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PodoTa 8. Jocainxennss TpudazHoi cucTeMu Npu 3’ €IHAHHI
CIOKMBAYiB 3ipKOI0

Study of a three-phase system with star connection of consumers

8.1. MeTta podoTu

BuBYNTH OCHOBHI BIACTHBOCTI 1 3aCTOCYBaHHS TpU(a3HHX Kil NpH
3’€IHaHHI JKepena i crokuBadiB 3ipkoro. [ocmigutu podoty TpudasHoi
CHUCTEMH CTPYMIB NpH PIBHOMIPHOMY 1 HEpIBHOMIpHOMY HaBaHTa)XCHHi
¢a3, a Takox poOOTy cHCTEMH NIPU 0OpHUBi (PAa3HOTO 1 HYJIHOBOTO MPOBOJIB.

The purpose of the work

To study the main properties and application of three-phase circuits
when connecting the source and consumers in a star. To study the
operation of a three-phase system of currents with uniform and uneven
loading of the phases, as well as the operation of the system when the
phase and neutral wires are broken.

8.2. KopoTki TeopeTuyHi BitomocTi

CyKyIHICTh TPBOX €JIEKTPUYHHX KUI, B KUX JIIOTh CHHYCOI/HI €. P. C.
OJIHi€T 4acTOTH, ajle 3CYHyTi 3a ()a3oio ojHa Bif ojHOI Ha KyT 27/3 , i ski
CTBOPEHI 3araJlbHUM JDKEPEIOM eJNEKTPHYHOI eHeprii, Ha3HBa€eThCs
Tpu(a3HO eJEeKTPUYHOI cucteMor. OKpeMi eNeKTpu4Hi Koja, sKi
YTBOPIOIOTH TPU(A3HY CUCTEMY, HA3UBAIOTH (ha3aMH .

CyKyIHICTb €. p. C., SIKi Jif0Th B TpU(asHiil CUCTEMi eJIeKTPUYHUX Kill,
Ha3UBAIOTh TPU(PA3HOIO CUCTEMOIO CINEKTPOPYUIIMHUX CHII , & CYKYIHICTh
CTPYMIB, SIKi MPOTIKAIOTh Y IUX KOJAaX, HA3UBAIOTh TPU(PA3HOIO CHCTEMOIO
CTpYMiB.

Haii0inpme mnomupeHHs B Cy4acHId eJIeKTPOEHEepPreTHlll OTpUMAain
tpudaszHi cuctemu. [IpakTU4HO BCce BHPOOHMIITBO, Iiepefada Ta
CTHIOKMBAHHS €JIEKTPUYHOT €Heprii 3/MIHCHIOEThCS B TPU(PAZHUX CHCTEMAX,
o o0yMOBIIEHE TaKMMHU TiepeBaraMu Tpr(a3HUX CHCTEM Y TIOPIBHSHHI 3
onHO(A3HUMH SIK MEHIII BUTPAaTH MPOBOJIIB JJs [epeaadi 3aaaHol
MOTYXHOCTI, TPOCTOTA TEXHIYHOI peaizalii 00epToOBOro MarHiTHOTO TMOJI,
Ha BUKOPHCTaHHI SIKOTO MOOYJ0BaHI aCHHXPOHHI i CHHXPOHHI JIBUTYHU —
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OCHOBHI CTIOKMBadi €JIEKTPUIHOI EHEPTii.

Tpudazae KOIO CKIAZAETBCS 3 TPbOX OCHOBHHX CIIEMCHTIB:
Tpuda3zHOro TeHepaTopa, SKWH IHAyKye TpudasHy cHCTEMYy e.p.C.,
Tpuda3HOi JIiHI{ eIeKTpoIepeaadi i CIOKHUBaYiB eIeKTPUIHOI SHeprii, SKi
MOXYTh OyTH sK TpudazHUMHU (EIEKTPOABUTYHH 1 IHII MPOMHCIIOBI
YCTaHOBKH), TaK 1 ogHo(asHmmu (omHO(A3HI ABUTYHH, 3BapIOBaJIbHI
TpauchopMaTOpH, JJAMITOUYKH PO3’KapIOBAHHS TOIIIO).

Tpudaszni xoma MOXyTh OyTH 3’€qHaHI 3ipKOIO ab0 TPHUKYTHHKOM,
MpUYOMYy CHOCIO 3’€THAHHS OOMOTOK TeHepaTopa 4u TpaHchopMaTopa He
BH3HAYa€ CrocoOy 3’ €THAHHS CIIOKUBAYiB €JIEKTPUIHOT €HEePTii.

Haii0impm  mommpeHMM €  3’€gHaHHA ~ OOMOTOK  TeHepaTopa
(Tpanchopmaropa) 3ipKor0, KOJIH KiHI[i OOMOTOK 3’€IHYIOTh B OJHY TOUKY,
SIKY Ha3MBaIOTh HEUTPAILHOIO TOUKOO (prc.8.1).

IIpoBomm, ki ¥ayTh Big TOYaTKiB  OOMOTOK  TeHeparopa
(Tpancdopmaropa), Ha3HMBaOTh JIHIHHUMH, a TPOBIA, SKHHA #me Bif
HEUTpambHOI TOYKH, HA3WBAIOTh HEUTPAIbHUM abo HYJIhOBUM, 00 B
CUMETPUYHIA CUCTEMI CTPYM B HHOMY JTOPiBHIOE HYJIIO.

Enexrpopymrifini cunmu, gKki iHIYKYROThCS B OOMOTKax TeHepaTtopa
(Tpancdopmaropa), Hapyry Ha 3aTHCKaYax MUX OOMOTOK i CTPYMH B HHX
HasuBaloTh (GasHUMH e.p.c. (€,,65,6c), Hampyramu (U,,Ug,Uc) 1
crpyMaMH (i,ig,ic ), @ HAIPYrH MDK CYCIIHIMH NIPOBOAAMH — JTIHIHHAMHA
Hanpyramu (Upg,Ugc Uca )-

Iy

* > A
A
€a ZA
uAB uCA u/\
0 I
‘e/ \iﬁ‘ A
Us

Puc.8.1



Cronydennss Tpuda3HOI CHCTEMH 3IPKOK MOXHA 3IIHCHUTH JBOMa
crroco0aMu: 3 HEUTpaIbHUM TIPOBOAOM (YOTHPHUIIPOBITHA CHUCTEMA) 1 Oe3
HBOTO (TpHIpoBimHa cucTema). HaiOiapII MIMPOKO 3aCTOCOBYETHCA
YOTHUpUIPOBiTHA cucteMa (puc.8.1), 60 mo3BoJsie min’ eqHyBaTH TpUPa3Hi,
nBodaszHi 1 ogHO(a3HI crokuBadi, 3abe3nedye He3alnexxHy pobory das i
Mae J1Bi HanpyTu: (ha3Hy 1 TiHIAHY.

Sxmo B TpudasuHiid cucremi mosHi onopu £, =7, =7Z., TO Taka
CHCTeMa Ha3MBAEThCSA CUMETPUUHON0. B cuMeTpuyHiii cucteMi i, =ig =i¢,
TOOTO (ha3Hi CTPYMU PiBHI 3a BEIMYUHOIO, ajie 3MIIICHI 3a (a30r0 OJIUH Bij

OJTHOTO Ha KYT 27 3 1 OTMMCYIOTHCS TAKUMH PIBHIHHIMH:
i,=1 sinwt,
i,=1, sin(a)t—z%), 8.1/

ic =1, sin(a)t—47f3),

ne I, ., 1,1 1,.-aMIniTyHi 3Ha4eHHs BiANOBIAHUX (Da3HUX CTPYMIB.
OCKiTbKH B CUMETPUYHIN TpUQa3Hiii cucTeMi MOBHI omopu (a3 piBHi,
TO pIBHUMU OYAYTH i KyTH 3CYBY (a3:
r r 7
cosp, = =cosp, =2 =cosp,. =<
Z, Z, Z.

3a mUX yMOB CyMa MHTTEBUX 3Ha4eHb (a3sHUX CTpyMiB i, +i, +i. =0 i
cTpyM B HeiitpansHoMy mpoBoxi Iy =0. Omxe, TpudasHa cumerpudHa

CHUCTeMa MOKe OYTH TPUIPOBiIAHOIO (0€3 HEHTPaTBLHOTO MTPOBOY).
3acTocyBaBIIM ISl JIIHIHHUX KOHTYPiB Apyrui 3akoH Kiproda, MoxHa
MUTTEBI 3HAYSHHSI JIIHIHHUX HANpyT BU3HAYATH Yepe3 ¢a3Hi, a came:

S

Upg =Up —Up,
UBC:uB_uC’ a60

SIS
s3]

18.2/

9}

g
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[
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CkaBmy 11l piBHSAHHSA, 3HAWAEMO, IO CyMa SK MHUTTEBUX 3HAYCHBb
JMHIAHUX HANpYT, TaKk 1 cyMa WX HAOpyT y BEKTOpHiM (opmi AopiBHIOE
HYJTFO.

Ha puc.8.2 HaBemeHi BEKTOpHI JiarpamMu Hampyr, MoOynoBaHI Ha

mizcrasi pisHsiHb /8.2/. BuxigHowo € miarpama ¢asunx mHanpyr U y U 5 1

2
U ., 3cyHyTHX O/1Ha BiJl OJIHOI Ha KYT T (puc.8.2,a).

A
UAH
Ugc,
P Pad
- UCA
c Tpe B
6)
Puc.8.2.

Jnst  BHU3HAuYEHHS CIIBBIHONIEHHS MK JiHIMHEMH 1 ¢a3HUMU

HalpyraMy  OIyCTMMO — NEpHEeHJUKYIsp 3 Kinug Bektopa U, Ha

BEKTOp U 45 -TpukytHuk OAB  piBHOOenpeHuii, Tomy Touka K minmuth
cropony OB naBmin. I3 npsmokyTtHOro Tpukyrauka OAK maemo

1
OK =-U,; =U, c0s30° = gUA a6o U, =3U,. 183

Otxe, B cuMmeTpuuHid TpudasHiid cucremi JiHIHHI Hampyrud OuIbIi
¢ha3oBux B NE) pasiB i piBHi 3a BermuuHOIO (prc 8.2,0).

Sxmo B TpudasHii YoTUpUNPOBiAHi cuctemi (puc.8.1) moBHiI omopu
da3 wmepiBni (£, #Z, #Z.), mo Mmae Mmicue, Ko 10 TpudasHOro
JoKepesia JKUBJICHHS MIIKIIOUeHl OfHO-, N1BO-, | TpudasHi croxwusadl,

HANpUKIaJ, eJIeKTPOCBITWIPHUKY, 3BaplOBaJibHI TpaHcpopmaropu |
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ACHHXPOHHI IBUTYHH, a00 00ipBaBCs OAMH i3 MiHIHHUX MPoBOIiB, TO (asHi
HAMpyrd y CIOXKHUBadiB OymyTh mpomopiiiHi moBHuUM omopam (a3, Ile
IPHU3BEJIE 10 BUHUKHEHHSI CTPYMY Y HEUTPaIbHOMY ITPOBOI

Iy =i, +iz+i /8.4

i pisuumi Hanpyr U, mixk toukamu 0 0.

[[Mo6 xpame e 3po3yMiTH, PO3TIISTHEMO BHIAAOK, KOJIH A0 TpHQazHOi
YOTUPHUIPOBiAHOT Mepexki (puc.8.3, a) mig’eqHaHi CHOXKHBaYi, IOBHI
nposignocti akux Y, #Y, #Y.,a U,=U, =U, =U_,. 3a uux ymon
dasui crpymn [, =U Y, 1, =U,Y, i I.=U_Y.. 3acrocyBaBum 10

toukn 0’ mepumii 3axon Kiproga B cuMBomniugiit Gpopwmi, 3anumiemo:

I+, +1.=1,. 18.5/
AUA : A
tu, <
i
0 7R B ¥ R 0 N
- :
Yo |Y4 |Ys
0
a) 6)
Puc.8.3

CuMBONIYHUI MeToja, MOOyIOBaHWN Ha TMPEICTaBICHHI BEKTOPIiB
KOMIUIGKCHUMU YWCJIaMU, Ha BIJIMIHY BiJi BEKTOPHHMX Jiarpam J03BOJISE
oJlepXKATh AaHANITHYHI 3aJIe)KHOCTI JUIS PpO3PaxyHKY Kill 3MiHHOTO
CHUHYCOIJHOTO CTPyMYy. 3a IIMM METOJIOM CHHYCOiTHI (DYHKIIIT, HATPHUKIIAI,
CTPyM [, , 3aIIUCYIOTh B Takiil opmi :

P : — Jot+y) jot | ivi _ § ot

i,=1,sin(ot+y,)=1,e =1,e" e’ =1,e’",
pe 1,=1, 6" —xommnexcua ammiiryma crpymy, Y/, — HoYaTKoBa
¢aza crpymy.



BHKOPHCTOBYIOUM CHUMBOJIIYHHIA METOJ, CTPYMH, SIKi BXOJSTH B
piBHsHHS /8.5/, MOXHa BHpa3WTH Yepe3 BiIMOBIAHI MPOBIAHOCTI 1 HAPYTH.

IloznaumBmm (a3Hi HampyTH Kepeda KUBICHHS depes U 4> U B> U cr a
Hanpyru Ha crioxkusadax aepes Uy, U}, UL, omepxumo

Iy =UqYo;

Ia=UpYa=(Up-Ug)Vya;

. - . . /8.6/
Ig =UgYg =(Ug —Ug )Yp;
lc =UcYe =(Uc —Ug )Yc.
CxITaBIIy mi piBHSAHHS, MATUMEMO
UY,+UY, +U.Y. =U,(Y,+Y, +Y.+Y,),
3BIIKH
:UAYA+UBYB+UCYC. 8.7/

0

Y, +Y, +Y. +Y¥]

Pigusianst /8.7/ mo3Bossie 3a pa3sHMMHU Hampyramu JuKepesa sKUBJICHHS i
nposigHoctamu Y, Y, Y., Y,  BusHauutm Hampyry U, Mmix
HEUTpabHUMH TOYKaMU, 3HAIOUH SKY, 32 (opMynamMu 3HaXOSATh HANPYTH

Ha CIIOYKMBAYaX i CTPYMH B KO)KHOMY 3 HUX.

Ha puc.8.3,6 HaBeneHa BeKTOpHA Jiarpama Hampyr, sKa MOXe OyTH
noOymoBaHa, Ko 3a ¢Gopmysow /8.7/ BU3HAYMMO UO, i siKa TOKa3ye
3MIIIEHHS HEUTpalbHOI TOYKM Yy croxuBaviB. Lle mnpu3BoAMTE 10
nepeHanpyru Ha (aszi C i 3HAYHOrO 3MEHINCHHS Hanpyru (asu A, 1o €
HeOakaHo, a MPY 3HAYHIN 3MiHI — HEJJOMYCTHMO.

SIkI0 HEUTPaJILHOTO MPOBOLY HeMae (0OpUB MPOBOAA), TO B (hopMyJi
/8.7/ motpibno BBaxkatu Y, =0, mo nmpusBene 10 30iMbIIEHHS NEPEKOCy
(da3HNX Hampyr Ha CIIOXWBadax elieKTpoeHeprii. ToMmy, TpPOEKTyHoUn
MEpeXi eJEeKTPOIIOCTauYaHHs, HaMararThbCsi 3a0e3NevnuTH piBHOMIpHE
3aBaHTaXCHHS ¢a3.

SIKII0 HABaHTAKEHHS CUMETPHYHE, 110 OyBa€ KOJIM HUM € aCHHXPOHHI 1
CHUHXPOHHI JIBUTYHHM Ta iHON TpudasHi mOpuUCTpoi, TO CTPyM B
HelTpansHOMy (HymboBomy) mposoai [, =(0. Tomy Tpudasni aBUryH:
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3MIHHOTO CTpyMy 1 iHII TpudasHi NPUCTPOi Mia €IHYIOTh 0 MEpEexi
JKUBJICHHS TPYOKHILHUMHA KabelssMu (TpboMa ITPOBOIAMH).

[lpu cuMmeTpryHOMY HaBaHTa)XKEHHI HeMae MOTPeOU pO3paxoBYBATH
CTpyMH Bcix (a3, a JOCTaTHbO Juine onHiei. Po3paxyHku BemyTh 3a
3akoHOM OMa

u, . r
I,=1,=1.=1,=—% 1icosp, =—2, /8.8/
Z Z
D (]
ae 7, i Z, — aKTUBHHI i TOBHUIT onopH (as3.
[lpy HecuMETpUYHOMY HABaHTAXKEHHI, MO OyBae KOJNM JO OHiel
MEpeXi TiJ €IHYIOTh ACHHXPOHHI JBHUTYHH, OCBITJIICHHS, 3BaprOBAJIbHI

TpaHCchOPMATOPH TOIIO, BH3HAYAIOTH CTPYMHU KOXKHOI das3m, sk Oyio
BUKJIQJICHO BUIIIE.

OckinbKH OITip HEWTPATBHOTO NPOBOAY Z, 3HAYHO MEHILIUH BiJ Omopy

¢da3u, TO iIM TpU po3paxyHKaX IHKOJIM HEXTYIOTh, TOOTO BBa)XKAIOTh
Z, =0.Y npoMy BUNAJIKy HaNpyI' Ha CIIOKMBAYaX PiBHI 1 3CyHYTi Ha KyT
27/ 34 wiei
® 3 - 3a niei ymosu ctpymu a3
U,. Ug
I, =—"%; I, =—1 I¢
Z,

ne Z,,Zy i Z. — nosui onopu Bianosiguux ¢as, a U, =Ug =Uc =U,,.

_Ue

, 18.9/
ZC

BusnauuBmm kytH 3cyBy (a3 CTpyMmiB BIANOBITHO Hampyr 3a
dhopmynamu

cos @, :;—A; cos @ :g—Bi COSqaC:ZrL, 18.10/
A B C

Oy/IyIOTh BEKTOPHY Jiarpamy CTPyMiB
(puc.8.4) i Ha 11 mijcraBi BU3HAYAIOTh

CTPYM Y HEUTpaIBHOMY ITPOBO/II
I,=1,+1,+1.. 1811
Take chpomieHHS  pO3paxyHKiB
YOTHUPHUIPOBITHUX KiJ JIOMYCKA-€ThCS
TOJIi, KOJIN HECUMETPisi HaBaHTAXKCHHS
HE IMEPEBUIIYE HEOOXITHOI TOYHOCTI

B PO3paxyHKiB.




I'paHryHIM BHITAIKOM HEPIBHOMIPHOTO HaBaHTaXEHHS (a3 B YOTHPH
MPOBIAHIN cucTeMi Tpu(Da3HOTO CIIOXKKBa4a, Ia €THAHOTO 32 CXEMOIO
3ipka, € oOpuB onHiei i3 ¢a3z (Zy=w). Tak, mpu obpuBi dazum A4 i
CUMETPUYHOMY HaBaHTAXEHHI He OyJae CTpyMy B CIOXHBadi, SKHH
JKUBUTHCS Bifl pasm A, a y nBox iHmUX ¢aszax, sKi 3HAXOIATHCS IMif
HAIMpPYTOI0, CTPYMH HE 3MiHSATBCSL.

Slxmo HaBaHTakeHHA (Da3 Oyllo HEPIBHOMIPHUM, TO TIpU 00puBi (azu A
3MIHATBCS PeXUMHU poOOTH B iHImMX ¢azax. JiiicHo, 1o obpuBy dazu A
CTPyM B HYJIhOBOMY TIPOBOJI BH3Ha4yaBcs piBHSHHsAM /8.11/, a micns
o6puBy (1a=0) Oyze cripaBeaMBa PiBHICTH

I, + 15+, =0. /8.12/

BekTopHa miarpama [Uisi IIbOTO BWITAAKy TpW HaBaHTaXeHHI (a3
akTuBHUMH onopamu (Rs#Rc) HaBenena Ha puc. 8.5, a. I3 giarpamu BuaHO,
0 CTPYM Yy HYJIBOBOMY IIPOBOJI 3HAYHO 301IBIIUBCSA 1 3HAXOIUTHCH y
npoTtudasi 3 TEOMETPUIHOIO CyMOIO CTpymiB B (asax B i C, a ¢azHi i
JHIAHI HAPYTH HE 3MiHUITICS.

Ha pmc. 8.3, 0 moka3zana BekTopHa miarpama (a3HHX Hampyr B
YOTHPHIIPOBIHIA CUCTEMI ITPH HEPIBHOMIPHOMY HaBaHTaXKeHHI (ha3.

A
A
/N
/ | \
/ | \
/ \
/ } \
/
/ (0] \\
/ _ ~ \
e S~
/// 00’ \\\B
Us Uc © Ugc Usg
a) 0) B)

Puc. 8.5

SAxio y Takid cucteMi 00ipBaTH HYJIBOBHUH MPOBI, TO 1€ MPHU3BEIE 10
e OLIBIIOro mepepo3noniay ¢a3Hux Hampyr. lle 3ymoBiieHe THM, IO
CTpYM, SIKAH TIPOTiKaB O HYJIHOBOMY TPOBOJY, JICIIO BHUPIBHIOBaB (hazHi
Hanpyru. [Ipu 0OpHBi HyJTLOBOTO MTPOBO/JIA MAJIHHS HANPYT B dazax OyayTh
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MPSIMOIIPONOPIIiiHKUMH omopaM (a3, TOOTO y (a3l 3 OUIBLIMM OIMOPOM
Hampyra Oyzae OimbmIo 1 HaBMakd. MiXK HYJIBOBOIO TOYKOIO T€HEpaTropa
(TpancdopmaTopa) i HyIHOBOIO TOYKOIO CIIOKHMBada Oyje MisATH Halpyra
Uy, mpomiopiiiiHa BEMMYNHI CTPYMY, SKHH IIPOTIKaB 10 OOPUBY HYJIHOBOTO
MPOBOJIA.

Ha puc. 8.5, 6 300paxkeHa BEKTOpHA Jiarpama Hampyr i CTpyMiB JUis
BUMAAKy HepiBHOMipHOTO HaBaHTaxeHHS (Rc<Ra<Rs) mpu o06pusi
HYJTBOBOTO TIPOBOJA. [3 miarpamu BUIHO, IO TPUKYTHUK JIHIHHAX HAMPyT
3anummBCes 0e3 3MiHU, a 3ipka (ha3HWX HaIpyT 3MIHWAJACh 13-3a HANpPYyTH
Uoo.

SIKmo B pO3IIIAHYTIH CHCTEMi JOJATKOBO BHHUKAE OOPHUB, HAPUKIAI,
¢azu 4, To dasu B i C 6ynyTs 3’ eanani nociigoBHo. PazHi crpymiu lg i lc,
SKi MPOTIKATUMYTH Yepe3 MOCHiAOBHO 3’€HaHI (a3Hi OMOpH CIIOXKHBAYa,
OyIyTh OAMHAKOBHMHU, a (pa3Hi HAIPYTH — MPSAMO MPOTOPIIHHIMHA OTIOpaM
¢a3. ToMmy Ha BekTOpHiii miarpami (puc. 8.5, B) Touka O’ nepemicTunach
Ha BeKTOp HiHiitHoi Hampyru U g . K110 mpu ms0My 6y1eMo 3MEHITyBaTH

omip ¢aszu C, To rouka O' Oynme 3mimyBatucek BuiBo i Hanpyra Ugy: Gyne
HAOMMKATHUCh A0 (a3HOT HANPYTH JKepeia KUBJICHHS.

OTxe, Mpu HEPIBHOMIPHOMY HaBaHTaXeHHI (a3 i 0OpHBI HYIHOBOTO
MpoBO/a BeNMWYMHA By3nmoBoi Hampyru Ug Oyme 3amexatn Bifg
CHIBBiTHOMIEHHS OMOPiB (a3 i MOXKe HaOMMKAaTHCh 10 (a3HOI HAIpyTH.
Posmoxin Hanpyr Mmixk ¢aszamu Oyne TakoX 3alie)aTH BijJ iX OMopis, mIO
HOTIPUINTE JKUBJICHHS CIOXHUBA4YiB 1 MOPYIIUTh HOPMAJBHHHA PEXHM iX
po6otu. ToMy B HOTHPHUIIPOBIAHUX KOJIax TPU(Pa3HOTro CTpyMy HE CTABIAThH
3aro0KHUK Ha HYJIBOBOMY MPOBOJI, MEPEropaHHs SIKOr0 HpU3BEAE 0
nepepo3noiny (rmepexocy) ha3sHux HAMpyT.

YortupuriposimHi TprudasHi Mepexi SBISIOTHCS OCHOBHUMH B CHCTEMax
enekTpornocTayanus Hu3bkoi Hampyru (U<1000 B). B takux Mepexax
HEUTpaNbHUN MPOBIAHHUK 3a3€6MIIIOIOTh HA TPaHC(POPMATOPHIN MiACTAHIIIT 1
/moBTOpHO/ Ha omopax JiHiil enekTpornepenad. [lpm mpomy moOyTOBI
CTMIOKMBaYi, HATIPUKIIAJ, OCBITIIEHHS, MOOYTOBa TeXHIiKa, MiA €AHYIOThH IO
¢dazHoi Hampyru, ska gopiBHioe 220 B, a cuioBe HaBaHTaXEHHS — [0
niniHO1 Hanpyru 380 B.

B Tpudasniii cucremi akTUBHa i peakTHBHA MOTY>KHOCTI JOPiBHIOIOTH
BIJIMOBIHO CyMi aKTUBHHX 1 PEAaKTUBHUX MOTY>KHOCTEH (a3:

P=U,l,cose, +U;l;cosp; +U.l.CcoS¢p.;
ATA A B'B B c’cC C /813/
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Q=U,l,sing, +U l;sing, +U_ I sing.;
1 TUTBKH B CHMETPHUYHIHN CHCTEMI

P=3U,l cosp, Q=3U,l,sing, /8.14/

[ToBHa MOTYXHICTH

S —./p2 +Q2. /8.15/

Brief theoretical information

A set of three electric circuits in which sinusoidal electric currents act.
of the same frequency, but shifted in phase from each other by an angle

2n/3, and which are created by a common source of electrical energy, is

called a three-phase electrical system. Separate electrical circuits that form
a three-phase system are called phases .

The set of electric currents acting in a three-phase system of electric
circuits is called a three-phase system of electromotive forces, and the set
of currents flowing in these circuits is called a three-phase system of
currents.

Three-phase systems have become the most widespread in modern
electric power. Practically all production, transmission and consumption of
electrical energy is carried out in three-phase systems, which is due to such
advantages of three-phase systems in comparison with single-phase
systems as lower consumption of wires for the transmission of a given
power, simplicity of technical implementation of the rotating magnetic
field, on the use of which asynchronous and synchronous motors are built -
the main consumers of electrical energy.

A three-phase circuit consists of three main elements: a three-phase
generator that induces a three-phase E.S. system, a three-phase power
transmission line and consumers of electrical energy, which can be both
three-phase (electric motors and other industrial installations) and single-
phase (single-phase motors, welding transformers, incandescent bulbs,
etc.).

Three-phase circuits can be connected by a star or a triangle, and the
method of connecting the windings of the generator or transformer does
not determine the method of connecting consumers of electrical energy.

12



The most common is the connection of the windings of the generator
(transformer) by a star, when the ends of the windings are connected to one
point, which is called neutral point (Fig. 8.1) .

The wires that go from the beginnings of the windings of the generator
(transformer) are called linear, and the wire that goes from the neutral
point is called neutral or zero, because in a symmetrical system the current
in it is zero.

The electromotive forces induced in the windings of the generator
(transformer), the voltages on the terminals of these windings and the
currents in them are called phase emf. ( e,,eg,ec ), voltages ( u,,Ug,Uc)

and currents ( i,,ig,ic ), and the voltages between adjacent wires are linear
voltages ( Upg,Ugc,Uca ) -

TCA Z,
U,p Uca U,

Fig. 8.1

Star connection of a three-phase system can be carried out in two ways:
with a neutral wire (four-wire system) and without it (three-wire system).
The four-wire system (Fig. 8.1) is most widely used, because it allows
connecting three-phase, two-phase and single-phase consumers, ensures
independent operation of the phases and has two voltages: phase and line.

If the three-phase system has full resistances Z, =7, = Z ., then such

a system is called symmetrical. In a symmetrical system i, =ig =i, that
is, the phase currents are equal in magnitude, but phase-shifted from each

13



other by an angle 277 , and are described by the following equations:
i,=1,sinwt,

iy =1, sin(a)t—z%), /1811
c=1,. sin(a)t—4%),

where I, ,, I ,and [, .are the amplitude values of the corresponding
phase currents.

Since in a symmetrical three-phase system the total phase resistances
are equal, the phase shift angles will also be equal:

cosQ, = L4 cosQ s cosQ fc
A = = B = —= c = —
Z Z

A B C

Under these conditions, the sum of the instantaneous values of the phase
currents i, +i, +i. = 0and the current in the neutral wire i; =0. So, a
three-phase symmetrical system can be three-wire (without a neutral wire).

Applying Kirchhoff's second law for linear circuits, it is possible to
determine the instantaneous values of linear voltages through phase
voltages, namely:

N

QI 5| S
|
Q| SIS

[>]
-

Upg =Up — UB’ (i
(7

Uca =Uc — UA’
Putting these equations together, we find that the sum of both the
instantaneous values of the line voltages and the sum of these voltages in

vector form is zero.
In fig. 8.2 also shows the vector stress diagrams constructed on the

basis of equations /8.2/ . The output is a diagram of phase voltages UA,

_ _ 2r
U ,and U ., shifted from each other by an angle 3 (Fig. 8.2, a).

14



Fig. 8.2.

To determine the ratio between line and phase voltages, let's lower the
perpendicular from the end of the vector U ,to the vector U ,,. The

triangle OAB is isosceles, so the point K divides the side OB in half. From
the right triangle OAK we have

1 3
OK =-U,; =U, c0s30° =§UA or U, =+3U,/831

Therefore, in symmetrical in a three-phase system, the line voltages are
times greater than the phase voltages V3 and are equal in magnitude (Fig.
8.2, b).

If in a three-phase four-wire system (Fig. 8.1 ) the total resistances of
the phases are unequal (Z, # Z, # Z.), what is the case when single-,
two-, and three-phase consumers are connected to a three-phase power
source , for example, electric lamps and torches, welding machines and
transformers and asynchronous motors , or if one of the line wires is
broken , the phase voltages at the consumer will be proportional to the total
resistances of the phases. This will lead to a current in the neutral wire

iy=i,+i, +i. 184/

and voltage differences U , between points 0 0.
15



To better understand this, let's consider the case when consumers are
connected to a three-phase four-wire network (Fig. 8.3, a), whose total

conductivity is Y, #Y, #Y., and U, =U, =U, =U_. Under these
conditions,  the  phase 1,=U"Y,, I,=UyY,currents  and
1. =U_Y. Applying Kirhoff's first law to the point 0"in symbolic form,
we write:

I, +1,+1.=1,. /1851
AUA : A
tu, «
| tu.
0 v, b L 1 1 0 N
I - B
Yo Y. |Y,
O o ¢
a) 6)
Fig. 8.3

The symbolic method, built on the representation of vectors by complex
numbers, in contrast to vector diagrams, allows you to obtain analytical
dependencies for calculating alternating sinusoidal current circles.
According to this method, sinusoidal functions, for example, current 7,
are written in the following form:

jot

JVi :IAe ’

i, =1, sin(wt+y,)=1e"“"" =1 e e

where is fA = ImAe””' — the complex amplitude of the current, i, —the

initial phase of the current.
Using the symbolic method, the currents included in the equation / 8.5/
can be expressed in terms of the corresponding conductivities and voltages.

Denoting the phase voltages of the power source by UA,UB,UC, and the

voltages on consumers by U’,,U,U., we obtain

16



|‘0 :UoYo;
I.A ZU’AYA =(UA —Uo Was

. . . . 18.6/
lg =UgYg =(Ug —Ug )Yg;
lc =UcYe =(Uc —Ug )Ye.
Putting these equations together, we will have
UY, +UY, +U.Y. =U,(Y, +Y, + Y. +Y,),
where
U :UAYA+UBYB+UCYC' 1871

0

Y, +Y, +Y. +7¥

Equation / 8.7/ allows you to determine the voltage between the neutral
points U based on the phase voltages of the power source and the

conductivities Y,,Y,,Y.,Y,, knowing which, the voltages on the

consumers and the currents in each of them can be found using the
formulas.

In fig. 8.3 b shows the voltage U0 vector diagram, which can be

constructed if we determine according to the formula / 8.7/, and which
shows the displacement of the neutral point at consumers. This leads to an
overvoltage on phase C and a significant decrease in the voltage of phase
A, which is undesirable, and in case of a significant change, it is
unacceptable.

If there is no neutral wire (broken wire), then formula /8.7/ should be

taken into account ¥, =0, which will lead to an increase in the distortion

of phase voltages on electricity consumers. Therefore, when designing
power supply networks, they try to ensure uniform loading of phases.

If the load is symmetrical, which happens when it is asynchronous and
synchronous motors and other three-phase devices, then the current in the

neutral (zero) wire /, = 0. Therefore, three-phase AC motors and other

three-phase devices are connected to the power supply network with three-
core cables (three wires).
With a symmetrical load, there is no need to calculate the currents of all
phases, but only one is enough. Calculations are based on Ohm's law
17



I=1,=1.=1,="%and cosp, =12 1881
ZlD Zri)
where r, both Z, —active and full phase resistance.
In the case of an asymmetric load, which happens when asynchronous
motors, lighting, welding transformers, etc. are connected to the same
network, the currents of each phase are determined as described above.

Since the resistance of the neutral wire Z,is much smaller than the
resistance of the phases and, they are sometimes neglected in calculations,
that is, they are considered Z, = 0. In this case, the voltages on consumers

are equal and shifted by an angle ¢:2”3. Under this condition, the

phase currents

U U U
]A :Z—A,' IB =Z—Band IC =Z—C,/89/

A B C

where Z,,Z and Z_. —the total resistances of the corresponding phases, a
UA =UB :UC ZU(D

Having determined the phase shift angles of the currents, respectively,
the voltages for formulas

Fy . s Ic
cosp, =—>,; cosp, =——and cosp. =—=,/8.10/
D4 Z, Pp Z, c Ze
construct a vector diagram of
currents (Fig. 8.4) and on its basis
determine the current in the neutral
wire

I,=1,+1,+1../811/

Such a simplification of the

calculations of four-wire circuits is

allowed when the asymmetry of

the load does not exceed the

required  accuracy of  the
calculations.

18



The extreme case of an uneven load of phases in a four-wire system of a
three-phase consumer connected according to the star scheme is the
interruption of one of the phases ( Z 4 = ). So, if phase A breaks and there
is a symmetrical load, there will be no current in the consumer, which is
powered by phase A, and in the other two phases that are under voltage,
the currents will not change.

If the load of the phases was uneven, then when phase A breaks , the
modes of operation in the other phases will change. Indeed, before the
interruption of phase A, the current in the neutral wire was determined by
the equation /8.11/, and after the interruption ( | A=0) the equality will be
valid

I, +15+1.=0. 18.12/

The VECtor diagram for this case when the phases are loaded with active
resistances ( RB # RC) is shown in Fig . 8.5, a. The diagram shows that the
current in the neutral wire has increased significantly and is in antiphase
with the geometric sum of the currents in phases B and C , while the phase
and line voltages have not changed.

In fig. 8.3, b shows the vector diagram of phase voltages in a four-wire
system with uneven phase loading.

Us Uc © Usc Us

a) 6) B)
Fig. 8.5

If the neutral wire is broken in such a system, it will lead to an even
greater redistribution of phase voltages. This is due to the fact that the
current that flowed through the neutral wire somewhat equalized the phase
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voltages. If the neutral wire breaks, the voltage drop in the phases will be
directly proportional to the phase resistances, that is, the voltage will be
higher in the phase with higher resistance and vice versa. Between the zero
point of the generator (transformer) and the zero point of the consumer,
there will be a voltage U oo proportional to the amount of current that
flowed before the break of the neutral wire.

In fig. 8.5, b shows the vector diagram of voltages and currents for the
case of an uneven load (R ¢ < R a <R g) when the neutral wire breaks. It
can be seen from the diagram that the triangle of line voltages remained
unchanged, and the star of phase voltages changed due to the voltage U oo .

If there is an additional break in the considered system, for example,
phase A , then phases B and C will be connected in series. The phase
currents | g and | ¢, which will flow through the series-connected phase
resistances of the consumer, will be the same, and the phase voltages will
be directly proportional to the phase resistances. Therefore, on the vector
diagram (Fig. 8.5, c), the point O" has moved to the linear voltage vector
Ugc . If at the same time we reduce the resistance of phase C , then the

point O" will shift to the left and the voltage U oo will approach the phase
voltage of the power source.

Therefore, with an uneven load of the phases and a break in the neutral
wire, the value of the nodal voltage U o will depend on the phase
resistance ratio and may approach the phase voltage. The distribution of
voltages between phases will also depend on their resistances, which will
worsen the power supply of consumers and disrupt their normal operation.
Therefore, in four-wire circuits with three-phase current, do not put a fuse
on the zero wire, the blowing of which will lead to redistribution
(distortion) of phase voltages.

Four-wire three-phase networks are the main ones in low-voltage power
supply systems ( U<1000 V). In such networks, the neutral conductor is
grounded at the transformer substation and /again/ at the poles of the power
lines. At the same time, household consumers, for example, lighting,
household appliances, are connected to the phase voltage, which is equal to
220V, and the power load - to the line voltage of 380 V.

In a three-phase system, the active and reactive powers are equal,
respectively, to the sum of the active and reactive powers of the phases :

P=U,I,cos0, +U.l.coso. +U._l.cose.
AlALOSPA T g1 COSP5 T clc MOS0 /8.13/
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Q=U,l,sing, +U;l;sing, +U I sing.;
and only in a symmetric system

P=3U,l,cosp, Q=3U,l,sing, /8.14/
Full power
S = ./p? +Q2, /8.15/
8.3. [Iporpama podotu

1. Hocmigutu poboTy TtpudazHOi CHUCTEMH TPH PIBHOMIPHOMY
HaBaHTaXEHHI (a3 3 HyJTbOBUM IIPOBOJIOM 1 0€3 HBOTO.

2. JHocnigutu po6oTy Tpuda3HOi CHUCTEeMH TpH HEPIBHOMIpHOMY
HaBaHTaXEHHI (a3 3 HyJTbOBUM IMIPOBOJIOM 1 0€3 HBOTO.

3. Hocmigutu poboty Tpuda3HOi cHUCTEMH TpU OOpPUBI OMHOTO
JMHIAHOTO TPOBOAAa 1 HEPIBHOMIPHOMY HaBaHTaXCHHI (a3 3 HYIbOBUM
MPOBOJIOM Ta 0e3 HbOTO.

4. 3poOuTH BUCHOBKH MpPO pPOJIb HYJIFOBOTO MPOBOJMA Y BKa3aHUX
pexknMax poOOTH Ha MifcTaBi MOOYIOBaHUX BEKTOPHUX Jiarpam.

Work program

1. Explorethe operation of a three-phase system with a uniform load of
phases with and without a neutral wire.

2. Explorethe operation of a three-phase system with an uneven load of
phases with and without a neutral wire.

3. Explorethe operation of a three-phase system when one linear wire is
broken and the phases are unevenly loaded with and without a neutral wire.

4. Draw conclusions about the role of the neutral wire in the specified
operating modes based on the constructed vector diagrams.
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8.4. Onuc 1a060paTOPHOI YCTAHOBKH

JocnimkenHs npoBoAsThCs Ha tadopaTtopHomy ctenai YWUJIC, B sikomy
nepeadaveHo:

- JDKepelo TphOX HE3B s3aHUX (PasHMX HAMpyr 3 MOXIHMBICTIO iX
peryJIOBaHHS;

- OJIOK 3MiHHUX 1 Ha0lp NOCTIMHUX OMOPIB;

- HUQpOBi BUMIPIOBaJIbHI IPUITAJIH.

CxeMa eNeKTPUYHOTO Kojia IJisi NOCHiKEHHS TpU(a3HUX CHCTEM
HaBejicHa Ha puc.8.6.

Jnst 3’enmHaHHS €JIEMEHTIB KOJIa BUKOPUCTOBYIOTH Halip MPOBOJIB, a
TAaKOXXK TMepeMuuku JaboparopHoro creHna. CxeMy cKiIagaloTe Ha
HabipHOMY MoJi. BuMiptoBaHHs Hampyr i CTPYMiB 3A1HCHIOIOTH TIOYEPTrOBO
OJTHUM BOJIETMETPOM 1 OJTHUM aMIIEPMETPOM.

; } R
11 A
‘o o
1, v v Re
s 7o) O I 1
Yy v ke
o o 1
UA UB Uc

I“ PA
-

Puc.8.6
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Description of the laboratory installation

The research is conducted at the laboratory stand of UILS, which
provides:

- a source of three unconnected phase voltages with the possibility of
their adjustment;

- a block of variables and a set of constant resistances;

- digital measuring devices.

The circuit diagram for the study of three-phase systems is shown in
Fig. 8.6.

of wires, as well as jumpers of the laboratory stand, are used to connect
the elements of the circle . The scheme is drawn up on the typing field.
Voltages and currents are measured alternately with one voltmeter and one
ammeter.

8.5. [lopsi/10Kk BUKOHAHHS PO0OTH

1. 3a BkaziBKOIO BuKJamada BuOpatu omopu Ra, Re 1 Re. Enexrpuanum
OMMETPOM BUMIPSTH iX OMOPH 1 IaHI BUMIPIOBaHb 3aHECTH JIO 3BITY.

2. Cxiacty Ha HaAOIpPHOMY TIOJNI €NEKTPUYHY CXeMy 3TigHo puc. 7.6. 3a
BKa3iBKOIO BHKJIaJa4a TOYEPrOBO BCTAHOBHTH PiBHI BEIWMYMHU (Ha3HUX
Hanpyr, KOPUCTYIOUUCH €JIEKTPOHHUM BOJIBTMETPOM 31 LIyHaMH.

3. BcranoBuTtH pexxumu piBHOMipHOTO HaBaHTaxeHHS (Ra=Rg=Rc) B
YOTHUPHIIPOBiMHIA cucTteMi. Bumipsatu miHiiiHI Ta da3ni manpyru. [licas
MmoueproBo 3HiMaroum nepemMudku [, Il [lc i Ilp BUMIpSTH CTpyMH B
¢dazax i HynIpOBOMY MpoBOJi. HasBHICTH CTpyMy B HyIHOBOMY IPOBOJII
Oyzne cBimuuTH PO HepiBHOMiIpHE HaBaHTaxeHHs (a3. Tomy iioro Tpeba
BUMIpIOBaTH 3 MAakKCHUMaJbHOIO TOYHICTIO. Pe3ymbratm BHMipIOBaHb
3aHecTH B Tabu. 1.

4. 3usTH nepeMuuky /o 1 MpoOBECTH BUMIpPIOBaHHS, BKa3aHi B 11. 3. [lani
BHAMIPIOBaHb 3aHECTH B TaOI. 1.
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Tabmums 1

Bapiantu
TpudasHoro
KOJIa

BumiproBaHHs

OO6uHCIeHHS

Ia,
MA

IB,
MA

Ic,
MA

Io,
MA

Ua

B

Us Uc
B B

Uas

Usc

Uca

Uoo

Ra
OM

Rs
OM

Rc
OM

Pa
Bt

Ps
Bt

Pc
Bt

P
Bt

PiBHOMIpHE
HaBaHTA)XCHHS
3 HyJbOBUM
POBOJOM

PiBHOMIpHE
HaBaHTAXCHHS
0e3 HyJIbOBOTO
poBozia

HepiBHoMipHE
HaBaHTAXCHHS
3 HyJbOBUM
MPOBOZOM

HepiBHOMipHE
HaBaHTAXCHHS
0e3 HyJIbOBOTO
poBOsIa

Be3 oxHoOTO
JIHIHHOTO
mpoBoJa i3
HYJTbOBHM
MIPOBOJIOM

be3 oqnoro
JIHIHHOTO
poBoJaA i
0e3 HyIIbOBO-
r'0 TIPOBOJIa
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5. CrTBOpUTH pEXKHM HEPIBHOMIPHOrO HaBaHTaXeHHsA. [l dworo
30UTBIIATH OTIp B OAHIN (a3i, SMEHIIUTH y APYTiH 1 3aTUMIATH HE3MIHHUM
y Tpetiid. Benmuunan onopis 3anectu 1o 3BiTy. [locTaButn nmepemuaky /1o i
MIPOBECTH BUMIPIOBAHHS 3TiaHO 1. 3. JlaHi BUMipIOBaHb 3aHECTH B Ta0. 1.

6. 3usaTH mepemMuuky [lp, TIOBTOPUTH BHUMIPIOBAaHHS 1 iX pe3yNbTaTH
3aHecTd B Ta0x.1.

7. Jns cTBOpeHHA pexuMmy oOpuBy (asu 4 HEeoOXiTHO MOCTAaBUTH
nepeMudKy /1o 1 3uITH TIepemMuuky /14, IIpoBecTn BUMipIOBaHHS HAmpyT i
ctpymiB. [lani 3anectn B Tabm.1.

8. 3usaTH mepemMuuky [lp, IPOBECTH BUMIPIOBaHHS HANpYyT i CTPYMIB.
PesynpraTtu BUMiproBaHb 3aHECTH B TaO. 1.

9. Ha mincraBi eKCHEpPHMEHTAIBLHUX MaHUX OOYHMCIUTH omopu a3z,
MOPIBHATH 1X 3 BUMIPSHAMH 3HAaYeHHAMH 1 3pOOWTH BHUCHOBKH IIOJO
TOYHOCTI ekcrepuMenTiB. Okpim TorO, 32 Qopmyrnamu /7.13/ obuuciutu
MOTY>KHOCTI 1 OI[IHUTH BIUTHB HYJIHOBOTO MTPOBO/IA HA 1X BEIHUYHHY.

10. 3a excriepuMEeHTaIbHAMH 1 PO3PAXYHKOBHUMH JaHUMHU MOOYAyBaTH
BEKTOPHI JliarpaMy HAIPYT i CTPYMIB TSI BCiX PEXKHUMIB poOOTH TpH(azHOi
CHCTEMH.

11. 3poOuTH BUCHOBKHM PO BIUIMB HYJIHOBOTO IIPOBOJA HA JTOCIIDKEHI
peXUMH POOOTH.

The order of work

1. According to the instruction of the teacher, choose the resistance R a,
R g and RC . Measure their resistances with an electric ohmmeter and
record the measurement data in the report.

2. Draw an electrical diagram according to fig. 8.6. At the instruction of
the teacher, alternately set equal values of the phase voltages, using an
electronic voltmeter with probes.

3. Set the uniform load modes ( R A= R g = R ¢ ) in the four-wire
system. Measure line and phase voltages. After alternately removing the
jumpers I a, Ils, IT cand IT o, measure the currents in the phases and the
neutral wire. The presence of current in the neutral wire will indicate an
uneven load of the phases. Therefore, it should be measured with
maximum accuracy. The results of the measurements are listed in Table 1.

4. Remove the jumper 77 ¢ and carry out the measurements specified in
point 3. Enter the measurement data in table 1.
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Table 1

Variants of a Measurement Calculation

three-phase | I a e, | lc, [lo, |UA [|Us | Uc | U ] U Uow | R Re | Rc | P P P |P
circuit mA [ mMA | mA [ mA |V \Y \Y AB BC CA \Y A Oh | Oh | A B c |W

\Y/ \Y/ v Oh | m m W | W | W
m

Uniform load

with neutral

wire

Uniform load

without neutral
wire

Uneven load
with neutral
wire

Uneven load
without neutral
wire

Without one
linear wire
with a neutral
wire

Without one
linear wire
and without
neutral

send off
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5. Create an uneven load mode. Why increase the resistance in one
phase, reduce it in the second and leave it unchanged in the third. Enter the
resistance values in the report. Put the jumper I7 o and measure according to
point 3. Enter the measurement data in table 1.

6. Remove jumper I7 o, repeat measurements and enter their results in
table 1.

7. To create a mode of interruption of phase A, it is necessary to put the
jumper IT o and remove the jumper I7 o . Measure voltages and currents.
The data are entered in Table 1.

8. Remove jumper 770 , measure voltages and currents . The results of
the measurements are listed in Table 1.

9. Based on the experimental data, calculate the phase resistances,
compare them with the measured values and draw conclusions about the
accuracy of the experiments. In addition, according to the formulas /8.13/,
calculate the powers and evaluate the influence of the neutral wire on their
value.

10. Based on experimental and calculated data, construct vector
diagrams of voltages and currents for all operating modes of a three-phase
system.

11. To draw conclusions about the influence of the neutral wire on the
studied modes of operation.

8.6. KOHTpO/IbHi 3anuTaHHA

1. SIke 3’e€qHaHHS HA3UBAIOTh 3 €HAHHSAM 31PKOIO ?
2. SIxi Hanpyru Ha3WBAIOTH JIIHIHHUMU 1 K - pazHUMU?
. SIke icHy€e CIiBBIHOIIEHHS MiXK JTIHIHHUMH 1 (pa3HUMHU Harpyramu ?

4. B sxoMy BUTNIAJIKy He OyJie CTpyMy B HyJIbOBOMY MPOBO/II ?

5. YoMy HynpOBHWH TpOBiJ Wi €IHYIOTH JO CHOXHBadiB 0e3
3ano0ixHuKa ?

6. Sk 3MIHHTBCS peXUM POOOTH TpHU(]Pa3HOT CHMETPUIHOI CHCTEMH MTPH
00pHBi HYJTFOBOTO MPOBOA ?

7. Sk 3MIHUTBCS pexUM poOOTH Tpuda3HOI HECUMETPUYHOT CHCTEMH
npy 0OpUBI HYJILOBOTO MPOBOJIA ?

8. Llo BinOynmerbcss B TpudaszHili YOTUPUIPOBIMHIN CUMETPHUHIH
cucTeMmi npu o0puBi (ha3HOro MpoBoja ?

9. Ulo BimOyzmerscst B TpUQa3Hii YOTHUPUIPOBITHIN cHUCTeMi mpH
00pHBi HYIBOBOTO 1 (ha3HOTO MPOBOJIIB ?
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10.5Ik BUPaxOBYIOTh aKTHBHY IOTY)KHICTh B TpH(asHili cUCTeMi IpHu
HEPIBHOMIPHOMY HaBaHTa)KE€HHI ?

Control questions

. What connection is called a star connection?
Which voltages are called linear and which - phase?
. What is the relationship between line and phase voltages?
In which case will there be no current in the neutral wire?
. Why is the neutral wire connected to consumers without a fuse?
. How will the mode of operation of a three-phase symmetrical system
change if the neutral wire breaks?

7. How will the mode of operation of a three-phase asymmetric system
change when the neutral wire breaks?

8. What will happen in a three-phase four-wire symmetrical system
when a phase wire breaks?

9. What will happen in a three-phase four-wire system if the neutral
and phase wires are broken?

10.How do you calculate the active power in a three-phase system with
an uneven load?

oA WNE
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