Jlextmst Ne 11

CBOVCTBA Y PEXXUMbBI PABOTBI TPEX®A3HBIX
IENEM.

Y4yeOHbIE BOITPOCHI

1. CUMMETPHUYHBIN U HECUMMETPUYHBINA PEKUM pabOThI TpeX(Pa3HbIX IICTIEH.

2. OCHOBHBIE pacYETHbIE COOTHOLIEHUS ISl TOKOB, HANPSKEHUN U MOIIHO-
CTEH NP COCAUHEHUAX 3BE301 U TPEYrOJbHUKOM. BEKTOpHBIE AUarpaMMsl.

3. PacueTt Tpexda3HbIX 1emneH.

1. CuMMeTPHUYHBIA M HECUMMETPUYHBIN PeKUM Pad0ThI
Tpex(a3HbIX Henen

Tpexdasznas smekTpuyeckast 1ernb MOXKET paboTaTh B OJHOM U3 JABYX PEKHU-
MOB — CAMMETPUYHOM U HECUMMETPUYHOM.

Cummempuynwlli pedxcum UMEET MECTO B TOM CIIy4ae, €CIH LUEeNb MOAKI0Ye-
Ha K TEHEepaTopy, BhIpadaThIBaloONieMy cuMMeTpuuHyio cuctemy JJIC, a B menu
MMEET MECTO CUMMETPUYHAsI CHCTEMAa TOKOB, CHMMETPHUYHASI CUCTEMA HaIpsKe-
HU HA 3JIEMEHTAaxX LIENH, B T.4. U HA IPUEMHUKE.

Yenosue cummempuunozo pexcuma B TpexpazHOM 1ENU MPU CUMMETPUYHON
cucreme JDJIC reHepaTtopa — paBEHCTBO NOJIHBIX KOMIUIEKCHBIX CONPOTUBJIECHUN
¢da3 nenwu, T.e.

Ly = 2p =Zc = Ly,

Tak kak reHepaTop SIBJISIETCS CAMMETPUYHBIM YCTPOMCTBOM (0OMOTKH (ha3
0
OJIMHAKOBBI U PACIIOIOXKEHBI 1o yriom 1207), To

Zr Zrg =Zrc = Zr, Zr=rr+jxr

OnuHaKOBBIMU SIBJISIIOTCSI M JIMHEHHBIE TIpoBoAa Tpexdasnoi nenu. Cremno-
BaTEJIbHO:

Ziw = Zims =Zic = L, Lp=rg+jxg

Torpa, yciioBue CUMMETPUYHOIO pekUMa B Tpex(da3HOW Ienu CBOJIUTCS K
cienyroleMy: npu cumMmeTpuyHoil cucreme DJ[C renepaTtopa paBEHCTBO MOJHBIX
KOMILJIEKCHBIX COMPOTHUBJICHUM (a3 MpUEMHHUKA:



4, = 2, =72, = Zgp— IIPU COEIUHEHNH 3BE3]I0M;
L Lig L Lo p

Lo = Loe = ZLeq = Lo - IPU COCTUHEHUN TPEYTOILHUKOM.

2. OCHOBHBIE pacYeTHbIC COOTHOIICHUS I TOKOB, HANIPSIKe-
HUU U MOLIHOCTEH NPHU COCTUHEHUSX 3Be310i U TPEYroJbLHUKOM.
BekTopHbIE TUATPAMMBI

a. Coeounenue 36e3001

KommiekcHas cxema n3o0paxeHa Ha IJ1akaTe.

HenocpencTBeHHO U3 CXEeMbI U ONPENEIICHUN CIIETYET:

ZA:la; _B:le; ZC:L:;

Li==1-=1;=1p Iy =1p - UL CHAMMETPHUYHOTO PEXKUMA.
bynem nonaraTte, 4TO peXUM LIENH — aKTUBHO-UHAYKTUBHBIN (¢ > 0).

| +/ ,
Uh/ I,

+1

Pucynoxk 1 — BekTopHble 1uarpaMMbl TOKOB U HaIIpsSKEHUI
JUIsl TEHEPATOpa LENH

HenocpencTBeHHo u3 cxembl 1 pucyHka Ha ocHoBaHuU | 3akona Kupxroga
Liv Ig+tIc=Iy=0
BbIBoa: TOK HEHTpanu (B HEUTpAJIbHOM MPOBOJIE) MPU CUMMETPUUYHOM pe-

XKUMe paBeH HyIr0. OTcrofa ciaeayeT, YTO NpU CUMMETPUYHOM PEXUME HEUTpab-
HBII POBOJ HE HYKEH, €r0 MOKHO HE MPUMEHSTh (HO HA IPAKTUKE PUMEHSIOT).



Jlunetinoe nanpsoicenue, Kaxk clielyeT U3 onpeaeseHus (13 CXEMbI) U U3 BEK-
TOpOB TomorpaduyecKkor IauarpaMMbl, OINPENESETCS KaK pPa3HOCTh BEKTOPOB,
n300paxkarux (pazHple HAPSIKEHUS

Uy = Uy — Usp; Upc =Up—Ug; Ucs =Uc— Uy

N3 paBHOOEApPEHHOTO TpeyrojbHUKa NK( BEJIMYUHBI 3TUX BEKTOPOB IS
CUMMETPUYHOTO PeXKUMA!

1 I . V3
EUAB =5Uﬂ =U , -sin60’ :UA7

U,=v3U,

J1si HECHUMMETPHUYHOTO PEKUMA.

Uyp =Uy - Up; Upc =Up—Ug; Ucy =Uc— Uy
nJin
Ugyp = Uq-Up, Upc = Up— Uc, Ucqg = Uc — Uy.
AHaJIoru4HO 1715 (pa3 MpueMHHKA:
(_]ae :L]a - Qe; Qec :Lje - (_]c: Qca = Qc - Qa
NIINn

Uge :_ua T ue; Uge — Ug — uc; Ueg — Ue — Ug.

0. CoetuHEeHHE TPEYIroJbLHUKOM

HemnocpencTBeHHO U3 CXEMBI CIENYET, UTO MPHU COSAMHEHUHN TPEYTOILHUKOM
JMHEHHOE HAMPSOKEHWE MEXIYy TPOBOJAMHU pPaBHO (ha3HOMY HAIPSKEHUIO COOT-
BETCTBYIOIIEH OOMOTKH T€HEepaTopa.

JlJ1s1 CMMMETPHYHOTO peKumMa:

Uaerec:Uca:Uﬂ:Uqb UJl:Uqb
,):[J'Iﬂ HecummempuuHozo pexxuma:

Uae # Uec # Uca;

(_]618 = !618 .ZCZG; QGC = ZGC .ZSC; (_]CCZ = !CCZ .ZCCZ'



1‘({ ‘L e Lag
1924 B
vy
£f
@ -gfc*
Z
=c Teo

Pucynok 2 — BektopHas quarpaMma HanpsiKEHUAM
U TOKOB

U3 pucynka 2 3anumem | 3akon Kupxroda
V3en “a”

_lA_ lca + lae = O
lA = lae - lca

DTOMY COOTHOIIEHUIO CIEAYET Pa3HOCTh BEKTOPOB (1 4=1aw—1c )
AHQJIOTUYHO UMEET MECTO U IS y3J0B “6” u “c”.

U3 tpeyronbHUKa ngm :

z G
2

—I1,=1,c0s30" =1, cos30° =1, -
2

I, =~31,; 1I,=1,=I=I,

]ae :Iec :Ica :]qb

]A = \/glqb I[JI}I CUMMCETPHUYHOI'O pCIKHUMA.

PaccMoTpuM akTHMBHYIO, PEAKTUBHYIO, TIOJIHYIO U MTHOBEHHYIO MOIIHOCTU
IPU YKa3aHHBIX BbIIIE COCAMHEHUSX MPUEMHHUKA JIJISl IBYX PEKMMOB - HECUMMET-
PUYHOTO U CUMMETPUYHOTO.

VYutem, 4TOo paccMmarpuBaemas TpexdaszHas cUCTEMa LIETel Mpe/CTaBIseT
co00l COBOKYMHOCTh TpeX OJIHO(A3HBIX IIeNeil, MOIIHOCTU (aKTHUBHAs, PEAKTHUB-



Hasl, MOJHAasl, MCHOBEHHAs) B KOTOPBIX OMpPENENSIOTCS MO W3BECTHBIM HaM (U3
MPEABIIYIIEro ceMecTpa) GopMyJiaM.

M3BecTHO HaM Takke, 4YTO CyMMapHasi MOITHOCTh CJIOKHOM 3JIEKTPUUYECKON
LEMU OMNpeNeNsIoTCs Kak alredpanyeckas CymMma MOIIHOCTEH Ha OTHENbHBIX €€
y4dacTKax; MO3TOMY U JUIsl COEIMHEHHUS 3BE3/I0M U JIs1 COEIMHEHUS TPEYTOJIbHUKOM
CyMMapHasi MOIIHOCTb OyJeT ONpenensiTbhCi OJMHAKOBO — Kak anreOpamyeckas
cymma.

[locne 3TuX 3aMEe4aHui U IPUCTYIUM K OIPEAEICHUIO MOIIHOCTEMN.

Coeounenue 3eezoou. Hecummempuunuotit pexcum.

AKTHUBHAA MOIIIHOCTD.

] T
[Io onpenenenuro P = ?L pdt y U1 JTF000T0 ydacTKa AJIEKTPUYECKOM

ueru P=Ulcoso.
Toraa ayst paccMaTpUBAEMOTrO Cirydas
P, =U,cosp, + Uygcosop, + Ud.cosp.= P, + P, + P,
P,=P,+P,+ P,

AKTHBHas MOIIIHOCTh Tpex(}a3zHOro NMpueMHUKa onpenesnsercs Kak apudme-
TUYECKasi CyMMa aKTUBHBIX MOIIHOCTEN (ha3 MpUEeMHHKA.

PeakTuBHAs MOIHOCTH

ITo ananornu ¢ akTHBHOU MOIITHOCTBIO
0, = Udsing, + Udgsing, + Ul sinp. = O, + O, + Q.

Q/I:Qa+Q6+Qc

PeakTuBHast MOITHOCTH Tpex(}a3HOro MpUEMHHUKA paBHAa ajdrebOpaude -
CKOW CyMMe peakTHBHBIX MOIIHOCTEH (ha3 MpUEeMHHKA.

IloJiHast MOIITHOCTH

S/l = UaIA + UGIB+ Uc]c = Sa + S6 + Sca

S/1 :\/P/12 "‘Qﬁ

NI

B cumBonnueckoit popme



S,=U1,+UI,+U.I =S,+S,+8S,

KomMrekcHast MOIIHOCTh Tpex(a3HOro MpUEMHHMKA paBHA alreOpanyeckoin
CYMMe€ MOJIHBIX KOMILIEKCHBIX MOIIHOCTEH (pa3 MpueMHUKA.

Coeounenue 36e300u. Cummempuunvlii pedsHcum.

AKTHUBHAA MOIMHOCTDH

Pa:P(;:Pc:qu:Uqb[gbCOS(qu

P,1 = 3P€b = 3Ud}1¢COS(|)q)

NI

U
P, =3—=1 cosp, :x/gUﬂIﬂ cosy,

V3
P, = «/gUﬂlﬂ CosQ,

AKTHBHAasl MOIIIHOCTh B CHMMETPUYHOM PEXUME ONPEETAETCS KaK YyTPOEH-
Has aKTHBHAsI MOIITHOCTh OJTHOM (has3bl.

PeakTuBHAs MOIHOCTH

Q,=30,=3U0,1,sing,

Q/l = \/gUﬂIJV Sin (Dd)

PeakTuBHAs MOUTHOCTh B CUMMETPHYHOM PEKMME paBHA yTPOCHHOW peak-
TUBHOM MOIIHOCTH OJHOM (ha3bl.

IHoJiHAS MOLITHOCTH

§:§a+ §8+§C:3§d)

S, =P’ +0’;

UJZ
Sﬂ :3.Ud7]d7 HJIN S/l :3_1/1 =\/§Uﬂlﬂ S = \/?U ]l]]l

V3



MrHoBeHHAsE MOIITHOCTh

P =Dt pstpe=UpsinotLsin(at- ¢ g4) + U,sin(ort —
12097, sin(ot - @ 4 — 120°)+U,sin(wt — 240, sin(ot-gp 4 — 240°).
[Tocne npeobpazoBanus

;. = 3Uglpcos @y = P.

B CUMMCTPUYIHOM PCKUME CyMMapHasd MIHOBCHHAasA MOIIHOCTb HC 3aBUCHUT
OT BpC-MCHH U paBHA aKTHUBHOM MOIIHOCTHU CUMMCTPHUYIHOTO IIPUCMHUKA.

Coeodunenue mpeyoieHukom. Hecummempuunwtit_pescum.

AKTHBHAS MOIIHOCTH

P A~ Uae'laecos Das + Uec']ecCOS Dsc + Uca']caCOS Oca = P as +P 6c + P ca
PA:P08+PSC+PCCZ

PeakTuBHAdg MOIHOCTH

QA = ULZG.]CIGCOS¢CI€ + UGC.]GCCOS¢GC + UCG.ICGCOS¢CCI :QGG + QGC + QCCI

QA - Qae + Qec + Qca

IloJiHAst MOIITHOCTE

‘SA :gagljw +l_j@c!:c +l_]calZa :§a6 +§6€ +§ca

Coeounenue mpeyeonbHukom. Cummempuunslil pescum

Pr=3Py =3Uylycospy = NE) U, L,cosy
Onr=30y =3Uylycospy = NE) U, L,cos

Sy =38,

S,=+P;+0) =3U,1,=+3U,1, =3S,



pa=3Uylycospy = 3 Uy cos @ = const (6e3 10Ka3aTeNnbCTBA).

3. Pacuer Tpex(a3HbIX Henei

[TpuemHukamu 3HEprun B Tpex(as3HbIX IEMsIX MOTYT OBITh KaK CTaTUYECKHE
ycTpoiicTBa (Tpexdaszubiit TpanchopmaTop, TpexdasHblii HHAYKIIMOHHBIN HarpeBa-
TeNb U T.I.), TaK ¥ Tpex(a3Hble NEKTPOJABUTaTENN, BpAIllEHUE POTOPOB KOTOPHIX
OKa3bIBAeT BJIMSIHHUE Ha XapaKTep TOKOB B IEMH 32 CYET UHAYKTUPYEMbIX B OOMOT-
Kax craTopa 93.1.c. B mocnennem ciydyae kapTHa (PU3NYECKUX MPOIIECCOB B TPEX-
¢da3Hoil 1enu okaszbIBaeTCsl 0osiee CI0XKHOW, YTO YCIOXKHSET U pacdeT LEMH, 0CO-
OEHHO NpU HAINYUU CUMMETPHH.

YTo0Obl NOJYEPKHYTH 3TU OCOOEHHOCTH TpeX(a3HbIX MPUEMHHUKOB dHEPIUHU,
pa3anyaroT CTaTUYECKY0 U AMHAMHUYECKYIO Harpy3ku Tpexgasubix neneil. Cucre-
Ma TOKOB B LI€NH NPU HAJIUYUU CTATUCTUUECKUX NOTPEOUTENEH SBISIETCSL CTATHU
4y e CcKOM Harpy3Kod Lienu, a CUCTEMa TOKOB NPU HAIWYUHU TpeX(Pa3HbIX IJIEK-
TPOJIBUTATEJIEH SBISAETCA M M HA MUY € C KO M HArpy3kou uenu. Xapaxkrep
Harpy3Ku CYIIECTBEHHO BIUSET Ha BHIOOP METO/IA pacuera Tpex(azHoil Lemnu.

Knaccudukanus merona pacuera. TpexdasHble e CUHYCOUJAIbHOTO TO-
Ka SIBJIFOTCA PA3HOBHUIHOCTDB IO CJ O K HBI X JIEKTpUUECKUX nemneu. I1o-
ATOMY JUISl KX pacdyeTa MOXKHO HMCIOJIb30BAaTh PACYETHBIE METObI CIOKHBIX LEIEN
CHHYCOMJAJIBbHOTO TOKA MPH XapAKTEPHBIX JJIsI HUX OTPAaHUYEHUSX.

JIeicTBUTENBHO, 3T METOIBI IMPUTOJAHBI U1 pacyeTa IpU CUMMETPUYHOU
Harpy3ke (CTaTU4eCKOW W TUHAMUYECKOM), HO MPUBOAAT K OOJILIIMM MOTPEIIHO-
CTAM M JJa)K€ HEIPaBUJIbHBIM pe3yJpTaTaM IIPU HECUMMETPUYHOW HArpyske, 0Co-
OEHHO eciiu 3Ta Harpy3Ka AMHAMHUYECKasl.

IIo yxa3aHHBIM IPUYMHAM CYIIECTBYIOIME METOJbI pacdeTa CIIOXKHBIX Iie-
neil CUHYCOMIAJbHOTO TOKa B MPUMEHEHUM K TpeX(da3HbIX LENsSIM MOJEPHU3HPO-
BaHbI., a 111 pacyeThl Tpex(a3HbIX LieTel B HECUMMETPUYHBIX JUHAMHUYECKUX pe-
AKUMax pa3pabOTaH CreUaIbHbBII METOA- METOJ CUMMETPUYHBIX COCTABJISIOIINX.

AJNTOpUTM pacuera 0py COEMHEHUH 3BE3/10M U HECUMMETPUYHON HArpy3Ke.

[TpuMeHHUTENBHO K OMPEEICHUI0 TOKOPACIpENeiIeHHs B 3alaHHON (popme
Tpexda3zHo# mMenu pacyeT MM B KOMMO I € KCH O M (QopMe CBOTUTCS K BBI-
ITOJTHEHUIO CJIEYIOIIMX OIEPALIAN:

1) cocTaBineHre HCXOAHOW CXEMBI 3aMELICHUS LIENH;

2) mepeBoA YCIOBHM 3a7aud B KOMILJIEKCHYIO (DOPMY M COCTaBJICHHE KOM-
TUIGKCHOM CXEMBI;

3) onpeneneHne KOMIJIEKCHBIX IPOBOAUMOCTEN (a3 o popMyiam;

4) onpenenenue HanpshkeHUs Ha HelTpanu Uy 1o gpopmysie

UFA 'XA +Qr3 'XB +Qrc 'Xc
a Y, +Y, +Y +Y,

5) onpexaenenue TOKOB B (azax no Gopmynam
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6) onpeaeneHne TOKa B HeHUTpasu no popmyiie
Iy=1,+1z+1;

7) onpenenenue (pazHbIX U JUHEHHBIX HANPSHKEHU HA ydacTKaxX U JIEMEH-
Tax IeMH;

8) mpoBepka pacuera Ha OCHOBE OalaHCa MOITHOCTEH C HMCIOJIb30BAHHEM
pacdeTHBIX (HOPMYJT NJIT MOITHOCTH WJIM MOCTPOSHUS WM MOCTPOSCHUEM BEKTOP-
HOW IMarpaMMbl LETH:

- B KJIaccu4eckout popme:

Py=Upy Ty -cospy, Oy =Upg-Tp-cospp; Sy =Upg -1y,

X

rae @, = aucis —5
“p

- B CUMBOJIMYECKOI1 (hopMme:
_ _ Tjos __ .
Sy _QB'ZB_SB'Z P =Py jO,.

AJropuT™M pacuera Npu COECIMHEHUM TPEYIOJbHUKOM M HECUMMETPUYHOU
Harpyske.

[TpuMeHnTENBHO K NPSIMOM 3aJa4e MO0 pacyeTy TOKOPACHpeIeIeHus B LEIH,
MOJIKJIFOUEHHON K CETH Tpex(a3zHOro TOKa, pacyeT LEMu B CUMBOJIMYECKON (hopme
CBOJMTCS K BBIIIOJIHEHHIO CIIETYIOUIUX ONEpaluii:

1) cocTaBieHre HCXOAHOW CXEMBI 3aMELICHUS LIENH;

2) nepeBoj yCIOBUM 3a/1auu (3aJaHHBIX HANPSYKEHUN U MTApaMeTPOB LIENH) B
KOMIUIEKCHYIO (DOpMY U COCTaBJICHHE KOMITJIEKCHOM CXEMbl 3aMELICHHUS LIETIH;

3) npeoOpa3oBanue coequHeHHs (a3 MPUEMHUKA TPEYroJIbHUKOM B SKBHBa-
JIEHTHOE COEMHEHME 3BE3JJ0M U OINpEAeICHUE KOMIUIEKCHBIX CONPOTHUBIICHUH JIy-
Yyel 3BE3/IbI;

4) pewenue 3anauM o n.3- 6 anropuTMa pacdera LN IpU COCIUHEHUU
3BE3/101 U OIpe/iesICHUE TOKOB B JINHUU;

5) onpenenenue (pa3zHbIX HANPSYKEHUN Ha KOMILIEKCHBIX COIPOTHUBIICHUSIX
JIy4Yeu 3BE3bI;

6) onpejieNieHuEe TMHEHHBIX HANTPSIKEHUI 3BE3/1bI;




7) onpeneneHue GpazHbIX TOKOB TPEYTOJIbHHUKA;
8) mpoBepKa pe3yIbTaToOB pacyera.



