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BBEJAEHHUE

DIEKTPOIHEPTrUsi B COBPEMEHHOM MHPE OTHOCHTCS HE IIPOCTO K TOBAapaM IO-
BCETHEBHOT'O CIPOCa — OHA, MO CyTH, (OpMHUPYET 00pa3 KHU3HU. DIEKTPOIHEPTETH-
Ka — 0a3oBasi OTpaciib YKOHOMHUKH CTpPaHbI, CIOKHEUIIUNA TEXHOJIOTMYECKUN KOM-
IUIEKC, CBSI3aHHBIN MPAKTUYECKH CO BCEMHU OTPACIISIMH SKOHOMHUKH U KU3HEoOecIe-
YeHHEM JIIoJIeH, The IeHa omuoOku Bennka. COoM B HHEProcHa0KEHUH — 3TO HE
TOJIbKO PUCKU JJig 00pasa KM3HU, HO M BO3MOJKHBIE NMPUYMHBI TEXHOTCHHBIX KaTa-
cTpo®, co3aarome yrpo3y KU3HH JIIOIEH.
DNEKTPOIHEPTETUUECKUE CHUCTEMBI, SBISIONIMECS TEXHOJOTHUECKON 0a30it
AIEKTPOIHEPTETUKH, XaPAKTEPUBYIOTCS CIETYIOIIMMHU OCOOCHHOCTSIMU:
» TECHOE B3aUMOJICHCTBUE B €IIMHOM TEXHOJIOTUIECKOM Iporiecce OOJBIIOro
KOJIMYECTBA PHEPreTHUECKUX OOBEKTOB, PACIOJIOKEHHBIX HAa TEPPUTOPHUH
BCEH CTpaHBbI;

» OJIHOBPEMEHHOCTH MPOIIECCOB MPOU3BOJICTBA U TOTPEOIEHUS IIEKTPOIHEP-
TUU;

» pe3kas HEpaBHOMEPHOCTh MPOU3BOJICTBEHHOTO Mpoliecca, 00yCIOBICHHAS
CYTOUHBIMH, CE30HHBIMU U TEPPUTOPUATBLHBIMU HM3MEHEHUSIMU TMOTpedIie-
HUSI QJIEKTPOIHEPTUM.

DJIEKTPOIHEPTETUUECKUE CUCTEMBI pabOTaIOT MO €AUHOMY TEXHOJOTUUECKOMY
IUKITy, 00JIalafolieMy caMOil BBICOKOW CTETEHBbI0 aBTOMATH3allUU, BKIIOYAIOIIEMY
BCE MPOLECCHl OT MPOU3BOJICTBA 10 MOTPEOIEHUsI dIEKTPOIHEPrun. B cocras siek-
TPOSHEPTETUUECKUX CUCTEM BXOIAT DJIIEKTPUUYECKUE CTAHLIMH, DJICKTPUUECKUE CETH,
MPEIHA3HAYECHHBIEC ISl TPAHCIOPTAa W PACIPENCIICHUS 3JIEKTPOIHEPTUH, CUCTEMBI
AIIEKTPOCHAOXKEHUS OTpeOuTeNel eKTpodHepruu. MeHHO TOATOMY JTHUCIUILIIMHA
«DNEKTPOIHEPTETUICCKUE CUCTEMBI U CETW» SBIISIETCST 0a30BOM MpU MOJATOTOBKE Oaka-
JIABPOB IO HAIIPaBJICHUIO MOJATOTOBKU «JIEKTPOIHEPTETUKA U DJIEKTPOTEXHUKAY.

DNEKTPUYECKHE CETU SIBIISIIOTCA CaMOM NPOTSHKEHHOW IMOJCHUCTEMOM 3JIEKTPO-
DHEPreTUIECKON CHCTEMBI, 00€CIEUNBalOT BO3MOXKHOCTD BBIIAYM MOIITHOCTH DJICKTPH-
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YEeCKHUX CTaHIUi, ee nepeaady Ha ThICAYM KHUJIOMETPOB, B TOM YHCIIE U B IpYrHe CTpa-
HBI, pacrpeieeHus 3JEKTPO3HEPTUH 1O OIPEIEIEHHOW TEPPUTOPUH HEMOCPEACTBEHHO
710 AJIEKTPONPUEMHUKOB MOTpedUTENen. DIEeKTpUUecKue ceTh HampsbkenueM 220 kB u
BBIIIE 00ECIEYUBAIOT SHEPreTUUECKYI0 O€30MaCHOCTh CTPaHbl U Ha3bIBalOTCS EanHON
HAIIMOHAJILHOU AJIEKTPUUYECKON CETHIO.

VYuuthiBas BbIIIECKAa3aHHOE, JAHHOE Y4eOHOE MOCOOME BKIIOYAET TEOpeTHYe-
CKUM MaTepuall, paCKphIBAIOUINI OCHOBBI 3JIEKTPOIHEPTETUUECKUX CUCTEM, U B IIEJIOM
MOCBSIIIIEHO U3YUYEHUIO AIIEKTPUUECKUX CETeH. 3/IeCh pacCCMAaTPUBAIOTCS KIIACCH(PUKAITUS
M XapaKTEepUCTHKA AJIEKTPUYECKUX CETeM, MX KOHCTPYKTMBHOE HCIMOJHEeHue. Jlaercs
MOHATHE TPAPUKOB IEKTPUUECCKUX HATPY30K M PACKPBIBAETCS UX POJb B (PYHKIIMOHU-
POBaHUU DIIEKTPOIHEPreTUUecKoi cucteMbl. Oco0oe BHUMaHUE B y4eOHOM MOCOOWU
YAENIEHO PACcUEeTy YCTAHOBUBIIUXCSI PEKUMOB CETEH, XapaKTEPU3YIOLIUX OCHOBHOE CO-
CTOSIHUE JJIEKTPUUECKUX CeTei. PacKpbIThl CIOCOOBI M TMPHUHIMUIIBI PETYTUPOBAHUS
HanpspkeHus. [lokazana poiib 6alaHCOB aKTUBHOM M PEAKTUBHON MOIIHOCTHU B AJIEKTPO-
AHEPreTUUECKUX CHUCTEMAaX, PacKphIT (PU3MUECKHUN CMBICT U MIPUBEICHBI OCHOBBI PETY-
JUPOBAHUS YACTOTHI B JIEKTPOIHEPTETUUECKON CUCTEME.

N3-3a CHOXKHOCTH U OOJBIIOr0 00bEMa TEOPETUUECKOr0 MaTepualia, pacKpbiBa-
IOILETO CYIIHOCTh, YCJIOBUSA (DYHKIIMOHUPOBAHUS U OCOOECHHOCTH TMPOCKTHUPOBAHUS
AIIEKTPOIHEPTETUUECKUX CUCTEM M3JIOKHUTH BECh MaT€pHUall B OJJHOM Y4eOHOM IMOCOOUHU
MIPEJCTABIsIETCS HelleaecooOpa3HbIM. [103ToMy, aBTOpOM MPHUHATO pelIeHHE pa3aeTuTh
BeCh 00bEM Ha JiBe yacTu. JJlanHOe yueOHOe 1ocoOre BKITFOUAET MEPBYIO YacTh.

[Tocobue npenHa3zHaueHo JJisg OakaiaBpoOB, MOJTYYAOIIMX MOATOTOBKY IO MPO-
bunsaM «DNEKTPUYECKUE CTAHUUN», «DIEKTPOIHEPreTUYECKUE CHUCTEMbl U CETH,
«InexTpocHabxkeHuey, «PeneitHas 3ammTa W aBTOMAaTH3AIMs DJIEKTPOIHEpreTHIe-
CKMX CHCTEM» HaIlpaBJIEHUs] TTOJATOTOBKHU «DJIEKTPOIHEPTETUKA U DJICKTPOTEXHUKAY.
OHo HampaBJIeHO Ha OCBOCHHE OOYyYaronmuMUCs Mpo(ecCHOHATBHBIX KOMIIETCHITHH,

3aKPCINVICHHBIX 3d I[PICI.[PIHJIHHOﬁ ((3JI€KTp03HepFCTI/I‘-IeCKI/Ie CHUCTCMBI U CCTH».



1. OBIHIHUE CBEIEHUWA Ob JIEKTPOSHEPI'ETUYECKHUX
CUCTEMAX

1.1. OcHoBHbBIE IOHSITHSI U ONPeaeIeHHus

Enunas snexrposneprerudeckas cuctema (EDC) Poccun nipencrapisier coboit
00beIMHEHNE AJIEKTPOCTAHIUN U MOJCTAHIUN 3JIEKTPUUSCKHUMH CETSIMH Pa3IHUHbIX
HanpspkeHnd. EDC Poccun SBISETCS TEXHOJIOTHUSCKH SIUHBIM O0BEKTOM, (DYHKITH-
OHHMPOBAHHUE KOTOPOTO IOJIYUHSICTCS COOTBETCTBYIOIIMM (DU3HMUYCCKUM 3aKOHAM.

PaccMoTpuM cXeMaTHYHO COCTaB dHEPreTHYeCKOi cucteMsl (puc. 1.1) [6].
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Puc. 1.1. CTtpykTypa 3HEpreTu4ecKo CUCTEMBI

Onepzemuueckana cucmema (puc.l, a) - COBOKYNHOCTb JJIEKTPOCTAHIIUU,
AIIEKTPUUYECKUX U TETUIOBBIX CETeH, COSIMHEHHBIX MEXIy COOOM M CBSI3aHHBIX OOIII-
HOCTBIO PEKMMOB B HETIPEPHIBHOM IIPOIIECCE MTPOU3BOACTBA, TPeoOpa3oBaHus, Tiepe-
Jla4ul U paclpe/iesieHus 3JIEKTPUUECKON M TEIUIOBOW 3HEPrUM IMpH OOIIEeM yIpaBlie-

HHUHU 3TUM PCIKHUMOM.



OnekTposnepreruueckas cucrema (39C) (puc. 1, 6) sBIgEeTCS MOACUCTEMOM
DHEPTeTUYECKON CHCTEMBl M TIPENICTABISACT COOOM CIIOXKHBIM (DHU3UKO-TEXHUUICCKHIMA
KOMIJIEKC, COCTOSIIIMM U3 AJIEKTPUUECKUX YacTed DJIEKTPOCTAHIUH, AJIEKTPUUECKUX
CeTel W 3JEKTPONPUEMHHUKOB, pa0OTAOIMIMX MO COIVIACOBAHHOMY PEKHUMY IPH €ro
00111eM yTpaBICHUH.

Inekmpornepzemuueckas cucmema - SIEKTPUUECKass 4aCTh YHEPrOCUCTEMBI
Y TIUTAIOIINECS OT Hee MPUEMHHUKH 3JIEKTPUUECKON SHEPTUH, 00beTMHEHHBIE OOIIHO-
CTBIO TpoIlecca MPOU3BOJICTBA, MEepeaaun, pacipeiesICHUus: U MOTPEOICHUS AIEKTPU-
YECKOU DHEPIHUHU.

K 0cOOEHHOCTSIM 3JEKTPOIHEPIETHUECKUX CUCTEM OTHOCSTCS:

— OJIHOBPEMEHHOCTb IIPOLECCOB IPOU3BOCTBA, PACIIPEAEICHUS U MOTpedIie-
HUS 3JIEKTPOIHEPTUH;

— OBICTpOTa MPOTEKAHUS MEPEXOJHBIX MTPOLIECCOB;

—  CBsI3b pabOTHI SHEPTOCUCTEM CO BCEMHU OTPACTSIMU SKOHOMHUKH CTPAHBI.

Inekmpuueckaa cmanyusa reHepupyeT (MPOU3BOAMUT) DIIEKTPOIHEPTHUIO, a
TEMI0(PUKALMOHHAS AIEKTPOCTAHIIMS — ANEKTPUUECKYIO U TEIJIOBYIO SHEPTHIO.

[To BUIYy MEPBUYHOTO UCTOYHUKA SHEPTHH, PEOOPa3yeMOro B AIEKTPUIECKYIO
WJIY TEIJIOBYIO SHEPTHI0, PA3JIMYAIOT JIEKTPUUECKUE CTAHIIUU:

> temoBsie (TOC),

> atomuble (ADC),

> ruapasiaundeckue (I'2C).

TOC pendarcs Ha koHAeHcanmoHHble 3nekTpocTaniuu (K9C), rocynapcreen-
Hble paiionHblie AekTpoctaniuu (['POC), remnmodukanmronnsie (TOL]) — BepabaThI-
BAIOIINE U BJIEKTPOIHEPTHIO U TEIIO.

[ToMUMO TpagUIIMOHHBIX UCTOYHHUKOB YHEPTUH CYHIECTBYIOT 3JIEKTPOCTAHIIUU,
MCIIOJB3YIONINE HETPAJUIIMOHHBIE UCTOYHUKHU YHEPTUH:

»  THAPOAKKYMYIHUPYIOIIHE,

> JIN3EIIbHBIC,

> COJIHEYHBIE,



»  TeoTepMalibHbIC,

»  TPWIHBHEIC,

> BETPOBHIE,

»  OHO3JICKTPOCTAHITHH.

[1o 3JIEKTPUYECKON CETHU OCYIIECTBISETCA PACIPENEICHUE DIEKTPOIHEPTUHU OT
AIEKTPOCTAHIIUN K OTPEOUTEIISAM.

Inekmpuueckas cemsb - COBOKYIHOCTb 3IEKTPOYCTAHOBOK I NEpENadd U
pacupenesneHus: JIEKTPUYECKON IHEPTUM, COCTOSIIAsL U3 MOACTAHIUMI, pacnpenean-
TEJbHBIX YCTPOMCTB, TOKOMPOBOAOB, BO3AYIIHBIX U KaOEIbHBIX JIMHUM 3JIEKTporepe-
Ja4u, pabOTaOIINUX Ha ONPEAEICHHOW TEPPUTOPHH.

Anekmpoycmanogka - COBOKYIIHOCTb MAalllMH, allllapaToB, JIMHUA U BCIIOMOTr'a-
TEJIBLHOT0 000pYyA0BaHUs (BMECTE C COOPYKEHUSIMU U IOMEILIEHUSIMH, B KOTOPBIX OHU
YCTaHOBJIEHBI), IPEIHA3HAYEHHBIX AJI1 MPOU3BOJACTBA, MpeoOpazoBaHus, TpaHchop-
Maluy, Nepeiayu, pacipeieleHus IEKTPUYECKON dHEPruu 1 npeoOpa3oBaHus €€ B
JpYyTHEe BUBI SHEPTUH.

Junusa snekmponepedayu — 3TO SIEKTPOYCTAHOBKA, NPEIHA3HAUECHHAS IS
nepeayu AeKTpodHeprun. Jlunus snexrponepenaun (JISIT) ObiBaeT BO3MyIIHAS WU
kaOenpHas. Boznymnas aunus snektponepenayn (BJIDII unum BJI) mpencrasiser
co00if cucTeMmy MPOBOJOB, I'PO303AIIUTHBIX TPOCOB (HE JUIsl BCEX KIJIACCOB HOMMU-
HaJBHOTO HaNpsHKEHMs), COCIMHUTEIBLHON apMaTyphl, ONOp, M30JATOPOB, TPaBepC.
Kabenbnas muaus anexrponepenaun (KJI) cocrout uz kabenei, kabenbHON apMary-
pBI, YCTPOUCTB JUIsl TIPOKJIaaku kKabenei. [Ipu nepenade 3aeKTpOIHEPTUHN HAIPsDKE-
HueM Bbllie 1 kB nuHus Ha3bIBaeTCS BHICOKOBOJIBTHOM, MPU Mepeaade IeKTPOIHEP-
TUU HalpsbkeHneM A0 1 kB — HU3KOBOIBTHOM.

VY Hac B cTpaHe NMPUMEHSIOTCS CTaHAAPTHbIE HOMHHAJIbHBIE (MEXIy(a3HbIe)
HarnpsbkeHus: TpexdasHoro toka yacrotoir 50 ['m B muamazone 6—1150 kB, a taxxke
Hanpspkenus 0,66; 0,38 (0,22) xB.

CranpapTHBINA Psl HOMAHAJIBHBIX HAINPSKEHUN BKIIFOYAET HAIIPSKECHUS

3, 6, 10, 20, 35, 110, 150, 220, 330, 500, 750, 1150 «B.
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He noguepkHyThie HOMUHAJIBHBIE HAIPSKEHHS COCTABJISIFOT OCHOBHOM psJl

Inekmpuueckas nOOCMAHUUA — HTO BJIEKTPOYCTAHOBKA, MpEAHA3HAYEHHAs
ISl IpreMa, ipeoOpa3oBanus (TpaHchopMaluu) U pacipenesieHus dJIEKTPOIHEPTUH,
COCTOSIIIAs U3 CHJIOBBIX TpaHc(hopmMaTopoB (aBTOTpaHC(HOPMATOPOB) U pacIpeesu-
TEJIbHBIX YCTPOWCTB Pa3HbIX KJIACCOB HOMHUHAJIBHOTO HAIPSKEHUS, BCIIOMOTATEIIb-
HbIX yctpouctB. [loncraniuu (I1C) mpeaHasHaveHbl Ui CBS3M T€HEPATOPOB H IIO-
Tpedurenei 3nexkTpoanepruu ¢ JIDII u 11 cBsA3U OTAENBHBIX YaCTEH 3JIEKTPOIHEPre-
TUYECKON CUCTEMBI.

B 3aBucMMOCTH OT Ha3Ha4Y€HUsS MOJCTAHLUMHU MOJPA3JEISAI0TCAa Ha TpaHcdop-
MaTOpHbIE, pacHpeleauTeNlbHbIe, MPeoOpa3oBaTelibHbIE (BBIIPSIMUTENbHBIE), IMEpe-
KJIFOYaTelIbHbIe MMYHKTHI. PacnpenenurenbHast NOACTaHIUS (MU paclpeleTuTeNbHbIHI
IIYHKT) — 3TO MOJCTAHIMS, KOTOpas MOJydaeT U paclpeaeliseT dJIEKTPOIHEPTUI0 Ha
OJIHOM HampsibkeHuH (0e3 Tpanchopmaum).

Pacnpeodenumenvrnoe ycmpoiicmeo — 310 3JIEKTPOYCTaHOBKA, BXOAAIIAS B CO-
CTaB NMOJCTAHLUMHU W BKJIIOYAKOIIAss B ce0sd COOpHBbIE MIMHBI, KOMMYTAaIIMOHHOE U
BCIIOMOTaTelIbHOE 000PY/I0BaHUE — YCTPOMCTBA YIIPaBJICHUS, 3aLIUTHl U U3MEPEHUS.

Anekmponepedaua — >3T0 TUHUS C MOBBIIAIONIEH U MOHMKAIOIIEH MOICTaHIIH-
AMM, CIy’Kamas s TPAH3UTHOM Nepelayd 3JIEKTPOAHEPTHH OT DIIEKTPUUYECKON
CTaHIIMU K KOHIIEHTPUPOBAHHOMY HOTPEOUTEIIO, MOTYHAIOIIEMY JIEKTPOIHEPTUIO OT
IIMH HU3LIETro HAMpPsHKEHUS! TOHMKAIOIIEH MOJCTaHIU Y.

Cucmema 31eKmpoCcHadIcenus - COBOKYITHOCTh AJIEKTPOYCTAHOBOK, MpeIHa-
3HAQYEHHBIX JIJIs1 00eCTieUeHUs MOTPEOUTENEH AINEKTPUUECKON SIHEPTHUECH.

Ilompebumens Inekmpuueckoit nepzuu - SIACKTPONPUEMHUK WIHM Tpymna
AJIEKTPONPUEMHUKOB, OOBEAMHEHHBIX TEXHOJOTMUYECKUM IPOIIECCOM U pa3Mellaro-
IIUXCSI HA ONPEIESIEHHON TepPUTOPHH.

Ilpuemnuxk nekmpuueckoii Inep2uu (IEKTPONPUEMHUK) - alnmapar, arperat
U Jp., IpeIHA3HAYEHHBIA U1 IpeoO0pa3oBaHusl 3JIEKTPUUYECKON 3HEPruu B APYTroiu

BH/J] DOHCPIUU.



[Ipexxne yem u3yyaTh 3JIEKTPOIHEPTreTUUECKUE CUCTEMbBI HEOOXOAUMO MOHSTH,
YTO JAeT OOBEAMHEHUE SHEPTOCUCTEM.

DnexkTpudecKkrue CTaHIuu, BKIOYeHHbIe B DDC, paboTaloT napauieabHO IS
CHAOXKEHHsI TIOTPEOUTENICH dIEKTPUICCKON IHEprUeH, KOTopas mepeaacTcs Mo dJeK-
TPUYECKUM CETSIM.

OcHosHble npeumyuecmsea 00beOUHeHUsi IHEPLOCUCTEM

1. Hape:xxnocthb padotbl. Co3nanue 00beIMHEHHBIX YHEPTOCUCTEM MO3BOJISET
MOBBICUTh HA/IEKHOCTD AJIEKTPOCHAOKEHHUSI TOTPEOUTEIEH.

Ecnau moBpexeH KakoW-TO 3JIEMEHT CUCTEMbl (T€HEepaTop, CHJIOBOW TpaHC-
dbopmarop wim JISII) unm ee 4yacTh, TO HOTPEOUTEINb MPOAOJIKAET MOTYyUaTh YHEPTUIO
OT CUCTEMBI Yepe3 Jpyrue HEMOBPEXKICHHBIE AIEMEHTHI WIN NpU AepULInUTe MOUTHO-
¢ty B 1aHHOW DOC 3HEpPrus MOKET MOCTYIATh 0 MEKCUCTEMHBIM CBA3SM OT IPYTUX
DYHEPTrOCUCTEM.

2. Ucnonib30BaHue HeCOBMeEIIEHUSI MAKCHMYMOB Harpy3ok. Y KaxJjoro mno-
Tpedutensa unu IIC nMeercs CBO MAKCUMYM Harpy3kH, Kak Mo BEJIMYHMHE, TaK U 10
BpeMeHu. [Ipu o6benuuennn 99C UCHOIb30BAaHUE ATOTO HECOBMEIICHHUS OCOOEHHO
s dextrBHO. Hampumep, eciu Ha Ypasie HacTynaeT HOYb U 3JIEKTPOOCBEIICHUE OT-
KJIto4aercs, To B MockBe — Bedep — B 3TO BpeMs DJIEKTPOOCBEUIEHUE BKIHOYAETCS.
EcTtecTBeHHO, YTO BHICBOOOAMBIIYIOCS IHEPTUIO B 0fHON DC MOXKHO HANPaBUTH T10
JIDII B apyryro D3C wnu Ty, Iie €CTh B Hell HEOOXOIUMOCTb.

[Tpu co3nanuu OOBEAMHEHHBIX SHEPTETUUYECKHMX CHCTEM MOXXHO YMEHbBILIUTH
CYMMAapHYIO0 YCTaHOBJICHHYIO MOIIIHOCTb AJIEKTPOCTAHLIUM.

Maxcumym cymmapuoil Hacpy3Ku cucmembl MeHblle, YeM CYMMA MAKCUMYMO8
HA2py30K 0moenbHblX nompeoumenetl.

OTO 00BICHSAETCS HECOBMAJACHUEM OTAEIbHBIX MAKCUMYMOB H3-3a Pa3JIMYHBIX
yCIIOBHM paboThl MOTpeduTeneil. B sHepreTHYecKux CUCTEMaX, OXBATHIBAIOIIUX 00-
HIMpHBIE Teorpaduyeckue pailoHbl, HECOBMAIEHUE MAKCUMYMOB BBI3BAHO PAaCIIOJIO-
’KEHUEM NOTpeOuTeNneil B pa3HbIX 4acoBbIX noscax. Hampumep, Ha puc. 1.2 nokazaHo,
4TO O0BENUHEHUE MOTPEOUTENEH, pa3MEIIEHHBIX B €BPONEHCKON U CHOUPCKOM ya-
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CTSIX CTpPaHbl, MO3BOJMUT MOJYy4YUTh OOJee PaBHOMEPHBI CyMMapHbId rpaduk HO
CpPaBHEHUIO C TpauKOM Harpy3Kd OTACIBHBIX MOTPpeOUTECH. Y CTaHOBICHHAS MOIII-
HOCTb DJIEKTPOCTAHIIMN B CHUCTEME JOJDKHA OBITh JOCTATOYHOM JIJISi MOKPBITHS MaK-
CUMAaJIbHBIX Harpy3o0k morpeduteneit. Kpome toro, ncxomst u3 TpeOOBaHM, IPEIbsIB-
JSIEMBIX K HAaJIEKHOCTH PAaOOThI CHCTEM, JOJDKHA MpPEycCMaTpUBaTbCA pe3epBHAs
MOIIIHOCTh reHepaTopoB. [Ipu mapamienbHol padoTe ANEKTPUUECKUX CTaHIUN pe-
3epBHasl MOILIIHOCTb MOXET ObITh YMEHBIIICHA.

P 3

J\/“f\_

A
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[y f2 I8 248

1,2 — rpaduku Harpy30Kk oTnenbHBIX IIC;

3 — rpaduk Harpy3ku o0bveuHeHHOH DOC

Puc. 1.2. Dddext coBMeleHns rpa@ukoB MEKTPUUECKUX HArPy30K NOTpeOu-

Teneﬁ, PACIIOJIOKCHHBIX B PA3HBIX YdCOBBIX ITIOACAX

3. Menbuiue pe3epBbl MOIIHOCTeH. B CBs3M ¢ BO3MOXXHOCTBIO Tepeaadu
MOIIHOCTH U3 oJiHOM DDC B APyryto pe3epBbl MOIIHOCTEN B KaXKJI0M CUCTEME MOTYT
OBITH COKpPAIICHBI, YTO AT OOJIBIION YIKOHOMUYECKHUH d(DPEKT.

4. CoBMecTHasi paboTa Temio- U ruapocTanumii. Takas pabora MO3BOJSET
IIUPE UCIOJIH30BAaTh CTAHIIMU C JCHICBBIM TOIUIMBOM. T.K., MICTOYHUKOM SHEPrUU Ha
rugpossiekTpoctannun (I'IC) sBisercs Boja, TO JETOM, KOT/Ia BOJbI MHOTO, IEJI€CO-
o6pa3zHo ucnoiabzoBarh ['DC, uyT00BI 3K0HOMUTH TOIIMBO Ha TOC. Mcnonbs3oBanue
BO300OHOBJISIEMBIX UCTOUYHHUKOB, K KOTOpbIM OoTHOCsTCS ['DC, onHa U3 3a1a4 sHEPro-
cOepeKeHusl.

Ilpu ob6vedunenuu pazHvlx MunNos 31eKMpPOCMAaAHYULl MOICHO OoJiee NOJIHO UC-

NoIb308aMb 2UOPOIHEPeMuUiecKue pecypcol.
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Pacxoz Bozbl B peke kosiedsercst B Oosbluux npeaenax. Jias HaaeKHOro cHao-
KEHUS JIEKTPO3HEepruei norpedureneit MmouHocth ['OC npHu U301MPOBAHHOM €€ pa-
00Te HY»HO BBIOMPATh UCXO/sI U3 00ECIIEUEHHOr0 pacxoAa Bojbl. B ciydae Gonbuinx
pPacxo/10B 4acTh BOABI MPUIILIOCH ObI cOpacklBaTh MUMO TYypOUH.

Obveounenue HeCKOIbKUX 2JIeKMPOCMAHYULL PA3HBIX 8UO08 NO3BOJIsIen NOBbl-
CUMb SKOHOMUYHOCMb 8bIPAOOMKU DJIEKMPOIHEPUL.

DHEpPreTUuecKue CUCTEMBI JAIOT BO3MOXKHOCTH COIJIACOBAaHHO padoOTaTh TEIl-
JIOBBIM M TUAPOIEKTPOCTaHIMAM. B camom nene, B mepHoJ HEJOCTATKa BOJABI Ha
I'DSC (3umoit) BeIpabOTKa ANEKTPOIHEPTUH HA HUX CHHIKAETCA, U MOTpeduTenu odec-
MEeYMBAIOTCS dJeKTpo3Heprueil B Oonbiieir Mepe ot TOC. Haobopor, neroMm mnpu
001b110M npuTOKe Bosbl ['DC paboTaroT Ha MOJIHYI0 MOIIHOCTh, & BBIPAOOTKA 3JIEK-
Tpo3nHeprun TOC cHukaerca. D10 00ecleuynBaeT SKOHOMHUIO TOILJIMBA U, CIIEI0Ba-
TEJbHO, PELIaeT 3a/1a4y dHEprocOepe:KeHusl.

DJIEKTPOCTAHIINH, TOJKITF0OYaeMbIe K CUCTEME B Yachl HAUOOJIBIIUX (ITUKOBBIX)
Harpy3ok, HasbiBaloT MUKOBBIMHU. (I'9C u 'ADC - ruapoakkyMyaupyroIme dJIeK-
TPOCTAHIIUH).

Pacnipenenenne rpadukoB Harpy3Ku 3J€KTPOCTAHLUUNA B CyMMapHOM rpaduxe

Harpy3ku 99C noka3aHo Ha puc. 1.3.

P i Mukcoaste FOC

_ 'd _jf?a::
.‘x T
fﬁ”ﬁ .-' /M

24 r,t.*

Puc. 1.3. 3anonnenue cyrounoro rpaduka 393C
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5. Hcnoab3oBanue 0OoJiee KpPymHbIX arperatoB. OauH arperar OoJiblieit
MOITHOCTH JEHIEBJIE, Y4eM HECKOJIbKO MEJIKUX TAaKOU K€ CYMMApHOW MOIIHOCTH.

OObeIMHEHNE JHEPrOCUCTEM TMO3BOJISIET YBEJIWYUTh €IUHUYHBIE MOIIHOCTHU
arperaroB. C BO3pacTaHHEM MONIHOCTEH arperatoB YyJIy4YIIAlOTCS WX TEXHUYECKHUE
XapaKTEPUCTUKH, U CHIKAETCS YeIbHasi CTOUMOCTh BEIPAOOTKU 3IEKTPOIHEPIHH.

6. bouabmas maneBpeHHOCTb. (OHa 1aeT BO3MOKHOCTh NMEPEKIIOUYEHUS WU
OTKJTFOYCHUS JIMHUNA TPAaHC(HOPMATOPOB U U3MEHEHUS MyTeH WX MUTAHUS, YTO TOBHI-
[Ia€T HAJIEKHOCTh AJIEKTPOCHAOKECHHUSI.

TeXHHUYECKYI0 OCHOBY POCCHUHCKOMN 3JIEKTPOIHEPTETUKU COCTABIAIOT 440 Temn-
JIOBBIX M THUIPABIMYECKUX S3JEKTPOCTAHLIMM MOIIHOCTBIO COOTBETCTBEHHO 132,1 m
43,8 MuiH KBT 1 9 aTOMHBIX 351€KTpOCTaHIMKA MOIIHOCTHIO 22,1 MuH KBT. IIpoTsixken-
HocTh JIDII Bcex KIIacCOB HaIpsHKEHUM COCTaBIAET 2,67 MIIH KM, B TOM YHUCJIE CBBI-
e 150,69 Teic. kM 0ocHOBHBIX cucTeMooOpasyromux JISII nanpsixenuem coiie 220
KB.

Ceronns B Poccun cymectByet 7 00benuneHHbIX 3HEeprocuctem (O2C): OOC
Hentpa, OOC Cesepnoro Kaskaza, O9C Cesepo-3anana, O3C Cubupu, O3C VYpa-
na, OOC Cpenneit Bonru, OOC Bocrtoka (puc. 1.4).

03¢ IS o3¢ | :
- Boctoka \
: \
o3c . 03C \ \
'I:plj;ﬁl:eﬁ Ypana
03C
Kooehan R Cubupu \ \
\ |

z a |

Puc. 1.4. CoctaB EDC Poccunu [8]
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1.2. Kaaccupukanus 3JeKTPUYECKUX ceTeld M UX XapaKTepHCTHKA

DNEKTPUYECKUE CETU COBPEMEHHBIX AJIEKTPOIHEPTETUUECKUX CUCTEM XapaKTe-
PHU3YIOTCS BECbMa CIIOKHOM CTPYKTYpOH M KOHPUTypaIfei, mo3ToMy UX HEBO3MOXK-
HO KJIacCU(UIUPOBATH MO KAKOMY-THOO OJHOMY MpH3HAKy. MOKHO BBIICIUTH Clie-
TYIOIIME MPU3HAKU KIIACCUPUKALIUU IIEKTPUUECKUX CETEH:

1. Knnaccudukaius mo HOMUHAIBHOMY HaIPsHKEHUIO;

2. Knaccudukarms mo poay Toka,

3. Knnaccudukanus 1mo BBITOTHAEMBIM (PYHKIIHUSIM;

4. Kinaccuduxkanus mo xapakrepy noTpeouTenei;

5. Knaccugukanus no KOHQUTrypauuu CXeMbl CETH;

6. Knaccudukaus no oxBaty TeppUTOpHUH;

7. Knaccudukanus no OTHOIIEHUIO K TOMEIIEHUSM,

8. Knaccudukanus mo KOHCTpYKTUBHOMY HCIIOJIHEHUIO.

Ilo nomunanvHoOMy HANPAIICEHUIO CETU ACIIATCS HA:

» Hu3koBosbTHBIC ceTd (HH) mo 1 kB;

» cetu cpennero Hanpspkenus (CH) (3-35 xB);

» cetu Beicokoro Hanpsbkerus (BH) (110-220 xB);

» certu cBepxBoricokoro Hanpspkenus (CBH) (330-750 kB);
» ceTH ynbrpaBbicokoro Hanpspkenus (YBH) 1150 B.

Jluanu BH u CBH cayxar nis nepenayu O0JbIIMX MOUTHOCTEW Ha OOJbIIKE
paccTosiHusi, B COTHHU U Thicsiuu KM. Jlunuu 110-220 kB ciykat st CBA3U 3JIEKTPO-
CTAaHLIMM B CUCTEME U JIJIs paclpeiesieHUs dJICKTPOIHEPTUU MEXKAY MOTPEOUTEIIMU
Ha paccTosiHUs JecsITKOB KM. 1o nmuausam CH ocyiiecTBisieTcst pacpeaesieHue dJeK-
TPOIHEPTUH HA HEOOJBIITHE PACCTOSIHUS MOTPEOUTESIM HEOOIBIIIONW M CPETHENH MOIII-
HocTH. JIluann HH coequHSAIOT 3IIEKTPOIHEPTETUUECKYIO CUCTEMY HETIOCPEICTBEHHO
C TOTPEOUTEIIMU MaJION MOIITHOCTH. OHU MCTIONB3YIOTCS M BHE JIEKTPOIHEPTreTHYE-
CKOWM CHCTEMBI ISl OCYIIECTBICHHUSI MPSAMOU CBSI3M HCTOYHUKOB TOKA HU3KOTO
HANPSHKEHUS C OTAEIbHBIMUA TOKOMTPUEMHUKAMU HU3KOBOJIBTHBIX CETEH.

HeoOxomumo otmeTuts, uto nunus 1150 kB B HacTos1iee Bpems OTKIIIOUEHA.
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Ilo pody moka cetyv AenITCS HA CETU MEPEMEHHOTO U TTOCTOSIHHOTO TOKA.

DJEeKTpUYECKUE CETH MEPEMEHHOT0 TOKa XapaKTePU3YIOTCS MHOTOCTyIEHYa-
TOCTBIO, T.€. OOJIBIIIUM YHMCIIOM TpaHC(HOPMAIIMH IO MYyTH ABUKEHUS TOKA OT TeHepa-
MU K oTpebuTento. Tomojgornueckas CTpyKTypa OT/IEIbHBIX YacTel — y4acTKOB ce-
TH CJIOKHA U HACUUTHIBAET JCCSATKU U COTHU Y3JIOB, BETBEH M 3aMKHYTBHIX KOHTYPOB.
[ToMUMO CIIO0KHOCTH KOH(PUTYpaLMK AJIEKTPUUECKHE CETU MEPEMEHHOI0 TOKa Xapak-
TEPU3YIOTCSI MHOKECTBOM PEKUMOB. IMEHHO 3THUM CETSIM MOCBALICHO AAHHOE yueO-
HOE Iocooue.

Cpenu >MeKTPUUECKUX CEeTeH BBIACISAIOT JIMHUU JIEKTPOIEpEIadl CBEPXBHICO-
koro HampsbkeHus: (CBH), mogpoOHOe paccMOTpEHHE KOTOPBIX BBIXOIHUT 3a PAMKH
y4eOHOTro 1MocoOus. 3/1eCh JIaHO JIMIIhL O0IIee MpeIcTaBiIeHuEe 00 ATUX dJIEKTpoIepe-
aadax.

Jluauu snextpornepenaun CBH mepemMeHHOro Toka SBISIIOTCS MEXKCHCTEM-
HBIMH CBsI3AMH. J[JI1 HUX XapaKTepHbI OoJblas mpoTsxeHHOCTh (6onee 500 kM) u
3HAuUMTENbHAs nepeaaBaeMas MoIHOCTh (Oonee 500 MBA Ha oany uenb). B Takux
JUHUSAX TPUMEHSIOT PACIICIJICHUE MPOBOJOB. B 3TUX JMMHUSAX MPOSBIAETCS BOJIHO-
BOI XapakTep AJIeKTporepeaayn.

K ocobennocmsam JIDII ceepxsvicoxo2o HanpsaiceHus OMHOCAMCA!

v\ yder pacnpeleleHHOCTH ITapaMeTPOB U BOJIHOBBIX CBOWCTB JINHHH;

v’ HeoOXOAUMOCTH MPUMEHEHUS CIEIHMAIBHBIX YCTPONUCTB U MEPOIPUSTHI
JUTSI YIIpaBJICHUS PEKUMOM JIMHUH M YBEITUUCHUS TIPOITYCKHON CITIOCOOHOCTH JIMHUH,

v\ BOJHOBOM XapakTep Tepeadd SHEPIUH, KOTOPBIH COBEPIIACTCS 3a CUET
JIBYDKEHUS PE3YJIBTUPYIONTUX BOJIH HAIIPSHKCHUS M TOKA.

OCHOBHBIMH XapaKTEPUCTUKAMH OETYIIEH BOJIHBI sIBIsieTCs (a30Basi CKOPOCTh
Y JUTHHA BOJTHBI.

JInuHoit 60Hbl HA3BIBACTCS PACCTOSHUE MEXKIY JBYMSI COCETHUMHU TOUYKAMH

HAa JINHUY, Pa3bl KoJeOaHui KOTOPBIX OTIIMYAIOTCS HA 2 7.
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BonHoBO€ cornpoTuBIiieHHE, ONPEAEIIAIoNIee TOKH NPIMOA U OOpaTHON BOJIH MO
COOTBETCTBYIOIIMM HAIMPSKEHUIM, SIBIIsieTCs (PyHKIMEH mapaMeTpoB JTUHUH, CBA3aH-
HBIX C €€ KOHCTPYKIIHUEH.

Bonnoeon onunon nunuu Ha3bIBACTCA BEIUYMHA, XaPAKTEPU3YIOLIAs U3MEHE-
Hue ¢da3bl HAMPSHKEHUST WM TOKA MPU PACIPOCTPAHEHUH BOJHBI OT KOHIA K Hayaly
JIVHUH.

Hamypanvnasa mownocms npomekaem no Jaunuu, Ko20a CONPOMUBTEHUE
Ha2py3KU HA ee KOHYe PAGHO 80JIHOBOMY CONPOMUBIEHUIO.

s JIDIT CBH xapaktepHbl 0oJiblIME 3apsiAHbIE MOIIIHOCTH, KOTOPBIE TPUBO-
IST K HEJOMYCTUMOMY POCTY HAIpSKEHUS MO BCEW JUIMHE JIMHUU, 00 MO €€ KOH-
11aM B 3aBUCUMOCTHU OT pekrMa padboThl. [[03TOMy MOJAKIIIOUAIOT Ha KOHILIAX JIMHUU U
MHOI'/IA TOCEPEAUHE JIMHUU PEAKTOPHI NONEPEYHON KOMIIEHCAUH - IIYHTUPYIOLIUE
peakTopsl. B HacTosmiee BpeMsl OCYIIECTBIISIETCS 3aMEHa MOPAJIbHO YCTapeBIIUX
IIYHTUPYIOIIUX PEaKTOPOB Ha ympasisieMble HIyHTUpYromue peaktopsl (YIIP) nium
CTaTUYECKUE TUPUCTOPHBIE KOMIIEHCATOPbI. BO3MOXKHBIE CXEMBI MOAKIIOYEHUS Iy H-

TUPYIOIINX PEAKTOPOB, B TOM YHCJIEC U YIPABISIEMbIX, IPUBEICHBI Ha puc. 1.5.
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Puc. 1.5. CiocoObl NOJKIIIOUEHHSI IIIYHTUPYIOLIUX PEAKTOPOB K AJIEKTpOIepe-

naye CBH
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Ha puc. 1.5 nokazansl pa3iuyHble COCOOBI MOJKIIOUEHHUS HIYHTUPYIOIIETO
peaktopa: B muHui0 (P1), x mmuam BH noacranumu (P2), k mmHaM HU3KOTO Hampsi-
xkenust nojactraniuu (P3), gepe3 uckponoii paspsygauk (P). Tlocnennuii coco6 mpu-
MEHSIETCS B CEpEIMHE JIMHUU sl OTpaHUYEHUS MepEeHANPSHKEHUM.

J171s1 TOBBIIIEHUS IPOITYCKHOM criocoOHOCTH 3iekTpornepenaur CBH 6ombiioi
JUTMHBI B PaCCEUKy JIMHUN BKJIIOYAIOT YCTPOKCTBA PO 10abHOM kKoMmneHcanuu (YIIK).
Ha puc. 1.6 noka3ana yctaHOBKa IMpPOAOJIbHON KOMIIEHCAIMH JIJIsl KOMIICHCALlUU Ya-
CTU UHAYKTUBHOTO COMPOTHUBJICHUS JTUHUU. UeM MEHbIlIEe UHIYKTUBHOE COIPOTUBIIEC-
HUE 3JIEKTpoIepeiauu, TeEM OOJIBIIYIO MOIIIHOCTh MOKHO MPOMYCTUTH 0 JIMHUU. [Tpu
KOMIIEHCALIMM PEAKTUBHOTO COIPOTUBIICHHS AJEKTponepenayu Ha 25% npoIycKHas

criocoOHOCTh yBennuuBaeTcst Ha 30-40 %, a npu kommnencauuu Ha 50% - B 1,7-2 pa-

5 3o

Puc. 1.6. Cxema noakimrouenus YIIK k nuanu CBH

3a.

O-a] HF

=1
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[lepenaua smeKTpUUECKON SHEPTUU Ha OOJIBIIIME PACCTOSHUS TaKkKe 00eCIeun-
BAETCS YCTAHOBKOW IMPOMEXKYTOUYHBIX MoAcTaHUMi Ha paccTtosHuud 200-400 km mis
MIPOMEKYTOUYHOTO 0TOOpA MOIIHOCTH U MOBBILIEHUS TPOMYCKHON CITIOCOOHOCTH AJIEK-
Tpomnepeaadu Npu MOBPEKICHUSIX.

Jlunuu CBH na nocmosannom moke

BbipaboTka 37€KTpO3HEPruu TeHepaTopaMu OCYIIECTBIISIETCS HA IEPEMEHHOM
TOKe, 3aTeM TpaHchopMupyeTcs Ha 0oJiee BBICOKHE HampspkeHus. s mepegaun Ha
JAIbHUE PACCTOSHUS CIYKAT JIMHUM MOCTOSSHHOTO TOKa. JIMHUM TOCTOSHHOTO TOKa
CBSI3BIBAIOT JBE SHEPrOCUCTEMBI: MEPEAAIOIIYI0 U MpUeMHY0. [IpuHIMN 351eKTpomne-

penayu NOCTOSTHHBIM TOKOM clieayrouuii. C mOMOIIbIO BRIIPSMUTENEH npeodpa3oBa-
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TEJIbHOM MOJCTaHIMU (BBIIPSMUTENbHAS MOJACTAHIINS) MEPEMEHHBIN TOK MpeolOpasy-
€TCsl B MOCTOSIHHBIN U nepeaaeTcs 1no JuHuM. Ha ApyroM KOHIE JIMHUM TaKXe ycTa-
HOBJICHA MpeoOpa3oBaTesbHas MOJACTAaHLMS (MHBEPTOpHAs MOACTAaHIMUS), TJEe C TO-
MOIIIbI0 UHBEPTOPOB MOCTOSIHHBIA TOK NpeoOpa3zyercs B NepeMeHHbId. CXeMbl BbI-

IMOJTHCHUS SJICKTPOIICpCAadn ITOCTOAHHOI'O TOKA ITPUBCACHBI HA PUC. 1.7.

1

Puc. 1.7. CxeMbl BBIIOJTHEHUS 3JIEKTPONEPENAUN MOCTOSHHOTO TOKA:

a) yHunossipHas nepegava noctosstHabiM TokoM (I1I1T); 6) ounonsapuas [TIIT

Jns obecnieueHus: paboThl TpeoOpa3oBaTeIbHBIX MMOJCTAHIMN HEoOXoauma
3HAYUTENIbHAS PEAKTUBHASI MOIIHOCTH (mpumepHo 50% OT nmepegaBaemMoil aKTUBHOM ).
OTa MOUIHOCTH JIOJKHA TMOKPBIBAThCS NeHEepaTopaMu, MMEIOIIUMUCS B CHUCTEME, U
MCTOYHUKAMU PEAKTUBHOW MOILIHOCTH, KOMIEHCUPYIOIUMH YCTPOMUCTBAMHU OOJIBIION
MOIIIHOCTH, YCTaHaBIMBAEMBbIMH MOOIU30CTH OT mpeolOpazoBaTeneil. J{s criaaxuba-
HUSA MyJIbCallMi TOKAa U OTPAHUYEHHSI CKOPOCTU BO3PACTaHUS €ro MPU MOBPEKICHUSIX
B JIMHUIO BKJIIOYAIOT peakTopbl. OTKIOYEHUE JIMHHUM MOCTOSHHOTO TOKa MPOHU3BO-
JIUTCS 3aKPBITUEM BEHTHUJICH Ha MpeoOpa30BaTeIbHOW MOJCTAHIMH, MO3TOMY AJIEK-
Tporepeaaya MOCTOSIHHOTO TOKA BBIMIOJIHAETCS 0€3 MPUCOEIUHEHUs JPYTUX HWHBEp-
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TOPHBIX MOACTAHIIMI B MPOMEXYTOUHBIX MYyHKTaX JMHUU. TexHuyeckas TPYyIHOCTb
OCYULIECTBJIEHUS PA3BETBICHHBIX JIMHUI 3JEKTPONEpeIadl MOCTOSHHOIO TOKA BbI3Ba-
Ha TaKXe OCOOEHHOCTSIMU UX PEKUMHOTO PETYIUPOBAHUS.

PaccMoTpuM npenMyniecTBa u HEAOCTATKH MEPeIayl OCTOSHHBIM TOKOM.

K npeumymiectBam otHocATcs cnenyromue ocooennoctu [IIT:

» Tpenen nepenaBaeMoil MOIIHOCTH IO JIMHUU HE 3aBHCHUT OT €€ JUTMHBI U

0o0JIbIlIe, UeM y Mepeiadd MePEMEHHOTO TOKa;

» CHHMMAaeTcs MOHATHE Mpejiesa Mo CTaTUYECKON YCTOMYUBOCTH, IOITOMY HE

Tpedyercs pacuet ycroitunBoctu 33C.;

» IS TAKUX JIMHUW JOCTaTOYHO JIBYX MPOBOJOB WM OJHOTO, €CIIH B Kade-
CTBE BTOPOTO MCMOJB30BaTh 3eMit0. KOHCTpYyKIIMM JTUHUI MOCTOSTHHOTO
TOKa IPOILE, YEM MEPEMEHHOIO TOKA,;

» odHeprocucremsl, cBsizanHble JIDII MOCTOSHHOTO TOKa MOTYT paboTaTh HE
CUHXPOHHO WJIY C Pa3JIMYHBIMU YaCTOTAMU;

» BO3MOXXEH PEBEPC MOIIIHOCTH.

K cyniecTBeHHBIM HEIOCTATKAM TAKUX JIMHUN OTHOCATCS CIEAYIOIINE:

» Hajgu4ue BBIIPIMUTEIBHBIX YCTPONCTB BEJACT K MCKAKECHUIO KavuecTBa
AIIEKTPOIHEPTUH;

» HEBO3MOXKCH WJIH 3aTPYTHUTEIICH OTOOP MOIIIHOCTH;

» 0O0mbIIIas CTOMMOCTH JIEKTPOIIepe1adn.

B nepenadax mocToOSHHOTO TOKa TpeOyeTcs, 4TOOBI Tepe/ BKIIOYCHUEM OBLITH
MIPUMEPHO OJIMHAKOBBIMH TIOJIIPHOCTH W HAIIPSHKEHUS 110 KOHITAM.

[IIIT craHOBUTCS SKOHOMHYECKH 11€JIECO00Pa3HON TOJBKO MPHU OOJIBIIUX pac-
CTOSIHUSIX, TIpU JJTMHE JMHUK npuMepHo oT 1200 kM u Oosibllie U Tiepenaye MOIIHO-
ctu cBeie 2000 MBT.

Psna yka3zaHHBIX BbIII€ HEAOCTATKOB JIMIIIEHA BCTaBKa IMOCTOSIHHOTO TOKAa,

cXxeMa KOTOpoil rmokazaHa Ha puc. 1.8.
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Puc. 1.8. Cxema BCTaBKM IIOCTOSSHHOI'O TOKA

%
Tk

B ciiyqae npuMeHEHMsI BCTaBKU MOCTOSIHHOTO TOKa 3JIEKTPOIHEPIHs OT mepe-
narouier sHeprocuctemsl o auHusaM CBH nmepemenHoro toka nocrasiseTcst 10 rpa-
HULbI ¢ npueMHor O3C, rae ycTaHOBIEHA BCTaBKa ITOCTOSIHHOIO TOKA, Ha KOTOPOU
MIEPEMEHHBIN TOK MpeoOpa3yeTcsi B MOCTOSHHBIN, U 3/1€Ch K€ B MAIIMHHOM 3aJie U3
IIOCTOSTHHOTO TOKa B nepemMeHHbIi. OcHOBHBIM ee npenmyiectBom nepen IIIT sB-
JSIE€TCSL OTCYTCTBUE CaMOM JIMHUM, YTO CYIIECTBEHHO CHU)KAE€T CTOMMOCTh U ITO3BOJIS-
eT cBs3biBaTh DIJC, paboTaroue B HECHHXPOHHOM PEXUME WJIM C pa3HbIMH 4acTO-
TaMH, OCYILECTBIISATh PEBEPC MOILIHOCTH.

Ilo evinonnsemvim hynkyuam pazianyaroT: CUICTEMOOOpa3yoIIne, MUTAOIINE
U pacipeeanuTeNbHbIE CETH.

Cucmemooopazyrowue cemu unanpsbkennem 330 + 1150 kB ocymectBisitor
bynkunn GopMupoBaHus 00bEIUHEHHBIX SHEPTOCUCTEM, OOBEANHSS MOIIHBIE dJIEK-
TPOCTAHLIMK U o0ecreunBas ux (yHKIMOHUPOBAHUE KAaK €UHOTO 00OBEKTa yIpaBiie-
HUS, U OJTHOBPEMEHHO OOECIeUMBAIOT Mepeiauy 3JIEKTPOIHEPTHH OT MOIIHBIX JJIEK-
TpocTtanuuii. OHM MpeJHa3HAuYeHbl AJIA Nepeaayd OOJBIINX MOTOKOB MOIIHOCTH (OT
coreH MBT no Heckonbkux ['BT) ornanennsiM motpedurensm (paccrosiaue a0 1000
KM U 00Ji€€) U BBINOJHSIOTCS B OCHOBHOM MarucCTpallbHbIMM JIMHUSAMU 3JIEKTpOIepe-
nadyn Ha nepeMeHHoM Toke. Ha JlanmpHem BocToke k cucTteMooOpasyroluM CeTsIM

oTHoOcsTCs Takxke cetn 220 kB. MexcucTeMHbIE JIMHUU 3JIEKTPONEPEIaud COOpyxkKa-
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I0T OOBIYHO Ha HaIpsiKeHUE OoJiee BBICOKOE, YEM HANpsHKEHHE BHYTPUCHUCTEMHBIX
JUHUN COEAMHSIEMBIX CHCTEM, W BKIIOYAIOT TPaHCPOPMATOPHBIC IMOJCTAHIIUU IIO
KOHIIaM. MEeXKCUCTEMHBIE TMEpeayu BJIEKTPOAIHEPTUU NEPEMEHHBIM TOKOM OCY-
LIECTBILAIOTCA NpeumyiecTBeHHO Ha Hanpspkenun 500 n 750 xB. Hanpspokenue 500
KB ucnonb3yercs Ajis CUCTEMOOOPA3YIOMIMX CETe B HHEPrOCUCTEMAaxX CO IIKAION
HOMUHAJIbHBIX Hanpsbkennit cetert 110—220—500—1150 kB u nanpsokenne 750 kB
B OOC co mkanoit 150—330—750 kB. Cucremo006pasyromue ceTu OCyIeCTBIISIOT
CUCTEMHBIE CBSI3U, T.€. CBSI3U OUEHb OOJBIION JUTMHBI MEXIY dHeprocucremamu. Pe-
AKUMOM cucTeMooOpa3yromux ceteil ynpasisgser CUCTEMHBIN ONepaTop - AUCIETYEP
HeHTpanbHoro aucnerdepckoro ympasienus (CO 1Y) unu oObeAMHEHHOTO JHC-
netuepckoro ynpasienus (CO-OJ1Y).

Iumarowue cemu npenHa3HavYeHbl U1 nepenaydun 3nekrpo3neprun ot 11C cu-
cTeMooOpa3yromeld cetd U yactTuuHo ot muH 110-220 kB snexktpocrannmii K 1eH-
tpam niutanus (LII1) pacnpenenutenbHbIX ceTeil — palloHHBIM MoAcTaHusAM. [IuTa-
IOIME CeTH OOBIYHO 3aMKHYThIe. Kak mpaBuiio, HanpsiKEHUE ITUX CETeil paHee ObLIOo
110-220 kB. B mocnennee Bpemsi HampsDKEHHS MUTAOIIUX CETEW MOBBICHIIOCH JI0
330-500 xB.

Paiionnas IIC umeer oObryHO BhIiciiee HamnpsbkeHue 110-220 kB u Husmee
HarnpsbkeHue 6-35 kB. Ha sroit TIC ycranaBmuBaioT TpancopMaTopbl, MO3BOJISIO-
[Me PEeryJIupoBaTh MOJ HArpy3KOW HaNpsuKeHUE Ha IMIMHAX HUBIIETO HaIpsDKEHUS.
Otu skl LI pacnpenenurensHol ceTH, KOTOpas MPUCOEIUHEHA K HUM.

Pacnpedenumensnasa cemp npeJHa3HAUCHA JIJIS TIEPEAAUN DIEKTPOIHEPTUU OT
LIEHTPOB MUTAHUS HEMOCPEICTBEHHO K moTpeduTensMm. PacnpenenurenbHble CETH —
ATO CETU, K KOTOPHIM HEMOCPEJICTBEHHO MOACOCAUHSIOTCS 3JIEKTPONPUEMHHUKUA U
TpaHc(OpPMaTOPHBIE MMYHKTBI. DTO KJIACCHYECKOE OMpPENeNIEHuEe pacipeeIuTeNbHbIX
cereil. [Io Mepe pocTa MIOTHOCTH HArpy30K, MOLIHOCTH 3JIEKTPOCTAHLIMN U MPOTS-
AEHHOCTU BJIEKTPUUECKUX CETEH YBEIMYMBAETCS HANPSHKEHUE PACHpPEAeIIUTEIIbHBIX

cerei. B HacTosmee BpEMs paClIpCACIIMTCIIbHBIC CETHU BBIIIOJIHAIOTCA WU HAa HAIIPAXKEC-
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Hue 110-220 xB. [Ins sHEproeMkux MNPOMBIIUICHHBIX OPEANPUATHN pacrpenesiu-
TEJIbHbIEC CETU BBIMOJHAIOT Ha Hamnpsbkenue S00 kB.

Ota knaccuduKalys yciIoBHA, T.K. OJHU U TE€ K€ CETHU B HACTOSIIEE BPEMS BbI-
MTOJTHSIFOT HECKOJIBKO (YHKIIHMA, HAPUMEp, SIBISIOTCS MHUTAOIIMMH U PaCIpeeu-
TEJIbHBIMU OJIHOBPEMEHHO. MBI Oy/ieM €10 MOJIb30BaThCs UMb JUIsl MIOHUMAaHUS 0CO-
O0eHHocTel (U3HUYECKUX MPOLIECCOB, MPOUCXOSIINX IPU TPAHCIIOPTE U pacrpeee-
HUU JIEKTPOIHEPTHUU.

Ha puc. 1.9 npuBeneHo ycioBHOe JeieHre ceTeld o (QyHKIIMOHATBEHOMY TIPHU-
3HaKy. 3/€Ch MOKa3aH YIPOIIECHHBIN MyTh MEpeayu AICKTPOIHEPTUH OT DJIEKTPO-
CTAaHUIMM K MOTPEOUTENSAM, WILITIOCTPUPYIOMINM B3aUMOCBSI3b CHUCTEMOOOPA3YIOIIUX,

MUTAMOIIUX U pacpeAeTUTEIbHBIX ceTei [6].

Cucremoo0pa3yronias CeTh IIuraromas cetpb PacnipenenurensHas ceth

Puc . 1.9. — llenenue 93C no pyHKIMOHATILHOMY MPU3HAKY

Cucremoobpasyromas ceTb 00beANHIET MOIIHBIE dekTpocTaniuu IC1 u 9C2
JIMHUEN CBEPXBBICOKOTO HanpsikeHUs 12 u no muHuaM 14 u 24 ocyiecTBIsIeTCs Bbl-
nada snektposneprud ot DC1 n DC2 Ha MOACTAHIMIO CHCTEMOOOpPA3yIoIel CeTH
I1C4. 3nech anexkrposHeprust Tpancpopmupyercs Ha HanpsbkeHue 220 kB u mocty-
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MaeT B MUTAIONIYIO CETh. DNeKTpocTaHusi IC3 BbIIACT 3JIEKTPOIHEPTUIO B MUTAIO-
nyto ceTh Ha HanpspkeHue 220 kB. [uraronue cetn comepkar O00bIIeH 4acThio 3a-
MKHYTBbIE€ KOHTYpPBI, UTO MOBBIIIAET HAJIEKHOCTh IJIEKTPOCHAOKEHHSI TOTPEOUTEICH.
I1C7 oTHOCUTCS K pacnpeAeUTeNbHON CETU, €€ IINHBI SBJISAIOTCS [IEHTPaMU MUTaHUS
(LIIT) pacnpenenurensHbix ceteir 6—35 kB. Ananoruuno ot muH noactanuuit 11C4,
[1CS, I[1C6 nutaroTcs pacnpeaeuTeNbHbIE CETH, TOKa3aHHBIE CTPEIKAMMU.

PacnpenenurensHas ceth, nuraromasics ot muH 35 kB IIC7, pazoMkHyTas.
PIT1 u PII2 nuraroTcst mo 3aMKHYTOM cetu 567, paboTaroiieil B pa30OMKHYTOM pPEXKH-
Me (uHms 56 pa3oMKHYTA).

Cxewma pacnpenenurensHou cetu 110 kB npusenena va puc. 1.10.

JI2IT 110 kB
ST 10 kB J3T 110 %8B

10,5 kB 6,3kl 10.5 kB
? JMT 0 g8 PIT
o 100 4 kB
gy
5 T3C T3
=

440,23 B
Cene 380220 B Cems 3800220 B
ST 110 &8 JIT [ 10kB

Cemn 35 kB Cemn 1058

275kB
Konmaxmnag
CERTh

Puc. 1.10 Cxema pacnpenenurenbHON ceTH
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Cornacao I'OCT 24291-90 snekTpuueckre CETH MO HA3HAYCHHIO JCIISTCS Ha

CHUCTEMOOOPa3yIOIIYI0 AJIEKTPUUYECKYIO CETh, CETh BBICIIMX KJIACCOB HAMpsHKEHUS,

O6€CH€‘{I/IBaIOHIYIO HaJIC)KHOCTb U YCTOﬁqHBOCTB OHCPIrOCUCTCMBI KaK COANMHOI'O 00B-

€KTa, U PACIPEIECIUTEIbHYIO JIEKTPUUECKasi CETh, 00ECIEUNBAIOILYIO pacipeese-

HUE DJIEKTPUUECKON SHEPTUU MEXKAY MyHKTAMU MOTPEOICHUS.

HanmeeHHe QJICKTPUICCKUX CETEM CBSI3aHO C I[J'II/IHOﬁ JIMHUHA QJICKTpoIICpcaa-

Y1 1 MOIIHOCTBIO, TTepeaBaeMoi o uHud. B tabnune 1.1 npuBeaeHbl 5KOHOMUYE-

CKH 11eJIeco00pa3HbIe MapaMeTphl dJIECKTPOTIepeIadH.

Tabnuna 1.1. — DxoHOMUYECKH 11eJIeCO00pa3HbIE TapaMeTPhl JIUHUHN AJIEKTPO-

nepenaun [4]

Hamnpspkenue, kB |HanbGonbimas nepenaBaemas MOIHOCTG, | Hanboubiiee paccTossHUE niepeiay,
MBT KM
038 0.05—0,15 0,5—1,0
10 2,0—-3,0 10—15
35 5—10 30—50
110 25—50 50—150
150 40—70 100—200
220 100—200 150—250
330 200—300 300—400
500 700—900 800—1200
750 1800—2200 1000—1500
1150 4000—6000 2000—3000

Ilo xapaxkmepy nompeoumens ceT NeNATCS Ha!

¢ IIPOMBIIJICHHEBIC,

® TOpOJICKHE,

® CCIIBbCKHC,

® IEeKTPUDHUIIMPOBAHHBIX JKEJIE3HBIX IOPOT,

® MarucTpajbHBIX He(TE- U Ta30MPOBOIOB.

[IpoMbIlIUIEHHBIE CETH, KaK MpaBUJIO, KOPOTKHUE, CHAOXKAIOT TEPPUTOPUU C

OOJIBIION TNIOTHOCTBIO HArpy3ku. VX rpaduku 31eKTpUYecKOi Harpy3Ku XapakTepu-

3YIOTCA BBICOKON CTEIICHBIO 3aIllOJHEHHOCTH. I OpPOACKHUE CCTHU, IMUTAOIIHC KOMMY-

HaJIbHO-OBITOBYIO HAarpy3Ky, OTJIMYAIOTCSI PABHOMEPHBIM pacIipe/ielieHHeM Harpys3Ku
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no y3nam cetu. I'paduku Harpy3ku ropojCKux ceTeil HepaBHOMEpPHBI, T.K. Ha TeppH-
TOPHH FOPOJOB PACHOJIOKEHBI TPOMBIIIUIEHHBIE 1 KOMMYHAJIbHO-OBITOBBIE MTOTPEOHU-
TeIU. DTO HY)KHO YUUTHIBaTh MPU TEXHOJIOIMUECKOM YIPABICHUM DJIEKTPUUECKUMHU
ceTsimu. CenbCKUE CETH XapaKTEPU3YIOTCS OOJBIIONW MPOTSHKEHHOCTHIO M Majion
IUIOTHOCTBIO Harpy3ku. M HakoHell, CEeTH 3IeKTPUPUIMPOBAHHBIX >KEJIE3HBIX AOPOT,
MarucTpajibHbIX He()Te- U Ta30MPOBOJOB UMEIOT CBOM OTIMUUTENIBHBIE OCOOCHHOCTH,
pPaccMOTPEHHE KOTOPBIX BBIXOAUT 32 PAMKHU HACTOSIIETO Y4€OHOTO MOCOOUSI.
Ilo konguzypayuu cetn nenarcs Ha:
® 3aMKHYTHIC;
® Pa30MKHYTHIE.
3amxHymvie ceTu AeNATCs Ha'
® [POCTBIE 3aMKHYTBIE: KOJIBLIEBBIE U CETU C ABYXCTOPOHHUM ITUTaHHUEM,
® CII0)KHO3AaMKHYTBIE CETH.
Pazomxnymule ceT nensiTcs Ha:
® pajuabHBIC,
® MarucTpajibHbIE,
® paauaIbHO-MATrMCTPAIBHBIC WU PAa3BETBICHHBIE.
Bbonee noapoOHO 3TH ceTr OyyT pacCCMOTPEHBI B CIAEAYIOLIEM MTOAPA3/IEIIE.
Ilo pazmepam meppumopuu ceTv AeNATCS HA:
e MecTHbIE (HanpsbkeHueM 10 35 kB)
e paiionHsie (HanpstkeHuem 110-220 kB)
e peruoHaibHble (HanpsokeHuem 330 kB u BbIie).
Ilo omnowenuio Kk nomeuyeHuAM CETH IETATCA Ha!
® BHYTPEHHUE;
® Hapy)XHbIE.
Ilo KoncmpyKmugHoMy 6bINOHEHUIO CETH JIETSTCS Ha!
® BO3/1yIIHBIE;

e KaOeJIbHEIC;
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® TOKOIIPOBO/IbI IPOMBIIUIEHHBIX MPEANPUSITHIA;

® [IPOBOJIKM BHYTPH 3/1aHUU U COOPYKEHUU

BoznyiiHele ceTy XapakTepHbl 7S MUTAIOUIMX U CUCTEMOOOPA3YIOLINX CETEH,
JUI 3JIEKTPOCHAOKEHUS ceNbCKuX norpedurenei. KabenbHble ceTH NpUMEHSIOTCS Ha
MIPOMBIIUICHHBIX MPEANPUATUAX U B TOPOJAX. DTO pacCHpeIeIUTENbHbIE CETH.

1.3. CxeMmbl 2JIeKTPUYECKHUX ceTeil

Konduzypayusa cemu vnu cxema coeounenusn cemu ONpPENEIsieT COSTUHEHUE
BETBEU U y3JI0B.

Haubonee oOumm sBisieTCs pa3feieHue ceTel 1Mo UX CXeMaM COEIMHEHHUs Ha
Pa30MKHYTBIE Y 3aMKHYTBIE.

BTOpbIM Ba)XHBIM IPU3HAKOM, 110 KOTOPOMY JENISATCS CXEMbI COCIMHEHHS Ce-
TEW, ABISAETCA HAJIMYME WM OTCYTCTBUE PE3EPBUPOBAHUS.

B pa3oMKHYTBIX CETSX pPE3EpPBUPOBAHHE COOTBETCTBYET MPUMEHEHUIO JIBYX
NapaJuyIebHbIX WJIA JABYXUENHBIX JUHHUI, HEPE3EPBUPOBAHHBIE PAa30MKHYTHIE CETH
BBITIOJIHSIFOTCSL OTHOLEITHBIMU JIMHUSIMHU.

Pa30MKHYTBIMH Ha3bIBAIOT TAKHE CETH, KOTOPBIE MUTAKOTCS OT OJHOTO ITYHKTA
U TIEepeNlaloT 3JIEKTPUUECKYIO SHEPTUI0 K MOTPEOUTEN0 TOJIBKO B OJHOM HarpasJe-
HUU. Pa3oMKHyThle ce€TH OBIBAlOT MAaruCTPajbHbIMHU, PaJAHAIBHBIMU M PaJUaIbHO-
MarucTpaibHbIMU (Pa3BETBICHHBIMH). B pa30MKHYTHIX pe3epBUPOBAHHBIX CETAX MPU
HapylIeHUU NUTanus no ogHou u3 JIDII BpyuHyro niam aBTOMaTUYECKH BKIIFOYAETCS
pe3epBHas MepeMbIUKa, MO0 KOTOPOH BOCCTAHABIMBAETCA AJIEKTPOCHAOKEHUE OTKIIIO-
YEHHBIX TOTPEOUTENCH.

Hecmotpss Ha MHOTOOOpa3ue MpUMEHsIEMbIX KOH(PUTYpaluii U cXeMm, JIF0OYIo
CETh MOYKHO Pa3C/IUTh HA OTJEJbHbIE YYACTKH, ONMHUPAIOIINECS HAa LEHTPbI NUTAHUS
(LIIT), 1 OTHECTH K OAHOMY M3 PACCMOTPEHHBIX HUYKE TUIIOB.

PaccMOTpUM THIIBI CXE€M COEAMHEHUS] PA30MKHYTBIX JIEKTPUUYECKUX CeTed Ha
npumepe puc. 1.11.

Pa3oMKHyTBIE HEpE3epBUPOBAHHBIE CETU NPUMEHSIOTCS Uil NEpPEeladu dJeK-

TposHepruu K norpedutesnsam Il kareropun U B HEKOTOPBIX ClieUaIbHO 0O0CHOBAH-
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HBIX TCXHHUKO-DKOHOMHWYCCKUMHU paCUCTaMM ClIydaax i C-)J'ICKTpOCHa6}KCHI/I$I InoTpe-

oureneii 11 xkateropun.

un 1

)
Puc. 1.11 CxeMbI pa30MKHYTBIX CETEN

a) MarucTpajibHas Hepe3epBHpOBaHHAs cxema; 0) pajualibHas HEepe3epBHPOBAHHAS CXEMa,
B) paauanbHO-MarucTpaibHas (pa3BETBICHHAs1) HEpPE3epBUPOBAHHAS CXEMa; T') MarucTpaibHas pe-
3epBUPOBAaHHAs CXe€Ma; J) paJualbHas pe3epBUpPOBaHHAs CXEMa; €) paauaibHO-MarucTpajibHast
(pa3BeTBIIEHHAs) pe3€pBUPOBAHHAS CXEMaA

Maructpansnas nmunus (puc. 1.11,a) npeaHaznayeHa i MUTaHUS HECKOJIBKHUX
MOTpeOUTENEH, PACTIOJIOKEHHBIX B OJHOM HAIpPaBJIICHUU. DTa CETh SIBJISETCS HauOo-
Jiee CIIeBOM, OTHAKO 00ECTIeYBAET HAUMEHBIIYIO HAJEKHOCTh; MOTyUnIa HUPOKOE
pacnpocTpaHEHUE Kak IMEPBBIM ATam Pa3BUTHUSI CETH — NPU HEOOJBIIMX HArpy3Kax
MPUCOEIVMHEHHBIX MOJICTAHINI U BO3MOXXHOCTHU MX pe3epBupoBanus 1o cetu CH wim
HH. HenoctaTtok Takol CeTH 3aKIO4aeTcs B HU3KOW HanexXHOCTU. [Ipm aBapum Ha
rojioBHOM yyacTke L{II1 u ero oTKItOYEHUM OTKIIOYAIOTCSA BCE MOTPEOUTENHU, TUTA-
IOIIMECs OT OJAHOW Maructpanu. [Ipu aBapum Ha TPOMEKYTOUYHOM Y4YaCTKE OTKIFO-
YalOTCS BCE MOTPEOUTEIH, PACTIONOKEHHBIE 32 ’TUM YUACTKOM.

B pagunanenoit cetu (puc. 1.11, 6) kaxxapiii mOTpeOUTENh MUTAETCS MO CBOEMY
paauaibHOMY y4acTKy cetu. Hampumep, motpebutens 1 nmutaercs mo yqyactky LI11,
noTpedutens 2-mo y4actky {12 u T. 1. B Takux ceTsix HaeKHOCTH BHIIIIE, T.K. TIPH
aBApUIHOM OTKJIFOYEHUU OJHOM U3 JIMHUM TEPSETCS OJHA MOICTAHIIUS.

PannansHo-MaructpaibHas cetb (puc. 1.11,B) comep uT Kak MaructpaibHbIe,
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TaK U paJualIbHbIe JUHUU. Takue cXeMbl MHUPOKO IPUMEHSIOTCA B CEILCKUX pacIpe-
JETUTEIBHBIX CETSIX, a TaKXKe NI AJIEKTPOCHAOKEHUsI OBITOBBIX MOTpeOUTENEH He-
OOJBIINX TOPOIOB U MOCEJIKOB U MPOMBIIIIEHHBIX ToTpeduteneit 111 kareropun

PazomkHyThIE pe3epBupoBaHHble cetu (puc. 1.11, 1, 1, €) mpuMeHstoTcs s
anekTpocHabxeHus morpedurenei 1, II kareropuit. Takue ceTH BBITIOTHSIOTCS B BUJIC
IBYX TMApAJUIEIAbHBIX WJIW JBYXLENHBIX JUHUHK. [Ipu BeIXOAE M3 CTpOS OAHOM LIETIH
BTOpas ocTaercsa B padote u norpedbutenu I, a B OonbimHcTBe cinydaeB u I karero-
pUU TIPOJIOJDKAIOT CHAOXKAThCS DIIEKTPOdHEpruei. Pa3oMKHyThIE pe3epBUPOBAHHBIC
CXEMBbI IIAPOKO MPUMEHSIOT B PACIPEACIUTENBHBIX, & TAKKE B IMPOMBIILUICHHBIX U
TOPOJICKHX CETSX.

3amkHymule cemu — 3T0 PE3epBUPOBAHHBIE CETH. 3I€Ch MOTPEOUTENH MOIyYa-
€T MUTAaHUE HE MEHEE YEM IO JBYM BETBSIM. MOXHO CKa3aTh, YTO 3aMKHYTBHIMHU Ha3blI-
BaIOT CETH, [0 KOTOPHIM MOTPEOUTENIN MUTAIOTCS, 10 MEHBIIIEH Mepe, C IBYX CTOPOH.

[IpuMepbl 3aMKHYTBIX CETEl MpUBEAEHBI Ha puc. 1.12

un unz 4nt un2
l I @) I I a)_
4. 4n,
5) 3)
72 3 P 123 P

L‘”'—D-O—“-—O——\—- un |=D==l=l=\;

yn1d unz

d L —- U‘ﬁl ' E_iﬂ;
%7 7
. 0
un3 e//’“) Hi:

Puc. 1.12 Cxembl IPOCTBIX 3aMKHYTBIX U CI0KHO3aMKHYTBIX CETEH

a- OJTHOIIETTHAS JIMHUS C IBYXCTOPOHHUM IMUTAaHUEM; O — OJTHOIICITHAS KOJIBIIEBAs CETh; B —
OJTHOIICTIHAS METJIeBasl CETh; T — JIBYXIICMHAS JTMHUS C ABYXCTOPOHHUM MUTAHUEM; J — IBYXIICITHAS
KOJIBIIEBAs CETh; € — ABYXIIENAas METJIEBas CETh; K — CJI0KHO3aMKHYTas CETh; 3) Y3JI0Basi CETh
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3aMKHYTBIE CETU JENATCS Ha MPOCThlEe 3aMKHYTHIE M CIIOKHO3aMKHYThie. B
MPOCTBIX 3aMKHYTBIX KaXKIbIA y3esl MUTaeTcs He Ooyiee 4eM IO JBYM BETBSM, B
CJIO)KHO3aMKHYTBIX CETSIX MMEETCS HECKOJIbKO KOHTYpPOB. 3aMKHYThIe ceTh Ooiiee
HAJEKHBI, YEM Pa30MKHYThIe, B HUX MEHbIIE MOTepH MoulHocTu. HemocTtaTok 3a-
MKHYTBIX CETE€H COCTOUT B YCIIOKHEHUU IKCILTYaTaIUH.

[[Iupokoe nmprMeHEHHE HAXOIUT 3aMKHYTasl OJUHApHasi CETh, OMMUPAIOIIASICS
Ha aBa [II1 — nuaMS ¢ aBycTOpoHHUM mUTaHueM (puc.l.12,a). Ota KoHpHUTyparHs
oOpa3yercs B pe3yJibTaTe MO3TAaHOro pa3BuTus cetu Mexay apyms LI1. I[Ipeumyme-
CTBAaMH TaKOW KOH(MUTYpAIUH SIBISIFOTCSI BO3MOXKHOCTh OXBaTa TEPPUTOPUHU CETIMH,
co3manue «mmH» Mexay ayms LI ams mpucoeaumHeHust Mo Mepe HEOOXOIMMOCTH
HOBBIX IOJICTAHIINM, YMEeHbIIeHHEe cyMMapHoH JuinHbl BJI mo cpaBHeHuto ¢ npuco-
€IMHEHUEM KaXKJI0W MOJCTAHIIMU 110 KpaTdaiiieMy MyTH, 9YTO MIPUBOJIUT K CO3/IaHUIO
CJI0KHO3AMKHYTOM C€TH, BO3MOXXHOCTh NPUCOECIUHEHMSI MOJCTAaHIUI M0 YHpPOIIECH-
HBIM CXEMaM.

Monudukanueil 3aMKHYTOW OJIMHAPHOM CETH SIBJISETCS 3aMKHYTas ABOITHas
ceTh, onuparomascs Ha aBa L{I1 (puc. 1.12,r). Ilpumensiercss npu Oosiee BBICOKUX
IUIOTHOCTSAX HArpy30K, 00J1a1aeT TEMH K€ MPEUMYIIEeCTBAMHU, YTO M OJMHAPHAS CETh.

[Ipu snektpocHabxenun paiioHa ot oaHoro LIl HaxoasT npuMmeHeHue 3a-
MKHYTBIE CETH KOJbIIEBON KoH(pUrypanuu oguHapusie (puc. 1.12,0) u aBoitnsie (puc.
1.12,0). JIOCTOMHCTBOM 3THUX CXEM SIBIISICTCSI BBICOKAs HAJEKHOCTh DJIEKTPOCHA0XKE-
HUA ToTpeduTenei (odecreuynBaeTcs MUTAHUE KaXA0ro MOTPEeOUTENs M0 IBYM He3a-
BHUCHMBIM y4aCTKaM CETH) H BO3MOXKHOCTb MPUMEHEHHS TIPOCTHIX CXEM MPHUCOCIUH e-
HUS NOJACTAaHIIUU.

JIuHMM ¢ ABYXCTOPOHHHUM NUTAaHHEM U MPOCThIE 3aMKHYTBHIE CETH IIHUPOKO
MPUMEHSIFOTCS B CEJTIbCKUX M TOPOJICKHUX PACTIPEACTUTENBHBIX CETSIX.

N3-3a CII0)KHOCTH aBTOMATHU3AlMK U 3aIUTHI POCTHIE 3aMKHYTbIE CETH, MHUTa-
IOLIIUE TOPOJICKUX U CETBCKUX MOTpEOUTENeH, IKCIUTyaTUPYIOTCS. B PA30OMKHYTOM pe-
xuMme. Takue MpocThie 3aMKHYThIE, HO paboTarolue B Pa30MKHYTOM pPEKUME CETH
Ha3bIBarOTCs metieBbiMu (puc. 1.12, B, €). PaccmoTpum paboTy meTieBoit cetu (puc.
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1.12,8) nanpspkenueM 6—10 kB, B KOTOpoii B HOPMaJIbHOM PEXKUME Pa3beIUHUTEIb
OTKJIFOYEH U CETh paboTaeT pa3oMKHyTOW. IIpu moBpexaeHUH TOJIOBHOTO Y4YacTKa,
Hanpumep LII1, nutanue notpeduteneit Ha yyactke LII3, T. e. moTpedureneit 1-3,
MpeKpalaeTcst Ha Bpemsi, He0OX0AMMOE IKCILTYyaTallMOHHOMY TEPCOHAIY JJIsl PO 3-
BOJCTBA OIEPATUBHBIX MepekiatoucHuil. [locie mepexatoueHnil BKIKOYAeTCs pas3b-
€IMHUTEIb U OTKJIIOYAETCSl MOBPEXKICHHBIN rojgoBHoM ydactok LIII1. B pe3ymnbrare
notpedutenu 1-3 OyayT nosydarh >3JEKTPO3HEPrut0 1no amHHoMy mytd LTI
4,5,6,3,2,1. B HOpMaJIbHOM peXHUMeE IETIEBbIE CETH PadOTAIOT B PA30MKHYTOM pe-
KUME€ U MOTYT OBITh JIETKO aBTOMAaTHU3UPOBAHBI U 3AlMINCHBI, UX JKCIUTyaTalus B
HOPMAaJIbHOM pexxume npocta. [Ipu aBapusix nmoTpeOUTenu OTKIIOYAOTCS TOJIBKO Ha
BpEMs OIEPATUBHBIX MEpPEKIOYeHU. [IpuMeHeHne NEeTIEeBbIX CETe BO3MOXKHO
TOJIBKO JIJIl MOTpeOuTENei, TOMyCKaloIuX MNOJ00OHBIA NEPEpPhIB B AJIEKTPOCHAOMKE-
Huu. Takum oOpa3oM, HaJIEKHOCTh METJIEBBIX CETEU BBIIIE, YEM PA30MKHYTHIX, XOTA
Y HECKOJIBKO HUKE, YeM, €CIi Obl OHU paboTajIu B 3aMKHYTOM pekuMe. B HacTosee
BpeMsl B METJEBBIX CETAX B TOUKAX pa3MbIKaHUS MPUMEHSIIOT BaKyyMHBIE PEKIIOY3€-
PBI, YTO 3HAUYUTEIHFHO MOBBIIAET HAJACKHOCTh PabOTHI Takux cereld. Bpems aBToma-
TUYECKOTO BKJIIOYEHUS PEKJIOY3€pa COCTABIISAET CEKYH/IbI.

CrnoxxHO3aMKHYTBIE cXxeMblI (puc. 1.12, k, 3) comepikaT HECKOJIBKO 3aMKHYTBIX
KOHTYpOB. B 3TuX ceTsix ecTh X0Ts Obl OJIUH y3€J1, MOJIYYArOIINil MUTaHue 110 TPEM U
OoJiee BeTBsIM, Hanpumep Ha puc. 1.12, xx - y37as1 1, 2. C10KHO3aMKHYTBIE CXEMBI
IIMPOKO PACHPOCTPAHEHBI B MUTAIOIIUX CETAX.

V3noBas cetb (puc. 1.12, 3) umeer Goliee BHICOKYIO HaJCKHOCTb, YEM TMPEIbI-
Ayliyue KOH(QUTypaluu ceTu, 3a cueT npucoenunenust k tpem LI, ogHako mioxo
yOpaBisieMa B PEKUMHOM OTHOIICHHH U TPEOYeT COOPYKEHHS CIOKHOW Y3JIOBOM
nojacTaHiuu. MHOTOKOHTYpHast ceThb (puc. 1.12, x) aBnsieTcs, Kak IpaBuIIo, pe3yib-
TaTOM HEYIPABIISIEMOTO Pa3BUTHUSA CETH B YCIIOBHUSIX OTPAaHUYEHHOTO KOJIMYECTBA U
HepaBHOMeEpPHOTo pasMermienus L1 Xapakrepusyercs ClI0XKHBIMA CXEMaMH HOJKIIO-

YCHUA HOI[CTaHHI/II\/'I U TPYAHOCTAMU o0ecIeYeHMsT ONTUMAJIBHOTO pexKrumMa.
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Cnoco0bI npucoeTHHEHUS MOACTAHINM K CETH

Crioco6 mpHucoeAMHEHUs MOACTaHIIMU K CETH, HAPSKEHUE U KOJIMYECTBO TPH-
COCIMHSAEMBIX JIMHUW, a TAaKKe BHUJ IMPUMEHSIEMBbIX KOMMYTAallMOHHBIX AaIllapaToB
ONPENENSIOT CXEMbI MOHMKAIOIIUX MMOACTAHIUH.

Ilo cnocoody npucoedunenus K cemu TOJCTAHIINY JCIISITCS Ha:

-TYIIUKOBBIE, T.€. IPUCOECIUHEHHBIE B KOHIIE CETH;

- OTBETBUTEIIbHBIE, T.€. MUTAIOIINECS OT OTBETBIICHHIA;

- IPOXOJIHBIE, T.€. IPUCOEANHEHHBIE 110 CXEME 3aXO0-BbIXO] (3aX0/] Ha HEE JIM-
HUU C ABYXCTOPOHHUM MUTAHUEM );

- Y3JIOBBI€, T.€. IPUCOEIUHEHHBIE K CETH HE MEHEE YEM IO TPEM JIMHUSIM.

Ha puc. 1.13 noka3aHsl OCHOBHBIE THIIbI IPUCOEAVMHEHUS TIOJICTAHLIUN K CETH.

TynukoBas WM KOHIEBAsA MOJCTaHUUS MPUCOEIUHAETCSA B KOHIIE MarucTpasb-
HBIX, PAIHAJIBHBIX WU PAIAAIBHO-MaruCTpaIbHbIX CETEN.

MomHocts, Tekymas ot LII k TynukoBOM NMOACTaHLMH, MMOCTYIMAET TOJIBKO K
MOTPEOUTENIO ATOM MOJACTAHIMU U HE TE€UET AaJiblle, TaK KakK MOCje 3TOM MOJACTaH-
LMW HET APYruX JUHUI. IMEHHO MO3TOMY MOJICTaHLHUU 3TOrO THUIA HA3BIBAIOTCA TY-
MAKOBBIMHA. TymuKOBas MoAcTaHus Ha puc. 1.13, a moakiroueHa B KOHIE OJTHON WIIH
IABYX TapaJUIeJIbHBIX paJualbHBIX JTUHWA. B MarucrpansHOi cetu (puc. 1.13, B, 1)
MIOCJIETHSASI TOACTAHIUS TYTIMKOBASI.

OTBeTBUTENbHBIE TOJCTAHLUUU MUTAIOTCA OT JIMHUM AJIEKTPOIEepeaadynd 4epes
orBeTBJIeHUS. [IpricoequHeHre K JIMHUM MpPU MOMOIIUM OTBETBICHHW JIELIEBJE, TaK
KaK TpeOyeT MEHbIIIE KOMMYTAIIMOHHBIX allapaToB. JKCILUTyaTalusl JUHUU C OTBETB-
JICHUSIMU MEHee y100Ha, TOCKOJIbKY IPH PEMOHTE Ka)JI0ro U3 €€ YJYaCTKOB Ha/l0 OT-
KJIFOYaTh BCIO JIMHUIO. OTBETBJICHUS OT JUHUM IHUPOKO MPUMEHSIOTCS B BO3AYIIHBIX
CeTSX, HO Helenecoo0pa3Hbl B KaOENbHBIX CETAX M3-3a MPOJOJIKUTEIHLHOTO PEMOHTA
KaOenbHbIX JIMHUK. OTBETBUTENbHbBIE MOJACTAHIIMN MOTYT MPUCOEIUHATHCS K OJHOU
WM IBYM MarucTpajibHbIM TUHUAM (puc. 1.13, B, 1) 1100 K OHON WM IBYM JIMHUSAM

C ABYXCTOpOHHUM nuTaHueM (puc. 1.13, 1, e).
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Puc. 1.13 OcHOBHBIEC TUIIBI TPUCOCTUHEHUS MOJACTAHIINM K CETH:

a, 6—tynukosblie [1C, mpucoenunenusie K oaHoM u 18yM BJI; B, T — orBeTBUTENBHBIE [IC OT
oaHOM u nByX MaructpaibHbix BJI; 1,6 — orBerBUTENBHBIE [IC OT 0gHOM 1 1BYyX BJI ¢ 1ByXCTOpOH-
HUM nuTaHueM; x— npoxoanas 1IC, npucoeaunsemas myreM 3axoja JUHUU; 3, U — y3ioBbie [IC,
MIPUCOEANHEHHBIE 110 TpeM Win 6ojee nutaromum BJI

[IpoxoaHast MOACTAHIIMS MPUCOEAUHIETCS K CETH MyTEM 3axX0jia Ha Hee OJHOM
JUHUU ¢ AByXcTopoHHUM nuTaHueM (1.13, x). [IpoxoagHbie moacTaHUUKU TPUMEHS-
FOTCSI B IPOCTBIX 3AMKHYTBIX CETSX.

OTBETBUTENIbHBIE U POXOJHBIE MOACTAHIUU OOBEAUHSIIOT TEPMUHOM IIPOME-

JKYTOYHBIC, KOTOpLIﬁ COOTBCTCTBYCT pPasMCUICHUIO HOI[CT&HI_[I/II\/'I MCKIY ABYM: LICH-
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TpaMu NUTaHus (WK y3J0BBIMH MOACTAHIMAMU) 1100 Mexay LIIT u koHIoM JTMHUU.

VY3noBeie moactannuu (puc. 1.13, 3, ) MpUCOSAUHSIIOTCS K CETH HE MEHEE YeM
[0 TPEM JIMHUSM, IO KOTOPHIM MOIIHOCTh T€UET K MOJCTAHIUHU (MMUTAIOIINE JTUHUH).
VY3510BBIE MOACTAHIIMY IPUMEHSIOTCS B CJIIOKHO3AMKHYTBIX CETSIX.

[IpoxoaHbIE WM Y310BBIE MOJACTAHIIMU, YEPE3 IIMHBI KOTOPBIX OCYIIECTBIIS-
IOTCSI TIEPETOKA MOUTHOCTH MEXKIY OTIEIbHBIMUA TOYKAMH CETH, HA3bIBAKOT TPAH3UT-
HBIMU.

CxeMBblI JIEKTPHYECKUX COeIMHEHUI MOACTAHIUH

CxeMa »BIEKTPUYECKUX COEIMHEHHUWA TMOJCTAaHUMU JOJDKHA 00€ecleunBaTh
HAJIeKHOE DJIEKTPOCHA0KEHHE NMPUCOETUHEHHBIX MOTPEOUTENEN U HaIEeKHbBINA TpaH-
3UT MOIIHOCTH Y€pe3 MOACTAHLIHUIO B HOPMAJIbHBIX, PEMOHTHBIX M MOCJICABAPUIHBIX
pexumax. [Ipu BpIOOpe cXeMbl MOJACTAHUMHU JOHKHO OBITH IMPELYCMOTPEHO MOCIIe-
AYIOLlEee pa3BUTHE PACIIPEAETUTENLHOTO ycTpoiicTBa (PY) 0e3 3HaunTenbHbIX paboT
[0 PEKOHCTPYKLIMU U MEPEPhIBOB B ANIEKTpOCHAOXKeHUH noTpedutenei. g noctu-
KEHUSI BBICOKOM HAJEKHOCTU U yA00CTBa 3KCIUTyaTallud OOJbIIOE 3HAYEHHE UMEET
yHU(UKAIUS KOHCTPYKTUBHBIX pPEIICHUM Mo mojcTaHiusaM. Jns yaudukanmm KoH-
CTPYKTHUBHBIX PEIICHUH MO MOACTAHIUAM HEOOXOAUMO TPUMEHSATH TUTIOBBIE TJIABHBIC
CXEMBI JJIEKTPUUYECKUX COECTUHEHUM.

['maBHBIE CXEMBI AIEKTPUUECKUX COCIMHEHUNM TMOJCTAHIIMN JIOJDKHBI BBIOU-
paThCsl ¢ UCNOJIB30BaHUEM TUNOBBIX cxeM PY 35-750 kB, noka3zannsix Ha puc. 1.14.
OO0nacTv IPUMEHEHHUST TUITOBBIX CXEM MpHBeaeHBI B Tabm. 1.2 [28].

HerunoBeie rinaBHbIE CXEMBI MOTYT IPUMEHSTBHCS TOJIBKO B CIy4dae CIIEUalb-
HOTO TEXHUKO-dKOHOMHUYECKOro 00OCHOBaHUs. Kak MpaBuUiio, HETUIIOBBIE CXEMBI

MIPUMEHSIOT IPU PEKOHCTPYKUUH U IKCIUTYyaTaAMU IEUCTBYIOIINX I10ICTAHLIUM.
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Ta6nuna 1.2. — CxeMbl IOACTaHIIUNA U 00JIACTH UX MPUMEHEHUS

Homcp Bapuaut |TIpHMeHCHHC CXCM B CCTAX HAlpAKCHUCM, KB
Ne n/n| turnoBoit HanmMcHoBaHHC CXEMBI CXCMBI Ha
CXCMBI pic. 1.14 35 110 | 220 | 330 | 500 | 750
1 l Bitok (nuuis—TtpancgopMarop) ¢ pazbeau- a + + + - -~ -
HHTCICM
2 3 Bnok (mrHus-——Tpancgopmarop) ¢ oTacH- 6 - + - - - ~
TCNHCM
3 3H Brok (nuuua-—TpascopMaTop) ¢ BHIKAIO- 3 + + + - - -
YaTcneM
4 4 JlBa 6710Ka ¢ OTACTHTCIAMY H 1ICABTOMATH- 2 - + - - - -

YCCKOJ NCPEMBIYKOH CO CTOPOHBI JIMHUM

5 4H J1Ba 6110Ka ¢ BEIKNIOYATCIAMH K HCAaBTOMa- 0 + + + - - -
THYCCKOH NMCPCMBIIKOI CO CTOPOHBI TMHHIT

6 5 MocTrk ¢ BBIKJIIOYATCICM B IICPCMBIYKE H e - + - - - -
OTACTIMTCAAMH B IICIIAX TPAaHCHOPMATOPOR

7 5H MOCTHK ¢ BBIKJIFOYATCIICM B HCTIAX JTHHHI 1 an + + + - - -
PCMOHTHO#H IICPCMBIYKOIT CO CTOPOHBI THHUMH

8 5AH |MocTuk ¢ BBIKJIKOYATCACM B LCIAX TPAHC- 3 + + + - - -
(hOopMATOPOB K PCMOHTHOMH TICPCMBIMKOI co
CTOPOHBI TpaHc(hopMaTopos

9 6 3axon—BEX0A u - + + _ — _

10 7 YeTrIpeXyTronBEHUK K - + + + + +

11 9 OnHa CCKUHOHUPOBAHAAA CHCTCMA WHH x + - - - - _

12 12 OaHa CCKUMOHUPOBAHHAK CHCTCMA LUHH C M - + + - - -
00xoaH0#1

13 13 JBE HCCCKIIMOHMPOBAHHBIC CHCTEMBI 11MH C H - + - - - -
obxonHoH

14 14 JIBE CCKIMOHMPOBAHHBLIC CHCTCMEBI HH C [] - + + - - -
obxonHoM

15 15 TpancdopMaTopbl-—IIKHBI C TPHCOCANHC- n -~ - —- + + n
HUCM NIMKHIT 9cpes3 ABa BHIKTIONATCA

16 16 TpaHchopMaTOPEI—ILUHHEI ¢ TOMYTOPHBIM ) - - + + + +
TIPHCOCTHHCHUCM JTHHI

17 17 IonyropHras cxcMa c - - - + + +

[Ipumeyanue:

1) B cxemax 5H u SAH Ha Hanpspkenue 35 kB peMOHTHBIC MEPEMBIYKH HE
MIPUMEHSIIOTCS;
2) B TaOJUIIEC 3HAK «1» 03HAYACT MPUMEHSICTCS, 3HAK «-» O3HAYACT HE MpUMe-

HACTCA
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2. KOHCTPYKIIUU BO3YIIIHBIX U KABEJIbHBIX JIMHUM
JJIEKTPOIIEPEJIAYHN

2.1 Bo3ayumHble JMHUT

OCHOBHBIMM KOHCTPYKTHMBHBIMH 3yieMeHTamu BJI sABisiroTcss mposoza, rpo3o-
3aIUTHBIE TPOCHI, ONIOPBI, U30JITOPBI U JUHEHHas apMmaTypa. [IpoBona ciyxart i
Mepeaun IEKTPOIHEPTUU. [ pO303aIMTHBIE TPOCHI HYKHBI JIJIS1 3aLIUThI OT NIEpPEHa-
npspkeHuil. Onopsl NOJAEPKUBAIOT MIPOBOJIA U TPOCHI HA OIPEICIICHHON BBICOTE HAJl
YPOBHEM 3€MJIM WK BOJIbI. 3015 TOpBI M301MpYyIOT MpoBoAa OT onopsl. C MOMOIIbIO
JMHEHHON apMaTypbl IPOBOJIA 3aKPEIUIAIOTCS Ha U30JISITOPaxX, a U30JSTOPHI Ha OIO-
pax.

2.1.1. IpoBoaa BO3AYUIHBIX JIMHMIA.

Hapsgy ¢ Xxopomieil 3JeKTpOnpOBOJHOCTBIO, JOCTaTOYHOM MEXaHUYECKOM
IIPOYHOCTBIO U YCTOMYMBOCTBIO IPOTUB KOPPO3UH, IPOBOJA JOJDKHBI YIOBIETBOPSTH
YCJIOBHSIM 3KOHOMUYHOCTU. C 3TOH LIENbI0 IPUMEHSIOT MPOBOA U3 HauboJjee aenie-
BbIX METAJUIOB — QJIFOMMHHUS M CHEIHAJIbHBIX CIIJIaBOB AIOMHUHM. XOTs MeIb 00Ja-
JaeT HauOOJbIIEH MPOBOJUMOCTBIO, MEIHBIE MTPOBOJIA M3-32 BHICOKOH CTOMMOCTH U
HEO0OXOAMMOCTH ISl IPYTUX LIeJIed B HOBBIX JIMHUAX HE UCHOJB3yloTCs. VX mpume-
HEHUE JIONYCKAaeTCs B KOHTAKTHBIX CETSAX, B CETSIX TOPHBIX NpeAnpustuii. OObIYHO He
pPEKOMeEHAYEeTCs TPUMEHATh Ha BJI 1 cranpHbIE TpOBOAA.

Ha BJI npuMeHsoTCS MPEUMYIIECTBEHHO HEU30JUPOBAHHBIE (TOJIBIE) MPOBO-
na. [To KOHCTPYKTUBHOMY MCHOJHEHUIO MTPOBOJIA MOTYT OBITh OJJHO- U MHOTONPOBO-
JIOYHBIMH, TOJBIMU. JIJIst ipUiaHusl UM THOKOCTH M OOJbIIEH MEXaHU4YeCKOM mpou-
HOCTHM MPOBOJA M3rOTaBJIMBAOT MHOTOIPOBOJOYHBIMU M3 OJAHOIO MeTajlia (aJIrOMU-
HUS WIA CTAJIM) U U3 JIBYX METAJUIOB (KOMOMHUPOBAHHBIE) — ATIOMHHMS U CTaJU.
Cranp B IpOBOJIE YBEIMYUBAET MEXAaHUUYECKYIO TPOYHOCTb.

Konctpykuus npoBooB mpuBeaeHa Ha puc. 2.1 [6].
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Puc. 2.1 Konctpykuuu nposoioB BJI:

a— oOIIMI BUJ MHOTOIPOBOJIOYHOTO MPOBO/A; O — CEYEHHE OJHOMPOBOJIOYHOTO MPOBOJIA;
B, T — CCYCHHS MHOTOIIPOBOJIOYHBIX IPOBOJIOB M3 OJHOTO W JIByX METAJUIOB; J — CCUYCHHE IOJIOTO
pOBOJIA

Hcexons u3 ycrmoBHil MEXaHUYECKOM MPOYHOCTH, ATFOMUHHEBBIE MPOBOJA Ma-
pok A u AKII npumensitor Ha BJI Hanpsikenuem 1o 35 kB. Bo3aymHeie nuHnn 6—
35 kB MoOryT Tak»e BBINOJHATCS CTalCaIIOMUHUEBBIMU MPOBOIaMH, a BeIle 35 kB
Ha JIMHUSX TPUMEHSIOTCS TOJBKO CTalCalIIOMUHHEBbIE TTpoBojaa. CraneamtoMUHue-
BbI€ MPOBOJIa UMEIOT BOKPYT CTAIbHOIO CEPACYHUKA MTOBUBBI U3 ATFOMHUHUEBBIX MPO-
BOJIOK. [omans cedenus cTaapbHOM 4YacTu OOBIYHO B 4—8 pa3 MEHBIIE alfOMUHHE-
BOM, HO cTaib BocnpuHUMaeT okojo 30—40 % Bceld MexaHM4eCKOW Harpys3ku. Pas-
JMYaoT adtoMUHUEBbIE mpoBoda Mapok A, AH, AXK, crameairoMruHUEBbIE MapOK —
AC, ACK, ACKII, ACKC.

Cedenust IpoOBOIOB HOPMHUPOBAHBI FOCY/IAPCTBEHHBIM CTAHIAPTOM.

MapkupoBKHU MPOBOJIOB:

e meaable M, Hanpumep M-35;

e airoMuHUEBbIE A, Hanpumep A-70;

e ctanbHble C, Hanpumep C-25;

e crancamomunaneBbic AC, Hanpumep AC-300/66.

B MapKe CTAJICAIIIOMMHUEBLIX IMPOBOJOB YKa3bIBACTCA CCUCHUC AJIIOMUHUEBOM
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M CTAJIbHOM 4YacTu, a TakKe JaHHble 00 AHTHUKOPPO3WMWHOMN 3aliuTe, Hanpumep,
ACKC, ACKII — Takue xe npoBoja, kak 1 AC, HO ¢ 3anonHenneM cepaeunuka (C)
win Bcero nposoja (I1) antukopposuiinoit cmaskoit; ACK — Takoit e npoBoj, Kak
n AC, HO C CEepJICUHHKOM, MTOKPHITHIM MOJHUATHICHOBOU miieHkoi. [IpoBoja ¢ aHTU-
KOPPO3UMHOM 3aIlIUTON MPUMEHSIOTCS B pallOHAX, T/I€ BO3yX 3arpsi3HEH NPUMECSIMH,
NEUCTBYIOIIMMU Pa3pylLIalOIIe HA ATFOMUHHN U CTallb.

[ToBbIlIEHHE TMaMETPOB IPOBOJOB ITPU HEU3MEHHOCTH PAcXOAOBaHMUs IPOBO/I -
HUKOBOI'O0 MaTepHajia MOXKET OCYIIECTBIISITBCS IPUMEHEHUEM ITPOBOJIOB C HAIIOJIHU-
TEJIEM U3 AUAJIEKTPUKA U TMOJBIX MPOBOAOB. TaKoe MCIONIb30BAHUE CHUKAET MOTEPU
Ha KopoHupoBaHue. IIpoBoga u3 cruaBoB amomunus (AH — HerepmooOGpaboTan-
Hbele, AJK — TcpmMooOpaboTaHHbIE) UMEIOT OOJIBIIYIO 10 CPABHEHUIO C aFOMHHUE-
BBIMU MEXAHUYECKYIO MPOYHOCTh U MPAKTUUYECKU TAKYIO JK€ AJIEKTPHUUECKYIO MPOBO-
muMocTb. OHu ucnons3yrorcss Ha BJI Hanpsbkenuem Beiie 1 kB B paitoHax ¢ Toii-
IIEHHOM CTE€HKU roJionena a0 20 mm.

[Tonwie mpoBoaa Mapok ITA (u3 amomunus) u [IM (U3 Menun) NpUMEHSIOT, B
OCHOBHOM, JIJI1 OITMHOBKHM Ha OTKPBITHIX MOJCTAHIMAX U MEPEKII0YATEIbHbBIX MyHK-
Tax HanpsbkeHueM 220 kB u Bble.

Bce 6onbiiee nmpumenenue HaxoasaT BJI ¢ camonecymumMu M301MpOBaHHBIMU
npoBojamu (CUII) nanpsixenuem 0,38—10 kB (puc. 2.1). B nuHugx HanpspkeHHEM
380/220 B npoBoaa COCTOSIT U3 HECYIIETO MU30JIUPOBAHHOTO WM HEU3O0IUPOBAHHOIO
MIPOBO/IA, SIBJISIFOIIETOCS HYJIEBBIM, TPEX U30JUPOBAHHBIX (Pa3HBIX MPOBOOB, OJJHOTO
M30JIMPOBAHHOTO TIpoBoAa (JIr000# (ha3bl) HApYKHOTO OocBelleHus. PazHbIe U30IUPO-
BaHHbIE MPOBOJA HABUTHI BOKPYI HECYIIEro HyjieBoro mposoga. Hecyuuit nposoa
SBJISICTCS] CTAJICATIOMUHUEBBIM, a (ha3Hble — afOMUHUEBBIMU. [locaeHe TOKPHITHI
CBETOCTOMKUM TE€PMOCTAOMIIM3UPOBAHHBIM (CHIUTHIM) MOJUITHUICHOM (IIPOBOJ THUMA
AIIB). K nmpeumymectsam BJI ¢ nuzonupoBaHHBIMU MPOBOJAMH HEPE] JIMHUSIMHU C TO-
JBIMHU NPOBOJAMH MOYXHO OTHECTH OTCYTCTBHUS HM30JSTOPOB HA ONOpax, MaKCUMaJlb-
HO€ MCIOJIb30BAaHUE BBICOTHI OMOPHI JJIsl TOJABECKU MPOBOAOB; HET HEOOXOAUMOCTH B
00Ope3Ke IepeBhEB B 30HE MPOXOKICHUS JINHUU.
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a) oOmIwii BUJ 0) ceuenns CUII

Puc. 2.2. KOHCTpYKTI/IBHOG HCIIOJIHCHHUC CaMOHCCYIICT'O U30JIMPOBAHHOI'O IIPOBOAA

Ha puc. 2.2 Bepxnee ceuenne CUII BeimonHeHo Ha HampsbkeHue 10 1 kB.
3/1eCh IPUHSATHI CIEAYIOUINE YCIOBHbIE 0003HAYEHUS:

1 — anmromuHUEBbIE (Pa3HBIE MHOTOITPOBOJIOYHBIE TOKOTPOBOASIIINE KUJIIBL;

2 — U30J1SUS U3 CBETOCTA0MIIN3UPOBAHHOTO CUIMTOTO MOJUATUIICHA;

3 — HyJieBast HecylIllass MHOTOIPOBOJIOYHAs KHJIa U3 aJJFOMUHUEBOTO CILIaBa.

Hwnxnee ceuenue Ha 3ToM ke pucyHke otHocutcs k CUII nanpsbkennem 6 —
10 xB. 3necs:

1 — TokomnpoBoasIIas Kuia U3 aTFOMUHAEBOIO CILJIABa;

2 — 3amuTHas 000J10YKa U3 CBETOCTAOMIM3UPOBAHHOTO MOJUATUIICHA.

B Hacrosmee BpeMsi NPUMEHSIOT TAaKK€ KOMIIO3UTHBIE NPOBOAA, HAPHUMED,
ATIOMMHUEBBIA KOMIO3UTHBINA ycuieHHbIM nipoBoa 3M™ ACCR, ceyeHue KoToporo

MpUBEICHO Ha puc. 2.3

Puc. 2.3. Ceuenrie KOMIO3UTHOTO MPOBOJIA

39



2.1.2. I'po303amiuTHbIE TPOCHI

['po303aIuTHBIE TPOCKHI HAPSILY C UCKPOBBIMU MIPOMEXKYTKAMHU, pa3psIHUKAMU,
OTPAHUYUTEIIAMU HANPSHKEHUNM W yCTPOWCTBAMH 3a3€MJICHHUS CIY)KAT JUISl 3alIUTHI
JUHUHA OT aTMOC(hEpHBIX MepeHanpsLKeHU (Tpo30BhIX pa3psiioB). Tpockl moaseniu-
BaroT Haj ¢da3HbIMU npoBoAamu Ha BJI Hanpsokennem 35 kB U Bbillle B 3aBUCUMOCTH
OT paiioHa MO TrPO30BOM AEATEIBHOCTH W MaTepuaja OIop, YTO PETrIAMEHTUPYETCS
[IpaBunamu yctpoiicTB anekTpoyctanoBok (ITYD) [18]. B kadecTBe rpo303aluTHBIX
MIPOBOJIOB OOBIYHO NMPUMEHSIOT CTallbHbIE OIMHKOBaHHbIe kKaHatbl Mapok C 35, C 50
u C 70, a mpu UCIIOJIB30BAHUMU TPOCOB JJISI BBICOKOYACTOTHOM CBSI3U — CTAJICATIOMMU-
HEeBbIE MPoBoJIa. Kperutenue TpocoB Ha Becex onopax BJI Hanpstxenunem 220—750 kB
JIOJKHO OBITh BBITIOJIHEHO TMPU TOMOIIY HM30JIATOPa, NIYHTUPOBAHHOTO HCKPOBBIM
npoMexyTkoM. Ha muaunsax 35—110 kB kpernsenne TpocoB K METAIUTMUECKUM U Ke-
71€300€TOHHBIM IPOMEKYTOUHBIM OIIOPaM OCYILECTBIISIETCS 0€3 N30SI TPoca.

2.1.3. Onopbi

[1o KOHCTPYKTUBHOMY UCITOJIHEHHIO ONIOp Hanbosee pacnpoCTPaHEHbI OJHO- U
neyxuensbeie BJI. Ha tpacce nuaun MoryT coopykartbcs 10 4eThlpex leneu. Tpacca
JIMHAHA — TI0JIOCA 3EMJIM, HA KOTOPOU coopyskaetcs auHusA. OHa [ienb BBICOKOBOJIBT-
Hoil BJI oObeaunsieT Tpu mpoBoja (KOMIUIEKTa MPOBOJOB) Tpex(a3zHOW JTUHUU, B
HHU3KOBOJIBTHOW — OT TPEX 0 MHATH MTPOBOJOB. B 1eoM KOHCTpyKTUBHAsA yacTh BJI
XapaKTEpU3yeTcsl TUIIOM ONOp, JJIMHAMH MPOJIETOB, Ta0APUTHBIMHU pa3MepamMu, KOH-
CTpyKLUEH (a3, KOJINIECTBOM HU30JISITOPOB.

Omnopsl BJI nenstcs Ha aHKEpHBIE U IPOMEXKYTOUYHbIE. OMOPBI 3TUX JIBYX OC-
HOBHBIX TPYII Pa3IMyarOTCsi COCOOOM MOABECKH MPOBOAOB. Ha mpoMeXyTOUYHBIX
ornopax IpoBOJa MOABEIIMBAIOTCS C MOMOIIBIO MOAJIEPKUBAIOIIUX TUPJIIHI U30JIS-
TopoB (puc. 2.4). Onopbl aHKEPHOT'O THUMA CIYXKaT JJIsi HATSHKEHHS MPOBOJIOB, Ha
ATUX ONOPAX MPOBOJA MOJABEIIMBAIOTCSA C IMOMOIIBIO MOJBECHBIX TMPJsSHA. PaccTos-
HUE MEXIYy MPOMEXYTOYHBIMH ONOpPAaMU HAa3bIBAETCA MPOMEXKYTOUYHBIM IPOJETOM
WM TPOCTO TPOJIETOM, a PACCTOSHUE MEXKIY AHKEPHBIMU OMNOpPaMH — AHKEPHBIM
IIPOJIETOM.
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Puc. 2.4. Cxema ankepHoro nposiera BJI u mposiera nepecedyenus ¢ xemnes-
HOW JIOpOTOM

AHKEpHBIE OMOPbI MPEIHA3HAYEHBI ISl KECTKOTO 3aKPEIUICHUS! MPOBOJOB B
0co00 OTBeTCTBEHHBIX Toukax BJI: Ha mepecedeHUsIX 0CO00 BAXKHBIX MHKECHEPHBIX
coopykeHul (HarpuMmep, xkejae3Hbix gopor, BJI 330-500 kB, aBToMOOMIBHBIX TOpPOT
IUPUHON Tpoe3kel yactu Oosiee 15 M u T. 11.), Ha kKoHIaX BJI 1 Ha KOHIIax MPsSMBIX
€€ Y4aCTKOB. AHKEpHBIE OIOPBI Ha MPSMBIX ydacTkax Tpaccel BJI mpm monBecke
MIPOBOJIOB C O0EUX CTOPOH OT OMOPHI C OAMHAKOBBIMHU TSHKCHUSIMH B HOPMAaJIbHBIX
pexumMax padoTsl BJI BEIMOMHSIOT Te ke (QYHKIIUU, YTO U MPOMEKYTOUHBIC OMOPHI.
Ho ankepHbIE OMOPBI paCCUUTHIBAIOTCS TAKXKE W HA BOCIPUSITHE 3HAYUTEIbHBIX T-
’KEHUH TI0 MMPOBOJIAM U TPOCAM MPU OOPBIBE YACTH U3 HUX B MPUMBIKAIOIIEM MPOJIETE.

AHKEpHBIE ONOPHI 3HAUYUTEIBHO CIIOXKHEE M JOPOKE MPOMEKYTOUHBIX U TIO-
ATOMY YHUCJIO MX Ha KaXKIOW JIMHUHM JODKHO OBITh MUHUMAJIBHBIM. B Hauxymmux
YCJIOBHSIX HAaXOIATCS KOHIIEBBIE aHKEPHBIE OIMOPHI, YCTAHABIMBAEMbBIC MPU BBIXOE
JIMHUU C 3JIEKTPOCTAHLIMM UJIM HA MOAXO0JaX K MOJACTAHIMHU. DTU OMOPbI UCTIBITHIBAIOT
OJHOCTOPOHHEE TSKEHUE BCEX MTPOBOJIOB CO CTOPOHBI JIMHUH, TaK KaK TSKECHHUE ITPO-
BOJIOB CO CTOPOHBI IOPTaJIa MOACTAHLIUHA HE3HAUYNTEIBHO.

[IpoMeKyTOUHBIE MPAMBIE ONOPHI YCTAHABIMBAIOTCS HA NPSMBIX ydacTkax BJI
JUISL TIOJIIEPKaHUs MPOBOJIa B aHKEPHOM mnpoJiere. [Ipomexxyrounas onopa aemesie
U MpOIlE B M3rOTOBJICHUM, YEM aHKEPHas, TaK Kak Onarogaps OJMHAKOBOMY TsxKe-

HUIO TTPOBOJIOB TI0O 00€MM CTOpOHAM OHA MPU HEOOOPBAHHBIX MPOBOJAX, T. €. B HOP-
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MaJbHOM DPEKHMME, HE UCIBITHIBACT YCUIMN BIOJIb JIMHUK. [IpoMeKyTOUHBIE ONOPBI
cocraBisitoT He MeHee 80-90 % obmiero uucia onop BJL

VYIII0BBIE ONIOPBI YCTAHABIMBAIOT B TOUYKAX IIOBOPOTA JIMHUM. YTJIOM II0BOPOTA
JIMHUYW Ha3bIBA€TCS YroJ B IUIAHE JIMHUM, TONOJHUTENBHBIN 10 180° K BHyTpEeHHEMY
yri1y JUHUM. TpaBepchl yIiIOBOW OMOPBI YCTAHABIMBAIOT 110 OMCCEKTpuUCE yria. Yr-
JIOBBIE ONOPBI MOTYT OBITH AHKEPHOT'O U MPOMEXKYTOYHOro Tuma. [Ipomexyrounble
YIJIOBBIE OMOPBI MPUMEHSIIOTCS JJIs1 YTII0B moBopoTa JuHuii 10 10-20°. B ocTanpHbIX
ClIy4asiX IPUMEHSIOT aHKEPHBIE YIIJIOBBIE OIOPBI.

K onopam cnenuajJbHOro Ha3HAYEHHUs OTHOCATCSA MPAHCHOZUWUOHHbIE — TS
M3MEHEHHS PACIOJIOKEHHS IPOBOJIOB HA OINOPaX; OMeEemeumesibHble — JJIsl BBIOJI-
HEHUsI OTBETBICHUI OT OCHOBHOW JINHWUH; HeEPeXOoOHble — I INEPECEUCHUs PEK,
YIIETUN U T.J.

TpaHCHO3UIMIO NPUMEHSIOT Ha JINHUAX HanpsbkeHneM 110 kB u Bele npots-
&KeHHOCThIO Oosiee 100 kM 1t TOTO, UTOOBI ClIENaTh EMKOCTh U MHIIYKTHBHOCTH BCEX
Tpex (a3 uenu BJI onunakoBeiMu. IIpu 3TOM mociaenoBaTebHO MEHSIOT Ha OMOpax
B3aMMHOE€ PACIIOJIOKEHHE MPOBOJOB IO OTHOLIEHUIO IPYT K APYry Ha pa3HbIX y4yacT-
Kax guHuM. [IpoBoa kaxa0il ¢a3bl MPOXOAUT OJHY TPETh JIJIMHBI IUHUU HA OJHOM,
BTOPYIO — Ha JPYIOM M TPETHIO — HA TpeTbeM MecTe. OTHO TaKoe TPOMHOE IepeMe-

IICHHE MPOBOIOB HA3bIBAIOT IIUKJIOM TpaHCIO3uIuK (puc. 2.5)
7 3 Ve 1

2 7 3 2
3 Z : ] s

Puc. 2.5. I{uki TpaHCTIO3UITMHU TPOBOJOB OJHOIICTTHOW JTUHU

PacnoJio:kenune npoBo0B Ha ONMoOpax
[TpoBosa MOTYT 00pa30BBIBATH OJMH, JBa WIH TpH sipyca. Pacmonoxkenue npo-
BOJIOB B OJIUH APYC MPUHSATO HA3bIBaTh FOPU3OHTAILHBIM, B JIBa WU TpH sipyca Oe3

CMCIICHUS 11O TOPU3OHTAJIN HA3BIBACTCA BCPTHUKAJIbHBIM. Pacnionoxxenue IMPOBOJOB B
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JIBa WU TPHU sipyca, IPU KOTOPOM HaXOISIIMECs APYr HaJA JPYyroM MpPOBOJia UMEIOT
TOPU30HTAITBHOE CMEIIEHHUE HA3bIBAETCSI CMEIIAHHBIM.
Haubonee pacnpocTpaHeHHbIE pPAcMOJOKEHHUsSI MPOBOJOB Ha OIMOpax: Tpe-

YTOJIBHUKOM, TOPU30HTAIBHOE, 0OpAaTHOM €JIKO, OOUKOM, MOKa3aHO Ha puUC. 2.6.

B T T 7T T 7T
N1 T Y i 11 T71 T
N T0T
a) 0) B) r)

Puc. 2.6. PacnonioxeHue npoBoJOB U TPOCOB Ha OTIOpax:

a - [0 BepIIMHAM TPEYTOJbHUKA,; O - TOPU3OHTAILHOE; B - 0OpaTHas eyika; T — Oouka

Pacnonoxkenue mpoBOAOB TpeyrojibHUKOM mpuMeHstor Ha BJI 20 kB u nHa
onnouenueix BJI 35-330 kB ¢ MeraminuecKUMU M Ke1e300€TOHHBIMU OMOPAMH.
['opu3oHTaNBHOE PACIONOKEHHE MPOBOAOB HCMoib3yloT Ha BJI 35 — 220 kB ¢
nepeBsHHbIMU oniopamu 1 Ha BJI 330 kB. D10 pacnonoxkeHre npoBOJ0OB MO3BOJISIET
NPUMEHATh 0o0Jiee HU3KHE ONOpPbl M YMEHBIIAET BEPOATHOCTh CXJIECTHIBAHUS
IpOBOJOB Mpu 00pa3oBaHUU ToOJojiela M IUIAICKE TpoBoaoB. I[lostomy
TOPU30HTAJILHOE PACIIOJIOKEHUE IPEANOUYTUTENIbHEE B TOJIOJEIHBIX paliOHaX.

Ha aeyxnenubix BJI pacnosnoxxeHue npoBojoB oOpaTHOM €lIKOH ynoOHee 1o
YCIOBUSIM MOHT@Xa, HO YBEJIMYMBAET Maccy Omop M TpeOyeT MOJBECKHU IBYX
rpo303aluTHEIX TpocoB. Hambonee skoHomuunHbl Ha nByxuenHeix BJI 35-330 xB
CTaJIbHbIE W JKeJIe300€TOHHBIE OMOpPhl C PACHOJOKEHHEM TMPOBOJIOB OOUKOU
(IIECTUYTOJILHUKOM).

[To maTepuaJy onopsl JeisTCs Ha:

® JICpEBSIHHBIC,
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® METaJUIMYECKUE,
® KENe300€TOHHBIE.
epessannvie onopwl (puc. 2.7 ) U3TOTABIUBAIOT U3 COCHBI WU JTUCTBEHHUIIBI U
NPUMEHSIOT Ha JTMHUAX HampspkeHuem 1o 110 kB B ecHbIX palioHaX, HO BCe peke.
OCHOBHBIMH 3JIEMEHTAMU OTIOP SABIIAIOTCS MACHIHKU (ITPUCTABKH), CTOWKU, TPABEPCHI,
packocel, TMoaTpaBepcHble Opychsi W purend. ONopel MPOCThl B HM3TOTOBJICHUH,
JelIeBbl, yAOOHBI B  TpaHCHOPTUpoBKe. (OCHOBHOM HMX  HEJOCTATOK —
HEJIOJITOBEYHOCTh M3-32 THHUEHHSI JIPEBECHHBI, HECMOTpS Ha €€ o00paboTKy
aHTHCceNnTUKOM. [IpriMeHeHne xene300€TOHHBIX MAaChIHKOB (MIPUCTABOK) YBEIMUHUBAET

CPOK CiIy>KObI orop g0 20—25 ner.

Puc. 2.7. JlepeBsiHHbIE TPOMEXKYTOUYHBIE U aHKEPHASI OMOPHI:

a) oJJHOCTOeYHas npomexyTouHas ornopa 6 — 10 kB; 6) II-obpa3zHas npomexyTodHas ornopa
c BeTpoBbIMHU cBsizAMu 110 kB; B) ankepHas yriosas cBo00gHO cTosimas onpa 35-110 kB

Hus BJI 6-10 kB (puc. 2.7, a) [6] co mThIpeBbIMH H30ISATOpaMHu O,
3aKpeIJICHHBIMM Ha Kprokax 5, Haubonee uenecooOpazHa OJHOCTOEYHAs
NPOMEKYTOYHAs OMopa C TPEYrOJIbHBIM PACIONIOKEHUEM MPOBOAOB 7. Omopsl

ACJIar0T B OOJIBLIIMHCTBE CJIy4acB COCTaBHBIMMU. Hora OITIOPBI COCTOUT U3 ABYX YacTeu:
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JUTMHHOM (cTOMKM 3) M KOpoTKOoM (mackiHKa 1). IlachIHOK COEIUHSIIOT CO CTOMKOM
AByMsl OaHJaxaMud 2 W3 CTAJIbHOM IPOBOJIOKH. AHKEpPHBIE U MPOMEKYTOUHBIE
yraoBeie onopsl aiist BJI 6-10 kB BeimonHsitoTcs B BUjie A-00pa3HON KOHCTPYKIUH.
Juis BJI 110 kB, a Taxxke 35 kB ¢ moaBecHbIMM H30JATOpaMH 6 HPUMEHSIOTCA
NEPEBSIHHBIE  OMNOPbl C TOPU30HTAJIBHBIM  PACIOJIOKEHUEM  IPOBOAOB 7.
[TpomexyTounas omopa juist 3tux BJI mpencrapiser coboil mopTan, UMEHOIIUN JIBE
CTOMKM C BETPOBBIMH CBSI3SIMH 8 W TOpPU3OHTaIbHYIO TpaBepcy 4 (puc 2.7,0).
AHkepHble yrioBele omopbl 1usi BJI 35-110 kB BbemonHsitOTCS B BUIE
npocTpaHCTBEHHBIX A—I1-00pa3HbIX KOHCTPYKIWii (puc. 2.7,B).

Memannuueckue (cmanvHole) onopwsi (puc. 2.8) IPUMEHSIOT Ha TUHUAX HaIps-
xkeHueM 35 kB u Bble. MetaumuecKkue Ornopsl UCIOJIB3YIOTCS B TEX CIIy4asiX, KOraa
TEXHUYECKH CJI0O)KHO M HEIKOHOMHUYHO coopyxaTh BJI Ha JepeBSHHBIX H
KeJIe300€TOHHBIX Omopax (Iepexobl Yepe3 PEKH, YUIENbs, BBIIIOJHEHUE OTMAEK OT
BJIuT. m).

K OCHOBHBIM 3JIEMEHTAaM OTHOCSITCA CTOWKH, TPABEPCHI, TPOCOCTOMKH, OTTSKKH
U ¢pyHaameHT. OHU IPOYHBI U HAJEXKHBI, HO IOCTATOYHO METAJUIOEMKHE, 3aHUMAIOT
OONpUIYI0 TUIOUIAAb, TPEOYIOT JJIi YCTAHOBKH COOPYXEHHUS CHEUUATbHBIX
XKene300€TOHHBIX  (PYHIaMEHTOB M B  MpoOIlecce AKCIUTyaTald  JAOJDKHBI
OKpallUBaThCS JJI IPEAOXPAHEHUS OT KOPPO3UHU.

VYcTaHaBIMBAIOT METANIMYECKHUE OIMOpPbl HA KEJI€300€TOHHBIX (PYH/IaMEHTAX.
OTU onopsl MO KOHCTPYKTUBHOMY PEIICHHUIO TEJla OMOPbI MOTYT OBITh OTHECEHBI K
JIBYM OCHOBHBIM CXe€MaM — OallleHHbIM WJIM OJHOCTOE€YHbIM (puc. 2.8, a, B) H
nopTaibHeIM (puc. 2.8, 1), a 1Mo cmnoco0y 3akperuieHus Ha ¢QyHIaMEHTaX — K
CBOOOIHOCTOSIIMM oropaM (puc. 2.8 a-B, 1) U OIopaM Ha OTTsDKKax (puc. 2,9, T, e).

AHKEpHbIE OMOPBI OTIIMYAIOTCS OT MPOMEKYTOUHBIX YBEIUUCHHBIMU BbIJIETAMU
TpaBepc W YCWJIEHHOW KOHCTpykuueu tema omopel. Ha BJI 500 kB, kak mpaswuiio,

MPUMCHACTCA T'OPU30HTAIIBHOC PACIIOJIOKCHUC ITPOBOJIOB.
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Puc. 2.8 Metannnueckue (CTalbHbIE OMIOPHI):

a — CTaJbHasl MPOMEXKYTOYHAsl OJHOLIeNHas onopa OameHHoro tuna 35 kB; 6 — 1o ke, HO
110 kB; B) — cBoOomHO crosimias HpoMexyTouHas aByxuenHas omopa 220 kB; r) crampHas
IPOMEXyTOouHas onopa Ha oTTsbkkax 500 kB; 1) mpoMexxyTodHass cBOOOAHO cTosIIast onopa (Tuna
«proMka») Ha 500—750 kB; e) - cragpHas npoMexxyrodHas V-oOpa3Has oropa Ha oTTsbkkax 1150
KB; ) - mpomexxyTouHas oropa Ha OTTsDKKaxX THMa «Habna» Ha 750 kB

Kenesobemonnwvie onopwt (puc. 2.9) Hanbojee HIUPOKO NPUMEHSIOTCS Ha
muHUAX Hanpspkeaunem g0 750 kB. OHum MoryT OBITH CBOOOJHOCTOSIIIMMHU

(IPOMEXYTOUHBIMH) U C OTTSDKKaMU (aHKepHbIMH). JKene300€TOHHBIE OIOPHI
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JI0JITOBEYHEE JEPEBSHHBIX, MPOCTHI B OSKCIUTyaTallMd, JELIEBIE METAJUIMYECKUX.
TpaBepcbl OAHOCTOEYHBIX ONOpP METAUIMYECKUE OIMHKOBAHHBIE. OJIHOCTOEYHBIE
orniopbl 6—10 kB u 35-220 kB ObpIBatoT Kak CcBOOOAHOCTOSIIME (ITPOMEXKYTOUYHBIE,
puc. 2.9, a —1), Tak ¥ Ha OTTSHKKAxX (aHKepHbIE yrioBbie). [lopTampHbie OMOPHI Kak
CBOOOJHOCTOSIINE, TaK U Ha pacTspkkax npuMenstorcs Ha BJI 330-500 kB (puc. 2.9

e). [IpoBox kaxoit dazer BJI 500 kB pacmierien Ha Tpw.

2.6

4,02

23,0

Puc. 2.9. IIpoMexxyTOUHBIE KeNe300€ TOHHBIE OTOPHI:

a — CTaJIbHas MIPOMEKYTOUYHAs OJHOIIETHAs omopa OarmeHHoro Tumna 35 kB; 6 — To xe, HO
110 xB; B) — cBoOomHO cTOsIIas MpOMEXyTouyHas AByXuenHas omopa 220 kB; r) crambHas
MIpOMeXyTouHas onopa Ha oTTskkax 500 kB; 1) mpomexxyrouHast cBOOOAHO cTosiiasi onopa (Tuma
«promka») Ha 500—750 kB; e) - cranpHas npomexxyrouHas V-o0pa3Has ornopa Ha oTTspkkax 1150
kB; k) - mpoMexxyTouHasi oropa Ha OTTsDKKax THrna «Habna» Ha 750 kB

B Poccum  paszpabotasii  yHUPUIIMPOBAHHBIE  METALIMYECKUE U
XKeJNe300€TOHHBIE OMOPHI Pa3NUYHBIX TUMOB g BJI Bcex HampsikeHW#, d9TO
MO3BOJISIET CEPUHO UX MTPOU3BOJIUTH, YCKOPSTh U YICHIEBISTh COOPYKEHNUE JTUHUMN.
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Cranbubie MHOrorpanubie omopbl JIJII (puc. 2.10) mpenHa3zHaueHbl IS
YCTAHOBKM Ha BBICOKOBOJIBTHBIX JUHUAX 3JiekTponepenaun. Onopst JIDII skcmitya-
TUPYIOTCA B [-V BETPOBBIX M I'OJIOJIEAHBIX pallOHAX B HACEJIECHHOW U HEHACEIICHHOMN
MECTHOCTH B COOTBETCTBHHU ¢ [1YD-7 B pailoHax ¢ pacu€THOM TeMrepaTypoi Bo3ayxa
10 -65°C u Bbllie. MHOTOrpaHHbIE METAJUIMYECKUE OMOPbI BBIMOIHEHBI U3 CTOEK B
BU/JI€ TOJIBIX YCEYEHHBIX NMUPAMUJl U3 CTAIIBHOTO JIMCTA C MONEPEYHBIM CEYEHHUEM B
dbopme TpaBUIILHOTO MHOTOTpaHHHUKA. CEKIMU CTOEK COCTUHEHBI MEXTYy COOOM Te-
JIECKOMIMYECKUM WK (hJIaHIIEBBIM COCTUHEHUSIMU. TpaBepchl TaKUX OIMOP BBHIMOJIHE-
Hbl MHOTOTPAHHBIMU, PEIIETYATHIMU WIIM U30JIUPYOIUMUA. OTIOphl U3rOTABIMBAIOTCS
n3 cranu mapku C345 o I'OCT 27772-88. AHTUKOPPO3MOHHAS 3aIINUTA BBITOIHACT-
Csl MIPU MOMOIIY TOPAYETO OLMHKOBAHUS U IMHKOHAIOJIHEHHOIO KOMITIO3UTHOTO TMO-
KPBITHUSI.

[IpenmymiecTBa MHOTOrpaHHbIX onop JIOIT:

o Manbie cpoku ctpoutenbcTBa. Cpoku crpoutenbcTBa BJI Ha MHOrorpas-
HBIX OMOpaxX UMEIOT ABYX- YEThIpEXKpaTHOE mpenmyiecTBo nepea BJI Ha xenezo0e-
TOHHBIX M PEIIETYATHIX OMopax. IT0 00YCIOBICHO CHIKEHUEM TPY/I03aTpaT 3a CUET
YBEJIMYEHHBIX MPOJIETHBIX PACCTOSHUM, MPOCTOTHl YCTAHOBKHA MHOTOTPAHHBIX OIOD, a
TaK)Ke MaJIOro KOJIM4ecTBa COOPOYHBIX AIEMEHTOB.

o Oxonomuueckas ddpdextuBHOCTh. Takue omopsl dhdekTHBHEE XKene300e-
TOHHBIX U METAJUIMYECKUX OIMOP PELIETYATOr0 TUIA. DTO 00YCIOBIEHO YBEIUUECHUEM
MPOJIETHBIX PACCTOSIHUM, CHUKEHUEM 3aTpaT HAa TPAHCIOPTUPOBKY U CTPOUTEIIBHO-
MOHTa)XHbIE pabOThI, a Takke Oojiee HU3KMMU 3aTpaTaMy Ha 3KCIUTyaTaluio, Oosee
JUTUTEIBHBIM CPOKOM CITY>KObI, HI3KUMHU 3aTpaTaMy Ha JIMKBUJIALUIO U YTHIIM3AIUIO.

o TpancnoprabenbHOCT. MHOTOTpAaHHBIE OMOPHI OTJIMYAET HHU3Kas CTOU-
MOCTb TPAaHCIIOPTUPOBKU: B 1,5-2 pa3a nemesiie pemerdarsix, U B 3-4 pas3a JeleBiie
KeJIe300€TOHHBIX OIOP.

o Mansii 3emneorBon. [Ipy nmpuMeHEHMHM MHOTOTPAHHBIX OIOP 3aTpaThl HA

IIOCTOSIHHBIN 3EMJICOTBOA CHUKAIOTCA ITPUMECPHO B 2 pasa.
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o Hanéxnocth MHOTOTpaHHBIX OMOp. MHOTOTpaHHBIE OMOPHI HAJIEKHEE TPa-
JTUIAOHHBIX. J[0JTOBEYHOCTh, B CPEAHEM COCTAaBIISET i OeToHHBbIX omop 30 e,
s pemetdateix — 40 net, a pist MHororpansbix - 50 set. Ilopexaenus JIDIT Ha
MHOTOTPAaHHBIX CTOMKAaX 3HAYUTENIBHO PeXe, YeM Y TPAIUIIMOHHBIX onop, Ha nuHusx
OTCYTCTBYIOT KaTacTpodUuecKue pa3pylieHus, TUIUYHBIC IS KeIe300€TOHHBIX U

MCTAJUIMYCCKHUX pGIIIéT‘laTBIX OIIOD.

. BannanoycronumBoCTb.
. KauecTBeHHast OTHOPOJHOCTb.
. [IpocToTa feMOHTaXxa, YTUIU3ALMH [IPU JTUKBHIALIUN.

nm220-204

Puc. 2.10. MHororpanHas omnopa

2.1.4. N3oasTOpHI.
N3onsTopbl mpeaHa3HaueHbl I U30JISIUU M KPETUIeHHs MpoBoAOB. M3roTas-

nuBaloTCs oHM U3 (dapdopa, 3aKaJEHHOTO CTEKJA U MOJUMEpPOB — MaTEpUaloB, 00-
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JAJAIOIINX BBICOKOM MEXAHUYECKOU U 3JIEKTPUYECKON MPOYHOCTHIO U CTOMKOCTBIO K
aTMoc(epHbIM BO3AeUCTBUSAM. CyYIECTBEHHBIM JOCTOMHCTBOM CTCKJISTHHBIX W30JIs-
TOPOB SIBJIAETCSI TO, YTO MPH IMOBPEKICHUHN 3aKaJEHHOE CTEKJIO PacchllaeTcsa. ITO
o0Jieryaer HaX0XKJAECHUE MOBPEKIECHHBIX U30JISTOPOB HA JIMHHH.

IteipeBbic u3oaaTopsl (puc. 2.11, a, 6) TpUMEHSIOTCS IJIs JIMHHA HaIpsKe-
HueM 10 10 kB u penko (ans maneix ceuenuit) — 35 kB. Onu kpensiTcs K onopam
IIpH MOMOIIM KPIOKOB uiu mThiped. [lonsecursie uzonarops! (puc. 2.11, B) ucnomns-
sytorcst Ha BJI manpspkenuem 35 kB u Boime. OHM cocTosT U3 GapPpopoBoil miu
CTEKJISTHHOM M30JMPYIOMIEN 4acTH |, MKy U3 KOBKOIO YyryHa 2, METAJUIMYECKOTO
cTepkHsI 3 U 1EeMEeHTHOUW cBs3ku 4. M3omsaTopbl cOOMpAIOTCS B MOJIEPKUBAIOIINE
TUPJISIHABI HA TPOMEKYTOUYHBIX OMOPAX M HATSHKHBIE TUPJSHABI HA aHKEPHBIX OIMO-
pax. KonnuecTBo M301TOPOB B THPISIHAE 3aBUCHUT OT HAIIPSKEHUs, TUIIA U MaTepua-
Ja O1nop, 3arpsi3HEHHOCTH aTMOC(EPBI.

[TonmumepHbie n3oasTOphI (puc. 2.12) mpeacTaBistoT co00il CTEPKHEBOU diie-
MEHT U3 CTEKJIOIJIACTHKA, 3AIUIIEHHBIN MOKPBITHEM C pedpamu u3 (pToporuiacta uiu
KPEMHEOPraHH4ecKol pe3nHbl. CTEepKHEBBIE M30JIATOPHI 110 CPABHEHUIO C IOJBEC-
HbIMU UMEIOT MEHBIIHI BCE U CTOMMOCTb, 00Jie€ BBICOKYIO MEXaHHYECKYIO IpOY-
HOCTh, YEM M3 3aKAJIEHHOTO CTekjJa. B HHUX B KauecTBe CBS3YIOLIEIO AJIEMEHTa HUC-
MOJIB3YIOTCSI OOBIYHO JMOKCUAHBIC U TMOJedPUpHbIC CMOJbL. s yBenuueHus pas-
PAOHBIX XapAaKTEPUCTUK H30JIATOpA M 3aLIUTHI MOBEPXHOCTH CTEKJIOIIACTHKOBOIO
CTEpXHS OT JIEKTPUUECKOI0 TpeKa Ha CTep>KHE apMupyroTcsa pedpa. PeOpa oObruHO
M3rOTaBIMBAIOT U3 (PTOPOIUIACTA, KPEMHUHOPTaHMYECKUX 3JIACTOMEPOB, ATUIIEHIPO-
MUJICHOBBIX MOJIMMEPOB WM LMKIOaTU(paTnyeckux cMoil. KOHIIbI HECYIero crepx-
HS apMHUPYIOTCS METAINIMYECKUMHU OKOHIIEBATESIMU JIJI1 MPUCOEIUHEHUS! U30JIATO-
POB K OIOpaM WUJIM KOMILIEKTOBAHUS TUPJISH/. [ paHUUHBIN CIION MEXIY CTEP>KHEM U
000109KOH UK 3e0paMu sIBJISIETCSl HanOoJiee CIadbIM MECTOM KOHCTPYKITUU C TOYKU
3pEHUS BO3/ICUCTBUS BRICOKOTO HAIMPSKEHMUS.

[IpenmyiiecTBa NOJUMEPHBIX U30JIATOPOB:

* MaJjas macca,
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*  TUAPO(POOHOCTD U IPSI3ECTOUKOCTD;

*  BBICOKAs yJIapOMPOYHOCTH;

*  CEWCMOCTOWKOCTh ¥ BIIaropa3psiiHbIC XapaKTePUCTHKY,

* BBICOKAs KPaTKOBPEMEHHAs W JJIUTEIbHAS MPOYHOCTH MPU U3THOE U KPY-

YEHUU,

° YCTOﬁqHBOCTB K aKTaM BaHJaJIM3Ma.

Puc. 2.11. M30maTOpHI BO3AYIIHBIX JTUHU [4]:

a — mTbIpeBoil u3onsaTop 6—10 kB; 6 — mTeIpeBoii uzonsaTop 35 kB; B — moaBecHOM
M30JIATOP TApENb4aTOro TUIA; T, I — CTEPHKHEBBIE TIOJUMEPHBIE U30JISITOPBI

Ha puc. 2.12 B kauecTBe nmpuMepa MOKa3aH JUHEWHBIA TOJMMEPHBIA U30JIATOD

Fibtbt safifiie

Puc. 2.12. JIuHeHbIN TOJTUMEPHBIN U30JISTOP

2.1.5. Jluneiinas apmatypa
JInnelinasg apMaTypa BKIIFOYAET CIEIYIOUIAE OCHOBHBIEC BU/IbI:
»  32KUMBI [Tl 3aKPETUICHUS TIPOBOJIOB B THPJISTHIAX U30JISITOPOB,
» cremnHas apMmaTypa Uisl TIOJABECKH THUPJISIHI Ha OTNopax M COSAMHEHUS UX
ApYT C IpYyrom,
o1



» COCIMHUTEIH - 7Sl COSAMHEHUS ITPOBOJIOB U TPOCOB B MPOJIETE,

» TacuTelll BUOpAIUH WIN eMI(PUPYIOIIUE METIIN TSI YMEHBIIIEHUST BUOpa-
MU U U3JI0Ma MPOBOJIOB,

» pacnopku s (pUKcalMu MPOBOAOB pACHICIUICHUH (a3bl OTHOCHTEIBHO
ApYT Apyra.

Bupl nuHelHOM apMaTypbl IPUBEACHBI HA puc. 2.13.

3aocicumbl 1EASATCSA HA TIOIIEPKUBAIOIIUE U HATSHKHBIE.

[TopepKuBarOIIME 3aKUMBbl TOJBEIINBAIOTCA Ha IPOMEKYTOUHBIX OIOpaX,
HATSDKHBIE - HA OMOpax aHKepHOro tumna. [lo mpoyHocTH 3aKkperieHrs TpoBoja Mo/I-
JICPYKUBAIONIUE 3aKUMBI MOApa3aeisaoTcs Ha riayxue (puc. 2.13, B) U ¢ 3a1eKoi
OrpaHUYECHHON NMPOYHOCTHU. [JIyXue 3aKUMbl — OCHOBHOM THII 3a)KMMOB, IIPUMEHSsIE-
MbIX B Hactosiee Bpems Ha BJI 35-500 xB. Ha puc. 2.13, B HaxxumHbIe 00aTHI 1 ye-
pe3 MKy 2 TPKUMAaIOT IPOBOJT K KOPITYCY 3aKuMa («IOJ0UKe») 3 U yAEPKUBAIOT
€ro Ha MecCTe NP OJTHOCTOPOHHEM TskeHHH. [IpoBon U Tpoc B cirydae oOpbIBa B O1-
HOM U3 MPOJIETOB, KaK MPABUJIO, HE BBITATUBAIOTCS U3 3aKHMa, W TSXKEHUE MPOBOAA
WIM TPOCa, OCTaBUIETOCS] HEOOOPBAHHBIM, MEPEAAECTCS HAa MPOMEXYTOUHYIO OIOpY.
3a)XUMBI C OTPAaHUYEHHOW MPOYHOCTBIO 3aaenku npuMenstores Ha BJI 500 xB. Ilpu
0oOpBIBE MPOBOJ MPOCKAIB3bIBAET B 32KUME, UTO YMEHBIIAET NPOJOJIbHYIO HArPy3KY
Ha MPOMEXYTOUHYIO onopy. OaHako onbIT 3KkciutyaTauun Juauii 500 kB ¢ 3axuma-
MU OTPAaHUYEHHOM MPOYHOCTH 33JI€JKU HE BIIOJHE YAOBIECTBOPUTEIICH.

Ha aHkepHBIX onopax NpoBOJia 3aKPEIUISIOT HATIYyX0 MNP MOMOIIU HATSKHBIX
3KUMOB. Pa3nnualoT HECKOJIBKO THUIIOB HATSKHBIX 3aKUMOB: OOJITOBBIE — ISl IPO-
BOZOB CeueHHeM 35 — 500 Mm% pecCyeMble — ISl CTAICATIOMUHUEBBIX MPOBOJIOB
ceuenneM 300 MM° i GosIee; KITMHOBBIE — ISl TIOJBECKH CTAIBHBIX TPOCOB. BOITOBBIC
3akuMbl (puc. 2.13, 1) cocTosT U3 Kopiyca 1, ruamiek 2, HaTsDKHBIX OOJITOB ¢ raika-
MUy 3 u npoknaaok 4 uz amomunwus. [Ipeccyembie 3axkumebl (puc. 2.13, 1) cocTosT u3
CTaJIBHOTO aHKepa 7, B KOTOPOM Ha JumHe |; cripeccoBbIBaeTCs CTambHON CeplIeTHUK
NpOBOJIa, U ATIOMHUHUEBOTO Kopriyca 2, B KOTOpoM Ha jiuHe |, crpeccoBbIBaeTcs
AIFOMUHUEBAs YaCTh MTPOBOJIa CO CTOPOHBI MPOJIeTa, a Ha aiuHe | — nuteiid.
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Puc. 2.13. Jluneitnas apmarypa [6]:

a - MIYXOH 3aXHM Ha TOJAJEPKUBAOIICH TUPISHIE U30ISATOPOB; O - OONTOBOW 3aXKUM Ha
HAaTsHDKHOW THPJISHIE U30JISTOPOB; B - TIIYXOU MOICPKUBAIOIINKN 32KUM; T - OOJITOBOH HATSIKHOM
32)KHUM; ] - IPECCYEeMBbIi HATSDKHOM 3a)KUM; €, 5K - COSMHUTENN OBAJIBHBINA ¢ 00KaTHEM U 3aKpydH-
BaHHEM; 3 - COCTMHHUTEIb TIPECCYEMBI; U - TIOJIBECKA TaCUTENICH BUOpAIIUU Y HATSHKHBIX U MOJIEP-
KHUBAIOIINX 3KUMOB; K - IeMI(UPYIOIas MEeTs; I — paCOPKH
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Cyennas apmamypa BKJIIOYAeT CKOOBI, cepbrd, ymku. Ckoba mpenHa3HaueHa
JUTSl IPUCOEANHEHUS TUPJISHABI K TPaBepCe OMOPhI HIIK K 3aKPEIIIEMbIM Ha TpaBepce
netansaM. [loxnepxkuBaromias rupisHaa U30JsITopoB (puc. 2.13, a) 3akperisiercs Ha
TpaBepce MPOMEXYTOUHON onopsl npu nomomu cepbru 1. Cepbra 1 ¢ ogHOM cTOpO-
HBI COEIMHAETCS CO CKOOOM WM € IETaJIbI0 Ha TPaBEpCe, a ¢ IPyroil CTOPOHBI BCTAB-
JSIETCsl B ILAIIKY BEepXHEro u3osAropa 2. K HuxHeMy U301 TOpY TUPJISHABI 32 YIIKO 3
MPUKPEIUIEH NOAAEPKUBAIOIINI 32KUM 4, B KOTOPOM IMOMELIEH NPOBOA 5.

Coedunumenu NenATCs Ha OBaJbHBIC U NPECCYEMbIE U MIPEIHA3HAYEHBI [ CO-
equHeHus mpoBoaoB BJI. OBameHble coequnuTenn (puc. 2.13, e, )X) IPUMEHSIIOTCS
IUIsl IPOBOJAOB ceyeHueM 10 185 MM° BKJTIOUHTEIBHO. B HEX IIPOBOJIA YKJIAAbIBAIOTCS
BHAXJIECT, MOCJIE YETO MPOU3BOJUTCS 00KAaTUE COCAMHUTENS C TIOMOIIBIO CIIEUab-
HeIX Kiemied (puc. 2.13, e). CraneamroMuHHEBBIE TIPOBOJA CEUYECHHUEM 10 95 MM
BKJIFOUUTENBHO 3aKPEIUISIIOTCS B COSAMHUTENSAX METOJIOM CKpyuuBaHus (puc. 2.13,
k). [Ipeccyemble COEIMHUTENN UCTIOIB3YIOTCA UIsl COETMHEHMS IPOBOJIOB CEUEHHEM
240 MM 1 GOJIee U CTANbHBIX TPOCOB BCEX CedeHHit. JUIsl CTATCaTIOMHHIEBBIX MPO-
BOJIOB 3TH 3a)KUMBI COCTOST U3 JIBYX TPYOOK: CTalbHOM, MpeJHa3HAUEHHOH AJis CO-
€MHEHUS] BHYTPEHHUX CTAJIbHBIX KWI, U AJFOMUHUEBOM, HAKJIaJbIBAEMON IMOBEPX
MEPBOM U CITy’KaIleH 7151 COSMHEHMS HAPYKHBIX aIFOMHUHHUEBBIX KU (puc. 2.13, 3).

I'acumenu eubpayuu. K nposogam BJI BOIM3M OT 3aKMMOB MOJBEIINBAOTCS
racuTeNd BUOpALMU C TPy3aMU WK JeMI(pUPYIOLUE METIU, TPUMEHEHUE KOTOPbIX
YMEHbILIAeT BUOPALIMIO U TO3BOJSET MPEAOTBPATUTh M3JI0M MPOBOJIOK MpoBoja. [ a-
cutenb (puc. 2.13, 1) COCTOUT U3 ABYX UYTYHHBIX TPY30B 1, COEIMHEHHBIX CTaIbHBIM
TpocoM 2. HacTtoTa cOOCTBEHHBIX KOJI€OaHUN racuTesie BO MHOTO pa3 MEHbIIIE, YEM
MPOBO/A, U BUOpALIKs MOCIEAHETO B pe3ysibTaTe yMEHbIIAeTCs. [ allfOMMHHUEBBIX U
CTaJICAIIOMUHUEBBIX MPOBOJOB MajblX CEYEHHH 3alluTa OT BUOpanui OCyIIeCTBIs-
eTCsl C MoMOIIbIo Aemnupyrorieit netnu 1 u3 mpoBoaa Tou ke Mapku. [letns npu-
KpEIUISieTCsl K MPOBOY OOJITOBBIMH 3aKMMaMH 2 10 00€ CTOPOHBI MOAEPKUBAKOIIE-
ro 3aKMMa 3 y MOJIBECHOM TUPJISHIBI U30JTOPOB 4 (puc. 2.13, k).

Pacnopxu. Ha npoogax BJI 330—750 kB npuMeHsIIOTCS TUCTAaHLIMOHHBIE pac-
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nopku 1 (puc. 2.13, 1) mana ¢ukcanuy MpoBOAOB paclICTUICHHOW (a3l 2 OTHOCH-
TeNbHO Apyr Apyra. OHU 00ecreunBarOT TPeOyeMOe pacCTOSHUE MEXAY MPOBOJAMU
(ba3bl U IPETOXPAHIIOT UX OT CXJIECThIBAHUS, COYJApPEHUS U 3aKPyUUBaHUSI.

B nocnegnue roasl s auHMA 3nektponepenayn CBH mpumensrorcs
koMmmakTHele BJI, Xapakrepusyromiuecss MEHBIIMM PAcCTOSTHUEM MeEXay ¢azamu,
MEHBIIUMU UHAYKTUBHBIMHU COMPOTUBIICHUSIMU U ITUPUHOU Tpacchl JuHuu. [1pu mc-
MOJIb30BAHNU OTIOP «OXBaThIBAIOMIETO THIA» (puc. 2.14, a) yMeHbIICHHE PaCCTOSHHUS
JOCTUTAETCA 3a CUET PACIOJIOKEHHS BceX (Pa3HbIX PACILEIUICHHBIX KOHCTPYKLHN
BHYTPH «OXBaTBIBAIOIIETO MOpTajia» WM MO OJHY CTOPOHY OT CTOWKH Omop (puc.
2.14, 6). Conmxenue (a3 odecrmeunBacTCsl ¢ MOMOIIBI0 MEXKIY(Pa3HBIX H30JISAINOH-
HBIX pacnopok. [Ipennoxensl pa3muuHble BApUAHThl KOMIAKTHBIX JIUHUHA C HETpaau-

[IMOHHBIMHU CXEMaMU PaCIIOIOKEHUS MTPOBOIOB paciuerieHHbIX (a3 (puc. 2.14, B-n).

a ‘ 6 /77

a b ¢
————d
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Puc. 2.14. Pacnionoxenune mpoBoioB (a3 KOMITAKTHBIX JIMHUH 3j1eKTponepenayn [4]

PacnonoskeHre nMpoBOJOB: a — Ha OMNOPE «OXBATBIBAIOIIErO THUIMA»; 0 — Ha JBYXLEMHOU
JTUHUHN ¢ MeXITy(Pa30BBIMU H30JSIIUOHHBIME PACIIOPKAMU; B — TJIOCKOE; T — TMapaboIudeckoe; I
— IUIOCKOTPEYTOJIbHOE; € — KOAaKCHaJbHOE JBYXCEIMEHTHOE; K — KOAaKCHAJIIbHOE YeThIpeXCer-
MEHTHOE; 3 — JIBOMHOE KOAKCHAJIbHOE; U — KOAKCUAIbHOE

K KOMNIakTHBIM JUHUSM OTHOCSATCS TaKXKe YHpaBJIsIEMbIC CAMOKOMIICHCHPYTO-

HIKCCS JIMHUM U YIPABJIsIEMble JIMHUU C HETPAIULMOHHON KOHUTypaluen paciien-
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neHHbIX ¢a3. OHU NPEeNCTaBIAIOT COOOW ABYXIEMHBIE JTMHUU, B KOTOPBIX MOMApPHO
CABUHYTHl OJHOMMEHHBIC (Da3bl pa3HbIX Ieneid. [Ipm 3TOM K HemsiM TOABOIATCS
HaANpPsDKEHUS, CABUHYTHIC HA ONpPEIeTICHHBIN yrol. 3a cueT peKMMHOTO U3MEHEHUS C
MOMOIIBIO CHEIMAIBHBIX YCTPONUCTB yIiia ()a30BOT0O CABHIa OCYIIECTBISETCS yIpaB-
JICHUE TTapaMeTpaMu JTUHUH.

2.2. KaOegbHble TUHUM

2.2.1. KoHCTPYKTHBHOE MCIIOJTHEHHe KaleJiei

KabenbHo#l Ha3pIBaeTCS JIMHUS ISl TIEpEavyy SJICKTPOIHEPTHH, COCTOSIIIAs U3
OJIHOTO MJIM HECKOJIbKUX MapaJiIeIbHbIX Ka0enel ¢ COeTMHUTENbHBIMU, CTOTOPHBIMU
M KOHUEBBIMU My(pTamu M Kpenexubix neraneil. [lo cpaBHenuto ¢ BJI xaGenbHbIe
muaun (KJI) HaMHOTO JOpOKEe M UMEIOT MEHBIIYIO MPOIYCKHYIO CIOCOOHOCThH Ha
€UMHUIlY CeUeHMs (M3-3a TEMIIEpAaTypHBIX OTrpaHMYEHUN Ha u30siui0). K npeumy-
IIECTBAM KaOEIbHBIX JTUHUNA OTHOCATCA UX HEMOJBEP>KEHHOCTh aTMOC(EpPHBIM BO3-
JeNCTBUAM (TOJI0JEAY, BETPOBOM HArpy3Ke, TPO30BBIM MOPAXKEHUSIM), a TAKKE HEJ0-
CTYNMHOCTb Tpacchl Juisi nocTtopoHHuX juil. KJI nmpoknaabiBatoT Tam, rae CTpOUTENb-
cTBO BJI HEBO3MOXKHO (CTECHEHHOCTh TEPPUTOPHUH, TIO TEXHUKE O€30MacHOCTH, apXu-
TEKTYPHBIM COOOpPaKEHUSAM U T. 11.)

KabeneM Ha3pIBaeTCs OJHA MM HECKOJIBKO M30JIMPOBAHHBIX TOKOIPOBOASIINX
KW, 3aKIIIOYCHHBIX B TE€PMETUUYECKYI0 000JI0UYKY, MTOBEPX KOTOPOM MpU HEOOXOIu-
MOCTHU MOTYT OBbITh HaJIOKEHBI 3alIUTHHIC TOKPOBBI.

CymiecTByIOT CHJIOBBIE, KOHTPOJIbHBIC Kaben U KaOeau yrpaBIeHUS.

CunoBsie kabenu pa3inyaroT MO HAMPSKEHUIO, CEYCHHUIO M YUCITY KWL, a TaK-
K€ MapKUPOBKE, OTpaXkKarolel KOHCTPYKIIUIO KaOes.

CunoBsie KaOeau COCTOAT U3 OHOM WIJIM HECKOJIBKUX TOKOBEIAYIUX KU, H30-
nsuuK (pa3HOM M MOSCHOM, 3aIUTHOM 000JI0UKH, OpOHHU, HAPYKHOTO 3aIUTHOTO TO-
KpoBa. Mexmy 3aiuTHON 000JI09KOM ¥ OpOHEH MOXKET OBITh TTOIYIIIKA TTOT OPOHEH.

TokonmpoBOASIINE KUJIBI U3TOTaBIMBAIOT U3 alllOMUHUS Wi Meau. CUlloBbIe
Kabelu UMEIOT OT OJIHOM JI0 YeThIpeX kuil ceueHueM 1,5—2000 MM2. YKHITBI ceuenu-
eM 10 16 Mm* — OJTHOTIPOBOJIOYHEKIE, CBEITIIE — MHOTOMpoBoJiounkie. [To Gopme ce-
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YEHUS JKUJIBI KPYTJIble, CETMEHTHbIE Uin cekTopHble. Kabenu nHanpsxenuem a0 1 kB
BBINIOJIHSIFOTCSI, KaK MPaBHIIO, YETBIPEX>KWJIbHBIMHU, HampsbkeHueM 6—35 kB —
Tpex>kuiabHbIMU, a HanpspkeHueM 110—500 kB — oaHoxunbHBIMH. B mocnennee
BpEMs BBIITYCKAOTCS TPEXKUIbHBIE KA0EIN ¢ U30JSLHUENH U3 CIIMTOrO MOJUITHIICHA
Hanpspkenuem 110-220 kB.

N3onsuus BeINOMHSAETCS OYMaXKHOM, IPOMUTAHHOW MacjioM, MOJUITUICHOBOM,
pesnHoBO. B kabensax Ha HampsikeHue 1—35 kB ais moBbIeHUsT 3IEKTPUIECKOM
IPOYHOCTU MEXAYy M30JIMPOBAHHBIMU JKUJIAMU M O0OJIOUKOM MPOKIIAIBIBAECTCS CIIOU
MOSICHOW M30JIALMU. JIJIsl TOBBIIEHUS 3JIEKTPUYECKON MPOYHOCTH OyMaKHOW M30JIs-
nuu kabenu HanpsbkeHueMm 110 kB u BbIllle HAMOJHSIOT Ta30M WA MACJIOM MO U3-
OBITOYHBIM JJaBJICHUEM (T'a30HAIIOJIHEHHBIE U MACJIOHAIOJHEHHbIE Ka0enn).

3amuTHbIE 000J0YKH, HAKJIaAbIBAEMbIE€ TIOBEPX M30JSLUU ISl €€ MpeIoXpaHe-
HUS OT BJIarM W BO3/yXa, ObIBAIOT CBUHIIOBBIMU, AJIFOMUHUEBBIMU, MOJTUBUHUIXIIO-
PUIHBIMH, PE3UHOBBIMH. B kabensx HampsbkenweMm 35 kB kaxkmas kujia JOMOJHH-
TEJIBHO 3aKJIIOYAETCS B CBUHIIOBYIO O0OJIOUKY, YTO CO3AaeT Oojiee paBHOMEPHOE
AIEKTPUYECKOE TI0JI€ U YIIy4IIaeT OTBOJ TeIUIa. BeIpaBHUBAaHUE DIIEKTPUYECKOTO I10-
75y Kabenel ¢ MmiIacTMacCoBOM M30JIALMEN U 000JOUYKOW JOCTUTaeTCsl SKpaHUPOBa-
HUEM KaXKJ0H >KIJIbI TTOTYNPOBOAILIEH OyMaroii.

bpoHs u3rotaBnuBaeTCsi U3 CTaJbHBIX JIEHT WM CTAJIbHBIX OLMHKOBAaHHBIX
MIPOBOJIOK U CITYXHUT JJIS 3aIUTHI 000JI0YEK OT MEXaHUUYECKHUX MOBPEXKICHHM.

[Mogymika mox OpoHeld (BHYTPEHHHH 3allUTHBIA MOKPOB) MPOKJIAIbIBACTCS
MEXy METALTHYECKOU 000JI0UKOM M OpOHEN — 3TO JKYTOBasi MPOCIIOWKA W3 XJIOTI-
4aTOOyMa)XHOW MPOMUTAHHOMN MpPsKU UM U3 KabelbHOU cyib(parHoi Oymaru. Ilo-
BEpX 3TOW OyMaru HaKJIaJbIBAIOT €IIE JIBE MOJMBUHUIXJIOPUAHBIE JICHTHI.

Hapy>kHbIl 3allIUTHBIN MOKPOB CIY>KHUT JUIsSl 3aIUTHI OpOHU KaOesst U MOXKET
OBITh U3 JXKyTa, IPOMUTAHHOT'O aHTUKOPPO3UIHBIM COCTaBOM WJIH IILJIAHTA.

Ha puc. 2.15 noka3zanpl KOHCTPYKITUU KaOemei.
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Puc. 2.15. Cunossle kabenu:

a — YeTHIPEXKUJIbHBIN Kabenb 10 1 kB; 0, B — ceueHue U BHENIHUMA BU Kabemnst ¢ OyMasKHOM
nponutaHHod n3omsueit 1-10 kB; r — kabenps Ha HanpsbkeHue 20-35 kB; 1 — MacIoHanoNHEHHbIN
Hu3koro aasineHusa 110-220 kB; e — MacaoHanmoJHEHHBIN BEICOKOT0 MaBienus 220 kB

KaGemu nanpshxennem a0 10 kB uzobpaxens! Ha puc. 2.15, a-B. Ha puc. 2.15,
a MOoKa3aH YEeThIPEeXKUIbHBINM Kabenb nol kB. 3mecs 1 — TokompoBoasmue (ha3Hbie
KUJIBI, 2 — OyMakHast pazHas ¥ MOsSICHAsT U3OJISLUS; 3 — aJIIOMUHKMEBAs WM CBUHIIO-
Basl 3alMTHasE 000JI0uKa; 4 — cTajmbHast OPOHS; 5 — 3alIUTHBIN TOKPOB; 6 —OyMaxxHOE
3arnojHeHue; 7 — HyneBas xkuia. Ha puc. 2.15, 6, B n300pa’keH TpEX>KUIbHBIN KaOeb
1-10 kB ¢ OymaxkHol uzonsiuen. 3nech 1 — meaHas wim aTroMUHUEBAsT TOKOIIPOBO-
nsmas kuia; 2 — (asHas u3omsanus; 3 — o0Ias MmoscHas U30JIus; 4 — CBHHIIOBAs
WM aJlOMUHUEBas 000JI0YKa; 5 — MOAyIKa IMoj OpoHeW; 6 — crainbHas OpoHs; 7 —
3allUTHBIE TOKPOBBI; 8 — 3aMOJIHEHHUE.

Tpexxunpabie kademn 20-35 kB mokazansr Ha puc. 2.15 1. 3necy 1 — kpyrnas
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TOKOMPOBOAIIAS KWJa; 2 — MOJYNPOBOJAIIME dKpaHbl; 3 — (a3Has uzonsuus; 4 —
CBUHIIOBas 000JI0YKa; 5 — MOAyIiKa. 6 — mponuTaHHas KaOelbHas MpsoKa, 3armoTHs-
IOI[asi IPOMEKYTKH MEXIY CBUHIIOBAHHBIMU >KHJIaMU; 7 — CTaJibHast OpoHsi; 8 — 3a-
ITUTHBIA TTOKPOB OT KOPPO3UU — KabenbHas TpsihkKa, MPONUTaHHAS OUTYMHBIM COCTa-
BOM.

["azonanonHeHHble kabenu mpuMeHsitotes npu Hanpsbkenud 10-110 xB. Dto
OCBMHIOBaHHbIE Kale€IW C H30JUpYyHolled OyMmMaroi, MpONUTAHHOW OTHOCUTEIBHO
MaJbIM KOJIMYEeCTBOM KomrmayHaa. KabGenb HaXoauTcs Mo HeOOIbIIUM H30BITOYHBIM
JABJICHUEM MHEPTHOTO Ta3a (0OBIYHO a30Ta), UTO 3HAYUTENIHLHO MOBBIIIAET U30JIUPY-
folue cBorictBa Oymaru. IlocTossHCTBO AaBieHUs: 00€CIeUnBAETCS TEM, YTO YTEUKH
ra3a KOMIICHCUpPYETCsl HempepbiBHOM noanutkoit. Kabenu nepemennoro toka 110 u
220 kB u3roToBISIOT, KaK NPaBWIIO, OJHOXWIbHBIMUA. KOHCTpyKIHsS MacjioHamoJ-
HEHHOTO Ka0eJisl HU3KOTO JIaBJIeHUs ¢ OyMa)KHOM MpONUTaHHON u3onsanueit Ha 110 u
220 kB m3obpaxkena Ha puc. 2.15, 1. 3neck 1 — maciaonpoBoasAIIi KaHa; 2—ToJas
TOKOTIPOBOJIAIIAS KWJIA, CKpyYeHHass U3 (PaCOHHBIX JY>KEHBIX MPOBOJIOK; 3 — DKpaH
U3 JIBYX-TPEX JICHT MOJYNpoBoAsAIIeld Oymaru; 4 — H30JLus; 5 — MeTauindecKast
000704Ka; 6 — MOYIIKA U3 MOJUBUHUIXJIOPUAHBIX JICHT; 7 — MEJHBIE YCUIUBAIOIINE
JeHTHI; 8 — OpoHs; 9 — 3aIuTHBIE MOKPOBBI. KOHCTPYKIIMS MacIOHANOJHEHHOTO Ka-
oens 220 kB BBICOKOTO J1aBiIeHUS MMOKazaHa Ha puc. 2.15, e. 3mech 1 — craipHOM TPy-
OompoBo; 2 — dKpaH, MeaHas neppopupoBaHHas JEHTa, HAJTOKEHHAS TIOBEPX M30JIs-
W U TOJTYNPOBOAAIINX OYMa)KHBIX JIGHT; 3 — OyMaskKHasl U30JISIUS C BSI3KOUW MPO-
MUTKOM; 4 — TOKOBEIyIIas JKWJIa U3 MEIHBIX KPYTJIBIX MPOBOJIOK; 5 - 1BE OPOH30BHIC
MOJYKPYTJIbI€ MPOBOJIOKH, KOTOPBIE CIYKAT JJIi MEXaHWYECKOM 3aIlUThl U30JISIIUU
OT MOBPEXKACHUI BO BPEMsI MPOTITUBAHUS B CTAILHOM TPyOOMPOBOJIE U, KpOME TOTO,
CIOCOOCTBYIOT YJIYUILICHUIO HUPKYJIAIUU Macliia; 6 — U30JI1UOHHOE MAacjo MOJ U3-
OBITOYHBIM JaBlicHHEM 10 1,5 Mma; 7 — 3anuTHbIN MokpoB. CBHHITOBas 000JI0YKa Ha
TaKoM Ka0ese Hy>KHa TOJbKO Ha TIEPHUOJ] TPAHCTIOPTUPOBKU U XPAHEHUS; TIEPE]] 3aTs-

rUBaHueM Kabesisi B CTaJbHOM TpyOOIIpOBO/I €€ CHUMAIOT.
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Kaoenu c uzonayueii uz cutumozo noauImuiena.

TexHONIorus U3roTOBIEHUSI BBICOKOBOJIBTHBIX CUTOBbIX Kabeneu ¢ usonsayuet
u3 cuumoeo noausmunena (CII3-kabenu, XLPE-kaGenn) siBnsiercs ogHoM U3 Hanbo-
Jiee TPOTPECCHUBHBIX TEXHOJOTHM B KaOenbHOM TexHuke. CHIMTHIA MOJUATUIICH
(CIID) uneanbHO MOAXOAUT AJIS U3OJIALIMM BBICOKOBOJIBTHBIX Kabeneil. CoBpemeH-
Heie CIID-kabenu Onaronapsi CBoei KOHCTPYKIIMH, TEXHOJIOTUH U3TOTOBJICHUS U CO-
BEPIICHHBIM H30JIALMOHHBIM MaTepHajiaM TeXHHYECKH 0oJiee COBEpIICHHBI U OoJiee
HSKOHOMHUYHBI 110 CPABHEHUIO C MACIIOHANIOJIHEHHBIMHU Ka0eIsIMU U B IOCIIEAHHUE TOJIbI
OBICTPO BBITECHSIIOT B HOBBIX MPOEKTax Kabenu ¢ OymakHOW m3oisuued. Bricokue
TEPMUYECKHE M MEXAHWYECKHE CBOICTBA JIOCTUTAIOTCS H3MEHEHHEM MOJIEKYJISIp-
HOM CTPYKTYpbl OOBIYHOI'O MOJHUATHIIEHA ITyTEM CO3/IaHUS HOBBIX MOJIEKYJISIPHBIX
cBazeil. CIID-kabenu MMEIOT MEHbIIUN JUAMETp U Jierde, yeM KaOenn ¢ OyMaskHO-
MAacCJISTHOM M30JISIUEN, 1 TO3TOMY OHU MOTYT HPOKJIaAbIBaThCS OOJIBIIMMU JJINHAMU,
YTO YMEHBIIAET YUCJIO COCAUHEHUN U YBEJIMYMBAET HAJIEKHOCTh JIUHUI. OTCyTCTBUE
KHUJKUX KOMIIOHEHTOB B M3OJIAIIMM MO3BOJISIET UCHoyb30BaTh CIID-kabenu B mmpo-
KOM JMala30He OKPYXaloUIMX TeMIEepaTtyp U 0e3 orpaHHMYeHUil 1O Pa3HOCTH BBICOT
npoknanku. [1o stoit xe npuunne KJI, Beimonnennsie CIID-kabensiMu, skosoruye-
cku Oozee Oe30omacHbl U HE TPEOYIOT MOCTOSIHHOTO KOHTPOJISI U OOCIy:KMBaHUS B
IIPOLIECCE IKCILTyaTalUu.

Kabenu cumnoBbie ¢ U30ISIMEN U3 CIIUTOTO MOJUATHIIEHa B OCHOBHOM MCIOJIb-
3YIOTCSI B KPYIIHBIX TOpOoJax W Ha NPOMBINUICHHBIX MNPEANPUITHUIX, T/I€ YPOBEHb
HSHEPronoTpeOIeHHs U MIIOTHOCTh HArpy3KHW 4Ype3BblYaiiHO BbicOkU. B Poccuu BbI-
COKOBOJITHBIE KaOeu ¢ aJIOMUHUEBBIMU U MEAHBIMU >KMJIAMU C U30JIALIMEH U3 CIIU-
TOT0 MOJUATUIIEHA UCTIOIB30BAHbI TPU PEKOHCTPYKIIUU U CTpouTenbeTBe ceTer 110 u
220 kB B MockBe no npoekrty sHepretruueckoro koiblia. B Cankr-IlerepOypre npu-
MeHsroTcsl kabenn Ha Hanpspkenue 330 kB. Ka6ens 500 kB ¢ CIID-uzomnsiueit sxc-
mryatupyercs Ha byperickon ['OC. Bo BnaguBoctoke npu BBOJE HOBBIX JIMHUM IIPH-
MEHEHBI KabeJH ¢ U30JIIMel U3 CIIMTOro moaudTHieHa HanpsbkeHueM 110 u 220 kB.
Ha puc. 2.16 nmpuBeaeHs npuMepsl Kabenel ¢ N30SIUeN U3 CITUTOTO MOJNATHIICHA.

60



— MenHas xuna

2X — w3onsumA wa CN3

A ANIOMKUHNEBARA KUNA
(F — 80006n0oXMpYIOWMRA CNOR
2X w30NALUMA ua CMa
L) — BOQOSAWMTHLIA CNOA U3
S = MeaHbin NPOBONOYHLIR IKPEH )
AnNIoMONONUMEPHON NeHTH
F — ponoGnokupyiouli cnon

2Y — nonuarvnesosas ofonoska

L) = B0A03EWHTHLIAR CNOR U3
3 V = CROXeHHbIE BMECTe Xumbl
AMOMONONUMBPHON NEHTHI

- F — BpoHA 13 NNOCKOA CTANLHOA
nonNHaTUNeHoBsas 0BonoHka
NPOSCNOoKA
ST — cransuas 1pyba
2Y = nOnMITUNEHOBOE NOKPLITHE
MEPKUPOBKS A2XS(FLJ2Y
ofoanadenne THna vad

Ana kabenen ¢ MesHOR ¥uNoR ZXS(FLI2Y

0) B)

Puc. 2.16. KabGenu ¢ u3osueni u3 CIImToro moiandtuiena’

a) OIHOKHUJIbHBIA KaOenb CPCAHCTO HAIIPSAKCHUS 6) OJTHOKUJIbHBIN KaOenb HaIps’>KCHUEM

110-500 xB; B) TpexkunbHbIi kabeab BH (132 kB) B cransHO# TpyOe.

Ha puc. 2.16 a 1 — xpyrnas MeaHas Wik aJtOMUHUEBas (MHOTOIIPOBOJIOYHAS
WU LEJBHOTSIHYTAs) Kuja; 2 — MOJYNPOBOISAIINMN CJION MO Kujie; 3 — U30JSAIUs U3
CHIMTOTO TMOJIUATUIICHA; 4 — MOJYNPOBOJSAIIUN CIOM MO U30ISAIUU; 5 — MOIYIIPOBO-
nsas JIeHTa; 6 — AKpaH U3 MEJIHBIX MPOBOJIOK M MEIHOM JICHTBI, 7 — pa3ienuTelNb-
HBIN coil; 8 — monudTUIIeHOBas 00ojouka (yCHUJIEHHAs TOJIMATUIICHOBas 000-
JI0YKa ¢ TPOJOJIBHBIMUA pedpamMu kecTkocTH miam obosouka u3 [IBX mmactmkara
MOHW)KEHHOW TOPIOYECTH).

ToxonpoBopsmme MeaHble Win anroMuHueBbie Kuibl CIID-kabeneit usroras-
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JUBAIOTCS YIUIOTHEHHBIMU M T€PMETU3UPOBAHHBIMU, a MPHU CEUEHUHU KUIIbI OoJiee
1000-1200 MM® CEerMEHTHpPOBAHHBIMU Ui YMEHBIICHHs TOBEPXHOCTHOTO 3ddeK-
Ta. BHYTpEHHUN MOJYNPOBOJAIINN CIIOW, U30JALMSI U BHEIIHAN MOJTYITPOBOISIIAN
CJIOM BBINIPECOBBIBAKOTCS OJTHOBPEMEHHO M3 KOMIIO3UILIMM CIIMBAEMOTO MOJIUATUIICHA
BBICOKOM 4acTOTHI. [Ipy 3TOM TONIIMHA U SKCUEHTPUCUTET CJIIOEB HENPEPBHIBHO KOH-
TPOJIMPYIOTCS MPUOOPAMHU JIA3EPHOrO0 KOHTPOJIsl. MeTanmmnyeckuid 3kpaH kabens co-
CTOUT W3 MEIHBIX MPOBOJIOK U CHOUPAIHHO HAJTOKEHHOW MenHON JieHThl. CedyeHue
9KpaHa BBIOUPAETCS MO YCJIOBHUIO MPOTEKAHHMS TOKOB KOPOTKOrO 3aMblKaHHs. [l
oOecrieyeHus: MPOAOIbHON TepMETHU3alMU HUCIIONb3YETCs CIOW BOJIOHAOYXAIOIIEro
Marepuana. Jis HalexHOM 3aIuThl U30JSIUU Kabenel OT BJIark UCHoJIb3yeTcst 000-
JI0YKa U3 aTOMOIIOIMMEPHOM JICHTHI, CBApEHHOMN ¢ moiudTHiieHoBoi wiu [IBX 060-
JIOUKOM, NI paavaibHOW repmeruszanuu. [ToMmuMo 000J0YKH U3 MONMATHICHA WU
[IBX-miactukata (CTaHIapTHBIM BapuaHT JUisl KaOesel, MpOJIOKEHHBIX B 3eMIIe),
MOKET MCIOJIb30BAThCS YCUIICHHAS TTOJIMATUIICHOBAsI 000JI0YKa ¢ MPOJIOIHbHBIMU pe-
OpaMM >KECTKOCTH (IJisl CIIOXKHBIX Tpacc), a TakXke roppupoBaHHAs AJTIOMUHUEBAS
ob6omouka. [ToBepx BHEIIHEH 000JIOYKM MOYKET HAKJIAIBIBATHCS CJIOM, 3aIMINAFOITUI
ka0enb OT Bo3ropanus. JJis usmMmepeHus: TeMiepaTypbl HarpeBa Kades 1o Bcel Tpac-
ce W ISl Tepefau JaHHBIX B Ka0Oenb (MEXy MPOBOJIOKAMHU dKpaHa WM MOJ CBUH-
IIOBOI 000JI0YKOW) M3TOTAaBIMBAIOTCS BapUAHTHl C MHTETPUPOBAHHBIMU OITOBOJIO-
KOHHBIMH HUTSAMU.
B Poccun ocBoeH BhITTyCK KabOene ¢ ¢ M30JsIIueld U3 CIIUTOTO TOJIMATUIIC-
Ha Ha HoMUHaNbHOe HamnpsbkeHue 110 kB (mpousBoaurtens — 3A0 “ABb Mockabens”) ¢
WCIOJIb30BaHUEM HOBeHIMx TexHosnoruit (o nuuensun gupmsl ABB Energiekabel). C
2007 r. OAO “Cekabenp” BbITyCKaeT KaOeIu ¢ U30JSALUEH W3 MEPOKCUIHOCIIUTOTO
MOJIMATUIIEHA Ha HamnpspkeHue A0 220 kB BKIIOYUTENBHO (MO TEXHOJOTHH (PUPMBI
Maillefer).
B Hacrosiiee BpeMsl KalUTAJIbHBIE BIOXKEHUS B COBPEMEHHBIE IIOJI36MHBIE BBICO-
koBoJIbTHBIE KJI MoTyT B 5 pa3 u 6ojee mpeBbIIaTh 3aTPaThl HA COOPYKEHUE BO3IYIII-

HBIX JIMHUH. YYeT SKOHOMUYECKUX U JKCIUTyaTallMOHHBIX (DAKTOPOB (MUHMMAIBHBIN
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3eMJICOTBO/I, BBICOKAsl HAJIe)KHOCTb, MEHbBIIIUE U3JEPKKU MPU TEXHUYECKOM OOCITyKHBa-
HUHW, MEHbLIUE MOTEPH, BHICOKAs YCTOWYMBOCTh K KPATKOBPEMEHHBIM IE€pPErpy3Kam M
Ip.) CYLIECTBEHHO CHIKAET 3TO COOTHOIIEHHE B MOJB3y Kabeseil. YcoBepiieHCTBOBA-
HUE TEXHOJIOTH MPOMU3BOJACTBA Kabesel, uX MPOKJIAJKW U MOHTa)Ka MPUBOAUT K CHH-
YKEHUIO KalMTalIbHBIX BJIOXKEHUN Ha coopyxkeHue KJI.

CpaBHUTENbHBIE XapaKTEPUCTUKU Kabelel ¢ U30JIALMed U3 CIIUTOTO MOJIHATUIIE-
Ha ¥ MacJIOHAIOJHEHHBIX Kabemnell npuBeaeHsl B Ta0. 2. 1.

Tabnuma 2.1. — CpaBHUTENbHBIE XapaKTEPUCTUKH Kabesel ¢ U30JsMIueil u3 CIm-

TOTO MOJIMATUJICHA ¥ MACJIOHAIIOJIHCHHBIX KaOeeu

XapakTepHCTHKH Kalenei CII3-kabens MacronanonsesHEIH
Kadens
JauTensHO JONyCTHMAA TeMIepaTypa KHIsl, “C 90 85

7 3 - 20C 130 90
JonyceTHMas TeMIIEpaTypa B aBapHIAHOM PEKHMeE, 3

MakcuMaITsHO JONMVCTHMAd TEMIIEpaTypa KH/IbI IPH
MIPOTEKAHHH TOKA KOPOTKOTro 2aMeiKaHusd, “C 250 200
JonycTumas IIIOTHOCTE 1-CEKVHAHOTO TOKA
KOPOTKOTO 3aMBIKaHHA, A/Mn?:

71 MeIHOMH KHIIEI 144 101

719 ATFOMHHHEBOH SKHIIEL 93 67

OTHOCHTeTbHAA TU3TEKTPHIECKAA ITPOHHIAEMOCTE £
npu Temmepatype 20 °C 24

J
J

TanreHc yria Au31eKTPHYECKHX TTOTEPD tgd
npu temmepatype 20 °C 0.001 0.004

2.2.2. MapkupoBKka KadeJei

Mapka kabenell COCTOUT M3 HayalbHBIX OYKB CIIOB, XapaKTEPU3YIOIIMX HX
KOHCTPYKIIHIO.

B tabnuie 2.2. nokazaHbl NPUHUKUITEI (POPMUPOBAHUS MApKH KaOesen.

Tabnuna 2.2. — Ilpunanumns! GopMUpOBaHUS MAPKH KaOenen

1- 2 - 3- 4 - 5- 6
KHUIIA U30JIALUS o0oJouKa nojymka mnoj | OpoHs Hapy>KHBIN
OpoHeit MTOKPOB

Kuner anroMuHuEBBIX KalOenel 0003Ha4ar0T OyKBOW A, MEIHbBIE — HE UMEIOT
ob6o3HaueHus. Kabenu ¢ oTienbHO OCBUHIIOBAHHBIMHU JKWJIaMH 0003HAYAIOT OYKBOM

O. B Tabnune 2.3 npuBeacHbl 0003HAYCHUST 000JI0YEK, U3OJSIIIUN U 3aIlIUTHBIX T10-
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KPOBOB B MapKUPOBKE KaOeJeH.

Tabmuma 2.3. — MapkupoBka kadeneit

000.104YKH. HN3oassuua 3amUTHBIE TOKPOBBI
A — amoMuHuEBas OtcytctBue 00603HaueHust — | b — OpOHS U3 CTAJIbHBIX JIEHT
OyMa>KHO-MacJsiHas
C — cBUHIIOBas B — nomuBnamnxnopunnas | Il — mmockwe — cTanbHBIE
OIIMHKOBAHHBIE TPOBOJIOKU
B — nomuBuHmiIxmno- | 11 — nonustunenoBas K — «kpyruele cranbHbie
puaHas OIIMHKOBAHHBIE TPOBOJIOKU
H — pe3unoBas [Ic — momusTUneHoBas ca- | I' — 6e3 OpoHu (TOJIbIif)
(HaupuTOBas) MO3aTyXxarmnias
[T — nommatriieHoBas | [IB — monuaTHUIEHOBAS BYII-
KaHU3HPOBAHHAS
P — pesuHoBas
Y — yCOBEpIIIEHCTBOBAaHHAS

BykBbI B KOHIIe HAaMMEHOBaHUN Kabener o0o3HavaroT: IIIB — kabenb B mosu-
BUHWIXJIOPUAHOM Tuianre, T — mpokiaibiBaemMbiil B TpydonpoBoae, H — ¢ Heropro-
YUM 3alIUTHBIM TTOKphITHEM. Kabenu aiis BepTUKAIBHBIX MPOKIAIOK ¢ 00CTHEHHBIM
MPOMMUTOYHBIM COCTaBOM 0003HAYalOTCs B KOHIIE OykBoil B, a xabenu ¢ HecTekaro-
el Maccoil Ha ocHOBe liepe3uHa — OykBoil I B Hauane. MacioHanosiHeHHbIe Ka0e-
JIM HU3KOTO JIaBJICHUs] MapkupyroTcsi OykBamu MH B Hauane HazBaHusI MapKu, Kade-
JI1 BBICOKOTO J1aBieHust — Oyksamu MB/I.

[IpuBenem mnpumepnsl mapok kabeneit: AAILIB;, AAb; AAII2allls; OCBH;
MBJT; MHK; AIIsII; AIIBIIC. B Tabnwuie 2.4 nmpuBeneHsl Mapku KaOc H30JISAIIICH
eJiell U3 CIIUTOTO MOJUATUIICHA.

Tabmuma 2.4. — O603HaueHNE MapOK Kabenei ¢ U30JAIHUeH U3 CIIUTOTO TOJIH-

OTUJICHA
HanmenoBanue kabenei O0o3HayeHUe MapoOK KadeJs
KabGenu cunoBblie ¢ U30JIAIUEH U3 CITUTOTO [18I1, AIIBII, I18Ily, AllBlly, I[18B, AIIBB,
nonudTHIIeHa Ha HanpspkeHue 10, 20, 35 kB | [IBBII, ATIBBII, IIsbB, AIIsbB
Kabenu cumoBbIe ¢ H30JIAIHMENR U3 CIIUTOTO [IsI1, AIIBII, II8lly, AllBlly, [18B, AIIBB,
MOJIMATUIICHA Ha HarpsihkeHue 6 kB [IsbI1, AIIBBII, IIBbB, AIIBEB
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B o00o3Hauennn kabensi yKas3bIBAIOTCS MapKa, KOJIMYECTBO M CEUEHHUE KUIL
MoxeT ObITh YKa3aHO HaNpsHKEHUE.

Hanpumep, Ab-3x70 — kabenb ¢ OymMaXHON M30JISAIIUCH B AIIOMUHUEBON 000-
JIOUKE C TpeMsl MEIHBIMH KUAJIAMH cedeHreM 1o 70 MM, OpOHUPOBAHHBIN CTATbHBI-
MU JICHTaMH C 3alIUTHBIM HAPY>KHBIM TOKPOBOM.

VY derplpex>KWIBHBIX KaOenel HampsbkeHueMm 10 1 kB cedeHuwe deTBepTOit
(«HyneBoit») >kuiel MeHble, yem (aznoil. Hanpumep, xabens BIII-1— 3x35+1x25
— KaGenb ¢ TPeMsi MEIHBIMHU JKHJIAMH CEUYCHHEM IO 35 MM’ U 4eTBEPTOH CedeHHEM
25 mm", momuatriieHoBo (I1) uzonsuuent Ha 1 kB 0007104K0ON 13 MONMMXIJIOPBUHUIIA
(B), HeOpoHupoBaHHBIN, 0e3 HapyxkHOTO TTOKpoBa (I') - 1 MPOKIAIKK BHYTPH MO-
MEILICHNH, B KaHalaX, TYHHEJX, [IPU OTCYTCTBUU MEXAHWYECKHX BO3ICHCTBHUI Ha
kabenp; kabenmb AOCB-35—3x70 — kabenb ¢ TpeMs alTfOMUHUEBBIMU (A) KTamMu
mo 70 Mm%, ¢ m3oysIHe Ha 35 KB, ¢ OTAENTBHO OCBHHIOBAHHBIMH (O) xumnamu, B
cBuHI0BOM (C) o6omouke, OponupoBaHHblid (b) cTalbHBIMU JIEHTAMHU, ¢ HAPY>KHBIM
3aIIATHBIM MTOKPOBOM — JIJISl TPOKIIAIKK B 3eMiistHOM TpaHiiee. OCh-35-3x70 — Ta-
KOM ke Kabesb, HO C MEHBIMU JKUJIAMHU.

2.2.3. KaGeabHas apmaTypa

KaOenbHas apmaTypa mpeaHa3zHadeHa JJisi COEIMHEHMsSI OTIENbHBIX OTPE3KOB
(cTpouTeNbHBIX JJIMH) Ka0ensi, a TakKe JUIsl MPUCOSAMHEHUsT KOHIIOB Kabemnei K at-
napaType WiH IIMHaM pacipeieuTeNbHbIX YCTPOMCTB.

Knaccuduxkarus kabenbpHON apMaTyphl IEPEMEHHOTO TOKA OCYIIECTBIISCTCS 110
JIBYM MpHU3HAKAM U yKa3aHa B Tabiuie 2.5.

Tabnuua 2.5.- Knaccudukanus kabeabHOM apMaTypbl

I1o HazHaueHuro ITo Buay msossiiuu
OTKPBITHIE Croucras
Konuesbie My Ts
Ka0eJIbLHBIE BBOJIBI MounonutHas
COCTUHUTEIbHBIC
COCI[I/IHI/ITCHBHBIC OTBECTBUTCIIBHBIC
My ThI EepEeXOaHbIC

COCAMHUTCIIbHO-PAa3BCTBUTCIILHBIC

CTOMOPHO-TIEPEXOTHBIC
MOJIYCTOIIOPHBIC

CromnopHbie My THI
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[Ipu mpoxnaake OTPEe3KH COEAMHSIIOT MOCPEACTBOM COEIMHHUTENBHBIX MYQT,
repMETU3UPYIONINX MecTa coenuHeHus. [Ipu 3ToM KOHIIBI kK Kabesei ocBoOOkKIa-
10T OT U3O0JISILIMK U 33/I€JIbIBAIOT B COCIUHUTEIBHBIC 30KUMBI.

JIist OKOHIIEBaHUS KaOene CIyaT KOHIIEBbIE MY(PTBI M KOHIIEBBIC 3a/ICIKH.
Wx ocHOBHOE Ha3HAUEHHUE — TepMeTU3aIlis Kadenei B MecTax COEAMHEHHN U OKOH-
[IE€BaHUMN.

[Ipu npoknaake B 3emuie kadeneit 0,38—10 kB s 3auThl OT KOPPO3UU U
MEXaHUYECKUX TOBPEKIECHUN MECTO COCIUHEHHUS 3aKII0YaeTCs B 3AIIUTHBIA YyTyH-
HBI pa3beMHbIN KOXyX. s kabeneit 35 kB HCHoOnb3yloTCs TakkKe CTaJIbHBIE WU
CTEKJIOIUIACTUKOBBIE KOXKyXH. B KadecTBe mpumepa IMOKa3aHO COCIWHEHUE TpeX-
YKHJILHOT'O HU3KOBOJILTHOTO Kabeiis 2 B uyryHHoi mydre 1 (puc. 2.17, a). KoHiip! ka-
oenst pukcupoBanbl PapdopoBoil pacnopkoi 3 U coeauHEHbI 3akUMOM 4. MydThl
kabeneit 10 10 kB ¢ OyMaxkHON U30JIALIMEH 3aMOMHSIIOTCS OMTYMUHO3HBIMH COCTaBa-
mu, kabemm 20—35 kB — macnonanonnenHsiMu. Jjist kabenel ¢ miacTMaccoBOM
M30JISIIMe TMPUMEHSIOT COCAMHUTENbHBIC MY(DTHI W3 TEPMOYCAKHUBACMBIX H30JIs-
[IMOHHBIX TPYOOK, YHUCIIO KOTOPHIX COOTBETCTBYET YUCIY (Pa3, U OJHON TEpMOyCaKu-
BaeMOW TPYOKH JISI HYJICBOW JKWJIBbI, YCAKUBACMBIX B TEPMETU3HPOBAHHYIO MY(]PTY

(puc. 2.17, 6).

| 2 3 4

Puc. 2.17. CoenunurensHbie My(pTHI JUTsl TPEX- U YETHIPEX)KWIIBHBIX KaOenen

HamnpsbkeHuem 10 1 kB6

a— 4yyryHHas mydra; 6 — Mmydra U3 TepMOycakMBaeMbIX H3OJSALHOHHBIX TPYOOK

Ha koHnax xabenell mpuMEHSIOT KOHILIEBbIE My(ThI HMJIM KOHLIEBHIE 3a/eKu. B

KauecTBe mnpuMepa Ha puc. 2.18, a mpuBeneHa MacTUKOHANOJIHEHas TpexdazHas
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My(Ta Hapy>KHOU YCTaHOBKH ¢ (aphopOBBIMU M30JIATOpPAMU ISl Kabenel Hampsbke-
HueM 10 xB. J{ns Tpex>KuiapHbIX KaOelel ¢ I1acTMacCOBOM M30MISLUENH TPUMEHSAETCS
KoHIeBas mydta (puc. 2.18, 6). OHa COCTOUT M3 TEPMOYCAKUBAEMOM TMepyUaTKu 1,
CTOMKOM K BO3JICMCTBUIO OKPYXKAIOWIEH CPEAbl, U MOTYNPOBOASIINX TEPMOYCAKUBA-
€MBIX TPYOOK 2, ¢ MOMOIIBI0 KOTOPHIX Ha KOHIE TPEXKUIHHOTO Kabess co3haroTcs
TPU OJAHOXKWIBHBIX KaOens. Ha oTaenbHble KUJIbl HAJAEBAIOTCS U3OJSIUOHHBIE Tep-
MoycakuBaemble TpyOku 3. Ha HUX MOHTHpYETCSI HYy’)KHOE KOJIMYECTBO TEPMOYCAXKH-

BaCMBbIX U30JIATOPOB 4,

Puc. 2.18. Konnesbie MydThI A1 TpeX>KUIbHbIX kKadenen 10 kB:

a — KOHIeBas My Ta Hapy>KHON YCTaHOBKH C (pap(OpoBBIMHU U30JISITOpaMU; O — KOHIIEBast
My(Ta Hapy>KHOW YCTAaHOBKH C IIACTMAcCOBOW H3OJIALMEH; B — KOHIEBas My(Ta BHYTpEHHEH
YCTaHOBKH C CYXOH pa3enKoi

Jns kabeneit 10 kB u Hibke ¢ miiacTMaccoBOM M30JISILIMEN BO BHYTPEHHUX IO-
MEIIEHUAX IPUMEHSIOT CYyXyI0 paznenky (puc. 2.18, B). Pa3znenannpie KOHIIBI KaOes
¢ m3oJAIMe 3 0OMAaThIBAIOT JIMMIKOW TOJUXJIOPBUHUIIOBOW JICHTOM 5 M JAKUPYIOT;
KOHIIbI Ka0eJis TepMETU3UPYIOT KaOeIbHOM Maccor 7 M U3OJISIMOHHON TIepyaTKont 1,
MepEeKPhIBAIONIEH 000JI0UKYy Kalesss 2, KOHIBI MePYaTKH M KBl JTOTIOJHUTEIHHO
VIUIOTHSIIOT W OOMATBHIBAIOT MOJUXJIOPBUHUIOBON JIEHTOM 4, 5, MOCHEIHION s
MpeOTBPAICHUS OTCTaBaHUS U pa3MaThiBaHUS (PUKCUPYIOT OaHJa)KaMU W3 ITarara
6.

K coBpeMeHHOlN KaOeabHOW apMaType OTHOCSTCS KOMIIO3UTHBIE KOHIIEBbIE

My(TBI HapyXKHON ycTaHOBKU. Kopryc My(dThl cOCTOUT U3 pe3NHOBOM TPyOKH, yCH-
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JIEHHOM CTEKJIOBOJIOKHOM, C I00OKaMH U3 CHJIMKOHOBOW pe3uHbl. KoHyC BbIpaBHUBA-
HUS HaIpsHDKEHHOCTH 3JIEKTPHUYECKOTO IOJISI BBIIOJHEH W3 CUJIMKOHOBOM pPE3WHBI, a
IPOCTPAHCTBO MEXAY KOHYCOM, M3OJsIMel Kabelis M BHYTPEHHEH MOBEPXHOCTHIO
KOpIyca 3al0JHEHO CUJIMKOHOBBIM MaciioM. J[Ji1 repMeTr3aluy UCIOoJb3YITCs Tep-
MOYCa)KMBaeMble KOMITOHEHTHI, JJII COCIUHEHMs MPUMEHsETCS OOJTOBOM COEAMHU-
TE€JIb CO CPHIBHBIMH T'OJIOBKAMHU.

Croza ke BXOJIAT CyXHe KOHIIEBbIE My(DTHI HApY>KHON yCTaHOBKM THIIa 0e3 3a-
MOJIHEHUSI MacJOM, COCTOSIINE U3 CHIIMKOHOBOTO PE3MHOBOIO KOPITyca ¢ F0OKaMu €O
BCTPOCHHBIM KOHTAKTHBIM 3JIEKTPOAOM, CHJIMKOHOBOIO KOHYCa BbIPpaBHUBAHMSI
HaIPSHKEHHOCTH  AJIEKTPUYECKOrO IMOJIsl, METaUIMYECKOro MOANPYKMHUBAIOILIETO
KOJIbIIa, U30JMPOBAHHOTO KaOEIBbHOTO CaJbHUKA, OOJITOBOIO COEIUHUTENS CO CPBIB-
HBIMU T'OJIOBKaMH.

JUis coequHEeHMs] MacJIOHANOJHEHHbIX Kalened HHU3KOro [aBjieHMs Ha Ha-
npsokenue 110 kB ¢ kaGensmu ¢ u3omsnuen U3 CIIMTOrO MOJIUATUIICHA HAa HaTpshKe-
Hue 110 kB BoimyckaroTcs nepexoaubie MygpTel THna MIIMHII-110 (MIIMHII-M-
110; MIIMHII-MC-110). Konctpykiiusg My(dT COCTOUT U3 IIEHTPAIbHON YaCTH, U3TO-
TOBJIEHHOW W MCMBITAHHON B 3aBOJICKMX YCJIOBHUSX (JIMTHIE JI€TaIU W3 AMOKCHUIHOTO
KOMITayHJa, YCUJIMBAIOIIasi U30JLUUS U3 MPONUTAHHOW MacioM OyMmaru, LEHTpaib-
HBIM 2JIEKTPOM) U JIBYX KaOeJIbHBIX 3a/IeNIOK, 3aKIIOYCHHBIX B HEMAarHUTHBIN MeTall-
JMYECKUN KOXKYX C OTBOJAMM JUIS 3a3€MIICHMS. 3aJeKa MAcCJIOHANOJIHEHHON 4acTh
My(TBI, coiepKalliasi HaJ0KEHHYIO JOMOJHUTEIBHO OyMa)KHO-TIPOIUTAHHYIO U30JIs-
LMI0 U 3alpPEeCCOBAHHBIN Ha JKUJIE KOHTAKTHBIA HAKOHEYHMK, 3aIOJIHSETCS KaOelb-
HbIM MacyioM. 3ajienika Kabess ¢ MOJIMMEpPHON H30JIALMeN, coaeprKamas 3amnpecco-
BAHHBIN Ha XKUJI€ KOHTAKTHBIA HAKOHEYHUK U JOMOJHUTEIIBHO BBHIIPECOBAHHYIO IO-
JUATUICHOBYIO U30JISLIUIO, 3aTI0JIHAETCS MOIMMETUIICUIIOKCAHOBOU AKUAKOCTBIO.

Mapka My(TbI COCTOUT U3 0003HAYEHUS THIA, MaTepHalia U KOHCTPYKTHUBHOTO
ucnonHeHus. Tun mMy¢dTel 0003HayaeTcsi OyKBaMu, CTOSIIMMU B MapKe Ha MEPBOM
mecte. B Tabnuie 2.6 npuBeneHa MapKUpoBKa KabeIbHbIX MYy(T MO TUIY U 1O MaTe-
puany.
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Tabnuua 2.6. — IIpu3Hak 1 MapKUpPOBKA M0 HEMY KaOEJIbHbIX My (DT

Tun My TsI Matepuan

bykBennoe Pacmmmdposka bykBennoe 060- | PacmmdpoBka

0003Ha4YeHNE 3HAUYCHHE

C COCMHUTEIIbHAS 4 YyT'YH

O OTBETBUTCIILHAS C CBUHEI]

Cr CTOIIOpHAs JI JaTyHb

Crll nepexoaHas A aIIOMUHHEBas

KH KOHIIEBasi HApY>KHOM YCTaHOBKU | O SIOKCH/IHBIN KOMITayH]I

KM KOHIIEBas MauyTOBas Cr CTaJb

KB KoHIeBas Mmypra  (3amenka) | P pe3uHa
BHYTpPEHHEH YCTaHOBKHU

CoenuHUTENbHBIE U KOHIIEBBIE MY(ThI KaOeliel C IMIacTMAcCOBOM M3OJISIUEH
nepen obo3HaueHueM tura uMeroT OykBy 11 wiu [1B (ansa kaGeneit ¢ uzonsmuent us
BYJIKAHU3UPOBAHHOT'O MOJIMATUJIEHA).

[Tocne obGo3HaueHUs Marepuaia MOXKET cToATh OykBa O, COOTBETCTBYIOIIAs
0J1HO(ha3HOM KOHCTPYKIIUU MY(THI.

2.2.4. Tlpokaanka kabesneii

Crnioco6 mpoxiaaku kademnei onpeaensieTcs: yCIoBUsIMUA Tpacchl TuHuu. Kabe-
JIM TPOKJIAABIBAIOTCS B 3€MJISTHBIX TpaHIlesx, OJIokax, KaHanaX, KaOeJIbHbIX TYHHE-
JISX, KOJJIEKTOPax, MO KabEJIbHBIM dCTaKaaM, a TakK e M0 MEePEKPBITUIM 37aHUH.

Ilpoknaoka kabeneii 6 mpanuieax

Hawnbosnee yacTo Ha TEPPUTOPUHN TOPOOB, TPOMBIILIICHHBIX TIPEANPUATHUIX Ka-
Oenu MpOKJIaAbIBAIOT B 3eMISHBIX TpaHiesx (puc. 2.19, a). [lng npemnoTBpaiieHus
MOBPEXICHUI M3-3a MPOTUOOB Ha THE TPAHILIEU CO3JAI0T MSATKYIO MOIYIIKY U3 CIOA
MIPOCESTHHOM 3eMJIU WM necka. [Ipu npokiaake B OAHON TpaHIIee HECKOJIbKUX Kade-
neit 1o 10 kB paccTostHuE TTO TOPU3OHTAIM MEXITY HUMHU JTOJDKHO ObITh HE MeHee 0,1
M, Mexay kademsamu 20—35 kB — 0,25 m. KaGens 3acbimatoT HeOOJIBIIMM CIIOEM Ta-
KOTO K€ TPYHTA W 3aKPHIBAIOT KUPITUYOM WIJIM OCTOHHBIMU TUTUTAMHM JIJIST 3aITUTHI OT
MEXaHUYECKUX MOBpexkaeHuH. [Tociie 3Toro kabenpbHy0 TPAHIIIEIO 3aChIMA0T 3eMJICH.
B mecTtax mepexona uepe3 IOpPOrd W Ha BBOJAAX B 3[aHUsI KaOellb MPOKJIAbIBAIOT B

acOECTOIIEMEHTHBIX WJIM WHBIX TpyOax. DTO 3amminaeT Kadeiap oT BUOpaiuii u odec-
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[IEYMBAET BO3MOYKHOCTh pEMOHTa 0Oe€3 BCKpBITUs MONOoTHa aopord. Ilpokmaaka B
TpaHILIEsAX — HAaUMEHEe 3aTPaTHBIM CIOCOO KaOEIbHON KaHaIM3aluu 3JIEKTPOIHEp-

rud. B ogHOM TpaHIee npokiaapiBaloT 10 6 kabenei HanpsbkeHuem 10 10 kB Bkitio-
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Puc. 2.19. IIpoknanka kadenel B TpaHiiee (a) U B KojuiekTope (0)

B Mecrax npoxiaaku OONBIIOro KoduuecTBa KaOenel arpeCCUBHBIN TPYHT H
Oy JaroIe TOKM OIPaHUYMBAIOT BO3MOXKHOCTh MX MPOKIJIAJIKU B 3emiie. [loatomy
Hapsly ¢ APYTUMHU MOA3EMHBIMH KOMMYHUKAIIUSIMH UCIIOJIB3YIOT CIIEI[UAIbHBIE CO-
OpPYXEHUSI: KOJUIEKTOPHI, TYHHEIH, KaHaJbl, OJIOKH, ICTaKa/Ibl U TAIICPEHU.

Ilpoknaoka kabeneii 8 Ko1eKmope

Komnexrtop (puc. 2.19, 6) ciayXuT Jyisi COBMECTHOTO pa3MEIEHUs B HEM pa3-
HBIX MOJI3€MHBIX KOMMYHUKAIIUN: KaOeIbHBIX CUJIOBBIX JJUHUN U CBSI3H, BOJAOMPOBO/IA
10 TOPOJACKAM MarucTpayisiM U Ha TEPPUTOPUN KPYITHBIX MPEATPHUATHIA.

Ilpoknaoka kabeneii 8 mynnenax

TyHHeNnb mnpeaHa3HAueH TOJbKO JUISl MPOKIAAKU KaOenbHbIX JuHUM. [Ipu
0O0JIBIIOM YHCIE MapajljIeIbHO MPOKJIaIbIBaEMbIX KaOened, Hampumep, OT 3/aHus
MOIITHOW 3JICKTPOCTAHIIMKM TPUMEHSIOT MPOKIaaKy B TyHHENsX (puc. 2.20, a). IIpu
ATOM YJIYYIIAKOTCA YCIOBHUS KCIUTyaTal[iy, CHUYKAETCS IUIOMAAb NOBEPXHOCTH 3€M-
7, HeoOxomuMast i pokyIaaku kadenei. [Ipoknaaka kabeneit B TyHHENISIX camast

noporas. B Hux npoxinaaeiBaroT 30-40 kabeneit. TyHHENIH CTPOSIT U3 COOPHOTO Kelle-
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300eToHa. B HUX NpeaAyCMOTPCHLI BEHTUIIALHWA U ITOXKapHasd 3aliuTa.

V_.-f-‘?f T S e

Crunoaee o I & B

Puc. 2.20. IIpokianka kademnel B TyHHeENX (a) ¥ kaHanax (0)

Ilpoknaoka kabeneii 6 kananax

[Ipu MeHbIeM vKcie Kabenel mpuMeHsoT KabenbHble KaHaibl (puc. 2.20, 0),
3aKpBITHIE 3eMJICH WIIM BBIXOJISIINE HA YPOBEHb MOBEPXHOCTH 3eMiiu. [Ipokiaaka ka-
Oeneil B kaHajax MCIOJIb3YeTCs Mpu yucie kabeneir B motoke 25-30. [Ipu sTom uc-
MOJIB3YIOT TUMOBbIE KaOebHbIC KaHaJIbl U3 COOPHBIX JKEJI€300€TOHHBIX IJIEMEHTOB.

Ilpoknaoka kabeneii 6 010Kax

B kpymHBIX TOpOIax W HAa OOJBIIMX MPEANPHITHAX KaOeIu HHOTAA TP OKJIA IbI-
BarOTCs B Oyiokax (puc. 2.21), mpeacTaBisiomux acOeCTOIEMEHTHBIE TPYOBbl, CTHIKH,
KOTOpbIe 3ajemanbl 6eToHoM. OTHAKO B HUX KaOeNH TJI0X0 OXJIAXJA0TCs, YTO CHU-
KaeT UX MPOMYCKHYIO cocoOHOCTh. [ToaToMy mpokiaasiBaTh kabenu B OJ0Kax clie-
JyeT JUIIb P HEBO3MOXXHOCTH MPOKJIAAKK MX B TpaHmiesx. [Ipoknaaka kabeneil B
osokax (ot 4 10 20 mTYK) — OCHOBHASI HAPSy C dCTaKaJlaMH TOJBKO JJisl 3arpsi3HEH-
HBIX npeanpusTiii. OCHOBHOE MPEUMYIIECTBO IMPOKIAJKH B OJIOKaX — 3allUIICH-

HOCTBb OT MCXaHNYCCKHUX HOBpG)KI[CHHfI.
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Puc. 2.21. IIpoknanka kadenei B 0J0kax
Ilpoknaoka kabeneit ha Icmaxadax u 6 2anepesnx
KaGenpHbIe 3cTakaabl U rajiepen (puc. 2.22) UCIOIb3YIOT JIJIs HaA3eMHOM Mpo-
KJIaJK1 Kabene. ITOoT BUJ KaOEIbHBIX COOPYKEHUN IIUPOKO MPUMEHSIIOT TaM, Te
HEINOCPEACTBEHHO NPOKJIaJKa CHIOBBIX Kabenel B 3emile SBIISETCS OMAacHOM Hu3-3a
OMOJ3HEW, 00BaJIOB, BEYHOW MEP3JIOTHl WJIM TJI€ arpecCMBHAasl MOYBA, BO3MOXHOE

CKOINICHHUC TAXKCIIBIX B3PBIBOOIIACHBIX ITAPOB. B stux ClIydaidax IIPpOKIaAbIBarOT Ooiiee

20 wTyk Kabeneil.
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Puc. 2.22. Ilpokinanka kabenel Ha scTakanax (a) u B ranepesx (0)

B 31aHusX, Mo cTeHaM U MEPEKPHITHIM OOJbIINE MOTOKU Kabeneu ykiajapiBa-
I0T B METAJUTMYECKUE JIOTKU U KopoOa (puc. 2.23). OauHouHble Kabenu MOTryT Mpo-
KJIJbIBAThCS OTKPBITO MO CTEHAM U MEPEKPBITHSIM UM CKPBITO: B TpyOax, B MyCTO-
TEJBIX IJIUTaX U APYTUX CTPOUTENbHBIX YacTiaX 34aHui. B kaOenpHbIX KaHaIax, TyH-
HeJSIX, KOJUIEKTOpax M MO 3CTakajaM KaOelnu MpOKIAAbIBAIOTCS IO KaOelbHbIM

KPOHILUTEHHAM.

150

U B
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0050 15
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Puc. 2.23. Tlpoknaaka kabeneit Ha HACTEHHBIX KOHCTPYKITUAX (), Ha mepdo-

pUPOBaHHBIX JIOTKaX (0), B kKopoOax (B)
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3. QJEKTPUYECKUE HAI'PY3KHU SJIEKTPOOHEPI'ETUYECKHUX
CUCTEM

3.1. TlousiTue o rpapukax 3J1eKTPUYECKHX HATPY30K

B 3aBHCHMOCTH OT BBINOJHSAEMBIX (PYHKLIMHA, BO3MOXKHOCTEW oOOecredeHus
CXEMBbI MTUTaHUsI OT YHEPrOCUCTEMBI, BEIUUUHBI U PEKUMOB MOTPEOICHUS AIEKTPO-
SHEPTrUM M MOIIHOCTH, OCOOEHHOCTEH MpaBWJI TMOJb30BAHMS JIEKTPOIHEPTUEH Mo-
TpeOuTenen AMEKTPOIHEPTUU IPUHSTO ACIUTh Ha CIAEAYIOLINE OCHOBHbBIE TPYTIIIbI:

» TIPOMBIILICHHBIC U IPUPABHCHHBIC K HUM,

» TIPOW3BOJICTBEHHBIC CEIIbCKOX03SICTBEHHBIE;

> OBITOBBIE;

» OOIIECTBEHHO-KOMMYHAJIbHBIE  (YUPESKACHUS, OpraHW3alud, Mpej-
HOPUSITHUS TOPTOBIIM U OOIIECTBEHHOTO MUTAHUA U Jp.).

K mpoMblIIeHHBIM TOTPEOUTENSIM TPUPABHEHBI CIICAYIOLIUE HPEIIPUSITUS:
CTPOUTEJbHBIE, TPAHCIIOPTA, IIAXThI, PYJHUKH, Kapbepbl, HE(QTAHbBIE, FTA30BbIE U APY-
'Y€ TPOMBICIIBI.

Kaxxnas u3 rpynn norpeduteneil MeeT onpeneaeHHblid pexxuM padbotsl. Tak,
HarpuMmep, dJeKTpUYecKas Harpy3ka OT KOMMYHaJbHO-OBITOBBIX MOTPEOUTENEH C
MPEUMYIIIECTBEHHO OCBETUTEIHHOM HArpy3KOM OTIWYAaeTCs OOJBINONW HEpaBHO-
MEpPHOCTBIO B pa3inyHOE BpeMs CyToK. /[HeM Harpy3ka HeOouibllasg, K BEYEpy OHa
BO3pAacTaeT J0 MAaKCMMYyMa, HOYbK) OHA PE3KO MajaeT U K YTPy BHOBb BO3PACTAET
(puc. 3.1). DnexTpuueckas Harpy3ka MPOMBIIIIEHHBIX MNPEANpUITHA Oosiee paBHO-
MEpHa B TE€UEHHUE JIHA M 3aBUCUT OT BUJA MPOU3BOJACTBA, peXKUMa paboyero AHS U
yucna cMeH. [lo mpogomKUTETbHOCTH OHM MOTYT OBITh CYTOYHBIMH U TOJOBBIMHU.
MakcumanbHasi Harpy3Ka JJig 3MMHUX CyTOK HacTynaet Mexay 17 u 20 4, a 115 net-
HUX CYTOK - Mexay 22 u 23 4. Takum 00pa3oM, JETHUI MaKCUMyM (MOIIHOCTh B 4a-
Chl MHWK) HAaCTyNaeT IO3/JHEE W 3HAYMUTEIbHO MEHBILIE IO BEJIMYMHE, YEM 3UMOM.
JIHEBHOW MMHMMYM Takke yMeHblaeTcs. CyTouHbIN rpauK Harpy3Ku ropoja mnpu-
BEJICH Ha puc. 3.2
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Puc. 3.1. Cyrounsie rpaku OCBETUTEIBHOM HArpy3KH ropojia: a - 3MMou, O -
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a) 6)

Puc. 3.2. Cyrounsle rpaduKu JIEKTPUUECKON HArpy3KH KPYITHOTO ropoja: a —

3UMOI1; O — JIeTOM

Ha npoMbIlIeHHBIX TpeAnpusTUsIX TpaduK dJIEKTPUUECKUX HArPY30K 3aBUCHUT
oT cmeHbl. Kak npaBuiio, nepBas cMeHa sIBJIsIeTCS HauboJee Harpy>KeHHOM, 4To HY k-
HO YYMTBIBaTh IPU pacueTe HArpy30K IMPOMBILLICHHBIX cerel. [Ipumepom siBiseTcs

rpauK SIEKTPUUYECKUX HArPy30K KaOeIbHOW JIMHHWH, MUTAIOUIEH MPOMBIIIICHHYIO

Harpy3ky (puc. 3.3)
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Puc. 3.3. I'paduk nosy4acoBbIX Harpy30K JIMHUA

B 3HauuTenpHON CTENEHU OTJIMYAIOTCA TPaPUKH SIESKTPUUECKUX HArpy30K

MOACTAaHIIUM, (popMa KOTOPHIX 3aBUCHUT OT COCTaBa UX HArpy3ok (puc. 3.4)
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Puc. 3.4. Ilpumepbl CyTOUHBIX TPaA(QUKOB DIEKTPUUECKUX HATPY30K MOACTAH-

UI: a — npeodIiaJaHue HENPEPhIBHBIX MPOMBIIUIEHHBIX MPOU3BOJICTB; O — O0JIBIION

yACIBbHBIN BeC KOMMYHaJIbHO-OBITOBOTO MOTPEOICHUS

Kak BUAHO U3 MpUBEICHHBIX TPAPUKOB JIJIS SJIEKTPOIHEPTETUUECKON CUCTEMBbI
rpaduKy 3NEKTPUYECKUX HArPy30K OTPa)KaloT KoJIeOaHHs CIpOca Ha AJIEKTPO3IHEp-
ruu. DTH KoJieOaHUs MOTYT ObITh pa3/iefieHbl Ha PEeryisipHbIC U ciaydaiiHbie. B cytou-
HOM pa3pe3e Harpyska peryjsipHO CHH)KAETCSI B HOYHBIE 4Yachbl M IIOBBIIIACTCS B

YTpPEHHUE U BeuepHuUe dachl (puc. 3.5). B HegenbHOM pa3pese peryasipHOe CHHXKEHUE
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Harpy3Ku HaOJro/1aeTcsi B Hepaboune THU (BBIXOJHBIC U MIPa3IHUYHbBIC THH), B TOJI0-

BOM paspe3e — B JIETHUU IIEPUOL.

2% P %
(MBp) (MBxr)
\ \/‘U\T,
P, max CyT
b e Pnax 1
min cv1
] 1 i L 1

[EENE BTN S R G O 3
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Yach cyTok Yach cyTox

a) 6)

Puc. 3.5. Xapakrepnbie cyTouHble Tpaduku snekTpuueckoin Harpy3ku 99C: a

— 3MMHHE MeCSIBI; O - TeTHHE Mecsibl [28]

P ax secs 24 )

N

max rog

min rog,

A AR JEE N A j_

I T v VII IX XI
II IV VI VIII X XII

Mecsunl rona

Puc. 3.6. ['ogoBoii rpaduk MECSYHBIX MAKCUMAJIbHBIX HArPy30K



Cnyualinble KoJeOaHUsI Harpy30K OOYCJIOBJIEHBI Pa3HOBPEMEHHOCTbIO BKIIIO-
YEHHS U OTKJIIOYEHUS OTICIBbHBIX 3JIEKTPONPUEMHUKOB, METEOYCIOBUSIMHA U PAIOM
npyrux ¢akropoB. OTcrofa 3IeKTpUUecKasi Harpy3Ka JIOJDKHA MPEJCTaBISAThCS CIy-
YaWHOW BEJIMYUHOUN WM CIIyYAMHBIM IPOLECCOM.

Paznuuaiotr cyTouHble, Ce30HHbIE (MeCSUHbIE) rpadMKU aKTUBHBIX U PEAKTHB-
HBIX HArpy30K, TOJIOBbI€ TpadUKu MO MecslaM U YHOPSAJIOYECHHbIE IO IMPOIOJIKU-
TEJIbHOCTH

3.2. BeposiTHOCTHBIE XapAKTEPUCTHUKH U NMOKa3aTeJ M rpaduka Harpy3Kku

[Ipn mpencraBieHUM SIEKTPUYECKON HArpy3KH CIIy4YalHOM BEJIMYMHOW OHA
ONMCHIBAETCS BEPOSTHOCTHBIMU XapaKTEPUCTUKAMHU. K BEpPOSTHOCTHBIM XapaKTEepH-
CTHKaM Ipa)MKOB 3JIEKTPHUUECKHX HArpy30K OTHOCATCS cpenHsst P, , cpeaIHeKBaIpa-
tueckas (3pdexrusnas) Py, MaKCUMabHas Pyay, MOIIHOCTH.

Cpennsisi MOIIIHOCTD 3a BpeMsi T — 3TO BeIMYMHA, 3aBUCSIIAs JIUIb OT KOHU-
rypanuu rpaduka U Npoa0DKUTENIBHOCTH Tniepuona Habmonenus T. Cpenusisa dJiek-
TpUYECKasl Harpy3ka, B oOIIEeM Clydyae MaTeMaTUYeCKOe 0KHMJIAHUE Harpy3KH, SIBIS-
€TCSl IEHTPAJIbHOW MHTETPAIbHON XapaKTEPUCTHKON 3JIEKTPONOTPEOIEHUS, YUUTHI-
BAIOLIEH B CKAaTOM BHJIE BCE DJIEKTPUUYECKUE PEXKUMBI 32 PACCMATPUBAEMBINA MHTEP-
BaJI BpeMmeHnu T.

CpenHekBaipaTiyHas MOIIHOCTh 32 HEKOTOPBIM MHTEpBa BpeMeHHU T Xxapak-
Tepu3yroT 3(PPeKT HarpeBa NPOBOJHUKA HEM3MEHHBIM TOKOM, KOTOPBIN, MpOTEKast 1o
JIVHUM B T€YEHUE BpeMEHU T, 1aeT CyMMapHbIE TOTEPHU SIEKTPOIHEPTUHU.

MakcuManibHasi MOIIHOCTh — 3TO YCPEAHEHHOE 3HAYECHHE HArpy3kKH 3a BpEMs
M0JIy4acoBOro Makcumyma. Kak BUJIHO M3 MPUBEICHHBIX BhIIIE TPAaQUKOB HArpy3Ku
pa3IMyarOT YTPEHHUW U BEYEPHUN MAKCUMYMbI Harpy3ku. BeposiTHOCTHas xapakre-
PUCTHUKA OTHOCHUTCS K OOJIBIIIEMY U3 HHX.

Wx ompenensitoT 1o rpadukam 3IEKTPUUECKUX HATPY30K IO CIEIYIONIUM BbI-

PaXKEHUSIM:
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Pcp = Eileti;
P, = |—LP%:
TH i=1

2
Pro =P, (L+1, K2 -1)

3nech P; — i-Tasg opauHaTa rpaduka Harpy3Kd MpoI0JHKUTETBHOCTEIO {; ;
T, — nepuon HaOMOAEHUS 32 SJIEKTPUUECKON HArpy3Koil, Halpumep,
CYTKH;

tﬂ - KPaTHOCTb CPCAHUX KBAAPATHICCKUX OTKHOHGHHﬁ;

K, — xoaddunuenT Gopmsbl.
KoadduimenT 3anonHennst cyTouHoro rpaduka u Ko3ppuuueHt Gopmsl rpa-
(¢uKa Harpy30K XapakTepU3yIT PaBHOMEPHOCTh, MIOTHOCTh 3JIEKTPONOTPEOICHMS,
TaK KaK OMUPArOTCs Ha y4eT BCEro MHOTr000pa3us pex1UMOB B TedeHHe BpeMeHH T.

P

__ o o
Koy¢ppuyuenm ghopmot K, = p — OTHOUIeHHE 3 PeKTUBHON MOIIHOCTU K
cp
cpenneii. OH XapakTepu3yeT HepaBHOMEPHOCTh rpaduka BO BpEMEHHU.

P

_ p )
Kos¢ppuyuenm 3anonnenusn K., ~p — OTHOWICHWE CPE/IHEH MOIIHOCTH K

max
MakcuManbHOU. OH XapaKkTepu3yeT 3arnoiHeHue, T.€. hopmy rpaduka.

Kosddunnent dopmsl K, gBIgeTCS CpaBHUTENBHO YCTOWYMBOM XapaKTepu-
CTUKOM Tpaduka HArpy3KH ¥ U3MEHSAETCS B IOCTATOYHO Y3KUX Mpeserax.

["onoBoit Tpadmk Harpy3ku yZA0OHO XapaKTEpH30BaTh MOKA3aTEIEM, KOTOPHIH
Ha3bIBACTCS BpeMEHEM (IPOJOKUTEILHOCTHIO) HCIIOIb30BaHUS MaKCHUMAaIbHOMN
Harpysku T, OHO omnpezenser Takoe yciaoBHoe Bpems: Typ<8760 4, B TeueHne KoTo-
poro, paboTasi ¢ HauOoJIbIIEH HEU3MEHHON HArpy3KOi, MOTPEeOUTENb MOy Obl U3
CETH TaKOE K€ KOJIMYECTBO AICKTPOIHEPTUH, KaK U TIPH pabOTE MO ACHCTBUTEITLHOMY

M3MEHAIOIIEMYCsl B T€UeHHe rojaa rpaduky Harpysku. Bemwuwmna T,; urpaet 60ib-
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YO0 POJIb B pacueTax AJIeKTPONOTpeOaeHus, IPU ONpPenesIEHUU roI0BOr0 pacxo/ia u
MOTEPH JEKTPOIHEPTUHU, IKOHOMUUECKUX HATPY30K TOKOBEAYIHX AJIEMEHTOB H JIp.
OnHa uMeeT OmpeesIeHHOE XapaKTepHOE 3HAYEHUE MJIsi KaKJIOW OTpaciyd MPOMBIII-
JICHHOCTH M OTAEIBHBIX BUAOB MPEANPHUATHI U MOTPEOUTENEH.

3.3. CraTrnyeckue XapaKTePUCTHKH HATPY3KH

3aBUCUMOCTH, MOKa3bIBAIOIME U3MEHEHUE AKTUBHOM U PEAKTUBHON MOIIHO-
ctu ot dactotel f W monBeneHHoro HampspkeHus U mpyu MeasIeHHBIX M3MEHEHUSIX
(menee 1%/cek) 3TUX MapaMeTpoOB, HA3bIBAIOT CTATMUECKUMU XapaKTECPUCTUKAMU
Harpy3ku. llociennue HamOoJiee MOJIHO YYUTBHIBAIOT JE€HCTBUTEIbHBIE U3MEHEHHUS
AIIEKTPUIECKUX HArPY30K OT YACTOTHI U HANIPSDKEHUS U B ’TOM OTHOIICHHUH SIBIISIOTCS
HauOoJee TOYHBIM CIHOCOOOM MpPENCTaBICHMS JEKTPUUECKUX HArpy3oK B 3ajadax
pacyeTa M aHaJin3a YCTAHOBUBIIUXCS PEKUMOB 3JIEKTPUUECKUX CETEH.

[Ipu pacuere u aHaiu3e PEKUMOB PabOThI ANEKTPUUYECKUX CETEH y4yeT HX
Harpy30K BBIMIOJHSIOT HE OTJEIBHBIMH MOTpeOUTensiMu, a 0000IIeHHBIMU (KOMOU-
HUPOBAHHBIMH) TTOTPEOUTENSIMU Y3JI0B CXEMBI CEeTH. Bua 3Tux 3aBUCHUMOCTEH ompe-
JeNIeTCsl COCTaBOM MoTpeduTeneil. B o0iiem ciiydae nmoiab3yroTcsl TaKk Ha3bIBaEMbIMU
TUTIOBBIMH OOOOIIEHHBIMU CTATUYCCKHUMH XapaKTEPUCTUKAMU Harpysku (puc. 3.7)
JUTSL XapaKTEepHOro COCTaBa Harpy3o0kK, MpUBEACHHOro B Ta0muue 3.1.

Tabnuma 3.1. - CoctaB KOMOMHUPOBAaHHOM (00001IEHHOH ) HAarpy3Ku [8]

KomrmuiekcHsli cocTaB Harpy3ku % Harpysku
ACHHXPOHHBIC JBUTATEIIN 50
OcgelnieHre U OBITOBBIC TOTPEOUTETH 22
DNEeKTPUYECKHE NeUn 11
CHUHXpOHHBIE IBUTATEITN 9

ITorepu B ceTsix 8

Cratudeckue XapaKTepUCTUKU HArpy30K MO3BOJISIIOT OMPEACIIUTh PETYIUpPYIo-
it 9O PEeKT dAESKTPUISCKON HArPY3KH, MO KOTOPHIM MIOHUMAETCS CTETICHb N3MEHEe-

HHA HArpy3Ku [Ipru CAMHUYHOM U3MCHCHUHN HAIIPSKCHUA 1 4aCTOTHI.
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a) - TUIOBBbIE OOOOILEHHBIE XapPAKTEPUCTUKU: 1 - aKTUBHOM MOLIHOCTH, 2 - PEAKTUBHOU
MomHocTH st y3i1a 110 kB, 3- peaktuBHO# MomHOCTH A71s y31a 6(10) kB

Puc. 3.7. Cratnuyeckue XxapakTepUCTUKU HArpy3KHU MO HAIMPSHKEHUIO (a) U 110
gacTtoTe (0)

Kak Bumno u3 puc. 3.7 norpedisiemasi U3 CeTU aKTUBHAs MOIIHOCTh C YBEJHU-
YEeHHEM YaCTOThl U HAINPSKEHHs BO3pacTaeT MouTy npsMosinHeiiHo. W3meHeHue no-
TpeOJIeHUs PEaKTUBHOW MOIIHOCTH OMHUCHIBAeTCs Oojiee CI0XHOW (DyHKLMEH: KpH-
Boie Q(f) u Q(U) umerot nepernd u Ha cBoeit Ooubliei (paboyeii) YacTh 1O XapakTe-
Py TPOTHUBOMOJIOXKHBI IPYT APYTY (PEaKkTUBHAS MOIIHOCTH C YBEIMYCHHEM YaCTOTHI
YMEHBIIIAETCS, @ C POCTOM HAIPSHKEHUS — BO3PACTaeT).

Uucnenno perynupyromuid dQPexT xapakTepu3yercs 3HAYECHUSMU YaCTHBIX

aPH 6QH aPH aQH aPu aPu

y y y . I/IB HUX BCEraa IIOJIOXUTCIBHbBI ——
duU '8U ' of ' of A

: .
ouU of
[TosTomy P, yMmeHblnaeTcs py MOHUKEHUM KaK HANpPSLKEHHMH, TaK U 9aCTOTHI (pUC.

IIPONU3BOJHBIX

3.7). Xapakrepuctuku Q, (U ),Q ( f) umeror U-o6pa3uelii xapakrep, T.e. UMEIOT

TOYKY MUHHMYyMa, MOCJie KOTOpoi mpu ymeHbineHur U u f peakTuBHAs MOIIHOCTH

pacter. OOBIYHO HOPMaJbHBIM YCTAHOBHUBIIMMCS PEKMMaM COOTBETCTBYIOT MpaBas
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4acTh OT TOUKU MUHUMYyMa XapakTepuctuku Q (U ) u neBas wactsQ, ( ). Ha atux

0Q, 0Q,
ou ' of

paboyuX YacTAX XapaKTePUCTUK perynupyroniue 3GphexTs UMEIOT pa3HbIe

3Haku. [Ipn ymenemennn U yosiBaer Q, .

YyeT cTaTU4eCKuX XAPAKTCPHUCTHK 110 HAIIPSKCHHUIO OKA3bIBACT CYIICCTBCHHOC
BJIMSTHHUC HA PC3YJIBTATHI pACYCTOB HOCHCaBaprIHLIX YCTAaHOBUBIIUXCSA PCKUMOB, KO-

raa HaIpspKCHHUEC SHAYUTCIIBHO OTIIMYACTCS. OT HOMUHAJIBHOTO.
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4. PACUET YCTAHOBUBIIINXCS PEXKUMOB DJIEKTPUUECKHUX
CETEM

4.1. OcHoBHbIe BHABI pe:kuMoB IIC

Pestrcumom cucmempl — HA3bIBACTCS €€ COCTOSHHUE, ONPEACISIEMOE MMapaMeT-
pamu B 11000 MOMEHT BPEMEHHU WJIM Ha HEKOTOPOM HHTEpBaJie BPEMEHHU.

Hapamempul pexrcuma — 1MOKa3aTENN, XAPAKTEPUIYIOIIUE MPOLIECC MOTYUCHUS
U TpeoOpa3oBaHUsl DJIEKTPOIHEPTUHU, — HAMPSDKEHHS] B PA3IUYHBIX TOYKAX CXEMBI
(y3nax), TOK B €€ 3JIeMeHTax (B BETBSX), YaCTOTA CETH, YTJIbI PACXOXKICHUSI BEKTOPOB
OJ1C u HanpsikeHui, (pa30BbI€ YIibl, OJHAS, AKTUBHAS U PEaKTUBHAS MOIIHOCTH, a
TaK)Ke 3HaYEHUs, XapaKTePU3YIOIMe HECUMMETPUIO TpeX(ha3HON CUCTEMbl HAMpsKe-
HUW WM TOKOB U HECUHYCOMAAIBHOCTh U3MEHEHUS HAMPSIKEHUS U TOKOB B TCUCHHUE
Mepruoaa OCHOBHOM YaCTOTBHI.

Iapamempol cxemsbl — TIOKA3aATENN, XapPAKTEPUZYIOIIUE CXEMY CUCTEMBI: CO-
MIPOTHUBJICHUSI U IPOBOJIUMOCTH AJIEMEHTOB CETU, KOADPUIIMEHTHI TpaHCHOpMAIIIH.

Iapamempol cemu — >IEKTPOABHKYINAs cujia (3.7.C.) HCTOYHUKOB U 3aJaf0-
I[Me TOKU WJIA MOITHOCTH Harpy3oK.

Ocnognule 6uowt pexcumos 33C

HopmainbHbIit pexuM MoTpeOUuTess dIEKTPUISCKON SHEPTUN - PEXHUM, TIPH KO-
TOPOM 00€CTICUMBAIOTCS 33a/IaHHBIC 3HAYEHHUS TAPAMETPOB €TI0 PabOTHI.

[TocneaBapuifHBIN PEKUM - PEKUM, B KOTOPOM HAXOJTUTCS TIOTPEOUTEND AJICK-
TPUYECKOM SHEPIUU B pe3yJIbTaTe HAPYIICHUS B CUCTEME €r0 dJIEKTPOCHAOKEHUS 10
YCTaHOBJICHHS] HOPMAJIBHOTO PEKUMa TOCIIE JIOKAIU3aIllUKA 0TKa3a.

HODMaJlebllz VCI’I’ZLIHOGMBWMZZC% pexxcum C IapamMeTpamMu, HaXOJAINMMHUCSI B

HOPMHMPOBAHHBIX Mpejenax, T.e. COCTOSHHE CUCTEMbI, 00ecrieunBaronee SKOHOMUY-
HO€ U HAJIeKHOE AJIEKTPOCHAOKEHHE MOoTpeduTeneit 0e3 neperpy30k OCHOBHBIX 3Jie-
MeHTOB DOC; IPUMEHUTEIBHO K HEMY MTPOEKTUPYETCA CUCTEMA, U ONPEIEISIIOTCA €€

TCXHUKO-3KOHOMHUYCCKNEC XapaKTCPUCTHUKH,
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Ymsorcenennviii ycmano8USWUINICSA PeHcUM (8bIHYHCOEHHDIN) —PEKUM, XapaKTe-

PU3YIOLIUICA MEHBIIEW HAJECKHOCTBIO, HEKOTOPOU MEPETPY3KOU OTAEIIBHBIX JIEMEH-
TOB ¥, BO3MOXHO, YXYAILICHHEM Ka4eCTBa 3JIEKTPOIHEPTUN.

Hopmanvhwiti nepexoounwiu pescum, CBI3aHHBIA C HKCILUTyaTallUOHHBIMU U3Me-

HEHUSIMU CXEMBbI 3JIeKTpocHaOeHust uin cxembl DIC; BBIBOJOM 000pY/IOBaHUS B
PEMOHT.

llocneasapuunvli ycmanosusuwulicsl pexcum, HACTyNAIOIIUN MOCIIE aBaApUHO-

ro OTKJIFOUEHUS KaKOro-iau0o 3J€MEHTAa, YaCTH HJIEMEHTOB CXEMbl WJIM YacTH CUCTeE-
MbI. B 3TOM pexume cuctemMa MOKET padoTaTh ¢ HECKOJIBKO YXYAIICHHbIMA TEXHU-
KO-DKOHOMMYECKAMH XAPAKTEPUCTUKAMMU.

Asapuiinbiii nepexooHblll pedicum - Pe3KOe U3MEHEHUE MapaMeTpPOB BCIEACTBUE

ABApPUHNHOI0 U3MEHEHUS B CXEME MUTAIOIIECH YHEPTOCUCTEMBI WIIM B CXEME 3JIEKTPO-
CHAOXKEHMUS.

[IepexoIHBIN PEXUM KaK HOPMAJIBHBIN, TaK U aBapUHHBINA, BO BPEMS KOTOPOTO
CHUCTEMA MEPEXOJUT OT OJIHOTO COCTOSHUS B APYroe, XapaKTEPU3yeTCsd N3MEHCHUEM
BO BPEMEHHM BCEX €T0 MMapAMETPOB.

[Ipu paGoTe B HOPMaJIbHOM YCTAHOBHUBIIEMCSI PEKUME 3HAUYCHHUS OCHOBHBIX
napaMeTpoB (4acTOThl U HAMPSKEHUS) paBHBI HOMUHAJIBHBIM WJIM HaXOASTCS B Mpe-
Jes1ax JOMYCTUMBIX OTKJIOHEHUW OT HUX, 3HAYEHHS] TOKOB HE IPEBBIIAKOT JOIYCTH-
MBIX TI0 YCJIOBUSIM HarpeBa BeluuyuH. Harpy3ku u3MeHstoTcst MeJJIEHHO, 4TO o0ecrie-
YUBaeT BO3MOXKHOCThH IIJIABHOTO PETYJIMPOBAHUS PAOOTHI SJIEKTPOCTAHIINN U CEeTEH U
yAEpKaHUE OCHOBHBIX MapaMETPOB B MpeiAenax IOMYCTUMbIX HOpM. HopMmanbHbIM
CUMTACTCS PEKHUM U MPU BKIIOUYECHUW U OTKIIOUEHWHU MOUIHBIX JUHUM WU TpaHC-
(dhopMaTopoB, a Takke JIJIsl Pe3KONEPEMEHHBIX (yIapHbIX) Harpy3o0k. B aTux cimydasx
MOCJIE€ 3aBEPILICHUS MEPEXOTHOTO MPOIIECCA, KOTOPBIN MPOIOIKACTCS 10U CEKYH/IBI,
BHOBb HACTYNA€T YCTAHOBHUBILIUWCS HOPMAJIBHBIN PEXUM, KOT/IA 3HAUYCHUS MapameT-
POB B KOHTPOJIBHBIX TOYKAX CUCTEMBbI OKa3bIBAIOTCS B JOMYCTUMBIX MPEAEax.

B nepexonHoM pexuMe cucTeMa NMepexoauT U3 YCTAHOBUBILIETOCS HOPMaJIbHO-
ro COCTOSIHHMSI B JPYro€ yCTAaHOBHUBLIEECS C PE3KO W3MEHUBIIMMUCS IMApAMETPAMMU.
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OTOT pEeXUM CUUTACTCS aBApPUUHBIM W HACTYIMAeT MPU BHE3AMHBIX M3MEHEHUSX B
CXeME W PE3KHUX M3MEHEHHUSX T€HEPATOPHBIX M MOTPeOsieMbIX MOIIHOCTEH. B wac-
THOCTH, 3TO UMEET MECTO IPH aBapHUAX Ha CTAHIMSIX WIH CETAX, HApUMeEp IpH KO-
POTKUX 3aMBIKAHHUSIX M TOCICIYIONIEM OTKIIOYEHUHN MOBPEKICHHBIX JJIEMEHTOB Ce-
TH, PE3KOM I1aJICHUH aBJICHUS TIapa WK HAIlOPOB BOJKI U T.1. Bo BpeMst aBapuitHOTo
MIEPEXOTHOTO PEKMMA MMapaMeTPhl PESKUMA CUCTEMBI B HEKOTOPBHIX €€ KOHTPOJIBHBIX
TOYKAX MOTYT PE3KO OTKJIOHATHCS OT HOPMUPOBAHHBIX 3HAYCHUH.

[TocneaBapuifHbI YCTAaHOBUBIIHMICS PEXUM HACTYIAET IMOCIE JIOKAIU3AI[uU
aBapuu B CUCTEME. DTOT PEKHUM Yallle BCEro OTANYACTCS OT HOPMAJILHOTO, TaK KaK B
pe3ynbTaTe aBapWH OJWH WM HECKOJIBKO JJIEMEHTOB CHUCTEMBI (T€HEpaTop, TpaHC-
dbopmatop, nuHus) OyayT BeIBeACHBI U3 paboThl. [lpu mocieaBapuifHBIX peKUMAax
MOKET BO3HUKHYTH TaK HA3bIBAEMBIH JACPHUITUT MOIITHOCTH, KOTJa MOIITHOCTh TeHEepa-
TOPOB B OCTaBIIEHCs B pabOTe YacTU CUCTEMbI MEHBIIIE MOIIHOCTH MOTPEOUTENEH.
[TapameTpsl mociieaBapuitHOTO ((hOPCUPOBAHHOTO) PEXKUMA MOTYT B TOM WM WHOU
CTEIICHU OTJIMYATHCS OT JOMYCTUMBIX 3Ha4YCHWH. Ecnm 3HaUeHHs dTUX MapameTpoB
BO BCEX KOHTPOJIbHBIX TOYKAX CHUCTEMBI SBJISIFOTCS JOIMYCTUMBIMH, TO UCXOJ] aBapUH
CUHMTAETCS OJIArOTIONYYHBIM. B TPOTUBHOM CiTydae UCXOJT aBapuH HEOJIaromoaydeH
JTUCTIETYepCKasl CIy)K0a CUCTEMbl MPUHUMAECT HEMEIJICHHBIE MEPBhI K TOMY, YTOOBI
MIPUBECTH TTapaMeTPhI MOCIICaBAPUUHOTO PEKUMA.

Ilepexoonwvie pericumot IIC:

BousHoBBIE niepexoaubie mporiecchl (1-100mkc);

DneKTpOMarHuTHbIC nepexoaHbie mpoiecch (10-500);

DnekTpoMexaHudeckue nepexoausie npoueccs (0,1-10 c);

JlnuTenpHble  AIEKTPOMEXAHUYECKUE MEPEXOJIHbIE MPOUECCHl (JAECATKH MHU-

HYT).
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4.2. Pacuer mnapamMeTpoB JJIeKTPUYECKHX CXeM 3aMellleHHMs] JIMHUIA,
TpaHcopMaTOpPOB U ABTOTPaHCHOPMATOPOB

4.2.1. Bo3oywinvle u kabenbHble TUHUU ITIEKMPOneEpeoauu

Jlunuwm 3mexTponepenaun o0aagal0T PacCIPeACICHHBIMU 10 JIJIMHE MOTOHHBIMU
(Ha egWHUIYY JJIMHBI) TapameTpaMu. JJis TUHUNA CpaBHUTENbHO HEOOJBIIONW IJTUHBI
(mo 400 kM) pacnpeeIeHHOCTh MapaMeTPOB MOXHO HE YUHUTBIBATH U HUCIIOIb30BAThH
COCPEIOTOYEHHBIE MapaMETPhl: AKTUBHOE M MHAYKTUBHOE COMPOTUBIICHUS JIMHUU I,
U X,, aKTUBHYIO U EMKOCTHYIO ITPOBOJAUMOCTD JIMHUU {, ¥ D,

[lenpto pacyeTa mapaMeTpOB CXEMbl 3aMEILCHUS JMHUN dJIEKTpoIepesadn
(JIDII) siBnsieTcst onpeeneHye npoaoabHbIX aKTUBHOTO M MHYKTUBHOTO CONPOTHB-
JICHUM, a TaK)Ke MOTIEPEYHBIX AKTUBHOM M €eMKOCTHOM MPOBOAUMOCTEN Ha 3EMIIIO TSI
Kaxaou u3 tpex a3z JIDIL.

[IpumeHsieMble KOHCTPYKTUBHBIE HcTOoJHEHUS JIDII TakoBBI, UTO MOYXKHO TONa-
raTh MapaMeTpbl CXeM 3aMEIICHMs] KaKI0M (a3bl dieKTpornepesay OJMHAKOBBIMH,
YTO MO3BOJISICT BBIMOJHATH rpaduueckoe M300paKeHUE CXEMbI 3aMEIICHUsI TOJIbKO
mutst omHou (pazer JIDII.

Hnsa Bozaymneix JIDII nanpsokenuem 110 kB u Beime aymuoun go 400 km uc-
nosib3yetcs [1-o0pasHas cxema 3amerenus (puc. 4.1).

ra Xa

0 — o

o O

Puc. 4.1. [1-o6pa3Has cxema 3amernieHus Bo3aymHoi JIDII

AKTHBHOE COTIPOTHBIICHHE JIMHUU OTIpEIEsieTCs: TIo popmyiie:
r,=rol, Om, (4.1)
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rje I, - MIOroHHoe conpoTtupieHue, OM/KM, TIpU TEMIIEpaType IPOBOIa +20° C;

| - mmHa MU, KM.
AKTHBHOE COIPOTUBIICHUE €AUHUIIBI JUIMHBI TIPOBOa (KUJIbI Kabens) onpee-
JIIETCSl MAaTEpUaIOM TOKOBEIYIIUX TPOBOJHUKOB U TUIOIIABIO UX CEUEHUS U MPU Ya-
ctore nepemeHHoro toka 50 'y mpuHUMAaeTcs paBHBIM OMHUYECKOMY (SIBIIEHUE TO-

2y.
BEPXHOCTHOTO 3P PeKTa HAUMHAET CKa3bIBAThCS MPH CeUeHUAX Oosee 500 MM“):

r0=%, Om/ km (4.2)
WIH
r0=M, Om/ km, (4.3)
y-F

rme  F - momepednoe cedeHne MpOBOAA MITH Kb KaOems, MM,

P - YAEIBHOE COMPOTHBICHHE OM-MM* / KM;

¥ - y/eIbHAS POBOAUMOCTE, M/ OM-MM-.

s amomunus p=28,9 Om um? | km, y=34,6 M | Om MM

st menu p=18,8 Om-mm® | km, ¥=53,0 m/Om MM

JUISL CTaJICAIFIOMMHUEBBIX TMPOBOJIOB p = 31,5 Om- mm® | kmg y=317 m |/
Ommm’.

IIpu temmepatype, oramaroii o1 20° C, CONPOTHBICHHE IMHAH YTOUHSETCS 11O

BBIPAXKEHUIO:
rot =ro-[1+ ay(t-20)], Om, (4.4)

rae @r - temnepatypHbiii koaddumment, 1/ 9C, pasubiit 0,004 aus cranea-
JIOMUHHUEBBIX TTPOBOIOB;
ar=0,0043 1/ T nast MeIHBIX TPOBOJIOB;
t -Ttemneparypa nposopa, °C.
AKTHUBHOE CONPOTUBIIEHNE CTAIBHBIX MTPOBOJIOB 3aBUCHUT OT TOKA U HAXOJIUTCS

I10 Ta6J'II/IIlaM, B 3aBUCMMOCTH OT IIOIICPECUHOI'O0 CCUCHMU .

87



Jlns paciieruieHHOM (a3bl MOTOHHOE aKTUBHOE COMPOTUBIICHUE BBIYMCIISICTCS
o ¢opMmyiie:

——3
o _

n

r7ie N — 91CII0 MPOBOIOB B PaCIICIUICHHON (a3e.
NuaykTuBHOE CONMPOTHUBICHUE (a3bl JIMHUU ONpENEseTcsl cienyomuM odpa-

30M:
X, =xp-l, Om, (4.5)

IJIE X - IOTOHHOE MHIYKTHUBHOE COMPOTUBICHHE, OM / KM.

[ToronHsle MHAYKTUBHBIE COMPOTUBIICHUS (a3 BO3IYITHON JIMHUU AJIEKTPOIIE-
penayu B o01ieM citydyae pazanyHbl. OHU 3aBUCST OT B3aUMHOTO PACIIOJIOAKEHUS TIPO-
BOJIHUKOB U UX T'€OMETPUUECKUX Pa3MEPOB.

[lepeMeHHBIN TOK, MPOXOJIA MO JIMHUM, 00pa3yeT BOKPYT MPOBOJHUKOB TEpe-
MEHHOE MarHuTHOE MoJie, KoTopoe HaBoauT B npoBoaHuke IDJIC. ComnpoTuBieHue
TOKY, BbI3bIBaeMoO€ mnpoTtuBojeciicTBueM OJIC caMOMHIYKUHM, HA3bIBACTCS WMHIYK-
THUBHBIM CONPOTHUBIICHUEM.

B npoBoje ogHoit u3 (a3 TpexdazHoil TUHUU TOKH COCETHHUX MPOBOJOB HABO-
At DJ1C B3aMMHOM MHAYKIIMU, KOTOpAasi MPUBOJIUT K YMEHBIICHUI) UHAYKTHUBHOTO
conpotuBieHus. [loaToMy ueM nasbie APyr OT Jpyra pacroyioKeHbl (azHbIe MPo-
BOJIa, TEM MEHbBIIE OYJeT BIUSHUE COCETHUX MPOBOJOB U, CJIEIOBATEIHLHO, OOJBIIE
MOTOK pacCeaHus MEXIY NPOBOAAMU U MHIYKTUBHOE COMIPOTUBIICHUE.

[Ipu pacueTax CUMMETPUYHBIX PEKUMOB MOTOHHOE MHIYKTHBHOE COMPOTHUB-

JICHUC ONMPCACIIACTCA 3aBUCUMOCTBIO!

D
x,=0,1445-1g I;” +0,0157 u, Om/ km, (4.6)

rne D, - cpenHereomerpuyeckoe paccTOSHUE MeEXTy (asHBIMU IIPOBOJAMHY,
MM;
R - pamuyc npoBoaa, Mm;
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M - OTHOCHUTEIIbHAsI MAarHUTHAsI IPOHUIIAEMOCTh MaTepraia MpoBoa.
Jls1 amfOMUHHUEBBIX, CTAJCaTIOMUHUEBBIX M MEIHBIX MPOBOJOB MPUHNMAECT-
ca u=1.
3HadYeHMs] MHIYKTUBHBIX COMPOTHBIICHUH €IWHUIIBI JJIMHBI TIPOBOOB pa3iind-
HOTO CEUYCHHSI BAPbUPYIOTCS B 3aBHCHMOCTH OT CPEIHETCOMETPUICCKOTO PACCTOSHUS
MeXy dazaMu.
CpenHereoMeTpHueCcKOe paccTOsTHUE MeXAy (pazamu ompeenseTcs: 3aBUCUMO-

CTBIO.

D, = 3\/DAB *Dye Dy M, (4.7)
rae Dg; Dgc; Dey - paccTosiHue Mexay MpoBOJaMU COOTBETCTBYIOIINX (a3,

Hampumep, npu pacnosiokeHud (a3 1Mo BEpIIMHAM PABHOCTOPOHHETO Tpe-

YT'OJIbHHUKaA CO CTOpOHOﬁ D CPCAHCTCOMCTPUICCKOC PACCTOAHUC PABHO D, a IIpHu ro-

3
PU30HTAIHOM PACIIOJI0KEHUH IPOBOJOB D, = 2D (cM. puc. 4.2).

DAC =2D
Dps
' | Dpg=D |Dgc=D
A B
2rp = = =
—0« o o
Dac Dgc A B c
C
Vs
Dpg=Dgc=Dca=D
D.,=D
a) 0)

Puc. 4.2. PacnionoxxeHne mpoBOAOB JUHHUM JICKTPOIIEpEeaadu:

a) MO BEepIIMHAM PaBHOCTOPOHHETO TPEYroJIbHUKA,
0) Npu TOPU30HTAIHLHOM PACIOIOKEHUH (ha3.
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Paccrosinus MCKIY (ba?;aMI/I OIIPCACIIAIOTCA U30JIANUOHHBIMHA ITPOMEKYTKAMU B

3aBHCHMOCTH OT KJlacca HanpspkeHus (cM. taoi. 4.1).

Tabmuua 4.1. - YcpenHeHHbIE CPEIHETCOMETPUUYECKUE PACCTOSIHHUS MEXIY

(ha3HBIMH POBOIAMH BO3AYITHBIX JTUHUN

Kiacc nanpspkenus, kB 35 [ 110 | 150 | 220 | 330 | 500 | 750

CpenHereoMeTpuyecKoe PacCTOSHUE, M 351 5 65| 8 11 | 14 |195

C poctoM HOMUHaNBHOTO HampsipkeHus JIDII cpegHereoMeTpudeckoe paccrosi-
HUE Mexay (¢azamMu yBEIUMYMBAETCS CWIbHEE, YeM JHUaMeTp IHpoBOAa,
U Xp pacTer.

[Ipn HECHMMETPUYHOM pacnoyoKeHun poBoAoB J/]C caMOMHAYKIMK U B3au-
MOMHJIYKIIMU MPOBOJOB OTIENbHBIX (a3 HEOAMHAKOBBI, YTO MPUBOJAUT K PA3IUUUIO
UX CONpPOTUBJICHUN. JJI1 BbIpaBHUBAHMS CONPOTUBJICHUNA OTAEIbHBIX (a3 MpUMEHS-
eTcsl crnocod B3aMMHOM NEPECTaHOBKM MECT IPOBOJOB Ha omnope. Takas nepectaHoB-
KA Ha3bIBACTCS TPAHCIIO3UIIMEH.

JIns1 yMEHbILIEHHUS UHIYKTUBHOTO CONPOTHUBIIEHUS MPOBOJIOB, & TAKXKE MCKIIIO-
YEHUs SIBJICHHUS “KOPOHBI” TMPU HOPMAJIBHBIX KIMMATUYECKUX YCIOBHUSIX B JIMHUAX
aNeKTponepeaayr HanpsbkeHueM Bbiile 220 kKB NpUMEHSIOT pacueryieHHe NpoBO/Ia.
Kaxxnasa ¢aza nuHUM TpU 3TOM COJIEPKUT JBa U OOJiee MPoBO/Ia, CBSI3aHHbBIX JUCTaH-
IUOHHBIMHU pacrnopkamu JmHou 30 - 60 cm.

B dopmyny (4.6) B 3TOM citydae BBOJUTCS HE paauyc mpoBoja R, a skBuBa-
JEHTHBIN paguyc npoBoaa, R,.. Ilpu koamdecTBe MpOBOAOB B pACILCIJIEHUHM N OH

ompenensiercs no Gopmyie:

R, =%R-a"", (4.8)

IK

rjae N - 9UciIo MpoBOIOB B (ase;
a - pacCTOSIHME MEX/1y OCSIMHM ITPOBOIOB B PaCIEIICHHOH (a3e, MM.
Hanpumep, npu paciierieHud npoBojia Ha 4:
R, =4R-a’. (4.9)
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[ToroHHoe MHIYKTUBHOE cOMpOTUBIeHUE, OM/KM, MPU PACUICIUICHUH MTPOBOJIA

B (paze ompenensiercs o Gopmyie:

D, 00157
+ .

X, =0,14451g -

(4.10)

IK

JIst CTaJIBHBIX TPOBOJIOB TIOTOHHOE WHIYKTUBHOE COMpOTHBIEHHE, OM/KM,
ompeneseTcs B YCIOBUAX, Koraa # (cM. BeipakeHue (4.6)) He paBHO enuHuiie. [lep-

Bas COCTABJIAIOIIAA, KOTOPYIO HA3BIBAIOT BHCIIHUM HHIAYKTUBHBIM COITPOTHUBJICHHUEM

Xo’, paBHa

D
X, =0,1445 - Ig F;" . (4.11)

BTOpaH COCTaBJIAAIOIIadA, Ha3blBacMasi BHyTpeHHI/IM COHpOTI/IBJ'IeHI/ICM, 3aBUCUT
OT TOKa, ITPOTCKArOIICTO 110 IIPOBOAY, U paBHA
Xo”’=0,0157 -1 . (4.12)
I/IHILYKTHBHOG COIMPOTHUBJICHUC CTAJIbHBIX ITPOBOJOB!
Xo=Xo + Xo”. (4.13)
I[J'ISI Ka6€J'IBHBIX J'II/IHI/Iﬁ IIOTOHHOC I/IHI[yKTI/IBHOG COHpOTI/IBJ'IeHI/Ie Xo OHpCI[CJ'IH-

10T U3 Ta0IuI (GU3UKO-XUMHYECKUX JaHHBIX.

B npulnmxeHHBIX pacyeTax MOKHO MOJIb30BAThCS CPEIHUMHE 3HAYCHHUSIMH T10-
TOHHBIX UHYKTUBHOCTEN, KOTOpBIE M BO3AyIIHbIX JIDII paBHbI:
- ipu HanpspkeHun 10 330 kB x4, = 0,4 Om [ km;
- ipu Hanpspkenuu ot 330 kB 1o 1150 kB xy., = 0,3 Om | km;
VY kabenbubix JIDII BeneacTBre 0AM30CTH TOKOBEAYIIUX KU (a3 UHIYKTHB-
HOE COTPOTHBIJICHHE B HECKOJIBKO pa3 HIbke, ueM y BJI, 1 B cpefiHeM cocTaBisieT:
¢ 0,06 OM/kM y TpeX>KUJIbHBIX Kabenei 10 1 kB;
¢ 0,08 OM/KkM y TpexKIIbHBIX Kabeneit 6...10 kB;

¢ 0,15 OM/kM y OTHOKHIIBHBIX KaOeneit 35...220 kB.
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AKTHUBHAsI IPOBOAUMOCTb JIMHUU 3JIEKTpOINepeaadu Jy ONpeaensaeTcs noTepsmMu
AKTUBHOM MOIIHOCTH Ha «KOPOHY» M B HE3HAUUTEIHOW CTEIIEHW AKTUBHOW MPOBO-
JTUMOCTBIO M30is1un. J{s kabenel akTUBHASI POBOJUMOCTD OTIPEIEIISICTCS TOJIBKO
MOTEPSIMU B TUDJICKTPUKE M30JBSIIUHA OT TOKA YTEUKH 4Yepe3 AUIIEKTPHK, T.K. «KOPO-
Ha» OTCYTCTBYET.

KopoHupoBanue mpoBOAOB BO3HHUKAET MPU WHTCHCUBHON HMOHHU3ALMH OKPY-
KAIOIIEero MpoBo Bo3ayxa. OcOOEHHO MHTEHCUBHO KOPOHUPYIOT MPOBOJIa B CHIPYIO
norony. «Koponay ((puosieroBoe cBeueHHE Ha TOBEPXHOCTH MPOBOAA U TMTOTPECKUBA-
HUE DJIEKTPUUYECKUX Pa3psI0B) BO3HUKAET, KOT/la HA MOBEPXHOCTH MPOBOJIa HAMps-
KEHHOCTb SJIEKTPUYECKOTO MOJsl (€ro rpajueHT) MPEBBIIAET AMEKTPUUECKYIO TTPOU-

HOCTb BO3/1yXa, T.€.:
Enoa 2 Exop )
rne  E,,,=30+32kB/cm.
HanOonee pagukalbHbIM CPEICTBOM CHMKEHUS NOTEPh MOIHOCTH Ha “KOpO-

HY’’ SIBIIIETCSl yBEJIMYEHUE TUaMeTpa (CeueHus ) MpoBoja, T.K.:
=—. (4.14)

Pacyer moroHHo# akTMBHOW MPOBOAMMOCTH JIJI1 BO3AYIIHBIX JIMHUK MTPOU3BO-

nuTes 1mo popmye:
AP,
g =| =2 |-107°, Cm/km, (4.15)
Us
rne AP, - moTepu akTHBHON MOIIIHOCTH Ha «KOPOHY» Ha 1 kM, kBT;

U, - Hamnpsbkenue ¢assl, KB.
[Totepu Ha «KOPOHY» UMEIOT MECTO B TOM Clly4ae, Korja pabodee HalpsiKeHHE
JUHUU TIPEBBINIAET MAKCUMAJIbHOE HAMpPsHKEHHUE, MPU KOTOPOM 3aXKUTACTCS «KOPO-
Ha». Ero Ha3bIBalOT KPUTUUECKUM HAIPSIKEHHEM «KOPOHBD U,y .

I[J'ISI ITPOBOAOB, pACIIOJIOKCHHBIX 110 BEPUIMHAM TPCYIr'OJbHHKA!
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D,
U,=489-m,-m, -6-R-lg( I;" J KB, (4.16)

rae Mo - K0O3QPHUIMEHT, YIUTHIBAIOIINN COCTOSTHIE MMOBEPXHOCTH MTPOBOAA (115
OJTHOTIPOBOJIOYHBIX TTPOoBOAOB Mo = 0,93 +0,97, nns mHoTrONpoBOIOYHBIX Mo = 0,83 =
0,87);

My, - k03O HUIMEHT, YIUTHIBAIONTNI COCTOSIHUE TOTObI (TIpU CYXOW TIOT0JIe
m, =1, npu 10Kae, TyMaHe Wi royoieae m,=0,8);
R - pammyc mpoBoja WiIM JKBHBAJICHTHBIA paguyc MpoBojma (mpu pac-
nieruieHuu (asbl), cM;
0 - KOd(DPUIMEHT, YUIUTHIBAIONIUI YPOBEHb OApOMETPUUECKOTO JABJICHUS U
TEeMIIepaTypy OKpYyKarolen cpebl.
Koaddurment & onpenensiercs: BbIpakeHUEM:

5_392:b

= , 4.17
273+t ( )

rae b - atMocepHOe naBieHue B CM PT. CT.;
t - Temneparypa okpyxarouien cpeasl, °C.
[Tpu b =760 ym pm. cm. n t=20°C ko> dunrent o pasex 1.

J1J1st IpOBOIOB, PACIOJIOKCHHBIX TOPU3OHTAIBHO:
U % =0,96U,, - 114 cpenHero nposoja;
U’ =1,06U,, - nns kpaiinero nposoja.

[ToTepu MOIITHOCTH Ha “KOPOHY’ OMPEAEISAIOTCS U3 BHIPAKECHHUSI:

AP0=(0’;8)- /DR (U, =U,, ), kBmxn. (4.18)
cp

I[J'IH HCKIIIOYCHU A YCJ'IOBI/Iﬁ BO3HUKHOBCHHUA «KOPOHBD» OIPCACICHbBI MHWHH-

MaJIbHBIC CCUCHHA KW AUAMCTPbl IMPOBOJOB AJIA Pa3JIMYHBIX HOMHWHAJIBHBIX

HanpspKeHu# (cM. Tadi. 4.2).
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Tabnumna 4.2. - MuHUMaJIbHBIE CEUYEHUS W JUAMETPhl CTajeaTtOMUHUEBBIX

IMPOBOJORB I10 YCIOBUAM «KOPOHBLD»

HomunansHoe KonnuectBo HuameTtp Cedenue mpoBoja,
HarpsbkeHue, kB IIPOBOJIOB B (haze MIPOBOJIA, MM MM
110 1 11,3 70
150 1 15,2 120
220 1 21,6 240
330 2 23.5* 300
500 3 25,2* 300
750 4 29* 400

* Ilpu paccmosinuu medicoy nposodamu 6 ghaze 400 - 600 mm.

AKTHBHas MPOBOJIUMOCTh KaOETLHOM JIMHUM PACCUUTHIBACTCS 10 (PopMYyJIe:

g, = ﬂizo .107% ,Cm/ km, (4.19)

/4

rac APO,- IIOoTCPH aKTUBHOM MOIITHOCTHU B U30JILIHNH, OTHCCCHHBIC K OI[HOﬁ (1)3-

3€ 1 OIIPCACIIACMBIC 3aBUCMOCTBIO
APy=U,’ -@-Cy -tgd, (4.20)

3nech Cp - ynmenbHas paboyast eMKOCTh Ka0Oems, @/ km;
tgd- TaHreHC yria IUAICKTPUYECKHX TOTePh B HM3OJMIMH TIpU (pasHOM
HAIPSDKCHAUH.

AXTUBHas IMPOBOAMMOCTD JIMHUHU paBHA:

d.=Jo . (4.21)

[ToronHast eMKOCTHAst IPOBOAMMOCTH Do, CM / KM, KaK BO3AYIIHBIX JIMHUM, TaK
1 KabeabHbIX, 00YCIOBJIEHA HAJIMYUEM €MKOCTEH MEXIy MPOBOJIOM M 3eMJICH, a Tak-

xKe Mexy dasHpiMu poBoiamu. OHA pacCUUTHIBAETCS MO (HOpMYyJIE:

7,58

b, = 107" (22)
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Cpennee 3HadeHue by cocraBmser mas JIDII mampsbkenumem 110, 220 B
2,7 MkCMm/KM;

brnarogapst HanM4MIO €MKOCTEH JMHHUS CTAHOBUTCS HCTOYHHUKOM PEAKTHBHOM
MOITHOCTU. PeakTuBHasi MOUIHOCTh, T€HEpUpYyeMasi JUHUEH (3apsaHas MOIIHOCTB),

OoIIpCACIIACTCA 3aBUCUMOCTDBIO!
1. .2
Q. =E-U b, -1, keap, (4.23)

rae | - nmna nuaun.
Kom1ieke moTHOTO CONMPOTUBIICHUS €IUHUIIBI JJIMHBI JIMHUU COACPKHUT JCH-
CTBUTEJIbHYIO YacTh B BHUJI€ MTOTOHHOTO aKTUBHOTO COMNPOTHUBJICHUSI U MHUMYIO - B

BUJC ITOTOHHOI'O I/IHHYKTI/IBHOFO COHpOTI/IBJIGHH}I
Z, =Ty + jX,, (4.24)

CJICI0BATCIbHO, MOAYJIb IIOJIHOT'O COIIPOTHUBJICHHUA OIIPCACIIACTCS KaK:

%, = 1/r02 +x02. (4.25)

KoMmiekc nostHoN nmornepeyHor MpOBOAMMOCTH €MHUIIBI JJIMHbBI JIUHUU 3aIH-

CBIBAETCSI CJICIYIOIINM 00pa3oM:
Y, =00— ib, (4.26)

a ee MOZyJIb

Yo=~8& +b;. (4.27)

Jlis ornpeneneHus] KaXKIOro COMPOTUBJICHHS U MPOBOAUMOCTH B CXEME 3ame-
[ICHHS] TMHUA HEOOXOAMMO 3HAUYCHHE BEIMYMH COMPOTHUBIICHUHN, OTHECEHHBIX K eIH-
HUIIE JUTMHBI TMHUU, YMHOKHTD Ha [UTMHY JUHHHA |, KM.

[Ipu pacuere yCTaHOBHUBIIMXCS PEKUMOB ceTert 10 220 kB BKIIFOUUTENBHO aK-
TUBHAs MTPOBOJAMMOCTh MPAKTUYECKU HE yduuThIBaeTcs (cM. puc. 4.3, a). s 60b-

MUHCTBA pacueToB B ceTsax 110 - 220 kB nuHusa snextponepenaun 0OBIYHO TPEI-
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cTaBisieTcs: 0oyiee MPOCTOM CXeMOW 3aMeleHus], B KOTOPOI aKTHUBHAsI MPOBOJAUMOCTD
HE YYHMTHIBACTCS, & BMECTO €MKOCTHOW MPOBOAMMOCTH YYUTBHIBACTCS DPEAKTHBHAS
MOIITHOCTh, TeHEpHUpyeMasi EMKOCThIO JTUHUM (cM. puc. 4.3, 0).

B cerax ¢ U,,, = 330 kB nipu pacyetre peKMMOB HEOOXOJUMO YUUTHIBATh aK-
THUBHYIO MPOBOJAUMOCTD JIMHUHU.

Jns Bo3aymHbIx guHu U,,, < 35 kB B cxeMe 3aMelieHUs MPUCYTCTBYIOT
TOJIbKO aKTUBHBIE U WHIAYKTUBHBIE CONIPOTUBICHUS (CM. puc. 4.3, B).

Hnsa neyxuenneix JIDII cxema 3aMeneHus Takas ke, KaKk ¥ sl OJHOUECHHBIX,
HO COIPOTHBJICHUSI JINHUU BJIBO€ MEHBIIIE, @ TIPOBOJMMOCTH BIBOE OOJIBIIIE.

KaOenbHbple nUHUM 37€KTpoNepenayd MpeACTaBiIsaoT Takoil ke I[-oOpasHoi
CXEMOM 3aMeIIeHus, KaK ¥ BO3YIIHbIe JUHUU (puc. 4.1).

B npubnmkeHHbIX pacueTax pekuMoB s kKaOenbHBIX cetert ¢ U,,, < 10 kB
MOKHO YYUTBIBaTh TOJIBKO aKTUBHOE compoTuBiieHue (cM. puc. 4.3, r). B cxemax 3a-
MeIIeHUsT KaOEbHBIX JIMHUNA BBICOKOTO HAMPSHKEHUS HEOOXOAUMO YUUTHIBATh Q., U

P HanpsKeHnH > 220 kB - akTHBHYI0 TPOBOAUMOCTS J;.

n X5 n Xp
._._':I_/W\_,_. - - 1 VTV ° -
1 », by | | £ 1
T 2 2 T 2 2
a) 6)
Tn X5 n
I 1 PN, | — |
. — 1 . ° — 1 .

Puc. 4.3. CxeMbl 3aMenieHus JTMHAN 3JIEKTpOoIepe1ayuu:

a), 0) Bo3aymHas auHus 110-220 kB ¢ eMKOCTHO# MPOBOAUMOCTBIO U C PEaKTUBHON
MOIIHOCTb0, TEHEPUPYEMOI EMKOCTBIO JINHUM;

B) BO3JYIIHAS WJIM KaOellbHasl TIMHUS HanpspkeHueM < 35 kB;

r) kabenpHast TUHUA HanpsbkeHneM < 10 kB.
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4.2.2. TpanchopmaTopsbl U aBTOTPaHCHOPMATOPHI

CunoBsie TpanchopMaTOpbl W aBTOTPAHCHOPMATOPHI SIBIISIIOTCS OCHOBHBIM
ANEKTPUUECKUM 000pYyI0BaHUEM, 00ECTICUNBAIOIINM TIEpeiauy dJIEKTPUIECKON IHEP-
THH OT AJIEKTPOCTAHIINN K MTOTPEOUTETISIM U €€ pacTpeIeIICHHE.

C nomoimpio TpaHchopMaTOpoOB M aBTOTPAHC(HOPMATOPOB OCYIIECTBIISIETCS
MOBBIIIICHUE HaIpspKeHus A0 3HadeHuid 35; 110; 220; 330; 500; 750 kB, Heo6xonu-
MBIX JJIsl TUHUHN JIEKTPOIepeIauu, a TaKKe MHOTOKPATHOE CTYIIEHYATOE MOHUKEHHE
HaIpSOKEHUST 10 3HAYEHUM, IPU KOTOPBIX padboTaroT anekTponpuemuuku: 20; 10; 6;
0,66; 0,38; 0,22 kB.

CunoBeie TpaHchopMaTOpbl M aBTOTpaHC(HOPMATOPBI, OAHO(A3HBIE U TPEX-
(ha3HbIe, BBITYCKAIOTCS HOMHUHAJIBHOM MOIIHOCTHIO, KpaTHOH 10, 16, 25, 40, 63 kBA.
TpanchopMaTtopsl MOTYT OBITH ABYX- U TPEXOOMOTOUHBIE, a TAKKE C PACIICTIICHHOM
0OMOTKOW HU3KOTO HAPSIKEHHUS.

[TapameTpsl CXeMbI 3aMEIlEHUsI CHJIOBBIX TPaHCPOPMATOPOB U aBTOTpaHChOP-
MaToOpOB OMPENETSIOTCS HAa OCHOBE KATAJOXKHBIX JaHHBIX. i1 IBYXOOMOTOYHBIX
TpaHCcPOPMATOPOB UCTIONB3YIOTCS CIASAYIONIUE KATAI0KHbIC TaHHBIE:

HOMHWHAaJIbHAS MOIIIHOCTH TpaHchopMaTopa, S, uom;

HaIpspKeHUE OOMOTKH BBICOKOTO HanpspkeHust, U,

HaIpspKeHUE 0OMOTKH HU3KOTO HanpspkeHus, U,,,;

MOTEPU aKTUBHOUW MOIITHOCTH B PEKUME KOPOTKOTO 3aMbIkanus, AP,;

HaIpPsHKEHUE KOPOTKOTO 3aMbIKaHUs, U,

MOTEPU aKTUBHOUW MOITHOCTH B PEKUME X0JI0CTOr0 X013, AP,;

TOK XO0JIOCTOro xXoja, l,.

HomuHnanpHOM Ha3bIBalOT MOIIHOCTH TpaHc(hopmaTopa, KOTOPOH OH MOXKET
OBITh HArPY>KEH MPU HOMUHAJIBHBIX TEMIIEPATYPHBIX YCIOBHUSIX OXJIAXKIAIOIICH cpe-
IbI.

HomunaneHble HanpsKeHHUs] TEPBUYHON M BTOPUYHONW OOMOTOK - 3TO Hampsi-

KEHUSI MEXIY BbIBOJAMU OOMOTOK IIPH XOJIOCTOM X0ji€ TpaHchopmaTopa.

97



B pexxume xkopotkoro 3ambikanus (K3) ogHa n3 oomMoTok Tpancdopmaropa 3a-
MBIKAeTCS HAKOPOTKO, a M0 JPYroi MPOTEKAET TOK, paBHBI HOMUHAILHOMY, TPU He-
KOTOPOM TPHJIOKCHHOM HaNpsHKEHUH U,, KOTOPOE M Ha3bIBACTCS HAMPSKCHUEM KO-
pPOTKOTO 3aMbIKaHus. OHO MEHbBIIIE HOMHUHAIBHOTO M BBIPAXKAETCS B MPOIICHTaX OT
HETO OTHOIIICHUEM:

uK

100%. (4.28)

uK,% =

én

MOHIHOCTB, HOTpe6J'I$IeMaH TpaHC(bOpMaTOpOM B PCKHUMC KOPOTKOI'O 3aMbIKa-
HHSA, TPAKTUYCCKU OCIIMKOM PaCXoayCTCA Ha HArpeB €ro O6MOTOK, a IIOTCpHU B CTAJIHU
HHUYTOXHBI HM3-3a MaJIOro 3HAYCHUA IPHIIOKCHHOI'O HAIIPSIKECHUA U,, T.K. IIOTEPHU B
CTaJIX IMPOIIOPHHUOHAJIbHBI KBAAPATy IIPHIIOKCHHOI'O HAIIPSIKCHUA. HOBTOMy HpI/I6JIH-
JKCHHO CHHUTAIOT, 4YTO BCC ITOTCPU MOITHOCTH B OIIBITC K3 AP x UOYT Ha HArpcB 00MOTOK

TpaHcpopmaTopa, T.€.:

2

S
AP, =3I R, =—"""—, (4.29)
Ul,-R

on "
riae R,, - akTuBHOE cONpoTUBIIEHHE TpaHCHOopMaTopa.
B pexxume x0510¢TOro Xo/1a nepBuyHas 0OMOTKa BKJIIOYAETCS HA HOMUHAIBHOE
HaIpsHKEHUE, a BTOpUYHas 00MOoTKa pa3oMkHyTa. [loTpebnsieMbrit U3 ceTH TOK Ha3bl-
BaETCsl TOKOM X0JIOCTOr0 X0/1a. OH BhIpa)kaeTcsl B MPOIEHTAaX OT HOMUHAJIBLHOIO TOKa

MepBUYHON 0OMOTKH, |6 HoM:

Ix

100%. (4.30)

Ix,% =

com

MonHOCTh TOTEPH B PEKUME XOJOCTOTO XOJa CKJIAAbIBAETCS U3 MOIIHOCTH
MOTEPh B MarHUTOIIPOBO/IC HA BUXPEBBIC TOKH U TUcCTepe3uc, AP,; MOIIHOCTH, HITYy-
el Ha HamarHunuuBaHue craimu, AQ,; MOITHOCTH MOTEpPh B MEPBUYHONH OOMOTKE,
00yCIIOBIIEHHBIX TOKOM XojocToro xoaa. Ho mpu xomoctom xome 1,<< |, ,,,, - cle-
JOBATEJIPHO, Majia MOIITHOCTh MOTEPh B MEPBUYHON OOMOTKE 1O CPaBHEHUIO C TOTe-
psiMu B MaraurtorpoBojie. [loaromy st TpaHchOpMaTOPOB ¢ HOMHUHAIBHONW MOIIIHO-

cThio Oosee 1 KBA y4uThIBatoTCS TOJIBKO MOTEPU B CTAIIH:
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AS, = AP, + j4Q,. (4.31)

CocTaB KaTalOXHBIX JTaHHBIX JJI1 TPEXOOMOTOUYHBIX TpaHC(HOpMATOpPOB U aB-
TOTPAHCPOPMATOPOB UMEET CIACAYIOMNE OTIMUUS OT TEPECUUCICHHBIX BHIIIIC.

Jl1st TpexoOMOTOUHBIX TpaHCHOPMATOPOB YKA3BIBAIOT HANPSKEHUS BCEX TPEX
oOMoTOK: BbIcOKOrO Uy, cpenuero U, Huzkoro U,,, a Takke COOTHOIIIEHUE MOIIIHO-
CTeli OOMOTOK B IpoleHTax oT S,,,. 100/100/100 %; 100/100/66,7 % wmm
100/66,7/66,7 %.

Ecau momHocTH 0OMOTOK HEOJMHAKOBBI, TO NAIOTCA TPU 3HAUYEHUS MOTEPh
MOIIIHOCTH KOPOTKOTO 3aMbIKaHusi: AP, 4. 3 APy i} APy 4. , Y0, KQXKI0€ U3 KOTOPBHIX
COOTBETCTBYET OMBITY JJIsI ABYX OOMOTOK (TPEThsSl pa30MKHYTA), U TIPU 3TOM YKa3aH-
HbIE 3HAYEHUSI OTHECEHBl K HOMUHAJIBLHOM MOITHOCTH MEHEE MOIITHOM OOMOTKH.

VYKa3bIBatOTCS TPU OTHOCHUTENILHBIX 3HAUCHUSI HANPSKEHUS KOPOTKOTO 3aMbl-
KAHUA: Uy, gy 5 Uy, g-c 3 Uy, c-n » 70, TAK KaK JUISI TPEXOOMOTOYHBIX TPaHC(HOPMATOPOB pe-
*uM K3 BBITIOJIHSICTCS IS BCEX BO3MOXKHBIX codYeTaHHUU OOMOTOK. Ilpm 3ToM ecnm
MOIITHOCTH OOMOTOK HE OJIMHAKOBBI, TO MPUBOJMMbIC 3HAUCHHUSI OTHECEHBI K HOMHU-
HaJbHOMY TOKY MEHEE MOIIHONH OOMOTKH.

[TacriopTHBIE naHHBIE TpaHC(HOPMATOPOB C PACHICTUICHHOW OOMOTKON Takue
Ke, KaK U 'y IByXOOMOTOUYHBIX.

ABTOTpanchopMaTopsl M3TOTAaBIUBAIOTCS HAa HOMUHAIbHOE Hampsokenue 150
+750 kB 1 IpUMEHSIIOTCA IJII CBSI3U DJICKTPUUECKUX CETEH U MX DJIEMEHTOB, KOT/Ia HE
Tpebyercs Oonbiioi koddduiment tpanchopmanuu, K 7. Y OONBIIMHCTBA aBTO-
tpanchopmatopoB K, <2.

Bce aBToTpancdopmaropsl uMeroT coeauuenue tpex ¢ha3z oomorok BH u CH B
3Be3/1y U 00pazyroT OOIIyI0 Jyisi 000MX HANPsKEHUN HYJIEBYIO TOUKY, 3a3eMIISIEMYIO
Hartyxo (puc. 4.4). Y asrorpanchopmaropa oomotrkun BH (4X) u CH (aX) snextpu-
yecku cBsizaHbl, a ooOMoTka HH nmeet ¢ oomotkamu BH u CH o06b1unyt0 Tpancdop-
MaTOpHYIO0 CBs3b. YacTh ¢a3HON OOMOTKH, 3aKIIFOUEHHAsh MKy BhIBOJAMU A U a

(B u b, C u ¢), Ha3piBaeTcs mociieoBaTeNIbHOM, a Mexay BoiBogamu a u X (bu Y, cu
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Z) - obmeii. Ha puc. 4.4 nokazaHo pacnpejeicHre TOKOB B OJHOM (aze mpu padoTe

aBTOTpaHC(HOpPMATOpa B MOHUKAIOLLEM PEKUME.

A B c
I 3
BH l11
b

a [ _12

CH U I} U
x| v oz Y3 s 1
' a—

Us
a b c ’2"1=’0
HH

* I

[ Wb}

Puc. 4.4. Cxema coenuHEeHHI 0OMOTOK aBTOTpaHchopmaTopa

3neck_l; - TOK mociienoBaTeIbHOM OOMOTKH, MAarHUTHBIM MOTOK KOTOPOTO
HaBOJIUT B 00I1Iel 00MOTKE TOK_lg, paBHBII
do=1—1i, (4.32)
rjae_l, - TOk BTOpUYHOM 1ETIH.
VY NOHMXaroUmuX aBTOTPaHCPOPMATOPOB MOIIHOCTH TMOCIIEIOBATEIBHON 00-

MOTKH Ha3bIBACTCSI TUTIOBOW S,, ¥ paBHA MOITHOCTH OOIIIEeH OOMOTKH:

S, =31, -(U, =U,)=+3(1,-1,)-U,; (4.33)

S, =J§|l-ul(l—%}sﬂm(l—i} (4.34)

1 AT

rae KAT = U1 / U2.

OueBHIHO, UTO S, < S47 om » TO3TOMY BoIpakeHue (1 —1/ K 7) Ha3pIBAIOT KO-
3 PUIUEHTOM BBITOAHOCTH, @. Torna S,, = @*So7 uom -

TunoBasi MOITHOCTH - 3TO Ta YaCTh MOIIIHOCTH aBTOTpaHc(opmaTopa, KoTopas

nepeaaeTcs AJIEKTPOMarHuTHBIM MyTeM. Kak M3BEeCTHO, pa3Mepbl, Macca, pacxo akK-
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TUBHBIX MaTEPHUAJIOB ONPEEISIOTCS IIaBHBIM 00pa3oM AJIEKTPOMArHUTHOM MOIIHO-
CTBIO, TIOATOMY IO CPAaBHEHHIO C TpaHc(opmMaTopaMu TOW K€ MOITHOCTH Yy aBTO-
TpaHCc(POPMaTOPOB MEHBIITHE pa3Mephbl, MEHBIIIUNA PacXoj] MeTaJljla, HUKE CTOMMOCTD,
MEHBIIINE TOTEPHU MOIIIHOCTH.

B nmacnopTHBIX JaHHBIX HAIPSHKEHUE KOPOTKOTO 3aMbIKaHUS U IOTEPU MOITHOCTH
B pexxume K3 ams aBroTpanchopmaTopa JaroTCsl 3aBOJAMU - U3TOTOBUTEIISIMUA: MEXTY
oomorkamu BH u CH - U, .., AP, ;. OTHECEHHBIC K HOMHHAJIBHON MOIIHOCTH, a MEX]TY
oomorkamu BH u HH - u,. .., APy 4., 1 CH-HH - U, ..,,, APy (., - OTHECEHHBIE K TUIIOBOU
MOIIIHOCTH.

B cxemax 3ameleHus 3JeKTPUYECKUX CeTel ABYXOOMOTOUYHBIE TPaHC(HOPMATOPBI
1 aBTOTpaHc(hopMaTOphl MPU HEHATPY>KEHHOM OOMOTKE HHU3KOTO HAMPSKEHUS Mpe-
CTaBJISIFOTCS B BUJIEe [-00pa3HO cXeMbl 3aMEIICHHUS, T1€ BETBh HAMAarHUUKMBAHUS BKJIIO-
YeHa CO CTOPOHBI BBIBOJOB OOMOTKHM BBICOKOTO HANpSDKEHUSI - B OTIIMYUE OT Kypca
AIEKTPUYECKUX MAIIHH, TJe cxema 3aMenieHus: T-o0pasHas. CxeMa 3aMeIIeHHsl BYXO-

OMOTOYHOTO TpaHC(opMaTopa NMpuBecHa Ha puc. 4.5.

! R X, R X,
L1 Iq Uen m m UCH_12 Sy Ugy . m m Yeu So
| I | L1
Ugn I
Gm Bm APy + AjQy = ASy

Uen
12

a) 0)

Puc. 4.5. I'-o6pa3nas cxema 3amernieHus Tpancopmaropa
Ha puc. 4.5 nonepeyHas BETBb MPOBOAUMOCTEHN MpeEJICTaABIICHA:
a) BETBbIO MPOBOJUMOCTEH;
0) morepssMu MOIHOCTH XX.
[Ipyn HOMUHAIBHOM HaMpsDKEHWUU nepBuYHON oOMoTku U, =330 kB ucnoib-
3yeTcsl cXxeMma, MoKa3aHHas Ha puc. 6a, a Mpu HOMUHAIBLHOM Hanpspkerun U, <220
KB BETBb HAMarHWYMBAHUS B CXEME 3aMEIICHUSI 3aMEHSIETCS TTOCTOSHHBIM OTOOPOM

MOIIIHOCTH, PaBHBIM CYMMAapHBIM IIOTEPSIM XO0JIOCTOr0 Xoja (cM. puc. 4.5, 0).
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AKTHBHOE COINPOTUBJICHHE B CXEME 3aMEIICHHS] PaBHO CyMME COTPOTHBIICHUS
nepBUYHON 0OMOTKU R; M compoTHBieHNsS BTOpUUYHONM 00MOTKH R %, mpuBeaeHHOTro K

IIEPBUYHOU, T.€.

R, =R;+R% (4.35)
U 1151 OJTHOM (pa3bl ompeAensaeTcs o BEIPaKEHUIO:
AP -U?
R, = % (4.36)

m nom
NHayKTUBHOE CONPOTUBIIEHUE TpaHCHOpMATOpa PABHO CYMME MHIYKTHUBHOIO
COTIPOTUBJICHUS PACCESHUS NMEPBUYHONM OOMOTKM X; U MPHUBEAECHHOTO K HEW MHAYK-
TUBHOT'O CONTPOTUBIICEHUSI BTOPUYHOU OOMOTKH X%, T.€.
Xn=X1+X%. (4.37)
Ono omnpenensercs no Gopmyie:

up,% .Uezn
X, =700.5 (4.38)

2 2
/€ u, = /u, — u, - NHIYKTUBHAs COCTABJISIONIAs HAnpspkenust K3, paBHast NaleHnto

HAIPsDKEHUS Ha MHTYKTUBHOM COIIPOTUBIICHUH TPaHC(POpMATOpa;

U, - aKTUBHAs COCTaBJisironIas Hanpsbkenus K3, paBHas:

u,, = M-zoo% = 22 100%, (4.39)
’ U

riae |, - HOMUHAJIBHBIA TOK MEPBUIHOM OOMOTKH TpaHChOpMaTopa.
JU71s1 COBpeMEHHBIX MOIIHBIX TPaHCPOPMATOPOB R, << X, 1 U, & Uy
u U’

Crie10BaTenLHO: X, = K% e (4.40)
100-8

m HOM
AKTHUBHas MPOBOJANMOCTh O0YCIIOBJICHA MTOTEPSIMU aKTUBHOW MOIITHOCTH B CTa-
U TpaHcopmaTopa Ha TUCTEPE3UC U BUXPEBBIC TOKU U OMNpeAessieTcs (s OHOMN

(ha3pl) Kak

G, ==, (4.41)
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I/IH,Z[YKTI/IBHEUI IMPpOBOAUMOCTD O6YCJIOBJI€H3. OCHOBHBIM MAaruuTHBIM IIOTOKOM H
YUYUTBIBACT IIOTCPH pCaKTHBHOﬁ MOIIHOCTH, PACXOAYyCMbIC Hda HAMAIrHUYUBAHUC CCP-

JeYHHKa TpaHcpopmaropa. OHA ONpeeNseTCs M0 BhIPAKEHUIO:

A
. UQZ"’ (4.42)

rae 4Q, - TMOoTepu PEeaKTHUBHOW MOIIHOCTHU, OTNpPEAENsieMble PEaKTUBHOU CO-

CTaBJISIONICH BCKTOpPAa TOKa XOJIOCTOIO X044a, T.C.

I =.I'-1I

X,p X x,a ® (443)
Ho BBuay manoctu cocrapistomeit |, ,<< Iy npuaumaror |y , paBHBIM MO0

BCKTOpa TOKa X0JIOCTOIo X014, T.C.

1
AQ =1x%.8 4.44

[Ipu mapamiensHOl pabdoTe ABYX WIM 00OJee OJUHAKOBBIX TPaHC(HOPMATOPOB

(N, 2 2) mapaMeTpbl CXEMbI 3aMEIICHUS OTIPENIEISIFOTCS BEIPAKCHUSMU:

R + jX
z ="w T (4.45)
nm
Xml' = r]m(Gm + ij ) (4'46)
WU AS, =n,, (4P, +14Q,). (4.47)

TpexoOMoTouHbIE TpaHC(HOPMATOPHI B CXEMaX 3aMEILEHHs JIEKTPUIECKUX CeTer
MIPEJICTABIISIIOTCSl TPEXJIy4eBOM 3BE3/I0H; B 3aBHCHUMOCTH OT HOMHHAJIHHOTO Hampsi-
*KeHus (Kak U JJIsl AByXOOMOTOYHBIX TPAHC(HOPMATOPOB) JIMOO C BETBbIO HAMAarHUYH-
BaHwus (puc. 4.6, a), 1MOO C 3aMEHOM €€ MOCTOSTHHBIM 0TOOPOM MOIIHOCTH B PEKHUME
xoJjioctoro xoa (puc. 4.6, 0).

CornacHo AeMCTBYIOIEMY CTaHAAPTY COOTHOIICHHE MEXIYy MOLIHOCTSMHU OT-
nenpHBIX 00MoToKk BH / CH / HH B cOBpeMEHHBIX TPeXOOMOTOUYHBIX TpaHCHOpMAaTO-
pax OJMHAKOBO, MO3TOMY B MACTIOPTHBIX JAHHBIX MPUBOIATCS OOIIHE TTOTEPU KOPOT-
KOTO 3aMbIKaHUS, MO0 KOTOPBIM ONpEIeNseTcs oOliee aKkTUBHOE COMPOTUBIICHUE

TpaHchopmaropa:
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2
R, :—A?Z U,

m HOM

, (4.48)

rae U, - HOMHHaJIbHOE HaNpsHKEHUE TOM OOMOTKH, K KOTOPOM MPUBOJST CONPOTUBIICHHE

Tpanchopmaropa. B ocHoBHOM 3710 HanpsikeHre ooMoTky BH.

Wi

6)

Puc. 4.6. CxeMa 3amenieHust TpeX0OMOTOUYHBIX TPaHCHOPMATOPOB

U aBTOTpaHc(hopmMaTopoB

Ha puc. 4.6 nonepednasi BETBb MPOBOJUMOCTEHN Mpe/ICTaBIICHA!

a) BETBBIO MMPOBOJAMMOCTEN;

0) morepssMu MOIHOCTH XX.

Torma akTUBHOE CONMPOTHUBIICHUE KAXJI0M 0OMOTKU TpaHchopMmaropa IMpHu pa-
BEHCTBE UX MOIIIHOCTEH COCTaBIISACT:

le = ng = Rm3 = 0,5 Ro6m- (449)

OaHAKO IKCIUTYyaTUPYIOTCA U TPEXOOMOTOUHbBIE TPaHC(HOPMATOPHI C Pa3HBIMU
MOIIHOCTSIMH 0OMOTOK. B TakoMm ciyuyae akTHBHBIE CONPOTUBICHUS JTy4ueil 3BE3/bI B
CXEME 3aMEILEHUs ONPENEISIIOTCA MO0 MOTEPSAM MOIIHOCTH KOPOTKOIO 3aMBIKAHMS,

OTHCCCHHBIM K COOTBCTCTBYIOIIUM JIydaM:
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APKI:APK,e:O’S (APK,G-C+APK,B-H-APK,L‘-H)
APKZ :APK,C: 0’5 (APK, 6-C+APK, Cc-H -APK, s-n) ) (450)
APK3:APK,H:015 (APK,E-H-I-APK,C-H-APK,H-C)

2
i = —AZL‘; Yo (4.51)
2
2 = —Al;é Yo (4.52)
2
R,;= —Aii U, (4.53)

NHAyKTUBHBIE COMPOTHBICHHUS OOMOTOK WM JIydel SKBUBAJICHTHOM 3BE3JIbI
CXEMBI 3aMEILEHN HAXOIAT 110 COOTBETCTBYIOIIUM 3HAYECHUAM HAIIPSHKEHUS KOPOTKO-
IO 3aMbIKaHUsI OOMOTOK, OIPEAEIISIEMbIM M0 KaTaJIOKHBIM JAHHBIM:

Ugr = ux, ¢ — 0’5 (uK, 8-c + uK, 6-H " uK, c-H)
UKZ = uK, c = 0’5 (UK, 6-C + UK, c-H uK, s-H) . (454)

Uz = uK,H = 015 (UK, 6-H + UK, cu " uK, s-c)
YLIHTBIBaH, 4yTO B Tp€X06MOTO‘IHI>IX TpaHC(bOpMaTOan Um<<U,<p MOJKHO ITIpH-

HATB U,g,~U, , TIOJTy4aeM:

uK -UGZII

X, = —S’mm , (4.55)
u, - U’

X,,= —SZ,,,M , (4.56)
2

X .= “SS—U (4.57)

rae U, 3aJaHO B OTHOCUTENIBHBIX €IUHUIIAX.

Kak mnpaBuiio, MHIYKTUBHOE CONPOTUBIEHHE OOMOTKM CPETHETO HAaIlpsyKEHUS
X,z Onaromapsi B3aIMHOMY BJIMSIHUIO COCEIHUX OOMOTOK OJIM3KO K HYJIO WJIM UMEET
HEOOJIBIIOE OTPULIATEIBHOE 3HAUYEHHE, COOTBETCTBYIOLIEE E€MKOCTHOMY COIPOTHBIIE-

HUIO, IIO3TOMY OHO IPUHUMACTCS PABHBIM HYJIIO.
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AKTHUBHas U MHAYKTUBHAs! TPOBOJMMOCTH TPEXOOMOTOUYHOIO TpaHchopmaTopa
PacCUNTHIBAIOTCS, KaK U IBYXOOMOTOYHOTO, ITO BeIpakeHusIM (4.41), (4.42), a npu ux
3aMEHE MOCTOSHHBIM OTOOPOM MOIIHOCTH MOTEPH B CTAIU A S, ONpeAensioTcs Mo
BhIpakeHuto (4.47), rae Np=1.

B oTinuue oT TpexoOMOTOUYHBIX TpaHCHOPMATOPOB TpaHCHOPMATOPHI C pac-
MIETUICHHOW OOMOTKOW HHM3KOTO HAIPSKEHUS UMEIOT COOTHOIICHHWE MOITHOCTEH 00-
moTok 100/50/50 %, T.e. cyMMapHasi MOIIIHOCTh OOMOTOK HU3KOTO HAIPSKEHUS paB-
Ha MOIIHOCTA OOMOTKH BBICIIETO HAMPSLKEHUS. DTH TpaHchopMaTopbl MOTYT pabo-
TaTh KaK C MapajijieIbHBIM COCIUHEHUEM OOMOTOK, TaK U C Pa3/IeNIbHbIM X BKJIIOUE-
HueM. B nepBoM ciyyae TpancopMaTop ¢ pacuieruieHHONH 0OMOTKON paboTaeT Kak
OOBIYHBIN IBYXOOMOTOYHBIM TpaHC(OpMATOp M MapaMeTpbl €ro CXeMbl 3aMEIEHUS
OTIPEEISIOTCA 0 BBIPAXKEHUSM, CIPABEJIUBBIM JUISI IBYyXOOMOTOUYHBIX TpaHChOp-
MaTopoB.

[Ipu pa3nenbHOM BKIIFOYEHUU DPACHICIUICHHBIX OOMOTOK CXeMa 3aMeIlCHHs
TpaHchopMaTopa COOTBETCTBYET puC. 4.6, mpruueM aKTUBHBIC COTPOTUBIICHUS JIydei
3BE€3/Ibl, & TAKXKE MPOBOJAUMOCTH 1€ HAMAarHUYMBAHUS WJIU MOTEPU B CTAIA OIpe-
JEJSIFOTCS. TI0O COOTBETCTBYIOIIMM BBIPAXKEHUSIM I TPEXOOMOTOYHOTO TpaHCchopma-
TOpAa.

NHayKTUBHBIE COMTPOTUBIICHUS OOMOTOK OMPEACISIOTCS MOTOKAMU PACCEsTHUS
M 3aBHUCST OT B3aMMHOTO paCIoioxkeHuss oOMOTOK. [lockoibky 0OMOTKa BBICOKOTO
HaIpSDKEHUST pacrojiaracTcss Mexay OOMOTKaMM HHU3KOTO HaIpsKEHUs, € UHAYK-
TUBHOE COMPOTUBJICHUE MOXKHO CUUTATh PABHBIM HYIIO, & UHAYKTUBHbBIE COMPOTHUB-
JIEHUsI BETBEU pacHIeTICHHON 0OMOTKH XIZ,,, uX 2,,, paBHBI JBOMHOMY 3HAYEHUIO 00-
IIIETO COTPOTUBIICHUS TpaHCHOpMAaTOpa:

Xom =X om=2X 11 X, = 0,5 X 2 = 0,5 X 2 . (4.58)

OO011ee MHIYKTUBHOE COMPOTHBIICHUE TpaHC(opMaTopa OmpeaessieTcs: 0 BbI-

PaXKEHUIO ISl IBYyXOOMOTOUYHOTO TpaHC(popMaTopa.
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Hcxonsa 3 ckazaHHOro, CXeMy 3aMelleHusl TpaHcpopMaTopa ¢ paclleryieHHON

0OMOTKON MO>KHO MPEICTABUTH B BUJE!

110xB Xm?2

Puc. 4.7. Cxema 3amenieHus TpancGopmaTopa ¢ pacileryieHHOW 0OMOTKOM

Cxema 3aMenieHus aBToTpaHchopmaTopa TakKe MPeACTaBIIAETCS TPEXITy4eBOU
3Be3nou (puc. 4.6). B otnuume ot TpexoOMOTOYHOTO TpaHchopMaTopa aBTOTPAHC-
dbopMaTop XapakTepu3yercs HOMHUHAJIbHOW M THUIIOBOM MOIIHOCTBIO, Ha KOTOPYIO
paccuuTaHa rnocjieaoBaresnbHas 0OMOTKa.

OO11ee akTUBHOE CONMPOTUBIICHUE aBTOTpaHCPopMaTopa onpezensercs 1o mo-
TepsM MOITHOCTH A P, ,.. B PEeKUME KOPOTKOTO 3aMbIKaHHsI B OOMOTKaxX BBICOKOTO

N CPCAHCTO HAIIPSKCHUA, UMCIOINNX SJICKTPUICCKYIO CBA3b!:

APKIZ .Uj” APK 6—c .Uj”
- == . (4.59)

2
SATHOM

oouy 2
S 1 Hom

AxTuBHbIe conpotuieHus ooMoTok BH u CH OyayT paBHBI, €ciii MOIITHOCTH

notepb A P, 11 HUX oMHAKOBBI. Torma:

le = RmZ = 0,5 Rgﬁm- (460)

AXTHUBHOE COIIPOTHUBIICHUC OOMOTKH HHU3KOTO HaIpsOKCHUSL 3aBUCHUT OT €€

MOIIHOCTHU M OIIPCACIIACTCA U3 COOTHOICHMA:
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A
w

= ;T"”” . (4.61)
ml HH
R .-S
OHO paBHO: R,.= % : (4.62)

HH

Ecau B karanore IMPUBOAATCA IMTOTCPU MOIITHOCTH KOPOTKOI'O 3aMbIKaAHUSA MCIK-

/ .

ay napaMu oOMOTOK (AP% . 3 AP e s APy 4.c) ;0 AP, 4. IpUBEIEHBI K HOMUHAIb-
HOW MOUIIHOCTH aBToTpanchopmatopa, a AP% 4., u AP’ .., — K TUIIOBOH MOIIHOCTH
(momHOCTH 0OMOTKM HH).

[Tpu omnpeneneHUH aKTUBHBIX CONMPOTUBJICHHI 0OMOTOK IOTEPH KOPOTKOTO 3a-

MBIKaHHUA OJOJIXKHBI OBITH IIPUBCACHLI K HOMMHAaJIbHOM MOIIHOCTH:

AP’
AP, =——7—; (4.63)
a
AP’
AP, = e (4.64)
a

S —
rae o = ;T""M V.U, . (4.65)

mun 6H

N yxe 1Mo HUM OMNpPEeACISIIOT TMOTEPH MOIIHOCTH KOPOTKOTO 3aMBIKAHUS IS
KaX10i 13 00MOTOK 110 BeIpakeHuto (4.50).

Torja akTUBHBIE CONPOTUBIIEHUSI OOMOTOK PABHBI:

APK]. : Uezn
ml — 82 ' (466)
AT nom
APKZ : Uezu
RmZ = Sz ' (467)
AT nom
APK3 ’ U82H
=gz (4.68)
AT nom

NHAYKTUBHBIE CONPOTUBIICHUS JIy4ed HKBUBAJIEHTHOW 3BE€3Jlbl ONpPEAEIIAIOTCA
TaK ke, Kak JJi1 TPeXOOMOTOYHOTrO TpaHCPopMaTopa, C MCIOIb30BAHHEM BbIpaxe-

Huit (4.55)-(4.57). Ecau B kaTajiore Wid CIIPaBOYHBIX JAHHBIX YKa3aHbl HAIPSKECHUS
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KOPOTKOT'O 3aMbIKaHUs 1Map 0OMOTOK (U % g , U’ ), IPUBEACHHBIE K TUIIOBOM MOIII-
HOCTH, TO UX MPUBEJICHUE K €AMHOMY YHEPTreTUYECKOMY YPOBHIO OCYIIIECTBIISECTCS 110
BBIPAXKCHUSIM:
U g = Uk 6/ @, (4.69)
Ug e = U cnl @ (4.70)
[TpoBomuMocTi aBTOoTpaHchOpMaTOpa PACCUYUTHIBAIOTCS TI0 BBIPAKCHHSIM
(4.41) u (4.42), a noTepu MOIIHOCTH B CTAJIH - 10 BeIpaskeHuto (4.47), rae Ny=1.
ConpoTUBIIEHUS U TPOBOJIUMOCTH TPAHC(POPMATOPOB U aBTOTPAHCHOPMATOPOB
MOT'YT OBITh OTHECEHBI HE TOJHKO K HOMHUHAJILHOMY HAINPSKEHUI0O OOMOTKH BBICOKO-
ro HanpspkeHust Uy, , HO ¥ K HaIlIPsDKEHUIO JPYTUX OOMOTOK, €CIIM OHO NPUHUMAETCS
3a pacyeTHOE HAIPSKEHUE CETH.
4.3. PacueT pesKMMOB Pa30MKHYTBIX 3JIeKTPHYECKHUX ceTel
4.3.1. Ilpusedennan u pacuemuas MOWHOCMU HAZPY30K
JUIsl KOMMYECTBEHHOW XapaKTEPUCTUKU palbOThl 3JIEKTPUUYECKOM CEeTH paccyu-
THIBAIOT €€ paboune pexumbl. C 3TOM 1EIbI0 COCTABISCTCA pacyeTHasi cXxema 3aMe-
LIECHUS, B KOTOPOM Ka)IbIM 3JIEMEHT CETU IPEICTABISACTCS CBOCU CXEMOW 3aMmellle-
Husl. [TokaxkeM Ha mpuUMepe ydacTKa CETH, COCTOSIIEro U3 JBYX JIMHUM U TpaHchop-

MaTopa, Kak CoCTaBisieTcs cxema 3amenieHus (puc. 4.8).

223
1 wo 2 wo ?\ -,

212
O F
ASXX
Y12 Y23 Y23
2 2 2
T e —_ E e

y

Sy =Py +jQy Sy =Py +jQy

Puc. 4.8. Cxema 3aMenieHns y4acTka CeTH C IByXOOMOTOYHBIM TPaHC(HOPMATOPOM

Tak kak >JE€KTpUYECKHUE CETH MMEIOT OO0JbIIOe KOJIMYECTBO JIMHUM U TpaHC-
dbopmMaTopoB, TO ISl YIPOIICHUS KOH(PUTYpAITUU CXEMbI 3aMEIICHUS CeTH BHAJaJIe

OIIpCACIIAIOT IPUBCACHHBIC K PACYCTHBIC MOIIHOCTHU HArpy30K MOACTAHIIMH.
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[Ton mpuBeAEHHOM MOIITHOCTHIO HArPY3KH MOJCTAHIINU ITOHUMAETCSI MOLTHOCTh
MOJICTAaHIINH, TPUBEJICHHAs K BBICOKOW CTOpPOHE TpaHcpopmaTopa, T.€. MOIIHOCTb
HArpy3KH ¢ Y4eTOM MOTeph MOIIHOCTH B CHIIOBOM TpaHCc(opMarTope:

S,=S8,+4S, =P, +4P, +j(Q,+40,), (4.71)
rae AS,, - noTepyu MOLTHOCTH B CUJIIOBOM TpaHC(hopMaTope.

[Torepu MOIIHOCTH B CHJIOBOM TpaHC(HOPMATOPE COCTOST U3 HATPY30UHBIX I10-
Teph (IOTEPU B MEAM) U MOTEPH XOJIOCTOr0 X0a (MIOTEPHU B CTAIIN).

B 1Byx0OMOTOYHOM CHJIOBOM TpaHc(OpMaTOpe Harpy304HbIE MOTEPU MOIIHO-
CTH TpaHCpopMaTOpa paCCUYUTHIBAIOTCS TIO BHIPAKEHUSIM:

AKTHUBHBIC ITOTCPHU MOIITHOCTH

P2 + 2
AP, = ”—ZQ”-Rm + AP, (4.72)
U
WIH
AP, -S?
AP, =—* "+ AP = AP -K! + AP, (4.73)
S
. S
riae K; — koo uuueHT 3arpy3ku tpancpopmaropa, paBueli K, = ——;
pEaKTUBHBIE TOTEPU MOLTHOCTH
PZ + 2
40, =[Pt i) x a0 (4.74)
UKH
WIH
u,-S: I, S
AQm K, % H + x,% m Hom . (475)

" 100-S 100

m nom

[Ipu ucnonb30BaHUM AJISI ONPEETICHHUS MOTEPh HOMUHAIBLHOTO HAIPSKEHUS
TpancopMaropa B X pacyeT BBOJUTCS MOTPEITHOCTh, CBA3aHHAS C 3aMEHOU pe-
aJbHOTO YPOBHSI HANPSIKEHUSI HA €ro HOMUHaIbHOE 3HaueHue. OgHaKo Mpu pyu-
HBIX pacuerax d3Ta MOrpemHocTh gomyctuma. Ilpu pacuerax Ha [IK monb3yrorcs

HArpy3Ko MoAcCTaHIMil 0e3 MpUBeIeHUs €€ K BBICOKOH CTOPOHE.
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B TpexobmorouHoM TpaHchopmaTope WM B aBTOTpaHchopmaTope MoTepu

MOHOIHOCTHU paCCUYUTBIBAIOTCA 110 CIICAYIOIIUM BBIPAKCHUAM:

APKB i Sﬂzll APKC i SCZH AP i SZ
= + +

ar, =S S B ar
N
SlfH SCZH S“Z”
A'Pm = “2 Rm3 +U_“2Rm2 +U_82Rm1 +APX ’ (477)
UegoiSpy  UegSay Uy Su, 1 oS
AQm — K6,% 6H + ke, % CcH + K1, % HH + x,% mHnom (478)
100-s, ~ 100-S, ~ 100-S, 100
N
Slfll SLz" S“Z"
40, =72 Xm T Xz +FXm1+AQx’ (4.79)

4 6 6

rae U, - HanpsbKkeHre BRICOKOM CTOpOHBI TpaHchopmaTopa.
31ech MOIIHOCTh HArPy3KH Ha BBICOKOW CTOpOHE TpaHchopmaTopa onpeses-

eTCs CIEIYIOIUM 00pa3oM:
‘Seu =§HH +A§mn +§cn +A§mc’ (480)

rne AS,,uAsS,, -COOTBETCTBEHHO MOTEPU MOIIHOCTH B OOMOTKE HU3KOTO U

CpCAHCTO HAIIPSIKCHIA

2 2

S ) S .
A§ = < (RmZ + JXmZ )’Agmu = UHH (Rm3 + Jxm3 )

mc 2 2
6 6

Pacuernas Harpys3ka nmoaCcTaHioyu BKIKOYACT B celst MPUBCACHHYIO MOIITHOCTD
HAarpy3Ku 1 CyMMYy PCAKTUBHBIX MOIHHOCTeI\/JI, ICHCPHUPYCMBLIX JIMHUAMU, ITOJAXOJAAIIN-

MU K mojcTaHIuu. Hanpumep, niis puc. 4.8 pacueTHas Harpy3Ka MoOJICTaHIIUN paBHA:
LS,; =S5,+4S, _J.Q:u _jQ:23’ (4-81)
rne jO.,,s jO.,; - COOTBETCTBEHHO PEaKTUBHbIE MOIIIHOCTH, TEHEPUPYEMBIE B

KOHIlEe JUHUM 12 U Hayase JUHUU 23.
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Ot MOIIHOCTHU TAaK)XC HA3bIBAIOTCA 3apsAJHbIMU U OIPCACIIAIOTCA IO BbIPpaXKE-

HUAM:

K _ Uzz 'blz

UZ-b
chz_ 2 =215

s anz3 = T ’ (4-82)

e D1p 1 by3 - eMKOCTHBIC TIPOBOJMMOCTH JIMHHHA.

B py4HBIX pacuerax mpu onpeeIcHHH 3apsSAHbIX MOIIHOCTCH BMECTO peajb-
HOI'O 3HAYEHHUS HAIMPSDKEHHS JOIYCKAeTCs HCIIONB30BaTh €r0 HOMHHAJIBHOE 3HaYe-
HUE.

Takum 00pa3oM, IpH KCIOJIL30BAHUU MPUBEACHHBIX M PACUETHBIX HArPy30K

IMOACTAHIIMHU YIIPOIICHHBIC CXCMbI 3aMCIICHUA AJIA Y4aCTKa CCTU UMCIOT BU/:

1 Z12 2 223 3 1 Z12  p 223 3
O ? LT O 1 O
Q%12 Q%12 LQ“czs JQc23 4QMc12 Sa2p HQXe03
§2n
a) 6)

Puc. 4.9. YnporeHHbIe cXeMbl 3aMEIICHUS:

a — [IpH UCIIOJIb30BAHUN HpHBeHeHHOﬁ HAarpysku y3Jjia, §2n

6 — IPH UCTIOJIBL30BAHMH PACYETHOM HArPy3KH y37a, S , P

[Ipu ompeneneHnyd NPUBEACHHOW M PACUETHON HArpy3Kd y3710B HEOOXOIUMO
3HaTh HOMHUHAJIBHYIO MOIIHOCTh CHJIOBOTO TpaHchopmaropa. OHa BeIOMpaeTcs cie-
TYIOIIAM 00pa3oMm.

Jlgyxobmomounwbll mpanchopmamop

CHavaja HaXO/AT PacYeTHYIO MOIIHOCTh TpaHC(opMaTopa

JP?+Q?

S; .=
T pacu NTK3
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rae Q —peakTuBHAsS MOIIHOCTB, IIepeiaBaeMas uepes TpaHcopMarop B CETh HU3-
KOT'O HAMPSOKEHUSI C y4€TOM KOMITCHCAIINKM PEaKTUBHON MOIITHOCTH (TIepe-
TOK PEaKTUBHOM MOIIHOCTH M3 CETU BBICOKOT'O HAMPSHKCHUS);
Nz — umcio TpanchopMaTOpOB Ha TOICTAHIINM;
K; — xoaddunmeHt 3arpy3ku Tpanchopmaropa (s IByXTpaHC(HOPMATOPHBIX
noncranmii K,=0,7; mis ogHotpancdopmaropusix K,=0,8+0,85).
Q = PH 'tg¢3a¢)’
riae tg@,.o— KodpPUIMEHT peakTUBHONM MOITHOCTU, ONPENEEMbIi B TEXHUYECKUX
YCIIOBHUSIX Ha MPHUCOCIWHEHWE TOJCTAHIIMA K CETH, JTUOO JOTOBOPOM Ha
9HEProcHadXKeHue, TUOO0 MPeIeIbHBIM 3HAYCHHEM B COOTBETCTBUH ¢ [11].
3aTteMm 1o CIpaBOYHBIM JAHHBIM BBIOMpAETCS TpaHCHOPMATOP ¢ HOMUHATLHOM
MOIITHOCTBIO, YOBJIECTBOPSIONICH YCIOBHIO
Sm HOM 2 Sm pacu *

TpexoOMOTOYHBIN TpaHChHOPMATOP U ABTOTPaHCHOPMATOD

Omnpenensercs cymMMapHasi Harpyska Tpancgopmaropa
§m27 = Puu+ Pcn+j (QHH + an)y
rae P, Po,— COOTBETCTBEHHO aKTHBHAs Harpy3ka HU3KOW U CPETHEM CTOPOH TPEXOOMO-
TOYHOTO TpaHchopMaTopa Wir aBToTpaHchopmaropa;

Q.x — PCaKTUBHAs MOIINHOCTh, IIepefaBacMas dYepe3 TPEXOOMOTOYHBIM
TpaHchopmatop (aBTOTpaHCHOPMATOP) B CETh HU3KOT'O HANIPSHKEHUS C
y4eTOM KOMITCHCAIINHA PEAKTUBHOM MOIITHOCTH;

Q.x — pCaKTUBHAs MOIIHOCTh, TEpeaaBacMas dYepe3 TPEeXOOMOTOYHBIN
TpaHchopmatop (aBToTpaHchHOPMATOP) B CETh CPETHETO HATIPSIKEHUS.

B mensx cHmKEHHs MOTEph MOIIHOCTH B PACHpPECIUTEIBHBIX CETAX dHEPro-
cucteM Q, Oompeaensercs, UCXOas U3 ONTUMHU3AINK PEKUMa M0 PEAKTUBHON MOIII-
HOCTH.

PacueTHass MOIIHOCTH TPEXOOMOTOYHOrO TpaHchopmaTopa WM aBTOTPAHC-

¢dbopmaropa paBHa
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_ '\/( PHH + Pcu)2 + (QHH + an)2
T pacu NT K3 '

B cootBerctBuu ¢ [11] Ha mmHax 6-35 kB 789,y = 0,4.
HoMuHanbHast MOIIHOCTh TPEXOOMOTOYHOIrO TpaHchopMaropa WM aBTO-
TpaHcGopMaTopa BHIOMPAETCS MO CIPABOYHBIM JAHHBIM TaK K€, Kak M JBYX0OMO-

TOYHOTO TpaHCHOPMATOPa, T.€. IO YCIOBHUIO

Sm(am) HOM ZSm(am) pacu -

4.3.2. Ilonamusn nadenus u nomepu Hanpaxcenus. Bekmopuwie ouazpammot

Ilon pa3oOMKHYTOH CETHKO ITOHMMAKOT TAaKyI0 CETh, IUTAHUE KOTOPOM MOKHO
OCYIIECTBUTH TOJBKO C OJHOM CTOPOHBI. Pa3oMKHYyTasi ceTh HE COACPKHUT KOHTYPOB.
[Tpumepsl rpadoB pa3oMKHYTHIX ceTel npuBeneHsl Ha puc. 4.10.

3nech (puc. 4.10, a) mokazana paguanbHas pa30OMKHYyTas ceTh, Ha puc. 4.10, 6 -

MarucTpaib, Ha puc. 4.10, B — paguaibHO-MarucTpaibHas pa30MKHYTas CETb.

0 O, o G

—_— — —
Loy Iz Ly

0)

Puc. 4.10. BapuanTtsl rpadoB pa30MKHYTBIX CETEH

HesaBucumo oT koH(UTrypaluu pa3oMKHYTOM CETH ISl pacuera €e peKMMOB
UCTIONIB3YETCS €AMHBIN aITOPUTM.

[Ipexxne yem paccMaTpuBaTh aIrOPUTM pacueTa PeKUMOB TaKUX CETel, He0O-
XOJIMMO BBECTH MOHSITHS MAJICHUS U TOTEPU HAMPSIHKEHUS.

[lox mameHveM HampsiKEHUs MOHUMAIOT BEKTOPHYIO (T€OMETPUYECKYI0) pas-

HOCTb MCXKOY KOMIIJICKCaMU HaHpH)KGHI/Iﬁ Hadajla 1 KOHIIa JIMHUN
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Uy=4U + U, (4.83)

rae AU - mpoaoibHasi COCTAaBISIIONIAS MaJeHUS HANpsOHKEHUs, T.€. MPOSKIUs
[a/IeHUs HAIIPSDKEHUS Ha JIEHCTBUTENBHYIO OCh;

OU - momepeyHas COCTaBIIAIONIAs MAJEHUS HAMpPsDKEHUS, T.€. MPOEKIHUs
[a/IeHNs HalPSDKEHUS. HA MHUMYIO OCb.

[Tanenue HanpsbkeHHus Ha ydacTke cetu (puc. 4.11) MoxHO onpenenuTs yepes
IOTOKM MOIIHOCTU U HalpsDKEHUE B KOHIIE y4acTKa CETH JIMOO depe3 MOTOKU MOUI-
HOCTH U HAIIPSDKEHUE B Hayaje y4acTKa.

1712 74,512,
o—>—5—>

L
e
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SH
Puc. 4.11. TlpocTeiinias cxema 3aMeNICHUS] y4acTKa CeTU

B nepBom ciyuae (cM. puc. 4.11) nmangeHue HanpsoKEHUS MOXKHO OMPENCIIUTD,

*

BBIpaXKad TOK, HpOTeKaIOHII/Iﬁ I10 Y4acCTKy 12 9€pe3 MOUTHOCTh B KOHIIC yUaCTKa:
S K P K _ jQK
12 _ 1 12 P —_
le— * (R12+JX12)_

U, =31,,Z, =~/3-—222_
~MA 2124%<12 \/§U = U2

2
— P1§R12 +Qf2X12 + J P1§X12 _szRlz _
U, U,

(4.84)

Ecau U, 3amaHo TobKO MOAYJIEM, TO TIPOJIOIBHYIO U MOMEPEYHYI0 COCTaBIIS-
IOIME MaJEHUS HANpPsHKEHUs, OMpPEACICHHbIE MO HArpy3Ke B KOHIIE y4acTKa CETH,

MOKHO 3aIlliuCaThb B CJIICAYIOIICM BUJIC:

AU - P.R,+0,,X,, ; 8U= P, X, —OnR, . (4.85)
U, U,

Ha BektopHoii auarpamme (cm. puc. 4.12, a) nokazaHsl HapsKEHUST B Hayaje
U B KOHLE y4yacTKa U NaJICHUE HamlpspkeHUs Ha HeM. [Ipu mocTpoeHuHM BEKTOPHOM
IuarpaMMbl U3BECTHOE HaIpsDKEHUE B KOHLE ywyacTka U, pacnosiaraeM BAOJIb J€H-

CTBUTEIILHOM OCH. 3aTeM CTPOUM IIPOAOJIBHYIO U MOINMCPCUHYIO COCTABJIAIONIUE ITadC-
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HUA HAIIPSAKCHUA, OIIPEACIICHHBIC I10 HAPY3KE B KOHIC y4aCTKa, MaJCHHUC HAIIPAXKE-

HHA U HAIIPSPKCHUE B HAYAJIC Y4aCTKa.

+
Y 8U Ua !

a) 6)
Puc. 4.12. BektopHas tuarpamma HampsKeHHA:

a) ITIPpHU N3BCCTHOM HAIIPAKCHHUHU B KOHLC JIMHUU,
6) IMIPpHU U3BCCTHOM HAIIPAIKCHUHM B HAYAJIC TIMHHUU.

CnenoBaTeLHO:
Ui =Uy + Uy= U+ AUy, + joUs,. (4.86)

Monyns u paza U; paBHBI:

U,= \/(Uz +A4U ), )2 + 122 . (4.87)
ouU

=arctg| —2—|. 4.88

Py g U, + AU, ( )

Bo BTOpOM ciydae W3BECTEH IIOTOK MOIIHOCTH W HAIPsHKEHHWE B Hadale
y4acTka. BeIpakas TOK, MpOTEKarOWMK M0 YYacTKy, Yepe3 U3BECTHBIE MAPAMETPHI,

MaJaACHHUC HAIIPsOKCHUA Ha Y4aCTKE CCTH MOXKHO 3aIlMCaTh B CIACAYIOIIEM BHUAC!

PJS ' R12 +sz ' X12 + J Pl'é ’ X12 _sz ’ R12

4.89
T 0" (4.89)

=4

WJIA IIPpU 3aJaHUN Ql MOIYJICM:
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AU = I)I’; 'R12 +Q;’2 'Xlz .
U, ’

5U=P1;'X12_Q72'R12.
U1

(4.90)

BekropHasi muarpamma i1 JAaHHOTO CITydasi IMEET BHJI, TTOKa3aHHBIA Ha PHC.
4,12, 0.
Otkyna

Uy =U; - Uy =U; - AUy, - joU1o. (4.91)

Monyns u paza U, paBHBI:

U, =+(U, —4U,,)* +8U2 . (4.92)
&U

=arctg ——2—, 4.93

Pu> g U, - AU, ( )

Heobxoaumo oTMeTHTH TOT (DAKT, YTO MPOCKIMH TMaaeHUs HANpPSDKEHHS Ha
JNEHUCTBUTEIBHYIO 1 MHUMYIO OCH B IIEPBOM M BO BTOPOM CIy4dasx HE paBHBI MEXIY
co00i1 MPU OJTHOM U TOM € BEKTOpE Ma/IeHUsI HAPsSKEHUSI.

YuuthiBas TOT QakT, YTO B YCIOBUSAX IKCIUTyaTalluu Oojee TOYHO ONpeiesns-
FOTCSI MOLTHOCTH Harpy3oK, a HE TOKH, paCCMOTPHUM aJITOPUTM pacuera pabodux pe-

KUMOB PA30MKHYTBIX CETEH MPU YKa3aHHOM CIOC00€ 3aaHMs UICXOIHBIX JaHHBIX.

4.3.3. Pacuem peixcuma npu u3eecmuvlx Hazpy3Kax u HANPANCEHUU 8 KOHYe
PA30OMKHYmOIl cemu

AJNTOPUTM pacueTa CETH MPHU U3BECTHBIX HArpy3Kax M HAMNPsHKEHUU B KOHIIE

Pa30MKHYTOM ceTH (€ro €mie Ha3bIBaIOT pacyeT pexuMa MO JAaHHBIM KOHIA) pac-

CMOTpPUM Ha MPUMEPE CXEMBI, PUBEIeHHON Ha puc. 4.13.
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Puc. 4.13. PacueTHasd cxema ceTu

3aech Harpy3ku B y3nax 1, 2, 3 3amaHbl NPUBEICHHBIMU MOIIHOCTSIMU. Mc-

TOYHHUK IIMTAaHHUA IIOKA3aH Y3JI0M O, HAIIPSKCHUC U3BCCTHO B Y3JIC 3, T.C. B KOHIEC

paCCManHBaeMOﬁ CCTH.

Pacuer cocTout B MMOCJICA0BATCIIbHOM OIIPCACICHUU MOIHHOCT@I)'I W HaIIpPsKe-

HHUU OT KOHIIa CCTHU K Ha4YaJly.

1.

OnpenensieM 3apsiAHYI0 MOIIHOCTD JIMHUAX 23 B KOHIIE MOCJIEIHETO y4acTKa CETH,

T.€. B KOHIIE y4acTKa 23:

b,,l,,UZ
Qckz3 _ 237233 (4.94)
2

OnpenensieM MOIIHOCTD B KOHIIE MOCJIEAHET0 y4acTKa CETH, T.€. y4acTKa 23:

S"3=S3-] Q3. (4.95)
OrnpenensieM MOTepU MOUTHOCTH Ha MOCIEAHEM YUACTKE:

2 2
Py + Qs :
A4S ; = U2 (st + )X ) (4.96)
3

HaxoauM MOITHOCTB B Hauajie MoCaeAHEro y4acTKa:

S"23=8"3+ 45, (4.97)

OnpenensieM MajJieHHE HANPsDKEHUS Ha MOCIEAHEM YYacTKe, T.€. Ha y4acTke 23:

P -R,+Q%-X,, .PS-X,,-0Q%-R
qug — 23 23U* 23 23 +J 23 23U* 23
3 3

2 (4.98)

Haxonum HanpsikeHue B IPEANOCIEAHEM YYaCTKE CETH, T.€. B y3Jie 2:

Uy =Usz+ Upss. (4.99)
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7. PaccunthiBacM 3apsaaHbIC MOINHOCTH B HA4YaJIC BJI IMOCJaACAHCr0 y4yaCTKa CCTH U B

koH1e BJI mpeanociennero yuacTka ceTu:

Qn — b23|23U32
c23 2

Qk — b12|12U22
cl2 2

8. Ompenennm MOITHOCTh B KOHIIE MPEANOCIIETHETO YIacTKa:

§k12 =S"3+S,-j (Q%2s + Q%12).

(4.100)

(4.101)

(4.102)

Jlanee anropuT™ MOBTOPSAETCS C MyHKTA 3 J0 ONpPEACNICHUS] HAIpPsHKEHUS HC-

TOYHHUKA ITUTAaHUA.

Ecan HWCTOYHMKOM NUTaHUS SBISCTCS QJICKTPOCTAaHIMA, TO, KaK IIPaBUIIO,

onpeaAcACTCA MOIHOCTD, TCHCPHUPYEMA C IMMH CTaHIIUHK, CICAYIOINM 06pa30M:

§3€ = §H01 'j QHc01 .

(4.103)

PaccMOTpeHHBIN METOJT pacueTra peKMMOB PAa30MKHYTOM CETH SIBIISIETCS TOY-

HBIM, T.K. U3BCCTHBLI BCC MCXOAHBIC JaHHBIC OTHOCHUTCIBHO OJHOI'0O Yy3Jia (HOCHCI[HC-

r0) U Harpy3Ku OCTaJIbHBIX y3JIOB.

+ik

Puc.4.14. BekTopHas quarpaMma, WUTFOCTPUPYIOLIAs pacCMaTpUBAEMBbINA aJrOpUTM
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4.3.4. Pacuem pexcuma pazoMKHYmoU cemu npU U36ECHHBIX HAZPY3KAX U

Hanp;aIcenHuu UCMmoOYHUKa numanun

B paccmarpuBaeMoM citydae M3BECTHBI HATPY3KU B y3J1aX U HANPSKEHUE HC-
TOYHHMKA TTUTaHUsA. VIMEHHO Tako# croco0 3alaHus UCXOMAHOW WH(OpMAIUU TpuMe-
HSIETCSI B YCIIOBUSIX JKCIUTyaTallUM IIPU PacyeTe W aHAIM3€ PEKUMOB. 31€Ch UCTOY-
HUK MUTAaHUS - OaJlaHCUpYIOMIUi y3en. B HeM 3aganbl MOynb U da3a HaNpsHDKEHUs, a

HCU3BCCTHBI aKTUBHAA N PpCAKTHBHAsA MOIIMHOCTDL, T.C. Q5 = const , ‘Sﬁ =var. HpI/I Ta-

KOM crioco0e 3aJlaHusl UCXOHOW MH(OpMaIMi HEBO3MOXKHO OMPEICIUTh HEU3BECT-
HbI€ IOTOKH MOIIHOCTH IO YY4aCTKAM CETH W HAIPSHKEHUS B y3JIaX TOYHBIM METOJIOM,
HCIIONB3Ys MepBbIi 3akoH Kupxroda u 3akoH OMa, T.K. HaIpsDKEHHUE B KOHIE pa3o-
MKHYTOW CETH HEW3BECTHO. [[aHHYIO 3a/1a4y MOKHO PELINTh, COCTABJISASA CUCTEMY HE-
JMHEWHBIX YPAaBHEHUH y3JIOBBIX HAIPSHKEHUM U pelnas ee JTI00bIM U3BECTHBIM UTEpa-
IIMOHHBIM METOJIOM, - Hampumep, MeTtojgoM HrroToHa-Padcona. Takoil moaxon
MPEJINOJIaraeT NCMOJIb30BAHUE CIIECIIMAIBHBIX MPOMBIIUICHHBIX TPOrpamMM JJIsl pacue-
Ta PSKUMOB CETH M HEYJIOOCH /IS NMOHUMAaHHUS (U3UUYECKOW CYITHOCTH MPOTEKaro-
X mnporeccoB. Ilonp30BaThCs UM IPH PYYHOM CUETe HEIEIecoo0pa3HO B BHUIY
OOJIBIIION TPYJOEMKOCTH pacueToB (KOJWYECTBO UTEPALUM B 3aBUCUMOCTH OT CJIOXK-
HOCTH CXEMbI MOKET jocturath 10 u 6omee).

OmHako MOXKHO OCYHIECTBUTH MPHUONMKEHHBINM pacyeT PEeXKUMOB MPOCTHIX
Pa30OMKHYTBIX CETE€W B JIBa 3Tama, MOJb3YysICh METOAOM HTEpPALUNA WM IOCIEI0Ba-
TeIBHBIX MpUOMIKeHuid. B aToM citydae pocturaercsi TpebyeMass HHKEHEpHasi TOY-
HOCTb pacueta (10 5%) npu OJHOM — IBYX HTEpalMsIX B 3aBUCUMOCTH OT HOMUHAJIb-
HOTO HANPSDKEHHS] U Pa3BETBJICHHOCTH CETH, JIETKO TMOHMMAeETCs (u3nueckas CyIll-
HOCTh MPOTEKAIONIMX MPOLECCOB B CETH U OCYIIECTBISAECTCA aHATIMTUYECKUN aHAIU3
pexuma.

PaccMoTpum anroputm pacuera pexxuMa pa3OMKHYTOM CETH MPU U3BECTHBIX
Harpy3Kax W HalnpsoKeHUH MCTOYHHMKA MHUTaHUsS (€ro eIle Ha3bIBAIOT pacueT pekuma

10 IaHHBIM HayaJia) B JiBa dTana Ha npumepe puc. 4.15.
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Puc. 4.15. Cxema 3aMmeIieHus pa3oMKHYTOM CETH JJIsI pacueTa 1o JaHHBIM Havaja

CocTaBisieTcs cXxema 3aMeIIeHUs, B KOTOPOW HAarpy3KH Y3JIOB SBJISIOTCS TIPH-
BesieHHBIMU (puc. 4.15).

[TepBbIii ATam 3aKIFOYAETCsA B ONMPECIICHUN MTOTOKOB MOITHOCTH 10 y4acTKaM
CETH, C YYETOM IMOTEPh MOIIMHOCTH. T.K. HANPSOKEHUS B y3JIaX 3apaHee HEM3BECTHBI,
TO B Ka4ECTBE MEPBOTO MPHUOIMKCHUS UX TIPUHUMAIOT PaBHBIMA HOMHUHAIBHOMY 3Ha-
yeHHI0. PacueT BemeTcss OT KOHIA CETH K HaJdally, T.€. K TOJIOBHOMY y4YacTKY.

1. OHpGIIeJIGHI/Ie 3apPAOHBIX MOIHHOCTCﬁ B HA4YaJIC 1 KOHIC KaXXA0I'o ydaCTKa CCTH:

1
Qg, = QCI‘; = EbOij 'lij ) UFZIOM (4-104)
nimn
H v 1
Qi =0¢ = S -1, (4.105)

rae Qcij” 1 Qcjj* — COOTBETCTBEHHO 3apsiiHAsi MOLIHOCTh Hayajla ¥ KOHIA
y4acTKa JINHWH;
o - HOTOHHOE 3HAYEHHE 3apsIHOM MOLIHOCTH, CIPAaBOYHAS BEJIMYU-
Ha, MBap/km;
lj - mimHa ydactka ij.
2. OnpejeneHre MOTOKa MOIIHOCTH B KOHIIE TIOCIIEHETO yUacTKa CEeTH:
K - N
Soin =S~ ZQC,-- ) (4.106)
i—1
j=i+1
ra€ S ;p(n) - IPUBEICHHAS MOLIHOCTD IOCIEIHETO y371a PA30MKHYTOM CETH,

| | - HOMep JTUHUH, TOAXOJIAICH K TIOCICIHEMY YIaCTKY CETH;
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N - gwmcno HI/IHPII>’I, MOAXOAAIINX K ITOCICAHEMY YUACTKY CCTH.

3. Onpeznenenre NOTEPh MOIHOCTH HA MOCIEAHEM YYaCTKE CETH:

— (Pn’il,n )2 + (Qrf(—l,n )2

2
U HOM

48

~n-1,n

(R, +JX, 1,)- (4.107)

4, OHpGI[GJIeHI/Ie IMOTOKAa MOIIHOCTHU B HAYAJIC IMOCJICAHCIO Y4aCTKa CCTHU:

H K
Li‘n—l,n = ‘Sn—],n + A‘Sn—l,n '

(4.108)

5. OHpeI{eJIeHI/Ie ITOTOKAa MOIIHOCTHU B KOHIIC IMPCAIIOCICAHCTO Y9aCTKa CCTH:
K H <
St =S in ¥ S ) —J ZQQ‘/‘ . (4-109)
yuety

Haﬂee AJITOPUTM ITOBTOPACTCA C IIYHKTA 3 A0 OIIpCACICHMA II0OTOKAa MOIMHOCTH
B HA4YaJIC TOJIOBHOI'O y4JacCTKa.

BTOpOﬁ 9Tall 3aKIII0YaCcTCsA B OIIPCACICHHUHA HaprDKeHI/Iﬁ B y3JlaxX IIO pacCHHU-
TaHHBIM Ha HepBOM 9Taric MmOoTOKaM MOIIIHOCTHU U I/I3BCCTHOMy HaHpH)KeHI/IIO HNCcTo4y-
HUKa nuTadug. Pacuer BCACTCA OT HadYalla CCTHU K KOHIY, T.C. OT Ha4dajia rOJIOBHOI'O
y4acCTKa K IIOCJICAHCEMY YYAaCTKY CCTH.

6. Onpenenenre najacHUs HAPSYKEHUS HA TOJIOBHOM YYacCTKe:

Pl? R12 +Q1H2X12 + J Plgxlz _QE R12 =AU.. + jéU (4 110)
" " 12 12 )

U, U

L_JA12 =

*

rac U - COHpH)I(eHHBII;'I KOMIUICKC HAIIPAKCHUA HCTOYHHKA ITUTAHU .
7. OHpeI[eJ'IeHI/Ie HAIpsPKCHUA B IICPBOM Y3JIC HAI'PY3KU OT UCTOUYHUKA ITUTAHUS:
U,=U; -U,p,. (4.111)
Janee airopuT™ MOBTOPSAETCS 10 ONpPESTCHUS HAMPSHKEHUS B MOCIETHEM y3-
JIC HAI'Py3KH CCTH.

IIpu pacdere HaNpPsDKCHUI B y371aX PacCYUTHIBAIOTCS Moaynb Ui 1 dasa @y,

110 BBIPAXKCHUAM:

U, =(U~-A4U,,,)’ +(8U,,, ) ; (4.112)
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oU, ...
=arctg ———— 4113
o, =artg e (4.113)

ii+1

HonyquHoe SHAYCHUC HAIIPSKCHUA B IMOCJIICAHEM Y3JIC CPAaBHHUBACTCA C IICP-

BbIM HpI/I6JII/I)K€HHeM, T.C. C HOMHUHAJIbHBIM 3HAYCHHUCM HAIIPSAKCHUA 110 BBIPAKCHHUIO!

(1) _
U™ = Yo |100% <5%, (4.114)
u®,

el =

rae UY, -MOJYJIb HAIPSKEHUS TOCIEAHETO Y3JId, MOJYYEHHBIM B PE3YJbTATE BbI-
TOJTHEHUS TIEPBOM UTEPALIUU.

Ecnu pasnunia He npessimaer 5%, To TpeOyeMas TOYHOCTh pacuera JIOCTHT-
HyTa U BTOpasi UTepalus He Tpedyercs.

B 11poTuBHOM cilydae OCyIIECTBIISIETCS MIEPEX0/ KO BTOPOU urepauuu. B xaue-
CTBE BTOPOTO MPUOJIMKEHUS Ha MEPBOM JdTalle HANPSHKEHUS B y3JaX MPUHUMAIOTCA
PaBHBIMH 3HAYEHHSM, MOJYYCHHBIM Ha BTOPOM I3Tare nepBoul urepauuu. M pacuer
MOBTOPSIETCS, HAUMHas C 1. 1.

Kaxk npasuno, miig cetell ¢ HOMUHaIbHBIMU HanpspkeHnem 10 110 kB Bxkmroun-
TEJIBHO TpedyeMasi TOYHOCTh pacdeTa JOCTUTaeTCs MpH ofHOM ureparuu. [Ipu sTom
MOYXXHO TIpeHEOpeYh MOMEPEYHOM COCTABIIIIONICH MaJCHUS HampsokeHWs. B ceTsax
HanpspkeHWeM 10 35 KB BKIIFOUMTENBHO HE YUYUTHIBAKOT 3apSIAHBIE MOITHOCTH JIMHUN
BBHJIy TOTO, YTO OHHU B CTO W OoJiee pa3 MEHBIIE 3apsSaHBIX MOIMHOCTeN juHui 110
KB, T.e. O4E€Hb MaJIbl U UX 3HAYEHUS] COU3MEPUMBI C MOTPEIIHOCTHIO pacyeTa.

B cersx 220 kB TpeGyemasi TOYHOCTh pacuyeTa B OCHOBHOM JIOCTUTAETCsl MPH
BBITIOJTHEHUH JIBYX UTEpaIUU.

4.4. Pacuer pe:KHUMOB NMPOCTHIX 3AMKHYTBIX ceTeil

4.4.1 Konvuesvie cemu

Cetu ¢ OTHOKOHTYpPHOUM KOH(UTyparme Ha3bIBAIOTCs KOJIbIeBbIMU. Kombile-
BbI€ CETU MOTYT UMETh KaK OJIMHAKOBbIE HOMUHAJIbHBIE HANPSHKEHUSI BCEX YYaCTKOB,
TaK W pPAa3JIMYHbIE IPU OCYIIECTBIECHUU CBS3M YYaCTKOB Pa3HbIX HOMHHAJIBHBIX
HANpsDKEHU yepe3 aBToTpaHCcHOpMATOPhI UM TPEXOOMOTOUYHBIE TpaHCHOPMATOPHI

COOTBETCTBYIOIIMX MOJACTAHIIUNA. AJITOPUTM pacdeTa Takux cered enud. OgHaKo BO
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BTOPOM CJIydae Mepe]l pacueToM YCTAHOBUBIIMXCSI PEKUMOB MapaMeTphbl CXEMbI 3a-
MEILIEHNS YYaCTKOB CETU MPHUBOJAT K OJAHOM CTYIEHU HANPSDKEHUS IO CICAYIOIIUM

BBIPAKCHUAM:

;IIP =;kT2’ !HP = (4-115)

=

rae Zpp, Ypp - TpUBEACHHBIE K 0a3MCHOMY HAIPSKEHHUIO COMPOTHUBIICHUE U TPOBO-

JUMOCTh PacCMaTPUBAEMOI0 JIEMEHTA DJIEKTPUUECKON CETH;
Kt - ko3ddunment tpancopmaiiui uaeaabHOro TpanchopMaropa Ha Iy-
TH MEXJY PacCMAaTPUBAEMBbIMU HJIEMEHTAMHU U CEThIO Oa3UCHOU CTYy-

IIEHU HAIPSIKEHUSL.

[Ton Ga3ucHBIM HaIpsHKEHUEM NMOHUMAIOT HANpsKEHUE TOM CTYNEHH, K KOTO-
pOMY HPUBOAAT BCIO ceTh. Kak mpaBuio, 3To cTyneHb 060siee BHICOKOTO HAIPSHKEHHUS.
T.x. peanpbHOE HampsDKEHHE OOMOTOK CHIIOBOTO TpaHc(opmaropa WU aBTO-
TpaHchopmaTropa 3apaHee HEU3BECTHO, TO IPHU MEPBOM MPUOIMKEHHH KO3(DPUITUEH-
ThI TpaHC(HOPMALIUK OMIPEEISIIOT 10 HOMUHATBFHBIM HAMPSKEHUSIM TpaHchopmaTopa
WIA CPEAHUM HOMHHAJIBHBIM HANpPSOKEHUSM CeTH. B 3TOM ciyuyae mpu MpuBEACHUU
CONPOTUBJIEHUIN WA MPOBOJMMOCTEN O0jiee HU3KOM CTYNEHU HaIpsiKeHUs! (BTOPOiL)
K OoJiee BBICOKOHM cTyreHu (mepBoil) koddduiueHT TpaHchopMmanuu UAeaIbHOTO

TpaHchopMaTopa OnpeessieTCs CISTYIOIUM 00pa3oM:

U
k, = —1OM. (4.116)

U HOM,

Takum 06p2130M, KOJIbLICBAA CCThb MMCCT OJMHAKOBOC HOMHUHAJIBHOC HAIIPSKC-

HHUE U TOTOBA K pacuety (cm. puc. 4.16).

1

gl 2y D3 D%
Snp3

Puc. 4.16. IIpumep KOJIBIIEBOM CETU U €€ CXeMa 3aMeIlCHUS
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AJNTOpUATM pacdeTa KOJBLUEBBIX CETEN IIPU UCIIOJIb30BAaHUN METO/A MOCIIEI0BA-
TEbHBIX MPUOIMKEHUM [TOKA3aH HUXKE.

1-i sTam. PacnipeienneHre MOTOKOB MOIIHOCTH 110 YYaCTKaM KOJIbLICBOM CETH

oe3 Y4cCTa IOTCPpb MOIITHOCTHU

1. KOJ’IBHCB&SI CCTb Pa3pe€3acTCia 110 UCTOYHUKY IMUTAHMA U IIPUBOIUTCA K CCTHU C

JIByMsI ICTOYHUKAMH TTUTaHKs1, UMEIOIIUMHU OJIMHAKOBOE HanpspkeHue (puc. 4.17).

Za1 Z Zn Zyy

1:6“:@:[@
1l 1

I [l Ll Ls

H < H X Sop2 —H K =re? ~H K
iQcAl  1QcAl  Qci2 Q12 Q23 Q23 Q34 Qc3A

Puc. 4.17. Cxema 3amenieHus KOJIbIIEBOM CETH, pa3pe3aHHON
110 UICTOYHHUKY TTUTAHUS

2. Ompepensercss pacdyeTHas Harpys3ka KaKJoro ysia Io BeipaxkeHuio (4.81).
CxeMa 3amenieHus KOJIbIIEBOM CETH C PaCU€THBIMU Harpy3KaMu y3JI0B MOATOTOBIICHA
K OTPEICJICHUIO TOTOKOB MOIIHOCTH HA TOJIOBHBIX ydacTkax (cm. puc. 4.18).

HOI[ T'OJIOBHBIM ITIOHHUMACTCA Y4aCTOK CCTH, HCIIOCPCACTBCHHO HpI/IMI:IKaIOHJ;I/Iﬁ K

EIA‘!

HCTOYHHUKY ITUTAHUA.

Puc. 4.18. Cxema 3aMelieHus KOJIbLEBOU CETH

C pPaC4YETHBIMM Harpy3KaMH y3JIOB

3nech Sj- pacueTHas Harpy3kKa I - To y3ia.
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3. OHpGI[eJI}II-OTC}I IMOTOKH MOIIMHOCTH HA T'OJOBHBLIX y4YaCTKax, IIpU 3TOM HC-
IMOJIBb3YCTCA HOIIYHICHUC 00 OTCYTCTBHUHU IIOTCPb MOHOIHOCTHU HaA y4YaCTKax. B O6I[I€M

BUJIE:

S, == (4.117)
Z pp
2.8 Zin
Sy =1 (4.118)
Zse
WK IPUMEHHUTEIBHO K PACCMATPUBAEMOM CXeMe:
§A’1 — §1;Z.A"+§2%2A"+§3;;A" ’ (4119)
Zpp
§A113 — §1;1A' + §2*;2A' + §3 ;3A' ’ (4120)
Z ppe

rae Sj- pacdyeTHas MOITHOCTb Harpy3Ku i-To y3ia;
Z*inr, Z*Xin7- CONPSDKEHHBIC KOMITICKCHI COTPOTHBIICHUN OT I-H TOYKH CETH JO
cooTBeTcTBYIOIIEro KoHIA (A’ min A'") pa3BepHyTOI CXEMBbI 3ame-
IICHUS KOJIBIIEBOU CETH MPU €€ pa3pe3aHuy B TOUKE UCTOYHUKA TTH-
TaHMUS,
Za.p» - COTPSDKEHHBIM KOMIUIEKC CYMMapHOTO CONPOTHUBIICHUS BCEX ydacT-
KOB KOJIbIIEBOM CETH.

IIpoBepka MpaBWIBHOCTH pacdeTa OCYIIECTBISETCS IO CIEAYIOIMIEMY YCIIO-
BHUIO: CyMMa IMOTOKOB MOIITHOCTH Ha TOJOBHBIX YYacTKaX paBHAa CyMME€ pPacuETHBIX
MOIIIHOCTEMN BCEX Y3JIOB.

4. Onpenengercss TOUKa MOTOKOpPA3aeiaa aKTUBHOW M PEAKTUBHON MOIIIHOCTH.
Touka moTokopasjiena - TOT y3€J CETH, Harpy3ka KOTOPOro MOJIYy4YaeT MUTAHUE C
IBYX CTOpOH. HBIMU CJIOBaMH, 3TO TOYKa CETH, B KOTOPOW BCTPEUAIOTCA MOTOKH
MOIIHOCTHU. JI1s HaxX0XKAEHUs TOYKU IMOTOKOpasjliesla MCIOJIb3YeTCsl MEePBBIM 3aKOH

Kupxroda:
§12:§A'1 - §1 ; §23=§12 - §2 u m.o. (4121)

[Tocne TOUKM MOTOKOpa3zesia MOIIHOCTh HA yYacTKe, CIEAYIOLEM 3a HEU, Me-

HSIET CBOM 3HAK HA ITPOTUBOIIOJIOKHBIN.
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C 1enpro NpoBEPKM MPABWIBHOCTH pacyeTa MOTOK MOIIHOCTH Ha OJHOM W3
YYAaCTKOB PACCUHUTHIBAETCA C ABYX CTOPOH. [Ipy 3TOM IOJKHO BBHITTOIHATHCS YCIOBHE
(cm. puc. 4.18):

S23= - Sa. (4.122)
Touka MOTOKOpaszena Ha cxeme 3amemeHus obosHagaercs \/ .

5. Pa3genenue KoabLUEBOW CETH HA ABE PA30MKHYThIE MAaruCTpajibHbIE B TOUKE
OTOKOpAa3aena.

B naHHOM myHKTE cxema 3aMEIICHHUs] KOJbLEBOM CETH NPUBOAUTCA K JIBYM
CXeMaM 3aMeIIeHHUS Pa30MKHYTBIX ceTel (cM. puc. 4.19).

3nauenus Si, u S3p noyUeHsl 8 N.4 npu onpeoenreHur MoUKYU NOMOKOPazoeid.

H K H K
Sar Sy 3 S
a1 gz, Sm S g, S»
A 1) 1 2
LI \I LI
5 Sy S=8p
H K H K
San Zar Sans S5 Zs S1 5,85,
A ) ] 2
IS | \J IS |

s, Sy
Puc. 4.19. IlpuBenenHas K ABYM Pa30MKHYTHIM CXeMa 3aMEIICHHUS

6. Pacuer AByX pa3OMKHYTBIX CETEW MO ajiroOpuTMy, MPUBEACHHOMY B 11.4.2.4,
T.€. 10 METOJly pacyeTa CeTH B JBa 3Tana (pacuyeT pa3oOMKHYTOW CETH MO JaHHBIM
Hayasa).

Ha mepBoii utepanuu B Ka4eCTBE UCXOAHBIX MPUOIMKEHUN HANIPSIKEHUS B Y3-
JaX MPUHUMAIOTCS paBHBIMH HOMHUHAJIBHOMY. B Kaxaoi U3 cXeMm 3aMmelleHusi, Mpu-
BEJICHHBIX Ha puc. 4.19, paccunThIBaETCS HAMIPSKEHUE B y37€ 2, T.€. B TOYKE MOTOKO-
paznena. HanpsbkeHne B TOUKE MOTOKOpAs3fena JOJKHO coBOaAaTb. B mpoTHBHOM
Clly4ae OCYIIECTBIISIETCS MEPEXO0] KO BTOPOW MUTEpALMH, TP 3TOM HaXOIAT CpPEIHEE
3HAYEHHE HAIPSKEHUS B TOUKE MOTOKOPA3ena:

’ ’
v, =Yt (4.123)
2
B xauecTtBe HanpsKEHUHM y3JI0B BO BTOPOM UTEPALIMU UCIIOIb3YIOTCS 3HAYEHHUS

HaIIPSKEHUM Y3JI0B, TIOJIYYEHHBIE Ha NIEPBOM UTEpaLMH, IPU 3TOM HAIIPSDHKEHHE y37a

2 mpUHMMAETCSl PaBHBIM cpenHeMy. PacueT okaHUMBaeTCs MPU JOCTHKEHUH Tpelye-
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MOU TOYHOCTH, T.C. 3HAYCHHUA HaprDKeHI/Iﬁ B TOYKC MMOTOKOpAasaciia, OonpcACICHHBIC C
ABYX CTOPOH, COBIIAJAaOT U HA ABYX COCCOAHUX UTCPAIHAX HC OTIIMNYAIOTCA Ooee uem

Ha 5%.

4.4.2. Ocobennocmu pacuema pexcumos 3AMKHYMbBIX cemell npu 08yx

moukKax nomoxopazt)eﬂa

B 06HICM ClIydac TOYKH ITOTOKOpasacia II0 AKTUBHOHN U peaKTI/IBHOﬁ MOIIIHO-
CTHU MOI'yT HC COBIIaJaTh. PaCCMOTpI/IM 0COOEHHOCTH pacdcTa pCKMMOB TAKUX ceTen

Ha TIpUMEpEe CXEMBI, IPUBEICHHON Ha puc. 25.

Zan Z12 y\ Z23 ,\ Z3A"
A ~ —(D)—TI 1 2 ] 3 ] AN
—> <—
Part P> P32 Pars
T — S -
Qa1 51 Q12 52 Qu S3 Qa3

Puc. 4.20. Cxema 3amenieHust IpOCTON 3aMKHYTOM CETH C IByMSI TOUKaMU
MOTOKOpa3aena
Ha puc.4.20 V - Toyka moToKOpaszaena o akTHBHOM MOIIHOCTH;
V - Touka notokopasesna o peakTMBHOM MOIIHOCTH.
Uto6wl paznenutsh cethb (puc. 4.20) Ha ABE pa3OMKHYTHIE CETH, HEOOXOIUMO

BBIYHCIUTD IIOTCPU MOIMHOCTH HA YHACTKC MCKAY TOUYKAMHU ITOTOKOpa3aciia:

2 2
A§23 =Ast + jAQ23 ZPBU;QBZB- (4-124)

HOM

Tenepp HEOOXOIUMO «BBIPE3ATh» YYACTOK MEXKIAY TOUYKAMHU MOTOKOpPA3jena,
T.€. ydacTtok 2-3. CienoBaTesibHO, MTOTEPU MOIIHOCTH Ha HEM HYKHO BKIIFOUUTH B

Harpy3Ky y3J0B 2 ¥ 3 10 CIEAYIOUUM BbIPAKECHUSIM:
S2,=P12+j(Q12+4Q23), (4.125)
S3,=Pa-3+4P3,+jQas, (4.126)

rac 1MmOoTOKM MOIIMHOCTH §ij 10 y4yaCTKaM CCTH, oe3 yuc€Ta NMOoTeCpb MOIIHOCTH,

OIIPCACIIAIOTCA IO AJITOPHUTMY pacdcTa KOJIBLCBLIX CCTeﬁ, T.C. IIO0 BBIPAKCHUAM
(4.121).
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Takum oOpa3om, paccmaTpuBaeMas CeTh MPHUBEJACHA K JBYM Pa30MKHYTHIM
(puc. 4.21) u MoxeT ObITh pacCUUTaHa IO aJTOPUTMY pacyeTa PEKMMOB PA3OMKHY-

TOM CETH IMIpXU U3BCCTHBIX HAI'PY3KaAX W HAIIPAKCHUAX HCTOUYHUKOB ITHTAHNA.

Zan 12 Zams

O—Lr—0——3—0 OoO—]—F—
Iﬂ

B, 5,

Puc. 4.21. Paznenenuie npocToil 3aMKHYTOM CETH C IBYMSI TOUKaMHU

IIOTOKOpa3acia Ha IBC pa30OMKHYTBIC

4.4.3. Cemu c 08ymMa UCMOYHUKAMU RUMAHUSA

B oOmem cinyyae 1Ba UCTOYHHMKA MHUTAHUS, UMEIOIIUE PA3NUYHbIE (QUKCHUPO-
BaHHbIC HANPSKEHUS, COCTUHSAIOTCS MEXIY COOOHM JIMHUSMHU C MPOMEKYTOUYHBIMH
MOJICTAaHIIUSIMHU.

Pacuer pexxuma Takoil CeTH BBITOTHIETCS aHAJIOTMYHO PacyeTy peXuMa KOJIb-
[IEBOI CETH, HO C MCIIOIH30BAaHNEM METO/1a HATOKECHHSI.

B sTOM cnyuae cxema ceTu ¢ IBYCTOPOHHUM IHUTAHUEM MPEACTABIISETCS B BU-
e IBYX CXEeM:

a) CXeMa CeTH C OJMHAKOBBIMU HANpPSIKEHUSIMH HCTOYHUKA MHUTAHUSA, T.C.
HaNpsDKEHUE MEePBOr0 UCTOYHHMKA MPUHUMAETCS] PaBHBIM HAIPSHKEHUIO BTOPOTO (CM.
puc. 4.18)

Ui 1= Ui 2- (4.127)

0) cxema cetu 0e3 MPOMEKYTOUHOIO0 OTOOpPA MOIIHOCTH, B KOTOPOW Hampshke-

HUE OJTHOTO MCTOYHHKA MPUHUMAETCS] PaBHBIM HYJIO, @ BTOPOTO - PA3HOCTH MEXITY

HAIIPsOKCHUAMA HMCTOYHUKOB ITMTAaHUHA. Takas cxema 3aMCIICHUA IIOKa3aHa Ha pHUcC.

4.22.
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Syp

Uuni>Yum:

Puc. 4.22. Cxema 3amernieHus cetu 06e3 or0opa MOIITHOCTH

B cetn, cxema koTopoil mpuBeneHa Ha puc. 4.22, mpoTeKaeT ypaBHUTEIbHAsS
MOIIIHOCTh OT UCTOYHMKA MUTAHUs C OOJBIIUM HAIPSHKEHUEM K MCTOYHUKY MUTAHUS

C MCHBIIIUM HAIIPAXKCHUCM, OHA PABHA

=UI/IIT1_U11H2 .U (4128)

~yp * Hom *
Z AV_AI ’

Hcxons w3 CKa3aHHOTO, aJlTOPUTM pacyeTa CeTH C JIBYXCTOPOHHUM IMHUTAHUEM
CIICTYFOLIIHM:

1. PaccumThIBaIOTCS TTIOTOKK MOIIHOCTH HA TOJIOBHBIX y4acTKaX CETH IPH pa-
BEHCTBE HAITPSDKCHUI MCTOYHHMKOB MUTaHMs 10 BeIpakeHusMm (4.117), (4.118), Sry.

2. OnpepensaeTcst ypaBHUTEIbHAs. MOIIHOCTD 110 BhIpakeHuto (4.128).

3. YTOYHSIOTCS IIOTOKU MOIIHOCTH Ha TOJIOBHBIX Y4acTKax C yU4E€TOM ypaBHH-
TEJIbHOW MOIIHOCTHU Syp.

I[JISI rOJIOBHOI'O y4aCTKa, INTaACMOI'o0 OT HCTOYHHKA C OOIBIITIM HaIps’KCHUCM

pakm

Sry =§ry +§yp- (4-129)

)IJI?I T'OJIOBHOI'O y49aCTKa, IUTACMOI'0O OT UICTOYHHNKA C MCHBIIUM HAIIPAKCHUCM:

pakm

Sry =Sy —Syp. (4.130)
4. OnpenensieTcss ToYKa MOTOKOpasaesa. JlanpHelInii pacueT ceTu CBOJUTCS K

ANrOpPUTMY pacueTa KOJbIEBON CETH.
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llopsdox pacuema paznuuHblX KOMOUHAYULL 3AMKHYMBIX U PA3BEMBIEHHbIX PA30-

MKHYMbIX cemel

[pu pacuere pealbHBIX CETEH TOBOJBHO YacTO BCTPEUAIOTCS CUTYAIMH, KOTIa
B CXEME CETH COYCTAIOTCS Pa3InYHbIe KOMOUHAIIUM COCTMHEHHS 3aMKHYTHIX M pa3-
BETBJICHHBIX PA30MKHYTBIX ceTeil. Hanbosee THIMYHBI ClIeAyIomIue:
» K pa3IMYHbIM y3JIaM KOJIbIIEBOW CETH MOJKIIOYCHBI Pa3BETBICHHBIC Pa3o0-
MKHYTHIE ceTH (puc. 4.23);
» K Pa30MKHYTOW CETH B OJHOM WJIM HECKOJBKHX y3J1aX MOJKIIOUYCHBI KOJIb-
1ieBbie cetu (puc. 4.24);
» K CeTU C IByXCTOPOHHHUM IHUTAaHUEM B OJHOM HJIM HECKOJIbKUX y3Jax MO/JI-
KJTFOUCHBI Pa3BETBIICHHBIC PA30OMKHYThIC ceTH (puc. 4.25);
» K CeTH C JBYXCTOPOHHHUM MHMTaHUEM TOJIKIIOYCHA KOJbBIEBas CeTh (pHC.
4.26).

[TocnenoBaTenbHOCTh pacyeTa TaKUX CEeTe rnmokasan Ha puc. 4.23 — 4.26.

S3

S4 S5
Puc. 4.23. Cxema cetu, coaeprKanieil KoJIbLO U Pa3BETBICHHYIO Pa30MKHYTYIO

CCTh

[Topsinok pacuera cetu, NpuUBEAEHHON Ha puc. 4.23.

1. Omnpenenenue NpuBEICHHON HArpy3KH y3ia 5.

2. OmpeneneHune MpUBEICHHON HATPy3KH y3ia 4.
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PacyeT NOTOKOB MOLITHOCTH C Y4E€TOM IOTEPh B pA30MKHYTON Maructpaim 2-4-5.
Onpenenenue NpUBEAECHHON Harpy3Ku y3ia 2.
Onpenenenne NpuBEICHHON Harpy3Ku y3ia 3.

Onpenenenue NpuBEAECHHON Harpy3Kku y3ia 1.

N o g B~ w

Onpenenenue cymMMapHOW MOIIHOCTU y37a 2 (C y4eTOM IMOTOKa MOUTHOCTH B

Havajie yyacTka 2-4).

oo

PacyeT mOTOKOB MOIIIHOCTH € YYETOM MOTEPH B Koublie A-1-2-3-A.
9. Pacuer HanpsbkeHUH B y371ax KOJbla MO U3BECTHOMY HaNpsSHKEHUIO MCTOYHHUKA
UTaHUSL.

10. Pacdyer HampspKEHUH B y3/1ax pa30MKHYTOM CETH.

Puc. 4.24. Cxema cetu, conepskariieil pa3oMKHYTYIO CETh M IIMTAEMOE OT HEE KOJIbLIO

[Topsinok pacuera cetu, MpUBEAECHHON Ha puc. 4.24.

1. OmnpeneneHne NPUBEICHHBIX MOIITHOCTEN HArPY30K I-ro y3ia (y3en 1, 2, 3,4, 5, 6).
2. PacyeT mOTOKOB MOIITHOCTH C Y4€TOM IMOTEPh B KoJiblle 3-4-5-6-3.
3. OmpeneneHne CyMMapHOH MOIIIHOCTH y3ia 3.

4. PacyeT MOTOKOB MOITHOCTH C y4€TOM MOTEPh B pazoMkHyToM cetu NUI1-1-2-3.
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A Do

o

Pacuer HampsikeHUM B y37lax Pa3OMKHYTOM CETH MO M3BECTHOMY HANPSLKEHHIO
HMCTOYHUKA TUTAHUS.
Pacuer HanpsbkeHUi B y3/1ax KoJiblla CETH MO HAWJEHHOMY HANpsDKEHHUIO TPEThe-

ro y3ia.

@_ U1l
HR
© ~0o

S4 Ss
S6
Puc. 4.25. Cxema cetn, copeprkaIieii MarucTpaib C IByXCTOPOHHUM MUTAaHUEM U

Pa30MKHYTYIO CETh

[Topsinok pacyera cetu, mpuUBEACHHOM Ha puC. 4.25
OnpeneneHre MpUBEICHHOW MOIIHOCTH HAarpy3ku I-ro y3na (y3en 1, 2, 3,4, 5, 6).
Pacuer moTOKOB MOIITHOCTEH B pA30MKHYTHIX y4acTKax cet 1-6 u 3-4-5.
Ornpenenenue pacyeTHON Harpy3Ku y3ioB (y37sl 1, 2, 3).
Pacder NOTOKOB MOIIIHOCTH C YYE€TOM IMOTEPh B CETH C ABYXCTOPOHHUM MUTAHHU-
eM.
Ornpenenenre HaMPsHKEHUHN B y371aX MarucTpaiu ¢ IByXCTOPOHHUM MUTAHUEM.
Pacuer HanpsixeHnit B y3i1ax pa3oMKHYTOM CETH:
a) B y371ax 4, 5 mo HanpspKEHUIo y3ia 3;

0) B y371€ 6 10 HapsDKEHUIo y3ia 1.
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Ss Sq

Puc. 4.26. Cxema ceTtH, copepxaiieil MarucTpalib ¢ IByXCTOPOHHUM MUTaHHEM

H IIMTAaCMOC OT HCC KOJIBLIO

[Topsimok pacuera ceTH, MpUBEACHHOM Ha pHcC. 4.26

Omnpenenenre MpUBEICHHON MOITHOCTH HArpy3Ku y37oB (y31sl 1, 2, 3, 4, 5).
Pacuer moTOKOB MOIITHOCTH € Y4€TOM MOTEPh B KOJIbIE 2-3-4-5-2,

OrnpeneneHne pacyeTHBIX Harpy30k y3ioB (y3en 1 u 2).

H w o

Pacyer moTOKOB MOIIHOCTH C y4E€TOM IIOTEPh B MAaruCTPAIM C JABYXCTOPOHHUM

IIUTAaHUCM.

o

OnpeneneHre HaPSHKEHUH B y3J1aX MaruCTpaJId ¢ ABYXCTOPOHHUM ITUTAHHUEM.

6. Omnpenenenvie HaNPsHKEHUIA B y3J1aX KOJbLA N0 HalIGHHOMY HaNpPsDKEHUIO y371a 2.
AJITOpPUTM pacudeTa Mo Ka)kJA0MY BBIJICICHHOMY ITyHKTY NPUBEACH B pa3liesiax

2u3.

[Tpumeuanue: nopsaok pacyera cetu (cMm. puc. 4.23 — 4.26) B TeKCTe MOKa3aH

OTHOCUTEIHLHO IU(P B KPYXKKAX, IPUBEACHHBIX HA PUCYHKAX.



4.5 Pacuert pe:KMMOB ceTeil ¢ pa3HBIMH HOMMHAJBLHBIMHM HATIPSKEHUSIMU

4.5.1. Onpeoenenue nanpaxcenus Ha CMOPOHE HU3UIE20 HANPAICCHUA NOO-

cmanuuu

Panee mb1 paccMaTpuBaii METOZIBI pacdyeTa YCTAHOBUBIIUXCS PEXKUMOB B Ce-
TSIX OJTHOTO KJIaCCa HOMUHAIIBHOTO HANPSKEHUS. B yCIIOBUAX 3KCIUTyaTalluu UMEETCS
HEO0OXOIUMOCTh OLICHUBATh PEKUMHYIO CUTYaIIMIO B CETAX HECKOJIBKUX KJIACCOB HO-
MUHQJIBHOTO HampsiKeHUs. JJist 3TOro Hy»KHO 3HaTh KaK ONpPEACsITh HalpsHKEHUE Ha
ctopoHe Hu3koro Hanpspkenus (HH). Paccmorpum crioco0 pacdera HanpsbkeHUs Ha
ctopoHe HH noncranuuu (cm. puc. 4.27). Ha puc. 4.27 cunoBoit Tpancpopmarop
MIPEJICTABIICH B BUJIE JIBYX 2JIEMEHTOB: MEPBBIN — CONMPOTUBIICHUE TpaHC(opmMaTopa
Zr1, BTOpO#l — ujeanbHbll Tpanchopmarop. UneanbHblil TpaHchOpMaTOp HE UMEET

CONPOTHUBIIEHUS, HO 00J1a1aeT KO3 PUIIMEHTOM TpaHCHOpMAaITUH:

U
Ky = o (4.131)
U
Huom
Zot Z12
O =0T +0
Q01 D-ﬁgz
"_>ASX}
bsh ~
213
[
L
i
U,
S3

Puc. 4.27. Cxema niist onpeiesieH!s] HanpspDKeHUsST Ha HU3KOW CTOPOHE TpaHC-
¢dopmaropa [6]
Takoe ycioBHOE pa3zielieHue CUIIOBOrO TpaHchopmaTopa Ha €ro CONpOTUBIIE-

HHUEC U I/I,Z[CaJIBHLIﬁ Tpchq)opMaTop IPHUMCHSACTCS, KOrJa COBMCCTHO pacCMaTpuBarOT-
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Csl CETH BBICILIETO U HU3IIETO HANPSHKEHUN 03 MpUBEASHUS MapaMeTpoB CETH K OJ-
HOMY 0a3MCHOMY HampsDKEHHIO. PacyeT HampshKeHUsl HU3KOM CTOPOHBI TpaHchopma-
TOpa BEIETCS TaK K€, KAK U HANPSLKEHUS B KOHIIE JIFOOOTO COMTPOTUBIICHHUS.

OGo3HauNM NpHBeIeHHOE K cropore BH Hanpsokenue Ha mmnax HH - U™ neit-
cTBUTENIbHOE HanpsbkeHne Ha mmHax HH - Us. MonmHocThs Harpy3ku y3ma 3, Sz, U3BeCT-
Ha. Torma pacuer HamnpsbkeHus Ha muHax HH nmoacranuum ocymiecTBisieTcst B cie-
TYIOLIEM MOPSAIKE:

OTpeeNIsIETCsl MOIIHOCTD, BXos1masi B 00MoTky BH cunoBoro tpancdopmaro-
pa:

Sis =Sy +48 (4.132)

T1?
rac
S =S;; (4.133)

3I[€CI) §3 - CyMMapHasa MOIIHOCTb HAaIrpy3KHW Ha HIMHAX HH IIOACTAaHIIMH.

ITo M3BECTHBIM HANpsKEHHIO y31a U; M MOIIHOCTH B Hayaje yqacTka S;i Jer-

KO OINpPENENUTh HANPSKEHNE HU3KOM CTOPOHBI TpaHCcPopMaTopa, MPUBEIEHHOE K BbI-

o BH .
cokoit U3~ B KOHIIE CONPOTUBIICHUS Z7;:

Ut -y — PII3{ Ry, +Qg " X1 —j- P1[31 X7 _Qg Ry, . (4134)
=3 =1 U;« U:
Monynb 1 paza TOro HanpsHKEHUsI paBHbI
2 2
U = ||U _P1§'I°RTI+Q1[;'XT1 + P1[31'XT1_Q11§'RT1 . (4135)
’ ! U, U, ’
Pl.X,., -0"-R
tgp = 13 r1 — Q5 Ry (4136)

H H '
UI _(P13 'RTI +Q13 'XTI)
Uto0ObI HaliTH NeHCTBUTENBHOE HamnpsbkeHrne Ha mmHax HH noxacranmum, 1.e. Us,
BH .
Hazo Us™ " pasnenuth Ha kodddurment Tpanchopmaryn Kr:
BH
U 3

k

T

U, = (4.137)
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4.5.2. ITopsaook pacuema cemu ¢ pazHbIMU HOMUHATbHBIMU HANPANHCEHUAMU

PaccMoTpuM mociie[oBaTeIbHOCTh pacdera CeTH ¢ Pa3HbIMH HOMHUHAJIbHBIMU
HanpsHKSHUSIMU Ha IPUMEpPE CETH € ABYMSI HOMUHAJIbHBIMU HanpspkeHussMU Ugy, Ucy
(cM. puc. 4.28). 3nech TpexoOMOTOUHBIN TpaHcopmaTop sBisieTcs: TpaHchopMaTo-
POM CBSI3U MEXYy CETSIMH Pa3HOr0 HOMHUHaJIbHOTO HampspkeHus. Ha puc. 4.29 moka-

3aHa CXCMa 3aMCIICHUA CCTH C NCAaJIbHBIMU TpaHC(i)OpMaTOpaMI/I I CCTH, ITOKa3aH-

HOI1 Ha puc. 4.28.

1
UBH ——2B . 1B
Unn 2H Ucy UBH
S
=2 UnH 34

S3

Puc. 4.28. Cxema cetu ¢ 1ByMsI HOMHUHAJIbHBIMH HANPsOKEHUSIMA [6]

OnpenenuM NpUBEIACHHBIE HATPY3KH Y3JI0B S3 U Sy M Mpeodpa3yeM cxemy 3a-

MEILICHHS K BUY, TOKazaHHOMY Ha puc. 4.30.
Ha puc. 4.30 npeacrasieH oauH ucanbHBIA CUIIOBOUW TpaHchopmaTop, COOT-

BETCTBYIOIMI MTPe0oOPa30BaHUIO HAMPSXKEHUS OT BHICOKOTO K CPETHEMY.
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Z1 Uap

.~ H T~ K K
[Qc12  -iQciz2 ASy 4Qc23 ASx

BH KTnC Uac

H
Z12 Uz SZBO Z1B S2Bl] Yo S(]Zc Z1C Uy §2c3 Z2

Q12 Q12 ASx JQc23 S,
Puc. 4.29. Cxema 3aMeliieHus CETH ¢ UAeabHBIMU TpaHchopMaTopaMu

Puc. 4.30. IIpeoOpa3oBanHas cxema 3aMEICHUS CETH
Taxum oOpa3om, B cxeme, npuBeneHHoN Ha puc. 4.30, moka3ansl Zyc — COMPO-
tuBiieHne ooOMoTku CH TpancdopmaTopa U ujeanbHbIi CUI0BOM TpaHchopmaTop, He
MMEIOUTUNA COMPOTUBJIECHUS, HO 00JIaiatonuii Kod(pPpuueHToM Tpanchopmanuu:

UBH .
UCH
B y3nie 3 nmpuBeneHa pacueTHasi Harpys3Ka.

KTBC = (4138)

Pacuer cetu ¢ pPa3HbIMHU HOMHWHAJIBHBIMU HAIIPAKCHUAMU MOKHO IIPOBOAWUTH

JBYMS CTIOCOOaMH.

[TepBrIit cioco6 — MpUBEJCHUE CETH K OJTHOMY 0a3MCHOMY HaIPsKEHUIO.
[Tpu > TOM paccUUTHIBACTCS PEKUM CETH, CXE€Ma 3aMEIICHHS] KOTOPOi ToKa3aHa

Ha puc.4.31, rae oTCyTCTBYIOT HI€alIbHbIE TPAHC(POPMATOPHI, HO COMPOTUBIICHUE JTHU-

H K
z, Us S3so Zte Sino _ Stac Z1c Sozc

.~H .~ K
JQc12  -Qci2 ASy ‘JQc23c
S
HUHU 23 IPUBEJIEHO K BBICOKOUM CTOPOHE, T.€. K Upy.
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Puc. 4.31. Cxema 3amMelIeHAs

[IpuBenenne k BH conmpoTtuBieHns OCyImIECTBIAETCA IO CIEAYIOMIEMY BbIpa-

KEHUIO:
U 2
Zp =20 Kige=Zp | ™ (4.139)
Uen
B 1
AHAJIOTUYHO JUJIS TIPOBOJUMOCTH: Y 53 =Y 53+ ——.
KTBC

OTOT c1ocob YacTo UCIOJIb3YETCs MPU pacueTe TOKOB KOPOTKOTO 3aMbIKaHUS U
PEAKO - MIPU pacueTe YCTAHOBUBIIMXCSA PEKUMOB DIICKTPUUECKUX CETEH U CUCTEM.

Btopoii criocod — y4eT uaeanbHbIX TpaHcPOpMaTopoB, T.e. KOI(PPHUIIMEHTOB
TpaHchOopMaIK MPU OTPEICTICHUN HATPSKSHMUS.

HOCH@HOB&T@HBHOCTB pacdcTa peKnumMa CCTHU 110 AaHHBIM KOHIIA

1. Benercs pacyeT pexruMa pa3oMKHYTOM CETU CPEAHEro HANpPSKEHUs 10 3Ha-
yeHusiM Hanpspkenust Us (yaactok 2C-3). Onpenensiercst Hanpsbkenue Ha mHax CH
tparcdopmatopa 2 U,c (cm. puc. 4.30).

2. Hanpsxenue U,c MpUBOIUTCS K BBICOKON CTOPOHE:

Use =Kpe-Use, (4.140)
a MOTOKH MOIITHOCTH JI0 U TOCJI€ UAcaIbHOTO TpaHchopMaTopa paBHbBI MEXIY CO-
Ooi.

Sooe =Saes- (4.141)

3. JlanbHEHIIMI pacyeT BEAETCS M0 aITOPUTMY pacyeTa pexuMa pa3oMKHYTOU

CETH Ha BBICOKOW CTOPOHE CHJIOBOTO TpaHchopmaTopa, T.€. MPU W3BECTHOM Hamps-
BH
>kKeHnu B KoHIie cetu Uy .

[IocnenoBaTeILHOCTD pacueTa peKUMa CETU 110 JaHHBIM Haudaja

| sTanm — omnpeneneHre MOTOKOB MOITHOCTH C YYE€TOM MOTEpPh cHayaia B CETH
CH, 3arem B cetn BH — Tak ke, KaKk i1 CETU ¢ OJJHUM HOMUHAJIbLHBIM HANPSKEHUEM,

BINIOTb JO OIPCACIICHUA IMOTOKOB MOHIIHOCTHU B Ha4daJlaX TI'OJIOBHBIX Y49daCTKOB CCTH
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BH. IIpu sTtom notrepu momHocTH B cetu CH ompenendrorcss mo HOMUHAILHOMY
Hanpspkenuto cetu CH, a B cetn BH - mo HoMuHaneHOMY HanpsikeHuro cetn BH.

Il aTan — onpenenenue HanpspkeHuit B y3nax ceth BH no 3aganHomy Hanps-
KEHHIO NCTOYHHKA MUTAHUS U PACCUUTAHHBIM IMOTOKAM MOIIHOCTH B Ha4aJle KaKI10-
ro y4acCTKa CETH.

OmnpenensieTcs HaNpsHKEHUE B HYJIEBOU Touke TpaHncpopmaropa Ug:

uo =u25 _!AZBO ) (4-142)
riae U pg— nanenue HanpspbkeHus: B oomotke BH tpancdopmatopa.

szzleo ) RTB +Q2120 i XTB + J lejzo i XTB _Qgso ) RTB .
U23 U23

!AZBO =

3areM PaCCUUTBIBACTCA HAIIPSAKCHUC CpGI[HCﬁ CTOPOHBI, IIPUBCACHHOC K BBICO-

KOU CTOPOHE
BH
ch = Qo - QAozc ' (4-143)
riae U c— nagenue HanpsbkeHus B ooMotke CH tpancdopmatopa.

POI;C i RTC +Q(gc i XTC + J Polzqc ) XTC _Qgc i RTC .
Uo Uo

llezc =

[Tociie 3TOr0 HAXOAUTCS NEHUCTBUTEIBHOE HAIPSLKEHUE CPEAHEW CTOPOHBI CH-

J0BOTO TpaHcdopmartopa.

BH - U
Uy =2 =yg . —c (4.144)
* KTBC “ UBH

3aTeM pacCUUTHIBAIOTCS HAMPSHKEHUS B Y3JIaX CETU CPEIHErO HANpsHKEHUS 10
3HaYeHUI0 U, Kak HanpsHKEHUST UCTOYHUKA TTUTAHUS.

Ecnu B cetu ecTh HECKOJIBKO Pa3IUYHBIX TPAaHCHOPMATOPOB CBS3HU, TO KO-
(dbunreHTs TpaHchopMaIuy YUUTHIBAIOTCS aHAJOTUYHBIM 00pa3oMm.

[Ipu pacuerax yCTaHOBUBIIHXCS PEKHMOB CIOXHBIX 3JIEKTPUYECKUX CETEU U
cucteMm Ha [IDBM s pacuera ceteil ¢ pa3nMYHbIMU HOMUHAIbHBIMU HAMPSAKEHU -
MM UCIIOJIB3YIOTCSl YPABHEHUS Y3JIOBBIX HANPSKEHUH, YUUTHIBAIONIME HAIUYHUE B Ce-

TH TpaHC(HOPMATOPOB CBSI3H.
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5. PET'YJUPOBAHUE HANPS’KEHUS B DJIEKTPUYECKOM CETU

5.1. Cioco0b1, BH/IbI U IPUHIUIIBI PeryJIHPOBAHUS HANIPSIKEHUS
JIns ceTr ONHOW CTYNEHU HANPSDKEHUs OTKIOHEHUE HANPSDKEHUS B PACUETHOU

TOYKE CCTH PAaBHO:

86U, =6U,, +>.6U, > AU, (5.1)
i=1 k=1

riae Uy — OTKIIOHEHUE HANPSHKEHUS B ICHTPE ITUTaHMUS;
oU,; — «100aBKay HaINpsHKEHHUs, CO3/1aBaeMast 1-M CpPeJICTBOM PETYIHPOBAHHS;
N — KOJWUYECTBO CPEACTB PETYIUPOBAHUSA MEXKIAY LIEHTPOM ITUTAHUS U IPUEM-
HUKOM (pacueTHOU TOYKOM);
M — KOJIMYECTBO Y3JI0B;
AUy — majeHue HanpsyKEHUS MEX]y LIEHTPOM NMUTAHUS U PACUETHOM TOYKON Ha
K-m ydacTke.

Jlo6aBka HanpsikeHus U, MOKET ObITh U TTOJIOKUTEILHON, U OTPUIIATEILHOM.

Ioxn pezynuposeanuem nanpasxcenus NOHUMAIOT NIPUHYJUTEIIBHOE U3MECHEHHE
peXruMa HaNpsSHKEHHS B CETH Uy 3JIEKTPOIPUEMHHUKOB C LIETBI0 00€CIeUnTh HOpMa-
THUBHbIE TPEOOBAaHUS MO KAYECTBY AJIEKTPOIHEPIHMH WM ONTHUMAIbHBIA PEXKUM IO
HaIPSKEHUIO.

Paznuyaror cienyroue cnocodwvl pezyiupoeanus HAnpaAyceHus W BO3AEH-
CTBUS Ha MapaMeTPbl CUCTEMBI M PEKUMA CETH:

» perynupoBaHHe HampspkeHus B HeHTpax nutanus (LIT);

» W3MEHEHHE COTIPOTHBIICHUH 3JIEMEHTOB CETH;

» TiepepacrpeeieHre MOTOKOB PeaKTUBHOW MOIITHOCTH;

» u3MeHeHne kKod3(pPHUIHMeHToB TpaHchopMauu CUIOBBIX TpaHChOpMaTO-

poB (CT) ¢ moMompl0 peryaupoBaHUs] HANPSHKEHUS TOJ Harpy3Kou

(PITH);



» W3MEHEHHE MOTEePh HAMPSHKEHUS B DJIEMEHTaX CETH.
[Ipu sKcruryaTanuu 3J€KTPUUYECKUX CETEH NMPHUMEHSIOT CIECIYIOUINE 6UObL
pecyauposanusi.

Ilenmpanuzoeannoe pezynupoeanue HANPANCEHUA — STO PETYIUPOBAHHE
HaIpsOKEHUS B IICHTPE MUTaHUS (MM Ha UCTOYHHUKAX MUATAHUSA) — MMPUBOANT K U3Me-
HEHUIO HAIPSKEHUS TPAKTUYECKU BO BCEU AIEKTPUUECKOM CETH.

Mecmmnoe pecynuposanue — Takoe peryJiMpoBaHUe, KOrJa B MPOLIECCE PEryIIH-
POBaHUSI U3BMEHEHHUE PEKUMa JOCTUTAETCS TOJIbKO B OTPAHUYEHHON YaCTH CETH.

MecTHoe peryaupoBaHue JACIUTCSA Ha TPYIIIOBOE U UHIUBUIYATbHOE.

['pyninoBoe perynvpoBaHre NPUMEHSETCS JJIsl TPYIIbI TOTpeOUTeeu, Hanpu-
Mep ¢ MOMOIIBI0 YCTPOMCTB mepekiodeHus 0e3 Bo30yxaeHus (I16B) tpancdopma-
TopoB TpaHchopmaropubix noactanmmii (TII). MuauBumyallbHOE peryIHpOBaHHUEC
MPUMEHSETCS IS OTJIEIBHBIX DJIEKTPONPUEMHUKOB, HAIPUMED, JIJISl TI€YX CONPOTHB-
JICHUS.

K npunyunam pezynupoeanus nanpaicenus OTHOCATCA:

» CcTaOHIM3aIus;
» IBYXCTYIIEHYATOE PETYJIUPOBAHNCE;
» BCTPEUYHOE PETyIMPOBAHMUE.

Cralunmu3anus HanpsHDKEHUs MIPUMEHSETCs JUTsl TOTpeOuTeNiel ¢ pOBHBIM Tpa-
(UKOM DJIEKTPUYECKON HArpy3Ku (Harpumep, MPEINpHUsATHS C HEMPEPHIBHBIM IPO-
1IeCCOM Mpou3BoJicTBa). [l moTpeduTeneit ¢ IByXCTYNEeHYaThIM TpadukomM Harpys-
KW (Hanmpumep, ¢ OTHOCMEHHBIM PEXUMOM PabOThI) UCIIOJIB3YETCs IBYXCTYIIEHYATOE
peryJupoBaHue, MPYU HEPAaBHOMEPHOM Harpyske — BcTpeuHoe. [Ipu aToM mist kaxmo-
ro 3HaYeHUs HArpy3ku OyJeT UMETh MECTO M CBOE 3HAUCHHUE TOTEPh HANPSIKCHHSI.
UToOBI OTKJIOHEHUSI HANIPSIKEHUSI HE BBIXOJMWIIN 32 MPEeibl JOMYCTUMBIX 3HAYEHUH,
PETYIMpPOBaHKUE HAMPSKCHUS IPOBOAUTCS B 3aBUCUMOCTH OT TOKa Harpy3ku. Bo Bcex
OCTaJIbHBIX CIIy4asX OCYIIECTBIISIETCS BCTPEUHOE peryivpoBanue. BeTpedHoe pery-
JUPOBAHUE HAMPSKEHUSI — 3TO TAKOE PETYJIMPOBAHUE HAMPSKEHUS, TP KOTOPOM B

4achl MAaKCUMAaJbHBIX Harpy3ok Ha mmHax LI nomnepxuBaeTcss MOBBIIEHHBIN ypO-
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BeHb Hanpsbkenus, He ke 1,05 U,,,, a B 4yacbl MUHUMAJIbHBIX HAarpy30K ypOBEHb

HaIpsHKEHUS] — NOHMKEHHBIN, He BbImie 1,0 U,

5.1.1. Cnocoowt pecynuposanusa nanpasxicenusn

PerynmupoBanue Hanpsxenus B LT nponssoaures:

» Ha JJIEKTPOCTAHIIUAX 32 CUET PETYJIHUPOBAHHS TOKa BO30YXKICHHUS TeHEpa-
TopoB. 3MeHeHne Toka BO30Y>KJICHHs T€HEPAaTOPOB MOBBIMIACT HAMPSHKEHUE B YacChl
MaKCMMyMa Harpy30K U MOHWKAET B 4aChbl MUHUMYMa.

» Ha MIUHAX BTOPUYHOTO HAMPSDKEHUS TOJCTAHIIUN ITyTEM W3MEHEHUS KO3 (-
¢dunmenTa TpancpopMalr CUIOBBIX TpaHCHOpMaTOpOB (aBTOTPaHCHOPMATOPOB), C
MMOMONIBI0 CHHXPOHHBIX KOMIIEHCATOPOB WJIM CTAaTUYECKUX TUPUCTOPHBIX KOMIIEHCA-
TOpoB. PerynnpoBanue HanpsKEHUs MPU STOM MOXKET MPOU3BOAUTHCS aBTOMaTHUYe-
CKH.

PerynupoBanue HanpssKeHHST U3MEHEHHEM CONPOTHBIICHUS AJIEMEHTOB CETH
MIPOU3BOIUTCSL:

» TIpH BBIOOpE CEUSHUS MPOBOJIOB U Kabeyel ¢ y4eTOM JIOMYCTUMBIX OTKJIO-
HEHUU HaIpsDKEHUS HA 3a)KMMaxX JJICKTPONPUEMHHUKA (HaIpuMep, B OCBETUTEIbHBIX
CEeTAX, TOPOJICKUX CETSX).

» TIPH WCIOJIb30BAaHNN YCTAHOBOK IMPOJIOJIBHON €MKOCTHON KOMITCHCAIIHH.

PerynupoBanue HanpspKeHUs TEpepacrpereieHHeM TOTOKOB PEaKTHUBHOM
MOIIHOCTHU OCYIIECTBIISIETCS IyTEM YCTAaHOBKH KOMITIEHCUpYOIMMX ycTpoicTB (KVY) B
ANEKTPUYECKUX CETSIX, MOIIHOCTh U MECTO YCTAHOBKM KOTOPBIX ONpENEIsAETCs CIie-
LMaJbHBIM pacueToM. Pacnipenenenue peakTMHBHOW MOITHOCTU B CETH OCYIIIECTBIISIET-
csl U3 ycioBHs OajaHca PEaKTUBHOW MOIIHOCTH Ha BCEX YPOBHAX HampspkeHws. He-
00X0IMMO€ 3HAUYECHHUE PEAKTUBHOM MOUTHOCTH MOYET BbIpA0aThIBATHCA UCTOYHUKAMU
MIPU UX PA3TMYHOM JI0JIEBOM y4acTHH. MI3MeHsIst 00 BBIPAOOTKH PEAKTUBHON MOIII-
HOCTU Pa3JIMYHBIMU UCTOYHUKAMHU, MOXHO HU3MEHSITh MOTEPU HANPSHKEHUS HA pac-

CMAaTpUBACMOM Y4aCTKE CCTH.
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DOU3NYECKUN CMBICII 3TOr0 nponecca IMosCHACTCA C IIOMOIIBIO (I)OpMy.IIBI JJIs1
OIIPCACICHUA IIOTCPU HANIPSLKCHUS B JIMHUM C COIPOTHUBIICHUEM [, + jX,, IIp1 MOIIHO-

¢t Harpy3ku Py + jQp:

AU = Py - T, +(QH_Q1(y)'Xn

5.2
u, u, (5.2)

rae Q,, — MOIHOCTh KOMIIEHCHPYIOIIHUX YCTPOMICTB.

W3MeHsst MOLITHOCTh KOMITEHCUPYIOIIETO yCTPOicTBa, Qxy, MOXKHO MEHSITH TIO-
TEPIO0 HANPSKEHHUs, T.€. peryaupyeMble KY HCIoOnb3yroTCsS Kak MECTHBIE CpENCTBa
PEryJIMpOBaHMs HaNpsKeHUs. Takoe peryaupoBaHHE B CETSAX HAINpPSKEHUEM BbIle |
kB ocymectBisieTcs ¢ momolbio 06atapeit konaencatopoB (bK), ctaTnueckux kom-
neHcupytomux ycrpoiicts (CKY) pa3nuyHOro KOHCTPYKTUBHOI'O HCIIOJIHEHUS, CUH-
xponHbIx asurarenieid (CJl), a B HU3KOBOJBTHBIX CETAX - C MOMOIIBIO OaTapeil KOH-
JIEHCATOPOB.

JUIsl TUIaBHOTO PETryJIMPOBaHUS HAIPSIKEHUS W PEAKTUBHOW MOIIHOCTH MC-
MOJIL3YFOTCS CTaTHUECKUE UCTOYHUKH peakTHBHON MomHocTH (MPM) ¢ mapannens-
HBIM COEIMHEHHEM OaTapeil KOHJIEHCATOPOB U YIPaBIsIeMbIX PEaKTOPOB. Y IPOIIEH-
Has NPUHIMIHAIbHAS CXE€Ma NapaJlIeIbHOrO BKIIOYEHHUS! pEaKTopa U HE perysmpye-

Mbix BK B coctaBe UPM npuBenena Ha puc. 5.1.

bnox —
ynpaenenusn X L T X

Puc. 5.1. IlpunnunuansHas cxema ctaruueckoro MPM
Momuocts UPM HaxomuTes Kak:
Qy =%(Q —Q¢), (5.3)
rae
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[IpenmyiecTBO TaKOM CXEMBI 3aKJIFOYAETCA B TOM, YTO HANPSKEHUS PEAKTOpa
u BK paBHBI HanpsyKEHUIO CETH, YTO MO3BOJSET HauOOJee IMOJHO HCIOIb30BaTh
KoMITeHcupytoIyto cnocooHocth BK u Biitovats peaktop u BK B ceTh 6e3 mpome-
YTOYHOT'O CHJIOBOTO TpaHchopmaTopa.

PerynupoBanue HanpspKeHUs Ha IMIMHAX MOACTAHUMN U OTXOMSAIIMX JIMHUSX
OCYIIECTBIISIETCS ¢ TOMOLIBIO YyCTpoucTB PITH M nuMHENHBIX peryssTopoB, BO3MOX-
HBIE PACIIOJIOKEHHUS KOTOPBIX B CXEME CETH MMOKa3aHO Ha puc. 5.2.

/? PITH
a)
P

JIP

7 &
,» 5

JIP l
e)
Puc. 5.2. PacnionoskeHue yCTpONCTB peryJIMpOBAHUS HAMIPSKEHUS B CETH

Pecynuposanue nanpsancenusa na wunax I1C. HanpsbxkeHue Ha MIMHAX MOJCTaH-
uit 6-20 kB perynupyroT ¢ momoiisio cuiioBeix Tpanchopmaropos ¢ PITH, nunei-

HeIX perynsatopoB (JIP), ynpasnsembix BK, cunxponnsix kommneHcatopo (CK),
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HPM, cunxponnsix asurateneil (CJ1) ¢ aBToMaTHYECKHM PEryJIMPOBaHHEM BO30YK-
nenus (APB).

[Ipyn HaNMMuUMKM Pa3HOPOAHBIX HATPY30K JUHUU TPYHIUPYIOT MO BO3MOKHOCTH
TaK, 4TOOBI K OTJEIBHBIM CEKITUSM ITMH ObUTH MPUCOCTUMHECHBI JIMHUHM CO CXOIHBIMH
Harpy3Kam, T.e. TpauKaMu Harpy3oK.

Pecynuposanue nanpsscenus na omxooswux aunusax. PerynupoBanue Hampsi-
KEHUSI Ha KaXJ0M OTXOJSIIEeH JMHUU OT IIMH MOACTAaHIUU SIBIIAETCS OOJiee COBEp-
MIEHHBIM U 3()(PEKTUBHBIM CITIOCOOOM MO CPAaBHEHHUIO C PEryJIUPOBaHUEM Ha IIMHAX. B
ATOM cCllydae TakKe MCHOJB3YIOT cujioBbie TpaHchopmaTopsl ¢ PIIH, nuneiinbie pe-
TYJATOPBI U 0aTapen KOHAECHCATOPOB JJIsI MONEPEUYHON KOMIIEHCAIIUH.

JIOIIOTHUTENBHOE PETYIUPOBAHUE IIPUMEHSIOT, KOTJa ¢ TOMOILIBI YKAa3aHHBIX
CI0CO0OB HEBO3MOXKHO 00€CIEUUTh TPeOyeMOoe KaueCTBO JIEKTPUYECKON SHEPTUU Y
HEKOTOpOW 4yacTu moTpeduTesneit. [l 3Toro ucrosib3yoT JUHEHHBIE PEryIsaTOphl U
OaTtapen KOHJEHCATOPOB MOMEPEUHON U MPOAOIHLHON KOMIIEHCAIUH.

H3menenue conpomuenienuti 31eMeHmos cemu OCYIIECTBIIAECTCS IMMyTeM BbIOOpa
CEUCHUSI MPOBOJHUKOB II0 JOMYCTUMOW IOTEPE HANPSKEHUS U NPUMEHEHHUEM IIPO-
JOJIbHOM KOMIIEHCAIlMM PEaKTUBHOW MOIIHOCTU (TociienoBarefibHoe BKItoueHrue bK
B (pa3pl TMHUN).

[Ipu npo107bHON KOMIIEHCAIIMN PEAKTUBHOM MOIIHOCTH ITaJICHUE HANPSKEHUS

OIpCACIISACTCA 110 BBIPAKCHUIO!

AU=3-1,-R,+V31,(X,-X,, )=AU,+AU,. (54)

JlobaBka HampsHKEHUS, cO3/IaBaeMas IIOCIeI0BAaTEeIbHO BKIOUCHHBIMH bK,
MPOMOPUHUOHAIBHA TOKY HAarpy3kd M aBTOMAaTUUYECKHW U3MEHSIETCS MPU HW3MEHEHUU
€ro 3HAYCHUS MPAKTUICCKH OC3MHEPIIMOHHO.

CreneHb KOMIEHCAIIMM WHIYKTUBHOTO compoTuBiieHus BJI onpenenstor mo

BBIPAKEHHUIO:

a=—=. (5.5)
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Uzmenenue nepedasaemoil peakmugnou mownocmu. Perynupys 100 BbIpa-
OOTKHM pEaKTUBHON MOIITHOCTH Pa3IMIHBIMA UCTOYHUKAMHU, MOKHO U3MEHSTh MTOTEPH

HAIIPsKCHUA Ha paCCMAaTPpUBACMOM YUACTKE CCTH!

Pnazp ) Rﬂ + (Qnazp _Qxy )XJl -
U U

HOM HOM

AU = (5.6)

CrnenoBatenbHO, CHaOAMB KoMIleHcHupytomee ycrpoiictBo (KVY) aBromatuye-
CKHMU PETYISATOpPaMH, MOKHO €r0 MCHOJIb30BaTh B LIEJISIX PETYJIUPOBAHUS HAMpPSLKeE-

HUSA MECTHBIM CIIOCOOOM.
VY nenpHy0 MomiHocTh BK Qm, KOTOPYIO HECOOXOJMMO MMETh JIJISl TOBBIIIC-

HHUS HaMpsHKEHUs B KOHIE JTUHUM Ha 1%, onpenensior Kak:

B 10U
==

J

Qo (5.7)

Usmenenue xoaguyuenma mpauncghopmayuu pacnpeoenumenbHulX CUNLOBbIX
mpancgopmamopos. VI3MeHsisi peryIMpOBOYHOE OTBETBJIICHHE CHIIOBOTO TpaHC(op-
MaTopa, U3MEHSIOT J00aBKU HAMPSHKEHUS, MOTYYalolrecss BO BTOPUYHON CETH IO
CPaBHEHUIO C TIEPBUYHON. 3HAUCHUE T0OABKH OMPEACIAIOT KaK:

E=(M—1)-100%,

luom*

rae U — OTHOCHUTEJIbHO€ HOMHUHAJIBHOE HAIPSKEHUE BTOPUYHON OOMOTKHU

2Hom*
CT;

Ujnon+ —OTHOCUTEIBHOE HOMHUHAJIBHOE HAIPSIKEHUE MEPBUYHOU OOMOTKH C
Y4€TOM BBIOPAHHOTO PErYJIMPOBOYHOTO OTBETBICHHUS.

JI1st n3MEHEeHMsI peKMMa HANpPSHKEHUsS B HU3KOBOJIBTHBIX CETSIX Haubolsee xa-
PaKTEpHBIM CPEJCTBOM SBISIETCA BapbUpoBaHUE Kod(duiMeHta TpaHchopMaliu
TpaHC(hHOPMATOPHBIX MOJCTAHIUN ¢ ToMoIsio yerpoiictBa [IBB, koTopoe ycranas-
JIMBAETCsl Ha BBHICOKOM CTOpoHE TpaHcopmaropa. YcrpoiictBo I1BB nmeer ciemyro-

e nonoxeHus: +5; +2,5; 0; -2,5; -5%. Ilepexitouenus OCyIIECTBISIIOTCS KpaitHe

pEeAKO, TaK KaK CUJIOBOM TpaHC(opMaTOp HYKHO OTKJIHOYATh OT ceTH. OOBIUHO Mepe-
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KJIFOUEHUS TTPOBOJAT JIBa pa3a B roJl. Bo3MOXHO peryinpoBaHue HaNpPsKEHUS C IMO-
MouIpto ycrporcts PITH.
5.2. Boioop otrBerBiieHnii PIIH TpancdopmaTopoB M JIMHEHHBIX peryJis-
TOPOB

5.2.1.Ilpunyun pabomut ycmpoiicmea PITH

TparchopMaropsl ¢ peryJIdpoBaHUEM HAMPSDKEHUS TIOJ HArpy3KOHW HMEIOT
BCTPOEHHOE CIIEIUAILHOE TepeKoYaroliee ycTpoictso - ycrpoiictBo PITH (puc.
5.3, a), XxapakTepu3yeMoe OIpPECICHHBIM YUCJIOM CTYIEHEW PEryJIMpOBOYHBIX OT-

BETBJICHUH U TUANA30HOM PETYJIUPOBAHUA.

1Y en
1 1

HH

Puc. 5.3. Tpaucdopmatop ¢ PITH:

a — ycJIO0BHOE 00o3HaueHue: 6 — cxema oOMoTok Tpanchopmaropa ¢ PITH;
B, I' — MNEPCKIOYCHUC OTBETBJIICHUH

Ha puc. 5.3, 6 [6] u3obpakena cxema oo6MoTok Tpanchopmaropa ¢ PITH. O6-
MoTka BH sToro tpanchopmaTopa COCTOMT M3 JIBYX 4YacTed: HEPETYIUPYyEeMOU a W
perynupyemoit 6. Ha perynupyemoit 4acTu umeeTcs psiJi OTBETBICHUM K HEMOABHIK-
HbIM KOHTakTam 1, 4. OTBeTBieHUs 1, 2 COOTBETCTBYIOT YACTU BUTKOB, BKIIOUEHHBIX
COTJIACHO C BUTKaMHU OCHOBHOM OOMOTKHM (HaIpaBJICHHE TOKa yKa3aHO Ha puc. 5.3, 0
ctpenkamu). [lpu BrirodeHnn oTBeTBICHUN 1, 2 koadduimment Tpanchopmanuu
Tpanchopmaropa yBenmmuubaetcs. OTBeTBIeHUS 3, 4 COOTBETCTBYIOT YaCTH BHUTKOB,

COCAMHCHHBIX BCTPCUYHO IO OTHOMICHHWIO K BUTKaAM OCHOBHOM 00MOTKH. MX BKIIIOUE-
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HUE YMEHbINAeT KOIDPUIMEHT TpaHcPopMallMU, TaK KaK KOMIIEHCHUPYET JNEHCTBUE
JaCTH BUTKOB OCHOBHOW 0OMOTKH. OCHOBHBIM BBIBOJIOM 00MOTKM BH Tpanchopma-
Topa saBisiercst Touka 0. Uucino BUTKOB, JEHCTBYIONIUX COTVIACHO M BCTPEYHO C BUT-
KaMH OCHOBHOW OOMOTKH, MOXKET OBITh HEOJWHAKOBBIM. Ha perymupyemoii dacTu
O0OMOTKHM MMEETCS MEePEKITI0YAIOIIEe YCTPONUCTBO, COCTOSIIEE U3 TTOJABUKHBIX KOHTAK-
TOB B U T, KOHTaKTOB K1 1 K2 u peakropa P. Cepeauna oOMOTKH peakTopa coeanuHe-
Ha C HEpPeryJIupyeMoi dYacThio OOMOTKM a TpaHchopmaTtopa. HopmampHO TOK
Harpy3ku ooMoTku BH pacrnipenensercs nopoBHYy MEXy MOJIOBHHAMU OOMOTKHU pe-
aktopa. [Io3ToMy MarHWTHBIN MMOTOK Majd M MOTEPS HANPSIKEHHS B PEAKTOPE TAKKE
Mana. Jlomyctum, uTto TpeOyeTcs MepeKIIOYUTh YCTPOUCTBO C OTBETBJICHUS 2 HA OT-
BetBiieHue 1. Ilpu 3Tom oTkimtouaroT koHTakTop K1 (puc. 5.3, B), mepeBOIsT IO-
JIBWKHBIA KOHTAaKT B HA KOHTAaKT OTBETBJECHHS | M BHOBb BKJIHOYAOT KOHTakTop Kl
(puc. 5.3, r). Takum oOpazom, cekius 1, 2 0OMOTKM OKa3bIBAETCsl 3aMKHYTON Ha 00-
MOTKY peakTtopa P. 3HaunTenbHas UHIYKTUBHOCTh PEAKTOpPAa OTPAaHUYHUBAET YpaBHHU-
TEJIbHBIN TOK, KOTOPBIA BOZHUKAET BCJIEACTBUE HATMYMS HANIPSHKEHUA HA CeKuuu 1, 2
obmoTtku. [Tocne aToro oTkmtoyaroT KoHTakTOp K2, mepeBosT MoIBMKHBIA KOHTAKT
I Ha KOHTaKT OTBETBJEHHUS | U BKIIOUarOT KOHTakTop K2.

C nomompto PITH M0okHO MEHSTh OTBETBJICHUS U KO3 DUIIMEHT TpaHCcPopma-
MW TI0J] HAarpy3KOil B TEUEHHE CYTOK, BBITMOJHSAA, TaKUM 0O0pa3oMm, TpeOOBaHMUS
BCTPEUHOTO PEryJIUPOBAHMUS.

st onipenenenust 10OABKU HAIpPsDKEHUs, CO37aBaeMoi TpaHchopMaTopoM ¢
PITH (nuHEHHBIM peryisiTopoM), HEOOXOAMMO BHIOpATh HYKHOE HAMPSIKEHHUE OT-
BeTBiieHUi (oTnaek) PITH Tpancdopmaropa uinm TMHEHHOTO peryasropa.

5.2.2. Bvioop omeemenenuii PITH 06yxo6momounozo cunoeozo mpancgop-

mamopa

B nByxoOMoTouHOM cuioBoM TpaHchopmatope ycrpoiictBo PITH ycranosie-
HO Ha ctopone BH.

[Topsinok BeIOOpa oTBeTBIeHUM (oTnaek) PITH cnenyrommii.
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1. Onpenenenue npuBeneHHOro k cropone BH nanpsbkenust croponst HH
CHJIOBOTO TpaHchopMaTopa
UEE =Ugy, —4U;, (5.8)
rae Ugy - Qaktuueckoe HampsbkeHue Ha cropoHe BH, momyuenHoe B pesynbrarte
pacuera peXKuMa CETU BBICOKOTO HAIPSKEHUS;
AUt — Moyns TIaICHUS HAIPSDKEHHUS B CUIIOBOM TpaHchopMaTope.

2. Onpenenenue xenaeMoro koddduirenrta Tpanchopmanuu

BH
Kofceﬂ — U HH (59)

TBH | jwcen !
HH

rae U ;" - )xemaemoe HampspbkeHue Ha ctopoHe HH cunoBoro tTpancdopmaropa.
3. Boibop Homepa otnaiiku PITH.
VYcnosuem BbiOOpa HoMmepa otnaiiku PITH sBisieTcs ero momnaganue B nuara-
30H PEryJIMPOBAHUS HAIPSIKEHHUS, T.€.
—N<n<+N, (5.10)
rae £ N - kpaitnue HoMmepa otnaek PIIH (mpuBeaeHsl B cripaBOYHHMKAX, — HAIPUMED,
#9x1,78 %);
n - wHomep ornaiiku PITH.
[Iar (crynens) perynupoBanus t 3agaercs B mporieHTax, Hanpumep, 1,78%.
Jlnanazon perynupoBanus HarpsbkeHus pased: £ N - t, Hanpumep, £16 %.
Ilepewrii nomep otBeTBIeHUs ycTpoiicTBa PIIH coorBeTcTBYeT Haubonvuiemy
HaIPSKEHUIO PETYJIMPOBOYHOTO OTBETBJIEHUS; CPEOHUH HOMED — HOMUHATbHOMY
HaIPSHKCHUIO; HOC/IEOHUIL HOMEP — HAUMEHbUIeMy HATIPSHKEHUIO PEryJIMPOBOYHOTO

HanpspkeHus (puc. 5.4)

1 10 19

L ] ]

| | |

max HOM min
9x1,78 =16% 0% -9x1,78 = -16%

Puc. 5.4. Ilosicuenne nymepauuu orseTBiaeHuil PITH
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JeiicTBUTENBHBIN KO3PHUIIMEHT TpaHC(HOPMALIUU ONIPENETSAETCS BhIPAXKEHUEM:

HOM

K=Uﬂ-(1+n-t*)=K}’l‘;’;-(l+n-t*), (5.11)

rac t* - ar peryjaupoBaHnsa B OTHOCHUTCIIbHBIX CANMHUIIAX.

Ecnu B xauecTBe kKenaeMoro MpUHITH JEHCTBUTENbHBIN KOAPGUIIUEHT TpaHC-
dbopmarnuu, T.e.:

K =K (1410, -t.) (5.12)

T0 U3 (5.12) MOXHO HalTH kemaeMblii HOMep oTmaiiku PITH mns obecmeuenus tpe-

OyeMoro 3Ha4Y€HHMsI HAMPSHKEHUS Ha HU3KOM CTOpoHE TpaHchopmaropa:

Jcen BH
— KTBH_l A Bl - B | l (5.13)

Heea HOM Heea HOM
K TBH t. U HH ° K TBH t.

[TosrydeHHBIN HOMEP OTHANKK OKPYTIISETCS 10 OJMKAMIIIEro TEIO0TO, Nepano -

[To HAWAEHHOMY Npano OTIPEIETSCTCS (PAaKTHUECKOE HANPSKEHUE HU3KOU CTO-
POHBI U %
Ui

U paxm __
HH — HOM )
KTBH : (1 + ncmam) : t*)

(5.14)

5.2.3. Bwvioop omeemenenuiit PIIH mpexoomomounozo cuinoeozo mpawc-

¢dopmamopa

B TpexoOMOTOYHOM CHIIOBOM TpaHC(OpMATOpe peryinpoBaHHUE HANpPsSKEHUS
M0/1 HAarpy3Koi BBINOJHsAETCA B 00MOTKe Bhiciiero Hanpsbkenust (PIIH ycranaBnuBa-
ercsi B Heutpanu ooMoTku BH), a oOMoTKa cpegHero HampsuiKeHHUs COMEPKHUT OT-
BETBJICHUSI, KOTOPBIE MEPEKITIOYAIOTCS MOCe CHATUA Harpy3ku (ycrpoiictBo I1bB —
nepexiroueHrne 0e3 Bo30yxaeHus, ycranoBieHo B oomoTke CH). IlosTomy cHauana
HeoOxoauMo BeIOpaTh HOMep oTnaitku PITH, uToObI oOecrieunTs kemaeMoe Harpsi-
KEHUE Ha HU3IIEW CTOpOHE TpaHchopmaropa, a 3aT€M PaCCUUTHIBATH OTBETBIICHUE
I1bB s o6ecnieueHus xeraeMoro 3HaueHHs Ha CpeHEH cTopoHe TpaHc(opMaropa.

JeiicTButenbHbie KOAPGUIMEHTH TpaHCHOPMALIUK PABHBIL:
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Ky =K (140 -t ), (5.15)

HOM 1 + np ) tp*
K., =K Ton ot n, 1, : (5.16)
rae Ny, tp, - HOMEDP OTIIAMKHU U Iar peryiaupoBanus ycrpouicta PIIH B oTHOCH-

TCJIBbHBIX €IMHUIIAX,

HOMEp OTHAWKHU W War peryiaupoBanus ycrpoucrsa 1IbB B otHOCH-

TEJBHBIX SIUHUIIAX.
llopsook evibopa

Omnpenensiercs HaNpsHKEHUE HU3IIEH CTOPOHBI TpaHchopmaTopa, MPUBEICHHOE
K CTOPOHE BBICHIETO HANIPSHKCHUS:
Ugfl =Upy, =AU, — AU, (5.17)
rae Ugy — QakTudeckoe HampsskeHHE BHICOKOW CTOPOHBI TpaHc(opmartopa,
MOJIYYCHHOE B pe3yibTaTe pacueTa peKMMa CETH BBICIIETO HAPSKCHHUS;
AU g, AUy — COOTBETCTBEHHO MOJYJIH TAJCHUS HAMPSOKCHUS B OOMOTKE
BH u o6motke HH cutoBoro tpancdopmaropa.
PaccuuThiBaeTCsl HaNpsKEHUE CpelHel CTOPOHBI TpaHchopmaTopa, IPUBEICH-
HOE K CTOPOHE BBICIIETO HAIMPSKEHUS:
Ugg =Upy —AUp — AU, (5.18)
rne AUrc — Moxynb mageHus HanpspkeHust B oomotke CH tpancdopmaTopa.
OnpenenstoTcst xemaemble KOIPPUIMEHTH TpaHCPOpMalUd HAMPSHKEHUS C

BBICOKOM Ha HU3KYIO U C BRICOKOM Ha CPEHIOI0 CTOPOHBI TpaHc(opmaTopa.

U BH UBH
Kipy = U ML K = e (5.19)
HH CH

rae Uy, Uxy' — COOTBETCTBEHHO JKEJIAEMBbIE HAIIPSKEHUS HU3KOW U CPEAHEN CTO-

poH TpanchopmaTopa.
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Bribupaercst Homep otmaiiku PITH, n,™*, co cTopoHBI BBICIIET0 HAPSOKEHUS,
oOecrieunBarOIMM Kenaemoe HampsbkeHue Ha mumHax HH  (tpancdopmartop pac-
CMaTPUBAETCS KaK JABYXOOMOTOYHBIA C OOMOTKaMH BBICHIETO U HUBIIETO HampsbKe-

HUs), U3 BeIpaskeHus (5.15):

Heea BH
n;fceﬂ= K?jg -1 .i= %—1 i (520)
KTBH tp* UHH ' KTBH tP*

cmano

[TomydeHHBIi HOMEP OKpYTIIAeTCA A0 OnMKalIero 1eaoro N, .
Beibupaercst Homep otBerBicHus I1BB, N, co cTOpoHBI cpemHero Hamps-
KEHUsI, 00ECIIEUNBAIOIIUI KelaeMOe HampsHDKEHUE Ha CpellHeW CTOpoHe TpaHcdop-

MaTopa, u3 BeipakeHus (5.5):

HOM cmano
n:cenz TBC-(]_I-(i-mnez -tp*)_l .tiz
. " (5.21)
_ ch'(1+n,, -tp*)-UCH”_1 1
U t,

. y 0
[ToydeHHbIi HOMEP OKpYTIILeTCs A0 OmKaiiiero meaoro N, ",

PaccunthiBaroTcs HeﬁCTBHTeHBHBIe SHAYCHU HAIIPAKCHHA HAa IMHAX HU3IICTO

U CPEHEr0 HAIPSIKEHUS:

UBH
U dam — HH : (5.22)
T K (L4000t )
UBH . 1+ncmanb 't
U =—= (1™ 1) (5.23)

Ko - (1+ n;’”“"" -t )

Ecnmu nnst obecriedeHus xemaeMoro HampsDKeHHsST Ha CPEeIHE CTOpPOHE TpaHC-
dbopmaropa He XBaTaeT Juana3zoHa peryaupoBanus ycrpoiictsa I1bB, To co cToponsl
OOMOTKH CPEIHETO HAIPSKEHUS] YCTAaHABIMBACTCS JTMHEHHBINA PEeryasaTop (BOJIBTOI0-
0aBounblii TpaHchopmaTop). HoMep OTBeTBIEHHS JTHHEHHOTO PEryJsTOpa B 3TOM

cllydae OnpeelistoT Mo popmyIie:
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acen daxm
n]}l]t}')eﬂ= UCH UCH 1 ’ (524)

HoMm
U JIP tJIP*

rac t./]p‘ - Iar peryjmpoBaHUA JIMHEHMHOT'O peryiaTopa B OTHOCUTEIIBHBIX CAUHNAIAX,

U’y - HOMHMHAJIBHOE HANPSDKEHHUE JIMHEWHOTO PeryJsTopa.

PaccuuTanHbplil HOMEpP OTBETBJIEHUS JIMHEWHOTO PETYJISITOPa OKPYIISIETCS 10
GIIMKANIIErO 1eI0ro, Nyp ™"

MOIIHOCTH TUHEHHOTO PEryJsITOpa BHIOMPAETCS MO0 MOLTHOCTH HArpy3KH, MO/JI-
Kiroyaemoint k mmHaMm CH.

HelictBuTenpHOE 3HaueHUe HampsbkeHus Ha mmHax CH mpu yctaHoBke nu-

HEWHOTO PETYJISITOPA PABHO:

deiicme __ paxm mano
Ugr  =Ug +np™ -ty -UR', (5.25)
rae UZ*™ - onpenensercs no seipaxkenuio (5.23).

5.2.4. Bvioop omeemenenuni PITH agmompancghopmamopos
ABTOTpaHchOpMaTOPbl MOTYT UMETh YCTPONUCTBO PEryJIUPOBAHUS HAMIPSIKCHUS
MOJI HArpy3KoW B HEUTPau MM CO CTOPOHBI CPEAHETO JIMOO CO CTOPOHBI BBICIIETO

HanpspkeHus (cM. puc. 5.5).

BH & 2 BH & & BH 2 |
é HH ?t' HH ; g HH

CH

[

a a

CH &—» CH

1]

a) 0) B)
Puc. 5.5. Pacnionoxenue ycrpoiictBa PIIH B aBTroTpanchopmarope:

a) ycrpoiictBo PIIH pacnonoxeHo B HeHTpanu
0) yctpotictBo PITH pacnonoxxeno B oomotke CH
B) ycrpoiictBo PITH pacnonoxeno B oomorke BH
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B aBToTpanchopmaTopax peryivpoBaHUE HAIPSKEHUS BO BCEX CIyyasix OCY-
LIECTBIISETCS TOJIBKO HA CPeAHEN CTOpOoHE. UTOOBI MOTYYUTh KETAEMOE HAPSIKEHUE
Ha ctopone HH aBroTpancpopmaropa, Hy>KHO YCTaHOBUTH JTMHEHHBIN PETYISATOP CO

CTOPOHBI HU3KOTO HAMPSKEHUS JIMOO BKIIIOYHUTH €r0 B HEHTpallb aBTOTpaHchopMaTo-

pa.
Homunanpabie K03¢GUITMEHTHI aBTOTpaHCHOpMaTOpa paBHbI:
U HOM U HOM
HOM BH . HOM __ BH __
K = g Ky =———=const, (5.26)
CH HH

T.€. KoapuimeHT Tpanchopmalii HAMPSKEHUS C BBICIICH CTOPOHBI HA HU3IIYIO HE
peryaupyercs.
PaccMoTpuM pasznuuHbie ciiydyad peryJMpOBaHUS HAIMPSHKEHUS MO/ HArpy3KOM

B aBTOTpaHchopMaTope.
Yempoiicmeo PIIH ycmanosneno 6 oomomrxe CH asmompancgopmamopa.

B sToM ciyuae nelicTBUTENbHBIN KO3 GUIIMEHT TpaHchopMaIluy HANPSKEHUST
C BBICILIEW CTOPOHBI aBTOTpaHC(hOpMaTOpa Ha CPETHIOK PABEH:

HOM HOM
Kgbakm _ U BH K BC

- = 5.27
Py (140 -t ) 1+n -t 5.27)

D+

Howmep ormaiiku PITH aBTOoTpancopmaropa BeiOMpaeTcs ¢ Lenblo odecreye-
HUS JKEJIaeMOT0 HampsDKEHUS] CPEIHEN CTOPOHBI aBTOTpaHc(opMaTopa Mo Cleayro-
HIEMY QJITOPUTMY:

OTIPEIETISIOTCS HATPSHKEHUSI CpEeAHEH W HU3KON CTOPOH, MPUBEACHHBIE K BBIC-
1Iel CTOpoHe aBToTpaHcdopmaropa, mo Beipaxenusm (5.17), (5.18);

BbIOMpaeTcs kemaeMblid HoMmep otnaiiku PITH u3 Beipaxenus (5.27):

KHOM KH()M-UJIL‘E./I
con %_1 .i= %_1 .i; (5.28)
K- t, U, t

P«
HoMmep otnaiiku PITH okpyrisieTcs no Oavkaiiiiero meiaoro, Neyyano;
ONPEAEIAIOTCA AEUCTBUTEIIBHBIE YPOBHH HAIIPSKEHUSI CPETHEN U HU3LIEU CTO-

pOH aBTOTpaHchopmaropa:
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vz U (140, t,.)

U foem — = 7. (5.29)
“ KgC KBC
U BH
U fown — = (5.30)
HH KBH

Ecnu neicTBUTENbHOE 3HAYEHUE HAIIPSDKEHUS HE YAOBJIETBOPSET KEIAEMOMY,
TO CO CTOPOHBI HU3IIETO HANPSHKEHUS aBTOTpaHCPopMmaTopa yCTaHABIMBACTCS JIU-

HEWHBIN peryssTop (puc. 5.6), HOMep OTBETBJIEHUS KOTOPOTO ompesensercs mo Gop-

MyJe:
UJK'eJl 1
n,=|—2 _1 (5.31)
w UZH t./IP,

cmano

1 OKPYTJIAETCS A0 OJMXKanIIero meuoro, Nyp
Torpa nericTBuTenbHOE HanpsbkeHue Ha mmHax HH pasHo:
gakm _ pacu cmano HoMm
Ur, =UL"+n,"™ UL “Up, s (5.32)
rjae
BH
U HH

HOM
K BH

pacu __
UHH -

(5.33)

BH

CH

JIP

HH

Puc. 5.6. YcranoBka nuneitHOro perymnstopa co cropoast HH aBroTpancdop-
Maropa
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Yempoticmeo PIIH ycmanosneno 6 oomomke CH aemompancghopmamopa, auneti-

HblLL pe2ynsamop — 6 Hetimpanu oomomku BH aemomparncgopmamopa.
Jo6asounast DJIC JIMHEWHOTO PETYISATOPa B OTHOCUTENIBHBIX CIMHUIAX A€jp,,
HeoOxoaumasi sl OoOecredueHusl KemaeMoro HampsbkeHus Ha cropone HH amto-
TpaHchopmaTopa, ONpeaeIsIeTCs U3 COOTHOIICHHUS
ym  ym
K1+ de,, ) KoL+, -t )

OTCI-OI[a JKEJIaCMBbIN HOMCDP OTBCTBJICHUA JIMHEHHOTO PeryisiToOpa paBCH:

ocen __
UHH -

(5.34)

Kme/l 1
nmeﬂ — BH 1 ) (535)
T K Tt
BH JIP,
OKpYIIIsieM pacueTHOe 3HaYeHHe 10 Oibkaifiiero memnoro, Ny, u onpexe-

nsieM (paKTHIECKOE HAIPSDKEHNE HU3KOH CTOPOHBI
BH BH HOM
U HH — U HH ~ U HH
HOM - HOM '
K (L4n,, -ty ) Umi(l+en, t, )
rae Upn onpeneiseTcs mo Beipaxkenuto (5.17).

dakm _
U HH -

(5.36)

Homep ormaiiku PITH BeiOupaercst U3 BeIpaKCHUS JJIs ONPEICIICHUS IeHCTBHU-

TeIbHOTO K03 duienTa TpaHchopMaIiiy BHICIIETO HAMIPSKEHUS B CPETHEE:

Ky =Ky Al : (5.37)
14+ng -ty
OTKyZa
n7en = K;ZM(]-'*'n;;aHb'tﬂP*)_l iz
p K.)K'e./l t
- " (5.38)
_ K, (1+nm, -tjl,,*)-UbH _1 1
Uan t,

rae UZY ompenensercs no BeipakeHuio (5.18).

[Tonmy4yeHHBI HOMEpP OTBETBJICHHUS OKpYTJseTcs A0 OnuKaillliero uesoro,
0 y y

n,™“**. PaccunThiBaeTCs NEHCTBUTEIBHOEC 3HAUCHUE HANPSHKCHUS Ha CpelxHeil cro-

poHe aBToTpaHchopmaropa:

BH cmano

Ud)akm_UCH .(1+n17 -tpa)

G = Ky )

BC JIP JIP,

(5.39)
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Yempoiicmeo PIIH ycmanoeneno 6 Helimpanu aemompancghopmamopa.
JleiicTBUTENbHBIN KOOPOUIIUEHT TpaHCHOpMALIUK MEXTY BBICIIUM U CPEIHUM

HAIIPS’KCHUEM PAaBCH!

K — U;Zu-(l-*-np.tlh) =K1’;2"M-(1+np.tp*) (540)
oUman ot U l4n ot cKpe' '

Uto6bl BeIOpaTh HOMep otmaiiku PITH, obecneuumBaronuii xemaeMoe Harps-

KEHHUE CpeJHel CTOPOHBI, HEOOXOAMMO Mo BhIipakeHUto (5.18) onpenenuths Hamps-

KEHHE CpEeJHEN CTOPOHBI, MPUBEIECHHOE K BBICIICH, U/; , 3aT€M BBIYHCIUTH JKellae-

MbIi KO3 PUIMEHT TpaHCPOpMaLMK MEXKIY BBICIIMM M CPEIHUM HAMNPSKEHUEM IO
BeIpakenuto (5.19).

Howmep ortmaiixku PIIH onpenensercs n3 BeIpaXxeHUst JUIsl JEUCTBUTEIBHOTO KO-
a¢dunmenta rpanchopmaruu (5.40):
LY
R
! (K B~ 1) ‘L,

Haiinennsiit Homep otnaiiku PIIH oxpyrasercss no Omvpkaifiiero 1menoro

1

(5.41)

0 y
n,™“** 1 mo HeMy paccuMTBIBacTCS HaIpPsDKEHHE CPEeIHEHW CTOPOHBI aBTOTpaHC(HOp-
maropa:
BH cmano
U CH * KH()M + np ) tl’t
BC
U o = : (5.42)

cmano
1+n™ -t

JenctButenbHOE HanpsikeHue Ha mmuHax HH B aTom citydae paBHo:

BH
U dakm _ U HH

HH HOM cmano '
K (L+neme .t )

Ecnu nelicTBUTENBRHOE 3HAYECHHE HAIPSHKEHUST HU3KOW CTOPOHBI aBTOTPAHC-

(5.43)

(dbopmaTopa He COOTBETCTBYET KeJaeMoMy, TO co ctopoHbl oOMoTkn HH ycranasnu-
BAETCS JIMHEWHBIA PETYJISATOP, HOMEpP OTBETBICHUS KOTOPOrO PACCUUTHIBAETCA IO
dopmyie (5.31).

JencrBurenpbHOE HanpskeHrue Ha mmHax HH npu ycranoBke TMHENHOTO pery-

JSATOpPA PaBHO:
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U geieme g o (1 4. oo g ), (5.44)

rae U%s™ onpenensercs 1mo BeipaxeHuo (5.43).

Yempoticmeo PITH ycmanosneno 6 oomomxe BH asmomparncgopmamopa.

JeicTBUTENBHBIN KOADPUIIUEHT TpaHChHOpMAIIUN MEXKTY BBICIIUM U CPEAHUM

HaIPsA’)KCHUCM PABCH:

_ Uy '(1+ n, 'tp.)z Ko (1+ n, .tp*)_ (5.45)

BC HOM
U CH

Otcrona MmoxkHO onpeaenutb Homep otnaiiku PITH, oOecnieunBarommii xenae-

MO€ HalpsDKEHUE Ha CPETHEN CTOPOHE:

K.”Ce]l l
o = =L 1| —, (5.46)
K BC tp*
rae K< ompeaensiercs mo Beipaxenuto (5.19).

cmano

IIpn oxpyrnenuu ero no Ommkaimiero wnenoro, N, , JEHUCTBUTEIBHOE
HanpspbkeHue Ha muHax CH onpenensiercs kak
U haxm — Uglg (5 47)
a@ K (Lenemee g ) '
BC ) Ps
JevictBurenpHOoe HanpskeHue Ha mmHax HH paBHO
U BH
U dam — it (5.48)

HOM cmano '
K, -(1+ n, -tp*)
Ecmm nenictButensHOe HanpsbkeHue Ha mmHax HH He cooTBercTByeT *kenmae-
MOMYy, co ctopoHbl HH ycranaBimBaeTcst IMHENHBIA PETYIIATOP, HOMEP OTBETBIICHUS

KOTOPOIO OIIPCACTIACTCA 110 BBIPAKCHHIO!

acen pakm
NG = U =Y” | 1 (5.49)
U )

a IeUCTBUTEIbHOE HalpsbkeHue Ha mrHax HH rociie yctaHoBKY JIMHEWHOTO peryiis-
TOpa - 110 BBIPAKEHUIO:
deiicme __ paxm cmano HOM
Ugn  =Upg +Ngp -t U (5.50)
Takum 00pazoM, pacCMOTPEHBI BCE BO3MOXHBIE ciaydan yctaHoBku PITH B aB-
TOTpaHCPOPMATOPE B COUETAHUU C JIMHEHHBIM PETYJISATOPOM JIJIsi 0OecTeueHus xemna-

eMbIX HanpspkeHui Ha ctopoHax CH u HH.
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6. BAJJAHCbI AKTUBHOM W PEAKTMBHOH MOIIHOCTH H
JHEPI'UHN

6.1. baj1aHCc AaKTHBHOI MOILIIHOCTH M €ro CBf3b C YaCTOTOM

Oco0eHHOCTD ANEKTPOIHEPTETUUECKUX CUCTEM COCTOUT B MPAKTHYECKU MTHO-
BEHHOU Mepenadye SHEPruu OT HUCTOYHUKOB K MOTPEOUTENSIM U HEBO3MOXKHOCTH
HaKaIlUIMBaHMUS BBIPAOOTAHHOW JJIEKTPOAHEPTHMH B 3aMETHBIX KOJHUYECTBAX. OTH
CBOMCTBA ONPEACISAIOT OJHOBPEMEHHOCTH Ipollecca BBIPAOOTKH MU TOTpeOJIeHUS
anekTposHeprun. OTcroAa, B KaXKJIblii MOMEHT BPEMEHH B CUCTEME JIOJKEH COOJIIO-
naThcs OaJIaHC aKTUBHOM MOIITHOCTH, T.€. PAaBEHCTBO TeHEPUPYEMOM U MOTPEOICHHOM
MOIIIHOCTH C YYETOM IOTEPb!

2P.=2P,=2P, +24P (6.1)
rne 2P, — renepupyemasi akTUBHasi MOIIHOCTb CTaHIUH (3@ BBIYETOM MOIII-

HOCTH, PACX0JlyeMOI Ha COOCTBEHHBIE HYKJIbl);

2'P,, — cymmapHoe notpebieHne akTHBHOM MOLTHOCTHY;
2P, — cymMMapHasi akTHBHasi MOIIHOCTb Harpy3KH IOTPEOUTENEH;

2AP — cyMMapHbIe TOTepU aKTUBHOW MOIITHOCTH.

[Ipy HEM3MEHHOM COCTaBE HArpy30K CUCTEMbl MOTpeOssieMas UMU MOIIHOCTh
CBsi3aHA C YaCTOTOM MepeMeHHOro Toka. CHUKEHUE TeHepUPyeMO aKTUBHOM MOIII-
HOCTH MIPUBOJUT K CHMYKEHHUIO YaCTOTHI B CETU U HA00OPOT.

[IprunHamu HapytieHus 0ajlaHca MOIIIHOCTUA MOTYT OBITh:

a) aBapuiHOE OTKIIFOUEHUE TeHEPATOPA;

0) HEOXKUIAaHHBIA POCT NOTPEOJICHUS MOIIIHOCTH;

B) aBapUItHOE OTKIIIOUCHUE JTMHUU WK TPaHC(HOPMATOPOB CBSI3H.

PaccMoTpum /1B CBSI3aHHBIC CUCTEMBI, B KOTOPBIX MIPH MapajuiebHON padoTe
B HOPMAJILHOM peXUMe cOO0It0/1aeTcsi 6alaHC MOIIHOCTHU:

2P, +2P.,=2P, +2P,,. (6.2)



B nepBoii cucteMe B HOpMaJIbHOM PEKHMME I'eHepaliusi MPeBbIIaeT noTpedie-
HUE, T.€. CHCTeMa M30BITOYHA TI0 aKTUBHOW MOIIHOCTH, BO BTOPOl HA00OpOT, TCHE-
panysi MeHbIIIe MOTPEOJICHHS, T.€. CUCTeMa JePUITMTHA 110 aKTUBHON MoltHOCTH. [Ipu
aBapUHHOM OTKJIIOUEHUH JIMHUU CBS3U 00€ CHCTEMBI OyAyT paboTaTh U30JUPOBAHHO
1 OaJaHC aKTUBHOW MOIIHOCTH B KaXKJIOW M3 HUX HapymuTcsa. B mepBoil dacrora
BO3PACTET, a BO BTOPOH MOHM3UTCI. B 00enx cucremMax OTKIOHEHHE YaCTOThI MOKET
0Ka3aThCsl BBIIIC JONMYCTUMBIX B IMOCICABAPUUHBIX PEXUMAX 3HAYECHHH, YTO MOXKET
IPUBECTH K aCHHXPOHHOMY PEXHUMY, BBIXOAY M3 CTPOs 000PYyIOBaHUS CTAHIIMM, IMO-
HIDKCHHIO TTPOM3BOJIUTEIILHOCTH JIBUTATENICH MOTpeOuTee, HapyIIeHHIO TEXHOJO-
THYECKOro mpoliecca U Opaky mpoaykiuu. CienoBaTeibHO, B AJIEKTPOIHEPTreTUYE-
CKHX CHUCTEMax HEeOOXOJIMMO MPUMEHSATHh MEpPhI, HapaBJICHHbIC HA COOIIO/IeHHE Oa-
JIaHCa aKTUBHOM MOIIHOCTH.

[ToBbIIIIEHNE YACTOTHI BBIIIE JOMYCTUMBIX MPEAECIOB MOXHO JIMKBUIUPOBATH,
YMEHbIIIasi MOIIHOCTh T€HEPATOPOB WJIM OTKJIrOYas 4acTh U3 HUX. [loHM>KEHME YacTo-
ThI JINKBUJUPYETCA C MOMOIIBIO BBOJA pe3epBa MOIIHOCTHU. Ecin yacTtoTa HE BOocCcTa-
HOBMJIaCh, TO C TIOMOINBIO aBTOMATHYECKON 4acTOTHOM pasrpyskoit (AYP), oTkiro-
Yalolle 4yacTh NMOTpeOuTeNel CUCTEMHON aBTOMAaTUKOM. [Ipu 3TOM aBTOMaTH4eCKOe
OTKJIFOUCHHE HAYMHAETCS C MOTpeOUTeNIe TpeThel KaTeropuu Mo HaJle)KHOCTU U T.]I.
B nocnenHioo ouepens OTKI0UAOTCS HanbojIee OTBETCTBEHHBIE TTOTPEOUTEIIH.

Paznuuaror ropsiurMe u XO0JIOJIHbIE pe3epBbl MOITHOCTU. [Ipu ropsiuem pesepse
HCIIOJIB3YeTCsl CBOOOHAS MOITHOCTh TeHepaTopoB. OOBIYHO IeHepaTophl 3arpyrka-
IOTCSI O MOIITHOCTH MEHBIIIE HOMUHAIBLHOW M OBICTPO HAOUpAIOT HArpy3Ky NpH BHE-
3aITHOM HapyIlIeHUW OajlaHca aKTUBHOM MOITHOCTH. XOJOJHBIA pe3epB MOIIHOCTH
obecrieunBaeTCs pe3ePBHLIMU Te€HEPATOPAMHU, OTKIIOUCHHBIMH B HOPMAJIbHOM PEIKH-
Me. {5 ux BBOJIa B pabOTy HY>KEH JITTUTEIbLHBIN MTPOMEKYTOK BPEMEHH.

Kpome pesepBa MOIIHOCTH Ha 3JEKTPOCTAHIMAX JOJDKEH OBITH pe3epB dHEP-

I'H, T. €. 3al1aC TOIIJIMBA HUJIM BOABI.
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6.2. PeryJimpoBaHue 4acTOTHI B 3JIEKTPOIHEPreTHYECKOi cucreMe

PerynupoBanue yactotsl B 99C TpedyeT U3BMEHEHUs] MOLUTHOCTH, KOTOPBIE re-
HEPaToOpbl BBIIAIOT B CETb. MOIIHOCTh I€HEPATOPOB ONPEAEISAETCS MOIIHOCTBIO
TypOUH, KOTOPBIMH 3TH T€HEPATOPBI MPUBOIATCS BO BpaiieHHe. TypOUHbI SBISIOTCS
MEPBUYHBIMH JIBUTATEIISIMHU.

PaccMoTpuM XapakTepUCTUKM TEIUIOBBIX U TMIPABIMYECKUX TypOUH, orpeje-
JSOIKX U3MEHEHHE X MOIIHOCTH O] AEHCTBUEM CHCTEM PETYIUPOBAHMS.

PaznuuaroT HeperynupyeMmyro TypOUHY (MOIIHOCTh €€ HEM3MEHHA), TypOUHY

CO CTaTUYECKON XapaKTEPUCTUKOM, aCTaTUYECKON XapaKTepucTukoi (puc. 6.1).

;
J 3123“

RisfR,
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~":Hmvw // : Titom

71 Q:) T
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\5‘51 |ﬁ'fz
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'ﬁwm 3
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—ru
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_|NU

L ol

) 2)
1, 2, 3 — craTudeckue XapaKTePUCTUKU HArpy30K IO YacTOTe
Puc. 6.1. XapakTepuCTHKN PETyISITOPOB CKOPOCTH TYPOUHBI:
a - HeperynupyemMas TypOrHa; 0 - acTaThuecKasi XapaKTepUCTHKA; B - CTaTHYe-

CKasl XapaKTEepPUCTHUKA; I' - BTOPUYHOE peryiaupoBanue 4acTtoTsl (APY)
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B cnydae neperynupyemoit TypOuHBI €€ MOIIHOCTh P.; ocTaeTcss HEM3MEHHOMH,
U C YBEJIMYECHUEM CKOPOCTH MEXAHMYECKUI MOMEHT OyJIeT CHMXKAThCS /10 3HAUEHUS,
KOTOpOE JJaCT HOBOE paBHOBecHe MOMEHTOB cui. Ha puc. 6.1, a xapakTepucTuka He-
perynupyeMoi TypOuHBI M300pa)keHa MpsIMOM, MapajvieibHas BEPTHKAIbHON OCH.
[Ipu Harpy3ke P,; peXXHUM ONpPEAEISIETCS NEPECEUEHUEM XapAKTEPUCTUKU TypOUHBI U
XapaKTepUCTHKN Harpy3ku 1, Ipu 3TOM 4acTOoTa paBHAa HOMUHAIBbHOU. [Ipu u3mene-
HAW HAarpy3ky 4acToTa B CHCTEME NPUHUMAET HOBOE, OTIIMYHOE OT HOMHMHAJIBHOTO
3HaueHue. Hampumep, yBenndueHnue Harpy3ku ot P,; 1o P,, TPUBOIUT K yMEHBbIIIE-
HUIO 9acTOTHI OT f,,,, M0 f; , 4TO BHIHO M3 TepeceyeHUs] XapaKTEPUCTUK TYPOHHBI U
Harpysku P,, cootBercTByMOMIEH yactote f; .

B cnyuae perynupyeMoil TypOUHBI yBETMUYEHHUS! €€ CKOPOCTH BpAalllEHUs MpH-
BEJIET B JICHCTBUE aBTOMAaTUYECKHU peryisaTop ckopocTt (APC), koTopslil o0ecrneunT
YMEHBILIEHUE 10/1a4l YHEPIOHOCUTENS B TYpOUHY, UTOOBI COXPAHUTh MOCTOSTHHOU €€
ckopocTh BpauieHus. [lpunuun pa6orst APC ocHoBaH Ha 0OpaTHOI OTpHULIATEIBHON
CBSA3U CHCTEMbl PETyJMpOBaHUsS. Peryistopbl CKOPOCTH TypOMH OKa3bIBalOT CTaOu-
JU3UPYIOLIECE BIUSHUE HA YACTOTY B CUCTEME M MO3TOMY HA3bIBAIOTCS NEPBUYHBIMU
perysaropaMu 4acToTsl. [Iponiecc n3amMeHeHust 4aCTOThI MO IEUCTBUEM ITUX PETYJIS-
TOPOB HA3bIBAIOTCS IEPBUYHBIM PETYJIUPOBAHUEM YACTOTBHI.

Perynstopel ckopocTd TypOHMHBI MOTYT UMETh acCTaTHUECKYI0 WM CTaTUde-
CKYI0 XapakTepUCTHUKY. [Ipy M3MEHEHHM JJIEKTPUUECKOW HArPy3KH MOJ JIEUCTBUEM
peryysaTopa CKOpocTH JUOO BOCCTAHOBUTCS HOMUHAJIbHASL YacTOTA, JTM00 YCTaHOBUT-
Csl HOBasl 4acToTa, 0JIM3Kas K HOMUHAIBHON. B mepBoM ciyyae, koraa rnocie u3mMeHe-
HUSI Harpy3Kd M OKOHYAaHUS IEPEXOJHOr0 MPOIecca PETyJSITOpP BOCCTAaHABIMBAECT
HOMMHAJIbHYIO 4acTOTy, PEryJupOBaHUE Ha3bIBaeTca actarudeckuM (puc. 6.1, 0).
Ecnu npu u3MeHeHun Harpy3Kyd M OKOHYaHUs MEPEXOJTHOTO MPOLECCa YCTaHABINBA-
€TCs HOBasl, OTIIMYHAs OT HOMUHAJIBHOW, 4YaCTOTa, TO TAKOE PETYJIMPOBAaHUE HaA3bIBa-
eTcst cratudeckuM (puc. 6.1, B).

D@ heKTUBHOCTh MEPBUYHOTO PETYIMPOBAHUS YACTOTHI 3aBUCUT OT CTaTU3Ma

peryisiTopa CKOPOCTH, KOTOPBIM XapakTepu3yeT HakKJIOH Xapaktepuctuku APC k
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0CSIM KOOpAMHAT. MEHbIIIeMYy CTaTU3My COOTBETCTBYET OoJiee KpyTasi XapaKTepUCTH-
Ka peryjanpoBaHus, KOTOpas mepecekaercs ¢ xapaktepuctukoit 99C mpu 6oibiieM
3HA4YeHUU 4acToThl. [Ipyu HyleBOM cTaTu3Me peryisTopa (acTaTudeckoe peryanpoBa-
HUE) XapaKTEePUCTUKA PACIoiaraeTcsi TOpu3oHTaIbHO (puc. 6.1, 0) u obecnieunBaet
4acTOTYy, PaBHYI0 HOMUHAJIBHOU IpH JIF0OOM HaOpoce MOIIHOCTH Harpy3ku 29C, ec-
71, KOHEYHO, OH HE MPHUBEET K MPEBBIIICHUIO IPEeTbHON MOUTHOCTH TypPOHHBI.
PeanbHbIe perymsiTopsl CKOPOCTH MMEIOT CTaTHYECKYIO0 XapakTepucTuky. [lo-
OUTBHCS aCTATHUECKOW XapPaKTEPUCTHKH y PETysATOpa MPAKTHYECKH OYEHBb TPYIIHO.
JUis TOMOJHUTENBbHOW KOPPEKTUPOBKHM YACTOTHI MOCIE NEPBUYHOTO PETYIUPOBAHMS
IPUMEHSETCS TaK Ha3bIBAEMOE GMOpUYHOE pelyiuposanue, B TPOIEecce KOTOPOTro
OCYILIECTBIISIETCS U3MEHEHUE MOILHOCTU TYpOUHBI YK€ HEIOCPEICTBEHHO B 3aBUCH-
MOCTH OT 4aCTOTHI IEPEMEHHOTO TOKa B DJIEKTPHUECKOM ceTH. B pesynbrare Bropuy-
HOT'O PEryJHpOBaHMs CTaTUYECKasl XapaKTepUCTUKa TYpOUHBI IepeMelaercs napali-
JIeJIbHO caMoi ce0e A0 TeX Mop, MOKa YacToTa He CTaHEeT HOMUHANIBHOH (puc. 6.1, T).
[Tpr BTOPUYHOM pEryJMpOBaHUU MOIIHOCTH TypOMHBI U3MEHSETCS TOTIOTHH-
TEJIbHBIM BO3JICHCTBUEM Ha HEE PEryJIMPYIOILIEro ammapara — aBTOMaTH4YECKOro pe-

rynsitopa yactotel (APY), puc. 6.2. APY Bo3aeiicTByeT HenocpencTBeHHo Ha APC.

PN (—
i

APC

Q f

TypGuna I'eHepatop ﬁ?—}

Puc. 6.2. Cxema perynupoanus APC u APY

Koaddunuent K., paBHBII TaHTeHCY yrja HakioHa xapakrtepuctuku APC k
ocu a0cIuce, Ha3bIBACTCS KPYU3HOW XapaKTEPUCTUKH peryaupoBanus [8]

_ 4P,
) AT,

(6.3)
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FA)IPZ AT, = A:,_—f , o — HOMuHaIBLHAA yacTOTA.

2HOM 0

rae AP, =

KpyTuzHa peryiasTopoB CKOpOCTH TYpOWHBI 3aBHUCHT OT KOHCTPYKIIUH U
HACTPOMKH peryaupyromero ycrpoicrpa. OObYHO KOA(DOUIIMEHT KPYTU3HBI BHIOU-
paroT B ipeaenax 25-50 aiist ruiporenepatopoB u 15-20 ayist TypOOTreHepaTopoB.

Cratu3M XapakTEepUCTUKHU PETYJISATOpa S €CTh BEIMYMHA, oOpaTHas Koddduiiu-

€HTY KPYTHU3HBI:

1 1
S=— s%=% (%).

2 r4

3aKOH CTaTUYECKOr0 MU IICPBUYHOI'O PCTYIIMPOBAHUA YaCTOTBI MOJKHO IIOJIY-

9HUTh U3 BeIpakeHus (6.3)

Af 1 4P
LR L) .
f. k P (6.4)

CHOM

BropuuHoe peryiaupoBaHre HE3aBUCHUMO OT BelnuuHbl AP, 00yciaBiuBaer pa-
BeHCTBO Af =0, T. €. M0 cBoeMy KOHEYHOMY 3P PEKTY BTOPUIHOE PETyINPOBAHUE K-
BHBAJICHTHO aCTaTUYECKOMY PETryJMPOBAHUIO CKOPOCTU. 3aKOH BTOPUYHOIO PEryJiu-

poBaHHA 4YaCTOTbI UMCCT BHUA
—=0. (6.5)

N3menenne renepupyronieid MomHoctr 929C Npu U3MEHEHUHU YaCTOThI MOKHO
ONPEAETUTH MO BBIPAKEHUIO

AP, =-P ﬂkz. (6.6)

2 2Hom f
0

31ech 3HaK MHHYC O3HA4aeT, YTo MpH yMeHblneHun 4actothl (Af < 0) mor-
HOCTBh reHepaTtopa pacteT (AP, > 0).

AHaornyHo KO3((GUIMEHTY KpYTH3HBI K. XapakTepHCTHUKU PEryJnpOBaHUS
BBOJUTCS OHSTHE KOAPPUIIMEHTAa KPYTU3HBI CTATUYECKON XapaKTEpPUCTUKH Harpys3-

ku DDC. PakTuyecku 3TOT KOA(D(PUIIMEHT XapaKTepu3yeT HaKJIOH KacaTeJIbHOM K Xa-
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paKkTEpUCTUKE HArpy3kH, IPOBEJCHHONW B padouell TOUKe, U SIBISIETCS PETYJINPYIO-
M 3(PEeKTOM aKTUBHOM HArpy3KH MO 4acTOTe.
W3MeHeHne akTUBHOW MoIHOCTH Harpy3ku OOC ¢ yd4eToM MOTEpbh B CETH
OIIPEEIAETCS KaK:
Af
AP =P, —Kk , (6.7)
fy
rae P, — cyMMapHas MOIIHOCTb HAarpy3Ku (C y4€TOM IOTEPh B CETH);

Ky — KOO OUIIMEHT KPYTU3HBI XapaKTEPUCTHKU aKTHBHON MOIIHOCTH HATPY3KH

AP”*;AP*=AP”;Af*=£_
Af, " P f,

H

93C: k, =

3Hak 1iroc B (6. 7) o3Hayaer, uro ¢ yBeiaudeHueM dactothl (Af > 0) momHOCTH
Harpysku pacret (AP, > 0).
M3MeHeHre 4acToThl, BRI3BAHHOE JOIOJIHUTEIBHON Harpy3koi AP, mpu BwIoI-

HEHUU NEPBUYHOTO PEryJIUPOBAHUS ONPEEISIETCS KaK:

AP
Af =— o (ki) f,. (6.8)

PZHOM
rne p= .

H

- K03 duLMEHT pe3epBa

Hns 99C B nienom, rie B napajijieiab padoTaeT MHOTO AJIEKTPOCTaHIIUM, 3aKOH

MIEPBUYHOTO PErYJIMPOBAHMUS YaCTOThI HMeeT BU/ [8]

Af 1 4P,
+ =
f, k,P

29C

0 (6.9)

0

riae Kz — cpeasiss KpyTH3Ha XapaKTePUCTUKU PETyJIMPOBAHHS TeHEPHPYIOIIEH
moItHoct! DOC;
Pssc - cymMMapHasi HOMHUHAJIbHAS MOIIHOCTh T€HEPATOPOB AJIEKTPOCTAHIINN

99C;
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APry - cyMMapHO€ M3MEHEHHUE reHepupyromnieid MomHoctu 9C B pe3yabTare
MIEPBUYHOrO PETYJINPOBAHUS.

Kak u B ciydae mpocToil CUCTEMBI ¢ OJHOW TypOWHOM, B pEaIbHOM CHCTEME
PETYIATOPHI CKOPOCTH TYpOUH HE 00ECIIEeUNBAIOT MOAIEP KAHUS 3aJaHHOTO 3HAYCHUS
yacToThl. 1y momydenust 3gpdexra acTaTHUEeCKOrO PErylIMpOBaHUS CIEAYET MPOU3-
BECTU BTOpUYHOE peryiupoBanue. Harbomnee mpocto BTOpUUHOE peryaupoBaHue pe-
aNU3yeTCs C MOMOIIBIO OJHOW CTaHUMU. MEeTOo TaKoro peryJMpoBaHus HA3BIBACTCS
MemoooMm eedyujeli CMmaHyuu no 4acmome.

CraHIuIo, peryiMpyromnlylo 4acToTy, KoTopas OepeT Ha ceOsl Bce BO3HUKaIO-
e Habpockl U cOpockl MOITHOCTH B DDC, Ha3bIBAIOT OaTaHCUPYIOIIEH CTaHLIUEH.

Crannus, peryaupyromas 4acToTy, UMEET Harpy3Ky Pj, Harpy3ka OCTallbHbIX
CTaHUIMK cucTteMbl paBHa Pc;. YpaBHeHHE OanaHca MOITHOCTH HMMEET CJIEeAYIOIINi
BH/I:

PCl + P1: ZPH . (610)

[Tpu yBenuueHNM cymMMapHO# moTpedsisieMoil Harpy3ku Ha Bennuuny AP da-
CTOTa B CUCTEME CHIKAeTCs 10 BeauuuHbl f;. bamaHc MOITHOCTH 3amuIeTcs clemy-
IOIIM 00pa3oMm:

Pcz + P2 = ZP]‘[ +AP]'[ . (611)

[Ipy CHMKEHUU YaCTOThI B CUCTEME BTOPHUYHBIE PETYISTOPHI YaCTOTHI CTaH-
LMY, PETYJIHUPYIOLIEH YacTOTy, YBEIMYAT MPOMYCK YHEPrOHOCUTENA B TypOuHy. Pery-
JUPYIOIIas CTAHIIUS MPUHUMAET Ha ce0sl BCE YBEIMUYCHUE HATPYy3KHU:

P3s=P; + APy,
Pci1 + P3=2Pp + APy (6.12)

JIy1st yCcnentHoro peryjaupoBaHus YaCTOTHI CTaHIMs, BeiOupaemas B 99C B Ka-
YeCTBE BEAYLICH, HOKHA YJOBIETBOPATH ONPEACICHHBIM TPEOOBAHUSAM, IIABHBIMU
13 KOTOPBIX SIBJISIFOTCS CIEAYIOIINE:

® JIOCTaTOYHO OOJIbIIAS MOUIHOCTh IO OTHOLIEHHUIO K MOIIHOCTSAM APYTUX 3JEK-

TpoCTaHIMi faHHoi D3C;
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e OQOJIBLION JMamna3oH PEryJMpOBaHUS MOIIHOCTH — IPENENbl, B KOTOPbIX BO3-

MO3KHO OBICTPOE M3MEHEHHE MOIITHOCTH, BBIJIABAEMOM JIEKTPOCTAHIIUEH;

® JIOCTaTOYHO OoJbllIasi MPOMYCKHAsl CIIOCOOHOCTh JIMHUM (CEYEHMI), CBS3bIBA-

IOIUX JEKTPOCTAHLIAIO ¢ MOLIHBIMM y3JIaMH Harpy3Kud U JIPYTHMH JIEKTPO-

CTaHIUSAMH, TaK KaK PEryJIMPOBAHUE YAaCTOTHI CBA3aHO CO 3HAYUTEIbHBIMU W3-

MEHEHHUSMH MOLIHOCTH B JIMHUSAX.

Ha TeruioBbIX CTaHUMAX Mpenebl U3MEHEHHUS BBbIIaBAEMOW MOIIHOCTH OIpe-
JEJSIFOTCS YCIOBUSIMU pabOThl KOTEJIbHBIX arperaToB UM NapoBbiX TypOuH. Hanbonb-
IIM€ OTPaHUYEHUS JMala3oHa PeryjIupoBaHUs CBsI3aHbl ¢ pabOTON KOTJIOB, KOTOPHIE
OOBIYHO HE JOIYCKAIOT M3MEHEHUS YMEHBIIEHUs Harpy3ku Huxe, yem Ha 60 % ot
HOMUHAJIBHOW. CHIKEHHE HArpy3Kd KOTJIOB OIPAHMYMBAETCS OIACHOCTBIO IOraca-
HUs (pakesa MbUICYTOJIbHBIX TOMOK M OMACHOCTHIO HAPYIIEHUS HOPMaJbHOM LUPKY-
JSUMU U3-32 HEPAaBHOMEPHOTO 000rpeBa OTAEIbHBIX YaCTe KOTJIA IPU YMEHbBILICHUH
MHTEHCUBHOCTU TOpeHMs. HUKHAS rpaHuna peryaMpoBOYHOTO JIMAIla30HA MapOBbIX
TypOuH coctaBisieT 00619HO 20-30 % OT ux HOMHMHANBLHON MoiHOCTH. OHa omnpese-
JSIeTC BO3MOXKHOCTBIO PE3KOr0 HApYILIEHUs TEMIEPATYPHOTO peXUMa TypOUHBI IPU
3HAYNUTEIBHOM CHIDKEHUW HArpy3KHd, pe3ylbTaTOM KOTOPOTO MOTYT SBJISITBCS HENO-
MyCTUMBbIE TEMIIEpaTypHbIE NEPEHANPSIKEHUS] U CBSA3aHHBIE C HUMH TOBPEKICHUS
MAallUHBI.

TakuMm 006pa3oM, BCIIEICTBUE OIPaHUYECHHS PETYJIMPOBOYHOIO JAMANa30Ha Tel-
JIOBBIX 3JIEKTPOCTAHIIMI, B KaY€CTBE CTaHIMI, BEIYIIMX YacTOTYy, BHIOMpAIOT CTaH-
[IUU, MOUTHOCTh KOTOPBIX B JABAa-TPU Pa3a MPEBbIIIAET BEIMUNHY HaUOOJBLIETO BO3-
MOKHOTO Habpoca miu cOpoca Harpy3ku B ganHod O9C. Haumyumme ycrnoBus s
PEryJIMPOBAHMS YACTOTHI UMEIOT JIEKTPOCTAHIIMK C KOHACHCAIIMOHHBIMU TYpOUHAMHU
U KOTJIaMH, pa0OTalolMMHU Ha ra3000pa3HOM TOILIMBE.

PerynupoBOoUYHBIM Iuana3oH TUAPABIMYECKUX DJIEKTPOCTAHLUN IPAKTUYECKU
OJIM30K K UX YCTAHOBJIEHHOW MOMIHOCTH. [103TOMY MOIIHOCTH THIPOANIEKTPOCTAH-
[[UH, UCTIOJIB3YEMBIX JIJISl PETYIUPOBAHMS YACTOThI, MOXKET ObITh 3HAUUTEIHHO MEHbB-

I11€ MOIIIHOCTH TETUIOBBIX CTAHIIMM B YCJIOBUSAX OJHOU U TOH ke DIC.
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B ESC Poccun B peryJnpoBaHUM YacTOThI U MEPETOKOB MoutHOCTU 1o JIDII
Y4aCTBYIOT TaKM€ KpPYIHbIC THIPOAICKTpPOCTaHIMHU, Kak: Bomkckas, CapaToBckas,
Bosrorpanckasi, Borkunckas, Kamckas, UYupkerickas, Bepxue-Tynomckas, Kusoke-
ryockas, HuBa-3, UYwpkeiickass, Casno-lllymenckas, KpacHosipckas, VYcTb-
Nnumckast, 3elickas u bypelickast.

6.3. bananc peaktuBHo#i MomHocTH B 9JC

bananc peaktuBHOM MomHOCTH B DDC MOXKHO 3alucaTh TaK:

2Q,=2Q,=2Q,+2Q, +24Q0-2Q,, (6.13)
rae XQ, - TeHepupyeMasi peaKTUBHAS MOITHOCTh CTAHIIHIA,
>Q, - cymmapHoe notpediaeHue peakTuBHON MOIHOCTH B D9C;
>Q, - peakTUBHAs MOIIHOCTh OTPEOUTENECH;
2Q., — cyMMapHas peakTHBHasi MOIIIHOCTb COOCTBEHHBIX HYXJ DJIEKTPO-
CTaHIIUU;
>AQ - cymmapHbie IOTEPHU PEAKTUBHOM MOITHOCTH B CETSIX;
2Q. - cymmapHas 3apsaHas MoriHocts JIOII.

[ToTpeOutensiMmu peakTUBHON MOIIHOCTH B DDC SABISIOTCS BCE AJIEKTPOIPHU-
E€MHUKHU MEPEeMEHHOTO TOKa. PaboTa MHOTHX 3JIEKTPONPUEMHHUKOB, TAKUX KaK aCHH-
XPOHHBIE ABUTATEIH, BHIPIMUTEIbHbBIE YCTAHOBKHU, TYTOBBIE 3JIEKTPOIIEYH, ra3opas-
PSAHBIE OCBETUTEIBHBIC JIAMITBI, COIIPOBOKIAETCS 3HAUUTEIBLHBIM MOTPEOICHHEM U3
CETH PEAKTUBHOW MOIIIHOCTH.

bananc peakTHBHOM MOIIHOCTH MO BCEW CHUCTEME B LEIOM OIPENECIAET YpO-
BEHb HamnpspkeHus. [Ipyu 3ToM HampsiKeHUs B y3JIOBBIX TOUKAX CETH DJIEKTPUUECKOMN
CUCTEMBbl OTJIMYAKOTCS JAPYr OT JIpyra, OT HOMHUHAJIBHOTO 3HAYEHUS W 3HAYCHHS
HaMpsOKEHUST Ha [IMHAX WCTOYHUKOB MUTAHUS HA BEJIMYWHY MaJCHUS HAIPSKEHHUS,
KOTOpOE ompeaessieTcss KoHpurypanue ceTd, Harpy3koil u ApyruMu (akTopamwu.
Hapymienne Oananca peakTUBHOW MOIMHOCTH TPUBOAUT K HW3MEHEHUIO YPOBHS
HamnpspKeHUs: B ceTH. Eciiu reHepupyemas peakTUBHasi MOITHOCTh CTAHOBUTCSI OOJIb-

11e noTpedIieMoi, TO HapsbKeHe B ceTu noBkimaerca. [Ipu nedunnre peakTMBHOM
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MOIL[HOCTH, HAPsSP)KEHUE B CETU CHUXkKAETCs. B nepuunTHBIX 10 aKTUBHOM MOIIIHOCTH
HSHEProCUCTEMAX YPOBEHb HANPSDKEHMS, KaK MPAaBWIIO, HUKE HOMHUHaIbHOTrO. Hemo-
CTaroIlas JUlsl BBINOJHEHHUs OajaHca aKTHBHAs MOIIHOCTb MEPENaeTcsi B TAKUE CH-
CTEeMBl M3 COCEJIHHUX SHEPrOCHCTEM, B KOTOPBIX HMEETCS H30BITOK T€HEPUPYEeMOM
MOIIHOCTH. OOBIYHO PHEPTOCUCTEMBI JEPUIIUTHBIEC N0 AKTUBHOM MOIIHOCTH, Ae]u-
LUTHBI U 110 PEAKTUBHOM MOIIHOCTU. B OTiIMYMe OT aKTMBHOW MOIIHOCTH, PEAKTHB-
Hasi MOLTHOCTbh MOJKET BbIPA0ATHIBATHCS HE TOJIBKO HA 3JIEKTPOCTAHIUAX, HO U B JIpY-
rux Toukax I9C. B 3ToM cilydae MCTOYHMKAMU PEAKTUBHOM MOIIHOCTU SIBIISIOTCS
KOMIeHcUpytomue ycrpoiictBa. Pasmemenne KY BOMM3M 31€KTpONPHUEMHUKOB
oueHb y00HO 11 DDC, Tak Kak B 3TOM ciiy4yae TpeOyeMas NOTpEeOUTENSIM PEaKTHB-
Has MOIHOCTb HE MEPEAeTCs 10 CETH, YTO CBA3aHO C JONOJHUTENBHBIMUA IOTEPSIMHU
MOIIIHOCTH, @ BhIpa0aThIBAETCS B TEX TOYKAX, 1€ HEMOCPEACTBEHHO UMeeTcs nedu-
LUT PEAKTUBHON MOIIHOCTH.

Jlia noanep:kanuss HopMajiabHOro pexkuma B DOC noTpedsieHne peakTUBHOU
MOIIIHOCTH JIOJDKHO 00€creunBaThCcsi HEOOXOAMMOW TIE€HEpUPYEMON pEeaKTHBHOM
MOIIIHOCTBIO M PE3EPBOM PEAKTUBHON MOIIHOCTH. I'eHepupyemasi peakTUBHas MOIL-
HOCTh CKJIQJIbIBAE€TCSA U3 PEAKTUBHON MOILHOCTH, BHIpA0ATHIBAEMON Ha 3JIEKTPOCTaH-
uuax (60 % Bcell peakTUBHOW MOLIHOCTH), U PEAKTUBHOM MOIIHOCTH KOMIIEHCHUPY-
IOIMX YCTPOMCTB, PA3MEIICHHBIX B JIEKTPUUECKOM cetn u y notpeduteneit (20 %).
20 % reHepupyeMOr peaKTUBHOM MOIIHOCTH ITpuxoautcs Ha JIDIL.

bamaHc peakTUBHON MOIIHOCTH JIOJDKEH IPENyCMaTpUBAaThCA OTAEIBHO IS
KQKJIOTO XapaKTEPHOI'O PEKUMa CETH.

PaccMmoTpum, Kak pearupyeT Harpy3ka Ha U3BMEHEHHe pexxuma B cucrteme. s
MOHUMAaHUS (PU3NYECKOTO Mpollecca MPUBEIEM PaCCyKIEHUS Ha MpUMEpE MPOCTei-

1Ieil 3JIEKTPOIHEPTETUYECKON CUCTEMBI, ITPEICTABICHHON Ha puc. 6.3.
Yy

C i I_Z.1z -5—;{2>|U2

Puc. 6.3. CxeMa npocteien 3IeKTPOIHEPTETUUECKON CUCTEMBI
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HpC,Z[HOJIO}KI/IM, 4TO IIO0 KAaKHUM-TO IIPpUYHMHAM HAIIPsSKCHHUC B KOHIC JIMHHUU I10-
HHMXKACTCA. HaHp}DKCHI/Ie B KOHIIC JIMHHUU OIPCACIIACTCA KaK (SHCCB HC YYTCHA IIOIIC-

pC€UHad COCTAaBJIAIOIIAA MMAJICHUA HaHpH}KCHI/IH):

K K
U,=U,—AU,=U, -2 rlzleuxlz (6.14)
2

[Ipu moHMXeHUM HANpsKEHUS B KOHIE JuHUU, U, B COOTBETCTBUU CO CTaTH-

YECKUMH XapaKTepUCTUKAMU, MPUBEJICHHBIMU Ha pUC. 6.4, OyayT yMEHbIIATHCS 3HA-

K K

JeHus1 Harpy3ku P, u Q,, a Takyke MOTOKM MOIIHOCTH B KOHIlE JIMHUH P, 1 Qqp .

CrnenoBaTenbHO, OYAyT YMEHBIIATHCS TOTEpU HampsukeHus B mann, AU;,, a 3Have-

Hue HamnpsbkeHust U, BciencTBue 3Toro OyJeT YBEIMYMBATHCS MPHU YCIOBUHU, YTO
HaIpsHKEHUE UCTOYHUKA nmuTanus U; MojiepKuBaeTcs MOCTOSTHHBIM.

20 G

*u

A — s —

]
*

*Q b —
o

Puc. 6.4. Ctatnueckue XapakTepUCTUKN HArpy3KH

Bce ato cnipaBeynBo B citydae, korma U>Ugp=(0,7+0,8)Ugom (cooTBeTCTBY-
eT TOYKE Mepernda Ha CTaTUYEeCKOM XapaKTEPUCTHKE).

Otcrofa, Harpy3ka HMMEET TMOJOKUTEIbHBIN peryaupyomuid 3ddext npu
U>Ugp u oTpuniarensublii perynupyromiuii a¢dext nmpu U<Uygp. B mocnennem ciy-
yae noHmxeHne U, BbI3BIBAET POCT MOTPeOIsIEeMON peakTUBHOM MolTHOCTH Q;, COOT-
BETCTBEHHO OO0JIbIIasi pEaKTUBHAS MOIIHOCTh TE€YET M 10 JIMHUHU. DTO BHI3BIBACT yBe-
JMYeHre ToTeph HampsikeHust B TUHUU AUpp, crieaoBaTeabHO, YMEHBIIACTCs HaIpsi-
’KCHHE B KOHIIE JIMHUU y TToTpeduTens. B cOOTBETCTBUU CO CTAaTHUECKON XapaKTepu-
ctukoit mpu U<Ugp peaxTHUBHAS MOIIHOCTH Harpy3ku Q, CHOBa pacTteT. DTO MPHUBO-

AUT K JOIIOJTHUTCIbHOMY CHHKCHHIO U2 nT. 1. Bo3nukaer SABJICHHUC, HA3bIBACMOC JIa-
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BUHOM Hanpspkenus. [lpu Takod aBapuu OCTaHABIMUBAIOTCS (OMPOKUIBIBAIOTCS)
ACHHXPOHHBIE JBUTATENN. PeakTHBHAs MOIIHOCTh ACUHXPOHHBIX JIBUTATENIEU PACTET,
OaJlaHC peaKTUBHOW MOITHOCTH Hapymiaercs, npudeM JQ;>>20Qr, 9TO B CBOIO O4Ye-
peab MPUBOAUT K CHUXKECHUIO HampsihkeHUss. OCTaHOBUTH CHUKEHHE HAINPSKEHUS TIPU
ATOM aBapuMu MOYKHO, JJUIIb OTKJIFOYMB Harpy3ky. B HacTosiee Bpemsi IpUMEHSIOTCS
aBTOMATUYECKHE PETyJIATOPhl Bo30YykaeHust (APB) Ha reHepaTtopax u MOIIHBIX CHH-
XPOHHBIX JIBUTATENSAX, CTAOMIU3UPYIOLIKE HANPSHKEHNUE, IOATOMY HalpsKEHHE B CU-

CTEMC HC CHMIKACTCA HUKC KPUTHUUICCKOIO.
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3AK/IIOYEHUE

HecMoTpst Ha TO, YTO 3JEKTPO3IHEPreTHUECKAasi CUCTEMA SIBIIAETCS OBICTPO Me-
HSIOIEHCS] CUCTEMOM M MEePEeXOJUT Ha HOBYIO TEXHOJOTHYECKYIO IaaTdopmy, 6a3o-
BbIE MPUHIUIIBI €¢ GOPMUPOBAHUSA U (DYHKIIMOHHPOBAHUS OCTAIUCh MPEKHUMH, U3
KOTOPBIX TJIABHBIM — TEXHOJOTHYECKOE €IUHCTBO HAa TEPPUTOPUMU Bceu cTpausbl. [lo-
ATOMY B y4eOHOM MOCOOMH OMHUCAaHbl KJIACCHUYECKHE MOJXOJbl K TEXHOJIOTMYECKOM
CTPYKTYpPE CaMOM CHCTEMBI, OIPENEICHUI0 PEKUMHON CHUTYyallld, PETyJINPOBAHUIO
YaCTOThl M HAIpPSDKEHHUS, aJalTUPOBAHHBIE II0J COBPEMEHHOE COCTOSIHUE DJIEKTPO-
DHEPreTUYECKOM CHCTEMBI M DJIEKTPHUUECKUX ceTeil. KOHCTPYKTMBHOE HCIIOJIHEHUE
JUHUHN 3JIeKTponepeiadl JOMOJHEHO COBPEMEHHBIM oOopyaoBaHueM. Ilpu Hanmca-
HUU Y4eOHOro mocoOMsl CUCTEMaTU3UPOBAaH U OOHOBJIEH Marepuall, NPUBEICHHBIN B
[6, 27], sBisitonMXCSI OCHOBHBIMU YUEOHUKAMH 110 JUCHIUILUTUHE «JICKTPOIHEPTeTH-
YECKUE CUCTEMBI U CETH» HAa KOTOPBIX BBIYYHJIOCH HE OJHO MOKOJICHUE UHKEHEPOB-
AIEKTPOIHEPTETUKOB.

CtpykTypa U OCTpOEHHE YUEOHOro nocoOus HarpaBieHbl Ha (HOPMUPOBAHHE
3HAHUI B OOJIACTH 3JEKTPOIHEPIeTHUECKUX CUCTEM M AJIEKTPUUECKUX CETel, KOTO-
pbl€ CTaHYT OCHOBOM HE€ TOJIBKO JUJIsl IIOHMMAaHHs IPOLECCOB, MPOUCXOAAIIMNX B CO-

BPEMEHHOM CUCTEME, HO U JJIA UX JAJIbHEUIIEro yriayOJeHus U pacIiiupeHusl.
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