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Êëþ÷åâûå ñëîâà: ïðîòèâîîïóõîëåâûé èììóíèòåò, èìïóëüñíûå äèôôåðåíöè-

àëüíûå óðàâíåíèÿ, ñèñòåìû ñ çàïàçäûâàíèåì.

Â ðàáîòå [1] ïðåäëîæåíà óïðîùåííàÿ ìîäåëü ïðîòèâîîïóõîëåâîãî èììóíè-

òåòà ñ ó÷åòîì âëèÿíèÿ ïîâðåæäåííîãî îðãàíà-ìèøåíè íà èììóííûé îòâåò. Â òà-

êîé ìîäåëè èñïîëüçîâàëèñü äèíàìèêà Ãîìïåðöà äëÿ ðîñòà ïîïóëÿöèè ïðîëèôåðè-

ðóþùèõ êëåòîê (âïåðâûå òàêîå ïðèìåíåíèå îáîñíîâàíî â ðàáîòå [2]) è ìîäåëü èì-

ìóííîé ñèñòåìû Ã.È. Ìàð÷óêà [3]. Â òî æå âðåìÿ ïðàêòè÷åñêèå çàäà÷è, ñâÿçàííûå

ñ ðàäèîòåðàïåâòè÷åñêèì è ðàäèîõèðóðãè÷åñêèì (ãàììàíîæ, êèáåðíîæ) ëå÷åíèåì,

òðåáóþò àíàëèçà áîëåå ñëîæíîãî êëàññà èìïóëüñíûõ ìîäåëåé [4].
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Çíà÷åíèÿ ïåðåìåííûõ è êîýôôèöèåíòîâ ìîäåëè îïèñàíû â ðàáîòå [1].

Êîððåêòíîå ïîñòðîåíèå ìîäåëåé äèíàìè÷åñêèõ ñèñòåì â áèîëîãèè è ìåäè-

öèíå ñâÿçàíî ñ èññëåäîâàíèåì îãðàíè÷åííîñòè ðåøåíèé, ê òîìó æå çàäà÷è êà-

÷åñòâåííîãî àíàëèçà äèíàìè÷åñêèõ ñèñòåì íóæäàþòñÿ â êîíñòðóêòèâíûõ

îöåíêàõ ðåøåíèé ìîäåëåé.

Îòìåòèì, ÷òî èìïóëüñíûå äèôôåðåíöèàëüíûå óðàâíåíèÿ â îáùåì ñëó÷àå

ìîãóò íå èìåòü íè îäíîãî ðåøåíèÿ, äàæå êîãäà ñîîòâåòñòâóþùèå äèôôåðåíöè-

àëüíûå óðàâíåíèÿ äîñòàòî÷íî ãëàäêèå. Â ðàáîòå [5] ïîëó÷åíû óñëîâèÿ, êîòîðûå

ãàðàíòèðóþò ëîêàëüíîå ñóùåñòâîâàíèå è íåïðåðûâíîñòü ðåøåíèÿ òàêèõ ñèñòåì.

Ñëåäîâàòåëüíî, ïðåäñòàâëÿåò èíòåðåñ àíàëèç ðåøåíèé êîíêðåòíûõ ïðèìåðîâ èì-

ïóëüñíûõ ìîäåëåé. Ïîýòîìó öåëü äàííîé ñòàòüè — ðàññìîòðåòü îöåíêè ðåøåíèé

ñèñòåìû (1), (2) â òåðìèíàõ ïàðàìåòðîâ ìîäåëè â ÿâíîì âèäå.
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Ðåøåíèå ñèñòåìû (1) ÿâëÿåòñÿ êóñî÷íî-íåïðåðûâíîé ôóíêöèåé. Íåïðåðûâ-

íîñòü ïðàâûõ ÷àñòåé ãàðàíòèðóåò ñóùåñòâîâàíèå è åäèíñòâåííîñòü ðåøåíèÿ

ñèñòåìû (1) [4].

Ëåììà 1 [5]. Äëÿ ñèñòåìû èìïóëüñíûõ äèôôåðåíöèàëüíûõ íåðàâåíñòâ
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Ñëåäîâàòåëüíî, V t2 ( ) — óëüòèìàòèâíî îãðàíè÷åííàÿ ôóíêöèÿ. Â ñîîòâåòñòâèè

ñ îïðåäåëåíèåì V t2 ( ) ñóùåñòâóåò ïîñòîÿííàÿ �
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( ) � � äëÿ ëþáîãî ðåøåíèÿ ñèñòåìû (1) ïðè äîñòàòî÷íî áîëü-

øîì t .

Òåîðåìà. Ñóùåñòâóþò ïîëîæèòåëüíûå ïîñòîÿííûå � � �
C F m

, , òàêèå, ÷òî

L t
L

( ) � � è C t
C

( ) � � , F t
F

( ) � � , m t
m

( ) � � äëÿ ëþáîãî ðåøåíèÿ ñèñòåìû (1) ïðè

äîñòàòî÷íî áîëüøîì çíà÷åíèè t. Ïðè ýòîì ïîñòîÿííûå � � �
C F m

, , ÿâíî çàâèñÿò

îò ïîñòîÿííîé �
L

.

Äîêàçàòåëüñòâî ñëåäóåò èç ëåìì 2–4.

Òàêèì îáðàçîì, â íàñòîÿùåé ðàáîòå ïðåäëîæåíà ìîäåëü ïðîòèâîîïóõîëåâî-

ãî èììóíèòåòà ñ èìïóëüñíûìè âîçìóùåíèÿìè â ïîïóëÿöèè ïðîëèôåðèðóþùèõ

êëåòîê. Â îòëè÷èå îò ìîäåëåé, êîòîðûå ðàññìàòðèâàëèñü ðàíåå, îíà ïðèåìëåìà

äëÿ îïèñàíèÿ âëèÿíèÿ ëå÷åíèÿ ðàäèîòåðàïèåé.

Äëÿ ðåøåíèé ìîäåëè ïîëó÷åíû àñèìïòîòè÷åñêèå îöåíêè â ÿâíîì âèäå. Òà-

êèå îöåíêè íàéäåíû â ðåçóëüòàòå ðåøåíèÿ èìïóëüñíûõ äèôôåðåíöèàëüíûõ íåðà-

âåíñòâ äëÿ ôóíêöèé òèïà Ëÿïóíîâà. Îíè ìîãóò áûòü èñïîëüçîâàíû ïðè êà÷åñò-

âåííîì èññëåäîâàíèè ñèñòåì è ïðè ïîñòðîåíèè îïòèìàëüíûõ ñõåì ëå÷åíèÿ.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Ì à ð ö å í þ ê Â . Ï . Ïîñòðîåíèå è èçó÷åíèå óñòîé÷èâîñòè ìîäåëè ïðîòèâîîïóõîëåâîãî èììóíèòåòà

// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2004. — ¹ 5. — Ñ. 123–130.

2. L a i r d A . K . Dynamics of tumor growth // Br J. of Cancer. — 1964. — 18. — P. 490–502.

3. Ì à ð ÷ ó ê Ã . È . Ìàòåìàòè÷åñêèå ìîäåëè â èììóíîëîãèè. — Ì.: Íàóêà, 1980. — 264 ñ.

4. H a d d a d W . M . , C h e l l a b o i n a V . S . , N e r s e s o v S . G . Impulsive and hybrid dynamical sys-

tems: stability, dissipativity and control. — Princeton: Princeton University Press, 2008. — 504 p.

5. L a k s h m i k a n t h a m V . , B a i n o v D . D . , S i m e o n o v P . S . Theory of impulsive differential equa-

tions. — Singapure: World Sci. Publ. Co., 1989. — 279 p.

6. Õ å é ë Ä æ . Òåîðèÿ ôóíêöèîíàëüíî-äèôôåðåíöèàëüíûå óðàâíåíèÿ: Ïåð. ñ àíãë. Ñ.Í. Øèìàíîâà /

Ïîä ðåä. À.Ä. Ìûøêèñà. — Ì.: Ìèð, 1984. — 421 ñ.

7. K a t o J . , Y o s h i z a w a T . Remarks on global properties in limiting equations // Funkcialaj Ekvacioj. —

1981. — 24. — P. 363–371.

Ïîñòóïèëà 08.03.2011

Ïîñëå äîðàáîòêè 22.11.2011

54 ISSN 0023-1274. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2012, ¹ 2



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX3:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


