Pacuer Tpexda3znbix nemneit
PaccMoTpuM KOHKpETHBIE COEAMHEHUS HATPy3KH.
Coenunenune 3Be3/10i1 ¢ HEUTPaTBLHBIM MPOBOJOM (UETHIPEXTIPOBOIHAS CHCTEMA).

[Tycth a3l HCTOYHNKA U HATPY3KU
COEIMHEHBI 3BE3/10M ¢ HEUTPATIBHBIM
npoBojioM (pucl,a)). [Ipu Takom
COEJIMHEHUH Harpy3Kka MoAKIoueHa K (azam
UCTOYHUKA JIBYMs IIPOBOJAMM U, €CIIU
npeHedpeyb CONMPOTUBIEHUEM ITPOBOJIOB, TO

UA :Ua, UB =UBI/I UC :UC.OTCIOI[aHO
3akoHy Oma Toku B (ha3ax Harpy3Kd paBHbBI
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Tak Kak IpU COECOAMHEHUH 3BE3I0U
dazbl reHeparopa COCTMHEHBI
[OCJIeI0BaTeNbHO € (hazaMu  Harpys3KH,
JIMHENHBIE TOKA OJHOBPEMEHHO SIBIIIIOTCA U
¢da3HbIMU TOKaMHU Kak B (¢azax reHeparopa,
tak u B (aszax Harpysku: I, =Iy. Tox B
HEUTPaJIbHOM IIPOBOJE MOYKHO OIPEAEIUTH
no 3akoHy Kupxroda anst HelTpanbHON Toukn Harpy3ku. OH paBeH BEKTOPHOW cyMMme (pa3HBIX
TOKOB:

l,=1,+1,+1, (2)

Bolpaxkenuss 1 u 2 nus 4eThIpeXnpoBOJHOW CHUCTEMBI CIIpaBeAJUBBHI Bcerda. B cimyuae
CUMMETPUYHON HArPy3KH KOMIUIEKCHBIE COMPOTHUBIICHHUS HATPY3KU KaKI0U (pa3bl paBHBI MEXKIY
cobon 7.=7.~7~7 . 3)

[ToncraBuB B BbIpaxkeHHe (2) BblpaxkeHHs Ana (Pa3Hbix TOokoB (1) u yuuteiBas (3)
MOy IHM:

U, +U,+U,

I, 7 , TAK KaK B CAMMETPUYHON CHCTEME 3.]1.C.

U,+U,+U.=0 cneposatencHo I, =0. Takum 06pasoM, B CUMMETPHUHOM CHCTEME

TOK HEUTPAJIBHOI'O MPOBOJA PABEH HYJIIO U CaM IIPOBOJ MOXKET OTCYTCTBOBATh. B aTOM Cityyae
CBsi3aHHas Tpex¢azHas cucTemMa OyJeT nepeaaBarh 0 TPEM MPOBOAAM TAKYIO e MOIHOCTb,
KAK HeCBsA3aHHas 110 1mecTh. Ha npakTuke HeRTpaJIbHBIN IIPOBOJ B CUCTEMAX IIepeadn
JIEKTPOIHEPTUN COXPAHSIOT, T.K. €r0 HAJIMYKE TO3BOJISIET MOIy4aTh Y HOTpeOUTENS J1Ba
3Ha4YeHHUs HanpspKeHus - haznoe u imHeinoe (127/220 B, 220/380 B u T.1.). OgHako ceueHue
HEUTpaIbHOIO IPOBOJA OOBIYHO CYIIECTBEHHO MEHBIIIE, YEM Y JIMHEWHBIX MPOBOOB, T.K. IO
HEMY MPOTEKAET TOJIBKO TOK, CO31aBA€Mblii aCUMMETPHUEN CUCTEMBI.

BekropHbie AuarpaMmbl A1 CAMMETPUYHON U HECUMMETPUYHOM Harpy3Ku B CUCTEME C
HENTpaIbHBIM IPOBOIOM MPUBEEHBI HA puc. 1 0) U B).

[TocTpoeHne BEKTOPHBIX IHAarpaMM B YETBIPEXIIPOBOJHOM CUCTEME HAYMHAIOT C IIOCTPOCHUS
(a3HBIX HAPSHKEHUN TeHepaTopa, KOTOpbIE 00pa3yroT CUMMETPHYHYIO CUCTEMY HaIlPSHKCHHM.



[Tpu cummeTpryHON Harpy3Ke TOKH BO BCeX (pa3ax OJMHAKOBBI U CMEIIEHBI 10 OTHOIICHHUIO
Ipyr K apyry Ha 120° . X Moaynu win AeMCTBYIOIME 3HAUEHNs] MOKHO OIIPENEIUTD KaK

I=—% atokB HEUTpAIbHOM IIPOBOJIE B ATOM CJIydae paBeH HYt0. Da3HbIE TOKU CTPOATCS
Z b

OTHOCHUTEINIbHO (Pa3HBIX HAMPSHKEHUI Harpy3Ku, KOTOpPbIE paBHBI (Pa3HBIM HAIIPSKEHUSM
reHepaTopa.

B ciiyyae HeCHMMETPUYHOM HArpy3KH TOK B HEUTPAJIHHOM MPOBOIC PABEH BEKTOPHOU CyMMe
¢a3HbIx TOKOB (puc.1,0).

CoenuHenune 3Be3/101 6€3 HEHTPAIIBHOTO MPOBO/IA (TPEXIPOBOIHAS CUCTEMA).

B oT0OM cityyae HEeHTpallbHbIE TOUKU T€HEpaTopa U
Harpy3Ku HE COCIMHEHBI U CJIEIOBATEILHO MEXIY HUMU
MOXET BO3HUKHYTb PA3HOCTb MOTEHIIMAIO0B. Ero MoxHo
ONPEACIUTH IO METOY ABYX Y3JIOB, IEPECTPOUB IJIsI
HarJSIIHOCTU CXeMy puc. 2 a). B TpaauiimioHHOM Juist
TEOPHH DJCKTPUUCCKUX TIeTIel HaUepTaHUH OHa OyIeT
uMeTh BUJ puc. 2 0). OTcrona

E Y, +E, Y, +E.-Y,

U . . : 4) , roe
" Y, +Y, +Y, *
1 1
Y,=—,Y, =—,Y. = —— KOMIIIEKCHBIE IPOBOJAUMOCTH
ZA ZB ZC
bas.

C nmpyroii cTOpoHBI IO BTOpOMY 3akoHy Kupxroda mist
cxemsl (puc.2,6) U,, =U,-U, =U, ~U, =U,. —U, oTKya MOHO PacCuHTaTh hasHoe

HaIpsKEHUE Harpy3Ku:

Ua = UA - UnN
Ub = UB - UnN (5)
Uc = UC - UnN

B ciIyuae CHMMETPUYHON HATpy3KH Y = Y = Y, - = Y , rorna u3 ypassenus(4) U, v =0u

(a3HbIe HANIPSKEHUS Harpy3KU paBHBI (ha3HBIM HANPSOKEHUSIM TeHepaTopa, ypaBHeHue (5). B
cllydyae CUMMETPUYHOM Harpy3Ku pexXUM pabOThl CUCTEMBI HE OTJIMYAETCS OT PEXKUMa B CUCTEME
C HEUTPAIBHBIM ITPOBOJIOM.

B cityyae HecuMMeTpUYHOM HAarpy3KH cHavaja OnpeAesseTcss HanpsHKeHUEe CMEIeHUsT HeUTpasu
U, , TOTOM pacCUnTHIBAIOTCS (ha3HbIC HANPSDKEHUS HArpy3KH MO ypaBHEHHUM (5), a TOTOM
ompenenstoTcs Gpa3Hble TOKU:




IIpu orcyrcrBum HelitpansHoro nposoaa [, +1, +1, =0 .
[locTpoeHne BEKTOpPHBIX JuarpaMM Jjisi TPEXIPOBOJHON CHCTEMbl HAa4YMHAETCA C

Moctpoenve amarpamme: nocTpoeHHs (a3HbIX HAMpPsDKEHUH reHepaTopa,

ANS HECMMMETPHYHON HArPY3KH NpH
Gpiiné Teitpaimietis IpoRtag KOTOpbIE CUMMETPUYHBI W CHBHHYTEL
OTHOCUTENbHO JApYyr Apyra Ha 1207 (puc 3).
O [ToToM paccunThiBaeTCss HAIPSKEHUE CMEILIEHUS

Uy Ug m U
Daznsie
HONPAXEHHS
reseparopa

Helitpanu U,, ¥ HaxoguTCs HEHTpalbHas TOUKA

Harpy3ku n W CTposiTca (pa3Hble HampsHKEHUs
1201 120° Harpy3ku (puc.4, 2-ii otam). Ilocme »srtoro
cTposTcss (ha3Hble TOKM OTHOCHUTEIBHO CBOMX
¢da3HbpIX HanpsbkeHuil (puc. 4, Tpetuii sram). B
fT‘ ‘ ¢daze A Harpys3ka akTHBHas, MO3TOMY TOK I, u

HanpsbkeHue U coBnazarot no ¢ase. B ¢aze B

-+ Harpyska akTUBHO €MKOCTHAas, [I0O3TOMY TOK 1 b

Puc 3. onepexaer HanpsbkeHue U, Ha yron ¢p. B dasze
C mHarpy3ka aKkTHBHO WHAYKTHUBHas,

npoAonxeHue
MI03TOMY TOK [, OTcTaeT OoT HampspkeHus U, Ha
‘ ‘
G, a0 yroin @.. TakuM 00pazoM MpH TPEXIPOBOIHOM
' Apve L=1 o
e 0. O, 0. * CXeME€ B Clly4ae HECHMMETPUYHOM HArpy3KH

@ausie Hanpaxenns ' -0 (da3Hple HaNpsDKEHWsT Harpy3KM CTaHOBSTCSA

- | HECHMMETPUYHBIMH. B oTIenbHBIX (azax MOTyT
BO3HUKATh IIEPEHANPSDKEHUS, HANpUMEp, IpHU
KOPOTKOM 3aMbIKaHMU B OJHOHM U3 (a3 Ha JBYX
Opyrux  ¢a3Hble  HampsDKEHWsT — HarpysKd
CTaHOBSATCS PaBHBIMH  JIMHEHHBIM, T.C.

YBEIUYMBAKOTCI B V3 pa3, 4To OIACHO JUIfd
MNOJKIIOYeHHOro  obopynoBanus.  IlosTomy
ObITOBast Harpy3Ka BCerJa MOJAKIYAETCS 10

Puc 4. YETBIPEXIPOBOJIHOM CXEME, IPUUYEM B HYJIEBOU
IIPOBOJI HUKOTJA HE BKJIIOYAIOT IpenoxpaHuTenu. Takum oOpa3oMm, pojb HYJIEBOrO MPOBOJA
CBOJIUTCS K COXPAaHCHHUIO CHMMETPHUH HANIPSDKCHUM Ha HarpysKe.

PaccmoTpuM npumMep pacuera Tpex(asHOH CUCTEMBI IPH COSAMHEHUH HArpy3KU 3BE3/10i
0e3 HelTpanbHOTrO MpoBoAa. Cxema mpejcTaBieHa Ha PHC.S

V]
- Hanpaxenus ne;gv HeATpanamu
(cmewenue HedTpanm)

A U,=220 B.
B R,= 10 Om, Ry=6 Om, Xp=8 Om, X =10 Om.
c Onpenenutsd (a3HbIe TOKH.
Pacuer OyzneM NpOBOJUTH CUMBOJIMYECKUM METOJIOM.
DRa URb Ompenenum (hasHble HAMPSKEHHUS TEHEPATOPA.
e U . 00 1200
— U,=—"%. U,=127¢" , U, =127,
#h \/g
f U, =127¢"".

OnpenenuM KOMIUIEKCHBIE COIPOTUBIICHUS HArpy3KHU.
Z, =10+ j0=10¢"" Om,

Z, =6+ j8=10e’" Owm,

Z, =0-j10=10e"""" Om.
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OnpenenyM KOMIUIEKCHbIE TPOBOAMMOCTH HATPY3KH.

Y = L = O,lejoo Cum,
Z

a
a

Y, =—=0,le 7 =0,06-j0,08 Cunm,

1
Z,
v, =1

c

= O,lej900 =0+ j0,1 Cum.

Haxoaum HanpsoxkeHrne cMenieHns HenTpainu

U = U, Y, +U, Y, +U.-Y, _ 12767 .0,1e’” +127¢7"% .0,1e 7% +127¢/" . 0,1e”" _
" Y, +Y,+7, 0.1+ 0,06 — /0,08 + /0,1
12,7 12,6 j1,52-11- j6,35 _
0,16+ j0,02

PaccunThiBaeM QazHble HAIPSHKEHUS HATPY3KH.

U =U,-U, =127+7317+ j40,6 = 200,17 + j40,6 = 204,14¢""" B.

U, =U, U,y ==635- j110+ 7317+ j40,6 =9,67- j70 = 70,6e ™ B.
U =U.-U, =—-635+ j110+73]17+ j40,6 = 9,67+150=150,3¢"*" B.

W3 pacueToB BUHO, YTO HANPSDKEHUS HAa Harpy3Kd HECUMMETPUYHBI, BMecTo 127 B B daze A
214 B.

PaccuntbiBaem ¢a3Hbie TOKH.
. 110
U, 204,14¢""

—73,17— j40,6 = 83,47"""¥ B,

I = AT 20,4¢”" =204+ j4 A.
. ) 7j820 . 0
I, = % - —706’66 o =706 =55 A
b +J
) : ;j86° e
1= g— = % =15,03¢’""" =-15+ j1 A.
¢ —-J
[Iposepka

I,+1,+1, =204+ j4-5-j5-15+j1~0

Cxema TpexnposogHon TpexdasHoii
Lierw ripls CoemmENsIA o B tpexdaznpIx mensx Harpyska u

NPUEMHUKA TPeyronbHUKOM UCTOYHUK MOTYT OBITh COETUHEHBI I10-
pazHoMy. B wacTHOCTH Harpy3ka,
COEZMHEHHAs! TPEYTOJIbBHUKOM, MOXKET
OBITH MOJIKJIIOYEHA K CETH, B KOTOPOH
UCTOYHHK ITUTAHUS COEIUHEH 3BE3/101

(puc. 6).

[Ipu 3TOM (a3el Harpy3KH OKa3bIBAIOTCA
MOIKJIFOUEHHBIMH Ha JIMHEWHBIC
HaTPSKEHUS.

Uab = UAB ch = UBC U, = UCA

Puc.6



®da3Hble TOKA HAXOJATCS MO 3aKoHYy Oma.

jab:Z

N
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ab
a JJUHEWHBIE TOKHU I10 NIEPpBOMY 3aKOHY KI/IpXFO(ba IJIg Y3JI0B TPCYTOJIbHUKA

jA:jab_jca’ jB:jbc_j

wr Le=1,=1,. ()
BekTops! (ha3HBIX TOKOB HArpy3KH Ha Juarpammax Juist OoJbIIel HarlIsIHOCTH MPUHSTO CTPOUTD
OTHOCHUTEIFHO COOTBETCTBYIOMINX (ha3HBIX
HanpspkeHui. Ha puc. 7 ,8,9 noka3zano nocrpoeHue
BEKTOPHBIX Juarpamm. JluarpaMMbl MOCTPOCHBI st
ClIy4dasi CHMMETpHYHOU Harpy3ku. Kak u ciemoBano
Za = Zu. = Z,= R+jX,  OXHJIATh, BEKTOPHI (Pa3HBIX M TUHEHHBIX TOKOB
00pa3yloT CHMMETpUYHbIE Tpex(da3HbIe CUCTEMBI.
Kak Bugno u3 BekTopHO# nuarpammel (Puc.9), B
Clydyae CUMMETPUYHON HArpy3Ku JTUHEUHBIA TOK

U ab U be U ca
DaiHue HanpRXeHHa
NpHEMHHKOB

U-b U, U

6ounbmie a3Horo B NE) pa3. Bekropa (a3HbIx TOKOB
Use B y3JIe TPEYroJbHUKA 00pa3yloT paBHOOEIPEHHBII
Puc.7 TPEYTrOJIbHUK C YIJIOM B OCHOBAaHHH 30°. B aTOM
cllyyae, OCHOBaHHE TPEyrojbHUKa OOJIbIlIe CTOPOHHI B

120°

npoponxeHwne
V3 pa3. AHAJIOTHYHO, KaK ObLIO JOKAa3aHO IS
JIMHEHHBIX HAIIPSOKEHUN reHeparopa. B cioyuae
i L O CUMMETPUYHBIX HANPSHKEHUN FeHepaTopa, JMHEHHOE
ab be
®asnme Toxw : HanpspkeHue 6osbine GasHoTo B NE) pas.
npuémumxa las

Ha puc. 10) noctpoeHa BeKTopHas AMarpaMma Jyis

Pa '? =Q,=9>0
R cilydas pa3sHBIX THIOB Harpy3ku B (asax. B dase ab

HarpysKa 4icTO Pe3UCTHBHAs, a B ¢aszax bcu ca
Uk AKTUBHO-WHYKTUBHAs U aKTUBHO-€MKOCTHas. B

Pue.8

COOTBETCTBUH C XapaKTE€POM HArpy3KH, BEKTOD /ap

npoaonxeHne COBIIAAACT I10 HAIIPABJICHHUIO C BEKTOPOM gab;

BEKTOP /pc OTCTAET, & BEKTOP /ca OTIEPEIKAET

COOTBETCTBYIOIINE BEKTOPHI HATIPSKECHHA.
[Tocne mocTpoeHust BEKTOPOB (ha3HBIX TOKOB
MOYHO T10 BBIPKEHHSIM (7) TIOCTPOUTH BEKTOPBI

NUHEHHBIX TOKOB /4, /g u /c. Cnentyet oOpaTuTh

BHUMaHHE, YTO BEKTOPHAs cyMMa Kak (pa3HbIX,
TaK U JIMHEHHBIX TOKOB IIPH COEAVMHECHNN
Harpy3KHy TPeyTrOJIbBHUKOM BCEI/la paBHA HYJIIO.

Lzlll=zk= zco=R+ixL—[ (PaIi:g‘b(. ':Pu“‘}bo

_— Ecnmu  npeneOpeub  CONpOTHBICHHEM
JUHEWHBIX TPOBOJOB, TO HampskeHUs (a3

MpUEeMHUKA OyIyT paBHBI HAMIPSDKEHUSM HCTOYHUKA.
B srom cnywae ¢as3pl mpueMHUKAa HE3aBUCHMBI APYr OT Jpyra, T. €. HM3MCHEHHE
COTPOTUBIICHUS B KaKOH-TNO0 oqHON (pa3e mpreMHUKa BhI3bIBACT U3MEHEHHE TOKA 3TOH (hasbl U



BexvtopHas guarpamma Hanpamenwi
W TOKOB NPH COEBAMHEHWH NPHEMHHKOB
TPEYronbHUKOM (HECHMMETPHYHOR Harpy3ka)

Puc.10

TOKOB B JBYX JIMHEHHBIX NMPOBOAAX, COSAMHEHHBIX C ITOU
¢a3oii, HO HUKaK HE OTpPa)KaeTCsl Ha TOKaxX JIpyrux ¢as.
Ecnu ke conpoTUBICHUS! TUHEWHBIX MMPOBOIOB HE PaBHBI
HYJIO, TO W3-32 MAJCHUS HANpsDKCHHS B HUX TIpH
COCAMHEHUH  TPEYTOJILHUKOM HE  00eCreYnBaeTCs
HE3aBHCUMOCTD das. Hampumep, U3MCHEHHE
conpoTuBiieHHUsT (Da3bl ab BBI30BET M3MEHEHHE (Pa3HOTO
toka I, a cinemoBarensHO, U nHMHENHBIX TOKOB [A 1 Ip.
[lpy o>TOM TPOMCXOAWT TAJCHUE HANPSHKEHUS B
JUHENHBIX MpoBogax A u B, 4TO mpu HEU3MEHHBIX
JMHEHHBIX HANPSHKEHUSIX Ha 3KHUMax TeHepaTopa BbI3bI-
BaeT W3MCHEHHE HANpsHKCHWH Ha BceX Tpex ¢aszax
NpUEMHUKA, TaK KaKk TMOTCHIWAIbl y3JI0B a W b

M3MEHSIOTCS, BCIIEACTBUE YETO U3MEHSIOTCS Takxke TOKU Iy u I¢, B Tex ¢asax, conporusnenue
KOTOPBIX OCTaBaJlOCh HEW3MEHHBIM. CIenyeT OTMETHUTh: NpU pacueTax TpexdasHbIX Iernen
CUHUTAIOT, YTO TEHEPATOPHI HIMEIOT CUMMETPUYHYIO CHCTEMY HAIPSHKEHHH.

HecumMerpuss Harpy3kd MpakTHYECKH HE BIHMSIET Ha CUCTEMYy HamnpspkeHud (a3
TeHepaTopa B TOM CIIydae, €CJIM MOIHOCTh Harpy3Ku BeCcbMa Maja 10 CPaBHEHHUIO C MOIIHOCTBIO
TeHEpaTOpPOB (MM CETHU AJIEKTPOCHAOXKEHMs), T. €. TOrJa, KOrjJa pacCMaTpUBAeTCsl CUCTEMA C
MCTOYHUKOM OECKOHEYHO OOJIBIION MOIITHOCTH.



