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2. Modified method of straight lines in problems of axisymmetric bodies under thermoforce loading

Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA JOCIIKEHHSIM B rajly3i MEXaHiK/ TBEPIUX TiJl Ta BUPIIEHHIO 3a7a4
OyZIiBesIbHOI MeXaHiKM MOB'I3aHUX 3 HANIPY)KeHO-I4,e(POPMOBAHUM CTAHOM KOHCTPYKIIiii IiJ BIJIMBOM CTAaTUYHUX Ta
TeMIIepaTyPHUX HaBaHTaXXE€Hb, PO3POOKOI0 KOMIIEKCHOTO MiJIX0y 4O BUPilI€HHS TaKOTO TUILY 3a/aY, 3
BHUKOPHCTaHHSIM MOAU(IKOBAHOTO METOAY IPSIMUX i IOT0 MOMKPEHHS HA 00’€KTU BiCECHMETPUYHOI (POPMU.
[IpoBeneHO icTOpUYHNMI aHAJIi3 METOAIB BUPIlIeHHs 6araTOBMMIiPHUX 3a/1a4 OyAiBeIbHOI MeXaHiKy, Cy4YaCHUI CTaH
METO/IiB, iX IEpeBary i HeJOJIiKK, MOKJIMBOCTI 3aCTOCYBAaHHS B CyYaCHUX [TPOTPAMHHUX PO3PAaXyHKOBUX KOMILJIEKCAX.
[IpoananizoBaHi nepeparu Ta HeJOIIKY aHANITUYHUX, HAOIVDKEHUX, YMCEIbHUX Ta KOMOIHOBAaHUX METOJiB, a TAKOXK
MeTony npsiMux. [IpoBefieHnii aHasli3 METOy IPSIMUX, IOT0 iCTOPUYHMN PO3BUTOK Ta MogUdiKalis O Cy4aCHOTO
CTaHy, OCHOBHUX iieil METOAY Ta IigXO4Y 4O 3HUKEHHS BUMIDHOCTI BUXiZHUX PiBHAHD TE€OPIl IPY>KHOCTI 3

33/10BOJIEHHSIM IIPUPOJHUX IPAaHUYHUX YMOB 10 MeTonty ByoHoBa-T'anbopkiHa-IleTpoBa, [ie B SIKOCTi 6a3UCHUX



(YHKLi BUKOPUCTOBYIOTbCS JIOKAJIBHO 30CcepempKeHi PyHKLil — «PyHKUil KpumKun». CPOPMOBAHO CUCTEMHE
YSIBJIEHHSI [IPO PO3pOOKY KOMILJIEKCHOTO MiIX0y 4O BUPIlIeHHS 33a4 3HKEHHS! BUMIDHOCTI AudepeHiaabHIX
PiBHSIHB TEOPii IPY>KHOCTI 3 BUKOPUCTAHHIM MOAU(IKOBAHOTO METOAY IIPSIMUX Ta 3aCTOCYBaHHS [IPOTPaMHOI0
3abe3nedyeHHs JJ1s1 YMCesIbHOI peaisalii nigxony. BUCBiTIIeHNI aIrOpUTM pOOOTH IPOrPAaMHOrO 3a6€3Me4eHHS IJ1s1
qucesbHOro gociuimkenns HIC BicecuMeTpUYHUX 3a7ja4 3 BUKOPUCTAaHHSIM MOJIM(PIKOBAHOTO METOMY MPSIMUX B
€JMHOMY 004K CIII0BAJIbBHOMY IIpolieci 3 mporpaMHUM KomIlsiekcom LIRA SAPR. [I71s1 TeCTyBaHHSI METOIUKU
[IPOBEMIEHO YMCEJIbHE MOJEJIIOBAHHS 3a/a4i IIPO TEIJIONPOBIAHICTD UMIIHAPY Ta IPOLEMOHCTPOBAHI MOKJIUBOCTI
po60TU pOorpamMHOro KoMmmyiekcy. [Iposeneno yncenbHe gocnimkeHHs HIC maricTpanbHUX TPyOOIIPOBO/B B
MiCIISIX [IEPEXOIiB YePe3 NEPEIKOIY Ta KOMIIEHCATOPH BiJl KOMIIEKCHOTO HAaBAHTKEHHS, Ta YACEJIbHE
mopemoBaHHs HJIC TyHEI0 METPOIIOJIITEHY 3 ypaxyBaHHSIM BCiX THIIIB HABAHTaKE€Hb B €EKCTPEMAJIbHUX YMOBAX.
PesynbTaT OTpUMaHi B JucepTauiliHiil po6oTi 3a JONOMOro €(pPEKTUBHOIO KOMIIJIEKCHOTO BUKOPUCTAHHS
HaMiBaHAJIITUYHOTO MOAN(IKOBAHOTO METOAY IIPSIMUX Ta YUCEJIbHUX METOLIB i pO3POOKYU IIPOrPaMHOrO

3a0€e31e4eHHs Jajl0 MOXJIMBOCTI BIIPOBAIUTU PE3YJIbTAaTU POOOTH B IIPAKTUYHE ITPOEKTYBAHHSI.

2. This dissertation focuses on research in the field of solid mechanics and addresses structural mechanics
problems related to the stress-strain state (SSS) of structures under static and thermal loads. It develops a
comprehensive approach to solving this type of problem using a modified method of lines, extending it to
axisymmetric objects. The study includes a historical review of methods for solving multidimensional problems in
structural mechanics, analyzing contemporary methods, their advantages, limitations, and potential for application
in modern computational software systems. The advantages and limitations of analytical, approximate, numerical
and hybrid methods, as well as the method of lines. The dissertation explores the method of lines, its historical
progression, modifications to its current form, core principles, and the approach for reducing the dimensionality
of original elasticity theory equations while satisfying natural boundary conditions based on the Bubnov-Galerkin-
Petrov method, where locally concentrated functions "cover functions" are used as basis functions. A systematic
representation is provided on the development of an integrated approach for solving dimensionality reduction
problems in the differential equations of elasticity theory using a modified method of lines and the application of
software for the numerical implementation of this approach. An algorithm for the software developed to conduct
numerical investigations of the SSS of axisymmetric problems using the modified method of lines in conjunction
with the LIRA SAPR software package is presented. The methodology was tested by numerically modeling a
cylinder's heat conductivity problem, demonstrating the capabilities of the software package. Further, numerical
research was conducted on the SSS of main pipelines in areas of transitions across obstacles and compensators
under complex loading, as well as numerical modeling of the SSS of a subway tunnel under all types of loading in
extreme conditions. The results obtained through the efficient combined use of the semi-analytical modified
method of lines and numerical methods, along with the development of software, have enabled the application of
these findings in practical design.
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