HOBI METOAU
@r B CUCTEMHOMY AHANI3I, IHPOPMATWLII
TA TEOPII NPUAHATTA PILLEHb

VIIK 62-50

MMPOIrHO3UPOBAHUE U MUHUMM3BALIMSA JUCITEPCUN
T'ETEPOCKEJACTHYECKHUX ITPOIIECCOB HA OCHOBE
MOJIEJIEN C PASHOTEMIIOBOW IUCKPETU3ALIMEN

B.l. POMAHEHKO

PaccMoTpeHBl TeopeTHUeCKHe MOJ0KEHHs MPOSKTHPOBAHUS Pa3HOTEMIIOBBIX AMC-
KPETHBIX CHUCTEM IPOTHO3MPOBAHMSA M MUHHMHU3AIMH H3MEHSIOLINXCS MaKCHMallb-
HBIX YCJIOBHBIX JUCIIEPCHH BBIXOJHBIX KOOPJIUHAT OJHOMEPHBIX U MHOTOMEpPHBIX
MPOLIECCOB MpPHU AMCKPETH3AIMH BXOJHBIX BO3MYILEHHH € MallbIMU IEepUuoiaMu
KBaHTOBaHHS, a BBIXOJHBIX KOOPJHMHAT M YMPAaBJIAIONIMX BO3JACHCTBUIT — ¢ 0OJb-
muMH. /IluHaMuKa MpoLeccOoB B CTOXAaCTUYECKOH cpelie NpeicTaBiieHa MOJIENSIMU
ABTOPETPECCUH U CKOJIB3AIIET0 CPETHEr0, MOJCISIMHI aBTOPErPECCHH U CKOJIB3SIIIe-
IO CPEIHEro C JOMOJIHUTEIBHBIM BXOJIHBIM CHUTHAJIOM C Pa3HOTEMIIOBOW THUCKpPETH-
3alueil.

BBEJIEHUE

B pa6orax [1, 2] onrcana MeToIMKa MIPOTHO3UPOBAHKS YCIOBHBIX THCICPCHI Ha
OCHOBE HCIIOJIb30BaHUS MaTEeMAaTUISCKUX MoJienel aBToperpeccun (AP) wiu aB-
Toperpeccuu u ckonp3siiero cpeanero (APCC) ¢ oqHOTEMITOBOM THCKPETH3AIIH-
eil BXOIHBIX BO3MYIIEHUH M BBIXOIHBIX KOOPAWHAT. JTa METOINKA 3aKIF0YaeTCs
B CJIETYIOIIEM.

[Tycth quraMuka mporecca onucana mojaenso APCC (2, 1)

y(KTo) =ayY[(k ~DTo ]+ a,y[(k = 2)To |+ £ (KTp) + b &[k —DTp ]+, (1)

me MIEKT)}=0, MEAKT)|=02 MIEKT)y[k-NTo]=0, 1>0

(M — omnepatop MaremaTH4eckoro oxunuanus). Torma W3BECTHBIH aITOPUTM
NMPOTHO3MPOBAHKS YCIOBHO jucniepcun nocienoBatensroctd {y(KTy)} BoImON-
HSIETCSl HA OCHOBE PEKYPPEHTHOM MPOLIEAYPHI.

1. OnpeneneHue yCIOBHOTO MAaTeMaTHYECKOTO OXHMIAHMS IUIsl TIOCIIEI0Ba-
TEJIILHOCTH {y(kTo)}

My (KTo)f=anyl(k -DTo |+ azy[(k = 2)To [+ big[k -DTo ]+ 5. (2)
2. Borunciienue ycIoBHOW JUCTIEPCHH IS TOCIIEIOBATEILHOCTH {y(kTO )}
M 12 (KTo) = varly(KTo) |y - T ] Y[tk - 207, ) =

© B./l. Pomanenxo, 2007
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=M, {{y(kTo) —ayy[(k ~DTo]-a, y[(k — 2)To ]~

by (k- )Te]- 6T = E2(kT). 3)

3. BrrunciieHue psifia yCIOBHBIX TUCIEPCUI Ha OCHOBE BhIpakeHui (2), (3)

E2[(k — T, ] = var{y[(k —)To ]| yl(k — 2T, ], y[(k = 3)To ],
E2[(k —2)To ] = var{y[(k — 2)To ]| yl(k = 3Ty ], yl(k - 4)T, ],

E2[(k - 3)To|=var{y[(k - 37T, ]| yl(k — 4T, ] vk —5)To I,

E2[(k - )Ty ] =var {y[(k - )T ]| Y[k —a - DT, ] y[(k - g -2)T, ]}-

4. TlocTpoeHrne MaTeMaTHIECKONH MOJENTN MTUHAMUKH YCIOBHBIX TUCIICPCHH
Ha OCHOBE JIaHHBIX BBIYMCIEHHOI'O PsAJa YCJIOBHBIX JUCIIEPCUH IIyTeM IPUMEHE-
HUs MeToa HanMeHbInux kBagparoB (MHK) B Buge AP (()

E2(KTo) = &y &2 [(k —DTo |+ @pE%[(k — 2)To ]+ ... + G2 (k - q)To ]+ v(KTy) ,(4)

rae V(kTy) — mpomuecc IUCKpPEeTHOTro OeIoro IIyMa ¢ HyJE€BbIM CPEIHHM.

5. BrITIoJIHEHHE TIPOTHO3MPOBAHUS YCIOBHON nucriepcuu (3) Ha OCHOBE MO-
nenu (4) Ha OAWH IIEePHOJ] KBAHTOBAHUS T

E(k +DTo]= &2 (KTp) + G2 (K —DTg +...+ @ E2[(k - q+DTp . (5)

Ilockonbky Mogmens (4) MokeT OBITH IOCTpOEHAa NpPU YCIOBHH, YTO
var {y(k)}# const , To ypaBHeHHe (4) Ha3BIBAETCS ABTOPETPECCHOHHBIM YCIOBHO
rerepockenactuaeckum (APYT).

IIpuBeneHHBIN aNTOPUTM JA€T BO3MOXHOCTH IIPOTHO3MPOBATh YCIOBHYIO
aucnepcuio (5) TOIbKO Ha OAUH 0a30BbI EPUOJ KBAHTOBAHUS T .

Ipumep 1. Opnoremnosas mogens AP(2,0) umeer Bux Y(KTy)=
=ayy[(k )Ty ]+ a,y[(k - 2)To |+ £(KTy), rme xodddumments pasHsEOTCS
a, =1,2726; a, =-0,3328.

Ha puc. 1 npuBeneH nepexoaHoi nporecc BeIxoqHol koopauHatel Y(KTy)
IpH Moja4e Ha BXOA AuckperHoro Oenoro mryma & (KT, ), rae BUIHO, 9TO B CIIEK-
Tpe IEePEeXOIHOTO Mpolecca NpeodaaaoT COCTABIAIONINE HU3KOH 4aCTOThL. JTO
OBLTO OTMEUeHO B paboTe [3] 11 mpoueccoB NepBOro MOPSIKA.

Ha puc. 2 noka3zansl pe3yabTaThl BHIUNCICHHS W MPOTHO3UPOBAHUS yCIIOB-
HOH JHCIIEpCUH, TIOIy4YeHHbIE Ha OCHOBE LU(POBOrO MOJEINPOBAHUS NIPUBECH-
HOT'O BBIIIE aJITOpPUTMa. BUIHBI CHIIbHBIE BBIOPOCHI YCIIOBHOM IUCIIEPCHU B OIIpe-
JeNIeHHbIE AMCKPETHBIE MOMEHTHl BpEMEHH. B TO e BpeMs Ha HEKOTOPBIX
yuactkax (ot 40 1o 65 orcueToB) BeIYHCIsIeMasl Ha OCHOBE (3) ¥ pOrHO3UpyeMast
MOCPENICTBOM (5) yCIIOBHASI TUCIIEPCHS M3MEHSETCS] HE3HAYUTEIBHO. JTO 00BsC-
HSETCS TEM, YTO JAJIsl BBIYUCICHMS YCIOBHOM aucnepcuu (3) MCIONb3yeTcsl BbI-
OOpKa BCEro 13 Tpex OTCYETOB BBIXOJHOIN KOOPAWHATEI.
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Takum oOpa3om, BEIUMCIICHHAS Ha OCHOBE (3) yCJIOBHAs AMCIIEPCHs HE MO-
JKET XapaKTepHU30BaTh MAKCHMAJbHBIE YCIOBHBIE AUCIEPCUH, KOTOPHIE BO3MOXK-
HBl Ha OINpEeleJIECHHOM MHTepBasie pa3BuUTHsl mporecca. CienoBaTesbHO, NpUBE-
JICHHBIN BBIIIE W3BECTHBIM AJTOPUTM IPOTHO3UPOBAHMS YCIOBHBIX AMCIIEPCHH
(2)—(5) Henp3s MPUMEHATH AJISl IPOTHO3UPOBAHHS PUCKOB.

y(KTo)
A

3

2 i
1‘{% ™

2}
» 1 il IT
-2t
U
-3 , . s >
¢ 5 15 25 75 45 55 £5 75 £5 95" KT,

Puc. 1. 'paduk u3MeHeHUs BHIXOTHON KoopauHaThI 1yt Moaenu APCC

£2(KTo)

kT

)

—

10 20 30 40 50 60 70 80 90 kT,

Puc. 2. 'paduku BeauCIeHHs (— ) ¥ POTHO3UPOBAHUS (— ) YCIOBHOU AUCTIEPCUHU
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INOCTAHOBKA 3AJTAYHN

BbIxo/HBIE KOOpAMHATHI MHOTHUX (DUHAHCOBBIX M COIMAILHO-YKOHOMHUYECKUX
MPOIIECCOB MOYKHO U3MEPUTDH TOJILKO B IMCKPETHBIE MOMEHTHI BPEMEHH C yBEJIH-
YEeHHBIMH IIepHOJaMu KBaHTOBaHUSA h =mT, (M — menoe gucno, 6obliee eau-
HUIIBI) IO CPABHEHHIO C MAlIbIMU HEPUOAAMH T HPH JUCKPETU3ALUM BXOIHBIX
BO3MYIIIAIONTUX BO3MEHCTBUM [4]. B CBS3M ¢ 3THM )11 OMIMICAaHUS TUHAMUKH JaH-
HBIX MIPOIECCOB HEOOXOUMBI TUCKPETHBIC MATEMATHUECKAE MOJICIH B CTOXACTH-
YECKOMU cpefie ¢ pa3HOTeMIOBOU AucKpeTu3anue. [losTomy nepBoii 3anayeit sB-
nsieTcst pa3paboTKa METOJWKH MPOTHO3UPOBAHUS MaKCHUMAJbHBIX BBIOOPOUYHBIX
YCIIOBHBIX JUCTIEPCUI T'€TePOCKEIACTHUSCKUX MPOIECCOB MPU MEPEMEHHOU BHI-
OOpKe C JHUCKpETH3aIMeil BBIXOJHBIX KOOPAWHAT C YBEIUYCHHBIMU TEPUOAAMU
KBaHTOBaHUA N =mMT, U BXOIHBIX KOOpAMHAT C MajbIM O0a30BBIM HEPHUOIOM
KBaHTOBaHUA 1. IIpu 3TOM mpenmonaraercsi BHIYMCIAT U IPOTHO3HPOBATH 110
PEKYpPEHTHOH TpoIleype HE YCIOBHYIO JMCIICPCHIO C MHUHUMAJIBHON OrpaHU-
YeHHOU BBIOOPKOH cornacHo (2)—(5), a MAaKCUMAIBHYIO YCIOBHYIO JUCTICPCHIO Ha
HEKOTOPOM HMHTEpBaje JUCKPETHOTO BPEMEHHU, TaK HA3bIBACMOM «OKHE», BEJIH-
YUHA KOTOPOTO MPHU BHIYUCICHUM MaKCHMAaJIbHOW YCIOBHOHM MUCIIEPCHUU U3MEHSI-
ercst oT h 10 Py . Haubombiryro BenuuuHy «oKHa» PN Lenecoobpasno
BBEIOMPATH paBHOW HAMOOJNBIIEH TOCTOSTHHOM BpeMeHH Tiporiecca. Hampumep, s
npumMepa 1 corimacHo puc. 1 mMoCTOsSHHAsE BpEMEHH WM MaKCUMalIbHAs BEJTMYMHA
«oKHa» paBHseTcs npudmmsurensuo 40T, wmu 40h/m .

Bropas 3amaya — 3710 pa3paboTka mporeayphl MUHUMU3AINH 0000IeHHOM
JUCTIEPCHH HAa OCHOBE MOJIENICH aBTOPETPECCHH M CKOIB3SINEr0 CPEJHETO C
JIOTIOJTHUTEIIEHBIM BXOJIHBIM YIPABIISIONIUM BO3JCHCTBHEM C Pa3HOTEMIIOBOWM
JIMCKpeTH3anueH, 3BeCTHOM kak Mojeib ARMAX.

MPOTHO3MPOBAHUE MAKCHMAJILHOI BLIBOPOYHOI YCJIOBHOM
JIMCITEPCAN HA OCHOBE MOJIEJIEN C OJTHOTEMIIOBOI1
JTIMCKPETU3ALMEN

[Ipu u3MeHsIoNIelcsl TUCTIEPCUN MaKCUMAallbHOE €€ 3HA4YeHUEe HeOOXOJUMO BbI-
YUCIIATH HA HEKOTOPOM IIEPEMEHHOM NPOMEXYTKe BpeMeHH t =T, (mepemMeHHOM
BbIOOpKe). [Ipu 3TOM BHIOOpKA OyneT MepeMeraTbes BIEPe] ¢ KaXIbIM IEpUO-
noM T, u auctiepcnsi OyeT MepecyUThIBATHCS Ha KaXKIOM IE€pHO/Ie KBAHTOBAHUS.
[TycTh nuHAMHKa CTAIlMOHAPHOTO Tporiecca omucana momensio (1). Torma
BBIOOPOYHOE YCIIOBHOE MATEMATHYECKOE OXKHIAHWE BBIXOJHOW KOOPIHMHATHI HA
MPOTSHKEHUH BoIOOpKH | OyeT onpenesThes CICIyOIIUM 00pa3oM:

k
T2 MlyTol-T eyl rayy [ - 2T
i=k—I+1
+byE [(k —D)To ]+ by&[(k —2)To ]+ ... +a y[(k —1)To ]+
+ayy[(k =1 =2)To ]+ by &[(k =T ]+ by&[(k =1 -D)T, ]+ 165} (6)
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Bribopounas yciaoBHas quctiepcust {y(ITO} BBIYHCIISIETCS IO opMyIie

var {y(kTo | y[(k —DTo] y[(k = 2)To ]y [(k = 1)To ]} =

1 & : 1 & e
:T z ('To)—l— ZMi—l[y(lTO)] : (1)
—k-— i=k—1+1
JI1s BEIYUCIICHHSI MAaKCUMAaTbHOW BRIOOPOYHOH YCIOBHOW JUCTIEPCHH HEOO0-

XOJMIMO HCHOJIB30BaTh CKOJB3AIIYI0 JUIMHY «OKHa» | To <ITy <10 To - Ipu
KaX7a0M | B yKa3aHHOM amama3oHe ¢ JUCKPETHOCTHIO B OJWH TIEPHOJ KBAHTOBA-
HUsL T, OmpezenseTcs: BHIOOPOUYHAs YCIOBHAsI AUCTIEpCHs Ha OCHOBE (7) U BBIOU-
paeTcs ee MaKCUMaJIbHOE 3HAYCHHE TIPH OITPEICIICHHOM 3HAYCHUH BBIOOPKH | .

A

=2

Ema (KTo) = sup  var{y(kTo) [y[(k =0T, ], y[(k = 2T ],..., vk - DTo ]} (8)

Imin <I<Imax

MaxkcuManbHOE 3Ha4deHHEe BBIOOPKH |, yCTaHAaBIMBAeTCS U3 pacyeTa
ImaxTo = Thoer » TA€ Toer — MOCTOSIHHAS BPEMEHH IPOLIECCa, ONPEIETAIONIas ero

WHEPLUHUOHHOCTb.

JI1st IpOTHO3UPOBAHUS MaKCHMAaJTbHOW BBIOOPOYHOH YCIOBHOW AWMCIICPCHH
HEeo0X0oauMO pa3paboTaTh ee MUHAMUYECKYI MOJelb. [ 3Toro Ha ocHOBE
(6)—(8) crpouTtes ps:

A

1) E el “DTol= sup  varly{(k=DTo]y[(k=2)To ... ytc~1 -D)To ]}

2) Eonlk-2To]=  sup varly[(k - 2)To]|V[(k =3)To ). Y[k —1 - 2T, J;

|m|n <|<|max

N) €[k —a)To]=  sup var{y[(k - a)To ]| yl(k - -D)To ], .

lmin <! <Imax

ylk-a-NToJ. )

Ha ocnoBe noctpoennoro psina (8), (9) mo MHK pa3spabarteiBacTcst MmaTema-

THYeCcKas MOJCIbh JHHAMUKA MaKCHMAJIbHOW BBIOOPOYHOH IUCIEPCHUU B BUJIC
AP (q)

AN A AN

=2 . =2 . =2
& max (KTo) = a1 & o [(K =T [+ ... + &g & pax [(k — )T . (10)

Torma Ha ocHoBe Mozenu (10) BRIMONMHISTCS MTPOTHO3UPOBAHNUE HA OJIUH TIC-
puox T, MakcuMaabHOU BEIOOPOYHOH YCIOBHOH JUCHEPCUU

A A A

=2 =2 . =2
fmax[(k"'l)TO]:algmax(kTO)"'---"'aq gmax[(k_q"'l)TO]'

PexyppenTnas npouenypa nporHosupoBanus (6)—(10) moBropsiercst Ha Ka-
JKJIOM IIEPUOJIC KBAHTOBAHUSL.

Cucmemni docniodcenns ma ingpopmayivini mexronoeii, 2007, Ne 2 119



B.J[. Pomanenxo

PASHOTEMIOBBIE JUCKPETHBIE MATEMATUYECKHUE MOJEJIN

Pa3HoTeMnoBasi Mofie/Ib € yABOGHHOH yacToToii npu h= 2T,

HUcxonnas ogaotemmosas moaens APCC(2, 2) umeeT Bun
A+ ozt +a,272)y(KTy) =@+ bzt +0,272) E(KT,) + 6, (11)

e {§ (kTO)} — MOCTIeIOBATEILHOCTh BOSMYIIICHHH B BHJIE JIUCKPETHOTO OEIoro

IIyMa ¢ HYyJEBBIM CPEIHHM, a apaMeTp O ONpeJelisieT YPOBEHb mpolecca. Pe-
KYpPpEHTHas Tporenypa mnmpeodpa3zoBanus ucxoanor moaemu (11) B pasHoTemrio-
BYIO IIPH JUCKPETU3aIlMU BBIXOJHON KOOPAMHATHI Y C MEPHOJOM KBAaHTOBaHUS

h = 2T, BemonHeHa Ha ocHoBe MetoxukH [4]. s sroro monens (11) mpencra-
BHM B Pa3HOCTHOU opme

y(KTo) =—ay Y [(k =D)To |-, y[(k — 2)To |+ £(kTy) +
+0,E[(k —D)To [+ by&[(k - 2)Tg ]+ 5 . (12)

Ha ocHoBe pexyppenTHO# mporeaypsl [4] momyueHa o6oOIIeHHas pasHo-
TeMnoBast MoJenb pu h = 2T, B pa3HOCTHOH (opme

5ol

s Ep-nf o)

+ 045{_%} h-— 4T0} +ay, (13)

rac [E:‘ — [CJIOC YHCJIO OT ACJICHUA HOMEPA JUCKPETHOI'O OTCUCTA K ma?2.

Koadduuuentsl 310l MoAenu paBHIIOTC: &y = (alz - 2a2); a, =—a22;
G =by—ay; Cy=(-ayhy +a; +by); 3 =(azb —aihy); ¢y =azb,; a5 =
=(1—a1 +a2)5.

KoopnuHatsr yﬁg} h} pazHotemnosoi mozxenmu (13) u y(kT,) mcxoxmHoit

k
Mozaenu (11) OymyT coBmamath B y3JOBBIX TOYKAaxX OTCUETa 3 h. Ha ocHoge

npeiokeHHol Metoauku [4] monens (13) MoXHO mpeoOpa3oBaTh B PasHOTEM-
HoBYI0 Mozens pu h =4T,.

Pa3HoTeMnoBasi Mofie/1b ¢ yTPoeHHO# yacToToii npu h=3T,

HpI/I AUCKPCTU3aAllUN BBIXO,I[HOﬁ KOOpAMHATEL Y C IICPUOAOM KBAHTOBAHUS

h = 3T, ucxomnas oxHoremmnosas Monens (11) Ha ocHoBe MeToxuku [4] mpeol-
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pasyercs k pazHoreMmnoBoid Moaenu APCC, npencTtaBIeHHON B pa3HOCTHOH ¢op-
Me
e B (F
+ 015[[2} h- TO} + 025{[ }h ZTO} + 035{[ }h 3TO} +
+ c&i[ﬂ h— 4T0} + 055{[ }h 5T0} + cegn }h 6TO} +ay, (14)

rac li—jl — [CJIOC YHCJIO OT ACJICHUA HOMEPA JUCKPETHOI'O OTCUCTA kK ma 3.

Kodduuuentsl 5Toif Momenu paBHBL @] = (—a; +3aya,); @y =—a3;

: 2 : 2 :
¢ =(b—a); ¢; =—(af —aaby —ay +by); C3 = (o by —anay —asby —ayby);
Cy = (a5 —ayayby +afb, —azhy); c5 =(~ayazb, +ajby); cp=azby; ap=
=(af +al -y —ay—a, +1)6.

Ha ocnoBe mpemnoxenHoit meronuku [4] momens (14) MokHO mpeodpaso-
BaTh B Pa3sHOTEMIIOBYIO C YJIBOCHHOIl yacToToi nmpu h=6T, unmm ¢ yrpoeHHOH

yacroroit npu h=9T, u T.1.

B o6mem cimydae aiis ncxomHo# ogHoTeMIioBoit mogenu APCC (2, 2) tuma
(11) pasHoremmoBas Mozenb pu h = mT; OyzneT UMEThb cleayOIui BU:

{splrofl-)of -
[ Kot s [£ et o[£ n-20m, | e509

MPOTHO3UPOBAHUE MAKCUMAJIbHOM BBIBOPOYHOM YCJOBHOM
JUCIEPCHUHU OJJHOMEPHOI'O ITPOLIECCA HA OCHOBE MOJIEJIEN C
PA3HOTEMITIOBOM JUCKPETU3ALIMENA

JluHamuKa CTallMOHAPHOTO TpoIlecca omucaHa Mojenbio (15) ¢ pasHOTeMITOBOM
auckperusanueit npu h = mT,. BeibopodyHoe ycroBHOE MaTeMaTH4ECKOE OXKHIA-

HHE BBIXOJJHON KOOP/IMHATHI HA MPOTSDKEHUH «OKHa» Ph Oyner paBHO
k

1 o) 1 k K
Biﬁxil[y(ih)]_g{a“ﬂmM+ ay ymﬁ_ —zjh}

+cr"nc§Hﬂh—mTO}+...+czm§H }h 2mTo}+ +a1y{ [%}—p}h}+
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o[ o 1) oo
o] K] 22, | . a9

BBI60p0‘-IHa$I YCJIOBHAasA OUCIICPCHUA Ha HHTCPBAJIC ph BBIYUCIIACTCA I1O

B (BEA (B
e L)
== > dyih-= Y My . (17)

P iz[%}— p+l P iz{%}— p+1

MaxkcuManbHOE 3HAaYCHUE BEIOOPOYHOU YCIIOBHOM TUCIIEPCUU OTPEACIsIeTCS
IpY U3MEHEHUN P B HHTepBane 1< p < P, Ha ocHOBe BhIpaxkeHuil (16) u (17)

o PR
)

TI€ Ppax YCTAHABINUBAETCSA HA OCHOBE P N=T

TI0CT *
Jist IPOrHO3UPOBAHUSI MAKCUMAJIbHOM BBIOOPOYHOM YCIOBHOHM IHCIIEPCHUU
CTPOUTCS Psift

T

JlnaaMudeckass MOJIeTh MaKCUMAaJbHON BBEIOOPOYHOM YCIIOBHOW AWMCIICPCHH
paspabateiBaetcs myTeM anmpokcuMarnyu o MHK psnpa (18), (19)

el
(LS PP YR R A T

k
rae VH—} h} — TPOIECC TUCKPETHOTO OENoro IiymMa ¢ HyJeBbIM cpeaHuM. [lo
m

aHanoruu ¢ (4) ypaBHenue (20) Ha3bIBaeTCSl aBTOPETPECCUOHHBIM, YCIOBHO reTe-
pockenactuueckuM. Toraa MpOrHO3MPOBaHKWE MaKCHUMaJIbHOM BBIOOPOYHOW YyC-
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JIOBHOHU JMCIICPCHU Ha OJHMH IEpUOJ KBaHTOBaHMSA h = MT, BBINOIHACTCS Ha OC-
HOBE pazpabdoTtanHoi Mmoaenu (20)

o [ ] #1)0 |- Znu [ £ ]n)
A éz k A éz I k
+ay §ma{[[a}—gh} tot @ & oy [{H}—;Hlj h} (21)

IIpumep 2. PasnoremmoBas monens (14) mpu h=3T, umeer Bux

et w55

+(by _al)f{[g}h—-ro}—(alz —ayby —az)fng}h—ﬂo}r(afbl -0y -

—ayhy) 5[{%} h-— 3TO} + (a22 —aqo,by) (f|:|:%:| h- 4TO} + azzblf[[%} h— 5T0} ,

rae kodpdunuenTsl paBHel: o =-1,2726; a, =0,3328; b, =-0,5.

Ha ocuose (17), (18) BBIMOTHEHO BRIYHUCICHUE MAaKCUMAIBHOW BHIOOPOTHOM

YCIIOBHOH JHCIIEPCHUU W €€ TIPOTHO3UPOBaHKE Ha OCHOBE (21), pe3ybTaThl KOTO-
PBIX TIOKa3aHbI Ha pHC. 3.

| éhud [Sh
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Puc. 3. I'paduxu BeIYnCIIEHHUS (—) U MPOTHO3UPOBAHUS (—) MaKCHMaJILHON BBIOOPOY-
HOM VCIIOBHOU IMCIIEDCUH

Cucmemni docniodcenns ma ingpopmayivini mexronoeii, 2007, Ne 2 123



B.J[. Pomanenxo

MPOTrHO3UMPOBAHUE MAKCUMAJIBHBIX BBIBOPOUHBIX YCJIOBHBIX
JUCHEPCHIA MHOI'OMEPHBIX ITIPOLIECCOB C PASHOTEMIIOBOM
JUCKPETU3ALMEN

Mmuoromepnas mogens APCC ¢ pa3HOTEMIIOBON AMCKpETU3alMEl MpeAcTaBiIeHa
B Buze [4]

Au (2t 0 - 0 Y (rhy) |
0 Ay (z3Y) - 0 yz(fzhz) _
6 o e A yn(r.nhn)_
Cu(z™) Cpz™)  CuE™)|[akT)] [ag
_ czzgz—l) czzgz—l) Canz‘l) &2 (KTo) |, a?z 22)
cnl(z‘l) cnziz‘l) cnn{z—l) fn(l?To) ao

HpI/I OTOM COOTHOHICHHUE IMIEPHUOJ0B KBAHTOBAHUA IJId JUCKPETHBIX OTCYETOB
BBIXOJHBIX KOOpAUHAT 6y,I[CT CJICOAYIOIICC:

hi =miT0, (i=1,2,...,n), (23)
rae m; — Ienoe 4ucno, Oonbliee eNuHUIBI. Torja COOTHOIIEHHE ONepaTopoB
0o0paTHOTO clBUTA

z7t=zM, (24)
e 271 — oneparop oOpaTHOTO CABHMra Ha OJWH IEPHOJ KBAaHTOBAHUS T;
zZ; - omneparop oOpaTHOro caura Ha ogut nepuof h; . CTpykTypa MoIMHOMOB
B Mozien (22) uMeeT BU
-1 -1
Ai(zi7)=1+a, 7, (25)
-1 -1 -2 —m;
cij (z ):1+c1ijz +Cp, 2 +...+cmiijz ' (26)
i=12,.,n, j=L12,..,n. IIpu stom ap, — CMCIICHHE i -if BBIXOJHOW KOODIH-

HaTbl, paBHOE A (1)yicp. PaznoremmoByto Mozens (22) MOXKHO TPEICTABUTH B

Pa3HOCTHOM hopMe I KaxI0H BRIXOAHONH KOOPAUHATHI

[l bl sl o]
R
ren [t [ [ Ko -
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"'*Cmiménﬁl}hi —miTo}raoi (i=12,..,n). @7)

m;

Br16opoyHOE yCIIOBHOE MaTeMaTHIECKOE OXKHUIAHUE BBIXOIHOW KOOPUHATHI
y; Ha MPOTSDKEHUH «OoKHa» P;h; Oyner paBHO

k

1 {ﬂ 1 k
p—ili[nﬁ y My _alyi (ihy)]= p—i{— ay, i mm—l} —1J h; } +

][ - - .
g,ﬂﬂ " } : Hﬂ“ }
ol ATl fa]n o]
cvon, ([ ]t - p} 29

Ha unrepBane p;h; MOXHO BEIYHCIUTH BHIOOPOYHYIO AUCTIEPCHIO

PGPl P

L L |

T T B

m; i

MaxkcumanpHO€ 3HaYeHHE BBHIOOPOYHON YCIOBHOW JUCIEPCUH TIPH
1<p; < Piyq OTIPEACIACTCS IO dhopmynam (28), (29) cormacuo

PN ENVEENWERN]
A
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HJ’IH IMOCTPOCHUSA MOACTIN NJUHAMUKU MaKCUMaJIbHOH BI:I60pO‘-IHOI7[ YCJIOBHOP’I

mucriepcuu o | -mMy kanainy Ha ocHoBe (28) — (30) ctpoutcs psin

k

m;

N

m:

L m }H

[To ananoruu c (20), (21) npu nomomn MHK ¢opmupyercs mopens quna-
MuKkHd B Buae AP(77) 1 BBITOMHSAETCS MPOTHO3UPOBAHNE MAaKCHMAaJbHON BBIOOPO-

YHOIl AUCTIEPCHU IO | -My KaHAILy HA OJIVH IEPUOJ KBaHTOBaHMS h; = m;T,.

MUHUMM3ALIMS JUCITEPCUMA TETEPOCKEJACTHYECKHUX
TPOIIECCOB ITPU PASHOTEMITOBOM JIJUCKPETU3 AU

Hcxonnas pasnoremnosas Moaens ARMAX (2, 2, 2) npu h = mT, umeer Bug

bl
W AEYE A ARE W A
...+c'2m.§H%}h—2mTo}+a6,

rae U — ympaBiiolee BO3ACHCTBHE, KOTOPOE M3MEHSCTCS B JUCKPETHBIE MO-
MEHTBI BpeMeHH i h .

k
m

(31)

Bri6epem kputepuii ONTHMAILHOCTH B BUE 0000IIEHHON quctiepcu [5]

(s} 2]

" R Al
H[%} ‘1j h} + g{ﬂ%} + 1] h} + Cis{ﬂ%} + 1] h —TO} 4.
o+ Ch gM%

B A

m
ISSN 1681-6048 System Research & Information Technologies, 2007, Ne 2

(32)

!

+b2U

+1Jh—2mT0}+ao.
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Sl HAE
...+c'2m§ma+1]h —2mTo}r aOT R ruﬂ%H} (33)

B MomeHT BpeMeHH [—} h Bce oTcueTsl mepeMeHHBIX, BXoasmue B (33), us-
m

o s 23] 3 431

& K[ﬁ} + 1} h—-(m-1) To} . IloaroMy mpu ompenelceHUH MaTEeMaTHYECKOTO
m

OKUJIaHUSI KpUTEpUil onTHMaNbHOCTH (33) MOXKHO pa3feNuTh Ha JETEPMUHHUPO-
BaHHYIO U CTOXAaCTHUYECKYIO YaCTH

(- oll AT -
el <)
o[ o)l 2]
(s}l
+%4fmh—To}---wémf{tmh—mn}}mﬁwh}
a5} ponn]
SRR Hh o]

2
et Cly gmﬁ +1J h—(m-1)T, }} . (34)

BeimonHuM MUHHMH3AIHI0 JETEPMUHUPOBAHHOW YacTH KPUTEPUS

k . k
I|||—|+1|h| mo ynpasistomiemy Bo3aeicTBHIO U| | — [h
m m
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(012 it ol
R R IR G )

m

(el b [1p-s]
i ([ & - izl [ o]0 o

W3 moiy4eHHOTO YpaBHEHHUS ONpEACNISCTCS ONTHMAIBHOE YIPaBISIOIICE
BO3/ICHCTBHE, MUHUMH3HPYIOIee 0000LIeHHYO qucnepcuto (32)

N R DR
D A

Hpumep 3. Ucxoanas moxens ARMAX ¢ pa3HOTEMITOBO# TUCKpETH3AIUCH
koopauHat npu h = 3T, umeer BUI

R R (O e
e} sl s
S R

R

rae kodpdunumentsr a; =-3,33; a, =0,0369; b =0,907; b, =0,418;
c; =0,3726; ¢, =0,34; c5 =0,653; ¢, =-0,013; c5 =-0,015; cg =0,022.
Hcnons3ys kpuTepuii ONTUMAIBHOCTH (32)

BB o

Ha ocHOBe anroputMa (33)—(35) cHMHTE3UpOBaH ONMTHMAIBHBIA 3aKOH YIpaBie-
HUSI, KOTOPBIIT MUHUMH3HPYET 00001eHAyI0 quctiepcuto (37)

N R R R

128 ISSN 1681-6048 System Research & Information Technologies, 2007, Ne 2




HpoenosupogaHue U MURHUMU3IAYUA ducnepcuﬁ 2emepoa<e()acmuqec1<ux npoyeccos ...

o] sf-n}opon) o

Ha puc. 4 npuBenens! pe3ynbTaTtel MojenupoBanud. Ha mepBom rpaduxe
MOKAa3aHO M3MEHSIOIIEEcs U MPOrHO3UPOBAHHOE 3HAYEHNE MAaKCUMAIIBHOM YCIIOB-

S

0,34 1

0,30 1
0,26
0,22
0,18
0,14 1
0,10

0,06 1

0021 AT et — o

0 20 60 100 140 180 220 260 300 340 [k/3]h
Puc. 4. T'paduxu MOaenupoOBaHUsS MaKCHMAIBLHOW YCIOBHOW TUCTIEPCHUHU TIPU Pa3HOTEM-
MOBOM JucKperu3anuu: 1 — nporuosupyemas aucriepcus 0e3 ynpaBieHHs; 2 — BbIYUC-
Jsiemast qucrnepers 0e3 ynpasiieHus; 3 — BbIYHCIsIeMast JUCIEPCHs C yIpaBieHueM; 4 —
MIPOTHO3MpYyeMas AUCTIEPCHS C yIIPaBICHIEM

HOHM IUCIIEPCUN KOOPIMHATHI yH%} h} IUIs Heympasisemoro mporecca (36),

. . k k
KOI'Jla BMECTO YIIPABIIAIONIMX BO3ACHCTBUI U 3 -1|h|, u 3 -2 |h| mo-
k k
JaBaJlMCh BO3MYIIEHUS THUIIA «Oenoro» myma &, 3 -1lh|, & 3 -21|h]|.

Ha BTOopoMm rpadmke mokasaHo M3MEHEHHE W NMPOTHO3UPOBAHHME MAaKCHMAbHOW
BBIOOPOYHOI IHCTIEPCHU KOOPIWHATH Y TIPH YIPaBISEMOM IPOIECCE COTIACHO

3akoHy ynpasneHus (38). U3 rpadukoB BUAHO CylIeCTBEHHOE YMEHbILIEHHE IUC-
HEPCUH IIPY ONTHUMAIbHOM YIIPABIEHUH IIPOLIECCOM.

BbIBO/bI

1. YcraHOBIEHO, YTO YCIOBHAS JAHUCIIEPCHS T€TEPOCKEAACTUICCKUX TIPOIIEC-
COB, KOTOpasi OMpeAeNsieTcs Ha OCHOBE MHUHHMMAaJIbHON BBIOODKH, HE MOXKET Xa-
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PaKTepu30BaTh B KAXK/IbIi MOMEHT TUCKPETHOTO BPEMEHU MaKCHMaJIbHYIO YCIIOB-
HYIO JTUCTICPCHUIO BBIXOIHOW KOOPIAMHATHI ITPOIecca.

2. Ha ocHOBe Moieneli aBTOperpecCud U CKOJIB3SINEro CPeHero pa3pabo-
TaHa METOAMKA MPOTHO3UPOBAHMS MAKCHMAIbHBIX BRIOOPOYHBIX YCIOBHBIX JHC-
nepcuii Ha ofuH 0a30BbIi HEPHO/ KBAaHTOBAHHSA |, NPH NEPEMEHHON BBIOOPKE M
OJTHOTEMITOBOM JUCKPETU3AIIUU KOOPIUHAT.

3. IlpemiosxkeHbl MOJETN aBTOPETPECCUH M CKOJIB3SINETO CPEIHEr0 C JUC-
KpeTu3alyell BXOAHBIX KOOPAMHAT C MaJbIM IEPHOIOM KBaHTOBAHHS [, a BbI-
XOJHBIX KOOP/IMHAT — C YBeJIMYICHHbIMH Iieproxamu h=mT, .

4. Orncana METOAMKa MPOTHO3UPOBAHUS MAaKCHUMAIIBHBIX BBIOOPOYHBIX yC-
JIOBHBIX JIUCHEPCUH T€TEPOCKETACTHUYECKUX IMPOIECCOB HA OJUH YBEIMYCHHBIN
Hepuoj KBaHTOBaHUS h = MT, Ha OCHOBE MOJeNeH aBTOPErPECCUH U CKOJIb3AIIe-
TO CPETHEr0 C Pa3HOTEMIIOBOM IHCKpPETH3AIMEeH TpH IEepEeMEHHOW BBIOOpPKE
BXOJHBIX M BBIXOJHBIX KOOPAHUHAT.

5. Pa3paboTan anropuTM MUHUMHU3AIMAHA 00OOICHHOW TUCTIEPCHH HA OCHO-

BE Pa3HOTEMIIOBBIX MOJIEJICH aBTOPErPECCHH M CKOJIB3SINEr0 CPEIHETr0 C IOIMOJI-
HHUTEIBHBIM BXOAHBIM YIIPaBISAIOMNM Bo3aeiicTBrueM (Moxens ARMAX).
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