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NPEAVCIIOBUE

IlepBoe u3pmaHue Gpoumnopsl *’Pa3sHpoBKa INEKTPHYECKOTO 06Opy-
moBaHus” BeIDIO B 1977 r. B kHure Gbuta NpeiIpuHATA MOMNBITKA
06001EHHA U CPaBHEHUA NPHMEHAEMBIX B JHEPrOCHCTEMAX METOIOB
¢$a3upoBKkH CHJIIOBOro 00OpYHOBaHMA, a TaKXe MPHOGOpPOB H yCT-
POHCTB, MPeHA3HAYEHHDIX [JIA 3TOH LENH.

3a ucTexuIMi MepHo/ 6bIH MIPeIITOXKEHBI PyTHE, JoTiee IpOrpec-
CHBHbIE METO[bI, YCTpPOHCTBa M HmpuGopbl mia ¢asuposku. B Jlen-
3Hepro, HalpuMep, Haulen MpUMeHeHHe NMpAMOH MeTof, $pa3HpOBKH
Ha HanpsokeHuH 35—110 kB ¢ momousio fenmmreneil HalpsXeHHsA
HA pe3ucropax. B MocaHepro mis ¢a3supoBKH BO3OYUIHBIX JIHHMIHA
GbIy1 TIpHMEHEH HeaBTOMATHYeCKMil JIOKAUMOHHBIA Mckartenb. B Jle-
HMHTPaICKOA KabeJbHOM ceTH GblI BHe[peH ClelMabHbIA NpHOOD
OPHTHHAJIBHOH KOHCTPYKLMH Iyisi (pa3supoBKH CHIIOBBIX KabelbHBIX
JMHUMA B IIpolieCcCeé MX MOHTaXa H PEMOHTa IIpH YCTAHOBJIEHHOM
3aIMTHOM 333¢MJICHHH Ha IMTAI0MEM KOHIIE JIMHUH.

Kpome TOro, mocime BbpIXO#a B CBET MEPBOrO H3[aHHUA KHHMIH
YMTATENAMH OBUIO BBIPOXKEHO MOXKENIAHME HONMOJIHMTh KHHTY OIIHCa-
HHEM METOJOB (a3HPOBKH BTODHYHBIX LENMEH H3MEPHTENBHBIX
TPaHC(GOPMATOPOB TOKAa M HANpsKeHMA C LEMAMHM peje B CXeMax
PeJIeHHOM 3a1MTbI H aBBTOMATHKH.

Bo BTOPOM H3[IaHHH KHWI'H NPHUBEJEHO OIMCaHKe HOBbIX METO/IOB
C NPHMEHEHHEM YIIOMAHYTHIX BbIllle yCTPOHCTB 1 MpuGopos. Ilonpob-
HO paccMOTpeHa (pa3sHPOBKa BTOPHMUHBIX LeMeH METO[OM CHATHA
BEKTOPHBIX [MarpaMM C IoMouplo npuGopa BA®-85. PaszpscHeH
PAL BONPOCOB, 3aTPOHYTHIX B IIEPBOM H3[[AHUM KHHT H.

ABTOp CUMTaeT CBOMM IIPHATHBIM JOJITOM BBIPa3HTh HCKPEHHIOIO
@narogapHoCTs KaHf. TexH. Hayk B.A.CemeHoBy 3a mMoje3Hble
PEeKOMeHIaUMK 10 MNepens3panuio KHurH, A.H. CaBocthsiHOBY —
pelieH3eHTy HacTOAueH KHHIH, a TaKXE YMTAarTeJsIM, IPHUCIABUMM
CBOH OT3bIBBI Ha IEPBOE €€ H3[IAHME.

ABTOp HazieeTcsi, YTO BTOpO€ M3[aHME KHHMIH TaKXe BBI3OBET
HHTepeC UMTaTeJied: 3KCIUTyaTallMOHHOro MEpCOHajia IHEProCHUCTEM,

MepcoHasIa HaaIOYHbIX H MOHT)XKHBIX OPraHW3alMil, yYaluXxcs.

3aMeyaHMA H IOXKelaHWsA aBTOp IPOCHT HAIPABIIATH IO ampecy:
113114, Mocksa, M-114, Ilno3osas Ha6., 10, JHeproatToMH3aar.

Asgrop



BBEAEHUE

JneKTpHYecKoe 06OpynoBaHHe Tpexda3HOro Toka (CHHXpOHHBIE IeHepa-
TOpbI, TPaHC()OPMATOPhI, JIMHHH aNeKTpoliepeaaur) NOMIeXHUT 06s3aTeNHOR
(a3upoBke Mepel NMepBLIM BKIIOYEHHEM B CeTh, a TAKdKe MOCIE PEMOHTA,
npH KOTOPOM Mor GbITh HapylleH MOPAMOK CIIC[IOBAHUA U YepeNOBAHUA das.

@a3upoBKa COCTOMT B NIpOBEepKe COBMNA/IcHHUA 1O ¢a3e HampsHKEHH S KaXKIOH
U3 Tpex a3 BKIIOYaEMOR 3/IEKTPHYECKOH YCTAHOBKH C COOTBETCTBYIOLIMMHU
¢aszamMu HanpsDkeHHst ceTH. Takas NpoBepka HeOGXOMMMa, TaK Kak B Ipouecce
CGOpKH, MOHTaXa M PEMOHTa 0GOpYHOBaHMA MOIJIO GbITh M3MEHEHO paclio-
noxeHHe ¢a3. Y 3JIeKTPHYEGKHX MALIKH, HAITPUMED, He HCKITOYEHO ownGoyHoe
0603HaYeHHe BEIBOJIOB 0GMOTOK CTaTOpa; Y CHIIOBBIX Kabelieit B COeIMHHUTE -
HBIX My} Tax BO3MOXHO COeIMHEHHE MEXIY co60if TOKOBeOyILMX XXHJI pa3HO-
UMeHHBIX (a3; uepenoBaHHe MpPOBOJOB BO3MYIUHBIX nuHuit  (BJI) Moxer
0Ka3aThCA HHBIM B pe3yJibTaTe OLIMGOYHO BHITONHEHHOH TpaHCHO3uuMu' U T. 11,
JlonyieHHbIe OLUMGKH BEIABNAOTCA (Ha3upOBKOH.

Qa3MpoBKa BKIIOYaeT B Ce6A TpH CYIIECTBEHHO pa3yMYHbIC OIlC DaliHH.
IlepBast M3 HMX 3aKJNOYAETCS B MPOBEpPKE M CPaBHEHMH MOPAAKA ClEJOBAHUSA
$a3 BkmoyaeMoit yCTAHOBKH H CeTH. JTa ollepallus IpOBOAMTCSA INiepel BKITIO-
YeHHeM Ha MapajuienbHyl0 paboTy He3aBHCHMO paboTaloMIMX 3EKTPHYECKHX
CHCTEM, HOBOTO I'eHepaTopa, a TaK)e I'eHeparopa MocCjie KalHMTanbHOro pe-
MOHTA, €CJIH NP 3TOM H3MEHIAach CXeMa COeOHHEHHs 06OMOTOK €ro craTopa
¢ cersio. TonbKko Mocie MoJTyYeHHsI MONOXKUTENBHBIX Pe3yJIbTaToB (a3upoPKH
AIEKTPHYECKHE CHCTEMBI (reHeparop) CHHXPOHM3MPYIOT® M BKIIOYAIOT Ha
napasnsiensHyo pabory.

BTopast olepauns COCTOMT B [IpOBepKe COBNaAeHH Mo ¢a3e OTHOMMEHHBIX
HalpsDKeHHH, T. €. OTCYTCTBHSA MeXIy HHMH YIJIOBOTO CABHIa.

HakoHen, TpeThsl ollepaliMsi COCTOMT B NpOBEpKe OFTHOMMEHHOCTH (pac-
uBeTkH) a3, coeduHeHWe KOTOpPHIX NpeAmonaraercs npoussectd. Lensio
3TOH oOllepallHH SBIAETCA NPOBEPKa IIPaBHIIBHOCTH COe[HHEHHS MexIy co6oit
BCEX 3JIEMEHTOB YCTaHOBKH, T. €., B KOHEYHOM cyeTe, IpaBHJILHOCTH NoABoaa
TOKOIIPOB OMSILMX YaCTeH K BKITIOYAIOLEMY aNmapary.

! TpaHCO3MIMA — UMKIIHYeCKas KPYroBasA Nepexsiagxa NposomoB BJI

C UEIbI0 BBIPDABHHBAHHUA KX €eMKOCTH H HHOYK THBHOCTH.

2 Mop cuHXpOHHM3alHMed TMOHMMAKT NPONECC BHIPABHMBAHHUS HAIPSKEHHH
M YacTOT BpPalleHUsA OBYX 3EKTPHYECKHX CHCTEM WIM TeHEepaTopa H CeTH
NpH BKIIIOYEHHH Ha MapayyiensHyl paGoty. IIpH 3TOM BBIGHpAOT TAKOH MO-
MEHT TMOMAYHd MMIIYJIbCa HAa BKIIIOYEHHE, YTOGbl BKIIIOYEHHE BBIKIIIOYATENs
NpoM30UUIO NpH COBNAaJEeHMH HanpspkeHMH mno ¢a3e. CHHXPOHH3UPOBATH
Hecda3UpOBaHHBI reHepaTop Henb3s. CnocoGbl CHHXPOHHM3AUMH B JaHHOH
6Gpoluope He pacCMaTPHBAOTCA.
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IIpu ¢a3supoBKe CHIOBBIX TPaHCHOPMATOPOB M JIMHHMA 3MIeKTpOIEpefayH,
MpHHAUIEXAIKUX OJHOH 3eKTpuYeCKOlt cHcTeMe, OGBIYHO OrpaHMYMBAIOTCH
BBHINOJTHEHHEM [BYX IOCJIEHHX ollepaliif, TAK KaK HM3BEeCTHO, YTO MOPSIMOK

cnepoBaHuss a3 y Bcex CHHXPOHHO pPaGOTalIIMX TeHepaTOpOB CHCTEMBI
O[IMHaKOB.

Meronnl pasupoBKH pa3nHuHbl. OHH 3aBUCAT OT Ha3HauyeHHs da3sUpyeMOro
oGopynoBaHus (reHepaTophl, TpaHCh)OpPMATOPEI, JIMHUHM), CXEM COEOHHEHHS
o6MOTOK, a TakXe. OT NpPUGOPOB M IPHCIIOCOGNEHHH, HCIOIb3yEMBIX INpH
¢asupoBke. Huxe paccmorpeHbl HauGonee HOCTYNHBIE METOMKI, HONYUHBLINE
pacnpoCcTpaHeHHe,B 3HEProCHCTEMaX.



1. OCHOBHbLIE NOHATUA U ONPEAENEHUA

TpexdasHas cucrema, [lon tpexcasuoi cucremor IJIC (Hamps-
JKeHH#) TTOHMMAIOT COBOKYITHOCTb TpeX cuMmeTpuuHbIX IJIC, aMIum-
TyIbl KOTOPBIX paBHbI [0 3HaYeHHWI0 M COBUHYTHI (aMIUIMTY[a
kaxgon IJIC oTHOcHTENBHO MpedllecTBYOUWER €H aMIUIUTYIbl
apyroit JIC) Ha oguH u TOT >ke ¢a3Hbii yron. Ha puc. 1,2 npuse-
OEHa CXeMa MpOCTEilllero CHHXpOHHOTO reHeparopa Tpexda3Horo
toka. OGMOTKH, B KOTOphIX HaBoparcsa mnepeMenHbie JJIC, mome-
HIEHbI B Ma3bl CTATOpPA, CMELIEHHbIE 0 OKPYXXHOCTH Ha 120°. BriBO-
oaM OOMOTOK NpHUCBOEHbI 0603HaueHusA “Hayan” A B C v “’KOHUOB™
X, Y, Z coorBerctBeHHo. [lo o6MoTKe poTOpa MpPOXOOMT HOCTOSAH-
HpIH TOK, co3daBasg MarHuTHoe mone. Ilpu mepeceyeHnn 05MOTOK
CTaTOpa MAarHMTHBIM [OJIEM BpAauIAIOLIErOCA POTOpa B HUX HABO-
OMTCA CHMMETpPUUHas CHCTeMa Tpex cuHycoumanbHeix J3JC omu-
HAKOBOH YaCTOTBI M aMIUTMTY[Obl, COBHUHYTBIX 1Mo ¢a3e Ha 120°
(puc. 1,6). 3a omuH 06OPOT pOTOpa, YTO COOTBETCTBYET MEepHOMY
BpeMeHH T, B KaXTod M3 O6GMOTOK NPOMCXOAMT MOJHbIA LMKII
namenenus JJIC. Korna ocb potopa /—/ mepecekaeT BATKH OOMOTKH
cratopa, B HuX HaBogurcsa MakcumanbHasg JJIC. Ho tak kak mis
TpexX oOMOTOK CTaTopa 3T0 MPOMCXOAMT B Pa3Hble MOMEHTBI BpE-
MEHM, TO U MakcuMyMbl HaBeneHHbix JJIC He coBmaparwr mo da3se,
T.e. ux ammmryasl E4, E'g, E'¢c oka3biBaloTcA COBMHYTBIMH OfHa
OTHOCHTENbHO Apyroi Ha 1/3 mepuopa, umu Ha 120°.

®a3a. Yron, XapaK Tepu3YIOLIMii ONpeneneHHYI0 CTaIuI0 MePUOTH-
YecKH U3MeHsAweroca napamerpa (B gaHHoM cnyvae JJIC), Ha3bi-
BalT ($a30BbIM YIJIOM WM IHpocToil ¢a3oit. Ilpu coBmecTHOM
paccMOTpeHMM [BYX (M 0Onee) CHHYCOMOATbHO HM3MEHAIOLIMXCSA
3JIC opnHO#M 4acTOTHI, €CNIM MX HyNeBble (UM aMIUIMTYOHbIE) 3Ha-
YeHHs HACTYNAlT He OJHOBPEMEHHO, TOBOPAT, YTO OHU COBHHYTI
no ¢ase. CoBUr Bcerga onpenenaoT MeXIy OGMHAKOBbIMU da3amu,
HallpyMep MeXOy HayaJlaMM CHHYCOMI, KAaK 3TO [OKa3aHO Ha
puc. 1,0, wnu Mexny ammnurygamu. Ilpu coBure OByX cuHYcoun
no ¢ase ogHa u3 Hux OyHmeT OTCTaBaTh OT HPYTOil MO BpeMeHH.
UroObl OpeeNuTh, KaKasa U3 CHHYCOU/L OTCTaeT, HAXOOAT UX Havajia,
T.e. HyneBble 3HaueHMsa 3JJIC mnpu nmepexode OT OTPUUATENBHBIX
6
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Puc. 1. ITonyyenue TpexdasHoit cummerpuyHo# cucremsl IJIC:
1 — cratop; 2 — o6MoOTKa cTaTopa; 3 — potop; 4 — o6MOTKa poTOpa

3HayeHUit K monoxutensHpiM. Ha puc. 1,6 Havama 0603HaueHsI
OykBaMu a, b, c. VI3 pucyHka BHIIHO, YTO Ha4yaJio OJHON CHHYCOHUJIBI
(HarpyMep, CHHYCOMABI, MPOXOnAuIEH Yepe3 TOUKY b) pacHoIokKeHO
npaBee Havyayia [pyro (CHHYCOHIbI, MPOXOHAIIEH Yepe3 TOUKY 4 ).
ITO CBHMOETENBCTBYET O TOM, YTO CMHYCOMIA C HayajioM B TOUKe b
OTCTaeT 10 BPEMEHHU OT CHHYCOHU/IBI C HavyalioM B Touke a@ . Eme Gonee
OTCTaeT CHHYCOM/a, IPOXOnAIas Yepe3 TOUKY C, TAK KaK ee Hayajo
caguHyTo Ha (2/3) T wiu Ha 240° oT Hayayma KoopOMHaT (MOMEHTa,
xorga ¢t =0). B paBHO# Mepe MOXHO TrOBOpHTB, YTO CHHYCOHMAA
C HayaIoM B TOYKE ¢ OIllepeXkaeT CHHYCOMIbI C HAayaJioM B TOYKe b
Ha (1/3) T u c HavasioM B Touke ¢ — Ha (2/3) T.

Ha npakmuke nop ¢asoi tpexda3Hoi cHCTEMbI TOHUMAIOT TaKXKe
OTHENBHBIA YYacTOK Tpex(da3HOH lenH, M0 KOTOPOMY IPOXOTUT
OOMH M TOT X€ TOK, COABHHYTbIH OTHOCHTEJIBHO ABYX [PYTHUX IO
¢daze. Hcxoma u3 sroro, ¢asoit HasbiBaloT OOMOTKY Ie€HEparopa,
TpaHchopmaTopa, ABUratens, NMpoBoHd, Tpex(a3HOW JIMHMHM, YTOObI
MOMYePKHYTh INPHHAIUIC)KHOCTD HMX K OIPENeNeHHOMY Y4acTKy
Tpex¢a3Hoi LEMH.

da3p1 0603HayaroT MpomnucHbiMH GykBamu A, B, C. Ho HaBeum-
BaTh Hagmucu OykB Ha OOOpyHOBaHME CTaHIMH M IOACTAaHIMHA He
Bceraa yno6Ho. IloatoMy mpu okpacke o6opynoBaHHs (HampHMep,
COOPHBIX U COCIMHHUTENIbHBIX LIMH B 3aKpbIThiXx PY), koTopas mpu-
MEHAETCA C IENbI0 3aulMTbl OT KOPPO3UH, MCIOJIb3YIOT KPACHTEIH
pa3nuudoro usera. Kpacky HaHOCAT 1O BceH AJIMHE LIMH.

Ilunbr da3sl A OKpaiMBalT B XKENThI 1BeT, ¢pa3sl B — B 3ene-
Hbii U ¢a3sel C — B kpacHbid. [ToatoMy ¢a3sbl 4acro Ha3pIBalOT
X, 3, K. IIna pacno3HaBauus ¢a3 oGOpYHOBAHMA Ha KOXyXaX,
apMaType HM30JIATOPOB, KOHCTPYKUHMAX U ONOpaX HAaHOCAT COOTBET-
CTBYIOLIME L[BETHBIE METKH B BHIE KPYXXKOB WM TIOJIOC.



Takum 06Gpa3om, B 3aBUCHMOCTH OT pacCMaTPHBaeMOIo BONpoca
¢aza — 310 MO0 Yroi, XapaKTEPU3YIOMMA COCTOAHHE CHHYCO-
MOAJBHO HM3MEHAIONIEHCA BEJIMUYMHBI B KaXKObIH MOMEHT BPEMEHH,
b0 yuacTok TpexdasHoi uemy, T.e. oqHodas3Has LeNb, BXOAALAA
B cOCTaB Tpex(a3Hoi.

Mopsapox cnenoBarus ¢as. Iopsanok, B koropom IJIC B da3HbIX
0OMOTKAaX TreHepaTopa MPOXOOAT Yepe3 OOHM M Te >ke 3HaueHHs
(Hanpumep, 4epe3 TMOJIOXKMTENbHbIE AMIUIMTYHHbIE 3HaYeHHsA),
Ha3pIBAOT MOPANKOM cneoBaHua da3. TpexcdasHoie cucremsr IIC
MOTYT OTJIIMYaThCA [pYr OT [pyra MHOPAAKOM CleJOBaHHA ¢a3.
Ecnu Bpamenne potopa reHepatopa MpOMCXOOMT B HAIpAaBIICHHH,
H300paXeHHOM Ha pHC. 1,4, 10 ¢a3sl GyoyT crlefoBaTh B MOPAMAKE
A, B, C — 310 TaKk Ha3bIBacMblii IPAMOH MOPAIOK CNEIOBAaHHA da3.
Ecmu HampaBneHHe BpauieHHs poTOpa M3MEHHTh Ha IPOTHBOIOJION-
HO€, TO M3MEHHTCA M MOpAmoK crnegoBaHus a3. Pa3pl Gynyrt mpo-
XOOUTh Yepe3 MaKCHMasibHble 3HaueHus B mopsnke A, C, B — 310
o6 paTHBIH MOPAJOK CIleoBaHus da3.

MHorna BMecTo TepMHMHa “NOPANOK CleqoBaHHs (a3’ roBOPAT
’mopsAAoK yepemoBaHuA $a3”. Bo usbexkaHue MyTaHUIbI YCIIOBUMCSA
NPUMEHATh TEPMHH **yepeloBaHHe Ga3’’ TONBKO B TOM Cllyuae, KOraa
9TO CBA3aHO C MNOHATHEM (a3bl KaK ydyacTka Tpex(da3HOH IEIH.

YepemoBanwe ¢a3. Hrak, non uepenoBaHHeM ¢a3 NOHMMAIOT
OYepemHOCTb, B KOTOpoil ¢a3bl Tpexda3HOW lemu (OTAeIbHbIC
IpoBOMA JIHHHH, OOMOTKHM M BBIBOJBI IEKTPHUYECKONH MAaLIHHBI
M T.[I.) paclOJIOKEHbI B IPOCTPAHCTBE, €CIIM 00XOM HX KaXKIbId pa3
HaYMHATh M3 OJHOTO U TOTO k€ NyHKTa (TOYKH) W NPOU3BOIMTH
B OJHOM H TOM >KE€ HalpaBJICHHH, HAIDMMEP CBEpXY BHM3, IO 4aco-
Bo# CTpenxe M T.7A. Ha ocHoBaHMM Takoro ompefelieHHsi TOBOPAT
0 uepedOBaHHH O0GO3HAYeHHH BBIBOOB MIEKTPHYECKHX MalllMH
¥ TpaHCcHOPMATOpOB, PaCUBETKU NPOBOAOB M COOPHBIX LIHH. B paje
ClIyYaeB MOpANOK YepefoBaHHA (a3 CIpOro perinaMeHTHpOBaH.
Tak, mopsApmok uepemoBaHHA 0003HaYeHMH BBIBOJIOB CHHXPOHHBIX
MAalIHH NPUHHMAETCA COOTBETCTBYIOIMM MOPAAKY CleoBaHuA a3
i YCTAHOBJICHHOTO HallpaBJIeHWA BpauieHusa portopa. llpaBuia
ycrpoiictBa 3nekTpoycraHoBok (IIYJ) npemycmarpuBaoT mis
sakpeiTeix PY crnenmyronmi nopsooK YepeJOBaHHMA OKpalCHHbIX
COOpPHBIX LIMH MpPH PacHOJIOXEHHH HX B BEPTHKAITBHOH-IUIOCKOCTH:
BEPXHsAA LIMHA — )KENTas, CpefHAA — 3eJIeHasA, HIDKHAA — KpacHas.
IIpu pacnmonoxeHHM IWIHH B TOPH3OHTAaJIbHOH IUTOCKOCTH HauGoiee
yOaleHHas (IMHA OKpAalMBAeTCA B JKENTHIH LBET, a Qikadumsa
K KOpuaopy obcnmyuBaHHa — B KpacHbii. OTBeTBIeHHs OoT cbop-
HbIX UIMH BBINONHAITCA TaK, YToObl ciieBa pacnonaranach ¢asa X,
8



crpaBa — ¢43a K, ecly cMOTpeTh Ha IUIKWHBI U3 KOPUIOpa obCayxHu-
BaHMA (IpHU Tpex Kopumopax B PY — u3 neHrpanbHoro).

Ha oTkpbITBIX NOACTAHUMAX YepemOBaHHE OKPAaCKU COOPHBIX
Y OOXOOHbIX LIMH OPHEHTHUPYIOT IO CHIIOBBIM TpaHCGOpMaTOpam.
Bmwxkaiimias K HMM ¢$asa (MIMH OKPAulMBaeTCs B JKENTHIA 1BET,
CpedHsasas — B 3¢JICHbIM, OTHWIEHHasA — B KpacHbli. OTBeTBIIeHUsA
OT COOpHBIX (IMH BBIMOJIHAKT TaKMM 0Opa3oM, yToGbI ciieBa pac-
noylaranach tiMHa ¢asbl X, cnpasa — ¢a3bl K, ecili CMOTPETh CO CTO-
POHBI UIMH Ha TpaHCOopMaTop.

OrcrynneHde OT yka3aHHbIX Bblile TpeGOBaHMH MOpsAOKA uepe-
poBaHusi okpackd wuH PY IIYJ pomyckawor B BHE HCKITIOYEHMs
B T€X OTHENbHBIX Clyyasax, Korga coOmiofeHne 3TUX TpeGOBaHMI
CBS3aHO C YCIIOXHEHHEM MOHTaXKa HJIM HEOOXOOUMOCTHI0 YCTAHOBKH
CIIELMATIbHBIX ONOp 1A TPAHCIIO3UIMH IpoBoaos BJI.

CoBmanenue ¢a3. IIpu ¢asupoBke Tpex(asHbIX Lemed MOryr
GbITh pa3yIMyHble BapHaHTBI YepelOBaHUA 0OO3HaYeHHH (paclUBETKH)
BBOJOB Ha BKJIIOYAIOUEM aMnapare Y MOJaud Ha 3TH BBOABI HAMps-
KeHHA pas3HbIXx ¢a3. JnsA NpoCTOTHl [ANBHEHUIMX pacCyXOEeHHA
OOMyCTUM, IO (ha3upyeMble HaNpsOKEHHA ABYX CHCTEM LIMH 3JIEK-
TPOYCTAHOBKM MMEIOT ONWHAKOBBIE MOPAOKH CledoBaHHA ¢a3
A, B, Cu A, B;, C;. llpu 3trom ycnoBuu pa3bl OIHOMMEHHBIX
HATIpsDKEHUH MOTYT COBIIACTb, a MOPANOK YepeqoBaHUA 0603HaueHHHA
BBO/IOB y BBIKJTIOYATENIsi MOXET He COBMACTb (pHC. 2,a) WiH, Hao00-
POT, IpU OOHOM M TOM XK€ MOpAIKE Yepe[OBaHMA O00O3HAUYCHHH
BBOJIOB (a3upyeMble HalpsDKeHHs MOTYT OKa3aTkCs COBUHYTBIMHM
no daze (puc. 2, 6) . [loBOpoT OGHOUMEHHBIX BEKTOPOB HAIl PAKEHHI
OTHOCHTEJNIBHO [pyr Apyra MO>eT ObITh He TONbKO Ha yrom 120°,
KaK 3TO ITOKa3aHO Ha pHC. 2, 6, HO Ha mwboH yron, KpaTHbid 30°,
4TO XapaKTEpHO MJIA TPaHC(HOPMATOPOB, UMEKIUHX pa3Hble IPYIbI
coeMHeHUsA 0OMOTOK. B 00OMX NpHBEJEHHBIX CITyyasX BKIIIOYEHHeE
BBIKJIIOYATe 1A Heu36exxHO npuBoaut K K3.

B 1O e Bpemsa BO3MOXeH BapHaHT, KOrJa COBNAajaeT U ToO,
u fipyroe (puc. 2, 8). KopoTkoe 3aMbIKaHHE MEXLy COeTHHAEMbIMU
YacTAMH YCTaHOBKH 371€Chb MCKITIOYEHO.

Ilon coBmapmenuemM a3 npu ¢a3sMpoBKe Kak pa3 U MNOHUMAIOT
HMMEHHO 3TOT CIIyyad, KOT[a Ha BBOJAX BBIKJIIOYATENsA, PACIONOXEH-
HbIX ApPYT MNpOTHB [pyra M IpUHaUIeXamux OfHoH ¢a3e, ogHo-
HMEHHBIC HaNpPsDKEHUA OBYX YacTeH yCTaHOBKHM COBIAZAIT Mo ¢ase,
a oGo3HaueHus (pacuBeTKa) BBOLOB BBIKIIIMATENSA COITIACOBAHEI
C COOTBETCTBYIOIUMMH (pa3aMy HaNpsDKeHHA M UMEIOT OMH H TOT XKe
MOPAOK YepeIOBaHHA.

BexTOpHOE H300paXkeHHe CHHYCOHZAIbHO u3memstiomMxca JJIC (manps-
skeHHH, TOKOB). IlepHoauuecku HM3MeHSIOUIMECS CHHYCOMNAIbHBIE BEJIHUMHBI
u306paxaoT B BHAe CHHycoun (pHcC.1l,6) ¥ Bpa[aloLIMMHCA BEKTOpPAMH —
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Puc. 4. U3o6paxcenne npyx IJIC CHHYCOMOAMH M BEKTOPAMH MPH Pa3iHYHbIX
yTiax cOBMra:
a—-—9=0;,6—-9=T/a; 8 —p=T/2; T — nepuon uamensmromeiica IJC, c

BEKTOpa, CKa)XXEM, CHJIBbI HIIH CKOpPOCTH B MeXaHuKe. EciiM B MexaHHKe BeK-
TOpbl HE MOTYT OBITH OMNpefeNeHbl MOJTHOCTHIO TONBKO IO HX 3HaYeHUAM Ge3
yKa3aHHs HalpaBJIeHHWSA MX NEHCTBUSA B IIPOCTPAHCTBE, TO B 3JIEKTPOTEXHHKE
BpallaolllHecss BEKTOPhl He OMNpeHeNnsioT NeHCTBUTENIbHOrO HalpaBjieHHs
H306paXkaeMbIX HMH BEJIMYMH B NpocTpaHcTBe. OHAKO COBOKYIIHOE paclosio-
JKeHHe BpaljalouMxcsa ¢ ofHoH uyacroro#t BekTOopoB (Hampumep, IJC Tpex
¢a3) Ha gHarpaMme gaeT NpefcTaBieHHE O NTPOMCXONSIIEM B 3/IeKTpPUYECKOK
HelH MpoHecce BO BPEMEHH M NMO3BOJNSET CAeNaTh KOJIMYECTBEHHYIO OLEHKY
ABNICHHHA MTyTem NPOBeeHHUS 3IeMEHTapHbIX Ollepauyit Hall BEKTOPaMH.

OcHoBHbIe cXeMbl coequHeHMt Tpexda3HbiX neneil. OGMOTKH 3/I€KTpHYe-
CKMX MalIMH (TeHEpaTopoOB, CHHXPOHHBIX KOMIIEHCATOpOB, [BMraTesnei)
4 TPaHC)OPMATOPOB COEOHHSAIOT B 3BE3[y HIIH TPEYTONBHHK.

IIpn coepuHeHHH Tpex OGMOTOK reHepaTopa B 3Be3[ly KOHIBI HX 00OBeIH-
HAIOT B OJHY TOYKY (pHC. 5,a), KOTOPYIO Ha3bIBalOT HyNeBOHK (MJIM HeHTpasb-
HOIt) . JNeKTPOABHXKYILHE CHIbI MeX/y HayalnamMH U HyJleBOH TOUKOH 0GMOTOK
HasbiBaoT ¢asHeiMu J]IC u oGosHauaot £y, £, EC, unu npocro Eg,. Onek-
TPOABHXYIIME CHIbI MeXIY BBIBONAMH (a3 Ha3bBalOT JIHHeHHBIMH Ej. OHH
MOJIyYaloTCA KaK PajHOCTH BEKTOPOB COOTBeTCTBYIOMHMX ¢a3Hbix JJIC reHe-
paTtopa, Hanpumep E4 — Egp = E4p (puc. 5,8). Ilopamok uHmexcoB B 060-
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Puc. 5. CoequHeHHe o6MOTOK IeHeparopa B 3Be30y (¢), BEeKTOpHas [Marpam-
ma JJIC (6) , BouMTaHHe BeKTOPOB dasnbix IJAC )

4 él,‘
3 .
N e e,
BC
Egl g A
) £
. £, A
/EA A8 .
. E
O~ ]
5 ) J5)

Puc. 6. Coenunenne o6MOTOK reHepaTopa TpeyronsHUKOM (@) M BeKTOpHas
ouarpamMma JIC (6)

3HaueHHH nuHeHHbIX JJIC He NMpOM3BONEH — WHIOEKCHI CTaBATCA B NOpsOKe

- . . . -

BBIWMTaHUS BeKTOpoB: Ep — Ec= Epc; Ec—E4 = Ecy. C yyerom 3apaH-
HOTO HallpaBJieHHS BpallieHHS BEKTOpPOB TaKOH pacCTaHOBKE MHIEKCOB COOT-
BeTCTByeT BbluMTaHHe BekTopa JJIC orcraioumie#t ¢a3el M3 BexkTopa JJIC
onepexaowei. B pesynbraTe BekTOphl NHHe#HbIX JJIC BCerna omepexaior
yMeHbiaeMele (asHble BexTopsl Ha 30°. 3Hauenus nuHettHpx IJIC B V3, wm
B 1,73, pa3 Gonblue ¢a3HbIX, B YeM JIETKO yGeIMThCA M3MEPEHHEM BEKTOPOB
Ha Marpamme.

CoenuHeHHe 0OMOTOK TeHepaTopa TPeyTONBHHKOM MOKa3aHo Ha puC. 6,4.
Touku A, B, C sBnsoTCA O6UMMH U Kaxao# napel ¢asHeIx o6MOTOK.
Ecnu K- 3aKMMaM IeHeparopa He IOICOe[uMHeHa Harpy3ska, T0 B 06MOTKaX,
06pa3yiolnX 3aMKHYTHI KOHTYP, OTCYTCTBYeT TOK, 06y CrioBJIEHHBIA CHHY CO-
nnansHeiMe JJIC  TMPOMBILUIEHHOR YacTOThl, CABHHYTBIMH OTHOCHTEJIBHO
npyr apyra Ha (1/3) T, Tak Kak B KaXXIbIA MOMEHT BpeMeHH TreOMeTpHYeCKasd
cymma JJIC, OefCTBYIOIIMX B KOHTY pe TpeyToJIbHUKA, paBHa HyJIio. YGenutscs
B 3TOM MOXHO, PacCMaTpuBas BeKTOpHYIO JHarpamMmy pHc. ‘6, 6 U CHHY COMJIBI
MrHOBeHHBIxX 3HaueHnit JJIC TpexdasHoro reneparopa (puc. 1, 0).
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Puc. 7. N3menenne Ha 180° ¢a3bl HaBemeHHo# JJC npu nepemeHe 0Go3Ha-
YeHHH 32)KUMOB:

a — dasst JIAC E4 n Eg cosnanaror; 6 — 3IC E ‘A u E; naxoparca B npo-
THBOda3e B

W3 puc. 6, @ BHIHO, YTO NpPH COEOUHEHMHM TPEYTOJIbHUKOM JIHHEHHBIE Mpo-
BOJAa OTXOAAT HEMOCPeNCTBEHHO OT Hayalla U KOHLAa 0OMOTKM Kaxcoit ¢assl,
noaromy ¢asnpie JJIC paBHBI JMHEHHBIM M COBNANAlOT C HUMHM N0 ¢a3se.
3aMeTHM, YTO Ha CTAHUHMAX OGMOTKH I'eHepaTOpOB, KaK IIPaBHJIO, COEAUHSAIOT
B 3Be3ny. CoenuHeHHe TpeyToJIbHHKOM BCTpeYaeTcs KpaliHe pelKo M TOJIbKO
y TypGoreneparopoB omHoro tana (TBC-30).

OGMoOTKH TpaHCpOpPMATOpOB, TaK K€ KaK M TIeHepaTOpoB, COEAMHSIOT
B 3Be3[ly M TPeyroibHHK (CcXema 3Mr3ara BcTpeyaeTcs pemko). Cxema 3Be3fibl
YaCcTO BBIMOJIHAETCS C BbIBEAEHHOW HyneBoM Touko#. CxeMBI coequHeHHH
B 3Be3]ly, B 3Be3[y C BhIBe[JCHHOH HYJIEBOH TOYKOH M B TPEYTOJIBHHK B TEK CTE
06b14HO 0Go3HayatoT GykBamu ¥, ¥y, u ]I cooTBeTCTBEHHO. OGMOTKH BBICLIETO
HanpsokeHuss (BH) TtpanHcdopmaropoB coemuHsmor B Y wim I He3aBHCHMO
OT CXeMbl COeIMHEeHHS MCTOYHMKOB MHMTaHUA. BropuuHbie OGMOTKH CpeHEro
(CH) u Hu3wero (HH) HanpsikeHuit Takxxe coeguHsioT B Y unu 1.

B oT/iHMYMe OT TeHepaTOpOB y MOILUHBIX TPaHCHOPMATOPOB COENHHEHHE
TPeyTONLHMKOM M0 KpaiHel Mepe OmHOH M3 ero oOMOTOK sBiseTrcs 00bI4-
HeIM [1).

I'pynnel  coemuuenmii o6MOTOK TpaHCOpPMATOpOB. Mexxiy Iie pBHUHOH
# BTopuyHoi JJIC TpaHchopmaTopa, BKIIIOYEHHOTO IOJ HallpsDKEeHHE, MOXKET
6BITL YyIoJ1 COBHIA, KOTOPBIA B 0OOllleM Cllyyae 3aBHCHT OT CXeMbI COCOHHEHUA
H HalpaBJIeHHsI HAMOTKH OOMOTOK, a TaKXe OT 0603HaueHUA (MapKUPOBKH)
33)KMMOB.

Yucno coyeraHuit cxem coenuHeHudt Y u I MoxeT GbITh He Gosiee YeThIpex:
Y/Y, ¥/O, O/0 u O/Y, do, NpUHAMas BO BHUMaHHe BO3MOXHOCTb HAMOTKH
06MOTOK Ha MarHMTONpPOBONE B Pa3HBIX HallpaBleHUSAX,, CllyyalHOe W Ipen-
HaMEPEHHOE H3MeHEHHe MapKHPOBKH 3KMMOB, a TaKXXe coeJuHeHHe Gas3HBIX
oOMOTOK B TpPEYrojibHHK B HHOM YepedOBaHMH, YHCIO CXEM BKJIIOYEHHMI
TpaHoopMaTopa 3HauMTeNbHO Bo3pacraer. IIpuBenmem mHpumepsl. Y Kaxmol
06GMOTKH eCTh Hayano M KoHein. Hauyana o6MoTrok 0603HayaloT GyxBamu A4, B,
C,a,b,c,axoHusl X, Y, Z, X, y, Z COOTBETCTBEHHO. M XOTA 3TH NMOHATHA
YCIIOBHBI, OHH HMEIOT NpAMoOe OTHOUIeHHe K OedcTBylouleit B o6Morke IC.
Ecnu y opdo#t M3 06MOTOK MOMEHATH 06O3HaYeHMs Hayana 4 M KOHHa X
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Puc. 8. JIpa BapuaH1a cXeM coefquHeHHs dasHpix o6moTok HH TpeyronbHukom

(puc. 7), to, npuHuMas opueHTauuio IJIC Mo OTHOIIEHHIO K HOBOMY Hayajy
npexHeit (or x K a ), Heo6xomumo cuutath BekTop JJIC E,; moBepHYTHIM
Ha 180°. K Takomy e pe3ynbTaTy NpPMBOJMT M HM3MeHeHHe HalpaBlieHUS
HaMOTKH 06MOTOK. B 06MOTKax ¢ OMHOCTOpPOHHe# HaMOTKOH (BHTKH oGenx
0o6MOTOK HMAYT OT Hayal B IpaBylo WiM jeByio cropoHy) JIC coBmaparoT
10 HampaBJIeHHIO, TIpH Pa3HOCTOpOHHeHl HaMOTKe OHM COBHMHYTHI Ha 180°.
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Puc. 9. CxeMbl M I'pynnbl COCOMHCHUA OOMOTOK TpaHC(OpPMaTOpoB M aBTO-
1paHcOPMATOPOR

a — TpexcasHbiX UBYXOOGMOTOUHbIX TpaHchoOpMaTopoB; 6 — TpexdasHbix
TpeXOOMOTOUHBIX TpaHchOpMaToOpoB; 6 — Tpexda3HbIX TPexOOGMOTOUYHBIX
aBTOTPAHCHOPMATOPOB
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Puc. 10. Iluxnnyeckas nepemapkupoBKa ¢pa3 OGMOTKH B CTaHOApTHOH cxeme
y/iy-o

Ha puc. 8,4 nokasano coenuHeHue Ga3sHBIX OGMOTOK TpPeyrojbHUKOM
B CTaHOAPTHOM NopAfiKe: ¢ — y; b—2z; ¢ — x. Ecit 06MOTKH COeUHHMTH
B NOpsANKe @y — Z1; €1 — y1; by — x; (puc. 8,0), T0 BeKTOPHI JTMHEHHBIX
3/1C HH cMeInaloTcs 0 OTHOLLEHHIO APYT K APYyTy Ha 60° (puc. 8,8) *

Yr1o6el ymopsAmOuYMTh BCE MHOrooGpasHe cXeM coeOMHEHHH OGMOTOK
TpaHCGOPMAaTOPOB, BBEHNEHO MOHATHE O. I'pyIiie COeUHEHHH, XapaKTepusy-
olllee yITIOBOE CMellleHHe BeKTOpoB JMHeHHBIX JJIC BTOpHMYHBIX OGMOTOK
OTHOCHTE/IBHO OMHOMMEHHBIX BeKTOpoB JinHelHbIx JIIC o6moTku BH Hesa-

*B NMOCTPOEHHAX BEKTOPHBIX AMarpaMM Ha pHc. 8  Jaseée NPUHATO HanNpaB-
71eHHe BeKTOpOB nuHeiHsix 3JC (Hanpsokenmil) o6morox BH ot B k A
u obmotox HH — ot b xa .
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Puc. 13. OmnboyHoe o603HaueHHe BBHIBOJOB OBYX a3 b U ¢ Ha CTOPOHe HM3-
LICTO HAMPsXKEHHS

IlepecraHoBka oGo3HaueHuit ABYX ¢a3 Ha cropoHe BH M omHoBpemeHHO
HH (moBoftHas nepemMapKHpoBKa) y TpaHchOpmaTopa, HMEKOLLEro HeYeTHYIO
rpynny coeOuHeHHH, BoI3bIBAET YINIOBOe cMellcHHe BeKTopoB 3JIC BTOpHuHOM
06MOTKH OTHOCHTCIIBHO HMX IMepBOHayanbHOro nosoxeHus Ha 60 unu 300°.
3HayeHHe yIVIa 3aBHCHT OT TOro, Kakuc ABe ¢a3bl Ha cTropoHe BH, a Takxke
Ha cropoHe HH mepemermaioTcs — OJHOMMEHHble WJIM pPa3HOMMEHHELIE.
Ha puc. 12 noka3aHo, 4TO [OCTaTOYHO MOMEHATH MeCTAMH COEOUHHTENIbHbIE
wuHbl OByX ¢a3 4 u C Ha cropoHe BH u Tex e ¢a3 Ha cropoHe HH, kak
rpynna 11 nepe#iger B rpynny 1, a npu nepemeHe mect ¢a3 4 u Cu ofHo
BpeMeHHOo b M ¢ rpynna 11 npespaiiaeTca B 9.

HanGonee BeposiTeH B 3KCIUIyaTalMOHHOM MpaKTHKe Clyyall MepeKpeLuy-
BaHHA LIMH TONBKO NBYX (a3 Ha kaKkoH-HUGY Ak ofHolt cropoHe (BH unu HH),
Hanpumep $a3 b u c. [Ipu >ToM H3MeHsAeTCA NMOPAOOK YepedoBaHUsA (a3.
Bmecroa — b — ¢ nopsinok YepemoBaHus Gyaera — ¢ — b (puc. 13), u yriel
coBura ¢a3 ogHoumenHnix JJIC ob6bmoroxk BH m HH 6ymyT HeonMHaKOBBI:
vaq =0°% wpp =120°; pr. = 240°. ITo OGCTOATENLCTBO HE MO3BOAET
OTHECTH TpaHCOPMATOPp K ONpefeNieHHON rpyie coeqnHeHUH.

OOHUM M3 OCHOBHBLIX YCIIOBMH MapannenbHo#t paGoTs! TpaHcgopMaTopos
ABJIAETCA TOXIECTBEHHOCTh IPYIIN COeOMHEHHMH HX OGMOTOK, YTO yCTaHaBJIU-
BaeTCA MO NMAacHOPTHBIM JaHHLIM MJIM ClleLMaIbHBIMU M3MepeHUsAMH. Ho mase
Npy OJMHAKOBBIX TIpymnax Mepen HepBbLIM BKIOYeHHeM B paboty (mocne
MOHTaXka HMJIH KallMHTaJILHOI'O PEMOHTa CO CMeHOH OGMOTOK, OTCOeOMHEHHEM
kabenedt ¥ np.) TpaHchopmartop a3upyOT C CeThiO, TaK KaK Ha 3aXHMax
BKJIIOYAIOIIETO annaparta (BBIKJIOYATENSA, OTAENIHTENSA, pyOGUIIBHHUKA) MOXET
MOSABUTLCA COBUT (a3 B pe3ysbTate HelpaBHIILHOI'O MpHCOSOHHEHHSA TOKOBE-
OYWHMX YacTeld K anmapatam M BbIBOJaM TpaHchopmaropa, o yeM ObUIO CKa-
3aHo BhIlIe. 3eCh CredyeT 0co6o MOOYepKHYTh, YTO Henb (a3upoBKM 3aKIIIO-
4aeTCA He B ONpeldeNICHHH TpyMNNbl, K KOTOpOH NpHHAIUIEXUT BKIIIOYaeMbIH
TpaHcpopmaTop, a B TNpOBepKe COITIACOBAHHOCTH cOeOMHsAeMBIX (a3 Bcex
3NIEMEHTOB Tpex(da3HOR ULemd CO CTOPOHbI KaK BBICILETO, TAK M HH3LIETO
HanpsOKeHUS.
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2. NPUBOPbI U NPUCNOCOBJIEHUA,
YNOTPEBNAEMbLIE NMPU ®A3UPOBKE

Bonst™ertpnl. IInsa ¢a3upoBkH B 3nekTpoycTaHoBkax go 1000 B npume-
HAIOT BOJIBTMETpBl MepeMEHHOTO TOKa, HeNocpeAcCTBeHHO MNOOKIoYaeMble
K BBIBOJaM 3JICKTPHYECKOTO0 0GOpYIOBaHHSA HIH TOKONPOBOIAIIMM YacTAM
annapatoB. Bonslloit ToyHocTH OT 3THX NpubopeoB He Tpebyercsd, K HUM
He NpedbsBifAeTCA TaKKe HHKAKHUX TpeGOBaHHH M B OTHOLLUEHHWM NPHHLMNA
neitcrBud. llkana npubopa nomkHa GbITe paccyWTaHa Ha ABoHHOe (a3Hoe HIIH
OBOMHOE NMHcHHOE HANpsKeHHEe yCTAaHOBKH B 3aBHCHMOCTH OT MeToda ¢a3u-
POBKH M BHAa ¢a3upyemoro o6opynoBaHusl.

IIpu dasupoBke oGopydoBaHHs HampspDkeHHeM 6 KB M Bblllle BONLTMETpP
NOAKITIOYaloT K U3MEPHTENbHBIM TpaHCOpMaTopaM HalpsXKCHHSA CTauHOHap-
HOM yCTaHOBKH (LUMHHBIM, reHepaTopHbiM) . [IpuMeHeHHe IepeHOCHBIX TpaHC-
¢opmaTopoB HaNpsKeHHs ¢ BolbTMeTpoM Ha cropoHe HH He pexomennycTcd,
TaK KaK 3To Hebe3onmacHo 1 NepcoHana.

®aszoykasatenb. IlopsAagok crnefoBaHusA ¢a3 NpoOBEpAOT HHAYKUHOHHBIM
dazoykasatenem tHna MU-517 unM aHalorvMuHeIM MO ycTpoHcTBY (hasoykasa-
tenem TMna ®Y-2, BHeWHHA BHUA KOTOporo mokasaH Ha puc. 14,a. [IpuGop
COCTOHMT M3 TpeX Karyuek /, 2, 3, HAMOTaHHbIX Ha (e ppOMarHUTHBIX Ceprey-
HUKaX, H JICTKOTO ATIOMHUHMEBOIO OMCKa 4, YKPCIJIeHHOTo Ha ocH. JleiicTBue
npu6opa OCHOBAHO Ha TOM >KC MpPHHUMIIC, YTO M [dedCTBMC aCHHXPOHHOIo
nsurarcnsa. Ecnu Tpu KaTyuiku NpuGopa MomIOYHTh K Tpexda3Ho# cucTeMe
TOKOB, TO OHU 00pa3yiOT KPYyroBoe Bpailialouicccs B poCTpaHCTBE MarHUTHOC
nonc, NpuBoAsilec B ABUXCHHE OMCK B TOM HalpaBJICHUM, B KOTOpPOM Bpa- -
niaeTcs oHo camo. HanpasncHuce BpauicHHs MarHMTHOTO Mons, a 3HAYMT,
M OMCKa 3aBUCHT HUCKJIIOYMTENIBHO OT NMopsifka cicdoBaHus ¢a3 TOKOB B Ka-
TyUIKaX.

Ilns onpeacncHus nopsanka cnegoBaHus $a3 ¢asoykasaTesib NOOKIIOYAIOT
K poBepsAeMOi cucTeMe HalpsDKEHUH.

3axcuMbl puGopa MapKMpOBaHsl, T.¢. oGo3HaucHbl OykBamu A, B, C.
Ecnu ¢a3bl ceTd coBmafyT ¢ MapKHpoBKOH mpuGopa, To auck Oyder Bpa-
IIATbCA B HalpaBjicHWM, YKa3aHHOM CTpesikoi Ha Koxyxe mpubopa. Takoe
BpAlLCHAC OMCKA COOTBCTCTBYCT MpSIMOMY MOpPAAKY crnefloBaHus ¢a3 cetu

A, B, C (puc. 14,6). Ecnu k nipu6opy nofsecTu ¢asbl B o6paTHOM NopsaKe
CnejloBalMs, @ UMCHHO a3y A — K 3axumy A4, ¢pasy C — K 3axuMy B, ¢a3sy
B - k 3akumy C, To Ouck GydcT BpaulaTbcsi B OOpaTHOM HarlpaBjieHHH
(puc. 14, ). Mosyuchue ipsMOro nopsnka cicioBaHUA ¢a3 u3 obpaTHOTO
NPOM3BOAHMTCA MepeMeHOH MecT ABYX MoGbIX (a3.

[MpuBopbl paccHTaHLl Ha BKINOUYCHAC B CCTh HANPAXKCHHCM 50-500 B
Ha BpeMs He Gosee S ¢ Tipu Hampsbkenuu fo 100 B u He Gomee 3 c npu Hamps-
skcinu Bbiwie 100 B. BpauwieHue mMcka HauMHAcTCsi MPH HaKATHH KHONKH 5.

YuuBepcanbHbie MpHGOpbI. LInpoKoe NPUMCHCHHC TTpY ¢a3upoBkax HallH
YHHBCpCATbHbIC TIPHGOPBI: MOPTATHBHBIA BOJIbLTAMIIC pa3OHHAMKATOD BA®-85
W yHMBCpCanbHbIH pasoykasaTens Tuma 3-500/2. Mpubop BA®-85 (puc. 15)
[103BOJIACT M3MCpPATL TokK B npefenax |—10 A, HanmpseHHe [ pOMBILLJICHHOH
yacToTsl g0 250 B, yron coBura Mexay BCKTOpamu HalpsOKCHHA W TOKa,
onpeacnsiTh NOPALOK CicioBaHus (a3.

B npubopc BA®-85 B KaucCTBC U3MCDHMTCIIA HCTOJB3YCTCA MarHHTOJICK-
Tpudcckuil TpuGop M-494. Jlns BbIIpAMIICHHA ICPCMCHHOTO TOKA NIPUMEHCHBI
ICpMaHUCBbIC BBIMPAMUTCIH. HU3McpeHue Toka 1-10 A npou3BOOMTCA NpH

20



Puc. 14. BHewHuit Bun ¢azoykasarens (4) ¥ HanpaBneHHe BpailieHHS OUCKa
Mpu nipAMom (6) u obpaTHOM (@) MopsaKe credoBaHHA a3

‘@@@@@@@@@@

zs 125 250

@D‘

8 Puc. 15. BHewnuit Bua npubGopa
4 BA®-85 (2) ¥ BeKTOpHas auarpam-
Ma HanpsXKeHHH TpH  H3MepeHHH

. ) dasnl (6)
Unsm
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Puc. 16. OnpencneHue ¢asbl BeKTOpa OOHOIO HANpPSXKCHUS OTHOCHTCIBHO
BEeKTOpa Apyroro npudopom I-500/2

MOMOLIH TOKOCheMHO# npucraBkH. [IpucraBka paGoTacT kak TpaHcdopmaTop
Toka. OHa Mo3BONACT OXBAThIBaTh NPOBOJ, C TOKOM H NPOH3BOAMTH H3M¢pEHHE
6e3 pa3pblBa JICKTpHYCCKOH LeNH. M3mepeHMe Mainbix TOKOB BO3MOXHO
6e3 TOKOCBheMHOM! MPHCTABKH — MNOAKIIIOYCHHEM LENH K 3aXHMaMm 9.

Ilnag u3MepeHHs NpHGOpoM Toka (MMM HampsbKeHHs) MNepekmowatens 4
YCTaHaBNMBAOT B MONOXeHHe ~BenuunHa™, a mepekniouaTenb NpeldeloB. 3 —
Ha COOTBETCTBYIOLHMA MNpefden Toka (unu HanpsbkeHus). [lepexmouatens 8
craBuTCs B monoxeHue /, U. [Ipy H3MepeHHH TOKa BHIKAa TOKOCheMHOH TpH-
CTaBKH BCTaBJsieTcsl B 'He3jga 2 ¢ coGmoacHHeM 0603HaueHHOM Ha HHX MOsp-
HocTH. OTMeueHHass 3Be30YKOH CTOPOHa TOKOCBLEMHOH NpPHCTABKH HOJIXKHA
6bITh OGpaiicHa K TtHepaTOpHOMY KOHLY UclH (K TpaHcopmaTopy Toka,
K KOTOpOMY MOAKJIIOYEH IIPOBON) .

IIpn u3MepeHHH HaNpsOKeHHS HCHONB3YIOTCA 3akHMBI /. K 31KHMYy, oTMe-
YeHHOMY 3Be3[0YKOM, NpHcoeauHsAeTCa NeHepaTOpPHbIH KOHel NpoBoda, COOT-
BETCTBYIOLLHMiA yCTOBHO IPUHATOMY Hayally BEKTOpPa HalpsKeHHA.

Ilna u3MepeHusa a3el TOKA MM HalpsOKeHHs B NpuGope IpedyCcMOTpeHbI
MeXaHHYeCKHI RBINPAMHTENb, BKIIOYaEMbli NOCHe0BaTeNbHO C H3MEPHUTEJlb-
HbIM NPHOGOpPOM, H 3aTOPMOXEHHBIH ¢ MOMOLIBIO pblYara 7 CeNbCHH C TpeX-
¢asHo#t o6mMoTko#t poropa. Ha cratop cenbcHHa (Ha 3axumbiA, B, C npuGopa)
nopaercs Tpexda3Hoe HampsKeHHe ¢ NPAMbBIM NOPAOKOM cleJoBaHHUSA ¢a3 A,
B, C. Jle ¢da3bl poTopa cenbCHHA CBA3aHbI C MEXaHHYECKUM BBINPAMHTENEM.
B o6moTkax poropa kak B TpaHchopmarope uHoyuupyerca IJIC. Ot nono-
JKEHHs pOTOpa CeNbCHHA 3aBHCHT ¢a3a Bo3OyxaeHHs MEXaHHYeCKOro BhINps-
MHTENIA, a CNEJOBaTeNIbHO, H MOMEHT BKIIIOUEHHUS M OTKJIIOYEHHS ero KOHTaK-
TOB OTHOCHTENBHO (ha3bl TOKA, NPOXOAsAlllero Mo H3MEpPUTCIBHOMY NpHOOPpY.

OTcyeT yrna Npou3BOAMTCS MO NUMOGY 6, MeXaHHYCCKH CBA3aHHOMY C pOTO-
POM CenbCHHA, B MOMEHT, KOIJa CTpenKa H3MepuTesbHOIo npubopa 5 ycra-
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Puc. 17. BHewunu#t Bu, (@) 4 cxema (6) mcraomMmerpa M-1101

HaBnMBaeTcsA Ha Hynb ero wkanbl. Hyne numba orrpagyupoBaH mo dase
BeKTOpa HanpsbkeHHs AB. JTo 03HayaeT, YTO €CNIH K 3aKHMY, OTMEYEHHOMY
Ha npubope 3Be3[04KOif, MOoABeCTH HampsixeHue ¢asbl A, a k 3axumy U —
HanpsbkeHde ¢a3bl B, To H3MepHTENbHbIA MPUGOp MOKaXET Hysb MpPH ycTa-
HOBKC Ha KOHTPOJIbHYIO PUCKY OTMETKH HyIb JIuMOa.

Jins uamcepeHusa ¢a3bl BeKTOpa TOKA HIIH HANpsDKCHUA NepeKnoyaTenb 4
YCTaHaBNHBAIOT B MoJIoXeHHe “’a3a’, mepekimioyatens § — B MOnoXcHue [,
U. Ha 3axumsbl npubopa 4, B, C nojaot TpexdasHoe HanpskeHHe (0GbIYHO
oT TpaHcopmMaTOpa HaNpsOKCHHA) H NPOBEePAIOT NOpPANOK crnedoBaHHsA ¢as.
JinsAg 3TOro OTHYCKalT pblyar 7, TOpMO3swHit 1umM0 6, pu 3ToM NUMG HauM-
HaeT BpauiaTecs. Ecnu HanpaBnicHie ero BpallieHHs COBNAJacT C HallpaBNeHHeM
OBHXXEHHSA YaCOBOM CTpENKH, TO 3TO SABNACTCA NMPH3HAKOM TOro, 4To (ha3bl
HanpshKeHHs MofBedeHbl K NpHGopy NpaBuibHO. B IpOTHBHOM cllyyae MEHSIOT
MCCTaMH [1Ba NPOBOMA, MOOKIIIOYCHHBIX K NpHGopy.

Usmepetine $a3bl MOLBEACHHOTO K 3akMMaM | HalpsKeHHsS (WM K 32XH-
maM 2 TOKa) COCTOMT B TOM, YTO 3aTOPMO>KEHHbI! pblyarom num6G nmopopa-
YMBAIOT OO TeX NMOP, MOKa CTpenKa W3MepHTeNbHOro npubopa He yCTaHOBHTCA
Ha HyNb, TOTda U IPOM3BOAMTCA OTCYeT yrna no numby. CuuraeTcs, 4TO yron ¢
MexXxay BeKTopamH (pHc.15,6) ycraHoBneH NpaBHIIBHO, eCnH IpH NepeMe-
uieHHH nuMOGa CTpesika H3MepHTeNnbHOTO NpHbopa HauHeT-ABHIaThCA B Ty Xe~
CTOPOHY, YTO U THMO.

Yron mexay OByMS pa3fMuHbIMH BEKTOPaMH BbIYMCNAETCA KaK pa3sHOCTh
yIJIOB, OJIyYeHHbIX IPH OBY X H3ME PeHHAX.

Mpubop I-500/2 npenHasHayeH Oy U3MepeHHs (a30BOro yrna Mexay
BEKTOPAMH HanpsOkeHUH B CHMMETPHYHBIX Tpex(a3HBIX CHCTEMAX, a TaKXe
WIS onpedencHus MOpsAKa cleJoBaHMA (a3 M rpynn coedHHeHHA OoOMOTOK

TpaHcdopmaTtopoB. Hanpskenue nutanus npubopa 110 u 300 B. Ha puc. 16
NOKa3aHO BKIIOYeHHe NpuGopa I-500/2 mpu onpedeneHuu a3oBoro yria
MEXAY JABYMS Hallps>KCHHSAMH.

MeraommMerp. JTo nepeHOCHBI! NIpHBOp, MpedHa3HAYeHHBIK B OBBIYHSIX
YCIOBHUSAX [UIA HM3MEpPEHHUS CONPOTHBIEHHSA HM3ONALMH B OYeHb LIHPOKOM
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[Mana3oHe 3HaueHWt (IPAaKTUYECKH OT HyNsA OO0 OeCKOHEYHOCTH). ITa ocobeH-
HocTb NpuGopa MO3BONMIA KCIONIB30BATh €r0 1A NPOU3BOACTBA (ha3upOBKH.
Ha puc. 17 npefcraBneHbl BHEWHHA BWA M NPUHUHNMANbHAs cXxeMma Mera-
oMmerpa THria M-1101. OH COCTOMT M3 YyBCTBHTE/IbHOTO IoromMeTpa / U aBToO-
HOMHOTO MCTOYHHKA MUTaHMA — HeGOJNBLIOro reHepaTopa MOCTOSHHOTO TOKa 2
C pyuHBIM NpHBOJOM. W3Mepsemoe coNpOTUBJIEHHe Ry BKIOYaeTcd B LieNb
reHeparopa NocnefoBaTensHo, Mexay 3axkumamu JI u 3. [lpn BpalueHuu
pyuKH pOTOpa TreHepaTopa NpUMepHO C uacToToi 120 o6/MHMH Ha 3axHMax
O0GMOTKH CTaTropa NOSBAAETCS HOMHHANbHOE HanpsDkeHHe H Mo pamkaMm 3 u 4
JIorOoMeTpa MPOXOAAT TOKH, OrpaHHYeHHbIe COOTBETCTBYIOLIMMH Pe3d CTOpPaMH.
OT B3auMoOIEeHCTBUS TOKOB B paMKaX C MarHHTHbIM IOJieM NOCTOSAHHOTO
MarHuTa 5 Ha OCH M3MEpHTeJIbHOrO OpraHa co3[aeTcs Bpallaloiuif MOMEHT,
yCTaHaBNIMBAIOLIKI CTpenKy Ha ol pefefleHHO! OTMeTKe LUKanbl.

Yro6bl MOHATH NPHUHUMI OeHCTBHS MArHMTOIEKTPUYECKOTO JIOTOMETpa,
NePeuncIIHM XapaKTepHble OCOOEHHOCTH €ro KOHCTPYKLUHMH M CXeMbl BKIIIO-
yeHHsA. JIBe jierkHe paMKH (KaTylIKH) JIOTOMETpa XeCTKO YKpelUIeHbl Ha OCH
M OMellieHbI B 3a30pe MeX/y MOJIocaMH MarHuTa. PacTouka nonocoB BbIION-
HeHa Tak, YToGbl MarHMTHoe Mojie MeXOy HHMH ObUIO HepaBHOMEpPHbIM.

[Ip# NPOXOXIEHHH MO paMKe TOKa CO3[2eTcs BpalLAIOLIMA MOMEHT, po-
NOpPUMOHANBHBIA NMpPOM3BeNEHHI0O TOKa B paMKe Ha MHAYKLHIO B MecCTe €e
pacnionoxeHus. B cxeMe noromerpa paMkH BKIIIOYeHbI TaK, YTO MOMEHTBI
ux My u Mp HanpaBneHbl B POTHBONOJIOXHbIE CTOpOHBL. IlpH yKa3aHHBIX
0COGEHHOCTAX BBINONHEHHA JIOTOMETpPa ero TNOMABHXKHAA CHCTEMa MOJKeT
HaXOOMTHCA B MOKOEe TOJBKO NpPH PaBEHCTBE BpalIAILMX MOMEHTOB. JTO
PaBeHCTBO HapylUaeTcs, eClNH HM3MeHSeTCA COOTHOLUIEeHHe TOKOB B paMKax,
W MOABHXXHAs CHCTEMa NOBOpPAYMBaeTcs B HEpaBHOMEPHOM Mojie, NOKa He Ha-
CTyIMT HOBOe paBHOBecHe MOMeHTOB. Ha H3MeHeHHe COOTHOLUIEHHS TOKOB
B PaMKax BJIHAET HCKITIOUHTENILHO 3HAYEHHE CONPOTHBIIEHUS Ry.

KOHCTPYKTHBHOM 0COGEHHOCTHI0O H3MEPUTENIBHOIO OpraHa MeraomMmerpa
SBJISETCSA TaKXe OTCYTCTBHe NpPYXHH, YCTaHaBNMBAIOWIHMX CTpenKy npuGopa
Ha Hynesolt ormerke wKanbl. [Ipn HeB036GyXXOEHHOM IeHepaTope CTpenka
npubopa MOXeT HaxoOuTeCA B MOGOM Mecte wiKanbl. [loaTOMy Kaxabit pa3
Nepel, HayaloM HW3MepeHH#H NpoBepseTcs HCIPaBHOCTh meraommerpa. Jns
9TOT0 3aKOpauuBalOT 3aKHUMbI JI ¥ 3 M BpalaloT pyyky NpHBOOA reHepaTropa
¢ HOMHHanbHO! YacTtoTolh. IIpn 3TOM cTpenka npu6opa OONKHA YyCTAHOBHTHCA
Ha HyNeBOM oTMeTKe, 3aTeM pa3MBIKAIOT 3aXHMbl JI 1 3 — cTpesiKa JOJKHa
OTKJIOHHTHCS K KPalo LIKaIbl C OTMETKON oo

Hcnonb3oBaHue MeraomMmeTpa mjis ¢$a3sMpoBKH paccMoTpeHo Huxe. Ilpu
3TOM INpPHMEHAIOT MeraomMMmeTpbl Ha HanpsbkeHuwe 500, 1000 B (M-1101)
u 2500 B (MC-0,5), a Takxe Gonee coBeplueHHble MEraOMMeTphbl (HallpuMep,
tHna M4100/3 — M4100/5 u np.).

HeaBTOMaTHYEeCKHE JIOKaLHOHHble HCKaTesqH. VX npumeHeHue uenecooG-
pasHo npH (a3upoBKe BO3AYLIHBIX M KabGenbHbix nUHMA 110 kB u BhILe.
JlefictBHe pacnpocTpaHeHHBIX B 3Heprocucremax npubopo HKIJI-5, P5-1A
M [OpYTHMX OCHOBaHO Ha INOCHIIKE B JIHHHIO BBICOKOYACTOTHOTO HMMIyJIbCa
M 3allMCH Ha 3KpaHe JMeKTpoHHo-nyyeBo TpyGku (JJIT) oTpaxkeHHOro
OT KOHIA JIMHHH CHIHajna.

IockinaemMble B NHHHIO MMNYJIBChI OTPaXalOTCS B TOM MecTe JIMHMM, e
HU3MeHSEeTCA ee BOJIHOBOE CONpOTHBIEeHHe (0GpBIB NMpoBOOA, 3a3eMIleHHe
U T.4.). UMoynbcHas XapakTepuCTHKA C OTpaKEeHHBIM CHTHajnoOM OT KOHLA
He3a3eMJIeHHOM NHMHUM NoKa3aHa Ha puc. 18, 4. [Ipy 3a3emrneHHOH NHHMH ee
BOJTHOBOE COMpPOTHBIIEHHEe YMEHBLIAETCA H BHI OTPa)X€HHOIo CMIHaJla Ha 9Kpa-
He JJIT usmenutca (puc. 18, 6). Takum oGpasom, npu Ga3upoBKe, 3a3eMIiAsd
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Puc. 18. UMnynbecHbIe XapaKTepHCTHKHU JIMHUH :

1 — noKauMOHHBIA HCKaTenb; 2 — MMIYJIBLC, NOCHUIAEMBIA B NUHHIO; 3 —
OTPa>KeHHbl€ CHTHAIBI B MECTaxX TPAHCMO3MUMA U M3MEHeHuH pernbeda mecr-
HOCTH; 4 - OTpaXKEeHHbI€ CATHANBI OT KOHLI3 JIMHAH

nooyepeHo ¢a3bl Ha KOHUE JIMHUHM (Ha JTHHEHHBIX Pa3beIUHUTENAX CMEXHOM
NOACTaHUHMHK) , IO XapaKTepy 3alliCH OTPaKeHHOI'O CHIHasa Ha 3kpaHe JJIT
yCTaHaBJIMBAIOT, KaKas ¢a3a M3 Tpex 3a3eMJjieHa, H NIPHCBaHBAIOT el HaH MeHO-
BaHHe To#l ¢a3el, Ha KOTOPOH HaTOXKEHO 3a3eMJICHHE.

YKa3aTeNnn HanpsxeHAs iA (GasHpOBKH. Pa3HpoOBKa B YCTAaHOBKAX CBBIlLIE
1000 B MoxeT BLINMONHATECA YKa3aTelsAMH HallpsbKeHus, NpedHa3HaYeHHbIMH
CIEUHANIBHO [N 3TOH HenH. B KOMIUIEKT yKa3aTens, Kak HpaBHIIO, BXOOAT
coGCTBEHHO yKa3aTenb HanpsbkeHHsA, TpyGka Cc N06GaBOYHBIM Pe3UCTOPOM
W COEOHHAOWMIA HX npoBomHHMK. Ha puc. 19 mnoka3aHbl BHelIHWH BuA
(puc. 19,a) u anexrtpuyeckas cxema (puc.19,6) ykasarens tuna YBHO,
pa3paboraHHoro MocaHepro ans ¢a3sMpoBKH B ycraHoBKax 0o 10 kB. B kop-
nyc (Tpy6ky H3 H30NALHOHHOIO MaTepHana) yKa3aTens HampsKeHHs 1.
BMOHTHPOBaHBI CHI'HanbHad namna 7 tuna THY B, myHTHpylommit KoHgeHcaTop
10 ¥ TpH MOMOITHUTENBHBIX MOJIMCTHPOJNIBHBIX KOHAeHcaTopa 8 thma I1OB-15
Ha pabouee HanpsbkeHHe 1 kB kaxawit. B TpyGky 2 BCTpoeHO OO HeCATH
TEPMOCTOMKHX pe3ucTopoB 9 tuma MJIT-2, cyMmapHoe CONPOTHBIIEHHE KOTO-
prix cocraBnsger 8-10 MOm. 0O6e TpyGkM MNOCNEeROBATENBHO COeAHHEHBI
upoogom 4 tumna [IBJI-1, BBIAEpKHBAIOLIMM MCIIBITaTeNIbHOE HallpsKeHHe
o 20 kB. K BepXHHM YacTaM TpyGOK NpHBHHYCHBI META/IHYECKHE LUYNHI 3,
COCIHHEHHBIE C MEKTPHYECKOH CXeMOit, K HIKHHM — H30JIMpYIOLHe LITaHTH 5
C pyyYKo#-3axBaTom 6.

Ilnsg GasMpoBKH Ha OTKJIIOYeHHBIH anmapaT (BBIKIJIIOYAaTeNb, padbeOUHHU-
Tenb) C KaXOOH M3 ero CTopoH monaloT ¢asupyemble HanpspkeHus. Ilymnsr
yKa3saTens NMOJHOCAT K 3a)XHMaMm, INpHHaIJIeXAlHM OQHOMY IOJIOCY OTKIIO-
YEHHOTO anmnapaTa, H HaGNMIoJAI0T 3a CBeYeHHeM CHTHabHON namnsl. [Ipu arom
BO3MOXHBI [Ba Clyyad BKJIIOYeHHS YKa3aTeNif: BCTPeYHOE BKILIOYCHHE —
3TO BKINOYeHHe Ha Hecda3MpoBaHHOe HalpsKeHHe, JAMIA yKa3aTens B 3TOM
Clyyae [I0JDKHa SPKO ropers, CHTHAJIM3UPYS O HecoBIlajeHUH ¢a3; coriacHoe
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Puc. 19. Ykasarens HanpskeHHsA A ¢a3dpoBKH B ycTaHoBKax 6—10 kB

BKJOOYEHHE — 3TO BKIJIOYEHHe Ha HalpsDKeHHe OOHOM H Toit e ¢da3bl. Jlamma
yKa3aTens B 3TOM Clly4ae CBETUTHCA He HOJKHA. OTCYTCTBHE CBEYeHHS JIAaMITbI
CBHJIETENIECTBYET 00 OJHOMMEHHOCTH (pa3sHpyeMbIX HalpsKeHHH, MoJaHHbIX
HAa 32)XMMBI NIOJII0CA, H O BO3MOXHOCTH COelMHeHHs 3THX (a3 mexay coboit
BKIOYeHHEM KOMM YTallMOHHOTO anmapara.

OTmeTHM HekoTopble TpeGoBaHHMs, KOTOpble NpedbABIAIOTCA K yKa3aTe-
NAM HalpsOKEeHUA, NpefHa3HaYyeHHbIM A ¢a3upoBkH. [IpaBuna nonb3oBaHHs
M HCMBITAHHS 3aUIMTHBIX CPE[CTB, NPHMEHAEMBIX B 3NeKTPOYCTaHOBKaX,
HOPMHpPYIOT TaK Ha3bIBaeMblil IOpOTr 3aXHI'aHUA CHTHAJILHOM JIaMITbI yKa3a-
Tens NpH BCTPEYHOM H COrMacHoM BkmoyeHHH. [lon moporoM 3ajmraHus
MOHMMAIOT TO MHHHMa/IbHOE NMPHIIOXEHHOE K LUyNaM yKa3aTens HanpsikeHHe,
NPH KOTOPOM HacCTyNaeT BHAMMOE YCTOMYHMBOE CBeYEHHe CHIHAJIBHOM JaMIIbL

B 3aBHCHMOCTH OT CXEMBI BKJIIOYEHH S YKa3aTens NOPOT 3a)KMTaHUs IPUHAT
CTIEeaYIOLMM : : :

®asupyemoe HampspkeHHe, KB . . . . .. ... L. 6 10
HanpsbkeHue 3a>KMraHHs NPH B CTPEYHOM BKITIOYEHUH,

B,HEBBIIE . . . . vt vv vt it e e et e e 1500 2750
HanpsbkeHHe 32)KMIaHHSA NPH COTJIaCHOM BKJIIOYEHHH,

B,HEHHXKE . ... ................. ... 7000 12700

3ameTHM, YTO KaxKylleecs Ha NepBbI B3I/IAN NapaJoKCanbHBEIM CBeyeHHe
NamIbi OpH MOAKIIOYeHUH o6oMX ILYIIOB yKasaTensd K ofHoH ¢a3e Ha caMoM
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acne oObACHAETCA BIIHAHHEM 3MeKTPUUYCCKUX eMKOCTeH pa3nMYHbIX JNeMeH-
TOB YyKa3aTesid Ha 3a3eMJIcHHble KOHCTpykuuu. ITpoxoxmeHHe Toka uyepe3
3TU €MKOCTH W MNPHBOOMT K CBeyeHUI0 mnamiibl. YToGbl M36exkaTh OLIHMOKH
npu ¢$a3upoBKe, HalpsDKeHWe 3aXHIaHWA yKa3saTens NpPH COTTIACHOM BKIIIO-
yeHHH NpHHATO Gosice BBICOKHM, YeM To paboyee HalpsDkeHHe, HA KOTOPOM
npou3BoAHuTCs Ga3sHpoBKa. ITO NPUBOJUT K TOMY, YTO NPU COTNAaCHOM BKJIIO-
YeHMM Ha paboucM HanpsXKeHHH 3MeKTPOYCTaHOBKH JiaMIla yKasaTens CBe-
THThCA He Gyner. M HaoGopoT, NpH BCTpeYHOM BKIIIOYEHHH, KOTHA Ha MOJI0C
OTKJIIOYEHHOTo annapata nofaHo Hecda3upoBaHHOE HalpsDKeHHe, namna
yKa3atens [OOJMXKHA 3aroparsCs MNpH HaNpsKeHUM, 3HAUMTENIBHO MeHblEeM
HOMHUHAJIBHOTO.

[Topor 3axkMraHusi NpH BCTPEYHOM BKIIIOYEHHM XapaKTepH3yeT 4YyBCTBH-
TeNBHOCTD, YKa3aTensa. YeM Hudke HanpsbkeHHe 3aKMTaHHS NlaMIbl, Tem Gornee
4YyBCTBHTeJIEH yKa3aTteb. OQHAKO yKa3aTesid NOBbIILIEHHON YyBCTBHUTENBHOCTH
HENPUTOAHBI WA (Pa3HPOBKH, TAK KaK pa3HOCTh HaNpsDOKeHHH Mexay OOHO-
HMEHHBIMH a3aMH ABYX (a3sUpyeMbIX uYacTed YCTaHOBKH MOXeET [OCTHYb
8-10% paboyero HanpskeHWsa. CnemoBaTensHO, HaNpsKEHHe 3a)XHTaHUA

Puc. 20. YkasaTenb HanpsbkeHus
dna  YBH®-35-110 MocaHepro
onst Ga3svpoBKH B yCTaHOBKax 35
1 110 xB

Puc. 21. MNpusuunuansHasg cxema
yKasaresis HanpsbkeHus JleHaHepro
s (asMpoBKH B yCTaHOBKax
'35 1 110 &B:

1 — muxpoamnepmerp; 2 — BbI-
npsamurenu; 3 — KoMNeHcHpy-
wwas eMKOCcTb; 4 — [HOMONHH-
TeIBHBIA pe3ucTop; 5 — pesuc-
TOpbl; 6 — CcTeKJIoNnnacTuKkoBas
TpybKka; 7 — myn; 8 — momioc
pasbenuHnrens; 9 — skpaH usme-
PHTEJIBHOM YaCTH CXeMbI
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[P BCTPEYHOM BKILNOYEHHH [OJDKHO ObITh HECKONBKO Gonblle yKa3aHHOIO
3HavyeHHUs. [IpaKk THYeCKH OHO ITpUHHUMaeTcs paBHbiM 1000-1500 B.

B nonyyeHHH HeoGXOOMMBIX HaNpsDKEHHM 3aXMTIaHMs NaMibl yKa3arens
NpH COITIaCHOM M BCTPEYHOM BKIIIOYEHHH HM3BECTHYIO POJIb HIpaeT LIYHTHPO-
BaHHe JaMIlbl eMKOCTHIO. BBeleHHe B LENb LIYHTHPYIOLIETO KOHOEHCaTopa
esmKoCThi0 200 nd® NO3BOJNMIIO MCKIIIOYHTH BIIMAHHE YaCTHYHBIX eMKoOCTeH
OTHEeNBHBIX MEMEHTOB yka3aTens U obGecrieuwsio TpeGyeMylo BEeJIMUHHY M CTa-
GHIBHOCTH MOPOTOB 33XKMTaHUA JIAMITBL.

IIpu pa3paboTke koHCcTpykumu ykasarenss YBH® 3a ocHoBy 6bul B3AT
CepuiHBIN yKa3aTens HanpspkeHus tvna YBH-80, umerotmit B co6panHom Buae
obuylo mnuHy 715 MM U mmHy paGoue#t yactu 350 Mm. OnmIT moka3san,
yro pa3mep paGoyell YaCTM TakoOro ykasaTensi NpH NPUMEHEHHUH ero OnsA
¢a3uposku BJI 6-10 kB HemocpedCTBEHHO Ha pa3BeOMHMTENISIX HapyKHOH
yCTaHOBKHM He obecrieunBaer Ge3zomacHbIX ycnoBuit paGoThl. InHa paGoueit
YaCTH YKa3aTens CONOCTaBMMa C BBICOTOH TOKONMPOBONALIMX YacTed Hap
3a3eMJICHHOH paMOi — OCHOBaHHEM pa3beIUHHUTEINS, YTO MOXET IpPHBECTH
K MEepeKphITHIO a3kl Ha 3eMJIO NpH NpUGIM>keHHH Tpy6OoK K CTaibHOM KOH-
crpykun. [Toatomy ans ¢a3MpoBkH Ha cTonGOBBIX pa3heAMHHTENAX pa3pa-
6GotaH yka3satens C JIHHOM paGouelt yacTH u TpyOKH ¢ N0BGAaBOYHBIM PE3HCTO-
pom o 700 MM npu obuie#t nnuHe ykasarens 1400 mMm.

IIna ¢$a3upoBkH Ha HanpsbkeHuH 35 u 110 kB B MocaHepro pa3pa6oraH
yka3artens HanpsbkeHus tuna YBH®-35-110*% Ero KOHCTpyKUMSA aHalloTHYHa
KOHCTpYKUHM yKka3atensd YBHO.

OTimuuTensHON 0CoBGEeHHOCTHIO CXeMbl ABNAIOTCSA ITOJIMCTH pOJIbHbIe KOHAEH-
caropsl [IOB-15, 3amenuBLIMe coGoit pe3ucropsl. [lapameTpel cxembl Nogo6-
paHbl TaK, YTO yKa3aTeslb CTaJl HeUyBCTBUTeNIeH K HalpskeHHIo ¢a3bl OTHOCH-
TeNbHO 3€MJIM MpPH COINIacCHOM BKIIIOYeHHH. JTa OTCTpoHKa OT JeHcCTBHA
paboyero HampsbkeHHs oObeclleunna YeTKylo HW3GHpaTenbHOCTh YyKa3aTens
K Hal psDKEHHIO OJHOMMEHHBIX H pa3HOUMEHHBIX da3.

B ¢a3upoBouHbIf komIlekT ykasartens (puc. 20) BxomAT omHa oOlwas
pabouast TpyOka / u aBe paGoume TpyGku 2 u 3. O6was Tpy 6ka npuMeHsieTcs
B KOMIUIeKTe ¢ TpyGkoit 2 npH ¢dasupoBke B ycraHoBkax 110 kB u B kom-
wieKkTe ¢ TpyGko# 3 npu ¢a3upoBke B ycraHoBKax 35 kB. M3onsuusa coenu-
HHTEJIBHOTO MpoBoja 4 ycuineHa. U3onupylolme WITAaHTH 5 paccudTaHbl s
paboTel nof, HanpskeHHeM B ycTaHoBKax 1o 110 kB.

B Jlensnepro mnsa ¢a3upoBkH nuHHHA 35-~110 kB npumeHsercs yka3aTtens,
B KOTOPOM HCIIOJIb30BaH NMPHHUMI CpaBHEHUS NMafleHHH HanpsOkeHUH Ha OABYX
ONMHAKOBBIX MHEJIMTENIAX HaNpsKeHHs, coGpaHHBIX M3 pe3ucropoB [3]. Ilpu-
MeHeHa KOMIEHCAlUsd EeMKOCTH H3MEpHTeNIBHOH cXeMbl Ha 3emmo. ITpuH-
UMNHanbeHasg cXeMa ykasaTens MOKa3aHa Ha puc.2l. OH COCTOMT M3 ABYX
CTeKJIOIJIACTHKOBBIX TPYGOK, BHYTPH KOTOPBIX NMOMEILEHBI pe3MCTOpHI THIA
KOB-100. IIpuMeHmI0TCA [OBa KOMIDIEKTa PE3UCTOPOB: OOMH KOMILIEKT A
tasupoBku B ycraHoBkax 110 kB, npyroit — B ycraHoBkax 35 kB. Conpo-
THBJICHHE Pe3UCTOPOB Kaxdo# TpyOkH HepBoro kommiekTa 400 MOM u mo-
nonHHTeNbHOro pesucropa 150 kOM, BToporo — 200 MOM M [OMOJIHKTEJIS-
Horo 150 kOM. Touku orGopa HampsDKeHHS OT PE3HCTOPOB COEOUHAIOTCS
MexJly coGolf 3KPaHHPOBAHHBIM NPOBOIOM, B PAacCeyYKy KOTOpPOTO BKITIOYEH
BBHINPAMHTENL Ha OHOJAX H MHKpoamnepmeTp. M3MepuTenbHas YacTh CXeMbI
3KPaHUPOBaHAa. DKPaH H KOHIBI JOMOJIHHTENIBHBIX Pe3UCTOPOB IpH (pa3upoBKe
323eMJISIOTCA.

* Tlpemoxen M. S. TiopunbiM, A. A. ®unatobiM, H. M. UeCHOKOBBIM.
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Puc. 22. CrpykTypHas cxema npubopa ®K-80, npemHa3HayeHHOro mis ¢a3u-
POBKH CHJIOBBIX KaGenbHbIX THHUI

MpuGop ®K-80 ana cda3mpoBku kaGeneil. B JleHnHrpagcko# kabensHoA
cetH JleHsHepro pa3paGoTraH M Hauien NpUMEHEHHe CclleUUanbHbI NpuGop
OK-80 mnsa ¢a3supoBKH KabenbHbIX TMHHI B Mpoliecce HX peMOHTa NpH ycTa-
HOBJIEHHOM 3alIIMTHOM 3a3eMJICHHH Ha MHTAIOLLEM KOHue NHHUH. CTpYKTYypHas
cxema npuGopa ®K-80 npuBeneHa Ha puc. 22.

CocTaBHBIMH 4aCTAMH NpHbopa aBnsATcsa 6nok nutaHus BII, reHepartop
3BYKOBOH uacroThl '3 (BBIOIONHEHHbI! Ha TpaH3MCTOpax), MoAynsAtop M,
dopmuposartenu umnynscoB @1 u @2, uanyvarenu Ml u H2. 3sykoBoit reHe-
paTop BbIpabaTbIBacT CHIHAJI 3ByKOBOM 4acTorhl. GopMHpOBATENH HMIIYIbCOB
Cly>Kar Ul COIrNacoBaHWsA reHepaTopa ¢ Harpy3ko#. Manyuyatenmu mpepncraB-
AT co6GOii pa3sgBHXKHbIE 3MEKTPOMATrHUThI, KOTOPBIMH OXBAaThIBAIOTCSA NpH
¢a3upoBKke ABe >KUNbI KaGenbHOH JTHHUU.

IeHepaTop B COBOKYNHOCTH ¢ opmupoBatenem @I mochUiaeT B H3Nyya-
Tenb M1 HenpepbIBHBIA cHrHan 3ByKkoBo#t yacrorel (1000-1200 I'u), a B coBo-
KYNHOCTH ¢ MoaynsaTtopom M u dopmupoBateniem @2 B H3nyyaTens M2 nockl-
N1aeTcs NMpephIBUCTBIA 3BY KOBOM CHTHAT TOH XK€ YacTOThI.

Hanyuyateny, HanoxeHHble Ha Xunbl Kabensd, HaBoaaT B HuX JJC. Ha npy-
roM KoHue Kabens HaBeACHHbIA CHTHal BOCIPHHMMAETCA ¢ MOMOILBIO Telle-
¢oHHBIX TpyOOK H MO ero xapakTepy (3BYK HeNpepbIBHBIH, NpephIBHCTBIN,
OTCYTCTBHe 3BYKa) ycTaHaBnuBaeTcs ¢a3a kabens. [1pakTHyeckoe npumMeHeHHe
npubGopa paccCMOTPeHO HHXe.

3. METOAbl ®A3UPOBKHU

®a3upoBKa MOXeT ObITb IpeBapHTENBHOH, BBINOIHAEMON
B IIPOLIECCE MOHTaXa X peMOHTa 060pyIOBaHHA, ¥ IIpH BBOAE B pabo-
Ty, NPOM3BOAMMON HEMOCPeNCTBEHHO Iepel MEPBBIM BKIIOYEHHEM
B paboTy HOBOrO JUIM BBILUEJIIEr0O M3 PeMOHTa 00OpyHOBaHHA,
€CIM IpH peMoHTe ¢a3pl MOIJIM ObITh NEpecTaBleHbl MeCTaMH.

IIpenBaputensHoi ¢a3supoBKO IpoBepsieTcA YepedoBaHHE (a3
CoeIMHAEMBIX MeXy coboil aneMeHTOB 06opynoBaHus. Tak, Halpu-
Mep, NpPH DPEMOHTE NMOBPEXAEHHOro Kabensa ONpedeNalT, Kakue
XWibl Kabensd, HaXOAMBLIErOoCA B JKCIUIyaTalliM, H pPEMOHTHOM
BCTaBKH [IOJDKHbI COEOMHATbCA MeXAY coboH, urobbl ¢a3sbl Kabemnb-
HOH JIMHMHU M cOOpHbIX umH PY coBnasnu. l'[pouaBoﬁbﬂoe coeJUHEHHE
TOKOBEAYIUMX >KHJI MOXET HAapyLIMTh MOPAJOK 4YepeqoBaHMA a3,
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U 3TO IpUBeAeT K HeOOXOJMMOCTH MEHATb MECTAMM XXWIBI Y KOH-
UeBbIX MY(DT WIM U3MeHATh MOHTaX wWMH B sdeiike PY. flcHo, uto
0be 3TH omepaiuy He TOJIBKO HeXKeJaTesbHbI, HO YacTO M HEBBINON-
Humbl. IToaToMy nepen coeAMHEHHEM X IPOBEPAIOT UX (Ha3UPOBKY.
[penBaputensHan ¢a3upoBKa IPOM3BOAMICA Ha 060pynoBaHHUH,
He Haxofsimemcs Iop HanpsdkeHuem. OCHOBHbIe BuApI 060pynoBa-
HUA a3upyTCa BH3YaJbHO, ~TIPO3BOHKOH’’, NIpH MOMOIIU Mera-
OMMeTpa HITH HMITYJIbCHOFO HCKaTeIA.

He3aBucuMo 0T TOro, IpoBOAMNIACh WIM HEe IPOBOAMIACH Npe/Ba-
puTenbHasA ¢asupoBka oBOpYMOBaHMA B MEPHOM ero MOHTaXa HIIH
peMOHTa, OHO OGs3arenbHO (pasupyeTcs NpH BBOAE B paboTy, Tak
KaK TOJIBKO B 3TOM CIIYYae MOXHO ObITb yBEPEHHBIM B COIJIaCOBaH-
HOCTH (a3 BceX 3JIEMEHTOB JeKTpuueckod uenu. Pa3upoBka IMpu
BBOZi¢ B paboTy IPOM3BOAMICA HMCKIIIOUMTENIBHO 3INEKTPUUYECKHMH
merogamH. BeiGop Meropa 3aBHCHT oT BHAa ¢asupyemoro obopy-
moBaHMA (reHepatop, TpaHCHOpMAarTop, JIMHMA) M KJlacca HalpsKe-
HMs, Ha KOTOPOM OHO AOJDKHO BKJIKOYaThcA B pabory. Pasmmuaior
npsamMsle (cM. § 5) ¥ KocBeHHble (cM. § 6) Meronpl (Ha3HPOBKH
060pyImoBaHHsA NpY BBoAe B paGoty. [IpAMbeIMH MeToaMu Ha3bIBaOT
TaKHe, IpU KOTOpbIX (pa3supoBKa NpOU3BOAUTCA Ha BBOJAX obopy-
JOBAHHUA, HaXOOALIErOCA HEMOCPe[CTBEHHO IOJ pabouyMM Harpsike-
HHMEM, 3TH MeTOAbl HaMJIAMHBI M KX LIMPOKO IPHUMEHAIOT B yCTa-
HoBkax 7o 110 xB.

KocBeHHbIMH Ha3bIBalOT TAKHE METOMBI, IPU KOTOPBIX (a3HpOBKa
MPOM3BOJMTCA He Ha paboueM HaNpsOKEHHM YCTaHOBKH, a Ha BTO-
PUYHOM HaNpsDKeHHH TPaHC(HOPMATOPOB HAPSKEHHUA, IPUCOEAMHEH-
HBIX K (pa3supyeMbIM YacTAM yCTaHOBKHU. KocBeHHbIE MeTOIbI MeHee
HAIJIAOHBI, YeM IpsAMbIe, HO NpUMEHeHMe WX He OrpaHUYMBAETCH
KJIaCCOM HaNpsDKEHUA YCTaHOBKH.

4. NPEABAPUTESIbHAA ®A3UPOBKA
(MPOBEPKA YEPEOBAHUA ®A3)

Iposepka uepemoBaHus (a3 reneparopa. OGMOTKH 3IEeKTpHYe-
CKHMX MAaIMH NEPEMEHHOTO0 TOKAa BBIIOJHAKT NPOCTHIMH (HMe-
OIMMH OfIHY, BETBb) M COCTABHBIMH (MMEIOLMMH [Be Mapajlielib-
Hble BETBM B KaXHOOH ¢a3e). BeBoapi 06MOTOK 0003HAYalT IO
T'OCT [83—74. Hauana npoctsix 06MOTOK cratopa o6o3Havawor Cl,
C2, C3, xouupr — C4, C5, C6 cooTBeTCTBEHHO. BBIBOIBI COCTaBHBIX
06MOTOK 0003Ha4a0T TeMH XK€ GYKBaMH, YTO M BRIBOJBI POCTHIX 06-
MOTOK, HO BIEpeM NPONHCHBIX GYKB craBAT IMbpsl. Tak, B cnyyae
IByX oOMOTOK Ha CTaTOpe BbIBOABI NMepBoii o6o3Hauaor 1C1—-1C4,
1C2—-1CS5, 1C3-1C6, BemiBOmBI BTOpOM — 2C1-2C4, 2C2-2CS,
2C3—-2C6. O6o3HaueHHsA HAHOCATCA HEMOCPENCTBEHHO HA KOHIAX
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Puc. 23. Cxema cnepoBaHuMs ¢a3
U wepeOBaHHA 0603HayeHuH BBIBO-
OB [OBYXCJOWHOHK OOMOTKH CTa-
topa TypGoreHeparopa TB®-100-2
(BUI cO CTOpOHBI BO3Gymurens)

0oOMOTOK M BBIBOIAX Ha Ka-
GenbHBIX HAKOHEYHMKAX, Ha
CIeMasIbHBIX 06)XKHMaX ) WIM Ha
KOJIOIKE PAOOM C BBIBOJAMH.

BroiBOApl, momcoemuHse-
Mble K CETH, Ha3bIBAIOT JIMHEH-
HBIMH, a COeJUHAeMbIe BMECTE
B 3Be3[y — HyJIeBbIMH. Y TeHe-
paTopoB C MPOCTHIMH OOMOT-
KaMH JIMHEeHHbIMY CYUTAIOT BbI-
poppl or Hadan C1, C2uC3,y
MOIIHBIX FeHepaTopoB ¢ napa’l-
JieJIbHPIMH OOMOTKAMH — BbI-
poopt C4, CS, C6. B mocnen- £
HeM ciIyyae HyJeBbIMH OynyT '
seiBogpl 1C1, 1C2, 1C3 nepBoit o6Morku 1 2C1, 2C2, 2C3 — BTOpOIA.
Ha puc:23 moxazana cxema o6MOTKM cratopa Typ6oreHepatopa
TB®-100-2. O6MoTKa MMeeT [EBATh KONIBLEBHIX BHIBOJIOB — TPH
JIMHEHHBIX M wecTh HyneBbiX. OObeaunensl soBoapt ICI, 1C3, 1C2
u 2Cl1, 2C3, 2C2. Hefitpay coefMHEHBI IUMHHON Iie peMBIYKOl
€ YCTaHOBJICHHbIM Ha Heii TpaHCHOPMAaTOPOM TOKa, MpeIHA3HaYeH-
HBIM JUIA BKJIOYEHHA TIolepeuHod muddepeHIMansHOi ToKOBOM
saumtsl o1 K3 mMexay Butkamu B ofHolt 3 ¢a3 0GMOTKH cTaTopa.
Ina ¢azupoBky reHepaTopa HeOGXOAUMO 3HATh, KAKUE €r0 BHIBOMBI
ABJIAOTCS JINHEHHBIMH.

Hopsanox cneposaHusa a3 reHepaTopa 3aBHCHT OT HAIpaBJICHHUsS
BpaleHUs poTopa M YepeioBaHusA ¢a3 o6MorkH cratopa. Hanpasne-
HHe BpalieHWsA pOTOpa ONpeleNfeTcs MO PaClHONOKEHHIO JIOMATOK
Ha [ucKaX TypOuHbl. OHO HHKOIZa He MeHseTCHA, pa3 HaBCeraa
YCTaHaBIIMBAETCA IPEANpPHATHEM-U3TOTOBHTENIEM M YKa3bIBaeTCH
CTPeIKOH, paclojnaraeMoii Ha BMAHOM MecTe. YepenosaHue a3
YCTaHaBJIMBAeTCAA BH3YalbHO, KOITIa CTaTODP MOHTHPYEMOTO reHepa-
TOpa HaxomMTcA Ha pyHmameHTte. s 3TOr0, HAYMHAA OT NMHEHMHBIX
BBIBOZIOB, IIPOCTIEXMBAlOT MECTa BXOHAa B Ma3bl TpeX OBMOTOK
cratopa. OugepeHOCTh, B KOTOpPOH paCIOJIOXEHbI 3TH MecCIa IIO
OKpYXHOCTH CTaTOpa, €clid O6XOM, BECTH B HAaNPABJICHHM BpALIEHUA
poTopa, U OIpPEHENHT [EACTBUTENIbHOE YepemoBaHue (a3 OOGMOTKH.

Togsoaxa coeqUHMTENBHBIX LIMH K TeHEPaTopy M HX packpacka
MPOM3BOJATCA B 3aBHCHMOCTH OT YCTaHOBJIEHHOTO INOpsAKa Ciie-
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Ta6nuua 1. BapnauTel NOACOeAHHEHHA FEHEPATOPa K CETH
B 3aBHCHMOCTH OT NOPA/KA ClleAOBaHuA (a3

BapuaHTbI cOeMHEHMA BbIBOOB reHepaTopa
YcTaHoBIeHHBIH NOPAZOK ¢ ¢a3amu ceTH NP NOPSIKE MX CIIEQOBAHAA
cnepoBanus ¢a3 Ha NUHEHHbIX A-B-C
BbIBOI3X I'eHepaTopa
1 2 3
C1-C2-C3 Cl-4 Cl-B C1-C
C2-B C2-C C2-4
C3-C C3-4 C3-B
C1-C3-C2 Cl-4 Cl1-C Cl-B
c2-C C2-B C2-4
C3-B C3-4 C3-C
C4-C5-Cé6 C4-A C4-B C4-C
C5-B Cs5-C C5-4
Cc6-C C6-A4 C6-B
C4-C6-CS C4-A C4-C C4-B
C5-C C5-B C5-4
C6—-B C6-A C6-C

nmosaHuA a3 reHepaTopa u ceTH. IIpu 3TOM BapHaHTBI BO3MOXXHOTO
MIOAICOEIMHEHHA MOHTHPYEMOIO FeHepaTopa NpuBefeHbl B TaGu. 1.

Bce BapHaHThI TOJCOeIMHEHUA TeHEPaTOpa PaBHOLEHHBI, H BBIGOD
TOTO WIM Jpyroro OIpefensaercs HUCKIIIOYHTENIBHO YTOOCTBOM IIpo-
KJIAJIKH COeIMHMTEIIBHBIX LIMH OT BBIBOJIOB K LIMHAM JEHCTBYIOMIETO
pacnpenenurenbHoro ycrpoiicrsa. Ecnu mopsamok cnemoBaHusa ¢a3s
cetn He npamoi (A4, B, C), a obpatnsiit (4, C, B), To B TaGn. 1
creyer MOMeHATh MecTaMH GykBol B u C.

IIpoBepka uepemoBaHHA (a3 CHHXPOHHOTO KommeHcatopa. IIpo-
BEpKa INPOM3BOAMICA B IpPOLECCE MOHTaXa CTaToOpa NP CHATBIX
TOPLEBBIX IMTaX aHAJIOTHYHO OIMCAHHOMY BBILIE CIOCOOY onpene-
JIeHMA dYepefoBaHUA (a3 reHeparopa. IIpoBepkoil yCTaHaBIMBAaIOT
NopAgoK 4epemoBaHHA ¢a3 Ha BHIBOLAX CTATOpa M HAMEYAl0T TaKoe
MOJKIII0YeHHe CHHXPOHHOTO KOMIIEHCATOpa K CETH, KOTOpOe M03B0-
JfeT IONYYMTh 3aJlaHHOEe HANpaBjleHHWe BpamieHHs poTopa. JTO
BaXXHO yiA oOecleyeHHss HOPMATIBHOM LHMPKYJALMM Macia B MOJ-
LMIFHUKAX.

Ipu mopiTioueHWH BBIBOJIOB CHHXPOHHOTO KOMIEHCaTopa K ¢a-
3aM CETH PYKOBOJCTBYIOTCH CIIEAYIOLIMMM coobpaxeHusaMH. Ecrm
NpOCNIEXXMBAaHHEM MeCT BXO[a B Ma3bl CTaTopa Haval OGMOTOK
(ipu OBwkeHMH Habiiofarens, HAXOMSALIErOCs CO CTOPOHBI BBOJIOB,
BJIOJIb OKPYXHOCTH CTaTopa IO YaCOBOM CTpejke) OyIeT yCTaHOB-
JIeHo, YTO MeCTa BXOJa pacronoxxeHsl B ouepenHocru Cl, C2, C3,
TO 1A OCYILECTBJICHHs BPAILeHHsA POTOpa CHHXPOHHOTO KOMIIEHCa-
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TOpa BIpaBO HeoGXoaumo K BriBojam CY, C2, C3 noasectu Hanmps-
XEHMe MIPAMOro Mopaaxa cinemopanusa ¢as 4, B, C cooTBeTCTBEHHO,
a [UIA OCYIUECCTBIICHMA BpAalICHHA BJeBO — OOpaTHOro mopsmka
cieqoBanud ¢as A, C, B.

IIpoBepka wepenoBanus ¢a3 cwroBbIX TpanchopMaTopos. B coor-
serctBuM ¢ 'OCT 11677—75 BBOOBI y TpaHchOpMaTOpOB pacmosia-
raiT TaK, 4To6bl YepeoBaHHe MX (ClIeBa HAllPaBo), €CIIM CMOTPETh
€O CTOPOHBI BBOMIOB BBICUIETO HaNpsKeHUsA, GbLIO :

y Tpexda3HbIx TpaHCHOPMATOPOB :

0 —A4 — B — C —BBopp! o6MoTOK BH;

0 —a — b — ¢ —BBoap! o6Morox HH;

0-4,, - B,, — C,, —sBomp1 06MoTox CH;
y ofHoda3HbIX TpaHC(HOopMaTOpOB:

A — x — BeOApI 06MOTOK BH;

a — x—pBoppl o6MoToxk HH;

Am — Xm — BBOABI 06MOTOK CH.

IIpocneaurs, NpPaBWIBHO 1M IOMCOEOMHEHBI KOHIBI OGMOTOK
K COOTBETCTBYWIUMM BBOJAM, 0e3 BCKpBITHA TpaHCopMaropa
He TIpe/iCTaBJIsAeICA BO3MOXHBIM. [103TOMY IpaBmiIbHOCTH 0603HAYE-
HHH BBOJOB TpeX(}a3HbIX TpaHCHOPMATOpPOB U MOJIAPHOCTb BBOIOB
omHOGhAa3HbIX TPaHCHOPMATOPOB YCTAHABIIMBAIOTCA IPH IPOBEPKE
TPyIn COe[MHEHHH, KOTOpas NPOU3BOAMTCA IIPH MOHTaXEe W KallH-
TAJIBHOM PEMOHTE TPaHCHOPMATOPOB C YaCTHYHOH WIM TOJIHOH
CcMEHOH 06MOTOK .

Ilposepka uepemoBanus ¢a3 BJI. Coopyxenue HoBoit BJI anex-
Tponepeliayd TIPOU3BOJUTCA Ha OCHOBAHWHM MPOCKTHOH JOKYMeEHTa-
MM, COMiepXKamied CpeaH MpOYMX JOKYMEHTOB TPEXIIHHEHHYI0 CXeMy
muHuM (TIO BCel IIMHE) C TPAHCMO3HIMeH NPOBOMIOB U 3apaHee HaHe-
CEeHHOH pacuBeTkoi ¢a3. Ha 3toii cxeme pacronoxeHue IpoBOJOB Ha
Onmmxaitiueit x nuHeitHomy nopraty OPY omnope npenycmatpuBaoT
B TOM IIOpsuKe, KOTOphIH obecrlewst Obl coBnapenue a3 JIMHUM
¢ COOTBETCTBYIOIMMHU ¢a3amu oGopymoBaHua moacraHuuu. Ocoboe
3HaYeHHe 3TO MMeET NpH MPOKJIaJKe HOBBIX JIMHUHA MEXIY JeHUCTBY-
IOLMMH TOICTAHIMAMH. TpaHCIIO3NIMA NPOBOIOB B 3TOM Cilydae
BBINOJIHAETCA C YU4eTOM (haKTHYECKOTrO pPacloNoXeHHA 0GOopy/IoBa-
HHA W mopsAfaxa depefoBaHus ¢a3 Ha OPY ¢ 06ouMX KOHIOB JTHHHH.

Yro6bl M36exaTh OMIMGOK NMPH NMPOM3BO/ICTBE MOHTAXKHBIX paGoT
Ha JIMHUAX, YCTAHOBJIEH IOPANOK, IPH KOTOPOM OpraHM3aiuA,
[IpMHUMAIOIIAs JIMHHUIO B 3K CIITyaTalHio, 0643aHa BECTH TeXHHYECKUA
HaJ[30p 32 ee CTPOMTEIIbCTBOM B COOTBETCTBHM C IPOEKTHOM JOKY-
meHTamen. IlpoBepxa uepemomanus ¢a3 HOBOM JIHMHMM COCTOMT
B TOM, YTO NIpHEMOYHAs KOMMCCHA CBEPSET BBIIOJHEHHE paGoT
¢ mMmeromeiica noxyMenranueii. OcoGEHHO TIIATENBHO MPOBEPAETCA
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Puc. 24. [IpoBepKa NOKAUHOHHLIM HCKaTeNleM YepedOBaHHMs (a3 BOIAYIUHON
JIMHMH

1 — npoBepsiemasn ¢a3a nuHUK; 2 — U3ONMPYIOIIAA IUTaHTra; 3 — MCIIBITATENb-
HAs IIHMHA; 4 — 33a3eMJISIOIIMIA HOXK; 5 — 3aLMTHBINA pa3pAmHUK ; 6 — 3aLUTHBIA
KOHJEHCATOp; 7 — KAaTylKa MHAYKTHBHOCTH; 8 — NepeKUIHON pyOWIbHMK ;
9 — JIOKaUMOHHBIH UCKATEND

MOHT@X MpOBOJOB Ha TPAaHCMO3MLHMOHHBIX ONOpaX H Ha IOAXO[ax
JIMHMH K TTOJICTaHI[HHU.

B psape cnyuaeB mposepky uepemoBaHus (a3 BJI mpoussopar
Tp1 TIOMOIIH JIOKALMOHHOTO HckaTens. CXxemMa poBepKy NpuBesieHa
Ha puc. 24. :

Ha nmopcranuuu b 3a3eMNIAIOT OOUH U3 IPOBOJOB NPOBEPAEMOH
nuHud. Ha mopcraHuuu A C MOMOIIBI0 H3OJIMPYIOMIMX LUTAHT ITO-
OuepeAHO NOAKIIIOYAI0T JIOKAIMOHHbIA HMCKATeNb K NIPOBOIaM IIpo-
BepsIeMOii JIMHUM H KaX[bli pa3 HabmiodaroT Ha sk paHe JJIT xapak-
Tep 3allUCH CHMTHATA, OTPAXCHHOTO OT KoHUa muHuMH. IlomydeHwue
CMTHAJIA O HAIMYMHM 3a3eMJIEHUA Ha MpoBoOfe M03BoJiAeT 0603HAUMTh
ero Tak, KaKk 0003HaueHa ¢a3a, K KOTOpOH MOJAKIIIOYEH JIOKALHOH-
HBIM MCKaTeNpb Ha MoncraHuuu A. 3aTeM Ha MOACTaHIMH b CHUMaT
3a3eMJieHHe C IpoBOAa, OOO3HAaYeHHE KOTOPOTo YCIaHOBIIEHO,
W HaKJjiafiplBaloT 3a3eMJleHHe Ha [pyroil nposod. Co CTOpPOHBI Iof-
cTaHuMM A OTBICKHBAWT IMpOBOJ, MMEKIUA 3a3eMIIeHHE Ha €ro
IPOTHBOIOJIOKHOM KOHLE, U NMPHCBAUBAKT EMY COOTBETCTBYIOLLEE
o6Go3HaueHue. Ilocne ycraHoBneHMs 0GO3HaueHMA ¢ha3bl BTOPOTO
34



npoBoJa oO0O3HadeHHe (pa3bl TPETHETO CTAHOBHTCA OYEBHIHBIM,
ONIHaKO Ha MpakTHKe 0603HaueHue $a3bl TPETbETO MPOBOJA OGBIYHO
YCTaHAaBJIUBAIOT TEM )€ CIOCOOOM, UTO M NMepBbIX ABYX. Ecimu ycra-
HOBJIEHHbIe 00O3HaueHHsA (a3 JIMHMM COBMAJgawT ¢ 00O3HaueHHEM
da3 nUHEAHBIX pa3befMHHMTENEH Ha mMoacTaHuuu b, ¢a3uposky
CYMTAal0T OKOHYeHHOH. B IpOTHBHOM ciyyae M3MEHAT MOPAHOK
uepeOBaHMs IPOBOJIOB Ha BBOJE JIMHUM.

Tposepka uepenoBanus a3 cwioBbix KaGeneit. ITpocrefiumm
crrocob0M OTBICKAHMA B KOHIE KabGena TOKOBEOyIUHMX XXWI, COOT-
BETCTBYIOIIMX OINpeAeseHHbIM (a3aM ero Havana, ABJIAETCA CIOCOD
nposepku (“IpO3BOHKH’) XWI MpH MOMOIIH TejledOHHBIX TPYGOK,
HalpuMep IIpd IIpoBepKe CWIOBBIX Kabemei, MpoxJlafgpiBaeMbIX
MEX/1y pa3THYHbIMH TOMEILEHUAMM, CTAHIMH U TIOACTaHIMH.

Cxema npucoeguHeHHs TenedoHHbIX TpYBGOK Moxa3aHa Ha puc. 25.
B xauectse OfHOQro W3 MPOBOJOB /UL YCTAHOBJIEHHA CBSA3M HCIIONB-
3yIOT 3a3eMJIEHHBIE KOHCTPYKIHMM (3a3eMJIEHHYI0 METAJUTHYECKYIO
oGonouxy kabensa), K KOTOPbIM MOACOEIUHAIOT TeleOHHbIE TPYG-
ku. Janee, c ogHOM U3 CTOPOH Kabejisi MpoBoOf, OT GaTapeiky coemu-
HAKT C TOKOBemyuled »awiod (Jomycrum, cdasoit C). C mpyroi
CTOpPOHBI Ka0ensa BTOPBIM IIPOBOAOM OT TenepoHHOM TpyOKH Mmooye-
PENHO KacCalTCsA TOKOBEMYIIMX X1, KaKAbIH pa3 [ofasas roiocom
curHan B Tpy6ky. Haiinsa xuny, mo xoropoi OyfeT NmojiydyeH OT3bIB
[IpOBEPAIOIIETO, €e MoMedanT Kak ¢azy C u B TOM Xe NopAgKe
MpOfOIDKAIT IOMCK ApYTHX XWi. BMecro oObIYHBIX TenedOHHBIX
TpyOOK 1eecoo6pa3HO INpUMeHeHHE TeNepOHHBIX TapHUTYpOB,
MIOJIb30BAHHE KOTOPHIMM OCBOOOXIAET pYyKHM MpPOBEPAIIINX 1A
paGoTsI.

Jnsa nmposepxy 4epenoBaHMsa (a3 HOCTATOYHO WIMPOKO HCIOJIb-
3yI0T METaoMMETp, CXE€Ma BKIIIOYeHHSI KOTOpOro IIOKa3aHa Ha

Puc. 25. Cxema npucoequHeHUs TejlepOHHbIX TPy6OK Ipu (Pa3sHpoBKe Kabensa
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Puc. 26. Cxema npucoeJMHEHHs MeraoMMeTpa NpH Pa3upoBke kabens

puc. 26. Ina 3Toro mooyepenHo 3a3eMIIAIOT XKIIbI B Havyajie Kabens,
a B KOHIle MPOM3BOAAT M3MEPEHHE CONMPOTHUBIIEHHA W3OJIAILMH >KMII
OTHOCHTEJIBHO 3¢MIIH.

3a3eMIeHHYWw XWIY OOHapy>XMBalOT IO MOKAa3aHHAM Meraom-
MeTpa, TaK KAaK COMpOTHBIICHHE ee M3OJIALMM Ha 3eMillo Gyrer
paBHO HyMI0, a ABYX [APYTMX >XWI — [ecATKaM M Jaxe COTHAM
METraoMm.

IIpu 3TOM crioco6e MpOBEPKH TPHIXKIB! YCTaHABIHBAIOT H CHUMAIOT
3asemiieHHsA. Kpome toro, nepcoHan, HaxXoAfAIHACA y KOHIOB
Kabens, JOJDKEH UMETh MEXIy coboil cBA3b, YTOObI KOOPAMHHPOBATh
cBOM JeiicTBus. Bee 3T0 oTHOCUTCA K HEJOCTaTKaM TaKoro crocooda
nposepkd. bBoree coBeplieHHBIM sBNIAETCA CIOCO0 M3MepeHHi
0 cxeMme, INpUBEIEHHOH Ha
puc. 27. OpHy u3 Tpex mwi

A o) o

f o Kabena (Ha3oBeM ee dpa3zoit4)

c 1 KECTKO COEOMHAIT C 3a3€M-
JIeHHOH 06O0JI0YKOH, OpYryio

xuiy (dasy C) 3azemnsior ve-

pe3 conporusienne 8— 10 MOM
B xauecrBe compoTuBIIEHUA

P OOBIYHO HCHOJNBL3YIOT TPYOKY C

| pesucropamu yka3sarens YBHO.

Tpersto xuny (¢dpasy B) He 3a-
O] 3eMJIAIOT, OHa OCTaeTcs CBO-

6ogHoii. C pnpyroro KoHma
KkabensA MeraoMMeTpoM H3Me-
PAIOT CONPOTHUBJIEHHE XMJI OT-
HocHTeNbHO 3emnu. OyeBUIHO,
uT0 (paze 4 GyHer cOOTBETCTBO-
Barb )XUJIa, CONPOTHBIIEHHE KO-
TOPOH Ha 3eMIII0 PaBHO HYJHO,
daze C — sxuma, uMeromas

A

e

-

<]

l||

Puc. 27. Cxema mnpucoenuHeHUS
MeraomMmeTpa U HOIOJIHHTENEHOro
pe3ucropa npu dasuposke kabens
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conporuBneHue Ha 3emno 8—10 MOMm, u dase B — xwmnac becko-
HEYHO GOJIBIIMM CONPOTHBIICHHEM.

YcnoBusi Ge3onacHocTH mpH npoussoncrse Gpa3HpoBKH Kabeneit.
Da3zupoBKa MPOU3BOAMICA TOJNBKO Ha OTKIIIOYEHHOH CO BCEX CTOPOH
KabenbHoH THHUH. [Ipy 3TOM HOMKHBI GBITH MPHHATHI MEPBI TPOTHB
nmojauM Ha kaGenp paGouero HampsokeHus. Ilepen Havamom ¢a3su-
POBKH IpH IOMOLIY MeraoMmerpa Becb INepCOHall, HaXONAIHHCA
BONM3M Kabens, NMpemynpexnaeTcA O HeJOMYCTHMOCTH IPHKOCHO-
BEHHMA K TOKOBEAYLIMM )XHJIAM.

CoenuHMTENBHBIE IIPOBOAA OT MEraoMMeTpa JOJDKHbI HMETh
ycuneHHyio u3ojsuuio (Hanpumep, nposon tuna IIBIT). IIpucoenu-
HEHHE MX K TOKOBEAYIIHM >XWIaM NPOH3BOJMTICA MNOCIE TOro, Kak
kabenp Oymer pa3pskeH OT €MKOCTHOro Toxa. s cHATHA OcTa-
TOYHOTO 3apsAfa Kabenb 3a3eMIIAI0T Ha 2—3 MHH.

IpoBepka uepemoBanust (a3 CHWIOBBIX KabeneM No pacuBeTke
u3onsuuH xwi. ToxoBeOyye >XWIbl CWIOBBIX Kadesied ¢ H30AuHen
U3 NpONUTAHHON OyMaru pacuBeYHBAIOT HABUTHIMHM Ha UX M3OJIALMIO
JIeHTaMH 1BeTHOH Gymary. OfHy U3 XWI, KaK NIPaBHIO, ONOACHIBAIOT
KPpacHO# JIEHTOH, APYTYI0 — CHHEH, a H30JIALMIO TpeThed CleIMaTbHO
HE pacUBEYMBAOT — OHa COXpaHseT uBeT KabenbHoH Gymaru. Ilpu
H3rOTOBJIEHUM KabeneH >KWIbI CKDYYMBalOT MeXOy coOOH Tak,
YTO Ha MpPOTSDKEHMH OJHOIO Iara CKPYyTKHM KaXdas >KHiIa MeHAeT
CBOE IOJIOKEHHE B IUIOLIaiM CEYEHHs, [efiaAd OOUH 000pOT BOKpYT
ocd Kabena. PaccMartpuBas miomiaauM ceyeHMH ¢ 06OMX KOHLIOB
Kabemns, MOXXHO OOHapy>XHTh, YTO IO OTHOUIEHHI0 K HaGmioAaTernto
$a3bl B CeyeHHAX UepedylOTCA B pa3sHbIX HalpaBlieHHAX (pHc.28).
3t 0cOBGEeHHOCTH KOHCTPYKIMH Kabened YUMTBIBAIOT NpH ¢a3u-
POBKE H"COeAMHEHHH >KMIT.

Homycrum, uro HeoGxoAauMo mNpousBecTH (a3UpPOBKY H COEIH-
HeHMe XWJI IBYX KOHIOB Tpexc¢a3Horo kabensa. Pa3upoBka B faH-
HOM CJIyyae 3JIeMeHTapHO mpocTa. OHa 3aKJIIOYaeTCsa B TOM, UTO U3
LIECTH XWI BBIGHPAIOT Mapbl, MMEIOLIHE OIMHAKOBYI0 PacLBETKY.
3TU XKWiIbl 3aMeYaloT ¥ rOTOBAT K coequHeHuio. I[nsA coequHeHHs
Heob6xoaumo, YTo6bl OCH >KWI OJUHAKOBOHM pAacUBETKH COBIIaJlaJid,
a HalpaBJieHHe YepeOBaHMA (a3 B IUIOMATH CeUeHHA OJHOTO KOHIA
KabensA GbIIO 3epKaJbHBIM OTpakeHMeM ppyroro (puc.29,a).

@\ @

Puc. 28. UepenosaHus ¢a3 B ceyeHHuAX kabensd. CTpenKaMH MOKa3aHbl HallpaB-
neHus o6xona a3

37



Puc. 29. HexkoTopble BapHaHTbI
4YepedOBaHUS pacUBeYEeHHBIX >KMII
B CEYEHHMAX OBY X Kabenelt:

a — coeuHEHHEe XHWI OJMHAKOBOIO
uBeTa BO3MOXHO; 6O — TO Xe
nocsie MOBOPOTa ceyeHusi Ha 180°;
8 — COeOMHEHHEe TpeX >XHII IO HUX
IBE€TAM HEBO3MO>KHO

Ilpn yxnagxe Kadenen B TpaH-
11I€10 BEPOSATHOCTh COBNA/ICHUSA
oceit i HeBenyka. Yaine Bee-
ro ¢a3bl OOHOro L(BETa OK a3bl-
BawTCA IOBEPHYTHBIMH OTHO-
CHTENbHO OpYr Apyra Ha He-
KOTOpPbIA yroj, 3HayeHHe KO-
TOPOro MOXeT [JOXOAUTb [0
180° (puc. 29, 6). Kabenu
C HECOBNAJAOUIMMU OCAMH OOWUHAKOBO pACUBEYEHHBIX XXWI IIpH
MOHTaXke (MJIH peMOHTe) MOAKPYYHBAIOT BOKPYT OCH, IIoKa He GyzeT
3aMKCHPOBaHO TOYHOE coBmafeHue oceil xwl. OgHaxko cuiIbHOE
noaKpy4YuBaHue He GesomnacHo. OHO BbI3pIBa€T MeXaHHUECKHE HAIpA-
KEHHA B 3alIUTHBIX M M3OJIALMOHHBIX IIOKpPOBax Kabened u BiiedeT
3a co00J CHIDKeHHe HafIeXXHOCTH B paboTe.

Ins toro yrodbl MO LBETYy COBNAJH BCE COeHAMHsAEMbIE MEXY
coGO# >KWIbl, HallpaBJieHUA YepeJoBaHUH a3 B ceueHusAX Kaleneh
OO/DKHBI OBITh MPOTHBOMOJIOKHBIMH. JTO INpOBepseTcs 3apaHee,
OO0 yKJafxH kabesis B TpaHLUIEW, eClId Ha ero KOHLAX OTCyICTBYIOT
METKHM C yKa3aHHEM HallpaBjieHUs uepedoBaHMA ¢a3. 3aMeTuM,
uTo y Kabened c yepemoBaHWeM a3, HAMpPaBiIeHHbIM B OJHY CTO-
POHY, 1O L(BETY COBNAJaeT TOJIbKO OJHA XWIa, a ABE ApPYTHE HE MO-
ryT coBmagarb (pHc. 29,8).

IpeumymecTBo cnocoba coefvHeHUs Kabesied OIMHAKOBO pac-
[[BEYEHHbIMH )XWIaMU COCTOMT B TOM, 4T0 (a3upoBKa 371eCh He ABIA-
€TCA CaMOCTOATENIbHOH ollepalyed, OHa BBINOJIHAETCA B XONe CaMHX
pabor, a mpouecc NMPOKJAAKH, PEMOHTa M JKCIUTyaTauuu Kabened
npHoOpetaeT Goyiee CTPOHHYI0 CHCTEMy M TpeOyeT MEHBIUMX TpYy-
nosarpar [4, 5]

IpoBepka uepenoBaHus a3 cuinoBbIX Kaderneil mpubopom PK-80.
Ina ¢a3upoBkH Ha [iBe XWiIbl Kabens Ha IHMTAIOIIEM €ro KOHIE
HaKJaApIBalOTCA ABA M3myyarend: Ha ¢a3dy A — M3MyyaTens Hempe-
pbiBHOTO cHMrHana /I, Ha ¢a3y B — u3nyvyatenb NpepbIBUCTOrO
curHana M2, dasza C ocraerca csodomHoit (puc. 30). 3azemieHue
¢ KabelbHOH JIMHMM He CHHUMAeTCA — OHO HE MEILAET IPOBEICHHIO
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DK-80 ®
Paz

A Pa3q8  f— ~ 2208
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Puc. 30. IIpumenenune npubopa ®K-80 npu ¢pasupoBke kabens

¢dasupoBku. Ha Bpems ¢$a3upoBKH WM 3aloJIr0 J0 3Toro mpudSop
DK-80 Bxmouaetcs B ceth 220 B. M3nyuatenu HaBogAT B XKWiax
KaGensa coorsercrByroume JJIC. Ha gpyrom xoHue muHuM TenegoH-
Hble TpYyOKM NMOJCOEOMHAIOT OJHMM NPOBOJOM K 3a3eMIICHMId (3a-
3eMJIEHHOH o6ojiouke kabessi), a OpYTrdM IPOBOJOM IOOYepPETHO
KAacalTcsA TOKOBEIYIIUX JXKHIT KaGers.

IIpunagnexxHoCTh XWibl Kabens TOH WiM MHOH ¢a3e ompenens-
eTcA Mo XapakTtepy 3Byka B TenedoHHbIX TpyOkax. Ecnu Gymer
YCIIBLILIAH HENpepbIBHbIH CHrHaNm — TpYOKM MonxiloueHsl K ¢a3e 4,
MpEepbIBUCTBIH — K (a3e B U OTCyTCTBHE 3BYKa YKaXeT, 4TO TpyOkH
nmoaxmoYeHsl K ¢pase C.

HaBopumas B xmwirax xaGensa JJIC 3BykoBoii yacTorhl (e¢ 3Haue-
HHe He INpeBbllaeT 5 B) He sABNAeTcA MOMeXOH: A BBUIOMHEHUA
PEMOHTHBIX paboT Ha KaGerTbHOH JTIMHHH.

5. MPAMBIE METOAblI ®A3UPOBKHU

Pa3upoBka TpaHopopMaTopoB, umeromx oomorky HH no 380 B,
0e3 yCTaHOBKH MepeMbMKH MeXOy 3aKHMaMH. OTHM METOIOM
¢dasupyroT cuoBBIE TpaHCGHOPMATOPhbI, BTOPUYHbIE OOMOTKH KOTO-
pPbIX COEOMHEHBbI B 3Be3/y C BBIBEIEHHOI HYJIEBOH TOUKOM, a TaKxKe
HM3MepHTENbHbIE TpaHCHOPMATOPhbl HAMPSXKEHHA, HMEIOIHE BTOPHY-
Hble OOMOTKHM C 3a3¢MJIEHHOH HeHTpanbio. (PasMpoBKY NPOU3BOAAT
¢ IoMomipl0 BONbIMeTpa co croponbl o6Morkd HH. Bonsrmerp
JOJDKEH ObITh pPacCCYMTAaH Ha [IBOIHOE (ha3HOe HANpPSKEHHE, TAK KaK
NOSABJIEHHE TAaKOTO HANPSDKEHHA MEXAY 3aKHMaMH (a3upyeMbIX

TpaHC(HOPMATOPOB HE UCKITIOUEHO.
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Masupyemble TpaHchOpMaTOphl BKIIIOYAWT MO CXEMe, IpPeNCTaB-
JieHHO# Ha puc. 31. HyneBble TOUKM BTOPUYHBIX OOGMOTOK IIpH 3TOM
OOJDKHBI GbITh HAaJIeX)KHO 3a3¢MJICHBI WIH IIPUCOeAMHEHbI K 06LieMy
HyJleBOMY NpOBOIY, YTO cJe/lyeT NpOBEpUTb Nepen, HauyaroM ¢asu-
poBkHu. ObbenuHEeHHe HYNIEBBIX TOYeK HEOGXOOMMO I CO3NaHHMA
MexXxdy (asupyeMpiMH TpaHchOpMATOpaMH 3JIEKTPHYECKOH CBA3M,
obpa3yrouiel 3aMKHYTbI KOHTYp ISl NPOXOXIEHHA TOKAa Yepe3
npubop.

IIpexae yeM HNpUCTYNHTh K (a3upoOBKe, IPOBEPAIT CHMMETPHU-
HOCTb HampsbkeHu#Hl tpaHcopmaropoB. IIiA 3T0ro  BOJIBTMETP
NOOYePEIHO MOAKIIIOYAIOT K 3aXHUMaM a,—by; by —¢y; ¢ —ay;
a, —by; by —¢y; ¢y —a,. Eciu 3HaueHWA M3MepeHHBbIX HampsKe-
HMH CHJIBHO OTJIMYAlTCA [pYr OT IpyTa, NpOBEPAIOT IOJIOXEHHE
HepeKJioyaTesied OTBeTBJICHHH o6oux TpaHcdopmaropos. Ilepexitio-
YEeHHEM OTBETBJICHMH YMEHBILAIOT pa3HHIy HanpsbkeHu#. Pa3upoBka
UONYCKaeTcs, €CIIM pa3HOCTb HAaNmpsbKeHHMd He mnpeBbluaer 10%.

Ilocne npoBencHUA NepeYUCIIEeHHBIX OMNEpalUA INPUCTYNAIOT
cobcTBeHHO K $a3npoBke. CYLUIHOCTD ee 3aKiTI04aeTCA B OTHICKAHMH
BBIBOZIOB, MEXAY KOTOPHIMH Pa3sHOCTh HANPSDKEHUH [paKTHYeCKH
onu3ka k Hymo. [Ind 310ro NpoBOA, OT BONBIMETPA NPHCOEOUHAIOT
K O[IHOMY H3 BBHIBOZIOB II€pPBOro TpaHC(OpMaTopa, a pyTUM IpPOBO-
[OM TI0OYePENHO KacalTCs TpeX BBIBOIOB BTOPOTo TpaHcdopmaropa
(HampuMep, H3MepANT HalpsiKeHHE MEXAY BBHIBOAAMH a, —d,;
ay — by; ay — ¢;). Janpueiiumii xop pa3supoBKHU 3aBUCUT OT NOJIY-
YeHHbIX pe3yNbTaToB. ECIM nmpu-ogHOM U3 U3MepeHM# (HOIyCTHM,
MeX/y BBIBOJAMM 4 ; — d,) NOKa3aHHe BOJbTMETpa GbUIO GIM3KHUM
K Hy/mio, TO 3TH BBIBOAbI 3aMeyaloT, a BOJIBTMETP HpPUCOEOUHAIOT
KO BTOpOMY BbIBOAy (Hampumep, b;) mepsoro tpaHcdopmaropa
W U3MEpAIT HAmpsbkeHHe MeXAy BbIBogaMH b, — by; by — cj.
Ecnu onarb ogHo M3 noka3aHuii BONBTMeTpa (Hampumep, MeEXIY
BBIBOJAMHM b; — by) okaxerca GNM3KHM K HY0, T0 (a3supOBKY
CYUMTAIOT 3aKOHYeHHO# (puc. 32, a).0cod0i He06GXOMMMOCTH B U3Me-
PEHMM HANpSDKEHHA MEXOY BBIBOJAMH C; — C, HET, TaK KakK IpH
OByX HyNeBbIX INOKAa3aHMSIX BOJBIMETpa (dy — d, U b; — by)
HalpsDKEHHe MeXAy TpeTbed Mapoll a3, eCTeCTBEHHO, [OJDKHO
SbITh ONMU3KUM K Hymio. OQHAKO WIs MOATBEPXKIAEHHUA IOy YeHHBIX
pe3ysIbTaTOB O COBNAaJcHMH (a3 Bce Xe NMPOM3BOMAT H3MeEpeHHe
Mexay ¢y — C. BpIBOABI, MeXHy KOTOpHIMH He ObUIO Pa3’HOCTH
HallpADKEHHH, COEIMHAIOT NPU BKIIIOYEHHH TpaHCHOpPMATOpoB Ha
napaieNnbHyo padory. Y KakAOro moJjwca KOMMYTalHOHHOTO
anmmnapara TaKWe BbIBOIbI JOJDKHBI HAXOIOHMTBCA HETOCPENCTBEHHO
ApyT IpPOTHB Jipyra.

Ecnn nocne uamepenusa (@, —a,; a; — by, a; —cy; by —ay;
by —by; by —c,) HM OOHO M3 MOKAa3aHUH BOJBLIMETPA He ObUIO
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Puc. 31. Cxema ¢a3upoBKH TpaHCHOPMATOPOB, HUMEKOLMX 3a3cMIICHHBIE
HyneBbie TOYKH BTOpPHYHBIX OOMOTOK (IUTPUXOBOM JMHHUeH MOKa3laH MyTh
MPOXOX/ICHHS TOKaA Yepe3 NpuSop Mpu HecoBnafeHuU ¢a3s)

b,

7)
Puc. 32. BexTopHble OMarpaMMbl HanpsxeHud o6MoTok HH ¢dasupyemsix
TpaHcOpmMaToOpoB MpH CoBMajieHuu (a3 (z), Npu cOBUre BeKTOpOB Ha 180°,
Hanpumep Mpd rpymmnax coeguHeHudt J/Yy-11 u IO/Yy-5 (6); npu chsure
BeKTOpoB Ha 30° rpynnel coenuHeHuit (Y/Yy-0u 1/Yy-11) (8)
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GIN3KHM K HYJII0, TO 3TO TOBOPHT O TOM, YTO $a3upyeMble TPaHC-
¢dopmaropsl NMpuHAIEKAT K Pa3HbIM IPYNNaM COeJHHEHMH M MX
BKJIIOYEHHe Ha NapaesnbHylo pabory Hepomycrumo. ({a3supoBky
HA 3TOM npekpauwaiT. Ha ocHoBaHMM U3MepeHUH CTPOAT BEKTOPHbIE
[Mar paMMbl ¥ TI0 HEM CYJIAT, MO>KHO JIM BKJIIOUMTb TPaHCHOPMATOPhI
NapajuleJIbHO M KaKHe IlepecOeOUHEHHsA HeoGXOauMo i 3TOTO
BBITOJTHHTD.
XapakTepHbIMHU ABJIAIOTCA ABa cIyyas. B neppom u3 Hux

U, = 1ISUp; Uy, — b, =0,58Up;
Ual - C2 =0’58Un’ Ubl —ap =0958Un’
Uy — by =115Uns Uy, _ c, =0.58Us.

Tnmunas oA sToro cnyyas BeKTOpHas OMarpaMma IpencraBiieHa
Ha puc. 32, 6. U3 pucyHia BUTHO, YTO BEKTOPbI BTOPUYHBIX HATIpse-
HUH NoBepHYThI Ha 180°, a Hamps keHHe MeXIY 3DKUMAMHU 4, — d,
PaBHO _NIBOMHOMY Qa3sHoMy Hanpskenuto U, _,, = 2Up =
=2//3U, =1,15U,. Ecmm o06a ¢a3supyeMbix TpaHCGopMaTopa
NIPHHAIIEXKAT K HEUeTHBIM TpyTNaM, TO IA BKIIIOYEHHA HX [apai-
JIEJIBHO CTIEAYET y OJHOTO U3 HUX IlepecOeIUHUTD UIMHbI Ha BHIBOMAX
oomorok BH u HH, 1.e. npousBectu HBOWHYI0 nepeMapKHUpPOBKY
¢da3. JIna TpaHCchOpPMAaTOpOB ueTHBHIX rpymn (@ TakXe YETHOH
U HyNeBO#H) HeoOXOOMMO BHyTpeHHee NepecoeIMHEHHEe OBMOTOK.
Bo BrOpOM cityvae

1 —a2

Ual —aj =0’3Un; Ual --b2 =0’8Un;
Usgy — ¢, =1,10y; Up, —a, = 1,1Ug;
Upy — by =03Un; Uy, _ ¢, =08U,.

Ha runwuHo#t BexTOpHOH mMarpamme (puc. 32,6) BEKTOPBI
HanpsbkeHHH cABHHYTBI Ha 30°. Takoil yronm cmpura Moxer GbITh
Y TpaHCGOpPMATOpOB YeTHOH (WM Hy/eBOH) M HeYeTHO rpymi.
DasupoBKa TAKUX TPAHCHOPMATOPOB HEBO3MOXHA, M BKJTIOYEHHE HX
Ha Tapajiyiesibiyio paGoTy He MOXET GbITh BBINOJIHEHO HM TPH KaKHX
yenopusx. Ilostomy Beerda cremyeT NpoepsTh CXEMbI H TpYIIIbI
COEHHEHHH OOMOTOK TpaHCHOpPMATOpOB, Mpexae YeM MpUCTYTaTh
K HX das3upobke.

TexHHKa TMOCTPOEHHA BEKTOPHBIX [MarpamMm IOKa3aHAa Ha
puc. 32,6. TpeyronbHHK JIMHEHHBIX HaNpsOKEHHUIl NEPBOro TpaHC-
¢opmatopa cTposAT MPOM3BONBHO, 2 TOUKHM BepUIMH BTOPOTO Tpe-
YTOJIbHMKA HAXOJAT MyTEM 3aceyeK DaJHyCaMH, YHCIIEHHO PaBHBIMM
HANpPsDKEHHAM MeXIy 3BKUMaMH

a; —azPlbl —-a,; ay _bZHbl —b2.
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®a3uposKa tpaHcdopmaropoB, HMeonx oomorku HH no 380 B,
C YCTAHOBKO! NMepeMbMKH MeXIY OBYMsSi BBRIBOIAMH. J3TOT METOL
NpPUMEHAIOT Npu ¢a3upoBKe TpaHCPOpMaTopoB, BTOPUYHBIE OOMOT-
KM KOTOpBIX HE UMEIT HyJieBoro BeiBoza. ®a3supoBky Mpou3Boasar
Ha cropode HH ¢ nomMouipio BonbTMerpa. Ero mkana gomkHa GbITh
paccuMTaHa Ha [BOHHOe JUHeHHoe HampsbkeHHe. Ilo BKIIIoYeHUs
da3upyembIx TpaHCHOPMATOPOB INOJ, HANpsHKEHHE MeraoMMeTpOM
NpOBePAIT CONPOTHBIIEHHE H3OJIALMU BTOPHYHBIX OOMOTOK OTHO-
cuTenbHO 3eMitn. OGMOTKH He HOJDKHBI HMEeTh HHKAKMX COeIMHEHUH
¢ 3emuleif, TaK KakK [BOHHOE 3aMblKaHHMe Ha 3eMJII0 NPH HaJUYHU
nepeMbIYKM MeXAy BbiBomamu Moxker npusectd k K3. Ilepembruka
(xenatenbHo c¢ conporuBneHMeM 3—5 kOM) ycraHaBnMBaeTcs
MeXx1y [AByMA JM06bIMHM 32KHMaMH OOHOTO M APYToro TpaHcgop-
matopa (puc. 33). Ee Hanuume He NpencraBisAeT HIKAKOH ONACHOCTH
1A TpaHCGOpPMATOpOB, OCKOJIbKY IIPH 3TOM He 06pa3yeTcs 3aMK-
HYTOH Uenu s npoxoxaenus Toka K3. 3amkHyTas nensb co3naercs
BKJIIOYEHHEM BOJIBTMETpA, KOTOpbIA, Kak M3BECTHO, oOmamaer
CONPOTHBJIEHHEM JECATKHM THICAY OM, M NIPOXOJALIMI Yepe3 HEro TOK
HUYTOXHO MaJl.

A (o] o

B T T

71 72

Puc. 33. Cxema ¢a3upoBkH TpaHOHOPMATOPOB C YCTARHOBKOH Ile peMBIYKH
MeXIy uX 3axumamu (R — pesucrop 3 -5 kOm)
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Ina ¢a3upoBku TpaHchopMaTOphl BKITIOYANOT IOM HAIlpsiKEHHE
co croponnl BH, nocne yero Ha 3sakumax HH kaxpgoro rpaHcgopma-
TOpa BOJITMETPOM IPOBEPAIT CHMMETPHIO HANlPSKEHHUM, ITOJIBEJEH-
HBIX 1A (asMpOBKHM. Bcero npousBomMrcs wIeCTh HM3MEPEHMH.

da3upoBKy BHIIONHAOT B JBa MpueMa. CHayama H3MepAIOT
HalpsDKeHHe MEXOy OFHMM M3 CBOGOIHBIX BBIBOHOB IEPBOTO TPAHC-
dopmaropa 71 v mBymMs cBOGOOHBIMHM BHIBOJAMH BTOPOIO TpaHC-
¢dopmaropa T2, HanpuMep Mexny BbiBogamu b, — b, u by — c;.
3aTeM M3MepAT HaNpsXeHHe MEXAY BTOpbIM CBOOGOOHBIM BBIBO-
OOM M TEMH Xe BbIBOLAMM BTOpOro TpaHchopmaropa (c; — b,
U ¢y — Cp). JlaHHbIe H3MepeHHH 3aBMCAT OT TOTO, MEXAY KaKMMH
napamMH BBIBOJIOB YCTaHOBJIEHA IlepeMbluka. Bo3MOXHbI TpH BapH-
aHTa ee YCTaHOBKHM: @, — d,; by — a,; ¢; — a,. U kaxgoMy H3 3THX
BAapMAHTOB IIpM O[MHAKOBBIX TIPYIIAX COEAMHEHHH (a3HpyeMbIX
TpaHcHOpMaTOpoB OynyT COOTBETCTBOBATh ClieAYIOIIMe IOKa3aHMs
BOJIBTMETpA:

CoepunsieMble
32XHMBI . . . . . a) —ay by —ay cy—ay

HanpsixeHue Mexnay
saxumamu . .. Up, _p, =0 Uy —p,=2Uy Uzy — by = 1,730y
Upy —cy=Un Uny —cy= 173Un Upy — ¢, = 2Un
Uy —by = Un Uy —by = 1,73UnUp, —py =Un
Uy —cy=0 Upi—cg=Un  Upy—cy = L130s

IocTpoeHHble MO0 3THM JAaHHbIM BeKTOPHbIE IMarpaMmbl Halps-
xennii obMoroxk HH npuBenenb Ha puc. 34. U3 puc. 34, a Henocpen-
CTBEHHO ClIeflyeT, YTO TpaHC(HOpMATOPbl HMEIOT OTMHAKOBLIE IPYTIIIbI
COeMHEHUH W MapajiesIbHOEe BKIIIOYEHHE MX BO3MOXHO IIPH COEIH-
HEHMH MeXMIy coGo# BBIBONOB @y M d,, by U by, ¢y u c,. Tak kak ngse
ApyrHe BeKTOpHble AHarpaMmbl (puc. 34, 6, ) MOCTPOEHbI A TeX
ke TpaHCHOpPMaTOpOB, TO U OHH MO3BONAKIT CAENaTh TAKOH Xe BbI-
Bof. IToaTromy ¢a3sHpoBKy OGBIYHO 3aKAaHYMBAIOT, KAK TOJILKO NONY-
Ya0T OaHHble OJHOTO U3 TPEX BAapHAHTOB W3MEpEHHH M NOCTPOAT
BEKTOpHYIO AHarpaMMYy, aHUIOTHYHYI0 YKa3aHHOi Ha puc. 34,4, 6, 8.

3amemMM, YTO XapaKTepHbIM [UIAi 3TOrO Ciydas (ha3sMpOBKH
(BapHaHT COeIMHCHMsA OQHOMMEHHBIX BBIBOLIOB 4y — dy) ABIAETCH
[ONyYeHHe [BYX HYNEBBIX IOKa3aHHMil BONBTMETpa NpH KaXIOM
npueMe u3MmepeHuii. OHaKO TyT Xe OrOBOPHM, YTO ABa HYJEBBIX
TNI0Ka3aHMsA MOTYT ObITh IOJIyYeHBb! H NPH PasHBIX IPYNNAaX COeIHHE-
HHUH, KOIZIa BEKTOpbl HaNpsOKeHHH cABMHYTHI Ha 240°. Ho mpu 310M
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Bs180ds1, coedunennsie nepemsivrkod

a;-a, by ~a, c-ay
4,
VN by 5,
N 4 K4 /\/2\
2z \ C2
“=g & G a, ¢, @ ¢,
a) J) 6)

C
b, E
2,

€)

2

1

4,

]
Cq
5, b
T, %2
)
5,
a,
(4}

e, C,

M)

Puc. 34. BexTopHble OHarpaMMel HamnpsbkeHuit npu ¢asupoBke TpaHcOp-

MAaTOpOB:

a, 6, 8 — Np# ONMHAKOBBIX FPYNNax COEQMHEHMit; 2, 0, € — MpPH CABHUre BeK-
TOpPOB Ha 240°; X, 3, U — 10 ke Ha 330°; K, /1, M — TO Xe Ha 60°
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COEIMHEHHBIMH IePEMBIYKOH HOJKHBI ObITh 3KHUMBI C; H !
Coenunsemsie
33XKHMBI . . . . . ay —ay by —ay cp—az
Hanpsbkenue mexay
saxumamu . . . Up; _p, =.1,73Uy Uzy —by = Un Ugy —by = 0
Ubl - = Un Ual —C = 1’73UJ'I L&l‘ -0 = UJ‘l
UCl —bz = 2Un Ucl - b2 = 1’73Un Ubl - b2 = Un
U —cy= 1,730, Uy-c= 20U, Ub1_02=0

BexTopHble AMarpaMMbl TpHUBEAEHbI Ha pHc. 34, e, 0,. e. Ilapan-
JIeNIbHOe BKITIOYEHHE TAKHMX TPaHC(HOpPMAaTOpOB BO3MOXKHO TONBKO
[oCNie NepecoeqUHEHMA LUIMH, NMOABENEHHBIX K TpaHCHOpPMATOpY,
T. €. TIOCJIe LMKJIMYEeCKOH NlepeMapKHPOBKH ¢as3.

O HEBO3MOXHOCTH NapajuIeNIbHOTO BKIIIOUEHHsI TpaHCPOpMaTopoB
CBHJETENBCTBYIOT TaKHe MOKa3aHMA BOJIBTMETPOB, KOIZ2 IIpU BCeX
TpeX BAapHAHTaX YCTAaHOBKHM MEpEMBIYKH He NONydaeTcs HU OIHOIO
HYJIEBOTO [IOKa3aHHA, HallpuMep:

CoequHseMble

3aKHMBI". . . . . a) —ap by —ay ¢y —ap
Hanpsoxenue mexny

sakuMaMi . . . Upy _ py = 05Uy Upy — by = 19Uy Upy — p, = 1,40,

Upy -y = 05Uy Upy — ¢y = 19Uy Upy — ¢, = 19Uy
Uey — by = 18Uz Uy — b, = 19Uy Up, — p, = 0,50y
Uey —cy = 05Uy Uy — gy = 14Uy Up, — ¢, = 1,40

W3 BekTOpHBIX HOMarpaMM, INpHBEJEHHBIX Ha pHC.34,x, 3, U
M TOCTPOEHHBIX [UIAA ITOTO CiIydasi, BUJHO, YTO BEKTOPbI JTHHEHHBIX
HanpsbkeHWi caBuHyThl Ha 30°. Taxoi yron OydeT MONyueH, eClM
" TpaHCOpPMATOpBl OTHOCATCA K HEYETHOH M YeTHOH (WM HyneBOW)
rpymnamM coefuHeHui, HanipuMmep Y/Y-0 u ¥/II-11, a ux napannensHoe
BKIJIIOYEHHE HEBO3MOXHO.

Ecnin B mpouecce $asMpoBKH B BYX U3 TpeX BapHaHTOB YCTa-
HOBKH TePEMBIYKH IOJIYYaeTCs M0 OJHOMY HYJIEBOMY IIOKa3aHHMIO,
TO 3TO YKa3biBaeT Ha [OINYCTHMOCTb NapajUIeNIbHOrO BKJTIOYEHHUS,
HO TOJIBKO IOCJIE HEKOTOPBIX M3MeHeHuit B cxeMe. Y TpaHcdopma-
TOPOB HeueTHBIX IPYNI CO CIBHIOM BEKTOPOB BTODHUHBIX Halps-
xemmit Ha 60° (puc. 34,K,.1, M) HeOGXOOMMO IpPOM3BECTH IBOIi-
Hy10 lepeMapKHpoBKY ¢a3 (cM. puc. 12).

(a3upoBKa KabenbsHBIX H BO3AYIUHbIX TMHHA 6—10 kB, HMerompix
Mexay coboit anexTpuueckylo cBa3b. [IpuHipmuanpHasa cxema,
noscHAKIAsA MeTon $a3upoBKH, NpeNCcTaBieHa Ha puc. 35. B kave-
CTBE yKa3aTens HallpsDKEHMA UCTONb3yeTcs ykasartens Tina YBHO
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Puc. 35. Cxema ¢a3sHpOBKHM NHHHMI, HMEIOIIKX HENOCPENCTBEHHYIO 3MEKTpHU-

YeCKYI0 CBsA3b (He yepe3 TpaHcdopmarop)

(@]
0 Qe
.—

A o o A,
L —— o 8,
c @ Cq

5)
° T 0

8)

0 ((0——
Zé Z;: ?)

Puc. 36. IlocnemoBaTensHoCTh olepauuit npu ¢asupoke muHu# 10 kB yka3a-

TenieM YBHO:

@ — npoBepKa HCIPaBHOCTH yKa3aTellA NpH BCTPedHOM BKIMOueHMH; 6 —
TO >Ke MPH COTTIACHOM; € — NMPOBepKa HAJIHYMS HANpsDKEeHHsA; 2 — $Ha3upoBKa
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(cM. puc. 19). dasupoBka NpoU3BOAMICA B CIeAYIOIIeHd MOCNeno-
BarenbHOCTH. Ha BBIBOIBI pa3beIMHUTENA WIM BBIKITIOYATENA C KAXK-
OO# M3 ero CTOopoH MojawT ¢a3upyemble HanpspkeHus. [IposepsioT
HCIIPaBHOCTb yKa3aTesi HallpsbkeHHA. lia 3TOoro LIynoM TpyOKH,
coflepXailel pe3snCTOp, KacalTcA 3a3eMiIeHHsA, a LIy [ApYrou
TpyOKH Ha HECKOJIBKO CEKYH[, NOOHOCAT K OOHOMY U3 3aXHMOB
anmnapata, HAXO[AIEMYCA 1o HanpsbkenueM (puc. 36,2). Ilpu
3TOM HEOHOBas JIaMIla [OJDKHA 3aroperbcs. 3aTeM ULyNaMH 00enx
Tpy6OK KacaroTcd OOHOH TOoKOBemyuieid uactu (puc. 36, 6). Jlamna
yKasarteisa NpH 3TOM He [OJDKHA ropersb. IIpoBepsioT HanpskeHHe
Ha BCEX LIECTH BBHIBOJAX KOMMYTALMOHHOIO amnmapara, KaK IoKa-
3aH0 Ha puc.36,68. IlpoBepka npou3BomUTCA WA TOrQ, YTOOBI
HCKIJIIOYUTh OUIMOKY B ciydYae $a3MpOBKH JIMHHHU, UMelomied oOpbiB
(HanpHMep, BCIEMICTBME NeperopaHus NpefoXpaHurens). AGCOmoT-
Hbl€ 3HaYeHUsA HalpsDKEHHH Mexny da30i u 3emieil 3ech He HTpaT
POJH, TaK KakK IIpu (a3supoBKe INpHUCOeUHeHHe yKa3arens Oyner
NPOM3BOMTLCA WM Ha JIMHEHHOe HanpsbkeHHe (HecoBMajleHHe ¢a3)
WIM Ha pa3HOCTb HANpAXKEHHH MeXOY OOHOMMEHHBIMM ¢da3aMH
(coBmageHne ¢a3), KOTOpas NpaKTHUeCKH Onu3ka K Hymo. Ilo-
3TOMY O HaJMYMH HalpsXKeHHA CYOAT MPOCTO MO CBEYEHUIO JIaMIIbI
yKasatesns.

Iponecc cobcrBeHHO (a3sMPOBKH COCTOMT B TOM, YTO LIyIIOM
OfHOH TpYyGKH yKa3aTeyisa KacaloTICsa JI060ro KpaHHero BbIBOAA
ammnapara, Hanpumep ¢asel C, a ufynom npyroi TpyGkH — moode-
PEOHO TpeX BHIBOMIOB CO CTOPOMBI (pa3upyemoil ymHuM (pHc. 36,2).
B nByx cnyyasx xacamuit (C—A; u C —B,) namna Gymer sApko
saroparbcsi, B TpetheM (C — C;) roperb He Oyner, 4TO YKaxeT
Ha OIHOUMEHHOCTD da3.

Ilocne ompeneneHuAa IepBOH Napbl ONHOHWMEHHBIX BLIBOJIOB
HIynamMM TIOOYEepESHO KacaloTcs APYTMX Nap BBHIBOLOB, HAalpHMep
A —A;nA — By. OTcyTCTBHE CBEYEeHHUA JIaMITbI B OJHOM U3 KaCaHHii
yKaXeT Ha OHOHMEHHOCTD cllefyloeil napsl BbiBooB. CoBlafeHue
¢da3 Tperveil mapbl BBIBOIPB B — B 1poBepAl0T TONBKO B LENAX
KOHTPOJIs1 — (ha3bl JOJKHBI COBIACTS.

OpHouMeHHble (pa3bl COCOMHAIOT Ha INapajUleNibHyl0 paborty.
Ecnun opHouMeHHble ¢a3pl y pa3be[JMHMTENsA WIH BBIKIIIOYaTeNs
He HaXo4ATCA OpYyT NpPOTUB [pyra, TO C yCTaHOBKH CHHMAIOT Halps-
JKEHHe M TepeCOeqUHANT WKHbI B TOM NOPAMKE, KOTOpPbIA Heob6Xo-
OuM 14 coBnajeHusa ¢a3s.

®a3upoBka KabelbHBIX M BO3NYIIHLIX JHHMA 6—10 kB, He ume-
OIIHX MeXay co0off HeNnoCpelCTBEHHOM 3IIeKTPHYECKOH CBA3H.
Merton npumeHsmT npd ($Ha3vpoBKe JIMHUH, OTXOAMIMX OT Pa3HBIX
NOJICTAHIMHA, KOTOpble B CBOK Ouepeldb NMHUTAIOTCA OT OJHOH CHH-
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Puc. 37. Cxema npoXoX[IeHHS TOKa Yepe3 yKa3arenb Ipu ¢a3supoBKe NHHUM,
He MMEIOLIHX MeX/ly coGoit HEMOCPEACTBEHHON 3IEKTpHYECKOR CBA3M

XpoHHO paGoralomedi cetd. HHorma 3TOoT MeTOH, IpPENCTaBIIAIT
Kak ($a3supoBKYy [ABYX TpaHCHOPMATOPOB IO JIMHMAM, NPOJIOXKEH-
HbIM Mexay Humu. OfHako B oTimmume oT (a3upoBku TpaHcHopma-
TopoB HanpsbkeHuem g0 380 B B pmaHHOM ciydae He Tpebyercs
HHM 3a3eMJICHHA HYJEBBIX TOYeK OGMOTOK , HM YCTaHOBKH BPEMEHHBIX
HepeMblYeK MEXAY BbIBOJAMHU. 3aMKHYTble KOHTYPbI [j1d IIPOXOX-
OeHMA TOKa 4epe3 npuGop oOpasylorca Gnmarogaps IpHCYTCTBHIO
B CXeMe 3JIeMEHTOB, OOIIAI0LIMX MeK TPHYECKO# eMKocCTbIo. Cxema
¢$a3upoBKM [ByX JIMHMH Noka3aHa Ha puc.37. U3 cxemsl BHAHO,
yTo 4epe3 NMpubGOp NpH NMOAKIIIOYEHHM €ro K pa3sHOMMEHHBIM da3am
6ymeT MPOXOOUTb TOK, paBHBbIA IeOMETPUYECKOH Pa3HOCTH €MKOCT-
HBIX TOKOB (a3upyeMBbIX YacTedl yCTAaHOBKH.

B kauectBe npubopa — MHAMKATOpa HAaNpsDKeHHA Ipu ¢asu-
pOBKe — NpPUMEHAKT yKasarenb Hanpsxenua tuna YBHO®. Ero
CUTHaJIbHasl JIaMIla CBETUTCA NIPH BCTPEYHOM BKIIIOYEHHHM M TacHET
IpM COTJIACHOM BKIJIIOYEHHH, Korpma ¢asbl cosnagamwT. [locnemoBa-
TEJIBHOCTh M COZEepXaHue ollepauyii o ¢a3upoBke He OTIMYANOTCA
OT TeX, KOTOpble GbUIM OMNHCAHBI NP UINOXKEHUM METOIOB ¢asu-
POBKH KabesbHBIX M BO3AYUIHBIX JiuHUHA 6—10 kB, uMeroumx Mexay
co60ii 3MEeKTPUYECKYIO CBA3b.

ITomumo ¢a3upoBKM JNMHMI 3TOT MeTOH, NPUMCEHAKT M A
(}a3upoBKH CHIIOBBIX TpaHCHOPMATOPOB.

®dazupoBka yuHWHE U TpaHopopMaTopoB 6—10 kB, 3amMIIeHHBIX
npefoxXpaHuTenaMHU. [IpUHIMITHAIBHO WHOMKATOpPaMM HalpsXKeHMsA
npu ¢a3sHpoBKEe MOTYT CNYXHTb CepHilHble yKa3aTelM HallpsbKeHHA
tina YBH-80 wm YBH-10, npumeHsieMble B 3JI€KTPOYCTaHOBKAX
B OOBIYHBIX YCIOBUSX [JIA ONpeferieHUs HAIMYUA WIH OTCYTCTBUA
HanpsDKeHHA Ha TOKOBEHOYLIMX 4acTAX. BaXkHo Tonbko, yrobel ycro-
BMsA UX NPUMEHEHHA TapaHTUPOBAJIM NIOPOTH 3DKUTAHHUA IPU COTJIac-
HOM M BCTpeYHOM BKIIlueHMH. Y yka3satened YBHQ® 3ro Gbuto
OOCTUTHYTO COOTBETCTBYIOIMM NOAGOPOM pPe3UCTOPOB M LIYHTHPO-
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BaHMEM CHTHAJIBHOH J1aMIbl KOHHAEHcaTopoM. llonbp3oBaTheA yka3sa-
TesieM AJ1A Ga3upoBKHM peKOMeHAYeTCA, Kak IPaBUIIO, B KOMIUIEKTe
¢ TOKOOTPaHHYMBAIOUIMM pe3UCTOPOM, Ha3HaueHHe KOTOpOro co-
CTOMT B TOM, YTOOBbI NpenoTBpaTHTh Bo3HUKHOBeHHe K3 B ciyuae
OLIMOOYHBIX AEHCTBUI NEPCOHaNa ¢ yKa3aTejleM B IIPOLECCE CaMOi
$a3upOBKH, TaK KaK [IPH 3TOM He UCKIIIOYeHO NPUOITIDKEHHE OTHEIIb-
HbIX €ro YacTedl K 3a3¢MJICHHBIM KOHCTPYKIHAM, BbIIaJIcHHE yKa-
3aTesid U3 pyK oneparopa U T.n. IlyckoHanamouHoe ympaBiieHHe
Tpecta “CnemaneKTpOMOHTaX™ miA ¢asupoBku JmHMiA 6—10 kB,
BKJIIOYaeMbIX Yepe3 NpeNoXpaHUTENIM, MCIOJb3yeT paboune 4YacTu
ykasareneii Hanpsbkenua YBH-80 Ge3 no6aBouHbBIX pe3MCTOpOB.
Ha ykasarenu HazmeBaloT corHyTele U3 JaTyHM ckoGwl (puc. 38),
Npy NOMOUIM KOTOPBIX KX YCTaHAaBJIMBAlOT HAa MECTO BBIHYTBIX
1pybok npepoxpanureneil Tpex ¢as. YcraHoBKY yka3sartenedl npous-
BOJSAT NpU CHATOM HallpsKeHUH WJIH IO, HalpsHKEHHEM MIPU TOMO LI
H3ommpyoux Kieued. Ilocne NpoBepkH HAMMUMA HaNpsDKEHHA
Ha BCeX ¢a3ax HaONIOAAIT 32 CBEYCHHEM JIaMIl ykasaresiel, HCIIOJb-
3yeMpIX A dasupoBkiu. pu coBnageHuu dba3 naMisi He CBETATCA.

CwnoBbie TpancopMmaropsl Ijisi Ga3MpOBKM BIIIIOYAIT HOM,
HanpsixeHue co cropoHs! HH.

Puc. 38. YcraHoBka cko6 Ha

éL. yKas3aTele HanpspkeHust YBH-80
Is t ons (pa3sHpoBKH B yCTaHOBKax
] 6-10 kB:
1 1 — pabouas vacte YBH-80;
2 — cko6a u3 naryHH
1
Puc. 39. flonkimoueHue ykasa-
S Tenss MocdHepro K BbIBOaM
= pa3benuHMTENne npu ¢asupos-
| ke nuHuKM 35-110 xB
A 4 Auamem ; ;
1| 707 Gkodhi ohies
'L . —L 59/’)78/7705/77 Y ° e )
I I pasmepom
il } hi npedoxpaHu~ ©
% mens
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PaGoune uyactu yka3sateneit Hanmpskeus YBH-80 B skcmmyarta-
LIHMOHHBIX YCJIOBMAX HCIBITHIBaIOT HampspkeHMeM 20 xB. Ouesupmo,
Yr0 TaKOe MCIBITATeNIbHOEe HANpsDKEHHE M MeTOOUKa NpUMEHEHUsA
yKasaTtesyied HalpsDkeHus 6e3 [IOIOJIHHTENbHBIX pe3UcTopoB obecre-
yMBaeT HeobXoguMble YCiIOBMA O6e3omacHoro mpoBeseHMsA ¢a3u-
PoOBKH B ycTaHOBKax 110 10 kB.

®a3npoBKa KabenbHbIX H BO3OYWHBIX Jammi 35—110 xB. na
($a3supoBkH NpPHUMEHAIOT YKa3aTeslb HalpsokeHusa thna YBH®-35-110
(cM. puc. 20). Pa3upoBKy MPOM3BOAAT Ha OTKJIIOYEHHBIX Pa3bemu-
HMTENAX (MJIH OTAENIMTENAX), BBIBOABI KOTOPBIX HAXOOATCA ION
HallpsDKEHHEM : ¢ ofHO# cTopombl or umH PY, ¢ ppyroit — or ¢asu-
pyemoi muHud. CHavarnma Ha BceX ¢pa3ax pa3beJMHUTENICH NPOBEPAIOT
HaJIMYHE HanpsOKEHHA NPUKOCHOBEHHEM IUIYNOB yKasaTens k ¢ase
H K 3a3eMJICHHOH KOHCTPYKIWH. IIpy Hamuumu HanpsbkeHMs JlamIa

Puc. 40. ®a3supoBKa yKa3aTeneM HallpsbkeHHsS JIeH3Hepro NnpsiMbIM MeTOOM:
1 — npoBop oT nuHuK; 2 — MPOBOJ CO CTOPOHBI IUMH NMOACTaHIMH ; 3 — Tpy6Kka
¢ pesucropamu; 4 — MuUKpoamnepmerp; J — H30JHpYIOINas LITaHra; 6 —
COeMHMTENBHBIN IIPOBOOHMK ; 7 — 3a3eMIIAIOLIMIA IPOBOL,
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yKasarensa OOJDKHa 3aroparbca. 3aTeM Ha KpadHuMx ¢asax pa3sb-
e[MHMUTeNIeH IPOBEPAIT COBIIafICHHe HalpseHuit 1o dase (puc. 39).
Ha cpepnreii ¢a3se nposepky He npousBofar. Eciu namna yxa3sartens
He 3aropaercs Npu ¢$a3upoBKe Ha KpaWHMX a3ax, To ¢asHpoOBKY
CUMTAlOT 3aKOHYeHHOH — ¢pa3pl coBmapmawor. Ilpu cBeyeHMM JaMIIbI
yka3artens Ha oOeuMx kpafiHMX ¢a3ax WIH TONbKO Ha OOHOH ¢a3u-
POBKY NpeKpamanT — (a3bl He COBNAJAIT.

IIyrs mpoxoxaeHHs TOKa yepe3 yKa3drenb 3aBUCHT OT TOro,
B KakoM pexume paboraer ycraHoBka. B cersix c 3a3emieHHOH
WIH C KOMIIEHCHPOBAaHHO#! HEeATpayibio TOK NPOXOAMT Yepe3 HylleBbie
TOYKH TPaHC(OPMATOPOB, B CETAX C M3OJHPOBAaHHOH HEHTpAibIo —
yepe3 €MKOCTH Ha 3eMJII0 TOKOBEAYLIMX yacTedl ycTaHOBKH. (Pa3u-
POBKa BO3MOXHA IIpM OTCYTCTBHM B CETH 3aMbIKaHHA Ha 3eMITIO.

HocnenoBatensHoCTh omepanuié ¥ feicTBHH TNpH (¢a3upoBKe
JIMHHA yKa3ateneMm JIeH3Hepro, NMpHHLUMIHAIBHAA CXeMa KOTOPOTO
NpHBEZIEHa Ha pHc. 21, cocTouT B cnenyloweM. IIpexne Bcero cobu-
PaloT yKa3aTellb: K M3OJIHPYIOIIMM LITAHTaM NIPUBHHYUBAIOT TPYOKH
C Pe3HCTOpaMH H COCIMHAIOT HX IIPOBOMHHKOM; 3a3eMIIAIOLIMi
MPOBOJHHK IPUCOCITMHANT K KOHTYpy 3a3eMJICHUA IIO[CTAHLMH.
3aTeM MeraoMMeTpoM INpPOBEpPAI0T 3HaYeHUA CONMPOTUBIICHHH pe3uc-
TopoB. IIposepsior paborocnoco6HOCTD yka3atens. s 31oro oguH
H3 NpOBEPAIOIMX Kacaercd ULyTIOM YKa3areisd 3a3eMIIEHHOH KOH-
CTPYKLMHM, a BTOPOH IpOBEpAIOLIMH APYTHM URTIOM Kacaercs
npoBopa, Haxopaswerocs mnop HampskeHueM. Ilpu srom crpenxa
MHKpOaMIIEpMETpa [OJ/DKHA YCTAHOBHMTbCA Ha [ieJIeHMH LUKaJIbI,
COOTBETCTBYIOLIEM (a3HOMY HanpsbkeHHIo. Jlajiee IIpoBepAIOT
paboTy yKkasaTels NpH COTJIACHOM BKJIIOYEHHH ITyTeM HpHCOeHH-
HEHHsA OOOMX UIYNOB yKa3aTeld K OJHOMY M TOMY )€ IIPOBOAY.-
Crpenxa MHKpoaMIepMeTpa NMpH 3TOM He [OJDKHAa OTKJIOHATHCSA
OT HyJIA WIKaJIbl Ipubopa.

IpousBopar ¢a3upoBKY, Kacasch LIyNaMH yKa3aTesisa [POBOOB
Kaxpgo# (a3pl pa3beUHHUTENEH TaK, KaK 3TO MOKa3aHO Ha puc. 40.
Ilpu coBnanenum ¢a3 HampskeHWd CTpenka Npubopa He HOIDKHA
3HAYUTENIBHO OTKJIOHATBCA OT HyNs LIKaibl. Bo3MOXHO Juib He-
Gonbilloe OTKIOHEHHE CTpEJIKH, YTO OOBACHAETCHA HEKOTOpOH pa3-
HOCTbI0 (a3sdpyeMbIX HaNpsOKeHMA JH60 COBHTOM HampsdkeHMi
o yrny npu ¢asupoBke JMHMH GoOJbIION NpoTsKeHHOCTH. Ilpu
HECOBNA/IEHMH HANpSOKEHHH Mo (ase crpesika Npubopa OTKIIOHUTCA
[0 KOHIA IIKAabl.

O6a yka3aTensa Hanps)keHWH Ojis dpasupoBku (Mocanepro u Jlen-
3HEpro) Xopoulo 3apeKOMeHfioBaM CeGsi B axciutyatauuu. OHu
HAJIeXXHBI, ynoOHbl U nopratuBHbl. IIpumeneHHe UX ocoGeHHO wLene-
c000pa3HO NpH NpPOBENCHHH MOHTDKHBIX M PEKOHCTPYKTHBHBIX
paboT Ha NMHHUAX, a TaKXKe Ha MOMACTAHIMAX C YIIPOIUEHHBIMH CXe-
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MamH. B BHICOKOBOJIBTHBIX ceTAX JIeHIHepro exeromgHo NpoOBOTHTICA
He MeHee 50 ¢a3sMpoBOK NpAMBIM METOAOM Ha HampsDKeHHH 35
u 110 kB ¢ npumenennem yxasarens [3].

®a3upoBKa Ha NOACTAHIMAX C yNpoieHHOH cxemol. Ha cropose
Beiculerg HanpspkeHusa (110 kB) Takux nopacraHupil, Kak MpaBwiIo,
OTCYTCTBYIOT He TOJIbKO BBIKJIIOYaTeNId, HO M TpaHCGHOPMATOPHI
HAllpsDKEHHA, YTO MCKIIIOYaeT IPHMEHEHHe KOCBEHHOTO MeToja
¢dasupoBku co cropossl BH. Kpome TOro, BkiiueHHe HOBOrO
0o0opynoBaHus B paGoTy 4acTO NMpOM3BOAMICA IIO3TANHO: CHayaJa
BKJIKYal0T B paboTy OJHY JIMHHIO U OOMH TpaHCHOpMaTop, a MOTOM
C POCTOM Harpy3kM — Apyro# TpaHchOpMarop U ApPYTYIO JIMHHUIO.
B smix ycnoBusax ¢asuposka 060pynOoBaHHA KOCBEHHBIM METOIOM
Ha cropore HH rtaxike He ModkeT GbITh BBINONIHEHa Ge3 OTKIIIOUEHHsA
norpeGuTened U ocBOGOXKIEHHA cekuuu cOOpHbIX LiMH. IIpy HeBO3-
MOXHOCTH OTKJIIOYeHHsA noTpebuTenei ¢a3upoBky obopynmoBaHHA
BBIHOCAT Ha CMEXHble NOACTAHIMHU, UCIIONb3YA OJIs 3TOTO COeUHA-
oLKMe TOACTaHIMH Bo3pyuHble uHMU. Ho 310 TpebyeT co3panus
CIIOXHBIX CXeM C 00aA3aTenbHbIM BBIIEJICHHEM DPEe3¢PBHON CHCTEMBI
ILIMH Ha CME)XHOM ITOACTaHIIHH.

Henocratk¥ KOCBEHHBIX METOHOB OTCYTCTBYKT B Ciiydae ¢a3u-
POBKH 00GOpYyZNOBaHUA NpAMBIM MeTopoM. IlokaxeM 310 Ha mpH-
Mepe. Ilycts Ha nopcraHumu (puc. 41) BKIIoYeHHI B pabory TpaHc-

K32
T T2x“>(
\ /
81 82
we1 CB we2
Tcexkyun ) ’F—D—/r _ T ) 2 cexyusn
RE IR FERR R

Puc. 41. Cxema noacrarimu 110 xB c oTAeNUTeNsIMH 4 KOPOTKO3aMbIKaTeIA MU
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dopMmaropet 71 u nuHuM noTpeGuTenei, nurarowmeca or I u 2
cexumii cGopHbIX 1wuH 10 kB. 3aKoHYEH MOHTaX U TOTOBbI K BKIIIO-
yenuo TpaHcpopmarop 72 u muHMA JI2 ¢ OTBETBJIEHHEM Ha ION-
cranuyio. HeoOxomumo BBHINONHATE Ga3HpOBKY UIMHHOIO MOCTa
110xB u orBerBnesus or nuuuu JI2. JIia 3TOr0 Ha JIMHEHHbIE
pasbvepuuuTenu PJ/I2 nopalT HanpspDKEHHE: CO CTOPOHBI LIMHHOTO
MOCTa — BKJIIOYEeHHeM otaenmrenein O[3 uw pasvenunureneid P13
M CO CTOPOHBI JIMHUM JI2 — BKIIIOYEHHEM ee MOJ], HAIPAXEHHE OT IIHH
NUTaloUie noacTaHuuHu. PasupoBKY BBINOJIHAIT NPAMBIM METOIOM
Ha JIMHEWHBIX pasbemuHuTeNAx PJ/I2 ¢ noMowmplo yKasarteys Halps-
xeHuA. B ciyuyae HecoBmapeHus ¢a3upyeMbIX HallPSOKEHHH C JIMHHM
JI2 CHMUMAIOT HalpsK€HHe, Ha OTBETBJICHHMH MEHAKT MECTAMH IpO-
BOJIA ¥ BHOBb pou3BoaAr ¢pa3upoBky. PasupoBka rpaHcpopMaTopa
T2 tak)e MOXeT GbITb BBINOJIHEHA [IPAMBIM METOOM IIPH MOMOLUH
yKa3aTejyis HapsOKeHNs Ha LIMHHBIX pa3benuuutenax /P T2.

YcioBus Ge3onacHocTd MpH Mpou3BoACTBe (a3HPOBKH yKa3sare-
aAmMH  Hanpsokenusi. IIpexxge 4eM NPUCTYNIMTD K TPOU3BONCTBY
¢a3upoBKH, HEOGXOMMMO YGEIUTECA B BBITOTHEHHA KaK OOLMX Tpe
GoBaHMH TeXHHUKH 6€30MacHOCTH N0 NMOAroToBKe paboyero Mecra
TAK M CIEeUMagbHbIX TpeGOBaHMii No pabore C M3MEPUTENILHBIMM
LITaHTaMH Ha O00OpyIOBaHMHM, HAXOOAIIEMCS MON HaNpsKeHHEM

JIeKTpUUECKHe anmnapaTbl, Ha BBIBOJAX KOTOpbIX ByneT NMpOHU3-
BOMTbCA (Pa3upOBKaA, eie 0 NOJaYH Ha HUX HalpsXKeHUA NOJIKHBI
ObITh HAJEXKHO 3alepThl, IOJDKHBI ObITh TaKXK€ IPHHATHI MEpbI,
NpeIOTBPALLAIOLIME HX BKIIIOUEHHE.

Ykaszatenu HanpsbkeHusl mepefi HauasioM paGorsl IOX Hampske-
HMEM [IOJDKHbI ObITh MOJBEPTHYTHI TILATEIBHOMY Hapy>XHOMY
ocmotpy. IIpu 3romM 06pawaeTcsi BHUMAaHHE Ha TO, YTOObI JIAKOBBIH
NOKpPoB TPY6OK M H30JIAIHMA COSAMHUTEIBHOrO NPOBOMAA He MMENH
BMIMMbIX MNOBpexAeHHH M uapanuH. Cpok TOMHOCTH YKasareid
npoBepsAeTCA MO LITAMIY NMepHOIMICCKHX HMcmbiTanuid. He monmycka-
€TCs IPUMEHATH YKAa3aTeJIH, CPOK TOJHOCTH KOTOPBIX MCTEK.

Ilpu paGoTax ¢ yKkasaTesieM HalpspkeHHs 00s3aTesibHO PUMEHe-
HHe OUINIEKTpUYeCKMX NepyaTtoK. B xome ¢asupoBkM He peKOMeEH-
noyercA NpubMIDKaTh COETMHUTENBHbIH IIPOBOL K 3a3¢MJICHHBIM
yacTAM. Pacrionarate paGoune W H30JIMPYIOUIME YACTH yKa3arejew
clIefyeT TaK, YTOObI He BO3HUKJIA OINACHOCTb MEPEKPBITHA MO HX
NIOBE PXHOCTH MeXAY (pa3aMu HITH Ha 3eMITIO.

®a3supoBKy yKasaTeleM HalpsS)KEHMA HeNb3sd INPOM3BOAMTH
BO BpeMsa HOXI#A, CHETomnaja, IpH TyMaHe, TaK KakK M30JIMpYIouiye
YacTH €r0 MOTYT YBJIOKHMTBCSA, YTO NPHUBENET K HX MEPEKPBITHIO.
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6. KOCBEHHbIE METO/Abl ®A3UPOBKHU

INpoBepka coBnazenus a3 cOOPHBIX IUHH H MapKUPOBKAa BHIBO-
HOB BTOPHYHBIX OOMOTOK TpPaHC)OPMATOPOB HANPSDKEHUS INpH
BKJTIoueHUH HOBbIX PY. PacuseTka cGopHbIX UIMH B HOBBIX PY mpous-
BOIOMTCA B COOTBETCTBMH C yka3zaHusamu IIYD. MapkupoBka BbIBO-
[OB BTOPMYHBIX OGMOTOK TpaHCHOPMAaTOpPOB HANpsKEHHA BBINOIN-
HAEeTCA HANAZIOYHBIMH OpPraHM3alMAMM Ha OCHOBAHMM IACIOpPTHOMH
U MPOEKTHOH JOKYMeHTauHu. [IpoBepka cooTBETCTBHA MapKUPOBKH
BBIBOJOB BTODHYHBIX OOMOTOK TpPaHC(OPMATOPOB HaNpAKEHHA
pacuBeTke COOpPHBIX LIMH MOXeT ObITh OCYUIECTBIICHA IlyTeM IOAauH
OT CeTH MO OOHOH M3 NUTAWMX JIMHMIA HanpskeHua B PY. Hanps-
’*eHHe nopgaercs moda3Ho, T.e. cHayana no dase A4, 3areM B u,
HakoHel, no ¢asze C. [Ipu 3TOM KaX/BIi pa3 NpoBEpAOTCA COOTBET-
cTBUe pacuBeTkHd ¢a3 B PY ¢azaM sHeprocucreMsl ¥ OJHOB peMEHHO
MapKUpYIOTCS BTODUYHbIE LEMM MO NMOABJICHHIO HANpSAXEHUs Ha
BBIBOJAX TOM MIIM MHOHM ¢a3bl TpaHchopMaTropa HampsXKeHHUs, MOA-
KJIIOYEHHOTO K COGOpHBIM [IMHaM. BropuuHble OGMOTKM ApYrux
TpaHCPOpMaTOopoB HANpsXKEHHA B [JanbHeduleM ¢asupyor ¢ TemM
TpaHCHOpPMATOpOM  HANpsKEHHA, MapKHpOBKa KOTOPOTO YXe
npoBepeHa. ®a3upoBKa MPOM3BOMUTICA TeMM K€ METOAaMH, YTO
H $a3upoBKa CHIIOBBIX TpaHCGOpPMATOpoB HampshkeHHeM 1o 380 B.
Bp1Gop MeTOna 3aBHCHT OT cXeMbl BTOPHUHO# OGMOTKH : 3a3eMIIeHa
ee HyrneBas ToYka WiM ofgHa u3 ¢a3. B mepBom ciyuae mia ¢asu-
POBKHM NpPHMEHAIOT BOJBIMETP CO UIKAJION Ha [BOHHOE ¢a3HOoe
HAIIps)KEHHE, BO BTOPOM — Ha [BOHHOE JIMHEHHOE HanpsKeHHe,
TaK KaK IpH 3a3eMiIeHUH (a3bl BTOPUYHBIX OOMOTOK Ha BBIBOJIBI
BOJIbTMETPa MOXeT ObITb TOJAHO HanpsbkexHe 2 U .

B askcmtyataumu ¢a3supoBky TpaHchOPMAaTOPOB HANpsDKEHUs,
Y KOTOpBIX 3a3eMJICHBl He HYyJeBble TOYKH, a ¢a3pl BTOPHUHBIX
obMoToK (HampuMmep, ¢a3pl *b), U 3TO He BI3bIBAET HUKAKUX COM-
HEHWH, BBINOJIHAKT Tpyu noMou ¢asoykasarensa HU-517 wm QY-2.
B paHHOM ciyyae 3TO HOMYCTHMO, TaK Kak ¢a3bl b ¢a3upyeMbix
HANpsXKEHUA JKECTKO COCAMHEHbI M TpebyeTcA YCTaHOBMTb JIMLIb
COBMNAJiCHHE HANpPAKEHHA ONHOMMEHHbIX ¢a3 a4, a Takxke ¢a3 c.
Ecnu onm He coBmajaioT, mMck ¢a3oykasaTesd IpU Nojaye Ha BbI-
BO/Abl HaNpAXKEHHA OT IMEpBOTO TpaHchopmaropa HanpsAXKEHHA
6yner BpamaThCs B OJHOM HAIlpaBJICHHH, a DY NIOaye HAaNpPSOKeHHA
OT BTOpOro TpaHchopmaropa HanpsbDkeHHsA — B Apyrom. Hu B kakux
OpYTHX cIyYasX ¢a3upoBKH TpexdasHbIX lelled IM0JIb30BaTbCs
TONIbKO (a30yKasaTesieM Helb3A, TaK KaK NPH OJHOM H TOM e

_HalpaBJIeHMM BpanieHHs IMcka (a3oykasatesiss MeXAy OOHOUMEH-
HbIMH (a3aMM HANpsXKEHHHA MOXKeT ObITh COBMI IO YTy Jaxe Ipu

OJIHOM M TOM Xe NMOpsAAKe clenoBaHus ¢pa3 (cM. puc. 2, 6).
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TpaHcopMaropsl HANpsHKeHHA OJHOTO Kjacca HAMPSKEHHs
¢$asupyoT npy NMTaHAM OT OJHOTO HCTOYHMKA. Ecim, Hampumep,
HeoGXOOMMO MpOBEPHTh COBNAfichHe ¢a3 ABYX TpaHchOpPMAaTopoB
HAIIpAKEHU s, BKIIIOUEHHBIX co cropoHbl BH Ha pasnble cucTeMsl
wmMH (MM CEeKUMM), TO 1A 3TOTO LIMHbI COeIHHAIOT MeXAy coboi
BKJIIOYEHHEM UIMHOCOEIUHUTENBHOrO (WIM CeKUMOHHOIO) BbIKIIIO-
YaTesIA H 3aTEM IIpOU3BOAAT Ga3upPOBKY.

®azupoBKa BTOPHYHBIX Lienel M3MepUTeNIbHBIX TPaHCHOPMATOPOB
HAMpSDKEHMA H TOKA C LENsAMH pejie B CXEMaX peJieHHOH 3allMTbI
U aBTOMAaTHKH. [Ipy BKITIOYEHMH HOBBIX NOACTAHUMHA He OTpaHHYMBA-
I0TCA TOJIbKO IpOBEPKOH NPABWIBHOCTU PAaCUBETKH COODHBIX WIMH,
MAapKHpPOBKHM BBIBOIOB BTOPHYUHBIX OOMOTOK TpaHCGOpMaTopoB
HanpsbkeHHA U ¢$a3upoBKON UX Mexay coboi. HeobxomiMa Takike
dasygpoBka 3aXKMMOB BTOPUYHBIX OGMOTOK M3MEDHTEJIPHBIX TPaHC-
dopmaropoB TOKa M HallpsKeHHA ¢ 32KUMaMM pene. lleno B TOM,
YTO /IS HEKOTOpbIX BHAOB pene (HapuUMep, pejie HalNpaBJiCHHA
MOIHOCTH, pejle CONPOTHBIIEHHA) TpeGyeTcsa BIIOJIHE ONpepesieHHoe
coyeTaHHe (a3 TOKA M HANPSDKEHHs, a [jIA peJie TOKOBBIX U depeH-
IMAJIPHBIX 3aUIMT HMeeT 3HaueHHe He TOJIbKO ¢a3a, HO U HallpaBJIeHHE
BeKTOpa ToKa. [To3TOMY nocie okoHYaHUsA a3 poBKH TpaHCHOpMma-
TOPOB HallpsDKEHUA MEXAY co60oit 06bIYHO NPUCTYTIAIOT K (a3upoBKe
Hened HanpsbOKCHMA Ha NAaHeNIAX pejleMHOM 3alMTbl M ABTOMATHKH.

IIna 3Toro nopawT HanpspkeHHe OT TpaHCOpPMATOpOB HAIPsSIKEHUA,
NOJKITIOYEHHBIX K COOPHBIM IIIMHAM, K NaHeJIM 3aUIMThl H U3MePAIT
3HauyeHHA GasHbIX M JIMHEHHBIX HANPSDKEHMH, a TaK)ke TIPOBEpAIOT
nopAfok cienoBaHus ux ¢as. s uckimoyeHusa oumbok ¢a3oyka-
3aTeNlb M €r0 COeOMHHMTEIIbHBIE NPOBOAA AOJDKHBI MMETb €IMHYIO
MapkupoBKY. BkimoueHue npuSopoB noka3aHo Ha puc. 42. Bmecro
OTHENIBHBIX NpubopoB (BOnbIMeTpa M (a3oykasatens) Npu ¢asu-
POBKaXx 4acTo nosb3yrwrcs npu6opom BAD-85.

IIna npoBepkH COOTBETICTBUSL 0003HaueHMi a3 HampsOKeHHA,
NOABOOMMOrO OT TpaHCHOPMITOPOB HANpsKEHHA, MapKHPOBKE,
BBINOJTHEHHOM Ha IaHeNIW 3aUUThl, HANps)KeHHe Ha 3Ty I[aHeNb
nofawT nodasHo, CBepAs KaXapld pa3 o6o3HayeHHe ¢a3bl Halps-
*EeHHUA ¢ 0603HaYeHHeM MapKHPOBKH Ha ITaHEJIH.

B toM ciyuae, korma y TpaHcGOpPMATOpOB HAlpSKEHHA 3a3eM-
JIeHa He HyJeBasA Touka odmorok HH, a ¢a3a (Hanpumep, dasa b),
CHayaJia OTBHICKMBAKOT 3a3eMJICHHYI0 ¢a3y M TOJNBKO NOTOM IIpoO-
BEPAIT NPaBHIbHOCTh MapKUPOBKH BBOIHBIX 3KUMOB HAa MaHEJIM.
IIna 3roro BONBTMETPOM U3MEPAIOT HAIpsDKEHHE Kaxmou ¢a3sl
OTHOCHTENIHO 3eMiIH. [IpH M3MepeHMH HanpskKeHHs MeXAy 3a3eM-

TIeHHOH ¢a3oit M 3emilel crpenka mpuGOpa He NOJKHA OTKIIOHATHCS
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Puc. 42. Cxema BkmoYeHHS NpHGOpOB Mpu (ha3upOBKe LeNel HANpsKEHHS
Ha MaHeNHu y CTpORCTBA penteHOMN 3a1UThI:
ay, by, ¢y, a3, by, €y — BBOOMBIE 33KHMBI Ha TIAHENH 3ALIMTHI

OT Hynsd, a NpH H3MepeHHAX Ha [BYX Hpyrux ¢pa3ax BOJIBTMETP
MOK@XXET JIMHENHOE HAIpSDKEHHE .

IIpaBWIbHOCTP MapKHPOBKM BBOMHbIX 3WKHMOB B JaHHOM ClTy4ae
yCTaHaBJIMBAlOT Ipu NoMommM ¢a3oyka3aresd, NOOKIIIOYAA €ro
K OJHOMMEHHBIM 3@®KMMaM Ha naHenu (4 —ay; B —-b,; C— ¢y,
a Takxke A — ay; B — b,y; C— c;) v HaGmioas 3a HalpaBjieHHEM
BpauieHHa nucka. Ecnu npu nopximoueHnn ¢a3oykasarens K BBOQ-
HbIM 32KHMMaM 4;, b;, ¢;, a 3aTeM K 3aKHMaM a,, b,, ¢, mUCK
6yner BpamarsCcs B OOHOM M TOM XK€ HalpaBjieHWM, CYMTAKOT, YTO
MapKHPOBKA BBOJHBIX 32)KMMOB BBIIOJTHEHA IIPaBHILHO.

®a3upoBky TpaHCHOPMATOPOB HaNpsXKEHHsA HAa 3aKHUMAxX Iiepe-
KJII0YaTens BBOIONHAKT NMpH NMoMouM BonbrMerpa. Heo6xomumbim
yCIOBHEM [UIA 3TOTO ABJIAETCA NPEJBAPUTENIBHOE COEIMUHEHHE
MeXOy CO0O# HyneBBIX TOYEK WIM OJHOUMEHHBIX (a3 BTOPUUHBIX
0GMOTOK ¢asupyeMbIX TpaHCHOPMATOPOB HaTpsDKEHHUS (CM. BBILLIE).

Ha nopmcrammuax c¢ pgByma cucreMamu cOOpHBIX (UMH, KOTrpa
LETH HaNpsDKEHU s NIEPEKITIOYaloTCs BCIIOMOTaTeNIbHbIMM K OHTAK TAMHU
UIHHHBIX pa3beqMHUTeNeH, HasupoBKY TpaHC(HOPMATOpPOB HANpsxKe-
HHA BBIIONHAIOT Ha BCIIOMOTATENIbHBIX KOHTAKTaX 3THX pa3beiu-
Hurened. KpoMe TOro, mpH noodYepeHOM BKJIIOYEHHM [IMHHBIX
Pa3beIMHATENCH HA Ty WIM ApYTYI0 CHCTeMy CGOpHBIX LIMH Mpo-
BEpAIT 3HaYeHMA ¢a3HbIX M JIMHEAHBIX HATPSKEHHH Ha MaHENAX
3aLUAT M MIOPANKH ClleloOBaHUA (a3 HapsDKeHUH.
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Puc. 43. OGo3HaueHHsI BBIBOJIOB
o6MOTOK TpaHcopmaropa TOKa
(@) ¥ npuHATBIE B TNOCTPOEHUAX
BEKTOPHbIX [HarpamMm IOJIOXH- Puc. 44. BexkTopHas [Ouarpamma
TeNbHblE HanpaBJIeHHS BEKTOPOB TOKOB ¥ HalpsDKEHWH NepBHYHOM
ToKa (6) Lenu

Ilocne oxkoHYaHMs ¢a3sMpOBKH LEMeH HAMPAXKEHUA Ha BBOOHBIX
3KHMax M MepeKJiloyaTesie NPHCTYNAlT K IpoBepke NoABOAA
OTHenbHbIX (a3 HANpsDKEHHA K pelie, PaclojIOXKEHHbIX Ha CaMOM
naHenu 3auMrbl. id 31010 NpoBO/, HAYILHI OT OTHOTO U3 3AKHUMOB
BOJIBTMETpa, IOOYEPENHO IIPUCOEHMHAT K KaXKIOMY 32KHMY
HaIpsHhkeHUA Ha pesie, a Jpyrod MpOBOJ OT BOJNIBTMETPA. — K KaXIo-
My ToJItoCy e peknodaren. [Ipy noaxioueHnH BOJIbTMETpa K 3aKH-
MaM OHOMMEHHBIX (a3 ero NMokasaHue OyneT PaBHO HYJII0, a NpH
NOAKJIIOYEHHH K pa3sHOMMeHHbIM ¢a3aM WIH K HyJEeBOH TOuke
BOJIBTMETP IOKaXeT COOTBETCIBEHHO JIMHEHHOe M (pa3Hoe Hamps-
KEeHHe.

[IpaBWILHOCTD NMOAKIIIOYEHHA K pelie TOKOBBIX LENeH, MOYIHX
0T TpaHchOpPMATOPOB TOKA, ONpeneAeTca “IPO3BOHKOM’ TOKOMpPO-
BOJAIIMX JKWI CUTHAIBHBIX Kabesiedl Y IPOBOMIOB Ha MaHENAX 3aLHT.
IIpu 3ToM NpoBepAKNT M NPUHHMAIOT BO BHMMaHHe 06O3HauyeHHA
(MapkupOBKY) BBIBOMOB IEPBHYHBIX H BTOPHYHBIX OGMOTOK TpaHC-
¢opmaropoB TOKa, ¢ TeM 4TOOBI IO ITHM OODO3HAYEHHAM MOXHO
6b1J10 ONpeneNINTb HallpaBJieHHe BTOPHYHOIO TOKA, 3Has HalpaBJieHue
NepBHYHOTO.

B CCCP npunato 0603HayaTh Hayajla ¥ KOHIbI NI pEUYHBIX OOMO-
ToK TpaHcdopmaTopoB Toka 6ykBamu JII u JI2, a Hauana H KOHIbI
sTOpuuHbIX — M1 u M2 (puc. 43). CoenuHeHne BTOPUYHBIX OGMOTOK
rpaHcOpMATOpOB TOKAa B 33/IaHHbIe CXEMBbl BBINOJHAETCA TaKXe
C y4yeTOM X 0603HauYeHMI.

OxoHuaTebHasA NpOBepKa MpPaBWIBHOCTH NMOIKIIIOUEHMA K pejie
Ha MaHeJAX 3aWUT Leneil TOKa M HAPsHKEHUA NIPOU3BOMUTCA MOCTe
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BKJIIOYEHHs O3€KTpHYeCKON Lenyu mnop, Harpy3ky. Ha 31o Bpems

3aIMTA EKTPUYECKOH LM OCYLIECTBIIACTCA CIELHAJIbBHO HACTpO-
EHHbIMH BpeMEHHbIMM 3aumramMi. OCHOBHBIM METOIOM IIPOBEPKH

ABJIACTCA METO/, CHATHA BEKTOPHBIX AMAarpaMM TOKa M HallpsAXXEHHUA.
CymHocTh €ro cocTouy B ciienyiomieM. Usmepsiorcs 3Haueyus Toka
U HanpshKeHUA OfHOH U3 a3 NepBHYHOIM LenH, HanpuMep [4 u Uy ;

U3MepAITCA 3HauyeHHs W HallpaBjieHMsA aKTHBHON P4 M peakTHBHOMH
04 MowHocTe# (10 MOKa3aHMAM WIMTOBHIX H3MEDUTENbHBIX NpHU-
OOpOB, BKJIIOYEHHBIX B [ipyTHe el TOKA M HANpPsHKEHHA H 3aBEJOMO
MpOBEpPeHHBIX ), MPOXOIAUMX MO Uend (JIMHUH, TPaHC(opmMaropy
u 1.7.). Ha ocHOBaHMM 3THX M3MepeHHMil CTPOMTCA BEKTOpHas [IHa-
rpaMma NEPBMYHON LIETIM M ONpENesAICA YIJIbl CABHIa BEKTOPOB
TOKAa OTHOCHUTEJIBHO OJHOMMEHHbIX HampsbkeHmit. Ha puc. 44 nmoka-
3aHa BEKTOpHasd [xar paMMa TOKOB M HaNpsOKEHMil IlepBHYHOM LeMH.
IIpu ee mocTpoeHHH cHavana GbliI IOCTPOEH BeKTOp HanpsixkeHusa Uy,
a 3aTeM — 10 3HAYEHHIO M B 3aBUCMMOCTH OT Ha[lpaBJieHUA aK THBHOM
H PEaKTHBHONM MOWMHOCTH — BeKTOp ToKa [ 4. IlomoxurenpHeiM
HalpaBJIcCHUEM AaKTMBHOH M pEaKTHBHOW MOIMHOCTH CYMTaeTcs
HallpaBJIeHHE OT IUMH CTaHLUMM WIH NOACTAHIMH, OTPULATEIIBHBIM —
K LIMHAM.

+P

—————

.

Puc. 45. IonoxeHue BEeKTOpa MEPBUYHOrO ToKa /4 Ha KOOPHAMHATHOH moC-
KOCTH OTHOCHTeNIbHO BeKTopa (a3HOro HampsbkeHust Uy NpH pasmuuHBIX
HANpaBJIeHUAX AKTHBHOM K M peakTHBHOM MouHoCcTH. [IpuHATO, YTo BeKTOp
¢asHoro HanpsxeHus Uy coBmajfiaeT C IONIOXHMTENGHbIM HalpaBleHHeM
AKTHBHOH MOLIHOCTH
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Puc. 46. Cxema BKmoueHus npuGopa BAD-85 nnis u3mMepeHui, MCIONb3yeMBIX
B IOCTPOEHHAX BEKTOPHBIX [IHarpamMm

Ha puc. 45 mokasaHsl Te KBafpaHThl KOOpPAMHATHOM INIOCKOCTH,
B KOTOpbIX [IOJDKeH ObITh pacrojioxKeH BEKTOD IMONHOH MOLHOCTH
S, a 3HaUMT, ¥ TOKA IPH pa3JIMYHBIX HANPABJICHUAX aKTHBHOM M peak-
THBHO#M MomHocTH. Tak, ecnu akTHBHas MOLIHOCTb HallpaBiieHa
K umHaM —P, a peakTHBHas oT WMH +(), TO BEKTOPBI IIOJIHOH MoLI-
HOCTH M TOKa [JOJDKHBI GbITh pacrosioxeHb! B IV kBafipanre.

3arem ¢ momombio nNpuGopa BA®D-85, cxema BKIIIOUEHHSA KOTO-
poro mokasaHa Ha pHC. 46, ONpeleNnAl0T MOCIeNOBaTeIbHOCTD (a3
NOABENEHHbIX K NMpHGOpY HANPSKEHWH; M3MEpAIT 3HaueHHA ¢a3-
X U, , Up, U, v muneitnbix Uy p, Upe, Uy, HanpsKeHHH, 3HAYCHUA
TOKOB B $asax I, , Ip, I, 1 yrnbl cIBHra BEKTOPOB TOKA ¥ , ¥ ¥,
OTHOCHMTE/IbHO OJHOLO M TOrO € BEKTOpA JIMHEHHOrO HalpsXeHHs,
Hanpumep BekTopa Uyp.

Ilocie 3TOro CrpoAT BEKTOPHYI0 AMarpaMMy BTOPHYHOH LEIH.
Ha cnempansHoM 6naHke B oNpefiejleHHOM Macuitabe HAHOCAT
BekTop Uzp M oT Hero mop yrnamu 120 u 240° — pexrtoppl Upe
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n Ug,. CTpoAT BekTOpbl (pa3HbIX HaNpsDKEHWH, KOTOPble OTCTAIOT
OT COOTBETCTBYWILMX BEKIOPOB JIMHENHBbIX HanmpspkeHHd Ha 30°.

Bextopnt Toka I, , [} u [, cTpoAT Ha mMarpamMme (OTHOCHTENIbHO
BexTopa U,p) MOM yriamu, KOTOpble GblIM H3MepeHbl MpHGOpOM
BA®-85. Ha puc. 47 nokasaHa MOCTPOEHHAs yKa3aHHbIM CIOCOGOM
BEKTOpHasd [MarpaMma TOKOB M HAaNmpsOKeHMH BTODMYHOM UEMH.
M3 puarpamMmbl BUOHO, YTO BEKTOPbI TOK2 CABHHYTbI OTHOCHUTENIBHO
BEKTOPOB OJHOMUMEHHBIX HANpsDKEHMH Ha O[MH M TOT Xe€ yroin o.
3T0 rOBOPUT O TOM, YTO TOPSIKM ClefoBaHMA (a3 HanpshKeHH#
M TOKOB coBnanawT. CpaBHeHHe BEKTOPHOH [MarpamMmbl BTOPUYHOH
LIeTH C BEKTOPHOM AMarpamMMoit, TOCTPOEHHO# [JIs NEPBHUYHOM LenH,
10Ka3biBAET, YTO BEKTOpbl BTOPUUHBIX TOKOB /,, [p, I, pacmono-
KEHbI B TeX XK€ KBaJpaHTaX Y MOJ, TEMHM e YyTIaMH ¢ OTHOCUTEIIBHO
BEKTOPOB BTOPHMYHBIX HANpPsXKEHHH, YTO M BEKTOpbI INEepPBUYHBIX
TOKOB OTHOCHTEJIbHO BEKTOPOB [MEPBUUHBIX HANpPAKEHUH. ITO
MO3BOJNIAET CHENaTh BLIBOA O TOM, 4TO (pa3bl HalpsKEHHH U TOKOB
e pBUYHON ¥ BTOPUYHOM IENEH COrJIaCOBaHbI M YTO BTOPHYHbIE LIEMH
nojBefieHbl K pejie B YCTPOHCTBe peJieMHOHM 3alUTbI I1PaBHIIBHO.

®asnpoBKka TpaHCPOPMATOPOB M JIHHMH NIpH OBOHHOH CHCTeMe
WHH. J3TUM MeTolOM Ga3upyroT TpaHchOPMATOpbl U JIMHHU BCeX
KfacccB HanpsbkeHua. B PY, roe Bce cucTeMbl UMH HaxopATcs

Uz

Puc. 47. BexTopHasi OMarpamMma TOKOB M HalpsOKeHHWH BTOPHYHON LeMH,
NOCTPOEHHas MO AaHHbIM U3MepeHH# npubopom BAD-85
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Puc. 48. CxcemMa ¢a3sMpoBKH KOCBEHHBIM MCTOAOM Ha BLIBOJAX BTOPHYHBIX
06MOTOK TpaHCGOPMATOPOB HANPIXKCHHUSA

8 paGoTe, 1UiA MPOU3BOJCTBA (a3uPOBKH OCBOBOX/IAIOT OHY H3 CH-
CTCM UIMH, T. ¢. BLIBOIAT ee B pe3epB. [Ipu BKII0UEeHHOM WIMHOCOEIH-
HUTEJIBHOM  BBIKJIIOYATCIIC BOJIBTMETPOM MPOBEPAIT COBNAJCHHE
(a3  BTOpMUHBIX HaNpsDKEHHH TPaHC(QPMATOPOB  HAINPSHKEHHH
paboyeil M pe3cpBHON CMCTEM LUHH. 3aTeM OTKJIIOYAIOT LUIMHOCOE[H-
HUTCIIBHDBIA BBIKJTIIOYATENIb U CHUMAIOT C ero NMpUBOJA ONepaTUBHBIA
TOoK. Ha pe3cpBHyw cucTeMy LUMH BKIIOYAOT Lenb, (asHpOBKY
koTtopoit cneayer mnpoussectv (puc.48). Ilo pasupyemoit uemu
C MPOTHBOHOJIOKHOTO KOHLA MOMAIT HANpsDKEHHe W IPOM3BOIAT
(a3upoBky Ha BbBIBOJAX BTOPHYHBIX Liened TpaHCHOPMATOPOB
HalpsbkeHua pabGoued U pe3epBHON CHCTeM LIMH. [jisi 2TOro BOJNBT-
MCTPOM MpPOU3BOUAT UIeCTh M3MEPEHHH B Ciiefyolued MocienoBa-
TENBHOCTH: ¢y — dy; 4y — by ay — ¢33 by —ay; by — by by - 5.
Ilpu conanenun a3 a; na,, by u by, ¢y M ¢, (Hynesble MOKa3aHUA
BOJIbTMeTpa) (asMpOBKY 3aKAaHUMBAIOT U BKIIOUEHHEM WIMHOCOEIH-
HUTC/IBHOTO BbIKJTIOUATENA, 3alUTBI Ha KOTOPOM [OJIXKHBI Haxo-
[IMTbCA B MOJIOKEHUHM OTKITIoYeHHe”’, ca3HpOBaHHYI0 LEeMb BKIIIO-
YalT Ha MapajesnbHylo paboty. Ecnu npu u3MepeHHH HanpsOKeHUA
MeXdy OJHOWMEHHBIMH BbIBOJaMHU Oy[dyT MOJIyueHbl He HYJIEBbIE,
a MHble pe3y/abTaThl, TO M3MepeHHs TMpeKpa:anT, ¢asupyemyio
Lefb OTKJ/IIOYAT M TMPOHU3BOAAT MEpecoeJHHEHHE TOK OBEYLIHMX
62



vacreit, JoouBasick cosnajeHusa ¢a3s. Ilocne osroro dasmposky
MPOU3BOAAT 3aHOBO.

da3upoBka TpexoOMOTOYHbIX TpaHchopMaTopoB. Da3HPOBKY
BBUIOJIHAKOT B B4 Ipvema. CHayana TpaHCGOPMATOp BKIIIOUAIT
o/, Hanpsbkenue co cropodsl BH u npoussoasar ¢asupoky co cro-
poubl o0MoTkn HH T1ak ke, xak ¢a3upoBky ABYXOOMOTOUHOTrO
TpaHcpopmaropa. [1pu coBnajiennn a3 TpanchopmMarop co CTOPOHDI
HH orkJI04ai0T, BKJIIOYAIOT Ha pe3epBHYI0 CHCTEMY UIMH CO CTOPOHbI
CH n npousBojisT da3upoBky Ha dToM HanpsbkeHud. [locne nony-
YCHHA [IOJIOXKHUTCIIbHBIX pe3yJibTaTOB B 060OMX ciiyyasx (pa3sMpOBKH
TpaHCPOpPMATOpP CUMTAOT C(Ha3MPOBAHHBIM M €ro BKJIIOYAIOT HA
11apaJuICiibHYI0 padoTy TpeMsa OGMOTKAMHU.

®asupoBka TpaHchOpMaTOPOB M NIMHMH MOXHEMOM HaNpsKEHHUS
c Hynsa. dasupoBKy Mo IToMy MeToay Y/A0OHO HPHUMEHATH B TOM
cjlyyac, KOrjja I104beM HAlPHAKCHUA C HYNS NPOM3BOMAAT OJIHO-
BPCMCHHO M ISt JIPYTHX (EJICH, HAIIpUMep JUISL [IPOBCPKH pelieHHOH
34(LUMTDI.
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‘Prc. 49. Cxcma Ga3MpoBKH NOLBCMOM Han pmkumx C Hyns 1By X TpaHcgopma-
TOpoB (@) W [ABYX Napasuic/ibHbIX MMHUA (6)
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Cxema ¢a3HpoBKH OBYyX TpaHC(HOPMATOPOB MPE/ICTABIICHA HA
puc. 49,a. U3 cxemsl BHIHO, uTO (a3upyeMblii Tpancgopmarop 77
BKJIIOYEH MapajUleNibHO Apyromy, cda3upOBaHHOMY yXe C CETbIo
tpancpopmaropy 72. K oomorkam HH oboux tpancdopmatopos
nojxsodeH reHepatop. Ilepey ¢asupoBko#i yOexJawTcA B TOM,
4r0 ¢asupyemble TpaHCHOPMATOPbl HMEIOT OIMHAKOBblE KO-
¢uuueHTH! TpaHchopMauuy (IO IIOJIOKEHUIO  Te PeKIII0UaIoIMX
YCTPOHCTB Yy OTBETBJIEHHH OOMOTOK), B IIPOTMBHOM Clyyae pe3yb-
TaThl $a3sMpoOBKH MOTYT ObITh owMbouHbIMH. JInsi Mpou3BOACTBA
$a3upoBKH TeHepaTop pa3BOPAYMBAIOT 10 HOMHHAJIBHOH 4acTOThI
BpalleHUsl M MeJIEHHO (C Hy/IA) MoJgHMMaloT Hanpsokenue. Ilpu
3TOM BEOYT HaGJliofieHUe 32 aMIIepMeTpaMH B LIETIH CTaTOpa, MO MOoKa-
3aHUAM KOTOpbIX CYHOAT O coBHadeHuu ¢a3 TpaHCPOpMaTOpOB.
Ecnu noka3aHus aMrnepMeTpOB OJIM3KHU K 3HaYeHHIO TOKOB XOJIOCTOrO
xoma (XX) — d¢asbl TpaschopmartopoB coBnapawoT. [lpu Hecosna-
oeHud a3 aMmepMeTpbl MOKaXyT 3HAYMTENIbHO OOJIbUIMA TOK,
NpUOMIDKAOIMACA C BO3paCTaHUEM HalpsxKeHUsA K ToKy K3.

da3upoBKa JIMHUHU N0 ITOMY MeTody MoXeT ObiThb MPOM3BCAEHA
B TOM Cjlyyae, eCllM WMeETCa [pyras, fapaiiesnpHas ¢i JIMHHA
(puc. 49, 6) . dasupyeMbie Mexay cobOW JIMHMM BKJIHOYAIOT C Kax-
[0# M3 CTOPOH Ha OJIHM U TC Xe pe3epBHbIe UIMHbI OACTaHIMiA / u 2,
MOAKIIIOYAI0T TeHepaToOp M MOJHHUMAIOT HalpsbkcHue ¢ Hyns. [lpu
HeCOBNaJeHHH! (a3 1o MMHUAM HauHeT Apoxouutsh Tok K3, uro sierko
OOHapyXHTh IO MOKAa3aHWAM aMIepPMETPOB. ITOT METOJ, ABJIAETCA
e[JMHCTBEHHbIM METOJOM, KOTOpBIi MOXeT ObiTb [pHUMEHEH MpH
¢azupoBke mapaysiesbHbIx Kabeneit (T'myuxos’ kabelel, MOYuIMX
OT reHepaTopoB, TpaHCOPMATOPOB H T. 11.) .

(da3upoBka reHepatopa. Pa3sMpoBKYy reHepaTtopa Henb3sl MPOM3-
BOJIMTb METOJOM (pa3upoBKH TpaHcpopMaTopoB M NvHMH. Bextop
HanpsXXeHUsl reHepaTopa BpaUIAETCA OTHOCHTEJIbHO BEKTOpA Hamps-
JEHUA CeTH C Pa3HOCTbI0 YACTOT reHepaTopa H CEeTH, U BbIPABHA1D
JTH YaCTOTbI Ha BpeMsA, HeoOXoaMMoOe [ TNPOM3BOJACTBA BCEX
omepauuid Mo ¢(a3vpoBKe YHOMAHYTbIM METO[OM, TMPaKTUUECKH
HeBO3MOXHO. [lodToMy mpu ¢asupoBke NpoBepAOT U CPABHUBAKT
JIMLUb TOPAJIKK CllefoBaHUA (a3 reHEpaTopa M CETH, a COBMA[CHHC
Hallps>keHUH MO (a3e YCTaHABJIMBAIOT KaXK/IbIid pa3 MpH BKIIIOUCHHH
reHepaTopa B CeTb B MpOLECCEe ero CHHXPOHU3ALMH, KOI/1a B TCUCHHC
HEeNpOIOJDKUTENIBHOTO BPeMEHH Y[AeTCs MOJyYHTb Pa3HOCTh YacTOT
BpalLEHHs, OIM3KYI0 K HYJTI0.

BkouaeMblit B ceTb reHepaTtop JOJDKEH MMETb TOT XKe MOpPALOK
ciaenoBaHusa a3, Y4TO M reHepaTopbl CHCTEMbI. ITO TpeGoOBaHHue
BbI3BAHO TEM, YTO BKIJIIOYCHME Ha MapajiesibHylo paboTy resepa-
TOpa, MMEILWICTO OOpaTHbIH MOPSALOK CIIC[lOBaHWA (a3, Hemolly-
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Puc. 50. IIpuHuunuanbHass cxeMa ()a3sMpOBKH TeHepaTropa NMpH BKIIOYCHHH
Ha c6OopHbIe LIMHBI (@) ; TO Xe NpH 6noyHol cxeme (6) :

1 — renepartopsl sHeprocucrembl; 2 — dasupyembiii reseparop; 3 — ¢aso-
ykasatenn; 4 — KoMmeHcatopbi; 5 — TpaHc¢opmMarop c. H.

CTUMO, TaK KaK ero MOMEHT BpalleHHsl HallpaBJieH B NMPOTHUBOIO-
JIOXHYI0 CTOPOHY OTHOCHTEJIbHO MOMEHTa BpalleHMA reHepaTopoB
CHUCTEMBI.

lopsnoxk cnepoBanua ¢a3 nposepsoT ¢aszoykaszartesiem HU-517

‘v ®OY-2, KoTOpbIil MOAKIIIOYAIT K BbIBOJAM BTOPHUYHBIX leMei
UMHHBIX TpaHcHOPMATOPOB HANpsDKEHUA MM TpaHchopMaTopoB
HalpsXKeHHUs, YCTaHOBJICHHbIX Ha BBIBOJAX reHepaTopa (TpH CHATBIX
KOMIIEHCAaTOpaX, OTKJIIOYEHHBIX Da3be[MHHMTENISIX MM pa3006paHHOMI
cxeMe “Hyna” reHepartopa)- K kakoit ¢ase Tpanchopmaropa Hanps-
XeHuA OyneT MOAKIIIOYEH TOT WIIM [pYroil BbIBOA ¢a3oykasarelis,
3HAYEHUsA He UMEET, BaXKHO, YTOObI (a3oykasaresib He IepeKITIoYaIH
[0 KOHIIA POBEpKH.

Ecnu reHepaTop mo HOpMaiibHO# cXeMe [OJDKeH paboTath Ha
umMHbl cTaHuuu (puc. 50,4), 10 AiA ero ¢ha3upoBKH OCBOGOXAAIOT
OIHY U3 cucTeM WH (W cexuuit). K mmHuoMy Tpancdopmatopy
HaTps>KEHUA BbIIEJICHHOH CHUCTEMBI LIWH NMPUCOEAHHANT ¢a3oyka-
3aTenb. Ha wmHBI moouepeIHO MOAAOT HampsHKeHHE CHayayia OT CH-
CTeMbI BKIJIIOYCHHEM LIMHOCOEJHHHMTEIbHOTO BBIKJIIOYATENIA IIpH
OTKJIIOYEHHOM BbIKJIIOYaTeNle TEHepaTopa, a NOTOM OT BO30YXHEH-
HOTO M Bpallaioiierocsi Ha XOJIOCTOM XOAy TeHepaTopa NpH OTKIIIo-
YeHHOM LIMHOCOeIMHMTEIbHOM Bbikmiouatenie. Ilpu nomave Hampsixe-
HUA Ha LIMHBI KaX/AbIA pa3 3aMevaloT HalpaBJieHHe BPAaILEHUA JUCKaA
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¢dazoykazatens. Jluck gosmkeH BpawaTtbCs B OOHY U TY Xe CTOPOHY
€CJIM NOpAJOK cllefloBaHusa (a3 MpoBepAEMOro reHepaTopa M CUCTe-
MBI COBNAaeT.

Ecnun renepatop npegHasHaueH [ paborsl B Grnoke ¢ TpaHcdop-,
MaTopoM, ero ¢a3upoBKY MpPOU3BOAAT AaHAJIOTHYHO OMHUCAHHOMY
Bblllle MeTOfy, HO Ha wmHax BH, x korToppiM moaknouart 6510K.
Ecnu e ocBoGoauTh OfHY M3 CHCTEM LIMH HEBO3MOXKHO HJIM €CIid
FeHepaTop JoJDKeH paboTarh B Gi10Ke ¢ TpaHcHOpMaTopoM U IMHHUEH
(cxema I'TJT), ¢a3upoBKy BBINOJIHAIOT Ha TpaHCHOpPMATOpax Hamps-
XEHHMsA, YCTaHOBJIEHHBIX Ha BbIBOAax reHeparopa (puc.50,0).
1A 3TOro Heo6X0IUMO CHATh KOMITEHCaTOpbt 4 (OTKJIOYUTH IeHepa-
TOpHble Pa3beJHHHMTEIH, €CIIH OHM MMEIOTCA B CXeMe, MM pa3obpath
cxeMy “HyJia’’ HeNOIBHXXHOTO reHepaTopa), BKJIIOUUTh TpaHCopma-
TOp 6JI0Ka TOJ, HalpsXeHHe CO CTOPOHBI CUCTEMBbI U IIPOBEPHUTH
HampaBjleHWe BpallleHusa [McKa ¢asoykasarensd. 3ateM TpaHCdop-
MaTOp OTKI/IIOUHTb OT CeTH, NMPUCOCJHHHTh CHATbIE IIMHHBIE KOM-
NieHCaTopbl (BKIIIOYMTb TeHEPATOpHbIE Pa3beAMHUTENU MM CoGpaTth
cxeMy “HyJa”), TeHepaTop pa3BepHYTh 10 HOMHHAILHOW YacTOTHI
BpaleHua, BO30OYOMTb M IIPOBEPUTb TMOPANOK CHedoBaHuA (a3
y TeHepaTopa.

Tlocne monyyeHNss TONOXUTENBHBIX pE3YJIBTATOB (Da3MpPOBKH
reHepaTopa C CeThio NPOBEPAIT IPAaBHIIBHOCTb BKIIIOUEHUA CUHXPO-
HHM3alMOHHBIX YCTPOWCTB, YTOObI M30€)XXaTh HECMHXPOHHOrO BKIJIIO-
YeHHUsI U3-32 HEUCNIPaBHOCTH Lienedl CHHXpoHM3auuu. CHayanma mpo-
BepsAT, paboraeT M CHHXpOHOCKoN BoobGuie. Jlna aroro ero noa-
KJIIOYal0T Ha 3aBe/IOMO HeCHMHXPOHHOE HaNpshKEHHEe K 3aXHMMaMm
TpaHchpOpMATOPOB HANpPsXKEHUsA COOPHBIX LIMH CTaHUMH W Bparua-
IOLIeroc Ha XOJIOCTOM Xofy TeHepatopa. M3meHsas uactory Bpa-
IeHUsA reHepatopa, yGexdalwTca B TOM, YTO NPHPOCTbI YaCTOTHI
BpaLIEHHA COOTBETCTBYIOT HallPaBJICHUIO BPALLECHHA CTPEJIKH CHHXPO-
Hockoma. Ilpu 3TOM cTpenka Jo/KHa COenath OOUH MJIM HEeCKOJIBKO
nosnHbIx obopoToB. IloBopoThl cTpenku Ha yron meHee 360° He mo-
TYT CIIyXUTb rapaHTHel MCIPaBHOCTH CHHXPOHHM3ALMOHHOTO yCTpPOH-
ctBa. OTKJIOHEeHUA CTpeNlIKKH MOTrYT ObITb BbI3BaHbl KaK HEy/OBJle-
TBOpUTEJIbHON paboTOl peryiMpoBaHUsA TypOUHBI, TAK U OGPHIBOM
LeMH HampsDKEHUs MIIM HEMCIPaBHOCTBIO CaMOro CHHXPOHOCKOMA.

3areM paGoTy CHHXPOHOCKOMAa INpOBEPAKWT Ha CHHXPOHHOM
HanpsokeHuH. A 3TOro reHepaTop BKJIIOYAKOT Ha Pe3epBHYI0 CH-
CTeMy ILUMH, 8 CHHXPOHOCKOI MOMKJIIOYA0T TAKHM 06pa3oM, YTobbl
€ro Liend ObIIM NMPHCOEOMHEHbl K TpPaHCHOPMATOpaM HaIps>KeHUS
pe3epBHON CHUCTeMbI LIMH U reHepartopa. Ilockonbky Tenmepb K CHH-
XpOHOCKOWY OyneT MofBeAeHO CHHXPOHHOE HAlNpsiXeHHe, ero CTpe’i-
Ka JOJDKHA YCTaHOBUTbCS Ha KPaCHOM YepTe, UTO YKaXKET HA COBIA-
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noeHue ¢a3 (cuHdasHocTh) Hampsixenuil. Ecnu oHa ycraHoBHTCA
B JIOO0OM [pPYIOM TOJIOXEHMM, TO 3TO 3HAYMT, YTO CHHXPOHH3a-
HMOHHOE YCTPOMCTBO HEMCIIPaBHO U MOJIb30BAaTbCA UM MpPH BKIIIO-
YeHHH FeHepaTopa HeJl0MyCTHMO.

Takyio >xe nMpoBepKy paGoOThl CHHXPOHM3aIMOHHOIO YCTPOHCTBa
TNIPOH3BOIAT U IS APYTrOi CHCTEMbI WIMH cTaHuuu. OrpaHUuMBaThCA
da3upoBkoil Mexy coboit TpaHCGHOpPMATOpPOB HaNpsXKEHUA pe3epB-
HOH M paboueil cHUCTeM IIMH B [aHHOM CJlyyae Heb3fl, TaK KakK
ouiHbka B MOOKIIIOYEHWH CHHXPOHOCKONA MOXET ObITh JOMylueHa
HETIOCPECTBEHHO Ha eTrO BbIBOAX.

IIpu OGnouHOM coedMHeHWM TreHepaTopa C TpaHCHopMaTopom
MpOBEpAETCA MpPaBHJIBHOCTb pPabOTbl CXEMbl CHMHXDOHM3AlMH Ha
cropoHe BH unu npu oTcoelMHEeHHbIX KOMIEHCATOpax M Mopaye
HanpsDKEHUA Ha TeHepaTOpHble TpaHCGOpPMATOpbl  HAINPAXKEHUsA
OT CeTH.

BxioueHHe CMHXPOHHOIO reHepaToOpa Ha mapasulelibHylo pabory
CMOCOOOM TOYHOH CHHXPOHM3alMM TNPOU3BOAAT MO MOKAa3aHHIo
CHHXPOHOCKOMNA, B TpPaBWJIbHOM paboTeé KOTOPOro HET COMHEHHMIl.
[Ipu coBnapernu ¢a3 BpamanUMXcs BeKTOPOB HAMPSDKEHHH CeTH
U TreHepaTopa CIpejika CHMHXPOHOCKOMA [OJDKHA HaXOOMTbCA Ha
KpacHOH vuepTe wiKanbl. IIpakTHuecku aGCONIOTHOrO COBMAAECHUA
YacTOT TeHepaTopa U CeTH [OCTHYb TPYIHO, OJHAKO CTpeMATCHA
TaK TOJIOTHaThb YacTOTYy BpAlleHMA TreHepaTropa, uTobbl CTpenka
CMHXDOHOCKONA Bpauianach ¢ 4YactoTod He Gonee 2—3 06/MuH.
UroObl BKITIOYeHHE FeHepaTopa MPOU3OLUIO TOYHO B MOMEHT COBIIa-
OeHua (a3, MMIysbC Ha BKJIIOYEHHE [eHEPAaTOPHOrO BBIKIIIOYATENA
NoJanwT (aBTOMAaTHYECKH MJIM BPYYHYI0) B TO BpeMs, KOI/ia CTpenKa
He [IOLIa [0 KpacHOH uepThl Ha yron 10—12°. 310 omepexxeHHe
YUYHTbIBaeT COOCTBEHHOE BPEMs BKITIOYCHUSA BbIKIIIOUATEIA.

[lepen BkIoYeHHeM B pabory Gnoka reHeparop — TpaHchoOpma-
TOp KpoMe (pa3upoBKH reHepaTopa C CEThI0 OJDKHA IIPOU3BOJAHTHCA
dasupoBka ormaeyHoro TpaHcpopmaTopa COOCTBEHHBIX —HYXIL
(c. H.), TOAKITIOYEHHOTO K IIMHHOMY MOCTY FeHepaTopa, ¢ UCTOUHH-
KOM pe3epBHOro IMTaHUA C.H. (pe3epBHBIM TpaHC(HOPMATOPOM,
LIMHAMH C. H. cTaHuuu ) . Ha peficTByoweil cTaiyu Takas ¢gpasupoBka
MNpOU3BOJAMTCA NPU OTCOeAMHEHHOM TeHepaTope M MUTaHUH TpaHC-
¢dopmaropa c. H. OT cUCTeMbl Yepe3 TpaHchopmartop Groka.

CrieiyeT UMeTb B BUILY, YTO B MpOLECCe TAKOro poaa (pasupoBKH
B pAfe cXeM MOryT (a3HpoBaThCsi HEMOCPEACTBEHHO MeX/ly cobon
TpaHchOpMaTopbl ¢ pa3HbIMHM Tpynmamu coenuHenuit. Ha puc. 51,4
TIpe/icTaBJieHa TUMMYHAA cXeMa GJI0Ka reHepaTop — TpaHcdopmarop,
roe Ha HanpsbkeHuu 6 kB momkeH ¢pa3upoBaThCs OTMacyHbIM TpaHC-
dopmarop T2, umetoumii coeauHerme obmorok JI//11-0-0 ¢ pe-
3epBHBIM TpaHchopMaTopoM c. H. T3, o6MOTKH KOTOpPOro coejiu-
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Puc. 51. [IpoBepka yrinoBoro cABHMIra HanpshHKCHHH MapanieibHO BKITIOYaCMbIX
TpaHCOPMATOPOB C. H.:

a — cxema BKIIIOYeHHs TpaHCcOpMaTopoB c. H. GoKa reHepatop — tpaHcdop-
Mmatop; 6, 8, 2 — BeKTOpHble NHArpaMMbl COBMIa BEeKTOPOB Harpsi>KeHHI
tpancopmaropos T1, T2 u T3 cooTBeTcTBEHHO; O — COBMELUEHHAsl BEKTOP-
HaA aMarpamMma HanpsixeHuit Tpaichopmatopos T/ u T2

HeHbl 1o cxeme Y/II/I-11-11. YcnoBus mapajiesibHO# pa6oTh
WA TaKOH CXeMbl [OJDKHBI pacCMaTpuBaTbcA 0c060. Ilesio B TOM,
uro Tpancdpopmarop 73 BKIIIOYAETCA Mapajule/IbHO He C OIHHMM,
a € ABYMs MOCJIeIOBaTEe/IbHO BKJIIOUeHHbIMU TpaHchopmatopamu T
n T2 Ha nanpsokennn 110 u 6 kB. CTyneHb reHepaTOpHOro Hamps-
xennsa 13,8 kB B pacuer He mpunumaetca. [lostomy yribl caBura
¢a3 BekTOpOB HanpskeHUi 6 kB mns obeux mapannenbHbIx uenei
crnegyeT 6paTh OTHOCHTeJIbHO BeKTopa HampsikeHus 110 kB. U ecru
ona tpancdopmaropa T3 yron casura BekTopoB Hanpsixenuin HH
orHocutesibHO BH paBen 330° (puc. 51,¢2), To Takoil e cymmap-
HbIA YToJl CABMra HOJDKHBI UMeTh TpaHchopmaropbsl T/ u T2. Ilpo-
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B2 69
770 kB
83 81
PT
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ri
TH% : TH3
Padovue
88 CeRyUU C.H. 87
6B

334 85 THZ 86

Pezepbrasn cexyus c.H.

Puc. 52. CxeMa NUTaHHS M PE3EPBHPOBAHHA COGCTBEHHBIX HYXI TeMIoOBOH
CTaHIMH GIOYHOro THMA

BEpPUTb CyMMApHBIH YITIOBOH COBHI MOXHO COBMELIEHHEM BEKTOP-
Hbix auarpamm T1 (puc. 51, 6) u T2 (puc. 51, 8) . Y13 coBMeleHHO#M
guarpammbl  (puc. 51,0) BHIHO, YTO YTOJ CHOBHIa MEXJY BEKTO-
pamu 6 U 110 kB Taxxe paBeH 330°, cie/ioBaTeIbHO, Mapajuie/ibHOE
BKIoueHHe TpaHchopmatopoB T/ u T2 ¢ tpanchopmaropom T3
BO3MOKHO.

(dasupoBky paboyero M pe3epBHOTO HCTOYHMKOB IMTAHMA Ha
pmHax PY coBCTBeHHBIX HyXHA 0OBIYHO pa3GMBalOT Ha [Ba 3Jrama:
¢ba3upoBKy paGouMX W Pe3epBHBIX CEKIMi LIMH U ¢pasupoBky cob-
CTBEHHO pabouyero M pe3epBHOTO HCTOUHMKOB THTaHus. [lopsamox
onepanuii paCCMOTPHM Ha IpHMepe BBOIA B paboty mepBoro 6moka
remepatop — TpaHCcHOPMATOp CTPOALIEHCA TEMIOBOH CTaHIMH
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(puc. 52). Ha takoii craHuuu pa3sBOpOT H BKJIIOYEHHE B CETb BHOBb
CMOHTHPOBaHHOIO TeHepaTopa MOTYT NpPOM3BOOMTBCA TOJIBKO IpH
MMTaHWM OJNIEKTPOJIBUraTelledl MeXaHW3MOB C.H. (MeXaHM3MOB
TbIJIET PUTOTOBIIEHHsI, JIBIMOCOCOB, BEHTWJIATOPOB, MAaCIIOHaCOCOB
TYpOHH M [pYrMX HacocOB) OT pe3epBHOro TpaHchopmMaropa, Iof-
KJIIOYUEHHOTO HEMOCPEeCTBEHHO K CETH YHEPrOoCHCTEMBI (K COOPHBIM
umHaM BH unu x BBomy opHoii M3 nuHMIA). BkimoueHuwe 3nexTpo-
[BUraTejieil IoJ HanpsDKeHMe UiA ONpoOOBaHMA M OOKAaTKH MeEXa-
HM3MOB IIPOM3BOJMTCA JIMIIb MOCNE MPOBEPKH MapKHPOBKH BbIBO-
OB BTOPHUYHbIX OOMOTOK LIMHHBIX TPaHC(OPMATOpOB HalpAKEHHA
H Ga3sMpOBKH MeXay co0o#l pe3epBHbIX M pabowix umH PY cob-
CTBEHHBIX HYXI.

Hanpsixenne 1A ¢$a3sMpoBKU NOJAIOT Ha PE3CPBHYI0 CEKIMIO
WHH OT TpaHcpopmaropa PT BKIIIOYEHHEM ero BbIKimodateneil B3
U B4. 3atem BKIIIOYAIOT BbIKJII0YaTe M BS U B6 u da3upyior paboune
CeKIMM C pe3epBHOH KOCBEHHBIM METOIOM Ha BBIBOJAX BTOPHYHBIX
obMoTOoK TpaHchopMaTopoB Hanpsbkenua TH2-TH3 w TH2-TH4.
B cnyuae cosnageHus ¢a3 $pa3upoBKy ceximil umH PY c. H. cuuTaoT
3aKOHYEHHOH.

Hna ¢dasupoBku pabouero TpaHcoopmartopa T, H PS83€pBHOTO
PT reHepaTop OO/DKEeH OBITH BBIBE[IEH M3 CXEMBbI (OTKIINYEHbI TeHe-
paTopHble pa3be[HHUTENIM WIIM CHATBI KommeHcaropsl). K Havamy
$a3upoBkH ¢ pabouMX CeKIMH CHHUMAIOT HAMpPs)KEHHE OTKIIIOYEHHEM
BbIKTIoYaTesied BS u B6 v ¢ NIpUBOOB 3THX BBIKJIIOYaTe el CHUMAIOT
OlepaTUBHBIN TOK, YTOGBI HCKITIOWTD ClTyuaitHoe BKJTioueHue (B KPY
TeJIE)XKH BBIKJIIOYATEJIeH NEepeMeLaloT B KOHTPOJIbHOE [OJI0KEHHE) .
Bxmouennem Bbikmouvateneii B2 w Bl wa 1pancdopmarop T ,
MOJANT HanpsiXeHHE OT IHepProcHcTeMbl. 3aT€M BKIIIOYAIOT BBIKIIO-
yatenn B7 u B8 wn npoussoaar ¢asupoBKy TpaHchopmaropos T y
4 PT Ha BbIBOIAx BTOPHYHBIX OGMOTOK TpaHCGOpMaTopoB Hamps-
xenua TH2 w TH3, TH2 n TH4, coBnapneHue a3 KOTOpBIX yXe
6b110 npoBepeHo. Ecrm ¢a3bl HanmpsikeHWit COBHaayT, Ha IIPHUBOJBI
BbIKJTIOYaTesieil BS 1 B6 monaoT onepaTHBHBIH TOK M BKJIOYAIOT HX,
TEM caMbIM BKJII0Yas TpaHcdopmaropsl T , ¥ PT Ha napajiebHyio
pabory.

JIns NOAroTOBKH TeHEpaTopa K BKIIIOYEHHIO B CETh OTKIIIOYAIOT
BbIkIiovatesiM B7, B8 u Bl. B mpouecce mycka reHeparopa MMTaHHe
OBHraTeliedl MEXaHH3MOB C.H. IPOM3BOAAT OT Pe3epBHOTO TpaHC-
¢dopmaropa PT 1 TONILKO NOCIIE BKIIIOYEHHA FeHepaTopa C. H. CTaHIHH
NepeBOMIAT Ha MUTaHUe OT pabouero Tpancdopmaropa T ;, OCTABIAA

pe3epBHbIi TpaHchopmatop mon ABP.
B’ 3akjmoueHMe HANOMHHMM, YTO IIpH CO3JaHMM TeX HJIA HMHBIX

cxeM (asMpoBKH HeoGXOOMMO COGIoNaTh NPAaBUIA ONEPATHBHBIX
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MepeK JIFYeHHi, B YaCTHOCTU [FOJDKHBI IIPUHMMATbCA MeEpbl MTPOTUB
OLIMOOYHOrO BKJIIOUEHHUs FeHepaTopa B ceTh 6e3 ero CHHXpOHM3aLlMH,
Aaxe ecnM IoCnefoBaTesnbHOCTH a3 coBmajawT. JloctaTouHon
rapaHTHEH B 3TOM OTHOLLEHUM ABJIACTCA CHATHE OMEPaTHBHOIO TOKA
C NpMBOJA BbIKJIKOYATENA, OTHEJIAIOLIETO FeHepaTop OT CEeTH MM
OT IPYTHX paboTalouIMX FeHepaTopOB.

7. HECOBNALEHUE 4EPEAOBAHUA U OBO3HAYEHWN
®A3 INEKTPOYCTAHOBOK NnPU UX ®A3UPOBKE

B Havane Gpolropbl 0TMeuyasiocs, 4to ¢a3upOBKON YCTaHaBIIH-
BAeTCs COBMAJIeHHE

NOpsAAKOB crieqoBaHus ¢a3 dasupyeMsIx Mexay coboit 3reKTpo-
YCTaHOBOK ;

BEKTOPOB OJHOMMEHHBIX HanpskeHWid 1o ¢ase (OTCyTCTBME
Me>XAy HUMHM YTJIOBOTO CIBHra) ;

NOpAIKOB YepefoBaHMsA (a3 Ha BBOJAX KOMMYTAlLMOHHOIO
anmmapara, BKJIIOYeHHEM KOTCPOrO 3JIeKTPOYCTAHOBKH JIOJDKHBI
6yayT BKIIIOYAThCSA Ha MapasuiefibHy10 paGoTy;

0b6o03HaueHui a3 (MxX pacuBeTKH).

BoinonHeHHe NepevlcrieHHbIX YCIOBUH ABJIAETCA 0653aTeNIbHBIM
Npd BKJIOYEHHH 3JIEKTPOYCTAaHOBOK Ha IlapajuleNibHyl0 pabory.

Ha npaxrtuke, omHako, He pelkM cilyyad, Korga casupyemsle
JMEKTPOYCTAaHOBKH (HampuMep, 37€KTPOCTaHIMA IO OTHOLIEHHIO
K JHEeprocucremMe MJiM OfHa IHeprocMcTeMa IO OTHOLIEHHI0 K JpY-
roil) MMEWT pa3jinyHble MOPAAKHU CJIe[OBaHUA (a3 MM [IPH OIHOM
U TOM >Xe MOpsAfKe CielloBaHUA (a3 BEKTOpbl UX OTHOMMEHHBIX
HaNpsoKeHUWH cMelleHbl Mo ¢ase Ha 120 umm 240°. Her Heobxomm-
MOCTH Ha3bIBaTh NPHYMHBI TaKHX HecooTBeTcTBHA. Tak yx croxm-
JI0Cb UCTOPHYECKH, U C ITEM N PUXOAUTCA CUMTAThCA NpH (Ha3sHPOBKE.

Bo3sHMiaer omHaKo BOMpOC: KaK OCYLIECTBIAETCA B MOJOGHBIX
cnyyasax ¢a3sMpoBKa U COOIMIOAAIOTCA JIM IPH 3TOM YCJIOBHMA COBIa-
neHus ¢as?

PaccmMotpum 310 Ha mpuMepe. JlomycTum, H4TO Heo6XOAMMO
npoBecT (a3MpoBKY M BKIJIIOYMTh Ha MapajulelibHylo paborty nBe
3]IeKTPOYCTAHOBKH, B OIHOM M3 KOTOpbIX MpPAMOH, 2 B [pPyTOH
0OpaTHbIil MOPANOK cienoBaHuA ¢a3. CoeqMHAIOIIMM HX 3JIEMEHTOM
ABJIAETCA JIMHUA 3JIeKTponepedaud. M3BecTHO, YTo [JIA BKIIIOYCHUA
IBYX OJJIeKTPOYCTaHOBOK Ha MapajUieNibHyl0 paboTy COBEpLICHHO
HeOGXOIMMO, 4TOObI O/IHA M3 HMX IO OTHOIUCHMI0O K IpYToil HMena
OOMH M TOT Xe MOpAMOK ciefoBaHusA ¢a3. Tonbko B 3TOM CiTyyae
BO3MOXHA UX CHHXPOHM3aLHA.

JInst Toro uroGbl MOPAAKHU ClleIOBaHMA (a3 3NeKTPOYCTaHOBOK
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Puc. 53. U3meHeHHe mopsAAKa uepeloBaHHA (a3 Ha JIMHUM NpPH BKINOYCHHH
Ha MapannensHyio paboTy ABYX 3NIEKTpPOYCTAHOBOK, HMEIOIMX npsAmMo#t u 06-
paTHbI#A NOPAAOK ClefloBaHUA (a3

coBNajiM, Hampumep o6parHblil NOPAOOK ciefoBanus (a3 ofHOH
3JIEKTPOYCTAHOBKH IO OTHOLUIEHHI0O K ApPYTo#l CTan NpAMbIM, Ha
JMHHM 3NIeKTpoNepeNaud HM3MEHAI0T NMOPAMNOK YepeloBaHUA ¢a3.
[IpakTHyeckH 3TO OCYIeCTBIAETCA IlepeMelleHHEM Ha JIMHMH Ipo-
BOoJoB ¢a3 Ha OJHOH M3 ONOP, T.€. U3IMEHEHHEM HX YepelOBAHUA
B IIPOCTPAHCTBE.

Takum o6pa3om, u3MeHeHHEM mopAfdKa YepeloBaHMA ¢a3 Ha
JIMHMH W3MEHAETCA MOPAAOK CleloBaHUA a3 OfHOH 3IeKTpo-
YCTAaHOBKH OTHOCHMTEJIBHO [IpyTrod, XOTA abGCONOTHpIE MOPSIKH
criefoBaHUA (a3 37IeKTPOYCTAHOBOK OCTAIOTCA NMPeXXHUMH (NPAMBIM
u obpaTHeIM). B 3TOM nposBngeTcA B3aMMO3aBUCHUMOCTb IOHATH
HOpAAKa ClleOBaHUA U YepefoBaHuA da3.

Ha puc. 53 noka3aHa 3Ta B3aMMO3aBHCHMOCTh U IIpHBeJeHa
COBMeLIeHHas BEKTOpHAs AMarpaMMa HanpshKeHHi 060MX TOPAAKOB
cjlenoBanua ¢as. U3 auarpamMmer BUIHO, YTO BEKTOPBI HANPAKEHUA
Ugy, u Uy, coBmajanr mo ¢ase ¥ YT0 HMKAKHX IepeMelleHui
npoBofa ¢a3bl 4 IpOU3BOIUTh He TpeOyeTcs, a BOT IIpoBoda ¢a3 B
¥ C He0OX0IUMO TOMEHATh MECTaMHU.

[locne mepeMelieHHs NPOBOMOB Ha JIMHMM 3JIEKTPOYCTaHOBKH
MOXHO (a3upoBaTh U CHHXPOHU3HPOBATh Ha [apaJUIeNibHyI0 paboTy.
OmHako TYT Xe 3aMeTuM, 4ro 00o3HaueHMs a3 M HX paclBETKa
B KaXOOM CeYeHWH IMHMM (WITPUXTMYHKTHpHaa nuHuA I—/ Ha
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puc. 53) M Ha 3aXMMax KOMMYTAlMOHHOrO anmapata He OynyT
COBMagaTh M U3MEeHMTb UX HUKaK Henb3s. OO0 3TUX ocobeHHOCTAX
JIMHUM CBSA3M, COEJMHAIIEH 3IeKTPOYCTaHOBKH, [IOJDKEH 3HaTb
o6CITy)KMBaOIMA HMX IepCOHan, 4ToObl M30exaTh OwMOOK MpH
SKCIITyaTalMi U peMOHTe.

AHaNTOrdyHbpIM 06Pa30OM INOCTYMAOT U TpH (Pa3sMpoBKe 3NIEKTPO-
YCTaHOBOK, paBoTaoupx CO CMEUICHHEM BEKTOPOB OTHOUMEHHBIX

HanpsbkeHuit Ha 120° unu 240°. HeobxoguMoe U3MeHeHHe MOpAAKa
YepenoBaHuA ¢a3 Ha JMHMM YCTaHaBIMBAOT MPH ITOM NyTEM MO-
CTPOEHHUSA ¥ COBMELLEHUA BEKTOPHBIX AMalpaMM HampsDKEHUH obeux
YCTaHOBOK.
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