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YIOK 621.311; 313-315

P84 Pyxkosoacrso no 3awHTe Nekrpuueckux cered 6-1150 xB ot rposoBbnix
H BHYTpeHHuX nepexanpsokeHu#t / [loa nayuHo# penakumet H.H. Tuxo-
neesa. - 2-oe uananue. - Caukt-Iletepdypr: [IDUIK Muuronauepro P®,1999.-

353 cTp.

B “PykoBoactee” HinoXeHbl METOAbI pacyeTa BHYTPEHHUX (KOMMYTa-
LHOHHBIX Y PE30HAHCHBIX ) MepeHanpsxeHHH 1 BuibOpa koMIUlekca Mep 3allu-
Thl OT HUX B Anekrpuuecknx cetax 110-1150 kB ¢ a¢pdexTuBHo 3azemnenHof
HEHTpaNbIO, B 3NEKTPHUYECKHX ceTax 6-35 kB ¢ nionuposanHo#, koMneHCHpO-
BaHHOHN W PEe3UCTHBHO-3a3eMJICHHO HEATPATLIO, B TOM YHCJIE, B CHCTEME COD-
CTBCHHBIX HYXI MIEKTPHYECKHUX CTaHLHHA.

[lpuBeneHs! mMeTOdbI pacyeTa rpo3oynopHOCTH M BbiGOpa cpencTs ee
MOBLIWEHHA ANA BO3AYIUIHLIX JIMHUH 3JexkTponiepenaud, PY u nogcraHuui
6-1150 xB B 3aBHCHMOCTH OT rp0O30BOA aKTUBHOCTH B PErHOHe H MCIOJb30-
BaHHLIX CPEACTB MX 3aWHThHl OT MPO30BLIX MEPEHANPAKECHHHA.

"PykoBoacTB0” npeHazHaueHO WA HHKeHepoB, pabotawowux B 06-
JIACTH NPOEKTHPOBAHHUA H IKCIUTyaTaLlMH IHEPTOCHCTEM, ITEKTPHYECKHX CeTef
H CTAHLHA.

© AO HHUHIIT, 1999
© TDHIIK MunTtonaunepro PO, 1999



[TIPEAUCIIOBHE

[TepBoe uifanue “PykosoacTea o lauute Mektpuyeckux cereit 6-1150 kB ot rpo3so-
BLIX M BHYTPEHHHMX nepeHanpshkeHHi” (B manbHeweM - “Pykosoactso”) 6uu10 BBEdE-
Ho B aeficteue B 1994 r. (P]] 34.35.125-93).

[To nopyuenHio JlenaprameHTa cTpaTerny pa3BUTHA U HAYUYHO-TEXHUUYECKOH MOJIH-
ik PAO “EC Poccun” AO HHHUIIT u AO BHHUHI peaakunoHHo nepepaboranmy,
AONOMHWIA W TNOATOTOBMAM K THROTpapCKOoMy WINAHHIO BTOPYKO PEAAKLKIO
“Pykosonctsa”. Ilpy ee noaroroske yuTeH HakOMJEHHbIH ONBLIT 3aUIMTHI OT MEpeHa-
NpAXeHuil B JHEProcUCTEMaxX U Hay4YHO-TEXHHYECKHIt nporpecc B 3TOH 001acTH JJekK-
TPOJHEPreTUKHU. B 4acTHOCTH, MPUHATO BO BHUMaAHUe, 4TO B PoccuM u Apyrux cTpaHax
npekpallieH BoiNYCK pa3spaIHUKOB, BMECTO KOTOpbIX C cepeinHbl 70-X ronos npou3Bo-
aaTca Oonee 3¢ppexTUBHBIE OrpaHUYNUTENH NepeHanpAXeHnid pasHbIX THNOB. Jlo6Gasne-
Ha rnasa o 3awuTte noactaHuui 110-750 xB ¢ 3nerazossimu KPY. OcHoBHON TeKCT
“Pyk0oBONCTBA” 3HAUMTENLHO COKpAUIEH, a3 METONMYECKHE M CMPaBOYHbIE MATEpHAbI
NEPEHECEeHb! B NPHOKEHUS.

“PyKkoBOOCTBO  COCTOMT M3 3-X uacTeit:

YacTb 1. 3alunuTa OT BHYTPEHHHX NeEpeHanpAXeHHH 3eKTPHYECKHUX
ceteit 110-1150 kB;

YacTe 2. 3ami1Ta OT BHY TPEHHHX MEepeHaNpAKEHHNA INEKTPHYECKHX
ceTeit 6-36 kB;

Yacte 3. I'po3o3awura nuuuit y nogcranuui 6-1150 kB.

B xaxxao# yactu “PykosoncTsa” coaepkarca: peKOMEHRAUUHK 10 3auiure OT fepe-
HanpAXKEeHHA, NMPHNOXKCHUA C MCTOAKKAMH U NMPUMEpPaMH pacyeTa, CrnpaBosHble maTe-
puansl, HHpopMauus o6 umelouleMca nporpaMMHOM O0ecrneyeHUH pacyeTos nepeHa-
NMpsAXXEHUA pa3znyyHbIX BHAOB.

B noaroroBke “Pykosoactsa” npuHumanu ydactue AO HHUHIIT (ronosHas opra-
Hu3zauua) 1 AO BHHUHUDI. Kpome Hux, k pazpaborke oTnensHpIx BONpOCOB NMpHBIEKa-
auce: AO DHHH, AO “Huctutyr “CeszamdHeprocersnpoext’, AOOT HHH
“Inextpokepamuka’, 3A0 HITO “nextpoxkepamuka”, OAO “Kopuunosckuit dapdo-
posbii 3ason”, CI16I'TY, u apyrue opraHu3auuiu, 4To BUAHO MO CAHCKY cOCTaBUTenei
“Pyxomonctsa’.

KoMmnbroTepHsiit Habop “Pykosoactsa” noarorosnen 3A0 HIIO *3nekrpo-
KepaMuka’, MakeTHpoBaHUe-[leTepOyprckum IHEpreTHYeCKMM HHCTHTYTOM MOBbILLC-
Hua xpanndukauuu (INOUITK) Munrtonasepro PO.

OTripaBHOA TOYKOH ANs pa3sBHTHA H3INOXKEHHbIX HHXKE METOAOB pacyera lepeHa-
NpsSHKEHUI  NOCAYXUIH byHIaMeHTaNbHbIE Tpyasl npod. JIL.U.CupoTHHCKOroO,
mpod. A.AT'opesa, npod. HH.Ulempuna, npod. N.C.Crexonbimkosa, npod. [1.B.Pazesura,
npo¢. A.H.lonruHosa, npod. M.J1.JIeBuHIUTEHa, npod. B.B.byprcaopoa,
npo¢. M. A.I'py3nesa, k.T.H. [I.E. ApTembeBa, K.T.H. A.A AKonAHa, K.T.H. A.B.KopcyHuena

MHOIMX [IpPYIrHX OTCYE€CTBEHHbIX Y4YEHbIX WU CMEUHAIUCTOB, a TaKXKE PEKOMEHIALHH
CUTI'PD.



Hayutioe pykosoactso paGoTtoil no NnoAroToBke 2-ro v3gauua ‘‘Pyxosoactsa’ ocy-
wectsun akanemux PAH H.H.Tuxonees (AO HUHIIT).
OCHOBHBIMH aBTOPAMHU ¥ COCTaBHTENAMH “PyKOBOACTBA" ABAAIOTCA:
no uactu | — npog., a.1.4. C.C.llyp (AO HHUHIIT),
10 4acTH 2 — K.T.H., 3aB.cekxTopoM nepenanpsixkeunit AO BHUHUDI H.H.benskos;
no 4actu 3 — 3as.cekropoM nepeHanpsxeHuin AO HUHUIIT A.H.Hosuxosa.
KpoMe HHX, B MOAroTOBKE OTAENbHbIX pa3nenoB “PykoBoacTBa” u NpUNOXKEHHIA K
HEMY MPUHHUMAIH Y4aCTHE CAEAYIOWHE CNIELUHATUCTDI:
MO BHYTPEHHUM NEPEHANPAXKEHUAM W 3aUIUTE OT HUX-
nioxkeHep B.B.Kpesikanosckuit (AQO HUHMITT, noapaszmen 2.9, lNMpunoxenus 3 u 10);
urxenep M.H.Peapyruna (AO HUHIIT, [Npunoxenus 6 u 8);
K.T.H. A A.Qununnos (AO HUMIIT, nonpasnenst 3.2, 3.3 u 3.7);
K.T.H. B.W.["aspukos (AO HHHITT,noapa3nenst 3.3, 3.6 u 3.7);
K.T.H. B.E.Pozer (AOOT HHUH “Dnextpokepamuka™ , [Ipunoxenue 4);
K.T.H. [.M.Umanos (3AO HITO “Dnektpokepamuxa’, [Ipunoxenue 4);
k.T.H. K.1. Kyapmuuesa (AO BHHUUD, uacTs 2).

[[0 rpo30BbLIM NepeHaNnpsKeHHUAM M 3aLUTE OT HUX-
npod.,uneH-kopp. PAH M.B.Koctenko (CIIOI' TY, paznensi 6, Tu 9, [Tpunoxenue 17);

npo¢.. a.T.H. O. X Xanunos (CI16I'TY, paznen 9);
K.T.H. A.M.Tapkubaes (TTSUIIK, pasznen 9),
k.T.H. H.U.I'ymeposa (CII6T TV ,pazaen 9, [1punoxenus 31 u 33);
k.T.H. C.M.[Tonos (AO BHUHD. paznen 9, lipunoxenus 311 32);
nHxeHep b.b.boukosckuit (AO BHHUUD, pazaenst 6 u 7, lpunoxenue 22);
4.7.H. J.M.bazensn (AO SHHUH, ITpunoxenue 29);
K.T.H. M. JL.®ensaman (AO “Uncturyt CeB3aniHeproceTbnpoekt”’,
noapasaen 8.3, INpunoxenue 28),
nHxetiep M.b.Kerenec (AO “UHcTutyT CeB3aniHeproceTsnpoexT’”,
| noupasaen 8.3, [lpunoxenue 30);
a.7.H. b.B.Epumos (Konsckuit HL| PAH, [Ipunoxenue 21);
kK.T.H. A.A.llnpens (AO HHHI’IT, [Mpunoxenue 15);
nHxeHep O.B.UImaparo (AO HUUIIT, [lpunoxenus 23 u 26);
K.T.H. B.A.Epynos u unxenep WU.I1.MNonakosa (AO HUHUIIT, INpunoxenne 34).

C sBenexueM B aeicteue “PykosoacTsa” yTpauMBarT CUNy “PyKkoBoAfulHE yka3a-
HUA NO 3aLLKTe 3ekTpocTanuuii B noacrtavuuit 3-500 xB oT NpAMBIX yIapoB MONMHHU U
rpoO30BbLIX BONH, Haberawwux ¢ nunui anektponepenaun’” (OPI'PIC, 1975).

3aMeqaHns U NpeanoXkeHus no YTOYHEHHIO W COBEPUIEHCTBOBaHWO “Pykxoson-
CTBA”, a TaKXKe BOMPOCHI 110 €r0 UCNONbL3OBAHUIO B NpaKTHUecKoit paboTe cnenyeT Ha-
npasnate B AO HUHUIIT (194223:. Caukr-IlerepOypr, ya.Kypuarosa, 1/39:
daxc: 812 + 555493 1).



YACTb 1

3ALIUTA .
OT BHYTPEHHUX NEPEHANPSI)KEHU I
JEKTPUYECKUX CETEM 110-1150 xB



CITMUCOK OCHOBHBIX OBO3HAUYEHUM YACTHU 1

£ - ammiuTtyna 3.4.c,
N, - oxkuaaeMoe Yucio Bo3aeCTBUIA BHY TPEHHUX nepeHanpseHHil B rof;
P - nepenasaeMas no BJl MOUIHOCTb;
P wav — HaTypaiibHas mowHocTs BJL
P(X<=E) - dynkuna pacnpeaencHns BEPOATHOCTER CyuaiHOM BCJIMUMHDI X/
Tos — pecypc nponyckHoii cnocodHocT OIH;

U, — HOMHHAILHOE HANPAXEHHE,
U, — Haubonsliee pabouee HANPAKEHHUE,

X ~ MaTeMaTHuYecKoe OXuIaHHUE CAYHRNHON BENUYHHBI X |

X - peakTUBHOE CONPOTUBNEHHE CUCTEMBI,

Z,, - BOJIHOBOE COTPOTHUB/IEHHE JIMHUH,
Ay — KOIQGHULUHUCHT HECUMMETPUH NIPY OAHOMOTIOCHOM K.3.:
k — amnmanTyna (KpaTHOCTb) MEpeHanpsXeHUH, BOIHMKAIOWMX B epexo-
HOM PeXXHMe noce aBapHAHON HIY NNAHOBON KOMMYTaLMH;
Kooy — HampsKeHHe, OCTalOWEECH HA PE3HCTOPE OTPAHUMUTENH;

N, — OXHOaeMoe YUCNOo KOMMYTaUWH B rof;
U ~ BbIHY)XIEHHAs COCTaBasloUlas MEPEXOIHOro mpouccca nepeHanpsike-

HU M,
Ve — WHOEKC e’ 0003HauaeT HEHACLILIEHHOS 3HAaYeHHEe BbIHYX/1EHHOI'0 Ha-

NpsXEHUA.
a - KOYpdHUKEHT 3aTyXaHnAa COOCTBEHHbLIX kKonebaHuit InekTponepenayu;

B« —uacToTbl COOCTBEHHBIX KOJIEOAHKI INEKTpOTIEpeaay H;
N~ yaaptiblit KOOQOHUNEHT NEPEHANPAKCHHN;
A — BOAHOBAA [LJIHHA JIMHHM,

© — MOTOKOCUECMIEHUE;
0 - 3HaueHue yraa mMcxy BekTopamu 3.4.C. £, u £, 3nekTponepenayy;

ﬁ

G -~ DUCNEPCHs CNYUAHHOR BEAHUYHHDI X,

(0). (1): (2) — uHAexchbl, onpefensIoOWwKe NApaMCTpbl HYACBOM, NPAMOR M o0paTHOM
NOCJ/Ie10BATC/ILHOCTH.
"0 MUpT — MHAEKCHI, YKA3bIBAOWHE COOTBETCTBEHHO HA NMUTAIOWIMI H PAa3OMKHY-

Thil KOHUbL JJIEKTpOonepeayu.



PA3AEJI 1. OBLIAS XAPAKTEPUCTUKA )
BHYTPEHHHX INEPEHAIIPAXEHHHU
B DJEKTPHYECKUX CETAX 110-1150 xB

1.1. Beegennie. OcHoBHbIe onpeaesieHHUA

B 1 4acTH Oar0TCA peKOMEHNAalHWH NO 3aWMTe 0T BHYTPEHHHUX , PE3OHAHCHbIX W
KOMMYTAUHOHHBIX MepeHanpixkeHud cetedt HampawedueM 110-1150 kB. 3aech uina-
raloTcs PpU3nyeckas npupona, ocobeHHOCTH ¥ TpebOBAHHUA K 3aUUMTE KAXKAOro BUAa Kak
PE30HAHCHBLIX, TAK U KOMMYTAaUHOHHbLIX nepeHanpaxeHun. K 1 yacTu oTHOCATCA O€BAThH
NPUNOXKEHHH, B KOTOPbIX NPUBONATCA METONBI pacyeTa BCEX BHIA0B BHYTPEHHHWX mnepe-
HanMpPsXKCHHI 1 HEKOTOPbIE CripaBouHble MaTepuansl. [na ynrobcrea pacueros paspabdo-
TaHbl TPH NMaxKeTa NporpaMm:

® pacyeTa pe30HaHCHbIX nepeHanpsxeHnuii (PEMA-I);

e pacyeTa O0XWAAEMOTOo Cpoka cayxObl OrpaHUYHTENEH TMepeHANnPAKEHUN
110-1150 xB (PEMA-2);

e J>(PPeKTHBHOCTH 3aLUHTL!I OT FPO3OBbIX, PE3OHAHCHBIX ¥ HH3KO- U BbICOKOYAC-
TOTHBIX KOMMYTAaUHOHHbIX nepeHanpskeHHit (PBIIM-1).

U3noxerrie conponroXxaaeTcs noapoOHbIMB YHCIEHHBIMU MPUMEpPAMM, KOTOpbie
HIMOCTPHUPYIOT METOAHKH ¥ MOTYT ObITh HCNOMB30BAHbLI B Ka4YECTBE TECTOBBIX 3a4ay.

dnexTpH4eckre ceTH HanpsikeHuem |110-1150 kB paboraior ¢ 3dpdexkTrBHO 3a-
3eMACHHON HelTpanbro. Tloa cucteMoit ¢ 3¢ hexTUBHO 3a3EMAEHHON HeHTpasibio 00bIY-
HO 1TOHUMAETCR CHCTEMA, BCE IIEMEHTLI KOTOPOH COCAUHEHL! C 3eMeit Harnyxo, nubo
yepes UHAYKTHUBHOE CONPOTUBJEHHUE, BEIMUHHA KOTOPOr0 HACTONLKO Mana, 4To Ko3g-
PHUHUCHT HECHMMETPHH A, , B TIO00# ToOuKe 3nexTponepesaun He npesocxoaur 1,4 ans
PA3JIHYHBIX CXEM W PEXHMOB paboTbl CUCTEMBI, BOZMOXHBIX B NPOLIECCE IKCIUTyaTaL{HH.
[lon Ay, NOHHUMAIOT OTHOLIEHUE HAUBLICLIEro HanpaxeHua 4actothl 50 ['u 3p0pOBOIT
da3bl B 3TON TOUKE BO BpeEMs KOPOTKOro 3aMblKaHHA Ha 3€MNI0 OQHOH WK ABYX a3 K
dasHOMY HATIPAKEHNIO paboyein YacTOThl, NOABNAIOWEMYCA NTOCAE YCTPAHEHNS 110Bpe-
xaeHna. JdPekTHBHOE 3a3eMieHre HERTPaAH CETH MOXET ObiThb NMOAYUEHO NPW Iy-
XOM 3a3eMJICHHYW HEUTpasieH BCEX MIIM HacTH CHIOBLIX TPAHCHOPMATOPOB CHUCTEMBI.

Koadppuumuent /i, , 3aBUCHT OT COOTHOLIEHHA aKTHBHbLIX W PEaKTHBHbIX CONPOTHB-
NeHHA cucTembl. TpebosaHue A, , < 1,4 npubiusutenbHo cobaonaercs, koraa oTHoule-
HUE PEAKTUBHOW COCTABJAIOWIEH BXOAHOIO COMNPOTHUBACHUA CUCTEMBI, PACCUUTAHHOIO
OTHOCHTE/IbHO MECTA HapylleHUA CHMMETPUH MO napaMeTpaM HYNAEBOK nocJsienoBa-
TEJbHOCTH, K PEaKTHBHON COCTaBAAKOLILEH TOrO XKe onnnom_conFomBneHna, paccUu-
TaHHOTO MO NapaMeTpaM NMPAMOIt NOCNENOBATENLHOCTH Xy ) / X, £ 3, T.e. He Gonblue
™ex. B TO e BpeMa OTHOWEHHWEe aKTHBHON COCTaBAAUIS] 3TOr0 CONPOTUBNEHUA, pac-

y 0 1
CHUTAHHOTO NO NapaMeTpaM HYNEBOW flI0CACA0BATENLHOCTH rix) , K rix)
(0)

(1)
e r.J/r, £10. AKTUBHbIE M pEaKTUBHbLIE COCTABAIOUIHE TOJHOIO BXOUHOMO CO-

NPOTUBJACHUA NPH ITOM PACCUUTHIBAIOTCA NO JHAMEHUAM NEPEXOAHLIX pPEaKTUBHOCTEN
CUHXPOHHbIX MALIHH.

B HOpMaZbHOM pexiMe HanpsXeHue Ha nodbix IneMeHTax anexTponepenayuu He
10/DKHO MOBBIATHCA CBEPX Haubonpwero paboyero, Noa KOTOPbIM CAEAYET MOHHUMATL
JUTUTENBHOE HAMpAXEHHE, T.e. 0e3 OrpaHUYCHUA BPDEMEHH BO3neHcTBUA, Oelonachoe
s n3ondury. B tabn. 1.1 npusenenst Haubonbuine paboune HanpaxerHus U, . [1oBbi-
[HEHHE HANPAXEHHA CBepX Haubonbiuero pabouyero Ha3bIBAETCR MEPEHANPAKEHUEM.

OOblyHO  BEJMYMHA BHYTPEHHHUX NEpPEHANpMKEHHI XapakTepu3yeTcs MX KPaTHOCTBIO &,

He Gonbiue 1.0,



Mo/ KOTOPOH NOHMMAETCA OTHOLIEHHE MAKCHMAIhHOW aMNINTUTY bl NEPEHANPAXKEHUN K
AMIUTY 1e Haubonkuwero dainoro pabouero HanpsAKEHHUS.

Tabnvua 1.1

HanGoauwne paboyne nanpsikeHus cerei 110-1150 xB
!—K___—___—{'_—_F_—'—' S A 1 ]
Hace "‘i"p:::c""“ e 110 | 220 330 500 750 1150 I

- R o . - At N S e

Haubousitice pabouee
Hanpsxenue, U, . kB

126 252

Boibop #3onsuuu v KOOpAHHAUMA €€ C XapaKTePUCTHKAMU 3alUMTHLIX CPEICTB
ONPEACTAETCA BHYTPEHHUMH NEPECHANPAKEHHAMU, KOTOPbIE NOAPa3AeNAIOTCA Ha Pe30-
HAaHCHbLIE H KOMMYTaUHOHHDbIC.

1.2. Pe3oHaHCHbBIC HICPCHANIPSAYXKEHUS

Pe3oHaHCHbIE nepeHanpaXeHUs BO3IHHKAIOT NPH HEONAronpUATHLIX COYETaHHUAX
KaK CTPYKTYDb! M MapaMeTpoOB CXeMbl NIEKTPONEPENayy U €€ peXuMa, Tak U CTPYKTYPbi
W NapaMcTpOB NUTalouleil CHCTEMBLI. Pe30HAHCHBIC MEPEHATNIPAKCHUA MOTYT CYILECTBO-
BATb 10 TEX MOP, NOKa ASHICTBHE PA3AHUHOIO BHAA CHCTEM PCACHLIX 3AILUT U aBTOMA-
THKH, PETYNATOPOB HANPAXKEHUA UNU BMELIATENLCTBO 1IEPCOHANA He NPUBEAET K H3IMC-
HEHHIO CXCMbl H pPexXHMA.

B snexkTponcpenauax. o60pynoBaHHbIX BbLIKJOYATENRAMY HA CTOPOHE BBICOKOTO
HAIIPAXKEHUA. MepeHanpaKEHUs Ha PA3OMKHYTOM KOHLE BO3ACHCTBYIOT KaK HA JUHeN-
HYIO W3ONMAUHKIO, TaK YU HAa WIOAALMIO NOACTAHUHOHHOW annapaTtypst (KpoMe CHNOBbLIX
TpaHCPOPMATOPOB). HA HIONALMIO CHIOBBIX TPAHCHOPMATOPOB B ITHUX HieKTpoliepeaa-
YdaX BO3NCACTRYIOT MepeHanpsikeHus, BOIHUKAOUIMEe HA nuraoleM kKoHue nrHuu, B
TAKUX NCKTPONCpenaYax BO3IMOXIHbI CleyIOUHE Blibl pC3OHAHCHBIX NepeHaATIPAMEHKII:

¢ Ha OCHOBHOH wactoTe 50 lu, BLIHYXKAECHHOE HANPAXKEHUE B CHMMETPHYHOM
(L) ¥ HECMMMETPHUYHOM (UL, ,) peXHMax (NpH OAHOCTOPOHHE MUTAEMON INEK-
Tponepenaye);

o B nay3e ycnemwxoro OATIB (Voam);

* pH HEMOJIHOGA3HLIX PEXMUMAX;

® HAa YeTHhIX, HeYeTHLIX U ApO6HLIX BHICIIMX [APMOHHYCCKHX — PC3OHAHC Ha

YacToTax 2kw;, (2k+1)w u (2k+l)-(—;-;k= 1;2; 3.

B anckTponcpenauax, rae Bce WiaH HacTL TpaHCGOPMATOPOB He UMCIOT BBLIKIKHOYA-
Te:lefl Ha CTOPOHE BBLICOKOI'O HANPsIKCHHA, AATCC HA3biBaeMbiX “‘OnoyHbie Inexrpone-
pCAayMn’, HA INMCMEHTLI NUHEeHHON W NOJCTAHUWOHHOH U3ONAUMH, BKJIOYAA U3ONAUUIO
CHU0BLIX TpaHChOpMaTOpOB, MOFYT BO3EHCTBORATL NEPEHANPAMKEHHUA , BOIHHKAIOUIHE
Ha pa3OMKHYTOM koHue. B 6no4HLIX IneKkTponepcaayax, KpoMe fepevuceHHbIX, BO3-
MOX(HO BO3HHKHOBelie 0c000ro BHaa pe30HaAHCHbBIX NepeHanpaXeHUW, nanee umelye-
MOro “‘nepexoiHnlid peppopeloHanc’”. B cxeMe puc. 1.1.,a nepexonusiit peppope3oHanC
HHULUHUpYETCA NPOMEXYTOUHbIMH TpaHchopMaTopamu npoxonusix [IC T\ ... T, 8
cxeme puc. |.1.0 — asrorpaucdopmatopom AT. llpu 27TOM Hanuuue MU OTCYTCTBHE
TpaHcdopmatopoB T,: T.; ...; T, . nokasaiHsiX MyHKTUPOM, HecyluecTBeHHO. B cxeme puc. 1.1
nepexoansiit Geppope3onanc MOXKeT BOZHUKATh NIPH MOAKIIOYEHUH K JIMHHAH XOJIOCTOIO
TpaHchOopmaTopa, NOKa3aHHOro Ha puc. 1.1,8.
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Puc. 1. 1. CxeMbl a1eKkTpONCpEnay, H0NBEPKEIHBIX NCPEXOAHOMY GeppopelIcaHcy

B cxemax puc. 1.1,a u 1.1,6 annua MoxeT ObITh CEKUHOHHPOBAHA BLIKIIOYATENA-
MK Ha y4dacTkd. YacTb y4acTkoB MOXeT ObiThb ABYXLEMHLIMH WIH HMETbL TYNHKOBbIE
ornanku. [Ipn 3TOM 00s3aTEenbHbIM YCIOBUEM ILTA BOIHHKHOBEHHUA IEpEXOaHOro gep-
pOpe30HaHCa ABIAETCA OAHOCTOPOHHEE MHUTAaHHE CXEMbl. TAKOE YCJIIOBHE MOXET UMETH
MECTO B MOCNCABAPHHHLIX WM PEMOHTHBIX peskuMax, a Takxke npH TAIIB ronosxoro
yyacTka CEKUHOHUPOBAHHON pagHAIbHON nepenayvu, eciii 3TOT YHacTOK OIHOLIEMHbIH.

3alunTa OT PE30HAHCHRLIX NEpeHanpsxeHUi HeobXxoauMma, ecnrd HUX YHUCHO, MJIH-
TENBLHOCTE W BEJIMYHHA NPEBOCXOMHT 3HAUEHHA, yKa3aHHble B Tabn. 1.2 — 1.4, B koTophIX
MPUBENCHB! ONYCTHMbIE MOBLIMEHUA HANPAXKEHUA NPOMbILJIEHHON 4YacTOTh! B 3aBH-
CHMOCTH OT YMCNIA H JUTHTCNABHOCTH UX BO3aeACTBHUA HA 0DopynoBaHue ]110-1150 kB.

[losicHenuns k Taba. 1.2-1.4.

B yucauTtene apodu tadn. 1.2 ykazaHbl JHa4YCHHUA ONA UIONAUKH (a3a-3eMis B 10-
NAX aMIUTHTYAbl Haubonbiuero pabouero ¢azHOro HanpsAxeHWA, B 3HaMeHaTese- ANA
u3onaunun dasza-Qala B 10A48X aMIIHTYAbl Haubonblero pabovero NHHEHHOTO HanpA-
KCHUA. IHAYEHHUS HANDPAXKEHHR ATA U30NAUHH ¢a3a-daza OTHOCATCA K TPeX(Pa3HbIM CHU-
NOBbIM TPAHCPOPMATOPAM, IIEKTPOMATHUTHLIM TPaHCHOPMATOPAM HAMpPSKEHHUS, 2
TaKXKe K annaparaM B TPeXI10/II0OCHOM WUCNOJIHEHHH NPH pacnoNioXEHHH TpeX MONMIOCOB
B OAHOM Oake WK Ha 0AHOM marsuronposode. [Ipy 3ToM 3HauUeHUA AOMYyCTHUMOrQ 110-
BbitlleHHA HanpsxeHua 1,6; 1,7 v 1,8 oTHOCATCA TONBKO K BHEUIHEH MexX Ay Pa3zHON H30-
naunu annapartos 110 kB 1 220 xB.

Ecny 1noselieHHe HanpaAXeHnd JTUTENbHOCTBIO 20 MHH MMeno MecTO 2 pasa ¢ 4a-
COBbIM HHTEPBAJIOM, TO B TeqyeHWE Onmkadmux 24 4acos MNOBLILUEHUE HAMNpPSIKEHUA B




TPETHIi pa3 AOMYCKaeTCA NHIIL B Ciydae, eciu 310 TpedyeTcs BBuAYy aBapUHHON CHTYA-
[IHH, HO He paHec, yeMm yepel 4 yaca.
Yxazanubie B tabn. 1.2-1.4 otHoCHTC/IbHbIE IHAYECHUA HANPAKCHHA pacipocTpa-

HAKOTCA TAKXKE HA NOBBIWCHHE HAMPAKEHHA, OTNHHAIOUIErOCH OT CHHYCOMbl YaCTOTOM
50 T'u 3a c4eT HanoXeHUs rapMOHHYECKMX COCTABJAAIOUIMX. YKkalaHHbie B Tabamuax
3HaYeHUR (alHblx U MexXNy(dasHbIX HAMNPAKEHUN TpeacTasafoT cobol OTHOLICHME
MAKCUMyMd NOBBILEHHOIO HANPAXEHUA K aMIUTUTY 1€ Hanbonbuiero paboyero ¢azHoro
MU Mexay(a3HOro HanpaxeHns COOTBETCTBEHHO.

Tabnuua 1.2
JlonycTuMoe MOBBILLIEHHE HANPAXKEHHA NMPOMbIUIJIEHHOH YacTOTh!
Ha o6opynosaniu 110-330 kB

— _ — _ —— -
Jlonycrumoe noseliticHHE HANPAXKCHUA [IPH |
O6opynosaHme AMHUTENRLHOCTH BO3AEHCTBHS, C
1200 20 1 0,1
— et e e——— P $ . S
. Cuuionbie TpanchopmaTops! v 1,10 1,25 1,90 2,00
| dBTOTpPaHCPOpMATOpD! 1,10 .25 | 1,50 1,58
." — — — —
[LIyntupylomme peakrops '
:m; pydmm bed m E{; " LIS 1,35 2,00 2,10
OM( HbIC TPAHCHOPMATOPSL
P v IPETERORMATOP 115 1,35 1,50 1,58
HAMPOKEHUA
N | — - - t - r—
KoMMyTalMoHbIC annapathl, EMKOCTHRIE
Tpaic(popMaTOPhl HANMPAXKCHUA, 1,15 1,60 2,20 2,40
TPARCHOPMATOPLE TOKA, KOHJIEHCATOP T T 1,60 1,70 1,80
CBA3H M HIMHIILIC 010D |
Tabnuua 1.3
JlonycTiMoe nopbluleHHe HANPAXKCHHSA NTPOMbIIIICHHOR 4aCTOThI
Ha obopynosanuu 500 n 750 kB
I Kparuocts amnnutyn | 1,0-1,02511,025-1,05]1.05~1,075] 1,075-1,1 | 1,1-1,15 | 1,15-1,20
| R I B ] R SR
Jlonyctuman anurens- |
HOCTh OTHOFO Cilyyas, 480 | 180 60 20 5 1
He Hos1ee, MUH.
Bt N S R WS N —
n MOe
| JlonycTuMoe 4uciio 200 195 5 50 1 s
| cnyyaen 8 roJi. e 6onee
'—"— et ettt — —_— ..~+ P ———— E— s
UHTcpran Mexay cay- 12 : B l
YasMH, HE MCHEE, Yac i ‘
L I _ | I B

JaldTa BHYTpeHHel wu3onsuuu obopynosadus 110-1150 kB oT xomMmyTauuoH-
HbIX fepecHaNpsXKEeHUit HeoOXxoAuMa, ecli HX KpaTHOCTh fipeBocxoaut 2,0.
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Tabnuua 1.4
JonycTHMoe NosbItICHHE HANPAKEHUSA MPOMbILILJIEHHOH YacTOTHI
Ha obopyaosanun 1150 B

| JlonycTumoe nossiiucHHE HANPAXKCHUR
O6opynosaHuc npu ANUTENLHOCTH BO3AEACTBMSA, C

l 200

‘ Bce o60pynosanue, Kpo-
| M€ 3alUUTHBIX annaparos

OrpauvuuTeny nepeHa-
NPAXKCHUA C YPOBHEM
orpasuyenus 1,7

1.3. KommyTaunoHnble nepeHanpsKeHUA

[Tocne mobof KOMMyTauMK, KaK naaHOBOMH, TaK M aBAPHHHON , BO3ZHNKAIOT KOM-
MYTaUHOHHbIE TnepeHanpsxeHus. KOMMYTaUHOHHbIE MepeHanpsXxeHns obpa3yroTcs
NpH Pe3KOM MU3MEHEHHUH CTPYKTYPpb! ¥ f1apaMeTpoB CETH H3-3a 3apala W nepe3apsana ce
eMKOCTefi B Npolecce nepexona CUCTeMbl OT OJIHOIO COCTOSHHUA K OPYTroMYy.

Haubonee BaxHble BHAb! KOMMYTALIHOHHLIX NEPEHANPAXKEHHA BOIHUKAIOT TIPH:

® [UIAHOBLIX BKIIIOYECHHAX H OTKNIOYEHHAX HEHArpyXKEHHLIX NHHUNA, HEHarpy-
KEHHBIX TPaHCPOPMATOpPOB M ABTOTPAHCPOPMATOPOB H KOMIIEHCALHOHHBIX
pEeaKTopos;

® aBapHAHLIX pa3pbiBaxX NEKTpONEpenayu B fipouecce AHUKBHIAAUHKU KOPOTKOIO
3aMbIKaHHA UK aCHHXPOHHOTO XO0Ja; '

e pabote ABP;

® BKIOYEHHH WIH OTKJIOYEHHH pPa3IbeAHMHHTENAMH YYAcTKOB XOJIOCTHIX UIMH
OPY, 3PV, KPVYD.

Eciin KOMMYTalIUA OCYINECTBARETCH BbIKIIOYATENIMH, TO B 3aBHCHMOCTH OT BHAA
BO3HHKAIOWHX NEepPeHanpaXeHUA, CUCTEM peneHiHON 3alMThl H aBTOMATHKK, a TaKxke
CXeMbl W flAPAMETPOB J1IEMEHTOB NepeaayH, ANHTEAbHOCTh BO3ACHCTBYIOUIHX HA H30-
NAUHI0 KOMMYTAUHOHHBIX NEpeHanpaXXeHUR MOXET HaXOAWTHLCA B MHTEpBANE OT HeE-
CKOJIbKUX HECATKOB MUJUTHCEKYHA A0 HECKOABKMX CeKyHA. [Ipy KOMMYyTauuH paszbeam-
HUTENAMH YYaCTKOB XxonocTeiX wWHH OPY wnu 3PY ¢poHT nepeHanpakeHHH HaXOAHUT-
ca B nHrepBane oT 10 Mxc no 500 mxc . Ilpy xoMMyTauun 3nera3osbiM padbeHHUTE-
JIEM YHACTKOB XONOCTLIX WHH 3nera3oenix KPY (KPYJ) ¢poHT Bo3HHKAIOWNUX BLICOKO-
YAaCTOTHbLIX KOMMYTALMOHHBIX NMEpEeHANPKEeHU R HAXOAHTCA B HHTepBane oT 3 He no 20 Hc.

bonbUIMHCTBO aBapHAHLIX KOMMYTauuit 0Obi4HO CONMpOBOXIAETCA UEeNOH cepHedl
Pa3HOro BUA3a KOMMYTAUHOHHBIX MepeHanpixeHuid. HUcao W anuTeibHOCTE KaXaoro
BUAA NepeHanpskeHUil u3 3ToM CEPHU ONpERENAETCA BUAOM KOMMYTALMK, NapameTpa-
MH KOMMYTHPYEMOIO Y4YacTKa CE€TH W CHCTEMOil 3alUNT U aBTOMATUKH. [lpH HanUIHUH
BLICOKOUYACTOTHBIX 3AIUUT MIUTEABHOCTD PEXKUMA K.3. coctasnsert 1, ,= 0,8-0,15 ¢, npu-
yeM BbiKNOYaTENH 1o ob6erm CTopoHaM asapuitHoro yyactka nUHHHM pabBoTtaloT ¢ pa3-
6pocom oxono 0,02-0,06 c. Ecnu aBapus oTknouyaetcs AHCTAHUMOHHBIMH 3ALUHTaMH,
TO BpeMs OT MOMEHTAa BO3ZHMKHOBEHHS K.3. A0 OTKIIOYEHUR BBLIKIKOUATENA OAHOrO H3
KOHUOB aBapHAHOro y4acrtka JIMHUKU cocTasnser /,, = 0,1-0,15 c; BTOpoH BbIKNIOUATEND
aBapuiiHOro y4yacTka OTKHO4YaeTCs CO BpeMeHem 1, ,=0,3-0,6 c.

[Tpu tpexdasnom ObicTponeihicTayromeM AlIB (BAIIB) manurensHocte Becroko-
BOW nay3sl COCTABAAET fang = 0,3-0,4 c. [Ipu obviunom Tpexdasnom AllB (TA[IB)
[THTEALHOCTL Nay3sl 00LIYHO HaxoauTcs B npeaenax 0,6—1,5 ¢, npHyemM ¢ pocToM Ho-

i ]



MUHANBHOTO HaMNpsAXeHHs JNeKTponepenadu naysa yMeHswactcs. [Ipu oaHodaszHoM
ATIB (OAIIB) mnutenbHocTh 6ecTokoBOo#M nay3dbl OObIYHO KonebneTcs B npegenax

toans =0,8~-3,5 c.

PeXuM nocne noBTOPHOro BKAKOUYEHHA MPOHOJIKAETCA OT MOMEHTA MOBTOPHOTO
BIUTIOYEHHUS AUHUY C OJHON CTOPOHL! 0 MOMEHTA NMOJHOr0 CMbIKAaHHA 3JieKTponepeaa-
yu. [1pn yenewnom TATIB 6e3 ynasausanus cuuxpoHiiMa u OAI[IB 3ToT pexum ume-
eT anutensHocTsh 0,2-0,3 c. [Mpu ucnonwzosauuu TAIIB ¢ ynasnusanueM cHHXpOHHU3-
M3 3TOT PEXHM B CpelHEM JUTHTCA HeckoNbko CekyHA. IlpH Heycnewnom BATIB wan
TATIIB nuHus aBapuitHo oTkao4YaeTcs 6e3 BbIAEPKKH BPEMEHH BbIKIIIOUATENIEM, TIPOU3-
BOAHBLUMM OBTOPHOE BKJIIOYEHHE. DTOT ITan anurea 4, ;= 0,08-0,15 c. [Ipu Heycnew-
tiom OATIB asapuiiHas AHHHA OTKNIOUaeTCA 0€3 BLIAEPXKKH BPEMEHH C ABYX CTOPOH.
Bcaen 3a HeycnewwdsiM OATIB cnenyer unkn TATIB.

1.4. CtaTHcTHYEeCKAs NPHPOAA PE3OHAHCHLIX H
KOMMYTALHOHHBIX NMEPeHaANPAXKEeHU N

[Tpn nosTOpeHHH B ONHOIT H TO# e cUCTeME KOMMYTalUHMH OIHOrO H TOro Xe BHIA
(HaNpUMEpP, NAAHOBOE BKAKOYCHHE HEHATPY)XEHHOH JIHHUH, aBapHUHOE OTKJIIOUYEHHE
K.3. 4 T. 1.) KPAaTHOCTH BO3IHUKAIOUIMX NPH ITOM KOMMYTAUHOHHbIX U PE3OHAHCHbIX MNe-
PECHANPAKEHHUI MCHAIOTCA B WHPOKUX mnpeaenax. CTaTHCTUKA BHYTPEHHHX nepeua-
npsxeHU oObACHAETCA BAHMAHMEM pAaa (aKTOPOB, KOJHYECTBEHHbIE XaPAKTEPUCTHKH
KOTOPbIX MOABEPXKEHbI CAYHaHHBIM UIMEHEHHAM.

[lepsas rpynna cayuaiHbix ¢akTopoB CBA3aHA B OCHOBHOM C KOHCTPYKLMEH, HH-
UBHAYANbHbIMKY XapaKTEPHUCTHKAMH, KAYECTBOM H PEryJIMPOBKOH BbIKAIOYATENEH U UX
YyNPaBACHUA, 3 B HEKOTOPBIX CAyyasX TaKxke C METEOPONOrHYecKMMU CUTYauUHAMH Ha
NHHUN. DTU (aKTOpbl 0KA3bIBAIOT BAUAHKE HA2 HHTEHCHBHOCTD MEPEXOAHBLIX MMPOUECCOB
nocjie KOMMYTAUMM, TaK KaK MPUBOJAT K CnyvaiHbiM U3MEHEHHMAM ¢a30BbIX YT/IOB
3.1.C. TIPY BKJIIOYEHHU OTAENAbHLIX (a3 dNeKTponepeaain U pa3HOBPEMEHHOCTH AEHCT-
BUA NPHBOOOB OTIAENBLHBIX (a3 BhIKIKOUATENEHR, a TaAKXKE K cay4aliHbiM konebaHUAM Be-
IMYMHL] HANPAXEHUA, KOTOPOE OCTAETCA Ha HEMOBPEXKAECHHbLIX Pa3ax K MOMEHTY aBTO-
MATHYECKOro MOBTOPHOrC BKIIOYEHNA, T.€. 0 OKOHYaHUH OECTOKOBOM May3bl fang HIH
{‘oanp H T.1L.

BTopasa rpynna cny4afiHpiX (akTOpOB CBA3aHA CO CXEMOW M. PEXKHUMOM CHCTEMBI.
Ciona OTHOCATCA, HaNpUMep, KOMMYTaUUK K TIEPEKIIIOMEHHA B Pa3IMYHBIX TOYKAX NU-
TAKILUEH CHCTEMbI, BKIIOYEHHA W OTKITIOMEHHS KOMMEHCAUHOHHBIX PEaKTOpOB H Koje-
OaHuA 3.4.C. KaK B pe3ynbTaTe BECHUA rpadHKa 3neKTponepenaym, Tak U A€HCTBHUA aB-
TOMaTUYECKHX YCTPOACTB perynupoBaHHa BO3OYKIACHHA, MIAHOBLIX W aBAPHIAHBLIX pe-
MOHTOB, CNYYaRHOCTH MECTOTNONIOXKEHUA TOUKH K.3. H3 THHHHK U T.{1.

B 1abn. 1.5 npuBenexnl ycpenHeHHbIE 3HAYEHHUSA IPEAENOB CNy4YaiHbIX U3MEHEHHNN
3.4.C. [UIA 3/eKTponepeaay, NUTAOUMXCA OT WIWH CTAHUHWK, HA FeHepaTopax KOTOPbIX
HMECTCA aBTOMATHYECKOE PEryMpoBaHKe BO30YKISHHA.

B TeyeHue roga CraTHCTHUECKHE pacnpeleNeHNUs PE3OHAHCHBIX NepeHanpsaXXEeHNUH
ONpeaesAOTCA B OCHOBHOM ciay4vaiHbiMH (akTOpaMHd BTOpPOH rpynnel; pacnpeaeeHUs
KOMMYTaUHOHHLIX nepeHanpaxeHunit — GakropaMH KakK NMepsoi, Tak H BTOPOA rpyIin.



Tabnuua 1.5
Ycpeanenunie OLEHKH TIpeNenoB cny4aitiblX H3IMeHeHNn# n

CpeAHero 3HaueHnaA 3.4.¢. ( no aanusim npod. U.A.I'py3nena)

CHcremsl Bo30yKaeHus ¢ He-
ypaBascMeIMK nonynpoeod- | BuicTponeiicThyiomme cHCTEMD!
HHKOBLIMHK BBINPAMUTENSMH *) |  BO36Y™AEHHS C KPATHOCTHIO

H JJICKTPOHHAA CUCTEMA dopcuposatiun 2—4 **)
amﬁymcum

Bua xoMMyTaunu

mm E M E muyx E

BHC OTKIOUYCHHS K.3.
[AIIB, bAIIB ycnewnoe ‘ 1,075 1.05
| MW HCYCICLIHOC

PaiphiB nepenayy Bcneacr-
BUC KaYaHUI UM ACHH- 1.0 1.125 1.0 1.3 .15
XPOHHOI'0 X042

| I pUMCHaHHA.
*}  BbicokoMacTOTHAX CUCTema BO3OYxaeuus; Geciuuetounas cucrema Bo30YXKACHMS. CTATHHCCKAN

MONAYNPOBRO/IHKKOBAR CHCTEMA BO3OYXKACHHS.

** MOHHLIC U THPHUCTOPHBIC CUCTEMBI CamMOBO30YXICHHA HAH HE3ABHCHMOro BO30YyXAEHHH,
CHCTEMA BO3OYXJICHHS C NAPAILICLHO BKIIOYEHHBIMH 1101y NPOBOAHHKGBbIMH BRINMPAMHUTEAAMH.

1.5. Y4er craTHcTHYeCKHX pacnpeaesieHHiT BHYTPEHHHX
epeHANnps>KeHUH NPH 3aHUTE HIOJIALHMH
ceTeil Hanpskennem 110-1150 xB

YUuUTbIBaA CTaTHCTHUECKHA XapakTep BHYTPEHHHX NepeHanpsxXeHHi, NMpH Koop-
AHHAUHHK W3ONAUMK NUHHA ¥ NOoACTAHUMN U BBIOOpe KOMMIEKCA 3aLUMKTHBIX CPENCTB He-
00X0ANMO YUHTHIBATL BAWAHHE BCEX BQ3IMOXHLIX B NAHHON 3nexTponepenaye BHUIOB
nepcHanpskeHuR. Mpyu 3ToM Bo3aelCTBYIOIME NEPEHANIPAXKEHHS JOMKHBI XapaKTepH-
308aThCA KAaK BEPOATHOCTLIO, C KOTOPOA KPAaTHOCTL TOr0O UNKM HHOrO BHAA MEPEHanps-
KEHHH MOXeT ObITh NpeB3ofileHa B OQHOH KOMMYTAUNH JAHHOTO BHAA, TaK M OXHaae-
MbIM YHCNIOM TaKHX KOMMYTauUHi B TeHeHHe roa.

Pe3ynsTaThl pacyeToB CTaTUCTHYECKUX pacnpelcfeHHH KaK HaleXHOCTH H d¢-
PEeKTUBHOCTH KOMILNIEKCA CUCTEM 3ALUHTHI, TaK K 0XKHAAEMON BEPOATHOCTH NEPEKPLITHUA
(npoboa) H3IONAUMH, HOCAT NPHONMKEHHBbI XapaKTep, MO3ITOMY pacuyeThl AOJXKHbI
obecneynTb NMO0 HE3aHUKEHHbIE OLUEHKH 3THX BEAHYMH Ha 3allaHHOM YPOBHE JIOBEPH-
TeNbLHOH BEPOATHOCTH, OO0 OLUEHKH YCEUEHHOTO CBEpXY npeaena ux pasbpoca.

QOpMYNbl U UCXOOHBIE AaHHbIE, HEOOXOAMMbBIE QA YCPEAHEHHONR OLEHKH OXH-
[1aeMOro B TEYEHMUE rofa YMCNa aMNAUTYA KOMMYTALHOHHBIX NEpeHATpAKEHHHA, BO3-
JEHCTBYIOUIMX HA H3ONAUMIO IMHHA INEKTPONEpEeNayH, INEMEHTb H3IONAUUHA MOACTAH-
UMH U pacyeTa TOKOBbIX Harpy3ok Ha pe3nCcTOpbl OrpaHHYHMTENel TepeHanpsiKeHUH,
npuseacHb! B [Tpunoxenuu 1.

Gopmynbl B HUCXOOHLIC NAHHbIE, HEOOXOAMUMBIE 4JIA HE3AHMIKEHHOMW OLECHKH
HaZCXKHOCTH paboThl, T.€. 0XKHIAEMOro Ha 3aJaHHOM YpPOBHE AOBEPUTESIbHOR BEPO-
ATHOCTH cpoka Oe3zaBapuiiHOM cnyxObi orpaHnumrencit nepeHanpsxcHuin (OITH),

RBAAIOWHXCA OCHOBHLIM 2JIEMEHTOM N1060ro KOMMAEKca 3aliUTHbLIX Mep, NpHUBene-
Het B [Tpunoxexuwm 6.
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PA3JIEJI 2. PE3OHAHCHBIE INTEPEHAIIPAXKEHUA

2.1. Ucxoansblie NOJOXKEeHUSA

Pe30HaHCHbIe nepeHanpsxeHWs BO3ZHUKAIOT TOJILKO B OJZHOCTOPOHHE MUTAEMbIX
anextponepenaqax. Mceknouenue cocrasnset ycneuiHoe OAIIB, xotopoe cywecrsyer
OT MOMEHTA OKOHYaHHA nay3bl ycnewHoro OATIB 1o MoMeHTa 3ambikaHHA BTOPOro u3
BhiKJTIOMaTesNied “00abHOIN™ (a3bi, T.e. 10 BKIIOYEHHSA NEPENayM B TPAH3HT.

PE30HAHCHBIE MepeHanpsAXXeHUA NOJHKHBI PACCUYHTLIBATLCA € YYETOM [Hala3oHa
CNy4alHbIX FOMOBbLIX KONEOAHUI peakKTHBHOTO COMPOTHBICHHUA MHUTAIOUWIEH CUCTEMbBI ¢
HEIHHEHHOCTH XapaKTepUCTHK HAMArHUYHBAHHA CHIOBLIX TpaHchOpMaTopoB (aBTO-
TPaHC(HOPMATOPOB) 1 KOMMAEHCHPYIOLLHX PEAKTOPOB.

Bce BUObl pe30HAHCHBIX NepeHaNPAKEHUH YYBCTBUTENbLHbL] K AKTHBHBIM MOTEPAM,
KOpPOHe Ha MpOBOJaX, Harpy3kam W T.4. Tak, HanpuMep, BeJIMYHHA BbIHYXAEHHONR CO-
CTaBJIAIOLIEH MEPEXOAHOro npouecca nepeHanpaxeHui 4actorsl 50 I'u cnabo 3asUcHT
OT aKTHUBHbLIX fIOTEPb, KOTOPbIE OKA3bLIBAIOT CYIIECTBEHHOE BAMAHHE HA YCNOBHA BO3-
HUKHOBEHUSA MEPEHANpKEHHN MPU AeJIeHUH YacTOTh! B NPOAONBHO- H MOMEPEYHOKOM-
MEHCUPOBAHHbIX JIeKTponepeaa4ax.

Heobxoaumo paccMoTtpeTh cnenyroliie BUAbI PE30OHAHCHBIX NEPEHANPAKEHHI:

®  BbLIHYXQCHHOE HANpsHKEHHE MEPEXONHOro TMNpouecca nepeHanpsXeHUN Ha

yactote S0 'y B cumMMeTpHuyHOM U HecUMMETpHYHOM (npu OATIB u oaHorno-
JMMOCHOM K.3.) PeXXHUMAX;
e  BLIHYXOeHHOoe HanpsxeHue Ha yacToTe 50 ['u 8 nay3e ycneworo OATB;
¢ nepeHanpaxkeHua Ha yactore S0 ['u 8 HenmonHoPalHbIX pexumax;
e  [fepeHanpAXKeHUs NpH AeNeHUH 4acTOThl B MPOAOABHO U MONEPEYHO KOMIIEH-
CHPOBaAHHLIX dNeKTponepeaayax;

® [epeHanpsXXeHUA Ha YeTHBbIX, HaCTOTbl 2AW H HEYETHbIX, 4acTOThl (2k+ 1)w
YALTPArapMOHHKAX NpH ABACHUAX NMEPEXORHOT0 PeppopeIOHAHCa;

e (eppope3oHaHCHbIE NepeHanpaxeHns Ha yactote 50 ['u B anekTpornepenayax
220-500 kB ¢ anexTpoMarHuTHBIMHK TPAHCPOPMATOPAMH HAMPAKEHHA,

e [apaMeTpH4eckoe camMoBO3OYyXIeHHE reHepaTopos, paboTalOlIMX Ha HeHa-
PYXEHHYH AHHUIO;

®*  aBTOMapaMeTpHyeckoe camoBo30yKAEHHE Yy IbTParapMOHHK 4eTHON KPaTHOCTH.

CTaTHCTHYECKUE XapaKTEPUCTUKH pacnpeNesieHUs aMIUVIMTYd pe30HAHCHBIX nepe-
Hanps>XxeHWH Bcerna B Toi uinu MHOH Mepe NpUONMIKEHHB!. 3TO BbIHYKAAeT HCKATb JIK-
00 tielaHHXKEHHbIE OUEHKH BEPOATHOCTH TOr0, YTO aMIUIMTYAa PE30HAHCHbLIX MepeHa-
NPsXKCHHA HE NPEB30HAET X MAKCUMATLHOTO 32 FO 3HaYEHHA, NTHOO OPHEHTHUPOBATLCS
Ha OXWUIAcMbI} Ha 3alaHHOM YPOBHE [OBEPHTENLHOH BEPOATHOCTHU BEPXHHUHA mnpeaen
pa3bpoca aMIUTY A.

B oTaxuve OT KOMMYTaUWOHHbIX # IPO30BbLIX NEPEHAMNPAKEHUH, JalIMTa OT KOTO-
DbIX COCTOHT B OrPAHHYCHHUNM WX aMIUTHTYIb!, 3aLUHTA OT PE3OHAHCHBLIX fEepeHanpsxe-
HUIl QOMKHA ObITL HanpasneHa Ha TO, YTOOBI MOMIHOCTBIO HCKMOYHUTH BO3MOXHOCTD
BO3HUKHOBEHHUSA PE3OHAHCHBLIX ABACHM, NHOO, €CAU 3TO OKa3biBaeTcs IKOHOMHUECKH
Hellenecoobpa3Ho, co3aath TakWe YCAOBHUA, NMPH KOTOPBIX BEJIHYMHA W LIUTENbHOCTD
COMYTCTBYIOWMX MEepeHanpsXeHuil CTAHOBATCA 6e3onacHbIMK 1A o6opynoBaHHA. MeTo-
Jibl Pacy€Ta PE30OHAHCHBIX NepeHaITPAXKEHHHA H 3aLUWTA OT HUX H3N0XKEHb! B [IpHokeHnn 2.
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2.2. [TapameTpsl cxem 3aMenteHUd ¥ KOAIHYECTBCHUbIE
OLCHKH OCHOBHBLIX (PAKTOPOB, BJAHAIWHX
Ha pe3oHaHCHble [IecpeHanpsKeHH

2.2.1. XapaKTepuCTHKU HAMArHUYUBAHUA CuUNOBLIX TpaHCchopmaTopoB (aBTO-
TpaHcHOpMATOPOB) U CTUTLHBIX CEPACHHUKOB KOMMEHCALMOHHBIX PEaKTOPOB.

KpuByto HaMaruu'ituBaHuA ulyHT2 HaMarHuyvsanua - win [-cxemb! 3amellleHUs
KaK CMNOBOro TpaHchopMaTopa, TaK U CTaNbHbIX CepPAeYHHKOB KOMITEHCAUHOHHLIX pe-
aKTOpOB, C/IellyYeT annpOKCUMHPOBATL MOMHOMOM C NOAOKUTEALHLIMU KOIDPHLHEH-
TaMH, CoepPKallHM TOJILKO HEYeTHbie CTEIICHM NOTOKOCUEIIEHHUA, COrnacHo u3mepe-
HUAM B OEACTBYIOLIHX DHEProcUCcTEMax, AR CHNOBLIX TPaHCHOPMATOPOB (aBTOTPAHC-
(hopmMaTOpPOB) ITO BLIPAXKECHHE UMEET CNEAYIOIHIT BAA!

1
T— Jk+] )
k=0

3nech @ — MrHOBCHHOE 3Ha4YeHUE MOTOKOCUCIUIEHHUR, [, — MFTHOBEHHOE 3HAYEHHE
TOKa HAMarHU4MBaHHUA. COOTBETCTBYIOLLUEE ITOMY NMOTOKOCUEIUIEHHIO;

D a, =1 (2.16)
k =()

B oTHOCHTENbHLIX eAUHHUAX BCE MHOrooOpa3ne XapakTEpUCTHK CBOAMTCH K IBYM,
KOTOPbIC YCIOBHO MOXHO Ha3BaTb “THIIOBLIMH . XapaxTepHCTHKa | (CUNOBBIC TpaHC-
¢opmMaTopbl)

i,=0,15¢0+0,18¢°+0.68¢" (2.2a)
W XapaKTepncTrKa 2 (aBToTpaHcHOpPMaTOpLl)
i, =07¢+03¢". (2.26)

B xavectse OasucubiX cavHMU B Qopmynax (2.2a) u (2.20) npuuaThb
Usar ™ U v2/3,kB; wg, - 314, l/cu, ecnn [, - NacnopTHOE 3HAYEHUE TOKA XOJN0CTOIO

Xoda TpaHcopmaTopa (arTorpaHchopMaTopa, B TOM HHCNE € PEryIHPOBAHUCM B HEHTpA-
jIK), TO JUTA XAPaKTEPUCTHUKKH | — [4,,=2.05/,,, a2 1na XxapakTepHCTHKH 2 —- [5,= 1,65/,,.
OTciona cneayeT AnsA XapakKTePUCTUKH |

u 2 ‘

L, =— = kOM;
2,053

A XaPaKTEPUCTUKM 2

Z, =%

baz

U
[

V2

—  kOM.
,65\3

(2.28B)

H J

PacueTHbIC BEIHYMHBI CXeMb! 3aMmclueHuA Tpancdopmartopa (asToTpaHchopmaTopa)
HAXOAAT cheayrowumM obpazom. [To nacnOPTHLIM IHAUECHHAM ¢4 \p.C)» CkB-H) €x(C-1y (B Y0) onl-
PCAC/NRIOT PEAKTHBHOCTH paccesHUsA MCxay OOMOTKaMH CGOTBETCTBEHHO BbICOKOIO-
CPCIIHEr0, BLICOKOrO-HU3KQr0 U CPC/IHETO-HU3KOI0 HanpaweHu# Xy.c, Xp.y1, X [lac-
NOPTHbIE 3HAYCHHUA €; 3aBUCAT OT HAJIUYUA PeryiupOBaHUA B HEATpaiu, MOWHOCTH AT
H koYhduuneHToB TpaHchopMaunru Uy / Ue / Uy PeakTuBHOCTY paccefHus HaxXQUAT 1O
dopMynam:
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€, 0 o U2 e, ny U?* €y U*
k(B-C) .- ___M =, Aoy = HEH) Zw . OM; (2.2r)
ST R 00 P,

ans Tpaucgopmatopa (asToTpanchopmaTopa), HOMUHANLHLIC HANPSXKEHUA ¥ Tpexdas-
Has MOLLHOCTDb kKoToporo U,, (8 B) u P, (B BA).

[Tapamerpor Xy, Xe, Xy Tpexayuenoil JKBHBANCHTHON CXeMbl 3aMCILCHHS TaKOTO
TpaHc(opmaTopa (asroTpaHchopmMaTopa) pacCUHTHIBAIOTCA No Gopmynam:

2 .J('n = Xu.u + XH-(‘"‘XL‘-II : 2X(~ =Xﬂ.(“ '*'XC-H ‘XB-H 2 XH = XC-!{ + XB-[I"'XB-(‘- (2*23)
XapaKTePHCTHKA HAMarHMYUBaHHA CTATLHBIX CEPACHYHHKOB KOMTNCHCALKOHHLIX
PEAKTOPOB B OTHOCHTeNbHbIX eaHHutax (Usn=U v2/3, kB, /g, = !HJE.. A,

W . =314, 1/c) xopoluo annpokCUMHPYCTCA CNEMYIOWHM NIBY41EHOM TpeThell CTencHu:

i=po+q@’=p(lrsq’). (2.3a)
lapameTpbl KOMIIEHCAUNOHRBIX pEaKTOPOB NpUBCAEHL B Tabn. 2.1,

Tabnnua 2.1
XapaxkTepHeTHKa KoMencalunoHubixX peaxropos tuna PO

UkB | Po,MBA| [I.A Locus TH | Rugus OM _ g
500 60 198 6.0 0,872 0.125
750 110 24 6.0 0,903 0.097 |
1150 300 432 5. 0,092

2.2.2. [lononuuTtenuHuI y4eT KOPOHHOrO paspsna Npy BhIYHCACHHH 11apaMCTpOB
CXCM 3aMELIECHHA BO3AYILHON MTHHUH.

Ha norouinbie anexkTpuyeckHe napaMeTps! JAHHHH, B 0COOEHHOCTH Hanpaxelunem
500-1150 8. okazbiBacT saAMANKE KOPOHHUBIA palpan Ha rposogax. O6bLIYHO KOpOHa
YUHUTbHIBACTCA pacnpeacneHtibIM{ aKkTHBHOH MPOBOAHMOCTLIO g, M NOIIONHHUTENbLHOM’ eM-
KOCTbIO $albt HA 3eMito AC,:

I

1 0,62 )
g, = [.5.5) [ | - 308 (brtg=1) ] 107¢, 1/ Om-km; (2.4a)
0,42
AC,= 2,4 [-S—Q) [u/Uu — | ] nd / m. (2.46)
f .

B nocaeguux popmynax v — ycpeaHeHHOC BOO0Ab NHHKUU 3HAYCHUE BhIHYIKAEHHO-

rO HANPRXKCHWA, PACCUHUTAHHOrO C YUETOM HACLIWEHHA MArHUTOMPOBOAOB. 3HAUCHHE
L oftpefenseTca no popmyne: '

. ' v )
- nt—2)cosAD) +2 CQOS X
o= gt 2)coshi+2 cosp , @=arctg | —-|. (2.48)

\ZW /

OnpeneneHHbIC MO MapaMeTpam NpAMOH NOCAEN0BATENbHOCTH YHCACHHbIE 3HAYC-
uust X, Z, u A" yxasaust sa puc. M12.1 v 8 1a6x. 112.2 Mpunoxenus 2; £ - 8 1abn. 1.5
Pasgena .
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Bxonamne B smnupuueckue GpopMynsi (2.4a) u (2.46) BenmiuHbl 3aBUCAT OT KOH-
cTpykunn BJI B HavanbHoro HanpsxeHua obuleit kopoHsl NpKU xopowen noroae U,. B

1abn. 2.2 yKasaHbl YHC/IEHHbIC JHAYECHHA HanpAKeHUA Hayana obwe#t kopoHsl Uy nns
HEKOTOPbIX Hanbonee pacnpocTpaHeHHbIX BJ1. '

Tabnuua 2.2
HavanbHble HanpsixxeHus o6uedi KopoHb! NpH Xopolueil noroae

U, . kB KonctTpykuus Mexaydasosoe Un! Us
| pasbl paccTofHue, M
| 1,32
500 1,11

—— T—-_.

5AC-300 1,09

750

4AC-400

1150

2.3. BeHy>KaeHHOe HanpsDKeHHe NepPeXoIHOro NMPoLecca rnepeHaAnpsDKeHHI
qacToThl SOI'y B cHMMeTpHYHOM peXXuMe

BbiHyXKACHHOE HAnNpAXKEHUE NEPEXOAHOro Npouecca nepeHanpmkeHuit — 310 Ha-
npsxeHue padoyeil 4acToThl, KOTOPOE YCTaHABAMBALTCA NOCAE 3aTYXaHUA IeKTpoMar-
HUTHBLIX NEPEXOOHLIX MPOUECCOB, BbI3BAHHLIX KakO#-Aub0 MnanoBOH WNU aBapHUHONR
KOMMYyTauuei, oObiuHo uepel 0,03-0,06 ¢ nocne xomMyTauuy. Beayuuna BoiHyXaeH-
HOMO HANPAKECHKUA 3aBUCKT KaK OT CXEMbl 3IeKTponepeayy (IHHA ¥ KOHCTPYKUNS da-
3bl NHHHU, MOWHOCTL NUTAIOWLEA CUCTEMD], HANUUYHE, YHCAO U MECTONONOKEHHUE WIYH-
TUPYIOWHX PEaKTOPOB), TaK U OT HENUHEHHBIX XaPAKTEPUCTUK KOHTYPOB HAMATHHUU-
BAHUA CUAOBBLIX TpaHcPOpMaTOpOoB (aBTOTPaHCHOPMATOPOB) MUTAIOLIEH CUCTEMBI ¢
NPOMEXYTOUHLIX MOACTAHUMKA. YYeT 3TUX HeRuHeHHocTeR o0nA3aTened. HenuHeHHbie
XapaKTCPUCTUKK OrpaHHYuUTENCH NEePEeHANPHKEHUA U KOPOHA HA NPOBOAAX BAUAIOT
cabo ¥ Ux yuer He TpebyeTcs.

B CUMMETPUYHOM peXXKUME, KOTOPLIA HMEET MECTO B Pe3yNbTaTe [INAaHOBLIX KOM-
MYyTaUu#l BKAIOUEHUA NUHUM, cOpoca HArpy3ky u apapuifHbiXx — yenewsoro TAIIB, oT-
KIOYEHUA BHELUHEro KOPOTKOIO 3aMbiKaHUs ¥ pa3phiBa nepenadu NMpyu aCHHXPOHHOM
X0€, BbIHYXACHHOE HANPAKEHUES L CAYYARHO MEHAETCA OT MHHMMANBHOrO 3a ron 3Ha-

YEHHA V) A0 MAKCHManbHOro v;. Ciyyalnbiii XapaxkTep BbIHYXAEHHOTO HATNpPAXKEHU

onpenenseTcs MpUYMHAMK, YKa3aHHbIMYU B NyHKTe 1.4 Pasnena 1. Mertoan pacyera ma-
TEMaTHYeCKOTO 0XXMIAaHHA, AUCNIEPCUU W CTATHCTUMECKOTO pacnpeleneHna Ciry4anHon
BEJIMYHHBI L N3N0XeHb! B ITpunoxkennn 2.
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2.4, Beinyxaennoe HanpsokeHHe 4acrorol S0 I'u
B HCCHMMETPHYHOM pPCKHME IIPH
0AHOMOJICHOM K.3.

B HECUMMETPHYHOM peXxXHME, KOTOPbI HMEET MECTO B Pe3ysibTaTe aBapHUMHBLIX KOM-
MYyTalHii pa3pbiBa nepeaayy BCACACTBHE NUKBUIALUNWH HECHMMETPHUYHOIO K.3., BO3HHKIUETO
B pesynbrate Heycnewnoro TATIB wiw Becneactsie owuubox onepaTtMBHOrO NepcoHana,
BLIHY KACHHOE HANPAKCHUE BLIMHCASETCS Yepe3 KOYPPULHEHT HECHMMETPHH A, , TaK:

V3 =0 Ay, (2.5)

OHO MOXET I3MCHATLCA OT MHHHMANLHOIO 3a 10N IHAYEHHUA L, 0 MAKCHUMATBLHOMO L, .
CTaTHCTHYECKMH XapaKTep BbIHYXAECHHOIO HANpPMKCHUA L, , ONpelesiseTcs Kak (axTo-
DAMH, NPHBOAAILHMY K CAYHAAHBIM U3IMEHEHHUAM L, TaK K CIy4ailHbIM MECTOMNOJOXE-

HUEM BIOJb JHHHH TOMKH KOPOTKOro 3aMbikaHusa. MeToab! pacyeTa MaTeMaTHUYECKOro
OKHAAHUA, THCIEPCHH M CTATUCTHYECKOIr0 PaCnpEeaeNiCHHA CNYYAHHON BEIHYHHLI U,

H3M0KeHb! B [{punoxenun 2.

2.5. BrnyxnaenHoe HanpsikenHe 4dacroTel S0 I'n B
HECHMMETPHYHOM PEXHMeE NpH
yermemaom QAIIB

[{ukn ycnewtoro OATIB COCTOMT H3 TpeX NOC/1€A0BATENbHBIX KOMMYTaLLUM:

OIHOMOJIKOCHOE KOPOTKOE 3aMbiKaHHe OAHOH W3 (a3, 3akaHuyHBaioweecs /ABY-
CTOPOHHHUM OTK/IIOYEeHUEM aBapUHHON (a3bl, aBTOMATHYECKOE MOBTOPHOE BKAKOYE-
HUE aBapuitHON daibl nocsne OecTokoBOH May3bl ANUTENBLHOCTBIO loanp ONHUM H3
ABYX JIMHERAHbIX BbIKMIO4aTeNeH; rnonHoe 3ambixkaHne OniBwien “OonbHoN” dasnt
BTOPbLIM BbIK/IOUATE/IEM

BoiHyxaeHHoe HanpsxeHHe 4acToThl 50 U Voans — ITO HanpakeHue, ycTaHaB-

NHBatoileecs B MPOMEXYTKE BPEMEHH MEX Ay OKOHYaHHCM OECTOKOBOR nay3bi ycneL-
Horo OATIB y MOMeHTOM 3aMbikaHHa (pa3bl B TPAH3HT €€ BTOPbIM JIMHENHBIM BblKJIIO-
qaresiem. MaTeMaTyyeckoe oxuaaHue, AUCNepcHs K QyHKUHUA. CTaTUCTHYECKOTO pacnpe-
ICEHMA CTYHaHHOH BEMHYUHBI Loarp OMPEAETAIOTCA TEMH Xe (aKTOpaMH, YTO U pacnpe-
ACNEHUA CHMMETPHYHOIO BbIHYXXAEHHOTO HATMPAXKEHHA U, HO YYET BIUAHHA HETMHEHHOCTH
XapaKTEPUCTHK HaMarHMYMBaHUA CHIOBLIX TpaHCPOpMATOpOB (aBTOTpaHCGOPMATOPOB) HA
BEJIHMKHHY Lnanpr HE TpeDyeTca. MeTobl pacyeTta MaTEMATHUECKOIO OXKHAGHHA U CTATHCTH-
qeCKHUX pacnpenefieHui cnyyainHon BENHYHHBI Uoanp U3JT10XKEHb! B [TpHnoxernun 2.

2.6. 3amura oT nepeHanpsxkenuid B nayse yenemrsoro OAIIB ua
ytekTponepenadax 500 kB, 750 kB, 1150 kB

B Tteuenue nay3nl ycnewxoro OAIIB Ha oTkntoueHHOM dase (cM. puc. 2.1a) rniocne
noracaHus Oyri TokKa MOAMUTKKM K.3. Ha OTKAKYEHHOH (¢raze BOCCTAHAB/IMBAETCA Ha-
npsokenue Up, yacrora kotoporo Oauska k 50 ['u. Boccranasausaowieecs HanpsxkeHUue
HMEET Pe30HaHCHBIA xapakTep. AMMINTYaa Uy 3aBUCHT OT WIHHLI U KOHCTpYKuuu BJ1,
YUC/1a KOMIMCHCALMOHHbBIX PEAKTOPOB K oTHOoWeHHA Uy / Up, Tak kak u3-ia aemndu-
PYIOLIEro ACHCTBUA KOPOHbI aMIUTHTYNa U NPakTHYECKH HE 3aBUCUT OT HOMHHAIbHO-
ro HanpsHKeHWA EKTponepeayH.

3altuTa OT nepeHanpsxkeHud B nayse ycnewHoro OATIB HeoOxoouma, ecnu
Ha paccMaTpUBaeMoi IeKTponepefaye BOCCTaHaBAWBarouiHecs Hanpaxenus Up
npeBbiwatoT Uy, yYkazaHHsle B Tabnuuax [puaoxenus 4 ana OIIH-500 Y XJ1 nan
OITH-750 YXJ1 unu OITH apyrux THMOB AN BPEMEHH loanp (CM. maHuble Tabn. 2.2 u
puc. 2.1). DddekTupra nodas 13 ABYyX CNEAYHOUHX MEP 3ALUMTLI:
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Puc. 2.1. Hanpsxenue, Boccrananmpaioweecs B nnayze QAIIB Ha omwnoueHHol ¢a3se B

3a8HCHMOCTH OT UIHHBI IMHHH, YUCNA KOMIEHCAUMOHHBIX PEAKTOPOB H
KOHCTPY Kuuu dasnl

Hanpsxciine Havyana obuieit kopoHm:
I — Oe3 yucTa Koponhbl.

2 - (J’g - 1.0 U¢,
3 - UD=I12 U‘h‘
4 -~ UD= 1,4 U¢,

KoHcTpyxims dasbl:
a) PacycTthas cxemMa sameltienys;

ﬁ) BJ1 500 xI3 3xAC-330; D¢.¢" 12.8 M,
B) BJ1 500 kB 3XACO-500 D¢, ¢ lO 5 M,
1) BJI 750 kB 4xACY-400: Dy =195 M



» oTKMOYesue Ha BpeMs nay3st OATIB xoTa Obi 0AHOro U3 KOMNEHCAUMOHHbBIX
PEAKTOPOB Lp MPUBOAMUT K PACCTPONHCTBY PE30HAHCA U YMEHLIUCHMIO BCAEACT-
Bue sToro Uy mo 3HauenHdin (1,0-1,1)Up, Kak 2TO BMAHO H3 KPHBBIX
(puc. 2.1,8) 1 (puc. 2.1,r);

e  HUCNONb30BaHHe CXEeMbl YeThIPEXNYUEBOro peakTopa, Koraa 3Be3a KOMIeHca-
LUHOHHbBIX peakTopoB Lp 3a3eMIIfeTCA Hepe3 HyneBor peaktop Lo. Ilpu stom
nepeHanpsaKeHUK, BOCCTAHABAMBAIOUIMECA HA OTKIIOUYeHHOM da3se B nayse yc-
newHoro OATIIB, xapaktepusyetca sennuuHoi Upg = Uy,

2.7. NMepenanpskeHus Ha yactorTe S0 '
B HEMOJTHO(AIHBIX peXuMax

HenonHoga3insie pexxuMbl HabMORAIOTCA NPH OTKa3e BO BKIIOUYEHHUHU WIH OTKIIIO-
YeHWH OQHOW wiau ABYyX (a3 KoMMYTHpYylowero BbikitoyaTens. OLHAKO, OMbIT JKC-
UyaTaluuy¥ CBUACTENLCTBYET, YTO BEPOATHOCTL OAHOBPEMEHHOTO OTKa3a aByX ¢as
KpaiHe Mana U TakoH PeXXHM MOXHO He YYHTbIBATD.

Bo3HuUKHOBEHHE NepeHanPsAeHHH HENoHOPaIHOro pexuMa fNpH ABYCTOPOHHEM
NHTAaHHHK YIEKTPOnepeaayd MPHUHUUITHAIbHO HEBO3MOXHO.

[TepeHanpsaxenus Ha yactore 50 't MOryT BO3HHKATL TONLKO MPU YCAOBHU, HTO
OAHOCTOPOHHEE TMNHUTAHME KOMMYTHPYEMOH IJMeKTponepenavyd OCYyWECTBAAETCA [0
bnounoit uau nonybnouHoli cxeme uepes TpexoOMOTOUHLIA TpaHCchopMmaTop (aBTO-
TpanchopMaTop), odHa U3 0OMOTOK KOTOPOro 3aMKHYTa B TPEYroJjibHUK. TakHe CXeMbl
MOTYT UMeTh MECTO KaK B NOKa3aHHbIX Ha pUC. |.2 ONIOYHBIX nepenayax, Tak ¥ B Jek-
Tponepesavax C BLIKIIOHATENAMH HAa CTOPOHE BbiCWIEro HanpskeHus BJI B pexxumax
MNAHOBOrO BKAKYEHHUA WIH OTKAIOYEHKA HEHAIPYXEHHON NUHKM (CM., HanpuMep, cxe-
my Ne3 B Tabn. [12.4 Tpunoxenus 2).

[lepeHanpsxenus Ha dactore 50 ['U B HEMONHOGA3IHBIX PEXUMAX HUMEIOT Pe3o-
HAHCHBIA Xapaktep. Mx BennuHHa, XOTA ¥ OrPaHUUHBAECTCA aKTUBHLIMH NOTEPAMHU (KO-
poHa. MOTEepH B NPOBOAAX WU ApP.) H HaCbILIEHHWEM CTaNbHbIX CEpAEYHHKOB TpaHcPopMa-
TOpOB (aBTOTPAHCPOPMATOPOB), HO, KaK MOKA3bIBAET ONBIT IKCMNyaTaUHUH, B 00nacTax
COOTHOLLEHUH MapaMeTpoB IIEMEHTOB JEKTpornepenayy, OIM3IKUX K TOuke pe3oHaHca,
MOXET NoCTHraTh 3HaueHus (1,8-2,1) Us.

MecToabl pacueTa yCIOBHIA BOZHHKHOBEHHUA B HENOJNHO(A3HBIX PEKHUMAX NepeHa-
npsskeHUA Ha bactote 50 T'u, oueHKa UX BEJHYMHBL! H PEKOMEHAAUHM MO 3aALUWTE OT
ITUX [1EPEHANPSDKEHHA U3N0XKEHB! B [TpHIIoxKeHHH 2.

2.8. Ilapamerpuueckoe camMmoB03DyKAeHHe reHePaATOPOB,
padoTauIMX HA HEHATPY2XKEHHYIO JIHHHIO

[lapameTpuueckoe camoBo30yxAcHHE FEHEpaTopoB, paboTalOIMUX HAa Pa3OMKHY-
TYI0 Ha KOHUE JIMHHIO 31eKTponepenayy, B IKCIUTyaTaUMOHHKNX YCAOBHAX HEIOMYCTHMO.
YnpolileHHble OIIEHKH rpaHul obacTeil napaMeTpoB, BHYTPH KOTOPbIX BO3MOXHO ca-
MOBO30YXx1eHUe, C JOCTATOYHON M4 NMPAKTUKH TOUHOCTBIO BHIMOJHAIOTCH C MOMOLIBIO
NOCTPOEHUA, MOKA3aHHOro Ha puc. 2.2. [To 0beum ocsaM KOOpAMHAT BbIOHpaAIOTCA OU-
HaKOBble MaclUTaOb!.

PacyeTbl ynoOHO BeCTH B OTHOCUTEJIbHLIX €IMHULIAX, MPUHAB 32 0a3MCHYIO BE/IH-
YUHY BOJIHOBOE COMPOTHBJIEHUE BO3AYWHON NUHUU Ly, 3HAYEHUA KOTOPOro yKa3aHbl B
tabn. 112.2 [punoxenus 2. Ha ocu OPpAUHAT OTMEYAIOTCR ABE TOYKM!

Xoy = X7 +0,5(Xat+ Xy),
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Xo2=Xe +0,5(X' )+ Yq)

rne Xt — PeakKTHBHOCTH pacCceMBaHHA 0OMOTOK Bcex MApamIeNibHO H MOC/ieI0BaTENbHO
COC/UHEHHBIX TPaHCHOPMATOPOB, BKAIOYEHHBIX MCXKAY FeHepaTopaMu M BO3MYLUHOF
nnHKcH; Xy, Xy n X, — COOTBETCTBYIOWINE flapaMeTPhl BCEX NMapaniesibHO BKAIOYEHHbIX
rCHEpPATOPOB, NUTAIOWHMX NeKTponepenavy, npuuem Xv, Xy, X'y u X, onpenensaiorcs 1o
[apaMeTpam 1PAMOit Nocie10BaTENIbHOCTH.

13 Touku X, pamycom 0.5 (X,— X,)
{IPOBOJINTCA TMOJYOKPYKHOCTb, KOTO- Q4
pag OrpaHuW4YHBacT nepsyio obnacts
camoBo30yxtcHHA. M3 Toukn Xy pa- w2
nmycom 0,5 (X, - .X'y) npoBoautca no- a
JAYOKPYXHOCTb, KOTOpas OrpaHUuHBaeT ‘
B:op)?:i) obnacth caMchoaﬁ;)r:mch. s ° L W - N
Hayajsa KOOpAMHAT KO BTOpOH (neBoi)  Puc. 2.2, O6nacTH napaMeTpHUYECKoOro caMosos-
AOAYOKPYAKHOCTH  APOBOAUTCA  Kaca- OyxaeHus reHepaTopoB, paboTarOULNX
TENbHAN, KOTOpAs OrpanHvMpaeT Tpe- 11a HCHArPYKEHHYIO BO3NYIWHYIO TUHHIO
b0 00aCTL CaMOBO30YKACHHA. iekTponepedatin

Jins Typboretiepatopos, y KOTOpbIX
Xy = X, . HE CYUICCTBYCT nepsoit 00NacTu camoso30yxaeHus, Ans rexepatopos 6e3 aemndep-
HLIX OOMOTOK HE CYLUCCTBYCT TPCThEii 00/1aCTH.

L1 Toro, 4ToOb! HCKNIOUHTL CaMOBO30YXaIeHHE reHEepaToOpoB, TOUKA C KOOP/IHHA-
TaMit Xy 11 Ry 101:KHA OKazaThea BHe o6nacTeit camMono30ykacHus.

Koopaunarh X« u Ry onpenensiorca no cnenyomnm popmynam.
Jdns cxemnl puc. 12.1.a (eM. [lpunoxerue 2):

(1 _
Xe-z, S8 @) o =arctg (X,/Z.). (2.8)

cos@ sin AV

I exembl puc. 112.1,6 (cm. Tlpunoxenue 2):

Z”(k + \,,)(V + ’(,,.,)cosl‘”+[7 (X + X, ) - X, X, X, ]sin)U“

X, = _
- (X l-'" ~Z2) sinA» -Zw(/t +X,,) cosA)
X, = e (2.9)
P v -
Xpy+ Xpa
Bennuuny Ry ang odeux cxem Haxonat no popmyne:
RE;R'FRT‘*'RI*. (2'0)

B ¢popmynax (2.8). (2.9), (2.10) moxno npunate R=R, [, rne [ — AnuHa TUHUK, KM;
R, - akTHBHOC conpoTHANeHHe NUHUH. OM / kM; Z)y - BOAHOBOE COMpPOTHBRIIEHHE IUHHK, OM;
seiunda A' ykaiana B Ta6n. I12.2 Mpunoxenna 2: Ry M Ry ~ COOTBETCTBEHHO, aKTHB-

HBIE CONPOTUBIEHUA NMUTAONIMX FTEHEPATOPOB U TPAaHCHOPMATOPOB. ITHMU POpMYy.a-
M ONIPCACTACTCA MUHUMAILHOE NOMNYCTHMOE MO YCJIOBUAM CaMOBO30YXACHHA YMCNO
reHepaTopos M TpaHC@opMaTopon, OT KOTOPbIX MOXET MUTaTbCR HEHArpyx eHHas BO3-
AYWHAs JHHWHA, TaK KaK C YBEAUMEHMEM UMCIA FCHEPAaTOpPOB W TpaHcPopMaTopos
YMEHbLIAIOTCA PAlYChl OKPYKHOCTEHR, orpaHiyusarowx obnactu caMoBo30yxaeHus,
a LLEHTPHI OKPYXKHOCTEH NpUOBIHIKAIOTCE K HAYaNy KOOPAKWHAT.
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2.9. llepenanpsixkeHHs HA YeTHBIX, YACTOTHI 2K, H HEYETHBDIX,

4acTOThl (2A+1)w, yAIbTparapMoHKaXx npH ABJACHHAX
nepexoaHoro ¢geppope3oHaHca

Hepexonubitt deppope3oHaHCc BOIMOXKEH TONMbBKO B ONHOCTOPOHHE MHUTAEMBIX
OJOMHBLIX MM TTOAYOnOUHbIX nepegadax, rae BJ1 koMmyTHpyeTca BmecTe ¢ HeBO36yx-
ACHHBIM I HEOBOIOYXJICHHBIM NPY PalpbiBE Nepeaavyud BCACACTBUC OTKAIOUEHUS
BHCUIHECTO K.3. CHAOBbLIM TpaHcpopMaTopom (cM. puc. 1.2). Takne KOMMyTalUHU HMEIOT
MECTO [1pH rraHoBom Brutovelind, TATIB, OTKIIOUEHHU BHEWIHEro K.3., a TaKXKe MpH
NOAKIOYEHHH K IHHHH HEBO3OYKAEHHOTO TpaHcopmaTopa.

Di3zHveckas npupona ITOro Bua nepeHanpsxxeHui cneayrowan. B moboii u3 ne-
PEUHCACHHBIX KOMMYTaUMi 8 MarHUTHOMH Ueny TpaHcpopMmaTopa HaYMHAETCA Nepexo-
HOM Npolece YCTAHOBNCHHUA HOBOro pexxiMa. McXoAHOE COCTOAHHE MarHMTHOW UENH
CKAUKOM HIMEHHTLCA HE MOXET, [T03TOMY B MOTOKOCUETUIEHHH, KDOME OCHOBHOW rap-
Motk YW (1)coswr, nonxkHa 1nosapuThca ¢BOOOAHAA 3aTyXawoulas anepHoHUecKas Co-
crapisiowtas Wy(r), takas, 4toObl 8 MOMeHT (=0 YHOBIETBOPANHKCL ClieAYIOLIUE Ha-
HYWTLHLIC YCIOBUA

Wo={Wi(Hcoswt+ Wy ()] | .0 =¥ (0)+¥,(0).

Haamuie B MNoTOKOCUCIUICHHY anepuOAHYECKOH COCTaBndiolleit NPHBOANT K M10-
ABACHHIO B TOKC HAMATHHYHBAHHA, KPOME OCHOBHOH KaK HEYETHBIX, TAK W HUETHLIX CO-
CTABJAKOUINX, KOTOPbIE OYAYT CyUWECTBOBATSH, [10KA ANEPHONUUCCKAA COCTABAAIOLLIAA HE
3aTyxueT. Hanpumep, anda kyOu4Ho XxapakTepUCTHKH HaMarHMyMBaHu

i =V = [ W1 (1) cOs 1 + o (1))

NOAYUHM:

| = ‘P; + l,.S‘l“n‘}’l2 + l,S‘“P{f COs 2w/ + ‘{’1(3‘{’5 + 0,75‘&":)605 W +0,75‘I’l3 cos 3w .

HM

[ ApMOHHYECKHE COCTaBJIAIOIIWE TOKA HAMATHUUNBAHUA BbI3bIBAKOT HA 3/ICMEHTaX
eI MAJIEHNA HANpAXKEHHs, YTO NO CBOEMY AEHCTBHIO 3IKBMBAJICHTHO BBEACHHUIO B CHC-
TeMY MPONOALHBLIX 3.4.C. COOTBETCTBYKOUIEH 4acTOThI, MOITOMY, €C/IM OAHAa WAM He-
CKObKO HacTOT ¢BOOOAHBLIX konebanuit anexkTponepenayu, KOMMyTHpYeMoOit B Bnoke ¢
HeBO30Y XKIeHHbIM TpaHchopMaTOpoM, ORKM3Ka K YACTOTE KakoH-nubo rapMoOHHYECKOH B
TOKE HAMATHUYHBAHHA, BOZHHKHYT PE30HAHCHBIE NOBbILLIEHUA HANPAXKEHUA COOTBETCT-
BYIOUIEH YACTOTbl. JTH riepeHanpsxeHusa OyayT CyulecTBOBaThL A0 TEX MOp, NoKa He 3a-
BEPIIUTCA NEPEXOAHLIA NPOUECC YCTAHOBIEHUA HOBOIO peXXHMa MAarHMTHOH HENH UM,
YTO TO XK€ camoe, NokKa He 3aTyXHEeT anepHoaHuYeckas COCTasAflowas notTokocuenne-
HuA. [lepeHanpsaxeHus, BOIHUKAKOILHE NPH ABIEHUAX MepexoaHoro ¢peppope3oHaHca,
HITIOCTPUPYIOT OCUMANIOrPaMMLI, NIOKa3aHHbIe Ha pUC. 2.3,au 2.3,0.

BenuuuHa ¥ BpeMs CYLIECTBOBARUA NMEPEHANPAXKEHUN APU ABJECHUAX NMEPEXOAHO-
ro ¢eppope3OHaHCa 3aBUCAT OT 3HAYECHHKA NEepBOH COOCTBEHHON YAaCTOThI IIEKTponepe-
1a4uu ;/w W aKTUBHBIX MOTEPb B CUCTECME, 3aNABAEMBbIX, B NEPBYIO OYEPE/Ib, AKTHBHbI-
Mil Harpyikamiu. Takue (akTopbl, KAk MOWHOCTb TpaHCHOpPMATOpa, THUN BbIKIIOYATE TS
(nogasHbil wnu oldIuMil NpUBOL), XapakTep 3a3eMJIEHMs HeMrtpaned obdmortok BH
TpaHCPOpMaTOpa. HIPAIOT BTOPOCTENEHHY O POb.

MeToab! OUEHKH 11peaesibHbIX BOZMOXHbIX BEJTHYHH TIEpEHANMPIKEHUHA NMPH ABNEHHAX
nepexoaHoro deppope3oHaHca U Cnocodbl 3alMThl OT HUX HINOXEHb! B [Ipuiokennn 2.
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Puc. 2.3,6. lNepenanpsxenus Ha yactote 100 ['u npy nepexonnom ¢peppopesoHaHce Ha
pazoMKHYTOM koHUe exTponepenayyu 220 kB Ceupckas ['IC-Jleuunrpan
PH OTKAKOUMCHUH BHCLIHETO KOPOTKOTO 3aMbIKaHHA

2.10. 3amura oT (peppope’3oOHaHCHBIX MEpPeHANPAKEHHH HA YacToTe
S0 'y, sBo3uuKaomuXx B JnekTponepesauax 220-500 xB
noc/ie BKJIHOYEHHH X0I0CTBIX INHH € 3JIEKTPOMATHUTHLIMH

TPaHCPOMATOPAMH HANPAKEHHUS

PaccMaTpuBalOTCA CYYaH, KOraa B pe3yabTaTe MNAHOBbLIX WIM aBapHAHLIX KOM-
MyTauMH, Hanpumep, cbopka cxemsl, npeamecTsylomans sxuoyeHuio BJl, obpasyercs
cxema, coaepxaluas eKTpOMarHuTHuIN TpaHchopmatop Hanpaxeuus (MTH) ¢ noa-
KITIOYEHHON K HEMY OWIMHOBKON, KOTOpas CO BCEX CTOPOH OTAENEHA OT HCTOUHMKOB NKTa-
HUs eMKOCTAMH C,, INYHTHPYIOLIMMH KOHTAKThI Bhlktouaresnedt B ceTsx 220-500 kB

B Takux cuTyauusx B cetax 220-500 kB obpasyerca cxema, npeactasnsmowan cobof
KoJieOaTeIbHbIA KOHTYD, COREPXKAILUMA HENHHEAHYIO HHIYKTHBHOCTb BbICOKOBOJILTHOM 00-
MOTKH DMTH, emkoct C, Mexny pa3’oMKHYTHIMH KOHTAKTaMH Bhikilovarteneii H eMKo-
cTAMH Ha 3eMilo C, BCEX NIEMEHTOB OTKMIOYeHHON! YacTH OPY - pasnesMHHUTENEH, BTY/IOK
BbikAtoUaTesned U BXOAHLIX EMKOCTEN TPaHC(HOPMATOPOB TOKA H HAMPAKEHUA.

B 1abn. 2.3 npuBeaeHbl YMCACHHBIE 3HAYCHUR ITUX EMKOCTEIA.

Tabnuua 2.3

YcpeaHeHHble YHC/IeHHbIC 3HAUYeHUA eMKocTeH (Pala-3eMan IJTEMEHTOB
pacnpenennuTeNbHbIX YCTPONRCTB

220
Ownnoska, n®/m 10,7-13.0
Paswseauuurenn, nd/dasy 250-350
BTynku BBOAOSB BbikMovarchaed, nd 250-300
Tpancopmaropst Toka, nd 900-950

" B cerax 110 kB paspsisbl BhIKMOYaTENCH CMKOCTAMH He WIYHTHpYloTca. Ha anexrponepenavax
750-1150 xB yctanapauBaloTcs ¢MKOCTHBIC TPAHCHOPMATOPEI HATIPHKECHHA.
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B TakHX CxeMax B 3aBHCHMOCTH OT NapaMeTPOB H HAYANbHLIX YCNOBHUA BO3MOXKHO
CyUICCTBOBAHHE NBYX MPHUHUMMHANLHO PAVIHUHBIX NepHOAHYECcKHX pexnmos. Koneba-
TenbHbIA npouecc Ha yactorte 50 ['u MOXET BOIHUKATL B JIMHEHHOM KOHTYpe, 06pa3o-
BAHHOM eMKOCTAMH C, U C,, ¥ Gonbioft no BenUYHHE HHAYKTHBHOCTHIO BHICOKOBONBT-
HOH OOMOTKH TpaHCdopMatopa HanpaxeHHRK 6e3 HachlIEHHA €ro MarHMTONpPOBOMA.
JTOT PEKHM COOTBETCTBYET MATbIM TOKaM Yepe3 0OMOTKH H Ma/TbIM NEepeHanpPAKEHHAM
Ha TPaHCPOPMATOpax HanpPAKeHUS.

[lpy onpeneneHHbiX coueTaHUAX NapaMeTpPoB U HavyaabHbIX YCNOBMIl B UENH MO-
ryT BO3HMKATb TaKXKe ¢eppope3oHaHCHbIE ABIEHHUA Ha padoueil YacToTe, OTAHYAIOUIHE-
CA NEPHOAMYECKHMH HACHIUICHUAMH MArHMTONpPOBOAA M CBA3AHHBIMH C HHMH NepeHa-
NPAKEHUAMN Ha TpaHchopmaTope HanpsKeHUA U OONbUIMMH TOKAMHM B BHLICOKOBOJNLT-
HOt oOMoTKke. Pe3ynsTaTel HccnemoBaHHt CyMMHpOBaHbi 3aBHCHMOCTAMMU,. NIPEACTaB-
NIeHHbIMH Ha pHC. 2.4 3aITPHXOBAHHLIMH 06NACTAMHU: €CIH pacyeTHas TO4Ka C KOOp-

C

ansaraMu C, + C,;; —————— HAXOAHTCA B 3aLUTPHXOBAHHOHN 30HE CYIECTBOBAHMA
(C,+C  J

deppope3oHaHca, To nepeHanpsxeHus va IMTH 220-500 xB 8 3Tom pexxnume QOCTU-
raiT (1,4-1,5)Us, a TOK BBLICOKOBONLTHOH OOMOTKH HMMeEET Ppe3KO BbIPAKEHHYIO
“nIHko0Opa3Hy10” POpMy € aMNAHTYIOR B HecKOAbKO amnep. Pe3koe yBeIMueHHEe TOKA
0OMOTKH NO CPaBHEHHIO C HOMWHANLHBIM (EAMHHLL! MAH ACCATKH MUNTHAMIIEp) NpH-
BOAHT K TEPMHYECKOMY MOBpPEXACHUI0O OOMOTKH TpaHCcHopmaTOpa HaANPSXKEHHR, YTO
HEOAHOKPAaTHO HMEJIO MECTO B IKCIUTYATaLIHOHHBIX YCJIOBHAX.

JIna 3awuTel IMTH HeoGxoanMo 8bI6paTh 0OMH H3 HUXKECTEAYIOWMUX CNOCOOOB
nonasnennsa Geppope3OHAHCHBIX NepeHanpakeHuH:

* UcknmoyeHne onacHoro pexuma paboTel nmyTeM MiMeHeHus nopAlika nepexsito-
yeHnit. Hanpumep, Npu aBapHAHOM OTKIIOYEHHH CHCTEMbI LIHH UejiecooOpa3Ho OcTas-
NIATL Ha Hell TpaHCPOPMaATOP WIH NTUHHIO, OTKIIOUAA HX CO CTOPOHBI APYIHUX Hanpsaxe-
HU#, o ¢ apyroro koHua. [IpH NNAHOBBLIX OTKIIOUEHHAX MOXET 0Ka3aTbhCH UEe-
coo0Opa3HbIM CHayana OTKIIOYUThL BCE BHIKNIOYATENH CHCTEMB! LIHH, KPOME ONHOrO,
3aTEM — HX Pa3bCAUHHUTENH U NOCSE ITOTO CHATL HaNpAKEHHE C CHCTEMBI LUKH Mocnea-
HUM BBIKTIOHaTENeM. B HEKOTOpBLIX CAy4asX MOXXET OKalaThes uesecoobpasHbniM BOOO-
e 0TKa3aThCA OT KOMMYTAaUH KaKMM-TO annapaToM, HanpuMep, OAHMM K3 pasbeaH-
HUTENEN, ¢ TEM, YTOOBI UCIUTIOYHTD ONACHYIO CXEMY pacnpeAc/iMTENILHOro ycTpoficTaa.

* MoHTaX M NOAKNOHEHUE K (IMHAM [OMONHHUTEALHBIX eMKkocTell, Hanpumep,
KOHIEHCATOpOB CBA3M NMPH YCAOBHH, YTO UX €MKOCTb AOCTATOYHA IUIS BbIXOJa pacyer-
HOM TOYKH M3 3aLUTPUXOBAHHOI 30HbLI Ha pHC. 2.4,

* OTKNIOYEeHHE pa3zbeAHHHUTENS TpaHcHOpMaTopa HaNpPAKEHHA NPH aBaAPHHHOM
OTKIIIOYEHHH CHCTEMBI LWUKHH. [Ins 3TOro HE0OX0AUM MOTOPHLIA NPHBOR PA3bEAHHHTES.

* Ecnu peub UIET O BHOBb NPOEKTHPYEMO# MOACTAHLUWH, TO MOryT ObITh paccMOT-
peHbl BO3MOXXHOCTH NPUMEHEHUA OPYTHX BbBIKIIOYATENeH, ¢ MEHbUWIHUMH EMKOCTAMH
MEXAY KOHTaKTaM#, MMOO0 NOAKIIOYEHHE IMEKTPOMArHHTHBIX TPaHCPOPMATOPOB Ha-
NPSHKEHUA B APYrvX TOUKaX pachpenenuTenNbHOro ycrpoicrsa. Hanpumep, BO3IMOXEH
OTKa3 OT WHWHHLIX TPAHCHOPMATOPOR HANPAKEHUA U NOAKTIOUCHHE HX K IHHUAM.
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Puc. 2.4. O0nacTu cyriecTsoBanus Gpeppope3oHaHCHBIX MEPEHANPAXKEHHHA (3ALTPUXOBAHMI):
(', = CYMMapRaA eMKOCTb MEXAY Pa3OMKHYTHIMH KOHTAKTAMH BCCX BhIKIHOUATCIICH;,
(', — CYMMapHAA CMKOCTb HA 3EMII0 BCEX YIEMEHTOB OTKIOYEHHON YacTH paciipeny-
CTpOHCTBA

2.11. Apronapamerpu4ieckoe caMmoBo30yxaeHHe yJbTparapMoHHK
yeTHOH KpaTHOCTH YyacToThl 100 't 11 200 I'ny

Du3lyeckas npHpoaa aBTONAPAMETPHUECKOTrO CaMOBO30YXKIAECHHA ynbTparapmo-
HUK 4eTHOH kpaTHOCTH Takosa. Jliobas anexTponepenaua npeacrasaser coboit MHOro-
YAaCTOTHKIR KONeDaTENbHbIR KOHTYP, B COCTAB KOTOPOro BXOAUT NEPEMEHHAA H MPHTOM
NEPHOAHHECKH MEHAIOLIAACA C 4AacTOTON 200 HHAYKTHBHOCTbL KOHTYpa HaMarHH4HBaHHUA

cwiosoro tpaHcpopmaropa. KoneGaHHa HHIYKTHBHOCTH NPOUCXOOHT 3a CHET MEPHO-
AHUECKAX HIMEHEHUH NMOTOKOCUEIUIEHHA KOHTYpa HaMarHM4YKMBaHUA TpaHcdopMmaTopa.
JTO BEAET K aBTONAPAMETPHYECKOMY PE30HAHCY C HapacTaHWEM aMIIHTYAbI BbIHYX-
IeHHOro HanpsxeHus 80 BpeMeHH. ONbIT 3KCMAYaTaUUM NokKasan, YTo caMoBO30yxae-
HUe ynbTparapmoHnky 100 N'u MoxeT cTaTh NpUYUHHON noBpexacHua obopylaoBaHus
mekTponepenauy. B [IpunoxeHnu 2 3anoxeHsl METOALI pacueTa M Boibopa KxoMmnekca
MEpP. KOTOpble AH00 MCKIHOYAT, NHOO CBOOAT K MHHMMYMY BEpPOATHOCTbL aBTOMapa-
METPHYECKOro caMoBo30yxaeHHs YeTHbIX ynbTparapMoHHK yactothl 100 ['uu 200 ['u.
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PA3JEJ 3. SALLIUTA NMOJACTAHIIMA 110-750 B
C DJIETA30BBIMH KOMIIJIEKTHbIMH
PACNPEAEJUTEJBHBIMHA YCTPOUCTBAMH
OT PE3OHAHCHABIX, BLICOKO- U

HU3KOUYACTOTHBIX KOMMYTAUHMOHHBIX
U I'PO30BBIX NTEPEHAINIPSI)KEHHHU

3.1. OcHoBHbBIE MOAXOAbI

O6o06ieHne MUPOBOTO OMbITA IKCIUTYATaLMK KOMILIEKTHBIX 3/1Era30BbiX pacripe-
penutensHblX ycrporcts (KPY3), nposenennoe CUI'PJI, yka3siBaeT Ha TO, YTO aBa-
puitnocts KPY3 110-550 xB 6bicTpo pacter no mepe ysennueHns HX HOMHHAIIBHOIO
HANPsXKEHHA, NMOITOMY 1A AOCTHXEHMA BbICOKOH IKCNNYaTaUHOHHOW HANECXKHOCTH
KPY3 330 kB # Bblllle KOMIUIEKC CPeaCTB 3ALMThI YCAOXKHACTCH.

Bce anementsl KPY3 ¢ xafenbHbiMu 1 0ObiunbiMy BBoaamu ¥ ofopynosanue [1C,
KyZa OTHOCATCA: NOoAXoabl NpucoeauHeHut BJI, cunossle TpaHcopMaTopbl WIH aBTO-
TpaHcdopMaTOpPhl, HIMEPHUTENLHBIE TPaHCHOPMATOPLI, YCTAHOBACHHBIE HA CTOpOHE
BJ1, komnencaunoHHsie peaktopst 500 u 750kB ¢ orpannyHTeNIH NEPEHANPAKEHHUT
W Ap. — MOABEPralOTCA BO3ACHCTBUIO ABYX Pa3NUYHLIX IPYN nepeHanpsH>keHUH.

[lepBas rpynna — 310 pe30oHAHCHbIE, HU3KOYACTOTHbIE KOMMYTALIHOHHbBIE H I'PO30-
BbIC NEpeHANnpsXeHHA, KOTopble UMEKT MeCTO B diekTpuueckux cetax 110-750 kB ¢
3PPeKTHBHO 3a3eMNeHHON HelTpansio. [Ipupona, XxapakTEpHCTHKH U METO/lbI pacyeTa
ITHUX BHAOB NEPEHANPRKEHHH pacCMOTpeHbl B pa3jenax NnepsoM v BTOPOM HacTu 1-K, B
5-# vactu ¥ [lpunoxenusax 1-3 u 6 Hacroawero PykosoacTsa. '

BTopasa rpynna Bo3nefcTBYIOWMUX NepeHANpsKEeHUn — ITO BbICOKOYACTOTHbIE, C
pponToM 5-20 HC, KOMMYTAUMOHHbBIE NEPEHANPANKEHNA, BOIHHKAKOUINE NpPU BKIIOYE-
HHK MK OTKAIOUEHHHU 3/1€era3oBbIM padbelHHUTENEM YYaCTKOB XOJIOCTbIX LWWHH KPYD.
Tunnysas ocuwwuiorpamma BY koMMyTauoOHHBIX nepeHanpsKeHUA rnoKa3aHa Ha puc. 3.1

[1pu 3THX KOMMYTaUMAX, KaK BKIIOYEHUAX, TaK U OTKITIOYEHHAX, KPAaTHOCTD flepe-
HanpsAKeHNH MOXET J0CTUraTh 2,3-2,8 N0 OTHOLICHHIO K AMIIUTYAE (Pa3HOro MaKCH-
ManbHoro paboyero nanpskenus Uy, KoHKpeTHbIE HX BENHU4YHHbI 3aBUCAT OT COOTHO-
IEHUA BOJIHOBBLIX CONPOTHUBJIEHUH WHHONMPOBOAOB, KOMNOHOBKH KPYJ, anun u KoH-
¢urypann KOMMYTHPYEMBIX YYaCTKOB H MTHOBEHHbIX JHAYEHUA HANMPRXKEHHH HA WH-
HaX B MOMEHTbI IPO00A MEKKOHTAKTHOIO PaCCTORHHUA pazbeauHutens. Obulee konunye-
cTBO NpoOoeB B npouecce ofepalHy onpelenaseTcs CKOPOCThO CXOXKAeHUA (pacxoxae-
HUA) KOHTAKTOB H MOXCT AOCTUraTh COTEH, YTO NMpEaoNpeacnseT WHPOKHHA CNIEKTP Ha-
4aibHbIX Hanpskenuit AU(0) Ha wuHax, B manasoHe ot + Uy, 10 — Uy,,. C Touky 3pe-

HWA BEJIMYUH NEpeHanpaxeHun, Hanbonee HebnaronpuATHL! YCIOBHA, KOr1a Hanpsxe-
HHA Ha KOHTAKTax pa3jHONOMAPHL! B MAKCUMANTbLHLI No BennuuHe, 1.. AU(0) =2 Uj,, .

[Tpn onepauru OTKIIOYEHHUS TAKUM YCJIOBUAM OTBEYAET OMH U3 NoCNeaHUX rpodoes,
a NpH BKIIOYEHUU — OAMH U3 NEPBbIX.

il gl

" Ha 21eKrprHYecKUX CTaHUMAX ¥ NOACTAHUMAX NPH BY KOMMYTALMOHHBIX IICPEHANPIACHUAX
BO3HUKAIOT HHTCHCUBHbBIE JACKTPOMAMHUTHLIC UMITY/ILCHLIC 110N, MO BO3ACHCTBACM KOTOPbIX
B MUKPOIMPOUCCCOPAX WU MHUKPOIIEKTPOHHLIX YCTPONCTBAX MOryT HaBOAUTHLCA NOMEXH, OfdC-
HbIC 1% pabdOTL! CHCTEM TCXHOMOTHYECKOro W ONCPATHBHOTO JIMCIIETYEPCKOrQ YMPaBACHHA.

BeimynHa noMexy Mporopivodansia aMminiiTyac 1oka [, , NpoTexaloero 4epe3 KOMMYTH-
PYIOUIHI 31€ra308bid pa3beaAUHNATCID.,
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Benencrtane xoMnakTHOCcTH KPYDJ (06b14HO kOMMYTHPYEMBIE YYACTKH LIMHOMNPO-
BOIAOB MMCIOT UTHHY OT €AHHHL [0 HECKONbLKUX IeCATKOB METPOB) NMpouecchl nepes3a-
palla EMKOCTEH WHH X3PaKTEPH3YIOTCA OYEHbL BLICOKHMH YacTOTAMH ~ 10 AE€CATKOB
merarepu. MoOXHO OUEHHUTb OCHOBHYIO 4acTOTY k-oft COCTaBNAIOWEH CrexTpa MpoLecca,
onpeaensieMyo INHHON L, y4acTKa HH MEXIY ABYMSA HEORHOPOAHOCTAMM o hopmyne:

Rky=175/L,, MI'u1. (3.1)

TakHMH HEONHOPOAHOCTAMH Ha YYACTKaX ABJAKOTCA Pa3OMKHYTbie KOHLUbI WHHO-

[IPOBOAOB, Y3/bl NEPEXONOB BO3AyX-3/iera3s, BBOAbI CHNOBbLIX TpaHCcHOpPMaTOpOB, pa3-
BHJKH WHH (CM., HanpyMmep, puc. 3.2).

BO34yX-3aeras k otp ]

: U(0)=+1U,,
- q 2
Z:=4000M E Zm=750M Ll[M] LJ[ M]
., |4— P3

Puc. 3.2. O@parMeHT KOMIIOHOBKH nosiyTopHoii cxemul KPYD. PO - xommyTupytommnii
3€Ta30BbLIit pAIBLEAUHHUTENE

CocTasfifiollMe YaCTOTHOMO CNEKTPa NPOSBAAIOTCH TEM CHIIbHeEE, YeM Doblue He-
OZHOPOAHOCTH HA FPaHMLAX Y4acTkoB, T.e. 4eM Oonblue MOXYNH KOIPPHLIHEHTOB OT-
paxeHua: K= (2, -2, (2, + Z;), rae Z, v Z;, OM — BeNHUHHBI BOJIHOBLIX COMNpOTHBIIE-
HUH 110 XOAY ABMXCHUA INEKTPOMATHUTHON BOJIHBI, 2 TaKXKe Ha TeX y4acTKaX TOKONpo-
Bola, rae Ko3(QpPUUHEHTb! OTpaXKeHUA UMEIOT pa3Hbie 3HAkW NO KoHUaM., CaMyro HH3-
KYyl0 4acToTy, cornacHo (3.1), onpenenser Haubonee NPoTAKEHHbIH ONHOPOAHLIN OTpe-
30K LWUHHOMPOBOAA, KAK MPpaBWIO, OT HCTOYHNKA — ‘nurarouiero konua”. KonebaHus,
BO30YXaeHHbIE B pe3ynbTaTe MHOTOKPATHBIX NMpENOMIEHUH H OTpaxkeHHil BOJMH Ha OT-
pe3Kax TOKOMPOBOAOB, B3aUMHO NPOHUKAA M HAKNAALIBAACL HA CaMYK) HU3KOYAcCTOT-
HYH COCTaBAAIOWLYIO CNEKTPa, MPH COBNAACHHH BO BPEMEHY AMIUTHTYL OIHOTO 3HaKa B
KaKOW-TO W3 TOYEK Aal0T HauboNMblIYK KPAaTHOCTb MepeHanpsKeHHN.

Haubonee BeposATHO 3TO coBNageHHe B TeX (parMeHTaX KOMIIOHOBOK
KPYJ, B KOTOpbIX AnUHLI BCEX YHACTKOB MeXIy y3i/NaMH HEORHOPOMHOCTH OKaXKYTCH
KPaTHBIMHW [UIKHE CaMOI'0 KOpOTKOro M3 Hux. [ApyrumMu cnosamMu, €Ciid OTHOLUEHHUSA
IUTHH KOMMYTHPYEMBIX TOKONPOBONOB L; U AJIHHA MAKCHMaJIbHOTO U3 HUX L, OydyT
npaBUbHIMU APOOAMU (L, / L,.x = N,/ My, rne N, u M, — uensie Yucna), To KpaTHOCTH
BbICOKOYACTOTHbIX nNepeHanpskeHU Ha Qaszax KPY, mwis KOTOpLIX 3TH YCNIOBUMA OKa-
XKYTCA BbiOSIHEHb!, Oy Ay T npesocxoanTs. 2Uy,. [1paBunbieie 1pobKH onpenensioT rap-
MOHHKHK N0 OTHOWEHHK K HU3KOYACTOTHOH COCTABAAIOLUEH CNIEKTPa H, Ye€M Bbillle HO-
MEDP FApMOHHKKH, TEM MEHbLUR €€ aMIUIATY [a.
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O606uwenne 60bIOrO YHUCIA pacyeToOB NOKA3ATO, YTO MAKCHMATbHBIE KPATHOCTH
BUY-nepeHanpsxeHuit 10CTUIAKOTCA NPH BLINOJAHEHUH COOTHOLLICHHSA

JLLy =L +L,, (3.2)

KOTOpOE yMECTHO Ha3biBaTh “KPHTEPHEM NpPaBWIbHbIX Apo0ei”. DTOT KpUTEpPUH OCHO-
BbIBACTCA HA npeanofoxehuu, 4To And T-o0pasHol pacuyeTHON cXeMbl KOMITIOHOBKH
KPYD, THNUYHOR W13 NONYyTOPHOH CXEMbl, MAKCHMAJILHbIE KPAaTHOCTH NEpeHanpsxe-
HHH [IOCTHTAIOTCA NMPH PABCHCTBE 3KBUBANEHTHbLIX BOJIHOBLIX [MUTHH KOMMYTHPYEMbIX
PA3bEIMHHTENEM YYACTKOB XOJOCTbIX WHHOMPOBOAOB (cM. puc. 3.2). [MpasunbHOCTD
TAKOro noaxona ANs OUCHKH /UTMH TOKONPOBONOB PACHETHOH CXEMbI, B KOTOPOii Heor-
paHHueHHble BY nepeHanpsxenna OAM3IKH K MAKCHMaNbHbIM, UINKOCTPUPYETCA MPH-
MEpOM nokazaHHoro Ha pHc. 3.2 T-o0Opa3Horo ¢parMeHTa NOJYTOPHON cXeMmbl
(CM. TaKXe NaHHble Tabn. 3.1).

Kputepuit npasunbHsix apo6eit (3.2) no3sonseT oueHuTs kak GopMy, Tak U Mak-
CUMaIbHbiC BO3MOXHbIE KpaTHOCTH BY-nepeHanpaxeHuH, Tak Kak B OTHOCHTENbHbIX
¢AHHHUAX OHW MPAKTHUYECKH HEW3IMEHHbI. JTO 03HAYaET, YTO MPU PABEHCTBE COOTHO-
WEHUH AJIMH OAHOPOIAHbLIX YYaCTKOB ULIKHONPOBOAOB H YKAa3aHHbIX B TaOn. 3.2 BXOAHLIX
eMKOCTEH BCTPOEHHOr0 000pya0BaHUsA (BLIKIIOHATENEH, pasbeaHHUTE e, TpaHChopMa-
TOPOB TOKA ¥ HANPSKEHUR B Ap.) POpPMBI KPUBLIX H aMIuIMTY Al BU-nepeHanpskeuuii ans
KPY) paiHbix KJ1aCCOB HOMHUHANLHOIO HANPAXKEHHUA OYAYT NOAO6HLI.

Tadonuua 3.1
- | OTHOCHTC/BHBE UTHIb yqu_c_:mu | Kputepuil (33 )
No gap. o o ) |
" L | L L | 2 \/EL_: Lytle
1 L | 25 13 Y 0.816 0.833
— —
2 | 1/3 1/4 1/3 0.577 0.588
3 | 1/4 1/6 173 0.500 0.500
T 12 1/7 417 0,707 0,714
Tabnuua 3.2

YcpeaHeHHbIe 3HaA4EHHA BXOAHBIX EMKOCTeR BCTPOEHHOro obopynoBanns

BxoHas CMKOCTh, 1D,
[pH HOMHHAJILHOM HanpsxeHuu , kB

220 | 330
2000 | 3000
2000 | 3000

Annaparsl

110

o L

Cunosoii Tpancdopmarop

CuioBoit agToTpanchopmarop 1500

h 000
KoMIICHCAUHOHITLI PEAKTOP - - _

| TpatchopMaTop HanpsRCHUR 200 300 “

Y NIEKTPOMArHUTHbIH .

T rmicdhonMaTOn TOK: i

_Tpancgopmatop Toka | 300 400 600 | 700 |
Pasheauuuens 100 100 200 250 |
Buicmouarens 100 150 250 250 | 350
S Se— - T
rpannunTes thia Olll 60 - 80 100 150 | 200

EcTeCTBEHHO, YTO MEPONPHATHA N0 X OMPAHHYEHHIO IOJDKHBI ObiTh OJAMHAKOBbI , €C-
M YPOBHH M30MAUMHK dfieMeHTOB KPYD npuHATLI OAMHAKOBbIMH. ECnK fieBas U npasas
YacTH KpUTEPHA MpaBWIbLHLIX Apobeit (3.2) oTnuyaloTes Opyr OT Apyra He Oonee, 4eM Ha
+(5-7Y% , To ammuuTy 16l BY-nepenanpskennit 0yoyT B npenenax 1,7 € U,/ Uy £2.5.
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3.2. Bo3aM0oKHO€ CHHIKCHHE NIEeKTPHUYECKO0i MPOHOCTH 3JIera3oBoii
nioqasinn KPYJ B npouecce ero rkenayarauun

ITpy TIMATENLHO OUYMIIEHHBIX M NOJWPOBAHHBIX METAIHYECKHX MNOBEPXHOCTHX
yneMeHTOoB KPYD anexTpuueckas npouHocTs 3snerazosoit M30AAUMM NPH BO31eACTBUN
BY-nepeHanpAxeHUR NpUMeEPHO B NO/ITOPa paila NPeBOCXOAUT MPOYHOCTh ITOH H3ONA-
LK NPH BO3AECHCTBUU TPO30BOro uMnynbea. [1pH uiepoXxoBaToOCTH 31EKTPONOB NOPAAKa
0,1-0,3 MM JAEKTpUUeCKkas NPOYHOCTL NMPakTUYECKH OJMHAKOBA NMPH BO3IACHCTBUM
BY-nepeHanpaXeHUA 1 rpo3oBsIX HMMYNbCoB. [Ip1 NOABNEHHH HA NMOBEPXHOCTH LUHHO-
MpoBOJA METAUIHYECKHX 4YacTHU WIMHOR 2-6 MM M BO3leHCTBHH BY-nepeHanpsxeHun
3NEKTPUUECKAS TPOYHOCTL OKa3bIBAETCA MOYTH BABOE HMXKE, YEM (IpU BO3AEHCTBHH
rpO30BLIX NepeHanpskeHui. Takue cBOOOAHbIE METANNHYECKHWE YACTHUbI, OOBIMHO
HMEHYEMbIE TEPMHUHOM “nedeKTh”, MOTYT NMOABHUTLCA BO BpeMs TPAHCTIOPTHPOBKH H B
npouecce Ixcnayarauuu KPYD.

BbidpaHHas ANR HINIOCTPAUMK Ha pUc. 3.2 nonyTopHas cxema KOMNOHOBKU KPY
HMEET CNeAYIOWHUE KOHKPETHbIE 0COOEHHOCTH, BUAHBIE U3 PAaCYETHOM CXEMBI, MMOKA3aH-
noit Ha puc. I17.1 INpunoxenns 7. B npouecce onepatHBHON KOMMYyTauMn cOOpKM
CXEMbl 3J1era3oBbIM pa3sbeariHuTeneM P9, koraa passeaunutenu P6 u P7 v BHewl-
HU#t, 3a pasenoM “3nera3-Bo3AyX’ , BbIK/JIOYATENb PA3OMKHYThI, Ha 3JieMEHTaX
T-o6pa3noro pparMeHTa y4acTKOB XONOCTHIX WIKHONPOBOLOB {CM. pHc. 3.2) BO3IMOK-
HO HANOXEHHE WIHTeNbHOro, nopsaka 80—-100 yacoB, KBa3HITOCTOAHHOTO HAIMPAXKEHUA
Usocr Ha BYH-nepeHanpsxkeHns, HeOrpaHWyeHHas aMIUTHTYa KOTOPbIX (CM. OCUMAIO-
rpamMmbl Ha pHc. 3.1) moxker npesbiiath 2,5Uy.. Ecau onepatuBHas koMMyTauus
cOOpKH CXeMbl BbIMOJIHAETCA 3J1era3oBbiM pasbeanHuTeNeM P (nera3zosbiit BbIKIKOYA-
Tenb B2 n pazveaunuTean Pl u P4 otkmoueHnsl), HanoxeHne Ha BU-nepenanpsakeHus
KBa3HINOCTOAHHOIO HaAMPAXKEHUA MANOBEPOATHO, TaK KaK [OCNEAHEE 13-3a BCTPOEHHOIO
HUIMEPHTENILHOrO TPaHCHOPMATOPA TOKA CTEYET 3a HECKO/IbKO 4acoB. [locTosHHOE Ha-
NpAXKEHHE Ha XOJOCTOM WIMHOMNPOBOAE CHUXAET EKTPHUYECKYIO MPOYHOCThL 3Jeralo-

BOI H30nAUKMH B 00bEME, 4TO CBA3AHO ¢ HATHNARMEM CBODOAHLIX METANNHUYECKUX Yac-
THL Ha WHHONPOBOL.

3.3. Texunyeckue cpeacraa /4 3auiHThLI H3oaguHH KPY
H o0opynosanns I1C or nepenanpskenni

[Toactanunn 110-750 kB ¢ KPY3 noasepratorca Bo3neACTBHIO MPO30BLIX, HU3KO-
M BbICOKOYACTOTHBIX KOMMYTALIMOHHBIX W PE30HAHCHBLIX MEpPEeHANnPAKEHHUH W NOJIKHbI
ObITh HAJEXHO 3alUHILEHbl OT HUX. KoMMneke ans 3aluuThl H3OMALHHN ra30HAMNOJHEH-
HbIX dnemeHToB KPY 3 u obopyanosanua I1C Moxer BKIOUYaTL B CBOIl COCTaB cleaylo-
e TEXHHUYECKHE CPEICTBA:
®  HEAWHEHHbIC OrpPaHUYHUTENU MEpeHAnpsKeHHH Kak OOBIMHOIO HCNOMHEHUA
(OIlH), tak u B aneraze (OITHD), ana orpaHHyeHUa aMIUTUTYd HH3KOYac-
TOTHBIX KOMMYTaUKWOHHbBIX NepeHanpsxeHWH, BO3HUKAIOLWKX TIPpH KOMMYTa-
LHAX HEHArpy>XEHHbLIX BO3NYUWIHbIX JIMHMA M CHIOBBIX TpaHchopMaTopos
(aBTOTpaHchopmMaTOpOB), ¥ FPO30BLIX NepeHanpsxeHul, Haberaowunx ¢ BJI.
JaluTHBIE ¥ HaleXXHOCTHbie XapakTepUcTHkH orpaduunTenet Tuna OIIH u
OITHS npuseaeust 8 [Npunoxernnu 4;
e MpPENBKIIKOYHAEMbIE PE3MCTOPbl B IJ1E€ra30BbIX BLIKIIOYATENAX, CHMXKAIOLLHE
AMILUTHTY Y HM3KOUYACTOTHbLIX KOMMYTAaUHOHHBIX TIEPEHANPIKEHUI NIPU TUia-
HOBBIX BKJIIOMEHUA | IKHUMHA, a NpU aBapuitHOM oTKMoYeHuun BJ1 u3-3a Heyc-
newHoro AllB unu OATIB, cunxalouie aMmMTY LY U CKOPOCTh HAMPAXKEHHUA,
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BOCCTaHaBAMBAKOUIErOCA HA KOHTAKTaX KOMMYTHDYIOLLErO INEra3oBOro Bbl-
KaroqaTens;
e BCTPOECHHbIE B JJIETA30Bble Pa3beAHHHTENH MPENBKIIOYAEMbIE PE3UCTOPSI

OBYCTOPOHHEr0 AECHCTBHA, YMEHBINAIOWHE aMMIUTYOy M pacTArdBaiouMe
PPOHT BLICOKOUACTOTHBLIX KOMMYTAUMOHHBIX MEepeHanpMKeHnH, BOIHMKAIO-
KX MPH KOMMYTaUHUAX y4acTKOB XOJOCTbIX wwHHONpoBoaos KPYD B npo-
ecce cbopku (nnu padopku) cxems I1C;

*  CHIKEHHE CONMPOTUBNEHUA 3a3EMJICHUA ONIOP H NnosbilieHHE YPHEKTHBHOCTH
TpocoBoit 3awuTsl BJI Ha noaxonax k [1C, 4yTo orpaHHuMBaeT aMIuTyay H
YUCI0 BOSH PO3OBLIX NEpeHAaNpaAXenu, Haberaloumx ¢ Bo3AyWHOH MUHHM
Ha NOACTAHLHIO.

Ina kaxno# T1C ¢ KPY3 BO3MOXHO NpUMEHEHHE HECKONILKUX BaPHAHTOB KOM-
[JIEKCa 3alUMTHBIX CpelCTB, B TOM HJIM HHOM Mepe OTIIMYAIOIIMXCA KaK MO COCTaBy, Tak
H [0 napaMeTpaM BXOMALLEro B COCTaB 3aUIUTHOrNO KOMIUIEKCA TEXHHUYECKUX CpeacTB.
OkoHuaTenbHbLIA BLIOOP BapHaHTa NOMKEH OCHOBBLIBATLCA HA COMOCTARMNEHUH TEXHUKO-
IKOHOMHUYECKHX [OKA3aTeNIeX H MPOTHO3UPYEMOTO YPOBHA 3KCIUTYaTALMOHHOK HAEKHOCTU.

3.4. 3amura KPYJ oT pe3oHaHCHBIX nepeHanpsaKeHHI

3aliuTa OT PE30HAHCHBIX NEpeHanpsXeHH!ii JoKHa ObiTL HanpaBieHa Ha TO, 4TO-
661 160 MONTHOCTBIO HCKTHOYHTBL B COOTBETCTBYIOLWMX paCUETHBIX pexuMax (cMm. B Pas-
gesie 2 “Pe3oHaHcHble nepeHanpsaxeHusa”, nyHKT 2.1 “HcxolHble nonoxeHns) B0O3-
MOXCHOCTL MOBbIteHna yacToThl S0 ' cBepx Haubonsuiero pabouero U, , paBHOTO!

U, . kB 110 220 330 00 | 750

i
. U kB | 126 252 363 525 787
L

n1bo, ecnu 3TO OKa3bIBAETCA IKOHOMHYECKH Helleslecoobpa3HbiM, cO30aTh TAKUE YCJIO-
BMA, NPU KOTOPbIX pe30HaHCHbIE nepeHanpskenus OezonacHe! angt KPY3 u 06opyno-
sauua [1C. B tabn. 1.2, 1.3 yka3aHbl 10nycTHMBIE TNOBLILIEHUA HanpsaAxXeHHAa 50 'u ans
obopyaosranus 110-750 xB. Orpaniyenne pe3oHaHCHBIX NEPEHANPAXKEHHA OCYLUECTB-
naetca BHe KPYD Ha Bxoasawux ¥ seixoaawnx w3 KPYD npucoeanHeHusx. Meronbl
pacyeTa BeIMYMHbI U BPEMEHH BO3AEHCTBHA, a TaKKe BbIOOp cocTaBa KoMIuUlexca 3a-
(IKTHRIX Mep, obecneuuBaiollero orpaHMYeHue YpOBHA H MHTENLHOCTH BO3AEHCTBHA
PE30HAHCHBIX MepeHanpsHKeHUH, HanoxeHsl B [Ipusoxednn 2.
Ecau sce anemenTol KPY3 u BcTpoeHHOro 060pyA0BaHUA BblAEPXKaIH NMOCAEMOH-
TaXKHble UCnbITaHUA Mo HopMaTueam MOK (cMm. flpunoxenue 9), a BHEWHHA N0 OTHO-
weHno X KPYD koMnnexc 3aliuTHBIX MED Y annapaTop OTPaHHYUBaET BO3AEHCTBUS:
e Ha M30JAULMIO BBOIOB ‘‘BO3AYX-3jeras’, BO3AYWHBIX MPUCOEOUHEHUH, CHIO-
BbIX Y H3MepuTeNbHuIX Tpanchopmaropos 110, 220, 330, 500 u 750 xB coor-
BeTCTBEHHO 10 73, 146, 257, 303 u 560 kB;

e Haorpaduuurenu tuna OITH B cooTseTcTBHH € Tabn. M4.1-T14.4 T1punoxenus 4,
TO CUCTEMa 3aLIHTBI OT PE3OHAHCHBIX NEepeHarpAXeHnH ABNAETCS JOCTATOUHOM.
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3.5. 3amuTa KPYJ 0T HH3K04YACTOTHBIX KOMMYTAaLHOHHBIX
nepeHanpsKeHun

3aUInTa OT HH3KOYACTOTHBIX KOMMYTAUHOHHBIX nepeHanpsxxeHuil, so3neicTayio-
wux Ha u3onsumio obopynosanna [1C, B coctaB koTopo#t BXOAAT NOAXOAbI NPHCOEAH-
Henuit BJI, BBOAbI “Bo3ayx-aneras”, uaMepuTebHbie TpaHCPOpMATOPbl TOKA H HAaMNpA-
KEHUA, YCTAaHOBNCHHbie Ha cTtopore BJl, xomnencauumoHHsie peaktopnl 500 xB u
750 kB, 3nera3ossble BLIKAtOYaTENH, Pa3beAHHHTENH, IWWHHOMPOBOIbI, 31€ra30Bble H3ME-
pUTenbHble TPAHCPOPMATOPLI TOKA H HAMPAKECHHUA, OCYLICCTBAACTCA OrPAHHYHTEAAMH
nepeHanpsxxeHnin Tina OIMH u OINHD. 3autuTHble XapaKTEPHUCTHKH OrpaHHUYHUTENEH
tuna OfTH v anerazosbix Tuna OTTHD nomxHbl 6biTh oaHHaKOBL! (CM. [IpHaoxeHue 4).

Ecnn obwee uncno orpaunuuteneit OINH u OITHD, ycTaHOBJIEHHBIX KaK B CaMOM
KPYD, tak M Ha Bcex Bxoadmux H Bbixoaswux u3 KPY3 npncoeanHeHusx,
n= Nyaw + Mo » TO AMIVTHTY 2 BO3ACHCTBYIOLINX Ha obopynosanue I1IC W rasoHanos-
HeHHble INeMeHTbl KPY D HH3K04aCTOTHBIX XOMMYTAaLUMOHHBIX MepeHanpxkeHUR onpe-
aeNnfeTcas HEPaBEeHCTBOM:

Koosn < ksa ! 1 = Kya/ 1™, KB. ' (3.3)

Boibop cucTteMbl 3aliMTel OT HH3IKOYACTOTHBIX KOMMYTAUMOHHLIX TMEepeHanpsxe-
HUiA cocTOUT B cneaywoueM. Ecnu paccuutaHHoe no dopMmyne (3.3) kyon NMPEBBILLIACT
knon » KOTOpPOE, cOrnacHo HopmatueaM M3IK (cM. Ipunoxesnne 9), pasHo:

TO YHCcno orpavuunrtene tuna OfIH yseanynsaerca A0 Mgy > Nome , NPH KOTOPOM Bbl-
[MO.THAETCA YCNOBHE

k
=........._.._1a..l.u___.._.{k ,KB (3.4)

BOIN ' 0.04 2ON
(N + Moo )

[To yka3zaHHbIM B ﬂpunomeunn 9 HopmaTHBaM MOK BHIMOMHAIOTCA MOCJIEMOH-
TWXKHbIE UCTNbITAHHA TA30HANONHEHHBIX MeMeHToB KPYD W BCTpOEeHHOro 060py 10BaHMS.
Ecau Bce razoHanonHeHHsle 3nemenTol KPYD u BctpoenHoro o6opynoBaHus 3TH Hc-

NbITAHHA BbIACPXANH, TO CHCTEMA 3aLUMTHI OT HU3KOYACTOTHLIX KOMMYTAUKOHHBIX re-
PEHAMPAKECHUN ABAAETCA ROCTATOUHOM.

3.6. I'po3ozamuTta obopynoBauus IIC n KPY3

Cnenyet obecrneunts rposzozawuty kak KPYD u noaxoaos BXxoadliuX U BuIXOnA-
wux npucoearHenunit BJI, Tak u nuraiownx KPY3J 6nounsix tpancpopmaropos (aBTo-
TpaHcHOpMaTopoB).

PacueTsl, LENBIO KOTOPbIX ABAAETCA POPMHPOBAHHE KOMILUIEXCA MEP I'PO303AWIMTHI
obopynosanns KPYJ u I1C, a Takxe noaxonoB BO3AYWHBIX NPHCOEARHEHWH, BBINOJ-
HAIOTCA MO METOAaM U NporpaMmam, H3NIOKEHHBIM B 3 yacTu Hacrosuero Pykoson-
cTBa. JTOT KOMIUIEKC Mep BK/IIOYAET CPEACTBA, HAMpaB/IeHHbIE HA CHUXKEHHE YUCSIA Ha-
GeraiouwMx BOMH 32 CHET nossilleHua rpoloynopHoctd BJI Ha noaxoae « [1C (cuuxe-
HWE CONMPOTHBIIEHUA 3a3eMJIEHHA OMNop, NoBbileHue 3PPEeKTUBHOCTH TPOCOBOM 3ailNTLI) H
OFpaHUYCHHUE aMNAUTY FPo30BbLIX BO3NECHCTBMH 33 CUET MCMOJIB3IOBAHUA Orpa-
Huuntenen tuna OITH, anerazossix orpaHuuuteneit Tuna OMMHD n ap. cpencrs.
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ITOT KOMIUIEKC [A0.KEH OrPaHHYMTL aMIUTHTYAbl aTMOCQEPHBIX MepeHanpaXeHUN,
ROICHCTBYIOMIHX HA RHYTPEHHIO H30ALMIO KOMNEHCHPYIOILHUX peakTopoB H Oj104-

HLIX TpaHcdopmaTopos (aBTOTpaHCHOPMATOpOB) A0 YPOBHA, onpenenieMoro Hopma-
THeaMu MK (cm. [punoxenne 9), Ho He bosnee, yem 10 (2,5-2,6)U,,,, T.€. 10 BeAHUHHDI,
KOrla HafleXXHOCTb paboTbl BHYTPEHHEH H3OMAUHH ONMpPENENSeTCs He IPO30BLIMK Mepe-
HANPSHKEHUAMHU, A LNTUTENbHLIM BO3AeHCTBHEM pafouero HanpaxkeHHA YactoTst S0 L.
Jna toro, 4ToObl aMMIUTY ALl BONH FPO30BBIX MEpeHaNpAXeHUA He MPeB3OLTH

YTOM BEAHYMHBI, 3aIUMTA 20/MKHA OKITh BLINOMKHEHA ceayiouiuM obpalom. Bonuau, Ha
paccTosnuu 15-20 meTpos ot nuTtatouiero KPY?J 6aoutioro Tparicpopmaropa (mnn AT)
ycTaHaBnusaloTcs asa orpaunyurens tina OITH: oann — mexay 6104HbIM TpaHC-
¢opmatopom u KPYD Ha BxoadueM B nocnegHee BO3NYWHOM NPHCOCOMHEHHH,
BTopoii — Ha BJI mexay OnounbiM TpaHCHOpPMATOPOM H IEHEPATOPHBLIMH LIMHAMH.
DPPeKTHBHOCTL TAaKOH CHCTEMb! PO303aALUUTLI BHYTPEHHEH w30AsSUMHM OMOUHBIX TpaHc-
popmaropos (AT) HanoCTpUpyeTCs NPUMEPOM pacyeTa, HIUTOXKEHHBIM B [TpunoxeHuH 7.

3.7. 3amnTa KPYJ 0T BBICOKOYACTOTHBIX KOMMYTALIHOHHBIX
nepeHanpaxkKeHni

["asoHanonHeudsrit wHonposod KPYD npu dcnbiTanMax Ha MecTe MOHTaka
A0JIKEH BbLIACPXKATL BO3AeiicTBUE TPO3OBOTrO UMMynsca, Hopmupyemoro MIK
(c™m. lpunoxenue 9).

Ina obecnedcHHs BbICOKOH JKCNayaTtauMoHHoR HaaexHoctw KPYD 330-750 xB
HEOOX0ANMA IPPeKTHBHAA 3aLUHTA OT BO3ACACTBHA BLICOKOHACTOTHBIX KOMMYTALIMOH-
HbIX MEPEHANPAKEHHUA.

Ucnonsviosauue ans 3auiMThi OT BHICOKOYACTOTHBIX KOMMYTAUHOHHBIX fepeHa-
npsxkeHHn orpanntuTeneit Tuna OMH3 u Tem bonee, Thna OINH. mano3’dpdpexTUBHO NO
caeayrowmnM npuunHaMm, Bo-nepssix, Npu yactoTax nopsaka 5S—15 Mlu orpannunTtens
MEKTPHUECKH yaneH OT MeCTa NORABACHHA MaKCHMAIbHLIX NepeHanpaxeHHi. Bo-
BTOPbIX, BOJIbT-aMMEPHasA XapakTEPHCTUKA OrPaHUYMUTENIS MpPH HAHOCEKYHAHLIX BO3-
NERCTBUAX OKA3bIBAETCA 3aMETHO BbILE, YeM AUKTYEMbIH HopmaTusaMu MOK ypoBseHsb
3JaLMTHI OT FPO30BLIX NEepeHanpAXeHuit, nodTomy Hanbonee r3PpdexTHBHLIM CpencTBOM
obecnedyeHus IKcrulyatauMoHHoH HamexHocTH KPY3J npn BY-koMMyTauuMoHHBIX ne-
peHANPAXKEHUAX AB/IRETCA OCHAILUECHHE 31€ra30B0Oro pa3beAMHUTENIA BCTPOSHHbIM MNpen-
BKNIOYAEMbIM PE3UCTOPOM IBYCTOPOHHErO, Ha BKIIOYEHHE W OTKIIIOYeHHe, NeHCTBIS .

Bbicokar xkcruiyatauuoHHan HaaexHocts paboret KPYJ 330-750 B obecneuu-
BAeTCA, Korfla amMiiuTyasl BY KOMMYyTauMOHHBIX NMepeHanpaXeHuil orpaHWYUBalOTCH
20 yposHa meHee (1,0-1,05)Uy, . Ina 3TOro BeNHYKWHa aKTHBHOTO COMPOTHUB.IEHHUS
NPEeABKAOYAEMOTr0 PE3UCTOpA ROMKHA ObITh

Rap22Zw. (3.5)

[Ipenskniouaembiii pe3ucTop AOMKEH ObiTb TEPMOCTOMKHM, T.e. nornowars Oe3
NOBPEXACHNA DHEPTHIO, BhIACNAIOMWYIOCH B HEM BO BPeEMi KOMMYTaLiMM M HE AOCKEH
HapywaTh 00WEro TeMnepaTypHOro pexuma 31era’oBoro pasbeIHHHTENA.

Mcnoiis3084aHHC 11C1ra308000 PA3hCAHBUTCNIA C NPEABKIIOYACMBIM PCIUCTOPOM DEINAET TAKNKE
32134y YMEHBICHUA MMIYILCHBIX 1TOMCX, BE/IMYUHA KOTOPLIX MPAMO MAPONOPLHOHA/IbHA aM-
nauty/le BU-nepenanpaxcuui. rie Zy — BOJIHOBOE COIIPOTHBICHHE KOMMYTHPYEMOro pashe-
AUHUTENEM YHACTKa BLIAHONPOBO/LA.
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PA3JIEJI 4. 3BAIIIUTA TTPOJOJILHO- U

[HOINNEPEYHOKOMITEHCHPOBAHHBIX
JJIEKTPONEPEJAY OT

KOMMYTAUHOHHbIX U T'PO30BBIX
[IEPEHAITPSKEHUN

4.1. HcxoaHble NoJ10KeHUA

HMcnons3oBaHHe B anexTponepenaue OQHON WIH HECKONbKUX YCTAHOBOK MPOAOJib-
HOH eMKOCTHOH koMmneHcauuu (YT1K) npuBoAHT k nepeHanpAXKeHHAM, BO3IHHKAIOUINM
Ha NOBpeXAECHHbIX (a3zax B NEPEXOOHOM PEeXHMe fOCAe pa3pbiBa ICKTpONEpenayu,
BbI3BAHHOI0 OTK/IIOUEHHeM aBapHAHOTO yuacTtka. [lpuBoMAlIMA K MEpeHanpAXEeHHUAM
aBapHHHBIA MPOUECC pacnafacTCq Ha ABA 3Tana: peXvM KOPOTKOro 3aMblKaHHA, B X0I¢
KOTOpPOro naacHue HAnpsKEHUA OT aBapHIHOrO TOKAa NPUBOOUT K MEPEHANPAKEHHUAM
Ha KoHaeHcaTopax YilK, u nepexoaHsiit pexxuM nocie paspbiBa 3NEKTPONEpEeaayH, Bbl-
3BAHHOIO OTK/IIOYEHHEM ee aBapuiiHOro y4actka. B xode 3Toro nepexoaHoro npouecca
BOIHHKAIOT KaK KOMMYTauHOHHbIE, TaK U PE30HAHCHbBIE, NP OEJIEHHH HACTOThHi, Nepe-
HaMpAKEeHHUA OTHOCHTENbHO 3EMJIH, KOTOPbIC JOKaNMH3YIOTCA Ha y4yactke Mexay YIIK u
BbIKJIKOYATENEM, OTKIIOYHBLIHM aBapHlo ( Ha cxeme puc. 4.1,a — 3TO TOUKA NMPHUCOLHN-
HEHHA peakTopa Xy,). B 3aBUCHMOCTH OT CXEMbI MOACTAHUHHK NEPEHANPAKEHHA MOTYT
BO31¢HCTBOBATH Ha H3O0NAUHIO KOMMEHCAUHOHHBIX PeakTOPOB, CHIOBbLIX TpaHCPOpMa-
TOpPOB H ApYroro o00opynosaHus, KOTOpoe MOMKMIOYEHO K ITHM wwirHaM. [lpuposaa 3THX
nepeHaNpPsKEeHM H METOAb] 3AULHTBI OT HHX MATAraloTCca HWke B nyHkTax 4.2 U 4.3.

4.2. Oco0eHHOCTH KOMMYTAUHOHHBIX U Pe30HAHCHBIX NPH AeJCHUH
4aCTOThl, NepeHanpsKeHn B NPOA0JLHO- H
NnornepevYHOKOMIIEHCHPOBAHHBIX )JIeKTponepeaadax

OCOOEHHOCTH KOMMYTALUKOHHbIX H PE3OHAHCHBIX NEPEHANPAKEHHNA B [TPOIONBHO-
K NONEePeYHOKOMNEHCHPOBAHHBIX Nepenayax takosbi. Ecnu BJI obopynosana YIIK, To
L{LENlb CTATOPOB FEHEPATOPOB INEKTPHUECKUX CTaHUMA npeacrasiseT konedaTeabHbIH
KOHTYp. Beneacrsue 1oro usmeHsercs xapaktep cB000AHBIX COCTABAAIOLIMX TOKA KO-
POTKOro 3amMblKaHHA. ANEpHONHYECKAA COCTABAAIOUWIAA 3AMEHAETCA MEJIEHHO 3aTy-

Xarwnmyn cBobonHbiMu Konebannamu. K MOMeHTy oTkmouerua k.3. Ha Hatapee YIIK
Oyner noseiieHHoe Hanpsxenue U, (cM. puc.4.1). Benenctaue 3TOro BEIHYMHA KOM-

MYTaUHOHHbIX MMEPEHANPXKEHUH, BO3AEHCTBYIOWUX Ha peakTop Ap,, NOCNEe raileHHs
BblKJTIOUaTENNeM B, TOka KOpOTKOro 3aMsikaHusa Oyaet Gonbiue, yeM B dnekrponepena-
4ax. HeoOopynosaHHeix YIIK. AMnauTyna 3THX nepeHanpskeHWH cnaraerca M3 Tpex
COCTaBAAIOLIMX: BbIHYXIEHHOrO HanpsXeHUg yactoTel SO I'u 4 AByX ¢BODOAHBLIX 3aTY-
XAHOWHX — HU3KOYACTOTHOMN M BLICOKOYACTOTHON. Hi3kowacToTHAaR onpeaeaserca Ko-
nedareNbHbIM KOHTYPOM, cOCTOAILMM H3 eMKoCTH Oatapen YIIK u cymMMapHO# HHAYK-
THBHOCTH X, THHHU NepelayH H peakTopa X, BbicokouacToTHas cocTasasioulas B oc-
HOBHOM OfpEnEIAETCA HaUMEeHbleH U3 YyacToT cobcTBeHHbIX konebaHuh BJI m uctou-
HUKA NUTaHUA. B nepBoIii MOMEHT nocsie OTKAKOUYEHHS BbIKAIOUATENS By BLIHYXKICHHAaA
M HH3KOYACTOTHasA COCTABNAIOLIAA HAXOAATCA B (hase Apyr ¢ ApyroM, a csodoaHas Bbi-
COKOYaCTOTHas — B npotusodaze ¢ HUMH. B nepexoaHoM pexuMe aBapHUHOro pa3pbisa
nepenayy BCACACTBHUE NUKBHAAUHHK K.3. BO BCEX Cly4aaX, KOTAa [LUTHHA y4acTKa JIHHHH
{20, 6atapes YIIK oka3siBaeTca BKIIOHEHHONH MEXAY HCTOYHHUKOM 3.4.C. H UMEIOLLKM

HEJIMHEHHYIO XAPAKTEPHCTUKY HAMArHUYHBAHHUA KOMITEHCAUHOHHBIM pEAKTOPOM
(cM. popmyny (2.3) v Tabn. 2.1). Ha cxeme puc. 4.1,a 23T0 peaktop X,,. B Takux
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HETHHEAHBIX KONeOaTenbHbLIX KOHTYPaxX NMPH O(IPERE/EHHBIX YCIOBHAX MOXKET BOIHMK-
HYTh PEXHM ACJIEHUR HACTOTHI Ha TPU (PexiiM CyOTapMOHUUYCCKOro pe3oHaHca), np
KOTOPOM [MOAHBIN NEpHOA 1IOBTOPSEMOCTH TOKOB M HAnNpsihkeHW#d, OeACTBYIOUIMX B
ICKTPHYECKON CeTH, 8 TPH Pa3a IPEBOCXOAHT MCPHOA HIMEHCHHA D.4.C., MHTAOUIEH
CHCTCMY, CJIEI0BATENLHO, 4acTOTa xonebatinn B pexume cybrapmonnveckoro pe3oHan-

2
ca pasa f=50/3=16— I'u [lenenne 4acToTh ONACHO KAK NMEPEHANPAXKEHHUAMH, KOTO-

J

PLIC NMPH ITOM BOIHHKAIOT, TAaK H 3HAYMUTC/ILHBIMH MCXAHMYECKHMU BO3ACHICTBHIMHU HA
PCAKTOP B BHUE AMHAMHUYCCKUX YCHIHI 1 BHOPALMA BCNeACTBHE MOABICHUA CBEPXTO-
KOB M HH3KOYACTOTHBIX MOTOKOB € Oonbiod aMIHUTy noH. Pexxnm cybrapmoHHyeckoro
PE30OHEHCA MNMIOCTPUPYET pHC. 4.2, Ha KOTOPOM IMOKA3aHbLI OCUMAIOrPAMMbI CBEPXTO-
KOB H HU3KOYACTOTHbIX NEPCHANPAXEHUH, BO3LEHCTBYIOWNUX B PEXHUME AeNEHUA 4ac-
toThl Ha Y[IK # xoMneHcauHoHHbIA peakTop X,, (OCUMANOrpamMMbl MoNyyelsl