Jlexiust Ne 6

CUHYCOUMJAJIBHBIE TOKHN U HAIIPAKEHU .
XAPAKTEPUCTUKHU U ®OPMbI IPE/ICTABJIEHUSA

Y4eOHble BOMIPOCHI
1. TIlepemenusie Toku. CuHycowpaidbHble TOKHU, HampsokeHud U DJC u  ux
XapaKTEPUCTHUKHU.
2. JleiicTByromiye 3HaYEHUsI TOKA U HANPSHKEHMUS.
[Ipunuun renepupoBanusi cunycouaibHbix JJC.
4.  BekTopHbBIE CUMBOJIbI CHHYCOUJAIbHBIX TOKOB U HANIPSKEHUM.

W

1. IlepeMmeHHbIE TOKM.
CunycounanbHble TOKH, HanpsKeHuss 1 JJIC u  unx
XapaKTepPUCTHKH

Haubonee mmpokoe NpuMEHEHHE B COBPEMEHHOM AJIEKTPOTEXHUKE MOTYUHUIT
IEPEMEHHBIN IEKTPUUECKUI TOK. DTO 00YCIOBIEHO CIEAYIOLUIUM:

- IPOCTOTOM M SKOHOMHYHOCTBIO MPeoOpa30BaHUsl BEJINYMHBI HAIPSIKEHUS C
IIOMOIIIbIO TPAHC(HOPMATOPOB;

- IPOCTOTOM U HAJIEAKHOCTBIO IEKTPOABUraTENEH IEPEMEHHOTO TOKA,

- BO3MOYKHOCTbKO OSKOHOMMYHOM mepenadyu Ha OOJIbIIME PACCTOSHUS Iepe-
MEHHOTO TOKa.

llepemennwiii sn1exmpuyeckuii mox - TOK, U3MEHSIOIIMICS BO BpeMeHH. JIro-
OOl nepemennwvlll d1eKMpuUYecKuli. MoK XapaKTepU3yeTCs MCHOBEHHbIMU 3HAYCHU-
MU, PACCMAaTPUBAEMbIMU B KOHKPETHBIA MOMEHT BPEMEHH.

Bce mraoBeHHBIC 3HaUeHMsT Toka, HampspkeHus, J/[C oOo3HauaroTcs cTpod-
HbIMU OykBamu (i, u, e).

['padmyeckue mn3zoOpakeHus GyHKIMI MCHOBEHHBIX 3HAUEHHWI TOKa, HAamps-
xenus, OJIC Ha3pIBarOTCA BPEMEHHBIMHM WJIM PA3BEPHYTBIMH JuarpaMmamu (puc.

).

J i= I, sin(axt+y,)
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Pucynox 1. PazgepHyTas nuarpamma CUHYCOUJAIBHOTO TOKA



Ilepuoouueckum >IEKTPUYECKUM TOKOM HA3BIBAETCS TAKOW AJIEKTPHUYECKHUI
TOK, MCHOBEHHBIE 3HAUYEHHUS] KOTOPOTO MOBTOPSIOTCS 4YEpEe3 pPaBHbIE IMPOMEKYTKU
BPEMEHU.

Ilepuooom  BNEKTPUYECKOTO TOKAa HA3bIBAETCS HAMMEHBIIUI MHTEpBaJ Bpe-
MeHHU 1, MO0 UCTEUYEHHUU KOTOPOTO MTHOBEHHOE 3HAUEHHE MEPUOIUYECKOTO AIEKTPHU-
YecKoro Toka noropsiercs. [lepuon m3zmepsiercst B cekyHaax (c).

J1J1st meproANYecKoro ToKa:

i(t) = i(t+nT),
rne n=1,2,...

Yacmoma f IeproOANYECKOTO TOKA - €CTh YHCIIO TIEPUOIOB B CEKYHY, TO €CTh
f=1UT.

Yacrtota u3mepsetcs B reprax (I'm).

[leproaudecknuM MepeMEeHHBIM TOKOM, MOJYYHBIIUM CaMO€ HIMPOKOE MpruMe-
HEHHE B DIJIEKTPOTEXHUKE, SBISACTCS CHUHYCOWIAIbHBIA TOK.

CunycouoanbHblM — 21eKMpuUYeckumM moKoM  Ha3bIBaCTCS TEPUOIUYSCKUN
AIEKTPUYECKUI TOK, MTHOBEHHOE 3HAYEHUE KOTOPOTO OMPEICISICTCS BRIPAKECHUEM:

i=1,sin(ot+y,) (1)
rne 1, - amniumyoa W MaKCMMallbHOE 3HAYEHUE TOKA;
(w t+y;) - paza cUHYCOMTATBHOIO TOKA;

@ - ya2nosas yacmoma CHUHYCOHUOAJIBHOI'O TOKa,

W, - HauanvbHas ¢aza CUHYCOUAAIBHOTO 3JIEKTPUUYECKOTO TOKa (3HaueHue ¢a-
361 CHHYCOUJATBHOTO TOKa B MOMEHT BpeMeHH ¢ = ).

Pa3BepHyTasi amarpamMma CHHYCOMIAQIBHBIX HANpsDKEHUS W TOKA MpUBEICHA
Ha puc. 2.
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Pucynoxk 2. CunycouiaabHble HAMPS>KEHUE U TOK U UX MapaMeTphbl



HauanpHast (a3a oTKIambIBaeTCS OT Oauxcanuiell K HA4aay KoopouHam
TOYKH TIEpeXoja KPUBOW TOKA Uepe3 HOJIb K Hauyanay KOooOpOuHam B HATIPABJICHUH
603PACMaNUA NOTOHCUMEIbHBIX MTHOBECHHBIX 3HAUCHUH.

Ecnu navanbnast ($asza paBHa Hyaro, TO GQYHKIHS TOKA 3aMHCHIBACTCS — Kak

i =1 sin@t,aKpuBas TOKa IPOXOJUT YEPE3 HAYAIO KOOPJHHAT.

Ecnu y HECKOJIBKUX CUHYCOUAATIBHBIX (YHKLIUH, W3MEHSIONIMXCS C OJUHAKO-
BOW 4acTOTOM, HayanbHbIe (a3bl HE COBMAAIOT, TO TOBOPST, YTO OHU COBUHYMbI NO
¢aze otHOCUTENBHO NpyT Apyra. Casur ¢a3 usmepsieTcs pazHocmvio ¢az, KOTO-
pasi paBHa pa3HOCTH HavdalbHbIX Qa3. Hanmpumep, A n3o0pakeHHBIX HA pUC. 2 rpa-
(UKOB CHHYCOMIATIbHBIX TOKA U HAMPSKEHUS Pa3HOCTh (a3 MOKET ObITh Ompeere-
Ha KakK

P=Yu-VYi

2 JleificTByIOIIME 3HAYCHHS TOKA U HANIPAKEHU S

MraoBeHHbIE 3HAYCHUSA HAIPSOHKEHUS U TOKA, OTHOCALIMECS K OTAEIbHBIM MO-
MEHTaM, HE ONPEIENAIOT IeUCTBUS IEPEMEHHOIO TOKA 3a Kakoe-1100 Bpems. 3a bec-
KOHEYHO MaJIbIil MPOMEXYTOK BPEMEHHU df, B TEYEHUE KOTOPOTO TOK, MPOTEKAIOIIUI
II0 CONPOTHUBIICHUIO ¥, MOXHO CUHTATh IIOCTOSHHBIM, JHEPrUs pacxoayemas Ha
HarpeBaHue 3TOr0 CONPOTUBIICHUS PABHA

dw =i’ rdt.

Tak kak 3a BpPEMs KaXXKI0T'0 IIE€proga Tpacxoz:yeMa;I 9HECPIrusg OCTACTCA HCU3-
MCHHOﬁ, TO MOKHO OT'PaHHUYUTHLCSA OIIPCACICHHUEM €€ JIUIb AJIs1 OJHOTO IIepuoga:

T T
sziz-r-dtzrjizdt.
0 0

Ecnu nonyCcTuTth , 4TO 4epe3 TO K€ CONPOTHUBIIEHUE » B TEYEHHUE TOTO KE
BpeMeHM 7T MPOTEKA MOCTOSHHBIMA TOK /[, TpUYEM 3aTpadyeHHasl SHEPrusl 0Ka3ajaach
TaK>xe paBHOU W, TO

wW=1?-r-T.

[TpupaBHUBas JIeBble YaCTU MOCIEIHUX BBIPAKEHUH, MOCe MpeoOpa3oBaHui

MOJTy9aeM:
1 T

> =— J i% dt.
T 0



HOI[CTaBI/IB BMECTO TOKA I €r0 3HAUYCHHUE ImoJry4acm:

2 _1 = 2 i
1“ = —J 17 sin“wt dt.
T Ji=o

I=1, \/% [/=) sinfwt dt. @)

BOCHOHLBYCMC}I M3BCCTHBIM BBIPAKCHUEM

2ot 1 cos2wt
sinwt = - — ——,
2 2
H I10JIy9YUM
t=T . , _1pt=T 1 t=T
Jizy sin*wtdt == [ _ dt == [,_ cos2wtdt. 3)

T
cos2wtdt=0 pasen Hyio.

5 1 ct=
B Beipaxkennn (3) BTOpoii MHTErpa 5 ft—

[TepBbiii nHTErpa B Boipaxenuu (3) paBeH

1 (=T T
| dt=-.
ZL:O 2

BosBpamiasce k BeIpaxeHuro (2) nosydaem

/1 T Im
I=Im ;52520,70717,1 (3)

U3 (3) CJICAYyECT, 4YTO 3HAYCHHUC IMOCTOAHHOI'O TOKA, SKBUBAJICHTHOTO II0 CBOCMY TCII-
JIOBOMY ,Z[CﬁCTBI’IIO CUHYCOUOAJIBbHOMY TOKY, B pa3 MECHbBIIC aMIIJIMTYAbl IIEPC-
MEHHOT'0 ToKa. OH Ha3bIBaeTCs 0eﬁcm3ylomtm 3HAUYCHHUEM IICPEMCHHOI'O TOKA.

AHaNOTru4HO AJIs1 HaIIPSPKCHUA
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3. llpyHuun renepupoBanus CUHycOuAAIbHBIX J/IC

Cunyconpansnbeie DJIC BbplpabaThIBalOTCS B T€HEpaTOpax MNEPEMEHHOro TO-
Ka, TMPHUHIMI JEWCTBUSA KOTOPHIX OCHOBAH Ha SIBJCHUU 3JICKTPOMArHUTHON MHAYK-
11U,

['eHepaTop COCTOMT M3 BpALIAIOIIErOCs C MOCTOSHHOM YTIJIOBOM CKOPOCTBIO
pomopa - 3NEKTPOMarHuTa WM MOCTOSHHOTO MarHUTa, CO3JA0LIEr0 MarHuTHOE TO-
ae, u cmamopa ¢ ooMoTkamu (puc. 3). Pagu mpocToThl Kaxkaasi oOMOTKa MMoKa3aHa
COCTOSIIIEN TOJBKO M3 ABYX MPOBOJOB OJHOTO BHUTKA, 3aJI0KEHHBIX B JHAMETPATbHO
IPOTUBOIOJIOXKHBIE M1a3bl CTATOpPa. TU MPOBOJA HA 33JHEM TOPLIE CTATOPA COEANHE-
HBI JIpYT C ApYroM (COeIMHEHUs MOKa3aHbl MyHKTUpoM). Ha nepennem Topue craTo-
pa OHM OKAHUYMBAIOTCS 3a)KMMaMHU, KOTOpBIE CITy’KaT Ul MOJCOECIUHEHHS BHEIIHEN
LEIH.

[Ipu BpalieHuu poTopa reHeparopa CTOPOHHUM IPUBOJHBIM JIBUTATEJIEM Mar-
HUTHBIN TOTOK, JKECTKO CBSI3aHHBIM C POTOPOM, MEPECEKAET BUTKM OOMOTOK, YJIO-
KEHHBIX B IIa3ax cTaropa. B 3THX BUTKAax B COOTBETCTBUHU C 3aKOHOM 3JIEKTpOMar-
HUTHOM MHIYKIMHM HaBoAuTCs 3aekTtpoaBkymas cwia (31C) cuHycomaanbHOU
¢dbopmbl. MraoBenHoe 3Hauenue 3toi DJ]C reneparopa 3anucbIBaeTCs B CAEAYIOLIEM
BU/IE:

e =FE -sin ot

[Ipy MNOAKIIOYEHUU BBIXOJHBIX 3aKMMOB CTATOPHONM OOMOTKM K BHEIIHEW
ANEKTPUYECKON LIENH, B MOCIEAHEN BO3HUKAET EPEMEHHBIN CUHYCOUIAJIbHBIN JJICK-
TPUYECKUN TOK.

Pucynoxk 3. I'eneparop cunycouganbaon I/C



4. BekTOpHBbIE CHMBOJIBI CHHYCOUIAJbHBIX TOKOB

[Ipu paccMOTpeHHH Liened MEePEMEHHOI0 TOKa MPUXOAUTCS pelaTh 3aJadu
cymMmmupoBaHus cuHycounanbHbix OJIC, TOKOB, HAPSHKEHUM, XapaKTepu3yoLuecs
OJIMHAKOBOM YaCTOTOW , HO UMEIOIINX Pa3IUYHbIe aMILTUTYIbl U Ha4albHbIE (ha3bl.
Ecnu B 3agaue Tpebyercs onpenennTh CyMMapHOe 3HAY€HHE 2-X CHHYCOMJIAIbHBIX
TOKOB, IPUTEKAOIINX B y3€J, TO PEIICHUE TaKOW 3a1a4l CBOJUTCS K CYMMHUPOBAHUIO
MTHOBEHHBIX 3HAUYE€HUM 3TUX CUHYcOU]. PeleHue Takod 3amauyd CTaHOBUTCS T'PO-
MO3JIKMM U TpeOyeT 3HAUUTEIbHBIX BPEMEHHBIX 3atpaT. [Ipyu 3TOM TOYHOCTH OKa3bi-
BaeTca HeBbicokoil. Ha puc. 4 mpeacraBieH GparMeHT 3JEKTPUUYECKOM Lienu mnepe-
MEHHOT'O TOKa, Ha KOTOPOM K Y311y A NPUTEKAIOT ABa TOKa:

=1, sinfwtty,)
=1, sinf(wtty,)

i=1, sin(wtty,)

L —> i;=i;+i, =I3m sin(a/t+1//l.3)
—T
I
_
i3 —>

i=1, sin(wtty,)

Pucynok 4. ®parMeHT 37€KTPUYECKOM LIETH IEPEMEHHOTO

TpeOyeTcst onpenenuTs CyMMy 3THX TOKOB T.€. ONPENETUTh CYMMAapHYIO aM-
IUTUTYYy U HadajlbHYI0 a3y CyMMapHOTo TOKA i3.

I3=1;%i, = ISm Sll’l((() f+l//i3)

Peuienue 3agaun CBOJUTCS K CYMMHUPOBAHUIO (C YYETOM 3HAaKa) MTHOBEHHBIX
3HAYCHUN TOKOB i; U i, C y4€TOM 3HAYE€HUN HAYAIbHBIX (a3 KaKIOTO U3 ITUX TOKOB.

HarnsinHo u mpocTo Takasi 3ajja4a peiaercs, €Ciu ik M300pakeHHs] CUHYCOU-
JANbHBIX BOCIIOJIB30BATHCS @pamjaouumuca eekmopamu. Bocnonabzyemcs npsmo-
yroibHOM cucteMoil oceil (NM) u ycinoBUMCS OTKJIAbIBATh MOJIOKUTENbHbIE YIJIbI
B HaIlpaBJiCHWHU, NMPOTHUBOIOJIOKHOM HAIPABJICHUIO BpAIEHUS YaCOBOW CTPEIKHU
yacoB (puc. 5). Pacnionoxum non yriiom y; k ocu ON Bektop OA, JyiMHa KOTOPOTO
B BBIOPAHHOM MacilTabe paBHa aMILUIUTY/AE€ TOKA i.



bynem Bpamate BekTOp OA 0KOJIO TOUKM O B MOJOKUTEIBHOM HAIPaBICHUU
C IIOCTOSIHHOM YIJIOBOM CKOPOCTBIO W, PABHOM YIJIOBOM YaCTOTE TOKA i.

[To Mepe Bpaiienusi Bektopa OA B MOJOKHUTEIHHOM HAIMPABICHUU C YTI0BOM
CKOpPOCTBHIO @ (IPOTUB YACOBOM CTPEJIKK) €ro MpoeKUuu Ha ocb OM B KaxIblil MO-
MEHT BPEMEHU MPEJICTABISAIOT COOO MITHOBEHHBIE 3HAUYEHUSI BEKTOpA, a BO BPEMEH-
HOM o0nacT (B KOOpJMHATax toi) COBOKYMHOCTb 3TUX 3HAYEHUH MPEACTABISIET CO-
0ol (DyHKIIMIO, MTHOBEHHbBIE 3HAUYEHUS KOTOPOW U3MEHSIOTCA M0 CHHYCOUIAIbHOMY
3akoHy. i1 (DUKCUPOBAHHBIX MOMEHTOB BPEMEHHM MIHOBEHHbIE 3HAYEHUs 3TOU
(GyHKUIMU MIPEACTABIICHBl HA pUC. 4 B BUJIE€ COOTBETCTBYIOIIMX 3TUM MOMEHTAM Bpe-
MEHHU OpJIHMHAT.

i=1, sin(wtty;)
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Pucynox 5. [lonydenue pa3BepHyTON qUarpaMMbl CHHYCOUIAIIBHOTO AJIEKTPHU-
YECKOr0 TOKa ITPU BPalIEHUH BEKTOPA

3 BBIIEW3I0)KEHHOTO CIICAYET, UTO geauuuna npoexyuu sexkmopa OA Ha
ock NM Gynet

OA-sin(wt+w.),
= ]m Sll’l((() t+U/i).

T.C. B IIPUHATOM Maciitade AaCT IIOCJICA0BATCIbHBIC MI'HOBCHHBIC 3HAUYCHHA CHUHY-
COMAJIbHOIO IIEPEMCHHOI'O TOKA

[ToHBIN UK M3MEHEHW TOKa TIOJYYHUM 3a OJWH TOJHBIM 000pOT BEKTOpa
OA.

BbIBOa: TakuM 00pa3oM CHHYCOUJANbHYIO (DYHKIIUIO BPEMEHU MOKHO M300-
pa3uTh BEKTOPOM, BPALIAIOIIAMCS C YIVIOBOM CKOpPOCTb, PABHOW YIJIOBOM 4acCTOTE



n300paxkaemMoil (GyHKIMHU, IPUUYEM JJIMHA BEKTOpA OIMpPENeNseTCs] aMIUIUTY 10N TaH-
HOW (YHKIMH, a HadaJbHOE IOJIOKEHHE BEKTOpa B MOMEHT BpeMmeHu ¢ = (), e€
HavyajapHOU (ha3oit ;.

3ajaya OTBICKAHHS CyMMBbl HECKOJIBKMX CHHYCOMJIAJbHBIX BEIUYUH C UCIOJIb-
30BaHUEM PACCMOTPEHHOIO IOAXOAA CBOAMTCS K XOPOIIO HM3BECTHOM IpoLexype
CYMMHPOBaHHS BEKTOPOB, KaXIblii U3 KOTOPBIX XapaKTEPU3YyETCs CBOUM MOAYJEM U
yriaoM. CyMMapHBbIi BEKTOp JBYX BEKTOPOB MPEACTABISAET COOOW AMArOHAb Mmapa-
JejIorpaMmma, IOCTPOSHHOTO Ha 3TUX BEKTOPAaxX, KaK Ha CTOPOHAX Hapajuiesiorpamma.
Pe3ynbTar nocTpoeHus IpeACTaBIEH HA PUC. 6
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Pucynok 6. CyMMHpOBaHHE JBYX CHHYCOUIAIBHBIX JIEKTPUYECKUX TOKOB,
IPE/ICTABICHHBIX B BEKTOPHOU (hopme



