TpexdasHble
Lienu




MarauTHoOE I10J1E

N
. |
S







feq

QI




MaruuwTtHoe none
NPAMOTo NPpoBOAHUKAE C TOKOM
L

/

F
3

‘__.-—-*&tﬁ*\ 4-&% /&x_}?ﬁ —_—




MarsutHas UHIYKIHs

B=1

[ — TOK B TpOBOJTHUKE

| — nvHa TpoOBOAHUKA

F — cuna, nercTByromas Ha IMPOBOAHUK
(cuita Amnepa)




MarHUTHbIN NOTOK

@D = BS cosa
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Tpexca3HbIN reHeparTop




| eHeprpoOBaHUE U pacpECIICHUE
3JIEKTPUYECKON SHEPTUU
OCYIIECTBIISIETCS ITOCPEACTBOM
Tpex(a3HbIX LICHEH,
KOTOPBIE 3aIIMTHIBAKOTCS OT OOMOTOK
r€HepaTopoB U TpaHC(HOPMATOPOB,
xapakTepuzyeMbIX (pazHbiMu IJIC

eA(t)a eB(t)a eC(t)
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B HOpMalIbHOM peKuUMe (Pa3HbIC
DJ1C reHeparopoB U
TpaHC(POPMATOPOB OOPA3YIOT
CUMMETPUUYHYIO CUCTEMY, T.€. UMECIOT
OJIMHAKOBYIO TAPMOHHYECKYIO
dhopMy, OIMHAKOBBIC YaCTOTY U
AMILIATYAY U CABUHYTHI 110 (pa3e
OTHOCHUTEJIBHO APYT ApPyra Ha
120 rpagycoB
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e (£)=/2Esin(ax +o))
e,(1) = 2Esin(ax +o—120°)

e.(t) = 2Esin(ex +o-+120°)
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BoaHoBast nuarpamma
npu o.={(
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BexkTOopHas qfuarpamMma

npu oO(={(
E,=E-&¥
s =EKE- R

E.=E. 2"
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E+E.+E . =E-&" +E-¢’” +E-&™ =0
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CoennHeHnE OOMOTOK
Tpex(a3Horo reueparopa
3BE3/I0U.
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a) 3BE3JI0M:




HapsDKCHUS MEXKAY (hazamMu
Ha3bIBAXOTCS JIMHEUHBIMHU
HaOPSDKEHUSIMUA U MOT'YT OBbITh
HaMJICHBI 10 N3BECTHBIM (pa3HBIM

INC
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U,;=3E

- IEMCTBYIOIIICE 3HAUYCHHUE
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e (£)=/2Esin(ax +o))
e,(1) = 2Esin(ax +o—120°)

e.(t) = 2Esin(ex +o-+120°)
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JINHEHHbIC HANMPAKECHUSA :

1, (f) =e (f) —e,(f) =~ 23 3Esin(a¥ + 0+ 30°)
1, (1) =e,(t) —e.(f) =N 24 3Esin(ax +o—90P)

u. (D) =e () —e () =~ 2/ 3Esin(ax +0+150°)
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I'/1C

- KOMILIEKChI e UCTBYKOINHUX 3HAYCHUH
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0) TPEYTOJIbHUKOM:




JINHEHHbIC HANMPAKECHUSA :

u()=e, (1)
uBC(t) :eB(t)

U ()=e(t)
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CoeMHEHUE IIPUEMHUKOB
3JICKTPOIHEPIUH 3BE30M

Neutral (optional) .
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3-Phase Transmission Line
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da3HbIe HAIPSKEHUSA- DTO
HaOPsKECHUS MEXY (hazamMu U
HYJIEBBIM IIPOBOJIOM WUJIU HEUTPAIBIO
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U,=U,-&"

Up=Us- &
U.=U,-&""
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1,=1,-&*
Lp=14 &
Lo=14 e
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2. CoeauHenye HATPY3KH
TPEYroJbHUKOM
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e
IA.I3. I - auneiinbie TOKH;

L Ai. Ipc. Loa- Pa3HbIC TOKH;

Uap, Upcs U - THHElTHBIE

HAaNpPSAKeHUs1, pABHbIE
(pa3HbIM
HANPSAKeHUSAM
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I1o 1 3akony Kupxroda

]A:]AB_]@

ZB :ch _ZAB

I-=1.—14
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CuMMeTpUYHBIN
pexuM
TpexdasHOH LeIH
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CHUMMETPUUYHBIN PEKUM
XapaKTEPU3YETCA CUMMETPUYHOU
cucteMou pa3ubix IC u
HaIIPsOKEHUH, a TAKXKE OIUHAKOBOU
Harpy3kKou (a3
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CHUMMETPUYHBIN PEKUM SIBJISICTCS
HOPMaJIbHBIM PEKAMOM TpeX(pa3HbIX
[IEEN U PACCUUTHIBACTCA
M3BECTHBIMU METOIaMHU B
KOMILIEKCHOM (hopMe
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1. CoeanHeHue 3Be3/1a-
3B€3/1a C HYJIeBbIM
IIPOBOAOM
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IA.I5,Ic - auneiinble TOKH,
PaBHbIC (PA3ZHBIM TOKAM;

Uy, U, U da3nble HANPSIKEHUS;

Inu UN - TOk 1 HanpsizkeHMe
HYJIEBOI'0 MPOBOAA
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I1o 2-my 3akony Kupxroda u 3akony Oma:
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Toraa mo 1-my 3aKoHy
Kupxroda:

In =QV/ZN 1+ I +I=

_Ea+Eg+Ec 30y
Z. V4
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Takum oOpasom

| IR _KE Z:I J]ei(a—(P)

Ig=a’I\

o> Ilc=al\




Takum oOpasom
Ui =Ex
Up =a’E,
Uc=aki,
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KoMmiiekc mojiHou
BbIpadaTbIBAEMOU MOIIHOCTH

BN D EOE N B e

SB =EA_1 A +EBIB +ECIC -
—3.E-1 Jleiq) _
—Iip +jQ39 (BA)
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a) AKTMBHAasI MOIIHOCTDb

=@-Uﬂ-lﬂcoscp=

=3- I?I ) [RE(Z)], (Br)
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0) peakTUBHASI MOIIHOCThb
Qg =Q=3-E-1;sinp=
=/3-Uj;- I sinp=

=313 - [In(2)}, (Bap)
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BexkTOopHas qfuarpamMma

¢p>(
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B CHMMETPUYHOM PEXKUME TOK
HYJIE€BOTO IpoBoAaa 1 1 HanpsoKeHue
cMelIeHus: Heurpanen Uy paBHBI
HYJII0, IO3TOMY LIEIb 0€3 HYJI€BOTO
IIPOBO/IAa PACCYHUTHIBAETCS
AHAJIOTMYHO, IIPUYEM TAKOW pacyeT
MOKHO BECTH Ha OJHY (hazy (A)
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2. CoeauHenye HATPY3KH
TPEYroJbHUKOM NPH

Uxp =U,e?, Z=Zc"
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e
IA.I3. I - auneiinbie TOKH;

L Ai. Ipc. Loa- Pa3HbIC TOKH;

Uap, Upcs U - THHElTHBIE

HAaNpPSAKeHUs1, pABHbIE
(pa3HbIM
HANPSAKeHUSAM
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I1o 3akony OmMma:
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I1o 1 3akony Kupxroda

1A =Tz —Ica =1,

I =Ipc—I g =21,

Ic=Ilca—Ipc=2a-14
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a) aKTUBHAadA 10TpedIsieMas
MOIIHOCTH

P =3-Uy-1p0080=

=/3- U -1, cosp=
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0) peakTUBHAaA noTpedIsseMas
MOIIIHOCTh

Q=3-Uj;-1opSInQp=

=3-1,,- [I(2)], (eap)
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BexkTopHas qfuarpamMma

npu A.>( u >0
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B cuMMeTpHUYHOM pEXUME TP
COCIMHECHUM Harpy3KHu
TPEYTOJIbHUKOM Pacye€T MOKHO OBLIO
ObI BeCTH Ha oaHYy (pazy (A)
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HecMMMETPUUYHbBIN pEXUM
Tpexda3HbIX Lienen

BN D EOE N e
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HecMMMeTPUYHBIN PeKUM

00yCJIOBJICH PA3JIHYHOU HATPY3KOM
(pa3 MM HECUMMETPUYHOHU
CHCTEMOH
HAIIPSAKEHUH Tpex(a3HOro
HCTOYHHUKA,
NpUYEeM B ITOM pPeKHUME
HANIPSI2KCHUS U TOKHA (a3
He 00pPa3yl0T CHMMETPUYHbIE
CHCTEMBI
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HecMMMeTPUYHBIN PeKUM

[IPH CTATHYECKOHU HArpy3kKe (a3
PACCYUTHIBACTCH U3BECTHBIMH
METOAAMH B KOMILJICKCHOM
¢opwme,

[IPpUYEM B 3TOM peKMMe TOK U
HAIIPSI2KEHUE B HYJI€BOM
IIPOBOJIE
MOI'YT ObITH HEe PABHbI HYJIIO
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1. CoeanHeHue
HECUMMETPUYHOWN Harpy3Ku
3BE3/10M
Npu 3al@aHHbIX Pa3HbIX
2[C

(LA # Ly # Lc)
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dHO.

E, = Eel*, Eg =a’E,

Ec — aEA

Zp, Zg, Zc, Zy
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npeaesinTb;

a) IA: IB: IC

6) UAa UB: UC

B) Iy u Uy
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O MeToAy Y3J/10BbIX
OTEeHLIUaJNIoB

n=0
¢ (Ya+Yp+Y¥Yc+Y¥Yy)=

-S

= EAYA +EgYg +EcYc
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Ae NpoBOAVUMOCTM:
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JE

<

I

YYo= 1
Zg
o 1
Zy
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anpshKeHme cMeLleHUns
euTpanen

B ErYAr +tEgYg +EcYc
Ya+Yg+Yc+ Yy

— Jon
=Uye
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10 nepBOMY 3aKOHY
Knpxroda:

=L 15+

C
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o 3akoHy OMa:

83



BekTopHada aAnarpamMma

B D EOE N R e
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ecm Zn=0,T0

YN =

1
=00
VAN

orpa Uy=0 w

EA=

=

As Ug=Ep; Uc=E¢
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Taxkum odpazom,

HYJICBOH IIPOBO BLIPABHUBAET
BCJIMYUHBI (PA3HBIX HANIPAKECHUH
HATPY3KH, YTO UCIOJIb3YyEeTCH
B OBITOBBIX JICKTPUYECKHUX
ceTsXx
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3. CoeanHeHmne
HECUMMETPUYHOWN Harpy3Ku
TPEYrosibHUKOM

(Za #ZLpc # Lca)
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dHO.

i, 2
Uag =U €', Ugc=2a"U,g,
ECA — aHABa

LA, ZLpc, Lca
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npeaenvuTb:

) pa3ubie Tokn lap,lpc,lca

) nMHenHble TOKN 1., I, Ic
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O 3aKOHY OMa:

U
[, = _AB Ipe = Usgc
VAN VA:Ye
U
[, = —CA
Lca
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O NepBOMY 3aKOHY

npxroda:
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BekTopHada anarpamMma

B D EOE N R e
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3MepeHHEe MOLUIHOCTH B
pexda3HbIX Henax
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N3MepeHne MOIITHOCTH
OCYLIECTBJIAECTCH BATTMETPaAMMU,
KOTOPbI€ UMEKOT ABe O00OMOTKHM:
TOKOBYI0 00OMOTKY C MaJIbIM
COIPOTHBJICHHEM M 00MOTKY
HANPSKEHUA ¢ 00JbIIUM
COIIPOTHBJICHHEM
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[Mpu 3TOM BATTMETP UMEET YeTbipe
KA€MMbI

Loy
* | 1
—FF \VVJ j #

1

s U

98



Iloka3zanue BarTMeTpa:

Pyw =U-1-coso, Bt

rae I=I-ejﬁ,A
U=U-¢/* B
¢®=a —p, rpas
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. U3MepeHne cyMMapHOU
KTUBHOM MOIITHOCTH TpexX(a3HOH
eIH C HYJIEBBIM IIPOBOIOM
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=P, +Pg +Pc =Py, +Py, +Py, =
N\ N\
Ul cos(Uala)+Uglgcos(Uglp)+

N\
+ Uclc COS(HC IC ), BT
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. U3MepeHHne CyMMapHOU
AKTUBHOM MOIIHOCTHM Tpex(asHoOH
enu 0e3 HYJIeBOro IPoBo/A
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N3mepeHre MOITHOCTH
OCYIECTBJIACTCH ABYMS
BATTMETPaAMH, IPUYEM OJHA U3
TPEX BO3MOKHBIX CXE€M
CJCAYIOIAs
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N\
PWI + I)VV2 =UCAIA COS((_I_JCA )IA) +

N\

+ UBCIB COS(I_JBC IB ), BT
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. U3MepeHne cyMMapHOU
CAKTHBHOU MOIITHOCTH
pexda3Hou uenu 0e3 HyJIeBOro
POBOAAa B CHMMETPUYHOM
esKuMe
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Q:\EUHIJI sin(p:ﬁ-PW,Bap

Pyw = Ucalgcos| Ucalp | =

= Uyl 5 c0s(90° — ) =

i =UJIIHSin(|)







KpyroBsoe
BpalLlaloLjeecs
MarHUMTHoe
none
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PYroBoe Bpaniaroiieecst
ATHUTHOE I0JIe MOKeT ObITh
031aHO0 NMPH MOMOIIH
pex(a3HOro TOKa, 4YTO ABJIACTCH
AHUM M3 €ro BAKHEHIIINX

g EXHHYECKHX I0CTOMHCTB
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PUCOCAUHUM K Tpex(pa3zHOHU Lenu
PH OJMHAKOBBIC HEIIOABUKHbIE
ATYIIKH, OCH KOTOPbIX CABUHYThI
IHPOCTPAHCTBE 10 OTHOIIECHHUIO K

pyr apyry Ha 120 rpaaycos
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pPA CHUMMETPUYHOU CUCTEME
a3HBIX TOKOB 1,, I, I~ 3TH
ATYIOKH OYAYT CO31aBATh
HAYKIUY MATHUTHOIO noJig B,,

B’ BC
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. PasHble TOKM:

i, =1 sinot

ip =L sin(ct—120°)
i =T, sin(ct +120°)
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Pa3HbIE MHAYKUWUNU MATHUTHOTO MOAA.
B, =B, sinox
Bg =B, sin(cxt —120°)
B =B, sin(ct +120°)
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Eciu B 3T0 Bpamarimeecs
MATrHUTHOE 110J1€ IOMECTUTD
METALIMYCCKUMN IUIHHIP
(poTop), TO 3a cUeT
B3aUMOJACHCTBUSA HABOAUMBIX
B HEM BHUXPEBbIX TOKOB C
MATHUTHBIM I10JIEM IHAJIUHIAP
HAYHET BPAIIATHCH —
ACHHXPOHHbIH JIBUTaTEJIb
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