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NOCTPOEHME NNMHEWUHbIX ®YHKLUMOHA/IbHbIX
HABNOOATENEN COCTOAHUA ANA IMHENHbIX
NONORUTENIbHBIX ANHAMWYECKUX CUCTEM
APOBHOIO NOPAAKA C 3ANA3AbIBAHUEM
N HEM3BECTHbIMU BXOAAMMU

KyaH Tau Xa
XaHolickuli yHusepcumem HayKu, BbemHamckuli HaUUOHanbHLIU yHUBEpcumem,
XaHol (BbemHam)

Cmames nocesaweHa 3a0a4ye MNOCMPOeHUs MOA0XUMEsIbHbIX (PYHKUUOHAAbHLIX Habawdameneli 008 AuHelHbIX
nonoxcumenbHelx OUHAMUYECKUX cucmem OpobHo20 MopAdKa C 3anas3obigeaHuem, 8x00bl KOMOPbLIX Heu38ecmHbl.
lpednoxeHHble hyHKYUOHAbHbIE Habadamenu A8AAMCA MNOA0HUMENbHbIMU, M.e. OHU 2apPAHMUPYOM MoA0XUMesbHble
OUEHKU 8 Mpou380sbHbIli MOMeHM spemeHU. Kpome mozo, 8 mepMuHax AuHeliHo20 NMpo2pamMmMupPOB8aHUS ChOPMYAUPOBAHbI
Heobxodumble U 00CMaMOYHbIe YCA08UA CYu,ecmeo8aHuUa MaKuXx noaoxumesnbHoix PyHKYUOHAAbHbIX Habatodamenel.

Llenb pabomel — nocmpoeHue MosoXcumesnbHbiX pyHKYUOHAAbHbIX Habardamesneli 048 AuHeliHbix OUHAMUYECKUX cucmem
0pobHO20 NOPAOKA C 3arna30bI8AHUEM U HEU38ECMHbIMU 8X00aMU.

Mamepuan u memodbi. Mamepuanom uccnedo8aHUSs A8AAI0MCA (PYHKYUOHAAbHbIe Habaroamesnu 04 AuHeliHbIX cucmem
0pobHo20 MopAdKa ¢ 3ana3dbisaHuem. Mcronb308aH6I Memodbl MaMeMamu4YyecKo20 aHaAU3d U AuHelHoU anzebpbl, a makie
YUCAEHHO20 MOOeMUPOBAHUA.

Pe3yabmamel u ux obcyxcoeHue. [JokazaHsl 0se meopemsl. B meopeme 1 ymeepxdaemcs, ymo uccriedyemolli hyHKUUOHAbHbIL
HabaO0amernsb A8AA€MCA NOAOHUMENbHLIM U AUHEUHbIM MU onpeodeneHHbIX MpednonoxeHusx. B meopeme 2 00Ka3vieaemcs, Ymo
nocmpoeHHsili  Habawoamesns 8occmaHasaueaem Mampuysl HabaOeHUs, ecau coomeemcmeyrowaa 3aoava  AuHeliHo20
MPO2PaMMUPOBAHUA paspewuma. Takxe npedcmasneHsbl mpu YUC/AEHHbLIX MPUMePa, OeMOHCMPUPYUUX 3¢ pekmusHocmb
M0s1y4eHHbIX Pe3yibmamos.

3aKnoyeHue. [pednoreHsbl Ho8ble MemoObl MOCMPOEHUA (PYHKYUOHAMbHbIX Habaodamenel cocmoaHua 011 AuHelHbix
010 UMesnbHbIX cucmem OpPobHO20 MOPAOKA C Heu3secmHbuIMU 8xo0amu. [losayyeHbl yca08uUA Cyu,ecmeosaHus MAaKux
Habawodamenel, paspabomaH 8biMucaUMesnbHbIl Mo0xod, 6asupyrowulica Ha 3a0a4e AUHEelH020 MPo2PAMMUPOB8AHUA 05
onpedeneHus mampuy HabawodeHusa. Takue paccmompeH cay4ali, Ko20a 8 cucmeme omcymcmsyem 3ana3obi8aHue.
MpedcmassieHbl MpU YUCAEHHbIX MPUMepPa 04 UAACMPAYUU 3PGHEeKMUBHOCMU rosayYeHHbIX pe3ybmamos.

Knrouyeeble cnoea: cucmemsl Opob6HO20 MOPAOKA, MOA0MUMENbHbIE CUCMEMbI, CUCMEMbl C  3anad30bleaHuUem,
(PYHKUUOHGAbHbIE Nosa0XUmensHole Habaodamenu cOCMoAHUS, AUHeHoe NMPo2paMMUpPO8aHUE, HeU38eCMmHbie 8X00bI.
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This paper addresses the problem of designing positive functional observers for linear fractional-order time-delay positive
systems with unknown inputs. The proposed functional observers are positive, that is, they ensure that the estimates are
nonnegative at any time. Moreover, necessary and sufficient conditions for the existence of such positive functional observers
are formulated in terms of linear programming.

The purpose of the article is to design positive functional observers for linear fractional-order time-delay systems with
unknown inputs.



Material and methods. Functional observers for linear fractional-order time-delay system were research
materials. Methods of mathematical analysis, linear algebra and numerical simulation were used in the research.

Findings and their discussion. Two theorems are proved. Theorem 1 asserts that the observer we consider is a positive linear
functional one under some conditions. Theorem 2 states that the observer gains observer matrices if corresponding LP problem
is feasible. Three numerical examples are provided to demonstrate the effectiveness of obtained results.

Conclusion. New results for designing positive functional state observers for linear positive time-delay systems with
unknown inputs are proposed. Conditions for the existence of positive functional observers are derived and computational
approach based on LP is given for the determination of the observer matrices. The case where there is no time delay in the
system is also discussed. Three numerical examples are given to illustrate the effectiveness of the proposed design method.

Key words: Fractional-order systems, positive systems, time-delay systems, functional positive observers, linear
programming, unknown inputs.



