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HEKOTOPBIE CBEJIEHUA O CETSAX IEPEMEHHOI'O TOKA

B 00iBIIMHCTBE AEKTPUUECKUX CETEH MPUMEHSETCS IEPEMEHHBIN TOK, B CBS3U C €r0 CYIIECTBEHHBIMU
MIPEUMYLIECTBAMU TEpe] NOCTOAHHBIM. K HUM MOKHO OTHECTH:

- OtcyTcTBHE HEOOXOMMOCTH €0 BHIIPSIMIICHHS], TAK KaK T€HEPATOPHI BRIPAOATHIBAIOT IEPEMEHHBIN TOK, U JJIs
€ro BBIIPSIMIICHHS TPEOYIOTCSI MEXaHUYECKUM (KOJUIEKTOP) WIM JUOIHBIN BBITPSIMUTENb.

- JlerkocTh peoOpa3oBaHusl ypPOBHS HAMPSKEHUS C TOMOIIBI0 TpaHCPOPMATOPOB. ITO AAET BOZMOKHOCTh
MCMOJIB30BAaTh IS TIEPEIAvM JEKTPOIHEPTUU BHICOKME HAMPSKEHUS, IPU KOTOPBIX MOTEPHU HA €€ TPAHCIIOPT
MEHBIIIE, 4 B MECTaX UCIOJIb30BAHUS - HU3KOE HANIPSHKEHUE, HA KOTOPOM TOKONPUEMHUKHU CTAHOBSITCA MPOIIE U
JICILIEBIIE.

Taxas snexmpuueckas cems 8bl2N0UN CAEOYIOUWUM 00PAZOM:

['eneparop HamnpsbkeHueM 3-24 kB B 3aBUCMMOCTU OT MOIITHOCTH, TMOBBIIAIOIIAN TpaHCHOPMATOP U JTUHUS
3JIeKTponepenayn HanpsokenueM 10 750 kB, B 3aBUCMMOCTH OT MEpeIaBaeMoO MOIIIHOCTU. Ha mprueMHOM KOHIIE
- TpaHc(opMaTop, MOHKAIOIIUN HAMIPSHKEHUE 10 BETUYUHBI, YI00HOM 17151 AnekTponpuemMHukoB: 10-0.4 kB.
3adactyro nepen noTpedieHueM MPOUCXOIUT HECKOIBKO CTYIIEHEH TpaHC(POopMaIiu HATIPSYKEHUS - TTOSBIISTIOTCSA
MIPOMEXKYTOUYHBIE TPaHC(HOPMATOPHBIE TTOJACTAHITUN. DIEKTPUUECKUE CETH MOTYT ObITh OJHO(a3HbIE U
Tpexdasznbie. OnHO(Da3HBIE CETU COCTOAT U3 MPSAMOT0 U 00paTHOTO MPOBOJIA, T.€. AJIA Mepelaun AICKTPOIHEPTUU

TpedyeTcs 00s3aTenbHO 2 poBojaa. TpexdasHas ceTb COCTOUT U3 TPEX MPOBOJIOB U TAKMM 00pa3oM O0OpaTHBII



MPOBOJI OTCYTCTBYET. Tak Kak B Tpex(da3zHoi CUMMETPUYHON CETH CyMMa TOKOB Tpex (a3 paBHa HYJIIO, HCUE3aET
HE0O0XO0MMOCTh B 00paTHOI nmpoBojie. Eciu ke TpexdasHas ceTb UCTOb3YeTCs IS MUTaHus OAHO(DA3HBIX
ANEKTPOIPUEMHHUKOB, TO HAarpy3Ka 1o (azaM MOXeT ObITh HEOJIMHAKOBA, U MOSBIIAECTCS HEOOXOAMMOCTh B
oOpaTHOM MPOBOJIE, B KOTOPOM MPOTEKAET PA3HOCTh TOKOB TpeX (pa3. B TpexdasHoM 4eThIpeXIpOBOIHOM
WCIIOTHEHUH BbITIOTHEHBI ceTH 0.4 kB OBITOBOr0 Ha3HAYCHHS.

YPpOBHU HaNPsKEHUA CTAaHIAPTU30BaHbI U BenurHa X B Poccun u ctpanax CHI' cootBercTByeT cnenyromein

1IKaJe:

220 B,0.4;1;2; 3; 6; 10; 15; 20, 25; 35; 110; 154; 220; 330; 400; 500; 750; 1150 xB.
[Ipu 3TOM MoOJIpa3zyMeBaeTCs BEIMUMHA HANPSHKEHUSI MKy da3amu - JTUHeilHoe HanpskeHne. PeanbHas
BEJTMYMHA HAIPSDKEHUSI DJIEKTPUUECKUX alnapaToB MOKET OTIUYUTHCS OT ATOM mIKaibl Ha 5% u OoJee - mo3ToMy
3HAUCHMS HAIPSKEHUS IIKaJIbl Ha3bIBAIOTCS KJIAcCOM HamnpsbkeHus. TpexdasHbie CeTH UMEIOT YETBEPTYIO TOUKY,
KOTOpasi MOKET CYIIECTBOBATh (DU3NUYECKH WJIM YCIOBHO. JTa TOUKA Ha3bIBaeTCsl HeUTpasbpto. HanpspkeHue B
ATOM TOYKE paBHO r€OMETPUUECKON CyMMe HaNpsuKeHUH Tpex (a3, a HanpsikeHue (a3bl paBHO HAMPSHKEHUIO
MeXly (ha3HBIM MPOBOJAOM M 3TOW HEeWTpanbHOU Toukoil. TpexdasHrie anmaparsl MOTyT UMETh OOMOTKH,
COCJMHEHHBIC MEXy COOOM B 3B€3/1y - KOHIIbI BCEX 0OMOTOK COCIUHSIIOTCSI B OJTHY TOUKY - 3TO HEUTpaJb -
bu3ruYecKu CylIecTBYOAs HyJIeBas Touka. Ecii 0OMOTKH COeIUHSIIOTCS B TPEYTOJIBHUK - KaXK/1asi OOMOTKa

MOAKJIIOYaeTcsl K 00OMOTKaM 2-X (a3 - Takas TOUKa PU3HYECKU OTCYTCTBYET, OJJHAKO OHA CYIIECTBYET - 3TO



3eMJIsI, OTHOCUTEILHO KOTOPOU U n3MepstoTcs da3Hbie HanpsbkeHus. Hanpsbkenne mexny 2-ms a3zaMu Ha-
3bIBACTCS JIMHEHHBIM (MK Ty (Pa3HbIM HAMPSHKEHUEM ), HAMPsDKEHUE MEXIy Pa3oi U 3emiieil - pa3HbIM.

ITo pexxumy HEUTpanu, CETH PA3AECIAIOTCS HA CETU C U30JMPOBAHHON U 3a3€MJIIEHHOU HEUTPAJIBIO.

K ceTsm ¢ n301MpOBaHHON HEUTPAIBIO OTHOCATCSA ceTh HanpsbkeHueM 220 B u 1-35 kB. B aTux ceTsax HyseBas
TOYKA U30JMPOBaHA OT 3EMJIU, WIIA COCIMHEHA C 3EMJIEN Yepe3 OOJIBIIOE CONMPOTUBIIEHUE YyTOracsmiero
peakTopa, wim uepe3 aktuBHoe conporusieHue 500 -100 Om. /Jyeozacawuu peakmop komnencupyem
EeMKOCMHOU MOK 3aMbIKAHUS HA 3eMJII0, U Yepe3 MeCmo 3aMbIKaHUsl, NPU pe30HAHCHOU HACMPOUKe peakmopa,
eMKOCMHOU MOK He npomexaem, a npomexKaem moabKo OMHOCUMENbHO MAlblU AKMUBHBIU MOK YmeyuKu. 3a
pyOEKOM IIMPOKO MPUMEHSIETCSI, 1 HAUMHAET MPUMEHSITHCS Y HAC 3a3eMJICHUE HEeUTpaiu uepes pesuctop. [lpu
ATOM YMEHBIIAIOTCS TIEPEHANPSIAKEHUS B CETH P 3aMBbIKAaHUSAX HA 36MJII0, U 00€CTICYMBACTCS TOK, I0CTAaTOUYHbBIN
JUTS1 Y€TKOM paOOoThI 3aIMUThI OT 3aMbIKaHHUS Ha 3€MJTIO.

K cersam ¢ 3a3emitenHon HenTpanbto oTHOCATCs cet 0,4 kB m cetn 110 -1150 kB. B cetsx ¢ 3a3emiieHHON
HEUTpasbIo, HEUTpaib 0OMOTKHU TpaHChHOpMaTOpa COCTUHEHHON B 3B€3/ly MPUCOCIUHSIETCS K 3a3eMIISIIOILIEMY
KOHTYPY HEIOCPEACTBEHHO, WM Yepe3 Manoe conpotuBicHue. Cetn HanpsixeHueMm 110-220 kB HazpiBaroTcs
TaKXe ceTsIMU ¢ 3OPEKTUBHO 3a3eMIICHHON HENUTpasblo. B Takux ceTsax HEeHTpasib 4acTh TpaHCPOPMATOPOB
OCTaeTCs pa33eMJICHHON. DTO CHUKET BETUYMHY TOKA KOPOTKOTO 3aMBIKaHUS U YIydlllaeT padoTy pesieiHoM

3alllUTHI. OI[HaKO IIpHU 5TOM Tpe6yeTc51 CJICOUTD, yTOOLI HU B OJHOM M3 BO3MOXKHBIX PCIKHUMOB HC BBIACIIAICA



y4acTOK CETH, TJIe€ HEUTpalii BceX TpaHC(HOPMATOPOB U30TUPOBAHHI.

BEKTOPHBIE JTUAT'PAMMBbI
[Tonsitue o BekTopax. Ha puc. 1.1 npuBenena kpuBasi U3MEHECHUS IEPEMEHHOTO TOKA BO BpeMeHH. Tok cHavasa

pactet oT HyJs (ipu P = 0°) 10 MAKCUMAaTBHOTO MOJIOKUTEIBHOTO 3HaUeHUs + 1., (ipu ¢ = 90°), 3aTeM

HanpeneHue Bpa-
LLleHUS BeKTopa iA

yOBIBACT, MEPEXOINUT Yepe3 HYJIb
(mpu ¢= 180°), mocTuraer

MAaKCUMAJIbHOT'O OTPHULATCIILHOT'O

3Ha4YeHHUs - I, (ipu ¢ = 270°) u,

HaKOHCI, BO3BPAIIACTCA K HYJITO

(mpu ¢ = 360°). [Tocie 3Toro MUK

Puc. 1.1. KpuBas nsmeHeHus nepeMeHHoro Toka B0 BPpeMEHMW.
HN3MCHCHUS TOKA ITIOBTOPACTCA.

KpuBas n3sMeHeHus1 MEpEMEHHOT0 TOKa BO BPEMEHU, TPUBEJICHHAA Ha puc. 1.1, Ha3pIBaeTCsS CUHYCOUIOM.



Bpewms T, B TeueHrE KOTOPOTO MPOUCXOAUT MOJHBIM [IUKI U3MEHEHHUS TOKA, COOTBETCTBYIOIINM U3MEHEHHIO yIJa
Ha 360°, Ha3pIBAETCA MEPUOIAOM IEPEMEHHOTO TOKA. UKCIIO mepruooB 3a | ¢ Ha3pIBa€TCs 4aCTOTOW NEPEMEHHOTO
TOKa. B MpOMBINIIIIEHHBIX YCTAaHOBKAX U B OBITY B CTpaHax EBpoMbI HCMOIB3YyeTCs TIIaBHBIM 00pa3oM
nepemMeHHbIn TOK yacToTor S0 I'n. DToT Tok 50 pa3 B CEKyHAY NPUHUMAET NOJ0KUTEIBHOE U OTPULIATEIIBHOE
HanpasiicHue. MI3MeHeHne nepeMeHHOoro Toka BO BpEMEHU MOYKHO 3alMCaTh B CIEAYIOIIEM BUIE:

i=1,,. sinlot+a)

rac:

[ — MTHOBEHHOE 3Ha4YeHne ToKa, T. e. 3HaYeHWe ToKa B KaXablil MOMEHT BPEMEHU;
1,,,x — MakcumanbHoe 3HavyeHue ToKa;

o = 2nf— yrnoeas yacTtoTta nepemeHHoro Toka, f =50 'y, m = 27*50 = 314;
c—HadankbHbIA Yron, COOTBETCTBYHLWMIA MOMEHTY BPEMEHU, C KOTOPOro Ha4ynMHaeTCs OTCYET BpeMeHuU
(npu ¢ =0).

AHanu3upys IeUCTBUE YCTPOUCTB PEICHHOMN 3aIIUThl 1 aBTOMATUKH, HEOOXOIMMO COTIOCTABIISATh TOKU U
HANPSKECHUS, CKJIA/IbIBATh WJIM BBIYUTATh UX, ONPEAEHATH YIIIbl MEXKAY HUMH U MPOU3BOJAUTH IPYTUE ONEPALIUH.
[Tonp30BaThCs IPU ATOM KPUBBIMH, TTOJOOHBIMU MIPUBEICHHON Ha puc. 1,1, Hey100HO, MOCKOIBKY TOCTPOCHUE

CUHYCOUJ TOKA U HAIIPAKCHUSA 3aHUMACT MHOT'O BPDECMCHHU U HC AACT IPOCTOT'O U HATIJIAAHOT'O PE3YyJIbTaTa.



[TosTOMYy 117151 yIpOILIEHUS PUHSITO U300pakaTh TOKU M HANIPSHKEHUS B BUAEC OTPE3KOB MPSMBIX JIMHUM,
MMEIOILIUX OMPEIEICHHYIO JJIMHY U HallpaBJI€HUE, — TakK Ha3biBaeMbIX BEKTOpoB (OA Ha puc. 1.1). Ogun KoHely

BEKTOPa 3aKperieH B Touke O — Havyaio KOOpJIUHAT, @ BTOPOM BpallaeTcsl IPOTUB YaCOBOUM CTPEJIKHU.

HanpsreHue Bpa-
LLIeHUS BEKTopa iA

[270° /]360° t;(F MrHOBEHHOE 3HAYEHHUE TOKA WUJIU

i o
i HAIPSHKEHUS B KAXKbII MOMEHT

y

Puc. 1.1. KpnBas UsMeHeHNs nepemMeHHOro Toka BO BPEMEHW. BpEMEHHM ONpEJIENAeTCs NPOEKIHeH

Ha BEPTUKAJIBHYIO OCh BEKTOPA, JIMHA KOTOPOTO paBHA MAaKCHMaJIbHOMY 3HAYEHUIO TOKA WJIM HANPSKEHUS. JTa
MPOEKITUS OyAET CTAHOBUTHCS TO MOJIOKUTEIBHOM, TO OTPUIIATEIFHOM, TPUHUMAsT MaKCUMaJIbHBIC 3HAYCHUSI TIPU
BEPTUKAJIBLHOM PACIIOJIOKEHUHU BEKTOpa. 3a BpeMs 1, paBHOE NIEPUOIy IEPEMEHHOT'O TOKA, BEKTOP COBEPIIIUT
MOJTHBIN 000pOT 10 OKpy)kHOCTH (360°), 3aHMMast mocieaoBaTeabHO mojoxkeHus OA', O A", O An 1. 1. llpn
gacToTe nepemeHHoro toka 50 ' Bektop Oyaet coBepiath 50 06/c.

Takum 00pa3oM, BEKTOp TOKA WJIM HAMIPSHKEHUSI — 3TO OTPE30K MPSAMOM, paBHBIN MO BEIMUYUHE MAKCUMAILHOMY

S3HAYCHHIO TOKA WJIN HAIIPAKCHUS, Bpamafoumﬁcs[ OTHOCHUTEIBbHO TOUKHU O IMPOTHUB JIBUXKCHHUA 4yacoBOM CTPCJIKH



CO CKOPOCTBIO, ONPEAEISIEMON YaCTOTOM MEPEMEHHOIO TOKA. 3HAs MOJIOAKEHHUE BEKTOPA B KaXK b1 MOMEHT

BPEMCHHU, MOKHO OIIPCACIINTD MTHOBCHHOC 3HAUYCHUC TOKA WJIN HAIIPAKCHUS B I[aHHBII}’I MOMCHT.

Tak, 11 nonoxeHust Bekropa Toka OA, moka3aHHOTO Ha puc. 1.2, ero MrHOBEHHOE 3HAUYCHUE ONPEICIISICTCS
|| 2
OA" = OA sing yA

Ha ocnoBanuu puc. 1.2 MOXXHO TakXe CKa3aTh, YTO MOK 8 OAHHbLL
MOMEHm 8peMeHU umeem nojaoxcumenvroe 3naverue. OJTHAKO ITO €IIIE

HE JIaeT IMOJIHOTO MPENCTABIEHMS O IIPOTEKAHUH IIPOIieCcca B IEMU I =1 ax Sinwt

NEPCMCHHOI'O TOKA, TaK KaK HCU3BCCTHO, UYTO 3HAYUT MOJIOKUTCIIbHBIN 0

>
Al X
J%0)0%1 OTpI/IHaTeJIBHBIfI TOK, ITOJIOKUTCIIbHOC UJIN OTPHUIATCIIBHOC
HampsDKEHHe. Puc. 1.2 OnpegeneHue nono-
I[J'ISI TOT'O ‘1TO6BI BCKTOPHBIC JUarpaMMbl TOKOB U HaHpSI)I(eHI/IfI JaBaJInd KEHUA BeKTopa Ha NIoCKOCTU

MOJIHYIO KapTHUHY, UX HYKHO YBSI3aTh C (JaKTUYECKUM MPOTEKaHUEM IPOIlecca B LIETH MEPEMEHHOTO TOKa, T. €.
HeobX00UMO npedsapumelbHO NPUHAMb YCIO0BHbBLE NOJOHCUMETIbHBIE HANPABIEHUS MOKO08 U HANPNCEHUU 6
paccmampugaemou cxeme. be3 BBIITOJIHEHUS 3TOTO YCIIOBUS, €CJIM HE 3aJJaHbl MOJIOKUTEIIbHBIE HAIPABICHUS TO-
KOB M HaIPsKEHUM, J1100asi BEKTOpPHAs UarpaMma He UMEET HUKAKOrO CMbICIIA.

PaccmoTtpum npocTyto ogHO(a3HyIo 1Ielb TEPEMEHHOT0 TOKa, MpUBEJAeHHYI0 Ha puc. 1,3, a. OT onHodazHorO

réHeparopa SHEprus rnepecaacTtcss B aKTUBHOC COIIPOTHUBJIICHUC HAI'PY3KU R. 3aI[a,HI/IMC$[ IIOJIOKHNTCIIBHBIMHU
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HAIPaBJICHUAMHU TOKOB U HANPSIKEHUN B pACCMAaTPUBAECMON 1IENHU. 3a YCIOBHOE IOJIOKUTEIIBHOE HAIIPABIICHUE
Hanpspkenus u JJ1C npumeM HanpaBJI€HHE, KOTAa MOTEHIMAJI BEIBOJIA TEHEPATOPA UJIM HArPy3KH, CBI3aHHOTO C
JIMHUEW, BBIIIE MOTEHIMAJIA BBIBOJA, COEAUHEHHOTO C 3eMJIEH. B COOTBETCTBUH C IIpaBUIaMH, TPUHATHIMA B
AIEKTPOTEXHHKE, MOJ0KUTEIbHOE HanpaBienue it 3/]C 0603HaueHO CTPENKOM, HAalIpaBICHHON B CTOPOHY

OoJiee BBICOKOTO MOTEHIMaIA (0T 3€MJIM K JIMHEHOMY BBIBOTY ),

— f—\
I E 7 a - U1 HAIPsDKEHUS - CTPENIKOM, HAIPaBJIEHHON B CTOPOHY
‘_‘.T R i{&e T Oosiee HU3KOIO MOTEHIMaIA (0T JUHEHHOTO BBIBOIA K 3EMIIE).
o a) =

HepeMeHHbllj MoK 6)/@6][/1 caumams nojlosHCuUmelbHbiM, K020a 60

0) gHellHell yenu OH npoxodum onm WuH cenepamopa K HacpysKe

(0o603naueno cmpenxoti). ITocrpoum Bexktopsl DJIC u ToKa,

Puc. 1.3 OpgHodasHaa uenb
NepeMeHHOoro Toka

XapakTepusymolime paboTy paccMaTpuBaeMou, 1ienu (puc, 1.3,
0). Bextop 3/1C npou3BoibHO 0003HAYUM BEPTUKATIHLHON
JIMHUEH CO CTPEJIKOM, HampaBIeHHOM BBepX. i1 MOCTpOEHHUsT BEKTOpa TOKA 3alMIIEeM JIJIs e YPaBHEHHE
corjacHO BTopomMy 3akoHy Kupxroda; E

[=—
R

[Tockonbky 3HaKH BekTOpoB Toka U DJIC B Beipaxkenuu (1.2) coBmagarT, BEKTOp TOKa Oy/IeT COBMAAATh C

10



BekTopoM DJIC u Ha puc. 1.3.06. 3aech u B JajapHENIIeM MPY MOCTPOCHUH BEKTOPOB OyI€M OTKJIAIbIBATh UX 10
BEJTUYMHE PaBHBIMU () PEKTUBHOMY 3HAUCHUIO TOKA U HAIPSHKEHUSI, YTO YIOOHO JIJIsl BHITTOJTHEHUS Pa3IMYHbIX
MATEeMAaTHYECKHX OTepaIiii ¢ BeKTopamu. Kak H3BecTHO, 3 (eKTHBHBIC 3HAYCHHS TOKA U HAPSDKCHHS B V2 pa3
MEHBIIIE COOTBETCTBYIOIINX MAaKCUMAJIbHBIX (AMIUIUTYIHBIX). [Ipy 3a1aHHBIX TTOJOKUTENBHBIX HAITPABICHUSIX
TOKa Y HANIPSDKEHUSI OTHO3HAYHO ONPENEIISIETCS U 3HAK MOIMHOCTH. [10JI0KUATENBHON B paCCMaTPUBAEMOM
ciy4yae OyJIeT CUMTaThbCsl MOIIIHOCTD, HAMPaBJICHHAS OT IIMH FeHepaTopa B JIMHUIO:

P=EI -cosp=EI -cos0°=EI
Tak Kak BekTopsl Toka u J/]C Ha puc. 1.3, 6 coBmagaroT.

AHanornuunblie cO0OpaKeHUst MOTYT ObITh BBICKA3aHbI U JJIs1 TpeX(Pa3HOU 11eTH MEePEeMEHHOTO TOKa, TOKa3aHHON

Ha puc. 1.4, a. B aTom ciiydae Bo Bcex ¢azax

1y Z

TPUHSTHI OJTUHAKOBBIC MTOJIOKUTEIIBHBIC Ha- L

\ 52
IpaBJIEHUS, YEMY COOTBETCTBYET CUMMETPHYHAS =~ _—

/ —>lc L
aMarpaMma TOKOB M HAIPSDKCHUIA, IPUBEICHHAS

. Ucf Ul U

Ha puc. 1.4, 6. OTMETUM, UTO CUMMEMPUUHOU vy Y

'y
1.4. TpexdazHaga yens NnepemMeHHOoro ToKa.

HA3vleaemcs makKkasi mpexgba%a}z cucmema
6EKMOpOoea, Ko20a ece mpu 6ekmopa paeHsl no

geUYUHE U COBUHYMbL OMHOCUMENbHO Opye opyea Ha 2ol 120°.

11



Onepanuu ¢ BeKTOPpaMH.
Korna Mbl paccMaTpuBaeM TOJIBKO OJHY KPUBYIO TOKA WJIM HANPSXKEHUS, HAYAJIbHOE 3HAYEHUE YTIIa, C KOTOPOTO
HAYMHAETCA OTCYET, UJIM, NHAY€E TOBOPS, MOJ0KEHNE BEKTOPA HA IMarpaMMe, COOTBETCTBYIOIIEE HAYabHOMY
MOMEHTY BPEMEHH, MOXKET OBITh TPUHATO MPOU3BOJIBHBIM. ECIIN k€ OJTHOBPEMEHHO pacCMaTPUBAIOTCS ABA WU
HECKOJIbKO TOKOB U HaNpsHKEHUN, TO, 3a0A8UIUCL HAYATIbHBIM HOJIOHCEHUEM HA

"'-_-"h,
ouazpamme 00HO20 U3 BEKMOPO8, Mbl MeM CAMbBIM YoHce onpeoensem noLoAHCeHUe AU,

8cex Opy2ux 6eKmopos.

Bce Tpu BekTopa: dhazubix HanpspkeHuid: U4, UB, UC, mokazanHble Ha puc. 1,4, 0,

BPAIAKOTCS MMPOTUB YaCOBOM CTPEJIKHU C OJIMHAKOBOM CKOPOCTBIO, ONPEAECTIAEMON
4aCcTOTOW NEPEMEHHOTO TOKA. [Ipr 3TOM OHU NEPECEeKaOT BEPTUKAIBHYIO OCh,

COBITQJIAIOIIYIO C HaNpaBiieHueM Bektopa U4 Ha puc. 1.4, 6, moouepeiHo ¢

ONIPENEIICHHOM TOCIIEN0BATENBHOCTBIO, @ UMEHHO UA, UB, UC, koTOpas Ha3bIBaeTCs

yepedosanuem Gasz HanpsaxceHus (unu moxa). 1y Toro 4ToObl ONPEACIUTD

B3aMMHO€ PACTIOJIOKEHHUE ABYX BEKTOPOB, OOBIYHO TOBOPSIT, UYTO OJMH U3 HUX OIMEPEKAET WIN OTCTAET OT
npyroro. [Ipu aTom onepesicarowyum cuumaemes 6exkmop, Komopwvlu npu 8pawjeHuy NPOMUE 4aco8ou Cmpeaxu
panbluile nepeceuem epmuKaIbHy0 0Cb. Tak, HaIPUMEDP, MOXKHO CKa3aTh, YTO BEKTOP HanpsikeHuss UA Ha puc.

1.4, 6 onepexaer UB Ha yron 120° unu, ¢ npyroit ctoponsl, Bektop UC otcTaet ot Bektopa UB Ha yron 120°.
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Co)keHre BEKTOPOB MPOU3BOAUTCS TEOMETPUUECKUM CYMMHUPOBAHUEM MO MPABWITY MapasjienorpaMma, Kak
MOKa3aHo Ha puc. 1.5, @, Ha KOTOPOM MOCTpoeHa cyMma TOKOB (14 + Ip). Tak kak BeluMTaHUE — JACHCTBUE,
oOpaTHOE CJI0KEHHUIO, JJI ONpEeICHUsI Pa3HOCTU TOKOB (Hampumep, (/- -Iz) TOCTATOYHO K TOKY ¢

puOaBUTH BEKTOP, OOpaTHBI /B.

Puc. 1.5. CnoxeHne 1 BblbMUTaA-
H/E BEKTOPOB:. a) — TOKOB;
0) — HanNpPaXXeHUn.
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O4eBUIHO, UTO TOJIOKEHUE BEKTOPA Ha TJIOCKOCTH OMPEIENseTCs €ro MPOSKIUIMH Ha JBeE JTI00bIe ocH. Tak,
HaIrpuMep, JAJI TOr0 YTOOBI ONIPEACIUTh nojiokeHue Bektopa OA (puc. 1.6), 10CTaTOYHO 3HATH €T0 MPOCKIUU Ha

B3aMMHO IICPIICHAUKYIIAPHBIC OCH.

A
y
e :4
OA'=0A-cosp <
0A" = 0A - sing = 0Acos(90 - )
0 AT X

Puc. 1.6. K onpeneneHuto Bek-
TOpa Yepes ero Npoekunmn Ha
nepneHanKynapHble OCu.
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Ha3nayeHne BeKTOPHBIX IMarpaMm

PaGoTHuKam, 3aHUMAIOIIMMCS IPOSKTUPOBAHUEM U KCIUTyaTaIlMel peIeHOM 3aIUThl, YACTO MPUXOIUTCS
HCIIOJIh30BaTh B CBOEH paboTe TaK Ha3bIBaEMbIE BEKTOPHBIE JUATPAMMBbl — BEKTOPBI TOKOB U HAIPSYKEHUMH,
MOCTPOCHHBIE Ha MJIOCKOCTH B OMPEACICHHOM COUYETaHUH, COOTBETCTBYIOIIEM AJIEKTPUUECKHUM Mpolieccam,
MIPOUCXOIAIIMM B pacCMaTpUBAEMOM CXeMeE.

[To cytu, mocTpoeHue BEKTOPHOU JuarpaMMbl 11e1€Co00pa3Ho BO BCEX CIyUasX, K020d K pacCMampueaemomy
pelie nodaromcest 08e uu bojiee INeKmpuiecKue 8eludutbl. Pa3HOCTh TOKOB B MAKCUMAJIbHON TOKOBOM HIIH
mudepeHImanpHOM 3ammTe, TOK U HAMPsHKSHUE B pelie HallpaBJICHHS MOIIIHOCTH WJI B HAIPABJICHHOM pelie
CONPOTUBIICHUS. Bekmopnas ouazpamma no3eoJisiem coeiams 3aKioueHue 0 mom, KaKk paccmampusaemas
3awuma 6yoem pabomamo npu K3, T. €. OLICHUTh NPABUIILHOCTH €€ BKIIOUCHUS. B3anMHOe pacnooxeHue
BEKTOPOB TOKOB M HAMPsDKEHUH Ha JUArpaMMe ONpeIesieTcs XapaKTepUCTHKON paccMaTpUBaeMOM e, a
TaK)X€ YCIOBHO MPUHSATHIMU MOJIOKUTEIbHBIMUA HAMPABICHUSIMUA TOKOB M HANIPSHKCHUH.

Jj1st mpuMepa paccMOTPUM JIBE BEKTOPHBIE TUarpaMMBl.

Ha puc. 1.7 nokazana onHoda3zHas 1ens NepeMeHHOr0 TOKa, COCTOsAIIAs U3 TeHEpaTopa U MOCIeI0BaTeIHbHO
COCIMHEHHBIX EMKOCTHOTO, aKTUBHOTO U MHIYKTUBHOTO COMPOTUBJICHUH. [IpriMeM mipu 3TOM, 4TO MHAYKTUBHOE
CONPOTUBIIEHHE 00JIbIlIE eMKOCTHOTO (X, > X¢). [lonoxuTtenbHble HANTpaBIeHUS

TOKOB U HaHpH)KeHI/IfI, TaK K€ KaK U B ClIydasiX, paCCMOTPCHHBIX BbIIIC, 0003HaYEeHBI HA pHuc. 1.7,21 CTpCJIKaMU.
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[TocTpoenue BekTOpHOM AuMarpamMmbl HauHeM ¢ BekTopa DJIC E, KOTOphIil pacnoioxum Ha puc. 1.7,0

BEPTUKAIBHO. TOK, IPOXOASAIINAN B PACCMAaTPUBAEMOM LIENIN, ONPEAECIUTCS U3 CIEAYIOUIETO BBIPAXKECHUS:

E

AU aU L= 2
G 13 2

> h R > \/R +(X;-Xc)

TS x

[TockonbKy B pacCMaTpuBaEMOU LIENTH

HMCIOTCA aKTUBHBIC U PCAKTHBHLIC

COINMPOTHUBJICHUS, ITPUYCM ,
Puc.1.7 K pac4yeTy uenu nepeMeHHOro Toka

BCKTOP TOKa OTCTACT OT BECKTOPA
a) — cxema uenn; 6) — BeKTopHas guarpamma

HaIpPsDKCHUS HA yrol ¢ X, > X -

Xj—X¢
R

@ = arctg
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Hanpspkenue B Touke n Ha puc. 1.7, a onpenenuTcs COryiacHO CIEAYIOIIEMY BbIPaKEHUIO:
U, =E-AU,

Ha puc. 1.7, 6 nocrpoen Bektop ¢ orcrarommii ot Bektopa § Ha yron 90°. HampsixeHue B TOUKe I

'
U Ho

OIIPEAEIIUTCS PA3HOCTHIO BEKTOPOB I’ m U, .HanpskeHue B TOYKE 7 ONPEAETUTCS aHAJOTUIHO:

U — IR

mo — Una

U

Kax BunHo u3 pac. 1.7,0, 3TOT nociaeaHuit BeKTop — me OyAeT paBeH

HaJEHUIO HAIPSHKEHHS B MHAYKTUBHOM conporusicann AUy

PaccMmotpum mpyryro nenb neEpeMEHHOTO TOKA, ITPUBEACHHYIO Ha puUcC. 1.8,a, U MOCTPOUM BEKTOPHYIO
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IarpamMMmy, XapaKTepHU3YIOLIYIO PACIIPEICIICHUE TOKOB B MTAPAJUICNIBHBIX BETBIX. JlJIsl TOCTpOEHUS THarpaMMbl

MNpUMEM, YTO AKTUBHOC U CMKOCTHOC COIIPOTHUBJICHUA PABHBI:

ITocTpoeHre BEKTOPHOU THarpaMMbl HAYHEM C BEKTOpa 1, R=Xc
KOTOPBIN PACITOJIOKUM TOPU3OHTAIBHO. - AIU =
3aTeM OCTPOUM BEKTOP IAICHUS HANIPSHKEHUS HA I, 1 I,
— R —
v —_— —
conporuBneHusx AU, orcraromui ot BekTopa I; 1
I
|
Ha yroJI ¢ ,TaKk KaK pe3yJIbTUPYIOIIEE CONPOTUBICHUE UMEET c

AKTUBHO-EMKOCTHBIN XapakTep. YTOJI ONPENEIISETCS CIEAYIOIIAM
Puc.1.8. K pacuety pacnpeaeneHma TokKa.

a) — cXxema uenu; 6) — BeKTOpHaA OunarpaMma TOKOB
BbIPAKCHUEM: X

Q= arctg

C

B paccmarpuBaemom cinyuae @ = 45°. Bexktop Toka I, mpoXoAsmero no akTMBHOMY CONPOTUBIICHUIO, COBIIAAAET

c AU, a [; onepexaetr AU Ha 90°, kak moka3zaHo Ha puc. 1.8,0.
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BexkTopHbIe AUarpaMMbl IPH HAJIUYMH TPaHC(PoOpMaALIMH.
[Ipy HATMYKMK B AIEKTPUUYECKOMN 1IeTH TpaHCHPOPMATOPOB HEOOXOTUMO BBECTH JOTIOTHUTEIbHBIC YCIOBUS, JIJIS
TOTO YTOOBI CONOCMABNAMb BEKMOPHbBIE OUACPAMMbBI MOKO8 U HANPANCEHULL HA PAZHBIX CIOPOHAX
mpancpopmamopa. I1010KUTETbHBIC HAPABICHUS TOKOB
[IPU 3TOM CJIEAYET 3a4aBaTh C YYETOM IOJAPHOCTH
oOMOTOK TpaHcopmaropa. B 3aBucumoctu ot

HamnpapJICHUs HAMOTKH 0OMOTOK TpaHcdopmaTopa

B3aMMHOC HaIIPpaBJICHUC TOKOB B HUX MCHACTCA. I[J'ISI TOTO
YTOOBI onpcaACIAThL HAIIPABJICHUC TOKOB B 00MOTKax Puc.1.9 K onpefeneHnio YCNOBHLIX NONOXUTENBHBIX
HanpaBneHuWii TOKOB W HanpshkeHuit B obBmoTkax
TpaHccopmaTopa.

coboii, oOMoTKaM TpaHchopMaTopa JatoT YCIOBHBIC a) — cxema uenwu; 6) — guarpaMma TOKOB U Hanpsike-
HUM B  oBmoTkax TpaHcdopmaTopa.

CUJIOBOTO TpaHC(HOpMATOpa U COMOCTABIATD UX MEXKIY

0003HAUYCHUS «HAYAJIO» U «KOHEID.
Mexay uctounukom JJ1C u Harpy3koitl BkitounM Tpanchopmatop (puc. 1.9, a). O603HaunM Havama 0OMOTOK
cuiioBoro TpanchopmaTopa OykBamu A U a, KOHIIBI - X u x. [Ipu 3TOM cliesiyeT UMeTh B BUAY, 4mo HA4alo 0OHOU
U3 0OMOMOK NPUHUMAEMCSL NPOU3BOJILHO, A 8MOPOU - ONpedensemcs Ha OCHOBAHUU YCA0BHBIX NOJIOHCUMENbHBIX

HanpasieHuu moxKos, 3a0aHHbIX 0Jis1 00eux 0OMoOmox mpancgopmamopa.
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Ha puc. 1.9, a moxa3anHsI MoJ0KUTEIbHBIC HAITPABIICHHUS TOKOB B 00MOTKaX CHIIOBBIX TpaHchopMaTopoB. B

HGpBH‘IHOfI 0OMOTKE MOJI0KUTEIILHBIM CUUTAETCS HaIlpaBJICHUC TOKA OT

Ha4dalla K KOHITY, a BO

: ? BTOPUYHOM — OT KOHLIA K
1 g Hauvany. [Ipu Takux
. i i i
IT Ug T YCJIOBHO IIPUHSTBIX
= MTOJIOKUTENBHBIX
— a) — 0)

HaIIpaBJICHUAX TOKOB B

00MOTKax TpaHcpopMaTopa HallpaBJICHUE TOKA B HArpy3Ke OCTACTCS

TaKUM K€, KAKUM OHO ObLIO OBl MPU OTCYTCTBUM TpaHChopMaTopa u

I} AL @,
— =
a 1
X§—p W, D,
A D
b W1
X

Puc. 1.10. lNpuHumn yctponcTea

TpaHcgopmaTopa.

HETOCPEICTBEHHOM MOJIKIIOUCHUN HAarpy3ku K reHepartopy (cM. puc. 1.3). IIpu 3ToM, NOCKOJIBKY MarHUTHbBIC

MOTOKH, CO3/IJaBaeéMbI€ B MAarHUTOMPOBOI€ TpaHC(hopMaTopa 000MMU TOKaMU (TIEPBUYHBIM U BTOPUYHBIM),

HarpasJieHbl BcTpeuHo (puc. 1.10), nns uaeansHoro Tpancopmaropa, npeHedperas TOKOM HaMarHUYMBAHUS:

fﬁl _d}z =0 MK IIH"I —izﬂf'l ={i

(1.9)

rne ¢y v ¢p, — MarHuTHble NOTOKM B MarHUTonpoBoae TpaHcdopmatopa, a Iywy n I,w, — martu-

Toauxywme cunel (MOC), cozgatoline st NOTOKM.

N3 nocnegHero ypaBHeHUs: f.: = f:(i I (1.6)

w, )

W,
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CornacHo nociaeaHeMy paBeHCTBY BEKTOPHI I; v I, UMEIOT OJIMHAKOBBIE 3HAKHU U, CJIEIOBATEIHHO, OyAyT
COBIMAJATh MO HampasieHuto (cM. puc. 1.9,0). Takum 06pa3oM, YCIOBHO MPUHATHIC MOJOKUTEIbHBIC
HaIpaBJICHUsI TOKOB B 00MOTKax TpaHchopmaTopa yA0OHBI TEM, YTO BEKTOPHI IEPBUYHOTO M BTOPUYHOT'O TOKOB

Ha BEKTOPHOM JuarpaMme COBIIAIAI0OT [0 HANpaBJIECHUIO (puC.

. — | A a |—= U,
1.9,6). s HanpsiyKEHUM TakkKe yI0OHO MPUHSTH TaKHUeE I I, |1, 3
MOJIOKUTENbHBIE HAMTPABIICHUSI, YTOOBI BEKTOPHI IEPBUYHOTO U ET Uy §‘ g U, U,
BTOPUYHOTO HANPSKEHUH Ha 0OMOTKAaX COBIAJAIH, KaK TIOKa3aHO & []
Ha puc. 1.9. X X e

B 3aBUCHMOCTH OT CX€MBbI COeIMHEHUSI 0OMOTOK TpaHc(opmaTopa
(B 3B€31y WJIM TPEYTOJBHUK), CIIOCO0a COSTMHEHHS BBIBOJIOB JIJIs1 00pa3oBaHUs TPEYrodbHUKA U TIOPSIKA

IIOAKIIKOUYCHUA (1)33 CCTHU K BbIBOJaM Tpchq)opMaTopa BO3MOJKHO IMOJYUCHUC PA3JIMIHBIX I'PYIIII COCAUHCHMUA.
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I'pynnoii coedunenus mpancghopmamopa cunuraercs cIBUT 1o (asze
nuHenHoro ((a3noro) Hanpsbkenus ooMoTkn HH mo oTHomeHuro k
OJTHOMMEHHOMY JMHEeHHOMY ((ha3zHomy) HanpspkeHuto 0oMoTku BH. I'pynims
COCIMHEHHUS TIPUHSITO ONPENENATh 1o IudepOaTy 4acoB, CUUTasi BEKTOP

HanpspkeHus BH ncxonHbIM 1 HanpaBlIeHHBIM Ha nudpy 12.

®(_ @p

YiV-12 b

®c @b

A B C =« A
| ®C @B
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Paccmotpum cxemy coeaunenuii Tpancopmaropa Y/A-11, 1 BEKTOpHBIC JUarpaMMbl HAITPSIKEHUN U TOKOB,
COOTBETCTBYIOIINE TaHHOM cxeMe coenrHeHus. Ha cTopoHe BhICIIEro HapsuKeHUs, TIe 0OMOTKH
COEIMHEHBI B 3BE€3/1y, MEXY(Da3HbIE HANIPSKEHUS B V3 pa3 npessimaroT dhasuble HanpsokeHns. Ha cropone
K€ HUBIIET0 HANPSKEHUS, T/1e€ OOMOTKU COSIMHEHBI B TPEYTOJbHUK, MEXAyPa3Hbie U (ha3HbIC HAMPSIHKEHUS
paBHBL. BekTOphI MEX Ty (Pa3HBIX HATPSKEHUI CTOPOHBI HU3IIETO HAMPSIKEHUs ornepeskaror Ha 30°
aHAJIOTUYHBIE BEKTOPHI MEXAY(Pa3HbIX HAMPSKEHUM CTOPOHBI BHICILIETO HATIPSKEHUS, YTO U COOTBETCTBYET

cxeMme coeaqnHeHut Y/A-11.

28



a) 0) Y U=-Us
Puc. 1.12 BkrnroyeHune TpaHchopmaTopa no cxeme Y/A-11:
a) — cxema coeguHeHna obMOTOK;
6) — BEKTOpHaaA AnarpamMmma HarnpsKeHUn;
8) — BEKTOpHas AnarpaMmma TOKOB
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[Ipu onpeneneHun rpynmbl COEAUHEHUN CHUIIOBOTO TpaHCPopMaTopa yI00HO 3a MOJI0KUTEIbHbIC TPUHUMATH
HaMpasJICHUS OT BBIBOJIOB HU3LIErO HANPSKECHUS K IIMHAM, TaK KaK TP 3TOM BEKTOPHBIE THAarpaMMbl TOKOB
COBIIAJIAIOT C MPUHITHIM 0003HAUYCHHUEM TPy COCAMHEHHUS CUIIOBBIX TpaHcPopmaTtopoB (cM. puc. 1.12,06 u B).
AHaJIOTUYHO MOTYT OBITh TOCTPOEHBI BEKTOPHBIE AUATPAMMBI TOKOB U JIJIsL IPYTUX TPYII COSAUHEHUS CUIIOBBIX
TpanchopmaropoB. ChHopMynrpoBaHHBIE BBIIIE MPABUIIA TOCTPOCHUSI BEKTOPHBIX JUArpaMM TOKOB U Ha-
MpsSKEHUN B cXeMax ¢ TpaHchopMaTtopamMu ACHCTBUTEIBHBI U IS K3BMEPUTEIIbHBIX TPAaHC(HOPMATOPOB TOKA U

HaIIPpsSKCHUS.
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