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Relevance of the Research

Modern materials science requires precise methods for predicting the behavior of materials under
prolonged loading conditions. Creep and stress relaxation significantly affect the performance
characteristics of materials used in construction, mechanical engineering, and other industries. This
dissertation focuses on developing a mathematical model to describe these processes, incorporating the
concept of permanent memory. The study is relevant because the proposed models enable more accurate
predictions of the mechanical behavior of various rheonomic materials, such as asphalt concrete, polymer
concrete, metal alloys, fiberglass, and solid propellants.

Scientific Novelty

The scientific novelty of this research lies in the development and substantiation of a new mathematical
model based on nonlinear integral equations and the concept of permanent memory. A comprehensive
analysis of the impact of temperature conditions on the behavior of various rheonomic materials under
prolonged loading has been conducted for the first time. Additionally, three similarity criteria for
relaxation curves have been introduced and examined, providing a systematic approach to understanding
material behavior and improving the prediction of their durability.

Theoretical and Practical Significance

The theoretical significance of this study is in expanding the existing knowledge of rheonomic materials,
creep, and stress relaxation, The developed model and proposed criteria allow for a detailed description
of deformation processes under various loading conditions,

The practical significance of this work is related to the potential application of the results in optimizing
the composition and operational conditions of materials used in road construction, mechanical
engineering, and aerospace industries. The model can be applied to assess the durability of structures
subjected to prolonged loads.

Research Methodology

The author employs traditional methods of continuum mechanics, mathematical statistics, and
experimental studies of various rheonomic materials. Nonlinear integral equations, the least squares
method, and the concept of permanent memory are used, allowing for the refinement.of-creep and
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Key Findings



1. A mathematical model of creep and relaxation of rheonomic materials has been developed, considering
the effect of permanent memory.

2. A comparative analysis of experimental data for various materials (asphalt concrete, polymer concrete,
metal alloys, fiberglass, resin EDT-10, solid propellant) has been performed.

3. Three similarity criteria for relaxation curves have been introduced and analyzed, providing insights

into deformation mechanisms.

4. The influence of temperature and loading rate on the durability of rheonomic materials has been

established.
Structure and Presentation of Material

This dissertation is an important and relevant study in the field of rheonomic material mechanics. It
presents scientific novelty, is conducted at a high level, and the proposed model has both theoretical and
practical value, The dissertation meets the requirements for scientific research and is recommended for
defense for the degree of PhD in the specialty 6D060300-Mechanics.
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OT3pIB Ha nECCEPTALIMOHHYIO paboTy

"MonemupoBanue n HCCIEI0BAHHE HETHHEHHBIX PEOHOMHbIX TPOLECCOB IPH MATBIX AeOPMALMAX (KOHIEIIIIHS
NepMaHeHTHOI mamsiti)"

Aptop: Kytumor Kusc
Hayunerii Pykosonutens; IMpogeccop Yezape Omusrepo Poccu

AKTyalbHOCTE HCCIEN0BAHKSA

CospemenHoe MaTepuanoBeieHHe TpebyeT TOUHBIX METONOB POTHO3HPOBAHMS OBEAEHUS MaTepHAIIOB B
YCNOBUAX JUIMTEIBHON HArpysku. [TonsyuecTs U penakcalia HANIPSKEHUH CYLUECTREHHO BIHAKOT HA
IKCIUTYaTALHOHHBIE XapaKTEPHCTHKA MATEPHANIOB, UCTIONB3YEMBIX B CTPONTE/ILCTBE, MAIIMHOCTPOSHHH H
ApYrUX OTpacisaxX NPOMEIIIEHHOCTH. JJaHHas nuccepTauus NocBsleHa pa3spaboTke MaTeMaTHYECKOH MOaEITH
At OMHCAHHA ITUX MPOLIECCOB ¢ YUETOM KOHUEIIMH OCTOSAHHOM namaTh. Meeneaosanue akTyassHo,
MOCKOMIBKY MpeiaraeéMele MOJIE/IH NO3BONAIOT HOIee TOUHO IPOrHO3MPOBATE MEXAHHYECKOE NTOBEIEHHE
PasnuiHbLIX PEOHOMHBIX MaTE€PHAJIOB, TAKHX Kak ac(anbTobeToH, monuMepGeToH, MeTannyecKue CraBbl,
CTEK/IOIIACTHK M TBEPIOE TOMNJHBO,

Hayunas HoBu3Ha

Hayunasi HOBM3HA JaHHOTO HCCIICAOBAHNSA 3AKII0YAETCS B Pa3paboTKe H 060CHOBAHMM HOBOH
MaTeMaTHYECKOH MO/IesIM, OCHOBAHHON HA HEeNHHEHHBIX HHTErPaNbHEIX YPABHEHHAX U KOHLEN 1M
NePMAaHCHTHON namMATH. Briepsbie MpoBe/ieH KOMNIEKCHBIA aHAM3 BIUSIHUS TEMIEPATYPHBIX YCIOBUIl Ha
TIOBEICHME PasNUYHBIX PEOHOMHBIX MATEPHAIIOB IPK JTMTENEHOM HarpyskeHuH. KpoMe T0ro, BBEfeHB U
HCCIIEI0BAHBI TPH KPUTEPHS MON00MA KPHBBIX pelakcaumii, 00ecneurBaroLIie CHCTEMHBIH TOAXO0A K
MOHMMAHUIO MOBE/ICHUA MaTEPHANIOB W YJYYIIEHHIO MPOrHO3HPOBAHUS UX JOITOBEYHOCTH.

TeopeTnueckoe u npakTuyeckoe 3HAYEHHE

TeopeTnueckas 3HAYNMOCTb JAHHOTO HCCIIENOBAHUA 3AKTIOUAETCS B PACIUMPEHHH CYLIECTBYIOLIMX 3HAHUI O
PEOHOMHRIX MaTepuaiax, noN3yuecTH ¥ peakcaunt Hanpskenuii. PaspaGoTannas Mosens 1 MpeaioKeHHble
KpHTCPHH MO3BONAIOT ACTANBHO OMUCATE NPOLECCH Ae(OPMaLiK MPH PA3NMUUHBIX YCIOBHAX HAIPYIKEHHS.
[lpakTuyeckas 3HaunMocTb paGoThl CBA3AHA ¢ BO3MOKHOCTBIO HCIIONb3OBAHMUS MOTYYEHHBIX PE3YILTATOR
fIPH ONTHMU3ALHUY COCTABA U YCIOBUH SKCIUIYaTallil MATEPUATIOB, HCTIONE3YEMBIX B IOPOKHOM
CTPOMTE/ILCTBE, MAIUMHOCTPOCHHH, AaBHAKOCMHUYECKOH MPOMBILIIEHHOCTH. MOJIeNh MOXKET GbITh HCIIONb30BAHA
JUIA OUCHKH I0TOBEUHOCTH KOHCTPYKLMH, MOABEPraiOIHXCA IIMTE/BHEIM HArPY3KaM.

MeTtononorus uccnenoBaHus

ABTOp NPHMEHACT TPAAHLHOHHbIE METOALI MEXAHHUKH CIIJIOLIHBIX cpell, MaTEMaTHYECKOH CTATHCTUKH U
IKCHNEPUMEHTANBLHOTO HCCNENOBAH M Pa3sNInYHBIX PEOHOMHBIX MaTeEpHaJioB. HCTIOJIBS}/I-OTCH HEeNHHeHHbIe

HHTErpajbHLBIC YPABHEHUA, METO, HAUMEHBIUUX KBaapaToOB M KOHUEMLHs HGpM&HEHTHDF} namMsaTH,
NO3BOJIAOMINE YTOUHUTE 3aKOHOMEPHOCTH MON3YYECTH U pelaKcaluuu.

OcHOBHBIE BLIBOEI

Kpyenas nevamp. / Ynusepcumem Kanabpuw/



1. Paspaforana matemaTiyueckas MOAENE ION3YUYECTH U PENAKCALMU PEOHOMHEIX MATEPHATIOB,
YuuThIBaKOWAs (et nepMaHeHTHOMH namsITH.

2. IlpoBeneH cpaBHUTENbHBIH AHATH3 SKCITEPUMEHTANIBHBIX JAHHBIX LJIsl PA3JIHYHBIX MATEPHAJIOB
(acthanbTobeTOH, NONUMepOETOH, METANTHYeCKHE CIINABLI, CTeKIonnacTik, cMona EDT-10, Teepoe

TCILIUBO).

3. BBeneHbl M NpoaHalu3MpoBaHbl TPH KpUTepHs Noao0us KPUBbIX pelakcalti, Jatollue rpejcTaBieHe o
MexaHH3Max aehopMaun.

4, YCTAHOBNEHO BIMSIHHE TEM nepatypsl 1 CKOPOCTH HArpy>KXEeHHA HA AOJIMOBEYHOCTE PEOHOMHBIX
MaTepHanoB.

CTpyKTypa ¥ nojgaya marepuana

ﬂHCCEpTaHHH ABNACTCS BAXKHBIM M aKTyaJIbHBIM HCCIIENOBAHUEM B obnactu pEOHOMHOﬁ MEXaHHKH
matepuanos. OHa NpeaCTaRASsET HAYUHYIO HOBU3HY, BHIMOIHEHA HA BEICOKOM YPOBHE, A TTpelIosKeHHas
MOACIIE HMCCT KaK TEOPETHUYECKYHO, TAK K MpakKTHYECKYH UEHHOCTE. HMCCEpTaHH.ﬂ COOTBETCTBYET
TpeﬁDBaHHHM, NpeaBABIAEMbBIM K HAYYHBIM HCCIIENOBAHHAM, U PEKOMEHOYETCS K 3allIUTE HA COUCKAHMKE
crerein PhD (nokTop dunocoduu) no cneunansroctu 6D060300-Mexannka.
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Kpyenas newams: / Ynusepcumem Kanabpuw/
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