9. HEIIU TPEX®A3HOI'O TOKA
9.1. OCHOBHBIE IOHATHUSA U ONIPEAEJIEHUSA

[Tox Tpex(da3zHOil ANEKTPUYECKOW UENbI0 MOAPAa3yMEBAETCS COBOKYIHOCTb
Tpex oAHO(a3HBIX LIETEH, B KaXKI0M U3 KOTOPBIX AeHCTBYIOT HcTouHUKH DJIC omHOM
9JaCTOTHI, OJIMHAKOBBIC TIO aMIUIUTYJE W CABUHYTHIE MO (a3ze APYr OTHOCHUTEIHHO
Jpyra Ha OJHY TpeTh nepuona. [ paduku MrHOBEHHBIX 3HAYEHUM TpeX(a3HOU cucTe-

Mbl DJIC npeacrasnensl Ha puc. 9.1, a. OgHodasuble Henu TpexdazHoil cxemsbl Npu-
HATO 0003HayaTh OykBamu A, B u C.
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Puc. 9.1. Bpemennsle (a) u BekTopHbIe (0) auarpamMmmsel Tpexdasnoii cucremst 3C

[Tpu nawanbHoit (aze DJIC en, paBHOU HYyII0, MrHOBeHHBIE 3HadeHus DJ[C
BBIPAXKAIOTCS CIEAYIOIUM 00pa3oM:
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CyllleCTBEHHO, YTO CyMMbl MTHOBEHHBIX 3HaueHUWA JDJIC M X KOMIUIEKCOB
PaBHBI HYJIIO:
e, +e, +e.=0;
A (9.2)
E,+E;,+E.=0.

[TpuHIMM, 3aM0°KEeHHBIA B OCHOBY Tpex(a3zHol 1iemnu, nosicHsiercs puc. 9.2, rae



U300paKeHbI TpU OJAHO(A3HBIE LIETIH, FJIEKTPUUECKU HE CBA3aHHBIE IPYT C IPYTrOM.
Buyrpennumu conpotusieHusMu J{C U COETMHUTENBHBIX MPOBOJIOB MPEHE-

OpexeM, KaKk BO MHOTO Pa3 MEHBIINMU, YeM CONPOTUBIICHUS (a3 mpUueMHuKa Z,, .

Puc. 9.2. HecBsizanHas Tpex(azHas 3JIeKTpUdecKas cucTeMa

ITpu paBeHcTBe Harpy3ok ¢a3z Z , =25 =2, nox neicreuem OJ1C B coenu-
HUTEJBHBIX IIPOBOJAX U CONPOTUBJICHUAX IPUEMHUKA BO3ZHUKHYT TOKH, TAKKE CIIBU-
HYTBbI€ OTHOCHUTEJIBHO JIPYT JApyra Ha TpeTb nepuona. HerpyaHo ybenutbes, 4TO B
ATOM CJIy4ae cCymMMa TOKOB B OOpaTHBIX ITPOBOAAX PaBHA HYIIO.

Bocnonb3yemcst 3TUM U 00bEIMHUM BCE TPU OOpPATHBIX MPOBOJA B OJMH. Tem
camMbIM COEAMHSIIOTCS B OJUH y3el Haudaja Bcex (a3 Tpex J/IC u Bce KoHLbI a3 co-
MPOTUBJICHUN NTpUeMHUKA. HanpsokeHus y3noB, o0beauuaommx Havana ¢paz DC u
KOHIIbI (pa3 COMPOTHUBIIEHUN HArpy3KH, paBHbI MEXIy COOOM, Tak Kak B COCAMHSIO-
IIEM MX IPOBOJIE TOKa HET. [lanbHeilliee yrnpolleHrue Lenu CleayeT Nocie UCKIToYe-
HUS 3TOrO MPOBOJA, MOCKOJIBKY B HEM HET TOKa. Takum oOpa3om, mosydaercs CBS-
3aHHas Tpex(aszHas TPEeXIpPOBOHAs LEMb, M300pakeHHas Ha puc. 9.3.

CpaBHeHue 1enen, CXeMbl KOTOPBIX MPUBEIEHBI HA puc. 9.2 u 9.3, cBUAETENb-
CTBYEeT 00 SKOHOMHYECKOM MpeumMyliecTBe Tpex(as3HbIX lLienei nepea oaHo]a3HbI-
MU.
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Puc. 9.3. Cpszannas TpexgaszHas JJISKTPHUICCKast 1eTb

JocTtonHcTBaMu Tpex(a3HbIX JIEKTPUUECKUX Henel nepea oqHopa3HbIMU SIB-
JISIFOTCS BOBMOKHOCTD TOJIYYEHHUSI BPAILIAIOIIETOCs. MATHUTHOTO TOJISI, YTO KCIIOJIb3Y-
€TCs B DJICKTPUYECKUX MAIlIMHAaX, a TaKXKe HaJIu4ue B OJHOM IeNu JABYX DKCILTyaTa-
LUOHHBIX HAIIPSAKECHUM.

Tepmun «da3za» B ANEKTPOTEXHUKE MMEET JBa 3HaueHus. Panee um 0003Ha-
qajicsi apryMEHT CUHYCOUIAIbHOW BETUYUHBI.

[Tox «dazoit» B TpexdazHol 1eNH MOAPa3yMEBAIOTCSI TPU €€ COCTaBHBIC YaCTH,

nojkiatoueHHsle coorBercTBeHHO K OJIC E,, Eg, E. u Ha3bBaemble coOTBeT-
cTBeHHO «(da3oit A», «dazoit B» u «dazoit C». Tak, Hanpumep, Ha puc. 9.3 daza A

copepxkut IJC E , conporuBnenne Harpy3ku Z, W COCIAMHHUTEIBHBII IPOBOJ C TO-

|
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9.2. OCHOBHBIE CXEMbI COEJUHEHUS TPEX®A3HBIX IIETIEN.
ONPEJEJIEHUE JIUHEAHBIX U ®A3HBIX BEJIUUNH

Kaxnas (asnas oOMOTKa 3JIEKTpUUYECKOW MAaIllMHBI MMEET JBa BBIBOJAA. 3a
Hayano (a3pl OOMOTKM TeHepaTopa OOBIYHO MPUHUMAIOT BBIBOJ, K KOTOPOMY
HarnpasJieHa nojoxurenbHas IJ[C. O603HauarOTCs Ha4aJIbHBIE BHIBOJIBI B 3aBUCHUMO-
ctu ot ¢a3el cumBosiamu A, B u C. TIpoTuBomnoiokHbIe BHIBOJBI HA3bIBAIOTCS KOH-
amu (a3 0OMOTOK ¥ 0003HAYAIOTCS COOTBETCTBEHHO Yepe3 X, Y U Z .

[Tokazannoe Ha puc. 9.3 coequnenue DJIC Ha3pIBaeTCs «3BE310W», a oOmas
TOYKa, COSUHSAIONIAs KOHIIbI (a3 reHepaTopa B y3ell, — HeUTpaiblo Tpexda3Hoil cu-
ctembl. OOBIYHO HANIPSHKEHHUE HEUTPaIu MPUHUMACTCS PaBHBIM HYITIO.



PaBenctBo Hymio cymmbl DJIC mo3BosiieT MPEUIOKUTH €IIe OHY CXEMYy —
«TPEYTOJBHUK», KOTJa Hadalo KaxAod (pa3pl reHeparopa COCAUHSETCS C KOHIIOM
apyroii. [Ipu oTcyTcTBUU BHEIIHEH 110 OTHOLICHUIO K «TPEYTOJIBHUKY» Harpy3Kd TOK
B HEM OyJeT OTCYTCTBOBaTh, TaK KaK coryiacHo (9.2)
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rae Z,.— conporusienue ogHot C reneparopa.

B 3aBHCHMOCTH OT TOTO, Kak COeIMHEHBI (Da3bl TeHepaTopa U COMPOTUBIICHUSA
IPUEMHHKA, BOBMOXKHBI IISTh CXEM COSUHEHUH Tpex(a3HbIX Leneil:
— (pa3bl TeHepaTopa — «3BE301», MPUEMHUK — TAKKE «3BE3H0W» C MPOBOJIOM, COEIH-
HSIOIIMM HEUTpaau o0eux «3Be3n» (puc. 9.4, a);
— (ba3bl TeHEpaTOpa — «3BE3/0i», MPUEMHHUK — «3Be3/101» (puc. 9.4, 0);
— (ha3pl reHepaTopa — «3Be340M», MPUEMHUK — «TPEYTrOJIbHUKOM» (pHC. 9.4, B);
— (ba3bl TeHEpaTOpaA — KTPEYTOJBHUKOMY, MPUEMHUK — «3Be3/10i» (puc. 9.4, r);
— (ha3bl TeHepaTopa — «TPEYroJIbHUKOM», IPUEMHUK — «TPEYroJbHUKOMY (puc. 9.4,
o).

¥3en, B KOTOPOM COEIMHEHBI TPU KOHIA Tpex(a3HOW Harpy3Ku Mpu COEAUHE-
HAW «3BE3/101», NMPUHATO HA3BIBATh HEUTPAIBIO HArpy3KH; IMPOBOJ, COEOUHSIONIUI
HEUTpab T€HEpaTOpa C HEMTPAJIbIO HArPYy3KH, — HEUTPAJIbHBIM IIPOBOJIOM; MPOBOJA,
coenunsromme Touku A, B, C reHeparopa ¢ COOTBETCTBYIOIIMMH TOUYKaMHU HArpy3KH,
— JJMHEWHBIMH MPOBOJIAMH.

CxeMbl coequHeHui Tpex(a3HbIX Lenel, n300pakeHHbIe Ha puc. 9.4:

— «3B€3/1a—3BE3/1a C HYJEBBIM ITPOBOIOM ()<° —;

— «3Be3na—3Besgay (-~ AN);

— «3BE3MA—TPEYTONBHUKY (I~ — A);

— «TpeyrompHUK—3Be3ma» (O ~N);

— «TPeyroNbHUK—TPeyroabHuK»( A — A).



Puc. 9.4. Cxemsl coerHEHNS TpexPa3HbIX HeTel

Kaxmyro u3 tpex DJIC renepartopa HazbiBatoT (a3oil reHepaTopa, Kaxkiayr U3
TpeX Harpy3oK — (pa3oil Harpy3Ku.

Tok, npoTekaromumii Mo Qaze reHeparopa UiIU Harpy3Ku, Ha3bIBaeTcsa (ha3HbIM
TOKOM COOTBETCTBEHHO I'€HEpaTropa WM Harpy3Kd, TOK B JUHEWHOM IPOBOJE — JIH-
HEUHBIM TOKOM.

Hampsokenue Ha Qase reHeparopa WM Harpy3ku — (asHoe HampsKeHUe.
Hanpspokenue Mexny JIMHEMHBIMU IPOBOAAMU — JIMHENHOE.



PaccMoTpuM cooTHOIIEHUSI MEXTYy (Da3HBIMU TOKAMU M HAIPSKEHUSIMU B CXe-
M€ «3BE3/bD» U B CXEME «TPEYTOJbHUKA». ITU COOTHOIIECHUS OJIMHAKOBHI KaK JIJIsl Te-
HEepaTopa, TaKk U JJIsl Harpy3KH.

[Ipy coenmMHEHUMN 3IEMEHTOB «3BE3/0i» TOK, MPOTEKAIOIINI Yepe3 AJIEMEHT
«3BE€3/1b», PABEH JJUHEHHOMY TOKY:

loa =lias lgp =lss Ty = Lics
T.C.

I =1. (9.3)
JIuneliHOe HANPSKEHNE PAaBHO Pa3HOCTH ABYX (Da3HBIX HAINPSKEHUM:

B UB; UnBC - UB - Uc; UnCA - Uc - UA’

UJ‘IAB - UA
YTO WUTFOCTPUPYETCS] BEKTOPHOM MarpaMMoi, n300pakeHHOM Ha puc. 9.5.
A
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Puc. 9.5. CooTHomeHust Mex1y (hazHbIMHU U THHEHHBIMU
HaTPSHKEHUSIMH B CXEME «3BE3/1a»

Ha npumepe numeiiHoro Hampspkenuss U . BHAHO, 4TO OHO oOpasyeT ¢

HanpspkeHmsiMa U, i U . paBHOOCAPEHHBIN TPEYTOIbHUK C YIIaMU [IPH OCHOBaHUH

30°. [IpoBens B 3TOM TPEYTrOJIbHHUKE BBICOTY (MIOKa3aHa MyHKTUPOM), MTOTYYaeM:

%UBC = U, cos30° =§UC,

orkyga U =./3U_,

BC C
WJIM B OOIIEM CiTydae:

U =-3U . (9.4)
I ¢
Tot xe pe3yJIbTaT NIOJYy4acTCs, C€CJIN NPEACTABUTL KOMILICKCHI HaHpiDKeHI/Iﬁ

U, u U_ B anreGpamieckoii popme:



U =U,e™" —U, [cos(-120°)+ jsin (-120°)]= U, —;_ jf ,
: 1 ..3)
UC:UA _5_17 ’
L'JBCZUB_UC:j\@UA’

oTKyza cieayert (9.4).
TakuM 00pa3oM, Mpu COEAMHEHUHU DJIEMEHTOB Tpex(azHOH LEeNmu Mo CXeMe
«3Be3/1a» JIMHEHHBINA TOK paBeH (ha3HOMY, a IMHEHHOE HalpshkeHue Ooblie (ha3Horo

B /3 pa3.

[Ipu coemuHEeHNN AIEMEHTOB TpeX(a3HOU IENH B «TPEYTONBHUKY KaXKIbIN U3
AJIEMEHTOB «TPEYTOJbHHUKA», C OJTHOM CTOPOHBI, BKIIFOUCH Ha JMHEHHOE HAINp S KEHUE,
a C Ipyroi — HaIpsDKEHUE Ha DJIEMEHTE 110 onpeaeieHnto daznoe. [loatomy

Uu,=U_. (9.5)

Jlnst onpesiesieHrs COOTHOIIEHUI MEXy (pa3HBIMU M JIMHEWHBIMU TOKaMHU 00-
patumcs K puc. 9.4, B 1 cOCTaBUM ypaBHEHHMsI O nepBoMy 3akoHy Kupxroda s y3-
noB A, B, C narpy3ku. [lomyunm:

=1 -1 (9.6)

c~ cA IBC'
VYpaBaenus (9.6) BbIpakalOT COOTHOIIIEHHE MEXKAY JMHEHHBIMU U (ha3HBIMU
TOKaMH TIPH JTFOOOM XapakTepe Harpy3KH.
BriBeeM 3TH COOTHOIICHUS IS CITydasi, KOT/Ia BCE CONPOTUBIICHUS HAarpy3Ku
PaBHBI, a JIJIT IPOCTOTHI TIPUMEM, YTO COTPOTHBJICHUS HArpy3KH aKTHBHBIC. BekTOp-

HbIE JUArpaMMbl HAIPSIKEHUN U TOKOB JIJISL 3TOTO Cly4dasi IpUBEIEHbI Ha puc. 9.6.
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Puc. 9.6. BektopHble muarpaMMbl HaNpspKeHUH (2) ¥ TOKOB (0) TPy COeTMHEHUH
Harpy3KkH TpPEeyrojJbHUKOM

[TocTpoeHHasi B COOTBETCTBUU C ypaBHEHHEM (9.6) BEeKTOpHAas JuarpaMma To-
KOB M300pakeHa Ha puc. 9.6, 6. I3 quarpammsbl BUHO, 4TO

| =-/31. (9.7)

Takum 00pa3oM, Npu paBHBIX COMPOTUBIICHUSIX HArPy3KHU U JIMHEWHBIX HaNps-

JKEHHSIX JINHEHHbIEC TOKH B /3 pa3 Goblie GasHbIX.

IMpumep I1.9.1. ConpoTuBieHne Kaxaon ¢a3bl CHMMETPUYHOTO TpexdazHoro
npueMmHuka (puc. 9.7) pasuo 10 Om.

KakoBbl 1oka3zaHusi BOJILTMETPA, €CJIM aMIIEpMETp MokKa3biBaet 17,3 A?

B o ®
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Puc. 9.7. Cxema x npumepy I1.9.1

Pemiennie. ConpoTUBIEHUS HArpy3KU OJIMHAKOBBI U COEAUHEHBI TPEYrOJIbHU-
KOM. AMIIEpMETp BKJIIOYEH B JIMHEWHBIM MPOBOJ U U3MEPSET JIMHEUHBIN TOK, KOTO-



pbiit cornacuo (9.7) B /3 pa3 Gomblue hazHOro, H0ITOMY (a3HbIil Tok paBer 10 A.

Hanpsixenue Ha dasze Harpy3Ku, BKIIOUEHHOU [0 CXeME TPEYTroJIbHUKA, PABHO
U =U =1 -72=10-10=100 B.
@ 1 @

Bonbr™meTp nmokaxer Hanpspbkenue 100 B.

9.3. PACYET CUMMETPUYHBIX TPEX®A3HBIX IIENEMN

CuMMeTpuyHOM Tpex(a3HOU Ienbl0 HA3BIBAETCS I€Nb, Y KOTOPOH COOTBET-
CTBYIOILIME ITapaMETPbl AJIEMEHTOB HAarpy3KH B KaKJI0W U3 TpeX (a3 paBHBI, T.€. Mac-
CUBHas 4acTh Lenu (a3bl A MOBTOPSIET MacCUBHYIO yacTh 1eneil a3z B u C. B cum-
METpUYHON Tpex(a3HOM IenH IEHCTBYIOIINE 3HaYEHUS (pa3HbIX U JIMHEWHBIX TOKOB
Y HaIpsDKEHUI Ha KaXXI0M U3 TpeX(azHbIX 3JIEMEHTOB NO(Pa3HO pABHBI.

OCoOEHHOCTBIO CHUMMETPUYHOM Tpex(a3zHOil 1Lenu SBISETCS PABEHCTBO
HaIpsKEHUN BCEX HEWTpaJiel KaK FeHepaToOpOB, TaK U Harpy3ok. Ecinu HeWTpaib Xo-
Ts OBl OJJTHOIO Te€HepaTopa 3a3eMJIeHa U COOTBETCTBEHHO, HAINPSHKEHHUE €€ PABHO HY-
JIX0, TO HAIIPSDKEHHUS BCEX OCTAJIBHBIX HEUTPAJIEW TAK/KE PABHBI HYJIO HE3aBUCUMO OT
TOTO, 3a3€MJICHBl OHU WJINM HET. PaBEHCTBO HYJIIO HANPSIKEHUS HEUTPAIN HArpy3KU

CleAyeT TaK)K€ U U3 YpaBHEHHUS ISl onpeaeseHus Hanpsbkenuss U oy MEXKIY HEHTpa-

JSIMU T€HEpaTopa U Harpy3Ku B cxeme Ha puc. 9.4, 0:

Ea Be B
' Z, Z, Z,_ 0 _
Yoo = 1 1 1 1 1 1 =0
S
Z, 4, 4, 4, 4, Z,

DTa 0COOEHHOCTH MO3BOJIAET B pACUETaX «Pa3Bs3aThy CBA3aHHYIO Tpex(a3HyIo
1IeTb Ha Tpu oHOda3HbIe, a TaK Kak ¢a3Hble TOKH TpeX (a3 paBHBI MEXAy COOOH H
CABUHYTHI OTHOCUTEIBHO APYT Apyra Ha TPETh MEPUOaa, TO JOCTATOYHO PACCUHMTATH
TOJIbKO OJIHY OAHO(A3HYIO IIeTh, a PE3yJbTAaThl C COOTBETCTBYIONUMHU (Pa30BHIMU
CIABUTAMU TICPEHECTH Ha apyrue (asbl.

Taxk, pacuet nenu, n300paxeHHOM Ha puc. 9.3, CBOAUTCS K pacyeTy IenH puc.
9.8. B Tom cnyuae, korja Harpys3ka BKIIOUEHA «TPEYTOJBHUKOM», €r0 CIEIyeT mpe-
o0pa3oBaTh B DKBUBAJICHTHYIO <«3BE3Iy», MPU 3TOM CONPOTUBICHUS HATPY3KH

yMEHbIIATCS B TpH pa3a. VIcTUHHBIE TOKM HArpy3ok OyAyT B J3 pa3 MeHblIe pac-
CUMTAHHBIX JIJISI CXEMBbI «3BE3/1a.

Ecnu reHepatopbl COEIUHEHBI «TPEYTOJIBHHUKOM», TO MpeoOpa3oBaHUE B
«3BE3/ly» YMEHBIIUT CONMPOTUBIIEHNE T'€HEPATOPOB B TPH pa3a, a Benuuunbl DJ[C — B

\/3 pas.



Puc. 9.8. Cxema s pacuera tpexdasHoi enu puc. 9.3
I[J'I)I pacqua OI[HOCI)EBHBIX CXEM MOKHO HCIIOJIB30BaTh BCC MCTOIBI, paCCMOT—

PCHHBIE B IJ1aBax 2 U 3.

Ipumep I1.9.2. K tpexdasznoit nenu (puc. 9.9, a) npusokeHa CUMMETpUYHAs
cucteMa JIMHeHHbIX HanpspkeHudt Uy = 220 B, x; 10 OM, x¢c = 60 Om. OnpenenuTsb
MOKa3aHUs aMIlepMETpa FJIEKTPOMArHUTHOM CUCTEMBI.
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Puc. 9.9. Cxemsi k mpumepy 11.9.2

Pemenue.
[IpeoOpasyeM TpeyroJbHUK E€MKOCTHBIX COIPOTHUBICHHM B SKBHUBAJICHTHYIO
3BE31Y.
X = Xpe *ec
A X + X
B

AB + XAC

TaK KaK CXEMma CI/IMMeTpI/I‘lHaH, TO
2
— — —_C _
Xeg =Xge =Xep = 3 20 Om.
C

Pacuetnas cxema mokaszana Ha puc. 9.9, 0 (cpaBHUTE cO cxeMoi Ha puc. 9.7).

Komruieke Toka B TMHEMHOM MPOBOJIE
: o
i Uq) A _ 220e
A X 3

€]

/ j(10-20)=-j12,7 A.



AMIIEpMETp MOKAXKET €ro JACHCTBYIOIEE 3HaUeHue, T.e. 12,7 A.
9.4. PACUET HECUMMETPHUYHBIX TPEX®A3HBIX IIENTENA

JIBa 4acTHBIX CiIydas HECUMMETPHUYHBIX Tpex(a3HbIX IIeNei, KOorja MOXKHO
MIPUMEHUTH YIIPOUIEHHBIE METO/IbI pacueTa:

— CXEMBI «3B€3/1a—3Be3/1a» C HYJIEBBIM MPOBOJIOM, COMPOTUBICHUEM KOTOPOTO
MOKHO MPEHEOPEYb;

— COCIMHEHHUE HArpy3KH B «TPEYrOJIbHUK», IMPHU HYJEBBIX COMPOTHBICHUSIX
OJIC renepaTopOB M JIMHEUHBIX MPOBOJIOB.

B niepBom caydae (puc. 9.10, a) pacuer TpexdaszHOW IeMd MOKHO 3aMEHHUTH
pacyeToM TpeX OTAEIbHBIX OJHO(MA3HBIX LIETIEH C TOKaMU

E . E i E

—_A I C
1
b Za

i _e jo'c
57z, © Z

Tok B HEHTpaIbHOM IPOBOAE | OmpenenuTes Ha OCHOBAHHH IEPBOIO 3aKOHA
Kupxroda:
=1+, +1..

B cxeme, nzobpaxkennoit Ha puc. 9.10, 0, k pa3HBIM CONPOTUBICHUSM HATPy3-
KW MPUJIO’KEHBI COOTBETCTBYIONINE THHEHHBIC HANIpshKeHUs. [ToaToMy

u_ . U . U

—__AB | —_ BC | —_ _CA

— __BC _
AB ZAB Be ZCA cA ZCA

JIuHelHBIC TOKM MOJy4aroTCsl Ha ocHOBaHUH (9.6).

Puc. 9.10. Cxembl TpexhasHbIX [ENel, pacueT KOTOPHIX MPOU3BOIUTCS YITPOIICHHBIMA METOIaMHU

B oOmem cimydae, korja MEXIy Harpy3Kol W reHEepaTOpOM UMEIOTCSI COTPO-
TUBJICHUS JIMHEHHBIX TIPOBOJIOB U HYJIEBOTO, U €CTh BHYTPEHHHE COMPOTUBJICHUS U C-
tournkoB DJIC, TpexdasHas 1enb pemaeTcss OJHUM M3 METOJIOB, M3JI0KEHHBIX B
riase 3.



Jns mpocThix 3ajad, KOTopble paccMmarpuBarorcss B kypce TOD BVY3os,
Han0oJiee MPUEMIIEMBIM SABJISIETCSI METOJI ABYX Y3JI0OB.

PaccmoTpum ero npuMeHEeHHE Ha IPUMEPE CXEMBbI «3BE3/1a—3BE€3/1a C HYJIEBBIM
MIPOBOAOMY, UMEIOIIMM KOHEYHOE conpoTuBiieHue (puc. 9.11, a).

0
Ex Es Ec
Zn Zn Zy D;o
iA iB ic lio
Zs Zs Zc

o

Puc. 9.11. TpexdazHas HECHMMETpHYHAS cCXeMa

[lepepucyem cxemy Tak, Kak 1mokazaHo Ha puc. 9.11, 6.

HanpsxeHue Mex 1y HeUTpaiasiMu T€HEPATOPOB U HATPy3KHU U o PABHO
EA N EB s E c
- LntZa Zny+lg Zp+Zc
oy = 1 1 1 1 (9.8)
+ + +

Ly+Zy Zy+Zy Zy+Zc Zo
[TomyyeHHOE HaNpsKEHWE MPU HECUMMETPUYHOM HArpy3Ke M HAUTMYUHU COMPO-
THUBJICHUSI B HYJIEBOM MPOBOJE OTJIMYHO OT HYJIS. DTO HAMPSKEHHUE HA3BIBAETCA CMeE-
LIEHUEM HENTpaJIU.
Tokxu B BETBSIX CXEMBI

_ E, Yy _ By - Uy i = E. VU i — Usy (9.9)
A Zy+Zy B Zy+Zy S Zy+Zo 0 Zy
a HaIpsDKEHHS Ha Harpy3Kax
U,=1,-Zp U,=1,-Zg, U, =I_-Zc. (9.10)

[Ipy coenMHEHMH T€HEPAaTOPOB WJIM HATPY3KU B «TPEYTrOJBHUK» IOCIEIHUIMA
npeoOpa3yeTcsi B 5KBUBAJIICHTHYIO «3Be3y». [IpuueM, eciu npeodpasyemcs 6 «36e3-

dy» cxema 2enepamopa, mo ezo I/C credyem ymenvwums 6 /3 pas, umoovt 1u-
HellHble HANpAXdCeHUs O0CMmanuch Heusmenuvimu. Kpome 5TOro, HeoOXOAUMO



yuecTb caBUT B 30° MEXIy COOTBETCTBYIOIIMMHU JTUHEHHBIMU U (pa3HBIMU HaIpsixKe-
HUSIMH.

Pacuer npouszBoautcsa no dopmynam (9.8 — 9.10). B ypaBuenun (9.8) otcyT-

CTBYCT TOJIBKO COIIPOTHUBIICHHC HYJICBOI'O IIPpOBOAA. On CAC/INB HAaIIPAKCHUA U )y
A

UB,, U < » HAXOZIUM TOKU B «TPEYrONIbHUKE» B BUJIC OTHOLICHHS COOTBETCTBYIOIINX
JIMHEWHBIX HAIIPSHKEHUM K COIPOTUBIICHUSM.

Ecan «TPCYIOJIbHUKOM» COCOANHCHLI OOMOTKH IréHeparTropa, UMCHOIINC HCHYJIC-

BbIE€ CONPOTHUBJIEHUS, TO PACCUMUTHIBAIOTCS HampsbkeHus U K UB, U o Ha BBIBOZIAX

reHepaTopa M MO M3BECTHBIM (hopMyrnaM ompeneneHus HampsLKeHUs Ui Y9acTKOB
uenu, coaepxamux IJ1C, OTbICKUBAIOTCSI TOKU B 0OMOTKaX reHepaTopa.

Uccnenyem popmyny (9.8). Kaxknoe cnaraemoe 4uciauTensl MpeACTaBIAET CO-
OO0l TOK COOTBETCTBYIOIIEH (pa3bl Harpy3kd IpPH OTCYTCTBHUU CONPOTUBJICHHS B
HEUTPAIIbHOM NPOBOJIE, @ 3HAMEHATENIb — CYMMY MPOBOAUMOCTEN MEXKIY HEUTpAIIs-
MU reHeparopa U Harpys3ku. B nenom xe ¢opmyiy (9.8) MOXKHO MpencTaBUTh Kak
CyMMY (ha3HBIX TOKOB MPHU IIYHTUPOBAHHOM COIMPOTUBJICHUH B HEHTPATHLHOM MPOBO-
7€, YMHOXKEHHYIO Ha SKBHBAJIEHTHOE COINPOTHBIIEHUE YETHIPEX Mapaljie/IbHbIX BET-
BEM.

B HekoTOpbIX Citydasix yA0OHO JJIsl TAKMX PacdyeToOB BOCIOJIB30BATHCS BEKTOP-
HbIMU auarpamMmamu. [Ipumep pacuera mpuBeneH mis cxeMbl Ha puc. 9.12; a, rae
TpeOyeTcst ONpPeeIUTh HaNpsyKEHUE CMELIEHUSI HEUTpalld NpU CUMMETPUYHOU CH-
creme (a3ubix HanpsbkeHuit Ug = 100 B.



Puc. 9.12. HecummeTpuunas tpexdasHas 11erb (a), ee BeKTopHast quarpamma (0)

Toxu B kaxa0¥ u3 ¢a3 mpu COCTUHEHHBIX MEXKy CO00I HEUTpassix reHepaTo-

POB U Harpy3ku ( iAKS, i, iCK3) Oynyt paBsbl 1o 10 A, HO TOK B a3ze A coBnagaer

Bk3

c HanpasienneMm DJIC E4, B ¢aze B — orcraer ot 9JIC Eg Ha yron g, B daze C —

onepexaer I/C Ec Ha g N3 BexTopHOU auarpammsel (puc. 9.12, 0) cnegyer, 4To

reoMeTpuyeckas cymma (pazHbIX TOKOB paBHa — 7,3 A. DKBUBaJECHTHOE COTPOTHUBIIE-
HHAE Tpex mnapauienbHblXx BeTBell coctaBiasier 10 Owm. Hampsbkenuwe cmenienue
HEUTpaIU PaBHO IO3TOMY

-7,3-10=-"73 B.

Jnuusr Bekropos Hanpspkennit U, U, U, MOXHO H3MEPHTH JTHHEHKOM,

ux ¢a3pl — TPAHCIIOPTUPOM M Yepe3 MacIITaOHbIe KOIPPUITUEHTHI OMPEACIUTh 3HA-
YEHUS HANIPSDKCHUH M UX KOMIUIEKCHI. TOKH B BETBSAX OMpPEESIOTCS 1Mo 3akoHy Oma:

e e S
22y g Lc
Bonbiyto rpymnimy mpeacTaBisiFoOT 3aja4l CXEM C Pa3pbIBOM OJHOTO JIWHEWHOTO
npoBoja (puc. 9.13).



a §)

Puc. 9.13. Tpexdasnple nenu ¢ pa3pbIBOM JTHHEWHOTO MMPOBOAA

[Ipu pa3pbiBe TUHEHHOTO MPOBOJIA BCS LIENb OCTAETCS BKJIFOYEHHOW HA JIMHEH-
HOE HampspkeHue octaBiuxcs ¢as. Tak, nmpu paspbiBe JUHEHHOTO mpoBoaa (azel A

BCi Tpex¢>a3Ha;1 OCIIb OCTACTCA BKJIFOUCHHOM Ha HAIIPSKCHUC U IIpHU OTKIIOYCHHUHN

BC’

nposoza ¢asel B — na nanpspkenne U, , passr C — Ha Hanpspkerne U .

Ha namm B3risi, Takue cXxeMmbl yI00HO pacCUMTHIBATH C MPUMEHEHHEM BEKTOP-
HO-TONOrpapUUECKUX AUarpaMm.

O6patuMcs k cxeme, uzo0pakeHHOU Ha puc. 9.14, a, rne TpeOyeTcs onpene-
JHUTh TOKAa3aHUE BOJBTMETPA, BKJIFOUCHHOTO B pa3pbiB JHMHEHHOTO mpoBoma AA’.
JInneninoe Hanpspkenue pasHo 100 B.

OKBHBAJICHTHOE CONPOTHBJICHUC LICHH, BKIIOYCHHON Ha Hampsbkenume U,
paBHo Z,=10—[10+10+ [10=20Om.. Tok lg = Ic = 5 A u coBnazmaer no ¢ase c
HarpsbkeHuem U BC [TameHne HaNpsKEHUS HA BCEX AJeMeHTax uenu paBHo 50 B; Ha

akTuBHBbIX conpotuBieHus (Uck u Uym) OHO coBmagaet 1o (aze ¢ TOKkoM, Ha €eMKOCT-
HoM (Uyo) — oTcTaet ot Toka Ha 90°, Ha uHaykTHBHOM (U/8) — omeperkaeT Ha 90°.
[IpuHsB 32 TOUKY OTCUETa Ha KOMIUIEKCHOM IJIOCKOCTH TOUKY C, CTpOUM BEK-
TOPHYIO Tuarpammy Hanpspkerui (puc. 9.14, 6) mo toukam C, K, 0°, m, B. TTockoib-
Ky TOK B ITpoBojic AA’ paBeH HyIIO, IOKa3aHUs BOJBTMETPA COOTBETCTBYIOT HAIPsI-
aeHUuto Upg, KOTOpoe OnpeAensieTcs paccTossHiueM Mexay ToukaMu A u 0 BeKTop-

HOU auarpaMmmbl. HetpyaHo noacuurars ero sennuuny. GazHoe HanpsyKeHUue paBHO

1
E:57,7 B. Hanpspkenune mexay toukamu A u K paBao 1,5 Uy = 86,6 B, a

V3

Harnpstkenue Uy, = 50 B. CnenoBatenbro, Hanpspkerne Uy = 136,6 B.
Heobxoaumo TBep10 3a1I0MHUTD, YN0 HA KOMRIAEKCHOU NIOCKOCMU JHCECMKO
3aghukcuposanvt nonoxcenus mouek 0, A, B, C, onpeoensaemvie 3nauenuamu pas-
noix 3/1C. Ilonoxcenus ocmanbHblx MoueK onpedeIsilomcsa cXemol coeOuHeHull u
COOMHOUICHUEM napamempos rjiemenmos. Tax, npu 3amblkaHUU (a3bl (CoeanuHe-



HueM Touku A, uiu B, unu C ¢ 07) Helitpans Harpy3ku 0 cMelaeTcsi COOTBETCTBEH-

HO B Touky A, B nim C.

Puc. 9.14. HecummeTpuanas TpexdazHas 1erb (a), 88 BeKTopHO-Tonorpadmdeckas nuarpamma (0)

9.5. AKTUBHAS, PEAKTUBHAS, IIOJIHAS MOILIHOCTHU B
TPEX®A3HBIX HEITAX

MortHocTh, TOTpedisemMast Tpexda3HoM IeNbl0, OYCBUIHO, paBHA MOITHOCTH,
reHepupyemoil Bcemu ¢azamu reaepatopos. IIpu coequHeHun oOMOTOK TeHeparopa
«3BE3/101»

P=P,+P, +P =E I cose, +E_I_cos¢ +E_|_cose_. (9.11)

[Ipu coenquuennr 0OMOTOK T€HEPATOPA «TPEYTOILHUKOM)

P=E | ,zC0s¢, +E_ I coso,  +E

calca COSOL . (9.12)

Ecim TpexdasHas 1ens CAMMETPUIHA, TO
P=3E_I, cose=-/3E I cosg, (9.13)

rae ¢ — yroa mexay ¢azasiMu 3J[C 1 cOOTBETCTBYIOMUMHU (ha3HBIMU TOKAMH.
PeakTuBHass MOITHOCTH TpeX(a3HOU 1IeMH paBHA:
— TIPH COEIMHEHUU OOMOTOK T€HEPaTOpa «3BE30M»
Q=E I, sine +E_l sing +E_|_sing_; (9.14)
— IIPU COEIMHEHUU «TPEYTrOJIbHUKOM

Q= EABIABsm P +EBCIBCS|n Pac +E

calcasin @, (9.15)

IIpu paBHOMEPHOM HArpy3Ke



Q=3E_I_sinp=-/3E_|_sino. (9.16)

[ToxHasg MOIITHOCTE

S=./P?+Q°. (9.17)

Ac EW/ b Ao W (;5322;1

daznas
Bec Harpys- B Harpys-
C o Ka C o Ka
0 o ® l

Puc. 9.15. CxeMbI U3MEpeHH MOITHOCTH B TpeX(a3HbIX LEMAX C HyJIEBBIM MPO-
BOJIOM (a), IpH ero oTcyTCcTBUH (0)

HetpyaHo yOeauThcs, 4TO MTHOBEHHAss MOUIHOCTh B CHMMETPUYHOM LIENU B

10001 MOMEHT BPEMEHH MOCTOSIHHA. J[eHCTBUTEIBHO,

p=E,l[cosp—cos(2- ot — )]+ EBlB[COS(p - cos(Z(ot —0 —120°)]+
+Ecle [COS(p — cos(th —p+120° )]z 3E, |l COSO.
B oOmeMm ciiydae u3MepeHre MOIIHOCTH MPOU3BOIAUTCS TPEMsi BaTTMETPaMH,
Kak u3o0paxeHo Ha puc. 9.15, a. OnHako Opu OTCYTCTBUM HYJIEBOTO MPOBOJA U3MeE-

PUTh MOIITHOCTh MOXKHO ABYMs BaTrTMeTpamu (puc. 9.15, 0).
JlencTBUTENBHO, KOMIUIEKC TTOJIHOW MOIIIHOCTH ONPEAEIAETCS BEIPAKEHUEM

* *

S=E, Ia+E_ls+E_lc. (9.18)

B cxeme puc. 9.15, 6 umeem:

B

S=(0, ~ U )1t (0, U )} 16 =0 Ia+ U, ls-0_ .[?AJBJ:

*

* *
=UA|A+UB|B+UC|C,

YTO COOTBETCTBYET ypaBHEHUIO (9.18).

IIpuMepsbI M ynpaKHeHUs



I1.9.3. K tpexdaznoit nenu (puc. 9.16) npunokeHa CUMMETPUYHAST CUCTEMA
nuHenHbix HanpsokeHud Uy =380 B, r =1 Om; X, = 6 Owm; ry = 21 Om. Onpenenutb
MOKa3aHus NpuOOpOB.

MeToan4eckue yKa3aHusl.

Puc. 9.16. Cxema k npumepy I1.9.3

[Toka3zaHust BaTTMETpa ONPEIEIISIOTCS KaK MPOU3BEACHNUE MPUIOKEHHOTO K
BaTTMETPY HANPSDKEHUS HA BEIIMYMHY MMPOTEKAIOIIET0 YEPE3 HETO TOKA U KOCUHYC
yriia ciBura a3 Mexay HanpspKeHUEM U TOKOM.

B nanHoi 3agaue

P1 = I1UAB COS o,

1€ (¢ — yroJi Mexay TokoM |, u HanpspkerreM Uag.
Otset: 11 =22 A, 1,=12,7 A, P, = 3,28 kBT, P, = 8,3 kBrT.

I1.9.4. K tpexda3zHoit uenu, npuBeeHHON Ha puc. 9.17, npunoxeHa CUMMET-
puuHas cuctema HanpspkeHuit U; =380 B. Conpotunenust cxemsl x, =10 OMm; X, =
210 Owm; r = 80 Om. OnpenenuTh MoKazaHus MpuOOPOB.

r XL
A Q_:lm @
r XL

B >

Xc
r XL || Xc
I

Co—{ 1YY

Puc. 9.17. Cxema x npumepy 11.9.4

Otset: I, =2,2A,1,=1,27 A, U =267 B.



I1.9.5. CummeTpuuHbIii Tpexda3HbIi TPUEMHUK MUTACTCS OT TpexX(a3HOU Iie-
nu. BoapT™MeTp, amnepMeTp U BaTTMETpP, BKIFOUEHHBIE, KaK MTOKa3aHO Ha puc. 9.18,

[MOKa3bIBarOT cooTBeTcTBEHHO: U =127 B; | = 4/3 A; P =508 Bt. KakoBo mo xapak-
Tepy conpoTurieHue Z?

A &

(3

C &

Puc. 9.18. Cxema k npumepy I1.9.5

OtBeT: UncTO aKTUBHOE.

I1.9.6. CummeTpuuHbIil TpexdazHblil mpueMHukK (puc. 9.19) nuraercsa ot Tpex-
¢dazHoii cetu. BonbT™MeTp u amrniepmeTp nokasbiBatoT cootBerctBenHo U = 380 B, | =
3A.

Uro nokas3bIBaeT BaTTMETP, €CIU CONPOTUBIIEHUE Z — YUCTO aKTUBHOE COMPO-
TUBJICHUE?

OTBET: HYJIb.

Ykazanue.

31ech U ajnee UCIONIb3yHTe BEKTOPHBIE TUarpaMMbl.

z z
A (A) — N 1

Z Z
B w g (V) 34

Z Z
C — 1+ C ~ —

Puc. 9.19. Cxema x npumepy I1.9.6 Puc. 9.20. Cxema k npumepy 11.9.7

N

I1.9.7. UTO mOKaXeT BOJBTMETP, BKJIIOYEHHBIN B 1I€MIb CHMMETPUYHOTO TPEX-
¢dazHoro npuemnunka (puc. 9.20), ecnu IMHEWHOE HANpsHKeHUE cetr paBHo U?

3

OtBeT: —- U.
2



I1.9.8. ®a3Hble TOKM CUMMETPUYHOTO TpeX(ha3HOro MpUEeMHHKa paBHBI 12 A.
Kakumu OymyT mokazaHusi aMIIEpMETPOB TOCTE TEPETOPaHHs TPEIOXPAHUTENS B

npoBojiec A B cxeMe Ha puc. 9.21?
OtBet: I; =18 A, I, =6 A.

I1.9.9. Tpexda3zublil reHepaTtop uMmeeT JuHelHOe Hanpspkenue 220 B. Mexny
3akuMamu B u C BKIIIOUEHA KaTyIIKa, a K 3aKUMY A U K CepeIMHE KaTyIIKU MPUCO-
€JIMHEH BOJLTMETP C OYEHB OOJIBIIIUM CONPOTUBIICHUEM (pHC. 9.22).

OnpenenuTs MOKa3aHUe BOJbTMETPA.

Otser: 190 B.

YA — A &

C « . Cp/_m_‘

Puc. 9.21. Cxema k npumepy I1.9.8 Puc. 9.22. Cxema k npumepy 11.9.9

I1.9.10. 3agano nuHeliHoe HamnpsbkeHue U cummeTpudHOl TpexdazHoil 1enu.
Kakum craner nanpspbkenne Ha ¢aze B (Ug), ecniu conpotusienne ¢aszpl C 3aMKHYTh
HaKOpoTKO (puc. 9.23)?

Otset: Ug = U.

[1.9.11. YTo nokakeT BOIBTMETP, BKIFOUEHHBIN B LIENIb CHMMETPUYHOTO TPEX-
¢dazHoro mpuemMHUKa Ha puc. 9.24, ecnu JIMHEWHOE HAMPSOKCHHWE MHUTAIONIEH CEeTH
paBHo U, a nuHeiiHbIi poBoj B o6opBan?

IN

A &

Z
B#o o—1_ 19

B &
_

|Nu]m L]m

cp/l - C # i

Puc. 9.23. Cxema k npumepy 11.9.10 Puc. 9.24. Cxema k npumepy 11.9.11



JI

OTtBeT:

I1.9.12. Kak u3MeHsTCS JTUHEHHBIE TOKM CUMMETPUYHON Tpex(a3HOU CHCTe-
MBI, MIUTAIOLIEH CUMMETPUYHYIO Harpy3Ky, COeIMHEHHYIO 3Be3/10M 0e3 HelTpaiu, ec-
au a3y A 3akopotuth? (JIMHEHHBINA TOK P CHMMETPHUYHON Harpy3ke paseH ).

Otset: Io=3l,lg=1c= /3l.

I1.9.13. Tpexdazusiii npueMHUK (puc. 9.25) ¢ CONPOTUBICHUSIMU I = X =Xc =
22 OM mnoakioueH K Tpex(da3HOW CETH ¢ CUMMETPUYHOM CHUCTEMOM JTMHEWHBIX
HanpsokeHuit Uy = 220 B. OnpenenuTs moka3aHusi aMIepMeETPOB.

Otser: 1; =5,18 A, I, =10 A, I3 =5,18 A.

I1.9.14. K tpex(da3Hoil ceTn ¢ CHMMETPUYHON CUCTEMOM JIMHEWHBIX HAIpPSIKe-
Huit Uy = 200 B moxkimrouena Harpyska I = XL = 10 Owm (puc. 9.26).

OnpenenuTh NOKa3aHUsl aMIIEPMETPOB.

Otset: I; =20 A, 1, =20 A, I;=38,6 A.

A 9—@ ——
A A
> B A,
Xc
B f
x ¢ o)
L
r X
08 L
Puc. 9.25. Cxema x npumepy 11.9.13 Puc. 9.26. Cxema x npumepy 11.9.14

I1.9.15. K tpexdaznomy rereparopy ¢ cummerpuunoit IJIC Eq = 100 B non-
KJIFOUEH MPUEMHUK X = I = X¢ = 2 OM (puc. 9.27). Onpeaenutb nokazaHusi npudo-
pOB.



Puc. 9.27. Cxema x npumepy I1.9.15

Otset: | = 86,5 A, Uy = 273 B, U3 = 334 B.



