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Benopycckuii Hayuonanvbublli mexuuieckull yHugepcumenm

B nocnennee necarunerne B o0beauaeHHOM 3HeprocucteMe (OOC) benapy-
CH aKTUBHO MPOBOJMIIACH U MPOJODKAETCS padoTa Mo 3aMeHEe WHIYKIMOHHBIX
MpuOOPOB y4eTa 3JIEKTPOIHEPTHUU B INEKTpUUECKHX ceTsx 35 kB u Bwimme Ha
nugposbie. Takue paOOTHI BBINOIHSIIOTCS MPH PEKOHCTPYKIMU KaXIOW TO-
craamuu 35 kB u ocobenHo B amekrpudeckux cersx 220-330 kB.

OmHUM W3 BXKHBIX MPEHMYINECTB MUQPPOBBIX MPHUOOPOB ydeTa dIEKTpHIC-
CKOW DHEPTUU SBJSIETCS TO, YTO KPOME MPUBBIYHBIX HHTETPATBHBIX ITaPaMETPOB,
TaKUX KaK CyMMapHOE KOJIWYECTBO 3JCKTPOIHEPTUU, OHU CIIOCOOHBI PETUCTPH-
pOBaTh W HAKAIUIMBAThH MOJYYaCOBBIC 3HAYCHUS MPOMYIICHHON aKTHBHOW U pe-
AKTUBHOW 3JICKTPUYESCKOW SHEPTUH, a MHOT/IA U IPYTHX PEKUMHBIX MapaMeTpoB
AJIEMEHTOB JJIEKTPUUIECKUX CETEH.

OT0 maeT BO3MOXKHOCTH BBINOJIHATH OINEPaTHBHBIC PACUYEThl TEXHUYCCKUX
MOTEPh JJIEKTPOIHEPTUU METOJAMH, paHee HE MPUMEHSBIIUMHUCS M3-3a HEIOC-
TaTKa UCXOJHON PEKUMHOHN MHpOpManuu. [[aHHbIE METOJIBI TO3BOJISIOT YUUTHI-
BaTh HE TOJILKO PETUCTPUPYEMbIC TPapUKU Y3IIOBBIX MOIIHOCTEH, HO U BCE TO-
MOJIOTUYECKHE U3MEHEHHS CXEMBI (MCTOPHUIO TIEPEKITIOUCHUI) 32 PACUCTHBIN Tie-
puoji BpeMeHH. BolInosiHsieMble TaKUM 00pa30M OINEPaTUBHBIC PacyeThl MOTEPh
AJIEKTPOIHEPTUH ONPEISNSIIOT 3(P(HEKTUBHOCTD JIEATEIILHOCTH YHEPTOCUCTEM 10
SKOHOMHUH TOIJIMBHO-DHEPI€TUYECKUX PECYPCOB, MO3BOJIAIOT BBISBIATH OUard
MoTeph, HAKTHI XUIICHUS JICKTPOIHEPTHH, HEYITCHHBIX OTPEOUTENEH U T. II.

B pesynbprare paboThl, TpOAETaHHON IO YIYYIIEHHIO WH(OPMAIMOHHOTO
obecnieuenus u Habmonaemoctu cereil, B OOC benapycu nHbOpMAIIMIOHHO BBI-
JEISIOT DIIEKTPUYECKUE CETH TPEX TPy HOMHUHAIBHBIX HAIPSKEHUH:

e CHCTEMOOOpa3yIOIIKe dICKTpHUecKue ceTr HanpsokenueM 220—750 kB;

o MMUTAOIIHE AIIEKTPUYECKUE ceTH HanpshkenueM 35-110 kB;

e pacTpeaeuTeIbHbIC AIeKTpuIeckue cetn HanpsbkerneM 0,38—-10,00 xB.

Cucremoo0pasyromue cetr 220-750 kB ocHaleHbl 3JIeKTPOHHBIMU ITPHOO-
pamMH ydera 3JCKTPOIHEPruy HawimydrmM oOpa3oM. [IpakThyecku Ha KaxIou
JIMHUM 3JICKTpOIepeaud JaHHOTO Kjacca HOMHUHAJIBHBIX HANPSKCHUN YCTaHOB-
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TieHbl U(POBBIE YUETH C IBYX CTOPOH. ABTOTpaHc(opmaropsl B ceTsx 220 kB
W BBIIE 00OpYAOBaHbI LU(PPOBHIMH yUeTaMH Ha CTOPOHAX BBICOKOTO W/HIIH
CPeIHero HaIlpsDKEeHHUs, a HEKOTOpble aBTOTpaHC(POPMATOPHl — M Ha CTOPOHAX
HU3KOT'O HAIPsDKEHHSL.

[Muratomme snexrpuueckue cetu 35-110 kB ocHameHs! HUPPOBHIMHU yueTa-
MH BO BCEX TOUYKaX IMOCTYIUICHHUS AJIEKTPUIECKol 3Hepruu u3 cereit 220750 kB
n 35-110 kB cocegaux suepromonpasnenenuid. I[IpoBomutcs Gombimas padota
no o0Bs3ke mUQpoBbIMH ydueTamu BBOJOB 6—10 kB tpancpopmaropos 35 kB
U BBIIIE. Y3Ke ceroHs Hu(poBbIe yueThl YCTAaHOBICHBI B CpeJHEM OoJiee ueM Ha
70 % BBomoB 6—10 kB tpancdopmaropos 35 kB u Beimie O9C benapycu. B ve-
KOTOPBIX OOJIACTHBIX JHEProcCHUCTeMax, Takux kak, Hampumep, PYII «['pomno-
sHEproy», «['omensanepro», 3to uncno npudmmwkaercsa k 100 %. I[Momumo yka-
3aHHBIX MECT YCTaHOBKH IMTU(MPOBBIX yueToB B ceTsax 35-110 kB, umu momnosHu-
TETHFHO OCHAIAIOTCS HEKOTOPhIe MecTHBIE TuHUY 110 KB Ha muTarommx KoHIax
(B TOM UuCIie ¥ JIMHUM C OTMAMKaMu), SJIEKTPOCHA0KAIOMIE KPYTHBIX OTPEeOH-
TeJIel WK SHEpropalioHbl, Harpy3ka KOTOophIX npessimaet 30 MBT.

Pacnipenenurensueie snmekTpudeckne cetn Hampspkeauem 0,38-10,00 kB
O3C benapycu ocHamieHbl MHUPPOBEIMU YUETaMHU JJIEKTPOIHEPTHH HECKOJIBKO
xyxe, ueM ceTu 35 kB u Briie. Tem He MeHee B TeUeHHE ONFMKANIINX HECKOIb-
KHX JIeT IUIaHUPYeTCS YCTaHOBUTH IU(POBBIE y4UeThl Ha Bcex BBoaax 6—10 kB
TparchopmaropoB 35 kB u Beime. Kpome Toro, mudpossie mpubopsl ydera
AIIEKTPOIHEPTHH MPEIyCMaTPUBAIOTC TakKe Ha BceX JMHUAX cBsizu 6—10 kB
C COCeIHHUMH CTPYKTYPHBIMH SHEpPronopasfeicHusIMH. TakuM o0pa3zom,
oxumaercs, uto B OOC bemapycu B CKOpOM BpPEeMEHH OCYIIECTBUTCS OOBS3Ka
UUQPPOBBIME  y4eTaMH BCEX TOUYEK IOCTYIJICHUS DIIEKTPOIHEPTHH B CETH
0,38-10,00 kB. [ToMrMO 3mEKTpUUIECKUX CETEH, HUPPOBHIE YUETHl yCTAaHOBICHBI
Tak)Ke BO BCEX MeCTaX BhIpaOOTKH anekTpudeckort sHeprun OOC benapycu.

Hawnbonee ToOYHBIM M ONEpPaTHBHBIM HCTOYHHUKOM JIAHHBIX O PEXHMHBIX Ma-
pameTrpax 3JeKTPHYECKON CHCTEMBI sBIsieTcs TeleMexaHuka. LludpoBbie ycr-
pO¥icTBa MO3BONSIFOT KOHTPOIMPOBATh PEXKUMHBIC TIapaMeTphl JIMHANW U TpaHC-
(dhopmaropoB, 0JTHaKO, Kak CIeIyeT U3 BhIIeckazanHoro, B OOC benapycu nmu
TIOKa e1lle KOHTPOJIUPYIOTCS HE BCE SJIEMEHTHI AJIEKTPHUUECKO ceTH.

TumoBas cxema pa3MerieHUs] HUQPOBBIX YCTPOUCTB PETUCTPALMU PEKHUM-
HBIX TTapaMETPOB 3JIEKTPUIECKON CeTH MoKa3aHa Ha puc. 1.

330 kB

P’Q P’Q P’Q

10 kB

P, Q|[P.Q

Puc. 1. TunoBas cxema pa3MerieHns] TUPPOBBIX YCTPOHCTB PErUCTPALIMU PEKUMHBIX IAPaMETPOB
3NEKTPUYECKOH ceTr (0003HaYEeHBI IPAMOYTOIbHUKAMMU)



U3 puc. 1 BUAHO, YTO JMHHUU U Y3IIbl, CHAOXKEHHBIE ITUPPOBBIMU yCTPOUCT-
BaMH PETHCTPALUHN PEKUMHBIX MapaMeTpoB, 00pa3yloT 3JEKTPHUUSCKH CBS3aH-
HBIA paifioH CeTH — HaOJII0JIAaeMYI0 YacTh JJIEKTPUUIECKON cHcTeMbl. OcTalbHbIe
JIMHHUH | Y3IIbI 00pa3yIoT ee HeHaOro1aeMyro 4acTh (Ha puc. 1 HeHaOmoqaemast
4acTh CX€Mbl 00OO3Hau€Ha 3aMKHYTOW IITpUXOBON JuHHEW). ['paHuna mexmay
HaOIr0IaeMOl 1 HeHAOJI0JaeMON YacTSAMHU JJIEKTPHUYECKON CUCTEMbI TIPOXOUT
mo mmHam 35-110 B tpancopmaropueix moxacranmmii 220 kB
W Bbllle. EMMHCTBEHHBIM MCTOYHUKOM HH(OpMAlKU O PEKUMHBIX IapaMeTpax
HeHaOJII0aeMOl YacTH CeTH SBIISIOTCS CE30HHBIE 3aMephl MOITHOCTEH, BBITION-
HsE€MBIE B DHEProcHcTEMax [Ba pas3a B roj BpydHyro. Kak mpaBuio, B IHU ce-
30HHBIX 3aMEpPOB CHUMAaeTcs He 0oJiee TpeX-4eThIpeX TOUeK CyTOYHOTO IpaduKa.
[loaToMy I BBIONHEHUS OMEPATHBHBIX PACcUETOB IOTEPH JIIEKTPOIHEPTHH
TpeOyeTcss MOJETUPOBAHUE CYTOUHBIX TI'padMKOB HAarpy3oK HeHaOmogaeMoit
gactH cetd. [Ipyu Manom dncie HabIoAaeMbIX 3HAUYCHHI MOMYyYUTh TOCTATOYHO
TOYHYIO MOJIENb rpadrKa BO3MOXKHO TOJIBKO HA OCHOBE ammaparta (aKTOpHOTO
CTaTUCTUYECKOT0 aHajin3a MOCTOSIHHO PETUCTPUPYEMBIX I'paHKoB Halmronae-
MOM YacTH JJIEKTPUUYECKOM CeTH, KOTOpBIA BKIIIOYAaeT B ceOs Cleaylole
ocHOBHBIE 31ars! [1-3]:

e TIOJTyYCHHE TJIaBHBIX (aKTOPOB HA OCHOBE aHajM3a «0Oydaromieid BBIOOp-
KID» TPaUKOB AIIEKTPUIECKON CEeTH;

® PErPECCUOHHBIN aHAIU3 BCEX Y3JIOBBIX MOIIHOCTEN 3JIEKTPUUECKON CETH C
WCTIONIb30BaHUEM TJIABHBIX ()aKTOPOB B KauecTBe (PYHKIUH-PErpeccOpoB;

o MOJICTIMPOBAaHHUE YPAaBHEHUH CBSI3M HE3aBUCHMBIX (HAarpy30K y3JI0B) U 3aBU-
CUMBIX (Y3JIOBBIX HANpPsDKCHHH) TIEPEMEHHBIX Ha OCHOBE (DaKTOPHBIX MOJIENICH
Harpy30K y3JIOB;

e YTOUHEHHE MaTEeMaTUYEeCKUX OXKUIAAHWN HaNpsyKEHWH y370B C IOMOIIBIO
(hakTOpHOI MOZEITA MOIITHOCTEH.

PaccmoTpum niepednciieHHbIC ATAIBI TOAPOOHEe.

IHosyyenue riaaBHbIX (aKTOPOB. [ onpeaeneHus: OOUIX 3aKOHOMEPHO-
cTell KoJre0aHusT MOITHOCTEW MCXOMHON COBOKYITHOCTH HAarpy304YHBIX M reHepa-
TOPHBIX Y3IJI0B, BXOJAIINX B AJIEKTPUYECKYIO CETh, HA OCHOBE aHajm3a «00y-
qaroled BBIOOPKU» TPa(UKOB CETH BBIIEISIOTCS TIIaBHbIE (QakTophl. Tak Kak
WCXOAHBIMH aHAIM3UPYEMBIMH CITy9aifHBIMU BETMYMHAMH B JTaHHOM CITydae sB-
JISTFOTCSL MOIITHOCTH y3710B P 1 Qj, TO M BBIAENEHHBIE (PaKTOPBI HHTEPIIPETUPY-
IOTCS KaK HEKOTOpbIe «0000IIeHHbIe TUTIOBBIE Tpadukm» (OT).

B nensix ycTaHOBJIEHUS OCHOBHBIX TEHACHLIMM M3MEHEHHS] MOIIHOCTEH He-
00X0JIMMO TIPOAHAIM3UPOBATh pealbHble TPAdUKU JOCTATOYHO OOJIBIION COBO-
KYITHOCTH y3JIOB W JIMHAW 3JIEKTPUYECKON CHUCTEMBI, OTPaXKarolINe OCHOBHBIC
3aKOHOMEpPHOCTH M3MEHEHHS BCEX aHAJIM3UPYyEeMBIX 00BEeKTOB. I'paduku, Ha Oc-
HOBE KOTOPBIX BBHITIOIHIETCS aHAIN3 YKa3aHHBIX 3aKOHOMEPHOCTEH, COCTABIISIOT
oOyuarornyto BbIOOpKY. B kauecTBe 00yudaroiieii BHIOOPKH CJEIYET UCIOJIb30-
BaTh IOCTOSHHO PETHCTPHUPYEMBIC ITUGPOBBIMU MPUOOpaMU TPapUKH dIIEKTPH-
YeCKUX CTaHLMH, CYMMapHBIX Harpy3oK 3JEKTPUYECKUX CHCTEM, IEPETOKOB IO
cucreMoo0paszyronmmM JTUHUSIM. KpoMe Toro, B 00y4aromryio BBIOOPKY MOXHO
BKIIFOYUTH CyMMapHble TpadUKH HArpy30K pa3iIUYHBIX OTpaciei MpOMBIILUICH-
HOCTH, PpETUCTPHpPYEMBble COBITOBBIMH IIO/PA3AEICHUSIMA JHEPTOCHCTEMBI.
B 3aBucuMoCTH OT BpEMEHHOTO NMPOMEXYTKAa MOJEITHPOBAHUSA 00ydalolie BhI-
OOpKHU COOTBETCTBEHHO MOTYT UMETh Pa3IMYHbIC JITUHBI (CYTKH, MECSAII, TON).



Ha ocnoBe o0yuwatomieii BeiOopku rpadukoB P u Q; crpoutcs MaTpuia BbI-
OOPOYHBIX KOPPEIAIHOHHBIX MOMEHTOB!

o’ (%)  cov(X,X) - cov(X,X,)
2 “ee
cov(x)=| VU %) el evBeR)| g
CoV(X,, %) COV(Xy, %) =+ o°(%,)
riae
2 1 < 7 \2

" (%) n_1i:l(x. ) )

— 1&
X==>"% ©)

Nz
X = { P, Qi} — rpad)MKu MOIIHOCTEH 00yJaroIiei BEIOOPKH. 4

MHoecTBO 000OIICHHBIX TPA(UKOB SIBITIOTCS JTUHEWHOW KOMOMHAIMEH wuc-
XOJIHBIX [IEHTPUPOBAHHBIX CITyYaiHBIX BEIMYUH U OTPEIEIISIFOTCS 1Mo (hopMyIie

n _
GrzzhriAXi’ (r:]-a n)1 AXlle_l\/l(xl)’ (5)
i=1
WM B MaTPUYHOH hopme
G =HTAX. (6)

Martpwutia BEIOOPOYHBIX KOPPEISIIMOHHBIX MOMEHTOB JIJISl HOBBIX CITyYaiHBIX
BEJIMYUH OIpeeNsieTcs o Gopmyie

cov(G)=HTcov(X)H = A,

riae A — quaroHajbHas MaTpulla COOCTBEHHBIX YHCEN JJIS MAaTPHUIlEI BEIOOPOU-
HBIX KOPPEISIIMOHHBIX MOMEHTOB COV(X)

A= N ; ()

H — oproHOpMHpOBaHHas MaTpula, CTOJOIBI KOTOPOH MPENCTaBISIOT cOOOM
COOCTBEHHBIE BEKTOPHI ISl MATPHIIBI COV(X) ¢ KOMIOHeHTaMH hjj, yIoBiIeTBo-
PSIFOLMMHE YCIIOBHSIM:

-2

r=1

n ®)
Zhirhjr =0, i#].
r=1

Taxkum oOpazoM, pakropsl G; UMEIOT HyJIEBbIE B3aUMHBIE KOPPEISHOHHbIC

MOMEHTBI Cov(Gi,G j)zO,(i # j) u mucnepenn, omnpezernsieMbie 10 (popmyie



HoBele ciyyaiiHble BETHYMHBI MPEICTABISIIOT COOOH yIOOHYIO CHCTEMY KO-
OpAWHAT ISl TOYHOTO M MPUOIIKEHHOTO MOJETUPOBAHUS MCXOMHBIX CITydaii-
HBIX BEJIMYHH.

BexTop HCcX0aHBIX ciydaiiHBIX BETMYHUH X BBIPAXKAETCs 4YePE3 BEKTOP HOBBIX
CllydyaifHbIX BeNMYUH G pelieHneM JTHMHEHHON OTHOCHTENBHO X CHUCTEMBI ypaB-
HeHHil (6) ¢ y4eToM TOro, YTO JJISi OPTOTOHAIBHBIX MATPHII Olepanus ooparie-
HUS CBOJUTCS K TPAHCIIOHUPOBAHHUIO:

AX=HG, 9)
WK B KOOPAMHATHOH (hopme

A =3 hG,, (10)

r=1

rae hy — kommonenra i cobcTBeHHOr0 BekTopa H;.

Jlns monmydeHus TPUOTMIKSHHBIX (DOPMYT MOAETUPOBAHHS HCXOJHBIX CITY-
YafHBIX BEJIMYUH X; BEIOMpArOTCS Ciy4aiinbie BennuuHbl G, Gy, ..., Gg, c0OT-
BETCTBYIOIHE MaKCHMAIbHBIM COOCTBEHHBIM uwciaaM MaTpuiel COV(X). Tlpu-
OnKeHHBIC (HOPMYJIBI, BRIPXKAIOIINE UCXOIHBIC CTyYaiiHbIC BEIMYHUHBI X; uepe3
3JIEMEHTHI TONpOCcTpanHcTBa MojienupoBanus Gy, Gy, ..., Ggr, MOXHO mpencTa-
BUTH B BUJIE

R
r=1
[lorpemrHocTs MOIENMUPOBAHUS € OO0 JIMHEHHOW KOMOMHAITUH CITy4YaitHBIX
BEJIMUMH X; OIpe/esieTcs] U3 ypaBHEHUS

R

r=1

rae Y af =1 u yloBneTBOpSICT HepaBeHCTBY G- (&)< Ag,;; Ari1 — COOCTBECHHOE

YHCII0 MaTpuIbl COV(X).

Ha ocnoBanum cootHommenus (11) momyuatorcss ynoOHbIe MPUOTHKEHHBIE
(opMyIbl, BBIpaXKaIOIIME OCHOBHBIE MOKA3aTeNd W3MEHUYHMBOCTH M CTAaTUCTHYE-
CKOM CBSI3M MCXOAHBIX CIy4allHBIX BEJIMUYMH 4Yepe3 AUCIIEPCUU TIaBHBIX KOMIIO-
HEHT MOANPOCTPAHCTBA MOJEINPOBAHUS:

R
o’ (%)= Ahs; (13)

r=1

R
cov(X, X; )= D Ahghy: (14)

r=1

R

cov(X)=> A HTH,. (15)

r=1

Ecnmu pa3MepHOCTh MPOCTPAHCTBA MOACTUPOBAHUS R MCXOMHBIX CITydaifHBIX
BCJIIMYUH OOCTATOYHO Majia, KaK B ClIyda€ MOJACIIMPOBaHUA I‘pa(i)I/IKOB Y3J0BBIX
MorHocTel ¢ moMotieio OI, mpuMeHeHne (HakKTOPHOTO MOICIUPOBAHUS, 00eC-

9



MEYNBAOIIET0 MAaKCUMAaJbHYK) TOYHOCTh NMPW MHUHHMAJbHOM HYHCJE PErpecco-
POB, SBJISIETCS HE TOJNBKO 3(PPEKTUBHBIM, HO U CAMHCTBEHHO BO3MOXHBIM J{JIsI
uMmeronieiics Boioopku [1]. Takum oOpa3om, Ha OCHOBE JOBOJIBHO TPYIOEMKOM,
HO XOpOIIO Pa3pa00TaHHOW BBIYMCIUTEIHLHOW MPOIEAYpPhl U3 IpadUKOB MOII-
HOCTel 00y4Jaroieil BEIOOPKH BBIICISIOTCS HE 00Jiee JBYX-TpPeX 00OOIICHHBIX
THUTIOBBIX IpaUKOB, KOTOPBIC KaK pa3 M XapakTepH3YIOT «0OIIney 3aKoHOMep-
HOCTH W3MEHEHUS Y3JIOBBIX MOIIHOCTEH WCCIEAyeMOW SIEKTPUYECKOH CETH.
MOXHO TIEPEXOJUTh K CICAYIONIEMY 3Tally — PErPpecCUOHHOMY aHaU3y y3JI0-
BBIX MOIITHOCTEH.

PerpeccnonHbIii aHATIN3 Y3JI0BBIX MOIIHOCTeM. Llens naHHOrO 3Tama pac-
YETOB COCTOUT B TIOCTPOCHUH JJIsl KOXKJIOTO Y3Jia CETH HECKOJIBKMX CTaTUCTHYEC-
CKHX 3aBHCHMOCTEH MOIIHOCTEH NaHHOTO y3Ja, CHATHIX BO BPEMS CE30HHBIX
3aMepOB, C MOIIHOCTSIMHU BBIICJICHHBIX BBIIIC 0000IIEHHBIX TUIIOBBIX TPAPHUKOB,
COOTBETCTBYIOIINX BPEMEHHU IPOBENEHUS CE30HHBIX 3aMepOB. JTO O3HAYaerT,
YTO KOJMYECTBO MCKOMBIX YPaBHEHUH Perpeccuy B y3llaX HEHaOJF01aeMoi Jac-
TH CeTH OyJET paBHO YHCITY TOUEK CYTOUYHBIX TPAPUKOB, CHATBIX BO BpeMs IIpoO-
BOJMMBIX B QHEPTOCHCTEME CE30HHBIX 3aMEPOB.

ITocne Beimenenus Ol 3amada MpeACTABICHHUS] aKTHBHOW WM PEaKTHBHOM
MOIIHOCTH Ka)JIOTO HAOJFOIaeMOTr0 WM HEHAOII0aeMOro y3Jia CeTH WIIN BeT-
BU, YYaCTBYIOIICH B CUCTEMHOM 3aMepe, CBOJUTCS K CTaHJAAPTHOW MPOLEAype
perpeccuoHHOro ananu3a. Hampumep, 11 mpou3BoiIbHBIX MomHOCTeH Pig, Qis,
Pi2, Qi2, ---, Pin, Qin BBIpaXCHHs KaXXIOH TOYKH CE30HHOTO 3aMepa MOKHO
MPEJICTABUTH B OOBIYHOM JIS PETPECCUOHHOT0 aHaju3a Gpopme:

R
Pi=M(R)+> oG, +el;

i
r=1

R
P,=M(P)+) o G,,+¢&,;
2 ( |) rZ:;, ir-r2 i2 (16)

R
Q=M (Qi)-"zaiﬂrerl +&j;
=1

R
Q,=M (Qi)+ rZ:;,O‘;’rerz +&5; (17)

R
Qn =M (Qi)+zaiﬂrGrN +&/N>
=1

! 14

rae o;., o;, — HCKOMBIC KOS(i)(I)HLIPICHTLI JIMHEHHBIX CTATUCTHYSCKUX 3aBUCHUMO-

creii; M (F’,), M (Qi) — HUCKOMBIE MAaTEeMaTHUYECKHUE OXUIOAHUSA MOIIHOCTEH

Pi u Qi; Gy — 3HaueHHs 00001IEHHOTO TUIIOBOTO rpaduka G, COOTBETCTBYIO-
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! "

IMe MOMECHTY 3amMmepa S, €is» &jg — OCTATOYHBIC NOI'PCIIHOCTU MOACIUPOBAHUA,

KOTOpPEBIC ImpearnojararoTCsa CHy‘IaﬁHBIMH BCIIMYNHAMU C napamMeTpaMmu
M (g;s)=0; G;S =const =",
JIist TIoTydeHus 3HaUYCHUH KO3()(GUINEHTOB o, 0, M3 THIOBBIX I'PaHKOB

(hopMupyeTcst MaTpuIia HabIIOACHUN:

1 Gy Gy -+ Gy
G|y % B2 7 Cey (18)
1 Gy Gy -+ Gy
a 3aTeM PEIIAIOTCS CHCTEMBI JINHEWHBIX YPABHEHUH BUAA:
G'GA|=G'P;; (19)
G'GA!=G'Q,, (20)
rae A, Al — HCKOMBIC BEKTOPHI ONITUMAIIBHBIX OLCHOK C MapaMeTpamMu
M(R), &, M(Q), o, r=LR. (21)

HOCTpOeHHLIe TaKHUM o6pa30M CTaTUCTUYCCKUC 3aBUCUMOCTH MMPUMCHAIOTCA
IUIl MOJICJIMPOBAHMSl aKTUBHBIX M PEAKTHBHBIX MOIIHOCTEH mroboro (Habiro-
JaeMOTO WM HEHAOJII0J]aeMOro) y3i1a, y4acTBYIOIIErO B CE30HHBIX 3amepax, Io
CUCTEME YpPaBHEHUI:

R
R=M(R)+> G
r=1 (22)

R

Q=M (Qi)+ Za;,rGr'

r=1

OOBIYHO KOJMYECTBO CE30HHBIX 3aMEPOB HE MPEBBINIACT TPU-UETHIPE, & JIJIs
BBITIOJTHEHHUST PErPECCHOHHOTO aHAIU3a 3TO YHCIIO JOJDKHO OBITh OOJbINE YHCIIa
OIICHMBAEMBIX MmapamMeTpoB. [loaTomy Ha ocHOBe ypaBHeHui (16), (17) MoxHO
OTpeNeIUTh He Oosiee MBYX-TpeX KO3(h(HUIMEHTOB BEKTOPOB Aj, YTO BIIOJHE
JOCTaTOYHO, €CIHM YYeCTh OPTOTOHATBHOCTh 000OIICHHBIX THUIIOBBIX IPadUKOB.
Cucrema ypaBHeHHUH (22), 1O CYIIECTBY, MPEACTABISIET coO0 cMOAeTUpOBaH-
HbIC IpapUKH MOIIHOCTEH Y3JI0B, YHCIO TOYCK B KOTOPHIX B TOYHOCTH COOTBET-
CTBYET UCXOAHBIM rpadukamM oOyyaromiei BBIOOPKH. DTO 03HAYAET, UTO MO T'pa-
(hUKaM y3JIOBBIX MOIIIHOCTEH, BBIYMCICHHBIM TIO0 ypaBHEHHSM (22), BITOJIHE
MOJXHO BBIMOJTHITH OTMEPATUBHBIC PACUETHI MOTEPh JIEKTPOIHEPTUHM HA OCHOBE
MHOT'OYHCICHHOMN CepuH paCyY€TOB YCTAHOBUBIIUXCA PEIKUMOB, YHUCJIO KOTOPBIX
OyzeT paBHO 00ImeMy YHCITy Todek rpaduka. OgHaKko Ha MPAKTHKE IEIeCO00-
pasHee MOCTyNaTh HHAYe — BHAYaJe MOCTPOUTH MOJEIh, CBSA3LIBAIOIIYIO HE3aBHU-
CUMbIC U 3aBUCHUMBIC NEPEMEHHLIC YCTAHOBHUBILICTOCS PECKHUMa SHGKTpH‘IeCKOﬁ
CETH, a 3aTeM YyIKe TPOU3BOUTH PACUETHI TIOTEPD.
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MogaeanpoBaHue CBSI3M Y3J10BbIX MOIIHOCTeH (He3aBHMCUMBIX NepeMeH-
HBIX) M Y3JIOBbIX HANpPsi:KeHUil (3aBUCHMbLIX NMepeMeHHbIX) HA OCHOBeE IO-
CTPOEHHBIX (PAKTOPHBIX MoJeJIell y310BbIX MolIHOCTell. OCHOBHAS UIES MO-
JEMPOBaHUSI COCTOUT B TOM, YTO OTKJIOHEHHUS OT MaTEeMAaTHYECKUX OKHUIAHHHA
Y3JI0BBIX HANPSHKCHUH MOXXHO NPUOJIMKCHHO BHIPA3UTh Y€pe3 JUHEUHYIO KOM-
OuHaIMI0 000OIICHHBIX TUIIOBBIX I'Pa(UKOB:

R
AUi, = ZYi,rGr;
"~ (23)
AQEEEﬂQ‘
-1
3HaueHus Y;,, Y, OHPEACIAIOTCS U3 IMHEHHBIX ypaBHECHHUIT BUA:
oP oP
e, .
ou' out || Y || A 24)
6Q aQ y'lr AI lr
oJ' ou"
rae Al, Al —BeKTOPHI C KOMIOHEHTAMH o, o, i=1n.

C yuerom 3aBucumoctH (23), B koTopoil Bemmunnbsl AU/, AU BbIpaxkeHBI

gyepe3 0000uieHHBIe THUIMOBBIE Tpaduku Gj, YIOBIETBOPSIOMIME YCIOBHIO

COV(Gi,G i ) =0,i# ], npuOIMKEHHOEe BBIpAKEHHE MOTEPh 3JICKTPOIHEPTUH B
BETBH i—] 3aIUIIETCS B CIIEAYIOIIEM BHIE:

R R
AW, =| AR (M (U7), M(UM) | 2 (v =73 ) 2+ =750) e |0y [T (25)
r=1

r=1

®opmyna (25) mo3BOISLET ONPEACTATH HOTEPH IIEKTPOIHEPTHH C TIOMOLIBIO
(R + 1) perenuii TuHEApU30BAaHHOW CHCTEMbI YPaBHEHHUH C MOCTOSHHON Mart-
putieii. B nanHO# QopMysie HCTIOMB3YIOTCS MaTeMAaTHUSCKIE OXUIAHWS HATIPS-
xenuit U’, U" y3noB ceru. IlpubnmkeHHble 3HAYEHUS STHX BEIMYMH MOTYT
OBITH ONpe/eIeHBl U3 Pe3yJbTaTOB pacuyeTa YCTAHOBHUBILETOCS pEKUMa MaTeMa-
TUYECKUX OXKHJAHWK MOITHOCTEH y3710B. B HEKOTOpBIX ciydasx Takoe mpuoOu-
KEHUE NPUBOIUT K AOBOJBHO OLIYTHUMBIM IOTPELIHOCTSM BBIYMCIICHHS 3Haue-
auii M(U'), M(U"). [lostomy 1uist moiydeHus Oonee crporux 3xadenuii M(U'),
M(U'"") HeoO6X0MMO MPOU3BOAUT X YTOYHEHHE, HAITPUMED C MCIIOIb30BaHHEM
QITOPUTMA KBAJPAaTHYHOM amnmnpoOKCHUMAallMU YpaBHEHUH yCTaHOBMBILEIOCS pe-
kuma [1].

BbIB O bl

1. Bospocriee 4ncio UCHoab3yeMbIX B anekTpudeckux cetssx OOC benapycu
IUQPOBBIX MPUOOPOB ydeTa SJIEKTPUUECKONW HHEPTUM IO3BOJISIET BBINOJHSITH
OIlepaTHBHbIE PACUYEThl TEXHUYECKUX IOTEPh NIEKTPOIHEPIHMHM HA NPUHLIUIM-
aJIbHO HOBOM Ka4e€CTBEHHOM yPOBHE.
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2. HenomnHoe OCHAIlEHWE JJIEKTPUYECKHX ceTed HU(POBBIMH TPHOOpaMu
yueTa JIIEKTPUYECKOW IHEPruM 00pasyeT B DIICKTPUUECKUX CXeMax HeHaOro-
naeMbie (parMeHThl, TJie €TMHCTBEHHBIM HCTOYHHKOM UH(OPMAIMH O TIapameT-
pax pexuma sBJISIOTCS CE30HHBIC 3aMepHl.

3. JlocTaTO4HO TOYHOE MOJENMpOBaHHE Tpa(UKOB HArpy30K HeHaOIoaae-
MBIX (PParMEHTOB DICKTPUIECKUX CXEM MPHU MAaJOM YHCIIC W3BECTHBIX 3HAUCHUI
BO3MOKHO Ha OCHOBE (paKTOPHOT'O CTaTHCTHYECKOTO aHAJIM3a MOCTOSHHO PEeru-
CTPUPYEMBIX rpa)uKOB HAOII0IAEeMBIX ()PAarMEHTOB CXEM.
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K 50-nemuro xagpeoput
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YIK 621.311

ONPEAEJEHUE 30HbI MEXKIY®A3HOI'O TIOBPEKAEHUSA
B BO31YIIHbBIX PACHHPEJEJIUTEJIBHbBIX
SJIEKTPUYECKUX CETAX

Kamnpa. texu. nayk, nou. KAJJEHTUOHOK E. B.

benopyccxuii nayuonansbhulil mexnuyeckuil yHugepcumen

Bo3aymasie TUHUH 3JIEKTPOTIepeIavr SIBISIFOTCS HAan00JIee TTOBPEKIACMBIMH
AJIEMEHTAMM DJICKTPUYECKON CeTH M TPeOYIOT 3HAYUTENBHBIX MaTCPHAIbHBIX,
SHEPTeTUYECKUX M JIFOACKUX PECYpPCOB IJIsl YCTpaHEHUS moBpexacHuid. Kak mo-
Ka3bIBACT OIBIT DKCIUTYaTaIldH AJICKTPHUECKHUX CETEH, OONbIIas 4acTh BPEMEHHU
MPH BOCCTAHOBJICHUU SJIICKTPOCHA0KEHUS TOTPEOUTEINCH YXOAUT Ha OTHICKAHUE
MecTa MOBPEXAeHUS [1]. YCKOPHUTH 3TOT MPOIECC MOXKHO C TMTOMOIIBIO THCTaH-
IIMOHHBIX METOJIOB M CPEJICTB OTPEACICHIS PACCTOSHUS 0 MECTa TIOBPEXKICHHS
B PacCHpe/CIIUTEIIbHBIX AJICKTpUYeckux ceTsax. OnHako pa3HooOpasue BUIOB
¥ XapakTepa MOBPEKICHUH, a TAKKE CTPYKTYPHI B YCIOBUH pabOTHI JIEKTpHUUe-
CKUX CETell HE MO3BOJISAET MOJIYYUTh KaKOW-JIMOO YHHBEPCAIBHBI METOJ| OIpe-
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