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Pa3zpaboTuuk:

J.b. ITono npenogasarens @I'OY BO Upl'VIIC CKTuC

MeTtoauueckue yka3aHusl 110 BBIMOJIHEHUIO PAKTUYECKUX pabOT COCTaBJICHBI B
COOTBETCTBHH C paboueil mporpamMmoi ydeOHON MUCHUILIUHBI, pa3paboTaHHON Ha
ocHoBe DenepanbHOrO TOCYAapCTBEHHOTO 00pa30BaTENILHOTO CTaHAapTa IO
CHELMATBHOCTU CPEIHEro Mpo(heCCHOHATFHOTO 00pa30BaHuUs MO CIIEHUATbHOCTH

23.02.07 TexHuueckoe OOCITYyXKMBaHWE€ W PEMOHT JABUTATeNIeld, CUCTEM H

arperaToB aBTOMOOMIICH



[TOACHUTEJIBHAA 3AIINCKA

Hacrosmue metonnueckue ykazanus no gucuumummae OI1.03. DnexkTpoTexHuka u
anekTpoHuka cnenuanbHoctd 23.02.07 TexHuueckoe oOCIy>KUBaHUE U PEMOHT
JIBUTATENICH, CUCTEM M arperaToB aBTOMOOMJIEH COCTaBJIECHBI B COOTBETCTBHHU C
TpeboBanusiMU OI'OC TpeTbero mokogeHus.

[IpakTyeckue 3aJaHusi HAMpPaBICHbl HAa SKCIEPUMEHTAIBHOE MOATBEPKICHUE
TEOPETUYECKUX TMOJIOKEHUH U (HOpMUPOBaHHE YYEOHBIX U TPO(HEeCcCHOHATBHBIX
MPaKTHYECKUX YMEHHH, OHU COCTAaBISIOT BAXKHYI0 4YacTh TEOPETHUYCCKOU U
npodheCCUOHAIBHONM MPAKTHYECKON MOATOTOBKH CIICIIUATMCTOB CPEJHETO 3BeHa 10
cnenuanbHocTH 23.02.07 TexHuyeckoe 0OCIyXKMBaHHE M PEMOHT JBUTATENICH,
CHUCTEM U arperaToB aBTOMOOuJICH 110 (hOpMUPOBAHUIO:

YMEHU:

MI0JI30BaThCS N3MEPUTEILHBIMU MTPHOOPAMU;

IMPOU3BOAUTDL IMMPOBCPKY SJICKTPOHHBIX U SJICKTPUICCKUX 3JICMCHTOB aBTOMO6I/IJ'I$I;
IIPOU3BOAUTH HOI[60p 9JICMCHTOB 3JICKTPUICCKUX ueneﬁ H 3JICKTPOHHBIX CXEM;

3HAHU:
METOJIOB pacyeTa U U3MEPEHUS OCHOBHBIX NTAPAMETPOB JIEKTPUUECKUX, MATHUTHBIX

U DJIEKTPOHHBIX LIETIEH;
KOMIIOHEHTOB aBTOMOOWJIbHBIX 3JIEKTPOHHBIX YCTPOUCTB;
METOLOB JIEKTPUYECKUX U3MEPEHUN;
YCTPOWMCTB M NPUHLHUIIOB JEUCTBUS DJIEKTPUUECKUX MAIIUH

ConepxaHue NUCUMIUIMHBI JIOJKHO OBITh OPUEHTHUPOBAHO HA MOATOTOBKY
CTYJEHTOB K OBJaJeHHI0 TpodeccronanbubiMu komnereHuusaMu (I11K):
[IK 1.1. OcymecTBiATh IMAarHOCTUKY CUCTEM, Y3JIOB U MEXaHU3MOB
aBTOMOOMJIbHBIX JIBUraTeNeH
[1IK 2.1. OcymecTBisITh AMATHOCTUKY IIEKTPOOOOPYIOBAHUS U IIEKTPOHHBIX
CUCTEM aBTOMOOMIIEH
[IK 2.2. Ocy1ecTBIsITh TEXHUYECKOE 00CTYKUBAHUE 3JIEKTPOOOOPYOBAaHUS U
AIIEKTPOHHBIX CUCTEM aBTOMOOMIIEH COTJIACHO TEXHOJIOTMYECKON TOKYMEHTallun
[1IK 2.3. TIpoBOIUTH PEMOHT 3JEKTPOOOOPYIOBAHMS U DJIEKTPOHHBIX CUCTEM
aBTOMOOUJIEH B COOTBETCTBUU C TEXHOJIOTHYECKOU IOKYMEHTAIuen

B nporuiecce ocBoeHUS IUCUUIUIMHBI Y CTYJEHTOB JOJIKHBI ()OPMUPOBATH
ob6mue kommnereHnuu (OK):
OK 01. BsiOupats ciocoObl perieHus 3a1a4 npopecCuoHaIbHON AeSTENbHOCTH,
MPUMEHUTENBHO K Pa3IMYHBIM KOHTEKCTaM
OK 02. Ocy1iecTBisTh OUCK, AHAJIU3 U UHTEPIPETALMIO HH(DOpMALIIH,
HEO0OXOAMMOM JIs BBIMOJIHEHUS 3a/1a4 Npo(dhecCUOHATBHOM NEATeTbHOCTH



OK 03. TInanupoBaTh U peaan30BbIBATH COOCTBEHHOE MPO(hecCHOHATBHOE U
JIMYHOCTHOE PAa3BUTHE

OK 04. PaGoTaTp B KOJIJIEKTUBE U KOMaH/IE, 3 (HEKTHUBHO B3aMMOICHCTBOBATH C
KOJUIETaMU, PYKOBOJCTBOM, KJIMEHTaMHU.

OK 05. OcymiecTBasiTh YCTHYIO U MUCbMEHHYI0 KOMMYHHKAIIMIO Ha
TOCY/IapCTBEHHOM $SI3bIKE C YYETOM OCOOCHHOCTEH COIMAIBHOTO U KYJIBTYPHOTO
KOHTEKCTA.

OK 06. IIposBASTE TpaXAaHCKO-NaTPUOTHUYECKYIO TO3ULIUIO, TEMOHCTPHUPOBATH
OCO3HAaHHOE MTOBEICHUE HA OCHOBE TPAJAMIIMOHHBIX O0IIEUEIOBEUECKUX IEHHOCTEN.
OK 07. ConelicTBOBaTh COXpaHEHUIO OKPYKAIOIIEH CPEJIbl, PECYPCOCOEPEKEHHUIO,
3¢ (eKTUBHO AEWCTBOBAThH B UPE3BBIYAMHBIX CUTYALIMSX.

OK 09. Hcnonb3oBaTh HH(PpOpMALMOHHBIE TEXHOJIOTUU B MPOPECCUOHATBHON
NEeATEIbHOCTH

OK 10. ITonb3oBaTbcs npopeccuoHaIbHON JOKYMEHTAIIUEN HA TOCYTapCTBEHHOM U
WHOCTPAHHOM SI3bIKaX.

Brimonnennas paborta qoibkHA OBITH MPENCTaBlIEHA B BUJE OTYETAa MO 3aJaHHOU
dbopme.

Pe3ynbTaT BBIMOJIHEHUS TPAKTUYECKUX 3a/IaHUI OLICHUBAETCS — 3a4eT/HE3a4eT.
Kputepusamu OLEHKH CIoyXaT HCIIOJIb30BAHUE OCHOBHBIX METOJIOB M NPHUEMOB,
MPECTABICHHBIX B JAHHOM METOJIMYECKOM TTOCOOUH.

C y4€ToM BBIIIEU3JIOKEHHOTO B JAHHBIX METOJUYECKUX YKA3aHUSX MPUBEICHO 7
MIPAKTUYECKUX 3aHATHH.

Kaxnoe mnpakTHyecKoe 3aHsITHE COICPKUT TEOPETUYECKUE CBEICHUA U
METOIMYECKOE PYKOBOJICTBO K BBHITIOJTHEHUIO PAOOTHI.



METOAMYECKUE YKA3AHMA 10 BBIHIOJIHEHUIO TTPAKTUYECKUX
PABOT

[TpakTueckas padora Nel Pacuer nenei nocTOSHHOTO TOKa
[TpakTnueckast pabota Ne 2 Pacuer mapaMeTpoB IEPEMEHHOTO TOKA
[Ipaktrnueckas pabora Ne3 PacueT Hepa3BETBICHHBIX MIEKTPUUECKUX LIETIEH
MIEPEMEHHOr0 TOKa

[TpakTrueckas pabota Ne4 PacueT TpexdazHbIX 2IEKTPUUECCKHUX IETei
IIEPEMEHHOTO TOKA, COEIVUHEHHBIX «3BE310W.

[Ipaktuueckast pabora Ne5 Pacuer TpexdazHbIX IIEKTPUUECKUX LIETICH

MNEPEMCHHOI'0 TOKa, COCAMHCHHBIX «TPCYTOJIbBHUKOM.

Meroanueckue ykazaHus K pelIeHUI0 MpakTu4ecKor padoTel Nel

PACYET LETIEM [TIOCTOSHHOI'O TOKA

Pemenue aroit 3anaun TpedyeT 3HaHUs 3akoHa OMa JuIst BCel LIeNu U €€ y4acTKOB, IIEPBOTO
3aKOHa KI/IpXFO(l)a U MCTOAWKH OIPCACIICHUA SKBUBAJICHTHOI'O COMPOTUBJICHHUA LCITU CMCIIAHHOTO
COEIMHEHUS PE3UCTOPOB.

Teopernueckue CBEACHUS:
U
B3anmMocBsI3b MeX Ty OCHOBHBIMH TIapaMeTpaMH IeMH YCTaHABIUBAIOTCS 110 3akoHy Oma: | = =

IlocnedosamenvHvim coeOuneHuem npuemMHuUKo8 MEKTpoIHeprun (puc.l) Ha3pIBaeTCs
COEIMHEHHE, ITPH KOTOPOM KOHEI] IIEPBOr0 NMPUEMHHUKA COEMHEH C HAYaJIOM BTOPOI'0, KOHEI]
BTOPOTO C HaYaJIOM TPETHETO U T. 1.

- b Us
[Ipu pa3mbIKaHUU UENH Y OJHOTO U3 MOCIEI0BATEIBHO R R R
v v 1 2 3
COCAMHECHHBIX HOTpe6I/ITeJ'IeI/I TOK HCUYE3acT BO BCCU I I I I
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3axonwvl nocnedosamenvroco coeOuHeHus NPUEMHUKOSB.

L., =5L=I=I; CLIA MOKA HA ECEX VHACHKAX Heril 00uHarosa

L;m =U, + U, +U; HaMpANCeHUE 'HA SANCUMAC UCRIOHHUKD HANDANCERLA
DASHA CYMME HAMPARCEHUNIHA sCcax 88 Viacmyax
Ro.=FR R, =R, sxsusareupnoe(00Wes) conpomiisnsiiie e
T 1 1 3 ¥

PasHO CYMME CONPOMUSIGHUIL COCMASTIAIOUED fanb

Ilapannenvnvim coeounenuem npuemnuxos (puc.2) 31eKTPUIECKON SHEPTUU HA3BIBACTCSA
COCIMHEHUE, ITPH KOTOPOM Havajia BCeX BETBEH JICKTPUICCKOH 1IN MPUCOSTUHSIIOTCS K
NIEPBOMY Y311y, KOHIIBI 3THX YK€ BETBEH MPUCOCTUHSIIOTCS KO BTOPOMY Y3ITy.

V3en — Touka, B KOTOPOM cXoAuTCs OoJiee IBYX MPOBOJHUKOB.

Bemeb — KaxkpIii M3 IPOBOJIHUKOB, PACIIOJIOKEHHBIA MY IBYMSI Y3JIaMH.
Paszseemenenue — Bce BMecTe apajIeIbHO COSAMHEHHBIC TIPOBOTHHUKH.

oL =

AL
[ et
4 .|.Uomr-
—. .—
R

Vs +

ofiy ——& U7
puc.2

3aKOHEI napajjieJIbHOI0 COCAUHCHUA MMPUECMHUKOB.

U, =U,=U,=U, nanpsadicenue na 3a3cumax ucmoyHuKa HanpsxiceHusl

U HA OMOENbHBIX YUACHIKAX OOUHAKOBb

L, =L +1, +1; CUNA MOKA 6 Hepa3éemeNeHHOU yacmu yenu

pasen cymme WOKO8 6 pa3gemeieHuU

G,, =G, +G, +G, oxseusanrenmmas (00was) npogOOUMOAnsL pa3eemeieHuUs yenu

pasna cymme npogodumocmeﬁ OMOeNbHbIX 6’67’}’16612, cocmasyiAiowmux yensb

LEL_FL_FL R.= R R, R..= R R, R,
Roﬁm R1 Rz R3 R1+R2 ) Rl'R2+R1'R3+R2‘R3




Tak xak HAITPSAKCHUEC MCIKAY Y3JIaMU ITOCTOAHHO, TO TOKH B BETBAX HC 3aBUCAT APYI OT ApYyra.

[Toatomy npu omkatouenuu 0OHOU U3 8emeeti 6ce OCManbHble 86emeu OYOym nPoooIHCams

pabomame.

» UYewm Oosblile BETBEH B napaijiCJbHOM COCANHECHUN, TEM MCHBIIC 06mee COIIPOTHUBJICHHUC

BCEU LIEIIN.

» Tlpu mapayuieTbHOM COEIMHEHUH PE3UCTOPOB UX 00IIEe COMPOTUBICHUE OyIET MEHBIIIE

HaMMCHBIICTO U3 COHpOTHBHGHHﬁ.

CxeMbl AJId pacde€Ta 1 JaHHBIC CMOTPETH B HpI/IJ'IO)KeHI/II/I 1.

[Tpumep 1:

[Tpaktuyeckas padora Nel

Pacuer OJICKTPHUICCKUX LETIeH ITOCTOSHHOT'O TOKA

I[aHOZ R], Rg, R3, R4, Uoﬁm

Onpenenutsb: Bce TOKU U HAIPSDKEHUS AIIEKTPUUECKOM
Lenu
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[TpeoOpasyem cxemy, pa3OuB ee Ha 4acTH. B 3THX 9acTsAX JOJDKHBI IPUCYTCTBOBATH MPOCTEHINNE,
YHCTO MOCIEA0BATENBHBIE UM YUCTO NapaJlICIbHbIE COCTUHEHUS.

B cxeMe uMeeTcs vucmo nociedosamenvroe Re Ry
Cxema A) —
coedunenue pe3uCcTopoB R, u R;.
Rl
»
R
1
| M|
te o
Uosm
» Ilo 3axkonam nociedosamenbHo20 COeOUHEeHUs. Ra
Cxema b) —
MOKHO HAWTH DKBHBAJIECHTHOE UM I
R:
CONpOTUBJIEHUE Ry3=R> + R; , !
» B cxeme (b) umeercs uucmo napannenvroe L
| M|
coeouHeHue Pe3UCTOpoB Ry; u Ry. . _
UVosr

» [Ilo 3axonam napaiieibHozco COCOUHEHUS
MOXKHO HalTH SKBUBAJICHTHOE UM

Cxema B) —{ 1

COIIPOTUBJICHUC!
R234 = R23 -Ru4
Ra3+R:

» B cxeme (B) umeercs uncto
MOCIIeZI0BATEIbHOE COSAMHEHHNE PE3UCTOPOB
Riu R334

Ri

R




ITo 3akoHaM MOCJIENOBATENLHOTO COSAUHEHUS Cxema C) Rue
MOXKHO HaWTHU 9K8UBATIEHMHOE CONPOMUBTIEHUE [ |
ecetl cxembl R.,e = R; + R34

PaccuuTaem Bce TOKU U BCe HAIMpsOKCHUSA, KOTOPLIC MOKHO OIIPECACIIUTL B IIaHHOfI LOCIIN.

Omnpenenenue u pacyeT LEMU HaulHaeM ¢ caMoro npocteiiiero Bapuanra (C).

S |
v [aHo: Rk, U05Lu | Cxema C) Rxe
e . ]
Onpenensem: 1,5, 1o 3akoHy OMa:
IoO'Lu = Uob'g | IDELu UDEuJ
Rsxe + -
e o—
NaHo: Ry, R34, lo6w, Uosw Cxema B) \ U Uz
O R,, R234
[peessieM MajicHUe HAMPSKCHIS Ha KaKIOM —
pe3ucrope. —
Tlo 3axonam nocredosamenvHo20 coeoOuHeHus I I
U06u; =U;+ Uz 051
I[To 3akony Oma: te o
Ui=1lsy R Uzq=logy Rozs Uosiy
NaHo: Ry, R23, R4, losw, Uosw, U1, U234 Cxema B)
U Uaz !
Onpedensiem TOKU pa3BeTBICHUN [z u Iy Rz \
[To 3aKoHy MapaiieNbHOTO COSAMHEHUS: R T | S
1
Ioﬁm =Is+ 1 y 22
no 3axkony Oma: I, R
—
TIOEH!! LT
23 = U234 4 = Upzsq . _
R23 R4 . o
Uosu:

HaHo: Ry, Ry, R3, R4, Ussw, losws U1, Ussa, 123, 14




Cxema A) |y,

OrnpenenseM MmajicHue HaNpsHKEHUS Ha
pesucropax R, u R;
no 3akony Oma: U, =13-R; U;=1D;3"R;3

[TpakTuueckas paborta No2

PACYET [TAPAMETPOB IIEPEMEHHOI'O TOKA

TeopeTnueckue CBeICHUA:
[TapameTpsl TEpEMEHHOTO AIEKTPUIECKOTO TOKA!

1.Ilepuoo T (puc.3) — BpeMs, B TCUEHUH KOTOPOT'O MPOUCXOIUT
BECh LIUKJ U3MeHeHus nepemeHHbix J(C, Toka win
HANPSDKEHUS; U3MepsieTcs B ceKyHIax (C).

2.Yacmoma f — BenuuuHa, oOpaTHasi IEpPUOY, MOKA3bIBAIOIIAS,
CKOJILKO TIEPHUOIOB COACPKUTCS B 1 CEKyH e (MU YUCIO
000pOTOB POTOpA B CEKYH]Y); €IMHUIIA U3MepeHus [ epy

(Ty):

f=_

r craHjapTHas yacrora B Poccun f =501y
cm

3. Venosas wacmoma @ - CKOPOCTb U3MEHEHHS yITIa 0. B TEUCHHUE
BPEMEHH £, €IMHUIIA U3MEPEHUS paJiuaH B CEKYHLY (pad/c):

o o
w=— = a=0f = t=—
! a

Ha npaktuke nius Poccun o =27 f=2-3.14-50=314 pad/ ¢

4. Amnaumyonvie snavenus moxa Im , nanpsascenus Um , 30c
Em (puc.3)— MakcumanbHbIe 3HAYE€HNSI MTHOBEHHBIX
BEJIMYMH TOKa, HanpsokeHus u JJ1C.

5. Menosennvle 3naueHus MoKa i, HANPAXCeHUsi U, I0C e
(puc.4) - 3HAYEHUS dTHX BEIUYUH B JIF0O0I MOMEHT
BpeMeHU. I3MEHSI0TCSI 0 CHHYCOUIaTbHOMY 3aKOHY:

i=1,sinmt

u=U, sinwt

e=F, sin ot

Em

S & J—
ta| A
9

puc.3

puc.4

6. Heticmeyrowue 3nauenuss moka I, nanpsocenuss U u 30c E -
BBOJIATCS 711 U3MEPEHUS CHHYCOUTAJIbHBIX BEIMYMH TOKA, HAIIPSHKEHUS
u DJIC. [lelicTByrolire 3Ha4€HHs] CUHYCOUJAIbHBIX BETUYMH HAHOCSTCS

Ha HMIKaJIbI 3JICKTPOU3SMEPHUTECIIbHBIX HpI/I60pOB, HU3MEPAIOIHNX TEPEMCHHBIC 3HAYCHUA




I ﬂeﬁcmeymmee SHAYEeHUe nepemerHnoco moka
PaBHO TaKOMY IIOCTOAHHOMY TOKY, KOTOpI:II71 3a
BpEMs, paBHOC OAHOMY IIEPHUOY, BBIACIIACT HA
PE3UCTOPE OMUHAKOBOEC KOJIMYECTBO TCIIJIOTEI C
NMEPEMCHHBIM TOKOM

I1=—2%=0.7071
\/5 m

v =Y _ 0707 U,
V2

E=t2_0707 E,

1, =0

He BCEraa HadaJIbHBII MOMEHT OTCUETa BPEMCHH COBIIAAACT C IIPOXOKIACHUEM YCPE3 HOJIb

CHUHYCOHMIAJIbHOM BETMYHUHBI, U B CBA3H C 3TUM Ha
rpacduxe BekTop / B HayaJIbHBIH MOMEHT BPEMEHU
m

00pasyeT ¢ rOpu30HTAIIBHON OChIO HEKOTOPHIN YTod .

HpI/I 9TOM B MOMCHT Ha4dalla OTCYCTa BPCMCHU

e

CUHYCOHJaJIbHaA BEJIMYHNHA UMCCT 3HAYCHUC!

VYron o (puc.5) Ha3bIBaCTCA HAYANbHLIM (DA308bIM V2IOM
UU HAYAILHOU Pa3oll:

i, =1, sin(art, + a) =/ sina

t1

puc.5

C,Z[BI/IF (1)8.3 CHUHYCOUJAJIbHBIX BCJIMYUH.

[Tpu BpamieHuu poropa ¢ IByMsl YKpEIJIEHHbIMUA HA HEM BUTKAMU € U € , B HUX Oyner
12

uHaykTupoBarbes DJIC 0IMHAKOBOM YaCTOTHI M C OJJMHAKOBBIMH aMIUTUTYIaMu (puc.6)

B cnenctBue caBura BUTKOB OTHOCUTEIBHO APYT Apyra B npocTpanctse JJC nocturaror

aMHJIHTYI[HBIX 3Ha‘-IeHPII>i HC OI[HOBpCMeHHOI
TJIe 0. U 0y HadallbHbIE (a3bl, OTPEIEIISIIOT i
BEJIMUMHY CMEIICHHS CHHYCOUT € U e

1 2

OTHOCHUTCIIbHO HavYaJla KOOpAWHAT rpa(blxnca.

iy =T, sin(wf + a’l)

e =FE sin(of+a)
+ o

e, =L sin(of+a,)

Pa3sHoCTh HauanbHLIX (a3 IBYX CUHYCOMIAIbHBIX BEIHUYMH F
o=a —-a,

cos2dii Iqbﬁi}]wcfﬂ.l )

Hauanom nepuooa Ha3bIBaeTCsl MOMEHT BPEMEHHU, B KOTopoBP&/ﬁ{yconnaHLHaﬂ BEJINYMHA

MpOXOAUT Y€PEC3 HYJIICBOC 3HAYCHUC, ITOCJIC KOTOPOI'0 HAYMHACTCS €€ MOJI0XKUTEIbHOE 3HaUCHHE.

Havanpuas (1)3.33. 0 OTCUUTEBIBAETCH I10 OCH { OT Hayajia
nepruoaa CHHyCOMJAbl 10 Ha4YaJla KOOpAWUHaT.

HpI/I o > () — Hadano CHUHYCOHJBI CABUTACTCHA

BJICBO OT Ha4YaJia KOOpAHWHAT

HpI/I o < () — Hayalo CHUHYCOUJbI CABUTACTCA

(-] 7]

?

/

BIIpaBO OT Ha4YaJla KOOpJAWHAT.

puc.7



Cumycouoa, 'y KOTOpOH Hayajo mepuoia
BO3HUKAET clieBa Ha rpauke paHblle, YeM Yy
JpYroil — CUUTACTCS onepexcarowel no ghase; a
Ta, y KOTOPOIl 1o3xe — omcmaroweti no gase.

MeTtoauueckue yKa3aHus K pelIeHuIo 3a1a4uu 3
Pacuet Hepa3BETBIEHHBIX 3JEKTPUUECKUX LIETIEN IEPEMEHHOI0 TOKA

TeopeTquCKHe CBCICHUA: O,Z[HO(l)aSHHC QJICKTPHUYECCKHUEC LCIIK MEPEMEHHOI'O TOKA.

VYyacTku 1emnu, rae NpoucXouT B OCHOBHOM IIPeoOpa3oBaHUE 3IEKTPOMArHUTHOM
SHEPTUU B TEIUIOBYIO, 00J1a/Ial0T COPOTUBIICHUEM, KOTOPOE HA3BIBACTCS AKMUBHBIM
conpomugnenuem 1 0003HaYACTCS — Ra

Ra - Benmu4nHa, XapaKTepU3yroliasi CONPOTUBICHHUE LIS IIEPEMEHHOMY
TOKY:

Ha Takom y4acTke BKJIIOUEHBI PE3UCTOPBI, JTAMITBI HAKAJIUBAHUS, —|:I—
AIIEKTpOHArpeBaTeIbHbIEe YCTPONUCTBA, a TaKKe (eppOMarHUTHbBIE OBo3HAYCHME Ha CXEMe
CEPICUHUKH PA3TIMYHBIX IEKTPOTEXHUYECKUX YCTPOUCTB

YuyacTku HC1IH, I1€ BbIPAKCHbI B OCHOBHOM MAI'HUTHBIC I10JIA, Ra - 7
06JIaI[aIOT HHAYKTUBHOCTBIO, KOTOPOC HA3BIBACTCA peaKmueHbim

edunuya usmepenus  (Om)
UHOYKMUBHBIM CONpOmMueieHueM 1 0003HaIaeTCsI — ¥

¥, =0-L  eounuya usmepenus (Om)

Ha Takom ydacTke 1enu BKIIOYEHBl MHAYKTUBHBIE KATYIIKU PA3IMYHBIX SJIEKTPOTEXHUUECKUX
YCTPOMCTB (HanpuMep OOMOTKH ITOTFOCOB JICKTPUUYSCKUX MAITUH, 0OOMOTKH TpaHC(HOpPMATOpoB).

X,

VL O003HaueHNEe HA CXEME

YyacTtku LEeIMH, rA€ BBIPAKCHBI B OCHOBHOM JJICKTPUYICCKUC 1014, O6J'IaIIaIOT CMKOCTbBIO,
KOTOPOC HA3BIBACTCA peaKmu6HbiM eMKOCHHbIM conpomuejleHuem n 0003HaUaeTcs — X
c
1

— eounuya usmepenus (Om)
w-C

X =
Y

e
_I I_ O0o03HaueHNEe HA CXEME

Ha TakoMm yuacTke 1enu BKJIFOYEHBI KOHJIEHCATOPbI, AIEKTpUUYECKUe Kabemu.

OpnnodaszHble 2IeKTpUUECKHE LIENH, BKIOYAIOIINe BhIIICIEPEUNCIICHHbIE TapaMeTpPhl,
HA3bIBAIOTCS LEMSIMH C COCPEOTOUEHHBIMH ITapaMeTpaMu U MO3BOJISIOT U3YUUTh CBOMCTBA
OTJEJIbHBIX YYAaCTKOB LIEIH, 00IaJal0IINX CMEUAHHBIMU COCOUHEHUSMU:

3akoH OMa a71s 1eneil NepeMeHHoro Toka

Jlns uemneit mepeMeHHOro TOKa /151 CMeuanHulx coeoureHuii B 3akoH OMa BBOAUTCS MOHITHE
HONHO020 conpomuenerus yenu 7 , B KOTOPOM YUUTHIBAIOTCS BCE BHUJIbI COIPOTUBICHHN.
Z onpeoensemcs uz mpey2oibHUKa CONPOMuGIeHu.



g aKmueHo - HHAYRmueHod tenu

ana aKinlieHo - eMKOCINEON Yenl

U Ue Ra -
R, \ X —\ R+
T Xe R
1 C cosgz):U“ =4
I u <Z
* @ . U
AU

ONA aKMUBHO - UHOYKIMUGHO -
eMROCIMHO ueny

- I o 2 2
z Ra +ZL
X CosSQ = Y, = R,
¢ U
R, ) U

V4
XL
singp=—%£=2L
¢ U Z
Z=\R;+x.

Z=\R+(z,—x)" om x,>7.

Z=\R+(y.-7)" om x>
v
V4

I =

HCHI/I C AKTUBHBIM COITPOTHBJICHUEM

[ 3

o Ucemu R a Ua

B npoeodmme C AKMUBHBIM COnpomueji1eHuem Koniebanusn
moka no l])a3e cosnaoarom ¢ KoneoaHusamu HanpAa’)cenus,

m.e.

Zp =0

[

Ha BexTopHOI nnarpamme
nokaseiBaeTcsa conageHue I u U B Buzge
napajieIbHbIX BEKTOPOB.

ui u
i
1 I 1 t

=I—>U \ 7 >




HCHI/I C UHAYKTUBHBIM COIMMPOTHUBJICHUCM

. » Y Tox e yenu c undykmueuocmblo omcmaem om

0

Hanpsaxcenus smoii yenu 1/4 nepuooa, unu Z9=9()

Lo Ucemu X L % UL

Ha BexTOopHOM quarpaMMe OTCTaBaHUE TOKA
OT HaIIPSLKEHUS [TOKA3bIBACTCs 110 4YaCOBOU
CTpEJIKe:

90°
\

e

/

u,i

_o=q)

I_[eHI/I MNEPEMECHHOI'0 TOKa C €CMKOCTHBIM COIIPOTHUBJICHUCM

1 I Tok 6 yenu ¢ emKoCcmvio 6 C80UX USMEHEHUSX
¢ onepesicaem no ¢haze Hanps’ceHue KOHOeHCamopa Ha
0
Uc : 1/4 nepuooa, unu Z9=9()
~ Ucemu X c m—
u, ip
* ; I . u
!
. 90°
Ha BexTopHO# nuarpamme onepexxenue / —\
OTHOCUTENBHO U IOKa3bIBACTCS Npomue wt
4acoBou CmpenKku.
3 U 1= 00

CxeMmsl JUIs1 pacyeTa U JaHHbIe CMOTPETh
[Tpunoxxenuu 3.

ITpumep:
[TpakTuueckas padota Neb
OIMIPEJEJIEHUE TIAPAMETPOB INEPEMEHHOI'O TOKA
: . Vs
JHano: 1. Ammutyny Toka
i, =25 sin (3 14¢— fj 2. JlelicTByroliee 3HaUEHUE TOKA
6 3. Hauanmbnyro da3sy Toka
4. VYmIoByro 4acToOTy
5. Yacrory
6. Ilepuon
7. MrHoBeHHOE 3HAUCHHE TOKA B HAYaJIbHBIH MOMEHT
BpEMEHU
8. Cnpur 1o ¢aze MexXTy 3aJaHHBIMH TOKAMH

9. Tloctpouts rpaduk TOKOB M KPYrOBYIO AHArpaMMy




AMITUTYIHBIE 3HAYEHUSI TOKA [, = Im -sin (Ct)t +o )

I, =154 1,=25A

1
2. JlefictBytomue 3Hauenus Toka I = —==0.707 -1
eriersy N

I, :% =0.707-15=10,6 A
I, :%:0.707 25=17,7TA

a1=%=900 azz—%=—300

3. Yeon o (nauanvnas ¢gaza)

1. Vrosas wactora o (pan/c) 4 =314 paolc
5. Yacrora f (I'n)
6. @ 314

IMepuon T (c) f:2—:2314:50fu
T -3,
T:l:i:0,0ZC
f 50

7. MrHoBeHHOE 3HaUCHHE TOKA B HAYaJIbHBIM MOMEHT BpCMCHHU

i, =15 sin [314-0+§j:15-sin%:15-1:15 A

i, =25 sin [314 -0—%): 25-sin[—%j: 25-sin11?” =25-(-0,5)=-125 A

8. CnBur 1o ¢aze Mexy 3aJJaHHBIMU TOKaMU

T (_m\_m 7 27
4 2 6 2

T2 1200
6 3



MoctpoeHue rpachuka ToKoB

1. Ong nocTpoeHWs rpacMKoB TOKOB MOArOTOBMM KOOPAMHATHYH CeTKY

a) OtnoxmTb Ha ocn € hasHbie yrnbi, 25
M3MepfieMble B paguaHax s ]
_ = .
B) OTNOXMTbL Mo ocn | X
aMMAUTYOHble 3Ha4eHNs TOKOB z 1% = . z = t
2. Ha HayanbHOM 3Tane NocTpoeHNs rpachvKoB —131

OTKNadblBaKTCA HaYanbHEIe cbaau, KOTOpPEIEe Gyp,y'r
ABNATbCA Ha4anom nepuoda CUHYCcOWA

HauansHags cbasa ¢ OTCUUTBIBAETCA NO OCK £ OT Ha4Wana cUHycouabl A0 Hadvana KoopAuHaT:
Mpn a >0 - Hauano cuHyconabl cABWraeTcA BIBO OT HAUana KoopAWHaT
I'Ipu a <0 - Hauano CHHYCOWAEl CABWraeTCA BNPaBo OT Havana KOoOpaAWHaT.

1

23 7

15 4
] o =2 =90" >0
2

Y

=-30"<0

5 ; —_
B : %=

5. Onpegensiem yron casura a3 Mexay ToKamu ilu i,

Mo pacueTam u Ha rpacpuke @ = 120° N

6. MOCTPOWUM KpyroByio guarpamMmy B 3 145 1 " 5 - i
HaJyanbHbIA MOMEHT BPEMEHU r=()

Mo pacuyeTam 3HaYEHNA TOKOB B 3TOT \_/z, \./

MOMEHTBPEeMEHU § =154 [ =-1254.

CTPOHUM NO STUM 3HAUEHNA BCMOMOTATENEHLIE OKPYKHOCTH. MepeHOCUM 3HAUEHNA TOKOB B COOTBETCTBUM C
WX HauanbHbIMK thasamu a’1=§ o =_% Ha 3TN OKpyHOCTU. CTpOUM BeKTOpa TOKOE.

Yron cagura ¢as Ha BEKTOPHOI AnarpammMe Takke JOoMmkeH ObiTb paBeH ¢ = 1200




5. Onpegensem yron caenra a3 Mexay TOKamu jlu I

Mo pacuetam v Ha rpagike (@ = 120°

6. [NocTpouM Kpyrosyto guarpammy B
HayanbHbI MOMEHT BPEMEHU =) .

o pacyeTaM 3HauyeHUd TOKOB B 3TOT
MOMEHT BpeMEHU § =154 i, =-1254.

CTpOWM MO 3TUM 3HAYEHNS BCMOMOraTeNbHbIE OKPYKHOCTW. [epeHOCHM 3HaUEHMS TOKOB B COOTBETCTBMM C
WX HauamnbHbiMK azamn  , T, _ T Ha 3TU OKPYKHOCTH. CTPOMM BEKTOPA TOKOB.

2 6
Yron caeura ¢has Ha BEKTOPHOI auarpamMme TaiKe JdomKeH ObiTe paseH @~ 12¢°

I[aHHBIe AJig pacueTta CMOTPETH B HpI/IJ'IO)KeHI/II/I

3.
ITpumep:
[TpakTryeckas pabora Ne3
PacueT Hepa3BETBIICHHBIX LENEN IEPEMEHHOTO TOKA
Rat Xe Raz
—CHK-
o o

~U
Hano: Onpenenurs:
X =90wm 1. Z- obuiee cCOmpOTUBIICHHE IIETTH
R, =350m 2. I - obuwmii TOK Lenu
Xo=150m 3. cos ¢ - KO3PPUIIUEHT MOIITHOCTH
R, =3 On 4. TlapeHus HaOpPsOHKEHUS HAa KaXKIOM CONPOTHUBICHUU
Ua= 200 B 5. TlocTpouTh B MacmiTabe BEKTOPHYIO AHATPAMMY

6. AxTuBHYIO P, peakTHUBHYIO (), TOJIHYIO S MOIIHOCTH LIETIN



1. OITPEAEJISIEM o6miee conpoTuBiIeHUE Ienu  Z

Z=\(R,+R,) +(X.—X,} =(5+3) +(15-9) =10 On

2. OITPEAEJISIEM o06uruii Tok nenu 1

I:gzﬁ_z()A
Z 10

3. OITPEJAEJISIEM k03 pHUIHEHT MOIIHOCTH

R, +R, 5+3

cosp= 7 - 10 =08 ITo Tabnunie bpaguca onpenensiem yron p=36°

4. OIIPEJIEJISIEM nanenust HanpspKeHUs Ha COMPOTUBIICHUSX

Ualzl'RMZZO'S:lOOB U Uy A Uaz
U,=I-R,=20-3=60B \ x\ \x\ k
U,=1-X,=20-9=180 B HH

l’
U.=1-X,=20-15=300B ; y

5. [IOCTPOHMM BeKTOpHYIO AMarpamMmy TOKa U HallpsHKEHUN U JOKaKEM MPaBUIIbHOCTD
IIPOU3BEIECHHBIX PACUETOB

ITocTponM BEKTOpPHYIO JuarpaMmy ¢ IOMOIIbK BEKTOPHOT'O CJIOKEHHS HAlJICHHBIX 3HAYEHUN
MaJCHUN HALIpSDKEHUN: — = d d

U=U,+U, +U.+U,

Bvibupaem  macumad

011 MOKA U HANPAXCeHUll Uu,=100B U, =60B
=54/ = TI=dcu U,=180B U.=300B
M, =508/ = U,=2cu U=200B 1=20A
U,=12cm
U, =36cm
U =6cm

U=4cm



1. OTknNaabIBaeM ropU3cHTanbHoO BEKTOP I =4 CM

CONpOTHBIIeHWe

XL
- MageHue HanpskeHuAHa Hem [

- Ha BekTOpHOM AMarpaMme BeKTop UL

OTKNaAbIBAETCA OTHOCHTENEHO
BEKTOpPa TOKa BBEpX (NPOTHB
4acoBOM CTPENKH)

UL

2.B anenpuuecuoﬁ CXeMe nepebiM No CHeTy CTOMT peaKTUBHOe MHAOYKTUBHOE

L 4

1 U
= ]
XL Ra1 Xc Raz2 X, Rat Xc Raz2
3. B anekTpnyeckol cxeme BTOPLIM MO CHETY CTOUT akTHBHOE 4. B anekTpU4ecKoii cxeMe TpeTbMM NO CHeTY CTOWT peakTUBHoe
cCONpoTUBneHHe oy @MKOCTHOE CONPOTUBINEHHE 3
- NageHve HaNpPAXEHNA HA HEM , Ua1 — Ua1 - MapeHne HaNPsKEHUA Ha HeM UC
Ua1
- Ha BekTOpHoii gUarpamme BeKTOp Ua1 - Ha BeKkTOpHOI gMarpamme BEKTOR UC
OTKNAALIBAGTCA OTHOCUTENbHO OTKNaALIBaeTCA OTHOCHUTENLHO BekTopa
BEeKTOpa ToKa napannensHo UL TOKa BHU3 (N0 YacoBOW cTpenke) UL Uc
- Mpu aTom NPoN3BOAUTCA BEKTOPHOE CNIOKeHHe - MpH aTOM NPOH3BOANTCA BEKTOPHOE CNOXEHHe
U, +U, W4+ WU
u a1 — —
1 c I
X, Rat Xc Raz X, Rat Xe Ra2
5. B aneKTpHYeckoi cxeme YeTBEPThIM MO CHETY CTOUT 6. Mocne reomeTpM4eCKOro CNOXKEHUA BCEX
aKTMBHOE COMPOTUBNEeHne YeTbipex BeKTOpoB F onpen Uar
Raz2 NonHoe HanpsXeHne cxeMbl:
- MapeHue HanpPAXeHUs Ha HeM Ua2 Y = = = = = u
Uat WOF = (U1, ar Ul ARl " U
- Ha BekTropHoii guarpamme BekTop Ua2
S - lNfA aTOro coefMHAEM Ha4ano camoro
A bt H NepBOro ConpoTNBNEHNA
BEKTOPa TOKa napanmnensHo UL Ue P i U
- Mpu 3TOM NPOUZBOAUTCA BEKTOPHOE CNOXeHHe ¢ KoHLioM camoro nocneaHero sektopa L2 J ® I 4
U, +tU_,
Ua 2 > U Uy U, Uaz u
! \ X
: XL Rat [ 1 Raz
X, Rat X | Ra2 e T o | o T Uer
il |
u W3 BeKTOpHOW AMarpaMMbl onpefensem,
o - yTo:
* @ Uaz ~v U=4em uru U=200B @=36
U Uay Y Uaz
X, \ Re? \ Xe Raz \
f Uat
il |
u
-'\-U- Ue
UL
Bektop U sBnsetca runotenysoii
i ¥ {Uat +Un2)
PAMOYronbHOro TPEYronbLH1Ka, | B
i ;
KaTeTbl KOTOPOro: JlP |] 1
3 (Ue-UL)
(Uat +Ua2) g I (Uc— UL
\.ﬂ
—
no  meopeme Hugpazopa Uz

U=U,,+U,,)+ U -U,)?




OIIPEJAEJISAEM akTHBHYIO MOIIHOCTB 3JIEKTPUUECKOM LIETIN:

P=1*-(R,+R,,)=20"-(5+3)=3200 Bm

unu

P=U-1-cosep=200-20-0,8=3200 Bm
OIIPEJEJISAEM peakTUBHYIO MOIIHOCTb 3JIEKTPUUYECKOM LIETIH:

Q0=1"-(X,—X,)=20"-(15-9)=2400 BAp

U

Q=U-I-sinp=200-20-0,6 =2400 BAp

OIPEJEJISAEM mnosiHyt0 MOUTHOCTh 3JIEKTPUUYECKOH IeIu:

S =/P>+ Q% =/32007 + 2400 = 4000 BA
uiu

§S=U-1=200-20=4000 BA
Jannsle ans pacyeta cMoTpeTs B [Ipunoxxenuu 3.

MCTOIII/I‘-ICCKI/IG YKa3aHHusd K pCIICHUIO

[Ipaktuueckast pabora Ne 4,5 Pacuet TpexdasHbIX dJIEKTPUUECKUX Ieneit

NEPEMCHHOI0 TOKa, COCAMHCHHBIX <<3B€3I[0ﬁ)> H «TPCYTrOJbHUKOM.

TeopeTnyecKkue CBEICHUA:

B Tpex¢azHoii cucteme nepeMeHHOro Toka AeHCTBYIOT TPH
9IC OIMHAKOBOM YacTOTHI, B3aUMHO CMEIICHHBIE 110 (aze

€A es ec

120° 240°

1 0o
Ha OJIHY TpeTh ( /3)1‘IepI/IO,Z[a.

360°

e, =E, sin wt

e, =E, sin(a)t _2_7[)
3

e.=E, sin(a)t—4—ﬂj
3

OOMOTKH T CHEpaTopa MOKHO COCAUHUTL NIBYMS cIocobamMu:
((3BC?>,Z101>1)> H «TPECYTOJbHUKOM)).

CoenuHeHne 0OMOTOK reHepaTopa «3Be3A0M».

[Ipu coenuHeHN 0OMOTOK 3BE3710M KOHI[BI 0OOMOTOK X,
YV, Z coequnstoTCS B OHY TOUYKY N, HA3bIBAEMYIO H)1€601
MOYKOU UU HEUMPAIbIO 2eHepamopa.
B demwipexnposoomnoii  cucmeme K HeUTpanu
MPUCOETUHAETCA HEUTPAJIbHBIN, WJIK HYJIEBOU MpoBoA. K
HayajjaM OOMOTOK TEHepaTropa NPHCOCTUHSIOTCS TPHU

puc.8

YeTbIpexnpoBoHast

puc.9

wt



JIMHEMHBIX MPOBO/IA.

HanpsokeHus Mexny HadanaMu U KOHIAMU (a3, WId, 9TO TO K€, HAPSHKEHUS MEXKTY KaKIbIM U3
JTUHEHHBIX TTPOBOIOB M HYJIEBBIM, HA3bIBAIOTCS (aszubimu HanpsiceHusm N 0003HadaroTcs Uy, p,
U. unu B obmmem Buze Uy

Hanpsxenus Mex 1y HadyajgaMu 0OMOTOK, WIJIH, YTO TO K€,
MEX1y JTMHEUHBIMHU ITPOBOIAMU, HA3BIBAIOTCS TUHEUHIMU
nHanpsicenusimu u 0o6o3Havdarotres Usp, Upe, Uy nm B 001IEM
Bune U,.

OO6bryHO Bce (a3pl OOMOTKM TeHepaTopa BBIMOIHAIOTCA

OJIMHAKOBBIMH, TaK YTO JCUCTBYIOIIME 3HAYEHHUS 3]C B (azax ec ‘“'-[‘) es
120

paBHbl, T. €. E4=FEp=FEc , HO CIBUHYTHl OTHOCHUTEJIBHO IPYr

Ipyra Ha ¢ = 120°. Ha BekTOpHOW aMarpamMme 5TO BekTopHan auarpamma

TpexX{a3HbIX
IMMOKa3bIBACTCA CICAYIOIIUM o6pa30M. pexp 3AC

Taxkyto xe quarpammy uMmerot ¢aszHble HanpsokeHus reaeparopa Uy, Ug, U,

CooTHo1IeHNE MCKAY JIMHEUHBIMU U (I)aSHBIMI/I HalIpsAXKCHUAMU IIPpU COCIUHCHUHA 0OMOTOK
reHeparopa <<3B63,H0ﬁ>).

UAB

Bekmop nuHeliH020 HANpPAXeHUA paseH pa3Hocmu
8€KMOP08 COOMBEMCMBYHOULUX (PA3HLIX HANpPAXeHUU.

<

le+(_UB) BC

0,+(-0.)
g.+(-0,)

.t
&
Il
<
S
|
o
[>]
Il

U3 exmopHnoii ouazpammul 6UOHO, YMO 8eKMOP JTUHEUHO20
HAanPAICeHUs. NpU COeOUHeHUU 0OMOMOK ceHepamopa

«36€3001» OobULe BeKMOPA (Pa3HO20 HANPANCEHUS A J3:
BeKTopHaa guarpaMma HanpsKeHUI

U, =+3U,
Z A
1 obmoTka
3 obmoTka
CoennHeHnEe 0OMOTOK IeHepaTopa «TPeyroJIbHUKOM.
c X
[Ipu coeauHeHuu OOMOTOK Tpex¢a3zHOro TeHepaTropa (A Y Ve U
TPEYroJbHUKOM KOHEIl MepBOoi OOMOTKM X COeAMHSETCS C Y B
HAYaJIOM BTOpOH OOMOTKH B, KOHeN BTOpPOH OOMOTKH Y 2 0bMoTKa

COEIMHSAETCS C HayajgoM TpeTbel oOMoTkM C M KOHeI|
TpeTbeil 0OMOTKM Z ¢ HayanoM mnepBoil A. Tpu TUHEHHBIX
MIPOBOJIA, UAYIIUX K IPUEMHUKAM 3HEPIUH, IPUCOETUHSIIOTCS
K Hauanam ¢a3z 4, Bu C.



[Ipu Takom coenWHEHHMH OOMOTOK @hasHble I = °
HANPAACEHUS PABHbL TUHEUHBIM. A
U =U, Use | Uca
Usc = Up U,z = Ur/) c <
Uca = Uc . i eB
Usc
A J v PY c

CxemMa coegMHeHUA OOMOTOK
TpexcazHoro reHepaTopa TpeyronbHUKOM

COCI[I/IHGHI/IC reHeparopa 1 NpueMHHKA SHCPIrunu <<3BC3IIOI7D>.
IIpu TaKOM COCAMHCHUU CUCTCMA MOKCT OBITh

1. YeTwIpeXnpoBOJHON — UCIIOJIB3YETCS IIPU OCBETUTEIBHON HArpys3Ke
2. TpexnpoBoJHOM — HCHONB3yeTCs IpPU CUIOBOM Harpyske (T.e. NpU TMOAKIIOYEHUU
3JIEKTPOBUTATEIIEH )

YeThbIpexnpoBoIHaAs CUCTEMA TpeX(a3HOro TOKa.

Eciu (ha3able 0OMOTKHM reHepaTopa WK MOTPEOUTENs COSIUHUTH TaK, YTOOBI KOHI[BI 0OMOTOK
OBLITM COSTMHEHEI B OJJHY OOIIYIO0 TOYKY, @ Hadaia 0OMOTOK MPUCOCINHEHBI K TNHEHHBIM
IIPOBOJIAM, TO TAKOE COCMHEHUE HA3bIBACTCS COSAMHEHUEM 3BE3/10i 1 0003HAYAETCSl YCIOBHBIM
3HakoM Y. Ha pucyHke 0OMOTKM reHepaTopa U MoTpeOuTeIIs COeTMHEHBI 3Be3101. Touku, B
KOTOPBIX COETUHEHBI KOHIIBI (ha3HBIX 0OMOTOK reHepaTopa WK MOTPEeOUTENs, HA3bIBAIOTCS
COOTBETCTBEHHO HYJIeBbIMHU Toukamu reneparopa (0) u morpedutesns (0').

O6e Touku 0 u 0' coemuHEHbI TPOBOIOM, KOTOPbII HA3BIBACTCS HY/I€8bIM, UITU HEUMpaibHbiM
nposooom. OcTallbHBIE TpU MNPOBOAA Tpex(azHOW CHCTEMBI, HIAYIIME OT TeHeparopa K
NOTPEOUTENIO, HA3BbIBAIOTCS JUHEUHbIMU nposodamu. Takum o0pa3oM, T€HepaTop COEIWHEH C
noTpeduTeneM YeTbipbMs MpoBoAaMU. [I0ATOMy 3Ta cUCTEMa Ha3bIBACTCS YemwvlpexnposoOHOl
cucmemou mpexgazno2o moxa.

BexmopHaa duazpamma
JUHeUHbIX U (hasHbIX HanpsXeHU,

TpexdrazHasA ueTbipexnpoBogHas CUCTEMA MepeMeHHOro Toka )
NuHelHbIX mokoe g coeduHeHus

“3ge3doil”
Tox, mpoTekaronuii mo ¢ha3Ho 0OMOTKE reHepaTopa WM MOTPEOUTENs, HA3bIBACTCS QA3HLIM

mokom W o0o3Hauaercsi B oOmeMm Buie Iy Tok, mpoTekaromuil MO JIMHEHHOMY IPOBOLY,



HAa3bIBACTCS JIUHEUHbIM mokomM W o0Oo3Haudaercs B obOmem Buzae [, [lo HymeBomy mpoBoay

IIPOTEKAET TOK, PaBHBIN 2eomempuieckou cymme mpex moKos: Io =1 4t IB + IC .

[Ipu coeqMHeHnN 3BE3101 JIMHEHHBIA TOK paBeH (ha3HOMY TOKY If, = I(;,

Hanpspxenus, n3mepeHHble M1y Hadajgamu (a3 reneparopa (WM NOTPeOUTENs) U HYJIEBOM
TOYKOH (MJIM HYJEBBIM IPOBOJIOM), Ha3bIBAIOTCS (pa3HBIMU HANPSHKECHUSAMU M 0003HauyaroTcst Uy ,
Ug, U. mim B obmiem Buge Uy,

Hanpsoxenus, namepeHable Mexay Hadanamu 1ByX $a3: A u B, Bu C, C u A — reneparopa
WM IOTPEOUTENs, Ha3bIBAIOTCS TMHEHHBIMU HANpsKEHUSIMU M 0003Hauatotess Uap, Use, Ucy 1in

B obmem Buze U,. Ilpu stom U, = \/§U¢ .

Omnpenenenne (Ha3HBIX TOKOB IPUEMHUKOB, TPOU3BOJUTCS TaK JKe, KaK U B OJJHO(A3HBIX IETISIX
NEPEMEHHOTO TOKa!

VYrael  caBura  TOKOB — OTHOCHTENBHO — (pa3HBIX
HANPSDKEHUH ONPENeISIoTCs U3 (HOpMYyII:

r T T,
_ A _'B _C
COS¢A = — COS¢,B = — COS(/,C =

ZA ZB ZC

Heticmsyrowee 3Hauenue moxka 6 HeUmpaibHOM NPOBOOe
MOJICHO Oonpedeums MoAbKO ¢ NOMOUWBI 6eKMOPHOU
OUaAzPaAMMbL NPU 2eOMEMPULECKOM CLONCEHUU BEKMOPO8
JIUHEUHbIX (hazHbiX) MOKO8:

CoenuHeHue reHepaTopa U MPpUEMHHUKA SHEPTUN «TPEYTOJIbHUKOM.

NuHeliHbIi npoBoadass! A
FeHepatop R \ A Harpyaka

Kpome coenwHeHusi 3Be3/10#, TeHEPaTOPHI,
TpancQopMaTopsl, IBUTATENId U JApPYyTUE
notpedburenu TpexdazHOro TOKa MOTYT
BKIIIOUATHCS «TPEYTOJILHUKOM. c B

Coeounenue Mpey2obHUKOM »
BBITIOJIHSIETCS  TakKuM ~ 0o0pa3oM, dTOOBI
KoHell (a3bl 4 ObUT COEAMHEH C. HavyaJioM NuKeitHeli NpoBoA dhasel C

B NuHeiiHbli nposogdasel B

da3el B, koHenm ¢da3el B coeauHEH C
CxeMa el/TOYEHUA 2eHepamopa U Haapy3sku

HadanmoM ¢aser C u komen Qaser C "mpey2obHUKOM"

COEIMHEH C HavaJoM (a3bl A.

K MecTaM COEIMHEHUS ¢a3
NPUCOETUHSIOT JTUHEHHBIE IPOBOA.

Ecnu 0OMOTKHM reHepaTopa COEAMHEHBI TPEYroJIbHUKOM, TO JMHEHHOE HAIpsDKEHUE CO3/1aeT
Kaxnas (asHas oOMoTKa.



VY motpebutens, COEAUHEHHOTO TPEYrOJbHUKOM, JIMHEHHOE HANpsyKEHHE MOJKIIoYaeTcs K
3akuMaM (pasHoro conpotuBieHHs. CienoBaTenbHO, NMPH COSIUHEHUH TPEyroJbHUKOM (hazHOe

HaINpsHKEHUE PABHO JIMHEMHOMY HANPSHKEHUIO: U P Uqb. N no cxeme uayr JMHEHWHBIE U

(da3HbIC TOKH.
anI COeANHEeHUU «TPeyrosibHUKOM»

thazHoe HanpsikeHMe paBHO IMHEMHOMY 0 =)

3asucumocmv mexcoy gasHviMu U TUHEUHbIMU 1 ¢
HanpsiKeHuIo:

moxamu P COEAUHECHUU TPEYTOJIbHUKOM:
IA IB IC JInHelHble TOKK

— |
Il

A IAB - ICA

- |::> I AB IBC ICA ®asHble TOK!

Ly=Thc— 1 I
_I' __I> 1 TeHepatop el = \ Harpyska
C~ 4 BC I A I
. . Ies / 1B ca / \ ae
Jlunetinvie moKu paeHbvl ceomempudecKkou \
PazHOCMU (haA3HBIX MOKOE. o ¢, B
H ~ IB — < ec
pu CHUMMCTPHUYHOU HAIPY3KE A3HBIC TOKH

OJIMHAKOBBI 10 BEIUYMHE W CIABUHYTHI OJUH
OoTHOcuTenbHO Japyroro Ha 120°. IlpousBoas

BBIYUTAHUC BCKTOpPOB (1)8.3HBIX TOKOB CorjaCHO
MMOJIYYCHHBIM YpaBHCHHAM, I10JIy4acM JIMHEHHBIC TOKHU.

N3 BekTOpHOUN AuarpaMMbl BUIHO, YTO IPU COCMHEHUUN «TPEYTOJIbHUKOMY JIMHEHHBIA TOK

Goubme asnoro Toka B v/3 pas: 1, = J3 L,

MomHocTH Tpex(a3zHOro IEPEMEHHOTO TOKa

[Ipn paBHOMEpHOW Harpy3ke MOIIHOCTH, MOTpediseMas
OT Tpex(a3zHOW CEeTH, HE3aBHUCHUMO OT CIOCOo0a BKIIFOUCHHS
Harpy3Ku, BeIpaxkaeTcs cieayromiei popmymnoii:

P=3 I,U,cose akTuBHas MOIIHOCTh TpeX(a3HOro
TOKa IIpHu COCAUHCHUU 3B63H0ﬁ H TPCYTrOJIbHUKOM

P=43 I U, sin¢@ peakTHBHas MOIIHOCTH Tpex(a3HOTO
TOKa TIPU COEIMHEHHH 3BE3/101 U TPEYTrOJIbHUKOM

S=+31,U, nonnas MOmHOCTE TIPH COEIAMHEHHH

3BE310M M TPEYroiabHUKOM J[lisi W3MepeHus MOILIHOCTH
NPUMEHSIOT ~ CHEelUalIbHble  U3MEpPHUTENbHblE  IpPUOOpHI,
Ha3bIBAEMbIEC BATTMETPAMH.

BekmopHas duazpamma
JIUHelHbIX U ha3HbIX MOKOS
ong coeduHeruA “mpeyaonbHUKOM”



IIpumep :

[TpakTrueckas padbota Ne 4, 5 PacueT Tpex@a3HbIX 3IEKTPUUECKHX IIeTei
NEPEMEHHOI0 TOKA, COEAMHEHHBIX «3BE3I0M» U «TPEYrOJbHUKOM).
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1. Pacder Tpex¢a3HbIX MEKTPUICCKUX LENEH, COSTMHCHHBIX «TPEYTOIbHUKOM:

Rat X L

Ra1 X L

R31 X L
¢ ._E_IYY'\_

Jano: B TpexdazHyto cucteMy BKIIOUYEHA:

R =R,=R,=R.=10On
X,=X,=X,=X,=80m

Onpenenuth : OKa3aHUsS BCEX MPUOOPOB, BKIFOUEHHBIX B CXEMY U IOCTPOUTH BEKTOPHBIE
JnrarpaMmbl Harpy3ok eciu U1=220 B

a) CHMMETpHYHasl aKTUBHO-UHIYKTUBHAs Harpys3Ka —

Pewenue:
1) Onpenensiem cxemy coegnHeHus1 Harpy30k: CumMMmerpuyHas Harpy3ka Ral — XL coennHeHa B
«TPEYTOITbHUK»

— BONIBTMETp 1 - oOmumii U1 BCel 1enu, BKIIFOUYEH MEX Ty TUHEHHBIMU TIpoBoAaMu A u B:
U, =U,=208

- ammepMeTp | u3MepseT MMHEHHBIHA TOK IS HANPY3KH, COEJMHEHHOM B «TPEyrOIbHUK:



4 =1

al

- aMmIiepMmeTp 2 u3MepsieT Gpa3Hblil TOK AJI1 HArPY3KH, COCAMHEHHOH B «TPEYTrOJIbHHUKY:
Az - Iqbz
U=U

ITpu coenvHEeHNU TeHepaTopa U Harpy3KU «TPEyrOJIbHUKOM»:

¢

Pacuet nmuneHOTO M hazHOTO HANIPSIKEHUH TETH: Uﬂ = Uq5 =220 B

Pacuer nuHeitHBIX 1 (pa3HBIX TOKOB IETIH: Iﬂ =~3- Iqb
Uy
Tok kax10#1 Qa3bl OnpeaessaeTcs Mo 3aKOHY OM?.]' IZQ(): —_—
pu=—L="—=X4
z, 128 °%
Tox dasu A Z, =R+ X2 =\10° +8° =164 =12.8 O
U
I,=—"1= 220 _17 4
Z, 128
Tox daser B Z,p =A[RA+ X7 =10° +8 =164 =128 Ou
U
Ie=—" 20 17 4
Z,e 128
Tok dazs C Z,e =R+ X2 =V10° +8 =164 =128 Ou

OrnpenensieM TUHEWHBIA TOK IS KaXI0U (ha3bl:

[,=v31,=+3:17=29,4 4

1,=v31,=+3-17=294 4

[e=+v31,=+3-17=29,4 4

Haveptum B Maciitabe BEKTOPHYIO TUarpaMmy
40 B
My=—= U,=U,=55cm
lem
5A
M, =— I.=59¢cm, I¢=3,4CM
lem

[TocTpoeHne HauMHAaeM C BEKTOPOB HaNPsKEHUH,
pacnionaras ux nog yriaom 120 rpagycos apyr
OTHOCHTEJIBHO JpyTa.

OTtknagsiBaeM (asuble TOkHU. /11 3TOTO ONpeaensem I BC




YIJIBI CIBUTOB (ha3HBIX TOKOB OTHOCHTENIBHO (Pa3HBIX HANPSKESHUH:

R 10
pazsaA  cosp,=—L=—"=078 = =38
% B
paszaB  cosp, = —4 = =078 = =38
Z, 128
R 10
PazaC  op =T 078 = =38
Z. 128
T.K. Harpy3ka B «TPEYrOJbHUKE» I bd = 3,4 cm,
AKTUBHO — WHJYKTHUBHA, TO
OTKJIaJbiBacM (ha3HbIE TOKH IO 1 #B — 34cm, Un - ICA
yriamH, COOTBETCTBYIOLUMHU I 4B
KaKaoh  ¢aze B CTOpOHY
OTCTaBaHUs oT (ha3HbIX
HaIpsHKEHUN (mo  yacoBoi
CTpEJIKE)
Onpenensem JIMHEHHbIC TOKU:

IB: BC_IAB - IBC+(_IAB) L‘;

0) i i - IAB
HRC,I[CJ'I?_I@M J'II/IHCI/IHBIG_'IOKI/I 11 BQKT HOU

auafpasanle,g soljpgueso fpspiaiias IB:)D

[,=1,=1,=1.,=59cm-54~=29,4 4

2. Pacuer Tpex¢a3HbIX EKTPUUYECKUX LIE€NIEH, COEIMHEHHBIX «3BE3J10M»:

Hano: B tpexdasznyro cuctemy BKIIOUCHA: A Py
a) HECHMMETpPHUYHAs! aKTUBHO - EMKOCTHAs

Harpyska: R, =100m
X =2 Om
Xo =4 Om c
Xo3=6 Om

OHpCI[eJ'II/ITL . IOKa3aHusA BCEX HpI/I60pOB,

BKITIOYCHHBIX B CXEMY M TOCTPOUTH BEKTOPHBIC @3
auarpammsl Harpysok ecau U1=220 B Raz Raz | |Raz

Pemenue: X 1—1— X TXC3

1) Onpenensiem cxemy CO€AMHEHUSI HATPY30K: @




Hecummerpuunas narpyska Ra2 - Xc coenqunena
B «3BE31ly» C HYJIEBBIM ITPOBOJOM

2) OmnpezenseM 3IEKTPUUYECKUE TAPAMETPhI, U3MEPsAEMbIe BKIIOUEHHBIMH B LI€TIb MPHUOOPaMHU.

—Bonsr™eTp U, - oOwmwmii as Beeld Leny, BKIIOUEH Mexk 1y JIMHEHHBIME IIpoBogaMu A u B:
U=U,=220B

- BOJ'IBTMeTpU 2 BKJIFOYEH MEXAY JMHEHHBIM npoBoAoM C U HyneBbIM NpoBoJoM 0, Harpy3ku

coenMHeHHOM «3Be3non»: U, =U ,,

- Ammepmetpst 45, A4, AS} , u3MepsroT (hazubie Toku (a3 A,B,C Harpys3ku, COeTUHEHHOM
«3BE3ION:

.
A,=1 28 (
As =1, |

— AMnepMeTp A6 HU3MEPACT HyneBoﬁ TOK HArpys3KHu, COG,Z[HHGHHOﬁ ((3B63,Z[01>'I>>2 A6 - IO

Pacuer nienu coefMHEHHON «3BE310M»:

U,=3U,

HpI/I COCAUHCHHNU I'€HEpATOpPa U HAaIrpy3KU (<3BC3I[OI7I>>Z

Pacyer quHEHHOTrO U (ha3HOrO HANPSIKCHHUH LIETH:
- O011ee MMHEHHOE HAIPSHKEHUE IENTN
o m P 1 Uir=220B
- ®a3zHoe HanpsHKEHHE:
Urn 220

U =—=——7=1278B
¢
33 I =1
Pacuer nuHelHBIX U (ha3HBIX TOKOB IEMU A @
[Tpu coenrHeHNU TeHEepaTopa U HATPY3KU «3BE3/10i» JTMHEWHBIN TOK paBeH (pa3HOMY TOKY:

Tox kaxmoii passl onpenensercs no 3akony Oma: 1, = ZZ

Toc asn 4 14 =1aa = ZU—; - 113_,72 =1254 7, =R}, + X} =v10° +2° =104 =102 O

ToxgasmB | _y Yo 12Ty Z,, =R+ XS =10 +4" =116=108 Ou
Z,, 108

Tor paser CIJC: e Z;]_qb:ﬁz 1085 4 Zye =R, +X& =107 +6* =136 =117 Ou
@C ’

0

I[J'Ii[ OIIPCACIICHUS TOKa B HYJICBOM IIPOBOAC HAYCPTHUM B Macirade BCKTOPHYIO JUarpaMmy:



_40B

M, Uqb=3,2CM; U,=55cm
lem )
MIzﬂ = 1, =42cm,
lem

Ly =4cm, 1,.=36cm

U

- ITocTpoeHne HauMHAaEM C BEKTOPOB (ha3HbIX HAPSDKECHUH
APy OTHOCHTENBHO Apyra: U, =32cm =127 B

¢ pacrojarasi ux 1noji yrjaiom 120°

HaxonuMm nMHelHbIe HAIPSDKEHUS []  Kak pasHOCTb 2X
J v
COOTBETCTBYIOIINX (Da3HBIX HAMIPSHKCHU:

ITo BekTOpHOI AMArpaMme Moay4aeTcs:

U,=55cm=220 B

OtxnagpiBaeM (pa3HbIE TOKH.

J11g 3TOTO OMpenensieM yIbl CABUTOB (pa3HbIX TOKOB OTHOCUTEIBHO (Da3HBIX HAIPSHKEHUN:
R, 6

== — = = 0
dasad P = %4 1062 059= ¢=53 1, =42cm,
pazsaB %= Za2 =ﬁ=0’55:> @ =56 Ly =4cm,
B 9
1. =3,6cm
d)a:)’ac COS{D :Ra2:i:051: §0:590 "
¢ Zc 11,7 7

T.K. Harpys3ka B «3B€31€>» aKTUBHO — EMKOCTHasA, TO OTKJIaJbIBa€M (1)33HI)IC TOKHU IO yIJiaMu,

COOTBETCTBYIOIIMMU KaX/101 (a3e B CTOPOHY onepesicenus (asnuix Hanpaxcenuu (IPOTUB YaCOBOM
CTPEJIKH)

IA
@A
-
Uc N
¢c
Us




Tok B HYJIEBOM IIPOBOIC PABEH T'€OMETPUUYECKON CyMMe TpeX (Da3HbIX TOKOB:
L=1,+1,+1.

ITo quarpamMe ¢ MOMOUIBIO JTUHEUKHU
onpeesieM:

I,=0,8cm [,=0,8cm-34=2,4 A4




