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C yYeTOM OCOOBIX Pa3J/I0XKEeHHII CKaYKOOOpa3HbIX
HaPs>KeHU

The special expansions for input jumpwise voltages and their use in the calculation of transient
processes in series circuits are shown. The calculation is made for the modes of idling and
short circuit.

B pa6orax [1-3| npe/crasiiena HOBasi KOHIEIIHsI O TIEPEXOIHBIX MPOIECCAX B JIEKTPUICCKUX I1e-
IIsIX TIOCTOSTHHOTO U IIEPEMEHHOI'0 TOKOB. DTa KOHIIEIIUsI 6a3UpyeTcss Ha JABYX SKCIIEPUMEHTAJIBHO
[OJITBEPXKIEHHBIX (P deKTax: CIIeKTPATbHOM PAa3JIOKEHUH TIEPEIHEr0 U 3aJIHero (PPOHTOB CKAad-
KOOOPA3HBIX HAIPSIZKEHUIN Ha 3aTYXAIOIINN s HUSKOUYACTOTHBIX TAPMOHUYECKIX COCTABJISIIOIIIX
[PU HAJIMYHUH SKCIOHEHITUAJBHO HAPACTAIOIIEH TTOCTOSIHHOM COCTABJISIIONICH, aBTOMATUYIECKOHN pe-
CTPYKTYPHUBAINH JIEKTPUIECKUX Ieleil ¢ peaKTUBHBIMH 3JIEMEHTAME IIPU BXOIHBIX IOJHATAPMO-
HUYecKnX HanpsikeHusix [4]. KosdbdunmenTs! 3aTyxanus STHX COCTABISIONIMX IIPEBBIIIAIOT KO-
3 DUIUEHTDI 3aTyXaHUsT JEKTPUIECKUX TeTeil Ha MOPIOK U OOJIbIIIE.

Pasznoxenne ckako0bpa3HOTO HAIPSIYKEHUsT aBTOPOM Ha3BaHO 0coObIM. JleTasabHoe CyIecTBo
9TOTO PA3JIOKEHUsl 3aKJI09aercs B ciaenyomnem. Ckaukoobpasnoe Hanpsizkenue E - 1(t), ne E —
Besmunna; 1(t) — equnuanas GyHKIWs, IMeeT BUJ, N300payKeHHbI Ha puc. 1, a; ¢ — BpeMs.

[Ipencrasum E - 1(t) B Buzme cymmbl aByx dyuknuii (cm. puc. 1, 6)

E- 1(t) :fl(th) +E'1(t_7_)7

rae fi(t,7) — bYHKIWS, ONNCHIBAIONIAS UMITY/IbC JJINTEILHOCTBIO T ¢ BEJIMIHHON, paBHOil F.
Oyuximo f1(t, T) pasaokuM Ha J(Be COCTABJISIONE (BOyHKIUN

fiit,7) =E(1 —e™°7) u fi2(t,7) = Ee™ 7
(cm. puc. 1, 6, 2, d), rtne o« — xoaddurmenT 3aryxanus. fcro, aTo

fu1(t,7) + fr2(t,7) = E(1 —e™7) + Ee™ 7 = fi(t).

ISSN 1025-6415  Jlonoeidi Hauionanavrnoi axademii nayx Yxpainu, 2007, Ne10 81



A
E
E-1(t)
0 >
t
a
\ E-1(t -7
NI (-7
T, =
A X 6 t
1
|
pbF—-———=-= S
0 . >
A T
1 8 t
1
1
1
E ______________________
|
b |
| -
0K T =
' 2 ¢
|
1
_______ ——————————————
ho |

Puc. 1

Usectro (5], uro f1(t) MOXKHO HpeACTABATL B BHJE FAPMOHUYECKOTO PsiJIa

fit) = Z Ay, cos(wit + pr),
k=1

rae Ay, W, Or — aMILUIATYIa, KPyToBasl 9acToTa, YIoJI CABUTa, k-if TaApMOHUYECKON COCTABJISIFOIIEH
COOTBETCTBEHHO.

m
QOyukuust e~ 7 Y Apcoswyit = fia(t,7) (em. puc. 1, 3). CruanpBas f11(t,7) u E(1 —7),
k=1
nosyanm yuknuo E(1 —e ") = fo(t) (cm. puc. 1, o).
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B pe3yjibTaTe TaKOT'o Pa3JIO2KEHU A

m
E-1(t)=E(1 —e ™) +e Z Ay, cos wyt,
k=1

m A (1)
S Ap=E, A== A=
k=1

E
W T

Tak Kak CIIeKTpaJbHOE pPa3JIOXKEHUE IIPOUCXOIUT ¢ MoMeHTa t = (0, TO cUuTaeM, UTO @ =
= 0, k = 1,n. Takum 06pa3oM, NOCTOSHHOE CKauKooOpasHoe Hampsizkenue F - 1(t), asisromee-
Cs1 BXOIHBIM IIPH BKJIFOUEHHUH 3JIEKTPUIECKON IEIN Ha HEro, MOYKET OBITH OIMCAHO BbIPAsKEHM-
em (1). DKcriepuMeHTAJIbHBIE MCC/IEI0BaHUsT, TPOBeIeHHbIe B IHCTHTYTE TPOGIEM MAIIUMHOCTPO-
ennsg uM. A. H. IToaropaoro HAH Ykpaunbl, IoATBEPAUINA PEAJILHOCTL TAKOIO IIPEICTABJICHUS
cKauKoobpasHbix Hanpsikenuit F - 1(t). Dddekr aBroMarndeckoil pecTpyKTypU3aiun 3JeKTpH-
gyeckux 1erneil onucan B pabore [4]. Kparko sror sddekr BO3HHKAET B 9JIEKTPOIEINSX C pPe-
AKTUBHBIMU 3JIeMeHTaMu (UHyKTHBHOCTSIMU L, emkoctsimu C') Ipu Hojiade Ha BXOJL 9TUX Iereit
OIHOBPEMEHHO HECKOJILKUX TapPMOHUYECKUX HAIIpsizKeHui. Tak Kax 3/JeKTPUIeCKUe COIPOTHUBJIE-
HUST PEAKTHBHBIX JIEMEHTOB 3aBUCST OT 4acTOThl (21 = wiL, xop = 1/(wiC)), T0 B 9TOM Catydae
00IIIil 3IeKTPUYECKUI TOK PACIaIaeTCsd Ha FapMOHUIECKUE COCTABJIAIONINE i, KOTOPLIE OLIpeIe-
nstiorest Kak dbyuxmun Uy (t) nzg(t), k = 1,m, tue Uk (t), 2k (t) — k-e rapMOHIYIeCcKOe HaIpsIzKEHNE
u k-e monmoe conpoTusienue jekTpouenu. Kaxmnoe k-e MoaHoe COIPOTUBICHUE 00YCIOBINBAET
k-it TIepeXOMHBIN MPOIECC B SJIEKTPOIENN C i U L(Ok-

[TepeiiieM K aHa M3y IEPEXOHBIX IIPOIECCOB B IENHbIX cxeMax. Llennas cxema (puc. 2) BKJo-
qaeT B cebsa N IOC/IeI0OBATEIFHO COEIMHEHHBIX OIMHAKOBBIX IACCHUBHBIX YETHIPEXIIOIIOCHIKOB
C TIOCTOSIHHBIME TIapaMeTpaMu. Teopusi 4eThIPEXIIOIIOCHUKOB Xopolno passuta |5, 6]. Tlosromy
B JIAHHOM H3JIOYKEHUU HeOoOXOIuMBbIe (pOPMYJIbl U YPaBHEHUS YeTHIPEXITOTIOCHIKOB HCIIOJIb3YI0T-
cs1 B BUJIE, IIPEJICTABIEHHOM B M3BECTHBIX PabOTax.

s NpUHIUINAILHOrO IOHUMAaHNUS [IOCTABICHHON 380841 U YMEHDbIIEeHNAs IPOMO3IKOCTH Ma-
TeMaTUIEeCKUX PEIIEHUI OCTAHOBUMCSI TOJIBKO Ha ABYX KPAHUX PEXKUMAaX IEIHON CXEMBbI, COCTOSI-
1ieii U3 HU3KOYACTOTHBIX (DUIBTPOB (CM. PHC. 3), & UMEHHO, Ha XOJIOCTOM XOJ€ (Zppx = 2Nz = OO)
U KOPOTKOM 3aMBIKAHUN (Zpyx = ZNk3 = 0).

ITepexonublii mpolece PacCCMOTPHUM IIPHU BK/IIOYEHUH LENHON CXeMbl MMEHHO Ha CKaIKo0Opas-
HOe TI0CTOsIHHOe Hanpsizkenne E - 1(t) mpu Hy/IeBbIX HA4YaJIbHBIX yCJIOBUSIX B cxeMe. PemeHue

ISSN 1025-6415  Jlonoeidi Hauionanavrnoi axademii nayx Yxpainu, 2007, Ne10 83



3aj1a49K OyJIeM OCYIIECTBJISATH € MOMOIIBIO onepanuonaoro Merojna (Kapcona). Kak Bujno u3
puc. 3, gersipexnomocuuku (L/2,Cy,L/2), (L/2,Cy,L/2), ..., (L/2,CN,L/2) aBasiorcs cum-
METPUYHBIMHA.

Urak, B pesKuMe X0JIOCTOTO XO/Ia Telb BKJIouaeTcs pu ¢ = 0 Ha Hanpsikenune E-1(t). B coor-
BETCTBUU C PEIIeHUsIMY, JaHHBIMU B pabore |7|, HAIIpsiKeHUEe U TOK B $-M y3Ji€ B OIEPAIMOHHOI
dopmMe 3aInCHIBAIOTCS BBLIPAXKEHUSIMEA

ch(n — s)v
chnv

I—T.. sh(n — s)v

— U (2)

3
zZgchno ’ ( )

1 1 L 1
rae chy =1+ §ch2; sho = \/ch2 + ZL2c2p4; Zo =14/—+ ZL2p2; V — IIOCTOSIHHBIE KOMII-
c

JIEKCHBIE YHUCJIA, 3aBUCSIIIE OT HapaMeTPOB YeThIPEXIIONIOCHUKA (U = b+ j7), HO HE 3aBUCHIIIE

OT HOMEDA .

Ha puc. 3 L/2 — unaykrusnoctu; Cy, k = 1, N, — emkoctn; E — D/IC, npn BKIIOYCHUN
kmogoM Kur mpeobpasyiomasicst B ckadkoobpasHoe Hanpsizkenne E - 1(t) Ha Bxoje IenHoil cxeMbr;
i, — ssekrpuaeckue Toku; Uy, k = 1, N, — HaIIPsKeHUsT; 2y — IIOJHOE COMPOTHBIICHIE HAIDY3KH.
B coorsercrum ¢ HoBOi kommenmmeil [2] manpskenne Ugy(t) ompeneinsiercst Boipazkenue (1).
Nszo6paxkenne Kapcona, coorsercrsytomee (1), umeer BuI

D “ p(p + @)
Unlp) = E+ E—2— + _nrre
wx(P) pta £ i+ a2+

(4)
rae Uy = Ay uz (1); p = d/dt — oneparop.

[Moxcrasum (4) B (2) u3 (3) COOTBETCTBEHHO U IIPU ITOM yUTEM, YTO MOJHOE COIPOTHBIIEHIE
JUIsl TIEPBBIX JIBYX ciaraeMbix u3 (4) npum mozpcranoske (4) B (3) 6ymer Zo1 = v/ L/c, a nna
TPETBErO CJIAracMoro — Z¢. B pesysbrare mostydnmM

p—l—a) ch(n —s)v
Us B E 5
)= B+ +l§; (p+a)?+w?| chnv (5)
E p 1 & p(p+a) |[sh(n—s)v
I(p)=|—(1+ + — E U, —. 6
() 2(;1< p—i—a) Zc = "‘p+aP+w?| chnw ©)

Opurunasnsr nzobpaxkenuit (5), (6) oupemesnnm o Tabuunam [7] ¢ yaerom periennii B pabo-
te [7] B caexyromemM Buje:

m n
_ _ 1 o .
U(t) = | E(1 — emt) 4 oo Z U, cos wlt] [1 - Z(ctg ?> (sin sa,) cos wkt] , (7)
=1 k=1
. c e~ah) et & cos sy
is(t) = | Ey/=(1— Z U, coswit Z o Sinwk, (8)
L k 1 sin — 5
2k —1 4
Fﬂeak:T% (k=1,2,...,n) w k—wosm2% wgzm.
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Janee paccMOTPUM BKJIIOUEHHE IICHHOI CXeMbl Ha CKAadKOOOPAa3HOE BXOJHOE HAIPIKEHUE
Upx(t) = E - 1(t), Boipaxkaemoe dopmysioii (1), npu KOpOTKOM 3aMbIKaHUH B KOHIE cxeMbl. Ore-
PAIOHHLIE BBIPAXKCHHA JJI HAIPSKEHNI U TOKOB IIPU TaKOM PEeXKUMe UMEIOT BH/I

p(p+ ) sh(n — s)v
Us(p) = | B+ B , 9
®) " +§_; (p+a)P+w?| chnw ©)
L(p) = E 1+ -I-iEm:U p(p+a) |ch(n—s)v (10)
\P) = Zci p+a Zo ol (p+a)?+w?| shnv

=1
Opurunassl, coorsercreyiomue (9) u (10), oupegenum mo tabauiam [7] ¢ yaeTom perenuii,
IpeJICTABJICHHBIX B pabore [7], 3amuiiem Cjie/[yIomuMI BbIPAZKEHUSIMU:

m
Us(t) = [E(1 — e ) 4 e~ Z Uy coswit| X
=1

n

1
x|1-2— - Z<ctg %) (sin say) cos wyt |, (11)

n
k=1

—Cllt m
. _ C —at
is(t) = E,/z(l— )+—;Ulcoswlt X

-1
t 1+ COS SO/ 1
X — ——— sinwyt —(cos sm) sinwyt | . 12
2t (X st ) + 5 (cossm) sin (2

CpaBHUBasi pe3y/IbTaThl, OJyYeHHbIe B paboTe |7| u B qanHoil pabore, BUIUM, YTO yUET OCO-
OBIX PAB3IOXKEHUN BXOIHBIX CKAYKOOOPA3HBIX HAIPSI)KEHUI [MO3BOJISIET TOUYHEE OIPEeIeUTh Ma-
TeMaTHIeCKHe COOTHOIICHUS U3MeHeHus Hanpsbkenuit Ug(t) u Tokos ig(t), s = 1,n, B y3nax s
nenHbIX cxeM. [losyueHHbIe BbIparkeHHsl IOKA3bIBAIOT, 4TO B HanpsizkeHusix Us(t) 1 coorBeTCTBEH-
HO B TOKaX is(f) NPUCYTCTBYIOT JOMOJHUTEIbHbBIE 3aTyXAMOIIIe TaPMOHUIECKUE COCTABJISIIONINE,
KOTOpbIE B HHTEPBAJIE UX JICHCTBUSA BCTPEUIAIOT WHIYKTUBHBIE U €MKOCTHBIE COMPOTUBJICHUSA Wyl
1/(wie), I = 1,m. PeanbHo nocjeioBaTe/bHO B KazKJI0# BETBU C MHIYKTHUBHOCTbIO L TlemHoi
CX€MbI BKJIIOUYEHBbI aKTHUBHBIE COIMPOTUBICHUS T's. VI eciam m — M0CTATOYHO OOJIBIIOE UUCIO, TO

n
BEJIMYMHA CyMMapHOIO aKTUBHOTO COIPOTHUBJIEHUSI Y, rs orpaHuduBaer U, Ha XOJOCTOM XOJe

s=1
U i, B PeXKUMe KOPOTKOIO 3aMbIKaHWsl. 3aMeTHM, YTO B BbIpaykeHuu (12) 1isi TOKa KOPOTKOIO

saMblKanus is(t), s = 1,n, umeercs cinaraemoe Et/(nL)y/c/L, koropoe npu t — 00 CTPeMUTCA
K 00, & TO 3HAYMT, UTO BEJIMUUHA TOKA is, S = 1,7, B YCTAHOBHUBIIEMCs PesKUMe IPU KOPOTKOM
saMbIKaHud pasHa 0o. OJHAKO, KakK ObLIO OTMEYEHO, M3-3a HAJIMYUS PeasbHbIX aKTUBHBIX CO-
[POTUBJIEHUIT T's U OPPAHMYEHHOrO 3Ha4YeHus! |E| 3T0T TOK 75 He MOXKeT JOCTUTHYTh OECKOHEUHO

r
| C
OOJIBLIIIOrO 3HadeHus. PeaabHo ciaraemoe Takoe F Z , TJI€ T — HHTEPpBaJI HapaCTaHUA

nlLrg 0

. 1 c .
TOK& 15, & 10CJIe T OHO craHoBuTCst F(t — T) —, T.€., HACTYIIaeT OrPAHUYICHHE .

nLrg | L
Takum 06pa3oM, UCIOJIB30BaHUE B JAHHON 3ajade 0coObIX passoxkenuii (1) K M3BECTHBIM

pemeHudaM JaeT JOIIOJTHUTEJIbHYIO I/IH(bOpl\/laIlI/IIO (@) (1)I/I3I/I‘IGCKI/IX OCODEHHOCTSAX B 3THUX Oerrdax,
B 9aCTHOCTH, B YCJIOBHUAX XOJIOCTOT'O XOJa M KOPOTKOT'O 3aMbIKaHWA B KOHIIE CXEMBbI.
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Axanemik HAH Vkpainn I'.T. IliBagk, O. B. Boakos,
O.I. MupoIinHu4eHKO

Po3zmoais eneKTpmvHO1 aKTUBHOI MOTY2KHOCTI OKPEMOI'O
€JIEKTPOCIIOXKMBaYa HA AIJISTHKAX eHeprocucreMu

The dependences that characterize the separate energy-consumer active electric power distri-
bution in different parts of the energy system are obtained.

Y 3B’$I3Ky 3 NOJOPOXKIAHHAM €JIEKTPUYIHOL eHepril (e/e), 1o BLIOYI0CS OCTAHHIMU POKAMHU, CTAE
AKTYaJbHUM 1 TOCTPO MOTPIOHAM y TIPAKTUII BCTAHOBJIEHHsT 06’ €KTUBHOTO Tapudy Ha e/e B YKpai-
Hi. 3okpema, Januii Tapud MOBUHEH 00’ €KTUBHO BPAXOBYBATH 1K 36UTOK (y BUIVIsIII BTPAT aKTHB-
HOT HOTY2KHOCTI), 110 bakTHIHO 3aBaeThest eneprocucremi (EC) npu TpancnoprysanHi e/e 10
okpemoro enekrpocinoxkusada (ECn), Tak i daxkruuny BiaiyckHy IiHY €JeKTpOCTaHIiil Ha e/e,
B sikux i1 orpumye koukpernuii okpemuit ECu [1]. BpaxyBanus 3a3Ha94eHUX YNHHUKIB BUMArae
HOIEPETHBOIO BU3HAYCHHST KLIBLKICHOrO po3nojiny akrusHol noryzxHocti (AIT) okpemoro ECu
Ha BCix mitsiakax EC, oMy #i nmpucesiueHa jgaHa poboTa.

[Ipu mojasbIioMy aHasi3l eHeprocucTeMa pPO3TJIAIAETHCA K CYKYIHICTH BY3JIB 1 JIUIAHOK.
[Mix gimsakoro eneprocucremu (JIEC) posymitumemo Ti cKIag0Bi eeMeHTH: JHIO, 10 Tepe/Iae
eJIeKTpoeHeprito, Tpancdopmarop abo aBrorpancdopmarop. in Bigmosinuumu JIEC posymiTu-
MEMO JJISHKH, 110 SIKHX JI0 JaHoro Bysja mepemaerbess All a ming JEC, mo BiaxomsiTh, HaB-
naku, aingakn, no skux All nepemaernes Bl 3a1an0ro Bysia (y HOpMaJIbLHOMY pexkuMi poboTu
eneprocucreMn). TakoXK JTOMOBUMOCSI IPUAHSITH 32 TIO3UTUBHUIT HAIIPSIM TPOTIKAHHSI TIOTY?KHOCTI
y BignosBigaux JAEC no Bysaa, a 8 JIEC, mo BiaxonsaTs, HaBOakW, — Bij By3Ja.

Ha neprmomy erari 3HaiigeMo 3HAYEHHST P,;(n) AKTUBHOI TIOTYKHOCTI, 10 IepeIaeThest (y cxeMi
dbparmenra eneprocucremu Ha puc. 1) g0 n-ro ECu uepes nosinbuuii Bignosigaunii k-it 3 K
JJISTHOK eHeprocucreMu. BBarkaeMo, 10 Bif JaHOI'O By3Jia 0€3I0CEepeIHbO OTPUMYIOTH YKUBJICHHS
N eneKTpoCIoKUBadiB.
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