Tpanchopmarop

TpancpopmaTopoM Ha3bIBAETCS CTATUYECKOE DIIEKTPOMATHUTHOE
YCTPOKMCTBO, B KOTOPOM TNEPEMEHHBIM TOK OJTHOTO HAIPSKEHUsA Mpeodpasy-
€TCsl B IEPEMEHHBIA TOK TOM € YaCTOThI, HO APYTrOro HAIPSIKECHUS.

TpanchopmaTop COCTOUT M3 CTAIBHOIO CEPJACYHHMKA, HA KOTOPOM
(pUc. ) B mpOCTEHIIIEM CJIy4ae pacIoOoXEHbl JIBE OOMOTKH, BBIMOJIHEH-
HbIE U3 U30JIMPOBAHHOTO MpoBoja. K nepBuyHOM 0OMOTKE MOJABOJIUTCSA Ha-

IMPp;AKCHUC HCTOYHHUKA Ul . Co BTDpH‘IHDﬁ OOMOTKH CHHMaeTcs HaIlpsxKC-

Hue U , KOTOpPOC MOABOJIHUTCH K HDTpEﬁHTE}HIO BHGI{TPHIIGCI{Dﬁ JHCPI'HH.

TpchcbopmaTop MOZKECT UMCTh HC OIHY, 4 IBC HJIH HCCKOJILKO BTOPHYHBIX
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Tpanchopmarop

[Tpuntmn paboTel TpaHcdopmaTOpa OCHOBAH Ha 3JIEKTPOMArHUTHOM
UHJYKUIHUH, T. €. B HABEJCHUU MEPEMEHHBIM TOKOM, IPOTEKAIOIINUM 4Yepe3
OJIHY KaTylmiKy WHAYKTUBHOCTH, DJIC B3aMMHON MHAYKIUUA B APYIUX, UH-
NYKTUBHO CBSI3aHHBIX KaTylikax. [Ipu mporekaHuu nepeMeHHOro Toka I10
[IEPBUYHON KATYIIKE B CTAJIbHOM CEPJCUYHUKE BO3HUKAET [IEPEMEHHBIN Mar-

HUTHBIH MOTOK @ (pHc.). DTOT MAaTHHTHBIH TIOTOK, NPOHU3bIBAS BUTKH
NMEPBUYHON M BTOPUYHOW KaTyImiek, UHAYKTHUpYeT B HuUX DJ(C E 7 E

Cootnomenue DJIC E; u E; oOMOTOK TpaHchopMaTopa 3aBUCUT COOTHO-
[ICHUS YKCEIT BUTKOB MICPBUYHON M BTOPUUHOU OOMOTOK 71, H 5.

Otnomenue DJIC nepBuunoii 0OMoTKH K DJIC BTOpHYHON OOMOTKH

Ha3bIBacTCs KOA(ppuuneHToM TpaHchopmManumn Tpaicpopmaropa:
n=tlo
E, n,

Eciu HeoOXOAMMO MOBBICUTH HAIPSKEHUE UCTOYHUKA MMHUTAHUS, TO
YUCJI0O BUTKOB BTOPHYHOU OOMOTKH JIENAKOT OOJIBbIIE YHUCIIa BUTKOB IIEPBUY-
HON 0OMOTKH (715 > n;). Takoi TpaHc(hOpMaTOpP HA3bIBAKOT MOBBILIAKIIHM.
Eciu HanpsyKeHWe HaJl0 MOHM3UTh, TO ACIA0T HAao00poT (7, > n,). B aToM
ciy4dae TpaHcopMmatop OyAeT MOHHAKAWIUM. Eciu TpeOyeTcst HECKOTBKO
pa3IUYHBIX 3HAYEHHH BTOPUYHOIO HAIPSIKEHUs, TO HA TOT K€ MAarHUTO-
IPOBOJ] HAMATHIBAKOT HECKOJIBKO BTOPUYHBIX OOMOTOK C pa3jIUYHBIM YHC-
JIOM BHUTKOB.



Tpanchopmarop

[Tpu nepenadye sHEprud U3 NEPBHUYHOM OOMOTKH BO BTOPHYHYH) BO3-
HUKAKOT DJJIEKTPUYECKHUE TMMOTEPH MOIMHOCTA. OTHOLIEHHE OTAaBacMOU
MOIIHOCTA P, K MOITHOCTH P, TOCTYMNaKIIeH U3 CETH B MEPBUUHYH 00-
MOTKY, Ha3bIBalOT KO3 Ppuuuenrom noJesnoro aeucreus (KIIA) tpanc-

P, HR-AP

dbopmaTopa 77 = » - p rie AP — moTepu 3HEPruu TpaHchopmaro-
1 1

pa.
Eciu npeHeOpeds MoTepSIMHU SJHEPTUH, TO MOXKHO ITOJTYYUTh YPABHEHUE

HI€alIbHOTO TpaHCc(hopMaTopa:
U, _1,
Uy, 1

= nN.

To ecTb npu NMOHWKEHUM (UM MOBBIIMICHUM) B 71 pa3 HANPSDKCHUS Ha
BTOPHUYHONM OOMOTKE YBEIMYMBAETCS (MM YMEHBIIIAETCs) BO CTOJIBKO ke (1)
pa3 TOK BTOPUYHOMU LIETIH.
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YeThIpexnoaCHUK
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[1o1 4eThIPEXMOJCHUKOM IIOHUMAIOT 3JCKTPUYECKYIO HEIb (WM €€ YacTh)
000N CIIOKHOCTH, MMEIOIIYI0 JBE€ Napbl 3aKUMOB JJI1 TOAKIIOYEHHS K
MCTOYHUKY W NPUEMHUKY DJJICKTPUYECKOM DJHEPruM. 3aKUMbI, K KOTOPBIM
MPUCOCAUHSIETCS UCTOYHHMK, HA3BIBAIOTCS BXOAHBIMH, a 3KUMBbI, K KOTOPBIM
PUCOETUHACTCS IPUEMHHUK (Harpy3Ka), - BBIXOAHBIMH 3KMMaMU (ITOJIFOCaMM ).

B  kauecTBe MNPHMEPOB  YETHIPEXNOJIOCHUKOB  MOXHO  IIPUBECTH
TpaHc(popMarop, IACKTPUIECKUE (DUIBTPHI, YCUIUTEIbHBIE YCTPONWCTBA, JIUHUM
AIEKTPOIIEPEIaUM U T. . BC€ OHM MMEIOT COBEPIICHHO 'HETIOXOKHUE' CXEMBbI, HO
00JIaJar0T PSAOM OOIIMX CBOMCTB.



YeThIpexnoaCHUK

YeThIpeXIOIIOCHUKN ObIBalOT NMACCMBHBIMH U AaKTHBHBIMHM. B cxemax
MACCUBHBIX YETHIPEXMOJIOCHUKOB OOBIYHO HE COACPKUTCS HCTOYHHUKOB
ANEKTPUYECKOM JHEPIUM WA UX JECUCTBUE B3aMMHO KOMIICHCUPYETCS TaKHAM
o0pa3oM, 4YTO Ha PA3OMKHYTBHIX 3aKMMaxX HE OOHAPYKHBACTCS HaNpPsLHKCHUE,
AKTUBHBIC YETBIPEXIIOJIOCHUKUA COJIEPKAT UCTOUHUKU JIJIEKTPUUYECKON IHEPIUU

Y HA UX PA30MKHYTBIX 3AKUMax OOHAPYKUBACTCA HAIIPSHKEHHUE.

YeThIPpEXTIONIOCHUKHN JIENATCA HA CHMMETPUYHbIC U HeCMMMETPUYHbIe. B
CUMMETPUYHOM YETBHIPEXIIOIOCHUKE IEPEMEHA MECTAMU BXOIAHBIX Y BBIXOIHBIX

3KMMOB HE M3MEHSET HaMPSXKEHUM U TOKOB B 1IEMH, C KOTOPOIl OH COCAUHEH.

YeThIPEXTIONIOCHUKN TAaKXKE JEJATCA Ha OOparuMblie U HeoOparuMble.
OOpaTtuMble YETBHIPEXMOJOCHUKN TO3BOJISIIOT MEPEIaBaTh SHEPIUI0 B 000HX
HaIMpaBICHUAX, ISl HAUX COpaBeJJIMBa TEOpeMa OOpPaTUMOCTH WM B3aMMHOCTH,
B COOTBETCTBHUM C KOTOPOW OTHOIIICHUE HANPSKEHUS HA BXOJIE K TOKY Ha BBIXOJIE

HC MCHJCTCA IIPU IICPCMCHC MCCTAMH 3AKUMOB.
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Ecny nmpeanonokuTh, 4TO CIOXKHAS 1I€Nb YETHIPEXITOJICHUKA Mpeodpa-
30BaHA B KAaKYylO-TO ITPOCTYK) SKBUBAJIICHTHYIO IIE€TIb, TO HA PUCYHKE MOXKHO
BBIIEJUTH JBA KOHTYPA C KOHTYPHBIMU ToKaMu X u X,

JIJ1s 3TUX KOHTYPOB MOYKHO 3aIHCATh!
. .I( o .I( . o R .I( R ‘I( . .
21117 + 21315 = Uy, 2y 0] + 25315 = —Uy,

rjae Z11 U Z,, — COOCTBEHHBIC IIOJHBIE KOMILICKCHBIE COIPOTHUBIICHUS, COOT-
BETCTBEHHO, IIEPBOI0 U BTOPOTO KOHTYPOB, Zi, U Z,1 — B3aWMHBIC MOJIHBIC
KOMILIEKCHBIE COITPOTUBIICHUA TIEPBOTO U BTOPOT'O KOHTYPOB.



YeThIpexnoarCHUK

M3 3anncaHHbIX YPaBHEHUN (COCTABIIEHHBIX IO METOAY KOHTYP-
HBIX TOKOB):

. "{ . .l{ _ . . k o k _ .
2117 + 21,15 = Uy, Zy07 + Zyy15 = —Uy,
MOXKHO TOIYYHUTh 3aBUCUMOCTb, HAIpPHMEp, SIEKTPUUECKUX BEIlU-
YUH [IEPBOTO KOHTYPA OT AIEKTPUUECKUX BEIUYUH BTOPOrO KOHTYDA,

KOTOPYK) Ha3bIBalOT YPABHEHHUSI JMHEHHOI0 YeThIPEXIOJIIOCHUKA
B 00001IIEHHOM BH/IE:

U.=AU +B1, I,=CU,+DI,
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YeThIpexnoarCHUK
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YeThIpexnoaCHIK

U=AU,+BI,, 1,=CU,+DI,,

Z . Zglk P
A——ﬁ, B=|Z,.- 1172 (=  D=— 22
21 21 Zy Ly
AD-BC=1.
A= U.IO (= ]_10 — B PEKHUME XOJIOCTOTO XO/1a
L ’ U,,  (upupa3MbIKaHIH BEIXOIHOTO KOHTYDa)

— MPHU KOPOTKOM 3aMbIKaHUH
Loy BBIXOJIHOTO KOHTYpa
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Y CHMMETPUYHOIO YeThIpexmoacHuka A = D u, uMesd cucremy
TpeX YpaBHCHHUM, MO)KHO BBIYUCIIMTH TpU KodpduimenTa. s HecuMMeT-
PHUYHOIO YETHIPEXMOIIOCHUKA HEOOXOIMMO IIPOBECTH €II€ OJIMH ONBIT IPHU

IMIUTAHWUH YCTBIPCXIIOJIFOCHUKA CO CTOPOHBI BTOPUYHBIX 3dKNMOB.

Taxkum 00pa3oM B TEOPHH YETHIPEXMOIOCHUKOB HHTEPECYIOTCS JIMIIb

TOKaMH W HAIIPAKCHHUAMHA BHCIIIHHUX BbBIBOIOB W CBA3bI0 UX APYI C IPYI'OM.



YeThIpexnoarCHUK

CBs3b TOKOB M HAaIpsSKCHUHA BHEIIHUX BBIBOJOB YETBIPEXITOIIOCHUKA
OTPaA’KACTCS MIECThIO BUJAMH YPAaBHEHUM YETBHIPEXIIOIIOCHUKA B BUAEC popm: Z,
Y, A, B, H u G. Koahpdunuentsl ypaBHCHUH SBISIOTCS MNapaMeTpaMu
YETHIPEXTIOIIOCHUKA W TPEACTABISIOT COOOM pazIMYHbIE BAPUAHTHI (PYHKIIHIMA
ey WA UM oOpaTHbIe (PYHKIHMM B PEKUMAaX XOJOCTOrO XOja WM KOPOTKOIO
3aMbIKaHHUS Ha BXOJI€ UJIH BBIXOJIE YETHIPEXITOIOCHHUKA.

YpaBHEHHS YETHIPEXIOIIOCHUKA Z-(OPMBbI UMEIOT CICAYIOIINN BU;
Uy = Z1111 + Z121,, Uy = 23111 + Z315.
YpaBHEHHS YETHIPEXIIOIIOCHUKA Y-(hOPMBbI UMEIOT CIICAYIOIINN BUI!
I =Y1,U; +Y3,U,, I, =Y,,U; +Y5,U,.
YpaBHEHUS YETHIPEXIIOMIOCHUKA A-(POPMBI UMEIOT CIEAYIOIINN BU/L:

Uy = A11Usp + Ap 1y, I = AUy + Apy b
YpaBHEHUS YETHIPEXIIONIOCHUKA B-opMBbI UMEIOT CIETYIOINN BU/I:
U, = B11U; + Biol, I, = By1Uy + Boy ;.

YpaBHEHUS YETHIPEXIIOIOCHUKA H-(popMBI HMEIOT CIEIY IO BU/I:
Uy = Hy11; + Hyp Uy, I, = Hy1 17 + Hy,U,.



YeThIpexnmoawCHUK

YpaBHEHUS YETHIPEXIIONIOCHUKA Z-(OPMbI UMEIOT CIETYIOIINN BU/I:
Up = Z111h + 2121, Uy = 23111 + Z3315.
YpaBHEHUS YETHIPEXIIONIOCHUKA Y-(OpPMBI HUMEIOT CICAYIONIAN BUL;
Iy = Y11U; + Y150, I = Y5,U; + 15, Us.

YpaBHEHUS YETHIPEXIIOMIOCHUKA A-(POPMBI UMEIOT CIEAYIOIINN BU/I:

Uy = A11Usp + A1y, Iy = AUy + Aol
YpaBHEHHUS YETHIPEXIIONIOCHHUKA B-(opMBbI UMEIOT CIEIYIOIMI BU/I:
U, = B11U; + Byl I; = B1Uy + Byols.
YpaBHEHHUS YETHIPEXIIONIOCHUKA H-(popMBbI HUMEIOT CIIeTY O BU!
Uy = Hi1ly + HipUs, I, = Hyy Iy + Hy,Us.
YpaBHEHUS YETHIPEXITOMIOCHUKA G-(OpMBbI UMEIOT CIETYIOIIUNA BU/L;
I = Gi1 Uy + Gyl Uy = Gp1Uy + Goals.

3necs, Hanpumep, Y;, = I, /U, npu U, =0; A4 = U;/U, npu I, = 0.



IlepuoanyecKkue HECUHYCOMIAJbHbIC TOKH
B JICKTPUYECKHUX LEMAX

Ha npaktuke 3/]C u Toxku B OobpIIel IIH MeHBIIEH CTelIeH! SBISIOTCS HECHHYCOUIATbHBIMIL.
DTO CBS3aHO C TEM, UYTO peallbHbIe T'eHepaTophl He O0eCIeYnBalOT, CTPOro TOBOpSA, HICaTBHOM
CHHYCOUAAIbHOIT (POPMBI KPHUBBIX HAMpsKEHHS, a C JPYroil CTOPOHBI, HATHMYHE HETHHEHHBIX
3]ICMEHTOB B IIEIH OOYCIOBIHBAaeT HCKaxkeHHe (POPMBI TOKOB Jaxe MpH cHHycouaambHBIX ][C
HCTOYHHUKOB. K TOMy ke, eclIl B DJJIeKTPHYECKOH IIelMH HMEeTCS HECKOJIBKO HCTOYHHKOB
CHHYCOUJIAJIbHOTO TOKa WM HAaNpsKEHNS C Pa3HBIMH YacTOTaMU, TO TOKH W HAIpsUKeHHUs B TaKoOM
e OyayT MepHOIHIECKIMHI HECHHYCONIaTbHBIMII.

B sHepreTuke nosiBlieHNEe HECHHYCONAAIBHBIX TOKOB TN HAIIPSHKEHUI HEKeIaTellbHO, TaK KaK
BBI3bIBAET JIOMOTHHTENbHBIC MOTepH SHeprun. OIHaKO CYHISCTBYIOT OOIBINNE 00TacTH TEXHHKH
(pamHoTexXHHKa, aBTOMATHKA, BEIUNCINTEIbHAS TeXHHAKA, [IOTyIIPOBOIHIKOBAs Ipeo0pa3oBaTeIbHas
TeXHINKAa), TJle HEeCHHYCOHIaJbHBbIe BEIHMYNHBI ABIAIOTCI OCHOBHOI ¢opmoit D/IC, TokoB
HAaIIPsSDKEHUI.

3HaHNEe METONOB pacdyeTa M aHalW3a »JJIeKTPHYECKUX Ielell ¢ IepHOAUYEeCKHIMHA
HecuHyconaanbHEIMI J]/[C, HanpssKeHUSAMI 1 TOKaMH HEOOXO MO He TOJTHKO IMIPH padOoTe ¢ TETISIMH,
B KOTOPBIX CYILECTBYIOT BBIHY)KJIEHHBIE HECHHYCONJAIBHBIE IIPOLIECCHl, HO U JUI1 ITOHHIMAaHUS
TIPUHITUINIA JTeHCTBHS Pa3INYHBIX 3IEKTPOTEXHUYSCKHX YCTPOIICTB, NMPHHIIUI pPaOOTBI KOTOPBIX
OCHOBaH Ha ICIOJIb30BaHNH HECHHYCONIaIbHbBIX HAIPSUKSHHI CTIITHATBHOI (DOPMBL.

IIpn pacueTre 3IeKTPHYECKUX LEIEH IEPHOANIECKOI0 HECHHYCOHNIAIBHOIO TOKa HCIIOIb3YeTCs
pasnoskeHne GpyHkunn (Toka, Hanpspkerus wi DJ[C) B omHy 13 popM rapmoHndeckoro psiaa Oypse.



IlepuoanyecKkue HECUHYCOMIAJbHbIC TOKH
B JICKTPUYECKHUX LEMAX

Ecnu nepuoagnyueckass HerapMOHHYEeCKass (PyHKIHS (TOKa, HAMPSIKESHUS
unu JJ1C) npencraBnsgeTrcss CyMMOM MTHOBEHHBIX 3HAYEHUN TapMOHHUYE-
CKUX KOJIeOaHM pa3InyHbIX 4acTOT @), =ka@y, rae k=1, 2,... nopsaAKOBbIN

HOMEp FrapMOHUKH, TO PsiJl (Dypbe 3aMKUCBIBAIOT B CJICAYIOIIEM BU/IE:
f(t) F +Z nf(Sln ka{t—l_')yk)

rae F, — nocTosHHas cocTaBisromas Gynkuuu f(f), paBHas ee CpeHeMY 3a
nepuoa 1 3HadyeHuro, F,; — amriMTyna k- rapMOHUWKH, Y — HadajbHas
¢daza k-ii rapMOHUKH. DTO aMILIMTYAHO-(pa3zoBasi popma MpeacTaBICHUS
pana Oypse.

MHorma mojie3H0 MCHOJIb30BaTh TPHIOHOMETPHUIECKYI0 hopMy IIpe-

D : S N
cTaBiieHHs psajga Pypoe f(=F,+ ZAfr cos(kayt) + ZB;( sin (kayt),
Ir=1 k=1

1% 2 L 2 .
e Fy=— { f(ode, A == { f(t)cos(kayt)dt, B, :?g f(6)sin(ka,t)dt.



IlepuoanyecKkue HECHHYCOMIAJbHbIC TOKH
B JJICKTPUYECKHUX ICISAX

e(wt)=E,+E, sin(wt+y,)+E, sin(2wt+ ¢,)+...+E, sin(kwt+y,)+

e(wt)=E,+ Z E, sin(kwt+y,) —ammmryaHo-dazoas popma
k=1 npeacTaBiieHuA psaga Oypwe

e(wt)=E + Z B sin(kwt )+ Z C,cos(kwt) — tpuroHoMeTpHUIecKas hopma

k=1 k=1 npencTasiieHus psaga Oypwe
T ’ § T
0=lfe (ewt) -=£fe (wt)sin(kwt)dt, C -=£fe (wt)cos(kwt)dt.
T T
0 0 0
g
E

km

=y B 4C,", =ar'ctgFA.

k



IlepuoanyecKkue HECHHYCOMIAJbHbIC TOKH
B JJICKTPUYECKHUX ICISAX

7] Hocmonvnan
COCMAGARIOIAR
]
{ . e
i=4+0
T} i
Iepean 2apmonutka i2
{ 3

 1pemess 2apMonuK

ITaman capwonuxu



Ilepuoanyeckue HECHHYCOMTAJbHbIC TOKH
B IEKTPHYECKHUX HENmaxX

A 4a,( . . I . .
¥ f(ot)=— smasmwt+§sm3asm3wt+
]\

o\

»> 1 . .
o o \ /mt +Esm5asm5wt+...)

f(wt) = ga_,&( sinwt - lsin3mt + —l—sinSwt -
n? 9 25

—Lsin7wt+...)
49 |

1 f(wt) = 4—a"‘—(sinmt +%sin3wt +
n\

1 1
t +—sin5wt+—sin7mt+...)
- 5 7




Ilepuoanyeckue HECHHYCOMTAJbHbIC TOKH
B IEKTPHYECKHUX HENmaxX

]4

27

f(wt) = ﬁ( sin—<cosmt + lsin mﬂcostt +
n\ 2 3 2

1 . San 1 . 7om )
+—SIN——COS S5t + —SIN—COS7Wt +...
5 2 7 /.

f(wt) = 2&(1 + Zcosmt + LcosZ(Jot -
n\2 4 1-3

-icos%)t K Lcos6mt —)
3-5 5-7

flwt)= ﬁ(l'f LcosZout - Lcos4wt +
t \2 1.3 3-5

+Lc056wt—...)
5.7



IlepuoanyecKkue HECUHYCOMIAJbHbIC TOKH
B JICKTPUYECKHUX LEMAX

Ecnu ke pacder nenu nporu3BOAUTCS 110 KOMIUIEKCHBIM 3HAYEHUSM, TO
IIPY PA3JI0KEHUN (PYHKIMH UCIIOIB3YIOT Pl Pypbe B KOMILIEKCHOU (pop-

Me: 1 < -
f(t):_ Z E:rkej wlr:
2=
T/2
rae F,, =— I f(He /*katdt = A4, + jB, = F,,e/¥ — KOMILUIEKCHAS aMILIH-
T2 Tyjaa k-t TapMOHUKH.

CBs13b MEXKy KOMIUIEKCHBIM psiioM Dypbe U pa3IOkKEHUEM T10 MTHO-
BEHHBIM 3HAYEHUSAM YCTAHABIUBACTCA COOTHOLLIEHUEM:

oo

f(O)=Fy+Jm Y F, ek

7

fr=—co

3aBUCUMOCTHU F,; U y; OT MOPSAKOBOTO HOMEpa k-ii TapMOHUKHU (WU
OT YacCTOThI A1) MPUHATO HA3bIBaTh AMILIMTYAHBLIM U ()a30BBIM CIIEK-
TPaMH KOJICOAaHMK COOTBETCTBEHHO. 1 mepuOaMUYE€CKUX HECUHYCOUIAlIb-
HBIX KOJIEOAQHMM aMIUIMTYAHBIA U (DA30BBIM CIEKTPbl UMEKOT JIUCKPETHBIN
XapakTep, a paCCTOAHHUE 110 OCH YaCTOT MEX/IY CMEXHBIMU CIIEKTPATIbHBIMH
JIMHUSIMUA PABHO ).



AMILUTMTYIHBIA K (DA30BbIN CIEKTP
IMEePUOANYECCKOI0 HECUHYCOUTAJTBLHOI0 TOKA

Umk"'Ib Uml Dy 4
0, i
U 5 lpZ
m /2
Uma Ums /
5 e
0 W1 Wy W3z Wy (W W 0 W1 Wy W3 |Wy|Wg
-t/2 t " s

u(t) =Uy + Z[Umk -Sin(kwt+ 1Y), k=1,2,...,00.
k=1



IlepuoanyecKkue HECHHYCOMIAJbHbIC TOKH
B IEKTPUYECKHUX HEMmAX

BO3MOXXHOCTb  Pa3jlOkKEHUS TEPUOJAUYECKUX HECUHYCOUAAIBHBIX
GyHkuM# B psiag Oypbe MO3BOJISIET CBECTU pacyeT JIMHEUHOMN 1EIH IPU BO3-
ICUCTBUM Ha Hee HeCHMHYCOMJanbHBIX DJIC W/HMIM TOKOB MCTOYHHUKOB
K pacyeTry LENeu C MOCTOSAHHBIMU U CUHYCOUJIAIBHBIMA TOKAMH B OT/EJIb-
HOCTH Il KaXJ1I0M TapMOHUKUA. MTIHOBEHHBIE 3HAYE€HUS HCKOMBIX TOKOB
U HAIIPSDKEHUU OINPENESIIOTCS Ha OCHOBE IPHUHIMIIA HAJIOXKEHUS I[yTEM
CYMMHUPOBAHUsA HAWJICHHBIX IPUA PACUYETE FAPMOHHUYECKUX COCTABIISKOLINX
HAIPSKEHUN U TOKOB.

[Ipn pacueTe PHEPreTHUECKUX XapaKTEPUCTHK B IEMSAX HECHUHYCOM-
JNAJIbHOI'O IIEPEMEHHOI0 TOKA, KPOME MIHOBEHHBIX 3HAUYEHUH HaNPSKCHUSA
u(t), toxka i(f) u JAC e(f), UCTIONB3YIOT TAKKE JAEHUCTBYIOIIHE 3HAYCHUS
Hanpsbkenus U, toka [ u DJIC E. X onpeaensitoT Kak r€OMETPHUYSCKYIO
CyMMY JCHUCTBYIOIIMX 3HAYEHUM OT/ICJIbHBIX TApMOHUK. B 0011em cinyyae:

F= |F§+) F?,
k=1

rae [y — mocrosiHHas cocrasisitomas, o =F / \/5 — IEUCTBYIOILIEE 3HA-
yeHHUe k-l rapMOHUKHU (HanpsbkeHus, Toka win D/1C).



IlepuoanyecKkue HECHHYCOMIAJbHbIC TOKH
B IEKTPUYECKHUX HEMmAX

JleCTBYIOIIIME 3HAYEeHHMsl IIEPUOAUYECKHX HECHUHYCOHUIAIbHBIX
OJIC, ToKa 1 HaPSHKCHUS .

E=\."'Z E’=JES/+E’+E]+..,
k=0

—

1=\,"'Z ila— 1 st O et 3 e S U=\"Z U=NUS+U 4 U} +....
k=0 k=0

Hepenko a1t ynpoIeHus: pacyeToB NPU OTCYTCTBUM IMOCTOSHHBIX
COCTABJIAIOUINX HECUHYCOUJAIBHYIO BEIIMYUHY 3aMEHSIOT IKBUBAJICHT-
HOU CHHYCOMAAJBHOM, JCUCTBYIOIICE 3HAYEHUE KOTOPOU PABHO JICHUCT-
BYIOIIIEMY 3HAYEHUIO HECUHYCOUJAIBLHOW BEJIIMYMHBI. AMIUIUTYJA SKBU-
BAJICHTHOM cUHycoungalibHOM JJIC M cpemHee 3HAYCHUE 3a TOJIOBUHY
nepuoja;

m*

.Exnz:\EEZZ::\LZEZ%JEfz, Eﬂm:ziérl;



IlepuoanyecKkue HECHHYCOMIAJbHbIC TOKH
B IEKTPUYECKHUX HEMmAX

IIpn nmepruoanyeCcKoM HECUHYCOUIAIBHOM HAIIPSKEHUU U TIEPUOIU-
YECKOM HECHUHYCOHUJAJIBHOM TOKE AKTHBHASsI MOIIHOCTb PAaBHA CyMME
AKTUBHBIX MOIIHOCTEW ITIOCTOSHHOU M BCEX TapPMOHUYECKHX COCTABJIA-

IOIMX HANPSHKEHUS W TOKA.
P=ZPk= Py oy FF e
k=0

Pl I+ U, Iieos@+U;1;608 @ +...

[Ipy nnepnoguyecKoM HECUHYCOUIAILHOM HANPSKEHUU U TIEPUOU-
YECKOM HECUHYCOUJAIIbHOM TOKE PeaKTUBHAA MOIIHOCTH PaBHA CYMME
PEAKTUBHBIX MOIITHOCTEM BCEX TAPMOHMUYECKUX COCTABIISIOLIMX HAIps-

ACHHA R TORA. - o=y I .sing,+U,I,sin @, +...

IHonnas MOIIHOCTDb IIpHU IICPHUOINYICCKHUX HCCHHYCONAAJIbHBIX TOKC
1 HAITPSAXKCHUU.

S=U I= Z v 12 sePrgr, a=f=L
V&P e Vo i ’ 5 2




IlepuoanyecKkue HECHHYCOMIAJbHbIC TOKH
B JJICKTPUYECKHUX ICISAX

P=U, I,cosq,,

U=U,, I=sVI*+12+1+..>1,,

P &yl coscp1
K : O ==
03¢ (pUIIHEHT MOITHOCTH S 77
=U, sin(kwt+y,), =1 sin(lkwt+y,—q@,),
U l" Y
I , Z;=\\R+|kwL
Z; \ kwC




JJIeKTPHUYECKUE PUIBTPHI

DJIeKTPHYECKUMH GunsTpamu Ha3bIBAKOTCS YEThIPEXTOIOCHUKH
[peIHa3HAYEHHbIE Il MPOIYCKAHWUSI CUTHAJIOB B OIPEIEIIEHHBIX YaCTOTHBIX
Marna3oHax ¢ BO3MOXKHO MaJlbIM 3aTyXaHWEM U II0JIaBJI€HUsI CUTHAJIOB HA 4acTOTax
BHE 3TUX JHarna3oHoB. [lonoca yactot, npornyckaeMbiX (GUILTPOM O€3 3aTyXaHUsl WU
Opd MajioM 3aTyXaHUM, HA3bIBACTCS MOJOCOH MNPONYCKAHUSA (WM MOJIOCOH
npo3payHoctu). Ilomoca wyacrTor, mnponyckaembix GUIBTPOM C 3aTyXaHUEM
Ha3blBaCTCs MOJIOCOM 3aep:KMBAHMA (IMOJIOCOH HENMPO3PAYHOCTH WIH MOJIOCOH
3aTryxaHus). Hacrora, jekanias Ha rpaHuLie M10JIOC IIPOIYCKAHUS U 3a[ep:KUBAHUS
Ha3bIBACTCA 4YACTOTOM cCpe3a WM TpaHHYHOM w4acrToroW. KauectBo (QuibsTpa
CUMTAECTCSl TEM BBILIE, YEM SIPUE BBIPANKEHBI €ro (PUIBTPYIOIIUE CBOMCTBA, T. €. YEM
CUJIBHEE BO3PACTACT 3aTYXaHUE B MOJIOCE 3aICPIKUBAHUSI.

Kiaaccnpurkanusa 3JieKTpuYecKUuX (UILTPOB MOXKET ObITh IPOBEIACHA [0

Pa3JIM4YHBIM IIPH3HAKAM.



JJIeKTPHUYECKUE PUIBTPHI

Knaccupukanmus 3jieKTpudecKux (HIBTPOB MOXKET OBITh MPOBEACHA IO
pa3JIMYHBIM NIpU3HaKaMm. Hanpumep, B 3aBHCHMOCTH OT NMPOIMYCKAEeMOT0 JHANAa30HA
4acTOT PA3JIMYAIOT CIEAYIOIINUE TUIBI (DUIBTPOB:

o  urempol Hudxcrnux ywacmom (OHY) nponyckaror curHain 0e3 ocinadieHus Ha
4aCcTOTaX HUKE YaCTOThI CPE3a;

o Qurempor eepxnux yacmom (OBY) He oOKa3bIBArOT BIUSHUS HA aAMILUIATY/IbI
CUTHAJIOB, UMEKOIIMX YaCTOTY BBIIIIE YaCTOThI CPE3a, U HE MPOIMYCKAKT CUTHAJIBI
C 4aCTOTOM HUIKE, UEM 4aCTOTa Cpe3a;

e nonocHo-nponyckarowue hurbmpot (norocoswie) (I1I1ND) npommyckarT CUrHANID,
4acTOTa KOTOPBIX HAXOAWTCS B HWHTEPBAJC MEXKAYy HWXKHEH U BEPXHEU
4acTOTaMM Cpe€3a U HE MPOMYCKAKT CUTHAJIBI OCTAJIbHBIX YaCTOT;

e nonocHo-zazpadxcoarowue urompuol (pexcekmopuuvie) (I13P) He nMpomyckarT
CUTHAJIBl C MOJIOCOM YacTOT, 3aKJIHOUYEHHOW B WHTEPBAJIEC MEXIY HUKHEH U
BEPXHEU YaCTOTAMHM CpPe3a, a CUTHAJIbI BCEX OCTAJIbHBIX YaCTOT MPOITYCKAKT 0€3
ocJiabeHusl.

Knaccudukanuro 31eKTpUYEeCKUX (UIBTPOB TaKKe MPOBOMAAT MO YHCIY
PEAKTUBHBIX JJIEMEHTOB B CXE€ME, IO THUITY MEPEAATOYHOU (DYHKIUU, MO0 CTPYKTYPE
2JIEMEHTOB H T. .



JJIeKTPHUYECKUE PUIBTPHI

BHEI{TI}H‘IGCKHH LCIIb, COoACpKallad HHAYKTHBHOCTDb 15105 8) 05! CMKOCTB,
DGH&,[[HET pa3s/IMYHbIMH COIIPOTHUBIICHHAMHKU JUJIA Pa3/IMYHBIX TapMOHHK,

TdK KdK HHAYKTHBHOC COIIPOTHBJICHHC Xﬂr =kwL YBCIIHYHUBACTCA C YBC-

1
JIM4CHHEM HOMCPA I'ApPMOHHKH k:, d EMKOCTHOC XC =-—— VYMCHBIIACTCA.

kawC
DTO JaeT BO3MOXHOCTH NPH 3aJaHHOM KPHBOM HANPSOKEHUS W3MEHSTH
(GOpMy KPHBOIi TOKA IyTEM BKJIIOUCHHS DJIEKTPHUYECKOTO (BHUILTPA MEKIY
MCTOYHHKOM U IIOTPEOHTEIIEM.

Jis Toro, 4ro0Obl OT(UILTPOBATL BBICIIHE TAPMOHHUKH HECHHYCOH-
NAJIBHOTO HAIPSDKEHHS, T. €. He MPOMYCTHTh UX K IMOTPEOHTENIO, IIOCIIENO0-
BaTEJILHO C IOTpeOMTENIeM BKJIIOYAETCS HHIAYKTHBHOCTh, a INapaulejibHO
eMKocTh (cMm. puc.). Ilpu 3TOM, 4YeM BbIIIE HOMEP TI'apMOHHMKH, TEM
OOJIBIITUM COINPOTHBIIEHHEM 00J1a/1aeT MHIYKTHBHOCTH M T€M OOJIbIIE Ha-
NpsbKEHHE 3TOH TapMOHUKH I1aJ1ae€T HAa UHAYKTUBHOM CONPOTHUBIICHHH U TEM
MCHBIICC HAIIPAKCHHUC IIOCTYIIACT HA HAI'PY3KY. KpDME TOT'O, 4CM BBIIIC
HOMEpP TapMOHHKH (YacTOTa), TEM MEHbIIE CONPOTUBIIEHHE KOHJEHCATOPa,
TeM OOJIBIINI TOK JTOH YaCTOTHI MPOXOIUT Yepe3 KOHIEHCATOP, OT(QUILT-
POBBIBAsICh OT IIOTPEOUTEIIS.



JJIeKTPpHYECKUE PUIBTPHI
R

u, (1) IC U, (1) U () C p u, (1)

L

Purc. ®unbTpbl HUXHUX HacToT Puc. OuibTpbl BEPXHUX HYAaCTOT

Ecnu HyHO OTOUIBTPOBATH MOCTOSIHHYK COCTABJISIFOILYK) HECHHY-
COMJIAJIBHOTO HAMNpPSDKCHUS WJIM €ro HHM3KHUE YacTOThl (FapMOHUKH), TO
B (UIbTpax MEHSIOT MECTaMH WHAYKTUBHOCTh U E€MKOCTb.



JJIeKTPpHYECKUE PUIBTPHI

Ecnu B HamnpspKeHUH, MOCTYMAOIIEM Ha BXOJ (DHIIbTpa, UMeeTcs k-5
rapMOHHKA, KOTOPYK HYKHO HE IPOMYCTUTh K MOTPEOUTEII0, TO MOCIIEI0-
BATEJIbHO C MOTPEOUTEIEM MOKHO BKJIKOUHTH MapalIeIbHbIM PE30HAHCHBIN
KOHTYp (pUC. @), HaCTPOCHHBIM B PE30HAHC TOKOB HAa 4YacTOTy K-M rap-
MOHHMKH. B pe3ynbTare 3TOro Ha OOJIBIIIOM COMPOTHBIICHUH PE30HAHCHOTO
KOHTYpa (0JIM3KOro K OECKOHEYHOCTH — IIPU OTCYTCTBUU AaKTUBHOT'O COINPO-
THUBJICHHUSI B KOHTYpE) HaIpSKEHHUE k- rapMOHUKHU MaJaeT Ha KOHTYpPE, HE
Moraasi Ha Harpy3Ky.

Takoro xe 3¢dexra MOKHO JOOUTHCS, €CITU MapalIeIbHO C MOTPEOH-
TEJIEeM BKJIIOUHMTH IMOCJICAOBATCIIbHBIM PE30HAHCHBIM KOHTYp (puc. 0),
HACTPOCHHBIM B PE30HAHC HANPSDKCHMI Ha 4acToTy A-i rapmoHuku. Ilpu
PE30HAHCE HANPSHKEHUW COINMPOTUBIIEHUE MOCJIEI0BATEILHOIO KOJae0aTeb-
HOTO KOHTYypa MaJIO, CJIEA0BATEIbHO, YMEHBIIACTCS HAMpsHKEHUE K-M rap-
MOHUKH Ha HEM, a 3HAYUT, U HA IOTpeOuUTerne.

OnHOBpeMEHHOE BKJIHOUYEHHE O0OMX KOJIeOATEeIbHBIX KOHTYPOB
(puc. ) obecrieurBacT 3HAYUTEIIHHO YUY (PUIBTPAIIUIO.



BHeKTpnquKne (])H.Hprbl

su\‘( ) - (t) : GN\(t)

Pwuc. [NosnocHo-3arpaxaarowme puibTpsbl

Ecnu Hy»)XHO YMEHBIIUTh WJIH YCTPAHUTH Cpa3y HECKOJIBKO TapMOHUK,
TO BKJIFOYAKOT MOCJIEAOBATEIFHO WIH/U MApAJIEJIbHO C MOTPEOUTEIEM He-
CKOJIbKO KOJIEOATEIbHBIX KOHTYPOB, KaXJbli U3 KOTOPBIX HACTPAUBACTCS B
PE30HAHC ONPEJICIICHHON TApDMOHHKH.



JJIeKTPpHYECKUE PUIBTPHI

Ecnu pe3oHaHCHBIE KOHTYPBI NMOMEHSTh MECTaMH, TO IIOJTYy4aroTCs
MOJIOCOBBIE (DHIIBTPBI, KOTOpHIC, HA00OPOT, CHyXaT Ui TOT0, YTOOKI
IPOIYCTUTh K IPUEMHHKY K-F0 TAPMOHHU Ky, HA KOTOPYIO OHHU HACTPOEHEI B
PE30HAHC, U HE NMPONYCTUTH (OCIA0UTh) BCE APYTHE FaPMOHUKH.

u, (1) ) Ue(D) I Uenl?)
“au.\( ) C
| ?
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Puc. [losnocHo-nponyckawwme puibtpsbl



AYX n PUX puabTpa

KommiexkcHas nmepenarodnasi pyHknust (kodppunuenT nepexaun) K(jw) HaxoauTCd Kak
OTHOIIIEHHE BBIXO/IHOII 3IEKTPHIECKON BEIMYNHBI (HAPSKEHUS WIN TOKAa) K BXOTHOIL

Pa3inyaror 4 BH/Ja NepelaTouHbIX (YHKIHIH:

UBI::IX .

® [IepeaaTouHaid (pYHK]_[IIH [10 HAIIPAKCHIIO KU = T’

EX

IBI:I."C,

e repenaroyHas (GyHKIUS [10 TOKYy K; = o

BX

o Uﬂh[x,

L HEPE,I[&TDIIHUE COHPOTHBHEHHE K 7 = I.—,
BX
IBI:]}(,

® [IepeaarouHaid IIpOBOAUMOCTD HY = 7

BX

B o0mem Buge nepenarounas pyHkmms: | K (im) = K(w) ele(w)

3aBHCHMOCTh MOJy/sS KOMIUIEKCHOU IIepelaToYHON (DYHKIHH OT 4acToThl K(w) HasbIBaeTcs
AMILIHTYIHO-4ACTOTHOH XapakTepHcTHKoOH (AUX). UYacToTHasg 3aBHCHMOCTh apryMeHTa
KOMIUIEKCHOH TepeJaTouyHoN (YHKIIMH OT dYacToThl ¢(w) Ha3pBaeTcs (pa30-4acTOTHOH
xapakrepucTukon (OUX).

AUX n QUX He 3aBHCST OT 3HaUEHHI aMILUTHTY/] 1 Ha9aIbHbIX (pa3 BO3IEICTBHIL, a ONPEeIIAI0TCS
YHCIIOM, XapaKTepoM, 3HaYE€HHAMHI H BHIIOM COEIHHEHHS APYT C IPYIoM ee 2JIEMEHTOB. YacTOTHEIE
xapakrepucTuk (AUX u OUX) mo3BONSIOT CYIUTh 0 TOM, KOJIeOaHHs KaKHX JacTOT MPOITYCKAKOTCS
3JIEKTPUYECKOH 1IETIBE0, a KaKHe 0CIal/IMroTCs.



HacToTHBIC XapPaAKTEePUCTHUKH (PUILTPOB

YacToTHbIE XAPAKTEPUCTHKH [MOKA3bIBAKOT, KAKUE YaCTOThl IPOITYCKAKTCS
IEKTPUYECKOM LIEMBIO (ITOCIIE MPOXOKIACHHUA Yepe3 NIEKTPUYCCKUM (PUIIBTP), a KaKue
ocnadsaorcsi. OCHOBHBIMU — YAaCTOTHBIMU — XApPAKTEPUCTUKAMHU  DIIEKTPUYECKHUX
(GUIBTPOB SBJISIKOTCS 4acTOTa Cpe3a WJIMA I0JI0Ca IMPOIMYCKAEMbIX (DUIBTPOM YaCTOT,
ko3 duueHT nepenayu, KpPyTU3HA, AMIUIMTYIHO-YacTOTHass u (pa30-4acTOTHAas

xapakrepuctuku (AYX u OYX).

Yacrora cpe3a — DTO HacCTOTa, HaA KDTDprI IMPOUCXOAHUT CIiaJd aMILIUTYIbI

BBIXOHOI'0 CHI'HaJIa M0 3HAYCHHA PABHOI'O 0,7 OT BXOJHOIO. OTtHomeHue BBIXD,[[HDﬁ

ICKTPUYECKON BEITUUUHBI (HAMPSIKEHUS] WU TOKA) K BXOJHOM MO3BOJISIET BHIYUCITUTD
KOMILIEKCHYI0 mepeaaTouny ¢yHknup (koddpduumuent nepenaun) K(jw) =
= | K |- e/9(®), 3apucumocTth MOITYIIsI KOMILIEKCHOM nepenaTounoii gpyukmuu | K | ot

YaCTOThl ) HA3bIBACTCA AaAMILUIMTYIHO-YACTOTHOM XapakrTepucTtukou (AYX), a
YaCTOTHAs 3aBUCUMOCTh apryMeHTa KOMIUIEKCHOW mepenatouyHoi pyHKuuu @(w) —

(¢a3zo-yacroTHoM xapakrepucTuko (PUX).

AYX 1 OYX He 3aBUCAT OT 3HAYCHUW aMIUIMTY/l U Ha4aJIbHbIX (ha3 BO3ICHUCTBUN,

a OIpCACIATCA YHUCIOM, XdpPAKTCPOM, 3HAYCHHUAMHU H BHAOM COCIUHCHHUA [ApPYyI" C
ApPyIroM €€ 5SJIIEMCHTOB.



YHacTroTHBIC XapaKTEePUCTUKH

Hanpumep, mis RC-uenu, n3o0pak€HHOW Ha pUC. , KOMIUICKCHAs
nepenaToyHasi QyHKIUS MOXKET ObITh pacCYMTaHA TaK:

I i _ R _ R _ 1
l.lex R_jXC R+L 1+ I
joC JORC
AUYX u OYUYX mist 5TOM Lenu OyayT paBHbI, COOTBETCTBEHHO:
1 1
K(w)= \/l+ l 5 ¢(a))—mctgﬁ.
(wRC)?

YacToTHBIE XAPaKTCPUCTHUKH ITO3BOJIAKOT CYJAUTH O TOM, KoJIeOaHus Ka-
KHX HaCTOT IIPOITYCKAKTCA LCIIBHO, 4 KAKHUC 0CJIa0ISIIOTCSL.

o—~|

u«.\‘ ( t) C R

u,, (1)

Puc. OunbTp BEPXHUX HacToT



YHacTroTHBIC XapaKTEePUCTUKH

Kt
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Puc. AYX nacCUBHBIX 3IEKTPUUYECKUX (PUIBTPOB:
a — OHY; 6 — ©BY; ¢ — [111D; 2 — [13D
Ha npaktuke gacto npuxonurcs crpouth AUX u OUX B norapudmudeckom

macirade. JIAYX u JIOUYX — 310 3aBUCUMOCTh K0P PuUiiueHTa MOAYJISI KOMIUIEKCHOM
nepeaaTodHod pyHKIUU U (Ha3bl, COOTBETCTBEHHO, OT YacTOThI B JIOTapU(PMUIECKOM
macmrabe. B 3ToM cityuae ko3 QUIUEHT Nepeaaun OnpeaestoT B aenudenax (ab).



JJIeKTPHUYECKUE PUIBTPHI

[TpakTyeckoe NPUMEHEHUE DSJIEKTPUYECKUX (UIBTPOB BECbMA IIUPOKO U
pa3Hoo0Opa3Ho. OHHU NMPUMEHSIOTCA KaK B PaIUOTEXHUKE U TEXHUKE CBS3H, IJI€ UMEHOT
MECTO TOKH JIOCTATOYHO BBICOKMX YaCTOT, TaK W B CHJIOBOW DJIECKTPOHUKE W
IEKTPOTEXHUKE. Tak, B pPaJMONPUEMHHUKE W3 CHUTHAJIOB MHOTOYMCICHHBIX
palMOCTaHIUN (QUIBTPHl BBIACISIIOT CUTHAJI OJHOW NPUHUMAEMOW cTaHUuu. B
IHEPIreTUYECKUX CUCTEMAX IPU MEPEaadye CUTHAJIOB TEJIEyIPABICHUS, TEJICU3MEPECHUU
U ABTOKOHTPOJIS IO JIMHUSAM JJIEKTPOMNEPEIayd BBICOKOIO HANPSXKEHUS (DUIBTPBI
OTAEJISIIOT OTH CUTHAJbI OT TOKA MpOMbINUIEHHOW yacToThl (50 I'). B ycranoBkax
4aCTOTHOTO TEJICYIIPABICHUS MHOTMMH OOBbEKTaMH, HalpuUMEp Ha Tra30mpoBOAax,
KEJIE3HOAOPOKHOM TPAHCIIOPTE U Ap. (WIBTPhI BBIACISAIOT CUTHAJIbI YIIPABICHHUS,
NpeJHa3Ha4YeHHbIE KaxJIoMy 00bekTy. [Ipu opranuzamuu mo BO3IYIIHBIM JIUHUSIM
IEKTPONPOBOAHON CBSI3M OJJHOBPEMEHHO HECKOJIBKO TEJIE(MOHHBIX Pa3roBOPOB
(BbICOKOUACTOTHAsI TeNe(pOHHAs CBI3b) HAa INMPUEMHOM CTAHIUM YCTAaHABIMBAKOTCS
GUIBTPBI JUIS pa3jiesieHuss Tele(OHHBIX CUTHAJIOB OTIEIbHBIX a0OHEHTOB. Kpome

TOro, HHPOKOC IIPUMCHCHHC OHH HAXOIAT B oOnactu pacCIlO3HaBaHHsA PCHH.



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA

DJIEKTPUYECKas ENb MMEPEMEHHOIO TOKA, B KOTOPOU JerucTByeT ogHa JJ1C,
Ha3bIiBaeTCs oaHogazHod. B mHorogasHoil nenu umeercss Heckoiabko IJ[C
OJIMHAKOBOM YacCTOTHI, CABUHYTHIX APYTI OTHOCHUTEIBHO Jpyra 1mo daze. Tak, B
neyxdaznon nenu ase IC, B TpéxdazHont — Tpu U T.4. OObEeIUHAEMBIEC LIETTH
CHHYCOHWJIAJIbHOTO TOKAa MHPHHSATO Ha3biBaTh (pazamMM, a BCIO OOBEIMHEHHYIO
CHCTEMY Liener — MHOroga3sHoi cucTeMOH. 3aMEeHa HECKOJIBKUX HECBI3aHHBIX
0JIHO(ha3HBIX 1IENIEe OHOM LEIbIO MTO3BOJISIET YMEHBIINTD YUCJI0 MIPOBOIOB.

HauOonbiee pacnpocTpaHeHue mnojayunia TpexdasHas cucreMma. Tpéxdas-
Hasl Lenb COCTOMT M3 TPEX THUIOB 3JIEMEHTOB. HMCTOYHHKA JJICKTPHUYECCKOU
SHEPruu (Tpex(pazHOro reHeparopa), JUHUM Iepeaayu U NpruEMHHUKOB.

M cTouHMKaMU 2JEKTPUYECKON PHEPIUU B TAKMX LEMSAX SBIISIOTCA Tpexdasz-
HBI€ T€HEPATOPhl, COCTOSIINE KaK Obl U3 TPEX CAMOCTOSITEIBHBIX T€HEPATOPOB,
pa3MEIICHHBIX B OJHOM Kopmyce. Ha ajexkTpudeckux cTaHuusax TpéxdazHas
cuctema JJIC obpa3yeTcs Ha 3aKUMaxX Tpex(a3zHOro CHHXPOHHOIO FreHeparopa.



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA

Mogaeb TpéX(asHOro reHeparopa cxeMaTU4eCKd M300pakeHa Ha PUCYH-
ke. OOMOTKH reHeparopa COCTOST M3 TPEX KaTylIeK, Kaxkdas M3 KOTOPbIX
M300pakeHa JAByMS BHUTKaMM, OCH BHMTKOB KaTyIIE€K CJIABHHYTHl OTHOCHTEIHLHO

ApYT JApyra Ha OAuH U TOT ke yroa 21 /3. Hauana katyiiek 0003Ha4eHbl OyKBa-
Mu A, Bu C, akonmel — X, VY, Z.

Puc. YcioBHOE H300pake€HUE MOJIENIN TpeX(Pa3sHOro reHeparopa



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA '

Ha Bpamaromeiics dactu reHeparopa (poTope) pacmoiiaralor OOMOTKY,
KOTOPYIO MOJKJIIOYAIOT K HCTOYHHKY ITOCTOSHHOIO TOKa. TOK 3TOH OOMOTKHU
CO3/IA€T MOTOK, MTOCTOSIHHBIN (HEMOABUKHBIN) OTHOCUTEIIBHO POTOpa, HO Bpalia-
IOIIUKCS BMECTE C HUM C MOCTOSIHHOM 4acTOTOW. Bpallenue poropa oCyIecTs-
JS€TCA KaKUM-TUOO ABHUTrareneM. biarogaps KOHCTPYKTHBHBIM IMpPHEMaM Mar-
HUATHBIM MOTOK B BO3AYIIHOM 3a30p€ MEXAY CTAaTOPOM M POTOPOM paclpese-
JAETCA TI0 CHHYCOUJAIBHOMY 3aKOHY 110 OKPY>KHOCTHU. [To3TOMY 11pu BpaiieHuu
pOTOpA BPAIIAIOIIMKCA BMECTE C HUM MArHUTHBIM MOTOK IEPECEKAET ITPOBOJ-
HUKH 00MOTOK ctaropa (A-X, B-Y, C-Z) u uHAyIHpYET B HUX CHHYCOHIAJIBHYIO
OJIC. MakcumanbHble (aMIIATYAHbIe) 3HadeHus Bcex IJIC u ux 4acToThl OyayT
OJIMHAKOBBIMH, TaK KaK YHMCJIO BUTKOB (Pa3HbIX OOMOTOK oauHakoBO U IJIC
UHAYLIUPYETCSA OJJHUM ITIOTOKOM.



JJIeKTpHYeCcKHue Tpexda3Hblie Lenu

CHHYCOUTAJIBHOI'0 TOKA

+ '] + ]
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a) 6)

CrnenyeT OTMETHTh, YTO YepeloBaHNe BO BpeMeHH (pa3HbIX 3/[C 3aBHCHUT OT
HANPABIEHHA BpaILlEHHUA POTOpa TEHEpPATOpa OTHOCHTENBEHO TpeX(a3Hoi OOMOTKH
craropa. [IpH BpameHHH pOTOpa MO YacOBOH CTPEKE MONVUCHHAA CHMMETPHUHAA
TpexdaszHas cuctema IJIC umeer npamvoe uepenopanne (A —B —C) (puc.a). Ilpu
BpPalICHUH pPOTOpa IPOTHB YAaCOBOH CTPENKH 00pasyeTcsd TakkKe CHMMETPHUHAA
Tpexdaznasa cucrtema JJIC. OmHako depemoBaHHe @a3HeIX DJIC BO BPEMEHH
n3MeHHTCA. Takoe uepemoBaHue HasblBaeTCA oopamuouim (A — C — B) (puc.0).

Yepemoranue ¢aszHbpix /[C BaKHO VUHTBIBATH MPH aHAMH3€e TpexX(dazHbIX
enel U yCeTpoiicTB. Hanmpumep, mocienoBaTellbHOCTE a3 ONpeNesaeT HalpaBlIeHUe
BpalleHUA Tpexda3HbeIX [ABHTATENEHd, U T.M. A MPAKTHYECKOrO ONpPEeNcIeHU
IIOCJIEIOBATENBHOCTH (Pa3 HCMONB3VIOTCA CIEMHANBHBIE IPHOOPH — hazoykazame.i.

[Io yMOMYaHHIO TPH MOCTPOSHHH TpeX(azHbIX Meneid W HX aHalln3e
IPUHUMAETCH MpAMoe uepenoranne pazHeix 3 J1C Tpex(da3zHOro HCTOUHHKA.



JJIeKTpUYEeCKHUe Tpex(a3Hble Helu

CUHYCOUJAJIbHOI'0 TOKA

ITon tpexdazHoii cumMmerpuuHOil cucteMor J/[C MOHHMAKOT COBOKYI-

HOCTh Tpex cuHycouaadbHbIX JAC OAMHAKOBOM YaCTOThl M AMILIUTYAbI,

CABUHYTHIX 1O (pa3e Ha yroj 120. ['padvky MrHOBEHHBIX 3HAYCHUN UM BEKTOPHAs

nuarpamma IJ[C TpexdazHoro reneparopa n300paxeHbl Ha pUCYHKAaX HUXKE.

U

E4«(Uy)




JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA

[lon TpéxdgazHo HIEKTPUUYECKON IEeNbI ITOHUMAKT COBOKYIHOCTH
Tpé€xdaznon IJC, TpéxdazHOM HArpy3KM M COCIMHMUTEIBLHBIX HPOBOJIOB.
OTtaenbHasi 4acTh MHOTO()A3HOM CUCTEMBI MOTy4uia Ha3BaHue (pa3bl (MHOTAA
noa (a3oil MOHMMAIOT Y4YacCTOK TpEX(da3HOW IEMH C OJMHAKOBBIM TOKOM).
®a3pl TpEX(azHOro TIeHEepaTopa MNPHUHATO 0003HA4YaTh IIEPBBIMH OyKBaMH
natuHckoro andasuta: A, B, C. Kaxxnas ¢gaza tpéxdaszHoro reneparopa MOKeT

ABJIIATHECA UICTOYHHUKOM IIMTAHUA JJISA OI[HO(I)&BHOI‘O HpHéMHI/IKa.

B niepuon 3apoxaeHus TpEX(Pa3HBIX CUCTEM NPEANPUHUMAIMCH MOMBITKU
HCIOJIb30BaTh HECBA3AHHYI0 CHCTEMY, B KOTOpOH (pa3bl OOMOTKH IeHepaTopa
HE OBLIN JIEKTPUYECKHU COESTUHEHBI MEXTY COOOM M Kaxkaas (a3za COSAUHSIIACE
CO CBOMM IIPUEMHHUKOM JIByMsI IPOBOAAMH. TaKME CUCTEMBI HE MOIYYWJIH
IMPUMEHEHHUS BCICACTBUE MX HEIKOHOMHUYHOCTH: JJISI COCAMHEHUS reHepaTropa

C IPUEMHUKOM TpeOOBAJIOCH IIECTh IPOBOIOB.



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA
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e, =F sin(wt), e,=F sm(wt—zTn), g=i sm(wt—&—zTn).

E=E, E=Ee X, E=Hed™.



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA

B1riojiHE €CTeCTBEHHBIM OBLIO CTPEMJICHHE YYE€HBIX M HMHXKECHEPOB COKpa-
TATh YHUCJIO IPOBOJOB Tpex(ha3zHOH 3JIEKTpUUecKoW menu. st a3toro B (assl
reHeparopa rajibBaHMYECKH CBS3BIBAIOT MEXKy coOoi. Paznuyaror aBa BHaa
COCIMHEHMM: B 3B€3/ly U B TPEYTOJIbHUK.

JlornyeckumM MyTEM OBLIO OCYIIECTBICHO OOBEAMHEHUE TPEX OOpPATHBIX
ITPOBOJIOB B OJIMH, TAK BO3HUKJIA CBSA3aHHAs CUCTEMA, COCIIMHEHHAS 3BE310M, Y
KOTOpOo# KOHLBI Ppa3z X, Y, Z coenuHsoTcs B oJuH o0l y3ea O, Ha3bIBaeMbIi
HEUTPAJIBLHOU TOYKOU reHeparopa. [Ipu coequaenun B 3B€31ly CUCTEMA MOXKET
OBITH TPEX- U YETHIPEXIMPOBOIHOI.

B pesynbrare 3TOro JOCTUracTCs 3KOHOMHUS MarepuajaoB IIPOBOJOB U IO
CPAaBHECHHIO C HECBSI3aHHOW TPeXx(ha3HOM AIECKTPUUYECKOM IENBI0 HMCKIIFOYAKTCS
IIOTE€PH PHEPTUHU OT TOKOB B 0OpaTHBIX IIPOBOIAX.

BaxxHoli 0COOCHHOCTBIO Tpex(da3HbIX II€NeH SBISCTCA HAJIUYUE JIBYX
HalpsDKEHUH — (a3sHoro M JHHEWHOTro. Ma3HBIM HA3bIBAIOT HANPSKEHHE
MEXy HavyaJoM M KOHILIOM KaXKJIoM (a3bl, a JUHEHHBIM — MEXIy HadalaMu
nByX (a3. Tok, mpoTekaronuii 4epe3 0OMOTKY, Ha3bIBaIOT (ha3HBIM TOKOM.



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA
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JJIeKTpHYecKHe Tpexda3Hbie Henu
COCAMHEHHDbIC 3BE310H

HATPIES
(3Ee384)

®asznbie HanpsikeHuss o0o3HauatoT U,, Ug, U.. Tok, mporekaromuii
yepe3 0OMOTKY, Ha3bIBalOT (pa3HbIM TOKOM (I, Ig, ). JIuHeliHbIe HanpsI-
axeHust 0003Ha4ar0T U g, Uge, Uca.



JJIeKTpUUYecKHre Tpex(pasHble Henu
CUHYCOMJAJBHOI0 TOKA

K BaXHBIM OCOOEHHOCTSM CJI€IyeT OTHECTH BBLIOOP HAaNpaBJIECHHUH
TOKOB B 0OMOTKaX IreHepaTopa, (ha3HbIX U JUHCUHBIX HANIPSAKEHHUM.

* 3a MNONOXHUTEIbHOE HampapicHHE (a3HBIX HANPSKCHUN ITPUHUMAIOT
HampaBJICHHE OT Hadaja K KOHIy (a3 0OMOTOK.

* 3a IOJ0XKHUTEIHLHOE HaMpaBJIEHWE TOKa B OOMOTKAaX IMPHUHSITO HAIIPABJICHUE
OT KOHIIa K Hayalry (a3 0OMOTOK.

* 3a MOJOXUTEIIBHOE HAIPABICHUE JUHEWHBIX HANPSIKEHUHA MPUHUMAKOT
HampaBJICHHE OT (a3l K (a3e CONIaCHO MPSIMOMY YE€peaoBaHUIO (ha3
(0o603Hauar0T U g, Uge, Uca.)

Puc. BekropHas nuarpamma ¢pa3HbIX U JIUHEHHBIX

HaIpsHKEHUM Tpex(da3zHoro reHeparopa,

OOMOTKH KOTOPOTO COEAUHEHBI 3BE€30M.




JJIeKTpHYecKHe Tpexda3Hbie Henu
COCAMHEHHDbIC 3BE310H
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JJIeKTPpUYeCKHe TpexdasHble Henu
COCAMHECHHBbIC 3BE3/10U

JIMHEeMHBIM Ha3bIBACTCS IIPOBOJ, COCAUHSIONIMK Hadajia (a3 OOMOTKHU
reHeparopa M IpUeMHHKA. Touka, B KOTOPOM KOHIIBI (Pa3 COCAMHSIOTCS B
OOIIHM y3€i, Ha3bIBaeTCs HeMTpaabHOu (Ha puc. O u O’ — COOTBETCTBEHHO
HEWTpaJbHbIC TOUKU F€HEpATOpA U HArpy3KH).

[IpoBOA, COCAUHSAIOIINN HEUTPATIBHBIE TOUYKU T€HEPATOPA U IPUEMHUKA,
Ha3bIBACTCs HeMTpaJbHbIM MpoBoaoM (Ha puc. OO’). Tpexdasznas cuctema
Ipd COCIMHEHHMHM B 3Be3qy 0€3 HEWTpaJbHOro IIPOBOAA HAa3bIBACTCS
TPEXIPOBOIHOM, C HEUTPAIHLHBIM IPOBOAOM — YeTHIPEXIPOBOIAHOM.

Bce BennuuHbI, OTHOCSIIMECS K (azaMm, HOCAT Ha3BaHHE (ha3HBIX
IIEPEMEHHBIX (COOTBETCTBEHHO Y HHUX YKa3bIBAKOTCSA HYKHHUE MHACKCHI A, B,
C), a BeIMYHMHBI, OTHOCSINHCCS K JIMHUU, HOCSIT HAa3BaHHUSI JIMHEHHBIX
(COOTBETCTBEHHO y HUX yKa3bIBaloTCs HIKHHME nHACKCH AB, BC, CA).

3aBUCUMOCTh MEXAYy OJTHUMHU BEJIMYMHAMM HAXOOUTCA C TOMOIIBIO
3ak0oHOB Kupxroda.



JJIeKTpHYecKHe Tpexda3Hbie Henu
COCAMHEHHDbIC 3BE310H
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JJIeKTpHYecKHe Tpexda3Hble Henu
COeITUHEHHbIE TPEYIroJbHUKOM




JJIeKTPpUYeCKHe TpexdasHble Henu
COCAMHECHHBbIC 3BE3/10U

Takum oOpazom, BMecTo 6 mpoBOJOB Tpexda3zHas CHUCTEMa, BBIIOJHEHHAs 110
CXEME 3BE€37la C HYJIEBBIM IPOBOJAOM coJepkUT 4 1npoBoga. CieaoBaTellbHO,
TpexdazHas JIeKTpUYecKas 1elb 00eCIeUrBaET Iepeaady dICKTPUIESCKON SHEPTUU
C MCHBIIMMH IIOTEPSMH WU C MEHBIIMM pacXoJOoM MaTepuaja IPOBOAOB MpPHU
OJIMHAKOBOM MOIIHOCTH. B 3TOM COCTOMUT I1aBHOE NMPEeMMYIIECTBO TpeXdazHbIX
nenen nepeji oJHO(ha3HbIMHU.

B Poccun muast ¢a3sbl A HCHOJB3YETCS KEATHIM OpoBOA, AJdd (azsl B —
3€JICHBIM, 11 pa3bl C — -, HeHTPAaJbHBbIN MPOBOA JCJIal0T FOAYOBIM WIH

B Poccun wucnons3yroTcs cTaHAapThl (a3HbIX W JUHEHHBIX HaNpsyKEHUH
TpexdaszHpiX 1ene Ha yactore 50 I

220B, U _=38058;
220B, U,=127B.

H U,
2) {'ﬂ

Hannuue HanpsbkeHUM JBYX YpOBHEM ((pa3HOro M JIMHEWMHOIO), Ha KOTOPBIE
MOKHO MEPEXOJUTh IIyTEM IIPOCTOr0 IMEPEKIIOUECHUS, SBISETCS MPEUMYIIECTBOM
Tpex(da3HOro reHeparopa o CPaBHEHUIO C OAHO(PA3HBIM.



JJIeKTpHYecKHe Tpexda3Hbie Henu
COCAMHEHHDbIC 3BE310H
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JJIeKTPpUYeCKHe TpexdasHble Henu
COCAMHECHHBbIC 3BE3/10U

[Ipu coenrHenuu (a3 NpUEMHHUKA «3BE3/101» BOSHUKAET TOK B HEHTPAILHOM
npoBoJie I, , NOJIOKUTEIBHOE HAIIPABJIEHNE KOTOPOIro MPUHUMAIOT OT IPUEMHUKA K
HCTOYHHKY.

PacCMOTPUM  YETHIPEXMPOBOAHYIO I€lb € CHMMETPHYHOM  CHCTEMOI
HANPSOKEHUIH U HECUMMETPHYHON HArpy3Koil, korna £, # £, # £ .

(daszuple HANpPsHKEHUS MPUEMHHMKA IIPU BKIIOYEHHOM HENTpaJbHOM IMPOBOJIE
OynyT paBHbI (PAa3HBIM HAMPSHKEHUSIM UCTOYHHKA, TO €CTh

Ua :U.i; Ub :UB; Ur :Ur:*-
Tok B (pazax mpueMHHKa MOMKHO ONpEAENUTH [0 3akoHY Oma IS KaKJ10u

(azbi: 0o L}b | {7

ja: H;Ib:_:jc: <
Z Z, Z

—a — —7

2

a 3HAUYEHHWE TOKAa B HEUTpPAILHOM IIPOBOJIE  OMNpPEAENSAETCS IEPBBIM 3aKOHOM
Kupxroda aist HEUTpaJIbHON TOYKH 1

I[,=1 +1I,+1.



Kiaaccu(pukanus NpueMHHUKOB
B Tpex(ha3HOU LECIHU

[IpHeMHHUKH, BKIHYacMble B TpeX(azHyK I[eNb, MOIyT OBITh JHOO
omHogazHeiMu, JNHO0 TpexdaszHeiMu. K oOmHO(A3HEIM MPHEMHHKAM OTHOCATCS
3JEKTPHYECKHE JTaMIIbl HAKATHBAHHA U IPYTHE OCBETHTENBHEIE IPHOOPEI. Pa3THUHEIE
OBITOBBIE NPUOOPEL. OOHO(a3HEIE HBHTaTeNd U T.O. K TpexdazHBIM TpPHEMHHKAM
OTHOCATCS TpeX(a3HbIE ACHHXPOHHBIE IBUTATENH M MHIVKIHOHHBIE MMeud. Ilpuuem,
cmoco0 coemuHeHHsA (a3 MPHEMHHKA HE 3aBHCHT OT cmocoda coemMHEHHA (a3
Tpex(dazHOro reHeparTopa.

H]JHEMH HKEH OCIIATCH HAa

* CHMMempHUUHbBIE _
— — — It:l
Zﬂ' _;b _gs = Ze'

KoMIIIEKCHBIE COMPOTHRBIEHUA (a3 TpeXpazHbIX MPUEMHHUKOB PABHEI MEKIY COOOIA.

*  HecUMMEMpPUYHbIE
i -
L,#2L,# L % Ze" (B oOIWEM cIydae).
KOMIIIEKCHEIE COMPOTHRIEHNA (a3 TpeXha3HEIX IPHEMHUKOB Pa3HEIE.



JJIeKTPpUYeCKHe TpexdasHble Henu
COCAMHECHHBbIC 3BE3/10U

Puc. BekropHasi 1uarpaMmma rnpu COeAMHEHUH TPeX(Ha3zHOro NpUeMHHUKA
"3Be310M" IPU HECUMMETPUYHOMU HArpyskKe



JJIeKTpHYecKHe Tpexda3Hbie Henu
COCAMHEHHDbIC 3BE310H
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JJIeKTpUYecKHe Tpexda3Hbie Henu
COCAMHEHHDbIC 3BE310H
A

Puc. BekropHas quarpaMma HanpspKeHUR M TOKOB IPH coeiuHeHuu (a3
CUMMETPUYHOIO MPUEMHHUKA B 3BE3]1Y.

TOK B HEUTpaJIbHOM IMPOBOJIE B COOTBETCTBUH I,.=1+1,+1_.

C1oKuB BCKTOPLI (1)33HLIK TOKOB, IIOJIYy4acM I;-.,r :0. CrnenoBaTelibHO npu

coedunenuu 6 36e30y haz cummempuuno20 NPUEMHUKA HEUMPAiIbHblIL NPOEOO He
OKasvleaem GAUAHUA HaA pabomy uenu u moxcem Ovimb uckiwyen. T.e. 1pu
CUMMETPUYHOM IIPUEMHUKE MOKET MCIIOJIB30BaThCS TPEXIIPOBOJHAS TpexQaszHas
LIEIb.



3HaueHHe HEUTPAJIBLHOIO MPOBOAA

[Ipn 10CTaTOYHON MNPOTSKEHHOCTH HEUTPATBHOTO MPOBOAA OH OOJamaeT
CYIIECTBEHHBIM CONMPOTHBICHUEM, KOTOPOE OKA3bIBAET OINPEJEC/ICHHOE BIIUSHHE HA
paboTy Lenu. ITO YYTEHO B CXEME BBEJACHUEM B HEUTPAJILHBIN MPOBOJ PE3UCTOPA C

COIPOTHUBIIEHHEM HEUTPaILHOTrO 1poBoja £ y . [Ipy MosBIEHHH TOKA B HEUTPAILHOM

[IPOBOJAEC 3TO COIIPOTHBIICHHUC DG}'CHHBHHEHET JOINOJIHUTCIIBHOC HAIIPAKCHHUC U::N:
KOTOPOC UCKAXKACT HAIIPAKCHHA (1]33 [IPHCMHHKA.

Ha ocunoBanuu II 3akona Kupxroda s konrypa ¢assl A, 0003Ha4EHHOTO
[TYHKTUPOM MOHO 3aIUCaTh

~U,+U, +U, =0

HHH ABYX JPYIHX (i)ﬂ& MOKHO 3aIlIHCATh AHAJIOT'HYHBIC YPABHCHHA, U3 KOTOPbIX
[MOJIYy4HUM:

Uﬂ = U_{ — Un.-"»" ; Ub = UB — Un.'"»"; Uc — UC - U

niN -

(azHple HanpsiKEHUS MCTOYHMKA 00pa3yloT CUMMETPUYHYIO CHCTEMY .
OueBHIHO, YTO TPU ATOM (Pa3Hbie HAMPSHKEHHS MPHUEMHHKA HECUMMETPHYHBI.



3HaueHHe HEUTPAJIBLHOIO MPOBOAA

HaHpH}I{EHHE Un;-.,r MCHKAY HEﬁTpﬂJ'[HMH [IPUHEMHHKA H HCTOYHHKA COTJIACHO METOAY

Y3J0BOIO HANPSLKCHUS. E,Y +E)Y, +E_.Y.

Ui = Y +Y. +Y +7Y
— 7 +_E'? +—f' +_1-"'-'T
1 1 1
rae Lo =-:Y, =Y. =—— _ xommuexcusle npoBomuMocTH (a3 IPHEMHHKA;

Za Zb Zr

1

K N — Z — KOMILUICKCHadA HpOBO,I[HMDCTL HEﬁTpEiHLHD]‘O HpOBOﬂ,H.

= N

[Tockoneky nampsikenus ¢a3 ucrounuka pasubl ux I/IC, TO BhIpaxeHue

U, » ' ' )
JJIA nN [PHUMET BHJ . U.izﬂ + UB }_75, + U{:‘ Zc
MY +Y, 4+Y 47,

[Tpu HeOOJNBIIOM CONMPOTUBJIIEHHH HEUTPAILHOTO MPOBOAA MPOBOJAMMOCTL Yy
MOKHO MPHHSTH paBHOU OeckoHewHocTU. Torma HanpsskeHue U,y = 0, T.e. da3Hbie
HAMNPSOKEHUs] TPUEMHHUKA HE MCKaKAKTCS M OCTAIOTCS CUMMETPUYHBIMHU, PABHBIMH
(ha3HbIM HaMpsiKeHUsIM UcTOYHUKA. C BO3pacTaHUEM COIPOTUBJIEHUS HEUTPAIILHOTO
MpoBoJia HanpsukeHue U,y Takxke Bo3pacTaeT U (a3Hble HANPSIKEHHS MPUEMHHUKA
HUCKAKAIOTCH -



3HaueHHe HEUTPAJIBLHOIO MPOBOAA

3Has CPHBHBIE? HaMpAXKCHHUA TNPHCMHHKA, MOXHO OIPCACIIUTL TOK B KaxK/10u (1)335

I - Uﬁ‘ . I Ub ) _ Uc‘
a b e »
Z, Z, Z,
3JHAYCHHUE TOKA B HEHTpﬁHBHDM Hpnﬁﬂﬂe U

ro nN r
IN — — X NUMN

WM B COOTBETCTBHH C IIEPBLIM 3akoHOM Kupxroda [ v = j’ﬂ + 7 L+ jC — ] e jE + jC

Ponb neiimpanvhozo npoeoda npu cumMmempuiHom npuemMHuKe

HpH CUMMETPDHYHOM TIIPHEMHHKE COIIPDOTHBJICHUA H IIPOBOJHMOCTH (11)33

OJIHHAKOBBEI: Za :Zb :Zr :Zd’ :Z{ﬁei""w WIIH Xd :Zb ZL :ng;

B sToM ciyuae
. v,0,+U, +Uc)_0
nN 3y Y .
_#) +
Cymma (pazHbIX HAIPSKEHHH CUMMETPHYHOTO HCTOYHHKA:

U +U +U =0 u, cienoBaTeNbHO, f =0




3HaueHHe HEUTPAJIBLHOIO MPOBOAA

Ponv neiimpanvnozo npoeoda npu cumMmempuiHoM npueMHuKe

HPH CUMMETPHYHOM TIpPHEMHHKC COIIPOTHBJIICHHUA W IMPOBOJAHMOCTH CI)HB

CAINAROBR. 7 =Z,=Z.=Z,=Z,"" wm Y,=Y,=Y =Y,

B sToM cirydae
1_7¢;(U_1 + Uy +Uc)

U”N
3Y,

Cymma (hasHbIX HATPSKEHHI CHUMMETPHYHOI'O HCTOYHMKA:
U +U +U =0 u, cnenoBaTenbHO, f =0

=0
+¥y |

Kpome Toro, Tak kak U”N =0, 10 ffﬂ :(L; U, =U ;U{, - [;TC

T.e. npu CUMMETPHYHOM TMPHUEMHHKE, COEUHEHHOM ''3BE3/10i", HEUTPAIbHBIN
[POBOJ HE OKAa3bIBaeT BJIMSIHUS Ha ero padory. [Ipu 3ToM ocraercs crpaBeUIMBBIM

COOTHOLIUCHHEC UJ} = \/gUG{,:- U¢, =1 \/_ , MNOJIYHEHHOC paHce A TpEX(bHSHOI‘G

reHepaTopa.



3HaueHHe HEUTPAJIBLHOIO MPOBOAA

Tpexnposoonas snekmpuueckas yens nPu HeCUMMeMPUYHOM NPUEMHUKE,
coeounennom "zeezoon"”’

HPH OTCYTCTBHH HEﬁTpHHLHUI‘ O IIpOBOAd MOKHO IPHHATH €0 COIIPOTHBJICHUE

OECKOHEYHO 0OJIBLIMM, a IPOBOAUMOCTH paBHOi Hymo (¥ y =0).
[Tpu 3TOM HanpsbkeHue cMmelenus Heutpanu U,y OKa3bIBAeTCS MAKCUMAJIbHBIM:

. U.izﬂ +UBX[; + Ufzc
nN Zﬂ + Xb + ZC .

[Ipu 5TOM HcKaxeHUs (ha3HBIX HAPSKEHUI TIPUEMHHUK?
BekTopsl (ha3HBIX HANpSKEHUH MOXKHO ONPEJEIUTH
BEKTOPHYI0 (TOmorpaduyeckyo) auarpamMmy (aszHbIX Ha

mutarug u Uy (puc.).

Puc. HampsikeHue cMelieHus HeliTpaiu



3HaueHHe HEUTPAJIBLHOIO MPOBOAA

Tpexnpoeodnas rnekmpuueckas yenb npu HECUMMEMPUYHOM NPUEMHUKE,
coeounenrnom ""zeezoou”

Puc. HanpsikeHue cMelleHus HeUTpasiu

[Ipy wu3MeHeHuM Bedu4MHBI (WM Xapakrepa) (a3HbIX CONPOTUBIICHHM

Hanpsbkenue cMmemnenuii Heiitpamun U,y MoxkeT M3MeHATHCA B IIMPOKHX Mpejiesax.
[Ipu 5TOM HelTpaibHas TOYKA PUEMHUKA 17 HA HarpaMMe MOXKET 3aHUMaTh pa3Hble
nojiokenus, a (asupie Hanpsokenus npuemuuka U,,U, u U_ moryr oramyarscs

APYT OT Apyra BE€CbMa CYHICCTBCHHO.



3HAYeHHEe HEUTPAJIBLHOIO MPOBOAA

Takum oOpa3oMm, MpU CUMMETPUYHON HATPY3Ke HEUTPAJILHBIN IPOBOJI MOXKHO
yIalUTh M OTO He MNOBIUsAeT Ha (a3Hble HanpspkeHus npuemHuka. [lpu
HECUMMETPUYHOM HAarpy3ke MW OTCYTCTBUHM HEUTpPalbHOro IpoBoja (a3HbIe
HAMPSDKEHUS [IPUEMHUKA YK€ HEe CBSI3aHbl JKECTKO € (pa3sHBIMM HaNpPSKEHUSAMH
reHeparopa, Tak Kak Ha Harpy3Ky BO3JEHCTBYKOT TOJIBKO JIMHEHHbLIE HAIPSKEHUS
reHeparopa. HecummerpuuHas Harpy3Kka B TaKMX YCIOBHSX BBI3bIBAET HECHMMETPHIO

ee (pazHBIX HANpPsKEHUU UH,UE,,U M CMELICHUE €€ HEHWTpalbHOM TOYKU 7 U3
LIEHTPA TPEYTOJbHUKA HAMPSKEHUH (CMEIeHre HEUTpalIH).

Hamnpapienue cmenieHuss HEHTpanu 3aBUCUT OT IMOCJIEI0BATENLHOCTU (a3
CUCTEMBI U XapaKTepa HarPy3KH.

[ToaToMy HeUTpanbHBII MPOBOJ HEOOXOAUM IS TOTO, YTOOIL:

® BLIPAaBHUBATH (Pa3HBIC HAMPSIKEHHUS IPUEMHUKA IIPH HECUMMETPUYHOM
HArpy3Ke;

® [OJAKIIOYATH K Tpex(da3Hoi 1enu oJHO(A3HBIE TPUEMHUKH C HOMHUHAJIBHBIM
HAIPSKEHUEM B +/3 pa3 MEHbILE HOMHHAILHOTO JIHHEWHOTO HANPSIKEHHS
Tpex(ha3zHoi ceTH.

Cnengyer UMeTh B BHJly, YTO B LE€Ib HEUTPAJILHOIO IPOBOJA HEJb3s CTABUTH
MPeJOXpPaHUTENb, TAK KAK NEPEeropaHve IpeJIOXpaHuTels NPUBEIET K pa3pbiBY
HEUTPAJILHOTO IPOBOJA U TIOSABJIEHUIO 3HAYUTENBHBIX MEpeHanpsKeHH Ha (a3ax

Harpy3KH.



JJIeKTpHYecKHe Tpexda3Hble Henu
COeITUHEHHbIE TPEYIroJbHUKOM




JJIeKTpHYecCKHe Tpexda3Hbie Henu
COeIUHEHHbIE TPEYIr0JIbHUKOM

Cummempuunasn Hazpy3ka

[Tpu cummeTpuyHoii Harpy3ke £, =24, =Z, =L, =7 d,eij £

Tax xak suHelHble (oHM ke (asubie) HanpsokeHus Uygp, Upe, Ucgy
CUMMETPUYHBI, TO ¥ (p)a3HbIE TOKU 00PA3yIOT CUMMETPUYHYIO CUCTEMY

.

Us. = U, s
ab;[bczi;lmz ca,
Zab Zbc

jab:

N

— CO

AOCOJIIOTHBIE 3HAYEHUSI UX PaBHBI, a CABUTU MO (ha3e OTHOCUTEILHO APYT
apyra cocrasiisitoT 120°.
JIuHEeHbBIE TOKHU

00pasyroT TaKKe CUMMETPUYHYIO CUCTEMY TOKOB.



JJIeKTpHYecCKHe Tpexda3Hbie Henu
COeIUHEHHbIE TPEYIr0JIbHUKOM

Use

Puc. BekropHas quarpaMma HarpsiKeHUM U TOKOB IIPU COeIMHEHUH (a3
CUMMETPUYHOIO IPUEMHHUKA B TPEYTOJIbHUK.



JJIeKTpHYecKHe Tpex(da3Hbie Henu
COeIUHEHHbIE TPEYIr0JIbHUKOM

Hecummempuunan nazpyska
Za * Zb * Zc‘ B
OOBIYHO OHA BO3HHUKAET

[pH MUTAaHHK OT TpeX(a3HoH

CCTH OILHDCDHSHLIX IIPHEMHHKOB.

ﬂ-BC

Puc. BekropHas quarpaMMa HanpspKeHHE M TOKOB IPU COEAMHEHUU (a3
HECUMMETPUYHOI'O IIPUEMHHUKA B TPEYTOJIbHUK



JJIeKTpHYecCKHe Tpexda3Hbie Henu
COeIUHEHHbIE TPEYIr0JIbHUKOM

Hecummempuunas nazpyska
Za # Zb # Z e
OOBIYHO OHA BO3HHUKAET

IPH MUTaHHKU OT TpeX(a3Hoi

e CeTH OJHO(a3HBIX IPUEMHHKOB.

Puc. BexropHas quarpamMma HanpsbKeHHH U TOKOB IPU COeAMHEHUH (a3
HECUMMETPUYHOI0 IIPUEMHUKA B TPEYTOJIbHUK

HﬂCTpﬂeHHE BCKTOPOB JIMHEUHBIX TOKOB [IPOHU3BCACHO B COOTBCTCTBHH C

BbIPpAKCHUAMHA . . . . . . . . .
I.{ :Ic;rb _Ir:.:;r;[B :IE:-{" _Ic;rb;[{f :Im _[bc-"

BaxHoii 0COOEHHOCTBIO COCIHUHCHHA CPEIS [IPUCMHHKA TpPCYIOJIbHHKOM
ABJIACTCA TO, 4YTO IPH HU3MCHCHHH COIIPOTHBJICHHA D,H,Hﬁﬁ H3 (1)33 PCHKHM paﬁﬂTH
HAPYTHX CDEI.S 0OCTacTCd HCHU3MCHHBLIM, TaK K4k JIMHEHHBIE HAIlIpsKCHUS I'CHCpaTOopa
ABJIAKOTCA HCH3MCHHBIMH. B}"ﬂ,ﬂT H3IMCHATBHCAHA TOJIBKO TOK ,[[EIHHOFI (1)331:[ U JIUHEHHBIC
TOKH B IIpOBOJdaX JIMHHH, COCIHHCHHBIX C ITOH [bﬂ?ﬂfi. HDSTDM}' CXEMd COCAHMHCHHA
TPEYTIOJIBHUKOM HIHPOKO HMCITOJIB3YCTCA /1A BKIIKOUCHHA HECHMMETPH‘{HGﬁ HarpyskKH.



MoiHOCTH B Tpex(ra3HbIX HEeMmAX
CUHYCOUIAJIBHOI'0 TOKA

AKTHBHOM MOIIHOCTBIO (YaCTO MPOCTO MOIIHOCTHIO) TpEX(hazHOU
CHUCTEMbl Ha3bIBACTCS CyMMa aKTHBHBIX MOIIMHOCTEH BcexX (a3 MCTOYHUKA
SHEPTUH, paBHAS CYMME aKTMBHBIX MOII[HOCTEH Bcex (a3 MpueMHHUKA.

B cumMeTrpuyHOM Tpex(pa3zHOW CUCTEMeE, T. €. B CUCTEME C CUMMET-
PHUYHBIMM T€HEPATOPOM W MPUEMHHUKOM, MPH JHO00H CXeME MX COCIHMHCHUS
oI KaKAoW (a3pl MOIIHOCTM HCTOYHHUKA DJHEPrMM M IIPUEMHHKA
OJINHAKOBHI.

P=P ,+P st Pa=U A eosp +Uzd 6080+ U 1 6080,,

U,=U,, I — IIPUA COEAMHEHUU TPEYTOJIbLHUKOM

U ¢=/—§'7, [ ,=1, —npu coeMHEHUH 3BE3/10H
\(

P=3P,=3U I ,cosp=\3U,I, cos .



MoIiHOCTh B TPpexX(pa3HbIX HEemAX
CHMHYCOM/IAJIbHOI0 TOKA

P=EP Pt P U e0s@ U ol sees@, T U d 080,

1

Uy,=U,, [,=—= — TIpU COCTUHCHNUH TPEYTrOIbHIKOM

V3

U
U qb:T;, [ ,=1, —npu coeUHEHUH 3Be3/101

P=3P,=3U,I ,cosp=\3U,I cosp.
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