AHHOTanMs HUKJIA padoT «Cmiiassl ¢ 3pPexToM namaT Gopmbl Kak
MAaTepHUAaJIbl 15l JINHEHHBIX PUBOI0B)

[{ux paboT OCHOBaH Ha pe3y/abTarax HaydyHO-HCClIeoBaTelbckoi padboTel A.B. Cubupesa u
COaBTOPOB 3a TMOCIEAHHUE O JeT U SBISETCS YaCTHMYHO MPOJOHKEHHUEM JIHUCCEPTAllMOHHOTO
uccienoBanust A.B. Cubupena, BemonasBiierocs ¢ 2011 mo 2014 rr Ha temy “HeobOparumas
nedopmariust mpyu MHOTOKpaTHOM peanu3aruu dddexra mamsata Gopmsl B crtaBe TiNi”. PaboThl
BHECIM 3HAYUTENbHBIM BKJIAaJ B MEXaHMKY (QYHKIMOHAJIbHBIX MaTepuajoB U (U3NYECKOe
MarepuaanoBefenue. Ilpm  srom A.B. CubupeB  BBINOTHWI  OCHOBHYIO  4acTh
SKCIIEPUMEHTANBHBIX PaboT, BBHIMOJIHUI OOpaOOTKY MOJYyYEHHBIX NAaHHBIX W TMPOBEN aHaIU3
pesyabraroB. LUk oTnmyaercs akTyajdbHOCTbIO B IIOCTAHOBKE pEIIaeMbIX 3ajlad, a TaKxke
OPUTHHAJILHOCTHIO Pa3pabOTaHHBIX METOAOB U MOAXOIOB.

CmaBel ¢ 3ddexrom mamsata Gopmer (COIID) obmamaroT yHMKAIBHOW CIIOCOOHOCTHIO
BOCCTaHaBIIMBaTh HEYNpyryio nedopManuio Mpu HarpeBe. biaromapst 3ToMy OHM HallUd
HIMPOKOE TMPUMEHEHHE B a’pOKOCMUYECKOW OTpacid, MeIWLUUHE U JPYTUX OTPacisx
npombiniuieHHOCTH. Yamie Bcero COII® nmpuMeHsIOTCS B KauyecTBE marepuaia padodero tena
JUHEHHBIX TPUBOJIOB, MAapPTEHCUTHBIX JBUTATENEH, PEKyleparopoB TEIIOBOW SHEPruu WU
OPYTUX YCTPOMCTB MHOTOKPAaTHOTO JAEMCTBHS NPeoOpasyrolMX TEIJIOBYI0 SHEPrui0 B
MEeXaHUYeCKyl0 paboTy. B wyacTHOCTM NEpCreKTUBHOCTh MPUMEHEHHS CIUIaBOB C MaMSTHIO
dbopMBbI 17151 CO3AaHMS PEKYIIEPaTOPOB TEIIOBOI SHEPTUHU MOTYEPKUBAECTCA UHTEPECOM KPYITHBIX
MEXKIYHAPOIHBIX KOpIOpaluid, TaK CO3JaHUEM pEKymneparopoB Temia Ha ocHoBe COIID
3anumaercs kouiepH General Motors (https://www.fastcompany.com/1538926/gms-working-
humanoid-robots-and-shape-memory-alloy-generators).

OpnHako, HE CMOTpPS HA CBOM JOCTOMHCTBAa BCE ycTpoiicTBa Ha ocHOoBe COIID obmamaror
3HAYUTEJIbHBIM  HEJOCTAaTKOM —  HECTA0WJIBHOCTBIO  CBOMCTB  IMPU  MHOTOKPaTHOM
TepMOLMKIUpOBaHUH. [loaTOMy A1 co3maHus BEICOKOA(P(PEKTUBHBIX YCTPOHCTB MHOTOKPATHOTO
JIEHCTBUSI U3 CIUIABOB C MaMAThIO (hOpMBI HEOOXOMMMO pa3pabdaThiBaTh HAYYHO-OOOCHOBAHHBIC
CrocoObl MOJABICHHUsS] HECTAaOWIBHOCTH TPU COXPAHEHUWU BBICOKMX 3HAYEHUH o0OpaTuMoi
nedopmaruu U padorocrnocooHoCcTH. JlanHbIM BompocoM CubupeB A.B. 3aHMMAancs ¢ MOMEHTa
MOCTYIUICHUs B actiupanTypy ¢ 2011 roga, u B paMkax QUCCEPTAlMOHHON pabOTHI MOKa3aj, YTo
omHUM U3 OS()PEKTUBHBIX METOMOB TMOBBIIMICHUS CTaOUIBHOCTH cBolcTB  COIID  »sT0
Monudukanus pabovyero MMHUKIa YCTPOUCTBA, TaKUM oOpa3zom, uyToObl padouee Teno uz COIID
WCIIBITBIBAJIO HETOJHBIE MapTeHCHTHBIC TpeBpamenus. B 2014 roxy Obutm omyOnwKoBaHBI 2
pabotsl mo 3TUM pesynbraram. [locne 3anmuTel quccepranuu CubupeB A.B. npomomkun padoty
B CIIOT'Y. Emé B pamkax AuccepTallMOHHOTO MCCIICOBaHUS OBIJIO YCTAHOBJICHO, YTO OOJBIIIYIO
poib B M3MEHEHHE CBOMCTB BO BpeMsa TepMouukiaupoBanus COIID wurparor mnpoueccsl
pa3ynpoyHeHHus, MpOTEeKaloule BO BpeMsi OOparTHOr0 MapTEHCUTHOTO IpeBpallleHUsl.
DKCIepUMEHTANIbHBIE HCCIIEI0BAaHUSI OCOOCHHOCTEH MPOTEKaHUs MPOLIECCOB PAa3yNpPOYHEHHUS B
crutase  TINI Obte  omyOnukoBansl B 2016 romy. B nambheiimmem ObLIO  BBICKa3aHO
MPEINONI0KEHHE O 3aBUCMMOCTH MHTEHCHUBHOCTH IMPOLIECCOB Pa3yMpPOYHEHUS] OT TEMIIEPATypHI.
[TooToMy B TeyeHHE CIEAYIOIIEr0 Troia ObUIO MCCIEAOBAHO BIMSHHE MPOMEKYTOUHBIX
U30TEPMHUYECCKHUX BBIJICPIKEK Ha M3MEHEeHHe CBOMCTB ciutaBa TINi. B 310 ke Bpemst Ha OCHOBE
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CTPYKTYpHO-aHAJIMTUUECKOW TEOpHH, pa3BUBaeMoil B yaboparopuu I[Ipodynoctu marepuanos,
ObuT pa3paboTaH MPOrpaMMHBIM MOAYIb pacuéra mMexaHuueckoro noserenus COIID c yuérom
TEPMOAKTUBUPYEMOIO Pa3ylpPOYHECHHUS.

B pamkax corpymamuectBa ¢ ®TU um. A.®. Modde Obuto mMpoBEIEHO HCCIEIOBaHUE
coiictB crutaBa NiFeGa, koTopelii MMeeT BecOMbIe TPENNOCHUIKM MOTeCHUTH cruiaB TINI Ha
pPBIHKE JUHEWHBIX IMPHUBOIOB. BBUIM H3rOTOBIEHBI M HCCIIEAOBAaHBI MOHOKPHCTAJUIBI CIUIaBa
NissFei;sGay;. [Ipy ucnblTaHUAX HA PACTSKEHHS] MOHOKPHUCTAJUIbI MMOKA3aJd BBICOKUE 3HAYCHUS
oOpatuMoil nedopMalid TP HE3HAYUTENBHBIX 3HAYCHUSAX HAKOIUIGHHOW HEoOpaTuMoi
nepopmarnuu. PazBuBas mexxayHapogHoe coTpynHudectBo mexnay CIIOIY m UTA HAH
Benapycu, B 2018 romy mpoBenu uccienoBaHus peanu3anud dPQPEeKToB mamsaTH (OpMBI B
OMMETAINTNYECKUX TUIACTUHAX C MOMOIIbI0 KPAaTKOBPEMEHHBIX YIIBTPAa3BYKOBBIX MMITYIBCOB. B
paMkax paboThl MOKa3aHa BO3MOXHOCTh peanu3auud 3¢p¢dexra maMsatd (GOopMbl € MOMOIIBIO
YIBTPa3BYKOBOIO reHeparopa 0e3 MCIOIb30BaHUS TPAJUIIMOHHOIO HAarpeBa, YTO 3HAYUTEIBHO
pacuupsier o0acTh MPUMEHEHUs: ycTpoicTB Ha ocHoBe COIID. B ToMm ke roay NmpoBeAeHO
WCCIICZIOBAHHKE 110 BIMSIHUIO HU3KOTEMIIEPATypPHBIX BBIZICPIKEK Ha cBoiicTBa cruiaBa TINI.

The series of works is based on the results of the research work of A.V. Sibirev and co-
authors over the last 5 years and is partly a continuation of the A.V. Sibirev dissertation research,
carried out from 2011 to 2014 on the topic “Irreversible strain during repeated realization of the
shape memory effect in the TiNi alloy”. The work made a significant contribution to the
mechanics of functional materials and physical material science. A.V. Sibirev completed the
bulk of the experimental work, performed the processing of the obtained data, and conducted an
analysis of the results. The series is of relevance in the formulation of the tasks, as well as the
originality of the developed methods and approaches.

Shape memory alloys (SMASs) have the unique ability to recover inelastic deformation upon
heating. Thanks to this, they are widely used in the aerospace industry, medicine and other
industries. Most often, SMAs are used as the material of working body of linear drives,
martensitic drives, heat energy recuperators, or other multiple-action devices that convert
thermal energy into mechanical work. In particular, the prospect of using shape memory alloys
for designing heat energy recuperators is emphasized by the interest of large international
corporations, e.g. the General Motors concern is engaged in the designing of heat energy
recuperators based on SMAs (https://www.fastcompany.com/1538926/gms-working-humanoid-
robots -and-shape-memory-alloy-generators).

However, in spite of its advantages, all devices based on SMAs have a significant drawback - the
instability of properties during repeated thermal cycling. Therefore, to create highly efficient
devices of multiple action from SMAs, it is necessary to develop scientifically-based methods of
suppressing instability while maintaining high values of reversible strain and best performance.
This problem was studied by Sibirev A.V. with colleagues since graduate school in 2011, and as
part of PhD study, it was shown that one of the effective methods for increasing the stability of
the properties of SMAs is to modify the working cycle of the device so that the working body
from SMAs realizes incomplete martensitic transformations. In 2014, 2 papers on these results
were published. After defending a thesis, Sibirev A.V. continued to work at St. Petersburg State



University. As part of the dissertation research, it was found that the softening processes that
occur during the reverse martensitic transformation play a large role in the change in properties
during thermocycling of SMAs. Experimental studies of the characteristics of the softening
processes in the TiNi alloy were published in 2016. In the future, it was suggested that the
intensity of the softening processes depends on temperature. Therefore, over the next year, the
effect of intermediate isothermal holdings on the variation in the properties of the TiNi alloy was
studied. At the same time, on the basis of the structural-analytical theory developed in the
Laboratory of Strength of Materials, a software module, that could take into account thermally
activated softening, was developed for calculating the mechanical behavior of SMAs,.

In the framework of cooperation with the loffe Institute Sibirev conducted a study of the
properties of the NiFeGa alloy, which has significant chances to take the TiNi alloy share in the
linear drive materials market. Single crystals of the NissFe;gGay; alloy were grown and
investigated. In tensile tests, single crystals showed high values of reversible strain and
negligible values of accumulated irreversible strain. Developing international cooperation
between St. Petersburg State University and the ITA of the Belarussia National Academy of
Sciences, in 2018, Sibirev studied the realization of shape memory effects in bimetallic plates by
short-term ultrasonic pulses. As part of the work, the possibility of realizing the shape memory
effect using an ultrasonic generator without the use of traditional heating was shown, which
significantly expanded the field of application of devices based on SMAs. Later the same year, a
study was conducted on the effect of low-temperature holdings on the properties of the TiNi
alloy.



