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Pedepar. PazBurne >1eKTpOIHEPreTUKH CONPOBOXKAACTCS YBEIMUCHUEM KOJIMUECTBA ITOTpeOnTe-
JIelf, IMEIOIUX B CBOEM COCTaBE HArpy3KH C HEMMHEHHBIMH XapaKTepucTHKaMu. BosHmkaromias
npo6JieMa HCKaXXeHHs 3JIEKTPUUECKOH 3HEpTUH IpH paboTe yKa3aHHBIX MOTpeOUTeNel JacTHIHO
pelraercsi IPUMEHEHHEM CPEACTB IOBBIIICHNS KadeCTBA SJIEKTPHUECKONH SHEPTHH. YBeIHUIeHHE
JIOJM MaJIbIX TEeHEPHPYIOUNINX YCTAaHOBOK, pa3MEIIaeMbIX B y3Jax IMoTpeduTeneii, ycyryomseT B3a-
HUMOJICHCTBHE HETMHEHHBIX HAarpy30K, 00pa3ys JOMOIHUTENBHEIE IapaUIeNIbHbIE MOTOKU JIEKT-
prudeckol SHeprun. VckaxeHHas! dIEKTpHUECKas HEPTUs HE SBIACTCS YUCTHBIM MOKa3aTeNleM.
CymiecTByromuye B3Il Ha HCKaXKAIOMIYI0 MOITHOCTH ITOJNAI0TCS KpUTHKE. B m3BecTHBIX pabo-
Tax 000CHOBAHBI MPEUIOKEHHS 110 OLEHKE MOIHOCTH C MCIOJIB30BAaHUEM €€ KBaJpaTHIHOU HOp-
MBI M KBaJIpaTHYHBIX HOPM € KOMIOHEHT. J1 aHanm3a mpoueccoB (JOPMUPOBAHUS KOMIIOHEHT
JIEKTPUYECKONH MOIHOCTH PacCMOTpPEHa cXeMa IPOCTEHILeil 1enu, coaepskalas ocIe10BaTelb-
HO COEIMHEHHBIC HCTOYHUK 3JIEKTPOABMKYILEH CHIIBI, pE3UCTOPBI U JHOJ, C YCIOBHBIM pasfele-
HHMEM CXeMbl Ha HCTOYHUK U NOTpeOuTesb. Mcnonb3ys BeIpakeHHsl TOKA U HANPSDKEHUsI Kak epu-
OIMYECKUX (YHKLUH, NPEICTaBICHHBIX IOCPEACTBOM TPUTOHOMETPUYECKOH (OPMBI PSIOB
Oypre, BHINOIHEH aHANU3 (OPMUPOBaHMS MOLIHOCTH KaXIOTO JJIeMEHTa CXeMbl. PasneneHb
KOMIIOHEHTB! MOIIHOCTH C HCIIOJIb30BAHUEM W3BECTHOI'O B3aUMOAEHCTBUS IapMOHMYECKHUX CO-
CTaBJIAIOIUX TOKA M HANPSDKEHUS Pa3IMYHOro Mopsijaka. [l 3JeMEHTOB CXEMbl BBIAEIEHBI KOM-
MOHEHTHI MOLITHOCTH, 00pa30BaHHbIE TAPMOHUKAMH TOKA M HAIPSDKEHUS OJHOTO TOPsIIKa, KOMIIO-
HEHTBI MOIIHOCTH, 00pa30BaHHBIC TAPMOHMKAMH TOKa M HANPSHKEHHs PAa3HOTO MOpsAKa, B KOTO-
PBIX, B CBOIO OUY€pe/ib, BbIIEIECHBl KOMIIOHEHThI MOIHOCTH, UMEIOIIHE TaKOH K€ MOPAI0K, KaK U
nepBble. [IpeioskeHo MOIHOCTh, 00pPa30BaHHYIO JCHCTBHEM IIOCIEIHEH TPYIIIBI, OTHECTH K HC-
KaXxarolled MOIIHOCTH, a ee ACHCTBHE YUUTHIBAaTh COOTBETCTBYIOIIEH KBaJApaTUYHOW HOPMOH.
C HCMONB30BaHUEM YKa3aHHOI'O PACHpPEAENIECHUs] KOMIIOHEHT MOILHOCTH BBINOJIHEH YMCIIEHHbII
pacuer. BpeMeHHbIMU MarpaMMaMH NIPOMWLITIOCTPUPOBAH MPOLECC B3aUMOAEHCTBUS KOMIIOHEHT
MOIIHOCTH, YTO B ClIy4yae JUO0/a NPUBOAUT K OTCYTCTBUIO U3MEHEHHUH MOIIHOCTH BO BPEMEHH.
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Distorting Electrical Power of the Alternating Current
in the Simplest Circuit with a Diode

0. V. Bialobrzheskyi", D. Y. Rod kin"
YKremenchuk Mykhailo Ostrohradskyi National University (Kremenchuk, Ukraine)

Abstract. The development of electric power industry is accompanied by an increase in the num-
ber of consumers subjected to loads with nonlinear characteristics. The arising problem of the
distortion of electrical energy that takes place when the mentioned consumers are in operation is
partially solved by using means of improving the quality of electrical energy. The increase in the
share of small generating plants that are placed in the nodes of consumers exacerbates the interac-
tion of non-linear loads, forming additional parallel streams of electrical energy. Distorted electri-
cal power is not an indication to account. Existing views on distorting power are amenable to criti-
cism. In the well-known works, the proposals for the assessment of power using the quadratic
norm and the quadratic norms of its components have been grounded. For the analysis of processes
of formation the components of electrical power, a diagram of the simplest circuit containing
a series-connected source of electromotive force, resistors and a diode is considered; also, the cir-
cuit was conditionally separated into a source and a consumer. The analysis of the power for-
mation of each circuit element is performed with the use of the expression of current and voltage,
as periodic functions represented by the trigonometric form of Fourier series. The power compo-
nents are separated with the use of the known interaction of harmonic components of current and
voltage of different orders. For the circuit elements, the power components formed by current and
voltage harmonics of the same order are selected as well as power components formed by current
and voltage harmonics of different orders, in which, in their turn, the power components are se-
lected that have the same order as the first ones. The power formed by the action of the latter
group is proposed to be attributed to the distorting power and to account its action by the corre-
sponding quadratic norm. A numerical calculation has been performed with a use of the specified
power component distribution. Time diagrams illustrate the process of interaction of the power
components, which—in the case of the diode—leads to no change in power over time.

Keywords: periodic current and voltage, current and voltage harmonics, power components,
distorting power, power norm
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BBenenue

Pa3BuTHE 25IEKTPOIHEPreTHKN B YaCTH YNPABICHHA PEKUMaMHU 3JEMEHTOB
IEKTPOIHEPIeTUIECKONl CHUCTEMBI C HCIIOJIB30BAHUEM MOJIYHIPOBOAHUKOBBIX
npeoOpa3zoBaTesiel, yBelMUeHHE KOJIMYECTBA TEHEPUPYIOIIUX KOMIUIEKCOB Ma-
JIOW W CcpeHel MOIIHOCTH ¢ IPUMEHEHHEM TEXHHKH MpeoOpa3oBaHMs YHEPTUH
IIOCTOSIHHOTO MJIM NIEPEMEHHOr0 TOKa 3a0CTPSAIOT MpoOJieMy KauecTBa JIEKTPHU-
yeckoi sHepruu [1]. IloBblieHne yCTaHOBIEHHON MOIIHOCTH YCTPOMCTB IOJTY-
MIPOBOJTHUKOBOM TEXHHMKH B COCTABE JJIEKTPOTEXHOJOTMUECKHX YCTAaHOBOK OKa-
3bIBAa€T HETATMBHOE BJIMSHUE HA KaueCTBO 3JIEKTPUUYECKON 3Hepruu. I'enepupy-
IOIIME YCTAHOBKH 3JICKTPUUSCKUX CTAaHIM Onarojapss OpraHu3alld CHCTEMBI
TPaHCIIOPTa M PACHpeAeiIeHUs IEKTPUIECKON SHEPTUH, CHEUU(PUIECKUM CXe-
MaM COEIMHEHUS TPaHC(HOPMATOPOB MOACTAHLMN, MCHOIB30BAHUIO YCTPOHCTB
KOMIIEHCAllUM HE OILIYIIAIOT BIUSHUS HapyIICHUs KadecTBa 3JEKTPUUECKOM
3HEPruM, KOTOPOE CO3JAI0T YKa3aHHBIE BBINIE 3JIEKTPOTEXHOJOTHYECKHUE yCTa-
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HOBKHU. ['eHepupyionme yCTaHOBKH, pa3MellaeMble TePPUTOPHAIBLHO HpHOIH-
KEHHO K TIOTPeOUTEINSAM (IPKUM MPUMEPOM B JaHHOM CIIydae SIBIISIOTCS] KOTeHe-
pUPYIOIINE YCTaHOBKH), OLIYIIAIOT HaJM4YMe HAPYIICHUS KadecTBa JIICKTPH-
9eCKOW SHEPTUH, KOTOPOE B Pe3yJbTaTe BIHMIET HA UX PEKUM M XapaKTEPHUCTH-
ku [2]. Takum 0Opa3oM, BO3HUKaeT psA 3aAad IO BBISIBICHHIO W OLCHKE
WCKaXeHUs anekTprdeckoir sueprum [2—4]. Kak crmencteue, popmymmpyrorcs
3aJjaud ONpeieicHUsT BUHOBHHKOB HCKaXKEHHsI [5] M ydyeTa KOJIMYecTBa HCKa-
JKeHHOM OHEpPruu, NpuHrUMass BO BHUMaHHUEC €€ HAIlIpaBJICHUC.

AHanu3 mpeapl [yniux uccjaea0BaHui

B [6] Tok u HampspKeHUE Ha 3JIeMEHTaX KOHTYpa 3aaHbl ¢ UCIIOJIb30BAHIEM
TpuUrOoOHOMETpHUecKor (popmer psma Dypee. [Ipn 3ToOM ompeneneHsl MOITHOCTH
KQXKJI0OT0 U3 3JIEMEHTOB CXEMbI (MCTOYHUKA MTHTAHUS, OMHUECKOTO COTIPOTUBIIC-
HUS, TUO0M1a) B BUIE

p=ui=F+)Y P cos(sot),

rae Py — IOCTOSIHHAST MOIITHOCTH (CpelHee 3HaueHue); P, — aMIuinTyaa kKoseda-
HUH S-X TAPMOHUK MOIITHOCTH; ® — YTIIOBAs 4acToTa KojeOaHui.

B pe3ynpTaTe cOOTBETCTBYIOIINE aMIUIUTYIbl MOIITHOCTH CBEICHHI B TAOIH-
Iy, HA OCHOBaHMHM KOTOPOH CJIeNaH BBIBOJI O TOM, YTO IPEJICTABICHHUE MOIII-
HOCTH JMOJia TIOCPEICTBOM YMHOXXCHHUS aMIUIUTY]l TAPMOHHYECKUX COCTAaBIIs-
IOIUX HANpPSHKEHWST W TOKa TOJAPOOHO PaCKPHIBAIOT TapMOHUKH MOIIHOCTH
1 OOHapYXUBAIOT MPOIECCHI paclpeneicHus mocieaHeit B cxeme. Ho, xak ort-
MedaeTcs B pszpe pabor [7-9], aHanmm3 mpormecca oOpa3oBaHUs MOIIHOCTH
M TIOpAIKa TAPMOHHK IMOCTEIHEH OmpeeNleHHBIM 00pa3oM OTpakaeT M3BECT-
HBbIC DHEpreTuueckue mnokazarenu. Tak, B [10], ucnonm3ys mnepHOAMYECKUE,

NIOJIMrapMOHHYECKHE HANPSUKEHHe U TOK u= Y u, =~/2D U, sin(kot +y,, );
k k

i =Zin =\/521n sin(not+vy,,) (rae k, n — HOMEP TaPMOHMKH HATIPSKEHHS
n n

u toka; Uy, I, — meicTBylolllee 3HAaUYE€HHE TApPMOHUKH HAMNPSDKEHUS M TOKa;

W, Wy — HavalbHast a3a HANpsDKEHUS U TOKA), aHATTM3UPYIOT MOPSIO0K pacye-

Ta TAPMOHUK MOIIHOCTH:

p= ZukZin = ZU,{I” cos[(k—n)mt+\|/uk —\Vm]—
k n

k,n

> U, cos[(k +n) O+, + Vg, :|

k,n

I/ICHOJII:?)y}I B TaKOM CJIy4a€ aKTUBHYIO MOIIHOCTH B BUJI€

1 to+T

P= ? J. pdt = Z[Ukln COS(Wuk Vi )]’
f k,n
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BBOJIAT CPEIHEKBAAPATUIHOE 3HAYCHUE MOIITHOCTH

IJIe f) — BpeMs Havaja otcuera; 7 — nepuoi GyHKIHIH.

B pesynbTare npeioxkeHo BhIpaXKeHUE JUI pacueTa allbTePHATUBHON peak-
TUBHOW MOIIMHOCTH A(Q), UCTONB3YS CPEAHEKBAJIPATHYHOE 3HAYCHHUE TapMOHUK
MOIITHOCTH C YETHBIM HOMEpPOM P,,.(2m) (T1me m — menoe mojaoKUTEIFHOE YUCIIO)
Y aKTUBHYIO MOIIHOCTh P:

40=\2Y [P, 2m] - P.

A TaxoKe MPEII0KEHO BBIPAKEHHUE U1 pacueTa ajlbTePHATUBHOM MOITHOCTH
uckaxeHust 4D, UCTIONB3ys CPeIHEKBAAPATUIHOE 3HAYCHHE MAPMOHHUK MOIIHO-
CTH C HEYETHBIM HOMEpOM P, (2m + 1):

AD = \/22[13% em+D].

Kaxk crencteue — popmyina s pacuera albTepHATUBHON HEAKTHBHOW MOIIT-

HOCTHU
AN = AQ? + AD?.

DTO0 MO3BOISICT OMpeACIUTb AJIbTCPHATHUBHYIO IMOJIHYIO MOIITHOCTDH

AS=\P? 1 40? + AD?.

Henocratkom npeaaraeMoro peiieHus SBiseTcs onpeaeicHue mokaareneit
mpoliecca mepeadyd HEPrud Ha OCHOBAaHUU HE MTHOBEHHOW MOIIHOCTHU p, a €€
KBaJI[paTUYHON HOPMBI P, ;s

Lens paboThl — onpe/esicHue MOITHOCTY MCKAXKEHUSI HA OCHOBAHHU KOMITO-
HEHT MTHOBEHHOW MOIITHOCTH.

PesynbpTaThl uccieqoBaHuit

PaccMmoTpuM ipocToi KOHTYD, IPUBEACHHBIA HA pPHC. 1, BKIIOYAIONINN HEKO-
Topeiid micTouHUK DJC e; ¢ BHYTPEHHHM CONPOTHUBICHHUEM R, W HarpysKy,
COJIEpKAIYIO0 COTPOTHUBIICHUE R); U UIICaIbHBIA HEYIpaBsieMblii BEeHTWIb VD.
HWcmnone3ys mo ananmoruu ¢ [ 7] HanpshKeHUe U TOK AWOAA B BUIE

uyp = Upp g +V2 Z Uyp cos(kot); iy =1y +42 z Iyp, cos(n(»t),
k=12,4,6.8,10 n=1,2,4,6,8,10

rae Uppo, Iypo — TOCTOSHHAs COCTaBJISAIONIAs HANPSOKEHHS U TOKA IHOJA;

Uypi» Iyp, — aMILIATY1a TAPMOHUKM HANPSKEHUS U TOKA IMOJ4, MOIIHOCTH

JIMOJIa OIpeENuM 1o GopMmyiie
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20
Pyp =Uyplyp = Lypy + ZPVD,S COS(S(’)t):

s=1

r7ie S — HOMEp TapMOHHUKH MOIIHOCTHU; Pyp — aMIUIMTy1a TAPMOHUK MOIITHOCTH
oaa.

[IpeneOperasi yBemuYeHHWEM OMIMOKH, COKPATUM KOJWYECTBO T'apMOHHK
MoImHOCTA A0 20; aisi YMEHBIICHUs 00beMa BBIYHMCICHUN PACCMOTPUM JIUIIIb
riepBbie 10 rapMOHHK MOIITHOCTH M €€ CpPeTHEE 3HAUCHUE.

HUcnonwsizyem npeioxkennsie B [11] 0003HaYCHUS: ¢ — KAHOHUYECKUAE KOM-
MMOHEHTHl MOIIHOCTH, 0Opa30BaHHbIE TAPMOHHWKAMH TOKa M HANPDKEHHS MPH
YCIIOBUM s =k +n, k =n; pc — ICEBIOKAHOHUYCCKUE KOMITOHCHTBI, 00pa30BaH-
HBbIE TAPMOHUKAMHU TOKA W HAIPSDKEHUS TIPH YCIOBUH s = k + n, k # n, TOPSAOK
KOTOPBIX COBIAJAET C MOPSIKOM KaHOHUYECKUX KOMITOHEHT; /¢ — HEKaHOHHMYe-
CKHM€ KOMIIOHEHTHI, 0Opa30BaHHbIE TapMOHWKAMH TOKAa W HAMNPSHKCHHUS MPH
YCIOBUU s =k tn, k #n, TOPAIOK KOTOPBIX HE COBMAAACT C MOPSIAKOM KaHO-
HUYECKUX KOMIIOHEHT.

a b
| Source Load | 10,0
RS i ' R[d 25
p]’m ’

5,0

-12,5

\ Power meter |

-20,0

Puc. 1. ViccnenyeMslii KOHTYp: a — YIPOILLECHHAs CXEMa;
b — BpeMeHHbIE TarpaMMBbl KOMIIOHEHT MOIIHOCTU B MECTE yueTa

Fig. 1. The circuit under study: a — simplified diagram;
b — time diagrams of power components in the section under monitoring

Paccmorpum moapoOHO o00pazoBaHME aMIDIUTYA TapMOHHK MOITHOCTH
hivz(e)i v

PVD.O = UVD.OIVD.O + UVD.IIVD.I + UVD.2IVD.2 + UVD.4IVD.4 + UVD,6IVD.6 =

c

- +UVD.81VD.8 + UVD.IOIVDAIO =Lypocs

c

Bpi=Umpolypy *Upp ilypo +Upp iLyp s +Uyp o Lypy = Bip

d.ne»

nc
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PVD.2 = UVD.IIVD.I + UVD.ZIVD.O + UVD.OIVD.2 + UVD.4]VD.2 + UVD.ZIVDA + UVD.6IVD.4 +—
(e

c pe

>+ Uppalype *Uppslipe *Uppeslvps * Uppiolvps Y Uynslpio = Bpoe T Bpapes

pc

Fops=Uppidyps +Uppodyp s +Upp alyn s + Uyp idyp s = Bip s e

nc

Fopa=Uppodyp, +
\~W_—J
c

+Uppolypa T Uppalypo * Uypalype * Uppslyps +Uppalyps +Uppslyps +

pc

=>+Uppiolvps *Urpelypio = Bpac + Fpapes

pc

Bops=Uppilyps +Uppadyp s = Bipsaes

nc

PVD.() = UVD.OIVD.6 + UVDA()[VDAO + UVDAZIVDA + UVD.4[VD.2 + UVDAZIVD.S +—

pc

=>+Uppslyps +Uppadypio +Urprolvpa = Bpe pes

pc

B =Umpilyps +Uppeslvps *Uppilps Y Uppslyny = Fp7pes

nc

PVD.8 = UVD.41VD.4 +
%/—/
C

+Uypolvps *Uppslypo *Uvpalvps + Uppslyps + Uypalyp 1o + Urprolyps =

pc
=Fpse s pes

Bpo=Uppilyps *Uppslp 1 + Upp idyp 10 T Uppiolvp 1 = Bpones

nc

B0 =Upolvpio *Urpiolypo + Uppolyps + Uppslyp, + =

pc

> +Upalvps +Uppeslvpa = Fpio pe-

pc

AHanoruuHeIM 00pa30oM OIpeAeTuM TapMOHHWKH MOIIHOCTH JISI BCEX dIie-
MEHTOB cxeMbl (puc. la). IlpuMem cremyroniue mapaMeTpbl CXEMBI: e, =
= 22051n(27t50t+0) B; R,=20mM; R, =0,50wm; dneMeHT VD — npeanbHbIi
muon. CBemeM 3HAUYE€HHWE PACCUMTAHHBIX AMIUIATYJ KOMIIOHEHT MOIITHOCTH
B Tabn. 1, pacmpenenss 1o rpymiam: HepBas, He 0003HaYEHHAs CUMBOJIOM, —
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aMIUTUTYyJla TAPMOHHUKH MOIIIHOCTH, OOYCIIOBI€Ha CYMMAapHBIM JEHCTBHEM CJie-
JYIOIIUX TPYIII; BTOPasi, 0003HAYCHHAS] CUMBOJIOM «C», — aMIUIUTY/1a TaPMOHHU-
KM KaHOHUYECKOH KOMITOHEHTHI MOIIIHOCTH; TPEThsI, 0003HAUYE€HHAs! CHIMBOJIAMH
«pc, NC», — aMILTUTYa TAPMOHHKH TICEBIOKAaHOHWYECKOW HITH HEKaHOHHYECKOU
KOMITOHEHT MOIIIHOCTH.

Tabruya 1
3HayeHHe KOMIIOHEHT MOIHOCTH JJIs cXeMbl puc. 1
The value of power components for the circuit of fig. 1

3HaveHne Ucrounuk Harpyska

KOMIIOHEHT . R, Ru VD

MOIIHOCTH,
B-A ¢ | pc, nc ¢ |pc,nc ¢ | pec,nc ¢ |pc,nc
Py —4840 | 4840 O 968 1968 | 0 |3872(3872| O 1 1 0
P, -8217 0 |-8217|1644| 0 | 1644 [6573| 0 | 6573 | O 0 0
P, —4840 | 4840 O 969 | 484 | 485 |3873[1936| 1937 | -1 |2420|-2421
P; —1643 0 |-1643|328 | 0 | 328 [1315| O | 1315 | O 0 0
P, 0 0 0 0 | 8 | 88 | —2 |348 | -350 | 2 |-436| 438
Ps 234 0 234 | 46| 0 | 46 [-188| O | -188 | O 0 0
Ps 0 0 0 1 0 1 2 0 2 3] 0 -3
P, =78 0 -78 | 16 | 0 16 62 0 62 0 0 0
Py 0 0 0 -16 | 4 | 20 | 65| 14 | =79 |81 | -18 | 99
Py 36 0 36 -7 10 -7 | 29 -29 | 0 0 0
Py 0 0 0 5 0 5 18 0 18 (23] O -23

YuuThIBas ONpeNeiIeHHbIC TPYIHOCTH aHallu3a MOJyYeHHBIX B Ta0m. 1 duc-
JICHHBIX 3HAYCHHH, TPUACP)KUBAsICh BBEJICHHBIX BBIIIE TPYII, HA PUC. 2 TPUBE-
JIeHBl AWarpaMMbl pacrpeesieHus] aMIUTUTY]] TApMOHUK MOIIIHOCTH BCEX JJie-
MEHTOB cXeMbl. Hy’)KHO OTMETHTB, YTO COXpaHsSeTCsl OalaHC MOUTHOCTH IO BCEM
rapMOHHKaM TepBOi (pwuc. 2a), BTOopoil (puc.2b) m Tperselt (puc. 2¢) rpym,
KOTOPBIN HIUTFOCTPUPYETCS PABHOW CYMMAapHOM BBICOTOHN CTOJOIIOB JUIS KaXKIOH
rapMoHuku s. Ha puc 2a rapMoHUKY NepBOM IpyHIbl MOITHOCTH UCTOYHUKA IH-
TaHus P, TMOJHOCTHIO YPABHOBEIIUBAIOTCA T'APMOHUKAMHU MOITHOCTH COIIPOTHB-
JIGHUS UCTOYHUKA MUTAHUS Pg,; U MOIIHOCTU COMPOTUBICHUS HATPY3KHU Pgiyy,
P 5TOM TAPMOHHMKH MOIIHOCTH JH0Ja Pyp s IPUCYTCTBYIOT Ha YPOBHE OMIMOKH
pacdera W BH3YyaJIbHO He pasnuyarorca. Mcxonms m3 aHanmm3a pacmupezieseHus
TapMOHHUK MOIIHOCTH MEPBO# TPYIIITBL, AHOM B POPMUPOBAHHU IHEPTETHUCCKOTO
mporiecca yqactusi He npuHuMaeT. OnpeaeneHHbI CMBICH B TAKOM BBIBOJIE €CTh,
TaK KaKk MOUIHOCTb HMJCANBHOIO JUOMA PaBHAETCSA HYJIO, HO 3TO MPOTUBOPEUUT
NPUHIUIY ACUCTBUSI CXEMBbl U MPOIECCY BO3HUKHOBEHHUS BBICIIUX TapMOHUK B
cxeme B 1enoM. Jlis Gonee Timy0OKOro MOHMMaHUS Mporiecca meperaeM K clie-
IYIOIIEH TPpyIie KAHOHUYECKUX TapMOHUK ¢ (puc. 2b). B aTOoM citydae mocTosH-
Hasi KOMIIOHEHTa MOIIHOCTH (aKTHBHAsI MOIITHOCTh) UCTOYHHKA P, . YpaBHOBE-
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[IMBAETCA TIOCTOSTHHBIMH KOMIIOHEHTAMH MOIIHOCTEH COMPOTHUBIEHUS WCTOY-
HUKA Ppg .. 1 MOIITHOCTH COTIPOTUBIICHHUS HATPY3KH Pgyy .., KOMIOHEHTA MOIIHO-
cti guona Pypo. npu 3ToM HyneBas. [lompoOHO MexaHU3M YpaBHOBEIICHHSA
KOMITOHEHT MOIITHOCTH HYJICBOW YaCTOTHI M3JIOKeH B [7, 11] 1 B maHHOM CciIy4ae
He paccMmaTpuBaeTcs. Bropas kaHOHHUYECKas TApMOHHKA MOIHOCTH MCTOYHHKA
P> . yPaBHOBEIINBAETCS MOIIHOCTSIMH BCEX 3JIEMEHTOB CXEMBI Pgrs., Priso.c,
B TOM uucie Pyp, .. [Ipu 3TOM, HCXO/5 U3 pHC. 2C, BTOpas IICEBIOKAHOHUYECKAS
rapMOHMKA MOIIHOCTH AMO0Aa Pyp) e, KOTOpas, NMPUAEPKUBAACH 0003HAUEHUH
Ha JAuarpaMmmax, UM TeHepupyeTcs, ypaBHOBEIINBAETCS IICEBIOKAHOHUYECKIMHU
TapMOHUKaMH MOIIHOCTH COIPOTHBICHHUN CXEMBI Py e, Pria2pe. Ha ocHOBa-
HUM TPHUBEICHHOTO BBIIIE aHAJIN3a PACCMOTPUM KOMIIOHEHTHI MOIITHOCTH JIHO/Ia
B CJIETyIOIIIEM BHUJIE:

Pvoe = FBrpoe + Bripae cos(20t)+ By, . cos(4ot )+ By g . cos(8wi);
Prppe = Bipa.pe €08 (200) + By, cOs(40t) + By g . cOs (601 ) +

+ By s pe €OS(802 ) + By g, COS(10002);

10.pc

Pvone =Bp1ne COS(I(’)[) +Fp e 005(3“)t) +Bp5 pe COS(S(M) +

+ Bp7 pe 005(7(’)t) +Fpope COS(%Jf);

Pvp = Pyp.e +pVD.pc +pVD.nc'

B cBs3u ¢ HanmuuMeM B COCTaBe TOKAa M HANPSKEHUS TOJBKO HYJIEBOM, mep-
BOM M YETHBIX BBICHINX TAPMOHUK KAHOHUYECKHUE TAPMOHUKHU MOIIHOCTH MOPSJI-
kKa §s=3+3=6 u s=5+5=10 orcyrcTBytoT. BpeMeHHbIEC AHarpamMmbl MOIIHO-
CTH JUIS BCEX 3JIEMECHTOB KOHTypa (MTHOBEHHOUM MOIIHOCTU p, KAHOHMYECKUX
KOMITOHEHT MOIIHOCTH P, HEKAHOHUYECKUX U TICEBJOKAHOHUYECKUX KOMITOHEHT

MOIIHOCTH P, + p,.) TIpuBeNeHbI Ha puc. 3. Ocoboe BHUMaHHUE cieyeT oOpa-

TUTH Ha puc. 3d.
Kak Obuto yka3aHo paHee, OMHUPasCh HA JHArPAMMbI TapPMOHHK MOIII-
HOCTH (pHC 2), HCKAHOHWYECCKHE U MCCBIOKAHOHMYCCKUE KOMITOHEHTHI MOIIHO-

CTU JHMOJA Pyp . + Pyp,. YPABHOBCIIMBAIOT JICHCTBUE KAHOHMYECKUX KOMIIO-
HEHT MOUIHOCTH JUOAA p,, .. HyXHO MOJYEpKHYTH, Y4TO IIPHU TaKOM pacrpese-

JICHUHU KOMIIOHCHT MOIIIHOCTH B COOTBECTCTBHHU C TCOpeMOﬁ TennemxeHa BbIIOI-
HACTCA UX NCKOMIIO3HMIIMA IJIA Ka)KZ[Oﬁ TpyIMIbIL:

Pes + Prs + Pria + Prp = 0;
Pes.c + Prs.c + Prid.c + Pvpe = O’
pes.pc + pRs.pc + pRld.pc + pVDApC = 0’

pes.nc + pRs.nc + pRld.nc + pVDAnc = 0
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Puc. 2. Pacnipenenenue rapMOHUK
MOIIHOCTU KOMITOHEHT:
a — CyMMapHbIX; b — KAHOHUYECKHX;

C — ICCBAOKAHOHUYCCKUX U HCKAHOHUYCCKHUX

Fig. 2. Distribution of power harmonics
components: a — total; b — canonical;
¢ — pseudo-canonical and non-canonical
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Puc. 3. BpemeHHbIC JUarpaMMbl KOMIIOHEHT
MOIIHOCTHU: @ — ICTOYHHKA;
b — conmpoTHBIEHHS HCTOUHHKA;
C — COIPOTHUBIIEHUS Harpy3ky; d — auona

Fig. 3. Time diagrams of power
components: a — source; b — source resistance;
¢ — load resistance; d — diode

[lepBoe BrIpakeHHE OTBEYACT B LIEJIOM 3aKOHY COXPaHEHHS SHEPTUH B KOH-
Type, BTOPOE — 3aKOHY COXpPAHEHUS NPU y4eTe B3aMMOJICHCTBUSI TAPMOHKK TOKa
Y HaIpPsDKESHUS OJTHOTO TIOPSIJIKA, HA OCHOBAHUM YETO OMPE/ICIISIOTCS aKTHBHAS
Y peaKTHBHAs MOIIHOCTHU B cxeMe. [lociieHre qBa BIpaXKEeHUS 1al0T OCHOBAHUE
JUTSL OTICHKW MCKaXKAOIETo BIIMSHUS JJIEMEHTa CXEMBbI. Vcromnb3ys pe3ylnbTaThl
u3 [5, Tabu. 1], mo anamoruu c [8] mpezayiaraeTcs ONMPEACsATh HCKaKAIOILYIO
ANEKTPUIECKYIO0 MOIIHOCTh KaK HOPMY COOTBETCTBYIOIIMX KOMIIOHEHT MOIIIHO-

CTH DJICMCHTA CXCMBI
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to+T

Dpese=,|7 | (Py + Py ) dt.

)

Takum O6p330M, HCKaXaromasd 3JICKTpUICCKasd MOIIIHOCTh B MCCTC ydeTa:

to+T

onurce = % j (pes.pc + pRSApc + pes.nc + pRs.nc )2 dta

Dlaad = ? j (pRld.pc +pVD.pc +pRld.nc +pVD4nc )2 dr.

[}

Jomnomuasas tadn. 1 ucroynuka [7], BKIIOYAIONTYI0 aKTUBHYIO P, TOIHYIO S,
HEaKTUBHYIO N U PeakTUBHYIO (Jy MOIIHOCTH, MOTYYSHHBIC [T CXEMBI Ha puc. 1,
pe3yapTaTaMH pacueTa, BBIIOIHEHHOTO C MCIIOIB30BaHUEM IPEIIOKEHHBIX CO-
OTHOIIICHUH, moiryueHa Ta0i. 2. He moBTOpsst BBIBOIBI, ClieiaHHbIe B [7], 0Opa-
TUM BHHMaHUE Ha TO, YTO M3BECTHBIE MMOKA3aTE/IM aKTUBHOM, pEaKTUBHOUN MOIII-
HOCTH OCHOBHOW rapMoHUKH (Py1, (11) ¥ BeICIUX TapMOHUK (P, Oy,) cOaman-
CHUPOBaHBI IO JJICMEHTAM CXEMbl (CyMMa IO CTOJIOIly paBHa HYJIO, YTO
COOTBETCTBYET Teopeme TeliekeHa), peakTHBHAsE MOITHOCTh B CXEME OTCYT-
CTBYET, INOJ «T€HEPUPYET» BHICIITNE TAPMOHUKH MOITHOCTH.

Tabauya 2
CBoHBIE Pe3yabTaTHI pacueTa HHTErPaJbHbIX MOKA3aTeseii MOIHOCTH

Summary results of calculation of integrated power indicators

e R e N e N S R SR A P N
Wcrou- | & |—4833|6837|4837| —1,8 | 8374 4840 0 0 0 [5925| 5926 4946
HHK Ry 1966 | 966 | 0 | 395 | 1675|484 | 0 4838 0 [1028| 1235
Harpys- Ria | 3866 {3866 | 0 |1584| 6699 |1936| 0 |1935| 0 |4113| 4943 4946
Ka VD 0 |4837|4837|-1981|32,38 (2420 0 2420, 0 [1739| 1741

BbIBO/IbI

1. B xozne uccienoBanus pacipeleseHus KOMIIOHEHT I'apMOHHUK MOIIHOCTH
[0 aMIUIMTYJE€ OTMEYEHO OTCYTCTBHE I'apMOHHMK MOIIHOCTH IuOJa B 0OLIeM
CIy4yae U MX CYLIECTBOBAHUE B IPYIIAX KaHOHWYECKHX, IICEBIOKAHOHUYECKUX
M HEKaHOHWYECKMX, HA OCHOBAHMHU YETO OMNPEIENIEHO BIUSHHE MOCICOHUX Ha
PE3YIBTUPYIOIIYI0 MOITHOCTh TUOA.

2. AHanu3 KOMIIOHEHT MOIIHOCTHU C PacHpeesIeHUEM Ha IpyNIbl KAHOHUYE-
CKUX, NICEBAOKAaHOHMYECKUX U HEKAHOHHUYECKUX C COOJIroeHNEeM TeopeMbl Ten-
JIeKEHAa PacKpBIBAET CBS3b HEHYJIEBOM aKTUBHOW MOITHOCTH IHOJA IO OCHOB-
HOM rapMOHMKE TOKA U HAIIPSKEHUS C HYJIEBOM MTHOBEHHOU MOLIHOCTBIO.
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3. YuutsiBas BBIIOJHEHUE OajaHCa MOLIHOCTH, OTIENssl KOMIIOHEHTh! MOIL-
HOCTH, 00pa3oBaHHBbIE T'apPMOHHMKAMU TOKAa M HAMpPSKEHUS, KOTOPHIE HMEIOT
OJIMHAKOBBIE YaCTOTHI, IPEAJIOKEHO OIPEAEICHUE UCKAXKAIOLIEH JIEKTPUIECKOM
MOIIIHOCTH KaK KBaJpaTUYHOW HOPMBI IICEBIOKAHOHUYECKON U HEKAHOHUYECKOMN
KOMITOHEHT 3JIEKTPUYECKOW MOIITHOCTH.

4. [lommyueHHbIe Pe3yabTAThl HYXKAAIOTCS B 000OIIEHUN U MPOU3BOIBHBIX
NEepUoaNUecKX (QYHKIMKA TOKa M HaNpsDKEHHS C LETbI0 ONpelelieHHs Kade-
CTBEHHBIX IOKa3aTeNell 3JIeKTPUIECKOH MOIIHOCTH U COOTBETCTBEHHO SJIEKTPH-
YEeCKOW SHEPTHH IENH MPOU3BOIHHON KOH(PUTYpAITHH.

JINTEPATYPA

1. XKexenenko, 1. B. OcHOBHbIC HanpapJeHHs MOBbILICHHs d(PEKTUBHOCTH IPOH3BOICTBA, I1e-
penadu U pacnpeneneHus dekTpudeckor sneprun / U. B. XKexenenko // Duepreruka. M3B.
BBICII. y4eO. 3aBeneHui u sHepr. oOvemuuenmit CHI. 2018. T. 61, Ne 1. C. 28-35.
https://doi.org/10.21122/1029-7448-2018-61-1-28-35.

2. Toups, T. N. Advanced Metering Infrastructure's Measurement of Working Reflected and Det-
rimental Active Power in Microgrids / T. N. Toups, L. S. Czarnecki // 2014 IEEE Green Ener-
gy and Systems Conference (IGESC), Long Beach. CA, 2014. P. 41-46. https://doi.org/10.
1109/igesc.2014.7018638.

3. Gallo, D. Power Meter Verification Issue: Reactive Power Measurement in Non-Sinusoidal
Conditions / D. Gallo, C. Landi, M. Luiso // 2015 IEEE International Instrumentation
and Measurement Technology Conference (I2ZMTC) Proceedings. Pisa, 2015. P. 1255-1260.
https://doi.org/10.1109/i2mtc.2015.7151453.

4. Bonomiko, A. B. BinusHue kauecTBa 3J€KTPOIHEPTHH HA TOYHOCTH MOKAa3aHUM 3JIEKTPOCUET-
4rKoB: 0030p uccaenoBanuii / A. B. Bomomko, . B. ®unsaaun // Bicank Kpemenuymproro
HalliOHAJIBHOTrO YHiBepcuteTy iMeHi Muxauna Octporpazcekoro. 2014. T. 87, Ne 4. C. 38-43.

5. YdeT HeaKTHUBHBIX COCTaBIIIOIIUX MojHOH MomHocTH / }0. A. Cupotun [u np.] / BectHuk
HarMoHainbHOr0 TEXHUYECKOTO YHHBEPCUTETA «XapbKOBCKUH ITOJUTEXHUYECKHUH HHCTHTYTY.
Cep. CuctemHBIi1 aHaNMN3, yIpaBieHne n HHpopMannoHHsle TexHoiorun. 2017. T. 948, Ne 42.
C. 71-76.

6. CennepoBuy, I'. A. OnpezieneHue J0JIEBOr0 y4acTHsi CYObEKTOB B OTBETCTBCHHOCTH 32 Hapy-
menue cumMmerpun Hampsokeruit / . A. CenpepoBuu // HaykoBi mpami [loHenmpkoro Ha-
HioHanpHOro TexHiyHoro yHiBepcurery. Cep. «EmexTporexHika i eHepretuka». JloHeUbK:
JouHTYVY. 2011. T. 186, Bum. 11. C. 330-335.

7. Bialobrzheskyi, O. Electric Energy Power in the Series Circuit with a Static Resistance Ele-
ment and a Diode / O. Bialobrzheskyi, A. Gladyr // Jornal of Electrical Engineering. 2018.
No 1. P. 220-226.

8. Jeltsema, D. Budeanu's Concept of Reactive and Distortion Power Revisited / D. Jeltsema //
2015 International School on Nonsinusoidal Currents and Compensation (ISNCC). Lagow,
2015. P. 1-6. https://doi.org/10. 1109/isncc.2015.7174697.

9. Xemepos, I'. I'. 3aBHCUMOCTh HOMOJIHUTEIBHBIX MMOTEPh B Tpex(a3HbIX CHCTEMAxX JIIEKTPO-
CHAaOXEHHUS OT PEaKTUBHOM MOIIHOCTH M ITyJIbCAllMii MTHOBEHHOI aKTUBHOW MOIIHOCTH /
I'. T. XKemepos, [I. B. Tyraii // Texunueckas snexkrpoauHamuka. 2015. Ne 4. C. 66-70.

10. Survey about Classical and Innovative Definitions of the Power Quantities Under Nonsinusoi-
dal Conditions. International / G. Bucci [et al.] //Journal of Emerging Electric Power Systems.
2017. Vol. 18, No 3. P. 1-16. https://doi.org/10.1515/ijeeps-2017-0002.

11. Bialobrzheskyi, O. Power Components of Electric Energy for Technical and Commercial
Electricity Metering / O. Bialobrzheskyi, D. Rod’kin, A. Gladyr // Naukovyi Visnyk Natsio-
nalnoho Hirnychoho Universytetu. 2018. No 2. P. 70-79. https://doi.org/10.29202/nvngu/
2018-2/10.

Mocrynuna 22.08.2018  Tlogmucana B mevyars 10.01.2019  OnyGmukoBana onnaiin 30.09.2019


https://doi.org/10
https://doi.org/10.1109/i2mtc.2015.7151453
https://doi.org/10
http://www.techned.org.ua/2015_4/st12.pdf
http://www.techned.org.ua/2015_4/st12.pdf
https://doi.org/10.29202/

A. B. Banobposceckuii, /1. H. Poowkun

444 Hckaxaroniast QJICKTpHUYCCKAasl MOIMHOCTh IEPEMEHHOI'O TOKAa B HpOCTeﬁIHeﬁ ey ¢ 1noaomM

—

10.

11.

REFERENCES

. Zhezhelenko 1. V. (2018) The Main Directions of Improving the Efficiency of Production,

Transmission and Distribution of Electrical Energy. Energetika. Izvestiya Vysshikh Uchebnykh
Zavedenii i Energeticheskikh Obedinenii SNG = Energetika. Proceedings of CIS Higher
Education Institutions and Power Engineering Associations, 61 (1), 28-35 (in Russian).
https://doi.org/10.21122/1029-7448-2018-61-1-28-35.

.Toups T. N., Czarnecki L. S. (2014) Advanced Metering Infrastructure's Measurement

of Working, Reflected, and Detrimental Active Power in Microgrids. 2014 IEEE Green Ener-
gv and Systems Conference (IGESC), Long Beach, CA, 2014, 41-46. https://doi.org/10.
1109/igesc.2014.7018638.

. Gallo D., Landi C., Luiso M. (2015) Power Meter Verification Issue: Reactive Power Measurement

in Non-Sinusoidal Conditions. 2015 IEEE International Instrumentation and Measurement
Technology Conference (I2MTC) Proceedings, Pisa, 2015, 1255-1260. https://doi.org/10.
1109/i2mtc.2015.7151453.

. Voloshko A. V., Filianin D. V. (2014) Influence of Electric Power Quality on the Accuracy of

Electricity Meters Reading: Survey of Research. Visnik Kremenchuts'kogo Natsional'nogo
Universitetu imeni Mikhaila Ostrograds'kogo = Transactions of Kremenchuk Mykhailo Ostro-
hradskyi National University. 87 (4), 3843 (in Russian).

. Sirotin Yu. A., Grib O. G., Gapon D. A., Ierusalimova T. S., Shvets S. V. (2017) Account

Inactive Components of Full Power. Visnik Natsionalnogo Tekhnichnogo Universite-
tu “KhPI”. Seriya: Sistemnii Analiz, Upraviinnya ta Informatsiini Tekhnologii Bulletin of Na-
tional Technical University “KhPI”. Series: System Analysis, Control and Information Tech-
nologies, 22, 71-76 (in Russian).

. Senderovich G. A. (2011) Determination of Share Participation of Subjects in Responsibility

for Violation the Symmetry of Stresses. Naukovi Pratsi Donets'kogo Natsional'nogo
Tekhnichnogo Universitetu. Seriva “Elektrotekhnika i Energetika” [Scientific Works of Do-
netsk National Technical University. Series: “Electrical Engineering and Power Engineering”].
Donetsk, Donetsk National Technical University, 186 (11), 330-335 (in Russian).

. Bialobrzheskyi O., Gladyr A. (2018) Electric Energy Power in the Series Circuit with a Static

Resistance Element and a Diode. Jornal of Electrical Engineering, (1), 220-226.

. Jeltsema D. (2015) Budeanu's Concept of Reactive and Distortion Power Revisited. 2015 Inter-

national School on Nonsinusoidal Currents and Compensation (ISNCC), 1-6. https://doi.org/10.
1109/isncc.2015.7174697.

. Zhemerov G. G., Tugay D. V. (2015). The Dependence of the Additional Losses in Three-

Phase Power Supply System on Reactive Power and Instantaneous Active Power Pulsations.
Tekhnichna Elektrodynamika, (4), 66—70 (in Russian).

Bucci G., Ciancetta F., Fiorucci E. et al. (2017). Survey about Classical and Innovative Defini-
tions of the Power Quantities under Nonsinusoidal Conditions. International. Journal of
Emerging Electric Power Systems, 18 (3), 1-16. https://doi.org/10.1515/ijeeps-2017-0002.
Bialobrzheskyi O., Rod’kin D., Gladyr A. (2018) Power Components of Electric Energy for
Technical and Commercial Electricity Metering. Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu, (2), 70-79. https://doi.org/10.29202/nvngu/2018-2/10.

Received: 22 August 2018  Accepted: 10 January 2019  Published online: 30 September 2019


https://doi.org/10
https://doi.org/10.%201109/i2mtc.2015.7151453
https://doi.org/10.%201109/i2mtc.2015.7151453
https://doi.org/10

