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Studying the deformations (see, e. g., [1], p. 72, or [2], p. 33), one uses relative elongations and
angles of rotation of linear elements (material fibers). Solving many applied problems for technical
objects, one measures the linear deformations, displacements, and angles of rotation of surface fibers and
approximates the measuring linear (knife-edge) bearings by linear elements. In this paper we describe
a method which enables one to determine the linear and angular deformations of a linear element in
a homogeneous elastic medium under small deformations. We represent the angle of rotation of the
linear element in a vector form and define its components in terms of those of the distortion tensor, the
Levi-Civita pseudotensor, and the pairwise products of directional cosines of the linear element.

Let the location of an arbitrary mass point Q of a solid (a continuum) in the three-dimensional
Euclidean space be defined by the radius-vector x, whose components are the Lagrange coordinates xi

(i = 1, 2, 3) in the Cartesian rectangular system. Assume that near the point Q(xi) the medium is elastic
and homogeneous. Let an external action move two infinitely close points Q(xi) and N(xi + dxi) of the
solid (initially, the distance between them equals ds = |dx|) to the locations Q′(x′

i) and N ′(x′
i + dx′

i).
The linear element ds bounded by the points Q(xi) and N(xi + dxi) turns into the linear element ds′ =
|dx′| bounded by the points Q′(x′

i) and N ′(x′
i + dx′

i). Assume that the coordinates x′
i of the continuum

points are continuous and one-valued functions of the coordinates x1, x2, x3 of the initial location:
x′

i = x′
i(x1, x2, x3). These functions have continuous derivatives with respect to all coordinates.

We define the direction, along which the linear element ds goes out of the point Q(xi), with the

help of the unit vector e =
3∑

k=1

lkEk,1) using the unit basic vectors Ek of the coordinate system and the

corresponding coordinates of the vector e; the latter are the directional cosines of the linear element
lk = dxk/ds.

We represent the vector uQ =
−−→
QQ′ of the displacement of the point Q(xi) under the deformation of

the solid (considered as a kinematically stable system) as its expansion by the unit basic vectors uQ =
3∑

k=1

ukEk. Taking into account the vector uN =
−−→
NN ′ of the displacement of the point N(xi + dxi), we

also represent the vector du = uN − uQ of the displacement of the point N(xi + dxi) with respect to
the point Q(xi) as its expansion by the unit basic vectors

du =
3∑

k=1

dukEk; (1)

here accurate to the terms of the higher smallness of the component

duk =
3∑

m=1

uk,mdxm (2)

1)Translator’s remark: Here and in what follows Ek stands for the kth unit basic vector (unlike adopted in the literature
notation ek).

43



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




