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CUHTE3 OrPAHMYEHHOIO POBACTHOIO FAPAHTUPYIOLLEIO YMPABJIEHUA
3AMNMACAMU C NMOMOLLBIKO NAPAMETPU3OBAHHOU ®YHKUUU NANMYHOBA

B cmamwe npeonosicen nooxoo Kk peuteHuro 3a0a4u cunmesa 0ZPAHUYEHHO020 POOACHO20 2apaHMUpyIowe20 Ynpag-
JleHusl 3anacamu OJisi CUCeM € NApamempudeckol CmpyKmypHotl HeOnpeoeIeHHOCIbIO 8 YCI0BUSIX 0eliCBUsL HeU38ec-
HO20, HO OZPAHUYEHHO20 GHEWHE20 CIPOCA U HATUYUSL HECUMMEMPUYHBIX CIPYKIYPHBIX OZPAHUYEHUL] HA 3HAYEHUs CO-
cmosnuti u ynpaenenui. I100X00 0CHOBAH HA UCNOTBL30BAHUL MEMOOA UHBAPUAHMHBIX JJUIUNCOUO08 U NAPAMEMPU306AH-
HOU hynxyuu JIanynosa, umo no3eosem yMeHbUUmMs KOHCEPSAmMuU3M NOJYYEHHbIX pe3yibmamos. Hcnonvzosanue ma-
MEMamuyecKo20 annapama JUHelHbIX MAMpPUYHbIX HEPABEHCNE NO360JAEN CHOPMYIUPOBAMDb 3a0ayy CUHmMEe3a YPas-
JIeHUsl 8 Ude NOCIe008ameIbHOCIIU 3a0a NOLYONPEOENeHHO20 NPOSPAMMUPOBAHUS, OJisl PEUeHUsL KOMOPbIX UCNONb3Y-
JOMcsl cheyuanuzuposantvle nakemol Ha 6aze cucmemvt MATLAB. Paccmompen yucnennwlil npumep.

Knrwouessle cnosa: ynpasienue 3anacamu, pobacmmuoe ynpagieHie, 2apanmupyioujee Ynpasnenue, Memoo uH-
BAPUAHMHBIX DTIUNCOUOO8, NAPAMEMPUZ08ANHA QyHKYUs JIANYHOBA, TuHeliHOe MAMPUYHOe HEPABEHCMBO0, 3A0aid

NOYONPeOeeHHO20 NPOSPAMMUPOBAHUSL.

BBepeHue

3ajaua ynpaBieHUs 3amacaMd BO3HMKaeT B CHCTe-
Max IIPOU3BOJICTBA-XPaHEHUS-PACIIPENCIICHISI PECYPCOB,
KOT/Ia C LEJIBIO YIOBIETBOPEHHS OTPEOUTEIBCKOrO CIPO-
ca CO3JAI0TCs 3arachl MaTepHAaIBHBIX PECypCoB. YTpaB-
JICHHE 3aracamMy 3aKII0¥aeTcsl B ONpE/IEIIeHN MOMEHTOB
BPEMEHH U Pa3MEpPOB 3aKa30B HA UX BOCIIOIHEHHE.

AHaNM3 pa3IMYHBIX MOAXO0B K YIIPABIEHHIO 3aria-
caMyd MOXKHO Haiité B pabote [1] u oOrmmpHOH OuOIHO-
rpadun k Heill. Cpequ MHOr0OOpa3usi MOJICIICH yIpaBJie-
HMS 3allacaMy BBIIEJSIOT JIBA OCHOBHBIX THIIA: MOJEH
KPUTHUUYECKHX YPOBHEW M MOJIENb IEPUOIMYECKOM IPOBEP-
ku. B mepBoM ciydae mpemionaraercsi HENpEpbIBHBIN
KOHTpOJIb 32 COCTOSIHHIEM 3aIlacoB M pa3MellIeHNE 3aKa30B
(bMKCHPOBAaHHOTO pa3Mepa MpPU CHIDKEHUH TEKYIIHX 3ara-
COB JI0 HEKOTOpBIX KPUTHYECKHMX ypoBHeH. Bropoii Tun
MOJIENIM TIpeAToNiaraeT MPOBEPKY YPOBHSI 3allacoB 4epe3
paBHbIE TPOMEXKYTKH BPEMEHH M pa3MelleHHe 3aKasa,
pa3Mep KOTOpOrO ONpEENsieTcss B COOTBETCTBUHM C BBI-
OpanHOU cTparerueii. B manHo# pabote paccMaTprBaeTcst
MOJIENb TIEPHOIMIECKON MPOBEPKHU.

BeIOop cTparernu ynpasiieHHs 3amiacaMu oIpee-
JISIeTCST XapaKTepoM BHeIIHero crpoca. Ha mpakruke
3a4acTyI0 HET OCHOBAHUI JJIsl TOrO, YTOOBI paccMaTpH-
BaTh CIPOC B KayecTBE CIy4alHBIX, JIUOO TapMOHHUYeE-
CKHUX, JTUOO yOBIBAIOIIMX C TEUCHHEM BPEMEHH BHEII-
HUX BO3MYIICHWH — Kakas-JTU0O IOMOJHHUTENbHAs WH-
(dopMarys, KpoMe TOHM, YTO BHEIIHHH CIIPOC SIBIISIETCS
OrpaHMYEHHBIM, OTCYTCTBYeT. B Takom ciyuae 3agadya
yIIpaBJCHHUs 3armacaMyd MOXET OBITh CQOpPMYIHpOBaHA
KaK 3ajaya IOJABIICHUs BIMSHUS HECIy4alHBIX orpa-
HUYEHHBIX BHEIIHUX BO3MYIIEHHH, METONbI PELICHHS
KOTOpOH paccMOTpeHsl B padote [2]. OmHuM U3 moxxo-
JIOB K JAHHOW MNpoOJeMaTuke B TEOPUH POOACTHOTO
YIIPaBJICHUS SIBJISIETCS KOHIETIMS WHBAPHAHTHBIX MHO-
xkectB [3]. Cpemnu pasmuuHbIX (OpM HHBaPHAHTHBIX

MHOXKECTB 0CO00 BBIZEIISIFOTCS SJUTUIICOU B BCIEACTBUE
UX TPOCTOM CTPYKTYPBI U TPSIMOM CBSI3U C KBaJpaTHY-
HBIMH (QyHKIMsAMU JIsmyHOBA.

OpHaKo CHHTE3 pOOACTHOTO PEryJsiTOpa Ha OCHO-
B€ JIMHEWHOM KBaIpaTHYHOW CTAOMIM3alUK IPUBOIMT K
KOHCEpBAaTHBHBIM pe3ynbTataM. KoHcepBaTu3m mposiB-
JISIETCS B TOM, YTO C NMPAKTUUECKON TOUKU 3pEHHS MOTY-
YyaeMble IpaHHIBI POOACTHOCTH OKa3bIBAIOTCS HEOPaB-
JIAHHO 3aHIKEHHBIMH. [IpH4mHa ATOro Kpoercs B MH-
HUMAaKCHOH ITPUpPOJIE TAKOTO ITOIXO0/1a.

Jls mpeononeHust yka3aHHOTO HEJOCTaTKa Mpes-
JIaraeTcsl KCIMOJIb30BaTh APaMETPU30BAHHYIO (DYHKIHIO
JlismynoBa  (II®PJI) (amrm.: parameter dependent
Lyapunov function). Cpenu pa6ot, B kotopsix [IDJI
CTPOUTCS ISl IMCKPETHBIX CHUCTEM, CIIEyeT BBIIEIUTH
crateto V.C. Oliveira ¢ coaBrt. [4].

Crierprkoi paccMaTprBaeMoil 3a7audl  SIBILSIETCS
HaJIM4KMe 3ana3/bIBaHul IO YIPaBJICHHIO, BEIMYMHBI KO-
TOPBIX MOT'YT BapbHpOBaThCsl B Tpolecce (HYHKIMOHHPO-
BaHUs cUcTeMbL. Jlpyroii 0COOEHHOCTBIO 3ajad yIpaBJie-
HHMSl 3aracaMy SIBJISIETCsl HEOOXOAMMOCTh y4eTa CTPYKTYp-
HBIX OrpaHUYEHUI Ha 3HAYEHUsI COCTOSIHUH U yIPaBIICHUH.
OnHMM M3 TIOAXOAOB K CHHTE3Y OPaHIMYEHHOTO CTAaOWIU-
3UPYIOLIETO YIPaBJIEHHS SIBISIETCS UCIIOJIb30BAaHNE TEXHHU-
KU JIMHEHHBIX MaTpuuHbiX HepaBeHCTB (JIMH) [5]. Ilpu
9TOM, KakK MPaBUIIO, PACCMATPHBAIOT OrPaHUUECHUS, 33 IaH-
HbIe B Kakoi-mbo HopMe. Toraa kak crienudukoil 3amaq
yOpaBJIEHUsI 3aracaM  SIBJIAETCS  HEOTPULATEIBHOCTh
3HAYEHUH TTEPEMEHHBIX, YTO MPUBOIUT K HEOOXOIMMOCTH
ydeTa HECHMMMETPWUYHBIX OrpaHWYECHHUI Ha 3HaYeHUs
YIPaBIIAIONINX BO3ICHCTBUI U COCTOSTHUI.

Leanio padoThl sBIISIETCS CHUHTE3 POOACTHOM OT-
HOCHTEJIFHO BapbUPyEeMBIX 3HAYCHUH 3ama3iblBaHui
YIIPaBJSIEMBIX [TOTOKOB CTpaTEerMy YNpaBJICHHs 3amaca-
MU T'apaHTHPOBAaHHOW CTOMMOCTH, KOTOpask MOXET HC-
TOJTB30BATHCS Ul ONpENENeHUS B KaXKIbIH MOMEHT
BpeMEHH OOBEMOB 3aKa3a PECYPCOB C YYETOM HECHUM-
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METPUYHBIX OIpaHMYCHUH Ha HMX 3HAYEHUS B BHIE
(YHKIIMM OT YpOBHEH 3amaca pecypcoB B y3llaX CHCTe-
MBI, KOTOpBbIE MO3BOJISIIOT YAEP)KUBAaTh COCTOSHHS B
OIpaHMYEHHOM KOMIIAKTHOM MHO)KECTBE MpPHU JFOOBIX
JIOITYCTUMBIX BO3MYILICHUSIX.

IMocranoBka 3amauu. PaccmoTpuM JauHammudve-
CKYIO CETEBYIO MOJEJb, KOTOpPAsi OMUCHIBAET LIMPOKHIM
Kiacc cucteM ympasienus 3anacamu (CY3) [6]. Vanbl
CeTH 33/1al0T BU/BI U pa3Mephl YIIPABISIEMbIX 3aI1acoB, a
JIyTU — YIIPaBIsieMbIe ¥ HEYIPaBJIsSIEMbIE IOTOKH B CETH.
VYnpagisieMble MOTOKH ONKCHIBAIOT MPOLECCHI Mepepa-
0OTKM W TIiepepacrpenelieHHs] PeCypcoB MEXIy Y3JIaMH
CEeTH U MPOILIECCHI TIOCTABOK CHIPhs U3BHE. Heymnpanisie-
MbI€ TIOTOKH OIHUCHIBAIOT CIPOC Ha PECYPCHI, KOTOPBIH
(opMupyeTcs BHEUTHUMH MTOTPEOUTEISIMU.

Jlns matematudeckoro onucanusi CY3 ucnomns3y-
eTcsl TUCKpPEeTHAsl MOJENb B IIPOCTPAHCTBE COCTOSHUM,
ypaBHEHHs] KOTOPOH OIMCHIBAIOT W3MEHEHHE YpPOBHS
3aracoB KaXkJJOro BUJIa PECYpPCOB C TEYCHUEM BPEMEHH.
B kauecTBe nepeMeHHBIX COCTOSIHUHA paccMaTpPHBAIOTCS
HaJIMYHbIE YPOBHHM 3alaca pecypcoB B Y3Jax CETH.
VYHpaBisOMUMHA BO3JEUCTBUSIMH  SIBIISIIOTCS  pa3MephbI
3aKa30B Ha IIOCTAaBKY PECypcoB, (JOPMUpPYEMBIE Y3IIaMH
ceTd B TeKylleM nepuone. PazMepsl cnpoca Ha pecyp-
CBI, TTOCTYMAIONINE U3 BHEUIHEH Cpeibl, 11enecoo0pa3Ho
paccMaTpuBaTh B KaUeCTBE BHEITHUX BO3MYILIEHUH.

Jlis ormvcaHusl 3ara3fbIBAHUNA HCIIONIB3YETCsS MO-
JIeTb TMCKPETHOW 3aJIepP>KKH, TIOCKOJIBKY IIPEeIoiaraer-
Csl, YTO HOMHHAIILHBIC 3HAYEHHS JUIUTEIBHOCTH TPaHC-
MOPTUPOBKH M TepepaboTKH PEeCypcoB W3BECTHBI U
KpaTHbl HEKOTOPOMY IIEPHOIY AWUCKpeTH3aluH. Takke
MIPE/INoJIaraercs, YTo CTPYKTypa CETH M3BECTHA, a CO-
CTOSIHUSL JIOCTYITHBI HEIOCPEICTBEHHOMY H3MEPEHHIO.
Torma matematuueckass moaens CY3 3amaercss pa3Ho-
CTHBIM ypaBHEHHEM C 3alla3/[bIBAHUEM:

x(k+1) = x()+ ¥ Buk-)+Edk), (1)
rne k=0,1,... — HOMEp MAUCKPETHOTO WHTEPBAJa,;
x(k) e R" — Bektop cocrosumii; u(k) e R™ — Bexrop
d(k)eRY -
BHENIHUX BO3MYIIECHHH; A — MakCHMalbHOE 3HAYCHHE
3anasabIBaHus yIPABISEMBIX IOTOKOB B CETH;

YIpaBJIAOOIUX B03ﬂeﬁCTBHﬁ; BEKTOp

B, e R"™ t=0,A, EeR™ — marpuusl BiusiHus

YIIPaBJICHUH U BO3MYIIICHHH, COOTBETCTBEHHO, METOIU-
Ka ITOCTPOCHUS KOTOPBIX M3JIOKEHA B padote [7].

B mporecce ¢ynxknuonupoBanus CY3 IOMKHBI
BBITIOJTHATHCS CTPYKTYPHBIE OTPaHHYCHUS:

x(k)eX:{xeR“:Ongxmax};

()
u(k)eU={ueRm :Oﬁuﬁumax},
rae BekTopsl X" u u™ | onpemensronye Makcu-
MaJIbHBIE BMECTUMOCTHU XPAHWIUII ¥ Pa3MEPHI 3aKa30B,
CUHTAIOTCS 3aJaHHBIMH.
ByneM mpeamnosnarars, 4To BHENIHUE BO3MYILEHHUS
YIAOBJIETBOPSIOT OrPAHAYEHHUSIM:

dk)eD={deRI:0<d™ <d<d™ |,

rae Bektopsl d™7 u d™™  ompemensIOT rpaHHYHBIC

3HAYEHHMsI CIIPOCA U MPEATOIAraroTCsl N3BECTHBIMH.
Beimonaum npeoOpazoBanue mozaenu (1) k cras-

JApPTHOMY BHUAYy Oe3 3ama3/bIBaHHsl HA OCHOBE PACIIH-

PEeHUS BEKTOpa COCTOSIHUH [8] myTeM BKJIIOUEHHS B HETO

BEKTOPOB, ONPEACIAIONINX Pa3Mephl paHee 3aKa3aHHBIX

pecypcoB, HaXOASAMINXCS B TIPOIECCE TPAHCIOPTUPOBKH

U nepepaboTku. BekTop cocTOSHUI pacHIMpeHHOH MO-

JIeNT CeTH OyIeT paBeH

T

)

g0 =[x (), u" (k=1 u" (k=2), ., u" (k= A) |

a ypaBHEHUs pacIIUpeHHON MOAEIH IPUMYT BU;
E(k+1) = A&(k) + Bu(k) + Gd(k);

(k) = CE(k), ®
rre marpuimst A e RVN, BeRM™, GeR™I,
CeR™N, N=n+mA HMEIOT COOTBETCTBYIOLIYIO
OJI0YHYIO CTPYKTYPY [7].

PaccMoTpum mocTpoeHre MaTpuIlbl JUHAMUKA A
pacimupeHHOH MOJIETH B TOM ciy4yae, KOrja BeJTUYUHBI
3ama3/ibIBaHus YIIPaBJISEMBbIX MOTOKOB Ai,izl,_n oT-
JIMYAIOTCS OT CBOMX HOMHUHAJIBHBIX 3HadeHuil. B 3Tom
cilydyae MaTpulla CTAHOBUTCS HECTAIIMOHAPHOM M B KaXK-
JIbIi MOMEHT BpeMeHU k > (0 MOXKeT MpUHUMATh KaKoe-
00 3HaYEHHE U3 MHOKECTBA

A ={A(e); A=Ag+ Y 6,(K)AD, ee(a}, 4)

rne L=2", r — KOJMYECTBO Y3JIOB CETH, UHTEPBAJILI
3ama3/bIBaHus KOTOPBIX MOT'YT BapbUpOBaThCsi B IIPO-

necce paborsl; 0;(k), i=1,L — Habop mapameTpos,
KOTOpBIE OMUCHIBAIOT CTPYKTYPHYIO HEOMPEAEIEHHOCTh
MOJICITH U YIOBJIETBOPSIOT CIEAYIOUINM TPEOOBAHHUSIM:

®={9€RL: 0.(k)> 0, ZiL:]Oi(k)zl}. (5)

Taxum 00pa3oM, MOJENb CETH B YCIOBHAX HEOI-
peNeNeHHOCTH 3HA4YeHUM 3ama3ibIBaHMs YIPaBIISIEMbIX
IIOTOKOB MOXET paccMaTpUBaThCs KaK BBITYKJIBIA MHO-
TOrpaHHUK, KOTOPBIN 3a/1aeTcs CIIUCKOM BEPILUH:

{(Am, B.G.C).(A®,B,G,C).... (A", B.G, c)} .

B pesynbrarte pacummpeHHas MOJENIb CETH MOXET
OBITh TIPEJICTABJICHA B BUJIC MOJICITH C TTApaMETPUICCKOM
CTPYKTYPHOH HEOIPENETICHHOCTHIO CIIEYIOLIEro BUIa

E(k+1) = A(0)&(k) + Bu(k) + Gd(k);

x(k) = CE(K), A(0)eQ = CO{A“), A<L>}, ©

rae Co{-} — BBINYKJIasi 000JIOYKa,; AV i=1L - isx
BEpILUHA BBIMYKJIOr0 MHOXKECTBa (2 .

st cuctemsl (6) ¢ mapaMeTpUYECKON Heormpee-
JICHHOCTBIO (5) paccMaTpuBaeTCs 3ajava CHHTE3a CTpa-
TEr'WW YIPaBJICHUS 3alacaMmy, KOTopas [UIs JIF00O0ro
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nonyctumoro cinpoca d(k) e D Vk >0 obecnieunBaer:

1) monmHOE M CBOEBPEMEHHOE YHOBIIETBOPEHHE
crpoca;

2) poOacTHYI0 YCTOHYMBOCTH 3aMKHYTOW CHCTe-
MBI IPU OrpaHrdeHHsIX (2);

3) rapaHTHPOBaHHYIO
KOTOpasi O3Ha4aeT, YTO 3HaYeHHWE KPUTEpHUs KayecTBa

CTOUMOCTb  yIIpaBJICHUA,

HE NPCBLICUT HECKOTOPOI'O 'PaHUYHOTO 3HAYCHU.

N3noxeHne oCHOBHOro mMaTepuana

BbimonHuM anmpokcuMmanuoo MHOXecTBa D 3Ha-
YEHUI BHELIHEro CIpoca 3JUIUIICOMIOM HAaUMEHBLIETO
o0bemMa, KOTOPBIH 3ajaeTcsl ypaBHEHUEM

* «\T *
E(d ,Qd)z{deRq :(d(k)—d ) Q;' (d(k)—d )gl}. (7)

Matpruua Q,; € R u Bextop KoopauHat neHTpa

d" €RY onpenensioTcs B pe3yNnbTaTe PeLICHHs 3a1a4n
MOJTYOIIPEIETIEHHOIO MIPOTPaMMHUPOBAHUS aHAJIOTUIHO
TOMY, KaK 3TO CAeIaHo B padote [9].

Ecnu u3sMeHsrOIuiics ¢ TCYCHUEM BPEMEHH BEK-
Top mapameTpoB 6(k) MokeT ObITH U3MEPEH WU Olle-
HEH B PEaJIbHOM BPEMEHH, TO BO3MO)KHO CTPOUTH 3aKOH
yIIpaBJCHUS B BHJE JIMHEHHOW JMHAMHYECKOW oOpaTt-
HOW CBSI3M 10 CHUTHAIY HEBSA3KH MEXAY HAJIUYHBIM W
CTPaxOBBIM YPOBHSIMU 3a1aca pecypcoB

u(k) =K(k,0)(&M) &'}, K(k,0) =Y, 0,(kK; (), (8)

rae K;(k) e R™N — necrammonapmas Matpuria kodd-
(GUIMEHTOB OOpATHOM CBA3M, KOTOPass COOTBETCTBYET
BapuaHTy peannsauun Matpuipl auHamuka AD ;
T
* *T *T
& =[x",.,x ]
%/—/

A+l

— COCTaBHOH BEKTOp, y KOTOPOroO

KOMIIOHEHTBI BEKTOPA X ONPEACIISIOT PasMephl CTpa-
XOBBIX 3aI1acOB PECYPCOB B y3JaX CETH U BBIYUCIISIOTCS
HAa OCHOBaHWMM BEPXHUX I'PaHUYHBIX 3HAUYEHUIl BHEIIHE-
ro CIpoca C y4eTOM 3alla3[bIBaHUI M NPOTYKTUBHOM
Mozenu JleoHTbeBa:!
max :
X = (In —H)_] a, di = {Aidi L 1=la, 9)
0, i=q+Ln,

rne [1eR™" — npomykTuBHas MartpuIla, 3HAYECHUE
oneMenta II; KOTOpOH paBHO KONHYECTBY EMHHILL
pecypca i, HEOOXOTUMOMY ISl NIPOU3BOJCTBA CIAMHU-
IIBI pecypcea j.

Torna pacmmpennyo Mozens 3aMkHyTol CY3 mis
yrpaieHus (8) MOXKHO NMPEACTaBUTh B BHIE:

B+ 1) = Ap() (&) &)+ AB)E + Gd(K)';
x(k) = Cg(k);
A;(k)=A(0)+BK(k,0), A(B) Q.
3anuiieM KBaJIpaTUYHBIA KpUTEpUll KauecTBa B
citydae 0ECKOHEYHOI'0 BPEMEHHOI'0 TOPU30HTA!

(10)

(k) =

- 3 ((z00-2) W (2002 )+ QoW |,
-0

rie W; e RN W, e R™™ — nonokurensHo onpese-

JICHHBIC UATOHANBHBIC BECOBbIE MATpHIBL. IlepBoe
cnaraemoe B BbIpakeHun (10) ompenenser pa3Mepsl
mTpadoB 3a OTKIOHEHHWE TEKYIIMX YpPOBHEH 3amaca
PECyYpcoB OT CTPaxoBBIX, BTOPOE — CTOMMOCTb IPOM3-
BOJICTBA U TPAHCIIOPTUPOBKHU PECYPCOB.

3ajaya CHHTe3a YIPABICHUS JKBHBAJICHTHA pellie-
HUIO MUHUMAaKCHOMW 3a/1auu:

u(k) =arg min ( max
u(k)eU d(k)eE(d",Qq),A(8)eQ

Jk). 12)

OnpenenyiM MOTU(PHUITUPOBAHHYIO TapaMeTpU30-
BaHHyro ¢yHkiuto Jisimynosa (I1DJI), moctpoeHHyro Ha
pemeHusx cuctemsl (10):

V(&k)-€",0) =
* T *
=(g00-¢") P(k,0)(g00-E"),
rae P(k,0) =P'(k,0) e RNMN | P(k,0)>0 — adpdunnas

(GyHKIMSL OT BEeKTOpa mapamerpoB 0, KoTopas ompene-
JIAETCS CIEAYIONMM 00pazoM [4]:

P(k,0) =" 6,(k)P(k), P,(k)>0.

(13)

(14)
Junamuyeckas cucrema (10) ¢ mapamerpuyeckoit

HEOIPECICHHOCTRIO (5) sBIseTcs poOACTHO YCTOHYH-
BOM, ecitu

V(&(k)-€",0)>0
AV (&(k)-E",0) =
= V(&(k+1-£",6)- V(&) -£",0) <0
V0 e® npu (&(k)—Ef)v&O.

[Motpedyem, utoOsl 3HaueHue [1DJI (13) ¢ TeueHu-
eM BpEeMEHH YOBIBAJIO ¢ HEKOTOPOW rapaHTHPOBAHHOM
CKOPOCTBIO, OMpEeNsieMOl TEeKYIUM 3HAYCHHEM KpH-
Tepus kadectra (11):

V(&K +1)-€",0)- V(&) -E",0) <
{(z00-8") W s0-8) " doWuo |

Ecnu HepaBeHCTBO (15) BBIMONHSAETCS, TO MOXKHO

(15)

mokasatb, 4to [1DJI (13) Vk >0 ompenenser BepxHee
rpaHuuHOe 3Ha4YeHue kpurepus (11):

J(k) < V(a(k)—a*,e) .

max
d(k)eE(d",Py),A(0)eQ

Torna 3anaya (12) 3KBUBaJICHTHA 33a/1au€ MUHUMU-
3aruu [1DJI

u(k) =arg min V(E_,(k) —¢ ,e)

JUTSL PEIICHUs] KOTOPOH MPUMEHHUM METOJ MHBAapHAHT-
HBIX AJUTUTICOUIOB [2].

144



Mooeniosanns 8 ekOHOMIYL Ma YNPAGIHHSI NPOESKMAMU

9J'IJ'H/IHCOI/IZ[, ONUCBHIBAEMBIH YpaBHCHHUEM
*
E(& ,Q(k,0)) =

={aeRN:@uo—ajTQ*(hewa@)—ﬁ)s1}(m)

Ha3bIBACTCSI MHBAPUAHTHBIM 110 COCTOSHHUIO JUIS CHCTE-
MeI (10), ecu u3 yeinoBus &(0) € E(E_,*,Q(O,G)) cneny-

er, uto &(k) € E(&,Q(k,0)) mi1 Vk>0. Jlpyruvu

CIIOBaMH, J100asi TPaeKTOpUsl CUCTEMBbI, HAYaBIIWCH B
WHBAapHAaHTHOM DJUIUTICOUJIE, OCTAETCS B HEM IS JII000-
ro MOMeHTa BpeMeHu k >0 .

Onnurnicoun (16) MOXeT paccMaTpUBaThCsl B Kade-
CTBE AaNNPOKCHUMALMM MHOXECTBA  JIOCTHKUMOCTH
3aMKHYTO# cucrembl (10), TO ecTh MO3BONISIET XapaKTe-
pHU30BaTh BIMSHUE BHEIIHUX BO3MYIIEHUH W HEOIpesie-
JICHHOCTH 3Ha4€HHH MapaMeTpoB Ha TPACKTOPHUIO 3aMK-
HYTOW CHUCTEMBI.

Torna MUHMMU3aIMST B HEKOTOPOM CMBICIIE MHBA-
puanTHOrO LIHIconaa (16) cooTBeTCTBYeT podacTHO-
My ynpasieHuto cuctemoii (10).

CpaBuenne Bbipakenuit (13) u (16) mo3Bomsier
C/IeNaTh BBIBOJI, YTO €CJIN BBITIONHSETCS TOXKIECTBO

P(k,0) =Q'(k,0), (17)
To Aummncons (16) mpeacTaBiaser co0OH MHOXKECTBO,
HaXOJAIIeecss BHYTpU MoBepxXHOCTH ypoBHs [1DJT (13).

Torna 3agaua pobacTHON CTaOMIM3aLMK 3aKITI0Ya-
€TCsl B BBIUYMCIIEHUH B KaXXIbIi MOMEHT k >0 maTpuil
K. (k), 1 =1,L TaKux, 4To0bI perymsrtop (8) obecneun-
BaJ MHUHHUMH3AIMIO TI0 HEKOTOPOMY KPHTEPHUIO JIUIHII-
couna (16) nmpu orpannueHusx (2). Beibepem B kayect-
BE KPUTEpUSI CYMMY KBaJpaTOB IOJIYOCEH IIUIMIICOHIA,
10 ecTh cien Matpuibl Q(k,0) .

PesysnpraT pemeHus 3ajadM CHHTE3a OTrpaHHYCH-
HOTrO pOOAaCTHOrO TapaHTHUPYIOUIETO YIpaBIICHUS 3aria-
camu Ha ocHOBe [1DJI MokeT OBITH MPEJCTABIICH B BUIC
CJIeIyIONIe TeOpeMBbI.

Teopema. Paccmorpum cucremy (10) ¢ mapamer-
pHYECKOH HEOIPEeIeNeHHOCThIO (5) M OrpaHUueHUSIMU

(2), 1 mycTh MaTPUIIBI (A)i (k),1 =1L, ?(k) MIOJy4EHBI
B pe3yJIbTATE PEUICHUS 3a1auH
L .
> trace(Q;(k)) — min
MPU OTPaHUUYCHUSX HA MATPUYHBIC TIEPEMEHHbIC
Q(k)=Q"(k)eR™N, i=1L, Y(k)eR™N,

(18)

70 ¢ NN , N=4N+ 2q+m; z( = Z(GDT ,
Z(iji)’ i= L_Ls j#i, = L_L : 70ip) _ 7(piDT ,
7(pi) _ Z(jPi)T’ 7ip) _ Z(Pij)T’ i=1,L-2,

j=LL-1p= LL u ckansipubii mapamerp a(k)

70 Z(1i2) 7(1iL)

7(2iL)

7(2il) .
) >0, i=1LL,

7(2i2)
) (19)
7LD (Li2) 7(LiL)

a(k)>0, Q,k)>0, i=1L,

. CQi(k R

{Qi ((i)cT 51» (i))} ikl

ee, (200-87) Y (K) YR
YT (k) Qi(k)

w™ (500 -8 ) YT Y(k)
Y' (k) Qi (k)

e Q, e R™" — marpuua smMnconia HAUMEHBUIETO

(20)

21)

<0, i=1L,(22)

>0, i=1,L,(23)

00beMa, KOTOpBIH AalMpOKCUMUPYET MHOXECTBO X ;
0

HOCTH;

mxn — HYJIEBas MaTpHUIA COOTBETCTBYIOILEH pasmep-
>0
e, =[L1..,1]" eR™

«+» — nceBmoodpamerne Mypa-Ileapoysa;

— Majas IIOJOXUTCJIIbHAasA KOHCTaHTa,

- BEKTOp-CTOJ'IGCH n3 CIWUHMUIIL,

. T ]
Qi (k) Oy Ong (APQUO+BY(0)) Oy QW Y'(OW,
0 0 0 (A -1 )T 0 0 0
NxN NxN Nxq N Nxq NxN Nxm
. quN quN quq G quq quN qum
= o ® % -(24)
APQ;(k)+BY(k) A™ Iy G Qj(k) GQ; Onsn Onm
1
quN quN quq Q?GT (X,(k)lq quN qum
W§Q| (k) ON><N 0N><q ONXN Oqu W§ 0N><m
L WuY(k) Ome Oqu Ome Oqu Ome Wu |

Ecnyn 3ajmaya MUHUMM3anuM JIUHEHHOW (DYHKUIUH
(18) mpu orpanuuenusx (19)-(23), xoropas siBisercs

3ajadeil  MONMyOIpeneNIeHHOr0  MPOrpaMMHpPOBaHHS,
HMEET PEIIEHHE, TO:
1) i1 m000ro  HAYAIBHOTO — COCTOSHHS

x(0)=x", uk)=0_,Vk<0 u VBe®, a TakKke

mxl

BHemrHero Bosmymenus d(k) € E(d*,Qd) cucrema (10)

SIBJISIETCSI pOOACTHO YCTOHYHMBOM MpH OrpaHUIeHHUsIX (2);
2) cpeau Bcex JIMHEHHBIX yrpaBieHWid Bunma (8)
PEryJsTOp C MaTpuIleH

K, (k) =Y(K)Q; (K), i=LL (25)
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JIOCTABJSIET MHHHUMYM MO KPUTEPHUIO CJella MaTpHUIbI
WHBapHaHTHOMY aiutnnicony (16) 1us 3aMKHYTOH cuc-
tembl (10) B MOMeHT BpeMeHn Kk .

W3-3a TPOMO3IKOCTH JOKa3aTelabcTBa TeopeMsl
MIPUBEJIEM JIMIIb €ro HaOpocoK. Beraucnum mepByro mo
k pasnocts [1DJI (13) B cuiy cucrems (10):

AV (&) -E",0) =
= (A®©)&(k) +Bu(k)+ Gd(k) & )T x
<P(k,0)( AO)(K)+Buk) +Gd(k) & )~ (26)
(800~ Pe0)(800-E) <
s\ T * T
{(e00-2) w2008 " G, |
C yueroM 3akoHa ynpasieHus (7), a TakKe BbIpa-

xenui (4), (14) noxyaum
L

AV (g0 -87,0)= geiéeéep [(Aff) (s00-8")+
+(AD -1 )€ +G(d(k)-d")+ Gd” )T P,(k)x
X(A?’) (k) =" )+ (AP -1y )& +G () —d")+
w6d)- (- ) P (a0~ | <
{(z00-8) W, (200-8" )" dowuto |

Beenem cnenyromye 0603HaueHUs
w\T * * T T
s(k){(a(k)—a) AT (do-d) } RN
; M, M
£9)=s"Ms, =01, MO { n 12},
M]2 M22

M, = block diag( Oy »Onsens Oang» Qq ) 5
NxN> UNxN>Vgxq 2 <d

rae
APTP (KAL) Py (k) + W + KT ()W, K; (k)
. T
M, = (AV-1y) POOAP k)

G'R (AP ()
AT P, (k)( AP _IN) A?)T(k)Pj k)G
(01 B ] (01 o |
GTP () (AP -1 G'P ()G
M, =
=|GPAP () GTPIO(AY-1y) GTRKG
M,, =G'Pi(K)G .

C y4eToM BBEICHHBIX 0003HAUCHHIA UMEEM

AV (&(k)-€",0) = i 03sT (M5 (k) +
i=1

L L
+> > 070" (k) x [Mg‘l‘) + M+ MG ]s(k) +

i=1 ji,j=1

L-2 L-1 L
+3 Y 0,0,0,s" (k)xs(k)x
i=1l j=i+lp=j+1

X[Mg’jm £ MO 4 MG MUPD | D +Mgpji)].

Torna HepaBeHCTBO (26), rapaHTHpYOIIEee YObIBA-
HUE ¢ TeueHueM BpeMeHu 3HadeHus [1DJI (13) u Hepa-
BeHCTBO (7), OIUCHIBaIONIee 3JUTUIICOW/, KOTOPBIH arm-
MIPOKCUMHPYET MHOXKECTBO 3HAYECHUH BHEIIHETO CIIPO-
ca, MOYKHO TIEpENUcaTh B BULIE

fp(s)<0 Vs, 1<i<j<p<L: fi(s)<1.

CoryacHO HeyuiepOHOCTH S-TIpOUEAypbl IPH Of-
HOM orpanuueHuu [10] mocnenHee BrIpakKeHUE SKBUBA-

JICHTHO MaTPUYHOMY HEPaBEHCTBY ngp) <ok)M, ans
Hekotoporo o(k) >0 n 1<i<j<p<L nmm
M M
1T 1 12 <o,
Mp, My, —a(k)Qq (27)

1<i<j<p<L.

M{P) — (k)M =

BBCZ[EM MaTpHUYHBIC IICPEMCHHBIC
Q=P k), Y(k)=K;k)Q;(k), i=LL (28)

C nomomsto nemmsl lypa [10], a Taxke ToxIe-
crBa lllepmana-Moppucona-Bynbepu [11] u ¢ yuerom
(24), (28) maTpuuHble HepaBeHCTBA (27) MPUMYT BUI

zZM>0, 1<i<j<p<L.

Torpma mst cucremsr (10) ¢ mapamerpudeckoi He-
oIpeielIeHHOCTHI0 (5) HepaBeHCTBO (26), rapaHTHPYIO-
niee yObIBaHWE C TeueHHeM BpeMeHW 3HaueHusi [1DJI
(13), Oymet BoIMONMHATECT VO € ® U JIF0OOT0 BHEITHETO

o £
BozgeiictBua  d(k) e E(d ,Q4), ecau BhImOMHSAETCS

HEPABEHCTBO
AV (&) -€",0) = > 6720

i=l
L-1 L

j=i+p=j+1

L o L
_Z Z 9129J |:Z(J11) + Z(l]l) n Z(HJ):|_ Z

i=1 4, j=1 i

X[Zm’p) 7 (D) | 7 | i) Z(pji)} >0,

L -2
=1

KOTOpOE 3KBHBaJIeHTHO coBoKymHocTr JIMH (19).

Paccmorpum mepBoe u3 orpaHudeHuit (2) Ha 3Ha-
YCHUS COCTOSHHUU MCXOAHON Monenu (1), KOTophie COB-
MajlaloT ¢ BeIXOAaMHM paciupenHod monenu (10). Bee-
JIeM B pacCMOTPEHHE JUIUIICOU, allPOKCUMHP YIOIIUI
MHOXKECTBO BBIX00B cucteMsl (10):

E(x", CQ(k,0)CT) =
{x <R :(x(K) —x*)T (Seley )_] (x(—x")< 1}. @)

s Toro, 4ToObI BBIMOIHSAIOCH MEPBOE M3 HEpa-
BEeHCTB (2) HEOOXOAMMO, 4YTOOBI O0BEM OIJUIMIICOUAA
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(29) He mpeBocxoam 00bEMa SJUTHIICOUA, AMMITPOKCH-
MUPYIOIIEr0 MHOXECTBO X , UTO, C YIETOM BBIPAIKEHUI
(14), (17), >KBUBaJICHTHO BBINOJIHEHHIO HEPABEHCTB
CQ(k)CT<Q,, i=1L. (30)
C wucnonszoBanueM Jsemmbl lllypa HepaBeHCTBa
(30) moryt 6bITH ipencTaBnens! B Bune JIMH (21).
Paccmorpum BTOpOe U3 orpannyenuii (2), KoTopoe
Cc yderoM 3akoHa ympasieHus (8) um ToxuectB (25)
MIPE/ICTABUM B BHJIE IBYX HEPABEHCTB

0<Y()Q; (k)(&(k) &), i=LL,
Y(R)Qr (k) (&) -&" ) <u™, i =1,

INockonbky paccMaTpuBaeTcs JIMHEWHOE yIpaBile-
HHe, TTlepBoe U3 HepaBeHCTB (31) SKBUBAJIEHTHO

1)

.

gen < Y(KQ(0(&00)-E"), i=1L.

YMHOKHM CIIpaBa JIEBYIO U MPaBYIO 4acTh HEPABEHCTBA
(32) u BTOporo u3 HepaBeHCTB (31) cHayana Ha

(i(k) =3 )+ ,azatemHa Y (K):

(32)

ee, (800 -8") YT (k) <

<Y(®)Q'(K)Y'(k), i=LL,

33
Y(k)Q; ' (k)Y (k) < 9

<u™ (g00-8") YT (), i=LL.

C nomomsto nemmsl 1llypa HepaBeHcTBa (34) Mo-
ryr ObiTh mpezcrtaBieHsl B Buae JIMH (22), (23). B
pe3ynbTare IpUXOJUM K 3aJlaue MUHUMH3ALUH JTHHEH-
Hol pynkuunu (18) npu orpanmyenusx (19) — (23).

B 3aBepuieHue 1oka3aTenbcTBa OTMETHM, 4YTO B
cuny P(k) >0, i=LL marpuna K; (k) BoccranaBmu-
Baercs u3 (28) eAMHCTBEHHBIM 00pa3oM (25).

Takum obpazom, coBokymHocts JIMH (19), (20)
rapaHTUpyeT CTaOWIn3aIMio 3aMKHYTOH cucteMmsbl (10)
vd(k)eEd",Q,) u VA®)eQ. JIMH
(21),(22),(23) obecrieunBalOT BBHIMOJHECHHE 3aJaHHBIX
orpannyenuii (2). OTMeTnMm, YTO WMEHHO HaJU4Yue
JIMH (22),(23) npuBomut K He0OXOIUMOCTH UCIIOIB30-
BaHHUS JUHAMUYECKOH OOpaTHOW CBSI3HM, IOCKOJBKY
MaTpUIIbl HEPABEHCTB 3aBUCAT OT TEKYIIEro 3HAYEHHS

pu

BekTopa cocrosauin (k) .

YucneHHbIN npumep

B kauecTBe mpuMmepa pacCMOTPHM CHCTEMY TIPO-
W3BOJICTBA-XPaHEHUs-PACIIPEeNIeHNs, KOTopasi H3yda-
nach B padore [8]. Mozenb ceTu onuchiBaeTcs rpadom

G =({1,2,3},{(2.1).(2.3).(3.1)}).
3aaHbl 3HaUYEHUSI BPEMEHH BBINOJIHEHUS 3aKa3a B
y3nax cetu: T) =T, =2, T; =1; u Bpemenu Tpancnop-
TUPOBKHU PECYPCOB MEKAY y3JIaMH CETH:
Li=T,=T,;=1.

HpeI[CTaBI/IM YHnpaBJIIEMbIC IIOTOKM U; U U;, OIH-

ChIBAfOIE COOPOYHBIC TPOIECCHI, B BHIEC THIEPIYT, a
TakoKe 100aBUM IIOTOK U, , KOTOPBIH OMUCHIBAaET OCTaBKU
cbIpbst u3BHe (cM. puc. 1). Iyru d; u d, , u3o0paxkeHHbIE
MyHKTAPHBIMH JIMHUSAMH, MPEICTABIIIOT BHEIITHHI CIIPOC.
3HaUCHUE BPEMEHH TPAHCIOPTHPOBKA U KOJHUYECTBO
equnuL npoaykuwu IT;;, koropoe Tpebyercs B COOTBETCT-

BUH C TEXHOJIOTHYECKHUM TPOILIECCOM, YKa3aHBI JUISl KaXKI10-
TO YIIPaBJSIEMOTO ITOTOKA B KPYIVIBIX M KBAJIPATHBIX CKOO-
Kax, COOTBETCTBEHHO. Bosie KaxIoro ysma B KPYIVIBIX
CKOOKax yka3aHbl 3HAUeHHs] BPEMEHU BBIITOIHEHHS 3aKa3a
T, . Cnemmduka paccMaTpuBaeMOi CUCTEMBI B TOM, 4TO

Ha y3en | JeWcTByeT TONBKO BHEIIHMM CHPOC; Ha y3enl 2
JIEMCTBYET KaK BHEIIHWM, TaKk M BHYTPEHHHUI CIIPOC CO
CTOpOHBI y370B 1 1 3; Ha y3en 3 — TOJIBKO BHYTPEHHUIA
CIPOC CO CTOPOHHI y371a 1.

O] u, d,

Puc. 1. I'padmueckoe npencraBieHue
MOJIETIH CETU

Mo dopmyne A; = max{Tj’i +T, 1,] =13, j# i}
OIpeie/IMM  BETMYMHBI 3aMa3jbIBAHUS  YIIPABJISIEMBIX
MOTOKOB JUTSL BCEX Y3JIOB CETH, B PE3YJbTaTe MOIYYUM
N\ =3. Torna pasMepHOCTb PacIIMPEHHON MOJIEIH CETH
paBHa N=12.

3amaHbl MAKCUMAJIbHBIE BMECTUTEILHOCTH XPaHH-
JWII  Y3JIOB CETH H OOBEMBI TPAHCIOPTHPOBOK

X" =120, 672,240]", u™™ =[25,130,55], a Tax-
XKeE TpaHUYHBIC
dmn =[7,6]", d™* =[20,18]".

[TycTh BpeMsi TPaHCIIOPTUPOBKH PECYPCOB MEXIY

y3namu 2 u 3 B mporecce (YHKIIMOHAPOBAHUS CETH
MOXET YBEIWYMBATBCA HA OOWUH Iepuoid, T.e.

3HAa4YCHUA BHCIIHET O crpoca

Tz’3 IS {1, 2}. Torga BenmuyMHA 3ama3bIBaHUSI YIPaB-
JIIEMBIX TIOTOKOB y3Jia 3 MPUHUMAET 3HaYeHHe U3 MHO-
xectBa Ay €{2,3}. B

pesyabrate  MOIy4duM

A(®)eQ= CO{A“>, A<2>} , e

I, B BY BY

AD — 03,3 033 035 033
03><3 13 03><3 03><3
03><3 03><3 13 03><3
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1
B

M _
B3’ =

13 B] B(ZZ)
AP — 03,5 033 033

03><3 13 03><3

03><3 03><3 13
000 0
01 0[,B?=0
001 0
100 1
00 0|, B?=|0
000 0

B
03><3

03><3
03><3

(=]
1o © O

1
0
0
0

0

h— O O

(BappHpyeMbIe 3JIEMEHTBI MATPHIL TOJUEPKHYTHI).
B coorBercTBu € (8) YypOBHM CTPaxOBBIX 3aIlacoB

pasis x* =[60,336,120]' .

YposeHs 3anaca x, (en.)

YposeHb 3anaca Xg (en.)

YposeHb 3anaca X, (ea.)

70

—— X

60

50

40

30

T

360

5

Homep auckpeTHoro unTepsana k

a

10

B kauecTBe HaYaIBLHOTO COCTOSIHUSI BHIOpaHBI 3HA-
£
YeHUs CTpaxoBhIX 3amacoB x(0) =X , a 3HayeHUs aua-
TOHAJIBHBIX BECOBBIX MATPUI] PaBHBI

[We | =112,i=112, [W, ], =32,j=13.

MopenupoBaHue OCYHIECTBISUIOCh B TedeHHe 15
nepuonos. B 4, 9 u 14 mepuonax 3HaueHHE MAaTPUIIBI

2
JUHAMHUKH BI)IGI/IpaJ'IOCI) PaBHBIM A( ), B OCTaJIBHBIX

nepuomax — A" . Pesynprats MonenupoBanms mony-
YeHbI C IOMOIIBIO CBOOOIHO PacIIpOCTPAHAEMOr0 MaKe-
ta CVX [12] myTeM 4YUCIEHHOIO pelieHus MocieaoBa-
tensHOCTH 33na4 (18) mpu orpanmuenusix (19) — (23)
IpY CKaYKOOOPa3HO M3MEHAIOIIEMCS] BHELIHEM CIIPOCE.
Pe3ysbraThl mpeacraBieHsl Ha puc. 2 — 4, rae a — 3Ha-
YeHHS HAJIMYHOTO M CTPAaxOBOTO ypOBHEH 3amaca; 0 —
3HAUCHUs BHEIIHEro CIpoca 1 00bEMOB 3aKas3a.

25

20

Cnpoc d1 (en.); ynpaeneHue uy (eq.)

——— T
il

0 5 10
Homep avckpeTHoro nHtepsana k

0

Puc. 2. I'paduku nepexomHbIX IPOLECcCcoB s y3na |

340

—— X,

320

300

280

| |

260

240

L~

220
0

130

5

10

Homep auckpeTHoro nHtepeana k

a

140

120

_ruhg_,ﬂ_lmu_,_._lm;

80

60

40

Cnpoc d2 (ea.); ynpasnetue u, (eq.)

- TEX
Y2

20

—-——d,

10
Howmep avckpeTHoro uHTepsana k

0

Puc. 3. I'paduku nepexoHbIX MPOLECCOB IS y3ia 2

120

[

— X,

110

100

90

80

70
0

5

Howmep avckpeTHoro uTepeana k

a

10

60

-
Y3

— U,

40

Ynpasnexve Uy (ea.)

0 5 10
Homep anckpetHoro uxTepsana k

0

Puc. 4. I'paduku nepexoHbIX IPOLIECCOB IS y3ia 3
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O4eBHIHO, YTO BHayalle UMEET MECTO IEepexo-
HBIH TIpolecc, OOYCIIOBJIEHHBIH TEM, YTO KaHAJIBI
TPaHCIIOPTUPOBKU PECYPCOB HE OBUIM 3arpykeHol. B
mpoliecce MOAENHPOBaHUsS (a30Basi TPAEKTOPHUS 3aMK-
HYTOW CHUCTEMBbI HE BBIXOOUT 3a Ipenenbl MHBApHAHT-
HBIX AJTUIICOMIOB, pa3Mepbl KOTOPHIX 3aBUCIT OT BbI-
OpaHHBIX 3Ha4eHUi BecoBbIX MaTpull W, u W, .

Pe3ynbpTaThl MOAETUPOBAHUS MOKA3aJIH, YTO MOMY-
YeHHAs CTpATerusl YIpaBJICHHS 3amacaMi 00eCIIeYnBacT
MIOJTHOE U CBOEBPEMEHHOE YAOBJIETBOPEHHE HEU3BECT-
HOTO, HO OIPaHUYEHHOI'0 BHEIIHETO CIpOca, a TaKKe
pobacTHYI0 YCTOWYHMBOCTH 3aMKHYTOW CHCTEMBI IIPU
3aIaHHBIX OTPAHUYEHUSX HA COCTOSIHUSI U YIIPaBIEHHUSI.

BbiBOoAbI

B crathe mpemnodkeH MOAXOA K PEIICHHIO 3a1aui
CHHTE3a OrPaHMYEHHOTO0 POOACTHOTO TapaHTUPYIOIIErO
yIIpaBJIeHUs] 3allacaMy Ul CHUCTEM C MapaMeTpHYecKon
CTPYKTYPHOM HEONpPEIETIeHHOCTHIO B YCIOBUSX JEUCTBUS
HEU3BECTHOTO, HO OIPAaHMUYEHHOI'0 BHEIHEro crpoca U
HaJIMYMS HECUMMETPHUYHBIX OrpaHWYEHWH Ha 3HAUCHUS
COCTOSHMI U yrpaBieHuil. I1omxo1 ocHOBaH Ha UCTIONB30-
BaHUM METOJ]a MHBAPHAHTHBIX SIUIMIICOMAOB M Napamer-
pu3oBaHHOW (yHKIMHU JIsITyHOBa, YTO TIO3BOJISIET YMEHb-
LIUTh KOHCEPBATH3M MONTYy4YEHHBIX pe3yNbTaToB. cmoms-
30BaHME MareMatuueckoro ammapata JIMH mnosBomser
copMynupoBath 3alady CHHTE3a KaK MOCIIEI0BaTeNb-
HOCTh 3aJad IIOMYOIPEAEIEHHOr0 IpOrpaMMHpPOBaHM,
JUISL pelIeHus] KOTOPBIX UCTIONB3YIOTCS CTIeMAIM3UPOBaH-
Hble nakeThl Ha 6aze cucremsl MATLAB.
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Penensent: n-p TexH. Hayk, npo¢. JL.M. Jlro6uuk, Harmo-
HaJIbHBIN TexHH4YecKknid yHuBepcuTeT «XIIM», Xapbkos.

CUHTE3 OBMEXXEHOIO POBACTHOIO TAPAHTYHOYOI'O KEPYBAHHA 3ANNACAMU

3A OOMOMOI Ol MAPAMETPU30BAHOI ®YHKLIT NANYHOBA
10.1. Jopodeen

Y emammi 3anpononosanuii nioxio do eupiwenns 3a0aqi cunmesy 0O6MeNCeH020 POOACMHO20 2APAHMYIOU020 KePYBAHHS
3anacamu 0na cucmem 3 NAPAMEMPUYHOIO CIPYKIMYPHOIO HEBUIHAYEHICIIO 8 YMOBAX Oii HegiOOMO20, ane 0OMeNCeH020 306Hi-
Hb020 NONUMY MA HAAGHOCMI HECUMEMPUUHUX 0OMedXHCeHb HA 3HAYEHHA CmaHie ma Kepyloyux Oi. ITioxio0 3acnoeanull Ha 6UKO-
pucmanmi Memooy iHeapiaHmHux enincoidie i napamempuzosanoi gyuxyii JIanynosa, wo 0036015€ 3MEHWUMU KOHCEPBAMUIM
OMPUMAHUX pe3ylbmamie. Bukopucmanns mamemamuuno2o anapamy JHiHiuHUX MampuiyHux HepieHocmell 0036014€ CPHOPMYIO-
6amu 3a0ayy CUHMe3y YAPAGUinHA y GUeA0l NOCAIO08HOCMI 34044 HANIGBUIHAYEHO2O0 NPOSPAMYBAHHS, Ol GUDILUEHHS SAKUX
suKopucmosylomuvcsi cneyianizogani nakemu na o6asi cucmemu MATLAB. Po3zenanymo uucenvhuii npukiao.

Knrouosi cnosa: xepysannsa sanacamu, pobacmue Kepysamhs, apanmyioue KepyeanHs, mMemoo iH6apianmnux enincoiois,
napamempu3zosana Gynxyis Jlanynosa, initina Mampuyna HepigHICMb, 3a40a4a HANIBEUSHAYEHO20 NPOSPAMYBAHHSL.

PARAMETER-DEPENDENT LYAPUNOV FUNCTIONS FOR CONSTRAINED ROBUST
GUARANTEED INVENTORY CONTROL SYNTHESIS

Yu.l. Dorofieiev

An approach to solution of constrained robust guaranteed inventory control synthesis problem for systems with parametric
structural uncertainty under “unknown but bounded” external demand and the availability of non-symmetric structural con-
straints on the values of states and controls is proposed. The approach is based on the Invariant Ellipsoids Method and Parame-
ter-Dependent Lyapunov Function, use of which allows to reduce the conservatism of the results. Using the Linear Matrix Ine-
qualities is allowed to formulate the synthesis problem as a sequence of semidefinite programming, for solution which is used
specialized packages based on the MATLAB system. A numerical example is considered.

Keywords: inventory control, robust control, guaranteed control, invariant ellipsoids method, parameter-dependent
Lyapunov function, linear matrix inequality, semidefinite programming.
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