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Pe3epBI/IpOBaHI/Ie TJIaBHBIX U BCIIOMOTaTCJIbHBIX KOHTAKTOB MAarHUTHBIX ITyC-
KaTelneil o MaXOPUTAPHOU CXeME «J[Ba U3 TPEX» MO3BOJISIET MOBBICUTH BEPOSIT-
HOCTb 6C3OTK33HOI>'I pa6OTI:I " CHU3UTH BEPOATHOCTb UX PASHOMMCHHLIX OTKAa30B
BO BCEX pCXKUMax Ha IMOPAAOK H OoJibIle Ha paHHUX CpPOKaX JSKCIUTyaTallun
(mo mATH ;ET) W A0 Tpex pa3 Ha Oojiee MO3MHUX CpoKax (IATh JeT U Oojee).
HecmotTpst Ha yClOXKHEHHE M YJIOPOKAHUE KOHCTPYKIIMH, PE3CPBHPOBAHHBIC
MAarHuTHBIC IIyCKaTCJIM NEPCHCKTUBHBI JId YIIPABJICHUA aCHMHXPOHHBIMU 3JICK-
TPOABHIATENSIMH B IMPOU3BOJCTBEHHBIX MpoOIeccax, K HaJIeKHOCTH KOTOPBIX
MPEIBABISIFOTCS. 0CO00 BBICOKHE TPEOOBaHMUS, HAIIPUMEDP HA aTOMHBIX 3JICKTpPO-

CTaHIHX.
JUTEPATYPA

1.4y Hu x uH A. A. DJekTpuyecKrne ammaparbl: OOMmMHA Kypc: y4eO. Jis By30B /
A. A. Uynuxun. — M.: DHeproaromusaat, 1988. — C. 326-331.

2.CotckoB,b. C. OCHOBBI TeOpUH U pacyeTa HaJECKHOCTU JIECMEHTOB U YCTPOMCTB aBTO-
MaTHuKH U BeraucnurenbHol Texauku / b. C. CotckoB. — M.: DHeproaromuzaar, 1970.

3AEumeHK O, B. A, OcobeHHocTH pacdueTa HaJeKHOCTH PE3ePBHPOBAHHEIX peleiiHoO-
KOHTaKTHBIX CXEM YCTpOUCTB aBToMaThku / B. A. Anumienko, A: I'. Maiictposuy, A. B. Jlecora //
Ouepreruka... (V3B. BbicuI. y4eb. 3aBeaeHuil u suepr. oowvegunenuit CHI). — 2012, — Ne 3. —
C. 5-12.

[Ipencrasnena kagpenpoit
ANIEKTPOCHAOKECHUS Mocrymmna 31.01.2013

VK 621.311.019.3

OIIEHKA BAJTAHCOBOM HAJIEXKHOCTH
JTE®@UIIUTHON SHEPTOCUCTEMBI

Kana. Texn. Hayk, nou. AJIEKCAH/IPOB O. I/l.l), acn. PAIOMAH H. B.2,
unzk. )KYKOBCKASI T. E.

1 . . .
)Benopycckuii 2ocydapemeennbiii mexnono2uueckui ynueepcumen,
2 z ~ o
) Benopycekuii HayuOHanbHbiti MexHuYeckuil yuugepcumen

O6nenunennas sHeprocucrema (OOC) Pecnybnamku benapyce rpaHuuuT
C 3HEprocucTeMaMU IISITH compenenbHbIX rocynapcts (Poccus, Jlutsa, Jlarsus,
Vkpauna, [lonpiua), uMess ¢ HUMH MEXIOCyIapCTBECHHbIE NEPETOKH 3NIEKTPO-
sHeprud (29) mo 38 nuHusAM. B cBs3u ¢ ocTpoil mpobiieMoit o0ecrie4eHHOCTH
OO3C »nHepropecypcamMu OCHOBHOM 3a71adueil SIBISETCS PalliOHATBFHOE MX UCIIONb-
30BaHHME C Y4YETOM MOJIydeHUs] DO U3 CMEXHbIX, U30BITOUHBIX 110 MOIIHOCTH
SHEpProcucTeM (HOMHUHAIBHBIH UMOOpT DD — okoio 5,0 mapa kBt-u/rox). Ilo-
TOMY B3aMMOJEWCTBHE YHEPTOCUCTEM C YYETOM BBICOKOBOJBTHBIX MEXCHCTEM-
HBIX TpaH3uToB (MT) ompexnenser HameKHOCTb JJIEKTPOCHAOKEHUS ICHHUITUT-
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HBIX PETMOHOB U TMPHOOpPETaeT HE TONBKO PEXHUMHBIM, HO W SKOHOMHUYECKHMA
CMBICIL.

[TockonbKy COBpEMEHHbIE MHUTAIOLINE W MEKCHUCTEMHBIC JTUHUH 3JIEKTPOTIe-
penaun (MJIDII) mpeacraBnsaoT co00il MHOTOKOHTYPHYIO M CIIOKHO3aMK-
HYTYI0 CETEBYIO CTPYKTYpY, BHIOOP pallMOHAJbHBIX PEXHMOB 3KCIUTyaTallUH
3HeprocucTeMm ¢ yuerom MT — 0BOJIBHO TpyJHas 3a1ada, KOTOpas UMEET psif
MPUHIAITHAIBHBIX 0COOCHHOCTEH, BRI3BIBAIOIINX OIMPEJIEIICHHBIE CIIOKHOCTH.

1. Tak kak MT npezcraBnser co00i HE TOABKO CTPYKTYPHOE, HO U DKCILTya-
TAIMOHHOE TOHSTHE, BEIMYMHA M HAIlPaBJIEHHE KOTOPOTO OIMPENEISIOTCS B OC-
HOBHOM [IUPEKTUBHBIMHU, JOTOBOPHBIMU U OINEPATUBHO-IUCIETYEPCKUMHU Tpe-
OOBaHMSMH, SKOHOMHYECKHE IIOKa3aTeNId CMEXHBIX JHEPrOCHCTEM IO CyTH
He 3aBUCST OT Ka4eCTBa MX PabOTHI.

2. CoBmecTHasi paboTa SHEProCUCTEM B cocTaBe 3HeprooObeauaeHus (J0)
M0 CPaBHEHHIO C WX pa3AeibHOM paboToH CYLIECTBEHHO MOBHILACT YKOHOMHY-
HOCTh ¥ HaJIe)KHOCTh MIPOU3BOJICTBA M paclpeAeNieHus IeKTpodHepruu. Kpome
TOTO, TOSABISETCS BO3MOYKHOCTh CHHKEHHS BEJIWYMHBI CYMMapHOTO pe3epBa
MOIIIHOCTH.

3. IlpuMeHsis TpaJuIUOHHYI0 METOJIUKY 10 MEXPAaOHHBIM pacyeTam 3a I3,
HEBO3MOJKHO BBINOJHUTH JOCTATOYHO AOCTOBEPHOE IJIAHWPOBAHUE BEIMYMHBI
MOTEPh YHEPTUU B OCHOBHBIX CETSX DHEPrOyNpaBlIeHUN, TaK KaK PeXUM pabOThI
MT B CI0XHO3aMKHYTOW CXeM€ MMEET PEBEPCHBHBIN XapakTep M 3aBHCHT OT
PEKUMOB pabOTHI BCEX NEKTPOCTAHIIHM.

4. B ycnoBusix pesepcuBHOro MT moa4ac TpyAHO BBIIOTHUTH aHAIN3 BIIHSI-
HUSI MEXKCHCTEMHBIX MEPETOKOB DD Ha AKOHOMHUYECKHE ITOKa3aTelH Iepeaaro-
IMX M HPUHUMAOMMX 3HeprocucreM. CIOXKHO ONPEAETUTh SKOHOMUYECKH
000CHOBaHHBIE BETUYMHBI Tapr(PoOB, KOTOpbIE obecrieunBaiu Obl W30BITOYHOM
0 MOITHOCTH YHEPrOCUCTEME BO3MEIEHHE 3aTpaT Ha MMPOU3BOACTBO OOMEHHOM
SHEPTUU U COOTBETCTBYIOILYIO MPUOBLIB, TOCTATOUHYIO AJISl BHECEHUS IUIATHI 32
MPOM3BOACTBEHHBIE (OHIBI M (OHIBI MaTEepHUATHHOTO MOOoMIpeHus. EcrecTBeH-
HO, YTO 3TH Tapu(bl. TOHKHBI O0ECIeYNTh SKOHOMUYECKYI0 3aMHTEPEeCOBaH-
HOCTh B OOMEHE HSHEpPTHEH MEXIy MapajuleNbHO BKJIIOYCHHBIMH JHEPrOCHUC-
TeMaMH.

5. JleduurHBIE IO MOIIHOCTH 3HEPTOCHCTEMBI, MMOJIYYAIOIIUE YHEPTHIO OT
CHCTEM-JIOHOPOB € HEBBICOKOH ce0ECTOMMOCTBIO €€ IPOU3BOCTBA, UCTIONB3YIOT
YMEHBIIEHHBI Tapu(} IO OIulaTe W COOTBETCTBEHHO WMEIOT HEOOOCHOBaHHO
3aBBIIICHHYI0 TPUOBLIH OT PECITYOIUKAHCKUX MEKCUCTEMHBIX U MEKOOIACTHBIX
MIEPETOKOB.

6. JledumurHas snekTposHeprerudeckas cucrema (39C) Ooiee momBepxke-
Ha BO3MYUICHHSAM M3-32 BO3MOXHOTO PE3KOI0 MU3MEHEHMs Harpy3Ku pexumMa
U «0oJjiee YyBCTBUTENIbHA» K HEPETYISIPHBIM KOJIeOaHUSIM OOMEHHON MOIIHOCTH.
[Ipn mapamnensHOIt paboTe B cocTaBe TaMOKEHHOTO JSHEProoO0heTHMHEHHS
(T20) perymupoBaHHe 4acTOTHI M aKTHUBHOW MOIIHOCTH B PecmyOmuke bena-
pych NOAAEP>KUBAETCS B OCHOBHOM C TIOMOIIBIO M30BITOYHOW 3HEPTOCHCTEMBI
(EDC P®) aBTOMAaTHYECKUMH CPEACTBAMH C aCTaTHYECCKOW M aOCONIOTHO KECT-
Koii xapakrepuctukoir P =&(f) B npemenax +0,2 I'u, Tak kKak pecypcoB coOCT-

BEHHBIX PETyIUPYIOIUX CPEJICTB CHCTEMHOW aBTOMATHUKH B JHEPrOCHCTEME
pecniybnmuku He Bcerma jgoctarodHo. CoaydaiiHeie ke KoiiebaHusS OOMEHHOM
MOITHOCTH CO3JAI0T TPYJAHOCTH B YIPAaBICHUH MOTOKAMH 3HEPTHH W YCIIOXKHSI-
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I0T 3aJady oOecIieueHHs] yCTOWYMBOCTU MapajlieibHOW paboThl AeULMTHBIX
33C, 4ro BecbMa CYIICCTBEHHO CKa3bIBaeTCS HAa HAAEKHOH paboTe MexcHuc-
TEMHBIX CBS3€il OrpaHNYEHHON MPOIYCKHOM CIIOCOOHOCTH.

OueBuHO, YTO KAYECTBEHHBIH M KOJUYECTBEHHBIH YYET INEPEUHCICHHBIX
00CTOSITENBCTB IACT BO3MOXXHOCTh IPUHUMATH Oojiee 00OCHOBaHHEIE, CIENI0Ba-
TEJIHHO, SKOHOMHYECKH IIeJieco00pa3Hble PElIeHUs Ha BCEX yPOBHIX DHEPIeTH-
YECKOH nepapxuH.

OCHOBHBIE TTOKA3aTeNH, HEOOXOAUMBIE JJIsl IPUHATUS ONTHMAIBHBIX pelle-
HUH, ObUTH pa3paboTaHbl paHee Ha OCHOBE CHCTEMHOTO aHAJIM3a C OXBAaTOM BCEX
orpenensiomux GpakTopos, T. €. CO3aHbl JOKYMEHTHI AJIS1 X ONEPAaTUBHOTO MC-
MOJIb30BAHUS JIMUCIIETYCPCKUM MEPCOHAIOM CMEXKHBIX SHeprocucteMm [l1, 2].
B namewm ciydae peds UAET O MHOTOJIETHEM OIIEPATUBHO-IMCIETYEPCKOM B3aH-
MozeicTBuM CucreMHoro omeparopa EnuwHol sHepretndeckoi cucteMbl PO
(CO EDBC) u O0benuHeHHOr0 AUCIIETYSPCKOTO yrpanieHus Pecnyonmku bena-
pyce (O1Y Pb).

BaxXHBIM 3JIEMEHTOM TaKOTO YHpAaBJICHUS SBISETCS ONTHMU3ALMA OanaHca
MOIIIHOCTEH AJI1 MEXCUCTEMHBIX MepeToKoB B DO, T. €. ONTUMH3ANNS TEKYIIEero
PEeKUMa 32 OTPE30K BPEMEHH B T€UYEHHE YCPEOHEHHOI'O YacoBOIO (IOIYydIacoBO-
r0) HHTEpBasa, KOT/1a MapaMeTPbl CETH MOXHO CUUTATH YCIOBHO MOCTOSHHBIMH.
IIpy TakoM IOIYIIEHNN KA bl HHTEPBAJ PACCMATPUBAETCS KAK HE3aBUCHMBIN,
a OCyLIECTBJICHHE OajlaHca MEXAy NMPOU3BOJICTBOM M MOTpediieHneM D3 HeoO-
XOJUMOI0 KayecTBa CUMTAEeTCid TrapaHTHPOBaHHBIM. B 3ToM ciydae 3anada
yrpasieauss D0 B TeUSHHUE OMPeNeTICHHOTO HHTepBaja (HalpuMep, CyTOK) pac-
najaeTcs Ha psAA IOCIEeNOBaTeNbHBIX 3ajay, pe3yJbTaThl PELICHUs] KOTOPBIX
B arperupoBaHHOM BHJIE Jal0T HCKOMBIH CYTOYHBIN rpaduK Ui BEACHUS PEXKHU-
ma D0. Ecnu npu 3TOM ObUIH BBITIOJHEHBI OTPAaHUYUBAIOIINE YCIOBUS MO H3Me-
HSIOIIMMCS TapaMeTpaM U JOCTUTHYT MUHUMYM 3aTPAaTHBIX CPEACTB, TO PEKUM
30 Oyaer onTUMaIbHBIM.

BcecTopoHHsis olleHKa ITOKa3aTenell 0alaHCOBOW HAIEKHOCTH, OOECIedH-
BAaIOIIMX BO3MOXKHOCTh PEILICHUS BCErO KOMIUICKCA ONTHMM3ALUOHHBIX M OLe-
HOYHBIX 3aj1a4, IpuBeAeHa B [3, 4]. B maHHOW MOCTaHOBKE IMOJ] 3a1a4yeil ONTH-
Mu3anuy OajgaHca MOIIHOCTH ITOHHMMAETCs OIpeleleHne Hanboee paroHalb-
HBIX 3HAUYECHUH KaK BHYTPEHHHX, TaK M MEXKCHUCTEMHBIX NOTOKOB MOIIHOCTH
W SHepruu A aeduuuTHol SHeprocucteMsl. LleneBas QpyHkums 3amaum — MHO-
TOKPUTEPHAIbHAS U MOXKET BKJIIOYATh B ce0sl TaKue M0Ka3aTeln, Kak MUHUMYM
OTKJIOHEHHSI BEJTMYMH IIEPETOKOB OT AOTOBOPHBIX 3HAYEHUI, MUHUMYM pacxozaa
TOIUIMBA B 3HEProcucTeMe, MUHUMYM MOTE€Ph MOIIHOCTH U 3HEPTUH, MUHUMYM
3aTpaT SHEPrOEMKHUX IPOMBILIICHHBIX TIOTPEOUTENEH.

Kpome Toro, mpu mapajuienbHoi palboTe Kaxkzash HEProcUCTEMa MOXKET
MMETh CBOM JIOKAJIbHBIE KPUTEPUU: MAKCUMYM PEKUMHOW HaJ€KHOCTH, MUHU-
MyM CTOMMOCTH IIPOM3BOJICTBA 3JIEKTPUUECKON U TEIUIOBON SHEPIUH, MAaKCUMYM
Jiana3oHa peryjaupoBaHMs aKTHBHOM MOIIHOCTH, MaKCUMYM PE3EpBA PEAKTHB-
HOM MOIIHOCTH, MHHUMYM OTKJIIOUaeMOW Harpy3Kku motpedureneil. B kauectse
KPUTEPHEB MOTYT BBICTYNAaThb W SKOJIOTMYECKHE OTPAHUYEHMS, M HHTEPECHI
CMEXKHBIX TOJIb30BaTEEH.

[Ipu nepunure mMomuoctn B D0, a B psale CiiydaeB U HEXBAaTKE TOILIHBA
BBINOJIHSETCS. ONTUMU3AIMA OanaHca MOIIHOCTEH U BBIPaOOTKH D3 B yCIOBUSAX
B3aMMOJIEHCTBUS CO CMEXHBIMU SHEPrOCHCTEMaMH, BKJIIOYas PHIHOK 3apyOek-
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HBIX MOCTAaBIIMKOB. [IJIsl pa3HBIX 4aCOBBIX HHTEPBAJIOB (OCOOCHHO BO BpeMs ce-
30Ha MHUKOBBIX Harpy30K) BBIMOJHSETCS 3aKynka O3 B COCETHUX SHEPrOCUCTe-
Max. B 3TOM ciiyyae MUHMMAaJIBHBII yPOBEHB 3asBIIIEMON MOIIHOCTH OIIpENEIs-
eTCs Pa3sHOCTBIO MEXIY CUCTEMHBIM MAaKCUMyMOM NOTpeOJIeHus U obecreyeH-
HOM pe3epBOM MOIHOCTBIO COOCTBEHHBIX AJIEKTPOCTAHIMNA CHCTEMBI.

DKOHOMUYECKH IETIECO00Pa3HBbIC BEIMUNHBI 3aKyIaeMOI MOIITHOCTH M YHEP-
THH OINPENENSIIOTCS HA OCHOBE TEXHUKO-3KOHOMUYECKHX U PEKUMHBIX PacueTOB
C YYETOM TEXHHYECKHUX, PEKHMHBIX, IUPEKTUBHBIX M LIEHOBBIX OTpaHUUYEHHI.
11 pac4eTHOro ypoBHS ITOKYIHOM MOIIHOCTH ONPEAENAETCS ONTUMANIbHAS 3a-
rpy3Ka 3JEKTPOCTAHLIUN SHEPTOCUCTEMBI ISl PA3INYHBIX YaCOBBIX MHTEPBAJIOB.
ITonyyaemoe mpu 3TOM palMOHAIBHOE 3HAUYEHUE ITOKYITHON MOIIHOCTH ULl pas-
HBIX HAarpy30K SHEPrOCUCTEMBI IAaCT BO3MOYKHOCTb ONPEIECIUTh ONTHUMAJIBHOE
KOJIMYECTBO MOKYITHOM JIEKTPOIHEPTHU Ha TUIAHUPYEMBIN pacueTHBIA NEPUO.

MartemaTtnyeckass Moaedb. VICXOAHBIMM JaHHBIMM JJIS aHAIN3a PEKUMOB
coBMecTHOro TOO sBISIIOTCS pacyeTHbIE 0aTaHChl MOIIHOCTH TI0 YHEPTOCUCTE-
MaM, IPUHUMAEMble Ha OCHOBE MPOTHO30B 3JIEKTPONOTPEOICHUSI U BIEKTpHUe-
CKUX Harpy30K Ha paccMaTpHUBacMbIil MEPCIEKTUBHBIA MEpUOL. DTH OanaHChl
pa3pabaThIBalOTCS U1 OCHOBHOI'O IJIAHHPYEMOT'O PEKUMA, a TakKe I 3a/aH-
HBIX PEXUMOB, KOTOpPBIE MOTYT UMETh MECTO NpPH HeOJIaronpusTHBIX COYeTa-
HUSX, B YaCTHOCTH IUIAHOBBIX PEMOHTOB OCHOBHOTO JHEPreTHYECKOro 000py-
JOBAHHS.

111 OCHOBHOTO IUTAHUPYEMOTO PEXUMa MPUHUMAIOTCSl OallaHCOBBIE ITOTOKHU
(TOTOKHM MOIIHOCTH B 4acChl COBMEIEHHOTO MaKCHMyMa Harpy3ku), COCTOSIINE
13 MJIAHOBBIX ITOTOKOB MOIIHOCTH M IOTOKOB MOIIHOCTH, OOYCJIOBJIEHHBIX OT-
KJIOHEHUSMH OaJIaHCOB MOIIHOCTH OTHEJIEHBIX YacTell 00beTUHEHUS OT ILUIaHU-
pyeMbIX (BelWYMHA OTKIIOHEHWH IPUHUMAEeTCs pPaBHONW MOITHOCTH HanOojee
KPYITHOT'O arperata B KaIOW ‘YacTh oObemuHeHus). s OCHOBHOIO IUIaHU-
pyeMoro pexuma (IMoMHMO- 0aTaHCOBOTO IOTOKA MOIIHOCTH) YYHUTBIBAIOTCS
PEKUMHBIE ITOTOKM MOIIHOCTH, KOTOpBIE SIBISIFOTCS PAaCUETHBIMH VIl BbIOOpa
MIPOIYCKHOHN CIIOCOOHOCTH CETH.

C y4eToM HM3J0)KEHHOI'0, UCXOsl U3 MHTEPECcOB NePHUIUTHON 3HEprocucre-
MBI neieBas QyHKOUS B JETEPMUHHPOBAHHON ITOCTAHOBKE [UII CYTOYHOIO pe-
XKHMa MOXKET OBITH ChopMyTHpOBaHa B BUJE

2%
4= zaltYlt (P) + @, Y, (B) + a5 Ys (1) + 8, Y, (R) +
=)
+a, Yy, (H) + &g, Y, (3p) + &, Y5, (Ap)  — min,

rae a,, ..., d, — BECOBBIC KOPPEKTUPYIOMmUe KO (UIMEHTHl CTOMMOCTH, OIpe-

JACIICMBIC Ha OCHOBAHUM I3KCIICPTHBIX OICHOK CIICHHUAIIMCTOB AUCICTYCPCKUX
¥ YKOHOMHYECKHUX CITYKO;

Y1t(p) — cymMMapHOe OTKJIOHEHHE BEJIMYHUH TIEPETOKOB MONTHOCTH OT 3aIljia-
HUPOBAHHBIX 3HAYECHHUH 110 KOHTPOJIMPYEMBIM JIMHUAM CBA3H, TAC OPraHM30BaH
YYET YaCOBBIX OTKJIOHEHUU MOTpeOIeHH DD 00JIaCTHEIMU YHEPTOCHCTEMAMH OT
3as4BJICHHBIX BCJIWYUH. BC,HCHI/IC TaKoOro ydera HCO6XOI[I/IMO JId YBCJIIMUCHU A
JIOCTOBEPHOCTH IIJIAHUPOBAHUS TPAPUKOB 3JICKTPONOTPEOSICHUS 00JaCTHBIMU
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SHEPTrOCUCTEMaMH U ONIPEeNICHHS TOJN yYacTUsl KaI0W SHEprocUCTEMbI B ya-
COBOM OTKJIOHEHHH canpao-nieperoka OOC. Pa3paboTaH U MeXaHWU3M OILIATHI
3THX OTKJIOHEHHH, MpHYEM TpeOOBaHHUS IO TUIAHUPOBAHHIO YaCOBOTO 3JIEKTPO-
noTpebJIeHUs PacpoCTPaHsOTCs Teneps He Tonbko Ha PYII «O6msuHepro», HO
U Ha SHEProeMKHe MPOMBIIIJIEHHbIE MPEINPUATHS, BBITOJHSIONINE POIb MOTpeE-
ouTenei-perysTopos;

Y(B) — cymMapHBIi pacxoa TommBa Ha snekrtpocTaHiusx TDOO. 3agaua
CYTOYHOM ONTHUMM3AIMH CBOAUTCA K ONPENETICHUIO TAKUX 3HAUCHUN dJIeKTpude-
CKMX MOUIHOCTEMN 3JIEKTPOCTAHIIMI B KaXKJIbIH Yac CYTOK JUIsl POTHO3UPYEMOTO
3JIEKTPONOTPEOICHUS, MPH KOTOPOM OOECIEUnBACTCS MHHUMYM LIEJIEBOTO
¢ynkumonana (1) npu coOMOAEHUN OCHOBHBIX OTPaHMYHMBAIOLIMX YCIOBHH 110
6anancy momHocterd I99C, Bxomsamux B coctaB OOC, MO peryImpoBOYHOMY
arana3ony Kaxaod OC u pexXMMHBIM OrpaHHYeHUsIM. 3ajaya pemaercs C yde-
TOM MHOTHX CYIIECTBEHHBIX (DAKTOPOB: PEalbHBIX dHEPreTHUECKUX XapaKTepu-
CTHK 000pYZOBaHMUs, BO3SMOXKHBIX CTPAaTETHii MaHEBPUPOBaHHS COCTABOM BKJIIO-
YEHHBIX B pa0OTy arperatos, MOTEPh AKTUBHONH MOIIHOCTH B OCHOBHOH CETH,
OTpaHUYCHUH [0 CKOPOCTH Ha0Opa M CHATHSI Harpy3Kd Ha arperatbl, OrpaHHye-
HUM MO IOMYCTUMBIM pacxojiaM TOILJIMBA Ha OTJEIbHBIX 3JIEKTPOCTAHIHUAX [5].

Pemenne BbINONHSAETCA METONOM AMHAMUYECKOLO. MPOrpaMMHUpPOBaHMUS,
B IIPOLIECCE KOTOPOTO IIPOBOJAUTCS y4ET OTPAHUYEHUN HA NEPErpy3KU aKTUBHON
MOIITHOCTHU IO cJIa0BbIM CBSI3SM CHCTEMBI, YUET TEIJIOBBIX HAarpy30K, OCHOBHBIX
TEXHUYECKUX, PeKUMHBIX, TUPEKTUBHBIX U PEMOHTHBIX OIPaHUYCHUI;

Y3(n) — cymmapusie morepu momuoctH B 0. TIpu cocTaBlieHMH SKBHBa-
JIeHTHOH cxeMbl 3aMenieHuss TOO OCHOBHBIE NMEPETOKHU MOIIHOCTH OT IIMH Iie-
penarorux noactanmuid (I1/CT) w30BITOYHON SHEPTOCHCTEMBI TIPEICTABICHEI B
BHJIE TEHEPUPYIOMINX y3JI0B, a mmHbel npuHuMatommx [I/CT nedunutHON 3HED-
TOCHCTEMEBI — B BUJIE TOTPEOUTEILCKHUX Y3J0B. Torna moTepy akTHBHOW MOLIHO-
CTH B 00IIIEM BUE MOTYT OLIEHUBAThCS MATPUYHBIM BBIPR)KEHHEM

mp =[P, Q. p, 4, UolB(P, Q, p, 4, Uo) [P, Q, p, q, Uo],

rae P, p — BEKTOPHI-CTPOKH aKTHBHBIX MOIIHOCTEW B TEHEPUPYIOIIUX U TOTPEO-
JISIOMINX y3JIaxX JKBHBAJICHTHON cxembl 3amemieHuss OOC; Q, ( — BEKTOPHI-
CTPOKH PEaKTHUBHBIX MOIIHOCTEH B T'€HEPUPYIOUIMX M MOTPEOJSIOMHX y37ax
cooTBeTcTBeHHO; Uy — HOMHHAIBHOE HapshKEHUE 0a3ucHOro (OalaHCUpYIOIIIe-
ro) ysma; B(P, Q, p, g, Up) — marpuna ko3¢pGHIHEHTOB TOTEPH [6], MpryueM
BEKTOPHI HE COJIep)KaT KOMITOHEHTOB, COOTBETCTBYIOUIMX OaTaHCHPYIOIIEMY
y3J1y, a4 MOUIHOCTH B Yy3Jax HOTpC6JICHI/I$I OPpUHUMAKOTCA OTPUIATCIIBHBIMU.
Marpuma B cunraercs 3agaHHONW M ONPEACTICHHOH IS Ka)XIOTO pPacueTHOTO
peXrMa B TEYEHHUE OIPEEIEHHOTO0 YacoBOTO MHTepBasa. [loip3ysich BBelEH-
HbIMH 0003HAYCHUSAMH, (HYHKIIMIO MHHUMHU3ALUU TOTEPh MPH YCIOBUU COOJIIO-
JIEHUs] JTBYCTOPOHHUX OTPAHMYEHHWH ISl Y3JIOBBIX MOIIHOCTEH MPEICTABHM
B BUJIE
T, — Min;

Y4(R) — HauMeHbIIMH HA TPOTSDKCHUH CYTOK (DaKTUYECKHH pPe3epB aKTHB-
Hot MotHOCTH B ODC, KOTOPHBIN B 00IIIEM BHIE MOXET OBITH MPEICTABJICH Clie-
IYIOIUM 00pa3oMm:

R = min [Ro(t) = P(t) — p(t)] » max,
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rae Ro(t) = P(t) — p(t), t € (T) — rpaduk pesepsa akTuBHO#N MoriHOCTH B ODC;
P(t) — mmanmpyemslii rpaduk W3MeEHEHHsS pacmojaraemoit momraocTH ODC

B TEUCHHE PACCMATPUBAEMOro MHTepBana BpeMeHH T: P(t) = pSo (t) + pom (t),

te(T) — mporHo3upyemsblii Tpapyik CyTOUHBIX MakCUMyMoB Harpy3ku OOC

C Y4ETOM IIOTEph B CETH Ha mepuox T; Prn, (t) — mporrosupyemsiii rpadux cy-

TOYHBIX MAaKCHMYMOB COOCTBEHHOI'O MOTPEOJIEHHS C y4YeTOM IIOTeph B CETH;
o6M

Poax (t) — TIporHO3UpyeMsIit rpaduk Bbigaun MomHOCTH B OOC B 4achl MaKCH-

MyMa Harpy3Kd JaHHOW YHEPTOCHUCTEMEI.
Torna ¢ yd4eToM U3I0KE€HHOT'O MOXKHO 3aIliCcaTh

Y, =1/R;

Y5t(H) — mokasatenp cucTeMHON HaJeKHOCTH, KOTOPBI B CAMOM OOIEM BH-
Jie MOKET OBITh 3amucaH Kak nokasartens 3¢gdexkruBHOCTH paboter OOC cre-
JYIOIIUM 00pa3oMm:

Y A(1)-a4 (1)

F=12 , leN;teT,

S A1)

1=1

N
rac Z A| (t) — CyMMapHas 3Heprusi, HOTpC6J'I$ICMa$I DJICMCHTAMU CHUCTEMBI, IIPpU-
1=1

YeM B 3aBUCUMOCTH OT THIIAa PACCMaTPHBAEMOTO AJIEMEHTAa OHA MOXKET OBITh Te-
HepHupyeMmasi, nepegaBaemMas U norpedisemas; AA (t) — CyMMapHBI{ HEI0OT-

myck 99 mo Bceit OOC; T — moaHOE BpeMs, 32 KOTOPOE PACCUUTHIBACTCS HEIO-
ormymienHas 99; | — Tekyuuii HHIEKC DIIEMEHTA CUCTEMBL. B 3TOM ciryuae uis
NPHOJIIKEHHON OIIEHKH 3TOTO II0Ka3aTelsi MOXKHO NpHHATE. Yy, =1/F.

OCHOBHBIE TapaMETpPhl CHCTEMHOW HAJECKHOCTH TPHUBENEHBI, HAIPUMED,
B [7]. Tam ke paccMaTpuBaeTCs W MHICKC HAJIECKHOCTH KaK OTHOIICHHE OTITY-
NIEHHOW SHEPTHH MOTPEOUTEITIO K SJHEPTHH CIpoca

s Aw
A+ AR,

rne Aoy — OTIIyIIeHHas moTpedutensM 23 u3 nepenaromeit 93C; AAs — Hepo-
oTHyIeHHass D3 W3-3a Pa3IMYHBIX HApPYIICHHH B CHCTEME, BKJIIOYAs IMOTEPIO
YCTOMYMBOCTHU M OTKa3bl MPOTUBOABAPUHHON CUCTEMHOU aBTOMATHUKH.

IIpakTHyeckoe 3HaYeHHWE HWHJEKCAa HAJEKHOCTH C €ro KOJWYECTBEHHOM
OIICHKON B KaueCTBE HOPMATHBA M COOTBETCTBYIOIIEH YIEIbHOW CTOMMOCTBHIO
1 kBt pesepBHO#i MomHOCTH npuBeneHO B [8]. OgHAKO yYHTHIBask MHOKECTBO
nenerd y cyObeKTOB U MPOTUBOPEYUBOCTh UX MHTEPECOB, B3aMMOICHCTBHE MEXK-
TOCYJApPCTBCHHBIX TIEPETOKOB BIIEYET 3a CO00H HUBEITUPOBAHHE HOPMATHBOB
B paMKax obmecucteMHol HajexxHocTd TOO, 4TO MOKa Ha CETOAHALIHUNA JCHb
FOPUIMYECKU HE OMPEJICIICHO U TpeOyeT, Mo-BUAUMOMY, CO3JaHHs CUCTEMbI Me-
XaHU3MOB KOOPJWHAIIMUA Ha MEXIYHApOJHOM YPOBHE;

14



Yet(3p) — mpuBeneHHBIC 3aTpaThl HA TOAJMCPNKAHUE CHUCTEMBI YIPABICHUS
MOIIHOCTBI0 TOTpeduTenerd. 37ech paccMaTpHUBAIOTCS HanbOoliee MOIIHBIE H
SHEPrOeMKHE MPOMBIIUICHHBIE TPEANPHUATHS, KOTOPBIE MOTYT (PaKTHYECKH IIO-
BJIMATH Ha COBMeIIeHHBIN rpaduk Harpy3ku OOC. B kadecTBe COBMEIIEHHOTO
rpaduka Harpy3ku MOKET BBICTYNATh T'paduk 000N pEeKUMHON 3HepreThde-
CKOH MepapXWu — OT TPYMHIIOBOTO rpaduka KPYIMHOTO MPOMBIIIICHHOTO Tpe-
NpUATHSL 10 9KBUBaJIeHTHOTO rpaduka Harpy3ku 99C B coctaBe TIO.

B [9] npuBeneno ommcanue aqropuTMa YIPaBICHUS AJIEKTPONOTPEOICHHEM
MTPOMBINIUIEHHOTO y3JIa HArpy3KH B YCJIOBUSAX Ae(pHINTa TEHEPHPYIOMIUX MOIII-
HOCTEH, KOTOPBIH TO3BOJSAET MOMYYUTh ONTHMAIbHBIN rpadUK HATPY3KH 1O aK-
THBHOM MOIIHOCTH, COOTBETCTBYIOUIMH MaKCHMaJbHOMY YMEHBILICHHMIO 3aTpaT
morpedurenel 3a CUET CHIDKEHUS MOIIHOCTH, yYacTBYIOIIEH B MaKCHMYME,
M MHHAMH3ALUN ONeparuil 1Mo W3MEHEHHI0 KOMITOHEHTOB TEXHOJIOTHYECKOTO
nponecca. B pesynbrate momydaercs AeopMUpOBaHHBIA TpauK Harpys3KH,
KOTOpBIA OJHOBPEMEHHO BBIPAaBHUBAETCS, CTIaKMBAETCS W YIUIOTHSETCH, BbI-
MIOJTHSAS W3BECTHYIO MPOIETypy TOPHU30HTAIBHO-BEPTHKAIFHOTO MaHEBPHPOBA-
HUS 3JIEKTPONOTpeOIeHneM H UX KOMOWHaImii. B 3ToM cirydae OnTHMallbHBIH
rpad K Harpy3KH MOTpeOUTENEH BHIIOIHACTCS IPU YCIOBUH

Yot — Min;

Y7t(Ap) — cymmapHBIi yiiepO MpOMBIIUICHHBIX TOTpeONTesNeil mpyu orpaHu-
YEHWH WX MOIIHOCTH Ha BEIHYMHY AP B pe3ylbTaTe pa3IH4YHBIX HApPYIIECHUH
anekTpocHadkeHnsa. CyMMapHbIi yiepO cOBOKYIHOCTH MOTpeOUTENel 3aBUCUT
OT UX COCTaBa, KATETOPUHHOCTH, TEXHOJIOTMICCKOM HAMPaBICHHOCTH U CIIoco0a
BO3JICHCTBHSI HA HUX CPEACTBAMU NPOTHBOABApUMHON aBTOMaTuku. Komuuect-
BEHHAas BEJIMYMHA yinepOa OOBIYHO OHPEAEISIETCS] ¢ IOMOLIbIO WHTErPaJIbHBIX
XapaKkTEePUCTHUK YIIepOOB IS Y3JI0B 3JICKTponoTpeOuTenei

N
3| yT z Y AP | - min,
i=1

I
rae Yi, py6./(kBt-4) — yiiep6 i-ro moTpeGHTeNs Mpu €ro OTKIIOYEHUH (OTrpaHH-
yeHun); AP — oTkIItouyaeMasi MOIITHOCTh; T — BpeMsI OTKJIFOUCHHS; Y — YHCIIO OT-
KITFOYCHHI 33 Mepros 1.

Ctporo roBops, HalEKHOCTh JIIEKTPOCHAOKEHHS MOTPEOUTETHCKUX Y3IIOB
oTpeiesIieTCs COBOKYITHOW HA/ICKHOCTBIO MPOMEKYTOUYHBIX TEXHOJIOTUYECKUX
ypoBHer D3C, BKITIOYAs ¥ HAJICKHOCTh PaCIpeICTUTEIBHON CETH.

OcHOBHBIE OTPAHNYHBAKOIINE yca0BHA. B o0mem ciydae npoGiema omn-
TUMaJIbHOM KOppeKUuu IuiaHa (GopMyJIHpyeTcs Kak 3ajada HeTMHEWHOro IMpo-
FpaMMHPOBAHHS IO GOpMYyIIam:

minF(J +AJ, G); (2)
W(X(G, J+AJ), J+AJ, G)=0, (3)

rae (2) — meneBas (QYHKIMS yOpPaBICHUS TPH OTKIOHCHHH IapamMeTpoB Ha
AJ 0T BeKTOpa MCXOAHBIX MaHHEIX J; (3) — ypaBHEHHE yCTAaHOBHBIIETOCH

pexxuma TOO (X — 3aBucuMBbIe mapamerpsl; G — ynpaBisonue Bo3AeHCTBUS);
X u G - dopmupyroTcsi B BUJE ABYCTOPOHHUX OTPaHWYCHHI-HEPAaBEHCTB, Ha-
JIOKCHHBIX HA MapaMeTphl PEXKUMA.
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Kaxxapiii KOMITIOHEHT MHOTOKPHUTEPHATBHON 1EJIeBON (PYHKIIUU BapbUPYETCS
B CBOEH 00JIACTH JONMYCTUMBIX 3HAYCHUH, OCHOBHBIE TPEOOBaHUS K KOTOPHIM
CBOJIATCS K OOIIECHCTEMHBIM HOpMAaTHBaM KadecTBa, HAAEKHOCTH, YCTOWUH-
BOCTH M 0OecrepeOOMHOCTH MOy4YeHUsT DO M0 MEKCUCTEMHBIM JIMHUSAM CBSI3H.
[Ipu pacuere npeAeTbHBIX MEKCUCTEMHBIX IEPETOKOB MOIITHOCTH YYUTHIBAIOTCSI:

e TIEperavya JOTOJHUTEIBHON pPe3epBHOM MOIIHOCTH OT COCEIHHMX YacTeil
o0beIMHEHNS TIPY aBapUWHOM BBIXOJIe B JAaHHOH 30HE OOBEIMHEHUs Hauboee
KPYITHOTO arperata WM aBapUHHOM CHIDKEHHH TeHEpUPYIOMeH MOIIHOCTH
Ha 1,2 OT pacyeTHO HEOOXOAUMOTO aBAPUIHOTO pe3epBa MPHU HU30IUPOBAHHOM
paborte;

e O0cCleYeHHE BBIIAYM BCETO M30BITKA MOIIHOCTH 3JCKTPOCTAHIUHN . (1715
KaKIOW 4acTH OOBEAMHCHHS ).

[IpormyckHast cltocOOHOCTH OCHOBHBIX AJIEMEHTOB CHCTEMOOOPa3yOIIei CEeTH
00beIMHEHNS KaK B OCHOBHOM ILJIAHUPYEMOM pekuMe (TIpU TOJTHOU CXEeMe OC-
HOBHOW CETH, a TaK)Ke B IOCJICABAPHIHON CXEMe NpPU OTKIYCHUU IJH0OO0TO
ee DJIEMEHTA), TaK U B NPEJEIbHBIX PEeKUMaX MPHU MOJHON CXeMe CEeTH JOJKHA
OBITh JTOCTATOYHOW i OOECreueHUs] YCTOWYMBOCTH WM HAAEKHOTO BJIEKTPO-
CHaOKEeHMsI TOTpeOUTECH.

OCHOBHBIC 3HAYCHUS TMEPETOKOB 0OMeHHOUW MomHocTH 1Mo MJIDIT ompene-
JISIOTCSI B paMKaX JBYCTOPOHHHUX HECTPOTUX OTPaHUUCHUN

S <5, <8, (e,

rae A — MHOKECTBO KOHTPOITMPYeMBIX miHui; S, S™ — HIKHSAA U BepXHAS

IpaHMLBl JOMYCTHUMBIX 3HaueHHH mepeTokoB mo C-if MJIDII cooTBeTCTBEHHO;
S¢ — moTok MouHOCTH B C-i TMHUM.

[Mocne nmpoepku JIDII o NpOMyCKHON CIOCOOHOCTH BBIACIAETCS MHOMKECT-
BO JMHUH V € V C HapylIeHHBIMH PEKUMHBIMH OrpaHHYeHUsMH. COOTBETCT-

BEHHO (hOPMHPYETCI KOPPEKTUPYIOIIHA BEKTOP AS

AS = colon[AS,, AS,, ..., AS_, ..., AS,],

y2 -
KOMIIOHEHTBI KOTOPOI'O PAaBHHI.

S-S, ecm S < S,
AS, =
0, ecmn S >S)

rie Svm ® — MaKCUMaJbHO JOIYCTUMBIM MOTOK MOINHOCTH B V- JIMHUH;

S, — MOTOK MOIIHOCTH B V-i TMHUU B PaccMaTpUBaeMoOM pexume; V — MHOKe-
CTBO JIMHUH C HAPYIIEHHBIMU PEKUMHBIMU OTPaHUYEHUSAMH.

Ha nepBom sTane pemenus 3agauu koppekuuu pexuma 39C MOXKHO orpa-
HUYUTHCA BO3MOXKHOCTBIO peryiupoBanus neperokos JIOII ¢ momonisio ogHuX
JIAIIH CPENICTB TeHEepaIlii aKTHBHOW M PEaKTHBHOW MOITHOCTEH (DJIEKTPOCTaH-
LMY CHCTEMBl U MCTOYHHKH PEAKTUBHOM MOIIHOCTH). B 3TOM ciiydae MOXHO
3anucaTh

AS = CAS,

rae C — maTpuia K03QpUITIEHTOB pacTIpeICICHIS TOKOB; AS— BEKTOP-CTOJIOET]
3a1al0IIHX MOIIHOCTEN B y3JIax.
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Torma marpuiy C MOXHO paccMaTpuBaTh KaK MaTpPUIy YyBCTBHTEIBHOCTH
nepetokoss JIOII npu Bapuanuy akTUBHBIX U PEAKTUBHBIX MOIIHOCTEH B y3/1ax.
Ha 3tom 3Tane kpuTepueM ONTUMAIBHOCTH CUHTAIOTCA MUHHMAJIbHBIE U3MEHE-
HUSL y3JI0BBIX MOIIHOCTEH (II0 CPaBHEHHUIO ¢ MCXOIHBIM PeXHMOM). Bektop AS,
HaWIEHHBI U3 TIOCIIEHETO COOTHOILIEHHS, OyJeT YIOBIETBOPSATH 3TOMY KpH-
TEpUIO.

Ha cnenyromem 3Tane B KOPPEKLHUIO IapaMeTPOB BKIIOYAIOTCS BETBH,
nMmeromue Tpanchopmatopsl ¢ PITH. Ilpuaumast B mepBoM NpUOTMKEHUU MIO-
MyIIEHHEe O TOM, YTO INpPHUBEJICHHBIC HANpPSDKEHUS B y3JaX pacyeTHOW CXEMBI
OIMHAKOBHI 110 BeTMYHHE U (hase u paBHbl U, MoskHO 3amucats [10]

AS = CA$ + diagY (M*C + 1)(e™ - AK)U?,,

rie diagx — IMaroHaibHas MaTpHIla IPOBOANMOCTEN BeTBei; M — mepBas mMat-
pura uHIpaeHInA; AK — BEKTOp-CcTON0EI OTKIOHCHUH OTHOCHUTEILHBIX KO3(¢-
(UIHEHTOB TpaHCPOPMAIIUK TI0 OTHOIICHHIO K UCXOIHOMY 0a3NCHOMY PEXHUMY
(I COOTBETCTBYIOIIMX CTYNEHEW TpaHchOopMaIlim); eM_ BEKTOP-CTOJIOCTI,
COCTOSIIIUE W3 M eIMHHII.

Ecnu paccmarpuBaTh moclieiHee BBIpOKEHHE C TOYKH 3PCHUS BBOJA IMapa-
METPOB PEeXHMa B JIOMYyCTHUMYIO 00JIaCTh, TO M3BECTHHIMU OYAYT KOMIIOHECHTHI
BeKkTOpa AS, a HEH3BECTHBIMH — KOMIIOHEHTHI BEKTOPOB A$, COOTBETCTBYIOIIHE
y371aM C MCTOYHHUKAMHU PETyIUPOBAaHUS aKTUBHOW M PEAKTHBHON MOIIHOCTEH,
u AK, cOOTBETCTBYIOIIME BETBSIM, UMEIOLIMM TpaHchopmaTopsl ¢ PITH. B umcmo
OTPaHWYCHUN MOTYT BKIIOYATHCS TaKXKe TEXHHYECKHE TpeOOBaHWUA K pabote
CUCTEMHBIX peryisitopoB APUM, paboTaromux COBMECTHO C 3JICMEHTaMHU CHC-
TEeMHOHW aBTOMATHKHU U peneiinoi 3ammutbl OOC.

JL1st IepCIIeKTUBHOM ITOTHOM OIEHKH OajaHca SHEPTHH M €T0 KOMMEPYECKHX
cocTaBisiromux st Bcero TOO HeoOXOAMMO paccMaTpUBaTh SHEProOallaHCHI
Ha BCEX YPOBHSX IHepreTnuyeckon uepapxuu [11].
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