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Kuis, Ykpaina

Pegpepam—Onucano 3aaaqyy KomrneHcanii peakTUBHOI MOTYKHOCTI B eJIeKTPUYHHX MepeskaX NP BMUKAHHI JiHiliHOrO
HaBaHTaxkeHHs. [IpoaHa1i3oBaHO NPUYMHYM HU3bKOI e()eKTHUBHOCTI 32CTOCYBAHHS iCHYIOYHX METOIIB KOMIEeHcalil peakTH-
BHOI MOTY:KHOCTI 151 HbOro BUNAAKY. [IpoanasizoBano o0MiH eHeprii Mixk J:kepesioM i HABaHTa)KeHHSAM I Yac mepexia-
HOT'0 Mpolecy HA OCHOBI Teopii MUTTEBOI MOTY:kHOCTi. HaBeneHo MeToANKy OliHKY epeKTHBHOCTI MepeJaBaHHs eHeprii Bil
JFKepeJia 10 HABAHTAKeHHs HA OCHOBI MUTT€BOro KoedilieHTa MOTYKHOCTI, AKUH PO3PAXOBY€THCH 3 BAKOPUCTAHHAM BHU-
MIpSIHMX 3HAa4YeHb cTPYMY i Hanpyru mepe:xki. [lokazano peanizanio 3anponoHOBaHOI METOAMKH HA NPHUKJIAAL Mi1’€AHAHHSA
110 Mepeski JiHIHOro JIaHIora nepimoro nopsiaky. HapeaeHo npuHIMnu KomMneHcanii peakTHBHOI OTYKHOCTI B nepexia-

HHUX pe;KHMax.
bioa. 13, puc. 3.

Knrwowuogi cnoea — nepexionuii pexcum; KOMREHCAUis peaKkmugHoi ROmMyHcHocmi; Koeghiyienm nomysicrnocnii.

1. Bcrvn

KommeHncariisi peakTHBHOI MOTY>KHOCTI € OJHIEI0 31
CKJIJIOBHX IiJIBUIIEHHS e()eKTUBHOCTI poOOTH €IEeKTpH-
YHUX MEPEX, TECOPETUYHI 3acaan sikoi Oynm po3pobieHi
e Ha Mo4aTky MuHynoro croiitts @®pize i byneany
[1,2]. Omnak po3poOka epeKTHBHUX aNTOPUTMIB Kepy-
BaHHS MPUCTPOSIMH KOMITEHCAIil pEaKTHBHOI MOTY>KHO-
CTi TpuBae i 3apa3. BoHa BefeThCs y JBOX HANpsAMKaX —
30ibIIeHH]I €(DEeKTHBHOCTI MpOLeCy KOMIIGHCAIil, M0
B OCHOBHOMY BH3HA4aeThCs IHEPUIHHICTIO alrOpUTMY
KEpyBaHHS, Ta y IMOUIYKY €(pEeKTUBHHUX Ta KOMITAKTHHX
METO/IIB OINHUCY CKJIQAOBHX ITOTY>KHOCTI €JIEeKTPUIHOL
Mmepexi. Ha aHuii MOMEHT HMIMPOKO BUKOPHUCTOBYETHCS
Pp-Q Teopist MUTTEBOI MOTY>KHOCTI, 3amporioHoBaHa Akagi
[3] Ta psin iHIMX Teopii [4-8].

AnroputMu poOOTH OUIBIIOCTI KOMIIEHCATOPIB peak-
THUBHOT IIOTY>KHOCTI, SKUMH Y MEpe)Kax MaJIoi i CepeAHbOT
MOTYXXHOCTI Hai4acTille € HaIiBIIPOBIIHUKOBI MIEPETBO-
proBayl eJeKTPUYHOI eHeprii, MalTh IHEPIIHHICT He
MEHIIIC HDXK OJIMH TIEepioJl HAarpyru mMepexi. Tomy BoHM
e(peKTUBHO MPAIOIOTh B YCTAJICHOMY PEXHUMI, JUIS SIKOTO

BUKOPHCTOBYIOTH IHTETPabHI MOKA3HUKH, IO XapaKTe-
pPU3YIOTH OOMIHHI MPOIECH MIX JIKCPEJIIOM Ta HaBaHTa-
JKCHHSIM: TIOBHY S, akTuBHY P, peaktnBHy Q MoTy>KHOCTI
Ta notyxHicts criorBopenns D [9]. EdextuBHicTh nepe-
JIaBaHHs CHEeprii B CHCTEMI XapaKTepu3yeThes Koediie-
HTOM HOTYX)HOCTI PF:

P (1%

PF=—= —je(t)u(t)dt /El, (1)
S |T 0

ne T — nepion Hanpyru Mepexi, e(t), i(t) — MurTeBi 3Ha-
YEeHHsI HANPYTH 1 CTpyMy Mepexi BinnosiaHo, E, | — nitoui
3HAYCHHS HAMIPYTH i CTPYMY MEPEKi BIATIOBITHO.

VY Mepexax 3 4acTo 3MIHIOBAHUM HaBaHTa)KCHHSIM
e(eKTUBHICTh POOOTH TaKUX MPUCTPOIB € HU3BKOIO. Lle
CTOCYETBCSI aBTOHOMHHUX CHCTEM EJIEKTPOKUBIICHHS Ma-
701 moty>kHocTi [10] Ta TAroBUX yctaHoBOK [11], B stkux
i, 9ac TEePexXiJHOTO TMPOIECY CYTTEBO MOTipPIIYIOTHCS
rapamMeTpy SIKOCTI Halpyrd MEpexi, TOMy 3ajada KoM-
TeHcalii peakTUBHOI IMOTYKHOCTI y TEPEXiTHUX PEKH-
Max € aKTyaJIbHOIO 33/1a4elo.

®
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3p0o3yMmiJIo, 110 OMHUC OOMIHHHMX HPOLECIB Y MepekKi
i 9ac MepexiHuX peKUMiB Ha OCHOBI BHIIETIEpEpaxo-
BAaHMX IHTETpAJIbHUX ITOKA3HUKIB YCKJIAJHEHUH, OCKi-
JBKH CTPYM MeEpeXi Mae HemepiogumyHHiA XapakTep.
VY oMy BUNAZKY, JJIs SIKICHOTO aHaJi3y €eHepreTHYHUX
IPOLECiB, BUKOPUCTOBYIOTH ITOHSTTS MHUTTEBOI IOTYXK-
HocTi S(t) [9] Ta MUTTEBOI peakTUBHOI MOTYXHOCTI (1)
[11,12]. Bka3aHi MUTT€BI IOKa3HUKH MOTY>KHOCTI TaKOXK
HE MOXYTh 0e31ocepeIHb0 BUKOPUCTOBYBATHCH Ha MTPaK-
THUII U1 KOMITEHCAaIlii peaKTUBHOI ITOTYKHOCTI, TOMY II[O
y (opmylli peakTUBHOI MOTYKHOCTI BUKOPHCTOBYETHCS
IHTEeTpaIbHAN MOKA3HUK aKTUBHOI MOTYXHOCTI P, iHTEep-
BaJI IHTEIPYBAHHS SIKOTO y NMEPEXiTHOMY PEKMMi HEBH-
3HAYEHO.

3Ba)kalo4M Ha 1€, Y CTaTTi MPONOHYETHCS METO/INKA
PO3paxyHKy MUTTEBUX ITOKa3HUKIB aKTHBHOI Ta pEaKTHB-
HOI TOTYXXHOCTI, OIliHKa e()eKTUBHOCTI Mepe/laBaHHs;
SHeprii 0 HaBaHTaXCHHS 1 OCOOJMBOCTI KOMITCHCAIIIT
PEaKTUBHOI MOTYXKHOCTI MiJl Yac MEpexXiJHUX PEKHMIB
MIPY BMHUKaHHI JTIHITHOTO HABAHTAXKCHHSL.

II.  OCHOBHI TEOPETUYHI [TOJIOXXEHH S

Sk Bigomo [9] KoedilieHT MOTYKHOCTI € THTerpajb-
HUM TIapaMeTpoM, 1 SKIIO Biomi Hampyra mepexi e(t) =
Emsin(ot + ) Ta cTpyM HaBaHTaKeHHS B yCTaJCHOMY
pexnMi i(t) = Insin(ot + v - @), Koe]imieHT TOTYKHOCTI
TaK0X MOYKHA po3paxyBatu 3a (popmyiioro (1).

ITix gac 3MiHM HaBaHTa)KCHHS BUHUKAIOTH ITEPEXiTHI
HPOLIECH, MPOTITOM SIKHX CTPYM MEpEeXi € Hermepioand-
HuM. OIIHKM iHTErpagbHOTO Tapamerpa KoedilieHTa
notyxHocti PF i yac nepexiHuX MporeciB He iCHYE,
TOMY aHaNi3 eHEPreTUYHMX MPOLECIB Y MEPEexki YCKIa-
HEHO.

JLis BIpOBaKCHHSI MHTTEBOTO KOS(IIlIEHTA MTOTYX-
HOCTI PF*(t) NPE/ICTABUMO MEPEXIHUMA MPOLIEC CTPyMy
Mepem i(t) = Ipsin(wt + y - @) 1K cymy yeTaneHoi Tyem(t)
1 BimbHOT Igl,,(t) CKJIAJIOBHX. 32 YMOBH BiJICYyTHOCTI KpaT-
HUX KOPEHIB Ta HYJIOBHX MOYAaTKOBHX YMOB CTPyM Ha-
BaHTAXECHHS BUPAXKAETHCA (POPMYJIOIO:

i(t)= iycm (1) +ig, (O =

: N —t/t @
—Imsm(cot+\y—(p)—2|mke k,
k=1

Je Im — aMIUTITy/IHEe 3HAUYEHHS YCTaJICHOTO CTPYMY,
Ink — aMIUIITYZIHE 3HA4YCHHS k-0i BUTBHOI CKIIaqOBOT
CTpyMy,  — I04aTKOBA (aza Hanpyru Mepexi, ¢ — 3cyB

(ha3 MixK HAPYTOIO 1 CTPYMOM, Ty— CTajia 4acy k-oi Bijb-
HOI ckJ1a/10BoT, N — MOpsI0K JIaHIIOTa.

Po3kitagemo 3a aHaJIOTi€r0 3 POPMYJIOO IJIT MUTTEBOT
peaktuBHOI moTykHOCTi  ((f) Kexenmenka-CaeHka
[10,11]:

s(t) = q(t) +E—P2e2 o). 3)

MHUTTEBY TOTYXKHICTh Ha akTuBHY P(1) i peaktuBHy (1)
CKJIAJIOBI JUIsl YCTAJICHOTO PEXUMY, TOOTO Ipu t — 0.

S(t) =ip (De(t) +ia (De), “4)

ae S(t) = e(t)-i(t) — mutTeBa MOTYXHICTH, €(t) = Epsin(mt
+ ) — QYHKIIIST MUTTEBUX 3HAYCHD HATPYTH Mepexi, Ia(t)
ip(t) — aKTHMBHA i peaKTHBHA CKJIA/I0BI CTPYMY MEpPEKi:

g () =1p,
ip(t) = —lp, sin(g) cos(ot +y) = 1, cos(wt +y).

Amnamizytoun popmynu (5)-(6) MoxHA 3pOOHUTH BH-
CHOBOK, IIJ0 aKTHBHA CKJIa[JOBa CTPyMy € CHH(]a3HOIO Ha-
MPy3i MEepeKi, peakTHBHA — 3CyHyTa Ha 90° BiTHOCHO Ha-
NpPYyTH MEPexi, 0 Y3romKyeThes 3 popmyoro XKexene-
HKa-CacHka (3). CTpyM HaBaHTaXCHHS € anreOpaidHOI0
CyMOI0 akTHBHOT ia(t) i peaktuBHOI ip(t) ckmamoBUX
CTPyMY:

cos(@)sin(ot +y) = I, sin(ot +y);

i(t) =, sin(ot+y)+1 p cos(ot+y) =

5
:,H§+I,2)sin(o)t+\u—(p). ©)

3rinHo 3 popmynami (1)1 (5) KoedinieHT NOTYKHOCTI
PF po3paxoByeTbcst 3a (hOpMyIIOH0:

Ia
2 2 2
\/a+| \/| 12

BignosigHo mo cbopMme (6) 3HAYCHHSA KOCPIIieHTY
notyxHocti PF MOJIMBO po3noBconTH Ha Oyab-sIKHIA
MOMEHT 4acy i po3paxoBYBaTH HOr0 MHUTTEBE 3HAUCHHS
PF"(t). B ycTaneHoMy pexuMi 3HAUEHHS aMILTITY/l aKTH-
BHO{ |5 1 peakTHBHOI |p CKITa0BOT CTPYMY HE 3MIHIOETHCS
B uaci, Tomy PF"(t) = PF = const. HaromicTs B nepexis-
HOMY PEXHMMI 3HAYCHHS aMIUTITY]] aKTHBHOI Ta PEaKTHUB-
HOI CKJIaZIOBUX CTPYMY € QYHKIISIMU dacy, la(t), 1p(t). Jus
BH3HAUCHHS aHANITHUHHUX BUpasiB la(t), Ip(t) y mepexin-
HOMY peXuMi, ipeicTaBumMo Qopmyity (2) y BULIIsLL

k‘

(6)

i(t) =1, sin(ot+y)+1 p cos(ot+y) —

N
—(sin’ (ot + )+ cos? (ot + PN mkeft/Tk =
k=1

N
= Iy —sin(ot +y) >’ L€ V% |x

k=1
xsin(ot +y) + 7

N
-t/
+ Ip—cos((ot+\4/))ZImke T |x

k=1
xcos(ot +y) =
= 1 (Dsin(t +y) + 1 (t) cos(ot + ),

N

I;(t): Ia_Sin(O)t‘f‘\V)z Imke_t/rk; (8)
k=1

* N y

Ip(®) =1, —cos(ot+y) D" e ™. ©)
k=1

3 BpaxyBanHsM (opmyi (6), (8) 1 (9) MutreBHii KO-
¢inient noryxuocti PF(t) pospaxoByerhes 3a hopmy-
J010:

@
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14 (t)

JIZ0+120

3rigao 3 ¢opmymnamu (8) i (9) MUTTEBI 3HAUCHHS
amrtity 1 aktuBHOT 15" (t) i peaktusHoi I,"(t) MOXKYTE GyTH
AK OLTBIIe HYIS, TaK 1 MEHIIIE, TOMY TIPH aHaTi31 eHepre-
THUYHHX IIPOLIECIB y MEPEXITHUX PEKUMaX JIOLUUIEHO BHO-
KPEMHTH YOTHUPH BHITAJIKH:

PF"(t) = (10)

1) 1a°(t) >0, 1,°(t}) > 0 — akTMBHA IOTYX)HICT TEpe-
JA€ThCS BN JpKepena 0 HaBaHTaKeHHS, y JIaH-
IFOTY TCHEPYETHCS EMHICHHN XapakTep PeaKTHB-
HOI TOTY>KHOCTI, MUTTEBUH KOSQIIIEHT MOTYKHO-
cTi Mae mozarhe 3HaueHns PF(t) > 0;

2) 1a"(t) >0, 1,°(t}) < 0 — aKTMBHA TIOTYXKHICTb TIEpe-
JIA€ThCsl BiJl JDKEpesa O HABaHTaKEHHS, y JIaH-
IIOTY TeHEPYEThCs 1HIYKTUBHUN XapakTep peak-
TUBHOT NOTYKHOCTI, MUTTEBHI KOE(ILI€HT MOTY-
JKHOCTI Mae fiojaTHe 3HadeHHs PF(t) > 0;

3) 1a"(t) <0, 1p°(t}) > 0 — akTMBHA TIOTYKHICTb Tepe-
JA€THCS BiJl HABaHTAXXCHHS JI0 JUKepena, y JiaH-
IIOTY T'€HEPYEThCSI EMHICHUIT XapaKkTep pPeakTHB-
HOI TTOTY>KHOCTI, MUTTE€BUH KOSQIIIEHT TOTYKHO-
cti Mae mozparthe Bix emue PF () < 0;

4) 12°(t) <0, 1p°(t) < 0 — akTMBHA NOTYXkKHICTH TIEpE-
JIA€ThCSl BiJI HABAHTAXKEHHS N0 JDKEpena, y JiaH-
IOy TeHEPYEThCs 1HIYKTUBHHUN XapakTep peak-
TUBHOI TIOTY>XKHOCTi, MUTTEBUH KOG(IIiEHT MOTY-
JKHOCTI Mae Bix emue 3HaueHHs PF(t) < 0.

[lepenaBanus eHeprii Bi HABaHTAXKSHHS J10 JDKEpEa,
SIKE CIIOCTEPIra€eThesl, KO MUTTEBUI KOe(IIliEHT NOTY-
KHOCTI Mae Bim’emne sHadeHHs PF(t) < 0 morpedye
TIOSICHEHHS.

VYV ¢dopmyni Kexenenka-Caenka (4) 11g BU3HAYCHHS
MHUTTEBOI PEAKTHBHOI IOTYXHOCTI BHUKOPHCTOBYETHCS
BHpa3 Pe? (ty/ EZ, SIKUHA 32 CBOIM (Pi3MUHUM 3MiCTOM
MOE€ TPaKTyBaTUCh SIK MHUTTE€BAa aKTHBHA MOTYKHICTb.

YV Bupasi BUKOPUCTOBYETHCS IHTETPANBEHHI TOKa3HUK aK-
TUBHOI TOTY>XHOCTI P, iHTepBaN iHTETpyBaHHS IS PO3-
paxyHKy SIKOTO y MEepeXiiHUX IpolecaXx HeBU3HAUCHUH.
Sxmo pospaxoByBaTH mapamerp P Ha iHTepBamax, ne
CTpyM 1 Hampyra MaioTh pI3HUH 3HaK, BIH MaTHMe
BiZI’€MHE 3HAYEHHS, IO MiATBEPIKY€E MOXKIUBICTh iCHY-
BaHHS BiJ’€MHOTO 3HAUEHHS aKTHBHOI MOTYXHOCTI
B IIEPEXiTHUX TIPOLIEcax, Ky 3a CBOIM (i3MIHUM 3MiCTOM
CJIiJT HA3MBATH aKTHBHOIO OOMIHHOIO TIOTY)KHICTIO.

B ycraneHomy pexuMi 3HaYCHHS aMIUTITYIH aKTHB-
HOi CKIIa/I0Boi cTpyMy la"(t) Mae HeBin emHe 3HaueHHS,
AK 1 IHTeTpambHI MOKa3HUK Py Gopmymi JKexeneHka-
CaeHKa, TOMY 1 B IIbOMY PEXHMI IIPOTIOHOBAHUH T JIXi]
MOBHICTIO y3rO/KyeThcs 3 (opmyioro JKexeneHka-
Caenka.

Juis imrocTpariii MOKIMBHX CHEPTETHYHUX PEKUMIB
PO3IIISTHEMO €JIeKTPUYHMH JIAHIIOT MEPLIOT0 MOPSIKY —
RL maBanTaxeHHs, akTuBHHI omip sikoro R = 10 Owm,
a IHJIYKTHBHICTb OOMpPAETHCS 3 YMOBH, L0 3HAYCHHS
KoeQiIieHTa TOTYXKHOCTI B ycTalieHoMy pexkumi PF
cknagae PF=0.1.

_RVI-PF?  1040.99
oPF  2m-50-0.1

Hampyra wepexi 3miHioeThcsi 3a 3akoHOM e(f) =
311sin(2n-50t + /4). Yacosi niarpaMu akTHBHOI CKJIaJ10-
Boi cTpymy ia(t) Ta ¥oro ammiityau l,"(t) mokaszano Ha
puc. 1 a), peakTHBHOT CKIIaI0BOi cTpyMY ip(t) Ta ioro am-
wiityau 1p"(t) — na puc. 1 6).

L =0.317I'n.

an

Ha yacoBux iHTepBanax ti..b, t3..ts, ts..ts ammiityna
aKTHBHOI CKIamoBoi crpymy la"(t) mae Big’emHe 3Ha-
YCHHS, 1[0 CBIIYHUTH MPO HASBHICTH OOMIHHOI aKTHBHOI
MOTY>KHOCTI. 3HAUEHHS aMIUTITYAH PEaKkTHBHOI CKIIaI0-
BOi cTpyMy lp'(t) € Bit’eMHUM, TOMY peakTUBHA TOTYX-
HICTP Ma€ IHAYKTHBHHH XapakTep MPOTITOM YChOTO
MIEPEXiTHOTO MPOIIeCy.

Puc. 1 Yacosi miarpamu cTpyMiB: (2) aKTHBHOI CKJIaI0Boi cTpyMy ia(t) Ta iforo ammuiitymu l,'(t); (6) peaktusHOi cknanoBoi crpymy iy(t) Ta iforo

ammrityzu |y (t)

®
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III. METOJIMKA OLIHKN KOE®ILIEHTA MTOTYXHOCTI
3A 3BHAYEHHSIMU CTPYMY MEPEXI

3a3BUuail mapamMeTpu HaBaHTAXCHHS, i/ €THAHOTO
JI0 MEpEeXi, € HEBIJOMUMHU, TOMY HEOOXIJJTHO PO3poOUTH
METOJUKY JIIsI iICHTU(IKAII] MUTTEBOI OLIHKU KOSiITi-
€HTAa TIOTYXKHOCTI B mepexijuux pexkumax PF". Jlns
[BOTO JIOIIJIBHO BHKOPHUCTOBYBATH MHTTEBI 3HAUCHHS
CTPYMY MEpexKi.

B ycraneHOMy pexuMi, 3HAIOUH MUTTEBE 3HAUYCHHS
CTPyMy y JiBa JAOBUIBHAX MOMEHTH 4acy {; i t, MOXKIHBO
BH3HAYUTH aMILTITY M aKTUBHOI |4 1 peakTuBHOI |, ckia-
JOBHX:

it)=1 p sin(oty +y) + 1, cos(wt; +y);

: . 12)
i(t)=1 p sin(oty, +y) + 15 cos(oty +v);

I i(t)) cos(mty +y)—i(ty)cos(ot) +y)

e sin(o(t; —t;)) ’ 13

ity sin(wty +y) —i(ty)sin(ot) +y)
P sin(o(t, —t;)) '

OIiHKy MUTTEBOTO 3HaUCHHS KOe(illi€HTa MOTYKHO-
CTiI TaKOX MOXIIMBO 3/IIICHIOBATH Ha OCHOBI 3HAYCHHS
crpyMy i(t)) i Horo moximHoi i(t;) B meBHMIT MOMEHT 9acy
ty. st mepexoy 10 1iel MeTOIMKH BUKOPUCTAEMO (Hop-
mynu (13), B IKHX BBa)KaTUMEMO, III0 YaCOBHH iHTEpBaT
MIDX CyCiHIMU BUMipoBaHHsMH At = t, — t; npsimye 10
Hymst, At — 0.

|;(t1)zwi(t)/ e
|
+sin(ot; +y)i(t)); (14)
|E(tl)=wi(t)/ ot
|

+cos(ot] +y)i(t).

Jlnst ouinky 3HaueHHs PF* 1o1inbHO KOpUCTYBaTHCh
BiIOMHM 3HaUCHHSM CTPYMY 1 HOTO MOX1THOI B OIHIN TO-
yii (14). 3a ymoBu Bukopuctanus Qopmymu (13) 3a
IBOMa 3HaUYEHHSAMH CTpyMy, 3HaueHHs PF'(t) e ycepen-
HEHHUM 1 TTOTpeOye KOPEKIIii.

®dopmyna A po3paxyHKy aMILTITY]] aKTHBHOT Ta pe-
aKTUBHOI CKIanoBUX cTpymy (14) moxxe OyTu 3acToco-
BaHa JI0 JIHIHHOTO JIAHIIFOTa OYIb-SKOTO MOPSIKY 1 Ha 11
OCHOBI MO’ke OyTH OIliHEHEe MUTTEBE 3HAUCHHS KoeiIrie-
HTY TIOTY>KHOCTI B 3aJJaHHII MOMEHT Yacy.

3amporoHoBaHa METOIMKA Ja€ 3MOTY OIIiHIOBATH
nvie noto4ni 3navenns PF'(t), onHak B 38°s13Ky 3 iHep-
[MIAHICTIO KOHTYpY KEpyBaHHS, 1HOAI JOLIIBHO 3HATU
3nauenns PF'(t) na nesHOMy npornosHomy intepsaii Tp,
JUISL YOT'O MOSKIIUBO:

e 33 orpumanumu 3Hauenns PF(t), PF'(ti - At),...,
PF"(ti - kAt) excTpanosoBaTy 3HaYeHHs apaMe-
tpa PF* na mpornosznomy inrepam PF(ti +

Ab),... , PF(ti + Tp) OAHUM 3 BIIOMHUX METOJIB
[13];

e ineHTH(IKYBAaTH MapaMeTpyu IEPexiJHOro IMpo-
recy Im, @, T13amictb popmynu (14) BuKopucro-
ByBarH ananitnuni Bupasu "a(t) i 1"y(t) (12).

OcTaHHI# TYHKT MOKJIMBO Peai3yBaTH Ha OCHOBI BH-
PIIICHHS CHCTEMH, SIKa CKJIATA€THCS 3 PIBHIHD TUITY (6).

i(At) = I, sin(@At +y + @) —

—sin(y + (p)i I mke_At/rk ;
i(2At) = 1, Is(izri(Z(x)At +y+0)—
—sin(\y+(p)§ Imke_zm/rk; (1
i(3AL) = Iy, :ijll(&;)At Y +Q)—

N
—sin(y + (P)Z I mke%At/rk )
k=1
3HarouM BUMIpsHI 3HaueHHs cTpymy i(At), i(2At),
i(3At) MmosxiBO BUpimuTH cucteMy (15) BimHOCHO 3MiH-
HUX Im, O, T | BAKOPHCTOBYBATH X IS IPOTHO3YBAHHS iX
napametpa PF".

IV. AHAJI3 EHEPTETUYHUX ITPOLECIB V IIEPEXI/I-
HOMY PEXUMI

3a 3HauCHHSIMH aKTUBHOI ia(t) 1 peakTuBHOT ip(t) cKITa-
JIOBUX CTPYMy MEpEXi MHTTEBA IOTYXHICTh PO3ILIIS-
eTbes Ha akTuBHY P(t) 1 peaktuBHy (1) cxiTamoBi.

p(t) = 15 () sin(ot +y)-e(t); (16)
a(t) = 1y (t) cos(ot + ) - (t). (17)

Po3paxyHOK MUTTEBUX 3HAYCHD CKITJIOBUX MOTYKHO-
CTi IPOBOMBCS HA IPHUKIIAIi MOJIEI 3 TapaMeTpaMH, Ha-
BEJICHUMHU Y TOTIEPEIHLOMY PO3JILII.

s orpumanoi Mmozeni B cepemosmimi Simulink®
MatLab® nposeneni pospaxyuku 3a dopmynamu (11),
(15), (17), (18). Yacosi giarpamu mapametpis PF(t), p(t),
g(t) maBeneni Ha puc. 2 a), puc. 2 6) i puc.2 B) BiAMOBIIHO.

3 miarpam, HaBeJCHUX HA PUC. 2, BUHO, IO:

® 3HAUYCHHS MUTTEBOIO KOEQIilli€HTa MOTYKHOCTI
PF"(t) y nepexiqHOMy pexuMi CyTTEBO Bipi3HS-
€TBCA BiJl 3HAUEHBb KoedimieHTa motyxHocTi PF,
TOJIi SIK B yCTAJICHOMY PEKUMI iX 3HAUeHHs 30ira-
I0ThCS;

e 3nauenHs napamerpa PF'(t) Ha uacosux inTepBa-
max t..b, t3.4, ts.ts mporsrom mepeximHOTO
PEKHMY Mae BiJl’€MHE 3HaUEHHS, IO MiATBEP/KY-
etbesa popmynamu (7), (9) 1 cBimUUTH PO HasB-
HICTh OOMIHHOI aKTHBHOT IIOTYKHOCTI;

@
@J Copyright (¢) 2017 XKyiixos B. ., Bepounpskuii €. B., bongapenko O. @.



34

CuioBa enexTpoHika
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Puc. 2 Yacosi piarpamu QyHKIiil IpoTsAroM mepexigHOro mporecy: (a) yacoBa Jiarpama MHTTEBOTO koedimienrta noryskuocti PF*(t); (6) wacosa
niarpama akTHBHOI OTyHOCTI P(t); (B) 4acoBa aiarpama peakTHBHOI MOTYKHOCTI (|(t)

TakuM YHHOM, NPOTIATOM MEPEXiTHOTO PEXUMY,
OKpIM pPEaKTHBHOI IMOTYXXHOCTi, HEOOXiTHO KOMIICHCY-
BaTH i OOMIHHY aKTHBHY TOTYXKHICTb, sSIKa BUHHUKAE Ha
iHTepBanax, KoaM BUKOHyeThca ymoa PF*(t) < 0. Ha
OCHOBI BKa3aHOTO NPUHIMITY KOMITCHCALIT B CEPETOBHUILI
Simulink® cuHTE30BaHO mMapajeabHHUIA KOMIICHCATOP
3 CTPyMOM KOMIIEHCALI ik, [0 3MIHIOETHCS 338 TAKUM
3aKOHOM:

—I :; (t)cos(ot + ), PF" >0
i (1) =1 —1 (cos(wt +y) - (18)
1 sin(ot +y),PF " (t) <0
3rigno 3 popmynoro (18):

e 3a ymosu PF'(t) > 0, komnencaTop ycyBae jumie
PEaKTUBHUN CTPYM;

e xoma PF(t) " < 0, To KOMIIEHCY€ThCS pEaKTHBHUM
Ta aKTUBHUN OOMIHHUH CTPyM.

Ha puc. 3 moka3aHo 4YacoBi IiarpamMd Hampyru,
CTPyMY 1 TOTY>KHOCTI MEPEXKi IMiCIIsI KOMITCHC AT peaKTH-
BHOI Ta aKTHBHOT OOMiHHO{ MTOTY>KHOCTI.

SIk BHIHO 3 4acoBOi Jiarpamu cTpymy Mepesxi i(t),
Imicisl KOMIIEHCAIll PeakKTUBHOI IMOTYKHOCTI, MPOTATOM
3HAQYHOI YACTHUHU MEPEXiJHOT0 PEeKHMY € OJHOIOJISP-
HUM. [Ipm 4omy cTpyM Mae Ty K HOJSIPHICTB, IO
1 Hampyra Mepexi, 10 CBITYUTh NPO BiOUpaHHs B Me-
peXi JHIIe aKTHBHOI MOTYXHOCTI. Taka gopma cTpymy
CHpHsi€ HAKOITMICHHIO HEOOX1HOT eHeprii B iHAYKTUBHO-
CTi HAaBaHT@KEHHS 32 MIHIMaJIbHO MOJKJIMBOTO JiI0YOT0
3HAYCHHS CTPYMY MEPEXKi.
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Puc. 3 Yacosi aiarpamu Hanpyru (QyHKIii Imicias KOMIeHcarii peakTHBHOI MOTYXKHOCTI: (a) dacoBa fiarpama Hampyru mepexi e(t); (0) sacosa
niarpama ctpymy mepeski i(t); (B) yacoBa aiarpama OBHOI MOTYKHOCTI Mepexi S(t)

L4 p03p06ﬂ€Ha METOAMKA I03BOJISIE KOMIICHCYBATH

BICHOBKH peakTHBHY i OOMiHHY aKTHBHY MOTYKHICTb Y TIe-
OTXe, BUKOHAHI TOCTIKCHHS Jal0Th MiJICTaBy 3pO- PEXiIHMX peKXMMax, 10 TPOJEMOHCTPOBAHO Ha
OWTH TaKi BHCHOBKH: MIPUKJIIA]1 JTAHIIOra IEPIIOTO MOPAIKY.
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Pepepam—Onucana 3agaya KOMIEHCAIMH PeaKTHBHOW MOIIHOCTH B JJIEKTPUYECKHMX HeNsX NMPH BKIOYEHHH
JuHelHoi Harpy3ku. [Ipoananu3upoBano npuYUHbI HU3KOM 3P PeKTUBHOCTH NPUMEHEHHS CYLECTBYIOLUX METO10B KOM-
NEHCALIMH PeaKTHBHON MOLIHOCTH JIst 9T0ro ciaydas. [IpoanainsupoBan o0MeH dHepruu Me:K1y MCTOYHMKOM HArpy3Koi
B Te4eHHe N1ePeXOHOr0 NpoLecca Ha OCHOBE TeOPHH MIHOBeHHOIl MomHocTH. IlpuBenena meroguka oueHku 3pekTuBHO-
CTH NepeAayd JHePIUH 0T HCTOYHNKA K HArPpy3Ke Ha OCHOBE MTHOBEHHOI0 K03¢(uIMeHTa MOIHOCTH, KOTOPBI paccyu-
ThIBaeTCs ¢ HCIOJb30BAHHEM M3MEPEHHBIX 3HAYEHUI TOKa U HanpsikeHus ceTu. IlokazaHo peann3anuio npeaioKeHHOH
METOJMKH Ha pUMepe NOAK/IIOYEHUS K CeTH JIMHEeIHOM 1enu nepsoro nopsaka. OnucaHo NpMHUUIBI KOMIICHCALMH Peak-
THBHOIi MOIIIHOCTH B NEPeX0HbIX PeKUMAX.

buoa. 13, puc. 3.

Kniouesvie cnoea — nepexoonoii pescum; KOMREHCAUUsA PeaKkmueHoll MOWHOCIU; KoIPduyuenm mownocmu.
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Abstract—Compensation of reactive power is one of the ways of increasing the electrical grid efficiency, theoretical foun-
dations of which were developed at the beginning of the last century by scientists Frize and Budeanu. The development of
effective control algorithms for reactive power compensation continues today. As usual, algorithms of reactive power com-
pensation have an inertia of at least one period of network voltage. Therefore they cannot be used in transient mode because
of the grid current non-stationarity. The problem of reactive power compensation in power grids with variable load is ana-
lyzed. An inefficient implementation of existing methods of reactive power compensation for this case is shown. The method
of analysis of the transmitting energy between the source and the load during the transition process based on the theory of
instantaneous power is proposed. The grid current on active and reactive components is expanded. The instantaneous value
of power factor for estimation of reactive power value is proposed. To implement an assessment of the power factor instan-
taneous value the grid current represented as the sum of the steady and free components. For subsequent simplification of
power factor calculation, the steady and free current components representation based on sine and cosine components is
proposed. The power factor sign according to the current components values is analyzed. Time dependency of the current
components in transient mode unlike for steady state is shown. The proposed method is adapted to transient processes. A
method of instantaneous power factor value calculation, based on grid current calculation is proposed. The disadvantage of
proposed method in transient mode is shown and proposed to estimate power factor value based on grid current and its
derivatives. The procedure of calculation, prediction, and identification of power factor values based on expanded equation
system is proposed. Principle of active and reactive power calculation on basis instantaneous power factor, sine and cosine
current components is shown. Analysis of energy processes in the transient mode in a linear circuit of the first order is
performed. A possibility of power factor negative values is shown. A reactive compensator design for transient mode is
proposed. The principles of reactive power compensation based on power factor instantaneous values in transient mode are
given. The necessity of active power compensation during time intervals when power factor has negative values is proved.
The grid current shape after reactive power compensation is analyzed. The unipolar shape of the grid current and the same
polarity with grid voltage insignificant part of the transient process is underlined. Shown, that such current behavior facil-
itates to the accumulation of the required energy in the reactive element within the minimum possible root mean square
current of the electric grid that decreases stress to the grid during the transient process.

Ref. 13, fig. 3.

Key words — transient mode; reactive power compensation; power factor.
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