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STABILITY OF LINEAR SYSTEMS
OF DIFFERENTIAL EQUATIONS WITH RANDOM
JUMP LINEAR SOLUTIONS IN HILBERT SPACE

The conditions of stability in the middle and in the mean
square solutions of stochastic differential equations with random
perturbations in Hilbert spaces are obtained.
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Introduction. The statement about the stability or instability of the
first approach are formulated as follows: if the solution of linear equations,
built on the original stable or unstable, then the solution of the original
equation will also be under stable or unstable. This assertion is true under
certain assumptions that are reasonable and at work. Analysis of the beha-
vior of solutions of stochastic differential equations of Ito-Skorokhod de-
voted a number of works, including [1-6].

Formulation of the problem. Consider a Markov process £(¢),

which can be in states 6,,6,,...,6,,... with probabilities

p(O=Pc)=6,} (k=12,.), (1
which satisfy the system of differential equations
dpi (1) _ <
B = a0 e
a5

This constant coefficients ¢, (k=1,2,...) satisfy the relation

A <0, Y o =0, 20 (k#s) (k,s=12,.).
s=1
The Markov process £(¢) abruptly changes its value at random times
t; (j=0,12,.).

Along with Markov processes consider the system of linear differen-
tial equations

%:AXU), t#t; (j=0,12,..), 3)
which time jump 7; changes its value under the law
X(t;+0)=Cy X(1;-0), “4)
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the transition of a random process from a state 6, to a state 6,
(k #5), C;, — constant matrix.

Solution of system (3) is a random process. The paper investigates
the stability of the average and the stability of the mean square solutions of
linear differential equations (3). Thus the derived equations to determine
the necessary and sufficient conditions for asymptotic stability.

Difference approximation of differential equations. Turn of differen-
tial equations (2) and (3) the difference, putting ¢, =nh (n=0,1,2,...), h>0.

The system of differential equations (2) is approximated by a system
of difference equations

Pilty) = Pt +h) apy(t,) (k=12,.). (5)

s=l1
Let the conditions 1+ hay, 20 (k=1,2,...) are true. The system of
differential equations (5) describes Markov chain of infinite, can be in
states 6,,6,,...,0,,... with probabilities p, (1) =P{£(t)=6,} (k=12,..).
The system of differential equations (3) is approximated by a system
of difference equations
Xn+1 = Xn + hA(§n+l ’é:n )Xn ’ (6)
where
A6,,0,)=4 (s=12,..); A(6,.,0,) = h"l(CkS —-E) (k=s). (1)
Moment equation for a system of difference equations (6). Let
f(t,,X,&) — density distribution of discrete- continuous random process
X , that can be represented as

f(tnaXag):ka(tnax)é‘(é:_ek)9 (8)
k=1
where 6(6) — the Dirac delta function. Partial density distribution
Jfe(t,,X) satistying the conditions
fk (tn+l , X) =

= (1 hayg) fi (1 (E + hA(,,6,))7 X) | det(E +hA(6,,6,)) " | +

+ i hay [, (t, .(E+hA(Q;,0,)) " X) | det(E +hA(Q;,0,)) " (19

s=1,5#q
(k=12,.)

Expand the terms of the equation (10) the degree of the parameter /4 ,
in anticipation of differentiation f,(¢+,X) (k=1,2,...) for all arguments.
Thus we arrive at a system of differential equations with partial derivatives
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afk(t’X) :_ka(t’X)
ot DX

AX ~ [ (6. X)S, 4 +

o (11)
-1 -1 _
+D [, (1, C X) | det C, (k=1,2,..)
s=1
Denote the mathematical expectation vector X and matrix XX’
symbols

M(t)=<é>= Ej Xf(t,X)dng Ej X, (1, X)dX;

(12)
D(t):<6é*>: [ r.x0dx =Y [ XX f (. X)dx
E, k=1Eg,
Vector M(t) and matrix D(t) are defined by equations

M@ =Y M (1), M (1) = ijk(t,X)dX, (k=1,2,..)
k=1 E,

D)= Dy(1), Dy(t)= [ XX"f,(6, X)dX , (k=1,2,..).
k=1 E,
Vectors M, (t) (k=1,2,...) satisfying the system of differential equ-
ations
dM (1)
dt

is derived from the system (11) by Matrix multiplication XX’ and than by
integration over the entire space E,, .

Further assume that the partial density distribution f;(0,X),
(k=1,2,...) have finite moments of first and second order. From the sys-

q
=AM+ o C M, (k=1,2,..) (13)

s=1

tem of equations (13) and (14) we obtain the following theorem.

Theorem. To trivial solutions of linear differential equations (3) with
random jumps solution of the form (4), caused by the Markov process
£(t) (1) be asymptotically stable on average, it is necessary and sufficient

that the trivial solution of system (13) was asymptotically stable.
Conclusions. We built the moment equations, which follows from the
stability of the initial stability of stochastic equations in a Hilbert space.
References:

1. Tuxwman U. U. Croxactuueckue auddepeHranbHble ypaBHeHUS 1 X TIPUMe-
Herue / U. . T'uxman, A. B. Ckopoxon. — K. : Hayka. mymka, 1982. — 612 c.

239



MaTtematuyHe Ta KOMI'I’I'OTepHe MO EentoBaHHA

240

Ckopoxoxn A. B. AcUMITOTHYECKIE METOBI TEOPHH CTOXAaCTHUYECKHX TuddepeH-
manbHbIX ypaBaenui / A. B. Ckopoxon. — K. : Hayka. gymka, 1987. — 328 c.
Korolyuk V. S. Stochastic Models of Systems / V. S. Korolyuk, V. V. Koro-
lyuk. — Kluwer : Dordrecht, 1999. — 185 p.

Koroliuk V. Stochastic Systems in Merging Phase Space / V. Koroliuk,
N. Limnios // World Scientific Publishing. — 2005. — 330 p.

XycaunoB [I. SI. Meton ¢yHnkumii JIsmyHOBa B MCCIICOBAaHUHN yCTOHYUBOCTH
muddepenmansHbx GyHKIMOHATBHEIX cucteM / JI. SI. Xycannos, A. B. Illa-
ThIpko. — K. : U3narensctBo MHTU, 1997. — 236 c.

HapskoB E. @. Cnyuaiinsle Bo3mymieHus nuddepeHranbHpix — (QyHKINOo-
HanbHbIX ypaBHenuii / E. @. IlappkoB. — Pura : M3patensctBo «3WHATHEY,
1989. —429 c.

OTpuMaHi yMOBH CTIHKOCTI B CEpEeTHEOMY Ta B CEPEIHHOMY KBaJpaTH-
YHOMY PO3B’SI3KIB CTOXAaCTHYHHX AH(EpeHIiaJbHUX PIBHSHBb 3 BUIAIKO-
BUMH 30ypEeHHAMH Yy T1IE0€PTOBUX MPOCTOpPax.

KirouoBi cnoBa: [inebepmosuii npocmip, cmitixicms, meipHuii one-
Pamop MapKiecbko2o npoyecy.

Otpumano: 16.03.2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
    /HEB <>
    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [419.528 595.276]
>> setpagedevice




