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®UJIBTP KAJIMAHA JJIsI MHOTOMPOJIYKTOBOU
3KOHOMUWYECKOW MOJAEJIN

Onez llemposuu KOJI OMHHUYVYK,

Tocyoapcmeennviii ynusepcumem Monoogwl

B pabote paccMaTpuBaeTcs MaTeMaTHdIeckass MOAEIIb SKOHOMUYECKON CUCTEMBI, Kak U B [1], B MAaTpUIHOM BHJIE
BTOPOTO TOPSI/IKA, 3Ta MOJIETh CBOANTCS K TMHEHHOM MOJIEH BTOPOTO TopsaKa. Takas MOJENh OMUCHIBAET CHCTEMY
MHOTOIIPOAYKTOBOM SKOHOMUKH YUUTHIBAsI BHEIIHUE U BHYTPEHHUE UHBETUIIMHU B SKOHOMUKY. J1J1s1 MOZIETIN CTaBUTCS
3aJlaua ONTUMalIbHOTo HabOronaress guibrpa Kanmana [2]. Penenue Takoit 3a1aum onrucaHo B TCOPUH YIIPABICHHS
Y TIO3BOJISIET BOCCTAHOBUTH BEKTOP COCTOSTHUS MOJETH SKOHOMUYECKOM CUCTEMBI, €CJIA TOCICAHII HE IMOJTHOCTHIO
W3BECTEH WM 3alTymiieH. MoJienb MPUBOMUTCS K HETPATUITMOHHON 3a/1aue HaOMIONeHNS JUHAMHUYIECKONW CUCTEMBI,
TaK Ha3bIBaeMOI HEOKJIacHueckol. B Takoil mocTaHoBKe MCTIONB3yeTCs HH(POPMAIUS IPU CTAPIINX MPOU3BOIHBIX.

Knrouesvle cnosa: nuneiinas mamemamuyeckas Mooeib MHO2ONPOOYKMOBOU CUCHeMbl, YIpaegienue, Quibmp
KaﬂmaHa, duHaMuquKaﬂ cucmema, eemop COCMOsAHUA, mampuya K0€¢Ml4u€Hm06‘, wym cucmemasl U usmupeHmZ.

KALMAN FILTER FOR A MULTI-PRODUCT ECONOMIC MODEL

This paper considers a mathematical model of an economic system, as in [1], in second-order matrix form.
This model is reduced to a second-order linear model. This model describes a multi-product economy, taking into
account external and internal economic inputs. The optimal observer problem for a Kalman filter is posed for the
model [2]. The solution to this problem is described in control theory and allows one to reconstruct the state vector
of an economic system if the latter is incompletely known or noisy. The model is reduced to a non-traditional
problem of observing a dynamic system, a so-called neoclassical problem. In this formulation, information on
higher-order derivatives is used.

Keywords: linear mathematical model of a multi-product system, control, Kalman filter, dynamic system, state
vector, coefficient matrix, system noise and measurements.

Beryniienue
Llenbto paboOTHI SBNISETCS NMPUMEHEHHE MOIIHOIO MaTeMaTW4ecKoro amrapara TeOpUH yIpaBiICHUs,
B YAaCTHOCTH TEOPHM HAONIOCHMS, K MOJEIH BTOPOTO MOPSAKA SKOHOMHUYECKOH CHCTEMBI C IIEJIhIO
BOCCTAHOBJICHHsI BEKTOpa COCTOCSHMSI Mozenu. [IpuMensemble MeToapl 6a3upyroTcs Ha BTOPOM METOJE
JIsmyHOBa M pa3BUBAJINCH aBTOPOM U €10 Kosiieramu B MHctuTyTe MmareMatnku HAH Yikpaunsl B nocieqnue
ronel. Vinen 1 MeTobI MPUMEHSITICH M Pa3BUBAIIUCH JJISl TOCTPOCHUS, KaK YIIPABJICHHUS, TAaK U HAOIIOICHUS
TMPOCKOIIMYHBIX CHCTEM, a TAK)KE ITOYTH KOHCEPBATUBHBIX JUHAMUYECKHUX CHUCTEM.

I'mpockonmueckue W TOYTHM KOHCEPBAaTUBHBIE MOJEIM, KaK W DKOHOMHYECKHE, OIMCHIBAIOTCA
i depeHIranbHIMU ypaBHEHHSIMU BTOPOTO pofa. Takue MOJeN CBOISATCS K ypaBHeHUsIM B popme Ko,
YTO JAaeT BO3MOXXHOCTh IPUMEHUTh TPAAULIMOHHBIE METOABI YIIPAJICHUs ONMCAHbIE B [2] U pa3BUTHIE B [3].
W3BecTHBIM eCTh (PaKT, TyanbHOCTH 3a/1a4 YIPaBICHUS U HAOIIOACHUS, YTO B CBOIO OUepe/Ib 1aeT BO3MOXKHOCh
MIPUMEHSTh HapaOOTKU MCCIIE0BaHUM B 00JIaCTH yTIpaBlIeHHsI OMCAHBIX B [2] K 3a/1ayaM HaOIIOICHHUS.

Takke HM3BECTHO, UTO pPELIEHHE HKOHOMHYECKHMX 3a/1ad, TpeOyeT MOCTPOEHHUS ONOPHBIX PpEIICHUN
CHCTEMBI, YTO TpeOyeT MPOBEICHUS JOMOTHUTEIbHBIX UCCIEIOBAHUI IPU BOCCTAHOBICHUN COCTOSTHUS U
IIOCTPOCHUUH YIIPABIICHUS.

MarepuaJibl 1 METOAbI
Marepuanamu uccieI0BaHHsI €CTh TPY/Abl aBTOPA, @ TAKXKE OTEUECTBEHHBIX U 3apyOE’KHBIX aBTOPOB,
MyOJIUKAIMKA KOTOPBIX COCPEIOTOUCHBI B MATEMAaTHIECKOM MOJICIMPOBAHUY M TECOPHH YIIPABJICHHS KaK JJIs
MCXaHUYCCKHUX, TaAK 1 SKOHOMHNYCCKHUX CUCTCM.
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B mpomecce ocyliecTBiIeHUsT HCCIEIOBaHUS OBLIM HCIOIB30BAaHBI CIEAYIOIIME METOIbl: METOIbI
TEOPUH YIPABJICHUS U HAOIIOIEHHsI, METOAbl MaTPUYHOTO aHAJIN3a, METO/bI JIMHEHHOTO ¥ ONTUMAJIEHOTO
ynpajieHus! 1 HaOMiofeHus1, BTopoil MeTol ¢pyHKuuu JlsmyHosa.

ITocTanoBka nmpooeMbl

Maremarudyeckoe MOJEIMPOBAHUE — AKTHBHO INPUMEHsETCs BO BceX cdepax, 3TO HHCTPYMEHT,
MO3BOJIAIOIIMI HCCIEeN0BaTh, MPOTHO3UPOBAaTh W AHAIU3UPOBATH pas3iduyHble Mpouecchl. llpumenss
MaTeMaTu4eckoe MOAEIMPOBAHNE B SKOHOMUKE YAAETCS YIAYUIIUTh XO35SHCTBEHHYIO A€ATEIbHOCTD PAa3HBIX
HSKOHOMHUYECKHX 00BeKTOB. IIporiecc MoaenpoBaHus BKIIOYAET B ce€0s ONMUCAHUA OOBEKTOB C MOMOIIBIO
MaTeMaTU4YECKUX YpaBHEHUH, (POPMYJ U OTPOMHBIX MaCCUBOB JJaHHBIX, Pa3HOU, HHOT/Aa HE MPeICcKa3yeMo
cTpyKTyphl. [Ipy 3TOM yaaércs naTe HAIAJHYIO OLIEHKY HOJIYYEHHBIM pe3yibTaTaM, 4ToO B CBOIO OY€peb
JJa€T BO3MO>KHOCTB ITPOrHO3MPOBATh TOBEAEHNUE CUCTEMBI, KaK CJIEZCTBHE CTPOUTD YIIPABIECHUE PEAIEHBIMU
SKOHOMHUYECKMMHU 00bekTamMu. Ho Ui mocTpoeHust yrnpaBiieHUs] HEOOXOJMMO MOJTHOCTHIO 3HATh BEKTOP
COCTOsIHUS cucTeMbl. Ha mpakTuke 3To J0CTUYb TPYIHO, TaK KaK JINOO BEKTOP COCTOSHUS HE U3MEPSAETCs
B «4HMCTOM» BHJE, JHMOO0 B HM3MEPEHUSX MPUCYTCTBYET TaK Ha3blBaeMbli LIyM (T.€. NOMEXH, OIINOKHU
nu3MepeHus). Vcronp3yro TEOPHIO BOCCTAHOBIICHUS U TMIOCTPOSHHs HaOIroAaTesieil, MOXHO BOCCTAaHOBUTh
BEKTOP COCTOSIHMSI CUCTEMBI, €CJIM CUCTEMa BOCCTaHaBIMBaeMa (Habonaema).

WHTepecCHBIM M NEPCNEKTUBHBIM HANPABIECHUEM CTAJI0 INPUMEHEHHUE MOIIHOIO MaTeMaTH4YeCKOro
anmapara TEOpUU YIIPaBIECHHUS K OHKOHOMMYECKMM 3ajnadaM. CTpouTcs MareMaTuyeckas MOJIENb,
OIMCBIBAIONIASl KAaKOH-TO peasbHBIA Ipouecc. Jlanee MoaydyeHHYH MOJENb MOXHO IPHUBECTH K Tak
Ha3bpIBaeMoii popme Ko, 4To B CBOIO 0uepeib AaeT BOZMOXKHOCTh IPUMEHUTH pa3paboTaHHbIE U XOPOLIO
M3yYEHHbIE METO/Ibl, Oa3UpPYIOLINECs Ha BTOPOM MeToje JIsmyHoBa.

AKTUBHO DPa3BHBAIOLIUECS PBIHOYHBIE OTHOLIEHHS CTUMYIUPYIOT K 3(P(PEKTHBHOMY NPUMEHEHHIO
HOBEHIIMX TEXHOJIOTMM M WHHOBALMM, U1 YHOPABICHWsS MNPEANPUATHAMH, TOCyJapCTBEHHBIMU
YUPEXKICHUSIMH, a TAKKE CEKTOPaMU SIKOHOMUKH.

AKTyanbHOHM M NEpCHEeKTUBHOM ecTh 3a7a4y HaOMNIOAEHUS 3a ONPEIEICHHON CUCTEeMOH, Takue 3a1a4n
pemaioTcsl myTeM HocTpoeHus: HaOmonarened (puiabrpoB). I[IpUMEHSATH METOABI TEOPUH YIpPABICHHUS
HYKHO YUUTBIBasi 0COOEHHOCTH 3KOHOMUYECKHUX 3a7a4. IMEHHO 0COOEHHOCTH MOJETN MOTYT OOJETYUTh
WK 3aTpyaHUTh perenue. [loaTroMy 3amadya nmocTpoeHus HaOmonaTesst A CUCTEMBbl BKIIOYAET B ceOs
aHaJIM3 MOAeNH (YpaBHEHUH MOJIENIN) ONUCHIBAIOIIMX PEAJIbHBIN MTpoLecc.

AHaJN3 NOCJIeTHUX UCCIeIOBAHNN U MyOJnKaIuil

B pabote [1] paccmarpuBaeTcsi MaTpuyHash MaTeMaTHdeckas MOJENh BTOPOTO MOPSIKa, KOTOpas
CBOIUTCS K JIMHEHHOW MaTeMaTHYEeCKOW MOJAENIU. DTa MOJEIb OMHUCHIBAET YKOHOMHYECKYIO CHCTEMY
MHOT'OITPOJYKTOBOW SKOHOMHUKH, YUUTHIBAsI BHELIHUE U BHYTPEHHUE MHBECTULIUU B 5KOHOMHUKY. 115t MOzenn
CTaBUTCS 3aJlauya yrpasieHus. Mojenb TpUBOIUT K HETPAJAUIIMOHHON 3a/1aue YNpaBIeHUsI TUHAMUYECKON
CHCTEMOMW, TaK Ha3bIBa€MOW HEOKJIACCHYECKOoW. B Takoif MOCTaHOBKE MpHUMEHSETCS WHQPOpPMAIUS O
MaTpuLax Ipu CTApUIMX MPOU3BOIHBIX. bONbIION BKIIa[ B TEOPUIO ONITUMAJIBHOTO JIMHEMHOTO YIIPaBIECHUS
u Habmronenus BHeciu X. KBakepHak u P. CuBan. B pabGote [2] aBTOpHI omucanu (QpyHIaMEHTAIbHBIC
oCHOBBI Teopuu ympanieHus. X. KBakepnak u P. CuBan B cBOMX poOOTax MAlOT aHAIW3 JMHEHHBIX
CUCTEM YIIpaBIICHUS, OIUCHIBAIOT ONTUMAJIbHOE YIIPABIECHUE CUCTEM C OOpAaTHOM CBA3bIO, a TAKXKE 3a/1a4H
JTUHEIHOTO BOCCTaHOBJICHMS U Habmronatenu (QuiabTphl): HAOMIOAATENb MTOTHOTO MOPsIKa, HAOMIOIaTe b
Kamvana n mabmonarens Jlynaoeprepa. B [3] st rupockonmaeckoit cuctemsl ctpoutcst punbstp Kammana.
[TokazaHo Kak MOXKHO YIPOCTUTH OOlee pelieHre ypaBHeHHUsI PUKKaTH 1J1s THPOCKOMUYECKONH U MOYTH
KOHCEPBaTUBHOM JUHAMUYECKON CUCTEMBI U IOJTYYUTh PEILICHUS] B aHATUTHUYECKOM BUJIE, YTO B CBOIO OUEPE/Ib
JJa€T BO3MOXKHOCTbh BOCCTAHOBUTH BEKTOP COCTOSIHMSI rMpockonuyeckoi cucrembl. O. A. XKykosckas, B.
B. HoBuuibkuii B [4] paccMarpuBaroT TpaauMOHHYIO 3a7ja4y YIIPABICHUS YKOHOMUYECKOM CUCTEMOM 1 TaK
HA3bIBAEMYI0 HEOKIIACUYECKYIO 3a/a4dy, B KOTOPOI HCIONB3yeTCss MHGOPMAIUS O CTAPIIBIX MPOU3BOIHBIX.
BaxxHo, 4TO HE MOJHOCTBHIO yIpaBisieMas JUHAMHUUYECKas CUCTEMa B KJIACHUYECKOM Clydyae MOXKET CTaTb
yHOpaBIsieMOi B OIpeNeIEHHOM CMBICIIE MpU Hajlu4ae JOMOJHUTENBbHON HH(OpMaluu, MPU CTapLIbIX
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npousBoaHbIX. B [5] B. B. HoBunpkuii BMecte ¢ yueHsiM u3 Kurasg Xyan UeHeM 1okas3bIBarOT, KaK CTPOUTCS
ONTUMAJIbHOE YIIPABJICHUE JUIS IOYTH KOHCEPBAaTUBHON JUHAMUYECKON CUCTEMBI, TAKXKE IPUBOIAT AJITOPUTMBI
MIOCTPOEHUSI TAKOTO YIPABICHUS I MEXaHUUECKUX M THPOCKONMYECKUX cucteM. B pabote [6] mpennoxkena
Moyienb BekTopHO# aBToperpeccut (VAR) ¢ monomHuTenbHO 3a/1a4eid peryIsipru3aiyy 10 THITY 33/1a9H (PHIIBTPa
Xonpuka-IIpeckoTra Uil MOAENIUPOBAaHUS €IUHOIO, T.€. COAJAHCUPOBAHHOIO JIOJATOCPOYHOrO TEMIIa pocTa
CTPYKTYPHOI KOMIIOHEHTBI OCHOBHBIX MAaKPOIKOHOMHUYECKUX IOKa3arenel s3koHoMuKku. B [7] ucnons3yercs
¢unsTp Kanmmana ay1st olileHMBaHUS TapaMeTPOB SKOHOMHYECKHUX CHCTEM JIBYMs METOJIAMU: MAaKCUMAaJIbHOTO
IpaBIONOAOOMST M MHMHUMM3ALMU CPEJHEKBAJPAaTHUYECKON OIMOKK TpenckazaHus. Paccmarpuaercs
O0BeIMHEHHAs] CHCTeMa BAJIIOTHOIO M (D)OHAOBOTO phbIHKA. MOETHPYIOTCS Pa3IMYHbIE TUIBI MOBEICHUS
YYaCTHHUKOB BAJIFOTHOIO phIHKA. J[aéTcsi SKOHOMUYECKAs MHTEpIpeTalysl HalIeHHbIX MapaMeTPOB CUCTEMBI.
ABTOp HUCIIONB3yeT AUCKPETHBIA MOAXOM Al MocTpoeHus (uibrpa Kanmana B TepMUHAX PErpUCHOHHOIO
TMIO/IX0/1a, M HA KaXK/I0M ATare MPOBOUT OLIEHKY COCTOSIHHSA, 4TOOBI IBUrathes Aajbiie. Chen A. S. ¢ koeramMu
B [8] B CBOEM HCCIIEAOBAaHUM MBITATMCH CMOJEIUPOBATh U MPEACKa3aTh HANpPaBJIEHUE JTOXOJHOCTH MHJEKCa
TaiiBanbckoit (hOHAOBOI OUPHKH, OJHON U3 CaMBbIX OBICTPOPACTYIUX (PUHAHCOBBIX OMPK B PA3BUBAIOLIUXCS
crpanax Azuu. Ilonxon ocHOBaH Ha IPEICTaBIEHUN O TOM, YTO TOPTOBBIE CTPATErMH, OCHOBaHHBIE HA IIPOTHO3aX
HAaIpaBJICHHs] JBIDKCHUS IIEH, MOTYT OBITh Oosiee 3(h(eKTUBHBIMU U MIPUBOAUTH K 00JIee BHICOKOW MPUOBLIH.
BepostHocTHas HeliponHas cetb (PNN) ncnonb3yercst i NMPOTHO3UPOBAHUS HAIPABICHUS JTOXOAHOCTH
MHJIEKca Tocse 00y4yeHUs] Ha UCTOPUYECKUX TaHHBIX. [IpOrHO3bI MPUMEHSIOTCS K Pa3IMuyHbIM CTPATErUsiM
TOPTOBJIM UHJIEKCAMU, PE3YJILTaThl KOTOPBIX CPABHUBAIOTCS C PE3yNbTaTaMM CTPAaTEruy «KyIH U JAEpKu», a
TaKXKe C UHBECTULMOHHBIMH CTPATErUsIMHU, OCHOBAHHBIMU HA IIPOrHO3aX, PACCYUTAHHBIX C TIOMOIIBIO MOAECIH
CITy4aifHOro OITy>K/1aHHs U [TapaMeTpUIecKoro 06001eHHoro metosia MoMeHToB (GMM) ¢ pussTpom Kanmana.
OMIUpUIECKUe pe3ybTaThl OKA3bIBAIOT, YTO MHBECTHIIMOHHBIe cTpaTernn HaocHoBe PNN obecrnieunBaroT0omnee
BBICOKYIO JIOXOIHOCTb, YEM JIPYyTU€ MHBECTHLIMOHHBIEC CTPATEIUU, PACCMOTPEHHBIEC B IAaHHOM MCCIIECA0BaHUN.
Taxke paccMmarpuBaeTcsi BIMSHUE AJIUTENBHOCTH HMHBECTULMOHHOIO TOPU30HTA M CTaBKM KOMMCCHUM.

MaremaTnyeckasi MoAe/Jb IKOHOMUYECKOH CHCTEMbI

Maremartnueckoe MOZIEINPOBAaHUE — 3TO HHTEPECHBIH M CIOXHBIM IPOLECC MCIOIb30BAHUS
MaTeMAaTUYECKUX SI3bIKOB WM METOJIOB JUIsl OMMCAHMSI W MCCIENI0BAaHUS peajbHbIX OOBEKTOB, CHUCTEM
win mnpoueccoB. OHO TO3BOJSET YHOPOCTUTh PEaJbHOCTb, BBIICIUB TJIABHBIE XapaKTEPUCTHKH,
9TOOBl aHATU3UPOBATh W TPEACKA3BIBATh MOBEACHHE OOBEKTa, MOJIy4aTh HOBBIC 3HAHUS U MPOBOAMTH
SKCIEPUMEHTHI, KOTOpble ObLIM Obl HEBO3MOXKHBI B pEalbHOM YKU3HU, HAPUMEP, C AKOHOMHYECKHUMHU
cucremamu. [Iporiec MmomenupoBanus TpeOyeT NpUBEICHUS MaTeMaTHUeCKOl MOJENU K OIMpeleICHHOMY
BUJTY, YTOOBI B TIOCIIEJACTBUHA MOXKHO OBLITO MPUMEHUTH XOPOIIO N3BECTHBIE METO/IBI JIJIsl HOBBIX 3a]1au.

Taxoke, kak u B [1] npeameTom ncciaeoBaHus OyIeT MOJEIb YKOHOMUYECKOW CUCTEMBI B3ATOU U3 [4].
ITycTs cyiiecTByeT 72 IPOM3BOACTB, Y€ R - BEKTOP 10X010B,S€ R  BEKTOP COEPEKEHUHU IIPONIOPLIMOHATIBLHBIH
BEKTOPY JI0X0/10B. K€R = BEKTOP OCHOBHOIO KaluTajia MPONOpPUHOHAIbHBIN BEKTOPY 10X010B. HeR , -
M3BECTHAsI MPOU3BOJACTBEHHAs! MaTpuia. meem:

S=HY,K=VY, I=VY=K (1)

bnarogapsa HeR , cTpoutcs 06001eHHbIH (MaTpy4HuMii) MynbTHILIMKATOp (E-H) ', tne E€R , enunnyHas
MarpuIia, a Marpuua VeR , - 0000IIEeHHbIA MaTPUYHbIA akcenepaTop. Marpuiibl S U V' HeOTpULIATEIbHBIE.
IeR, BeKTOp BHYTPEHHUX MHBECTULIMH (3aBUCALIMX OT COCTOSHUSI SKOHOMHUKH).

OTkJ0HEHUE OT ycoBwid Oananca [ = S, UMEIOT BUJI

I=S8S+LY = HY+LY (2)

u K =I+KI )

MaTHpua L YUUTBIBACT 3alla3/ibIBaHUsA B MHBCCTULUAX M XapPAKTCPU3YCET 3ala3gblBaHUA W B3aWMMHOC
HHBCCTUPOBAHUC B PA3HBIX OTPACIIAX. K - MaTpula XapakKTepu3yromiasa OTKIOHCHUA OT 6aJ1cha, qTo
3aBUCUT OT IMPUPOCTA MMPOAYKIUH PA3HBIX orpacnef/i, T.C THBCCTUIIMU COCTOSAT U3 IBYX KOMIIOHCHTOB: 4aCTb
OTBCUacT C6epe)KeHI/ISIM M 9aCTh 3aBUCHUT OT M3MCHEHHI J0X0J4a.
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Huddepennupys (3) u mpeoOpa3oBaB Kak B [4] MOIyIEHO MOAECITH BTOPOTO TOPSIKA:
KLY-(V-L-KH)Y +HY = 0 4)

I'me KL - mpousBeneHUE IBYX MaTPHIl XapaKTCPU3YIOIIEe OJHOBPEMEHHO OTKIOHCHHE 0alaHCOBBIX
ycinoBuid (2) W omo3gaHusl BO BiokeHWHM wHBecTUlni (3). Moxaenb B Buze (4) ONMHMCHIBACT ITUHAMHKY
HSKOHOMHUKHU 4epe3 B3aMMOJIEHCTBHE TPEX OCHOBHBIX 3JIEMEHTOB: JIOXOM, cOepexeHus u kanutai. Ilycth
cymectByet (KL) !, Torna monens B popme Koiu Oyaer uMeTh BU:

X =Ax ®))

. 0 E
rnex =[Y, Y]', A= ((KL)"H (KL)" (V-L-KH)), EeR , - envHnyHas MaTpuIa.

Jy1s momyueHus MOZIEIY B BUJI€ OTTMCAHHOM B [2] BBEZIEM YIIPABIISIONIYIO M HAOMIOAAIONTY IO IEPEMEHHYTO
Y OTIPEICITUM MOHSTHS IIymMa JJist Mozaei (5).
%1 S
Taxxe kak 1 B [1] BBeZieM yIipaBiI€HHUE B CUCTEMY (f) 4epe3 BEKTOP HHBECTULHMA u(x) € R, . DTOT BEKTOP
BIIMSICT HA U3MCHEHHUE KAIlMTAJIOB M JIOXOI0B B KaX 10K oTpaciii. MOKHO OIPE/IEITHTD:
1(t) = VY+u(t), I = HY+LV+u(t)

rie  u(t) — BHemHee ympaBieHue (Bektop wuHBecTHMIMI WM cOepexeHHil). DTO BEKTOp
JaeT BO3MOXKHOCTb BIMATH Ha CHUCTEMY IIyTéM M3MEHEHUs B 3aBHUCUMOCTH OT BEpPEMEHH.
Tak kak L — MarpwIia 3anasbIBaHus, TO OHA MOXKET OBITh QYHKIMEH BpeMEHH. JIOTIOTHUM €€ yIIPaBIEHUEM:
I =HY+L@)V+u(t)

VYpaBuenue (4) ¢ ynpasieHuem OyJeT UMETb BUI:
KLY-(V-L-KH)Y+HY+u(t) =0  (6)

[Tocne mpeobpazoBanus (6) k hopme Koru momydnm:
X = Ax+Bu (7

e x=[Y, Y]", A= ((KL?"H (KL)" (V-LZ(H)):B :(IgL_)

Mopens (7) He yduTHIBaE€T CIy4alHBIX M HENPEICKa3yeMbIX COOBITHUH Ha SKOHOMHKY -HalpuMep,
(bopc-Makoppl, MOJIUTUYECKHE KPHU3MCHI, CTUXUMHBIE O€ICTBUS, pE3KHE KOIeOAaHWs MHUPOBBIX PBHIHKOB
WIA HEOXKUJAHHBIE U3MEHEHMs B CIPOCE U IMPEUIOKEHUU U T.J. [Ipy mocTpoeHur MoAenu Mbl JIOIyCKaeM
ynpolieHue peanbHocTd. [loaToMy B Mozaenb MOXKHO BKIHOUMThH Hiym. Lllym oTpakaer BiusiHuE (akTopos,
KOTOpbl€ HE ObUIM YUTEHbI B JICTAIbHOM BUJIE (HAapUMep, MEJIKHE JIOKAJIbHbIE SKOHOMUUYECKHE MOTPSCEHUs,
OLIMOKM M3MEPEHUH, HeCTaOWIBHOCTh B IOBEICHUN areHTOB). MIHBECTHLIMOHHBIE pELIeHUs U COEpeKeHUs
NPEAIPUATHA U JOMOXO3SIMCTB MOTYT MMETH CIIy4YailHbII XapakTep, BbI3BAHHBI HEONPENEIEHHOCTBIO HA
PBIHKE, KOJe0aHUAMM HaCTPOCHUI MHBECTOPOB MM BPEMEHHBIMU W3MEHEHUsIMU B nonuTrke. Ha 3koHOMUKY
MOT'YT BIHATH JAEHCTBUS OTAETBHBIX (PMPM M JOMOXO3SHCTB, KOTOpbIE HE BCErna MOAMAI0TCS MPEACKa3aHHIO.
lym y4uThIBaeT 3TH pa3HOOOpa3HbIe, CIIydaiiHbIe BO3ACHCTBUS. B SKOHOMIKE YacTo OBIBAIOT HEOXKUIAHHBIE
3a/Iep’KKU U BPEMEHHBbIE KOJIe0aHs1, KOTOpbIe Mbl MOXXEM Y4ecTb B Mojielie uepe3 uyM. B (7) uHBectunmu He
BCET/Ia TOYHO COOTBETCTBYIOT INTAHUPYEMBIM: MOTYT OBITh 33/I€P>KKH, HETIPE/IBUICHHbIE U3MEHEHHSI 00BEMOB H3-
32 PBIHOYHBIX YCJIOBUM, IIOJINTUKH, HEO)KUJAHHOTO TIOBEICHUS areHTOB. [109TOMy MOSIBIIIETCA LITyM B CUCTEME.
[Iym otpaskaeT ciydaiiHble koeOaHus B pa3Mepax U paccipeiereHun nHBecTUIMi. Takoke MoJesb onupaeTcst
Ha BEKTOP JI0XOJI0B, KOTOPBIN 3aBUCUT OT CIIPOCa HA MPOAYKLIMIO OTpacieh. PeanbHblil ClIpoC MOXKET CIly4aiiHO
MEHSTBCS TI0J] BO3/IEHCTBUEM BHEITHMX (DaKTOPOB (IIOT0/1A, TPEHIIBI, KPH3HCHI), M 3TO OyAeT MpOSIBIATHCS B
myme, BivsonieM Ha Y. Marpuiibl H 1V 3a1a10T TEXHOJIOTUYECKUE MapaMeTphl. B peanbHOCTH TEXHUYECKHI
IIPOrpeCC U IPOU3BOAUTEIIBHOCTE MOTYT HM3MEHATHCS CIY4YalHO, HalpuMep, W3-3a MHHOBALMM, IIOTEPb
IIPOU3BOIUTENBHOCTH, COOEB, UTO MOYKHO MHTEPIPETUPOBATH Kak IIyM. Marpuua L XapakTepHusyeT 3aJIepKKH
MHBECTUPOBAaHUA. A CilydyaliHble 3aJIep>)KKH U HETOYHOCTH B MHBECTHLIMOHHBIX Ipoleccax U (aKTHYeCKue
3a/IepKKHU MOTYT KoJieOaThcsi, ObITh HETIPEACKa3yeMbIMH - T.e. ITyMOM. JlornoiaHuM (7) IryMoM, MOITyYHM:
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X = Ax+Bu+v, (8)
IJe vV - BEKTOp IIymMa B CUCTeMe (Hampumep, rayCCOBCKHM Oenblil ImIymM) co cBOE KOBapHalMOHHON
MaTpULEH.

B (8) mym npucyTcTByeT B cUCTEME, Ha IPAKTUKE MOXET ObITh CUTYallUsl KOT/A IIyM MPUCYTCTBYET B
yIpaBJIEHUH, IO3TOMY KOPEKTHBIM TaK ke OyaeT:
X = Ax+B(u+v), (8.1)

Taxast MoguduKalus MOAETH MOKET TPUBOAUTH K TOMY, YTO METO/IbI PEIICHUS 33]Ja41 MOTYT HECKOJIBKO
ommmuarbest 1St (7) u (8). Y moTpebyroTcst AOMOTHUTENBHBIE HCCIISIOBAHUS.

ITycTh MBI MOXeEM, HAGMIONATh BCE COCTOsTHME BekTopa x = /Y, Y/ (TouHee NMHHEHHYI0 KOMOWHAIHIO) U
JIOXOJIbI U TIPUPOCTHI JOXOJIOB M B HAIIMX HaOMIOACHUSX MPUCYTCTBYET IIyM. Torma cucrema (8) mpumet

BU:
X = Ax+Bu+v
y = Cx+tf, 9)

e x = /Y, Y], A= ((KL?'IH (KL)"! (V—EKH)), B :(,?L.)

CeR,,, - Marpuna HaOmonenuit, veR , feR, - BEKTOBI IIyMa B CUCTEME U B U3MEPEHHUSAX, CO CBOMMHU
COOTBETCTBYIOIIMMH KOBapHaLMOHHBIMU MaTpuliamMu 0<Q = Q"eR . n 0<R =R'eR . Ilpeanonaraercs,
YTO COBOKYITHBIH MPOIEC IITyMOB MOXKHO OTIHCATh KaK OCIIbIi IIyM.

HIy™m B u3MepeHusx Hallel MOJIeIH MOXKET ObITh HaIIpUMEp B BUJIE€ OLIMOOK B CTATUCTUUYECKUX JAHHBIX
(HampuMep, HENOJHbIE WM HETOYHBbIE OTYETHI), CE30HHBIC WM CIIydaiiHble KoJeOaHUs, HE Y4YTEHHBIC
MOJIEIIBIO, CHCTEMATHYECKHE TIOTPEITHOCTH U3MEPEHUIA.

Ecnu MBI n3MepsieM J0XOAbI OTpaciaei KaXAblil Mecsll, HO: HEKOTOPbIE MPEANPUATUS OTUUTHIBAIOTCS
C 3a/IEpP)KKOM; YacTh JAHHBIX OIICHMBACTCS MO CPEIHUM 3HAYCHUSM; MHOTAA MPOUCXOAAT MEPECMOTPHI
MPEIBIAYIINX JaHHBIX. Bee 9TH (akTophl — 11yMbl HaOMONEHUH. J[J1st OIEHKH COCTOSIHUS MCIIONB3YeTCs
HaOMIofaTeNu: TOJIHOTO TOpsiiKa, HemojaHoro mnopsaka (¢wieTp JlynnOeprepa) M ONTHUMAaJIbHBIN
Habmonarens (punstp Kanmana). Habmronarenu moiHoro nopsaka v HEMOJIHOTO HOpsiika paboTaroT, Korna
B CHCTEME W B U3MEPEHUSIX HET IIYMOB, U OHH JAIOT BO3MOXXHOCTh BOCCTAaHOBUTH BEKTOP COCTOSIHUSI.
@unstp Jlynnbeprepa — eekTuBeH, KOraa HeT He0OXOAUMOCTH BOCTAHABIMBATh BECh BEKTOP COCTOSIHUS, a
HY>XHO BOCTAaHOBUTH TOJIBKO YacTh Ty KOTOpasi HEM3BECTHA. B Halel e cucreMe ecThb IIyMBbl, Kak B CaMOi
CUCTEME, TaK U B HaOJIOACHUSX, TO3TOMY JJIs pelieHus 3a1a4u (9) Hy>KHO BOCCIIOJIb30BaThCsl (PUIBTPOM
Kanmana. @unetp Kanmana ydyuThIBaeT Kak JIMHAMMKY CHCTEMBbI, TaK M CBOWCTBA LIyMa U IO3BOJIET
BOCCTaHOBHTbH BEKTOP COCTOSHHUS.

OuwibTp Kasimana
Ilepen mocrpoennem ¢uasrpa Kanmana anst cucreMsl (9) HyKHO TPOBEPHUTH SIBISICTCS JIM MOJEIb
HaOIo1aeMoii(BoccTanaBBaeMon). B ciydae ecnm crcreMa He HabromaemMa, TO BOCCTAHOBUTH COCTOSTHHE
U MOCTPOUTh (PUIBTP HEBO3MOXKHO. B cuily IyanbHOCTH 3ajad ynpaBieHUS W HaONIONEHMs, TaKoe ke
YTBEPXKICHHUE CIIPABEUIMBO U JUIsl yIPaBIEHUS, T.€. €CIM CUCTEMA HE YIpajsieMa, TO HENb3s IOCTPOUTH
ynpasienue. Ha npakTuke ecTb BOSMOXKHOCTb JINOO M3MEHUTH UCXOIHYIO MOJIEITb, €CJIA 3TO BO3MOXKHO, JTMOO
NPUOErHYTh K AEKOMITO3ULIMY CUCTEMBL. BpIiennTs HabmogaeMyro NoJCUCTEMY U BOCTAHOBHUTD €€ COCTOSHHE.
ITycts cucrema (9) BoccTaHapiarBaeMas T.€ HabIroaeMasi, TOria ONTUMAaNIbHBIA HaOmoaaTeb (GUIbTp
Kanmana), BBIXOIHOM CUTHAJI X KOTOPO# €CTh HAUITYYIIIEH (B CMBICIIE CPEHEKBAIPATUYECKOTO OTKJIOHEHHUS)
OLIEHKOM BEKTOpa COCTOSHUS X 3KOHOMHMUCKOIO OOBEKTa, ONUCHIBAETCS ypaBHEHUEM [2]:

X = Ax +Bu+K[y-Cx'] (10)

B 3ToM ypaBHEHMH:

K = PC"R! (11)

e 0<Pe@R,  , - MaTpula-pelIeHne anreOpandeckoro ypaBHeHus PUkkaru:
AP+PA™-PC'"R'CP+BQB" = 0 (12)
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DOxoHomuveckas cucrema ¢ Gunsrpom Kamvana Oymer uMeTh BUI:
X = Ax+Bu+v

y=Cx+tf

X = Ax +Bu+K[y-Cx'] (14)

PemuB ypaBuenue (12) u onpeaenus u3 (11) matpuity K asns cuctemsl (14) MBI BOCCTAHOBHM COCTOSIHHE
CUCTEMBI (BEKTOp cocTosiHUsA). Pemienne ypaBHeHust PUkkaT ecTh JOCTATOYHO CIOKHON MaTeMaTHyeCcKou
3amaueil. Takke MpU pelIEeHUH M HUCCIeNOoBaHUU cHUCTeMbl (14) HyXHO YYHUTBIBaTh OCOOEHHOCTH
SKOHOMMUECKHX cucteM. [locnenyroniye uccnenoBanus IIAHUPYETCS HAIPABUTh HA OTHICKAHUE PEIICHUS
ypaBHeHUsI PUKKaTH B aHaJIUTUYECKOM BU/IE.

BpiBoABI

Monenupysi S)KOHOMHUECKHUE TPOIECCHI C TOMOIII0 MaTEMAaTHYECKOTO anapara u TeOpuu Habronarese,
HCCIIOJIb3Ys CUCTEMY YpaBHEHUIl, Mbl ITOJy4aeM BO3MOXKHOCTh HAOMIONATh U TOXO/bI M IPUPOCTHI. Takum
o0pa3oM, MareMaTHYeCKHe MOJIENH IMOMOTAI0T MPEIBUIETh MOCIEICTBUS IKOHOMHUYECKHX H3MEHEHHMA
M JTal0T BO3MOXKHOCTh aHAJIM3UPOBATH M MPOTHO3UPOBATh M NMPUHUMAaTh 000CHOBaHbIe pemieHus. [loce
BOCCTAHOBJICHUsI BEKTOPAa COCTOSIHUM CHUCTEMbl MOXKHO, pellaTh 3ajady YNpPaBJIE€HHUS 3KOHOMHYECKOU
CUCTEMOH. A yMEeHHE MOJEIUPOBaTh, U YNPABIATh 3KOHOMHUYECKUMH MPOLECCAMH JIA€T BO3MOXKHOCTH
CTPOUTH MPEACKA3yEMbIE U TPOTHO3UPOBAHBIE IKOHOMHYECKUE MOJIEIIH.

Pe3yabTaTbl. MaTeMaTnyecKyro MOZEb BTOPOTO MOPSIKAa SIKOHOMUYECKOW CUCTEMBI CBEICHO K (hopme
Kopimm u moka3aHo Kak MPUMEHUTH TEOPUIO0 HAOMIOAEHUS ISl MOCTPOSHUS ONTUMalbHOTO DuibTpa
Kanmana.

IlepcnexkTuBbl. B nanbHeHmIMX Hay4YHBIX HCCIEIOBAHUAX MPENJIAraeTcsi COCPENOTOUYUTHCS Ha
noctpoeHuu Qunsrpa JlynHOeprepa v MOTHOTO MOPSIAKA JUIsl SKOHOMUUYECKUX MOJIeNel, ucCclea0BaTh
MaTpUYHYIO CTPYKTYpY YpaBHeHUi JIamyHoBa u PukkaTu, HaliTH CIOCOOBI YIPOIICHUSI PEIICHUS ITHX
YpaBHEHUH ISl SKOHMUYECKUX 3a/ad. A TakKe IMOIbITaTbCS MOCTPOUTh PEUICHUS B aHAJUTUYECKOM
Buze. Kpome sToro, kak oTMedanock paHee, CaeayeT yIeTuTh BHUMaHUe 0COOCHHOCTAM €KOHOMHUYECKUX
CHUCTEM U OCOOCHHOCTSIM MX PEIICHUS, TaK KaK MPU PEIICHUH TaKUX CUCTEM HU3BECTHBIM €CTh TOT (PakKT,
YTO pPELICHUS I0JKHBI OBITh OMIOPHBIMH - T.€. TOJIKO YaCTh pEUICHUM Oy1yT yOBIETBOPATH OCTaBICHOM
3aJaye.
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