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Cankt-llerepbyprekuii rocy1apcTBEHHBIH YHUBEPCUTET

Annomayus: B pabore npeiioxkeH Meron OLeHKU peleHuil cucrem audpepeHiiy-
AJIbHO-PA3HOCTHBIX ypaBHEHU HEHTPasIbHOI'O TUIIa C ABYMs HECOU3MEPUMbIMU 3alla3-
JBIBAHUSIME B HeHTpaabHOM dacTu. Ha mpakTuKe Takme 3ama3aIbIBAaHAs BCTPEIAIOTCS
B 33Ja9axX ONTHMAJIBHOTO YIPABJIEHUA JJId JAHAMUYECKAX CACTEM C 33JIepXKKOU MH-
dopmaruu paznuanoi npuposl. Caydail cucTeM ¢ COM3MEPUMBIME 33/ IbIBAHI MU
y2ke ObLI PaccMOTpEeH B APYrux paboTax W MPUBOIUIICH K CACTEME C €IMHCTBEHHBIM
zanazapiBanuem. Cilydail 2Ke HECOM3MEPUMDbIX 3ala3/[bIBAHUN CJIEyeT HCCJIe0BATDH
OTZIEJTBHO. Y TIPaBJIsIEMbIE CUCTEMBI XapaKTEPU3YIOTCS ABYMS TAKUMU BaXKHBIMU BEJIH-
YMHAMU, KaK 3arac YCTOWYWBOCTU W TiepeperyanpoBanne. IIpeacTaBieHHbIit moaIxo
K OIEHKEe DeIIeHn# pacCMaTPUBAEMBIX CACTEM IIO3BOJIAET HANTU BEJIMYUHY Ilepepery-
smpoBanus. Ilogydenupiii pe3ysbraT MOXKHO OOOOIIUTH HA CUCTEMBI C HECKOJIbKHUMHU
HECOU3MEePUMbIMU 3alla3/blIBAHUAMU B HEHTPAJbHON 4aCTU, & TaKzKe Ha CIy4dai JIpy-
IUX BUJOB CUCTeM (HATIPUMED, MOYTH TEPUOIUUECKUX CUCTEM ).

Karwuesvie crosa: rELI/ICbCi)epeHI_[I/IaJIbeIe YpaBHEHUA, CUCTEMBI C 3alla3aIbIBAHUEM, 3a-
I1a31bIBaHUE HeﬁTpaHbHOFO THUIla, HECOU3MEPHUMBbBIE 3alla3/IbIBAHNA.

1. BBenenue

NcenenoBannio cucrem jquddepeHnaibHbIX YPaBHEHUI ¢ 3ana3/bIBAHUEM U UX ITPHU-
JIOZKEHUH TOCBAIIEHO MHOKecTBO pabor [1,2]. Ha cerogusiimamii 1eHb cucTeMbl ypaBHEHUH
C 3ama3/bIBAIOIIM apryMeHTOM HeHTPaJbHOTO THIA IPEJICTABJIAIOT OOJILITON HHTEpec
Jist uceaegoanuit. CucreMa ¢ OJIHEM 3ala3/IbIBAHHEM B HEHATpaIbHOM YaCTH PacCMOTpe-
Ha B pabore [3|. M3BecTHo Takxke |3], aro, KOrJa cOOTHOIICHNE 3aa3/(bIBAHU COU3MEDH-
MO, CHCTeMY MOKHO CBECTH K CHCTeMe C OJHUM 3ama3/blBaHueM. K coKaJeHUo, MOIX0T
K OIICHKE PEIIEHUN CUCTEM C 3alla3/iblBAaHueM HelTPaJabHOrO THUIIA, IPEJICTABJICHHBIA B pa-
Gore [3|, mpuBoAMT K OOBEMHBIM BBIKJIAIKAM JJisl CJOydas CHCTEMbI ¢ HECOM3MEPUMbBIMU
3ama3IbIBAHUAMI B HeWTpaabHOi dacTu. Vcxomsa m3 3Toro, OBLIO peleHo pas3padoTaTh
cOOCTBEHHBIN MTOAX0/ K OIEHKE PEIeHn TaKUX CHUCTEM.

2. IlocTaHoBKAa 3a1a4n

PaCCMOTpI/IM CJIeAYIOMYIO CHCTEeMY C 3alla3JIblBaHUEM HeﬁTpaJIbHOFO TUIIA:

%[.I(t) — Dix(t — 7) — Dox(t — h)] = Aoz(t) + Ayz(t — h) + /Q(@)x(t +0)do, (1)

e Ag, Ay 1 Dy # Opsny, Do # Opx, — 3aJ@HHBIE MATPHITBI PA3MEPHOCTH N X 1, 8 KOMIIO-
HEHTBI MATPHUITBI (), p(0) — OrpaHUYeHHBIE KyCOUHO-TIOCTOsIHEBIE byHKImU. [laree 6yaem
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CYUTATh, YTO MATPHUILHl B HEHTPAJIbHON YaCTH CUCTEMbI KOMMYTUPYIOT, T.e. DDy = Do Dy,
u cucrema (1) sKcmoHeHMaIbHO yeroiiauba [1]. Takxke mosoxum 7 > h.

B ciyugae, Korjia cooTHoleHe 3ama3/biBanuil T 1 h ecrb panuoHaJbHOE YUCIIO, CH-
cTeMa CBOJMTCS K CHCTeMe ¢ OJHUM 3amas/piBanueM [2|. B Halmem ciydae jgaHHOe COOT-
HOIIIEHTe WPPANMOHATBLHO, UYTO U O3HAYAET, YTO 3aMa3/IbIBAHUS HECOM3MEPUMBI.

Tak kak cucrema (1) cramuonapra, 6ygemM cIuTaTh HAYATLHBI MOMEHT BpeMeHH ty =
0. Torma Kaxkmoe M3 pelleHHEl CHCTEeMBI (1) oripeJienisieTcsl HAaYaJIbHOU (bYHKIHEN ¢ u3
cemeiicra C!([—7,0],R") : z(0) = p(0), 6 € [—1,0].

Hama 3aia4a — mpoBecTH OleHKY pernenuii cucremsr (1).

3. OcHOBHOI1 pe3yabTaT

3BectHo [4], uro, ecu cucrema (1) sKkcmoHeHIMAIbHA ycTORYNBA 1 MATPUIBl Dy U
Dy B HEHTPAJIBHOI YaCTH MEePEeCTAHOBOYHBI, TO BhIMOIHsIeTcst yeaosue || Dyl + || D] < 1.
Bripasum perrenns cucremst (1) B maTErpanbroil dpopme:

x(t) = Diax(t — 1) + Dax(t — h) + f(2), (2)

t t

f(t) =x(0) — Dyz(—7) — Dox(—h) + Ay /x(f)df + A /x(f — h)dé+

0 0
t 0
+ //Q(Q)x({ + 6)dOde.
0 =r
Beeném oneparop 3anasasiBanus e P o f(t) = f(t — r). Torga MHOXKECTBO

K= {AepthBepT : A, B € R™™ (Ae ™™+ Be ") o f(t) = Af(t—h) +Bf(t—r)}

o0pa3yer KOMMYTaTHBHOE KOJIBIIO OIEpaTOPOB.
[Tocsie mpuMeHeHusT onepaTopa 3ana3/plBaHusi K IpaBoil yacTu pasenctBa (2) k — 1
pa3 MOKeM MPHBECTH pelieHus cucTeMbl (1) K cleayomeMy BHILy:

z(t) = (D17 4+ Dye PV o 2(t) + Z £ (),

riae fi(t) = f(t), a fi(t), j = 2,k, 3a1a10TCa PEKYPPEHTHO:
f](t) = lej—l(t - 7—) + Dgfj_l(t — h)

Breipasum pemienust gepe3 HadaabHble BbyHKIUA. PaceMoTpum Takoe 3nadenue k, KO-
TOpoe OyJIeT YAOBJIETBOPATDH YCJAOBUSIM:

t—r<mr+(k-mh<t, m=0k. (3)

[Mostyunm cieytorine ONeHKH 13 HepaBeHCTBa (3):

)
t t
1<k <k< Mzkz,

T

t—kh T T
< < < — —| =m.
k\m\k+{7_h]\k+[h}, [h} m
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Jlemma 1. Pewenusa cucmemus (1) npedcmasumo, 6 sude

ke , m
x(t) = Z (Z C' D' Dy ™ p(t —mr — (k —m)h)+

k=ki >m=0

+y O DrDE (= mr — (k—1— m)h)).

m=0

CaencrBue 1. Pewenus cucmemuv, (1) donycrarom ouenky

(@] <Z< C DA™ I D2)* "l (t = mr — (k = m)h) || + ||fk:(t)||> <

k=k1 *m=0
ko k
<> {(uDlu +1D: 1) gl + ka<t>||]
k=k1

2de |¢ll- = sup [@(0)].

0e[—,0]
4. 3akJ/roueHue

B pesysibrare uccjieoBanus pazpaboTan MeToJ ONEHKH pertenuii cucreM audpepen-
NUAJTbHBIX YPaBHEHUH € JBYMs HECOU3MEPUMBIMHU 3a11a3/bIBAHUSIMHU HEUTPAJIBHOTO THUIIA.
[Tosryuennag oreHKa Ha IIPAKTUKE HO3BOJIMT HANTH BEJUYMHY IePEPeryJIMpOBaHus yIIpas-
JIZEMO CHCTEMBI, YTO, B CBOIO OY€pE/ib, IIO3BOJUT ONTHMU3UPOBATH BHIOOD YIIpaBJICHUS.
JlaHHBIH TOAX0I B OVAYIIEM ILIAHUPYETCS TPUMEHUTD 71 CACTEM, Y KOTOPBIX 0oJiee IBYX
HECOM3MEPUMBIX 3ala3/IbIBAHUMN, /I PA3HOCTHBIX CHCTEM, a TaKuKe JJId CUCTEM C MepHuo-
JUYIECKUMU KOIDPUITMEHTAMHI, TePUOJI, KOTOPBIX HECOM3MEPUM C 3alla3IblBAHUEM.
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Estimation of solutions of neutral type
differential-difference systems with two
incommensurate delays

D.S. Evtina, A.P. Zhabko
Saint Petersburg State University

Abstract: This paper proposes a method for estimating solutions of systems of differen-
tial-difference equations of neutral type with two incommensurable delays in the
neutral part. In practice, such delays occur in optimal control problems for dynamic
systems with information delay of various nature. Systems with commensurable delays
have already been considered in other works and were reduced to a system with
a single delay. However, the case of incommensurable delays needs to be analyzed
separately. Control systems are characterized by two important quantities: stability
margin and overshoot. Presented approach allows finding the second one for the
considered systems. The result can also be extended to systems with multiple incom-
mensurable delays in the neutral part, as well as to other types of systems (such as
almost periodic systems).

Keywords: differential equations, time-delay systems, neutral type delay, incommen-
surate delays.
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