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AHHOTAIMSA

B nunnomuoii pabote 43 crpanuibl, 22 pucyHka, S Tabmnuil, 13 HCTOYHHUKOB.

Kmouessie cnopa: CITJIABBI C ITAMSTBIO ®OPMBI, UUCTHIN N3T' VB
BAJIKU, MAPTEHCUT, AYCTEHHAT.

CmnaBel ¢ mamsaTeio ¢popmbl (CIID) — 370 yHUKaNTbHBIE MaTepuaibl, CIOCOOHBIE
BO3BpalIaThCS K CBOEH MepBOHAaYaIbHON (hOopMe MocIie 3HAYUTENbHBIX AehopMaliuii
npu u3MeHeHuu TemnepaTypsl. Mexanusm nedopmanuu CIID obycnosieH
(ha30BBIMU MEPEXO0IAMH MEXKY UX Pa3IMYHBIMU KPUCTAJUIMYECKUMU CTPYKTYpPaMH,
a UMEHHO ayCTEHHUTOM U MapTeHCUTOM. B BbICOKOTEMIEpaTypHOU ayCTEHUTHOU
(aze marepuasn 1eMOHCTPUPYET IUNIACTUYHOCTD U MOAAAETCS JIETKOH AedopMalyH.
OpHako mNpu OXJIAKICHUU WU TpPU TNPUIIOKEHUHM MEXAHUYECKOW Harpys3ku
MaTepHall MOXKET MEePEXOJIUTh B MAPTEHCUTHYIO (ha3y (HU3KOTEMIIEPATYPHYIO), YTO
COIIPOBOX/IAETCSL U3BMEHEHUEM €T0 (POPMBI.

UucTeiii u3rud OaJKu — 3TO COCTOSIHUE OajKu, MPU KOTOPOM OHA IOJBEpraeTcs
U3ru0arIIMM MOMEHTaM 0€3 JeHCTBUSI TIOTIEPEUHBIX CHIT (CIBUTOBBIX HAIPY30K).

Lens paboTbl — pa3paboTKa aHATUTHYECKOTO MOJXO0Ja K HCCIEAOBAHHIO U3rnda
KOHCOJIbHOM OaJIKM ¢ MaMsAThI0 (DOPMBI NMPU MPHIIOKEHUU HArpy3KH, OCHOBAaHHBIH
Ha TPEINOJIOKEHUH O JIMHEWHOM pacrnpeielieHud AedopMalvi IO BBICOTE
MOTIEPEYHOTr0 CeUeHUs OaKH.

Metoapl peann3anu — AHAUIMTAYECKHE METOIbl JJI1 BBIBOJA OIPEACIISIONINX
YPAaBHEHUNW MW WX PEIICHUM, a TaKKE€ CPABHCHUE TIOJYYECHHBIX JAHHBIX C
AKCIEPUMEHTAIIbHBIMH.

B pesynbprare ObUTM paccCMOTpPEHBI U OMHUCAHBI (PU3MYECKHME U MEXAHUYECKHE
CBOICTBA MaTepHaJioB ¢ MaMAThI0O (OpMBI, pa3paboTaHbl H  PEIICHBI
muddepennmanbabie  ypaBHeHUs s usrnba Oanku w3 CII®D, BeIMOTHEHBI
YHCIICHHBIE PacYeThl, MOATBEPKIAIONINE aJCKBATHOCTH MPEIIOKEHHOW MOJIETH.
[Tony4yeHHbIe pe3yabTaThl MO3BOJISIOT MPOTHO3UPOBATH MoBeneHue 6anok 3 CI1D
oA  Pa3IUYHBIMA  HArpy3KamMd, UYTO MOXET OBITh HCIOJB30BAaHO IMPHU
MPOCKTHUPOBAHUH KOHCTPYKITUN C UCIIOJIb30BAHUEM TaKUX MaTEPHUAJIOB.

PaGoTa MOXeET HMCHONB30BaThCS B WHKEHEPHOW MPAKTUKE /I Pa3padOTKH |
ONITUMM3AIUHN DJIIEMEHTOB C MaMsIThi0 ()OPMBI B PA3TUIHBIX 00IACTSIX.

JuninomHasi paboTa BBIIOJHEHA AaBTOPOM CAMOCTOSATEIBHO.



AHaTanbIif
VY npiutomMHai padorie 43 cTapoHki, 22 MamoHKka, S Ta0uin, 13 KpbIHIIL.
Kmrouassis cnoBsl: CINTABBI 3 ITAMALIIO ®OPMBI, UBICTHI 3I'Tb BAJIKI,
MAPTDHCIT, AYCTHIT.

Cmasel 3 namsnito ¢opmel (CIID) — raTa YHIKAIBHBIS MATAPBISIIBI, 310JIbHBIS
BspTAalllla Aa cBaéd mepiuanayaTkoBaid GopMbI macisi 3HaYHBIX A3(papMaliblid Mpsl
3MsiHEHH1 Tammepatypbl. Mexanizm mddapmansii CIIO abymoynens! (azaBbimi
nepaxojami MHamMiK 1X PO3HBIMI KpPBIIUTATIYHBIMI CTPYKTypami, a MeEHaBiTa
ayCTIHITAM 1 MapTIHCITOM. Y BBICOKaTAIMIIEpaTypHall ayCTIHITHAH (daze MaTIphIsii
JIPMaHCTpye TIUIacThlUHACLb 1 Najaaenia Jnérkaid maddapmaibll. AJHAK TP
acTyJK?HHI abo0 TMpbl NPBIKJIAJAHHI MEXaHIYHail Harpy3ki MaTdpbisul MOXa
nepaxoa3ilb y MapTIHCITHYIO a3y (HI3KaTaIMIepaTypHylo), IITO CympaBaKaelia
3MeHail sIro GopmBbl.

UsicThl 3110 Oanbki — rata cTaH OajibKi, MPHI SKIM sHA MaABspraeia 3ridajabHbIM
MOMaHTaM 0€3 JA3esIHHS MaNspOYHBIX CUT (3pyXaBbIX Harpy3ak).

MbTa mpambl — pacrparoyka aHaliThlyHara MajbslXxoqy Ja JacielaBaHHs 3ri0y
KaHCOJIbHAM OaJIbK1 3 TaMAII0 (GOPMBI TIPBI MPHIKIIAIaHH] HATPY3Ki, 3aCHABaHBI HA
JAIyIIYdHH] a0 JIIHEWHBIM pa3MepKaBaHHI A3dapMalibli 1a BBINIBIHI MarsipoyHara
CSTUPHHS OAJbKI.

Metonpl pranizalbli — AHATITHIYHBIA METAAbl JUIsl BBIBS3€HHS BbI3HAYAIBHBIX
ypayYHEHHSAY 1 1X paldHHAY, a Takcama IlapayHaHHE aTpbIMaHbIX JdaHBIX 3
IKCTIEPHIMEHTATHHBIMI.

VY BbIHIKY OBLII pas3riie/kaHbl 1 amicaHbl (DI31YHBIS 1 MEXaHIUHBIS YIacIiBaciii
MaTdIphIsIaY 3 TaMsALIio GOPMBI, pacrpaliaBaHbl 1 BIpaaHbl JbIQEPIHIBIITBHBIA
Vpayuenni miua 3ri0y Oampki 3 CII®, BbIKaHaHBI JTIKaBBIA pPa3iiki, SKisg
ManBsAP/DKAIOIG  aJPKBATHACIIL IIpalaHaBaHalh Mamdjl. ATpbIMaHBIA BBIHIKI
JIa3BaJIAIONb MparHazaBalls naBoa3iHbl 0anskoy 3 CIID maj po3HbIMI Harpy3kami,
IIITO MO>Ka OBIIb BEIKAPHICTAHA TIPHI MPACKTaBaHH1 KAHCTPYKIIBINA 3 BEIKAPHICTAHHEM
TaKiX MaTIphIsIAY.

[Ipama mMoa BBIKAPBICTOYBAIA ¥ IHXKBIHEPHAW MPAKTHIIBI JUIsl PacIparoyki i
anTBIMI3aIlbll 3JIEMEHTAY 3 TaMAIIIO (GOPMBI ¥ PO3HBIX TaliHAX.
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Shape memory alloys (SMASs) are unique materials capable of returning to their
original shape after significant deformations when the temperature changes. The
deformation mechanism of SMAs is governed by phase transitions between their
different crystal structures, namely austenite and martensite. In the high-temperature
austenitic phase, the material exhibits plasticity and can be easily deformed.
However, upon cooling or under mechanical loading, the material can transform into
the martensitic phase (low temperature), which is accompanied by a change in shape.

Pure bending of a beam is a state in which the beam is subjected to bending moments
without the action of transverse forces (shear loads).

The goal of the work is to develop an analytical approach to investigate the bending
of a cantilever beam made of shape memory alloy under loading, based on the
assumption of a linear distribution of deformation along the height of the beam's
cross-section.

Implementation methods include analytical methods for deriving the governing
equations and their solutions, as well as comparing the obtained data with
experimental results.

As a result, the physical and mechanical properties of shape memory materials were
reviewed and described, differential equations for the bending of a beam made of
SMA were developed and solved, and numerical calculations were performed,
confirming the validity of the proposed model. The results obtained allow predicting
the behavior of SMA beams under various loads, which can be used in the design of
structures utilizing such materials.

The work can be used in engineering practice for the development and optimization
of shape memory elements in various fields.



