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B cmamee paccMompeHa npobnema cHUMeHus
anekmponompebneHus Ha 3HepPeoeMKoM Mawlu-
HocmpoumensHoMm — npednpusmuu.  KomnaekcHoe
pPauUOHANbHOE UCN0/Ib308AHUE MONJIUBHO-3Hep2e-
mu4ecKux pecypcos npeonongeaem OnmuManbHble
peMUMbI pabomsl 8CeX 38EHLEB 3IHEP2EMUYECKO20
Xxo3sticmea. B cmamose cgopmynuposaH kpumepuli
MUHUMYMQ@ 3/1eKmponompebseHusi 8 4acbl Makcumy-
Ma u ozpaHuydusaroujue ycaosus. [pusedeHs! pasnuy-
HblE OUEHKU no pacnpedeneHury onmumanbHol ee-
JIUYUHbI CyMMAPHOU MOUWHOCMU MexQy cybbekmamu
mexHon02u4ecko20 npoueccd. CHUXEHUEe 8enuYUHbI
anekmponompebneHusi 0cobeHHO 80cmpebo8aHO
npu NpoxomOeHuUU MAakcuManbHol Haepy3ku 3Hep-
2ocucmemsl, Mak Kak npessilieHue nepeoHa4aabHo
3058/1E€HHbIX 8ENUYUH 8€0eM K WMPAPHLIM CAHKUU-
M, @ He0060p — K B03MOMHOMY yujepby npombiu-
NIeHHo20 npednpusmus. PeweHue 3mol 3adayu
nodpasymesaem KOMNIEKCHbIU N00X00 K KOMNOHEH-
maM MmexHo102U4ecko20 npoueccd, 8KAYarwull
paccMompeHue  Xapakmepucmuk — 8Cex  38eHbe8
npou3goocmsa, 8 MoM Hucae U makux, Kak onmu-
ManbHoe pezysnuposaHue 8036yHOeHUs CUHXPOHHbIX
dsueamerneli, HaCMpPOUKa CUCMeM 3auiUumel U PEXUM-
Hoe g3aumodelicmeue 3Hep20eMKo20 npednpusmus
€ oucnemyepckuM ynpasneHuem 3Hepeocucmemsl. B
3MOM Cay4ae MOXHO Nojy4ums Haubosee payuo-
Ha/bHbIe 3HAYeHUs pe2yaupyruux napamempos 8
CMOUMOCMHBbIX 8e/IUYUHAX, YMO N0380UM B8bINOJ-
HSMb 3KCcnayamayuo 060py0osaHus npouzsoocmea
8 0NMUMAnLHOM pexume. Takum obpasom, noaHoe
peuweHue gceli npobseMbl 803MOXHO Npu nepexode
0m 0mOe/bHbLIX PEXUMHO-IKOHOMUYeCKUX U opaa-

YOK 677.11.044.4

ABSTRACT

AUTOMATIC CONTROL OF EXCITATION, ASYN-
CHRONOUS MOTOR, SYNCHRONOUS MOTOR, SLIP,
COMBINED MAXIMUM OF LOAD, STATIC LOAD CHAR-
ACTERISTIC, ENERGY-INTENSIVE INDUSTRIES, EN-
ERGY SYSTEM

The paper considers the problem of reduction
of power consumption for power-intensive ma-
chine-building enterprise. The criterion of minimum
of a power consumption in peak hours and limiting
conditions are formulated. Various estimates of the
distribution of the optimal value of the total power
between subjects of the technological process are
given.

Integrated management of fuel and energy re-
sources assumes optimum operating modes of all
parts of the energy sector. The reduction of the power
consumption is actual at the maximum load of a
power supply system, because excess of initially de-
clared quantity leads to penalties, and a shortage -
to the possible detriment of the industrial enterprise.
The solution of this problem involves an integrated
approach to components of technological process. It
includes consideration of characteristics of all pro-
duction phases, including such as the optimal requ-
lation of excitation of synchronous motors, the con-
trol of protection systems and the regime interaction
power-intensive enterprise with dispatching manage-
ment of a power supply system. In this case, the most
rational values of requlating parameters in cost sizes
can be received. It will allow to carry out operation
of the production equipment in an optimum mode.
Thus, a complete solution of this problem is possible
at the transition from separate mode-economic, orga-
nizational and technical measures to their system in-
teraction on the basis of dynamic information model
creation. Currently, this task is not fully resolved due
to the need to develop a set of interrelated tasks. It
includes the creation of a monitoring system of flow
characteristics of industrial enterprises: definition of
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HU3AUUOHHO-MEeXHUYeCcKux meponpusmudl K ux cu-
CmeMHoMy 83aumMo0elicmeulo Ha 0CHO8e C030aHUS
OuHamuyeckoli uH@opmayuoHHol modenu. locmas-
JIeHHAs 3a0a4a 8 NOSHOM 0b6beMe NoKa He peuwleHa
8 843U € HE0bX00UMOCMbIO pazpabomku KoMnNaeKca
83AUMOCBSI3AHHbLIX 300aY, BK/IHYAIOWE20 CO30aHUE
cucmeMsl MOHUMOPUH2A PACX00HbIX XApakmepu-
CMUK NPOMbIUWIEHHbIX npednpusimull, 8 MoM yucse u
onpedeneHue Ux pe3epsos pe2yauposaHus C y4emom
ougepeHyUpOBAHHBIX N0 30HAM CYyMOK mapugos,
€030aHue 6a3bl OaHHbIX pACXOOHbIX XapaKmepucmuk
y0enbHOo20 31eKkmponompebneHus U 8bipabomky Me-
XAHU3MA KOHMpOJIs 3a e20 cobodeHueM.

BBEOEHUE

OnHMM 13 MEeTOLL0B 3HEeprocbepexxeHns, 7o ecTb
CHUXEHMS MaKCMMYMa Harpysku Ha MPOMbILLSIEH-
HoM npeanpustum (M) MoXeT 6bITb ONTUMM3ALMS
PEXMMOB HaMpsKeHUs B 3aBOACKOM pacnpenenu-
TenbHOW ceTu. Pe3ynbTaT pocTuraeTcs nytem wuc-
Nonb30BaHUs perynupyrowero sgdekra Harpysku,
KOTOPbI OnpenenseTcs ee CTaTUYeckKMMu U guHa-
MWYECKMMU XapaKTepuUCTUKaMU MO HAMPSHKEHUHO
M 4acToTe, HAMAEHHbIMU 3KCMEPUMEHTANbHO WMAU
QHANUTMYECKM (NpU  OTCYTCTBMM OMbITHbIX [aH-
HbIX). B NpoekTHOW npakTuke OObIYHO MONb3YHT-
€5 anbboMaMu TUMOBBIX XapaKTePUCTUK, KOTOpble
COCTaBNAKTCS M NEpUOSMYECcKM OOHOBNSAKTCA.
Mockonbky camo M He MOXeT LeneHanpaBieHHO
BO3[EMCTBOBATb Ha 4acTOTy CETH, CTaTUYeCKue
AMHaMUYeCKMe XapakTepUCTUKKM NO YacToTe MoryT
MPUMEHSTLCS TOJIbKO SHEPrOCUCTEMON ANS perynu-
pOBaHMs COBCTBEHHOWM CYMMapHOM Harpysku. Yto
KacaeTcs MCNoNAb30BaHMA AN peryiMpoBaHus Ha-
rPY3KM OMHAMMUYECKMX XapaKTEPUCTMK MO Hanps-
YKEHWIO, TO OHW XECTKO CBA3aHbl C PEXMMHO-TEX-
HOMIOTMYECKMM MPOLLECCOM U TpebytoT NpoBeaeHUs
yrny6neHHbIX UCCNefoBaHUI Ha KOHKpeTHoM (11 B
paMKax ero B3auMMOLENCTBMSA C 3HEProCUCTEMOMN.
Mo3aToMy HambonblwMi NpakTUYECKUA UHTEpec
npeacTaBnseT B3aMMOCBSA3b PEXMMOB HaNpsXKeHus
W HarpysKku, KOTopasi onpeaensercs CTaTuyeckummu
xXapaktepuctmkammn Harpysok (CXH). CXH o6biyHo
Moay4yatoT NyTeM aKTMBHOIO MM NACCUBHOIO 3KC-
nepvMeHTa C MCMONb30BaHWEM COOTBETCTBYHOLLMUX
M3MepUTENbHbIX YCTPOWCTB.

Mo pe3synbTatam psga 3KCNEPUMEHTOB MOXHO
COenaTtb BbIBOA, YTO MPU CHMKEHUM HAMPSXKEHUS
B Y3/l Harpy3ku Ha ctopoHe 6 kB Ha 1 - 3 % ot
HOMMWHANBHOrO YMeHblIaeTcs noTpebnsemas ak-

reserves of regulation taking into account differenti-
ated tariffs for time zones, the creation of a database
of flow characteristics of a power consumption and
development of the mechanism of control of its ob-
servance.

TMBHAs MOLLHOCTb ACMHXPOHHbIX ABUraTenein Ha
2 - 5 %. Ha otmenbHbix MM 3Ta BeNMUYMHA MOXKET
nsmeHsaTbca ot — 0,3 o + 2,0 % (B 3aBMCMMOCTH
OT COCTaBa Harpysku). Kpome Toro, c yMeHbLLEHWEM
Ko3pduUMeHTa 3arpysku [Buratens peryaupyto-
Wi 3P deKT akTUBHOM MOLLHOCTU NO HAMPSHXKEHUIO
BO3pACTaET, NPMYEM OH MOXET ObITb KaK MOIOXM-
TeNbHbIM, TaK U OTPULLATENbHbIM. [10-BUAMMOMY, 3TO
MOXHO OOBSCHUTb HENMHEMHOCTbIO COOTHOLIEHUS
noTepb B CTanu AguraTtenei U TpaHCPOpPMaToOpoB C
Harpy3o4HbiMK noTepsamu. [ToToMy AN nonayyveHus
peanbHOro 3KoOHoMumyeckoro addekta HeobxoaMMo
3KCMepMMeHTaNIbHO ONpeaeNnnTb ONMTUManbHOE 3Ha-
YyeHue HanpsKeHus B pacnpenenutenbHon cetu 1M1
B Pas/IMUHbIX PEXMMAX 3arpy3ku OCHOBHOro 06o-
pyLoBaHus. OcobeHHo 310 BocTpeboBaHO Npu npo-
XOXIAEHUM MAKCMMyMa Harpy3ku 3HEeprocucTeMmsl,
TaK KaK MpeBbllleHWe 3asBJEeHHbIX BEIMYMH BeJeT
K 6onbwnmM wrpadam, a Hepobop K BO3IMOXKHOMY
ywep6y MI1. PeweHune 370l 3aaa4M nogpasyMeBaeT
KOMMIEKCHbIM NOAXOA K KOMMOHEHTAM TEXHO0rM-
4eckoro npouecca, BKHYAKWMIA pacCcMOTpeHUe
XapakTepuUCTUK BCEX 3BEHbEB MPOM3BOACTBA, B TOM
yucne U Takux, Kak ONTUMaNbHOE perynMpoBaHue
BO30YXXAEHMS CUHXPOHHbIX ABUraTeNnem, HacTporka
CUCTEM 3aWMTbI U pexxnMHoe B3ammogpenctame M1
C AMCNeTYepCKMM ynpaBieHneM 3HeprocucTemsl. B
3TOM C/ly4ae MOXHO Mofy4uTb Haubonee paumo-
HanbHble 3HAYEeHUS peryIvMpyloLWwmnx napamMmeTpos B
CTOMMOCTHbIX BEIMYMHAX, YTO NMO3BOSIUT BbINOMHSATb
akcnnyataumio obopynosaHus MM B onTMManbHOM
pexume [1].

MATEMATUYECKAS MOLEJb
Bbibop HeobxoaMMONM BENUYMHbI M3MEHEHMS
HanpsHXeHUsl 3aBUCUT OT MHOTUX (aKTOpOB, onpe-
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nensembix CXH 1 cTeneHbo HageXHOCTM pabota-
toLLero o6opynoBaHus. B neTepMMHMPOBAHHOM Mo-
CTaHOBKE 3PDEKT CHUXKEHUS 3N1eKTponoTpebneHus
OT U3MEHEHMS HaMNpPSHKEHMS MOXHO Bblpa3uTb cle-
LYIOLWMM COOTHOLLEHUEM, Y.€.:

C =31t AB(AU )+ 8V (AU)], (1)

=1

roe T — MNAata 3a 3asB/EHHbI MaKCUMyM, Y.e.;
k, - perynvpytowmin 3GHEKT akTUBHOM Harpysku
MO HaMpsHKeHW0, BbIPAKEHHbIA B OTHOCUTENbHBIX
eanimuax; AP, (AU) - daKTMyeckoe CHUXeHue
Harpysku, BbI3BAHHOE W3MEHEHWEM HaMpPsHKEHUS
Ha BennunHy AU B pacnpepenutenbHon cetu M1,
KBT; § - koadduuMeHT npuBeseHUs CTOMMOCTU
K TeKyllemy 3HayeHuto pybneBoro 3KBUBAsEH-
T1a; k,; - KO3QdUUMEHT, ONpeaensowmn Hagex-
HOCTb paboTbl 3/1eKTPO0OOPYAOBAHMS, B TOM YMC-
Nle U YyCTOMUYMBOCTb KPYMHbIX CMHXPOHHbIX MALUMWH;
¥Y,(AU) - BennuunHa ywep6a, BbI3BaHHOMO OTK/IO-
HEHMEM YPOBHS HAAEXHOCTM OT OMNTUMANIbHOrO
3Ha4YeHUs Npu naMeHeHmun Hanpskenus AU, vy.e.;
t - BpeMs paboTbl OCHOBHOrO 060pynOBaHMs, ANs
KoToporo onpegensetcs ywepb, yac; T - nonHbli
pacyeTHbIV Nepuos, BpEMEHMU, roa.

YcnoBue ONTUMM3ALMM PEXMMA HAMPSHKEHUN
NONyYUT BUA: HAWTU MUHUMYM dyHKUMOHana (1)
Npu OrpaHUYEHUSX

v,.su=su,.,

rLe TpaHuLUbl HanpshkeHui, KBT, cooTBeTCTBYHOT
KpalHWM  3HAYEHUSM,  PErnaMeHTUPOBAHHbLIMU
«MHCTpYKUMEN NO NPOEKTUPOBAHUID CWUNOBOMO M
OCBETUTENbHOr0 000pYAOBaHMS MPOMBILLIEHHbIX
NpeanpuaTUii», KOTopasi OrpaHWYMBaET BO3MOX-
HbI AMana3oH KPaTKOBPEMEHHbIX  MOHMXKXEHMUI
HanpshXeHus npu ynpasneHun snekTponoTtpebne-
HWEeM LLecsTbio NPOLEHTaMu.

ChopmMynmpoBaHHas 3afiaya BMUCbIBAETCS B
MaTeMaTUYeCKyt MOLENb HEIMHEMHOro nporpam-
MUpOBaHKUS. B pe3synbrate ee pelieHns HaxoamTcs
onTUManbHbii BekTop AU, KOTOpbI B COOTBETCTBUM
¢ CXH paeTt MakCcMManbHbi 3PHEKT CHUXKEHMS aK-
TMBHOM MolwHoctu TN, Hanbonbwag cnoxHocTb
npu peleHnn — onpepeneHue BMOSHE MNPaBAo-
nofobHbIX 3HavYeHnit k, u ¥, (AU ), KoTopble MOX-
HO HalTM NpW A,OCTAaTOYHO 6OraToOM CTaTUCTUYECKOM
MaTepuane. PelieHne BbIMOMHSAETCS NO OQHOMY M3

CTQHAAPTHBIX ANTOPUTMOB TEOPUM HENMHEMHOIO U
AMHaMMYeCcKoro nporpaMMmpoBaHus [2].

lpy paccMOTpeHWMM [AHHOM 3ajayv B [AMHA-
MWYECKOM MOCTaHOBKE (HOPMMUPYIOTCS YpaBHEHUS
COCTOSHMS ANS1 NepexodHblX NMPOLLEeCCOB M pella-
HTCS cucteMbl anddepeHuManbHblX ypPaBHEHUN.
B KkauectBe KpuTepus ONTUMANbHOCTU OObIYHO
NPUHUMAETCS MMHUMYM CYyMMbl KBaApaToOB OTKJIO-
HEHUI HANpPSHXKEHMI C y4eTOM OrpaHMYeHUn Ha
MOLLHOCTb ynpasneHus. lNpu yyeTe HecTauMoHap-
HOro xapakTepa 3Ha4YeHWI HanpsXXeHWI B y3/10BbIX
TOYKax pacnpenenuTeNnbHOM CeTM 3aBofa MOryT
OblTb peann3oBaHbl METOAbl CTOXACTUYECKOrO Npo-
rPaMMMpPOBAHMS C MCNOb30BAHWEM ANITOPUTMOB,
COCTaBNEHHbIX HA OCHOBE M3BECTHOM METOAMUKMU UT-
POBbIX MW KBa3UrPafMEHTHbIX MeToL0B. [oCKONb-
Ky Ha NpeanpusaTUaX XMMUYECKOM NPOMbILLIEHHO-
CTM OCHOBHas Harpyska — aCMHXPOHHbIE ABUraTeNu
(Al), U3MeHeHWe pexrMa HaNpsSHKEHU BAUSET,
npexzae BCero, Ha CKonbXeHue apuratenei. [pu
CHWXeHun nogsoamumoro Hanpsxenunsa ¢ U, po U,
KBT, yBenuuunBaetca ckonbxenue ALl ot s, 00 s, %.
BennumHa HOBOrO 3HAYEHWA CKONMbXEHWA S, C A0-
CTaTOYHOW A1 NPAKTUKM TOYHOCTbIO ONpefenseTcs
MCXOAS U3 COOTHOLLUEHMI:
U.r:sr = U:zs:-'- /s, =(U,JU, o s, 25,(U, U, ):.

Mpu ycnosun M = M, onTuManbHoe 3HauyeHue
HanpsKeHMs1 COOTBETCTBYET ONTUMANIbHOMY CKOJlb-
YKEHUIO0:

Uanm = UH v SH/sanm ’

roe U, s, — HOMUHa/bHbIE 3HAYEHNA HaMPAXKEHMS
W CKONbXeHus cooTeetcTteeHHO; M, M, - Tekyuiee
M HOMMWHaNbHOE 3HayeHMe MomeHToB ALl, H-M. 310
HanpshkeHMe U3MeHseTcs B 3aBMCMMOCTU OT MO-
MEHTA B COOTBETCTBMM C COOTHOLIEHWNEM

H*

Uzz / U:nm(M=MH 5= M/ M
Mockonbky noTpebnsemMas akTMBHAs MOLLHOCTb
SBHbIM 00Pa30M 3aBWUCUT OT CKONIbXEHUS, a peak-
TUBHAs — OT CKOMBbXEHWUS U HAMPSDKEHUS, ONUCaH-
Hble MPOLECCbl B peasibHbIX 31eKTPOTEXHUYECKMX
yCTaHoOBKax akkymynupyttcs B CXH pna acuH-
XPOHHOWM ABUraTenbHOM Harpyskm U nerko Moryt
6bITb MPOMANIOCTPUPOBAHbI COBMECTHbIM PacCMOT-
peHueM M3BEeCTHbIX 3aBucuMmocTeit P(s), Q(s) v
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Q(U).MoToMy 3TV XapaKTePUCTUKM MOTYT ObITb UC-
NoNb30BaHbl B pacyeTax Npu CHMKEHUU NoTpebns-
€MOM aKTUBHOM Harpy3ku M1 B yacbl NpoxoxaeHus
MaKCMMyMa 3a CYeT 0NnepaTMBHOIO peryinpoBaHus
BE/IMUYMHBI HAMPSXKEHUS B pacrnpenenuTenbHon
ceTu 3aBoAa.

Yto Kacaetcs akTUBHOM MOLLHOCTM CUHXPOH-
Hbix auratenen (CL), TO NPUHLUMNMANBHO OHA He
3aBUCUT OT USMEHEHWI HaNpPSHKeHUS 3@ CHET MOCTO-
SIHCTBA 4acCTOTbl BpaLleHus], TO ecTb KpyTnaHa CXH
[N CUHXPOHHOM [BUraTeNnbHO Harpysku kpt =0,
Mpu OTCYTCTBMM aBTOMATUYECKOTO peryaMpoBaHus
B030yxaeHusa (APB) u nutaHmumM oBMOTOK poTopa
[BWUratens OT MalWHHOro BO3byauTens TOK BO3-
6yxaeHusa C[l He 3aBUCUT OT HaMpSHKEHUS CETU.
OpHako y C ¢ Bo36YyXAeHMEM OT BbINPSMUTESNb-
HbIX YCTAaHOBOK, MUTAOLMXCS OT BbIBOAOB CTAaTOpa
npu OTCYTCTBMM TpaHCHOPMATOPOB TOKA, CO3Aat0-
Wux pononHutencHyto 30C, nponopuMoHanbHYyo
TOKy CTaTopa, a Takxe npu otcyTcTBum APB ToK B
obmoTtke B036YaeHus CLl npuMepHO mponopuu-
OHaJleH HaMpSXXeHUIO CETU, TO eCTb MPU CHUXEHUU
HanpsXeHWs yMeHbLUAeTCs.

Mpu Hanuumm APB 3aBMcMMOCTb TOka BO36OY-
XIOEHUS onpenenseTcs 3aKOHOM perynnpoBaHus,
obecneynBaoLLIMM yBeNnYeHMe Toka Bo3ByxaeHus
MpU CHWXEHUM HaMnpshKeHWs Ha BbiBOAAX CTaTopa.
Pe3ynbTUMpyOLLMIA MAarHUTHBIM NOTOK B BO34YLIHOM
3a3ope 1 notepu B ctanu crtatopa CI npu n3me-
HEHMM HaMpsSHKEHUS CETU OMpenenstTcs TaK Xe,
Kak n y Al, TO eCTb NP CHUXEHWUWU HAMPSKEHUS
yMeHbLuatTcs. [ToTepu MowHOCTM B 06MOTKax CTa-
TOpa OnNpenenstoTcs MOMHbIM TOKOM, HAarpy3oyHas
COCTaBNALWAN KOTOPOro C YMeHbLUEHUEM Hamps-
XeHMs BO3pacTaeT, a COCTaBAAOLWAN TOKa BO36y-
XOEHUS CHUXKAETCS.

Mpy CHMXEHUU HanpsXKeHWs NepBUYHOW 06-
MOTKM TpaHchopMaTopa MarHUTHbIA NOTOK YMEHb-
LIAETCS, YTO MPUBOAMT K CHUXKEHMIO NOTEPb B CTaNM.
Mpn pabote LexoBbix TpaHCHOPMATOPOB HA OCBe-
TUTENIbHYI0 Harpy3Ky YMeHbLUAeTCs TOK Harpyskw,
4TO NMPMBOLMT, B CBOK O4epenb, K CHUXKEHUI Mo-
Tepb B Meau TpaHcdopmaropa. [Mpu pabote TpaHc-
dbopmaTopa Ha [ABWUraTeNbHYI HarpysKy xapakrep
M3MEeHEeHMs noTpebnsiemMor MOLHOCTM TpaHcdhop-
MaTopa Onpenensercs BeNUYMHOM CTaTUYeCcKoro
MOMeHTa. [1ns 0CBETUTENbHOW Harpy3ku CHUXeHue
HanpsXeHus B CETM 3aBOAA BCErAA yMeHbLUAeT no-
TEpU MOLLHOCTU.

Kak nokasanu TeopeTnyeckne U 3KCMepUMEH-

TaNbHble WCCNefO0BaHMs, BbINOMHEHHbIE aBTOpa-
MW, ONepaTUBHOE PErynMpoBaHUE HamnpsXKeHus B
pacnpenenuTenbHOM CeTu NpeanpusTUiA MaLMHO-
CTPOUTENbHOIO NPOM3BOACTBA NO3BONSAET MONYYUTD
CHWXeHne cyMMapHon Harpysku MM Ha 1 - 1,5 %,
YTO 3aMeTHO MOBbICUT 3PPEKTUBHOCTL MPOMU3-
BOACTBA.

MonyyeHne onTUManbHOrO 3HaYeHUs Cymmap-
HOM MOLLHOCTM MALUMHOCTPOUTENBHOIO KOMMIeKca
TpebyeT fanbHenwen netanmsalmm COBMELWEHHOMO
MaKCMMyMa Harpy3ku Mexay cybbektaMu TeXHOO-
rmyeckoro npotuecca. lanee npueeneHo onucaHue
HeCKO/bKMX BapMaHTOB BO3AENCTBMS HA NEpPBOHa-
YanbHbIV rpadmK Harpy3Ku OTAENbHbIX TPYNM 3NeK-
TponpueMHukoB Bcero 1.

CNOCOb MPOMOPUMOHANBHOIO PA3BMEHUA
OUKCMPOBAHHOIO 3HAYEHMA MOLWLHOCTH
SHEPIOY3/1A

PeweHune 3agaum 3TMM cnocoboM cBogmuTCca K
NpOnNOpLMOHANbHOMY pacnpeseneHnt0 OrpaHuyeH-
HOW MOLLHOCTMU, PacCYMTAHHOM HA NpeablayLLem
3Tane, Mexay BCEMU NOTPEOUTENSIMU, NMOAKITHOYEH-
HbIMM K OaHHOMY 3Heproy3ny. [onesoe yyactue
KaXLoro notpedbutens B COBMELLEHHOM rpaduke
Harpysku onpenensietcs MCX04s M3 BeNUYMHbI pe-
ryIMpOBOYHOrO AManasoHa 3TOro noTpebutens.
[lns HaXoXAEeHWS 3TOM [ONM BHAYase BbIYUCISETCS
CYMMapHbI PerynMpoBOYHbIA AManasoH Mo MOLL-
HOCTM A9 BCEX NPeAnpUSTUIA AAHHOIO 3Heproysna:

AJ

By = iPJ =3P -Pr) aefal}, ()

=]

roe Pz’}” - CyMMapHasl MOLLHOCTb PEeryiMpoBoY-
HbIX OMana3oHOB BCEX MPUEMHMKOB, NOAK/HOYEH-
HbIX K j-My 3Heproysny, kBT; P”° - pacnonaraemas
MOLLHOCTb PErYJIMPOBOYHOIO AManasoHa a-ro npu-
eMHuKa, kBT; £, - MakcMManbHas Harpyska a-ro
NpeanpusTUS B BEYEPHUI (YTPEHHUIM) MaKCUMyM
Haubonee Harpy>KeHHOro 3MMHEro (IETHEro) AHS,
KBT;P;M - BEMYMHA MWMHWMMANIBHO A0MYCTUMOW
MOLLHOCTU G-T0 MPEeANpPUATUS, MPK KOTOPOI coxpa-
HSIETCS YCTOMYMBOCTb TEXHONOMMYECKOro NpoLecca
(texHonormuyeckas 6poHb), KBT; AJ - obuee yncno
NPUEMHMUKOB j-r0 3HEProysna, Mexay KOoTopbiMM
pacnpenensetcst sennunnz P 5 P;* - cymmapHas
€AMHOBPEMEHHasi MOLLHOCTb 6e3 y4yeTa noTepb B
pacnpenenuTenbHOW CETU j-ro 3HEeproysna, 3afa-
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BaeMas IHeprocucTtemMon ans t-ro pexunma.
[oneBoe yyacTme Kaxaoro npeanpuatus, npo-
NOpUMOHaNbHOE ero peryinpoBoYHOMY AmManaso-
HY, XapakTepusyetcs Ko3GOUUMEHTOM A , KOTOPbI
BbluMCASeTCa CeayLwmm obpasom:
— pré po { }
A, =P/ P, aeyl;.
pn 3TOM y4acTMe Kaxaoro NpuMemMHMKa B COB-

MeLLeHHOM rpaduKe Harpysku j-ro 3sHeproysna
onpenenseTcs TpMBMaNbHO ANs 1-ro pexuma:

oy A {AJ};

Pt

-4

st
BFA,

AJ
}:.“ = ZP;; ac {AJ}.
=1

roe Put - [EeNCTBUTENIbHAA aKTMBHAs MOLLHOCTb,
kBT, a-ro npeanpusaTtus (rpynnsl notpebutenei) B
pexume .

PaccunTaHHble 3TUM CNOCOBOM MOLHOCTM 3neK-
TPONPUEMHMKOB NPOMNOPLMOHANbHbI PETYIMPOBOY-
HbIM IMana3oHam noTpebutenen unm (C HEKOTOpbIM
NpubAMxKeHNeM) MaKCMManbHbIM Harpyskam. lpu
pacyeTe CnekTpa MOLLHOCTEeN AN OCEHHEe-3UMHEro
nepuoaa Ucnonbsyertcs BesnunHa P ™ anga Hau-
6onee 3arpyxeHHOro 3uMHero (gekabpb) AHA. Mpu
CoCTaBNeHuun rpaduka Ans BeECEHHe-NeTHero nepum-
ofa bonee uenecoobpasHbIM SBNSETCS UCMOJb30-
BaHue Pa'”‘“‘ ONa NETHEro peXMMHOro OH4.

[insa oTaenbHbIX BpEMEHHbIX MHTEPBAOB B aBa-
PUiiHbIX ycnoBuax sennumnHa P ™° 8 dopmyne (2)
MOXeT BbITb 3aMeHeHa Ha P %, 4To no3so/nT yBe-
NYUTb AMANa30H peryiMpoBaHUS MOLLHOCTMU Mo-
TpebuTenen n COOTBETCTBEHHO MX pe3epBbl. Toraa
(2) npnobpeTaet BUA,

A

A
DB YA~ )= B
=1 =i ’

rae P 0 - aapuitHas 6poHb a-ro notpebutens, kBT.

CNOCOB PA3BMEHMSA 3A0AHHON MOLLHOCTM
SHEPIOY31A No MMHUMYMY YLLEPBA

B 3ToM cnyyae peleHue 3ajauM CBOAWTCS K
ONTUMAsIbHOMY pacnpefeneHnio MOLHOCTU Mex-
Ly NPeanpuaTUAMU MPOMBILWIEHHOTO KOMIMeKca
Mo YCNOBWSIM MMHUMANbHOTO CYMMApHOTo ylep6a.
OnTMManbHO pacnpefensieMas MOWHOCTb onpeae-

NAETCH PEryMpPOBOYHbIM [MaNa30HOM, BEMYMHA
KOTOpOro CoCTaBngeT
a AJ
P::I; =P;;_2Parn6.

[- &)

06wWmit ywep6 NpoMbILWIEHHOTO 3Heproysia ot
BEPOSITHOIO CHUMKEHMS! MOLLHOCTM ByaeT paBeH:

Vi(AP)= v (aPIP,  ac{dl)

rae AP = (P Y- P,) - BenvunHa CHUKEHMA MOLL-

HOCTU @-TO TNOTPebUTENs OTHOCUTENbHO HOMM-

HanbHOW; y (AP ) - yaenbHblii yuep6 a-ro npo-

MbILLIEHHOTO MPEeANnpPUsITUS NPU OTKIOHEHUMU €ro

pexxuma paboTbl 0T HOMUHANBbHOTO, py6/(KBT-u).
®yHKUMK ywepboB

y,=f (AP), ()

CYMUTAKOTCA M3BECTHBIMM WAM, NO KpanHen Mepe,
onpenensemMbiMu. MatemaTuyeckas Mopenb Gop-
MynupyeTcs Kak obLias onTMMM3auMOHHas 3aaa-
4Ya HENMHEMHOro NporpaMMMpoBaHMS C LLENEeBOM
dyHKUMEN

AT
D Va( AP, )P, —> min,

a=1

ae{AJ}

M COOTBETCTBYHOLLEM CUCTEMOM OrpaHUMYeHui-pa-
BEHCTB M HEPABEHCTB

Yr.=r. aclar}
ey (4)
Posp <P, aefdl}

B nepBOM MpuBAMKEHUM INEMEHTAPHBIM paH-
XMPOBAHMEM KPWBbIX Yllepba MOXHO MOAYyYuTb
TPUBMANbHOE peLleHne, B COOTBETCTBUM C KOTOPbIM
noTpebuTenn C MeHbWUM ywepbomM orpaHuyMBa-
t0TCS Ha GOMbLUYID MOLWHOCTb COMMAcHO KpyTU3HE
KpuBoOWH (3).

B ob6wem cnyyae GyHKLMM yLLepOOB B 3aBUCHU-
MOCTM OT OrpaHuyeHui (4) aBnsaoT cobom HenmnHen-
Hble KPMBbIE, KOTOPblE MOrYT BbITb NpenCcTaB/eHbl
AHANUTMYECKM B BUAE MOIMHOMA BTOPOM CTeneHu
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(KkBaLpaTUUHOrO TpexuneHa):

Yy, (AP ) =x' +x"AP, + x"AP * (5)

m

roe x',x", x
Kpusyto (3).

CyMMapHbIii e ylepb Bcero sHeproysna onpe-
[enseTcs He TONbKO COCTaBOM noTpebuTtenei, Ho u
cnocobom orpaHuyeHms. OQHAKO NpU HANNYUM He-
KOTOpoK cBOGOAbI BbIOOpA COCTaBa noTpebuTenein
MOXHO BCTPETUTbCS C HeonpeneneHHOCTbo Be-
NMymHbl ywepba. B aToM cnyyae, o4eBMAHO, HEOO-
X0OMMO NpefycMOTPeTb CUCTEMY NPUOPUTETOB Ha
orpaHuyeHue (OTKNOYeHWe) notpebuteneit ¢ pe-
rYIMPOBOYHbIM AMana3oHOM 3a npepenamu aen-
CTBMSI CUCTEMHOM aBTOMATUKMU.

OnTuManbHOE paHXMpoBaHue noTpebuTenein co
CXOOHbIMU XapaKTepucTuMkamu ywepboB onpene-
NSETCS CTOUMOCTbKO CUCTEMbI YIIPABAEHUS, X MOLL-
HOCTbt0, HOPMOIi, 06BLEMOM M CKOPOCTbIO Nepesayn
ynpasnsouwern nHdhopMaumm, a TakxKe BeIMYMHaAMM
OMCKPEeTHbIX CTyneHen MOLWHOCTM, 4acToToM OT-
K/IIOYEHWUIA U BO3MOXHOCTbIO pe3epBHOM KOMMEH-
cauuu B aBapuiiHbIX ycnosuax. B oblwem cnyyae
K03 DUUMEHTbI X' — x" BbIOMPAOTCA AN KaXLoro
KOHKpEeTHOro notpebutens B COOTBETCTBUM C pe-
YXMMHO-TEXHONOTMYECKUM LMKIOM ero paboTtbl u
MHTErpanbHbIM MOKa3aTeNneM YPOBHS HALEXKHOCTU
3/1eKTPOCHABXEeHUS nocnenHero, npuyeM Koaphu-
LMEeHTbl X' 1 X" XapaKTepusyroT TOUKY OTCYETa U K-
HeMHbI OTPE30K KPUBOW (HAKMOH), @ X" = KPYTU3HY
M KONIMYECTBEHHYHO OLLEHKY CTENEHU KOMMEeHCaLMm
OT aBAPUMHbIX OTK/IHOUEHUM.

Mepexons K MaTpMUHbIM 0B03HAYEHUSAM, NONY-
yum dopmyny (5) B Buge

- KO3 PUUMEHTDI, XapaKTepuaytoLme

Y'  (AP)=I'X' + X"AP, +
+ AP ‘diag [X"]AP, , (6)

roe Y tZI - CyMMapHbli yuwepb npoMbilLieHHO-
ro 3Heproysna OT CHWXEHMS ero MOLHOCTU Ha
BE/INMUNHY AP]., py6 (Ty.T); X' X" - ctonbuoBble
MaTpuLbl, KOMMOHEHTbI KOTOPbIX COCTaBfiEHbl U3
COOTBETCTBYIOLMX KO3IPPuLMeHToB x' 1 x" ; diag
X'"'- anaroHanbHag MaTpumLa, COCTaBNEHHAs U3 KO-
abduumeHToB x"'; 1 - cTonbL0Bas eaMHUYHAs MaT-
puua pasmepom A x 1.
CucTeMa orpaHuYeHuit Tenepb NPUMET BUL,

E4AP,<G, AP, 20, 7)

roe E = [1/17]- npsMoyronbHas MaTpuLua pasme-
poM (A+1) x A, coctaBneHHas n3 Ko3hbMUMEHTOB
OrpaHuMYMBaKOWMX ypaBHeHui; G =[Pu"'6/Pz] -
cTonbLoBasg MaTpuLa OrPaHUYMBAKOLLMX KOHCTAHT
pasmepom (A + 1) x 1; P ™ - pekTop-cTon6eu, co-
CTAB/IEHHBIN M3 BEIMUYMH TEXHOSIOTMYECKOW OPOHM.

MuHUMUK3aLmMs uenesoi GyHKLmMK (6) Npu ycno-
BMAX (7) BMWUCbIBAETCS B KNACCMYECKy 3adadvy
BbIMYKAOr0 KBaApPaTUYHOTO MNPOrpamMMUMpPOBaHMS,
KOTOpasi pellaeTcs 38 KOHeYHOe YMCNIO LAroB u3-
BECTHbIMU MeToAaMu. B pesynbraTe pelueHus 3Ton
33[aYM HaxoAMM BeKTOp-CTonbel, ONTUManbHbIX
BE/IMYMH CHMXKEHWUS MOLLHOCTM KaX[oro notpe-
outens, naloWMM B LENOM MUHWMMANbHbIA ywepb
3Heproysfna B TeyeHue COOTBETCTBYIOLErO Bpe-
MeHHOro auanasoHa. [lonyyeHne cnektpa 3Hauve-
HWIA OrpaHMYMBaEemMon (OTKNHOYAEMOM) MOLLHOCTU
[NS OTAENbHbIX NPOU3BOACTB Ha HUXXHEN CTymneHu
NPOW3BOACTBEHHON MepapxuuM B page Ciayyaes
C [OCTaTOYHOW CTENEHbK TOYHOCTU MOXeT ObITb
onpefeneHo C MCMOAb30BAaHMEM 3NEMEHTApHO-
ro cnocoba nponopuMOHaNbHOrO pasbueHus,
paccMOTPeHHOro Bbilwe. ONMCaHHbIM MeTog, NO3BO-
nseT npuMeHsaTb dyHkumm (3) noboro BMAa, B TOM
yucne v paspbiBHbIE.

CNOCOB6 PALUMOHAIbHOW JEDOPMALLMA
CYTOYHOTIO rPA®UKA HATPY3KU
MPOMBbILUTIEHHOIO Y3N1A

B paHHOM MOCTaHOBKe aKTMBHOE BO3AENCTBME
Ha NPOrHo3upyeMmbiit rpaduK Harpy3Ku aHeproysna
noapasyMeBaeT ynpasieHue 3nekTponoTpebneHu-
€M He Kak cneacteme aed@uumTa MOLLHOCTM B Yachl
MakcumyMa I3C, a Kak cnocob npoBeneHUs 3Hep-
rocbeperatolleii noautuku. Meton npegnonaraet
ONTUManbHOe B3aMMOAENCTBME MOCTABLUMKOB M
noTpebutenein 3neKTpMYECKOn 3HEPruun, NpUYem B
onpefeneHnn paumMoHanbHOM CTPYKTYpbl rpaduka
Harpy3ku NpUOpUTET, HECOMHEHHO, NMPUHAANEXUT
3HeprocucteMe, a He noTpebuTento, Kak 3To dak-
TUYECKM UMEET MecTo B HacTosuiee Bpems. B ue-
NAX BbIPAaBHMBAHUS COBMELLEHHOrO rpaduka Ha-
rpy3ku uHorga nonesHo nedopmupoBaTb rpaduk
noTpebuTens B CTOPOHY ero yxyaLweHus, 4To cnpa-
BeAMBO 6b110 3aMeyeHo okono 80 neT Haszap [3].
B atom cnyuyae ynpaeneHue anekTponotpebneHu-
€M MoApa3yMeBaeT MOCTPOEHWE MPUHYAWUTENbHO-
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ro rpaduka Harpysku notpebutens onTMManbHOM
$OopMbl M MNOTHOCTW, KOTOPbIA COOTBETCTBOBAS
6bl KPUTEPUIO MUHMMANBHOTO CYMMApHOI0o YAesb-
HOro pacxofa 3Hepropecypcos. 3T0 npeponpeae-
NSeT NOBOPOT OT AMPEKTUBHO YCTAaHABAMBAEMbIX
OrpaHWYeHui B Yacbl MaKCMMyMa Harpysku K AUC-
KpeTHO-HenpepbIBHOMY PeryMpoBaHUI0 MOLLHO-
CTM notpebutens no GUKCMPOBAHHBLIM 3HAYEHUAM
COOTBETCTBYHOLLEr0 AOroBopa C 3HEProcucTeMown,
CMBICNT KOTOPOrO 3aK/yaeTcs B A0OPOBONbHOM
yyeTe KaxAbiM noTpebuTeneM pexmMHbIX dak-
TOpOB, TO €CTb B CTPEMJIEHUMN €ro K YMNAOTHEHUIO
Co0B6CTBEHHbIX FPAPUKOB aKTMBHOM HArpy3Kku M, CO-
OTBETCTBEHHO, COBMELLEHHOr0 rpadumka Harpysku
3HeprocucTeMbl. B 3ToM cnyyae ueneBas QyHKUMS
XapakTepu3yeTcs ceayWwmnMm noKasaTensamMm: Ko-
abduuUMeHTOM yyacTua noTpebutens B MakcMMyme
Harpysku 3HeprocucrTembl; Ko3dPUUMEHTOM He-
paBHOMepHOCTU (KonebatenbHOCTM) rpaduka Ha-
rpy3ku notpebutens, ko3QPULMEHTOM OTKIIOHEHUS
MAOTHOCTM 3TOro rpaduka OT ONTUMANBHOIO 3Ha-
YyeHus, Ko3hOPUUMEHTOM, YYMTLIBAKOLWLMM CTENEHb
paUMOHanbHOrO  pe3epBMPOBaHUS  noTpebuTens
B aBapUMHbIX YCNOBUSX, KOIDOULMEHTOM HOPMBI
rpaduka. TakuM 06pa3oMm, KpuTepuit ONTUMM3A-
LUMKU 9BNSIETCS MHOFOKpUTEPUANbHOM aaaAUTUBHOM
dYyHKLMEN KaK MMHUMYM NSTU TUMOB NepPeMEHHbIX
BENINYMH:

F — f(hmax’ homnﬂ’ honm’ hpes, hqz)’

roe h™** — Ko3PUUMEHT NONagaHUs B MaKCUMyM
Harpysku; o™ — 10 e, OTK/IOHEHUSI Harpy3ku oT
CBOEro CpeaHero 3Ha4YeHms, y4UTbIBAOLLMIA HEPAB-
HOMEpPHOCTb rpaduKa aKTUBHOM Harpysku noTpe-
6uTens anekTposHeprum; h°»™ — 10 e, OTKNOHEHUS
NAOTHOCTU rpadmKa aKTUBHOM HArpysku OT ONTU-
MasibHOrO 3Ha4yeHus; hP% — TO Xe, YYMTbIBAOLLMIA
cTeneHb pe3epBMpPOBaHUA NOTpebuTens 1 Ka4yecTso
CUCTEMbI YNPABNIEHMSI €70 MOLLHOCTbIO; h? — KO3(-
duumeHT dopMmbl rpadmKa HarpysKu 3neKTponpu-
€MHMKa.

Kaxpbin 13 koadpduumeHTOB onpepensetcs
C MOMOLWbI0 MpoBeaeHUs 06cCnefoBaHUS CTPYK-
Typbl 3neKkTponoTpebneHns Ansg  KOHKPETHOro
npousoactea. B obuiem cnyyae coBMeCTHoe MC-
NMonb30BaHME BCEX YKa3aHHbIX Bbllle BEANYMH
YUUTbIBAET PEXMMHbIE, SKOHOMUYECKME U HaLeX-
HOCTHblE MOKa3aTenu, KoTopble HeobxoaMMo Hop-
MWPOBATH:

, ae{aJ} £=14

H vih,
R S—
ZH";”a

a=1 &

k

A

rae v, - nokasarenn BaXHOCTM Leneid (Becosble
ko3 duumeHTsl), npuiem 0 < b, < 1, a Bennuun-
Ha ONTUMM3KMPYEMOI MOLLHOCTM @-T0 NOTpebuTens
onpenenseTcs TPUBMANbHO:

yopl _ 2opt
AP =h, AP,

aE {.»IJ}

roe PZJ"P’ — BE/IMYMHA OMTUMAsIbHOW MOLHOCTU
J-T0 3Heproysna, noflyYeHHas KaK pesynbtaT pelle-
HWMQ 3a4a4M MUHUMU3ALMUK (6).
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