BBEJIEHUE

JlarHOE TOCcOoOMEe TpenHa3HAYeHO IS CTYASHTOB, M3YYarOIINX
Kypc «DJIEKTPOTEXHUKA», KOTOPBIA MOXET OBITh YCIEIIHO YCBOCH,
€CJIn TeOpeTI/I‘-IGCKI/Ie 3HAHUA HOI[erHJIeHBI COOTBGTCTByIOH_[I/IMI/I
pacYeTHBIMH ITPUMEPAMH.

[IpakThka MOKa3bIBAaET, YTO CAMOCTOSITEILHOE PEIICHHE 3a/1a4
0 JAHHOMY KypCY HE BCerjia A0CTYIHO cTyaeHTaM. C y4eToM 3TOro
B HOCOGI/II/I paCCManI/IBaIOTC}I HpI/IMepBI pe].HeHI/IH THUITIOBBIX 3a1a4,
BBITIOJTHAEMBIX B paMKax CaMOCTOSITEIIBHON pabOThI CTyIeHTOB. [1pu
3TOM B KaXIO0M HpHMepe HpI/IBOI[HTCH OCHOBHBIC IIOJIOXKCHUA U
dbopmyIel, obJeryaroniye mpoBeeHNe pacuera, a Cle0BaTeIbHO, U
U3YYEHHE COOTBETCTBYIOIIETO pa3jena.

B mocoOum paccMaTpuBarOTCs MpPHUMEPHI pPEIICHHUS 3aJad 110
pacuery:

1) pa3BETBICHHBIX MENCH CHHYCOMAAIBHOIO MEPEMEHHOIO

TOKA;

2) Tpexda3HbIX HEICH.

Cnenyer  OTMETHTb, 4YTO HIpPHUMEpPBl  pEIIEHUs  3ajad
OCHOBBIBAIOTCS Ha UCITOIB30BAHUH METOIa KOMITJIEKCHBIX YHCEIL.

CBC,Z[GHI/I}I, HpI/IBe,Z[GHHBIG B HOCO6I/II/I, ITO3BOJIAKOT pemaTb
3aj1a4un 0e3 JOMOIHUTEIBPHOTO CIIPABOYHOI0 MaTepHara.

3. TPEX®A3HBIE JIEKTPUYECKUE LEITN
3.1. Tpexdaznas cucrema  mNUTaHUS  HOTpeOUTENCH
JNEKTPOIHEPIUH.
Pacmmmpenue nonsitus «paza». Pacuer TpexdaszHbix memeit

Tpexgpasnvlii cummempuunvlll UCMOYHUK TTUTAHUS TIPEICTABISET
co00lf COBOKYMHOCTh Tpex cuHycomnanbHeix JJ[C ommHakoBOM
YacTOTHl M aMILTUTY.Ibl, CIBUHYTHIX 10 (a3e Ha TpeTh mnepuona (Ha



yron 120°). 3akonsl usmeneHus 3tux 3J{C Bo BpeMEHU MOTYT OBIThH
HPE/ICTaBICHBI CIEAYIOIINMH BBIPAKCHUSIMH .

e »= E,sin(wmt); ey= Esin(mt120°); e~ E,sinwm #+120).
(3.1)
Bpemennsie auarpammsl DJIC Tpexda3zHOro CHMMETPUYHOTO

UCTOYHUKA TpejcTaBieHbl Ha puc. 3.1 6. Ha puc. 3.1 a st DJIC
MMPEACTABJICHBI B BUAC BpAallatOIINXCA BESKTOPOB Ha MJIIOCKOCTH.

e
= €p €c
————————— <
Em
120 wi=0 0l Lc
) ot, pag
Epm
————————— <
7 i e N
3 3 3
f= T
a S
Puc. 3.1

B  kadectBe  Tpex(a3HBIX  HCTOYHMKOB  dHalle  BCETO
UCTIONIB3YIOTCS Tpex(haszHble reHepaTopbl. Ha aiekTpuueckux cxemax
Tpexdas3HpIi TeHEPATOP MPUHATO U300paKaTh B BUJE TPEX OOMOTOK,
pacmoyioXeHHbIX Apyr K apyry nox yrinom 120 . Kaxmas oOMoTka
MMeeT HavyaJio ¥ KOoHell. Tak, Hadajo mepBoil 0OOMOTKH 0003HAYaroT
OykBOil A, KoHEl —OyKkBoil X; Hauanao BTOpOii - OykBoi B, KoHel|
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— OykBo# Y, Hauajo TpeThei - OykBoi C, KoHell - OykBoi Z (CM.
puc. 3.2a).

v

-i Ugpc +1

Puc. 3.2

Kak yxe ObUIO CKa3aHO, TeHEpPAaTop MPHHATO Ha3bIBATh
ucmounuxom, a OOMOTKM TeHepaTtopa - ¢hasamu UCMOYHUKA.
Ilompebumeny ~ SIEKTPOIHEPTUU  SIBIIICTCSI  HArpy3KOM  JUIs
UCTOYHUKA, MOATOMY HOTPEOUTENS MPUHATO HA3bIBaTh HACPY3KOLL.
Ilon neiicTBueM HaNpsHKEHUH HCTOYHMKA TO (pa3aM Harpys3ku
MPOTEKAIOT TOKH, CIIBUHYTBIE OTHOCUTEIBLHO APYT Apyra o Qase.

Ilon ¢aszou mpexgasnoii yenu TNOHUMAIOT Y4YACTOK, IO
KOTOpPOMY IpPOTEKaeT OAMH U TOT ke ToK. Pa3a MMeeT Hayaio U
KoHel. Pa3oil Ha3bIBAIOT TaKXKE€ AapPryMEHT CHUHYCOMIAIbHON
¢ynkunu. Takum o0pa3oM, B 3aBUCMMOCTH OT PacCMaTpUBAEMOTO
Borpoca (asza — 93T0 KOO Yy4YacTOK ILenmH, JUOO apryMeHT
CHUHYCOUJAIbHO U3MEHSIOMIEHCS (PYHKIIUH.

[IpeneOperass BHYTPEHHHUMHU CONPOTHUBIICHUSMU HCTOYHUKA,
MOXHO MpUHATH cooTBeTcTBytome JJIC uCTOYHMKA paBHBIMHU
HANPSDKEHUSM, AEHCTBYIOUIMM HA €ro 3a)KUMax:
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E,=U, E,=U, E.= U, (3.2)

KommrekcHbie ¢a3Hbl€ HanpsstCeHusl CUMMCTPUYHOT'O
HCTOYHHKA MOT'yT OBITh MMPEACTaBJICHBI B BUAC

U,=U,e%=U,; (3.3)
Ug =U,e7% =U, (cog(-120) + j sif- 129); (3.4)
U, =U,67%% =U, (cos(-240) + j sif- 249), (3.5)

rae U, - hasHoe HaNpsDKEHUE HCTOYHHUKA.

Ha ocHoBanum BrOporo 3akona Kwupxrodpa wmoryt ObITh
OTpeieNIeHbl KOMIUIEKCHBIC JIUHelHble HanpAdceHUsi CAMMETPUYHOTO
ucrounuka (cm. puc. 3.2a):

UAB :UA _UB; (3.6)
Upe =Up —Ug; (3.7)
U, =U.-U,. (3.8)

Jia Tpex(}a3sHOro CHMMETPUYHOTO HCTOYHHMKA CIPABEIUBbI
CJIEIYIOIME BhIPAXKECHHUS:

U,+U,+U,.=0; (3.9)
U,g+U,.+U, =0. (3.10)

VYcnoBHble HampaBieHHs (Da3HBIX U JIMHEWHBIX HampsHKeHUH
UCTOYHUKA TIOKa3aHbl Ha puc. 3.2 a. Mexay HanpsHKeHUSIMH
Tpex(pa3zHOro CUMMETPUYHOTO UCTOYHHKA CYIIECTBYIOT CIIEIYIOIINE
COOTHOILIECHHUS!



Uy,=Ug=U;,=U,; (3.11)
UAB:UBC:UCA:UJ]; (3.12)
U, =+3J,, (3.13)

rae U - IMHEHHOE HANPsHKEHUE HCTOYHMKA.

BekropHas JarpaMmma HanpsHKeHU U TpexdazHoro
CUMMETPUYHOIO  HMCTOYHHMKA HAa  KOMIUIEKCHOM  IUIOCKOCTH
npeJicTaBiIeHa Ha puc. 3.20.

Tpexdazuple 1enu  SBIAIOTCA  Pa3HOBHIHOCTBIO  LIEHEH
CUHYCOMJAJIBLHOTO TOKAa, MO3TOMY MX pacyeT MOXET ObITh
NPOM3BEACH C MCIIOJIB30BAaHUEM PACCMOTPEHHOro B pa3na.l merona
KOMIUIEKCHBIX uucesn. OTMEeTHM, 4TO pacueT TpexgasHbIX Leneil ¢
IOMOULIbI0  YKa3aHHOTO  METOJa  TakXke  CONPOBOXKIAECTCA
MIOCTPOEHUEM COBMENIEHHOW BEKTOPHOM JIMarpaMMBbl.

3.2. Tpexda3Hble TPEXNPOBOJHBIC MU MPH COSAMHEHHN (a3
Harpy3KH <GBe3J10M»

Cxema mpexgasznoi mpexnposooHol yenu TPUA COCTUHECHUH
Harpy3Kkd <@Be3JIoi» TMoka3aHa Ha puc. 3.3. Llemp Ha3BaHa
TPEXIIPOBOJHOMN MO KOJIMUYECTBY MPOBOJIOB, COCTUHSIONINX HATPY3KY
C HCTOYHHKOM.



THHEHHBI IIPOBOJ

Puc. 3.3

[Tpu coennaennn a3 UCTOYHHKA «BGBE30M» KOHI[BI 00MOTOK X,
Y, Z coeauHsIOT B OAHY TOYKY (cM. puc. 3.3), KOTOPYIO Ha3bIBAIOT
Hetimpanvrot moukou ucmounuxa N. Hadama oOMOTOK MCTOYHHKA
ob6o3nauvaroT 6ykBamu A, B, C.

AHAJIOTUYHO TPH COCTUHCHUN HArPY3KHU <BBE3JI0M» KOHIIBI (a3
X, Y, Z COSJIMHSIOT B OJIHY TOYKY, KOTOPYIO Ha3bIBAIOT HEUMpAIbHOU
mouxoti Hazpy3ku N. Hauana a3 Harpy3ku 0603HavaoT OyKBamH a,
b, C.

®da3pl Harpy3ku Ha puc. 3.3 MOKa3aHbl B BUJE KOMIUICKCHBIX
CONIPOTHUBIICHUI Za, Zb, ZC. Harpy3ka nojikitodaercsi K MICTOYHUKY C

IIOMOUIBIO COCAMHUTEIBHBIX MPoBOJOoB Aa, Bb, Cc, HazpiBaeMbIx
JUHEUHbIMU.

31ech U Janee yCIOBHMCS IapaMeTphbl, OTHOCsIIUECS K (a3zam
MCTOYHWKA, 0003Ha4YaTb HWHAEKCAMU  ,pc, @ IapaMeTphl,

OTHOCSIIMECS K (pa3aM HAarpy3KH, - MHICKCAMH

[To nuHENHHBIM IPOBOJAM MIPOTEKAIOT auHetnvie moxu | 14,1 ¢,

YCIIOBHOE HAIPaBJIeHUE KOTOPHIX MOKa3aHo Ha puc. 3.3.

[TpeneOperasi CONpOTUBIICHHEM JIMHEHHBIX MPOBO/IOB, CUUTAEM,
4TO0 K (pa3aM Harpy3Ku MPHUIIOKEHBI HANPSKEHUS, pPaBHbIE (a3HbLM
HANPAXCEeHUAM NCTOUHUKA:



U,=U_;U,=U_U.=U, (3.14)

a MEXKIy JIMHEWHBIMM TPOBOAAMHU  JEUCTBYIOT  JUHELHblIE
HANPAACEHUS

UAB :Uab;U BC =U bc;U CA:U ce* (315)

Mo meiicrBuem Hanpsbxkennit U, U, ,U . 10 cOOTBETCTBYIOIIUM

(dasam Harpysku Z,,7Z,,Z mnporekaroT ¢asueie Toku |, 1.l ,
YCIIOBHOE HaITPaBJICHHE KOTOPBIX MOKa3aHO Ha puc. 3.3.
da3Hble TOKU Harpy3kd MOTYT OBITh OIPEACICHbl HA OCHOBAaHUH

3akoHa Oma;.

.U
| === 3.16
=7 (3.16)
.U
[ ==L 3.17
7 (3.17)
.U
=3 (3.18)

o

3anumieM ypaBHEHUs 10 nepBomy 3akoHy Kupxroda st y3mos
a, b, c coorBercTBEHHO

I, =1,; (3.19)
=1, (3.20)
l.=1I,. (3.21)

Ha ocuoBanuu (3.19)-(3.21)Mosxem 3amucarh
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(3.22)

Breime Obuto mokaszaHo, 4Yro TpexdasHble HCTOYHUKH, Kak
NOPaBUIIO, SBISAIOTCS CHMMETpUYHBIMH. [Ipum 3TOM Harpyska
Tpex(da3HOr0 HMCTOYHHKA MOXKET OBITh CHMMETPUYHOU WIIH
HECUMMETPUYHOM.

Harpy3ka siBnsercst cummempuunotl ipy BHITIOJIHEHUH YCIIOBHS

Z,=2,=2. (3.23)

JUis  CUMMETPUYHOM HAarpy3Ku CIpPaBEUIMBBIMU  SBIISIIOTCA
cootHomrenus (3.13)u (3.22),a Takke paBEeHCTBA:

U,=U,=U_=U,; (3.24)
U,+U, +U_=0. (3.25)

BektopHass nuarpaMma HampsbKeHMH IS CUMMETPUYHOM
Harpy3Kkd IpH coeluHeHuu (a3 «3Be370i» Moka3aHa Ha puc. 3.4 a.
AHanu3 1uarpaMMbl IOKa3bIBaeT, YTO HEUTpaJbHAsl TOUYKA HArpy3KH
N coBmagaer ¢ HeHTpaidbHOUW TouykoW uctoyHmka N, a ¢das3Hble
HANpPSDKEHUs. Harpy3Kd paBHbI ()a3HBIM HANpPSDKEHUSIM HCTOYHHUKA B
COOTBETCTBUH ¢ ycioBueM (3.14).

[Ipu Hecummempuunou Harpyske

2,272, %7, (3.26)
no3ToMy Hapyimaercst cootHomenue (3.13), He BBINOIHIETCS
paBeHcTBO (3.24),a cyMMa KOMIUIEKCOB (ha3HBIX HAMPSKEHUH 10
(3.25) maer umcno, oTIMYHOE OT HyIsl. B pesynbrare HeiTpanbHas
TOYKA HArpy3Kd N CMEN[aeTcss OTHOCHTEILHO HEHTPaJbHOW TOYKH
ucrounnka N B cTopoHy TOW (ha3pl, MO KOTOPOW MPOTEKAET
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HauOOJBIIMNA TOK, a MEXAY HEHTPaJbHBIMM TOYKAMU HArpy3Kud U
UCTOYHMKA MOSBIISIETCS HANpsDKEHUE cMelleHust Herpamu U

U,+U, +U_=U,,. (3.27)

OTO MPUBOAUT K MepeKocy (a3HbIX HaNpsHKeHUH Harpys3ku. B
TaKUX CIy4dasX TOBODPST, YTO HapyllaeTcs cummempus (Ha3HbIX
HaIPSKEHUN HArPy3KHU.

da3Hple HaNpsHKEHUs MCTOYHUKA U (a3Hble HAIPKCHUS
Harpy3ku OyIyT CBsI3aHbI CJIEAYIOIIMMHU COOTHOIICHUSIMU:

u,=u,-u g u,=uU,-U U _=U_-U . (3.28)
BexropHass nuarpamMma HamnpspDKEHUM U8 HECUMMETPUYHOU
HArpy3Ky NP COSIMHEHUH (a3 «3Be3JI0i» MoKazaHa Ha puc. 3.40.

a +

+7

Puc. 3.4

Bekropnast aumarpamma st TpexdasHbIX Iened TakKe MOXKET
OBITHb BBIMIOJIHEHA COBMEIIEHHOM, TO €CTh Ha OOHONM KOMIIJIEKCHOH
MJIOCKOCTH OTKJIAJIBIBAIOT BEKTOPHI (Pa3HBIX TOKOB M HANPSDKCHHM.
Ecnu Harpyska coeluHEHa <«3BE3J[0i», TO BEKTOPHI (pa3HBIX TOKOB
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OTKJIAJBIBAIOT M3 TOYKM N HE3aBUCHUMO OT YCJIOBHHM HAarpyKCHHs
(cuMMeTpUuHasT WM HECUMMETPUYHAs Harpys3Ka), YYHTBHIBAas Yroil

CABHIaA I, MEXIY TOKOM M HAIPSDKEHHEM COOTBETCTBYIOLICH (hasbl.
3HaveHHe yria I, 3aBUCHT OT XapakTepa CONPOTHBICHHS JaHHOM

dassl u onpenensercs mo dpopmyie (1.26). B ocTamsHOM METOAMKA
IIOCTPOCHHsI BEKTOPHBIX JHArpaMM HE OTJIMYAETCS OT METOIHUKH,
omMcaHHOW B pa3n. 1.8, crmpaBeUIMBBIMU  SIBISIOTCS —TaKKe
pexomenaanuu tabdm. 1.1.

CrefryeT OTMETHTD, YTO [T mpexgasHoi mpexnposooHoll yenu
HE3aBHCHUMO OT YCIIOBHH HArpy>KCHHs CIPAaBEIUBO CIICAYIOIICE
BBIPAKCHUE

I, +I,+I'_=0. (3.29)

a

3.3. TpexdazHple YeTHIPEXIPOBOAHBIC LEMH MPH COCTUHEHUH
(a3 HarpysKu «3Be3m0ii»

Henocratkom Tpex(]a3HbIX TPEXNMPOBOAHBIX LEHEH SBISCTCS

HapylIeHue CUMMETPUHU ¢a3HbIX HaNpsDKEHU I npu
HECUMMETPUYHOMN HArpy3Ke.
Or  »atoro HEJIOCTaTKa  CBOOOJHBI  mpexgaszHvle

Yemulpexnpo8ooHbvle Yenu.

Ha puc. 3.5 mokazana cxema Tpexda3zHOW YETHIPEXITPOBOIHON
LHeNu IIpU COECOUHEHUM Harpy3Ku <3Be3foi». OTIN4YuTeNnbHOU
O0COOCHHOCTBIO JIaHHOW IIeNH SIBJSICTCS HAJTMYHAE YETBEPTOrO —
HellmpalbHo20 TPOBOJA, COCIUHSIOIIETO HEHUTpalbHbIE TOYKH
Harpy3KH U UICTOYHHUKA.
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_L’\ THHeHHEDT ITPORO],

Uap HeHTpanbHEI IIPOBOK

Puc. 3.5

Jnst cxeMmbl, TpeACTaBICHHON Ha puc. 3.5, HE3aBUCUMO OT
YCIOBHI HarpyKeHus crpaBemauBbl cootHomenus: (3.13), (3.22),
(3.24)u (3.25).

Ha ocnoBanuu mepBoro 3akoHa Kupxroda mns yzima N Moxem
3arucarh

Iy =1+, + . (3.30)

B ciydyae cummerpuuHOW Harpy3ku Toku (a3 OyAyT paBHBI 110

BEJIMYMHE U CIBUHYTHI 1O (haze Ha yron 120°. Toraa Ha OCHOBaHUU
(3.29)u (3.30)monyuunm:

I, =1+, +_=0. (3.31)

OueBHIHO, YTO B JAHHOM ClIy4ae HEWTpaJIbHBII MPOBOJ HUKAK
ceOsl He MPOSBIISIET, IOCKOJIBKY TOK B HEM OTCYTCTBYET.

B caysae HecumMmeTpuuHOW Harpy3ku TOkM (a3 Oyayr
OTJIMYATHCS 10 BEJIMYMHE, KPOME TOr0, U3MEHUTCS YToJl caBUra Qa3
MEXAy TOKOM U HamnpspkHueM. Torma Ha ocHoBanun (3.30)
HOJTyYHM:
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Iy =1+, +l .20, (3.32)

ComnocraBuB (3.31) u (3.32), MOkeM cJiesiaTh BBIBOJI: HAJIHYHUC
HEHTpaJIbHOTO MPOBOJA, 110 KOTOPOMY IPOTEKAaeT TOK | , MO3BOJIsIEeT

obecreunTh HECHUMMETPUYHYIO TpexdazHyro Harpy3Ky
CUMMCTPUYHBIM TUTAHHUCM.

3.4. Tpex(asHble >MEKTpUYECKHE LIETH NMPH COCTUHEHUU (a3
Harpy3K «TPeyroibHUKOM>»

Cxema mpexghasnoti mpexnpo8ooHol yenu TPU COCAUHECHUU
HArpy3KU «TPEyroibHUKOM> IMOKa3aHa Ha puc. 3.6.

Ia IHHEHHELT TIPOBOTT a

I_B THHeHHBI IIPOROT,

TIHHEeHHEL TIPOROLT ch

| A

Puc. 3.6

[Ipu coenuHeHUM HArpy3KH <«TPEYTrOJbHHUKOM» KOHEI| MEpPBOH
Ga3pl X CoeAMHSETCS C HayaloM BTopod ¢as3wl D, koHer; BTOpoii
da3pl Y - ¢ HAYAIOM TpeTheil ¢asbl ¢, KOHEI[ TpeTheil ¢aspl Z - ¢
HayaJIoM 1epBoi (a3l a.

®a3pl Harpy3ku Ha puc. 3.6 moka3aHbl B BHIE KOMILICKCHBIX

conporusnenuit Z,,, 7, , Z . Harpyska noakmo4aercs K HCTOYHUKY

ab?
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C TOMOWIBIO JUHElHbIX TPOBOJOB, IO KOTOPBIM IIPOTEKAIOT
aunetinvie moxu 1,151 .

[IpeneOperasi COMPOTHBIICHUEM JIMHEWHBIX MTPOBOIOB, CUUTAEM,
YTO K (pa3aM Harpy3Kku NPUIIOKEHbI HAIPSKEHUS, PABHbIE JIUHEUHbIM
Hanpss‘ceHussM UICTOYHUKA

U =UapiUgc =U U ca=U (3.33)

ce*

ITox JeHCTBHEM HaIpsHKEHUH U, U,.U. 1o
COOTBETCTBYIOIIMM  (hazaM HarpysKu Zab,Zbc, Z MPOTEKAIOT

¢asnbie Toku |1, .l ., ycIOBHOE HanpaBiIeHUE KOTOPHIX yKa3aHO

Ha puc. 3.6.
da3HpIe TOKW Harpy3KHW MOTYT OBITh OINIPECIICHBl HA OCHOBAaHUH
3akoHa Oma:

.U
l, ==2; 3.34
ab Zab ( )
. _U
| —=_—bc ; 3.35
bc Zbc ( )
. _U
[, ===. 3.36
w=> (3.36)

3anuineM ypaBHEHHs 110 IIEpBOMY 3akoHy Kupxroda mis y3imos
a, b, C cOOTBETCTBEHHO!

=1 =1 (3.37)
Iy =1 (3.38)
I =11 (3.39)



Jlis coenuHEHUs] HArpy3Kd «TPEyrojbHUKOM» CIIPaBeIIUBO
COOTHOLLIEHUE

U =u,. (3.40)

J

[Ipy cuMMeTpUYHON Harpy3Kke CIpaBeJUBBIMU SIBISIIOTCS
CJIEIYIOIINE COOTHOILIECHUS:

Ly =Ly = Ly, (3.41)
Lo = oo =1 =l 4 (3.42)
L=l =l.=l,; (3.43)
| =3l,. (3.44)

B paccmoTpeHHBIX BhIIE TpuMepax (a3bl UCTOYHHKA OBLTH
COCIMHEHBI <BBE3I0I», OJJHAKO BO3MOXKHO TakKe coeAnHeHue (a3
UCTOYHUKA «TpeyroiibHuKom». [Ipu 3Tom romey nepeoii ¢azvr X
coedunsiemcs ¢ Hauanom emopoi gazvl B, koney emopoti ¢haswr Y - ¢
Hauanom mpemoveti ¢paszvr C, KoHen TpeThed (a3pl Z - ¢ HavajIoM
nepBoii azsr A.

3.5. AKTHBHAs1, peaKTUBHAS W TIOJHAS MOIIHOCTH Tpexda3zHoi
nenu

[TonHyI0 KOMIUIEKCHYIO MOIIHOCTH OAHOW (ha3wl TpexdazHoit
LHeNM MOXXHO  ONpPENeNUTb, YMHOXHB KOMIUIEKC  (ha3HOro
HaINpsDKEHUS Ha CONPSHKEHHBIA KOMITJIEKC TOKa 3TOU (ha3bl:

O .
= h —
lb=U,l,e

S =Y,

=U,l,cosu, *jU I, sinog, =P, +jQ,

(3.45)
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O
rae |y - KOMIUIEKCHBIH TOK, CONPSIKEHHBIH KOMIUIEKCHOMY TOKY

¢bazbl.

®opmyna (3.45) cnpaBemnmBa Kak Juisi  coeauHeHus (das
Harpy3Ku <GBE3JION», TaK WU JJII COCAMHECHHS <TPEYTrOJbHHKOM>,
HE3aBUCUMO OT YCJIIOBHI Harpy>KeHus.

[Ipu »>TOM aKTHBHasg MOIIHOCTh Pq) SIBJISIETCST TEUCTBUTEIILHOU

YaCThIO TIOJIHOM KOMIUIEKCHOM MOITHOCTH S, a peaKTUBHas

MOIIHOCTb Qq) - €¢ MHHUMOHM 4YacThlOo, KOTOpbIe 0003HAYAIOTCS

COOTBETCTBEHHO:
P, =Red, I, ); (3.46)
Q, =Im(, 1,). (3.47)
B (3.45) 3nak mepen jQ, ompenensercs xapakTepom

CONpPOTHUBIICHUS JaHHOH (pasbl W 3aBUCHT OT yria Il , BEJIUYUHY

KOTOPOIr0 MOKHO ompenenuth 1mo Gopmyine (1.26). OueBuaHo, 4TO
3HAK «@uIOC» mepen jQ, crasures, ecnu 1, >0°, YTO BO3MOXKHO

IpU BBHINOJAHEHMU YclaoBUs X, > X.; M 3HAK <«MHUHYC» - €CIH
11, <0%, 4To BO3MOXKHO NpH BbINONHEHUH yenoBust X < X..

IIpy cuMMeTpUYHON Harpy3Ke aKTHBHAas, pEaKTUBHAs U I1OJIHAs
MOIITHOCTA Tpex(a3HOW IeMd MOTYT OBITh ONpeAeNieHbl IO
cleAyomuM (hopMysiam:

P=3pP, =3U,l,cosar, = 3R £:J_3L§ | cos,; (3.48)
Q=3Q,=3U, |,siny, = 3% f=v3Y | sin,; (3.49)
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[Ipruem

cosi, :;ﬁ; (3.51)
¢
. Xy
sin, :Z—. (3.52)
¢

3.6.M3mepenne akTHBHOM MOIIIHOCTH B TpeX(a3HbIX IETISIX

Jist  u3MepeHus aKTUBHOM  MOIIHOCTH B TpexdasHou
YeTHIPEXIPOBOHON Ienn (CoenuHeHue (a3 Harpy3Ku <BBE3JOW» C
HCHTpalbHBIM  MPOBOJOM) TPH  HECHMMETPHUYHON  Harpyske
HU3MCPCHUC aKTUBHOU MOIOHOCTHU IMPOU3ZBOAAT TPEMA BATTMCTpPAMU

o cxeme puc. 3.7.
_iA -f.WI
b e

| EN

P

| 5
N

Puc. 3.7
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Paccmotpum Biirouenue BartmerpoB WI1-W3 (cm. puc. 3.7).
Havana oOMOTOK BaTTMETpoB 0OOO3HAu€HBI TOYKAaMH. TOKOBas
obmoTka BarT™MeTpa WL BKITIOUeHa B IIETb JIMHEHHOTO MpoBoJa Aa,
N0 Hel npoTeKaeT JMHEHHBI TOK |s; OOMOTKa HampsHKEHUS
BartMerpa W1 BKkiIIOUueHa MEXAy JHHEHHBIM IPOBOAOM Aa H
HelTpanbHeiM  mpoBogoM NN, k Heil mnpuioxkeHo (a3Hoe
HarnpsbkeHue Ua. Torma momHoCTh, u3MepseMmyto BartMerpom WL,
MOYKEM ONPEAETUTD CIEIYIOUM 00pa3oM:

. O
B= Re(UA IAj , BT. (3.53)
Amnanorn4so s Bartmerpo W2 u Wa3:

.o
P, = Re(Ub IBj , Bt (3.54)

. O
P = Re(UC 'Cj , Br. (3.55)

B nmamHOM cnmydae  akTHBHas ~ MOIIHOCTh  TpexdasHoi
YEeTBIPEXIIPOBOAHON IIEMH paBHA CyMME aKTHUBHBIX MouHocTel Py,
P2 u P3.

B tpexdazHoil TpexmpoBOAHOW IEeNu TPH HECUMMETPHUYHOU
Harpy3ke HM3MepeHUEe aKTHUBHOM MOIIHOCTH MPOU3BOIAT MemOOOM
08yX sammmempog 1o cxeMe, MpeJICTaBlIieHHOM Ha puc. 3.8.
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Puc. 3.8

Paccmotpum Brimouenue BartMeTpoB W1 m W2 na puc. 3.8.
TokoBas obmorka BarTmeTpa WL BKIIFOYEHA B IENb JUHEHHOTO
npoBoga Aa, 1O HEW NpPOTEKaeT IMHEHHBIM TOK |,; oOMOTKa
HampspkeHuss BarTMerpa W1 BKIIOYEHA MEXIy JIMHCHHBIMU
npoBogamu Aa u Bb, k Heill npHoXKEHO JNHMHEWHOE HANpPSHKCHUE
Uags. Torma wmomHocTh, u3Mepsemyto BarTMeTpoM WL, moxem
OTIPENIeNIUTh CIEAYIOIINUM 00pa3oM:

. 0
P = Re(UAB 'Aj , Bm.
(3.56)

TokoBas oOmoTka BarTMeTpa W2 BKJIFOYECHA B IEIh JIMHEHHOTO
npoBoga Cec, TO HEW NPOTEKaeT JHUHEWHBIM TOK Ic; oOMOTKa
HanpspkeHuss BaTTMerpa W2 BKIIIOYeHa MEXAY JIMHECHHBIMH
npoBogamu CC u Bb, k Heit npunoxeno HanpspkeHue Ucg, paBHOE
[0 BEJIWYMHE W HANpPaBICHHOE IPOTUBOIOJIOXKHO JHHCHHOMY
Hanpsokenuto Ugce. Toraa MoIHoCTh, nu3MepsieMmyro BartMeTpom W2,
MO>KEM OIPEACITUTH CICAYIOINM 00pa3oM:
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. g . ]
P, = Re(uCB ! j: R{—UBC |Cj ,Br. (3.57)

AKTUBHAsE MOIIHOCTh TpeX(a3zHON TPEXMPOBOJAHONW IEMH TIO
METOJTy ABYX BaTTMETPOB paBHA CyMME aKTHBHBIX MOIIHOCTEH Pp u
P>.

Ha puc. 3.8 nmnoka3aHo, uTO Harpy3ka COeIHMHEHA
«TPEYroJIbHUKOM», OJJHAKO JTAHHBIA METOJl MOXKET OBITh IPUMEHEH U
P COSTMHEHUU HATrPY3KHU «3GBE30i» 0€3 HEUTPAIIbHOTO POBO/IA.

[Ipu cummerpuuyHO#l Harpyske (a3 J0CTaTOYHO M3MEPHUTH
MOITHOCTb OHOM U3 (ha3 U pe3yabTaT yIpOUTh.

4. PACUYET TPEX®A3HBIX DJIEKTPUYECKUX LIEITEN
METO/I0OM KOMIUIEKCHbBIX YNCEJI
4.1.Ycnosue pacuerHoro 3aaanus Ne2. BapuaHTsl 3a1aHus

BeimonauTe  mpeoOpa3zoBaHune  Tpex(daszHOW  DIIEKTPUUECKOU
IIENH, CXeMa KOTOPOH mpescTaBieHa Ha puc. 4.1, 1 coeuHeHNs B
GBE3AY» U B «TPEYrOJIbHUK», YUYUTHIBAs, YTO HArpy3kou a3
SIBJIIFOTCSL DJIEMEHTHI (KOMOMHAIMS 3JIEMEHTOB), TPEIACTABICHHBIC
JUIsL COOTBETCTBYIOIIMX BapHaHTOB 3adanus B Tadu. 4.1.[lapamerpsl
HMCTOYHUKA U 3JIEMEHTOB Harpy3KH JIaHbI B Ta0J. 4.2.

OnpenenuTth MOKa3aHusi MPUOOPOB, N300pakeHHBIX Ha puc. 4.1.
[To pesymbraTam pacuera MOCTPOUTH ISl KAKIAOTO MOTpeOUTENs
COBMEIIIEHHYIO BEKTOPHYIO JHMarpaMMy TOKOB W HaIpPsSHKCHHMN Ha
KOMIUIEKCHOM IIOCKOCTH.
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Puc. 4.1

K mpex?amwmy UCMOYHUKY, a3bl KOMOPO2O COeOUHEeHbl NO
cxeme «38e30a», NOOKIOYEHbl 08a nompebumens. asvbi nNepeozo
COeOUHenbl No cxeme <«36e30a», (pazvl 6mMopoco — No cxeme
«mpeyeonvhux». Ha evixooax mpexghaznoeo ucmounuxa (cm. puc.
4.1) oeticmsyrom mpu aunetinvix Hanpsicenus Uy, usmensiowuecs ¢
yacmomou f.  Ioxazanuvie na puc. 4.1 npubopwi usmepsom
crnedyrowue dneKmpudecKue GeIUYUHbl. amMnepmemp — CUiy moxa 8
HelmpalbHOM —Npoeode Onsi  nompedoumens, quwbl KOmMopozo
coedunenvl no cxeme <«zeez0a»; sammmempol WL u W2 — axmusnyro
MowHOCMb nompebumens, hazvl KOMoOpo2co COEOUHEHbl NO cXeme
KIMPeyeoNbHUK .
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Taomuma 4.1

3amanne R Oum L, wl'm Sﬁibo U B f, T
D1 20 15,9 318 220 50
D2 30 95,6 212 127 50
D3 10 63,7 318 150 50
D4 20 63,7 318 200 50
D5 30 15,9 318 100 50
D6 10 96,5 218 220 50
D7 10 31,8 159 127 50
D8 20 31,8 159 150 50
D9 30 47,8 100 100 50

D10 10 63,8 318 220 50
D11 30 31,8 159 127 50
D12 20 31,8 637 250 50
D13 10 79,5 79,5 220 50
D14 20 95,6 79,5 127 50
D15 30 63,8 53 100 50
D16 40 127,3 159 200 50
D17 40 15,9 318 250 50
D18 10 95,6 159 220 50
D19 10 63,7 212 150 50
D20 20 79,5 106 250 50
D21 30 96,5 318 150 50
D22 10 15,9 318 200 50
D23 20 31,8 218 220 50
D24 10 48,8 106 127 50
D25 20 63,7 318 150 50
D26 30 15,9 318 100 50
D27 10 63,7 159 250 50
D28 40 187,3 159 220 50
D29 10 95,6 159 150 50
D30 20 95,6 79,5 100 50
D31 8 112 65 127 50
D32 20 60 130 220 50
D33 10 30 110 250 50
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Tabnuna 4.2

Bapuant Za, Zab Zb, Zbc ZC, an
2 o———o "o o—J—o
3 o~ o— o o—r——o
4 o———0 o——"""""o o—r—+—}—o
5 o———o — o —J—o
6 "o o——"""""o o—r1+—0
7 = e —F—
8 o—1—+"" "o o——"" 0 o——3—0
9 o——""Y"\o o—"" "o o————
10 —""o o——"o —r— o
12 o——+"YY—o o———o o—r—+—}—o
13 oYY o o—]—"""0 o—1——o
14 ——"""" o—f-""" o————o
16 oo o———o """
17 o—f—o """ o o—r——|—o
18 o——"""— """\ o
19 —rrrio o=~ —f—o
20 o—f—o """ o — Yo
21 "o o—if— "o
22 o—{F—o ——"YY"\o o—]—"""
23 o—J— o—1—+"" "o o—r3—0
24 o——o ——"" o— YY"\ o
25 o——f—o o—]—""" 0 o—i——o0
26 ——"— o—r—— o~
27 """ o o——"""o o—J—o
28 o—if— "o "o
30 o—{F—o o—]—""" oYY\ o
31 o o o
32 """ —f—o "o
33 """\ o o—"" "o o————
Ilpumeuanue: 3amMaHWe BBIJACTCS  KWKIOMY  CTYACHTY
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MHIMBHIyaIbHO B BHJE JIByX YHMCEJ, 3alMCaHHBIX Yepe3 THpe,
Hanipumep D24-1. Ilpu »TOM mnepBoe umciao 0003HAYAaET HOMEP
3aganus (cMm. Tabi. 4.1),a Bropoe —HoMep BapuanTa (cMm. Tadi. 4.2).

4.2.TIpumep perieHus pacueTHoOro 3aaanus Ne2

BreimonauTe  mpeoOpa3zoBaHne  Tpex(da3zHOW  DIIEKTPUUECKOU
IIENH, CXeMa KOTOpOH mpescTaBieHa Ha puc. 4.1, 1 coeuHeHNs B
GBE3AY» U B <TPEYrOJIbHUK», YUYUTHIBAsi, 4YTO HArpy3kod ¢a3
SIBJISIFOTCS 3JICMEHTBI (KOMOWHAIIMSI 3JIEMEHTOB), IIPEICTaBIICHHbBIC HA
puc. 4.2. VI3BeCTHBIMH SIBISIIOTCSl CIEAYIOIIME  TapaMeTphl:
aktuBHoe comnpoTuBieHre (R = 100wm), wunayktuBHOCTH (L =
79,5 mI'n), emkocts (C = 79,5mk®d), vactora (f = 50 ') u
muneriHoe Hanpspkenue (Uy = 380B).

Tpebyetcst onpenenuTh MoKa3aHUsT MPUOOPOB, M300pPAKEHHBIX
Ha puc. 4.1, a WUMEHHO: TOK B HEUTPAILHOM TIPOBOJAE JUIS
nprueMHHKa, ()a3bl KOTOPOTO COCIMHEHBI <GBE3MI0W», aKTUBHYIO
MOIIIHOCTh IO METOJY JBYX BaTTMETPOB [UIsl MPUEMHHKA, (ha3sl
KOTOPOT'O COEJMHEHBI «TPEYTOJILHUKOM». [lOCTpOUTH COBMENICHHYIO
BEKTOPHYIO JHarpaMmy TOKOB W HAIIPSOKEHUM HAa KOMILJIEKCHOU
TUTOCKOCTH JUTSl K&XKIOTO U3 MIOTPEOUTEIICH.

Ilpesxcoe uem npucmynums K peuwleHuro, npogeoem aHdIu3
yenosuii  3a0ayu. QOuesudno, umo O0nsi nompeoumens, ¢asvl
KOMOpP0o20 COeOUHEeHbl 8 «36e30)», MOK 8 HeUMmpaibHOM NpPO8ooe
MOJICHO oOnpederums NOCIe MOo20, Kak 0y0ym HaudeHvl ¢hasHvie
moKu, a 011 nompedoumensd, ¢asvl KOMOpPo2o COEOUHEHbL 8
KMPEY2ONbHUK»,  AKMUBHYIO  MOWHOCMb N0 Memoody  08yX
BaAMMMEMPOE  MONCHO pPACCUUMAMb, eClU U3BECMHbl  asHble
HanpsisiceHus: u auHelnvle moku. Pacuem nuneiinvlx mokos, 6 cgorw
ouepedsb, NPOU3BOOUMCs HA OCHOBAHUU 3HAYEHUU (PA3HBIX MOKO8.
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Za, Zab Jano:

oo R=10 Om

Zb b L=79,5M'a =79,510° I'n
o 7YY ° 6
C=79,5ux® =79,5[10° ®
. Zca
. | . f =50 I'g
U,=380B
Puc. 4.2
Haiitu:
1) nnst coenunennst B «Besny» U, 1., I, S;
2) ISl COCTUHCHHMS B «TPEYTOJIbHUK UdJ, IdJ, I, P.
Pewrenne:
Onpeoensem napamempovl uCmOUHUKA
1. Jlma  TpexdazHoro CUMMETPUYHOTO  HMCTOYHHKA,
COCIMHEHHOTO B <3BE3Mly», JACUCTBYIOLINE 3HAa4YeHHUS (Ha3HBIX
HANpSDKCHUH ~ MOXKEM  3alucarh,  y4YWTBIBas  CJIEIYyIOIIee
COOTHOIIIEHUE
U,
u,=U,=U.=U, = . 4.1)

&

VYcnoBumes, 4to BekTOp (pasHoro HampspkeHus U, HCTOUHHKA

COBIAJacT C JEUCTBUTEILHONM OCHI0 KOMIUIEKCHON INIOCKOCTH.
Torma ¢ yuerom cootHoireHus (4.1) MoxeM 3amucaTh KOMILICKCHBIE
(a3HbIe HAMIPSKCHHSI UICTOUYHUKA:

U, =220.'"" = 220 E; (4.2)
Uy =220 = 22 cost 1209 j sin( 120 ¥ - 130j 19G;
(4.3)
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Uo =220 = 22 cof- 240+ j sir 24))=- 130 19C.
(4.4)

2. OmpenensieM KOMIUICKCHBIC — JIMHEHHBIC  HANPSDKEHUS
UCTOYHMKA HAa OCHOBAaHMHU BTOpOro 3akoHa Kupxroda, yuuTsiBas

(3.6)-(3.8):

U, =220+ 110+ j 19G= 338 198 380" ; (4.5)
Ug. =-110-j190+ 116-j 196 -j 386 380° ; (4.6)
UCA:—110+ j190- 226-- 33@¢ | 198 380%7 . (4.7)

Onpeoensem napamempul Hazpy3Ku
3. OnperensieM peakTUBHbIE CONPOTUBIECHHS: HHAYKTUBHOE X

- 1o ¢opmyre (1.19)u emxoctHoe X - 1o opmyie (1.20):

X, =203,14060179,5110 = 25 Owm; (4.8)
1

X. = =40 Om. 4.9
¢~ 2[B.1450179,5 10 . (4.9)

4. OnpenernseM MOJHbIE KOMIUICKCHBIC CONPOTHBIICHUS (a3 1o
dopmyne (1.21).13 puc. 4.2Bunno, uro ¢assl Harpysku Z,,7Z,,”Z_,
COCIIMHEHHBbIE  «3Be3oW», u ¢a3el Harpysku Z,,7,.,7Z.,

COCAMHCHHDBIC KTPCYTOJIbBHUKOM>, O6pa30BaHbI OAHMHAKOBbIMHU
3JIEMEHTaMH. DTO IT03BOJISICT 3aIIHCaTh

Z =2Z,=10+ j25- j 40= (16-j 15)0m; (4.10)
Z,=2,.= j250wm; (4.11)
Z.=Z_,=-j40Om. (4.12)
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5. OnpenensieM noiHbIe cOnpoTHBIEHUS (a3 o Gopmyne

Z, =R +(X — %)?, Ou. (4.13)

Torna

Z,= 2, =10 +(25- 40° = [ 16+ ¢ 15)= 10m; (4.14)

Z, =2, =25 = 250m; (4.15)
Z. =Z,=~40 = 400m. (4.16)

6. OnpezlemleM yroJj ¢aBura MCxJy TOKOM U HANIPSXKCHUCM JJIS1
coOTBeTCTBYIOMMX (ha3 Harpysku mo popmyie (1.26):

25-40

o, =10, = arcth =-56 18§; (4.17)
25
m, =1, = arctgH = arctq+e) = 90; (4.18)

o, =1, = arctg_—gO = arctq-c) =~ 90. (4.19)

PesympraThl pacuera yrJIOB CIOBUTAa MEXAY TOKOM H
HANPSDKEHHWEM /I COOTBETCTBYIOIIMX (a3  Harpy3ku  He
MpoTHBOpEYAT JaHHBIM Taou. 1.1.

7. TlomHOoe  KOMIUIEKCHOE  CONpOTHBIEHHE  (da3pl B
TPUTOHOMETPHUYECKOH (hopMe NMEeT BUT
= i,
Z, —que' , OM. (4.20)

Torna ¢ yueTroMm pe3ynbTaToB 1.5 U 11.6 momyynm:

- 26 -



Z =2Z,=186"°" Owm; (4.21)

Z, =2, =25€¢% Om; (4.22)

Z.=Z_,=40€"" Owm. (4.23)
(RS

N
O
B
%
o

Puc. 4.3

Onpeodennem HanpaxceHus, MOKU U NOJIHblE KOMHIEKCHblE
MouwgHocmu (ha3z 0na HA2py3KU, COEOUHEHHOIL 8 <36€30)>»

8. Brmonnsiem npeoOpa3oBaHue Tpex(a3HOH 3IEKTPHUUECKOM
nermn  (cMm. puc. 4.1) A COCOUHCHHMS HArpy3KH —<G3BE3JION»,
YVUUTHIBasl, YTO B COOTBETCTBYIOIIME (Da3bl HATPY3KH BKIIFOUCHBI
9JIEMEHTHI, TpeACTaBlicHHbIe Ha puc. 4.2. [lomydeHHBIH ToCTe
npeoOpa3oBaHusl y4acTok Tpex(as3Hoil menu mokasaH Ha puc. 4.3.
Ha 3ToM ke pucyHKe MoOKa3aHbl YCJIOBHBIE HAlpaBJICHHUS TOKOB U
HaIPSKEHUN.

9. [IlpeneOperas CONPOTUBICHHEM JIMHCHHBIX IIPOBOJIOB,
YCIOBUMCS, 4TO K (hazaM HArpy3Ku MPHIOKEHBI HaNpsKEHUs,
paBHbIe (Da3HBIM HAIPSKEHUSM UCTOYHUKA.

Torna B coorBeTcTBUU € (3.14)MO0KeM 3anmucarh:

U, =220’ = 220 E; (4.24)
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U, =220 = 22( cost 1209 j sin( 120 ¥- 130j 190;
(4.25)
U, =2208% = 22 cof- 240+ j sif- 24))=- 1320] 19C
(4.26)

10. Ha ocHoBamuum 3akoHa OMa B COOTBETCTBUM C

BeipakeHusME (3.16)-(3.18)onpenenseM KOMIUIEKCHI IEHCTBYIOMIMX
3Ha4YCHUM (Pa3HBIX TOKOB:

. jO° i56°

Ia = 122‘(:1?55018 :12,2$l56 18 = 6,78 j 10,184 ; (4.27)
' —j120° '

= Zii—m =8,87171 =~7,62+ | 4,4A ; (4.28)
. - | 240° _

I :%:5'59_’156 ==4,76- ] 2,75A. (4.29)

3anuiineM AeUCTBYIONINE 3HaUeHUs (Pa3HBIX TOKOB:

|, =12,22A; (4.30)
|, =8,8A; (4.31)
|_=55A. (4.32)

11. Ha ocnoBanuu mepBoro 3akonHa Kupxroda mist y3ma N B
coorBeTcTBUM ¢ BblpakeHueM (3.30) ompemensieM TOK B
HEUTPAIbBHOM MPOBOJIE:

[, =6,78+]10,16- 7,62 4,4 4,76 2,7 5t 11,8.
(4.33)

OmpenensgeM JEUCTBYIOIEE 3HAYEHHWE TOKAa B HEUTpaIbHOM
pPOBOJIE
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Iy =(-5,6) +(11,8)° = 13,07 + (4.34)

12. CoBmelnieHHass BEeKTOpHas guarpamma (a3HbIX TOKOB H
HaNpsODKEHUH Ha KOMILJIEKCHOM IJIOCKOCTH TOKa3aHa Ha puc. 4.4.

Macmrabl: 1o Toky M, =2 A/cM; 1O  HaNpSHKCHHIO

M, =50 B/cm.

+f
“.\ it /Jy
\IN \\\LQ/ /
Uc‘\i\ 4
. ia
> H Y
NN A
-1 Pb “a Uy +1
%L/ i) al
iAy
o
+
Puc. 4.4

s naepysku, ¢hazel KOmopou CcoOeOuHeHbl 8 <38e30Y»,
cywecmeyem ewje O0OUH CNOcoO peulenus, OCHOBAHHbLIUL HA
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UCNONL308AHUU  OCLICMBVIOWUX 3HAYEHUL HANPSANCEHUL U MOKOS.
Paccmompum memoouxy pewienus OanHbIM CHOCOOOM.

Onpedensiem Oelicmeyrowue 3HAYEHUs. (PA3HbIX HANPSHCEHU
naepysku Ha octosanuu (4.1)c yuemom (3.14)

Ua=Ub=UC=U¢:@=220 B. (4.35)

NE

Onpedensiem  eluyuHbl NOJHBIX ~ CONPOMUGIEHUL  paz 8
coomeemcemauu ¢ (4.13):

Z,=\100+(25- 40° =\[16+ ¢ 15)= 1®m;  (4.36)

Z, =~25 =250m; (4.37)
Z =~/40" = 400m. (4.38)

Ha ocnosanuu saxona Oma 6 coomeememeuu ¢ 8blpaiceHusMu
(3.16)-(3.18)npeoensiem oeticmsyrowue 3HaueHus: pasHbLX MOKOS

| =220 12 204 (4.39)
18
220
| =25-=8,8A; 4.40
v = 55 (4.40)
|c=@)=5,5A. (4.41)
40

Ilpu nocmpoenuu 6eKMOPHOU OUASPAMMbL YCIOBUMCSA, UMO
8eKmop  (PazHo20 HANPANCEHUs Ua Hazpy3ku coenaoaem ¢
OelicmeumenvbHol 0Cblo KOMNAeKCHoU naockocmu. Cmpoum eexmop
@aznoco nanpsceHus Ub, omcmarowum om 6eKmopa Ua Ha yeol
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120, a sekmop Ppasznozco nanpsicenus U, - onepesicarowyum eekmop

U, na yeon 120.

Umobvl omnodcums 6eKmopol (hazublx MoK08, ONpedeium Yol
co8u2a medcoy MmoKoM U HanpsjiceHuem 0as Kaxcoou ¢azvl Hazpy3Ku
no gpopmyne (1.26):

m, = arctg%)= - 56 18; (4.42)

m, = arctgz—o5 = arct+w) = 90; (4.43)

I, = arctg_—g'o = arctd—) =- 90. (4.44)

B coomeemcmeuu ¢ ewvipascenuem (3.30) eexmop moka 6
netimpanvnom npoeode | moocem Gvimb onpedenen  Kax
2eomMempuieckas CyMma 8eKmopos (hasHvlx moxos. /[anusiii npuem
nokasaw Ha eexkmopuou ouazpamme (cm. puc. 4.4). Umoobwi
onpedenums Oelicmeyroujee 3Havenue moka |y ¢ nomowwro
BEKMOPHOU OUAZPAMMDBL, HEOOXOOUMO YMHONICUMb OAUHY BeKMOpPA
Ha macuimab moka.

Onpeodensem HanpaxceHus, MOKU U AKMUBHYIO MOWHOCHb NO
Memody 08yX eammmempoe 011 HAPY3KU, pazvl Komopou
COCOUHEHBI <MPEY20JIbHUKOM
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Puc. 4.5

13. BeimosiHseM npeoOpa3oBaHue Tpex(da3HOH IIEKTPUICCKOM
nenu (cm. puc. 4.1) i coenMHEHUST HArPy3KH <TPEyroJIbHUKOM>,
YUUTBHIBas, YTO B COOTBETCTBYIOUIHE (a3bl HArpy3KH BKIIOYCHBHI
AJIEMEHTHI, TpencTaBieHHble Ha puc. 4.2. IlomydeHHblid mnocne
npeoOpa3oBaHus ydyacTOK TpexdasHoW menu TokazaH Ha puc. 4.5.
Ha sTOoM ke pucyHKe IOKa3aHbl yCJIOBHBIE HAIpaBJICHUS TOKOB U
HanpsHKEHUH.

14. TlpeneOperas CONPOTHBIECHHUEM JIMHEHHBIX IPOBOJIOB,
yCIOBUMCS, 4YTO K (pasam Harpy3Ku TpHIIOKEHBI HaNpsDKeHHUS,
paBHbIe (Pa3HBIM HaNpPsHKEHUSIM HCTOYHMKA. Torja Ha OCHOBaHUU
(3.33)moskeM 3amucars:

U, =380"*" B; (4.45)
U,. =380 B; (4.46)
U, =380.""" B. (4.47)

15. Ha ocHoBanum 3akoHa Oma B COOTBETCTBUHM C
BeipakeHusiME (3.34)-(3.36)onpenensiem (ha3Hbie TOKH:

380"%”

ab — 18e—j56°18

=21,12%1% = 1 36+ j 21,06\ ; (4.48)
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38087

be T T Hpai90 =152 =-152+ j 0A; (4.49)
-j210° _
ca :%=9,Ee"m =-4,75- ] 8,22A . (4.50)

16. Ha ocHoBanuu nepBoro 3akoHa Kupxroga B COOTBETCTBUHU €
BeipaskeHusmu (3.37)-(3.39)pnpenensiemM THHEHHbIE TOKH:

I, =1,36+ 21,06+ 4,7%j 8,22 6,4 29,28 2&91“” ;
(4.51)

I, =-15,2-1,36-j 21,06 - 16,56] 21,66 26e76°°'" ;
(4.52)

. =-4,75-j 8,22 15,2 10,45] 8,22 13g%°" . (4.53)

17. Cornacuo BeipaxkeHno (3.29) cymma TOKOB B TpexdasHoi
TPEXIPOBOJHON LieNH paBHA HYO. [IpoBepuM 310!

I, +1,+l.=6,11+] 29,28-16,56- 21,06 10,45- 8,22.
(4.54)

Ycnoue (3.29) BBINONHSAETCS, YTO CBHICTEIBCTBYET O
NPaBUIILHOCTH PacyeTa.

18. OmpenenseM aKkTUBHYIO MOIIHOCTh 10 METOAY JABYX
BaTT™MeTpoB (puc. 4.5). B COOTBETCTBHH €O CXEMOW BKJIFOYEHUS
BaTTMETPOB MOXEM 3anucarth Jyis BarTMerpa WL

P = Re(UAB 'Aj , Bt: (4.55)
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P, = Re( 38@/* (129,987 ") =

. (4.56)
= Re(11365,8“48°12) = 7575 6Br

Jutst BarT™MeTpa W2:
P, = Re(UCB | j: R{—u’ Be |Cj, Br. (4.57)

N3 puc. 4.5 u ypaBuenus (4.57) BHAHO, YTO KOMILJICKCHOE
Hanpsokenne Ug, 1O BennyMHe pPaBHO HanpsbkeHuro Ug.

IPOTUBOIOJIOKHO €My 1o HanpasieHuto. CrnenosarensHo, U

MOXET OBITh MOIy4eHO pa3BopoTroM BekTopa Ug. Ha 180°. Torna,

yuuThiBas (4.6),MOKEM 3amucaTh.

U, =38 B; (4.58)
P, = Re( 38 (113,28 * ) =
_ (4.59)
= Re( 5050, 'e’m"“) =- 3121,9Br
P=P+B, Br; (4.60)
P=7575,67 3121,93 4453, 7B . (4.61)

19. CoBmemieHHass BeKTOpHas auarpamMma (asHbIX TOKOB H
HaNpsODKEHWH Ha KOMILJIEKCHOM IJIOCKOCTH TOKa3aHa Ha puc. 4.6.

Macmrabel:  1mo  ToKy M, =3 A/cM; 10  HaNPSKCHUIO

M, =50 B/cu.
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-+
Puc. 4.6

AKMUBHYI0 MOWHOCHb NO MemMOOy 08yX eammmempos (cm. puc.
4.5) mooicno onpedenumv  makdice ¢ HOMOWDBIO  BEKMOPHOU
ouazpammvl no C1eOVIOWUM opMYIam.

B =U,zl ,CO0S0;; (4.62)
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P,=U,l.C0s0,, (4.63)
20e 6, - yeon mexcoy eexmopamu moxa | , u nanpaxcenus U .5, 6,

- yeon medxncoy eekmopamu moka | . u nanpsoicenua U 5.
s smozo Ha eekmopHOll duazpamme HeoOXOOUMO OMIONCUMb
gexkmop Hanpsaxcenus U, 6 coomeemcmeuu c (4.58). Axkmusnyio

MOWHOCMY, nompeonsemyo om UCMOYHUKA pasamu
«mpeyeonbHuka», onpeoensiem no (4.60).

P =3800R9,9T0cos{ 48 123 7575, Br; (4.64)
P, =380013,29]cos128 12~ 3121 Br ; (4.65)
P=7575,67- 3121,93 4453, 7Br . (4.66)

4.3. TlpuMepHbId TIepeYeHb KOHTPOJIBHBIX BOIPOCOB IpH
3aIIUTe pacyeTHOTO 3amanus No2

1. [aiite ompeneneHue  Tpex¢azHOrO  CHMMETPUYHOTO
UCTOYHUKA.

2. Yto Ha3zbiBaloT (a3oif TpexdazHou nenu?

3. Kak HyXHO COeIMHHTh Hadajia U KOHIIBI (pa3 TpexdaszHoro
UCTOYHHUKA, YTOOBI MOJTYYUTh COCMHEHUE <GBE3ON»?

4. Kak HY)KHO COCIMHHWTH Havajia U KOHIBI (a3 TpexdazHoro
noTpeOuTeNsl, 4YTOOBI MOTYYUTh COSTUHEHUE (BBE3I0N»?

5. Kak Hy»XHO COeIMHHMTHh Hadajia W KOHIBI (a3 TpexdazHoro
noTpeOuTeNs, YTOOBI MOIYYUTh COSAUHEHHE «TPEYTOJIbHUKOM»?

6. Uto Takoe CHMMETpUYHAs M HECUMMETpPHYHAs Harpys3ka
TpexdazHoi nenu?

7. B KakoM COOTHOIICHMHM HaxonmATcs (a3Hple W JIMHEHHBIE
HaNpsDKeHUsT Tpex(a3zHOro CHUMMETPHUYHOro moTpedutens, (asbl
KOTOPOT'O COETUHEHBI <BGBE3/I0I»?
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8. B xakoM COOTHOIIEHUH HAaXoaATCs (pa3HbIe M TMHEHHBIE TOKH
Tpex(pa3zHOro CHMMETPUYHOrO moTpedurens, ¢a3pl KOTOPOro
COEIUHEHBI «3BE3I0U»?

9. OObsicHMUTE METOIMKY pacuera ais mnoTpedurens, ¢a3bl
KOTOPOTO COETMHEHBI <«GBE3/I0U»?

10. OObsicHUTE METOAMKY MOCTPOEHUS BEKTOPHOW JHMarpamMmbl
JUTSI TIOTPeOuTENIS, (ha3bl KOTOPOT'O COCTUHEHBI <BBE3I0H»?

11. OObsacHuTe poOJdb  HEUTpPaNBPHOIO  MpOBOJA  HpHU
CHUMMETPUYHON U HECUMMETPUYHON HArpy3Kax.

12. B xakoM COOTHOIICHWU HaxomsTcs (a3Hble M JMHEHHBIC
HampsDKEHUsT Tpex(a3HOro CHUMMETPUYHOTO TOTpeOuTeNs, (asbl
KOTOPOTO COEAMHEHBI «TPEYTOJIbHUKOM»?

13. B kakoM COOTHOIICHWH HaXOAATCs (a3Hble W JIMHEHHBIC
TOKHM Tpex(a3HOTO CHMMETPUYHOTO NOTpeOuTessi, (ga3bl KOTOPOro
COCIMHEHBI «TPEYrOIbHUKOM»?

14. OOpsicHuTe METOAMKY pacuera g mnorpedutens, Qasbl
KOTOPOTO COETMHEHBI «TPEyrOIbHUKOM»?

15. OObsicHUTE METOAMKY MOCTPOEHUS BEKTOPHOM JHMarpamMmbl
JUIs TIOTpeOuTENsI, (ha3bl KOTOPOTO COCTMHEHBI «TPEYTOJIEHUKOM»?

16. Kak u3MepsoT akTUBHYIO MOITHOCTb B TpeX(a3HbIX LEnsix?

bubnuorpaduyeckuii CIMCOK K TPEThEMY M YETBEPTOMY pasjieiam

1. Kacamxun A.C., Hemyos M.B. DNeKTpOTeXHUKA: YUEeOHUK
U1t By30B. M.: DHeproatomusaar, 2000.C. 104-123.

2. Pexyc [I'I., benoycos A.M. COOpHUK 3amad IO
AIIEKTPOTEXHUKE M OCHOBAM 3JIEKTPOHHUKH. M.: Bricmi. mkoma, 1991.
C. 211-231.
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5. OPTAHU3ALIMOHHBIE YKA3AHUAL. .
ODOPMIJIEHUE U 3ALIUTA PACUETHBIX 3AJAHUU

PyKOBO/ICTBO BBINOJIHEHHUEM PACUETHBIX 331aHUH OCYILECTBIISET
JEKTOp TOTOKAa WM MpPEeNoAaBaTeNb, BEAYIIMH NPAaKTUYECKHE W
nabopaTopHbIe 3aHATHUA B KaXJ0W yueOHOH moarpymnme. PacuerHsie
3a7aHUsl BBIJAIOTCA IO Mepe M3Y4YeHHs TeM Kypca, NpH 3TOM
KaXJIOMY CTYJICHTY YKa3bIBa€TCs HOMEp OJHOrO0 M3 BapHaHTOB,
MPHUBEICHHBIX B Tabn. 2.1wu Tadm. 2.2 st pacyeTHoro 3amaHus Nel
wid B 1abn. 4.1 u tabn. 4.2 nnsa pacuyerHoro 3amanust Ne2. Cpok
BBITIOJTHEHUS PACUETHBIX 33aHUH ONpeaeNnsieT PyKOBOIUTEb.

Jl1si CBOEBPEMEHHOTO U KaU€CTBEHHOT'O BBIITOJHEHHSI PACUETHBIX
3aaHU  CTYAEHTHl O0S3aHBI  IOCEIIATh KOHCYJIbTALUH IO
CaMOCTOSITENILHOM pabore, IIPEYyCMOTPEHHbBIE y4eOHBIM
pacmucaHueM, W MOTYT HCIOJb30BaTh Yachl KOHCYJbTAIHI,
IPOBOUMBIX JIEKTOPOM.

OdopmisiTh  pacyeTHBIE 3alaHMsl CIAEAyeT Ha JIBOWHBIX
TETPAJHbIX JUCTaX. [IepBBIM JIMCTOM PACUETHOTO 3aJaHHS SBISACTCS
TUTYIBHBIN JIUCT, 00Opaser; o(opMiIeHHsT KOTOPOrO NPEACTAaBICH B
[Mpunoxxennn. BekTopHbIe AMAarpaMMbl MOTYT OBITH BBIITOJHEHBI HA
MUJUTUMETPOBOM Oymare.

K 3ammure pacyeTHOro 3amaHusl CTYAEHT JIOJKEH NPEICTaBUTh
HOJTHOCTBIO 3aBEPIICHHBI M O(QOPMIICHHBIH pacyeT C MOSCHECHHEM
UCTONB3yeMbIX  (OpPMYJII U NPOBOJUMBIX  MpPeoOpazoBaHUIA,
COACpKAIlMi HMCXOJHBIC JaHHBIE, CXEMbl W  COBMEIICHHBIC
BEKTOpHBIE IMAarpaMMbl ¢ yKa3aHHEM MaciITaOoB.

BeimmonHenHoe M 0(OpMIIEHHOE pacdyeTHOE 3a/laHHue ClaeTcs Ha
poBepKy pykoBoauTento. Ilocie mpoBepku MPOU3BOIUTCS 3alUTa
pacyeTHBIX 3aJaHuii, mpoBoauMas B ¢opme cobOecemoanus. [lo
pesynbratam cobeceqoBaHus (C y4eTOM CpOKa C/Iauyd pPacyeTHOTO
3aJlaHHsl Ha TIPOBEPKY) CTYACHTY BBICTAaBISIETCS OLICHKA, KOTOpas
¢ukcupyercss B KypHaje y4eOHOH Tpymmbl W YYUTHIBACTCS INPU
MOJICYETE PEUTHUHTA.
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