1 NOBPEXAEHWNA B SJIEKTPUYECKNX CETAX. BEKTOPHbIE OVATPAMMBI

1.1 HEKOTOPbIE CBEAEHUA O CETAX NEPEMEHHOIO TOKA

B 60nbLUMHCTBE ANEKTPUYECKUX CeTen NPUMEHSAETCHA NePEMEHHBIN TOK, B CBA3W C €ro CyLeCTBEHHbI-
MU nNpeuMyLiecTBaMu nepes NoCTosAHHbIM. K HUIM MOXHO OTHeCTH:

— OrtcyTcTBME HEOBXOAMMOCTM €ro BhINPAMIIEHWS, TaK Kak reHepaTopbl BelpabaTtbiBaloT NepeMeHHbIN
TOK, M ANS €ro BbINpAMMNEHNst TPEBYIOTCA MeXxaHN4YeCcKMI (KONNEeKTop) U AUOOHbIV BbINPAMUTENb.

— JlerkocTb Npeobpa3oBaHUA YPOBHSA HanpsXXeHusi ¢ NOMOLLBbIO TpaHcopMaTopoB. OTO AaeT BO3-
MOXHOCTb MCMOMb30BaTh A8 Nepeaayn 3NeKTPOIHEPrnn BbICOKNE HAMPSXKEHUS, NPU KOTOPbIX NoTepu
Ha ee TPaHCMNOPT MeHbLUEe, a B MeCTax UCMNOMNb30BaHUS — HU3KOE HanpshkeHue, Ha KOTOPOM TOKOMpu-
€MHUWKM CTaHOBATCS NpOoLLEe 1 AeLleBne.

Takas anekTpuyeckas ceTb BbIrNAaNT crnegyowmnm obpasom:

eHepaTop HanpsbkeHunem 3-24 KB B 3aBUCMMOCTM OT MOLLHOCTM, MOBbILAKOWMI TpaHcdopmaTop u
NHNS anekTponepeaayun HanpsbkeHvem ao 750 kB, B 3aBMCUMOCTM OT nepegaBaemMoi MoLHOCTU. Ha
NPUEMHOM KOHLe — TpaHcdopMaTop, MOHWKAKOLWNA HaNpskeHne 00 BeNU4YuHbl, YAOOHON ANns anek-
TponpuemHukoB: 10-0.4 kB. 3avacTtyio nepea notpebneHnem  MNPOUCXOAUT HECKONBbKO CTyneHen
TpaHchopmauumn Hanps>KeHNa — NOABASOTCA NPOMEXYTOUYHbIE TpaHCcopMaTOpHbIe NOACTaHUNN.
OnekTpuyeckme cetn MoryT ObiTb ogHOgasHble 1 TpexdasHble. OgHodasHble CeTn COCTOAT U3 nps-
MOro 1 obpaTHOro NpoBoAa, T.e. Afs nepedayn aNeKkTpoaHeprum Tpebyetcsa obsi3aTensHO 2 npoBoaa.
TpexdasHasa ceTb COCTOMT U3 Tpex NPOBOAOB U TakMm obpa3om obGpaTHbIN NPOBOA OTCYTCTBYET. Tak
Kak B Tpexda3HOW CUMMETPUYHOM CETU CyMMa TOKOB Tpex a3 paBHa Hyno, nucdesaet Heobxoau-
MOCTb B obpaTHol npoBoge. Ecnn e TpexdasHas ceTb UCNoNb3yeTcsl ANs NMTaHus o0gHOMa3HbIX
3MEeKTPONPUEMHUKOB, TO Harpyska no gasam MoxeT OblTb HEOAMHAKOBa, U nosaBndeTcs Heobxoau-
MOCTb B 06paTHOM NpoBOAE, B KOTOPOM MpOTEKaeT pas3HOCTb TOKOB Tpex das. B TpexdasHom yeTbl-
pPEXNpPoOBOAHOM UCMNOSTHEHUK BbINONHeHbI ceTu 0.4 KB 6bITOBOro HasHa4eHus.

YpOBHU HanpsikeHus cTaHgapTu3oBaHbl M BenuuuHa ux B Poccumn n ctpaHax CHIT cooTtBeTcTBYET
cnegyowlen Lwkane:

220 B, 0.4; 1; 2; 3; 6; 10; 15; 20, 25; 35; 110; 154; 220; 330; 400; 500; 750; 1150 kB.

Mpun aToM NnogpasymeBaeTCs BENUYMHA HAMNPsXKeHUs Mexay daszaMmu — IMHENHOE HanpsxeHue.
PeanbHasa BenuuMHa HanpsbkeHUst ANEeKTPUYECKNX annapaTtoB MOXET OTNIMUYUTBCA OT 3TOM LUKasrbl Ha
5% n Gonee — NO3TOMy 3HAYEHWNSI HANPSHKEHUS LUKANbl HA3bIBAKOTCSA KIACCOM HaMNpsiKEHUS.
TpexdasHble ceTn UMeT YeTBEPTYIO TOUKY, KOTOpas MOXeT CyLLecTBOBaTb (pM3nYecKkn Unm yCroBHO.
OTa Touka HasblBaeTCs HenTpanbt. HanpskeHne B 3TOM TOYke paBHO reOMETPUYECKONW CymMMe Ha-
npsbkeHnn Tpex pas, a HanpskeHue gasbl paBHO HaMPsKEHUI0 MexXxay hasHbIM NPOBOAOM U 3TOW
HenTpanbHoM To4Ykon. TpexdasHble annapaTtbl MOTYyT UMETb OOMOTKKN, COEANHEHHbIE MeXay cobon B
3Be3y — KOHLbl BCeX OOMOTOK COEAMHSIIOTCA B OOHY TOYKY — 9TO HeWTpanb — (PU3MYEeCcKn CyLLlecT-
BytOLLL@a HyneBas To4ka. Ecrnn oGMOTKM coeguHAITCS B TPEYronbHUK - Kaxkaast 0OMoTka nogkntoyaeT-
cs K o0bMOoTKaM 2-x a3 — Takas Touka pm3myeckn OTCYTCTBYET, OAHAKO OHa CyLleCcTBYeT — 3TO 3eMn4,
OTHOCUTENBHO KOTOPOW M U3MepAITCa dhasHble HanpshkeHus. HanpskeHne mexay 2-ms dasamu Ha-
3blBaeTCA NUHENHBIM (MexaydasHbIM HanNpsXKeHNneM), HanpskeHne mexay dpason u semnen — as-
HbIM.

Mo pexumy HenTpanu, ceTn pasfnensaTca Ha CeTU C U30IMPOBAHHOM U 3a3eMITEHHON HeNTpanbto.

K ceTsam ¢ M3o0nnMpoBaHHOM HENTPAnb OTHOCATCSA ceTu HanpsbkeHnem 220 B n 1-35 kB. B aTux cetax
HyrneBasi TOYKa M30MMpoBaHa OT 3EMIN, UNN COeAMHEeHa C 3eMnen Yepe3 bonblioe ConpoTUBMEHME
ayroracsilero peakropa, unm 4yepes aktmaHoe cornpotuerieHne 500 —100 Om. [yroracswmin peakTtop
KOMMEHCMPYET EMKOCTHOW TOK 3aMblKaHUS Ha 3eMIio, N Yepe3 MecTO 3aMblKaHUs, Npyu pPe3oHaHCHOM
HacTpoKrKe peakTopa, EMKOCTHOW TOK He NpoTekaeT, a NpPOTEKaeT TONIbKO OTHOCUMTENbHO Maribli ak-
TUBHbIN TOK yTe4Ykn. 3a pybexXom LUIMPOKO NPUMEHSAETCS, U HAYMHAET NPUMEHATBLCS Y HAC 3a3eMrieHne
HenTpanu yepes pesnctop. Npy 9TOM yMeHbLLAKTCA NepeHanpsXXeHUss B CeTU Npu 3aMblKaHUAX Ha
3eMn0, U obecneymBaeTCcs TOK, JOCTATOYHbIN AN1S YeTKOM paboThbl 3aUThl OT 3aMblKaHWs! Ha 3eMII0.
K ceTam ¢ 3asemneHHon HenTpanbio oTHocaTes cetn 0,4 kB u cetn 110 -1150 kB. B ceTax ¢ 3asewm-
NIEHHOW HEeNTpanblo, HenTpanb 06MOTKM TpaHcopmMaTopa CoeaMHEHHON B 3BE34y NpUCcoeanHAeTCs K
3a3eMnALLEMY KOHTYPY HENOCPEACTBEHHO, NN Yepe3 Manoe conpoTueneHune. CeTn HanpskeHnem
110-220 kB HasbiBaloTCA TakkKe ceTaMun ¢ aPEKTUBHO 3a3eMNEHHON HeNTparnblo. B Takux ceTsx Hen-
Tpanb YacTn TpaHCOPMaTOPOB OCTAETCH Pa33eMieHHON. OTO CHWXET BENUYMHY TOKa KOPOTKOro 3a-
MbIKaHUA 1 ynyJvwaeT paboTy penenHon 3awmtel. OgHako npu 9ToMm TpebyeTcsa cneanTb, YTOObLI HU B
OLHOM M3 BO3MOXHbIX PEXUMOB HE BbIAENANCS y4acTOK CeTW, rae HenmTpanu Bcex TpaHchopmMaTopoB
N30IMPOBaHbI.



1.2. BEKTOPHbIE AUATPAMMbI
MNoHaTMe o BekTopax. Ha puc. 1.1 npuseneHa Kpreasa N3MeHeHUs NepeMeHHOro Toka Bo BpeMeHu. Tok

CHavyana pacteT OT Hyna (npu ¢ =0°) OO MakCUMarnbHOro MonoXWUTenbHOro 3Hadvennsa +1,,,.

(mpn ¢ = 90°), 3aTem ybbiBaEeT, nepexoanT Yepes Hynb (Npu o= 180°), gocTUraeT MakcumMarsnbHOro oT-
puuartensHoro 3HadeHunsa —1,,,. (npu ¢ = 270°) 1, HakoHel,, BO3BpallaeTcs K Hymo (npu ¢ = 360°).

MNocne aToro UMK USMEHEHUA TOKa NOBTOPAETCA.
KpI/IBaH N3MeHeHNA nepemMeHHOro Toka BO BpeMeHu, npmeeaeHHasa Ha puc. 1.1, Ha3bIBaeTcs CnHYycoun-
0.
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Puc. 1.1. KpuBas U3MeHeHUsi NeEpeEMEHHOIO Toka BO BPEMEHW.

Bpems T, B TedyeHne KOTOPOro npouvcxoauT MOSHbLIN LMK U3MEHEHWST TOKa, COOTBETCTBYIOLUIN N3Me-
HeHuto yrna Ha 360°, Ha3bIBaeTCsl MEPMOAOM NepeMEHHOro Toka. Yncno nepmoaoB 3a 1 ¢ HasbiBaeTcs
4acTOTOM NepemMeHHOro Toka. B npoMbIlneHHbIX ycTaHoBKax U B BbITY B cTpaHax EBponbl ncnonsay-
eTcsa rnaBHbIM 06pa3oM nepemMeHHbIn Tok Yactoton 50 My, 3ToT Tok 50 pas B cekyHAy NpUHUMAET Mno-
NOXWTErbHOE N oTpuuaTensHoe HarnpasneHve. VI3aMeHeHne nepemMeHHOro Toka BO BPEMEHU MOXHO
3anucartb B crefyoLemM Buae:

i=1max-sin(a)t+a), roe (1.1)
[ — MTHOBEHHOE 3HaYeHue TOKa, T. €. 3Ha4YEeHNe ToKa B KaXAbIi MOMEHT BPEMEHU;

1 — MaKkcnmarnbHO€ 3Ha4YeHne TOKa,

o = 2xf— yrnosaga yactota nepemeHHoro Toka, f = 50 'y, o = 27*50 = 314;

Oo—HavanbHbIA Yron, COOTBETCTBYHOLNIA MOMEHTY BPEMEHU, C KOTOPOro HAYMHAETCS OTCYET BPEMEHM
(npn ¢t =0).

[lna yacTHoro criyyast, nokasaHHoro Ha puc. 1.1, o = 0°.

AHanuaunpysi 4encTeue YyCTPONCTB PENENHON 3alunTbl U aBTOMATUKN, HEOBXOOMMO COMOCTaBNATb TOKU
N HaNpsKeHWUs, CKnaabliBaTb UMW BblYMTaTb UX, ONPeaensaTb Yribl Mexay HAMWU 1 Npou3BOANTb Apyrue
onepauuu. MNonb3oBaTbCa NpU 3TOM KpMBbIMU, NOAOOHBIMU NpuBegeHHON Ha puc. 1,1, HeyaobHo, no-
CKOMbKY NMOCTPOEHUEe CUMHycoua ToKa U HanpsXKeHna 3aHMMaeT MHOro BpeMeHU U He JaeT NpocToro u
HarnsaHoro pesynbTaTta. [1oaTomMy AnNa ynpoLweHus NpUHATO n3obpaxaTb TOKM U HanpsXeHus B BUAE
OTPE3KOB NPAMbIX NIMHUIA, UMEIOLLNX ONpedeNeHHY0 ONNHY U HanpaBreHne, — Tak Ha3blBaeMblX BEK-
TopoB (OA Ha puc. 1.1). OauH KoHeL, BeKTOpa 3akpenneH B Touke O — Ha4vano koopauHaT, a BTOpon
BpaLlaeTcs NpoTUB YaCOBOW CTPESIKN.

MrHoBeHHOE 3Ha4yeHne ToKa U HanpshXeHUs B KaXablIi MOMEHT BpPeMEHW onpeaensieTca npoekumen
Ha BepPTMKamNbHY OCb BEKTOpA, AJSIMHA KOTOPOro paBHa MakCMMasibHOMY 3HAYEHWUIO TOoKa MUK Hanps-
XeHusa. 3Ta npoekumsa ByaeT CTaHOBUTLCSA TO MOMOXUTENbHOW, TO OTpUUATENbHOW, NMPUHMMAas Makcu-
MarbHble 3Ha4YeHUs NPy BepTMKanbHOM pacnonoXeHun Bektopa. 3a BpemMs T, paBHOe nepuoay nepe-
MEHHOrO TOKa, BEKTOP COBEPLUUT MOMHbIA 060POT Mo OKpyXHOCTU (360°), 3aHMMasn nocnegoBaTesibHO
nonoxexua OA’, O A", O A" n T1. a. lNpu yactoTe nepemeHHoro Toka 50 Ny BekTOop OyaeT coBepLuaTb
50 ob/c.

Takum 06pasom, BEKTOP TOKa MM HanpsXkeHus — 3TO OTPE30K NPSIMOM, paBHbIM MO BENUYMHE MaKCU-
ManbHOMY 3HaA4YeHUI0 TOKa UMW HanpsXXeHUd, Bpallalowmnncsa OTHOCUTENBHO Toukn O NpoTUB ABUXe-
HWS1 4YaCOBOW CTPESKM CO CKOPOCTbIO, OnpeaeniiemMon 4actoTon NepemMeHHOro Toka. 3Hast nonoxeHve
BEKTOpa B KaXAbli MOMEHT BPEMEHWN, MOXHO OnpeaeriMTb MTHOBEHHOE 3Ha4YeHne ToKa MUIn Hanpsxe-
HUSA B AaHHbIA MOMEHT.

Tak, onga nonoxeHus sekTopa Toka OA, NokazaHHOro Ha puc. 1.2, ero MrHOBEHHOE 3HayeHue onpeje-
nseTca Npoekumen Ha BepTukanbHyto ocb, T. €. OA" = OA sing .
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Puc. 1.2 Onpenenerne nono- Puc. 1.3 OpgHodasHasa uenb
)KEHMS BEKTOpa Ha NIIOCKOCTU  MEePEMEHHOro Toka

a) — cxema uenu;

6) — BekTOpHasa Auarpamma

34C v Toka
Ha ocHoBaHuKn puc. 1.2 MOXHO TakkKe cka3aTb, YTO TOK B AaHHbIA MOMEHT BPEMEHU UMEET MONOXMU-
TenbHoe 3HayeHne. OgHaKo 3TO ele He daeT NOJSIHOro NpeacTaBfeHnst O NPOTEKaHMM NpoLecca B Lie-
N1 NEPEMEHHOro TOKa, TaK Kak HEM3BECTHO, YTO 3HAYUT MOSOXKUTENbHbLIA UM OTPULATENbHbIA TOK,
NONOXMTENBbHOE UMK OTpULIATESNIBHOE HaMNpsKeHNe.
[na Toro 4ToGbl BEKTOPHbIE AMarpamMmMbl TOKOB M HaNpPshKEHWA OaBanu MOMHYK KapTUHY, UX HYXHO
yBA3aTb C PaKTUYECKMM NPOTEKAHMEM MpoLecca B Lenn NepemMeHHoro Toka, T. €. Heobxoaumo npeg-
BapuUTENbHO MPUHATb YCIOBHbIE MONOXUTENbHbIE HAMPaBlieHNA TOKOB M HanpsXXeHun B paccmaTpu-
Baemol cxeMe. bes BbINONMHEHUS 3TOro YCoBUS, eCrnin He 3adaHbl NONOXUTENbHbIE HAanpaBnNeHUs To-
KOB M HanpsbkeHun, niobasa BEKTOpHasa guarpaMmma He MMEET HMKAKOoro cMmbicra.
PaccmMoTpum npocTyto ogHohasHyto Lienb NepeMeHHOro Toka, npuseaeHHyto Ha puc. 1,3, a. Ot ogHo-
ha3HOro reHepaTopa SHeEprus nepegaeTcsd B akTMBHOE COMPOTMBIIEHME Harpy3ku R. 3agagumcs no-
NOXUTENbHBIMW HanpaBNeHUSMM TOKOB M HaMpshKEHWA B paccMaTpuBaemMon uenu. 3a yCnoBHOE Mno-
NOXWTenbHOe HanpaBneHwe HanpsbkeHus n OOC npumem HanpaBneHue, Koraa noTteHuvan BbiBoAa
reHepaTopa Wnu Harpysku, CBS3aHHOIO C JIMHWEWN, Bbllle NoTeHuuana BbiBoAa, COEANHEHHOTO C 3eM-
nen. B cootBeTcTBUM C NpaBunamu, NPUHATBIMU B 3MEKTPOTEXHUKE, MONIOXKUTENbHOE HanpaBneHue
ana 3C obo3HayeHo CTpenkon, HanpaBrneHHOW B CTOPOHY Goree BbICOKOro noTeHumana (ot 3emnm K
NMHENHOMY BbIBOAY), @ — AN HANPSPKEHUSA — CTPENKON, HanpaBfieHHOW B CTOPOHY ©onee HM3Koro no-
TeHumana (oT NMHEeNHOro BbiBoAa K 3emne). NepemMeHHbIN TOK Byaem cumTaTb NONOXUTENbHBIM, KOraa
BO BHELLHEN LIENM OH NPOXOAUT OT LUMH reHepaTopa K Harpyske (0603HadeHo cTpenkon). NocTtpomm
BekTopbl SC 1 ToKa, Xapaktepuaylowme paboTy paccmaTpusaemon, uenm (puc, 1.3, 6). Bektop 3C
Npoun3BosIbHO 0603HAYMM BEPTUKANbHOW NUHUEN CO CTPESKOW, HamnpaBrieHHOW BBepX. Onsa nocrtpoe-
HUS BEKTOpa ToKa 3anuieM 4118 Lenu ypaBHEHME COrnacHoO BTOPOMY 3akoHy Kupxroda;

E
oTcroaa: I=— 1.2
R (1.2)

MockonbKy 3Haku BekTopoB Toka M SC B BblpaxeHun (1.2) coBnagatoT, BEKTOp Toka byaeT cosna-
naTb ¢ BektopoM QC un Ha puc. 1.3.6. 3gecb 1 B ganbHENLEM Npu NMOCTPOEHNN BEKTOPOB byaem oT-
KnagbiBaTb UX NO BENWYMHE PaBHbIMU IPDEKTUBHOMY 3HAYEHUIO TOKa W HaMpsXXeHus, 4YTo yaobHo
ANSA BbINOMIHEHUSA Pa3NUYHbIX MaTeMaTUyYecknx onepaumm ¢ Bektopamn. Kak n3sectHo, apdeKkTMBHbIE

3HAYEHMS TOKA M HaNPsKEHUS B V2 pa3 MeHbLUE COOTBETCTBYHOLLMX MAKCMMAIbHbIX (aMMUMTYAHbIX).
Mpw 3agaHHbIX MOMOXUTENbHBIX HAaNpPaBEHUAX TOKA M HaMpshKEeHUs OAHO3HAYHO OMNpedensieTcs u
3HaK MOLWHOCTU. [oNoXMTENBHOM B paccmaTpuBaeMom cryvae 6yaeT cunmtaTbCsi MOLHOCTb, Harnpas-
NEeHHas OT LWMH reHepaTopa B NINHUIO:

P=EI -cosp=EI cos0°=EI (1.3)
Tak Kak BekTopbl Toka 1 O[,C Ha puc. 1.3, 6 coBnagator.
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Ic. 1.4. TpexdasHag Lenb NnepeMeHHOro Toka.
a) — cxema uenu; 6) — BEKTOpHas guarpaMmma TOKOB M HanpsiKeHUN.
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AHanormnyHble coobpaxkeHns MoryT ObiTb BbiCKasaHbl U Ans TpexdasHoW Lenu nepemMeHHoro Toka, no-
KasaHHOM Ha puc. 1.4, a. B aTom cnyyae Bo Bcex hasax NPUHATbI OANHAKOBbLIE MOMOXUTESNbHbIE Ha-
npaBneHns, 4eMy COOTBETCTBYET CUMMETPUYHAA auarpaMmma TOKOB W HanpshKeHun, npMBegeHHas Ha
puc. 1.4, 6. OTMETUM, YTO CUMMETPMYHOIM Ha3blBaeTCsa Takas TpexdasHasi CUcTemMa BEKTOPOB, Koraa
BCE TPY BEKTOpPA paBHbl MO BENUYMHE N COBUHYTbI OTHOCUTENBbHO ApYr Apyra Ha yron 120°.

Onepaummn ¢ BekTopamu.

Korga Mbl paccMmaTtpvBaeM TOMbKO OOHY KPUBYIO TOKA UMM HanNpsXKeHUs, HavanbHoe 3HaveHue yrna, ¢
KOTOPOro HauvMHaeTcs OTCYeT, UMW, UHaye roBops, NOMOXEHWe BEKTopa Ha AuarpaMmme, COOTBETCT-
BytOLLlee HayarbHOMY MOMEHTY BPEMEHU, MOXET ObITb NPUHATO NpPoun3BoSibHbIM. Ecnin xe ogHoBpe-
MEHHO paccMaTpuBalOTCA ABa WM HECKOSNIbKO TOKOB W HampshkeHwn, TO, 3a4aBLUMCb HavasibHbIM
norioXXeHMeM Ha guarpamMmme OL4HOro M3 BEKTOPOB, Mbl TEM CaMbIM YXXe onpeaensieM NofoXeHne Bcex
APYrnx BEKTOPOB.

Bce Tpu BekTopa: dasHbix Hanpsixenuii: UA, UB, UC, nokasaHHble Ha puc. 1,4, 6, BpalLaloTCs NpoTUB
4YaCOBOW CTperkM ¢ OANHAKOBOW CKOPOCTLIO, onpeaenseMon 4actoTon nepeMeHHoro Toka. NMpu atom
OHM MepecekaloT BepTUKalribHYI0 OCb, COBMaAaloLLYyto C HanpaeneHnem Bektopa UA Ha puc. 1.4, 6, no-
o4epeaHO C onpeaeneHHoN nocneaoBaTenbHocTbIo, a umenHo UA, UB, UC, koTopas Ha3sbiBaeTcs Ye-
pegoBaHuem ha3 HanpskeHust (Mnm Toka). [Ansa Toro 4tobbl onpefenuTb B3aMMHOE pacrnosfioXeHue
ABYX BEKTOPOB, OObIYHO FOBOPSAT, YTO OAMH U3 HUX onepexaeT unu oTcTaeT oT apyroro. lMpu aTom
onepexaroLnmM CYNTaeTCsl BEKTOP, KOTOPbIA NPWU BpaLleHUM NPOTMB YaCOBOW CTPENKW paHbLle nepe-
ceveT BepTUKarbHY0 OCb. Tak, HaNpUMep, MOXHO ckasaTb, YTo BekTop Hanpsbkeruns UA Ha puc. 1.4, 6
onepexaeT UB Ha yron 120° unu, ¢ apyroit cTopoHbl, Bektop UC oTctaeT ot Bektopa UB Ha yron
120°. Kak BuagHo 13 puc. 1.4, BblpaxkeHne «BEKTOp oTcTaeT Ha yron 120°», paBHOLEHHO BbIpa)XeHWUIO
«BEKTOp onepexaeT Ha yron 240°».
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Puc. 1.5. CnoxeHwne n Bolunta-  Puc. 1.6. K onpegeneHumio Bek-
HWe BEKTOPOB: a) — TOKOB; Topa Yepes ero NpoekUnn Ha
0) — HanNpsHXeHWIA. nepneHanKyIsipHble OCK.

CnoxeHne BEKTOPOB NPOM3BOAUTCSA FEOMETPUYECKMM CyMMMPOBAHMEM MO MpaBuny napannenorpam-
Ma, Kak nokasaHo Ha puc. 1.5, a, Ha koTopom nocTpoeHa cymma TokoB (I 4+ I 5 ). Tak kak BblYMTaHUE

— [euncTBme, obpaTHOE CNOXEHMUIO, ANl onpedenieHns pasHOCTN TOKOB (Hanpumep, (IC —iB ) gocrta-
TOYHO K TOKY iC npnbasuTb BekTop, obpatHbin I . BmecTe ¢ Tem Ha puc. 1.5,a nokasaHo, YTO BEK-
TOP Pa3HOCTM TOKOB (iC —iB) MOXHO MOCTPOUTb MpOLLEe, COEAMHUB NIMHUEN KOHLIbl BEKTOPOB iC n

iB. Mpn aTom cTpernka BeKkTopa pasHOCTU TOKOB HampaBfsieTCd B CTOPOHY NepBOro BekTtopa, T. €.
ic.

AHanorM4yHo  CTPOMUTCA  BEKTOPHasl guarpamma  MexaydasHbiX  HanpsbkeHun,  Hanpumep,
Ug—Uc =Upgc (pvc. 1.5,6).

OyeBMAHO, YTO MOMOXEHWEe BEKTOpa Ha NIIOCKOCTU ornpefenserca ero npoekumsMyu Ha aee niobble
ocu. Tak, Hanpumep, ons Toro 4Tobbl onpeaenuTb nonoxeHuve sektopa OA (puc. 1.6), [OCTaTOYHO

3HaTb €ro NpoeKLMM Ha B3aUMHO nepneHamKynsapHble OCu.
0OA'=0A-cosp
0A" = 0A-sing = 0Acos(90— )
OT1noxmnm Ha ocax koopauHaT npoekunn sektopoB OA'n OA" n BocctaHOBMM M3 Todek A'n A" nep-
NeHauKynspbl K ocaAM. ToYka nepeceyeHust aTUX NepneHaukynspoB U eCcTb ToMKa A — OOUH KOHeLl
BEKTOpA, BTOPbIM KOHLLIOM KOTOPOro siBnsetcs Touka O — Havano KkoopauHar.
HasHaueHune BEKTOPHbIX guarpamm
PaboTHuKam, 3aHMMaloLWMMCS MPOEKTUPOBAHMEM W IKCNNyaTaumnen penerHomn 3awmTbl, YacTo NPUXo-
ONTCS MCNOSb30BaTb B CBOEW paboTe Tak HasblBaeMble BEKTOPHLIE AMarpaMmbl — BEKTOPbLI TOKOB U
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HanNpPSHKEHWUIA, MOCTPOEHHbIE Ha NIOCKOCTU B ONPeAesieHHOM COYETaHUN, COOTBETCTBYIOLLEM STEKTPU-
YecKUM npoLieccam, NPONCXOASLLMM B pacCMaTpMBaEMOii CXEME.

AHanua BEKTOPHbIX AMarpaMM TOKOB M HanpsiKeHUN ABMSETCA OQHWM U3 BaXHbIX, @ B psae crydYaeB
€OVHCTBEHHbIM CNOCOGOM NPOBEPKM MPABUIIBHOCTU COeAUHEHUS Lierneit ToKa U HanpshkeHUs U BKIO-
YyeHus perne B cxemax auddpepeHumanbHbIX 1 HanpaBneHHbIX 3aLuT.

Puc.1.7 K pacyeTy uenn nepeMeHHoro toka
a) —cxema uenu; 6) — BEKTOpHas guarpaMmma

Mo cyTn, NOCTpoeHMe BEKTOPHOM AuarpaMmbl LieriecoobpasHo BO BCEX Cryyasx, Korga K paccmaTpu-
BaeMoOMy pene nogatoTcs ABe unm 6onee anekTpuyeckMe BeNUYMHbI: Pa3HOCTb TOKOB B MakcuUMarib-
HOM TOKOBOM MNu anddepeHumnanbHON 3alumTe, TOK U HanpsbkeHne B perne HanpaefeHns MOLLHOCTU
UNn B HanpaBneHHOM pene conpoTmBrieHnsa. BektopHas anarpamma no3BonseT caenaTb 3akrnoyeHme
0 TOM, KaK paccmaTtpvBaemas 3awmrta byaet paboTtaTb npu K3, T. e. oueHUTb NPaBUIIbHOCTb €€ BKITHO-
YyeHus. BsanmHoe pacnonoxeHue BEKTOPOB TOKOB W HaMpsKEHUM Ha Auarpamme onpefensercsa xa-
pPaKTEPUCTUKOM paccCMaTpUBaEMON Lenun, a Takke YCIOBHO NPUHSTLIMU MNONOXUTENbHLIMW Hanpasne-
HUSIMW TOKOB M HaNPSKEHWUNA.

[nsa npumepa paccMoTpuM B BEKTOPHbIE AnarpaMmmebil.

Ha puc. 1.7 nokasaHa ogHodasHas Lenb NepeMeHHOro Toka, CocToswasn 13 reHepatopa n nocneao-
BaTeslbHO COEAUHEHHbIX EMKOCTHOMO, aKTUBHOIO M MHAYKTUBHOIO CONPOTMBIIEHUI. Mprmem npu aTom,

YTO WHAOYKTMBHOE conpoTusneHune Gonblie emkocTHoro (X, > X ). MNonoxuTenbHble HanpasneHus
TOKOB W HanpshKeHuM, TaK Xe Kak U B Cly4vasix, paCCMOTPEHHbIX Bbile, 0603HayYeHbl Ha puc. 1.7,a
cTpenkamu.

lMocTpoeHne BeKTOpHON gmarpaMmmbl HayHeM ¢ BekTopa OMC E, KoTopbli pacnonoxum Ha puc. 1.7,6
BepTUKanbHO. TOK, NPOXOASALMI B paccMaTpMBaeMon Lenu, onpeaenntca U3 cnegyowero Bolpaxe-
HUS:

I= £ (1.4)

2
\/R2 +(X,-Xc)
|-|OCKOJ'Ibe B paCCManMBaeMOVI uenn MMerTCd akKTuBHblE U peaKTUBHbIE COMPOTUBIIEHUA, NMPUYEM
XL > XC , BEKTOP TOKa OTCTAET OT BEKTOPA HaMNpAXeHUd Ha yron ¢.

X;-Xc

@ =arctg

Hanps»keHne B ToUke n Ha puc. 1.7, a onpegennTcs CorfacHo CrneayowemMy BblpaXeHuio:
U, =E-AU,
Ha pwuc. 1.7, 6 nocTpoeH BeKTop UC OTCTaloLWMn OT BEKTOpa I Ha yron 90°. HanpskeHue B Touke 11
U,,,,onpe,qenmcsq pa3HOCTbIO BEKTOPOB E n UC. HanpsikeHne B ToUke m onpeaenntcst aHanormyHo:
Umo = Uno —IR
Kak BugHo u3 pac. 1.7,6, aToT nocrnegHnin BeKTop Umo OyaeT paBeH NageHuto HanNpsHKeHUs B MHOYK-

TBHOM conpoTtusneHun AU .

PaccmoTpum gpyryto Lenb nepeMeHHOro Toka, npueedeHHyo Ha puc. 1.8,a, 1 NOCTPOUM BEKTOPHYHO
anarpamMmmy, xXapakTepusyloLly pacnpegeneHme TOKOB B napanmnenbHbiX BeTBAX. [ns nocTpoeHus
anarpamMmmbl MPUMEM, YTO aKTUBHOE U EMKOCTHOE COMPOTUBMEHNS PaBHbI:
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Puc.1.8. K pacyeTy pacnpeneneHuss Toka.
a) — cxema uenwu; 6) — BeKTOpHas avarpammMa TOKOB

I"IOCTpoeHme BeKTOpHOI;I anarpaMmmbl HA4YHEM C BEKTOpa Il ) KOTOprVI pacnonoXmmMm ropn3oHTarbHO.
3aTtem NOCTPOUM BEKTOP NaaeHUA HanpaxeHuna Ha CoOnpoTUBEHUnAX AU, oTcraowun ot BEKTOpa Il

Ha yron ¢, Tak Kak pe3ynbTtupyruiee conpoTmerieHne nMeeTt aKTMBHO-EMKOCTHbIN XapakTep. Yron on-
penendaeTca cneaylolnm BblpaXXeHNnem:

4

= arct; X
4 g R

B paccmatpusaemom crnydae ¢ = 45°. Bektop Toka I,, npoxoasiero no akTBHOMY COMPOTUBIIEHMUIO,

cosnapaet ¢ AU, a I onepexaet AU Ha 90°, kak nokasaHo Ha puc. 1.8,6.

BekTopHble Anarpammbl NpU HANUYUM TpaHcdopMaumnn.

Mpy HanNnuMM B SNEKTPUYECKON Lienn TpaHcopMaTopoB HEOOX04MMO BBECTM AOMOMHUTESNbHbIE YC-
noBus, AN TOro YtoObl CONOCTaBMATL BEKTOPHbIE AMAarpamMMbl TOKOB M HaMNPsPKEHUI Ha pasHbIX CTO-
poHax TpaHcdopmaTopa. MonoxuTenbHble HanpaBneHns TOKOB NpwW 3TOM criegyeT 3agaBaTth C y4ye-
TOM MONSAPHOCTM OOMOTOK TpaHcdopmatopa. B 3aBucumocTn OT HanpaBneHusi HaMOTKM OOMOTOK
TpaHcdopmaTopa B3aMHOE HanpaBfieHMe TOKOB B HUX MeHsieTcs. [Ans Toro 4tobbl onpeaensitb Ha-
npaBrieHne TOKOB B 0OMOTKax CUMOBOro TpaHcopmartopa M ConocTaBnsTb UX mexay cobown, obmoT-
kam TpaHcdopmMaTopa AatoT YCNoBHbIE 0003HAYEHUS «HAYano» U «KOHEL.

B cxeme, npuBeneHHom Ha puc. 1.3, mexagy uctouHnkom 3C n Harpyskomn BKAOYMM TpaHcdopMaTop
(puc. 1.9, a). O603Ha4MM Havana obMOTOK cunoBoro TpaHcgopmartopa GykBamm A u a, KoHUbl - X U X.
Mpn aTom criegyeT nMmeTb B BUAY, YTO HA4Yano ogHon U3 o6GMOTOK NpUHUMAaETCsl MPOU3BOSIbHO, a BTO-
pon - onpenensieTca Ha OCHOBAHUM YCMOBHbIX MOMOXUTENbHbBIX HanNpaBNeHUn TOKOB, 3a4aHHbIX ANns
obenx 0bMOTOK TpaHchopmaTopa.

—> - U I] 12
7 A a L |1 ; 1 \ q?l
1 p—
Uy Us U, - P
E R x§—pw, “2
A—<_>
d Pw
AX1 Ix1 L o x| © :
— a) - = = = =
Puc.1.9. K onpefeneHunio yCrnoBHbIX NOSIOXUTEMBbHbIX Puc. 1.10. NMpuHumMn ycTponcTea
HanpaBneHW TOKOB W HanpsbkeHun B 0OMOTKax TpaHcopmaTopa.
TpaHcdopmaTtopa.

a) — cxema uenu; 6) — guarpaMmma TOKOB U Hanpshke-

HUA B  obmoTkax TpaHcdopmartopa.
Ha puc. 1.9, a nokasaHbl NONOXWUTENbHLIE HAMpaBieHUsi TOKOB B 0OMOTKax CUNOBbLIX TpaHcdopmaTo-
poB. B nepBryHON 0BMOTKE NOSMOXUTENBHLIM CHATAETCA HanpaBfeHne Toka OT Hayarna K KoHUy, a BO
BTOPUYHOM — OT KOHUA K Hadany. Mpn Taknmx YCNOBHO MPUHATBIX NOMNOXUTENbHbIX HaNpaBneHusixX To-
KoB B 0OMOTKax TpaHcopmaTopa HanpaBfieHVe TOKa B Harpy3ke OCTaeTcs TakMM e, KaKuM OHO Obl-
no 6bl Npy OTCYTCTBMM TpaHcdopmaTopa U HENOCPEACTBEHHOM MOAKMIOYEHUN Harpy3Ku K reHepaTopy
(cm. puc. 1.3 n 1.9). MNpn 3TOM, NOCKOSIbKY MarHUTHbIE MOTOKW, CO3[4aBaeMble B MarHMToOnNpoBoAe
TpaHcdopmaTopa o6ouMM TokaMu (MEPBUYHBIM U BTOPUYHBLIM), HanpaeneHbl BcTpedHo (puc. 1.10),
ANA naeanbHOro TpaHcdopmartopa, npeHebperad TOKOM HamMarHMYMBaHWUSA, MOXHO 3anucaTb che-
Aayiolee paBeHCTBO:



¢1—¢2=0 mnnn jlwl—izwz =0 (15)
rae ¢ v ¢, — MarHuTHble NOTOKM B MarHUTOMpoBoAe TpaHcdopmaTopa, a ilwl n izwz — MarHu-
ToaBsuxywme cunel (MOC), cosgatoime aTv NOTOKMU.

. [ w
13 nocneaHero ypaBHEHUS: I.=1,]-*% (1.6)
W,

CornacHo nocnegHemMy paBeHCTBY BekTopbl Iy u I, VMelOT ofuHaKoBble 3HAKW W, criefoBaTesbHO,

OyoyT coBnagatb no HanpaeneHuto (cMm. puc. 1.9,6). Takum obpas3om, YCIOBHO MPUHSTLIE MOSOXM-
TenbHble HanpaBreHnsa TOKOB B 06MOTKax TpaHcopmMaTopa yaobHbl TeM, YTO BEKTOPbI MEPBUYHOIO U
BTOPMYHOIO TOKOB Ha BEKTOPHOW guarpamme COBMagakT no HanpaseneHuto (puc. 1.9,6). [ns Hanps-
KEHUIN Takke yAOoOHO NPUHATL TakMe NONOXUTENbHbIE HanpaBreHus, YTOObl BEKTOPbI NEPBUYHOIO U
BTOPUYHOIO HanpsiKeHUn Ha oGMOTKax coBnaganu, Kak nokasaHo Ha puc. 1.9.

B 3aBMcuUMOCTM OT CxeMbl coefuHeHuss obMOTOK TpaHcdopmaTopa (B 3Be3dy WM TPeyronbHUK),
cnocoba coeanHeHUs BbIBOAOB AN 06pasoBaHusi TpeyronbHMKa 1M nopsiaka NOAKMYeHMs das ceTu K
BblBOAAM TpaHcopmMaTopa BO3MOXHO NOMyYeHNE pasnmyHbIX rpynn coeguHEHNS.

pynnol coeduHeHus1 mpaHcghopmamopa cunTaeTcs caBur no dase nmHerHoro (dasHoro) Hanpsike-
HUS 06MOTkM HH No OTHOLIEHMIO K OOHOMMEHHOMY NIMHENHOMY (hba3HoMy) HanpsikeHuto oomoTkn BH.
pynnbl coeguHEHUss NPUHATO onpeaensaTb No umndepbnaTy YyacoB, cuMmTas BEKTOP HanpsbkeHus BH
NCXOAHbIM N HanpaeneHHbIM Ha undpy 12. Lndpa Ha umdepbnate, Ha KOTOPYHO YKaXKeT BEKTOP Ha-
npshkeHna odomoTkn HH n onpegenset rpynny coeguHeHus obmoTtok. B ctpanHax CHI™ Bbinyckanuch B
ocHoBHOM TpaHcdopmaTtopsl rpynn 12 (Y/Y) n 11 (Y/A), HO B 3aBUCMMOCTM OT crnocoba NoAKYeHs
oOMOTOK K hasam ceTu, BCTpevatTca Takke rpynnol 1, 5, 7. Tak, Hanpumep, Npy nogayve Ha TpaHc-
dopmatop 11 rpynnbl coeanHeHnn (Y/A), obpaTHoro YepegoBaHus a3 CeTU, Ha BbIXOAE Mbl MOMy-
4um aHanor 1 rpynnel COEAUHEHUNA.

Puc. 1.11 BkntoyeHne TpaHcdopmaTopa no cxeme Y/Y-12:
a) cxeMa coeguHeHnsa obmMoTok; 6) BEKTOpHas anarpaMmma HanpsbkeHu; 8) BEKTOpHas guvarpaMmma
TOKOB

B paccmartpuBaemom cnydvae (puc.1.10) umeet MecTo coeamHeHne oOMOTOK TpaHcdopmartopa no
cxeme 1/1-12. CooTBeTCTBEHHO Ans TpexdasHoro TpaHcdopmaTtopa Y/Y-12 cxema coeguHeHun u
BEKTOpHas AuvarpamMmma TOKOB U HanpsbKeHU nokasaHsl Ha puc. 1.11.

0) ca -
Puc. 1.12 BkntoyeHune TpaHcopmaTopa no cxeme Y/A-11:
a) — cxema coenHeHNs1 OOMOTOK;

6) — BeKTOpHas guarpaMmma HanpsKeHui;
8) — BEKTOpHasa gmarpaMmma TOKOB

a
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Ha puc. 1.12, npegcraBneHa cxema coefgmHeHnmn TpaHcdopmaTtopa Y/A-11, n BEKTOpHbIE AnarpamMmmebl
HanNpsXKeHWN N TOKOB, COOTBETCTBYIOLLME AaHHOW CXeMe coefuHeHus. Ha cTopoHe BbICLIero Hanps-

XeHus1, rae oOMOTKM COednHEHbI B 3BE34Yy, MeXaydasHble HanpsiKeHus B \/3 pa3 npeBbiwaT ¢das-
Hble HanpsbkeHusi. Ha cTOpoHe ke HU3LEro HanpskKeHus, rae OOMOTKM COEOUHEHbI B TPEYrosibHUK,
MexaydasHble U asHble HanpskeHna pasHbl. BekTopbl MexaydasHbIX HanpsKeHWn CTOPOHbI
HU3LWero HanpsbkeHus onepexatT Ha 30° aHanorMyHble BEKTOPbl MeXAydasHbIX HanpsXeHWn cTo-
POHBbI BbICLLErO HAaNPsXKeHUs, YTO U COOTBETCTBYET CXeMe coeanHeHuin Y/A-11.
[ns paccmaTprMBaeMol CxeMbl COEAUHEHUI 0OMOTOK TpaHcdopMaTopa MOXHO NMOCTPOUTbL U BEKTOP-
Hble AnarpamMMbl TOKOB, MPOXOAsLnX ¢ 0benx ero ctopoH. MNpn aToM cnegyet MeTb B BUAY, YTO Ha
OCHOBaHMM MPUHATBLIX HAMW YCIOBUIN ONpeaensitoTCA TONbKO MOMOXUTENbHbIE HanpaBreHWsl TOKOB B
oOMoTKax TpaHcdopmaTtopa. MonoXuTtenbHble Xe HanpaBreHUs TOKOB B NMHEWHbLIX MPOBOAAax, CO-
€OVHSAIWMX BbiBOOAbI OOMOTOK HM3LWIEro HamnpsbkeHus TpaHcdopmatopa C WuHamu, Moryt 6biTb
NPUHATbI MPOU3BOSIbHO HE3aBMCUMO OT MOJSIOXUTENbHbLIX HaMpaBfeHWA TOKOB, MPOXOLSALMUX B Tpe-
YrONbHUKE.
Tak, Hanpumep, ecrnv NPUHATb MOJIOXUTESbHbIE HaMNpaBreHUs TOKOB B (hasax, NpoxXoasiux B Tpe-
YrONIbHUKE Ha CTOPOHE HU3LLEro HaMpsPKeHUsI B CTOPOHY BbIBOAOB K WMHaM (puc. 1.12, a), MOXHO 3a-
nucaTb crneayroLlmne paBeHcTBa:

I'=1,-1,; L,=1,-1, 1[I =I-1I, (1.7)

CooTBeTCTBYIOLLLAA BEKTOPHAsA guarpaMma TOKOB MNokasaHa Ha puc. 1.12, e.

Puc. 1.13 BekTopHaga gvarpamma TOKOB Mpu U3MEHEHUN No-
NOXUTENbHbIX HanpaBfeHNin TOKOB Ha BbIBOA4ax 06MOTOK, CO-
€[VHEHHbIX B TPEYroflbHUK Ha CTOPOHE HU3LLEro HanpsiKeHns

AHanNorMyHo MOXXHO MOCTPOUTL BEKTOPHYIO AuMarpamMmy TOKOB M ANSA criyvyas, Korga nonoXuTerbHble
HarnpasneHnsi TOKOB MPUHATLI OT LUWH K BbIBOAAM TpeyrornbHuka (puc. 1.13,a). 3Tomy cnyyaiw cooT-
BETCTBYIOT CrieqyloLLme paBeHCTBa:

n=1-1,; I,=1,-1; I;=1,-1, (1.8)
N BEKTOPHble guarpammbl, npuBefeHHble Ha puc. 1.13,6).CpaBHuBasa guarpaMmmbl TOKOB, NpuBenEH-
Hble Ha puc. 1.12,8) n 1.13,6), MOXHO caenaTtb BbIBO, YTO BEKTOPbl (Pa3HbIX TOKOB, NPOXOAALLMX B
npoBoAdax, COEQUHSIIOLLNX BbiBOAbl OOMOTOK HM3LIEro HaNpsihKeHUsl TpaHcopmaTopa U LWUHbI, Haxo-
aatca B npotmBodase. KoHeYHo, Kak Te, Tak U gpyrne gunarpaMmmbl BepHbl. Takum obpasom, npu Ha-
nmynn B cxeme OBMOTOK, COeQMHEHHBIX B TPEYrofnbHUK, HEO6X0aUMO 3a4aBaTbCsA NOMOXUTENBbHBIMN
HanpaBfIEHNAMN TOKOB, Kak B camMux OOMOTKax, Tak M B NIMHEWHbLIX NPOBOAAX, COEAUNHSAOWMNX Tpe-
YronbHWK C WrHaMmn. B paccmaTtpuBaemMom criydyae npu onpeneneHnn rpynnbl COEOUHEHUI CUIOBOrO
TpaHcopmaTopa yaobHO 3a MOMNOXUTENbHbIE MPUHMMAThL HanpaBfeHuUs OT BbIBOOOB HU3LIEro Ha-
NPSYKEHNS K LLIMHAaM, TaK Kak Npu 3TOM BEKTOPHble AnarpamMMbl TOKOB COBMNAaAaoT C NPUHATHIM 0603Ha-
YeHnem rpynn coefuHEeHUs CUNoBbIX TpaHcdopmaTopoB (CM. puc. 1.12,6 1 8). AHANOIMYHO MOryT
OblTb MOCTPOEHbI BEKTOPHbIE AMarpaMmMbl TOKOB W AN OPYrMX rpynn COeAWHEHUS] CUIOBbLIX TpaHC-
dopmaTtopos. ChopmynmnpoBaHHble Bbille MpaBuiia NoCTPOEHUS! BEKTOPHLIX AuMarpaMm TOKOB U Ha-
NPSPKEHNN B CXEMax C TpaHcdopMaTopaMn OENCTBUTENbHbI U NSl U3MEpPUTESNbHBLIX TpaHcdopMaTo-
POB TOKa M HanpshkeHus:.

1.3. NOBPEXOEHUA N HEHOPMAJbHbIE PEXXWUMbI PABOTbI

OcHogHble c8edeHUsT 0 KOPOMKUX 3aMbIKaHUSIX

KopoTkne 3amblkaHusi, BO3HUKAOLLME B INEKTPUYECKMX CeTAX, MaluMHax W annapartax, oTnuyarTcs
6onbLlMM pasHoobpasmem Kak rno Buay, Tak U no xapakrepy nospexaeHus. [ins ynpoLeHns pac4eTos
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N aHanu3a NoBeaAeHNst penenHon 3almTbl NPU NOBPEXAEHNSAX UCKMIOYaOTCA OTAENbHbIE DaKTopbl, He
oKasblBaloLme CyLLl,eCTBeHHOI'O BMUSIHNSI HA 3HAYEHWS1 TOKOB M HanpsiKEHWUN.

EF 6 P P

S/ S

B F
Puc. 1.14 OcHoBHble BUOblI KOPOTKNX 3aMblKaHWN:
a) — TpexdasHoe; 6) — oByxdasHoe; 8) — AByxdasHoe Ha 3emnto; 2) — ogHodasHoe

B yacTHOCTK, KaKk NpaBuno, Npu pacyeTax He y4YUTbIBAETCS NepexogHoe conpoTtusneHne B mecte K3,
N BCe MOBPEXOEHWs pacCMaTpuBalOTCH Kak HenocpencTBEHHOEe (MMu, Kak rOBOPSAT, «rryxoe» Wnu
«MeTannuyeckoe») coegmHeHne a3 mexagy cobon, unu Ha 3emnto (4ns CeTu C 3a3eMfeHHON Heu-
Tpanbto). He y4nTbIBaOTCS TOKM HaMarHMYMBaAHUA CUIOBbLIX TPaHCHOPMATOPOB M €MKOCTHbIE TOKM
NUHUIA anekTponepenayn HanpsbkeHnem o 330 kB. ConpoTuBneHus Bcex Tpex a3 cumtarTcs oau-
HaKOBbIMMW.

OcHoBHble BuAbl K3 nokasaHbl Ha puc. 1.14. MexaydasHele K3 — aByxdasHblie 1 TpexdasHble —
BO3HMKAKT B CETSX KaK C 3a3eMJIEHHON, TaK U C N30NMpPOBaHHOW HelTpanbto. OgHodasHble K3 moryT
NPOUCXOANTb TOSTbKO B CETAX C 3a3eMSIEHHON HENTpanbHo.

OCHOBHbIMW NPUYMHaMK, BbI3bIBAIOLLMMW MOBPEXOEHNS HA NNUHUAX SNEKTponepeaayn, SBnATCA ne-
PEKPLITUS N30NALMM BO BPEMS rpo3bl, CXMecTbiBaHMA U 06pbiBbl NPOBOAOB Npu rononene, Habpocel,
nepekpbITUA U30MNALUUN UCTIPAXKHEHUSMU NTUL (AUCTOB), NEPEKPLITUS 3arpsA3HEHHON U YBIaXXHEHHOW
n3onsiymm, olwmnobkn nepcoHana u ap.

TpexgpazHoe kopomkoe 3ambikaHue. CummeTpnyHoe TpexdasHoe K3 — Hambonee npocton Ans
pacyeTa u aHanusa Bug nospexaeHns. OH XxapaKkTepeH TeM, YTO TOKM U HanpsikeHns Bcex a3 paBHbl
no 3Ha4eHuto kak B mecTte K3, Tak n B ntobon p,pyrow TOYKE ceTu:

I —I,,—I Ua Ub—Uc (1.9)
BekTopHas gmarpamma TOKOB W HanpsbkeHuin npu TpexdasHom K3 npusegeHa Ha puc. 1.15. MNockonb-
Ky paccmaTpuBaemas cuctema cummeTpuyHa, Tok K3, npoxoasuimim B kaxaon ¢ase, oTcTaeT OT Co3-
pawowen ero I[C Ha ognHakosbIn yron (@,, ), onpeaensiembli COOTHOLLEHMEM aKTUBHOIO U peakTuB-

HOro CONMPOTUBMEHUIN LEeNN KOPOTKOrO 3aMblKaHWS:

X3

@, = arctg—= (1.10)

Ry,
Ona nunnn 110 kB aToT yron paseH 60—78°; 220 kB (oamH nposog B chase) — 73—=82°; 330 kB (gBa
nposoda B ase) — 80—85°; 500 kB (Tpu nposoaa B hase) — 84—87°; 750 kB (4eTbipe npoBoaa B
(hasze) — 86—88° (6onbLuMe 3HAYEHMS yria COOTBETCTBYHOT OOSbLUMM CEYEHMSIM NPOBOAOB).
HanpspkeHne B mecte K3 paBHO Hynto, a B NoGOM gpyron ToYke ceTu MOXET ObiTb onpedenieHo, Kak
nokasaHo Ha puc. 1.15, 6. Tak kak Bce pasHble U MexaydasHble HanpPsPKeHUst B TOUKe TpexdasHoro
KOPOTKOro 3aMblKaHMs paBHbl HYMHO, @ B TOYKaX, yaaneHHbIx oT Mecta K3 Ha HebonbLioe paccTosiHue,
NX YPOBHW He3HauuTenbHbl. PaccmaTtpuBaembil BuAO NOBpPEXAEHUS npeacTaBnseT HanbonbLuyto
onacHoCTb Anst paboTbl 3HEPrOCUCTEMBI C TOYKN 3PEHNUSI YCTOMYMBOCTM NapansnenbHon paboTbl anek-
TPOCTAHLWIA U Y3MNOB Harpy3Kku.

lc % A
E Ao
= _/> Xn’.Rn n Xm’.Rm ‘\f
U T
y “ el
a) 6)
vl

Puc. 1.15 TpexdasHoe KS3;
a) — pacyeTHasa cxema; 6) — gnarpammMa TOKOB U HanpshXeHun B mecte K3;
8) — BEKTOpHAasA AnarpamMma Aansi onpegeneHns HanpsbkeHn B MPOMEXKYTOYHbIX TOYKax CeTU.
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I 6)
Puc. 1.16 OsyxdasHoe K3 mexay tasamu B n C.
a) — BEKTOpHas gmMarpaMmma TOKOB B HanpsikeHun; 6) — cxema cetun
HeyxghazHoe kopomkoe 3ambikaHue. [Npy aByxdasHoM K3 Tokn n HanpskeHus pasHbix ¢as Heoan-
HakoBbl. PacCMOTpUM COOTHOLLEHUSA TOKOB M HaNpPsKEHWUW, XapakTepHble Ansa aByxdasHoro K3 mexay
¢asamm B n C (puc. 1.16). B noBpexaeHHbIX dasax n mecte K3 npoxoddar ogMHaKoBble TOKU, a B
HenoBpexaeHHon dase Tok K3 oTcyTcTByeT

I,=0; I,=1, (1.11)
MexayasHoe HanpsikeHue (ch ) B MecTe K3 paBHO Hynto, a dhasHble HanpsiKeHus
U,=U0,=E4; Uy, =0 (1.11a)

Tak xe Kak 1 npu TpexcasHom K3, Toku, npoxoasiime B NOBpeXOeHHbIX ha3ax, OTCTaloT OT co3aato-
wen nx AAC (B aaHHom cniyyae ot SAC E,. wnu napannensHoro emy sektopa U,.) Ha yron ¢,, on-

peAensiemMbii COOTHOLLUEHNEM aKTUBHBIX U PEAKTUBHbIX COMPOTUBIEHWI LENMW.
CooTBeTCTBYOLME BEKTOPHbIE Anarpammbl anst mecta K3 noctpoeHbl Ha puc. 1.16, a). o mepe yaa-

neHus ot mecta K3 dasHblie HanpsikeHusa Ug, U, n mexagydasHoe HanpsikeHue Uac OyayT yBenuun-

BaTbCs, KaK Noka3aHo Ha puc. 1.16, @ LWTPUXOBLIMU NNHUSIMU ANS TOYKK 1.

C TOYKM 3peHust BIIUSHUS Ha YCTOMYMBOCTb NapannenbHon paboTbl reHepaTopoB M Ha paboTy anek-
TpoaBuratenen paccMmaTpuBaeMbll BUA NOBPEXAEHUs NPeAcTaBnseT 3Ha4YMTeNbHO MEHbLUYH onac-
HOCTb, YeM TpexdrasHoe K3.

LsyxghasHoe Kopomkoe 3aMbiKkaHUE Ha 3eMIlIt0 8 cemu C 3a3eMiieHHOU Helmparbto. JTOT BUA Mo-
BpexXaeHus onsa ceten ¢ U30NMPOBaAHHOW HENTpanbk MPakTUYECKN He OTNn4aeTcsa OT ABYXdasHOro
K3. Toku, npoxoaswme B mecte K3 1 B BETBSAX pacCMaTpMBaEMON CXEMbI, a Takke MexgydasHble Ha-
NPSPKEHUSA B pa3HbIX TOYKaX CETM MMEKOT Te XKe CaMmble 3Ha4YeHus1, YTo U Npu AByxdasHom K3.

B ceTax xe ¢ 3a3emneHHon HenTpanbio AByxdasHoe K3 Ha 3emnio 3HaumTenbHO Goree onacHo, Yem
aByxdasHoe K3. 310 06bsAcHaeTcst 6onee 3HaUNTENBbHBIM CHUXKEHMEM MeXOydasHbIX HaNpsKeHWN B
mMecTe K3, Tak Kak ogHO MexaydasHoe HanpskeHne yMeHbllaeTcs 00 Hyns, a ABa ApYrux — 4O 3Ha-
YeHnda (pasHOro HanpskeHus HenospexaeHHon dasel (puc. 1.17).

Puc. 1.17. BekTtopHas pgmarpamma TokoB W Puc. 1.18. BekTopHas pguarpamma TOKOB W
HanpshkeHnn B Mecte aByxdasHoro K3 mexgy HanpskeHun B MecTe ogHodpasHoro K3 Ha
dazamu B n C Ha 3emnio. 3eMnio dasbl A.
COOTHOLLEHNSA TOKOB U HanpsbkeHun B mecte K3 gnst 3Toro Buaa NoBpeXAeHUs UMEKT crneayroLwmi
BUA:

I,=0; U,=U_,=0 (1.12)
OdHogha3HOe KOpomkoe 3aMbiKaHUEe 8 cemu C 3a3eMsiIeHHOU Heumpanbto. OgHodasHoe K3 mo-
XET MMETb MECTO TOSbKO B CETSIX C 3a3eMISIEHHOW HenTpanbtlo. BekTopHble anarpaMmmbl TOKOB U Ha-
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npshkeHnn B mecte ogHodgasHoro K3 dasbl A npmBeaeHsl Ha puc. 1.18, a dopmMynbl, onpeaensiowmne
COOTHOLLEHNSA MeXay HUMU, OaHbl HUXE:

U,=0; I,=1.=0 (1.13)
OpHodpasHble K3, conpoBoxaarlimecs CHMXEHNEM OO0 Hynsi B MECTe NMOBPEeXAEeHMS TOMNbKO OOHOMO
da3HOro HanpskeHus, NPeacTaBnsOT MEHbLUYIO ONacHOCTb ANnA paboTbl d3HEProcUCTEMBI, YEM pac-
CMOTPEHHbIE Bhile MexaydasHble K3.
OOdHogha3zHOe 3aMbIKaHUe Ha 3eMJ1H0 8 cemu C U30JIupoeaHHOU Helimparnbio.
B ceTsax ¢ MmanbiMy TOKamMun 3amMblkaHUS Ha 3eMIt0, K KOTOpbIM OTHocATcs ceTn 3—35 kB, paboTatowme
C U30fMPOBaHHOW HENTParnblo, UMK C HENTPArbio 3a3eMSIEHHON Yepes3 Ayroracswimini peaktop, 3ambl-
KaHne ogHow hasbl Ha 3eMII0 CONMPOBOXAAETCH 3HAYMTENbHO MEHbLUMMU TOKaMu, yem Toku K3.
Mpy 3amblkaHMKM Ha 3emm oaHOW hasbl hasHoe HanpshkeHwe noBpexaeHHon dasel (Ua Ha puc.
1.19, a) OTHOCUTENBHO 3eMMN CTaHOBUTCS PaBHbIM HYMO, @ HaNpPsbKeHUst HenoBpeXaeHHbIX a3 Us u
Uc yeenunumsatoTcst B 1,73 pasa 1 ctaHoBsTcs paBHbiMU MexaydasHbim (Us™ n Uc™ na puc. 1.19, 6).

'eHepamop T =

a)
Puc. 1.19 OgHodasHoe 3amblkaHne Ha 3emmnto dasbl A B CETU C ManbliM TOKOM 3aMbIKaHUSA Ha 3EMITHO
(n3onuposaHHasi HenTparb).
Moga penctBrem Hanpskenuii Us n Uc yepes MecTo NoBpexaeHWst NpoxoamT ToK I, ,, 3amblKatoLWNiA-
Csl Yepe3 eMKOCTU HenoBpexaeHHbIX a3 B u C. EMKOCTb noBpexgeHHon a3kl 3alyHTUpoBaHa Me-
CTOM 3aMblKaHusi, U MO3TOMY TOK Yepe3 Hee He MpPoXoauT. 3HayeHne ToKa B MeCTe 3amblKaHusl Ha
3eMII0 ONpeaensieTca CrieayoLWmnM BblpaXXeHNEM:
UISI) Ugl)
I.,=—+——; r1noe
Xy Xy
XZ — CyMMapHoe COMnpoTUBMEHNE Lenu 3aMblkaHus Ha 3emIto. MOCKONbKY akTUBHbIE U UHOYK-

TUBHbIE COMPOTUBIIEHUSI FTEHEPATOPOB, TPAHCHOPMATOPOB U KaberbHbIX NIMHWUIA MHOTMO MEHbLUE, YeM
€MKOCTHOE COMNPOTUBIIEHNE CETU, UMW MOXKHO NpeHebpeYb, Toraa

1 1
Xy=X=—=—"— (1.14)
oC 2mfC
roe: f —yactota cetu, paBHas 50 Iy;
C - eMKOCTb OHOW ha3sbl CETU OTHOCUTENbHO 3EMIIN.

lMockonbKy npu 3amblkaHnn dasbl A Ha 3emIto HanpsbkeHust a3 B u C OTHOCUTENBHO 3eMIN paBHbI

Mo 3HaAYeHMIO MexaydasHOMY HaNPSXXEHMIO U CABUHYTHI Ha yron 60°, To ‘U,El) + U?)‘ = 3U¢a

B pesynbTaTe

Ia=3U,1,a)C=3U¢7rfC (1.15)
EMKOCTb ceTn B OCHOBHOM onpeaensieTcs AnMHON NPUCOeOUHEHHbIX JIMHUIA, B TO BPEMSI Kak EMKOCTU
OTHOCMUTENBHO 3eMNM 0GMOTOK reHepaTopoB M TpaHCOPMaTOPOB CpaBHUTENBHO HeBenuknu. [Ans pac-
yeTa eMKOCTHOro Toka (A/KM), MPOXOASLLErO NPY 3aMblKaHUM Ha 3EMII0 B CETU C U30NMPOBAHHON HEW-
Tparnbi, MOXHO BOCMOMb30BaTbCSA CreAyHLMMU BblpaXeHUsIMU, onpeaensowmMmm Tok Ha 1 KM Ka-
0enbHOM NNHUK:
_95+2,848

—  Oang nuHum 6 kB = U
A * T 2200+ 65 Mo
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9541448

— gnga nudnm 10 kB ’ _m. Hom

S — ceueHue kabens, MM’
U, ., — HOMUHanNbHoe mexaydasHoe HanpshkeHune kabens, kB.

[na BO3AYLWHbLIX MAWHWA MOXHO MPUHUMAThL crefylouime yaenbHble 3HA4YeHUs! eMKOCTHbIX TOKOB:
6 kB — 0,015 A/km; 10 kB — 0,025 A/km; 35 kB — 0,1 A/km. [Ins ceTen ¢ M30NMpOBaHHOW HENTPArbio
cuMTaeTcs SOonycTUMOKn paboTa Npu eMKOCTHBIX TOKax 3amblKaHWsl Ha 3eMI0 HE NPEBOCXOASLLMX Be-
nuynHbl 20A,15A, 10A cooTBeTCcTBEHHO Anda ceTu 6kB, 10kB, 35kB. [ns nuHuin ¢ kene3obeToHHbIMU
onopaMy He3aBMCUMO OT YPOBHSA HamnpshKeHWs TOK 3aMblKaHWs Ha 3eMnio JosmkeH ObiTb He Gonee
10A. 310 TpebyeTca And NpeaoTBpaLLEHMS NOBPEXOAEHUS XKEME3HOW apMmaTypbl  ONOpbl ANUTENBHO
NPOTEKAOLLMM TOKOM 3aMblKaHWUSI Ha 3EMIH0.

[na cHWXeHUs Toka 3aMblKaHUs Ha 3eMI0 MPUMEHSIOTCA cneunanbHble KOMNEHCUpYoLLMe YCTPONCT-
Ba — Ayroracsiime KaTyLlKK, KOTOpble MNOAKMIYaTCs Mexay HyneBbIMM TOYKaMu TpaHCcopMaTopoB
U reHepaTopoB M 3emrein. B 3aBUCMMOCTU OT HACTPOMKK Ayroracsllen KaTyLKN TOK 3aMblKaHWs Ha
3eMII0 YMEHbLUAETCA 40 HYNs, Unn Ao HEGONbLIOrO OCTaTOYHOIO 3HAYEHNS.

lMockonbKy TOKM 3aMblKaHMS Ha 3eMio MeloT HebonbluMe 3HaYeHus1, a Bce mexaydasHble Hanpshxe-
HUS OCTalTCA Hen3MeHHbIMK (puc. 1.19), ogHoda3HOe 3aMblKaHWEe Ha 3EMJI0 He NpeacTaBnsieT Heno-
CPeACTBEHHOW onacHOCTU Ans notpebuTtenen. 3awmra OT 3TOro BMAA NOBPEXAEHUSs, Kak NpaBuno,
AencrteyeT Ha curHan. OgHako anuTternbHas paboTa CeTu € 3a3eMIIeHHON ha3on HexenaTerbHa, Tak
Kak OnuTenbHoe MpOXOXAEeHWe TOKa B MecTe 3aMblkaHus Ha 3eMrto, a Takke nosblweHHble B 1,73
pasa HanpsKeHus HenoBpeXaeHHbIX a3 OTHOCUTESbHO 3eMNIU MOryT NpMBECTU K Npoboto mnn no-
BPEXAEHMIO MX U30NALMM N BO3HMKHOBEHMIO AByxdasHoro K3. MNoatomy pabota ceTun ¢ 3asemneHmem
OAHOV (ha3sbl JOnycKaeTcs TONbKO B TeyeHue 2 4. 3a 3T0 BpeMs OnepaTMBHbIN NepcoHan ¢ NOMOLLbIO
YCTPOMCTB CUrHanNmM3auumn gomkeH obHapyXMTb U BbIBECTU U3 CXEMbI MOBPEXAEHHbIN y4acToK. [1pobon
n3onsaumm apyrov asbl MOXET NPOM3ONTN B APYroM MeCTe AaHHOMW NUHMKU, unu Boobule Ha apyrou
AVHUN Unn WnHax. Takoe 3aMblkaHue Ha3biBaeTCs ABOMHbIM 3aMblKaHMEM Ha 3eMIIi0. OTO KOPOTKOe
3aMblkaHue, TOK MPOXOAUT YacTb MyTU Yepe3d MecTa 3aMblkaHus U Yepes 3eMnio. B gaHHOM cnyyae B
NPUHUKUNE OOCTATOYHO OTKIIOYUTL TOMBKO OHO MECTO 3aMblkaHUSA Ha 3eMrio, MNocrne Yero B ceTu oc-
TaHeTCs TONbKO Apyroe.

Mpun 3a3emMneHnn HelTpanu Yepes akTMBHOE CONPOTMBIIEHNE (Yalle Bcero 310 6eTanoBble pe3ncTopbl
obwmm conpoTtusneHnem 100 Om), B mecte K3 npoTekaeT akTUBHbIA TOK, BENIMYMHA KOTOPOro onpe-
JenseTcs NpakTM4eCcKu TOMNbKO COMPOTUBIIEHMEM 3TOrO pe3ucropa.

H
[nsa cetn 10kB 3T10T TOK paBHseTca npumepHo 60 A, ansa cetn 6 kB — 36 A.
Takoe 3amblkaHne HeoBXoaAMMO OTKIIYaTb ANA NPeAoTBPaALLEHNSA Pa3BUTUS NOBPEXAEHUS.
B ceTsax c uM30nupoBaHHOM HeWTpanblo, nuTalowmux Topdonpeanpuatna u nepeaBukHble CTPOu-
TernbHble MexaHu3Mbl, Ans obecrnedyeHusa ycrosuii 6GesonacHoOCTM obCrnyXMBaroLero nepcoHana, 3a-
LnTa OT 3aMblKaHWU Ha 3eMII0 BbIMNOMHAETCA C AEACTBMEM Ha OTKMIOYEHME.
B HacToswwee Bpemsa paccmatpmBaeTcs BONPOC 06 OTKMHOYEHMN 3aMblKaHMS Ha 3eMII0 B CETHAX C U30-
NMPOBaHHOM HENTPArbi Ha NIMHUAX, NPOXOASLLMX B HACENEHHON MECTHOCTU, TaK Kak NpubnumkeHue K
o6opBaHHOMY NPOBOAY MOXET ObiTb ONACHO ANS XXU3HW NoAEN.

roe:

Apyaue HeHoOpManbHbIe peXXuMbl 060pydoeaHusi

lMepeepy3ka o60pydoeaHusi, Bbi3BaHHasi YBENUYEHMEM TOKa CBEPX HOMWHArbHOro 3HaveHusi. Ho-
MUHabHbIM Ha3bIBAaeTCA MaKkCUMarnbHOe 3Ha4YeHne Toka, Jonyckaemoe A58 JaHHOro o6opyaoBaHNs B
TeYeHne HeorpaHmyeHHoro BpemeHun. Ecnn Tok I, npoxogsawun no obopyaoBaHuio, NpeBbilaeT HOMU-
HanbHOEe 3Ha4yeHue, TO 3a CYET BblAeNAeMOon UM OOMNOSIHUTENBbHON TEeNNoTbl TeMNepaTypa TOKoBeay-
LLMX YacTen N U3onauumn Yepes HeKOTOpOe BpeMS NPEBOCXOANT AONYCTUMOE 3HaYeHue, YTo NpuBoanNT
K YCKOPEHHOMY CTapEHMIO M30MSILUMA N TOKOBEOYLLMX YacTen.

Bpems f,, gonyctumoe Ons npoxoxaeHUs NOBbILWEHHbIX TOKOB, 3aBUCUT OT UX 3Ha4veHud. Xapaktep
3TOM 3aBUCUMOCTM, ONpeaensaemMon KOHCTpyKunen obopyaoBaHMs U TUNOM U3OMSILMOHHBIX MaTepua-
nos, npueeaeH Ha puc. 1.20. BenuunHa BblAeNseMoro Tenna onpeaensieTcs kBagpatomM Toka, U no-
3TOMY HarpeeB Pes3ko pacTeT C yBENIMYEHNEM KPpaTHOCTU Toka. MNMpuyYnMHON cBEpXTOKa MOXET ObiTb yBe-
nnyeHne Harpysku, nnun nosaesneHne K3 3a npegenamu sawwmiaemoro anemeHTa (BHewHee K3). [Ons
npeaynpexaeHns noepexaeHns obopyaoBaHUSA Npu ero neperpyske HeobxoaumMo NpUHATL Mepbl K
€ro pasrpyske Urnm OTKITIOHYEHUIO B Npeaerniax BpeMeH! f,.
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HOM

Puc.1.20. 3aBucMMoCTb AOMYCTUMOWN ANUTENBbHOCTU Meperpysku oT 3HaveHus Toka ty = f(l) (j —

HOM
HOMMHanbHbIN TOK 060pyaoBaHUS).
lMoebiweHue HanpspkeHuss. OBbIYHO BO3HMKAET Ha TpaHcopmaTopax, reHepaTopax v NIMHUSIX BbICO-
KOro HanpsbkeHns n MoxeT ObITb NepegaHo B pacnpedenuTencHble ceTu. B pacnpeaceTtax nosiBnswoT-
Csl ONONHUTENbHbBIE NPUYMHBI AN NOBLILWEHNS HanpsXXeHus: HenpasunbHasa pabota PrH, snusHne
€MKOCTHOW KOMMeHcauuu npu BHe3anHoM cbpoce Harpysku. B psae cnyyaeB, BenvyMHa Takoro Ha-
NPsKEHNA MOXKET oKa3aTbCHa onacHon Ansi 060pyaoBaHUS: 3NEKTPOHHbBIX YCTPOMCTB, BbITOBLIX NPUGO-
poB, ABuraTenen n TpaHcdopmatopoB. Hanpumep, 4ng namn HakanmBaHWs NOBbILLIEHNE HanpsXeHUs
Ha 5% cBblLle HOMUHANBHOIO COKpaLLaeT CPOK UX CNyxObl B ABa pa3a. [encTByowmumMm HopMamn 3a-
LMTa OT TaKMX PEXUMOB TpebyeTcs Anst yCTPONCTB eMKOCTHOM koMmneHcauum (BCK).
IMoHuxeHue HanpsixeHusi. OHO 0cob6eHHO OnacHO AN anekTpoABuraTenen, KoTopble, Ans nogaep-
XaHua Heo6XxoOUMON BENWYMHBI MOMEHTA, YBENMYMBALOT notpebrneHne Toka, YTO NpMBOAUT K UX TO-
KOBOW neperpyske u BbIxody 13 CTpos. [1pn NOHWXEHUN HaNPSHKEHUSA pe3ko YMEHbLUIAeTCsl CBeTooTAa-
4ya namn HakanuMeaHus. 3awmuTa OT NOHWKEHUSA HanpPsKeHUs1 0ObIMHO MPUMEHSAETCA B CETAX NMPOMBbILL-
NEHHOr0 Ha3HAYeHUs, NUTaKLWKNX dNeKTpoaBUraTenun, B 0COGEHHOCTM CUHXPOHHbIE, @ TaKkke B CeTU
COBCTBEHHbIX HYXJ 3NeKTPOCTaHUMWMN.
Pexxum pabombi dsyms ¢hazamu. OH npomcxoauT npu obpbiBe asbl B NuTatowwen cetu. [ipuratenm
npu 9TOM MOryT ocTaTbCsl B paboTe, ecnm MOMEHTa pa3BMBaEMOro ABuUratensmMmm 4OCTaTOYHO, MU
OCTaHOBUTbLCA. B 060Mx cnyvasax TOK pe3ko pacTeT, Y4TO NpMBOAUT K Neperpyske Asuratens v Bbixogy
ero n3 cTpos. [NloaToMy o4eHb YacTo ABUraTtenu cHabxalTcsa cneynanbHOM 3aWwmnTon oT paboThbl ABY-
mMs ¢asamu (06pbiBa ¢asbl). [ns npeaoTepalleHns BO3HUKLLEN neperpyskn MoXeT OblTb UCMOMb3o-
BaHa v 3awuTa OT neperpyskun, 4encTByloLas Ha OTKIYeHMe, 3Ta 3awmTa 4omkHa bbiTb yCTaHoBMNe-
Ha XoTs Obl B ABYX hasax, YToObl 3aLmuTa He okasanacb NogkniyYeHHo kK obopBaHHON dhase.
I'po3oesie nepeHanpsikeHus. [Ansa 3awmtbl 060pygoBaHNA CTaHUUIW, NOACTAHLNA N CETEN OT rPo3o-
BbIX NepeHanpsbkeHun npuy NpsaMblX yaapax MoSTHAM NPUMEHSIIOTCA rpo303aLlMTHbIe TPOChl Hah BO3-
AYWHBIMU JIMHUAMW U cneumanbHble BEHTUIMbHbIE UMW MCKPOBbIE paspsaaHuky. [NpobuBHoe Hanpsike-
HWEe BEHTUSbHbIX Pas3psiAHMKOB COCTaBnsaeT npubnuantensHo 2,2-3 UH.
KommymauyuoHHble nepeHanpsiXeHuUsi BO3HWKAKT W3-3a HEOAHOBPEMEHHOCTU OTKMIOYEHUS WNu
BKITIOYEHMS TOKOB (a3 KOMMyTaUMOHHLIMK annapaTtamu, BcnneckoB cBepx3C camonHayKumm cuno-
BblX TpaHCOpPMaTOpPOB NpU pe3koM M3MeHeHuun (OTKIYeHun) Toka. B nocnegHem crnyyae ypoBeHb
nepeHanpsiKeHst 3aBUCUT OT BENUYMHBI U CKOPOCTU U3MEHEHUs Toka. [pn kKoMMyTaumMmM BaKyyMHbIMN
BbIKMOYaTENSAMU MarnblX UHAYKTUBHBIX TOKOB (OTKMOYEHWE HEHAarpy>KeHHbIX CUIOBLIX TpaHcdopmaTo-
pOB, UMK 3anyckaeMblX 3rieKTpoABUraTenemn) Npu HEKOTOPbIX COYeTaHUAX napameTpoB npucoeuHe-
HUSA 1 BbIKNKOYaTENS BO3MOXEH paspblB TOKa He Npu nepexode CUHycomabl ToKa Yepes Hosb, Kak B
MacnsiHbIX BbIKNOYaTenax, a B nobor MOMEHT nepuoga (cpes Toka), COMpPOBOXAAMLIMACA 3HaYU-
TenbHbIMU NepeHanpsXXeHusamMu, onacHeiMM Ans obopyaoBaHus. Tak Kak OBblyHble paspsgHUKM  OT
KOMMYTaUMNOHHBIX NepeHanpsXeHun He cpabaTbiBaloT, B Takux crnyvasx Ang 3awutbl 06opyaoBaHus
TpebyeTca npumeHeHne cneumanbHbix orpaHndmTenei nepeHanpsibkeHus (ONMH).

1.3. PACYHET TOKOB KOPOTKOIO 3AMbIKAHUA

lMToHssMue o cuMMempuYHbIX cocmasJsisirouux

Mpu ogHodasHoM mnun asyxdasHom K3, korga tpexdasHaa cuctema CTaHOBUTCH HECUMMETPUYHON,
Henb3s BbINOMHATL pacyeT TONbKO ANs OOHOW U3 a3, kak 3To gernaetcsa npu TpexdasHbiX CUMMET-
pU4YHbIX NoBpexaeHuax. [Ans onpegeneHns TOKOB, NPOXOAAWNX NpU HecuMmMeTpuyHbIX K3, notpebo-
Banocb Obl COCTaBNATb HECKOMbKO ypaBHeHU Knpxrodga ansa MHOrMx KOHTYpOB M y3noB, obpasyto-
LMXCA B paccMaTpuBaeMon HecuMMEeTpUYHon TpexdasHon cucteme. PelleHne 3TUX ypaBHEHUN C
y4yeTOM MHAYKTMBHbIX CBA3en Mexay dasamu gaxe npu CpaBHUTENbHO NMPOCTON CXeme ceTu sBns-
€eTCsl BECbMa CITOXXHOW 3aaadent.

C uenbio ynpoLieHns pacHeToB HECUMMETPUYHBIX PEXMMOB B TpexdasHoW ceTu NpeanoXeH MeToa
CMMMETPUYHbIX cocTasnsawmx. CywHOCTb 3TOro MeToda COCTOUT B TOM, YTO NOBy0 TpexdasHyto
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HECUMMETPUYHYIO CUCTEMY BEKTOPOB TOKOB WIIM HAMPSPKEHUN MOXHO 3aMEHUTb CYMMOW Tpex CUM-
METPUYHBIX CUCTEM:
— NpAMOM nocrefoBaTenibHOCTU, B KOTOPOW BEKTOPbI, BpaljalolmMecs NpoTUB 4acOBOW CTPESKM,
cnenyoT Apyr 3a Apyrom B YepegosaHun A, B, C;
— obpaTtHol nocnegoBaTeNbLHOCTU, OTNMYalLLencs oopaTHbIM YepegoBaHuMeM BekTopoB A, C, B;
—  HyfeBOW nocneaoBaTesfibHOCTU, B KOTOPOM BEKTOPBLI BCeX ha3 coBnagatoT no HanpasBliEHUIO.
Tok (HanpsbkeHne) K3 paBHAETCS CyMMe TOKOB (HanpskeHun) npsamon, obpaTHOM n Hynesow nocne-
JoBaTenbHOCTH.

I =1,+1,+1,; Us;=U,+U,+U, (1.16)
MponsBoaMTCA pacyeT 3TUX TPEX CUMMETPUYHBIX CUCTEM NO PacYETHbIM CXEMaM, COCTaBMEHHbIM A1S
OAHOWN 13 dhas, 1 onpeaensatTca NoSHbIe hasHble TOKN U HaNPSKEHWS.

IA=iA1+iA2+iAO; UA=UA1+UA2+UA0i
IB=IBI+IBZ+IBO; UB=UBI+UBZ+UBO; (117)
Ic=Ici+1cy+1cy; Uc=Uc1+Ucy +Ucgy;

Takvm 06pa3omM, BMECTO OAHON CXEMbl pacCUMTLIBAOTCA TPU, HO 3HAUYUTENbHO Bornee NpocTbie, YTO B
KOHEYHOM MTOre CyLLECTBEHHO ynpollaeT BbluucneHus. Ha puc. 1.21 npuBeaeHbl BEKTOPHble Auva-
rpaMMbl CUCTEM CUMMETPUYHbBIX COCTaBMNSAOLLMX:
A~ A
AO B0 CO

A, A,
CA& )Vz
a) 6) B)

dpHble AnarpaMmbl CUCTEM CUMMETPUYHBLIX COCTaBIIAOLLMX:
a) — NpsiMon nocregoBaTtenbHOCTU; 6) — 0bpaTHOM NocneoBaTeNbHOCTY;
8) — HyNneBoW nocreaoBaTenbHOCTH

B HOpManbHOM CUMMETPUYHOM peXnMe, a Takke nNpu cummeTpuyHoM K3, nonHble TOKM U Hanps-
XEHUA paBHbl TOKY W HanpsbkeHWto npsamon nocnegoBaTenbHocTu. CoctaBnstowme obpaTHon U
HyneBov nocrneaoBaTeNbHOCTEN B CUMMETPUYHOM pPEXUME PaBHbl HYIHO.

CocTaBnstowme obpaTtHOM nocneaoBaTenbHOCTM BO3HUKAKOT MPU NOSBNEHUN B ceTu nobon Hecum-
mMeTpun: ogHodasHoro nnmn asyxdgasHoro K3, obpbisa gasbl, HeCMMMETpUM Harpysku. Hambonblwmne
3HayYeHns TOK U HanpsxXeHne obpaTHOM NocnefoBaTeNbHOCTU UMEKOT B MECTE HECUMMETPUN.
CocTaBngwowme Hyneson nocriefoBaTenbHOCTM nosiengaTca npu K3 Ha 3emnio (ogHodasHbIX U
OBYyxdasHblX), a Takke npu obpeiBe ogHon wmnu AByx ¢as. MNpu mexaydasHeix K3 6e3 3emnu
(oBYxdasHbIX N TpexdasHbIX) TOKM U HAaNPSKEHNA HYNEeBOW NocnefoBaTenbHOCTU paBHbI HYMIO.
MageHus HanpsiXeHMa nNpssMon, obpaTHOW M HyNeBOW NocnenoBaTenbHOCTM 06pa3syoTcda OT Npo-
TeKkaHMsa TOKOB NMLLb COOTBETCTBYIOLMX NocnegoBaTenbHocTen. Kaxablii anemMeHT cuctembl 06-
nagaet COOTBETCTBYWLUM 3HA4YeHMeM CONPOTUBMAEHUA ON9 Kaxgon nocnefoBaTenbHOCTU
TokoB. CONpOTMBMEHMUS NPSIMOM NMOCNefoBaTeNbHOCTU BCEX ANIEMEHTOB CETU NpeaCcTaBnsaAlT Co-
601 0OblYHbIE COMPOTUBIIEHNSA 3TUX SNIEMEHTOB B CUMMETPUYHOM pEXUME.

[Ona TpaHcopmaTopa, Tak Kak ero o6MOTKM HENOABMXHbI APYr OTHOCUTENbHO Apyra, co-
NPOTUBMNEHNA CaMOUHAYKUUN U B3aUMOUHAYKLUMN OOMOTOK €ro ConpoTMBIIEHNE HE 3aBUCUT
OT nopsgka yepenoBaHus ¢as. [losaTomy, ero conpoTuUBMeHMsA NpsamMmon nu obpaTHOM nocne-
JoBaTeNnbHOCTEN paBHbl:  Z; =Z, JTO CNpaBensINBO TakK Xe NS BO3QYLWHbIX U KabenbHbIX
NUHNI. 3HayeHUe COoNpPoOTUBMEHUSA HYNEBOW NocrefoBaTenbLHOCTM TpaHcdopmaTopa Z, 3a-
BUCUT OT €ro KOHCTPYKLUMN N CXeMbl coegnHeHns obmMoTok. TOKM HyneBOW nocnegoBaTenb-
HOCTW MOTYT NpuTeKkaTb B TpaHchopMaTop TOSIbLKO CO CTOPOHbI 0OMOTKUN Yo, HENTPaANb KO-
TOPON 3a3eMmneHa, UM Npu HanuM4yum HyneBoro NpoBoAda, Tak Kak TOMbKO B 3TOM criyvae
MOXeT CyLWecTBOBaTb 3aMKHYTbIA KOHTYP ANA TOKOB OQMHAKOBOro HanpaBfieHus.

Mpun coeguHeHnn obMOTOK B TpaHcdopmaTopa B TPeyroflbHUK TOKWM HYNeBOW nocrenoBa-
TENbHOCTW MOTYT NpoTeKkaTb TONbKO B dha3ax aTonM OOMOTKM, €Crin 3TU TOKM NpOTeKalT no
apyron obmoTke, coeguHeHHon B Yo. OgHaKo HU nNpuTekaTb U3 CETU, HM NPOHUKaTb B CETb
n3 obMoTOK TpaHcopmaTopa, CoOeAUHEHHbIX B TPeyrofibHUK, TOKW HyneBOW nocrneposa-
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TENbHOCTN HE MOTyT. OTO cneayeT U3 TOro MOMOXEHUS, YTO JIMHEWHbIE TOKWU, paBHble pas-
HOCTW ABYX (Pa3HbIX TOKOB, HE MOTYT COoAep)XaTb COCTABMNSAKLWMX HYNEeBON nocregoBaTenb-
HOCTM, KOTOPbIE COBMagalT NO HaNpaBNEeHUO U paBHbI MO BENUYMHE B Kaaon dase.

B obmMoTkax TpaHchopmaTopa, COeAMHEHHbIX 3Be340N, TOKM HyneBOW nocrnefoBaTenbHO-
cTn Boobue npoTekaTb HE MOTyT, HE 3aBUCUMO OT CXEMbl COEANHEHUSA OPYron OOMOTKMN.
[MpoTekaHMe TOKOB HYNeBOW NocnefoBaTeNbHOCTU B 0OMOTKax TpaHcdhopmaTopa CONpoBO-
XpaaeTcst o6bpa3oBaHMEM MarHUTHbIX MOTOKOB HYNEBOW NocneaoBaTeNlbHOCTU B €ro MarHu-
TonpoBoade. B TpexdasHbiXx NATUCTEPXHEBLIX TpaHcdopMaTopax, B OpOHEBbLIX U B rpynnax
of4HOgAa3HbiIX TpaHCHOpPMATOPOB MOTOKM HYNEBOW nocrnegoBaTefnbHOCTN cBOGOAHO 3aMbl-
KaloTca 4yepe3 MarHuTonpoBog TpaHcdopmaTopa. B TpexdasHbiX TpexcTepXHEBbIX TPaHC-
dopmMaTopax MarHuTHble MOTOKM HYNEBOW NMocnegoBaTeNbHOCTU MOTYT 3aMblkaTbCH NULWb
yepes3 mMacno, BoO3gyX M KOXyX TpaHcdopmaTopa. YTO 3HAYUTENbHO CHMXAeT conpoTuBne-
HNWe HaMarHn4YnBaHus.

Mpn cxeme coeanHeHuUsa obMoTOK TpaHcdopmaTopa Y, /A u npotekaHnm B obmoTke BH TO-
KOB HYyNeBOW nocregoBaTeflbHOCTU, 3TU TOKM OyayT npoTekaTb U BO BTOPUYHOW OOMOTKE,
coeanHeHHon B A. lNpuHebperas conpoTUBMIEHMEM HaMarHMYMBaHus, NOSy4YmMMm, 4TO CONpo-
TUBIeHMe HyneBOW nocnefoBaTenbHOCTU PaBHO COMPOTUBIEHUIO NPSAMOK nocnegoBaTerb-
HocTu: Zo=Z;. B obmoTKke coeAMHEHHOM A TOKM HYyNneBOW NOCfenoBaTENIbHOCTN 3aMblKa-
I0TCA M B (pasHbIX NpoBOgax HE MPOTEKaAIoT.

Mpn cxeme coeanHeHna obmMoToK Y/A, TOKM HYNeBOW nocnenoBaTefsIbHOCTU MpoOTeKaTb He
MOTYT, U CONPOTMBIIEHNE HYJIEBOW NOCNeA0oBaTENIbHOCTM TpaHcopMaTopa zg =«.

Mpn cxeme coeguHeHns oOMOTOK TpaHchopmaTopa Y/Yg—12, conpoTUBMEHMNE HYNEBOWN MO-
cnepoBaTenbHOCTU, KaK yKasblBanoCb Bbille, 3aBUCUT OT KOHCTPYKUMKM TpaHcdopmaTopa
(TpexcTep>XHEBOW, UNN NATUCTEPXKHEBON): Zg= Z1 /2 +Zgyaw.

ConpoTnBneHne HyneBoW NocrnenoBaTeNIbHOCTU BO3AYLWHbLIX NMUHUA obOycrnaBnnBaeTca mar-
HUTHBIMW NOTOKaMM, CLUENJIEHHBIMX C MPOBOAAMW JIMHMKN U C LEensMKu, cnyxawmmm «obpat-
HbIM MPOBOAOM» AN TOKOB HYNeBOW nocrnefoBaTenbHOCTU (3eMNa U 3a3eMIeHHble TPOChI).
. PacueT TpexcasHoro KopoTkoro 3amblkaHus

U3smeHeHue moka npu K3. PaccumTtaTtb TpexdasHoe K3 — 310, 3HaUMT, onpeaenuTb TOKM U Hanpshxe-
HUS NpY 3TOM BMAE NOBPEXAeHUs Kak B Touke K3, Tak U B OTAENbHbIX BETBAX U y3rax cxeMbl. TOK B
npouecce K3 He ocTaeTcsl NOCTOSIHHBLIM, @ U3MEHSIETCS, KakK rnokasaHo Ha puc. 1.22; ToK, yBenu4me-
LMACS B NEPBbIA MOMEHT BPEMEHM, 3aTyxaeT 40 HEKOTOPOro 3Ha4YeHus, a 3aTemM nog OEeNCTBMEM aB-

ToMaTu4eckoro perynatopa Bo3byxaeHus (APB) gocturaet ycTaHOBUBLLETOCH 3HAYEHUS.
A

A ~ -
ia0 eiu \i\ “-——‘ m(\/_l
Y y 0
[ ‘P\\ \\[ \/ \/ \~/ \):Z v
b I
S

ol
\ Inmo_llm

-ﬁ();M_aJl;H:lﬁ_ 7 . ' Yemanosuswuiicn
percum Heycmanosuswuiica npoyecc | pexscum

<L |
1

<
Ll

Y

<«

it ; I,,= \/'1

A .

. u - i,

la0 lu

Wi \ I

2 | |

1 j 1
v YU U Mo U U

Hopmansnbui Heycmanosus- : Yemanosuewuiica
pexcum | wuics npouecc 1 pesxcum

r el Ll )

a)

Puc. 1.22. KpuBbie nameHeHust Toka TpexdgasHoro K3;
a) — B ceTu, nuTaroLLencs oT reHepatopa ¢ APB;
6) — B ceTn, NuTaloLLEnCca OT CUCTEMbI HEOrpaHUYEHHON MOLLHOCTMW.
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[MpoMeXXyTOK BPEMEHU, B TEUEHNE KOTOPOro NMPOUCXOANT U3MEHEHNE 3HaYeHus Toka K3, onpegenser
NPOOOIMKNTENBHOCTb NEPEXOAHOro npouecca. locne Toro kak M3MEHeHNe 3Ha4YeHnsd Toka NpekpaLla-
eTcs, 0O MOMeHTa oTkntodeHna K3 npogormkaetca yctaHoBmBLIMNeS pexum K3. B 3aBucumoctn ot
Ha3Ha4YeHWs BbINOMHAEMOro pacyeTa (BbIOGOp yCTaBOK penernHon 3almTbl Unmn npoBepka anekTpoobo-
PYAOBaHMS Ha TEPMUYECKYIO U 3NEKTPOAUHAMMYECKYH CTOMKOCTb) HAaC MOryT MHTEPECOBATL 3HaYEHUs
TOKa B pa3Hble MOMeHTbI BpeMeHu K3. N3-3a Hanmuusa B CeTUM MHOYKTUBHbBIX CONPOTUBMEHNIA, NPensaT-
CTBYIOLLUNX MFTHOBEHHOMY M3MEHEHUIO TOKa Npu BO3HUKHOBEHUU K3, 3HavyeHue Toka Harpysku |y He ns-
MEHSIETCS1 CKA4YKOM, a HapacTaeT No onpeaeneHHOMY 3aKOHY OT HOPMaribHOro 40 aBapUNHOIO 3Hade-
Hus. [na ynpolleHnsa pacyeTa U aHanuaa TOK, NPOXOAsLWMIiA BO BpeMs nepexodHoro npouecca K3,
paccmMaTpuBatoT Kak COCTOSILLMIA 13 OBYX COCTaBMAIOLWMNX: anepuoanyeckon 1 nepmoanyeckon.
Anepunogundeckon HasblBaeTCA MOCTOAHHAsl MO 3HaKy COCTaBMsAOLWAs ToKa i, KOTOpasd BO3HMKAET B
nepsbii MOMeHT K3 1 cpaBHUTENbLHO BbICTPO 3aTyxaeT Ao Hyns (puc. 1.22).

Mepuoanyeckasn coctaBnsoLwan Toka K3 B HayanbHbIi MOMEHT BPEMEHU /MmO Ha3bliBaeTcs Havanb-
HbiM TokoM K3. HauanbHbin Tok K3 HasbiBalOT Takke CBEPXNEPEXOAHbIM i, TaK Kak Ans ero onpege-
NEHNS B CXEMY 3aMELLEHNS BBOASITCA CBEPXNEPEXOAHbIE CONPOTUBIIEHUS reHepaTopa x"y u OOC E"y.

3HayeHve HavanbHoro Toka K3 ncnonb3ytoT, kak npaesuno, Ans Bbibopa yCTaBOK M NPOBEPKN YyBCTBU-
TENbHOCTN pPefienHON 3aLmnThbl.

YcTaHOBMBLUMMCA HasblBaeTca nepuoamyecknin Tok K3 nocne okoHYaHWs nepexodHoro npoecca,
00yCrnoBnAEeHHOro 3aTyxaHnem anepruoanyeckon coctasnsoLwen n gencremem APB.

. Memoduka pacyema mokoe KOpomko20 3aMbiKaHUs1 8 cemsix 6-35 kB
PacyeT npon3BogMTCA Ha OCHOBAHUW CXEMbl 3aMeLLeHns, Ana KOTOPOW AOMXKHbl OblTb paccynTaHbl
BCE 3MNeMEHThI.
AKTUBHbIE WU peaKTMBHbIE COMNPOTMBIIEHUSA NMHWI anekTponepenadn 6-35 kB conamepumbl, NO3ITOMY
npu pac4yeTe TOKOB KOPOTKOrO 3aMbIKaHUS YYMTBIBAIOTCA KaK aKTMBHbIE, TaK U peaKTUBHbIE CONpPOTMB-
neHnda. 3TU BENUYUHBbI MOXHO paccyuTaTb, 3Has TUN, ANUHY U CeYeHue NUHUN, NCNOMb3ys CrpaBoY-
HWKW. B NpMnoXxeHun NnpuBOAATCA CNPaBOYHbIE AaHHbIE NO 3MEKTPUYECKUM napameTpam psga Hanbo-
nee YacTo NPUMEHSIEMbIX TUMOB NINHUA. DTN AaHHble yaerbHble. BennynHbl akTUBHOIO N peakTUBHOMO
COMPOTMBIIEHMS YYaCTKa NMHUN NOMNyYalnTCa YMHOXEHUEM yAenbHbIX NapaMeTpoB MNHUM Ha UX OIANHY
B KM.
AKTUBHbIE N peaKkTUBHbIE CONPOTMBIIEHNSA TpaHcopmaTopa onpeaensatTcsa No ero NacnopTHbIM AaH-
HbIM, B pse criydaeB, U3-3a OTCYTCTBUS nacnopTa, npuxoautcs 6patb aTu gaHHble no NOCTy.
B npunoxeHun N4 npuBeaeHsbl 9T AaHHble AN psaa TpaHcdopmMaTtopos B cootBeTcTBUM ¢ TOCTOM
Ha TpaHcdopmaTop.
OTW AaHHble ANsa ABYXOOMOTOYHbIX TPaHC(OPMaTopoB ONpeaensatoTCs Mo BblPaXKEHNAM:
U, -Up,
mp = o (1.18)
mp

roe: Zmp — MOMHoe conpoTueneHune TpaHcgopmartopa B Owm;

U, — HanpsiXeHne KOpPOTKOro 3amblKaHWsi B OTHOCUTESbHbLIX BenuinHax (%);

Ump — HOMUHarnbHOe HanpsixkeHne cTopoHbl BH TpaHcdopmaTopa B KB;

Smp — HOMUWHarbHasa MOLHOCTb TpaHcdopMaTtopa B MBA.
Pk ¢ U’ip
= 1.19
" (1.19)

roe: Rmp— aKTMBHOE CONpoTMBIEHNe TpaHcdopmaTtopa B Owm;
Py, — noTepun KOPOTKOro 3aMblKaHWUs NP HOMUHAINBLHOM TOKe TpaHcdopmaropa B BT;
U
S

mp — HOMVWHANbHOE HanpshkeHne CTOPOHI BH TpaHcdopmaTopa B KB;

— HOMWHarbHas MOLWHOCTb TpaHcdopmaTtopa B KBA.
X = lizz R ) 1.20
mp — mp — mp (1.20)
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B 6onblUMHCTBE CriyvyaeB Ansi NPakTU4ECKNX pacvyeTOB MOXHO NpeHebpeyb aKTUBHLIM COMPOTUBIIEHU-
eM TpaHcdopmaTopa, ero ConpoTMBIIEHNE NMPUHMMAETCS paBHbIM Z 1 cunTaeTcs peaktnBHbiM (X). Uc-
KIntoveHue: TpaHcopmMaTopbl HanpsikeHnem 6-35 kB ¢ antoMnMHneBbIMM 0BMOTKaMM.

Mpu pacyeTte TokoB K3 3a TpaHchopmaTopamu ¢ PIMH, nmetowwmnx 60nbLUOi Anana3oH nepeknioyeHnst
OTBETBNEHUN, CreayeT y4yeCcTb U3MEHEHWE COMNPOTUBMEHUS NPU U3MEHEHMM KO3ddMUMEHTa TpaHC-
dopmaumm, cm. npunoxenue M4.

ConpoTmBneHne UCTOYHUKA NUTaHUA onpeaensieTcs No BenuumHe Toka K3 Ha WwnHax, oT KOTOpbIX OT-
XOOUT 3aluuLLaemas NiMHMSA. DTN TOKM N3BECTHbI U3 pacyeTa YCTaBOK TpaHcdopmaTopa.

X = Yu (1.21)

“ 3 Ik3

roe: X, — peakTMBHOE COMNpOTMBIIEHNE Ha WMHax B Om;
U,, — HanpsxeHue Ha WMHaxX (HOMUHANbHOE HanpsKeHne nuTaoLero TpaHcdopmartopa);

I3 —TOK K3 Ha wunHax.

J[lomkHbI ObITb BbINOMHEHbI pacyeTbl Ansi MUHUMAaNbHOIO U MaKCUMarnbHOro pexuma.
Mocne BbINOMHEHMS pacyeToB At BCEX YYaCTKOB JIMHUM U NUTaeMbiX TpaHCOPMaTOpPOB CTPOUTCS
cxema 3aMeLleHust:

Uw=UH.Tp-pa Xw Rn1, Xny 1 Rz, Xn2 5 Rr2, Xr2

el 7

RT 1 XT1

k3

Pwuc.1.23. PacyeTHasa cxema 3ameLleHus.
Ona onpegenenusa Toka K3 B Hy>XHOM Touke, HEOOXOAUMO CMOXWUTb OTAENbHO aKTUBHbIE U pPeaKkTUB-
Hble COMPOTUBIEHMSA BCEX Yy4acTKOB 40 ToYkM K3. 3aTem CnoXmtb reoMeTpuyeckn CyMmmMapHble akTuB-
Hble N peakTUBHblE CONPOTMBIEHNS. 1o Nony4YeHHOMY NOSTHOMY COMPOTUBMNEHUIO ZK onpeaennTb TOK
K3. Hanpumep ans T1ouku k4:

X4 =Xw+X,,71+X,,2+XT2

Ry =+Rp + Ry, + Ry Xy = \/X:34 +R2,

U

_ w

| = —w
k4 \/?Z“

. Memoduka pacyemoe mokoe K3 dns ebibopa ycmasok mpaHcghopmamopa
[nsa pacyeTa TOKOB KOPOTKOrO 3aMblkaHUsi HeobxoaMMo cobpaTb cnegylowmne AaHHbIe:
ConpoTuBneHne UCTOYHUKA NUTAHMA Ha LWUMHAaX, Kyaa NoaKniveH TpaHcdopmMaTop, B MakCMManbHOM
N MUHMManbHoM pexunme. OObIYHO 3a4aeTcsl BENUYMHA TOKA UM MOLLIHOCTM KOPOTKOrO 3aMbIKaHUsI.
ConpoTuBneHne UCToYHMKa NMTaHUA No BennynHe Toka K3 Ha wnHax onpegensieTcs no opmyne:

z - Yu
w
A3 -Ik3
roe:

Zm_ peakTnBHoOEe ConpoTmerieHne Ha WnHax B Owm;

(1.22)

U,, — HanpsieHve Ha WMHax (HOMUHanNbHOe HanpshXeHue nuratoLero TpaHcgopmaTopa) B KB;

I j3— 1ok K3 Ha wuHax B KA.
ConpoTMBneHne UCTOYHMKA NUTaHUSA No BenuuvMHe MolHocT K3 Ha wwuHax onpepgenseTcsa no dop-
myne:

zZ, = U (1.23)

SK3

W)
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roe:
Z,,— peakTMBHOe COMpOTUBNEHNE Ha WnHax B Owm;

U

w— HanpsbkeHve Ha LnHax (HOMUHaNbHOe HanpsbkeHne nuTatoLlero TpaHcdopmaTtopa) B kB;

S k3 — MoLHocTb K3 Ha wuHax B MBT.

AKTUBHbIE U peakTUBHbIE CONPOTUBIIEHUSA TpaHCcopmaTopa onpeaensatoTca no ero NacnopTHbIM AaH-
HbIM, B pse criydaeB, U3-3a OTCYTCTBUS nacnopTa, npuxoautcs 6patb 9Tu gaHHble no NOCTy.

B nacnopte TpaHcdopmaTopa NpUBOAUTCS HanpsikeHne KopoTKoro 3amblkaHna Uk B %, KoTopoe yka-
3blBaeT, kKakoe HanpshkeHne OyaeT Ha BbiBodax TpaHcdopmaTopa npu Toke K3 3a TpaHchopmaTopom
paBHOM HOMUWHANbHOMY.

[na oByXoBMOTOYHbIX TPAHCOPMATOPOB 3TN JaHHbIE ONPEAENAITCS NO BblpaXeHUAM:

2
U g
mp — S '
mp
roe:
Zmp — MorHoe conpoTueneHne TpaHchopmartopa B Owm;
U, — HanpseHne KOpOTKOro 3aMblKaHWs B OTHOCUTENbHbIX BENNYMHAX;
Ump — HOMUWHanbHoe HanpsxeHue ctopoHbl BH TpaHcdopmaTtopa B KB;
Smp — HOMUWHarbHasa MOLLHOCTb TpaHcdopmMaTopa B MBA.
2
_M (1.25)
mp — S '
2mp
roe:
Rmp — aKTMBHOE conpoTuMBreHne TpaHchopmaTopa B Om;

P, — noTepu KOPOTKOTrO 3aMblkaHWsi MPW HOMUHAIBHOM TOKe TpaHcopmaTtopa B BT;

Ump — HOMUWHanbHoe HanpsxeHue ctopoHbl BH TpaHcdopmaTtopa B KB;
Smp
PeakTnBHOE conpoTuBreHne TpaHcdopmaTopa:

Xi=\Zy, - Ry,  (1.26)

B OonblUMHCTBE criyvyaeB Ans NpakTUYEeCKUX pacvyETOB MOXHO NMpeHebpeyb aKTUBHLIM COMPOTUBIIEHU-
eM TpaHcdopmaTopa, ero CoONpoTMBIEHME MPUHMMAETCS paBHbIM Z 1 cuntTaeTcs peaktnBHbiM (X). Uc-
KItoyeHue: TpaHcopmaTopbl HanpsikeHnem 6-35 kB ¢ antoMMHNEBLIMM OBMOTKaMM.

ConpoTmBneHne KOPOTKOro 3aMblkaHUSA TpaHcopMaTopa 3aBUCUT OT BEMUYUHLI ero KoadduumneHTa
TpaHchopmaumm. OcobeHHO CUNBbHO BbipaXaeTcs 3Ta 3aBUCMMOCTb Ha TpaHcdopmartopax ¢ PIH.
MoaTomy, B macnopTte TpaHcdopmaTopa yKasbiBalOTCS TPU BEMNYMHbLI HANPSDKEHUS] KOPOTKOro 3aMbl-
KaHWS: Ans MUHUMAanbLHOro, cpegHero 1 MakCMmaribHOro NonoXKeHUs nepekniovateng.

[ns TpexobMOTOYHbIX TPaHCOPMAaTOPOB CXeMa 3aMELLEHMS COCTOUT N3 TPEX CONPOTUBIIEHUI 0BMO-
Tok BH, CH n HH, coeaunHeHHbIx B «3B€3ay» cM. puc 1.23.

— HOMMWHarbHag MOLLHOCTb TpaHcdopMaTopa B MBA.

C
% — ]
Z,
Puc 1.24 Cxema 3amelLeHns TpexobMOTOUYHOro TpaHcdopmaTopa.
HanpsykeHna KOpOTKOro 3amblkaHWsl J4alTCA CyMMapHO ANsi Kaxaow napbl o6MoTok. [loaTomy, nocne

onpeaerneHnsi CoNpoTUBIIEHUSI KaXXaoW napbl 0GMOTOK, UX HYXXHO nepecyuTaTb B COMPOTMBIIEHUS OT-
AernbHblX 06MOTOK No hopmynam:

VA VA

7, =28BC + 132H CH (1.27)
VA Loy -2

Zo=28cT Qn ==t (1.28)
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Z, = Zgn +Zcy —Zpc (1.29)
3
Ona TpaHcopmaTopoB C pacwenneHHon odbmotkon HH cxema 3amelleHuns Takke COCTOUT U3 Tpex
conpotmeneHnn oémotok BH, HH; n HH,, coeamnHeHHbIx B «3Be3ay». OgHako B nacnopte NnpuBoauTcs
TOMbKO OAHO HanpskeHne KopoTKoro 3amblkaHus Uk%. OHO COOTBETCTBYET PEXMMY KOPOTKOro 3ambl-
KaHusa 3a ABYMSsl, COEQUHEHHbIMU MapannenbHO o6MOTKaMun HU3KOro HanpsbkeHus, Nocne ero nepe-
cyeTa B CONPOTMBIIEHNE, CONPOTUBMEHUS OTAENbHBIX 0OMOTOK CHMTAOTCA N0 POpMynam:

ZB =0,125'ZBH (130)
ZH1=ZH2=1,75'ZBH (131)
[na TpaHcopmaTopoB nmerowmnx 6onbWon gnana3oH uaMeHeHus koaddmumeHTa TpaHcdopmalmm
(c PIMH) Heobxoanmo yunTbiBaTb U3MEHEHMS BENNYMHBI TOKa K3 npu perynvpoBaHum 1 paccunTbiBaTb

Tokn K3 onsi cpegHero n KpamHMx NoJOXeEHWI nepeknoyarens.
Tok K3 paccuntbiBaetcs no opmyne:

U
[y = ——to (1.32)
\3-ZK3
roe:
U,on— HOMUHaNbHOE  HamnpspkeHue, MPUHUMAETCS  HamnpsbkeHue  CpedHero  MoNoXeHWs

nepekntovatens TpaHcdopmaTtopa unm 1,05 cooTBeTCTBYOLLEN CTYNEHU HanpskeHus. (230, 115, 38,5
kBurt.n.);
Z g3— CONpPOTUBMEHNE KOPOTKOrO 3aMblKaHUsi, paBHOE CyMMe COMPOTUBIEHME CUCTEMbI HA CTOPOHE

BH, conpoTtuBneHus o6moTkmn BH 1 0OMOTKM 32 KOTOPOW BLIMOSHAETCA KOPOTKOE 3aMblKaHUE:

YyeT Bcero gnanasoHa perynmpoBaHusi NPUBOAUT K 3HAYUTESIbHOM pasHULE TOKOB B KPaMHWX MOSo-
XEeHusX nepekntodarens. Hanpumep ana ogHoro n3 tpaHcdopmaTopoB 25 MBA TOkM KOPOTKOro 3a-
MbIKaHNSA OTAMYAKOTCH B KparlHUX NOMOXeHusx noyTtn B 2 pasa: 833 — 480 A, npu cpeaHen BenmynHe
Toka K3 — 578 A. V3-3a Takon pasHuuUbl TOKOB, ANt obecnevyeHms HeobxoaMMom YyBCTBUTENTbHOCTU
NPULLSIOCL NPUMEHUTb OFOKMPOBKY MO HAaMPsKEHUIO LM MakCMMarsibHbIX 3awuT TpaHcdopmaTopa.
PeanbHbIi AnanasoH NosIOKeHWU nepekniodaTens 3HauYnTeNbHO yXKe U Npu ero yyeTe TOkM ByayT oT-
NN4aTbCsl MEHbLUE, YTO NO3BOSINT MPUMEHNTL MPOCTYI0 MakcuMarnbHyo 3awmTty. 3aBogoMm n FOCTom
00bI4HO fatoTea 3 BENUYMHbLI CONPOTMBIIEHUS: ANS cpeaHero n obomnx KpanHuxX nNonoxeHun. Bennyuna
COMPOTMBIIEHMSA AN KaKoro nNnMbo MPOMEXXYTOYHOro MOMOXEeHUd, onpegenseTcd MeToaoM NIMHENHON
WHTEPNONAUMK, T.€. UBMEHEHME BENMYMHbLI COMPOTMBIEHUS MPOMNOPUMNOHANbHO OTKMOHEHUIO Hanps-
XEHWNI0 OT CpeaHEro NonoXeHNs nepeknoyaTens.

. OcobeHHocmu pacyema TK3 mpaHcghopmamopoe 10/ 0.4kB

Mpn pacyeTe yunTbiBalOTCA pekoMeHgauum «MeToanvecknx ykasaHui Mo pacyeTy TOKOB KOPOTKOro
3aMblKaHUsA B CeTU HanpsbkeHnem o 1 kB anekTpocTaHuun M NOACTAHUMA C Y4ETOM BRUSHUS 3reK-
Tpudeckon gyrn» OPIPOC 1993 roa.

Mpn pacyeTe TOKOB KOPOTKOro 3amblkaHusi Ha ctopoHe 0.4kB Heobxooumo yuuTbiBaTb HEKOTOPbIE
OaHHble, psi4 KOTOPbIX HE yunThiBaloTCs Npu pacyeTe TK3 Ha 6onee BbICOKMX HANPSXKEHUSX:

— MHOYKTUBHbIE COMNPOTUBIIEHNSA BCEX 3MIEMEHTOB KOPOTKO3aMKHYTOW Lienu, BKOYasi NPOBOAHUKM,
TpaHcOpMaTopbl TOKA, PEaKTOPbl, TOKOBbIE KaTyLUKM aBTOMATUYECKUX BbIKNoYaTenen;

— aKTMBHbIE€ CONPOTMBIIEHUSA 3NIEMEHTOB KOPOTKO3aMKHYTOM Lienu;

— aKTUBHbIE COMPOTUBIIEHNS] KOHTAKTOB U KOHTAKTHbBIX COEANHEHWI;

— TOKOOrpaHu4MBarLlee BUSHNE 3fIEKTPUYECKON OYTN;

— 3HayeHus NnapamMeTpPOB aCUHXPOHHbLIX 3NEKTPOABUraTenemn, ecnm nx CyMMapHbIi HOMUHANbHbIA TOK
npesbiwaeT 10% HOMUHANLHOrO 3HaAYEeHUs nepunoamyeckon coctaBnsowen Toka K3 B mecte K3, pac-
CUYMTaHHOro 6e3 yyeTa BNUSHUA 3reKTpoaBUraTenen.

Kpome Toro, npu pacyeTtax TokoB K3 pekoMeHOyeTcst yunTbiBaTb M3MEHEHNE aKTUBHOIO COMPOTUBIE-
HWUs1 NPOBOAHMKOB KOPOTKO3aMKHYTOM Lienn BcneacTeme ux Harpesa npu K3.

IMpu pacyemax mokoe K3 donyckaemcs He yqyumbieamsb:

— TOK HaMarHM4YnBaHusl TpaHCOpMaToOpPOB.;

— HacblWEeHMNEe MarHNTHbIX CUCTEM SNIEKTPUYECKUX MALLVH;

— BNUSIHME aCMHXPOHHbIX 3NeKTpoaBuraTenen, ecnm nx CyMMapHbli HOMUHanNbHbIA TOK HE NPEBbILLA-
eT 10% HavanbHOro 3Ha4YeHust NepMoAMYECKON cocTaBnsoLwen Toka B mecte K3, paccumtaHHoro 6e3
yyeTa anekTpogsuratenen;
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— CONPOTMBIIEHNE BHELLUHEN 3HEpProcucTembl NpW pacyeTe TOKOB MeTannuveckoro K3 B cunoBbIxX
cbopkax, cobopkax 3aaBukek, a Takke K3 3a oTxoaswmmm ot cOOpoK U WNH kabenamu;
— CONpPOTMBIIEHNE BHELLUHEN 9HEProcucTeMbl Npu pacyeTe Bcex BUaoB Ayrosoro K3;
— BNUSIHWE aCUMHXPOHHbIX 3NEeKTPOoABUraTesnen Npu pacyeTe Bcex BuaoB Ayrosbix K3.
KoadhdunumeHTbl TpaHcdopmaumm TpaHcopMaTopoB 4OMYCKaeTCs NPpUHUMAaTh PaBHbIMW OTHOLLEHWUIO
CpefHUX HOMUHAIbHbIX HaNpPsXXeHUN Tex CTyNeHen HanpsXXeHus, KoTopble CBA3bIBalOT TpaHcdopma-
Topbl. [pn 3TOM crneayeT NCNOMNb30BaTb CNeayLLYH LWKany CpeaHNX HOMUHaNbHbIX HAaNPsSXKEeHWN:

37; 24; 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,69; 0,525; 0,4; 0,23 kB.
OnpedeneHue napamempoe 3sieMeHmoe cemu
PacueT TokoB K3 B ceTn HanpsbkeHnem o 1 kB uenecoobpasHo NpoBOANTb B MMEHOBAHHbLIX eOUHU-
uax.
Mpn cocTaBneHun aKBMBANEHTHbIX CXEM 3aMeLLeHUs criefyeT B Ka4ecTBe OCHOBHOMW CTyrneHu Bblbu-
paTb CTyNeHb MOHWXEHHOro HanpskeHwus, kak npasuno, 0,4 kB, a akTuBHblE U MHOYKTUBHbIE COMNPO-
TMBNEHNSI BCEX SNIEMEHTOB CXEMbl 3aMeLLeHMS BbipaxkaTb B Munnmomax (MOm).
ConpoTuBneHne BHELLHEN CUCTEMbI BKMOYaeT B cebsi ConpoTMBREHME NpUneratLwen 4actm aHepro-
CUCTEMbl Ha CTOPOHE BbICOKOIO HanpshkeHUs pabovero unm pesepBHOro TpaHcdopmaTopa MUTaHus
PY 6 (10) kB, conpoTuBneHne cobcTBeHHO TpaHchopmaTopoB paboyero n pesepBHOro nutaHua PY 6
(10) kB, a Takke conpoTMBEHNE LUMHOMPOBOAOB UIN KabernbHbIX CBSA3EN, N0 KOTOPbIM OCYLLEeCTBNSA-
eTcs BBOA pabo4vero unm pes3epBHOro NUTaHMs Ha wWuHbl cekumn PY 6 (10) kB. ConpotunBneHne (B
MUNIMOMax) NpunerarLen 4actm sHeprocuctemMbl (Xc) MOXeT ObiTb onpegeneHo npu M3BEeCTHOM
3Ha4eHUn Toka TpexdasHoro K3 Ha cTopoHe BLICOKOro HanpshkeHusa no coopmyne 2.1:

2 2 -3
X = UCp.HH _ UCp.HH -10 1.34
T - (1:34)
’ 1K38H ’ Ucp.en K3
rae:
UCp.HH_ cpegHee HOMUHalribHOEe HanpAXeHue CeTu, I'IO,D,KJ'IPOLIeHHOVI K 0OMOTKEe HuM3LLEro HanpaXxeHuA

TpaHcdopmaTopa, B;

Ig3,,— DOevcTByollee 3HaYeHne nepuoanyveckon cocTasnslolen Toka npu TpexdgpasHom K3 y
BbIBOZIOB OGMOTKM BbICLLEro HanpshkeHus TpaHcgopmaropa, KA,

Uepon— CPEOHEE HOMUHANBHOE HAmpsikeHWe CeTW, K KOTOPOW MopkitodeHa OOMOTKA  HUMBLLEro

HanpsPkeHnsa TpaHcdopmatopa, B;
S k3— MOLLHOCTb KOPOTKOrO 3aMblKaHUsi Y BbIBOAOB OOMOTKM BbICLLErO HanpshkeHwst TpaHcpopmatopa
MBA.

AkTBHOE (RT) U MHOYKTMBHOE conpoTuBneHus (Xm) (B munnuomax) tpaHcgopmaropos 0,4 kB, npuse-
AEHHbIe K CTYMEHU HU3LLEro HaNpPsXXeHUs, creayeT onpeaensTs No hopMyrnam:

2
_ PK3 . U HH. HOM.

2
T. HoMm.

R, -10° (1.35)

2
_ UI(3 : UHH. HOM
g 100ST. HOM

roe: U3 — HanpskeHne KopoTKoro 3amblkaHus TpaHcdopmaTopa, %;
K3

(1.36)

Py3— notepmn KOPOTKOro 3aMblkaHunsa B TpaHcpopmatope, KBT;
U

TpaHcdopmaTtopa, KB;
ST nom — HOMUHANbHaA MOLLHOCTL TpaHcgopmaTopa, KBA.

H HOM. — HOMWHarNbLHOE  JIMHEMHOe  HampshkeHne  OOMOTKM — HU3LLEro  HampshKeHus

AKTVMBHbIE N WMHOYKTMBHbIE COMPOTUBMEHUS HYNEBOW MNOcCreaoBaTenbHOCTU TpaHcdopmaTopoB, 06-
MOTKM KOTOPbIX COeAMHEHbl NO cxeMe A/YO (TpeyronbHWK — 3Be3da C 3a3eMfIeHHbIM HyneM), NpakTu-
YecKkn paBHbl COOTBETCTBEHHO aKTUBHbLIM U UHOYKTUBHBLIM COMPOTUBNEHUAM NPAMOKM nocrnegoBaTtenb-
HocTu. pu coeanHeHnn obMOTOK TpaHcdOpMaTopoB No cxeme Y/Yo (3Be3ga — 3Be3ga C 3a3eMIieH-
HbIM HyrieM) aKTUBHbIE U UHAYKTUBHbIE CONPOTMBIIEHUSA HYNEBOW NOcneaoBaTeNbHOCTU 3HAYUTENBHO
fonblle COOTBETCTBYHOLLMX CONPOTUBNEHUA MPSMON NOCHEeAOoBaTENbHOCTU U UMEKT 3HAYUTENbHBIN
pasbpoc, BcrneacTene Yyero Hanbonee 4OCTOBEPHbIE pe3dyrbTaThl MOryT ObiTb NOyYEHbI NyTEM HEMno-
CPeACTBEHHOIro M3MepeHnNs 3TUX CONPOTUBIEHUIA ANSA KaXO0ro KOHKPETHOro TpaHcdopmMaTopa.
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B nutepaType MMetoTCcsa pacdeTHble pesynbTaThl U 3aMepbl CONPOTUBIEHNA NMOAOGHBIX TpaHcdopma-
TopoB. [laHHble B Tabnuuax NpMBOAATCA B 2-X BUAAX:

OtpenbHo paetca X1,R1,Xo, Ro. Mo atum gaHHbIM pacyeT TK3 Begytca mMetoaoM CUMMETPUYHBIX
COCTaBNAOLLNX:

U,
L=1,=1,= - - (1.37)
J@R, + R +(2X, + X,)
IO =1, +1,+1, (1.38)
HaeTtcs BenuumHa «%ZQ)», KOTOpas paBHAETCS:
%Z;l) Z%J(zkl PR +(2X, + X, ) (1.39)
PacueT TK3 npoussogutcs no gpopmyne:
1) = % (1.40)
f .
7]

Mpwn pacueTe no opmyne 1.40 nony4yaeM HeENOCPeOCTBEHHO TOK ogHoda3Horo K3.
[laHHble HEKOTOPbLIX TPaHCOPMAaTOPOB NpMBEAEHbI B NPUOXKEHUN 4.
ConpoTtmBrneHne Hyneeon NocregoBaTeNbHOCTM TpaHcdopmaTopa cxeMbl A/YO paBHO COMpOTUBIIE-
HUo NpsAmon n Tokn K3 npu ogHohasHoM 1 TpexdasHOM 3aMblkaHUM O4MHAKOBBI.
ConpoTuBneHne HyneBon nocnegoBaTeNbHOCTM TpaHcdopmaTopa cxeMbl Y/Y0 3HaunTenoHo, 6onb-
e Yyem nNpsaAMon nocnegoBaTenbHOCTU. Beneactemne aToro, npu ogHogasHbIX KOPOTKUX 3aMbIKaHMAX
TOKM K3 MeHbLLE 1 3TOT pexuM BNSETCA pacyeTHbIM Npu NpoBepKe YyBCTBUTENbHOCTU 3aLUUTHI.
lMepexogHoe akTUBHOE COMPOTMBIIEHNE KOHTAKTOB B KOPOTKO3aMKHYTOW Lenu Ans YNpoLLEeHHbIX pac-
4YeTOB peKkoMeHayeTCHa NPUHATL paBHbIM 15 MOM. 3TO COM3MEPMMO C CONPOTUBNEHUEM TpaHcopMa-
TOPOB N pacCYMTaHHbIN TakMm o6pa3omM TOK Ha TpaHcdopmaTtopax 1000kBA nonydaetcs B 2 pasa
MeHbLUe, YeM npu meTannmyeckoM K3. Bonee TouHble pesynbTaTbl MOXHO MONYYUTb Yy4ETOM COMpo-
TMBIEHUI BCEX ANEMEHTOB BXOAALWMX B Uenb K3. B ynomsaHyTon mMetoauke npuBoaATCS AaHHbIE MO
HEKOTOpbIM BMAaM annapatypbl, KOHTPONbHbIX Kabenen 1 ToKONPoOBOAOB.
Yuyem conpomuseneHusi anekmpudeckol dyau. Hanbonee BeposiTHas BenvMuMHa OENCTBYIOLWErO 3Ha-
YeHNa nepuoamyeckon COCTaBnsALWENn Toka TpexdasHOro AYyroBOro 3amblkaHWda onpenensieTca no
dopmyne:

IOyz.ZInM'KC (1.41)

roe:
1, — nepuoanyeckas coctaBnsilaa Toka meTannmnyeckoro K3 ¢ y4eTom akTMBHbIX U PeaKTUBHbBIX

COCTaBNAOLWMX BCEX ANEMEHTOB;
K- rxoadbduumeHt cHwxkeHnuss Toka K3 noa penctsuem anektpudeckon payrn. BenuumHa Ke

onpenensieTcsa No XxapakTepucTuke NpmMBegeHHON Ha pUCyHke 1.25.
M3 prcyHka BUOHO, YTO KO3IMPULMEHT CHMKEHMS Toka K3 3aBUCUT OT BENUYMHBLI CONPOTUBIEHUS LIEMKN
K3 1 BpemeHn npotekaHus TK3. [Npu onpegeneHmm Toka 4yroBoro 3aMblkaHUsi B HaYasnbHbIA MOMEHT
3amblkaHusa  tk3<0.05 c¢ 3HauveHune Kc onpepnensetcs no kpuson 1: Kc=f(Zk3). Mpu onpeneneHnn yc-
TaHOBUBLLIErOCH 3Ha4YeHUs Toka ayroeoro 3ambikaHus tk3>0.05 ¢ Kc onpegendeTtcsa no kpueon 2.
Pacuet gyrosoro K3 ans pasHbix BugoB K3 nponssoanTtca pasgenbHo ans ogHodasHoro, ApyxdasHo-
ro, TpexdasHoro K3. Mpn atom GepeTcs BblUMCNEHHas BenuuMHa ogHodasHoro, AByxdasHoro wu
TpexdasHoro Toka meTannuyeckoro K3.

ConpoTtmenenune uenn K3 onpeagenseTtcs no oopmynam:

—TpexdasHoe K3 - Z%) = 1/X122 + RIZZ (1.42)
—AByxdasHoe K3 - Z%? = %JXIZZ + Rlzz (1.43)

—opHochasHoe K3 -z = %J(lez + Xoz } +(2Ris + Rys ) (1.44)
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Puc. 1.25 KpuBslie 3aBucmumocTtu Kc ot conpotmneHns uenm K3.
KpuBasi 1 — Ha4ano gyrosoro 3ambikaHus tk3 < 0.05 cek,
KpuBas 2 — ycTaHOBUBLLMIACA MNPOLLECC KOPOTKOMO 3aMblKaHUSI.

Yuem yeenudyeHusi akmugHO20 COnpomueseHus kabesisi npu e2o Haspese
YBenuueHne akTMBHOIO COnpoTMBREHMs kabens LenecoobpasHo yunTbiBaTb Npu pacdeTe Toka K3 3a
kabenem npu onpeaeneHny MMHUMasnbHbIX TokoB K3:

R,=C, R (1.45)
roe:
Cv —KOSC*)CbI/ILI,I/IeHT y‘-II/ITbIBal'OLLI,I/IIZ yBenn4yeHne aktmBHOro conpoTmuBiieHNA kabens npn ero Harpese

ANEKTPUYECKMM TOKOM. ,D,J'IFI YNPOLWEHHbIX pac4eToB MOXHO MPUHATb Cv paBHbIM 1.5, npeanonarasa

HarpeB kabensi 4o nNpeaenbHO BO3MOXHOWN BENUYMHBI;
R —aktviBHOE conpoTvBneHue kabens npu Temnepatype +20°.

lMpednoxeHusi no pac4yemy TK3 Ons ebibopa ycmaeok 3au,umbl mpaHcghopmMamopos
Mpn pacdete Bcex BuaoB K3 ana otctporikm 3awmt ot K3 3a TpaHchopMaTopoM UCMOoNb3yeTcsa TOK
MeTannnM4yecKoro KOpOTKOro 3amMblKaHUS 3a TpaHC(OPMaTOPOM.
Mpwn pacyete TokoB K3 Ans npoBepkn 4yBCTBMTENBHOCTM 3awmT npu K3 3a TpaHchopmaTopom MoLL-
HocTbio 400kBA 1 MeHee MCcnosb3yeTcs TOK KOPOTKOro 3aMblKaHnA 3a TpaHcdopmaTopom ¢ gobasne-
HMeM B Lenb nepexogHoro conpotmereHns 15MOM 1 HOPMUPOBAHHBLIM KO3 PULNEHTOM YyBCTBU-
TenbHOCTW. MpK NCNONBb30BaHMN TOKa METanNMYecKoro KOPOTKOro 3aMblkaHus 3a TpaHcopmMaTopoM,
KO3 DULMEHT YyBCTBUTENBHOCTU 3aLLMNTLI AOSHKEH OblTb HE MEHee 2.
Mpn pacyete TokoB K3 Ans npoBepkun 4yBCTBMTENBHOCTM 3awmnT npu K3 3a TpaHchopmaTopom MoOLL-
HocTbto 630 KBA 1 6onee HeobGxoaMMO NpoM3BOAUTE MOAPOOHbLIA pacyeT C y4eTOM COMNPOTUBIIEHUS
3M1EMEHTOB Lienn 1 CONpPOTUBMEHUS OYTN.
Y4yeT pocTa conpoTuBreHns kabensa npu HarpeBe TOKaMu KOPOTKOro 3amblKaHWsi MPOU3BOAUTCA Mpu
pac4yeTe TokoB K3 B koHLe kabenen 0.4kB ana npoBepkn 4yBCTBUTENBHOCTYM 3aLUUTHI.
lNepecuem mokos K3 Ha cmopoHy BH
PekomeHngaumm no pacyety TK3, ykasaHHble Bbille, OTHOCUIIUCb K CTOPOHE HMU3KOro HanpshkeHus. [ng
Bbl6Opa yCTaBOK 3alUmThl Ha cTopoHe BH, 3T Tokn 4omkHbl ObiTb NepecynTaHbl Ha cTopoHy BH. Mpu
3TOM creayeTt y4eCcTb 0COOEHHOCTU, CBSA3aHHbIE C rPynmnov coeauHeHnss 06MOTOK TpaHcdopmaTopa.
Haunbonee pacnpocTpaHeHHbIMY rpynnamMu SBASIOTCS TPeYronbHUK — 3Be34a C 3a3eMIIEHHbIM Hynem
(A/Yo -11), 3Be3ga — TpeyronbHuk (Y/A-11), n 3Be3ga — 3Be3ga ¢ 3a3eMrneHHbIM Hynem (Y/Yo -12). To-
kn TpexdpasHoro K3 nepecuntbiBaloTCs Yepes kKoadhpuumneHT TpaHcdopmMaumm TpaHcgopmaTopa.
s 13
18) = . (1.46)
T
[ns npoCToTbl YCNOBHO MpuMHMMaeM KoadhduuneHT TpaHchopmaumm TpaHcdopmatopa kr = 1. lMpu
3TOM OTHOLLUEHWNE NIMHENHbIX TOKOB 0OMOTOK C coeanHeHnem Y n A paBHO 1, a TokoB B hasax paBHo:
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I /1, =w,/w, =~/3 unu w, =-/3w, (1.47)
[na TpaHcdopmaTopa co cxemon A/Y0 asHble TOKM CTOPOHbI TpeyronbHuka BH cBsizaHbl ¢ Tokamu
CTOPOHbI 3Be3bl CeAyoLLMM BblpaXXeHUeM:
1 1 1
L aa :ﬁ(IAY —lgy )i gy :E(IBY —ley )i L :ﬁ(lcv —ly )i (1.48)
Mpu aByxdasHom K3 mexay cdasamm B un C Tok K3 B pase A co CTOpOHbI 3Be3bl OTCYTCTBYET.
1

J -1 1@ 19
AY \/§ A BY
A
7% 2 ;0
B E_/’\/é BY
B
c /\
‘ C /
2
g 1818 19

NE

Puc.1.26 PacnpegeneHue TokoB npu apyxgasHom K3 3a TpaHcchopmaTopom
co cxemomn coeanHeHnn AIY n kr=1

l,, =0, noatomy, I, =—Ig,

1=ty g 2. 12-—142 (149

\/§ BY BABA_\/E BY’ \/§
Taknm obpasom, npu asyxdasHom K3 3a TpaHcdhopmatopom co cxemon A/Y mexay dasamu B n C
3Be3abl (puc. 1.26) Ha cTopoHe TpeyronbHuKa Tokn K3 npoxogsart BO Bcex Tpex dasax. [lpuyem, B

y 2 y
OaHOM cbase Te4yeT TOK B ABa pa3a fOonblue, 4eM TOK ABYX Opyrmnx d)asax, nB —— pas donblIMA TOKa

J3
lsy W coBnagaeT ¢ HUM no dhase.
AHanornyHbIn pesynbTat nonyyuntcsa 1 npy asyxdasHom K3 3a TpaHcdopmaTopom co cxemon Y/A-11
(pnc. 1.27). Mpwn asyxdasHom K3 3a TpaHcdhopmaTopom co cxemon Y/A (puc.1.27) mexay asamu B
n C TpeyronbHuka B 3TUX (pasax npotekaeT Tok K3 , B (pase A Tok K3 otcyTtcTByeT. Ha ctopoHe Y TO-
kn K3 npoxogaT Bo Bcex Tpex dasax 3Be3abl, NpuyeM, B OAHOM dha3e TeyeT TOK B ABa pa3sa Gonblue,

2 .
YyeMm TOK ABYX Apyrux cdhasax u B E pa3 Gonblni IK3,.

Mpn ogHodasHom K3 3a TpaHcdhopmaTopom co cxeMon coeanHeHnst obmoTok Y/Y (puc.1.28) no cro-
poHe HH TOK npoxoanT TonbKo B NOBpexAeHHon hase A, 1 MeeT 3HaveHue:

19 =1, +1,, +1,,; tae l,=1,,=1,, (1.50)

Tokn [y He He moryT npotekaTb B 06MoTke BH, coeguHeHHON B 3Be34y, NO3TOMY, B OAHOMMEHHOW

¢hase GyaeT npoTekaTb TOK PaBHbIN %Iﬁ\” , @ B ABYX ApYrux gpasax %Iﬁ\” :

1 .o 1,0
il —1
7% G 1,0 ®o1g g
A—— —> A
\u/
BA
B m B
C C
2
-2 @

V3

Puc. 1.27 PacnpepeneHue TokoB npu ApyxdasHoM K3 3a TpaHcopmaTopom
co cxemom coeanHeHnn Y/IA-11n k=1
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Puc.1.28. PacnpegeneHne TokoB npu ogHodasHom K3 3a TpaHcdopmaTopoM  CO CXEMOW coeaunHe-
HAM YIY nkr=1

Mpn ogHobasHoM K3 3a TpaHcdopmaTopoM co cxemon obmoTtok A/Y (puc.1.29) Tok If,), Ha CTOpPOHe
HH TeueT Tonbko B dhase A, I5) =1{) =0. Co cTopoHbl TpeyronbHuka BH Toku mpoxoasT B ABYX

dasax - Aun C, OHM COCTaBMSIOT:

10 =1: 19 =0 I =1 ()

V3 V3

@ il O ® @
Iy \/§ Iy I
A _._fW\_<_ < A
=0 190
B 4 € Y Y\ B
15 =0
Cl <=~y ¢ C
| 1.0
— — _ﬁlﬂ [élA)

Puc.1-29. PacnpeaeneHnune TokoB npu ogHodasHoM K3 3a TpaHcopmaTopom
co cxemomn coegmHeHun A/Y n kr=1

Mcxoasa ns pacCcMOTPEHHbIX Bbllle MPUMEPOB, ANS NpakTUYeCcKnx pacyeToB TOKM npoxogsiuime B da-
3ax TpaHcopmaTopos ¢ y4eToM BuAoB K3, cxeM coeguHeHus oOMOTOK M pearnbHbIX kKoaddunumeH-
TOB TpaHcgopmauum TpaHcghopmaTopa yaobHO paccunTbiBaTb OTHOCUTENBHO TOKa TpexdasHoro K3.
Hwxe gaHbl hopmynbl nepecyeTa, B3ATble U3 nutepartypsbl (J16).

Tokn TpexdasHoro K3 nepecuntbiBaloTCs Yepes KoadhpuuneHT TpaHcdhopMaumm TpaHcdopmaTopa.

(3)
18 = L (1.46)
kT

Tokn aByxdasHoro K3 3a TpaHcopmaTopom co cxemon (A/Yo) Ha ctopoHe BH npoxogaT BO Bcex
Tpex dasax, npuyem B ogHon dase TedeT TOK paBHbIN TOKy TpexdasHoro K3, a B AByX APYrux TeKyT
MOSTIOBUHKM 3TOro TOKa.

HH

ISk 1215 kg
I—’

<
«

5
Ig:)A = IS:?A = Iflfl)/kT; Iéﬂg :_]/Zlﬁ)/kr; léic): =-1/2 I,Sf:)/kr; I1 :Iz :Ig-:)A /\/5’ (1.52)

rae  I; wnl, Tokn npsmon n obpaTHoOM NocneaoBaTenbHOCTH.
Tokn gByxdasHoro K3 3a tpaHchopmaTopom co cxemon (Y/Y0) Ha ctopoHe BH npoxoasaT B AByx da-
3ax, OQHOMMEHHbLIX C NMOBPEXAEHHBIMU, U MO BENMNYMHE PaBHbI 3TOMY TOKY.
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T
dl I »
o | L
Igf:)A = Ir(:i /kT ;Igfv)s = _Iii)/kr s =1, = Ig:)/\/g= (1.53)
roe 11 wnl; Tokm npsimor n oBpaTHOW NocnenoBaTENIbHOCTM.
Mpn ogHohasHom K3 3a TpaHchopmaTopom co cxemon (A/Yo) Ha ctopoHe BH Toku npoxogdar no
AByM dasam, OHM paBHbI MO BENUYMHE N MPOTMBOMOSIOXHO HarpaBIieHbI.

1, [ky ~ 1) /iy
< | .

| >

(1) _ I M __ 1
Lt =3l == 1L=1,=10/y3=13-10)/k;; (1.54)
roe 11 wnl; Tokm npssimMon n o6paTHOM NocnegoBaTENbHOCTMU.
Tokn ogHocbasHoro K3 3a TpaHchopmaTopom co cxemon (Y/Yo) Ha cTopoHe BH npoxogaTt BO Bcex
Tpex dasax, npuyem B ogHON hase TedeT TOK paBHbIM 2/3 Toka ogHodasHoro K3, a B AByx Apyrux
TEKYT MOSIOBMHKWN 3TOro TOKa.

231, [k, Y31k,

—
L >
=2/3-13) [k ; 10 =—13) [k, /3; ’éL)c:_lLQ/kr/‘?; l=1,=1,,/2; (1.55)

roe 11 wnl, TokM npsiMor 1 oOpaTHOW NocnenoBaTENbHOCTMU.

P
<«

j

8HA

1.4. UCNOJNb30OBAHME MN3BM /14 PACYETA KOPOTKUX 3AMbIKAHUNA

Kak BugHo n3 pasgena 1.4, pacyeTbl Bpy4HY TpeOyoT 3HaunTenbHbIX Tpyao3aTtpar. 1o aTum npuyn-
Ham nocne nosieneHna OBM, a ganee NBM Havanucb NONbITKM NPUMEHUTDb MX ANS pacyeTa yCcTaBoK
penenHomn 3awmnTbl. ATM NporpaMmmbl Ans pacnpeaceten Oblm OTHOCUTENBHO NPOCTbIMK U pa3paba-
TbIBanMCb HEMNOCPeACTBEHHO TEMU, KTO 3aHMMArCs pacyeTamu Ha nobutenbckom ypoBHe. [nga pas-
paboTKn NporpamMmm UCNONb30BaNUCh anropuTMuUYecKne A3blki nporpaMmmmnpoBaHus: bencuk, doptpaH,
Mackanb, Jenbdu 1 17.4. N4a BbINOMHEHUS aXe CIOXHbIX NPogeccMoHanbHbIX NporpamMmmM MOXHO UC-
nonb3oBaTb fobble umerowmecsa NBM, HaumHasa ¢ [-386 cepun. B ganbHelwem K paspaboTke npo-
rpamMm MOAKIIYUNNCE NpodeccnoHarnbl, U NPOCTble NporpaMMbl MPEBPATUMUCE B CMOXHbIE KOMMIEK-
Cbl nNporpamMm, MO3BOMSOLME aBTOMaTM3MpOBaTb BbINOMIHEHME BCEX 3TaroB pacyeTa: NoaroToBKY
AaHHbIX, pacyeT napameTpoB, COCTaBMEHMEe CXeMbl 3aMELLEHNS], pacyeT aBapuHbIX BENUYUH, BbIOOp
YyCTaBOK 3aLUMTbl U COXpPAHEHUE pe3yNnbTaToB.

MHCcTuTyTOM 3nekTpoavHamMukm YKpauHbl paspaboTtaH «Komnnekc nporpamm pacyeta aBapUMHbIX
PEXMMOB B CNOXHOW anekTpuyeckon cetn odbemom o 3000 y3nosy». B HacTosilee Bpems akcnnya-
TUpyeTcsa nporpammMHblin komnneke V-VI-50, no3BonaWmMn  BbINOMAHUTL CaMble CHOXHbIE pacyeTbl B
ceTax nobon CrOXHOCTU C Y4ETOM TOKOB Harpy3kuv, eMKOCTHbIX TOKOB B CE€TW, CMOXHbIX HECUMMET-
PUYHBIX PEXUMOB. OTUMM NMporpaMmamMu OCHallleHbl BCe 3HepreTM4eckne cuctembl YKpauHbl. OTOT
KOMMMAEKC MOXHO MPMMEHUTb U ANS pacyeTa B pacnpeaceTsax, O4HaKo AN 3TOro OH CIIULLKOM CIo-
XeH.

AHanoru4yHble nporpammbl paspaboTaHbl U BHeApeHbl HOBOCMBUPCKUM NOMUTEXHUYECKUM WMHCTUTY-
TOM (TexHunyeckum yHnBepcuteTom), MOCKOBCKMM UHCTUTYTOM «OHEProceTbNPOEKT».

Kpome TOro, MHOXeCTBOM [pYyrux OpraHu3aumn — NPOEKTHbIX MU 3NEeKTpoceTeBbIX — pa3paboTaHbl U
3KCNNyaTupyrTCa COBCTBEHHbIE MPOrpaMmbl, NPUCMOCOBNEHHbIE K UX HYXOaM. Y aBTOPOB B HacTOSA-
LLlee BpeMsi OTCYTCTBYIOT CBOAHbIE AaHHblE NO BO3MOXHOCTU npuobpeTteHusa nporpamm pacyeta TKS,
a Takke no ux ocobeHHocTaAM. Paa aTux opraHm3auuin npegnaraeTt ykazaHHble nporpaMMbl Ha npoga-
Xy. Y aBTOpOB B HacTosiLiee BpeMsi OTCYTCTBYIOT CBOAHbIE AaHHble MO BO3MOXHOCTU NpuobpeTeHus
nporpamm pacyeta TK3, a Takke no ux ocobeHHocTaM. Mo3ToMy Mbl pekomeHayem o06paTuTbCs K
nHdopmaumm B cetn «HTepHeT» unn B bnuxkanwen cnyxoe P3A. MNpu Bbibope HeobxoanMon npo-
rpaMmmbl criegyeT YeTKO MPeAcTaBnAaTb 3adayvv, KOTopble AOSMKHA BbIMOMHATL NporpaMmma, U BbISC-
HUTb, HACKONbKO COOTBETCTBYET AaHHAsA nporpaMmma 3TMMm 3agadam.
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Ucnonb3oBaHue ctaHaapTHOM nporpammbl Microsoft Excel ans pacyeta TokKoB
KOPOTKOro 3aMblKaHUs

[nsa Tex KTo He MMeeT NporpamMMbl pacyeTa TOKOB KOPOTKOrO 3aMblkaHUA U He cobupaeTcs ee paspa-
GaTbiBaTb C NPUMEHEHMEM anrOPUTMUYECKMX SI3bIKOB NMPOrpaMMMPOBaHNS, MOXEM NPEAnoXnTb Cro-
cob pa3paboTkm nporpaMmbl pacyeTa ¢ NpUMeEHeHMeM Tunoeon nporpammbl Microsoft Excel.

TabnnyHbin npoueccop Microsoft Excel BbiGpaH, ncxoaa M3 crnegylowmx BO3MOXHOCTEN, NpeacTas-
nAembIX NPOrpaMMon Afist He CIULLKOM CITOXHbIX HO 06beMHbIX 00bIYHbLIX pacdeToB TK3 B pacnpea-
ceTax:

e BBogumble gaHHbIE M pe3ynbTaThl pacvYeToB NPeACTaBNATCA B TabnMyHOM hopMe, 3aHMMaOLLEN
Maro mMecTa, KoTopas Jierko BBOAUTCA B TEKCTOBYIO nporpammy Microsoft Word nnmn Adobe Acrobat.

e Excel onepupyeT c agpecamu ssyeek, B KOTOpble BBOASATCS AaHHble, hopMyna pacyeTa BBOAUTCH B
AYeliky a 3anucbiBaeTcs B Tabnvuy pesynbTaTt pacyeTa.

e OTHocuTeNbHaa agpecaumsi NO3BOMSIET MPOM3BOAMTL pacyeTbl C APYrMMU AaHHBIMU MCMONb3Ys
OZHY U Ty e (opMyIy, 3aHECEHHYIO B NpeablayLLyH SYENKy.

PacueT TK3 ¢ npumeHeHnem Microsoft Excel nokaxxem Ha npumepe.
1 OCHOBHbIe XapaKTepUCTUKMN

1.1 Ha puc. 1.30. npegcraBneHa cxema noAcTaHuMu, nuTatowenca no Asym nuHuam 110kB,
BKITOYEHHbIM NapannensHo Ha wuHbl 110kB MC. JTio6as BJ1-110 moxeT ObITb OTKMNOYEHA.

|

T T2

1C 1 : 3C
2C o 4C

Puc 1.30 Cxema nogcrtaHuumu.
1.2 TOKM KOPOTKOro 3aMblKaHWsi Ha LUMHAX NOACTaAHLNN:
- O6e BJ1 B paboTte, MakcMmanbHbIi pexnm: Tok TpexdasHoro K3 - 6kA, ogHodasHoro — 4 KA.
- B pa6ote BJ1-1, MuHMManbHbI pexxum 1: Tok TpexdasHoro K3 - 5kA, oaHodasHoro — 3 KA.
- B pabote BJ1-2, MuHMManbHbI pexnm 2: Tok TpexdasHoro K3 - 3kA, ogHodasHoro — 2 KA.
1.3 Hewntpanu ctopoHbl 110kB TpaHcopmMaTopoB He 3a3eMIieHbI.
14 MapameTpbl TpaHcopmaTopoB TOTH-25/110 B3aTel B cootBeTcTBUM ¢ TOCT 12965-74:
- HOMWHarbHasi MOLWHOCTb CTopoHbl BH — 25MBT, HH - 12.5MBT;
- HOMWHanbHoOe HanpsiXeHne ctopoHbl BH - 115 kB, perynuposaHue 9 ctyneHen no 1.78%;

- HOMMHaNbHOE HanpsXXeHne paclensieHHon oomoTkm HH - 11kB;

HanpskeHne Uk ¢ ydyeTom perynupoBaHus: 9.84%, 10.5%, 11.72% Ana MuHMManbHoro, cpegHe-
ro N MakCcMMarsnbHOro nonoxeHusa nepekntovatensa PIMH cooTBeTCTBEHHO.

1.5 Ha ctopoHe 6kB yeTbipe cekumm ¢ ABP Ha CB-I-lll, n CB II-IV.
2 Pac4yeT TOKOB KOPOTKOro 3aMblKaHUSI.
PacuyeT npoBogMTCA B MMEHOBAHHbIX BENIMYMHAX, aKTUBHBbIM COMPOTUBIEHNEM NpeHebperaem.
2.1 PeakTaHc npsimon nocnegosatenbHOCTM Ha winHax 110kB:
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- MakcumanbHbIi pexnm: X1max = U/ (\/§ *k3) =115/ (1.73 *6) = 11 Owm;

- MUHUManbHbIN pexnm: X1min = 115/ (1.73*3)= 22 om.
2.2 PeakTaHC HyneBon nocnegoBaTesibHOCTH:
3-U 3115

- \/glksodu - 1,73-4
Xo=X,on.—X1-X2=49,8-11-11=27,8 Om

- MakcumanbHbii pexum: - X ,, =49,8 Om

_3-115
1,732

X

- MUHUMAaSbHBIA PEXNM: oon. =99,6 Om

Xo =X,p, — X1—X2=99,6—22—22=556 Om

[anbHenwmne pacyeThl BbinofHaem B Tabnuue Excel cm. Tabnuuy 1.1.

B Cc D E F G H |
Ta6n.1.1. PACHET NAPAMETPOB U TK3 3A TPAHC®OPMATOPOM
1. PacyeT napameTpoB TpaHccopmaTopa
Monox. PMH Hanp. BH [Tok BH [Tok HH |Hanp. K3 Xk3BHn. Xk3. HHn Xk3BHp [Xk3. HHp
1(Umakc) [133,4 108,33 688,14 0,1172 83,43 1,03 156,42 1,938
10 (UcpeaH.) 115 125,66 688,14 0,105 55,55 0,93 104,15 1,736
19 (UmuH) 96,6 149,59 688,14 10,0984 (36,73 0,87 68,87 1,627
2.PacyeT TOKOB KOPOTKOr0 3aMblKaHUA
1. MakcMManbHbIN PEXUM 2. MMHUManNbLHbLIN PEXUM
Monox.PIMNH Xk3BHp |[IkaBHp [Xk3. HHp [[kaHHp [Xk3BHp [[k3aBHp [Xk3. HHp |[IkaHHp
1(Umakc) [167,42 0,397 [1,04 5,044 178,42 0,373 1,11 4,733
10 UcpeaH.) 115,15 0,577 |0,96 6,323 126,15 0,527 1,05 5,771
19 (UmuH)  [79,87 0,832 0,94 7,657 90,87 0,732 1,07 6,730

B nepeow cTpoke Tabnuubl B a4erike B1 3anuckiBaem Ne tabnvubl, C1 — Ha3BaHme Tabnuubl.
Bo BTOpoW cTpoke B siuenke C2 3anucbiBaeM 3arofioBOK pacyeTa.

B cTpoke 3 6yaem 3anucbiBaTb Ha3BaHWE KOMOHKM, a B KONTOHKE A Ha3BaHME CTPOKW.

KonoHka B. BbinonHsemM pacyeT HanpsXXeHu npu KpanHux nonoxeHunax PrH.

Avenka B5. =G10/10,5*B4 3anncbiBaem BENUUMHY HaNpsXXeHnsa B cpegHem nonoxeHunn 115«B.

Avenka B4 — cbopmyny aona pacdeta HanpsbkeHus B 1 nonoxeHun PINH - =115+0.16*115 - nocne ne-
pexoda B Apyryto auenky unm Haxatuna Enter B suenke nonyyaetcsa pesynetat: 133,4. Ecnun BepHyTbCA
B 9Ty A4YerKy CHOBA, TO B HEW pe3ynbTaT OCTaeTcH, a B CTPOKe hopMyn nosiBnseTca goopmyna, no Ko-
TOPOK NPOM3BOAUIICA pacyerT.

Aveinka B6 — popmyny ansa pacyeta HanpskeHus B 19 nonoxeHuun PMNH - =115-0.16*115 - nony4aeT-
cq pesynbTart: 96,6.

B konoHke C BbINONHAEM pacyeT HOMUHanNbHOro Toka BH gnst atux nonoxexni PrH:

B ayenky C4 3anuceiBaem cdopmyny: 25000/(1,73*B4), rae 25000 — HOMUHanNbLHas MOLLHOCTb TpaHC-

¢opmaTtopa, 1,73 = \/§ B a4yerike B4 pacnonoxeHo BbIYUCIIEHHOE paHee HanpsXXeHue B BEpPXHEM
nonoxexHun PMH. CnegyeT yuuTbiBaTh, YTO TAbNMYHBLIN NPOLECCOP pacno3HaeT OecATUYHY Apobb
TONMbKO B TOM Chny4yae, ecnu ApobHasa vacTb oTaensetcsa 3anaTton. [pu ncnonb3oBaHUWM OECATUYHOW
TOYKN, KaK B BOMbLIMHCTBE CnyyYaeB B JaHHOW kHure, Excel BOCNpUHUMAET YMUCIO Kak TEKCT U BbIYMC-
NeHnsa Npon3BOANTLCA He ByayT.

YCTaHOBMM MbILLbIO KYPCOP B NEBLIN HMXHUI Yron SYEenkn - nosiBUTCA Marnblii KpecT. ocne aToro npu
MOMOLLM MbILIN NepeTaLnm BblAeneHHoe Ha 2 94eikn BHU3. B aTnx ayenkax nosBATCA BblYUCIIEHHbIE
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3Ha4YeHNsa TOKOB Ans Apyrmx nonoxeHun PIMNH. B gaHHOM criydae Mbl MMeeM eno ¢ OTHOCUTENbHON
agpecauven siieek: nNpu yBeNMYEeHUM Homepa AaHHOW AYErkn Ha eQuHULY — OQHOBPEMEHHO MPOUNCXO-
OUT yBenuyeHne Ha eanHuULy HoMepa siYenkn, KotTopas BXoguT B bopmyny v Npon3BOAUTCH Heobxo-
OUMbIN pacyer.

B qauenke D4 BbinonHsiem pacuyet Toka HH. 3aHocum dopmyny - =12500/(1,73*10,5) — 12500 —
HOMMHanbHas MowHocTb obmoTkn HH, 10.5 ee HanpsikeHne B KB. nonyyaem pesynbTaT pacyeTa:
688.14A. Konnpyem pesynbTtaT B Apyrne syenkn — oH 6yaeT ogMHakoBbIM Ansi Bcex nonoxexHun PrH.
[ns konupoBaHWA NOMELLAEM MbILbIO KypCcop B CEPEANHY SYENKN — MOSIBNSiETCS OONbLUIOW KPECT U
nepegsuraem ykasaternb B gpyrme 2 ssdenkn — B HUX NOSIBISIETCS TAKOW e pesynbTar.

B konoHky E suenkn E4 — E6 3aHOCUM BENUYMHY HaNPS>KEHUA KOPOTKOrO 3aMblkKaHWA A5 pasHbIX Mo-
noxexun PINH.

B konoHke F npousBegem pacyeT peakTaHCOB TpaHcdopmaTopa Anga atmx nosnoxeHun PMH npuse-
AeHHbIN K HanpsxeHuto BH — 3aHocum dpopmyny: =B4/(1,73*C4/1000)*E4. B sayenke B4 Haxogutcs
HanpsixeHne BH B kB, B savenke C4 — Tok BH B amnepax — genum Ha 1000 4To6bl nonyyuntb KA. B
syerke E4. MNMepeHocnm dopmyny B Apyrve si4erkn KOSIOHKM C OTHOCUTENbHOM agpecaumen: YCcTaHo-
BMM YyKasaTelb MbILWKN B NIEBbIN HWXHUI Yron SS4enkn - NosiBUTCA Manbln KpecT. NMocne aTtoro nepeTta-
LLIMM €ro Ha 2 A4enku BHU3, NOABATCA pe3ynbTaTbl pacyeTa B A4enkax.

B konoHke G BbIMNOMHMM pacyeT peakTaHca NpMBEAEHHLIN K HanpsbkeHuto HH. Beognm dopmyny:
10.5*E4/(1,73*(D4/1000)) — B svenke E4 - BenvunHa HanpskeHUMst KOPOTKOro 3aMblkaHus, D4 Homu-
HanbHbIM TOK CTOPOHbI 10kB. MNMepeHocum cbopmyny B Apyrne a4emnkn KOSIOHKM ¢ OTHOCUTENbHON agpe-
caumen. MNMoaBsaTtca pesynbTaTbl pacyeTa B A4enkax.

PaccunTaHHble peakTaHCbl OTHOCATCS K PeXuMy KOPOTKOro 3aMblkaHuda cpasdy Ha 2 ctopoHax HH —
OaHHble UK patoTes gna napannensHon paboTbl. TpaHcdopmatop paboTaeT pasgenbHo, No3Tomy
nosfy4yeHHble NapameTpbl OOSMKHbI ObITb NepecynTaHbl ANa pexuma pasgenbHon obmoTtku. [nsa atoro
YMHOXMM MOJTyYEHHbIN pe3ynbTtaTt Ha 1,875. Beegem dopmyny =F4*1,875 ons suenkn H4. MNepeHo-
cuMm bopmyIny B Apyrme a4emkn KOSMMOHKU C OTHOCUTENbHOW agpecauunen. [NossaTtca pesynbtaTtbl pac-
yeTa B suenkax.

Beegem dopmyny =F4*1,875 ansa aueiiku H4. MNepeHocum dopmyny B Apyrne s4Yenkn KOJTIOHKU C OT-
HocuTernbHOM agpecaumen. MNoaBaTcsa pesynbTaThl pacdeTa B s4enKax.

Beegem chopmyny =G4*1,875 ana adenku 4. MNepeHocum popmyny B Apyrne ss4emkm KONOHKM C OTHO-
cutenbHOW agpecaumen. [NoaBaTca pesynbTaThl pacyeTa B S4enkax.

PacueT napameTpoB 3akoH4YeH 1 nepergem k pacyeTty TK3 Ha ctopoHe HH. NMpogomkaem Ty xe Tab-
nmuy.
B aueiiky C7 3aHOCUM 3aronioBok: 2.PacyeT TOKOB KOPOTKOro 3aMblKaHUS.

B auenky B8 - 3aronoBok: 1. MakcumanbHbIn pexum. B sdeiniky F8 - 3aronoeok: MMHMManbHbIN
pexum.

B ayenkn A9-A12 konnpyem 3aronoBku 3 sveek A3-A6.

KonoHka B10 — B12. Pac4eT peaktaHca K3 Ha ctopoHe HH B mMakcumanbHom pexume. K peakrtaHcy
TpaHcdopmaTopa A4obaBNAeTCsa peakTaHC CUCTEMbI B MakCUMaribHOM pexnme.

Beegem dopmyny =11+H4 ana ayenkn B10. MNepeHocum copmyny B Apyrne S4emkn KOSTOHKN C OTHO-
cutenbHOM agpecaumen. [NoaBaTca pesynbTaThl pacyeTa B Ss4erkax.

KonoHka C10 — C12. PacueTr TK3 Ha ctopoHe HH B MakcummanbHoM pexume. BBegem dopmyny
=115/(1,73*B10) ana a4erikn C10. NepeHocum copmyny B Apyrne S4erkn KOSTOHKU C OTHOCUTENbHOM
agpecaumen. NoaBsaTcs pesynbTaTthl pacyeTa B ssYenkax.

KonoHka D10 —D13. PacueT peaktaHca K3 Ha ctopoHe HH B makcumanbHOM pexrmMme NpuBedeHHbIN K
ctopoHe HH. PeakTaHC nepecunTbiBaeTCs Yepes3 OTHOLWIEHWE KBaapaToB HanpsikeHwe ctopoH HH wn
BH tpaHcdopmaTopa. Beegem chopmyny =B10*CTEINEHbB(10,5;2)/CTENEHL(B4;2) ana sa4venkn D10.
MepeHocnm copmyny B Apyrme si4enkn KONOHKU C OTHOCUTENbHOW agpecaunen. MNoasarca pesynbTta-
Tbl pacyeTa B s4enkax.

KonoHka E10 — E12. PacueT TK3 Ha ctopoHe HH B MakcMmanbHOM pexume. NpuBeAEHHbIN K CTOPOHE
HH. Tok BH nepecuuTtbiBaetTca 4yepes oOTHoweHwe HanpsbkeHun BH v HH. Beepem dopmyny
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=C10/10,5*B4 gns sidenikn C10. NepeHocnm copmyny B Opyrne sSi4EMKM KOJNTOHKU C OTHOCUTENbHOWM
agpecauuen. lNossaTtca pesynbTaThl pacyeTa B g4erkax.

MNoBTOpsieM pe3ynbTaThl pacyeTa AN MUHMManNbHOro pexuma. [na aToro KonMpyem KOSIOHKU MHTep-
Bana (B10 - B12) - (E10 —E12) B konoHkun nHtepsana (F9 — F12) — (19 — 112).

Mocne atoro B pagy 10 nameHsiem opmyrnbl B sverikax F10 (=22+B10), G10 (=115/(1,73*F10), H10
(F10*CTENEHbB(10,5;2)/CTENEHBL(B4;2), 110 (=G10/10,5*B4). [ina Toro 4tobbl M3MEHUTb peakTaHC
MaKCUMaIrbHOro pexuma Ha MUHUMAarnbHbIA M BOCCTAaHOBUTb U3MEHEHHblE B pesynbTaTe nepeHoca
agpeca. lNepeHocum copMyrbl B Apyrme sS4EmKn KONOHKM C OTHOCUTENbHOM agpecaunen. MNMoseaTtca
pe3ynbTaTbl pacyeTa B A4erkax.

BmecTo KonuvpoBaHus 1 U3MEHeHUst (POPMYIT MOXHO 3arofiHUTL 3TK rpadbl POpMynamMn camocTos-
TENbHO, NPU 3TOM BpeMsi paboThbl yBENUYUTCS.

MNMocne OkOHYaHWsi pacyeToB MPOM3BOAUTCS OOpMIIEHME Tabnuubl - yCTaHABNUBAOTCA rpaHULbl B
Avelikax, 00beaNHAITCS AYENKN Tam, rae pa3meLlarTcs Haanucu.

Mony4yeHHyo Tabnuuy MOXHO COXpaHWUTb, NMPY creaylwmux OHOTUMHBLIX pacyeTax ¢ ApyrMMu napa-
MeTpaMu TpaHcopmaTopa MOXHO caenaTb KOMuio Tabnuubl, BBECTU B HYXHble SiYEKU napameTpbl
HOBOro TpaHcdopmMaTopa U napameTpbl CUCTEMbI NOCIE 3TOro aBToMaTUYeCKn ByaeT BbINOMHEH pac-
YeT C HOBbIMW JaHHbIMMU.

Mony4yeHHyto Tabnmuy MOXHO Yepes bydep nepeHecTu B TekcToBbIN pegaktop Word nnm Adobe Ac-
robat.
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