uTh, YBEIMYUB TOK cpabarwiBaHusa I, =

I, 2
2,0 7€ I, — Tox nByx(asznoro K3 B Touke Kj.

3.3 Omceuxa c svioepoickoui spemenu (Il cmynens)

Otceuka ¢ BBIAEP/KKON BpEMEHM IpeJHA3HauYeHa JJIsl YCKOPEHHOro 1o cpaBHeHUIo ¢ MT3
OTKJIFOUEHHUS KOPOTKHUX 3aMbIKaHUUN Ha yJAJICHHOM KOHIIE 3alIMIAaeMOro o0beKTa, KOorja OTceuKa
MI'HOBEHHOTO JIEUCTBHUS YK€ HE UyBCTBUTEIIbHA.

30Ha AEWCTBUS OTCEUKH BBIXOAMT 3a MPEAesbl 3alIUIIaeMOro o0bekTa U J0HKHA OBITH CO-
rJIacCOBaHA C 30HAMH JIEHCTBHS OBICTPOACHCTBYIONIMX 3alIUT CMEXHBIX IPUCOSIUHEHHA.
CornacoBaHue 30H JEWUCTBUS OCYILECTBISETCS COOTBETCTBYIOIIMM BBHIOOPOM TOKa cpabaThIBaHHS
orceuxu I2L. Bpems cpabaTbiBaHus BEIOMPAETCs HA CTYIEHb CEJIEKTHBHOCTH Al GOJIbIIE, YeM BpeMs
cpabaThIBaHMs 3alIUT, C KOTOPBIMU MIPOBOIMIIOCH COIJIACOBaHHUE 30HbI AeicTBus. st Mukpomnpo-
[[ECCOPHBIX 3allUT, HMMEIOIIUX HE3HAYUTENbHbIE MOTPEIIHOCTH BBIIEPKKH BpPEMEHHU, OOBIYHO
npuHUMaIOT 4f = 0,3 C., 4YTO MEHbILIE 3HAYEHMs], IPUHATOIO JJI aHAJIOTOBbIX 3allUT.

Ha puc. 3.7 npuBeneH ¢parMeHT ceTd, WLTIOCTPUPYIOIIUN pacyeT TOKa cpadaThIBaHUs OT-
CEUYKH C BbIIEpKKOU BpemeHu - I crynmenu. Jljist corslacoBaHus 30HbBI JEUCTBUS PACCUUTHIBAEMOM
CTyIIEHH ¢ GBICTPOAEHCTBYIOIMMY 3alIUTAMK CMEKHBIX OPUCOEIMHEHHI TOK cpabarsiBanus I1L:

e orctpauBaercs ot Tpexgasznoro K3 na cropone HH tpancdopmaropa — Touka K; BHe

3oubI aeiictBus A3T:
11 (3)
Ic.3 = KOTC ' KTl ' I}(1 (3'10)
® OTCTPaMBAaETCS OT KOHIIA 30HbI IEUCTBUSL OTCEUKU 0€3 BBIAEPKKU BPEMEHH - IIEPBOI
CTYIEHHU 3alIUThl CMEXHOW JTUHUH, TouKa Kj:
1 I
Ies 2 Kore - Kiz * I (3.11)
BoIpaxkeHusx (3.10) u (3.11):
B 3.10)m (3.11
Korc — KO3 dument orctpoiiku, Ky = 1,2;
(3) .
I, — Tox tpexdasnoro K3 B Touke K1;
Il — Tox cpabaTbiBaHus IEPBOIi CTYIIEHH CMEKHOM 3alIUTHL;
K1, Krp — x03pdunuents! Tokopacnpeaenenus npu K3 B Toukax K; u Ks.
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Puc. 3.7. Pacuet orceuku ¢ BelIepkKOil BpemeHu: llcT. — BTOpas cryneHp, paccuuTbiBaeMast
orceuka; IcT. — mepBas cTynens, orceuka 6e3 Beiaepkku Bpemenn; 3T — nuddepennumansnas
3amuTa TpaHcdopmMaTopa.

I
Kos(duument Tokopacnpenenenns paBeH OTHOLIEHUIO TOKoB K, = W1

I 3aIlMIIAEMON
JTMHUU [y ¥ CMEXHOM PUCOSTUHEHUH Ioy: B TpaHcpopmarope T st K v uaun W2 mos K.

B ciydae, ecnii Ha CME@XHOM JMHUU OTCeuka 0e3 BBIIEP)KKA BPEMEHH OTCYTCTBYET, COTJIa-
coBanue 1o ycyoButo (3.11) mpoBOAUTCS CO BTOPOM CTYNEHBIO (OTCEYKOI C BBIIEPKKOM BPEMEHH).
Crnemyer UMeTh BBHIY, YTO BpPeMs CpadaThIBAaHHUS B TOM CIIy4ae JOJDKHO OBITh TaK)Ke COTJIACOBAHO
C BpeMeHeM cpabaTblBaHUS BTOPOM CTYMEHHM CMEXHOHM 3amuTel. [Ipy OTCYTCTBMM Ha CMEXHOM
JUHUW OTCEUEK W HAJIMYUU TOJIbKO OJHOU cTynenn — MT3, ucnonb3oBaHue BTOPOMl CTyNeHU Ha
3alUIAeMOH JIMHUM HE 11e71ec000pa3Ho.

[Tpu Hanmuuu Ha BJI TpancdopmaTopHbIX OTHaeK HEOOXOAMMO COIJIACOBAHHUE 3alllUThI JIU-
HUM C 3alUTaMu TpaHcpopmaropos. Ecnu Tpanchopmaropsl uMeroT auddepeHiaibHble TOKOBbIE
3allUThl, TOK cpabaTbiBaHus oTcTpauBaercs oT K3 Ha ctopone HH Tpancdopmaropos no ycnosuto
(3.10). ITpu ucnonp30BaHUM B Ka4eCTBE OCHOBHOM 3alllUTHI TpaHC(HOpMATOpa OTCEYKH MIHOBEHHO-
ro AeMcTBUsl, TOK cpabaThIBaHUS 3aIMUTHI JIMHUU COTJIACYETCs C TOKOM CpabaThIBaHUS OTCEUYKU IO
yenosuio (3.11). Ecnu tpancdopmaTopsl OTHalKy 3aIIMIIAIOTCS NPEIOXPAHUTENAMHU, HEOOX0IUMO
IPOBEPUTH COTJIACOBAaHME BPEMEHHM IUIABJIEHUS BCTAaBKM C BBLIEPKKOM BPEMEHHM OTCEYKHU
aHAJIOTUYHO TOMY, KaK 3TO C/IE€JaHO MPH pacueTax OTCEUKH Oe3 BBIAECP)KKH BPEMEHH.

B 3amure Tpancdopmaropa no puc. 3.1,0 oTceuka coryiacyeTcsi mo TOKy U BpeMeHU cpada-
THIBaHUS ¢ Hanbosee ObICTPOACHCTBYIONIMMH 3aIUTaMH IipucoearuHenuit cropousl HH tpancdop-
MmaTopa. Yacto Bce win XoTs Obl 0/1HA 3aluTa npucoeauHenust cropousl HH umeer tonbko oany
cryneb — MT3. B 3ToM cityyae Mcnosnb30BaHUe BTOPOM CTYNEHH B COCTaBE 3aLIUTHI TpaHCPOpMa-
TOpa He 11eJIeco00pa3Ho.

Pexxum Opocka TOka HaMarHMYMBaHMUS TPaHC(HOPMATOPOB MPU BHIOOpPE TOKA CpadaThHIBAHUS
BTOpPOIl CTYNEHU HE paccMaTpUBAETCs, T.K. CTYNEHb MMEET BBIIEPKKY BPEMEHH, MO HCTEUEHUU
KOTOPOH OpOCOK TOKa HaMarHU4MBaHUS CTAHOBUTCS HEJJOCTATOUHBIM JJIsl €€ cpadaThIBaHUSL.

B 3zammre 6oka «mHHSA-Tpanchopmatopy» (puc. 3.1,r) aHanms menecooOpa3HOCTH UCTIOJb-
30BaHUS BTOPOM CTYIEHU MIPOBOAUTCA TOJIBKO B CIy4ae HEOCTATOYHON UyBCTBUTEIBHOCTHU NIEPBOU
cTyneHu (oTceuku Oe3 BbIICPXKKH BpeMeHH) K aByx(daszHeiM K3 B KOHIE 3ammimaeMon JTHWHUH,
MIOCKOJIBKY BTOpasi CTYIEHb MOXXET oOecneuuTh 3ammTy oT Takux K3 ¢ BbLIEp)KKOH BpeMmeHw,
Menbien, yem MT3. OtcTpoiika Toka cpabarbiBanusi BTopoi cryneHu ot K3 Ha cropone HH mo
ycnoBuio (3.10) He TPOU3BOIUTCS, TTOCKOJIBKY 3TO MPUBEAET K HEAOCTATOYHON YyBCTBUTEIBHOCTH
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k K3 B KOoHIE nMHUM, aHAJIOTUYHO NEPBOM CTYNEHHW. B3aMeH IpOBOAUTCS COIJIaCOBAaHUE BTOPOM
CTYNEHU C OBICTPOACHCTBYIONIMMHU 3aluTamMu mnpucoeanHeHuit cropoubl HH Ttpancdopmaropa
AQHAJIOTUYHO PEKOMEHJAIUAM, MPUBEACHHBIM Js cxembl puc. 3.1,6. Ilpu 3Tom mpennonaraercs,
yT0 TpaHchopmarop u muHbl ctoponsl HH

Bo Bcex BapuanTax orctpoiiku ot K3 3a TpancdopmaTopoM paccmaTpuBaeTcs pekuM padbo-
Thl TpaHchopmaTopa ¢ mojiokeHreM pabouerd ormaiiku PITH, obGecrneunBaronieM MHUHUMAaIbHOE
COIMPOTHBIIEHUE TpaHCHOpMaTOpa.

Onenka 3pPpeKTUBHOCTH BTOPOM CTYIEHU MO KOA(D(PUIIMEHTY UyBCTBUTEIHLHOCTH MOXKET HE
npoBOIUTHCA. [ MPUHATHA pelieHus: O 1esecoo0pa3HOCTH BBO/A B JCHWCTBUE BTOPOU CTYNEHHU
JIOCTaTOYHO COIIOCTABUTh €€ TOK cpalaThIBaHMsI C TOKOM cpabaTbIBaHUSI OBICTPOACHCTBYIOIICH
nepBoii crynenu. CHMKeHne Toka cpabareiBanus Ha 10+15% moarBepikaaeT BO3MOXKHOCTh Ooliee
obicTporo oTkiroueHus K3 B HexkoTOpoi 30HE 3a mpeaenamMu 30HbI cpabaThIBaHHS OTCEUYKH 0e3
BBIIEP’)KKH BPEMEHM, UTO SIBJISETCS JOCTATOYHBIM JOBOJOM JJIsl BBOJIA B IEHCTBUE BTOPOM CTYIEHU
B COCTaB€ TepMHUHANA 3alIUTHL. J[OMOIHUTETHHO, YyBCTBUTEIBHOCTh BTOPOM CTYIEHH MOXKET ObITh
npoBepena o K3 B Hanboliee yqaneHHON TOYKe B Mpeaeax 3amuimaeMoro oobekra: Touka Kj Ha
puc. 3.7 wim Ha cropoHe HH npu BeimonHeHuu 3amuThl TpaHchopmatopa mo puc. 3.1,0.
TpeboBaHusi Ha MUHUMAaIbHOE 3HAUYCHHE KOAPPHUIMEHTa YyBCTBUTEILHOCTH BTOPOH CTYIEHH INIPH
Hamnuuu MT3 He npeabsasnsatorcs. [Ipu oTCyTcTBUM TEpBOW CTYIEHU, HAPUMED, M0 MPUUYHHE e
HyJIEBOH 3aIMTOCIIOCOOHOCTH, CIIEAyeT OLEHUTh 3alIUTOCIIOCOOHOCTh BTOPOH CTymeHH [ u
BBECTH ee B eiicTBue npu [ > 0.

3.4 IIpumepwvl pacuema omceuex

Bce ncnonp30BaHHbIE B IPUMEPAX TOKH B HArPY304HbIX pekUMax U pexxumax K3 nmosyueHsl
no nporpamme «TK3-M», kotopas B pexkumax K3 yuyuTsiBaeT Harpy304HbI€ COCTABIISIONINE TOKOB.

IIpumep 1. Pacyer celeKTUBHOM OTCEUKH 0€3 BbIIEPKKU BPEMEHHU.

Cxema cetu npuBesneHa Ha puc. 3.8. [lapamerpsl cetu: HanpsixkeHue cetu 10 kB. DkBuBa-
nentHas cucrema 3aiaHa 3JIC 11 kB u peakTUBHBIM CONPOTHUBIEHUEM B MUHUMAJIBHOM peXUMe 3
OM u B MakcumanbHOM — 1 OM. JIunum anexrponepenaun W1 + W2 umeror anuny 10 kM., TnHus
W3 — 7 kwm., yaenbHble conportusieHus junuit 0,1 + j0,4 Owm/km. Tpanchopmartoper: T1
Hanpspkenue 10/0.4 kB, momuocts 1,6 MBA; T2 nanpsbkenue 10/0.4 kB, momuocts 0,63 MBA.
Harpy3ku: H1 aktuBHas momuocts 800 kBt cos¢@ = 0,8; H2 aktuBHas Momuocth 400 kBt
cosp = 0,8.

Pacuem omceuxu TOI. Otctporika ot Toka Tpexdasznoro K3 B touke K. Pexxum cern,
o0ecreynBaroIuii MaKCUMaJIbHbIN TOK B 3amuTe: JIUHUS W2 OTKJII0UY€Ha, CONPOTUBJICHNUE CUCTEMBI

MUHUMaJIbHO. Tok B muaMn W 1 I}(<31) = 1134 A. TTo (3.1) umeem:
o, =1,2-1134 = 1361 A

Puc. 3.8. Cxema cetu aiis mpumepa 1.
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Otcrpoiika OT cymMMapHOro Opocka TOKa HamMarHu4MBaHus TpaHcopmaropoB T1 u T2,
IPOXOJALIETO Yepe3 3allUTy MPU BOCCTAHOBIEHUU MUTAHUS OT CHUCTEMBI B PEXKHME OTKIHOUYEHHON
auHun W2. HoMuHanbHble TOKM TpaHC(HOPMATOPOB, COOTBETCTBYIOIIME HMX MOUIHOCTH: [0y =

— 1600

Swow s tpancopmaropa T1: [oy11 = = = 92,5 A, nns tpanchopmaTopa
3 Uyom 3-10

T2: Loy = 030 5. 10 = 365 A Tlo (3.1) mveen:

o1 =2,5-(92,5+36,5) = 322,5A.
Bribupaem Ifo; = 1361 A.
3amMTOCIOCOOHOCTh OTCEUKH ompenenseM 1o (3.5), moacTaBisiss MOAYJIb MUHHUMAaJIbHOTO

conpoTuBiIeHUs cucTeMbl 1 OM ¥ MOAYIIb yIAEIbHOro conporTuBienus muaun 0,12 + 0,42 = 0,41.
g _g .p 100000 __1.1361
l _ C c C3 __ 3
TO1 — I -
Zyn1es 0,41-1361
Otceuka TO1 nMeeT HEHYIEBYIO 3aIIUTOCIIOCOOHOCTh M MCIIOIb3YETCS 3alUTE.
Pacuem omceuxu TOZ2. Otctpoiika ot Toka Tpexdasnoro K3 B Touke K,. Pexum ceru,
o0OecnieunBarOIIMi MakCUMaJIbHBIA TOK B 3amure: guHud W1 u W2 Ha napaiienbHoil pabore,

= 7,9 KM.

COTNPOTHUBIICHUE CUCTEMbI MUHUMAIBHO. ToK B iuHnu W3 I}g) = 595 A. Ilo (3.1) umeem:
o, >1,2-595 =714 A
Otcrpoiika oT Opocka TOKa HamMarHW4MBaHUs TpaHchopmaTopa T2 mpH BOCCTAaHOBICHHU
MUTaHud, HarpuMep, nocie ycnemnoro AIIB nuaun W3.
o, >25-365=913A
Buibupaem Ifo; = 714 A,
[IpoBepka uyBcTBUTENBHOCTH K AByXdazHomy K3 B konie nunum, Touka Ks. Pexxum cetn,
oOecrieunBarOIMi MUHUMAJIBHBIA TOK B 3aiuTe: JuHUS W1 OTKIItOU€Ha, CONPOTHUBIIEHUE CUCTEMBI
MakcuMainbHO. Da3Hble Toku B auHuU W3 npu K3 mexny ¢aszamu B u C: 1/(12) =97 A, I§2) =

584 A, 152) = 533 A. Tlo makcumanbHOMY (ha3HOMY TOKY orpejenseM Ko3(pQHUIHUEHT 4yBCTBH-
TENbHOCTH:

K,=5°8%_ ,=082A
ITockonbky 3HadeHHE KOX(Q(QHUIMEHTa YyBCTBUTEIBLHOCTH MEHbHIE IOIMycTHMOro K., = 2.0,

y'I[aJ'IeHHHﬁ KOHCI JTMHHUH OOJDKHaA 3allHIIaTb MT3, HMeEoIas AOCTaTOYHBIN KOB(I)(bI/II_[I/IeHT
YYBCTBUTCIIbHOCTH.

IIpumep 2. CornacoBaHle OTCEUKH C MPEIOXPAHUTEISIMHU.

1
/

M2 gy

T2

H2

Puc. 3.9. Cxema cetu 1y npumepa 2.
Cxema cetu mpuBeneHna Ha puc. 3.. [lapamerpsr cetu: Hanpspkenue cetu 10 kB. DxBuBa-
neHTHas cucreMa 3anaHa JJIC 11 kB u peakTUBHBIM CONPOTHUBIEHUEM B MUHUMAJIBHOM PEXUME 3
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OM u B makcumanibHoM — 1 Owm. JIunusa snexrtponepenaun W1 mmHoit 30 kM., yaenbHOe
conportuBnenue quauu 0,1 + j0,4 Om/kM. TpanchopmaTopsl OTIMAMKK yAAJCHBI OT MUTAIOIIETO
koHua JuHuK Ha 10 u 26 xm. Tpancopmaropsr T1 u T2: nanpsoxenne 10/0.4 kB, mouaocTs 0,63
MBA. Harpy3ka: H1 u H2 akrtuBnas momHocts 400 kBt, cos¢@ = 0,8. Tpancdopmarops
3amuuieHsl npenoxpanurensimu tuna I[1TK, na nuaun npegycmorpeno AIIB.
Pacuem omceuku TO. Pexum cetu, o0ecrieunBaomnii MaKCUMAaJIbHBIA TOK B 3alIUTE: CO-
IIPOTUBJIEHUE CUCTEMBI MUHUMAJIBHO.
Ortcrpoiika ot Toka TpexdasHoro K3 B touke K;.Tok B mmaun W1 I}(é) =442 A. ITo (3.1)
UMeeM:
lfg=1,2-442=530A
Ortcrpoiika ot Toka Tpexdasnoro K3 B touke K,.Tok B mmaun W1 I}(é) =403 A. Ilo (3.1)
UMeeM:
It >=1,2-403 =484 A
OTtcTpoiika OT CyMMapHOTO Opocka Toka HamarHnuuBaHus TpanchopmaropoB T1 u T2 mpu
BOCCTAHOBJIEHMH ITUTAHUS OT CUCTEMbI, AHAJIOTUYHO IIpumMepy 1:
o >25-(92,5+36,5) =322,5A
Bri6upaem 1, = 530 A.

3ammTocrnocoOHOCTh OTceukH 10 (3.5):

10000 _ _1.53p
E.—Z.- Icl.3 _ 3

1 .
Zyn - Ies 0,41 -530
B sony neticteus orceukn moman tpancdopmarop T1. Homuuanembli TOK I, TIaBKUX

npepoxpanuteneir tuma IITK nHa cropone 10 kB mgokeH COOTBETCTBOBATH MHHHMAIbHON
MOIIHOCTH TpaHcopmaTopa:

S.om [MB-A] | 0063 | 0,1 0,06 | 025 0,4 0,63
I, [A] 10 16 20 31,5 50 80

= 24,2 KM.

Ha BBOne Tpancdopmaropa T1 ycranosnen npenoxpanurens [ITK ¢ HOMUHAIBHBIM TOKOM
80 A. OmnpenensieM BpeMsl IUIABJIEHUS BCTaBKU IIPU TOKE YEpE3 MPENOXPAHUTEIND, COOTBETCTBYIO-
IIeM TOKY cpabaTbIiBaHUS OTCEUKH. IIpn 3TOM TOK, MPOXOJAIIUI uepe3 NpeJoXpaHnuTeb, OepeM ¢
kodpduuuentom 0.8, uto yuutsiBaet pa3opoc xapakrepuctuk: 530-0,8 = 424 A. I1o BpemMsATOKOBOM
XapakTEepUCTHKE IUIAaBKMX IpeloOXpaHuTeNel Bpems IulaBieHUs BCTaBku t;, = 0,5c. s
ucnpanienus aeictsueM AIIB BO3MOXHOIro HeceleKTUBHOro cpabarbiBaHMs oTceduk npu K3 B
Touke K3 BBOAMTCS BBIAEPIKKA BpEMEHH cpabaThiBaHHSA OTcedkH trg = 0,5—0,1 = 0,4 c., rae
Bpems 0,1 c. yuuThIBaeT BpeMsl OTKIIIOUEHHS BBIKJIIOUATEIS TMHHUM.

Ilpumep 3. Pacuer HeceneKTUBHOM OTCEUKH.

| ™ W1 | Y W2

T1

k3" Y H1

Puc. 3.10. Cxema cetu ansa npumepa 3.

Cxema cetu npuenena Ha puc. 3.10. [Tapamerpsr cetu: Hanpspkenue cetu 10 kB. DkBuBa-
nenTHas cuctema 3aaana JJ[C 11 kB u peakTUBHBIM CONPOTUBIEHHUEM B MUHUMAJIBHOM peXuUMe 3
OMm u B makcuManbHOM — 1 OM. Jlunum snexrponepenaun W1 u W2 nmunoi 20 kM., yJaelnbHbIE
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conporuBnenus juaun 0,1 + j0,4 Om/xkm. Tpanchopmartops: T1 u T2 nanpspkenue 10/0.4 B,
momHocTh T1 1,6 MB-A u T2 0,63 MB-A. Harpy3ka: H1 aktuBnas momuocts 800 kBT, cos ¢ =
0,8 m H2 aktuBHas momuocts 400 kBT, cos @ = 0,8. Ilo ycrnoButo pexrMa ceTh HEOOXOIUMO
oTkioueHrne Tpexdasupix K3, mpu KOTOpBIX OCTaTOYHOE HAIpsHDKEHHE Ha IIMHAX MHUTAoIeH
noactaniuu coctaBisieT Uyer = 0,6Uoy-
Pacuem cenexmuenou omceuxu TOI. Otctpoiika ot Toka Tpexdaznoro K3 B Touke K;. Pe-
UM CETH, 00ECTIeUYMBAIOIINI MAaKCUMAIBHBIN TOK B 3aIIUTE: COMPOTUBICHUE CUCTEMbl MUHUMAIIb-
HO. Tok B unuu W1 I}((i) = 626 A.Ilo (3.1) umeem:
o, >1,2-626 =750 A.
Otcrpoiika OT cymMmMapHOro Opocka TOKa HamarHM4MBaHUs TpaHcopmaropoB T1 u T2,
aHAJIOTMYHO npumepy 1:
o1 >2,5-(92,5+ 36,5) = 322,5 A.
Bri6upaem Iy, = 750 A.
Pacuem cenexmuenou omceuxu TO2. Otctpoiika ot Toka Tpexdaznoro K3 B Touke K,. Pe-
UM CeTH, 00ecreunBaroIINi MaKCUMAJIbHBIN TOK B 3aIUTE: COPOTUBICHUE CUCTEMbl MUHUMAIIb-
HO. Tok B uaun W3 1}532) = 320 A. Tlo (3.1) umeewm:
o, =1,2-320 = 384 A
Otcrpoiika oT Opocka TOKa HamMarHW4MBaHUs TpanchopmaTopa T2 mpH BOCCTAaHOBICHHU
MUTaHud, HarpuMep, nocie ycnemxoro AIIB nuaun W3.
o, >25-365=913A
Bri6upaem Iy, = 384 A.
N3 ycnoBus otkimouenus: Tpexdaszubix K3, npu KOTOPBIX OCTATOYHOE HAMpPsDKEHHE Ha IIU-
Hax nurtawomei noacraniuu cocrasiser U, = 0,6 mo (3.7) umeeM TOk cpabaThIBaHUS HECEJCK-
TUBHOI OTCEYKH:

10000 _
UHOM(]‘ — Kyocr) _ \/3 (1 0'6)

IOTC.HC Kq_aon ZC 1,1 . 3
[Tony4yeHHOe 3HaueHHE MEHbIIE TOKa CpadaThbIBaHMs CEJIEKTHMBHOM OTCEYKH, M3 YEro cienyer
HEOOXOJUMOCTh YCTAaHOBKM Ha JUHUM W1 HECceneKTHBHOM OTCEUKH C TOKOM cpabOaThIBaHUS
Ito14c = 701 A
ITockonbKy B 30HY JIeHCTBHS HECENEKTUBHONW OTceuku nomnan Tpanchopmatop T1, mposeps-
eM oTcTpoiiky oTceuku oT K3 3a tpancdopmaTopom B Touke K3 MakcumanbHbIN TOK B 3allIUTE HpU
tpexdazHoM K3 B Touke K3 paBen 449 A. Tok cpabGaTbiBaHMsI JOJDKEH ObITH OoJible 3HaYeHus 1,2 -
449 = 539 A, npu npuHsTOM I10; .. = 701 A yc0BHe BBINOJTHEHO W OTCEYKa oTcTpoeHa oT K3 3a
Tpancpopmaropom T1.
[Tposepsiem cornacoBanue orceuek TO1 u TO2. Cornacho (3.8) ans corimacoBaHusi OTCEUYEK
HE00XO0/IMMO BBINOJIHUTh YCIIOBHE:
11 IOTC.HC 701

< =
02 = KOTC ’ KT 1,1- 341

=701A.

= 598 A.
320
Jlns mpumsToro I+, = 384 A ycoBHe BBIIOIHEHO, KOPPEKIUS TOKA CPabaTHIBAHMS OTCEU-

ku TO2 He TpebyeTcsi.

HpI/IMC‘-IaHI/IC. B MNPUBCACHHOM pPACUYCTC COOTHOMICHUC TOKOB 341

32( Ompenemsier Kood-
¢ument tokopacnpenenenus npu K3 B Touke K», kotopast npumepHo cootBercTByeT K3 B KOHIIE
30HBI AeficTBusa oTceukn TO2. Ilpu mpuOMMXeHWH ToKa cpabaThBaHMS Ify, K 3HAYeHHIO MO
ycioBuio (3.8) cneayer nmpoBOAUTH O0jee TOYHBIA pacdeT KodPhUIIMEHTa TOKOpACTIpeIeICHHUS 0

HpHBC,Z[CHHOﬁ BBIIIIC METOJHMKCE.

3.5 Makcumanvnas mokosas sawuma (111 cmynens)

CTyrICHB BXOJHUT B COCTaB TOKOBOM 3aIlIUTHI BCEX OGBCKTOB, IMPUBCACHHBIX HAa PHUC. 31, u
BBITIOJIHACT q)YHKHI/II/I 3alIMTBl CBOCTO INPHUCOCAMHCHHA, a TaKXKC p63€pBHOI>'I 3allUThl CMEXKHBIX
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npucoequHeHni. [Ipy HaaMYUM B COCTaBE 3aLIUTHI OTCEUEK, MMEIOIUX JOCTATOUYHBIH KO3 PHUIIHU-
€HT 4yBCcTBUTENbHOCTH Tpu K3 B mpepenax 3amuinaemMoro npucoenuHeHus, MT3 BbeimonHseT
¢GyHKIMU OMMKHETO pPE3epPBHUPOBAHMSA, B MPOTHBHOM clydyae — (DYHKIMM OCHOBHOM 3all[UTHI
IIPUCOEANHEHHNS, HA KOTOPOM OHAa YCTaHOBJICHA.
Tox cpabateianus MT3 I/ BriGupaeTcs mo ciemyromuM ycnoBusm:
® OTCTpOIKa OT MAaKCUMAJIbHOI'O TOKA B 3aIIMUTE C YIETOM CaMO3alycKa JBUIaTelbHON
Harpy3ku nocie ycnensoro AIIB 3amuniaemoro npucoejuHeHUs:
IcI.IBI = Kore * Kesan * Ipa6.ma1<c (3.12)
® OTCTPOIKa OT MAaKCUMAJIBHOI'O TOKA B 3aIUTE C YYETOM CaMO3aIlycKa JABUIaTEIbHOU
Harpy3Ku nociie OTKJIroueHus BHemHsero K3:

Kcsan ’ Ipa6.MaKc

11
IC.3 2 KOTC K (313)
B
e coryacoBaHue TOKOB cpabaTeiBaHusi MT3 CMEKXHBIX PUCOSAUHEHHH.
11 11
Iz 2 Kore " K+ Iesem. (3.14)

B Beipaxkenusix (3.12) + (3.14):

Kyrec — K03 dunment orctpoiiku, Ky = 1,2;

K, — ko3 uureHT Bo3Bpara peie Toka, A MUKpONnpoLeccopHbIxX 3aumt K, = 0,95;

Kezan — K03 duumeHT camozamycka, YIUTHIBAIOIIUI BO3pacTaHHE TOKAa MPU CaMO3aIyCcKe
JBUraTeJIbHOW HAarpy3KH I1OCJIE€ BOCCTAHOBJICHUS TUTaHUS;

Iya6 maxe — MAKCHUMAJIbHBIN pabO4nii TOK, NPOXOJSIIUA [0 JIUHUKA B PACCMATPUBAEMOM pe-
KUME;

11, — Tok cpabaTeiBanns MT3 cMeXHOTO IIPHCOETMHEHNS;
K, — K03 GUITUEHT TOKOPACTIPEICIICHHUS.

/W2

b
A W1 ) |y
@_Hj >, ™ E ¥ " H2
Hq Y (MTSe

Puc.3.11. Pacuer MT3

Ha puc. 3.11. npuBeneH ¢pparMeHT ceTH, WUIIOCTPUPYIOLIUI pacdyeT ToKa cpabaTbIBaHUS
MT3 ronosHoro ydactka jnuHui. Ilpu pacuere lpasmaxc B BbIpakeHuu (3.12) paccMarpuBaeTcs
PEKUM MaKCHUMAJIbHOM Harpy3kH CETH, IUTAEMOM 4Yepe3 3alUINAeMOE NPUCOECIUHEHUE — CyMMa
tokoB Harpy3ku H1 m H2. Kak npaBuio, pexum COOTBETCTBYET OJAHOBPEMEHHOMY MaKCUMyMY
Harpy3ku Bcex norpeOuteneil. Eciu MakcMMyMbl Harpy30K He COBIAJAIOT MO BPEMEHH, Harpy3Ku
YUUTBIBAIOTCS pealbHBIMU 3HAYEHUSIMH NOTPEOISIEMON MOLITHOCTH.

B Beipaxkenun (3.13) yuutsiBaetcs Harpy3ka H1, ocraBmiasics mocie OTKIIOUEHHs TMOBpe-
XKJACHHOro npucoeaunenus: — nuaun W2. Ilockonbky npu BHemHeM K3 pene Toka oka3biBaeTcs B
cpaboTaBIlIeM COCTOSHUY, Mocie oTKItoueHNs K3 OHO 10JIKHO BEpHYThCS B HCXOJHOE MOJIOXKEHHUE,
yT0 B BhIpaxkeHuH (3.13) yureHo koa¢duiireHToM BO3Bparta.

CornacoBanue 1o (3.14) TokoB cpabaThIBaHUS 3aLIUT: TPOEKTUPYeMOil — Ha puc. 3.11 06o-
3HaueHO «MT3» u cmexnoi — «MT3cnm», MTO3BONSIET 00ECTIEYNTh CEIEKTUBHOCTD MPU YIaJICHHBIX
K3, xorna cmexuas MT3¢y HAXOIUTCS IO YyBCTBUTEIHHOCTH Ha TPaHU CPaOaThIBAHHUS.

1

I
Koa¢ppuument rokopacnpenenenus K, = "+ ;  paccuutsiBaercs mo Tokam B auHAsX W1
2

w

u W2 nipu K3 Ha rpanuiie 30ub1 cpabatbiBanus MT3cy. DnekTpuueckas yaaneHHOCTh Touku K3 ot
MmecTa BKItoueHHs] MT3cm 3amaercs GUKTUBHBIM COMPOTUBIEHUEM Z,, PACCUUTAHHBIM MPHOIIH-
’KEHHO 10 BbIpaxkeHuto (3.4) wiu TouHo no Beipaxkenuto (I11.3). PaccmarpuBaercs pexum padoTh
CeTH, MPUBOMALINN K MaKCUMaJIbHOMY 3HAu€HHIO KOX(QQHUIMEHTa TOKOpPACHIpEAETICHUs, YTO s
ceT puc. 3.8 COOTBETCTBYET MakcHMalibHOM Harpy3ke H1. Cienyer oTMeTUTB, 4TO TOCKOJIBKY IIPU
K3 na rpanune 30nb! cpabateiBanust MT3cy Tok B uHun W2 paBeH TOKy cpalaThIBaHUs: [y, =

[ . Torna BeIpaxkeHHe I KOd(OHUIMEHTa TOKOPACIIpEeNeH s 3aMuchiBaeTcs B Buae: K, =
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I = fw1 - Coorromenne (3.14) mprobperaet BUL I¢y = Kore " K * I ow. = Kore * w1

1 w2 C.3.CM.

U3 Yero ClIeJyeT, YTO MO CYLIECTBY OTCTPOMKA BEAETCA OT TOKA, MPOXOSIIETO B MPOSKTHUPYEMOM
MT3 npu K3 B ykazanHo# TOUKeE.

B nekortopeix ciydasx [17, 18] Becbma mpubiamkeHHO TIpH pacuere TokoB K3, HeoOxomu-
MBIX JJi onpesesieHus ko duuuenTa TokopacipeneiaeHus K., Harpy3ky B cxeMe 3aMelIeHHs] CeTU
HEIMOCPEICTBEHHO HE YYWTBHIBAIOT, T.€. 33Jal0T PEKUM XojiocToro xoxa. ms cxemsl puc. 3.11 B
3TOM cinydae nomydnM K, = 1. Harpy3ka yuuThIBaeTCsi KOCBEHHO IyTeM J100aBJICHUS K YKa3aHHO-
My B (3.13) Toky cpabareiBanus cmexnoit MT3 I Toka marpysku H1, cooTBeTCTByIOLIErO HE
pexumy K3, a Harpy3zouHomy pexumy. Takoil MeTOJ ydyeTa Harpy304HOM COCTaBJISIOIIEH MOXKET
3aMETHO YBEIMUYUTh TOK cpabarbiBaHusi MT3. CenekTUBHOCTH 3alllUThl OyneT obecrieueHa, HO
YYBCTBUTEIBHOCTh 3aHMKEHA 110 CPABHEHUIO C IIOTEHIIMAIIBHO BO3MOKHOM.

[TonydaeMmble pu 3TOM NOTPEUTHOCTH WILTIOCTPUPYIOTCS B puMepe 4.

Ipumep 4. TlpoBoautcst pacder Toka cpadaTeiBanus MT3 rooBHOTO ydacTka JIMHUMN, IPU-
BeZIeHHBIX Ha puc. 3.11. B mpumepe paccMarpuBaeTcst TOJIbKO pacueTHoe ycnoBue (3.14).
[Tapamerpsl ceTu:
e Cerb 10 kB, D/IC cuctemsl 10 kB, conporusnenue cucremsl Z. = 0 + j1,0 Om;
e uuusA ymHOK 20 kM, ynenbHoe conporusinenue Zy, = 0,1 + j 0,4 Om/km, compo-
TUBJICHHE JIMHUU Z,,; = 2 + j8 OMm
e TOK cpabaTeiBanus cmexHoit MT3 1M = 150 A;
e akTuBHAas MolHocTh Harpy3ku H1 P =5 MBT, cos ¢ = 1,0;
e Harpyska H2 otkiouena.
Tok Harpysku ¢ yd4eToM MaJeHMs HANPSIKEHUsS HA CONPOTUBIEHUSAX Z. U Z,1 HECKOJIBKO
MEHBbIIIE, YeM TOK, COOTBETCTBYIOIIMI MOUIHOCTH HAarpy3Ku, U paBeH [; = 243 A, cOonpoTHUBIICHHE
Harpy3ku Z,; = 20 + jO Om.

Pacuem c yuemom nazcpyzounou cocmasnsaoweti 6 pesxcume K3, pasnoti nonnomy moky
HAa2py3KU.
B cootBercTBum ¢ pekomenganusimu [17, 18] B Boipaskenuu (3.14) 1ONOTHUTENBHO YUUTHI-
BaeTcs TOK Harpy3ku H1, paBubiii 243 A.
=12 150 + 243 =471A.

Pacuem c yuemom peanvroii nacpyzounoti cocmasnsaowel 6 pedxcume K3.
Ipubnusicennwiii pacuem uUKMUH020 conpomueierus Z,.
[IpoBoaMM HayaJIbHYIO OLIEHKY (DMKTHUBHOTO COMPOTHUBIIEHUS 110 (3.4,a):

1.0 -10000
Zps = e _ V3 _ 385 om
AT Drscm 150 ’
[TonpaBounslit ko3 durment mno (3.4,6):
ZA.Ha'{ 38;5

K, =0,81

" Zppaa+ Zy1+Z. 385+ 248 +j1
¥ YTOYHEHHOE 3Ha4eHne QUKTHBHOTO conporuBnenus: Z, = 0,81 - 38,5 =Owm.

ITpu tpexdaznom K3, snexkrpuuecku ynaieHHOM Ha conpotuBienue Z, = 0+ j31,2 or
e nojactaHiuu b ok B muauu W1 pasen [, =238 A, a B QUKTUBHOM CONPOTHUBICHUU [}, =
128 A.. Tok cpabateiBanus MT3:

[=12-238 0150 =334 A,
410 Ha 41% MeHbIlIe IOIYyYEHHOTO 110 pekoMeHaanusm [17, 18].

OTtmeTHM, YTO TOK B (DUKTUBHOM CONPOTUBICHUHM 3aMETHO MEHbIIE TOKa cpabaThIBaHUS
MT3cpm, 4TO CBUAETENBCTBYET O CYLIECTBEHHOW MOTPEIIHOCTH pacyera 3HaueHHsl (PUKTUBHOTO
COTPOTHUBIIEHUS MO MPUOIMKEHHON MeTonuke. [lomydyaemas MorpemHocTs He MpPUBEET K MOTepe
CEJIEKTUBHOCTH 3aIIUTHl, HO CHMXAeT €€ KO3(PPHUIMEHT UYyBCTBUTEIBHOCTU MO OTHOLIEHUIO K
MOTEHLHAIBHO JOCTHKUMOMY.

Tounwiti pacuem pukmuernoco conpomueieHus Zy.

50
http://energo24.ru



[TpoBoaum pacuer ¢uktuBHOrO comnporuBieHus mo (I11.3). [TogcraBuB akTUBHBIE U peak-
TUBHBIE COCTABJISIONINE COMPOTUBICHUI MCXOAHON CXEMbl CETH, MOJyyaeM 3HadeHHs! Kodpuiu-
enToB: A =565, B =7200, C =-566798. M3 dopmymnsl (I11.3) onpenensem 3HaueHue GUKTUBHOTO
conporusnenus Z, = 25,9 Om.

[Tpu Tpexdaznom K3, snextpuuecku ynaieHHOM Ha conpotusienue Z, = 0 + j25,9 Om ot
muH noactaHimu b, Toxk B nuHum W1 pasen [, =244 A, a B (UKTUBHOM CONPOTHBIICHHU
Iy, =149 A — mnpakThueckw coBmamaer ¢ TpeOyembiM TOKoM cpadaTteiBanusi MT3cm. Tok
cpabatbiBanust MT3:

I = Kype - Ky - 10, = 1,2 24% 0150 = 293 4,
yT0 Ha 61% MeHblIe NOJIy4eHHOT0 MO0 pekoMeHaauusam [17, 18].

OtmeTHM, UTO B IPUBEACHHBIX YCIOBUAX TOK B JInHUU W1 B pexxume K3 okazancs npakTu-
YECKU PaBHBIM TOKY B Harpy304HOM pexume. Takoe COOTHOIIEHHE TOKOB MOXET BO3SHUKATh U HE
JIOJKHO BbI3bIBaTh HeloyMeHus. OT IIMH MOJACTAaHIMM b TOKM MpoXonaaT 1o JByM KOHTYpam: TOK
149 A na touky K3 uepe3 comporusnenue Z, = 0+ j259 Om u Toxk 193 A B nHarpysky HI,
umerouyto conportusienne Zy; = 20 +j0 Om. Moaynu conpoTHUBIEHUH COU3MEPUMBI, a THUI
pa3IuyYeH: aKTUBHOE COIPOTUBIIEHUE B Harpy3Ke U MHAYKTUBHOE B HamnpaiieHuu K Touke K3. da3ebl
TOKOB oTmuuarorcs Ha 90°, MOSTOMY HX 6ekmopHoe CIOXKCHHE NPUBOLUT K MOMYyYCHHOMY
pesynbTary. Touka K3, pacmonoxeHHas 3a (UKTHBHBIM COINPOTHBICHHEM, B CBOIO OYepenb
ABIsETCS (PUKTUBHOM M HE COOTBETCTBYET HUKAaKOW pealbHOM TOYKe B NpuBeAeHHOW ceTu. Ee
Ha3HAY€HHE — BCEro JIMIIb 00ECIEeYUTh BO3MOXHOCTh MOJIEJIIMPOBAHMSI HAIPy30UYHOM COCTaBIIsIO-
uieii B yenoBusix K3, mpu koropom M T3¢y HaxoauTcst Ha TpaHu cpabaThIBaHUS.

Buvisoo. Ecnu onpenenuBmiuM BbIOOp TOKa CpabaThIBaHUS PACUETHBIM YCIOBHEM SIBISETCS
(3.14), u npu 3TOM MOJyYyeHbl HE JOCTAaTOYHbIE 3HAUEHUS KOA(P(HUIMEHTOB YyBCTBUTEIBHOCTH,
renecoo0pa3eH pacyer 1Mo YyTOYHEHHOH METOJMKE, KOTOPBIH MO3BOJSET MOBBICUTH KOA(PPHUIIMEHT
YyBCTBUTEIBHOCTH HA JIECSATKH MPOLEHTOB IO CPAaBHEHUIO ¢ IPUOJIMKEHHBIM pacueroM 1o [17, 18].

D¢ hexkTHBHOCTh 3alIUTHI OIEHWBAETCS KOd(pUIMEHTaMH 4YyBCTBUTENBbHOCTH Tpu K3 B
KOHIIE 30Hbl OCHOBHOT'O AEUCTBUS K oy — HA YJAIEHHOM KOHLIE 3alMIIAEMOI0 MPUCOETIUHEHUS, U
npu K3 KOHIE 30HBI Pe3ePBHOrO NEHCTBHS K, pe; - HA YOAICHHBIX KOHIAX BCEX CMEXKHBIX C
3aluIiaeMbIM  npucoequHeHusx, Bkiatodas K3 nHa cropone HH TpanchopmaTtopoB oTmaiiku.
JloKHBI OBITH 00ECTIEYEHbl MUHUMAIbHBIE 3HAUCHUSA Ky ocn = 1,5 ¥ Ky pes = 1,2 B Hauxyammx
pexuMax paboThl CETH, MPUBOJAMIMX K MHUHUMAJbHO BO3MOXKHBIM TOoKaMm B 3amure npu K3 B
pacueTHbIX Toukax. PaccmaTtpuBatotes nyxdasnsie K3.

3HayeHus Ko3PPUIHUEHTOB YyBCTBUTEIBHOCTH MpH (hpuKcupoBaHHON Touke U Buae K3 mo-
TYT OTJIMYAThCS JJIS pPa3HbIX CXEM IOJKIIIOUEHHs pene Toka K TpaHcdopmaropam Toka. Ha puc.
3.12 mpuBeeHO conocTaBiIeHUe KO PHUINEHTOB YyBCTBUTEIBHOCTU CXEM «3BE3/Aa» U «TPEyrojb-
HUK» npu 1ByX(pasnom K3 mexny ¢azamu B u C B Toukax K; u K,. BexktopHble 1uarpaMmMbl TOKOB
MOCTPOCHBI 0€3 ydeTa Harpy3o4Hoil cocraBisomeil B Toke K3, 4TO COOTBETCTBYET pexUMY
X0JI0CTOrO X0ja B mpenuectBytomem K3 Harpy3souHom pexnme. 3Ha4eHHs] TOKOB NPUBEICHBI B
YCIIOBHBIX OTHOCHUTENBHBIX €IMHUIAX [0.€.], TO3BOJSIOMUX OTOOPa3UTh COOTHOILICHHE TOKOB B
pasHbIx pene 3amuThl. C ydgeroM koddduimenta cxemsl B (3.2) TOK cpabaThIBaHUS 3aIUTHI CO
cxemoii «3Be3a» Iepy = 1 0.e. U co cxeMoil «TpeyromsHuK» Icp 4 = V3 0.e. B Mukpompomeccop-
HBIX T€PMMHAJaX HMCIOJb3YeTCsl TpeXpeselHas cxema ¢ KOHTPOJIEM TpeX TOKOB, MOCTYMAIOIIUX C
BBIXOJIa CXeMBbl COOpKHM TpaHC(HOPMATOPOB TOKA, MPU 3TOM, B CiIydae MOJKIIOUEHHUS K CXeMe
«HETIOJIHAS 3B€3/1a», TOK TPEeThel (pa3bl BOCCTAHABIMBAETCS PaCUe€THBIM MyTeM. YyBCTBUTEIBHOCTh
TPEXPEJIEHHON CXEMBI IPOBEPSIETCSA 10 PEJIE C MAKCUMAJIbHBIM TOKOM.

IIpu HenmocrarouHod uyBcTBUTENbHOCTH MT3 B €e cocTaB BBOAMTCSA IMYyCKOBOW OpraH
HanpsbkeHus (IIOH), obecneunBarommii HecpaOaTbIBaHHE 3AIIUTHI B PEKUMAX MOBBIIIEHHOTO TOKA
MIpHU MyCKe U camo3arycke asuratenbHoi Harpy3ku. [Ipu BBome [TIOH B dhopmynax (3.12) u (3.13)
MpUHUMAETCs 3HaUYeHne Kodduinenta camosamnycka K., = 1,0.

[lepBuyHOe HampspkeHHe cpabaThIBAaHUS MUHUMAJIBHOIO pelie HANps KeHHUs, BKIIOYEHHOTO
Ha MexydasHoe HanpsokeHue U g, BpIOUpaeTcs u3 ycnosui [19]:
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BO3BpaTa pelie Mociie OTKJIIo4YeHns BHenHero K3:

U .,
Ussmg < ﬁ (3.15)

OTCTPOMKH OT HAIpsKEHMsI camo3altycka rnpu BkintoueHuu ot AIIB unu ABP 3atop-

[ ]
MOYKE€HHBIX JIBUTATEIIEN HATPY3KU:

Usan
ch.Md) = Kore (3'16)

rae Uy, in- MUHUMAJIBHOE HANPSDKEHUE B MECTE BKIFOYECHHS 3alIUTHI B YCIOBUAX CaAMO3aIlyC-
Ka mociie oTkiodYeHus BHemnux K3, onpexnensercs pacueToM, TpuOIMKEHHO MOXKET OBITh PUHSATO

Umin = (0185 - 0'9)UHOM;
U3ar1 - MUHHUMAJIbHOC HAIIPSAXKCHHUE B MCCTC BKIIIOYCHUA 3allUThI B YCIOBUAX CaMO3a-

MycKa 3aTOPMOXKEHHBIX ABurareniei Harpysku nocie AIIB unu APB, omnpenensiercs pacuerom,

MPUOJIMIKEHHO MOXKET ObITh MPUHATO U,y = 0,7Ug 003
Kyrc — K03 dunment orcrpoiiku, Ky = 1,1;
K, — koapunmeHT Bo3Bpara, Al MEKPOTpoLecCOpHbIX 3amuT K, = 1,04.

W2 /
= 7
[
K1
A B C A B C
Ika1 Ika1
: Ika2 > x4z
_,_.._>IKA3 J _|_>IKA3
el oo .
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BekTopHas K K
avarpaMmma 1 2
B Touke K3 1 < w15 Ipdc-l 14_._>C Is 1y 1e-1
B mecTe Ic I B L I Li=Tc=1
Bkn. MT3 - Is=Ic=1 ::'—’ I=2
Ic
A Ika1 Trsz ;ziéngA_?:] Ika1 Traz II;(AZ:;\I;‘;I=3
q=
m;; > Ka=2~3
Ikar Ixka1=Ik43=1
PN Ika3 Ixa2 Ixaz=Ika3=1 T4z Ika2=2
- Ku=1/1 I Ku=2/1

Puc.3.12. KoaddunueHTsl 4yBCTBUTEIBHOCTH TOKOBOM 3aIIUTHI.

[lepBuuHOE HanpspKkeHUE cpabaThIBaHUSI MAaKCUMAJIbHOTO PEJie HAPSDKEHUS B COCTABE KOM-
ounupoBanHoro I[IOH, BkitoueHHOro Ha HampsLDKEHHE OOpaTHOW mocienoBaTteabHOCTH U, 5,
BBIOMPACTCS U3 YCIOBUI OTCTPOMKH OT HeOajlaHCca B HATPY30YHOM PEKHME:

Uc3.2 = 0r06UH0M (317)

UyBCTBUTEIBHOCTh MHUHHMAJIBHOTO pelie HampspKeHUs, BKIIOYEHHOTO Ha MexaydasHoe
HaIpsKEHUE, IPOBEPSAETCA 110 COOTHOIICHUIO:

e npu orcyrctBud B [IOH KoHTpoOsst HanpsikeHUst 0OpaTHOW MOCIEA0BATEIbHOCTH:

U
Kopgy = (3.18,)

U3.max

e 1pu HaaMuuu KoMGuHHpoBaHHOTO ITOH ¢ KOHTpOJIeM HampspkeHUs OOpaTHOM I1o-
CJICOOBATCIIBHOCTH:
U - K
Ko = —22_0 (3.18,6)
U3.max

UyBCTBUTEIHHOCTh MAaKCHMAJILHOTO PeJie HaNpsOKEHUs, BKIFOUEHHOTO Ha HampshKeHHe 00-
paTHOM MOCJIEIOBATEIILHOCTH:
K., = U2.min

4.2 — U

3.2

B ¢opmymax (3.17) + (3.19):

U, max — TEpBUYHOE MEXTyha3HOE HAMPSIKEHUE B 3aIIUTE (OCTATOYHOE HANPSDKCHHUE) TpHU
K3 B pacueTrHoll Touke B pexumax pabOThl CeTH, OOECHEUMBAIOIIMX MAaKCHMaJlbHOE 3HAu€HHUe
HaIpsKEHUS;

U, min — MEPBUYHOE HATIPSDKEHUE OOPATHOM MOCIIEOBATETLHOCTH B 3allUTe MpH JIBYX(Da3-
HbIX K3 B pacueTHOI ToUYke B pekuMax pabOThl CETH, 00ECIIEUYNBAIOIINX MUHUMAIBHOE 3HAUYCHUE
HaIpsKEHUSI.

Pacuernbie Toukn K3 1 TpeGoBaHus Ha MHHUMAIBHO JOMYCTUMBIC 3HAUYCHHS KOd(DPHUIneH-
Ta YyBCTBUTEIBHOCTH — T€ K€, YTO W MpPH pacueTe YyBCTBUTEIBHOCTH MO TOKY. BbIpaxkeHue
(3.18,0) wucmonb3yercss npu Hamuuuu koMOuHHpoBaHHOro IIOH, npuuem 3HaueHue U, nqx
paccuuThiBaeTcs Tolbko mpu TpexdasHom K3, mockonbky Ha aByxdaszueie K3 pearupyer pene
HaIpsDKEHUs, BKIIOYEHHOE Ha 00paTHYIO MOCIen0BaTebHOCTh. Bripakenue (3.18,a) ucnonsizyercs
npu oTcyTcTBUM KomOuHMpoBanHOTo [TOH, mpuuem 3nauenue U, 4, PACCUUTHIBACTCS MPHU BCEX
Bunax K3. B amroputme [IOH BwIOMpaeTcss MHUHUMaIbHOE 3HAYCHHE W3 BCEX MeEXAy(]a3zHbIX
HaANpPsDKEHUH, KOTOPOE U CIEAYET MCIOb30BaTh B (3.18,a).

(3.19)
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Boinepixka Bpemenn MT3 Ty, BBIOMpacTCs U3 yCIIOBHSA COTIIACOBAaHMs C BpEMEHAaMH cpaba-
THIBaHHUSI TOCIEAHUX CTYMEHEH 3alllUT BCEX CMEXHBIX (MPEeIbIaylIuX) MPUCOECTUHEHHH, Oonee
yIaJeHHBIX OT MCTOYHWKA TMHUTAHHS, YeM IPOCKTUpyeMmas 3amuTta. PacyeT BBIACPKKHA BPEMEHHU
3aBHCUT OT XapakKTepa BpPEMATOKOBOM XapaKTEpUCTHKU COIJIACyeMbIX 3aluT. Bo3MOXHBI
HE3aBUCHMbIC M 3aBHCHUMBIC XapPaKTEPUCTHKH C PA3HBIMH TUIAMH 3aBHCHUMOCTH BPEMEHHU
cpabaTbIBaHMs OT BXOJHOTO TOKa, TJiaBa 2, BeIpaxkeHus (2.3)+(2.5). AnropurmMom, peannu3yronum
3aBHCUMBIC XapaKTEPUCTHKH, BHIOMpAECTCS MaKCUMalbHOE 3HAYEHHE M3 TOKOB, MOCTYHAIOUIMX B
TEPMHHAJl Ha BBIXOJIE€ CXEMbl COOPKH TpaHCPOpPMATOPOB TOKA, MOSTOMY IMPU pacyere BpeMEHU
cpabarbiBanust MT3 B BeipakeHusix (2.3)+(2.5) cienyeT MCIoiab30BaTh MaKCUMAaJIbHbIC 3HAYCHUS
TOKOB.

CornacoBanue He3aBUCUMBIX XapaKTEPUCTUK MIPOBOJUTCS MO BBIPAXKEHUIO:

Tyer = MAX tppe,; + 4L (3.20)

rae max t — MaKCHMAaJIbHOE BpeMsi CpabaThIBAaHHSI MTPEIBIIYIINX 3aIIUT;

npea.i
At — cTyneHb CeNeKTUBHOCTH, JUUIs1 MUKpOIIpoLeccopHbIx 3amut At = 0,3 c.

CornacoBaHHbIE 3aBHCHMBbIE XapaKTEPUCTUKU 00eCreunBarOT pa3HUIly BO BpeMeHHU cpada-
TBIBAHUS COIJIACYEMbIX 3aIllUT HE MEHEE CTYNEHU CEIEKTHUBHOCTH Al Juist 11000 TOYKM BHELIHETO
K3 B npeznenax 30HbI 4yBCTBUTEIBHOCTU NIPOEKTHpYeMOit 3amuThl. Ha puc. 3.13 npusenen npumep
XapakTepucTuk. Xapakrepuctuka «1» cmexHoit MT3 3anana. [IpaBunbHO BbIOpaHHAs XapakTepu-
CTHKa «2» IPOEKTUPYEMOI1 3alUThI, COTJIACOBAaHHAsA € «1», IMEET Ha BCEM MPOTSKEHUH CMEKHOTO
y4yacTKa yJaJIeHue OT XapaKTepUCTUKU «1» He MeHee Al, B TO BpeMs, KaK XapaKTEpUCTHUKA «3»
UMeEeT TEHJCHIMIO K MEPECEUCHUI0 C XapaKTEPUCTUKOU «1», 4TO MOXKET INPUBECTH K W3JIUIIHUM
cpabarbiBaHusAM. LlenecooOpa3HO BBIOMpAaTh XapaKTEPUCTUKY «2» SKBUAMCTAHTHYIO XapaKTepu-
cTHKe «1», 9T0 00ECTIeYUT COXpaHEHHE PACCTOSHUS MEXKIY XapaKTePUCTHKAMH IPUMEPHO PaBHOE
3ajaHHOMY Al Bo Bceil 3oHe geiictBus MT3. Haunydmiee ynoBIeTBOpEHHE 3TOTO YCIOBUS
JIOCTUTAETCS [P UCTIOIb30BAHUM HA CMEKHBIX YUaCTKaX XapaKTEPUCTUK OJIHOTO U TOT'O )K€ BUJA.

3ajaya COIJIACOBAHUS XapaKTEPUCTHK (OpMYIHpyeTcs cleayromuM obpa3zoM. Bua xapak-
TEPUCTUKHM CMEXHOMN 3aIMTHI 3a/1aH JINOO aHAIUTUYECKHU - IPU UCIOJIb30BAaHUN MUKPOIPOLECCOP-
HOM 3alllUThI, HAIPUMEP, OJHUM U3 COOTHOIIeHH (2.3)+(2.5), 11ubo rpaduyuecku - Mpu UCTIOIB30-
BaHUU AHAJIOTOBOMW 3aIIMTHI UM YCTAaHOBKE MPEJOXPAHUTENS. Y CTaBKU CMEKHOM 3alIUTHI MO TOKY
Lyer.cm ¥ BpeMEHU Tycr oy M3BECTHBL. B MPOEKTUpPYEMOii 3aliMTe M3BECTHA YCTaBKa MO TOKY Iycr,
TpeOyeTcs BbIOpaTh BUJ XApaKTEPUCTUKH BPEMEHM CpadaThbIBaHUS U OMNpPENEIUTh YCTaBKY I10
BpeMeHH Tycr.
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Puc. 3.13. CornacoBanue XxapakKTEpUCTUK BBIACPKKHA BPEMEHHU.

[IpyMeHHUTENHHO K aHATIOTOBBIM 3alllUTaM 3aja4ya OOBIYHO periaercs rpaduyecku ¢ mocTpo-
€HHEM BPEMSITOKOBBIX XapaKTEPUCTUK B 3aJlaHHbIX nuana3zoHax TokoB K3. Ilpu aTom, ecTecTBEHHO,
MOSIBJISIFOTCS] TIOTPEUTHOCTH B MOCTPOCHUU TpaUuecKux 3aBUCUMOCTEH. B MUKpOmpoIeccopHbIX
3aIUTaX BPEMATOKOBBIC XapPaKTEPUCTUKU 3a/JaHbI aHAIUTUYCCKU B BHUIE (POPMYI, Y4TO TO3BOJISICT
MOJTYYUTh aHAIMTUYECKOE pelieHre 0e3 NCMOIb30BaHus IpadrKOB.

[Ipu pemennu 3amaun TpedyeTCs ONPENSIUTh TOKK B COTJIacyeMbIxX 3amuTax npu K3 B pac-
YeTHBIX TOUYKax. [lonokeHrne pacueTHbIX TOYEK: Hadano - Touka K; u koHen - Touka K, cmexxnoro
yuactka. Cremayer NOMUYEPKHYTh, YTO pacueTbl TOKOB K3 1TOMKHBI MPOBOAUTHECS C YYETOM
Harpy304HbIX COCTABJISIFOIIUX, IOCKOJBKY B pacCMaTpMBAEMOM CJIy4yae BBICOKA BEPOATHOCTH
HECEJIEKTUBHOTO JICMCTBUS 3allIUTHI C yCTaBKaMU, BHIOpaHHBIMU 0€3 uX ydeTa. [lonydeHHBIE TOKH
K3 B mpoektupyemoii 3ammurte 0003HAu€HBl [q M3 U lioMT3, B CMEXKHOM 3amuTe [iq MT3.cMm U
1K2.MT3.CM‘

Omnpenensiem BpeMsi cpabaTeiBanus cMexkHOM 3amuThl pu K3 B Toukax K u Ky: tyq M13.em 1
tkoMT3.cm- 1IpM  HM3BECTHOM aQHAIMTHYECKOM BBIPAKEHHH BPEMATOKOBOW XapaKTEPUCTUKH
yKa3aHHBIE BPEMEHa OIpPEACNISIIOTCS HEMOCPEICTBEHHO IO 3aJaHHOMY BbIpaxkeHuto. Hampumep,
3a/laHa HOpMaJIbHO MHBEPCHAsI BPEMAITOKOBAs XapaKTePUCTHKA, OMMChIBaeMast BeipaskeHueM (2.3):

. a - Tyer
cp — B ’

B KOTOPOM ]I HOpMaJIbHO MHBEpcHOU XapakTepuctuku a = 0,14; f = 0,02. Toraa:

_ 0,14 - Tyercn
tKl.MT3.CM - 0,02 )

IKl.MTS.CM -1
YCT.CM
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_ 0,14 - TyCT.CM
lk2.MT3.cm = 0,02

Il K2.MT3.cm -1
yCT.CM

[Tpu rpaduyueckoM 3alaHUU BPEMSTOKOBOH XapaKTEPUCTHKHU YKa3aHHBIE BpEMEHa OMpPEIEISIFOTCS
U3 rpaduKa M0 U3BECTHBIM 3HAYCHUAM [ q MT3.cm Y k2 MT3.cm- [IPH COTTIACOBAHUHU C MIPEIOXPAHUTE-
nem toku K3 Gepyrcs Ha 20% MeHblie I ydeTa JOIMYCTUMOW MOTPEIIHOCTH XapaKTEPUCTHKU
MIPEAOXPAHUTEIIA.
Omnpenensiem TpedyeMoe BpeMsi cpabaTbiBaHUsl MPOEKTHpyeMoi 3amuThl pu K3 B Toukax
K1 u Kz:
tk1MT3 = tk1MT3.cm T AL

tkomT3 = tkomr3.em T AL
IIpy HATMYMK B CMEKHOMN 3alllUTe HOPMAILHO MHBEPCHOH XapaKTEpPUCTHKH B HPOEKTHUPYe-

MOH 3alllUTe IEeIeco00pa3sHO HCIIOIb30BaTh TAKXKE€ HOPMAJIbHO MHBEPCHYIO XapaKTepucTuky. M3
AQHAJTUTUYECKON 3alIMCH XapaKTEPUCTUKH MOJydaeM BbIpaKEHUE [l pacyeTa yCTaBKU:

B
1}(3
tep Lee T 1
Tyer = - (3.21)
TpeOyemblie BpeMeHa cpadaThIBaHUS ticq yr3 H tkz MT3 OYAYT 00ECIICUCHBI, CCITH:
0,02
I
tgimrz s M3 -1
yCT
Tyera 2 0,14
0,02
I
tkemrs - M3 -1
yCT
Tyer2 2 0,14

Hckomoe 3HaueHne yCTaBKHU:
TyCT = maX(TyCT.llTyCT.Z)

Ecnu BpemsTOKOBas XapakTepHCTUKa CMEXKHOW 3aIIMTHI 3a/1aHa TpadUvecKu, BUJ XapaKTe-
PUCTHKHU MPOEKTUPYEMOMN 3aIUTHI BHIOMPAETCS MOAO0POM U3 YCIOBUS HAMIYUIIETO MPUOIMKEHUS
XapaKTePUCTUK COTIacyeMbIX 3ammur. [IpubmnrkeHne MakCHMalbHO MPHU YCIOBHH HaMMEHbIIIEH
pasHuubl yCTaBOK Tycrq U Tyerz, T.€. MiN|Tyerq — Tyerz|. B crmcke 3amokeHHBIX B TEpMHUHAIBI
«Cupuyc-2» XapakTepUCTHK BKIIOYEHBI M T, KOTOpble MPHUOIIKEHB K XapaKTepUCTHKaM
aHanoroBeix pene PT-80, PTB-I, PTB-IV. Ilpu ucnone30BaHuu pesie yKa3aHHOTO THIIA B COCTaBe
CMEXHOM 3aIUTHI T0100p XapaKTEPUCTHKHU HE TpeOyeTcsl.

Ilpumep 5. PacueTr ycTaBKU BpeMeHHU cpabaThbIBaHUS 3aBUCUMOM BPEMITOKOBOI XapaKTepu-
ctuku MT3 no ycnosuto cornacoBanus ¢ xapakrepuctukoi MT3cwm.

Cxema cetu nipuBesieHa Ha puc. 3.13. ITapamerpsl cetn: Hanpsibkenue 10 kB, 9JIC cuctemsr
11 kB, conporuBnenue cucremsl Z, = 0 + j1,0 Om; quaun W1 gnuHoit 50 kxm. 1 W2 quHoi 15

KM., yJIelnbHOe conpotuienne juuuid Zy, = 0,1+;0,4 Om/kvm; marpyska HIl: axruBHas

MoIHocTs P = 5 MBT, cos ¢ = 1,0; neppuunsle Toku cpabaTeiBanus cMexHoit MT3 1 = 80 A

u npoektupyemoit MT3 Il = 120 A; cxeMbl noaxmouenus pene Toka K TpaHcopMaTropaM TOKa B
COIIacyeMBIX 3allluTax CcoBMNajaroT. 3amura MT3cym  BBIIOJHEHA HAa MHUKPONPOLECCOPHOM
TEepMHHAJIE, 3aJjaHa HOPMAJIbHO MHBEPCHAs! BPEMSATOKOBAsI XapaKTEPUCTUKA C YCTaBKOM 1O BPEMEHH
Tyerem = 0,5 C..
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ITpu tpexdaznom K3 B Hayane cMmexxHoit auHun (B Touke K;) TOKM B 3amuTax COBMAIAIOT,
T.K. OCTaTOYHOE HAMPSKEHUE Ha MIMHAX PaBHO HYIIO U TOK B Harpy3ky H1 ne npoxonut: [ mt3 =
Leimrzem = Ixer = 294 A. Tlpu tpexdazaom K3 B Touke K, Tokm B 3ammrax: [ ymm3 = 235
A, IKZ.MT3.CM =211 A.

Bpewmst cpabaTeiBaHusI CMEKHOM 3aIUTHI:

e 1pu K3 B Touke K;:
0,14-0,5

tk1MT3.cm = 294 002 _ = 2,654 c.
80
e 1pu K3 B Touke K;:
0,14-0,5
tk2MT3.cm = o 3,574 c.
80

TpeOyemoe Bpems cpabaThIBaHUS MPOSKTUpYeMoi 3amuThl Tpu K3 B Touke K;:

tkimr3 = tkimra.en + At = 2,65+ 0,3 = 2,95
Oyznet obecrieyeHo, eciu:
0,02
Tyer 2 014 = 0,381 c.
Tpebyemoe Bpems cpabaThiBaHus poeKTUpyeMoi 3amuThl ipu K3 B Touke Kj:
tkamr3 = tkamraen + At = 3,57 + 0,3 = 3,87
Oyznet obecrieyeHo, eciu:

235 0.02

Toer = = 74 c.
yeT = 0’14 0,3 C

Hckomoe 3nayenne yctaBku: Ty, = 0,38 c.

Ilpumep 6. VicxonHsie JaHHBIE TE K€, YTO B IpuMepe S5, HO cMexHass M T3¢y BbINOJTHEHA Ha
pene PT-80 ¢ ycrakoit no Bpemenn Tyer oy = 0,5 C..

[To rpaduueckuM 3aBUCHMOCTSIM BPEMSTOKOBBIX XapakTepucTuk pene PT-80 ompenensem
Bpemsi cpabarbiBanusi npu K3 B Touke K;, (KpaTHOCTh TOKa B pele 1O OTHOIIEHUIO K TOKY
cpabateiBanus 294/80 = 3,67) tximt3.em = 3,1 €. u mpu K3 B Touke K, (kpaTHOCTH TOKa B pene
211/80 = 2,63) ko2 MT3.cm = 4‘,0 C.

Ha ronoBHOM y4acTke MCIOJIB3yEM BPEMITOKOBYIO XapaKTepUCTUKY aHaiora pene PT-80
3a/IaHHYIO BeIpaxkeHueM (2.5):

t= + Tyer

20 - IYL

Tpebyemoe Bpems cpabaTeiBaHMsI MpoekTHpyemoit 3auuTsl npu K3 B Touke K:
tkimrs = tkimrem + At =3,1+03 =34
Oynet obecreueHo, eciu:

1 1
TyCT = tk1.MT3 — [ 1 18 =3,4- 294 ) 18 =2.8c.
IyCT h 20 - #0_
20 —F— 6

Tpebyemoe Bpems cpabaTeiBaHMs mpoekTHpyemoit 3auuTsl npu K3 B Touke Kj:
tkemr3 = tkamr3em + At =40+ 0,3 =43
Oynet obecreueHo, eciu:
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TyCT = tka.MT3 —

-1
I ) 120
20 - % 20 3

Hckomoe 3navyenune ycraBku: Ty, = 2,94 c.

[IpuBenenHblil npumep (BapuaHT 2) AEMOHCTPUPYET HEOOXOJUMOCTh yueTa Harpy304HON
cocrapmsitoneit B Toke K3. Tak, 6e3 yuera Harpy304HON COCTaBISIONICH (BBIKIIOYATEh HArPY3KU
oTkitoueH), Tok npu K3 B Touke K, B cormacyembix 3amurax coBHagaeT U paBeH Il vr3 =
Lo mT3.0m = 220 A. Torna nocnennee HepaBeHCTBO Jis Touku K, mpuobperaer Bua:

1 1
TyCT = tko.MT3 — [ | 18 = 4,3 — 220 ) 18 = 2,55 C.
Iy'CT - 20 - #
20 —F— 6

YTO MPHUBEJIET K BHIOOPY 3aHMKEHHOIO 3HAUCHUA YCTABKU Ty = 2,8 C. 110 HEPABEHCTBY [JIsl TOYKH
K; 1 BO3MOXXHOCTH HeceleKTUBHOro cpabareiBanus MT3 rosnoBHoro ydactka auHuid npu K3 Ha
CMEXHOM y4YacTKe B yCJIOBHSX BKJIIOUEHHOM Harpy3ku H1.

Ilpumep 7. PacueT ycTaBKU BpeMEHU cpabaThIBaHUS 3aBUCUMOM BPEMIITOKOBOI XapaKTepu-
ctuk MT3 110 yc0BHIO COTTIACOBAHUS C IPEAOXPAHUTEIIEM.

@—Hﬂ O L Hi
MK
K

H2

Puc. 3.14. Cxema cetu ansa npumepa 7.

Cxema cetu npuBezieHa Ha puc. 3.14. [Tapamerpsl cetn: Hanpspkenue 10 kB, 9JIC cuctemsl
11 xB, conporusnenue cuctemsl Z. = 0 + j1,0 Om; nmuaug W1 munoit 15 kM. umeer Tpancdop-
MaTOpPHYIO OTHalKy Ha pacCTOSHUM 5 KM. OT nuTarouiero kouua BJI, yaenbHOoe conmpoTHBIEHHE
JIMHUU Zya =0,1+;0,4 Om/xm; wnarpy3ka Hl: aktuBaas momuocts P = 1 MBT, cos¢ = 1,0;
Harpy3ka H2: aktuBHas momuocts P = 0,16 MBT, cos@ = 1,0. Tpanchopmarop oTmaiku
momHocThi0 0,16 MBA, nanpsokenue 10/0.4 kB, nanpspkenune K3 5.5%, 3ammimiaeTcsi miaBKuUM
npenoxpanuteneMm IITK, umeromyM HOMUHaNBHBIM TOK 20 A, 4TO COOTBETCTBYET MOIIHOCTH
3alUIIAEMOro TnpenoxpanuteneM TpaHchopmaTopa. CyMMapHBIH TOK Harpy3skud JMHUH 73 A,
nepBUYHbII TOK cpabatbiBanus MT3 muauu IH] = 150 A.

B Tabmune mpuBenens Toku K3 B cormacyembix 3amuTax, MOMYYEHHBIE MO MporpamMme
«TK3-M» ¢ y4yeroM Harpy3o4HbIX cocTaBisomux TokoB. Ilpu aByxdaszubix K3 mnpusenenst
MaKcHUMaJbHbIe (ha3HbIE TOKHU.
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K] I<2
K®) K@) K® K®)
BJI 2090 1875 181 178
IIPEeI0OXPaHUTEIh 2090 1845 169 170

IIo BpeMATOKOBOM XapaKTEPUCTUKE IIJIABKUX MPEJOXPAHUTENIECH OIpenessieM BpeMs IIaB-
neHusi BcTaBku. [Ipu 3TOM TOK, MPOXOIALINI yepe3 MpeloXpaHuTelb, OepeM ¢ KOdPPUIMEHTOM
0.8, uro yunuTsiBaeT pazopoc xapakrepuctuk. [Ipu Toke 1845-0,8 = 1476 A Bpems rnasnenus 0,1 c.,
npu Toke 169-0,8 = 136 A Bpems mmaBnenus 0,4 ¢. MUHUMaIbHO JOIYCTUMOE BpeMs cpabaThiBa-
Huga MT3 npu K3 B touke K;: txymr3 = 0,1+ 0,3 = 0,4 c. u npu K3 B Touke Ky: txomrz = 0,4 +
0,3=0,7c

[Tonbupaem BpeMsTOKOBYIO XapakTepucTuky MT3 nmyreM nepedopa XxapakTepUCTHK, BKIIIO-
yeHHbIX B TepmuHan «Cupuyc-2». B paccmarpuBaeMom mnpumepe mnepedop OrpaHUYEH JBYyMs
NPUBEJCHHBIMA HIDKE XapaKTepHCTUKaMHU. B mpakTuyeckux pacuerax IenecoolOpaseH mepedop
BCEX XapaKTEPUCTUK TEPMHUHAJIA.

Hopmanvno unsepcuas BpeMATOKOBas XapakTepucTHka 1o Boipaxkenuto (2.3). [Ipu K3 B
touke K; MuHHManpHOE Bpemsi cpabaTbiBaHus OYIET B peKMME MaKCUMAaIbHOTO TOKa B 3alUTE, T.C.
npu Tpexdaznom KG). Tpebyemoe Bpems cpabareisanus 0,4 ¢. 06ecIedeHo PU YCTaBKe:

0,02
IKl.MTS I -1 0.02
ycr 04 - 2090 ’ -1
’ 150

Tyer = = =0,155c.
yer 0,14 0,14 ’
ITIpu K3 B Touke K, TOKM B 3amure NpakTUYECKU COBIAJAIOT B PEKUME JBYX(Pa3HOIO U
tpexdazHoro K3, uro obOwscHsercs BimusHueM Harpy3ok H1 m H2, mpu HecoBmameHHH TOKOB
Oepercs MakcuMalbHbIN TOK. TpeOyemoe BpemeHs cpabarbiBanus 0,7 c. oGecriedeHo NpH ycTaBKe:

0,02
181 :

0,7 150 1
T.

or =
Y 0,14
Bri6pana ycraska Ty, = 0,155 c.

tk1.MT3 *

= 0,019 c.

Xapaktepuctuka ananoe pere PT-80 no Beipaxenuto (2.5). Ilpu tpexdaznom K3 B Touke K,

Tpebyemoe Bpems cpabarbiBanus 0,4 c. obecreueHo npu ycTaBKe:

1 1

=04 — =0,39 c.
I L8 2090 g B
k1.MT3 — 1 20 . 1650 1

Tyer = t1mt3 —

ycr

6

20 -

Pacuer Ty, o Touke K, maer oTpunarenbHoe 3Ha9€HUE YCTAaBKH, U3 YETO CICAYET, YTO NPH
K3 B yka3zaHHOW Touke 3amuTa OymeT cpabaThiBaTh C 3aBEIOMO OOJBIIUM BpPEMEHHUM, YeM
Tpebyemoe. B nurore Bribpana ycraska Ty, = 0,39 c.

[IpoBoauM BBIOOP ONTHUMANIBHON XapaKTEPUCTUKHU U3 COMOCTABIEHUS BPEMEHU cpadaThiBa-
Hust MT3 B Touke K, (B Touke K; 00e XxapakTepucTuku AaayT OJJMHAKOBbIE BpeMeHa cpabaThIBaHus,
T.K. IO 3TOW TOYKE BHIOpaHbI YCTaBKU BPEMEHU CpaOaThIBAHMUS).

HopmanbeHo nHBEpCcHasi BpeMsTOKoBas xapakTepuctuka npu K3 B Touke K, obecneuur cpa-

OaTbIBaHUE 32 BpEMs
0,14 - 0,155
150 1

B TO Bpems, Kak aHasor PT-80 3a Bpems:
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1
tpr-go = 181 - + 0,39 =218c
20 —130

[IpeanoyTuTenbHO UCIOIB30BAHNE MHBEPCHOU BPEMIATOKOBOM XapaKTEPUCTUKH.

http://energo24.ru
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4. 3ammra gBUrarteseii Ha TepMuHaJgax cepun «Cupnyc-21-J1»
4.1.  3awuma om MHO20A3HBIX U BUMKOBIX KOPOMKUX 3AMbIKAHULL

PaznuyaroT moBpexaeHus, CBSI3aHHBIC C MPOOOEM HM3O0JIAIUU B CTATOPHON OOMOTKE U Tpe-
Oyrolue MakCUMaJIbHO OBICTPOTO OTKJIIOUEHUS JBHUraTelNs, a TaKKe€ Pa3HOTo pojia HEHOpPMAaJbHbIE
PEXKUMBI, TP KOTOPBIX JIEUCTBHE 3alllUThl BO3MOXHO C BBIICPKKOW BPEMEHHU, a B HEKOTOPBIX
CIIy4asix MOKET OTPaHUYUBATHCS CUTHAJIM3ALUEH.

Haubonee omacHbIME SBISIOTCS MHOTO(a3HBIC U BUTKOBBIE KOPOTKHE 3aMbIKAHUSI B OOMOT-
K€ cTaropa, IPUBOJAILIME K pa3pylleHHIO ABuratens. [[ns aBurareneil ¢ HampsbkeHueM oT 6 kB u
BBIIIIE paOOTAIOIINX B CETU C U30JUPOBAHHON HEUTPAJIbI0 BO3MOXKHO BO3HUKHOBEHHUE BOMHBIX K3,
JUISl KOTOPBIX OJIHA TOYKAa IOBPEXKICHUS MOXKET HAxXOJWUTbCS BO BHEIIHEH CETH, a BTOpas B
nBuratene. Takue TMOBPEXKICHUS TaKXKe SBISIIOTCA ONACHBIMHU Il JBUTATENsl U TPEOYIOT
OTKJIFOYEHUS ¢ MUHUMAJIBHO JIOCTHKUMOM BBIIEPKKON BpeMeHH. J[0CTaTOYHO OTKIIFOUEHHUSI OJHOU
TOUYKH J1BoitHOTO K3, KOTOpOE MepeBOUT NBOHHOE KOPOTKOE 3aMbIKaHUE B OJJHO(PAZHOE 3aMbIKAHHE
C MaJIbIM TOKOM 3aMbIKaHUs Ha 3eMIIIO.

Juis 3ammthl qeurareneii or MmHorodasueix K3 cormacuo ITYD [1] B cirydasx, koria He Uc-
MOJIB3YIOTCS IIPEIOXPAHUTENHN, JOHKHA NMPUMEHATHCS TOKOBAsl 3alllUTa MCHOBEHHOTO JEUCTBUS —
otceuka. Ha gBuratensx momuocteio MeHee 2000 kBT oTceuka BBINOIHSAETCS C OJHUM peJie TOKa,
BKIIIOUEHHBIM Ha Pa3HOCTh TOKOB NBYX (a3, /i asurateneid mouiHocteio oT 2000 go 5000 kBt
UCIIOJIB3YETCs JBYXpeJeiHas OTCeYKa IPHU YCIOBUM, UYTO HA JIBUTATENSAX YCTAHOBJIEHA OTIEIbHas
3aluTa OT JIBOMHBIX, a TaKKe OAHO(DA3HBIX 3aMBIKAaHUH Ha 3€MIIIO C JCHCTBHEM Ha OTKJIIOYCHUE.
[Ipy OTCYTCTBMHM yKa3aHHBIX 3aUIUT TOKOBAs OTCEYKA BBIMOJHAETCS TPEXPEIEHHON C KOHTPOJIEM
TpeX (ha3HbIX TOKOB.

3amuTa OJIOKOB JBUTATEIb-TpaHChOpMaTOp Mpu MOIIHOCTH asurarens meHee 2000 kBt
BBITIOJIHAETCSI TOKOBOM OTCEUYKO.

Jnia nurateneit momHocThio 6osee 5000 kBT, a Takke B cllydae HEIOCTATOYHON YyBCTBH-
TETLHOCTH TOKOBOM OTCEUKH JJIsl JBUTATEICH MEHbIIEH MOUIHOCTH, HEOOXOJAUMO HMCIOJIb30BAHHE
IpooJIbHOW (g depeHnnanbHoll ToKoBOM 3amuThel. B Tepmunanax cepuu «Cupuyc-J» Takas
3alllUTa HE TPEAYCMOTPEHa, YTO oOmpenenseT o0JacTh ee HcmoJib3oBaHusA. COOTBETCTBEHHO,
muddepeHIanbHbIe TOKOBBIE 3alIUTHI Aajiee HE pacCMaTPUBAIOTCS.

MUuKpomnpoIeccopHbie TEPMUHAIBI PEJICHHON 3aIUTHI B MOJABIISIFOIIEM OOJIBIIMHCTBE BBI-
MOJTHSAIOTCA C BO3MOXHOCTBIO KOHTPOJISI BCEX TpeX (Pa3HBIX TOKOB, YTO TO3BOJISET BBITOJIHUTH
TOKOBYIO OTCEUKY I10 TPEXPETEHHOM cXeMe Ha JBUTATENSIX JIFOOOW MOIIHOCTH, Aaxke ecnu [IpaBuia
JIOMYCKAIOT YIPOIIEHHOE UCHOJHEHHE 3aluThl. KOHTpONb NEpBUYHBIM HM3MEPUTEIbHBIM
TpaHchopMaToOpoM TOKa TOJNBKO JBYX ¢ha3 HE SBISIETCS MPEMSATCTBUEM [JISl BBITIOJHEHUS
TpexXpeNelHON CXeMbl, TOCKOIbKY TOK TPEThell (ha3bl «BOCCTAHABIMBAETCS) AITOPUTMOM 3aIUTHI
MyTeM CYMMHPOBAHUSI TOKOB JIByX KOHTPOJIUPYEMBIX (a3.

TokoBBIE 3aLIUTHI B COCTAaBE TEPMUHAJIOB, KaK IIPABUIIO, BBIIIOJIHIIOTCA TPEXCTYIEHYAThIMHU.
[lepBas cTymneHb 3alIUThl peanu3yeT GYHKIIMH TOKOBOU oTcedku OT K3, mocnenHssi CTyreHb MOXKET
OBITH HCIIOJIb30BaHA B KAUECTBE 3AlUTHI OT MEPETPY3KH, MPH ITOM, BTOpas CTYNEHb B Clydyae
3aIATHI IBUTATENICH OKa3bIBACTCSI M30BITOYHOM U HE BBOJUTCS B padoTy.

Tepmunan «Cupuyc-21-J1» pazpaboTaH Kak YHHBEPCATbHOE YCTPOMCTBO C BO3ZMOXKHOCTHIO
3alllUThl HE TOJBKO JBUTATENEH, HO M MHBIX JIEMEHTOB CETH HamnpsbkeHueM 10 35 kB. [Toatomy B
€ro COCTaB, B TOM YHCIIE, BBEJECHBl U3MEPUTENIbHbIE OPraHbl, HE UCIOJIb3yEeMbI€ MTPU BHIIIOJIHEHUU
3alATHl  ABUratesne. I[IpruMEHHMTENbHO K CTYNEHYaTOM TOKOBOM 3aluTe MPEAyCMOTPEHBI
CJIENYIOIIME 3JEMEHTHI, IOJE3HbIE NpPH 3allUTe CETe, HO HE HCHOJIb3yeMble Uil 3allUThI
JIBUTATEIICH:

e o0ecreueHne HAMPABIEHHOCTH C MOMOIIBI0 M3MEPUTETHHOIO OpraHa HaIpaBJICHUS
MOIIHOCTH;

® TIYCKOBBIC OpraHbl HANPsDKCHHS, BKJIIOYas KOMOWHHUPOBAHHBIN MYCK IO HaIpsDKe-
HUIO;

® 3aBHCHMBIC BPEMsI-TOKOBBIC XapaKTEPUCTHUKN CpabaTHIBAHHUS.
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B ciydae BBIOTHEHUS 3alUThI JBUTATENICH YKa3aHHBIE 3JIEMEHTHI JOJKHBI OBITh BHIBEICHBI
U3 IEUCTBUSIL.

[lepBuUYHBI TOK cpabaTbIBaHUS TOKOBOM OTCEYKH OTCTPAUBACTCSA OT MAaKCUMAIILHOTO TOKA B
3alUTE B peXKUMaX, He conpoBokaaromuxcsa K3 B aBurarene:

les = Ko, Ipacq. 4.1)
rae Ky — Ko3hGHUIUEHT OTCTPOUKHY;

Iyaca, — MAKCUMAIIbHBIN PACUCTHBINA TOK B PEXKMMAX, HE conpoBokaaromuxcs K3 B 1pu-
raTene.

3nayenue kodpduirenta orcTpoiiku B (4.1) mist repmunanoB «Cupuyc-21-J1» npuHumaet-
¢t Ky =1,5. OTmMeruM, 4TO B HEKOTOPHIX PEKOMEHIAIMSIX MJIs pacdeTa TOKOBOW OTCEYKHU
MPUHUMAIOTCS 3aBBIIICHHBIE TI0 OTHOLLIEHUIO K yKa3aHHOMY 3HaueHUs Kod(dduirenTa oTCTpOMKH ¢
Y4E€TOM YBEJIMYEHUsSI TOKA MPU HAIUYUU alePUOJUYECKON COCTaBIsAONICH. MUKpPOIIPOIIECCOPHBIE
TEPMHHAJIBI 3aIUThI, B TOM uucie u «Cupuyc-21-J», umeroT 3¢ppexTuBHBIE METOIbI MOJABICHUS
anepuoIMYecKOr COCTaBIIAIONICH, OCHOBaHHBIC, KaK IPaBUJIO, HA HUCIOJIB30BAaHWU aJFOPUTMA
@ypbe. OCTaTOYHOE BIMSHUE ANEPUOAUYECKON COCTABJIAIOLIEH TOKAa B JOCTATOYHOM CTENEHU
YUUTBHIBACTCS MPUHATHIM KOA()(DHUIIMEHTOM OTCTPOUKH.

Boiaepxkka BpeMeHU IPUHUMAETCA PAaBHOM HYIIIO.

[Ipumeuanue. ITockonbKy TOKOBasI 3allUTa OTCTPAUBAETCA OT PEXUMOB B YCIOBUAX OTCYTCTBUA K3,
IIPUMCHUTCIIBHO K HeH CcJIea0BaJIo 6]31 HCIIOJIB30BAaTh TCPMHUH «MaKCHUMaJIbHAasA TOKOBaA 3allluTa», KOTOpas B
CITyJae 3amuThl ABUTaTens paboTtaet 6e3 BIIepKKH BpeMeHH. OTHaKO0, B TUTEpaType ISl pacCMaTpUBaEMO-
T'O BapuaHTa BBITIOJIHECHUA 3aIIUTHI YCTOAJICA TEPMUH «KOTCEYKaA», KOTOpBIﬁ 1 gajie€ u UCIroJIb30BaH.

Tok cpabaTbiBaHUS pesie TOKA OMPEAeseTCs 0 BEIPAKEHUIO:

KCXIC.B.
[, =—— .
c» =" (4.2)

rae K; — koadgdurueHT tpancopmariu TpaHcdopmMaTopa ToKa;

K.y — K03(pPUIHEHT cXeMbl, YUUTHIBAIOUINI CXeMy MOAKIIOUEHHUs perie ToKa K TpaHc-
dopmaTopam ToKa, Ko, = 1 1151 cXxemsl «3Be3an u Ko, = V3 — U151 cXeMbl «TPEYTOJIIbHUK.

D PexTUBHOCTD 3alUTHI OLIEHUBAETCA 10 KO3(PPUIIMEHTY UyBCTBUTEIBHOCTH:

_ IKS.peJle (4 3)

K, = 7
c.p.
r71€ g3 pene — MUHUMANIBHBIN TOK B pesie nipu K3 Ha BhIBOJAX ABUTATENs, a st OJI0Ka JIBUTa-
Tenb-Tpancopmarop npu K3 3a Tpancdopmaropom;
I p. — TOK CpabaTbIBaHUsI PETIE.

Jlo;kHO OBITH OOecrieyeHO 3HadeHHne Kod(p@UIMEeHTa YyBCTBUTEIBHOCTH Ky > 2 npu MHU-
HuManbHOM Toke K3 [1]. MuHMManbHBIH TOK ompenenseTcs no apyxdaznomy K3.

Bxomstuuii B (4.1) pacyeTHbId TOK I,cq ONPENETSETCA B PEKUMAX, CONPOBOKIAIOIIMXCS
YBEJIMUEHHBIMUA 3HAYEHUSIMH TOKa B ycioBusAX orcyrctBus K3 B asurarene. Takumu pexumamu
Moryt 0bITh [20]:

® nyck oguzamerisi U3 3aTOPMOKEHHOTO COCTOSIHUS;

® camosanyck JIBUraTells Mocje KpaTKOBPEMEHHOI'O MepephiBa MUTAHUS C MOCIIEIYI0-
LM €T0 BOCCTAaHOBJIEHUEM;

® noonumka ogueamenem eneuine2o K3 ajis Ha4aJIbHOTO MOMEHTA BPEMEHHU.

Hauanvnoe 3nauenue nyckoeoco moka 3aTOPMOKEHHOTO JIBUTATENsl CYIIECTBEHHO OOJIbIe
TOKa YCTAHOBMBILErOCS HAarpy304yHOr0 peXHuma 3a CYET MEHBLIEr0 3HAYEHHUs CONPOTHUBIICHUS
3aTOPMO’KEHHOT'O IBUTATENS [0 CPABHEHMIO C COMPOTUBIICHUEM JIBUTATENsl, UMEIOLEr0 HOMUHAI b-
HbIe 000pOTHL. PeXXUM J0KEeH paccMaTpUBaThCs TOJIBKO JUIsl IBUraTeslel, Y KOTOPBIX MPelycMOT-
peH mnpsMol myck. B ciywae mycka mo peakTOpHOM CXeMe ¢ BKIIOUEHHEM Ha BpeMs ITyCKa
JIOTIOJTHUTEIBHOTO TOKOOTPAaHUYMBAOIIET0 PEAKTOPa, MOCTYNAOLIEE HAa ABUTaTeNlb HANpPSKEHUE
CylecTBEHHO cHukaetcs (10 50%) 3a cueT majieHusl HanpsHKEHHUs] Ha PEaKTope, YTO MPUBOAUT K
3aMETHOMY CHUXKEHHUIO IyCKOBOTO TOKa. COOCTBEHHO pPEXHUM IyCKa I TakuX JIBUTaTenei
OKa3bIBAeTCsl HE pacueTHhIM. BmecTe ¢ TeM, He00X0JUMO pacCMOTPETh BOZMOKHOCTh BOZHUKHOBE-
HUSl PEKUMMa IIyCKa C BBIBEJACHHBIMU IIyCKOBBIMHM YycTpoicTBamu. Hampumep, npu mnepepbiBe
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nuTaHus BeseAcTBue BHelHero K3 neurarens 3aropmakuBaercs. [IuTanne MoKeT BOCCTaHOBUTHCS
Ha OTPAaHMYECHHOM MHTEPBAJIE BPEMEHHU 3a CUET NECUCTBUS YCTPOMCTB aBTOMATHKH: ycnemHoe AIIB
wii ABP. Ecnu nBurarens 3a Bpems IepepbiBa NUTaHUS [TOJIHOCTbIO OCTAHOBUJICSI U HE OTKJIIOUEH
JICHCTBUEM YCTPONCTB aBTOMAaTHUKH, TO OH OKa3bIBAETCS B PEXHUME IIYCKa C BbIBEICHHBIMU
IIyCKOBBIMHU yCTPONCTBAMHU.

YPOBEHB MYCKOBOTO TOKA Iyyce MOKET OBITH NPUOJIMIKEHHO OLIEHEH I10 BBIPAKEHHIO:

Irlycx = Kn ' IHOM./‘.'LB (44)
rae K, — KpaTHOCTb IyCKOBOT'O TOKa;
Lyom, 15 — HOMMHAIIBHBIN TOK JBUIATENIS.

B repmunane «Cupuyc-21-/1» 11 TOKOBOM OTCEYKH MOXKET OBITh 3aJaH PEXKHUM YIABOCHUS
YCTaBKU TOKa cpabaTbIBaHUs MpPH 3aIyCKe 3JIEKTPOABUTATENS. DTOT PEKUM IO3BOJSET MUMETH B
YCTaHOBUBIIEMCSI HArpy30YHOM pEXHMME TOK cpabaThIBaHUsI MEHbILE 3HAYEHUS, ONPEAEISEMOrO C
yuetoMm (4.4), mepexolss Ha yBEIWYEHHBIH TOK CpabaThIBaHHUA TOJILKO B MOMEHT BKJIIOYCHHS
AIIEKTPOABUraTelIs. Pexum BKIIOUEHUS ONIPEENSIETCS aITOPUTMOM aBTOMAaTHYECKH 10 OTCYTCTBHIO
TOKa IO MOMEHTA BKJIKOUYECHUSI.

Bripaxkenuem (4.4) yacto nmoJyib3yroTcs B IpakTUYeckux pacuerax. OIHaKo, OHO CIpaBe -
BO TOJIBKO JUIS ClTydyasi MOJKIIIOUEHUS JABUTaTeNs K MUTAONIEH CeTH OECKOHEUHOM MOIIHOCTH, T.€.
MMEIOLIEH HYJI€BOE BHYTPEHHEE COIIPOTUBIIEHUE, UTO 00ecreurBacT HOMUHAIbHOE HaIlPSDKEHNE Ha
3a)KMMax IBUTATENs B JIOOBIX pPEXHMMax, B TOM YHCJE, U MPU MyCKe ABUrartens. B peanbHbIX
YCIOBUSIX HANpsDKEHUWE Ha JIBUraTelle B IYCKOBOM PEXUME MOXKET OKa3aThCs 3aMETHO HMKE
HOMHHAIIBHOTO, & pacyeT 110 (4.4) OyeT 1aBaTh 3aBBILICHHBIE 3HAYEHUS 1y .

C
Ec=UH

Zc

#In
Xn Xd| | z+

Puc. 4.1. Pexxum IMyCKa ABUTAaTCJIA: a - CXEMa CCTHU; 0 —cxema 3aMCIICHHA.

Pacuer peanbHOro 3HaUCHUS [y CIICIYET TPOBOJUTD C YIETOM COTPOTHBICHHUS CMEXHBIX

c aBurateneMm sjeMeHToB cetd. Ha puc. 4.1 npuBeneH QparMeHT cxembl CeTH U €€ cXema

3aMeILEeHuUs AJIs OLICHKH IIyCKOBOTO ToKa aBuratesis M. ConpoTUBIEHHE TyCKAaeMOro ABUTaTeNs Xy

COOTBETCTBYET 3aTOPMOXXEHHOMY COCTOSIHMIO pABurareis. CMeXKHbIE CHUHXPOHHBIE JIBUTaTeNn

IIPEJICTaBJICHbl SKBUBAJICHTHBIM ABUTareneM My, UMEIOIMM Ha CXEME 3aMEILEHUsI CBEPXIIEPEXO-

Hele DJ1C E; U CONPOTUBJIEHUE X, :i, OCTAJIbHAsI HArpy3Ka MMEET CONpPOTUBIIEHHE Zy. VMcTouHUMK

NUTAHUS UMEET CONPOTUBICHUE Z;, KyAa BOLUIM CONMPOTUBIIEHHE TpaHChopMaTopa W MUTArOIIEH
CETHU BBICOKOT'O HAIIPSKCHUS.

CyniecTBEHHBIMU NIPU PacYeTe MAaKCUMAaIbHOIO 3HAYEHMS ITYCKOBOT'O TOKa SIBJIAFOTCS Clie-

nyroue (hakTophl:

® HKBHUBAJIEHTHOE CONPOTHUBIICHHE BHEIIHEN C€TH X OT UICTOYHMKA IMUTaHUS 1O JIBUTa-

tens. [laneHue HanpsoKeHUs Ha CONMPOTUBIEHUH X, OCOOCHHO MPU BO3POCIIUX TO-

KaX B PeXKHMME ITyCKa, CHI)KAET HalpsDKEHHE, OoCTynarolee Ha asurareins. [lorpen-

HOCTb pacyera Iyye, 10 (4.4) BO3pAcTaeT ¢ pOCTOM CONPOTUBIIEHHS DJIEMEHTOB CETH

MEX/1y MCTOYHMKOM MHUTAaHUS U JABUTATENIEM, OCOOCHHO JUIsl ciydasl MOAKIIOYEHHUs
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JBUTATENSl Yepe3 OTHOCUTENLHO MPOTSKCHHBINH KaOenb WM K BTOPUYHON OOMOTKE
MaJOMOIIHOTO TpaHchopMaTopa ¢ OOJIBIINM BHYTPEHHUM COIIPOTHUBICHUEM;

e HKBHUBAJCHTHas Harpy3ka Hj, MOAKIIOYEHHAs K IIMHAM, OT KOTOPBIX MOJIy4YaeT IMHU-
TaHHE 3alycKaemblid ABuratesb. CONpOTHBIEHUE HArpy3Ku Zy BKIIOYEHO Mapal-
JIEIIbHO COIIPOTHBIICHUIO JIBUTATENs U CHM)KAET HAIPSDKEHUE Ha JABUraTese, yMEHb-
masi myckoBod TOK. [losToMy B pacueTHOM peuMme JOJIKHO OBITh 33JJaHO MaKCH-
MaJIbHO BO3MOYKHOE COIIPOTUBIICHUE HArpy3KH, B IPEJEiie OHA OTKIKYEHA, €CIHU Ta-
KOU PEXUM MOXKET peabHO BO3HUKATh B CETH;

® CMEXHBIC CHHXPOHHBIC IBUTATEH, OAKIIOYCHHBIE K IIIMHAM, OT KOTOPBIX MOJIyYaeT
MUTAHUE 3aMTyCKAEMbIN JIBUTATENb, 33JIaHbI HA CXEME CETU SKBUBAJICHTHBIM JIBUTATE-
seM My. IIpu nycke aBurarens M HanpsKEHHUE HA IIMHAX CHUYKAETCS, YTO MPUBOIAUT
K (opcupoBKe BO3OYXKICHHUSI CUHXPOHHBIX ABUTaTeneil My, pocTy HampsyKeHUs Ha
IIMHAX M, KaK CJIEACTBUE, YBEJIIMYEHUIO IYCKOBOIO TOKa. B pacueTHOM pexume
JIOJDKHO OBITh 3a/1aHO MAaKCHMaJbHO BO3MO)KHOE UHMCIIO MOJKIIOYEHHBIX K TEM XKe
LIMHAM CUHXPOHHBIX JIBUTaTENeH, UCXOAS U3 PEAIbHBIX YCIOBUM.

Camo3zanyck nBUrateiss BO3HUKAET M0OCJIE KPaTKOBPEMEHHOI'O MepepbIBa MUTAHUS U COIPO-
BOXKJIaeTcsl HAOOPOM 0OOpPOTOB O HOMHUHAJIBHBIX, HAUMHAS C HEKOTOPBIX HAYAIbHBIX, COOTBET-
CTBYIOIIIMX MOMEHTY BOCCTAaHOBJICHHUSI NMUTaHUsA. B MOMEHT BOCCTAaHOBJICHUS MUTAHUS JBUTATEINb
umeeT ocratounyro DJIC, 3HayeHHEe KOTOPOH 3aBUCUT OT HAYAJIILHOTO CKOJIbKEHUS (HadajdbHBIX
000poTOB): E;p = K * Uyoy, rAe 0 < K < 1. Cuoeur ¢aser OJIC npurarens mo OTHOIIEHUIO K
HANPSDKEHUIO THUTAIOMIed CeTH MPOW3BOJEH W B HauOoliee HEONAronpusITHBIX YCIOBHSX,
ONPEeNEeISIONMX MAKCUMAIBHBIA TOK JBHraTemns, Moxer gocrurate 180° — HeCHHXpOHHOE
BKiItoYeHue. Ilociie KpaTKOBPEMEHHOIO IMEepPEXOIHOI0 IMPOLECCa, CBA3AHHOIO C HECUHXPOHHBIM
BKJIIOUEHUEM, CJEIYyeT JOCTAaTOYHO JUIMTEIbHBIA IpOIecC camo3alycka ¢ HabopoMm 000pOTOB
JIBUraTensl 0 HOMHMHAJIBHBIX, P KOTOPOM B JIBUTaTejb IMOCTYNAET MOBBIIIEHHBIN TOK. Pexum
HECMHXPOHHOT'O BKJIIOYEHMSI MM caMoO3allycka CleAyeT paccMaTpuBaTh TOJBKO JJIsl JBUraTeNEH,
KOTOpbIE MTOCJIE KPATKOBPEMEHHOT'O MepEPhIBA MUTAHUS MOT'YT OKa3aThCsl B YCIOBUSX CaMO3aIlyCKa,
T.€. COXPaHSIOT MOAKIIOYEHHE K ceTh. HekoTopble nBUraTenu He JOMYCKAlOT CaMo3allyCK M
OTKJIFOYAIOTCSI OT CETH MPU CHIKEHUSX HANPSHKEHUS, HAIPUMEP, IO YCIOBHUSAM TEXHOJOTUYECKOTO
npolecca WM M0 TEXHUYECKUM YCJIOBUSAM Ha JBHUratesb. Kpome Toro, yacTh ABUTATened MOXKET
OTKJIIOYAThCS, YTOOBI OONErdyuTh YCIOBUS CaMoO3amycka OCTalbHBIM JBUTATENsIM C Oolee
OTBETCTBEHHOW HArpy3KoMu.

PacueTtHas cxema s onpeneneHusl Toka camo3anycka npuBeieHa Ha puc. 4.2. YyacTtByto-
e B CaMO3alyCKe CUHXPOHHBIE M ACHHXPOHHBIC JBUTATENIM TPEICTABIICHB SKBHUBAJICHTHBIMU
apurarensamMu Mcy u My Ha cxeme 3amerneHust COmpoTHBIEHHMsA Xcq M Xpjq — OKBUBAJIEHT
HapaJuIeNIbHBIX CONPOTUBICHUH CHHXPOHHBIX M ACHHXPOHHBIX JIBUTATEIEN COOTBETCTBEHHO, a Ec u
Epy — oxBuBanent ux DJIC. Heckonbko NprOIMKEHHO CONPOTUBIICHUS aCHHXPOHHBIX JIBHIaTENIEH
JOIYCTUMO TPUHATH Kak Juisd 3aTopMo)keHHoro nsuratens. J/1C

Ec
] AlNB
Zc
=
Xan Xcn
() (v o (R
a) 0)

Puc.4.2. PexxuMm camo3sarmycka: a — cxema ceTu, 6 — cxeMa 3aMeleHus
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JBUTATENIel CleAyeT Y4YMTHIBAaTh TOJBKO Ui HA4YaJbHOM CTaJAMM caMo3alycka — HECHMHXPOHHOTO
BmoueHus. 3nadenus OJIC npurarenein Epy m Ecp B cXeMe 3aMEIIEHHMs COOTBETCTBYIOT
CKOJI)KEHUI0O B MOMEHT BOCCTaHOBIJIeHUsI nuTaHus. OObIYHO, MpHU nepepbiBe nutanus ot 0,5 c. u
0oJiee CKOJIbKEHHUE JOCTUTACT TakuX 3HaueHui, korga DJC nBurareneil CTAaHOBITCS HE3HAUUTEIb-
Hbl M HECHHXPOHHOE BKJIIOYCHHE MOXKHO HE paccMaTpuBarh. VICKiloueHHE MOTYT COCTaBISITh
TOJIBKO JIBUraTEN, IIPEXKAE BCETO CUHXPOHHBIE, UMEIOIINE HE3HAUUTENIbHYIO Harpy3Ky U MOTOMY
XapaKTepU3YIOIIMecs] MEJICHHBIM CHIDKEHHEM 4acToThl BpamieHus. COBpPEeMEHHbIE CHUCTEMbI
BO30Y)XKJICHHSI CHHXPOHHOT'O IBUTATENI B CIIy4ae IMOTEPH MUTAHUS TNPEIyCMAaTPUBAIOT CHATHE
BO30Y>KJCHMSI U TallleHHhe MarHUTHOTO M0Jis, B CBsi3U ¢ 4eM, ero DJIC ObIcTpO 3aTyxaeT, a CTaaulio
HECMHXPOHHOT'O BKJIIOUEHHS CIIEJYeT paccMaTpUBaTh TOJbKO IPU OTKa3e WIM 3HAUYUTEIbHON
WHEPLHUHU aBTOMATUKH cUCTEeMbl BO30OYyxJeHHUs. ClenyeT TakXKe YYUTHIBAaTh, YTO NPHU KPaTKOBpe-
MEHHOM IlepepbiBe NUTaHus B npezaenax 0,5 c. manoBeposTHO pacxoxiaeHue JJIC nBurareneit no
otHomeHUIO K DJ]C BHELIHENW ceTH Ha YIJibl MOpsKa 180° 3a cuer HWHEPIUHU Tpoliecca U3MEHEHUs
dazer DJIC.

B urore, cragus HECHHXPOHHOTO BKJIIOYECHHSI TOJKHA PACCMATPUBATHCS TOJIBKO B OTHOCH-
TEIbHO PEAKUX Clydyasx IOpU COOJIIOJIEHUM OTMEUEHHBIX BbIlIe ycioBud. B pacuerax 3/C
JBUTATENel cieqyeT MPUHATH B MpoTuBodaze mo oTHouleHuto K DJ{C BHEIIHEro HMCTOYHHUKA.
Monyns DJIC 11 aCHHXPOHHBIX JABUTaTENEd C yUeTOM HEKOTOPOrO YBEIMYEHHUS CKOJIbKEHHS Ha
ypoBHe Epjq = 0,8 — 0,9 Uyoy. Moayne D3JIC CHHXPOHHBIX IBUIATENICd 3aBUCUT OT HACTPOMKH
CUCTeMBbl BO30OYXKIEHUS: C BblAauel, MoTpediieHneM WM 0e3 MepeToka peaKTUBHOW MOIIHOCTH.
HaubGonpimee 3nauenue 3/1C B pexxuMe BblJaud PEAKTUBHOW MOIIHOCTH, B KOTOPOM, C Y4ETOM
HOSIBJIEHHS CKOJIbKEHHS 338 BPEMsS OTCYTCTBUS NHMTaHHs, MOXKHO mpuHATh Ecy = 1,0 — 1,1 Uygy.
[TonHBIM TOK HECHHXPOHHOTO BKJIIOYEHHUSI 110 cXeMe puc. 4.2:

. E.- Xeg+ Xag +Eng-Xcg+ Ecp- Xag
' XC,Z[XC-I_XCXA[[-I_XC[[XA[[
B uyactHOM ciyyae OTCYTCTBHUS, HampUMeEp, AaCHHXPOHHBIX JBUrareieil BblpaxeHue (4.5,a)
npuoOpertaeT 6ojiee MPOCTOM BUL:

(4.5,a)

| _E.+Eg
HEeC.BKJI —
XC,[[ + XC

B mpuBenennbix BoipakeHusix OJIC 3amaHbl Kak JOeHCTBUTENbHBIE uucia, npotuBodaza I/C
yuTeHa 3HakoM «+». [lo BelpakeHusM (4.5) mosydyaeM SKBUBAJIEHTHBIM TOK, MPOXOIAIIMN OT
MCTOYHMKA MUTaHUA. VICKOMBII TOK B KQKJIOM JIBUTATEIIE OTPEACISIETCS PaclpeIelIeHUeM TTOJTHOTO
TOKa IO JBUTATeNsIM coriacHo ux comportuBieHunto U OJ[C. Yem Oosblie ydacTBYIOUIMX B
HECHHXPOHHOM BKJIIOYEHWH JBUTATENICH, TEM MEHBIIE TOK B KaXIOM M3 HuX. s momydeHus
pacyeTHOr0 MaKCHMaJbHOIO TOKa B CXE€ME€ HEOOXOJMMO paccMaTpuBaTh MUHHMAJIbHOE YHCIO
JaBurareneil (B npeaene — 0MH), UCXOJS U3 PEaJbHBIX YCIOBUN pabOThl CUCTEMBI AJIEKTPOCHAOXKe-
HUSL.

(4.5,6)

Ilocne 3aBepiIeHHs NEPEXOAHOIO IPOLECCA, CBA3aHHOIO C HECMHXPOHHBIM BKIIOYECHHEM,
TOK CaMO3allyCKa pPacCuMThIBaeTCi IO TOM ke cxemMe puc. 4.2 c¢ teM oriauumeM, uro IJC
JBUTATeNel MPUHUMAIOTCS paBHBIMH HYI0. [Ipy HE0OX0AMMOCTH ydeTa MHOU, KpoMe JIBUraTesen
Harpy3Ku, €€ CONPOTHBIIEHUE BKIIFOYAETCS MapajUIeNbHO CONPOTUBJICHMIM ABurareneil. Hannuume
NapaJuIeIbHOM HArpy3KH CHM)KAET TOK CaMO3allyCKa ABUTATENEH, IOATOMY €€ CONPOTHUBIICHUE
clieflyeT NPUHATH MaKCHUMaJbHO BO3MOXKHBIM, HCXOJAS M3 pPEAIbHOTO peXHMa pabOThl CETH.
[IpenenbHbIN ciydaid — OTCYTCTBHE MapajulesIbHONM Harpy3kd. IIosHBIN TOK camo3amycka ciemyer
pacnpenenuTs MEXy BCEMH JBUraTesiMu. Hanpumep, npu oTCyTCTBUM MapaljIeIbHON Harpy3Ku U
TOJIBKO JIBYX JABUTaTEIIAX, yYaCTBYIOIIMX B CAMO3aITyCKe, ITOJIHBIA TOK CaMO3aIycKa:

E
v XAC (4.6)
Xc+ "4 M

legan =

(Xcn + Xan)

a TOK B KaXKIOM ABHUI'aTCIIC:
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I Al = I —XCIL
C3arll. — fc¢3an
Xcﬂ + XAZ[
XAl[
lesancn = Iesan m

(4.7,a)

(4.7,6)

[Ipu enewnem K3 6 nHauanvuwiii momenm BpeMeHH umeeTcs noanutka touku K3 ot nBura-
tens. Tok noanutku Iyg,, COAEPHKUT 3aTYXAOUIYIO NEPHOJUIECKYIO COCTABIISAIONIYIO IPOMBIIIICH-
HOM 4acCTOTHI M alePUOIUUYECKYI0. B MUKpOIIPOLIECCOPHBIX 3alUTaX arnepuoarndecKas COCTaBIIsIO-
m1ast cJiado BIMSET HA MOBEJICHUE Pelie TOKA U YYUTHIBAETCS TOJBKO KOCBEHHO 4epe3 Kodddummen-
Thl OTCTPOMKH.

Puc. 4.3. Pexxum BHemHero K3: a — ucxoaHast cxema, 0 — cxema 3aMeIleHus.

VY4auTeiBaeMblil B pacueTax OTCEUYKM MaKCUMAaJbHBIN TOK MOJMUTKUA OYAET MPH MOJ0KEHUH
Toukr BHemHero K3 MakcumanbHO HpHOMMKEHHON K TpaHcdopMmaropaM TOKa, K KOTOPBIM
noxakitoueHa 3ammra. Ha puc. 4.3 npuBeneHa cxema uid pacuera TOKa NOANMTKH. B cioyuae
3amuThl 0J10Ka TpaHchopMaTop-ABUTaTelb HEOOX0IUMO YUUTHIBATh CONPOTUBIIEHHE TpaHCchopma-
TOpa, OTpaHUYMBAIOIEE TOK MOAMNUTKM, a NpPH HATMYUU Kabeis, W CONpPOTHBIEHHE Kales.
AcuHXpoHHBIA aBuratens M1 B cxeme 3amemenus 3amaH HadanbHOH DJIC Epy = 0,9 Uyom u
CONPOTHUBIIEHUEM, COOTBETCTBYIOUIMM IIYCKY JABMrarens Xy, CHHXPOHHBIM JBurareiab M2
ceepxnepexoaabivu DJ1C E; U CONPOTHUBIICHHEM X d Tok moaAnuTKH:

E[[B
Ino;:m = X_Z (48)

rae Ejp — HauansHoe 3Hauenne D/IC nBurarens;

Xy - cymmaphnoe conporusienne Mexay I/IC nsurarens u toukon K3, Brirovaromiee
COIIPOTHUBIIEHUE JIBUTATENIA, a TAKXkKe Kabelns U TpaHchopMaTopa MpU UX HATMYHU.

B urore, npu pacuere TOKOBOM OTCEUKHU CJEIYET: ONPEAETUTh CIIUCOK MOJUIekKAIINX aHAIH-
3y PEKUMOB, MPOBECTH pacyeT TOKA JBHUTraTessl B BHIOPAHHBIX PEeKHUMax, NMPUHIB MAaKCUMAaJbHOE
3HaYeHHE PacYeTHOIo TOKa B BhIpaxeHuH (4.1), u npoBepuTh K03()PUIMEHT YyBCTBUTEILHOCTHU 10
BeIpakeHUI0 (4.3). B cmucok moanexamux aHanu3y peXHMOB B JIIOOOM CiIydae BXOIAT PEKUM
BHemHero K3 v pexxum Iycka B YCIOBHUSAX BBIBEICHHBIX ITYCKOBBIX YCTPOWCTB. PexuMm camosanyc-
Ka JIBUTaTells, U MPeK/Ie BCEro Ha CTaJMM Ha4yaJlbHOIO HECMHXPOHHOTO BKJIIOUEHHS, paccMaTpuBa-
€TCsl TOJIBKO B YKa3aHHBIX CITyYasX.

Crenyer OTMETUTh, YTO OIEHKA A(PPEKTUBHOCTH 3AIIUTHI IO KOI(D(UIIMEHTY UyBCTBUTEIb-
Hoctu npu K3 Ha BeIBojmax He sBhsiercss nosnHoueHHou. [Ipu K3 BHyTpu craropHOif 0OMOTKH,
0co0eHHO npu yaaneHuu Touku K3 oT BbIBOJIOB ABHraTessi, TOK Ha BbIBOJAX OyJeT YMEHBIIATHCS
KaK 3a C4YeT JOIOJIHUTENBHOIO CONPOTHUBIIEHUS MABUTATENsl, TaK M BCIECTBUE YMEHBLICHHS
HaIpsDKEHUs1 B TOUKE NOBpexAeHus B npeamecTtByomeM K3 Harpy3zounom pexume. T. O. naxe
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IIPYU JOCTATOYHOM UyBCTBUTENBbHOCTH K K3 Ha BbIBOJAX ABUTATENs], YyBCTBUTEIBHOCTD 3AILUTHI IPU
BHyTpeHHUX K3 MOXeT oka3aTbcs 3aHMKEHHOM, BCIEACTBHE YEro HEOOXOIUMO CTPEMHTHCS K
00ecreyeHnI0 MaKCHUMaIbHO BO3MOXKHOM YyBCTBUTEIBHOCTU B pacueTHOl Touke K3 — Ha BeIBogax
neurarens. lloaToMmy, naxe Mpu TMOJYyYEeHUM 3HA4YeHUA Kod(h(UIMEeHTa YyBCTBUTEIbHOCTH,
YJIOBJICTBOPSIIOIIETO HOPMATUBHBIM TPEOOBAaHUAM, I€I€CO00pa3HO MPOBOIUTH TOYHBIA pacyeT
3HaYeHUs BXoJsmero B (4.1) pacueTHOro TOKa B aHAIM3UPYEMBIX PEKHUMax C y4ETOM 3JIEMEHTOB
CETH BOJIM3HU 3aIUIIAEMOT0 IBUTaTEIs.

3HaueHue K03 GuIUeHTa YyBCTBUTEILHOCTH NpU GUKCcUpoBaHHOM Touke U Buje K3 moxer
OTJIIMYATHCS JJISl pa3HBIX CXEM IOAKIIIOYCHHS pelie TOKa K TpaHchopMaTopaM Toka. BiusHue cxem
MOJKIIIOUEHUS! HAa KOI(PPUIMEHT YYyBCTBUTEIHLHOCTH AaHAJOTUYHO PACCMOTPEHHOMY paHee Ha
IIpUMepe TOKOBOM 3aIlMThI TMHUH (puc. 3.12).

Kak yxaswiBanoce, B Tepmunane «Cupuyc-21-/1» npumeHneHa tpexpeseiiHas cxema ¢ KOH-
TposieM Tpex TOKOB. LlenecooOpa3HO BBIMOTHATH MOJIKIOYEHHE TEPMUHANA K TpaHchopMaTopam
TOKa, COOpaHHBIM II0 CXEMe IOJHAas WM HemojHas «3Be3lna». [lockolbky B TepMuHaie Mpu
MNOJKITIOUEHUH K CXEME «HETOJHAas 3Be37[a» TOK TPeTheil (ha3bl BOCCTAHABIMBAETCS PACUCTHBIM
IyT€M, YyBCTBUTEIbHOMN 3alUTHI CIEAYET OLICHUBATh KaK IO TPEXPEICHHON cXeMe ¢ KOHTPOJIEM
TOKOB Bcex (a3.

Pacuer Bxogsmux B BeipaskeHus (4.1) u (4.3) 3HAUYCHHI TOKOB 11€7€CO00Pa3HO IPOBOIUTH C
UCIIOJIb30BaHUEM MPOrPaMMHOTO oOecredyeHus, pa3paboTaHHOro Uil TakuX pacdyeToB. PydHoit
pacyeT MOKET BbI3bIBaTh HEKOTOPHIE 3aTPYAHEHUS B ONPEAEICHUN BXOIAIIMX B CXEMbI 3aMEIICHUS
napamMeTpoB JIBUraTeseil, a yIpolleHus MOT'YT IPUBOAUTh K 3aMETHOM MOTIPELIHOCTH pacyeToB. B
NPWIOKEHNU 3 NPUBEIEHBI pacueTHbIE COOTHOLIEHUS s ompeneiaeHust conpotusnenus u IC
JBUTATENCl, KOTOPhIE, B CUJYy UX OTHOCHUTEIBHOW MPOCTOTHI, MOTYT OBITH HCIIOJI30BAHBI IS
PYUYHBIX pacyeToB, COXpaHsAs MpPU HSTOM MPUEMJIEMYIO TOYHOCTb MaTEMaTHYECKOH MOJENn
neurarens. UTo kacaeTcsi pacyera TOKOB, ocoOeHHO mpH JByX(asubeix K3, HeoOXoIuMBIX ais
OLICHKHA YYBCTBHUTEIBHOCTH, TO JUII CETEH pacCMaTpUBAEMOro Kiacca HEOOXOIUMO IMPOBOIUTH
pacueT ¢ y4eToM Harpy3ouHoOM cocTaBisoliel TokoB npu K3, ocoOeHHO /1S CUIIBHO HArpy>KEHHBIX
CeTel, MOCKOIbKY Harpy3ka HE3HAYUTENIbHO OJJIEKTpUYeCKH ynaineHa or Touku K3 (manoe
compoTtuBieHue Mmexay Toukoid K3 wu Harpyskoii). Ilpum pyuHbIX pacueTax, Kak HpPHUBHIIO,
Harpy304HOM coOCTaBJsIOUIe mNpeHeOperarT, cuyuTas ceTb B mpeamecTByoomeM K3 pexume
pabortaromieid Ha xoiocToM xoay. OleHKa MojlydyaeMbIX NMPH 3TOM MOTPEIIHOCTe MpuBeAcHa B
rinase 1.

Ilpumep 1. Pacuer TOKOBON OTCEUKH JIBUTATEIIS.
Cxema cetu nipuBejieHa Ha puc. 4.4. 3amuinaeMplid JBUraTesb M.
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Puc. 4.4. Cxema cetu aJ1g pacyeTa TOKOBOM OTCEUKH.

[Tapametpsl snementoB cetu: nurtaromas cuctema (C): 110 kB, conporusnenue Z, = 1 +
j-15 Owm. Tpanchopmarop (T): HOmMuHaNBHAsSE MOIIHOCTH 25 MBA, cxema 0OMOTOK <«3Be3-
na/rpeyronbHuk-11», Hanpspkenne 110 / 6 kB, Hanpsbkenue K3 (%): cpennee 10.5, makcumansHOe
11.72, munumansroe 9.84, nanpsikenue crynenu PIIH 1,78%, uncno crymeneii 19. Kabens (K):
Hanpspkerne 6 kB, mruHa 500 M., cedenne 16 My, yaenbHoe compotusierue 1,2 + j 0,475 Om/kM.
CunxponHslii asurarens (M): HomuHanmbHas MouHOCTh By, = 2000 xBrt, HOMuHanbHOE
Hamnpsikenue U,y = 6 kB, kpatHOCTh myckoBoro Toka K; = 7, HOMUHaIBHBIN KOIPPUIIUEHT
morHoctH cos @ = 0.8, KIIJT n = 0.96 o.e. , koohuuuent 3arpysku Ky, = 1.0 — yuutsiBaer B
JIOJISIX 3arpy3Ky JBHUraTelsl 0 OTHOIIEHWIO K HOMMHAJIbHOM MOIIHOCTU. ACUHXPOHHBIN JABUTaTENb
(M2): HomuHanbHas MouHOCTh By, = 1000 xBt, HomMunanbHoe Hampspkenue U,y = 6 KB,
KpPaTHOCTb IyCKOBOTO Toka K, = 5.7, HOMUHaIBHBIN K03 puuueHT MouHoctu cos ¢ = 0.89, KIIJ]
n = 0.955 o.e. , koo puunent 3arpysku Koo, = 1.0. DxBuBanentnas narpyska (H): HoMunansHoe
Hanpspkenue Uy, = 6 kB, aktuBHas momrHocTh 17.6 MBT, koaddunment momuoctu cos ¢ = 0.8,
I0JIHAsl MOUTHOCTE Harpy3ku 22 MBA. CymmapHas MOIHOCTb Harpy3Ku M JBUTATeNedl IPUMEPHO
COOTBETCTBYET MOIIIHOCTH TpaHc(popMaTopa, T.€. IPUHSATA €ro MOJIHAs 3arpy3Ka.

PacueTsl 25IeKTpUUECKUX BEIMYUH B TpeOyeMbIX JUIsl BBIOOpAa YCTaBOK peXUMax paboThI
cetu mpoBeneHbl 1o mporpamMme «TK3-My». OnHolt W3 0OCOOEHHOCTEH MpOTrpaMMBbl SIBISETCS
BO3MOXHOCTh noabopa otnaiiku PITH Tpanchopmaropa u3 ycinoBus oOecrieueHHs HOMHHAJIBHOTO
HanpsDKeHUs B Harpyske (Ha nutatommx muHax) — onuust «PITH». HeitpanbHoe monoxeHue
otnaiiku PIIH coorBerctByeT HOoMepy n = (. IIpuMeHuTeNnbHO K MPUBEAEHHON cxeme puc. 4.4 nipu
MOJIHOCTBIO BKIJIFOUEHHBIX MOTPEOUTENIX HOMHUHAJIBHOE HANpsDKEHWE Ha TMHTAOIMX HIMHAX
obecnieueHo npu padboueM nonoxkenuu ornaiku PITH n = -4 oT HEHTpanbHOTO MOTOKEHUS.

Pacuer Toka cpabaTbiBaHUs OTCEYKU MTPOBOJUTCS B CIAEAYIOUINX PEKUMAX.

1. Ilyck osucamens uz 3amopmodceHHo20 cocmosHus. PaccauTbiBaeM MyCKOBOM TOK JIBH-

ratesnst M1.

Pacuer o ynpormiennoit popmyne (4.4):

2000
II'IYCK =K, - IHOM./:LB =7x 3.6 0.96-0.8 = 1756 A

Pacuer no nporpamme «TK3-M»:
e Harpy3ka H m nBurarens M2 oTkiroueHsl, B mporpamMme BoiBeneHa onuus «PITH»,
T.€. COXPAHEHO 3HAY€HHUE N = -4, MOJIYyYEHHOE [UIsl OJHOCTBIO BKIIFOUEHHOW HArpys-
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KH. HpI/I 9TOM IIOJIYYCHO 3aBBINICHHOC HANPSAXKCHUC HA MUTAOMUX MHWHAX, PAaBHOC
6,3 kB. B paccMOTpeHHBIX yCIIOBHAX TyCKOBOM TOK aBurarensd M1: Iy = 1500 A;

® DPEKUM CETH TOT *ke: Harpy3ka H u nBurarens M2 OTKIIIOUEHBI, HO B IPOIpaMMe aK-
tuBru3upoBana onmusi «PITH». [Tonydeno yrounennoe 3HaueHue n = -1. Ilpu stom
o0ecrie4eH0 HOMHHAJIbHOE HAINpsDKEHHE Ha NHTAIONIMX INWHaX, paBHoe 6 kB. B
PaCCMOTPEHHBIX YCIIOBHUSIX MYCKOBO#M TOK jBuratenst M1: Iy, = 1421 A;

e Harpyska H u nurarens M2 Bxirouensl, onuus «PIIH» aktuBusupoBana. [lyckoBoii
Tok Buraresns M1 Iy, = 1392 A.

B nanpHeiimmx pacuerax NPUHSAT MyCKOBOU TOK [nyee = 1421 A.

ITomy4yeHHbIE 3HAUYEHUS ITYCKOBOIO TOKA JEMOHCTPUPYIOT MOTPEUIHOCTH, KOTOPHIE MOXKHO
NOJYyYUTh NIPU HE BIOJHE KOPPEKTHBIX pacyerax. Pacuer mo ympomenHoit ¢gopmyne (4.4) maer
CYLIECTBEHHO 3aBbllICHHbIE (HAa 23%) TOKM M, KaK CIEACTBUE, 3aBBIIIEHHOE 3HAUYE€HUE TOKa
cpabaThlBaHMUs. M HEONPABJAaHHO CHMKEHHYIO YYyBCTBUTEIBHOCTh OTceukd. Heobxomum pacuer
HEMOCPEJCTBEHHO M0 CXEMe 3aMelleHus ceTH. Pacder mo cxeme 3aMelleHusi CeTH JIOJKEH
IPOBOAMTHCA C JIOCTATOYHOM aKKypaTHOCTbIO. Tak, B peXuUMe OTKIIOYEHHUS HArpy3KH CIEeNyeT
UCXOIUTh U3 peanbHOro mnosioxenus ornaiiku PIIH. Ilpu noxxHo 3amanHON oTmaiike n = -4
TIOJTyYEHO 3aBBINIEHHOE 3Ha4YeHue (Ha 5,5%) Toka Inye = 1500 A, B TO Bpemsl, Kak IIpH peanbHON
oTmaike n = -1 3HaYCHHE TOKA COCTABIACT Iyyce = 1421 A, KOTOpPOE M YYTE€HO B JAIbHEUIIMX
pacyerax.

2. Iloonumka eénewnezo mpexgasnoco K3 B touke K; Ha nurtaronmx mmHax. [1o mpo-
rpamme «TK3-M» nonyden Tok noanurku I, = 1360 A.

3. Camo3zanyck npu eoccmaHnosnenuu numanus B pesyinprate ycnewmHoro AIIB nura-
IOLIed CHUCTEMbl, OTKJIIOYEHHOW JeiicTBUEeM 3aluThl ceTu nuTaHus. [IpuHATO, YTO cyMMapHoe
Bpems oTkiatoueHust K3 Bo BHemHel cetu u nocienytomiero ycnemsoro AIIB mpessimaer 0,5 c.,
YTO [O3BOJISIET HE paccMaTpuBaTh CTAJUI0 HECHHXPOHHOIO BKIOueHHs. TOK camo3amycka
JBUTATENsl C HEHYJICBBIMH O0OOpOTaMH HE MOJKET NPEBBIMIATh IYCKOBOW TOK 3aTOPMOYKEHHOTO
nBurarens. PexxuM B JaHHOM Cllydae HE pacUETHBIN.

B urore, MakCUMalbHBIM TOK B pacCMOTpEHHBIX pexumax 1421 A. IIpunumaem ero 3a pac-
yetHblid. Tok cpabareBanus: [., = 1.5- 1421 = 2131 A.

Jlia pacuera ko3¢ uLMeHTa YyBCTBUTEIBHOCTH OIpENEsieM TOK B 3allUTe MpHU AByxQas-
HoM K3 B Touke K, Ha BBoje nBurarens. MuUHUManbHBINA TOK B 3alMTe OyAET MPU BKIIOUEHHOH
Harpy3ke H — mpHucyTCTBYeT IIyHTHPYIOIIas TOK LIETI0YKa B HArpy3Ky, U OTKIIOYEHHOM JIBUraTelie
M1 — otcyTcTBYeT nmoanuTKa ot cMexkHoro asurarens. Ilo mporpamme «TK3-M» ans aByxdasHoro
K3 ¢a3 A u B nonyuens! ¢azusie Toku [y = 4202 A Iy = 3817 A I = 678 A. HepaBeHCTBO TOKOB
B MOBPEXKACHHBIX (Pa3aX M HEHYJIEBOW TOK B HEMOBPEXACHHOH (haze OOBACHAIOTCA HaIUMuueM

Harpy3ouHoil cocrapistomeil B Toke K3. Koaddunuent gyBcTBuTenbHoCTH npH AByX(dazHom K3

Ha BBIBOJIaX ABUrarens: K, = 4202 2131 = 1,97 — Ha rpaHu JOMYCTUMOTO 3HAYCHHUS.

HHTepecHO OTMETUTH, YTO MPHU UCIIOJIB30BAHUU YIPOIIeHHON (popmyisl (4.4) Tok cpabathl-
BaHus Obim Obl [., = 1.5-1756 = 2634 A, yto He oOecneuuT HEOOXOIUMBIH Kod(duIHEHT
YyBCTBUTEIHHOCTH.

4.2, 3awuma om 00HODA3HLIX 3AMBIKAHUL HA 3eMII0

Cetb, OT KOTOpOW JABMraTeib IOJy4yaeT MUTaHHE, HE UMeeT HPPEKTHUBHO 3a3eMIICHHOU
HENTpasu, B CBSI3U C YeM NpHU oJHO(A3HBIX 3aMbIKaHUAX Ha 3eMito (O33) He BO3HUKAET MPSIMOTo
KOHTYpa AJIs IPOXO0KJIEHUS TOKA YEPE3 MECTO MOBPEKAEHUS. TOKHM 3aMBIKAIOTCS YEPE3 EMKOCTHBIE
MIPOBOAMMOCTH 3JIEMEHTOB CETH — B OCHOBHOM Ka0elld, a TakKe MPOBOJUMOCTH JPYTUX JIEMEHTOB
CeTU: JBUTraTenu, Tpanchopmatopsl. CONMPOTUBICHUS EMKOCTHONW MPOBOJIUMOCTH 3JIEMEHTOB CETH
UMEIOT OOJIbIINE 3HAUEHUS, YTO OTPAHUYMBAECT TOKM 3aMblKaHMs. B 3aBUCMMOCTH OT pa3BeTBIICH-
HOCTH Ka0elbHOW CeTH €eMKOCTHBIE TOKH MOTYT IIPUHUMATh 3HAYEHHUS! OT HECKOJIBKHX JECSTKOB JI0
equHUIl ammep. s mamopa3BeTBICHHOW KaOENbHOW CETH, a TaKXKE B CIydasX, KOrJa B CETH
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MNPUHATHI MEPhl MO KOMIICHCAIIMM €MKOCTHBIX TOKOB 3aMbIKAHUS HAa 3E€MIJII0, 3HAUYEHUSI TOKOB
OTpaHUYEHBI €IUHULIAMH aMIIEp.

OmnacHocTh Ui JBUTaTeNst 0HO(A3HBIX 3aMbIKAaHUN OTPEACISICTCS HAIMYUEM AYTH B TOUKE
npo0os U30JAUH, YTO MPHUBOJIUT K Pa3pyIICHUIO CTalM CTaTOpa U BO3MOXKHOMY AallbHEHIIEMY
MOBPEXJICHUIO OOMOTKH. TOKHM, MPU KOTOPHIX BO3HHKAET YCTOMYMBOE TOpPEHHE IYI'M B MECTE
npo0os W3OJSIMM, SBISIOTCA OMACHBIMH M TPeOyroT OBICTpOro OTKJIIOYEHHs JBuratens. B
OTEUYECTBEHHBIX 3HEPrOCUCTEMAx J0 CHX IOp ONAacHO€ 3HAaY€HHE TOKAa IPHUHATO CUUTATh I10
KPUTEPUIO, YCTAHOBIIECHHOMY B JJOBOCHHOE BpeMsi — 5 A.

IIpoBeneHHBIE B ITOCIIEAHEE BPEMS UCCIIEJOBAHMSI IOKA3AJIM, YTO YXKE IPU TOKaX 3aMbIKaHUs
Ha ypoBHEe 1 A BO3MOKEH 3aMETHBIH MEpPEerpeB OOMOTKH B MECTE MOBPEXKJICHUS C MOCIEAYIOMNUM
nepexoaoM OAHO(GA3HOTO 3aMBIKAHUS B BUTKOBOE, KOTOPOE COMPOBOXKAAETCS pa3pylICHUEM
obmoTku aurarens. C apyroil CTOpoHBI, ObUIO MOKa3aHO, YTO MPHU TOKaxX 3aMblkaHus a0 10 A
HOBPEXACHUSI MOTYT CaMOyCTpaHUThCs 3a BpeMs 110 0,2 c.

Cornacao [1], ana nqurateneit montHOCThIO 10 2000 kBT HE0OX0MMMa yCTaHOBKA 3aIIATHI
0T 0JHO(A3HBIX 3aMBIKAHUN TOJIKO MPHU TOKAX 3aMBIKaHWsI, MpeBbImamux 10 A mpu oTCYyTCTBUU
KOMIICHCALINH, a [P €€ HAJIMYUU — €CJIA OCTAaTOYHbI TOK B HOPMAJIbHBIX YCJIOBHSX IPEBBIIIAET
yKa3zaHHoe 3HaueHue. [[ns nBurareneit momHocTeio 6osee 2000 kBT Takas 3amura npeaycMaTpu-
BAETCA, €CJIM TOK 3aMbIKaHUsI HA 3€MJIIO MPEBbIIAET 5 A. 3aluTa BBINOJIHAETCS C KOHTPOJIEM TOKa
HYJIEBOI MOCIEeI0BATENILHOCTH, MOIY4aeMOro OT TpaHchopMaTopa TOKa HYJIEBOM MOCIET0BATENb-
HOCTH, U JIEMCTBYET Ha OTKJIIOUEHHUE ABUTaTessl 0e3 Bbiep kKU BpemeHu. Kpome aBurarens, B 30Hy
JEHCTBUS 3aIIUTHI BXOAWT U MUTAIOIINNA JBUTATEIb KaOeIb NPy €ro HATUYHH.

UyBCTBUTEIBHOCTh 3alUTHl HE perjaMeHTHpoBaHa. B ciydasx, korzma ajas OTCTPOMKH OT
MEPEXOJIHOTO pexuMa TpedyeTcsl 3HAUMTEIbHOE 3arpyOJieHHue 3allUThl, IOMYCTUMO BBOAUTH
3a/Iep’KKy Ha cpabaTbhlBaHME, YTO MOBBIIIAET YYBCTBUTEIBHOCTh 3alUThl. ClieyeT UMETh BBUAY,
YTO Jake JAJIS 3alUThl, 00JIaaroNIel BBICOKOM 4yBCTBUTEIHHOCTHIO, COXPAHIETCS «MEPTBas» 30Ha
IpU 3aMBIKAaHUSAX BHYTPH OOMOTKH, OCOOEHHO B YaCTAX, HauOoJee YAAJCHHBIX OT BBIBOJOB
0OMOTKH CO CTOPOHBI CETH.

[IpMEeHHUTENBHO K UCIIOJIB30BAHUIO MUKPOIIPOLIECCOPHBIX TEPMUHAJIOB 3aLIUT BBOJI 3AIIUTHI
0T 0JHO(a3HBIX 3aMBIKaHUH 11€1ec000pa3HO OCYILECTBIATh JJaXKe B T€X YCIOBHSX, KOI/Ia YPOBEHb
TOKAa 3aMbIKaHUs HUXKE PErIaMEHTHPOBAHHOTO. 3alluTa BKJIOUYEHAa B cocTaB (QyHKUUH, peanusye-
MBIX TUIIOBBIMU T€PMHUHAIAMH, B TOM YHUCJIE€ U B TepMUHAIBI cepun «Cupuyc-L», ee ucnonap3oBa-
HUE TI03BOJISIET MUHUMHU3HMpOBaTh yuepO oOT Hauboyiee YacTO BO3HUKAIOMIMX OJHO(A3ZHBIX
3aMBbIKaHUU.

B Tepmunane «Cupuyc-/I» npeanycMOoTpeHO HECKOJIBKO BapHUAHTOB 3aIIUTHI OT OJTHO(A3HBIX
3aMbIKaHUN Ha 3€MJIIO:

® 10 MOJYJIO CYMMBI 3-i, 5-#1, 7-i1 © 9-if TapMOHUK B TOKE HYJIEBOH TOCIEI0BATEb-
HOoCcTH 31);
110 MOJIYJIF0O OCHOBHOM YacCTOTHI B TOKE HYJIEBOU MOCIEN0BATENBLHOCTH 31j;
10 HaIpsKEHUIO HYJEeBOU nocneaoBarenbHocTu 3Uy;
10 TOKY Y HaIpsHKEHUIO HYJIeBOU mocnenoBarenbHoctu 3/, 3Uy 0THOBpEMEHHO;

e 110 TOKY 3/, HanpshxeHnto 3Uy U B3aMMHOMY ()a30BOMY CIBUTY TOKA U HANPSKEHUS
HYJIEBOM TMOCJIEIOBATEILHOCTH (HAIIPABICHHAS 3aII[UTA).

B cnyuae orcyrcTtBus TpaHchopMmaTopa HAMNPSHKEHHS HYJIEBOW MOCIEA0BATENbHOCTH
HanpspkeHue 3UQ paccuuTbIBaeTcs M0 TpeM (a3HbIM HaMpSKEHUSIM.

HeoOxonuMelii BapuaHT 3aJaeTcsi IpU HAcTpoiike TepMmuHaia. [Ipu Hcmonbp30BaHUH JBYX
KaHaJIOB: KaK MO TOKY, TaK M MO HANpsHKEHUIO, OHU 00bequHSIOTCA 1Mo jornueckoil cxeme MJIN.
3amuTa MOXKET BBINIOJHATHCS C JEHCTBHEM Ha CUTHAIM3AIMIO WM HA OTKIIOYEHHE, MpUYeM o0a
KaHaja JACHCTBYIOT OJIMHAKOBO.

3amura MOKET UMETh HE3aBUCUMYIO XapaKTEPUCTUKY BBIIEPKKH BPEMEHHU HIIA 3aBHCHUMYIO
OT TOKa B JIByX BapHaHTaX: Ype3BbIUaiHO MHBEPCHYIO (2.3) min 06paTHO3aBUCUMYIO (2.6).

VYpoBenb TokoB O33 U MPUHUUIIBI BHIMOJHEHUS 3aIIUTHI 3aBUCIT OT BapUAHTA 3a3€MIICHUS
HelTpanu. COOTBETCTBEHHO, BBIOOp BapHaHTa, AKTUBU3MPOBAHHOIO B TEPMHHAJE, JIOJKEH
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COIMpPOBOXKAATHCS AHAJIM30M THUIA 3a3€MJIEHMST M pacueTaMd EMKOCTHBIX TOKOB. B03MO>XHBI
CJIEAYIOIIME BAPUAHTHI CETH.

Cembv ¢ uzonuposannoii netimpanvto. Tok on1HO(A3HOTO 3aMBIKAHUS HA 3EMIIIO IPOXOIUT
yepe3 eMKOCTHBIE CBSI3U CETU C 3eMJIi, ompenenseMble, B OCHOBHOM, KaOEJIbHOM CeThIO, a TaKXKe
YaCTUYHO EMKOCTHOM IHPOBOJMMOCTBI0 HA 3EMJII0 HMHBIX J3JEMEHTOB CETHU — IPEXKAE BCEro
00MOTKaMU MOHWKAIOIIUX TpaHC(HOpMATOpoB U JBUrareneid. He npuHATE Mephl IO OrpaHUYEHHIO
€MKOCTHBIX TOKOB, B CBSI3U C 4eM TOKM O33 mpHHMMAIOT MakcUMalbHbIe 3HaueHus1. Hanbombiryro
€MKOCTHYIO INPOBOAMMOCTb, U COOTBETCTBEHHO HAMMEHBLIEE CONPOTUBIIEHUE CBS3U C 3EMIIEH,
uMeroT kabenu. J[nsl mpOTsHKEHHOH, pa3BeTBIEHHON KaOenbHOW ceTh ypoBHH TOokoB O33 MoryT
JIOCTUTaTh MHOTUX JIECATKOB amIIep.

] >
K 3awmTe
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Puc.4.5. Cxema 3amMernieHus HyJIeBOH MOCIEI0BATEILHOCTH

3amuThl 0T O33 pearupyroT Ha COCTABIISIFOIIME JCKTPUUECKUX BEIMYUH (TOKH, HAIpshKe-
HUS) HYJIEBOW IOCIIETOBATEILHOCTH OCHOBHOHM uacToThl. Ha puc.4.5 mpuBeneH ¢parMeHT CeTH,
BKJIIOUAIOLTNI KaOenbHbIe TUHUM U JIBUTATENH, C EMKOCTHBIMH IIPOBOJAMMOCTSIMH 3JIEMEHTOB CETH,
MO3BOJIAIOIINNA IPOCIEIUTh IYTH MPOXOXKIECHUS TOKOB HYJIEBOM IIOCIENI0BAaTEIILHOCTH IpU
BHelHeM (Touka K;) u BHyTpenHeMm (Touka K;) O33.

Wctounuk HyneBoi mocnenoBaTenbHOCTH Uy HAXOAUTCS B TOUKE MOBPEXKIACHUS, COOTBET-
cTBeHHO n60 B Touke K;, 1160 K. Toku HyneBoi mocienoBaTeIbHOCTH OT UICTOUHUKA 3aMBIKAIOT-
Csl 4Yepe3 eMKOCTHBIE TTPOBOJIMMOCTH AJIeMEeHTOB ceTH. [Ipu HaxoxaeHuu Touku O33 BO BHEMIHEH
[0 OTHOUICHHIO K 3alIMIaeMOMYy JBUTaTento ceTu (Touka K;) KOHTpOIUpyeMbli 3aliuToi TOK
HYJIEBOM TIOCJIEIOBATEIbHOCTH OMNPEJENAEeTCS E€MKOCTHBIM COINpPOTHUBICHUEM JIBUTaTeNs U
He3HauuTelneH. B ciiyyae O33 B 1BUraTene TOK B 3alUTE ONPEAEIAETCS TOKOM BHEIIHEN CETH, T.€.
[0 CYIIECTBY paBeH TOKY B MecTe Mpo0Oosl 3a HCKIIOYEHHEM EMKOCTHOrOo TOKa jABurarens. B
pPa3BETBICHHONW CETH YKa3aHHbIE TOKHM CYLIECTBEHHO pPa3jIMYarOTCs, YTO IO3BOJSET BBIIOJIHUTH
MPOCTEHINIYI0 HEHANpaBJICHHYIO 3alUTy, PEarupyrollyl0 Ha TOK HYJIEBOW MOCIEA0BAaTEIbHOCTU
OCHOBHOM 4aCTOTBI.

Tok cpabaTbiBaHUS 3alIUTHl OTCTPAUBAETCS OT €eMKOCTHOI'O TOKa JIBUraTellsl MPHU BHEIIHEM
033:

Ies = Kore " Kop " Iegs. (4.9)

rae K, — koaddunuent orcrpoiiku, ans «Cupuyc-J» npunsate K, = 1,2;

Kgp — x0dbduuuenT «OpoCcKay, yYUTBHIBAIOMIMK OPOCOK €MKOCTHOTO TOKa B MOMEHT
npobos, Kg, = 2 — 3;
I j5. — EMKOCTHOM TOK 3aLIMIIIAEMOTO IBUTATENS.

JLyist 321U ThI, UMEIOLIEH BBIIEPKKY BPEMEHH, MOKHO NPUHATL Kg, = 1,0.

D¢ heKkTUBHOCTD 3aIUTHI OMpeaeseTcs Mo KO3PPHUIMEHTY YyBCTBUTEIBHOCTH IS CIydast
0/1HO(a3HOTO 3aMbIKaHMs HAa BHIBOJIaX JIBUTaTelIs:

K, = locem (4.10)

IC.3.

1€ I cory — EMKOCTHOM MEPBUYHBIN TOK BO BHEIIHIOKO ceTh Iipu O33 B ABUTATENE;
I, — IepBUYHBIN TOK cpabaThIBaHUSI.
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JIOJKHO OBITH 00ECTIEYeHO MUHUMAIbHOE 3HaUeHHE KO3 PHUIMEHTa YyBCTBUTEIBHOCTH 1,5
npu MUHUMaIbHOM Toke O33. Creayer OTMETUTh, 4TO pacdeT Kod(ppuimeHTa 49yBCTBUTEIBHOCTH,
cornacHo [1], He sBasiercst oOs3arenbHbIM. OMHAKO, B TAaHHOM CiIydae pacyeT HEOOXOIuM st
BbIOOpA BapHaHTAa BHIIOJHEHUS 3AIIUTHI.

3Ha4YeHHs TOKOB CpadaThIBaHMS 3aJAIOTCS BO BTOPHYHBIX 3HaueHHUsIX Toka. llpu pacuere
YCTaBKU CJIEAYET YYUTHIBaTh KOI(PPHUIMEHT TpaHchopmanuu TpaHchopMmaTopa TOKa HYIJIEBON
nocinenoBarenbHocTd (TTHII), k koTopomy 3amura noaxatouena. s TTHII tuna T3JI, T3JIM
koa(durmeHT Tpanchopmaluu 00bIYHO paBeH 25:1.

EmkocTHO# TOK aBurarens I, 1pu BHemHeM O33 MOXKET ObITh NPHOIMKEHHO ONIPEIeIIeH
0 AMITUpHYEcKoi Gpopmyne [17]:

e Juisa ABUrarenei HanpsokenueM Uy, = 6 KB 1 MOIIHOCTBIO Sy 45

I = 0,017 - 5y 15 (4.11,a)
e s aBurareneii HanpsokeHueM Uy, = 10 kB 1 MOIIHOCTBIO Sy 15
Iope. = 0,03 Sy (4.11,0)

B Bripakenusix (4.11) pazmepHocTs MomHOCTH: [MBA], mony4aembie TOKH UMEIOT pa3Mep-
HOCTH [A].

EMKOCTHOM N€pBUYHBINA TOK BHEIIHEH CeTH I 5 ONpenensercs KaKk CyMMa TOKOB JIMHMH U
neurateneil. llemecooOpa3HO yuyuThIBaTH TOJNBKO HaumOoyiee MOIIHBbIE JABUTaTenu. Pacuer
MPOBOAMUTCS B PEKUME CETH, OOECIEeUMBAIOIIEM MUHUMAIbHBI ypoBeHb TOkOB 033, T.e. B
YCIIOBUSAX OTKIIFOUEHUSI HAUOOJBIIET0 YHCIa KaOETbHBIX W BO3MYIIHBIX JHMHHMA, a TAK)KE JBUTATE-
nen.

EMKOCTHOM TOK JTUHUN MOXXHO MPUOIMIKEHHO PacCUUTaTh MO SMIHPUUECKUM (opmyIam
[17]:

e UIA KaOEJBbHBIX JIMHUT:

UHLZ'
Iy = 0 (4.12,a)
® ISl BO3AYIIHBIX JIMHUM:
[ 412,6
c2 — 350 ( . ) )

rae U, — HoMuHaiIbHOE JIMHEeWHOe HanpsikeHue [kB];
Ly — cyMMapHas JiuHa JUHUHI [KM].
B Boipaxkenusix (4.12) momyyaeMble TOKM UMEIOT pa3MEepHOCTD [A].
Bbosiee TouHBIN pacyeT eMKOCTHOTO TOKa KabeabHOH JIMHUU MOYKHO IPOBECTH MO YIEIbHBIM
napaMmeTrpam, pUBEAECHHbBIM B Tabnuie 4.1.

Tabnura 4.1. Y nenpHble EMKOCTHBIE TOKH KAOEIBHBIX JIMHUI.

Ceuenue i [Mm] Y nenbHbI eMKOCTHOM TOK [A/KM]
6 kB 10 kB
16 0,4 0,55
25 0,5 0,65
35 0,58 0,72
50 0,68 0,8
70 0,8 0,92
95 0,9 1,04
120 1,0 1,16
150 1,18 1,3
185 1,25 1,47
240 1,45 1,7

IIpumeuanue. Ha Beixone TTIIH uMmeercs yTpoeHHOE 3HAUEHHME TOKAa HYJIEBOW IOCIENOBATEIBHO-
CTH, KOTOPBII U NMOCTyNaeT Ha BXoA peine Toka. COOTBETCTBEHHO, KaK IPU pacyeTe MapaMeTpoB 3allUThI 110
(4.9) u (4.10), Tak ¥ IpH pacyeTe EeMKOCTHBIX TOKOB 3JieMeHTOB ceTH 10 (4.11) u (4.12) wim o Tabmure 4.1,
ClIelyeT paccMaTpuBaTh YTPOCHHOE 3HA4YeHHWE TOKAa HYJIEBOW TocienoBaredbHocTH. [IpuBeneHHBIE
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sMmrapudeckue cootHomenus (4.11) u (4.12), a taxke Tabnuma 4.1, onpenensioT y)Ke YTPOSCHHBIC TOKH,
HEOOXOIUMBIE ISl TIOACTAaHOBKH B hopMydsl (4.9) u (4.10).

B ciydae, koraa pacyeTsl IOKa3bIBAIOT HEAOCTATOYHYIO UYBCTBUTEIBHOCTD 3aILUThI, MOT'YT
OBbITh PACCMOTPEHBI CIEYIOIINE BAPUAHTBI.

1. BBox BBIAEPKKH BPEMEHHU Ha BpeMs MOpsiiKa 1c., 4TO MO3BOJIUT OTCTPOUTHCA OT I1e-
PEXOJIHBIX MPOIECCOB B MOMEHT Bo3HUKHOBeHHS O33. B 3TOM ciyuae B popmysie (4.9) 3na-
ueHue Kodppunuenta «6pockay npunath Ky, = 1.

2. BBox HampaBiIE€HHOCTH 3alIUTHI, IIyTEM MOJAKIIIOUEHUS pelle HAIpaBJICHUS MOLIHO-
CTH, BKJIFOUEHHOT'O HA COCTABJISIOIIME HYJIEBOM IocienoBarenbHocTU. KOHTposabs Hampas-
JICHUS] MOIIHOCTH IO3BOJIAET HAAEKHO pa3iauuuTh BHEmHHE O33 OT BHYTPEHHUX, B CHUILY
4ero MOKHO 3aJlaTh TOK CpadaTbIBaHHUS U3 YCIOBHs 0OecreueHuss He00X0AUMOM YyBCTBU-
TEJNBHOCTH, HEe OoTcTpauBas ero or BHemHuX O33. Hapexnas paGota pene HarpaBieHHs
MOIITHOCTH oOecreueHa Npy 3HAUYCHHUSIX TOKa U HampspkeHus B ycnoBusax O33, nmpesbimato-
IIMX MMUHUMAJIBHO JIONycTUMBbIE. B ycloBusIX cpabaThiBaHUs 3alllUThl TOK HYJIEBOW Iocie-
JIOBATE€IbHOCTU JOJDKEH IPEBBILIATh YCTaBKY pej€ TOKa, KOTOpass B pEalbHBIX YCIOBUSAX
IPAKTUYECKH BCEr/la MPEBBIIACT MUHUMAIIBHO JIOITYCTUMOE 3HaYeHHE TOKA, HE00X0AUMOTO
JUIS yCTOMUYMBOM pabOThl pesie HanpaBJIe€HUs MOIIHOCTH. MUHUMAabHO JOIMYCTUMOE 3Haue-
HUE HaNpsDKEHUs JUIs pesie HalpaBieHus: MOIIHOCTH cocTaBisier 1 B. Heo6xoaumo npose-
puTh, uTo Ipu BHYTpeHHUX O33 Ha BhIBOJAX JABUraTesns 3HaueHue 3 U, nmpeBbllIaeT yKa3aH-
HYIO BEJINYUHY.

3. BBox 3aBuCHMMOI OT TOKAa XapaKTEPUCTUKH BBIIEPKKH BpeMeHH. B 3amure Bcex
JBUraTesneil, NOJKIUYEHHBIX K JAHHOW crcTeMe COOpPHBIX LIMH, IPUMEHSAETCS OJMHAKOBasI
BBIZIEp’KKa BpeMeHu. B ciiyyae BHyTpennem O33 Ha 3alMIaeMoOM JIBUTaTeje TOK, yXOJs-
IIMHA BO BHEIIHIOI CETh Yepe3 MECTO BKIIIOYEHHUS 3allUThl OyzaeT Oouiblile, 4YeM MpU BHEIL-
HeM O33. Bcee 3amuThl, 1151 KOTOPBIX TOK MPEBBICUII YCTaBKY cpaOaThIBaHUs, OJJHOBPEMEH-
Ho 3amyctarcs. C MeHbIlel BbIIEPKKOW cpaboTaeT 3aliuTa, 4epe3 KOTOpYyro MAeT O0IbIIMi
TOK, T.€. 3alllUTa MOBPEXJEeHHOro apurateins. [locine ero oTkiItoueHUs: OCcTalbHbIE 3aLIUTHI
BEPHYTCS B UCXOJIHOE COCTOsIHME. BapuaHT mpeznosnaraer, 4To 3allMThl ACHCTBYIOT HE Ha
CUTHaJ, a Ha OTKJIIOYeHHe. B ciydae aeiicTBHUs Ha CUTHaji, HEOOXOJIUMO IMPENyCMOTPEThH
MNPUHYIUTENbHBIA BO3BPAT MyCTUBIINXCS 3aIIUT 1O (akTy cpabaTbIBaHUS OJHON U3 HUX. T.
O. u3nuuHuil nyck Ha BHentHee O33 He MPUBEAET K U3JIMIIHEMY Cpa0aThIBAHUIO 3aIIUTHI, B
CBSI3U C UeM TOK CpabaThIBaHHs MOXKHO HE OTCTpauBaTh OT BHemHero O33, a BeIOMpaTh U3
yclioBUsl oOecrieueHus HeoOXOIMMOM YyBCTBUTENbHOCTH. OrpaHudeHrne NPUMEHUMOCTHU
BapHaHTa: MUHUMAaJIbHBIA TOK B CTOPOHY ceTH npu BHyTpeHHeM O33, noskeH ObITh OoJible
€MKOCTHOI'O TOKa JBHrareis. B mpoTuBHOM ciiyyae mepBoil cpaboTaeT He 3aliura, ycra-
HOBJICHHAs Ha TIOBPEXK/IEHHOM JIBUTaTelle, a O/IHA U3 CMEXHBIX.

Cemb ¢ pe30HaAHCHO-3a3eMAEHHOU UNU KOMNEHCUPOBAHHOU Heumpaavio. [{ns yMeHblIeHUs
€MKOCTHOTro Toka B Touke O33 mpuMeHseTcs Ayroracsiuii peakrtop (KaTyllka MHJIYKTUBHOCTH),
YCTAQHOBJICHHBIN B LIEMU HEUTpaiu JOMOJHHUTEIBHOTO TpaHCPOpMaToOpa CO CXEMOW COETUHEHHUs
00OMOTOK «TpeyrojbHUK/3BE3/1a», MOAKIIOUEHHOr0 K IIMHAM ceTH. IHIyKTUBHOCTh peakTopa Mpu
PE30HAHCHOM HACTPOMKE C €EMKOCTBIO CETH II03BOJSET IIOJHOCTBIO KOMIIEHCHUPOBAaTb TOK
3aMbIKaHus 3eMinio. [IpakTHiecku, eMKOCTh CETH MOKET U3MEHSTHCS CIydalHbIM 00pa3oM 3a CUeT
BKJIIOUEHUSI WM OTKJIIOYEHHs DIIEMEHTOB CETH, 4YTO IPUBOJUT K HApPYIICHHUIO DPE3OHAHCA.
ABTOMaTHuUeCKas peryjlupoBKa HWHIYKTHMBHOCTH pEAaKTOpa YAcTUYHO YCTpaHsSET HapylIeHUs
pe30HaHca, HO JOOUTHCS TOUHOTO PE30HAHCA 3aTPYAHUTEIBHO.

[Tpu BemmonHennu 3amuthl 0T O33 creayeT UCXOAUTh U3 TOT0, YTO CETh MOYKET HAXOJIUThCS
B pexuMe, OJIM3KOM K PE30HAHCY, a 3HAUEHUSI EeMKOCTHBIX TOKOB MOTYT OBITh HE3HAYMTEJbHBI, HA
ypOBHE €IWHUIl amrep. Takue ypoBHU TOKOB HE IO3BOJSIOT HCIOJIb30BaTh TOKOBBIE 3allUTHI,
pearupyroume Ha TOK HYJIEBOW IIOCIIEOBATEIbHOCTH OCHOBHOM 4YacTOThl. B naHHOM ciyuae
UCIONB3YIOT 3alllUThl, pearupyrolue Ha BbICOKOYACTOTHBIE COCTABIISIIOIIME TOKa HYJEBOMH
MOCIIeI0BATENbHOCTH, KpaTHbIE 3w, T/I€ W — MPOMBIIIJIEHHAs YacTOTa.

[TosiBneHre BHICOKOYACTOTHBIX COCTABJISIOIIMX OOYCIOBIEHO ABYMS mpuunHamu. [lepBas -
NEePEXO/IHbIM Tpoliecc, cBsi3aHHBIN ¢ BosHUKHOBeHHeM O33. I[Ipu mepemexarommxcs, HEyCTONUH-
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BBIX 3aMbIKaHUSIX, KOT/a JIyTa B MECTE MOBPEKICHUS CAMOIIPOU3BOJILHO TaCHET U BHOBb BO3SHUKAET,
NEPEXO/IHbIM TMpOoLleCC WHTEHCUBHBIM U OTHOCUTENIBHO JJIUTENIbHBIM, YTO IMO3BOJISIET HAJEKHO
(buKCUpoBaTh MepeMexaromuecs npodou n3oisAuui. Bropas npuunHa — HETMHEHHOCTH JIIEMEHTOB
CETH, B CHJIYy YET0 MUMEIOTCSI HEKOTOPbIE HCKAKEHUSI CUHYCOHMIaJbHOCTH AIEKTPUUECKUX BEIHYMH,
IPUBOJSALINE K MOSIBJICHUIO BBICOKOYACTOTHBIX COCTABIIAIOIINX. TaKue COCTaBIISIIOIIME MOSABISIOTCS
JUINTETIbHO Ha BCEM WHTEpBaJie BpeMeHU cyiecTBoBaHUs O33 U SABJISIOTCS MPU3HAKOM JAHHOTO
BuJa nospexaenus. Tepmunan «Cupuyc-L» ucrnonb3yer ycTaHOBUBIIMECS COCTABIISAIOLIUE.

Tounslii pacyer Toka cpabaThIBaHUS 3alIUTHI 3aTPYAHUTEICH B CHIIYy CJIOXKHOCTH pacuera
BBICOKOYACTOTHBIX cocTaBisAomux 1npu O33. OpHEHTUPOBOYHO MOXKHO IPUHATH YCTaBKY
cpabaTbiBaHUs Ha YpoBHE 5% OT TOKa MEpBOW TAPMOHUKH, KOTOPBINA MOSIBHIICA Obl B TaHHOM ceTu
MIPU OTCYTCTBUU KOMIICHCAIIMH. 3alIUTa MOKET UMETh BBIJICPIKKY BPEMEHHU.

Cemb ¢ pe3ucmueHo 3a3eMlieHHOU Helimpabio. B3aMeH ayroracsilei KaTylKd B HEUTpaiu
JIOTIOJTHUTEIBHOTO TpaHc(hOopMaTopa BKIIOUYEHO AKTHBHOE COMPOTUBIEHHE. MOCKOBCKHH 3aBOJ
«INEKTPOIIUT» BBIMyCKaeT IMKad 3a3eMJICHUS HEUTpaau C aKTUBHBIM compoTtuBiieHueMm 100 Om
(mmst 6 kB) u 150 Om (mns 10 kB). Hanmuuue compoTuBiieHHS B HEUTpaau CO3AAeT, MOMUMO
E€MKOCTHBIX IPOBOJUMOCTEH, IOMOJHUTEIbHBIA KOHTYp JMJIs TPOXOXKACHUS TOKa HYJIEBOM
nocnenoBarenbHOCTH pu O33, 9TO ONATONMPHITHO CKA3bIBACTCS HA YYBCTBUTEIBHOCTH TOKOBBIX
3amuT. Bee pexkomMeHaanuu, MO pacueTy 3alluThl, MPHUBEACHHBIE MPUMEHUTEIBHO K CETH C
M30JIMPOBAaHHON HEHTpasibio, OCTAIOTCS B cuiie. JJOMOTHUTENbHO, B pacueTax eMKOCTHOTO TOKa BO
BHelHIO ceTh npu K3 B aBurarene I, ceq,; CAeAyeT A00aBUTh TOK, 3aMBIKAIOLIUIICS uepe3
pe3ucrop.

Ipumep 2. PacyeT 3aiuThl ABUTATENS OT OJHO(GA3HBIX 3aMbIKaHUH.

Cxema cetu npuBesicHa Ha puc. 4.6. [lapameTpsl 37eMeHTOB ceTu: Hanpspkenue cetu 10 kB.
3amumaeMbiii  aeurareas Ml: HomuHaNBbHAs MOMIHOCTH Puoumi =5 MBT, HOMUHaIBHBIM
koadument mourHoctu cos @ = 0,88. CMexHble ABUTATENH, MOAKIIOYEHHBIE K TEM K€ IIMHAM,
Ha CXEM€ YKa3aHbl B BUJI€ SKBUBAJICHTHOIO ABUTATENSI Mok C CyMMapHOM MOIIHOCTBIO Pyoy Maks =
20 MBT u ycpelHEHHBIM 3HaU€HHEM HOMHHAIBHOTO KO3((HUIIMEHTa MOIIHOCTU COS @, = 0,8.
[ToaxmroueHHast K TEM K€ IMIMHAM KaOelbHas CEeTh Ha CXEME CEeTH yKa3aHa B BHJI€ YKBUBAJICHTHOTO
kabenst Kogp ¢ cymmaphoit punoi kadeneit 700 M.

OT ncToyHuKa
NMUTaHUA

i | [

-
K 3alute A4
@ Kaks
© "

Puc.4.6. Cxema cetu Jy1s pacueTa 3allyThl IBUTATENs OT OJHO(DA3HBIX 3aMbIKaHHM.

| I

PaccmarprBaem BO3MOKHOCTE MCHOJIb30BaHUS HEHANIPABIEHHON TOKOBOM 3alUThI HYJIEBON
MIOCJIEIOBATEILHOCTH C KOHTPOJIEM TOKOB IIPOMBIIIIJIEHHON 4aCTOTHI.
EMKOCTHBIE TOKH 2JIEMEHTOB CETH

Sawuwaemoiii osueamens.

[MonHas MOIIHOCTE JABUIATENS: Sy g = Puonm cosp = 5 0.88 = 5,68 MBA.

EmxoctroM TOK 110 (7,0) : I.m1. = 0,03 - S, M1 = 0,03-5,68 =0,17 A.
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CmedicHble 0guzamen.
[TonHast cymmapHasi MOIIHOCTh JABUTATEIICH:

— PHOM.MSKB

SH.MBKB - COS Py = 20 0,8 = 25 MBA.

EmkoctHOM TOK: [ poxs. = 0,03 - Sy msxs = 0,03 - 25 = 0,75 A.

Kabenvnas cemo.
. Uyl .
ITo (8,a) emkoCTHOM TOK: [, 5 = :—02 =10-07 10 = 0.7 A.
Pacuer 3amuTel
[TepBuuHBIil TOK CpabaThIBaHUS 3aIIUTHI 10 (4.5):
Ies = Kore " Kp - Iem1. = 1,2-2,5-0,17 = 0,51 A

[punsto xKodpduuuent orcTpoiku Kop. = 1,2; xoopduuuent «Opocka» Kg, = 2,5 u3
YCIIOBHS BBITIOJIHEHUS 3aIIUTHI 0€3 BBIIECPIKKUA BPEMEHH.

KoadduiimeHT 9yBCTBUTEIIBHOCTH ISl CiTydasi OAHO()A3HOT0 3aMBIKaHMS HAa BBIBOJAX JBU-
ratesst 1o (4.6):

K, = Iecern _ 0.75+0,7 _ 284
Ies, 0,51
IIpn BHyTpeHHeM K3 Ha BbIBOJax IBUTaTelsi €EMKOCTHOM TOK, IPOXOJSIIMNA 4epe3 MECTO
BKJTIOYEHUS 3aIIUTHI, PaBEH CYMME TOKOB KaOEJIbHON CETH M CMEKHBIX JIBUTaTEIICH.
Bv1600. 3amura MrHOBEHHOTO JIEHCTBHS ¢ KOHTPOJIEM TOKa HYJEBOW MOCJIEI0BATEIbHOCTH
NPOMBIIIJICHHON YacTOTBl HMMEET JOCTAaTOYHBIH KOI()(UIIMEHT YyBCTBUTEIBHOCTH. BapuaHT
3alIUThl MOKET OBITh MCIIOJIb30BaH.

BropuuHslii Tok cpaOaThIBaHMsI 3aIIUTHI NPU MOJKIOUEHUH TepMuHana «Cupuyc-21-I» k

TTHII tuna T3JI ¢ koaddunmentom tpanchopmarnuu 25:1 pasen: I, = 0,51 o5 = 0,02 A.

4.3.  Tennosas 3awuma om nepecpysKku 0guzamens

[Teperpy3ka nBurareiisi BO3MOKHA M0 TEXHOJOTHYECKUM PUYMHAM, a TAaK)KE B CIIy4yae 3aTsl-
HYBILErOCs ITyCKa, HapUMEp, BO3HUKILETO BCIEICTBHE NMOHWKEHHOIO HANPSIKEHHUS NUTAOLICH
CEeTH WIM UHBIM NpudrHaMm. Ileperpys3ka conpoBOKIA€TCS MOBBIIIEHHBIM TOKOM, MPOXOSIIEM IO
00OMOTKE cTaTopa, 4TO MOXXET MPUBOAMUTH K UPE3MEPHOMY €€ HarpeBy M YCKOPEHHOMY H3HOCY
M30JISIIMH, @ OBICTPBINA HarpeB MOKET JOTOJHUTEIHHO BBI3BATH JehopMaIiuio 0OMOTKH.

B kauectBe mpocTeiiiieil 3aIUTHl OT MEPErpy3KH MOXKET OBITh MCIOJIb30BaHA MOCIETHSS
CTYIIEHb TOKOBOW 3aIlIMTHI, BHINOJHEHHAS B BUJE MAaKCUMaJbHOW TOKOBOW 3aIUTHI, OTCTPOCHHON
[0 BPEMEHU — OT BPEMEHM pa3BOpPOTa JABUIaTENS U3 3aTOPMOKEHHOI'O COCTOSIHUS, & MO TOKY OT
HOMHHAJIFHOT'O TOKA JIBHUTATEIIS:

Ic.3. = KOTC ' IHOM./ILB (413)

rae K, — koaddunuent orctpoiku, Ky = 1,1.

Takas cTyneHb yYUTBHIBa€T HArPEB JBUTATENSI KOCBEHHO, BECbMa MPUOIMKEHHO, U HE MOXKET
paccMaTpuBaThCS B KAaueCTBE IMOJHOIEHHOW 3alIMTHl OT mMeperpy3ku. s KOppeKTHOM padoThI
3aATBl  OT TEPerpy3Kh HEOoOXOJMM KOHTPOJIb TeMIepaTypbl OOMOTKH. Takoil KOHTpPOJIb
npoOsieMaTH4eH, T.K. TpeOyeT YCTaHOBKH JaTYMKOB TEMIIEPATYphl B PA3IMYHBIX YacTsIX OOMOTKH,
MMOCKOJIBKY TeMIieparypa OOMOTKHM MOJKET pa3IMdaThbCsi B 3aBUCHMOCTH OT PACIIOJIOXKCHHS €e
yacTeld B Kopmyce naBurarens. B3aMeH MNpOBOJUTCS KOCBEHHBIM YCPEIHEHHBIM KOHTPOJb
TeMIEepaTypbl MO YPOBHIO TOKA B MPEIINOJI0KEHUU, YTO TEIUIO, BBIIEIIEMOE TOKOM IMPOMOPIMO-
HaJIbHO KBaJpaTy Toka. [IpremiemMas oLeHKa TeMIepaTryphl 10KHA YUUTHIBATh HE TOJIBKO HarpeB
OOMOTKH, HO W €€ OXJKJEHHEe, a TaK)KEe HAYaIbHYI0 TeMIlepaTypy OOMOTKH, MMEBIIYIOCS 10
neperpy3ku. [Ipu 3ToM, BO3MOXKHBI IIUKIMYECKUE MEPETPy3KH, KOTIa He0OXOIUM yUeT Mpelblay-
ero HarpeBa OOMOTKH BCIICJICTBUE MPEAMICCTBYIOMMX NEPETPY30K HA OTHOCHTEIIBHO MaJIbIX
VMHTEpBalax BPEMEHHU U, KaK CIIEICTBUE, ITIOBBILIECHHAS TEMIIEPATYpPA IIPU OUEPEIHON MEPETPY3KE.
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3amada OLEHKH TeMIepaTypbl OOMOTKH pEIIAeTCsl TETIOBOMH MOJENBIO JBUTaTeNs, BXOIS-
el B coctas 3amuThl. MoJienb IPOBOAUT OLEHKY IpeaAroiaraeMoi TeMIepaTypbl 0OOMOTKU U TIpU
JOCTH>KEHUH TPEAETIbHOr0 3HaYCHUS BhIpa0daThIBaeT CUrHal cpabarbiBanus. [IpenenbHas pa3HOCTh
TeMIIepaTypbl OGMOTKH H TEMIIEPATyphl OKPY)KAIOIIEH CPe/Ibl pernaMeHTHpoBaHa Ha yposie 40°.

Temo, BbAENIAEMOE TPOXOKAECHUEM TOKA IPONOPLIUOHAIBHO KBaJApaTy TOKA, YMHOKEHHO-
My Ha BpeMsi €ro MpOXOKIeHHs uepe3 oOMOTKy — uHTerpan [Dxoynsa. Ilpocreiimas mozpens
OIpeessieT JOyCTUMOE BpeMs, IPUBOAIIEE K KPUTUUECKOMY HArpeBY, IO BHIPAKEHUIO:

A
thon. = T -1z (4.14)
OTH
rae I,y — OTHOCUTENIbHOE 3HAYeHUE TOKa, MPHUBEACHHOE K HOMHHAIBHOMY TOKY Iypy =
I
A - .
Lios I, — TOK JABUTaTelNs B PEKUME IEPETPY3KH, [y~ HOMUHAIIBHBIN TOK;

A — KaTaJI0’KHBII MapaMeTp ABUTATENs, XapaKTEpU3yeT MPOLiecC Harpesa.

IIpuBeneHHOE BBIpaXKEHHUE COOTBETCTBYET aua0aTHUECKOMY IPOLIECCY HarpeBy ABUraTess
0e3 0TBO/A TEIUIa B OKPYXKAIOILYIO CPEy, IO3TOMY C MPUEMIEMON TOYHOCTBIO OTPaKaeT TOJIbKO
KpaTKoBpeMeHHbIe neperpy3ku. C pyroit cTopoHsl, cootTHouieHue (4.14) npocto A peanusanuu
Y HAILJIO CBOE NIPUMEHEHHE B aHAJIOIOBbIX 3alllUTaX.

MHUKpOnpoLeccOpHbIe 3aIIUThI CIOCOOHBI pean30BaTh 00JIee CI0XKHBIE U, COOTBETCTBEHHO,
Oonee TouHble MoJienu. Mojenb, peanr3oBaHHas B TepMuHanax cepuu «Cupuyc-21-J1», yuutsiBaer
cienyromue GakTophl.

HarpeB nBuraresns 3aBUCHUT HE TOJBKO OT BEJMYMHBI ()a3HOTO TOKA, HO OT HAJMYHUS B TOKE
COCTaBJIAIOLIMX 00paTHOW nocienoBarenbHOCTU. Co31aBaeMoe TOKaMU OOpaTHOW MOCIEN0BATENb-
HOCTH MAarHMTHOE I10JIE BpAlllaeTCsi B HalpaBJICHUH, OOpaTHOM HAIPABJIEHUIO BpallleHUs POTOpa
JIBUTATENIS, YTO NPUBOAUT K IOSIBICHUIO B POTOPE BUXPEBBIX TOKOB JIBOMHOM 4acTOTBI. 3a CYET
MaJIoro COMPOTUBIIEHUS CTaJId POTOpPAa BUXPEBbIE TOKU MOTYT JOCTUTraTh 3aMETHBIX 3HAUYEHUU U
IPUBOAUTH K JOMOJHUTEIbHOMY HArpeBy JBUTaTelis B OOJbIIEH CTENEHU, YeM TOKU HpPSIMOii
1ocJjeI0BaTeNbHOCTU. TemioBass MOJ€Ib JABUTATENs ONPENENAT HArpeB IO pacyeTHOMY 3KBUBa-
JIEHTHOMY TOKY, OIIPEJEIIIEMOMY I10 BBIPA)KEHHIO:

I3KB = Irznax + K - 122 (415)

T71€ [y q— MAKCUMATILHOE U3 JEHCTBYIONIUX 3HAYEHUN TOKOB ha3 Iy, Ip, Ic,

1> — TOK 00paTHOM MOCIE0BATENIBHOCTH,

K — BecoBoii ko3¢ unmeHt, 3agaBaemblii B Auanaszone ot 0 10 9.

AnnabaTtuyeckuii Mmpouecc HarpeBa M OXJIaXJICHHs JBUTaTeNs onuchkiBaeTcs AuddepeHnn-

aJbHBIM YPaBHEHUEM

2

I
do = KB

dt
-0 = (4.16)

Iyare T

rae ® — KoJIU4ecTBO TEIIAa,

I5xp — DKBUBAJICHTHBIN TOK, PACCUYMTAHHBIN O popMmyiie (4.15),

Iy 4rp — HOMUHANBHBIA TOK JIBUTATENS,

T — mocTostHHAs! BPEMEHMU.

IlocTosiHHAs BpeMEHU MOKET UMETh J1Ba 3Hau€HUs: 1 4rp U Toxy B 3aBUCUMOCTH OT TOTO, B
KaKOM peXHME HaxoIuTcs siekTponaBurarens. llocrossHHas BpemeHU Tpyrp WCIONB3YETCS NS
paboratomiero snekrpoasurarens B pexxumax «3AIIYCK» u «PABOTA», nmocrosiHHas BpeMeHU
Toxi— nist octaHoBiIeHHOTO B peskume «CTOIDy.

Pemenue ypaBHeHus (4.16) maer sKCHOHEHIMAIbHYIO (YHKIMIO JUIsI pacuera HarpeBa B
MIPOM3BOJILHBI MOMEHT BPEMEHH ISl ITpoIiecca Harpena:

-t
®t = @100 + @0 - @100 e THarp (417)
" Iponecca OXJIaXICHUA
0, =0,- e Toxn (4.18)

rae 0;,0,,099 — HarpeB K MOMEHTY BPEMEHH t, HaYaJIbHBI HATPEB B MOMEHT Havajla Uin
OKOHYAHUS TIEPErpy3KH U KOHEYHBIN HarpeB Mpu 0ECKOHEYHOH JAITUTEIILHOCTH MTEPETPY3KH;
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t — BpeMsi C MOMEHTa Hadaja Meperpy3ku (Ias HarpeBa) Wil ¢ MOMEHTa OKOHYAHHUS Tepe-
TPY3KHU (I OXJTXKICHUS ).

[Tpu oTkIrOYeHNH MUTAaHUS O0JIee CYyTOK 3HAYCHUE HarpeBa yCTaHaBIuBaeTcs paBHbIM 0%.

Pemenus (4.17) u (4.18) wnmocTpupyroTcsi pucyHkamu puc. 4.7 u puc. 4.8. AITOopuT™ 3a-
HIUTHI OT MEeperpy3Ku no BeipaxkeHusM (4.17) u (4.18) KOHTpOJIMPYET HArpeB 3JIEKTPOBUTATEIS,
BBIPQXCHHBIH B TMPOLIEHTAX OTHOCUTEIBHO HOMHUHAJIBHOTO Harpena COOTBETCTBYIOILIETO
MOCTOSSHHOMY PEXHUMY TP HOMHHAIBHOW HArpy3ke paBurareis. Hadamo HarpeBa aBUTATENsS
duKcUpyeTcss TpHU MPEBBINICHUN SKBUBAJICHTHBIM TOKOM [, JBUTATENs HOMHUHAJIBHOTO TOKa
JBUTATEIS, 2 HAYAIIO OXJIAXKICHUS — 110 CHIDKCHUIO TOKa HIKE HOMHHAIILHOTO.

HeoOxonuMocTh yCTaHOBKM 3alllUTHI U ee JIeHcTBUE Ipu cpabarbiBaHUM ompeneneHo [pa-
BuiamH [1], KoTopbie TPeOYIOT YCTAHOBKY 3alllUTHI TOJBKO HA JABUTATENSNX, KOTOPBIC MO TEXHOJO-
TMYECKUM MPUYMHAM MOTYT UMETh Meperpy3Ky WiH JUIMTENnbHBINA myck oT 20 c. u Oonee. 3ammura
JNEHCTBYET HAa CUTHAN M Pa3rpy3Ky aBurarens. [Ipu HEBO3MOXHOCTH pasrpy3KH WM OTCYTCTBUU
nepcoHalia 3aluTa JoJKHA IEHCTBOBATh Ha OTKJIIOUEHUE JIBUTATEIS.

100 ==

63% [------mmme o

~V

Puc. 4.7. Harpes snexTpoaBUraTeis U3 XoJI0aHoro coctostHus (O = 0%)
MIPH IPOTEKAHUN HOMUHAJIBHOTO TOKA JIBUTATEIISI

100%

36%

~V

Toxn

Puc. 4.8. OxnaxeHue 31eKTpoiBUrares, pazorperoro 10 © = 100%,
1ocJje MpomnaiaHus TOKa
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Cnenyer OTMETUTh, YTO INEpErpy3ka MOKET BO3HHMKAThb HE TOJBKO IO TEXHOJIOTMUYECKUM
OpUYMHAM, HalpuMmep, NpU 3aKIMHUBAaHUM poTopa. HemomycTuMblil meperpeB ABUraTens IpH
OTCYTCTBHMHM 3aIIUTHI MOXET BbI3BaTh €r0 BO3TOPAHHME C BO3MOXKHBIMHU TSKEJIBIMU I1OCIIECTBUSIMU
HE TOJIbKO i ABuratens. Ilostomy nenecoobpaszHo 0osiee MUPOKOE MCIOIb30BAaHUE 3ALUTHI, T.K.
B Cly4yae MHUKPONPOIIECCOPHOW peain3allid TEPMUHAI YXKe HMeeT (YHKUUIO 3aIIUTHl OT
Heperpy3kd, Hapsly ¢ ApYrUMHM (QYyHKOMSAMM 3alquThl JBUrarens. Takod NOAXOA HaXOAUT
OTpaXEHUE U B IUPEKTUBHBIX MaTepuanax. Tak, pemeHuem «Atom3Hepronpoekra» [21] 3ammura ot
Heperpy3Ky yCTaHaBJIMBAETCsS HA BCEX JIBUTATENAX, B TOM UUCIIE U HE MOJBEPKEHHBIX IIEperpyske
10 TEXHOJOTMYECKUM ITPUYHMHAM.

C ydyeroMm HOpMaTHBHOM 0a3bl, a TaK)Ke TEHIECHLUH 110 BHIIOJIHEHUIO 3alllUT JBUraTelel, B
tepmuHane «Cupuyc-21-/I» npeaycMoTpeHsl TpU YCTaBKU CpadaThIBaHUS C Pa3IUYHbIM JAEHCTBUEM
Ha UCIIOJHUTEbHbBIE OPraHbl:

O347pET — 3HAUEHUE HArpeBa, IPU KOTOPOM 3alpeuiacTcs Bbllaya KOMAH]Ibl Ha BKIIOUCHHE
BBIKJIFOUATEIS,;

Ocurmar — 3HAYCHUE HArpeBa, IPU KOTOPOM cpadaThIBaeT MpeaylpeaIuTebHas CUrHAIN3a-
us;

Oorkr — 3HaYEHME HArpeBa, P KOTOPOM BBIJAETCS KOMaHJa Ha OTKJIIOYEHHE BBIKIHOYATe-
Js1.

4.4.3awyuma munumanvrozo nanpsaxcenus (3MH)

3amuTa MUHUManbHOro HanpspkeHus (3MH) ycranaBnuBaeTcst Ha psiie ABUTareneu, ume-
IOUIMX MUTaHUE OT OO0IIeH CeKUMHM COOpPHBIX LIMH. 3alMTa MO3BOJIAET OTKIIOYUThH JABHUIAaTENH,
MUMEIOIIME HEOTBETCTBEHHYIO HArpy3KY, IPU MIyOOKUX ¥ JJIMTEIBHBIX CHWKCHUSAX HANpPSHKEHUS Ha
NUTAONMX MUHAX. Takoe OTKII0UYEHUE YacTH JBUraTesieil o0jaeryaer ycjaoBHs Mycka U pa3BopoTa
JI0 HOMHUHAQJIbHBIX OOOPOTOB OCTaBUIMXCS JBUIaTel€il IOCIE€ BOCCTAHOBJIEHUS HOPMAIbHOTO
HUTAHUS [LIUH.

3amuTa UMeeT MyCKOBOW OpraH MHUHHMMAJIbHOTO HAIpPsDKEHUs, KOTOPBIM cpabaThIBaeT mpu
OJTHOBPEMEHHOM CHW)KEHUHU BCEX JIMHEHHBIX HaNpsOKEHUH HMKE YPOBHS, 3a/JaHHOTO YCTaBKOM
Upin- YCTaBKa cpabaTbIBaHHsI BEIOWPAETCS MEHBIIIE HOMUHAJIBHOTO HAPSKESHUS:

Umin = Korc * Unon (4.19)

rae Ky — koaddunmeHt orctpoiiku, Ky < 1;

Uyom — HOMHHAJIBHOE JIMHEWHOE HANPsKEHNUE JABUTaTEs.

3HayeHne Kod(pPUIMEHTa OTCTPOMKHI 3aBUCUT OT CTENIEHU OTBETCTBEHHOCTH HArpy3KH JBU-
ratefeil U OT yCJIOBHMM camoO3alycka OCTaBIIMXCS B padoTe JBUTATeeil B YCIOBUSAX CHUKEHHOIO
HaIpsKEHUs CETH.

Br16op pa3nuuHbiX K03()(PHUIMEHTOB OTCTPOMKHM B 3alllUTaX, YCTAHOBJIEHHBIX Ha Pa3HBIX
JIBUTATEIISAX, MO3BOJISIET BBITOJHUTH [TOOYEPEHOE OTKIIOUEHUE IPYMI JBUraTeneil B 3aBUCUMOCTH
OT CTENEHU OTBETCTBEHHOCTU HArpy3Ku JABUTareis. /lBurarenu, MMeIIde HEOTBETCTBEHHYIO
Harpy3Kky, JOJDKHBI OTKJIIOYAaThbCS B TEPBYIO ouepedb. B 3ammre Takux JABUTATeNed MOXKET
UCIIOJIb30BaThCs 3HaUeHue kod(pduimenta orctpoiiku K,.. Ha ypoBHe ot 0,7 mo 0,85. Beinepxkka
BpPEMEHH 3allluThl ycTaHaBiauBaercs nopsaka 0,5-1,0 c. JIBurarenu, B 3alIUTe KOTOPBIX UCHOJIB30-
BaHO OoJipliee 3HaUeHNEe KO PHUITUEHTa OTCTPONKH, OYYT OTKIIOUATHCS B MIEPBYIO OYEPEIb.

B 3aBHCHMOCTH OT TEXHOJOTHMUYECKOTO MPOIECca MOXKET BBIABUraThCcsS TPEOOBAHUE OTKIIIO-
YEeHHs JBUTATesIeil, B TOM YHClie U OTBETCTBEHHOM Harpys3Kku, MpH UIUTEIbHOW MOTEpe MUTAHUSA,
Harpumep, 10 YCIOBHUSIM 0€30MacCHOCTH WM HEAOMYCTUMOCTH CaMO3aIlyCKa MEXaHU3MOB TOCIIe UX
octaHoBa. B aTom cnyuyae cieayeT NpPUHATH CHIDKEHHbIE 3HAu€HUs KOAPPUIMEHTa OTCTPOUKH
nopsiika K, = 0,5 1 BBIIEpKKY BpEMEHU — HECKOJIBKO CEKYH/I.

B ciydae BoccTaHOBIEHHMSI HOPMAJIBHOTO HAIPSDKEHHSI HAa CEKIUIO IIMH 3aIIUTa MOXKET IMpo-
M3BECTH aBTOMATUYECKOE MOBTOPHOE BKIIIOUEHUE paHee OTKIIOYEHHOro japuratens. s sToro B
3alIUTYy BBEJEH IYCKOBOW OpraH MaKCHMAaJIbHOTO HAaNpsHKeHHs, KOTOPBIH cpalaThIBaeT mpu
NPEBBIILIEHUH HAauOOJIBIINM U3 JIMHEHHBIX HANPSHKEHUI YPOBHS, 3aJJaHHOTO YCTaBKOU Uy, gy
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[Tocne cpabarpiBanus 3MH W OTKIIIOUEHUS BBIKIIIOYATENSI JIBUTATENSl 3allyCKaeTcs pelie
BPEMEHHU, KOHTPOJIMPYIOILEe BpeMsl NepepbiBa nuTaHus. Eciau 10 UCTEeYeHHUs 3aJaHHOTO BPEMEHHU
t3a; HAIPSHKEHUE BOCCTAHOBUTCH M NPEBBICUT 3HaYeHHE Upyg,, OyneT paspemeHo cpabaTbiBaHHE
AIIB. YcraBky cpabarbiBanust U,,,, pekoMeHayeTcss npuHUMath Ha ypoBHE U,,gx = 0,9U4 0.
Bpemst BOCCTaHOBJIEHNS HANPSKEHUS s, JOJDKHO IIPEBBIIATH BPEMS IIEPEPHIBA IUTAHUSA M BPEMS
caMo3arycKa OCTAaBIIUXCS BKJIIOUEHHBIMH JaBHrareieid. [Ipu BIOTHEHUH yCIOBHU Uit cpabaThl-
BaHusi AIIB BkitoueHHME BBIKJIIOYATEINSI MPOM30MIIET Yepe3 BpeMs, 3aJaHHOE YCTaBKOW BpPEMEHU
cpabarbiBanms AlIB t,np mocine BoccTaHoBIeHUs HanpspKkeHus. Pekomenayercs 3a1ath tag = 1 c.

Jliia peanu3anuy ONMMCaHHON (DYHKIUU TOJKHA OBITh aKTHBM3MpPOBaHA BKIIIOUYEHHAs B CO-
craB tepmuHana «Cupmuyc-21-» ¢ynkuus AIIB, a Taxxke (QyHKIMS ONEPATUBHOTO YIPABJICHUS
AIIB.

4.5. 3awuma om oopwviea pazvi (30P)

[Tpu o6prIBe (ha3bl MEPBUYHON CETH B TOUKE pa3phbiBa MOSBIISAETCS HCTOYHUK TOKA OOpaTHOU
1ocJieI0BaTeIbHOCTH. TOKM 00paTHOM MOCIEA0BATEIIBHOCTA OMACHBI, OCOOCHHO JIJIsi CHHXPOHHBIX
JIBUTATEJCH, T.K. BBI3bIBAIOT B CTATOPHON OOMOTKE MAarHMTHOE I0JIe OOpaTHOM IMOCIIeIOBATEIbHO-
CTH, KOTOPOE BpalaeTcsi 0OpaTHO MO OTHOIIEHUIO K HAMPABIICHUIO BpalieHus: poropa. [Ipu stom, B
cranu poropa HaBoautcs IJ[C nBOMHON YacTOTHI M TMOSBIISIIOTCS BUXPEBBIE TOKU, BBI3BIBAIOIINE
HarpeB poTopa, KOTOPBIH MOXET MPUBECTH K €ro IMEperpeBy C MOCIECAYIOUUM pa3pylIeHuEM
JIBUTATENIS.

y - I
I/ISMGpI/ITeJIBHI)II/I oprad 3alIMTbl KOHTPOJHUPYET OTHOCUTCIIBHBIM YPOBCHB K = IlTOKOB

00paTHON MOCTEI0BATENBHOCTH [, IO OTHOIICHHUIO K TOKAM MPSMOM MOCIEA0BATENbHOCTH [, TIpU
IpEBBILIEHUH KOTOporo K > K, 3amura cpabaThIBacT.

AL
j120° j240°
Ise Ice
j120°
j240° Ice
Ise
B S N E—
60°
______ Iy
1
‘ fr I=V3o.e. I=\3o.e.
a)
AL
j120° j120°
Ice Ise
j120°
Ii=2 o.e. I>=1 o.e.
0)

Puc.4.9. BekTopHble quarpaMmbl TOKOB ITPH 00pbIBe (a3l A: a - B IEpBUYHOM ceTH; 6 - BO
BTOPUYHBIX LIETISIX.

Hns cetu, paboraromieid ¢ H30JUPOBAHHON HeHTpanpio, OOpbIB, Hampumep, ¢aszbl A
(puc.4.9,a) npuBeaeT K COBMNAAAIOIINM IO MOAYJIIO TOKaM MpSAMON U 0OpaTHOM Mocie10BaTebHO-
cti ¥ 3HaueHHIO Kogpsneps. = 1. B citydae oOpbiBa TOM ke (asel A BO BTOPHYHOM LEMH OT
TpanchopMaTOpoB TOKAa, COOpAaHHBIX IO CXeMe «ImojHas 3Be3na» (puc.4.9,0), mMpuUBENEHHOE K
BTOpHYHOMY TOKY TT 3HaueHHe TOKa MpsSMOW MOCIEIOBATEIBHOCTH PAaBHO 2, a TOKa OOpaTHOM
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MOCJIEIOBATENIBHOCTY — | W OTHOCHTEJBbHBII YpOBEHb TOKAa OOpaTHOW IOCJIEIOBATEILHOCTH
Kospuiz.arop. = 0,5.

3uauenust Kogpusneps. ¥ Kospois.srop. B YCIOBUAX 0OPBIBA BIIOJIHE IOCTATOYHBI JUISl HAJIEKHO-
ro cpabarblBaHUs 3alIUTHI, B CBSA3M C 4YeM KOI(P(GUIUEHT €€ YyBCTBUTEIBHOCTH MOXXHO HE
IpoBepATh. 3aqaB 3HadeHMe ycraBku B jauanazoHe 0,5 < Kj,; <1, MOKHO OTCTPOMTHECS OT
cpabarbiBanmst 30D npu 0OpbIBE BO BTOPUYHOM IIeNU M 00€CIeunTh cpabaThiBaHUE MPU OOPHIBE
TOIIBKO B IIEpPBHYHOM cetu. Pexomennyercs 3amatsh Ky, = 0,3 + 0,4 nna cpabareisanus 30D mpu
BCex Bujax obpeiBa u K,, = 0,6 + 0,7 s cpabareiBanys TOJNBKO B Cllyd4ae 0OpbIBa B IEPBUYHOM
LeMu.

Brinepkka BpeMeHn cpabaThIBaHUs 3AIUMTHI tc, NOJDKHA TIEPEKPHIBATE MAKCHMAIBLHOE BPE-
Msi HECUMMETpPUHU B CiIy4ae 3aTsSHYBIIUXCS OTKJIIOYEHHH BHEIIHUX HecuMMeTpuuHbix K3, mpu
KOTOPBIX TOKH 00paTHON MOCIIE0BATEIILHOCTH MOTYT IPUHUMATh OoJbine 3HaueHus. [loatomy:

tep = tmaxsauur + 0,5 C., (4.20)

TI€ tmax samur — MAKCHUMAIBEHOE BPEMs CPa0aThIBAHUS 3aIUT TUTAIOLICH CETH.

3ammMTa UMEET HE3aBUCUMYIO BBIJIEPKKY BPEMEHHU Ly, MO MCTEYEHUHM KOTOPOH BO3MOMKHO
JeiiCTBUE 3aIIUTHI Ha OTKIIFOYCHHE JABUTATENS MM TOJIBKO HAa CUTHAIIN3AIHUIO.

4.6. 3awuma om 3amaAHYM0O20 NYCKa

3aTsIHYBLIMICS MyCK JBUTATENsl MOXKET UMETh MECTO IIPU HApPYILIECHUSAX B Harpy3Ke Ha Baily
JBUTATENs, IPUBOIALINX K YPE3MEPHOMY TOPMOKEHHUIO BaJla, UJIU 110 UHBIM IIPUYMHAM MEIJICHHO-
ro pa3zBopota jasuratesns. [Ipu 3ToM, BO3MOKEH Upe3MepHBIN IEPErpeB IBUrATES.
3amuTa OT 3aTSHYTOro mycka padotaer Tonbko B pexkume «3AITYCK», koTopslii pukcupy-
eTCsl IPU HAyaJIbHOM ToOKe ABurarens MeHble 10% OoT HOMHUHAJIBHOTO TOKa, T.€. PU HAa4aJIbHOM
3aTOPMO>KEHHOM COCTOSIHMM JIBUTaTEJIs.
MoskeT ObITh 337JaH OAMH U3 JBYX IPUHILIUIIOB AEUCTBUA 3alUThL: «l&t» niamn «I*ty.
[Tpuaumn «I&t» 1o cymecTBy peaqnsyeT CTyIeHb TOKOBOM 3aIMTHI C BBIACPKKON BPEMEHHU:
JUIsl cpabaThIBaHHWS HEOOXOJUMO MPEBBIINIEHHE TOKOM 3aJaHHOM YCTaBKHM B TE€UEHHE 3aJaHHOTO
BpeMeHHU. TOK U BpeMsi cpabaThIBaHUs 3aIUThI OMPEAEIISIOTCS U3 YCIOBHS OTCTPOMKHU OT pexuma
IycKa JIBUraTellsi U3 3aTOPMOKEHHOI'O COCTOSTHUSI:
Icp = Kore * Tiom (4.21)
rae lyon — HOMHUHAIBHBINA TOK JIBUTATEIS;
Kore — K03 DUIIMEHT OTCTPONKH, YUUTHIBAIOIIMI BO3MOXHOE YBEJIWYEHHE TOKA IO HC-
TEUEHUM BpPEMEHHU 3allyCKa [BUTATels, HaIpuUMep HU3-3a Meperpy3ku, peKOMEHAYEeTCsl MpPUHATH
3Hauenue Ky = 1,2.
tep = tayex + 0,5 [C. ] (4.22)
7€ tyyec — MAKCHMAJIbHOE BPEMSI TTyCKA U3 3aTOPMOKEHHOT'O COCTOSIHHUS.
B npunmue «I*t» KOHTPOTHPYETCS BBIICIIEMOE B ABUTATENE TEIIO OT MPOXOXKICHHS MyC-
KOBOTO ToKa (MHTerpai J[>xoyss). 3amuTa cpabaTbiBaeT, €CIH BBIOJIHAETCS YCIOBHE:
Irznax t= I}ECT " Lyer (4.23)
1€ lpygy — MHTETpAIbHOE 3HAYEHHE MAKCUMAJIBHOTO U3 (ha3HBIX TOKOB, OT Hadaja Iycka
J0 MOMEHTA t;
t — BpeMs OT Hayaja IIycKa;

Lycr — yCTaBKa 0 TOKY CpabaThIBaHus;

tycT — yCTaBKa 10 BpeMeHHU cpabaThIBaHMSI.

4.7.  JlonoanumenvHule 3auumol

HOHOJ’IHI/ITGJ'H)HI)Ie 3aI0UTHI IPECAHA3HAUYCHBI IJI q)HKcaIII/II/I 0COOBIX PEXKUMOB pa6OTI)I JABH-
raTeiisd, KOTOPBIC HEC ABJIAIOTCA OIIACHBIMHU, a HeﬁCTBHC 3aIlUT OIrPAHUYIMNBACTCA CI/IFHaJIHSaI_IPleﬁ U B
PEAKHX ClIydasaX OTKIHOYCHHUEM.
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3awuma om 6r0KUPOEKU pomopa. 3amUTa OT OJIOKUPOBKU POTOpa cpabaThiBaeT TOJIBKO B
pexume «PABOTAy, ecu Tok oiHO#M U3 (pa3 mpeBkIIaeT TOK CpabaThIBaHMs, B TCUCHHUE 3a1aHHOTO
BpPEMEHH.

3awuma munumanbHo2o moka. 3aluTa MUHUMAIBHOTO TOKa CpalaThIBAeT, €CIM MaKCHU-
MaJIbHBINA U3 (Pa3HBIX TOKOB MEHBIIIE TOKA CpadaThIBAaHUsI, 3aJaHHOTO YCTaBKOW, B TEYCHUE BPEMEHHU
cpabaTbIBaHUs, 33JAHHOTO YCTaBKOM. 3aluTa MUHUMAJIBHOTO TOKa Ookupyercs nmpu nycke 3MH u
IIPU OTKJIFOYEHHOM BBIKJIIOUATEIIE

3awuma om obpammuoii mownocmu. 3amuTa cpabaThIBaeT, €CJIM aKTUBHAs MOIIHOCTb I10-
CTyHaeT OT JABHraTellsl Ha IIMHBI, B TEUCHHE BPEMEHH CpabaThIBaHUs, 3aJaHHOTO YCTaBKOM. Pexxum
XapakTepeH NpU MOJANUTKE BHelmHeW Touku K3 oT gBurarens B mpolecce ero TOPMOXKEHHS, YTO
IPUBOJUT K HOSIBIEHUIO OCTATOYHOI'O HANPsDKEHUS Ha MKHAX. OTKIIOYEHHUE IBUraTells I03BOJISET
OTPaHUYUTh BpeMs M YPOBEHb OCTATOYHOI'O HANPSDKEHUS, YTO MOXKET OBbITh MOJIE3HBIM MpU
BBINIOJITHEHUM aBTOMATUKH CETEW, HallpUMeEp, COKpaTUTh Bpems Aeiicteust ABP, koHTponupyroniero
OTCYTCTBHE HAIPSKEHUS HA IIMHAX, IOTEPSABIINX MUTaHUE.
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[Tpunoxenue 1.
Pacuer ¢puxkTHBHOrO conpoTuBIeHus 1 MoaeaupoBanus K3 Ha rpanuue 30Hb1 cpadaTbiBa-
Huss MT3

Omnpenensiercss (PUKTHBHOE COMPOTHUBIICHUE Z,, 3aJarOIIEe DICKTPUUYCCKYIO YAAICHHOCTh
s Toukn K3 Ha rpanuie 30Hb1 cpabateiBanus MT3cy. Ero 3Hauenne MoxxeT ObITh MOJYYCHO U3
ypaBHeHu Kupxroda, cocTaBIeHHBIX JJIsi CXEMBI 3aMEIICHUS.

I3 I—W2> /W2
—> N
(Heo——" v
‘} MT3
H
a)
EC ZA ///

Zc Zwi1 L1 &

ZH

0)
Puc. IT1. Cxema cetu (a) u cxema 3amerieHust (0).

ITpu K3 Ha rpanune 30Hb1 aelictBusg MT3cy Tok B muaun W2 paBeH 3aJaHHOMY TOKY cCpa-
6arbiBaHus [y13.cy. Ha cxeme puc. I11,06 He n3BeCTHO CONPOTUBIEHUE Z,, HO U3BECTEH TOK B JIMHUU
W2, KoTopbIil B paccMaTpUBAEMbIX YCIOBHSX paBeH ly13cy. 10K B JUHUM W2 ompenensiercs 1Mo

COOTHOIIEHUIO:
E. Zy
Ly, = 7, Z .Z +7 (T11.1),
Zy1+Z. + ﬁ H 4
A H

C yuerom paBeHCTBA ly13cm = [z » B J€BYI0 yacTh Beipaxenus (I11.1) moacraBnsem Tok
cpabateiBanuss MT3cy U MepexoquM B MpaBOi YacTU K MOMAYNISAM KOMILJIEKCHBIX BenwuuH. [Ipu
3TOM TepeMeHHbIE [y13.cy U E.- IEMCTBUTENBHBIE, @ BCE COPOTUBIICHUS] — KOMIUIEKCHBIE. B nrore

IIOJIy4aeM ypaBHEHHE 110 OTHOILIEHHUIO K KOMIIJIEKCHOM HEM3BECTHOU Z, = Ry + jX, it
Ec

Ly VYZ+Zy Zpy+ Zy1+Z. -Z, = Zy (I11.2)

IMT3.cm
HOJ’Iy‘-ICHHOC ypaBHCHI/IC HEC MOXKET GBITB pCIJ_ICHO, T.K. CO,Z[Cp)KI/IT JBa HCU3BCCTHBIX RA u XA'

[Tpunumaem R, = 0. 3anucbiBaeM KOMIUIEKCHBIE COITPOTUBIICHUS UYepe3 aKTUBHYIO U PEAKTUBHYIO
cocrapmsitonyto Z = R + jX. B utore, nesas yactp Beipaxkenus (I11.2) mpencrasisercst kak cymma
peanbHOM M MHMMOW 4actel: Re + j - Im, Kaxzaasg U3 KOTOPBIX COJEPKUT HEU3BECTHYIO X,. U3
paBeHCTBa MojyJneH, 3amaHHbIX Belpakennem (I11.2) momyyaem KBagpaTHOE ypaBHEHHE TIO
OTHONIEHUIO K X4:

c
—Zy .,

Re? + Im? =
IMTS.CM

pelieHne KOTOporo MMeeT BU:

_—B+ B2 —4A-C

Xa = 24
e A= (X1 + X, + X)? + (Ry1 + R, + Ry)?

(111.3)
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B=2Ry1+R.+R; - Ry Xpps +X. + Xy Rys +R. —2 X1 +X . +X, -
* Ry Ryr + R — Xy X1 + X,

E 2
C ZH

— 2 2
C= R, Ryy +R, — X, Xpp1 +X. “+ Ry X1 + X, + X, Ryyy + R, “— i
MT3.cm
3Hauenue XA OIpEACIIACT PCAKTUBHOC COIIPOTHUBIICHHE, KOTOPOC MOJIKHO OBITH 3aaHO B
cxemy 3amemienus mo puc. I[11.1,6. Ilpu sTOM, aKTHUBHass 4acTb (UKTHBHOTO COIMPOTHBIICHUS
3a/1a€TCs1 PAaBHOU HYJIIO.
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[Tpunoxenue 2.
BoiBoa popmysibl 17151 TOKA cpadaThIBaHHUs HeCeJIeKTHBHOM O0TCEYKH

Pacuernas cxema npuBeneHa Ha puc. 112.1. TpeOGyercs obecnieunTs cpabaThIBaHUE OTCEUKU
IIPH YCIIOBUH, KOrja octaTouHoe HampspkeHue Ha MUHAX Ugcra < Kyoer * Unoms THE Kyoer — 10T
JIOITYCTUMOT'O OCTAaTOYHOTO HampspKeHHs. UyBCTBUTEIBHOCTh OTCEUKHM JOJDKHA OBITH HE HIDKE

Kq.aon-

Ec - lorc »y

Zc AI m /L

—» [ M "
K1

Puc. I12. PacuyeTrHas cxema Jij1sl ONpeeICHHUS 3alIUTOCTIOCOOHOCTH

Tok npu tpexdaznom K3 B Touke K; Ha rpanune 30HbI [y, TpeOyromeil cpabaTbIBaHHs OT-
CEUKH:
E.
Ze+ lo*Zy,
rne E. — DJIC cucremsl, paBHas pa3HOMY HANPsHKEHHIO uTaromei cetd £, = Uygys
Z. — SKBUBAJIEHTHOE CONPOTUBICHUE CHCTEMbI «3a CHUHOI», BKJIIOYAIOLIEE COIMPOTUB-
JIEHHE MUTAIOLIEH CUCTEMBI U NMPEAbIIYIIUX JIUHUMH;
Zyy — YIEIBHOE CONMPOTUBIICHUE 3AIUIIAEMOM JINHUH.
IIpu 3TOM, OCTaTOYHOE HANPSHKEHUS HA [IMHAX:
Upera =1®¥ - 1y- Z,,  (112.2)
[Moacransas (I12.1) B (I12.2) u mpunumas Uyerp = Ky * Uyom», TIOJIy4a€M ypaBHEHHE OTHO-
CUTEJBHO [:

1G) = (12.1)

EC * lo * Zy,a _ K U
ZC + lo 'Zyﬂ Uoct HOM
pemnB KoTopoe ¢ yuetoM E. = Uy, IOTydaem:
KUOCT ZC
lo =——FF—— (I2.3)
0 1- KUOCT Zy/:[

Jlns obecnieueHust TpedyemMoro ko3¢ (UIMeHTa YyBCTBUTEIBHOCTH KOHTPOJIUPYEMBIH OT-
ceukoii Tok K3 momxen 6wite ) = Ky son * Iorcnes TRE lorene — TOK CpadaThIBaHMS OTCEYKH.
[Toacrasus (I13.3) B (I13.1) ans npuBeneHHOro K03 puiineHTa 4yBCTBUTEIBHOCTH, TOTYUUM:

Ec

KUOCT “Zc
ZC + 1- KUOCTZ Z

= Kq.;{on *Torene

OTKyJa:

UHOM(]- - KUOCT)
A (112.4)
OTC.HC quaon ZC
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ITpunoxxenue 3.
Pacuer mapameTpoB MojeJIiu ABUTaTe el

B Harpy304HbBIX peXuMax U B peKUME CUMMETpUYHOTO Tpexdaznoro K3 aBurarenb BXOIUT
B CXEMY 3aMEUICHUs TOJbKO MPAMOW MOCIEAOBATEIILHOCTH, a B PEXKUME HECHMMETPHUYHOIO
nByxdaznoro K3 — Taxke M B cXeMmy 3aMelleHUs OOpaTHOHM IOCIeI0BaTeIIbHOCTH. Moeib
JIBUTATENs 3aBUCUT OT PACUETHOrO pexuMa U MoxeT BkiIo4ath IJ1C U conpoTUBIIEHHE WK TOJIBKO
COINIPOTHUBJICHHUE.

Bo3MmoskHBI ciieyrolie pacueTHbIEC PEKUMBI:

® pacyeT YCTAaHOBHUBIIETOCS HArpy30YHOTO PEKHMa, JBUTATEIH PaOOTAlOT HA HOMHHAJb-
HBIX 000pOTax;

® pacyeT Harpy304YHOTO PEXKHMMa C YYETOM 3alycKa JBUraTejieil U3 3aTOPMOKEHHOTO CO-
CTOSTHHS,;

e pacueT HayanbHOro MomeHTa K3 ¢ yuerom nognurku touku K3 ot nBurareneit;

e pacyer ycraHoBuBLIerocsa pexxuma K3, korga noanutka touku K3 oT gBurareneit orcyr-
CTBYET.

Hcxonubie qaHHbIe A71S pacdyeTa MapaMeTpOB ACUHXPOHHO20 O8UANENs:

Uyom — HOMMHAJIbHOE HanpsbKeHue asurarens [KB];

Pyom — HOMUHAIBHAS! MOIIIHOCTH [KBT];

K — KpaTHOCTb ITyCKOBOT'O TOKa [0.€.];

COS (0 — HOMUHAJIBHBIA KO3(DPHUITUEHT MOIITHOCTH [0.€.];

1 — ko3 puIMeHT moNe3HOTo NeHCcTBUS [0.€.];

K3ar — K03 duiueHt 3arpysku [o.e.].

Bce mapametpsl, kpome ko3 duiueHTa 3arpy3ku Kzar, SBISIOTCS KatanokabiMuA. Koaddu-
[UEHT 3arpy3Kd YYHTHIBA€T MOIIHOCTh HArpy3Kd Ha Bally IBUTATENS: JBHUraTelb MOXKET ObITh
3arpykeH MoNHOCThI0 K3ar = 1 wnm wactuyHo Ksar < 1. IIpm oTcyTcTBHM JaHHBIX O 3arpy3ke
JIBUTATENs] peKOMEHAYETCs NPUHATh K3ar =1.

Pacyer nmapaMeTpoB aCHHXpPOHHBIX JBHUraTeleld B cXeMaxX 3aMEUIeHMs IPOBOAUTCS B CIENy-
IOILIEH MTOCJIEeI0BATEIbHOCTH:

e ompeensieTcss HOMUHAIBHBIA TOK JTBUTATEIS

Phom * Kzar

I = —
oM 3 * Uyom * 1 * COS @

® YCTAaHOBMBIIMICS HArPY304YHBIM PEXKUM, ABUTATENIb B CAMO3AIyCKE HE y4aCTBYeET:
- IIOJIHOE CONPOTHBIIEHHUE MPSAMOU MTOCIIE0BATEIbHOCTH
Unom

Zl -
3 * Iyom
- peaKTHBHAas COCTABJIAIOLIAsl CONIPOTUBIICHUS MPSMOU MTOCIIEI0BATEIbHOCTH

X, =Z; V(1 — cos ¢?)

- AKTUBHAsl COCTABIIAIOLIAs] COIPOTUBIICHUS IIPSIMOM IOCIEA0BATEIILHOCTH

R, =Z,*cos@
-OHC:E=0
e HayaybHBIM MOMeHT K3, ycranoBuBmmiics pexxum K3, camo3anyck aBuraresns:
- aKTUBHAs COCTABJIAIONIAs COMPOTHBIICHUS MPSIMOM M 00paTHOM MOCIIe10BATENbHOCTH

R1 = Rz = 00
- peaKTI/IBHaﬂ COCTaBJIAROIIIAs COHpOTI/IBHeHI/IH HpHMOﬁ nu 06paTHOI71 IIOCJICO0BATCIIBHOCTHU
Unom

X=X, =—
' : 3 * Iyom * Knn

- OJIC nBurarens ang HadaibHOoro Momenta K3: E = 0,9 * Uygy, @ B OCTAIBHBIX PEKUMAX
E=0.

Hcxonublie qaHHble 715 pacyeTa mapaMeTpOB CUHXPOHHO20 08ULAMEIISL:

86
http://energo24.ru



Uyom — HOMMHAJIBbHOE HanpsbKeHue asurarens [kKB];
Pyom — HOMUHAIBHAs! MOIIHOCTH [KBT];
K — KpaTHOCTh MyCKOBOT'O TOKA [0.€.];
COS (0 — HOMHHAJIBbHBIN KOAPPHUIMEHT MOIIHOCTH [0.€.];
1 — k03 PUIHMEeHT TOJIe3HOTO AelcTBUS [0.€.];
K3pr — K03 dunuenT 3arpy3ku [o.e.];
Z, — CONPOTUBJICHNE 00PATHOH MOCIEA0BATEIBLHOCTH [0.€.];
PexxuM 1o peakTUBHOIM MOIIIHOCTH: BbIJ]ada, MOTpebIeHue uiiu 6e3 mepeToka.
Pacyer mapameTpoB CHHXpPOHHBIX JBHUraTeliell B cXeMaX 3aMellleHusl MIPOBOAUTCS B CIENIy-
IOLLIEH ITOCJIEI0BATEIbHOCTH
® OlpeeNseTcsl HOMUHAIBHBIN TOK JBUTATENs
Pyom * K3ar

I = —
HoM 3 * Uyom * M * COS @

® YCTAaHOBMBIIMIICS HArPY304YHBIN PEXKUM, ABUTATENIb B CAMO3AIyCKE HE y4aCTBYET:
- IIOJIHOE COIIPOTUBIICHUE MPSMOM M1OCIIEJ0BATEILHOCTU
Unom
Zl -
3 * Inom
- peaKkTHBHAsl COCTABJIAIOIIAs CONPOTUBJIEHMS MPSAMOI MOCIEI0BATEIILHOCTH IPU BblIaue
PEaKTUBHOUN MOILIHOCTH
X, =—Z; * V(1 — cos ¢?)
- peaKkTHBHAas COCTABJISIOLIAS CONPOTUBIICHHS MPAMOW MOCIEIO0BATEIBHOCTH IpU
NOTPeOJIEHUU PEaKTUBHON MOIIHOCTU
X, =Z; V(1 = cos ¢?)
- pEaKTHBHAs COCTABJISIIOIIASL CONPOTHUBIIEHUS MPAMOM IOCIENOBATEIBHOCTH IIpU
OTCYTCTBHHM MEPETOKA PEAKTUBHON MOILIHOCTH
X1 =0
- aKTHBHAsl COCTABJIAIOLIAs CONPOTUBIICHMS MPSIMON IOCIEN0BAaTENBHOCTH IIPU BbIIAUE WIN
NOTpeOJIEHUU PEaKTUBHON MOIIHOCTH
Ry =Z,*cos@
- aKTMBHAas COCTaBJISAIOLIAS] CONPOTUBIICHMS MPSMON MOCIEI0BATEIBHOCTH TP OTCYTCTBUU
IIEPETOKA PEAKTUBHON MOIIHOCTH

-OJIC: E=0
e HauankHbI MoMeHT K3, ycranoBuBmIHiics pexuM K3, camo3amyck BHTaTeNs:
- aKTUBHAs COCTABIISIONIAS COMPOTUBIICHHS TIPSMOH MOCIIeI0BATENEHOCTH
R, =0.0
- PeaKTHBHAs COCTABIISIONIAs COMPOTUBIICHHS TIPSIMO# MOCIIeI0BATENBHOCTH
X, = Unom

3 * Iyom * Ky
- aKTUBHAsI COCTABJISAIOINIAS] COMMPOTUBIICHUSI 0OpAaTHOM MOCIE0BATEIIFHOCTH

Uniom
R, = 0,04  —2M
3 * Iyom
- PeaKTUBHAs COCTABJIAIONIAs CONPOTHUBIIEHHs OOPATHOM MOCIIEI0BATENLHOCTH
Unom
X, =7, s — M
3 * Iyom

- OJIC nBurarens i HadaibHOro MoMmeHTa K3:
E =09 *x Uyomy — npu moTpebIeHnN peakKTUBHOM MOITHOCTH;
E = 1,1 * Uyom — 0pH BbIJAYE PEAKTUBHON MOILHOCTH;
E = Uyom — IpY OTCYTCTBHHM NEPETOKA PEAKTUBHOW MOIIHOCTH,
B UHBIX pexuMax npuHumaercsa E = 0.
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