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VIIPABJIEHUAE C IPOTHO3NPOBAHUEM CUCTEMAMM CO CJIYYANHBIMMI
ITAPAMETPAMUJ 1 MYJIBTUIIJINKATUBHBIMI ITYMAMMN 1 ITPUMEHEHUE
K OIITUMMNU3AIINN NMHBECTUIIVMOHHOI'O IIOPT®EJA

PaccmarpuBaerca 3amaga cuHTe3a CTPATEruil yIpaB/IeHUsS C MIPOTHO3UPYIONIEH
MOJIE/IBIO /I JIUCKPETHBIX CUCTEM CO CIyYalHBIMU IIapaMeTpPaMH, BO3MYIIEHHBIX
AJUTUBHBIMUA U MYJIbBTHUILIMKATUBHBIMU IIyMaMM, 3aBUCAIIUMU OT COCTOSHUM M
yupasyennii. CUHTE3UPOBAHbI CTPATErUK TPOrHO3UPYIONIErO YIIPABICHUT 3aAMKHY-
TOTO W PA30OMKHYTOTO THUIOB. Pe3yIbTaThl MIPUMEHSIOTCS /I PEIeHns 3aaYn JIi-
HAMUYECKOM ONMITUMU3AINN HHBECTUITHOHHOTO MOPT(METs TP OTPAHUIEeHUSX Ha 00b-
eMbI TOPTOBBIX OTIEPAITHIA.

1. Beenenue

Oaaum n3 3 HEKTUBHBIX TIOAXOIOB K CHHTE3Y CHCTEM YIPABJICHUS, IOy TUBIIIAM ITTH-
POKOE TIPU3HAHNE W MPUMEHEHNE B MTPAKTUKE YITPABICHUS CIOKHBIMU T€XHOJIOTMUECK MU
[POLIECCAMHE, ABJIAETCS METOJL, YIIPABJIEHUS C IIPOIHO3UPYIOLIEl MO/esbio (IPOrHO3UPYIO-
miee yupassenue) [1]. nes sTroro meroa, 1o MHEHUIO aBTOPOB, BIEPBbIe ObLIA [IPEIO-
xkena A1 IIponoem B [2] u cocrour B ciiepyromiem.

[Tycrs sBOMMONNS JUHAMUYIECKON CHCTEMbBI OMUCHIBAETCS MOJE/IBIO B TUCKPETHOM Bpe-
MeHM U 3aBUCUT OT BbiOOpa yupasienuii u(k). Ha kaxaom mare k npu HeKOTOpom 3a-
JIAHHOM TOPU30HTE MPOTHO3UPOBAHUS P BBIYUCIISETCS MTOCIEI0BATEIHHOCTD TTPOTHO3UDY-
fomux ynpasiaernit w(k/k), w(k + 1/k),...,u(k + p — 1/k), 3aBHCAIUX OT COCTOSIHHS
CUCTEeMBI B TEKYIIHH MOMEHT BpemeHu k. DTa MOCIEIOBATEIHHOCTH ONTUMHU3UPYET BbI-
GpaHHblii KpuTepuil Ha ropusoHTe Nporuo3a. B kauecrse yupassienus u(k) B MOMeHT k
nonaraior u(k) = u(k/k), TeMm caMbiM 1OJIydas ynpasieHue Kak (DYHKIUIO TEKYIIero
COCTOSIHWSA, T.e. yIIPaBJeHHuEe C 0OPATHOH CBA3bI0. UTOOBI MOIYyYUTh yIPABJICHUE HA CJie-
JIYIOIIEM TITare, MpoIe/Iypa MOBTOPSIETCS /IS TEKYIIEro MoMenTa, k—+ 1, Tpu 3TOM TOpU30HT
yIpaBJeHus casuraercs Ha oaud mar. Cxonnas unes, npunaaiexamas H.H. Mowuceesy,
omnucana B [3].

[IpenmyIiecTBOM 3TOrO MOAXOIA ABJISETCS BO3MOYKHOCTE JOCTATOYHO MPOCTO YIUTHI-
BaTh SABHBIE OIPAHUYEHUs HA TEPEMEHHbIE COCTOSHUS U yrnpaienus. [Ipu srom mosryda-
eTCsl CTpATerus yupaBieHus ¢ OOPATHON CBA3bIO, HO YAAETCs W30eKaTh TaK HA3BIBAEMO-
o “mpOKIATHSA PA3MEPHOCTH , KOTOPOE MPENATCTBYeT CHHTE3y YIPaBICHHNE ¢ 00pPaTHON
CBSI3BIO MTPU OMPAHUYEHUSIX, €CJIN TTPUMEHSITH TPAJUIIMOHHBIE TOIXOIbI C UCTIOIH30BAHUEM
METOJIa JUHAMUYECKOTO MTPOrpaMMUpOBaHus. [Ipu yuere orpaHuvYeHnii CHHTE3 MPOrHO3M-
PYIOIIUX CTPATErwil yIPABJICHUA OOBIYHO CBOIUTCA (B 3aBHCHMOCTH OT BBIOOpa, KpUTE-
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pusi) K peleHnio 3amad juHeiiHoro [2, 4] win kpagparudroro [5] mporpaMMupoBaHus,
ISl PEILeHUsl KOTOPBIX CyIiecTByioT 3¢bdeKTuBHbie Mero/pt [6].

B crarbe paccmarpuBaerca 3a1ada CHHTE3a, CTPATErHH YIPABJICHUS C TPOTHO3UPYIO-
el MOJIEIbIO [T JIMCKPETHBIX CHCTEM CO CIyYaiHbIMU HapaMeTPAMU, BO3MYIICHHBIX
AJINTUBHBIMYA U MY/JIbTHILTHKATHBHBIMA IIyMaMU, 3ABUCAIIMA OT COCTOSHHUNA W yIIPaB-
nenuit. Mogensamu co cry9aiiHpIMU HapaMeTpaMy | MYy/IbTUILTAKATUBHBIMHE Iy MM OIH-
CBIBAETCS MIUPOKUHA KJIACC PEATHHBIX CHCTEM. BaKHOI 00/IaCTHIO0 MTPUIOKEHUT ABJIAETCS
bunancosas unKeHepus, rie MOJOOHBIE MOIETH UCIOIb3YIOTCS JIJIS OMUCAHUSA IBOIIONUN
unsectuimonnoro moprdens (MII), comepxkaliero puHAHCOBBIE AKTUBBI CO CTOXACTHYE-
CKOil BOTATHIBHOCTBIO [7-12].

[Tpobaema CHUHTE3a PEryJIaTOPOB JJIf TAKHX CHCTEM HOPH PA3IHYHBIX MPEIIIOI0Ke-
HEAX O XapakTepe M3MEHEHHs CJydYailHbIX HapaMeTpoB 0e3 ydera SBHBIX OrPAHUYCHHI
Ha ynpasieHus paccmarpuBasach B [12-15]. B uacraocru, B [12] nosydenst ypashe-
HUST CHATE3a, JIMHEIHO-KBAIPATHIHBIX PETYISITOPOB I CUCTEM C MYJIbLTUTINKATHBHBIMA
MyMaMHU W CIyYaiiHBIMA TTAPAMETPAMH, TTPEICTABIAIOIINMEA CO0O0 MOCIeIOBATETLHOCTE
HE3aBUCUMBIX CIIyYaiHBIX BEJIWYWH, IJIsT KOTOPHIX W3BECTHHI TOJBLKO TEPBBLIA W BTOPOi
MOMEHTBI PACIPEICTCHHS.

B mammoit pabore mjis TaKWX CHCTEM IMOJIYUEHBI YPABHEHWS CUHTE3d OMTUMATIHHBIX
cTpaTeruil yrnpas/eHusd ¢ IPOTHO3UPYIOIeH MO/Ie/IblI0 3aMKHYTOI'O U PA30MKHYTOI'O TH-
OB U OIpe/jiejieHa CTpaTerusd IPOrHO3UPYIOIEro yIpaBleHusd ¢ YYeTOM SBHBIX OI'DaHu-
YeHuil Ha yIpaBJdonue nepeMentbie. Pe3ynbrarsr mpumensiorcs Aisd yupasiaenus I,
coziepKaryM (BUHAHCOBBIE AKTUBBI CO CTOXACTUIECKON BOJATHILHOCTHIO.

2. Ilporao3upyromniee ynpaBieHne ¢ 3aMKHYTOW 0OpPaTHON CBS3bI0

[Iyctb 06bexT yrupaBieHus: OMUCHIBACTCS YPABHEHUSIMU

(1) w(k+1) = AO[G(k)ak]+iAj[9(k)vk]”j(k) x(k)+

J=1

+ Bo[(?(k),k]+§:Bj[9(k),k]vj(k) u(k) + DIO(k), k]w (),
j=1

rae x(k) — ny-MepHbIiE BeKTOp cocTosianst, u(k) — n,-MepHbIit BeKTOp yrpasierns, v(k)
n w(k) — BEKTOPBI GEIIBIX MYMOB PA3MEPHOCTEH M U Ny, ¢ HYJIEBBIMU CPETHUMU W €I~
HUYHBIME MaTpuuamu Kosapuanuii, npuaem M {v(k)w™ (k)} = 0; 6(k) — mocnenosa-
TEJILHOCTH HE3aBHCHMBIX ¢-MEPHbIX CIIydallHbIX BEKTOPOB C H3BECTHBIMU IIEPBBIM U BTO-
poim momenrtamu: M{6(k)} 0(k), M{0(k)0T(k)} = O(k) u M {0(k)v"(k)} = 0,
M {0(k)wT (k)} = 0; A;[0(k),k], B;[0(k),k] w D[0(k),k] (j = 0,m) — marpuupr co-
OTBETCTBYIONUX pa3MepHocTell, nuneiino 3asucsmue ot 0(k); v;j(k) — j-1 KoMmoHeHnTa
Bekropa v(k); M — orneparop MareMaTH4ecKoro OKUIaHus, CUMBOI T O3HAUAeT TpaHc-
mormposanue, k =0,1,... .

Omnpeziesinm onTrMAasbHBIN 3aKoH ympasienns cucremoii (1) uga u(k) = ¢[z(k)] 3
YCJIOBUsSI MUHEMYMa, KPUTEPHUs CO CKOJIB3SAIIM FOPH30HTOM yIIPABICHUST

p—1
(2) J(k+p/k) =MD 2" (k+1i) Ra(k + i) a(k + i)+

i=1

+z_:uT(k+i) Ro(k +i)u(k +i) + % (k + p) Ri(k 4+ p) z(k +p)/x(k) ,
=0
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riae M{a/b} — omeparop ycIOBHOTO MATEMATHYIECKOTO OXKWIAHNS, p — TOPH30HT TIPOTHO34,
k=0,1,2,... — rekyuumii momenr Bpemenu, Rq(k + i) > 0 u Rao(k +¢) > 0 — BecoBbie
MATPHIBI COOTBETCTBYIOIIUX PA3MEPHOCTE.

[MTony4rM CTPATEruio TPOrHO3UPYIOMIEro YIPABICHHA ¢ 3aMKHYTONH 0OPATHON CBA3BIO
6e3 ydera ABHBIX OIPAHUYCHHI HA BEKTOD yHnpabiaeHus. Takas cTpaTerus IpeInoaraet,
4TO OyAylIHe yIpaBJeHnd Ha FOPH30HTE IIPOrHO3UPOBAHMA 3aBHCAT OT OYIYIIHX COCTO-
suanit u(k + i) = plx(k +14)], i = 1,p — 1, ne. yunreiBaercs Oy/IyImast oOpaTHas CBS3b.

B nambreiimem Gynem MCIoIb30BaTh 0603HAUeHNUs: 17ist 000 Marpuipt U [0(k), k],
sapucameit ot 0(k), U(k) = M {V [0(k),k]} u ¥(k) = U [0(k), k] — U(k), ne yra3viBas

SIBHYIO 3aBUCHMOCTH MaTpwui ot 0(k

Teopema 1. OnmumasvHas cmpamezus, NPoHO3UPYHULE20 YNPALBAEHUA C 3AGMKHY-
moti 0bpamnotli ceasvro cucmemot (1), munumusupyrowas kpumepud (2) npu durcupo-
BAHHOM 20PU3OHIME MPOZHOZUPOBAHUS P, ONPEIEAAECTNCA YPAEHEHUAMU

(3) u(k) = K(p/k)x(k),

(@) K@) = [Lop- 1)+ R Lho ),
(6) Qs 1) = Lur(s) ~ Lia(s) [Laals) + Rl +p— 1 — 8)] 7 L)+

+Ri(k+p—1—s),

¢ nawarvuom yearosuem Q(0) = Ry(k + p), 2de

(6) Lu(s) =Y Al (k+p—1-5)Q(s)A;(k+p—1—s)+
j=0

+MY AT (k+p—1-5)Q(s)A;(k+p—1—5) ¢,

0
(7) Lia(s) = > Al (k+p—1-9)Q(s)B;(k+p—1—5)+

j=0
8) Lys(s) =Y B (k+p—1-5)Q(s)Bj(k+p—1—s)+
j=0
+M iéf(k +p—1-5)Q(s)Bj(k+p—1—s)
j=0

Buipasicenue dan onmumaivhozo anavenus gynryuonaaa (2) umeem eud

9) Tk + p/k) = " (k) [Q(p) — Ru (k)] x(k) + tr {Z_: QE)W(k+p—1- i)} ,

2de tr — o3nauaem caed MAMPULL,

(10)  W(i)=DED 6) + M {5(@')5T(i)} .
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Jloka3aTenrbCTBO TEOPEMbI OCHOBAHO Ha MPUMEHEHWH METO/a JUHAMUYECKOTO TTPO-
rpaMMHUPOBAaHUs U npuseaeHo B IIpumoxkenun.

Bameuwanme 1. Ecom M{6(k)}, M {6(k)0(k)*}, A;, B;, D (j = 0,m) ne 3aBncar
or Bpemenu k, TO, 04eBUIHO, KO3 dunuent obparnoii cBa3u B (3) OyaeT 3aBUCETH TOJHLKO
or BbIOOpaA ropu3oHTa 1poruosa p, r.e. K(p/k) = K(p).

3amevanme 2. Crparernst IpOrHO3UPYIOIEro YIIPABICHNS C 3AMKHYTOH 00paTHOI
CBSI3bI0 HE TIO3BOJISET yUeCTh SABHBbIE OIDAHWYEHUS Ha YIPABJIAIOIINE BO3ACHCTBHA, MO-
CKOJIbKY WX y9€T B 9TOM CJIydae TIPUBOIUT K TPoOIeMe, M3BECTHON KaK “TPOKIATHE Pa3-
MEpHOCTH .

3. IIporao3upyioliee ympaBieHue Pa30MKHYTOTO THIIQ

Crparerusi yrnpapjeHust PA30MKHYTOrO THUIIA OCHOBAHA HA MPEINOJIOKEHUU, ITO Oy-
Jyliye IIPOrHO3UPYIONUe YIIPaBJIeHUud Ha BCEM I'OPU30HTE IIPOIHO3a 3aBUCAT TOJIBKO OT
TEKYILEro COCTOSIHUS CUCTEMbI, T.€. HE UCIIOJb3yeTcs Oyayias obparHas CBA3b (10 Cylie-
CTBY, HA WHTEPBAaJIEe TPOTHO3UPOBAHUS CTPOSITCS MPOTPAMMHBIE YIIPABJIECHUS 03 MCITOTh-
30BaHusA O0PATHON CBA3M 1O COCTOAHUIO).

[Tporro3upyomue ynpasaeHust ONpeaeIsiOTCs MO CICAYIOMEMY MTPaBUILY: Ha, KayKI0M
mare k MuHuMusupyeMm (byHKIMOHA (2) 110 TOCIeI0BATEIHHOCTH TIPOrPAMMHBIX YIPaB-
nennit u(k/k), ..., u(k+p—1/k), 3aBUCAIINX TOJIBKO OT COCTOSTHUST CHCTEMBI B MOMEHT k.
B kauecrse yupasienus B moment k 6epem u(k) = u(k/k). Tem cambim mosydaem yupas-
senne u(k) kak Qykuuio cocroguus (k), T.e. yupasjienue ¢ o6parHoii cBa3bio. drobbt
nomyanth ynpasaenus u(k + 1) Ha creayromeM mare, TpONeLypa MOBTOPSIETCST JJTs Te-
Kytero momenTa k + 1.

Teopema 2. Onmumarvbras cCmpame2us NPoeHO3UPYOULE20 YNPABAEHUS PA3OMKHY-
mozo muna cucmemot (1), munumusupyrowas xpumepud (2) npu durcuposannom zo-
PUSOHME YNPasAeHUA P 03 Yyuema 02PaHUNEHUT HG YNPABAEHUE, ONPEIEAAETNCA YPAEHE-
HUAMU:

(11) U(k) = —H™ (k)G (k) (k),

2de U(k) = [ uT(k/k) u™(k+1/k) ... uT(k+p—1/k) }T, I - edunununas mampuya
pasmeprocmu Ny, 0 — K6adpamnas Hysesas mampuya pazmeprocmu n,; H(k), G(k) —
OA0UHDLE MATMPUUDL 8UIG

Hiyi(k) Hio(k) ... Hip(k)
(12) H(k) _ H21 k’) Hgg(k) . ng(k) ’
Hy(k) Hya(k) . Hyy(k)

(13) G(k) =[ Gi(k) Ga(k) ... Gp(k)],

OA0KU KOMOPHLT PABHDL

_ s—2__

14 Hig={ ~ , =

(14) Los(p—i)+ Ra(k+1i—1), 1=,
H;l;a 1> s,
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(15) Gs(k) = {ﬁZoT(kJrl)}Zw(p—SL

~
|
-

T4k +i) =1,
i=l
(16) Q(s+1) =Lyi(s) + Ri(k+p—1—3s),
Q(0) = Ra(k +p),
(17) Lu(s)=> Al +p—1-5)Q(s)A;(k+p—1—s)+
=0

+MSS ANk +p—1-5)Q(s)A;(k+p—1—5) p,

(18) Lia(s) = > Al (k+p—1-5)Q(s)B;(k+p—1—5)+
j=0

J
+MSS AN (k+p—1-5)Q(s)Bi(k+p—1—5) p,

<
Il
o

(19) EQQ(S)

S Bl (k+p-1-5)Q(s)Bj(k+p—1—s)+
j=0

Bl (k+p—1-5)Q(s)Bj(k+p—1—5)

[

Il
o

+M
J

Onmumanvroe snavernue kpumepus (2) onpedessemca GopartceHuem

(20) TP (k +p/k) = =" (k) [@(p) — Ri(k) — G(k)H ' (k)G™ (k) | 2(k)+
+tr {Z_j QiYW (k+p—1-— i)} .
1=0

C yuemom AUHETHDLET 02PaHUNEHUT e YNPABALHUE BEKMOP NPOZHOZUPYIOULUT YNPa6-
aenut U(k) na kaoicdom durcuposannom waze k onpedeasemces us pewenus 3a0auu
K6adPAMuUYHOZ0 NPOZPAMMUPOSIHUA C KPUMEPUEM 6UIG

(21) Y (k +p/k) = 227 (k)G(k)U (k) + U™ (k)H (k)U (k)

NPU 02PAHUMEHUAT

(22) Umin(k) § S(k)U(k) S Umax(k)a

2de S(k) 6aouno-duazonanrvnas mampuya, 6aoku S;(k) (i = 1,p) xomopoti umerom pas-
MEPHOCTU Ty X Ty, .

JlokazarerhcTBO TeopeMbl nipuBeneHo B [Ipuioykenun.

OCHOBHBIM IPEUMYIIIECTBOM CTPATErHH [IPOTHO3UPYIOIErO YIIPABIEHUT PA30OMKHYTO-
ro THUMa ABJIAETCS BO3MOXKHOCTH SIBHOTO YYETa OTPAHUYECHWI HA YIPABJIAIONINE BO3ICH-
crBusi. JIjist perienHus 3aJad KBAJIPATUYHOTO MPOTPAMMHUPOBAHUS B HACTOSIIEE BPEMS
paspaboranb 3(PHEKTUBHBIE YUCTIEHHBIE METOIHI.
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Bamewanne 3. Ecm M{0(k)}, M{0(k)0(k)*}, A;, Bj, D (j = 0,m) ne 3aBucar

ot Bpemenu k, 1o, oueBuaHO, Marpuiibl G u H TOXKe He 3aBUCAT OT BPEMEHH.

3ameuanne 4. Pazmepst marpun, H(k), G(k) u U(k) 3aBucar or BeiGopa 3Hade-
HUA TOPU30HTA ITPOTHO3a P. Ecim TOPHU30HT TIPOrHO3a BEJIUK, TO 3TO MPUBOJUT K 3Ha-
YUTEJIbHBIM BBIYUCIUTEJIBHBIM 3aTpaTaM, U JJid WX COKPAIIEHUA MOXKHO HCIOJIH30BaTh
cremytomuii mpueM. [Tomoxum

ulk+s/k)=ulk+s+1/k)=...=ulk+p—1/k)=0

Jst Hekoroporo s < p — 1. Marpuust U (k), H(k), n G(k) npeacraBum B 6;109HOM BHIE

Us(k)] [Hss(k) Hisp—s) (k)
Uk = (s) , H(k) = (s,9) (s,p—s)
( ) [ 0(p_s) ( ) (p—s,s)(k) H(;D—Sap—s)

G(k) = [ Gs)(k), Gp-s(k) ].
[Tocne sToro kpurepwmii (21) npeobpasyercs caemayiomuM 06pa3om

(23) Yio)(k +p/k) = 22" (k)G (5)U(s) (k) + Ul (k) H(s,s) (k) U(s) (F),

U pemaercd 3aJada onTuMusainuu Kpurepus (23) o “yKopoueHHOMY” BEKTOpY IIPOIHO-
supyromux ynpasiaenuit U g (k).

4. YrpasiieHne MHBECTUIUOHHBIM mopTdherem

Paccemorpum 3anaay yupasienus UT1, cocrogipm us (n—1) puCcKOBbBIX IIEHHBIX OyMar
(OOBIKHOBEHHDIX AKIIUiT) CO CTOXACTUYECKUMU BOJATUILHOCTAME U 6e3PUCKOBOrO (buHAH-
coBOro akTuBa (0AHKOBCKHUiT cueT wjm HajexkHbie obnuranuu). Tunamuxa WUIT B mpo-
CTPAHCTBE COCTOSIHUI OMMCHIBAETCS ypaBHeHusiMu (cM. [12]):

n—1

(24) zi(k+1) = |14 pi(k) + Y o3 [0(k), klvj (k) | [ (k) + wi(k)],

23) a1 = 14 )] |2k~ Y ush)]

rue z;(k), i = 1,n— 1, — KanuTas, BIOKEHHBIH B -10 akuuioo, T,(k) — Kamuras, 1o-
MelleHHbIl Ha GaHKOBCKMii cyer, p;(k) — oxKujaemas JOXOAHOCTH i-ii HeHHO Gymaru,
0i;10(k), k] — smementsl marpurpl BonaruisHOCTH ||035(0(k), k||, mpudem oy;[0(k), k] 3a-
sucnut ot 0(k) muneitno, r(k) — craBka 6e3pHCKOBOrO akTHBa, u; (k) — Kamuras, nepeBoin-
MBIii ¢ GAHKOBCKOTO cYeTa B i-if puckoBbIii akTuB (npw u;(k) > 0 ) ambo ¢ i-ro puckoBoro
BIIOXKeHNs Ha GankoBCekwii cuer (mpm u;(k) < 0). Ecin kakas-imbo nepemennas ; (k) < 0
(i = 1,n — 1), T0 910 O3HAUAET yuacTue B onepaiyu “npojazka 6e3 nokpoirus’ [16], eciu

2n (k) < 0, T0 9T0 03HAYAET 3aeM Kamurana B cymme |z, (k)|. Cvbica Bemmann 0(k) u v(k)
n

TOT 3Ke, ITO 1 mpexkae. O6muit karmuran UII V (k) = > z;(k).
i=1
Heobxomumo onpeennts crpareruio yupasienus 1IT myreM nepepacpe/iesieHns Ka-
[UTAJIA MEXKIY PA3IUIHBIMA BHIAMI HHBECTHINI TaK, ITOOBI KAIUTAT PEATLHOTO MOPT-
bens V (k) ¢ nanvenbmuvu oTKIoReHEIAME crenosan karmrany VO (k) mexoroporo ompe-
JIEISIEMOTO MHBECTOPOM STAJIOHHOTO MOPTdEs, IBOTONIA KOTOPOrO ONHUCHIBAETCA yPaB-
HEeHHeM

(26) VO(k+1) = [1+ 4" (B)] VO (R),
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rae ¥ (k) — 3amannas Kemaemas T0X0AHOCTE opTdens. B nagambueiii moment VO(0) =
= V(0) 3aman u pacupezenenue KauraJia 1o ak TuBaM u3secTHo. s ynpasieHus mopr-
denemM ucImomb3yeM CTpaTernn ¢ MPOrHO3UPYIOINIeit Moaenbo. Kpurepnit KatecTBa ynpas-
senus (byHKIM PUCKA) UMEeT BUJL

p—1

(27) J(k+p/k) = M{Z (V(k+1i) — VOk +4)° +

i=1

+pz_:uT(k:+i)R(k:+i)u(k+i) + [V(k+p) — Vo(k+p)]2/x(k:)},
=0
rae o(k) = [ 21(k), ..., za(k) ], wk) = [w(k), ..., un_1(k)]", R(i) > 0 - mar-

PHIA BECOBBIX KOI(DPHUIINEHTOB YIIPABICHUSI.
Cucremy ypasnenuii (24)—(26) MOXKHO 3anucarh CJaeayoImM 00pa3oM:

(28) 2(k+1) = | Ao(k) + z_: A;[0(k), klv; (k)| z(k)+
o | Bk + 3 By 10(k) Koy (k)| k),
rie
(k) = [@a(k), ooy waoa(k), aa(k), VOR) ],
AO(k) = dlag ( 1+ ‘Ll,l(k'), ) 1+ ,Ufnfl(k)a 1+ T(k)a 1+ ,U'O(k) ) )
A;[0(k), k] = diag ( 01,;[0(k), k], ..., on_1,;[0(k),k], 0, 0),
.. b;[0(k), k]
Bo(k) = 0 1+ lu‘”*l(k) ) B [o(k)v k] = Op—1 »
—[1 JBT(’?)] —[1+ r(k)] 0n—1
bil0(k), k] = diag ( 01,;0(k), k], ..., on-1,[0(k),k] ),
j=1n-1,0,=[0, ..., 0]— BeKTOp-CTPOKa PA3MEPHOCTH .

Kpurepuit (27) upumer Bu

p—1
(29) J(k+p/k) = M{ZZT(kJri)C’TCz(kJri)Jr
i=1

+1§: u'(k+ i) R(k +i)u(k +14) + 2" (k +p)CTCz(k +p)/z(k)},

rmeC=[11 ... 11 —-11].

Ecin #a 00beMbl TOProBBIX OMEPAIil He HAKIAIBIBAIOTCI ‘SKeCTKHE’ OTrpaHuTIeHHs],
TO UMeeM 3a/ady OLNTUMAJILHOIO ylpaBJenus cucremoii (28) no kpureputo (29) 6e3 orpa-
HUYEHHU, pereHne KoTopoil omnpenensierca Teopemoii 1. Ha mpakTuke Ha 00beMbl TOP-
TOBBIX OMEPAIWii MOTYT OBITH HAJIOXKEHBI OrpaHndenus. HanmpuMep, HEKOTOPBIE WHCTUTY-
[IMOHAJILHBIE MHBECTOPHI HE MMEIOT MPABa YIIPABIATH AKTHBAME, YIACTBYS B OMEPAIUTX
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mpojiayku 0e3 MOKPBITHS, 1 WCIOIh30BaTh 3aeMHbIe cpeacTBa [16]. B arom ciayvae m0imK-
HbI BBIMOJTHATHCH OTPAHUYIEHUS BUIA

zi(k) +ui(k) 2 0 (i = Tn—1),
n—1

xn (k) — Z u;(k) > 0.

=1

O49eBnaHO, AHAIOTHIHBIM 00PA30M MOYKHO y9eCTh OTPAHUYEHUS HA 00HEM KyTLIU-TTPO-
JIasKK aKIUil, pasMep 3aeMHBIX CPEJCTB (eC/Iu JOMyCTUMO WX UCTIOIL30BaHue) U 1p. B Ta-
KOM CJIydae UMeeM 33/J1a41y ONTHMAJILHOrO ylpaBJjenus cucreMoil (28) no kpurepuio (29)
C COOTBETCTBYIOLIMMU OrpaHudeHusaMu Buaa (22), pemieHne KOTOPOi Ompe/iesisiercs Teo-
pemoit 2.

5. Yucaenroe MoaeJimpoBaHue

Ornpenennm CTpaTeruio yrnpapieHnusi TOpTQEIeM IeHHbIX OyMar, COCTOANNM u3 OaH-
KOBCKOro cuera goxonsocrbio 7 = 0,003 u aByx BuaoB akuumii ¢ goxomuocramu 7);(k) =
= pu; + oi(k)vi(k) (i = 1,2), rue oxumaembie goxoxuocru py = 0,01, pus = 0,012,
v; (k) — cTaHZAPTHBIE HOPMAJIHLHO PACTIPEIETIEHHBIE CIyvaiiHble BeananHbl, o;(k) — Boa-
TuabHOCTH. HeompeaeleHHOCTh B 3aJaHUN BOJIATUILHOCTEH OyIeM MOIeIMpOBATh, TIPEI-
nosiarasi, 910 0;(k) — T0CI€I0BATEILHOCTh HE3ABUCHMBIX DABHOMEDHO PACIPEIeeHHBIX
HA NPOMEXKYTKe [a;, b;] ciaydaitubix Beawuann: a; = 0,01, by = 0,04, as = 0,01, by = 0,06.
Hoxomrocts stagonnoro moprdens p® = 0,011. Marpumma BecoBBIX K03 DHUIIEHTOB
R = diag(0,0001;0,0001). B nayanbHblii MOMEHT BPEMEHM BECh KAMTAJ HAXOJUTCH HA
Gankosckom cuere, T.e. 21(0) = 22(0) = 0, 23(0) = V(0) = V°(0) = 1, ropuzont mporto-
suposannst p = 100, 3amava penaercst Ha mpomeskyTke k € [1, 100]. Puc. 1 nutoctpupyer
JIMHAMWKY j1oxoaHocTed 1); (k) pruCKOBBIX (DUHAHCOBBIX AKTHBOB (M0 OCH abCIMCC YKA3AHBI
HOMEepa BPEMEHHBIX UHTEPBAJIOB, & 110 OCU OPJMHAT — BEJMYUHDI JOXOIHOCTEN).

n
0,15 T T T T T T T T

0,10

0,05

-0.05

-0,10

~0,15 ! ! ! ! ! ! ! ! !
0 10 20 30 40 50 60 70 80 90 100

Puc. 1. lunamMuka TOXOMHOCTEH PUCKOBBIX AKTUBOB (MMHUA 1 — TOXOIHOCTD
epBoii aknuu, MUHUA 2 — TOXOJHOCTH BTOPOI aKimm).
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Puc. 2. Iumamuka moprdena Tpu ympaBiaeHun 6e3 orpaHudeHuii (-
Hus 1 — KanmuTaJl, BJIOYKEHHBIN B TIEPBYIO aKIINIO, 2 — BO BTOPYIO aKITHIO, 3 —
GaHKOBCKWIi cueT, 4 — 3TaJoHHbIH TOPT(hETh, 5 — YIpaBIAeMblii TOPThEH).

2,0 ! ! ! ! ! ! ! ! !
0 10 20 30 40 50 60 70 80 90 100

Puc. 3. lunamuka ympaBIgiomumx BO3IeUCTBUIA IPU yIIpaBIeHnn Oe3 orpa-
aungennii (ymana 1 — ui (k), maama 2 — uz (k).



x3,0 T T T T T T T T T p
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Puc. 4. [Inmamwka mopTdens Tpu yIpPaBJeHAN C OTPAHUIeHUAMEA (JTA-
HHUA ] — KaIUTaJI, BJIOYKEHHBII B IEPBYIO aKIINIO, 2 — BO BTOPYIO aKIINio, 3 —
GaHKOBCKWIi cueT, 4 — 3TaToHHbIH TOPT(hETh, 5 — YIpaBIAeMblii TOPThEH).

[Ipu mocTpoennn ONTUMAIBLHOTO yIIPABICHUS PACCMATPUBAIIUCH ABA CIIydas.

1. Bo3MoskHBI omepanyn mpojask 6€3 TOKPBITHS, a TaKyKe 3aiiM B OaHKe 110 CTaBKe T.
B sToM ciyuae g yupapienust HopTdesieM UCI0Ib30Balach CTpaTerus IporHo3upyio-
IIero ylpasJjeHus ¢ 3aMKHYTOi obparHoit csasbio. Ha puc. 2 nokazaHbl: H3MEHEHHE CyM-
MapHOTO KaluTata HHBeCTHIHOHHOTO moprderns V (k) (uaus 5), n3MeHeHne Kamuraia
VO(k) sranomnoro moprdens (muHus 4), TMHAMEUKa KalnTaa, BIOKEHHOTO B KarK bt
dbunancorbit akTus (nmans 1 — kanurai 21 (k), BIOYKEHHBIH B MEPBYIO aKINIO, JIUHAS 2 —
KarmuTai oo (k) , BJIOKEHHBI BO BTOPYIO aKINIO; JINHNAST 3 — KANTaJI Ha GAHKOBCKOM CUe-
re x3(k)). Ha puc. 3 nmokazano moBejieHue ylpaBJsionux BO3AeHCTBU — 06bEMOB Ka-
nuTasa, IepeBoJAuMOro ¢ HaHKOBCKOIO CYeTa B aKIUI0 WK HA0OOPOT B 3aBUCUMOCTH OT
snaka. Ha ocu abciuce yKazaHbl HOMepa BPeMEeHHBLIX MHTePBAJIOB, a 110 OCH OPJAMHAT Ha,
puc. 2 — Kanuraabl moprdeneii W CyMMBbI BIOKEHWH B OTIEIHHBIC AKTUBBI, HA PUC. 3 —
yTIPABJICHUS.

W3 puc. 2 BUIHO, 9TO KAMTAJ YITPABISEMOr0 WHBECTUIIMOHHOTO TTOPTMEIs T0CTATO -
HO XOPOIIO OTCIEKUBAET POCT KAMTUTAJA ITAJTIOHHOTO MOPTQETT 38 CIeT Mepepactpenese-
HUSI CPEJICTB Me¥K/ly PUCKOBBIME U G€3PUCKOBBIM BIOXKEHUAMHE C IIPUBICYCHIEM 3aeMHbIX
CPeJICTB.

2. Onepanuy npoazku 6e3 MOKPHITUA U IPHUBICUYCHAE 3a€MHBIX CPEICTB HEBO3MOXKHEI,
YTO IPUBOJIUT K OIPAHUYEHUSIM BUJIA:

zi(k) +ui(k) 20 (i=1,2),

x3(k) — (u1(k) + uz(k)) = 0.
B sroMm ciaywae ng ympapieHus mopTdeneM HCIOMb30BAIACh CTPATETHsd IIPOTHO3HPY-
IOIIEro yIpaBJIeHUsT PA30MKHYTOTO THTA TpU Orpanndenusax. JImnamuka noptdeneii n

BJIOJKEHHIl IIpescTaBieHa Ha puc. 4: jumun 1, 2 HOKA3BIBAIOT M3MEHEHHE KAIHUTAJIOB,
BJIOJKEHHBIX B aKIWH 21 (k) n x2(k); MuHus 3 — H3MeHeHne KAuTaIa Ha GAHKOBCKOM Cte-
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Puc. 5. InnavMuka ympaB/IsSIONInX BO3IEHCTBUI TIPU YIIPABJIEHUN C OTpa-
unuennsamu (nuans 1 — ui(k), muaus 2 — ug(k)).

te x3(k); muaum 4 u 5 moxaspiBalor uHaMuKy Karmtamnos VO(k) u V (k) — stamormroro
¥ yIOpaBJIseMoro moprdeseii cOOTBeTCTBEHHO. V3MeHeHve yrmpaBsionmxX BO3AeHCTBIIMA
u1 (k) m uz(k) nokasano wa puc. 5. ITo ocu aberpce Ha puc. 4 U 5 yKa3aHbl HOMEpa Bpe-
MEHHBIX HHTEPBAJIOB, & O OCH OpAMHAT HA puc. 4 — KamuTagbl noprdeneil u cyMMbl
BJIO’KEHUIT B OT/IEIbHBIE AKTUBBI, & HA PUC. D — yIIPABJICHUS.

[To cpaBHenwio ¢ yrpaBenreM 6e3 OrpaHUYeHUil Ha, 3aiMBI CJIEJKEHNEe XyKe, TaK KaK,
BO-TIEPBBIX, UCIOJIB3YETCsl CTPATErdsl yIPABICHUA PAZOMKHYTOrO THITA, KOTOpas HE ydu-
ThIBAET OYAYIILYI0 OOPATHYIO CBsI3b, U, BO-BTOPbIX, PECYPC YIPABJIEHUS OIPAHUYEH, U €10
HEIOCTATOYHO, YTOOBI HA YYIACTKAX, IJe OIPAHUYEHUs] AKTUBHBI, “MIOATAHYThH  TPAEKTO-
PHIO pOCTa yIpasjsieMoro moptdess K KeJaeMoil TpaeKTOPUH ITAJOHHOTO MOpTdens B
TaKOIl YK€ CTEeIeHy, KaK MPHU YIIpaBJIeHnn 6e3 OrpaHuIeHuii.

6. 3akirouenue

[Tonygennt ypaBHeHUs: CHUHTE3a CTPATErWil IPOTHO3UPYIOMIErO YIIPABJICHUs C 3aMKHY-
TO OOPATHOM CBA3BIO0 U PA3OMKHYTOTO THUIIA JJISI CHCTEM CO CAYUIAAHBIMU MapaMeTpaMu
" aJIUTUBHBIMHU U MYJIBTUIIJINKATABHBIMI MITYMaMH, 3aBACAIIAMA OT COCTOAHUA U YIIPAB-
smennit. JJaHHbIi MOAXO0 MO3BOJIAET YUYECTh B SBHOM BUJIE OTDAHUYCHUST HA YITPABICHUSA.
[Ipu yuere orpanwdeHuii Ha ympaBeHNE AJTOPUTM CHUHTE3a TMPOTHO3UPYIOMINX CTpaTe-
ruil BKJIIOYAEeT pellleHue I0CJe/I0BATE/IbHOCTH 3a/1a4 KBa/IPATUYHOIO IIPOI'PAMMUPOBa-
aust. OTMETHM, 9TO NPU TPAKTUYECKON PeaT3alii MPe/JI0KEHHBIX aJTOPUTMOB C yde-
TOM SBHBIX OTDAHUYEHUI 11€71eCO00PA3HO COYeTaHWe CHHTE3a MPOTrHO3UPYIONUX yIIPaB-
JleHnit 6e3 ydera OrpaHUYeHUil CO CTpATerueil ¢ OrPAHUYEHUSIMU, €C/IN YK€ YIPABJIEHUS,
CUHTE3UPOBAHHDBIE 0€3 OrpAHWYEeHWi, YIOBIETBOPSIOT OIPAHUYEHUSIM Ha, mare k, TO Ha,
9TOM IIare HeT HEOOXOIMMOCTH PEIATh 33a9y KBAIPATUIHOTO TPOTPAMMUPOBAHUS.
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[Monyuennnie pe3yabraThl MpuMeHEHBI B 3aade ynpasaerus UL, comep:xamum du-
HAHCOBBIE AKTUBBI CO CTOXACTHIECKON BOJATHIBHOCTBIO, C YIETOM OrPDAHUYIEHUIT HA 00be-
MBI TOPTOBBIX omneparnii. YncrenHoe MOaeTnPOBaHNE MOATBEPKIALT PAOOTOCIIOCOOHOCTD
7 3P PEKTUBHOCTD MPEITOKEHHOTO MOIX0IA.

B pabore perena 3aga4a ceKeHns 3 3TAJTOHHBIM MOPTdETeM ¢ 3aTaHHON TOXOTHO-
CTbHIO, OJHAKO IIPE/JIOKEHHBIH ITOIXO0 T MOYXKET ObITh IPUMEHEH U JIJIsi CJIy9ast, KOT/IA [IeJIHI0
VIPABJIEHUS SBJISIETCS CJIEYKEHNE He 3a ITAJOHHBIM TOPT(dEIeM, a 33 TaK HA3BIBAEMBIM
WHIEKCHBIM opTdheseM, KOTOPHIH oTparkaer MoBeeHre phlHKa B meiaoM [9, 11].

HNPUJTO2KEHNE

JlokazareabcTBo TeopeMbl 1. g ontuvmusanuu GpyHkiuonaa (2) uCnoanb3y-
€M MeTOJI, ITMHAMUIECKOro mporpammuposanns. @yuknus Benxnvana va mare t = k+p—1
nMeeT BUJ,

(T1.1) Vik+p/k+p—1)= (krﬁin N M{zT(k +p)Ri(k + p)x(k +p)+
u p—

+uT(k+p1)R2(k+p1)u(k+p1)/x(k+p1)}

= min {:ET(k +p—1)L11(0)x(k +p — 1)+
u(k+p—1)

+22"(k +p — 1) L12(0)u(k +p — 1)+
+ul (k+p— 1) [L22(0) + Ra(k +p — D] u(k +p— 1)+

+tr {ET(mpq)Q(O)E(mquM {BT(k+p1)Q(0)E(k+p1)}}},

rae Q(0) = Ri(k +p) m L11(0), L12(0), L22(0) onpenensiorcs mo dopmymam (6)—(8).
Munnvym B dyuknun Beanvana (I1.1) mocruraercs mpu

ulk+p = 1/k) = = [L2a(0) + Ra(k +p— D] LEO)a(k +p - 1),
IPU STOM 3HAYEHUE (DYHKITHH
Vk+p/k+p—1)=tr{QOW(E+p—1)}+
2" (k1) [L11(0) = L12(0) [L22(0) + Ra(k+p—1)] LT, (0) | ak+p-1),

rae W(k + p — 1) onpezensiercsi o dbopmyie (10).
Janee, nCob3y s TPUHITAT ONMTUMATLHOCTH Belnmana, 3amuineM ypaBHeHne

(I1.2) V(k+p/k+p—2)= (krﬁian{mT(ker1)R1(k+p1)x(k+p1)+
u(k+p—

+uT(kz+p—2)R2(k+p—2)u(k:+p—2)+V(kz+p/kz+p—1)/x(k+p—2)}:

= (;Ein 2)M{acT(ker DQ(W)x(k+p—1)+uT(k+p—2)Ro(k+p—2)u(k+p—2)+
u p—

+tr{Q(0)W(k +p— 1)}/m(k +p— 2)}.

95



[Moncrasasist Bipaykenne st x(k+p—1) w3 (1) B (I1.2) u onrumusupys no u(k +p — 2),
Oy IMM

u(k +p —2/k) = — [Loa(1) + Ro(k +p — 2)] ' L, (Da(k +p — 2),
TP 3TOM
Vk+p/k+p—2)=
= 2" (k+p=2) | L1 (1)~ Lia(1) [Loa(1)+ Ro(k+p—2)] ' Ly (1) | (kp—2)+

1
+tr {ZQ(i)W(k +p—1-— i)} ,
=0

riae Q(1), L11(1), L12(1), Laa(1) ompenensitorest n3 ypasuenuit (5)—(8).
[IpomomKast pacCy K IEHNs, HETPYIHO TIOKA3ATh, 9TO JJIT MOMEHTA, { = k ONTHMAIBHOE
yupasjenue onpesensgercs ypasaerusvu (3)—(8). Onrumasnbaoe 3uadenue HyHKIAOHA-
a (2) JP'(k + p/k) = V(k + p/k) onpenensercsa no dpopmyie (9).
JokazarenbcrBo TeopeMmbl 2. Boipaxas mocaemosarenbro Bee x(k + i)
(i = 1,p) uepes x(k) c ucnonn3oBanuem ypasHenus cucteMsr (1) u mojcTaBsgs pe3yabTaT
B Kpurepuii (2), mosydum

(TL3)  J(k+p/k) =2 (k)L (p — Da(k)+

+2:cT(k) li {ﬁ ZOT(k + s)} Elg(p —r—Dulk+r/k)

r=0 \s=0

p—2 p-—1
+2>° Y u(k+r/k)By (k+r) { H Ay (k+s) }le(p—l—j)u(k+j/k)+

r=0j=r+1 s=r+1
p—1

+ZUT(k +r/k) [ng(p —1—7)+ Ra(k+ 7’)] u(k +r/k)+
r=0

r{pz kz—l—p—l—z)}

-0
rae Q(1), L11 (1), Li2(1), Laa(l) onpenensuores o dopmymam (16)—(19) u

Broipazkenue (I1.3) nerpyano 3anucarb B MATPUIHOM BUJIE

(TL4) Ik +p/k) =" (k) @@)%(k)} a(k)+

+22 T (k)G (k)U (k) + U (k)H (k)U (k) + tr {p_ W(k+p—1 —z)}

=0

rae marpuisl H (k) u G(k) nveror Buj (12)—(15).

Munumuzupys dyukuuonan (I1.4) o sekropy U(k) 6e3 yuera orpanudenwuii, mosy-
gum (11). Hoacrasmas (11) B (I1.4) monyunm Boipaxkenue (20) m/Is ONTHMAJIBHOTO 3Ha-
yenus (pynkuuonata. Eciu na BeKTOp yrnpasieHuii HaJI0KeHbI Orpannyenus (22), umeem
samaay munnMusanuu kpurepus (I1.4) npu orpannuenusax (22), KOTopas SKBUBAJECHTHA,
3a7a49e KBaJIPATUIHOrO NPOrpaMMUpoBanus ¢ Kpurepuem (21) npu orpanndenusx (22).
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