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BBenenne. B ycioBHsSX OMEpaTHBHOTO YIPABICHHUS PEKXUMAMU DHEPrETHUCCKUX CHCTEM TpeOyeTcst
pa3paboTKa METOIOB M MPOrPaMM ONITUMH3AIIUH ¢ TApaHTHEH M TOCTATOUHBIM OBICTPOICHCTBHEM, 00€-
CTIEYMBAIOINX MUHHMYM Pacxojia TOIJIHWBA B CHCTEME B TCUCHHE IIUKJIA KPATKOCPOUHOTO TIAHUPOBA-
HHUS CYTOK C YYETOM MHOTHX CYIIECTBCHHBIX (haKTOPOB: peaibHbIX SHEPIETHUCCKUX XapaKTEPUCTHK
000pyioBaHUs; BO3MOXKHBIX CTpAaTernil MaHEBPUPOBAHUS COCTABOM BKJIIOYEHHBIX B paboTy arpera-
TOB; MOTEPh AKTHBHON MOITHOCTH B CETH; BIHMSHUS KOMITJICKCHBIX KO2(D(UIIMEHTOB TpaHchHopMaIiu
TpaHchopMaToOpoB; OrpaHUUYCHUH IO CYTOYHBIM PacxoJam TOIUIMBA Ha JJIEKTPOCTAHIUSAX; CKOPOCTH
HAOOpa ¥ CHATHSI HAPY3KU HA arperathbl; JOMYCTUMOrO MEePETOKa MONIHOCTH B 3BEHBSX CETH U BEIHUUH
HanpsokeHui B y3nax. COBMECTHTh TpeOOBaHHS BBIYHCIUTEIBHON d(P(EKTHBHOCTH U OXBaTa B MOJIEISX
ONTHMH3AIINH BCeX (PAKTOPOB MPAKTUUECKH YIACTCS TOTBKO MPH (PyHKIIMOHATIBHOM ISKOMITO3UIINH 3a/1a4H,
B YaCTHOCTH IIPH pa3aCJIbHOM PEHICHWH 3a/la4 OIITUMU3AalIUN aKTUBHBIX U PCAKTUBHBIX MOH_IHOCTeﬁ [1]

B nanHO# cTaThe MOKAa3aHO, YTO yYET OONBUIIMHCTBA W3 BBIMICIEPCUYUCICHHBIX (DAKTOPOB BIIOJHE
JOCTHIKUM IIPU MCTIOJIb30BAHNN METO/IA TUHAMUIECKOTO ITporpaMMupoBanus. Kak ciemyer u3 pe3yiib-
TATOB MPAKTHYECKUX PACYETOB, 3TOT METO BecbMa 3(h(EeKTUBEH B 3a/auax OMPEICICHHOW YacTHOM
CTPYKTYPBI, K YHCITY KOTOPBIX OTHOCHTCS M pacCMaTpuBaeMasi 3a/1a4a paliuoHaIbHOTO PACIPEICIICHHSI
AKTUBHBIX MOHIHOCTCf/i MCKAY I'CHEPUPYIOIMMHN UCTOYHUKAMU. 9TO MO3BOJIACT CYIIECTBCHHO CHU3UTH
BBIYUCITHTEIbHBIC TPYAHOCTH, CBSI3AHHBIC C €¢ PEIICHHEM.

JIeKOMIO3UIHS 32/1a41 ONTHMAJBHOTO pacipeleeHnsi AKTHUBHBIX MOLHOCTEH B HepProcucre-
Me HA MOA3a1a4Yi BHYTPH- H MEKCTAHIHOHHON ONTHMHU3AINU. BBIMOTHSISA JEKOMITO3UITUIO 3a1a4u
OIITUMAJIBHOI'O pacnpeacICHUA aKTUBHBIX MOHIHOCTeﬁ MCKAY OJJICKTPOCTaAaHUUAMU, 6y[[eM BHa4aJie
CUMTATh, UTO BEJIMYUHA TIOTEPh B CETH 3apaHee M3BECTHA W MpHOaBJieHa K CyMMapHOil MOIIHOCTH I10-
TpeOJiCHHs B y3J71aX OCHOBHOi ceTH 3HeprocucteMbl. Toraa 3amady MOKXHO chOpMyIHpOBATH CleIy-
FOLIIUM 00pa3oM:
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rie Pl.j — 3a/IaHHas Harpy3Ka JJIEKTPOCTAHIUHU; 7 — KOJIMYECTBO 3IEKTPOCTAHILIUI B SHEPrOCUCTEME; 71;,
i=1,2, .., m — KOJIMYECTBO arperaToB i-i CTAHI[MU, HAXOIMUBIINXCS B pa00Te UM B FOPSYEM pe3epBe
K HaJajy pacCMaTPMBAEMOIr0 4aca CyTOK; @; J.(Pl. J.), j=1.2 .., 1, — PACXOHAs XapAKTEPUCTUKA j-TO
arperara i-ii CTaHIIMH, V — CHMBOJI JIOTHYECKOH onepannu «uckiarodaromee UWIW», P,v=1,2, . k, —
MOIITHOCTh MOTPEOJICHHUSI B V -M y3JIe OCHOBHOM CETH YHEPTOCUCTEMBI.

AJITOPUTM ONTHMAJILHOTO pacnpeneeHusi aKTUHBHBIX MOIIHOCTE MeXKAY JIeKTPHYEeCKUMH
CTAHIIUSIMHU C YYeTOM MOTePb. PaCCMOTPEHHBIN BBIIIE CIIOCOO ACKOMITO3UIIUY 3a]Ia4H ONTUMAJILHOTO
pacnpee/icHUs: aKTHBHBIX MOIIIHOCTEH B HEPrOCHCTEME Ha IMOA3aJaul BHYTPH- U MEKCTAHI[HOHHOM
ONTUMU3AIMH MTPABOMEPEH U MPU y4eTe MOTePh aKTHBHOW MOIIHOCTHU. [Ipu 3TOM yd4eT BHYTpHUCTaH-
LIMOHHOHM ONTHMH3ALKNH O-IIPEKHEMY CBOIMTCS K MOCTPOCHUIO PACXOMHBIX XapaKTECPUCTUK CTAHIIAH
C TMOMOIIIBI0 MOJIEJICH OJJHOTO U3 PAaCCMOTPEHHBIX BBIIIE THIIOB, a 3aJladya PaclpeleICHUs] MOIHOCTEH
MEXIY DIIEKTPOCTAHIUAMHE (POPMYITHUPYETCS KakK

m
2.¢;(5) — min, (@)
i=1
m A
XE=2P+m, 3)
i=1 v=l

I)iminSBSBmaxﬁ i:1,2,...,m, (4)

TAC MOTEPHU MOITHOCTHU 7T B COOTBETCTBUHU C [2] YAOBJICTBOPAIOT YPABHCHUIO

*

P P * P ¥ ¥
n= » By, » +2(q By —UyBs;) » (2B12q — B;3U) + ¢ Boyg—q ByyUy—UyByq +UgBss.  (5)

P o o
3nech | — | — cTOJIOIBI AKTUBHBIX MOIITHOCTEH COOTBETCTBEHHO Ha CTaHIUAX, KpoMe (m+1)-ii cTaH-

11U, HpHHHﬁaCMOﬁ 3a 6aaHCHUPYIOUIYIO, M B y3JaX MOTPEOICHHS (MOITHOCTH CTAHIUI CYMTAEM IOJI0-
JKUTEIbHBIMH, MOIIIHOCTH y3JI0B OTPEOICHUsT — OTPULATEIEHBIMI); ( — BEKTOP-CTONOCI PeaKTHBHBIX
Y3JI0BBIX MOIIIHOCTEH; B — MONI0XKUTENBHO OnpeeiieHHas MaTpuia Ko3pQuunueHToB noreps.

Ecnu Ob1 BenuuuHa © Oblia 3apaHee W3BECTHA, TO 3HaueHUe BekTopa P ompenesnsiinocs Ol ofHO-
3HAYHO MYTEM PELICHUS 3aJa4l ONTUMHU3AUH (2)—(4) METOJOM AMHAMHUYECKOTO IPOrpaMMHUPOBaHHUS,
KOTOPBIF MOKHO OBLJIO OBl HCTIIOJIB30BaTh BBUY CenapaOeIbHOCTH LIeNeBOM GYHKINH U QyHKLIUH orpa-
HuueHui. [lostomy BexTop P B BeipaxeHuu (4) MOKHO paccMaTpuBaTh Kak QYHKIHUIO OTephb P(T), 3a-
JAHHYIO aJITOPUTMHUYECKH C ITOMOIIBIO MojienH (2)—(4) 1 MeToAa TUHAMUYECKOT'0 TPOrpaMMHUPOBaHHS,
a caMo ypaBHeHHE (5) paccMaTpHBaTh KaK ypaBHEHHE C OJHHMM HEHM3BECTHBHIM 7. [IpennonokuM, 4to
Pop — PelIeHne sToro ypapHenus. Torna ckanspel p,,, u F,,, ynosuetBopsitoT ypasHeHusM (3), (4) u,
KpOME TOTO, IPH 3TOM JOCTUTAETCS III00aIbHBII MUHUMYM 1eJeBOH QyHKIMH (5) IPpHU OrpaHUUCHHSIX
(3), (4). CenoBareinsto, F,,, SIBISICTCS pelieHHeM 3a1a4u (2)—(4), eciu TOIBKO JUIs KOPHSI P ope YPABHE-
HUs (5) BBITIOJIHEHO YCIOBHE Py, = 0. OnHako nmocieaiHee BCErjaa MUMEET MECTO B CHITY HOIOKHUTCIBHOM
ornpeeseHHOCTH MaTpuubl B. Takum o0pa3om, HeCMOTps Ha HecenapaOelbHOCTh (PyHKLUN OrpaHHye-
Hus (4), 3a1a4y ONTUMHU3ALUY C YUETOM IIOTEPh B CETH MOKHO PELIMTH IIyTEM COYETAHUS KaKOro-n10o
METO/a PELICH!U S HeTMHEHHOTO YpaBHEHUS (5) ¢ METOAOM AMHAMHYECKOTO IPOIPAMMUPOBAHUS.

PaccmoTprM, B 4aCTHOCTH, aliTOPUTM, UCTIOIB3YIOLIUH JIJIs perienns ypaBHenus (5) metox Hetoro-
Ha. B 9ToM cirydae nrepaimoHHBIHN mpoIiece, Kak U3BECTHO, ompeensercs GopMynoi

1
Tty = T — 7o F (T )
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Pazo0bem matpunsl B, |, B,,, By, Ha 610ku

By =
CH
By
C H
By =[By1By1];
C H
By =[B;1B3],
IJIe MHOCKCHI «C, H» OTHOCSTCS COOTBETCTBEHHO K CTAaHIMOHHBIM M HAarpy304HBIM y3jJaM ceTd. Torna,
npuMeHsist popmyIbl muddepeHITnpOBaHUs TPOU3BEACHUS MATPHIL, U3 ypaBHEHHS (5) moydaem
dF 3k cc k HC * C c k
(d_j =2(FyBi1 + P By +0 By —UyB3)) Ry,
T
P(f)

rae P(:) — cTosberr MPOU3BOTHBIX ,i=1,2,...., m, B k-ii uTepanum.

i
%

Jist HaxoxaeHust Fy) NPU ONMpECICHHH TIPHOIMKCHHS T4 ) MOKHO IPHMCHHTE METOJ BapHa-
LA, I 9eT0 HEOOXOMUMO Ty TeM perieHns 3anauu (2)—(4) npu n = T4 BBIYHCIUTD 3HAYCHHE BEKTOPA
P®, peLuI/ITL 3aaauy (2)—(4) npu ©t = n(k)+A7t(k), rae An(k) MpUpalICHUC HE3aBUCUMOU MEPEMEHHON 1.
Ecan Pk — [IOJIyYCHHOE IIPU HTOM PELICHUE, TO

P (k) ~ (PA(k)— P(k) | Ar(k)).

BaxHBIM 00CTOSATETHCTBOM SBISETCS TO, YTO HanOOJIEe TPYAOEMKHI dTal pelIeHns 3a/1a4u ONTH-
MH3AI[UU METOAOM JIMHAMHYECKOTO MPOrpaMMHUPOBaHUs (IPSMOM XO/I) B OMHUCAHHOM aJTOPUTME BbI-
MOJIHSICTCS TOJIBKO OIMH pa3s.

Henocrarkamu ucnonb3oBaHus Metona HeloTOHa Niist pemreHus ypaBHEHHS (5) SBISIOTCS OTCYT-
CTBHE TapaHTHUH CXOAWMOCTH IIPOIIecca, a TaKXKe HEOOXOOUMOCTh BBIYHCICHUS MPONU3BOAHBIX aJro-
PUTMHUYECKHU 33JIaHHBIX QYHKIUH, TPH KOTOPOM MOKET He 00eCIIeUnBaThCs IOCTATOUHO BHICOKAs TOY-
HOCTbh. AJTBTEPHATUBHBIM MOIX0J0M SIBJISCTCS 3aMEHA 3aJIaud PELICHUS YpaBHEHUS (5) SKBUBAJICHTHOM
3a/1a4eil MUHUMH3AuK QyHKIIHH OJTHOHW MEPEMEHHOM:

F? () — min, ©)

ST T

nmln -

TeopeTrueckas oLeHKa HATepBaa |1 | Becma mmpoxa:

min> max

k
Tnin = Z imax ZP’
v=1

OJTHAKO B JICHCTBUTEIHHOCTH OHA MOXKET OBITh BO MHOT'O pa3 Cy)KeHa U3 SMITUPUICCKUX COOOPAKCHHIH.
Ecinu F2(m) He yHUMONANbHA, ISl PEICHNs 3a1aun (6) Heleecoobpa3Ho HCIONb30BaTh METOJ repebopa,
TaK KaK M3BECTEH PeryJspHBbIH WHPOPMAITMOHHO-CTATHCTHUECKUA METOJ] ONTUMHU3AUNHN (DyHKIIHH
OJTHOW TIePEMEHHOW Ha WHTEpBalie [nmin, nmax] , He Hayarawmnmii Tpe0oBaHUN YHUMOIAJIbHOCTH.
AJTOPUTM ONTHMH3AIMU CYTOYHOT0 PesKMMA YHEProCHUCTEMbI 110 AKTUBHOI MOIIHOCTH C y4e-
TOM NOTEPH U BbIOOpa cocTaBa o6opynoBanus. [lokaxeM, 4TO JUIsl ONTUMHU3AIUU CYTOUYHOTO PEKU-
Ma SHEPTOCUCTEMBI IIPUMEHUM METOA AUCKPETHOTO JUHAMHWYECKOI'O IMporpaMMHUpOBaHUA. HpI/I 9TOM
IPOIIECC ONTUMH3AIUU CTPOUTCS KAaK MHOTOILIATOBBIH MPOIIECC MPUHATHSI PEIICHUH, C KaXKIBIM IIIaroM
KOTOPOTO CBA3BIBAIOTCS KOHKPETHBIH 4ac CyTOK T ¥ MHOkecTBa S COCTOSHMIA CHCTEMBI, IOCTHKHUMBIX

U3 3aJaHHOTO MCXOMHOrO cocTostHus cucteMbl SO mpu T = 0 (IOCHENHMI Yac TPEBIAYIIHX CYTOK).
Tora onTUMH3AIUS Ha IIATe TTPOIECCa COCTOUT B BBIOOPE ISl KAXKIOTO COCTOSTHUS S (D € 8™ rakoro
COCTOSTHUS S(g;[ 1)(S (T)) A3 KOTOPOTO BO3MOXKEH MEPEXO[ B S (x ), u Tpedyer HaI/IMeHI)IIII/IX 3aTpar 1o
CPaBHEHHIO CO BCEMH JIPYTHMH COCTOSHHSIMU S(T D u3 KOTOpI:IX BO3MOYKEH TIepexof] B S ), T. €. S((,;t(lj).)
OIIpe/IeIIICTCs Ha OCHOBE IIPUHIIMIIA ONITUMAIBHOCTH beiMana Kak perieHue 3a1auu onTanaunn:
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B(S™)=B(S{")+AB(SS,8(7) — min,
S(T*l) es(‘t*l) (7)
v B
(24) L o(24) _ o(24)
B(S,”") > min, 7" € S,
rae B(S, (H)) — pacxoJi TOIUIMBA Ha y4aCTKEe CyTOYHOro rpaduka ot ¢ = 1 10 ¢ = 7—1 npu HavaJIbHOM

COCTOSIHUHM CHUCTEMBI S| ¥ KOHEUHOM €€ COCTOSHHU S(T D AB(S! (=D g (T)) pacxoy TOIINBA B Yac T
MIpU TePeXo/ie U3 COCTOSHUS S("' D' B cocrosHne S( , bynkius bennmana B(S(T)) u QyHKIHES

S(g;, D (S; (T)) 3alIOMUHAIOTCS U 00pa3yIT pe3ylbTaThl MPSIMOT0 XO/a JUHAMHYECKOTO ITPOTrpaMMHUpPO-
Banus. [locnenHuii 3aKkaHYUBaETCs ONPEICICHUEM 3HAYCHUN (DyHKIIHIA B(S (24)) S g;f)(S (24)) 00-

paTHI)II/I X0 3aKJII04YacTCsa B HAX0XJICHUHN S( 4) KaK pCeHICHUA 3aJa41 OITUMU3AlIUN U TOCIACT0BATECIIb-

HOTO ONpENENCHUs] COCTOSTHUI Sg;f)(S(g[z,f)), Sg;tz)(Séif)), 00pasyIoIUX ONTHMAJILHYIO CIPATErHIO

YIIpaBJICHUS CYTOUYHBIM PEKUMOM, KOTOpAas MPEACTABISAET COO0H KOPTEK COCTOSHHIA:

2 24
Gopt Z(Slbsépt)’ (()pt))

KonkpernsupyeMm NMOHSITHE «COCTOSTHUE CUCTEMBI». Ero MOKHO MPEACTaBUThH KaK yHMOPSI0YCHHOE
MHOKECTBO COCTOSIHUHN AJIEKTPOCTAHIINH:

§57 = (837,553, 55D.

CocrosiHue (-7 CTAHIMH S ; MOXKHO 0XapaKTePH30BaTh Kak KOPTEHK MHOKECTB

M =D, RP,00,7P, 20 ND)

(Af"') R(T) (T),YU(T) ngt) MHOKECTBO arperaToB, HAXOASALINXCS COOTBETCTBEHHO B CIIEYIOIIHUX CO-
CTOSIHI/ISIX. BKJIFOYEHBI B paboTYy, B TOPSIYEM Pe3epBE MOCHE OTKIFOUCHHS; B TOPSIYEM pe3epBe Mocie pa-
30rpeBa M3 XOJIOIHOTO Pe3epBa; B COCTOSIHUH Pa30rPeBa U3 XOJOIHOIO Pe3epBa, B XOJIOIHOM pe3epBe,

B peMOHTe) 1 KOPTEX BEKTOPOB, DJIEMEHTHI KaKJIOI'0 U3 KOTOPBIX XapaKTCPUSYIOT IPEABICTOPHUIO CO-

CTOSIHUH arperaToB, BXOASAIINX B COOTBETCTBY FOLIME MHOMKECTBA Pj(f) = (a(f), ](f),qﬁf), y§f)) .
3nech
(T) — (P p) (D)
( Jji,1» 112”' 13]161)5
(‘E) _ .otk otk otk
(le a+l1> _]l a+2° "'7Tji,a+r)’
(T) \ 4 2p 2p
q]l (Ta—l-r—t-l > Y jiatr+2 Ta+r+q )’
(t) _ . rez rez rez
Yji (T Tavr+g+1> Cavreqe2s ""Tji,a+r+q4ry)’
rae Pj(fkl) k=1, 2,. Harpyzlca k-ro arperara i-if cTaHIUA B (T—1)-i 9ac B COCTOSTHUH, TIPEIIe-
CTBYIOLIEM j-H CTaHLUM; T, ﬂ k , k=a+1,...,00+ 7, — MOMEHT MOCIIEIHET0 OTKJIIOUYCHUS k-TO arperara;
ff’k , k=oa+r+l,..,a+r+qg, — MOMEHT OTKIIIOYEHHS pa3orpeBa k-ro arperara; t;fzk , k=o+

r+q+L..,a+r+qg+y,— MOMEHT HayaJla pa3orpena k-ro arperara.

-1
Ecnu cocrosiaue SS-Z-T) 00Opa3yeTcst U3 COCTOSHUS S;f ), TO XapaKTepU3yIOIHMe er0 MHOXKECTBa 00-
pasyroTcs Kak

(1) _ ( 4(=D) (R) (9]
A‘; —(AwT \AR'i)UAA'i UAAji >
-1
R =(RFV\AZ, \ A4 YUAR,,,
P =0 a4PHUAQ,,

yﬁf) (yg_l) \Asz') U Ay i,
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Z;_l?) (Z(T 1) \ij,-)UAZ;f) UAZZ-(N)a
NO =(NEDVAZM YU AN
1 l 1 1 ’

e
AP < RED A 06D AR, AT,
AQ; ey Ay ZGV AZP < RTTY,
tae ty . ;) o IPONOIKHMTENTEHOCT COOTBETCTBEHHO BBOJA K-TO Arperara i-il CTAHIMK U3 COCTOS HUS

XOJIOJHOTO pe3epBa B ropsAuMil pe3eps U mepexona ee (-ro arperara mocjie OTKIIOYCHUS B cocmsmne
R
X0JIONHOTO pe3epBa. Kaxkaoe n3 MHOKECTB AA( ) AA(Q) AR ; jis Ay; ji » OTHOCAIIEECS K COCTOSHUIO S

06pasyeT OHO U3 MOAMHOXKECTB cooTBeTcTBeHHO MuoxkectB RV, QD 4D 7 (1= COBMCCTHLIX
CO CIIEAYIOUIMMHE 3KCIUTYaTal[HOHHBIMU OIPaHUYEHUSIMU:

V(i = 1,2,...,m)((‘AR(.l.A) = I)V(‘AA(.I.Q)‘ =)V,
V(ARG =) M (AP =2) ~ (M =)V,
V(AP DA (=12, (AR =2) 7 (A2 = D),
V(i =1,2,...m)(AZS = D)WV (|Ay ;| = DV(AZP = @)~ (Avj; # D).

Hcxomnoe cocrostane SUY u KopTe>1< MHOXeCTB M ; (-?) HOJIHOCTBIO OIPEICIISIIOT KOPTEX BEKTOPOB
Pj(f) , @ CJIEZI0BATEIIEHO, U COCTOSTHHE S} eciu C‘II/ITaTI) YTO 3HAYCHHUS KOMHOHeHTOB BEKTOpa (x(T) HE
BIUSIOT HA 3aTPATHI B(SS’;), S(Hl)) CBSI3aHHBIC C TIEPEXOJOM M3 COCTOSHHUS S ) B ;m06oe 3 BOIMONK-
HBIX COCTOSIHUH S (”1) Ha CJIEAYIOIIEM mare (3T0 CHPaBEMINBO IIPH HEydeTe orpaHquHI/Iﬁ Ha CKOpO-
CTH HabOpa M CHATHUSA HArpy30K arperatoB). Toriga KOMIOHEHTHI BEKTOPOB ol t=1,2,..,m , orpene-

n>
JIATCA U3 PCIICHUA 3aa4 ONTUMU3AlUN:

—1 n .
MBS SIS Y TR (P + 3 Dy |- min,
i=l| re4l veAZji

m
Y| X P ZP“)M“)
i=1 leAgT)

lemm—Pl 1< leax’ :1 mZEAjtT)’

rae D,y € Z;; —pacXof TONuBa, CB;I3aHHLIﬁ C IIEPEXOJIOM arperara u3 ropsiuero B X0JOAHBIHN pe3eps,
a XapaKTepI/ICTI/IKI/I arperaroB /e A OHpe,ZlCJIHIOTCH CIIETYFOLIUM 00pa3oM:

1 R
AT ﬂ,) le(A5VVAR,HUAAY,
9 =
7 fia( J(fl))+ocl’eftffz+ag (T=15))s leAA}iQ).

3,[[60]) a;e}f, (Xl l — YACJIBHBIC PACXOAbI TOINIMBA COOTBETCTBCHHO HA pa3orpes [-To arperara i-U cTaH-

LAY ¥ Ha MO JIepKaHUe ero B COCTOSTHUU TOPSTIero pe3epsa B TedeHnne 1 d.

KomnoHeHTbI BEKTOPOB 7 ](l o , 1=1,2, ..., m, OIPENEIAIOTCS KaK

k 1 R
ot _ | T 1€ (REDNAZ A,
s T, [€AR);.
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JIJ1sl BEKTOpOB qﬁf), yﬁf)

vzl’ le £2(T 1) \ZX4(Q)
T, leAQﬁ,

gr
Ji,l —

% ZeywT D \AQ,

rez _ Vl I>
Jill —

Ji
T, [€AY;.

ITocne Toro, kak koptexu M ﬁf), P(T) c(hopMHUPOBAHBI, IIPOBOAUTCS ONITUMHU3AINS B COOTBETCTBUH

¢ BeIpaskeHueM (7), AJIs 9ero Heo6xo,uHMo ONPEAEIUTD BEIUUUHY

B(ST, 88y =B(ST )+ B(SS, )

-1
¥ CPaBHHTH €€ CO 3HaquHeM B(S, (=D g (T)) ecii paHee CocTosHue S, (9 y3ke GBLIO cHOPMUPOBAHO,
HCXOJISl K3 COCTOSTHUS S D , MtV

B(S$)=min(B(S{™, 1), BT, 7))

¥ COOTBETCTBEHHO (YHKIINH S(();t 1)(Sgt)) :

OnTumu3zanus Ha IEPBOM IlIare Ipouecca Ipyu T = 1 omInyaercs oT cayuas IPOU3BOJIBHOIO T TEM,
YTO NMPH (POPMHUPOBAHUN COCTOSTHUH S§1) PacCMOTPEHUIO MOJJIEKHUT EAUHCTBEHHOE UCXOAHOE COCTOS-
HEe S, 3aJaHHOE B COOTBETCTBUH C I'PaMKOM pabOTHI SHEPTOCHCTEMBI TIPEIBITYIINX CYTOK Ha Yac
(t = 24).

Ha mocnennem miare mpouecca npu T = 24 HeT HEOOXOAUMOCTH GOpPMHUPOBATH S KaK MHOXe-
CTBO BCEX BO3MOXKHBIX S§.24) , IOCKOJIbKY HE3aBHCHMO OT MCXOIHOIO COCTOsTHIA S'2°) mepexos u3 Hero

(24)

JIOJKEH GBITh ONTHMATbHBIM. Bee momuexanue pacemMorpennio coctosuus S e S moryr Guith
chopMHUPOBaHbI B Pe3yJIbTaTe PEIICHUs CEMENCTBa 3a1a4 ONTHMH3alUK BUAA

i= lleAv
P 3 PO 4 09,
i=lleA‘()l_23) p=l
(P(24)_0)V(lem<PiEIZ4)< lmax)l_12 maleA\EiZS)a

1€ PACXOAHBIC XapPAKTECPUCTHUKH arperaToB OIMPEACTIAIOTCA KaK

(24) (24)
o2 (P29 = (B Bymin B < jmaxs

J
P D, P(f“) 0.

CoOTBETCTBEHHO YMEHBIIIEHHUIO YHCIIa MHOXKECTBA §24 COKpAIIaeTCsl U KOJIMYECTBO CTPATEerui,
TpeOyIoInX pacCMOTPEHHS Ha OOPAaTHOM X0JIe TMHAMHYECKOT0 IIPOrpaMMHUPOBAHHMSL.

Yder orpaHMYeHHii HA CYTOYHBIH Pacxo[l TOIJIMBA AJSI OTAEJBbHBIX JJeKTPOCTAHLIMI JHep-
rocuctemsl. IlycTs s n U3 m 3JEKTPOCTAHLIMI CHCTEMBI 3a/JaHbl CyTOUYHBIE PAacXOAbl TOIIMBA,
T. €. 3a]]a4a ONTHUMHU3ALHNH CYTOUYHOT'O PEXKMMa SHEPTOCUCTEMBI (POPMYJIUPYETCS B BUAC

E 2 @ (o) -
2.2 BY(PY) — min, ®)
i=11=2

m k

SPO =Y PP +nlV, 1=12,..,24, ©)

=1 v=1
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PO <p®<p® i=12,.,m1=12,.,24, (10)

imax >

24
zBfF)(pj(f)) =B, j=12,..,n (1D
=l

W3BecTHO, UTO 3TOH 3ajaue 3KBUBAJICHTHA 3ajjadya 0e3 orpaHuveHui Buna (2)—(4), monuduuupo-
BaHHAs ITyTEeM 3aMeHbI HCXOnHOU pyHKINY (2) hyHKkuei Jlarpanxka:

m 24 n 24
X3 BOED)+ 2| LBV P~ BT |- min, \’
i=1t=1 j=1 =1
m k
YPO=Y PP+, 1=12,..,24, (13)
i=1 v=l

PO <p®<p® =12 .. m1t=12,..

imin i imax >

24, (14)

b

rae A; =12,...,n, — MHOXHTenn Jlarparika, onpeaenseMble TakuM 00pa3oM, 4To peuleHue 3anaqn (12)
JIOJDKHO yAOBIETBOPATH orpanndeHusM (13), (14). U3 atoro ciemyet, uto cuctemy (12)—(14) moxHO
paccMarpHuBaTh Kak CEMEMCTBO 3a/1a4 ONTHMHU3AIUH, OIpEelIsoniee CEMEHCTBO PEHICH I KaK BEKTOp-
dynkmuo P(A),rtne A=(A;,Ay,...,A,), TOrna u3 (12) uMeeM cucTeMy ypaBHEHHUH OTHOCUTEIBHO BEK-
Topa A: F(L)=0, rne F = (F,, F,, ..., F,) — BekTop-QyHKIMs, 171 KOTOPOW

S g0 po eyr
Fj:lej (P -B", j=1.2, 0. (15)
-

Pemenne 3agaun MOXKHO HAalTH € MOMOLIBIO cUcTeMbl ypaBHeHHH (12)—(14), rae BeKTOp-QpyHKIHS
P(\) 3amana yxazaHHBIM BbllIe 00pa3oM. B ciyuae ucmonbs3oBanusi Mmetona HpioToHa nmeem utepa-
LIMOHHBIN TIpoIeCce

7“(k+1) =N —[F'(X(k))]_lF(x(k)), (16)

roe F '(K(k)) — marpuna Slkobu pyukuun F(A) B TOUKe Ay .
Tycts P; = (Pj(l), Pj(z), oy Pj(24)) ,j =12, .., n,— BeKTOp MOIIHOCTEH j-if cTaHIuH,

dB\V dB?»  gB*Y
=L | i=12,.n
] d])j(l) ’dP/(Z) 9 b d[)j(24) 9 b b b 9

— CTPOKa yJIENIbHBIX IPUPOCTOB PACXo/ia TOIJINBA HA j-i CTAHIINU.
Torna u3 (15) morydanm

F'O“(k)) = lejsj (Pj(k))ij (l(k)),
Jj=

rae
L, [12 j-1jj+
[;=00..010..0],

P]f(k( k) —Marpuua Slko6u BekTop-pynkunn A (L) B TOUKE A4y .

Takum 00pa3om, 4TOOBI IPY 3aJaHHOM BEKTOpE CAeNaTh odepeaHoi mar mpotecca (16) HeoOxomau-
MO ClIeyoIiee:

1) petrutsb 3anaqy (12)—(14) npu A = 7‘(@ S .

2) BBIYUCIUTD MATPHILY € TAKYIO, UTO € =| &, &y, ..., sn] , HCIIOJIBb3Ysl PACXOHBIC XapaKTEPUCTUKH
CTaHITUH JUIST K&KIOTO Yaca Py ONTUMAIBHON cTpaTeruu B 3aaade (12)—(14); BEIYUCIUTH METOIOM Ba-
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puanuii MaTpuIy Pj(?\.) ,j=1,2, .., n, st 3Toro HeoOoxoauMO pemuTh 3anaqy (12)—(14) n pas, oqHako
BCJIEZICTBHE MAJIOCTH IPpUPAEHUi ALy, i = 1,2, ..., n, ONTUMAILHYIO CTPATETHIO MAHEBPUPOBAHHUS
COCTaBOM 00OPY/IOBaHMS MOXKHO CYUTATh HEM3MEHHO, HAXO/I JTUIIIh N3MEHEHHBIC 3HAYEHN S BEKTOPOB
ch-? JUJISI COOTBETCTBYIOIIUX COCTOSTHUH S}T), j=12,...,m.

OnTnMainbHyIo0 CTPATEruio Mpu A =A;) MOXKHO HAHTH METOAOM JMHAMUYECKOTO MPOrpaMMHPO-
BaHUS C TEM OTIMYHEM OT aJIFOPUTMA, OMIMCAHHOIO BBIILE, YTO PACXOJHAs XapaKTEPUCTHUKA B(-T)(Pj T))
JU1s mara mpouecca T, j = 1, 2, .., n, Monupumpyeres Kak B}T) P].(T) = (B}T)(PJ-(T)) —Bjc-é’r /24)+
BET) (Pj(T)), TJIe : = — omeparop MpUCBamBaHMs. Takoi croco0 MOAMQPHUKAITNN 00eCIIeunBaeT HAKOIIIe-
HUE Ha [arax J00i cTpaTeruy COOTBETCTBYOMIEro 3HaueHus1 pyHkuun Jlarpanka (12), kotopoe mpu
3HAYEHUH BEKTOpa A, yoBieTBopsitomeM (14), coBnagaer co 3HaUeHUEM HEKOTOPOHU LeNeBOH QyHKIIHH
(8), COOTBETCTBYIOIIMM JITaHHOW cTpareruu. Tem caMbIM oOecriednBaeTcs MOTy4YeHNEe TTPU ONTHMAIIb-
HOM CTPATeruu G, (HaKTHICCKOro 3HAYCHHs ONTHMAIIBHOTO PACXO/a TOMIMBA B CHCTEME TIPH y4YeTe
orpannyenwuit (11).

3akaouenne. [lokazaHa BO3MOKHOCTBH HCIIOJB30BAHHS METOAA HEIHMHEWHOTO JMHAMHYECKOTO
MPOrPaMMHUPOBAHHUS ISl PEIISHUS 3a7a4l PAIlMOHATFHOT'O PACIpE/IeICHNsI aKTUBHBIX HAT'PY30K MEkK-
Iy DJIEKTPOCTAHIIUSAMH B DJIEKTPOIHEPreTHIECKOl cucteme. [laHa yHUBepcaabHas MOCTAaHOBKA 3a/1a4d
Y ONpE/IeTICHBI IPUHIIMITEI €€ Peau3alii C YUeTOM PSKHUMHBIX U TEXHHYECKUX OTPaHHYCHHH.
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O. 1. ALEXANDROYV,|D. N. SVIRSKY|, T. E. ZHUKOVSKAYA

OPTIMIZATION OF POWER SYSTEM REGIME BY THE COMBINED METHOD
OF FUNCTIONAL DECOMPOSITION AND DYNAMIC PROGRAMMING

Summary

The common statement of a task is shown and the description of strategy at the choice of optimum structure of a power
system chart of the load is presented. The criterion of optimization is the traditional parameter — a minimal charge of fuel
on thermal power station. The main function of the task is defined in the field of existence of this function formed with the
help of the system of condition — technological restrictions.





