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Y[IK 629.78

Peanusaunsa gnutenbHbIX peXXUMOB Yr10BOro ABUXeHUs
KOCMMUYyeCcKoro annaparta ¢ HU3KUM ypoBHEM
KBa3UCTaTUYECKUX MMKpoyCKOPEHMﬁ

WrHaToB Anekcanap MeaHosuu"” ignatov@bmstu.ru

SPIN-kop: 8017-4452

MITY um. H.3. baymaHa, Mockea, Poccus

AHHoTanus. VccnenoBaHbl pesKHMMBI YTIIOBOTO IBIH)KEHHS KOCMUYECKOTO arapara, npeaHa-
3HAYEHHOTO JIS TIPOBEJICHHSI HAYYHbIX MCCIIEIOBAaHUI B 00JIACTH MUKPOTPaBUTALIMU HA OKO-
JI03eMHOI OpOHTE B TEUCHHUE JUTUTENILHBIX MHTEPBAJIOB BpeMEHH. PaccMOTpeHo /iBa pexuMa:
PEeXHUM OpOUTAIBEHON OpHEHTAIMH, OJM3KOH K IpaBUTAIIMOHHO YCTOWYMBOM, U PEKHM COJI-
HEYHOW OpHEHTAIlMM KOCMHMYECKOro ammapara. [1odydeHbl 3aKOHbBI yHpaBieHHsS KHHETHYC-
CKUM MOMEHTOM T'MPOCKOIMYECKUX OPraHOB YIPABIEHHUS, O3BOJIONINE PEATU30BATh COOT-
BETCTBYIOIINE PEXHUMBI HA HEOTPAaHUIEHHOM MHTEpBaJIe BpeMeHH. J[JIsl KaXk/10ro U3 peKMMOB
MPUBEACHBI YHCIICHHBIEC OLICHKN YPOBHS KBAa3HUCTATHUECKUX MHUKPOYCKOPEHHUI Ha OOpPTy KOC-
MHYECKOTO armapara.

KiroueBble c10Ba: KOCMUUECKHH ammapar, opOUTaIbHasi OPUEHTAIHs, COTHEYHAs! OPHEHTa-
L(1s1, KBa3UCTaTUUECKUE MUKPOYCKOPEHHUS
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Implementation of long-term angular motion modes
of a spacecraft with a low level
of quasi-static microaccelerations

Ignatov Aleksandr Ivanovich® ignatov@bmstu.ru
SPIN-code: 8017-4452

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The modes of angular motion of a spacecraft designed for long-term research in
near-Earth orbit under microgravity conditions are investigated. Two modes are considered: a
nearly gravitationally stable orbital orientation and a solar orientation mode. Laws for control-
ling the angular momentum of gyroscopic controls are derived, enabling the implementation
of these modes over an unlimited time interval. Numerical estimates of the quasi-static mi-
croaccelerations onboard the spacecraft are provided for each mode.

Keywords: spacecraft, orbital orientation, solar orientation, quasi-static microaccelerations

Beenenue. [l MHOTMX TEXHOJOTHYECKUX M OHOJOIMYECKHUX 3KCIIEPUMEHTOB,
MPOBOJMMBIX Ha OKOJIO3EMHOH OpOWTE, KIFOUEBYIO POJIb UTPAET YPOBEHb KBa3u-
CTaTUYECKUX (HU3KOYACTOTHBIX) MUKPOYCKOPEHHI Ha OOPTY KOCMHUYECKOIO amra-
pata (KA). Huskuii ypoBeHb MUKpOycKkoperuid Ha 0opTy KA Tpebyercs moamep-
’KMBaTh Ha MPOTSHKEHUH JUTUTEIBHBIX HHTEPBAIIOB BpeMEHH (OT HECKOJBKUX JIHEH
JI0 HECKOJIBKMX HEJENb), M MIPH 3TOM €lle KeJaTelIbHO 00ECIeYnTh MpUEeMIICMBbIi
SHEProcheM C MaHened CoMHeuHbIX OaTapei, ycraHoBineHHbIXx Ha KA. B cBsizu
C THM CaMbIMH OJaroNpHUATHBIMH PEKUMaMH YrioBoro aBmxeHus KA, ¢ Touku
3peHuUs IPOBENICHHUS SKCIIEPUMEHTOB, SIBJISIFOTCS OpOUTANIbHASI M COJIHEUHAs] OpHUEH-
tauuu [1-3].

MeTtoabsl U MaTepHaJbl; Pe3yJabTaThl. YNpaBleHHE YITOBBIM JIBHOKEHHEM
KA ocymecTBisieTcsi ¢ MOMOIIBI0 THPOCKOITMYECKUX OPraHOB yIpaBiieHus (TUpPO-
cucteMa) [4], OCHOBHBIM HEIOCTATKOM KOTOPBIX NMPH MPOBEACHUHU SKCIIEPUMEHTOB
Ha 60pTy KA MOXHO cunTaTth HEOOXOANMOCTH MEPUOJUUECKOIO MPOBEACHUS pas-
IPy30K HAKaIIMBAEMOTO KUHETHYECKOTO MOMEHTa, YTO MOXKET OrpaHUuYMBaTh
BpeMsi HeBO3MYyLIeHHOro JBMkeHus KA, T. e. ¢akTuuecku orpaHu4MBaTh BpeMs
MPOBEJICHHUS YKCIIEPUMEHTOB. B TaHHO# paboTe OMHUCHIBACTCSI MOCTPOCHUE 3aKOHOB
yIpaBJIeHHsI COOCTBEHHBIM KHHETHUYECKHM MOMEHTOB THPOCHCTEMBI, TO3BOJISIO-
KX M30eraTth €ro HaKOIUIEHHUs] B PAcCMAaTPUBAEMBIX PEXHMMax IBIDKECHHS Ha He-
OTPaHWYEHHBIX WHTEpPBaJaxX BpeMeHHU [5—7]. DTO OCyIIECTBISIETCS IMyTEeM MaJlbIX
MOCIIeI0BAaTENbHBIX IBMKEHHH Kopiyca KA OTHOCHTENIBHO LEHTpa Macc, YTo MO03-
BOJISIET 32 CYET JICHCTBUS BHEIIHETO IPaBUTAIMOHHOIO MOMEHTa M30erarh 3arpys-
K1 rupocucTeMsbl. [lokazaHo, 4To Takue JBIKECHHS KOPITyca He BIUSIOT Ha OOLIUit
YpOBEHb MHKpOycKopenuii Ha 6opty KA (<107 m/c?), npuemyieMbIii 11 mpoBeie-
HUSI Pa3IMYHBIX DKCTIEPUMEHTOB. J[JIsi MOATBEPKIICHHS MOMYYCHHBIX PE3yJbTaTOB
MPOBEJICHO YMCIICHHOE MOJICIIMPOBAHNE YPaBHEHHUI JABMKEHHUS LIEHTPA Macc U OT-
HOCHUTENBbHO LeHTpa Macc KA ¢ y4eToM BIMSHUS HELEHTPaIbHOCTH I'PaBUTALIOH-
HOTO I0JIs1 3eMJIU U aTMOC(EpBI.
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3akmaouenne. [locTpoeHbl 3aKOHBI YIIpaBIIEHUS! COOCTBEHHBIM KHHETHYECKUM
MOMEHTOM THUPOCKONMYECKUX OpPraHOB YIPABJICHHUS, MO3BOJIAIOLIME pPEaTn30BaTh
PEXKUMBI OPOUTAIILHON M COJTHEYHOM OpUEHTAIMN KOCMHYECKOTO amnmapara Ha He-
OrpaHUYEHHOM WHTEpBasie BpeMeHHU. [lojlydeHbl YMCIeHHbIE OIIEHKH YPOBHS KBa-
3MCTAaTUYECKUX MUKPOYCKOPEHHUI Ha OOPTY KOCMUYECKOTO aIapara Juisi KaxaoTro
U3 PACCMOTPEHHBIX PeXUMOB. [IpoBeIeHO YMCIEHHOE MOJEINPOBAHUE YPABHEHUI
newkenus KA, moaTBepauBIiee moTyIeHHBIE Pe3yIbTaThI.
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MenkymoBa Enena Bagumosna®"”
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AnHoTanust. [y pemenus 3a1auu CriaceHusi HHCEKTOMOP(HOToro podora u3 aBapuiHOro
TIOJIOKCHUA «HAB3HWYb)» MPUMCHCH OpPIFPIHaJ'[BHBIﬁ METO/J] TTOMUCKa ONTUMAJIBHOT'O YyIIpaBJic-
HUSl aMIUTUTYI0¥ KosieOaHWid BOJIM3HM TTOJIOKEHUSI pAaBHOBECHUS JUISl CKJIIEPOHOMHOM MeXaHH-
YECKOH CHCTEMBI C Ae(HIUTOM YIPABICHUS MO OJHOHM KOJeOaTeIbHOH CTEleHn CBOOOJIBI.
VYipasieHne OcCymecTBISETCS IyTeM H3MEHEHUs IOJOKEHUsI CHEeUHalbHO T0100paHHOM
TPYNITEI HOT OTHOCHTEIIBHO Kopiryca po0oTa. DdQeKkTHBHOCTh pa3paboTaHHOTO ajlropuTMa
YIIpaBJICHUS] TOATBEPXKIAeTCs pe3yabTaTaMi KOMIBIOTEPHOTO MOJICIMPOBAHUS TTOJTHON IH-
HaMHUKH poOoTa.

KioueBble c1oBa: MexaHmdeckasi CUCTEMa, KOJIeOaH!s, aMIUTNTY1a, YIIPaBIeHHE, OIITHMH-
3aITis, TPEHUE

Application of the optimal swing method to the removal
of an insectomorphic robot from the supine position

Golubev Yuri Filippovich™? golubev@keldysh.ru
SPIN-code: 1837-4908
Koryanov Viktor Vladimirovich' korianov@keldysh.ru
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Melkumova Elena Vadimovna®” elena.melkumova@math.msu.ru
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" Keldysh Institute of Applied Mathematics of the RAS, Moscow, Russia
? Lomonosov MSU, Moscow, Russia

Abstract. To solve the problem of rescuing an insectomorphic robot from an emergency “up-
sidedown” position, an original method was used to find optimal control of the oscillation
amplitude in the vicinity of the equilibrium position for a scleronomic mechanical system
with an underactuated one oscillatory degree of freedom. The control is realized by changing
relative to the body of the robot the position of a specially selected group of legs. The effec-
tiveness of the developed control algorithm is confirmed by the results of computer simula-
tion of the full dynamics of the robot.

Keywords: mechanical system, oscillations, amplitude, control, optimization, friction



MexxOyHapodHaa Hay4Has KoHpepeHyus «PyHOaMEeHMA/IbHbIE U NPUK/IaOHbIe 3a0a4uU MEeXaHUKU» 13

Beenenue. /Iy maratomero po60oTa, MMEIOIIETro XKECTKUI KOPIyC ¢ MPUKPEIUICH-
HBIMH K HEMY HOTaMH, aBapuiiHas MO3UIMS «HAB3HUYb» Ha TOPU3OHTAIBHOMN IIJI0C-
KOCTH MOJKET OKa3aThCsl TPYJIHO MPEOAOIMMON M3-3a HEBO3MOXKHOCTH HAlTH MOJI-
XOJIAIIYI0 OTIOpY Uit HOT [1].

MeToa onTHMAIBHOr0 pacKayuBaHus Kojedanui. B pabore [2] Obuta uc-
ClIeZIOBaHa 3a/aya O CHaceHUH po0OTa M3 YKA3aHHOTO aBapUIIHOTO IOJIOXKEHHS
C TMOMOIIIIO COTJIACOBAHHOTO KOJEe0ATEeNbHOrO ABMXKEHHS! TPYMIbI HOT, HaXOJs-
HIMXCA C OJHOHM ero ctopoHsl. [Ipu 3ToM KonebarenabHOE ABMKEHUE HOT OBLIO KY-
COYHO-JTMHEHHBIM, COAEPIKAIIUM JIMHEWHBIE TIePEeXOHBIE YIaCTKH MEXAY IOCTO-
SHHBIMM MUHUMAaJIBHBIM U MaKCHUMAJIbHBIM JIOMyCTHUMBIMH 3HAuU€HUSIMH YIJIOB
MEXIy HOTaMH M KOPILyCOM. YKa3aHHOE KoyiebaTesIbHOe ABMKEHHE HOT' HE ObUIO
ONTUMAaJILHBIM, HO NPHBOJMIO K BHIHYKACHHBIM KOJIEOaHUSM KOpITyca ¢ HapacTa-
IOLIel aMIUIUTY0W, YTO B KOHEYHOM HMTOre oOecrnedyMBajio MEepeBOPOT KopIryca
poboTa B IpaBIIIEHOE paboUee MOJI0KCHHE.

3akarouenne. B ominane ot npunnuna makcumyma JI.C.IlonTpsiruna nprume-
HEHHBIE YCIIOBHSI ONTHUMAJIBHOCTU HE COJEPKAT CONPSIKEHHBIX MEPEMEHHBIX. JTO
o0Jeryaer MCMoJIb30BaHUE YKa3aHHBIX YCIIOBHUIl JJI1 pacCMOTPEHHOTO Kjacca 3a-
nad. Onu 3¢ exTUBHBI Kak AJ1s 3a[a4 pacKauuBaHUsL, TaK U JJIs1 33/1a4 YCIIOKOCHHSI
KoJjebanmii. Pemenne momydaeTcst B BUJE CUHTE3a YIIPaBJICHHS 110 (a30BEIM KOOP-
nuHataM. Hanmudue TpeHus He BIMSET Ha MPaBHIO BHIOOPA ONTUMAIBHOTO YIpPaB-
nenus. TpeHue BIUSAET UL Ha Pe3yJIbTaT MPUMEHEHHUS 3TOTO MPABUIIA B KaXI0M
KOHKPETHOM CIIyd4ae.
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AHanu3 ABMXEHUSA KonebaTeNbHbIX CUCTEM C ABYMS
M YeTbIpbMS CTENEHAMU CBO6OADI

opuHuoB Nles feHucosuy'” odintsovld@student.bmstu.ru
WrHaTtos AnekcaHpap MiBaHoBuy ignatov@bmstu.ru

SPIN-kopa: 8017-4452
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MITY um. H.3. baymaHa, Mockea, Poccus

AnHoTtamms. VccnenoBaHo moBeieHHE CBOOOHBIX KOJICOATEIBHBIX CUCTEM C JBYMS H Y-
TBIPHMS CTETICHSIMU CBOOOJIBI, TOMYCKAIOIIUX KaK MaJble KOJICOaHNs, TaK U HEJIMHCHHBIC KO-
nebaHus (TOIBKO CHCTEMA C IByMs CTETICHSAMHU CBOOOJBI), aHAIN3 JBIDKCHUS KOTOPBIX OCHO-
BaH Ha WCCICIOBAHWY aHAIUTHYCCKUX BBIPAKCHUN TMONYYCHHBIX C IOMOIINBIO YPaBHCHHIN
Jlarpamka Broporo poaa. [IpeacTaBneHsI pe3yabTaThl YHCICHHOTO MOJCITHPOBAHUS YpaBHE-
HUI ABKeHNs yka3aHHbIX cucteM B MATLAB Simulink.

KioueBblie ciioBa: cBoOOIHBIC Maible KONEOAHWS, HEIWHEHHBIC KONEOAaHWS, YpaBHCHHUS
Jlarpanxa BTOpOro poaa

Analysis of the motion of oscillatory systems with two
and four degrees of freedom

odintsov Lev Denisovich® odintsovld@student.bmstu.ru

Ignatov Aleksandr Ivanovich ignatov@bmstu.ru
SPIN-code: 8017-4452

Dyachenko Mariya Ilyinichna s_masyanya@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This paper examines the behavior of free oscillatory systems with 2 and 4 degrees
of freedom, allowing for both small oscillations and nonlinear oscillations (only for systems
with 2 degrees of freedom). Their motion analysis is based on the study of analytical expres-
sions obtained using Lagrange's equations of the second kind. Results from numerical simula-
tion of the equations of motion for these systems in MatLab Simulink are presented.

Keywords: free small oscillations, nonlinear oscillations, Lagrange equations of the second
kind
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Y]IK 66.017

ABTOMaTU3UPOBAHHbIN aHANU3 pacnpegeneHna aAMamMmeTpos
M HepaBHOMEPHOCTU pacnoyioXXeHUs BOJIOKOH B KOMMNO3UTax
C HenpepbiBHbIM apmMupoBaHuem no CAM-cHMMKam
nonepeyHbixX ce4yeHUm

HakoHeuHblii Erop Unbuy' egornakonecnyj7972@gmail.com
Xoxnos AHppeit Bna,U,VIMVIpOBM'-IZ

Fanbiwes Cepreu Hukonaesuy’

AtaHoB bynart Unblwatosuy’

Opnos Banepwuit UsaHoBUY>

" Mry umeru M.B. JlomoHocosa, Mockea, Poccusi
2 HUW mexaHuku MY umeru M.B. JlomoHocosa, Mockesa, Poccusi
> WOTT um. 0.A. OcunbsiHa PAH, YepHozonoska, Poccus

AnHoTanusi. Pa3paboTaHbl METOMKA M QJITOPUTMBI IJ1s1 00paOOTKK JTaHHBIX CKaHHPYIOIICH
ANIeKTpOHHON MuKpockonuu (COM) moBepXHOCTEH pa3pyIIeHHs] KOMIIO3UTOB C Mapayuieib-
HBIM apMupoBaHueM. Pazpaborannsbiii nporpammubiii komruieke (ITK) obecnieunBaer cOop
MOJHOM CTaTHCTHKY MO PacIpeIeSICHUIO BOJIOKOH 110 JUaMeTpaM U IUIOMIAIAM B MOMEPEUHOM
ceyeHHH o0pa3lia, BBISBICHUE KJIACTEPOB M KOJIMYECTBEHHYIO OIEHKY IUIOTHOCTH paciipejie-
JICHUS BOJIOKOH II0 CEUCHUIO (BapHalyii MIX 0OBEMHOM JI0JIN) U XapaKTEePHCTHK €ro HepaBHO-
mepHoctH. Otpabotka u Bepupukanus IIK mpoBoxmmack Ha Heckosbkux cepusix COM-
CHHMMKOB IIUTU(OB MONIEPEUHBIX CEUYSHHUH YTIICaTIOMUHIEBOM TPOBOJIOKU C MaTpHUIIEH U3 TeX-
HUYECKH YUCTOTO alfoMuHus win ciuiaBa Al-0.5Bi, HempepbIBHO apMHUPOBAaHHOW YTIEPOA-
HBIMH BoslokHaMu. [IpoBonoka nsrotoieHa B UOTT PAH, ee nuamerp — 300 MkM, 06BeM-
Has JIoJIs1 BOJIOKOH MeHsutachk oT 40 1o 60 %. Pazpaborannstii 11K mone3eH kak HHCTPYMEHT
JUTS TEXHUYECKOTO KOHTPOJIS KaYeCTBa B MPOIIECCe IPOU3BOJICTBA KOMIIO3UTHBIX MaTEpHaJIOB
Y TIO3BOJISIET MOJIYYHUTH HIEHHYI0 HH(POPMALUIO JUIsi IOHUMAaHHS CTPOSHHUS U MOJICITMPOBAHHS
MIOBEACHUSI OTHOHAIIPABICHHBIX KOMIIO3UTOB.

KuroueBble cjioBa: OJHOHAITPAaBJICHHBIC KOMITIO3UThI, YIJICAJIFOMUHUECBBIC KOMITIO3UThI, C3M,
pacnpeaciICHUEe TUaMETPOB BOJIOKOH, HEPABHOMEPHOCTL PACIIPCACIICHUA BOJIOKOH IO CE€4e-
HHUIO
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Automated analysis of diameter distribution and uneven fiber
distribution in continuously reinforced composites
based on SEM images of cross sections

Nakonechnyi Egor Ilyich’ egornakonecnyj7972@gmail.com
Khokhlov Andrey Vladimirovich?

Galyshev Sergey Nikolaevich®

Atanov Bulat Ilshatovich®

orlov Valery Ivanovich®

"Lomonosov MSU, Moscow, Russia
? Institute of Mechanics of the Lomonosov MSU, Moscow, Russia
% ISSP RAS, Chernogolovka, Russia

Absract. Methods and algorithms have been developed for processing scanning electron mi-
croscopy (SEM) data of parallel-reinforced composite fracture surfaces. The developed soft-
ware package (SP) provides complete statistics on the distribution of fibers by diameter and
area in the cross section of the sample, identification of clusters, and quantitative assessment
of the density of fiber distribution across the cross section (variations in their volume fraction)
and characteristics of its unevenness. The software package was tested and verified on several
series of SEM images of cross sections of carbon-aluminum wire with a matrix of pure alu-
minum or Al-0.5Bi alloy, continuously reinforced with carbon fibers. The wire was manufac-
tured at the Osipyan Institute of Solid State Physics RAS, its diameter is 300 um, and the vol-
ume fraction of fibers varied from *° to 60 %. The developed software is useful as a tool for
technical quality control in the production of composite materials and provides valuable in-
formation for understanding the structure and modeling the behavior of unidirectional compo-
sites.

Keywords: unidirectional composites, carbon-aluminum composites, SEM, fiber diameter
distribution, uneven fiber distribution across the cross-section
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ApanTUBHbIN pO6GOT NapannesibHOW CTPYKTYpbl A1 IKCNAyaTauum
B MeXTpy6HOM NpocTpaHcTBe

CasinuH Cepreit Hukonaesuy™? sayapin-baum@bmstu.ru
SPIN-kof: 9748-4640

" UMALLI PAH, Mockea, Poccusi
2MITY um. H.3. Baymara, Mockea, Poccus

AnHoTanusi. PaccMoTpeHbl mpo0iemMbl poOOTH3alMK TIPOIECCa MOHMTOPHUHIA M OYHCTKH
TPYJHOJIOCTYITHBIX YYaCTKOB MEXTPYOHOTO NPOCTPAaHCTBA B TEIUIOOOMEHHHKAX «Tpyda
B TpyOe» MeXIy MOrpyXHbIM ITyOMHHBIM CKB2)KHWHHBIM HAcOCOM M 00Ca/HOI KOJIOHHOM,
a TaKkKe MEX[y 3alUTHOW 000JIOYKOM 1 CMOHTHPOBAaHHBIM BaHTOM IPU CTPOUTENIBCTBE BaH-
TOBBIX MOCTOB. IIpe/icTaBieHa HOBasi KOHIIEIIIMS YHUBEPCAILHOTO a/IallTUBHOIO podoTa Ta-
paJIeTbHON CTPYKTYpBI, CIIOCOOHOTO SKCILTyaTHPOBATHCS B MIMPOKOM JHAIa30HE BEIWYNH
3a30pOB MEXTpPYOHOTO mpocTpaHcTBa. [IoKa3aHbl MpeuMyIecTBa Npe/ICTaBIeHHOro podoTa
TI0 CPaBHEHHMIO C M3BECTHBIMU CUCTEMaMH.

KioueBbie cjioBa: MOOWIBHBIE pOOOTHI MApaIENBHON CTPYKTYPHI, BHYTPUTPYOHBIE po0O-
THI, TETNIOOOMEHHUKH «Tpyda B TpyOe», MeXTpyOHOE TIPOCTPAHCTBO

Adaptive robot with parallel structure for use in the inter-tube space

Sayapin Sergey Nikolaevich"? sayapin-baum@bmstu.ru
SPIN-code: 1234-5678

" IMASH RAS, Moscow, Russia

2 Bauman Moscow State Technical University, Moscow, Russia

Abstract. The problems of robotization of the process of monitoring and cleaning of hard-to-
reach sections of the inter-tube space in pipe-within-pipe heat exchangers, between a sub-
mersible downhole pump and a casing string, as well as between a protective shell and
a mounted cable-stayed bridge during the construction of cable-stayed bridges are considered.
A new concept of a universal adaptive robot with a parallel structure is presented, capable of
operating in a wide range of inter-tube space gaps. The advantages of the presented robot in
comparison with the known systems are shown.

Keywords: mobile robots of parallel structure, inter-tube robots, pipe-in-pipe heat exchang-
ers, inter-tube space

Beenenune. B nHacrosmee Bpems H3BECTHO OOJBIIOE KOJIMYECTBO HHXKCHEPHO-
TEXHUYECKUX OOBEKTOB, COJAEPKAIIUX TPYAHOJOCTYITHOE MEXTpyOHOE MpOCTpaH-
CTBO, TpeOyrollee MOHUTOPUHTA U O4UCTKH. [IpuMepamu MeXTpyOHOTrO IpocTpaH-
CTBa SIBIISIOTCSI TaKUE OOBEKTHI KaK TEIUIOOOMEHHHWKH «Tpyba B TpyOe» [1], mmo-
IpY’KHBIE TJIyOWHHBIE CKBaXMHHBIE HAcOCHI [2], MPOCTPAaHCTBO MEXKIY BHEIIHEH
3aIUTHON 0001104Koi M BaHTOM [3] U np. M3-3a IpOTSHKEHHOCTH MEXTPYOHOTO



Me>x0yHapoOHas Hay4Has KoHpepeHyus «PyHOameHmasbHble U NPUKIAOHbIE 300a4U MEXaHUKU» 21

MIPOCTPAHCTBA MPOLECCHl WX OYUCTKM W MOHHUTOPHMHIA SIBISIOTCS CIOMHBIMHU
U TPYJOCMKHMH ONEpalUsIMH, TPeOYIOIIMMHU aBTOMAaTH3alul U podoruzanuu. Of-
HaKo, HECMOTPsI Ha OOJIBIIOE KOJTMYECTBO U3BECTHBIX BHYTPUTPYOHBIX pOOOTOB, HE
BCE M3 HUX IMPHUTOIHBI IS MPOBEACHISI MOHUTOPHHTA ¥ MaHUIYJISIIHOHHBIX OIIe-
pauuii B MexTpyOHOM nipoctpaHcTse [4]. [Ipu 3TOM MOOMIIBHBIE POOOTHI, IPUTOI-
HBIE ISl DKCIUTyaTallud B MEXTPYOHOM IPOCTPAaHCTBE HE MPUTOAHBI MPH MajlbIX
MEXTpYyOHBIX 3a30pax. [IpeacraBieHa HOBash KOHLENIHUS YHHUBEPCAIBLHOTO ajal-
TUBHOTO poOota mapaimtensHoi cTpykTypbl (APIIC), cnocoOHOro 3kcmiyaTupo-
BaThCS B IIMPOKOM IHANIA30HE BEJIMYMH 3a30POB MEKTPYOHOTO MPOCTPAHCTBA.

Metoasl u MaTepuajbl; pe3yiabTaTbl. APIIC BbINoNHEH B BHJE aKTHBHOMN
MIPOCTPAaHCTBEHHON [BEHAALIATUCTEPKHEBON MapaUIeIbHON CTPYKTYpBI, yCTaHaB-
JTUBaeMON B MEXTPYyOHOM TpOCTpPaHCTBE. B MCXOAHOM TMOJOXKEHHH CTPYKTypa
APIIC npencraisier co0oil Kapkac KpyroBOro NpsIMOTO LMJIMHIAPA C (pOHTAIIb-
HBIM U TBUTBHBIM ocHOBaHUsAMHU (PO u TO), oOpazoBanHbI 13 12 Ayroodpa3zHbIX
npuBoZioB KpuBonuHeiHoro mnepemenieHus (IIKII) ¢ onuHakoBBIMU JUITMHAMHU
XOpA W PaBHBIMHU PACCTOSHUSM MEXITY CMEXHBbIMU BepmnHaMmH. IIpu stom ®O
u TO o6pazosansl JIIKII mo Tpu B kaxa0M, a O0KOBasi MOBEPXHOCTh — IIECTHIO
JIIKII, nyru KOTOpBIX BBIIIOJHEHBI B BUJIE TEIHUC MIPABOTO U JIEBOTO XO/A C IIaroM,
paBHBIM 4,5 OT IJIMHBI XOP/IBL, JUIMHA KOTOPBIX OTpaHWYeHa BeTMUnHON 1/6 OT 1m1a-
ra. [lpuyem B cunmy cummetpuu [AIIKII ¢ renucamu mpaBoro u J€BOro xojaa B3au-
Mozamensembl. Kaxapiid u3 JIIIKII cHaOxeH oceBhIMH TaTUMKAMH CHJIbI M JTaTUYH-
KaMu OTHOCHUTENIbHbIX nepemenieHuid U ckopoctu. Konipr JIIKIT ¢ nomoiibio
cepuuecKux WIM SKBHUBAICHTHBIX WM MIAPHUPOB COCAMHEHBI C BEpUIMHAMH
APIIC mo getplpe B KakaoW. B kakmoi W3 BEpIIMH YCTaHOBJIEH COBMEUICHHBIN
JIaTYUK MPOCTPAHCTBEHHOTO MoJIoKeHHs U yckopeHuil. Bepasr @O u TO cHab-
JKEHBI PAIUAIBHBIMU YIIOPAMU JUISl IEPEJadr PacOPHBIX U CKUMAIOLINX YCHIIHAM.
Brixoasl qatunkoB u Bxojabl AITKII anekTpuueckn cBA3aHbl C CUCTEMOU yIIpaBiie-
Hus. Ynpasnenue APIIC ocymiecTBisieTcs aBTOHOMHO WM TUCTaHIIMOHHO. DHEp-
ronuranue APIIC moser ObITh KaK BHEIIHUM, TaK U BHYTPEHHHM OT aKKyMYyJIs-
TOpHBIX OaTapeit [5].

3akuouenne. B pesynbraTe MpOBEACHHBIX UCCIEAOBAHUN CIEAYET OTMETUTH
CIeqyIoIIee:

—poOoTuzanma mporecca MOHUTOPUHTa M OYHCTKM  AJMHHOMEPHOTO
MEXTPYyOHOTO IPOCTPAHCTBA SIBJIAETCS AKTYaIbHOM MPOOIEeMOid;

— MPUBEJICH aHAJUTUYECKUH 0030p H3BECTHBIX TEXHHYECKUX PELICHUH,
HanpasJIeHHbIX Ha POOOTH3ANIO JAHHOTO MPOIIECcca;

—mpencrapiieHa HoBas koHremnius APIIC, 3zamumennas nmatreatom PD Ha
n300peTeHne, CIoCOOHOr0 SKCIUTyaTUPOBATHCS B HIMPOKOM JWAla30HE BEJIMYUH
3a30pOB MEXTPYOHOro MPOCTPAHCTBA HE3aBUCHMO OT MPOCTPAHCTBEHHOH OpHEH-
Tauu Tpyo.
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AnHoTanmsi. Pabota mocesmieHa ncciaea0BaHUIO BIMSIHUSL Pa3MEPOB M PACTIOIOKECHUSI TeH-
30/IaTYMKOB Ha TTOKA3aHMS BHIXOJJHOTO CHT'HAJIA TaTYMKOB JABJICHHS C YIIPYIMMH MeMOpaHa-
M. Llenbio paboThl SBIAETCS ONTHMU3ALMA KOHCTPYKIMHM Ha OCHOBE PE3yJIbTaTOB YHCIIEH-
HOT'O MOJIETIMPOBaHUS B cpezie Ansys. Pe3ynpTaTsl O3BONSIOT pEKOMEHI0BATh ONTUMAIBHOE
pa3MenieHne 1 BpIOOp rabapuToB TEH30AATUMKA JJISI MHUHUMM3AIUH TTOTPEITHOCTH U3Mepe-
Hui. PaboTa mMeeT NpuKIagHOE 3HAYEHHE JUIS MMPOCKTHPOBAHMUS BBICOKOTOYHBIX IPHOOPOB
KOHTPOJIS TABJICHUSI.

KiroueBble cj10Ba: TEH30/1aTYMK, MeMOpaHa, TaTIYUK AaBICHUS, YUCICHHOE MOJICTUPOBAHUE,
MCTOJ KOHCYHBIX 3JICMCHTOB, )qu)OpMaLH/IH, OIITUMMU3ALIUA

Analysis of the influence of geometric characteristics
of strain-gauge elements on the output signal of a pressure sensor
with an elastic membrane

Ryabov Nikita Valerievich” ryabovnv@internet.ru
Skvortsov Pavel Arkadievich

Moscow Polytechnic University, Moscow, Russia

Abstract. This paper examines the influence of strain gauge size and placement on the output
signal of pressure sensors with elastic diaphragms. The aim of the paper is to optimize the
design based on numerical simulation results in the Ansys environment. The results allow us
to recommend optimal placement and selection of strain gauge dimensions to minimize
measurement error. This paper has practical implications for the design of high-precision
pressure monitoring instruments.

Keywords: strain gauge, membrane, pressure sensor, numerical simulation, finite element
method, deformation, optimization
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AHHOTanus. DKCIIEpUMEHTAJIbHBIC PE3yNbTAThI, TOTYUYEeHHbIE IPH U3yUEHUH Ipoliecca Tel-
JIoTiepeHoca B MUKPO- ¥ HAHOMACIITAOHBIX YCTPOMCTBAX M CTPYKTYpax, B 3HAYUTEIBHOI cTe-
MIEHW OTKJIOHSAIOTCA OT TEOPETHYECKUX, KOTOPHIC IMONYUYCHBI C MCIONB30BAHHUEM KJIacCHUe-
CKUX Mojenel TernonpoBogHocTu. [Ipu omumcanuu pacnpeneneHus TEIIOBONH 3HEPruu
runore3a buo —®dypbe He yuuTHIBaET BIUSHUE KOHEUHOW OKPECTHOCTU paccMaTpUBaeMOi
TOYKH ¥ ddeKTa 3ama3apBaHusl HA ©3MEHEHHE TEIUIOBOrO IIOTOKA U TEMIIEpPaTyphl, KOTOpbIE
BO3HHUKAIOT B MUKPO- ¥ HaHOMacITabe. Takoe MoBe/ieHHe Ha3bIBAlOT HEJIOKaIbHBIMH 3 dhex-
TamH. B CBSI3U ¢ 3TUM BO3HUKAET 3a7a4a M0 CO3AaHHIO U UCCIEJOBAHUI0 MAKPOCKOIIMIECKUX
MaTeMaTUYECKHX MOJENEH, yUUTHIBAIOIINX HENOKAIbHOCT HA MUKPOYpPOBHE. bblna momyde-
Ha MaTeMaTH4YecKas MOJEIb, KOTOPask YYUTBIBAET ITPOCTPAHCTBEHHYIO M BPEMEHHYIO HEIO-
KaJIbHOCTH. B KadecTBe marepuana sl MCCIEJOBaHUS BBHIOPAH CBUHEI, KOTOPBIH IIHPOKO
UCIIOJB3YIOT B CBEPXIPOBOIANINX HAHOCTPYKTYpax, BO30OHOBIIEMOH SHEPreTHKe (MHKPO-
AJIEMEHTHI B COJHEYHBIX MAHEISIX) U MUKPOJIEKTpOHUKE. [lomydeHsl pe3ynbTaTsl Uil KOH-
KPETHBIX 3HAYEHUH BPEMEH pelakCcalliy TEIJIOBOTO MOTOKA U TPaJHeHTa TeMIIepaTyphbl, Ipo-
CTPaHCTBEHHAsT HEJOKAIFHOCTh MCCIICIOBaHA ITyTEeM BapbHPOBAHMSA COOTBETCTBYIOLINX
apaMeTpoB.

KaroueBble ciioBa: TeMreparypa, HEJIOKAILHOCTh, MaTEMaTHUYCCKask MOJICITb, MUKPO- X HAHO-
MacmTab, DPL
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Analysis of a mathematical model of thermal conductivity
with spatial and temporal nonlocality under pulsed heating

Kutuzov Ivan Vladimirovich kutuzovi@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Experimental results on heat transfer in micro- and nanoscale devices and struc-
tures significantly deviate from theoretical predictions based on classical heat conduction
models. When describing thermal energy distribution, the Biot—Fourier hypothesis fails to
account for the influence of the finite neighborhood of a point and the retardation effect on
changes in heat flux and temperature, which arise at the micro- and nanoscale. This behavior
is referred to as nonlocal effects. This creates the challenge of developing and investigating
macroscopic mathematical models that consider microlevel nonlocality. This work presents a
mathematical model that incorporates both spatial and temporal nonlocality. Lead was chosen
as the material of study due to its widespread use in superconducting nanostructures, renewa-
ble energy (microelements in solar panels), and microelectronics. Results were obtained for
specific values of the heat flux and temperature gradient relaxation times, while spatial non-
locality was investigated by varying the corresponding parameters.

Keywords: temperature, nonlocality, mathematical model, micro- and nanoscale, dual-phase-
lag (DPL)
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AHanuTUYecKue No Manomy napameTpy pelieHus
CNnabo HeNMHEeNHOM CNeKTPanbHOW 3ajaun
ONA NPOAONBHO CXATOro CTEPXHA

Macnos AmuTpuii AnekcaHaposuu’” dm_93@live.ru

HUNY «M31», Mockea, Poccus

AHHOTanusi. PaccMOTpeH OaMH KJIacC C1a00 HENUHEHHBIX CIEKTPAIbHBIX 3a1ad TECOPHU
BO3MYILICHHH, KOTOPBIH BKIIOYAET B ce0st 3a/1a4i Ha COOCTBCHHBIC 3HAUCHHS, BO3HUKAIOIIIHE
P pacyeTax KPUTHUECKOTO YCHIIUS TPOJOJIBLHOTO CHKAaTUSl CTEPXKHS. 3ajada paccMaTpuBa-
eTCsl B BHJIC YPABHCHUS B DAaHAXOBOM IMPOCTPAHCTBE, II¢ HEIMHEHHOCTh 33a]aHa TOJIAITHHCH-
HbIM oriepatopoM. COOCTBEHHBIC 3HAYCHUS W COOCTBEHHBIC (DOPMBI HIIYTCS B BUJIC PAIOB 110
CTENEeHAM MaJloro napamerpa. J[oka3aHo CylecCTBOBaHHE aHAJTUTUYECKOTO MO MajJoMy Tapa-
METpy pelreHus ciabo HeMHEHHON creKTpaibHOW 3amaun. [IpuBeneH nmpuMep MOCTPOCHUS
TPUOIIYDKCHUS U1 COOCTBEHHOTO 3HAUCHHS.

KiaroueBble ci1oBa: HeNMHEHHAS CIICKTpaJibHas 3a1a4a, yl'[pyl"I/Iﬁ CTCPIKCHb
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Analytical on small parameter solutions of a weakly
nonlinear spectral problem for compressed rod

Maslov Dmitry Alexandrovich® dm_93@live.ru

National Research University Moscow Power Engineering Institute, Moscow, Russia

Abstract. This paper considers a class of weakly nonlinear spectral problems in perturbation
theory, including eigenvalue problems arising in calculating the critical longitudinal compres-
sive force of a rod. The problem is treated as an equation in a Banach space, where the non-
linearity is defined by a multilinear operator. The eigenvalues and eigenforms are sought as
power series in a small parameter. The existence of an analytic solution in the small parameter
for the weakly nonlinear spectral problem is proven. An example of constructing an approxi-
mation for the eigenvalue is given.

Keywords: nonlinear spectral problem, elastic rod
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YOK 517.925.52

AHaNUTUYECKOE NOCTPOEeHNE NEPUOANYECKUX peLleHUi
HeNIMHeNHbIX CUcTeM

bypaaHoB Bnagumup Muxainosuy vlbudanov@gmail.com
SPIN-kopa: 7918-2798

HUUN mexaHuku MI'y umeHu M.B. JTomoHocosa, Mockesa, Poccus

Annotanusi. OOOCHOBaH aHATMTUYECKUI METOJ IOCTPOCHHST IEPHOMIECKUX PEIICHUH ISt
HEJIMHEWHBIX CHCTEM OOBIKHOBEHHBIX IH((EepeHIMATBHBIX YPaBHEHUI ITOJMHOMHAIBLHOTO
tuna. [lepronuueckue penieHus: CTpositcst B BUAE psiioB Dypbe, K03QUIMEHTH KOTOPBIX
SBJIAIOTCS TIOJIMHOMAaMH, 3aBUCAIIMMH OT IapaMerpa. B kauecTBe MpuMepoB pacCMOTPEHBI
ypaBuenue Ban nep [lons u cucrema Jlopenna. BersicHeHo, 4To 9acTo yrnorpedisemasi cchul-
ka Ha A. [lyaHkape OTHOCHTEIFHO PacXxoANMOCTH (pOpMAITBHBIX PAIOB B 00IIEM cirydae He-
KOppeKTHa. PacxoMMocTh IMeeT MeCTO B YaCTHBIX CIIydYasX M YaCTHBIX 3a/1adax.

KinioueBble cjioBa: MepHOIUYECKOE DPEIICHHE, HEIMHEHHAs CUCcTeMa, MOCIeAOBaTeIbHBIC
TPUOJTVKEHUST

Analytical construction of periodic solutions of nonlinear systems

Budanov Vladimir Mikhailovich vlbudanov@gmail.com
SPIN-code: 7918-2798

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. An analytical method for constructing periodic solutions for nonlinear systems of
ordinary differential equations of polynomial type is substantiated. Periodic solutions are con-
structed in the form of Fourier series, the coefficients of which are polynomials depending on
the parameter. The Van der Pol equation and the Lorentz system are considered as examples.
It was found out that the widely mentioned reference to A. Poincare on the divergence of the
formal series is generally incorrect. Divergence occurs in particular cases and for particular
problems.

Keywords: periodic solution, nonlinear system, successive approximations
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budypkaunu B TpexmepHoim cucteme JlaHgoppaa

KaHaTHukoB AHaTonuint Hukonaesuu skipper@bmstu.ru
SPIN-kop: 6328-0621

MITY um. H.3. baymaHa, Mockea, Poccus

Annotanmsi. PaccmoTpena tpexmepnas cucrema Jlangopma, paHee IpenoxXeHHas Kak OfHa
W3 MOJeNeH MmporeccoB TypOyneHTHOCTH. s 3TOi cHCTeMBbl, MMEIOMIeH OAWH Mapamerp,
MpOBEJCH aHaNM3 Ondypkanmii. BLBIeHBI TpaHCKpUTHUYeCcKas OndypKkarys, cBsI3aHHAsI CO
CIIUSIHHEM TOJIOKEHUI paBHOBECHsl, a Takke Oudypkanus AuapoHoBa — Xorda, NpHBOIs-
masds K BOSHHKHOBCHHUIO ITHKIJIA. OToT IOHUKII B HeKOTOpBIﬁ MOMCHT TEPACT yCTOﬁ‘IHBOCTB
BCIIE/ICTBUE OM(ypKalyy, aHanornaHoi oudypxaiyn Anaponosa — Xonda. [Ipu aTom Bo3-
HHUKaeT UHBAapHaHTHBII Top. [TokazaHo, 4TO 3TOT TOp BO3HUKAET B MOMEHT Ondypkarmu. Bee
pacueThl IMpOBEAEHbI aHaIUTHYeCKH. [loiydeHHbIe pPe3ysbTaThl WUTOCTPUPYIOTCS IyTEM
MOJIENMPOBaHUS OM(YpPKAIIMOHHBIX ITPOLIECCOB.

KaoueBsbie ciioBa: muHaMmdeckas cuctema, cucteMa JlaHdop/a, monokeHne paBHOBECHS,
oudypkamms, ycToidnBOCTh

Bifurcations in the three-dimensional Lanford system

Kanatnikov Anatoly Nikolaevich skipper@bmstu.ru
SPIN-code: 6328-0621

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The 3D Lanford system, previously proposed as one of the models of turbulence
processes, is considered. A bifurcation analysis was performed for this one-parameter system.
A transcritical bifurcation, associated with the merging of equilibrium positions, and an An-
dronov-Hopf bifurcation leading to the emergence of a cycle were identified. This cycle at
some moment loses stability due to a bifurcation similar to the Andronov-Hopf bifurcation.
This creates an invariant torus. It is shown that this torus arises at the moment of bifurcation.
All calculations are performed analytically. The obtained results are illustrated by modeling
bifurcation processes.

Keywords: dynamical system, Lanford system, equilibrium point, bifurcation, stability
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Y[IK 520.607

BbicTpble anropuTMbl 1 0CO6€HHOCTU X peanusauunu Ha CPU un GPU
B BUXpPEBbIX METOAAX MOAENIMPOBAHUSA MNJIOCKUX TEYEHUN

KonraHoBa AnekcaHpgpa OneroBHa kolganova.ao@mail.ru
SPIN-kopa: 7015-2370

MITY um. H.3. baymaHa, Mockea, Poccus

Annortamms. [IpsiMast peani3zaiys onepanyii BUXpEBBIX METOJIOB MOJIESIHPOBAHMS TUIOCKHX
TEUCHUH UMeeT KBaJPaTUYHYIO CIOXXHOCTh, YTO OrPaHUYMBAET WX NPHMEHEHHE Uil pealb-
HBIX 337124, TPEOYIOINX HCIIOIb30BaHMs OOJIBIIOrO KOJIMYECTBA BUXPEBHIX dacTuil. st mo-
BBIIICHNS 3((EKTHBHOCTH BUXPEBBIX METOJIOB OBLT MPEIUIOKEH MPUOIMKEHHBINA THOPHTHBIA
ObIcTphIit anroputm BH/multipole pacuera BUXpeBOro BIMSHUS C KBa3WIMHEHHON CIOXKHO-
CTBIO, 3HAYNTEILHO COKPAIIAIOIINN BpeMEeHHbIE 3aTpaThl. [ JOCTHXKEHUS MaKCUMaJIBHOTO
YCKOPEHUsI U 00ecTiedeH sl THOKOCTH BBIYMCIICHHI pacyeThl alaTHPOBAaHBI IS BBIIOTHCHUS
kak Ha CPU, tak u Ha GPU. OnHako u3-3a pa3indyuii apXUTEKTyp aIrOPUTMBI TPEOYIOT CIie-
LUANBHOM aJanTalyu JUisl KKIO0H U3 HUX C IENbI0 JOCTHXKEHUs] ONTUMAIBHOM POU3BO/IU-
TENBHOCTH. B JaHHOM paboTe moApoOHO paccMaTpUBalOTCsS OCOOCHHOCTH pealn3aliy 3TOro
anroputMa Ha CPU u GPU 11 0CHOBHBIX oneparuii pacyera.

KuioueBsble ci1oBa: BUXpeBbie MeTOIbl, ObICTpBIe anroputMel, CPU, GPU

Fast algorithms and their implementation on CPU and GPU
in vortex methods for plane flow modeling

Kolganova Alexandra Olegovna kolganova.ao@mail.ru
SPIN-code: 7015-2370

Bauman Moscow State Technical University, Moscow, Russia

Abstract. A direct implementation of operations in vortex particle methods for simulating
two-dimensional flows has quadratic numerical complexity, which significantly limits their
applicability to actual problems where high resolution is required. To improve the efficiency
of vortex particle methods, an approximate hybrid BH/multipole fast algorithm for calculating
vortex influence with quasi-linear complexity was proposed. It allows for dramatical reducing
computational complexity of the whole algorithm. The fast algorithm has also been adapted
for computations on both CPUs and GPUs architectures. However, due to inherent architec-
tural differences between these platforms, specific adaptations are required to optimize per-
formance on each. This talk presents a detailed analysis of the implementation features of the
algorithm for both CPU and GPU for the main operations of the vortex particle algorithm.

Keywords: vortex methods, fast algorithms, CPU, GPU
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Y[IK 629.76

Bknap npogeccopa T.M. MenkymoBa B pelaKTUpoBaHue
n nyonukaumio pa6or B.M. BetunHknHa n ®.A. LlaHpepa
B cepun «[TMOHepbl paKeTHON TEXHUKU»

BeTumHKUH AMunTpuUin Hukonaesmny'
MenkymoBa Enena Bagumosna®"” elena.melkumova@math.msu.ru
Monsixosa EneHa HukonaeBHa®

Llkanos Nasen Muxainosuy’

"MITY um. H.3. baymaHa, Mocksa, Poccus
2 MIy umeHu M.B. JlomoHocosa, Mockea, Poccus
’ cnery, Cankm-Memep6ype, Poccus

Annotammsi. OTKpBITHE MEMOpHAIBHOH nMocku Turpany MenmkceToBudy MenbKyMOBY
(1902-1974, navansauk LIUAM c 1947 no 1951 rT.) cocrosinocs B LleHTpasbHOM HHCTUTYTE
aBuarrioHHoro moropocrpoerus nmenn [1.U. bapanosa (IIUAM, Bxoxut B HUII «HCTUTYT
uMm. H.E. XKykoBckoro») 15 mapra 2021 r., B neHb 119-0¥ TOXOBIIUHEI CO JHS POXKICHUS
YYEHOTO.

KiroueBbie cioBa: NpyuKJIagHas aspo-ruoJuHaMuKa, BO3[[yHIHI:Iﬁ rpe6Hoﬁ BUHT, MIPOY-
HOCTb, pCAKTUBHOC JIBUKCHUC, OIITUMAJIbHBIC TPACKTOPUUN

Professor T.M. Melkumov's contribution to the editing
and publication of the works of V.P. Vetchinkin and F.A. Tsander
in the series Pioneers of Rocket Technology

Vetchinkin Dmitry Nikolaevich'
Melkumova Elena Vadimovna®®
Polyakhova Elena Nikolaevna®

Shkapov Pavel Mikhailovich'

elena.melkumova@math.msu.ru

" Bauman Moscow State Technical University, Moscow, Russia
2 Lomonosov MSU, Moscow, Russia
? St. Petersburg State University, Saint Petersburg, Russia

Abstract. The unveiling of a memorial plaque to Tigran Meliksetovich Melkumov (1902—
1974, head of TsIAM from 1947 to 1951) took place at the P.I. Baranov Central Institute of
Aviation Motors (TsIAM, part of the N.E. Zhukovsky Institute) on March 15, 2021, the 119th
anniversary of the scientist's birth.

Keywords: applied aero-hydrodynamics, air rowing screw, strength, jet propulsion, optimal
trajectories
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YK 511.32

B.B. Tony6eB — yyeHblii, OpraHu3aTop, negaror

YnHeHoBa Bepa HukonaesHa v.chinenova@yandex.ru

MrY umeru M.B. JlomoHocosa, Mockea, Poccusi

Annotamms. Bragnvup BacumseBna ['omy6eB (1884—-1954) — Brimarommiicss MaTeMaTHK,
MEXaHHK, TI€Aaror, MepBbIH JeKaH MEXaHWKO-MAaTeMaTHUeCKOro (aKyiabTeTa, YJIeH-
koppecnornerT AH CCCP, npodeccop, mpopadorasmmii B MockoBckoM yHHUBepcHTETE 00-
nee Tpuanat JeT, cnoaBkHUK C.A. Yarmeirnaa. HekoTopele n3 ero paboT OB YHCTO
TEOPETHYECKUMH, APYTHE UMENH MPUKIATHON XapakTep, HAKOHELl, MHOTHE MOMYYHIA HHTe-
PECHYIO MH)XEHEPHYIO Pa3pabOTKy M MpaKTHUEcKoe IpuMeHeHne. EMy npunamiexar opuru-
HaJIbHbIE UCCIIEJOBAHUS N0 TEOPUH KOMILIEKCHOT'O IEPEMEHHOT0, 3HAaUNTEIIbHBIE Pe3yIbTaThl
ObUIM MOJy4YeHBI UM B a’pojnuHamuke. B.B. T'onyOeB Obl1 3aMeuaTeNbHBIM OpraHH3aTo-
POM, OH JIOJITHE TO/bI 3aBeloBall KaeApOi adpOMEXaHNKH, ABaXKABI U30HMpaJICs IeKaHOM
mexmata MI'Y, Bosrnasmsan Hayuno-uccnenoBarenbckuil HHCTUTYT MexaHuku MI'Y, 6bu1
HadaJIbHUKOM Kageapsl BBICIICH MaTeMaTHKH BOeHHO-BO3IyIIHON WH)KEHEpHOW akaje-
muu uM. H.E. XKykosckoro, nmxenepom-uccienosarenem LAI'M. Jlexiun Bragumupa Ba-
CHJIbEBHYA TIOJIB30BAIIMCH OTPOMHBIM ycIiexoM y ciymareneil. OH He jkajlel BpeMEHH Ha
COBEPILICHCTBOBAHNE METOIMK TTPETIOAABAHUS M yIEOHBIX TIJIAHOB.

Kiouessie ciioBa: B.B. ['ony6es, aspogunamuka, TOKII, Mockosckuit yausepeut, HATU

V.V. Golubev — scientist, organizer, teacher

Chinenova Vera Nikolaevna v.chinenova@yandex.ru

Lomonosov MSU, Moscow, Russia

Abstract. Vladimir Vasilyevich Golubev (1884-1954) — an outstanding mathematician,
mechanic, teacher, first dean of the Faculty of Mechanics and Mathematics, corresponding
member of the USSR Academy of Sciences, professor who worked at Moscow University for
more than thirty years, associate of S.A. Chaplygin. Some of his works were purely theoreti-
cal, others were of an applied nature, and finally, many received interesting engineering de-
velopment and practical application. V.V. Golubev carried out original research on the theory
of complex variables; he obtained significant results in acrodynamics. V.V. Golubev was a
remarkable organizer; for many years he headed the department of aeromechanics, was twice
elected dean of the Faculty of Mechanics and Mathematics, headed the Research Institute of
Mechanics of Moscow State University, and was the head of the department of higher math-
ematics at the Air Force Engineering Academy. N. E. Zhukovsky, research engineer at
TSAGI. Vladimir Vasilyevich's lectures were a huge success among listeners. He spared no
time in improving teaching methods and curricula.

Keywords: V.V. Golubev, aerodynamics, TFKP, Moscow University, TsAGI
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BepoATHOCTHOE MHOromacwTtabHoe mMopenupoBaHue JoJroBe4yHocTu
MaTepuanoB NP MHOTOUMKNOBOM HeperynasapHomM Harpy>xeHumuum

3aBonunHCcKas IneoHopa bopucosHa elen@velesgroup.com

JNlaspukos leopruii EBrex besny” george.lavrikov@yandex.ru

MrY umerHu M.B. JlomoHocosa, Mocksa, Poccus

AHHOTAIMsA. DKCIICPUMEHTAIBEHOE OINpeJeeHHe KPUBBIX YCTAJIOCTH HA PA3sHBIX MacIuTad-
HBIX YPOBHSIX COINPSDKEHO ¢ OONBIIMMH (PHHAHCOBBIMU M TPYZOBBIMH 3aTPaTaMH, a OXBATHTb
MHOT000pa3ue pexUMOB 3KCIUTyaTallMOHHOTO HAarpy>KeHUs HEBO3MOXKHO. Benencraue 3toro
JUIS (I)OpMI/IpOBaHI/IH CUHTCTUYCCKUX MaHHBIX MPU HCIIOJIB30BAHHUU TEXHOJIOTUH HNCKYCCTBCH-
HOI'O MHTCJUICKTA KaK JJIsd 06y‘{eHI/I${, TaK U U1 TECTUPOBAHUA HGO6XO)II/IMO IPpUMCHATH Ma-
TEMaTUYECKOEe MOJICIMPOBAHUE Pa3BUTHSI IIPOLIECCOB pa3pyIICHUS] W KPUBBIX YCTaJIOCTH.
B paboTe paccMOTpeHBI BOIPOCH BEPOSTHOCTHOIO MHOIOMACIITAOHOTO MOJIEIMPOBAHUA
XPYIKOTO Pa3pylIeHUs KOHCTPYKIMOHHBIX MaTepHalIOB KaK HEPapXWUECKOTO CTOXacTHIe-
CKOTO TIpoIlecca Ha MHKpO-, M€30- M MaKpOCTPYKTYPHBIX YPOBHSX IPH MHOTOIMKIOBOM
HEperyJIsipHOM HarpyskeHuH. [IperuioxKeHsl onpeiesione COOTHOMEHHS JUIsl BEPOSITHOCTH
XPYIIKOTO Pa3pyLICHNUs ¢ HCIIOIb30BaHHEM HHTErpanbHoro oneparopa ['misbepra — Ilmua-
Ta ¥ TIOCTPOEHBI KPUBBIE MHOTOIIMKIIOBOW YCTaJIOCTH 1O YPOBHsAM aedekTHocTH. O0CykIa-
FOTCSI PE3YJIBTAThI PACUETOB IS amfoMUHUEBOTO criaBa 2024-T42 u cramu S25C mpu cum-
METPUYHOM Harpy»X€HHH, COCTOSIIIEM U3 JIBYX M Tpex OJIoKoB. J[yisi ajJrOMUHHEBOTO cIuiaBa
TOKa3aHO COOTBETCTBHUC MEKAY KPUBBIMU YCTAJIOCTU IO YPOBHAM ]le(beKTHOCTI/I 1 JIMHUSIMHU
YPOBHS MUKPOTBEPIOCTH.

KiroueBble ci1oBa: xpynkoe paspyllieHHE, MHOTOIMKIIOBAs yCTaJOCTh, KPUBBIE YCTAIOCTU
T10 YPOBHSIM JIepEeKTHOCTH, HEPETYIISIPHOE HArpy>KeHUE
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Probabilistic multiscale modelling of material durability
at high cycle irregular loading

Zavoychinskaya Eleonora Borisovna elen@velesgroup.com
Lavrikov Georgii Evgenievich® george.lavrikov@yandex.ru

Lomonosov MSU, Moscow, Russia

Abstract. Experimental determination of fatigue curves at different scale levels is associated
with significant financial and labor costs, and it is impossible to cover a variety of operational
loading modes. Consequently, mathematical modeling of the development of fracture pro-
cesses and fatigue curves is necessary to generate synthetic data using artificial intelligence
technologies for both training and testing. This paper considers the issues of probabilistic mul-
tiscale modeling of brittle fracture of structural materials as a hierarchical stochastic process at
the micro-, meso-, and macrostructural levels under high-cycle irregular loading. Constitutive
relations for the probability of brittle fracture using the Hilbert — Schmidt integral operator
are proposed, and high-cycle fatigue curves are constructed for defect levels. The calculation
results for aluminum alloy 2024-T42 and steel S25C under symmetric loading consisting of
two and three blocks are discussed. For an aluminum alloy, a correspondence is shown be-
tween the fatigue curves for defect levels and the microhardness level lines.

Keywords: brittle failure, high cycle fatigue, fatigue curve by defect levels, irregular loading
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B3aumopenictBue Tpyobl, NOMELLEHHON B ONPABKY,
M BCTAaBKMW C y4€TOM CJI0XKHbIX MOBEPXHOCTHbIX CBOWCTB Tes

KasakoB Kupunn EBreHbeBuy kazakov-ke@yandex.ru

UHCcmumym npo6nem mexaHuku um. A.FO. Mwinurckozo PAH, Mockea, Poccus

AnHoTanms. Bsskoynpyras craperomasi Tpyoa ¢ BHYTPEHHHM ITOKPBITHEM, KOTOPOE MMEET
TIepEMEHHBIH THaMeTp /WM CJIOKHBIE CBOWCTBA, O€3 HaTsiAra MOMEIeHa B JKECTKYIO OIpaB-
Ky. BHyTpb Tako# TpyOBbI BCTaBIISICTCS )KECTKasi BCTABKA, KOTOPAsk MOXKET NMETh IIepeMEHHBIH
BHelHUH nuametp. Tpyba pedopmupyercs 1 B Helf BO3HUKAIOT HamnpspkeHus. B pabdore mo-
CTPOCHBI aHAINTUYECKHE PEIICHUS], T03BOJISIOMNE 3()P(PEKTUBHO HAXOAUTh KOHTAKTHBIC JIaB-
JICHUA JJaKe B CIydae, KOraa Mpo(MIN 1 CBOWCTBA OIHCHIBAIOTCS OBICTPO M3MEHSIOIINMHUCS
CBOICTBaMH, YTO JIOBOJIBHO 3aTPYAHHUTEIBHO MPH HCIIOIb30BAHUN CTAaHIAPTHBIX ITOJXOOB,
HE YUYUTHIBAIOIINX CHEU(UKH BXOJSIINX B yPaBHEHUS (DYHKIIUA.

KroueBble ¢10Ba: KOHTAKT, UHTETPAJIbHOE YPaBHEHUE, IOKPHITHE

Hccnedosanue guinonneno no meme 20Cy0apcmeeHHo20 3a0aHus.
(Homep eocpecucmpayuu 124012500437-9).

Interaction of a tube placed in a mandrel and an insert taking
into account the complex surface properties of bodies

Kazakov Kirill Evgenievich kazakov-ke@yandex.ru

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. A viscoelastic aging pipe with an internal lining of variable diameter and/or com-
plex properties is placed without tension in a rigid mandrel. A rigid insert, which may have
a variable external diameter, is inserted into the pipe. The pipe deforms, causing stresses to
develop. This paper develops analytical solutions that enable the efficient determination of
contact pressures even when the profiles and properties are described by rapidly changing
properties, which is quite difficult using standard approaches that do not take into account the
specifics of the functions included in the equations.

Keywords: contact, integral equation, coating
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BAnsiHME MHTEHCUBHOCTU HAYaJIbHOW 3aKPYTKU Ha pacluMpeHne
NOTOKA BJIAYKHOT0 BO3/AyXa B CBEPX3BYKOBOM COMJie
Npu HAJINYUU CNOHTAHHOW KOHAEeHCaLUm

3nutosel AHapeit FeHHaabeBny'” zditovets@mail.ru
Kucenés Hukonait AnekcaHgpoBuy

BuHorpapos lOpuit Anekceesuy

HUU mexaHuku MY umeHu M.B. JlomoHocosea, Mockea, Poccus

AHHOTanus. Pacmmpenne BIaXHOTO BO3AyXa B CBEPX3BYKOBBIX COIUIAX COIPOBOXKIACTCS
CIIOHTAHHOM KOH/EHCAIlel MapoB BOJBI M3-3a PE3KOTO CHIDKEHHS TeMIlepaTyphl MOTOKA.
OnHako B TMOTpaHMYHOM CJOE€ M3-3a BSI3KOHM JUCCHIIALMM TEMIepaTypa IOTOKa OJIM3Ka
K Ha4yaJIbHOM U, CJI€ZI0BaTEIbHO, B IPUCTEHHON 00JIaCTH BOASHOM Map OCTAaeTCs B IIEPErpeToM
COCTOSIHMU U HEe KOHAeHcupyeTcsi. Ecii kamm KoHJeHcaTa NPOHHKAIOT B 3Ty 00JIacTh, OHH
UCIIApsIOTC M OXNaXIaroT ee. Kak pesynbTar TeMmnepaTypa CTEHKH JOJDKHA 3HAYMTEIBHO
CHIDKATHCSI BIUIOTH JI0 JIOKAJIbHOW CTaTHYECKOW TemIlepaTypbl oToka. B padote [1] akcre-
PUMEHTAJIBHO IIOKa3aHO, YTO B OOJIACTH 3a CKAYKOM KOHJICHCALMM TEMIIepaTypa CTCHKH
COIUTa MOXKET OBbITh Kak OOJIbIIIe, TAK M MEHBIIE BEIMYMHBI XapaKTEepHOH A 0JHO(A3HOTO
TCUCHUsI IPH WACHTUYHBIX HAYAIBHBIX MAapaMeTpax IMOTOKA, YTO, BEPOSITHO, CBA3aHO C Orpa-
HUYEHHOW CKOPOCTBIO IPOHUKHOBEHUS Kallelb KOHJEHcaTa B IOrPaHUYHBIN CIIOH, OIpeness-
emoit TypOynentHoi nuddysueit. OquH U3 crmoco60B HHTEHCH(UIIMPOBATH STOT MPOIEcC —
9TO NMPUIATH MOTOKY HaYaJIbHYIO 3aKpYTKY [2]. B HacTosmel paboTe mpuBeIeHB! pe3yIbTaThl
9KCTIEPUMEHTAIFHOTO FICCIICOBAHUS BIMSHNUS WHTEHCHBHOCTH HAaYalbHON 3aKPYTKH HA TEM-
nepaTypy CTEHKH MPU pacIIMPEHUH BIaXKHOTO BO3yXa JI0 CBEPX3BYKOBOM CKOPOCTH.

KuroueBble cj10Ba: CriOHTaHHAsS KOHJACHCalus, azu/Ia6aTHa5{ TeMIICpaTypa CTCHKU

Hcceneoosanue sbinonneno 6 pamrkax 20Cy0apcmeeHH020 3a0aHUs.
MTI'Y umenu M.B. Jlomonocosa.
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Effect of swirl intensity on humid air expansion
with spontaneous condensation in a supersonic nozzle

Zditovets Andrey Gennadievich™ zditovets@mail.ru
Kiselev Nikolay Alexandrovich
Vinogradov Yury Alekseevich

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. The expansion of humid air in supersonic nozzles is accompanied by spontaneous
condensation of water vapour due to the sharp drop in flow temperature. In the boundary lay-
er, however, viscous dissipation maintains the gas temperature close to its initial value, so the
vapour remains superheated and does not condense near the wall. If condensate droplets pene-
trate this region, they evaporate and cool it, and the wall temperature may decrease down to
the local static temperature. Experiments in [1] showed that, downstream of the condensation
front, the wall temperature may be either higher or lower than in single-phase flow with iden-
tical inlet conditions. This behaviour is presumably linked to the limited rate of droplet pene-
tration into the boundary layer governed by turbulent diffusion. One way to intensify this pro-
cess is to impart initial swirl to the flow [2]. The present work reports an experimental study
of how the intensity of inlet swirl affects the wall temperature during the supersonic expan-
sion of humid air.

Keywords: spontaneous condensation, adiabatic wall temperature
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BausiHne hopmbl NONATKU BPaLLAIOLLErOCSA AUCKA
Ha AMHAMUKY OBUXYLLENCA MO HEMY MaTepPUaibHOM TOYKU

Bopucos Cepreii Bauecnasosuy'

1,2(*%)

IpuwakuH Butanun Tapacosuy grichacin@yandex.ru

" MAAW, Mocksa, Poccusi
2 ounuan «Cmpena» MAU, Mockea, Poccus

AHHoOTanms1. PaccMoTpeHo BM)KEHME YacTHIIBI TI0 IMCKOBOMY pa3dpachIBaTeNIo ¢ JIOMaTKa-
MH TIpSMOHM M CITUpaJbHON (OPMBI NPH Pa3IMYHOM XapakTepe coynapeHus. MccienoBaHsl
JIATbHOCTh TI0JIETa YacTHIl W JEHCTBYIOIIMKM HA JMCK MOMEHT CONPOTHBICHHS BPAIICHHUIO.
ITpoBeneHbI YNCIEHHBIE SKCTIEPUMEHTHI.

KioueBble c10Ba: TUCKOBBIN pa3dpackiBaTelb, yaap, TPEHUE

The effect of the shape of a rotating disc's blade
on the dynamics of a material point moving along it

Borisov Sergey Vyacheslavovich’

h1v2{*)

Grishakin Vitaly Tarasovic grichacin@yandex.ru

" Moscow Automobile and Road Construction State Technical University, Moscow, Russia
2 Strela Branch of Moscow Aviation Institute, Moscow, Russia

Abstract. Particle motion through a disc spreader with straight and spiral blades under differ-
ent impact conditions is considered. The particle flight range and the torque acting on the disc
are investigated. Numerical experiments are also conducted.

Keywords: disk-type spreader, impact, friction

CruUCcoK UCTOYHUKOB
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BHeceHuMe NnONpaBoOK B CTaHKu ¢ YIMY c uenbio NnoBbILEeHUA
TOYHOCTU U3rOTOBJIEHUSA

Kucenesa AHrenuHa iBaHoBHa
bap6awos Hukonai Hukonaesuu justgelik@mail.ru

MITY um. H.3. baymaHa, Mocksa, Poccusa

AHHOTanMs1. PaccMOTpEeHBI akTyabHBIE TPOOIEMBI ITOBBIIICHNS TOYHOCTH 00pabOTKH H37Ie-
il Ha craHkax ¢ UIIY u CHW)KEHUS METAUIOEMKOCTH. B KauecTBe pelieHus: npeasioskeHo
MPUMCHCHUEC MATEMATHKO-CTAaTUCTUYCCKHUX METOJOB YIIPABJICHUA Ka4YC€CTBOM, B YaCTHOCTH,
METOJOB CTAaTUCTUYCCKOT'O0 PETYJIMPOBAHUA W aJallTUBHOT'O YIIPABJICHUA I10 CKOJ'IBSHH_[GFI
CpelHel, KOTOphIE MO3BOJISIIOT OCYLIECTBIIATh TEKYLIMA KOHTPOJIb U CBOEBPEMEHHO BHOCUTh
KOPPEKTUPOBKM B TeXHOJOrmdeckuid mporecc. VccnenoBanue aeMoHCTpHpYeT 3((heKTUB-
HOCTb IIPEAJI0KEHHON METOJMKH, OCHOBAHHOW Ha IOCIEN0BATEIBHOM aHAIN3E U HCIIOIb30-
BaHWM KPUTEPHEB CTAOMIM3AINH, JUISl COKpPAILICHHUS YHCIIa I3MEPEHUH 0e3 MoTepH TOYHOCTH.
Oco0oe BHUMaHHE yJEJCHO NMPAKTHYECKOH pea3alliii C WCIIONb30BAaHWEM COBPEMEHHBIX
npubopos akTuBHOro KoHTpois (ITAK) M MHIMKAaTOpOB KOHTAKTa, NHTETPUPOBAHHBIX B CH-
cremy UIIY. [loka3aHo, 4TO METOA aJalTUBHOIO YNpPaBJICHUS HE yXyALIA€T TEXHOJIOTMYe-
CKHH TIporiecc M 0OecrednBacT MOBBIICHUE TOYHOCTH, a TAKKE MPEIOKEHbI KOHKPETHBIC
pelIeHnst Uil YIpaBJICHUSI TOYHOCTHIO KOHTYPHOTO (ppe3epoBaHMs Ha 3Tane pa3paboTKh
YIPaBIIAIOIUX IPOrPAMM.

KioueBble cioBa: TOUHOCTh 00paboTKH, cranku ¢ UITY, agantuBHOE yIpaBicHHE, yIIpaB-
JISTFOLIAs [IPOrpaMMa, CTaATHCTUYECKOE PEryJInpoOBaHNe
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Modifications to CNC machines to improve
manufacturing accuracy

Kiseleva Angelina Ivanovna
Barbashov Nikolay Nikolaevich justgelik@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This article examines current challenges in improving the accuracy of CNC ma-
chining and reducing metal consumption. Mathematical and statistical methods of quality
management, specifically statistical control and adaptive moving average control, are pro-
posed as a solution. These methods enable ongoing monitoring and timely adjustments to the
process. The study demonstrates the effectiveness of the proposed methodology, based on
sequential analysis and the use of stabilization criteria, for reducing the number of measure-
ments without sacrificing accuracy. Particular attention is paid to practical implementation
using modern active control devices (ACD) and contact indicators integrated into the CNC
system. It is demonstrated that the adaptive control method does not degrade the process and
ensures increased accuracy. Specific solutions for managing the accuracy of contour milling
during the NC program development stage are proposed.

Keywords: machining accuracy, CNC machines, adaptive control, control program, statistical
regulation
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BosIHOBble BO3MYLLEHUA OT JIOKAJIN30BAHHbIX UCTOYHUKOB
Ha rpaHuue negsaHoro noKpoBa u MOpCKOVI cpepbl: TOYHbIE peweHus,
ACMMNTOTUKM JANIbHUX NONen

bynaTtos Butanuit Bacunbesuy intrenalwave@mail.ru

UHcmumym npobnem mexaHuku um. A.F0.MwnuHckozo PAH, Mockea, Poccus

AnHoTanms. PaccMOTpeHsbI 3a7auu 0 JTJabHUX BOJIHOBBIX IMOJIAX HAa TPAHMIIC JIbJA U MOPCKOU
cpe/ibl, TeHEPUPYEMBIX JIOKAJTU30BaHHBIMU UCTOYHUKAMH BO3MYILIEHUHN MOJ1 JIEASHBIM ITOKPO-
BoM. [IpeamnonoxeHo, 4To JIEASHOW MOKPOB SABJSETCS CIUIOLIHBIM, €T0 TOPU3OHTAJIbHBIC
MacITa0bl CYIMICCTBCHHO TPEBBINIAIOT JUTUHBI BO30YKIaEMbIX BOJIH, M MPU JIOCTATOYHO 00-
IIUX YCIOBUSIX MOJCIUPYETCS TOHKOW YIpPYyrod IUIACTHHOW, JeOpMaIMd KOTOPO MalbL.
B nuHEeWHOM MPHUOIMKEHUHN MTOYYeHBI HHTETPAILHBIC MPEACTABICHUS PELICHUI, W C TTIOMO-
IIPI0 METO/Ia CTAI[MOHAPHOW (ha3bl MTOCTPOCHBI ACHMIITOTUYCCKHE TPEICTABICHUS PCIICHUN
JUISL pa3JIMYHbIX PEKUMOB BOJHOBOH reHepalnuu. Pe3ynbTaThl YHCIEHHBIX PAcyeTOB IS pe-
ANBHBIX 3HAYCHU MOPCKOH CpeIbl IIOKA3bIBAIOT, YTO ACHMIITOTHKA CTAI[MOHAPHOU (Da3bl J10-
CTaTOYHO XOPOLIO ONMCHIBAET BOJHOBOE IOJIE MAJIBIX BO3MYLIEHUH I'paHMILBI pa3fesia JibJaa
Y MOPCKOH Cpeibl Ha paCCTOSIHUAX MOPSIKA IECSITKA METPOB U HECKOJIBKUX JECATKOB CEKYH/I.
[locTpoeHHblE ACUMIITOTUYECKHUE BBIPAYKEHUSI JJIs1 BOJHOBBIX IOJIEM MO3BOJISIFOT C JOCTaTO4-
HOW CTETNCHBIO TOYHOCTH HCCIICAOBATH aMILIMTYIAHO-()a30BYIO CTPYKTYPY MOBEPXHOCTHBIX
BO3MYUICHHUI JIEASHOTO MOKPOBAa BAANM OT MCTOYHUKOB BO3MylleHui. MccnempoBaHa mpo-
CTPAHCTBEHHAs U BPEMEHHAs! ABOJIFOLIMMA BOJIHOBBIX MMAKETOB MAaJIbIX BO3MYILECHUMN JIEASHOTO
MOKPOBA, PACIIPOCTPAHSIIOIINXCS OT JIOKAIU30BAHHBIX UCTOYHHUKOB BO3MYIIEHUHN pa3iuyHON
(hU3UYECKOM TPUPOJIBL.

KiaoueBble cioBa: J'IeZ[f[HOﬁ TOKPOB, BO3BBINICHUC MOBCPXHOCTU pasjciia, aCUMIITOTHKH,
JaJJbHUEC BOJIHOBBIC I10JIA, JIOKAJIM30BAaHHEIN UCTOYHHK BOBMlelGHI/Iﬁ

Paboma sevinonnena 6 pamxax eocyoapcmesennozo 3adanus NeFFGN-2024-0005.
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Wave disturbances from localized sources
at the ice-sea interface: exact solutions, far-field asymptotics

Bulatov Vitaly Vasilievich intrenalwave@mail.ru

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. Problems of far-field wave fields generated by localized disturbance sources be-
neath the ice cover at the ice-sea interface are considered. It is assumed that the ice cover is
continuous, its horizontal scales significantly exceed the wavelengths of the excited waves,
and, under fairly general conditions, is modeled by a thin elastic plate with small defor-
mations. Integral representations of the solutions are obtained in the linear approximation, and
asymptotic representations of the solutions for various wave generation regimes are construct-
ed using the stationary phase method. The results of numerical calculations for real values of
the marine environment show that the asymptotics of the stationary phase adequately de-
scribes the wave field of small disturbances of the ice-sea interface at distances of the order of
tens of meters and several tens of seconds. The constructed asymptotic expressions for the
wave fields make it possible to accurately study the amplitude-phase structure of surface dis-
turbances of the ice cover far from the disturbance sources. The spatial and temporal evolu-
tion of wave packets of small disturbances of the ice cover, propagating from localized
sources of disturbances of various physical nature, was investigated.

Keywords: ice cover, interface elevation, asymptotics, far wave fields, localized disturbance
source

The work was carried out within the framework of state assignment
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BoccTaHOBJIEHUE MAPaMETPOB HEYCTONUUBBIX N0 AKO6U
HeJIMHENHbIX AMHAMUYECKUX CUCTEM

Wkanos Masen Muxaiinosuy’
Cynumos Banepwit Amutpuesmy'™ fn3svd24@mail.ru
Cynumos AHApen Banepbelavm2

"MITY um. H.3. baymaHa, Mocksa, Poccus
2 ounuan Mry umeru M.B. JlomoHocosa, Cesacmonons, Poccusi

AHHOTanusi. PaccMOTpeHbI 3a/1au aHAIM3a YCTOMYMBOCTH 110 SIKOOH HEIMHEWHBIX JUHAMHM-
YECKMX CHCTEM C BO3MOXXHBIM XAOTHUYECKMM IOBeIeHHEM. Peann3oBaH MOAXO0J] Ha OCHOBE
TeOMETPUYECKOTr0 OMMCAHMS IBOJIIOLUM JUHAMUYECKOW CHCTEMbI BO BpeMeHH. s Mozenu
JlopeHnia npecTaBiIeHb! B SIBHOM BHUJIE KOMIIOHEHTHI TEH30pa KPUBU3HBI OTKJIOHEHHS U COO-
CTBEHHBIE 3HA4YCHUs TeH30pa. [IpuBeneHa oleHKa yCTOHYMBOCTH 10 SIKOOM TOYKM paBHOBE-
CHsl A1l CTaHAAPTHBIX 3HAYEHUM MapaMeTpoB MOJENIU. AHATOTHYHOE UCCIIEIOBAHNE BBIIOJ-
HEHO Ul HEJIMHEHHOro IBOMHOIO MAasTHHKA U ONpeJesieHa IPaHKLA MEePEeX0a CUCTEMBI OT
PETYISIPHOTO IBMXKEHMS K JETEPMHUHUPOBAHHOMY Xaocy. IIpencTaBieHsl pe3ysibTaThl aHAIHU-
3a YCTOMYMBOCTH 10 SIKOOM TOYKM PaBHOBECHS JABOMHOTO OCIMILIATOpA TMPH 3aJaHHOM BO3-
neiictern. CopMmyrmpoBana oOpaTHas 3a7ada Ha COOCTBEHHBIC 3HAYCHUS TEH30pa KPUBH3-
HBl OTKJIOHCHHS IMHAMHUYECKOW CHUCTEMBI. [Ipy YHCICHHOM pelIeHHEe OOpaTHOH 3amadn
HCIIOJIB3YIOTCSI METO/IbI TJI00aIbHON ONTUMH3ALKH. [IpHBEICHBI PE3yJIbTaThl PEIICHUS 00-
paTHBIX 33j1a4 BOCCTAHOBJICHHS MApaMETPOB HUCCICAYEMbIX HEYCTOWYMBBIX 10 SIKOOHM Hesu-
HEMHBIX JUHAMUYECKUX CUCTEM.

KuroueBble ciioBa: l"eOMeTpI/IquKI/Iﬁ HWHBAapHaHT, yCTOﬁ‘-IPIBOCTL 10 HKO6I/I, JACTCPMUHUPO-
BaHHBII Xaoc, O6paTHa$[ 3ajaya, riobabHas OIITUMU3AIMA, T I/I6pI/I):[HLII71 AJIrOpUTM

Beenenue. Ilpumenenne teopun Kocambu — Kaprana — UepHa no3Bosiser BBe-
CTH T€OMETPUYECKOE ONMMCAHUE HBOJIOLNN JTUHAMUYECKOW CHCTEMBI BO BPEMEHHU U
OTIpeZICTTUTh TEeOMETPHYECKIE WHBAPUAHTHI cucTeMbl. COOCTBEHHBIE 3HAYEHHUSI BTO-
pOro MHBapHaHTa — TE€H30pa KPUBU3HBI OTKJIOHEHUS — JAl0T OLEHKY YCTOMYMBO-
¢t cucteMsl 1o SIko6u [1]. YkazaHHbIe COOCTBEHHbBIE 3HAYCHHS HECYT TAKXKE WH-
¢opManyio, CyIECTBEHHYIO [UIsI YCTAHOBIICHHS MEpHl HEUYBCTBHTEIHHOCTH
CUCTEMBI K U3MEHEHHUIO €€ MapaMeTpPOB U MapaMeTpoB OKpysKarolle cpeasl. Bos-
MOJKHA TTOCTAHOBKA 33J]a9l BOCCTAHOBJICHHUS ITapaMeTPOB CHCTEMBI 1O 33JJaHHBIM
COOCTBEHHBIM 3HAYCHMSIM TEH30pa KPUBU3HBI OTKIOHeHHsA. lloaxoj akryaieH
INPUMEHUTENIFHO K HEJIMHEHHBIM JUHAMHYECKUM CHUCTEMaM B CBSI3HM C IIPOOJIEeMOil
OTIpe/IeTICHHsI YCIIOBUI BOSHUKHOBEHHS B HUX IETEPMHUHUPOBAHHOTO Xaoca [2—4].
MeTtoabl U MaTepHaJibl; pe3yJbTaThbl. Pe3ynpTaTsl aHaan3a yCTOWYMBOCTH
o Slkobu moxenu JlopeHia, MOTydYeHHBIE C HCIIOJIb30BaHuEM Teopun Kocambu —
Kaprana — YepHna, mpencraBnensl B padore [2]. i Touek paBHOBECHsS MOJIETH
oIpeJiesieHbl B SIBHOM BH/I€ KOMIIOHEHTHI TEH30pa KPUBHU3HbBI OTKJIOHEHHUS, 3aBUCS-
M€ OT TeKYIIUX MapaMeTpOB MOJENH, ¥ COOTBETCTBYIOIIHE COOCTBEHHBIE 3HAYE-
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HUS TeH30pa. [laHo onucaHue yclIoBUM pa3pylleHHs BUXPEBBIX BaJOB B CJIOE€ XKH[-
KOCTH M BO3HMKHOBEHHS JETEPMHHHPOBAHHOrO xaoca. B pabote [3] B KoHTEKcTE
MOJIX0J[a UCCIIEIOBAaH HEJMHEHHBIN ABOWHOW MasTHUK M JJOKa3aH pe3yJbTaT: JIBU-
KEHHE HEeyCTONYMBOTO 1O SIK0OM MasTHUKA SBISETCA XaOTUYECKUM. Y CTAaHOBJIEHA
3aBHCAIIAs OT HaYaJbHBIX YCJIOBUI IpaHUIA NEPEX0/Ia MASTHUKA OT PETYJSPHOTO
JBIDKEHHS K Xa0TH4YeCKOMY. Pe3ynbTaThl aHaJOTMYHOTO MCCIICAOBAHMS AJISl HENH-
HEHHOro JBOMHOrO OCHMJUIATOpA C JAeMI(pHUPOBAHUEM NMPH HAJHMYUM KBA3UCTATH-
YEeCKOr0 CHJIOBOTO BO3JICHCTBHUS MpeAcTaBieHbl B padoTe [4]. Taxke mpuBeeHBI
3HA4YeHHS ITapaMeTPOB CHCTEMBI, BKIIIOYasi CHIOBOE BO3AEWCTBHE, COOTBETCTBYIO-
II1€ Xa0THYECKOMY JIBHYKEHUIO.

[IpuMeHnTENEHO K KaKAOW M3 OMHCAHHBIX B paborax [2—4] cucrtem, coBep-
nraronield XaoTHIecKoe JBMKEHUE, CPOPMYIIMPOBaHa COOTBETCTBYOMIAs oOpaTHast
3a7jaya Ha COOCTBEHHBIC 3HAUYCHUS TEH30pa KPUBU3HBI OTKIOHEHUS. Bxoanas koc-
BeHHas uMHGpopmarus (cOOCTBEHHBIE 3HAYEHHS TEH30pa) MCIOIB3yeTCs IS BOC-
CTaHOBJICHMSI CYILIECTBEHHBIX MapaMeTpoB CHCTEMBI. Peann3oBaH ONTUMH3AIOH-
HBIH TOAXO[ K PEIICHUIO PEryJIipU30BaHHbBIX 00paTHbIX 3axad. [Ipy MuHMMUN3anus
KPUTEPUANBHBIX (DYHKIUH HCIONB3YIOTCS METOJbI II00aNbHOW ONTHMHU3AIMH |5,
6]. Jns Touku paBHOBecus Mozenu JlopeHIa BOCCTaHOBJIEHBI MPUOIMKEHHBIE 3HA-
yeHnst gucna Ilpanaria, HOpMamM3oBaHHOTO dHrcia Pames M reoMeTpruueckoro
¢akropa. PenienueM oOpaTHOM 3a/1a4M )il HETUHEHHOTO JIBOMHOIO MAasTHUKA SIB-
JSIFOTCS BOCCTAHOBJICHHBIE 3HAUEHMS I'€OMETPUYECKOro MapamMeTpa M HadalbHBIX
ycrnoBuil Anms 0000mEeHHBIX KoopAwWHAT. [ TOYKM paBHOBECHS HETMHEHHOTO
JBOWHOIO OCHMJUISITOPa BOCCTAHOBJICHBI 3HAUYEHHs MapaMeTpoB AeMI(UPOBAHUSI.
[IpuBeneHb! OIIEHKH TOYHOCTH YMCIIEHHOTO PEIIeHUs OOpaTHBIX 3a/1ad.

3axuawuenne. Ha ocnoBe Teopun Kocambu — Kaprana — Yepna paccmor-
PEH aHaNIM3 YCTOHYMBOCTH HO SIKOOM AETEpMUHHMPOBAHHBIX JUHAMHUYECKUX CHU-
crem: mojenu JlopeHna, HelMMHEITHOTO JBOWHOTO MasTHHKA, & TaK)Ke HeTMHEHHOTO
JBOWHOIO OCHMIUIATOpA C JeMII()UPOBAaHUEM NPH HAJIMYHH CHIIOBOTO BO3JEHCTBUSI.
Jnist Kaxkpoil cucTeMbl MPEJICTaBICHbl B aHAINTHYECKON (pOopMe KOMIIOHEHTHI TEH-
30pa KpUBHU3HBI OTKIOHEHHS M ero coOcTBeHHbIe 3HaYeHus. ChopmyaupoBaHa 00-
paTHas 3ajada Ha COOCTBEHHBIC 3HAYCHUS yKa3aHHOTO TeH3opa. IIpuBeneHsl pe-
3yJBTAThl YHCJICHHOTO pEIIeHHs OOpaTHBIX 3a/lad BOCCTAHOBIICHUS IapaMeTPOB
paccMaTpUBaeMbIX CHCTEM C HCIOJB30BAHUEM METOJOB TJI00aJbHON ONTHMH3a-
. TOYHOCTH BOCCTaHOBIICHHS IApaMETPOB CHUCTEM COIJIACOBAaHA C TOYHOCTH 3a-
JaHWsl BXOAHOU MH(opManuu.
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Reconstruction of parameters of Jacobi unstable
nonlinear dynamic systems

Shkapov Pavel Mikhailovich'
Sulimov Valery Dmitrievich"” fn3svd24@mail.ru
Sulimov Andrey Valerievich?

" Bauman Moscow State Technical University, Moscow, Russia
2 Lomonosov MSU (SB), Sevastopol, Russia

Abstract. Problems of Jacobi stability analysis of nonlinear dynamical systems with possible
chaotic behavior are considered. The approach on base of geometric description of time evo-
lution of the dynamical system is realized. Components of the deviation curvature tensor and
its eigenvalues are presented explicitly for the Lorenz model. The assessment of Jacobi stabil-
ity of the equilibrium point of the model under standard parameter values is given. A similar
study is carried out for a nonlinear double pendulum with the detection of the boundary of the
transition from regular motion to deterministic chaos. Results of Jacobi stability analysis of
the equilibrium point of the double oscillator under applied force are presented. The inverse
eigenvalue problem for the deviation curvature tensor of the dynamical system is formulated.
Numerical solution of the inverse problem is obtained using methods of global optimization.
Results of solving the inverse problems of restoration of the parameters of the considered
Jacobi unstable nonlinear dynamical systems are presented.

Keywords: geometric invariant, Jacobi stability, deterministic chaos, inverse problem, global
optimization, hybrid algorithm
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BbluncneHue WHTErpanos Kowwu B 3apgayax MexaHUKKU

reospes MnatoH AnekceeBuy'™” gvozdevpa@student.bmstu.ru
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AHHOTauus. B psge 3a1a4 TeopeTUUECKON MEXAHUKU BO3HUKAIOT CUHTYJISIPHBIE HHTETPAJIbL,
K KOTOPBIM HENPUMEHHUMBI CTaHJAPTHBIE METOABI MHTETPUPOBaHUs. [ MHTETpanoB THIIA
Komm ¢ 9KCIIOHEHIMAIBHO YOBIBAIOIIEH IOTHOCTBIO, KAKUMH SBJISIOTCS (DyHKIMH Makc-
Bemna, @epmu — Jupaka u bo3e — OiiHIuTelHa, npeaaraeTcsi UTEpPaTUBHBINA METOJ BbI-
YHUCJIEHHUS TaKUX MHTErpajioB, BKJIIOUAIOIIUM OIEHKY MOTpEHIHOCTH. [l yKa3aHHBIX MHTe-
TpajioB BBIBE/ICHBI HOBBIE MPEJCTABICHUS B BUAE PSAIOB, UTO MO3BOJIAET alNPOKCUMUPOBATH
UX YaCTUYHBIMU CyMMaMHU M ONPEAENATh MOIPEIHOCTh C MOMOIIBIO OLEHKH OCTaTOYHOTO
4JIeHa pAfa.

KroueBsbie cioBa: narerpan tnna Komm, gynkius Jloycona, runepreomerpuieckast pyHK-
nus [aycca

Calculation of Cauchy integrals in problems of mechanics

Gvozdev Platon Alekseevich'” gvozdevpa@student.bmstu.ru
Gordeeva Nadezhda Mikhailovna™?

" Bauman Moscow State Technical University, Moscow, Russia
2 FRC CSC RAS, Moscow, Russia

Abstract. A number of problems in theoretical mechanics involve singular integrals for
which standard integration methods are inapplicable. For Cauchy-type integrals with expo-
nentially decaying density, such as the Maxwell, Fermi — Dirac, and Bose — Einstein func-
tions, an iterative method for calculating such integrals is proposed, including error estima-
tion. New series representations are derived for these integrals, allowing them to be
approximated by partial sums and the error determined by estimating the remainder term of
the series.

Keywords: Cauchy integral, Dawson function, gauss hypergeometric function
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npu Te4eHum B Tpy6ax Ha OCHOBE CTOXaCTUUYECKUX ypaBHEHU
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AHHoTauus. IIpeacraBieHsl pe3yiabTaThl THAPOAUHAMUUYECKUX PAaCYETOB Ul 3€0TPOIHBIX
TersioHocuTenel. [lokazaHo cornacoBaHue pacueToB € dKcIepuMeHTOM. [IpuMmenenuro 3eo-
TPOITHBIX TEIJIOHOCUTENICH B DHEPreTUUECKUX YCTAHOBKAX JUIsl MpeoOpa3oBaHMsi HU3KOIIO-
TEHIMAIBHON TEIUIOTHI YJENsSeTcsi 0co00e BHUMAHHE, BBHUAY HMX TEXHHUKO-DKOHOMHYECKHX
xapakTepucTuk. OCHOBHOE BHUMaHHE YJCSAIN TEPMOJMHAMUYECKUM I1apamMeTpaM OpraHu-
YeCcKOoro IKiIa PeHKMHA U1 KaXKJI0TO TEIUNIOHOCHTENS. B TO ke BpeMst, BAXKHEHIINM SIBJISICT-
Csl BOTIPOC O JIGHCTBUTENHHOM KIIJ YCTAaHOBKH Ha OpPraHMYEeCKOM HuKJie PeHkuHa ¢ yderom
MOTEpb, B YACTHOCTH JIaBJICHUs, B 000pyaoBaHMHM. Ha OCHOBE CTOXacTHUECKMX ypaBHEHHH
[1, 2] mpencTaBneHBI PE3yIBTATHL PAcYeTOB KOI(D(MUIIMEHTOB COMPOTHBIICHHUS IS 3€0TPOII-
HBIX TEIUIOHOCHUTENEH IpH Te4eHH! B TpyOax. OnpeneneHo corlacoBaHNE PacueToOB C SKCIIe-
PUMCHTAJIbHBIMU JTaHHBIMU.

KuroueBble cj10Ba: CTOXaCTHUYCCKUE YpaBHEHMA, 3€OTPOIMTHOCTD, TCTIIOHOCUTEITb

Paboma evinonnena 6 pamxax npoepammor IPHUOPUTET 2030.
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Hydraulic characteristics of zeotropic heat carriers during flow
in pipes based on stochastic equations
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Abstract. The results of calculations of hydraulic characteristics for zeotropic heat carriers
are presented. The results are compared with the experiment. The agreement of calculations
with experimental data is shown.

Keywords: stochastic equations, zeotropy, coolant
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JBuxeHune MaTepMaanoﬁ TOYKU OTHOCUTEJIbHO ABYX CUCTEM OTCUYETA

OpnsHckas Tamapa iBaHoBHa tamara.orlyanskaya@gmail.com
SPIN-kof: 2963-7731

MITY um. H.3. baymaHa, Mockea, Poccus

AnHoTanms. PaccMarpuBaroTcss BONPOCH MONYy4YEHHs] YPAaBHEHUI TUHAMHMKH JBHKECHHUS Ma-
TEPHANBHOM TOYKH OTHOCHTEIBHO JIBYX CHCTEM OTCUETa, KOTOPBIE ONPEACICHHBIM 00pa3oM
JIBIKYTCSI OTHOCUTENBHO APYr Apyra. IIpy 5ToM HemoABM»KHAs CUCTEMA OTCYETAa IPUHHAMA-
etcs 3a uneprmanshyto (MCO), nogsmxHas — 3a HenHepruaneHyto (HMCO). N3BecTtHO, uTO
9TO JBM)KEHHE MOYKHO PAacCMaTPHBATh KaK CIIOYKHOE JIBIbKEHHE TOUKH [1, 2]. OcHOBHOE BHH-
MaH{E B JIOKJIAJe yJeNsAeTcs BOIPOCY O CBS35X, KOTOPbIE HAKJIAIBIBAIOT OTPAaHMYCHUS Ha
JBmkeHne MarepuanbHoi Touku 1 HUCO. Ceasp Mexay marepuanbHoi Toukoit 1 HUCO
MOKET OBbITh 33/laHa B BHJE 3aKOHA JBI)KEHMSI MaTepHaibHOI Touku otHocutensHo HUCO.
Cas3p Mexxay HUCO u UCO moxer ObITH 331aHa B BuJe 3akoHa jBrkeHns HUCO orHocu-
tenbHO MICO. ABTOp B JIOKJIajie MOKa3bIBAET, YTO, Pa3pbIBasi OJJHY CBS3b M OCTABIIIA 0€3 13-
MEHEHUS BTOPYIO CBSI3b MOJKHO MOJNYYUTh M ypaBHEHHE JMHAMHUKH a0COIFOTHOTO JIBMKCHUS
MaTepUaIbHON TOYKHU CO CBS3BIO, M YPaBHEHUE NMHAMUKU OTHOCHUTEIILHOTO JBM)KEHHS MaTe-
puanbHON ToUkH. IIpn 3TOM ypaBHEHHE TUHAMHUKH COCTABISIOTCS C UCIIOIB30BaHUEM BTOPO-
ro 3akoHa HploToHa U akcuMoMBl 0 cBsA3sX. [IpennonaraeMblii METO NOTYUYEHUST YPaBHEHUH
JIMHAMUKH TIO3BOJISIET BBIICHUTB, YTO: a0COMIOTHOE IBMKCHHE MAaTEpHaIbHON TOUKH — 3TO
JIBIDKEHHE MaTepHaIbHOW TOYKH CO CBS3bIO; MOJTYUEHHbIC YPAaBHEHMS AWHAMUKHU JIBIDKCHHS
MaTepruaibHON TOUKH 3aBUCAT OoT Bo3xeicTBiss HMUCO Ha maTepHaibHYIO TOUKY; JOTOIHH-
TEJIbHBIE CUJIBI B YPABHEHUU JUHAMHMKHA OTHOCUTEIBHOTO JIBMDKEHMS SIBISIOTCA PEAKLUSIMU
OTOPOILIEHHOH CBSA3M, T.€. CUJIaMU B3aUMOJICHCTBUSL, a B YPaBHEHHU JUHAMUKH OTHOCHUTEIIb-
HOTO JBWXEHUsSI OHM KOMIEeHCUpYIOT HemHepuuanbHocTe HUCO s marepuanpHOR TOUKH
U TpeoOpa3yloT ypaBHEHHE JTUHAMUKH OTHOCHUTEIBHOTO JIBIDKEHHUSI K BHAY, KOTOPBIH BOC-
npou3BoANT oTHocuTenbHOe aABmwkeHne B MCO. Takum 00pa3oM JIONOJHHUTEIBHBIE CHIIBI
npuBoAT K abcomoTnzanmu HUCO anst MaTepruaibHON TOYKH W OJTHOBPEMEHHO K aOCOITio-
TH3AIMH OTHOCUTEIBHOTO IBIKEHHS MaTepHalbHOM TOUKH [3].

KnroudeBble ciioBa: MaT€puajbHas TOYKa, HHEPIHUAJIbHASA CUCTEMA OTCUETA, HEMHEPIINAJIbHASA
cucreMa OTCU€Ta, CBA3b, PCAKIUs CBA3H, a6comom3aum OTHOCHUTCIIBHOT'O IBHKCHUS
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Motion of a material point relative to two reference systems

Orlyanskaya Tamara lvanovna tamara.orlyanskaya@gmail.com
SPIN-code: 2963-7731

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The report discusses the study of the motion of a material point relative to two ref-
erence systems, which move in a certain way relative to each other. It is known that this
movement can be considered as a complex movement of a point. The report shows that this
movement can also be seen as a connected movement.

Keywords: material point, inertial frame of reference, non-inertial frame of reference, con-
nection, connection reaction, absolutization of relative motion
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[BMXKeHne 0AHOPOAHOWN KPYrnon NNacTUHbI
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TynlY, Tyna, Poccus

Annortanmsi. VccienoBaHo 6e30TpbIBHOE JBHKEHHE OJTHOPOIHOW KPYIJIOH ITACTUHBI (JIHC-
Ka) [0 TOPU30HTATIBHON MPSIMOI ITPU HATWYUU CyXOTr0 TPEHUsI O] JEHCTBUEM ITPOM3BOIBHON
IUIOCKOM cucteMsl cuil. OIpeneneHs! yCaoBysl, IPU KOTOPBIX JHUCK COBEPIIAET TOT WM MHON
BUJI JABW)KCHUS: YHCTOE KaueHHE, MOCTYNATENbHOE, BpallaTeJIbHOE JBMKCHUS WM KauyeHHUE
C TIPOCKANIB3bIBAHNEM, a TAKXKE HAIPaBJICHUE MPOCKaNb3bIBaHus. Orpesenena mupruHa o0a-
CTH, BHYTPH KOTOPOH MPOMCXOAWT YNCTOE KadeHHe aucka. [lokazaHo, 4TO ee BeIW4MHA HE
TOJIBKO JINHEIHO 3aBUCHT OT IPEEIbHON BEIMYUHBI CHIIBI TPEHHMS, HO M HEIMHEWHO OT MO-
MEHTa HHEPIIHH.

KirodeBble ciioBa: IUIOCKOMapajulesIbHOE JBWKEHHE, BPAIIATENbHOE M IOCTYNAaTeNIbHOE
JIBIDKEHUS, IJIafiKas NIpsiMast, IIEpOX0oBaTast psiMasi, CyXxoe TpEHUE
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Movement of a homogeneous round plate
along a horizontal rough straight line

Bertyaev Vitaly Dmitrievich tm@tsu.tula.ru
SPIN-code: 4971-3486

TulSU, Tula, Russia

Abstract. The continuous motion of a homogeneous circular plate (disk) along a horizontal
straight line in the presence of dry friction under the action of an arbitrary plane system of
forces is investigated. The conditions under which the disc performs a particular type
of movement are determined: pure rolling, translational, rotational, or rolling with slippage, as
well as the direction of slippage. The width of the area inside which the pure rolling of the
disc occurs is determined. It is shown that its value not only linearly depends on the limiting
value of the friction force, but also non-linearly on the moment of inertia.

Keywords: plane parallel motion, rotational and translational motion, smooth straight line,
rough straight line, dry friction
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Axnmos AHgpen IOpbeBuy

HUU mexaHuku MY umeHu M.B. JlomoHocosea, Mockea, Poccus

Annotammsi. B Nnacturyre Mexanuku MIY mvenn M.B. JloMmoHOCOBa ObDTa TpeiioxeHa
cxeMa HOBOTO BOJHOBOTO IBIXUTENA (B/I), rme MexaHW3M TATH CBS3aH HE C KaYKOH Cy/HA,
a C OIPOKH/IBIBAHUEM BOJH NPH B3aUMOACHCTBUU C 3JeMeHTaMu KOHCTpyKimy B/l (HakmoH-
HOM TUTACTHUHOM ), TIpuieM pabounii opran Takoro B/ ierko u3MeHuTh AJ1s1 COOOIIEHNUS CYHY
PEBEPCUBHOTO JBIKEHHS WITH ke 3P(eKTHBHO paboTaTh UCIOIB3Ys SHEPIHIO BOJIH IS JIBU-
JKEHHS 0 BOJIHAM. DKCHEPUMEHTAIBHO W YMCIIEHHO M3y4eH d(PQEKT IBIKECHHS MOTpysKeH-
HOU B HJKOCTh JKCCTKOW IUTACTHHBI MO BOJHAM. [IpoBeieH JABYMEPHBINH HECTAIIMOHAPHBIN
pacder B3aMMOACHCTBHS OCTYIMIMX BOJH C IDIACTHHOW, UMEIOIICH ONIHY IOCTYMATEIBHYIO
CTETICHb CBOOOIBI BIIOJIb TOPH30HTAEHOM OCH. B pHHSTON MOCTAHOBKE MaKCUMAaIbHAsL CKO-
POCTP TIepeMENICHUs ITACTHHBI [0 BOJTHAM OBLIIa OrpaHNYCHA IPYIIIOBON CKOPOCTHIO BOJH H
JIOCTHTaJachk (B YHCIEHHBIX pacdyerax) Ha BOJHAX MAaKCHMATbHON KPYTH3HEL [Ipu m3ydeHnn
JIBIDKCHMS KaTaMapaHa Jana3oH YIII0B HAKIIOHA TacTUHEI m3MeHsuics oT 0 go 1800 (pexu-
MBI B3aMMOJICHCTBHSI OT HAaKaTa BOJH Ha IUIACTHHY, IO YAApHOTO B3aMMOICHCTBHS IIPU Ma-
JIBIX YIJIaX HAKJIOHA B CTOPOHY HAOErarolUX BOJIH).

KiroueBble ciioBa: OHEPrus BOJIH, BOJIHOBOM JBWXXUTEIIb, KaTaMapaH
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Motion of a partially submerged plate in waves: experiments
on a catamaran model and numerical simulation

Boyko Andrey Vladimirovich mailband@mail.ru
Prokofyev Vladislav Victorovich

Arkhangelsky Evgeniy Anatol’evich

Yakimov Andrey Yurievich

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. A novel concept of a wave propulsor (WP) proposed at the Institute of Mechanics,
Lomonosov Moscow State University, is presented. Its thrust mechanism relies not on the
vessel’s heave and pitch motions, but on wave breaking during interaction with the WP’s
structural elements (an inclined plate). The operating element of such a system can be easily
reconfigured to provide reverse thrust or to operate efficiently by harnessing wave energy for
propulsion. The motion of a rigid plate, partially submerged in waves, has been investigated
both experimentally and numerically. A two-dimensional unsteady simulation was performed
to study the interaction of travelling waves with a plate having a single translational degree of
freedom along the horizontal axis. Within this framework, the maximum plate velocity in-
duced by waves is constrained by the group velocity of the waves, a value that was attained in
the numerical simulations for waves of maximum steepness. In the experimental study of the
catamaran model, the plate inclination angle was varied from 0° to 180°, covering a full range
of interaction regimes — from wave run-up onto the plate to impact phenomena occurring at
small inclination angles relative to the oncoming waves.

Keywords: wave energy; wave propulsor; catamaran
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Y[IK 531.36

JUHaMunKa a3poauHaMUNUYECKOro MassTHUKA, COAEepXaLlero noaocTb
C XUNAKOCTbKO

Fony6 AHppeit NeTpoBuy holub.imech@gmail.com
SPIN-kopa: 4548-6415

JlokwuH bopuc Akosnesny
Centoukuin lOpun Jmutpuesuny

HUWN mexaHuku MIrYumeru M.B. JlomoHocosa, Mockea, Poccus

AnHoTamms. PaccMoTpeHa TUHAMHKA MasTHHKA CO C(HEPUUCCKOM MOJIOCTHIO, YACTHYHO 3a-
MOJTHEHHOM MI€AIbHOM JKUJKOCTHIO U MOMEIIEHHOTO B CTAl[MOHAPHBIA BO3IYIIHBIA MOTOK.
[penrmonoxkeHo, 4TO CHUCTEMa IBIKETCS B BEPTHKAIBGHOW IUTOCKOCTH. YUYHTHIBACTCS CHIIA
J00OBOTO COTIPOTHBIICHUS, JICHCTBYIOMIAs HA 000JOYKY MasTHHKA. [T MOJeIMpOBaHUS KO-
neOaHni KUAKOCTH B TIOJNIOCTH WCIOJB30BaHa (DEHOMCHOJOTHYECKAs «MAasSTHUKOBAS» MO-
nerns. IIpoBeieHo YnCIIeHHOE M AKCTIEPUMEHTATFHOE UCCIICJOBAHNE THHAMHUKH CHCTEMEI.

KnroudeBble ciioBa: a’dpoanHaMHKa, aBTOKOJ'IC6aHI/Iﬂ, TECOPETUICCKAA MEXaHUKa

Dynamics of an aerodynamic pendulum, containing a cavity with liquid

Holub Andrei Petrovich holub.imech@gmail.com
SPIN-code: 4548-6415

Lokshin BorisYakovlevich
Seliutskiy Yuriy Dmitrievich

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. The dynamics of a pendulum with a spherical cavity partially filled with an ideal
fluid and placed in a stationary airflow are considered. The system is assumed to move in a
vertical plane. The drag force acting on the pendulum shell is taken into account. A phenome-
nological "pendulum" model is used to simulate the oscillations of the fluid in the cavity.
Numerical and experimental studies of the system's dynamics are conducted.

Keywords: acrodynamic, autooscillations, theoretical mechanics
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V[IK 62-523.8

JMHaMu1Ka 1 ynpaBneHue HOrov YeTblpexHororo warawiero po6ora

JaHunoB Bnagumup AnekcaHapoBuy vldanilov90@gmail.com

HUWN mexaHuku MI'Y umeHu M.B. JlomoHocosa, Mockea

AnHoTtanms. PaccMoTpena 3amaga ynpaBieHHsT HOTOW YETHIPEXHOTOTO IIAararomiero podora
KOMOWHHMPOBAaHHBIM METOJJOM MMIIEIAHCHOTO YNPABJICHHUS W PEIICHH 0OpaTHON 3a1auu KH-
HEMaTHKH. B OCHOBE Mmoaxoza JISKUT MCIIOIb30BaHUE AMHAMHYECKOH MOJEIH HOTH, MOIY-
4yeHHOU MeTosioM Jlarpamxka. YTpaBieHue MojoKeHneM CTOIbI (JOPMHUPYETCS KaK COYeTaHUe
MOJTyYeHHs LIEJIEBbIX YIIIOB 4epe3 OOpaTHYH KWHEMAaTHKY, (JOpMHUpPOBaHHUS >KEIaeMbIX CKO-
pocTeil uepe3 TpaHCTIOHUPOBAaHHBIN SKOOWAH M BBIYMCIICHHUS YIPABISIONUX MOMEHTOB METO-
JIOM MMIIEJAaHCHOT'O YTPAaBJIEHUs C JUHAMH4YecKod koMneHcauueil. [lomydyeHHble 3HaueHUs
NepezIaloTcsl Ha MPUBOABI, paboTaloIIne MO METOLy BEKTOPHOIO YIPABJIECHHUS M NPHUHUMAIO-
IIMe Ha BXOJ| JKEJIAeMbl€ YIJIbI, CKOPOCTH M MOMEHTBHL. D((PEKTHBHOCTD IPEIIOKEHHOTO
KOMOWHHMPOBAHHOTO MOAXO/a IPOAEMOHCTPHPOBaHA B CEPUM WCIBITAaHWI Ha armapaTHOH
pobororexauueckoi margdopme. [IpoBeneH cpaBHUTENBHBINH aHAIN3 pa3pabOTaHHOTO KOM-
OMHHMPOBAHHOTO AITOPUTMA C YHCTOM OOpaTHONW KWHEMATHKOM M YHCTHIM HMIICIAHCHBIM
ynpasnerneM. [lomydeHnabIe pe3yabTaThl MOKA3BIBAIOT, YTO MPEIIOKEHHBIN TOAX0] obecte-
4yrBaeT OoJiee TOYHOE BBHIMOJHEHHE IBI)KEHHS BIOJIb MPOTPAMMHON TPACKTOPHU W MOXKET
WCIIOJIb30BaThCS B CUCTEMaX YIPABICHHS JIOKOMOIIHEH araronmx poooToB.

KioueBble cj10Ba: 4eTHIPEXHOTHH POOOT, HIAraroluid podOT, JTUHAMHYECKAs MOJCIb, KH-
HEMaTHKa HOTH, UMIIEJIAaHCHOE YIIPaBJICHUE
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Dynamics and control of a quadruped robot leg

Danilov Vladimir Alexandrovich vldanilov90@gmail.com

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. The paper addresses the problem of controlling the leg of a quadruped legged robot
using a combined method of impedance control and inverse kinematics. The approach is
based on a dynamic model of the leg derived with the Lagrangian method. Foot position con-
trol is achieved through a combination of desired joint angle calculation via inverse kinemat-
ics, desired velocity generation using the transposed Jacobian, and computation of desired
torques through impedance control with dynamic compensation. The resulting values are
transmitted to the actuators, which operate under a field-oriented control method and receive
desired angles, velocities, and torques as inputs. The effectiveness of the proposed combined
approach has been demonstrated in a series of experiments on a hardware robotic platform.
A comparative analysis of the developed combined algorithm with vanilla inverse kinematics
and vanilla impedance control has been conducted. The obtained results show that the pro-
posed approach ensures more accurate trajectory tracking and can be applied in locomotion
control systems of walking robots.

Keywords: quadruped robot, legged robot, dynamic model, leg kinematics, impedance con-
trol
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JMHaMMKa KaueHusa Koneca c NnpucoeguHEeHHON Maccoun

bapbiwHukos I0puit HukonaeBny mhts@list.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AnHoTanms. Pemena 3aaya IUHAMPAKA KadeHHs Kojieca ¢ MPHCOCIMHEHHOW Ha 00o1e To-
gegHoit Maccor. Konmeco mozmenmpyercsi abCOMOTHO TBEPABIM TOHKOCTCHHBIM IHIMHIIPOM,
KOTOPBIN JBIKETCS TI0 TOPU3OHTAIBHON IIOCKOCTH 0€3 MPOCKANB3BIBAHMUS C YIETOM TPEHHE
kaueHus. st BbIBosIa AM(QepeHInaIbHOr0 ypaBHEHUS JABMXKSHHUS KOJIeca HCIIONb3YeTCs
ypaBHenue Jlarpamxka 2-ro poma. B pesynpTaTe pacueToB MOIy4eHO HEIWHEHHOE HEOIHO-
poanoe auddepeHInaTbHOe YpaBHEHUE BTOPOro mopsiaka. JlaHHOEe ypaBHEHHE OMHUCHIBACT
3aTyxaronme KojicbaHue Kojieca ¢ y4eToM TpeHHs KadeHus. HopmarbHas peakims Koleca,
HEoOXoauMast JIjIsl pacyeTa MOMEHTA TPCHHUS KaYCHUsI, MOJyYeHA Ha OCHOBE TEOPEMBI O JIBH-
>KeHUH 1IeHTpa Macc. [IpoBeieH aHanu3 nojsy4yeHHbIX pe3yJIbTaToB.

KaoueBsbie ci1oBa: 1uHaMUKa, KOJIECO, IPUCOSANHEHHAS Macca, TPCHUE KaueHHs, 3aTyXako-
e Kojaebanus

Dynamics of rolling of a wheel with attached mass

Baryshnikov Yuri Nikolaevich mhts@list.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The rolling dynamics problem of a wheel with a point mass attached to the rim is
solved. The wheel is modeled as an absolutely rigid thin-walled cylinder that moves along
a horizontal plane without slipping, taking rolling friction into account. The Lagrange equa-
tion of the second kind is used to derive the differential equation of the wheel's motion. The
calculations yield a nonlinear, inhomogeneous second-order differential equation. This equa-
tion describes the damped oscillations of the wheel, taking rolling friction into account. The
normal reaction of the wheel, necessary for calculating the rolling friction torque, is derived
using the center-of-mass theorem. The results are analyzed.

Keywords: dynamics, wheel, attached mass, rolling friction, and damped oscillations
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YK 532.5

}J,Mcnepcvm MNOBEPXHOCTHbIX BOJIH N INTAMEHTOB
B reteporeéHHbiX BA3SKUX XXUAKOCTAX

OumnpoB Aptem AneKcaHgpoBuY ochir@ipmnet.ru

UHCmumym npob6nemu mexaHuku um. A.H0. MwnuHckozo PAH, Mockea, Poccusi

AnHoTanusi. PaccMOTpeHbI ByMepHbIE BO3MYIIIEHHSI CBOOOIHOI MOBEPXHOCTH YKUIKOCTH
B Pa3JIMYHBIX MIOCTAHOBKAX C YYETOM BIIMSHUS BSI3KOCTHU, CTPATH(UKAIMH, TOBEPXHOCTHOTO
aNIeKTpuueckoro 3apsia. [IpocnexxeHo BIMsHUE pasiMyHbIX (AKTOPOB HA JWCIIEPCHOHHBIC
COOTHOUIEHUSI BCEX KOMIIOHEHTOB TE€UEHMS, OMICHIBAEMBIX MOJTHBIMU PEIICHUAMH PeyLUpo-
BaHHOH (hyH/IaMEHTaJILHOW CUCTEMBI YPAaBHEHUI MEXaHHUKH JKHKOCTEH.

KiaroueBble ciioBa: BOJIHBI, JIMTAMCHTBI, CUHTYJIAPHBIC BO3MYIIICHUS, BA3KOCTD, CTpaTI/I(I)I/IKa-
s, TMCIepCUOHHOC YPABHCHUC

Paboma sevinonnena 6 pamxax eoczadanust, Homep pecucmpayuu: 124012500442-3.

Dispersion of surface waves and ligaments in heterogeneous
viscous fluids

Ochirov Artem Alexandrovich ochir@ipmnet.ru

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. Two-dimensional perturbations of a fluid's free surface are considered in various
formulations, taking into account the effects of viscosity, stratification, and surface electric
charge. The influence of various factors on the dispersion relations of all flow components,
described by complete solutions of a reduced fundamental system of fluid mechanics equa-
tions, is traced.

Keywords: waves, ligaments, singular perturbations, viscosity, stratification, dispersion equation
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YOK 37.091.33:531.1

3ab6biTbie UMeHa: Tparmyeckue cyabbbl TBOPL,OB
KNaccuuyecKkon MexaHUuKu

Mwuciopa Hatanbsa EBreHbeBHa misura@mail.ru
MwuTiowoB EBreHnin AnekcaHaposuy

Yp®y, EkamepuHbype, Poccus

AHHoTanms. [Toqanmaercst mpoGiiemMa 3a0BEHHS MCTOPHUKO-HAYYHOTO KOHTEKCTA B COBpE-
MEHHOM HH)XEHEPHOM M (H3HKO-MaTeMaTnaeckoM oOpazoBanun. Ha mpumepe anammsa 6mo-
rpaduii 1 Hay4yHOTO HACIeus IBYX BbLIarommxcst (paHiy3ckux yuensix XIX Bexka — Df-
MoHaa Bypa u Mapka-XKoszeda-OmuinbeHa PuBajica — aBTOpBI HOKA3bIBAIOT, KAK HMCHA
TBOPILOB (byH)IaMCHTaJ'II)HBIX (bPISI/IKO-MaTeMaTI/I'-IeCKI/IX KOHHGHHHﬁ, YbUMHU TCOpEMaMU
n (hopMysIaMH €XEIHEBHO TOJIL3YIOTCS BO BCEM MHpE, OKa3aJllCh CTEPTHl N3 KOJUICKTUBHOM
namsTu npodeccuoHansHOro coodiiectBa. BoccranoBenne 6uorpaduii y4eHbIX HO3BOJISET
HE TOJIBKO OTJATh JaHb YBAKCHUS] X MHTEIUICKTYaJIbHOMY IIOJIBUTY, HO U TYMaHH3HPOBAThH
00pa3oBaTeNbHBIN MPOIIeCC, BEPHYB B HETO JIMYHOCTU CO3/1aTeNeil HayKH. ABTOPBI IIPUXOIAT
K BBIBOJLy O HEOOXOAMMOCTH MHTETPAallH MCTOPHUKO-HAYYHOTO 3HAHHS B COAEpXKaHHE ydeo-
HBIX KypcOB 17151 (YOPMUPOBAHNS LIEIIOCTHOTO MUPOBO33PEHUS U TPOQPECCHOHATIBHOMN KYIBTY-
PpBI OyIyImuX CIIENHAINCTOB.

KiioueBble c10Ba: HCTOPUS HAYKH, HCTOPHS MEXaHHKH, ITeIarorkKa BBICIIEH IIKOJIBI, 00pa-
30BAaTCJIbHBIC TEXHOJIOTHUH, HACICANUC YYCHBIX, 3)1MOH}1 Byp, PI/IBa.HC, TCOPETHUCCKAd MEXa-
HUKa, (PU3HKO-MaTeMaTHueckoe o0pa3oBaHue
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Forgotten names: the tragic fates of the creators
of classical mechanics

Misyura Natalia Evgenievna misura@mail.ru
Mityushov Evgeny Alexandrovich

Ural Federal University, Ekaterinburg, Russia

Abstract. The article addresses the problem of neglecting the historical-scientific context in
modern engineering and physics-mathematics education. By analyzing the biographies and
scientific heritage of two outstanding 19th-century French scientists — Edmond Bour and
Marc-Joseph-Emilien Rivals — the authors demonstrate how the names of the creators of
fundamental physical-mathematical concepts, whose theorems and formulas are used daily
worldwide, have been erased from the collective memory of the professional community.
Recovering the scientists' biographies allows not only to pay tribute to their intellectual feat
but also to humanize the educational process by reintroducing the personalities of the science
creators. The authors conclude that integrating historical-scientific knowledge into the content
of academic courses is necessary for forming a holistic worldview and professional culture of
future specialists.

Keywords: history of science, history of mechanics, higher education pedagogy, educational
technologies, scientists' legacy, Edmond Bour, Rivals, theoretical mechanics, physics-
mathematics education
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Y[IK 629.78

3aiaua oNTUMaNbHOIro TOPMOXEHUSA LLeHTPa MacC CNyCcKaemMmoro
neTaTenbHOro annapara B CONPOTUBNAOLLENCS cpefe

Opén Hukuta AHapeeBuY nikita.orel@math.msu.ru

MrY umernu M.B. JlomoHocosa, Mockea, Poccus

AnHoTamms. PaccMoTpeHa 3ajada ONTHMANBHOTO YIPABICHUS MPOLECCOM TOPMOXKEHMS
CITyCKaeMOro JIETaTeNbHOIO amnnapaTa B CONPOTUBIISIONIEHCS cpeie TP ABUKEHUU B BEPTH-
KaJIbHOW IIOCKOCTH. Moienb Tpe/rioaraeT peHeOpesKuMoe BIMsIHAE pacXo/ia TOIUINBa Ha
JIBIDKEHHE LIEHTpa Macc. B kauecTBe ynpaBisioIUX NEPEMEHHBIX UCIONB3YIOTCS TAra U yroJl
HAKJIOHA TPACKTOPWH, a IEIEeBHIM (PYHKIIMOHAIOM SIBIICTCS KBaJpaT CKOPOCTH armapara
B 33[JaHHBIl KOHEYHBI MOMEHT BpeMeHH. C MCIIONB30BaHMEM MpUHINIA MakcuMyMma [1oHT-
pATMHA MCXOJHAS 33Jadya ONTHUMAJIBHOIO YIIPABJIEHUsI CBOOUTCA K KpaeBOW 3alade JUlsl CH-
CTEMbI HEJNUHEHHBIX MU (epeHIMATBHBIX YPaBHEHHUIL. Y CTaHABIMBACTCS HEONTHMAILHOCTD
0COOBIX PEKUMOB YIIPABICHHUS B CIIydae JUHEHHOTO COMPOTUBICHHA. AHAIN3 C HUCIIONB30Ba-
HHEM IIEpPBOTO MHTETpaja CHCTEMBI IO3BOJISIET ONPEICTUTh BO3ZMOXHOE KOJHYECTBO TEpe-
KJIFOUEHUH TATU BJIOJb ONTHMAIBHOM TPAaeKTOPUHU U MOIYYHUTh JOCTATOYHBIC YCIIOBUS JUIS
cilydasi, KOrZja BO3MOXXHO He 0OoJiee OJHOro IepekirodeHus. [losydeHHbIe KauecTBEHHbIC
Ppe3ynbTaThl IPOUIIIIOCTPUPOBAHBI YHCIICHHBIM MOAETHPOBAHUEM.

KiioueBble c10Ba: oNTUMAbHOE TOPMOYKEHHUE, MPUHIMI MAKCUMyMa, 0c000¢ yIIpaBJicHHE,
(ha3oBbIif HOpTpET
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The problem of optimal braking of a lander’s mass center
in a resisting medium

Orel Nikita Andreevich nikita.orel@math.msu.ru

Lomonosov MSU, Moscow, Russia

Abstract. This paper considers the optimal control problem for the braking process of
a reentry vehicle in a resistive medium while moving vertically. The model assumes a negli-
gible effect of fuel consumption on the motion of the center of mass. Thrust and trajectory
inclination are used as control variables, and the objective functional is the square of the vehi-
cle's velocity at a given final instant. Using Pontryagin's maximum principle, the original op-
timal control problem is reduced to a boundary value problem for a system of nonlinear dif-
ferential equations. The nonoptimality of special control modes in the case of linear resistance
is established. Analysis using the first integral of the system allows us to determine the possi-
ble number of thrust switches along the optimal trajectory and derive sufficient conditions for
the case where no more than one switch is possible. The qualitative results obtained are illus-
trated by numerical simulation.

Keywords: optimal braking, maximum principle, singular control, phase portrait
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YOK 517.977

3aKOH IMHEeMHOro TaHreHca aA yuyeta ()a30BbiX OrpaHUYEHUNn

Apunbacos AHTOH BsauecnaBoBuY artsibasov@ipmnet.ru

PewmwuH Cepreit AnekcaHapoBuY

UHcmumym npobnem mexaHuku um. A.10. MwnuHckoeo PAH, Mockea, Poccus

AnHoTtamms. PerieHa 3aaya ONTUMU3AIUN JIBIDKCHHS JHHAMHYICCKOTO 00BEKTA B HAYallbh-
HbIi MOMEHT BPEMEHH, OTIAJSAIOLIETOCS OT KelTaeMOW MpsIMONMHEHHON TpaekTopuu. s

yuera (l)a?,OBLIX OI‘paHI/I‘IeHI/Iﬁ U JOCTHXKCHUSA Tpe6yeM01‘/'I TPAaCKTOPHUU HCIIOJIB3YCTCA MOJAU-
(1)I/IKaIII/I}'{ 3aKOHA JIMHCHHOTO TaHT'CHCA.

KiaroueBble ciioBa: TPACKTOPHAA ONITUMH3AllNs, 3aKOH JIMHEWMHOr0 TaHTeHca

Hccredosanue svinonneno 3a cuem epanma PH® (npoexm Ne 23-11-00128).

The linear tangent law for accounting for phase constraints

Artsibasov Anton Vyacheslavovich artsibasov@ipmnet.ru

Reshmin Sergey Alexandrovich

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. The problem of optimizing the motion of a dynamic object initially moving away

from a desired linear trajectory is solved. A modification of the linear tangent law is used to
account for phase constraints and achieve the desired trajectory.

Keywords: trajectory optimization, linear tangent law

This work was supported by the RSF grant (project No. 23-11-00128).
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YK 532.135

NpeHTUdUKaLMa NnapamMeTpoB CTPYKTYPHO - peosiornyeckoin mogenu
TUKCOTPOMHbIX CPeA, N0 KPUBbIM TEUEHUS U BA3KOCTU

1,2(%)

F'ynuH Bayecnas Bnagumunposuy kornet104@gmail.com

Xoxnos AHgpeii Bnagumuposuu™?

" HUW mexaruxu MIY umeHu M.B. JlomoHocosa, Mockea, Poccus
2 CBOY um. M.K. AMmocosa, AKkymck, Poccusi

AnnoTtanus. KpuBbie TeUeHUS U BI3KOCTH (3aBHCUMOCTH HATIPSHKCHUS U BSI3KOCTH OT CKOPO-
CTH CIBWIa) — BAXKHCWIHNE XapPAKTCPUCTUKU TOBEICHHUS HCHBIOTOHOBCKUX IKHIKOCTCH.
[IpoBenena npeHTHGUKAIMKA CTPYKTYpPHO-PEOIOTHYECKON MOAETH THKCOTPOITHBIX BS3KO-
YIOPYTOIUIACTHUECKUX Cpell, PEUIOKCHHOW paHee, MO SKCIEePUMEHTAIBHBIM KPUBBIM Tede-
HUS ¥ BSI3KOCTH OMTyMa TIPH Pa3HBIX TEMIIEpaTypax M BOIHBIX PACTBOPOB KCAHTAHOBOH Ka-
Menu B auamna3oHe KoHreHtparmid 0,5-1,4 r/n. Momens ONMChIBaeT IBa B3aMMOCBSA3aHHBIX
nporiecca: aehOPMUPOBAHNE U IBOJTIOIIHIO BHYTPEHHEH CTPYKTYPhI MaTepPHaIa, YTO IMO3BOJIS-
€T BOCIIPOHM3BOANTH KITFOUEBBIC 3(M(HEKTH TUKCOTPOITMH — CHHYKEHHE BI3KOCTH IIPU CIIBUTE
U €€ BOCCTaHOBJIEHHE B Mokoe. OHa COJEPKUT IIECTh MaTepUaIbHBIX MAPAMETPOB U OHY
MaTepualibHy0 (QyHKIUI0. [10 3KCIIepUMEHTAIBHBIM JAHHBIM OIPEICICHBI MAapaMETpPhl, OT-
BEYAIOIINE 32 BPeMsl PEIaKCaIliH, BKJIAJ[ CTPYKTYPHI B BA3KOCTh, OallaHC IPOIICCCOB paspy-
IICHUS ¥ 00Pa30BaHUs CTPYKTYPBI, a TAKXKE ¢ TyBCTBUTEIBHOCTH K HanpsbkeHuto. [lokaszaHo,
YTO MOJICNb C TMHEHHON MaTepHANbHON (DYHKIHEH XOPOIIIO OMUCHIBACT KCIICPUMEHTAIBHEIC
KPHBEIC BSI3KOCTH BOJHBIX PAaCTBOPOB KCAHTAHOBOW KaMeIW Pa3HOW KOHIIEHTPALMH B AWAIa-
30He ckopoctelt capura ot 0,01 mo 1000 ¢"'. BbIBJIEHDI (u3MYECKH OCMBICTICHHBIE MOHO-
TOHHBIE 3aBHCHMOCTH OIIPEICIICHHBIX IapaMeTpoOB MOIETH OT KOHIIHTPAaIWH pacTBOpa,
YCTAQHOBJICHO MX XOPOIIIEE OMUCAHKE CTCIICHHBIMU (PYHKIMSAMH KOHIeHTpanuu. OOHapyKe-
HO, YTO PaBHOBECHAsI CTPYKTYPHUPOBAHHOCTH CJ1a00 3aBUCUT OT KOHIICHTPAIIMH, & paBHOBEC-
HOE€ BpeMsI peJlakcalii — CHIIBHO.

KiioueBble ci1oBa: TUKCOTPONUS, CTPYKTYPHUPOBAaHHOCTb, MJICHTH(HKAIMS IapaMeTpoB,
KPHBBIE TCUCHHUS, BI3KOCTh, ONTYM, KCAHTAHOBAsI KaMe/Ib
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Identification of parameters of a structural rheological model
of thixotropic media using flow and viscosity curves

Vyacheslav Vladimirovich Gulin®*®

Andrey Vladimirovich Khokhlov"?

kornet104@gmail.com

" Institute of Mechanics of the Lomonosov MSU, Moscow, Russia
? NEFU, Yakutsk, Russia

Abstract. Flow and viscosity curves (the dependences of stress and viscosity on the shear
rate) are the most important characteristics of the behavior of non-Newtonian fluids.
A previously proposed structural-rheological model of thixotropic viscoelastoplastic media is
identified using experimental flow and viscosity curves of bitumen at different temperatures
and aqueous xanthan gum solutions in the concentration range of 0.5-1.4 g/L. The model
describes two interrelated processes: deformation and the evolution of the internal structure of
the material, which allows for the reproduction of the key effects of thixotropy—a decrease in
viscosity under shear and its recovery at rest. It contains six material parameters and one ma-
terial function. Experimental data are used to determine the parameters responsible for the
relaxation time, the contribution of structure to viscosity, the balance between the processes of
destruction and formation of the structure, as well as its sensitivity to stress. It was demon-
strated that a model with a linear material function provides a good description of the experi-
mental viscosity curves of aqueous xanthan gum solutions of varying concentrations over
a shear rate range from 0.01 to 1000 s'. Physically meaningful monotonic dependences of
certain model parameters on solution concentration were identified, and their good description
by power-law concentration functions was established. It was found that equilibrium structur-
ing depends weakly on concentration, while the equilibrium relaxation time depends strongly
on concentration.

Keywords: thixotropy, shear thinning, structural parameter, structuredness, identification,
flow curves, viscosity curves, bitumen, xanthan gum
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YK 372

N3 uctopum akagemuu

Xuakos leHHaguin Hukonaesuu gen7517@yandex.ru
FopkyHoB Bagum Hukonaesuy

BA PBCH um. lMempa Benukoeo, banawuxa, Poccus

Annorammsi. Crares nocssimieHa ['eporo Coerckoro cotoza Exarepune Bacuibesne Psi6o-
Boii, Berepany Bemukoit OtedecTBeHHON BOIHBI, BeTepany akaiemuw, JieT4uile, JOUEHTY
kadenpsl Teoperndeckorr mexannku BA PBCH ¢ 1963 no 1972 r. 3aBeTHoii meutoii Exate-
punbl BacuneeBHBI ¢ camoro nercrBa Obita yueba B MI'Y, Kyzna oHa M mocTynmia Iocie
OKOHYaHMs MKOJNbl. OnHako yueba Oblia mpepBaHa COOBITHUSIMH BOCHHOTO BpeMeHH. B ok-
Ts10pe 1941 rona Mapuna PackoBa otoOpaia cTyeHTOK By30B, 00J1aJal0IINX ONPEACICHHBIM
3aracoM 3HaHWHM MaTeMaTHKH M MEXaHUKH, B JOOPOBOIBbUECKYIO aBHadacTs. Tak Exatepuna
Ps6oBa BcTana Ha 3amnmry cBoero OtedectBa. Kak sneTynma-mrTypMan, oHa jerana Ha OOM-
Gapmuposumkax [10-2, npuHrMana ygactue BO MHOKECTBE OOEBBIX BBUICTOB, IEMOHCTPHPYS
BBICOKHH mpodeccHoHanu3M u deccrpariue. Beero 3a mepuon 60eBbix neiicTeuii Psibosa E.B.
cosepiia 890 60CBBIX BBUIETOB, COPOCHB Ha IMPOTHBHUKA 96 ToHH 60MO. CBOM MOCIICIHHIA,
890-i1 o cuety, 60eBO# BbIIET IBapuu cTapuuii ieiirenant Exarepuna BacunbeBna PsidoBa
BBINOJTHWIA Ha nojcrynax k bepnuny. Ilocne BoitHbl Exatepuna BacunbeBHa mpopomkuna
yueOy B MI'Y, cTraB yueHbIM U NperojaBaTeleM, aKTUBHBIM YYaCTHHKOM B OOIIECTBEHHOM
u3HU. B akagemuio Ha kxadenpy TEOpeTHYeCKOH MEXaHWKH TPAIMIIMOHHO MPUIIIAIIAINCh
TperIoJaBaTeNn-CIeUAINCTHI BEICOKOTO Kilacca, B MX uucie Obuta Exareprna BacuibeBHa.
Ona 6bl1a o1IeHTOM Kadeaps! Teopetndeckoi Mmexanuku BA PBCH ¢ 1963 mo 1972 r., pa-
GoTaJa Moz pyKoBOICTBOM Taroke BhiyckHHKa MI'Y — Cemena Muxaiinosuua Tapra.

Kawuessie cinoBa: Ps6osa E.B., I'epoit Coerckoro Coro3a, Bemmkas OteuecTBeHHAs BOWA-
Ha, 46 ['Bapaeiickuii MOJIK HOYHBIX OOMOAPIUPOBIINKOB, MATPHOTH3M, Kadenpa, MeXaHuKa
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From the history of the academy

Zhidkov Gennady Nikolaevich gen7517@yandex.ru
Gorkunov Vadim Nikolaevich

Military Academy of the Strategic Missile Forces, Balashikha, Russia

Abstract. This article is dedicated to Hero of the Soviet Union Ekaterina Vasilyevna
Ryabova, a veteran of the Great Patriotic War, an academy veteran, a pilot, and an associate
professor of the Department of Theoretical Mechanics at the Strategic Missile Forces Acade-
my from 1963 to 1972.

Keywords: Ryabova E.V., Hero of the Soviet Union, Great Patriotic War, 46th Guards Night
Bomber Regiment, patriotism, department, mechanics
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Y[IK 539319

MHTerpanbHbin Kputepui gna sepuukaumm
0606LeHHOro 3akoHa lNyka B 3aa4ax 0CeECUMMMETPUUYHOT0 HarpyXeHus

DyiweHanues Typat6ek bonot6ekoBuy duyshenaliyevt@mpei.ru

HWNY «M3U», Mockea, Poccus

AnHotanus. [IpoOremMa HEMOCPEICTBEHHON SKCICPUMCHTANBHON Bepudukanuu 00600-
IICHHOTO 3aKOHA ['yKa MPHUBOAMUT K HEOOXOJAMMOCTH HMCIIOJIh30BAHUS KOCBEHHBIX METOJIOB,
OCHOBAaHHBIX Ha PELIEHUM KpaeBbIX 3adau. [logcTaHOBKA MOJYUYEHHBIX PELIEHUH B ypaBHE-
HUS 3aKOHA MTO3BOJIACT TPAHC(HOPMHIPOBATH UX B MpoBepsieMyro Gopmy. [Ipemnoxen kpure-
pUii, OCHOBaHHBI HAa WHTCTPUPOBAHUN YPABHECHUH NBHKCHUS IIUTHHIPHYCCKOTO 00pasia
B YCIIOBHSIX OCECHMMETPHYHOTO HArpy)KeHHUs. Pe3ynbTaTsl SKCIIEpUMEHTa MOATBEPKIAIOT
MPUMEHIMOCTh 0000IIEHHOT0 3aKoHa ['yKa 3a paMKaMu KITaCCHYECKON TEOPHU MajbIX Je-
dhopmarruii.

KioueBble cjioBa: 0000IICHHBIH 3aKOH ['yka, OCECHMMETPHUYHOEC HArpyKEHHE, KpaeBas
3a/1a4a, KpUTepui

Integral criterion for verification of generalized

Duishenaliev Turatbek Bolotbekovich duyshenaliyevt@mpei.ru

National Research University «Moscow Power Engineering Institute», Mos-
cow, Russia

Abstract. The problem of direct experimental verification of the generalized Hooke's law
leads to the need to use indirect methods based on solving boundary value problems. Substi-
tuting the obtained solutions into the equations of the law makes it possible to transform them
into a verifiable form. A criterion based on the integration of the equations of motion of a
cylindrical sample under axisymmetric loading conditions is proposed. The experimental re-
sults confirm the applicability of the generalized Hooke's law beyond the classical theory of
small deformationss.

Keywords: generalized Hooke's law, axisymmetric loading, boundary value problem, criterion

CrUCcoK UCTOYHUKOB

[1] XKaxembekos A.b., dyiimenanues T.b YpaBHeHne nuarpamMel Harpyska-nedopmanus. Mame-
mamudeckuil scypuan, 2004, T. 4, Ne 3(13), c. 27-41.



70 Mockea, MITY um. H.3. baymaHa, 2—-5 0ekabps 2025 .

YK 378.4

MHTerpauus npoeKkTHOro obyyeHus B npenogaBaHue
(yHAaMEHTaNbHbIX HayK

PomaHoBckas EneHa MUpoOHOBHa e.m.romanovskaia@urfu.ru
SPIN-kopa: 4462-0995

bepecroBa CBeTiiaHa AleKCaHApPOBHA SPIN-kop: 3396-6210

PouweBa TaTbsiHa AHaTO/IbeBHA SPIN-kopa: 3865-3007

CaBuHa EneHa AnekcaHapoBHa

Yp®y, EkamepuHbype, Poccus

AnHoTaums. [IpecTaBieH ONbIT YCIEIHOH HHTErPaLiK IPOSKTHOTO 00y4YeHHs B IIperno/a-
BaHMM (yHIaMEHTaJbHBIX HayK. ONHCaHHBIE Pe3yJbTaThl alpoOaliyd MOJCIH JIEMOHCTPU-
pytoT ee 3(h(eKTUBHOCTD Uil IOHUMAHHsI TEOPETUUECKUX KOHIEMIIMi, (hOpMUpOBaHUS HC-
CJIEJIOBATENILCKUX KOMITETEHIIM M YCTOHYMBOTO pOCTa MOTHBALIMK CcTyAeHTOB. [IpemioxkenHa
MOJIeTIb IIOJIXO/a, KOTOPBIA COUETaeT OCBOGHHE TEOPETHYECKOI0 MaTepHala ¢ MPOSKTHBIMH
tdopmamu nesirenbHOCTH. [TpuBOAMTCS Kelic, 00CYKIal0Tcsl BBISBICHHbBIE POOIEeMBbI (BBICO-
Kasi Harpy3Kka Ha IperojiaBarelis, CJI0)KHOCTh OLEHKH MHIMBUIIYAJIHOTO BKJIaaa) U MyTH UX
pemrennsi. Caenad BBIBOJ O MOBBIIICHUH MOTHBAIMH CTYICHTOB M ()OPMHUPOBAHMN CHCTEMHO-
TO MBIIIICHHUSI.

KaroueBsbie ciioBa: ipoekTHOE 00ydeHHE, (PYHIaMCHTATBHBIC HAYKH, METO/IMKA TIPEIIOaBa-
HUSI, MOTHBAIIH, KOMIIETEHIIUH, BBICIIIEe 00pa30BaHMe
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Integrating project-based learning into basic science teaching

Romanovskaia Elena Mironovna e.m.romanovskaia@urfu.ru
SPIN-kog: 4462-0995

Berestova Svetlana Alexandrovna SPIN-kof;: 3396-6210

Roshcheva Tatyana Anatolyevna SPIN-koa: 3865-3007

Savina Elena Alexandrovna

Ural Federal University, Ekaterinburg, Russia

Abstract. This paper presents the successful integration of project-based learning into the
teaching of basic sciences. The described results of testing the model demonstrate its effec-
tiveness for understanding theoretical concepts, developing research competencies and sus-
tainable growth in student motivation. A model of an approach is proposed that combines the
development of theoretical material with project forms of activity. A case is presented, the
identified problems (high workload on the teacher, difficulty in assessing individual contribu-
tion) and ways to solve them are discussed. It is concluded that students' motivation is in-
creased and systemic thinking is formed.

Keywords: project-based learning, fundamental sciences, teaching methods, motivation,
competencies, higher education

CnMUcoK UCTOYHUKOB

[1] TapacoBa A.B. IlpoekTHasi AEATENBHOCTh KaK HHCTPYMEHT COBEPLICHCTBOBAHMS HAaBBIKOB
HAy4YHO-HCCIIEIOBATEIbCKOMH NIEATENFHOCTH CTYIICHTOB B By3e. [Ipoexmuposanue. Onvim. Pe-
synemam, 2024, Ne 1, ¢. 89-94.

[2] Bepecroa C.A., Jlamotkun A.E., Pomanosckas E.M. D¢ dexTrBHOE TUIaHIPOBAHHE OLIEHOYHBIX
MEepOIIpUATHII B 3NIEKTPOHHOM Kypce. Lludposas cpena cryneHra. IIpocmpancmeo 803mMOHCHO-
cmetl. Beepoc. nayu.-npaxm. ¢popym: mamep. ExarepunOypr, Yp®V, 2024, c. 27-31.



72 Mockea, MITY um. H.3. baymaHa, 2—-5 0ekabps 2025 .
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Ncnonb3oBaHMe KOMMbIOTEPHOro 3peHUs B 3aa4Ye HaBurauuu
NneTtaTtesibHOro annapaTa-pOGOTa Ha ME)K,D,yHaPO,U,HOﬁ
KOCMWYECKOM CTaHL U

TiopuH Poctucnas PycnaHosuy trr1945@gmail.com

MrY umerHu M.B. JlomoHocosa, Mockea, Poccus

AnHoTtanusi. Pa3pabotaH BBIYHCINTENHHO 3(QEKTHBHBI METOJ| BU3yaJIbHOW HaBUTALlUH
CBOOOHO JIETAIOMIEro poOoTa Ul MPUMEHEHHSI B POCCHHCKOM cerMeHTe MeXayHapoaHon
KOCMHYECKOHM craHimu. [Ipe/ioskeHHbIH MOJX0/ codeTaeT oOHApYKEHHE KIIFOYEBBIX TOYEK
Ha N300pa)XeHHH C UCTIOIb30BaHUEM KOMITLIOTEPHOTO 3pEHHS M PellieHus 3a1aun BaxObl s
OLICHKH TOJIOXKEHHs U opueHTaImu. [IpencraBieHHas MeTOUKa OPUEHTHPOBAHA HA IpUMe-
HEHME B yCIIOBUSX OTPAaHUYEHHBIX PECYPCOB M MOXKET CIYXKHUTb HAJCKHBIM UCTOYHMKOM HH-
(hopManmu Ha 3Tare KOPPEKIUH B MIMPOKO MPUMEHSEMbIX JITOPUTMAaX (HIBTPALUH.

KiaroueBble c10Ba: KOCMUYECKAs p060TOT€XHI/IKa, HaBUTalus, aJITOpUTMblI HaBUT'AllUH, MO-
JACJIb KaMCpbl, KOMIIBIOTCPHOC 3pCHUC

Using computer vision in a task navigation of a robot aircraft
on the international space station

Tyurin Rostislav Ruslanovich trr1945@gmail.com

Lomonosov MSU, Moscow, Russia

Abstract. A computationally efficient method of visual navigation of a free-flying robot has
been developed for use in the Russian segment of the International Space Station. The pro-
posed approach combines the detection of key points in an image using computer vision and
solving the Wahba problem to estimate position and orientation. The presented technique is
aimed at application in conditions of limited resources and can serve as a reliable source of
information at the correction stage in widely used filtering algorithms.

Keywords: space robotics, navigation, navigation algorithms, camera model, computer vision
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Mcnonb3oBaHUe MEXaHUKO - TMAPABAMYECKO MoAenu
npu usyyeHuu Teopembl Faycca B 3N1€KTpOMarHeTusme

Bepetumyc inana KonuctantuHosHa'” dkveretimus@bmstu.ru
Bepetumyc Hapexxpa KOHCTaHTMHOBHa

MITY um. H.3. baymaHa, Mocksa, Poccusa

AnHotaums. [TokasaHo kak oOpameHre K MEXaHUKO-THIPABIMYSCKUM aHAJIOTHSM [IOMOTaeT
HOSICHATE TeopeMy ['aycca VISl SJIEKTPUYECKOTo MOJISL M MPOTHO3MPOBATh €€ BHI JUIS Mar-
HHUTHOTO TOJIS; pacKpbiBaeT (pr3nueckuii cMbich TuddepeHransHoi GopMbI 3TOH TEOPEMBI,
YTO CIIOCOOCTBYET JIydIlIeMy OCBOSHHUIO YUeOHOTO MaTepHania CTyJeHTaMH.

KimoueBsbie ciioBa: Teopema ['aycca, SeKTpoOMardeTusm, Kype, moie

Using a mechanical-hydraulic model to study Gauss's theorem
in electromagnetism

)

Veretimus Diana Konstantinovna® dkveretimus@bmstu.ru

Veretimus Nadezhda Konstantinovna

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This paper demonstrates how using mechanical-hydraulic analogies helps clarify
Gauss's theorem for an electric field and predict its form for a magnetic field; it also reveals

the physical meaning of the differential form of this theorem, which facilitates better student
learning.

Keywords: Gauss's theorem, electromagnetism, course, field
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YK 378.4

Ncnonb3oBaHMe peasibHbIX APXMTEKTYPHbIX 06bEKTOB
ANA KeMCOBbIX 3aJaHWI N0 TEOPEeTUYECKOW MeXaHuKe
Y CTYAEHTOB CTPOMTENbHbIX CNeLMaNbHOCTEN

bepecToBa CBeTnaHa AneKcaHppoBHa' s.a.berestova@urfu.ru
SPIN-kop: 3396-6210

®omuHbIX AHHa UnbuHNYHA'
PomaHoBCcKaa AHacTacus ,U,MMTpVIEBHaZ

" Yp@y, Examepur6ype, Poccus

2 Mockosckuii nonumexHuyeckuii yHusepcumem, Mockea, Poccusa

AHHOTanms. PaccMOTpeHO MPUMEHEHHNE KENCOBBIX 3aJaHUil NIPU NpenoJaBaHUU TEOPETUYE-
CKOW MEXAaHUKH IUISl CTYAEHTOB CTPOMTENBHBIX CIENMAIBHOCTEH, KaK OJHOTO M3 MPUEMOB
(hopmupoBaHus TPO(heCCHOHANBPHBIX KOMITETCHINNA. 3afaHus (HOPMyIHUPYIOTCS IS peaib-
HBIX aPXUTEKTYPHBIX 0ObEKTOB. V3110%KEeHBI PEKOMEHAIMHY 110 MHTEIPAlMK KEHCOB B CyIlle-
CTBYyIOIIME y4eOHBIE TporpaMMbl. B kauecTBe mprMepa HMPUBOAMTCS MPUMEP MOCTAaHOBKU
3anaun 411 HeBbsiHCKO# GamHu. PaccMOTpeHbl BO3MOKHOCTH aialiTalluy 3aIaHuil i pas-
HBIX YpoBHeH noxaroroBku. [Ipeyiaraemast cucrema 3a/laHuii poIILIa TPOBEPKY B yueOHOM
MpoILIeCcce CTYICHTOB CTPOUTENBHBIX CrieluaibHocTed YpdDVY.

KuroueBble cj10Ba: KelicoBOE 3aJlaHue, MCTOAMKA MPCroJiaBaHsl, MOTUBALU, KOMIICTCHIINH,
BBICHICC 06pa3OBaHI/Ie

Using real architectural objects for case studies
in theoretical mechanics for students of construction specialties

Berestova Svetlana Aleksandrovna’ s.a.berestova@urfu.ru
SPIN-code: 3396-6210

Fominykh Anna Ilyinichna’
Romanovskaya Anastasia Dmitrievna’

" Ural Federal University, Ekaterinburg, Russia
2 Moscow Polytechnic University, Moscow, Russia

Abstract. The paper examines the use of case studies in teaching theoretical mechanics to
students of construction specialties, as one of the methods of forming professional competen-
cies. Tasks are formulated for real architectural objects. Recommendations on the integration
of case studies into existing curricula are outlined. As an example, an example of setting a
problem for the Nevyanskaya Tower is given., The possibilities of adapting assignments for
different levels of training are being considered. The proposed assignment system has been
tested in the educational process of UrFU students of construction specialties.

Keywords: case study, teaching methods, motivation, competencies, higher education
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WccnepoBaHue Geryuien npoaonbHON BOJHBI B YNPYyrou cpepe
no ee (pa30BbIM XapaKTepuCTUKam

JlyknH KoHCTaHTUH bopucoBuy lkb1942@mail.ru
SPIN-kop: 2878-1582

MITY um. H.3. baymaHa, Mockea, Poccus

AHHOTaIIl/ISl. TeOpeTI/I'{eCKI/I " 3KCHECPUMECHTAJIBHO C MOMOLIIbIO ABYXKaHAJIbHOT'O HI/I(i)pO-
BOT'0 3alIOMHHAKOMICTO ocummorpaq)a OWON HCCICAOBAaHbl B MPCAINOJIOXKCHUN C(l)epI/I-
YCCKOI'0O BOJIHOBOT'O (prHTaZ (I)a?)OBaH CKOpPOCTDb, AJIMHA BOJHBI; C TOYHOCTBHIO HOJ’IGﬁ MHUII-
JIMMETpPa ONPCACIICHO PACCTOAHUC MCKAY ABYMS NMPUCMHHUKAMU BOJIHBI, IPUHUMAIOMIUX
CUTHAJI OT ABWXXYILICTOCA NEpCAATINKA.

KioueBble c10Ba: BOIHOBOM Ipoliece, ypyras cpena, pasoMeTpus

Study of a traveling longitudinal wave in an elastic medium
based on its phase characteristics

Lukin Konstantin Borisovich lkb1942@mail.ru

Abstract. The phase velocity and wavelength were theoretically and experimentally investi-
gated using an OWON dual-channel digital storage oscilloscope under the assumption of a
spherical wavefront; the distance between two wave receivers receiving a signal from a mov-
ing transmitter was determined with an accuracy of fractions of a millimeter.

Keywords: wave process, elastic medium, phase measurement
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YJIK 534.1

NccnepoBaHue KonebaHMii Npu KAHTOBAHUM KOJIOHHOMO annapara
C MOMOLLbI0 CAMOMOHTUPYIOLLEroCH KpaHa

bennyeHko JaHun AneKkcaHapoBuy belichenkoda@student.bmstu.ru
SPIN-kog: 3525-3310

MITY um. H.3. baymaHa, Mockea, Poccus

AnHoTanus. PaccMoTpeH npoliecc KaHTOBaHUS KOJIOHHOTO aIIapaTa 1y HedrenepepaboT-
KA TIPU NOMOIIM CIIEIUaIbHON CaMOMOHTUPYIOLIEHCS MOJbEMHO-TPAHCIIOPTHOH CHUCTEMBI
ENERPAC B-SET. IlpoBenieH KMHEMaTHUECKUH aHAIM3 TaKTa MOABEMa, B KOTOPOM HalIIto-
JIAl0TCS HanOOJIbIIIME TIObEMHBIE yCHIIHS. PaccunTano TeopeTnieckoe MUHUMAIBHOE BPEMsI
HoJbeMa 3a OfUH TakT, t = 9,12 c. IIpoBeneH pacdeT mepexoqHOro MpoLEecca, PACCMOTPEH
TakT ¢ HanOOJBIIMMH MOABEMHBIMU YCHIIMSMHM: BBIIBICHO BO3HMKHOBEHHE 3aTyXaroIIEro
KOJICOaHHS B ITOTIEPEYHOM HAIPaBJICHHH OTHOCHTENILHO MPOJIETHOTO CTPOEHMs KpaHa. [laH-
HOE KosebaHue He IPUBOAUT K MOTEPH yCTONYHNBOCTH.

KroueBble c10Ba: CaMOMOHTHUPYIOUTUIACS KpaH, KOJOHHBINA aImapar, Ipolecc KaHTOBaHHUS,
pacuer KoedaHuH, IPOrpaMMHbIA KOMILJIEKC ANsys

[To pesynpTaTam pacdera TUHAMHUYECKON MOJEIH OBLIO BBIABICHO, UTO IO BEPTH-
KaJIM BEPIIMHBI MOJIEIH MEPEMEIIAlOTCs TUIaBHO — HE BO3HMKAET KoJieOaHuH, Jie-
(dhopMmarys IpoXoaAUT HenpepblBHO. [lo TOpU30HTaNM BO3HHKAET 3aTyXaroliee Ko-
nebaHne — MaKCUMAaJIbHOE OTKJIOHEHHE BepIIMHBI cocTaBisieT A = 89 mwm. Ilepuon
kosiebanus T paBeH BPEeMEHM NHojbeMa f. TakuM 00pa3oM, MpU KAaHTOBAaHUH KO-
JIOHHOTO armapara BO3HUKAEeT 3aTyxarolee Koliebanne, HO OHO He SBIISETCH KPH-
TUYECKUM, HE BEJIET K OTepe yCToMUnBOCTH [3, . 366].

Ienp nccnenoBaHus JOCTUTHYTa — IO pe3yJibTaTaM pacueTa IWHAMHYECKOH
MOJIeH TIpollecca MoAbeMa peakTopa THAPOKPEKHHTa OOHApYKEHO 3aTyXarolee
Koyie0aHue ¢ MaKCUMaIbHOHN aMImuTyoi A = 89 MM. Mcnonb30BaHHYIO METOTUKY
CO3/IaHUsl JUHAMUYECKOW MOJIENH IOJABEMHO-TPAHCIIOPTHONH CHCTEMBI MOXKHO
MPUMCHSATH JIS pacdye€Ta TaKEJIaKHbIX pa60T Ha pCajIbHbIX 06'I)GKTaX Wk 1pu Co-
3JJaHUK aBTOMATH3UPOBAHHOTO 00OPYI0BAHUS JIsl ONIEPAIMY KaHTOBAHUSI.
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Study of vibrations during tilting of a column apparatus
using a self-erecting crane

Belichenko Danil Alexandrovich belichenkoda@student.bmstu.ru
SPIN-code: 3525-3310

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The process of tipping a column apparatus for oil refining using a special self-
mounting lifting and transport system ENERPAC B-SET is considered. A kinematic analysis
of the lifting stroke, in which the greatest lifting forces are observed, is carried out. The theo-
retical minimum lifting time per clock cycle is calculated, t=9.12 s. The calculation of the
transient process is carried out, the stroke with the highest lifting forces is considered: the
occurrence of a damped oscillation in the transverse direction, relative to the crane span
bridge, is revealed. This oscillation does not lead to a loss of stability.

Keywords: self-erecting crane, column apparatus, tilting process, vibration calculation, Ansys
software package
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Y[IK 531.36

NUccnepoBaHne HEKOTOPbDIX KNAaCCOB ABUXXEHUA MeXaHUYeCKUX cucTtem
C ABYMSA CTENEHAMMU CBOGOAbI

06HocoB KOHCTaHTUH bopucoBuy obnosov@ bmstu.ru

LeBueHKo Anekceii Onerosuy’” shevchenkoao@student.bmstu.ru

MITY um. H.3. baymaxa, Mocksa, Poccusa

AHHOTanMs1. B mogaBisiomem 9nciie COBPEMEHHBIX OTEUECTBEHHBIX YYEOHHKAX MO Teope-
TUYECKON MEXaHHKE B pa3zuene «Maiple KoiaeOaHus OKOJIO TIONIOKEHUSI YCTOWIHBOTO PaBHO-
BECHUs» YCTOMYMBOCTh PaBHOBECHS OIPEEIICHHs OIpeesseTcs ¢ MOMOLIbl0 TeopeM JIexeH
— Jupuxne u JlanyHosa. [Ipudyem Ha Teopemy JlsmyHoBa nenaercst TOJMBKO CCBUIKA 0e3
JIOJDKHOM (pOpMYITHPOBKHM CaMoil TEOPEMBI, TaKk Kak (popMyJIHpPOBKA ITOW TeOpeMbl TpedyeT
UCIoIb30BaHKs QyHKIMK JIsmyHOBa. A B HacTosIee BpeMs M3-32 KPaTKOCTH KYPCOB I10 TE€O-
PETHYECKON MEXaHUKE BBIIEIATH BPEMs! Ha MO00HbBIE TEOPUH MPUHIUITHATEHO HEBO3MOXKHO.
Hacrosamee uccnenoBaHue MOCBSIIEHO aHATU3Y yCTOMYMBOCTH O JISAIMyHOBY mHONOXEHMI
paBHOBECHsI MEXaHUYECKOH CHCTEMBI C JIBYMsI CTEHEHSIMH CBOOOBI M MOIYMHSIONINXCS TO-
JIOHOMHBIM yJIEpXKHMBAIOIIUM CTallUOHAPHBIM CBA3AM, Ha KOTOPYIO JEUCTBYIOT TOJBKO IO-
TCHIMAIbHbIE CHIBL. B pamkax paOoTel OblTa MpHBEIEHA CX€Ma KOHKPETHOTO MEXaHHM3Ma
C ONHCAHHUEM €ro paboThI U TapaMETPOB, COCTABIICHBI ypaBHEHNA Jlarpamka 2-ro posa 3Toro
MexaHu3Ma. J[js paccMOTpEeHusI pa3INYHbIX THIIOB JBHKEHHUI MEXaHM3Ma Oblila cocTaBIeHa
MporpaMma 4HCJIEHHOTO MHTErPHPOBaHus B MaTeMaruueckoM rakere WolframMathematica.
C MOMOIIBIO MPOCTPAHCTBEHHOTO IpaduKa MOTSHIMAIBHONW SHEPIHU U POrPaMMBbl YUCIICH-
HOT'O HMHTEIpHUPOBaHUA TIPHUBEACHA MyHbTHMeﬂHﬁHaﬂ WJUTIOCTpAIs BBITIOJIHCHUA yCHOBI/Iﬁ
ycroitunBocTH 110 JISmyHOBY B KOH(UIYpaliMOHHOM HpocTpaHcTBe. B mpomnecce nccienosa-
HUsI OOHapyKEHbI HEKOTOPbIE CBOCOOPa3HbIE TPACKTOPUU TOUKH B KOH(PUTYPAIIIOHHOM IIpO-
CTPaHCTBE, KOTOpBIE TPEOYIOT JAIbHEHIIIEr0 N3yYEHHSI.

KroueBbie cioBa: ycroiunBocTh 10 JIAmyHOBY, Majible KojeOaHHs, KOH(UTYpalmoOHHOE
MPOCTPAHCTBO, TOTEHIHANbHAs JHEPIUs, KMHETHYEeCKas SHEPrHs, IOJHAs MeXaHWdecKas
SHEPIrHs



Mexx0OyHapodHaa Hay4Has KoHpepeHyus «PyHOaMEeHMA/IbHbIE U NPUK/IAOHbIe 3a0a4uU MEXAHUKU»  T9

Study of Certain Classes of Motion of Mechanical Systems
with Two Degrees of Freedom

Obnosov Konstantin Borisovich obnosov@bmstu.ru
Shevchenko Aleksey Olegovich®” shevchenkoao@student.bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. In the overwhelming majority of modern Russian textbooks on theoretical mechan-
ics, the section “Small Oscillations Around a Stable Equilibrium Position” defines the equilib-
rium stability using the Lejeune — Dirichlet and Lyapunov theorems. Moreover, Lyapunov's
theorem is merely referenced without a proper formulation of the theorem itself, since its for-
mulation requires the use of a Lyapunov function. Currently, due to the short nature of theo-
retical mechanics courses, allocating time to such theories is fundamentally impossible. This
study analyzes the Lyapunov stability of the equilibrium positions of a mechanical system
with two degrees of freedom and subject to holonomic stationary restraints, acted upon only
by potential forces. A diagram of a specific mechanism with a description of its operation and
parameters was presented, and Lagrange equations of the second kind for this mechanism
were formulated. To consider various types of mechanism motion, a numerical integration
program was developed in the WolframMathematica mathematical package. Using a spatial
graph of potential energy and a numerical integration program, a multimedia illustration of
the fulfillment of Lyapunov stability conditions in configuration space is presented. During
the study, several peculiar trajectories of a point in configuration space were discovered,
which require further study.

Keywords: Lyapunov stability, small oscillations, configuration space, potential energy, ki-
netic energy, total mechanical energy
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Y[IK 533.6

UccnepoBaHve napameTpoB ra3oAMHAMUKK U TennoobmeHa
B 0611aCTV OTPbIBHOTO TEYEHUSA CXKMMAEMOTO rasa

Monoeuu Cepreii CraHncnasosuy’” pss@imec.msu.ru
3putosew AHapei FeHHagbeBuY
Kucenes Hukonan AnekcaHaposuy

BuHorpapos lOpuit Anekceesuy

HUW mexaHuku MI'Y, Mockea, Poccus

Annotaums. [Ipu wmcciegoBaHNN BBICOKOCKOPOCTHOTO a3pPOAMHAMUYECKOTO HArpeBa Jajlb-
HeWIee MOBHIICHHE TOYHOCTH OMpEIeIeHI 3aKOHOMEPHOCTEH TEINIO0TAAYN MpU O0TeKa-
HHHM CBEPX3BYKOBBIM ITOTOKOM ITOBEPXHOCTEH CIIOKHOM (HOPMBI TpeOyeT TIINATEIBHOTO HC-
CIIEZIOBaHUS JIOKANBHBIX 3HAUCHWH paBHOBeCHOW Temmeparypsl creHku [1]. IIpoenmeno
WCCIIEZIOBAaHNE JMHAMUYECKUX (pacmpeesieHne CTaTHYeCKOro JaBJIEHWsI HA CTEHKE, IMOoJie
CKOPOCTH) U TCIUIOBBIX (aauabaTHAs TeMIlepaTypa CTCHKH, KOI(PPHUIUCHTH BOCCTAHOBIICHUS
TEMIIEPaTypbl U TEIUIOOTAAa4YH) MapaMeTPOB B IOTOKE CHKUMAEMOTO ra3a MpH OOTCKaHHH
TUTOCKOM CTCHKHM W HAJIMYWH/OTCYTCTBHU BBICTYIIA HA MOBEPXHOCTH. VcciemoBaHus MPOBO-
JIWIACh Ha ad3pOAMHAMHUYECKOM YCTaHOBKE HENPEpPBIBHOrO JeicTBUs. s ompeneneHus Jio-
KaJIbHOM CKOPOCTH TeUeHUsI ucnoib3oBajics metor PIV.

KaroueBble ciioBa: agmabarHas TeMIiepaTypa CTEHKH, TEUEHHE CXKUMAEMOT0 Ta3a, OTPHIBHOE
TCUCHHUE

Paboma evinonnena npu noodepaicke Poccutickoeo Hayunoeo ¢onoa
(epanm Ne 23-19-00096).



MexOyHapodHasa Hay4YHas KoHpepeHyus «PyHOaMeHmMasIbHble U NPUK/IadHble 3a0a4u MexXaHuku» 81

Investigation of gas dynamics and heat transfer in the region
of a separated compressible gas flow

Popovich Sergey Stanislavovich"” pss@imec.msu.ru
Zditovets Andrey Gennadievich

Kiselev Nikolay Alexandrovich

Vinogradov Yuri Alekseevich

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. When studying high-speed aecrodynamic heating, further improvement of the accu-
racy of determining the heat transfer patterns in the supersonic flow over complex-shaped
surfaces requires a thorough study of the local values of the equilibrium wall temperature [1].
The investigation is devoted to the definition of the dynamic (static pressure distribution on
the wall, velocity field) and thermal (adiabatic wall temperature, temperature recovery factor
and heat transfer coefficient) parameters in a compressible gas flow around a flat wall for the
cases of presence and absence of a protrusion on the surface. The studies were conducted in a
wind tunnel of continuous operation. The PIV method was used to determine the local flow
velocity.

Keywords: adiabatic wall temperature, compressible gas flow, separated flow

The work was supported by the Russian Science Foundation (Grant N. 23-19-00096).
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UccnepoBaHue TemnepaTypHOro nos
U HaNpsXeHHO - AehopMUPOBAHHOIO COCTOSAHUSA B 30HE
HarpeBa Npu Na3epHoi 3aKanke cTanei
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Mapguesuny AHpperi Hukonaesuu

CaBuyk Cepreii Bacunbesuy

MapTbiHOB Anekcein Bacunbesuy

Weiiko ApTem AnleKCaHApOBUY

bpecmckuli 2ocy0apcmeeHHbIl mexHudeckul yHusepcumem, bpecm, benapyce

AnHoTanusti. [IpoBesieHO Hccien0BaHiEe TEMIIEPATYPHOTO MOJISL M HAIPSHKEHHO-1e(hOpMHUPO-
BaHHOI'O COCTOSIHUSI CTaJIbHOW IPSIMOYTOJIbHOM IUIACTHHBI IIPU JIOKAJIbHOM HArpeBe JIBUXKY-
LIMMCS C IIOCTOSIHHOM CKOPOCTBIO 10 IIPSMOJIMHEMHOM TPAeKTOPUH JIA3EPHBIM JIy4OM.

KiroueBble ciioBa: TEMIICpAaTypHOC IOJIC, J1a3€p, HaHpH)KeHHO-I[C(lJOpMHpOBaHHO@ COCTOsA-
HHUEC, IIJIaCTUHA

Investigation of the temperature field and stress-strain state
in the heating zone during laser hardening of steels

Verameichyk Andrey Ivanovich vai_mrtm@bstu.by
Parfievich Andrey Nikolaevich

Savchuk Sergey Vasilievich

Martynov Alexey Vasilievich

Sheiko Artem Alexandrovich

Brest State Technical University, Brest, Belarus
Abstract. The temperature field and stress-strain state of a rectangular steel plate were studied
during local heating by a laser beam moving at a constant speed along a straight trajectory.

Keywords: temperature field, laser, stress-strain state, plate
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Y]IK 524.5

NccnepoBaHne hopmnpoBaHua obnactei BbICOKOW MNJIOTHOCTH
B MeX3Be3[HOW cpeae

Taruposa PeHaTta PugoBHa tagrrr@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AnnoTtamms. Pabota nocBsiieHa 0030py COBPEMEHHBIX UCCIICIOBAHUN MEK3BE3THOM CPE/IbI,
paccMaTpHBalOLIMX JaHHbIE HAOMIOAEHUH B 00JIACTSIX 3BE31000pa30BaHMUs U OLIEHUBAIOIIUX
BIIMSIHUE JUHAMUYECKNX M (PU3MUECKUX MPOIeccOB Ha (pOpMHPOBAHME CI'yCTKOB BELIECTBA.
PacnpocTtpaHeHre yapHbBIX BOJNH, pa3BUTHE TUAPOAWHAMUYECKHX M TEIUIOBBIX TUIIOB He-
YCTOHYMBOCTH, B3aMOICHCTBIE I'PaHuIl paszena (a3 IpeacTaBIsioT COO00H KITI0YeBbIe TPO-
IIECCHI, OTIPEICIIIONINE caMble PaHHWE CTAaIWX BO3HHKHOBEHHS HEOTHOPOMHOCTH W IIOCTE-
IYIOIIETO YIDIOTHEHUs cpenbl. [Ipomomkarorieecss cxathe W (parMeHTanus YIDIOTHCHHMA
JIOTIOJTHUTEJIBHO PETYJIMPYyeTCsl M3JyUeHUEM 3Be3]l, MAarHUTHBIM 1oJieM, 3¢ dexramu camorpa-
BUTAllUU U Typ6yHeHTHOCTBIO Cp€abl. HJ'IS{ TOT'O YTOOBI TMOCTPOUTH aKTyaJIbHbIC MaTEMaTHUYC-
CKHe MoJienH (POPMHUPOBAHUS 30H BBICOKOM IJIOTHOCTH B CpeJie B paMKaX yYpaBHEHHUI ra30Boi
JIMHAMUKH C Y4eTOM (PU3MYECKHX MPOLIECCOB TPEOYETCs aHAIN3 JaHHBIX HAOIIOICHUH, KOTO-
PBIX CTaJl0 3HAYUTENHHO OOJIblIe ONaroaps MOSBICHUIO KOCMHYECKHX TEJIECKOIIOB HOBOT'O
nokosieHus. Llenplo Hacrosieil paboThl SBISETCS CHCTEMaTH3alys MHPOpMAalUy O TUIaxX
YIDIOTHEHUH B MEX3BE3/IHOH CpeJie, KOTOphIE CIIOCOOCTBYIOT 3BE371000pa30BaHMIO, U ITOCTPO-
€HHEe MaTeMaTHYeCKUX MoJieJied X (OPMHUPOBAHUS JUIS TTOCIICTYIOIIEr0 YUCICHHBIX HCCIIe-
JIOBaHUH M COTIOCTAaBJIEHHUH PE3yJIbTAaTOB C HAOIIOICHUSIMH.

KiroueBble cjaoBa: MeX3Be3aHAS Cpe€aa, KOCMHUYECKas ra3oBass AMHaAMHKa, 3Be3)1006pa-
30BaHUC
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Investigation of the formation of high-density areas
in the interstellar medium

Tagirova Renata Rifovna tagrrr@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

We have studied modern studies of the interstellar medium, which include observations of
star formation regions and estimate the effects of dynamic and physical processes on the for-
mation of matter condensations (e. g. filaments). The propagation of shock waves, the evolu-
tion of hydrodynamic and thermal instabilities, and the interaction of discontinuity interfaces
constitute key processes governing the earliest stages of inhomogeneity emergence and the
subsequent compression of the medium. The continued collapse and fragmentation of con-
densations is further regulated by stellar radiative feedback, magnetic fields, self-gravitational
effects, and turbulence of the medium. In order to build actual mathematical models of the
formation of high-density areas within the framework of the equations of gas dynamical equa-
tions augmented by relevant physical processes, requires the analysis observational data, the
volume of which has grown substantially owing to the advent of new-generation space tele-
scopes. The objective of the present study is to systematize current knowledge concerning the
types of condensations in the interstellar medium that are conducive to star formation, and to
formulate mathematical models of their formation for subsequent numerical simulations and
quantitative comparison with empirical observations.

Keywords: interstellar medium, cosmic gas dynamics, star formation
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Y[IK 629.05

NUcTtopua pa3BuUTUA OpUEHTaLUN U HABUTALLUMU
oT ,U,pF_'BHEﬁI.IJVIX BpeMEH [0 Ha4yaJibHOro nepuopaa
anoxu Bo3poxaeHusa B CPEAHME BeKa

06HocoB KoHCTaHTMH bopucoBuy obnosov@bmstu.ru
MaHwuHa Anna BUKTOpOBHA panalv@mail.ru
boHpapeHko Hukonaii UBaHOBMY bondarenko@bmstu.ru

MITY um. H.3. baymaHa, Mocksa, Poccus

AnHoTauus. Ha ceroiHAIHUMI 1eHb MOJIy4€HO MaJIo JOCTOBEPHBIX CBEJICHUH O 3apOkKICHUN
Y MEPBBIX I1l1arax pa3BUTHs HaBUTAMU. 10 MOSBICHUS CHELMATbHBIX HABUTAIIMOHHBIX MPH-
OOpOB B OCHOBHOM NMPHUMEHSJIOCh BU3yaJbHOE OPUCHTUPOBAHHUE: HA CYIIC U B MPHUOPEHKHBIX
30HAaX — IO XapaKTECPHBIM AJIEMEHTAM pelibepa MECTHOCTH, HOUBIO B KAYCCTBE OPHCHTUPOB
HCIIOJIL30BAIUCH KOCTPHI, MPH TUIABAHUU B OTKPHITOM MOPE OPHEHTHPAMH CIYXWIA HeOec-
HbIC Tena. B pabote 00Cyx aroTcst MO3HAHUS B OPHCHTAI[MHA M HABHTAIUM B PA3HBIX PEryo-
HaxX MHpa OT APEBHEHWIINX BPEMEH 0 Ha4aJbHOro nepuoja smnoxu Bozpoxaenus B Cpennue
BeKa. DT 3HAHUS U NPAKTUUYECKUE HABBIKM MOCITYKUJIM, B YACTHOCTH, OJAHOM U3 MPUUYUH pa3-
BUTHS MATEMATHKH U HEOECHON MEXAHUKH.

KunroueBble ciioBa: OpHUCHTAIIVA, HABUTallsA, HABUTAITHOHHBIC HpI/I60pBI

The history of the development of orientation and navigation
from ancient times to the early Renaissance in the Middle ages

Obnosov Konstantin Borisovich obnosov@bmstu.ru
Panshina Alla Viktorovna panalv@mail.ru
Bondarenko Nikolay Ivanovich bondarenko@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. To date, little reliable information has been received about the origin and the first
steps in the development of navigation. Before the advent of special navigation devices, visual
orientation was mainly used: on land and in coastal areas, according to the characteristic ele-
ments of the terrain, bonfires were used as landmarks at night, and celestial bodies served as
landmarks when sailing in the open sea. The paper discusses knowledge of orientation and
navigation in different regions of the world from ancient times to the early Renaissance in the
middle Ages. This knowledge and practical skills were, in particular, one of the reasons for
the development of mathematics and celestial mechanics.

Keywords: orientation, navigation, navigation devices
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Y[IK 621.833.5

KuHemaTuka nabopaTopHOro BCTpAXuBaTens Ha 6ase
nJlaHeTapHOro MexaHUu3mMa € HEKpYr/ibiMmy 3y64aTbiMM KoJiecamu

A3usoB 3ayappa OpbeBuy azizoved@gmail.com
Mpuxoabko AnekcaHap AleKCaHApoBUY

Ky6aHckuli eocydapcmeeHHbil mexHono2udeckul yHusepcumem, KpacHooap, Poccus

AHHoTanus. Vcenenyercs KMHEMaTHKa MEXaHU3Ma C BO3BPATHO-BPANIATEIbHBIM JIBHKEHH-
€M BBIXOJHOTO 3BEHA, MPEJCTaBILIIOUIEIO COOOM ABYXPSIHYIO IUIAHETAPHYIO IIepenady
C BHYTPEHHMM 3arieruieHueM. Kaknas mapa 3yO4aThIX KOJIEC COCTOMT M3 3JUIMITHYECKOTO
KoJIeca ¢ BHEIIHUMH 3YObsIMH, OCh BPAILIEHHsI KOTOPOTO PACIIoNIOkeHa B (JOKyce AEIUTETIHHO-
TO JUIUICA, ¥ HEKPYIJIOro 3y0uaToro Kojeca ¢ BHyTpeHHUMH 3yObsimu. [loctpoena neHTpo-
UJia HEKPYTJIOro KoJjieca U3 yCIOBHsl PaBEHCTBA CKOPOCTEH B TOYKE 3alICIUICHHS, IIPH 3TOM
3a UK pabOThl MEXaHU3Ma HUIMITHUECKOE 3y0UyaToe KOJIeCO COBEpIIaeT TpU 000poTa BO-
Kpyr cBoeil ocu. [IpoBe/ieH KHHEMaTHYECKUI aHAIU3 MIPEAJIOAKEHHOHN IIaHETapHOU Mepesa-
YH, B pe3yJIbTaTe KOTOPOro MOCTpOeHa (DYHKIMS yriia MOBOPOTA W ONpEIEICHbI yIiIbl Kava-
HUS BBIXOJHOTO Baja IPU PA3IMYHBIX SKCUEHTPUCHTETAX 3SILIMITHYECKOro 3y0daToro
koneca. [Ipemmaraemsrii MexaHU3M MOXKET OBITH MCIIOJIB30BAH B COCTAaBE MPHBOJA J1abopa-
TOPHOTO BCTPSIXMBATEIIS C BO3BPATHO-BPAIATEILHBIM JIBIDKCHHEM MPOOHUPOK.

KuroueBble ci10Ba: BO3BPATHO-BpALLATEIbHOE IBUKECHUE, IJIAHETAPHBIM MEXaHU3M, KHHEMa-
TUYECKUH aHaJIN3

Kinematics of a laboratory shaker based on a planetary mechanism
with non-circular gears

Azizov Eduard Yuryevich azizoved@gmail.com
Prikhodko Alexander Alexandrovich

Kuban State Technological University, Krasnodar, Russia

Abstract. The paper investigates kinematics of a mechanism with a reciprocating rotational
motion of the output link, which is a two-row planetary gear with internal gearing. Each pair
of gears consists of an elliptical gear with external teeth, the axis of rotation of which is locat-
ed at the focus of the pitch ellipse, and a non-circular gear with internal teeth. The centroid of
a non-circular wheel is constructed from the condition of equality of velocities at the point of
engagement, while the elliptical gear makes three revolutions around its axis during the cycle
of the mechanism. A kinematic analysis of the proposed planetary gear was carried out, as a
result of which the function of the angle of rotation was constructed and the swing angles of
the output shaft were determined for various eccentricities of the elliptical gear. The proposed
mechanism can be used as part of a drive for a laboratory shaker with a reciprocating rota-
tional movement of test tubes.

Keywords: rotationally reciprocating motion, planetary gear, kinematic analysis
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YK 532.5

KonebaHusa BA3KON HeC)KMMaeMOoW CTPaTU(PULLMPOBAHHOM XUAKOCTU
B HEMOJBMXXHOM cocye

YxxaH l0e zhangyue_hit-bmstu@qg.com
TemHoB AnekcaHap Hukonaesuy

MITY um. H.3. baymaHa, Mocksa, Poccusa

Annoranms. VcciaenoBano BIMSHHE BI3KOCTH Ha COOCTBEHHBIE YACTOTHI MAJIBIX KOJIeOaHUI
HEC)KIMAEMOH CTpaTH(UIIMPOBAHHON JKHUAKOCTH, ITOTHOCTHIO 3AITONTHSIONICH HETIOIBIKHBIN
cocyn. Ha ocHoBe MeTOMOB (DyHKIIMOHAILHOIO aHAIHM3a IMOIYYCHBI OOIIHE CIEKTPaTbHBIC
CBOWCTBA JJIsI TOJIOCTH MPOU3BOJILHOM (POPMBI, BKITIOUAsT PACTIOIOKCHHAE COOCTBEHHBIX YHCEIT
U YCJIOBMSI CYILIECTBOBAHUS OCHMJUIATOPHBIX MOJ. [list aHaM3a MajoBSI3KOH KUAKOCTH TPU-
MEHSIETCSl METO/]I IOTPAHUYHOTO CJIOSI, TTO3BOJISIONINI TOTYYHUTh MOMPABKU MEPBOTO MOPSAKa
K YacTOTaM U JICKPEMEHTaM 3aTyXaHUs M0 BpeMEHH. [IprBeICHBI TOUHBIC U MPUOIKCHHBIC
peIIeHNs IS COCYI0B B (hopMe MPSMOYTOIEHOTO M KPYTJIOTO IFUTHHAPOB, a TAKXKe AIUIUTICO-
nna BpamieHus. [lokazaHo, 94TO CTpaTU(UKAIUS IPUBOIUT K IOSBICHUIO JITUTEIHEHO CYIIe-
CTBYIOLIMX BHYTPEHHUX BOJIH C MAJILIMU IEKPEMEHTAMU 3aTyXaHHUsL.

KiioueBble cji0Ba: METOJ IOTPaHUYHOTO CJIOS, BOJTHOBOE ypaBHeHHe IlyaHkape, mpo0iema
CJL CoboneBa, crpaTrduIipoBaHHAS JKUIKOCTB, CIIEKTpAIbHAs 3a7ada, BSI3KOCTh



88 Mockea, MITY um. H.3. baymaHa, 2—-5 0ekabps 2025 .

Oscillations of a viscous incompressible stratified fluid
in stationary containers

Zhang Yue zhangyue_hit-bmstu@qg.com
Temnov Alexander Nikolaevich

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The effect of viscosity on the natural frequencies of small oscillations of an incom-
pressible stratified fluid completely filling a stationary vessel is investigated. Using functional
analysis methods, general spectral properties are obtained for a cavity of arbitrary shape, in-
cluding the location of the eigenvalues and the conditions for the existence of oscillatory
modes. A boundary layer method is used to analyze the low-viscosity fluid, allowing for first-
order corrections to the frequencies and time-dependent damping factors. Exact and approxi-
mate solutions are presented for vessels shaped like rectangular and circular cylinders, as well
as an ellipsoid of revolution. It is shown that stratification leads to the appearance of long-
lasting internal waves with small damping factors.

Keywords: boundary layer method, Poincaré wave equation, S.L. Sobolev problem, stratified
fluid, spectral problem, viscosity
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YK 532.5

Kone6aHusa ¢pu3myeckoro MasTHMKa, MMELLEro
LUIMHAPUYECKUE NONIOCTHU C NepeTeKalowen XXUAKOCTbIO

AbssueHko Mapusa UnbuHUYHA s_masyanya@mail.ru
TemHoB AnekcaHap Hukonaesuy

MITY um. H.3. baymaxa, Mocksa, Poccusa

AHHoTanus. [Iporpecc B 0cBOEHMM KOCMOCA WM TIOCTOSTHHO BO3pAacTaroIlas KOMMepUecKast
JIEATETBHOCTD TPEOYET OT KOHCTPYKTOPOB COBPEMEHHOW KOCMHYECKOW TEXHHKH CO3/IaHHC
Oosnee HazeKHBIX cpencTB BbhiBeaeHus (CB) ¢ MakcMMaIbHBIMU SHEIPOMACCOBBIMHU XapaKTe-
puctikamMu. OCHOBHBIMH 33aJadyaMy, BO3HUKAIONIMMHU HPU PEIICHUH 3TOW MPOOIIEMBI, SIBIIS-
I0TCS 33/1a4l, CBA3aHHBIC C YCTOMYMBOCTBIO MpOIiecca MOJauy U NepepacipeeeHHs KOMIIO-
HEHTOB ’KUAKOr0 TOIUIMBA U 33/Ia4d yCTOMYMBOCTH JBMxKeHus camux CB.

KuroueBble cjioBa: Tejo KUIKOCTD, 68[(, YaCTHYHO 3aITOJIHEHHBIN KUAKOCTBIO, KOJIeOaHus
JKHUIKOCTH, 0606III€HHI>16 KOOPAWHATHI, NOTCHIINAIT CMeHIeHHﬁ, NEepeTCKaroIas ;KUAKOCTb

Oscillations of a physical pendulum containing cylindrical cavities
with flowing liquid

Dyachenko Maria Ilyinichna s_masyanya@mail.ru
Temnov Alexander Nikolaevich

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Progress in space exploration and ever-increasing commercial activity require de-
signers of modern space technology to create more reliable launch vehicles (LV) with maxi-
mum energy-mass characteristics. The main challenges arising in solving this problem are
those related to the stability of the supply and redistribution of liquid propellant components
and the stability of the LV's motion.

Keywords: liquid body, partially filled liquid tank, liquid oscillations, generalized coordi-
nates, displacement potential, flowing liquid
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YK 004.932.2

MaTtematuueckasa mopdonorusa B 06nactm 06paboTku n3o6pakeHuni

LlUiupo6okosa AHHa CeBacTbsiHOBHa'” ianinask@mail.ru
CupHses Hukonau MBaHoBuY

MITY um. H.3. baymaxa, Mockesa, Poccusa

AnHoTtanus. [IpencraBneHa akTyanbHas TEXHHYECKas 33java IO CO3JAHUIO HOBBIX IeEp-
CIEKTUBHBIX CUCTEM 00paboTKH M300pakeHui. [IpeiokeHbl TeOpeTHYECKUe OCHOBBI Ma-
TEMaTHYECKON MOP()OJIOTHU M MPOAEMOHCTPUPOBaHa d(PPEKTUBHOCTh €€ MCIOJIb30BAHMSI.
[MpennoxkeHsl pa3iudHbIe MOAXOBI K PEIICHHIO MPEACTABICHHOW 3a/1aud, B TOM 4YHCIe
W MCIOJIb30BaHNE MaTeMaTHYECKOH MOP(OIIOTHH - OTHOCUTEIBHO HOBOTO U 3¢pdexkTHBHOTO
croco6a o06paboTKH N300pakeHHH, OCHOBAaHHOTO Ha PACCMOTPEHHU M300pa)KeHUsI B Kaue-
CTBE HEKOTOPOTO MHOJKECTBA M ITPUMEHEHHH JISl €TO aHaIM3a TEOPETHKO-MHOXECTBEHHBIX
omneparuii [1]. TTokazaHo, Kak MCXOJHOE M300pakeHHE MPeoOpasyloT B HEKOTOPYIO MaTe-
MaTHYeCKyI0 MOJIeNb (MHOXECTBO TOYEK), K KOTOPOH MOTOM MPUMEHSIOTCS MOpQoIornye-
CKHE OIepaliy C 33JaHHBIM CTPYKTYPHPYIOIIUM 3JIEMEHTOM. B mMaremaTnueckoit mopdo-
JIOTHH aITOPUTMBI TMPOCTHI, W TIPH TPABHIBHOM BHIOOpPE CTPYKTYPUPYIOLIETO 3JIEMEHTa
JIOCTATOYHO () (HEKTUBHO JOCTHTAIOTCA TpeOyeMble MpeoOpazoBaHmsI H300paKEHHH.

KoueBble cioBa: marematmdeckas Mopdoimorms, oOpaboTka, aurOpUTM, MHOMKECTBO,
n300paxeHne

Mathematical morphology in image processing

Shirobokova Anna Sevastyanovna

Sidnyaev Nikolay Ivanovich

ianinask@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This paper presents a current technical challenge in creating new, advanced image
processing systems. The theoretical foundations of mathematical morphology are proposed,
and the effectiveness of its application is demonstrated. Various approaches to solving this
problem are proposed, including the use of mathematical morphology, a relatively new and
effective method of image processing based on considering an image as a set and applying
set-theoretic operations to analyze it [1]. It is shown how the original image is transformed
into a mathematical model (a set of points), to which morphological operations with a speci-
fied structuring element are then applied. In mathematical morphology, the algorithms are
simple, and with the correct choice of the structuring element, the required image transfor-
mations can be achieved quite effectively.

Keywords: mathematical morphology, processing, algorithm, set, image
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Y[IK 536.2

MaTtemaTtuyeckoe mojeiMpoBaHne aBapunHbIX PpeXUMOB,
NpUBOAALLUX K HAKOMJEHUIO BoAaopoaa B peakTtopax bPECT

OkyHeB Bsiuecnas CepreeBuy okunevvs@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

Annoramms. K cepenune XXI B. B coctaB KpyrmHOMacmTaOHOIt siiepHOi sHepreTuky Poccnn
MoryT BoWTH peaktopsl BPECT Gomnbiuoii snekrpudeckoii mounocta (1,2 I'Bt). Ipu BbICO-
kux temneparypax (873—1073 K u Bble), XapakTepHBIX /11 HEKOTOPBIX aBapHHHBIX PEXH-
MOB C OTKa30M aBapH{HOM 3alWTHI, PY KOHTAKTaX CBUHIA U (MJIM) KOHCTPYKIIMOHHOMN CTa-
JU C HEPErpeTbIM BOASHBIM IAPOM BTOPOrO KOHTYPAa BO3MOXKHBI XMMHUUYECKHE DPEaKIHH
C BBIJIEJICHUEM TEIUIOTH W BOJOPOJa. B3phIB BOJOpOJa BO3MOXKEH NMPH KOHTAKTE C aTMO-
cepHBIM BO3yXOM IIPH MOBPEXKICHIH PEAKTOPA WM ITaporeHepaTopa. ITO MOXKET IPHBE-
CTH K pa3pylICHHUSAM U yCYryOJieHHIo aBapud. JIJIs1 MCKIIFOUYEHMs TaKoW aBapuH B KauecTBe
reTTepa BoJ0po/ia BO BTOPOM KOHYPE MOXKHO HCIIOIb30BATh MEPOKCHL BOAOPOA.

KuroueBble ciioBa: ObICTPBIN peakToOp, aBapUiiHbIE PEXKHUMBI, TAPOreHepaTop, IPEMyUHii ras,
BTOPOI KOHTYP, IEPOKCH]] BOAOPO/Ia, CBUHIIOBBIN TETJIOHOCUTEINb

Mathematical modeling of emergency modes leading
to hydrogen accumulation in BREST reactors

Okunev Vyacheslav Sergeevich okunevvs@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. By the middle of the 21st century, large-scale nuclear power in Russia may include
BREST reactors with high electrical power. At high temperatures (873...1073 K and higher),
typical for some emergency modes with failure of emergency protection, chemical reactions
with the release of heat and hydrogen are possible when lead and (or) structural steel contacts
superheated water vapor of the second circuit. A hydrogen explosion is possible when it con-
tacts atmospheric air when the reactor or steam generator is damaged. This can lead to de-
struction and aggravation of the accident. To prevent such an accident, hydrogen peroxide can
be used as a hydrogen getter in the second circuit.

Keywords: fast reactor, emergency modes, steam generator, detonating gas, second circuit,
hydrogen peroxide, lead coolant
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YK 530.13

MasaTHuK Kanuubl KaK MeXaHM4YeCcKui aHanor
KBaHTOBOro appekra 3eHOHa

Kpeonanos J,mutpuii Bnagucnasosuy dkreopalov@mail.ru

MITY um. H.3. baymaHa. Mockea, Poccusi

AnHoTamms. J[aH CpaBHUTENBHBIN aHAIN3 KBAHTOBOIO U MEXAHHUECKOI'0 MEXaHH3MOB CTa-
Omwnm3anmy HEeyCTOMYMBBIX COCTOSHMH (u3myeckux cucreM. OnpezeneHbl OOIMe YepThl
9TUX MeXaHH3MOB. OTMEUYEHO, 4TO CTAaOWMIIM3AL KBAHTOBBIX CHCTEM HE TPEOYeT HCIIOIb30-
BaHUS TOHSTHS KOJUIAIICa BOJHOBOH (yHKumu. J[isi crabuinm3anuy Kak MEXaHHYECKHX, TaK
M KBAaHTOBBIX CHCTEM JIOCTATOYHO, YTOOBI YacTOTa BO3JCHUCTBHUsI ObUIa OOJNBIIE HEKOTOPOH
XapaKTEpPHOM YacTOThl CHUCTEMBbI. PacCMOTpeH aHajor COOTHOLIEHHWH HEONpeAeTIeHHOCTEH
SHEPTUs — BPEMs ISl MEXaHHIECKOH CHCTEMBI.

KroueBble ciioBa: crabmim3anus, MasTHUK Kamnuiiel, KBaHTOBBIN 3P PeKT 3eHOHA, COOTHO-
IIEHUE HEOMPEICICHHOCTEH SHEPT U — BPEMs

Kapitsa's pendulum as a mechanical analogue
of the quantum Zeno effect

Kreopalov Dmitry Vladislavovich dkreopalov@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. A comparative analysis of the quantum and mechanical mechanisms of stabiliza-
tion of unstable states of physical systems is given. The common features of these mecha-
nisms are identified. It is noted that the stabilization of quantum systems does not require the
use of the concept of wave function collapse. To stabilize both mechanical and quantum sys-
tems, it is sufficient that the exposure frequency is greater than a certain characteristic fre-
quency of the system. An analogue of the energy—time uncertainty relations for a mechanical
system is considered.

Keywords: stabilization, Kapitsa's pendulum, quantum Zeno effect, energy—time uncertainty
ratio
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YK 629.786.2

MeToa MofenupoOBaHUA AUHAMUKM NPOLLECCA PAaCKPbITUA
KpYNHOra6aputHbIX TpaHCOpMUPYEMbBIX KOCMUYECKUX KOHCTPYKL U

KuceneBa EBgokuss KOHCTaHTMHOBHA evdokiya.kiseleva12@rsce.ru
VYpaHckuii A, ivan.uryanskiy@rsce.ru
bop3bix C.B. sergey.borzykh@rsce.ru
boromonos H.B. nikolay.bogomolov2@rsce.ru

MAO PKK «3Hepeus» um. C.[1. Koponéea, Koponés, Poccus

AnHoTauus. OnrcaHa MaTeMaTHYecKasi MOJIEIb MHOTO(a3HOro MpoLecca PacKpBITHS KPYII-
HOTa0apuTHOH TpaHCPOPMHUPYEMOH KOHCTPYKIIMM Ha TmpuMmepe coiHewHoi Oatapen (CB)
KOCMHYECCKOI'O arirapara ¢ Y4€ToM YIpyTrux CBOMCTB CHCTEMBI PACKpPBITUA U DJIEMEHTOB COJI-
HeuHoll Oatapen. OrnpeienieHa KapTUHA HarpykeHus snemMeHToB Cb, npeicTaBiieHHast B BUIE
CBOJIHBIX om6a}oumx SIIIOpP CUJI U MOMEHTOB

KaroueBbie cjioBa: MHOTO(A3HBIM MPOIECC PACKPBITHs, COJHEUYHbIE Oaraped, IMHAMHKA
npoliecca PacKpbITHsS

Method of simulating the dynamics of the process
of opening large-sized transformable space structures

Kiseleva Evdokiya Konstantinovna evdokiya.kiseleva12@rsce.ru
Uryansky LA. ivan.uryanskiy@rsce.ru
Borzykh S.V. sergey.borzykh@rsce.ru
Bogomolov N.V. nikolay.bogomolov2@rsce.ru

PJSC Rocket and Space Corporation Energia, Korolev, Russia

Abstract. A mathematical model of a multiphase process of opening a large-sized transform-
able structure is described using the example of a solar battery (SB) of a spacecraft, taking
into account the elastic properties of the opening system and elements of the solar battery.
The pattern of loading of SB elements with the help of combined envelopes of forces and
moments is determined.

Keywords: multiphase disclosure process, solar panels, dynamics of disclosure process
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YK 531.3

MeToguka npoBegeHus Kypcosow pa6otbl B MITY um. H.3. bBaymaHa

06HocoB KoHCTaHTMH bopucoBumny obnosov@bmstu.ru
SPIN-kop: 1460-1605

MaHwwnHa Anna BUKTOpPOBHA panshina@bmstu.ru
SPIN-kon: 4512-1189

boHpapeHko Hukonai BaHoBUY bondarenko@bmstu.ru

SPIN-kof: 8216-5574

MITY um. H.3. baymaHa, Mockea, Poccus

AHHoTanus. TeopeTndeckas MeXxaHHKa SIBIIETCS QYHIAMEHTOM JUIS CTYAEHTOB-0aKaIaBpoB
kadenpsl Teoperuueckoit mexannku MI'TY um. H.D. baymana. UtoOsI 3TOT hyHAaMEHT OBLT
MPOYHBIM, & TAKKE JUI KOHTPOJISI YCBOCHHS YJAIIMMHUCS OCHOBHBIX ITOJIOKCHUH, YpaBHEHHH,
3aKOHOB U TEOPEM Kypca B IIITOM CEMECTpe MPEIyCMOTPEHO BBIOJIHEHUE KYPCOBOH paboTHI.
[Tepen BhiCIIEH NIKOJION B HACTOSIIEE BPEMs CTABUTCS 33/1a4a: 00ECIIEYHTh MOJIrOTOBKY CIie-
OHAJINCTOB, O6HaHaIOHH/IX OCHOBATCJIbHBIMU TCOPETUYCCKUMU 3HAHUAMU W MPAKTUYCCKUMU
HaBBIKaMH, 00ECIICUUTh KOMITBIOTEPHYIO TPaMOTHOCTb. DTO TpeOyeT OT CTYJICHTOB YMEHHS
nepexosa OT IIPE/ICTABJICHUS] MEXaHMYECKOTrO JBWXKEHUS OOBeKTa K ero QopmaibHO-
MaTeMaTH4YeCKOMY OIHMCAHUIO M TPOBEJCHHE Ka4eCTBEHHOTO M YMCIIEHHOTO HCCIIEIOBaHMS
NPUHATON Mozeny. Peanuzanust 3TUX WIEH COCTABISET CYTh METOAMKH MPOBEICHHUS KypCo-
Boii pabotel B MI'TY um. H.D. baymana.

KiaroueBble ciioBa: KOHTPOJIb YCBOCHUA 3HaHHI>i, KypcoBasd pa60Ta
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Methodology for conducting coursework at Bauman Moscow State
Technical University

Obnosov Konstantin Borisovich obnosov@bmstu.ru
SPIN-code: 1460-1605

Panshina Alla Viktorovna panshina@bmstu.ru
SPIN-code: 4512-1189

Bondarenko Nikolay Ivanovich bondarenko@bmstu.ru

SPIN-code: 8216-5574

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Theoretical mechanics is the foundation for undergraduate students of the Depart-
ment of Theoretical Mechanics of the Bauman Moscow State Technical University. To ensure
that this foundation is solid, as well as to control students' assimilation of the basic principles,
equations, laws and theorems of the course, the fifth semester provides for the completion of
coursework. The university currently has a task: to provide training for specialists with solid
theoretical knowledge and practical skills, to ensure computer literacy. Th is requires students
to be able to move from representing the mechanical motion of an object to its formal mathe-
matical description and conduct a qualitative and numerical study of the accepted model. The
implementation of these ideas is the essence of the methodology for conducting coursework
at the Bauman Moscow State Technical University.

Keywords: knowledge acquisition control, coursework

CnMUcoK UCTOYHUKOB
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YK 531.3

MeToguueckuin Noaxopm, K peLeHuio NpuKIagHbiX 3apau
POTOPHOI AUHAMUKHU
*)

MaHueB 3ayapp iBaHoBUY mancheve@mpei.ru

Kymenko Anekcanap MiBaHoBuY

HWY «M3U», Mockea, Poccus

AHHOTanmsi. PaccMOTpeHbI OCHOBHBIE 3aJadM B pacueTax JUHAMHUKH POTOpoB. OmmcaHo
MPUMEHEHHE KJIACCHYECKUX M COBPEMEHHBIX METOAMK, IMPEINONAraloliuX MOATAHOE pelle-
HHE 3a7a4 THJIPABIMKH, THIPOIUHAMUKH U POTOPHOM TUHAMUKH. BBIXOAHBIMU MapaMeTpaMu
SBIISIIOTCSL KOO((DUIMEHTBI )KECTKOCTH U JIeMII()MPOBAHMS IENEBbIX YIUIOTHEHUH M Maciisi-
HBIX TIOAIIMITHUKOB. LIe/IbI0 pacyeToB ABIAETCS BBIYMCICHUE KPUTUYECKUX YaCTOT U IIOCTPO-
enune Jlnarpammbl KammOenia ¢ HCHosib30BaHUEM COBPEMEHHBIX MPOrPAMMHBIX KOMILIEKCOB.

KuroueBble ciioBa: poTopHas JMHAMUKa, TMHAMUYCCKUEC KO3(1J(1)I/IIII/ICHTBI

A methodological approach to solving applied problems
of rotor dynamics

Manchev Eduard Ivanovich® mancheve@mpei.ru
Kumenko Alexander lvanovich

National Research University Moscow Power Engineering Institute, Moscow, Russia

Abstract. This article examines the key challenges in rotor dynamics calculations. It de-
scribes the application of classical and modern methods, which involve a step-by-step solu-
tion to problems in hydraulics, hydrodynamics, and rotor dynamics. The output parameters
are the stiffness and damping coefficients of gap seals and oil bearings. The purpose of the
calculations is to calculate critical frequencies and construct the Campbell diagram using
modern software.

Keywords: rotordynamics, dynamic coefficients

CruUCcoK UCTOYHUKOB
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YK 537.2

MexaHUKO -rnapasanyecKkne aHaaorum npu usyyeHmum TeopemMbl
O UMPKYNALUNUUN B INIEKTPOCTATUKE U MATHUTOCTATUKE

Bepetumyc inana KonuctantuHosHa'” dkveretimus@bmstu.ru
Bepetumyc Hapexxpa KOHCTaHTMHOBHa

MITY um. H.3. baymaHa, Mocksa, Poccusa

AnHoTtanms. [TokazaHo, 4TO IPUMEHEHUE MEXaHUKO-THIPABIMIECKUX ACCOLUAIMI TIPH U3Y-
YEHHUH 3JICKTPOCTATHKUA M MAarHUTOCTATHKU TO3BOJISIET CHPOPMYIHPOBATH TEOPEMY O LIUPKY-
JSIIUKM BEKTOPA HAMNPSDKEHHOCTH M PACKPBITh (PM3UYECKUI CMBICI ¢ MHTerpaJibHOW U Jud-
(bepeHmanbHOM (HOPM, UTO CYIIECTBEHHO 00JIerdaeT BOCIPHUATHE CTYACHTaMH 3TOT0 pasjeiia
[1)76371478

KuroueBble ciioBa: TEOpEMa O MUPKYJIALNH, SJICKTPOCTATUKA, MAIHUTOCTATHUKA, I10JIC

Mechanical and hydraulic analogies in the study
of the circulation theorem in electrostaticsand magnetostatics

)

Veretimus Diana Konstantinovna® dkveretimus@bmstu.ru

Veretimus Nadezhda Konstantinovna

Bauman Moscow State Technical University, Moscow, Russia

Abstract. It is shown that the use of mechanical-hydraulic associations in the study of elec-
trostatics and magnetostatics allows us to formulate a theorem on the circulation of the field

strength vector and reveal the physical meaning of its integral and differential forms, which
significantly facilitates students' understanding of this section of physics.

Keywords: circulation theorem, electrostatics, magnetostatics, field

CruUcoK UCTOYHUKOB

[11 Beperumyc J.K., Beperumyc H.K. Ocnogvr anexmpocmamuxu u maenumocmamuxu. Mooynw 3.
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YK 537.8

MexaHuUKoO -rnapasanyeckue accoumaLuv npu usyyeHmu
ABNeHuA 3HEKTp0MarHVITHOI71 MHAYKUUN

Bepetumyc inana KoHuctantuHosHa'” dkveretimus@bmstu.ru
Bepetumyc Hapexxpa KOHCTaHTMHOBHa

MITY um. H.3. baymaHa, Mocksa, Poccusa

AHHoTaums. Iloka3aHo, 4TO HCHONB30BAHUE MEXAHUKO-TMIAPABIMUYECKUX AaHAJIOTMH MpHU
aHanM3e W3MEHEHHS TOTOKAa BEKTOpa MAaTHUTHOW WHIYKIWMHU Yepe3 MOBEPXHOCTH TO3BOJIET
ITIOACHUTH pemeHHe 3a1a4 Ha BHGKTpOMaFHI/ITHyIO I/IH}IyKHI/IIO, B YaCTHOCTH HArJIsIIHO l'IpOI/I.]'I-
JIFOCTPUPOBATh MPUMEHEHHUE TpaBiia JIeHIa B 3aqa4ax Kypca (QU3UKH.

KiroueBble ciioBa: aHaJIorus, MOTOK, JICKTpOMaroHuTHas MHAYKIU, (1)1/131/11(21

Mechanical and hydraulic associations in the study
of electromagnetic induction

)

Veretimus Diana Konstantinovna® dkveretimus@bmstu.ru

Veretimus Nadezhda Konstantinovna

Bauman Moscow State Technical University, Moscow, Russia

Abstract. It is shown that the use of mechanical and hydraulic analogies in analyzing the
change in the magnetic induction vector flux through a surface allows for the explanation

of the solution of problems on electromagnetic induction, in particular, the visual illustration
of the application of Lenz's rule in physics problems.

Keywords: analogy, flow, electromagnetic induction, physics

Cru1coK UCTOYHUKOB
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YK 521.1

YpaBHeHMe Mexay pe3oHaHCaMU cpefHero ABUXeHUA Tpex Ten
n apendamm ApKOBCKOro Npu IKCLeHTpUcuTeTax
B AuanasoHe (0,2; 0,3)

)

Munny XXutHuk MBana' ivana@aob.rs

AcmpoHomuyeckas obcepsamopusi, benepad, Pecnybnuka Cepbus

AHHoTanus. VM3ydeHo ABIKEHHE aCTEPOMJIOB Yepe3 PE30HAHCHI CPEHErO JIBMIKEHHUS TPEX
ten ¢ FOmurepom u CaTypHOM U €O CKOPOCTBIO jpetida SIpKOBCKOro Ha OOJIBIION MOTyOCH
actepousioB. lccienoBanue ObUIO TPOBEICHO C TOMOIIBIO YHCICHHOTO HWHTETPUPOBAHUS,
BBIITOJTHEHHOT'O C MOMOIILI0 uHTerparopa Orbit9 mis 72 000 TecToBbIX acTepounos. Paccumn-
TaHBI BPEMCHHBIC 3aJIepKKH, dir, BRI3BaHHBIC 6 PE30HAHCAMH TPEX TEJ HA JIBHIKCHHUE TECTO-
BBIX acTepouioB ¢ 10 monoxuTenbHbIMU U 10 OTpHIIATEIEHBIMU CKOPOCTSIMU Jipetidha SIproB-
CKOT0, KOTOPEIE SBJISFOTCS TOCTOBEPHBIMHE T actepounoB [ maBHoro [losca. [IpencraieHst
YpaBHEHUS, KOTOPBIC MPUOIM3UTEIHFHO OIUCHIBAIOT (DYHKIIMOHAIBHYIO CBS3b MEXKIY Cpel-
HUM BpEMEHEM, MPOBEIICHHBIM B pE30HAHCE, CHIION pe3oHaHca U apeiidaMu OONBIION MMoITy-
och (TOJOKUTEIBHBIMH W OTPHUIIATEIFHBIMU) C SKCIEHTPUCHTETAMH OPOUT acTepOuiIoB
B quamnazone (0,2; 0,3).

KiioueBble c10Ba: YHCIICHHBIE METOIbI, HEOECHAs MEXaHUKa, MaJlble TUIAHETHI, aCTEPOUIBL,
addexr SpkoBckoro

The equation between 3-body mean motion resonances
and Yarkovsky drifts on eccentricities in the range (0.2, 0.3)

Mili¢ Zitnik 1. ivana@aob.rs

Astronomical Observatory, Belgrade, Republic of Serbia

Abstract. We studied the motion of asteroids across the 3-body mean motion resonances with
Jupiter and Saturn and with the Yarkovsky drift speed in the semimajor axis of the asteroids.
The research was conducted using numerical integrations performed using the Orbit9 integra-
tor with 72000 test asteroids. We calculated time delays, dtr, caused by the six 3-body reso-
nances on the mobility of test asteroids with 10 positive and 10 negative Yarkovsky drift
speeds, which are reliable for Main Belt asteroids. We devised equations that approximately
describe the functional relation between the average time spent in the resonance, the strength
of the resonance, and the semimajor axis drifts (positive and negative) with the orbital eccen-
tricities of asteroids in the range (0.2, 0.3).

Keywords: numerical methods, celestial mechanics, minor planets, asteroids, Yarkovski effect

CnuUcoK UCTOYHUKOB
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Y[IK 629.782

FeomeTpuueckun anropuTm ynpasneHus g BCTpeuun
B MPOCTpaHCTBe opueHTauumn SO(3)

Mwuciopa Hatanbsa EBreHbeBHa misyura@mail.ru
MwuTiowoB EBreHnin AnekcaHaposuy

Yp®y, EkamepuHbype, Poccus

Annotanmms. [IpemnoxxeH reoMeTprIecKnii adrOpUTM PEIIeHUs 3a/1a9d BCTPEUH IBYX 00B-
eKxToB B mpoctpaHcTBe oprueHTarmit SO(3). Touka BcTpedn onpeemnseTcst Kak Cepe/rHa Teo-
JIe3UYECKON — KpaTyauillero myTu MeX]ly HadaJlbHbIMU OpHEHTalUsIMU. J[BU)KEHUE 1o reo-
JIE3NYECKON MapaMeTpu3yeTcs IHMKIOMJAILHBIM 3aKOHOM, OOECTeuMBAIONIMM IUIaBHBIC
npoduIM YrIIOBOM CKOPOCTH C HYJICBBIMU 3HAYCHUSMH HA TPaHUIAX MHTEpBaaa. AJITOPHUTM
peaaM30BaH Ha OCHOBE KBATEPHHUOHHOTO MPEACTAaBICHUS OPUEHTAIMH U IPOTECTUPOBAH YUC-
nenHo. [TokazaHo, uro Bcrpeda B SO(3) Bcerna npencraBisieT co0oit OBOPOT BOKPYT (pukcH-
POBaHHOM OCH, YTO 00ECTICYNBACT ONTUMAIBHOCTh U CHMMETPUYHOCTD PEIICHHSI.

KaroueBsbie ciioBa: npocrpanctBo opueHTanmii SO(3), reoMeTpuyeckoe yIpaBieHHe, KBa-
TEPHHUOHBI, T€0JIE3NYECKUE TPACKTOPUH, IUKIIOUAAIbHAS TapaMeTpU3aLys
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Geometric control algorithm for rendezvous in orientation space SO(3)

Misyura Natalia Evgenievna misyura@mail.ru
Mityushov Evgeny Aleksandrovich

Ural Federal University, Yekaterinburg, Russia

Abstract. A geometric algorithm for solving the rendezvous problem of two objects in the
orientation space SO(3) is proposed. The meeting point is defined as the midpoint of the geo-
desic — the shortest path between initial orientations. Motion along the geodesic is parame-
terized by a cycloidal law providing smooth angular velocity profiles with zero values at the
interval boundaries. The algorithm is implemented based on the quaternion representation of
orientations and tested numerically. It is shown that rendezvous in SO(3) always represents
a rotation around a fixed axis, which ensures the optimality and symmetry of the solution.

Keywords: orientation space SO(3), geometric control, quaternions, geodesic trajectories,
cycloidal parametrization
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Y[IK 521.93

MoryT nn paHHble GRACE n GFO 06bSCHMTb aHOManuu
BO BpalleHUn 3eMnu NocnegHux gecaTuneTnin

1,2(*)

3oT0B JleoHup BaneHTUHOBUY wolftempus@gmail.com

CupopeHkos Hukonait Cepreesuy’

"TAWLL um. IM.K. limepH6epaa MY, Mocksa, Poccus
2 MU3M HMY BLLI3, Mockea, Poccusi
’ T uopomemuyeHmp P®, Mockea, Poccusi

Annortamms. B 2024 r. Habmonaics riryOoyaimii MUHUMYM JuTUTenbHOCTH cyToK (LOD)
3a nocnenuue ~80 aer (—1,57 mc). B nauvane 2020-x Takke HaOIOIAIOCh MCUC3HOBCHHE
Yanmeposckoro asmxenns noiroca (YIT) u ceoboxHoit HyTammn siipa (CH). HexoTtopsie
YYEHBIC CBS3BIBAIOT ATO C TIIO0ANBHBIM moTeruicHneM. | paBumerpudeckue muccuun GRACE
n GRACE-FO Bexayr MOHHTOPHMHT IiepepacnpeieiieHuii Mace Ha 3eMiie B TeUeHHUE yxke Ooiee
gem 20 JIET ¥ MOTYT [IaTb OTBET HA BOIPOC, JO KaKOH CTETIIEHNM KOMIIOHEHTa MacChl OTBET-
CTBEHHA 32 TEKyIIHEe aHOMAJIMHM BO BpAIICHWH 3eMiI. MBI 00paTHUINCE K 3TUM IpodieMaM
B aCIIEKTe BO3MOXKHBIX B3aWMOCBSI3EH MEXITy KIMMAaTOM M BpalleHHEM IUTaHETHl. Tak m3Mme-
Henue cxatua 3emin C20 moxeT oOBsicHUTE Juib 0,1 MC 3aMeieHus] BpalleHus: 3eMIIH.
Tpenabt B koaddunmentax rpauranuonHoro noist C21, S21 Xopolo cornacyroTest ¢ TpeH-
JaMu JBroKeHus mommoca. A Bot ucuesnosenne YJ{I1 u CHS oru 00BSICHUTE HE B COCTOSTHHM.

KuroueBsie ciioBa: Bpanienue 3emiu, LOD, ABikeHHE NOTIOCA, KITMMAaTHUYECKUE N3MEHEHUSI
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Could GRACE and GFO data explain anomalies
of the Earth rotation in recent decades

Zotov Leonid Valentinovich"*" wolftempus@gmail.com
Sidorenkov Nikolay Sergeevich’

" SAI MSU, Moscow, Russia
2 MIEM NRU HSE, Moscow, Russia
’ Hydrometcenter of Russia, Moscow, Russia

Abstract. In 2024, the deepest length of day (LOD) minimum in approximately 80 years
(—1.57 ms) was observed. In the early 2020s, the disappearance of the Chandler polar motion
(CPP) and free core nutation (FCN) was also observed. Some scientists associate this with
global warming. The GRACE and GRACE-FO gravimetric missions have been monitoring
mass redistributions on Earth for over 20 years and can answer the question of the extent to
which the mass component is responsible for current anomalies in Earth's rotation. We ad-
dressed these issues in the context of possible relationships between climate and planetary
rotation. Thus, the change in Earth's oblateness C20 can explain only 0.1 ms of the slowing of
Earth's rotation. Trends in the C21 and S21 gravity field coefficients are consistent with trends
in polar motion. However, they are unable to explain the disappearance of the CPP and FCN.

Keywords: Earth rotation, LOD, polar motion, climate changes
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Y[IK 533.6

MopgenupoBaHue 3D - guHamMunKu cbpacbiBaemon
TPAHCNOPTHOM Kancybl

No6aHos Muxaun Banepbesuy'” MikkerGo@yandex.ru
benunueHko Muxaun Banepuesuy

MAU, Mockea, Poccus

AnHoTammsi. PaccMoTpeHO ABMKEHHE cOpachlBaeMOH C JIETATENBHOTO ammapara KaICyIibl
B TPEXMEPHOM HPOCTPAHCTBE O] ACHCTBUEM CHIIBI TSDKECTH U CHJI a3POJUHAMHYECKOTO CO-
npoTtusieHys. I CpOEKTUPOBAHHON KaIICyJIbl ONPENEICHbI a3POAUHAMUUECKUE XapaKTe-
PHUCTHKH B 3aBUCHMOCTH OT CKOPOCTH HaOerarolero rnoToka Bo3ayxa u yria araku. [Ipose-
JICHO MOJICJIMPOBaHHUE JBUTATENeil TOPMO3HOH CHUCTEMBbI, MOAOOpaHbI MX MapameTpbl Ui
obecrieueHHs1 TIOCaJKH C BEPTUKAIBLHOW CKOPOCTHIO, HE MpEBHIMIAIONICH 3aJaHHbIA npenert.
O1eHeHa MorpenHocTh paboThl MOMYYEHHOH CUCTEMBI IPU HEIITATHBIX SKCIUTYaTallMOHHBIX
CHUTYaIHsIX

KiaroueBble ciioBa: C6paCBIBa€Ma$I KaricyJjia, a3poJinuHaMHuKa, 3D—,HI/IHaMI/IKa, YCTOI\/'I‘II/IBOCTL
I10JICTAQ, cHaOXKeHHe

Air-dropped transport capsule 3D-dynamics modelling

Lobanov Mikhail Valerievich®” MikkerGo@yandex.ru
Belichenko Mikhail Valerievich

Moscow Aviation Institute, Moscow, Russia

Abstract. The motion of a capsule ejected from an aircraft in three-dimensional space under
the influence of gravity and acrodynamic drag forces is considered. The aerodynamic charac-
teristics of the designed capsule are determined depending on the incoming airflow velocity
and angle of attack. The braking system engines are modeled, and their parameters are select-
ed to ensure landing with a vertical speed not exceeding a specified limit. The operational
error of the resulting system in emergency operating situations is assessed.

Keywords: air-dropped capsule, aerodynamics, 3d-dynamics, flight stability, supply
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YK 629.5

MopgenupoBaHue gMHaMUKKU 6ecnunoTHOro NnaBsaloLLero afnaparta

ByTbipuH UBaH AnekceeBuy'” vanya.1l.butyrin@gmail.com

bennueHko Muxaun Banepuesuy

MAU, Mockea, Poccus

AnHoTanmsi. PaccMOTpEHO MPOCTPaHCTBEHHOE JBM)KEHHE IUIABAIOIIETO OSCIMIIOTHOTO arl-
napara (ITBA) B BoJHO# cpejie. YUUTBIBAIOTCS CHIIBI TSXKECTH, BBITAIKUBAIOIIAS CHTa ApXH-
MeJa ¥ THAPOIUHAMUYECKOoe conpoTuBiieHne. Ocoboe BHUMaHKE yEeJIeHO MOJCIHPOBAHHIO
cuibl ApxuMmena. Beluncienue 3Toi cuiibl 3aHUMAET 3HAUUTENbHOE BpPEMs, UTO 3aTPyAHSET
MOCTPOCHHE TPOTPAMMBI MOJICTUPOBAHNS TUHAMUKH armapaTa. s pereHus 3Toi mpooie-
MBI OHA TIPE/ICTABJICHA B BHUJIC TaOJHIIBI 3HAYCHHUHA CHITBI U KOOPJMHAT TOYKH €€ TPHIIOKCHHUS
B 3aBUCHMOCTH OT TIIyOWHBI TIOTPY’KCHHS U OpHEHTAIH Tela. [IpoBeaeHo MoaennpoBaHue
W BU3yaIW3alys JBIDKCHHUS ammapaTa, a TakkKe PacCMOTpeHa 3ajada 00 yIpaBiIeHHH €ro
JIBIDKCHHACM.

KroueBble cioBa: miaBaromuyii OeCIMIOTHBIA anmapar, YHCIEHHOE MOJIETIHPOBAaHKE, BBI-
TaJIKUBaromiasa Cujia, KBaTCpHUOHBI, TpeX.]'IHHeﬁHaﬂ HUHTEPHOIANUA

Simulation of the dynamics of an unmanned floating vehicle

Butyrin Ivan Alekseevich® vanya.1.butyrin@gmail.com
Belichenko Mikhail Valerievich

Moscow Aviation Institute, Moscow, Russia

Abstract. The spatial motion of a floating unmanned vehicle (UUV) in an aquatic environ-
ment is considered. Gravity, the buoyant force, and hydrodynamic drag are taken into ac-
count. Particular attention is paid to modeling the UUV's force. Calculating this force is time-
consuming, complicating the development of a program to simulate the vehicle's dynamics.
To address this issue, the program is presented as a table of force values and the coordinates
of its application point, depending on the immersion depth and body orientation. The vehicle's
motion is modeled and visualized, and the problem of controlling its motion is considered.

Keywords: unmanned floating vehicle, numerical modeling, buoyant force, quaternions, tri-
linear interpolation
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YK 532.5

MopaenvpoBaHue MmexaHM4YeCKOro aHanora (cepmyeckoro MassTHUKA)
HeManbIX ABUXEHUN ABYXCIOMHON XXNAKOCTU

BuH Ko Ko"2" win.c.latt@gmail.com
TemHoB AnekcaHpp Hukonaesuy'
AHypueHko Bagum IOpbelwm1

"MITY um. H.3. baymaHa, Mocksa, Poccus
2Crenmny, Caskm-emep6ype, Poccus

AnHoTanusi. PaccMoTpeHo BiKeHHe cdepruueckoro Gpu3nueckoro MasiTHHKa, MPeICTaBIIs-
I0IIEro co0OoM JIBE TOYEUHBIE MACChI, COSTMHEHHBIE HEBECOMBIM CTEP)KHEM, 3aKPEILICHHOTO
B HEKOTOPOI TOYKE IMPU TOMOIM C(HEPUUECKOTo HIapHUpa. B cilyyae HeMaibIxX JBMKEHUH
JIByX HECMELINBAIOUIUXCS JKUIKOCTEH, 3alONHAIOIINX MOJHOCTHIO MOJIOCTh TBEPJOrO Tena,
paccMarprBaeMblii pU3MUECKUI MasSTHUK SIBIISIETCST XOPOLIECH MOJEIBIO JUIsl IEMOHCTPAINU
HeMaJIbIX KOJIeOaHMH MOBEpXHOCTH pazjeina. OmicaH npouece HOCTPOSHHUST MaTeMaTHIECKIX
Mozenei cepruueckoro MasTHUKA B c()epHUECKON CHCTEME KOOPAMHAT KaK JUIl MaTeMaTH-
YECKOTo, TaKk M JI (PM3MYECKOro Ciydas. B KakIoM cilydae YHCICHHOE MOJACIUPOBaHHUE
CHCTEM pean3yeTcs IBHBIM OJTHOIIATOBEIM MeTo1oM PyHre — KyTThI 4-r0 mopsika.

KaroueBble cioBa: ceprieckuii MasTHUK, HECMEIIMBAIOIINECS )KUIKOCTH, MEXaHIMUECCKUH
aHaJIor, YHCICHHOEe MoJienupoBanue, Meto Pynre — KyTTs
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Modeling a mechanical analogue (spherical pendulum) of large-scale
motions of a two- layer fluid

Win Ko Ko"2® win.c.latt@gmail.com
Temnov Alexander Nikolaevich'
Anufrienko Vadim Yuryevich'

" Bauman Moscow State Technical University, Moscow, Russia
2SPbPU, Saint Petersburg, Russia

Abstract. The motion of a spherical physical pendulum, consisting of two point masses con-
nected by a massless rod, is considered. The pendulum is fixed at a certain point with a spher-
ical hinge. In the case of large-scale motions of two immiscible fluids completely filling
a solid cavity, the physical pendulum under consideration provides a suitable model for
demonstrating large-scale oscillations of the interface. The process of constructing mathemat-
ical models of a spherical pendulum in a spherical coordinate system is described for both the
mathematical and physical cases. In each case, the numerical simulation of the systems is
implemented using an explicit single-step fourth-order Runge-Kutta method.

Keywords: spherical pendulum, immiscible fluids, mechanical analog, numerical modeling,
Runge-Kutta method
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Ecmecmeennvie nayxu, 2016, Ne 3, c. 57-69.
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Y[IK 620.17

MoaenvpoBaHue NpoLecca MHAEHTUPOBAHUSA ANS CO3A4aHMUA 6a3bl
MeXaHMYeCKUX CBOMCTB MaTepuanos

bopoBkoBa TaTbsiHa BnagumupoBHa borovkovatv@bmstu.ru
MypawoB Muxann Bnagumuposuy murashov@bmstu.ru
Ipuropbes ApceHuii PomaHoBuY grigorevar@bmstu.ru
MNapoTbkuHa Mapus AnekceeBHa parotkinama@bmstu.ru

MITY um. H.3. baymaHa, Mocksa, Poccus

AHHoTammsi. OmmcaHa pa3pabOTKa KOHEYHO-IJIEMEHTHOM MOJEIH CHCTEMBI «HHIICHTOP-
o0paserp ¢ y4eToM BSI3KOYIPYToro MoBeAeHUs. Pe3ysibTaTbl MOJIETMPOBAHKS COMOCTABIICHBI
C TaHHBIMH SKCTIEPUMEHTA IS BBISIBIICHUS MEXaHUUECKHX CBOWCTB MaTepuaa.

KuroueBble ¢J10Ba: KOHEUHO-3JICMCHTHAS MOJCIIb, Oa3za JaHHBIX, MOACIIMPOBAHUE

Modeling the indentation process for the creation
of basic mechanical materials

Borovkova Tatyana Vladimirovna borovkovatv@bmstu.ru
Murashov Mikhail Vladimirovich murashov@bmstu.ru
Grigoryev Arseniy Romanovich grigorevar@bmstu.ru
Parotkina Maria Alekseevna parotkinama@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The development of a finite element model of an indenter-sample system taking
into account viscoelastic behavior is described. The modeling results are compared with ex-
perimental data to identify the mechanical properties of the material.

Keywords: finite element model, database, modeling

CnMUcoK UCTOYHUKOB
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Y[IK 539.3

MopgenupoBaHue npouecca I'Ip06VI BKU O0TBepCTUA

B INCTOBOM MeTauie

Bepemeituuk AHgpei IBaHOBUY vai_mrtm@bstu.by

bpecmckuli 2ocy0apcmeeHHbIl mexHudeckuli yHusepcumem, bpecm, benapyce

Annoramms. B cpene Ansys Workbench mpoBezieHo MozempoBaHHue mporecca IpOoOHBKH
OTBEPCTUS LAIMHIPUIECKUM IIyaHCOHOM B CTAJIbHOM JIUCTE.

KiaoueBble cioBa: ITyaHCOH, l'IpO6I/IBKa, HaHpH)I(eHHO-HG(I)OpMI/IpOBaHHOC COCTOAHHUE, CHUJIA,
BpeMs, JINCT

Modeling of the process of punching a hole

in sheet metal

Verameichyk Andrey Ivanovich vai_mrtm@bstu.by

Brest State Technical University, Brest, Belarus

Abstract. In the ANSYS Workbench environment, the process of punching a hole with
a cylindrical punch in a steel sheet was simulated.

Keywords: punch, punching, stress-strain state, force, time, sheet
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Y[IK 536.2

MopennpoBaHue pacnpocTpaHeHUsa TeMnepaTypHOro nons
B OAHOMEPHOM KBa3unepuoamyeckoi rpaiueHTHoOM cpepe

Epwos ne6 AHppeeBuy
KounkuHa Jlaga BauecnaBoBHa

)

®unatos Bnagumup Buktoposuu"” vvfilatov@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AnHoTtamms. [IpoBeleHO KOHEYHOPA3HOCTHOE MOJIEIMPOBAHHUE PACHIPOCTPAHEHUS TEIUIOBBIX
MIOTOKOB B OJIHOMEPHOMN KBa3HINEPUOJUUYECKON IpaJMeHTHON cpefie, «Iepruoa» KOTOpoH au-
HEeWHO BO3pacTaeT OT MOBEPXHOCTH BIiyOb. VccnenoBana 3aBHCMMOCT 3()(EeKTUBHON CKO-
POCTH pacHpOCTpaHEHUs TEILIOBOTO BO3MYILIEHUs OT BEIHMYUHBI IpagueHTHOCTH. [Tomyuen-
HBIE pPEe3yJbTaThl MOTYT OBITH KCIOJIB30BaHBl JUIS CO3/AQHMS HOBBIX TETUIO3AIIMTHBIX
MOKPBITHH, B TOM YHCIIE ISl HCITOJIB30BAHUS B MUKPOIPOIIECCOPAx, BBIMOIHEHHBIX 0 HAHO-
METPOBOM TEXHOJIOTUHU.

KuroueBble ciioBa: KBasUKpUCTaJll, TPaIUCHTHOCTD, TCIJIOBAA 3allliTa, KOHCYHOPA3HOCTHOEC
MOJCIIMPOBAHUEC, HAHODJICKTPOHHUKA

Modeling the propagation of a temperature field
in a one-dimensional quasi- periodic gradient material

Ershov Gleb Andreevich
Kochikina Lada Vyacheslavovna
Filatov Vladimir Viktorovich®” vfilatov@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Finite-difference modeling of heat flux propagation in a one-dimensional quasi-
periodic gradient material, the period of which increases linearly from the surface to the
depth, was described. The dependence of the effective propagation velocity of a thermal dis-
turbance on the gradient value was investigated. The obtained results can be used to create
new thermal protection coatings, including for use in microprocessors manufactured using
nanometer technology.

Keywords: quasicrystal, gradient, thermal protection, finite-difference modeling, nanoelec-
tronics
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YK 531.3

MopenvpoBaHue peleHus 3a4aum ynpasiaeHnsa UHAMUKOW
CMCTeMbl TBEPAbIX TeN

Myxapnsimos Po6ept Mapa6wesny’ robgar@mail.ru
A6aynaii Kochcpu® 1042245182@pfur.ru

" Mncmumym usuyeckux uccnedosaruil u mexHonoaud, Mockea, Poccusi
2 Poccutickuti YyHusepcumem 0py*6bl Hapodos, Mockea, Poccus

AnHoTtanusi. PaboTa mocpseHa pa3paboTke METOAa MOACIUPOBAHUS TUHAMHUKN CHCTEMBI
TBEPIbIX TEJI NPHUMEHUTENLHO K CTaHKaM IITAMIOBOYHOM U BEPTUKAIBHO-CBEPIMIBHOU
rpynnsl. Mccnenyercs pelieHue 3aauy yIpasieHus yopyro cucteMoil cranka. Manaraercs
CIoco0 TOCTPOEHHS YPaBHEHUH IWHAMUKY U QJITOPUTM YIPABICHHE CHCTEMOH C ITPpOrpaMm-
HBIMH CBSI35IMU.

KiroueBble ¢jI0Ba: CHCTEMa, CTAHOK, YIIPABIECHUE, UHAMHMKA, METOJ CTAOMIIH3AIMHI, TIPO-
FpaMMHI)Ie CBS3HU

Paboma evinonnena npu ghunancogou noodepicxke PH®, npoexm Ne 25-21-00153.
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Modeling the solution to the problem of controlling
the rigid bodies dynamics system

Mukharlyamov Robert Garabshevich' robgar@mail.ru
Abdoulay Koffi® 1042245182@pfur.ru

! Institute of Physical Research and Technologies, Moscow, Russia
2 RUDN, Moscow, Russia

Abstract. This paper is devoted to developing a method for modeling the dynamics of a rigid
body system applicable to stamping and vertical drilling machines. A solution to the control
problem of the machine's elastic system is investigated. A method for constructing dynamic
equations and an algorithm for controlling a system with program constraint are presented.

Keywords: control, dynamics, differential-algebraic equations, stabilization method, program
constraint

This work was supported by the Russian Science Foundation Ne 25-21-00153.
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YK 539.31

MopgenupoBaHue conunxKeHNA 3afNeMeHTOoB NMPOMEXYTOYHOro cnoA
B NnNoJieé KOHTAaKTHbIX HaHpH)KEHVIﬁ

MakueBa 3nuHa UropeBHa ell9émakieva@gmail.com

MrY umeru M.B. JlomoHocosa, Mockea, Poccus

Annorammsi. [Ipu koHTakTe nedOopMUpYEMBIX TeNl ¢ TPEHHEM HX IOBEPXHOCTH HEPEIKO
MPETEePIIEBAOT XPYNKOE pa3pylIeHNue, U MEX/Ty TeJlaMd BO3HUKAET CJION U3 BBIKOJIOTBIX 3Je-
MEHTOB. DBOIOLUS CTPYKTYPBI CIOsI CKa3bIBAETCA HA CKOPOCTH M3HALMBAHUS TEJI, €€ U3yde-
HHE MOJKET OBITh MOJIE3HO JUIS IPOCKTHPOBAHUS PEXKNMOB 00paboTKK MaTepranos. Paccmor-
peHa 3ajada O B3aUMOJEHUCTBUU COCENHUX 3JIEMEHTOB CIJIOSI, ONPEAEIIEMOM HAMPSHKEHHO-
JehOpMHUPOBAaHHBIM COCTOSIHUEM B MX OKPECTHOCTH, M HCCIEAYIOTCSI MEXaHM3MBI MX CaMOOP-
TaHU3ALHH.

KroueBble cjioBa: TpeHHE, MPOMEXYTOUHBIN CJIOH, MEepeMelleHie, MUKPOIPOCKAIb3bIBa-
HME, CyX0€ TPEHHUE, CBSI3H, CUHTYJIIPHBIC BO3MYILICHHS

Modeling the approach of intermediate layer elements
in a contact stress field

Makieva Elina Igorevna ell9émakieva@gmail.com

Lomonosov MSU, Moscow, Russia

Abstract. When deformable bodies come into contact with friction, their surfaces often un-
dergo brittle fracture, and a layer of broken-off elements forms between the bodies. The evo-
lution of the layer structure affects the wear rate of the bodies, and studying it can be useful
for designing material processing regimes. The problem of the interaction of adjacent layer
elements, determined by the stress-strain state in their vicinity, is considered, and the mecha-
nisms of their self-organization are explored.

Keywords: friction, intermediate layer, displacement, micro-slip, dry friction, bonds, singular
perturbations
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YJIK 541.18

Moaudukauna 3aKkoHa TpeHUS B KOJJIOMAHOM cpeae

CepreeB Muxaun Hukonaesuu mihail_sergeev@mail.ru

PIrATY umeHu I.A. Conosbesa, Pbi6UHCK, Poccusi

AnHoTaums. PaccmoTrpena koiouaHas cucreMa. K TakuM cucteMaM OTHOCSITCS MarHUTHBIE
HAHOXKU/ICOCTH, OMOJIOTUYECKUE XHUIKOCTH, 30JH, TeNlH, CyCHeH3WH | T. A. MccienoBanme
TaKHUX CHUCTEM SIBJISIETCSA aKTyaJbHbIM. [ KOJJIOMJOB B HEKOTOPBIX CIIy4dasiX BBIIOIHSETCS

CTEIEHHOMW 3aKoH TpeHus. [IpeioaeHo MoIupUIMPOBATh TaHHBIA 3aKOH, HCIIOJb3Ys TPajiv-
€HT CKOPOCTH B 0e3pa3MepHOM BHJIE.

KiroueBble ¢cji0Ba: CKOPOCTh, HAMPSDKEHUE TPEHUS, BA3KOCTh, PEOJIOTHS, KOJLTOU/T

Modification of the law of friction in a colloidal medium

Sergeev Mikhail Nikolaevich mihail_sergeev@mail.ru

Rybinsk State Aviation Technical University, Rybinsk, Russia

Abstract. The paper considers a colloidal system. Such systems include magnetic nanofluids,
biological fluids, sols, gels, suspensions, etc. The study of such systems is relevant. In some

cases, the power law of friction is valid for colloids. In this paper, it is proposed to modify this
law using the velocity gradient in a dimensionless form.

Keywords: velocity, friction stress, viscosity, rtheology, colloid
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YK 521.135

HoBble nepuognyeckne pewieHns B TpeyrojibHOM TouKe NMépauum
OrpaHMYeHHOW 3aAaum Tpex Ten

JNlenasuH Cepreit HUKMTOBUY lel@internets.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AnnoTtamms. HaiiieHsl HEOOXOMMBIC YCIIOBHS YCTOWYMBOCTH HOBBIX MPOCTPAHCTBEHHBIX
MEPUONICCKUX PEIICHUN B 337a4e O BPAIICHUM TBEPJIOTO Tejia B TPECYroJIbHOM TOYKE JIMO-
palnuy orpaHUYEHHOH 3aaun Tpex Te. [IpoBeJieH YMCIIeHHbIH aHaIu3 YyCIOBUH YCTOMUMBO-
CTH MEPUOINYECKUX PEILICHUM.

KroueBble cjioBa: ycioBUs yCTOHYMBOCTH, TOYKH JIMOpamuy, OrpaHHYEeHHAs 33/1a4a Tpex
TeI, TAMAJIBTOHOBBI CHCTEMBI, TEOPHS MIEPHOIMUECKUX perreHnii [Tyankape

New periodic solutions at the triangular libration point
of the bounded three-body problem

Lelyavin Sergey Nikitovich lel@internets.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. In the work, the necessary conditions for the stability of new spatial periodic solu-
tions were found in the problem of the rotation of a solid in a triangular libration point of
a limited problem of three bodies. A numerical analysis of the stability conditions of periodic
solutions is carried out.

Keywords: stability conditions, libration points, bounded three-body problem, Hamiltonian
systems, Poincaré theory of periodic solutions
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YK 531

Yyeb6HO - uccnepoBaTesibCKasA paboTa CTyAeHTOB NO TeOPeTUYECKOM
W NpUKNagHoW MexaHuKe «[porHo3upoBaHue BO3MOXHbIX

TUNOB TPAEKTOPUI OTHOCUTENBbHOTO ABUXEHUS CBA3AHHbIX
KOCMUYECKUX 06 bEKTOB»
*)

Kynpees Cepreit AnekceeBuy’ 2svr@mail.ru

PyunHckun Bnagumup CTaHnCcnaBoBUY?

! Poccutickuii yHusepcumem dpy»6bi Hapodos, Mocksa, Poccusi
2Mry umeru M.B. JlomoHocosa, Mockea, Poccus

AHHOTa]_Iﬂﬂ. I/IsyquI/Ie JUHAMUYCCKUX CHUCTEM, CBA3aHHBIX C KOCMHUYCCKUMU TPOCOBBLIMH
CHUCTEMaMH, TMPEACTABISCT CO00I BaXKHBIM aCIEKT B 00JIACTH KOCMHYECKOM TeXHHKH. KoM-
OMHUPOBAHHOC YIPABIICHUC OTHOCHTCILHBIM JIBIDKCHHEM TPOCOBOTO OO0BEKTa B TPEX
TIOJIBFDKHBIX TUIOCKOCTSIX, CBSI3aHHBIX C OPOMTAIBLHON CTAHIIUCH, MO3BOJISCT PEaTn30BaTh
pPa3IUYHbIE PEXUMBI JBHXKEHHUS, YTO OTKPBIBAET HOBBIE BO3MOXXKHOCTH MAaHEBPHPOBAHUS
1 cTabMITN3aIi B KOCMHYECKOM ITPOCTPAHCTBE.

KaroueBble cioBa: KocMHYeCKasi TPOCOBAsI CUCTEMA, PEKUMBI OTHOCHUTEIFHOTO JIBHKCHUS,
KOMOMHHPOBAHHBIE METOJBI YIPaBJICHUS, OOCIyXKHBaHHE Ha OpOHuTe, cOOpKa KpyIrHOrada-
PHUTHBIX KOHCTPYKIHIA, cOOp KOCMHYECKOTo Mycopa

Student research project in theoretical mechanics
“Predicting Possible Types of Trajectories for the Relative Motion
of Associated Space Objects”

Kupreev Sergey Alekseevich'” 2svr@mail.ru
Ruchinskiy Vladimir Stanislavovich?

" RUDN, Moscow, Russia
2 Lomonosov MSU, Moscow, Russia

Abstract. The study of dynamic systems related to space cable systems is an important aspect
of space technology. The combined control of the relative motion of a cable object in three
moving planes associated with an orbital station allows for various motion modes, opening up
new possibilities for maneuvering and stabilization in outer space.

Keywords: space tether system, relative motion modes, combined control methods, in-orbit
servicing, assembly of large-sized structures, collection of space debris
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HenokanbHbI KpUTEPUI POCTA TPELLUH C KOHL,EBOM 06/1aCTbiO

MepenbmyTtep Muxaun HataHoBuY perelm@ipmnet.ru

UHcmumym npo6nem mexaHuku um. A.F0. Mwnurckozo PAH

AHHoTaums. [IpernoKeH HENOKaIbHBIA KPUTEPU KBa3UCTaTUUECKOTO poCTa TPEIIMH
C KOHIIEBOH 00JIACTBHIO, BKITFOUYAOIIHIA [TBA YCIOBHSA: 1) HEOOXOIMMOE SHEPIeTHIECKOE YCIIO-
BHE MPEETBHOTO PABHOBECHS BEPIINHBI TPEIIMHBI (PABEHCTBO CKOPOCTEH BBICBOOOKICHUS
SHepruM AehopMaluy 1 NOTpedIeH s SHepriu JieopMarvy CBsI3sIMU B KOHIIEBOI o0yacTu
TPEIIMHBI); 2) TOCTATOYHOE YCIOBHE MPEISIFHOTO PACTSDKEHUS CBA3M Ha 3a/{HEM Kpae KOH-
LIEBOI1 00IaCTH TPEILUHBL.

KuioueBble ci1oBa: TpeminHa, KOHIEBas 00J1aCTh, HEOKAIBHBIH KPUTEPHIA

Nonlocal crack growth criterion with bridged zone

Perelmuter Mikhail Natanovich perelm@ipmnet.ru

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. The nonlocal criterion for quasistatic cracks growth with bridged zone is proposed.
It includes two conditions: 1) the necessary energy condition for the crack tip limit equilibri-
um (equality of the rates of strain energy release and strain energy consumption by bonds in
the crack bridged zone); 2) the sufficient condition for the critical bonds extension at the crack
bridged zone trailing edge. The following quasistatic crack growth regimes are considered:
1) the crack tip advances and the bridged zone length increases without bond rupture (subcrit-
ical growth); 2) the bridged zone length decreases without crack tip advancement; 3) the crack
tip advances with simultaneous rupture of bonds at the bridged zone trailing edge.

Keywords: crack, bridged zone, nonlocal criterion
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Y[IK 004.8

0 6e3onacHocT npumMmeHeHus U/ npyu npuHATUM pelueHui

Cko6enesa filHnHa BanepbesHa'” ianinask@mail.ru
CupHseB Hukonan MiBaHoBUY

MITY um. H.3. baymaHa, Mockea, Poccus

Annoramms. VckyccrBennsiii nnremuiekt (M) urpaer kiroyeByro poib B BOIPOCAX peajv-
3allMM WAEU [EPCOHAIM3UPOBAHHOTO OOIECHUS-aJalTali, OOy4YeHHs, €ro CoJepKaHHs
W TeMmIa, K motpedHocTsiM 4enoseka [ 1]. [IpuBenen obumii 0630p TeMaTHKU HCKYCCTBEHHOTO
MHTEIUIeKTa, Oa3upyloIeiics Ha uee MHTENICKTYJIbHOTO areHTa — CHUCTEMBI, KOTopast CIo-
coOHa NMPUHATH PEelIeHHe O TOM, UTO JENaTh, a 3aTEM BBIIOJHUTH 3TO penieHne. MeTozpl ue-
nons3oBanus MU npeacrasiieHs! ¢ IPUMEHEHUEM UIEU UHTEIUIEKTYAIBHOTO areHTa, a TaKkKe
METOJaX TPHHSTHS PEUICHUH B YCIOBHSX, KOTZIa HEOOXOANMO CIIPOTHO3HPOBATH OyIyIIue
MHOTOCTYTICHYATHIE ACHCTBHS.

KioueBble cj10Ba: MCKYyCCTBEHHBIN WHTEIUICKT, OOydeHHE, CTYAEHTHI, aHAN3, MPOTHO3,
MPOrpaMMBbI, 0€30MaCHOCTh, MOYJIb, TPOCKT

On the safety of using Al in decision-making

Skobeleva Yanina Valerievna‘”

Sidnyaev Nikolay Ivanovich

ianinask@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Al plays a key role in implementing the idea of personalized communication,
which involves adapting learning, its content, and pace to the individual's need s [1]. This
article provides a general overview of the topic of artificial intelligence, focusing on the con-
cept of an intelligent agent, which is a system capable of making decisions and executing
them. The article explores the use of Al through the lens of an intelligent agent and discusses
decision-making techniques in situations where future multi-step actions need to be predicted.

Keywords: artificial intelligence, training, students, analysis, forecast, programs, security,
module, project

CruUCcoK UCTOYHUKOB

[11 VYBapo A.1O., T'eiton 3., [Bopeuxas W.B. u ap. Tpyonocmu u nepcnexmugvl yugposou
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0 ABMXEHUU MANOUHEPLMOHHOTO Wapa Mexay
COOCHO BpaLAIOWMMUCA LUIUHAPAMU C BA3SKUM TPEHUEM

Kowenes Anekcangp AHatonbeBny” koshelev030698@yandex.ru
Kyrywes EBreHunin MsaHosuy
Llaxosa TaTbAAHa BafleHTMHOBHA

MrY umeru M.B. JlomoHocosa, Mockea, Poccus

AHHOTaIII/ISI. PaCCMOTpeHa 3a/ladya O JABMIKCHUM IIapa MCXKAY COOCHO BpalatomuMUCs Iu-
JiMHApaMu € JINHEWHBIM BSI3KUM TPECHUCM. HJ’IH MAJIOMHEPIUOHHOI'O IIapa MmokKa3aHo, 4YTO €ro
YpaBHCHUA ABUIKCHUS UMCIOT THUXOHOBCKHUH THII ypaBHeHI/Iﬁ C MaJIbIM MMapaMeTpoOM MpH 4a-
CTH TPOU3BOAHBIX. HCCJ’IGI[OBaHa JAWHaMHKa TAaKOI'o 1apa Ha KOHEYHOM ITPOMEIKYTKE BpEME-
HHU B IpEeACIIC IMPHU CTPEMIICHUH LICHTPAJIbHOIO MOMCHTA MHEPIUHU IIapa K HYJIIO.

KiroueBble cj10Ba: MaJIOMHEPLUMOHHBIN 111ap, BA3KOE TPEHUE, TeopeMa TUXOHOBa

On the motion of a low-inertia ball located between
coaxially rotating cylinders with viscous friction

Koshelev Alexander Anatolyevich® koshelev030698@yandex.ru
Kugushev Evgeny Ivanovich
Shahova Tatyana Valentinovna

Lomonosov MSU, Moscow, Russia

Abstract. The problem of the motion of a ball between coaxially rotating cylinders with line-
ar viscous friction is considered. It is shown that the equations of motion of a low-inertia ball
have the form of Tikhonov’s equations with a small parameter as a coefficient at some deriva-
tives. The dynamics of this ball on an arbitrary finite time interval in the limit as the central
moment of inertia of the ball tends to zero is studied.

Keywords: low-inertia ball, viscous friction, Tikhonov's theorem

IHocTanoBka 3agaun. PaccMoTpuM 3a1auy O JBM)KEHUU TSKEIOTO [Iapa MaccChl m
U pajnyca a MEeXAY NPSMbIMH KPYTOBBIMH LIMJIMHIpaMH ¢ o0mmel ockio, o0pasy-
IOIIeH ¢ BepTHKaNbio yroy « Kaxaplil u3 MUINHAPOB paBHOMEPHO BpAaIlaeTcsl BO-

KpYT 3TOH OCH C YIJII0BOH CKOPOCTBIO BEJIMYMHEI {2;, B TOUKE KOHTAKTa 1Iapa ¢ Lu-
-

JMHAPOM Ha Iuap JAEHCTBYeT cuiia BA3KOro tpewus F; = —¢;09™, tme ¢; —

ko3 duienT Tpenus, U™ — CKOPOCTh TOYKH IIapa, Kacatomeics MHINHAPa, OT-
HocuTeNnbHO dToro muwmuHApa (i = 1,2). PaccTosiHUe OT IeHTpa Imapa 10 OCH IH-
JIUHAPOB paBHO R. IleHTp Macc 1mapa COBMaaeT ¢ ero reOMETPUUSCKUM [ICHTPOM,
LIEHTPaIbHBIA TEH30p MHEPLMH IIapoBoi, | = oma? — HeHTpalbHbIi MOMEHT

HWHEPUHWU OIapa. HCCHC}IyeM AVHaMUKY 1Iapa, Korjga 3T0OT MOMEHT HHEPLIHUU MaJl.
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MasnonHepunoHHbIi map. OTHOCHTENEHO aOCOIOTHOW CHCTEMBI KOOPIUHAT
Oxyz, ocb Oz KOTOpOIi HaIpaBjeHa [0 OCH IMIUHIPOB, OyAeM 3a1aBaTh MOJOXKE-
HHE IICHTpa MIapa HWIHHAPHICCKUMH KoopauHatamu ¢,z (r = R). Ob6o03HaunM
4epes Wy, Wy, W; KOMIIOHEHTHI YIJIOBOH CKOPOCTH miapa B 0asuce HUIMHIpUYE-
CKOW CHCTEMBI KOOPAMHAT M 3alWIIeM ypaBHEHUS ABMKEHHUS [Iapa B 3TOM Oazuce.

_ _z _ wr _ Wy _ Wy
B 0Ge3pa3mepHBIX mepeMeHHBIX T = ();t, { = o Wr = o Wy, = R w, = o
nojayvyaeM
[ [ ! J—
(p _V(pl Z _V<J Wr—Vq,W(p—O,
vy = —pysinacoso — (1 +k)v, + (1 —k)sw, + 1 —s+ ky(1+s),
uvé = —pycosa — (1 + k)ve — (1 — k)sw,, )
. 1-k
TUWy = —opuveWy ——v¢ — (1 + k)w,

=y~ ~l1-s-ky(1

TUW; =~V 1+ k)w, S( s—ky(1+ s)),

ma4 a cy 2,
= S = - k = — = — ==
Rhk= =57

d
rie () =—(), 1
CBOOOHOTO TIaJICHHS.

PaccMoTpuM /1Ba cilydask MAJIOMHEPIIMOHHOTO 1iapa. B mepsom ciydyae macca
mapa HmOCTOSHHA M COCpenoToueHa BOmm3u ero nentpa: 0 < o < 1, Bo BTOpOM —
Macca mapa mana: 0 < u « 1. C ucnonb3oBanuem TeopemMsl Tuxonosa [1] moka-
3aHbI YTBEPXKICHHUS.

Vmeepocoenue 1. Tlycts @(7,0), {(1,0), v,(1,0), v¢(z,0), w.(T,0),
Wy, (1,0), we(r,0) — pemenue ypasHeHuii (1) ¢ HayanbHBIMH yCIOBUAMH
(p(o' 0-) = Qo> ((0' 0-) = (Oa Vgo(oi 0-) = quoa V((O' 0-) = V(Oa Wr(O' 0-) = WTO:
Wy, (0,0) =w,,, we(0,0) =W, Ha HEKOTOPOM KOHEYHOM OTPE3KE BPEMEHH
7 € [0, T] npu modom o € (0,0,]. Torma npu 0 - 0 dyukunu @(7,0), {(T,0),
vy (1,0), v¢(1,0), w,.(1,0) cxonarcs Ha otpeske [0, T] x pemenuio ¢ (1), {*(7),
vy (1), v¢ (7), wy(7) ypasnenuii

9
= s —, J — MOYJb YCKOPCHUSA
c1 RO%

2k
* __ % * I __ : * *
©* =V, Uvg = —uy sinacos @ +1+—k(—2V<p+1—s+k)((1+s)),

4k 1-k

x !

= ve, uv}' = —pycosa _1+—kV2' wy = —mv;vg
¢ HauanpHbiMu yenosusmu @*(0) = @, {7(0) = {o, v4(0) = vy, vz(0) = v,
wy(0) = wy,, a ysxmmn w, (7, 0), we(t,0) cxomurces na mpomexytke (0,T] x
byHKIHAIM

1- i} i} 1- i 1—s—kyxy(1+s)
“sarn @ W= ve® T T a

Ymeepacoenue 2. Tycrs  @(t,1), {(T,10), Vo, 1), ve(t,1), wy (T, ),
wo, (T, 1), we(r,u) — pemenne ypauenuii (1) ¢ HaJaibHBIMH YCTOBHAMH

wo (1) =
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@0, 1) = @o, $(0,1) = o, qu(o'ﬂ) = Vpgo V((O,ﬂ) = Vg, w, (0, 1) = Wros
Wy, (0,u) =wg,, We(0,u) = wy Ha HEKOTOPOM KOHEYHOM OTPE3KE BPEMEHH
7 € [0,T] npu mobom p € (0, o). Torna mpu p - 0 dynxuun (7, 1), ¢(7, 1),
w,(T,u) cxomurcs wna orpeske [0,T] &k o¢yskuuam @*(7) = %(1 —s+
+xA+ )T+ @, *(0) = o, Wi(T) =Wy, a dymxum v, (7,10, ve(z,p),
Wo (T, 1), we(r,u) cxomarca na mpomexytke (0,T] k dynxmmam vy (1) =
1 * * * 1
= 5(1 —s+x(1+5)),v;(1) = 0,w, (1) = 0, w;(7) = z_s(_l +s+x(1+5)).
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YOK 681.5.01:531.53

0 MaKcMMMU3auumn 061aCTM ynpaBnsieMocTu ABY3BEHHOTO
nepeBepHYTOro MassTHUKA HA Kauensax seesaw
NpyY COrNacoBaHUM yNpaBJieHU B LWApHMpaX

KpyunHuH MaBen AHaTonbeBUY pkruch@mech.math.msu.su
SPIN-kof: 3265-0739

Anekceesa Hagexpa BanepbesHa'”

MrY umeru M.B. JlomoHocosa, Mockea, Poccus

AnHoTtamms. PaccmatpuBaeMas 3a1a4a MaTEMaTHYECKOTO MOAEIMPOBAHUS MPOLIECCA CarnuT-
TaJIbHBIX KOJIEOaHWH YeI0BEKa, CTOSIIETO Ha KavyelsiX seesaw C IpsIMBIME Horamu. Mojienb
TpeJICTaBIsIET COOOH TIIOCKHI IBOMHOM ITepeBEpPHYTHIH MasTHHK, YCTAaHOBJICHHBIN Ha seesaw.
HixHM DUIMHAPUYECKUH IIAapHAP MOAETUPYET 00a TOJEHOCTOITHBIX CycTaBa YeIOBEKa,
a MEX3BEHHBIH IIapHUp — 00a Ta300€ApEHHBIX. CyCTaBbl YenoBeka. Kadenn mpeacTaBisior
co00ii CerMeHT WINH/IPA, OCh KOTOPOTO MEPIEHANKYIISIPHA TNIOCKOCTH ABKEHNS MasiTHHAKA.
OnuceiBaeMasi CHUCTEMa MMEET TPH CTENCHH CBOOOIBI M B OTCYTCTBHE YNPABICHUS HMEET
HEYCTOINYMBOE IOJIOKEHHE PAaBHOBECHS], B KOTOPOM 00a 3B€HA MasiTHHKA HAIPaBJICHbI BEPTH-
KaJbHO BBEPX, a Ka4yelHd HEe HAKJIOHEHBI. YIIPaBICHHEM SBIISIOTCS MOMEHTHI, IIPUKJIaIbIBaC-
MBbI€ B OCSIX LIAPHUPOB COINIACOBAHHO. TO €CTh I MOAEIUPOBAHUS MBIIIEYHON CHHEPIHU
CYUTAETCS, YTO MOMEHTHI B IIApPHHpax HE SBISIOTCS HE3aBUCHMBIMU U BBIPAXKAIOTCS uyepes
ofliee ynpasiieHHe, KOTOPOE OrpaHUYEHO 1o abcomroTHOU BemuuuHe. Takum oOpa3oM omu-
CBIBACTCSl CUTYaIHsl, AHATOTHYHASI MBIIIEYHOW CHHEprHu. PaccMOTpeHsl cBoiicTBa obmacTei
YIpaBIsEMOCTH PH U3MEHEHUH paclpeielIeHus MOMEHTOB B IIapHupax. Halinensl cutya-
IIMM, B KOTOPBIX pa3Mep 00JIaCTH YHpaBisIEeMOCTH NPHHUMAET MAaKCHMaJIbHbIE 1 MHHUMAIIb-
HBIE 3HAYCHMS.

KioueBbie ciioBa: crabumu3anusi, ABY3BCHHBI MasTHUK, NEPEBEPHYTHIA MasTHHK, I1030-
BBl KOHTPOJTb, 001aCTh YIIPABISIEMOCTH

Abstract. The problem under consideration is the mathematical modeling of the sagittal oscil-
lations of a person standing on a seesaw with straight legs. The model is a double inverted
pendulum mounted on a seesaw. The lower cylindrical hinge models both ankle joints, and
the interlink hinge models both hip joints. The seesaw is a segment of a cylinder whose axis is
perpendicular to the pendulum plane. The described system has three degrees of freedom and,
in the absence of control, has an unstable equilibrium position in which both pendulum links
point vertically upward, and the swing is not tilted. The control is provided by moments ap-
plied in a coordinated fashion to the hinge axes. That is, to model muscle synergy, it is as-
sumed that the moments in the hinges are not independent and are expressed through a com-
mon control, which is limited in absolute value. This describes a situation analogous to
muscle synergy. The properties of the control regions are considered when the distribution of
moments in the hinges varies. Situations were found in which the size of the controllability
region takes on maximum and minimum values..

Keywords: stabilisation, two-link pendulum, inverted pendulum, postural control, controlla-
bility region
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0 HEKOTOPbIX MUHUMAJIbHbIX XaPaKTEPUCTUKAX
B KJlaccuMuyeckom 3agave N ten

Masnos Uropb BanepuaHoBuy ipavlov@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AHHoTanms. J[s Kiaccuyeckol MaTeMaTu4eckoil Mojienu 3aaud N Tell paccMaTpUBaOTCS
MIPOCTPAHCTBEHHBIE 33/1a4M HAX0XKJICHHSI YCIOBHBIX MUHHUMYMOB, JIOKAJIbHBIX 9KCTPEMYMOB U
CTaIlMOHAPHBIX TOYEK JUI OCHOBHBIX XapaKTCPUCTHUK (TIOHOM HEPIHH, pa3zMepa, KHHETHIC-
CKOW W MOTCHIIMATILHON SHEPTHUU) CUCTEMBI Ha ee a3oBoM mpocTpaHcTBe. Ha ocHOBe perie-
HUS 3THX 3a7a4 HEJIMHEHHOTro MaTeMaTHYeCKOro MpOrpaMMHUPOBAHUS Jallee JOKa3bIBAeTCs,
YTO 3TH YCJOBHBIC AKCTPEMYMBI U CTAllMOHAPHBIE TOYKH (COCTOSIHHS) MOTYT IOCTUTATHCS
TOJBKO Ha TUIOCKHX TPACKTOPHSIX BIDKECHHS CHCTEMBL [IpH JOTIONHUTENBHBIX yCIOBHAX Ha
3HAYCHHUSA MHTCTPAJIOB ABUKCHUA: MOMCHTA UMITYyJIbCa U MOJIHOM OHEPrun CUCTEMBI OTU Tpa-
CKTOPHU ABJIAIOTCA IJIIOCKUMH (bI/IHI/ITHBIMI/I " NCPUOANICCKUMU (prFOBBIMI/I WJIN JJUIMIITHU-
LIE!CKI/IMI/I) TPAaCKTOPUAMU, MMOPOKIAEMBIMHU TIJIOCKUMU HEHTPAJIbHBIMA KOH(bHpraLlHSIMPI, Ha
KOTOPBIX TUIOCKAsi CTPYKTYpa CUCTEMBI COXPAHSETCSI BO BPEMEHHU C TOYHOCTBIO JIO ITOBOPOTA
u Macmraba. M Ha 3THX TPaeKTOPHUSAX OJHOBPEMCHHO JIOCTHIACTCS MUHHMAIBHBIN CpeITHE-
KBaJ[PATUYHBINA pa3Mep CHCTEMBI (C HCHYJICBBIM MOMCHTOM MMITYJIbCA) MPH TEKYIIEM 3HAaYe-
HUU €€ KHHETUYECKON SHEPIHY U MUHUMAJIbHO BO3MOXKHASI KUHETHUECKAsi SHEPTUSL CUCTEMBbI
[IpU JAHHOM TEKYILEM 3HaYEHUU €€ pa3Mepa.

KaroueBble ciioBa: crctemMa, 4acTHIIB, 331a4a TEJl, THTETPAJIBI IBIKEHUS, pa3Mep CHCTEMBI,
IUIOCKHE TPACKTOPHU

On some minimal characteristics in the classical N-body problem

Pavlov Igor Valerianovich ipavlov@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. For classical N-body problem we consider some spatial problems of finding condi-
tional minima, local extrema and stationary points for the main characteristics (total energy,
size, kinetic and potential energy) of the system on its phase space. Based on the solution of
these problem of nonlinear programming we prove that these conditional extrema and station-
ary points (states) can only be achieved on flat trajectories of the system. Under additional
conditions on the values of the integrals of motion: angular momentum and the total energy of
the system these trajectories are flat finite and periodic (circular or elliptical) trajectories, gen-
erated by certain flat central configurations, on which the flat structure of the system is pre-
served in time up to rotation and scale. And on these trajectories the minimum possible root-
mean-square size of the system (with a non-zero angular momentum) at the current value of
its kinetic energy and the minimum possible kinetic energy of the system at the current value
of its size are simultaneously achieved.

Keywords: system, particles, N-body problem, integrals of motion, system size, flat trajectories
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0 NPpUKNaAHbIX 3a4a4aX B Ne€PBbIX pOCCVIVICKVIX yqe6|-w||<ax MeXaHUKHN

)

KysHeuos l0puit Bnagummuposuy" kuznetsov_iuv@tass.ru

HUWN mexaHuku MI'Y umeHu M.B. JlTomoHocosa, Mocksa, Poccusi

AnHoTtanusi. Mexannka Oblta mepBoil Haykoil, ¢ kotopoit B Poccrm B Hawanme XVIII Beka
HAy4aJOoCh PETYJSIPHOE MIPENOIaBaHUe TOUHBIX HayK. ITHOCTpaHHBIN OMbIT, Oay4YeHHbIH Tler-
poM BenmkuM 1 ero CriogBMXHUKaMH, ObIIT TBOPYECKH HEepepaboTaH, 4To MPUBETIO CO BpeMe-
HEM K BO3HHMKHOBCHHMIO COOCTBEHHOW METOIOJIOTMH IPErojaBaHus. PaccCMOTpPEHBI IMepBbie
MpaKTHYECKUe 3a7a4ll MEXaHUKH, KOTOphIe TpenofaBairck B Poccun, a Taxke B3aUMOCBSI3b
PYCCKOM 1 €BpOIEHCKOM IIKOJI MEXaHUKH.

KuroueBble ciioBa: MEXaHUKa, NPUKIAAHbIC 3a/laur, UCTOPHUA MCXaHUKHU

On applied problems in the earliest Russian mechanics textbooks

Kuznetsov Yury Vladimirovich kuxnetsov_iuv@tass.ru

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. Mechanics was the first subject to introduce regular teaching of the exact sciences
in Russia in the early 18th century. Foreign experience gained by Peter the Great and his as-
sociates was creatively adapted, eventually leading to the development of a unique teaching
methodology. This paper examines the first practical problems in mechanics taught in Russia,
as well as the relationship between Russian and European schools of mechanics.

Keywords: mechanics, applied problems, history of mechanics

CnuUcoK UCTOUYHUKOB
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0 cunax HaTSXKeHUA NpU KosiebaHUAX TMOKON ynpyrom HUTK

BplokBuH AnekcaHap Bnagumuposuy bryukvin_a.mail.ru
BbptokBuHa Onbra OpbeBHa bryukvina_o.mail.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AnHoTanmms. PaccMOTpeHO MoBeIcHHEe THOKOH Je(OPMHUPYEMOil HUTH TP MPOXOKIACHUH 10
Hell TpOJIOJILHBIX M MONEPEYHbIX BOJH. [IpoaHanu3upoBaHo BIMSHUE Pa3iIMYHBIX apameT-
POB Ha HATSHKCHHWE HUTHU B Ipollecce ee koicOanuil. [IpoaHanu3upoBaHa CBSI3b HATSHKCHUS
THOKOW HUTH C €€ MPOJOJBHBEIM W IONEPEYHBIM JBIKCHHEM, a TAaKXKe BIHMSHUC HA HETO
VIUIMHEHHS. U BO3HHUKAIOMIMX CHI WHepiwn. [IpoaHam3upoBaH XapakTep BHYTPECHHHUX CHI,
BO3HHKAIOMINX TIPH TPOIOIHHO-TIONIEPEYHBIX KOJICOaHUIX B HUTH TPH MPOXOXKACHUH 10 HEl
BOJTHOBOTO BO3MYIIICHHS.

KnroueBble c1oBa: TuOkast HUTh, CTpyHa

On the tension forces during vibrations of a flexible elastic thread

Bryukvin Alexander Vladimirovich bryukvin_a.mail.ru
Bryukvina Olga Yuryevna bryukvina_o.mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This paper examines the behavior of a flexible deformable thread as longitudinal
and transverse waves pass through it. The influence of various parameters on the tension of
the thread during its oscillations is analyzed. The relationship between the tension of the flex-
ible thread and its longitudinal and transverse motion is analyzed, as well as the influence of
elongation and the resulting inertial forces. The nature of the internal forces arising from lon-
gitudinal-transverse oscillations in the thread when a wave disturbance passes through it is
analyzed.

Keywords: flexible thread, string
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0 ctabunusauunmn 3agaHHON KOHPUrypauum pobota fenbra
npy HenonHOM MH(OpMaLUK

120 krasinsk@mail.ru

SPIN-kopa: 2911-1627

KpacuHckuii AnekcaHpap AkosneBuy

AuTtoB Bacunun rpwrophelslfm3

" MAU, Mocksa, Poccusi
2AHO HUM buomexampoHuKku, Maxaykana, Poccus
? Pocbuomex, Mocksa, Poccus

AnHoTtamms. [Ipy U3MepeHHH TOJIBKO TOKOB B SIKOPHBIX LIETSX HCIIOJHUTENBHBIX KOJJIEK-
TOPHBIX JBUTaTeNeH MOIy4eHO IOJIHOE PelIeHne 3a1aui CTaOWIN3alMK 3aJaHHOTO T10JI0XKe-
HUA cxBara poborta JleapTa Kak HmapauieNbHOTO MaHUITYJISITOPA C TPEMsI T€OMETPUIECKUMHU
cBs3siMu.  KoohdummeHTsl JIMHEHHBIX ynpaBieHUH W IapaMeTpbl CHCTEMBI OLCHUBAHHSA
onpenenensl pemenneM MeronoM H.H. KpacoBckoro cooTBeTCTBYIONIMX IMHEHHO-KBaApa-

THYHBIX 3a1a4.

KioueBsbie cioBa: podot JlenpTa, MaremaTideckas MOAETb, CHCTEMa OIICHUBAHUS, CTaOH-

Jm3anus
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On stabilization of a given configuration of the Delta robot
with incomplete information

Krasinsky Alexander Yakovlevich"2®” krasinsk@mail.ru
SPIN-code: 2911-1627

Aitov Vasily Grigorievich®

" Moscow Aviation Institute, Moscow, Russia
2 Research Institute of Biomechatronics, Makhachkala, Russia
? Rosbiotech, Moscow, Russia

Abstract. By measuring only the currents in the armature circuits of the actuator commutator
motors, a complete solution was obtained for stabilizing the specified position of the Delta
robot's gripper as a parallel manipulator with three geometric constraints. The linear control
coefficients and the evaluation system parameters were determined by solving the corre-
sponding linear-quadratic problems using N.N. Krasovskiy's method.

Keywords: Delta robot, mathematical model, state estimation system, stabilization
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O TpaeKTopuAX YacTul, cBO60AHOI NOBEPXHOCTHU XXUAKOCTHU
B CTOSAYUX HEJIMHEMHbIX BOJTHAX

)

KanuHuueHko Bnagumup AHaTonbeBuu'" vakalin@mail.ru

UHCcmumym npo6nem mexaHuku um. A.FO. Mwnurckozo PAH, Mockea, Poccus

AunHoTaums. [IpeqcTaBieHbl HOBBIC IKCIEPHUMEHTANIBHBIC PE3yAbTAThl UCCICIOBAHUS HH3-
IIMX BOJHOBBIX Moj] Papajiest Ha OBEPXHOCTH KUIKOCTH B MPSIMOYTOIBLHOM cocye. [Toka-
3aHO, YTO C YMCHBUICHWEM IIyOMHBI KUJIKOCTH YBEJIMYMBACTCS pa3Max KoJieOaHHil y310B
CTOSTYCH BOJIHBI, @ JUIsl BOJTHOBBIX TPOQUIIel XapaKTepHb! JIOKATbHBIC TTOIBUXHBIC BO3MYIIIC-
HHSl, CBA3aHHBIC C MPOSBICHHEM BTOPOW MO OTHOLICHUWIO K OCHOBHOM rapMOHHKe. BriepBbie
9KCIEPUMEHTAIBHO ONPEIENICHBI TPACKTOPHHU YaCTHL-TPAcCepPOB HA CBOOOIHOI MOBEPXHOCTH
JKHAKOCTU B OKPECTHOCTH Yy3J1a — YaCTHIBI COBEPIIAIOT KoebaTeIbHOe IBIKSHUE 110 KPH-
BbIM C BBIITYKJIOCTBIO KBEPXY. CorocraBieHne JIJAHHBIX OKCIICPUMCHTA U TCOPUU ITOKaA3alo
IMITUPUYECKYIO aICKBAaTHOCTH JIArPaHkeBa M0IX0/a.

KiroueBsle ciioBa: BonHa Dapanes, nepemenHsie Jlarpamka u Diinepa, y3en CTosdei BoJI-
HBI, YaCTHIIBI-Tpaccepsbl, NPO(QHIIb BOJIHBI, HapaMeTp Ypcena

Paboma evinonnena npu noooepacke epanma PH® Ne 23-19-00451 u no meme
2ocyoapcmeennoco 3adanus (Ne eocpecucmpayuu 1240112500442-3).

On the trajectories of particles of the liquid free surface
in standing nonlinear waves

Kalinichenko Vladimir Anatolyevich® vakalin@mail.ru

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. New experimental results are presented for a study of lower Faraday wave modes
on the surface of a liquid in a rectangular vessel. It is shown that with decreasing liquid depth,
the amplitude of oscillations of the standing wave nodes increases, and the wave profiles are
characterized by local mobile disturbances associated with the manifestation of a second har-
monic relative to the fundamental. For the first time, the trajectories of tracer particles on the
free surface of the liquid near a node were experimentally determined; the particles oscillate
along curves with an upward convexity. A comparison of experimental and theoretical data
demonstrated the empirical validity of the Lagrangian approach.

Keywords: Faraday wave, Lagrange and Euler variables, standing wave node, tracer parti-
cles, wave profile, Ursell parameter

The work was supported by the Russian Science Foundation (grant no. 23-19-00451)
and carried out on the topic of the state assignment
(State registration no. 1240112500442-3).
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06 ogHOM MeTOAe peann3aumm 3KCTpeMaJibHbIX TPAEKTOpUN
napannenbHbIX MAaHUNYNATOPOB

1,2(*)

KpacuHckuit AnekcaHgp AkoBneBuy krasinsk@mail.ru

SPIN-kopa: 2911-1627
AuTtoB Bacunun rpwrophelslfm3

" MAM, Mockea, Poccus
2 AHO HUm buomexampoHuKku, Maxaykana, Poccus
? Pocbuomex, Mocksa, Poccus

AHHOTaIII/Iﬂ. P ACCMOTpPCHa 3ajJiada MOJCIMPOBAHUA ynpaan[eMoﬁ JAWUHAMUKHA MaHUITYJIATO-
poB C napannenLHoi/i KUHEMAaTHKOMI npru NepeMCIICHNNU CXBaTa MAHUITYJIATOpa MCEKIAY
HadaJIbHBIM U 3aJIJaHHBIM KOHCYHBIM ITOJIOKCHUSAMMH. B kauectBe TPacKTOPpUHN BBI6paHa 6pa—
XHUCTOXpPOHA, KOTOpas pCan3yCTCs PCHICHUCM IOCICAOBATCIIBHOCTU 3aaaq CTa6I/IJ'II/I3aL[I/II/I
3aIJaHHBIX Ha 6anI/ICTOXpOHe TITOJIOJKCHHM CXBaTa.

KaroueBble ciioBa: MaTeMaTHYIeCKass MOJIEIb, MAPAICIBbHBI MAHUITYISATOP, OPaXxUCTOXPO-
Ha, CTaOMIM3aLHs
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On one method for implementing extreme trajectories
of parallel manipulators

Krasinsky Alexander Yakovlevich"2® krasinsk@mail.ru
SPIN-code: 2911-1627

Aitov Vasily Grigorievich®

" Moscow Aviation Institute, Moscow, Russia
2 Research Institute of Biomechatronics, Makhachkala, Russia
? Rosbiotech, Moscow, Russia

Abstract. The problem of modeling the controlled dynamics of manipulators with parallel
kinematics as the manipulator's gripper moves between initial and specified final positions is
considered. A brachistochrone as trajectory is chosen, which is implemented by solving
a sequence of stabilization problems for the gripper's positions specified on the brachisto-

chrone.

Keywords: mathematical model, parallel manipulator, brachistochrone, stabilization
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06 ogHOM pefyLMPOBAHHOM YPAaBHEHUM NMJIOCKOT0 ABUXXEHUA FAHTENU
Ha MHOro06pa3un «rpaBMTALMOHHDBIN Nponesnep» B 0606LeHHOM
3NNMNTUYECKOV 3aAa4ye CUTHMKOBA

Wcmarunos Anb6ept Pachaunosmuy'” arism8@mail.ru

MAU, Mockea, Poccus

Annotanust. /751 ykopodeHHoro ypasHeHust tuma J{rodduHra mocTpoeHsl MEPUOIHUCCKUC
pelIeHns BAalIX OT Pe30HaHCa U MPU pe3oHaHce. Takxke HCCIeTyIoTCsl pe30HaHCHBIE KoJeOa-
HUSI METOJIOM YCPEIHCHUS, B YaCTHOCTH HaHACHO BTOPOE MPHOIMKEHIE METOIa YCPEAHCHHS.

KroueBsbie cioBa: 0o6o0meHHas 3anadya CHTHUKOBA, TaHTENb, «TPABUTAIMOHHBIA MpOIIEN-
Jiepy, peayKLus, JIMHEeHHas yCTONUNBOCTb, METO/l YCPEAHEHUS], PE30HAHC

On some reduced equations for the planar motion of a dumbbell
on the gravitational propeller manifold in the generalized
elliptic sitnikov problem

Ismagilov Albert Rafailovich"” arism8@mail.ru

Moscow Aviation Institute, Moscow, Russia

Abstract. For a truncated Duffing-type equation, periodic solutions are constructed far from
resonance and at resonance. Resonant oscillations are also investigated using the averaging
method, and in particular, a second approximation of the averaging method is found.

Keywords: generalized Sitnikov problem, dumbbell, “gravitational propeller”, reduction,
linear stability, averaging method, resonance

CruUCcoK UCTOYHUKOB

[1] Kpacumsankos I1.C., McmarmnoB A.P. O mockux IBMKEHHSAX TaHTENN HA MHOTOOOPAa3uH «rpa-
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06 op6UTaNbHON YCTOWYNBOCTU MASITHUKOBbIX ABUXXEHUN
HECMMMEeTPUUYHOI0 TBEpPAOro TeNa C BUbpMpYIOLWKUM NoJBECOM

bennueHko Muxaun Banepuesuy tuzemec1@rambler.ru

MAW, Mockea, Poccus

AnHOTammsA. PaccMOTpEHBI MasSTHUKOBBIC JIBWKCHHS TBEPIOrO TeNa ¢ BHOPUPYFONICH TOY-
KOH mojiBeca. PaccMOTpeHbI NBMKEHUSI, TPOUCXOSIINE BOKPYT IIaBHOM OCH MHEPLIMU Tela,
coJiepKalllell LIeHTp Macc TeJla, 3aHMMAIoLIe BepTUKaIbHOE MOJIoXKeHre. Takue NBUKEHUS
HCBO3MOXHEI B CIIy4ac HETOABM)KHOW TOUYKH IMojBeca Tena. st cirydas BHOparwid TOYKA
BJIOJIb TOPU3OHTAJILHOM MPSIMOM U TeJa ¢ reoMeTpuel Macc, oTBevaroulen cinyyato Kopanes-
CKOM, MPOBEICHO WHTETPHUPOBAHIE PACCMATPHBAEMBIX JBIKEHUH U ITOCTPOCHBI AUArpaMMbl
UX OpOUTANBEHON YCTOWIMBOCTH.

KiwueBble cioBa: BHOpailMy, TBEPAOE TEJIO, MAasSTHUKOBBIC JBW)KCHHS, OpOUTAIbHASL
YCTOMYHBOCTh

On the orbital stability of pendulum motions
of an asymmetrical rigid body with a vibrating suspension

Belichenko Mikhail Valerievich tuzemec1@rambler.ru

Moscow Aviation Institute, Moscow, Russia

Abstract. We consider the pendulum motions of a rigid body with a vibrating suspension
point. The motions occurring around the body main axis of inertia containing a mass center
and occupying a vertical position are considered. Such motions are impossible in the case of
a fixed suspension point of the body. For the case of vibrations along a horizontal straight line
and a body with a mass geometry corresponding to the Kovalevskaya case, the integration of
the considered motions is carried out and diagrams of their orbital stability are constructed.

Keywords: vibrations, rigid body, pendulum motions, orbital stability
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06 ycnewHOM OMnbiTe U3JI0XKEHUA TEMbI
«Cnoco6 BepewiarnHa BbluucaeHns nHterpana Mopan». Yacts |

KomnaHueu Uropb Bnagumuposuy i.v.komp@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AHHoTanms. PaccMOTpeH ombIT U3/0KeHUsT TeMbl «OTnpeieNieHue nepeMeieHnit ¢ UCIOb-
30BaHMEM criocoba Beperiarnta BerauciieHust HHTErpania Mopa» B JICKIMOHHOM MaTepHaie,
Ha CEMHHapax W BO BpeMs MPaKTHKyMa C UCTOJIF30BaHUEM MaTepuaioB pabotsl [1]. OdyeHs
Ba)XKHBIM OKa3aJIOCh Ha 3aHATHAX, IOCBAIICHHBIX 3TOH TeMe, MOIpOOHO PacCMOTPETh BOIIPOC
0 TOM, 9YTO TPH PACCIOCHUH SIIOPHI M3THOAOIIINX MOMEHTOB Ha TpocTedmme (Gurypsl Ha
OITHOM W3 YYaCTKOB 3ITIOPbI MOXKHO MHOT/Ia TIOYyYUTh NMapaOOIMdecKuii CerMeHT, pacIioiio-
JKeHHBI HaKJIOHHO, 1 O TOM, ITOYeMy U KaK €ro paccMaTpHUBaTh PACIONIOKEHHBIM TOPH30H-
TapHO. [Ipy mpoBeneHNH 3aHATHI clieqyeT oOpamiaTh BHUMAaHWE yYalluXcs Ha OCHOBHEIC
OH_II/I6KI/I, JOITYyCKAEMbIC CTYJACHTaAMH B CBOUX JJOMAIIHUX 3aJaHUAX W IIPH 3aIUTE TOMalTHUX
3aJIaHUI TIPU OTIPENICIICHNH TIepeMEIIeHUI ¢ NCTI0Ih30BaHueEM criocoba Bepemarnna Berauc-
neHus naTerpaita Mopa. Caenan BBIBOJT O TOM, UTO MIPECTaBICHHBIC B CTaThe [ 1] MaTepuab
JIECTBUTENILHO OKAa3bIBAIOT CYHIECTBEHHYIO MOMOIIbL CTYACHTaM U MperojaBaTessM, Hauu-
HAIOUIMM U3J1arath JJaHHYIO TEMY.

KimoueBsble ciioBa: crniocod Bepemmaruna, onpezneneHue nepeMeeHuil, paccloeHue 3IIop,
apaboIIMYECKUI CErMEHT, MapabOINIECKHil TPEYTOIbHUK

On a successful experience presenting the topic
“Vereshchagin's method for calculating mohr's integral”. Part |

Kompaniets Igor Vladimirovich i.v.komp@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The article examines the experience of presenting the topic “Determining Dis-
placements Using Vereshchagin's Method for Calculating Mohr's Integral” in lectures, semi-
nars, and workshops using materials from [1]. It was found to be very important in classes
devoted to this topic to thoroughly examine the issue of how, when layering a bending mo-
ment diagram into simple figures, a parabolic segment located obliquely can sometimes be
obtained in one of the sections of the diagram, and why and how to consider it located hori-
zontally. During classes, students' attention should be drawn to the main errors made by stu-
dents in their homework assignments and when defending homework assignments when de-
termining displacements using Vereshchagin's method for calculating Mohr's integral. It is
concluded that the materials presented in [1] really provide significant assistance to students
and teachers beginning to present this topic.

Keywords: Vereshchagin's method, determining displacements, diagram stratification, para-
bolic segment, parabolic triangle
CNMCcOK UCTOYHUKOB

[1] Awnppuesckas C.U., Komnannen U.B. Crioco6 Bepemarnna s onpeneneHus mepeMenieHui.
Unorcenepnolii gecmuux. dnekmponuviii HayuHo-mexnudeckuil socypuai, 2018, Ne 1, ¢. 1-9.
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0606wWeHNA WBapLUMaHA A1A CTapLUIUX MPOU3BOAHbIX

)

WnwaHuH AHgpeii Onerosuy'” shishandr@rambler.ru

HWNY M3, Mocksa, Poccus

Annortauus. [Ipomssognas [1IBapria mm mBaprmad GyHKINHA OJHOW KOMIUIEKCHON TIEpeMEH-
HOI 0o0NazaeT psAoM TIOJIE3HBIX CBOMCTB. B WacTHOCTH, IIBapIuiaH SBISIETCS MHBAPUAHTHOM
JUTsT KOH(QOPMHBIX (IPOSKTHUBHBIX) MPeoOpa3oBaHui. B mocienHee qecaTuiieTne akTHBHO M3Y-
YalOTCs TEOPUH KJIACCHYECKON 1 KBAaHTOBBIX MEXaHHK, COZIeprKallye mBapuuad. Teopus mBap-
I[{aHa NOsIBISIeTCs: B KoH(opMHOM mipexaeie moaeinu CayneBa — e — Kuraesa. B noxnaze
00CYyKIal0TCsl HEKOTOpbIe 0000IIeHHsI IIBApIaHa Ha CTaplIne MPOU3BOAHbIC. Tarke MpHUBO-
JUITCSL CyNEepCHMMETPHUYHbIE aHATOrM IBapiyaHa. Kpome Toro, o0oOIIeHHBIE NIBapIUaHBI
MOXKHO PAacCMaTpUBAaTh KaK JIarpaH)KUaHbl B aHATUTHYECKOH MEXaHHKE.

KitioueBnle ci10Ba: mBapIyan, KOHGOPMHOE IIPeoOpa3oBaHue, JIATPAHKUAH, CYIEPCHMMETPHs

Generalizations of Schwarzian for higher derivatives

Shishanin Andrey Olegovich"” shishandr@rambler.ru

Moscow Power Engineering Institute, Moscow, Russia

Abstract. The Schwarzian derivative or Schwarzian of a function of one complex variable
has a number of useful properties. In particular, the Schwarzian is invariant under conformal
(projective) transformations. In the past decade theories of classical and quantum mechanics
containing the Schwarzian have been actively studied. The Schwarzian theory appears in the
conformal limit of the Sachdev — Ye — Kitaev (SYK) model. This talk discusses some gen-
eralizations of the Schwarzian to higher derivatives. Supersymmetric analogs of the
Schwarzian are also presented. Furthermore, generalized Schwarzians can be considered as
Lagrangians in analytical mechanics.

Keywords: Schwarzian, conformal transformation, Lagrangian, supersymmetry
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YK 531.1

0606uieHHbIe ycnoBus FenbmMrosibua n yCTOMYMBOCTD
YMCNEHHOrOo peleHnsa B 06paTHON 3a4a4e AMHAMUKM

Kacnuposuu MBaH EBreHbeBuY kaspirovich_ie@pfur.ru

Poccutickuli yHusepcumem 0pyx6bl Hapodos, Mockea, Poccus

Annoranus. VccreoBana ycToiYMBOCTD YHCICHHOTO pelIeHHs 0OpaTHON 3a/1aukl TUHAMU-
KU B YCIOBUSIX IH(depeHnnanpHo-aIredpanyeckux csaseil. PaccMorpen meton cradmimsa-
K cBsizeil baymrapre u ero MHTEprpeTanys TEpMHHAX JUCCHITATUBHOW (yHKuuH. Teope-
THUYECKOH OCHOBOM cCiTy»aT 0000IIeHHbIE YCI0BHS [ eIbMIrobIia, ITO3BOJISIONIE YCTAHOBUTh
B3aMMOCBSI3b MEXJy CTPYKTYypOil BO3MYIIEHWH M ypaBHeHWsMH Jlarpamka BTOpOTO poja.
[TpoBeneH aHaNM3 YCTOMYMBOCTH YHCIIEHHOTO PEIICHHS M YCTAHOBJICHA BO3MOXKHOCTB IIPHU-
BEJICHHS CKOPPEKTUPOBAHHBIX YPaBHEHHI ABWKCHHS K (hOpMeE JIarpaHKeBbIX ¢ JOOABOYHOM
JIACCUIIATHBHON (DYHKIIHEH.

KuiroueBbie cioBa: crabunmsanus cBsizeid, quddepeHnnanbHo-aareOpanieckue ypaBHeHusI,
oOpaTHas 3a/a4a JUHAMUKH, TUCCUITATHBHASA (DYHKIUA, yCIoBHs [ ebMrosibia

Generalized Helmholtz conditions and stability
of the numerical solution in the inverse dynamics problem

Kaspirovich lvan Evgenievich kaspirovich_ie@pfur.ru

RUDN, Moscow, Russia

Abstract. The paper investigates the stability of the numerical solution of the inverse problem
of dynamics under differential-algebraic constraints. The Baumgarte stabilization method is
considered and interpreted in terms of a dissipative function. The theoretical framework is
provided by the generalized Helmholtz conditions, which establish the relationship between
the structure of perturbations and the Lagrange equations of the second kind. A stability anal-
ysis is carried out, demonstrating the possibility of transforming the corrected equations of
motion into the Lagrangian form with an additional dissipative function.

Keywords: constraint stabilization, differential-algebraic equations, inverse problem of dy-
namics, dissipative function, Helmholtz conditions
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YK 519.1

O6yuaembiii BbIGOp oNepaTopoB B afanTUBHOM
KPYNHO - OKpecTHOCTHOM noucke (ALNS): ctpaterus obyyeHus
C nogKpernjieHMem gsif 3agadym KOMMUBOAXKepa

Fras3sos CyntaH PaBucosuy sultan.gayazov13@mail.ru

MITY um. H.3. baymaHa, Mockesa, Poccusa

Annotanust. [IpencraBnen THOpuIHBI MeTOA peleHust 3a1auu kommuBosbkepa (TSP), co-
YETAIONINA aJalTHBHBIA KpPYMHO-OKPeCTHOCTHBIN mouck (Adaptive Large Neighborhood
Search, ALNS) ¢ o0yuenunem c noaxperienuem (Reinforcement Learning, RL) [1-3]. B cxe-
Me ALNS-DQN HelipocereBas ammpokcuMarms (GyHknuu aeiicteusi—tienHoctr (Deep Q-
Network) ynpagiser BHIOOPOM Tap OINEpaToOpoOB «pa3pylleHHE/BOCCTAHOBJIEHHE» M MX HH-
TEHCHBHOCTH, 00y4asiCh Ha CHTHaNax yiydireHus Typa [3]. MeTon nononHsercs JToKaibHOH
JI0paboTKOH 2-0pt M BEpOSITHOCTHBIM IIPUEMOM KaHAWIATOB C TIOMOIIBIO MMHUTAIUHN OT)KUTa
[4]. Ha cuHTeTHUYECKHX €BKIMIOBBIX JK3EMIUISIpax 3aJadd MaJoOd M CpeJHEH pa3MEpHOCTH
rHOpH] AEMOHCTPHpYET Ooiee KauecTBEHHbIE MapIIPyThl 110 CPABHEHHIO C KIIACCHYECKUM
ALNS npu cormocTaBUMBIX BEIYHCIATEIBHBIX 3aTpaTax [1].

KioueBbie ciioBa: 3amada KOMMHBOsDKEpa, kKomOmHaTopHas ontumusanus, ALNS, oOyde-
HHe ¢ moakperuieaneM, DQN, 2-opt, 3BpUCTHKH, THOPHUIHBIE METO B
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Learnable operator selection in adaptive large-neighborhood
search (ALNS): a reinforcement learning strategy
for the traveling salesman problem

Gayazov Sultan Ravisovich sultan.gayazov13@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. We present a hybrid approach to the Traveling Salesman Problem (TSP) that cou-
ples Adaptive Large Neighborhood Search (ALNS) with Reinforcement Learning (RL) [1-3].
In the ALNS-DQN scheme, a Deep Q-Network guides the selection and intensity of de-
stroy/repair operator pairs based on improvement signals observed during the search [3]. The
hybrid is complemented by 2-opt local refinement and a simulated-annealing-style acceptance
rule to balance exploration and exploitation [4]. On synthetic Euclidean task instances of
small and medium size, the method yields consistently competitive tour quality compared to a
non-learned ALNS while retaining comparable computational cost. The approach is aimed at
replacing manual operator weighting with a learnable control strategy that adapts to both the
problem instance and the current phase of optimization [1].

Keywords: traveling salesman problem, combinatorial optimization, ALNS, reinforcement
learning, DQN, 2-opt, heuristics, hybrid methods
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Y[IK 536.24

OnpepeneHue NOoTepb B IHEPreTUYECKUX KOMMNEKCcaxX
C TenJI006MeHHbIMM annapaTamMu rny6okoro npouaMpoBaHus

AmutpeHko ApTyp BnaAVIMVIPOBVIH1'2 ammsv@yandex.ru
benos [laHuna Anekceesny’

" HUAY MU®dU, Mockea, Poccus
2 pYT (MUUT), Mocksa, Poccusi

AnHoranms. [IpyBeneH aHamu3 NMoTeph JABICHUS, MPEACTABIEHA HOBAs 3aBHUCUMOCTB JUIS
pacuera Ko3(hpUIMEHTa THAPABINYECKOTO CONPOTUBIICHHUS B TPYOKaX C TMIIyOOKHM IPOQHIIN-
poBanueM. IlokazaHo cornacoBaHH€ 3aBUCUMOCTH € 3KCIIEPUMEHTAIBHBIMU AaHHbIMU. KII/]
COBPEMEHHBIX SHEPreTHYECKHMX KOMIIIEKCOB 3a4acTylO OIpENesieTcs HE TOJIBKO OpraHH3a-
el ONTHMAIBHOTO TEPMOJAMHAMHYECKOTO NUKJIA M MPUMEHEHHEM BBICOKOI((EKTHBHBIX
TEIJIOHOCUTENIeH, HO U TETUIO-TUIPABIMYECKUMHU XapaKTePUCTUKAMH TEINIOOOMEHHBIX arlra-
paroB. OnHuM U3 3P HEeKTUBHBIX CIIOCOOOB MOBBIIICHNS! UHTEHCHBHOTO IIEPEHOCA HEPIUH
TEIJIOHOCUTEIII0 MOXKHO CYHTaTh METOJl IiIyOokoro mpodunupoanus. s onpeneneHus
KO3 pUIMEeHTa THIPABINYECKUX MOTEPh JIATCsl CPABHUTENBHBIH aHAJIN3 SBOJIOLHMN 3aBHCH-
MOCTH TIOTEPh JaBJICHUS U KO QUIMEHTa THAPABINYECKOro conpoTuBiienus. [IpeacrasieHa
HOBasl 3aBUCHMOCTB JUISl pacuera Kod(HIHEeHTa THAPABINIECKOTr0 COPOTUBIICHUS B TPYO-
Kax ¢ NIyOoKuM npoduimpoBanueM coryacHo [1, 2]. TTokazaHo yJOBICTBOPHUTEIEHOE COOT-
BETCTBUE ITOH 3aBUCUMOCTH MOTyIMIIUPUIECKAM COOTHOLIEHUSIM [3].

KioueBbie cioBa: K03(GHUINEHT THAPABINIECKOTO COMPOTUBIICHUS, TIyOOKOE MPOQHIH-
poBaHKE, HU3KOIIOTCHIIAIIbHAS TEIIOTa

Paboma evinoanena 6 pamxax npocpammer IPHOPUTET 2030.
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Determination of Llosses in energy complexes
with deep profiling heat exchangers

Dmitrenko Artur Vladimirovich™? ammsv@yandex.ru
Belov Danila Alekseevich?

" MEPhI, Moscow, Russia
2 RUT MIIT, Moscow, Russia

Abstract. An analysis of pressure losses is given, and a new relationship is presented for cal-
culating the coefficient of hydraulic resistance in pipes with deep profiling. The dependence is
shown to be consistent with experimental data.

Keywords: coefficient of hydraulic resistance, deep profiling, low-potential heat

The work was carried out within the framework of the PRIORITY 2030 program.
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YK 629.3.015

OonTMMMU3aLMA AUHAMUKMU NOSTHONPUBOAHOM KONECHOMN
CUCTEMbI NPU CKOPOCTHOM MaHeBpe

BaceHuH CtenaH AHatonbesny'” stepan_vasenin@mail.ru

PewmuH Cepreit AnekcaHapoBuy

UHcmumym npobnem mexaHuku um. A.F0. MwnuHckoz2o PAH, Mockea, Poccua

AHHoTanms. PaccMoTpeHa 3a1a4a ONTUMAIBHOTO YIPABJICHUS! KOJIECHOM CUCTEMOM ¢ MHIU-
BUIYaJIIbHBIM IIPUBOJOM Ka)JI0T0 KOJeca, HAYaJIbHOE COCTOSIHUE KOTOPOW XapaKTepU3yeTCs
HaAJIMYUEM 3HAYMTEIILHONH OOKOBOHM ckopocTH. [IpeioxkeH 3aKOH yIpaBiCHHUS, MPEIOTBPa-
LIAIOIIUI CTOJKHOBEHUE C IPEIATCTBUEM M OJHOBPEMEHHO MAaKCHMU3UPYIOLIMHA CKOPOCTh
B 33J]laHHOM HampaBJIeHWH. 3aJlada pelieHa YMCIEHHO C MCIOIh30BaHNEM MPHUHIINIA MaKCH-
myMma JI.C. TTonTpsirusa.

KiaoueBble cjioBa: OonTUMAaIbHOS YIipaBJICHUEC, MPUHINII MAaKCUMYMa, KOJICCHas CUCTEMA,
MaKCUMHU3alrs CKOPOCTH

Paboma evinonnena npu noodepoicke epanma PH® Ne 23-11-00128.

Optimization of the dynamics of all-wheel drive wheel system
during high -speed maneuver

Vasenin Stepan Anatolyevich® stepan_vasenin@mail.ru

Reshmin Sergey Alexandrovich

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. This paper examines the optimal control problem for a wheeled system with indi-
vidual drives for each wheel, initially characterized by significant lateral velocity. A control
law is proposed that prevents collisions with an obstacle while simultaneously maximizing the

velocity in a given direction. The problem is solved numerically using L.S. Pontryagin's max-
imum principle.

Keywords: optimal control, maximum principle, wheel system, speed maximization

This work was supported by the RSF grant no. 23-11-00128.
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YK 531.36

Op6utanbHas yCTOMYMUBOCTb CTALLMOHAPHbIX ABUXEHUIA MUPa - KONbLA
B 000011eHHOM 3aAaue ABYX TeN: IMHEWHbIN aHaNus3

)

baiikos Anekcanap EsrenbeBuy” alexander@baikov.org

MAW, Mockea, Poccus

AHHoTanusi. Paccmotpena omHOpoHas TBepaast OKPY)KHOCTH (MUP-KOJIBLIO), HAXOAAIIASCST
B T10JI€ TIPUTSHKEHHUS TOUYSUHOH Macchl. MUP-KOJIBIIO MOXKET BPAIIaThCsl BOKPYT OCH CHMMET-
puM 7HOO0 COBEpLIATh PETYIAPHYIO IPELECCHI0, KOTJa MaTepualibHas TOYKa HAXOIUTCS
B IleHTpe cummeTpru. VceinenoBana opOuTaibHas YCTOHUMBOCTD B JIMHEHHOM NPHOIIVKEHUH
YKa3aHHBIX CTAI[MOHAPHBIX JIBIDKCHHH B paMKax MPOCTPAHCTBEHHOH 00OOLIEHHOW 3a/1auu
JByX Tesa. C MOMOIIBIO JOKAJbHBIX KAaHOHMYECKUX MEpeMEHHBIX U JIMHeapu3aluu 3ajada
NpUBEAEHA K MpoliieMe YCTOMYMBOCTH TPHBHAIBHOTO PAaBHOBECHS JIMHEHHOW T'aMHIIBTOHO-
BoH cuctemMbl. OHa pelieHa B IpeeibHOM (OrpaHUYeHHOM) CiTydae, KOTr/Jja OTHOIICHHE Mac-
CBI MHpa-KOJIbIla K Macce TOYKH OECKOHEYHO MaJIo.

KioueBbie cjioBa: MHUP-KOJIBIO, 0000IIEHHAs 3a/1a9a IBYX Tel, CTAI[MOHAPHOE IBIKEHHE,
peryJsipHas mpereccusi, opOuTanbHasi yCTORINBOCTD, HOpMalibHAs popMa

Orbital stability of stationary motions of a ringworld
in the generalized two-body problem: linear analysis

Baikov Alexander Evgenievich®” alexander@baikov.org

Moscow Aviation Institute, Moscow, Russia

Abstract. A homogeneous rigid circle (a ringworld) located in the gravitational field of a
point mass is considered. The ringworld can rotate around a symmetry axis or perform regular
precession when the point mass is at the center of symmetry. Orbital stability of these station-
ary motions is investigated in the linear approximation within the framework of the spatial
generalized two-body problem. Using local canonical coordinates and linearization, the prob-
lem is reduced to the stability problem of the trivial equilibrium of a linear Hamiltonian sys-
tem. It is solved in the restricted case where the ratio of the ringworld mass to the point mass
is infinitesimally small.

Keywords: ringworld, generalized two-body problem, stationary motion, regular precession,
orbital stability, normal form
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YJIK 681.5

Ocob6eHHOCTM NporpammMHoro obecneyeHna manunynaropa RUKA
B 3ajaye 0 CTabuansauum HeyCcToMYnBOM CUCTEMbI —
wap Ha nnatgopme

CacdoHoBa Hatanba KoHCTaHTUHOBHA

LLiep6oB PomaH Muxaitnosuy'” romanbt405@gmail.com

MrY umeru M.B. JlomoHocosa, Mockea, Poccus

AnHoTtanusi. PaccmoTpena 3agava crabmiiM3aliy HeyCTOHYMBOTO MOJOKEHHS [Iapa, pacio-
JIO)KCHHOTO Ha TOPU3OHTAIBHON Mu1aTdopme, TMOIBEIICHHON K 3aXBaTy IIECTU3BEHHOTO Ma-
nunynstopa RUKA. Llensio nccnenoBanus sSBiIseTcs pa3padoTKa anropuTMa yHnpaBJICHHs
HAaKJIOHOM IUTaT(GOPMBI, 00ECHEUNBAIONINM 3apaHee 3aJaHHBIE MapaMeTphl MEPEXOTHOTO
mporecca JBMKeHHs 1mapa. s 3Toro NocTpoeHa MaTeMaTH4eCcKask MOJIENb CUCTEMBI, IIPO-
BE/ICH aHAIM3 €€ YNPaBISIEMOCTH M yCTOWYMBOCTH, MPEUIOKEH B BHIE OOpaTHOW CBA3M
QITOPUTM CTAOMIIN3ALMH HEYCTOHYHNBOTO MONOXKEHHU paBHOBecHs. OTAEIBHO pacCMOTpEHa
ApPXUTEKTypa CUCTEMBI: IecTuoceBoi ManummynsiTop RUKA ¢ maroBeiMu mpuBogaMu, Ipo-
rpammuoe obecrieuanue (I10) cpeanero cnost Cyphal, Tpancriopraas mmua CAN FD, kowm-
myHukarmonnoe [1O Bepxuero ypous ROS2. Ocoboe BHUMaHHE y/ENEeHO KOMILIEKCHOMY
MOJXOTY K CHIDKEHHIO BPEMEHHBIX 33/IePXKEK Ha BCEX YPOBHSAX NMPOrPaMMHOM apXUTEKTYpHI:
OT aJIrOPUTMOB BEPXHEro ypoBHs 1 ontumusanmu kommyHnukauid (CAN FD, ROS2) no oco-
GeHHoOCcTEl TpoIMBKK JpaiiBepoB nBurarened (STM32G474, TMC5160). IpexncraBienst
NPUKJIaJHbIE TOAXO/BI, oOecreunBaromme Tpedyemoe ObIcTposeiicTBre a1 obecredeHus
CTaOWIIM3alK HEyCTONYMBOW cHCTeMBl. UNCIIEHHBIE W AKCIIEPUMEHTAIbHBIE HCCIIEIOBAHMSA
MOATBEPKAAIOT 3(P(PEKTUBHOCTD MPEIUIOKEHHBIX TEOPETHUECKUX M TEXHUYCCKUX aJTOPHT-
MOB. Pe3ynbTaTsl paboThl MOTYT OBITH MCIONB30BAHbI AN YIPABICHHUS KOIIa0OPaTHBHBIMU
poboTamu, a TaroKe [T TECTUPOBAHUS U YITyUIICHHS

KuroueBble cii0Ba: MaHUITyISITOP, 1IAp, HEYCTOMYMBOE PaBHOBECHE, YIIPABIIEMOCTh, 00paT-
Hasl CBSI3b, AJITOPUTM CTaOMIM3alMHU, IPOrPaMMHOE o0OecTieueHue, maroBblii npuso, Cyphal,
ROS2, OicTposeiicTBre
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Features of the RUKA manipulator software in the problem
of stabilizing an unstable system — a ball on a platform

Safonova Natalya Konstantinovna
Shcherbov Roman Mikhailovich® romanbt405@gmail.com

Lomonosov MSU, Moscow, Russia

Abstract. The article considers the problem of stabilizing the unstable position of a ball locat-
ed on a horizontal platform suspended from the grip of a six-link RUKA manipulator. The
aim of the study is to develop an algorithm for controlling the platform tilt, ensuring prede-
termined parameters of the transient process of the ball's motion. For this purpose, a mathe-
matical model of the system is constructed, its controllability and stability are analyzed, and
an algorithm for stabilizing the unstable equilibrium position is proposed in the form of feed-
back. The system architecture is separately considered: a six-axis RUKA manipulator with
stepper drives, Cyphal middle-layer software, CAN FD transport bus, and ROS2 upper-level
communication software. Particular attention is paid to an integrated approach to reducing
time delays at all levels of the software architecture: from high-level algorithms and commu-
nication optimization (CAN FD, ROS2) to the features of the motor driver firmware
(STM32G474, TMC5160). Applied approaches that ensure the required performance to en-
sure stabilization of an unstable system are presented. Numerical and experimental studies
confirm the effectiveness of the proposed theoretical and technical algorithms. The results can
be used to control collaborative robots, as well as for testing and improvement.

Keywords: manipulator, ball, unstable equilibrium, controllability, feedback, stabilization
algorithm, software, stepper drive, Cyphal, ROS2, time-optimal problem
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YJIK 531

Ocobble ynpaBneHUs NnepBoro nopsaka ans 3afAayn MMHUMU3ALUN
BpeMeHU BYX3BEHHOro MaHUNynsaTopa

06pafoeuy Anekcanap Munenkosuy' aobradovic@mas.bg.ac.rs
Yepkacos Oner l0pbeBuy”’>
Cenioukuii 0pwit Amutpuesny*

" benepadckuli yHusepcumema, benzpad, Cep6us

2 YHusepcumem MIY-MIIH, [L3HbY#3H, Kumat

’ MrY umenu M.B. JlomoHocosa, Mocksa, Poccus

* HUW mexaruku MIY umenu M.B. JlomoHocosa, Mockea, Poccust

AnnoTtanus. [IpoananusnpoBana 3aja4ya MUHUMHU3ALUHA BPEMEHH JIBIDKCHUSI IBYX3BEHHOT'O
MaHUIYJIATOPa B TOPU3OHTANBHON IUIOocKocTH [1, 2]. TIpuMeHeHue mpuHIMIA MakCHMyMa
IToHTpATMHA MO3BOJSIET YCTAHOBHUTH, UTO BO3MOKHBI TPH THIIA YHPABICHHSA: PEryJSIpHOE
yIpaBiieHHe, TPHHUMAIOIIEe TPpaHWYHbIe 3Ha4YeHUS («OaHT-0aHr») I CHIIBI B MOMCHTA,
cuHTYIsIpHOE (0Cc060e [3]) ympaBiieHHE IEepBOTO MOpPSIKA [UII MOMEHTa W CHHTYJSIpPHOE
yIpaBJiieHHe BTOPOTO Mopsiika st cuibl. B craTee [1] mpuBeneHs! mpuMepsl KpaiHUX TOJIO-
KEHUM, B KOTOPBIX yIIPaBICHHE CHJIOW M MOMEHTOM HMMeeT BHI «OaHT-0aHI» 3a BECh Bpe-
MEHHO nHTepBai. J[aHo 0OBSICHEHHE C TOYKH 3PSHHS MEXaHUKH CHHTYJISIPHOTO YIPaBJICHHS
BTOpOro nopsijaka aiust cuisl. ITokazano Takxe [1], 94To Takoi TUII pelieHHs B JaHHOM CIydae
MOYKET OBITh COIPSDKEH TOJIBKO C PEKUMOM «UeTTepUHIay. MccnenoBana BO3MOXHOCTD CY-
IIECTBOBAHUS OCOOBIX YIPABJICHUH MEPBOTO MOPSAKA JUII MOMEHTA, YJIOBJIETBOPSIOLINX
ycnoBusM Kenm [4] ¥ yeTIOBUAM CONPSDKEHUST 0COOBIX M HEOCOOBIX Y4acTKOB [5].

KiaoueBble ciioBa: MUHUMUA3Alsg BPpEMCHU, IIBYXSBGHHI/Iﬁ MAaHUITYJIATOP, 0co0BIE yripasJic-
HUA TIEPBOTO MOpAJKa, YCIIOBUA KGJ'I.]'II/I, YCJI0BHs COIPSKECHUA 0COOBIX U HEOCOOBIX Y4aCTKOB
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Special first-order controls for the time minimization problem
of a two- link manipulator

Obradovic Aleksandar Milenkovic' aobradovic@mas.bg.ac.rs
Cherkasov Oleg Yuryevich®?
Selyutsky Yuri Dmitrievich?

" University of Belgrade, Belgrade, Serbia

2 MSU-PPI University, Shenzhen, China

’ Lomonosov MSU, Moscow, Russia

* Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. The problem of minimizing the time of motion of a two-link manipulator in the
horizontal plane is analyzed [1, 2]. Application of Pontryagin's maximum principle allows us
to establish that three types of control are possible: regular control taking boundary values
(“bang-bang”) for force and torque, singular [3] first-order control for torque, and singular
second-order control for force. The article [1] provides examples of situations in which the
control of force and torque has the “bang-bang” form over the entire time interval. An expla-
nation is given from the mechanics point of view of singular second-order control for force. It
is shown [1] that second-order control for force in this case can only be associated with the
“chattering” regime. Here, the possibility of the existence of singular first-order controls for
torque, that satisfy the Kelly conditions [4] and the conditions for the conjugation of singular
and non-singular sections [5], is investigated.

Keywords: time minimization, two-link manipulator, first-order singular controls, Kelly con-
ditions, conditions for the conjugation of singular and non-singular sections
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YOK 681.511.4

OueHKa MaKCMMaJibHbIX M0 MOAYJIIO 3HAYEHUIN NepeMeHHbIX
COCTOSAHUA HENMHENHbIX AMHAMUYECKUX CUCTEM C YNpaBieHnem
*)

Fony6es Anekcei EBreHbeBuY v-algolu@hotmail.com

UHCcmumym npo6nem mexaHuku um. A.FO. Mwinurckozo PAH, Mockea, Poccus

AHHOTalII/ISI. PaCCManI/IBaeTCﬂ 3aJga4a CTa6I/IJ'II/I3aHI/II/I HYJICBOT'O 3HAYCHUA BCKTOPA COCTO-
HHS HEJIUHEHHBIX JAUHAMHUYCCKUX CUCTEM CICHHAJIBHOIO BUAAa C YYETOM OI‘paHI/I'-IeHI/Iﬁ Ha
a0COJIIOTHEIE BEJTUYHHEI IMCPEMCHHBIX COCTOSHUS. Ha 6ase PE3YyJIbTATOB O BO3MOXKHOCTH I10-
JIy4YCHHs OJMHAKOBBLIX 3aKOHOB YIIPABJICHUA IPHU NPUMCHCHHUNW MCTOAA OBKCTENNUHra U Me-
TOAa JIMHCapu3aluunu 06paTHOI>'I CBA3BIO ITI0 COCTOSHHUIO B COUYCTAHUU C HaﬂbHeﬁIHHM HUCIIOJIb-
30BaHUEM JIMHEHHOTO MOJAJIBHOT'O YHPaBJICHUA TIIOJIYYEHBI OICHKK Ha a0COJIIOTHBIE
BEJIMYNHBI IEPEMEHHBIX COCTOSHUSA SaMKHyTOI\/’I CHUCTCMBI.

KiroueBble cjioBa: cTabunnzaiiysl, HETUHEWHBbIC NTUHAMHYECKHE CHCTEMBI, JIMHEApU3aIlns
00pAaTHO# CBSI3BIO IO COCTOSIHUIO, O3KCTEIIITHHT, OTPAHUYCHHS Ha COCTOSIHUE

Estimation of the maximum absolute values of state variables
of nonlinear dynamic systems with control

Golubev Alexey Evgenievich® v-algolu@hotmail.com

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. The problem of stabilizing the zero value of the state vector of a special type of
nonlinear dynamic system is considered, taking into account constraints on the absolute val-
ues of the state variables. Based on results on the possibility of obtaining identical control
laws using the backstepping method and the state feedback linearization method in combina-
tion with subsequent use of linear modal control, estimates for the absolute values of the state
variables of a closed-loop system are obtained.

Keywords: stabilization, nonlinear dynamical systems, state feedback linearization, back-
stepping, state constraints

Beenenue. Pa3paboTka METOZOB peIliCHHs 3a7ad YIPABICHUS TUHAMHUYCCKUMHU
CUCTCMaMU C YUCTOM OFpaHI/I‘IeHI/Iﬁ Ha 3HA4YCHUA TICPEMCHHBLIX COCTOSAHUA
W yHpaBJICHUs SBJISIETCS MOMYJIIPHOM TEMOM MCCcIeloBaHui B 00JIaCTH MaTeMaTu-
YECKOW Teopuu ympasieHus (cM., Hanpumep, [1-3]). B Hacrosmeit padore ¢ wc-
MOJIb30BaHUEM PE3YJIbTATOB O BO3MOKHOCTH IOJYYEHHS OJUHAKOBBIX 3aKOHOB
yIpaBJicHUs TPU TPUMEHEHHH MeToJia O9KcTennuHra [4] U MeTo/1a THHeapU3aluK
00paTHOI CBS3bIO MO COCTOSHUIO TOJYYCHBI OICHKH Ha aOCOJIOTHBIC BEJIMYMHBI
MEPEMEHHBIX COCTOSIHUS 3aMKHYTOH CHUCTEeMBL. [IpenyoskeHbl 10CTaTOUHBIE YCIIO-
BUSI BBIIIOJIHCHHUA 3aJaHHBIX OFpaHI/I‘IeHI/Iﬁ Ha NMCPEMEHHBIC COCTOAHUA SaMKHYTOfI
CHCTEMBI TIPH MEPEXOAHBIX MPOIeccaX.
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ITocTtanoBka 3agavH. PaCCManI/IBaIOTCSI AMHAMUYCCKUC CUCTEMBbI, KOTOPbIC
MOTYyT OBITH npeaACTaBJICHBI B BUC:

5(1 = Xy,

Xp—1 = Xp,

=f(0) +gx)u, (1)

rae X = (X1, ...,%,)T € R™ — BeKTOp COCTOSHHS CHCTeMbI, U € R — ckamspHoe
ynpasienue, pyukuun f(x) u g(x) nokansHo aummunessl, g(x) # 0 npu Bcex
x € R™.

JUyist 3a/IaHHBIX MOJIOKUTENbHBIX KOHCTaHT M; > 0, j € 1,n, TpeOyercs HalTH
obOpatHyto cBsizb U = u(X), 00ECHCUUBAIOIIYIO0 Ul HadalbHbIX 3HaueHuil x(0),
yAOBIETBOpsioMKMX HepaBeHcTBaMm |x;(0)| < Mj, j € 1,7, BBINOIHEHHE YCIOBUS
Il x(t) ll= 0 mpu t = 400 ¢ yueToM orpaHHUYCHHUI Ha COCTOSIHUE:

% ()| <M, j€Ln, t =0, 2)

3necs |||l — eBkiinmoBa Hopma B R™.

CuHTe3 cTA0WIN3UPYIOLIEro YIPABJIEHUs] U OLEHKH 1Jis1 a0COIIOTHBIX Be-
JIMYUH TNepeMEeHHBbIX COCTOSHMS 3aMKHYTOH cucTembl. Crabmimsupyromee
YIPaBICHHUE C UCIOJIB30BAaHUEM METO/Ia JTMHEeapH3al[ii OOpaTHOW CBS3bIO BHIOMpPA-
eTCsl B BHJIE

(f( ) 21—1 Kin Xi ) (3)

rie Ko3pPUIUEHTH YCHIICHUS K;y, > 0 3amKChIBaIOTCS CIEAYIOUIMM 00pa3oM:

g (x)

n

n
Knn=2C_S; K1n=| |C_s'
s=1

s=1

Kn-—s+1in = Elsi1<i2<-~~<i55n i, Cip - CiyS=2,n—1.

31ech MOCTOSIHHEIE C'j >0,j=1,n, BLIGI/IpaIOTCﬂ B BUIIE

€1 = ¢y, G =¢N; 2 j=2n,

rne ¢; >0, N; >0, j= 1,_n, — MPOU3BOJIbHBIE MOJOKUTENbHBIE KOHCTAHTHI, YJI0-
BJICTBOPSIIOIINE HEPABEHCTBAM

M, > M, = N,;, My > M, = N, + ¢;M;, My > My = N3 + ¢, M, + c,N3,

M, > M, = N, + ¢;c;N2M, + (¢ + ;N2 M3 + c3N3,

M= M =N+ X120 g j o Mg+ 1 5 50, +¢j_1N2,, jES N
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Jokazano, uro cucrema (1), 3amkHyTass oOpatHOU cBs3bio (3), TIOOANTBHO
ACUMIITOTHUYECKU YCTOWUYUBA B TOUuke X = 0 u npu JIF0ObIX HAYaIbHBIX 3HAYCHUSIX
x(0), TakuX, YTO BBIIIOJIHEHBI YCIOBHS

1 (O)] < Ny, |%(0) + 2/21 ki j_1 x:(0)| < N, j € 2,m,

JUISL a0CONIOTHBIX 3HAYCHUN NEPEMCHHBIX COCTOSAHUA BaMKHyTOﬁ CUCTEMBbI (1)
CIIpaBCAJIMBbI OLICHKN

% (D) <M, j€Ln, t =0,

rapaHTUPYIOLIUE BHINOIHEHUE OrpaHnYeHUH (2).

3akioyenue. Pemiena 3aada crabuin3anyy HyJI€BOro 3Ha4EHHUSI BEKTOpPa CO-
CTOSIHUSI HEJIMHENHBIX JTUHAMUYECKUX CUCTEM CIELIUAIBHOIO BUAA C YYETOM Orpa-
HUYEHUH Ha aOCOJIIOTHBIC BEIMYMHBI IEPEMEHHBIX cOCTOsIHUS. [lomydeHsl oneHKu
JUTSI MAKCUMAJTbHBIX 3HAYEHNH aOCONIOTHBIX BETMYMH TIEPEMEHHBIX COCTOSHHS 3a-
MKHYTOU 0OpaTHOH CBS3bIO CUCTEMBI.

Paboma evinonnena no meme 20cyoapcmeeHH020 3a0aHUA
(Ne eocpecucmpayuu 124012500443-0)
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Y]IK 624.042.8

OueHKa 3KBUBAJIEHTHOM HAarpy3Ku NpuxoaaLen Ha 31eMeHTbl
KOHCTPYKLMK, 3aKpenjeHHble Ha CM0BOIN pame, NpU yAapHOM
Harpy>eHuu

3a6onotckuii AHToH Cepreesuy™ ) zab-anton2008@yandex.ru
KanyctuH EBreHum A11e|(cam:|,p0|wm2

" HUY «M3u», Mockea, Poccust
2 AO «HUKM3T», Mockea, Poccust

AHHOTaIII/ISI. HpeﬂCTaBJ'IeHa pacu€THasds METOJUKa ONpCACICHUA SKBHUBAJICHTHOM Harpy3sku,
npnxonﬂmeﬁ Ha OTACJBbHBIC 3JICMCHTBI KOHCTPYKIHH, KOTOPBIC 3aKPCIIJICHBI Ha CUJIOBOM pa-
MC, K KOTOpOﬁ MPUIIOKEHO YIapHOC HAIrpY>KCHUEC IPHU NNOMOINU MATEMATUYCCKOI'0 MOJCIIN-
poBaHus. OcHOBHBIE 3aKOHOMCPHOCTHU SKBHBAJICHTHOM HArpys3ku OT I'COMCTpHUHA CHIIOBOH
PpaMbl 1 METOJ1a KPCIJICHUS BHYTPECHHUX 3JICMCHTOB.

KiroueBble cioBa: mMareMaTHueckoe MOJCIHPOBAHNE, SKBHBAICHTHAS HArpy3Ka, ylapHoe
Harpy>xeHue

Estimating the equivalent load applied to structural elements
attached to a load frame under impact loading

Zabolotsky Anton Sergeevich™*" zab-anton2008@yandex.ru
Kapustin Evgeny Aleksandrovich?

" National Research University Moscow Power Engineering Institute, Moscow, Russia
2 NIKIET JSC, Moscow, Russia

Abstract. A calculation method for determining the equivalent load on individual structural
elements attached to a load-bearing frame subjected to impact loading is presented using
mathematical modeling. The key factors determining the equivalent load depend on the load-
bearing frame geometry and the method of fastening the internal elements.

Keywords: mathematical modeling, equivalent load, impact loading
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MapameTpuyeckue mogenun B hOpCUPOBAHHBIX UCNbITAHMAX

CyHuanuHa AHHa JleonnposHa'” sunchalina@mail.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AnHoTanmsi. PaccMoTpeHBI BOIIPOCH! MpHMEHEHUs! (POPCHPOBAHHBIX MCIIBITAHUN JJISI OTIpe-
JIeTIeHnsT TIOKa3zaTeIeld Ha/Ie)KHOCTH TeXHHUYeCKuX cucteM. HapaOoTku m3menmii xapakTepu-
3YIOTCSl KaK HETIPEPHIBHBIMHA, TaK U JTUCKPETHBIMH CITy4alHBIMHU BelMMYMHAMH. [IpemnioskeHs
HOBBIC l'lapaMeTpI/IquKI/Ie MOJCIN U METOAbl OLICHUBAHUA HUX napaMeTpOB I o6pa60T1<1/1
pe3ynbTaToB (POPCHPOBAHHBIX MCIBITAHUIA. BBeIeHbI HOBBIE MOJIENH JABYMEPHBIX pacrpere-
HCHI/Iﬁ C 3aJaHHbIMH MapFI/IHa.T[BHI)IMI/I pacnpe;[eneHI/mMn U HOCUTCIIEIMU ITINIOTHOCTU CIICLU-
aJIbHOTO BHUJA.

KiroueBble ciioBa: (bOpCHpOBaHHLIe HCTIbITaHUSA, TApaMETPUICCKUE MOICIIN

Parametric models in accelerated testing

)

Sunchalina Anna Leonidovna® sunchalina@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This article examines the application of forced testing to determine the reliability of
technical systems. Product performance is characterized by both continuous and discrete ran-
dom variables. New parametric models and methods for estimating their parameters are pro-
posed for processing forced testing results. New two-dimensional distribution models with
specified marginal distributions and special density carriers are introduced.

Keywords: accelerated testing, parametric models
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YK 51.72

MNapameTpuueckune nepexopbl B 6UCTabubHOM MOgeNny HempoHa

MeTpos Muxaun Muxaitnosuy’” mikh.petrov@bk.ru

MrY umeru M.B. JlomoHocosa, Mockea, Poccusi

Annotaumms. [IpemnoxxeH moaxon K aHaIM3y aOCONMIOTHOH YCTOWMYMBOCTH OWIMHEWHBIX CH-
CTEeM, CBOAMMBIX HEBBIPOXKIECHHBIM MPEoOpa30BaHNEM K YPaBHEHHIO BTOPOTO MOPSIKA C Ta-
paMeTpuuecKu ympaBisieMbIMH Kod(duitmenTamu. Ilomydensr sBHBIe ycmoBus [ypBuia,
KpUTEpHUil a0COIIOTHOM HEeKO0JIeOaTeIbHOCTH U YCIIoBUE ByirakoBa; 1o NpHHIMITY MaKCUMY-
Ma [ToHTpsruHa HaliIeHO SKCTPeMaIbHOE yIpaBieHue B (hopMe 00paTHOM CBs3u. MeToanka
MpUMEHEHa K Mozenu AsiekcanapoBa — CoTo: TemIoBoi K03()MHUIMEHT TPAKTyeTCs Kak Ia-
paMeTpHueCcKoe YIpaBJIeHHE; MOKa3aHO CYIIECTBOBAHUE JIMara3oHa MapaMeTpoB, TJIE MOCTO-
SITHHBIE BO3MYILIEHUS COXPAHAIOT YCTOMYUBOCTD, TOTJIa KaK NMEPEeKIIouaeMoe yIpaBlieHHE BO3-
Oy)KIaeT nmapaMeTpUICCKUI Pe30HAHC U MEPEBOJIUT TPACKTOPUIO MEXKITy aTTPAKTOPAMHU

KaroueBble ciioBa: OnimHElHBIC ynpaBisieMble CUCTEMBI, aOCOJIIOTHAsE YCTOWYMBOCTb, Ia-
paMeTpUUYEeCKU pE30HAHC, MOJENb HEMpOHa

Parametric transitions in a bistable neuron model

Petrov Mikhail Mikhailovich® mikh.petrov@bk.ru

Lomonosov MSU, Moscow, Russia

Abstract. An approach to analyzing the absolute stability of bilinear systems reducible by a
nondegenerate transformation to a second-order equation with parametrically controlled coef-
ficients is proposed. Explicit Hurwitz conditions, a criterion for absolute non-oscillation, and
a Bulgakov condition are obtained; an extremal feedback control is found using the
Pontryagin maximum principle. The methodology is applied to the Alexandrov — Soto mod-
el: the thermal coefficient is treated as a parametric control; the existence of a parameter range
is demonstrated where constant perturbations maintain stability, while switched control ex-
cites parametric resonance and transfers the trajectory between attractors.

Keyword: bilinear controlled systems, absolute stability, parametric resonance, neuron model
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MepBas yacToTa CO6CTBEHHbIX KONebaHui
NPOCTPAaHCTBEHHOrO NOKPbITUSA

pubosa Onbra BanepbeBHa Gribovaov@mpei.ru
SPIN-Kkof: 6642-4984

HWNY «M3U», Mockea, Poccus

AnHoTamms. PaccMoTpeHa cxema IpOCTpaHCTBEHHOI'O MOKPBITHS C BEPTUKAIBHBIMU OIIOpa-
MH B BHJIE CTOEK IO NepuMeTpy KoHCTpykuuu. [TokpbiTe Monenupyercs B Buie (epMbl.
[Mpumensiercs merox JloHkepres st BeIBoaa (hOpPMYJIbl 3aBUCHMOCTH TIEPBOM 4acTOTHI c00-
CTBEHHBIX KOJIeOaHM OT urcIa rnaneneid. FIHeploHHbIe CBOMCTBA TOKPBITHS MOJIEINPYIOTCS
MaccaM¥ B y37ax (pepMbl, COBEpIIAIOIMMH BepTHKaIbHBIC Kosebanus. {1 pacyera KeCcTKo-
CTH MOKPBITHA HCTIONb3yeTcs (opmyna MaxkcBemna. [IponsBeneHO cpaBHEHHE Pe3yIbTaToB
pELICHNI: aHAIMTHYECKOTO M YHCIEHHOTO. AHAIUTHYECKHE NPEeoOpa3oBaHMs IIPOBOJISITCS
B CHCTEME CHMBOJIbHOI Marematuku Maple. Pemenue ajis nmpou3BONBHOTO YHCIa MaHENeH
[I0JIy4aeTcs: METOOM MHAyKLuU. Iloka3zaHo, YTO TOYHOCTh METOAA CHJIBHO 3aBUCHUT OT 4e€T-
HOCTH YHMCIIa aHesel B hpepme.

KawueBblie cioBa: mpoCcTpaHCTBEHHAss (epMa, COOCTBEHHAs 4YacTOTa, METOJ HHIYKITHH,
meton Joukepies, Maple, hopmyna MakcBera

The first frequency of natural oscillations of the spatial coating

Gribova Olga Valerievna Gribovaov@mpei.ru
SPIN-code: 6642-4984

National Research University Moscow Power Engineering Institute, Moscow, Russia

Abstract. A spatial roof with vertical supports in the form of struts along the perimeter of the
structure is considered. The roof is modeled as a truss. The Donckerley method is used to
derive a formula for the dependence of the first natural frequency on the number of panels.
The roof's inertial properties are modeled by masses at the truss nodes that oscillate vertically.
Maxwell's formula is used to calculate the roof's rigidity. The results of the analytical and
numerical solutions are compared. Analytical transformations are performed in the Maple
symbolic mathematics system. The solution for an arbitrary number of panels is obtained by
induction. It is shown that the accuracy of the method is highly dependent on the parity of the
number of panels in the truss.

Keywords: spatial truss, natural frequency, induction method, Dunkerley method, Maple,
Maxwell's formula

BBenenmne. Pacuer oCHOBHOI 4acTOTHI COOCTBEHHBIX KOJIEOaHWH WH)KEHEPHBIX KOH-
CTPYKIINH, KaK TIPABHUJIO, BBITOJHACTCS B CIICIHATH3UPOBAHHBIX YHCICHHBIX KOMITh-
IOTEPHBIX IpOTrpaMMax, OCHOBAaHHBIX HA METOJIE KOHEUYHBIX 31IeMeHTOB [1, 2]. B Tex
CIIyJasix, KOTJla KOHCTPYKITUSI CTAaTHUECKH OMpeeiMa, BO3MOXKEH W aHAIUTHYC-



MexxOyHapodHaa Hay4Has KoHpepeHyus «PyHOaMEeHMA/IbHbIE U NPUK/IaOHbIe 3a0a4u MeXaHuKu» 153

CKUI METOJ, AIOIINKN MPOCTYI0 BO3MOXKHOCTb JJISl OIIEHKH XapaKTePUCTUK O0beKTa
[3]. J1st mprONIMKEHHOTO BBIYMCIICHUS NIEPBOM YaCTOThI W3BECTHBI MeTo]| JloHKEp-
nes (oueHka cHU3Y) 1 MeTo[ Panest (onieHka cBepxy) [2]. DT MeToabl HPUMEHUMBI 1
JUTS aHATMTHYECKOTO pacdeTa PeryJIpHBIX KOHCTPYKIWN B TE€X CIydasx, KOTAa Tpe-
Oyercsi HalTH 3aBUCHMOCTH PELICHUsI OT YUCIa MaHeled B PEryisipHOH KOHCTPYK-
UMY, AHAJIUTUYECKOE PEIICHUE, MOJYyUYEHHOE ISl MIPOU3BOJIBHOTO MOPSAJKa COOpY-
JKCHUSI, TI03BOJISIET 6€3 TOTepH TOYHOCTH PAaCCUMTHIBATH MAacIITAOHBIE COOPYKCHUS
MEPHOINYECKOI CTPYKTYPBI C OOJIBIIMM YHCIOM 3JieMeHTOB. OcobeHHbIN 3¢ deKT oT
MPUMEHEHUS] aHAJIUTUYECKUX METOAOB JIOCTUTAETCS B IPOCTPAHCTBEHHBIX KOH-
CTPYKLUSIX, pacueT KOTOPBIX TpeOyeT OOJNBIINX BEIYUCIUTEIBHBIX MOLITHOCTEH.

Metoapl M MaTepuaJbl; pe3yiabTarbl. OCHOBHON ajIrOpuTM, HMCHOJb3yEMbIH
JUISl BBIBOJIA PACUYETHBIX (DOPMYI JUIs PETYJSIPHBIX KOHCTPYKIMWH, SIBISIETCSI METO[
WHIYKIUA C TPUMEHEHHEM CHCTEMbl KOMIIBIOTEPHOW MaTreMaTwkd. [ BbIBOJA
(hopMyITBI 3aBUCIMOCTH OCHOBHOM COOCTBEHHOM YacTOTHI KOJIeOaHUI TIIOCKOH dep-
MBI UCIIOJNIB3YETCsl YIPOICHHBIN MeToA JIoHKepies, naroumii OOJbITYI0 TOYHOCTS,
yeM UCcXOoHbIN MeTox JloHkepies. B HacTosmiel pabote 3TOT yNpoIIeHHBIH METo
JloHKepIiest MpUMEHSETCs ISl IPOCTPAHCTBEHHOM CTEPKHEBOU KOHCTPYKIIUH.

3akuouenne. [l MpoCTpaHCTBEHHONW MOJAENH HMIAPHUPHO-CTEPIKHEBOTO IO-
KpBITHSL BBIBe/IeHa (POpPMyiia OIIEHKH IMEPBOH YacTOTHI COOCTBEHHBIX KOJEOaHWH.
CpaBHEHHE C YHCIEHHBIM PEIICHUEM, IIOJyUYEeHHBIM CTaHIAPTHBIM CIIOCOOOM C IIO-
MOIIBI0 COOCTBEHHBIX YHCEN MATPHUII C YYETOM BCEX CTereHed CBOOOMBI, s
MPUHATON MoJiend GpepMbl TTOKA3aJI0 XOPOIIYI0 TOYHOCTh HAHJAEHHOTO aHAINTHYE-
CKOr0 pelieHus. 3aMeueHbl 3HauuTeNbHble ckauku TouHocTd (10 30 %) B 3aBUCH-
MOCTH OT YETHOCTH 4YHcia naHesiel. Mcnoab30BaHHbIA aNrOpUTM MOXKHO HCIOJIb-
30BaTh B JIPYTHX CTATUYECKH OMPEIEIMMBIX KOHCTPYKIIHAX.
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Moaxop K MOAENMpPOBaHMIO NPOL,ECCa NOCAAKU JIYHHOTO
B3JIETHO-MOCAA04YHOr0 KOMMJIEKCa € TpaHCOpMUpPYEMbIM
MeXaHMYeCKUM NoCaf0uYHbIM YCTPOMCTBOM
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AHHoOTanms1. PaccMOTpeH NOAX0/1 K MOJIETTMPOBAHHIO ITPOLIECcCa TOCAAKN JTyHHOTO B3JICTHO-
nocamounoro kommuiekca (JIBIIK), ocHameHnHOTO TpaHCc(hOpPMHPYEMBIM MEXaHHYECKAM I10-
CaJIOYHBIM YCTPOWCTBOM OT MOMEHTa KOHTaKTa ¢ TPYHTOM O TTOJTHOM OCTaHOBKH. Pa3pabo-
TaHa MaTeéMaThu4deCKasd MOJICIIb ABWKXCHHUSA, YYWUTbhIBArOIIas 0CO6CHHOCTI/I B3aPIMO}1€ﬁCTBPIﬂ
M0CaI0YHOTO YCTPONCTBA € JIYHHOI HMOBEpXHOCTHIO. [loyyeHsl ypaBHEHUS IS pacdeTra CH-
J0BBIX (hakTopoB, neicrytoiie Ha kopryc JIBIIK u oTjesbHble 21eMeHThI ero mocaj04Ho-
ro ycrpoiictBa. IlpeacraBieHsl pe3ysibTaThl PacueToOB, JEMOHCTPUPYIOMIUX MPAaKTHUECKYHO
MIPUMEHUMOCTb ¥ IPEHMYIIECTBA MPEATI0KEHHOT0 MOAX01a.

KuroueBble cjioBa: J'IyHHI:Iﬁ B3J'IeTHO-HOC&Z[O‘1HLII>i KOMIUICKC, MOJCIIMPOBAHHUC IIpoLecca
nocaaku, mocago4yHocC yc’[‘pOfICTBO, MaTeéMaTHU4ICCKasa MOACIb IBHXKCHUS

An approach to modeling the landing process of a lunar landing
complex with a transformable mechanical landing device

Bychkov Roman Sergeevich' rbychkov96@mail.ru
Borzykh Sergey Vasilievich' rigidbor@gmail.com
Bakulin Vladimir Nikolaevich? vbak@yandex.ru

" PJSC Rocket and Space Corporation Energia, Korolev, Russia
? Institute of Applied Mechanics of RAS, Moscow, Russia

Abstract. An approach to simulating the landing process of a lunar lander, equipped with
a transformable mechanical landing gear from its initial contact with the ground to its com-
plete stop, is considered. A mathematical model of the motion that takes into account the fea-
tures of the interaction of the landing gear with the lunar surface is developed. Equations for
calculating the force factors, acting on the body of the lunar lander and individual elements of
its landing gear, are obtained. Calculation results, demonstrating the practical applicability
and advantages of the proposed approach, are presented.

Keywords: lunar lander, landing process simulation, landing gear, mathematical motion
model
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Bgeenenne. [IpoGiiema obecriedeHus: 6e30MaCHOM OCAIKH SBIISIETCS OJHOM W3 KITFO-
YEeBBIX MPHU peAM3alMU JIYHHBIX Muccuil [1]. B cBsI3u ¢ 3TUM MOCaI0YHOE YCTPOii-
ctBo JIBIIK nmomkxHO 00iajaTh MOBBIIICHHOW HAJIE)KHOCTHIO M 00ECIICUMBATH BbI-
TOJTHEHNE TPEOOBAHMA, TPEABSIBISIEMBIX K TIPOIECCY TOCAAKH HA Y4YacTKEe €ro
B3aUMOJICHCTBUS ¢ TPYHTOM. [IOCKOJIBKY Ha3eMHasi SKCIIEpUMEHTaIbHAs 0TPaOOTKa
MOCAJKU B TIOJHOM MEpe HEBO3MOXKHA M3-3a OFPaHUYECHHBIX BO3MOXHOCTEH CTEHIOB
[2], cymiecTByeT HEOOXOIUMOCTh B CO3JIAHMUA MAaTEMAaTHUECKOW MOJENH, YUUTHIBA-
IolIel BCe 0COOCHHOCTH JIaHHOTO TMpoIiecca.

MeToabl U MaTepUAJIbI; Pe3yJbTaThl. JJIT MOIETUPOBAHUS TUHAMUKH TIPO-
necca nocangku JIBIIK Ha yyacTke B3auMOJEHCTBUS €ro MOCaAOYHOTO YCTPOUCTBA
C TPYHTOM HCIIOJIb3Y€TCS MOAXO0J, OCHOBAHHBII Ha METOAAX AMUHAMUKHU CTPYKTYp-
HO-CIIOJKHBIX CHCTEM, MPUMEHSEMBIX JUISI PEIICHUS TaKWX 3a7ad KaK pPacKpbITHE
KPYITHOTa0apUTHBIX TPaHC(HOPMUPYEMBIX KOHCTPYKIIMMA, pa3JeliecHue CTyINeHeH
paker u T. A., B pamkax koroporo kopmyc JIBIIK u 31eMeHTHI Iocajzo4HOro
YCTpOHCTBA (CM. PUCYHOK) pacCMaTpUBAIOTCS KaK OTACIBHEIC Tela, a MX B3aUMO-
JIEUCTBUE C IPYTUMU TEJIaMU CUCTEMbl YUUTHIBAKOTCS B BUAE CUJI U MOMEHTOB pe-
aKIHH CBSI3eH, KOTOPHIC MOJICKAT TOMOJHUTEIFHOMY OTPEICICHHUIO.

COTOBBIH aMopTH3aToOp
WwapHup MNyka (kapaaH)
cchepu4ecKuii LapHUp

UMMUHOPUYECKUIA LWapHUP

CTakaH OCHOBHOH CTOWKH

IIIToK OCHOBHO# CTOHKH

KvHemaTuueckas cxeMa Nocago4Horo ycrporictaa JIBMK

Jns Kak#oro Tena 3alMCBIBAIOTCS YPaBHEHHs IOCTYNATEIbHOTO M Bpalla-
TETBHOTO JIBWKCHHS B TIPABbI€ YaCTH, KOTOPHIX BXONSAT BHEIIHHE W BHYTPEHHHUE
cunoBble (aktopbl. K BHEMIHUM CHIIOBBIM ()aKTOpaM OTHOCSTCS: BO3JCHCTBHUE
JBUraTesed MIrkoi mocalku Ha KOPITyC, CUIIbl PEaKLUH TPyHTa ACHCTBYIOIINE Ha
Tapenau MOCaJ0vyHOro YCTPOMCTBa M cujla TsXKeCTH. B3anMopelcTBue ¢ rpyHTOM
OMHKCHIBAETCS peosiorudeckoi Moaensio doiirra [3]. BHyTpeHHHe cHiloBBIE (QaKTo-
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PBl ONPEAEIAIOTCS € MOMOIIBIO CIELHUATIbHBIX YPAaBHEHHUH CBs3eH, OCHOBAHHBIX
Ha HEpacXOXJIEHUH OOLICH TOUKU JBYX B3aUMOJCHCTBYIOMIMX Tel M PaBEHCTBE UX
YIJIOBBIX CKOPOCTEH TeEJl, BUA KOTOPBIX 3aBUCHUT OT THIA COETUHEHMSL.

[Tomrydennass MaTemaTtrdeckas: MOJIENb JaeT BO3MOXKHOCTH OIEHHUTH YCIEII-
HOCTBh Tpollecca MOCAJKHU C 33JaHHOM KOHCTPYKLHMEH MOCaJOYHOro YCTpOHCTBa
U 3HEPreTHYECKON XapakTepUCTUKOW aMOPTU3aTOPOB, VIS PA3IMYHBIX COYCTAHUH
WCXOJHBIX JaHHBIX (Ha4aJbHbIE KHHEMaTHUECKHE MapameTpbl ABMKCHHS M YTJIbI
opuentaumu JIBIIK, yrom ykjioHa mHOCazoyHOH MOBEPXHOCTH, MEXaHHUYECKHUE
cBoiicTBa rpyHTa). Kpome Toro Ha 0oCHOBaHHMH MPOBENEHUS OOJIBIIOTO KOJTHYECTBA
pacyeToB MOKET ObITH BhIOpaHa PHEPreTHYecKas XapaKTePHUCTHKA COTOBBIX aMop-
THU3aTOPOB, OompezeNeHbl oonmactu ycrounBocty apmwkeHus JIBIIK n makcumans-
HBIE YCWIIMS pealu3yeMble B y3JlaX COYJICHEHHS 3JIEMEHTOB CHCTEMbI IpH 3a/aH-
HBIX JHMala30HaX HadalbHBIX YCIOBHH IMOCAOKH, YTO MOXXET OBITH OCOOEHHO
MOJIE3HBIM Ha PaHHUX ATAIax MPOEKTHPOBAHUS.

3akaouenne. OCHOBaHHAs Ha MPEIOKEHHOM MOIX0Je MaTeMaTH4eckas Mo-
JieNb 103BOJIseT mpejnckaspiBath nosenenue JIBIIK B xoxe mocanku Ha JIyHHYRO
MOBEPXHOCTh U ONTHMHU3HUPOBATH MapaMeTpbl MEXaHWYECKOW CHCTEMBI, YTO CIIO-
COOCTBYET MOBBILICHNUIO OE30MAaCHOCTH M HaJAEKHOCTH onepanuu. OIHUM U3 Tpe-
MMYIIECTB TAKOTO MOJIX0Ja B OTJIMYHE OT CYIIECTBYIOMHUX paboT MO MOJEeNNpOBa-
HUIO JTaHHOTO Tporiecca [4, 5], sSBISETCS €ro yYHUBEPCAIBHOCTH U BO3MOXKHOCTH
aJanTaluy K Pa3IMyHbIM KMHEMAaTHYECKUM CXeMaM MEXaHHMYECKOI'0 I0CaJOYHOr0
YCTpPOMCTBA, a TAK)KE K BO3MOXXHBIM HEIITATHBIM CUTYaIIHSM.
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Mone TemnepaTyp Npu CABUTOBOM T€YEHUU BA3KOW XKUAKOCTU
MeXAy ABYMS MJIOCKOCTAMMU
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Yp®y, EkamepuHbype, Poccus

AnHoTanms. PaccMOTpeHO BS3KOe KPYIMHOMACIITAOHOE TeUEHHE HEC)KUMAEMOH JKUIKOCTH C
[IPU3HAKAMU T'€OMETPUUYECKON aHM30Tponuu. HuKHAA rpaHulia HarpeBaercsi, a K BepXHEH
IpaHUIIC TPUKIAABIBACTCA HABJICHUC. Cucrema ypaBHeHl/Iﬁ, OIMChIBArOIIAasA ruIpoJANHAMUKY
KUAKOCTH, OCHOBaHAa Ha YPaBHCHHUAX HaBpe — CTOKC&, KOTOPBIC OITUCBIBAIOT ABUKCHHUEC
BSIBKOM KUAKOCTU B CTAlTUOHAPHBIX YCJIOBHUAX. TennoBeic 1 MEXaHUUECKHUE Baanmoneﬁcmvm
BJIMAIOT KaK Ha MOJIs TEMIEPATyphl, TaK U Ha MOJsl ckopocTeil. Temonepenaua B cioe Kua-
KOCTH UTHOPHUPYETCs], MOCKONIBKY PacCMaTpUBAETCS TOJBKO Iepefada dHEPTrHH 4epe3 ypas-
HEHHE TEIUIONPOBOJHOCTU. YPaBHEHHE HEPA3PBIBHOCTH JOMOIHIET CUCTEMY YPABHEHHH IS
HECKMMAEMBIX >KUAKOCTeH. Hanmune ropu30HTaIbHBIX COCTABISIIONIMX TEMIEPATYPHBIX TPpa-
JIUEHTOB YMEHBIIAET BO3MOXKHOCTh Yy4deTa KOHBEKTHBHBIX ITOTOKOB, BBI3BAHHBIX CIBUTOM
B TOPHU3OHTAIBHBIX IUIOCKOCTSIX, TI0 CPAaBHEHMIO C KJIACCHUYECKHUMH IoTokamu Kyatrta, e
MOTOK JBIKYIIEHCS JKHIKOCTH OTPaHWYCH OJHHMM HampaBieHneM. CTpyKTypa T'MApOIUHA-
MHYECKHX IOJIEH, IPEATIOKEHHAs B 9TOM HCCIIEJOBAHUH, MTO3BOJISIET HAM pa3padboTaTh TOUHOE
PEIICHUEC JJIA CUCTEMBI ypaBHeHHﬁ, OITMCBHIBAIOIIINX KOHBCKTHBHBIC IIOTOKH B BI/IXpeBOﬁ JHC-
CHIIaTUBHOM cpene. OT0T METO/] YUYUTBIBACT BJIIMAHUE CUJI MHCPIIMU HA IEpEIAvYy UMITYJIbCa U
TEMIICPATYPhI B )KUJIKOCTAX.

KuroueBble cioBa: CABUI'OBOC TCYCHHC, TOYKU CTAarHaluu, IOJIC TEMIICpaTyp, U30JIMHUU
TCMIICPaTyp, KOHBCKTUBHOCTH
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Temperature field for shear flow of a viscous fluid between two planes
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Ural Federal University, Ekaterinburg, Russia

Abstract. A viscous, large-scale flow of an incompressible fluid with indications of geomet-
ric anisotropy is considered. The lower boundary is heated and the upper boundary has pres-
sure applied. The system of equations that describes fluid hydrodynamics is based on the Na-
vier-Stokes equations, which describe the motion of a viscous fluid under stationary
conditions. Due to thermal and mechanical interactions, both the temperature and velocity
fields are affected. Heat transfer in the liquid layer is ignored, as only energy transfer through
the equation of thermal conductivity is considered. The continuity equation completes the set
of equations for incompressible fluids. The presence of horizontal components of temperature
gradients reduces the consideration of convective flows induced by shear in horizontal planes,
compared to classical Couette flows where the flow of moving liquid is restricted to one di-
rection. The structure of hydrodynamic fields proposed in this study allows us to develop an
accurate solution for a system of equations that describe convective flows in a vortex, dissipa-
tive medium. This method takes into account the influence of inertial forces on the transporta-
tion of momentum and temperature in liquids.

Keywords: shear flow, stagnation points, temperature field, temperature isolines, convectivity
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Y[IK 681.5

MNocTpoeHne MHBAaPUAHTHOro0 MHOXeCTBa U CUHTE3
CUCTEMDI YNpaBJieHUA C OﬁpaTHOVI CBA3blO N0 COCTOAHUIO

MNonsinuHa AHHa CepreeBHa'? as.polyanina@mail.ru
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AnHortanusi. CyllecTBOBaHHE WHBapUaHTHOTO MHOXECTBA SIBJSIETCS BAKHBIM YCIIOBHUEM
B PELICHHUH 33/1a4 CUHTE3a YIPaBJICHHUS, TIOCKOJIbKY BKIIIOYAET HAYAIbHOE COCTOSIHUE CHUCTE-
MBI C IOMOII[bIO COOTBETCTBYIOIIMX YIPABJISAIOMINX BO3ACHCTBHI TPOrpaMMHBIE TPACKTOPUH
OyIyT yJepKUBaThCsl BHYTPU MHOXKECTBA. BBIyKIIoe M KOMIIAKTHOE MHBAPHAHTHOE MHOXKE-
CTBO, CoZIepXKalllee HauyaJlo KOOpJHUHAT, MOkeT (hopmupoBarhk (yHkimio JismyHosa. [ToBepx-
HOCTB ypoBHS (pyHKIMHK JIsrmyHOBa OyeT sSBISATHCS TpaHUIEH TaKoro MHOXecCTBa. PaccMor-
pPEH CHHTE3 HEIMHEHHON CHCTEMbl YIpaBIECHHS C HCIIOJIb30BaHMEM MeTosa (QYHKIMI
JlsmyHoBa. BeiOpanHast ¢opMa MHBapHAHTHOTO MHOXKECTBA MMEET NMPAaKTHYECKYIO 3HAYH-
MOCTh B 3a/ladax IUIAaHMPOBAHUS TPACKTOPHWIl INArafoluX MAIlWH, KOTAA CHCTeMa JO/DKHA
MIEPHOJUIECKH COMPHUKACATHCS C TOBEPXHOCTHIO, YTOOBI IBUTAThCA.

KioueBble cjioBa: HHBapHAHTHOE MHOXKECTBO, QPyHKIMs JIAIyHOBa, CHCTEMa YIpPaBIICHHS,
YCTOMYHBOCTh
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Design of an invariant set and synthesis of a state feedback
control system

Polyanina Anna Sergeevna™’ as.polyanina@mail.ru
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" National Research Moscow State University of Civil Engineering, Moscow, Russia
2 Bauman Moscow State Technical University, Moscow, Russia

Abstract. The existence of an invariant set is an important condition in solving control syn-
thesis problems, since it includes the initial state of the system: with the help of appropriate
control actions, program trajectories will be kept inside the set. A convex and compact invari-
ant set containing the origin can form a Lyapunov function. The level surface of the Lyapun-
ov function will be the boundary of such a set. The synthesis of a nonlinear control system
using the Lyapunov function method is considered. The chosen form of the invariant set has
practical significance in trajectory planning problems for walking machines, where the system
must periodically contact a surface to move.

Keywords: invariant set, Lyapunov function, control system, stability
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MocTpoeHne matemaTuyeckux mogenen peopMmUupoBaHHOIO
COCTOSSHUA MaTepuasia Ha onepaLunm BbITAXKA C yTOHEHMEM CTEHKU
C y4eTOM rpagueHTHOro xapaktepa pacnpegeneHus

Onexsep Anekcenn iBaHoBUY
Lysanos Aanunn Muxainosny"” shuvalov_dm@voenmeh.ru
Pemiues EsreHuii lOpbesuy

Pacynos 3aiiHoauH Hypmaromeposuy

BI'TY «BOEHMEX» um. [.@. YcmuHoea, CaHkm-llemep6ype, Poccus

AHHOTanus1. BeIsABI€HB! 0COOEHHOCTH TIPH TIEPBOM M ITOCIIEAYIONINX BBITSHKKAX C YTOHEHHEM
CTEHKH B MAaTpHIIaX C paJuycHBIM mpoduiem obpasyroreii padboueit moBepxnoctu. [Tomyde-
Ha aHAJIMTHYECKas 3aBHCHMOCTDH JUIS OLEHKH CTEleHW JedopManuy ¥ ypaBHEHHE MHOXeE-
CTBEHHOHN PErpeCcCHU ISl OLICHKM HHTCHCHBHOCTH Jehopmariuii.

KiioueBble c10Ba: BBITSDKKA C YTOHEHHEM, CTENeHb JeopMaly, paliyCHBIH MpoduiIb
obpasyrorei pabodei oIOCTH MaTPHIIBI

Paboma evinonnena 6 pamxax HUP (FZWF-2024-0006).

Construction of mathematical models of the deformed state
of a material during a drawing operation with wall thinning,
taking into account the gradient nature of the distribution

Olehver Alexey Ivanovich

Shuvalov Daniil Mikhailovich® shuvalov_dm@voenmeh.ru
Remshev Evgeniy Yurievich

Rasulov Zainodin Nurmagomedovich

Baltic State Technical University named after D.F. Ustinov, Saint-Petersburg, Russia

Abstract. Characteristics of the first and subsequent drawings with wall thinning in dies with
a radius profile of the working surface generatrix are identified. An analytical relationship for
estimating the degree of deformation and a multiple regression equation for estimating the
deformation intensity are derived.

Keywords: drawing with thinning, degree of deformation, radius profile of the generatrix of
the working cavity of the matrix
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MocTpoeHune ynpyroro coCTOSIHUA aHU30TPONHOrO TeNa
B YCJIOBUAX CTaLLlMOHAPHO - AMHAMMUYECKOW 3a4auu
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banbikuH [laHuna Nropesuny
E3pakoBa [lnaHa BnagumuposHa

JIFTY, Jluneuk, Poccus

Annoramms. [IpencraBneHa MeToanKa HOCTPOEHHMS HaIpsHKEHHO-IeOPMHUPOBAHHOIO CO-
CTOSIHMSL TPAaHCBEPCAIbHO-M30TPOIHBIX TEN BPAILCHUS, HAXOMSIIErocsl MO BO3AEHCTBHEM
OCECHMMETPHYHHBIX MIOBEPXHOCTHBIX CHJI, H3MEHSIOMUXCS C TE€YEHUEM BPEMEHU C IOCTOSH-
HOU CKOPOCTBIO BJIOJIb OCH BpallleHHs. MeTOI0M 3aMEHbI IEPEMEHHON TUHAMHUUECKas 3a/1a4a
CBOJIUTCSL K CTAaTHYECKOH C IOINPABKOI Ha KOPHM BEKOBOTO ypaBHeHus. [laiee pemienue
CTPOMTCS CPEICTBAMH METOJAa TPAaHWIHBIX cOCTOSTHMI. DopMupyroTcst 6a3uchl MPOCTPAHCTB
BHYTPEHHHX W TPaHUYHBIX COCTOSHHH, M ITPOBOJUTCSI MX OpTOroHanm3aiws. Jlanee nckomoe
COCTOSIHME packiaapiBaeTcs B pan Pypbe HO sIeMeHTaM OpPTOHOPMHPOBAHHOTO Oasuca,
Y BBIYHCIISIFOTCS] KOA(Q(UIMEHTBI ATOTO psijia Yepe3 rPaHuYHbIE YCIOBHS.

KuroueBble ciioBa: AHU30TPOITHBIC TEJIa, METOA I'PAHUYHBIX COCTOHHHﬁ, JUHAMHWYCCKHC 3a-
Jlauu, TeJia BpalllCHUA
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Construction of the elastic state of an anisotropic body
under conditions of a stationary-dynamic problem

Ivanichev Dmitry Alekseevich Lsivdmal@mail.ru
Balykin Danila Igorevich
Ezdakova Diana Vladimirovna

Lipetsk State Technical University, Lipetsk, Russia

Abstract. This paper presents a method for constructing the stress-strain state of transversely
isotropic solids of revolution subject to axisymmetric surface forces changing over time at
a constant velocity along the axis of rotation. Using a variable substitution method, the dy-
namic problem is reduced to a static one, with a correction for the roots of the secular equa-
tion. The solution is then constructed using the boundary state method. Bases for the spaces of
internal and boundary states are formed and orthogonalized. The desired state is then expand-
ed into a Fourier series in terms of the elements of the orthonormal basis, and the coefficients
of this series are calculated using the boundary conditions.

Keywords: anisotropic bodies, boundary state method, dynamic problems, bodies of revolu-
tion
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MocTtynaTenbHble ABUXEHUSA Tena C NOABUXHOMN BHYTPEHHEN MAaCcCOom

Xopowesa AHHa AnekcaHaposHa'’ a.khoroscheva@yandex.ru
YepHoycbko Penukc JleoHnpgosuy SPIN-Kkopn: 6732-4423

WlMex PAH, Mockea, Poccus

AHHOTaIII/ISI. PaCCMOTpeHO JBHXKXCHUA MEXaHHYECKOM CUCTCMBI, COCTOHH_IGI\/'I H3 TBEpAOIo
TCa U HepeMema}omeﬁca BHYTpPH HCTO MACChHI. praBﬂeHI/Ie JABHKCHUCM OCYICCTBIIACTCA 3a
CUCT CHJIBI B3aPIMOI[€ﬁCTBPI?I MCKYy TCJIOM U BHyTpeHHeﬁ maccoil. Cuctema JBUIKCTCA B CPC-
JC, COIIPOTUBJICHUC KOTOpOﬁ HaAIPaBJICHO IMPOTHUB CKOPOCTH TEJia. HOKaBaHO, YTO MOCTPOCH-
HbIC TPACKTOPHUU HpI/I6J’II/I)KaK)TC$I K TEPUOAUYCCKHUM PEKHMMaM, KOTOPbBIM COOTBETCTBYCT
CpeaHsasa CKOPOCTbh NEPEMCIICHHUA CHUCTCMBbI. Or[pez[eneHa 3aBUCUMOCTD Cpe):[Heﬁ CKOpPOCTH
ABIDKCHUSA OT TapaMETPOB CUCTEMBI.

KiioueBble ciioBa: HelMHEiHas IMHAMEKA, KBAaJIpPaTHYHOE CONPOTHBICHHE, MOOWIbHBIC
poGOTHI

Progressive motions of a body with an internal mobile mass

Khorosheva Anna Aleksandrovna® a.khoroscheva@yandex.ru

Chernousko Felix Leonidovich SPIN-code: 6732-4423

IPMech RAS, Moscow, Russia

Abstract. Motions of a mechanical system consisting of a rigid body and a mass moving in-
side it are considered. Motion control is carried out due to the force of interaction between the
body and the internal mass. The system moves in an environment whose resistance is directed
against the velocity of the body. It is shown that the constructed trajectories approach periodic
motions, which correspond to the average velocity of the system. The dependence of the aver-
age speed of movement on the system parameters is determined.

Keywords: nonlinear dynamics, quadratic resistance, mobile robots

Beenenue. KancynpapiMu poGoTamMu MM BUOPOPOOOTaMH HA3BIBAIOTCS MOOHIIb-
HBIE POOOTHI, JBM)KEHHWE KOTOPHIX OCHOBAaHO Ha YMPABISIEMOM IIepeMEIIEeHUHN
BHYTPEHHHX TOJABIKHBIX Macc. Takue poOOTHI HE UMEIOT BHEIIHMX IMOJBHKHBIX
251eMeHTOB. KilroueBoe mpenMyIecTBO TAKMX CHCTEM — TE€PMETHYHBIN U MIaIKUT
KOPITYC, 4TO JENaeT MX MMEePCIeKTHBHBIMU IS BHITIOJHEHHS Pa3HBIX 3a/a4, HalpH-
MEp MOHHTOPHHTA U JOCTaBKH Ipy30B. [luHamuka BUOpOPOOOTOB B cpelie C KBaJ-
paTHYHBIM CONPOTHBIIEHHEM H3ydanach B psne pabdor, Hampumep [1-3]. O630p
Y aHaJIU3 JINTEPATYyPHI 110 TAaHHON TeMaTHuKe MpeCcTaBlieH B padote [2].

B pabote nccnenyercs nocTynaTenbHbIe BH)KEHUS Tella (KOpIyca) ¢ BHYT-
PEHHEN NOABUXHOM Maccoi B cpefie IpU KBaJIPaTUYHOM 3aKOHE COIPOTUBIICHUS.
B kauecTBe ynpaBieHHs MPUHUMAETCS CHUJIa B3aUMOJAEHWCTBUS KOpIyca M BHYT-
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peHHel Macchbl. Takoi moaXoA MO3BOJSIET 00ECIeUnTh HEPEPHIBHOE N3MEHEHHE
CKOPOCTH KOpIyca W HCKIIOYUTH ynapsl. [locTpoeHsl TpaekTopuu pa3roHa CH-
CTEMBI U IOKa3aHo, YTO €€ ABM)KECHUS MPUOMKAIOTCA K MEPHOJUUYECKUM PEKH-
MaM. JlJ1s 3THX yCTaHOBHBIIUXCS PEKMMOB ONPEIENECHBI CPEeIHNE CKOPOCTH IIO-
CTynaTeslbHOro ABWkeHus. llpencraBieHsl U NpoaHATU3UPOBAHBl 3aBUCHMOCTH
CpeIHEel CKOPOCTH OT MapaMeTpoB CUCTEMbI. TakuM 00pa3oM, MPOBENEHHOE HUC-
CJIeIOBaHHE MO3BOJIAET OLIEHUTh TPAaHCIOPTHHIE BO3ZMOXHOCTH JIOKOMOITMOHHOM
CUCTEMBI.

YpaBHeHus IBH:KeHHS MeXaHMYecKoii cucrembl. PaccmarpuBaeTcs ynpas-
JsieMasi CHCTEMa, COCTOsINAs U3 ABYX TBEPJBIX Tell: KOpIyca Maccsl M U BHYTpEH-
Hero Tesa mMacchl m. CHcTeMa ABMXKETCS MOCTYNATeNIbHO U MPSIMOJIMHEWHO BIOJb
OCH X B JKHUJKOCTH, KOTOpas AeHCTBYeT Ha KOPMYC KBaJApaTHUYHOW CHJIOW COIpO-
TuBieHHud. Cuia B3aUMOAEHCTBUSA MEXy TEIaMH Peau3yeTcs ABUraTelleM BHYT-
pH Koprmyca.

VYpaBHEeHHsI IBMKEHHSI CUCTEMBI TIOCIIE Tiepexoia K O6e3pa3MepHBIM MepeMeH-
HBIM UMEIOT B

5o {—c+v2 —unpuv = 0;
c_v?—unpuv < 0; (1)
eW+m)=u x=v, {=1,

rae & = m/M, u — ynpasjeHHe, KOTOpOe NpUHUMaeM paBHbIM +1; x — cmerre-
HHUE KOpPITyca OTHOCHUTEIFHO HEKOTOPON MHEPIUATbHON CHCTEMbI KOOPAWHAT; V —
CKOpOCTh KOpITyca; & — CMEIlEeHHE BHYTPEHHEH MAacChl OTHOCHUTEIBHO KOPILyCa;
1 — CKOPOCTh 3TO# MacChl OTHOCHUTENBHO KOpIyca; €4 U C_ — K03 pHummeHTs!
COMpPOTHUBIIEHUS NPHU ABMKEHUH KOpITyca «BIEpEI» M «Ha3ad» COOTBETCTBEHHO.
[Tonaraem ¢, < c_.

Pacuer aBuxeHmil. PaccmaTpuBarOTCs MOCTyNATENbHBIE [BHXKEHHUS Tela
(kopmyca) ¢ BHYTpEHHEH MOJBM)XHOM Maccoil, ynpaBisieMOl CHIION B3auMo/Iei-
CTBHS KOpIyCca ¢ BHYTPEHHEN MacCoi.

[Ipennonpxum, 4To BHYTPEHHsI Macca COBEpIIaeT KOneOaHusI OTHOCUTEIILHO
KOpIlyca BHYTPHM HEKOTOPOW MOJocTH Oe3pa3MepHOil AnuHbl /. BBeneM MOMEHTEI
BpeMeHU: O — MOMEHT JOCTM)KEHUS BHYTPEHHEHW Maccoil KoHLa moioctH; T —
MOMEHT BO3BpaILlEHHUs 3TOI MacChl K Hayaly MOJOCTH; Tg U T, — MOMEHTHI CMEHBI
3HaKa CKOPOCTH V(t) C «» Ha «—» U C «—» Ha «1t» COOTBETCTBEHHO.

HNmest B BUAYy pasroH U TOPMOXKEHHE BHYTPEHHEH MAacChl, I0JIaraéM, 4TO
YIPaBIAIONIAsl CHJIA JOJDKHA YEPEOBATh YYACTKH IOJIOKHUTEIbHBIX M OTPHULIATENb-
HBIX 3HAYEHU KaK MpH ABMKEHUU Macchl OT 0 10 /, Tak U npu aBvxeHHH ot / 110 0.
MoOMEHTHI U3MEHEHHsI 3HAaYEeHUs YIPaBISIIOMEH cuilbl ¢ «1» Ha «—1» 0003HauuM
T4, a ¢ «—1» Ha «1» — T,. XapakTepHsle MOMEHTHI BpeMeHu 0, T, Ty, T1, Ty, T, 3a-
paHee HEM3BECTHBI U MOAJIEKAT ONPEAETICHHIO B IIPOLIECCE PEIICHUS.

Unrerpupys ypaBuenust (1) npu Hawansabix ycnosusx v(0) = vy, x(0) =
=n(0) = &(0) = 0 mocnenoBarensHo moctpouM ¢Gyukuu v(t), x(t), n(t), &(t)
Ha Bcem untepsaie [0, T].
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MowMeHTHI T, U T, ompexaenstorcs paBenctBamu v(t,) = 0, v(ty) = 0. Ync-
JIeHHO pemrasi cucteMy ypasaenuit: 1(0) = 0, £(0) = [, naxogum T, u 0. Heus-
BeCTHbIE T, M T HaxoauM Kak pemenue cucrembr: N(T) = 0, E(T) = 0.

HccnenoBanich MHOTOKPATHBIE TTIOBTOPEHHSI MOCTPOEHHBIX JIBIKEHHH, TPH
KOTOPBIX CKOPOCTb, JOCTUTHYTasl B KOHIIE KaXKIOTO IMKJIA, IPHHHUMAIACh B Kadye-
CTBE HAYaJIbHOW CKOPOCTH IS CIIEAYIOIIEero IuKia. Kak mokasanu 4uceHHbIC
pacueTsl, MOCIe MHOTOKPATHOTO TOBTOPCHUSI IBUKCHUE MIPHOIIKACTCS K PEXKUMY,
HEePUOANYECKOMY MO CKOPOCTH, Ul KOTOporo mmeer mecro ycnosue: v(0) =
= v(T). Takoii pexxuM B YaCTHOM cCiIydae paccMoTpeH B padote [2]. [leproanye-
CKHE PEXHMBI, BBIpaOOTaHHBIC B PE3yJIbTaTe MHOTOKPATHBIX MOBTOPEHHH, MpPE-
CTaBISIFOT COOOM JBHIKEHHUS, KOTOPBIE MOTYT OCYIIECTBIATHCS NTUTEIBHOE BPEMSI.
BaxHOH X XapaKTEPUCTUKON SABIIAETCSA CPEAHSISI CKOPOCTh IIEPEMELLIEHUS, KOTOpast
OTpaXkaeT BO3MOKHOCTH JaHHOM CHCTEMBI KaK TPAHCIIOPTHOTO cpeacTsa. [lomyue-
HbI 3aBHCHMOCTH CPEJIHEH CKOPOCTH OT MMapaMeTpoB.

3akuouenne. Vccie10BaHbl BO3MOXHBIE TIOCTYIIATEIbHBIC IBHKEHHS YIIPaB-
JSIEMOM CHCTEMBI, COCTOSIIECH M3 JBYX TBEPJBIX TEJ: KOPIyca W BHYTPEHHEW I10-
JIBUKHOM Macchl. JIBIKEHHE CHCTEMBI MPOUCXOAUT B CPEJIE ¢ KBAJPATHYHBIM CO-
HPOTHUBIICHUEM, 3aBUCSILIAM OT HAMpPAaBICHUS CKOPOCTH KOpIyca. YmOpaBiceHHE
peanusyercs 3a CYET BHYTPEHHEU cuiibl B3auMojieicTBus. [locTpoeHbl BO3MOXKHbBIE
TPAeKTOPUH JIBHKCHUsI MPH Pa3IMYHBIX MapaMeTpax CHCTEeMbl. [loka3aHo, dYTO
JIBUYKCHUSI TPUOJMKAIOTCS K HEPUOAMYECKAM PEXUMaM, KOTOPbIE MOTYT OCY-
IIECTBISTHCS JUIMTENbHOE BpeMsi. OmnpesielicHa CpeHssi CKOPOCTh MepPEMEICHUS
B 3aBUCHMOCTH OT [1APaMETPOB CHCTEMBI.

Hccnedosanue guinonneno 3a cuem epanma Poccutickozo nayunozo gponoa
Ne 23-11-00128.
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Annotamus. [IpencTaBneHs! pe3ynbTaThl pa3paboTKH METOIOJIOTHH HCIIOIh30BaHUS KBaTep-
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Using quaternions to create high-speed methods for formulating
differential equations for systems of rigid bodies with variable
link lengths

Mukharlyamov Robert Garabshevich
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Maslova Ksenia Sergeevna

RUDN, Moscow, Russia

Abstract. The results of the development of a methodology for using quaternions to speed up
the compilation of differential equations for systems of rigid bodies as applied to the creation
of exoskeletons with variable link lengths are presented.

Keywords: quaternion, dynamic equations, system of rigid bodies, exoskeleton, variable
length link
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MpumeHeHUe MmeToAa KOHEYHbIX 3/IeMeHTOB AJig onpegeneHus
rmapoanHamMmmnyeCcKux napameTpos Koneb6aHum KNOAKOCTU

B TOPOBbIX TOMJIUBHbIX 6akax Pa3roHHbIX 610KOB

C pagunajibHbIMu neperopogKkamm

AdoHunHa EkaTepuHa BanepbeBHa ekaterina.afonina3@rsce.ru

TAO «PKK «3Hepeus», Koponés, Poccua

AnHotamusi. Onrcanue BO3MYIICHHOTO JIBI)KEHHSI COBPEMEHHBIX paker-Hocutenel (PH)
1 pa3roHHbIX 0710k0B (PB) HEBO3MOXHO 03 yuera IMOJBMKHOCTH JKHJIKOTO HAITOJIHEHUS HX
TOIUIMBHBIX 0aKOB, TaK KaK Macca JKHIKOrO TOIUIMBA MOKeT gocturath 90 % oT Bcel Macchl
obbekTa ympasineHus. KonebaHus KMAKMX KOMIIOHEHTOB TOIUTMBA, BOZHHUKAIOIIWE BCIE.-
CTBHE PE30HAHCA KOJIEeOAHWI MCIIOTHUTENBHBIX OPraHOB CHCTEMBI YIIPABICHHUS M COOCTBEH-
HBIX YacTOT >KHUAKOCTEH, OKa3bIBAIOT CYIIIECTBEHHOE BIMAHUE HAa AMHAMHUYECKHE XapaKTepH-
cruku PH u PB, ocobeHHO mpu JBWXXKEHHWM Ha aKTHBHBIX yd4acTkKax rmosera. [lpu
WCCIIE/IOBAaHNH BIIMSHUS KOJIEOAHMH JKUIIKOTO HAIIOJHEHHMS! TOIUIMBHBIX OAaKOB Ha JIBIDKCHHUE
PH u Pb HeoOxoauMo 3HaTh THIPOJIMHAMHYECKUE MapaMeTpbl yPaBHEHUH BO3MYIIEHHOTO
JIBIDKEHHMS, TI0JTy4aeMble TIPH pEeLlIeHHH KpaeBoi 3a1a4un Ha coOCTBEHHbIE 3HaueHust. OHaKo
AQHAIMTHYECKOE PEIICHHE CYIIECTBYET TOJIBKO JUIS y3KOTO Kpyra 3ajad, MO3TOMY JUIsl perlle-
HUS KpaeBBIX 33/1a4 IIEJIECO00pa3HO NPUMEHEHHE YHCICHHBIX METOZOB. B cBOIO ouepers,
OCHOBHBIE TIPOTPaMMHBIE MTAKETHl HE PENIalOT KPaeBOl 3a7aun Ha COOCTBEHHBIE KOJEOaHMS
JKHJIKOCTH B TIOJIOCTH, B CBSI3U C UeM IpobieMa sSBIseTCs aKTyalbHOi. B manHo# paboTe me-
TOIOM KOHEUHBIX 3eMeHToB (MKD) perraercs kpaeBas 3a/adya Ha COOCTBEHHBIC 3HAUCHHS
U IIHHApHYecKoro 6aka co chepudeckuM maumeM. [lomyuerrsie MKD coGcTBeHHBIC
Y4acTOThl KOJIEOaHUH JKUIKOCTH MCIIONBb3YIOTCS [UIsl pacueTa THUIPOJMHAMUYECKUX TTapamer-
POB, BXOJISILIMX B ypaBHEHUsI BO3MYIIIEHHOTO JBrkeHus Pb.

KiioueBblie ci10Ba: pasroHHBINA OIOK, KpaeBas 3a1ada, COOCTBCHHAs 4acTOTa KoyeOaHHi,
TUAPOTUHAMUYECKHE TapaMETPhI, METO/T KOHEUHBIX 3JIEMEHTOB
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Application of the finite element method to determine
the hydrodynamic parameters of fluid oscillations
in toroidal fuel tanks of upper stages with radial baffles
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Abstract. The description of the disturbed motion of modern launch vehicles and upper stag-
es is impossible without taking into account the mobility of the liquid filling of their fuel
tanks, as the mass of the liquid fuel can reach 90 % of the total mass of the control object. The
oscillations of the liquid fuel have a significant impact on the dynamic characteristics of the
LV and US, especially during active flight stages. It is necessary to know the hydrodynamic
parameters of the equations of perturbed motion to study the effect of fluctuations in the lig-
uid filling of fuel tanks on the motion of the launch vehicle and upper stages. However, an
analytical solution exists only for a narrow range of problems, so it is advisable to use numer-
ical methods to solve the boundary value problem. In turn, the main software packages do not
solve the boundary value problem for the natural oscillations of a liquid in a cavity, which
makes the problem relevant. In this work, the boundary eigenvalue problem for a cylindrical
tank with a spherical bottom is solved using the finite element method (FEM). The FEM-
derived natural frequencies of fluid oscillations are used to calculate the hydrodynamic pa-
rameters that enter the equations of the perturbed motion of the upper stage.

Keywords: upper stages, boundary value problem, natural frequency of oscillation, hydrody-
namic parameters, finite element method
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Y[IK 531.38

MpMmeHeHUe MeToga ONTUMAJIbHOTO paCKaunMBaHUSA
MHCceKkTOoMOpHOroro po6ota

Fony6es Opuit dununnosuy™?
KopsiHoB BukTop Bnan,lamuponmq1

2(*)

MenkymoBa EneHa BagMmoBHa elena.melkumova@math.msu.ru

" UMM um. M.B. Kendbiwa PAH, Mockea, Poccusi
2 Mry umeru M.B.JlomoHocosa, Mockea, Poccusi

AnHoTanusi. [yl pemenus 3a1auu CriaceHusi HHCEKTOMOP(HOToro podora U3 aBapuitHOro
TIOJIOKCHUSA «HAB3HWYb)» MPUMCHCH OpPIFPIHaJ'[BHBIﬁ METO/J] TTOMCKa ONTUMAJIBHOT'O YyIIpaBJic-
HUSL aMIUTUTYJ0¥ KosieOaHWid BOJIM3HM TTOJIOKEHUSI pABHOBECHUS JUISl CKJIIEPOHOMHOM MeXaHH-
YECKOH CHCTEMBI C Ae(HIUTOM YIPABICHUS MO OJHOHM KOJeOaTeIbHOW CTeleHn CBOOOJIBI.
VYipaBieHne OCymIeCTBISETCS IyTeM H3MEHEHUs IOJOKEHHUsI CHEeUHaIbHO T0100paHHOM
TPYNITEI HOT OTHOCHTEIIFHO Kopiryca po0oTa. DddeKkTHBHOCTh pa3paboTaHHOTO alropuTMa
YIIpaBJICHUS TOATBEPXKIAeTCs pe3yabTaTaMid KOMIBIOTEPHOTO MOJICIMPOBAHUS TTOJHON IH-
HaMHUKH poOoTa.

KioueBble c1oBa: MexaHWdeckasi CUCTEMa, KOJIeOaH!s, aMIUINTY1a, YIIPaBIeHHE, OIITHMH-
3aITis, TPEHUE

Application of the optimal swing method for an insectomorphic robot

Golubev Yury Filippovich"?
Koryanov Viktor Vladimirovich’

2(*)

Melkumova Elena Vadimovna elena.melkumova@math.msu.ru

" Keldysh Institute of Applied Mathematics RAS, Moscow, Russia
2 Lomonosov MSU, Moscow, Russia

Abstract. To solve the problem of rescuing an insectomorphic robot from a prone emergency
position, an original method for finding optimal control of the oscillation amplitude near the
equilibrium position is used for a scleronomic mechanical system with a control deficit in one
oscillatory degree of freedom. Control is achieved by varying the position of a specially se-
lected group of legs relative to the robot body. The effectiveness of the developed control
algorithm is confirmed by the results of computer simulations of the robot's full dynamics.

Keywords: mechanical system, oscillations, amplitude, control, optimization, friction
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Y]IK 621.865.8

MpUHLMN NOCTPOEHMSA UHTEJJIEKTYAJIbHOIO CaMmonepemMellaloLerocs
ajanTUBHOro NpoTe3a BepXHel KOHEYHOCTU Ha OCHOBE MapasiebHoro
po6oTa «OKTasgpasnbHblii JOAEKANOA»

CaanuH Cepreit Hukonaesuu S.Sayapin@rambler.ru

UMALL PAH, Mockea, Poccus

AHHoTanus. [IpencrasneHa HOBast KOHLIEIINS HHTEIUICKTYaIBHOTO CAMOTIEPEMEIIAIOIIETOCS
aJIaNTUBHOTO  TIpOTE3a BEpPXHEH KOHEYHOCTH, TIIOCTPOGHHOTO Ha OCHOBE po0OOoTa-
MaHUIYJIATOPa MapalIebHON CTPYKTYphl B BHJIE OKTa’JIpalbHOro Joaekanozaa. IlokazaHsl
€ro KOHCTPYKTHBHbIE MPHUHIMIIBI, TO3BOJISOLINE OOECTICUUTh €ro caMolepeMelieHne 1 ca-
MOYCTaHOBKY Ha KyJbTIO HE3aBHCHUMO OT YpPOBHSI aMIIyTalliH, BBICOKYIO YAEIBHYIO JKECT-
KOCTb, a TAaKXKe HAJEKHOE CXBATBIBAHHME MPEAMETOB HE3aBUCHMO OT UX I'€OMETPUYECKON
(hop™MBI, pa3mMepoB U (PU3NUECKUX CBOMCTB Marepuasia M3roToBiaeHus. [lokasaHbl MpUMeEpHI
BO3MOYXKHOTO IIPUMEHEHHS TIPOTe3a Ha ero (PU3MIECKUX MOJIEISIX.

KiroueBsble ciioBa: camonepeMeIarouicss IpoTe3 BEPXHEH KOHEYHOCTH, UHTEIIEKTyalb-
HBIH MPOTE3, MapauIeTIbHBIA pOOOT, OKTaIPANBHBIN JOACKAION

Principle of constructing an intelligent self - moving adaptive
upper limb prosthesis based on a parallel robot Octahedral dodekapod

Sayapin Sergey Nikolaevich S.Sayapin@rambler.ru

Mechanical Engineering Research Institute RAS, Moscow, Russia

Abstract. A new concept of an intelligent self-shifting adaptive upper limb prosthesis based
on a parallel structure robot manipulator in the form of an octahedral dodekapod is presented.
Its design principles, which make it possible to ensure its self-moving and self-installation on
the stump regardless of the level of amputation, high specific stiffness, as well as reliable
grasping of objects regardless of their geometric shape, size and physical properties of the
manufacturing material are shown. Examples of possible applications on physical models of
the prosthesis are shown.

Keywords: self-moving upper limb prosthesis, intelligent prosthesis, parallel robot, octahe-
dral dodekapod
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Y[IK 533.6.071

Pa3pab6oTka BUPTyanbHOW MO conna
a3poAMHAMUYECKOI YCTaHOBKM

LlekeHoB MaHac Xon6opc6ekosuy™ 2"

Eropos Kupunn Cepreesuy’

manas.shekenov.02kg@gmail.com

" HW mexaruku MY umeru M.B. JlomoHocosa, Mockea, Poccus
ZMITY um. H.3. baymaHa, Mocksa, Poccus

AnHoTanus. PaccMoTpeH mporiece co3maHusi BUPTYaIbHBIX MOJIEIei corula aspoanHaMuye-
CKOM yCTAaHOBKH, ITO3BOJISIONICH BapbUpOBaTh YMCIO Maxa, U MOCIEAyIOUi aHau3 ero Xa-
PAKTEPUCTHK. BBIMOIHEHB! pacdyeTsl ra30MHAMUYECKUX TapaMeTpoB MOTOKa B coruie JlaBass.
Ilenb nccnenoBaHus 3aKIFOYacTCs B pa3pabOTKe BUPTYaIBHBIX MOAEINEH COIIa C MCIOJNIb30Ba-
HHMEM TexXHOJOrHi 3D-CKaHNPOBaHMUA M METOAOB TEPMOTa30AMHAMHUYECKOTO pacyeTa.

KiroueBble cjioBa: adpoarHaMHUUECKasi YCTAHOBKA, BUPTyallbHAs MOJieNb, 3D-ckannpoBanue

Paboma evinonnena 6 pamxax 20co6100x4cemHOU memamuKy
MI'Y umenu M.B. Jlomonocosa (NeAAAA-A19-119012990115-5).

Development of a virtual model of the nozzle
of an aerodynamic testing facility

Shekenov Manas Zholborshekovich" %" manas.shekenov.02kg@gmail.com

Egorov Kirill Sergeevich?

" Institute of Mechanics of the Lomonosov MSU, Moscow, Russia
2 Bauman Moscow State Technical University, Moscow, Russia

Abstract. In this work, the process of creating virtual models of a wind tunnel nozzle capable
of varying the Mach number is examined, followed by an analysis of its performance charac-
teristics. Calculations of the gas-dynamic parameters of the flow in a Laval nozzle have been
performed. The purpose of the study is to develop virtual nozzle models using 3D scanning
technologies and thermogasdynamic analysis methods.

Keywords: wind tunnel, virtual model, 3D scanning

The work is carried out within the framework of the state-funded research program
of Lomonosov Moscow State University (No. AAAA-A19-119012990115-5).
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PeweHne o6paTHOM 3a4a4N KUHEMATUKU MAaHUNYNALNOHHOW CUCTEMDbI
po60Ta C MCNoJib30BaHMEM FreHeTUYECKOro airopuTMa

Kapa6aHos leopruii Cepreesuy’ gosha.100@bk.ru

Kpaxmanés Hukuta Onerosuy’” krakhmalevnik@yandex.ru

" Poc6uomex, Mocksa, Poccus
2MITY «CTAHKMH», Mocksa, Poccusi

AnHoTammsi. PaccMoTpeHb! perieHnst oOpaTHOM 3a1aud KMHEMATHKHA MaHUITYJISIIIMOHHBIX
CHCTEM pOOOTOB C Pa3IMIHON KMHEMATHIECKOH CTPYKTYPOH Ha OCHOBE T€HETHUYECKOTO aJro-
purma. IlpencraBnens! Ba BapuaHTa T'€HETHUYECKUX anropuTMoB. IlomoOpaHsl mapameTpbl
W WCCIENOBaHbI Pa3HbIE BHUIBI LENEBBIX (UTHEC-QYHKIMI AT TEHETHYECKOTO alrOpHUTMa.
B kauecTBe mpuMepa ObLUTH PacCMOTPEHBI penIeHus 00paTHOI 3a1aun KWHeMaTHKH 10t 3, 4 1
6-DoF kunemaTtmueckux cxem po06oToB. Ha ocHOBe pa3zpabOTaHHBIX aJrOPUTMOB HAMKCAHO
peanusyloliee ux nporpaMmmuoe odecreuerue. Crenanbl BbIBO/IbI 00 d3ddekTuBHOCTH paspa-
OOTaHHBIX AITOPUTMOB M CIIOCO0AX MX YJIyUIICHHUSI.

KiroueBble ciioBa: MaHUITYJIAUOHHBIC p06OTBI, O6paTHa$[ 3aJjadya KWHCMAaTHUKHU, I'CHCTHYC-
CKUi AJITOPUTM, MAaTEMATUYCCKOC MOACIIMPOBAHUE, TPOTPAMMHUPOBAHUEC

Solving the inverse kinematics problem of a robotic
manipulation system using a genetic algorithm

Karabanov Georgy Sergeevich' gosha.100@bk.ru
Krakhmalev Nikita Olegovich®® krakhmalevnik@yandex.ru

" Rosbiotech, Moscow, Russia
2 MSTU STANKIN, Moscow, Russia

Abstract. The solutions of the inverse kinematics problem of robot’s manipulations system
are observed. The solutions are founded on a genetic algorithm. These robots are with differ-
ent kinematic structures. There are presented two variants of the genetic algorithms. Parame-
ters are selected and different types of the fitness functions for the genetic algorithm are stud-
ied. As an example the solutions of the inverse kinematics problem for the 3, 4 and 6-DoF
kinematic scheme of robots were observed. The implementing soft was written on the basis of
developed algorithms. The conclusions of the efficiency of developed algorithms and meth-
ods of their upgrade are made.

Keywords: manipulation robots, inverse kinematic’s problem, genetic algorithm, math mod-
eling, programming
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Po6oT C BHYTPEHHUM MaX0BUKOM N NAaCCUBHbIM XBOCTOM

KnumuHa Jio60Bb AnekcaHpoBHa klimina@imec.msu.ru

HUWN mexaHuku MI'Y umeHu M.B. JlTomoHocosa, Mocksa, Poccusi

AnHoTtamusi. PoboT Ha Tpex omopax CoBepIIaeT IDIOCKOMapauIelbHOe IBIDKeHHE. B aByx
oropax AeHCTBYeT aHW30TPOIHOE CyX0e TPeHHUE, OMMChIBaeMoe Moenbio [1]. Y pobota ects
[IACCUBHBIM XBOCT — 3BEHO, 3aKPEIUIEHHOE K KOPIYCY CHMPAIbHONW NPY>KUHOW. YIIpaBIIsiiO-
Iee BO3JCHCTBHE — MOMEHT, NPHJIOKEHHBI K BHYTPEHHEMY MaxOBHUKY. 3ajada yrpaBie-
HUS: chOpMUPOBATh MEPUOJMUECKUN PEKUM JBWXKEHUSI, TIPH KOTOPOM CPEIHSSI CKOPOCTh
LIEHTpa Macc MMEET 3a/laHHOe HarpaBiieHue. [locTpoeHo ymnpasieHue, Ipu KOTOPOM JBHOKE-
HME LIEHTPa Macc SABIIETCs Oe3peBEepCHBIM OTHOCUTEIIBHO 1I€JIEBOro HampasieHus. [lokasaHo,
4TO B OIpPEJEICHHOM JUaIa3oHe MapaMeTPOB HalIUYhe IAacCHBHOIO XBOCTA IO3BOJIIET yBe-
JMYUTH CPEJHIOI0 CKOPOCTh LIEHTPA Macc.

KroueBble ci10Ba: BHyTpEHHHE Macchl, poOOT Ha TPEX OIIOpax

CnuUcoK UCTOUYHUKOB

[1] Zmitrowicz A. Mathematical Descriptions of Anisotropic Friction. International Journal of
Solids and Structures, 1989, vol. 25 (8), pp. 837-862.

Robot with an inner flywheel and a passive tail

Klimina Lyubov Alexandrovna klimina@imec.msu.ru

Institute of Mechanics of Lomonosov MSU, Moscow, Russia

Abstract. A robot on three supports performs plane-parallel motion. Anisotropic dry friction
acts in two supports; it is described via a model [1]. The robot has a passive tail that is the link
attached to the body by a spiral spring. A control action is represented by a torque applied to
an inner flywheel. The goal of the control is to form periodic motion with a prescribed direc-
tion of average velocity of the center of mass.

Keywords: internal masses, robot on three supports
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Y[IK 533.6

CBepx3BYKOBOW BX0A, ManomaccuBHoro gudysHoro obnaka
B atTmoc(epy

KpacHo6aes KoHcTaHTUH BacunbeBuy ™2 kvk-kras@list.ru
Kotosa 'BuaHa lOpbesHa'

" Mry umeru M.B. JlomoHocosa, Mockea, Poccusi
2 IKW PAH, Mockea, Poccusi

AHHoTanms. PaccMOTpeHO NPOHUKHOBEHHE ra30BOro o0iaka B IUIOCKHI CIIOH, pacrpesere-
HHE [apaMeTPoB B KOTOPOM clieflyeT GbapomeTpudeckoit opmysie. B otiuune oT 00abIIHH-
CTBa paHee BBIMIOIHEHHBIX PaboT He MpearosaraeTcs, uro urcio Ppyma Benuko. B Hactos-
mieii pabore wccenoBano BiMsHue uncia Opyaa Ha JIBIWKEHHE 0baka, Macca KOTOPOTO He
TPEBOCXOIUT MACChI TAKOTO ke 00beMa rasa B arMocdepe. Lenbro py 3TOM SBIISIETCS OTIpe-
JeneHre oobema u popMbl 00J1aka B mporiecce aeopmMaiu. B pe3ynbrare KOMIBIOTEPHOTO
MOJICITUPOBAHUSI OTIPE/Ie/IeHa 3aBHCHMOCTh BETMUMHBI 00BEMa OT CKOPOCTH 00JIaKa U OT OT-
HOIIIEHHUS TUTOTHOCTH B 0O0JIaKe K XapaKTEPHOU IIOTHOCTH B atMochepe. OUEHEHO BITUSHHE
nu3MeHeHust 00beMa 00J1aka Ha MHTErPAIbHBIN 10 00bEMY MOTOK PEKOMOWHAIHOHHOTO H3JTy-
YEHHSI.

KiaroueBble ciioBa: CBCPX3BYKOBOC JIBHUKCHHUC, I'a30BOC 06na1<0, HUCJII0 <Dpyz1a

Supersonic entry of a lLow-mass diffuse cloud into the atmosphere

Krasnobaev Konstantin Vasilievich"*" kvk-kras@list.ru
Kotova Guiana Yurievna'

" Lomonosov MSU, Moscow, Russia
2 Space Research Institute of the Russian Academy of Science, Moscow, Russia

Abstract. The penetration of a gas cloud into a flat layer, the distribution of parameters in
which follows a barometric formula, is considered. Unlike most previous studies, it is not
assumed that the Froude number is high. This paper examines the influence of the Froude
number on cloud-atmosphere interactions under conditions where the cloud is low-mass,
meaning its mass does not exceed the mass of an equivalent volume of gas in the atmosphere.
The main goal is to determine the cloud's volume and shape during deformation. Computer
modeling has determined the dependence of the volume on the cloud's velocity and on the
ratio of the cloud's density to the characteristic density in the atmosphere. The effect of cloud
volume changes on the volume-integrated recombination radiation flux was estimated.

Keywords: supersonic motion, gas cloud, Froude number



178 Mockea, MITY um. H.3. baymaHa, 2—-5 0ekabps 2025 .

YK 532.5

CBAI3b BbICOKOYACTOTHbIX aBTOKONE€6aHUI B reHepaTope UMMYbCHbIX
CcTpy# c Penen — TeinopoOBCKOW HEYCTONYMBOCTbBIO rPAaHULbl KABEPHbI

OuepeTsaHbin Cepren AnekceeBuy
Toneiues NeHHaauin Bacunbesuny
Mpokocbes Bnagucnas Buktoposuy vlad.prokof@yandex.ru

HUWN mexaHuku MI'y umeHu M.B. JTomoHocosa, Mockesa, Poccus

AnHoTtanms. VccnenoBansl pesxuMbl pabOTBI TeHEpaTopa UMITYJILCHBIX CTPYH, COCTOSIIIEro
13 KaBUTATOPa, BEHTUINPYEMOM KaBEPHBI, COSANHUTENILHOTO KaHaja U Cy>Karolerocs coruia
Ha BbIXoZie. OCHOBHOE BHHMMAaHHE YJIENICHO BBHICOKOUAaCTOTHOMY PEXHMMY aBTOKOJIEOaHMH,
Korsia KosieOaHusl TaBIeHHs B KaBepHE 1 B JOpKaMepe NMPaKTHIECKH OTCYTCTBYIOT, HO HMEET
MECTO MPEPBIBUCTOE UCTEUEHHE XKUAKOCTH U3 coluta. IIpennonoxkenne, 4To Takue aBTOKOJIe-
OGaHuUsT MOTYT OBITH CBsI3aHBI ¢ Peneit — TelmopoBckolf HEYCTOWYNBOCTBHIO TPAHHUIIBI CTPYH
MOJKPEIJIEHO AHAIM30M TOYHOI'O PELICHUS IIOCKOM 3ajjaud O B3aMMOJAEHCTBUM KOHEYHOM
CTpyH C HAKJIOHHOM IUIACTUHOM NP Pa3jIMYHbIX AABJICHUAX HA IIOBEPXHOCTAX NAJaroUIeH U
ucrekaromeil ctpyil. 3agaya perrena TogyHo Metogamu TOKII ¢ momoripio KBa3uABOSIKOIIE-
proanveckux ToTa HyHKIuMH. [IokazaHo, YTO TCUCHHE ¢ HEYCTOWYMBOM IPAHUIICH CTPYH UME-
€T MecTO BOJIM3M NPEJIeNIbHOTO PEeleH s, KOT/1a CTPys 3aMbIKaeTcsi 0e3 BO3BpaTHOM CTpyH Ha
MOBEPXHOCTU HAKJIOHHOW IutacTuHbI. IlodydeHa cBS3p MeXIy YMCIOM KaBUTALMM MpPEAEib-
HOTO Te€UeHMs U NTapaMeTpaMy T'eHepaTopa UMITYJIbCHBIX CTPYH.

KaroueBble cioBa: KaBuTanys, aBTOKOJIEOAHMS, OTPHUIATENIHHOE YMCIO KaBUTAIMHM, HeE-
ycroiunBocTs Penes — Telinopa, reHepaTop UMITYJIbCHBIX CTPYH
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On the relationship between high -frequency self-oscillations
in a pulsed-jet generator and the Rayleigh — Taylor instability
of the cavity boundary

Ocheretyany Sergey Alekseevich
Topeytsev Gennady Vasilievich
Prokofiev Vladislav Viktorovich vlad.prokof@yandex.ru

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. Operating regimes of a pulsed-jet generator composed of a cavitator, a ventilated
cavity, a connecting channel, and a converging nozzle at the outlet are investigated. Particular
attention is given to a high-frequency self-oscillation regime, in which pressure oscillations in
the cavity and the plenum chamber are negligible, while intermittent fluid ejection from the
nozzle is observed. It is hypothesized that such self-oscillations are associated with the Ray-
leigh — Taylor instability of the jet boundary. This assumption is supported by an analysis of
an exact solution to the two-dimensional problem of interaction between a finite jet and an
inclined plate under different pressures on the surfaces of the incident and effluent jets. The
problem is solved exactly by methods of complex analysis (theory of functions of a complex
variable) using quasi—doubly periodic theta functions. It is shown that a flow with an unstable
jet boundary arises in the vicinity of the limiting solution, when the jet closes without a re-
entrant jet on the surface of the inclined plate. A relation is obtained between the cavitation
number of the limiting flow and the parameters of the pulsed-jet generator.

Keywords: cavitation; self-oscillations; Rayleigh — Taylor instability; pulsed-jet generator;
ventilated cavity; negative cavitation number
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CunoBoi aHaNM3 3y64aTo - pblYAXKHOr0 MeXaHU3Ma Komnpeccopa
C HeKpyrnbIMu 3y64aTbiMu KOJIECAMMU

HoBuukuii AHppeit Bnagumuposuy novitskiy_19@mail.ru
Mpuxoabko AnekcaHap ANeKcaHApoBuY

Ky6r'TY, KpacHodap, Poccus

AHHoTanus. OnHON U3 BaXKHBIX 33/1a4 MEXAaHUKH MAIIIMH SBISETCS CHIDKCHHE HepaBHOMEp-
HOCTH BpAILICHUsI BXOJHOTO 3BEHA LUKJIOBBIX MEXaHU3MOB. TpaJUIMOHHBIM CIIOCOOOM pe-
IICHUS TAaHHOH 3aj1auy sIBJISETCSl YCTaHOBKAa MaxOBHKA, OJIHAKO JUIs 000pYAOBaHHsS C OOJIb-
IIMMU NUKOBBIMH 3HAUEHUAMH LUKIMYECKUX HArpy30K MOMEHT MHEPLUM MaXOBHKa MOXET
NPUHUMATH OOJBIINE 3HAYCHHUS, YTO HPHBOJNUT K YBEIMUCHHIO MacCOrabapUTHBIX MOKa3aTe-
neit MamvHBL. B pabore Ha nmpumepe MOPIIHEBOTO KOMITPECCOpa HCCIEAyeTCs BO3MOKHOCTh
YMEHBIICHHS KOIeOaHNi CKOPOCTH BXOIHOTO 3BE€HA C TOMOIIIBIO MAphl HEKPYTIIBIX 3y0UaThIX
KOJIeC, KOTOpasi YCTaHABJIMBACTCS MEXKIY BaJOM JBHUTATENS W BXOTHBIM BAJIOM IIMKJIOBOTO
MeXaHHU3Ma ¥ MO3BOJIIET HENMMHEWHO MepeaBaTh KPYTAIINH MOMEHT, YBEIIIMUUBAs €ro 3Hade-
HHE BO BpeMs pabdodvero xoJa W YMEHBIIIas BO BPEMs XOJOCTOTO XOAa MammHEL IIpoBeneH
KWHETOCTAaTUUECKUI aHaJIN3 MPEIUIOKEHHOTO 3y0uaTo-pel4a)kKHOr0 MEXaHNU3Ma, B Pe3yJbTaTe
KOTOPOTO ONpeJiesIeHbl PeaKIii B KHHEMAaTHUECKHX Mapax M ypaBHOBEIIMBAIOIINIT MOMEHT.
HccnenoBaHo HanpshkeHHO-1e(OPMHUPOBAHHOE COCTOSIHUE HEKPYIJIBIX 3y0OuaThiX KoJec, Io-
CTPOCHBI KAPTUHBI SKBUBAJIECHTHBIX HANPSDKEHUH B HanOoJIee HarpyKEHHOM ITOJI0KEHHUH.

KiroueBbie cjioBa: HPIKIIOBOﬁ MCXaHU3M, HCPABHOMEPHOCTL BpallICHUSA, HCKPYTJILIC 3y6qa—
ThIC KOJICCA, CUJIOBOM aHAJIU3

Force analysis of a compressor linkage with non-circular gears

Novitskii Andrey Vladimirovich novitskiy_19@mail.ru
Prikhodko Alexander Alexandrovich

Kuban State Technological University, Krasnodar, Russia

Abstract. One of the important tasks in machine mechanics is reducing the input link rotation
irregularity in cyclic mechanisms. A traditional solution to this problem is the installation of a
flywheel. However, for equipment with high peak cyclic loads, the flywheel's moment of in-
ertia can become large, leading to an increase in the machine's overall weight and dimensions.
Using a piston compressor as an example, this paper explores the possibility of reducing input
link speed variations using a pair of non-circular gears. The pair is installed between the mo-
tor shaft and the input shaft of the cyclic mechanism and enables non-linear torque transmis-
sion, increasing its value during the power stroke and decreasing it during the machine's idle
run. A kinetostatic analysis of the proposed gear-lever mechanism was conducted, determin-
ing the reactions in kinematic pairs and the balancing torque. The stress-strain state of the
non-circular gears was studied, and equivalent stress patterns were constructed in the most
heavily loaded position.

Keywords: cyclic mechanism, rotation irregularity, non-circular gears, force analysis
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AHHOTanms1. PaccMOTpeH CHHTE3 3aKOHA yIIPABICHUSI COOCTBEHHBIM KHHETHUECKAM MOMEH-
TOM CHCTEMBI TUPOCKONMMYIECKIX MCIOJHUTEIBHBIX OPTaHOB, UCIIOIB3YEMbBIX ISl CTa0mIIHN3a-
LM KOCMHYECKOTO arrapara B opOMTalbHOU crcTeMe koopauHar. [lokasan npumep peanu-
3al1H, TIOJIy4€HHOIO ¢ MOMOIIbI0 (yHKIMK JIsmyHOBa 3aKOHa yIpaBJIeHUs, UCIIOIb3YEMOro
JUI osaepykaHus opueHTanni KA B OKpeCTHOCTH €ro MpaBHTAIIMOHHO HEYyCTOWYHBOTO I10-
JIOJKEHUSI PABHOBECHS.

KioueBble ci1oBa: kocMuueckuii anmapar, opourtainbHas opueHTanust, GyHnkius JismyHosa

Synthesis of a spacecraft angular motion control law
using the lyapunov function

Gorbachevskaya Anastasia Pavlovna gorbachevskayaap@student.bmstu.ru

Ignatov Alexander Ivanovich ignatov@bmstu.ru
SPIN-code: 8017-4452

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The synthesis of a control law for the proper angular momentum of a system of
gyroscopic actuators used to stabilize a spacecraft in an orbital coordinate system are exami-
nated. An example of the implementation of a control law derived using the Lyapunov func-
tion is presented, used to maintain the spacecraft's orientation in the vicinity of its gravitation-
ally unstable equilibrium position.

Keywords: spacecraft, orbital orientation, Lyapunov function
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CVITyaLI,VIOHHbIe 3a4aHNA B paMKaX q)yH,U,aMEHTaHbeIX ANCUUTUINH
npu NOArotToBKe MHXeHepoB

bepectoBa CBeTnaHa AneKCaHApPOBHA s.a.berestova@urfu.ru
SPIN-kop: 3396-6210

Yp®y, EkamepuHbype, Poccus

AHHoOTanus. B yclIoBUSX CTPEMUTENHHOTO pa3BUTHS TEXHOJIOTUI U BO3PACTAHUS CIIOKHOCTH
WHXKCHEPHBIX 3a]1au TPAIUIIMOHHBIC METOMBI MPerojaBanus (yHIaMEHTAIBHBIX JUCIUILIHH
3a4acTyI0 JIEMOHCTPHUPYIOT CBOIO OTPaHMYCHHOCTH. CTYIEHTHI, YCIEITHO OCBAWBAIOIINC a0-
CTPaKTHBIE TEOPETUUYECKHE KOHLEIIINH, HEPEKO UCTIBITHIBAIOT TPYIHOCTH C UX MPUMEHEHU-
€M JUIs pelIeHUs IPUKIAIHBIX TpobiieM. [Ipeomonenre pa3priBa MEKAY TCOPUCH M TIPAKTH-
KO SIBJISIETCS OTHOHM M3 KITFOUEBBIX 3374 COBPEMEHHOTO HH)KEHEPHOTO 00pa3oBaHus. MeTon
CUTYallMOHHBIX 3a/IaHU (KEeHCOB), MHTETPUPOBAHHBIX B IpollecC U3ydeHUs (pyHIaMeHTab-
HBIX HayK, MOKa3aj CBOK d(P(PEKTUBHOCTh B paMKax MPEIOJABAHUS TCOPECTHICCKON MEXaHH-
ku. Ero BHeIpeHue mo3BoIIsIeT TpaHC(HOPMHUPOBATh YUEOHBIN TPOIIECC, MOACTHUPYS (pparMeH-
Thl Oynylieid npoecCHOHANBHOW JAESATENILHOCTH YK€ Ha MepBhIX Kypcax. PaccMoTpeHb
METOJIUYCCKHE aCTICKThI Pa3pabOTKU M BHEPCHUS CUTYAIIMOHHBIX 337124 B yYEOHBIH mporiece,
JIaHbl MIPUMEPbl KOHCTPYUPOBAHMS 3a/IaHUil, KOTOpBIE, OCTaBasChb B paMKax MpPEAMETHOIO
OJISl TEOPETUYECKON MEXAaHUKH, OJHOBPEMEHHO HUMUTHPYIOT peajibHble MH)KEHEPHBIE MPO-
OneMebl, TpeOyIOMIHe TS CBOCTO PEIICHHS IPUMEHECHHUS ITOTYICHHBIX TEOPSTUICCKIX 3HAHHH.
3aTpOHYTHl BOMPOCH (POPMHUPOBAHUS y CTYICHTOB CHCTEMHOTO WHXXCHEPHOTO MBIIUICHHS,
Pa3BUTH HABBIKOB aHAJIM3a YCIIOBUH, BRIIBW)KCHHS TUIIOTE3 M BEIOOpA ONTHMAIBHOTO MaTe-
MaTHYECKOro amnmnapata. [IpakTHuecKuil OnbIT JEMOHCTPUPYET, YTO TAKOM MOJIXOJ HE TOJIBKO
TIOBBIIIIACT MOTHBAIMIO K HM3YUCHHIO (DyHAaMEHTANFHBIX HAYK, HO M CIIOCOOCTByeT Ooiee
TTyOOKOMY W OCO3HAHHOMY YCBOGHHIO MaTepHala, 3aKiajpIBasi MPOYHBIA (QyHAaMEHT UIsA
MOCTIETYFOIIETO OCBOCHUS CTICITUATbHBIX MHKEHEPHBIX TUCIUILINH.

KiroueBble ciioBa: PCaIbHbIC MTHKCHCPHBIC 06'E>CKTI)I, KOHTCKCTHOCTb, MOTHBALIMA
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Situational tasks within the context of fundamental disciplines
in engineering education

Berestova Svetlana Alexandrovna s.a.berestova@urfu.ru
SPIN-code: 3396-6210

UrFU, Yekaterinburg, Russia

Abstract. With the rapid advancement of technology and increasing complexity of engineer-
ing projects, traditional teaching methods for fundamental subjects can often be limiting. Stu-
dents who are able to grasp abstract theoretical concepts can still struggle to apply them in
practical situations. Bridging the gap between theoretical knowledge and practical application
is a significant challenge for modern engineering education. The use of situational tasks inte-
grated into the study of fundamental sciences has been proven to be an effective teaching
method for theoretical mechanics. This approach allows students to simulate fragments of
future professional activities even at the early stages of their studies. The methodological as-
pects of designing and implementing these tasks in the learning process are discussed, as well
as examples that simulate real-world engineering challenges within the field of theoretical
mechanics. The importance of developing engineering thinking, analytical skills, and the abil-
ity to choose optimal mathematical tools for problem solving is emphasized. Practical experi-
ence has shown that this approach increases motivation for studying fundamental sciences and
promotes a deeper understanding of the material, providing a solid foundation for subsequent
specialized studies in engineering.

Keywords: real engineering objects, contextuality, motivation
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AHHOTanus. PaccMoTpeHa UCTOpHS U 3BOJIIOLHS CTYACHYECKUX OJIMMIIHAJ 10 OOIIeHHIKe-
HEpHBIM JUCIUIUIMHAM: TEOPETHYECKOW MEXaHUKE M CONPOTHBICHUIO MaTepuajioB. Pac-
CMOTPECHBI KIIHOYEBBIE MCTOJIUYCCKHUEC U OpPTaHU3allUOHHBIC aCICKThI UX ITPOBCACHUA. Cu-
CTeMaTHU3MPOBaHbl NPUHLIUIBI OPraHM3alMd ¥ IPOAHAIM3WPOBAHBI HOBBIE TEHICHIMU
(mucraHumoHHBIE (OPMBI, pocT reorpaduueckoro oxsara). Ha ocHOBe CpaBHHUTEIBHOTO
aHaJM3a JIaHHBIX (PMHAIBHOTO dTana Beepoccuickoi oMMMITHA B! IO CONPOTHBIICHUIO Ma-
TEpUAJIOB 32 MATHJICTHUHA TEPHOJ CHIEJIAaHbI BEIBOABI O XapaKTEPHBIX MpoOJIeMax W OOLIUX
TEHJICHIUSX B ITOJrOTOBKE Oyaymux nHxeHepoB. KiroueBoii mpobiaeMol sBiIseTcs HHCTH-
TyIMOHAJIbHASI HEYCTOWYNBOCTH 3((EKTUBHON MOJAENN BBISBICHHS TAJIAHTINBBIX CTYICH-
ToB. HecMOTpsl Ha CBOIO pe3yJIbTaTUBHOCTD, JaHHAS MOJEIb JEP)KUTCS B OCHOBHOM HA DH-
Ty3ua3Me IIelarOrOB W HE 3aKpeluleHa Ha YpOBHE 00pa30BaTeNbHBIX CTAHIAPTOB, YTO
YrpoXkaeT ee JalIbHEHIIeMy CyIIeCTBOBAHUIO.

KiroueBble ciioBa: CcTylIeHUYeCKas ONMMIINAJAA, TEOPETHYECKas MEXaHUKa, CONPOTHUBIICHHE
MaTepHaloB, MH)XEHEpPHOE 00pa30BaHKE, Pa3BUTHUE TBOPUECKHUX CIIOCOOHOCTEH, MEXKBY30B-
CKO€ B3aMMOJICHCTBHE, MEKIYHAPOAHOE COTPYIHUIECTBO
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The development and prospects of student Olympiads in technical
disciplines: the example of theoretical mechanics and strength
of materials
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Abstract. The history and evolution of student Olympiads in general engineering disciplines:
theoretical mechanics and strength of materials are considered. It discusses the key methodo-
logical and organizational aspects of their implementation. The principles of organizing these
competitions are systematized, and new trends (such as remote formats and expanded geo-
graphical reach) are analyzed. Based on a comparative analysis of data from the final stage of
the All-Russian Student Olympiad in Strength of Materials over a five-year period, conclu-
sions are drawn about characteristic problems and general trends in the training of future en-
gineers. A key problem identified is the institutional instability of the effective model for
identifying talented students. Despite its effectiveness, this model relies primarily on the en-
thusiasm of educators and is not embedded within educational standards, which threatens its
long-term sustainability.

Keywords: student Olympiad, theoretical mechanics, strength of materials, engineering edu-
cation, development of creative abilities, intercollegiate interaction, international cooperation
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AnnoTtaums. [IpenmoxeH WHXEHEPHBIH IMOAX0A K aHAIH3y 9acTOT CBOOOTHBIX KOIEOaHMA
KOHCTPYKINH BUOPOTaCAIINX YUTMHATEIEH PACTOUHBIX ONPABOK C MCIOIB30BAaHUEM YHCIICH-
HbIX pacueToB. [loctpoeHne hu3MIECKHX MOENEH UMEeT pelaroliee 3HaYeHHE B MOBBIIIIE-
HUs 9(GEKTUBHOCTH pa3padOTKK TEXHOJIOIMYECKHX TPOIECCOB. B yacTHOCTH, 3TO Kacaercs
PalOHAILHOTO HCIIOJIB30BaHUsl 000pYAOBaHMs JUIsl MEXaHWYECKOW 00pabOoTKH Jeraseid.
BypHoe pa3ButHe poOOTH3MPOBAHHBIX 00padaTHIBAIONINX Y3JI0B TPEOYeT BBHICOKOH CTEIEHH
UX JIMHAMUYECKOM COIJIaCOBaHHOCTH, TO €CTh MCKJIIOUYEHUS! BO3HUKHOBEHHS HEOITyCTHMBIX
BUOpanuii W pe30HAHCHBIX SIBICHUH INpH SKCIUTyaTanuu. s 3TOro B MX KOHCTPYKIUH
IpelyCMaTpPUBAETCSI BBEJICHNE AEMIT(QUPYIOIINX 3JIEMEHTOB B BHJE Y/UTMHUTENICH PACTOYHBIX
ompaBok [1]. B pabote mpemmaraercs moaxox /Ui NCCIEA0BaHNS JUHAMHUKH TTOJJOOHBIX 3J1e-
MeHTOB [2, 3]. BBuay TOTO 9TO yUITMHHUTENh ONPAaBKU MPEACTABISET HAPSHKEHHO AehopMu-
POBaHHYIO KOHCTPYKIIHIO C TIEPEMEHHON MO JJIMHE XKECTKOCTBIO U MACCOM, aHAIN3 €ro IOBe-
JICHUS TIPOBOAUTCSI HA OCHOBE YMCIICHHBIX PAacueTOB OJHOMEPHOH MOJENH, yUUTHIBAIOLICH
Kak pacrpe/ieJIeHHbIe MaCCOBO-)KECTKOCTHBIE XapaKTEPUCTUKH, TaK IPEABAPUTEIILHOE OCEBOE
HarpyxeHue. [IpeyiosKeH aropuTM pacueTa U MyTH OICHKHA BUOPOTaIICHHs MPEIOKESHHON
KOHCTPYKIIWH.

KuroueBble ciioBa: CTCPIKCHDb, 4aCTOTa, CcBOOOIHBIE KOJ'Ie6aHI/I$I, PE30HAHC
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A variable parameter rod model for calculating the dynamics
of boring bar extensions
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Abstract. An engineering approach to the analysis of free vibration frequencies of vibration-
damping boring bar extensions using numerical calculations is proposed. The development of
physical models is crucial for improving the efficiency of technological process development.
This applies in particular to the rational use of equipment for machining parts. The rapid de-
velopment of robotic machining units requires a high degree of dynamic coordination, i.e., the
elimination of unacceptable vibrations and resonance phenomena during operation. To
achieve this, their design includes damping elements in the form of boring bar extensions [1].
This paper proposes an approach for studying the dynamics of such elements [2, 3]. Since the
boring bar extension is a stress-strain structure with variable stiffness and mass along its
length, its behavior is analyzed using numerical calculations of a one-dimensional model that
takes into account both distributed mass-stiffness characteristics and preliminary axial load-
ing. A calculation algorithm and methods for evaluating the vibration damping of the pro-
posed design are proposed.

Keywords: rod, frequency, free vibrations, resonance
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CTpYKTypa TeYeHUs1 OKOJ0 NOJIYKOHYCA HAa MJIaCcTUHE
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AHHoTanus. [IpencraBieHsl pe3ysnbTaThl 3KCHEPUMEHTAIBHOTO W YHCIEHHOTO HCCIIENI0Ba-
HHUH CTPYKTYpPBI CBEpX3BYKOBOTO (M = 3) 00TEeKaHUsI KOMIIOHOBKH ITOJIyKOHYC Ha IUTaCTHHE,
BEpIIMHA KOTOPOTO COBIAIAET C MPSIMON CBEPX3BYKOBOM KPOMKOH IUIACTUHBI. DKCIIEPUMEH-
TAJIHO C TTOMOIIBIO CIIEIMAIBHOTO ONTHYECKOTO0 METOAA IS BU3YaIM3aIllH CBEPX3BYKOBBIX
KOHMYECKUX TCUCHHUH yCTaHOBIICHO [ 1], YTO 001aCTh OTPHIBA, BOSHUKAKOMIAS [IPU B3aHMMO/ICH-
CTBMU YIApHOM BOJHBI C IOTPAaHUYHBIM CJIOEM HA IIIACTHHE, LIEIMKOM paclojlaraeTcsi Ha
IUIaCTHUHE. BBICHEHO, YTO JIMHMS pacTeKaHWs Ha MOBEPXHOCTHU IOJYKOHyCa HE SBIAETCS,
BOIPEKH UMEIOLIEMYCSI B JINTEPAType MPEACTaBIEHUIO [2, 3], MMHUEN NPUCOEIUHEHHS] OTO-
PBaBLIETOCS Ha IJIACTHHE MOTOKA. YCTAHOBIEHO, YTO CTPYKTypa TEUCHHS B yIApHOM CIIOE
OIpEJENsAeTCs] UHTEHCUBHOCTBIO KOHTAKTHBIX Pa3pbIBOB, MCXOMAIIUX U3 TOYEK BETBICHUS
COITYTCTBYIOIIEH yIapHO-BOIHOBOM KOH(MUTYpanuu. [Ipn 3TOM B yAapHOM CIIO€ MOTYT CyIIe-
CTBOBATh OO CTaHIapTHBIE ocoOeHHOCTH Deppr HA MOBEPXHOCTH MOTYKOHYCa, JTNOO BUX-
pEBBIE HaJ €T0 MOBEPXHOCTHIO. Ha ocHOBE Mozenelt nieanbHOTO M BSI3KOTO ra3a pa3paboTa-
Hbl YHCIICHHbIE KOIbI IJIsI pacuera TeYCHHs B KOHMYECKOM mnpuoOImkeHnd. CpaBHEHUE
PE3yIbTaTOB PACUYETOB C HKCIIEPUMEHTATFHBIMU JaHHBIMH TIOKA3aJI0 UX YAOBJIETBOPUTEIHHOE
corJlacye Y TPaHHIbl IPUMEHEHHS KaXKI0To U3 HUX.

KiroueBble cji0Ba: CBEpX3BYKOBBIE KOHMUECKUE TEUEHHsI, YIapHbIE BOJIHBI, KOHTAKTHBIN
pa3psbIB, OTPHIB TYPOYICHTHOTO MOTPAHHMYHOTO CII0sI, 0COOCHHOCTL Deppu

Hceneoosanue sbinonneno 6 pamrkax 20Cy0apcmeeHH020 3a0aHUs.
MTI'Y umenu M.B. Jlomonocosa.
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Flow structure around a half-cone on a plate in supersonic current
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Abstract. The article presents the results of experimental and numerical studies of the struc-
ture of supersonic (M=3) flow past a semi-cone assembly on a plate, the apex of which coin-
cides with the straight supersonic edge of the plate. Using a specialized optical method for
visualizing supersonic conical flows, it was experimentally established [1] that the separation
region arising from the interaction of a shock wave with the boundary layer on the plate is
located entirely on the plate. It was found that the spreading line on the surface of the semi-
cone is not, contrary to the existing idea in the literature [2, 3], the reattachment line of the
flow separated on the plate. It was established that the flow structure in the shock layer is de-
termined by the intensity of contact discontinuities emanating from the branching points of
the accompanying shock-wave configuration. In this case, either standard Ferry singularities
on the surface of the semi-cone or vortex singularities above its surface can exist in the shock
layer. Numerical codes for flow calculations in the conical approximation were developed
based on ideal and viscous gas models. Comparison of the calculated results with experi-
mental data demonstrated satisfactory agreement and the applicability limits of each.

Keywords: supersonic conical flows, shock waves, contact discontinuity, turbulent boundary
layer separation, Ferry singularity
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YK 532.5

TeueHus xxungkoctn B auddysope ¢ 60nblIMM YINOM pacTBopa

Kymakwes Cepreit AHaToNbeBUY kumak@ipmnet.ru

WHcmumym npobnem mexaHuku um. A.F0. MwnuHckozo PAH, Mockea, Poccus

AnnoTtaums. s momHO# moctaHoBKY 3anauu [xeddpu — [amens o TedeHnn KAAKOCTH B
IockoM auddy3ope, HaiiieHBl ¥ TOCTPOSHBI MPOMMIN CKOPOCTH CTAMOHAPHBIX TEUCHHUH
BSI3KOH JKUIKOCTH 1L OOJBIIHX YTIIOB pacTBopa auddysopa. YcraHoBieHa HEBO3ZMOXKHOCTh
CYIIECTBOBAHUs OJJHOMOJIOBOTo (0e3 y4acTKoB oOpaTHOro TedeHws) pexuma. [Ipu manmbix
yucnax PeifHojb/ca TeueHHe UMeeT TPEXMOJIOBbBI NPOQHIb CKOPOCTH C JIBYMS y4aCTKaMH
HCTCUYCHHS JKUAKOCTH Y CTCHOK U 00paTHBIM TeYeHHEeM 1o HeHTpy auddysopa. IIpu yBemm-
YeHUH uKcia PeliHoiblica TOKa3aH mepexoj K ISITUMOJIOBOMY TEUEHHIO, KOTJa Y4acTKOB
WCTEUYEHUs! )KUJIKOCTH TIO-TIPEKHEMY [Ba, @ Y4ACTKOB C 00paTHBIM TEUEHUEM CTaHOBUTCS TPH.
[MonyuunBIIascst kKapTHHA TEUCHUIA TIOKa3aHa Ha puMepe auddy3opa ¢ yriaom pacteopa 270°.

Krouesie cioBa: muddysop, 3anaua Jxedpdpn — Famens

Paboma sevinonnena no meme eoczadanus (Ne 124012500443-0).



Me>x0yHapoOHas Hay4Has KoHpepeHyus «PyHOameHmasbHbie U NPUKIaOHbIe 3a0a4u MexaHuku» 191

The flow of liquid in the diffuser with a large opening angle

Kumakshev Sergey Anatolyevich kumak@ipmnet.ru

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. To fully formulate the Jeffrey — Hamel problem of fluid flow in a flat diffuser,
velocity profiles of stationary viscous fluid flows for large opening angles of the diffuser are
found and constructed. The impossibility of the existence of a single-mode (without reverse
flow sections) mode has been established. At low Reynolds numbers, the flow has a three-
mode velocity profile with two sections of liquid outflow at the walls and a reverse flow along
the center of the diffuser. As the Reynolds number increases, the transition to a five-mode
flow is shown, when there are still two outflow sections and three reverse flow sections. The
resulting flow pattern is illustrated by the example of a diffuser with a opening angle of 270
degrees.

Keywords: diffuser, Jeffrey — Hamel problem
The study was supported by the Government program (# 124012500443-0).
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Y[IK 629.7

YnpaBneHue opueHTauuei TBepAoro Tena
C MOMOLLbIO YETbIPEXOCHOI0 KapAaHHOIO NojBeca

)

Aky60Buy [lapbs OpbesHa' yakubovich0406@gmail.com

bennueHko Muxaun Banepuesuy

MAU, Mockea, Poccus

AHHoTanms. PaccMoTpeHa 3ajaya ynpaBlieHUs] IPOCTPAHCTBEHHON OpHEHTAalMEN TBEPIOrO
TeNa ¢ TMPUMEHEHUEM 4YETBIPEXOCHOTO KapAaHHOTO mojiseca. B ommume oT KinaccHdeckou
TPEXOCHOW KOHCTPYKLHMH, MPEAJIOKEHHBII BApUAHT MO3BOJISIET KOMIIEHCUPOBATh BBIPOK/ICH-
HbIE TIOJIOXKEHHSI PAMOK 3a CUET BBEACHHMS JIONIOJIHUTEIBHON cTeneHu cBo0obl. [Ipeanoxen
AITOPUTM YTIPABJIICHUS BHEIIHEH PaMKOH, 00eCHeYnBaroIMii 00X0 ] BEIPOXKICHHBIX COCTOS-
HUH ¥ cTabuibHyto paboTy nojBeca. JlnHamudeckas MOZENb CUCTEMBI IOCTPOSHA Ha OCHOBE
OubIIMoTeKH, pa3paboTaHHO! ¢ MOMOIIEI0 s3bika Modelica, peanusyromeit JUHAMHKY TBEp-
JIBIX TEI CO CBSI35IMH B TPEXMEPHOM IPOCTPAHCTBE.

KroueBble ciioBa: KapiaHHBIN TO/BEC, YIIPaBJICHHE OPHEHTANEH, BBIPOXKICHHOE TTOJI0XKE-
HUe, crabunmsars, multibody system

Rigid body orientation control with a four-axis gimbal

Yakubovich Daria Yurievna®” yakubovich0406@gmail.com
Belichenko Mikhail Valerievich

Moscow Aviation Institute, Moscow, Russia

Abstract. This work addresses the control of a rigid body’s spatial orientation using a four-
axis gimbal. The additional degree of freedom introduced in the proposed design eliminates
the problem of gimbal lock inherent in the classical three-axis configuration. An outer frame
control algorithm is developed to avoid singular states and maintain stable system perfor-
mance. The dynamic model is implemented in Modelica with a dedicated library for simulat-
ing constrained rigid-body dynamics in three-dimensional space.

Keywords: gimbal, attitude control, singular position, stabilization, multibody system
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YK 519.71

YnpaBneHue NpoCTPaHCTBEHHbIM ABUXXEeHMEeM KBaApoKonTepa
Ha 6a3e OLeHKU BEKTOpA COCTOAHUSA

XopolweBa AHHa AnekcangposHa'” a.khoroscheva@yandex.ru
SPIN-kofa: 9116-2964
Fony6es Anekcei EBreHbeBuy v-algolu@hotmail.com

SPIN-kop: 2626-1599

UHcmumym npobnem mexaHuku um. A.F0. MwnuHckoz2o PAH, Mockea, Poccua

AHHoTanms. PaccMoTpeHa 3aja4a yrnpaBiieHHs POCTPAHCTBEHHBIM JIBIDKCHHEM KBaJPOKO-
nTepa B YCIOBHSX HEMOJIHOTHI M3MEpSeMON MH(POPMAIMK O MEepeMeHHbIX cocTosiHus. Ocy-
IIIECTBJICH CHHTE3 3aKOHOB YIPABJICHUS IBI)KCHHUEM JICTATESIBHOTO aliapaTta B MPOCTPAHCTBE
B BUJIC OOPATHOM CBS3U 110 M3MEPSIEMBIM KOMIIOHEHTaM BEKTOpPa COCTOSHHS MaTEMaTHUCCKON
MoJeH KBampokonTepa. [IpeaiokeHo perieHne s 3aJa4k OLCHUBAHNS KOMITIOHEHT BEKTO-
pa COCTOSIHUSI TIPU TIOMOIIM HAOIIOMATENS C MOCICAYIONIAM UCIIOIh30BAHUEM MOTyUCHHOM
OIICHKH B CTAaOWIM3UPYIOMIeH 00paTHOM CBs3u. PaboTOCIIOCOOHOCTh MOJTYYCHHBIX 3aKOHOB
YIpaBIICHUS TIPOBEPEHA MPY TIOMOIIH YHACICHHOTO MOJICTIMPOBAHMUS C HCIIOTB30BAHUEM TTaKe-
ta MATLAB/Simulink

KaroueBble ciioBa: nuHeapu3anist 0OOpaTHOW CBSI3BIO 110 COCTOSTHHMIO, HaOIIOaTeb COCTOS-
HUS, YIIPABJICHNE, KBAAPOKOITED

Control of quadcopter spatial motion based on the system
state vector estimation

Khorosheva Anna Aleksandrovna®” a.khoroscheva@yandex.ru

SPIN-code: 9116-2964

Golubev Alexey Evgenievich v-algolu@hotmail.com
SPIN-code: 2626-1599

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. The problem of controlling the spatial motion of a quadcopter under conditions of
incomplete state measurements is considered. Laws for controlling the aircraft's spatial mo-
tion are synthesized in the form of feedback based on the measured components of the state
vector of a mathematical model of the quadcopter. A solution is proposed for estimating the
state vector components using an observer, followed by using the resulting estimate in a stabi-
lizing feedback loop. The performance of the resulting control laws is verified through numer-
ical simulation using the MATLAB/Simulink package.

Keywords: state feedback linearization, state observer, control, quadcopter
BBenenue. B Hactosmee BpeMsi O0JbIIOe KOTUYECTBO myoOnukaiuii [1-3] mocss-

mEHO HMCCICAOBAHUAM B obmactu pa3pa60TKH AJITOPUTMOB aBTOMATHUYCCKOT'O
yhopaBJICHUSA ABUKCHUCM KBAJIPOKOIITEPOB B YCIOBHUAX, KOTAa HU3MCPCHUAM [0-
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CTYIIHBI HE BCE KOMIIOHEHTHI BEKTOPa COCTOSIHUS cucTeMbl. OMH N3 BO3MOXHBIX
MOJXOOB K PELICHUIO 3aJayll OLCHHBAaHUS BEKTOPa COCTOSIHUS 3aKII0YacTcs B
MIOCTPOCHUH HaOMIoaTesst COCTOSIHUSA CHUCTeMBl. B pabote uccnenyercs 3amava
MO3HIIMOHUPOBAHHUS KBAJI[POKOINTEPA B 33J]aHHON TOYKE MPOCTPAHCTBA HA OCHOBE
OLIGHKM BEKTOpa COCTOSIHMSI CUCTEMBI MPH IMOMOIIX HAOII0AaTENs ¢ BBICOKMMHU KO-
s duIMeHTaMn yCHUIICHUS.

IMocranoBka 3amauun. PaccmarpuBaeTcst MaTeMaTHUECKasi MOJIENb KBaJpOKO-
nTepa Kak TBEPIOro Tejia. YPaBHEHHS JABWKCHUS KBAJIPOKONTEPA UMEIOT CIIEAYIO-
i By [1]:

(x(4)> _ <f1> —Ecos<p< siny  cos lP) (sec2 @ tangtan 0) M,
y® fo) m —cosy siny 0 secf M

y) (1)
Z=-g +%cos<pcos€,1/3 = M,,

rle X,Y,Z — KOOPAMHATHI LIEHTPa MAcC KBaJAPOKONTEPa B MHEPLUAILHON CUCTEME
oTcuera; ¢, 0,1 — yIIbl KpeHa, TaHraka W PHICKAHUS, COOTBETCTBEHHO; M —
Macca KBaJIpOKONTEpa; g — YCKOpeHue cBOOOIHOrO maieHusi; F — cuna Tary,
coszaBaemasi Motopamu ksanpokomnrepa; M = (M,, M,, MZ)T— BEKTOp yHpaBIls-
IONMX MOMEHTOB; fi, f, — HenuHelHble (YHKINH MTePeMEeHHBIX cocTosHUA [1].
IIpennonaraercsi, 9YTO0 HEMOCPEACTBEHHBIM H3MEPEHHUSM JOCTYIHBI TepEeMEHHbIE
xX,y,2z,.

B pabote pemraercs 3amada NO3UIMOHUPOBAHMS KBaJIPOKONITEPA B TOUKE MPO-
CTpaHCTBA X = X,,Y = V,,Z = Z, U 1O YIIIy PBICKaHbs Y = i, TO €CTh HYKHO
HaifT! Takue cuiy TATH F v MOMeHTs M Kak (yHKIMH M3MEpPAEMOTo BHIXOJA, ra-
paHTHpyIoIHe BbInoaHeHue ycnosuit x(t) — x, = 0,y(t) —y,. = 0,z(t) — z, =

() =Y = O mpu t — co.

Ounenka BeKTOpa COCTOSIHMSI MPU MOMOIIU HadoaaTenst. s oneHku He-
usmepsiempix komnonent xO, y® i =13, 2,1) cocrostHus TMHAMUYECKOl cHCTe-
mbl (1), Tae uepes (i) 0603HAYEH MOPSAOK MPOU3BOIHON MO BPEMEHH, MOCTPOHM
Ha0JII01aTeb COCTOSIHUS, 3aIIMCaHHBII B BUJIE

b=t rlin(x— 1), & =&+l (Y — &),
b =83+ K2l (x —&11), & = &3 + K31 (y — &),
b3 =&+ 15lis(x —&1), €3 =&+ 131y — &),
b1a = fi1 Hitla(x = &11),  &ua = for + 5 La(y — &), @)

31 = &3+ i3l31(2 = &31), San = Eap + Kalan (Y — E40),

32 = far + K3l32(2 = &31) &3 = far + KFlay (Y — Ea0).
3mech &1 paccMaTpUBAETCS Kak OLEHKA xU-D), §,j — Kak oOleHKa yU-1,
j=14, §3j — Kak OlEHKa 20D, §4j — Kaxk OlEHKa YUY, j=12; i; > 1,

i = 1,4, — wHacTpauBacMble HapaMeTphbl Habmonarens; Kodpduuuents [, i =

ijr
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= 1,4,j = 1,4, BeiOuparorcs Tak, 4ro0bl MaTpHubl A; + L;C; ObUTH TypBUIIEBEI, T1IE

0 1 0 O
0O 01 0 '

4i=lg o o 1)kl liz, i)™, € =(1,0,0,0), i=12 A =
0 0 0 O

= (g (1))vLi = (lj1, )", €; = (1,0), i = 3,4. B mabmonartene (2) B QyHKIMAX

fi1,i = 1,4, nepemennble cocTosHUs cucTeMbl (1) 3aMEHEHBI Ha COOTBETCTBYIOMIHE
ouenku &;;. [locTaBum TOJTyYEeHHbBIE PU OMOIIM HAOJIOATENs OLUEHKH BEKTOPA
COCTOSIHUS B yIIpaBJICHUE, NIPEIIOKEeHHOE B padore [1].

IIpoBeneHo yncIeHHOE MOICIMPOBAHNE TMHAMHIYECKOH crcTteMsl (1) ¢ ympas-
JIeHHEeM, TIpeAIoKEeHHBIM B padote [1] s 3a1a4n MO3WIHOHUPOBAHUS KBaJPOKO-
nTepa B 3aJaHHOW TOYKE MPOCTPAHCTBA, HA OCHOBE OLICHKHU BEKTOPA COCTOSHUS
CHCTEMBI IIpY MoMoIy Habmoaarens (2). Mcnons3oBanuck Guznvyeckue U TeoMeT-
pHUUECKHe TapaMeTpbl MOJIENIN KBAAPOKONTEpa, YKa3aHHbIe B [1].

3akarouenne. [lpemioxkeno pemenne 3a1a4n yIpaBIeHUs! KBaIPpOKONTEPOM B
MPOCTPAHCTBE HA OCHOBE OLICHKH BEKTOPa COCTOSIHUS MPH MOMOILM HAOJIOAaTENs C
BBICOKMMHM KO3 uiimenTaMu ycueHns 1o KOOpIMHATaM LIEHTpa Macc anmapara 1
yriy peickanbs. [lo pe3ynpTaraM 4HCIEHHOTO MOJEIHPOBAHUS C TIOMOIIBIO MTAKeTa
MATLAB/Simulink MoxxHO caenath BBIBOA O pabOTOCIOCOOHOCTH MPEIOKEH-
HBIX B pabote [1] anropuT™MOB ypaBieHHUs B COYETAHUN C MCIIOJIb30BAHUEM OIICH-
KM COCTOSIHHS CHCTeMBI HaOmoaareaem (2).

Paboma gvinonnena no meme 20¢yo0apcmeenHo20 3a0aHus
(Ne cocpecucmpayuu 124012500443-0).
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Y[IK 520.607

Ynpyronnactmyeckoe HanpsixkeHHoe COCTOsIHUE TONICTOCTEHHOW cgepbl,
OAHOBPEMEHHO Harpy>XeHHOW BHELWHUM U BHYTPEHHUM [JaBJieHUEM

MeokTucToB Cepreit iBaHOBUY serg_feo@mail.ru
SPIN-kof: 8997-5884
AHppunaHoB BaH KOHCTaHTUHOBUY ivan_andrianov_90@mail.ru

SPIN-kop: 7998-1993

Komcomonbckuli-Ha-Amype 2ocydapcmeeHHbil yHugepcumem, Komcomonsck-Ha-Amype, Poccusi

AHHOTaums. PaccMOTPEHO yHpyromiacTH4eckoe HalpsKEHHOE COCTOSHUE TOJICTOCTEHHOM
cdepraeckoil 000I0UKH, HaXOSIIEHCS OJHOBPEMEHHO TO/I BHYTPEHHUM W BHEIIHNM JaBIIe-
HH1eM (3amada Jlamd). IlomydeHbl aHalTUTHUECKUE 3aBUCHMOCTH, MO3BOJIIOLINE PACcCUUTATh
YIPYroIIacTH4ECKOe HAIPSDKEHHOE COCTOSIHUE B CTEHKE 00OJIOUKH Ul HEC)KMMAaeMOro Ma-
TepHana C JMHEHHBIM 3aKOHOM JIe(hOPMAIIMOHHOTO YIPOUYHEHUS ITPU Pa3IMYHbIX COYETAHHSIX
BHYTPEHHEr0 U BHeIIHero jaBieHud. CorllacHO MONyYeHHBIM pe3yibTaTraM, XapakTep
HaIPsSHKEHHOTO COCTOSIHUSI 00OJIOUKH 3aBHCHUT OT aOCOJIFOTHOHM BEIMYMHBI Pa3HOCTH JaBlie-
HUI Ha BHYTPEHHEH U BHEIIHEH MOBEPXHOCTSIX.

KiaroueBble ciioBa: C(bepa, TOJICTOCTCHHAA 060H0‘IK3, YIPYTromiaCTUICCKOC HAIPSIXKCHHOC
COCTOSHHE, 3a1a4a .HaMZ), JIMHEHHOE YIIPpOYHCHUE
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Elastic- plastic stress state of a thick-walled sphere simultaneously
loaded with external and internal pressure

Feoktistov Sergei Ivanovich serg_feo@mail.ru
SPIN-code: 8997-5884
Andrianov lvan Konstantinovich ivan_andrianov_90@mail.ru

SPIN-code: 7998-1993

Komsomolsk-on-Amur State University, Komsomolsk-on-Amur, Russia

Abstract. The clastoplastic stress state of a thick-walled spherical shell under both internal
and external pressure (the Lame problem) is considered. Analytical dependences have been
obtained that make it possible to calculate the elastoplastic stress state in the shell wall for an
incompressible material with a linear law of strain hardening at various combinations of inter-
nal and external pressures. According to the results obtained, the nature of the stressed state of
the shell depends on the absolute magnitude of the pressure difference on the inner and outer
surfaces.

Keywords: sphere, thick-walled shell, elastic-plastic stress state, Lame problem, linear hard-
ening
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YCTOMUYNBOCTb U NONIOXKUTENBHO WHBAPWAHTHbIE MHOXECTBA

KpuweHko AnekcaHngp MetpoBuy apkri@bmstu.ru
SPIN-koga: 6570-9380

MITY um. H.3. baymaHa, Mockea, Poccus

AHHoOTanmsi. PaccMOTpeHbI HEOOXOAMMBIE M JIOCTATOYHBIE YCIOBHS ACHMITOTHIECKOH
YCTOMYHMBOCTH M YCTOMYMBOCTH B LIEJIOM ITOJIOXKEHHUsI PaBHOBECUSI B TEPMHHAX MHBApHAHT-
HBIX KOMIIAKTOB H ITOJIOKUTEIBHO MHBAPUAHTHBIX MHOXKECTB. [lJI1 MPOBEPKU 3TUX YCIIOBHI
UCIIOJIB3YETCsl METO/I JIOKAIN3alMi MHBAPUAHTHBIX KOMIAKTOB. CTpouTcst 000011eHHe (HyHK-
1y JlsamyHoBa. PaccMOTpeH puMep CUCTEMBI TPETHETO NOPSAKA.

KiroueBble c10Ba: acUMITOTHYECKAs! YCTOMYMBOCTD, YCTOMYMUBOCTH B LIEJIOM, METOJ JIOKA-
JIM3allMY HHBApUAaHTHBIX KOMIIAKTOB, (pyHKIus JIsmyHoBa

Stability and positively invariant sets

Krishchenko Alexanderich Petrovich apkri@bmstu.ru
SPIN-code: 6570-9380

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The sufficient conditions for asymptotic stability and global asymptotical stability
of the equilibrium points are considered in terms of invariant compact invariant sets and posi-
tively invariant sets. To verify these conditions, the localization method of invariant compact
sets is used. A generalization of the Lyapunov function is constructed. An example of a third-
order system is considered.

Keywords: asymptotical stability, global asymptotical stability, localization method of invar-
iant compact sets, Lyapunov function
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Y[IK 531.36

YCTOMYMBOCTD naocKonapannenbHoro gsUXeHusa NbKHUKa
npu NpbbKKe C TPAMMNJINHA

CamcoHoB Butanuii AnekcaHapoBuY
JlokwuH bopuc Akosnesuy

OkyHes lOpuit Muxavinosuy

*

Mpusanosa Onbra FeopruesHa privalova@imec.msu.ru

HUU mexaHuku MY umeHu M.B. JlomoHocosea, Mockea, Poccus

Annotanms. PaccMorpena ¢asa mosera JIBDKHAKA TIPU IPBDKKE ¢ TpaMIUTHHA. VccnenoBana
YCTONYMBOCTh PEKUMOB IUIAHUPOBAHUS B CIIy4ae IUIOCKOMAPAJIICIBHOTO JBUKEHUS C HC-
TMOJIb30BAHUEM KBA3HCTATHYECKON MOJIEIN BO3ICHCTBHS Cpelibl. VICrobp30BaHbl IaHHbBIE 110
a3pOIMHAMUYECKUM CHJIaM M MOMEHTY TaHraka JUlsl IIoJieTa JIbDKHUKA B V-CTHJIe, KOTOpbIC
SIBIISIIOTCS. (DYHKIMSIMU yTJIa aTaky, YIila HaKJIOH KOpITyca JIbDKHUKA U yTJia PaCKPBITH JIBDK
[1]. B paMkax UCMONb3yeMON MOJENU yJaeTcsl MPOCIEANUTh 3a BIUSAHUEM YKa3aHHBIX Mapa-
METpPOB, KaK Ha JaJbHOCT I10JI€Ta, TaK U Ha €ro0 yCTOWYUBOCTb.

KiaroueBble ciioBa: PCIKUM ILUTAaHUPOBAHMA, V-CTI/IJ'IL, YCTOP’I‘{I/IBOCTL

Stability of plane-parallel motion of a skier during a ski jump

Samsonov Vitaly Alexandrovich
Lokshin Boris Yakovlevich
Okunev Yuri Mikhailovich

Privalova Olga Georgievna®

privalova@imec.msu.ru

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. A flight-phase of a ski jump is studied. Stability of a gliding mode is investigated in
a case of plane-parallel motion. A quasi-steady model of interaction with medium is used.

Keywords: planning mode, V-style, stability
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YJIK 531.311

YTOYHeHne Mmojenu TpeHUA B CUCTEMAX C CUJIbHbIM
WHEPUMOHHbIM BO3MYLEHUEM

) aresut79@mail.ru

SPIN-kop: 8353-2570

Anppees Anekcanap Msanosuy'”

CemeHoB AnekcaHpp EBreHbesuny semenalex48@yandex.ru
SPIN-kop: 6482-8182
CnasuH bopuc MaTBeeBuY bslavin@yandex.ru

SPIN-kopa: 5607-4557

AcmpaxaHckuli 20cy0apcmeeHHbil mexHudeckul yHusepcumem, AcmpaxaHsb, Poccusi

AnnoTtamms. VccrenoBana MoJIeb TPEHHS B CHCTEMaX C HHEPIMOHHBIM BO3MYIICHHEM Ha
MpUMepe TWIOCKOro Boiuka TomricoHa. Pa3paboTaH SKCIEepUMEHTABHBIN CTEHIT U MPEJIo-
JKCHa yCOBEPILICHCTBOBAHHAS MOETh TPEHUS, BKIFOYAIOIIAs MOMPABKU Ha BIMSIHUE CKOPO-
CTH, IaBJICHUS B KOHTAKTE W MHEPIHUOHHYIO COCTABIISAIONIYIO, CBI3aHHYIO C YTJIIOBBIM YCKOpPE-
HueM. [lomydeHa 3aBHCHMOCTh MEXIY IIEPOXOBAaTOCTBIO W KOA(PQPHUIMCHTOM TPCHHS.
[MpemioxeHHas KOMILIEKCHAsI MOZIENb TPEHHS TI03BOJISIET 00JIee TOYHO OIMKCHIBATh TUHAMUKY
POTAIMOHHBIX CUCTEM C YYE€TOM WHEPIMOHHBIX BO3MYIIICHHUIT U XapaKTEPUCTHK MOBEPXHOCTH
TpeHusl.

KroueBsble cioBa: Bomdok TomIicoHa, WHEPIIMOHHBIE TTOMPABKH, MOJAETHh TPEHHS, POTAIH-
OHHBIE CUCTEMBI
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Refinement of the friction model in systems with strong
inertial disturbances

Andreev Alexander Ivanovich®” aresut79@mail.ru
SPIN-code: 8353-2570

Semenov Alexander Evgenievich semenalex48@yandex.ru
SPIN-code: 6482-8182

Slavin Boris Matveevich bslavin@yandex.ru

SPIN-code: 5607-4557

Astrakhan State Technical University, Astrakhan, Russia

Abstract. The paper studies the friction model in systems with a pronounced inertial com-
ponent using the example of a flat Thompson spinning top. An experimental setup has been
developed and an improved friction model has been proposed, including corrections for the
effect of speed, contact pressure and the inertial component associated with angular accel-
eration. A relationship has been obtained between roughness and the friction coefficient.
The resulting complex friction model allows for a more accurate description of the dynam-
ics of rotational systems, taking into account inertial disturbances and friction surface char-
acteristics.

Keywords: Thompson top, inertial corrections, friction model, rotational systems
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Y[IK 539.3

Yuet gecdbopmaumin caBUra B ypaBHeHUU HEPA3PbIBHOCTHU
Teopuu ynpyroctu

OBCcsAAHHMKOB Bnapucnas Muxannosuy ovsyannikovvm@yandex.ru

PYT (MUUT), Mockea, Poccus

Annortamms. JLU. CenoB B yueOHrKe MexaHUKa CIUIONIHOW CPEIbl AT TOYHYHO (BOPMYITY
K03 uImeHTa 00BEMHOr0 PACIIMPEHHs I Teopru ynpyrocti. dopMyiia yuUTBHIBaET Jie-
(opManmu ciBUra, KOTOpBIE BXOJSAT B KBaJpaTHYHBIH M KyOWUHBIH MHBAapHaHTHI TEH30pa
nedopmarmit. OTn MHBapHaHTH! BeuMCImI Diep B 1752 r. Yder tounoi ¢opmyisl Koag-
(unmenTa 00bEMHOTO PACIIMPEHHS B BHIBOJE JUHAMHUYECKOTO YPaBHEHUS B IIEPEMELICHHSX
JTaeT HOBOE HEOAHOPOIHOE BOJHOBOE ypaBHEHHE, KOTOPOE OIMMCHIBACT TEHEPALHIo KojeOa-
HUH 31aHUS IPU JEUCTBUU BHELIIHEN CHUJIBL.

KaroueBbie cioBa: xodGuIMeHT O0BEMHOIO pacHIMpeHus], KBAJpaTUYHbI HWHBAPUAHT,
KyOMYHBIN WHBAPUAHT, HICTOYHUKHU BOJHOOOpPA30BaHUs
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Taking into account shear deformations in the continuity equation
of elasticity theory

Ovsyannikov Vladislav Mikhailovich ovsyannikovvm@yandex.ru

RUT MIIT, Moscow, Russia

Abstract. L.I. Sedov in his textbook Continuum Mechanics gave an exact formula for the
coefficient of volumetric expansion for the theory of elasticity. The formula takes into ac-
count shear deformations that are included in the quadratic and cubic invariants of the defor-
mation tensor. These invariants were calculated by Euler in 1752. Taking into account the
exact formula for the coefficient of volumetric expansion in the derivation of the dynamic
equation in displacements yields a new inhomogeneous wave equation that describes the gen-
eration of building vibrations under the action of an external force.

Keywords: coefficient of volumetric expansion, quadratic invariant, cubic invariant, wave
formation sources
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Yuumcsa yuntbcAa

PoraHosa Tamapa UBsaHosHa"" dobrrog@yandex.ru
Xupkosa MapuHa BaneHTUHOBHA
MaTtBeeBa EneHa BukropoBHa

BA PBCH um. lNempa Benukoeo, banawuxa, Poccus

AnHoTanms. BrimoiaaeHO 0000mIeHNEe KOMITIEKCa MEPOIPUATHIA, IPOBOANMEIX Ha Kadeape
MexaHuKu BoeHHOH akazieMuy pakeTHBIX BOMCK CTpaTErMuecKoro Ha3HaueHus uMenu llerpa
Bemmnkoro 3a ucrexmmii mepron 2023-2025 yaeOHBIX TOAOB B paMKax IeAarornaecKoro 3Kc-
nepuMenTa kadenpsl. B Giioke MeponpHsaTHiA, TTOCBSIICHHBIX 3HAMEHATEIbHBIM JIaTaM U CO-
6BITI/I${M TCKYUICTO MEpHUOaa, UCTIOJIB30BAJICA He)IaFOFI/I‘-IeCKI/Iﬁ IPOECKT.

KiroueBble ciioBa: KOMIICTCHIIMU, nezlaromqecxnﬁ OKCIEPUMEHT, IPOCKTHAA ACATCIBHOCTD

YcnemHocTh Nmegarornaeckoil esTeNbHOCTH 0a3upyercss Ha YMEHHH BBICTPOUTH
oOIIeHue nMpyu OpraHu3aiy rnpomecca o0yueHHs: U BOCIMTaHUS. Y MEHHE Ieaarora
BBIOMPATh M COYETaTh CTHJIM OOLIEHHUSI B COOTBETCTBUH C BO3PACTOM, CIIeLM(UKOI
y4e0HOW MUCIUILTUHBI, WHTepecaMy oOydaromierocs BiIHseT Ha 3(PQeKTHBHOCTH
KOMMYHHKalud. TOnbKO OOBEAMHSIOMNE LETH M 3aJaud y4eOHOro M BOCIHTA-
TEIBHOTO TPOIIEcCa MOTYT CIMOCOOCTBOBATH BOBJICUEHHUIO OOYYArOIINXCS B COB-
MECTHYIO 00pa30BaTeNbHYIO AEATEIHHOCTS [1].

OpHa 13 OCHOBHBIX 33/1a4 NE€AArOrMYecKoro oOLeHNns — Iepenadya 3HaHUH —
HE MOXeET OBITh yCIIENTHO pemieHa 0e3 co3aanus atMocheps! JOBEpHs, TOHUMaHUS,
B3aUMHOIO YBaXXCHUS, NPUHATUS APYT ApYroM. DGGEKTHBHBIA MEAaror CTPOUT
oOmieHne ¢ o0yJaroImuMcsi TakuM 00pa3oM, 4TOOBI €ro MOTEHIHAN ObLT PacKphIT
M0 BO3MOXHOCTH TOJHOCTBIO, BE€Ab TOIBKO MOTHBHPOBAHHBIN U BJOXHOBJICHHBIIN
co0eceJHUK TOTOB HE TOJIBKO K OOIIEHHIO, HO M K COBMECTHOM AEATEIbHOCTH. [2]

B Hacrosmee Bpemst npenonasarersiMu 5 OAK 9acTHUHO MPUMEHSIOTCS aK-
TUBHBIE METOJbI pabOThI C KypCaHTaMH:

— TBOpPYECKHE ANMCKYCCUH, HalpuMmep, «MexaHuka B CTAaHOBJICHUM oduiepa-
paketuuka (ko JIHto mexanuka)y», «Boennas akagemus PBCH umenu I[letpa Benu-
KOro M OCBOEHHE KocMmoca» K 60-1eThro MepBOro IoJjeTa 4eloBeKa B KOCMOC
rpaxnanuHa Coserckoro Coro3a F0.A. I'arapuna;

— TBOpUeckue Beuepa («55 — neturo BerepaHckod opranuzaumu BA PBCH
nmenn llerpa Benmkoro. I'epoit Coerckoro Coroza PsooBa Exarepuna Bacwis-
€BHA: TPAJUIINH KUBYT U TIOOCKIAIOTY);

— ypoxu Ilamsaru;

— (aKynbTaTUBBI 10 AMCLHUIUIMHAM TEOpPETHYECKas MEXaHWKa M COIPOTHUBIIE-
HUE MaTepHaJIOB;

— MPOBEACHUE C IPUMEHEHHEM MH(POPMAaLMOHHO-KOMITBIOTEPHBIX TEXHOJIOTHH
TEKyIero KOHTpois B (opMe NeNOBOM WIphl NPU MPOBEACHUH C KypCaHTaMH
y4eOHBIX 3aHATHH;



Mexx0OyHapodHaa Hay4Has KoHpepeHyus «PyHOaMeHMa/IbHbIE U NPUK/IaOHbIe 3a0a4u MexaHuku» 205

— UHIMBUIYAIM3UPOBaHHBIN HKCIIPECC-OIPOC HA JICKIIMOHHBIX 3aHITUSX.

YMenoe coueraHue MpenofaBaTeNs MU TPAJAULUOHHBIX METOZO0B OOydeHUs
C aKTMBHBIMU W MHTEPAaKTUBHBIMH (OpMaMH B3aUMOJEHCTBUS C KypcaHTamu obec-
neqniTi 3QQPEeKTHUBHOCTH BOCTIPUATHS U3y9aeMOro MaTepraia U pa3BUTHE UX TBOP-
YEeCKOro MOTEHIMaNa B IO3HAHUU NPH M3Y4YEHUH AMCUUILIMH KadeaApbl MEXaHUKU.

Learning to learn

Roganova Tamara Ivanovna‘” dobrrog@yandex.ru
Zhidkova Marina Valentinovna

Matveeva Elena Viktorovna

Military Academy of the Strategic Missile Forces, Balashikha, Russia

Abstract. The Department of Mechanics at the Peter the Great Military Academy of Strategic
Missile Forces has summarized the activities carried out during the 2023-2025 academic years
as part of the department's pedagogical experiment. A pedagogical project was used in the
block of activities dedicated to significant dates and events of the current period.

Keywords: competencies, pedagogical experiment, project activities

CnMUcoK UCTOYHUKOB

[1] Ao6ynsxamoBa K.A., Bacun H.B., JlanteBa JL.I'., Cnactenun B.A. [lcuxonoeus u nedazocuxa.
Mocksa, CoseprreHcTBo, 1998, 300 c.

[2] bepwanckuit M.E. KoncynpTanuu: nenenonaraHie ¥ KOMIETEHTHOCTHBIM MOAXOA B y4eOHOM
npouecce. [ledazoeuueckue mexnonozuu, 2009, Ne 4, c. §9-94.

[3] XKunxosa M.B., Poranosa T.U., MareeeBa E.B. OcoOeHHOCTH MpOBENEHHS MEAArOrHIeCKOro

JKCIIEPUMEHTA U BHEAPCHHE €ro pe3ysibTaToB B 00pa3oBaTesbHbII npouecc kadenpsl. [ ymanu-
mapnuwiti gecmuux BA PBCH, 2024, Ne 4 (38), c. 72—-80.



206 Mockea, MITY um. H.3. baymaHa, 2—-5 0ekabps 2025 .

YK 378.147

LudpoBas pesonioums B 06pa3oBaTesibHbIX NpoLeccax

Cko6enesa filHnHa BanepbesHa'” ianinask@mail.ru
CupHseB Hukonan MiBaHoBUY

MITY um. H.3. baymaHa, Mockea, Poccus

AHHOTaIII/ISI. HpeI[CTaBJ'IeHI)I OCHOBHBIC HAIIpaBJICHUSA pPa3BUTHA CUCTCMbI 06pa3013aH1/I;1
B IpoHECCe aKTUBHOT'O BHCAPCHUA HH(i)pOBI)IX TEXHOJIOTHH B TEXHUYCCKHUX BYy3aX, KOTOPLIC
CBs3aHbI C IIOSABJIICHUCM HWHHOBAIIMOHHBIX W3MEHEHHH B Ppa3inIHbIX 00J1acTaX HayKn [1]
HpO&HaJ'II/BI/IpOBaHa CBA3b CHUCTCMbI 06paBOBaHI/I$I C Mmpoueccamu, MpoucxoAsanumu B O6III€-
CTBC. PaCCMOTpeHI)I AKTyaJIbHbIC HpO6J'IeMLI 06yqu1/1>1, CBs3aHHBIC C HI/I(i)pOBI/IBaHPICI;lI WHXKC-
HCPHOTO O6pa3OBaHI/Iﬂ, a TaKXKE H606XOL[I/IMOCTI>IO ajarralyu CTyACHTa K 6BICTpOMy 0OHOB-
JICHUIO HpO(i)CCCI/II/I B CBSI3M C BOBHUKHOBCHHUEM HOBBIX TEXHOJIOTHH.

KoueBsble cioBa: cucrema oOpa3oBaHus, 3HaHUS, 00ydUeHHE, HABBIKH, WHPOPMAIIMOHHBIC
TEXHOJIOTUH

The digital revolution in educational processes

)

Skobeleva lanina Valerievna® ianinask@mail.ru

Sidnyaev Nikolay Ivanovich

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This article presents the key development trends in the education system as digital
technologies are actively implemented in technical universities, reflecting the emergence of
innovative changes in various fields of science [1]. The relationship between the education
system and societal processes is analyzed. Current educational challenges associated with the
digitalization of engineering education and the need for students to adapt to rapid professional
change due to the emergence of new technologies are examined.

Keywords: education system, knowledge, training, skills, information technology
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YK 532.5

L poBoi cTeHq rMapoAMHAMUNYECKUX UCTIBITAHUIA MOJENbHbIX
M HaTYpPHbIX 6AKOB N3NNI PAKETHO - KOCMUYECKON TEXHUKM

Xpanos Ceprevi EBreHbeBUY khrapov.se@phystech.edu

Mockosckuli huzuko-mexHuyeckuli uHcmumym, JoneonpyoHsii, Poccus

Annoramms. [lomydeHo uucneHHoe pemeHue AuQpQepeHINaTbHBIX YpaBHEHUH JIBHKCHUS
TOIUTMBHOTO 0aKa C HUAKOCTBIO C Y4eTOM HENMHEHHOCTH KO3((hHUIMEHTOB AeMII(UpOBaHNUS
Ha OCHOBE KOHEYHO-Pa3HOCTHOW cxeMbl. lloiydeHbl 4acTOTHBIE XapaKTEepHCTHKH Oaka ¢
JKHIKOCTBIO TIPH TAapMOHNYECKOM BO30YXKJICHUH KOJIeOaHUH, IMUTHPYIOLIEM peajlbHbIe THI-
POAMHAMHUYECKHE WCIBITAHWS. Banuiarys 4uCIICHHON MOJENH MpOBEIEHa 10 pe3ysibTaTaM
CPaBHEHUS aMIUTUTYJHO-9aCTOTHBIX XapaKTEPHUCTHK, TTOMYIEHHBIX ITyTEM MOZCINPOBAHUS, C
pe3ynbpTaTaMy SKCIIEPHUMEHTA.

KroueBble c10Ba: ruipoAnHAMHUYECKIE TTAPAMETPHI, yCTOHYHUBOCTD

Digital hydrodynamic test bench for model and full-scale tanks
of rocket and space technology products

Khrapov Sergey Evgenievich khrapov.se@phystech.edu
Moscow Institute of Physics and Technology, Dolgoprudny, Russia

Abstract. A numerical solution to the differential equations of motion of a liquid fuel tank is
obtained, taking into account the nonlinearity of the damping coefficients using a finite-
difference scheme. Frequency responses of the liquid tank are obtained under harmonic exci-
tation, simulating real hydrodynamic tests. Validation of the numerical model is performed by
comparing the amplitude-frequency responses obtained through simulation with experimental
results.

Keywords: hydrodynamic parameters, stability
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YucneHHas Bu3yanusauusa mogenu cpepmyeckoit nnathopmbl
ANA CTabUnm3auum cUcTeMbl TEXHUYECKOTO 3peHUs MO6UNbHOro po6oTa
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SPIN-kopn: 4404-5835

" [IAO «PKK «3Hepaus», Koponés, Poccus
2 MITY «CTAHKWH», Mockea, Poccus

Annotanus. [IpemnokxeH momxoJ K HU(PPOBON BU3YATH3AIMK KUHEMATHUKH MapaJlICIbHOMN
cheprdeckoil miaTdopMBbl, TpeTHA3HAYCHHOM /TS YICPKaHHUs OPUCHTAIMH CCHCOPA B COCTAaBE
Kamepsl Ha MoOMJIbHOM poOore. OCHOBHasl 3ajadya — CO3/aHHE YIPABISIEMOH Cpelbl,
B KOTOPOH IMPOBEPSFOTCS AIITOPUTMEI 00paTHON KHHEMATHKH, OI[CHKA OPUCHTAIINH ¥ TIOBEIICHIIC
CHCTEMBI, KaK B IIEJIOM, TaK ¥ BOJIM3H CHHTYJIPHBIX KOHQHTypamuii. MoJenb peann3oBaHa B
cpene Bu3yammanyn Godot ¥ MO3BOJSET MONMyYaTh HATTISIHBIC PE3YIBTATHI IO U3TOTOBJICHHS
MPOTOTHIIA.

KuiroueBble ciioBa: yKcIieHHAs BU3yaln3aliysl, KHHEMaTHYeCKOe MOJIenpoBaHue, miatdop-
Ma ¢ TapajielIbHON CTPYKTYpOi, kBaTepHuoHbl, Godot Engine, cuHTYIsIpHOCTH

Numerical visualization of a spherical platform model
for stabilizing the vision system of a mobile robot

Volkov Andrey Alekseevich"? andrey.volkov63@rsce.ru
SPIN-code: 4404-5835

" PJSC Rocket and Space Corporation Energia, Korolev, Russia
2 MSTU STANKIN, Moscow, Russia

Abstract. This paper proposes an approach to the digital visualization of the kinematics of a
parallel spherical platform designed to maintain the orientation of a sensor within a camera sys-
tem on a mobile robot. The main objective is to create a controllable environment for testing
inverse kinematics algorithms, evaluating orientation, and analyzing the system’s behavior both
in general and near singular configurations. The model is implemented in the Godot visualiza-
tion environment and enables clear, visual results to be obtained prior to prototype fabrication.

Keywords: numerical visualization, kinematic modeling, parallel platform, quaternions, Go-
dot Engine, singularities
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Y[IK 532.5.031

YucneHHoe uccnegoBaHue OTKJIMKA 1eadaHOro NOKpoBa
Ha ToYyeyHble BO34eMACTBUSA B XKUAKOCTU KOHEYHOWN rJ'Iy6VIHbI

CasuH AnekcaHpp Cepreesuy

Kones Kupunn Muxainosuu®” mr.konev.01@inbox.ru

MITY um. H.3. baymaHa, Mocksa, Poccusa

AHHoTanus. [IpoBeeHO YHCIIEHHOE MCCIIEA0BAaHNE OTKIIMKA JIEASHOTO MOKPOBa HAa TOYEH-
HBIE BO3MYILECHHUS B JKHJKOCTH KOHEYHOW ITyOUHBI. PacCMOTpEHBI MMITyJIBCHBIN M TApMOHH-
YEeCKHH PEXUMbI BO30YK/ICHUS M BIUSHHE TOJIIMHBI JIbJA, TIIyOHHBI BOJOEMa U TITyOHHBI
HCTOYHMKA HA BOJIHOBOM IIpOIIeCC. Y CTAHOBJIEHO, YTO MAKCUMAaJIbHbIE OTKJIOHEHHS BO3HHKA-
IOT HaJl NCTOYHUKOM B HadalbHBI MOMEHT M OBICTPO 3aTyXalOT, a YBEIWYECHHE TOJIINHBI
JIbJIa ¥ TITyOUHBI CHIDKAeT aMILIUTY Ty KOJIeOaHUH M CMEIaeT PEe30HAHCHYIO YacTOTy BHU3.

KiroueBblie cioBa: He[[ﬂHOﬁ IOKpPOB, TOYCUHBIHN HNCTOYHHUK, aMHJ’II/ITy)IHO-'-IaCTOTHHﬁ oT-
KJIUK, YUCJICHHOC MOJACIMPOBAHNUC

Numerical analysis of ice cover response to point excitations
in a finite-depth fluid

Savin Alexander Sergeevich
Konev Kirill Mikhailovich® mr.konev.01@inbox.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. A numerical study of the ice cover response to point disturbances in a fluid of finite
depth is conducted. Pulsed and harmonic excitation modes and the influence of ice thickness,
reservoir depth, and source depth on the wave process are considered. It is found that maxi-
mum disturbances occur initially above the source and decay rapidly, while increasing ice
thickness and depth reduces the oscillation amplitude and shifts the resonant frequency
downward.

Keywords: ice cover, point source, amplitude-frequency response, numerical modeling

CrucoK UCTOYHUKOB

[1] CaBun A.C., Kones K.M. UncneHHOe MO/IeIMpOBaHNE BO3ICHCTBUS Ha JICASHONW MMOKPOB TOYEU-
HOT'O UMIYJIBCHOTO UCTOYHHKA B KHJIKOCTH KOHEUHOU TIyOHHBL. Mamemamuueckoe mooeaupo-
eanue u yuciennvle memoowi, 2025, Ne 3, ¢. 3—-14.



210 Mockea, MITY um. H.3. baymaHa, 2—-5 0ekabps 2025 .

Y[IK 536.24

YnucneHHoe mopenupoBaHue maccoTensonepeHoca
B BO3AYyLWHOM 3a30pe mexay nnactuHamu metogom ICFD

KotoB AHApeit AHppeeBUY kotovaal@student.bmstu.ru
YepenHuyeHko AnekcaHap Bcesonogosuy alexvche@bmstu.ru

MITY um. H.3. baymaHa, Mocksa, Poccusa

AHHoTanus. [IpencraBieHsl pe3ysbTaThl YUCICHHOTO HCCIEIOBAHMSA TEINIOOOMEHA B BO3-
JYITHOM 3a30p€ MEXIy IBYMsI MapaieIbHBIMA MEAHBIMH IUTaCTHHAMH. HIDKHSS rutacTHHA
Harpera, BEpXHss OXJaXKIAeTCsl 3a cyeT KOHBEKIMHW. lccrnenoBaHue BBINOJIHEHO B IIPO-
rpammHoM komiuiekce LS-DYNA ¢ npumenennem wmeroga ICFD  (Incompressible
Computational Fluid Dynamics) asst MojeupoBanusi T€UEHHsI BO3JlyXa M TerJIonepeHoca.
[TpuBeneHbI MOCTAHOBKA 3a/lauyll M MareMaTHieckas MoJiesib. OCHOBHOE BHUMAHHUE YJIEIICHO
onucanuto meroga ICFD, ero xito4eBbIM anroputMam perieHus ypaBHeHni Habe — Ctok-
ca Uil HEC)KHMAaeMOH >KHIKOCTH. [IpoBeneHa cepHs BBIYMCIUTENBHBIX AIKCIEPHMEHTOB,
BKJIIOYAIOIINX aHaJM3 KaK €CTECTBEHHON KOHBEKIMHM, TaK W BBIHYXJICHHOTO TedeHus. [Ipo-
AQHAIM3UPOBAHO BIMSHUE THIIA TCUCHUS] W TPAHUYHBIX YCIOBHI Ha XapaKTEPHCTHKHU TEILIO-
oOMmeHa 1 OpMHUPOBAHUE TEMITEPATypPHBIX TOJIEH B CHCTEME.

Kaiouessie cioBa: ICFD, uncieHHOe MOJETHPOBAHKE, COMPSHKEHHBIN TEIUIOOOMEH, ecTe-
CTBEHHAs KOHBEKIT, BEIHYKICHHOE TedueHne, LS-DYNA
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Numerical simulation of heat and mass transfer
in the air gap between plates using the ICFD method

Kotov Andrey Andreevich kotovaal@student.bmstu.ru
Cherednichenko Alexander Vsevolodovich alexvche@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This paper presents the results of a numerical study of heat transfer in an air gap
between two parallel copper plates. The lower plate is heated, while the upper plate is cooled
by convection. The study was performed using the LS-DYNA software package and the
ICFD (Incompressible Computational Fluid Dynamics) method for simulating air flow and
heat transfer. The problem statement and mathematical model are presented. Primary atten-
tion is paid to the description of the ICFD method and its key algorithms for solving the Na-
vier — Stokes equations for an incompressible fluid. A series of computational experiments
were conducted, including the analysis of both natural convection and forced flow. The influ-
ence of the flow type and boundary conditions on the heat transfer characteristics and the
formation of temperature fields in the system is analyzed.

Keywords: ICFD, numerical simulation, conjugate heat transfer, natural convection, forced
flow, LS-DYNA
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Y[IK 533.6

YucneHHoe moaenmpoBaHue 06TeKaHUSA BO3BPaLLAeMOoro
KOCMMYECKOro annapaTta ¢ TpaHcopmMupyemMbiM KpbiIOM
Ha peXxumax nocagku

Cno6opsaHIoK AMuTpuii Muxaiinosuy™?

2,3(%)

AdoHuH Ceprein UBaHoBUY sergey.afonin2@rsce.ru

Kupases Hukuta saHoBuy™?

"MITY um. H.3. Baymana, Mockea, Poccus
2 [1AO «PKK «3IHepeus», Koponés, Poccus
*MoTH, JonzonpyoHsil, Poccusi

Annorammsi. [lpencrapiaeH pacyeT adpoJMHAMHYECKUX XapaKTEPUCTUK BO3BPAIAEMOro
KOCMHMYECKOT0 arapara co CKJIaJJbIBAeMbIMHI KPbUTbsIMU. KpbltaTble KOCMUYECKHE anmapaThl
MMEIOT 0COOEHHOCTH YIIPABJICHHUS Ha dTaIe MOCAAKN «II0-CaMOJIETHOMY», CBS3aHHBIE C HEJIO-
CTaTOYHBIM a3POJMHAMHYECKAM Ka4eCTBOM UL 00ecriedeHHs1 HeOOXOIMMOro yrila HakJIOHa
TPaeKTOPHH TJMccaipl. lccnenoBaHue, TPOBEACHHOE B NPOTPAMMHBIX KOMIUIEKCAX
FlowVision u CadFlo, neMoHCTpHpYET BO3MOXHOCTh TATBHEUIIICH ONTHMHU3AINH TEOMETPHI
IUIaHepa i yJIydIICHUs €ro rnmocaao4YHbIX XapaKTCPHUCTHUK C BO3MOXXHOCTBIO IMMOCAAKU «I10-

CaMOJICTHOMY».

Kawuesbie ciioBa: FlowVision, CadFlo, kocMudeckuii miaHep, YUCACHHOE MOICITUPOBAHHE,

A3POIMHAMUYCCKUE XapPAKTCPUCTUKH, CKIIAIbIBACMbBIC KPbUIbA
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Numerical simulation of the flow around a reentry spacecraft
with a transforming wind during landing modes

Slobodyanyuk Dmitry Mikhailovich™?
Afonin Sergey Ivanovich®>® sergey.afonin2@rsce.ru
Kirdyaev Nikita Ivanovich™?

" Bauman Moscow State Technical University, Moscow, Russia
2 pJSC Rocket and Space Corporation Energia, Korolev, Russia
® Moscow Institute of Physics and Technology, Dolgoprudny, Russia

Abstract. This paper presents a calculation of the aerodynamic characteristics of a re-entry
spacecraft with folding wings. Winged spacecraft exhibit control issues during the "aircraft-
like" landing phase, due to insufficient lift-to-drag ratio to ensure the required glide path an-
gle. The study, conducted using the FlowVision and CadFlo software packages, demonstrates
the feasibility of further optimization of the glider geometry to improve its landing character-
istics, enabling an aircraft-like landing.

Keywords: FlowVision, CadFlo, space plane, numerical simulation, landing characteristics,
morphing wing
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YK 519.622.1

YucneHHoe MogenupoBaHue NPOCTPAHCTBEHHOIO pacnpeeneHus
cchepuyecknx 3IeMeHTOB CbiNyyero Bew,ecTsa

XypuH Ceprei BukTopoBuy zhur_serg@rambler.ru
SPIN-kop: 5422-3762

A0 PKK «3Hepeus», Koponés, Poccus

AHHoOTamms. YUCIEHHBIM METOJIOM pellleHa 3ajada JBMXKEHUS CUCTEMBbl B3aUMOAEHCTBYIO-
MIUX MEXy cCOO0H MaTepHalIbHBIX TOYEK B 3aMKHYTOM 00beMe. Touku Monennpyrot chepu-
YecKHe 3JIEMEHTHI CBIIyuero marepuaia. Bzanmopeiicteue chep Mexmy coboi M CTEHKaMu
OTPaHUYCHHOTO 00BEMa OCYIIECTBISICTCSl NMpU COJVDKEHMHM 33 CUET BO3HHKHOBEHHS CHII
YIOPYrOCTH U BSI3KOCTH. B HMTOre pemeHus 3amadu MoiydaeM INPOCTPAaHCTBEHHOE pacmperie-
JieHue c(hepHIECKUX JIEMEHTOB.

KiroueBble cj10Ba: Chlllydne MaTepHAIIbl, IPOCTPAHCTBEHHOE PACHPEIEIEHIE YAaCTUL, METOJ
Pynre-KyTThI 4-r0 mopsizika, BI3KOyIpyras MOAETb B3aHMOICHCTBHS

Numerical modeling of the spatial distribution
of spherical elements of bulk material

Zhurin Sergey Viktorovich zhur_serg@rambler.ru
SPIN-code: 5422-3762

PJSC Rocket and Space Corporation Energia, Korolev, Russia

Abstract. The problem of motion of a system of interacting material points in a closed vol-
ume has been solved by numerical method. The points model spherical elements of a loose
material. The interaction of spheres with each other and the walls of a limited volume is car-
ried out by the approach due to the occurrence of elastic and viscous forces. As a result of
solving the problem, we obtain the spatial distribution of spherical elements.

Keywords: loose materials, spatial distribution of particles, 4th order Runge-Kutta method,
visco-elastic interaction model

CruUCcoK UCTOYHUKOB
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YK 532.5

JBONOLUA KAPTUHbI TEYEHUSA B PA3JINUHBIX PEXUMaX CIUAHUSA
NnagaloLein Kanau c NOKoALWenCcs NPUHUMAIOLLEN XKULKOCTbIO

YaweukuH Onuit Amutpuesuy chakin@ipmnet.ru

UHCcmumym npo6nem mexaHuku um. A.FO. MwinuHckoeo, Mockea, Poccus

AHHOTamms. BbICOKOCKOPOCTHAS BUAECOPETUCTPALS U KOHTPOJIb 3BYKOBOTO JABJICHUS TH-
POGhOHOM HCIIOJIL30BAHBI JUISl U3YUEHUS 3aBUCUMOCTH KapTHHBI CIUSHUS KaIUId OT KOHTAKT-
HOI CKOPOCTH, COCTaBa M pa3sMepa Karuid. B 3aBUCHMOCTH OT OTHOIIEHHWS] KMHETHYECKON
U TMIOTEHIMAIBHON TOBEPXHOCTHOM YHEPIHH KaIUTH, CMELIMBAIOIIEHCS ¢ IPUHUMAOLIEH JKII-
KOCTBIO, BBIEIEHBI HECKOJIBKO PEKUMOB T€UEHUS. B MHTPY3MBHOM KaIUId IUIABHO BTEKAaeT
B TOJIIIY KHJKOCTH, B IIEPEXOJTHOM OHA OTCKAKMBAET M 3aBHCACT; B HIMIIAKTHOM — Pacmaza-
eTcs Ha BOJIOKHA. [TpociexeHo BIMSHHE 3JIEKTPOCTATHYECKOTO MOJS Ha CTPYKTYpPY TEUEHUS
U XapaKTEPUCTUKU 3BYKOBBIX ITAKETOB.

KroueBble cj10Ba: Karist, SHEPTus, CIUSHUE, CTPYKTYP
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Evolution of the flow pattern in different modes
of a falling droplet merging with a stationary receiving fluid

Chashechkin Yuliy Dmitrievich chakin@ipmnet.ru

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

Abstract. High-speed video recording and hydrophone sound pressure monitoring were used
to study the dependence of droplet coalescence on contact velocity, composition, and droplet
size. Several flow regimes were identified depending on the ratio of the kinetic and potential
surface energies of the droplet mixing with the receiving liquid. In the intrusive regime, the
droplet smoothly flows into the liquid; in the transitional regime, it bounces off and hangs;
and in the impact regime, it disintegrates into fibers. The influence of the electrostatic field on
the flow structure and the characteristics of sound packets was analyzed.

Keywords: drop, energy, impact, structure
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YJIK 532.525

JKcnepumeHTaNbHOE UCCNef0BaHNeE MO CKOPOCTH
ocecMMMeTpUYHON A03BYKOBOW BO3YLUIHON CTPYMU

3araiiHoB WBaH AnekceeBuy™*" iz1721@mail.ru
Monosuy Ceprei CTaHucnasosuy’

" HW mexaruku MY umeru M.B. JlomoHocosa, Mockea, Poccus
ZMITY um. H.3. baymaHa, Mocksa, Poccus

AHHOTaIMsl. DKCIIEPIMEHTAJIBHOE HCCIIEJ0OBaHNE JT03BYKOBBIX 3aTOIUICHHBIX CTPYH aKTy-
IBHO BBHAY IIMPOKOTO PAcHpOCTPAHEHHS TYpOYJICHTHBIX CTPYyH B TEXHHKE M MPUPOIHBIX
nporeccax. X XapakTepUCTHKH OMPENeIoT 3(p(EeKTHBHOCTh CHCTEM BEHTWIISIINM, OXJIa-
JKJICHUSI, SHEPTETHIECKUX W a9POKOCMHIECKHX YCTAaHOBOK. AKTYaJIbHOCTh PaOOTHI CBsI3aHA C
HCCTIEIOBAaHUEM YCTpoiicTBa 3HepropaszneneHusi ['aptmana — Illmpenrepa. DkcrnepuMmen-
TaJIbHBII CTEH]] BBIIIOJHEH Ha 6a3e Majioi a3poMHAMUUECKON YCTaHOBKHU C PETyIHPYEMBIMH
napamerpamu nojaum raza. s quarHoctuku npumensuiuchk MK-tepmorpadus (InfraTEC
IR8800) u meron PIV ¢ ucnons3oBannem Nd:Y AG-nazepa. [TomydeHsl nosst mpoJjoJibHON |
TIOIIEPEYHOM COCTaBJISIIONICH CKOPOCTH NP BapbUPOBAHUH JIABJICHUSI TOPMOXKEHUS B (hOpKa-
Mepe.

KoroueBsbie ciioBa: snepropaszaenenue, s¢pdekr ['aprmana — IlInpenrepa, pezonarop

Experimental investigation of the velocity field
of an axisymmetric subsonic air jet

Zagainov Ivan Alekseevich"?®” iz1721@mail.ru
Popovich Sergey Stanislavovich'

" Institute of Mechanics of the Lomonosov MSU, Moscow, Russia
? Bauman Moscow State Technical University, Moscow, Russia

Abstract. The experimental investigation of subsonic submerged jets is of great relevance
due to the widespread occurrence of turbulent jets in engineering and natural processes. Their
characteristics determine the efficiency of ventilation, cooling, energy, and aerospace sys-
tems. The relevance of this study is associated with the investigation of the Hartmann —
Sprenger energy separation device. The experimental setup is based on a small-scale aerody-
namic facility with controllable gas supply parameters. Infrared thermography (InfraTEC
IR8800) and the Particle Image Velocimetry (PIV) method using an Nd:YAG laser were em-
ployed for diagnostics. The fields of the longitudinal and transverse velocity components were
obtained under varying stagnation pressure in the forechamber.

Keywords: energy separation, Hartmann — Sprenger effect, resonator
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JKcnepMmeHTaNibHOe uccnepoBaHue apdekra Ikkepta — Baise
ANS OAMHOYHOTO U MHOXECTBEHHbIX LUINHAPOB

Kucenés Hukonaii Anekcanaposuy'”

kiselev.nick.a@gmail.com
ManacTtoBckuint Hukonai Cepreesuny
3puToBeu, AHApen l'eHHapgbeBUY

BuHorpapos lOpuit Anekceesuy

HUU mexaHuku MY umeHu M.B. JlomoHocosea, Mockea, Poccus

Annotaums. [IpencTaBieHs! SKCIIepUMEHTANTBHEIC HccaenoBaHms dpdekra Dxkepra — Baii-
3¢ Uil M30JMPOBAHHBIX U MHOXKECTBEHHBIX IMJIMHJIPOB, a TAKKE KOHIICIIIHS YCTPOWCTBA,
OCHOBaHHOTO Ha 3ToM 3¢ dekre. CrxMMaeMoe TeUCHHE BOKPYT LHMJIMHIPOB HCCIENOBAJIOCH
npu yuciaax Maxa ¢cBoOogHOro moroka B muanasone 0,25-0,75 u yncnax Peitnonmbaca Re =
0,9 x 10°—4,6 x 10°. B kauecTBe MOJIe/eil HCIIONB30BANNCH KPYTJIble IAIHHAPHI U3 HEIPOBO-
Juiero Mareprana. PaccMarpuBanich KOHQUIYpalyy ¢ OJTHAM, JIBYMsI M TpeMsl LIMIIHMHAPA-
Mu. PaccTosiHEe MEXIy NEHTpaMu IUIUHIPOB cocTaBisuio P/D = 3,0, 4To cooTBEeTCTBYET
CBSI3aHHOW BHUXPEBOH JOpOXKe. M3Mepsinack Temreparypa B 3aJHEil TOUKe TOPMOKECHHS [~
JIMH/IPOB.

KnroueBbie cioBa: TemooOMeH, ra3oBasi AMHAMEKA, KOI(QQUIMEHT BOCCTAHOBICHUS, (-
ek DxKepra — Baiize

Experimental study of the Eckert-Weise effect for single
and multiple cylinders

Kiselyov Nikolai Alexandrovich"” kiselev.nick.a@gmail.com
Malastovsky Nikolay Sergeevich

Zditovets Andrey Gennadievich

Vinogradov Yuri Alekseevich

Institute of Mechanics of Lomonosov MSU, Moscow, Russia

Abstract. In this paper, experimental studies of the Eckert—Weise effect for isolated and mul-
tiple cylinders, as well as of a device concept based on this effect, are presented. Compressi-
ble flow past cylinders was investigated at free-stream Mach numbers in the range 0.25-0.75
and Reynolds numbers Re=0.9x10"-4.6x10°. The models were circular cylinders made of
non-conductive material. Configurations with one, two, and three cylinders were considered.
The center-to-center spacing between cylinders was P/D=3.0, corresponding to a coupled
vortex street. The temperature at the rear stagnation point of the cylinders was measured.

Keywords: heat transfer, gas dynamics, temperature recovery coefficient, Eckert — Weise
effect
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YJIK 532.5.01

3KCNepuMMEHTasIbHbIE U YUCJIEHHDbIE UCCNE[0BAHUSA CTPYKTYPbI
TeyeHus B LWJINHAPUYECKUX KaBEPHAX NPU UX AO03BYKOBOM 06TEKaHUM
Ha CTEHKe MJIOCKOro KaHana

3y6uH Muxaun AponboBuy zubinma@mail.ru
3y6koB AnekcaHap ®egopoBuy 9392998@mail.ru
YynioHuH Anekcen lOpbeBuy chulyu-n@mail.ru

HUU mexaHuku MY umeHu M.B. JlomoHocosea, Mockea, Poccus

AnHoTtamms. IIpencraBieHsl pe3ynbTaThl SKCIEPUMEHTAIBHOTO M YHUCIEHHOTO HCCIEnoBa-
HUHA OOTeKkaHMsi TYpOYJICHTHBIM JI03BYKOBBIM ITOTOKOM HAKJIOHHOW OBaJIbHO-TpaHIIEHHOM
ayuku (OTJI) [1], mpeacTaBisiontyto co00i MPOTHKEHHYIO HMIIMHAPUIECKYIO TPAHIICIO KO-
HEYHOTO pa3Maxa C 3aKpPYIJICHHBIMH C(EPUYECKMMH TOPLAMH, IMPOJOJIbHAS OCh KOTOPBIH
COCTABJISIET OCTPBIM YTroJl C HalpaBICHWEM II0TOKa, M ee Moxudukanun — V-kaBepHsl. I1o-
CIICIHSS COCTaBJICHA M3 JBYX MEPBBHIX IUIABHO CONPSHKEHHBIX MOJOBMH HakinoHHOH OTJI,
PACIONIOKEHHBIX CHMMETPHYHO OTHOCHTENIFHO HAOETAIOIIero IOTOKa, T. €. MMeromas V-
o0pa3HbIil B B IaHe [2].

KioueBble cioBa: TypOyJICHTHBIN [TOTOK, OTPHIBHBIC TCUCHHS, OOTCKAHNWE KaBEPHBI, KO-
(bUIMEHT TaBICHUS

Experimental and numerical analysis of flow structures
in cylindrical cavities under subsonic flow in a flat channel

Zubin Mikhail Adolfovich zubinma@mail.ru
Zubkov Alexander Fedorovich 9392998@mail.ru
Chulyunin Alexey Yurievich chulyu-n@mail.ru

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. The results of experimental and numerical investigations of turbulent subsonic flow
past an inclined oval-trench dimple (OTD) [1] are presented. The OTD is a finite-span cylin-
drical trench with rounded spherical ends, whose longitudinal axis is oriented at an acute an-
gle to the incoming flow. A modified configuration — the V-cavity — was also studied. The
latter is formed by two smoothly connected halves of inclined OTDs arranged symmetrically
with respect to the oncoming flow, thus exhibiting a V-shaped form in a plane [2].

Keywords: turbulent flow, separated flows, flow around a cavity, pressure coefficient
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UccnepoBaHue o6palleHus BOIHOBOro (poHTa B (DOTOHHOM KpucTanie

KynarnHa Mapusa AnekceesHa
CypuHa Mapus AHppeeBHa
YebakoBa Cohba AnekcaHApoBHa
WymunkuHa lOnusa PomaHoBHa

)

®unatos Bnagumup Buktoposuu®” vvfilatov@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AHHoTanms. HccnenoBaHel 0COOCHHOCTH PACIPOCTPAHEHHS SJIEKTPOMAarHWTHBIX BOJH B
MaTeprabHOM cpelie B 00JIaCTSAX HOPMAIBHON M aHOMAITBHOM JUCIIEPCHH. Y CTAHOBJICHO, YTO
B 00J1acTH HOpPMAaJIBHOH Auciepcuy (pa3oBast ¥ TPYIIIOBast CKOPOCTH CBETA B BEIIECTBE COHA-
IpaBJICHLI, B 001acT aHOMAaJIBHOM JAUCIEPCUMN HAIIPaBJICHBI B IIPOTHUBOIIOJIOKHBIC CTOPOHLI.
Iepexon U3 00JIaCTH HOPMATIBHOW AMCIEPCHH B 00JIACTH AHOMAIBHON THUCIICPCHH COIPO-
BOXJIa€TCsl OOpallleHneM BOJIHOBOTO (DPOHTA, YTO Ha SI3bIKE KBAaHTOB O3HAYaeT 7-WHBEPCHIO
BOJIHOBOW (DYHKIIMM M MOXXET HMCIOJIB30BAThCS VISl IPOBEPKH 7-MHBAapHAHTHOCTH BEPLIMH-
HOH (yHKIMU (OTOH-(DOHOHHOTO B3aUMOJIEHCTBUSI, a C MPAKTUYECKOH TOUKH 3pEHHS Tpe.-
CTaBJISIET MHTEPEC JUIs apaMETPUUECKOr0 YIPaBJIeHHsI CBETOBBIMH MOTOKaMH B (pOTOHHOM
Tpanzucrope. Llenbro HacTosmIel paboTh! SIBISIETCSl H3ydeHUE 00pallieHns BOIHOBOTO (ppoHTa
B (DOTOHHOM KpHCTaJule — METaMaTepHalle ¢ MepHOINIECKON ONITHIECKON CBEPXCTPYKTYPOii:
B 00JIacTH aHOMAJIBHOM Iucnepcuu (OIHOKpaTHas T-WHBEpCHs), a TAaKXKe Ha NPHUMECHOM
YpOBHE ¢ HOPMAIIFHOH HICTIepCHeii, BBEIGHHOM B 00JIACTh aHOMAIGHOM TUCTIEPCHH (BOMHAS
T-nHBEpCHS).

KnaroueBble ciioBa: oOparieHne BOITHOBOTO (poHTa, T-WHBEPCHS, aHOMAJIbHAS TUCHEPCHS,
(hOTOHHBIN KPHUCTAILT, ONTHYECKHI TPAH3UCTOP
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Study of the optical phase conjugation in a photonic crystal

Kulagina Maria Alekseevna

Surina Maria Andreevna

Chebakova Sofya Alexandrovna

Shumilkina Yulia Romanovna

Filatov Vladimir Viktorovich® vvfilatov@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This paper investigates peculiarities of the electromagnetic waves propagation in a
material medium in the regions of normal and anomalous dispersion. It is found that in the
region of normal dispersion, the phase and group velocities of light in matter are co-directed,
while in the region of anomalous dispersion they are oppositely directed. When a wave passes
from the normal dispersion region to the anomalous dispersion one, its front reverts making
possible to experimentally study 7-inversion and its mechanisms inside the optical frame-
work. This article examines optical phase conjugation in a photonic crystal: in the region of
anomalous dispersion (single 7-inversion), and at an impurity level with normal dispersion
inside the anomalous region (double 7-inversion).

Keywords: phase conjugation, T-inversion, anomalous dispersion, photonic crystal, optical
transistor
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NaccuBHOE U aKTMBHOE yNpaBieHue NOTOKOM
B CBEPX3BYKOBOW KOJIbLLEBOV KaBEpHe

CumoHeHko Muxaun Muxaiinosuy®’ sim1950@mail.ru
3y6koB AnekcaHap ®epopoBuy
Lnwaesa AHacTtacusa CepreesHa

HUUN mexaHuku MI'y umeHu M.B. JTomoHocosa, Mockesa, Poccus

AnHOTamMsA. PexxiM CBEpX3BYKOBOIO OOTEKAHUsS KaBEPHBI 3aBUCHUT OT MapaMeTpoB Habera-
IOIIETO MOTOKA U TCOMETPHHU KaBepPHBI. B KaBepHE MpsMOYrojbHOW KOH(UTYpAIUH B OIMpe-
JICTICHHOM MHTEpBAJle COOTHOIICHUI MEXIy JUTHHOW W TIYOMHON KaBEpPHBI MOXET YCTaHAB-
JIUBAThCS KaK OTKPBITHIN, TaK U 3aMKHYTHIH PEKUM TeueHus. BaxHON npakTuieckoil 3agaueit
SIBISIETCSI TIOMCK CITOCOOOB YIIPAaBIICHUS PEKMMAMK TCYCHHS B KaBEpHE, B YACTHOCTH, CIIOCO-
00B pacmmperus: obnactu Oojee OIATONMPUATHBIX OTKPBITBHIX PEKUMOB TedeHHs. brum pac-
CMOTPEHBI Pa3IMYHbIC BAPHAHTHI TACCHBHOTO W aKTUBHOTO YIIPABJICHHS TIOTOKOM B KOJIBIIE-
BOM OCECMMMETPUYHOW KaBepHEe, B TOM 4YHCIe, MOJA yriamu aTaku. [IpencraBieHHbIe
IKCIIEPUMEHTAJIbHBIC W YMCJICHHBIE IaHHBIE YKa3bIBAIOT HA BO3MOYKHOCTb 3HAYUTENILHO pac-
IIUPUTH 00J1aCTh OTKPBITHIX PEKUMOB TCUCHUS B KaBEPHE.

KiroueBble ciioBa: OTKpbITas KaBE€pHA, 3aMKHYTas KaBCpHa, OTPLIB IIOTOKA, TUCTCPE3UC

Hccredosanue 6blnoineno 8 pamkax 2ocyoapcmeeHHo20 3a0aHus
MTI'Y umenu M.B. Jlomonocosa.

Passive and active control on supersonic annular cavity flow

Simonenko Mikhail Mikhailovich"” sim1950@mail.ru
Zubkov Alexander Fedorovich
Shishaeva Anastasia Sergeevna

Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. The mode of supersonic flow around the cavity depends on the parameters of the
incoming flow and the geometry of the cavity. In rectangular cavity in a certain range of ratios
between the length and depth of the cavity, both open and closed flow modes in the cavity can
be established. An important practical task is to find ways to control the flow regimes in the
cavity, in particular, ways to expand the area of favorable open flow regimes. Various options
for passive and active flow control in an annular axisymmetric cavity, including at attack an-
gles, were considered. The presented experimental and numerical data indicate the possibility
of significantly expanding the area of open flow modes in the cavity.

Keywords: open cavity, close cavity, flow separation, hysteresis.

The study was conducted under the state assignment
of Lomonosov Moscow State University.
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NpeHTMdUKaLUa aapoAMHAMUYECKUX NapaMeTpoB
MHTENNEeKTYaNbHOro TpaHCOpMUpPYEMOro NeTaTeNnbHOro annapara
Ha ocHoBe unbTpa KanmaHa

toW Ynaokan'” yuzhaokai933@mail.ru
Xy LWyiin

XapbuHckul nonumexHuyeckull yHusepcumem, XapbuH, Kumadi

AHHOTanms1. V3MeHeHne a’poiMHAMUYECKUX KOH(UTYypalyii JeTaTebHOTO anmapara IpH-
BOJWT K CHWJIBHO HEJIMHEHHBIM, OBICTPO M3MEHSIOIIMMCS BO BPEMEHH a’pOJMHAMHYECCKUM
napamerpaM. B 1aHHOM mcciiejoBaHNM MpeasiaraeTcsi MeTo/| WICHTH(MKAINHA, OCHOBaHHBIH
Ha KybarypHOM ¢unbTpe Kanmana. Kpome Toro, npeacraBieHa aaroputM MpOEKTHPOBAHUS
BO30Y)KIAIOIIETO CHUTHATA JUIS MOBBIMICHNS! TOYHOCTH MICHTH()MKALMH, YTO 0OECTICUnBacT
HaJCXKHYIO TTOJVIEPKKY AJISI yIPaBICHHS TIOJIETOM B PEaIbHOM BPEMEHH.

KuiroueBsbie cioBa: TpancopMupyemblid anmapar, Kyoarypusiii ¢puiistp Kanmana, naeHtu-
(buKaIys adpoANHAMHIECKUX APAMETPOB, MYJIbTH-CHHYCOHAAILHOE BO30YK/IECHHE

Identification of aerodynamic parameters of intelligent
morphing aircraft based on kalman filter

Yu Zhaokai®" yuzhaokai933@mail.ru
Hu Shuyi

Harbin Institute of Technology, Harbin, China

Abstract. The dynamic variation of aerodynamic configurations in morphing aircraft leads to
strongly nonlinear, rapidly time-varying, and highly coupled aerodynamic parameters, impos-
ing stringent requirements on online identification techniques. This study addresses the prob-
lem of online identification of acrodynamic parameters for morphing aircraft and proposes an
identification method based on the Cubature Kalman Filter (CKF). Furthermore, an excitation
signal design strategy is introduced to enhance identification accuracy, thereby providing reli-
able support for real-time flight control.

Keywords: morphing aircraft, cubature Kalman filtering, aerodynamic parameter identifica-
tion, multi-sinusoidal excitation
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AcMmnToTnyecKue Moaenu B TeUeHUAX rasoxXnaKoCcTHbIX cpef

1,2(%)

borpaHoB AHApeit Hukonaesuy bogdanov@imec.msu.ru

"MITY um. H.3. baymaHa, Mocksa, Poccus
2 HUM mexarHuku MIY umeru M.B. JlomoHocosa, Mockea, Poccusi

AHHOTaIMsA. YSCHEHHE HEJOCTaTKOB PAaHEE UCIOJIB30BAaHHBIX NP MAaTEMAaTHYECKOM MOJIE-
JMPOBAHUN MOJENEH aKTyaIM3UpyeT 3a/1aull IIPEOJOJICHNS BBISIBICHHBIX ClIa0BIX CTOPOH pa-
Hee MPOBEICHHBIX UCCIEeJ0BaHUN. B kauecTBe mpuMepa MpHUBEAEM PErYIApHU3aLUI0 MaTeMa-
TUYECKOH MOJETH HECTAllMOHAPHOTO TPAHC3BYKOBOTO TeueHws [1]. BCKpbIThIe HemocTaTku
OIIMCAHNUS TCUCHUH MPEKHEH MOIENBIO SIBISAIOTCS OCHOBAHUEM IPOBEICHUS] HOBOTO HCCIIEIO-
BaHWS Ha OCHOBE PETYJIIPU30BaHHON MOJEIH BCEX paHEe MCCIICIOBAaHHBIX 3a[a4 HECTAIHO-
HApHOTO TPAaHC3BYKOBOro TedeHus. lloyueHHbIe HAa aHATUTUYECKUX MOJENSAX pPe3yIbTaThl
BBICTYIIAIOT 00OCHOBAHMSAMH PE3yJIbTATOB YHCICHHBIX pacueToB [2]. Jlaxke cepuu pacueToB
MOT'YT MPETEeH/I0BaTh Ha OOIIHOCTh BEChbMa YCIOBHO. Tak, YHCICHHBIH pacyeT MepexoIHoro
TeueHust B comuie [3] rmoka3plBaeT 4acTh KOH(MUIYpalMy JIMHUU TPAHC3BYKOBOTO Iepexoja
OCTaBJISIsl OTKPBITHIM BOIPOC O NMPUHIUIUAIBHON BO3MOXKHOCTH (HE3alpelIeHHOCTH) Cylile-
CTBOBaHMSI KOH(UTrypaluii Takoro poja. AHaJMTHYecKas MOJEIb IO3BOJISIET 0OOCHOBATH
NPUHIUITHATEHYI0 BO3MOXXHOCTH CYILECTBOBAHMS (WJIM HAIPOTUB — HEBO3MOXKHOCTB) pe-
meHnst. OcoOBIM SBISIIOTCS CITydan CHHTYJISIPHBIX Bo3MmyIueHui [1]. OcraBnenue B ypaBHe-
HHUM TOJIGKO psifia BHETIOPSAAKOBBIX WICHOB B KOHKPETHBIX CIIydasx OOOCHOBAHO TEM, UTO
TOJIBKO OHM U SABJISIOTCS CYIIECTBEHHBIMH, OTBEYAIOT (PU3MUECKOMY IIPOLIECCY, HHAUE BBINA-
JlaromieMy u3 paccMotpeHusi. OTOpOoIIeHHbIE BHEMOPSAAKOBbIEC WISHBI JINIIB CI1a00 U3MEHSIOT
KOJIMYIECTBEHHBIC XapaKTEPHCTHKH pacCMaTpuBaeMoro npouecca. OcTaBieHIE B YPaBHEHHAX
MOJIETI MaJIbIX MapaMeTpPOB COXpaHSeT HAIIAHOCTh KOHKPETHBIX NMPOSBICHUN MEXaHHWYe-
CKMX IIPOILIECCOB, XapaKTEpHBIC MapaMeTphl KOTOPHIX SBIAIOTCA MajlbIMH B KOHKPETHBIX
YCIIOBUSIX 3a/1a4U.

KuroueBble cj10Ba: MaTeMaTHYECKOE MOJCIINPOBAHUC, ACUMIITOTUICCKUEC MOACIIN, MCXaHUKa
JKHUJIKOCTHU MU rasa

Asymptotic models in gas-liquid flows

h'2™

Bogdanov Andrey Nikolaevic bogdanov@imec.msu.ru

" Bauman Moscow State Technical University, Moscow, Russia
? Institute of Mechanics of the Lomonosov MSU, Moscow, Russia

Abstract. Understanding the shortcomings of the models previously used in mathematical
modeling actualizes the tasks of overcoming the identified weaknesses of previously conduct-
ed studies. As an example, we will cite the regularization of the mathematical model of un-
steady transonic flow [1]. The revealed shortcomings in the description of flows by the previ-
ous model are the basis for conducting a new study based on the regularized model of all
previously studied problems of unsteady transonic flow. The results obtained on the analytical
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models serve as justifications for the results of numerical calculations [2]. Even a series of
calculations can claim generality very conditionally. Thus, a numerical calculation of the tran-
sition flow in a nozzle [3] shows part of the configuration of the transonic transition line, leav-
ing open the question of the fundamental possibility (non-prohibition) of the existence of con-
figurations of this kind. Analytics is needed here. Special cases are singular perturbations [1].
Leaving in the equation only a number of out-of-order terms in specific cases is justified by
the fact that only they are essential and correspond to the physical process, which would oth-
erwise be excluded from consideration. Discarded out-of-order terms only slightly change the
quantitative characteristics of the process under consideration. Leaving in the equations of the
model of small parameters preserves the clarity of specific manifestations of mechanical pro-
cesses, the characteristic parameters of which are small in the specific conditions of the prob-
lem.

Keywords: mathematical modeling, asymptotic models, fluid and gas mechanics
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Ncnonb3oBaHue yTO‘lHeHHOVI mMojaenn a3poguHaMU4YeCcKoro MOMeHTaA
npu unccnegoBaHnm masnbiX BbiCOT ABUXEHUA KOCMUYECKOTO annaparta

NBaHoB leopruin Anekceesuy georgyivanov1911@gmail.com

MITY um. H.3. baymaHa, Mockea, Poccus

Annortammsi. B pabote uccnenyercsi i3MeHeHHe KHHETHYECKOTO MOMEHTa, HaKaIlJIuBaeMOro
THPOCUCTEMON KOCMUYECKOTO armapara MpH €ro JIBHKEHUU 110 HU3KHM OKOJIO3EMHBIM OpOu-
TaMm ¢ paznuyHeIMu KemnepoBeiMu anemenTaMu. /i IpoBeAeHNs UCCIEJ0BAaHUs pacCMaTpH-
BAETCs UCMOJIb30BaHNE YTOUHEHHOW MOJENHU a3pOAMHAMUYECKOTO0 MOMEHTA, OMUCAH MOIXO0J
K TIOJIy9dEHHIO adpOoJMHAMHUYECKNX KO3 (UIMEHTOB HA OCHOBAaHWH TOW MOJEIH a3pO/IHHA-
MHYECKOTO MOMEHTA. B pe3ynbTare BBITOIHEHNUS PabOTHI AENACTCS 3aKII0YEHHE O ENeco00-
Pa3HOCTH W HELENecO00Pa3sHOCTH HCIONIB30BaHUSI HEKOTOPEIX OPOHT M MPUMEHEHHST KOMITO-
HOBOYHBIX peIIeHHH MPHU MPOSKTHPOBAHUH aIlliapara.

KroueBble ¢j10Ba: KOCMHYECKUH anmapar, a3poAMHAMUIECKHUI MOMEHT

Using accurate model of the aerodynamic moment
in the study of spacecraft motion in low-altitude orbits

Ivanov Georgy Alekseevich georgyivanov1911@gmail.com

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The paper studies the evolution of angular momentum accumulated by spacecraft
reaction wheel during its motion in low-Earth orbits with various Keplerian elements. Used
the accurate model of aerodynamic torque and an approach to obtaining aerodynamic coeffi-
cients based on this model of aerodynamic torque is described. As a result of the work, a con-
clusion is drawn about the expediency and inexpediency of using certain orbits and using
some solutions in the design of the spacecraft.

Keywords: spacecraft, acrodynamic moment
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Bbi60op 3HaUeHMN KO3(h(DMLMEHTOB ANS YNPOLLEHHON MOgenu
AUHAMKM YyNpYyron CONHEeYHO! NaHen Ha 0CHOBe
KOHEUYHO-3/1eMeHTHOro aHajim3a

MBaHoB leoprui Anekceesuy georgyivanov1911@gmail.com

MITY um. H.3. baymaxa, Mocksa, Poccusa

AHHoTanus. B pabote nccnenyercs Bompoc MaTeMaTH4ecKOro ONHMCAHHS AWHAMUKH YIPY-
rOi COJTHEYHOU MaHeIn KOCMHUYECKOTO amnmapaTa Kak CHCTEMbl U3 KOHEYHOTO YHCIIa TBEPBIX
ten. Hanbomnee nHTEpeCyoNuiA BOMPOC MPH MOATOTOBKE MOI00HON MaTeMaTHYECKONW MOJIEITH
— 9TO BBIOOp 3HAYCHUI KOA(P(PUITUCHTOB YIIPYTUX CBI3CH MEXKIY TBEPIbIMHU Teamu. B pado-
TE OIUCAH MPOLECC MOMYUICHHUs 3HAYCHUH ITHX KOI(P(DUIIMECHTOB HA OCHOBE YaCTOTHOTO aHa-
qu3a B MSC.Nastran u viccienoBanus AuHaMuki B Adams. Jlemaercst 3aKIi0YeHUE O LEIeco-
00pa3HOCTH HWCIONB30BaHUS TMOJOOHBIX YIIPOIICHHBIX MOZENeH Ha pPa3IMYHBIX ATarax
pa3paboTKH KOCMHYECKUX aIapaToB

KaroueBble cj10Ba: KOCMHYCCKUI ariapar, CoJIHeYHast 6aTape;{

Selection of coefficient values for a simplified model
of elastic solar panel dynamics based on finite element analysis

lvanov Georgy Alekseevich georgyivanov1911@gmail.com

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The paper studies the mathematical description of the dynamics of an elastic solar
panel of a spacecraft as a system of a finite number of solid bodies. The most interesting ques-
tion in the preparation of such a mathematical model is the choice of the values of the coeffi-
cients of elastic bonds between solid bodies. The paper describes the process of obtaining the
values of these coefficients based on frequency analysis in MSC.Nastran and dynamics re-
search in Adams. The conclusion is made about the expediency of using such simplified mod-
els at various stages of spacecraft development.

Keywords: spacecraft, solar panel
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KapTbl MHBAapMaHTOB aHU30TPONUN — NMPUMEHEHUE K faHHbIM PIV

YaHTpakxoppxe djcantrak@mas.bg.ac.rs
AHkoBuyHoBMUA

benepadckuli yHusepcumem, benepad, Pecnybnuka Cepbus

AnnoTtamusi. HanGonpIel mpo0sieMoil npu MOJICTUPOBAHUH TYPOYJICHTHOCTH SIBIISICTCS €€
AQHMU30TPOIIHS, TIO3TOMY HEOOXOAMMO HPOBEPHUTH TPEATIONIOKEHHE O €€ JIOKaJIbHON H30TPO-
vy, [IpuMeHeHHe KOpPEeNsIMOHHOM TEOPHH B STOM aHAIM3€ NPHBOJIUT K MHBAPHAHTHOM
Teopun TypOyneHTHOCTH. OCHOBHas HJIes 3aKJII0YacTCs B KOJIMYECTBEHHOM OITMCAHWH aHH-
30Tpornuu TypOysIeHTHOCTH. B kauecTBe Meps! annzorporiu Jlamim n HeromaH BBenM TeH30p
annzorponuy [1]. KapTel, vHBapraHTHBIE K aHU30TPOINH, WM TPEYroNbHUKN Jlamiy, Oblm
BIIEPBBIC TPUMEHEHBI K SKCIIEPUMEHTAIBHBIM PE3yIbTaTaM BBICOKOCKOPOCTHOM CTEpEOn300-
paxaromeii Bemocumerpun gactur (HSS PIV) B cinydae TypOyneHTHOTO 3aKpyYEHHOTO TIOTO-
Ka 32 KPBUIbYaTKOH OCEBOTO BEHTWJISITOpPA B TPyOE, a 3aT€M B MCCIIECAOBAHUM BUXPS Ha KOH-
YHMKe KpbUTa C HCIOJIb30BaHHEM 00IIeil uccienoBarensckoi mogean HACA, coBpeMeHHOE
TPaHC3BYKOBOE CBEPXKPUTHYECKOE KPBHLIO C OTKPBITHIM HCXOJHBIM KOJIOM ISl Pa3iIMYHbIX
HCCIIeIOBaHUK B 00JIacTH a’poauHamMuky [2]. B aToit cTatee OyzmeT mpoaHaTH3HpoBaHa 3Ha-
YUMOCTh NPUMEHEHHs] HHBAPHAHTHBIX 0TOOpaXkeHHH K crepeodoHndeckuM PIV-naHHBIM BO
BPALIAIOLINXCA TOTOKAX.

KiroueBble ciioBa: Typ6yﬂeHTHOCTB, AHU30TPOIUA, UHBAPUAHTHAA TCOPUS, Bpama}omuﬁc;l
IIOTOK
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Anisotropy invariant maps — application on the PIV data

Cantrak Djordje djcantrak@mas.bg.ac.rs
JankovicNovica

University of Belgrade, Belgrade, Serbia

Abstract. The greatest challenge in turbulence modeling is its anisotropy, so assumption on
its local isotropy has to be tested. Application of the correlation theory in this analysis leads to
the invariant theory of turbulence. The main idea is the quantitative description of the turbu-
lence anisotropy. As the measure of anisotropy Lumley and Newman have introduced the
anisotropy tensor [1]. Anisotropy invariant maps or Lumley triangles have been applied to the
high speed stereo particle image velocimetry (HSS PIV) experimental results in the case of
the turbulent swirling flow behind the axial fan impeller in pipe for the first time, and later in
the wing tip vortex investigation on the NASA Common Research Model, an Open-source
contemporary transonic supercritical wing for various studies in aerodynamics [2]. In this
paper will be analyzed significance of application of the invariant maps on the stereo PIV data
in rotating flows.

Keywords: turbulence, anisotropy, invariant theory, rotating flow, HSS PIV
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Briefs, 2014, pp. 179-191.
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Y[IK 629.78

AHanu3 cTpyKTypbl MHOr0060pOTHbBIX pewweHunit 3apaum dnepa —
Namb6epTa Ha ocHoBe meToAa OxoumMmckoro — EropoBa

MBawkuH Bauyecnas Bacunbesuy®?

3,4(%)

MBaHiox1H Anekcei BUkTopoBuy ivanyukhin.a@yandex.ru

" Micmumym npuxnadrxol mamemamuku um. M.B. Kendbiwa PAH, Mockea, Poccus
ZMITY um. H.3. baymaHa, Mocksa, Poccus

? Huu M3 MAU, Mockeaa, Poccusi

* Poccutickuii yHusepcumem dpyx6bi Hapodos um. lampuca Jlymym6bsi, Mockea, Poccust

AHHoTanus. PaccMorpen merton pemreHus 3amaum Oitnepa — JlamOepTa, mpeioKeHHBIN
B.A. EropoBeiM 1 ocHoBauHblii Ha paborax JI.E. OXOLMMCKOro, MOCBSIIEHHBIX aHAIN3Y
MHOKECTBA TPAEKTOPUI Mepesiera MeXIy ABYMs 3alaHHBIMU TOUKaMHU B IIEHTPAJIbHOM HBIO-
TOHOBCKOM I10JIE Ha OCHOBE OauticTudeckoro noaxona. [posenen ananus cTpykTypsl 061a-
CTU ONpeJIeNICHNs] PELICHUI Ha OCHOBE CBS3M OCHOBHBIX IAapaMETPOB IEpesieTa, TAKUX Kak
BpeMsI, yIJIOBast TaJIbHOCTb, OOJIBIIAs OTyOCh, CKOPOCTh M TPAEKTOPHBIM YroJl B HAYAIBHOM
Touke. [IpoBesieH KauecTBEHHBIN aHaNNU3 TpaeKTOpHi nepeneta. [IpeatoxkeH OpurnHaIbHbIA
1 3QpeKTHBHBIC YUCIEHHBIH METO]I PEIICHHSI.

KaoueBble cioBa: 3amada Oitmepa — JlamOepra, MHOTOOOOPOTHOE pEIIEHHE, METOI
Oxommmckoro — Eroposa, onpenenenne opOUTsI

Hccnedosanue guinonmneno 3a cuem epanma Poccutickozo nayunozo gponoa
Ne 22-79-10206.
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Analysis of Multi-Revolution Euler — Lambert Problem Solution
Structures Based on the Okhotsimsky — Yegorov Method

Ivashkin Vyacheslav Vasilievich"?

Ivanyukhin Alexey Viktorovich®*” ivanyukhin.a@yandex.ru

" M.V. Keldysh Institute of Applied Mathematics RAS, Moscow, Russia
2 Bauman Moscow State Technical University, Moscow, Russia

* RIAME Moscow Aviation Institute, Moscow, Russia

*RUDN University, Moscow, Russia

Abstract. This research examines the method for solving the Euler — Lambert problem pro-
posed by V.A. Yegorov, which builds upon D.E. Okhotsimsky's works analyzing the set of
transfer trajectories between two given points in a central Newtonian field using a ballistic
approach. The analysis focuses on the solution domain structure through the relationship be-
tween key transfer parameters such as time, angular range, semi-major axis, velocity, and
flight path angle at the initial point. A qualitative analysis of transfer trajectories is performed.
An original and efficient numerical solution method is proposed.

Keywords: Euler — Lambert problem, multi-revolution solution, Okhotsimsky — Egorov
method, orbit determination

The study was supported by the Russian Science Foundation grant no. 22-79-10206.
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MogenupoBaHue CneKTpanbHbIX 0CO6EHHOCTEN
OAHOMEPHOro rpagneHTHOro (hoTOHHOIO KBasuKpuUcTania

Ky3bmuHa KatepuHa AHapeeBHa

®unatos Bnagumup Buktoposny'” vvfilatov@bmstu.ru

MITY um. H.3. baymaxa, Mockesa, Poccusa

AnHotanmsi. POTOHHBIE KBa3HMKPHUCTAILIBI — MCKYCCTBEHHBIE MAaTEPHAIIBI ¢ KBA3HUIIEPUOIN-
YECKOW CBEPXCTPYKTYPOM, «II€pHOA» KOTOPOU M3MEHSIETCS 10 HEKOTOPOMY Hamepen 3aJaH-
HOMY 3aKoHy. B paboTe mpuBOASTCS pe3ynbTaThl MOJICTMPOBAHMUS ONTHIECKOTO CIIEKTPa O[-
HOMEPHOTO TPaJANECHTHOTO ABYXKOMIIOHEHTHOTO (DOTOHHOTO KBAa3HKPHCTAIA — TOHKOH
IUICHKH, O0pPa30BaHHON ITOCIIEIOBATENIFHBIM YEPEJOBAHNEM JBYX PA3IMIHBIX IIOCKHAX JIH-
ANIEKTPUYUECKUX CIOEB (CKaxkeM, “a” u “b””) npH yCIOBHHU JIMHEHHOTO BO3PACTAHMUS TOJIIIUHBI
Ka)XI0T0 HOBOTO CJI0s1 00pa3yeMoi CTPYKTYpHI (TO eCTh, “a-bb-aaa-bbbb-...””). Y CcTaHOBIICHO
MPUCYTCTBUE B SHCPIECTUYCCKOM CIICKTPE MOJTYYCHHOTO KOMITO3UTA HCUCTKUX 3alIPCHICHHBIX
30H M OINPEAENICHO BIMSHHUE CTENICHU IPAJUEHTHOCTH Ha «Pa3MBITOCTH)» I10J0C BTOPUYHOTO
n3iydenus. [lomydeHHble pe3ysbTaThl OTKPHIBAIOT BOZMOXKHOCTH CO3/IaHUSI 00pa3LoB C 3a-
JTaHHOM (OpMOii crieKTpa.

KnroueBbie ciioBa: ()OTOHHBIN KpUCTaAIUT, CBEPXCTPYKTYpa, TPaJHEeHTHOCTD, HEUETKas CTOM-
30Ha, CHEKTP BTOPHUYHOIO U3ITyUECHUS

Modeling the spectral features of a one-dimensional
gradient photonic quasi-crystal

Kuzmina Katerina Andreevna
Filatov Vladimir Viktorovich®” vfilatov@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Photonic quasicrystals are artificial materials with a quasi-periodic superstructure
whose “period” varies according to a predetermined law. This paper presents the results of
modeling the optical spectrum of a one-dimensional gradient two-component photonic quasi-
crystal — a thin film formed by successively alternating two different flat dielectric layers (say,
“a” and “b”") under the condition of a linear increase in the thickness of each new layer of the
resulting structure (i. e., “a-bb-aaa-bbbb-...”). The presence of fuzzy band gaps in the energy
spectrum of the resulting composite is established, and the influence of the degree of gradient
on the “blurring” of the secondary emission bands is determined. The obtained results open
up the possibility of creating samples with a specified spectral shape.

Keywords: photonic crystal, superstructure, gradient, fuzzy stop band, secondary emission
spectrum
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Y[IK 538.9

Kom6uHauMOHHOe paccesiHue CBETA Ha OCLMIIATOPaX
CBEpXCTPYKTYpbl GOTOHHOrO KPpUCTaNNa

Faspunosey [lapba AneKCaHAPOBHA
Faspunosel Buktopna AnekcaHapoBHa
™

®unatos Bnagumup Buktoposuu vvfilatov@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AnHoTanusa. GOTOHHBIE KPUCTAIbI — MaTepUalibHbIE CPEbl C PEryJIPHOM ONTHUECKOU
CBEPXCTPYKTYPOH (CBEPXpELIETKOIl), ePUOA KOTOPOH COCTaBISIET HECKOJBKO COTEH HaHO-
MmetpoB. [1o00HbIH XapakTepHbId MacTab COOTBETCTBYET JJIMHAM BOJIH BHIMMOIO JMara-
30HAa ¥ MOTOMY TIO3BOJISIET MCIONB30BaTh MPO3pavyHble (POTOHHOKPUCTAIUTMYECKHE 00pa3Iibl
JUISL BU3yaJIM3allMA ¥ HETIOCPEICTBEHHOTO M3YYEHHMS JieTalled BaXXHEHIIMX MEXaHU3MOB (-
3UKH KOHJCHCHPOBAHHOTO COCTOSIHHS, OOBIYHO HEJIOCTYNHBIX IS IMPSMOTo HaOJIIOACHHS.
Tak, HarpuMep, perucTparys 0COOCHHOCTEH B3aMMOICHCTBISI KBAHTOB BHEIIHETO AJIEKTPO-
MarHuTHOTO oM ((DOTOHOB) C KBaHTaMH PEHICTOYHBIX BO30YKICHUH ((OHOHAMH, MOISPO-
HaMH, SKCHUTOHAMH, OpOWTOHAMHM, XOJOHAMH ¥ CIMHOHAMHM) HCKIIOYHUTEIBHO Ba)KHA A
YCTaHOBJIEHHS] COOTBETCTBYIOUIMX (hOpM(PAKTOPOB U CTPYKTYpHbIX (yHKImiA. B manHoit pa-
0oTe mccnemyercss B3anMOICHCTBAE (POTOHOB ¢ CyneppOHOHAMH — KBaHTAMH KoJieOaHMA
OCHMJIISITOPOB CBEPXPELIETKH (POTOHHOTO KPHUCTAJLIa, PACCYUTHIBAIOTCS MOJICIbHbIE KOMOU-
HALMOHHBIE CIIEKTPBI M TIPOBOAUTCS COTIOCTABIICHUE C PE3yJIbTaTaMH CIIEKTPAILHOTO aHAITN3a
00pa3uoB. YcTaHOBJIEHHBIE 3aKOHOMEPHOCTH TO3BOJISIOT HHTEPIPETUPOBATh KOMOMHAIIMOH-
HBI mUK B oOmactu okoyno 1500 1/cm paHee HescHOW TpHPoOAbl Kak ciex DaHo-
B3aMMOJICHCTBHS 00pa3yronMxcsi B OTOHHOM KpHCTaJule THOPUIHBIX KBa3UYacTHIL («cyTiep-
TIOJISIPUTOHOBY ).

KnroueBble ciioBa: KOMOMHAIIMOHHOE paccesiHie CBeTa, (POTOHHBIH KPHUCTAILI, CBEPXPEIIET-
Ka, ()OHOH, MOJIAPHUTOH, pe3oHaHc PaHo
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Raman scattering on photonic crystal’s superstructure oscillators

Gavrilovets Daria Alexandrovna
Gavrilovets Victoria Alexandrovna
Filatov Vladimir Viktorovich® vvfilatov@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Photonic crystals are material media with a regular optical superstructure (superlat-
tice) with a period of several hundred nanometers. This characteristic scale corresponds to
wavelengths in the visible range and therefore allows the use of transparent photonic crystal
samples for visualization and direct study of the details of the most important mechanisms of
condensed matter physics, which are usually inaccessible to direct observation. For example,
recording the interactions of external electromagnetic field quanta (photons) with lattice exci-
tation quanta (phonons, polarons, excitons, orbitons, holons, and spinons) is crucial for estab-
lishing the corresponding form factors and structure functions. This paper examines the inter-
action of photons with superphonons — quanta of oscillator vibrations in a photonic crystal
superlattice. Model Raman spectra are calculated and compared with the results of spectral
analysis of samples. The established patterns allow us to interpret the Raman peak around
1500 cm ™', whose origin was previously unclear, as a trace of the Fano interaction of hybrid
quasiparticles (“superpolaritons’) formed in the photonic crystal.

Keywords: raman scattering, photonic crystal, superlattice, phonon, polariton, Fano reso-
nance
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YK 532.5

MopenupoBaHue 06TekaHusa Konebnwweroca npoguns
MeTOA,0M BA3KUX BUXPEBbIX JOMEHOB

CepebpoBckas EkaTepuHa AneKcaHapoOBHa e.a.serebrovskaya@gmail.com
SPIN-kop: 4096-9667
MapueBckuit Unbs KOHCTaHTMHOBUY iliamarchevsky@mail.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AnHoTammsi. MozienpoBaHie THAPOIMHAMUYECKHX SIBJICHHH SIBIISIETCS aKTyaJlbHOW WHKe-
HepHoH 3agadeld. OTHUM M3 TOJIXOJIOB K PELICHHIO TAKOTO Kilacca 3ajay BBICTYIAeT METOJ
BA3KHUX BHXPEBBIX JOMEHOB, PEAIN30BAHHBIN B MporpaMMHOM KoMiuiekce VM2D. JlaHHbIi
KOJI TIpeZIHa3HaueH ISl MOJISTIMPOBAHMS IBYMEPHBIX TEUCHHUH BSI3KOH HECKUMAEMOH KHUIKO-
CTH M YCIICIIHO NpUMEHsIETCs I aHaIn3a IMMPOKOro Kiacca 3a/1ad, BKIFOYas B3aMMOJICH-
CTBHE MOTOKAa C PasMM4YHbIMHU Tenamu. OJHAKO BO3MOXKHOCTH MOJCIMPOBAHMS OOTEKAaHHSA
negopmupyembix Ten B VM2D Opumn orpanmdeHsl. B paboTe mpenctaBiieH anrOpUTM UIS
MOZIENMPOBaHus o0TekaHus Kojedmonmxes npoduieil. B kayecTBe mpumepa paccMoTpeH
PBIOOTIOAOOHBIH TUIOBELl, TPEICTABIAIONIMI CeYeHUE LMJIMHAPUYECKOro Teiaa B (opme
000061eHHOr0 Mpoduast JKyKOBCKOro ¥ COBEPINAIOIINI KOJIeOaHUs MO 3aJaHHOMY 3aKOHY,
MMHUTHPYIOLIMM BOJIHOOOpasHble ABWkeHus. [IpoBeneHa Bepudukamms pa3paboOTaHHOTO aj-
TOpUTMa ITyTeM CPaBHEHHs PE3YJIbTaTOB PAacyeTOB C JIAHHBIMH, IIOJYYEHHBIMH B MaKeTe
OpenFOAM.

KiaroueBble ciioBa: BUXPEBLIC MCTObI, THAPOANHAMHKA pBI6OHOHO6HOFO IJI0BL A

Modeling of flow simulations around an oscillating airfoil
using the viscous vortex domain method

Serebrovskaya Ekaterina Aleksandrovna e.a.serebrovskaya@gmail.com
SPIN-code: 4096-9667
Marchevsky Ilia Konstantinovich iliamarchevsky@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Modelling of flows simulation around bodies is a relevant engineering challenge.
One established approach for this class of problems is the Viscous Vortex Domain (VVD)
method, implemented in the VM2D software package. This code is intended for simulating
flows of a viscous incompressible flows simulation and has been successfully applied to a
broad spectrum of problems, including fluid-structure interaction. This work presents an algo-
rithm for simulating flow around oscillating profiles. A fish-like swimmer is considered as an
example, represented by a cylindrical body section with a generalized Zhukovsky profile ge-
ometry and undergoing undulatory motion prescribed by a law. The developed algorithm was
verified by comparing its results with data obtained using the OpenFOAM package.

Keywords: vortex methods, hydrodynamics of a fish-like swimmer
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YK 519.8

Peanusauus npototvna 6bICTPOro anropuTtmMma nomcka cocepei
B airopuTMax MoAeNMpoBaHUsA MeToAaMM YacTuLy

3arpaHuyHas EneHa BnagMumunpoBHa
Mapuesckuin Unbsa KOHCTaHTMHOBUY iliamarchevsky@mail.ru

MITY um. H.3. baymaxa, Mocksa, Poccusa

AHHOTanMsi. MeTompl 4YacTHI] OTHOCATCS K JIarPaHXXEBBIM MM THOPHIHBIM SHIEpOBO-
JIarpamkeBbIM METO/IaM pEIIeHHs 3aJad MEXaHHKH CIUIOMIHON cpenpl. Cpenu X mpenmy-
IIECTB CIEJYeT BBLICIUTh CPABHHUTEIBHYIO MPOCTOTY peajM3allid M BBIYUCIUTEIBHYIO
3¢ deKTUBHOCTb, OCOOEHHO NP BBHINOJHEHUN PACUETOB HA COBpeMeHHbIX DBM, o6opymo-
BaHHbIX rpaduueckumu yckopuremsiMu (GPU). Tlpu peuienun 3agad moMuMoO HeNocpen-
CTBEHHOH alMpOKCHUMAlUK YPaBHEHUH OOBIYHO NMPUXOJUTCS BBIIIOJHATH OOJIBIIOE KOJIHYeE-
CTBO «BCIOMOTATEJIbHBIX» OMEpalii, HallpuMep, MPOU3BOJUTH JUIS KaXKIOW YacTH MOMCK
ONIM3KO PACIIONOKEHHBIX («COCEIHUX») K HeH yacTHIl. M3BeCTHO MHOTO ITOCTaHOBOK 3a[auH
TIOMCKa ONMMKalIIIX coceziel; B JOKJIA/Ie pacCMOTPEH MPOCTEHIINK BapHaHT: TIOMCKa OJTHOTO
6mmxaiimero cocena. OUeBHIAHBIN adrOPUTM MMEET KBaPaTHIHYIO BEIYUCIUTEIBHYIO CIIOXK-
HOCTH (II0 YHCITy YacTHIl), YTO HE MO3BOJISET PACCMATPHBATH CHCTEMBI, COEPIKAINE COTHH
ThICSY YaCTHI] 3a aJIeKBaTHOE BpeMs. PaccMOTpeH alroputM KBa3WJIMHEWHOM CIOMXHOCTH,
OCHOBaHHEIN Ha nepapxmdeckom LBVH-ymopsimounBanrm gactuil 1 ooxoxe k-d gepesa. s
JTAHHOTO aJrOPUTMA CO3/aH MPOTOTHUII B CHCTEME KOMIIbIOTepHOH anreopsr Wolfram Mathe-
matica, UCIOJIb30BaHNE KOTOPOTO MO3BOJIMT B JajbHEWIEM pa3paboTaTh ObICTPhIEC alropuT-
MBI JUISl IPYTHX BBIYMCIUTENHLHO-CIIOKHBIX ONEPalii 1 ONTUMU3UPOBATh UX C YYETOM CIie-
IU(UKK COOTBETCTBYIOIIMX 3ajad. JTO OCOOCHHO aKTyaJbHO B KOHTEKCTE pa3pabOTKH
airoputMoB 1t GPU ¢ yderom Toro, 4ro peanu3anusi CIOXKHBIX aJrOPUTMOB MPAaKTHYECKH
HEBO3MOJKHA 0€3 CO3/IaHusl «IIPOTOTHUIIOBY», NIPH 3TOM B CHCTEMaX KOMIIbIOTEPHOW aireOpbl
JITOPUTMBI IOCTPOEHHS M 00X0/1a IEPEBHEB HEOOXOIMMOTO THIIA HE PEATH30BAHBI.

KoueBsbie ci10Ba: METOIBI YaCTHII, OBICTPHIA adTOPHUTM, OIVDKAMIINIA cOCelT, CHCTEMa KOM-
MBIOTEPHOM anreOphl
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Implementation of a fast neighbor search algorithm prototype
for particle-based methods

Zagranichnaya Elena Vladimirovna
Marchevsky Ilia Konstantinovich iliamarchevsky@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Particle methods belong to Lagrangian or hybrid Eulerian-Lagrangian approaches
for solving continuum mechanics problems. Their advantages include relative implementation
simplicity and computational efficiency, particularly when performing calculations on modern
computers equipped with graphics accelerators (GPUs). When solving problems, in addition
to the direct approximation of the governing equations, it is required to perform a large num-
ber of “auxiliary” operations, such as searching for closely located (neighboring) particles for
each particle. While there are many known formulations of the nearest neighbor search prob-
lem, this talk considers the simplest variant: the search for a single nearest neighbor. A
straightforward algorithm has quadratic computational complexity (with respect to the num-
ber of particles), which makes it infeasible to simulate systems containing hundreds of thou-
sands of particles within a reasonable time. An algorithm with quasi-linear complexity, based
on hierarchical particle ordering (LBVH) and k-d tree traversal, is considered. A prototype of
this algorithm was implemented in Wolfram Mathematica. The use of this prototype will fa-
cilitate the future development of fast algorithms for other time-consuming operations and
their optimization according to the specifics of the corresponding problems. This is particular-
ly relevant having in mind algorithms development for GPUs, since implementation of com-
plex algorithms is practically impossible without preliminary “prototypes” development,
while computer algebra systems lack built-in implementations for the required types of tree
construction and traversal algorithms.

Keywords: particle methods, fast algorithm, nearest neighbor, computer algebra system
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MocTpoeHue anarpamm pacnosioXXeHUs KopHe
YypPaBHEHUS YeTBepTOro nopsaka

CopokBawwuH AnekcaHgp Bnagumuposuy sorokvashinav@student.bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AHHOTanms. PaccMaTprBaroTCsi HECKOJIBKO METO/IOB ITOCTpoeHus 3D-nuarpammel, otoopa-
JKaloIIeH pacIioyiokeHne KOpHEH XapakTepUCTHIECKOro ypasHeHus 4-ro nopsiika. Bee mero-
JIbl TIO3BOJISIIOT KJIACCU(UIMPOBATh KOPHU: OTIEINUTh YCTOHYMBBIE OT HEYCTOWYMBBIX, & TaK-
K€ CTPYNIIMPOBATh WX MO THITy M B3aMMHOMY DacliojoKeHHWIo. [Ipeanaraercst aropuTMbl
BBIBOJIA W TOJYYECHHUsS COOTBETCTBYIIMX JMAarpaMM C HCIIOJIb30BAHHEM COBPEMEHHBIX WH-
cTpyMeHToB — Onbmmotek Python u cpenst MATLAB.

KaroueBble cioBa: muarpamma BeimHerpackoro, cuctema 4-ro Hopsiika, XapakTeprucTuye-
CKO€ YpaBHEHHUE, YCTONUUBOCTb, TUCKPUMUHAHT, PACIIOJIOKEHUE KOPHEH, alllIPOKCUMALIUS

Construction of root locus diagrams for a fourth-order equation

Sorokvashin Alexander Vladimirovich sorokvashinav@student.bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. Several methods for constructing a 3D diagram that displays the root location of a
fourth-order characteristic equation are considered. All methods allow for the classification of
roots: separating stable from unstable ones, as well as grouping them by type and mutual ar-
rangement. Algorithms for deriving and obtaining the corresponding diagrams using modern
tools — Python libraries and the MATLAB environment — are proposed.

Keywords: Vyshnegradsky diagram, fourth-order system, characteristic equation, stability,
discriminant, root arrangement, approximation

Beenenne. Xapakrep nepexoJHbIX MPOLECCOB B JIMHEWHBIX CUCTEMAax OIpeaeis-
€TCsl paclooKEHHEM KOpHEH XapakTepucTudeckoro ypaBHeHMs. Kiaccudeckas
nuarpaMma Beimserpaackoro [1-5] mo3BosisieT aHanM3upOBaTh CUCTEMBI TPETHETO
nopsizuka uepe3 k03hHUIHEeHTH ypaBHEeHHs 0e3 BbIUUcieHus: KopHel. s cucrem
YEeTBEPTOro MOPSIJIKA CYLIECTBYIOT rpaduueckue moaxonasl [6—10], HO HU oauH U3
HUX HE SBISETCS TOYHBIM aHAJIOTOM JAnuarpaMmbl BermHerpaackoro. Lens gannoit
paboThl — MOCTPOEHHE MPOCTPAHCTBEHHOW OHarpaMMbl, KOTopas pa3feiuTr o0-
JIaCTh YCTOMYHMBOCTH HA YaCTH C PA3JIMYHBIM B3aUMHBIM PACIIOJIOKEHHEM KOpHEH
YpaBHEHUS YETBEPTOT'O MOPSIIKA.

MeToabl U MaTepHaJbl; pe3yabTaTbl. PacCMOTpUM HOPMUPOBAaHHOE Xapak-
TEPUCTUIECKOE YpaBHEHHE BUA:

x* + Ax’ + By + Cx+1=0. (D)
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B pabote uccienyercs xapakrep U B3aUMHOE PACIIOJIOKEHHE KOPHEH ypaBHe-
uus (1) B 3aBucumoctu ot 3HaueHuit 4, B u C.

IlepBBlit METO MOCTPOEHHUSI AMArPaMMBl B IIPOCTPAHCTBE MapameTpoB A, B u
C — noroueynoe pemreHue ypaBHeHus (1) ans BeIOpaHHBIX Auama3oHoB A, B u C
¢ mocnenyouel knaccupuKanuen peleHril o XxapakTepy M B3aMMHOMY pacIio-
noxeHnto KopHed. IlomydeHHas nuarpamMma CIIy>)KHT 3TaJOHOM sl IPOBEPKHU
OCTaJIbHBIX MTOJIXO/IOB.

Bropoii Meron — aHanuTU4YecKUd. BpIBENEHBI ypaBHEHUS IOBEPXHOCTEH,
pasrpaHUYMBAIONINE OOACTH JAWArPAMMBI: TIOBEPXHOCTh TPAHUIIB yCTONYHNBOCTH,
MOBEPXHOCTh HYJIEBOIO AMCKPUMHHAHTA, IOBEPXHOCTb, PA3AEIAIONIAsl KOPHU IO
UX B3aMMHOMY PacIIOJIOKEHHUIO.

B cuy rpomMo3nkocTH BeIpaKEHMH IS BBIBOJIA NMPUMEHSUTHCH COBPEMEHHBIE
WHCTPYMEHTHI pabOThl ¢ CUMBOJIBHOM anredpoii [11, 12], ocHOBaHHBIE HA METOAAX U
noaxonax Beicmeit anreopst [13, 14]. [lomyuenHbie ypaBHEHHS MOBEPXHOCTEH 3a1a-
HBI HEABHO M MMEIOT BECbMa TPOMO3JIKYIO 3allMCh, YTO CO3JaeT TPYJHOCTH MPH MO-
CTPOEHUM JuarpaMMbl. TpeThs JuarpaMma co3/laHa Ha OCHOBE Pa3/IeICHUs Ha YacTH,
YIPOIIEHUS U alMpOKCUMAIMU TTOBEPXHOCTEH BTOPOM JMarpaMMsl, YTO 3HAYUTENb-
HO YIIpOIIaeT BBIYMCIICHUS, HO HEN30€XKHO BEIET K MoTepe TOUHOCTH. st cozpanus
TpeThell auarpammbl pazpaboTaHa CTpaTerHs armpOKCHMAIIUH CIO0KHBIX HESBHBIX
MOBEPXHOCTEN C HCTIOIb30BAaHHEM COBPEMEHHBIX HHCTPYMEHTOB.

3akuouenne. [IpennoskeHsl TpM METOIUKHA MOCTPOEHUSI IIPOCTPAHCTBEHHOTO
aHaJiora AuarpaMMbl BeITHETpajcKoro Ij1sl ypaBHEHUS 4-TO MOpsAIKa: BU3yalu3a-
sl MOTOYEYHOTO pacueTa ¢ Kiaccuukanueld KopHel, aHAIMTHYECKHH MOAXO/,
WCTIIONIB3YIOMAN TOYHBIE YPABHEHHWS Pa3rpaHUYMBAIONINX ITOBEPXHOCTEH, M YIIPO-
IICHHBIN TOJIXO0M, HCIOJB3YIOUINH pe3yibTaTel aHamuTHueckoro. Cpenu apyrux
IyTel YHPOIUEHUS CIOKHBIX MOBEPXHOCTEM MOYKHO MNPEUIOKHTH IapamMeTpu3a-
UI0 ypaBHeHHWH. Tarke muarpaMma MOKET ObITh CHaO)KeHa JOTIOTHHUTEIHHBIMHU
MOBEPXHOCTSIMH, HAIpHUMeEp, MOBEPXHOCTSMH PaBHOW CTENEHU YCTOMUMBOCTU U
KO0JIeOaTEeIbHOCTH.
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OueHKa ynpyrux 3¢p¢eKToB npy oTAEeNeHUN CTBOPOK o6TekaTens
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Annoramus. [Iponiecc oTnenenus CTBOPOK oOTeKarelssi — OjHAa M3 KIIFOUEBBIX JWHaMHYe-
CKHX ONeparlyii, HeBBIMOJIHEHNE KOTOPOH aBTOMAaTHYECKH BEAET K HeyJade MUCCHU. Tak Kak
Ha Ha3eMHBIX HKCIIEPUMEHTAJBHBIX YCTAHOBKAX HEBO3MOXKHO B TIOJHOM Mepe peaan3oBaTh
peaslbHbIEe YCIIOBHS OTIENECHUs, TO JI1 00OCHOBaHMWS NMPUHATHIX TEXHUYECKUX PEIICHUH HcC-
TOJIB3YeTCsl MaTeMaTH4ecKoe MojienpoBanue. PaspaboTana mMozenb mporiecca, MO3BOJISIO-
Im1asi aHAJIM3UPOBATh JBIKEHHUE OTICISIONIMXCS YIPYTHX CTBOPOK OTHOCHTENHEHO HOCHUTENS
C y4eToM BceX CHJIOBHIX (akTopoB. MccnenoBaHbl kKauecTBEHHBIE S(P(EKTH yNpyrux KOH-
CTPYKUMH, BIHsAtONHE Ha Oe3yJapHOCTh mporecca otaeneHus. OCyIIecTBIeH BEIOOp dHepre-
THYECKUX XapPAKTEPHCTUK CPEICTB OTICIICHUSL.

KitroueBble cjioBa: CTBOPKH 00TEKATEIIsI, IPOIIECC OT/ACICHHS, YIPYTHiA 3(h(eKT, 6e30MacHOCTh

Assessment of elastic effects at fairing flaps separation
Tereshina Kseniya Vladimirovna® kseniya.tereshinal@rsce.ru
Borzykh Sergey Vasilievich Sergey.Borzykh@rsce.ru

PJSC Rocket and Space Corporation Energia, Korolev, Russia

Abstract. The process of separating the fairing flaps is one of the key dynamic operations, the
failure of which will automatically lead to a mission failure. Since on ground-based experi-
mental facilities it is impossible realize the real conditions of separation, mathematical model-
ing is used to substantiate the made technical solutions. A process model has been developed
that allows analyzing the movement of separable elastic flaps relative to the launch vehicle
taking into account all power factors. Qualitative effects of elastic structures affecting the
non-impact of the separation process have been investigated. Selection of energy characteris-
tics of separation means is carried out.

Keywords: fairing flaps, separation process, elastic effect, safety

Beenenue. [Ipouecc oTaeneHus 3allMTHBIX CTBOPOK OOTEKAaTelsl SBJISIETCS OAHOM
U3 KJIHYEBBIX JTUHAMUYECKUX OIEepaluil, OCyIIECTBIIEMbIX HA YUYAaCTKE BBIBEICHUS
nosne3noro rpysa (I1I'). OOtekarens ciayxut s 3amuthl 117 kak Ha cTapTOBOM
CTOJIe, TaK W Ha y4acTKe BeIBeJeHM. [locie mpoxokaeHuss aTMOC(hEpHOTO yJacTKa
oOTeKaTenb OTAENACTCS OT PAKEThI-HOCUTEINS, TaK KaK ero 3aluTHas QyHKUUs Ie-
pecraer ObITh HEOOX0AMMOI. Pa3BuTHEe pakeTHO-KOCMHYECKOH TEXHHUKH COTIPSIKE-
HO CO CTPYKTYPHBIM YCJIO)KHEHHEM pakeT KocMuueckoro HasHadenusi (PKH),
pOCTOM WX Ta0apWTOB C OJHOBPEMEHHON MHUHHUMH3AITNEH MacChl «CyXOi» KOH-
CTpyKIMHU. B cBsI3M € 3TH 00TEeKaTeNu UMEIOT 3HAYMTENbHBIE pa3Mephl, IO3TOMY
BBITIOJTHSFOTCSI COCTaBHBIMA. KOHCTPYKTHBHO OHHM MPEACTABIAIOT c000i KoMOHnHa-



242 Mockea, MITY um. H.3. baymaHa, 2—-5 0ekabps 2025 .

U0 000JI0YEK BpalleHUs] — LUIMHIPOB, KOHYCOB, Cep U BKIIOYAIOT HECKOJIBKO
pasnensHO cOpacbiBaeMbIX CTBOpOK. [lom oOTekarereM C HEKOTOPHIM 3a30pOM
HaXOAMTCS 30Ha KOHCTPYKIUU KOCMUYECKOT0 anmnapara.

ITox Ge3omacHOCTHIO TpoIlecca OTAENEHUS O0TeKarensl MOHMMAeTCs OTCYT-
CTBHUE COYJApPEHHI €ro CTBOPOK KaK C MOJIE3HBIM IPY30M TaK M C HOCHUTENEM, IIPO-
JIoJpkaromuM mofneT. [l obecriedeHns OpraHM30BaHHOTO JBIDKEHHS OTICIICHUS
CTBOPOK B TepBOH (ha3e mpolecca OHM pa3BOPAuMBAIOTCA OTHOCHUTEIBHO OCEH
BpalleHus, pa3MeNeHHbBIX Ha HOCHTENE. 3aTeM, TIOCe AOCTIDKEHUS ONpeeieHHO-
TO yIjla pa3BopoTa, CBA3b C HOCUTENIEM Pa3phIBAETCsl, © HAUMHAETCSA Y4aCTOK aBTO-
HOMHOTO JIBIDKCHHUS CTBOPOK [1].

Metoabl. V3BecTHBI pabOTHI, B KOTOPBIX MPEANPUHUMANNCEH TONBITKH y4eTa
YOPYTHUX CBOMCTB KOHCTPYKIIMH PAKETHO-KOCMHUYECKHX O0OBEKTOB MPHUMEHUTEIHHO
K IpoleccaM OTAeJeHus. B HUX paccMaTpuBaioch OTAeJIeHHE OOKOBBIX YCKOPHTE-
JIeH, TIPH 3TOM HCTIOIB30BAIIUCH MpocTeiimue 6anodnsie Mogenu [1, 2, 4].

W3BecTHBI cnyyan, Koraa HaOtoAaeMasl CKOPOCTb OTIENICHHS CTBOPOK OTIIH-
YJaack OT PACCUNTAHHOH 1O a0COJIOTHO TBEPABIM MOJEISM, TakKe HaOIII01aI0Ch
MOBPEKACHHUE MOJIE3HOTO I'Ppy3a, BCIEACTBUE YIPYTHX KojeOaHUN pa3pe3HOi TOH-
KOCTEHHON KOHCTPYKIIMH CTBOPOK. B CBs3m ¢ 3TMM pa3paboTaH MeTOAMYECKHI
MOJIXO0J] U COOTBETCTBYIONIAs IPOrpaMMHasl peanu3alnus, JUisl IPOrHO3HOH OLIEHKU
3¢ ¢dexToB ynpyroi oTaaun MpH pas3ieleHnH, a TakKe MOTeph CKOPOCTH, 00YCIIOB-
JICHHBIX YIPYTUMHU CBOMCTBaMU KOHCTPYKLUH.

MexaHn3M MOTeph CKOPOCTH 3aKII0YAaeTCs B CIEAYIONIeM: B CiIydae pacdera
TBEPABbIX MOJIENEN BCs MOTEHIMAIbHas HEPTHUs, 3allaceHHasl CPECTBAMM OTJIENe-
Hus (CO), MOTHOCTBIO MEPEXOIUT B KHHETHIECKYIO DHEPTHUIO Pa3BOPOTa CTBOPOK,
IIPY 3TOM CTBOPKH K MOMEHTY pa3pbIBa CBS3H C HOCHUTENIEM NPHOOPETAIOT Ompeie-
JICHHYIO yTJIOBYIO CKOPOCTh — ATAJIOHHYIO CKOpPOCTh. Ipn yueTe ynpyrux cBOHCTB
yacTh NoTeHIUanbHOW 3Heprud CO MOJTHOCTBIO HE MEPEXOAUT B KUHETHUECKYIO
SHEPTHI0 Pa3BOPOTa CTBOPKH (TBepAyI0 GOpMy ABMKEHUS), YACTh SHEPTUU YXOIUT
Ha B030yxJeHue ynpyrux (GopM Kosebanuii [3], B CBSI3U ¢ YeM peasibHasl yriioBast
CKOpOCTb YIPYIoll CTBOPKM Ha MOMEHT pa3pblBa CBS3U C HOCUTEIEM OyAeT OTIu-
9gaTbcs OT TBEPJOTO TANOHA.

3akiouenne. YTOUYHEHHAs] MOJIETb MpoLecca OTAEIEHUS CTBOPOK, YUUTHIBA-
IolIasi UX YIpyTue CBOHCTBA MO3BOJHUT 00Jiee TOYHO OCYHICCTBISTH MPOTHOZHYIO
OLICHKY KMHEMAaTHYECKHUX MapaMeTpOB, YPOBHS HArpy>K€HUs KOHCTPYKIMH U aHa-
JM3UPOBATH 0€30MACHOCTD NMPOLIecca OTACIICHHSI.
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OnbIT pacyeTa U NPOEKTUPOBAHUSA CTEHAA
ANSA MHEBMATMUYECKMX UCMbITaHUI (DaCOHHBbIX YacTelt Tpy6onpoBoaoB
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MapkoB Makcum bopucosuu

JIFTY, Jluneyk, Poccus

Annotanms. [lpuBeneHo mccienoBaHne HaNpsDKEHHO-Ae(OPMHPOBAHHOTO COCTOSIHUS 3D-
MOJIENU CTeHAA AJIsI THEBMATHUYECKUX MCIBITAaHNI HA CIUTOLIHOCTH (DACOHHBIX YacTeH TpyOo-
npoBoaoB ¢ DN ot 1000 1o 1600 MM, OTIHUTBIX U3 BEICOKOIPOYHOTO YYTYHA C HIAPOBUIHBIM
rpaduroM. B pesynbrare pacueToB B CMCTEME aBTOMaTH3UPOBAHHOTO MPOEKTHPOBAHHMS BbI-
SIBJICHBI CJIa0ble MECTa KOHCTPYKIMH CTEH[a, MPEIUIOKEHBl PEKOMEHAINH, TO3BOJISIOIINE
TIOBBICUTb €€ HaJIeXHOCTH IIPH UCIIBITATEIBHOM JIaBJICHUN BHYTPH HCIIBITHIBAEMOM JETajN JI0
0,5 MIla BKIIIOUHTEIIBHO.

KaroueBble cioBa: creHa, pacdeT, MPOYHOCTh, MCIHBITAHMS, HANPSHKEHUS, TEPEeMEIICHNS,
pama, TpyOOnpoBO/IbI, (PACOHHBIE YACTH TPYyOOIIPOBOIOB

Experience in calculating and designing a stand
for pneumatic testing of shaped parts of pipelines

Markov Boris Anatolevich bobor@bk.ru
Markov Maxim Borisovich

LSTU, Lipetsk, Russia

Abstract. A study of the stress-strain state of the 3D model of the bench for pneumatic
strength and continuity tests of shaped parts of pipelines with DN from 1000 to 1600 mm,
cast from high-strength cast iron with spherical graphite, is presented. As a result of calcula-
tions in the computer-aided design system, weak points of the bench were identified, recom-
mendations were proposed for changing the design of the bench, allowing to increase its reli-
ability at the test pressure inside the tested part up to 0.5 MPa inclusive.

Keywords: stand, calculation, strength, tests, stresses, displacements, frame, pipelines,
shaped parts of pipelines

Beenenue. Ilpu nzrorosnennu Tpy0 U acoHHBIX yacTell TPyOOIPOBOIOB U3 BbI-
COKOIPOYHOTO YYI'yHa C HIAPOBUAHBIM IpadUTOM MPOBOIATCS, KaK MPaBUIIO, THI-
paBIMYECKUE UCHBITaHUs Ha NMpouyHOCTh [1]. OnmHako B psne ciaydaeB TpeOyercs
MPOBEICHUE UCITBITAHUH Ha CIUIOIIHOCTD CXAaThIM BO3AyxoM [2]. [ToaTomy B cBsi3u
C OCBOGHHMEM IPOM3BOACTBA (PACOHHBIX YacTeil TPyOONPOBOAOB (TPOMHUKH, OTBO-
IIbI, KoJieHa U T. A. [1]) ¢ BHyTpeHHUM ycnoBHbIM nuameTpoMm DN Gomee 1000 mm
BO3HHKJIA HEOOXOMMOCTh B IIPOSKTHPOBAHMH U M3TOTOBJICHUW CTEHAA JUIS IIPOBE-
JIEHHs TAKUX THEBMATHYECKUX UCTIBITAHUM.
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MeToabl U MaTepHuaJbl; pe3yabTaThl. Ha mepBomM sTame paboThl Ha OCHOBE
HUMEIOIIMXCSI HOPMATUBHO-TEXHUYECKUX JJOKYMEHTOB [3, 4 U npyrux] Obu1o paspa-
00TaHO TEXHUYECKOE 3a/1aHUE Ha IPOCKTUPOBAHUE UCTIBITATEILHOTO CTEH/IA.

Ha BTOpOM 3Tame Ha OCHOBE aHANM3a CYMIECTBYIOMUX KoHGUTyparuii GpacoH-
HBIX YacTeld [1] Obl1 pa3paboTaH 3CKU3HBIA MPOEKT CTEHAA, YUUTHIBAIOIIEH BO3-
MOKHOCTb TIEPEMEIICHHST B 3aJaHHOE IOJIOKEHHE THAPOIMINHAPOB, MpeIHA3HA-
YEeHHBIX JJIS MPIDKATHs 3ariIyllek K TOpIaM MCHBITYeMOH NeTald NP CO3/JAaHUuU
BHYTPH HE€ UCTIBITATEILHOTO TaBJICHHS.

3areM C HCIONB30BAHWEM CHCTEM aBTOMAaTHYECKOTO MPOEKTHPOBAHHS OBLTH
paspaboTansl 3D-Mofeny Kak MCHBITHIBAEMBIX (DaCOHHBIX AETaliei, TaK M PaMsl
crerna. [lpumenenne 3D-mopeneidl MO3BONMIIO 3HAYHUTENHHO COKPATHTH CPOKHU
pacueToB TPUKJIbI CTATUYECKH HEOMPEASIMMON paMHOM KOHCTPYKLIMU CTEH/AA MPU
pasnnunbix (Oonee 30) BapuaHTax MNPWIOKEHHS BHEIIHUX CHJI M MX YHCIOBBIX
3HAYEHUI.

Pacuer Hanpspkenuii u nepememienuii (nedopmanmii) B 3D-Moaensx BBIION-
HSUJICSI METOJIOM KOHEYHBIX DIIEMEHTOB. [IpH BEHITIOJHEHWH aHajw3a HANpPSKEHHO-
JIeQopMUpPOBaHHOTO cocTosiHUST 3D-Mozenu cTeHaa onpeaesuiich BO3HUKAIOIINE
B HEH TpexMepHbIe HANPSHKEHUS U AedopMalni. DTOT METOJ IIUPOKO MPUMEHSET-
Csl UTSl aHAJIM3a CIIOXKHBIX HAIMPSDKEHHBIX COCTOSHUHN, HO MHTEPIPETAIHs pe3yIbTa-
TOB JIOJI’KHA OCHOBBIBATHCS HA OIBITE W 3KCIIEPTHOM MHEHHUH CIICHUAINCTOB B CO-
YeTaHWU C aHAIM30M Ileliell 1 TpeOOBaHMA KOHCTPYKITHH.

3akarouenue. [IpoBeaeH pacder pambl HCIBITATENBEHOTO CTEH/IA, OTIPEIEICHBI
pasMepsl MONEPEeYHOro CeueHHs ee AeTaleil, odecrneunBaromume B MpoLecce UCIbl-
TaHuil pacoHHBIX Aetanel TpyoorpoBoaoB ¢ DN 1000-1600 MM BHyTpeHHUM /1aB-
nenuem 0,6 MIla koaddunment 3anaca npoyHocTu He MeHee 1,5.

Pesynbrarel paboThl OBLTH HCITOB30BAHBI TIPU M3TOTOBJICHHH MCIBITATEIEHO-
ro creraga B OO0 «UyryaCrenCtpoii».
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AnHoTaums. Vccnenyercs npeaesbHoe COCTOSHUE YIPYTrol HEOJHOPOAHOM MOJIOCH HAa OC-
HOBE HeNMHEWHOH Mojeny. CKUMAIOIINE YCHIIHS, TIPIIOKEHHBIE K BEpXHEH, HIDKHEH U 00-
KOBBIM TMOBEPXHOCTAM, ABJIAIOTCA HE3aBUCUMBIMU. KOHTyp TIOTIEPECYHOTO0 CEUYCHUSA ITOJIOCHI
B HCHAIrpy>XCHHOM COCTOAHHU OJIM30K K IPAMOYTOJIBHOMY. B xauectBe YCJI0BHA TOCTHXKCHUA
NPENIeNIbHOTO COCTOSIHUSL MCIIOJIb30BaH KPUTEPH HETIPEPhIBHOM 3aBUCMMOCTH (DyHKIMH, Xa-
paKkTepHu3yrolIel MOBeICHHE U3y4aeMoro 00beKTa, OT UCXO/HBIX JaHHbIX. Hapymenue atoit
HETIPEPBIBHOCTH CIIOCOOHO BBI3BIBAaTh MOTEPI0 YCTOWYMBOCTH (IIEpBasi rpymIa NpeesbHbIX
COCTOSIHMI) WJIM 4Ype3MepHbIe aedOopManiy, OTKIOHEHHS OT IIPOSKTHPYEMBIX PacUeTHBIX
3HaYeHUH (BTOpas TpyIIa HpelelbHBIX COCTOsHMIT). B MaTemarmyeckyio Mojienb, Hapsity
C HEJIMHEWHBIMH I'PAaHWYHBIMHU YCIIOBHSIMH, BKJIIOYEHBI YTIIbl IOBOpoTa (moaxox HoBoxxu-
noBa — HWmmmHckoro). [omydeHo ycnosue, MO3BOJISIONIEE ONPEAENATh 001acTh, Ha Ipa-
HHIIE KOTOPOIl COCTOSTHHE TTOJIOCHI CTAaHET MPEAENIBHBIM (IIOTEPs YCTOHYMBOCTH PAaBHOBECHOM
¢dopmel). [IpoBeneH aHanm3 ydera HETMHEHHOCTH B YPaBHEHUSIX PABHOBECHS Ha HANICHHYIO
00acTh. Pe3ynbTarhl COrMIacyrOTCS ¢ M3BECTHBIMU PEIICHUSAMH IS YaCTHBIX ciydaes. Jlist
pPasNUUHBIX IapaMEeTPOB CEYEHMs OIpeNesieHbl OO0JacTH OJHOPOAHOTO HAMPSHKEHHO-
Je(OPMUPOBAHHOTO COCTOSHHS.

KiroueBble ciioBa: MpeacJIbHOC COCTOAHUEC, YIIpyras 10oJioca, HCHUPECPbIBHASA 3aBUCUMOCTD,
KOM6I/IHI/IpOBaHHOG Harpy>XeHue
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Limit state of an elastic strip under combined loading

Minaeva Nadezhda Vitalievna nminaeva@yandex.ru
Korotkov Mikhail Mikhailovich mihail_korotkov97@rambler.ru

Voronezh State University, Voronezh, Russia

Abstract. The limit state of an elastic heterogeneous strip is studied using a nonlinear model.
Compressive forces applied to the upper, lower, and side surfaces are independent. The strip's
cross-sectional contour in the unloaded state is close to rectangular. The criterion for reaching
the limit state is the continuous dependence of the function characterizing the behavior of the
studied object on the initial data. Disruption of this continuity can cause loss of stability (the
first group of limit states) or excessive deformations, deviations from the designed design
values (the second group of limit states). The mathematical model, along with nonlinear
boundary conditions, includes rotation angles (the Novozhilov-Ishlinsky approach). A condi-
tion is obtained that allows one to determine the region at the boundary of which the strip's
state becomes limiting (loss of stability of the equilibrium shape). An analysis of the nonline-
arity in the equilibrium equations is performed for the determined region. The results are con-
sistent with known solutions for particular cases. Regions of uniform stress-strain state are
determined for various section parameters.

Keywords: limit state, elastic strip, continuous dependence, combined loading
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Bo3MmOXHble CLeHapuu NPOUCXOXAEHUA
KoOp6UTanbHbIX 06LEKTOB 3eMin

Apbiresanos HypapgauH adigozalov@phystech.edu

Mockosckuli huzuko-mexHuyeckuli uHcmumym, JoneonpyoHsid, Poccus

Annorammsi. KoopOutaibHbIMH O0OBEKTaMH KaKOW-TMOO IUIAHETHI HA3bIBAIOTCS MaJible
HeOCeCHBIC Teja, HaXOIUECS B PE30HAHCE CPEAHUX JIBWKeHHA 1:1 ¢ 3Toi tuaHero (T. e.,
MIEPUO X OPOUTAIHLHOTO JBM)KCHHS COBMAJACT C MEPHUOIOM OPOUTAIBHOTO JIBIKCHHUS TIIa-
HeThl). B Hactosmee BpeMs (ocenb 2025 T.) H3BECTHO OKOJIO IBAANATA KOOPOHUTAIBHBIX 00b-
ekToB 3emiH. B pamkax orpannyeHHO# 3aaun N TeJl MPOBEAECHO YHCIEHHOE HCCIIEeI0OBAHNE
Pa3MUYHBIX CIIEHAPHEB 3aXBaTa acTePOHIOB B pe3oHaHC 1:1 ¢ 3emieil. YcTaHOBIECHBI yCio-
BUS, TIPH KOTOPBIX MIPOMCXOMAT 3aXBaT M BBIXOX W3 pe3oHaHca. [lomydeHa oreHka xapakrep-
HOM MPOAOJIKUTCIBHOCTH ABUKCHHUS B KOOp6I/ITaJ'[LHOM PEXKUME.

KuioueBble ci1oBa: koopOHTalbHBIE 00BEKTHI, KBA3UCITYTHUKH, PE30HAHCHI

Possible scenarios of origin of Earth’s coorbitals

Adigozalov Nuraddin adigozalov@phystech.edu

Moscow Institute of Physics and Technology, Dolgoprudnyi, Russia

Abstract. Co-orbital objects of a planet are small celestial bodies that are in a 1:1 mean-
motion resonance with that planet, i. e. their orbital period coincides with the planet’s orbital
period. As of autumn 2025, about twenty Earth co-orbitals are known. Within the framework
of the restricted N-body problem, we carried out a numerical investigation of various scenari-
os of capture of asteroids into the 1:1 resonance with Earth. The conditions governing both
capture into and escape from the resonance were identified, and the characteristic duration of
motion in the co-orbital regime was estimated.

Keywords: co-orbitals, quasi-satellites, resonances

Beenenue. B ConHeuHoii cucteMe KOOpOUTaIbHBIE OOBEKTHI JABMKYTCS TMPEUMY-
IIECTBEHHO B KBAa3HCIYTHUKOBOM, MOJKOBOOOPa3HOM M TPOSHCKOM peXume (BO3-
MOJKHBI TaK)K€ COCTABHBIE PEXKHMMBI ABMKECHUS, SBISIOMNECS 00beIMHEHUEM TIepe-
YHCICHHBIX OCHOBHBIX pexuMoB). Kiaccudukamus pexuMa  JIBIKESHUS
oTpezensieTcsl MOBE/IEHHeM YIiia, Ha3blBaEMOTO PE30HAHCHOW (pa3oi m paBHOTO
Pa3sHOCTH CPEJHUX AONTOT IJIaHETHl H 00BEKTA.

[lepBbie KoopOuTaNBHBIE 0OBEKTHI 3eMIH ObLIM OTKPHITH B XX Beka. [1o mepe
YCOBEPIICHCTBOBAaHHUA HAOIIOAATEIHHBIX CPEACTB KOJHMYECTBO M3BECTHBIX OOBEK-
TOB 3TOTO THUMA YBEIMYMBAETCs. BONBIIMHCTBO M3 HUX OBLINM OOHApPY)KEHBI B MO-
MEHT MaKCHMaJbHOTO cOmmkenust ¢ 3emiield. B Hactosee Bpems (ocens 2025 1.)
M3BECTHO OKOJIO JIBaANATH O0BEKTOB, MPUHAAJICKAIINX K KOOPOUTAILHON MOMYJIs-
nuu 3emnu. CregyeT OTMETUTh, YTO H3-3a HEKOTOPBIX pPa3iM4Mi B OTHECEHUH
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JBIDKEHUS pAfa 0OBEKTOB K KOOPOMTAIbHOMY pasHble CIICLUAIUCTHI yKa3bIBAIOT
pa3HOE KOJIMYECTBO OOHAPYKEHHBIX Y 3eMJIH KOOPOUTAIILHBIX 00OBEKTOB.

OcobOeHHBI HMHTEpEC B KOOPOMTANbHOW NOMYJSIIMM TPEACTABISIOT KBa-
3UCITyTHUKH. B cpaBHEHHMH C APYTMMH KOOPOMTAaIbHBIMH OOBEKTaMH KBa3HUCIYT-
HUKH TIpUMeYaTeSIbHbl MAJIBIMUA PAcCTOSIHUSIMHU A0 3emjie Npu CONMKEHUsX. DTO
YIPOINAeT UX BO3MOXKHOE HCCIENOBAaHUE C MOMOIIBI0 KOCMHYECKHX allapaTos.
B Onmwxkaiimme roasl 3Ty BO3MOXKHOCTH IMpPEAIONaraeT MCIOoNb30BaTh KUTalCKOe
KOCMHUYECKOE areHTCTBO, OTIpaBWBIIEe ammapar Tianwen-2 K KBa3HCIyTHUKY
3emiu (469219) Kamo’oalewa.

YeTkoe NOHMMaHUE NMPUYUH MOSBJICHUS y 3eMIM KOOPOUTANBHON MOMYJIALUH
OTCYTCTBYeT. B HacTosimiee Bpemsi 0OCYXKIArOTCSl TPHU CLEHAPHs HMPOUCXOXKICHHUS.
[MepBblii cueHapuii TPUMOPAWAIBHBIN: KOOPOHUTABHBIE OOBEKTH 00pa30BAIUCH
BMecCTe ¢ 3emJieil Ha paHHMX 3Tanax cyuectsoBanus ConHeuHol cucteMsl. Bropoit
CIIeHapHil COCTOWT B 3aXBaTe€ B PE30HAHC BHIOPOCOB C MOBEpXHOCTH JIyHBI TipH ee
CTOJIKHOBEHMSIX C MaJIbIMA HEOECHBIMH TeTaMu. TpeTHil clieHapuil CBS3aH C 3aXBa-
TOM B pe3oHaHC acTtepouoB I'maBHoro nosica [2, 3]. [lepBriii cueHapuil He coriacy-
eTCsl o cpeiHuM BpeMeHeM xku3Hu AC3 [4], BTOpoit He coriacyercs ¢ HaOJoIeH -
amu [5]. B nmannHoif pabore paccMaTpuBalOTCA cueHapui  (OpMHPOBaHUS
KOOPOWTAJIbHOM MOIYJISAINH 3aXBaTOM B PE30HAHC 00BEKTOB U3 [ TaBHOTO mosica.

MeTtoap1. OCHOBHBIM METOJIOM U3YYEHHS IBOJIIOIUH IBHKEHHS HA BPEMEHHBIX
UHTEpBalax [UJIMHOM B MIJIIHOHBI JIET SIBJISETCS UYUCIEHHOE HWHTEIPHUPOBAHUE.
Hamu Opwto mpoBeieHbl YMCIEHHOE WHTETPUPOBAHNE YPABHEHHN ABIKEHUS acTe-
pouja B paMKax OrpaHW4eHHOM 3ajaun N Teln ¢ y4eToM BIMsHUA BeHepsl, 3emin,
Mapca, FOmutepa u CarypHa Ha actepoun pu nmomoinu narerparopa REBOUND.

Pesyunbratel. IlosydeHsl mpuMepsl BO3MOXKHOIO 3aXBaTa acTEPOUIOB B Pe30-
HAHC C IUIaHeTaMW BHYTpeHHEH 4dacTh COJIHEYHOH CHUCTEMBI, a TaKXKe yKa3aHbl
BpEMEHa HaXO0XICHUS B TAKUX PE30HAHCHBIX peknMmax. C HCIoIb30BaHNEM KpHTe-
pust TruccepaHa aHaTUTHYECKH OLIEHEHA BO3MOXKHOCTH 3aXBaTa acTEpPOMAA B PE30-
HaHC ¢ 3emiieil B pe3yibTaTe OJHOKPATHBIX M IOBTOPHBIX OJIM3KMX COJIMKEHUH
¢ Mapcom u Benepoli, mpefCcTaBiIeHBl COOTBETCTBYIOMINE CIICHAPHUH. ACTEPOHUIBI
cemeiicts doken m BeHrpum paccMOTpeHBI B KaueCcTBE KaHAUAATOB MCTOYHHMKA
KoopOuTaneu mianeT BHyTpeHHeH yacTr COTHEYHONW CHCTEMBI.
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YucneHHoe MoaenmpoBaHue 0JHOCTOPOHHEr0 AUCKPETHOI0 KOHTAKTa
AN HECXKMMAEMO yNpyroi nosiochbl

bo6bineB AnekcaHap ANleKCaHApPOoBUY abobylov@gmail.com

MrY umeru M.B. JlomoHocosa, Mockea, Poccus

AnHoTanus. PaccMaTpuBaeTcs 3a1aua O BJIaBIMBaHUM JKECTKOTO IITaMIIa KOHEYHBIX pa3me-
POB C MOBEPXHOCTHBIM MHKPOPEIbe(hOM B HECKUMAECMYIO YIIPYTYIO moiiocy. [lomydeHs! rpa-
HUYHBIC BapHAIlMOHHEIC (hOPMYIHPOBKH 3a/1a91 C MCIIONBh30BaHUEM omeparopa [lyankape —
CrexioBa, 0TOOpaKaIOIIEro KOHTAKTHBIC HANPSDKCHUS B MepeMenieHus. [Ipu ammpokcuma-
IIUH 3TOTO OTIEPaTOPa UCIIOIH30BAIOCH AUCKPETHOE Mpeobpa3oBanme Dyphe, a IS BEIYHCIIC-
HUSI TIepeIaTOYHON (DYHKIMU MPUMEHSIICS alTOPUTM, TIOCTPOCHHBIN HA OCHOBE BapHaIHOH-
HOW (OPMYJITMPOBKHM KpaeBOW 3amauu uid TpaHchopMaHT TepemelneHuit. B pesynbrare
anmpOKCUMAIIMU UCXOAHON KOHTAKTHOM 3aJjauy TMOJTydeHa 3a/1adya KBaIpaTHYHOTO MpOrpaM-
MUPOBAHHUA C OIrpaHUYCHUAMU BUAEC PABECHCTB U HCPABCHCTB, I YUCJIICHHOT'O PEIICHUA KO-
TOPOU MCTIOJIb30BaH AJITOPUTM Ha OCHOBE METOJ]a COPSDKEHHBIX TPaIueHTOB. MeTOI0M BbI-
YUCITUTEIBHOTO  OKCIEPUMEHTA  YCTAHOBJEH PAJl 3aKOHOMEPHOCTEH  KOHTAKTHOTO
B3aUMOJICHCTBUSI.

KiroueBble cjioBa: 0JJHOCTOPOHHUI TUCKPETHBIN KOHTAKT, HECXKMMaeMasl ynpyras nonoca,
oneparop [lyankape — Creknosa

Numerical simulation of unilateral discrete contact
for an incompressible elastic strip

Bobylev Aleksandr Aleksandrovich abobylov@gmail.com

Lomonosov MSU, Moscow, Russia

Abstract. The problem is considered for the indentation of an incompressible elastic strip by a
rigid punch of finite dimension with a surface microrelief. Boundary variational formulations
of the problem are obtained using the Poincaré — Steklov operator, which maps contact
stresses into displacements. The discrete Fourier transform was used to approximate this op-
erator and the algorithm based on the variational formulation of the boundary value problem
for displacement transforms was employed to calculate the transfer function. Approximating
the original contact problem yields a quadratic programming problem with equality and ine-
quality constraints. The algorithm based on the conjugate gradient method was used for its
numerical solution. Some patterns in contact interaction were established through computa-
tional experiments.

Keywords: unilateral discrete contact, incompressible elastic strip, Poincaré — Steklov oper-
ator



250 Mockea, MITY um. H.3. baymaHa, 2—-5 0ekabps 2025 .

Y[IK 629.7

0 cTabunusaumm yCTaHOBUBLUMXCSA ABUKEHUI CMYTHUKA - TMPOCTATA
B FPaBUTALLMOHHOM M MarHUTHOM NonsAx 3emnu

Mopo3os Buktop Muxaitnosuy'"” moroz@imec.msu.ru
Kanexosa Bepa UnbuHnuHa'

TuxoHoB Anekceii AnekcaHposuy’

" HW mexaruku MY umeru M.B. JlomoHocosa, Mockea, Poccusi
? Cankm-emep6ypackuli 20cydapcmeeHHbiil yHusepcumem, CaHkm lTemep6ype, Poccus

AnnoTtanusi. Cpeii pa3iniHbIX (PaKTOPOB, BIMSIIONIMX HA JUHAMUKY YIPaBIsIEMOro Bpallia-
TENBHOIO JBM)KEHUS CIIyTHHUKA OKOJIO LIEHTPA MAacC, BayKHYIO POJIb UIParOT, BO-IIEPBBIX, MO-
MEHTHI cuJl, (PopMHUpyeMbIe 32 CYET B3aUMOJEHCTBHUS CIyTHHKA C TPaBUTALMOHHBIM M Mar-
HUTHBIM NOJIIMU 3€MJIH, & BO-BTOPBIX, BHYTPEHHUE JABHXESHUS, BOSHUKAIOIINE U3-3a HAINYUS
Ha CITyTHUKE MaxOBHKOB (POTOPOB) C OCSIMH BpallleHUsI, HSM3MEHHO 3aKPEIJICHHBIMU B KOP-
Imyce CHyTHHKA. Takoi CIyTHHK OOBIYHO HA3bIBAIOT IMpocTaroM. B pabote mpencraBiieHBI
HOBBIE PE3yJIbTAThl B MCCIEIOBAHUM NIPOrPaMMHBIX ABHXKEHUI CITyTHHKA-TUpOCTaTa C yde-
TOM BJIUSIHHSL TPAaBUTALIOHHOIO U MArHUTHOT'O MOJIEW 3eMITH.

KnroueBble cjioBa: CITyTHUK-THPOCTAT, YCTAHOBUBIIHMECS IBIKCHHS, HECTAIMOHAPHAS IO
YIIPABJICHUIO CUCTEMA, YIIPABIAEMOCTD, CTAOMIH3AIINA
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On stabilization of steady-state motions of a gyrostat satellite in the
Earth's gravitational and magnetic fields

Morozov Viktor Mikhailovich"” moroz@imec.msu.ru
Kalenova Vera Ilyinichna'
Tikhonov Alexey Alexandrovich?

! Institute of Mechanics of the Lomonosov MSU, Moscow, Russia
2 St. Petersburg University, St. Petersburg, Russia

Abstract. Among the various factors influencing the dynamics of the controlled rotational
motion of a satellite around its center of mass, two factors play an important role: firstly, the
moments of forces generated by the interaction of the satellite with the gravitational and mag-
netic fields of the Earth, and secondly, the internal movements arising due to the presence of
rotors on the satellite with axes of rotation permanently fixed in the satellite body. Such a
satellite is commonly called a gyrostat. This paper presents new results in the study of the
programmed motions of a gyrostat satellite in the Earth's gravitational and magnetic fields.

Keywords: satellite, gyrostat, steady-state motion, time-varying control system, controllabil-
ity, stabilization
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AHan13 3aBUCMMOCTU YaCTOT KABUTALMOHHbIX aBTOKOJIe6aHui
OT M0JauM U KaBUTALLMOHHOTO 3amnaca LeTpobeXxHoro Hacoca
¢ 60K0BbIM MOABOAOM

)

MpoueHKo AHTOH Anekca anosuu" protsenko.a@bmstu.ru

Wkanos Nasen Muxainnosuy spm@bmstu.ru

MITY um. H.3. baymaHa, Mockea, Poccus

AHHOTammsi. B pesysnprare NMpoOBEIEHHOIO SKCIEPUMEHTAIBHOTO HCCIEIOBaHHS ObUI BBI-
TIOJTHEH KOMIIJICKCHBIH aHaIN3 aBTOKOJIEOATEIbHBIX MPOIIECCOB B JIONACTHOM IIEHTPOOSKHOM
Hacoce B 3aBHCHMOCTH OT JIBYX KIIIOUEBBIX MapaMeTpoB — Iojgadd Q M KaBUTAIMOHHOTO
3arraca NPSH. Ha ocHOBe SKCHeprMEHTANBHBIX TAaHHBIX MOCTPOSHA TIIA/AKAs allpOKCHMH-
pytomiasi moBepxHOCTh nepuona konebanmii T(Q,NPSH), obGecneunBaromas BEICOKYIO TOY-
HOCTh (cpenusist ommoOka <5 %) B 3aaHHOM Auana3oHe mapaMerpo. V3 3Toi moBepXHOCTH
AHAJIMTUYCCKH TOJIYUYCHBI NIEPBHIC U BTOPLIC YACTHBIC MMPOMU3BOAHBIC, YTO ITO3BOJIMJIO BBIJIC-
JINTHb 06J'IaCTI/I C Pa3JIMYHBIM XapakKTEPOM UYBCTBUTCIBHOCTH MEPHOAA K UBMCHCHUIO KaXKJI0T'O
napamerpa. [IpoBeneHHbIIl aHANN3 TOKa3al, YTO XapaKTep BIHMSHHS IapaMeTPOB HOCHUT He-
JIMHEWHBIH W HEOJHOPOJHBIA MO 00JACTH ONpeJeNieHHs XapakTep, BKIJII0Yasi 30HbI COTJIaco-
BaHHOTO M TPOTHBOIIOIIOXKHOTO BO3AEHCTBHS (hakTOpOB. BBITIONHEH IpaJMeHTHBIN aHaIn3
pobactHocTH, 103BoMBIIMK TocTpouTth KapThl Moay st (I TI) v BeLzeuTh KpUTHYECKHE JH-
Hun 0T/0Q=0 u OT/ONPSH=0, pasnensronye peXUMBI ¢ PasHBIM HAlpaBiICHUEM BIHSHUSA
TIapaMeTpoB.

KioueBbie c10Ba: IeHTPOOCKHBINA HACOC, KABUTAIIHS
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Analysis of the dependence of cavitation self-oscillating frequencies
on the flow rate and net positive suction head (NPSH)
of a centrifugal pump with side inlet

Protsenko Anton Aleksandrovich® protsenko.a@bmstu.ru
Shkapov Pavel Mikhailovich spm@bmstu.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This experimental study resulted in a comprehensive analysis of self-oscillating
processes in a vane centrifugal pump depending on two key parameters: flow rate Q and net
positive suction head (NPSH). Based on the experimental data, a smooth approximating sur-
face for the oscillation period T(Q,NPSH) was constructed, ensuring high accuracy (average
error < 5 %) over the specified parameter range. First and second partial derivatives were ana-
lytically obtained from this surface, allowing us to identify regions with different period sensi-
tivity to changes in each parameter. The analysis revealed that the influence of the parameters
is nonlinear and heterogeneous across the domain, including zones of consistent and opposing
influences. A gradient robustness analysis was performed, allowing us to construct modulus
maps (lITl) and identify critical lines 6T/0Q = 0 and 0T/ONPSH = 0, separating modes with
different directions of parameter influence.

Keywords: centrifugal pump, cavitation
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Kpytunos Omutpuin Anekceesmy
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Annortanmsi. Paspaborana cucrema ypaBHEHHMH Ul aHATUTHYECKOTO OIPE/ICNICHUs] YacTOT
KPYTHIIBHBIX PE30HAHCHBIX KOJIEOaHMH COOCHBIX KOPOOOK mepenad. Mojenb y4HTHIBACT:
JKECTKOCTh HE TOJIBKO 3yObeB 3yO4aThIX KoJiec, HO M 3yOuaThlXx My(T, IUTHLEBBIX COCANHE-
HHH; Maccy M JKECTKOCTh BaJIOB; BIMSHHE JAPYTMX YacTed TpaHCMUCCHH (HAaIpHMep, >KecT-
KOCTh KapZaHHOTO Bajla, MacCy MaxoBHKa M Jp.). Moyenb MOXeT ObITh MCIONB30BaHa IPH
aHanm3e MONepeyHbIX KoyleOaHuH ISl CHIDKEHHS YPOBHSI BUOPAIIMM MEXaHWYECKOH CHCTEMBI
Ha CTa/INM KOHCTPYHUPOBAaHUSL.

KnroueBble ci1oBa: 3y0uarsie epeaadn, pe30HAHCHBIE KOJIEOaHMs

Dynamic model of gearbox

Novikov Evgeniy Rurikovich"” novikover@ystu.ru
Ermolov Alexey Veniaminovich

Maurin Nikolay Nikolaevich

Krutilov Dmitry Alekseevich

Yaroslavl State Technical University, Yaroslavl, Russia

Abstract. A system of equations has been developed for the analytical determination of tor-
sional resonant vibration frequencies in coaxial gearboxes. The model takes into account the
stiffness of not only the gear teeth, but also the gear couplings and splined connections; the
mass and stiffness of the shafts; and the influence of other transmission components (e.g.,
cardan shaft stiffness, flywheel mass, etc.). The model can be used to analyze transverse vi-
brations to reduce the vibration level of a mechanical system at the design stage.

Keywords: gear transmissions, resonant vibrations

CruUCcoK UCTOYHUKOB

[1] Bynrakos D.b., pen. Asuayuonuvie 3y6uameie nepedauu u pedykmopul: Cnpagounux. MOCkBa,
MamuHoctpoenue, 1981, 374 c.
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AHanU3 3HepreTMYeCcKUX XapakTepMCTUK NpoLecca CMeLeHns
AUCMEPCHbIX KOMMOHEHTOB LMXTbI

KanpaHosa AHHa BopucosHa'” kapranova_anna@mail.ru
baxaeBa Jlapba JMuUTpUeBHa

AlTY, Apocnaens, Poccus

AHHOTanMs1. BoInoiHeH aHaN3 SHEPreTHIEeCKUX XapaKTEPUCTHK MPOIEcca CMEIICHUsT pas-
PEXEHHBIX TOTOKOB TUCIEPCHBIX KOMITOHCHTOB IIMXTHI B pabode 30HE ammapara ¢ THOKIMHI
JIOMACTSMH TIPH CTOXACTHYECKOM MOJieIMpoBaHuu B (hopmannsme OpHiureliHa — YiieHOeka.
OyHKIMOHAIBHBIE CBS3U JAHHBIX XapaKTePUCTUK C MH(POPMAIIMOHHBIMHU MApaMETPaMH H3Y-
4aeMOro IpoIlecca COCOOCTBYIOT YCTAHOBJICHHIO 3HAYUMBIX (PAKTOPOB, BIMSIOIIMX Ha d¢-
(hEeKTUBHOCTH CMEILICHUS.

KuroueBble ciioBa: MO/JCJIb, IMTPONLCCC, CMEUICHUE, ChlITy4das HINXTa

Dynamic model of gearbox

Kapranova Anna Borisovna” kapranova_anna@mail.ru

Bakhaeva Daria Dmitrievna

Yaroslavl State Technical University, Yaroslavl, Russia

Abstract. An analysis of the energy characteristics of the mixing process of rarefied flows of
dispersed batch components in the working zone of a flexible-blade apparatus was performed
using stochastic modeling in the Ornstein — Uhlenbeck formalism. The functional relation-

ships of these characteristics with the information parameters of the process under study facil-
itate the identification of significant factors influencing mixing efficiency.

Keywords: model, process, mixing, loose bath

CrucoK UCTOYHUKOB

[11 Kummonrtosuu 10.JI. TypOysieHTHOe ABMXEHHE M CTPYKTypa Xaoca: HoBBIH momxom K cTaTu-
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Y[IK 539.3

MopenupoBaHue sedopmMmaLum TOHKUX MHOTOCNOMHbIX MIACTUH
B pPAMKaX MUKpPOMNOJIAPHO TEOPUM YNPYrocTu Ha OCHOBE
MeToi,a aCUMNTOTUYECKOTO OCpeAHEeHUS

boiiko Cepreit BnagumupoBuy s.boyko1999@mail.ru

MITY um. H.3. baymaHa, Mocksa, Poccusa

AnHoTanus. PaccmarpuBaercs o01mas moCTaHOBKA 337]a4i MUKPOTIOJISIPHON TEOPHU yIIPYTO-
ctu. [TomyueHo ee pereHne B oOIIeM BHIIE IS CITydasi TOHKOM MHOTOCIOWHOW IJIaCTUHBI.
Js 3TOro MCnonb3yercs METoJ aCUMITOTHYECKOrO0 OCPEIHEHHs, KOTOpBIM mIpeanosiaraet
MMOMCK HEU3BECTHBIX BEJIMYMH B BUJIE aCUMITOTHUYECKUX PA3NIOKEHHI IO MAJIOMY TTapamMeTpy,
COOTBETCTBYIOILIEMY paccMaTpuBaeMoil ruiactuHe. CrenaHbl BBIBOABI O TOM, YTO PacCcMOT-
PEHHBII METOJT O3BOJISICT HANTH BCE HEM3BECTHHIE BEJIMUMHBI B 3a/1a4€.

KiaoueBble ciioBa: MUKPONOJIAApHAA TCOPUA YHNPYTroCTH, MOMCHTHBIC HAIPSAKCHUSA, MCTOI
ACUMIITOTUYCCKOI'O OCPCAHCHU A

Modeling the deformation of thin multilayer plates
in the micropolar theory of elasticity based on the method
of asymptotic homogenization

Boiko Sergey Vladimirovich s.boyko1999@mail.ru

Bauman Moscow State Technical University, Moscow, Russia

Abstarct. The author considers the general formulation of the problem in the theory of mi-
cropolar elasticity. They obtain a general solution of it for the case of a thin multilayer plate.
They accomplish that by applying the method of asymptotic homogenization, which involves
finding unknown quantities as asymptotic expansions in a small parameter corresponding to

the plate under consideration. It is concluded that this method allows one to find all unknown
quantities in the problem.

Keywords: micropolar elasticity, couple stresses, method of asymptotic homogenization

CnMUCcoK UCTOYHUKOB
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Cob6cTBeHHbIE (hopMbl NONEPEYHBbIX KONEOAHUN CTEPXKHEN
nepemMeHHOro Ce4YeHUs C NepuoaUyYecKon cucTtemon gegekros

Mbo Ko Ko' phyokoko4387@gmail.com
baipynos Bacunui TEHHaAbEBMq1'Z

"MITY um. H.3. Baymana, Mockea, Poccus
2 WMMex PAH, Mockea, Poccusi

AnnoTtamms. B cTatee mopoOHO M3ydaeTcs BIUSHIE KOJMUYECTBA M aMILUTUTYBI Je(peKTOB B
npoduie cTepkHS Ha COOCTBEHHBIC 3HAYCHUS W (DOPMBI TONEPEUHBIX KoleOaHWH. ABTOPHI
MPUMEHSIOT KaK aHAMTUYECKUE, TaK U YHCICHHBIC TIOAXOMIb], YTOOBI TIOKa3aTh, KAK T€OMET-
pHrYecKre U3MEHEHHS BIMSIOT Ha BUOPAMOHHBIE XapaKTePUCTHKH, YTO UMeeT OOJbIIoe 3Ha-
YeHue 111 TOYHOCTH WHXKEHEPHBIX pacdeToB. VccaenoBanne uMeeT OOJIbIIoe 3HAUYCHHE IS
MMOHUMAaHUSI TUHAMHYECKOTO TIOBEACHUSI HEOHOPOIHBIX KOHCTPYKIMH, OYJET MOJIE3HO IS
co3maHus 00Jiee TOYHBIX M HAJACKHBIX MOCIICH I MPAKTHUECKOTrO MCIIOIb30BAHUS B HHKE-
HEpHBIX CUCTEMAaX.

KuroueBble ciioBa: pe3oHaTop, COOCTBEHHBIE KOJICOAHUS CTCpIKHsA, METO/] yCKOpeHHOﬁ CXO-
JUMOCTH

Natural forms of transverse vibrations of rods of variable
cross-section with a periodic system of defects

Phyo Ko Ko' phyokoko4387@gmail.com
Baidulov Vasily Gennadievich™?

" Bauman Moscow State Technical University, Moscow, Russia
? Institute of Applied Mechanics, Russian Academy of Sciences, Moscow, Russia

Abstract. The article examines in detail the influence of the number and amplitude of defects
in a rod profile on the eigenvalues and modes of transverse vibrations. The authors use both
analytical and numerical approaches to demonstrate how geometric changes influence vibra-
tion characteristics, which is crucial for the accuracy of engineering calculations. This study is
of great importance for understanding the dynamic behavior of heterogeneous structures and
will be useful for creating more accurate and reliable models for practical use in engineering
systems.

Keywords: resonator, gas natural oscillations, accelerated convergence method
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MopenvpoBaHue NOPUCTOCTU U TEMJIONPOBOAHOCTN YHHON KOPbl

KpoHpop, EkaTepuHa BuktoposHa'” e.kronrod@gmail.com
KpoHpop BukTop AnekcaHaposuy
Kyckos Oner JIbBOBUY

WHcmumym eeoxumuu u aHanumuyveckol xumuu um. B.W. BepHadckozo, Mockea, Poccus

AnHoTaums. [IpencraBieHa MOJEINb paclpeleieHUs] HOPUCTOCTU U CBA3aHHOW ¢ HEW TEIUIO-
MIPOBOJHOCTH B JIyHHOH Kope. MoJenh OCHOBaHAa Ha 3aBUCHMOCTH TOPHUCTOCTH OT JIMTOCTA-
TUYECKOTO JIABJICHHA, TNIOTHOCTH MHHEPAIBbHOTO 3epHAa WM IMPEACTABICHUSAX O BHYTPCHHEH
CTPYKType KOpbI, OCHOBaHHBIX Ha JINTEPATYpPHBIX JaHHBIX. PaccuntanHble MPOQUIN NOPH-
CTOCTH HCIIONB3YIOTCS JUIsl OLICHKH 3((HEeKTUBHOTO KO HUIMEeHTa TEIIIONPOBOAHOCTH, YIH-
TBHIBAIOIICIO BKJIAA Kak TBepAod ¢as3bl, TaK U PAAUAIMOHHOTO IEPEHOCA TeIia MEXIY
obomkamu. [TomydueHHbIC 3aBUCHMOCTH TTO3BOJISIIOT CBSI3aTh MCXAHUYCCKUE U TCIUIO(PH3HYC-
CKHUEC TTapaMeTphl BEIIECTBA U MOTYT OBITh UCIIOJIL30BAHBI IIPH MTOCTPOCHUH TEILUIOBBIX MOJIC-
nei JIyHsl

KiroueBnle ciioBa: J'IyHa, KOpa, MOPUCTOCTb, TCIVIONPOBOAHOCTD, YACIICHHOC MOJCIIMPOBAHUC

Paboma evinonnena 6 pamxax eoczaoanus 'EOXU PAH.

Modeling of porosity and thermal conductivity of the lunar crust

Kronrod Ekaterina Viktorovna® e.kronrod@gmail.com
Kronrod Viktor Aleksandrovich
Kuskov Oleg Lvovich

Vernadsky Institute of Geochemistry and Analytical Chemistry, Moscow, Russia

Abstract. A model describing the distribution of porosity and related thermal conductivity in
the lunar crust is presented. The model is based on the dependence of porosity on lithostatic
pressure, mineral grain density, and the internal structure of the crust inferred from published
data. The calculated porosity profiles are used to estimate the effective thermal conductivity,
which accounts for the contribution of both the solid phase and radiative heat transfer between
rock fragments. The obtained relationships provide a quantitative link between the mechanical
and thermophysical properties of the crustal material and can be applied in constructing ther-
mal models of the Moon.

Keywords: Moon, crust, porosity, thermal conductivity, numerical modeling

The work was performed as part of the state assignment of Vernadsky Institute
of Geochemistry and Analytical Chemistry.
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onTumusauymsa pac4yeToB KMHEMATUKN NapajyieyibHbiX MaHUNYNATOPOB
C y4eTOM 3aaBae€MbIX MapameTpoB

Conopkasn EneHa BUKTOpoBHa
XyxuH Aptyp MapaTtoBuy khuzhin0O6@mail.ru
WunkuH faHuun Anekceesuy danishilkin132@gmail.com

MITY um. H.3. baymaHa, Mockea, Poccus

Annoramus. [IpoBeneHo nccienoBaHue BIMSHUS JTI0()Ta MOTOPOB Ha MOBEJCHUE IIaT(Op-
MBI JIJIbTa MaHMITYJIITOpa C y4ETOM €ro KMHEMAaTHKH. Takxke Npe/cTaBiIeHO NMPHIIOKEHHUE,
HaIcaHHoe Ha si3bIke C++, 1S pacuera paboueii 06:1acTh eTbTa MaHUITYJISITOPa, UCXOS U3
JUIH 3BEHBEB, a TAKXKE pacyeT Jo(hTa KOHEYHOTO 3BeHa 1o JIIodTy MoTopa. C 1emblo OIEHKH
3aBHCHUMOCTH JJIMH 3BEHBEB U paboueil 00macT, a Takke MEXIy IOTPEIIHOCTHI0O MOTOPOB
1 MO(PTOM KOHEYHOU TIaT(HOPMEI.

KiroueBble c1oBa: napaiienbHbId MaHUITYIISTOP, YpaBHEHUE ABWKECHHUS TOYKH, ONTUMH3A-
1Sl PACUETOB, JIIOPT MOTOPOB, ABTOMATH3ALHs IIPOU3BOJICTBA

Optimization of parallel manipulator kinematic calculations
taking into account specified parameters

Solodkaya Elena Viktorovna
Khuzhin Artur Maratovich khuzhinoé@mail.ru
Shilkin Daniil Alekseevich danishilkin132@gmail.com

Bauman Moscow State Technical University, Moscow, Russia

Abstract. The influence of motor backlash on the performance of a delta manipulator plat-
form is studied, taking into account its kinematics. A C++ application for calculating the delta
manipulator's working area based on link lengths is also presented, as well as calculating the
end link backlash based on motor backlash. The aim is to evaluate the relationship between
link lengths and the working area, as well as between motor error and end platform backlash.

Keywords: parallel manipulator, equation of point motion, calculation optimization, motor
backlash, industrial automation
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Y[IK 531.38

PacyeT TpaeKTopuu noJsieTa HECUMMETPUUYHOTO TeNa

Conopkas EneHa BUKTOpOBHA solodkaya@bmstu.ru
Xopouwes Erop Bnagumuposuy
Makees Jmutpuin Bnagumuposuy

MITY um H. 3. baymaHa, Mockea, Poccus
Annotamms. [Ipexcrasnensl mudQepeHInaIbHble YpaBHEHUS IONIETa HECHMMETPUIHOTO
TE€Na U UX PELIEHUs] B 3aBUCUMOCTH OT €0 HaualbHOM CKOPOCTH U yrJia. BerauciaeHbl MOMEH-

TBl WHEPILMN OTHOCHUTENBHO TpeOyeMBIX OCell MyTéM CyMMHpPOBAHHMS MOMEHTOB HHEPIMH
KOHEYHBIX ITPOCTHIX YacTel TeNa M NPUBEICHUS UX K 33/IaHHBIM OCSIM.

KroueBble c10Ba: TBep0E TENO, TEH30P MHEPLUH, YPABHEHHUS IBIKCHHS

Calculating the flight trajectory of an asymmetric body

Solodkaya Elena Viktorovna solodkaya@bmstu.ru
Khoroshev Egor Vladimirovich
Makeev Dmitry Vladimirovich

Bauman Moscow State Technical University, Moscow, Russia
Abstract. The paper presents the differential equations for the flight of an asymmetric body
and their solutions depending on its initial velocity and angle. The moments of inertia about

the required axes are calculated by summing the moments of inertia of the finite simple parts
of the body and reducing them to the specified axes.

Keywords: rigid body, inertia tensor, equations of motion
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MaTtemaTnuyeckoe mogenupoBaHue noseta rMMHacTM4eCKoro cHapaga
KaK TBEpPAOro Tea

Conopkas EneHa BUKTOpPOBHA solodkaya@bmstu.ru
KopuHey, Muxaun Amutpuesuy

MITY um H.3. baymaHa, Mockea, Poccus

AnHoTaums. PaccmaTprBaeTcs 3a1a4a MOJCIUPOBAHMS IT10JIeTa TUMHACTHYECKOTO CHapsiia
(Ms9a, 0Opyua) kak TBepaoro Tenma. CocraBieHa cuctema uddepeHInansHbpIX ypaBHEHHH,
YUHUTBIBAOLIAsl HAYAIBHYIO CKOPOCTh, HAYaIbHYIO BBICOTY, YroJl OpocKa, BpalieHHe 1 COIpo-
THUBJICHHUC BO31yXa. Yucnennoe PEIIEHUEC CUCTEMBI IMO3BOJIAET TOYHO IMPOrHO3UPOBATH TPACK-
TOPHIO ¥ KOHEUHOE NOJI0KEHNE CHApAAa.

KuroueBble ciioBa: TBEPAOC TCJIO, TPACKTOPUA IBUKCHUA

Mathematical modeling of the flight of a gymnastics apparatus
as arigid body

Solodkaya Elena Viktorovna solodkaya@bmstu.ru
Korinets Mikhail Dmitrievich

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This paper considers the problem of modeling the flight of a gymnastics apparatus
(ball, hoop) as a rigid body. A system of differential equations is developed that takes into
account the initial velocity, initial height, throw angle, rotation, and air resistance. Numerical
solution of the system allows for accurate prediction of the trajectory and final position of the
apparatus.

Keywords: rigid body, trajectory
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Co3paHne NCKYCCTBEHHOM rpaBuTaLum Npu gJnTeNbHbIX
MeXnnaHeTHbIX NepesieTax

Conopkas EneHa BUKTOpOBHa solodkaya@bmstu.ru
AueHko Bagum

MITY um H. 3. baymaxa, Mockea, Poccusa

Annotauus. [IpoBener aHamu3 cocoO0B KOMIICHCAIIMH HETATUBHOTO BIMSHHS HEBECOMO-
CTH Ha OpPraHU3M YeJIOBEKa B YCIOBUSX JUIMTENbHBIX KOCMUUECKUX MOJIETOB. B kauecTBe pe-
[ICHUST PACCMATPUBAIOTCS PA3IMYHBIE KOMIIOHOBOYHBIE CXEMBI MUIIOTHPYEMbIX KOCMUYECKHX
anmnapaToB, TEHEPUPYIOIINX UCKYCCTBEHHYIO CHITY TsKeCTH. [IpuHIMI X AeHCTBHUS OCHOBaH
Ha CO3[aHUM CHJIBI HHEPIIUH TIEPEHOCHOTO JBMYKCHHS, BO3HUKAIOIICH NIPH BPAIICHUHA KOpao-
JISl WM €T0 CTICIHATM3UPOBAHHOTO MOJTYJISI BOKPYT COOCTBCHHOM IIEHTPAILHOM OCH.

KuroueBble ciioBa: HEBECOMOCTD, UCKYCCTBCHHAA I'paBUTAlIUA

Creating Artificial Gravity for Long-Term Interplanetary Flights

Solodkaya Elena Viktorovna solodkaya@bmstu.ru
Yatsenko Vadim

Bauman Moscow State Technical University, Moscow, Russia

Abstract. This paper analyzes methods for compensating for the negative effects of weight-
lessness on the human body during long-term spaceflight. Various configurations of manned
spacecraft generating artificial gravity are considered as a solution. Their operating principle
is based on the creation of an inertial force of translational motion generated by the rotation of
the spacecraft or its specialized module around its own central axis.

Keywords: weightlessness, artificial gravity
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MopgenupoBaHue 06TeKaHUA TeN NOTOKOM rasa B yaapHou Tpybe

Neeun Bnagumup Anekceesny™?
AdoHuHa Hatanbs EBreHbeBHa'

Hro KyaHr TyeH'

®)

XmeneBckuit Anekcanap Hukonaesuy' khmelevsky@imec.msu.ru

"HUW mexaHuku MY umeHu M.B. JlomoHocosa, Mockesa, Poccusi
2 WHcmumym aemomamuku u npoyeccos ynpasnexus [JBO PAH, Bnadusocmok, Poccusi

AnnoTtanusi. [IpencraBinensl pe3yibTaThl SKCIEPUMEHTAILHOTO MOJICTMPOBAHKS O0TEKaHHS
cdepsl ¢ Ui MOTOKOM rasa B yIapHOIl TpyOe KBaipaTHOro cedenus. VcenenosaH mporecc
HECTalOHAPHOH HadalbHOW (ba3bl hopMupoBaHuUs OTPBIBHOTO TeueHust Ha Tene. [Ipencras-
JIEHBI 3KCIIEpUMEHTAJIbHBIE JaHHBIE M0 3aBUCAIIUM OT BPEMEHM BEJIMYHHAM IapaMeTpoB OT-
PBIBHOM 30HBI B TOTOKE, (POPMUPYIOLIEHCS Ha UTJIE.

KioueBble ciioBa: MOIEIMPOBAHIE, TEIIO C UTIIOH, yaapHas Tpyba

Hccnedosarnue 6binonneno 6 pamkax 20cyoapcmeeHHoe0 3a0anust
MTI'Y umenu M.B. Jlomonocosa.

CnuUcoK UCTOUYHUKOB

[1] Paxmarymnua X.A., CemenoB C.C. Yoapruvie mpyowi: c6. cm. Mocksa, U31-B0 HHOCTpaHHOM
nutepatypsl, 1962, 699 c.

Modelling of a bodies flow by a stream of gas in a shock tube

Levin Vladimir Alekseevich™?

Afonina Natalia Evgenievna’

Ngo Quang Tuyen'

Khmelevsky Alexander Nikolaevich'" khmelevsky@imec.msu.ru

" Institute of Mechanics of the Lomonosov MSU, Moscow, Russia
? Institute for Automatics and Control Processes FEB RAS, Vladivostok, Russia

Abstract. Results of experimental modeling flow of a sphere with a spike by a stream of gas
in a shock tube of square section are presented. Process of a non-stationary initial phase of
separated flow formation on a body are investigated. Experimental data on time-dependent of
separated flow zones parameters in a stream, formed on a spike are presented.

Keywords: modeling, body with a spike, shock tube

The study was conducted under the state assignment
of Lomonosov Moscow State University.
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