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PT'P Ne3

AHaJIU3 JIEKTPUYECKUX COCTOSTHUH YeThIPEXIPOBOAHON OCBETUTEILHOU

menu nmpu HeCl/IMMETpH‘IHOﬁ Harpys3ke

Llenv pabomwi: oNpeneNeHne JJICKTPUUECKUX COCTOSHUN OCBETUTEIBHOM IIENU TIPHU
HECUMMETPUYHON HArpy3Ke B ABYX PEKHUMAX: MPU HATUYUHA HEUTPAITBHOTO MPOBOJA U O€3 HEro
U MPUHATHE TEXHUUYECKHUX PEIIEHUHN MO CO3JaHUI0 YCIOBUN HOPMalIbHOIO (PYHKIIMOHUPOBAHUS
OCBETUTEILHOU YCTaHOBKH.
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1. Peowcum oceemumenvbHOU YCMAHOBKU NPU HATUYUU HEUMPAIbHO20 NpPO8oO0aA U
CUMMEMPUYHBIX HANPANCEHUAX HA 3AHCUMAX NOMPeOUmens.

Pacuem xknaccuueckum memooom

1.1.

1.2.

1.3.

1.4.

JInHeliHbIe TOKU

Li= Uoslra =220/10 =22 A;

Ip = Uos/rs =220/10 =22 A;

Ic= Ua/rc=220/100 = 2,2 A.

MomHocTH TTpeoOpa3oBaHus SHEPTUH B (ha3ax MoTpeOUTesns
P4= Uoals=220-22 =4840 Br;

Pp = Ualp=220-22 = 4840 Br;

Pc=Uaslc=220-2,2 =484 Br.

MorttHOCTh TOTPEOICHUS JHEPTUH — HATPy3Ka Ha CETh
P=P4s+ Pp+ Pc=4840 + 4840 + 484 = 10164 Br.
HaxoxaeHne Toka B HEUTpaJIbHOM MTPOBOAE

IN HaxoIuTCS MO BEKTOPHOM AMarpamMMe TOKOB, ITOCTPOCHHON Ha OCHOBE 1-To
npasuia Kupxroda ans yzna 0 Ha cxeme.

Macmrab — 5 A B 1 cm. [JomycTtumo BbIOpaTh Apyroit Macmitad B 3aBUCUMOCTH OT
BEJINYUH TOKOB.



W3 BekTOpHOI TrarpaMmmsel BUAHO, 4TO /v = 20 A.

Peoxxcum obpwvisa nposooa N — 0. Kmou S paszomxnym. Hanpsowcenus cemu
CUMMEMPUYHDL.

Pacuem cumsonuueckum memooom

2.1.

2.2

2.3.

2.4.

UNO

220-0,1+(~110—j-190,5256)- 0,1+ (=110 + j-190,5256)-0,01

®da3Hble KOMIUIEKCHBIC HAIIPSKEHUS CETHU:
[Tonoxxum, 9TO BeKTOp (pa3sHOro HAmMpsDKEHHs ceTH (McTouHuMka) U, HampasieH
10 OCH J€UCTBUTEIIBHBIX YUCE, TOIAA

U,=U,-e"" =U,-cos0" +j-U,-sin0° =220-1+ j-220-0=220 B;

U,=U,- e’ =U,-cos(-120")+ j-U, -sin(~120") =
=220-(=0,5)+ j-220-(~0,866) = —110— j-190,5256 B;

U.=U,-e"™ =U,-cosl120° + j-U ,-sin120° =
=220-(-0,5)+ j-220-0,866 = —110 + j-190,5256 B.
KoMruiekcHbIe COMPOTUBIICHUS U POBOAUMOCTH (ha3:

z,=r,+jx,=r,+j-0=r,=100wm; y, =1/z,=1/10=0,1Cwm;

zc =1, =100 Owm; ZC:1/§C:1/100:0,01CM.

KommiekcHoe cOmpoTHBICHHE W TPOBOJUMOCTH OOOPBAaHHOTO HEUTPabHOIO
[IpoBOJA:

Zy =% y,=l/zy=1/0=0.

KowmmiekcHoe HampsbkeHue MexIy HyJeBod Toukoi mnorpedurens 0 u
HEUTPaJIbHBIM 33)KUMOM CcE€TU N U MOJyJIb MEXKY3JI0BOTO HaIIPSKEHHUS:

UAZA +UBZB +UC')_;C _

YTVt Ye

=47,14- j-81,65B.
0,1+0,1+0,01



U, = /47,147 + 81,65 = 9429 B,

2.5. HampsixkeHust Ha 3akuMax (a3 OCBETUTEIIBHONW YCTAaHOBKU:
U,=U,-U,,=220—(47,14— j-81,65)=172,86+ j-81,65 B;
U,=U,-U,,=-110—;-190,5256 — (47,14 — j -81,65) =—157,14— j-108,87 B;
U.=U.~U,,=-110+ j-190,5256 - (47,14~ j-81,65) = 157,14+ j- 272,18 B;

U’ =4/172,86* +81,65° =191,17 B;

Ul =+/(-157,14)> + (~108,87)* =191,17 B;

UL =+/(~157,14)> +272,18% =314,29 B.

2.6. [TocTpoeHue BEKTOPHOW [UArpaMMBbl HAMpPsDKEHUW CETH U MOTPEOHTENs IO
pesyabTatam 1. 2.4 u 2.5 u rpadudeckoe omnpeaeacHue Moayiei (akKTHIeCKuX
HanpspKeHUH (a3 yCTaHOBKH

[Ipumeuanue. [locTpoeHue AuarpaMmsbl ClielyeT HAYMHATH C HAIPSKEHUS CETH
B (Qaze A, Bektop U , TOpu 3TOM HeoOxoaumo oTkiaaeiBate u3 0 mo
MOJIOKUTEILHOMY HAMNPABJICHUIO OCH JIEMCTBUTENbHBIX uncen +Re. Tak xe u3 0
cTpositest BekTopa U U U ¢ » 110 TIOJTlyYEHHBIM B II. 2.1 KOMIUIEKCHBIM 3HaYECHUSM.

3aTeM HEOOXO0AMMO HOCTPOMTH BeKTOp U, MONy4deHHbIH B 1. 2.4, U HalTH

touky (°, KoTOpas sBiseTcs Temeph (AKTUUECKOM HyJIEBOH TOYKON
OCBETUTEIBHOIO MOTPEOUTENsT U OINpeeisieT HEeCUMMETPUUYHYIO Tpex(asHyro
3Be3/ly (PaKTHYECKMX HANPsLKEHUH MeXTy KiieMMaMHt (a3 3JIeKTPOYyCTaHOBKH.

Bexmopuas ouacpamma nanpssiceHull nompeoumens npu cmeujeHuu Hetimpanu

Re — Real, och BellleCTBEHHBIX 3HAYEHUN
(aKTUBHBIX COCTABJISIONINX HAIPSYKEHU )

Im — Imaginary, 0Cb MHUMBIX 3HaYE€HHI
(peaKTUBHBIX COCTABIISIONINX HAIPSKECHU)
40B

+Im 7190,5256 1hh




3.

W3 BeKkTOpHON nauarpaMMbl U pe3yJbTaTOB pacyeTra Mo I. 2.5 cleayer, uTo
HanpsDKeHUs Ha 3aKuMax (a3 moTpeOuTesst HeCUMMETPUYHBI.

3HaueHUs] HANpsHKCHWH W yIJIbl MEXKAY HUMH, IOJYYEHHBIE C IOMOIIBIO
HOCTPOCHUSL:

U, =191B; U, =191B; U.=314,29B;
AN A N
UUL=176"; UL UL =UL U =92".

2.7. JIuHeiHbIE TOKH MPU «CMEIICHUH HEUTPaIny MOTPEONTEIS:

I'y=U,y =19117-01=19,117 A;
Iy =Uphy, =19L17-0,1=19,117 A;
IL=Uly, =314,29-001=31429 A.

2.8. MouHocTr notpeOieHust 3Hepruu pa3amu IEKTPOYCTaHOBKHU:

P, =U"I',=191,17-19,117 = 3654,6 A;
P, =U,I, =191,17-19,117 = 3654,6 A;
P =ULI.L =31429-31429 =987,78 A.

2.9. MoHOCTHAs 3JIEKTpUYECKasi Harpy3Ka MOTpeOUTeNs Ha CETh:

P' =P, + P, + P, = 3654,6 + 3654,6 + 987,78 = 8296,98 A.

Bvi6oov u  mexnuyeckue meponpuamus no HOPMANbHOMY (QYHKYUOHUPOBAHUIO
9NEeKMpPOYCMAHOBKU

3.1. HecummeTpuyHasi Harpy3ka Tpex(a3HOro 3JIEKTPOIOTPEOUTENs, COSTUHECHHOTO

3.2

«3BE3/I011», Ha YETHIPEXIPOBOAHYIO CETh TpeX(a3HOro TOKa BO3HHUKAET MpHU
HEpaBEHCTBE CONPOTHUBICHHUN B ero (aszax. Ilpu HecuMMeTpuyHON Harpyske B
HEUTPAJIBHOM TMPOBOJE TMOSBISETCS 3HAYUTEIBHBIA TOK, KOTOPBIM MOMKET
IIPUBECTH K AaBapUHUHBIM CUTYyalUsM, COIPOBOXKIAIOLIUMCS IOBPEXKICHUEM
(meperopanremM) HEUTPAITHLHOTO TPOBOJIA.

Bennumna Toka B HEHTpaJdbHOM MPOBOJIE MOJy4YEHA MOCTPOEHHUEM BEKTOPHOM
JMarpaMMbl TOKOB U cocTaBisieT Iy = 20 A.

[Ipu oOphIBe HEUTPATBLHOTO IMPOBOAA CETH U HECUMMETPHUYHOW HAarpy3ke co
CTOPOHBI NOTPEOUTENST BO3HUKAET SIBJICHHE «CMELICHUE HEUTpaIn», P KOTOPOM
HyJIeBasi TOYKa IMOTPEOUTENs IMOJA JCHCTBHEM MEXY3JI0BOro HampspkeHust Uno
CMEIaeTcs 10 OTHOLICHHI0O K HEHTpaJbHOW TOYKEe ceTH (MCTOYHHUKA) MU
(akTHUeCcKue HampsHKeHUs Ha 3axuMax (a3 moTpeOuTens MpU COXpaHEHUH
CUMMETPHUHU HANpPSHDKEHUHN CETH CTAaHOBATCS HECUMMETPUYHBIMH.

Mexy3710BO€ HaNpsDKEHUE, BBI3BIBAOIICE «cMeleHne Hertpanm»: Uno = 94,29 B.
dakTUUeCKHe HAMPSOKCHUS Ha 3aKUMax (a3 morpeourtenei:
U',=191B; U, =191B; U, =314,29B.

Takum 00pa3oM 3JEKTPOJAaMIIBI OCBETUTENBHOM yCTAaHOBKH, PAacCUMTaHHbIE Ha
HOMHHaNbHOEe HanpsbkeHue Us = 220 B, B ¢azax 4 u B pabotaioT mnpu
MOHMKCHHBIX HANpPsDKEHUSX U CBETAT c1abo, a B paze C HampspKeHUE MPEBBIIIAET
HOMMHAJILHOE U JaMIbl CBETAT sipko. Jlammbl ¢a3bl C OBICTPO BBIXOAST U3 CTPOS,
TaK Kak [IPEBBILICHUE BEJIMYMHBI HAIPSDKEHUSI CBEPX HOMUHAJIBHOM naxe Ha 10 %
COKpAIIaeT CPOK cITy>kObl 6oJiee ueM Ha 92 %.

W3 momydeHHBIX pe3yNbTaToB BHUIHO, YTO (ha3HbIC HANPSHKCHHUS Ha 3a)KUMax
Tpex(da3zHOro mMOTpeOUTENss, COCIUHEHHOTO «3Be3A0iW» 0e3 HEeUTpalbHOTO
MIPOBOJIA, HE MOTYT OBITH OOJIBIIEC TMHEHHBIX HANIPSDKECHHUIA CETH.



3.3. MomHocTHasi Harpy3ka HECHMMMETPUYHOM OCBETUTEIHHOM YCTaHOBKH Ha CETh
IIpU HAIMYUK HelTpaneHOro nposona P = 10,164 kBT, a npu ero orcyrcTBun —
Bcero 8,297 kBr, uro Ha 1,867 kBT MeHbIIE HCXOOHOH. DTO OOBSACHIETCS
nepepacnpeielieHueM HapsDKeHUs Ha 3akuMax (a3 3JIeKTpOyCTaHOBKH.

Juacnocmuueckue napamempul 21eKMPULECKO20 COCMOAHUSL MPEeXPA3ZHO20 0CEEMUMETbHO2O
nompeoumeJisi, COEOUHEHHO20 «36e300U» Oe3 HY1e8020 NPOoAa

OTHOCHUTENBHBIE
KOOPMHATHI HYJICBO O6nacTi OtHocuTenbHbe
z CocrosiHue TOUKH [IOTpebuTes TOYEK B ST T L
% U =U. U MoTpeduTens
o OTpeOuTENS vo =Uno /Uy TPEYTOJIbHHUKE
= ABC
dEneny | SIESE Ri/Ru | Ro/Ry | Rc/Ru
Re Im
1 HopmanbHas E)a60Ta, 10,0 +0 N-0 1 1 1
CUMMETPHUYHBIA PEIKUM
2 A —-0,5 +0 E oc 1 1
3 OOpBIB da3sl B +0,25 +0,433 F 1 oc 1
4 C +0,25 —0,433 D 1 1 oc
5 Kopotkoe A +1,0 +0 A 0 1 1
6 3aMBbIKaHUE B —0,5 —0,866 B 1 0 1
7 (a3zel C —0,5 +0,866 C 1 1 0
8 VBenuuenHoe A —0,5<0 +0 E-0 -1 1 1
9 | compoTHBIECHHE B +0,25>0 | +0,433>0 F-0 -1 1
10 (aspr C +0,25>0 | —0,433<0 D-0 1 -1
11 | VYmenbuieHHoe A 01,0 +0 A—0 0-1 1 1
12 | compoTHUBIICHHE B —0,5<0 —0,866<0 B-0 0-1 1
13 (a3zel C —0,5<0 | +0,866>0 C-0 1 0-1
Juacnocmuyeckutl mpeyeoabHuK
+Re
A
1
0,75 / \
4\
0,5 ) Z
~ e
D-"
0,25
B Q6peB|C
+Im 0 X p \ —Im
<t
) K3 B \
—0,25 =
Sy
©lEe
—0,5 ®
C I 0,75 0,5 0,25 0 -0,25 -0,5 —0,75 —1 B

—Re




34.

3.5.

[lo auarHOCTHYECKOMY TpPEYTOJBHUKY M JHATHOCTHYECKOW TaOIHIle MOXKHO
BUZETh, uTO (a3a C 6au3ka K 0OpbIBy. OTHOCUTENIbHBIE KOOPAMHATHI HYJIEBOU
TOYKHU TOTpeOuTENs (M3 BEKTOPHOM AUArpamMMmel I1. 2.6) paBHEI

Re: 1/(220/47,14) = 0,214;

Im: (—1)/((—=7190,5256)/(—j81,65)) = —0,428;

OHa pacrionaraercs Ommke K obmactu D), a OTHOCHUTEIBHOE COMPOTHUBIICHHUE
¢a3el C B 10 pa3 npeBbIlIaeT HOPMY.

B kadecTBe TEXHMUYECKMX MEPOIPHUITUN CIelyeT PEKOMEHJ0BATh MPOBEPKY
AIIEKTPUYECKOTO COCTOSHUS HEHTPAIBHOTO MPOBOJA U YCTPAaHEHHE ero 0O0phIBa,
3aMeHy cropeBUIMX »3jekTpoiamn (azsl C moTrpeOuTens M IMPOBEPKY €ro
TEXHUYECKOTO COCTOSIHHMSL.

Bo BpemMs skciulyaTanMy 33aJaHHOM OCBETUTEJIBHOM  3JIEKTPOYCTAaHOBKH
HEOOXOJUMO CJEAUTh 33 CHMMETpHEW Harpy3ku MOTpeOHTeNss Ha CeTh, HE
JIOITyCKaTh HECAHKIMOHMPOBAHHBIX MEPETPY30K U HEAOTPY30K OTACIBHBIX €ro
$a3 ¥ TOCTOSHHO KOHTPOJHPOBATH MCHPABHOCTh pPabOThl HEUTPAIBHOTO,
HYJIEBOT'O MPOBOJIa CUCTEMBI.

OmauM U3 CrmocoOOB TaKOrO KOHTPOJISI SIBJISIETCS TEPUOIUYECKUA 3amep

BEJIMYMH DJIEKTPOCOMPOTHBICHUH (a3 MOTpeOUTEasT W pacyerT y3JI0BOrO
HaNpsDKEHUs 1o hopmyrie

Uy, =tAxjB,

rne A — BEIIECTBCHHAs COCTABJISIOIIAS y3JIOBOTO HANPSDKCHHS B KOMILJICKCHOM
dbopme

U(b -(yA -cos0’ +y, -cos(—120°)+yc -cos120%)

b

+y +
YT, e
B — MHUMasI COCTaBIISIFOIIAsT KOMIJIEKCHOTO y3JI0BOTO HAMPSKCHHS

A U, '(ZA -sin0° +y, -sin(—120°)+zc ~sin120°)‘

YatYptXe

Jpyrum crnoco0oM KOHTPOJISE MOXKHO CUMTATh 3aMep (PaKTUUECKUX HaNpsHKEHUH
Ha 32)KMMax pabOTAOLIEr0 MOTPEOUTENSI C OTCOSTMHEHHBIM HYJIEBBIM IIPOBOJIOM
Us, U n U’c m mnocrpoeHue cmemeHHo Touku 0’ ¢ mocieayromum
NPUMEHEHHEM TUarHOCTUYECKUX TaOIUIBl M TPEYTONbHUKA.



