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It is shown that rod models can be used to describe dynamic processes in lay-
ered structural elements. An example of a two-stratum rod with longitudinal oscilla-
tion is given.

The compound rod considered is a combination of two bars contacting each
other. The contact interaction force is assumed to be linear-elastic. The motion of
the rods is described by a system of equations: at an initial time, a pulse of the cin-
ematic or force nature is applied to the left end of the rods, the right end being free.

The above system can be reduced to a single equation in terms of the median
line displacement of one of the rods. A similar equation can be derived in Mindlin-
Herrmann’s model describing longitudinal oscillations of the rod. Thus, longitudi-
nal oscillations of a compound rod can be described by Mindlin-Herrmann’s equa-
tion of longitudinal oscillations of a hypothetical rod. Reduction to Mindlin-
Herrmann’s model is possible if the parameters of the compound rod satisfy the fol-
lowing condition: the product of the density and the cross-section area of the first
rod are thrice as much as that of the second one. For the system of parameters to be
simultaneous, it is also necessary that the longitudinal and shear wave velocities are
equal. In that case, the thickness of the equivalent rod will increase with increasing
the force of elastic interaction of the rods and will decrease with decreasing the lin-
ear density of the first rod. The correcting coefficients in Mindlin-Herrmann’s mod-
el are related with the parameters of the initial rods, allowing one to derive the ex-
pression for the shear wave velocity in the following form:

In the particular case, if the density of one of the rods is considered to be
small, the equation set will be reduced to the equation of longitudinal oscillations of
a rod in Bishop’s model. In that case, the parameters of the compound rod have to
satisfy the following condition: the relation of Young modulus of the second rod to
that of the first one is to be bigger than the relation of the cross-section area of the
first rod to that of the second one, while the polar radius of inertia and Poisson’s co-
efficient of the equivalent rod are to be determined by relations.

The longitudinal and shear wave velocities in a rod in Bishop’s model are eX-
pressed in terms of the longitudinal wave in the initial rod.

The wave energy in homogeneous dispersing systems is known to be trans-
ferred at a group velocity [1].
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A dynamic equation of a rod characterized by a Lagrangian depending on the
longitudinal displacements and their partial derivatives was derived. The energy
density and the flow density of the wave energy are derived from the energy trans-
fer equation and phase-averaged. The notion of the wave energy transfer velocity is
introduced, representing the ratio of the average value of the energy flow density to
the average value of the wave energy density. The displacements obey the progress-
ing harmonic wave law, which is used to determine frequency, wave number and
group velocity. Thus, the wave energy velocity and the group velocity are shown to
be equal; hence the elastic wave energy is transferred over layered structural ele-
ments at the group velocity as well.

A compound rod is then considered; the contact interaction force is assumed to
be linear visco-elastic. The motion of the rods is also described by a system of equa-
tions. The system can be reduced to a single equation in terms of the median line
displacement of one of the rods. It is noted that an analogous equation can be de-
rived in Mindlin-Herrmann’s system.

Thus, the longitudinal vibrations of a compound rod, both for the elastic and
visco-elastic contact interaction, are described by Mindlin-Herrmann’s equation of
longitudinal oscillations of a hypothetical rod.

A nonlinear-elastic compound rod is also considered. The motion of the rods
is described by an equation system: with elastic and viscous interaction forces. As
in the above cases, the system is reduced to a single equation in terms of displace-
ments of one of the rods.

Then notation in dimensionless values is introduced, partial derivatives are
expressed and the notations are used. After the transformations, the equation for the
dimensionless value is obtained. This equation can be reduced to non-linear gener-
alized Mindlin-Herrmann’s equation, which later, following the transformations,
will be rewritten in the form of a differential equation describing the oscillations of
a non-harmonic oscillator with quadratic nonlinearity [2]. The parameters of the dif-
ferential equation are evaluated, and the roots of the denominator are determined.

Two cases are considered: that of a positive and that of the negative soliton [3].
In each case, the amplitude and the oscillation time are determined. Each form of the-
se solutions is represented on the diagrams. It can be concluded that: in the case of a
positive soliton, the oscillation amplitude increases and the oscillation time decreases
with the velocity, which is characteristic of a classical soliton; whereas in the case of
a negative soliton, the oscillation amplitude decreases and the oscillation time in-
creases with the velocity, which is characteristic of a non-classical soliton.

In the case of a classical soliton, the investigation of the behavior of the oscil-
lation amplitude showed that, if its parameters in the formula are related in such a
way that one of them contained in the numerator increases, the rest of them con-
tained in denominator decrease, then the oscillation amplitude increases.

For the case of a non-classical soliton, the behavior of the oscillation ampli-
tude was also studied. It was found that, if the parameters in the formula are related
in such a way that, one of them contained in the numerator increases, the rest of
them contained in denominator decrease, then the oscillation amplitude increases.
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Thus, the propagation of solitary waves in a nonlinear elastic compound rod
has been demonstrated. Depending on the velocity, waves are divided into classical
and non-classical ones. The behavior of the oscillation amplitude for a classical and
a non-classical soliton has also been studied.
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OpnHuM 13 Hambosee pacHpOCTPAHEHHBIX METOIOB M3TOTOBJIEHUS KOHCTPYK-
U U3 KOMIIO3ULIMOHHBIX MaTe€pHAJIOB SIBJIIETCS METOJ HaMOTKH. B 3aBucumocTu
OT NPUMEHAEMOro OoOOpYJIOBaHMS M CTPYKTYPbhl apMHpPOBAHUS HAa CETOMHSAIIHUN
JIeHb M3BECTHBI CIEAYIOLIHE TEXHOJOIMU HaMOTKH: CIUPAIbHO-KOJIbLIEBas; OpOU-
TajabHasl (IUIOCKOCTHAs); IMPOJOJIBHO-TIONEpEYHasi; COBMEUIEHHAs; 30HHAs; KOCO-
cioiiHas npoaoabHo-nonepeunas (KITITH).

3a cueT HEeNmpepbIBHOCTH HAMOTKH, YIPAaBICHHS MApaMEeTpaMH HATSKEHUS U
COJZIEpKaHU CBA3YIOIIETO MOXHO JOCTHYb BBICOKOW IMPOYHOCTH U KECTKOCTH Ma-
Tepuajla KOHCTpYKUMH. Ha cerogHsImHui A€Hb IOCTUTHYTHl XapaKTEpPUCTUKHU
IIPOYHOCTH aPMHUPYIOLIMX BOJOKOH B MHUKporiactuke ~ 600 Kr/MM?, MOAYJS YIpy-
roctu ~16000 kr/mm’ (Pycap-C).

MeTo HaMOTKHM U IporpaMMHoe obecrnieueHue s craHkoB ¢ YITY nanbonee
pa3paboTaHbl AJIsi U3TOTOBICHUS 000JIOYEK BpPAIICHUS THIA WIHHAP, KOHYC, cde-
pa, oBaJIou U UX KoMOuHanmil. /[t TpaekTopuil HAMOTKH HCHOJIB3YIOTCS I'e0e3u-
YECKHUE JIMHUM U TPAEKTOPUU C OTKJIOHEHHEM OT I'€0/Ie3MYECKUX JIMHUI B IIpeaenax
KOHYCa TPECHHUS.

B kauecTBe 37€MEHTOB MOJKPEIUIEHUS] TOHKOCTEHHBIX 000J0YEK, BBINOIHEH-
HBIX METOJIOM HAaMOTKM, HauboJsiee MIMPOKOE MPUMEHEHHME HAllId ILIHaHTOYThI
CIUIOIIHOT'O NONEPEYHOI0 CEUYEHMsI, N3rOTABIMBAEMbIE TIOCIOMHON TKAHOM WU HU-
TAHOW HaAMOTKOM. Macca TakuxX MIIIAHIOYTOB SIBISETCS BECbMa 3HAYHUTEIBHOM, 110
30% Macchl IOAKPEIVIEeHHON 000JI0UKH, @ KOHCTPYKLUs HepaluoHanbHoi. [loaTo-
My BeChbMa aKTyaJlbHa 3a/laya 3aMEHbl CIUIOIIHBIX IIMAHrOyTOB Ha Oozee »dek-
TUBHBIEC B BECOBOM OTHOUICHHH - MPOQHUIbHBIE (TaBPOBBIE, KOPOOUATHIE U AP.).

AHanu3 Hay4YHO-TEXHUYECKOM JUTEpaTypbl W MAaTEHTHBIA MOUCK ITO3BOJIWIIN
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