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YYUET KBAJIPATUYHOI'O I KYBUYHOTI'O UHBAPNAHTOB TEH30OPA
JEOOPMAINU B IMHAMNYECKOM YPABHEHUN B IIEPEMEITEHNAX
TEOPUN YIIPYTI'OCTH

Poccuiicknuit yausepcurer Tpancnopra PYT-MUNT, Mockgsa, Poccust
Annoranus. JluHaMudeckoe ypaBHEHHE B IIePEMENIEHUSIX TEOPUM YIIPYIOCTH HE YYUTHIBAET SBHO

nedopmarun capura. VIX KOCBEHHBIN ydeT MOr Obl ITPOU3BOJUTLCS Uepe3 BhIPaxKeHue It KO-
durmerTa 00bEMHOTO PACIINPEHKs, HO €ro YIPOIIAKT JI0 oleparopa auBepreHiuu. [losromy st
KOHCTPYKIMIA U COOPY2KEHUl, pabOTAIOIMNX B OCHOBHOM Ha, CI[BUT, PEIIeHNE JTUHAMUIECKOTO ypaB-
HEHUsI B IIEPEMEITNEHUSX He JaeT TpaBuabHOrO pesymbrara. JI. V. CemoB mas mosHoe BhIpayKeHme
Jytst Koaddurmenta 06beMHOTO pacipenust § st 3a7a4 TEOPUHM YIPYTOCTH, COAEpIKAIIee Jiv-
HEWHBIT MHBAPUAHT — OIEPATOp JUBEPTeHIINH, & TaKXKe KBaJpaTU4IHbil o u KyOouanbwrii I3 uHBa-
pUaHTHI TeH30pa JdedopMaluu, KOTopoe yunTbiBaer jedopmarmu capura. OH OTMETHII, 9TO yUer
TOJIBKO CJIATA€MOTO C OIIEPATOPOM JUBEPTEHINH IIPU pacieTe 00beMHOT0 KO3 dUIIeHTa PacIIpe-
HUS CJIeyeT PACCMATPUBATh npubsnkeHabiM Boraucsennem. JI. V. Cenos onupasics Ha ypaBHEHHE
HEPA3PBIBHOCTA
Ou/0x 4+ Ov/0y + Ow/dz + I + Is = 0,

BBIBeZleHHOE DitepoM B 1752 1. ABTOp mokiasma mosropus BeiBog B.M. CMupHOBa JTUHAMUYECKOTO
YPABHEHUS B IIEPEMEINECHUSAX C COXPAaHEHHEM BCeX TpexX mHBapuanToB. OHO IMOJIYyYIUIO BUJ HEOTHO-
POJIHOT'O BOJTHOBOT'O ypaBHEHUsI. B HEOIHOPOIHYIO NCTOYHUKOBYIO 9aCTh BOIIIN KBAJPATHIHBIA 1
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JlaBaTh PEIeHUsI 9TOr0 YPABHEHUs. Y HHIUTOXKEHUE KBaPATHIHOIO ¥ KyONYHOIO MHBAPUAHTOB IIPU
BBIBOJIE JIMHAMUYECKOI'O YPABHEHUsI 3aHUYKAET WHTEHCUBHOCTH BO3MOXKHBIX aBTOKOJIEOAHUIL, CIIO-
COOHBIX MIPUBECTHU K PA3PYIIEHNI0. B 0COOEHHOCTH yUeT KBAaPATUIHOIO U KyOMIHOTO HHBAPUAHTOB
BaskeH B CEfICMOJIOTH B CBsI3U C obecriedenneM O€30MIaCHOCTH CTPOEHUN U B APYTUX IPE3BBIYATHBIX
CUTYAIHAAX.

Kirouessie cioBa: medopmanuu casura, ypaBHEHHE HEPa3PhIBHOCTH, BOJTHOBOE YpaBHEHUE, TeHepa-

st KoJeOaHmii.
OgcsinaukoB Butajiucias MuxaityioBud, JIOKTOP TEXHUYECKUX HAYK, IIpodeccop, mpodeccop Kade -

PBI BOIHBIX IIyTeil, HOPTOB U MOpPTOBOro obopynosanusd; e-mail: OvsyannikovVM@yandex.ru;
https / / orcid.org/0000-0002-6868-6446; AuthorID: 7894

{ J71s1  TUTHPOBAHMUS: OBCHHHI/IKOBB M. VYdyer xBagpaTrudHOro u KyOWIHOTO WH-
BapMaHTOB TeH30pa JedopManuu B JUHAMHYECKOM YPABHEHUU B IIePEMEIeHU-
six Teopum yupyroctu // BectHuk YyBalIcKoro rocyJapCTBEHHOTO II€JIArorHye-
ckoro yampepcurera um. .. dxosiea. Cepus: MexaHuka IpeJieIbHOIO COCTOsI-

mus. 2026. Ne1(67). C. 239-242. DOI: 10.37972/chgpu.2026.67.1.018. EDN: LFAUIS

Crarbs onybiaukoBana Ha ycioBusx jurnensun Creative Commons Attribution 4.0 International
(CC-BY 4.0).

© Oscannukos B. M. 2026

[Mocrymmna: 10.03.26; npuHATa B nedarh: 19.05.26; onybsimkosana: 01.07.26.
239



L. A. Galin Seminar on Continuum Mechanics
Chaired by Academician I. G. Goryacheva and Professor Yu. N. Radayev
November 28, 2025, Session 787

DOI:10.37972/chgpu.2026.67.1.018 EDN: LFAUIS

Short Communication

V.M. Ovsyannikov

TAKING INTO ACCOUNT THE QUADRATIC AND CUBIC INVARIANTS OF
THE STRAIN TENSOR IN THE DYNAMIC EQUATION IN
DISPLACEMENTS OF THE THEORY OF ELASTICITY

Russian University of Transport RUT (MIIT), Moscow, Russia

Abstract. The aim of the study is to take into account shear deformations in the continuity
equation. The continuity equation for hydrodynamics and elasticity theory was derived by
Euler in 1752, taking into account the tensile and shear deformations of the control figure.
Euler reported his results to the Royal Prussian Academy of Sciences. To simplify the
formulas for the initial period of the formation of continuum mechanics, Euler eliminated
the terms containing shear deformations. They were included in the second and third
invariants of the strain rate tensor of Hydrodynamics and the strain tensor of Elasticity
Theory. In the continuity equation, only the first invariant remains, which contains
the divergence operator of the velocity vector or displacement vector. Only tensile and
compressive strains were taken into account.

Now there is a need for accurate calculations of problems in Hydrodynamics and
Elasticity Theory. L. I. Sedov in his textbook “Continuum Mechanics” pointed out the
need to take into account the second and third invariants of the strain tensor in the exact
expression for the coefficient of volumetric expansion of elasticity theory. The textbook
"Course of Higher Mathematics"by V.I. Smirnov contains the derivation of the equation of
dynamics in displacements for the Theory of Elasticity. It has the form of an inhomogeneous
wave equation. V.I. Smirnov did not take into account the second and third invariants of
the strain tensor. Taking into account the second and third invariants of the strain tensor
made it possible to obtain a non-uniform wave equation of dynamics in displacements,
in which the non-uniform part increased and increased the generation of vibrations of
the building. Carrying out calculations without taking into account the second and third
invariants is dangerous. A large correction when taking into account the second and third
invariants occurs for buildings that undergo large shear deformations. These are domes
and shells that have thin walls.

Modern lightweight building materials make it possible to construct gigantic buildings
with thin walls. Their calculation must take into account the shear deformations, which
are reflected in the second and third invariants of the deformation tensor. As a result of
the study, the physical meaning of the terms of the continuity equation, which contain
the second and third invariants, was understood. The second and third invariants are the
sources of wave generation in the wave equation.

Keywords: shear deformations, continuity equation, wave equation, oscillation generation.
240



YUYET KBAJIPATUYHOI'O 1 KYBIYHOI'O UHBAPUAHTOB ... 241

Vladislav M. Ovsyannikov, Doctor of Technical Sciences, Professor; professor at the Russian
University of Transport RUT (MIIT); e-mail: OvsyannikovVM@yandex.ru; https://orcid.
org/0000-0002-6868-6446; AuthorID: 7894

i=¢ to cite this article: Ovsyannikov V. M. Taking into account the quadratic and cubic
invariants of the strain tensor in the dynamic equation in displacements of the theory
of elasticity // Vestn. Chuvash. Gos. Ped. Univ. im. I.Ya. Yakovleva Ser.: Mekh. Pred.
Sost. 2026. No 1(67). p. 239-242. DOI: 10.37972/chgpu.2026.67.1.018

This is an open access article distributed under the terms of Creative Commons Attribution 4.0
International License (CC-BY 4.0)

JOITIOJIHUTEJIBHO

Bxmaax apropos. B. M. OBcIHHUKOB HammcaHue TEKCTa PYKOIMCH, COTJIACOBAHME (DUHAJIb-
HOIl BepCHM PYKOIIUCH, 0030D JIUTEPATYPHI [0 TeMe CTATbH, IPOBEJIEHUE PACUETOB, PEIaK-

TUPOBaHMNE TEKCTa PYKOINCH.
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