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MeTogmka onTMmanbHOW KOMMEeHcaumMm peakTMBHOM MOLLHOCTH
B CeTAX pacnpeaenuTesibHbIX KOMMaHUM B YCIIOBUSIX HeonpeaeneHHOCTH

CaswuHa H.B., kaHa. TexH. Hayk, Kazakyn A.A., acn.

MpeanaraeTcs MeToAMKa KOMMNEHcaLMM peakTUBHOM MOLLYHOCTH, NO3BOIAIOLWASA B YCNOBUAX HEMOMHOTbI U
HeAOCTOBEPHOCTM UCXOAHON MHopMaLMUK Nony4vaTb HaMGOMbLLIMIA IKOHOMUYECKUi 3chchekT AnsA pacnpenenu-

TeNnbHbIX CETEBbIX KOMMaHUMN.
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Optimal Reactive Power Compensation Methods in Networks of Distribution
Companies in Condition of Uncertainty

N.V. Savina, Candidate of Engineering, A.A. Kazakul, Post-Graduate Student

Reactive power compensation methodology, which allows in conditions of incompleteness and invalidation of
the initial information to get greatest financials benefits for the distribution companies is offered in the article.
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B nocrnegnue rogbl HabnogaeTcsa cyuiecT-
BEHHOE YBENUYEHUE MOTPeBNEeHNa peaKkTUBHOWN
MOLLHOCTU. B TO e Bpems y notpeburtenen cHu-
3UNICA  3KOHOMWYECKMI CTUMYIT y4acTBOBaTb B
KOoMneHcauum peaktnsHon molHoctn (KPM). 310
nNpuBEno K psay HeraTuMBHbIX MOCNEACTBUN, pe-
3yNbTaToOM KOTOPbIX SBNSAETCHA Pe3Koe CHWXEeHue
HaOEeXXHOCTU 3MEeKTPOCHADXEHNS U SKOHOMWYHO-
CTM paboThbl 3NEKTPOIHEPreTUHECKON CUCTEMBI.

KPM 4gBnsietca cambiM 3 PEKTUBHBIM
CpeacTBOM  MOBbLIWEHUSA  TEXHUKO-3KOHOMMU-
YecKMx MokasaTernien pacnpefenuTesnbHbIX ce-
TEBbIX KOMMaHWN, yMEHblUasi BCe BUAbl TEXHO-
NIOrMYECKNX NOTEPb 3IIEKTPOIHEPINN K KanuTa-
NOBIOXEHUN B ceTeBble 00bekTbl. Kak noa-
TBEepxgaet muposon onbiT, KPM nossongaer
KOMMMEKCHO pellaTb 3agavn 3Heprocbepexe-
Hus, obecneyeHnss HOPMMPOBAHHBIX MOKasaTe-
nen kadvectBa anektpoaHeprun (MK3), nosbl-
LWeHUsa ypoBHA HagexHocTu. lNpu peleHun 3a-
fgaun KPM Heo6xogumMo yuuTbiBaTb BRUSHWE
HOBbIX 3KOHOMWYECKUX OTHOLLUEHWUIA B YCMOBMUSAX
pbiHKa. [1pM PbIHOYHOW 3KOHOMMUKE KPUTEPUEM
NMOBEAEHUNS KaXKAOrO Yy4aCTHWKA pblHKa 3rek-
TPO3HEpruun, npexae Bcero, sABNAKTCA cobCT-
BEHHblE 3roncTMyeckne MHTepecol. B ycnosusx
KoMMepuManm3aunmn OesTeNnbHOCTU 3HepreTu-
Yeckux KoMnaHun Heobxoamma paspaboTka Ho-
BbIX MoAxXodoB npu peuweHun 3agady KPM, B
Hambonblien cTeneHn aganTMPOBaHHbBIX K 3TUM
YCNOBUSAM.

Kak npaBuno, anektpuyeckue cetn pabo-
TalT B YCMOBUAX HeonpeaeneHHocTn, oby-
CNOBIEeHHON Kak dyHOAaMeHTanbHbIMW CBOWCT-
BaMM 3HEProcUCTeM, PbIHOYHBIM MEXaHW3MOM
yrnpaBfeHnss SHEPreTUKOW, TaK W HU3KOM Ha-
onogaemMocTbio.

Mcxopgsa w13 BbllLecKasaHHOro, LUenbilo
npegnaraemMoro MUccnegoBaHus sBRsieTca pas-

paboTka MeTOAUKM KOMMEHCAUUN peakTUBHON
MOLUHOCTM B pacnpefenuternbHblX CeTeBbIX
KoMnaHusax, obecnedyuBawoLliern HanbONbLUNK
adPeKkT Npu HEenonHoTe M HegOCTOBEPHOCTU
NCXOOHON MHOPpMaLMK.

[ns BbINONHEHMSA yKa3aHHON Lenn HeobXxo-
OUMO pelnTb crieayoLme 3agadn:

e OLEHKa MHgOopMaLNoHHON obecneyeHHo-
ctn 3agaun KPM B pacnpefenuTtenbHbIX CeTAX;

e paspaboTka meTogukm ontumansHon KPM
B pacnpefenuTenbHbiX CETEBbIX KOMMaHUSX B
YCNOBUSAX HEONpPEAENeHHOCTH;

e pa3paboTka anropytMa ONTMMarbHON
KPM.

B pacnpepenutenbHbiX CeTAX CTEMeHb He-
onpeneneHHOCTN BbICOKa B CBSI3N C OTCYTCTBUEM
nHdopMaumm B TpebyemMom obbeme Ons peLueHusi
MOCTaBMEHHbIX 3afa4y M ee HeLOCTOBEPHOCThLIO,
0BYCrOBIEHHOW MOrPELUHOCTBI0  M3MEPUTESbHbIX
KOMIMIEKCOB, CKpbITbiMM oOLwwmnbkamn. Pedopma B
3NEKTPO3HEpPreTnke NpMBena K yCUneHuo Heonpe-
aeneHHocTn. Kak criegcteue, Kak CxemHasi, Tak U
pexumHas uHdopmaums, ncnonbsyemas npu KPM,
B pasHoOM CTeneHu HeonpeaeneHHa, noaTtoMmy ee
uenecoobpasHo onuckiBaTb MH(OPMaLMOHHBIMU
NMOTOKaMM C y4eTOM UX KadecTBa, 00YCrnoBNeHHOro
cBoKMCTBaMM MHGopmaLmm [1].

OTo0 noaTeBepxaaeTcsa CTaTUCTUYECKUMM
nccnefoBaHUAMM anekTpudeckux ceten [anb-
Hero BocTtoka, B pesynbrarte KOTOPbIX BbisiBrie-
HO, 4YTO pacnpegenuTenbHble CeTU YacTUYHO
Habrogaembl, @ UX HEKOTOpble y4YacTKu SABMS-
I0TCA TeMHbIMU NaTHamu [2]. na wnnocTtpayum
OaHHbIX nonoxeHun B Tabn. 1 npuBegeHa xa-
pakTEpPUCTMKA KayecTBa MHOrOMepHbIX WHAGOP-
MaLWOHHbLIX MOTOKOB B pacnpefenuTenbHbIX
ceTax tora [Npumopckoro kpas.
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Tabnuua 1. CTpykTypa MHOPMaLIMOHHbLIX NOTOKOB B pac-
npepenuTenbHbIx ceTax NMpuMopckoro kpas

CTteneHb kavecTBa MHpopma-

Knacc uHdopmatimoH- LIMOHHBIX MOTOKOB
Horo notoka 110 KB, % 35 kB, %
MonHbIN 3 23.9 71
[OCTOBEPHbIN NOTOK
HenonHbin

o 31,4 23,8
[OCTOBEPHbIN NOTOK
HenonHbin 3 253 38.1
HEe0CTOBEPHBIN NOTOK
HeonpegneneHHbIv 19.4 31,0
NoTOK

Mcnonb3oBaHne WHMOPMaLUOHHBIX MNOTO-
KOB HM3KOro kadectsa anga sagady KPM npusogut
K cmelleHunto pesynbtatoB KPM B HeonTumarnb-
Hyto obracTb. B cBs3n ¢ aTMM 3agavy ontumarnb-
Hoi KPM Heobxoammo peluatb B YCIOBUSX HEOM-
pefeneHHoOCTH, Tak Kak CyLlecTByloLue noaxoasl
K KPM umeloT HeycTpaHUMyo MeToaUYECKyo Mo-
FPELUHOCTb MPU HU3KOM KavyecTBe MH(OPMaLUNOH-
HbIX MOTOKOB.

Kak nokasan aHanms3, MeToabl HENTIMHENHOIO
MaTeMaTM4eCcKkoro nporpaMmmMmpoBaHns obecne-
ymBaloT Tpebyemyld TOYHOCTb ONTUMU3aAUMKM B
YCNOBUAX MOMHOTbI U AOCTOBEPHOCTM UCXOOHOr0
WMHOPMALIMOHHOrO NOTOKA.

Paccmatpusas KPM kak SpKO Bblpa)KeHHYHO
CUCTEMHYIO MpobnemMy B YCIOBUAX HEONPEOEenér-
HOCTU, LienecoobpasHo HayaTb ¢ Mopdonoruye-
CKOrO aHanu3a. Takow nogxof No3BONUT OCyLue-
CTBUTb AEKOMMO3ULMIO CETU NO CReayLWwUm npu-
3HaKaM: MPUHaAANEXHOCTb Pa3HbiM COOCTBEHHM-
KaM; Knacc HOMMHAaIbHOIO HanpsiKeHWs; KadecT-
BO MH(POPMaLMOHHBIX MOTOKOB; KOHUrypauus
cetTn. OTO NPMBOOUT K YMEHbLUEHUIO pa3MepHO-
CTW peluaemMon 3agavm n obecneumsaeTt rmbKoCTb
Mogenn, a Takke BO3MOXHOCTb CBeOEHUs ceTen
pasHbIX KOHUrypaumi K pasoMkHyTeIM. Beigene-
HMEe pPa3OMKHYTbIX Y4aCTKOB MpPOM3BOAUTCSH Ha
OCHOBaHWM pacyeTa YCTaAHOBUBLLErocs pexuma
Mo SKBMBANEHTHbIM Harpy3kam, MOfy4YeHHbIM Mo
mMeTtoauke [1]. M3 crnoxHO3aMKHYTbLIX ceTen pa-
30MKHYTbIE BbIOENSAOTCS MOCNe pacyeTa ycTaHo-
BMBLLEIOCH pexvMma Mno To4ykam MOTOKopasgerna
peakTUBHOW MOLLHOCTW.

Mocne gekoMnosnumm aneKkTpu4ecKkom cetun
no 0603Ha4YeHHOMY Bbille NPUHLMIY HEOBX0ANMO
BblIbpaTh LeneByo yHKUUIO, KOTOpas MO3BOMMUT
KONMMYECTBEHHO MNOATBEPAUTbL HEOoBXoaUMOCTb
nposefeHus KPM Ha BblgeneHHOM yyacTke ceTu.

B 3agadax onTumumsauum BaxeH BbIGOp Lie-
neBon QYHKUMM W NapaMeTpoB OMNTUMU3ALMM.
KomneHcaumsa peakTMBHOM MOLLHOCTW KOMMIIEKC-
HO BO3OENCTBYET Ha CEeTb: CHWXKalTCA noTepu
aKTMBHOW MOLLIHOCTU, YBENWYMBAETCS NPONYCKHAs
CMOCOBHOCTb 3NIEMEHTOB CEeTW, MOBbLILAETCH Ha-
OEXHOCTb (PYHKLUMOHMPOBaHNS ceTn, HopManu-
3YIOTCA YPOBHWU HaMpsPkeHWsi, a B psge Cryvaes

NnosiBNsIETCA BO3MOXHOCTb M3bexaTb 3aTpaTt Ha
CTPOUTENBLCTBO HOBLIX JIMHWIA, YCTAHOBKY OOMOI-
HUTENbHbLIX TpaHcdopmaTopoB. CTeneHb BO3aen-
CTBWS Ha ceTb OyaeT 3aBMCETb OT MecTa YCTaHOB-
Kn KomneHcupyrowmx yctponcts (KY) n mx mou-
HocTu. Takum obpasom, Lenesas pyHKUnS npea-
CTaBnsieTcs cneayrowmum yHKLMOHANOM:

L =f(Qgy;Nky), (1)
roe  Qyy — MowHocTb KY; Ny, — mMecTo ycTaHoB-

kun KY.

Tak kak nHeectuuum B KY BKknagbiBatoTca B
TeYyeHne OofHOro roga, a AuHaMmka M3MeHeHUus
3KCnnyaTauuoHHbIX U3AEepXeK OAMHaKoBa, TO B
KayecTBe LeneBov QyHKLMU LienecoobpasHo uc-
Nnonb3oBaTb 3KBMBANEHTHblIE CpedHErodoBble 3a-
TpaTbl, KaK YacTHbIA Cryvyan OUCKOHTUPOBAHHbIX
3aTpar [3]:
3=E-K+4, (2)
roe E — HopmatmB OUCKOHTMpOBaHMSA; K — kanu-
TanbHble BnoxeHus B KY; M — akcnnyaTtaumoHHble
nagepxkn KY.

B kauecTBe KkanuTasnbHbIX BIIOXEHUN Npu-
HMMaeTcs ctoumocTb KY ¢ HeobxogmmbiM conyT-
CTByOWMM o0bopyaoBaHMeEM (SiYerku ans nog-
kntoveHus, TT, npubopbl yyeTa, NMMHWM ONs nog-
kntoveHus KY).

B akcnnyaTauMOHHbIE M3OEPXKKN BXOAAT 3a-
TpaTbl Ha MOHTaX M akcnnyataumo KY, amopTu-
3aUMOHHbIE OTYUCIMIEHUS C OUCKOHTUPOBAHHOW
HOpPMOW amMmopTm3auum M CTOMMOCTb MOTEPLb aK-
TUBHOW 3HEPrMM B CETU NpU nepegadve un pacnpe-
OeneHnn aneKkTPo3HEepPruun.

lMocne npeobpa3oBaHuii LENEBYO PYHKLMIO
3KBUBAIIEHTHbIX CpeAHerodoBbIX 3aTpat (3) ans
HepasBEeTBNIEHHOW CeTM C ABYXOOMOTOYHLIMM
TpaHcdopMaTopamMu MOXHO NPeACTaBUTbL B BUAE
3=(E+a)KqQyy; +CoT x

N Pg+(Q"—QKy')2 n71P-2+QZ'
(G el g ST iR, @)
1 1
+P§+(anJZ_QKYI)2 R

roe o — KO3(hMULMEHT, YUNTbIBAIOLWNA OO0 OT-
YUCIMEHUIN HA aMOpPTM3auuI0, MOHTaX, 3KCnnyaTa-
unio n pemoHT KY; K, — ygenbHble 3aTpaTtbl Ha
reHepaumio peakTUBHOW MOLLHOCTU, PYO6/KBAp
(paccunTbiBaOTCA MNyTeM onpeaeneHvs 3aBuUCK-
MOCTU UeHbl oT mowHoctn KY no npancam no-
CTaBLUMKOB); c, — Tapud Ha notepu 3nekTpo-

3HEeprum ana paccMaTtpvMBaeMon ceTeBoW Komna-
Hun, py6/kBT-y; T — Bpems paboTel KY 3a rog, y;
Q; — NOTOK peakTUBHOW MOLLHOCTW MO BETBU if,
Ha4YMHasa C rofioBHOrO yvacTka, KOTOPbIA MOXET
ObITb CHUMXeH npu yctaHoBke n-ro KY, Mgap;
Qkyi — MowHocTb KY, ycTtaHaBnuBaemoro B i-M
y3ne v BNUSOLEro Ha NOTOK peakTUBHON MOLLHO-
cTu BeTBM ij, MBap; Q,— MOLLHOCTb Harpy3ku yana
n, K KOTOPOMY BO3MOXHO nogknoyeHue KY, Meap;
Rj — aKTBHOE COMPOTUBEHNE y4acTKa ij CXembl,
Owm; Ry, — aKTMBHOE COMPOTUBINEHNE [BYXOOMO-
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TOYHOro TpaHcdopmaTtopa, K LWMHaM KOTOPOro
noakntoyaetcsa KY, Owm.

PeweHune 3agauym ontumansHon KPM npu-
BEOEHO Ha npuMepe HepasBeTBIIEHHON CeTu C
OBYXOBMOTOYHBIMU TpaHCOpPMaTopamum.

[Ona cetn ¢ TPexobMOTOYHbIMK TpaHcdOop-
MaTtopaMmuM unu TpaHcdopmartopamu C paclien-
neHHbIMN OBMOTKaMu uUenesast OyHKUMS UMeeT
aHarornyHyo CTpyKTypy, U3MEHSIIOTCS TOMbKO CO-
CTaBnsloLWme, CBA3aHHbLIE C MOTOKaMN peaKkTUBHON
MOLLHOCTM, MpoTeKalwmmMn no obmoTkam TpaHc-
dopmMaTopoB, KOTOpble (POPMMPYIOTCS Ha OCHOBE
nx cxeM 3amelleHus. Npu noucke onTUmarnsHON
ctreneHn KPM B pasBeTBneHHbIX MarncTpansax
YUMTbIBAOTCA KO3h(pMUMEHTLI ToKopacnpeaene-
HWS, KOTOPblE HAXOAATCS MO COOTHOLLEHUIO aKTuB-
HbIX COMPOTUBIEHUA Yy4acTKOB Maructpanu B CO-
OTBETCTBMM C 3aKOHAMW INEKTPOTEXHUKM.

B kavectBe mMeToda onTMMM3auUM MOLLHO-
CTU M MecTa ycTaHoBkM KY NpUHAT MeTon yCcnos-
HOro akcTpemyma. OTO OOYCMOBEHO TeM, 4TO
npy onTUMM3auuun ueneson yHKUUN OTCYTCTBY-
0T orpaHuyeHus. lNepekoMneHcaums B y3ne Mo-
XKeT CNyXnTb bopmMarnbHbIM MPU3HAKOM TOrO, YTO
ceyeHve BO3gyLWHON NuHUK (BJ1) nnm HomuHanb-
Hasi MOLWWHOCTb TpaHcdopmaTtopa He COOTBETCT-
BYIOT 9KOHOMMWYHBIM YyCrnoBusaM akcnnyatauun. C
MOMOLLBIO PACCMOTPEHHOIO MEeTOAa CocTaBnseT-
Cs cMcTema ypaBHEHUI criegylowlero BMaa:

[Quv ]-[Y]=[X]. (4)
roe [Qqy] — cTonbuosas maTpuLa MOLIHOCTEV
KY, MBap; [Y] — kBagpaTHas MaTpuua aKTUBHbIX

conpoTusneHuiti, Om; [X] — cton6uosas matpuua

K09hPMLUMEHTOB.
Kaxxgoe n3 ypaBHeHun cuctembl (4) pac-
KpblBaeTcsa criegyoLwmm obpasom:

N RAQ: — Qui
(E+a)Kg+coT —Zw&j—
2(Q, - Qxy) | ©
——"U2 kY R, |=0.
Beegem koadbpumumeHt A ang ynpolieHus

CUCTEMbI YPaBHEHWN:

) [(E+0)Ky + AP, Cy |U?
- 2¢yT '
OkoH4aTenbHO cuctema nmeeT B1O

A= Q= 2 Qi Ry = (@ = Quyr) Rry =0;
=

(6)

A, _Z Qij _ZQKW Rij _(Qn _QKYn)RTn =0.
i=1

PelweHne gaHHOM cuCTeMbl YypaBHEHUI MNo-
3BONSET Nofy4nTtb Mecta u mowHoctn KY, mak-
CMasnbHO CHMXKaoLWMe LeneByo yHKLn — 3.

lMocne onpegeneHnss Mecta YCTAHOBKA U
moLiHocTu KY nponssoguTcst BeIGop uncna un tuna
cepuiiHo Bbinyckaemblx KY u paccuntbiBaeTcs ero
3(peKTMBHOCTb AN pacCMaTpMBaeMoro ydactka
cetu. Kak yxe 6b1ro otmeyeHo, KY BosgencTsytoT
Ha ceTb B KOMMMeKce, yBenuuuBasi MpoMyCKHYHO
CMNOCOOHOCTb M pasrpyxasi aremMeHTbl pacnpege-
NUTEnNbHOM ceTn, Ho Haubonee BceobbLEMIIOLLNM U
Ba)XXHbIM NMapaMeTpoM, NOoATBePXAarLWMM addek-
TMBHOCTb KPM, sIBNAOTCA NoTepyn akTMBHOW MOLL-
HOCTU (3Heprum).

CHWmXeHne noTepb aKTMBHOW MOLLHOCTU B
ceTn nocrne yctaHoBkn KY B i-M y3fne MOXHO on-
penenuTb Mo BbIPAXEHWUIO:

SAP; = AP; — AP/ =
n
Quyi Z(ZQ,] - QKyi)Rij +(2Q - Quyi)Rri (7)

i=1

U? ’

roe S8AP; — BenuyMHa CHWXKEHWUSI aKTUBHBLIX MO-
Tepb MOLLHOCTM OT ycTaHoBku i-ro KY, MBT; U —
HanpsbkeHMe WCTOYHMKA NUTaHWs BETBW, MOMy-
YeHHoe 13 pacyeTa pexunma go KPM, kB.

Ona noateBepxaeHns 3dPeKTUBHOCTU BO-
XeHusi uHBecTMumn B KPM HeobGxogum uWHTe-
rpanbHbI MapameTp, MNO3BOMSAOWNA ONpeaenuTb
CPOK BO3BpaTta CpeAcTB M BO3MOXHYI Npubbinb.
Tak kak MHBecTupoBaHne meponpusatTuii no KPM
Npon3BOANTCH €4MHOBPEMEHHO (B TE€YEHUe OfHO-
ro roga), To M30paH CTaTMYECKU MnokasaTenb —
cpok okynaemocTu [3]. o BennynHe gaHHOro na-
pameTpa NPUHUMAETCA OKOH4YaTenbHOe peLleHue
Nno ycTaHOBKE 3TOro ycrtponcrtea. PacdeT cpoka
okynaemoctn KY npousBoauTcs MO M3BECTHOW

dopmyne:

Uyy
T, = . 8
% (8AP - APy Quy)co T ®
rae Ly, —crtoumocTb KY, py6; APy, — yAenb-

Hble notepu B KY, B 3aBMCMMOCTU OT UX NPOM3BO-
avntens (kBT/kBAp).

Takum obpasom, Nony4mMB pacyeTHble 3Ha-
YeHNs1 MEeCT YCTaHOBKW, MOLLHOCTU, a Takke ad-
dekTMBHOCTU KY, Mpou3BOAUTCA UX paHXMpoBa-
HME MO CpoKaMm 3aKyrnku U MOHTaXa.

Ha ocHoBe npensnioXXeHHOW MeToauKu pas-
paboTaH anroputMm ontumarnbHon KPM ans pac-
npegenuTenbHbIX CETEBbIX KOMMaHUA B YCMOBUSX
HeonpegeneHHOCTW, KOTOPbIV NpeAcTaBieH B BU-
0e YKPYMNHEHHOM BroK-cxeMbl Ha puc. 1.
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Henoneid,

HedocmosepHblli
unu HeorpeoeneHHbIl
rnomok

lMonHbIl
docmosepHbili
nomok

AHanu3s kayecmea
UHGhOPMaYUOHHbIX
1omoko8e

[Hocmosepusayus u
8occmaHoerieHue
UHGOPMayUOHHOZ0 MoMokKa

v

OnpedeneHue napamempos
pexuma o mMmooesnu

!

Pacyem pexuma 0o KPM

!

[exkomno3suyusi
anekmpuyveckou cemu

Bg0d ucxo0HbIX
OaHHbIX 8 cucmemy
KoMmrbromepHou
Mamemamuku

CocmaseneHue pac4yemHbix

Mampuy,
[
v
OnipederneHue MouwHocmu u
mMecma ycmaHoeku KY CmewaHHble
1 pe3ynbmamsi
pacyema
Bee (Qu>0u

Qky<0

Qxy<0 )

OueHka pesynbmama

Bce Quy>0

Pacyem pexuma nocne KPM

v

OueHKa 3KOHOMUYeCKoU
agpgpekmusHocmu KPM

Puc. 1. Bnok-cxema anroputma ontumansHo KPM

MoscHAst NpeanoXeHHyto BMok-cxemy, Heob-
XOOUMO OTMETUTb crefytoLlee: Anst NOTOKOB HU3-
KOro KadecTtsa NepBbIM LLUArom sIBMsieTca Ux Aoc-
ToBEpM3aUMs B Criydae HeOOCTOBEPHbIX MOTOKOB
N BOCCTAHOBIIEHME B CIlydae HeMoJiHbIX MOTOKOB
no mertogukam [1] u nonyyeHwe SKBUBANEHTHbLIX
3HaYEeHU aKTUBHOM W PeaKTMBHOM MOLLHOCTEN,
Heobxoaumbix ans KPM.

Takum o00pas3omM, ucxogHast WHdopmaums
noboro kavyectea NPUBOANUTCS K NPUBLIYMHOMY BU-
Oy [Ons pacyeTa YCTAHOBMBLUMXCS PEXUMOB.
Peanusauuio mMetoga MOXHO OCYLLECTBRAATbL C
NOMOLLBLIO CUCTEM KOMMbIOTEPHON MaTeMaTUKK
Mathcad n no6bix nporpamm Ansi pacyeTta ycra-

HOBUBLUMXCSA pexmMoB (Hanpumep, SDO-6 wnu
Rastrwin).

Mpu cocTtaBneHnn cUCTEM YypaBHEHUA AONIS
MHOXEeCTBa CxeM Oblina BbisiBNEHa cregyollas 3a-
BMCUMOCTb, MO3BOJISAIOLLIAA COCTaBMATb pacyeTHble
MaTpu1ubl MO TOMOMOMUN CETU U HAaNPaBIEHMIO NOTO-
KOB pPEaKTMBHOW MOLLHOCTW: [faBHas AuaroHanb
MaTpuubl [Y] COCTOUT M3 aKTUBHBLIX COMPOTUBMEHUI
OT UCTOYHMKA pPeaKTMBHOW MOLLHOCTW OO NUTaoLLe-
ro ysna (no peakTMBHOM MOLLHOCTW), OCTarbHble
3NeMeHTbl MaTpuLbl paBHbl NapameTpam anemMeH-
TOB, Ha KOTOpble BIUSIOT cMexHble KY; anemeHTbl
MaTpuubl [X] cocToaT u3 cymmbl A-koadduumeHTa
ans paccmatpuBaemoro KY u cymmbl npoussede-
HWA MOTOKa PEaKTMBHOM MOLLHOCTU MO 31EMEHTY Y
aKTVBHOTO COMPOTUBIIEHUS,, MPUYEM  3MEMEHTHI,
«BXOOsALLME» B CYMMY, Pa3rpyatoTcsi 3a CUeET yCTa-
HOBKW paccmaTtpusaemoro KY.

Monb3ysicb AaHHBIM POpMarnbHbIM NPU3Ha-
KoM, coctaBnsatTca maTtpuubl [X] u [Y].

Pacuer ontumansHon cteneHn KPM no
npeanoXeHHONn MeToauKe NPOLAEMOHCTPUMPOBaH
Ha npumepe 4YacTu pacnpedenuTernbHOW CeTu
110 kB aHeprocuctemsl MNpumopckoro kpas, npu-
Hagnexawen [anbHEBOCTOYHOW pacnpegenu-
TenbHOW ceTeBon komnaHun. 'pad cetn 110 kB
npuBEOEH Ha puc. 2.

[aHHbIN yyacTok BbIOpaH B BUAOY €ro HU3KOM
HabnogaemocTn. MIHOpMaUMOHHbIE MOTOKK, WUC-
none3yemble Ansg KPM, HenomnHble, noatomy Ha
nepBOM 3Tane OHW BOCCTaHaBnuBaroTcs. B tabn. 2
nokasaHbl BOCCTAaHOBMEHHbIE 3KBUBANEHTHbIE 3Ha-
YeHUs1 aKTUBHOW N PeaKkTUBHOW MOLLHOCTEN, Nomny-
YeHHble No mogensm [1].

Mo wToram pacuyeta ycTaHOBMBLLErOCS pe-
xuma ¢ nomowpto MNBK SDO-6 onpepeneHo, 4to
WrHbl ApTémoBckon TOL aABnsOTCA UCTOYHMKOM
aKTMBHOM MOLLHOCTM, a peakTMBHasi MOLLHOCTb
cTekaeT Ha Hux. lMonHbIM JOCTOBEPHBIM MaccuB
NCXOAHbIX AaHHbLIX NO CETU NpuBeLeH B Tabn. 2.

Tabnvua 2. UcxogHble AaHHble anAa pacyeta KY

nc Ne pxBr | QBAp | 9P
y3na no KPM

T135«B | 23 14223 | 6969 0,49

e  |T235KkB | 24 3616 | 1772 0,49
T16B | 21 3817 | 420 0,11

T26kB | 22 1320 | 30 0,03

Cryr. | 1235:® | 34 10161 | 2333 0,23
o TI6B | 31 4550 | 500 0,11
T26kB | 32 5970 | 1100 0,18

fpom- | T16«B | 41 5707 | 1567 0,28
yaen T26«B | 42 5153 | 1373 0.27

Mcxoga v3 3HaveHun koadppmumneHToB pe-
akTmBHom mMowHocTn go KPM (tabn. 2), ana pax-
HOW CXeMbl OnpenerneHo MNsTb BO3MOXHbLIX Y3IoB
yctaHoBku KY — yanel 23, 24, 34, 41, 42.

Ona yyactka cetn (puc. 2), ¢ y4eToM Ha-
npaBfieHMs1 MOTOKa PEeakTUBHOM MOLUHOCTM OT
nepBoro K NATOMY y3ny, OMNMCaHHble MaTpuubl
UMEIoT creayoLwun Bua;
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Rz +Ry 93 Ry, Ry,
Ri2 Riz+Ry_24 Ri2
Y= Ry, Ry, Ri2+Ry3 + Ry 34

Rz Rz Riz + Ra3

| R Ri2 Ri2 + Ra3
Rz Rz
Rz Rz

Riz + Ra3 Riz + Ra3

Riz +Roz + R3q + Ry 44 Ri2 +Ras + Ray

Ri2 + Ry3 + Ray Ri2+Ry3+Ras + Ry 42
] ©)
—Axz + Qi Ry + Q3 Ry 93
Aoy + QiaRiz + Qs Ry 94
X=|—Agy + QaRyp + Qug Roz + Qs R334
A+ Qo Ryp + Qo3 Roz + Qag Rag + Qi Ry 44
_—A42 + Qi Ryp + Qp3 Rz + Q3 Ray + Qg R4_42_
(10)
Ons noatBepXaeHus dopMansHoOro npu-
3HaKa, MNpPeprioKeHHOro Arfsi COCTaBNeHus Mat-
pul, HWKe npuBedeHa cucTeMa ypaBHEHWR, Mo-

ny4YeHHas no Bbllle NPUBELAEHHON MeToauke, Ans
y4yacTtka ceTu, n3o06paxkeHHOro Ha puc. 2:

Az —(Quz2 — Qry2s ~ Qy24 — Quyas — Quyar =
~Quya2)Riz —(Qo3 — Quy2s)Rz_23 =0,
Az = (Qi2 — Quy2s — Quy2s — Uyas — Quyar -
~Qya2)Riz = (Qs — Qky24)R2_24 =0,

A34 - (Q12 - QK)/23 - QKy24 - QKy34 - QKV41 -

B pesynbTaTte pelueHuWst cUCTEMbl ypaBHe-

HWUI (4) onpepgerneHbl crieqylolme Mecta U MoL-
HocTu KY, MBap:
QKy23 2,624

Quyoa | | -1635

Quyaa |=| 2,927 |. (12)
Quyar | | 1561
Quyar) \ 1599

Tak Kak oguH U3 MATU SNIEMEHTOB pesynbTu-
pyloLLen MaTpuLbl MONYy4YUnca OTpULATENbHbIM,
npousBoauTCca BTOpasd uTepaumsi pacdeta. [lpu
3TOM WCKITHOYAKTCHA CTPOKM U CTONOLbI UCXOAHBIX
MaTpuy, OTpaxarwlme ypaBHeHVWe Ans oTpuua-
TenbHoro KY. No utoram pacyeTa BTOpon nrtepauum
nonyyarTcsa OKOHYaTenbHbIe 3HadeHus KY, Meap:

Quyas) (2282

Quvaq |_| 2624 | (13)
Quyar) \ 1485

BuibupatoTcst 6nvkanime K pac4eTHbIM na-
pameTpam cepuiHO Bbinyckaemble KY, npousBo-
ONTCS pacyeT pexuma nocrne KoMneHcauun Ans
onpegeneHunsa cucteMmHoro adpdekra. Onpegens-
IOTCA CHWXEHMEe NOoTepb aKTMBHOM MOLLHOCTM
(3Heprvm 3a rog) u kO3 PULMNEHTbI peaKTUBHOMN
MOLLIHOCTW Mnocne komneHcauuu. [Janee npousso-
OUTCS TEXHUKO-3KOHOMMYECKas1 OLeHKa Lieneco-
obpasHocTu yctaHosku KY Ha kaxgon NC no cpo-
Ky oKkynaemocTu. Pe3ynbTaTbl pacyeTa CBELAEHbI B
Tabn. 3.

Tabnuua 3. Pe3ynbTtaT BbiGopa KY no yyacTtky cetn 110 kB
1 oLleHKa 3KoHoMMYeckoro adpdrekTa

~Quya2)Riz —(Qo3 — Quyza — Quyar — i
MecTo QKYpacw, QKchaKm, g(P T.. net
~Quy42)Ros —(Qas — Quyas )Rs_34 =0, yCTaHOBKM Meap |Msap |nocnekPM| ™
Ay —(Qu2 — Qy2s — Quy2a — Quyas — Qyar— (1) Havika T1 35 kB 1,716 118 0,36 34
—Quya2)Roz = (Qas — Quy 41— Quya2) Rag — Mpomysen T16«B |1,185 |[1,35 0,03 2,5
—(Q41—Qxya1)Ry_41=0, Mpomysen T26 kB |1,44  [1,35 0,00 2,2
A —(Quz2 — Quy23 — Quy2a — Quyza — Quyar —
~Quya2)Ri2 —(Qo3 — Quyzs — Quyat —
~Quya2)Ros —(Qa4 = Quy a1 — Quya2) Rag —
—(Qq2 ~Qgya2)Rs_42=0.
1 5
I 2 : |
! |
BOIJIHA T ATOL|
‘24 34
23 i
21 22 32 41 42
YAVKA CryTHUK MPOMYS3ET

Puc. 2. Yyactok cetn 110 kB
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AHanua nomnyyeHHbIX pe3ynbTaTtoB (Tabn. 3)
nokasan, 4to tge nocne KPM B HekoTOpbIX y3nax
OrM30K K HYMH, YTO CBMOETENLCTBYET O HECOOTBET-
CTBUWN MNPUHATBLIX cevyeHun BJT akoHoOMUYHOMY pe-
Xumy paboTbl (ydacTkn BJT BbInonHeHbl npoBoaoMm
M-70 n AC-120).

C nomoLLblO ONMMCaHHOW MeTOAMKN Bbinun on-
TUMU3MPOBaHbI MOTOKN PEaKTUBHOW MOLLHOCTM B
pacnpegenutenbHbix ceTsx 35—110 kB Mpumopcko-
ro kpasi. PacyeTHbIn CyMMapHbIA CPOK OKYNaemMocTu
Mo KXXHOMY PalOHy AaHHbIX CETEW C Y4ETOM CUC-
TemMHoro adhdpekta Npu egnHOBPEMEHHOM BHepe-
HUM cocTaBun 2 roga, npy 3TOM OOLLECUCTEMHBIN
achdekT oueHnBaeTca B 5 mnH pyb. B rog. B Ha-
cTosllee BpeMsi B JaHHOM paloHe pacnpenenu-
TENbHbIX CETEN OCYLLECTBMSIETCA MOHTaXK KOHOEH-
CaTOPHbIX YCTAHOBOK (MO HaLLUMM peKoMeHaaLMsM).

3aknroyeHue

PaspabotaHHaa metoguka KPM pgns pac-
NpeaenuTenbHbIX 3NIEKTPUYECKNX CeTel MO3BONS-

CaBuHa HaTanbs BuktopoBHa,
Amypckuii rocyaapCTBEHHbIN YHUBEPCUTET,

€T B YCMNOBUAX MH(POPMALIMOHHBIX MOTOKOB HU3KOTO
KadecTBa noslydaTb onTUManbHble 3HadeHns KY.

BbligeneHne ¢opmanbHOro npusHaka mno-
3BoNnseT npoumsBoauTb onTummudauuio KPM 6Ges
COCTaBMeHMs CUCTEM YpPaBHEHWI, YTO 3HaYMTENb-
HO obrneryaet paboTy K cokpaliaeT Bpems npu
opMMPOBaAHMM pacyYeTHOM Moaenu.

MpousBeneHHass opmanusaums metona
Bblbopa ontumansHon KPM v npegnaraembii an-
rOpMTM NO3BOJISAKT UCNONb30BaTh OOLLENPUHATLIE
nporpaMmHble CpeacTea.
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