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BBEAEHHUE

AKTyaJbHOCTh PadoThl. OO01Ias NPOTKEHHOCTh PaCHpeeIUTEIIbHBIX CeTei
cpeaHero HampsikeHus 6-35 kB, mocTaBisSONIMX AIEKTPOIHEPTUIO MOTPEOUTENSAM,
npeBbllaeT B PoccuM MUJUIMOH KHUJIOMETPOB, a YHUCIO TpaHCPOPMATOPHBIX
MOACTAaHIMUA B HUX — OKOJIO MONyMUUIHoHa. CeTu CpeHUX KJIacCOB HANPSKEHUS, B
OCHOBHOM, 3KCIUTYaTUPYIOTCA C U30JIMPOBAHHON W KOMIICHCUPOBAHHOW HEWUTPAJIBIO.
Takxe HAUMHAET MPUMEHATHCS 3a3EMIICHUE HEUTPAIN YEPE3 PE3UCTOP.

Ot HaznexxHOU 3KcrutyaTanuu ceter 6-35 kB 3aBucut Oecnepeboiinas padborta
MPOMBINIJIEHHOCTH, arpapHOro KOMIUIEKCa W HOpMallbHasi opraHu3anus ObiTa
HaceneHus. OJHUM U3 BaXHEUIMUX (QaKTOpoB, OOECIEUUBAIOIIUX BBICOKYIO
3 PEeKTUBHOCTh TIEpeayul W paclpeiesieHUusl SJIEKTPUUECKON HIHEPTruM, SBIAETCS
OCHAIIEHHOCTh JIEKTPOIHEPTreTUUECKUX OOBEKTOB CPE/ICTBAMU PEJICHHON 3alUThI U
aproMatuku (P3A). Bnusaue ycTpoilcTB 3amuThl Ha 3((HEKTUBHOCTD, HA/IEKHOCTD,
Ka4eCTBO W NPOU3BOAUTEIBHOCTh 3JIEKTPOSHEPTETHUYECKUX  CETEM M CHCTEM
IIOCTOSIHHO BO3pacTaer.

Haubonee wacThiM BUIOM TOBpPEXACHUH B ceTax 6-35 kB sBistorcs
onHoda3zubie 3ambikanus Ha 3emitto (O33), koTopbie cocTaBiAtoT mopsiaka 70-80% ot
oOirero uucna mnoBpexaeHuil. B oTnmume ot cetu ¢ 3¢hPeKTUBHO 3a3eMIIEHHOU
HEWUTpanplo, oaHO(pAa3HbIE 3aMbIKAHUS HAa 3E€MIII0 B PAacCMAaTpPUBAEMBIX CETSAX HE
COMNPOBOXKJAIOTCS TMOSBJICHUEM OOJBIIMX TOKOB M HE HCKaXalT TPEYroJbHUK
Mexayda3ueix HanpspkeHuid. [Ipu stom [lpaBuinamu TeXHUYECKOW HKCIUTyaTallUuu
JomyckaeTcsi paboTa ceTd C 3aMKHYBIIEWcs Ha 3emilto (a3oil 0 yCTpaHEHUs
noBpexaeHus. [lepconan o0si3aH OTHICKATh MECTO MOBPEXKICHUS U YCTPAHUTH €r0 B
KpaT4amuid Ccpok. Takoll pexXuM SBIAETCA AaBAPUMHBIM W HEPEAKO CIYXKUT
MPUYMHON Pa3BUTHUSL MOBPEKJCHUS C OTKIIOYEHUEM oO0opynoBaHus. [[nuTenbHbie
onHO(a3HbIE 3aMBbIKaHMS CO3JAIOT, KPOME TOTr0, DJIEKTPOOIACHBIC CHUTYallUH, MPU
KOTOPBIX BO3MOXHO TOpaK€HHE OOCIYXUBAIOUIEIO TMEepCOHalla M HaceleHUs
HaIpsHKEHUSIMU TPUKOCHOBEHUS U 111ara.

JInst yMEHbIIIEHHS aBapUHBIX TOCJIEACTBUNA, BBI3BAaHHBIX OJHO(PA3HBIMU



5
3aMBIKAHMSIMU Ha 3€MIII0, TaKUX Kak Tepexoj OAHo(pa3HOro B MexaydazHoe
KOPOTKO€ 3aMBbIKaHHE, MOSIBJICHUE JBOMHBIX 3aMBIKAHUI HA 3€MIII0, BOSHUKHOBEHUE
(dbeppope3oHaHca, pa3pylleHHE KeIe300€TOHHBIX OMOp, BO3SHUKHOBEHUE TOXKApOB B
KaOENIbHBIX TMOMEIICHUSIX, HEOOXOAMMO WMETh HaACKHbIe U IP(DEKTUBHBIC
YCTPOMCTBA 3aIUTHI OT OJHO(A3HBIX 3aMbIKAHUM HA 3€MITIO.

[Ipu sTOM B psifie cnydaeB, HAPUMEp, MPU MAJCHUHN Ha 3eMIJIF0 000PBABIIETOCS
MPOBOJIa BO3AYIIHON JIUHUY, 3amuTa oT O33 SABISIETCA MPAKTUYECKH €IMHCTBEHHBIM
CPEACTBOM, YMEHBIIAIOIIUM BEPOSATHOCTh CIYYANHOIO IMOMAJaHUs YEJIOBEKA O]
HaIpsbKeHUE MPUKOCHOBEHUS WJIH 11ara.

OnHako 1o nureparypHbiM JaHHBIM Ha 80% pOCCHMHCKUX MOJICTAHUUN
paccMaTpUBaEMOro Kjacca HampsiKEHUsI BOOOIE OTCYTCTBYET CEJIEKTHUBHAs 3alluTa
or O33. DPpeKTUBHOCTh TEX 3ALIUT, KOTOPBIE IKCILIYaTHUPYIOTCS HA OCTABILIUXCS
20% noacraHunii, HU3Ka, U Mo AaHHbIM ucciaenoBanuii OPI'POC He npeBbimaeTr Tpéx
O0a/uioB Mo mATHOAUIPHOM ImiKaje. TakuMm 00pa3oM, B HacTosIee BpeMs 3ajada
COBEPIICHCTBOBAHUSl  3allUT OT OJHO(A3HBIX 3aMbIKAHUWA HAa 3EMJII0 B
paccMaTpUBAEMBIX CETSIX SIBJSIETCS] BECbMa aKTyalbHOM.

[Ipu BbIMONHEHUM pabOThl aBTOP MCIOJIB30BAN HW3BECTHBIE PE3YJIbTAThI
UCCIIEIOBAHUM B 00JIACTH PEKMMOB 3a3€MJICHUSI HEUTPAIM U 3alUTHl OT 3aMbIKaHUM
Ha 3emtio, BeIMOMHEHHBIX D.A. JluxaueBpiM, K.II. Kagomckoii, B.E. KauecoBbiMm,
I''A. EBmokynuneiM, P.A. Bahnmreitnom, MU.M. Cuporoit, B.A. llyuneiM, B.M.
Kuckaun, A.W. Hlanuasim, C.JI. KyxekoBbIM U Ap.

Heab paborbl W 3aaa4yd  uccjeaoBaHuss. llenpio paboThl  sABISIETCS
COBEPIICHCTBOBAHUE IEHTPAIM30BAHHON 3alllUTHl OT OJHO(A3HBIX 3aMbIKAaHUN Ha
3eMilto B ceTsix 6-35 kB 3a cyeT co3gaHus HOBBIX aIrOPUTMOB (PYHKIIMOHUPOBAHMS.
JIist AOCTUKEHUS] TOCTaBACHHOM 1€ OB BBIMOJTHEHBI:

— aHalu3 CYIIECTBYIOIIUX METOJAOB U CPEACTB 3alllUThl OT OAHO(A3HBIX
3aMbIKaHHUH Ha 3€MITIO;

— pa3paboTka MaTeMaTH4YeCKOM MOJIeNId CETH W OIpeJeieHue Ha OCHOBE
pacy€ToB TpeOOBaHUH K 3alIUTE OT 3aMbIKAHUN HA 3€MJIIO;

— pa3paboTKa Ha OCHOBE MOJIYYEHHBIX TpeOoBaHUM YP(HEKTUBHBIX AIITOPUTMOB



nerictud 3amut ot O33;

— UCCJIEAOBaHUSA BO3MOXXHOCTH CO3/aHUs KOMOMHUPOBAHHOTO airopuTMa,
JNEUCTBYIOLIETO Mpu Bcex Buaax 033;

— DKCIIEpUMEHTAJIbHAS MMPOBEPKA aITOPUTMOB JIEUCTBUS 3alIUTHI B CETAX 6-35
kB;

—  OJKCIIEPUMEHTAJIBHOE  OMNPEACIICHUE  DJICKTPOMAarHUTHBIX IIOMEX Ha
noactanuuax (I1C) 6-35 kB u pa3paboTka TEXHUUYECKUX pEUIEHUM MO 00eCIeueHUI0
ANEKTPOMArHuTHOM coBMecTUMOCTH (DMC) MUKPOIIPOIIECCOPHBIX 3AIIUT C CHIIOBBIM
obopynoBanuem [1C.

Mertoapl  uccaenoBaHus. Jlng  pemeHWs — TMOCTABIEHHBIX — 33/4ad
UCIIOIB30BAINCH:  AKCHEPUMEHTAJIbHBIE HCCIENOBaHUS B  JA0OPAaTOPHBIX H
AKCIUTyaTallHOHHBIX  YCIOBHSIX; MAaTEMAaTH4YECKOE  MOJECIUpPOBAaHUE  C
WCMOJIb30BAHUEM TEOPHUM DIIEKTPUYECKHUX UENEH, YUCICHHBIX METOJI0B M HX
peanuszannii B BuAe nporpamm Ha OBM.

JlocToBepHOCTHh Ppe3yabTaToB. lloydeHHbIE B AHMCCEPTAIMOHHON paboTe
pEe3yJIbTaThl, COTJIACYIOTCS C U3BECTHBIMU TEOPUSMU JIEKTPUUECKUX MPOLECCOB MPHU
OYyTOBBIX  3aMBIKAHUSX W  OKCIEPUMEHTAIbHBIMH  JAHHBIMH, MOJYYCHHBIMU
HEMOCPEACTBEHHO MPU 3aMBIKAHUAX B CYIIECTBYIOIIMNX JJICKTPUUECKUX CETSIX.

Hayuynast HoBU3HA pa0dOTHI.

1. OnpeneneHsl rpaHULbl TPUMEHUMOCTH aJITOPUTMA OTHOCUTEIIBHOTO 3amepa
1 TpeOOBaHUs K MOTPEUTHOCTSAM (PUIIBTPOB HYJIEBOU MOCIEOBATEILHOCTH.

2. Pa3paboTaH J0rHYeCKUN anropuT™M Ijs LEHTPAIU30BAHHOTO YCTPOWCTBA
peneitnoit 3amuThl (YP3) OoT 3aMblkaHuil Ha 3€MIII0, MO3BOJISIONIMNA OPraHU30BaTh
CCJICKTUBHYIO 3aIlUTy YAAJCHHBIX IIOJICTAHIIMA CETe C W30JUPOBAHHON WIIH
PE3UCTUBHO-3a3€MJIIEHHOW HEUTPAJIBIO.

3. Paspabotan ¢a3Hbiii anroput™m st ueHtpaiauzoBanHoro YP3 ot 033,
oOecrnieunBarOmUil  PyHKIMOHUPOBAHUE 3alIUTHl B TOM YHCIE€ W TPU JTYTOBBIX
3aMBIKaHUAX Ha 3€MIIIO.

4. TlpensioxeHbl METOJUKHU pacyeTa YCTABOK pa3pabOTaHHBIX aJIrOPUTMOB U

OIIPCACIICHBI 0071aCcTH BX IIPUMCHCHMA.
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5. Onpenenensl ypoBHHM 351eKTpoMarHUTHBIX nomex Ha [IC u TII 6-35 kB n

ycTaHoOBIIeHbI TpeboBaHusa k OMC YP3.

IIpakTH4eckasi HEHHOCTH PadOTHI.

1. Maremaruueckass ~ MOJEIb AIEKTPUYECKUX  MPOLIECCOB npu
MEPEMEKAIONIUXCA JYTOBBIX 3aMBIKAHMUSX, PEalM30BaHHAs B BUAE IPOrPaMMBbl,
MOXET OBITh HCMOJb30BaHA IMPU MPOBEACHUM pa3pabOTOK B 00JACTH 3alIUTHI OT
3aMBIKaHUA HAa 3€MJII0 W JUIS HMCCIENOBaHWS M OLEHKU CYIIECTBYIOIIUX U
MPOEKTUPYEMBIX YCTPOUCTB;

2. Ha ocHOBE mNOJNy4E€HHBIX pPE3YJAbTATOB CO3JaHbl W HCHOJB3YKOTCS B
AJEKTPUYECKUX CETAX YCTPOMCTBA 3ALIUTHI C aBTOMATUYECKUM M3MEHEHUEM YpPOBHS
cpabaThIBaHUS U PACHIMPEHHOMN JIOTUKON (YHKIIMOHUPOBAHUS;

3. OneiT TEXHUYECKUX  PEIICHUW, TOJYYEHHBIM TMPU  BHEAPEHUH
pazpabotanHbIx 3ammT OT 033, MOXHO HCMOJIB30BaTh TaKXKE€ W JJIsS TMOBBIIICHUS
HAaJIE)KHOCTHU CYLECTBYIOIIUX 3aIUT.

4. Co3pmanHasi mporpamMma pacuiu@poBKU OCHUIUIOrPaMM MPUMEHSETCS Ha
NPEANPUITUAX, UCTIONB3YIOMIKNX Pa3pabOTaHHYIO 3aIIUTY.

Peanuzanusi pe3yabtaroB pabdorbl. Pa3paboraHHbie U HCClEIOBaHHBIC
METOJbl TOBBIIMICHUS] YCTOMYMBOCTU (DYHKIIMOHUPOBAHUS, a TakKXe CHOCOObI U
QNTOPUTMBI  JIEUCTBHUSI ~ MHUKPONPOLIECCOPHBIX  3alIUT  MUCIHOJB3YIOTCS  IPHU
MPOU3BOJICTBE 3alIUT Ha Kadenpe rnekTpuyeckux cranmuit HI'TY.

Ha noacraHmusix ropoAcKux SIEKTPUYECKHUX ceTed . XaHTel-MaHcuiicka
YCTAaHOBJIEHO W BBEJICHO B JIECTBHUE CEMb KOMIUIEKTOB MHKPOIPOLECCOPHOU
3alIUThl, OCHOBAHHOM Ha MPEIIOKECHHBIX AITOPUTMAX.

Psin  MmarepuanoB jaMccepTaliid  HMCHOJB3YyeTCs B y4eOHOM  mpolecce
YHUBEPCHUTETA.

OcHOBHBIE 10JI0KEHU S, BBIHOCUMbIEC HA 3aLIUTY.

1. Jns ycTrolunBOro (QyHKIMOHUPOBAHUS IEHTPAIM30BAHHOM 3allIUTHI OT
3aMBIKaHUM HA 3€MJII0 TMOJCTAaHUMM C CYMMapHbBIMM TOKAMHU 3aMbIKAaHUU

CymcCTBCHHO 6OJ'H>I_III/IMI/I, 4€M TOKH OTACIIbHBIX HpHCOCI[HHCHHﬁ, HauOoJiee
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PaboTOCTIOCOOHBIM SIBIIIETCS MPEJIOKEHHBIA B pa00OTE JTOTUYECKUI alrOPUTM.

2. CpaBHeHHE MeXy coOOM HampaBieHUN TOKOB MPUCOECIUHEHUHN, UMEIOIIUX
HECUHYCOMJATbHYI0O (QOpMy, MOXKHO MPOBOAUTH, 1O YCIOBHOMY YINIy B
MPEUIOKEHHOM (Da3HOM ajIropuT™Me, padOTOCIOCOOHBIM U TPHU THEPEMEKAIOIIUXCS
JyTOBBIX 3aMbIKaHUSX.

3. Kax el airopuTM MMEET CBOIO 00J1acTh MPUMEHEHUS, CBSI3aHHYIO, B TOM
YyCcjle U C HAJIWYKUEeM MOTPElIHOCTH TpaHchopmaTopoB Toka. KoMOMHMpOBAHHBIM
aJTOPUTM, COYETAIOIIUN B ce0e JBa pa3padOTaHHBIX aJrOPUTMA, MO3BOJISIET 3aIUTE
(YHKIIMOHUPOBAThH BO BCEX PEKUMAX PabOTHI CETH.

4.  JlomomHUTENBHBIX ~ MEpP MO  OOECHNEUYEHUIO  BJIEKTPOMATHUTHOM
COBMECTHUMOCTH Ha MOJACTaHIuAX 6-35 kB, kak mpaBuiio, He TpeOyroTCs.

Anpobauuss pa6orbl. OCHOBHBIE MOJOXKEHUS JTUCCEPTALMOHHONW pPabOThI
JTOKJIAABIBAINCh, M OOCYXJaliuch Ha KadeapambHBIX HAyYHBIX CEMHUHapax
HoBocuOupckoro rocynapCTBEHHOTO TEXHMUYECKOTO YHHMBEPCUTETa; Ha JIECSITOM
BCEPOCCUMCKOM CTYJICHUECKOM HAy4YHO-TEXHUYECKOM CeMHUHape «DHEepreTuka:
9KOJIOTHA, HAJEKHOCTh, Oe3omacHocTh» (T. Tomck, 2008 r.); Ha Bcepoccuiickoi
Hay4yHOW KoH(pepeHIuu Mosionsix yuéHbix «Hayka. Texnomoruu. MuHoBanum» (T.
HoBsocubupck, 2009 r1.); Ha 5-0oif Bcepocculickoil Hay4YHO-TEXHUYECKOU
KoH(epeHun «OrpaHuYeHUE TMEPEHAINPSIKEHUN U PEeXUMBI 3a3eMIICHUS HEUTpaiu
cereit 6-35 kB» (r. HoBocubupck, 2008 r.); nHa XV MexayHapoaHoil Hay4yHO-
MPaKTUUYECKON KOH(MEpPEHIIMH CTYJAEHTOB, AaclUpPaHTOB U MOJOABIX YUYEHBIX
«CoBpeMeHHass TexHuka u TexHonorum» (r. Tomck, 2009 r.); Ha Tperneit
Poccuiickoit koH(bepeHIMN 10 3a3eMIstonuM yeTpoictBam (r. HoBocubupck, 2008
r.); Ha MEXJIyHapoIHOU HayuHO-TexHuueckoil koupepenuu « IHEPTTOCUCTEMA:
HccnenoBanue cBOUCTB, Ynpasiaenue, Apromatuzanus» (r. HoBocubupck, 2009 r.).

[yoaukanuu. [lo TeMe auccepranuu OnmyOJIMKOBaHO 7 MEYaTHBIX paboT, B
TOM YHUCJIE 2 Hay4YHBIX CTaThbU B PEIECH3UPYEMbIX M3JAHUSAX, BXOASIIUX B MEPEUCHb
pexkoMenioBaHHBIX BAK P®, u 1 maTteHT Ha MOJIE3HYIO MOJEb.

Ctpyktypa u o0bem paborbl. [lucceprannoHHass paboTa COCTOUT U3

BBEJICHUSA, TMSATH TIJaB W 3aKJIIOYCHHUs, W3JO0KEHHbIX Ha 137 cTpaHHmax
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MAIIMHONIMCHOTO TEKCTA, CIIUCKA JINTEPATYPbl U3 86 HAMMEHOBAHUM, TPUIIOKEHUN Ha

33 ctp. u conepxkut 74 pucyHka u 9 tabnuil.
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1. AHAJIM3 AJII'OPUTMOB ®YHKIMOHUPOBAHUA 3AINUT OT
3AMBIKAHUM HA 3EMUIIO B CETSIX 6-35 kB U 3AJTAYU PABOThBI

1.1. O0Me moJ10:KeHu s

3ambikanue (a3bl Ha 3€MJII0 CO3JAET HEHOPMANbHBIA PEKUM U MPEJCTABIISIET
OMACHOCTH MO PSIAY NPUYUH:

- BO3MOKHOCTb MOSIBJICHUSI MEPEHANPSKEHUS nopsiaka 2,4 — 3,5 KpaTHBIX 1O
cpaBHEHUIO C (a3HbIM (Hampumep, [3, 7, 8]), 4TO MOXKET MPHUBECTH K IPOOOIO
M30JISIMKA HETOBPEKIEHHBIX Pa3 u nepexony O33 B «IBYXMECTHOE» WJIU JBOMHOE
3aMbIKAaHHE€ Ha 3€MJII0 [0 CBOMM XapaKTepUCTUKaM OJM3Koe K ABYX(a3HbIM
KopoTkuM 3ambikaHusM (K3). Puck BO3HMKHOBEHHMS TaKUX JBOMHBIX 3aMbIKAHUM
3aMETHO BBIPOC B MOCJIEAHEE BPEMSI B CBSI3H CO CTAPEHUEM U3OJIALIUU SJICKTPUUECKUAX
MaIllMH U allapaToB MHOTUX YHEPTeTUUECKUX OOBEKTOB U OTCYTCTBUEM CPEJCTB Ha
MX MOJEPHHU3ALNIO U 3aMEHY;

- BO3HUKAET OMAaCHOCTh MOPAKEHUS IJIEKTPUUYECKUM TOKOM OOCIYyKUBAIOIIETO
MepCcoHaIa M TOTPEOUTEIICH;

- Opu guTelbHOM Hamuunu O33 B CETH MPOUCXOAUT YCKOPEHHOE CTapEeHUE
M30JISLUH U IOBPEXKACHHUE IIEKTPOOOOPYIOBAHMS;

- BO3MOKHBI IBJICHUSI (PeppOpE30HaHCa, OT KOTOPHIX Yallle BCETO BBIXOMST U3
CTPOsI TpaHC(POPMATOPHI HATIPSIKEHUS.

[lo mpencraBlieHHBIM BBIIIE MPUYKMHAM, 3aMBIKAHHUS HA 3€MIII0 HEOOXOIMMO
OTKJIIOYaTh. B ceTsix, paboTaronux B YCIOBUSIX MOBBIIIEHHONW OMACHOCTH s
0o0CITy’KMBAIOIIETO TMEpCOoHaja, 3allluTa OT 3aMbIKAHUW Ha 3EMJI0 BBINOJIHSET
(YHKIMU 3alIUTHOTO OTKIIFOYEHUS U IO YCIOBUSAM TEXHUKH O€30MAaCHOCTH JOJAKHA
paboTtaTh 0€3 BBIACPKKU BPEMEHU Ha OTKJIIOYEHUE. [[J1s1 3a1IUThI 2JIEKTpOABUTaTENEH
OT 3aMbIKaHUW Ha KOpPIMYC HEOOXOAMMO NPUMEHEHHE CIHEUUAbHBIX 3allluT,
00J1aJal0IINX BBICOKOW 4yBCTBUTEIBHOCTHIO, MOCKOJIBKY TOKU 3aMbIKaHUSI HA KOPITYC
MEHee 5 A MOTyT IPEACTABIATH ISl U30JIALMU OMMACHOCTH [9].

3amutel 0T O33 MOXHO pa3leluTh Ha JBa Kilacca — HWHIAWBUAYAIbHBIE,

KOTOpBIE pEarupyroT JHIIb Ha wu3MeHeHne npu O33 mnapaMeTpoB OAHOTO
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MPUCOCINHEHNS, W UCHTPAIIM30BAHHBIC, CPAaBHUBAIOIIME MApaMETpbl  BCEX
MpUCOEANHEHUN (BKIIIOUast BBOAHBIE), u3MeHstomuecs npu O33.

Haubonee mpocToil M3 WHIUMBHAYAJIbHBIX 3aIlUAT SBJSIETCS TOKOBAs 3alllUTa
HYJIEBOU TOCTIEIOBATEIBLHOCTH, PEATUPYIONIAs HA TOK HYJIEBOM MOCIEA0BATEIIbHOCTU
(31y) paboueit yactoTbl. OHAKO 1711 OOECIIEUEHUS YCIOBUS CEIEKTUBHOCTH IEUCTBUS
ATU 3alllUThl JOHKHBI OTCTPAMBATHCS OT COOCTBEHHOIO0 €MKOCTHOrO Toka Quiaepa,
YTO C y4eTOM OpOCKOB EMKOCTHOIO TOKAa B MOMEHT 3aMbIKAHUSI OrpaHUYMBAET
YYBCTBUTEJIBHOCTH 3aILUTHI:

Ic32 Ky Kpplc oungmakc

rae k, — xoaddummeHt HanéxKHOCTH; Kgzp - KodhUIMEHT «OpocKay,
YUUTBHIBAIOIIHUNA OpOCOK €MKOCTHOIO TOKa B MOMEHT BO3HHMKHOBeHUs 033, a Takxe
CIIOCOOHOCTB peJie pearupoBaTb Ha HETO; Ic guyymakc - MAKCUMAIBHBIA EMKOCTHBIN
TOK 3aIluIaeMoro guaepa.

B coorBerctBun ¢ [10] nmma mraoBeHHO neWcTByrommx 3amutr ot O33 B
pacuérax cieayeT MPUHUMATh 3HaueHue npousBeneHus Ky Kgp = 4...5. JIng 3amur c
BBIJICPKKOM BPEMEHU IPU BO3MOKHOCTH BO3HUKHOBEHHS INMEPEMEXKAIOIICHCA Tyrd
kH'KEP = 2,5

UyBCTBUTENBHOCTH MPOBEPSIETCS MO 3HaAUCHUIO KO3 dunneHTa Ky:

rae 34 — TOK B 3alIUTE MOBPEKIEHHOIO NMPUCOEANHEHNS, PABHBIA Pa3HOCTH
CyMMapHOTO €MKOCTHOTO TOKAa CE€TH B PACCMATPUBAEMOM pPACUETHOM PEXKHUME U
€MKOCTHOT'O TOKa MOBpeXAEHHOTO dunepa; Ky yopyy — HOPMATUBHBIA KOADPUIIMEHT
YyBCTBUTEJIBHOCTH.

B [10] pexomennyetrcs npunuMarb Ky popy =1,25 — 1,5 (HuxkHee 3HaueHHe
BEJIMYMHBI KO3 (UIIMEHTA YYyBCTBUTEIBHOCTH PEKOMEHAYETCS MNPUHUMATH IS
KaOeNbHBIX JIMHUHU, & BEpXHEE — JJI BO3YIIHbBIX ).

B [11] moka3zaHo, 4TO yCIOBUSI CEIEKTUBHOCTU HECpaOaThIBAHUSI IIPU BHEIITHUX
O33 u ycTOMYMBOCTHM cpabaTbiBaHHWS TPU BHYTPEHHUX MOBPEKICHUSX IS

YCTPOMCTB aOCOJIOTHOTO 3aMepa BBICIIUX T'APMOHHUK OOECIEUMBAIOTCS B OCHOBHOM
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Ha KPYIHBIX MOJICTAHIUAX U JIEKTPOCTAHIIUSIX C OOJIBIIINM YHCIIOM MPUCOSTUHECHUH.
O6nacTh NpPUMEHEHUS IIEHTPATU30BAHHBIX TOKOBBIX YCTPOWCTB OTHOCUTEIBHOIO
3aMepa 3HAYUTEJIbHO IIHUPE W B OCHOBHOM OrPAaHUYMBACTCS MOTPEHIHOCTAMU
KaOeNbHBIX TpaHC(hOpMATOPOB TOKa HyseBoM nocieaoBaTeasbHoctu (TTHIT) [12].
Hwxe mnpuBomuTcs KpaTkas XapaKTepUCTHKA M3BECTHBIX THUIIOB 3alllUT
VHJIMBUIYaJbHOTO KJIacca, Ha3BaHUS YCTPOMCTB PEJCHHOM 3alllMTHl IPUBEICHBI B

MPUITIOKEHUH 1.

1.2. MuauBuAya ibHbIE 321UUTHI IPUCOCAMHEHUH

Haubonee mpocThiMH 3alIUTaAMU OT 3aMBIKAHUN HA 3EMIIIO SIBIISIIOTCS 3aIlIUThI
[0 TOKY M HaNpsKEHUIO HYJIEBOW MOCIEAOBATEIBHOCTH MPOMBIIUICHHON YaCTOTHI.
Jns peanuzaluy TakuX 3alIUT JIOCTATOYHO YCTPOMCTBA PEarupyromiero Ha
JNEUCTBYIOIIECE 3HAUCHUE TOKA WJIM HAIPSKEHUS COOTBETCTBEHHO. OJHAKO MPOCTOTa
TaKuX YCTPOMCTB CKa3bIBA€TCSI HA UX BO3MOXKHOCTSAX. OO0I1asi HECENIEKTUBHAS 3alllUTa
[0 HANPSDKCHHWIO HYJIEBOM MOCIENOBATEIBHOCTH TOJBKO CHUTHAIM3UPYET O
MOSIBIICHUM 3aMbIKaHMs Ha 3€MJII0 Ha JI000M mpucoenuHeHuu cexkuuu. Cpenu
HEJIOCTAaTKOB TOKOBbIX 3amuT HIT MOXHO OoTMeTHTH cieayronue: GUKCUpOBaHHAS
yCTaBKa, OTCTpOMKa TOKa cpabaThiBaHUA OT CYMMbI TOKa HebOanaHca HYJIEBOU
MOCJIEI0BAaTEIbHOCTH M COOCTBEHHOTO EMKOCTHOTO TOKa JIMHUHM, OTKa3 B
cpabaThIBaHUU MPHU TMEPEMEKAIONIUXCS 3aMBIKAHHUSIX KaK NP 3allUTe KaOeIbHBIX
muuuid (KJI), tak u Bo3aymnsix aunuid (BJI) [13]. Jns 3amur Ha TOKOBBIX pene PT
40/0,2 u PT3-50 BO3MOXHBI M3IUIIHUE cpabarbiBanusi npu BHemHUX 033 u3-3a
PE3KOro  yBEJIWYEHHS TOKOB HYJIEBOM IOCIENOBATEIBHOCTH TIPU  JAYTOBBIX
3aMBIKaHUAX 3a CYET BRICOKOYACTOTHBIX cocTaBiisitomux |14, 12]. A mist pene PT3-51
MPU MATAHUHA OT CETH NMOCTOSHHOrO Toka 110 mmm 220 BOABT BO3MOKHBI JIOXKHBIE
cpabaThiBaHUsT B MOMEHTHl KOMMYTAllUUd B CETH, BO3HHUKAIONIUME MO Pa3TUYHBIM
npuurHam [15].

IIpn peamnzanuum TokoBbIX 3amuT HII Ha MHKpONMpONECCOPHBIX TEpMHHATIAX
MOSIBUJIACH BO3MOXKHOCTH HCHOJIB30BaTh CIIOKHBIE XapPaKTEPUCTUKH 3aBUCHUMOCTHU

TOKa cpalaTbiBaHMs OT BpeMeHHU. JIis 3amuTt ¢ oOpaTHO3aBUCUMOUN BPEMSITOKOBOM
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xapakTepuctukoil [16] He TpeOyeTcs OTCTpoiika OT COOCTBEHHOTO0 €MKOCTHOI'O TOKA
npucoennHeHus. OIHAKO TakOW NPUHIMUII JEUCTBUSA  3alAT HMEET Pl
CYIIECTBEHHBIX HEJOCTAaTKOB, OCHOBHOM HEIOCTAaTOK 3aKIIOYaeTCsi B TOM, YTO
CEJIEKTUBHOCTh CpaldaThiBaHUSI O0ECIIEUMBACTCS BBIIECPKKONH BPEMEHH, B CBS3U C
3TUM CO3JAHHUE 3aBUCUMBIX CHCTEM C pA3JWYHBIMU BBIACPKKAMU BpPEMEHU
CTAHOBUTCS MPAKTUUECKU HEBO3MOXHBIM. PaboTa Takux 3alIUT BO3MOXKHA TOJILKO Ha
OTKJIFOYEHNE, WHAYE [0 HUCTEUEHUHM HEKOTOPOrO BPEMEHU BCE 3alIUTHl HAYHYT
CUTHAJIN3UPOBATh O HAJIWYMM 3aMbIKaHWs Ha 3emuto. [Ipm oTkaze BBIKIIOUATENS
MOBPEXKACHHOTO  MPHUCOEAUHECHUS  MPOU3OMAET HECEIEKTUBHOE  OTKJIIOUYCHUE
MIPUCOEIUHEHUS CO BTOPBIM 10 BEJIMYUHE TOKOM.

3amuThl, UCMOJB3YIOIIME TOIBKO OAuH curHan Toka HII, HecmoTps Ha CBOKO
MPOCTOTY, UMEIOT CYIIECTBEHHbIE HEIOCTATKH, KOTOphle OyAyT MPUBOJUTH K UX
HECEJICKTUBHBIM JICUCTBUSAM. B X0lI€ NaJbHEWIIEro yCOBEPIICHCTBOBAHMS TAKUX
3alIUT CTaJIM UCHOJIb30BaTh JBa CUTHaNa — TOK U Hamnpsbkenue HIT niis onpenenenus
HanpasJCHUs. BOJbIIOE YHCIIO HANPABICHHBIX 3alAT PEATHMPYIOT HA HAIPAaBICHUE
MOIIHOCTH  HYJEBOW  TMOCJIENOBATEIIBHOCTA B  YCTAHOBUBIIEMCS  PEKHUME.
UyBCTBUTENBHOCTh TAKUX 3AIIUT BBIINIE, YEM HEHAIPABICHHBIX, TaK KaK HX TOK
cpabatbiBaHus oTcTpauBaetcs [14, 12] Tonbko oT Toka HebalaHca B «MaKCUMAJIbHOM
paboueM pexuMe», a OTCTPOIKA 3alIUThl OT COOCTBEHHOTO EMKOCTHOTO TOKA JIMHUU
He TpeOyeTcsi, MOCKOJIbKY OT 3TOr0 TOKa OHA OTCTPOEHA «I10 HampaBieHU0». O0muM
HEJIOCTATKOM 3aIUT TAKOTO TUNA SBJIIOTCS UX HECEJICKTUBHBIC JEUCTBUS WA OTKA3
B cpabaThiBaHMM mpu nepemexarommxcs ayroBbix O33. Kaxaomy u3 ycTpoHCTB
3aIUTHI IPUCYIIU HEKOTOPBIE HEAOCTATKU, TaK BO3MOXKHA JI0kHas pabota pene 3311-
1 u 33I[-1M (oTkJIIO4YeHHE HEMOBPEXKAEHHBIX JIMHUN WM OTKa3 B cpadaThIBaHUU
[12]). 3ammra 33II-1 wumeer mnpenen YyBCTBUTEIBHOCTH K METAIIMYECKUM
3aMBIKaHUAM Ha 3eMJII0 Yyepe3 nepexoanoe conportusiieHue 1o 0,6...0,7 kOM, a Takxe
samurta 3311-1 (33I1-1M) He MoxeT ObITh MPUMEHEHA B CETH, 3a3€MJIEHHOUW uepes
BBICOKOOMHBIN pe3uctop (yron e€ MakCUMaldbHOM 4yBCTBUTEIBHOCTH OJU30K K 90
aneKkTpuyeckuM rpaaycam). Padora 3amutel P3H-3 HeBO3MOXHA mpH HEKOTOPBIX

ayroBbix O33, Korma Ha BXOJ TOKOBOIO KaHaJla IOCTYHAeT CEpUsl OJUHOYHBIX
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BBICOKOYACTOTHBIX UMITYJIbCOB CO CKBaXKHOCTBIO 1-2 MC, COM3MEPUMBIX CO BPEMEHEM
cpabaTbiBaHUsI TEPKOHOB (PAa30UyBCTBUTEIHLHOTO OpraHa, a Takxe 3amute Tuna P3H
MPUCYII OOJBIION MPOIEHT JIOXKHBIX cpabdaThIBaHUM U OTKa30B [6].

Jpyrum METOIOM  ONPEAEHEHUS MNOBPEXKACHHOIO MNPUCOCAUHEHUA C
WCIOJIb30BAHUEM CHTHAJIOB TOKa M HampsbkeHus HII gBnsieTcs pacyer axkTUBHOU
MOIIIHOCTH HYJIEBOM MOCJIEAOBATEIbHOCTA B yCTaHOBUBIIEMcs pexume [17, 18].
3amuThl, pealu30BaHHBIE Ha OTOM IpUHIMIE, o00JamarT 0O0oJiee BBICOKOU
YCTOMYMBOCTHIO (DYHKITMOHUPOBAHUS B PEXKUMAX C MEPEMEKAIONIECHCS T1yrol B MeCTe
O33 u oTcTpoeHbl B 0OJbIIEH Mepe OT OPOCKOB EMKOCTHBIX TOKOB B MEPEXOAHBIX
npoiieccax. Obecneuntsh cTabuIbHOE PYHKIIMOHUPOBAHUE TAKUX 3aIIUT BO3MOXKHO B
OCHOBHOM B CETSIX C PE3UCTUBHBIM 3a3€MJIEHUEM HEUTPAIIH.

3anuThl, BHIMOJHEHHbBIC HA MPUHIIUIIE KOMIIEHCAIIMH COOCTBEHHBIX EMKOCTHBIX
TOKOB [19], He ABIAIOTCA  HANpaBICHHBIMU W  HANpsOXKEHHUE  HYJIEBOU
MOCIETIOBATENBHOCTH B HUX HCHOJIB3YETCS TOJIBKO JUISl CO3JaHHSI KOMIIEHCUPYIOIIETO
toka. [Ipu 3amblkaHuAX 4Yepe3 OONbLIME NEPEXOJHBIE COMPOTUBIICHHS BEIUYMHA
KOMIICHCUPYIOUIETO0 TOKa OyJeT aBTOMATHUYECKU MEHSTHCS, YTO MOXHO OTHECTH K
MOJIOKUTENIbHBIM CBOMCTBaM 3aluT AaHHOro tuma. OCHOBHOM MpoOJieMON TakuX
3alIUT SIBJSETCS HETOYHOCTH 3aJaHWs BEJIWYMHBI KOMIIEHCUPYIOIIETO TOKAa, BBHUIY
OTCYTCTBHUSl TOUYHBIX CBEICHUM O 3HAYEHHM EMKOCTHOTO TOKa NPUCOCIWHEHUN U
OOJIBIIIOTO HEMOCTOSHCTBA ATOW BETUYHUHBI.

JIns ycTpaHeHus HEAOCTATKOB 3aIUT UCIIOJb3YIOMMNX TOKA U HanpspkeHus: HIT
MPOMBINIJIEHHON YacTOThI ObUIM pa3padOTaHbl 3alUTHl OT OJHO(DA3ZHBIX 3aMbIKAHUM
Ha 3eMJII0, PEarupyrONIMe Ha BBICIINE TAPMOHUKH dJIEKTpUuUecKux BennuuH [3]. [Ipu
BO3HUKHOBEHMH  nyroBbix O33  coaepkaHME€  BBICHIMX  TAPMOHUYECKHUX
COCTaBJISIIOIIMX B CETH PE3KO YBEIWYMBAECTCS, IPUYEM COAECPKAHUE BBICIINX
TapMOHHUYECKUX B TOKE HYJIEBOW MOCIEAOBATEIBHOCTH TMOBPEXKAEHHON JIMHUU
3HAYUTENHHO OOJIBIIE, YEM B TOKAX HYJIEBOU MOCIIEI0OBATEIIbHOCTH HEMOBPEKAEHHBIX
JUHUNA. DTU MPOIECChl HAOIIOJAIOTCS B CETAX BCEX BUIOB 3a3€MJICHMS] HEUTpasu.
OOmme HeAOCTaTKU YCTPOMCTB, BBIMIOJHEHHBIX C MCIOJIB30BAHUEM BBICIIMX

TapMOHUK:
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— BEpOSATHOCTh OTKaza B cpabareiBanuu mipu O33 dyepe3 mepexoaHbie
conporusiienus [20, 21];

— HECTaOMJIBHOCTH COCTaBa U YPOBHS BhICIIUX rapMoHUK B Toke HII. YcnoBus
CEJIEKTUBHOCTHU HecpabaTbiBaHus npu BHEMHUX O33 U yCTOWYMBOCTH cpabaThIBaHUS
MpU BHYTPEHHUX MOBPEKICHUAX JJIsi YCTPOUCTB aOCOMIOTHOTO 3aMmepa BBICHIMX
rapMOHMK OOECMEUMBAIOTCS B OCHOBHOM Ha KPYNHBIX TMOJACTAHIUAX U
ANEKTPOCTAHIIUAX C OOJIBIINM YHCIOM MPUCOCTUHEHUH.

VYerpoiicta 3amuthl YC3-2/2 UMEIOT psiJi HEJOCTATKOB MPHUCYIIUX TOJBKO
3TUM  3ammTaM. Tak  celeKTMBHOCTh  ycrpoiictBa  Y(C3-2/2  sBusercs
HEYJOBJICTBOPUTEIBHOU [6], YTO CBSI3aHO, BO-IEPBBIX, C OTCYTCTBUEM YYETa
M3MEHEHUM CXeMbl CceTH y mnoTpeduteneil (To ecTb H3MEHEHHM COOCTBEHHBIX
€MKOCTHBIX TOKOB /ccos TMHUI M CYMMapHOT0 €MKOCTHOTO TOKa Icy CETH) U y4eTa
MOTpeOUTeNIe, SABISIOMMXCS HCTOUHMKAMHU TIOBBIIIEHHOTO YPOBHS  BBICHIUX
rapMOHHMK, a BO-BTOPBIX, METOAUYECKUMHU TOTPEIIHOCTSIMUA TMPU BBIOOPE YCTaBOK
(ycTpoiicTBa pearupyroT Ha CYMMAapHBIM YPOBEHb BBICIIMX TapMOHHUK, a YCTaBKU
BBIOMPAIOTCS 1O 3HA4eHUsAM Icy U Iccop). Hanuuue Takux TpyoHO Y4YMTBIBAEMBIX
(akTOpOB, M3MEHSIOMIMXCS B MPOLECCE HKCIUIyaTallMd, MPUBOAUT K TOMY, YTO
MPaBUWIbHBIA BBIOOP YCTABKH JIJIs YCTPOMCTBA aOCOJIIOTHOTO U3MEPEHUS CTAHOBUTCA
MPAKTUYECKU HEBO3MOKHBIM.

Jlpyrasi xateropusi 3alldT — 3TO 3alIUTHl OT OJHO(MA3HBIX 3aMBbIKAHUI Ha
3eMJII0, PEArMpYIOLINE Ha 3JIEKTPUUECKUE BEIIMUMHBI IIEPEXOAHOr0 npouecca [3, 22].
Cpenu NOCTOMHCTB TakMX 3allUT MOXKHO OTMETUTh BO3MOXXHOCTH (PUKCAIIMM BCEX
pasHoBuaHOCcTEM O33, HE3aBUCUMOCTD JIEUCTBUS OT PEXKMMA 3a3€MIICHUS HEUTPAIIH,
OoJiblllasi YyBCTBUTEIBHOCTh K 3aMBIKAHUSIM 4Ye€pe3 IMEePEeXOJHOE COMPOTUBIICHHUE,
OOJbIlIMEe 3HAYCHMS] AMIUIMTY] MEPEXOJHBIX TOKOB, YIPOIIAIOIIUE OTCTPONKY OT
TOKOB HebOanaHca QuibTpa TOKOB HyJeBol mnocneaoBateiabHoctu (OTHID) wu
o0OecrieueHre BHICOKON TOMEX0YCTOMUUBOCTH M UYBCTBUTEILHOCTHU 3aIIUTHI.

Ho u Ttakue 3amutbl 00Nagal0T HeAOCTaTKaMmH. [[nsi BcexX 3alllUT MPUCYIIN
€OUHbIC HEJOCTATKH, TAKUE KAaK OTCYTCTBUE HENPEPBIBHOTO ACHUCTBHUS 3allUTHI,

HCKaXXCHHUC (baSOBBIX COOTHOIICHUM MCXKAY TOKOM M HAIIPAXKCHHUCM, BO3HHKAIOIICC B
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MOMEHT O33 B OTpaK€HHOM OT KOHLA 3aIIMIIAEMOM JUHHUMU BOJHE [6], BO3MOXHBIE
JIO’KHBIE CpalaThIBaHUSI OT MOMEX, BO3HUKAIOIIUX OJHOBPEMEHHO B IIEMSAX TOKA U
HamnpsbkeHus: npu orcytetBuu 033, HampuMmep, BO3MOXKHA JIOKHasi paboTa Takux
3allUT B CETSX C KOMIIEHCUPOBAHHOW HEUTPAIbIO MPU OTKIIOYEHUM TPEX(DHA3HBIX
KOpOTKUX 3aMblkaHuid. 3amutsl Y3C-01 Moryt aeicTBOBaTh HENPABHIBHO IPHU
nyroom O33 uepe3 nepexonnoe conportusieHue [23]. B 3ammrax K33II u [133M
MIPUMEHEH MPUHIUIT Pa3eIbHON (PUKCAIlMU HAa4aJIbHBIX 3HAKOB MEPEXOAHOT0 TOKA U
HaNpsDKEHUST HYJECBOM IMOCIENOBATEIbHOCTH C IMOCICAYIOIIMM HUX CpPaBHEHHEM,
KOTOphIi MeHee 3(P(EKTHUBEH HM3-3a BO3MOKHOCTH H3JIMIITHUX CpadaThIBaHUU IIpU
MaJIbIX 3HAYEHUX MOJIBEIEHHBIX BEJIUYHH [3].

W nocnennsist rpymnmna 3ammT OT OAHO(PA3HBIX 3aMbIKAHUM HA 3€MJII0, KOTOPBIE
CIEOYET PAacCMOTPETh, 3TO 3alIUThI, PEATHPYIONIME HA HAJIOKEHHBIM TOK [3].
Hano>xeHHbII TOK MOXET ObITh YaCTOTOM Kak BBIIIE MPOMBIIUICHHOMN, TaK U HUXKE.
JInst co3maHusl TOKA MOBBIIMIEHHONM YaCTOTHI BO3MOXKHO MCITOJIb30BAHUE HEIUHEWMHOTO
CONIPOTUBIICHUS, BKIIOUYCHHOTO MEXY HEUTPAIbIO CETH M 3eMii€i. OIHAKO JaHHOE
YCTPOMCTBO 3HAYUTENBHO MOBBIIIAET CTOMMOCTh TaKUX 3alIUT, U MOXET CHU3UTH
HaJIEKHOCTh (PYHKIIMOHUPOBAHUS 3aIIUTHL. Takke MOXKHO OTMETUTh TOT (PaKT, YTO
3HAYUTEIbHAsI BBICOKOYACTOTHASl COCTABJISAIONIAS. MOYKET MPUCYTCTBOBATH B TOKax
MPUCOCINHEHUN U B HOPMAIBHOM pEXHME. DTO B INEPBYIKD OUYEpEIb OTHOCHUTCS K
CETSAM, CBA3aHHBIM C TPOU3BOACTBAMHU, UMEIOIIMMHU HEJIMHEUHYIO HAarpy3Kky. B Takux
CIy4asiX OMUCAaHHBIA CHOCOO 3alIUThl HempurojeH. Kpome TOro, kak mokas3blBaloOT
poBenEHHbIE ucchnenoBanus [24], rapmonuku ¢ uvactoro 100 ['m mosBistoTCs
MOYTH B 2 pasa 4aile, 4eM, HampuMep, ¢ 4acToTou 25 'l u aMIUIUTyAbl UX HAMHOTO
Oob1Ie.

[loaTomy psin  pa3paOOTYMKOB CO3[ald  3allUThl, pearupyromue Ha
HAJIOKCHHBIM TOK YaCTOTOM HMXKE MNPOMBINUIEHHOM. Pasznnume mo yactore TOKa
Hebamanca OTHII (50 T'm m rapMoHUKHM, KpaTHble TpPEM) M BO3ACHCTBYIOIIEH
BennuuHbl (25 I'm) mo3BoJiseT YNPOCTUTH OTCTPOMKY 3alllUThl OT HebajaHca U
n30exarh 3arpyOJieHUsl 3allUThl MO MEePBUYHOMY TOKYy. (Cam HallOKEHHBIH TOK

YaCTOTOW HHMKE POMBIIIIICHHON MOIYYUTh MPOUIE, U TPEOYeTCs] MEHbIIIAsi MOIIIHOCTh
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TEHEPUPYIOIIETO HUCTOYHMKA. B  pe3ynpTaTe Takue 3amuThl 00€CTIeUYrBaIOT
BO3MOXKHOCTh 3aMepa OOJIbIIMX 3HAYEHUW aKTUBHOTO CONPOTHUBICHHS (a30BOM
M30JSIIAHA, HWMEIOT MEHBIIYI0 3aBUCUMOCTh YYBCTBUTEIBHOCTH OT HEPEXOJAHOTO
CONIPOTUBIICHUSI B MECTE 3aMbIKaHUS W JIYUIIY0 MOMEXO3AIMIIEHHOCTh OT TOKa
MPOMBIIIJIEHHOW 4acTOThI [25].

K OCHOBHBIM HeEOOCTaTKaM 3allUT, PEArupyrollnxX Ha HAJO0XEHHBIM TOK
YaCTOTOM HUXE MPOMBIILUICHHOW, MOXHO OTHECTH HEOOXOJIUMOCTh MOAKIIOUCHHS B
HEUTpaJIb CETH CIEHHUAIBbHOTO YCTPOMCTBA [JIs CO3JaHUS KOHTPOJIBHOTO TOKa,
BIIMSHUE HA YCTOMYMBOCTH (PYHKIMOHMpPOBaHUS 3amuThl mnorpermHocted TTHII,
BO3PACTAIOUIMX PU YMEHBIIEHUH pab0ueil 4acTOThI, YCIOKHEHHUE CXEMbI IEPBUYHOM
KOMMYTAIIMU U3-32 HEOOXOAMMOCTH MOAKIIOUEHUSI UCTOYHUKA HAJIOKEHHOTO TOKA U
TPYAHOCTH MOJKIIOUYEHUS UICTOYHMUKA BCIIOMOTaTEJIbHOTO TOKA MTPU UCTIOJIb30BAHUU B
cetu Heckoubkux [I['P, ycTaHOBIEHHBIX Ha pa3HbIX 00beKkTaX. Takyke HE UCKIIIOUECHBI
CIOXHOCTH OTCTPOMKH OT €CTECTBEHHBIX TapMOHHYECKUX COCTABIAIOIIUX MPHU
BHEIIHUX NYTOBbIX mepeMexaromuxcss O33, npyu KOTOPBIX CIEKTP TOKA 3aBHUCHUT OT
MapaMeTpoOB CETH U PEKUMA 3a3eMJICHUS €€ HeWTpanu, nojoxkeHuss Touku O33 B
CeTU. A TakXe MpHU 3aMbIKaHHUSIX 4Yepe3 OOoJIbIINE MEPEXOJHbIE COMPOTUBICHUS
MMPOUCXOAUT CHUKEHUE KOHTPOJBHOrO TOKa [26]. IIpm BO3ZHMKHOBEHMH IYTrOBBIX
033 ycrpoiictBo YC3K-6,25 650kupyeTcs ¢ TOMOIIBIO CIIEIUAIBHOTO peje, Tak Kak
HE CIIOCOOHO MPaBUIBHO pabOTATh MPU TAKOM BHUJIE MOBPEKICHUS.

B 1menoM, Bce HHAMBUIyalbHBIE 3alIUThl HMMEIOT OOIIME HEJOCTaTKH,
CBSI3aHHBIC JTUOO C MPHUHIUIIOM JIEUCTBUSA, JTUOO C HEMOCPEIACTBEHHOU pean3anuei
ycTpoicTB  3amuThl. (O000mas, MOXHO BBIIBUHYTh CIEAYIOLIUE OCHOBHBIC
TpeOOBaHUA K 3alllUTaM: HCIIOJIb30BaHUE YCTABKH 3aBUCSIICH OT MapamMeTpoB
3aMBbIKaHUSI, BBISIBIICHUE 3aMbIKaHUI depe3 OOJIbIINE MEPEXOIHbIE COMPOTUBIICHUS U
IyTY, BO3MOXKHOCTb CO3JaHUS CUCTEMbl CTYIEHUYAThIX 3allUT OT 3aMbIKAaHHI Ha

3CMJIIO 1 ITOBBIMICHHAA ITOMCXO03allINIIICHHOCTD.
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1.3. HCHTpaHH3OBaHH]JIe 3alllMThI OT OI[HO(l)aI}Hl)IX 3aMbIKAHUH HA 3eMJII0

1.3.1. Obmras xapakTepHCTHKa IEHTPAITU30BAHHBIX 3aITUT

Kak Obuio mokazano B mpeasiaynieM — mnaparpade,  OOJNBIIMHCTBO
WHJIMBUAYaJIbHBIX 3aIUT UMEET pPa3INYHbIe HEJOCTATKUA. DTO CKa3bIBAETCS Ha paboTe
cetu. Ecin 3auThl OTKa3bIBAIOT B JEUCTBUH, JIMOO OTCYTCTBYIOT, TO 3aMbIKAHUS HA
3EMJIF0 MOT'YT IIPUBECTU K KPYITHBIM aBAPHSIM, COTPOBOKAAIOIIMNMCS 3HAYNTEIbHBIMU
yiiepOaMu.

Cam npuHIMN (QYHKIMOHUPOBAHUS LIEHTPATU30BAHHBIX 3aIIUT 00€CTIEUNBACT
0oJiee BBICOKOE TEXHUYECKOE COBEPUICHCTBO 3amuThl [12, 27], ucnoms3ys
uHdopmanuio o Tokax HII He TOJIBKO CBOEro MPUCOEANHEHUS WU CEKIIMU COOPHBIX
IIMH, HO W HWHPOPMAIMIO C JAPYIUX OOBEKTOB, HANpPUMEpP, MOCTYMAIOUIYI0 OT
TpaHc(OpMaTOPOB TOKA, H3MEPAIONIUX TOK BBICOKOBOJBTHOTO 3a3€MJISIIONIETO
pesucropa, a takxe TTHII gpyroi cexuumu.

[{enTpanu30BaHHBIM TPUHLMI MOCTPOCHHS 3aLIUATHI MPEANOJIATaeT CPABHEHUE
TOKOB HYJICBOM MOCJIEI0BATEIbHOCTH NPUCOCAMHEHUW. B OCHOBHOM MNPHUMEHSIOT
CPaBHEHHE aMIUIMTYAHBIX WIJIH JCHUCTBYIOIIMX 3HAUYCHUM TOKOB HYJIEBOU
MOCJIEA0BATEILHOCTU. Pacyer 3THX 3HaUYECHUN MOXKET MPOBOAUTHCA KaK B HaYaJbHBIN
MOMEHT BPEMEHH, TO €CTh, OCHOBBIBASICh HA MEPEXOAHBIX BEIUUYNHAX 3AMbIKAHUS, TaK
U B yCTaHOBUBIIEMCA pexume. Kpome TOoro, BO3MOXHO INPUMEHEHUE BBICIINX
FapMOHUYECKUX COCTABJISIIONIMX TOKOB HYJIEBOHM MOCIEA0OBATEILHOCTH JUOO TOKa
HaJI0’)KEHHOT'O C YaCTOTOM, OTJIMYHOUN OT MPOMBINUICHHOU. J[J1 pacmupenus: o61actu
MPUMEHEHUS JUIsl MOACTAaHUMKA ¢ OOJBIIMM YHUCIOM MPUCOCAUMHEHUN, BO3MOXKHO
BBEJICHUE B TaKWE€ 3alUThl JONOJIHUTEIbHOM HHQPOpPMAIMHU, KOTOpas MO3BOJISIET
MMPOU3BECTH OTCTPOMKY OT JACHUCTBUS B HEKOTOPBIX CIOXKHBIX pexnmax. Hampumep,
noyiyuyeHue MHGOpMalUM O HAMPSIKEHUU HYJIEBOW MOCIEIOBATEIBHOCTH C JIPYrou
CEKIIMU IIWH MOJACTAaHIIMH [27] MOXET MOBBICUTh YyBCTBUTEIHBHOCTh. JTO TpeOyeTCs
B HEKOTOPBIX ClIydasix B ceTAX 35 kB, COCTOSAIMNX NPEUMYILIECTBEHHO U3 JIBYIIEITHBIX
BJI. HentpanuzoBanubie 3amuThl (L[3) MOryT NpuMEHSTHCS BO BCEX CETSAX CPEIHETO

HaIpsDKEHUs, 3TO MOTYT OBITh KaK CETH C W30JUPOBAHHOW M KOMIIEHCUPOBAHHOM



19
HEUTpaJIblO, TaK U C HEUTPAJIbIO, 3a3€MJIEHHON Yepe3 pe3nucTop.

OnHako MLEHTPATM30BaHHBIA MPUHLUN TMOCTPOSHUS 3allUThl HaKJIaJbIBACT
HEKOTOpPBIC OTpaHUYCHHUS HAa YKMCIIO CHUTHAJIOB, HEOOXOAUMBIX I 00padoTku. [ms
obOecnieueHusi cenekTuBHOCTH I3 HeoOxomumo, 4TOOBI yuCIO0 00padaThIBAEMBIX
TokoB HII Obu10 HE MeHee TPEX MpU OTCYTCTBUU B CETU YCTPOWCTB, YCTAHOBIIEHHBIX

B HEUTpAJIb.

1.3.2. 3ammuTel, OCHOBaHHBIE HAa OTHOCHUTEJIBHOM CPABHEHHHM TOKOB HYJIEBOU

IIOCJICA0BAaTCIBHOCTH

CymecTByeT 1Ba METOJa OINPEACIICHUS MaKCUMAJIBHOTO 3HAYCHHSI CHUTHAJA,
3TO  METOABl  MOCIENOBATEIBHOTO MW  NApajuIebHOIO  CpaBHEHHS. Merton
MapaieIbHOrO CPaBHEHHSI MOXKHO BBIMOJHUTH HA OCHOBE CIIEHUAIBHBIX (PU3NUECKUX
aneMeHTOB. llocnemoBaTenpHOE CpaBHEHHE HWAET 3HAYMTEIBHO MEIJIEHHEE, W 10
MOSIBIICHUS] OBICTPOJIEUCTBYIONIUX MHUKPOIMPOIIECCOPHBIX 3alIUT CUHUTAIOCh, YTO
3alIUThI, BBINOJHEHHBIE HAa OCHOBAHWUM METOJA IOCJIEIOBATEIBLHOTO CpPABHEHUS,
UMEIOT HEeN0CTaToyHoe ObicTponeiicTBue. K TakuMm ycTpoiicTBaM MOYKHO OTHECTHU
YCTPOMCTBO TUIA «3eMysi». [I[peMMynIeCTBEHHO OHO MPUMEHSIIOCH JJIsl BBIIOJHEHUS
curHanuzanuu O33, Ha JaHHBIA MOMEHT yCTapesio.

Meton  OIHOBPEMEHHOTO CPAaBHEHHUS AaMIUIATY]l MEPEXOJHBIX TOKOB
peam3oBaH B Takux ycrpoucTBax, kak I[[HYC3, «®eppur», «Muaukarop»,
pa3zpaboTtanHbix B 60-80-¢ roasl. O01acTh UX MPUMEHEHUS OTPAHUYUBAETCS TJIABHBIM
ob6paszom norpemHoctsiMu TTHII, koTopbie 3aBUCIT OT MHOKeCTBa (PAKTOPOB: THUIMA
TTHII, 4yucna u cXeMbl COEIUHEHHUS] UX BTOPUYHBIX OOMOTOK, 3HAYEHUS
MEepEeX0AHOT0 TOKa U ap. [3].

N3 ycTpOWCTB, OCHOBaHHBIX Ha OJHOBPEMEHHOM CpPAaBHEHUU aMILIATY]
MEePEXOIHBIX TOKOB, HaMOOJIee U3BECTHBIM sBisieTCs ycTpoicTBo «Muaukaropy. Ilo
naHHbIM [12] Kk HemoctaTkam 3TOr0  yCTPOMCTBA OTHOCAT: BO3MOKHOCTH
HEMPAaBWJIBHOTO CpabaThiBaHUS HAa HEMOBPEXKACHHBIX MPUCOCIUHECHUIX U3-3a
HECUHXPOHHOCTH WU HECHUH(}A3HOCTH CPAaBHUBAEMBIX CHUTHAJIOB, TMOCKOJIBbKY

4acTOThl W (ha3bl MEPEXOAHBIX TOKOB B TMOBPEKAECHHOM U HEMOBPEKIEHHBIX
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MPUCOEANHEHUSIX MOTYT pa3linyaTbcsi MEXKIy COO0OW; BO3MOXKHOCTH OTKa30B B
(GYHKIIMOHUPOBAHUM TIPU TMOSIBIEHUM HA BXOJaX M3MEPUTEIbHBIX OpPraHOB
MOTEHIINAJIOB, 00yCIIOBIEHHBIX AIEKTPOMArHUTHBIMU MOJISIMU (n3-3a
HEOJTHOBPEMEHHOCTH 3aMBIKAHUS KOHTaKTOB CHJIOBBIX BBIKJIFOYaTeNeH
MPUCOEANHEHUN, TOSBJICHUS TOKOB  CaMoO3allyCka  d3JIEKTpPOJBUTATeNie) U
nosBisiroImxcst mpu O33 Ha MIMHAX MOJCTAHIWY U B MUTAIOLIECH CETH.

B ycrporictBax «Mumukarop-1», «Mugukarop-2», «Cenextopy», «Cerekrop-
M) 3T HEIOCTAaTKU YaCTUYHO YCTpaHeHsl [12].

B ycrpoiicTBax 3amuThl, pabOTalOMKUX B PEXKUME HMIYJIbCHOTO CpPaBHEHUS
(takux kak «Uapukarop-11», «Uunukarop-21»), OTCYTCTBYIOT  BIHUSHUSA
HEeCUH(pA3HOCTH UM HECMHXPOHHOCTH CpPaBHUBAEMbIX CHUTHAJOB Ha UX padoTy.
OTnanuuTenbHass OCOOEHHOCTh YCTPOWCTB — MEHbINAs TMOJBEPKEHHOCTh BIIUSIHUIO
nmoMex W cur"HajgoB HeOananca [12]. Ilpm 3ToM 3T yCTpOWCTBa (DUKCUPYIOT
aMIUIATYIbl KaK MEPEXOJIHOr0, TAK U YCTAHOBHUBIIETOCA TOKA 3aMbIKAHUS HA 3E€MIIIO.
VYcraBka cpabaThiBaHUSI TAKUX 3alIUT HE OTCTPAMBAETCS OT OPOCKOB COOCTBEHHBIX
E€MKOCTHBIX TOKOB HEMOBPEXIAEHHBIX IMPUCOCIUHEHHM, a CEJIIEKTUBHOCTH 3aBHCUT
TOJIBKO OT OTHOIIEHUS MUHUMAJIbHOTO 3HAYEHHS TOKA HYJIEBOW MOCIEA0BATEIbHOCTH
B MOBPEXKIEHHOM MPHUCOCAMHECHUM K MAKCUMAJIIBHOMY 3HAUEHHUIO TOKa HYJIEBOMU
MOCJIEI0BATEIbHOCTH B HEMOBPEXKACHHOM TmpucoenuHeHuu. [l obecrieueHus
HaJIEKHOM pPabOThl ATOTO0 YCTPOMCTBA 3ITO OTHOIIECHHUE JOJDKHO OBITH OOJbIIe
€UHHULIBI.

B HoBocubGupckoM  rocylIapCTBEHHOM  TEXHHUYECKOM  YHUBEPCUTETE
pa3paboTaHO MUKPOKOHTposuiepHoe ycTpoicTBo Tuna MK33I1-6 [28] nns cereit 3-
10 xB ¢ u30aupoBaHHON WM 3a3€MJIEHHOW Ye€pe3 pPE3UCTOP HEUTpasblo. 3aluTa 1o
MPUHLIUITY JACUCTBUA SIBISAECTCS LEHTPAIU30BAaHHOW TOKOBOW HEHAIPABJICHHOM,
CpaBHUBAIOIIECH aMIUTUTYAbl OPOCKOB TOKOB HYJIEBOW MOCIEI0BATEIBHOCTH BO BCEX
MPUCOEANHEHHUX 3alUIIAEMON CEKIIMM B MOMEHT cpabaThIBaHUsI IyCKOBOTO OpraHa,
BKJIFOUEHHOT'O HA HANPSIKEHHE HYJIEBOM IOCIEAOBATEIBHOCTH, U ONPEACIAIONIEH
MOBPEXKAEHHOE IPUCOESANHEHUE 110 HAUOOJIbIIIEH aMILTUTYIE.

Tok cpabaTbiBaHUsl TOM 3aIIUTHI HE TPeOyeTCs OTCTPAUBaTh OT EMKOCTHOTO
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TOKa KaXJOTO M3 3allMIIA€MbIX NPUCOCIUHEHUW, YTO CYLIECTBEHHO IOBBIIIACT
YyBCTBUTEJIBHOCTh 3aIIATHI U TE€M CaMbIM BBITOJHO OTJIWYAET €€ OT ONHCAHHBIX
paHee YCTPOWCTB HEHAIIPABICHHOW TOKOBOM 3alIUTHI HYJIEBOW MOCIIEN0BATEIILHOCTH.

He BO Bcex cnywasix Takas 3amura OyaeT cpalarbiBaTh NpaBUibHO. B
3aBUCUMOCTH OT YCJIOBUM NMPUMEHEHUS 3AIIUTHI BOZHUKAKOT PEKUMBbI, TPU KOTOPHIX
MCIIOJIb30BaHUE OTHOCUTENBHOTO 3amepa TokoB HII He obecnieunBaeT ceneKTUBHOCTH
nerctBus. Tak B cilyyae 3allUThl IPUCOCIUHEHUN PACTIPEACIUTENBHBIX MOACTAHIUN
(PIT) m TtpanchopMaTOpHBIX TOACTAHIIMH B PAa3BETBICHHBIX KaOCIbHBIX CETAX
MIPOMBIIUIEHHBIX OPeAnpUsATHN U ropoioB Tok HII ot BBogHorO npucoenunenus PII
nnu TII, mpeacraBisionMid CyMMapHbId TOK BCEM BHEIIHEH IO OTHOLICHHIO K
3alMUIIAeMOMY OOBEKTY CETH, MOXKET Ha MOPSIOK M OoJiee MPEBbIIATh CYMMAapHbIM
€MKOCTHBIM TOK 3allMIIaeMbIX IpucoeauHeHnii. B stom cinydae Toxk HII ot
MOBPEXKIECHHOTO TMPUCOEAUHEHUsS] Mano Oyner oTiauvarbcsi oT Toka HII BBomHOrO
MPUCOEANHEHUS, U C YYETOM MOTPEIIHOCTEN MpeoOpa3oBaHUs U TOKOB HeOalaHca
3alIUTa MOYKET MOJAEHCTBOBATh HECEIIEKTUBHO.

OcHoBHbIM Henmoctatkamu I3 ot O33, BBINOJHEHHBIX Ha MPUHIUIIC
CPaBHEHHsS TOKOB HYJIEBOM TMOCJIEAOBATEIBHOCTH, SBIISIFOTCS HECEJIICKTUBHBIC
cpabateiBanus npu O33 Ha muWHax nuTaromed noxactaniuu u npu 033 Ha
npucoeAnHenuu, eciau Tok HII BHemiHelW ceTH 3HAYUTENBHO OOJIbIE, YEM TOKH

MPUCOCTUHEHNN.

1.3.3. 3ammuTel, OCHOBaHHBIE HAa NPUHLIHUIE CYMMHPOBAHUS TOKOB HYJIEBOU

IIOCJICA0BATCIbHOCTH HpI/ICOCI[I/IHeHI/Iﬁ nmoacCcrTaHuu

HenoctaTkoB yCTpONCTB LIEHTPAIU30BaHHOM 3aUThl OT O33 OTHOCHUTEIBHOIO
3amepa MOXKHO wu30exaTh. Hampumep, ycrpoiictBo tuna «Mumukatop-1M» [12],
UCIIOIb3YET JOMOJHUTENbHYI0 HMHPOPMALUI0 O TEeOMETPUYECKON CyMME TOKOB
HYJIEBOM MOCJIEI0BATEIBHOCTH BCEX MPUCOCAUHECHUN. B 3TOM yCcTpolCcTBE Hapsiay ¢
OCHOBHBIMU oOMOTKamMu CIIeI[MaJIbHBIX MPOMEKYTOYHBIX YCTPOMCTB
(TpaHCpPEaKTOPOB), MOJKIIOUYEHHBIX CBOUMH MEPBUYHBIMU OOMOTKAMHU K BBIXOJaM

TTHII, npumeHst0TCA AOTOJTHUTEIbHBIE OOMOTKHU, TMOCIEI0BATEILHO COSTUHEHHBIC
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Mexay coboit [12]. IIpu O33 Ha OIHOM W3 OTXOISIIMX MPUCOCAVMHEHUN 3alluTa
BBIIAET CUTHAJ] Ha OTKIIOYEHHE, NpPU ITOM CYMMApHOE  HaIpsKEHUE
JOTIOJIHUTENbHBIX BTOPUYHBIX OOMOTOK TPAHCPEAKTOPOB MPAKTUUYECKH PABHO HYIIIO.
IIpn O33 Ha mMHAX WM HA MHUTAKOIMIEM MPUCOCIUHEHUH TE€OMETPHUUYECKasl CyMma
tokoB HII Bcex 3amuiaemMblx NPUCOCAWHEHUNM HE paBHA HYJIO, TOKH KaXJI0TO
MPUCOCINHEHNS] OKAa3bIBAKOTCS COHAIPABJIEHBI JPYr C APYroM, a MX CyMMa paBHa
cymmapHomy TokKy HII 3ambikanus cetu. B 3amure ke OpOUCXOAUT CYMMHUPOBAHUE
HaIpPsHKEHUN IOMOJHUTENBHBIX 0OMOTOK TPaHCPEAKTOPOB, BHIXOAHOE HAMPSIHKEHUE C
KOTOPBIX MOJIA€TCSI Ha COOTBETCTBYIOIIMM OpraH, cpadaTbiBaHUE KOTOPOTO IPUBOJAUT
K OTKIIOUYEHHUIO BBOJHOIO BBIKJIIOUATENs, a MPUCOCAUMHEHUE C HAUOOJIbIIUM
COOCTBEHHBIM EMKOCTHBIM TOKOM HE OTKJIIOHAeTCsl.

YerporictBo 3amutel «Muaukatop-2M» otnuuaerca ot «Muaukarop-1M»
TEM, YTO COIEPXKHUT JOMOJHUTEIbHbIC D3JIEMEHThl (JIE€NUTENb HANpPsHKEHUS C
KO3(PUIIMEHTOM JeJeHUs PaBHBIM JBYM M 3JEMEHT CPaBHEHHS), MO3BOJISIONINE
CO3/1aTh ~ NOMEXOYCTOMYMBYIO M  CEJIEKTUBHYK)  3allUTy C  BBICOKOH

YyBCTBUTEIBHOCTHIO [12].

1.3.4. 3amuTel, OCHOBaHHBIC HA CPABHEHUY 3HAYECHHUU BBICIINX TAPMOHHK

B oTnuumne oT MHAMBUIYATBHBIX 3alIUT, UMEIOIIUX NPOOIEMBbI C MOCTOSIHHO
M3MEHSIONIMMCA YPOBHEM BBbICHIMX TrapMoHMK, [[3 oOecneumBaroT CENEeKTUBHOCTD
JEUCTBUSL B TOJABJISIIONIEM OOJBIIMHCTBE CIy4aeB, TaK KaK BBICIINE TapMOHUKHU
CYMMUPYIOTCS B MOBPEXKAEHHOM MPUCOCIUHEHUM HE3aBUCHUMO OT UX aOCOIIOTHBIX
YPOBHEW, KOHKPETHBIX MMAPAMETPOB U COCTOSIHUS CETH, a TAKKE OT BUJA 3a3€MIICHUSA
HEUTpAIIH.

N3 ycTpOWCTB, BBIIIOJHEHHBIX HA OTHOCHTEIBHOM 3aMepe 3HAYEHUM BBICIINX
rapMOHHMK TOKa HYJEBOM MOCIENOBATEIbHOCTH, HamOOJiee H3BECTHBIMH SIBIISIOTCS
yctporictBa tuna YC3-3 u YC3-3M, Beimyckaemble UDA3. DTu ycTpoKcTBa
SBJISIIOTCS] OJTHUMHU U3 TIEPBBIX MACCOBO BBIITYCKAEMBIX YCTPONCTB MOJOOHOTO THIIA.

[Ipumenenne B YC3-3M ¢Qunbtpa, obecrneunBaromero 00yiee BBICOKYIO

CTETEeHb TOJABJICHHUS COCTABJIAIONIMX MPOMBIIUICHHONH 4YacToThl, 4eM B Y(3-2/2,
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J€aeT BO3MOXKHBIM NPUMEHEHUE 3TOr0 YCTPOWMCTBA, KaK B KOMIIEHCHUPOBAHHBIX
CeTsSIX, TaK M B CETIX C M30JUPOBAHHOW HEWTpandblo. YcrpouctBo YC3-3
MPEIHA3HAYECHO 11 MCIOJIB30BAaHUS C TOKOU3MEPUTENbHBIMU Kilemamu tumna K9-44
U €r0 YyBCTBUTEJIBHOCTH M0 MEPBUYHOMY TOKY MPUOTUZUTENHHO B 4 pa3a XyxKe, 4ueM
ycrpoiictBa YC3-3M [3].

Ctporo roBopsi, Ha3bIBATh TAKUE YCTPOKWCTBA LICHTPATU30BAHHBIMU HEJIb35l, TAK
KaKk (YHKIMIO UEHTpaIu3aly BBIOJHSAET OINEepaTop, MNPOBOJSAIIUN H3MEpPEHUE
BPYYHYIO W  TpUHUMAKOMKAN  pemeHue. [loBpexxkn€HHOE  NPUCOEIUHEHUE
ompenenseTcss MO0 HauOOJbIIEMY MOKAa3aHUIO CTPEIIOYHOTO HWHJIMKATOpa YPOBHS
BBICIIMX TAPMOHHUK - BBIXOJHOI'O MUKpoaMIepMeTpa. MOKHO BBIICIIUTH CIEAYIOLINE
OCHOBHBIE HeNOoCTaTKu ycTpoiicTBa YC3-3M: HEBO3MOXKHOCTH YETKOM (hUKCALIUU
MOBPEKAEHHOTO  MNPUCOEAWHEHUS TNPU  AYTrOBbIX  MNpepblBUCTBIX O33 wu
HEOOXOJMMOCTh y4YacTHsl OINEpPaTUBHOTO MEpCOHala B padoTax MO OMPEACICHUIO
MOBPEXKAEHHOTO  mpucoenuHeHus.  llocnegnuii  HEIOCTATOK — 3HAYUTEIBHO
YBEIIMYMBAECT BpPEeMsl MOWCKA U JIMKBUJIAIMU 3aMBbIKAHUS Ha 3€MJII0, OCOOCHHO Ha
MOACTaHIUAX 0€3 MOCTOSHHOTO O0CITYKUBAIOLIETO MEePCOHaa.

JIns ycTpaHEHMsl YKa3aHHBIX HEJOCTATKOB B CIENUAIBHOM KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOM O10po BBICOKOBOJILTHOM M KpuoreHHOM TexHuku (CKTBH BKT)
MocsHepro pa3paboTaHbl M  BBIMYCKAIOTCA IEHTPAJU30BaHHBIE YCTPOWCTBA
curHanuzanuu O33 tuna KJI3C-2 (panee Boimyckanuch ycrpoiictBa tuna KC3T-1 u
KJI3C), ocHOBaHHbIE HA MPUHIIMIIE OTHOCUTEIBLHOTO 3aMepa BBICIIMX rapMOHUK [29].
OTH yCTpOWCTBA OCHOBAHBI Ha NMpUHLMIE nocienoBarenbHoro onpoca TTHII Bcex
MPUCOCINHEHN CEKUMH IIUH W OMNPEICICHUN MPUCOCAUHEHUS C MAaKCUMAJIbHBIM
YPOBHEM BBICIIHNX TAPMOHHUK B TOKE HYJEBOMW IMOCIENOBATEIbHOCTH AaBTOMATUYECKH.
HenocraTtok, CBOWCTBEHHBIM 3TUM YCTPOMCTBaM, MPEICTABIAET OTHOCUTEIBHO
Oonpllloe BpeMs IMOWMCKAa NPHUCOCAMHEHUS ¢ HauOOJBIIMM YPOBHEM BBICIIMX
rapMOHHK (OKOJO JEBSITU CeKyHJ Ha 20 MpHCOENMHEHUH), a TaKK€ HEBO3MOXKHOCTD
o0ecrneunTh UX yCTONYMBOE (YHKIIMOHUPOBAHUE MPHU AYTrOBbIX MpepbiBUCTHIX O33
[3].

Bo BHUUD pa3zpaboTaHo aBTOMATHYECKOE IIEHTPAIM30BAHHOE YCTPOUCTBO
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OTHOCHUTEJIBHOTO 3amepa ypoBHeW Bbicminx rapmoHUK I[IAVYK, ocHoBaHHOE Ha
MIPUHIIUIIE MAPAJUICIIBHOTO CPABHEHUS 3HAYEHUM BXOJHBIX CHTHAJIOB C IMOMOILIBIO
M3MEPUTEIBHOTO OpraHa, BBIOJIHEHHOIO Ha 0a3e MaKCHCEJIEeKTOpa. Y CTOMYHUBOE
(YHKIITMOHUPOBAHUE 3aLIUTHI 00ECIIEYUBAETCSI HE TOJILKO B YCTAHOBUBIIIEMCS, HO U B
nepexoaHbix pexumax 033, Omarogaps TPUMEHEHHIO NPUHIUIIA TMapalieIbHOTO
CPaBHEHHUsI 3HAYCHUM BXOJHBIX CHUTHAJIOB B COYETAHHMM C aBTOMATHYECKOU
pPEryJIMPOBKOM  4YyBCTBUTENBHOCTU. OmbITHRIE 00pa3ubl  ycTtpoiictBa [TAYK
YCTaHOBJIEHBI B 3KCIUTyaTamnuio B Jlensnepro [3].

AHAJIOTUYHBIM TPUHIUIIOM JelicTBUA oOnagaer ycrporctBo MK33II-K
pazpabdotannoe B HI'TY. MuxkpokoHTpoJiep cpaBHUBAET 3HAYCHUSI TOKOB HYJIEBOM
MOCJIeI0BaTEILHOCTH Ha BbixoJie uX u3 ¢punbtpoB [30]. [Ipu nepemexaromeiics ayre
3amuTa HaASKHO (YHKIHMOHUPYET, cOpachbiBasi CBOE COCTOSHHE TOJIBKO TOCIE

noracaHus Ayrvu Ha BpEMs, IPCBLIINIAIOIICC €€ BO3MOXKHOE IIOBTOPHOC 3aAKHUI'aHHC.

1.3.5. 3amurtel, CpaBHHMBAWOIIME HAMNPABICHUS MTHOBEHHOW MOIIHOCTH

HYHCBOI)’I MMOCJICAOBATCIIBHOCTHU B IPUCOCANHCHUAX

OaHMM W3 YyCTPOMCTB, OCHOBAHHBIX HA KOHTPOJIE HAMPAaBICHHUS MTHOBEHHOU
MOIIHOCTH  HYJEBOW  TOCJHENOBATEIBHOCTH,  SIBISIETCS  LEHTPAJIU30BAHHOE
HAIMPABJICHHOE YCTPOMCTBO 3amUThl TUNA «VIMITyJIbC», UCIONB3YIONIEE B KAauyeCTBE
BEJIMYMH I onpeneneHus HanpasiaeHus momHoctu HIT tox HII iy u mpousBoanyro
duydt [12]. YcTpoiicTBO mpeaHa3HaYeHO I CeNeKTUBHOW curHamu3anuu 033 B
cetsax 3-10 kB, paboTaromux ¢ HU30JIMPOBAHHOM, PE3UCTUBHO-3a3€MJIEHHOW WU C
KOMIIEHCUPOBAaHHOW HEUTPAJIBIO.

YerporictBo  3ammTel  TMna  «Mmnynee» 1o gaHHBIM @ [6]  sABisieTcs

HEJIOCTAaTOYHO HAJAEKHBIM.

1.3.6. 3amuThl ¢ onpeneieHueM HauOOoIbIIEro BEKTOpa TOKA

Cy1miecTByeT 1EHTPAIM30BaHHOE KOMILUIEKCHOE YCTPOWCTBO CEIEKTUBHOM
curHanu3auun O33 tuma C3BU, omnpexensroniee NOBPEXACHUE MO HAUOOJbIIIEH

AMIUIUTYAC HAYaJIBbHOI'O TOKAa M II0 HAIIPaBJICHHIO YCTAHOBUBHICTOCA TOKa HII. DTo
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YCTPOMCTBO 3aIIUTHI B MOMEHT 3aMbIKAHUS MPOU3BOJMT MapajjI€IbHOE CpPaBHEHUE
aMIUTUTYJ, TOKOB BCE€X NPUCOCAMHEHUN 3alluiiaeMod ceTd, (UKCUpPYET HOMeEp
MPUCOCINHEHUSI C MAaKCUMaJbHOW aMIUIMTYJOM HA4YaJlbHOrO IEPEXOJHOr0 TOKA.
CpalatbiBaHM€e 3alIUTHl BO3MOXKHO TOJIBKO B TOM ClIy4yae, €Clid OpraH HalpaBJIEHUS
MorHocty HII yka3siBaeT k MeCTy IOBPEXKICHUS.

N3BectHO Takxke ycrporctBo Tuna 33BU  [31], koTopoe sBisieTcA
ycOBepIIEHCTBOBaHHLIM  BapuantoM  C3BU. Ono  o6mamaer  Oomblieit
YyBCTBUTEIIBHOCTHIO, CIIOCOOHOCTBIO (bukcupoBaTh KPAaTKOBPEMEHHBIE

MEPEMEKAIOIIMECS 3aMbIKaHHUS HA 3€MJII0O M JEWCTBOBaTh Ha ycTaHoBuBlHecs O33

[3].

1.3.7. 3ammuThl, OCHOBaHHBIE HA MPHUHIUIIE CPABHEHUS TOKOB C YacTOTOW,

OTJIMYHOU OT MPOMBILICHHON

CoueTaHve NPUHIUMIIOB BBISIBICHUS HAIW4YUs KOHTPOJBHOIO TOKAa B
MOBPEXKJACHHOM TMPUCOEIUHEHUM ¢ IIEHTPAJIM30BAHHOTO aHajiu3a TOKOB BCEX
MPUCOEANHEHU, MTO3BOJISIET TOBBICUTh YYBCTBUTEILHOCTD TAKUX YCTPOMUCTB 3aILUTHI.
Hawnbomnee pacnpocTpaHeHHON YacTOTOM HAJIOKEHHOTO KOHTPOJIBHOTO TOKA SIBJISIETCS
gactota 25 T'u. Takum oOpaszom, ycrpoiictBo I3 m0mKHO OBITH OTCTPOEHO OT
€CTECTBEHHBIX  TApPMOHUYECKUX  COCTABJISIONIMX TMPU  BHEIIHUX  JYTOBBIX
nepeMexaronmxcs 033, HO MPU ATOM OCTaBaThCS JAOCTATOYHO UYBCTBUTEIBHBIM K
KOHTPOJIbHOMY TOKY NPU 3aMBIKaHUSIX Yepe3 OOJbIINE NePEXOIHbIE COMPOTUBIICHHUS.

Hamnpumep, 3amutel Beimyckaemble HIIIT «bpecnep» pabotaroT TOabko mpu
YCTOMYMBBIX 3aMBIKaHUSX HA 3€MJIO C JUIMTENIBHOCTBHIO Oojiee 1 CEeKyHIbI, TaKk Kak
MIpU OPOIAJaHUKU TOKA HYJIEBOUW MOCIEN0BATEIIBHOCTH MPOUCXOAUT BO3BPAT 3aIUTHI
B UCXOJHOE cOoCTosHUE [32].

OCHOBHBIM HEIOCTAaTKOM TaKUX YCTPOMCTB SBISIETCS HEOOXOIUMOCTD

YCTaHOBKH B HEUTpPaJIb CETH YCTPOKWCTBA F'€HEPALIMUA KOHTPOIBHOIO TOKa [12, 33].



26
1.3.8 3amutel, wucnonb3yomure HHPOPMAIUIO O HANPSKEHUH HYJIEBOU

IIOCJICA0OBATCIBbHOCTH CO BTOpOI>'I CCKIIMH IIIWH IMOACTAaHIINN

B cetsax, conepxanux Oomibinoe konudectBo BJI, ¢ mapamienbHbIMU 1EMSMH,
PACIONIOKEHHBIMH Ha OJIHOM Omope, W MpU pa3feiabHON paboTe CEeKIUid COOpPHBIX
IIMH, BO3MOXHbI HECEJEKTUBHBIE JICMCTBUS  3alllUT YCTAHOBIECHHBIX Ha
HEIMOBPEXKAEeHHON cekuuu mpu O33. DTO CBA3aHO C TEM, YTO MEXAY ABYMs LIENSMHU
BO3AYIIHBIX JIMHUM, MOJKIIOYECHHBIX K Pa3HbIM CEKIUAM, CYIIECTBYET CBS3b YEpPE3
MexnenHsle €MkoctH, W npu O33 Ha OOHOM W3 LENed HANpsSHKEHHE HYJIEBOU
MOCJIeI0BATEIbHOCTH BO3HUKAET Ha 00€UX CEKLMSIX COOPHBIX IIMH, U TOKU HYJIEBOM
MOCTIEIOBATENBHOCTA TPOTEKAIOT Yepe3 JIMHUM, NPHUCOCAUHEHHBIE KaK K OIHOU
CEKIIMU COOpPHBIX IIMH MOACTaHIMHU, TaK U K Apyroil. Ha HemoBpexaeHHON CEeKIUU
npu O33 nossiserca HanpsbkeHnue HII, kotopoe Moxer mpuBectu K mycky L3, u,
COOTBETCTBEHHO, K HECEJIIEKTUBHOMY BBIOOPY MOBPEXKIACHHOTO MPUCOCAUHEHUS C
OompmM TOKOM. /It TOro 49toOBI M30€KaTh TAKOr0 HECEICKTHBHOTO JICHCTBHS,
HE00X0uMO 00 BBOAUTH TOK cpabaThiBanus 13, OTCTpOEHHBIN OT 3TUX PEKUMOB,
b0 ucnonb3oBath MHPopMamuio o Hanpsbkenun HIT apyroit ceknuum mus. [lpu
ucrnonb3oBanuu Hanpstkenus HII npyroit cexuum mumH 3ammura OyJIeT IeMCTBOBATH
TOJBKO B TOM CIIy4ae, €CIM HaNpsDKEHUE HYJIEBOW IOCIEA0BATEIbHOCTH

3aIUIIAeMOM CEeKITMU IIUH OKaKeTCs Ooblie [34].

1.4. D1eKTPOMATrHUTHASE COBMECTUMOCTh YCTPOMCTB PeJIeHHOM 3alIUThI U

AaBTOMAaTHKH

MHOrofieTHUI OMBIT SKCIUTyaTalldd TO3BOJSET BBIACIUTh TPU OCHOBHBIC
NPUYMHBI OTKa30B B pab0Te YCTPONUCTB penelHOW 3allluThl W ABTOMATHKU:
HETMpPaBUIbHBIE JCHCTBUS TMEpPCOHANa, HEHCIPABHOCTU M HECEJIECKTUBHbBIC NEUCTBUS
yctporctB P3A u HEqoCTaTOYHAS ANEKTPOMArHuTHAs COBMECTUMOCTS [35, 36].

HenpaBunbnass pabota yctpoiictB P3A mo mpuumne HemoctatrouHoit DMC
coctaBisieT 10 10% oOT Bcex ciyyaeB JIOXKHOM pabOThI M Kacaercss B OCHOBHOM

tTobko P3A Ha mukposnexkrponnoit (M9) u mukponponeccoproit (MII) anemenTHoOM
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0a3e. JTO CBS3aHO C BBICOKOW UYBCTBUTEIBHOCTHIO K AJIEKTPOMArHUTHBIM MOMEXaM
atux yctpoiictB P3A. To ecth onpenensercs GuU3NUecKon peanusanuei yCTpoucTBa.
Jlnst HapyiieHus pabOThl MHTETPATbHBIX MHKPOCXEM JIOCTATOYHO MPOHUKHOBEHUS
3JIEKTPOMATHUTHBIM WM KOHAYKTHBHBIM IIyTeM IMoMexu ¢ sHeprueii 8 107 Jik. Jlas
ANEKTPOMEXAHUYECKUX YCTPOMUCTB IHEPTHUSI, BbI3BIBAIOIIAsl COOU B UX pabOTe OOJIbIIIE
npumepHo B 10000 pa3. Ilpm >1€KTpOMAarHUTHOM BO3JACUCTBUHM MPOUCXOIUT
Hapyiienue padotel MII yctpoiicte P3A unu kpaTkoBpeMeHHBIN cOoil B paboTe c
MOCJIEAYIOIIMM BOCCTAaHOBIIEHHEM () YHKITUH.

3amena yctapeBmux ycrpoiictB P3A  wHa MII Moxer o0epHyThCA
3HAUYUTENIBbHBIMU TPOOJIEMaMH, €Clid He yIeisaTh BHUMaHue DMC 3THX yCTPOUCTB.
Takue npo6aeMbl JOKHBI periaThes KOMIUIEKCHO. C 0JIHOM CTOPOHBI — HEOOXOIUMO
BBIJIBUTaTh TpeOoBaHUsi K ycTpoiicTBamM P3A, mNOMEXOyCTOMYMBOCTH KOTOPBIX
JI0OJKHA COOTBETCTBOBATh YPOBHIO IMOMEX Ha HSHEProoObEKTax, HO C JpPYyrol —
MMOMEXH, U3JTy4aeMbI€ 3JIEKTPOYCTAHOBKAMH, HE JOJKHBI PEBBIIIATH HOPMBL.

Hopmer mo OMC B Poccum nOSBUIMCH OTHOCHUTENBHO  HEIABHO.
l'ocymapcTBeHHBIE CTaHAAPTBI 1O OTOM TEMATUKE HANUCaHbl Ha OCHOBE
HOPMAaTUBHBIX JOKYMEHTOB MEXAYHAPOJAHOM JIIEKTPOTEXHUYECKOW KOMHUCCUU
(M3K).  Crangapter I'OCT P 51317.4.1-51317.4.5 [37] omnmuchBaIoT BHUJIBI
UCIIBITAHUM, CHOCOOBI WX TMPOBEACHUS U HOPMUPYIOT CTENEHU KECTKOCTH
ucIbITaHul. /{7151 Bcero 000pyAoBaHuUs 3JEKTPOCTAHIIMN U MOACTAHIIUNA CYIIECTBYET
I'OCT P 51317.6.5-2006 [38], koTopsiil onpenenseT TpeOOBaHUS K yCTPOHUCTBAM, B
TOM 4YHUCJI€ pEJIEeHHOM 3amuThl. Jl0o TOSBIEHUS HTUX CTaHAAPTOB HEKOTOPHIC
MPEANPUSATUS BBITYCKAIM CBOM COOCTBEHHBIE JOKYMEHTHI, YTOOBI pErIaMEHTUPOBATh
ocHoBbl DOMC snektpoobopynoBanusi. Hanpumep, Obiin Beimyiiensi: P 153-34.0-
35.648-01 [39], P11 153-34.1-35.137-00 [40].

CormacHo [38] yctpoiictBa P3A mpuMEHSIIOTCA B JKECTKOM IMPOMBIILICHHON
3IEKTPOMArHUTHOM 00CTaHOBKE. Crangapt  perlaMeHTHPYET  KayeCTBO
(YHKIIMOHUPOBAHUS YCTPOUCTB P3A, TOYHOCTH 51 ONIEPAaTUBHOCTh
(YHKIIMOHUPOBAHUSL KOTOPHIX HE JIOJDKHBI OBITh TMOJBEPKEHBI HAPYUICHUSM B

pe3yibTaTe BO3/ICMCTBUS TOMEX. T0 €CTh HE JOMYCKAeTC s :



28

— notepss (QYHKIUU 3alUTHl U CO3/IaHUE KPUTUUYECKUX CUTyallui (BKJIIOYas
MOBPEKACHUE AIIEMEHTOB CUIJIOBBIX CUCTEM );

— 3aJepKKa B BBINOJHEHUSA 3alIUTHBIX ONEpalMd MW BO3HUKHOBECHHUE
MOBBILICHHBIX HATPY30K 3JIEMEHTOB CUJIOBBIX CUCTEM;

— HexenaTeabHoe (YHKIIMOHUPOBAHUE, CIEJCTBHEM KOTOPOTO SIBISIOTCS
omMOOYHBIN X0 Ipoliecca WIK IJIUTEIbHOE HapylIeHue pabounx yCIOBUMH;

— TOTEpsl JKCIUTyaTallMOHHOW TMOCJIEA0BATEIbHOCTA 3allUCU HHQPOpMAIIUH,
MPUBOMSIIEH K HEBO3MOXKHOCTH OIPEAEIEHUsS MECTa W aHalu3a HapYIICHUS
(moBpexaenus) [38].

Brinonnenue tpeboBaHMil MOMHON ycTOHYMBOCTH yCcTpoilcTB P3A k momexam
M  HaIMYHE COOTBETCTBYIOIIETO  3amaca IOMEXOYCTOMYMBOCTH  SIBJISIFOTCS
00s13aTeNTbHBIMU YCJIOBUSMU MOATBEPKICHUSI COOTBETCTBUS TpeboBaHusim OMC.

B 3aBucuMocCTH OT BUJIa UCTIBITAHUSI MEHSIETCA U CTEMEHb KECTKOCTH (Tabiuiia
1.1) [38]. B Tom ciyuae, eciid mpoBEAEHBI ClEIMATbHBIE MEPhI TOMEXOMOIaBICHNUS,
TpeboBanusa k yctpoiictBaM P3A no DMC MoryT ObITh CHUXKEHBI U OTJIMYATHCS OT
yKa3aHHbIX B [41].

Ecmu ycrporictBa P3A ycTaHaBaMBarOTCS Ha JOEUCTBYIOIIEH CTAHIMUA WIIH
MOACTAaHIMK, HEOOXOJUMO  MPOBOAMUTH  OOCIEJOBAHHUE  AIEKTPOMATHUTHOU
obctanoBku (OMO). DnekTpomarHuTHass OOCTaHOBKA JIOJMKHA COOTBETCTBOBATh
Hopmam [42, 43]. Bce tpeboBaHUs HOPMATHUBHBIX JOKYMEHTOB, YYHUTHIBAIOIINX
AJIEKTPOMArHUTHYK) COBMECTUMOCTh TEXHUYECKUX CPEICTB, BBEJICHBI OTHOCUTEIBHO
HEJJABHO, MOATOMY MPUMEHSIOTCS B OCHOBHOM IIPU COOPYKEHUU HOBBIX OOBEKTOB.
Tam xe TAE NOPUXOAUTCS  BHEAPATH COBPEMEHHOE  MHUKPOHPOLECCOPHOE
o00Opy/lIoBaHUE, JJIEKTPOYCTAHOBKHM MOTYT HE COOTBETCTBOBATh COBPEMEHHBIM
TpedoBanusimM k OMO.

3amuMThl YCTAHABIMBAIOTCS HA MOACTAHIMUAX U PACIPEICIUTENbHBIX TYHKTAX C
BbICIIUM HampsbkeHueM 35 u 10 kB, u3 koTopeix Hambosiee pacrnpoCTpaHEHBI
nocineaaue. Mexay Tem, eclii Ha nojacTtaHuusax HampspkeHuem 110 kB u Bbime
npoBoawinuchk obcnenoBanuss OMO [44, 45, 46], To nans 3IEKTPOYCTAaHOBOK

pacCMaTpuBACMBbIX KJIACCOB HAIIPSAKCHHA DKCIICPUMCHTAIBHBIC JAHHBIC ITPAKTHYCCKHU



29
OTCYTCTBYIOT.
Tabnuma 1.1
Buapl nomex 1 UX UCOBITATENbHBIA YPOBEHB 7151 YCTPOUCTB P3 A 351€KTpPOYyCTaHOBOK

CPCAHCTO HAIIPSIKCHU A

CreneHpb .
Bunx nomex HcnpiTarensHblil ypOBEHD
KECTKOCTH
ITopt xopmyca
) 3 A/m (HenpepbIBHOE
MarHUTHOE TI0JIE)
MarauTHOE 110JI€ TPOMBIILICHHON
a 0¢ HOJIe 1po CHHO 100 A/m (HenpepbIBHOE
YaCTOTHI
5 MarHUTHOE TI0JIE)
1000 A/M (kpaTKOBpEMEHHOE
MarHuTHOE ToJe, 1¢)
PaamodacToTHOE AE€KTPOMArHuTHOE 3 10 B/
nojie 80 — 3000 MI'g
6 kB (KOHTaKTHBIN pa3ps
DJIEKTPOCTATUYECKUE pa3psiabl 3 ( . paspsi)
8 kB (Bo3mylIHbIN pa3psin)

CurnanpHbIE IOPTHI

30 B (nmuTenbHbIEC TOMEXH)

HaHpH)KeHI/Ie IMPOMBIIIIICHHON YaCTOTHI 4 300 B (10)

MuKpOCEeKyHIHBIC UMITYJTLCHBIC TIOMEXH
oonpioit snepruu (1/50 mxc — 6,4/16
MKC) IO CXEMe:

- IPOBOI—TIPOBOJ 4 4 xB
- MIPOBOI—3EMIIS 2 kB

W

[ToBTOpSstomMecs KoaeOaTeabHbIE
3aTyXarolKe MOMEXH IO CXEME:

- MPOBOI—TIPOBOT 2,5 kB
- MPOBOI—3EMJIS 1 xB

W

HanocexyHnaHbie UMITYJIBCHBIE IOMEXU X 4 xB

KonaykTuBHBIE TOMEXU, HABEACHHBIE
PaANOYaCTOTHBIMU 3 10B
3JICKTPOMArHUTHBIMH MOJISIMU
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Oxkonuanue TadoauIn! 1.1

Hu3koBoJIbTHEIE BXOAHBIC U BEIXOAHBIC IIOPTHI 3JICKTPOIIMTAHHA IICPCMCHHOTO
TOKa

AU 30 % (1 nepuon)

[TpoBasibl HAPSKEHUS STECKTPOTUTAHUS — AU 60 % (50 mepioios)’

[IpepbiBaHus HAPSKEHUS AU 50 % (5 neprnonos)
ANEKTPONUTAHUS AU 100% (50 meprozos)'
MUuKpOCEeKyHIHBIC UMITYTLCHBIC TIOMEXH
6onpioit sHepruu (1/50 mxc— 6,4/16
MKC) IO CXEMe:

- MIPOBOA—TIIPOBOJ 3 2xB
- MIPOBOA—3EMIIA 2 1 xB
HanocexyHnHbie UMITYJIBCHBIE IOMEXU 3 2 xB
[ToBTOpsArOmIMECS KOJIeOaTENbHBIE

3aTyXaroIKe IIOMEXH 110 CXEME: 5

- IIPOBOI—IIPOBOJ 1 kB
- IIPOBOI—3EMJIA 0,5 xB

KonaykTuBHBIE TOMEXU, HABEAEHHBIE
PaANOYaCTOTHBIMU 3 10B
3JICKTPOMArHUTHBIMH MOJISIMU

[TopT pyHKIIMOHATLHOTO 3a3€MJICHUS

HanocexyHaHbIE UMITYJIBCHBIE TIOMEXH
(BBOJ TOMEXM C MPUMEHEHUEM 3 2 xB
E€MKOCTHBIX KJICHIEH CBSI3H)

KonaykTuBHBIE TOMEXH, HABEAEHHBIE
PaANOYaCTOTHBIMU 3 10B

QJICKTPOMAriuTHBIMHU ITIOJISAMU
T

— TOJIBKO A TIIOPTOB OJJICKTPOIMUTAHUA, HCIOCPCACTBCHHO MOAKIIOYCHHBIX K

HHU3KOBOJIBTHBIM CUCTEMAaM BHGKTpOCHHG)KCHI/ISI O6IJ.I€FO Ha3Ha4YCHU .

1.5. 3agauu uccaeaoBaHusd

[IpoBen€HHBIN BBIIIE  aHAIW3 TIOKa3aJl, YTO OOJBIIMHCTBO 3aIlUT OT
3aMbIKaHUM Ha 3€MJII0, KOTOPbIE SKCIUTYaTUPYIOTCSL B HACTOSAIEE BpeMs B CeTsIX 6-35
kB, B psge ciayyaeB HE CHOCOOHBI CEJIEKTHMBHO pearupoBaTh Ha OJHO(A3HBIC

3aMbIKaHUs Ha 3eMJIto [6, 47]. B HacTosiiiee BpeMsi CTOUT 3a/1ada pa3pabOTKu HOBBIX,
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OoJiee coBepiieHHBIX 3amuT oT O33.

Haubonee mepcrneKTUBHBIMU 3alllUTaMU OT 3aMBbIKAHUM HAa 3€MIIIO SIBISIOTCS
LHEHTPAIN30BaHHbIE 3aUThl. OHAKO U3BECTHBIM THUIIAM LEHTPATU30BAHHBIX 3aIUT
MPUCYILIH TAKUE HEJOCTATKHU KaK:

— HEJIOCTATOYHOE OBICTPOJICUCTBUE;

— paboTa TOJIBKO Ha CUTHAJ;

— HECEJIEKTUBHas pa0oTa NP 3aMbIKAaHUAX HA CEKIIUH IIIUH;

— HEeCeNeKTUBHas paboTa Ha YJAJICHHBIX MOJCTAHIMSAX B CETAX C OONBIIMMU
TOKaMH 3aMbIKaHHS Ha 3€MJTIO;

— mno ycnoBusiMm OMC 3ammThl  JOJDKHBI  yCTOMYMBO paboTath B
AIEKTPOMArHUTHON OOCTaHOBKE, CBOMCTBEHHOU 3JIEKTPOYCTAHOBKAM HAMpPSKEHUEM
6...35 xB.

B cBs3u ¢ 3TUM 3aaund HACTOSIIIETO MCCIEAOBAaHUS MOXKHO CPOPMYIUPOBATH
CIEIYIOIIUM 00pa3oM:

1. Co3ngate MmaTematuueckyro monenb cetu 10 kB, Bxirouaromyio B ceds
OCHOBHBIE 3JIEMEHTBI CETH, C YUYETOM BCEX NMAapaMETPOB, BIHUSIOMINX HA MEPEXOIHBIE
MPOLECCHI B JAHHOW ceTU. MareMaThnieckasi MOJIeNIb B COBOKYITHOCTH C MaT€pHUAIAMU
HATypPHBIX AKCIEPUMEHTAIbHBIX ucCleIOBaHUM MO3BOJIUT OXBaTHUTh
WCCIIEIOBAHUSIMA MAaKCUMAJIbHOE YMCJIO BO3MOXHBIX BAPUAHTOB PA3BUTHUS MPOLIECCOB
pu 0JHO(A3HBIX 3aMbIKAHUAX HA 3EMIIIO.

2. Pa3zpaboTaTh anroput™Mbl GyHKIIMOHUPOBAHUS 3AIUThI IEHTPATU30BAHHOTO
THUIA, TTO3BOJIAIONINE BBISBISATH 3aMBIKAHUS HAa 3€MJIIO B CETSAX C M30JUPOBAHHOU U
PE3UCTUBHO-3a3€MJICHHOW HEUTPaNbl0 MPU JIIOOBIX TUMAX MOBPEKJICHUM, 0COOEHHO
MIPU AYTOBBIX 3aMbIKAHUSX.

3. IlpoBectn  pacy€THO-3KCIIEPUMEHTAIBHYK) IPOBEPKY  AITOPUTMOB,
BKJIIOYAIOIIYIO TPH ATarma:

- pacu€THasi IpOBEpKa C UCMOIb30BAHUEM MATEMaTUYECKOU MOJIETU CETH;

- pacu€THO-3KCIEPUMEHTAJIbHAasi TMpOBEpKa Ha OCHOBAHUU  PEaJTbHBIX
ocuusiorpamm, cHATbIX npu O33 B aeiicTByromux cetsax 10 kB;

- OIBITHO-IIPOMBIIIJICHHAA IIPOBCPKaA 06pa3u0}3 HCHTPAJIM30BAHHBIX 3allluT,
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WCTIOJIB3YIOIINX CO3/IaHHBIE aITOPUTMBI.
4. DKCIIEpUMEHTAJIBHO MCCIIENOBAaTh YPOBEHB JJIEKTPOMAarHUTHBIX MOMEX B PY
10 kB u ompeaenuth TEXHUYECKUE MEPhI MO OOECHEUEHUIO SIEKTPOMArHUTHOM

COBMCCTHUMOCTH.
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2. PABPABOTKA MOJEJJIM CETHU HAIPA’KEHHUEM 6-35 kB,
BKJIIOYAIOIIEN KABEJIBHBIE U BO31YIIIHBIE TUHUU

2.1. OcCHOBHBIE MOJIOKECHUS

[Ipu cocTaBieHHMM CXEMbl 3aMEUIEHUs] TPUHATHI CJIEAYIOIIME OCHOBHbBIC
MOJIOKEHUS :

1) Dmueprocucrema, OT KOTOpPOW TMOJY4YalOT TMUTAHHE CETU CPEIHETO
HaIpsDKeHMs], 3aMEHeHa JIM00 IIMHAMU OECKOHEYHON MOIIHOCTH, JTUOO0 HEKOTOpOil
CUCTEMOM C OMpEACICHHON MOIIHOCThIO KOPOTKOTO 3aMbIKaHUs (Sk3). ITO MO3BOJIAET
paccMatpuBaTh ceTu 6-35 kKB He3aBHCUMO OT CHCTEMBI, TaK KakK 3TH CETU 3a4acTyIO0
ANEKTPUYECKN 3HAUUTEIbHO YAAJIEHBI OT TEHEpaTopoB (HE cuuTas ceTel
T€HEPATOPHOIO HAMPSDKEHUSI), M MPOLIECCHI, MPOUCXOJAIINE B HHUX, TaKue Kak
3aMbIKaHUSI HA 3€MJIIO, HE BJIUSIOT Ha PEXKUMBI MUTAIOIIUX CETE€H, CUCTEMa B TaKOM
CJIy4yae BBIMIOIHSET POJIb UCTOYHUKA TUTAHMUS.

2) Cetu 6-35 kB cBsi3aHbl ¢ cUCTEMOI yepe3 MUTarIme TpaHchopMaTopsbl, s
KOTOPBIX B OCHOBHOM NPUMEHSIIOTCSI CXEMbI COeAMHEHUs 3Be37a-TpeyroibHUK(Y/A),
HO HMHOTJAa BCTpedaroTcss ®W  3Be3ma-3Be3fga(Y/Yn). Cxema  3aMelIeHHs
TpaHcopMaropa MpUHITA YOPOILIEHHOW, O€3 BETBM HAMAarHWUYMBAHUA: UJCATbHBIN
TpaHcopMatop, MOAKIIOYEHHBIN Yepe3 COMPOTHUBJICHUS NMEPBUYHON M BTOPUUYHOM
obmoToK [48].

3) KaOenbHble © BO3AYUIHbIE JIMHUU MOJACIHUPYIOTCS CXEMaMH C
pacripefieieHHbBIMU  mapaMmeTpamu. [[ns  kaOenbHBIX JUHUW — pacmpe/ielieHHe
napaMeTpoB 1o ¢azam OJHOPOJHOE BBUIY TOTO, 4TO Tpex(asHble KabeIn UMEIOT
OJIMHAKOBBIC pa3Mephl KU U T€OMETPUI0 UX pacnojoxeHus. [lpu Hanuuuu B cetu
BO3AYIIHBIX JIUHUM WM KaOEIbHBIX JUHUNA OAHO(PA3HOTO UCIOIHEHUS YUUTHIBACTCS
HEOJHOPOHOCTh apaMeTPOB MEKy (hazaMu, €CIIM HE BHIMIOJHEHA TPAHCIIO3UIHS.

4) Mopens TpanchopmaTopa Hampsbkenuss (TH) Bkitouaer HeauHEHHYIO
3aBUCUMOCTh XapaKTEPUCTUKKW HaMarHU4YMBaHWUS TpaHcPopmaTopa HaANPSIKEHUS

HYHCBOﬁ IIOCJICA0BAaTCIbHOCTH.
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5) Mogaens tpanchopmatopa Toka HII BkitodaeT B ceOsi BOJbTaAMIEPHYIO
XapakTEepUCTUKy  TpanchopmaTopa. [nga  TpaHcpopmaropa TOkKa  HYJIEBOU
MOCJIE0BATEIbHOCTH XapaKTEPUCTUKA MPUHUMAETCS €AUHON I OJHOTHUITHBIX
tpancopmaropoB toka (TT), mna tpextpanchopmaropHoro ¢uibtpa TokoB HII
Takasi XapakTEePUCTHUKA BapbUPYETCS ISl pa3HbIX TUIOB TPAaHCHOPMATOPOB, a TAKKE
U1 BceX Tpex ¢a3 Tpancopmaropa.

6) YuuTbIBaeTCs TOJBKO aKTUBHAS HAarpy3ka TpaHc(hopMaTopoB TOKA.

7) UHIYKTUBHBIM CONPOTUBIECHUEM PE3UCTOPA, YCTAHABIMBAEMOTO B HEUTPAJIb
CUJIOBOTO TpaHc(hopMaTopa MpU €ro HAJIW4YUM, JUOO MOAKII0YAEMOr0o C MOMOIIBIO
HelTpaneoOpasyronero  TpancopmaTopa, MOXKHO MpeHeOpedb BBHUAY €0

HE3HAYUTEIFHOCTH OTHOCUTEIBLHO CONPOTUBIICHUS TpaHCcpopmaTopa.

2.2, MOIle.]'lI/IpOBaHI/Ie 3JIEMECHTOB CX€MbI 3aMCIICHUA

2.2.1. MoaenupoBaHue TpaHcHOpMaTOpOB

[Ipu 3aMbIkaHUSAX Ha 3eMJII0 TOHWXKAIOIIME CHUJIOBBIE TpaHC()OpPMATOPHI
MPOJOKAIOT PadoTaTh B HOPMAJIBHOM PEXHUME, YTO IMO3BOJISIET HCIOJIb30BAThH
MPOCTYI0  CXeMy 3amelleHuss  TpaHcopmartopa. JlroOoi  TpaHchopmMaTop
MOJICIUPYETCSI € TMOMOIIBI0  SKBUBAJICHTHOM CXeMbl TpaHcpopmaTtopa C
(beppOMarHuTHBIM CEPACUHUKOM, TPUBEIEHHOMU B [49].

Paccmotpum TpanchopmaTop € ABYMS BJIEKTPUUECKH HE COEIUHEHHBIMU
oOMOTKaMU, MUMEIOIIMMHU YHC]Ia BUTKOB ®; U ;. He yuuThiBasi pacmnpenesieHue
HaMpsHKEHUSI MKy OTJICbHBIMU UX BUTKAMU M aHATIM3UPYS TOJIBKO HAMPSHKEHUS Ha
3aKUMax 0OMOTOK, Jt000H TpaHCHOpPMATOpP MOKHO MPEACTAaBUTH YIPOIIEHHO (pHC.
2.1). Jluauu otoka ®y 0XBaTHIBAIOT BCE BUTKU 00euX 00MOTOK. JInHMM moToka Py
OXBaTbIBAIOT BCE BUTKHU TOJIbKO IEPBUUHON OOMOTKH.

JIns TOTOKOCHUEIUIEHWM C€ NEPBUYHOM M BTOPUYHOM KaTylIKaMHA MOXEM

HAIIHCaTh
Y, =% +WYo1 = L sii; + 01Dy,

Yy =Yoo + W = L iz + 02Dy
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rae W51 m Wy — moTOKOCHEIIEHHE paccesiHhs NMEPBUYHOM M BTOPUYHOU
oOMOTKH, L 5 U L 5, — UHAYKTUBHOCTU OOMOTOK, i; U i, — TOKH OOMOTOK, W; U 0, —

YHCJIO BUTKOB OOMOTOK.
O

|

i i —— 1
1111
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Puc. 2.1. Pacnipenenenne MarHuTHOTO MOTOKA B TpaHChopMaTope

[IpuHuMas, dYTo K 3a)XKUMaM TEPBUYHOM OOMOTKH TpaHchopmaTopa
MPUJIIOKEHO HaMNpsOKeHHWe u;, a K 3aXKWUMaM BTOPUYHOM OOMOTKH TOIKIIOYEH
NMpUEMHUK. Pa3nennB MarHUTHBIA MOTOK HA MOTOKU PACCESIHUSI U OCHOBHOM, MOXKEM
HaInucaTh ypaBHeHUs: TpaHchopMaTopa B BUE

di d®,

. . di,
ur=riipt Lo gt o g =riint Lo g+ o

d®, . dip
Wy =12 it Lg gr

Brimie npeacTaBieHHbIe BRIPAXKEHUS MOKHO HAIMMCATh B KOMITJIEKCHOH popme:
Ui=ril;+joL gy I + Uy
E; =115+ joL g L+ U,

[Ipy npuMeHEHNH KOMIBIOTEPHOIO MOJEIUPOBAHUS YIPOILIEHUE PACUETOB HE
TpeOyeTcsi, MOATOMY BEJIIMYMHBI BTOPUYHOU OOMOTKH HE MPUBOMISTCS K MEPBUYHBIM
BEJIMUYMHAM, 4YTO yAOOHee i aHanu3a padOoThl CETH U TMO3BOJISIET IMOIYy4YaTh
HanpsHKEHUs] ¥ TOKM B TOM K€ MaciiTade, 4To U B ACHCTBUTEIBHOCTH.

CBsA3p MEXJIYy KOMIUIEKCHOW aMIUIMTYAON MOTOKAa Py W BBI3BIBAIOLICH 3TOT

notok MJIC i;w,+i;w, B KOMIUIEKCHOM (hOopMe 3amuIIeTCs KaK

I1mo; + v, _ [1vo; + 1 v’ _ (Iim + 1w _ I omo;

Dom = Zn; Zns Zn; Zup

rae Zy = Ry + jXu — KOMIUIEKCHOE MarHUTHOE COIPOTHUBIICHUE CEPICUHUKA,
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npudeM Xj; YAUTHIBAET OTEPU B CEPACUHUKE HA TUCTEPE3UC U BUXPEBBIC TOKH.
Takoli o00mel cxemMol 3aMelIeHHUs] MOXXHO TMPEJACTaBUTh BCE BUJbBI
TpancopmaropoB. CuioBsie TpaHC(HOPMATOPHl B HOPMAJIBLHOM pEXKUME PabOTarOT
npu UHAYKOUAX, He npesbimaromux 1.7 T [50]. Ilpu 3ambpikaHusX Ha 3€MIIIO B
MATaeMOM CETH PEXHUM pabOThl CHUJIOBBIX TpaHCHOPMATOPOB HE U3MEHSETCS.
Bropuunas oOMoTka TpaHcopmaropa coelrHEHa JUOO B TPEYroJbHUK, JUOO B
3Be3ny. [lpu 3ToM HelTpanb 3BE3/IbI MOXKET OBITh 3a3eMJIEHa 4epe3 OTHOCUTEIHHO
Oonbioe conpoTuBieHue. [1oaToMy TOKM OOMOTOK MPU 3aMbIKAHUSIX HA 3€MIIIO HE
MPEBBIIAIOT HOMUHAJBHBIX, YTO TO3BOJISIET MOJIETUPOBATh CHIIOBOUM TpaHCchopMaTop
MPOCTOM CXEMOM, MPEACTABICHHOW Ha pHUC. 2.2, U HE YYHUTHIBATh HEIUHEUHOCTH
XapaKTEPUCTUKU HAMarHUYMBAaHUS CEpACUYHHMKA BBUAY pabouyeld HWHIYKIHUH, HE
MPEBBINIAIONIECH UHIYKIUIO HACBIILICHHUS.
r Lol c's2 I’é
lo
Uuj U by £0 7)

I i3
O - > O

Puc. 2.2. Cxema 3amelenus Tpancpopmatopa, NpuBeaEHHAs K IEPBUYHON CTOPOHE

JIJIss  OKOHYATETHHOTO YIPOIIEHUS CXEMBl 3aMelieHus TpaHchopmaTopa,
UCIIONB3yeM BMecTo  T-o0pa3Hoil [-00pa3Hyro cxemy 3aMellleHHs, TJIe
COTIPOTHBJICHHS TIEPBUYHON W BTOPUYHOW CTOPOHBI CYMMHPYIOTCSI B OTOOpakaroTCs
onHOH BeTBBIO. [IpH mepexose K TaKOMYy BapHUaHTy CXEMbI 3aMEIICHUS MapamMeTphl

PacCUUTHIBAIOTCS M0 cieayrmmum Gopmynam [S1]:

2
AR U
Rr = KZ—HOM — aKTUBHOE CONPOTHUBIICHUE TpaHChOpMaTopa;
StoM
Ugc o, U
K,%"Y HOM _
T = ——-————— HUHAYKTHBHOE COIIPOTHUBJICHUE TPAHCHOPMATOPA;
100SHOM
APy
Gt = — aKTUBHAas IMPOBOJUMOCTH TpaHCHOpMATOPa;

2
Utom
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B _ A0
T =~~~ — PCaKTHBHas IIPOBOJMMOCTE TpaHnchopmaropa,
Uliom
Ix %SHom .
rae AQx =—>——— — INOTEepU PEAKTHUBHOM MOIIHOCTH XOJIOCTOI'O XOAa

100
(XX); 4Pk — noTtepu KOpPOTKOTO 3aMblkaHusl, KBT; 4Py — moTepu X0J0CTOro Xoja,
KBT; Upoy — HOMUHAIBHOE HampsbkeHue Tpanchopmaropa, kB; Syoy — HOMUHANIbHAS

MOIIHOCTh, MBA ; Ug — HalnpsiK€HHE KOPOTKOTO 3aMbIKaHus, %; [y — TOk XX.

2.2.2. MopaenupoBaHue HEUTpaieoOpa3yomx TpaHcGopMaTopoB

[Ipu oOTCyTCTBUM BBIBEICHHOW HEWTpalu Ha CHUJIOBOM TpaHchopmaTope,
BO3HUKAeT TmpoOjieMa TMOAKIIOUECHHUS] TaKUX YCTPOMCTB KakK pPE3UCTOp WIH
ayroracsimas Katymka. J[mns ux noakitoyeHus HeoOX0AMMO OpraHu30BaTh HEUTpab.
JIist 3TOro MOTYT UCIOJb30BaThC KaK OOBIYHBIE CHJIOBBIE TpaHC()OpMaTOpHI
(marmpumep TC3K-63-10, TM-250/6, TM-630/10 u ap. [52]) co cxemoil coeauHEeHUs
OOMOTOK 3B€3/la C HYJEBBIM MPOBOJOM — TPEYrOJbHUK, TaK U CIEHHAIbHBIC
HelTpaneoOpasytonme TpancPopMaTopbl — (QUIBTPHl NPUCOCAUHEHUHN (HAPUMED
OM30-200/11, cm. Tabmuiy 2.1) uMmeromue TOJBKO OJIHY MEPBHUYHYI0 OOMOTKY,
COCJIMHEHHYIO B 3Ur3ar.

Ta6muma 2.1

PacdeTHbIe TapamMeTphl pa3IudHBIX HEUTpaIeoOopa3yroImx TpaHcGopMaToOpoOB

UK9 PK39 PXX9 IXX9 RT9 XT9 GT9 BT9
% | kBT | kBTt | % | OM | OM | MkCMm | MKCM

Tun IHOM» A

TM-250/6 24 145 3.7 |1065| 1.2 | 213 | 6.5 18 83

TM-400/6 385 45| 551080 | 1.1 | 1.23| 4.0 | 22.2 122

TM-630/6 61.0 (55| 7.7 |125| 1.0 | 0.7 |3.14| 35 175

TM-250/10 145 (45| 3.7 |065| 1.2 592|180 | 6.5 30

T™M-630/10 364 (65| 7.7 |1.25] 1.0 | 1.94 | 8.75 | 12.5 63

OM30-80/11 10.1 (32| 1.2 |016| 1.5 |11.8 348 | 1.3 5.2

OM30-200/11 | 252 |42 3 |025] 1.8 472183 | 2.1 7.9

OM30-500/11 63 |55 5 |085] 0.7 |1.26] 9.6 7 13.1
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ConpoTuBieHUE CHUIIOBBIX TpaHC(HOPMATOPOB OMpeaeseTcss Mo QGopmyiam,
MPUBEIEHHBIM BBINIE, a Uil HeWTpaneoOpaszyroniero TpaHcpopmaropa co cxemoi
COCIMHEHUsI 3Ur3ar €CTh HEKOTOphble OCOOEHHOCTH, omucaHHble B [53]. OmnbIT
KOPOTKOT'O 3aMbIKaHUs JIsl TAKUX YCTPOUCTB IMIPOBOJAUTCS MyTEM 3aMbIKaHUS (Da3HbBIX
OOMOTOK HaKOPOTKO W MPOIYCKaHUS TOKa 4Yepe3 ATy OOIIYI0 TOYKY U HEUTpalb.
[TosTOMy CONpPOTUBIICHUE HYJIEBOM NOCIEAOBATEIBHOCTA MOXHO OIPEACIUTh

cienyomum odpazom (Tadmuna 2.1):

U[(‘ UHOM‘]OO%
Zun =

Trom

re /oy — HOMUHATBHBIN TOK TpaHCchopMaTopa.

2.2.3. IloroHHsle mapameTpbl KaOened W BO3AYLIHBIX JUHHUI C y4E€TOM HX

3aBUCHUMOCTH OT 4aCTOTHI

[Ipn 3aMbIKaHHMSX Ha 3eMJII0 B ceTsx 6-35 kB mepexomHmle mpoOLECCH B
OCHOBHOM 3aBHUCAT OT MNapaMeTpOB JIMHUK 3ieKTponepenaaun. Ha 3T mporeccsl
OKAa3bIBAIOT BIIUSIHUE, KaK EMKOCThb JIMHUM, TaK U €€ aKTUBHOE W WHAYKTHUBHBIC
CONIPOTHUBJICHUSL.

OCHOBHBIMH MapaMETPAMU BJECKTPUUECKUX LENEN ABISIOTCA CONPOTUBIICHUE 7,
éMKOCTh C ¥ MHAYKTUBHOCTH L. ECIM MMeEeT MeCTO 3JIEKTPOMATHUTHOE BO3AECHCTBUE
Ha JAHHYIO LIENb CO CTOPOHBI IPYIUX LENEH WM AK€ €CIIM BHYTPU JAHHOW LiENU
HaOJII01aeTCsl TaKOE B3aMMHOE BO3ZCICTBHME OJHOTO €€ y4yacTKa Ha JpYroil, To B
YUCIIO TAapaMeTPOB LIENHW BOMIYT €II€ B3aMMHAas WHIYKTUBHOCTh M W B3anMHas
EMKOCTB.

IIpn pacuerax yCTaHOBHBUIMXCS PEKHMOB MOKHO HE YUHUTHIBATH YAaCTOTHBIC
3aBUCUMOCTH TapaMeTpoB. HaumOosiee CIOXKHBIMU peXKUMaMu paOOThl 3allluT,
ABJISICTCS. BBISIBICHUE JyrOBOTO 3aMbIKaHUS Ha 3€MJII0. MOJEIMpPOBAHUE TAKOTO
npoiiecca TpedyeT MojieNiel OTACIbHBIX 3JIEMEHTOB CETH, 3aBUCSIIUX OT YaCTOTHI.

[lepBuuHble MPOJOJILHBIE MapamMeTphl Tpex@azHoW KaOeabHOW JHUHUU
oHO(]a3HOro UCHONHEHUSI (COOCTBEHHBIE M B3aUMHBIE MHIYKTUBHOCTU U AKTHUBHbBIC

COHpOTI/IBJIeHI/ISI) H3-3a IMPOHHMKHOBCHHA JJICKTPOMAI'HUTHOI'O IIOJA B IIPOBOAAIINC
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cpenbl (KUJIbI, 000JIOUKHU U 3EMJII0) SIBIISIFOTCSL YaCTOTHO-3aBUCUMBIMHU [54]. [TosToMy
OT YacCTOThI OyAYyT 3aBUCETh U BOJIHOBBIC MapaMeTpbl. JJisi 0OTOOpakeHUsT YaCTOTHOM
3aBUCUMOCTH IapaMeTPOB JIMHUM 3JIEKTponepenadyn co3nanbl moaenu Kapcona[S55],
JrobanToHa[56], Benemoma[57].
Mopens Benenona cocrtaBiieHa st KaOeIbHOM JIMHUU TPU CIEAYIOIINX
nonyueHusax [57]:
— kaOenbHasl JIMHUS COCTOUT W3 METANIMYECKUX IIPOBOJHUKOB, OCH
KOTOPBIX B3aMMHO MapajuIeIbHbI U MapaJljieIbHbI TOBEPXHOCTH 3€MIIH;
— KaOenbHbIC JTUHUM BIOJIb CBOMX OCEH OJTHOPO/IHBI;
— TpeHeOperaeM pacrnpoCTpPaHEHUEM DJICKTPUUYECKOTO MOJIS B paiualiIbHOM
HaIpaBJICHUH B 3€MJIE.
T[IoroHHBIE IPOAOIBHbIC TAPAMETPHI PEICTABICHBI COPOTHBICHUAME Z;  .....
75, OPMyIIBI JUIsSL BBIYUCICHHS] KOTOPBIX B AMANA30HE OTHOCHTEIBHO HU3KHUX Y4aCTOT

(enunHMIBI THIcAY ['11) mpuBeaeHbI B TabuIe 2.2.

Tabnuia 2.2
OCHOBHbBIE 3JEKTPUUYECKHUE TTOTOHHbIE MTapaMeTpbl Kabes
AKTUBHOE U BHYTPEHHEE UHAYKTUBHOE PRI et ) — _%2
COIIPOTUBIIEHUE JKUIIbI, 00YCIOBICHHOE b 2w : mry
DJIEKTPOMArHUTHBIM II0JIEM B KUJIE e my = exp(ja/4) \ o /px
BrenrHee MHAYKTUBHOE COMPOTUBIICHHE
KUJIbL, OMIPEACISIEMOE AIEKTPOMArHUTHBIM Z, ‘%ﬁi In [FJ J

IMOJICM B U30JIALIUN MCKIY KUJION 1 9KPaHOM

AKTUBHOE€ U BHYTPEHHEE UHAYKTUBHOE Zg* mopo cth(Aymy) —
)
CONIPOTHUBIICHUE DKpaHa, OMIPEALIIEMOE
J2ke)
NaJIcHUEeM HampsKEHUs Ha BHYTPEHHEH 2 ra(ratrs)

CTOPOHE OKPaHa OT TOKa, BOSBPAIAIOIIETOCH | |10 — ey /) /r_,uo /03,

10 KuJjie (KaHaJ «OKuja — IKpaH») Ao =rs— 1
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Oxkonuanue Ta0IUIBI 2.2

B3aumnoe HHAYKTUBHOC COIIPOTUBIICHUC

* mspo

7y = ratry O h(Asm»)
MEKIy KaHaIaMH JKUJIa-OKPaH U OKPaH-
3€MJISA, ONIPEAETIAEMOE alCHUEM
HAIpPsDKEHH BOJb BHEIIHEN IIOBEPXHOCTU
SKpaHa IIPH €IMHUIIE TOKA BHYTPU KHJIbI
AKTHBHOE ¥ BHYTPEHHEE HHIYKTHBHOE
COTIPOTHBJIEHUE SKPAHA, OTPEIETIEMOE 7 = ?—;% cth(Ay ms) +
IIaJICHUEM HaNpPsDHKEHUS Ha BHEIIHEH CTOPOHE ’
DKpaHa OT TOKa, BO3BPAILAIOLIET0Cs 110 3EMJIE m

(KaHaJ «3KpaH — 3eMJIsD»)

Breninee HHAYKTUBHOC COIIPOTHUBIICHHUC
9KpaHa, OIIpCACIACMOC JJICKTPOMAIr HUTHBIM

IMOJICM B M30JIIMKU MCKAY 9KPaHOM U 3emiei

Z6* :]60 ! IH(QJ

2

r;3

CoOCTBEHHOE COMPOTHUBIICHHUE 3eMJIN KaK

00paTHOTO MPOBOJIA

- 1)

[ 1.78Imzry, 1 4
“In————

2

rie ms = exp(jn/4) \| oty /p3

CobCTBEHHOE BHYTpEHHEE CONPOTHUBIECHHE >KMIIBI DKpaHa paBHO Z; + Zs.

I/IHJ_IYKTI/IBHOG COIIPOTHUBIICHUC KOAaKCHUAJIbHOM JTUHUH JKWJIa-3KpaH paBHO CYMMC

BHyTpeHHCﬁ HHAYKTUBHOCTH KHJIbI, SKpaHa, BHCIIHEH HHAYKTUBHOCTH, T.C. Z] + Zg

+ Z3. AHaJOTMYHO UMeeM AJI CUCTEMBI (JIMHUM) 3KpaH-3eMsi: Zs + Zs + 7.

OO6e 3Tu cucTeMbl TOKOB B3aUMHO BIMSIOT APYT Ha Jpyra ¢ KodhPuiueHTom

B3aMMHOU HMHAYKIINHA Z4. CJ'ICI[OBaTCJ'IBHO, HHAYKTUBHOC COIIPOTHBJICHHUC HepBOﬁ

CHCTEMbI y4eTOM BIIMSHUS BTOPOi Oyner Z; + Z, + Z; — Z,, a ans BTOpoit Zs + Zs +

Z,- 7,

Takum 00pa3oMm, cxema 3aMelleHUs] UHAYKTUBHBIX MapamMeTpoB OyJeT UMETh

B puc. 2.3. I'ne BUIHO, 4TO JJIs1 KOAKCHAILHOW CHUCTEMBI KUJla-dKpaH (0e3 3eMJIn)
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MHIYKTUBHOE CONPOTUBJIEHUe ompenenserca Z; + Z, + Z; — Z, + Z;, a and
KOAKCHAJIbHOM CHCTEMbI SKpaH-3eMJIsl CONIPOTHUBIIECHNE onpeaenserca Z, + Zs + Zs +
Z; — Z; B Tabmuue 2.3 npuseneHsl (opMyJbl IS pacueTa CONPOTUBJICHUIA

OTACIBbHBIX 3JICMCHTOB Ka0ens.

aHcuna L+t 2527,

O

Zy
IOKPAH
UL

Zs+Zs+ 77, \

3eMJiA

O
Puc. 2.3. Cxema 3aMelieHust THAYKTUBHBIX TapaMeTpPOB Kabes.

Tabnuua 2.3

CoOcTBeHHBIE Y B3aUMHBIC IIOTOHHBIC COIMPOTUBJICHUA Kabems

Z)K* _ Z-I* 4 ZZ* i Zj* i Z5* i

CoOcTBeHHOE conpoTUBIICHHE KHUITBI (OM/M) s »
+Zs +2; — 27,4

CoOCTBEHHOE COMPOTHBIIEHUE dKpaHa (OM/M) Zy =25 + 75 + 727

B3auMmHOE CONpPOTUBIEHHE MEXKAY SKWIOH U | . ., . . . . .. ..
Ly =14s +24s t2Z; —24
AKpPaHOM OJIHOTO U TOTO *e Kabenb (Om/M)

B3aumHoe compotuBieHHe XKWibl (3KpaHa) H | | L
Zx (umu Zgg )
cocemuero kaoenst (Om/m)

B3anMmHO€ MHIYKTHBHOE COMNPOTHUBIICHHE MEXAYy (azaMu KaOeIbHOM JTUHUU
onpenensercs Ha ocHoBaHUU (opmyrsl [lonsiuexa [S8]:
Zx1

«  Joug 1.781m3 s 1 2
= {—ln—2 ALy 5~ 3m3(hi— hL)}

rJie Sk — paccrosinue Mexay nentpamu K-it u L-if pa3 kabens; hy u hy — rmyOunbl
3aneranust K-it u L-if a3 kabensi, OTCYUTHIBAEMBIE OT MIOBEPXHOCTH 3EMJIH.

Jns  xabGenbHoit nuHuM w3 oaHodaszHeix kadeneit AHXCMK-WTC/PE
1x120/35 10 kB Ha 1 kuIOMeTp ITMHBI pacueTHbIC MApAMETPhl OTPAXKEHBI HA puc. 2.4

n2.5.
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Puc. 2.4. 3aBucumoctu akTuBHBIX conpoTtuBieHuii kadenss AHXCMK-WTC/PE
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Puc. 2.5. 3aBucumoctu peakTuBHbIX conpoTtuBienuit kadenss AHXCMK-WTC/PE

1x120/35 ot yacTOTEI

B pabGote [59] mpoBenéH pacdeT MOTOHHBIX MapaMeTpoB psiga TpexXdazHbIX
Kabeneil ¢ OyMa)KHO-PONMUTAHHOW HW3OJAIMENH METOJAOM KOHEYHBIX 3JIEMEHTOB.
Hamnpumep, aist tpexdasznoro kadenss AAbnY-6/10 3x185 3aBucuMocTu napameTpoB

OT YacCTOTHI cienyromue (puc. 2.6, 2.7):
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Puc. 2.6. 3aBuCMMOCTH aKTUBHBIX conpoTuBieHui kadenss AAbnY-6/10 3x185 ot

4aCTOTBHI
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Puc. 2.7. 3aBucumoct COOCTBEHHOI M B3aUMHOM MHAYKTUBHOCTEHN Kabenss AAbnY-

6/10 3x185 oT 4acTOTHI

C ToukHM 3peHHs pacyueTa MOrOHHBIX MapaMeTPOB, BO3AYLIHbIC JIMHUU MPOILE,
TaK Kak HX pa3Mepbl U (opMa TOKOBEAYIIHUX YACTEH SIBISIOTCS MPAKTUYECKHU
UJeaTbHBIMU  TeOMETPpUYECKUMU  (UTypaMHu, UYTO  MO3BOJISIET  MOJYYUTh
AHAIMTUYECKUE BBIPAXKEHHUS ISl pacueTa napaMeTpoB. YacTOTHBIE 3aBUCUMOCTH IS
BJI 10 kB MoxHO paccuutatb no QopmyiaM, nOpuBeA¢HHBIM B [54]. s
CTaHJIAPTHOW BO3AYIIHON JWHHM 3nekTponepenaun 10 kB pacueTHble mapaMeTpsl B

3aBUCUMOCTH OT YaCTOTHI PUBEACHBI HA pUC. 2.8 1 2.9.
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Puc. 2.9. 3aBucumoctu peaktuBHbIX conpotuBiaeHuii BJI 10 kB oT yactoTsl

2.2.4. YpollleHHbIA pacyeT MOTOHHBIX MapaMeTPOB KaOeIbHbBIX JIMHUI

He Bo Bcex ciyuasx B MOJensiX KaOEJIbHBIX M BO3AYIIHBIX JUHUU TpeOyercs
MCIIOJIB30BaTh 3aBUCUMOCTH OT YacTOThI. J{Jisi pacueToB yCTAaHOBUBIIMXCS PEKUMOB,
00 NIl YCKOPEHHUSI PAacCUE€TOB CJIOKHBIX 3aMBIKAHUM Ha 3€MJII0 MOKHO MPUMEHATH
YIPOILEHHBIA pacyeT MapaMeTpOB BO3AYIIHBIX U KaOEIbHbBIX JIMHUI.

Haubonee mnpocto mapaMmerpbl KaOENbHBIX U BO3AYLIHBIX JUHUM MOXKHO
MOJIy4YUTh U3 Teopuu nojisa. Hampumep, €MKOCTh nJii OTpe3Ka KOHIIEHTPUYECKOTO
Kabens JIUHOU [ C paiycOM BHYTPEHHErO MPOBOJIa 7; U BHYTPEHHHUM PagUyCOM
HapyHOT'0 MPOBOJIA 7, MOXKHO onpenenuTs no teopeme ['aycca [49] uepes pa3HOCTh

MOTCHIOMWAJIOB MCKJY BHYTPCHHUM W HAPYKXHBIM IIPOBOJIAMU
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TA€ € — QUAJIEKTPUYECKasi TPOHULIAEMOCTD, 7'; — HAPYKHBIN PailyC KUJIIbI, 7'; —
BHYTPEHHU painyC 3KpaHa.

AHAaJIOrUYHBIM 00pPa30M MOXKHO MOJIYUYUTh 3HAYEHUE IS UHAYKTUBHOCTU TOTO
&Ke€ KOHIEHTPUUYECKOro KaOessi, sl YNpOIIeHUs ToJiarasi, YT0 BHYTPEHHHUM MPOBOJ
SBJISIETCS TPSIMBIM, a HApYKHBIM — OOpAaTHBIM. YUUTHIBAs MOTOK B M30JHMPYIOIIEM
BEILIECTBE U MOTOK B TeJIe BHYTPEHHEr0 MPOBOJA, MojiydyaeM (QopMmyiy AJisl pacyeTa

MHJIYKTUBHOCTH [60].

L:L Molnr—2+%

2r n

Takum o6pazom, €émkocte C ompeaensercss MnapaMeTpoOM & Cpeabl, TJe
CYIIECTBYET  JJEKTPUYECKOE T0Je, MW TEOMETPUYECKUMH  pa3MepaMH, a
WHJYKTUBHOCTh L ompezensieTcs aOCOMIOTHBIMU MAarHUTHBIMU MPOHUIIAEMOCTSIMU U
Cpel, B KOTOPBIX CYIIECTBYET MArHUTHOE TOJIE, U TEOMETPUUECKUMH Pa3MEPAMU.

Pacuer mno mnpencraBieHHbIM (QopMyiaaM OyneT B 3HAUUTENIBHOU Mepe
HETOYHBIM, 3TO CBSI3aHO C CYIIECTBEHHBIMU JOIMYIICHUSMH, NPUHATHIMA IIPU TAKOM
npeAcTaBieHun  kabemss.  I[loaTomy — mpomie  BOCHOJIB30BAThCSI  TOTOBBIMH
BBIpAKEHUSAMHU JJIsI TPUOIMIKEHHOTO pacyeTa napaMeTpoB KaOenbHbIX JIUHUH [61, 62,
63]. Jnmsg 3TOro mOJydyuM pacyeTHbIE€ BBIPAKEHHUS IJisi MapaMeTpoB Kabelnew,
OCHOBBIBAsICh Ha W3BECTHBIX (POpMyJiax Jii COOCTBEHHBIX B3aUMHBIX IMOTOHHBIX
AKTUBHO-MHAYKTHUBHBIX CONPOTUBICHUNA MHOTOIPOBOJHON CUCTEMBI MPOBOAA—3EMIIS
[64]. [IpoBoma (XKuibl, SKpaHbl) MPEANOJATalOTCS HAXOMSIIMMUCA B BO3AYyXE Hal
3emyied. B 3ToM ciydae paccTossHuE 10 3€MJIM HE UMEET 3HAUEHUs, T.K. ISl PACUETOB
pexXUMOB Ha TpoMbluieHHON yacToTe 50 'l «oOpaTHbIe MPOBOJA» HAXOASTCS OT
peaNbHBIX HA pACCTOSSTHUM D3, COCTaBIISIONIEM COTHU METPOB.

Paccrosnne D;, a Takke AaKTUBHOE CONPOTUBICHUE 3eMJIM Rj;, MOXHO
onpenensath ynpouieHHo. [Ipy BbhluKCIeHUM EMKOCTHBIX MapaMeTpoB Kalened OHU

IpcaIoIararoTCsa, Kak 3To MMECT MCCTO, HAXOAAIMUMUCA I101 3eMJICH.
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Jlist onipenienieHnst mapamMeTpoB Kalens feflaeM clieyronue qonyieHus [64]:
- T€OMETpHUs PACIONOXKEHUSI B MPOCTPAaHCTBE Tpexda3HOM cUCTEeMbl Kabeleit
TaKoBa, YTO PACCTOSIHUE MEXITYy KaOeJIsIMU MHOTO OOJIbIIE UX TUAMETPa;
- ecau (a3l  Kabens pacmojioKeHbl B BEPIIMHAX PABHOCTOPOHHETO
TPEYTONbHUKA, TO § = dyp = dpc = dyc;

- ecn (a3bl Kabelssi pacnoioKeHbl HA OTHOM YpoBHE (d4c =2d4 5 = 2dpc), TO

3
IIPU TPAHCIIO3ULINHK KU Kadens s = \| dyp'dpcdyc =1.26-dp

- DKpaH KaleJsi yOpOLIEHHO CUMTAEM TAaKUM, YTO BHEIIHUM paguyc dKpaHa
r3>>(r3—13); 3TO NMO3BOJIAET NPEeHEOpeUb KOHEYHOM TOJIIMHON AKpaHa M B pacyeTax
MCITIOJIB30BaTh JIUITH €T0 BHYTPSHHUHN painyc;

- MpeHeOperaeM TOKaMU CMEIIICHUS B 3eMJIE;

- npeHeOperaem 3¢G@dexToM OIU30CTH HA MPOMBIIIJICHHONW YacTOTe, CUUTas
aAKTUBHBIC COMPOTUBIICHUS KT SKPAHOB KaK Ha TIOCTOSTHHOM TOKE.

Ha ocHoBaHMM BBl MPEII0KEHHBIX JOMYIIEHUI MapaMeTphl KaOeast MOXXHO

onpenenuTh 1o Gopmynam, IpeAsioKEHHbIM B Tabnuiie 2.4.

Tabnuia 2.4
OCHOBHbBIE ANEKTPUUECKUE TTapaMeTphl Kabems
1
AKTHUBHOE CONPOTUBIIEHUE KUIbI (OM/M) Ry ~PAE,
1
AKTHUBHOE conpoTuBieHue 3xpana (Om/m) Ry PR,
AKTHUBHOE cornpoTuBieHue 3emiu (Om/m) R3*=Z pof
DOKBHUBaJICHTHAs ITyOrHA (M) D;= 2,24\/;0%
J“_
CoOcTBeHHast UHIYKTUBHOCTD Kuibl (I'H/M) Ly = Zn[ ’ J
_to  [Ds
CoOcTBeHHast MHAYKTUBHOCTD 3KkpaHa (I'H/m) Ly “or In ”
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Oxkonuanue Ta0auIn 2.4

BzauMHas HMHIYKTHBHOCTh MEXIY JKHIOH (3KPAHOM) H | py *— f‘_ Zn[ j
cocequuM kadenem (I'n/m)
B3anmHasi ”HIYKTUBHOCTbh MEXY KUJIOU U SKPAHOM OJHOTO Mottt ( j
)1{3 n
u Toro e kabdess (I'u/m) 2 M
« 2T E 1€0
. . Cwo =,
EMkocTh Mexay xxuioit u s3xkpanom (D/m) ez
ry
« 2WE 2E&p
. 5 Cy =
EMkocth Mexay axpanom u 3emiieit (d/m) lnﬁ
rs3

) )
rae Fyx — ceuenue xwibl (M), F» — cedeHue sKkpaHa (M°), & - OTHOCUTEIbHAs
TUAJIEKTPUYECKAsT TTPOHUIIAEMOCTh U3OJAIIMU MEXAY KUJIOM U 3KpaHOM (0.€.), &) -
OTHOCHUTEJIbHAS JUAJIEKTpUUYECKasi MPOHUIIAEMOCTh U30JISIIUU SKpaHa (0.€.).

CoOcTBeHHBIE I B3aUMHBIC ITOTOHHBIC COIMPOTHUBJICHUA Kabes:

CoOcTBeHHOE conpoTUBIIeHHE KHMITBI (OM/M) Zx =R5 + Ry + ja)L;K*
CoOcTBenHoe conpoTuBiieHne 3kpaHa (OmM/m) Zy =R; + Ry + th)Lg*

B3auMHOe compoTHBIEHHE JKWUIBI (3KpaHa) U, . .
ZK = R3 + ]CUM K
cocegnero kaoens (Om/m)

B3anMHOE CONPOTUBICHUE MEXAY KUIOW U L . .
Zxy =Rz + joMy,
AKpaHOM OJHOTO M TOTO ke kKademns (Om/M)

B 3aBHCMMOCTM OT COCTOSHMSI 3KpaHa IO KOHI[AM JIMHUHM HW3MEHSIOTCA
ITPaHUYHBIC YCIIOBUS, 4 BMECTE€ C HUMH U PACUYETHBIC BBIPAXKEHUS ISl ONPEICIICHUS
CONIPOTUBIICHUN NPSIMOW M HYJEBOM mocienoBaresbHOCTEW. KOHEUHbIE BBIpaKeHUS
JUIsl YIPOUIEHHOTO pacyeTa MmapaMeTpoB KaOeIbHbIX JTUHUN MPUBEACHBI B Ta0I. 2.5.

Pe3ynbpratsl pacyeToB CONPOTUBIICHUI PSMON 151 HYJIEBOU
nocJyeaoBaTeNbHOCTEN Tpex(da3zHoi rpymmbl oHO(a3HbIX Kabenel, a Tak)kKe TOKOB U
HalpspDKEHUW B MX JKpPaHaX Ha MPOMBINUIEHHOM 4YacTOTE, HE OTIWYAIOTCS APYr OT
npyra Oonee yeM Ha 10% npu UCMONB30BaHUU YNPOIIEHHBIX (POPMYIT JI TOTOHHBIX

napaMeTpoB IO CpaBHEHUIO ¢ OoJiee TOuHbIMU [61-64]. [losTOMy nmpuMeHeHue 3TUX
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BBIpAXKEHUN B OOJIBIIMHCTBE CJIy4aeB OIpPaBAaHO, MJiI PACUYETOB AaKTUBHBIX H
WHIYKTUBHBIX TOTOHHBIX TNapaMeTpoB KaOeabHbIX JUHUN. [loroHHBIE EMKOCTHBIE
napaMeTpbl pPAaCCUMTHIBAIOTCS OJMHAKOBO, KakK [l YOPOILIEHHOW, TaKk W JUIs
YaCTOTHO-3aBUCUMON MojaenH (Taoin. 2.4).
Ta6auma 2.5
@opMyIbl 17151 YIPOILIEHHBIX PACYETOB MPOIOIBHBIX MAPAMETPOB Kabes 1Mo mpsMoi

u Hy.]'[CBOﬁ IIOCJICA0BATCIBHOCTAM.

ConpoTuBieHne
CocrosiHue ComnpoTuBneHne HylIeBOU
No PSMOM
AKpaHa MOCJIeIOBATEILHOCTH
MOCJIEeI0BATEILHOCTH
1 | Pa3zemien 7, =Zu — 7 70 =Zu + 27k
3a3eMIIeH ¢ e e Cx e .
2 Z] :Z)K —ZK Z() :Z)K +2ZK
OJIHOU CTOPOHBI
7" = (Zx —Zx) — Z0 = (Zx +275) -
; 3a3eMIJIEH C 1 *(H_{*ZK) 0 *()K'”K)
(Zis —Zk) (Ziy + 27y )
BYX CTOPOH S, % 5 o
ABYX CTOPO 7y — 7k 7y + 27y
[Ipumenena
TPAHCIIO3UIUSA Zy = (Zu + 27 ) —
4 | skpanoB (N Z; =Zx —Zk (Z')g@: + 2ZK**)2
IIOJIHBIX Zy +2Zg
LIUKJIOB)

2.2.5. MoaenupoBanue TpancGhOpMaTOPOB HANPSIHKEHUS

[Ipu 3amMbIkaHUSX Ha 3€MJIIO HAMpPSOKEHUS Ha HETOBPEXKJCHHBIX (Dazax MOryT
JNOCTUTaTh 3HAYCHHM, 3HAYUTEJIBHO NPEBBIIAIOIINX JIMHEWHOE HAMNPSIKEHHE. OTH
MEPEHANPSKEHUS Yallle BCETO CBSA3AHBI C MEPEMEKAIOIIEHCS JIEKTPUUECKON TYyror B
MECTE 3aMbIKaHUSI W Ha3bIBAIOTCA JYrOBBIMH. B Takux pexumax 3adacTyro

MPOUCXOJUT HACHIIIEHUE DSJIEKTPOMArHUTHBIX TpaHCPOPMATOPOB HampsiHkeHus. B
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pabotax [65-68] mpeIOKEHBl MaTeMaTUYeCKHue MOJENIN TpaHchHOpMaToOpoB
HanpsDKEHUSI  Pa3fInYHbIX  MOJENe, NpUMEHsieMblXx B cerax 6-35  kB.
Tpauncopmartopsr Hampstxkenuss HTMU-6, -10, 3HOM-35 npu moaeaupoBaHUU
TpeOyIOT YYUTHIBATh XapaKTEPUCTUKY HaMarHUYUBaHUS. [TapameTtpsbl
TpaHc(OpMaTOpPOB HAMPSIKEHUSI OMNpeNeeHbl W OmucaHbl B padotax [57, 66]. B
tabnuue 2.6 u Ha puc. 2.10 npeacTaBiaeHbl MapaMeTpbl HauboJiee pacIpoOCTPAHEHHBIX

TpaHchOPMATOPOB HANIPSKEHUS, MPUMEHIEMBIX B CETSAX CPEHETO HAMPSKEHHUS.

20 250
80 —
70 = - + 200
/‘// /
60 // ]
/
© /’ / + 150 &
2 50 / é
> 40 YT :
/" N PSS DR +100 £
30 q, T
2 + 50
10— — = HTMU-6 ——HTMU-10 —— 3HOM-15
- - --HAMU-10 ---- 3HOM-35
0 0.2 04 A 06 0.8 1

Puc. 2.10. KpuBsle HamaranunBanus TH pa3HbIX THIIOB

Cxema 3amerneHus TpaHchopMaTopa HAMNPSHKEHUS OTIMYACTCS OT CXEMBbI
CHUJIOBOTO TpaHCchOpMaTopa TOIHKO HAJIMYMEM BETBHM HaMarHUYWMBAHUS, U UMEET BU]I

n300pakeHHbIN Ha puc. 2.11.
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Puc. 2.11. Cxema 3amernienus TpancopmaTopa HaPsHKEHUS.

Cornacao [57] compoTuBieHUs BTOPUYHBIX 0oOMOoTOK TH mnpuHHMaroTCs
PaBHBIMU CONPOTUBIICHUSAM TMEPBUYHON OOMOTKH. [ pereHus MOoCTaBICHHBIX

3a/1a4 3TO JAOMYIIEHUE TPUEMIIEMO.
Tabnura 2.6

DNEeKTpOMArHUTHBIE MMapaMeTPbl HauOO0JIee PACIPOCTPAHEHHBIX TpaHC(HOPMATOPOB

HaTPSHKCHUS
Tun Rpn, | L, Luac, |Whoms | Yuac Ry,
Piom | |
Tpancdopmaropa | kOm T I'n B-c MOwm
HTMU-6-66 1.2 ]1,8..2,5|2,5...3,7| 15.6 2 5930 | 57 | 3,546
HTMMU-10-66 1,8 | 2,8..4 | 4.6 26 | 2,24 | 9880 | 57 | 7,334
HTMU-18 2,5 4...6 8 46,8 2 15000 | 48 | 10,1
3HOM-15-63 2,2 5 7,5 39 | 2,14 | 12740 | 49 | 9,765
3HOM-20-63 5 5 7,5 52 2 17000 | 49 | 15,946
3HOM-24 7,5 | 40...60 | 80...90 | 62,4 2 20400 | 49 | 21,446
3HOM-35-65 7,5 | 40...60 | 80...90 | 91 1,96 | 29730 | 49 | 45,61

2.2.6. MonenupoBanue TpaHCHOPMATOPOB TOKA

[Ipu wu3MepeHuun TOKa HYJIEBOM MOCIEAOBATEIBHOCTH HCIOIB3YIOTCS JIBa
Pa3IMYHBIX OCHOBHBIX criocoba [68]:

a) ¢ noMmoulpto oaHoro oo6mero TTHII, Ha MarHUTONpPOBOJIE KOTOPOIO
pacrionararoTcs InepBUYHas TpexdaszHas U OJHA BTOpUuYHass oOMoTka (puc. 2.12).
TakuMm myTeM OCYIECTBISETCS CYMMHPOBAaHUE MArHUTHBIX MOTOKOB, CO3/1aBa€MbIX
ToKaMu Tpex (a3, a Bo BTOopuuHOM 0OMOTKe Bo3HHMKaeT DJ[C, mpomopiimoHaabHas
CBSI3aHHOMY C HEIO Pe3yJIbTUPYIONIEMY CYMMapHOMY MarHUTHOMY TTOTOKY.

0) c¢ mnomompbio Tpex otnenbHbix TT, ycTaHaBnuBaeMbix Ha ¢azax
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KOHTpoJIpyeMoi nepBuuHoi nenu (puc. 2.13). Bropuunsie 00MoTku Beex Tpex TT
coeuHATCA cornacoBaHHO TmapawienbHo B DOTHIL Ilpu Ttakom coenuHeHun
oOMOTOK  JKBHBaJleHTHast  pe3yibTupytomas JJIC Bo  BTOpUYHON  1enH
nponopuuoHainbHa cymMmme DJIC tpex TT, T.e. 31ech HEMOCPEACTBEHHO MPOU3BOIUTCS

cymmuposanune 3tux J/1C.

[TepBuunas
oOMOTKa
| 1
T
3 < S
AXKVMBI
BTOPUYHOU T T
0OMOTKH 6

Puc. 2.12. Cxema TTHII (a) u ero o6o3nauenue (0)

| Y O 131,

IR

Puc. 2.13. Cxema Tpextpancopmaropuoro ®THII ¢ mpucoesuHEeHHBIM K HEMY pelie

Ctporo roBopsi, B COOTBETCTBUH ¢ ompeaeieHreM [69, 70] tpanchopmaTopsl
TOKA HYJIEBOM TOCJIEIOBATEIBLHOCTH HE SBISAIOTCS TpaHcPopMaTopamMu TOKa B
TOYHOM MOHUMAHUU 3TOTO TEPMHUHA, TOCKOJIBKY TPaHC(POPMATOPOM TOKA HA3bIBACTCS
Takol TpaHcopMarop, B KOTOPOM IPH HOPMAJBHBIX YCIOBHUSAX paOOThI BBIXOIHOM
CUTHAJ SIBIIIETCSI TOKOM, MPAKTUYECKU MPONOPIUOHATBHBIM IEPBUYHOMY TOKY U IPH
MPaBUWJIbHOM BKJIFOYEHUU CIIBUHYTHIM OTHOCHUTENBHO HEro mo ¢aze Ha yroJi, OJu3KUii
K Hynwo. B oredectBennbix TTHII tuma T3JI, T3JIM, T3P, T3PJI u npyrux sto

Tpe6OBaHI/Ie OOBIYHO HE BBIIIOJIHACTCA, IIOOTOMY HMX CKOPCC MOXKHO Ha3BaTb
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U3MEPUTEIBHBIMU TpeoOpa3zoBaTesiMUd WM jaaryukamMu Toka [71]. Ilpu sToMm
kKod(ppunneHT TpanchopmManiu MeHsieTcsl Kak npu u3meHenuu Harpysku TTHII, tak
u ot oxgHoro tuna TTHII k npyromy, a Takke B pa3HbIX SK3EMIULIpaxX OAHOTO THUIIA.

Kak onucano B [72], norpemHocTs TTHII BO3MOXHO CHHU3UTH CIEIYIOIMIUMHA
crioco0amu:

- HCIOJB30BAaHMEM TIPM H3TOTOBJICHUM MAarHUTOINPOBOJIOB MAarHUTHBIX
MaTepuajgoB ¢ OOJbIIe MarHUTHOM MPOHHUIIAEMOCTHIO, YeM TMpPUMEHSIEMbIC B
HacTosIee Bpems (amopdHOe Kele30, HeKOTOpble MapKu GpeppuTa 1 T.1.);

- YBEJIMUCHHUEM IUJIOIIA/IU MOMEPEYHOTO CEUYECHHSI MAarHUTOIPOBO/IA;

- YBEJIIMYCHHEM 4YKCJIa BTOPUYHBIX BUTKOB (MOBBIIMICHHE KO3(DPuImeHTa
TpaHchopMaIum);

- CHHDKCHHEM BTOPUYHOM HArpy3KHu U T.]I.

Cxema 3amenienuss TT NpUHIIMIIHATLHO HE OTIWYAETCS OT CXEMBI 3aMEICHUS
a0boro TpaHchopmaropa, W3 HCKIIOYEHHEM OJHOM OCOOCHHOCTH — BETBb
HaMarHWYMBaHUS HAaXOJWUTCS Ha BTOPUYHON CTOpOHE TpaHchopmaropa Toka (puc.

2.14).

L] R1 Wi Wo Rz LZ

i iﬂ U2 i J:ZH

Puc. 2.14. Cxema 3amenienus TpancopmaTopa Toka

Jlannas cxema MoOxeT ObIThb ympomeHa [73]. IlepBuunas oOMOTKa
TpaHcopMaropa Toka MpeACcTaBisieT cOO0N MPOXOASIIYI0 HACKBO3b TpaHCc(hopMaTop
TOKa MIMHY, a 3TO 3HAYHMT, YTO AaKTUBHOE COMPOTHUBICHWEC W WHIYKTHBHOCTH
MEePBUYHON OOMOTKHM TpaHc(hopMaTopa TOKAa MOXKHO TIPUHATH PABHBIMU HYIIIO.
NHAyKTUBHOCTh pacCessHUsI BTOPUYHONW OOMOTKHM OYEHb Maja W TOXKE MOXKET OBITh

MpUHATA paBHOW HYIIO. OCTaeTcss TOJBKO AKTUBHOE COMNPOTUBJICHHE BTOPUYHOU
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oomoTtku TT u ero xapakTepucTuka HaMarHUYMBaHUS.

[Ipu GonpmIUX TOKAaX MPOUCXOAUT HackimieHue TT U CHUXKEHHE BTOPUUYHOIO
Toka. B oOnmactTu HOMUHAIBHBIX TOKOB XapaKTepHCTHUKa HaMarHuuuBaHus TT
MpaKTUYECKU JIMHEHA, HeOoJblas HEJIMHEHHOCTh BCErja MPUCYTCTBYET Ha
HA4aJIbHOM YYacTKE€ KPHBOW HaMarHW4YMBaHUs, MO3TOMY NpuU MoaenupoBaHuud TT
Uil aHanu3a pabOoThl 3alllUT OT 3aMbIKAHUN Ha 3€MJII0 HEOOXOIUMO YUYUTHIBATH
HamarunyuBanue TT Ha MabIX TOKA.

Kaxk Ob110 cka3zaHo BbIlIe 3HaUUTENIbHO HA padore TT cka3piBaeTcst BTOpUYHAs
Harpy3ka, OJIHaKO Npu MpUMeHeHUU UGPoBON TexHUKU Harpy3ka Ha TT cTpemurcs
K MUHUMyMY. [[pyrumu meromamu CHU3UTh norpemHocTh 1T He mpencrasisiercs

BO3MOXXHBIM.

2.3. Co3paHue pacuyeTHOM CXeMbl CeTH € U30JIMPOBAHHOM HENTPAJIbIO

Ha ocHOBaHMM MNpemIOKEHHBIX MOAEIEH MOXHO CO3/1aTh MOJENb cetu 6-35
kB, mo6oit crnoxHOCTH. [l MoAenupoBaHUS TaKUX CETEM MCHOJb3YIOTCA
CIEUAIM3UPOBAHHBIE POrPaMMHbBIE KOMILUIEKCHI, MO3BOJISIONINE CO3/1aBaTh MOJCIH
OOILIIMPHBIX BJIEKTPUUECKUX CHUCTEM. B YacTHOCTM MOXHO BBIACIHUTH HauOoliee
pacrpoCTpaHEHHBIE U3 HUX:

— MatLAB ¢ paciupenuem Simulink:SimPowerSystems (CILIA)

— PSCAD (Kanana)

— ATP(EMTP) (ocnoBana B CIIIA)

OTauune 1m0 (QYHKIMOHAIBHBIM  BO3MOXKHOCTSIM —~ MEXAY  TaKUMU
MPOrpaMMHBIMU KOMIUIEKCAMU MPAKTUYECKU OTCYTCTBYET, BCE OHU PEAIU3YIOT TOT
HEOOXOJUMBIH MHUHUMYM, 4YTO TpeOyeTcs AJisi MOICIUPOBAHUS JIIOOOW M3 CeTeil.
Cpenu bsHepreTHYecKUX YyHUBEpcUTETOB Amepuku, EBponbl u Asum HaumbOoliee
pactipoctpaneH mnporpammubiii komruiekc ATP (EMTP). B pgannom komriekce
peaau3oBaHa BO3MOXHOCTb MOJCIHUPOBAHUSI KAOENbHBIX M BO3JYIIHBIX JIMHUM
ANEKTPONEPeaaun, UMEIOIIUX YACTOTHBIE 3aBUCUMOCTH MapaMeTPOB.

Co3nannas Mojzenb cetu 10 kB, Bkmrouaromnias kaOelbHbIE M BO3AYIIHBIC

JMHUU 3JIEKTpoIiepeauu, peainuzoBaHa B mporpaMMmHoM komiiekce ATP (EMTP)
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(puc. 2.15). Kaxaplii 371€MEHT 3TOW CEeTH MOJACIHPYETCS COTJIACHO MPUBEIEHHBIM
BBIIIE JIOMYIIEHUSIM U TPUHLIUIIAM.

JlanHass Mojenb CEeTH BKJIIOYaeT B ceOsi KaOeiabHble W BO3AYLIHBIE JMHUU
Pa3IMYHOTO CEYEHHS U MCIOJIHEHHUS, KOTOPhIE MOTYT MOJKIIIOYATHCSA U OTKIIOYATHCA
B Ipoliecce padoThl CeTH TpeX(Pa3HBIMU BBIKIIOYATEISIMU C OMPEACICHHBIM TOKOM
Cpe3a MW yCTaHOBJIEHHBIM BpPEMEHEM pa3pbiBa Kaxaoh u3 (a3. Touka 3aMbIKaHUS
MOXET OBITh YCTAaHOBJIEHA HA JIIOOOM U3 mpucoenrHeHuid. CaMo 3aMbIKaHHE MOXKET
MOJICTTUPOBAThCA KaK (PUKCHPOBAHHBIM 3HAUYCHHEM COMNPOTHBJICHHSA, TaK W
HEJIMHENHOW 3aBUCUMOCTBIO COCTOSTHHSI TPOMEXKYTKA OT MPUIOKEHHOTO HANIPSKCHUS

U TOKa (IepeMeKaroIIeecs 3aMbIKaHHE).
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TTHI2 111 1024/400 kBA

Puc. 2.15. Cxema monemu cetu 10 kB
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2.4. OueHkKka aAeKBATHOCTH MOJEJIH CeTH

B xone peFI/ICTpaHI/II/Il 3aMBIKaHUM Ha 3eMJII0 B TOPOACKOM KabenbHOU ceTu 10
kB ropona XanTtei-Mancuiicka nosydeH 00101 00beM OCIHUILIOIPAMM 3aMbIKaHUN
Ha 3emt0. Ha ocHOBaHMM 3THX JJaHHBIX BO3MOKHO MPOBECTU CPABHUTEIBHBIN aHATU3
MPOIIECCOB, MPOUCXOASANIUX B peaJbHOU CEeTU, U B MOAEIU. MOXKHO BBIACIUTH JIBa
OCHOBHBIX BHJIa 3aMblkaHUM Ha 3emit0. [lepBbld BUII — 3TO METAIMYECKOE
3aMbpIKaHue. B ciyyae Takoro 3aMblKaHUS TOK HE TMPEPHIBACTCS, COJEPKUT
OCHOBHYIO TapMOHUKY MNPOMBIIIICHHON YaCTOThl M HEYETHbIE TapMOHUKH, CPEIH
KOTOPBIX MaKCUMaJbHBIMH SBJISIOTCS TPEThsl U MsiTasg. BTOpbIM BUAOM 3aMbIKaHU
SABJISIIOTCSL  IYTOBBIE 3aMBIKaHMST HA 3EMJII0. OTOT BUJl 3aMbIKaHHIl OYEHbB
pasHooOpazen [74]. Cpeaum OCHOBHBIX BapHAaHTOB TaKWX 3aMBIKAHUM MOXKHO
BBIJICIIUTH CleAYIoNIMe (CM. MPUIOKEHHE 3):

— MPEPHIBUCTHIC 3aMbIKaHUS, KOT/Ia CaMO 3aMbIKaHUE MMPOUCXOJIUT PEkKE pa3a B
MOJIYTIEPUO/] TPOMBIIIIEHHON YacTOTHI;

— 3aMbIKaHUSI C MOracaHheM JAYyrd MpU MEepexo/ie TOKa MPOMBIIIICHHON
Y4acTOTHI YEPE3 HOJIb;

— 3aMbIKaHMsSl C TMOTacaHWeM Jyrd IpH TNEepexoJie ToKa MEPBOM U TPEThei
FapMOHUKHU Y€pe3 HOJb (YEThIpE 3aKUTaHUS B IEPUOT);

— 3aMblKaHUA C TIOTacaHWEM JYTrd NpU T[EepexXoJe€ BBICOKOUYACTOTHBIX
COCTaBJISIOIINX TOKA 3aMbIKaHUS YE€PE3 HOJIb.

[Io coOpaHHBIM JaHHBIM (CM. MPUIIOKEHUE 3) BEPOSITHOCTH BO3HUKHOBEHMS
JyTOBBIX 3aMbIKAaHUM B KaOEILHOU CETH COCTABIISIET OKOJIO 27%. DTO TOBOPHUT O TOM,
YTO STUM BHUJOM 3aMblKaHUW MpeHeOpeub Henwb3s. llpu 3TOM paspenenue Mo
BEPOSITHOCTY BO3HUKHOBEHUS PA3HBIX JYTOBBIX 3aMbIKAaHUN MPUOIU3UTEIHLHO PABHO,
a 3a4acTy0 OJMH BHJ AYTOBOI'O 3aMbIKaHUs MEPEXOIUT B APYroil U MpHU JIUTEILHOM
TOPEHUH IYTH MEPEXOTUT B METAINIMUECKOE 3aMbIKAaHHE HA 3EMJTIO.

COBI[aHHaSI MaTEMATHYCCKasA MOJCIIb IIO3BOJIACT PACCUHHUTBIBATL IIaPpaMCTPBI

1
I[JIH aHaJIM3a OCHUJIJIOTpaMM HCIIOJIb30BaJIOCh pa3pa60TaHH0e CIICHHUAJILHOC IIPOrpaMMHOC

obecnieueHre (IpUIOKEHUE 2)
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MIPOIIECCOB MpH JIFOOBIX TUMAaX 3aMblKaHUN. Moenupyst XapakTepHble IPOLEecChl MpU

3aMBIKAHUSIX Ha 3€MJIIO, MOjdydaeMm psja ocuuiuiorpamm (puc. 2.17, 2.19), kotopsie

CpaBHHUBaeM C DOKCHEPUMEHTAIbHBIMH oclmuiorpammamu (puc. 2.16, 2.18),

MOJIYYEHHBIMH [IPU 3aMbIKaHUAX B KaOenbpHOU ceTu 10 kB.
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Puc. 2.16. Metannundeckoe 3amMbikanue Ha 3eMir0(21.07.2008 16:22:13)
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Puc. 2.17. Metainueckoe 3aMblKaHUE Ha 3eMITIO (pacueTHbIE KPUBBIE)



57
HecmoTpst Ha Oosibllloe 3HAYEHHE BBICIIMX TapMOHHMK B TOKE, OCHOBHOMN
ABJIAETCSL TepBas TrapMOHUKA. bBONBIIMHCTBO 3alIUT CIOCOOHO  OIpPEAEIATh
ITOBPEXIECHHOE IPUCOEANHEHNE IIPY TAKOM BUJIE ITOBPEKIACHUN.
HemHoro cnoxxuee oOCTOMT J€lO C JAYyroBbIMH 3aMbIKaHUAMH. Pacuer
IIapaMeTpPOB AyTOBOI'0 3aMbIKaHUS ONMCAaH B IPWIOKEHNH 4.
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Puc. 2.18. [lyroBoe 3ambikanue Ha 3emiito (ocummmorpamma ot 20.06.2008 20:29:50)
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Puc. 2.19. [IyroBoe 3aMbIKaHUE — PACUETHBIE OCIIUIIIOTPAMMBI
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Kak BHIHO W3 PHUCYHKOB, IYrOBO€ 3aMbIKAHHME Ha 3EMIII0 3HAYUTEIIBHO
CJI0KHEE, IPU TAKOM THUIIE€ 3AMBbIKAHUW OTCYTCTBYET MOHITUE YIila MEXIY TOKAMU U
HanpsHKEHUEM HYJIEBOM MOCJIEIOBATEIBHOCTH. Hanpsixenne HYJIEBOU
MOCTICIOBATEPHOCTH  3HAYUTEIBHO MEHBIIE, HEXEIH NpU  METAIUIMYECKOM
3ambikanud. Ecnu B Hanpsbkenun HIT mepBas rapMOHHMKa NPOMBIIUICHHON YacTOTHI
npeobiiajiaeT, TO B TOKE OHA MPAKTUYECKH OTCYTCTBYET.

B pe3ynbraTte cpaBHEHHS MOJYYEHHBIX OCHUILUIOTPAMM C PEAIbHBIMU TAHHBIMHU
MOXHO CJielaTh BBIBOJ O TOM, YTO MPHUHATHIC JOMYIIEHUS U OCOOCHHOCTU MpH
MOJICIMPOBAHUN KAXKJIOTO OTAEIBHOrO 3JIE€MEHTa BEpHbIE. PacueTHas Monenb ceTu
ABJISCTCS AJICKBATHOW, MO PACCUMTAHHBIM 3HAYCHUSIM TOKOB M HANPSIKECHUN MOKHO
aHAJTM3UPOBATH (PYHKIIMOHUPOBAHUE AJITOPUTMOB 3AIIUTHI OT 3aMbIKAHUN Ha 3€MIIIO.
MogenupoBaHue TMO3BOJSET TMOJYYUTh CHUTHANbl, HE BCErga JOCTYIHbBIC JJIs

HCTIOCPCACTBCHHOI'O U3MCPCHUS B DJICKTPOYCTAHOBKE.

2.5. Onpenesienue Tpe0OOBAHMI K 3a1IATE OT 3AMbIKAHUI HA 3eMJII0

W3 npenpinymero maparpada U 0 JaHHBIM MPUI0KEHUS 3 MOYKHO BBIJICIHTD,
YTO 3aIUTa JOJDKHA PearupoBaTh Ha CIASAYIONTNES BHJIBI 3aMbIKAHHH:

— METaUIMYECKOE 3aMbIKaHHE Ha 3E€MIII0 C OOJBIIMM YPOBHEM BBICHIHX
rapMOHHK. B HEKOTOPBIX ciydasx KO3 GUIIMECHT HECUHYCOUIAIbHOCTH KPUBOH TOKA
nocturaetT ooitee 50 %;

— TepEeMEKAIOIIUeCs 3aMbIKaHUS Ha 3EMJII0, Kak B BHIC OTACIBHBIX
3aMBIKaHHHM, TaK W MPEANISCTBYIONINE METAUIMYCCKHM 3aMbIKaHUAM. IIpu sTom
3allyCK OTCYeTa BBIACPKKH BpPEMEHH JOJDKCH IPOMCXOJHWTh Ha BCEX 3alllUTax
OJIMHAKOBO, BHE 3aBUCUMOCTH OT 3HAYCHHH TOKOB B 3aIlIUINACMbBIX IIPUCOCTNHCHUSIX

— MepeMeKaroNnecs 3aMbIKaHHS ¢ MHOTOKPATHBIM IIOTaCAaHUEM M 3a)KHTaHHEM
JOYTH B TCUCHHE TICPHOJIa IPOMBIIIUICHHOW YacTOTEHI.

BonBImMHCTBO 3alUT XOPOIIO pabOTAOT MPH METALTNYSCKUX 3aMbIKAHUSAX HA
3emiio. JIBa mociegHHUX YCIOBHS B OCHOBHOM M ONPEACISIOT TE 3aMBIKaHHS Ha
3eMIIIO, TIPH KOTOPBIX IPOMCXOJHWT OTKa3 B cpabaTeiBaHuM 3amuT. [losTomy

Tpe6yeTc;1 BBIAABUTH IIapaMCTp, HA OCHOBAHHH KOTOPOIO 3aluTa OOJIDKHaA
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MPOU3BOAUTD 3aAITYCK BBIICPKKH BPEMEHHU, 3TOT NMAapaMeTp HE JOJDKEH 3aBUCETh OT
MecTa 3aMbIKaHus B ceTh. M1 ocHOBHOE TpeOoBaHUE K 3aluTe — QYHKIIMOHUPOBAHUE

IIpu NCPEMECIKAIOIMUXCA 3aMbIKAHUAX Ha 3EMIIIO.

2.6. BeiBOABI IO IJ1aBe

CpaBHEHME OCHWLJIOTPAMM TOJIYYEHHBIX B PE3YyJbTaTE€ PETUCTPALMU B
kabenbHOU cetn 10 kKB M pacueTHBIX OCHMILIOrPaMM PEXUMOB MOJEIN 3TOU CETH
MOKa3aJI0, YTO MOJIENIb ABJSAETCS AJEKBAaTHOM M XapakTep MPOTEKaHUs IMPOLECCOB
COBIIAJAET C ICUCTBUTEIIbHBIM.

AJIEKBaTHOCTb PACYETHON MOJENHN PEATBHBIM MPOLIECCAM, TPOUCXOASAIINM ITPU
033, obOecneuynBaeTcs:

- Y4E€TOM 4YaCTOTHBIX XapaKTEPUCTUK KaOENbHBIX M BO3AYIIHBIX JUHUN
AJIEKTPOIIEPENAYM IO BBIPAKEHUSIM NPEACTABICHHBIM B JaHHOM riaee. B cimyuasax
YIPOLIEHHOTO pacyeTa JJIsd OLIEHKHU TEX WJIM MHBIX apaMeTPOB PEKUMA MPEIJIOKECHBI
VOPOLIEHHBIE  BBIPAXEHHS I pacyeTa TMOTOHHBIX  I[apaMeTpoOB  JIMHUU
3JIEKTpONepeaauHm.

- Hcnonb3oBanueM B MoOAENSAX TpaHCGHOPMATOPOB HAMpPsHKEHUS u
TpaHc(OpMaTOPOB TOKA PEATIbHBIX XapaKTEPUCTUK BETBEH HaMarHUYMBAHUSI, CHATHIX
JUISl COOTBETCTBYIOIIMX TUIIOB 3TUX aIllapaToB.

Kpowme Toro, nokazano, 4To IpuMEHUTEIBHO K 3aJa4aM HCCIIETOBAHUS MOXKHO
WCIMOJIB30BATh MOJENb AYTH B BHUAE ABTOMATHYECKOTO KIIOYa, ICHCTBYIOIIETO B
COOTBETCTBUHM C JWHAMUKON TOKOB W HANpSXKECHUWA, OTPAKEHHOM B PEaJbHBIX

ociuuiorpaMmmax ojinoasnoro nyrosoro 3ambikanus (O/13).
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3. PA3ZPABOTKA AJITOPUTMOB ®YHKIUOHUPOBAHUS
3AILMUTEI

3.1. OCHOBHOM AJITOPUTM LEHTPATU30BAHHOM 3ALUTHI

PaccmoTpenHbie B mepBOM TlaBe LEHTPAIU30BAHHBIE YCTPOMUCTBA 3alUTHI OT
3aMBIKAaHUM Ha 3€MIIF0 UMEIOT Psj HeaocTaTkoB. Pa3zpabaThiBaeMoe COBpEeMEHHOE
YCTPOMCTBO OOJIBIIMHCTBO HEIOCTATKOB MO3BOJUT OOOWTH MO MPUYMUHE TOTO, UTO
OCHOBAaHO Ha COBpPEMEHHOW »iemMeHTHOUW Oasze. IlocnenHsss TPUHIUIHAIBHO
MO3BOJIIET 00ECIEUUTh: BEICOKOE OBICTPOICHCTBUE, OTHOBPEMEHHBIN OMPOC KaHAJIOB,
KOMOMHAIUSI HECKOJIbKUX aJITOPUTMOB B OJHOM YCTPOMCTBE, BO3MOXKHOCTH 3aIUCH
OCIIJUIOTPAMM JJIsl IOCJIEIYIOIIETO aHaIN3a aBapUHHON CUTYyaIUU.

BuenpeHnne MHKpONPOILIECCOPHBIX CHUCTEM B YCTPOWCTBA AaBTOMATUKU H
PENEUHON 3aIUTHI MTO3BOJIUIO CO34aTh YHHUBEPCAIBHBIE YCTPOMCTBA, COBMEIIAOIINE
HECKOJIbKO (PYHKIMNA, ¥ 00pabaThiBalOlIM€ MHOXECTBO CHUTHAJIIOB B PEATbHOM
BpeMeHHU. J[Jig IeHTpaIn30BaHHbIX 3aIlUT OT 3aMbIKAHUN HA 3€MJTI0, OCTPOEHHBIX Ha
CTapoil 3JeMeHTHOUM 0a3e, UMEHHO OJHOBPEMEHHAasi 00paboTKa CUTHAJIOB SIBISJIACH
c1abbIM MECTOM, KOTOPO€ MOXHO JIMKBUAMPOBATh Oyiarogapsi COBPEMEHHBIM
TEXHOJIOTUSIM. ba3oBbI anropuT™ QyHKIIMOHUPOBAHUS LIEHTPATIU30BAHHOW 3aIUTHI
ot O33 peanusyer CpaBHEHUE AMIUIMTY]l TOKOB HYJIEBOM MOCJIEAOBATEIBHOCTH BO
BCEX AJIEMEHTaX JaHHOTO HaIpPsHKEHHS MOJCTAaHIMU U ONPENENsieT MOBPEKICHHbBIN
AJeMEHT Mo HauOousbliedl amruutyae. [lyck 3amuTbel OpOUCXOAUT MO HANPSHKEHUIO
HII. Takoe ycTpoiicTBO HE TpeOyeT OTCTPOMKH OT OpPOCKOB IMEPEXOJHBIX TOKOB,
O0OyCJIOBIEHHBIX COOCTBEHHBIMU EMKOCTSIMH MPUCOCAUHEHUN, YTO MO3BOJISET
o0ecrneunTh CENEKTUBHOCTh M YYBCTBUTEIBHOCTH B CETSIX C H30JUPOBAHHOU
HEUTPAJIBIO.

OTtcTpoiika OT TOKOB HebanaHca MpH MYCKOBBIX TOKaX BO3MOXKHA 11O BPEMEHH.
3HayeHusT TOKOB HeOAJaHCOB IMpPU MYCKOBBIX pEXKHUMaxX 3aBUCIT HAMNPSIMYIO OT
HECUMMETPHUHU 1O MPOJOJIbHBIM CONPOTUBIEHUAM (a3 U OT HEOJHOBPEMEHHOCTU

3ambikanus (a3 BeikItouarens. Ha puc. 3.1 npuBeseHa pacueTHas ocuuIorpaMma
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TOKOB OTXOMSIIEro mpucoeanuenms II1 mpu mycke meuratems’. OTindme
CONpOTHUBIICHUH (ha3 3TOro MpHCOeAUHEHHUs cocTaBiseT 1%, momroca BRIKIIOYATENS
3aMBIKAIOTCs ¢ pasHuuer B 5 mc. OcuwmmorpamMmsl HanpsbkeHus u Toka HIT gs
ATOTO CiIy4as NPUBEACHBI HAa pUcC. 3.2.

[Ipu pa3HocTH BO BpPEMEHH MEXAYy cpabaTblBaHMEM KaxIou u3 ¢as
BBIKJIIOUaTeNst paBHOU 1 Mc, Hanpskenus U Toku HII 3HauntensHo cHUkaroTcs (puc.
3.3).

VYcraHoBKa — BBIAEPKKM ~ BPEMEHM  OOJblIed  BPEMEHHM  3aBEpIICHUS
CBEpXIIEPEXOJIHOTO  Mpollecca B  IyCKAlOUIEHCs  Harpy3ke IMO3BOJISIET  HE
OTCTPauBaThCsl OT ATOrO pexkuma. CTyneHb CEJIEKTUBHOCTU MO BPEMEHH OOBIYHO

paBHa 0.5 CEKyHIbl U MUHAMAaJIbHAS YCTABKA MPUHUMAETCS PABHOM 3TOMY 3HAYEHHIO.
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A ,‘ ‘$ 1‘\ hi M ‘0 M‘ i f" m j it 'w,n M’i *'M é,o.o‘ﬂn‘&,o"\u

0,025 0.220 0,415 0,610 0,805  [s] 1,000
c: 111 A c:II1 B c:111 C
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Puc. 3.1. PacueTHble ociimiuiorpaMmel pa3Hbeix TOkoB npucoenuuenus [11 TI123 nopu
MyCKEe JIBUTATEJIS PU HECUMMETPUU (pa3 U HECUHXPOHHOCTHU paboThl (a3

BBIKJITFOYATCJIA
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BHGCB U Jajic€ BCC pPaCUCThI IMPOBOAATCA IJII KOHKPCTHBIX CXEM T'OPOACKUX CCTCHU T.

XaHTbI-MaHcHiicKa, TIe BHEIPSUTUCH ONBITHBIE 00pa3iibl pa3pabaThIBAEMBIX 3aIUT.
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noactannuu Ha TI123 ¢ HecuHXpOHHO# paboToi (a3 BRIKIIOYATENS B 1 MC.
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[Ipu HEOOXOAMMOCTH MTHOBEHHOTO JEWUCTBUS 3allUTHI, TPEOyeTCs OTCTpOHKa OT
TAKUX PEKHUMOB, M1 ITOTO C UEIbK0 MUHHMHU3ALMHA YCTABOK [0 HANPSKECHUIO
YCTPOMCTB 3alllUTBl OT 3aMbIKAHUM Ha 3EMIIIO HEOOXOJIMMO TMPOU3BOAUTH
AHAIMNTUYECKUE PACUETHI MPOLIECCOB MPOUCXOISIINX B CETU MPHU NapaMeTpax MOAEIU
CETH COOTBETCTBYIOIINX 3aJaHHBIM YCIOBHUSIM SKCILTyaTallUH.

OnuH OJOK LEHTPaTM30BAaHHOM 3amIUThl 00pabaThiBaeT CHUTHAJIBI OT BCEX

MPUCOCINHEHNN W BBIAAET KOMAHAY Ha OTKJIIOUYEHUE BBIKIIIOYATENA. AJTOPUTMBI
00pabOTKU CUTHAJIOB U UX CPABHEHUS MPU STOM MOTYT OBITh Pa3IMUHBIMU, OA30BBIM
AJITOPUTMOM JJIsI TAKUX 3aLIUT ABJISETCS MPUHLMI OTHOCUTEIBHOTO 3amepa. Ha Hem
OCHOBAHO OOJBIIMHCTBO [IEHTPAIM30BAHHBIX 3AIIUT OT 3aMbIKaHHI Ha 3€MJIIO.
JIns 3amycka 3amuThl UCIOJB3YETCS MYCKOBOM OpPraH MO HAaNpsDKEHHWIO HYJIEBOU
MOCJIEI0BATEILHOCTH, B KA4ECTBE KOTOPOTO MOXKET HCIOJIb30BaThCi JHOO pere
HanpsbkeHusi, BkiatoueHHoe Ha 3U,, nubo HemocpenctBenHo 3Uy, momaBaemoe Ha
BXOJl JaTYMKa HAIpsDKEHUsA. B mepBoM cilydae 3amyCKaroUuid CUTHAN MOJAeTCsl Ha
JTUCKPETHBIA BXOJl JJEKTPOHHOro Osoka. Brtopoil cmoco0 mycka MO3BOJISIET
KOHTPOJIUPOBATh  HAMNpPSDKEHUE  HYJIEBOM  NOCIEAOBATEIIBHOCTH UM ABJSAETCS
MPEANOUYTUTENIbHBIM, HO TMPU 3TOM HEOOXOJUMO HCIOJIb30BATh JOMOJHUTEIbHBIN
AHAJIOTOBBIN BXO/I.

HanpsixkeHnss HyJIeBOM MOCIEAOBATEIIBHOCTA BO BCEW CETH MPAKTHUYECKU
OJVHAKOBHI [14], Tak KaK mageHUs] HAMPSKEHUS OT TOKOB [y B COMPOTHUBIECHUAX Zj
JIVMHUM HUYTOXKHO MaJIbl MO CPABHEHUIO C MAJCHUSIMH HANPSHKEHUM B EMKOCTHBIX
CONPOTHUBJICHUAX (Da3 CETH Ha 3eMJII0, U ITO MO3BOJSET HCIOJIb30BATh HAIPSKEHUE
HIT nnst corstacoBaHHOrO mycka 3alluT OT 3aMblkaHUM Ha 3emutto. IIyck kaxkmoro
KOMIUIEKTa 3alllUThl OYy/eT MPOUCXOJUTh OJHOBPEMEHHO BO BCEH 3JIEKTPUYECKU
CBsI3aHHOM ceTh. OCHOBHBIMHU YCJIOBHUSIMH I CO3JAHUSI TAKOTO YHUBEPCAIBHOIO
METOJIa IyCKa SBIISIIOTCSA 3aJaHUE E€IWHOM YCTaBKM JUIS 3al0AT WU IPOBEICHUE
MpeABapUTEIbHON KaTMOPOBKM KaHAJIOB HAIPSHKEHUS JJIS BCEX KOMIUICKTOB 3alllUT.
Kak mokazana mpakTuka, onTuMalibHas yCTaBKa Uil IMycka 3amuThl paBHa 30 B. B
TaKOM CJIy4a€ HE BO3HHUKACT M3JIMIIHUX MYCKOB 3aLIUTHI NMPU OTKIIOYEHUSIX CEKIUU

IIMH, TpPU KOTOPBIX KPATKOBPEMEHHO IIOSABISETCS HANPSHKEHUE HYJIEBOU
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ToCeI0BaTeIbHOCTH. HamnpspkeHrne MOosBISIETCS B CBS3M C HEOJTHOBPEMEHHOCTBHIO
MOMEHTa pa3MbIKaHUs KOHTAKTOB BBICOKOBOJIBTHOT'O BBIKIIOuUarens (puc. 3.4-3.7,
3.2-3.3).

B MoMeHT OTKIIOUeHHs TPUCOCAMHEHUS B TEUEHHE PA3HOCTH MOMEHTOB
oTkItoUeHUs ¢a3 mospisercs HanpsbkeHne n Tok HII. Otcrpoiika oT 3TOTO peknuma
BO3MOXHa TOJbKO Mo BpeMeHu. Opnako Hampspkenue HII He cramaer HekoTopoe
BpeMsi W TIOCJ€ TIOJHOrO pa3MbIKaHWs (a3 BBIKIOYATEIS OTKIOYAeMOTO
MPUCOCIUHEHHUS, IS OTCTPOMKH OT JTOr0 peXuMa HE0OX0JuMO OJOKUpPOBATh

I[CI\/'ICTBI/IG 3alIUThI HA OTKIIOYCHHUC IIPHU TOKC MCHBIIIC OIIPCACIICHHOIO 3HAYCHU .

Ocuuiiorpamma
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100

W
S

-.—V\...-mm

=)
Hanpsoxenne, B

.50
L-100
150
1 L5 2 25 3 35 4 45
Bpewms, ¢
— 3UONe2 [B]

Puc. 3.4. HanpsikeHue HyI€BOW MOCIIEN0BATEIIbHOCTHU MPU OTKJIIOUYECHUN

MPUCOETUHEHHUS CEKIUU
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Puc. 3.5. Hanpsixenne HII cexiiuu npu OTKIIOUEHUH PUCOCAUHEHHS CEKIIMU

(MozenupoBaHue)
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Puc. 3.6. Tox HII npucoeaquueHns B MOMEHT OTKJIFOYEHUS MPUCOCTUHECHUS

Kak BuAHO u3 NPENCTABICHHBIX OCUWJIOTPAMM, MPOCTOEC NPUMEHEHHUE
MPUHIIUIIA OTHOCHUTEIILHOTO 3aMepa B PSAE CIy4aeB MOXKET BbI3BATh HECEIICKTHUBHbIC
nevictBus  3amuthl. [lo  3TOM mpuumHEe TpeOyeTcs  JOMOJHSITh  MPUHIIUI
OTHOCHUTEJILHOTO 3aMepa YCIOBUSIMU, KOTOPBIE MO3BOJIST 000UTH Takue pexxumbl. Ho

HC BCC PCXKHMbI BO3MOXKHO 000HTH INPOCTBIMH  YCJIOBUAMH, HAIIPHUMCD, IJIA
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BBIABJICHHUA 3aMbIKaHHWA Ha CCKIHNHW IIIHNH Tpe6yeTC$1 CPaBHCHHC HHBIX BCJIIMYMH,
HCXCJIM 3HAYCHHA TOKOB, a4 IIPH CPaBHCHHM OJHWMHAKOBBIX IIO0 3HAYCHHIO CHUI'HAJIOB,
Tpe6yeTc;1 JOIIOJIHATH OTHOCHUTEIbHbBIN IMpUHOUIT YCIIOBUSMH HACTOJIBKO, 4YTO CaM

IMPHUHIUAIT YK€ OKa3bIBACTCA COBCPIICHHO MHBIM.

10,0

S o~ N T o~ -~ T S~ - B
50 S — S o S S S S S

X 7 - T N S O — T — S
00— —
s I
5.0 e
IS I O O MRS TN O S S S
'10’00,17 | 0i19 | 0i21 | 0i23 | oizs | [s] 0,27

c: 310
Puc. 3.7. Tox HII npucoequHeHrsi B MOMEHT OTKJIFOYEHUS MPUCOCTUHECHUS

(MozmenupoBaHue)

3.2. ba3oBblil AJITOPUTM ¢ CYMMHUPOBAHUEM

[IpyHIMO OTHOCUTEILHOTO 3aMepa MMEET HEAOCTAaTKH, OINHUCAHHBIE BBIIIE,
MOATOMY B TEPBYIO OYEpeIb HEOOXOAMMO HUX YCTPaHUTh. J[Jii A3TOr0 JOCTAaTOYHO
BBECTH JONMOJHUTEIbHBIA TIPU3HAK, OCHOBAHHBIM Ha onpeaeneHuun npu 033
JNEUCTBYIOIIETO  3HAYEHHUS] CYMMBl MTHOBEHHBIX  3HAUEHUW  TOKOB  BCEX
NpUCOEAUHEHUM [75].

[Ipy uCroaBp30BaHUHU OJHOTO KOMIUIEKTA 3aIUThl Ha 00€ CEeKIIMU U 3aMbIKaHUU
Ha onHoi u3 HUX (K2 Ha puc. 3.8) BbIUMCIIEHHOE NEHUCTBYIONIEE 3HAUCHHE CYMMBI
TOKOB 10 BCEM N-IIPUCOCAMHEHUSIM OYyJIeT paBHO TOKY B MECT€ 3aMbIKaHUSI U OyAET

00JIbIIIE MAKCUMATIBLHOTO M3 TOKOB MPUCOCTUHECHUH [k 1/4x:

T

1 .

?J(le)zdlegz >[KMAX9 (31)
0o 1

rae T’ — nepuo IPOMBIIIJIEHHOM YaCTOTEI, I; — MTHOBEHHOE 3HadyeHue Toka HII
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J-IIPUCOEINHEHUS, 11 — YUCIIO IPUCOETUHEHU.
JlanHoe ycnoBHe HEOOXOIUMO JOMOJHITH KOd(PUIIMEeHTaMu OTCTPONKH, BEAh
OHO palboTaeT TONBKO B UACAIBHOM CIy4ya€ — OTCYTCTBUSL NOIPEIIHOCTU
TpaHcpopmaropoB Toka. Kpome norpemnoctu TT k pe3ynapTaTy reoMeTpUYEcKOro
CYMMHpOBaHHA MOTYT NOOaBHTbCS U JApPYrMe TOKH. Bce mnpHcOeIUHEHHs IIMH,
HeoOpaborannbie TTHII, BHOCAT CBOM €MKOCTHBIE M aKTUBHBIE TOKH B PE3yJbTaT
cymmupoBanus. J[ns ompexneneHus Ko3()PUIHUEHTOB OTCTPOMKH HEOOXOIUMO
MPOAHAJIU3UPOBATh JAHHBIE IO 3aMbIKAHUSAM Ha 3€MJI0 M Ha OCHOBaHUU

paCcCUNTAHHBIX BCIIMYKWH IIPUHUMATD 3HAYCHUA KOB(l)(i)I/IHI/ICHTOB.

BBOH] /K3 ICBBOZ[Z¢ BBOHz
————>» —>

ICBBOZ[] ¢g TTHHE

TTHII

s [‘] Q . Q[]

Iciv L, e T Ien® T It
TTHIL, &— ETTHHLE—> TTHHME—> §TTHHNE

Ve—, PO—  Wip— N[}

L, /Kl L L Lx

v A\ 4 A\ 4 v

Puc. 3.8. Cxema pacnpenenurensHon noactaniuu 10 kB

Kak BunHo u3 Tabnuipsl 3.1 reomeTprueckas cymMMa TOKOB BCETJla PEBBIIACT
apuMETHUECKYIO0,  CIIEIOBAaTE€IbHO,  HEOOXOJMMO  3aKJaJbIBaTh  OOJIbIIKE
KO3 HUITUEHTBI OTCTpoﬁKH3' Ecnu nanectu 3tm manHble Ha rpaduk (puc. 3.9), 1O
SIBHO BUJIHO, YTO OTHOIICHUSI TE€OMETPUUYECKON U apuPMETUUECKON CyMM OMHUCHIBAIOT
KPUBYIO TOTPENIHOCTU TpaHchopMaTOpoB Toka. [lpw Manpix 3HAYEHUSIX TOKa
MOTPEIIHOCTH OYEHb BEIUKH, MPU OOJBIINX K€ 3HAUEHUSX — 3aMETHO CHUXKAIOTCS U

nepskarcs B npeaenax 10%.

3 o
CYMMI/IpOBaHI/Ie MPOU3BOANJIOCH IYTECM dHAJIM3a OCHUJIJIOTPAMM 3aMbIKAHUHW B ITPpOTrpaMMe

ONMCAHHO! B MPUIIOKEHUH 2.
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Tabmmma 3.1
[IporieHTHOE OTHOIIEHHE apUPMETUUECKON U TEOMETPUUECKON CYMM TOKOB
OTHollIeHHE
CYMMBI K
MaKCUMAaJIbHOMY
Toxn, A TOKY, %
ITpucoe- OcranbHbIE I'eom.

JlaTa BBoj | nuHeHue | npucoeuHeHus | cymma | apuM. | reom.
19.03.08 10:31 | 85,44 | 84,19 0,39 3,90 1,01 4,56
16.04.08 16:21 4,66 3,81 1,01 0,28 3,40 6,00
05.05.08 5:58 1,98 1,88 0,23 0,21 6,60 10,80
05.06.08 9:20 3,15 2,34 0,93 0,13 3,80 4,00
05.06.08 9:52 87,45 | 88,25 0,37 4,10 1,34 4,69
15.09.08 3:41 0,98 0,30 0,73 0,08 5,10 8,20
08.10.08 9:51 72,02 | 71,33 1,49 1,90 1,11 2,64
29.11.08 23:35 5,88 6,04 0,18 0,43 5,78 7,31
23.01.09 21:33 9,22 9,30 0,00 0,99 0,87 10,76
10.03.09 14:56 | 61,87 | 63,03 1,16 3,50 3,75 5,66
11.03.09 14:52 | 68,98 | 73,06 0,07 4,67 6,01 6,77
22.03.09 18:44 | 13,58 6,15 7,09 1,60 2,50 11,80
19.06.09 5:55 6,01 6,34 0,25 0,58 9,65 9,65

CymecTByer Takke M yrioBas NOTpemHOCTh 1T, 4YTO MOXKET Takke
YBEIIMYUBATH pPe3ynbTaT cymmupoBanus. Onnako puc. 3.10. mokaspiBaeT, 4T0 KPUBBIE
HE CABUHYTHI Ha ONPENEIICHHBIA yroj, a UMEIOT Pa3JINYHbIE COCTABJIAIOIIME, YTO B
CyMMe€ JaeT CUTHal, MO (OopMe 3HAYUTENbHO OTINYAIOLUIUICSA OT UCXOAHBIX KPUBBIX

TOKa.
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MakcumaiabHOMy TOKy HIIT

Ocumiorpamma
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Bpewms, ¢
[Tpuc, Ne3 [A]— BsoxaNel [A] —— Ilpuc,Ne9 [A]---- TIpuc,Nell [A]

Puc. 3.10. Ocuunnorpamma BeIpaBHEHHBIX MO 3HAYCHUIO EMKOCTHBIX TOKOB TI13020

(21.07.2008 r 16:22:13)
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MakcuManbHOE€ 3HAYE€HHE OTHOIICHUS T'€OMETPUYECKOM CYMMBI TOKOB K
MaKCUMaJIbHOMY TOKY paBHO 12%, He0O0XO0quMO MPUHSTH ¢ 3amacoM Ko3()QhUIIUEHT
OTCTPOMKH MO reoMeTpuueckomy cymmupoBanuto B 20%. Takum oOpazom, ycioBue

IIpHU 3aMbIKaHHWHW Ha CCKIINHN 6y,ueT BBITTIAJACTD CICAYIOIIUM 06pa30M:

T
1t &, o
Korc ?J(le) dt =Korcr I35 |> Korcz Tgkmax 32
o 1

rne Ixmax — MaKCUMaJbHbII W3 TOKOB MNpuUcoeauHeHur, Korc;=0.8,
K03 duimeHT oTcTpoku, Korcr = 1.15, K03 dULIMEHT OTCTPOHKHU.

[Ipu 3ambikanuu Ha otxoxsuieM mnpucoenuuennn (K1) BekTtopHas cymma
TOKOB HEMOBPEXKJEHHBIX MPUCOCIUHEHUN paBHA B HJICATBHOM Clydae TOKY,
BoiiesieMoMy TTHII moBpexaeHHOro nmpucoennHeHusl. Pa3HOCTh 3TOM BEKTOPHOMU
CyMMBl M TOKa MOBPEXICHHOTO TPUCOCIUHEHUS paBHA Hym0. Mnm, eciu He
3a/1aBaThCsl (PUKCUPOBAHHOM yCTaBKOM MO TOKY, B 3TOM ciydae OyJeT BBITOIHSITHCS

HCPAaBCHCTBO!

. 1 h &
i =intdr =0 |<| Txaga = | [ i) e |, (3.3)
0o 2 0 2

rae i; — ToK, Beiaensembid TTHII moBpexaeHHOro npucoeuHeHus .
Ecnau ucnonb3oBath KO3PGUINEHTH OTCTPONKU, TO T€OMETPUUYECKYIO CYMMY
HeoOxonuMo 3aMeHuTh (1—Korcr) Ixkyax, @ B IPaBYIO 4acTh HEPAaBEHCTBA J100aBUTCS

Ko3(puLIUeHT, yuduThIBaIOIMIMMI norpemHocTs TT:

(1= Korer)- Tkmax <Korea - Txmax

rne Ixvax — ~ MakCHUMaIIbHBIA M3 TOKOB mpucoeguHeHuut, Korc; =0,8,
KO3(PPUIUEHT OTCTPONKH MO OLIMOKE TeOMETPUYECKOro CyMMUpoBaHus, Korc: =
0.85, xoadduiuent orcTpoiiku no morpemHoctd TT U ycTpoWcTBa COMpsKEHUS
(YCO).

Kaxk noka3biBaroT qaHHble TaOIUIbI 3.2, TaHHOE YCIOBUE BBINOJIHSAETCS BCEra.
[IpenenbHbIil cnyyall, KOTr/la JaHHOE HEPABEHCTBO OyAET HA T'PAHUIIE BBHIMOJIHEHHUS,
MOXET BO3HUKHYTH MPU HAJIMYUU NPUCOCAUHEHUS C OONBIIUM EMKOCTHBIM TOKOM HE

umeromieM TTHII. Torma neBas yacte HepaBeHcTBa (3.3) BO3pacTeTr, W €CiIH
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€MKOCTHOM TOK TaKOrO MPUCOCANHEHUS HE MPEBBICUT 65% OT MaKCUMAJIBHOTO TOKa
BCEX MPUCOEAUHEHUM, TO aNTOPUTM OyAeT padoTaTh 6€3 OLIMOOK.

Takum o06pa3oM, MpU BBIOJHEHUHU ycloBHs (3.2), 3alIUTa CUTHAIU3UPYET O
Hanuuuu O33 Ha cexuuu. Ecnu BeimonnsieTcs: ycnosue (3.3), 3ammra JeHCTBYET Ha
OTKJIIOYEHHE  MPUCOCAMHEHUS] C  MaKCUMaJbHbBIM  TOKOM. OTH  YCIOBHUSA
WJUTIOCTpUpYrOTCS puc. 3.11.

JlelicTByO1IIEE 3HAYEHUE CYMMBI TOKOB MO BCEM MPHUCOECAUHEHUSAM paBHO 1.63
A, neiicTByroiiee 3HaueHue Toka B npucoenuHenun Nel — 9.69A. Vcnosue (3.3)
BBITIOJIHSIETCSI C  IIECTUKpPATHBIM 3amacoM. ['eomeTpuyeckass cyMma TOKOB
MpEeACTaBIsAeT COOOM  MPAKTUYECKH  UJICAIbHYI0  CHHYCOUAY, U  HUMEET
MPEUMYIIECTBEHHO aKTUBHBIM Xapaktep. [Ipm 3ToM mnpakTHUUecKd OTCYTCTBYET

KOppCiinus 3HAYCHHA 3TOI'O0 dKTHUBHOI'O TOKA CO 3HAYCHUAMHU OCTAJIbHBIX TOKOB.

Ocuunnnorpamma
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Bpewms, ¢
-— Ilpuc,Ne3 [A] — IIpuc,Nel [A] — IIpuc,Ne9 [A] - -TIpuc,Nell [A]
— Cymma  —— [edicts. 3na4. «Cymma» — Jledicts. 3Ha4. «IIpuc,Nely

Puc. 3.11. Ocimmnorpamma émkocTHbIX TokoB TT13020 (21.07.2008 r 16:22:13)

[Ipu  OonpmioM  yuciae  MPUCOCTUHEHUM  MOJCTAHIIMM  BO3HUKAET
HEOOXOJMMOCTh YCTAHOBKHU JIByX KOMIUIEKTOB 3alllUThl — MO OJAHOMY Ha CEKIUIO
IIMH, KaXIbI U3 KOTOPBIX 3amyckaercs nmo HanpsokeHuro HIT cBoer cexuuu. [lpu

pa3ienbHO paboTe CEeKIUW aaropuT™M JEUCTBUS 3alUT OyAeT aHaJlOTHYHBIM
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M3JI0KEHHOMY BBIIIIE.
[Ipr BKIIOYEHHOM CEKIIMOHHOM BbIKItOYaresne W O33 Ha CEeKUMW IIUH IS

KQKJIOr0 M3 KOMIUIEKTOB 3aIiuT ceKuuu Nel m No2 OynyT BBINOJHATHCS YCIOBUSA

(3.3):

T
1t & o,
?J(le) dt =1Iz5 (> 1ppgx M
o 1
15
. \2
?J(le) df=[32 >[KMAX9 (34)
o 1

rae I; y4x — MAaKCUMaJIbHOE 3HAYEHHE TOKA U3 BCEX MPUCOCAUHEHUN CEKLUU
Nel;

I )14x — MAKCUMaJIbHOE 3HAYEHHUE TOKA U3 BCEX NPUCOEAUHEHUN ceKiuu No2.

IIpn 3amblkaHMM Ha TPUCOCAMHEHHM CceKUMM Nel 1 KOMIUIEKTa 3allUThI
cexiuu No2 mo-npexkHemy OyJieT BBIMOJHATHCS ycaoBue (3.4), To ecTh 3amuTa Oyner
onpenensate "O33 Ha cekuuu'. DTO, OJIHAKO, HEJIB3d OTHOCUTH K HECEJICKTUBHOM
CUTHAJIM3aIMU BTOPOTO KOMILJIEKTa, TaK KakK B pe3ysbTaTe cpadaThIBaHUs KOMIUIEKTa
3amuThl ceKIMU Nol CEeIEKTUBHO OTKIIFOUUTCS MOBPEXKACHHOE MTPUCOCTUHEHHE.

Jns komrutekta 3amuThl cekiuu Nel nelicTByromiee 3HAYEHHE CYMMBI
MTHOBEHHBIX 3HAYEHUN TOKOB B 3TOM pekume Oyner paBHO cymmapHomy Toky HII
cekiuu Ne2. Tokx ot TTHII moBpexneHHOro npucoeAnHEHUs OyJIeT paBeH CymMme
€MKOCTHBIX TOKOB IPUCOEANHEHUIN CeKIUU No2 1 HEMOBPEKACHHBIX NPUCOEANHECHUN
cekimu Nel, m 3TOT TOK OyJeT MakCUMaJbHBIM U3 BCEX TOKOB IPUCOEAMHEHUM
nepBoit cexuuu. I[lpu stom ycnmoBue (3.3) s KoMIUIeKTa 3amuThl cexuuu Nel

npuoOpeTeT BU:

1 L&, P& 1 & 1t & o
?Q(;”) dt = ?g(%:zj) dit |<| Ixapax = ?g(?j) dt + ?g(%zj) dt |,

T.C. YCJIOBHUC OCTACTCA TAaKHUM K€, KaK W I BapHaHTa C OJJHUM KOMILICKTOM

3aIUTHI HA 00€ CEKIIUN.
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3.3. Jloruyeckuil aJIrOpuT™M

[Ipu Gonbmiom Toke HII BHemiHel ceTw M MaiabiX COOCTBEHHBIX EMKOCTHBIX
TOKax MpucoeauHeHuil, Bciencrsue mnorpemHoctn TTHII Bo3MoxkHa cuTyanus,
korga BropuuHbli TOK TTHII moBpexaeHHOro MpUCOEANHEHUSI OKAXKETCS MEHBIIIE,
YeM TOK BBOJHOIO NPUCOEAUHEHUS, YTO NMPUBEAECT K HECEIECKTUBHOMY JEHCTBUIO
aIrOpUTMa C OTHOCUTEIbHBIM 3amepoM. Jlima 3amurel npucoenuneHuin PII B
Pa3BETBICHHBIX KAOEIBHBIX CETSAX MPOMBINUICHHBIX TMPEANPUIATUA U TOPOIOB
CEJIEKTUBHOCTh JEHUCTBUS 3alllUThl MOXET ObITh o0OecrnedyeHa HCIOIb30BaHUEM
JIOTMYECKOr0 aJrOpUTMa, IPEANOIaraloliero NpUMEHEHUE IIYCKOBOTO OpraHa IO
JNEUCTBYIOIIEMY 3HaYCHHIO TOKA.

Jlornuueckuit anropuT™M MOXKET OBITh peaIM30BaH MYTEM BBEACHUS ITyCKOBOI'O
oprana (I1O) ang Bcex MpUCOETUHEHUI COOPHBIX IIUH C YCTaBKOM [0, KOTOpas C
3amacoM J0JKHA ObITh MEHbIIIE MUHUMAJILHO BO3MOXKHOTro Toka HII BHemiHel cetu
(BBogHOTO mpucoenuHeHus). Ilpu stoMm ais mpaBuwibHOW pabOTHI JIOTHYECKOTO
anroputMa Tok cpabateiBanus 11O nomkeH ObITH 00JbIlIE EMKOCTHOIO TOKA JF000T0
OTXOJSALLETO NPUCOCIUHEHUS :

1
Icnpucoegmax Ku < Ino = %u:imv (3.5)

rne Icnpucorgmax — MAKCUMaIbHBIA €MKOCTHOM TOK IpHcoenuHeHus, Ky —
KOd(ppUIMEeHT HaAEKHOCTH, lerEm My — MUHUMAIBHBIA  TOK  BHEIIHETO
3ambiKaHusl, Ky — KO3()PUIUEHT YyBCTBUTEIHLHOCTH.

I[Io coCTOSIHHIO TYyCKOBOTO OpraHa MOXHO pealn30BaTh CIEAYIOLINN
JIOTUYECKUH aJITOPUTM JECUCTBUS 3AIIUTHI:

— eclIu IIYyCKOBOM oOpraH cpaboTall M 1O BBOAY, M IO OTXOASLIEMY
npucoeannenuto (K1) (puc. 3.8), To 3T0 mpucoeAMHEHNE TOBPEKACHHOE, 1aXKe €CIU
TOK B HEM MEHBIIIE, YEM BO BBOJIHOM;

— €CJId MyCKOBOM Oprad cpaboTasl TOJbKO MO BBOJY, & MAaKCUMAalbHBII TOK B
OTXOJAIINX NPUCOEAMHEHUsAX HE mpeBbicwi yctaBku [10, To O33 mpousonuio Ha
muHax (K2). Kpome Toro, KOHTpoJMpyst TOK 000MX BBOJAOB (Ha MOACTAHIIMK C ABYMS

CeKHI/IHMI/I), MOJKHO OIIPCACIINTD ITOBPCKACHHBIC IIINHEI,
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— €CIIi HU OJIUH MYCKOBOM OpraH He cpaboTai, TO 3aMblKaHUE OJHO3HAYHO
apisieTcs BHemTHUM (K3), oTkiIroueHne BBOJHOTO MPUCOETUHEHHS B TAKOM Clydae He

Tpedyercs (puc. 3.12).

>2 | O33 Ha npucoeAMHEHNN
3gspo 1 > C MakCUMaJILHBIM
——» [1OgBo TOKOM, HO HE BBOJIE
3o > =]
—» 10O, > > 033 Ha mmHax
31 _ 5
RN 10y 0 » O33 BO BHEIIHEH CeTH

Puc. 3.12. YnopouienHas cxema JOrH4eCKOro ajJropurma

Tox HII MoxeT cylecTBEHHO YMEHBIIUTHCS MPU 3aMbIKAHUM Yepe3 OOJIbIIoe
TepexoaHoe COnmpoTuBIeHUE. Ecau OH okaxkeTcs MeHbIle Toka cpabaTteiBanus I10,
TO 3ammTa OyJeT AeicTBOBaTh HeceleKTUBHO Nmpu O33 Ha MHMHAX U OTXOJSAIIUX
npucoequHeHusax. s oOecrneueHuss CEJNEeKTUBHOTO JEWCTBUS 3allUTHl  MpPHU
3aMBIKAaHUH Y€pEe3 MEPEXOJHOE COMPOTUBICHHE HEOOXOUMO BBECTH IJIaBAIOIINUNA TOK
cpaOaTbiBaHusl  MyckoBoro  opraHa. CorjacHo  METOAY  CHUMMETPHUYHBIX

COCTaBJISIIOIINX, TOK HYJIEBOM MOCIEA0BATEILHOCTH onpeaenseTcs (puc. 3.13):

.. E, E,
I() = IAI = . = 3R, — iXos’
3R+ j( X+ Xo+ Xy 51— JAcs
rne X, X5, Xp — compoTuBieHMs ~IpsAMOi, OOpaTHOH ¥  HyJIEBOU
MOCTIeZIOBATEIBHOCTEH, R; — compoTtuBieHue Oyru, Xcr — Ppe3yIbTUPYIOIIEe

€MKOCTHOE COIIPOTHUBJICHUC Hy.]'[GBOﬁ HOCJICAOBATCIBHOCTH BCEX DOJICMCHTOB,
QJICKTPUYCCKHU CBA3AHHLBIX C TOYKOM 3aMbIKaHUS.

Hanpsixenne HII onpeaenurcs cieayromum o0pa3om:

jXcs "Ey

U() = _]X() jAI = 3Rﬂ_jXCZ.

Kak BHIHO M3 3TUX BBIpaXKEHUW, TOK 3aBUCHT OT HampspkeHus HII uepes

€MKOCTHOE CONTPOTHUBIICHUE CETH.
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Puc. 3.13. Tpexda3Has u KOMIIJIEKCHAsI CXEMbI 3aMEIIICHUS NP 3aMbIKaHUHU Ha

3EMITIO Yepes3 IyTy

[Tockonbky npu O33 4yepe3 NMEepexOAHOE COMPOTHBIEHHE TOK YMEHBIIAETCS
MPOMOPIUOHANILHO HamnpsbkeHuto 3Uy, TO paccuuThiBaTh TOK cpabarsiBanus [1O

HEO0OXO0JIMMO B 3aBUCUMOCTH OT HanpsikeHust HIT:

3Uy
Iro.: = Ino- 100"
rae Ipo — TOK cpabaThiBaHMsI 3alllUThI, oOmpenenaeHHbd 1o (3.5) npu

metauinaeckom O33.

Takum o0pa3oM, NycKOBOW opraH Oyner cpabaThiBaThb HE TOJBKO IMpHU
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METAUIMYECKOM  3aMBIKAaHUM, HO W TPH 3aMBIKAHUM 4Yepe3 IEepPeXOoqHOE
COINPOTHBJIEHHUE NPU MOBPEXKICHUN HA OTXOASIINX JIMHUSX U COOPHBIX HIMHAX.

Jliis onpeneneHus yClIoBHM MPUMEHHUMOCTH JAHHOTO aJIroOpuTMa HEOOXOIUMO
ONpENENUTh TpaHWuHble norpemHocTH coBokynHoctn TTHII wm  ycrpoiicTs
CONPSIKEHUS.

YToOBl MPOAHATM3UPOBATH ATU MOTPEIIHOCTH OBUIM MPOBEAEHBI HU3MEPEHHS
XapaKTEePUCTUK YCTPOMCTB COMNpSKEHUs ¢ OOBeKTOM. Tak Kak XapaKTepuUCTHKa
JOCTAaTOYHO JIMHEWHAs, TO HA puc. 3.14 mpeacTaBieHbl 3aBUCUMOCTH OTKJIOHEHUM OT

WJICAIbHOM JIMHEWHOMN XapaKTEPUCTUKU B MPOIIEHTAX.

—

|

N

o\°3\'

s\

=)

O

2

S 1

=

I

-1

9 | | | | | | |
0 1 2 3 5 6 7 8

Bropuunslii Tok, A

—VCO2 — —VYCO3 — - -VYCOl

Puc. 3.14. Otkionenus xapakrepuctuk Y CO

Kak BunmHo u3 puc. 3.14 xapakTepUCTUKA UMEIOT HAaMOOJbIIYI0 HETUHEUHOCTD
B 007aCTH MaJbIX 3HaueHHM TOKOB. OIHAKO PACXOXKICHHUE XapaKTEPUCTUK MEKIY
co0o0i1 B 11€710M HEOOJIBIIIOE M HEe mpeBbimaeT 1% aaxke B 00J1aCTH MaJIbIX 3HAYCHUH.
D710 obecreunBaeTcs Kak XOpOUIMM KaueCTBOM M3roToBlieHHs natyukoB s YCO,
TaK W TEM, YTO KaXJbld KaHAJI 3allMThl HacTpawBaeTcs moja KoHkpeTHoe YCO.
Hampumep, mns YCO1l u YCO3 6e3 yuera TapupoBaHUsS Pa3HOCTh IMOKAa3aHUM
coctaBuiua 0wl 1.7%.

Jlns onpenenenust HenuHeHHocTy xapaktepuctuk TTHIT Obutn ucciaegoBansl 5

oopasiioB: yetrbipe TTHII Tuma T3JIM-1 u omun tuma T3PJI. beuim cHATHI
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3aBUCUMOCTH BTOPHUYHOTO TOKa OT NEPBUYHOTO W PACCUUTAHBI MPOLIEHTHBIE
OTKJIOHEHHSI ATUX 3aBHUCHMOCTEHN OT JMHEWHBbIX. OHU OpeacTaBieHbl Ha puc. 3.15.
BripaBHUBaHME TMOKa3aHWil BceX TpaHCHOPMATOPOB TOKA MPOU3BEACHO MPH
3HaueHnu Toka 20 A. IIpy 3TOM OTKIIOHEHUS U3MEPSIEMbIX 3HAYCHUN COCTABUIIH JI0
4.5% B 0071aCTH MaJIBIX TOKOB, U 110 2% B 00J1acTH OOJBIINX TOKOB.

Takum oOpa3zom, xapakrepuctrka kak YCO, tak u TTHII umeer HeGobIIyIO
HEJIMHEMHOCTh, U B HTOTE 3TO MOXET CKa3aTbCsi Ha u3MepsieMoM curHaie. [lpu
JBOMHOM  TPeoOpa3oBaHWM CHTHAlIa IPOM3OMAET  CIOKEHHE  HEJIMHEHHBIX
XapaKTEPUCTUK, U CYMMApHO€ OTKJIOHEHHWE B 00JIACTH OOJBIIUX TOKOB MOXKHO
OKHMJIaTh PaBHBIM MPOU3BEJACHUIO OOPATHBIX OTKJIOHEHUIO BeanuuH. Hanmpumep ans
nepBUYHOTO ToKa 80 A, OTKIIOHEHHE XapaKTepuCTUK Y CO OT TMHENHON COCTaBISET
okoi0 1.5%, otkmonenune xapakrepuctuk TTHII — okono 2%, 3HaUuT cymmapHoe

OTKJIOHCHHEC COCTAaBUT:

(100%-1,5%)-(100%-2%)
100%

=96,5%, T.e. 3.5%.

AHAJIOTUYHO MOXHO ONPEACNIUTh OXHAAEeMYyI0 MHorpemHocTs. Kak ykazaHo
Bbile, it YCO norpemHocTs coctaBmwia 1%, a g TTHIT — 2%, To cymmaphyto
MaKCUMaJIbHYI0 TIOTPEITHOCTh MPE0Opa3oBaHusl MOKHO MPUHSITH paBHOU OKOJ0 3%.
Jlnst moATBepkKACHUS AAHHBIX pacCykJIeHuil oOpatumcs K puc. 3.16, KOTOpbIi
oToOpakaeT XapaKTepUCTHKY COBOKYMHOTO MpeoOpa3oBanus curHana Ha TTHII u
YCO. OTKI0OHEHHE COBOKYITHOW XapaKTEPUCTHUKU OT JIMHEHMHOW cocTaBuio 3.3%, a
MOrPENTHOCTh MEXKAY U3MEPEHUSAMHU C MOMONIBI0 pasHbix YCO — 1%, 4ro, Bpouem,
MOATBEPKAACT TMPUBEAECHHBIC BbINIE JaHHbIE. JIOMOJHUTENBHO TMPOBEAEHHBIC
UCCIICIOBAHUSI  TIOKa3aldu, YTO PAa3HOCTh MOKA3aHUN MEXIY pa3IUYHbIMU

couetauussMu YCO u TTHII nocturarot 2.5%.
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Puc. 3.15. OTkiioHEHHS 3aBUCUMOCTEN BTOPUYHOIO TOKA OT MEPBUYHOTO OT

OTtxionenue, %
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—— ga BeIxoae T3JIM-1 —#— ga Brixone YCO?2 —— na Brixoae YCO1

Puc. 3.16. OTknoneHus 3aBucuMocTed BTOpuuHOro Toka Y CO oT nepBUYHOTO TOKA

TTHII ot nuHENHHBIX 3aBUCUMOCTEN
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TeopeTnueckn  MOJYYEHHOE  3HAQYEHHWE  IOTPEIIHOCTA  MPAKTHYECKH
MOJITBEPIKIACTCS U3MEPEHUEM 3HAYEHUSI TTOTPENTHOCTH MO OCHHJUIOTPaMMaM CHSTHIM
B 2008-2009 rogax B ropoJicKux ceTsix r. XaHTbl-MaHcuiicka. Kananbel Bcex 3amuT
ObIM BBIpABHEHBI IO 3HaueHHIO Toka 10 A, 5TO 3HAYUT YTO, MPU 3HAYCHUU
nepBuyHOro Ttoka 10 A, pacueTHoe 3HAYCHHE CUTHANA MO KaXIOMYy KaHAIIy BCEX
KOMIUIGKTOB 3alllMT SBIISIETCS OJWHAKOBRIM. B Xome HaOmOaeHUM  OBLIO

3aperucTpupoBaHo 11 3aMbIKaHMI CO 3HAYEHUSIMUA TOKOB COCTABISIOIIUMU OKOJIO 70-

80 A (tabnuma 3.2).

Tabnuma 3.2
N3mMepeHHbIE TOKM 3aMBIKAHUS HA 3€MITIO
Toxu, A Pa3Hocth
JlaTa MOKa3aHWM,
[Tpucoe- OcranbHbIE 7o
Bsog

JUHCHUE MIPUCOETUHEHUS
2008/03/20 14:39:16 | 88,97 85,01 0,4 5,1
2008/03/19 10:31:31 | 85,44 84,19 0,39 2
2008/03/19 10:51:31 | 87,21 87,05 0,12 0,3
2008/06/05 09:39:18 | 88,25 89,19 0,37 0,6
2008/06/05 09:52:35 | 87,45 88,25 0,37 0,9
2008/06/05 10:42:38 | 84,29 85,33 1,09 0,01
2008/10/08 09:41:58 | 72,94 74,54 1,05 1,35
2008/10/08 17:24:30 | 96,25 74,87 1,42 28
2009/03/10 14:56:35 61,7 63,35 0,82 1,3
2009/03/10 14:48:18 | 68,98 73,06 0,68 5
2009/02/03 10:34:25 | 96,97 93,59 0,5 4,1

B omHOM ciiywae pasHOCTh TMOKazaHuW coctaBwia 28%, 4TO TOBOPUT O
HeucnpapHocT TTHII u nHeoOxomumocTu ero 3ameHbl. CpelnHsst pPa3HOCTD
MOKa3aHUi 3aMepa TOKa BO BBOJIE M B MOBPEXKJACHHOM MPUCOEAMHEHUM COCTaBUIIA
0K0JI0 2%, YTO XOpPOULIO COTJIACYETCS C PAacCUuE€THOM Pa3HOCThIO MOKA3aHUM IO PUC.
3.17 paBHOU 3%. MakcuMmaiibHasi pa3HOCTh TOKOB B 5% sABIAETCA MpeACTbHBIM
3HAYEHHEM, KOTOpoe cienyeT B 1.5-2 pasa yBENIMYWTH Uil CO3JaHUS HAAEKHOTO
YCJIOBUSL TPUMEHUMOCTH JIOTHUYECKOTO anroputma. Takum oOpa3oM, HNpUHITUI

OTHOCHUTCIIBHOI'O 3aMEpa IIPpUMCHUM B ClIy4dac, CCJIM:
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Lesnpncvmiv > Korc 0,05 Iespr. cemnmax

rae  Ilcsppucamy — MUHHMAJIbHBIA  CyMMApHBIM  €MKOCTHOM TOK  BCEX
npucoenuHeHu cexkunu, Kore — Kodddumuent otctporiku (Kore =1.5 nmusa
onnotunubix TTHII, Kore =2 B ocTalibHbIX chayvasX), lcspy cermmax — MAKCUMaTbHBIN
CyMMapHbIil EMKOCTHOW TOK BHEIIHEH CETH.

OIHAKO HEBBINOJHEHWE BBIIIE ONUCAHHOIO  YCJIOBHSL HE  O3HA4yaer
ABTOMATUYECKA BO3MOXKHOCTh NPUMEHEHHS JIOTUYECKOro airoputma. lloatomy
TpeOyeTcsl OTAEIBHO OIICHUBATh JPYroe YCIOBHE, OMHUCHIBAIOIIEE MPUMEHUMOCTh
JIOTUYECKOTO aJIrOPUTMA:

Iesnpuc.max Korer < Iyer< Korcz * Iessu. cerumin,

rae  Icsmopuc max — MaKCUMaJbHBI CyMMapHbIi EMKOCTHOH TOK BCEX
nprucoenuHeHu cekunu, Kore; =1,15, koadhPuumneHT oTcTponku, /ycr — TOK YyCTaBKU
jJorudeckoro anroputrma, Korex = 0,85, xoapdumnueHT oTcTpoiku, Iespy cetmmivg —
MHHHMMAaJIbHBI CYMMapHbI EMKOCTHOW TOK BHEIIHEW CETH.

[IpumeHeHue TMIaBalOMIEro0 TOKa cpabaThiBaHUS HE MCKIIOYAET OTKAa30B B
cpabaThlBaHUU 3alIUThl TpPU OOJBIIMX MEPEXOJHBIX COMPOTHUBJICHUAX B MECTE
3aMBbIKaHUs. 3aluTa MOXXET (QPYHKIMOHMPOBATh Mpu MHUHUMaIbHOM Toke HII
npucoennHeHus paBHoMm 0.2 A u nanpsbkenun HII 10 B. Kak Buano u3 pucynka 3.17
IIPU CHMXKEHUH €MKOCTHOTO TOKA JOIMYCTUMOE MEPEXOJHOE COIMPOTUBIIEHUE TOXKE
camwkaerca. [Ipu émxoctHOM TOKe paBHOM 0.25 A mepexogHOE CONPOTUBIICHUE
paBHO 17 xkOM, OJHAKO HpPU 3TOM BO3MOXEH OTKa3 cpabaThiBaHUS 3alIUTHI IO
MPUYMHE OTCYTCTBUS 3amycka nmo HanpspkeHuro HII. Ha pucynke 3.18 moka3zansl
3aBucuMocTd HanpstkeHus: HIT oT EMKOCTHOro TOKa mpu pa3HbIX CONPOTUBIICHUSAX B
MecTe 3aMblkaHusl. UYeMm MeHblle EMKOCTHBIE TOKH, TeM OOJblle JOMYCTHUMBIE
MEePEXOJIHbIC COMPOTUBIICHUSI B MECTE 3aMbIKaHMs, MPU KOTOPBIX 3aluTa OyAeT
byukimonupoBaTh. OJHAKO NI KaXAOTO Ciydyas MPUMEHEHUS 3alIUThl B CETSIX C
BO3MOXKHBIMM ~ 3aMBIKAHUSMH 4Yepe3 OOJblIME TMEPEeXOJHbIE COMPOTUBICHUS
HEOOXOJUMO JOMOJHUTEIBHO YTOYHSATH BO3MOXXKHOCTH MPUMEHEHHUSI KaK 3allUThl B

oejIoM, TaK U JaHHOI'O aJIrOprUTMa.
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Puc. 3.18. 3aBucumoctu HanpspkeHust HIT OT EMKOCTHBIX TOKOB CETH JJISI PA3JIMYHBIX

MNEPECXOAHBIX COHpOTI/IBJ'IeHI/Iﬁ B MECTC 3aMbIKaHUsA
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[Ipu GonbpIIOM KONMYECTBE MPUCOCAMHEHUN WM MPU YHUCIE CEKIUU OOJbIiie

IBYX, MOKET MOTPeOOBAThCA YCTAHOBKA JBYX KOMIUIEKTOB 3alUTHI (puc. 3.19).

Beoxl K1 IcsBOm v Beon2
Iesom ¥ : TTHII{ | =
YCO YCO
TTHII iL
aS Q L . Q []
(12 ‘ QL Qm Qn
Icrv CoIoh Tem?t Ient

TTHIL] yeg] | TTHIL vegr ] TTHIW v oo 1 TTHILW [yeo

4 4 4 4

L, FKI Ly, Ly Ly
. <& MuxkpokoHTpOIEpHOE . <= MuxpokonTpomnepnoe
Kyco = _yctpoicTso (0s0k 1) KYCO™ (o ycTpoicTBo (010K 2)

Puc. 3.19. Cxema noactaHuuu ¢ AByMsl YCTAaHOBJICHHBIMH OJIOKAMU 3aILUTHI

Kaxnplii U3 KOMIUIEKTOB MOJAKJIIOYAETCS TOJIBKO K TpaHcopMaropaM TokKa
onHOU cekuuu. Ecnu cekIMoHHBIM BBIKIIOYATENb 000pYJ0BaH TpaHchopMaropaMu
TOKA HYJIEBOM MOCIENOBATEILHOCTHA, TO CUTHANI C 3THUX TPaHCHOPMATOPOB TOXKE
HEOOXOJMMO 3aBECTU B YCTPOMCTBO 3alUTHI, €CJIM UMEETCS TaKasi BO3BMOXKHOCTb — C
MEPEKPBITUEM 30H 3AIUTHI Kax0ro komiuiekra. [Ipu Hanmumum curnama ot TTHII
CEKIIMOHHOTO BBIKIIIOYATENsl JACHCTBUE 3AIIUThI HE W3MEHUTCS, ISl YCTPOMCTBA
3alUThl CUTHAJIBI OCTAHYTCSl A0COJMIOTHO TAKUMHU K€ BO BCEX PACCMOTPEHHBIX BBIIIIE
pexnmax. OqHaKo, HE BCErja €CTh BO3MOYKHOCTh IMOJYYHTh CUTHANI TOKA HYJIEBOU
MOCJIEIOBATENBHOCTH CEKIIMOHHOTO BBIKIIFOUYATENA. B cUTyauu, Korjaa CeKIMOHHBIN
BbIKJIIOYaTeNnb BKJIOueH, a TTHII cekimoHHOro BBIKIIIOUATENsI OTCYTCTBYET, 00a
KOMILUIEKTa OyAyT paboTaTh CENEKTHUBHO, C HEKOTOPOW OTOBOPKONW B TOM, 4YTO
ONPEIEIINTh MOBPEKIACHHYIO CEKLMIO 3aIUTa HE CMOXKET. TOT KOMIUIEKT 3allUThI,
4yepe3 BBOJ KOTOPOTO OCYHIECTBISICTCS MMUTAHUE IBYX CEKIUU, MOKAXKET 3aMbIKaHUE
Ha CEKLHH, a JPYrol KOMIUICKT 3aIIMThl MOKAXKET BHEIIHEE 3aMblKaHue. B ciryuae

HGO6XOI[I/IMOCTI/I MOXHO OpPraHn30BaThb CBA3b MCIKIAY OJI0KaMH 3alIUTHI JJIA IICpCaadn
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uHpopMalM O HAIMYMM U MECTE€ 3aMbIKaHMs, UYTO TOMOXET u30ekKaTh
MPOTUBOPEUYHBBIX ICHCTBUMN.
PazpaboTannblii anropuT™M MpeAHa3HAUYEH JIJIs OpraHU3alluy 3allUThl CeTel ¢
OOJIBIIMMH TOKaMHU 3aMBIKaHUS, MPEBBIIIAIOIINMU COOCTBEHHBIE €MKOCTHBIE TOKH

MPUCOEIMHEHU, COTJIACHO BBIIIEONMCAHHOMY YCJIOBHIO.

3.4. @a3HbIi AJITOPUTM

BonbmmHCTBO pa3pabOTUMKOB 3alUT OT 3aMbIKAHWWA HA 3€MIII0 MPEAJIararoT
HaIpaBJICHHBIC 3AIIUTHI, U3MEPSIONIUE PA3HOCTh (a3 MEXIy TOKAMU U HaNpsHKEHUEM
HYJIEBOW TOCHENOBATENBHOCTA. KaK MOKa3bIBaeT MPAKTHKA M PAaHEE MPOBEAEHHBIN
0030p, MOJ00HBIE ANTOPUTMBI (HYHKIIMOHUPOBAHUS MOTYT OTKa3blBaTh B JIEUCTBUU
MpU HEMETAJUIMYECKUX 3aMBIKaHUSIX. JTO CBSI3aHO, B TOM YHUCJE, U CO CIOCOOOM
onpeneneHust pasHoctd (¢a3. CoBpEMEHHbIE MUKPOIPOLECCOPHBIE TEPMUHAIBI
3alIUTHI MTO3BOJISIIOT 00pabaThIBATh CUTHAJIBI B PEAIbHOM BPEMEHH, IO 3TOU MPUYHHE
CTaJl0 BO3MOYKHO ONPENEIATh YroJI HEMOCPEACTBEHHO, MPOBOJAS MaTEMATHYECKHUE
orepalu ¢ TOKaMH B peaJiIbHOM BpeMEHHU. Takoil yroyi MO>KHO Ha3BaTh YCIOBHBIM.

W3mepeHne yCIOBHOTO yria yAoOOHEEe OCYHIECTBISTh YEpe3 CyMMy
MPOU3BEICHUSI MTHOBEHHBIX 3HAYEHUN TOKOB M Uepe3 MX JICUCTBYIOLIME 3HAYCHUS
[76]. HelicTBytolue 3HaYEHUsI TOKOB ONPEIETSAIOTCS ISl TUCKPETHBIX BEIOOPOK TOKA

CIEIYIOIIUM 00pa3oM:

rae N — 4uciio TOYEK HA TIEPUO/T.

CymMa mnOpou3BENEHHN MIHOBEHHBIX 3HAUYEHUW TOKOB ONPEHEISAETCS MO

dbopmye:

HpI/I 9TOM KOCHMHYC YCJIOBHOI'O yTJIa MCKAY TOKaAMHU OIPCACIIACTCA KaK
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My
L1y

COSOka =

,HJ'IH A0Ka3aTCJIbCTBAa 3TOI'0 YTBCPIKACHUA IIPOBCACM paCuCT YIJla MCKIAY
TOKaMHU [IJIs HETIPEPHIBHBIX CUTHAIOB. Takue CHUTHANBI B OOIIEM CITydae MOIXKHO
NpcaCTaBUTL B BUAC!

if = Af - sin(wt)
i = Ay -sim(wt + @),
rac AfI/I Ak — aMIUIATYHBIC 3HAYCHHA TOKOB, W — UKJIMYCCKAas 4aCTOTa.
Torma pneiicTByromiee 3HAYEHHE MOXKHO OINPEACITUTh IO  CISAYIONUM

dbopmynam:

lT 2
[k: ?_([lk dt

lT 2

CyMMa npou3Be/IecHU MTHOBEHHBIX 3HaYE€HUM OyJIeT mpecTaBIeHa B BUJIE:
1 T
My =—[ig -igdt

%

JlaHHBIE  BBIp@KECHHS HEOOXOAMMO TMpeoOpa3oBaTh, MPOMHTETPUPOBAB

MNOABIHTCIPAJIbHBIC BEIPAXKCHMA |

1 ( wt —sin(wt)-cos(wt) \,T 1(27-1 0-1) 4
Ik = Ak - | = Ak — — =
T 2w 0 T\ 2w 2w ) 2

If:Af\/ 1 (t_sin(wt—(p).cos(wt—(p)_£j|T:

2T w w )'0

o). (o). A
—4, 1(1_ sin(@) -cos(p) _ ¢, —sin(p)-cos() ¢ ]: f
2 2 2 2 2 ) A2

1 sin(2wt — ) \ \|T
ka :AkAf ?(%(COSQ)'ZL—TQ))]L) =
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1 —sin@ —sing 1
=AAr—|cosp ————-0+—- |=4, A —(cos
"fz( L 4%] Ay 5 coso)
[Tocne npoBenEHHBIX MPeoOpa30BaHUI MMOCTABIISIEM MMOJTYyUYECHHbBIC BhIPaKEHUS
B IpejiaraeMyto (popMyity pacuera yCIOBHOTO yrila MEKy TOKAMH:
HV _ AkAf 'COS(D'\/E\/E
I -1y 24, Ay

=CoSQ

[Ipy Hamuuuu BBICHIMX TAPMOHHUK CHTHAJI HE SBJISIETCS TaKOW MPOCTOM
(dyHKIMEH, U pe3ynbTaT pacueTa YCIOBHOTO yIjia MO JAaHHOMY BBIPAKEHHUIO MOKET
OYEHb CUJIBHO OTJIMYAThCS OT UCTUHBI. J{JIs OIEHKH BIMSHUS BBICIIMX TAPMOHUK U
MOMEX Ha pacyeT yria U onpeaesaeHus: o01acTH NPUMEHUMOCTH JaHHOIO ajlfOpUTMa
HEOOXOJMMO TPOBECTH pACUYEThl YIJIOB MO JaHHOMY MPUHIMIY U PACCUUTATH
omuOKy. Eciu TONmONHUTENbHBIN CUTHANI BBICIIEH YaCTOTBI COACPKUTCS TOJBKO B
OJTHOM H3 CpPaBHUBAEMBIX CHUTHAJIOB, TO IOTPEIIHOCTh OIpeAesieHus yria Oyner
MHUHHMMAaJIBHON M JOCTUTaeT 27 rpagycoB. YTOJ MEXKIy CUTHAJIaMU IPOMBIIUIEHHOU
4acTOThl MPUHUMAEM paBHbIM () TpaaycoB, TaK KaK IMPU 3TOM OLIKMOKa ONpe/leTeHUs
yrjla OKa3bIBaeTCsd MaKCUMalbHOW. B 3aBUCHMOCTH OT OTHOIICHUS aMIUIUTYbI
MOMEXU K aMIUIUTYJle¢ T[OJE3HOr0 CUrHaja rpaduK 3aBUCUMOCTH OIIMOKH
ONpENENICHNs YCIOBHOIO yIUIa IMOKa3aH Ha puc. 3.20.

Ecnu amnnutyna curHana BBICOKOW 4acTOTHI MO MEPBOMY KaHAIIy COCTABIISIET
50% oT curHana mpoMBIIIJIEHHONW YaCTOThI, TO B 3aBUCUMOCTHU OT aMILTUTYbI U (a3bl
TaKOro CHrHaja BBICOKOW YacTOTbl BO BTOPOM KaHajie OyJeT U3MEHATHCS OLIMOKa
pacueta ycinoBHoro yria. Kak BugHo u3 puc. 3.21 takas ommoOka MakCUMallbHa MpU
npoTuBO(da3HON NOMEXe B TMOJE3HBIX CHUTHAlaX C aMIUIUTYyJ0il paBHOU 50% u
coctaBisier 53 rpagyca. MunumanbHas omuOka Oyaer mpu cuHpa3zHOM MmoMexe
PaBHOW aMIUTUTYIbl. DTO O0YCIOBIEHO TEM, YTO METOJ ompeeneHus ¢as3bl padboTaer
TaKXkKe JI1 CYMMBI LIUKJINYECKUX PYyHKIIHM.

Jlnst ciydasi, Korja moOMeXH HMMEIOT OJIHY aMIUTUTYIy, HO HUMEIOT CIBHUT IO

(aze, Ha puc. 3.22 npuBeICHbI 3aBUCUMOCTH OIIMOOK pacyeTa yria.
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Puc. 3.20. OmmnOka BBIYUCIEHHS YCIOBHOTO YIJIa IPU HAIMYHUU TOMEXH TOJIBKO B
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Puc. 3.21. OmunbKka BBIYUCIIEHHS] YCIOBHOTO YIJIa IPU IOMEXE B IEPBOM CUTHAJIE

aMmuTyaou 50% OT 1oJIe3HOTO CUrHaja
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Puc. 3.22. OmunOka BBIYUCIEHHS YCIOBHOTO YIJIa IPU IOMEXaX paBHOM aMIUTUTY bl

U pa3Hoi (a3bl

Kak nmokaseiBator puc. 3.20-3.22, HauOosblias ommOKa B ONpPEAETICHUN yria
nojtyyaercs npu mpoTtuBo(da3HbiX moMmexax. UeM Oobllle aMIUIUTYJa TAKUX TTOMEX,
TeM OOoJbIIIe U OMKOKa B ONIPEACIICHUU yIiia MEXK/y MOJIE3HBIMU CUTHAIaAMU.

Jnst  mpaBuiabHOTO  (DYHKIIMOHUPOBAHUS  3alIUTHI  HEOOXOAMMO  UYTOOBI
pacyeTHBIN YCIOBHBIM Yroj momajail B JHamna3oH YyrioB cpabarbiBaHus. T.e. mpu
MOJIYYEHUH yTia MEXAY KPUBBIMU B nuamnazone ot -90 no +90 oHu ompeaenstorcs
3alIMTOM KaK COHAIIPaBJIEHHbIC, a €CIW yroJ momagaer B auamna3zoH ot 90 mo 270
rpaaycoB, TO 3TU CUTHAJbI pasHOHamnpaBieHbl. [laxe momexa B 50% OT aMIUIUTY bl
MOJIE3HOTO CUTHaa HE MPUBOJIUT K cOOr0 (yHKIMOHUpOBaHUA. OmubKa mpu 3TOM
MOXET COCTaBUTh 10 53 rpaaycoB ImpHu MPOTUBO(A3HBIX MOMEXaxX B CPaBHUBAEMBIX
CUTHaJIaX, HO W 3TOT yroia nomaaeTr B auana3oH -90 no 90 rpagycoB, 4TO SBIAETCS
JIOCTATOYHBIM JIJIs1 OPEICIICHHS] COHAIIPABJICHHBIX CUTHAJIOB.

JInst yMeHbIEHUSI BIUSHUS TIOMEX HEO0OXOJUMO MPaBUIBHO MPOBOJIUTH
MOHTaX 3alIUT, €CJIM MoMexa OyaeT cuH(pa3HOU, TO BIUSHUS HA pacyeT yriia Mexa1y

TOKAMU OHAa OKaXET HaMHOro MeHbine. Jlns 3Toro ¢a3upoBKY TOKOBBIX Iiemei
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3alUThl HEOOXOJUMO MPOBOAUTH Ha (U3UYECKOM YPOBHE, a HE MyTeM H3MEHEHUS
3HaKa B Xo0j€ 00paboTkM AaHHBIX. OJHAKO ATO HE MOMOXKET CHIDKCHUIO BIUSHUS
TOKOB BBICHIMX TapMOHUK, NPOTEKAIOIINX B MEPBUYHON CETH, HA PaCUETHBIN
YCJIOBHBIN YTroJl, a OrpaIuT TOJBKO OT YaCTH MOMEX BO BTOPUYHBIX IEMAX.

OcHOBHOM HeIOCTAaTOK (Pa3HBIX MPUHIIUIIOB ACHUCTBUS 3aIUT OT 3aMbIKAaHUW Ha
3eMJII0 — OTKa3 B cpalaTbiBaHUU, JUOO HECENEKTUBHOE JIEUCTBUE MpHU
MepeMeKaroNIUXCs 3aMbIKaHUAX Ha 3eminto. [Ipu nepemexaroneMcs 3aMbIKaHUM yTJia
MEXJy TOKOM W HaIpsKEHUEM HYJIEBOW MOCJIENOBATEIBHOCTH KaK TaKOBOTO HET,
MOTOMY YTO TOHSTHE pPa3HOCTU (a3 MEXIy ABYMS HUKIMYECKUMHU (GYHKIUSIMHU
cyliecTByeT miaa (¢yHKUM onHod wyactotel. Ha puc. 3.23 mpeacraBieHa
ociuiorpamMmma TokoB U Hamnpsbkenust HIT mpu mepemesxaroieMcsi 3aMbIKaHUU B
TOpPOJICKOW KaOeNbHOM CeTH, W3 KOTOPOM BHUJHO, 4YTO yrja MeEXAy TOKOM U

HanpsbkenreM He cymiecTByeT. Toku HIT umerotr oquHakoByio pu3nueckyro npupomy

Ocuntorpamma
60 \C oo
;“ 0 I
= 20 £
_4()-5 ! r, /_l L/l 'L/_’f 50 T
-60; | — 100
-801

03 031 0,32 033 034 035 0,36 0,37 038 0,39 04 041
Bpewms, ¢
— IIpuc,Ne3 [A] — BaoaNel [A] — 3UONel [B]

Puc. 3.23. Ocuunnorpamma TokoB 1 HanpsikeHust HIT

Y Ha OCLHMJUUIOTPaMME OTIMYAIOTCS TOJIBKO aMIUIUTYyAOW. B cerax 6e3 pe3ancTuBHOIro
3a3eMJICHUS] HEUTPAJIX YTIIbl MEXAY TOKaMU MOTYT ObITh 00 0, 1u6o 180 rpaaycos.

Onpenensisi pa3HOCTh (a3 TOKOB MEXAY BCEMH TOKAMU MOXHO OIPEIEIUTh
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MOBPEXKIEHHOE NpucoeauHeHue. [Ipu 3aMbIkaHUKM Ha MPUCOEIMHEHUH 3alMIAaeMON
cekiuu ToKk HII B moBpexxaeHHOM MPHUCOSAMHEHUN OYIET UMETh MPOTHBOIIOIOKHOE
HaNpaBlieHUE OTHOCUTEIHHO APYTUX TOKOB.

Ecnu paccmaTpuBaTh ABa TOKa OJHOW (uzuyeckoi mpupoasl (puc. 3.27), TO
MOKHO BHJAETh, 4TO (OpMa UX CHUTHAJIOB OTIUYAETCSA IO AMIUIUTYJE MUKOB, HO
MOMEHTBl BO3HUKHOBEHMSI OpOCKOB TOKa OJMHAKOBBL. B TakoMm ciywae mms
pPaccMOTPEHUS MOXHO 3aMEHUTh WMITYJIbCHBIN TOK OTAEIbHBIMH MMITYJIbCAMH (PHC.
3.24). B TakoM ciy4ae, YCIOBHBIM Yroj MeXAy TOKaMu OyIeT BBIYUCIATHCA I10
bopmye:

Ay Ayt A, Ay,
\/Afl +..+ Afn -\/Azz.l +..+ Azz.n

COSQ =

rac Am — aMINUIATY bl TUCKPCTHBIX CUTHAJIOB.

100
L 50
X
E O [ [ [ [ [ [ [ [ [ [ [ [ \!\ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ I:llz
= ]
z 1 3 5 7 9 11 13 15 17 19 21 25 27 29
-50
-100

N

Puc. 3.24. YopoleHHbI AUCKPETHBIN BUJ TOKA JTyTOBOI'O 3aMbIKAHHS HA 3€MIIIO

Tokn IyroBoro 3aMbIKaHUSI Ha 3€EMJII0 OTJIMYAIOTCS AMIUIMTYJAOW B Pa3HbBIX
MPUCOEANHEHUAX, TPU STOM OTHOIICHUS aMIUIATYJ OTIMYAIOTCS MEXKIy COO00i
HE3HAYUTEIBHO, TaK KaK ATH TOKH B OCHOBHOM OOYCIOBJIEHBI €MKOCTHIO KaxXIOu
nmuHud. Ho HCKaXeHWs amIUIMTyJl 3TUX TOKOB BO3MOXHBI. B Takom ciydae
HEO0OXO0IMMO MPOAHATIM3UPOBATH ONpPENEICHUE yria Mo JaHHOW (GopMyle, ¢ y4eToM
TAKUX UCKAXXEHUW. ECM TOKM 3aBUCAT OT EMKOCTEN MPUCOEAUHEHUM, TO OTHOILIECHUS

TOKOB B TakoM ciydae OyayT paBHbl IOCTOSHHOMY 3HaueHuo. g ynoOcTBa
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0003Ha4YMM 3Ty BEIUYMHY CUMBOJIOM k. Eciu aMImuTyy nepBoro curHaia NpuBecTH
K CAMHUIIC, TO KOCUHYC yIJIa MOXHO 6YI[GT OIIPCACINTD I10 BBIPAXKCHHUIO!
ki +..+k,

\/Ww/klz +...+k,f

rae N — 4iciio TOYeK Ha pacCMaTPUBAEMOM MPOMEKYTKE BPEMEHHU.

COSQ =

N3-3a Hanuuusi morpemHocTel TpanchopMaToOpoB TOKa U OOJIBIIOTO YPOBHS
MOMEX MMEHHO MPU JYTOBBIX 3aMBIKAHUSX, OTHOILIECHUSI aMIUIUTY] AUCKPETHBIX
CUTHAJIOB MOTYT OTJIMYaThCi M HE OBITh MOCTOSHHbIMU. Hampumep, eciau 4ucio
TOYEK CHUTHaja B PACYeTHOM Y4YacTKE BPEMEHH C OJMHAKOBBIM 3HAYEHUEM
OTHOIIEHUS aMILTUTYA paBHO 20%, a aMIUIUTY/Ibl OCTAJIbHBIX CUTHAJIOB PaBHBI HYJIIO,

TO pacueTHBIN yrojl Oyaer paBeH 65 rpamycam (puc. 3.25).

60
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OTHOLIEHNE aMIUTUTY T OAUHAKOBO ISt
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— 40% uMnynbcop — — — — 80% umMnyJibCoB

Puc. 3.25. PacueTHbli yroJ Ipy pa3jnyuy B OTHOUIEHUSAX aMIUIATY]] CUTHAJIOB

Haubonee pacnpocTpaHeHHBI Ha MpaKTUKE CIydail, ONpeaeseHHbId MpHu
aHaJu3€ OCIWLIOIPaMM JYTrOBBIX 3aMBIKAHMM Ha 3€MJII0 — OTHOUIEHUS TOJIOBUHBI
UMITYyJIbCOB TOKa oOTIH4YaroTcsi He Oonee uem Ha 50%, uro mo pucynky 3.25
cootBeTcTBYeT 20 rpagycam. B m11000M U3 pacCMOTpPEHHBIX CIydaeB, Yroyl Oyner

nonaaate B auana3oH —90 1o 90 rpagycoB, 4TO MO3BOISET CYAUTH 110 HAMPABICHUIO
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TOKA, UCIIOJIb3Yys JAHHOE BBIPAXKECHHUE U IIPU TYTOBBIX 3aMbIKAHUSX.

Ha puc. 3.26 mpencraBieHa ocuujuiorpaMMa CMOJAEIMPOBAHHOTO Mpolecca
MEPEMEKAIOIIETOCS 3aMBIKAHUSI HA 3EMJIIIO U YTJIBI, PACCUMTAHHBIE 110 3THUM KPHUBBIM
toka. [Ipucoennnenust Nel u No3 — oTxoxasimye, HEMOBPEKICHHBIE, TPUCOCTUHEHHE
Ne2 — nmoBpexnenHoe. PacueTHbIN yCIOBHBIN YTOJI MEKY IPUCOECIUHEHNUSIMU | 1 3 —
35 rpanycoB, Mexay npucoeaquueHussMu 1 u 2 — 170 rpagycos.

AHaJIOTUYHBIE pacueThl IS OCHWIIOTPAMM, TMOJYYEHHBIX IMyTeM cbopa
nanubix 3amutamu tuna MK33I1 noaTeepxaator paboTy mnanHoro aiaroputma. [lpu
COHAIIPABJIEHHBIX TOKAaX PACUETHBIA YCIOBHBIM YroJ COCTABISET S5 rpaaycoB, MpHU

MPOTUBOTOJIOKHO HapaBleHHbIX — 175 rpagycos (puc. 3.27).

200° 150
SRR 100
< 1007 g <
PREIE il ; ——— S SR | Y S —— — s oL U
s ] : S
X onmm 0 T
S 507 0 S
5 1 | I 50 8
= -100-
< -1501 -100

2200 150

0,125 0,13 0,135 0,14 0,145 0,15 0,155 0,16
Bpewms, ¢
Yron (Nel u No2) ====--- VYrom (Nel u Ne3) [Tpuc. Nel
IIpuc. Ne2 ITpuc. Ne3

Puc. 3.26. Pe3ynpTar MoenMpoBaHus TOKA IEPEMEKAIOMIEHCS NYTH
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Puc. 3.27. Ocuunnorpamma TokoB TII 3020 (22.03.2009 18:44:10)

Kak BuIHO u3 cpaBHeHUs PUCYHKOB 3.26 m 3.27 B mEpBOM Cilydae CHUTHAJIBI
coJlepKaT BBICOKOYACTOTHYIO IIOMEXYy, KOTOpas M TMPUBOAUT K OIIHOKE B
omnpeneNieHnH yria. B Towm ke ciydae, KOTJla TOKH IEPEMEKAIOIIETOCs 3aMbIKAaHUS
IIPAKTUYECKNA HE COAEP’KAT CUTHAJIOB PA3JINYHBIX YacCTOT, @ OJWHAKOBBI IO CBOEH
¢u3nueckoil mnpupone, TO U OWIMOKAa B ONPEACJICHUH YIJIa OKa3bIBaeTCs
MHHUMAJIBHOM, KaK Ha pUC. 3.27, HECMOTPS HA Pa3JIUYHbIE aMIUTUTYAbl TOKOB.

IIpn 3aMBIKaHMM HA CEKIMU IIMH BCE TOKM COHAIIPABIIEHBI, YTO SBISACTCS
JOCTaTOYHBIM MPU3HAKOM JUIsl BBISBICHUS Takoro pexuma. [Ipm BKIFOUEHHOM
CEKLIMOHHOM  BBIKJIIOYATEI€ HA MOJACTAaHUMKM C  OONBIIMM  KOJIUYECTBOM
IIPUCOCAVMHEHN W  YCTAaHOBJIEHHBIX JIByX KOMIUIEKTax 3alluThl BO  BCEX
npucoeauHeHusax BTopoi cexkunu npu O33 B K/ TOoku OynyT MMETh OJMHAKOBOE
HaIlpaBJICHUE, B NPHUCOCIUHECHMUAX NEPBOM CEKLIMM IMOBPEKICHHOE IPUCOCAUHEHUE
OyJeT UMETh MPOTHUBOIOJI0KHOE HAIIPaBJICHUE 10 CPABHEHUIO C HEMOBPEXKIECHHBIMU
U B HEM Oy/ieT MaKCUMaJIbHBIN TOK. 110 mpeaiokeHHOMY alropuTMy 3allMTa CEKLHUU
Nel cpabGoraer cenexktuBHO. BOo BTOpOM KOMIUIEKTE OYAET BBIMOJIHEHO YCIOBHUE O
3amMbIKaHuM Ha cekiuu. [Ipu 3aMbikanuu Ha cekiuu (K2) npu napanienbHOl padote

CCKHI/Iﬁ B 000MX KOMILICKTaX 6YI[€T BBIITOJHATBCA YCJIOBUC O 3aMbIKAaHHWUW Ha CCKIIMU.
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OnHako Ha3BaTh TAKOE JIEMCTBUE KOMIUIEKTOB 3alIUT HECEJICKTUBHBIM HENb3s, BEAb
CEKIIMSl TOJydYaeTcsi B TaKOM ciyyae oOmias, U HUHPOpMalusi O TOKE HYJIEBOU
MOCIEIOBATENBHOCTH CEKIIMOHHOTO BBIKJIIOYATENS] OTCYTCTBYeT. [l0 TeM naHHBIM,
YTO MPUXOAIT B KaXKIbIA KOMIUIEKT 3alldThl JPYroro BbIBOAA IOJIYYHTh
HEBO3MOXHO.

Takol (a3Hplii NpUHIKMI TO3BOJIAET OOJ€e TOYHO OMNPENEsATh HAMpPaBICHUS
MEXIYy TOKAMHU WIM MEXAY HANPSKECHUEM HYJIEBOW MOCIEAOBATEIBHOCTH U TOKOM,

MIOTOMY YTO MCHOJIb3Y€ETCs BCSI MHPOPMALIMIO O TOKE.

3.5. KoMOMHUPOBAaHHBIN AJITOPUTM

Kaxxaplii 3 mpeacTaBiI€HHBIX aJTOPUTMOB MMEET HEKOTOPbIE HEIOCTATKHU.
Hcnonp3yss KOMOMHAIMIO STUX aJTOPUTMOB, MOXHO CO3/aTh YHHUBEPCAIbHBIN
aJTOPUTM, CEJIEKTUBHO pabOTAIOIINI BO BCeX pexkuMax [75].

KomOuHamus anropuTMOB MOXKET MPOMCXOJUTh KaK aBTOMATHYECKH, TaK H
BPYYHYIO, IPU HACTPOMKE KOMIJIEKTA 3aIUTHI.

3ammTa  MOXKET TMPHUMEHSIThCS Ha TpaHCPOPMATOPHBIX MOACTAHIHAX C
pacupenenuTEIbHBIM YCTPOMCTBOM, Ha pacIpeIeIuTeIbHbIX MyHKTax ceTer 6-10 kB.
OcHoOBOMOJIAralONMM MPUHIUIIOM JIJIS1 3aIMUTHI SIBJISIETCS TPUHIIUIT OTHOCUTEIBHOTO
3amepa. OTOT MNPUHIHUI XOPOIIO paboTaeT Ha MNUTAIIIMX TpaHCPHOPMATOPHBIX
nojacrannusax. Ha takux noacranuusx toxku HII npucoenuHeHnii UMEIOT 3HAYEHUS
OJIHOTO TOpSIJIKA, M KOJHMYECTBO IPUCOCAUHECHHUIN CYIIECTBEHHO IPEBBIIIAET TPHU
MpUcoeInHEHNsl. B Takom cilydyae NOpUHUWN OTHOCUTEIBHOTO 3aMepa MOXKHO
JTOTIOJTHUTh CYMMUPYIOIITUM aJITOPUTMOM, JTHOO 3aMEHUTH (ha3HbIM airoputMom. [Ipu
ATOM KOHEYHOE cpabaThblBaHWE 3allUThl OyJeT OINpeNensiTbCcsl IO  JIOTHKE,
npeacTaBieHHON Ha puc. 3.28 u 3.29. B nepBoM ciydae 3amurta OyAeT ONpenensiTh
MOBPEXKACHHOE MPUCOEANHEHUE IO MAKCUMAIIBHOMY TOKY, & TOBPEXKICHUE CEKIIUU —
M0 CyMME TOKOB. ECIM k€ 4YHMCIO NPUCOCIMHEHWW MEHbIIE 3, TO AJITOPUTMBI
OMpeNIeNICHUs] MECTa MOBPEXkKACHUs padoTaTh OyAyT HEKOPPEKTHO, B TAKOM Cllydae
HEOOXOJAMMO 3aJICCTBOBATh AaJITOPUTM OmpeaeieHus (a3pl MEXAy TOKOM U

HAIIPAKCHUCM Hy.]]CBOﬁ MHOCJICA0BATCIbHOCTH. Takue PCXKHMbBI BO3MOXHBI Ha
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MOACTAHIUAX C HEOONBIIUM YHUCIOM TMPUCOETUHEHHM. 3a4acTyr0 5TO Ju0O

TpaHchopMaTOpHbBIE TMOACTAHITUN TOPOJACKUX ceTel, oo moacTaniuu 35 kB, gucio

orxomamux BJI Ha TakuX MOACTAHIIUAX OOBIYHO HEBEIUKO.

N mpucoen. ¢ L.y

OTtH. 3amep & 1
| O33 na
MPUCOET.
CynMmup. 033 na mpucoes.
A &
AJITOPUTM
0733 Ha cexiuu s
L1 1 |033ua
ITpucoes. L cexuu
<3 i &
Io paze | O33 Ha mpucoen. N —T
mexay 3Ug
u 3l 033 Ha cekuun &

Puc. 3.28. CoueTtanne CyMMHPYIOIIETO AIITOPUTMA, TPUHIIUIIA OTHOCUTEIBHOTO

3aMeEpa 1 ajJropurma ¢ orpcacaCcHUuCM HallpaBJICHUA

& 1
| O33 Ha
Da30BbIit 033 na npucoen. N TIPHCOE.
aJITOPUTM | |
P 033 Ha ceknuun & 1 1 033 1
ITpucoen. 1 L [ cexuuu
<3
&
To dasze O33 Ha npucoen. N
mexay 3U,
1 3lo 033 Ha cexuu %

Puc. 3.29. KomOrHMpOBaHHBINA aITOPUTM, OCHOBAaHHBIM Ha pacyeTe pasHOCTH (a3

MCIKAY TOKaMHU

Uucno 00TekaeMbIX TOKOM MPUCOEIUHEHUIN OINpeNenseTcsl CleayroIum
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aIrOPUTMOM:

— CpaBHUBAIOTCS JIBa MPHUCOCIUHEHUS C MAKCUMaJbHBIMU TOKAaMH — €CIU
pasHuua B Tokax 0ombiie 10%, 3To 3HaYUT YTO YUCIIO IPUCOECTUHEHHI OOJIbIIE ABYX;

— ecnu pasHuua Mesnelie 10%, TO manee CpaBHHMBAKOTCA TOKH BTOPOTO U
TpeTbero (1o yOBIBaHMIO BEJIWYMHBI TOKa) IpucoeanHeHud. Ecim TOk Tperbero
npucoenuHeHus: coctaBisieT Oosee 10% oOT TOka BTOPOrO MPHUCOCAMHEHUS, TO
(duKcupyeTcss YHUCIO TPUCOCTUHEHHN Ooibiie JByX. Eciam ke TOK TpeThero
npucoeAnHeHus coctapiser MeHee 10% oT Toka BTOpOro, To (PUKCUPYETCs HaTU4He
IBYX IPUCOCTUHEHUN;

— €CJIM BCE TOKM MEHbIIE TOKa YCTaBKH 3lyni,, OmpenenseMoro MUHUMAIbHO
BO3MOXXHBIM €MKOCTHBIM TOKOM TNPUCOCAMHEHUS, TO (DUKCUPYETCS YHUCIO
MPUCOEANHEHNUN MEHBIIE JABYX, T.€. 3alIUTa CUTHAJIU3UPYET O HATUYUU 3aMbIKaHUS,
HE ONIpeeisisi MOBPEXKIECHHOE TPUCOECANHEHUE.

Takoe coudeTraHue aaropuTMOB MO3BOJISET OXBATUTh TE€ PEKUMBI, KOTOpPbHIC
aJITOPUTMBI IO OTJEIBHOCTH HE B COCTOSIHUU CEJIEKTUBHO ONPEIEIUTh.

3a3eMJICHHE HEUTPAIM YEPEe3 PE3UCTOpP MPHUBOAUT K YBEIMYECHUIO TOKA
3aMBIKaHHMSI Ha 3€MJII0, YTO MOKET TOJIbKO OJarompusiTHO CKa3aThCsl Ha
3 PEKTUBHOCTU UCTIOIB30BAHUSI PACCMOTPEHHBIX BBIIIE aJTOPUTMOB ISl 3aIIUTHI OT
033, ocobenno mpu Mmanbix Tokax HII. JlefictButensHo, mpu O33 Ha OTXOISIIEM
MPUCOEANHEHUN TOK B MOBPEKICHHOM MPUCOEIUHEHUH BO3PACTET 32 CUET aKTUBHOM
COCTaBJISIIONICH TOKa pE3ucTopa, Kak B aOCOTIOTHOM BBIPAKCHHH, TaK U B
otHocutenbHOM. Kpome Toro, 3to MO3BOJIAET M30€XKaTh MCHOJb30BAHUS
COTOCTABJICHUSI HANPaBJICHUNM TOKOB M HANPSHKEHUS HYJIEBOW MOCIIEIOBATEIBHOCTH,
MOTOMY  4YTO  TOSABUTCA  JONOJHUTEIbHBIA  HMCTOYHUK  TOKAa  HYJIEBOU
MOCJIeI0BATEILHOCTH — TOK PE3UCTOPA.

B ciiyyae mpuMeHeHUs 3allIUThI HA PACTIPEACIUTENbHBIX U TPAHCPOPMATOPHBIX
MOJICTAHITUAX OOIIMPHBIX KaOEIbHBIX ceTel Haubonee d>PPEeKTUBHBIM OyaeT
MPUMEHEHHUE JIOTUYECKOTO aJIrOpuTMa, IMPU 3TOM TaKOW ajirOpuUTM HE HY>KJIAeTcs B
KOMOMHAIIMU C JAPYTUMU MOPUHIUIIAMH U OOECIEUHUBAET CEJIEKTUBHOE JCHCTBHE

3alIUThI BO BCCX PCIKUMaAX.
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3.6. BeiBoABI 11O IJ1aBe

1. Ins ceredt ¢ OTHOMIEHNEM €MKOCTHOTO TOKA OTAEIIBHOTO MPHUCOCIUHEHUS K
TOKY 3aMblKaHUsi Ha 3eMiato OonbmuMm (0,1 MpUMEHHM aJIrOpUTM OTHOCHUTEIHHOTO
3amepa. Ero cyrb COCTOUT B OJJHOBPEMEHHOM CPABHEHUM 3HAYCHUM BceX TOKOB HII
MPUCOEANHEHN; MAKCUMAJIbHBIA TOK OyJeT B MOBPEKIACHHOM MPUCOCIUHEHUHU.
JIaHHBIM aNTOPUTM JOIMOJHEH MPU3HAKOM reoMerpudeckor cyMmbl TOkOB HII Bcex
MIPUCOEINHEHNM, TTO3BOJISIONIAM ONPEAECIATh 3aMbIKaHHS Ha CeKIUU WHH. [Ipu 3ToM
JNEUCTBYIOIIEE 3HAYCHHWE TOKAa 3aMbIKaHMSA Ha 3€MJI0 JOJDKHO IIPEBBINIATH
MakcumanbHbli TOk HII mnpucoenunennii 6onee uyem Ha 44%. OTtu ycnoBus
00ecreynBaT NPUMEHEHHE JTaHHOTO aJrOpuTMa Ha TOJOBHBIX MOACTAHIMAX 6-35
kB.

2. B TomM cnydae, eciau MEpBBIA alrOPUTM HE NPUMEHUM, BO3MOKHO
MIPUMEHEHHUE JIOTMYECKOTO aIroputMma. Ero CyTb COCTOMT BO BBEACHHM ITYCKOBBIX
OpraHoB 10 TOKY Ha KaXJIOM mIpucoeauHeHuu cexuuu. [lo uncny cpaborasmmx [10
MOKHO OMNPEAECIUTh MECTO IMOBPEKICHUSA: HA MPUCOCAVNHEHUM, HA IIHHAX WIHA BO
BHEIIIHEH CeTH. Y cTaBKa MyCKOBBIX OPraHOB BHIOMPAETCS MO YCIOBUSIM OTCTPOMKHU OT
MakcuMalibHOro coOctBeHHOro Toka HII mpucoenuuenus 1 0T MUHUMAIBHOTO TOKA
3aMBIKaHHUSI B CETU NPU METAINIMYECKOM 3aMbIKaHUM Ha 3emutto. (s cTtaGuibHOI
paboThl 3alUThl TPU 3aMBIKAHUSX Yepe3 MEepeXOAHbIe COMPOTUBJICHUS TOK
cpabarpiBanus [IO aBTOMaTHUYECKM HU3MEHSETCS MPOMOPLHOHAIBHO HAMPSKEHUIO
HYJIEBOW MOCJIENOBATEIBHOCTH.

3. IlpennoxkeHHbll (a3HbI aNTOPUTM MO3BOJISET OOECHEUYUTH 3aIIUTy
MPUCOEANHEHUN OT 3aMbIKAHWWA Ha 3€MJII0 BO BCEX OCTAIBHBIX PEKUMaX paOOTHI.
PabGora anroputMa OCHOBaHa Ha BBIYMCICHUM HAMPABICHUS MEXIY TOKAMH IyTEM
WHTETPUPOBAHUA M MyJdbTUILIMKauMu TOkoB HII 3a mepuon. JlaHHBIM TpUHIUIT
MO3BOJISIET OMPEIEINSATh HAIPABICHUE MEXIY TOKAMU, KaK TP METAJUIMYECKUX, TAK U
MPpU JYTrOBBIX 3aMBIKAHHUSX Ha 3€MIII0. AHAIW3 BO3MOXHBIX IOTPEIIHOCTEN
TpaHcpopMaTopoB TOKa H MOCIEAYIOIIMX MNPeoOpa3oBaHUl CUTHAJIOB IO

MPEIOKEHHOMY aJIrOPUTMY MOKa3al, YTO MpeJeibHas ONIMOKa ONpeaesieHHs yria
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IIpU JyTOBOM 3aMbIKaHUU Ha 3€MJII0 COCTAaBIISIET 53 rpaayca, 4To MO3BOISET OLECHUTD
HaIpaBJICHHE TOKOB U BBIIBUTH MOBPEKIECHHOE MPUCOETUHEHHUE.

4. TlpennoxxeHHble KOMOWHHMPOBAHHBIE AJITOPUTMBI MCKIIOYAIOT HEJOCTATKU
aIrOPUTMOB OTHOCHUTENIBHOTO 3amMepa M (a3HOro mnpu paboTe B CETH C YHUCIOM
MPUCOEANHEHUN PaBHBIM JBYM. A KOMOWHAIMS MPU3HAKA T€OMETPUYECKON CYMMBI
tokoB HII Bcex mpucoennHeHUN U MPUHIUIA OTHOCUTEIBHOIO 3amMepa HCKII0YaeT
HEJIOCTATOK BTOPOTO IO ONPEICTICHUIO 3aMbIKAHUSI HA IIIMHAX CEKIUH.

5. Ilyrem anHanmmM3a mMOTpeHIHOCTEN TpaHCPOpMATOPOB TOKa [JIsi BCEX
pa3pabOTaHHBIX AJTOPUTMOB OMNPEIEICHBl KPUTEPUU MPUMEHUMOCTU U TIPEIJIOKEHbI
BBIPAXKEHUS JIJIs1 pacyeTa uX yCTaBOK.

6. Jlns 3ammThl MOACTAHUIUA ¢ OONBIIMM YHUCIOM NPUCOCIMHEHUHN MOKa3aHa

BO3MOZKHOCTb IPUMCHCHUSA OTACIIBHBIX YCTpOﬁCTB 341U THI HA K&)KI[Oﬁ CCKIIMH IIIHNH.
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4. HNCCIEAOBAHUE ®YHKIUOHUPOBAHUA 3AINUTHBI B
I'OPOACKHUX JJIEKTPUYECKHUX CETAX MU 2JIEKTPOMAI'HUTHASA
COBMECTUMOCTD

4.1. djekTpUYeCKNEe U MATHUTHbIE BJUSHUS HA KOHTPOJIbHbIE Kadean

B oanekTpudeckux CceTsSX CYIIECTBYIOT pPa3HOTO pojJa dSIEKTPOMArHUTHbBIC
MIOMEXU, KOTOpPbIE YXYAIIAIOT WIM MOTYT YXYAIIUTh KauyeCTBO (DYHKIIMOHUPOBAHUS
TEXHUYECKOTro cpeactTna [77].

JIrobas mmudpoBas TexHUKA pabOTaeT ¢ HEOOJBIIUMH YpPOBHSIMU CHUTHAJIOB,
no3TOMy TpeOyeTcs nmpeoOpa3oBaHuE MEPBUYHBIX CUTHAJIOB TOKA M HAIMPSHKEHUS 0
MIPUEMIIEMBIX YPOBHEM.

Ha puc. 4.1 mpencraBiena oOmjasi cxeMa MpeoOpa3OBaHUsl CUTHAIOB JJif

3alIUT MUKPOIIPOOCCCOPHOIO THUIIA.

| | | |
i i | N
TT1 E | 3101 | YCO1 | | =
| | | | < YcTporcTBO
| | | | ~ pesieHOMN
- 3aITUThI
e § 131l veo [T ml=!
. ! | | <<

Puc. 4.1. YopouieHHasa cxema MOAKIIOYEHUST MUKPOITPOLECCOPHON 3aIUATHI

YerpoiicTBa conpsiKeHUsST MOTYT OBITh JIMOO COBMEIIEHBI C OJIOKOM 3aIlUThl,
nu0O0 BBINIOJTHEHBI B BHJI€ OTACIbHBIX OJIOKOB. B psge ciyyaeB NOpUMEHSIOT
crielMalibHble MpeoOpa3oBarend — TpaHCHOpPMATOpPhl TOKA M HAMpPSKEHUS,
BBIXOJIHbIC 3HAYCHUS KOTOPBIX COOTBETCTBYIOT TpeOyeMbIM TUISt
MUKPOIIPOIECCOPHBIX ycTpoicTB P3. B CBA3M € 3TUM MOXET MEHATHCS YHUCIIO
KOHTPOJIbHBIX Kalesned, a Takke uX mnapaMmerpbl. [[ns MeaHBIX KOHTPOJBHBIX
kabeieit, coequusgomux TT n YCO, ceueHue I0JDKHO OBITH HE MeHee 2.5 Mve. A
JUTSL COEIMHEHUS YCTPOMCTB COMPSIAKEHUS ¢ OJIOKOM peIeHHOM 3alUThl KAaOEIb MOXKET

MMETh MEHbIIIee ceueHue. [Ipu GoNbIUX pacCcTOSHUIX OT TpaHC(HOPMATOPOB TOKA /10
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YCTPOMCTB PEIEHHON 3aIIMTHI ’TO MOYKET MPUBECTU K CYIIECTBEHHON 3KOHOMHUHU Ha
Marepuaiax npu MoHTaxe Y P3.

[{enTpanu3oBaHHOE yCTPOMCTBO 3AIIUMIIAET CPa3y HECKOIBKO MPUCOECANHEHH,
MOATOMY OT KaXKJOTO MPHUCOCIUHEHUS! HEOOXOAMMO MOJABECTH CUTHAJIBI TOKOB H
HaNnpsHDKEHUM HYJIEBOM TOCIENOBAaTENbHOCTH K 3amure. s noacranumit 6-10 kB
JUTMHA COEIUHUTENILHBIX KaOesaell MOXET OBITh OTHOCHUTEIHLHO HeOOIbIIONH — 10 20
METpPOB, a Ha mojAcTaHIuAX 35 kB pacnpeaenuTenbHOE YCTPOWCTBO BBITOIHSIETCS
OTKPBITHIM, TMOATOMY PACCTOSIHUSI TaM 3HAYUTENIbHO OOJblle, W JJIMHA KaOenei,
CBSI3BIBAIOIINX TpaHCHOPMATOPbl TOKA U HANPSHKEHUS W YCTPOMCTBO 3alllUTHI,
3HAYUTEIILHO OONBIIE, K MOXKET JocTurath 150 M.

Kaxk BugHo n3 puc. 4.1 YCO MOXHO yCTaHOBUTH KaK HEMOCPEACTBEHHO OKOJIO
caMOM 3aluThl (COBMECTUTH C 3alIUTON), TaKk U MPeoOpa3OBBIBATH CUTHAT OKOJIO
TTHII u TH. IlpeuMyliecTBOM NOCIECIHEr0 BapHUaHTa SBJSAECTCA YMEHBIICHUE
Harpy3ku Ha TT, a Takxe mnepenaya MEHBIIMX CUTHAJIOB, YTO YMEHbIIIAET
TpeOOBaHUS K CEYEHUIO KOHTPOJIBHOTO Kabersl.

YCO yMeHbIIIaeT CUTHaA B HEOOXOJIMMOE YHUCIO pa3, YTOOBI COTJIACOBATH
3HAQUEHUWE CUTHajla C  HEOOXOJUMBIM  3HAYEHUEM  BXOJHBIX  CHUTHAJIOB
MUKporponeccopHoil 3aumuthl. [Ipu Oonpmux koddduimentax TpaHchopMauu
VCO mnoje3Hpli cMTHAJA UMEET Majoe 3HAUCHHME, M Ha HETO BO3MOXKHO HAJI0XKCHHE
MOMEX, MOTOMY YTO MX 3HAYEHUS MOTYT OBITh COMOCTaBUMBI. B 3aBUCHUMOCTH OT
MeCTa YCTAaHOBKH 3allUThl, MyTH MPOKIAJKUA KaOeias M HUCIOJHEHUS] JTIMHUU CBSI3U
MOXET CYIIECTBEHHO MEHSTHCS AJEKTPOMarHuTHasi 00OCTaHOBKA, a, CI€0BATEIbHO, U
YPOBEHB MTOMEX.

Jns ouenku OMO mpoOBOIATCS HMCCIAEAOBAHUSA, BKJIIOYAKOIINE MOHUTOPHHT
nomex. [lpu OIUTENTbHOM MOHHUTOPUHIE TIOMEX BBISIBISIIOTCSA BO3MOKHBIE BHUJIBI
MOMEX, HUX aMIUIUTYJHbIE W BpPEMEHHbIE XapakTepUCTUKH. YUeM OoJiblle Kiacc
HaIpsDKEHUsT TMOJCTAHUMM, T/€ PACMOJOKEHO YCTPONCTBO 3alllMThl, WU JJIMHA
KOHTPOJILHOTO KalOessi, TeM Oojbllie YypOBHU IMoMeX. TpeboBaHUs K 3alldTaMm
CpPEeIHEero Kiacca HampsKEHUs MpUBEACHBI B pazgene 1.3, oAHAKO MOHUTOPHUHT

MOMEX B pelieHbIX muTax noactanuuii 220-500 kB nmoka3piBaeT MEHbBIIINE 3HAYCHUS
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HaBEACHHBIX CHUTHAJIOB, YE€M CTEIICHU >KECTKOCTH cTaHaapTa [41]. MakcumaibHas
roMexa npu MOHMTOpHHre umena ammmryay 500 B. Uro meHbIne, 4em cTeneHu
AKECTKOCTH 000pYyIOBaHUSI MOJICTAHIIUN CPEIHETO HAIPSHKEHUSI.

JIns mOATBEPKICHUS 3aKOHOMEPHOCTH CHMXKEHHSI MMOMEX B 3aBUCHMOCTH OT
YpOBHSI HAMNpsDKEHUs TMOJCTAHIIMU, TJE€ YCTAaHABIMBAETCS 3allUTa, ObUI MPOBENEH
MouuTopuHT nomex B TI12304 ropoackux cerent r. XanTel-MaHCHICKa.

MOHUTOPUHT MPOBOJUIICSA B TEUEHUE OJTHOM paboueit Heaenu ¢ 19 maprta mo 23
Mapta (100 wyacoB). JInuHBI KOHTPOJBHBIX KabOenel, COENUHSIONUX YCTPOUCTBO
3alUThl U TpaHnchopmaTopbl Toka, coctaBuwid ot 10 mo 20 merpoB. 3a Bpems
Mouutopudra B TI12304 mnpou3BOOMIINCHE HEOAHOKPATHBIE  ONEPALUUHA IO
OTKJIFOYEHHUIO Y BKIIFOUEHUIO ITPUCOCTUHEHUM.

3a nepuo peructpaiuu 010 3aPpuKCUpoBaHo 16 BO3MYIIEHU BO BTOPUYHBIX
LensX ¢ ypoBHEM nomexu Baiie 60 B.

3a mepBbIi yac peructpanuu ObUI0  3aduUKCUpOBaHO 66 BO3MYIIECHUI
ammmutynod 20 B u 28 Bosmymennit ¢ ammumrynon 40 B. Ilocne storo mopor
peructpaiuu Obui 3arpyosex 1o 60 B. [Ipu 3ToM npeBblllieHUE pa3InYHbIX YPOBHEH
Ha BBIOPaHHBIX JKUJIAX B IEPUOJ PETUCTPALIMU COCTABUIIO:

60 B — 16 pas,
100 B — 2 pa3sa.

MakcumanbpHas 3aperucTpupoBanHas nomexa cocrasuia 170 B mo ammuryze.

[lopaBnsitoniee OOJBIIMHCTBO 3aPETUCTPUPOBAHHBIX MOMEX MPEJCTABIISIET
coOOl OAMHOYHBIA WM CEPUI0 BBICOKOYACTOTHBIX MEPUOAMYECKUX 3aTyXaroIINX
UMIyJIbCOB. YacToTHbIN nquana3oH nomex cocrasiser 100 kI'n — 1 MI'm.

ExenneBHO (PUKCUPOBAINCH UMITYJBCHI MTOMEX JUIMTENBHOCTRIO 1.5-2 MKC U
amrunty1ou 25-30 B Ha Bcex KaHanax OqHOBPEMEHHO.

Ha  puc. 4.2-4.5 NpUBEICHbl  HamboJiee  XapaKTEpHbIE  BUJBI
3apErUCTPUPOBAHHBIX IOMEX.

Ha puc. 4.2 npuBeneHa oCUWIOTpAaMMa HANpsOKEHUS HAa TOKOBOM BXOJIE

34U Thl B MOMCHT 3aMbIKaHHUA Ha 3€MIJIIO. HapaCTaHI/Ie HMITYJIbCa UACT CO CKOPOCTBIO

2 B/Mkc.
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Ha puc. 4.3 npuBenéH cTaHIapTHBIA WMIYJbC, KOTOPBIA MOSABISETCS BO

BTOpH‘IHOfI LCIIN HECKOJIBKO pa3 B CYTKHU, MCHACTCA IIPU 9TOM TOJIBKO aMINIUTY/1A.
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Puc. 4.2. IMnynbsc HanpsiKEHHs Ha BX0/1aX TOKOBBIX KaHAJIOB MPY 3aMbIKAHUU Ha
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Puc. 4.3. Buxg cranagapTHOro OJMHOYHOTO UMITYJIbCA
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JlnutenbHOCTH (pOHTA UMITYJIbCAa — | MKC. 3a4acTylo Takue UMITYJIbChl IPUXOST B
Mayke Kak moka3zaHo Ha puc. 4.4. VM mocnenHuii HaOMOdaeMbId B TMOMEXH —
KoJiebaTeapHas 3aTyXaromuias noMexa, npuBei€¢HHas Ha puc. 4.5.

Hu ogHa 3 momex He MPEeBBIAET YPOBEHD, PETJIAMEHTUPYEMBIN 110 CTAHAAPTY
[41]. MakcumanbHas amIuTyaa nomexu cocrtasmwia 170 B, npu 3ToM MUHUMaIbHAS
CTEIEHb KECTKOCTH perjiaMeHTUpyer ammmtyay nomexu B 500 B mgus
KoJeOaTenpHON 3aryxatoumed moMexu U 1 kB Uil MMIyiabCHOM NOMEXH, Kak B
3a()MKCUPOBAHHOM CITydae.

YerpoiictBo 3amutel MK33I1 Obuio cepTu@UIMPOBAHO HA YCTOMYMBOCTH K
noMmexam u Ha cooTBeTcTBUE ['OCT o OMC (mpunoxxeHue 5).

Ho B HekoTopoMm ciydae momexu HEOOJBIIOW aMIUIUTYJIbl MOTYT BbI3BaTh
HECEJIEKTUBHOE JIeiicTBUE pa3pabaThiBaeMoil 3aluThl. B ToM ciiydae, eciiu 3HaUeHUE
MIOMEXH CTAHET COM3MEPHUMBIM C IOJIE3HBIM CUTHAJIOM, BO3MOXHO HEKOPPEKTHOE
(YHKIIMOHUPOBaHUE B OCHOBHOM (pa3HOTO ajroputMa. Eciiu momexa MpeBbIlIaeT

MOJIC3HBIN CUTHAJI, TO 1 OCTAJIbHBIC aJITOPHUTMBI 6y,Z[YT pa6OTaTb HCCCJIICKTUBHO.
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Puc. 4.4. Ilauka UMITyIbCOB Ha TOKOBBIX BXOJIaX 3aIUATHI
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Puc. 4.5. TloBTopsromasicst kosedaTenbHas 3aTyXarolas ToMexa Ha TOKOBOM BXOJIe

MII TepMuHana 3ammThI

[Ipn uccienoBaHuM MOMEX B JIMHUAX CBS3M, COEAUHANOMUX 3ammTy u Y CO,
HEOOXOJIMMO YUYUTHIBATh BIHsIHUE caMoro ycTporictBa P3A. Tlpu Gonbminx BXOIHBIX
CONPOTHUBJICHUSX YpPOBEHb Momexu OyzaeT Oonbiie. Hampumep, 3HaueHUE MOMEXH,
HaBOJIUMOU JJIEKTPUUYECKUM MyTeM, OYyJeT MaKCHUMaJlbHbIM MMEHHO MpPHU BBICOKUX
BXOJHBIX COMPOTHUBICHUSX.

CylecTByIOT JBa OCHOBHBIX THIIA CBSI3U: JJIEKTPUYECKAsi U MarHWTHas U JBa
OCHOBHBIX CIOCO0A YMEHBIIICHHS IIIYMOBBIX MOMEX: SKPAHHUPOBAHUE U 3a3€MJICHUE
[78].

YIpoueHHoe NpeICTaBIeHUE EMKOCTHOM CBSI3M MEXAY ABYMSI IPOBOJHUKAMHU
naHo Ha puc. 4.6. 3nech C;, — mapa3utHasg EMKOCTb MEXy NnpoBoaHuKamu 1 u 2, Cy;
— EMKOCTh MEXIYy MNPOBOJHUKOM H 3emiie, C,; — cyMMapHas EMKOCTb MEXIY
MPOBOJTHUKOM 2 W 3€MJIEd, a R — CONPOTHUBJICHHUE MPOBOJHUKA 2 OTHOCUTEIBHO

3CMIJIN.



Puc. 4.6. EMKOCTHas CBA3b MEXIy JBYMS IPOBOJIHUKAMH.

ConpoTtuBnenrue R 0THOCUTENBHO 3eMJIM OOBIYHO UMEET JTOCTAaTOYHO OOJIBIIOE

3HAYCHHUC, ITOOTOMY HAIIPAKCHUC HA IIPOBOJIHUKE 2 MOXKHO 3amucaTh B BHUAC:

Upy=—S2—y
= Cp+ Cyr

rae Uy — JAedcTBylollee 3HAYEHUE HABEAEHHOrO Hampspkenus, U; —
JNEUCTBYIOIIEE 3HAUEHNE HANIPS)KEHUSI HICTOYHUKA TOMEXMU.

Ecnu sxpaHupoBaTh NPOBOJAHUK CIUIOIIHBIM 3KPAaHOM, TO HAIPSKEHUE IIYMOB
Ha MPOBOJHUKE CHUBUTCSA N0 HyJs. Ho 3kpaH OOBIYHO MMEET pa3phiBbI MO Kpasm

Ka6en;1, TOTJa MOXKHO 3allMCaTh HAIIPSXKCHHUEC HA IIPOBOJHUKC!

U — Cp .
W= Cp+ Cyu+ Chp

U,

rae Cry — EMKOCTh MEXAY NPOBOAHUKOM U SKPAHOM.

B stom BeIpaxkenuu BenuunHa C;,, a cieqoBateabHo, U Uy 3aBUCAT OT JJTUHBI
YaCTH MPOBOJHUKA 2, BEICTYIIAOIIEH 34 SKPaH.

TakuMm o0pa3om, JIsI XOPOIIETO JKPAHUPOBAHUSA JJIEKTPHUYECKOTO IOJIS
HE00X0uMO: 1) MUHUMU3HUPOBATH JUIMHY HEHTPATbHOTO MPOBOJHUKA, BBIXOJIAIIETO
3a TIpeieinl IKpaHa, U 2) 00eCeurTh XOPOoIllee 3a3eMJICHUE YKpaHa.

Ha puc. 4.7 mano ynpoliieHHOE NpPEACTaBICHUE WHIAYKTUBHOW CBs3U. lIpu
MPOXOXKIACHUM TOKa [ 4yepe3 3aMKHYTYIO LIENb BO3HUKAECT MArHUTHBIA ITOTOK D,
MPONOPIMOHAIIBHBIN 3TOMY TOKY. MOXHO 3amucarh, 4To

&=L

rae Ko PUIUMEHT TPONOPIHUOHATBHOCTU L — UHIYKTUBHOCTb.
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Ecnn MarHUTHBIA MOTOK, CO3/aBA€MbId TOKOM, MPOXOISIIMM B OJHOM IIE€MH,
MepeceveT APYryr Uelb, TO UMEET MECTO B3aUMOUHIAYKIUS MEXAY ITUMH LECISIMU,

KOA(PULIHEHT KOTOPOU ONpeAeisieTCs Kak

Puc. 4.7. MarauTHas cBs3b MEXAY ABYMs LIENSMM.

Ecnu KOHTYp ¢ MPOBOJHUKOM OXBAaThIBAET IUIOUIAAb S, TO
Uy = j o B-S-cosf
Kak mnokazano nHa puc. 4.8, S — miomanb 3aMKHYTOTO KOHTypa, B —
JEHCTBYIOIIEE 3HAYEHHE IUIOTHOCTM MAarHUTHOTO II0TOKA, HW3MEHSIOLIErocs IO
CUHYCOUJAIbHOMY 3aKOHY C 4acTOTOM ), BEIPAXKEHHOM B pajMaHax B ceKyHay, a Uy
— JCMCTBYIOIIEE 3HAUCHHE HABEAEHHOTO HANPSKEHUS.
JlaHHOE COOTHOIIIEHWE MOKHO BBIPA3UTh TaKkKe uepe3 Ko PUIIMEeHT B3auMHOM

WHIYKTUBHOCTH M NBYX LiENEH:

. dl;
UZUZJC!)MII = E
JUis yMEeHbIIEHUS] HANpsDKEHHsI IIyMOB HEOOXOOUMMO YMEHBIINTH B, S ummn
cosf. BemnunHy B MOXHO YMEHBIINTh, Pa3HOCS 1N B MPOCTPAHCTBE WIH
MIPUMEHUB B II€MU MUCTOYHHMKA CKPYYEHHYIO (BUTYIO) Mapy mpoBojoB. [Ipumenenue

BUTOM mapbl 1JIs1 IPUCMHUKA IMO3BOJIAACT YMCHBIIWTD INIOIIAAb S.

Takum O6p330M, MOJXHO CACJIAaTh BBIBOA, YTO IIOMCIICHUC IIPOBOJHHKA B OKpaH
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U 3a3¢MJICHME JKpaHa C OJHOM CTOPOHBI HE BIMAIOT Ha 3HAYCHHE HANPSKCHUS,

HaBOAMMOI'O HAa 3TOT IIPOBOAHUK MAIHUTHBIM IIOJICM.

@

E nomaﬂb s . R

Puc. 4.8. MaruutHoe 1oJjie ¢ IiIOTHOCTHIO ITOTOKAa B nepecekaeT miomaapb S moja

yriaom 6.

4.2. BKCIIepI/IMeHTaJILHOe onpeacJicHuc ypOBHeﬁ IMIOME€X Ha KOHTPOJBbHOM

KaoeJe

IIpn MOHTa)Ke 3aIIUT HA NEUCTBYKOMMX MoAcTaHIUAX 6-10 kB kKoHTponbHBIE
KaOelnu MPOKIAJbIBAIOTCS MOBEPX CYIIECTBYIOMIMX KT'YTOB, W NYyTh MNPOKIAIKH
MpsIMOTO U 00paTHOTO Kalesel He Bcerja COBMAJaeT. JTO BBI3BIBAET B HEKOTOPHIX
CIy4dasiX 3HAYUTEIbHOE HABEJACHHE IOMEXM Ha IMOoJe3Hbll curHan. Ha puc. 4.9
MpeCTaBlIeHa OCIHIILIOIpaMMa CUTHANIOB, MPUXOSIIUX Ha BXOJ OJ0Ka OLU(GPOBKU
3amuThl. TOKH BO BCEX NMPUCOCIWHEHUSX PA3JIUYHBIC, OJHAKO, HA YPOBHE CUTHAJIA
3TO CKAa3bIBAECTCS HE3HAYUTEIIBHO, YTO TOBOPUT O TOM, YTO OCHOBHYIO YaCTh CUTHAJa
COCTaBJIAIOT TOMeXH, a He HeOamanc TTHII.

Jlnst ompeneneHusl JEUCTBUTENBHOTO BIUSIHUSL CIIOCO0a OpraHM3allud CBS3U
Mexay YCO u  ycTpOHCTBOM  peleHOM 3aluThl  TpeOOBAJIOCh MPOBECTH
AKCHEPUMEHT, B XO0JI€ KOTOPOr0 MOKHO ObUIO Obl M3MEPUTHh 3HAUCHUS MOMEX MPHU
paznuuHbIX cniocofax noakaoueHuss YCO. DTOT 3KCHEPUMEHT MO3BOJUT BBHISIBUTH
HauOosiee mpocToi U A3(HPEKTUBHBIN CITOCOO OpraHU3aIluu CBSI3U.

Jlnst mpoBeieHUs SKCIIepUMeHTa Oblia coOpaHa cxeMa A, mpejacTaBieHHAs Ha
puc. 4.10. JlnuHa KOHTPOJIBHOTO Kabensi coctaBuia 18 METpOB, UTO COOTBETCTBYET
pealbHBIM JUIMHAM KOHTPOJBHBIX Kabenei Ha moactaniusax 6-10 kB. g co3manus
ANEKTPUYECKUX M MATHUTHBIX TOJIEH NapauieIbHO KOHTPOJIBLHOMY Kalento Obul

nmpoyiokeH Ha paccrosunu (0.2 MeTpa NpoBOAHMK ¢ TOKOM paBHbiIM 100 A,



107
MPOTSHKEHHOCTHIO 1.5 MeTpa. B Xxo€e s3KCriepruMeHTa yCTPOMCTBOM PEJICMHOM 3alUThI

3aIlIMCBIBAJINCh OCHUJIJIOTPAaMMBbI TOKOB U H&Hpﬂ)KCHHfI.
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Puc. 4.10. Cxemspl nogkmodenuss Y CO K yCTpONCTBY 3aILMTHI

Paccmotpeno uetbipe Bapuanta nojxitoueHuss YCO. Ilo Bapuanty A (puc.
4.10) yCTpOMCTBO COMPSIKEHUS MOAKIIOUAIOCh JBYMsI pa3/iebHBIMU MPOBOJIAMH,
pacCcTOsIHUE MEXAY KOTOPBIMU AOCTUTAJO ABYX METpoB. Ocuuiorpamma s 3TOro
ciaydasi mpeacTtaBieHa Ha puc. 4.11. AMIIMTYyAHOE 3HAUYEHUE HAMPSKEHUS] MOMEXU
Ha BXxoje Oyoka ouudpoBku coctaBwio 1,55 MB. Ilpu 3azemienuu oOpaTHOrO
nposoaa (puc. 4.10., b) venocpencrseHHo 0koj0 Y CO M03BOJIUIO CHU3UTH YPOBEHD

nomexu 10 0,25 MB (puc. 4.12).
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Puc. 4.11. Ociumiorpamma noMexu npu oObIYHOM MPOKIIaJIKe KOHTPOJIBHOTO Kabens
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Puc. 4.12. Ociumiorpamma noMexu Mpu 3a3eMJICHUH KOHTPOJIBHOTO Kabessi B OJJHOM

TOYKC

Emé 6onpmmit 3phexT Ha orpaHUYCHUE MOMEX OKAa3bIBACT MPUMEHEHUE BUTOU

napel — KOHTPOJBHOIO KalOeys, MpsAMOi W OOpaTHBIM MPOBOJIa KOTOPOTO CBUTHI
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Mexay coboit (puc. 4.10., B). MakcumanbHas aMIIUTyZa TIOMEXH B 3TOM Ciydae
ctana paBHa 0,9 MB (puc. 4.13). Kak u 0xxuianoch, HaUMEHbIIUNA YPOBEHb MOMEXHU

Oynet npu 3a3emiiennn BuTol napsl — 0,08 MB (puc. 4.14).

S
NS}
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Puc. 4.13. Ociuiorpamma noMexu mpu NpoKJIaiKe KOHTPOIBHOTO Kabelsi BUTOM

napou
Ocuuiiorpamma
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Puc. 4.14. OcuunnorpaMmma noMexu npu 3a3€MJIEHUH B OJHOM TOUYKE BUTOU MApPbI
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Jlnst  cpaBHEHHMS pPe3yiabTaTOB palbOThl COOpPaHHOW SKCIMEPUMEHTAIBHOM
YCTAHOBKM Ha TpaHC()OPMATOPHOM MOACTAHIIMM OJHOM M3 TOPOJACKHX CeTe ObLI
MPOBEAEH SKCIEPUMEHT, B XOJI€ KOTOPOTro MPOU3BOAWIOCH OCIMLIOrpadupoBaHUE
MMOMEXH CpEJICTBAMHM YCTPOWCTBA LEHTPAIM30BAHHOM 3aIUTHI OT 3aMbIKAHUN Ha
3emuto. [lpu paszszemiieHun oOmield TOYKHU, COETUHSIONIEH KOHTPOJIbHBIE KaOenu C
3eMJIEH, YPOBEHb NTOMEX BO3pPOC Ha BCEX KaHanax U coctaBuwi 4 MB mo ammiuryne
(puc. 4.15). ®opma curHasa moMexHu OKazauaach CXOXKEW C MOMEXOM, MOJy4YeHHO! B
XO0JIe AKCIEPUMEHTaNbHBIX uccieAaoBaHui. [lpu 3a3emii€éHHON ke 0O0IIel ToOuke,
CBSI3bIBAIOIICH BCE KaHallbl TOKOB, MOMEXa HMEET HEOOJbIIOE 3HAYEHUE U HE

npessbimaet 0.15 mB (puc. 4.16).
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Puc. 4.15. Ociumiorpamma nmoMexu mpu OTCYTCTBUU 3a3€MJICHUSI OO1el TOYKU

KOHTPOJIbHBIX Kabelei
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Puc. 4.16. OciuniorpaMma moMexu IIpHu 3a3eMJICHHOU O0IIed TOUKE KOHTPOJIbHBIX

Kabenen

MOXHO BBIAEIUTH JABAa OCHOBHBIX BapuMaHTa OpPraHW3allMM KaHaja CBS3U —
npsIMOM  Pa3BOAKON KaOenisi ¢ 3a3eMJICHMEM B OJIHOM TOYKE M BUTOW Mapou ¢
3a3€MJIEHUEM B OJIHOM TOYKe. [IepBbIil BApHAHT MOJKIIOUECHUS IIUPOKO MTPUMEHSETCS
IIPU MOHTa)K€ YCTPOMCTB peleHHON 3allluThl U HE TPEOyeT CHelHaTbHOTO Kabes.
[Tpu sTOM 001IMI TPOBOJA BCEX AATYMKOB TOKA MOXKET OBITH OOIIMM, YTO COKpaIlaeT
oOIIyI0 JUIMHY UCIIOJb3yeMoro kabens. Takoi BapuaHT UCMIOTHEHUS IPUMEHUM MpPU
HEOOJIBIINX JJIMHAX KOHTPOJILHOTO Kadensi, Hampumep, Ha nojactaniusax 6-10 kB c
HEOOJIBIIINM YHCIIOM NMPUCOETUHEHU I U HaA ToAcTaHIuAX 35 kB.

HeoOxonumo opranusoBsiBaTh coenuHeHre YCO H ycTpoWcTBa 3alUTHI C
MOMOIIBI0O BUTOW Taphl, 3a3eMJEHHOM B OJHOW TOUYKe, JIUOO YMEHbIIATh JJIUHY
kabeeit cBsi3u myTem BbiHOCa Y CO K yCTPOMCTBY 3alIUTHI B CAEAYIONIUX CIydasX:

— Mpu OOJIBIIIOM YHCJIE MPUCOSAUHEHU Ha moAcTaHIusIX 6-10 kB;

— JUTMHE KOHTPOJIbHOTO Kabens 6onee 10 MeTpoB;

— HAa TOJCTAHIUAX C COOCTBEHHBIMH EMKOCTHBIMH TOKAMH MPHUCOCIUHEHUIN

meHee 1 A.
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4.3. BeiBoABI 11O IJ1aBe

[IpoBen€HHBIE MOHMTOPHHI NMOMEX Ha moAcTaHmMAX 6-35 kB mokaszain, 4to
MMOMEXH JICKAT HUKE YPOBHEH, ONMPEAECIEHHBIX HOPMATHUBHBIMM JOKYMEHTAMH K
ucnbiTanuaM Ha OMC. [lo pgaHHBIM HOPMAaTHUBHBIM JOKYMEHTaM IPOBEICHA
cepTu(UKalus YyCTPOICTBA pelelHON 3allHTHI.

Onnako, moMexu 0OHAPYKEHHOTO YPOBHSI MOTYT MIPUBOJUTH K cO0siIM B paboTe
AJITOPUTMOB 3aIIUTHI.

YpoBeHb MOMEX Ha BXOJAaX 3alIMThl HAa IMOJACTAHIUAX PA3HUTCI, 3TO B
OCHOBHOM 3aBUCHUT OT UMCJIa MPUCOCTUHEHUMN CEKIIUN U JJIMH KOHTPOJIbHBIX KaOeei.

DKCMEPUMEHTAIIBHO MOKA3aHO, YTO JJIsl HAJEKHON pabOoThl IEHTPATU30BaAHHBIX
3alIUT C NOPEAJIOKEHHBIMUA QITOPUTMAMU JOCTAaTOYHO PEANTU3ALUUA  CIEAYIOMINX
MEPOIPHUSITUH:

- 3a3eMJICHUE KOHTPOJIbHBIX Kabelieil B 0IHOM TOUKe;

- IPUMEHEHHE B KaueCTBE KOHTPOJIBHOTO Kalelsi BUTOM Mapbl, B OCOOCHHOCTH
Ha OOJIBIINX MOACTAHIUAX;

- BBIHOC YCTPOWMCTB CONPSIKEHUS HEMOCPEACTBEHHO K MECTY YCTaHOBKH

3alllUThI.
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5. TEXHUYECKUE ACHEKTHBI U BHEJIPEHHUE 3AIIUTHI OT
3AMBIKAHUM HA 3EMJIIO

5.1. Oco0eHHOCTH NOAKJIKYEHHS TPaHCPOPMATOPOB TOKA HYJIEBOUH

MOCJe10BaTeJILHOCTH B ceTax 6-10 kB

Ecau cnoco6 opranuzanuu cBsizu mexay TTHIL, YCO u yctpolicTBa 3aliuThl
B 3HAYUTEIBHOM CTENEHM CKAa3bIBAETCS HA MHKPOIIPOLUECCOPHBIX 3alIMTAX, TO
HecoOmonenne npaBuia MoHTaxka TTHII u BTOpuYHBIX Iieneil TOKa MTPUBOAUT K
OTKa3aM W MU3JIUIIHUM CpadaThIBAHUSAM pEIEeHHON 3alIUThI JIIOOOTO THUIIA, YTO YacTO
BEJIET K YCTOMYMBOMY MHEHHIO O HEpaOOTOCIOCOOHOCTH 3allUT OT 3aMbIKaHHU Ha
3EMIIIO.

3a BpeMs BHEIPEHUS 3alIUT OT 3aMbIKAHUH Ha 3eMJII0 B KaOeIbHBIX ceTAx 6-10
kKB Hakommiace cTaTuCcTHKa II0 HamOojee dYacThiM ommOkamM MoHTaxka TTHII,
KOTOPBIE MMPUBOJAT K COOSIM B pabOTe 3alllUT.

DTO CBf3aHO CO cHenupUKON pPACTeKaHHWs TOKOB MO 3eMJie W O0O0JI0YKaM
KkabenbHbIX TUHUK [79]. Ha puc. 5.1 uzobpaxeHa ceTb ¢ pe3UCTUBHO-3a3€MIICHHOM
HeWTpanblo 6-10 kB wm mnpeacraBieHo pachnpenelieHue COCTAaBIAIOIIAX TOKa
onHo(azHoro 3ambikanusi mo cetu 6-10 kB. Bekrtophnas auarpamma TOKOB
MPECTABICHA HA PUC. 5.2.

Tox 3amblkaHMsi Ha 3€MJII0 OOYCIOBIEH EMKOCTSIMU  «(da3a-3emiisi»
HETMOBPEKIEHHBIX (3I0pOBBIX) (a3 BceX DJIEMEHTOB CeTh (B OCHOBHOM 3TO
KaOellbHbIC W BO3JYIIHbIE JUHUU 3JIEKTPOIEpeaun) U pe3UCTOPOM, BKIFOUEHHOM B
HelTpans Tpanchopmaropa (B cxeme oH 0003HAYEH KaK HEUTpaaeoOpa3yromuii). 9T
TOKH MO0 0OMOTKaM TpaHC()OPMATOPOB CETU MEPETEKAIOT Ha MOBPEXKAEHHYIO (pa3y U B
Mecte O33 crekaroT B 3emito (puc. 5.1). M3 paccmoTpenus TokopacmnpeneneHus,
MOKAa3aHHOTO Ha puc. 5.1, cimenyer, 4TO B 3alIUTY HNOBPEXKIAEHHOTO MPUCOEAUHECHUS
nonajgaeT EMKOCTHOM TOK HYJEBOM MOCIEA0BAaTEIbHOCTH, OOYCIOBICHHBIN
€MKOCTBIO BCEHl MUTAIOIIEH CeTH (KpoMe MOBPEXKAEHHOTO AJIEMEHTA), a TaKXKe TOK

pesucropa. Tok, 00yCIOBICHHBIN EMKOCTBIO TTIOBPEXKAEHHOTO JIEMEHTa, YAaCTUYHO HE
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nonagaer B TTHII, wactnuno mnporekaer uepe3 okHO TTHII gBaxael B pasHbIX
HarpaBJIeHUsIX (110 MOBPEXJAEHHON U 10 HEMOBPEXAEHHBIM (hazam). Takum oOpazom,

TOK HE TPaHCPOPMUPYETCSI BO BTOPUUHYIO OOMOTKY.
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Puc. 5.2. BekropHas nuarpamma

B 3amuTy HEmoBpeXIEHHOrO MPUCOETUHEHUS, HA00OPOT, MOMAJaeT TOJBKO

TOK HYJIEBOM IOCIEIOBATEIBHOCTH, OOYCIOBIEHHBI COOCTBEHHOM EMKOCTBIO (a3
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OTHOCHUTENBHO 3eMiik. Ha puc. 5.1 3T0 MOXHO IPOCIEIUTH IO HAIIPABJICHUSM TOKOB,
ootekaromux TTHII npucoeauHeHus, CBA3BIBAIONIETO IITMHBI JAHHOW MOACTAHIINHU C
MUTAIOIIEH CEThIO.

Ha cpaBHeHMM TOKOB B 3alIMTE€ NPU BHYTPEHHEM WU BHEIIHEM 3aMBIKAHUU U
OCHOBAaHa CEJICKTUBHOCTH 3amuT oT O33.

Merannudeckass OpoHsI CHJIOBBIX KaOeJed MOJUICKUT 3a3€MJICHUI0 MO0 000UM
KOHIIAM JINHUM W, KaK CJIEJCTBUE, SABJISCTCA KAaHAJIOM IMPOTEKAHUS TOKOB HYJIEBOU
MOCTeI0BaTeNbHOCTH. [Ipy  HEmpaBUIBHOM  BBINIOJTHEHUHM 3a3eMJICHUS OpOHU
HApyIIAOTCA  PACCMOTPEHHBIC  BBINIE MOPUHLWNBL  JEUCTBHUS  3alUT. ITO

WTrocTpupyercs puc. 5.3 u 5.4.
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Puc. 5.3. PacTtekanue Toka 1o 3emiie ¥ mo 000JI0uKe Kabesi Ipu BHEUTHEM

3aMBIKaHUH U HEBEPHOM 3a3eMJIeHUH 000109Kku oHoro u3 TTHII

Ha pucyHkax moka3aHO HEBEpPHOE 3a3eMJIeHHE OpOHHU KaOeysl Mpu MOHTaxKe
TTHII1. KabGenp ¢ metainueckol o0osioukoil mpoxoaut yepe3 okHo TTHII1 u
MOAKITIOUEH K METAJUTMYECKON BOPOHKE KOHIIEBOU MY(PThI, KOTOpas 3a3eMIIeHa.

Puc. 5.3 unntoctpupyeT BO3MOXKHOCTh HECEJIEKTUBHOIO JCUCTBUS 3aIUT MPU
BHEIIIHEM 3aMbIKaHuM (He Ha paccMatpuBaeMoM kabene). Tok 31pc yactuuno (I’Cgyy)
3aMbIKaeTcst Mo OpoHe kabens u, npoxonsa uyepe3 okHo TTHII1, tpanchopmupyercs
BO BTOPUYHYIO OOMOTKY. ITO MOKET BbI3BaTh HECEIEKTUBHOE JICUCTBUE 3AIUTHIL.

Ha puc. 5.4 nokazano pacnpeneneHrne TOKOB IPU BHYTPEHHEM 3aMbIKAHUU HA
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Puc. 5.4. Pactekanue Toka 1o 3emiie ¥ o 000JI0UKe Kabessi Ipy BHYTPEHHEM

3aMbIKaHWH U HEBepHOM 3a3emuieHun T THII

31ech TOK, 00YCIOBJICHHBIN E€MKOCTHIO BHEIIHEW CETH, MPOXOJsl 4epe3 OKHO
TTHIII1, nomkeH BbI3BaTh cpabarbiBaHue 3amuThl. Ho dacTh 3Toro toka (I’csgh)
MPOXOJUT B MECTO 3aMbIKaHMS HE uUepe3 3eMJIo, a Mo OpoHe Kalens, KOTOphIi
npoxoauT B okHe TTHII B oOpaTHOM HampaBieHUHU, yMEHbIIAA TEM CaAMbIM padounii
CUTHaJI. JTO MOXKET MPUBECTU K OTKA3y B cpabaThIBAaHUU 3aLTUTHI.

st uckimodeHus: mogoOHeiX cutyanuii npu MouHtaxke TTHII HeoGxomumo
MPUAEPKUBATHCS ONPEIeNEHHBIX TPaBUII 3a3eMiIeHUs] Oponu kadens. [Ipu Hanuuuu y
KOHIIEBOM MYy(Thl METAIJIMYECKOM BOPOHKH, COCIUHEHHOU ¢ OpoHEi Kabes,
HEO0OXO0JJMMO BOPOHKY U OpOHIO U30JMPOBATH OT 3a3€MJIEHHBIX YacTeil HA YYacTKE OT
TTHII no BOpOHKH, a 3a3eMJIAIOIINAN MPOBOJHUK MNPUCOEAWHUTH K BOPOHKE U
MPONYyCTUTh 4Yepe3 oTBepcTtre marHutomnpoBoga TTHII B oOpaTHoM HampaBlieHUH
[80], kak TO moKa3aHO Ha puc. 5.5, a.

CoBpeMeHHBIE  KOHIEBbIE MY(THI  BBINOJHSIOTCS U3  HU30JSLUOHHOIO
Marepuala, u eciu kabeiab ¢ MeTaiuinueckoi Oponéit He npoxoaut yepe3 TTHIIL, To
3a3eMJISIFOIIMN TPOBOAHUK HE CIEAYET MpomyckaTh yepe3 okHo TTHIIL Dtot cnyyai
MoKa3aH Ha puc. 5.5, 0.

B coorBerctBum ¢ IlpaBWiamu  yCTpOMCTBa 3JIEKTPOYCTAHOBOK [81]
MPUCOCINHEHUE METATMYECKUX O000JI0ueK W OpoHHM Kabens K 3a3eMIISIONIEMY
YCTPOMCTBY JIOJIKHO OCYIIECTBIIITECS MEAHBIM NMPOBOJHUKOM CEYEHUEM HE MEHee 6

2
MM .
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Puc. 5.5. MonTax 3a3emieHus 000J104ku kadens: 1 — mpoxoaHoit u3onsrop; 2 —

kopryc mydTsl; 3 — TTHII; 4 — npoBoa 3a3emiieHust; 5 — kabenb; 6 — U30s1us

B umemsix  BTopuuHbix  0o0MOTOK  TpaHcopmartopoB  Toka  (TT)
npeaycMaTpUBaeTCsl 3alllUTHOE 3a3eMJIeHHE JJig oOecredyeHus: 0e30MacHOCTH
IepcoHajla B ciiydae NOBpexAcHUA TT TIpu NEPEKPBITUA HU3OIALUA MEXKIAY
MEepBUYHON U BTOpUYHOU oOMoTKamu. CorjacHo [81], BTOpUYHBIE HENU AOTKHBI
3a3eMJIAThCS. B OJHOM Touke Ha Omkaitmedt or TT cOopke 3akuMoB MO0 Ha
sakuMax TT. Jlns 3amut, oO0beauHSOmMMX HecKoiabko TT, 3azemieHue nemneu

MIPOM3BOAUTCS TakKe B OHOM Touke [9] (puc. 5.6).
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Puc. 5.6. Cxemsl coennnenusa TTHII u 3a3emiieHuss UX BTOPUYHBIX LIENIEW MTPH

pa3HOM YHCIie Kadeneu

5.2. IlpuMeHeHHe TPEXTPAHCPOPMATOPHBIX (PUIBTPOB TOKOB HYJIEBOM

mocjaea0BaTeJibHOCTH

JIrobass 3amuTa OT 3aMbIKaHUS HAa 3€MJII0  HCHOJB3YeT JJISI CBOETO
(YyHKIIMOHUPOBaHUA HHPOPMAIIMI0O O TOKaX HYJIEBOM MOCIEJO0BATEIbHOCTU B
MPUCOEANHEHUAX. JTU TOKH, KaK OBLUIO CKa3aHO BBIIIE, MOTYT OBITh MOJYYEHBI C
MOMOIIBI0O MAarHUTHOTO WJIM 3JIEKTPUUYECKOT0 CYMMHUPOBAHUSI CUTHAJIOB TPEX (a3.

OcHOBHOU MpoOJIEeMON NJisi OpTaHU3alMK 3alUT OT 3aMbIKAHUN Ha 3€MIIIO B
cetax 35 kB  sABnsgercs  CIOXKHOCTh  ONPEACNIEHUS  TOKOB  HYJIEBOHU
nocienoBaTenbHOCTH. CeTu 35 KB mo Gosiblieil 4acTu BBIMOTHSAIOTCS BO3TYIIHBIMU
JVHUSIMHA ANEKTPOIIEpEaaUH, CJIEN0BATEINIBHO, MIPUMEHEHHE KaOeJIbHBIX
TpaHc(pOpMaTOpPOB TOKA HYJIEBOM MOCIEIOBATENILHOCTA JMJIS TakKuX JIMHUN 0e3
MPUMEHEHUS] KaOelIbHBIX BCTaBOK HEBO3MOXHO. [loaTomy Bbigensats Tok HII
HEOOXOUMO JJIEKTPUUYECKUM CcloKeHueM (¢a3Hbix TOKOB. Ha xkaxmodt u3 ¢a3
YCTaHOBJIEHBI TPaHC(HOPMATOPHI TOKA, OOBIYHO TaKHE TpaHCPHOPMATOPbI ObIBAIOT KaK
BCTPOCHHBIMH B BBIKJIIOYATeNn, Hamnpumep, C-35, Tak U OTAEABHO CTOAIIMMU. Y
KaXJI0ro TpanchopmaTopa TOKa MMEETCS HECKOJIbKO OOMOTOK, MPUMEHSEMBIX MJIS
paznuuHbIX 1ened. [(ns meneil peneiHoM 3amuThl npumMmeHsiercs oOmorka 10P,
uMeroniasi norpemHocTs 10 10%. Jta oOMoTKa paccuutana Jjisi pabOThl pPesieHOM
3alIUThl TPU TOKAX IMPEBBIIAOIINX HOMHUHAIbHBIE TOKW. lIpum morpemnoctu
TpanchopmaropoB Toka 10%, oxkumaeMplii HeOaJaHC MOXKET ObITh 3HAYUTEIBHBIM.

Hanpumep, npu HoMuHaIbHOM nepBUYHOM Toke 100 A, HeOanmaHC MOXKET JOCTUTaTh
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10 A, yTo 3HaUUTENBHO OOJIbIIE EMKOCTHOTO ToKa ceTu BJI 35 kB [82].

Crout, OAHAKO, 3aMETHTh, YTO 3aMbIKAHME HAa 3EMJII0 HE BbBI3BIBACT
CBEPXTOKOB, U TpaHcHOpMATOpbl TOKa MPOAOIKAIOT paboTaTh B HOPMalIbHOM
pexuMe, IpU TOKaxX He MPEBBIIAIONINX HOMUHAIBbHBIE. A 3TO 3HAYUT, YTO BMECTO
pelerHbIX BTOPUYHBIX OOMOTOK TpaHC()OPMATOPOB TOKA, MOKHO HCIIOIB30BATh
BTOPUYHbIE OOMOTKHU [IJIi U3MEPUTENIbHBIX MPUOOPOB U CPEJCTB yd€Ta C KJIacCOM
touHocTH 0.5. Takum o6pazom, npu Toke 100 A, HeGanaHc MoxeT cocTaBUTh A0 0.5
A, 4TO MOXET OKa3aThCsi COU3MEPUMBIM C EMKOCTHBIMU TOKaMHU BO3AYIIHOW JTUHUU
AJEKTPONepeaauHu.

3HayeHue TMOrPEeIIHOCTH  TpEXTpaHnchopMaTopHOoro (QuibTpa  HYJIEBOM
MOCJIE0BATEILHOCTH PABHOE MOTPEIIHOCTH COCTaBIISIIOIIMX €ro OJAHO(a3HBIX
TpaHc(opMaTOpPOB TOKA SBISAECTCS MaKCUMaJIbHbIM. Ha mpakTuke Takasi HOrpenrHocTh
OKa3bIBa€TCsl 3HAUUTEIbHO MeHble [83]. Hanpumep, aist tpanchopmatopo TO3IM
MpU HOMUHAJIBHBIX TOKax 228 A, nocturaet 0,3 MA, 4To BrojHe npuemiaemo. /[nuHa
HekoTopeix BJI coctaBisier equHUIBI KUIOMETPOB, mpu 3apsgHoMm Toke 0,1 A/kwm,
TaKas JUHUS OOBIYHO JaeT TOK OoT 0,5 A, 4TO ¢ JOCTATOYHBIM 3aacoM MPEBBIIIACT
He0aJaHC TOKOB HYJIEBOM MOCHEIOBATEILHOCTH M TpEXTPaHCHPOPMATOPHBIX
(UIBTPOB TOKOB.

OTHOCUTENHHO MEHbIIIEE 3HaUEHHE HeOallaHCa BBI3BAHO TEM, UTO MOTPEIIHOCTh
OTpaXXaeT MAKCHUMaJIbHOE OTKJIOHEHHE BTOPUYHOIO TOKAa OT MEPBUYHOIO,
npuBei€HHOro yepe3 kodpdunreHt tpanchopmaruu TT ko Bropuunomy. TT umerot
OJIMHAKOBYIO KOHCTPYKIIHIO, U 3JIEKTPOMArHUTHBIE MPOLIECChl, O0YCIOBIUBAIOIINE
MOTPEIIHOCTh B TpaHchopMmaTopax TOKA HMMEIOT OJHY U Ty K€ MpUpOAY,
cienoBaTeibHO XapakTepucTtuku TT OynyT He3HauuTenbHO oOTiIHMuYathes. W mpu
CYMMUPOBAHUH OKQXXETCS, YTO MOTPEITHOCTh 3HAUUTEIILHO MEHBIIE KJIacCa TOYHOCTH
nanHoro TT. JIns moOATBEpkKACHUS JAHHBIX 3aKJIIOYEHUM ObUT  MPOBENEH
skcniepuMeHT ¢ Tpemss TT tuna TK-20 pasnoro roma Bbimycka. Ilomyuyenst
BosjbTaMiiepubie xapaktepuctukun (BAX) tpéx TT (puc. 5.7), m mo stum BAX
onpeJieNieHbl BTOPUYHbIE TOKM M PACCUYMTaHa CyMMa 3THX TOKOB B HYJICBOM MOBO/JIE,

npu coenquaenuu TT B 3Be3ay (puc. 5.8).
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Puc. 5.8. Hebananc npu cyMmmupoBaHuu TpEXPa3zHOTo TOKa

Jnsg mpoBEepKM NPAaBUIIBHOCTH pacy€Ta MNPOBEAEH JKCIEPUMEHT, B XOJE
KOTOpPOro OblI HM3MEpEeH HebaJlaHC TMpU pa3IMYHBIX [EPBUYHBIX TOKAX H

Hanpsbkenusix. Harpyska tpancdopmaropa Toka coctaBmia 0.2 Om, u3 kotopsix 0.1
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OM cocrtaBisio oO0miee CONPOTUBICHHUE B HYJIEBOM MPOBOJHUKE BTOPUYHBIX
BBIBOJIOB TPaHC(pOPMATOPOB TOKA, COECIMHEHHBIX B 3Be3Ay. Ha puc. 5.9 orpaxen
MOJIyYEeHHbIH HeOanaHC, MPUBEAEHHBIM K TMEPBUYHOMY TOKY, B 3aBUCUMOCTH OT

MEPBUYHOIO TOKA.

600
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IlepBruuHBIl TOK, A
Puc. 5.9. He6ananc B nynesom npoBoanuke TT TK20
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IlepBruHBI TOK, A

Puc. 5.10. Hebananc B HyJIeBOM MPOBOJIHUKE, BHIPAKEHHBIN B MIPOIEHTAX OT

IICPBHUYIHOI'O TOKA

B nuteparype [84] ymoMuHaEeTCs NOTPEIIHOCTh TPEXTPaHCPOPMATOPHBIX
(uUnbTPOB HYJIEBOM MOCIEAOBATEILHOCTH, KaK paBHasl UX Kjaccy TouHOCTU. Ha puc.
5.10 orpaxén HeOamaHc B Tpé€XTpaHcPOpMaTOPHOM (PUIBTpE, 3HAYEHUE HSTOTO
HeOalaHCa HE3HAYMTENbHO MPEBOCXOJUT KJIACC TOYHOCTH, YTO CKOpEE CBA3aHO C
MOTPEIIHOCTHI0 U3MEPEHU. DTa HETOUYHOCTh OOOCHOBAHA CIOKHOCTBIO M3MEPEHUS
MaJlbIX 3HAYEHUH MaJIeHus HanpsikeHus Ha Harpy3ke B 0.1 Owm.

ABTOpBl [83] mpoBeNM HCCIEAOBAHUS Ha ACHUCTBYIOIIMX MOACTAHIUAX, W
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OmpeIeNUIn 3HauYeHUs] HeOAIaHCOB JJIsl pa3HbIX TpaHC(HOPMATOPOB TOKA C KIacCaMU
tou”octH 0.5 u P. [{ns TpanchopmaTopoB Toka ¢ KiiaccoMm TouHocTu 0.5 HebanaHc He
npessicu 0.1% oT HOMHMHaIbHOTO TOKa. OmHaKo I TpaHCGHOPMATOPOB TOKa C
KJIacCOM TOYHOCTH P, u3MepeHHbIl HebanaHC okazaics Bbilie, u coctaBui 30% npu
TOKE paBHOM 8% OT HOMHUHaAIBHOTO U cHHkaetcs 10 0.6% npu Toke paBHOM 46% OT

HOMHMWHAJIBHOTO.

5.3. OnsIT BHCAPECHUA 3allIUTBI OT 3aMbIKAHUH Ha 3eMJII0 B TropoacCKux

cerax 10 kB r. XauTei-MaHcHiicka

OcCHOBHbBIE TPYAHOCTH, MPOSIBUBIIKECS MPU BHEAPEHUU 3aIUT OT 3aMbIKAaHUN
Ha 3€MJII0 B TOPOJCKHUX CETAX, HABEPHOE, SIBIIAIOTCS XapaKTEPHBIMU JJIsi JHOOBIX
cereii HampspkeHust 6-10 xkB. OHu cBsI3aHBI, Npexae BCEro, € TPAIAULMOHHBIM
OTCYTCTBHEM JIOCTATOYHOTO BHUMAHMS K OJTUM 3ammTaM. Tak Ha MHOTUX
MPUCOEANHEHUAX  JUOO  OTCYTCTBOBaJIM, JIMOO HE  ObUIM  MOJKIIOYECHBI
TpaHc(opMaTopsl TOKa HYJIEBOU MOCeI0BaTeIbHOCTH. Ha MHOTHX MpUCOETUHEHUAX
OBLJI0 HENpPAaBUJIBLHO BBHINOJHEHO 3a3eMJICHHE »JKpaHa Kalensd. 3amura 4acTo
BBITIOJTHSJIACH HA peJie YCTApEBILETO THUIIA - SIBHO HE CIIOCOOHOW YJOBIETBOPUTH HU
CEJICKTUBHOCTH, HU YyBCTBUTEIbHOCTU (Hampumep, Ha Oaze pene tuna PT-40/0,2).
Tawm, rae 3ammTa OblIa BBITIOJIHEHA, CUTHA OT HEE HE JIOBOJUJICS /10 UCIIETUYEPCKOM
cnyxObl. B psane cmydaeB naxke Ha PII, BeIOTHEHHBIX HA COBPEMEHHOM MMIIOPTHOM
obopynoBanuu, 3ammra oT 33 oka3pBalaCh HEACECIOCOOHOM, TakK Kak
npeaHa3Havyalach Jyisi paOOThl B CETSAX C TOKaMHU 3aMbIKaHUS Ha 3€MIII0 B COTHH
amriep 100 ObljIa HEMPaBUIILHO HAacTpoeHa. Tak, Hanpumep, 3amurta oT 033 SPAC-
800 BbIMIOTHEHA CTYNEHYATOM C TOKaMH CpadaThIBaHUS HA MHOTO MPEBBIIIAIOIINMU
TOKM O33 B OTEUECTBEHHBIX CETSX.

Pa0oThI 110 BHEPEHUIO 3aLIUTHI OT 3aMbIKAHUM HA 3€MJII0 B BHICOKOBOJIBTHBIX
ANEKTPUYECKUX CceTsAX I. XaHThl-Mancuiicka Hayanuch B 2000 roay ¢ yCTaHOBKH
3a3eMJIAIONIUX ~ PE3UCTOPOB W HANPABIEHHBIX TOKOBBIX  3alIUT  HYJIEBOU
MOCJIEI0BATEIbHOCTH Ha BCEX IMOJCTAHIIMIX, MUTAIOMINX TOPOJCKUE DIICKTPUUECKUE

cetu [85]. Tokm 3ambikanusa Ha 3emur0 B TO Bpemsi coctaBipum 30-40 A. B
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coorBercTBUM C 1.1.7.64 I1YD [81] B rOpOACKUX CETSIX C BO3AYUIHBIMU JIMHUSMU
peneitHas 3ammTta oT O33 M0KHA JIEMCTBOBATHh HAa OTKJIIOYEHHUE. IJTO MO3BOJIUIIO
UCIIOIB30BaTh  PE3UCTOPHI  HEOOJNIBIIOW  HSHEPro€MKOCTH, ©O€3  3aTpyJaHEHUs
pasmemaemble B TUNOBBIX KPY. B 2001 rony B KPY 10 kB Xantei-Mancuiickon
noACcTaHIMU ToA pykoBoacTBoM mpod. Ilenedbporckoro FO.B. Obuin mpoBeneHbI
HaTypHbIC UCTIbITaHUs. VIMUTHpOBaNOCH AyroBOe mepeMexaromieecs: 3aMbIKaHUue TpU
OTCYTCTBHUM PE3UCTOpPAa W MpPHU HAIU4YUU pe3ucrtopa conporusieHuem 500 Owm.
WcnbiTanus nokazaiy, 4TO IPU HAIMYUKM PE3UCTOPA KPATHOCTh MEPEHANPSIKCHUS HE
MpEeBBICUIIA 2, pelIeiiHas 3aluTa AEHCTBOBAJIA CEJIIEKTUBHO [86].

C 2007 roma Ha pacmpeAesUTENbHBIX U TPaHCHOPMATOPHBIX MOJCTAHIIMIX
YCTAHABIMBAETCS COBpeMeHHass U coBepueHHas 3ammura MK33I1.  IlepBbiM
KOMIIIEKTOM  Takou  3amuTel  sBmaack MK33II1-32, oxBarweBaromas 32
NpucoeAMHEHus. B mociieicTBUY yCTaHABIMBAIMCH HOBbIE MOJU(DUKAIINY 3aIUThI, a
nmeHHO MK33II-M  u  MK33II-B3. 3Otu 3ammTbel UMEIOT pacIIMpEHHBIE
BO3MOKHOCTH, TTO3BOJISIIOT 3alIMCHIBATh OCHWIJIOTPAMMBI. 3aIUTHI BKIIOYAIOT B CEOsI
BCE OMHCAHHBIE B TPEThEW TIJaB€ AJITOPUTMBI, OJHAKO B YCJIOBHUSX OOIIMPHBIX
KaOENIbHBIX CETe OCHOBHBIM aJTOPUTMOM YCTAHOBJIEH JIOTUYECKUN alTOPUTM,
XOpoIIo paboTaromuii B CETIX C OONbIIMMHM TOKaMHU 3aMbIKaHUS Ha 3emiio. B
NPUIOKEHUH 7  TPUBEACHBI  MPOTOKOJBI  MPOU3BOJCTBEHHBIX  HCIBITAHUM
YCTAaHOBJICHHBIX 3aIIIHUT.

B nacTtosiiiee BpeMs 3alUThl OT 3aMbIKAHUM Ha 3€MJII0 YCTAHOBJICHBI HA BCEX
MojCcTaHIuAX. J[0o ocHalmieHus 3amuTaMd BCEeX KaOEIbHBIX M BO3AYMIHBIX JIOII
3amuThl oT O33 OblIM BbiBeneHbl Ha curHaid. C 2008 roga Hayancsi MOCTENEHHBIN
MEepeBOJ] 3allUT C CHUTHAIM3AIMA O HAJIWYUK 3aMbIKaHUA Ha OTKJIIOUYCHHE
npucoeAuHeHn. TOKM 3aMbIKaHUSI HA 3€MJII0 B CETH 3a ATO BPEMS YBEIUYWIHUCH J0
40-90 A. CenexktuBHocTh mpu O33 B ceTu obOecneyMBaeTCsi MO CTYyNEHYATOMY
MNPUHIKITY, TakuM o0O0pa3oM, 3alluThl pe3epBUPYIOT oaHa JApyrytro. CrymneHb
CEJIEKTUBHOCTH MEXY 3allUTAMU Pa3HbIX YPOBHEMN cocTaBiuseT 0.5 CEKyHbI.

3a nmepuon 2005-2008 rr., korja MpakTUYECKH BCE MPUCOCTUHEHUS ObLIU

OCHAIICHbI CCJIICKTMBHBIMHA 3alllUTAMM, IIPOBOJWIICA peFYHHpHBIﬁ aHaJIN3 IMOBCACHUA
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peNeriHON 3allWThI, JEWCTBYIONIEM Ha cur”Han. Ilpy 3TOM oneHuBanach ee
CEJIEKTUBHOCTh U MOCIEAYIONUNA crIOcO0 YCTpaHEHUS 3aMbIKaHUs. Tak BBISIBICHHOE
O33 w™morno OBITh YCTPAHEHO HAEKYPHBIM [EPCOHAJIOM - BBIE3JOM €ro Ha
COOTBETCTBYIOIIYIO MOACTAHIIUIO (B CPEAHEM HA 3TO YXOJUT OKOJIO | 4). 3aMbIKaHUS
MepexXoauian B JBOWHBIE 3aMbIKaHUAd W yCTpaHsuiuch 3ammuron ot K3 1o
BMEMIATENIBCTBA JEKYPHOro nepconana B 38% ciydaeB. JlucneTyepckuil mepcoHall
3apErUCTPUPOBAI TOJNBKO 3% CAMOJMKBUIMPYIOUIUXCA 3aMBIKAHUM HA 3EMIIIO0, Yy
KOTOPBIX BpeMSI CAMOJIMKBUJALMU JOXOJMJIO 10 HECKOJBKHX MUHYT, & HUHOTA U 10
necaTkoB MUHYT. bonbmioit mpouent O33 mnepexoasimux B Mexaydaszuoie K3
oOBsICHSIETCA JEUCTBUEM 3alllUT HAa CUTHAJ M JIMIIb MOJATBEPKIAET HEOOXOIUMOCTD
CEJEKTUBHOTO OTKItOUeHUs O33 peneiiHoN 3amuTol. BenoMocTs yuera 3aMbIKaHAM
Ha 3€MJIIO IPUBEICHA B IPUJIOKEHNH O.

3a Tpu roja HaOIIOAEHWM HECENeKTUBHOI'O JCHCTBHS 3alllUTHI, a TakKXKe ee
OTKa3za, 3a(UKCHUPOBAHO HE OBLIO. DTO YKPENUIO YBEPEHHOCTh PYKOBOJICTBA
TOPOJICKUX CEeTell B HEOOXOJAMMOCTH TEpPEeBOJa 3alMThl Ha OTKIoUeHHe. Jlus
peanuzannu MOCJIETHETO noTpedoBanoCh MPOAOJIKUTH pacumpeHue
BBICOKOBOJIBTHOM ~ CETH  TOPOJCKHX  CETEW, oOecrnieunBass  HaAEKHOCTh
pe3epBUpOBaHus, U NMOBceMecTHOE ucnoisib3oBanue Ha PII m TII yctpoiicte ABP.
Hauwnnas ¢ Becusl 2008 roga, Hauascs nocreneHubid nepesoy 3amuT oT 033 Ha PIl u

TII ropocKuX ceTeil Ha OTKIIOYEHUE MPUCOCAUHEHUM.

5.4. BuiBoabI 1O IJ1aBe

AHanu3 TOpakTUKA MOHTa)ka [MEpPBUYHBIX IeMeld TMokasal, 4YTo K
HEMPaBUWIBHOMY (DYHKIIMOHUPOBAHUIO 3AIIUTHI MOXKET MPUBECTH HEBEPHBIA MOHTAXK
3a3eMJISIONIETO MPOBOJHUKA 000JIOYKH KaOersl.

JInst moAcTaHIMM ¢ BO3AYIIHBIMHU JIMHUSIMH JJIEKTpONEpeaud OpraHu3alus
3alIUTHl OT 3aMbIKAHUW Ha 3€MIII0 IMyTEM CO3JaHus TpEXTpaHCHOPMATOPHBIX
(GUIbTPOB TOKOB HYJEBOW MOCIEIOBATEIbHOCTH BO3MOXHA Ha OCHOBE OOMOTOK
TpaHc(popMaTopoB TOKa ¢ KiaccoM TOUHOCTH (.5 U BBIIIIE.

Buenpenue pa3paOOTaHHBIX IIEHTPAIM30BAHHBIX 3allUT OT 3aMbIKaHUW Ha
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3emit0 B KabenpHBIX ceTsax 10 kB r. Xantei-MaHcuiicka u ux HaaéxHas paboTa B
TEYEHHUE TOJla MO3BOJMIM TMEpPEeUTH K OTKIYeHuto 033 ¢ MUHUMaJIbHBIMU

BBIICPIKKaMU BPCMCHH, 3a/ITaHHBIMU I10 CTYIICHYATOMY IIPUHIUITY PC3CPBUPOBAHNA.
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SAKVIIOYEHHUE

1. Co3mana maremaTnyeckass MoJenb ceTtu 6-35 kB, mo3Bossromas 1noiaydarb
IMHAMUYECKUE XapaKTePUCTUKH TOKOB U HaIpsOKEeHU I HYJIEBOU
MOCJIEOBATENbHOCTH TPH OAHO(DA3ZHBIX 3aMBIKAHMSX B MOJEIUPYEMOM CETH.
JIOCTOBEPHOCTh TOJy4aeMbIX pE3YJIbTATOB JIOKa3aHA CPAaBHEHUEM pPACUETHBIX
XapaKTepUCTUK C JAMHAMUYECKUMHU XapAKTEPUCTUKAMHU IPOIECCOB, IMOITYYEHHBIX
AKCIIEPUMEHTAIbHO. Pe3ynpTaThl MaTeMaTH4eCKOro MOJIECIMPOBAaHUS B  BHJE
MOJIyYCHHBIX CUTHAJIOB TOKOB M  HAaIlpSHKEHUN HYJIEBOM MOCIEIOBATEIbHOCTU
UCIIOJIb30BAINCH npu CO3/1aHHUH JITOPUTMOB LEHTPAIN30BaHHBIX
MUKponpoueccopHbix 3amuT oT O/13. Moaenb MOXET ObITh HCIOIb30BAHA M AJIA

aHaJIi3a pa60T APYIrux BUI0B 3alIUT U PCKUMOB CCTH.

2. lloka3zaHo, 4TO pa3HOOOpa3ve NEPEXOAHBIX MPOLECCOB MPU TYTOBBIX
3aMBIKaHUAX HAa 3€MJII0O M OTJIMYMS B XAPaKTEPUCTUKAX TOKOB M HANPSIKECHUN TPHU
Pa3IMYHBIX MECTaX 3aMbIKaHUS B JJIEKTPUUYECKOW CETH HE MO3BOJSIOT OOECIECUUTH
HaJIEXHOCTh PabOTHI 3alIUTHI IO OJHOMY aJIrOpUTMY. B nuccepraiuum paccMOTpPEHBI
TPU AJITOPUTMA:

— AJTOpUTM OTHOCHUTEIBHOTO 3aMepa C TF€OMETPUYECKUM CYMMHUPOBAHUEM
tokoB HII. Ero cyTh COCTOMT B ONHOBPEMEHHOM CPAaBHEHWH 3HAYECHHH BCEX TOKOB
HIT npucoenvuenuii; MakCUManbHbIM TOK OyJE€T B MOBPEKIEHHOM MPUCOCTUHEHUHU.
DTOT alropuTM MNPHUMEHHM Ha TOJIOBHBIX MNOACTaHUUAX 6-35 kB, 1 KOTOpBIX
OTHOIIEHNE EMKOCTHOTO TOKA OJHOT'O MPUCOECANHEHHS K TOKY 3aMBIKAHUS HA 3EMITIO
npesbimaet 0,1 ¥ mpu 3TOM IEHUCTBYIONIEE 3HAYEHUE TOKA 3AMBIKAHUS HA 3€MIIIO
JIOJIKHO TIpeBbIIaTh MakcuMalibHblid TOK HIT mpucoeaunenuit 6omee uem Ha 44%.

— IlpennoxeHHbId JOTHYECKUH QITOPUTM MO3BOJIIET OMNPEACIUTh MECTO
MOBPEXKIACHUS IO YHUCIY CpabOTaBIIMX IYCKOBBIX OPraHOB, YCTAHOBJICHHBIX Ha
KaXJOM NPUCOCIUHEHUH CEKIMU. YCTaBKa IMYCKOBBIX OPraHOB OTCTPAUBAECTCSA OT
MakcuMalibHOro coOctBeHHOro Toka HII mpucoenvuenus 1 OT MUHUMaIbHOTO TOKA

3aMBbIKaHUA B CCTH IIPHU MCTAJULIMYCCKOM 3daMbIKAHHWMHW Ha 3CMIIIO. ABTOMaTHYECKOE



127
n3MeHeHue Toka cpadareiBanus 110 obecrieunBaer cTabuiabHy0 pabOTy 3alUTHI IPU
3aMBIKaHUSX YEPE3 NEPEXOAHBIE COPOTUBIICHUS.

— IlpennoxxeHHblil (ha3HBIA aNTOPUTM OCHOBAH HAa BBIYUCIEHUH YCIOBHOTO
yria MeXIy TOKaMu. AHaJIU3 MOTPELIHOCTEN MpeoOpa3oBaHUs CUTHAIOB TOKA IO
NPEIJIO)KEHHOMY aJITOPUTMYy TIOKa3all, 4TO HpeleibHas omHOKa OnpeneaeHus
YCIIOBHOT'O yIja NpU JOYyrOBOM 3aMbIKAHUM Ha 3€MJII0 HE MPEBBIIIAET JMAIa30H
ONpEENICHHUs] YIJIOB, 4YTO TO3BOJIIET OLEHUTh HAIpPABICHHE TOKOB U BBISIBUTH

MMOBPCKACHHOC IIPUCOCINHCHHUC.

3. ANropUTMBI POIUIH anpoOalUio HA TPEX dTarax:

- pacu€THas IpOBEpPKa C UCIIOIb30BAHUEM MATEMATUYECKOW MOJIETIN CETH;

- pacy€THO-IKCIEPUMEHTAJIbHAS IPOBEpPKAa HAa OCHOBAHUM  PEAJBbHBIX
ocuutorpamm, cHATBIX npu O33 B peictByromux cetax 10 kB;

- ONBITHO-IPOMBIIUIEHHAs MPOBEpKa OOpa3LoB LEHTPAIU30BAHHBIX 3alIUT,

HCIIOJIB3YIOHINX CO3AaHHBIC aJITOPUTMBI.

4. lns obecnieyeHus: HaIEKHON pabOTHI 3alIUTHI NpU JIOOBIX MECTAX M BUIAX
onHO(a3HBIX 3aMBIKAHMM Ha 3eMJII0 pa3padOTaHbl BapUAHTHl KOMOWMHUPOBAHHOIO
alNropuTMa, 00ecreynBaroe BbIOOP COOTBETCTBYIONIETO aIrOPUTMa B 3aBUCUMOCTH

OT pCXKHUMa pa6OTBI H TOITIOJIOTHH CCTH B MOMCHT 3aMbIKaHU .

5. IIpoBenéH MOHUTOPUHT TTOMEX Ha nojacTaHiusx 10 kB, koTopeiii mokaszan,
YTO MIOMEXH B OCHOBHOM HE IMPEBBIIAIOT UCHBITATEIbHBIX YPOBHEW, ONPEAEISAEMbIX
TpeOOBAaHUSIMHU K MOMEXOYCTOMUYMBOCTH TEXHUYECKHX CPEJICTB, MPUMEHSIEMBIX Ha
AIEKTPOCTAHIHUIX U MOJACTAHUUAX cpeaHero HanpsbkeHus. [IpumenurensHo k PY 10
KB DSKCIEpUMEHTAIBHO ONpEAEi€Ha CTENECHb CHWKEHUS YPOBHS MOMEX IIpU
WCIIOJIb30BAaHUM BHUTOW TMAapbl B KA4eCTBE KOHTPOJBHOIO Kadens, 3a3eMJICHUU
TOKOBEIYIIEH KWUJIbl B OJHOM TOYKE M TMEPEHOCE YCTPOMCTB COMPSIKEHUSA

HCTIOCPCACTBCHHO K MCCTY YCTAaHOBKH 3allIUTHI.
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6. Jlns oOecneuenuss HaASKkHOM paboThl 3ammThl BJI ¢ mnpuMeneHuem
TpEXTpaHCHOPMATOPHBIX (PUIBTPOB HYJIEBOM MOCIEAOBATEILHOCTA HCCIEAOBAHbI
BOJIbTAMIIEPHbIE XapaKTepUCTUKU TpaHchopmaTopoB Toka. [lokazaHo, 4To u3-3a
pa3HuIel B xapaktepuctukax TT morpenrtHocTs TpEXTpaHCPOPMATOPHOrO (PUILTpa
MOXET ObITh CPAaBHMMA CO BTOPUUYHBIMU TOKaMHU HYJIEBOH MOCJIEIOBATEIIBHOCTH MPU
O13 B nanexktpuyeckoi cetu. Hanéxnas paboTa 3alUTBl C MPEAIOKEHHBIMU
anropuTMaMu oOecrieurBaeTCsl MIPUMEHEHUEM B TPEXTpAHCHOPMATOPHBIX (PUIbTpax

TpaHC(HOPMATOPOB TOKA C KJIIACCOM TOYHOCTHU He Huxe 0.5.

7. Pe3ynbTarhl AucCCEpPTAllMOHHOM palbOThl OBUIM HKCIOJB30BaHbI  IpU
pazpaborke B HI'TY MuUKpOmpoIecCOpHOM 3alMThl OT 3aMbIKAHUN Ha 3€MIIIO THIIA
MK33II. Dta 3ammTa nmocie pa3paboTKU U CO3/IaHHUs BHEAPEHA B Topojickoi cetu 10
kB r. Xantei-MaHculicka.

['onuuHbIl ONBIT SKCIUTyaTalluu TMOKa3aldl HaAEKHOCTh (YHKIIMOHUPOBAHUS
3allUTHl, YTO TO3BOJWIO MEPEUTH K CEJIEKTUBHOMY OTKIIOUECHHIO OJIHO(DA3HBIX
3aMBIKaHUWA, W B LEJIOM CHU3WIO YHCIO W TOCIEACTBUS aBAPUMHBIX CUTyalHil B

TOPOJICKOM ceTH T'. XaHTbl-MaHcHliCcKa.
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NPUJIOKEHHUE 1

TUIIBI UHAUBUAY AJIBHBIX 3AIUAT OT 3AMBIKAHUIM HA 3EMJIIO
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Tabmnura I11.1.

Knaccuduxanus ycTpoilcTB 10 TUTIAM UHAUBUTYATbHBIX 3aIUT

Tun 3amuThl

YcrpoiicTBa

® 3anmThl 0T 0OAHO(a3HBIX
3aMbIKAHHUII HA 3eMJII0,
pearupymouye Ha
COCTABJISIIOIIHE YJICKTPHUIECKHX
BeJIMYUH NPOMBILIJICHHOM
4aCTOThI

- O01Las HeCEJIEKTUBHAS
3alUTa 10 HAMPSHKCHUIO

Pene nanpsoxenns PH-53 u mogoGHsle.

HYJIEBOU
IIOCJIEI0BATEIBHOCTU

- TokoBas 3amura HyJlI€eBOU YcTpoiicTBa: a5eKTpoMexaHuueckue peine (Hanpumep, PT
MOCJIeI0BaTEILHOCTH 40/0,2); ycTpolcTBa 32T, BHITIOJTHECHHBIE HA

MHUKPOCXEMaX CPEIHEro ypOBHs MHTETpaluu (Harpumep,
pene PT3-50, PT3-51); MukponpoueccopHble TEpMUHAIIBI
samutsl (BMP3 HTL «Mexanotponuka», SEPAM Tuna
S20, S40, S80 ¢upmer Schneider Electric, 3amuTsl cepuun
REF ¢upmer ABB, ycrpoiictBa Tuna «Cupuyc» 3A0
«PAJINYC ABromaTukay, ycrpoiicrsa Tuna TOIIM 2501
OAO «BHUUNP», yctpoiicta Tuna MiCOM cepun P120
¢upmel AREVA, 3amura tunma SIPROTEC 4 7SJ61 dupmel
SIEMENS u npyrue).

- TokoBas 3amura HyJlIeBOU
MOCJIEJOBATEIBLHOCTHU C
00paTHO3aBHCUMOM
BPEMSATOKOBOU
XapaKTepUCTUKOM [16]

3amutsl cepur SPACOM ¢upmsr ABB.

- HanipaBiieHHBIE TOKOBBIE
3allUTHI HYJIEBOI
I10CJIEI0BATEIbHOCTH

- 1) 3amuTel, pearupyronme Ha
HaIpaBJIEHUE MOLTHOCTH
HYJIEBOU
NOCJIE0BATEIBHOCTH
B YCTAaHOBUBILIEMCS pEXKUME

Pene tuna 33I1-1M (3amenuno ycrapesuee 3311-1,
BbIMTyckaeTcss YeOoKcapCKUM IIEKTpoannapaTHbIM 3aBOJOM
(UDA3) no paszpadorke BHUND), pene tuna P3H u ero
ycoBepiieHcTBoBaHHble BapuanTsl P3H-2 u P3H-3, 33KC,
V33H, CP3-2, PUC-D02M, H33U, H331-6, [IHAD, MTP-
77, Y3U u npyrue [6].

CoBpemeHHble aHaJIOTU: pene 3aumThl Thna «3EPOy,
npou3BoanMoe komnanuei «O0beuHEHHAs SHEPTUs» (T.
Mocksa), ycTpoiictBa Tuna «Cupuyc» (Hanpumep, Cupuyc-
MJI, Cupuyc-2-MJI) 3A0 «PAJJNYC ABTOoMaTHKay,
TepMuHanbl 3amuTel SEPAM Britouarorme 6J10Ku
67N/67NC ¢upmsl Schneider Electric, MmukponporeccopHas
3amura BMP3 HTL «MexaHoTpoHHKa», 3alUThl CEPUU
MiCOM ¢upmsr AREVA, 3amutsl cepun SPACOM ¢pupmbl
ABB, mukponpoueccopnas 3amura MK33I1 npoussoacrsa
HI'TY (r. HoBocubupck), pene tuna 33H (UDA3) u npyrue.
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Oxkonuanune ta6auie [11.1

AKTUBHYIO MOIIHOCTb

[17, 19]

- 2) 3amuThl, pearupyoume Ha

HyJICBOﬁ OoCJICA0BATCIbHOCTHU
B YCTaHOBUBIHICMCS PCIKUME

tepmuHaiibl 3amuTel SEPAM cepun S40 n S80 (xon
67N/67NC), ycrpoiictBa Tunia MiCOM P125, P126, P127
(xox 32N) dupmer AREVA.

MIPUHITUIIC KOMIICHCAITUU
COOCTBEHHBIX EMKOCTHBIX
TOKOB [19]

~- 3) 3amuThl, BHITTOJTHEHHBIC HA

® 3anmThl 0T 0OAHO(pa3HBIX
3aMbIKAHHUII HA 3eMJII0,
pearupyonye Ha BbICIIMe
TAPMOHMKH JIEKTPHYECKHUX
BeJIHYHH

Y(C3-2/2 (UDA3) [3], SPACOM ¢upmbr ABB u «Cupuyc»
(manpumep, moaenu Cupuyc-JI, Cupuyc-2-JI, Cupuyc-MJI,
Cupuyc-2-MJI), Bemyckaembie 3A0 «PAINYC
ABTOMaTHKa».

® 3anmThl 0T 0AHO(pa3HBIX
3aMbIKAHHUII HA 3eMJII0,
pearupymouye Ha
3JIeKTPUYeCKHe BeJHYHHbI
NepexoaHOro npomuecca

ABTOHOMHBIE YCTPONCTBA HAPaBJIEHHONW BOJIHOBOM 3alllUTHI
tuna U3C (M3C-M) u ¥Y3C-01, pazpaboranasie SJHUH [3],
ABTOHOMHO€ YCTPOWCTBO HAIIPABJICHHOM 3alIUThI TUIIA
K33I1, pazpaboTtannoe B JJOHELIKOM MOIUTEXHUIECKOM
UHCTUTYTE, U €70 MUKPOIJIEKTPOHHBIN aHAJIOT - YCTPONCTBO
tuna [133M, paspaborannoe npeanpustuem HTBD (r.
ExaTepunOypr), aBTOHOMHOE YCTPOHCTBO HampaBiIeHHON
3amuThl TUNA «CIIEKTP», BHIIIOJHEHHOE Ha
MUKPO3JIEKTPOHHOHN 3JIeMEeHTHOM 6aze [6].

® 3anmThl 0T 0JHO(a3HBIX
3aMbIKAHUI HA 3eMJIIO,

pearupymouye Ha HAJI0KeHHbII

TOK [3]

- 3aIIMTh, pearnpyouue Ha
HaJIOKCHHBINA TOK YaCTOTOU
BBIIIE IPOMBIIUICHHOU

- 3aIKThI, pearupyouue Ha
HaJIO’KEHHBIN TOK 4aCTOTON
HUKE IIPOMBIIUICHHON

Ycerporicteo Tuna YC3K-6,25, pearupyroiiee Ha TOK
yacTotoi 6,25 'l (JloHeuKuit NOJIUTEXHUYECKUNA UHCTUTYT),
ycrpoiictBa tumna 33C (pa3pabdoransl B ToMmckom
MOJMTEXHUYECKOM YHUBEPCUTETE MOJT PyKOBOACTBOM P.A.
BaiiHiuTeiiHa 1 OCHOBaHbI HA UCTIOJIb30BAHUHU HAJIOKEHHOTO
(koHTpOJBLHOTO) TOKA ¢ yactoToit 25 ' ): 33CI'-4, 33C-5.
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NPUJIO’KEHHUE 2

PA3ZPABOTKA TPOI'PAMMHOI'O OBECIIEHEHUSA AJIA
PACHIN®POBKHN U AHAJIM3A JTAHHBIX MUKPOITPOLECCOPHBIX
3AIIUT OT 3AMBIKAHUI HA 3EMJIIO TUIIA MK3311
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Bce pa3paboTanHble alrOpUTMbI IPUMEHEHBI B MUKPOIPOILIECCOPHON 3aIlUTE
neHtpanu3zoBanHoro tuna MK33II, paspaborannoit Ha kadempe IaCt HITY.
OnHuM Y3 MPEUMYIIECTB MCIOJIb30BAHUS COBPEMEHHBIX CUTHAIBHBIX MPOIIECCOPOB
SBJISIETCS BO3MOKHOCTH 3alKMCH OCHUJUIOTPAMM TOKOB M HANpPSHKEHUM B MOMEHT
3ambikaHusi ¢ mpeasictopueid. Ilocne BHeApeHUsT KOMIUIEKTOB 3TOM 3alllUThl Ha
JNEUCTBYIOIINE OOBEKTHI SJIEKTPOIHEPreTUKU TMOSBUIACH BO3MOXHOCTH COOMpATH
JaHHBIE O pa3nuuHbIX pexumax 033 B kabOenbHbIX ceTsx. [ns ananmza OO0JBIIOrO
yycia OCIWIIOrpaMM MOTpedoBanach pa3paboTka CHEHUaTbHOTO MPOrpaMMHOTO
obecrieueHusl.

[Ipu pabote 3ammra co3AaeT OTAEAbHbIE WHGOPMAIMOHHBIE (aiiibl,
coJieprKalllie MPOTOKOJIbI COOBITUHM, MPOTOKOJBI CpabaThiBaHUS 3alIUTHI U CaMHU
OCIMJIOTPAMMBI. [lo mpoTokonam COOBITHII MOXHO IPOAHAIM3UPOBATH
NpooKUTENBHOCTE O33 B TOM cilydae, €Ciiv 3alluTa JCHCTBOBAJIa Ha CUTHAJN, TaK
KaKk 3amuTa (QUKCUpYeT cpabaThlBaHME M BO3BpAT IIYCKOBOIO OpraHa Mo
HaIpsHKEHUIO HYJIEBOM MOCIENOBATENbHOCTU. B MpoTOKONaxX 3allUThl COAECPIKUTCS
pe3yabTupylomas uHbopManus Mo cpadaThIBAHUIO 3alllUThl: 3HAYEHHS TOKOB U
HaIpsDKeHUM, BpeMsi cpalaTbiBaHUS, BBISIBICHHOE MOBPEKIACHHOE MPUCOCIUHEHUE

(puc. 112.1).

L, BriBoa ocopuiorpaMm ¢ oaXoJAMHMHA
OcumuiorpaMMsl MPOTOKOJIAMH 3aIIUTHI U COOBITHH
=
B ammepax . qg) N [Tpusenenne equnun AL k equHMIIAM
% amrnep u BosibT A1 MK3311-M
o —
B empauax AL > > -
Sl Yacroruerii anamus (bI1D)
IIpoToKOIBI 3amUT > § N Pacuer yrios Mexay BETMUUHAMH I10
= (hazHOMY aNTOPUTMY
[IpoTokomBI COOBITHIA > -
) Boccranosnenue (asHpIX HANMPSHKEHUN TI0
HANPS’KEHUIO HYJIEBOHM MOCIEI0BATENIBHOCTH

Puc. I12.1. biok-cxema nmporpammsl

Jlns mpocMoTpa OCHWUIOTpaMM  0€3  JOMOJTHUTEIBHOTO MpeoOpa3oBaHUs
aBTopoM Oblla co3maHa mnporpamma «MKZZP Viewery. Jlannas mnporpamma

IMO3BOJIACT CTPOUTH OCHUIIIIOTPAMMBbI CUTHAJIOB KdK B aMIICpaxX M BOJIbTAX, TaK U B
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eqununax AlIlll ¢ npeoOpa3oBaHueM TMOCIEIHUX K aMmrepaM W BOJbTaM IMpU
HeoOxoauMocTd. OIHOBPEMEHHO C 3arpy3koil  OCHWJUIOTpaMMBbl  IporpaMma
3arpy>kaeT NPOTOKOJIbI COOBITHI U 3alUTHI IPU UX HATUYUU U B UHHOPMALIUOHHYIO
naHesb J00aBISIET COOTBETCTBYIOIIYI0 HH(OPMAIMIO M3 ATUX MPOTOKOIOB. Jliis
YaCTOTHOTO aHaJIM3a OCIWJUIOTPaMM HUMEETCSl CIEHHUaNbHBIN pa3ies, TIe MOXKHO
npoBecTu ObICTpoe mpeoOpazoBanue Dypbe, U3MEHSS] NIUPUHY, MOJOXKEHUE U THUII

OKHa mpeoOpa3zoBanus (puc. 112.2).

AHamu3ypyemasi 4aCTh OCLUMIUIOrPaMMBbI

RN A W M\ "

LW W W W W W W W

0,15 0,2 0,25 0,3 0,35 0,4
Bpewms, ¢
Awmmumtyna (BI1D)
1,000
,100
,010
001 | Ao o | |
’0001_ A AL NI YA Wy W AEL'R N L it v D A NE | LIARA ALt HA A R Y Bl ) LW SRl L
,00001
0 50 100 150 200 250 300 350 400 450 500
Yactota, I'n1

Puc. I12.2. YacTOTHBIN aHATN3 OCUUIIIIOTPAMMBI TOKA

OcHOBHOW  mpoOJIeMOM  HANpaBIEHHBIX  AJTOPUTMOB  SIBIISIIOTCA  MX
HENPABUJIBHBIE JEUCTBUS IIPU MEPEMEXArIMUXcs 3aMblkaHusax. [loatomy B
nporpaMMmy ObLT BBEIEH paslien [Jis aHalv3a HAMNpaBJICHUS MEXAY TOKaMH H
HaNpsDKEHUSIMA 10 IPUHLKNY, ONMMHUCAHHOMY B TPEThEH IJIaBE W PEAIM30BAHHOMY B

MK33II.
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HHPUJIOKEHUE 3

AHAJIN3 OCIUJIVIOI'PAMM 110 BUAY 3AMBIKAHUSA HA 3EMJIIO U
OIPEJEJIEHUE YHCJIA 3AMBIKAHUI
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B XO04€ BHCAPCHHA 3allIMThI OBLIH MOJIYYCHBI OCHUJIJIOTPpAMMBI 3aMBIKaHUN Ha

3emutto B kabenbHoM cetu 10 kB. [l mpoBeeHUs: CTATUCTUKH, BCE OCIIMILIOIPAMMBI
OBLIIM pa3JieJIeHbl HA 5 TUIIOB:

— MCTAJINIMYCCKOC 3aMBbIKAHUC,
— AYTOBBIC 3aMbIKaHUS TPCX THUIIOB,
— CaMOYCTpPaHUBIICCCA 3aMbIKaAHUC.

JIns METaJUIM4eCKOrO 3aMbIKaHUS XapaKTEPHO HANPSDHKEHUE  HYJIEBOU

MOCJICTIOBATEIPHOCTH, UMEIONIEE MPAKTHUECKU UICAThHYI0 CHHYCOUIAIBHYIO (hOpMY
(puc. I13.1).

Ocuwiiorpamma
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100 A\ ,’A‘/-\ ?"\1./’\ "%f'\,/’\ ﬂ.
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|\ W A . W A I W 1 S
s o\ A N\ \ ] \o..J =
g 0 \ J \‘ \/ ] ‘\‘ \ /] “\‘ \7 0 %
= ob A\l NN N N B
ol \l o/ VI o\ v\ =
g0l Y] \AK / LA | La v ]
-100%/‘-\.1\ / \J \‘v‘ | \/ L | ‘\v} \V,\ [ [-100
120{ / / Y\./ )| s

035 036 037 038 039
Bpewms, ¢

=== IIpuc,No7 [A] ---- BBoaNel [A] — 3UONel [B]

04 041

Puc. I13.1. OcuumiorpaMmma XapakT€pHOTO METAUTMYECKOTO 3aMbIKAHUS HA 3EMJTIO

Ananus oCHMJIOrpaMM NO3BOJIACT Pa3aAC/InTh AYTIOBBIC 3aMbIKAHUA HA 3 THIIA,

OTJIMYAIOIIHNECS] MEKTy COOOM MO YUCITY 3a’KUTaHUM TYTH 3a MEPHUO]T MPOMBIILICHHOU
YaCTOTHI:

l THOD — TPEeUMYIIECTBEHHO 2 3aKWUTAHUSA OyTH 3a Tepuoj (10 TeopHH
ITerepcena [13]);

2 TUI — MPEUMYIIECTBEHHO 4 3KUTaHUs IYTHU 3a IEPUOL;

3 Tum — MHOTOKPATHBIC 3aKUTAHUS AYTHU 3a TICPUO/I.

XapaKTeprIﬁ BUA OTUX 3aMBIKaHU U INPpHUBCACH Ha COOTBCTCTBYIOIIHX
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pucynkax [13.2, I13.3 n [13.4.

Ocuwiiorpamma
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Puc. I13.2. OcunmiutorpaMMa XapakTepHOro JyTOBOTO 3aMbIKaHUS Ha 3eMJTI0 | Tuma
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Puc. I13.3. OcumiutorpaMma XapakTepHOTO JyTOBOTO 3aMbIKAHUS HA 3€MITIO 2 THUIIA
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Ocuwiiorpamma
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Hampsxenue, B

Puc. I13.4. OcumiutorpaMma XapakTepHOTO JyTOBOTO 3aMbIKaHUS HA 3€MITIO 3 THUIIA

3a4acTyr0 BO3HHUKAIOT 3aMbIKaHUs, yCTpaHstomuecs yepe3 Bpems menee 0.5

CEeKyHJbl. XapaKTepHasl OCHWLUIOrpaMMa TaKOro Mpollecca Mpe/ICTaBlIeHa Ha PHUC.

I13.5.

Ocuuninnorpamma

g

= -5

I

15
20
254

.0’1. .

02 03

04 05 06 07 0,8
Bpewms, ¢

— IIpuc,Ne2 [A] — Ilpuc,Ne6 [A] — BoaNe2 [A] — 3UONe2 [B]

T L L o R £ 2
D B [\
b ) S e S S

Puc. I13.5. OcumiuiorpaMma HamnpsiKEHUs IPU CAMOYCTPAHEHUN 3aMbIKAHHS Ha

3CMIIIO

Hanpsixenue, B
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Kak nmoka3biBatoT nannble TaOauiel [13.1 3ambikanus pacpeneauincs MexIy
co00# B IPOLEHTHOM OTHOIIEHHUH CIEAYIOIINMM 00pa3oM:
— MeTaIndeckue 3aMbikanus — 44%:;
— IYyTOBBIE 3aMbIKaHMs BCero 26,5% W 1o TuIam:
1 tum — 20,5%
2 tun — 4%
3 i — 2%

— caMOycCTpaHuBIIeecs 3aMbikaHus — 29,5%.

Tabmnua [13.1

Bpewmst u Bun 3ambikanuii Ha 3emutio kabenbHoi cetu 10 kB

No

TI Jlata u Bpemst Bunbl 3aMbikanus
20/03/2008 10:30:25 METaJUTMYECKOe
20/03/2008 14:25:30 METaJUTMYECKOe
20/03/2008 14:39:14 METaJUTMYECKOE
27/03/2008 09:38:14 METaJUTMYECKOE
16/04/2008 16:21:38 ayrosoe 1 tuna
27/04/2008 14:36:06 METaJUTMYECKOe
05/05/2008 05:57:32 METaJUTMYECKOe

_ 05/05/2008 05:58:02 ayrosoe 1 Tuna

% 07/05/2008 22:00:17 METALTHIECKOE

E 08/05/2008 16:23:05 METaJUTMYECKOE
21/05/2008 09:47:55 caMOyCTpaHHUBLIEECS
21/05/2008 09:48:02 CaMOyCTpaHUBIIIEECS
21/05/2008 09:48:14 CaMOyCTpaHUBIIIEECS
21/05/2008 09:53:36 caMOyCTpaHHUBLIEECS
21/05/2008 10:10:13 caMOyCTpaHHUBLIEECS
01/06/2008 03:47:30 METaJUTMYECKOE
05/06/2008 09:20:42 METaJUTMYECKOe
05/06/2008 09:40:31 METaJUTMYECKOe
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ITponomxenue Tabaumsr 113.1

%Vl('_)[ Jlata 1 BpeMs Bupl 3aMbikanus
06/07/2008 08:23:41 nyroeoe | Tuma B METAJNTMYECKOE
08/09/2008 20:28:42 ayrosoe 1 Tuna
15/09/2008 03:41:07 METAJITIUYECKOE

_ 05/12/2008 16:54:42 ayrosoe 1 Tuna

§ 03/02/2009 10:34:25 METAIITUYECKOE

E 08/06/2009 14:11:17 METAIITUYECKOE
19/06/2009 05:53:38 | amyroBoe 1 Tuma B METaNINYECKOE
05/07/2009 07:26:26 caMOyCTpaHHUBLIEECS
08/07/2009 19:40:06 caMOyCTpaHHUBLIEECS
09/07/2009 13:58:14 caMOyCTpaHHUBLIEECS
27/03/2008 09:36:05 METaJUIMYECKOE
16/04/2008 16:15:27 ayrosoe 1 Tuna
05/06/2008 09:21:40 METAJITNYECKOE
20/06/2008 08:29:29 IyTOoBOE 3 THTIA
10/07/2008 16:14:12 IyroBO€ 2 TUIa
17/07/2008 14:09:21 METAIITUYECKOE
18/07/2008 14:22:10 METAIIIUYECKOE

3 18/07/2008 18:30:11 METAJUINYECKOE

S| 22/07/2008 15:47:19 METALIHYECKOe

E 22/07/2008 16:15:18 METAIITNYECKOE
26/07/2008 13:24:52 caMOyCTpaHHUBLIEECS
08/09/2008 20:28:24 ayrosoe 1 Tuna
15/09/2008 02:13:37 METAIITUYECKOE
03/02/2009 10:33:45 METAIITUYECKOE
03/02/2009 11:21:05 IyroBoe 3 Tumna
09/07/2009 14:21:29 METAIITUYECKOE
19/03/2008 10:51:31 caMOyCTpaHHUBLIEECS
06/07/2008 07:20:38 nyrosoe 1 Tuna

_ 10/07/2008 16:13:46 IYroBO€ 2 TUIA

§ 26/07/2008 13:24:42 caMOyCTpaHHUBLIEECS

E 08/09/2008 20:28:57 | nyroBoe 1 Tuma B JyroBoe 2 Tuma

15/09/2008 02:14:16

MCTAIINTUYCCKOC

15/09/2008 04:15:44

MCTAIINTUYCCKOC
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ITponomxenue Tabaumsr 113.1

%Vl('_)[ Jlata u Bpemst Bunbl 3amMbikanus
22/10/2008 10:51:08 ayrosoe 1 Tuna
29/11/2008 23:35:39 | nyroBoe 1 Tuma B METaINIUYECKOE
14/12/2008 17:19:29 CaMOyCTpaHUBIIIEECS
15/12/2008 11:40:45 METaJUTMYECKOE
23/01/2009 15:27:12 caMOyCTpaHHUBLIEECS
23/01/2009 21:33:04 IyTroBO€ 2 TUIa
28/01/2009 11:29:53 IyToBo€ | TUIa B METANTNYECKOE
15/02/2009 13:07:09 caMOyCTpaHHUBLIEECS
19/02/2009 18:34:13 caMOyCTpaHHUBLIEECS

_ 11/03/2009 08:27:18 METAIITUYECKOE

g 24/03/2009 18:26:53 ayrosoe 1 Tuna

E 25/03/2009 11:30:58 ayrosoe 1 Tuna
09/05/2009 13:44:22 METaJUTMYECKOe
15/05/2009 20:29:15 METaJUTMYECKOe
17/05/2009 16:03:10 | ayroBoe 1 Tuma B METaIJINYECKOE
08/06/2009 14:12:43 METaJUTMYECKOE
18/06/2009 18:21:42 caMOyCTpaHHUBLIEECS
19/06/2009 05:55:12 METaJUTMYECKOE
22/06/2009 19:18:09 METAIITIUYECKOE
27/06/2009 02:34:37 caMOyCTpaHHUBLIEECS
27/06/2009 08:49:42 METaJUTMYECKOe
23/01/2009 15:27:12 caMOyCTpaHHUBLIEECS
09/06/2008 04:53:23 | nyroBoe 1 Tumna B JyroBoe 2 Tuma
20/06/2008 08:29:50 | nyroBoe 2 Tuna B 1yroBoe 3 TUIa
10/07/2008 16:23:18 caMOyCTpaHHUBLIEECS
21/07/2008 16:22:13 METaJUTMYECKOe

S 15/08/2008 09:20:26 METAJUINYECKOE

- 02/09/2008 14:44:31 nyrosoe 1 Tuna

E 08/10/2008 09:42:00 METAIITIUYECKOE
25/10/2008 02:56:54 METaJUTMYECKOe
04/12/2008 15:32:55 METAIITNYECKOE
15/01/2009 14:24:19 caMOyCTpaHHUBLIEECS
11/03/2009 11:45:54 METaJUTMYECKOE
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Oxkonuanune ta6uie [13.1

No
TI Jlata u Bpemst Bunbl 3aMbikanus
12/03/2009 11:38:45 METAIITUYECKOE
19/03/2009 10:41:37 ayrosoe 1 Tuna
22/03/2009 18:43:42 ayrosoe 1 Tuna
22/03/2009 18:44:04 ayrosoe 1 Tuna
22/03/2009 18:44:10 ayrosoe 1 Tuna
01/04/2009 06:32:23 ayrosoe 1 Tuna
o 01/04/2009 06:32:28 ayrosoe 1 tuna
§ 02/04/2009 10:36:47 nyrosoe 1 Tuna
E 14/04/2009 16:05:46 | nyroBoe 1 Tuma B METaNINYECKOE
30/04/2009 20:03:23 ayrosoe 1 Tuna
04/05/2009 14:45:28 METAIITUYECKOE
11/05/2009 18:03:57 METAIITNYECKOE
03/06/2009 09:58:23 METAIITUYECKOE
03/06/2009 09:58:26 METAIIIUYECKOE
25/06/2009 00:07:23 IyToBO€ | TUIa B METANTNYECKOE
03/07/2009 17:07:40 caMOyCTpaHHUBLIEECS
e 10/03/2009 14:58:45 caMOyCTpaHHUBLIEECS
=& 09/07/2009 10:40:39

CaMOYCTpaHUBUICCCA
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NPUJIOKEHUE 4

AYT'OBOE 3AMBIKAHUME HA 3EMJIIO
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JUis monydeHus: mapameTpoB AYrOBOTO 3aMbIKAHMS HAa 3€MIII0 HEOOXOIUMO

UMeTh MHGOPMAIMIO O HANPSKEHUM Ha MOBPEXIACHHON (aze, BpEMEHU MOTracaHus

AYTU U BCIIMYMNHEC TOKA, B MOMCHT IOracanus JyTru.

Jlnst BoccTaHOBieHUsT MH(GOPMALMK O HAMPSIKEHUM HAa TMOBPEXKICHHOM (aze

MOJXHO HCIIOJIb30BAaTh HAIIPSAIKCHHUC HyneBoﬁ MIOCJICA0OBATCIBbHOCTH. CYMMI/IpySI 9TO

HaMpsHKCHUEC € TpEMA CUHYCOHMAAJIbHBIMU KPHBBIMHU, CABUHYTBIMU OTHOCHUTCIBLHO

apyr apyra Ha 120 rpamycoB, moigydaeM HampspkeHHMe Ha (aszax B Ipolecce

3aMbIKaHUA Ha 3€MIIIO.

ITo puc. [14.1 M0XHO omnpeneauTh Hanps>KeHUue Mmpodos mpoMmexytka — 60 B.

AMHJ’II/ITYI[HOC S3HAYCHHUC HaIIPAKCHUA HpI/IBeI[éHHOe K HGpBH‘-IHOﬁ CTOPOHC

cooTBeTcTBeHHO paBHO 6000 B.
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Puc. I14.1. BoccTaHoBa€HHBIE OCITMIIIIOTPAaMMBI HanpsKeHU Ha (azax
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Ocuuiiorpamma
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Puc. I14.2. Toku n HanpsyKEHUE HYJIEBOU IOCIIEI0BATEIBHOCTH

ITo puc. [14.2 MOXHO OLIEHUTH BPEMS TOPECHUS JyTH:

- OecTokoBas naysa He 6oiiee 1 Mc;

- MUHUMAJIbHOE BpeMs TOpEHHUsI IyTu He Ooiiee 1 Mc.
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Pe3ynbTaT BoCccTaHOBIICHHS (DA3HBIX HANPSKEHUM MO HANPSHKEHUIO HYJIEBOM

MMOoCJaCA0BAaTCIIbHOCTH 1 MOACIUPOBAHUA MEPEMCIKAIOMICTOCA AYT'OBOI'O 3aMbIKAHUS B

CETH C U30JIMPOBAHHOMN HEUTpaibi0 0ToOpakeH Ha puc. [14.3 u 2.19 cooTBETCTBEHHO.



Hanpsixenue, B

155

200

150

100

5()\‘
0

)
o

1
)

Y
WO
VA AR

0,1

0,11

0,12

0,13

— UA —UB — UC —3U0

0,14

0,15

0,16
Bpewms, ¢

0,17

Puc. 14.3. ®a3Hble HANPSHKEHUS OPU AYTOBOM 3aMbIKAHUU

0,18



156

HHPUJIOKEHHUE 5

CEPTUDPUKAT 11O OMC 3AHIUTHI MK33I11
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CHUCTEMA CEPTUO®UKAIINU TOCT P
TOCCTAHAAPT POCCHUN

CEPTUOUKAT COOTBETCTBUA

Ne  pocc RU.AA79.B11591
Cpok AelicTBHS C 28.07.20092. no 27.07.2012a.

8534681

OPTAH IO CEPTH®UKALINH poCcC RU.0001.104879
OPI'AH ITO CEPTHO®HKAIIHH NPOAYKITHH H YCIIYT 000 “HOBOCHBEHPCKHU HEHTP
CEPTH®HKAITHH H MOHHTOPHHI'A KAYECTBA ITPOAYKLIHH”
630112, 2. Hosocubupck, np-m [zepycuricrozo 2/1, (paxm. adpec: 630004, a/a 91, 2. Hoeocubupck, yn.
Pesonioyuu 36, men.8(383) 2100847, paxc 2100900

NPOAVKIMSA  yCTPOHCTBO MHKPOKOHTPO/IZIEPHOE J/IA R O D
3AIHTHI MPHCOEAHHEHHWH CEKI[HH CEOPHBIX IIIHH OT | Kop OK 005 (OKI1):
3AMBIKAHHH HA 3EMITIO B CETAX 6 - 35 kB MK33I1-6-35-X f 34 3500
(20e X - 6ykeennoe oboznayenue modenu) '
gvinyckaeman no TY 3435-001-11861308-2009
cepuiinblil 6vINYCK

COOTBETCTBYET TPEBOBAHHUAM HOPMATHBHBIX AOKYMEHTOB

TOCT P 51321.1-2007(M3K 60439-1:2004) | xop TH B3A Poccmm:

H3TOTOBHUTEADL 340 Hayuno - obpazosamensusiii yenmpa "3cmpa”
630092, 2. Hosocubupck, np. K. Mapkca, 20, xop. 2, k. 212

CEPTUO®UKAT BBIAAH 340 Hayuno - obpazosamenvustii yenmpa "Icmpa”.
Koo-OKI10:11861308 _
630092, 2. Hoeocubupck, np. K. Mapkca, 20, kop. 2, k. 212

HA OCHOBAHHUM  ypomoxona ucnsimanuii No HIT16-07, o 309-07 om 24.07.2009 HIT

3eKMPONHOIE annapamypst i npoOyKuu snekmponpubopocmpoenus @'Y "Hosocubupcxuii LICM"
Ne POCC RU.0001.21MF0Q02, axma ananusa cocmoanus npouseéodcmea Ne 01796 om 25.06.2009

T P 50460-92 na uzdenuu paoom ¢ MoeapHsiM IHAKOM UIZ0MOSUMENIA U 6

HOIl 0OKYMeHmayuu,
AMTEAB Oprafa ﬁ( ; = EH. @ S i
HHALAAN,

, DAMHNKHA

epT = H.H. Cemennuxos
MHWLWANG, DEMANMR

—

CepruduKaT UMEeT IOPUAHYECKYIO CHAY Ha BCel Teppuropuu Poccuiickoit @epepanuu

[T OO Ten BOB7H17, r. Mocksa, 20081
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IPUJIOKEHUE 6

BEJOMOCTD YUYETA PABOTDI 3AIIUT TP 3AMBIKAHUU HA
3EMJIIO
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Tabmnura [16.1

BenomocTth yueta pabOThI 3alIUT MPU 3aMbIKAHUU HA 3€MITIO

Ne JlaTta Bpewms PII, TII [Ipucoenunenue | BapuaHT nelcTBUS 3alIUTHI
1 2 3 4 5 6
1 14.11.2005 | 18:09 PII12 s49.13 1
2 18.11.2005 | 22:58 PII123 s19.27 1
3 24.11.2005 | 15:01 PII12 1922 1
4 28.11.2005 | 10:58 PII23 sa4.15 1
5 06.12.2005 | 11:09 PII30 4.3 1
6 14.12.2005 | 19:07 PI120 4.5 1
7 16.01.2006 | 12:10 PI120 9.8 3
8 17.01.2006 | 20:11 PII30 4.6 3
9 03.02.2006 | 1:19 PII30 4.3 1
10 | 11.03.2006 | 3:11 PII11 s4.10 1
11 | 12.04.2006 | 5:50 I[IC A - 2
12 | 07.05.2006 | 11:31 PII15 s14.6 3
13 | 07.05.2006 | 15:16 PII15 4.7 1
14 | 12.01.2007 PII123 s9.23 3
15 | 12.01.2007 PII112 4.1 3
16 | 15.01.2007 PTI30 4.3 3
17 | 20.01.2007 PI120 9.8 3
18 | 08.02.2007 PII32 9.2 1
19 | 10.02.2007 PI121 9.8 3
20 | 13.02.2007 PII112 sa4.21 1
21 | 07.03.2007 PII11 s9.12 1
22 | 21.03.2007 PI120 4.5 1
23 | 28.03.2007 PI123 s14.5 3
24 | 28.03.2007 PII11 4.9 1
25 | 02.04.2007 PI120 s4.10 4
26 | 09.04.2007 PI123 s4.17 3
27 | 14.04.2007 PII123 1922 3
28 | 22.04.2007 PII11 saq.11 3
29 | 05.05.2007 PII23 sa4.21 1
30 | 06.05.2007 PI120 s14.5 3
31 | 08.05.2007 PII21 4.5 1
32 | 26.05.2007 PII41 sa4.15 1
33 | 28.05.2007 PII11 s14.10 1
34 | 11.06.2007 PII23 19.23 1
35 | 11.06.2007 PII30 4.4 1
36 | 03.07.2007 PI120 4.3 1
37 | 18.08.2007 PII12 s9.12 1
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Oxkonuanue ta6auie [16.1

1 2 3 4 5 6
38 | 20.09.2007 PIT30 A4.3 3
39 | 29.09.2007 PII23 a4.21 3
40 | 30.09.2007 PIT32 a4.17 3
41 | 24.10.2007 | 17:40 PII23 a44.20 3
42 | 24.10.2007 PII23 14.20 3
43 | 11.12.2007 PII32 q4.14 4
44 | 21.02.2008 PIT12 4.22 3
45 | 22.02.2008 PIT11 q4.12 3
46 | 15.03.2008 PIT31 a4.13 3
47 | 05.04.2008 T11404 4.7 4
48 | 21.04.2008 | 10:53 PIT12 q4.18 1
49 | 23.04.2008 | 10:22 PII11 q4.12 1
50 | 31.05.2008 | 5:29 PIT11 a4.11 3
51 | 09.06.2008 TI13020* A4.3 1
52 | 04.03.2009 | 9:58 PIT30 A4.3 1
53 | 11.03.2009 | 7:33 PIT20 4.8 1
54 | 11.03.2009 | 7:33 PIT20 4.6 4
55 | 12.03.2009 | 17:09 PIT132 4.7 1
56 | 12.03.2009 | 17:44 PIT32 q4.16 1
57 | 24.03.2009 | 17:33 PIT20 4.6 4
58 | 24.03.2009 | 17:33 TI12301* 4.8 7
59 | 25.03.2009 | 10:40 PIT22 A4.18 3
60 | 25.03.2009 | 17:33 TI12301* 4.8 7
61 | 25.03.2009 | 20:22 PII11 a4.11 2
62 | 01.04.2009 | 6:40 PIT32 a4.10 3
63 | 08.04.2009 | 5:27 PII15 a4.10 3
64 | 22.07.2010 | 17:40 PII15 44.19 5
65 | 22.07.2010 | 17:45 PIT11 a4.11 6
66 | 31.07.2010 | 1:42 TI12501* 4.6 6

*—pa TII unu PI1 ycranosnena 3amura MK33I1

Bo3MokHbIE BapuaHTHI ACHCTBUS 3aILUTHL:

BapuanT 1 - 3anuTa BeIsSBIIIa TOBPEXICHHOE MpUcoeAnHeHre. [locie oTKITII0YeHNs TPUCOEANHEHHOE
MECTO MOBPEKACHUS OBLIIO0 OOHAPYKEHO.

BapuanT 2 - 3aMbpIkaHHE CAaMOYCTPaHHIIOCH 10 ACHCTBHS IIEPCOHANA U OONbIIE HE MOSBIISIIOCE.
Bapuant 3 - Jlo npuHATHA Mep NMEPCOHAIOM 3aMbIKaHNE Ha 3EMJIIO TIEPENLIO B JBONHOE 3aMBIKaHUE
(>kenmaTenbHO yKa3aTh yepe3 Kakoe BpeMs ). BrIkitouaTenb OTKIIOUMIICS PENeHHON 3alIUTON OT
MexkaydaszHeix K3.

BapuanT 4 - CpabaTbiBaHHE 3aIMTHl OKA3aJI0Ch JIOKHBIM (IIPH 3TOM YTOYHHUTH - B HOPMAIBHOM PEKHUME
paboThI CeTH WM TP 3aMBIKAHWH HA 3€MJII0 Ha APYrOM IPHCOSTMHEHUHN ).

BapuanT 5 - 3ambikanue 3adukcupoBano no ¢akty nossienus 3U0 Ha muyHaX, a 3alyTa MOBPEXACHHOT O
MPHUCOEANHEHNS He cpaboTana

BapuanT 6 - 3anuTa BbIIBIIIa HOBPEXKICHHOE IPUCOEANHEHNE M OTKIIIOUNIIA TAaHHOE IPUCOEANHEHHE.

BapuanT 7- 3emis Ha nuTaromeM kaberne.



161

HHPUJIOKEHUE 7

MPOTOKOJIbI UCIIBITAHUI
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19.03.08

[Iporokon
MIPOU3BOACTBEHHBIX UCIIBITAHUN MUKPOKOHTPOJUIEPHOM 3alIMTHI OT 3aMblkaHui Ha 3emito MK3311-M na

TII 2304 MII I'DC r. Xautel-Maucuiick

MuKpOKOHTpoOJIIepHast 3alIKTa MPUCOeANHEHUI cOOpHBIX UH 6-10 KB OT 3ambIkaHuil Ha 3eMITIO
MK33II-M sBinsieTcs LEHTpaJIM30BaHHOM 3allIUTON, NTpeAHa3HAY€HHOM JJIsl BBISIBJICHUM IPUCOETUHEHUS,
Ha KOTOPOM IMPOU3O0IILIO 3aMbIKaHUE Ha 3eMJIt0. CUTHAJI OT 3aIUThl MOKET OBITh HCIOJIB30BaH KaK C
JEHCTBUEM Ha CUTHAJ, TaK U C JEHCTBUEM Ha OTKJIOUYEHHE MOBPEXKICHHOTO IPUCOECUHEHUS. 3ayCcK
3allMTHI OCYLIECTBIISIETCS] OT KOHTAKTOB pelie HapsLKEeHUs, pearupyromiero Ha Hanpsbkerne 3U0 Ha
CEKIIMH COOPHBIX LIHH.

3ammra MK33I1-M cocTouT 13 37eKTPOHHOTO OJI0Ka — OJJHOTO Ha PacTpeAeIuTeIbHOS
YCTpPOMCTBO U ycTpoicTB comnpsbkeHus Y CO, yCTaHOBICHHBIX B siueHKaX BCEX 3alllUIIaeMBbIX
npucoeauneHuit. Y CO nomaydaer HHPOpPMAIHIO O TOKE HYIEBOU MOCIeI0BATEILHOCTH OT
TpaHc(hopMaTOPOB TOKA HYJIEBOH MOCIEIOBATEIHHOCTH MIPUCOSANHEHUS U O HANIPSDKEHUH HYJIEBOM
MOCIIEI0BATENILHOCTH OT TPAHC(POPMATOPOB HANPSHKEHUS CEKINI COOPHBIX IINH, IEpEAaeT 3Ty
uH(pOopMaIuIo 3eKTpoHHOMY 0510Ky. Kpome Toro, YCO coaepKUT BBIXOIHOE MTPOMEXKYTOUHOE pele,
KOTOpPO€ CBOMMHU KOHTAKTaMH BBIJIACT CUTHAJ O cpabaThIBAHUH 3aIIUTHI B CXEMY YIIPABJICHUS

BBIKJIHOYAaTCJIA.

[{enbo MCTIBITAHUH SABIISIETCS MPOBEPKA MOBEICHHS 3alIUTHI IIPU 3aMBIKAHUAX Ha 3eMIIIO OJJTHOHM (a3bl B
LEeMNH MUTAIOIIETO MPUCOeAUHEHHS (514.3, 14.8) U 1enu OTXOASIIEro NpUcoeuHeHus (s14.9, s4.14).

IIpoBenenue onpiTa:

Ha panee oTkITIOUYCHHOM MPUCOCSIMHEHNN YCTaHABIIMBAIACH 3aKOPOTKA MEXTY (Da3oil 1 KOHTYpOM
3azemienus PII uepes namMepuTenbHbIN TpaHCPOPMATOP TOKA C aMIIEPMETPOM. 3aMbIKaHUE
OCYIIECTBIISIIOCH ITyTEM BKIIOUEHU S BBIKITIOUATETIS.

3aMbIKaHUE TPOU3BOAMIOCH YETHIPE pasa:

- B siueiike No3 Ha mepBoi CeKInu;

- B siueiike No9 Ha mepBoit CeKInu;

- B siueiike No8 Ha mepBoit CeKITnu;

- B siueiike Nel4 Ha mepBol CEKITNN;

VYcraBka pene HanpspkeHus coctaBuia 30 B.
Bpewms cpabatsiBanus 3ammtsl — 0.5 c.

VYcraBka noruueckoro anroputma — 30 A.
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3ammTa B IpoIecce OmbITa ASHCTBOBAIA HA OTKIIOYSHNE BBIKITIOUATEIICH.

Pe3ynbTaThl HCHBITAHUN:

e CyMMapHbIf TOK 3aMbIKaHHUS Ha 3€MJIIO COCTABUJI:
- Ha | cexmum — TI0 TTOKa3aHuI0 amrepmeTpa 85 A.
— o npotokony MK33I[I-M 85 A.
- Ha II cexuum — TI0 TIOKa3aHuIo ammepmerpa 87 A.
— o npotokony MK33I[I-M 85 A.
e CymMMapHbIil EMKOCTHOM TOK IIprcoeanHeHui cekuu 1o nporokory MK33I1-M cocraBui:
- IS BKIIFOYEHHBIX IPUCOEAVNHEHUHN IEPBON CEKIMHU 25 A

- IS BKJIFOYEHHBIX NIPUCOENHMHEHUN BTOPOM CEKIIUN 1.2 A

o 3aH_[I/ITa cpa60TaJ1a CCJICKTUBHO BO BCEX ClIydadXx U HOIICIZCTBOBEUI& Ha OTKJIFOYCHHC

BBIKJIFOUATEIIEH TTOBPEXKICHHBIX TPUCOCTUHECHUI.

BreIBOIEL:

HcnpiTanns nokazanu paboToCocOOHOCTh 3aIUTHI.

ot MIT I'DC Kyznemnos C.IL

/ Ky3pmun A.B.

oT HI'TY L/ lNoproros B.A.
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[Iporokon
MIPOU3BOACTBEHHBIX UCIIBITAHUI MUKPOKOHTPOJUIEPHON 3aIllUThI OT 3aMblkaHui Ha 3emiutro MK33I1-M na

TIT 2301 MII I'DC r. XaaTel-MaHCHICK

MHuUKpOKOHTpOJUIEpHAs 3alTa MPUCOeANHEHUH cOOpHBIX mIHH 6-10 KB oT 3amMbIkaHUil Ha 3eMITIO
MK33II sBasieTcst HeHTPaTU30BaHHON 3aIlIUTOM, IpeIHa3HAYEHHOM /7151 BBISIBJICHUM MPUCOEINHEHUS, Ha
KOTOPOM IMPOU30IILIO 3aMbIKaHNE Ha 3eMJI0. CUTHAIT OT 3alIUTHl MOKET OBITh MCIIOJIb30BaH Kak C
JeICTBUEM Ha CUTHAJI, TaK U C JEMCTBUEM Ha OTKJIFOUEHHE TTOBPEKIECHHOTO IPUCOEANHEHUS. 3ayCcK
3alllATHI OCYLIECTBIISIETCS] OT KOHTAKTOB pelie HalpsKeHus1, pearupyrouero Ha HanpsikeHue 3UO Ha
CEeKIMH COOPHBIX IIHH.

3amuta MK33I1-M cocTOUT U3 31€KTPOHHOTO GJI0Ka — OJTHOTO Ha pacHpeeTuTeIbHOe
YCTPOMCTBO U YCTpOUCTB conpsikeHust Y CO, ycTaHOBJIEHHBIX B siU€HKaX BCEX 3alMILAEMbIX
npucoeaunenuil. Y CO nonydaet HHPOpMALKIO 0 TOKE HYJIEBOH MOCIIE0BATEIBHOCTH OT
TpaHc(hopMaTopoB TOKa HyJIEBOH MOCIIEA0BATEIHHOCTH IPUCOSTUHEHHS U O HANPSHKEHUN HYJIEBON
MOCIIEI0BATENILHOCTH OT TPAHC(POPMATOPOB HAIPSKEHUS CEKIMI COOPHBIX IIMH, IIEPEAaeT 3Ty
uHpopMaIio 31eKTpoHHOMY 0710Ky. Kpome Toro, YCO conepUT BEIXOAHOE POMEKYTOUHOE peJie,
KOTOpPO€ CBOMMHU KOHTAKTaMU BBIJIACT CUTHAJ O cpabaThIBAHUU 3AIIUTHI B CXEMY YIIPaBJICHUS

BBIKJIFOYATCIIA.

[{enbo MCTIBITAHUH SIBIISIETCS POBEPKA MOBECHUS 3aLUThI PU 3aMBIKaHUAX HA 3€MIIIO OJTHOM (ha3bl B
Lenu nuraromiero npucoenuHenus (Broal, su. 5) u nenu orxonsmero npucoe1nHeHus (s4.7).

IIpoBenenue onpiTa:

Ha panee oTk/10u€HHOM MPUCOETUHEHUN YCTAaHABINBAIACh 3aKOPOTKA MEX Ty (ha30i M KOHTYPOM
3azemienust PI1 uepe3 namepurenbHblii TpanchopMaTop TOKa ¢ aMIEpMETPOM. 3aMbIKaHHE
OCYIIECTBIISJIOCH TYTEM BKJIFOUEHUS BBIKITIOYATEIS.

3aMbIKaHUe MPOU3BOAMIOCH /IBa pa3a:

- Ha nutaroieM PII-23 B auetike Ne21 Ha mepBoil ceKINU;

- Ha TII 2301 B stueitke No7 Ha IepBO CeKIMU;

VYcraBka peine HanpsbkeHus cocrasuia 30 B.
Bpewms cpabGatbiBanus 3ammTel — 1.5 c.
VYcraBka goruueckoro anropurma — 30 A.

3ammTa B POIlecCe OMbITa JeHCTBOBANIa Ha OTKIIOUCHHUE BHIKITIOUATECH.
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Pe3ynbTaThl HCOBITAHUN:

e Tok 3aMbIKaHHs Ha 3€MJIIO COCTABUI:
- Ha | cexmum — TI0 TIOKa3aHuIo amrepmerpa 85 A.
— o potokony MK33I1-M 88 A.
e CyMMapHbIi EMKOCTHOM TOK IpUCOeANHEHUH cekuu 1o npotokoiny MK33I1-M cocraBui:

- MpH BKIIOUYEHHOW OTXOAALIEH JIMHUM 4.7 IEPBON CEKLIUU 0.19 A

° 3a1u1/1Ta cpa60TaJ1a CCJICKTUBHO BO BCEX ClIydadaX U HOILCI‘/'ICTBOBaJ'Ia Ha OTKJIIOYCHHUC

BBIKJIFOUYATEIIEH MMOBPEXKICHHBIX TPUCOCTUHECHUA.

BriBognl:

HcnpiTanns nokaszanu paboTocrnocoOHOCTh 3aIUTHI.

ot MIT I'2C / Kyznemnos C.IL

JnekTpoTEXHHYECKARA Ky3BMI/IH A.B.
naboparopun
MM «F3C»

oT HI'TY u, lNoproros B.A.
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IIporoxon

IMPOU3BOJACTBEHHBIX HCIIBITAHUH MHKpOKOHTpOHHCpHOﬁ 3al0UTHI OT 3aMbBIKaHUN Ha 3EMITIO

MK33I1-M na TII 3020 MII I'DC r. XaaTel-MaHCcHICK

MHUKpPOKOHTpOJUIEpHAS 3aIllUTa IPUCOCTUHEHUI cOOpHBIX mUH 6-10 KB 0T 3aMbIKaHMil Ha 3eMITIO
MK33II siBnsieTcst HeHTpaTM30BaHHON 3aLIUTOH, MPeIHA3HAYEHHOMN AJIs1 BBIABJICHUIN NPUCOECTIMHEHNS, Ha
KOTOPOM IIPOU30IILIO 3aMbIKaHHE Ha 3eMiTr0. CHTHAIT OT 3aIIUTHI MOKET OBITh MCTIOJIE30BaH KaK C
NeCTBUEM Ha CHTHAJ, TaK U C JEHCTBUEM Ha OTKJIIOUEHHUE MOBPEKIECHHOTO MPUCOEANHEHNUS. 3aIlyCK
3aIUTHI OCYILIECTBIISIETCA OT KOHTAKTOB pejie HapsKeHUs!, pearupyrouiero Ha Hampspkeaue 3U0O Ha
CEeKIMH COOPHBIX IIHH.

3amura MK33I1-M cocTout 13 3JIeKTPOHHOTO 0JI0Ka — OJTHOTO Ha PACIPeIeIIUTEIbHOE
YCTPOUCTBO 1 ycTPOUCTB conpspkerHns Y CO, yCTaHOBJICHHBIX B STYEHKAX BCEX 3aIUIAEMbIX
npucoenuHennit. Y CO monryqaet HHGOPMAINIO 0 TOKE HYJIEBOW MOCIEI0BATEIFHOCTH OT
TpaHc(hOpPMATOPOB TOKA HYJEBOU MOCIIEIOBATEILHOCTH IPHUCOSIUMHEHHS U O HAMPSDKEHUH HYJICBOM
MOCJIEIOBATEILHOCTH OT TPAHC(POPMATOPOB HAMPSLKEHHSI CEKITUI COOPHBIX IIMH, IEPEAaeT dTY
nH(pOpMaIuIo eKTpoHHOMY 0510KYy. Kpome Toro, YCO conepKuT BBIXOAHOE MMPOMEKYTOYHOE pelte,
KOTOPOE CBOMMHM KOHTAaKTaMH BBIJIACT CUTHAJI O CpabaThIBAaHUH 3alIUTHI B CXEMY YIPaBICHUS

BBIKJIFOYaTCJIA.

Llenpio MCIBITAHUN SBJISETCS IMPOBEPKaA MOBEACHUA 3allIUThI IIPU 3aMbIKAaHUAX Ha 3E€EMJIIO OHHOﬁ

(ha3bl B IEMSIX MUTAOIUX MprcoearnHeHni (BBo Nel, 4. 5; BBox Ne2, s14. 4) v emnsx OTXOSIIUX
npucoeauHeHM (s14. 3, f4. 9, 5. 11, 9. 6, s19. 10, 4. 12).

IIpoBeneHUE OoNbBITA:

Ha paHee OTKITIOYCHHOM TPUCOCTUHEHUH YCTaHABIMBAIACH 3aKOPOTKA MEXTy (ha30i U KOHTYpOM
3azemsienus PI1 uepe3 usmMepuTenbHbIN TpaHC(HOPMATOP TOKA C aMIIEPMETPOM. 3aMbIKaHHE
OCYILECTBIISIOCH TYTEM BKJIIOUCHHUS BBIKITFOUATEIA.

3ambikanue Ha TII 3020 npou3BoAUIOCH BOCEMb pas:

- BO BBOJIHOU suelike No5 Ha nepBOM CEKLUY;

- B siueiike Ne3 Ha mepBoii CexIuu;

- B stueiike Ne9 Ha mepBoii cexiuu;

- B stueiike Nell Ha mepBo# cekmmu;

- BO BBOJIHOM stueiike Ned Ha BTOPOU CEKIINH;
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- B siueiike Nel2 Ha BTOpO# cexIuu;
- B stuetike Nel( Ha BTOpO#t cexiuu;

- B siueiike No6 Ha BTOpPOI CEKIINH;

YcraBka pene HanpsbkeHus cocrasuia 30 B.
Bpewms cpabGaTpiBanus 3amuTsl — 1.5 c.
YcraBka goruueckoro anmropurma — 30 A.

3ammTa B IIpoIiecce OMbITa IeHCTBOBANIa HA OTKIIIOUEHHE BBIKIIFOUATENEH.

Pe3ynpTarsl HCIBITAHUMN:

Tok 3aMbIKaHUS HA 36MJTIO COCTABWIT:

- Ha [ cekuuun — 10 ToKa3aHuio amrepmerpa 60 A
— o nporokosry MK33II-M 62 A

- Ha II cexuum — TI0 TIOKa3aHUIo amriepmerpa 65 A

— o nporokoiny MK33II-M 63,6 A

3aH_[I/ITa cpa60TaJ1a CCJICKTUBHO BO BCEX ClIy4dasixX U HO,ZLGI‘/’ICTBOBaJ'Ia Ha OTKJIIFOYCHHC

BBIKJIFOUATEIIEH TTOBPEKICHHBIX ITPUCOCIUHECHUM.

BEIBOJIBIL:

HcnpiTanus nmokazanu paboToCOCOOHOCTD 3aIHTHI.

ot MITIT2C Kyznernos C.I1.
JneKTpOTEXHAUECKAA i
4 ne,la6opaTopHﬂ 4 / Ky3smun A.B.
MM «M3C»

../

or HI'TY lNopronos B.A.
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IIporoxon
IMPONU3BOJACTBCHHBIX HUCIIBITAaHUI MI/IKpOKOHTpOJIJIepHOf/i 3allUThI OT 3aMBIKAHHUI Ha 3eMIII0
MK33II-B3 na TII 3050 (323) MII I'SC r. XanTtel-Mancuiick

MuKpOKOHTpOJUIEpHAs 3alUTa MpUCcOeInHEHNH cOOpHBIX mHH 6-10 KB oT 3amMbIkaHUil Ha 3eMITIO
MK33II sBrasieTcst HeHTpaTU30BaHHON 3aIlIUTON, IPeIHA3HAYEHHOM 715 BBISIBJICHUS NPUCOEIUHEHUS UK
CEeKIIMH COOPHBIX IINH, HAa KOTOPBIX MPOU30ILIO 3aMbIKaHUE Ha 3eMII0. CUTHAT OT 3alIUThl MOXKET OBITh
KCII0JIb30BaH KakK C JIEWCTBUEM Ha CUTHAJI, TaK U C IEHCTBUEM Ha OTKIIFOUEHUE TIOBPEKIECHHOTO
MPUCOEIMHEHNUS. 3aITyCK 3alIUThl OCYIIECTBIISIETCA OT KOHTAKTOB peJie HANPSKEHUs], pearupyroliero Ha
HanpspkeHre 3U0 Ha cekuuu cCOOPHBIX IITUH.

3amuta MK33I1-B3 cocTouT U3 31eKTpOHHOTO 0J10Ka — OJTHOTO HA paclpe/eIuTEeILHOC
YCTPOMCTBO, OJI0KA MHIUKAIIUN U YCTPOUCTB conpsikernst Y CO, yCTaHOBJICHHBIX B STUEHKaX BCEX
3anuiaeMsix npucoeanneHuit. Y CO nonydaet HHGOPMAIIHIO O TOKE HYJIEBOH MOCIE0BATEIBHOCTH OT
TpaHc(hopMaTopoB TOKa HyJIEBOH MOCIEA0BATEIBHOCTH IPUCOSTUHEHHS U O HANPSHKEHUN HYJIEBON
MOCIIEI0BATENILHOCTH OT TPAHC(POPMATOPOB HATIPSKEHUS CEKIMI COOPHBIX IIKMH, IEPEAAeT 3Ty
uHpopMaIio 3M1eKTpoHHOMY 0710Ky. Kpome Toro, YCO coaepuT BEIXOAHOE MPOMEKYTOUHOE perie,
KOTOpPO€ CBOMMHU KOHTAKTaMH BBIJIACT CUTHAJ O cpabaThIBAHUU 3aIIUTHI B CXEMY YIIPaBICHUS
BBIKJIFOUATEIA.

Lenbto MCOBITAHUN SBIISIETCS TPOBEPKA MOBEACHUS 3aIIMTHI IPY 3aMBIKAHUSIX Ha 3€MJIK0 OJTHOM
(haspl B 1eMIX MUTAOIMKX pucoeauHeHnid (BBoA Nel, sta. 3; BBog Ne2, s14. 4), 1enu OTXOSIIIX
npucoeauHeHu (4. 5) 1 Ha mmHax cexiuit Nel u No2.

[IpoBeneHue onbITa:

Ha panee oTk/1104€HHOM MPHUCOETUHEHUH YCTaHABIMBAIACH 3aKOPOTKA MEX Ty (ha30i M KOHTYPOM
3azemsienus TI1. 3ambikaHMe OCYLIECTBIISUIOCH TYTEM BKIIFOUEHHSI BHIKITFOUATENS.

3ambikanue Ha TII 3050 npousBoAMIIOCH AT pa3:

- BO BBOJHOM siueitke No3 Ha mepBoil CeKImu;

- B stueiike Ne5 Ha nepBoi CEeKIuu;

- Ha muHax cekuuu Nel;

- BO BBOJHOM stueiike No4 Ha BTOpOM CEKIMU;

- Ha muHax cexuuu No2;

VYcraBka peine HamnpsixkeHus cocrasuina 30 B.

Bpewms cpabatpiBanus 3ammthl — 1.2 c.

Bpewmst cpaGaTbhiBaHus 3alIUTHI IPH 3aMbIKaHUU Ha mKHAX — 0.4 c.
VYcraBka goruueckoro anroputma — 30 A.

3amura B Mpolecce oMnbITa AeicTBOBala Ha OTKIFOYEHHUE BBIKIIIOUATENICH.

Pe3ynbTarhl HCTIBITAHUN
Tox 3aMBIKaHUS HA 3EMIIIO COCTABUII:

- Ha | cexuun — o nporokoiay MK33II-B3 69.6 A

- Ha Il cexuumn — o nporokony MK33II-B3 73.6 A

3ammuTa cpaboTana CeIeKTUBHO BO BCEX CIIydasix U MOJIEHCTBOBaIa Ha OTKIIIOUEHUE
BBIKJTIOUATENel TOBPEKICHHBIX TPUCOETUHEHUN.

BriBobL:
HcnpiTanus nokazanu paboTocrocoOHOCTh 3aIIUTHI.

oT MITTOC ' Kysuenos C.IL

/ Ky3pmun A.B.
oT HITY il l'opronos B.A.
o=
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POCCUNUCKAS OENEPALIUA
XAHTBI-MAHCHUCKHUN ABTOHOMHBIN OKPYT-IO'PA
T'OPOJI XAHTLI.MAHCUNCK
MYHHIIHIIAJIBHOE ITPEANIPHUATHE
“FOPOJACKHE 3JEKTPHYECKHE CETH”
MYHHLIHUIIAJBHOI'O OBPA3OBAHUS
I'OPOJ XAHTBI-MAHCHHNCK
62801 1,r. XanTei-MaHcuilck, ya [I3e pakuncione, 21 Ten/paxc:(3467) 33-31-89, 33-34-25, 32-12-16

OAO Xanth-Mancaticknh Gani r. Xantsi-Mancafick plc 407028 1080000:0000140 kopleuer 30101810100000000740 BHK 047162740
HHH 8501003865, KNI 860101001, OKMO 03220050, KB/ 40.10.3., 40.10.5. Cafir: www.hm-pes.ru E-mail : hm-ges@ugramail ru

Hex, BL8E oAz - A o

AKT
00 HCNOJB30BaHHH Pe3YNLTATOR KaHAWAATCKOH NHCCepTaLHOHHOI paGoTel ['opioHoBa Bauecnasa
AnexcaHJpoBH4a

PezynbraTel OuccepraunoHHod pabotel T'opioHoBa B.A. «MccnepoBauus u paszpaborka
AIrOPHTMOB MHKPOINPOLECCOPHOH 3allMTHl OT OAHO(A3HBIX 3aMBIKAHHH HA 3E€MII0 C YYETOM
BIEKTPOMATHHTHOH COBMECTHMOCTH)» MPEJACTABNCHHOH Ha COHMCKaHHE yu€HOH CTeNeHH KaHaunara
TEXHUYECKHX HAYK, HCMOJB30BAHEI B JKCIUTyaTauHoHHo#t gesrensHoctH MIL  «Toponckue
MEKTPHYECKHE ceTu» I.XaHTel-MaHcuficka B BHIe ycTpolicTE MUKponpoueccopHoit samutsl MK33IT
IUTA 3alMTE npHcoeguHeHHd 10 kB ot 3aMbIkaHuil Ha 3emMmio. ¥YceTpoiicTa 3a1UMTEl YCTAHOBICHE! HA
TpancopMaTopHeIX noactaHuuax T112301, TI12304, TI13020, TI13051, TIT2501, TT13240, TI13050 »
Ha pacnpeneauTensHoM nyHKTe PI121. OneiT 3xcrutyaTaly NOKA3ai, YTO YCTAHOBJIEHHBIE 3ALIHTE]
AOCHCTBYIOT CENEKTHBHO TMNPH BCEX MNOBpEeXOCHHAX. HecenekTHBHBIX OEHACTBHA 3alIMT He

3aUKCHPOBAHO.

C.H.AmuTpHes

08.11.10 Hen.
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