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Abstract—With the use of additional boundary conditions in integral method of heat balance, we
obtain analytic solution to nonstationary problem of heat conductivity for infinite plate. Relying on
determination of a front of heat disturbance, we perform a division of heat conductivity process into
two stages in time. The first stage comes to the end after the front of disturbance arrives the center
of the plate. At the second stage the heat exchange occurs at the whole thickness of the plate, and
we introduce an additional sought-for function which characterizes the temperature change in its
center. Practically the assigned exactness of solutions at both stages is provided by introduction
on boundaries of a domain and on the front of heat perturbation the additional boundary conditions.
Their fulfillment is equivalent to the sought-for solution in differential equation therein. We show
that with the increasing of number of approximations the accuracy of fulfillment of the equation
increases. Note that the usage of an integral of heat balance allows the application of the given
method for solving differential equations that do not admit a separation of variables (nonlinear, with
variable physical properties etc.).
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It is known that the exact analytical solutions to the heat conductivity problems, constructed through
classical analytical techniques and presented in the form of infinite series, do not have good convergence
at small values of the time coordinate. Computations show that the convergence of the heat conductivity
problem exact analytical solution for an infinite plate and the first kind boundary conditions in the range
of Fourier numbers 10−12 ≤ Fo ≤ 10−7 happen only if we take from 2000 (Fo = 10−7) to five hundred
thousand (Fo = 10−12) series summands ([1], P. 102).

Variational methods (Ritz, Treffttsa et al.) as well as suspended residuals methods (Bubnov–
Galerkin, L. V. Kantorovich, etc.) are practically inapplicable for solutions with small time values since
in order to determine the eigenvalues of boundary-value problems we need to solve algebraic equations
of higher degrees, and the implementation of the initial conditions is connected with the solving of large
systems of linear algebraic equations with bad conditioned coefficient matrices.

The analytical heat conductivity theory contains methods which introduce the thermal perturbation
front concept (heat balance integral method) [1–13]. Under application of these methods we formally
divide the body heating (cooling) process into two stages. The first of these is characterized by the
gradual advancement of the front perturbations from the surface to the center, and the second implies the
body temperature change throughout the whole solid volume. This thermal conductivity model belongs
to a number of methods: the integral method of heat balance [2–5], the method of averaging functional
corrections [7], the methods of M. E. Swetz [6], M. Biot [4], A. I. Veinik [5] and others. Their advantage
is the possibility to obtain simple in shape approximate analytical solutions, their significant drawback
is low accuracy. The reason of this accuracy is that the resulting solution precisely meeting the initial

*E-mail: igor-kudinov@bk.ru.
**E-mail: totig@yandex.ru.

***E-mail: larginaevgenya@mail.ru.

22



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




