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CPABHUTEJIbHAA OLIEHKA NMOAXOAOB
NPU YYETE MOLLHOCTEW
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2. YensibuHck, KOxHO-Ypanbckuli 20cyOapcmeeHHbIl yHueepcumem

COMPARISON OF APPROACHES WITH AN ACCOUNT OF POWERS

M.l. Gramm
Chelyabinsk, South Ural State University

OO0cy:xnpalTcst npejenbl KOPPEKTHOro INPHMEHEHHMs] MHOKHUTeJIell THIA KOM-
IUIEKCHBIX NMPOBOAMMOCTeli W CONPOTUBJEHMI B pacuérax MowmmHocteil. Iloka3aHo,
YTO HUCNOJB3YIOUUHA UX moaxol BygeaHy ToueH JMIIb B COCTOSHUSX, IPH KOTOPBIX
3aMeHa MMM MaTpHIbl CHCTEeMbl YPABHEHHIl COCTOSIHMA KoppekTHa. KoppekTHOCTH
COOTBETCTBYET COBINA/ICHHE TOKOB C COOCTBEHHBIMH BEKTOPAMH MATPHI[ COCTOSITHHS.
Bogee ynusepcajien nogxon ®dpuse, KOTOPbIi B COBPEMEHHBIX YCJI0BHAX HU(POBOIi
(hopMBI H3MepuTEILHOI HHPOPMALUM IPOCT B PeaTH3aNHH.

Kniouesvle cnosa: snexmpuueckas yenv, nepeoasaemdas MOWHOCHb, IHEP2OYUEM,
cobcmeentvle 86eKmMopbl, cOOCMEEHHbIE YUCIA.

There are discussed limits of correct appliance of multipliers such as complex
conductivity and resistances in power calculations. It is revealed that Budeanu
method which uses them is accurate only in those conditions when they substitute the
system matrix of state equations correctly. The correctness is complied with the
coincidence of currents with eigenvectors of state matrices. Being more universal
Fryze method is simple in practical realization in the conditions of modern digital
form of measurement information.

Keywords: electrical circuit,
eigenvectors, eigenvalues.
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KpaTtkue coobuieHus
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Z1=U. (3)

ITpu pacuérax no byneany marpuna Z B (3) 3a-
MEHsIeTCS KOMIUIEKCHBIM MHoOXxwuTeseM. C ero momo-
IIBI0 PAacCYMTHIBAIOTCS MOIIMHOCTH: AKTHUBHAS, PEaK-
THUBHAs, HCKaXEeHUS U T. I. [1-6]. C anreOpamdeckoit
TOYKH 3pEHUs SICHO, YTO 3aMeHa Z MHOXKUTEIEM KOp-
PEKTHa JIUIIb B CIy4ae, Korga sekrop I siBisiercs cob-
CTBEHHBIM BeKkTOpoM MaTpuilbl Z. CoOCTBEHHBIMU
BEKTOPaMH LUPKYJSIHTa Z SBISAIOTCS CHHycounsl [1,
7]. B unom noaxone — no C. ®puze npobdiema npu-
HajuiexkHocTH I n U K cOOCTBEHHBIM BEKTOpaM Mart-
puubl Z HecymectBenHa. [locTynupyercst ¢pusnuecku
npo3pauHblii GaKT — K MPOU3BOJILHOMY MOMEHTY /=k-
At nenpro moTpebiIeHa JIMIIb SHEPrus, onpeesseMas
koyumHeapHoid  Bektopy  U(k)  cocramisttomieit
I(k)roka I(k). U3BectHas [1] mpouenypa npoeKTHpo-
BaHHUS OJHOTO BEKTOPA HA 3aJaHHbIA OpYrod NaéTr Ty
COCTAaBIISOLIYIO!

_ (UK, 1K)
(U(k), U(k))

rre g(k) — rexymas ckaJsipHas POBOJUMOCTH LETIH

L, (k) Uk =g Uk, 4

K MOMEHTY ¢ =k At .
3a Bpemsi ¢t =k At oSHeprus, cBi3aHHas C KOJ-

JUHEApPHOH KOMITOHEHTOH, cocTaBUT Benmuununy W (k)=
= [L(k),U(k)]- At, a e€ yu€t mocne AeneHns Ha YHUCII0
OTCYETOB 3a BECh MEPHOJA OTCUYETA-HAOMIOMCHUS Tya6
J1acT BEJINYMHY aKTUBHOM MOLIHOCTH N0 Ppuse:
P=[L(N),UN)]/N=(, U)/N. %)

Bennuuna (5) okaxercs: paBHoH P=U-I-cos( @y )
JHIIb JJIi CUHYCOUJIBI € aMIuuTynod U,x ¥ LeNbIM
yucioM K nepuonon U,EK) =U,xsin2nk K/N+@,),

YKJIaIBIBAIOINXCS B OTPe30K HaOmoaenus k=0,1, 2,...
N (nayanbHas Qaza cuHycouabl Toka K-l rapMOHHUKH
cuyuTaeTrcd HyneBoil). B mpaktudeckom sHeproydére
pasnuuue pe3yabTaToB, MONYyYaeMbIX B ITOJXOJAaX IO
Byneany u no ®pwuse, Kak NpaBUIO, UTHOPUPYETCS.
OOmsicHsIeTCS 3TO NpeobalaHueM MTPOMBIIUICHHONW 1
Oosilee BBICOKHMX YacTOT B HANpPSHKCHUSIX M TOKAX
cinoxkHoi (opmbl. [lomoxkeHne MOKeT OBICTPO H3Me-
HUTBCSI W3-32 TIOSIBJIICHWS MHOXKECTBA HCTOYHHKOB
aJIbTEPHATUBHOM SHEPIUU U COOTBETCTBYIOLIETO yC-
JIOKHEHUSI CeTH JNMHHBIX JuHUA. B [8] obpameno
BHHMaHHE Ha CYIICCTBOBAHHE B CIIOKHBIX CXeMax C
3ara3/bIBaHMsIMU  TIPOIIECCOB, CYIIECTBEHHO IPEBbI-
MIAIOIIUX TI0 JUTUTENBHOCTH pPabouue OTPe3KU Tyu6
CTaHAApTHBIX CUETYMKOB OHepruu. B pesynbprare
KOH(JIMKTBI MEXy TOKa3aHUAMH CHCTEM DHEProydé-
Ta Ha BXOJIE B CUCTEMY M NOKa3aHUSIMU Ha Harpys3Kax

C YCIIO)KHEHHEM CXEM MOTYT CTaTh CEpbE3HOH Mpo-
61eMOi.

Jleno He TONBKO B TOM, YTO JUI HM3KOYACTOT-
HOW CHHYCOHIBI YCIIOBHUS IEPHOIUIHOCTH MOTYT OKa-
3BIBATHCSI HE BBIMOJIHEHHBIMHU [UIsI KOHKPETHOTO CUET-
ynka. B nmemo Bcrymaer ¢usuka npomecco. Bennunaa
SHEpPruy, MOJy4YeHHas ¢ ToMmoulsio (5) A mpowus-
BOJILHOTO ! =k At Ha BXO/E JIMHUHU, MOXET OKa3aThCs

JanéKod OT BEJIMYMHBI, JACHCTBUTEIBHO HEOOpPaTUMO
WCIIOJIb30BaHHOM IENbI0 HA BBIXOAE K MOMEHTY /. B
JUHASX KoJeOneTcss cOOCTBEHHBIN 3ammac YHEePTuu, U
yYUTBIBaEMas Ha BXOJE «KOJUIMHEApHas SHEPrHs» K
JTF000MY MOMEHTY ¢ OT Hadalsla 0TCU€Ta, paBHasi CyMMe
HHTETrpajia OT MOIIHOCTH IIOTepPh M SHEPrHu, 3anacéH-
HOI K MOMEHTY ! B PEaKTHBHOCTSIX JIMHUU U Harpy3Ku
3a BBIYETOM HauanbHOro 3anaca W,(0) B nux. Hanpu-
Mep, UId 00CykIaeMoi RL-1ienn HerpephIBHOE OMH-
CaHWE «KOJUTMHEAPHOW OSHEPIUU» JIOCTAaTOYHO OdYe-
BUJIHO:

N2t 2
W,(t) :MJFIR i(t)2 dt_M . (6)
2 0 2

Juckpertroii nposomumoctn g (k) B (4) coor-

BETCTBYET IIaBHAs (PYHKIHS IPOBOANMOCTH:

g(n)= }u(z).i(t).dz/ }u(t)z -dt . (7)
0 0

Uucnurens B (7) naét BeIMYHHY BBEACHHOW B
Heb K MOMCHTY ! SHEPruM (BKIOYas SHEPIHIO, 3a-
TPAYCHHYIO Ha HAKOILJICHUS B PCAKTUBHOCTSIX JINHUH U
Henel, B 00paTUMBIX aKKyMyJIATOpax U T. I., TO €CTh
«HEBO3BPAIIEHHYIO» HA BXOJ B JIOOOM BHE). E€ BBI-

YHCIICHHE BOSMOXKHO C IOMOLIBIO DyHKImH g (1)

W, (0= g(t) g (e de . (8)

Nmenno pacu€ry mo (8) M COOTBETCTBYET OIe-
pamust W, (k) =g(k)-[U(k),U(k)] At. Eé uenecoobpaszno
BBIMOJIHATE M JUISL BXOJa, M Uil BeIxoga. Ortdactu
9THM W OOBSICHSETCS TOSBJICHHE aKTUBHON MOIIHO-
CTH, OTpebnsieMoit TuHuel 6e3 morepb. Bo3HMKaOT
BechMa HeTpaauiuoHHble podmemsl KT/ muann 6e3
MOTEPh, KOMIICHCAIIMH PEAKTUBHON MOIIHOCTH JINHUU
u np. [8].

OrmicanHasi «koJumHeapHas sHeprus» W, (k),

OyAy4u SHEprucii MPUHSITOHN IEMbI0 B TOM WA HHOM
BUJIE, TPUHLIUITUAIBHO OTJIMYAETCSI OT «HEAKTUBHOI»

WMIM «PEeakTHBHOI» sHeprun W, (k), He npuHsTON K

MOMEHTY ¢ =k At. OHa IpOMOpIMOHATIEHA OPTOTrO-

HaJbHOH Ha oTpe3ke 0—f K (DYyHKIMH BHEIIHETO BO3-
JIEHCTBUSL COCTaBJISAIOIIEH cocTossHus. Hanpumep,
MMEHHO B3alMHasi OPTOTOHAJIBHOCTh Ha OTpE3Ke B
HepuoJl JenaeT TrapMOHUKH Dypbe HHEPreTHUECKU
HE3aBUCUMBIMH. B OpTOroHanusanuy pasHULBL «Ia-
paMeTp COCTOSHMSI — BO3JIEUCTBUE» COCTOUT TAKXKE U
CyTh MeToZioB THma Purna, ByOnoBa—Ianépkuna u
nmogo0HEIX UM [1]. B anekrpodusuke Ha 3TO BIiepBhIe
obparun BHEUMaHue . XeBHUcain, 3aMETHB, YTO B
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CpaeHumenbHasi oyeHka nodxodoe npu y4éme mMowjHocmeli

teopeme Jx.I. IloiiHTHHra yuér nepenaBaeMoil
MOIIHOCTH TpeOyeT pacuéra He IIOTOKa BEKTOpa
IloiiHTHHra, a AMBEpPreHIMH 3TOro BekTopa. Torma
BHUXpeBas cocTaBisonas Bekropa [loiHTHHra BbIma-
JIaeT, MOCKOJbKY AMBEPIEHIMS POTOPA TOXKIECTBEHHO
paBHa HyJIIO0. DHEPrHI0 MepefaéT TOJIbKO MOTEHIU-
anbHasl COCTABIIAIOLIAs], KOTOPAs U OMUCBIBAETCS BEK-

topom 1, (k). He yriuy6usisice B Teopemy CTokca u B
PAacOJIOKEHUST COCTABIAOIIUX Bekropa IlokHTHHTa
BOKpYT (uzaepa mepenadn SHEPrHu, KPaTKO OMHIIEM
KOJINYECTBEHHYIO OLICHKY «HCAKTUBHOM YHCPTHIY.
3n1ech 00HApYKUBAETCSl AOTIOJHUTEIBLHOE YH00-
CTBO BBeneHus 1o Dpu3e KOITHHEAPHOH COCTABIISIO-
mieit Toka. OHO COCTOMT B IMPOCTOTE OMPEACTICHHS

JIpYTOM COCTaBJISIIOIIEM — OPTOrOHAJIbHOU Ix(k),
KOTOpasi JOJDKHA YJIOBJIETBOPSTH YCIOBHIO OPTOTO-
HaJBLHOCTH (U(k),Ix(k))=O. OHa paBHa pasHHIE
I (k)=1(k)-1, (k). CocraBusromas I (k) na or-
pe3ke BpemeHu 0 —k At 1acT yCIOBHYIO BETHYHHY
Ix(k)|~|U(k)|-Az,

KoTopast mpu k=N JJIsl CHHYCOHIBI C LIEJbIM YnciioM K
nepruosioB B 71,5 B TOYHOCTH PaBHA BEIUYHHE TPaaH-

TMOHHOM PEAKTHBHOM MOIIHOCTH o(T)=

= W, (T,us)/N At, TO3BOISIONIEH NPOBEPHTE BelH-

«HEaKTHBHOU sHeprum» W, (k) =

YHHY U 9acTO BBIYUCIAEMON PEaKTUBHON MPOBOIMMO-
cru b(T). OproronansHocts Bekropos I, (k) u U(k)

obecrieyrBaeT BBIMONHEHHE «TIPABUIIA TPEYTONbHUKAY
st Bekropos I, (k), I, (k) u I(k). Ono BepHO

JUIs KOMILIEKTa W, (k)= (I, (k),U(k)) At

W (k) =]

SHEPTHI W(k):|I(k)|-|U(k)|-At npu Jr060oit (op-

Ix(k)|-|U(k)”-At M yCIOBHOW «IONHOM

me i(¢) u u(t) m ms mobGoro momenta f. Takke

BO3HUKACT BO3MOXXHOCTL HEIIPECPLIBHOI'O OTCIIC)KMBA-

L (k)|/

KOILUICHHBIMH K MoMeHTy k At Bekropamu U(k) u

HUS yria (p(k):arctg[ I (k)H MEXJy Ha-

I(k). Bo3HHKAeT anropuT™ HEMpEepEHIBHOIO MOHHTO-

pHHTra KadyecTBa IIOCTaBIIEMOM M MOTpebsieMon
SHEPIrUi.

B BapuaHTe nonxoja ¢ UCNOJIB30BaHUEM KOJIIH-
HEapHOU COCTABIIIONIEH HET MECTa «MOILHOCTSIM HC-
Ka)XEHUs» W T.I. UCKYCCTBEHHBIM IpnOaBkam. [Ipu-
MEHSIEeMbIE B HEM pacdEéTHBIE (OPMYIBI M BEITEKAFO-
M€ W3 HUX QJITOPUTMBI y4€Ta HE 3aBHCAT OT (GopM

u(t) u i(t) , @ TaKXX€ HUX TOYHOCTHh HE 3aBUCUT OT

BEJIMYMHBI IEPHOAA OTCYETOB 7y,5. AJTOPUTMEI BECh-
Ma IPOCTO MOTYT OBITh peai30BaHBl CTaHAAPTHBIMU
mpoIieIypamMu OJIOKOB JTMHEHHOHN aareOphi.
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