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(I)yHI[aMeHTaJI])HBIe U NPUKJIAAHbIC IIpOﬁJIeMBI TEXHHKH H TEXHOJIOI'MA

Kononka rinaBHoro pepakropa

VYBakaeMble YMTATENM U aBTOPHI XKypHana! Yxke ceapbMoil roj Hail >KypHal
MPEIOCTaBIACT CBOM CTPAHMIBI A MYyOJMKAIlMM CTaTed, HaMUCaHHBIX II0
MaTepuaiaMm npoxojsied Ha 6a3ze denepanbHOr0 TOCYIaPCTBEHHONO aBTOHOMHOIO
yupexJAeHUs  Bbiciiero oOpaszoBaHus  «(CeBacTOIMONBCKUN  TOCYJAapCTBEHHBIM
YHUBEPCUTET)» aBTOPUTETHON MEXKIYHAPOJHOW HAYYHO-TEXHHUECKON KOH(epeHINH
«/lnHaMKKa, HAIEKHOCTh M JIOJITOBEYHOCTh MEXAHUYECKUX M OMOMEXaHMYECKHX
cuctem». [lns mnpencraBieHuss ouepeAHOW KOH(EpEeHUIHUH U TO3APABICHUS €€
YYaCTHUKOB TMPEJOCTABIIIEM CJIOBO PEKTOPY OJHOTO M3 €€ OQUIHAIbHBIX
opranuzatopoB, denepasbHOro0 TOCYJapCTBEHHOTO OI0HKETHOTO 00pa30BaTEIbHOTO
yUpexJAeHHUs BbIcIIEro oOpa3zoBaHus «OplOBCKHUI TOCyAapCTBEHHBIM YHUBEPCHUTET
umenu W.C. TypreneBa», KaHIuAaTy 5SKOHOMHMYECKHX Hayk, jomeHty, PhD,
MOYETHOMY pabOTHUKY cdephl oOpazoBanusi Poccuiickoit denepaniu, Mo4YeTHOMY
pabOTHUKY HayKHU U BbICHIEH K06l OpioBCKOM 001acTH AseKcaHipy AHAaTOJIbEBUYY
®denoTony.

VYBaxkaeMble JIpy3bs U KoJUieru, yuacTHUku XVIII
MexayHapoqHONW Hay4YHO-TEXHUYECKOW KOH(pEpeHIIuU
«J/lnHamuka, HAJIC)KHOCTh 151 JOJITOBEYHOCTh
MEXaHUUYECKUX U OMOMEXaHUYECKUX CUCTEM!

Sl cepmeyno panx npuBercTBOBaTh Bac Ha
ouepeHON MeXIyHapoaHou KoHpepenuuu. HecMmoTps
Ha BCE TPYOHOCTH KOPOHOBUPYCHOTO IEPHUOJA,
MOJIUTUYECKUX U SIKOHOMUYECKUX OOOCTPEHUMN, MPUSITHO
OTMETHUTH, YTO HAy4YHas MBICJIb HE MOIBEPKEHA HUKAKUM
OMOJIOTUYECKUM, TOJIUTHYECKUM WJIH SKOHOMUYECKUM
BIIUSIHUSIM, €€ HEBO3MOXHO OCTAaHOBHUTH WM JIake
3aMeInTh. TeMaThka HacTosIed  KOH(pEepeHIMH
ABJISIETCSI, 0€3YCJIOBHO, aKTYaIbHON M HYKHOM.

TexHosioruu, MaTepuaibl 1 UHCTPYMEHTHI B MalllMHOCTPOEHUU Bcerja ObLIH,
€CTh M OyIyT OCHOBOM U 0a30if JTHOOBIX TPOU3BOJICTB, O€3 HUX HEBO3MOKEH HUKAKOU
TEXHUYECKUN U TEXHOJOTMYECKUU MIPOTPECC B MUPE U CTpaHe. POCCUMCKUE LIKOJIBI
TEXHOJIOTOB IIMPOKO M3BECTHHI HE TOJIBKO B HAIlEH CTpaHe, HO U 3a pyOeXoM, B
MOCJIEAHUE TOABl OHM AKTUBHO PAa3BHUBAIOTCS M IOKA3bIBAOT WHTEPECHBIE HOBBIC
Hay4YHblE M TpPaKTHYECKHME pe3yapTarbl. O4yeHb XOpOIIO, 4YTO HAa HACTOSIIEH
KOH(EepeHIIUM MHOTHME W3 HUX HalUIM CBOE JOCTOMHOE MECTO M TPEICTaBHIN
pE3yJbTaThl CBOUX UCCIEIOBAHUM.

Cekmust «MexaHuyeckue M OMOMEXAHMUYECKHE CHCTEMb» TaKKe BechbMa
aKTyajbHa, OCOOBIA MHTEPEC MPEJCTABISIOT OMOMEXaHUYECKHUE CHUCTEMBI, KOTOPBIC
pa3pabaThIBAIOTCS HA CTHIKE TEXHUYECKUX U OMOJIoTHYecKruX HayK. HoBble MaTepuasl
Y KOHCTPYKIIMHU, B YaCTHOCTH, ISl MEIUIIMHBI, BCET1a B IPUOPUTETE, & BOMPOCHI UX
HAJIC)KHOCTU U JOJITOBEYHOCTH B MPSMOM CMBICIIE SIBJIAFOTCS BOIPOCAMHU KU3HU JJIS
MHJUIMOHOB JIFOJIEH.

Euie pa3 nmo3apasisito y4aCTHUKOB KOH(EPEHIIMH U Kenaio Bam unrepecHoil u
II0JJOTBOPHOM pabOThI!
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Ceknusi «kMexaHH4YecKHe U OHOMeXaHuYecKHe CHCTEMbD»

CEKLINA «MEXAHUYECKUE
N BUOMEXAHUYECKUE CUCTEMbI»

YK 629.127.43 DOI: 10.33979/2073-7408-2021-348-4-4-12

S.H. TAMHYJUIMHA, M.U. KAJIMHYH, B.I1. TIOJIMBLIEB, E.B. ITAIIIKOB

CI/ICTEMHI)II‘/:’I HOAXO1 K IIPOEKTUPOBAHHUIO U U3I'OTOBJIEHHIO
MOBUJIBHOU BAPOBAKYYMHOMU KAMEPBI JUIAA UCCJIEJOBAHUHU
BUOJIOTUYECKHUX OBBEKTOB

AHHOTAamMs. B pabome paccmompeHvl npakmuyeckue npuemvl peuleHus paoa cneyuguueckux 3aoay no
NPOEKMUPOBAHUIO, U32OMOBNEHUI) U KOMNIEKCHOMY UCRBIMAHUIO MOOUTLHOU 6APOBAKKYMHOU KaMepbl, 8bINOIHEHHOIU C
B03MOMCHOCTBIO BU3YANLHOLO HAONIOOEHUss U AnnapamypHo20 MOHUMOPUHEA OTUMENbHbIX SKCNePUMEHMATbHBIX
uccne008anull 1a60paAMmMOpPHLIX pacmerull U OUOIO2UYECKUX 00BEKMO8.

KiroueBble ci10Ba: eunepbapus, oxcueeHayus, 6aKyym, mexuoao2uieckoe ovicmpooeticmeue, 6apo8axyymMHasl
Kamepa, buoobwvexmol.
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Ya.N. GAYNULLINA, M.I. KALININ, V.P. POLIVTSEV, E.V. PASHKOV

A SYSTEMATIC APPROACH TO THE DESIGN AND MANUFACTURE
OF A MOBILE BAROVACUUM CHAMBER
FOR THE STUDY OF BIOLOGICAL OBJECTS

Abstract. The paper considers practical methods for solving a number of specific problems in the design,
manufacture and complex testing of a mobile barovaccum chamber, made with the possibility of visual observation and
hardware monitoring of long-term experimental studies of laboratory plants and biological objects.

Keywords: hyperborea, oxygenation, vacuum, technological speed, steam-vacuum chamber, biological objects.
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B.T. MATBEEHKO, A .B. JIOJIOI'JIOHSH, B.A. OUEPETIHbII

3AMKHYTBIE MUKPOI'A3SOTYPBUHHBIE /IBUT'ATEJIN
C OKUCJ/IMTEJEM-BO31YXOM B OHEPI'OYCTAHOBKAX
HoABOJJHOU TEXHUKU

AHHOTAUMA. B ycnogusax Apkmuku npu oceoeruu Mecmopoxcoenutl wenbgha mopetl U OKeaHo8 CyujecmeeHHas
POIb OMBOOUMCSE NOOBOOHOU MeXHUKe, KOmopdas 00JHCHA 001adameb KAk 00CMAMOYHOU SHEP20BOOPYHCEHHOCBIO, MAK
U BO3MOJCHOCHbIO ONUMeNbHOe 8pemMsi pabomams 8 Ompuvlee om Mecm nocmosHHo20 bazupoganusi. Cpedu pasiuiHbLx
Muno8 dHep2oyCMaHo8oK OJiA SMUX yeieli npeoCmasiAom uHmepec 3aMKHymbvle MUKpO2a30mypOuHHsle yCmaHo8KU
(BMI'TY), obradarowue 8blcoKol yOeabHOU MOUHOCTHDIO.

B pabome npoeeden ananuz xapakmepucmux pabouux yuxkios pasiuyvix cxem 3IMI'TY u 6 kauecmse 6a30601i
sviopana 3MI'TY ¢ pecenepayueti meniomul, Kak Oonee dKOHOMUYHAA no cpaeuenuro ¢ 3IMI'TY npocmoeo yukia u
CnocobHas pabomams N0 OOHOKOHMYPHOU CXeMe HA OPeAHUYECKOM MONIUGe ¢ UCNONb308AHUEM 8030YXd 8 Kayecmee
OKUCTUMEIAL.

B xauecmese pabouezo mena Osueamens ucnonvzyemcs cmecv azoma, HPOOYKMOG C2OPAHUS MONAUBA U
Kucnopooa. Mznuwku pabouezo yoanaiomes u3z Yukia KOMIpeccopom 3a 6opm.

Ilpeonosceno Oanvhetiwee nosviuieHue IKOHOMUUYHOCMU NPOCMO20 YUKAA HYymem 21yO0KOoU YMUIusayuu
Menomul 8bIXIONHBIX 2308 8 mypookomnpeccoprom ymunuzamope (TKY), cocmosawem uz mypounsl nepepacuupenus,
npugooaujeti O0HCUMAIOUWULL KOMIPECCOP U Pe2eHepamopd ¢ 0Xaaoumenem 2asd, pacnosiOHCeHHbIX MeNCOY HUMU.

Yemanoeneno, umo sxonomuynocmos 3MI'TY ¢ TKY u pecenepayueti meniomul gvluie no cCpagHeHuro ¢ 6a3060u
3MI'TY ¢ pecenepayueii ¢ 1,15...1,25 pasa, a yoenvuaa mowHocms eo3pacmaem 6 1,3...1,5 paza npu onmumanvuot
cmeneHu nogvluleHUs 0asenUsl 8 KOMnpeccope 0sueamerns.

KarwueBble clI0Ba: 3aMKHymas 2a30mypoOuHHAs YCMAaH08Ka, MUKPOMYpOUHA, peceHepayus meniomslt, mypouna
nepepacuupenus, mypooKoMnpecCcopHblil YmMuiu3amop

Hccneoosanus evinonnensl npu punancoeoit noooeprcxke PODH ¢ pamkax nayunozo npoexma Ne 19-08-
00469
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V.T. MATVIIENKO, A.V. DOLOGLONYAN, V.A. OCHERETYANY

CLOSED MICROGAS TURBINE ENGINES WITH OXIDIZER-AIR
IN UNDERWATER POWER PLANTS

Abstract. Under the conditions of the Arctic, in the development of deposits on the shelf of the seas and oceans,
a significant role is assigned to underwater equipment, which must have both sufficient power supply and the ability to
work for a long time in isolation from the places of permanent deployment. Among the various types of power plants for
these purposes, closed micro-gas turbine plants (CMGTP) with a high specific power are of interest.

The paper analyzes the characteristics of the operating cycles of various CMGTP schemes, and CMGTP with
heat recovery was chosen as the base one, as it is more economical compared to a simple cycle CMGTP and capable of
operating in a single-circuit scheme on organic fuel using air as an oxidizer.

A mixture of nitrogen, fuel combustion products and oxygen are used as a working medium of the engine. The
surplus working medium is removed from the cycle by the compressor overboard.

A further increase in the efficiency of a simple cycle by deep utilization of the heat of exhaust gases in a
turbocompressor utilizer (TCU) consisting of an overexpansion turbine driving a booster compressor and a regenerator
with a gas cooler located between them is proposed.

It has been established that the efficiency of CMGTP with TCU and heat regeneration is 1.15... 1.25 times higher
than that of the base CMGTP with regeneration, and the specific power increases 1.3... 1.5 times with the optimal
compressor pressure ratio in the engine.

Keywords: closed-circuit gas turbine plant, microturbine, heat regeneration, overexpansion turbine,
turbocompressor utilizer.
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A.B. IOJIOI'JIOHAH, B.T. MATBEEHKO

OIITUMMU3AIUA CTEIEHU PETEHEPAIIUU JTJIA HIUKJIOB
I'A3OTYPBUHHBIX YCTAHOBOK C KOXKXYXOTPYBHBIMU
PETEHEPATOPAMMA

AHHOTaUMsA. [Ipeomemom paccmomperus 6 Cmamve s615emcs MamemMamuieckds Mooeib Ko3gguyuenmos
60CCMAHOGIIEHUS. OABNICHUsL PE2EHEPAMOPO8 2a30mypounnslx ycmanosok (I'TY), xomopas yuumwlgaem 3a6UcUMocmo
2UOPABTIUYECKO20 CONPOMUGLEHUS. MENI00OMEHHO20 ANNApama om NiowWadu e20 NOBEePXHOCMU U KOIDduyuenma
xomnakmuocmu. Ilposedena onmumuzayus pecenepamugnoeo yuxkia ITY u yuxia ¢ mypOOKoMHpeccopHbiM
VMUAUZAMOPOM U peceHepayuel ¢ Yeavlo OalbHelue20 NOBbIUEHU UX IKOHOMUYHOCMU. YCmanoeneno, umo
UCNOTB30BAHUE NPEOTOANCEHHOU MOOENU KOIPPUuyuenmos 60CCmanosienuss 0agieHus no 6030YUHOU U 2a30801 CMOPOHE
NO360J5lem HAUmMU ONMUMATILHYIO C MENIOMEXHUYECKOU MOYKU 3PEHUsl Cenelb pezenepayuil. Dma Mooenb Modicem
ObIMb UCNONBL308ANA NPU YAPOWEHHBIX U npedsapumenvHulx paciema I'TY.

KuroueBble ciioBa: xoaghguyuenm soccmanosnenuss 0anenus, 2a30mypouHnas yCmanosKka, KoJCyxompyoHulii
pezenepamop, pezenepayusi meniomvl, mypouna nepepacuiupenusi, mypooKoMnpeccopHvlil Ymuiu3amop.

Hcceneoosanus évinosinenst npu punancosoii noooepcke PODH ¢ pamkax nayunozo oovexkma Ne 19-08-
00469.
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A.V. DOLOGLONYAN, V.T. MATVIIENKO

OPTIMIZATION OF REGENERATION RATIO FOR CYCLES
OF GAS TURBINE PLANTS WITH SHELL-TUBE REGENERATORS

Abstract. The subject of consideration in the article is a mathematical model of the pressure recovery factors of
gas turbine plants (GTP) regenerators, which takes into account the dependence of the hydraulic resistance of the heat
exchanger on its surface area and the coefficient of compactness. Optimization of the GTP regenerative cycle and the
cycle with a turbocompressor utilizer and regeneration was carried out in order to further increase their efficiency. It
has been established that the use of the proposed model of the pressure recovery factors for the air and gas sides makes
it possible to find the regeneration ratio that is optimal from a thermal engineering point of view. This model can be used
for simplified and preliminary calculations of the GTP.

Keywords: pressure recovery factor, gas turbine plant, shell-tube regenerator, warmth regeneration,
overexpansion turbine, turbocompressor utilizer.

BIBLIOGRAPHY

1. Goryunova I. YU. Regeneratory GTU: uchebno-metodicheskoe posabie / I. YU. Goryunova, I. D. Larionov —
Ekaterinburg: 1zd.-vo Ural. un-ta, 2017. — 80 s.

2. Abianc V.H. Teoriya aviacionnyh gazovyh turbin. M.: Gosudarstvennoe izdatelstvo oboronnoj
promyshlennosti. — 1953 .216 s.

3. Aronson K.E. Teploobmenniki energeticheskih ustanovok / K.E. Aronson, S.N. Blinkov, V.I. Brezgin i dr.//
Ekaterinburg: lzdatelstvo UrFU, 2015. — Elektronnyj format: html. Ob"em: 733 Mb

4. Matveenko V.T. Glubokaya utilizaciya teploty v gazoturbinnyh dvigatelyah s turbinoj pererasshi-reniya/V.T.
Matveenko // Promyshlennaya teplotekhnika. — 1997. — T. 19. — Ne 4-5. — S. 81-85.

5. Bianchi M.A. Feasibility Study of Inverted Brayton Cycle for Gas Turbines Repowering/ M. Bianchi, G.
Negridi Montenegro, A. Heretto, P.R. Spina// Journal of Engineering for Gas Turbines and Power. — 2005. — Vol.127.-
1s.3. —Pp.599—605.

6. Arbekov A.N. Teoriya i proektirovanie gazoturbinnyh i kombinirovannyh ustanovok / A.N. Arbekov, A.YU.
Varaksin, E.A. Mnushin, V.E i dr. — M. Izdatelstvo MGTU im. N.E. Baumana, 2017. — 678 s.

7. Arsenev L.V. Stacionarnye gazoturbinnye ustanovki / L.V. Arsenev, [i dr.]. — L.: Mashinostroenie, 1989. —

Ne 4 (348) 2021 9




Ceknusi «kMexaHH4YecKHe U OHOMeXaHuYecKHe CHCTEMbD»

543s.

8. Dologlonyan A.V. Optimizaciya stepeni regeneracii dlya ciklov mikrogazoturbinnyh ustanovok / A.V.
Dologlonyan, V.T. Matveenko // Fundamentalnye i prikladnye problemy tekhniki i tekhnologii. — Orel: OGU im. I.S.
Turgeneva, 2020. — Ne 3 (341). — S. 59-66.

Dologlonyan Andrey Vartazarovich Matviienko Valerii Timofeevich

FSBSI Institute of nature and technical systems, FSBSI Institute of nature and technical systems,
Candidate of Technical Sciences, Chief of Laboratory, Doctor of Technical Sciences, Professor,
FSEIHE «Sevastopol State University», Professor Assistant,  Russian Federation, Sevastopol

Russian Federation, Sevastopol E-mail: mvt3900@mail.ru

E-mail: dologlonyan@hotmail.com
Y]IK 547.458.88 DOI: 10.33979/2073-7408-2021-348-4-28-32

0.C. KYKOBHUHEIL, P.X. MYJJAPHUCOBA, A.A. BAKYJIbCKAS, A.P. UICAEBA

TEXHOJIOI'UA ITOJYYEHHA HOBBIX
BUOJJIOTUYECKHN AKTUBHbBIX IEKTHHOBBIX MATEPUAJIOB,
MOINPUIINPOBAHHBIX L - TPUIITO®PAHOM

Annomauun. Ha ocnose s0104H020 NeKmMuHa, MOOUPUUUPOBAHHO20 aMuHoKuciomou - L-mpunmogarom,
noayuenvt Hosvie nonumepnvle xomnaexcol meou (11). Cnexmpogomomempuueckumu memooamu onpedenena
cmexuomempus 06pa3yIOWUXCS KOMNIEKCO8, a4 MAKx#Ce pPaccyumansl KOHCMAHmMbl YCMOUUUBOCMU U CIMAHOAPMHbIE
mepmoounamuyeckue xapaxmepucmuxu (AH’; AG°; AS°) npoyecca xomnnexcoobpazoganus. Ycemanoeieno, umo npu
83auMoOeiicmeuu neKmund, Moouguyuposanno2o amurnoxuciomot ¢ kamuonamu Cu (1) o6pasyromes sumanvnutino -
SHMPONULIHO CIMAOUTUSUPOBAHHBIE MEMANIOKOMNAEKCHbIEe coedunenus. UK — cnekmpanbHbiM Memooom NOKA3AHO, Ymo
6 KoopounayuowHom ezaumoodeicmeuu xamuonoe meou (1) ¢ nexmumnom, mooupuyuposannvim mpunmoghanom
Yuacmeyrom He mobKo KApOOKCUNIbHbIE SPYANbL, HO U SUOPOKCUTbHbIE (OYHKYUU noaumepHot mampuysl. Tlonyuentvie
NOAUMEpHble MeMAIOKOMAIEKCbl 8 NEPCHeKmuge Mo2ym Ovlmb Npeonodicenvl Ol NOLYHeHUs Npenapamos HO8020
NOKOJeHUs, 001a0arwux NOMUMO CHeYUQUUECKUX CEOLUCMS, B8EOCHHOU 6 HOMUCAXAPUO AMUHOKUCIOMbL, MAKI’CEe
MeMOPAHOMPONHBIMU, UMMYHOMOLYIUPYIOWUMY CEOUCMEAMU U NPOTOHSUPOBAHHBIM OCliCEUEM.

Knroueswie cnoea: nexmun, L-mpunmocghan, xomniexcoobpazosanue, KOHCMAHMa yCMouyu80Cmu.

Cmampua noozomoenena ¢ pamkax evinonnenusn npozpammol PHH 2ocyoapcmeennvix akademuii na 2013-
2020 2.2. I'oc.3a0anue Ne AAAA-A20-120012090024-5.
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0.S. KUKOVINETS, R.KH. MUDARISOVA, A.A. VAKULSKAYA, A.R. ISAEVA

TECHNOLOGY FOR OBTAINING NEW BIOLOGICALLY ACTIVE
PECTIN MATERIALS MODIFIED WITH L-TRIPTOFAN

Abstract. New polymer complexes of copper (I1) were obtained on the basis of apple pectin modified with the
amino acid L-tryptophan. The stoichiometry of the complexes formed was determined by spectrophotometric methods,
and the stability constants and standard thermodynamic characteristics of the complexation process (4H’ AG’ AS9)
were calculated. It was found that the interaction of pectin modified with an amino acid with Cu (lI) cations leads to the
formation of enthalpy - entropy stabilized metal complex compounds. The IR spectral method showed that the
coordination interaction of copper (Il) cations with tryptophan-modified pectin involves not only carboxyl groups, but
also the hydroxyl functions of the polymer matrix. The obtained polymer metal complexes in the future can be proposed
for the production of new generation drugs, which, in addition to the specific properties of the amino acid introduced into
the polysaccharide, also have membranotropic, immunomolulatory properties and prolonged action.

Keywords: pectin, L-tryptophan, complexation, stability constant.
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AWM. BOXOHCKMUIA, H.U. BAPMUHCKAS, T.B. MO30OJIEBCKAS, A.1. PEDKKOB

AJITOPUTM KOHCTPYUPOBAHUA OIITUMAJIBHOI'O IBUXKEHUSA
YIIPYT'OI'O OBBEKTA

AnHoOTanusi. Paccmompen aneopumm KOHCMPYUpOBaHusi ONMUMANLHO20 YNPAGLEHUs MUNd «pPaseoH-
TMOPMODICEHUE» NEPEHOCHBIM OBUINCEHUEM YAPY2020 00BLEKMA U3 UCXOOHO20 COCMOANUS NOKOS 8 KOHEUHOe COCMOSIHUE
abconomno2o noxosi. Bpems Oeuowcenuss naxooumcs kax 00uH ux oOwux KopHell MOMEHMHLIX COOMHOUEHUU 6
OMHOCUMENbHOM — OBUMICEHUU YNPY2OU cucmemvl (mpaucyeHOeHmHovlx ypasHenuil). OO0CHOBAHO ymeepiicOeHue
(meopema) o0 cyuecmeosanuu NpPeoeibHOU MUHUMAIbHOU IHEP2OEMKOCMU YNpaesienus 071 OOCMUNCEHUsT Yenu
osuoicenust. Ilpu yueme NUHEUHO-6513K020 CONPOMUGIEHUST OOCMUIICEHUE ADCONIOMHO20 NOKOSI 8 KOHYE OGUIICEHUs.
603MOIICHO, HANPUMED, NPU NOOOOPE HAYATLHBIX YCIOBUIL 8 OMHOCUMELbHOM OBUIICEHUU.

KiaioueBble ClIOBa: onmumanbHoe YNpagieHue, pPeeepcuoOHHOe KOHCMPYUposanue, ynpyeuil obvekm,
MOMEHMHbBLE COOMHOUEHUSL, MUHUMYM IHEP2O3AMPAm, TUHEUHO-6513K0e CONPOMUBTEHUE.
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A.l. BOKHONSKY, N.Il. VARMINSKAYA, T.V. MOZOLEVSKAYA, A.l. RYZHKOV

ALGORITHM FOR DESIGNING THE ELASTIC
OBJECT OPTIMAL MOTION

Abstract. An algorithm for constructing an optimal control of the "acceleration-deceleration” type by the
translational motion of an elastic object from the initial state of quiescence to the final state of absolute quiescence is
considered. The time of motion is found as one of the common roots of the moment relations of an elastic system in relative
motion (transcendental equations). The statement (theorem) about the existence of the minimum energy consumption
(limit) of control to achieve the goal of motion has been substantiated. Taking into account the linear-viscous resistance,
the achievement of absolute quiescence at the end of the motion is possible, for example, by selecting the initial conditions
in the relative motion.

Keywords: optimal control, reversive design, elastic object, moment relations, minimum energy consumption,
linear-viscous resistance.
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J.B. BYPKOB, E.B. bYPKOBA

OIEHKA 3KOJOI'MYECKOI'O YIIEPBA ITPU OPTAHU3ALIMHN
TPAAUIINMOHHOI'O TEIIVIOCHABKEHUSA

AHHOTauMsl. B cmamve paccmompeno enusnue xomenvHuix banaxnasckozo pationa 2. Ceeacmonons ua
okpyacarowyio cpedy. Ilpeonoscena memoouka oyenKu Ypo8HA IKON02UUECKOU Oe30ndACHOCMU NpU MenI0CHAbHCeHUU
00bEKMO8 HCUNUUHO-KOMMYHATBHO20 X03AUCMEd.

KawueBble ciioBa: sxonocuueckas 6e30nacHocmyv, 9K0I02UHeCKUll yuwepb, epedHbvle 8blOPOCHL KOMENbHbIX,
ANbIMEPHAMUBHASL IHEeP2eMUKA.
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D.V. BURKOV, E.V. BURKOVA

ASSESSMENT OF ENVIRONMENTAL DAMAGE
IN THE ORGANIZATION CONVENTIONAL HEAT SUPPLY

Abstract. The article discusses the impact of boiler houses of the Balaklava region of Sevastopol on the
environment. A method for assessing the level of environmental safety in heat supply of housing and communal services
is proposed.

Keywords: environmental safety, environmental damage, harmful emissions from boiler houses, alternative
energy.
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E.B. TEOPTMEBCKASI, H.B. TEOPTUEBCKUIA

CPOK CJYXBbl KAK ITAPAMETP OBOBIIEHHOI'O Y3JIA
HHPU PACYHETE UHAEKCA TEXHUYECKOI'O COCTOSAHUA
JHEPI'ETUYECKOI'O OBOPYJOBAHUA

Annotanus. [Ipozpamma yugposusayuu snepeemuxu mpedyem npoeoounv OYeHKY mexHu4ecKo2o coCmosiHus
U PuU3UUECKO20 UBHOCA IHEPLEMUYECKO20 0O0PYO0BAHUS HA OCHOGE eOUHO20 UHMESPAIbHO20 NOKA3ameisl — UHOeKCa
mexuuuecxkoeo cocmosinus (MTC). Cpok cayacoul sensiemest 0onou uz cocmasnsiowux UTC. B cmamve paccmompero
GIUSIHUE CPOKA CIYIHCObL DHEPeemUuuecko20 000pyo0osanus na umozogoe 3navenue UTC, 0Ovsichenbl npomugopeyus npu
oyenxe usnoca no HUTC u na 6asze pecypcnvix nokazameneii. Ilpednosceno 0na cmaperowezo o0b60pyooeanus,
ucuepnasuie2o NPOeKmHblil pecypc, 6 Kauecmee HOPMAMUBHO20 3HAYEHUs CPOKA CAYJcObl 015l OALIbHOU OYeHKU
UCNONBL306AMb  UHOUBUOYANLHBILL  HAZHAYEHHLI pecypc Uau UHOUBUOYANbHBILL CPOK NpOoONeHus 6e30nacHou
IKCHIyamayuu.

Kawuessble ciioBa: unoexc mexuuueckozo cocmosnus, UTC, cpok cyacowl, pecypc, mypbuna.
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E.V. GEORGIEVSKAIA, N.V. GEORGIEVSKY

LIFETIME AS A PARAMETER OF A GENERALIZED
NODE UNDER ASSESSMENT OF TECHNICAL CONDITION INDEX
OF POWER EQUIPMENT

Abstract. In accordance with the energy digitalization program, the single integral indicator - the technical
condition index (TCI) - is used for the assessment of the technical condition and physical wear and tear of energy
equipment. Service life is one of the components of this index. The article discusses the influence of the service life of
power equipment on the final value of the index, explains the contradictions in assessing wear on TCI and on the lifetime
indicators. For aging equipment that has reached the end of its design life, it is suggested to use the individual service
life or individual period of safe operation extension as the normal value of service life under the assessment of TCI.

Keywords: technical condition index, service life, lifetime, turbine.
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I''B.T'OI'OJIEB

OCOBEHHOCTH PABOTHI I''TABHBIX CYJIOBBIX JIBUTATEJIEN
HA S9dKOHOMHMNYECKHUX XOJAX

AHHOTAUMA. Bwvinonnen awnanuz ocobennocmel pabomvi CY0O0GbIX 2NABHBLIX Ou3enell HA  PeicCumax
IKOHOMUYECKUX X0008, OaHbl PEeKOMEeHOAyuu, HNOo3601AWUe NOGbICUMb  IPPeKmusHoCms U 0e30NAcHOCb
IKCHILYAMAYUY IHEP2EMULECKOU YCIMAHOBKU U CYOHA HA YKAZAHHBIX PEHCUMAX.

KarwueBble cioBa: eriaguvie OuzenvHble 08usament, NePeMeHHble PEXiCUMbl pabomsl, NOGOPOMHbIL CONJLOBOU
annapam mypouH eazomypbonaznemamennet, NOBOPOMHYLL  JIONAMOYHbIL annapam KOMRpeccopos
2azomypbonazHemamenei, pexcumbl IKOHOMUYECKUX X0008, paboma cucmemvl HA00Y8a 8 YCI0BUSIX 6OJIHEHUSL MOPSL.
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G.V. GOGOLEV

SINGULARITIES OF OPERATION OF MAIN SHIPS ENGINES
ON ECONOMICAL MODES

Abstract. The article considers singularities for operation of main ships diesels in slow economical modes. The
effectiveness of the methods for optimizing and safety operation of engines considered in the article is analyze. The
advisable solutions is expand.

Keywords: main ships diesel engine, economical modes, adjustable cross-section of the turbine nozzle
apparatus, adjustable apparatus of compressors turbocharger, safety operation system of charge in storm.
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K.A. KOBAJIb, A.JI. CYXOPYKOB

NUCCIEJOBAHUE YCTOMYNUBOCTHU IBUKEHUSA U BIHY KJTEHHBIX
KOJIEBAHUHU COCTABHOI'O IINTABHUKOBOTI'O AIBUXKHUTEJIA

Annotanusi. [lpu nomowu nooxoda BummenbOypea Ovinu nonyuenvi ypasHeHus OBUINCEHUS MAULYUIUX
INEMEHMO8 COCMABHO20 NAAGHUKOB020 OGUNCUMENs. Jlanuvle YPasHeHus Obliu TUHEAPU306aHbl U UCOAb306AHbL OIS
Pazpabomku MamemMamu4eckou Mooeiu, Komopas No3601sem UCCled08amy XapaKmep OGUINCEHUs. U GbIHYICOCHHbIE
Konebanus N0O0OHBIX KOHCMPYKYutl 8 nomoxe dcuoxocmu. C nOMOWbBIO YUCIEHHO20 MOOeIUPO8akusl Ovlia onpedenend
KpUmu4eckasi CKopoCchib HOMOKA, NPU NPeSbIUeHUY KOMOPOU 08UNCEHIUE PACCMAMPUBAEMOLL KOHpUISYpayuu cOCmasHo2o
NIABHUKOB020  O0BUdICUMENSL  CIMAHOBUMCA  HeycmouuusbiM. Hccrnedosanue — 8bIHYHCOEHHbIX — KOMebaHull  OaHHOU
KOHCMPYKYUU NOKA3AN0, YMO MAKCUMATbHBIE AMAIAUMYObL 3ABUCUMbIX DNIEMEHNO8 BOZHUKAIOM NPU CO8RAOeHUU pabouell
yacmomol KOeOAHUL 8e0Yiye20 INeMEHMA U OCHOBHOU COOCMBEHHOU YACOMbl COCIMABHO20 NIAAGHUKOBO20 OBUINCUMEI.
Dmom pedicum npedcmagisiemcsi Hauboiee UHMepecHviM 0151 OANbHENUEe20 USVHEHUsL C NOMOUWbIO MEMOO008 COBPEMEHHOU
BBIUUCTUMENBHOU  2UOPOOUHAMUKY € Yeablo NOAYHYeHUsi 2UOPOOUHAMUYECKUX U NPONYIbCUBHBIX XAPAKMEPUCTIUK
OBUIICUMENLHO2O KOMNTIEKCA.
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KaroueBble C€I0BA: 7IA6HUKOSLII OBUNCUMENb, MAULWee KDbLIo, CUCEeMA Kpblibes, YCMOUYUBOCb
O0BUIICEHUSL, BLIHYIHCOCHHBLE KONEOAHUS, YUCTEHHOE MOOCTUPOSAHUE.
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K.A. KOVAL, A.L. SUKHORUKOV

ANALYSIS OF STABILITY OF MOTION AND FORCED OSCILLATIONS
OF COMPOSITE FIN PROPULSION SYSTEM

Abstract. The motion equations of flapping elements of composite fin propulsion system were derived using
Vittenburgs approach. These equations were linearized and used in the development of mathematical model which is
capable of analysis of stability of motion and forced oscillations of such constructions in liquid flow. Critical flow velocity
was calculated using numerical simulation: motion of considered configuration of composite fin propulsion system
becomes instable for cases corresponding values of flow velocities above critical. Forced oscillations analysis of the
construction reveals that maximum of amplitudes of related elements appears when operating frequency of main elements
oscillations coincides with composite fin propulsion system natural frequency. This case seems to be the most interesting
for further exploration with actual CFD methods for calculating hydrodynamic and propulsive characteristics of the
propulsive system.

Keywords: fin propulsive system, flapping wing, system of wings, stability of motion, forced oscillations,
numerical simulation.
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K.H. OCHUIIOB

OIIEHKA PUCKA BO3SHUKHOBEHUSI ABAPUMHBIX CI/ITYA}II/II?'I
B XOJIE SKCIIVIYATALNMU ITOPITHEBBIX IBUT'ATEJIEN
BHYTPEHHEI'O CT'OPAHUA

AHHoTanusi. O60CHO8bI8AEMCA MEMOO OYEHKU PUCKA NEPexo0d MEeXHUYECKU CLOICHBIX 00EeKMO8 U cucmem 8
aeaputiHoe mMexHu4yecKkoe COCMmosaHUue, npedcmasgiaoujee ONnACHOCMb Olfl  IKCHAYAMUpyrouje2o nepcoHanid u
MamepuanvHelX yeHHocmelu. B xauecmee unnocmpamuerHozo npumepa paccMOmpeHr npoyecc OYeHKU GepOsmHOCHU
nepexoda 6 HEUCnpagHoe COCMOAHUE NOPWIHESbIX Osucamenell GHYMPEHHe20 C20pAHUus ¢ NPUHYOUMETbHbIM
gocniamenenuem u eHewHumM cmeceobpazoeanuem 4 4 7.5/8.5 no pesyromamam usmepenus ux OuasHOCTHUYECKUX
napamempos 6 peanibHOM PeMeHU IKCHLYAMAYUL.

KnaroueBble cioBa: mooenupoeanue, nopuiHesvie O08UcAmMen 6HYMPEHHe20 C2OPAHUs, PUCK, OYeHKa
8EPOAMHOCEII.
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K.N. OSIPOV

RISK ASSESSMENT OF EMERGENCY SITUATIONS DURING
OPERATION OF INTERNAL COMBUSTION PISTON ENGINES

Abstract. A method for assessing the risk of transition of technically complex objects and systems to an
emergency technical state is substantiated, which poses a danger to the operating personnel and material assets. As an
illustrative example, the process of assessing the probability of transition to a faulty state of reciprocating internal
combustion engines with forced ignition and external mixture formation 4 CH 7.5/ 8.5 based on the results of measuring
their diagnostic parameters in real time is considered.

Keywords: modeling, reciprocating internal combustion engines, risk, probability assessment.
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B.1. ITAXAJIIOK, A.M. IIOJIXIKOB

YUCJEHHBIA AHAJIN3 T'IJIPOJJUHAMMYECKOM CMA3KH B ITAPE
TPEHUSA U3 TBEPABIX MATEPUAJIOB TOTAJIBHOI'O DQHAOITPOTE3A
TAZOBEJPEHHOI'O CYCTABA

AnHoTamms. [Ipedcmasnen uucieHHvlll aHAIU3 3a0ayu 2UOPOOUHAMUYECKOU CMA3KU 6 nape MpeHus 3HOONpomesa
mazo6e0penHo20 cycmasa ¢ NOGePXHOCMIAMU U3 MAMEPUANLO8 C BbICOKUM MOOYIeM YNPY20Cmu, MAKUX KAK Memail—Memanl Wil
Kepamuka—Kepamuxa, 8 yCiogusax ycmanosusueucsa xoovoul. bvino peueno ypasuenue Pelinonvoca 6 cghepuueckux koopounamax oas
O0BUIICEHULL NIICHKU U3 CUHOBUAILHOU JHCUOKOCU NPU MPEXMEPHOM USMEHEHUU HAZPY3KU U CKOPOCMU, BOZHUKAIOWUX 6 Nape MpeHUs
mazo6edpenHo2o cycmasa 60 epemsi Xo0boul. bulio nokazano, umo modicem Ovims 00pPA308aHA KOHEUH A MOJUUHA CMA30YHOU NILEHKU
60 8peMs YUKIA X00bObl O1ac00aps cocamuto nieHku. Taxoce ObLI0 0OHAPYICEHO, YMO KOHCIMPYKMUGHbLE NAPAMEMPbl CheputecKkoll
napvl CKOMbICEHUsl, MaKue KaK paouyc OeOpPeHHOU 20106KU U PAOUATbHBIL 3d30p MedlcOy DeOPEHHOU 20A06KOU U 8EPMILYHCHBIM
2IeMEHMOM, OKaA3bleaiom 0OObWOE GIUSHUE HA BETUYUHY NPOSHOZUPYEMOU MOwunbl cmazounou nienku. Coenan 6v1800, 4mo
cyujecmsyem 6OIbUIASL BEPOAMHOCHIb MOS0, YMO NPU 3aMeHe Ma300e0peHHO20 CyCmasa ¢ Napoll KepamuKka—Kepamura u, 603MOHCHO,
O/1s1. HEKOMOPBIX XOpOulo 06pabOMAHHbIX UMNIAHMAMOE C NAPOU MEMAll—-Memail ¢ OMHOCUMENbHO HeDONbUUM PAOUATLHIM
3a30pom Modcem 0Opaz08ambCsl CRAOUHASL 2UOPOOUHAMUYECKAS] CMA30YHAsL NIEHKA, 00eCneyusaiowdsi NOIHOCMbIO HCUOKOCMHOE
mpenue.

KaroueBbie ClIOBA: napa mpexus Memaii—mMemail, napa mpeHus KepamMuka—Kepamurd, 2UOPOOUHAMUYECKAsl CMA3KA,
2HOONpOMeE3 Ma300e0PeHHO20 CYCmaed.
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NUMERICAL ANALYSIS OF HYDRODYNAMIC LUBRICATION
IN FRICTION PAIR FROM HARD MATERIALS
OF ATOTAL HIP JOINT REPLACEMENT
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Abstract. A numerical analysis of the hydrodynamic lubrication problem in a friction pair of a hip joint replacement with
surfaces made of materials with a high modulus of elasticity, such as metal-metal or ceramic-ceramic, under steady-state walking
conditions is presented. The Reynolds equation in spherical coordinates has been solved for the movements of the film with a three-
dimensional change in the load and speed experienced in a friction pair of the hip joint during walking. It has been shown that a finite
lubricating film thickness can be formed during the walking cycle due to the film squeezing. It has also been found that the design
parameters of the spherical sliding pair, such as the radius of the femoral head and the radial clearance between the femoral head and
the acetabular element, have a large influence on the predicted film thickness. It was concluded that there is a high likelihood that a
continuous hydrodynamic lubricating film may be formed in hip replacement with a ceramic-to-ceramic pair and, possibly, for implants
with some well-machined metal-to-metal pairs with a relatively small radial clearance that provides completely fluid friction.

Keywords: metal-to-metal friction pair, ceramic-to-ceramic friction pair, hydrodynamic lubrication, hip joint replacement.
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B.U. ITAXAJIIOK, A.M. I[IOJIIKOB

MOIEJUPOBAHUE JE®OPMAIINHU NOJIMMEPHOI'O BKIAZABIIITA
AHETABYJIAAPHOI'O KOMIIOHEHTA TA3OBEJPEHHOI'O CYCTABA
IMPU CONNPA’KEHUUA C I'OJIOBKOU

AHHOTAamMsl. B wuacmosuwyeii pabome npeonodcena KOHCMPYKYUA ayemabyiapHozo  (8epmiydicHo2o)
KOMNOHEHMA c@heputeckozo cycmasa momaibHo2o 3uoonpomesa maszobedpennoeo cycmasa (TOTBEC) — exnadviwa,
Komopasi obecneduaem ynpoujeHue e2o KOHCMpYKyu npu nOGbIUUEeHUU Cenenu GuKcayuu 6 Hem 6 eopeHHOU 20106K,
YeM CHUICACMCSL 6ePOSIMHOCb ee GbL8UXA U3 GKLAOLIULA, NPUSOOSULE20 K OUEGUOHOMY PEGUSUOHHOMY 6MEULAMENbCNE).
Ilpu smom coxpansiemcss maxace 00CmMamoyHo OobUwdAs 0biacmb NoOsudCHOCmuU cycmaea. [l obecneuenus
HAOEICHOCMU  CONPSIDICEHUsT Om@epcmue GKIAdbLUd, Yepe3 KOMopoe YCMAHAGIUBAEMCS 20106Kd, JICeIAMeNbHO
pacnoaazams KaKk MO}CHO Odnbuie om ouamempanbHol niockocmu. OOHAKO 8 MAKUX Cryuasx HeobXooumo obecneyums
docmamoyHo boavuiue deghopmayul KIAOLIULA 8 NPOYecce YCMAHOBKU 207106KU. B pabome binoinena oyenka ycuutl,
NPUKIAObIBAEMBIX K 20]108Ke, HEODXOOUMbIX OJisi €€ CONPSINCEHUsL C GKAAOBIUEM, NPUBOOSINCS PE3YIbMANbl YUCLEHHO20
MOOenupoganus ynpyzot deopmayuu 6K1a0biuia ¢ NPOMOYKoll 6 npoyecce YCMaHOBKU 207106KU.

KawueBble ciaoBa: sHoonpomes mazobe0peHHo20 Cycmasd, 201068Ka SHOONpomesd, ayemadyisipHbll
KOMROHEHM 3HOonpomesa, oeghopmayus 6KIA0bIUUA.
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V.I. PAKHALIUK, A.M. POLIAKOV

MODELING OF DEFORMATION FOR THE POLYMER ACETABULAR
LINER DURING MATING WITH THE HEAD
OF ATOTAL HIP REPLACEMENT

Abstract. In this work, we propose a design of the acetabular component (liner) of the spherical joint of a total hip joint
replacement (THR), which simplifies its design with an increase in the degree of fixation of the femoral head in it, which reduces the
likelihood of its dislocation from the liner, leading to obvious revision intervention. At the same time, a fairly large range of joint
mobility is also preserved. To ensure the reliability of mating, the opening of the liner through which the head is installed, it is desirable
to be located as far as possible from its diametrical plane. However, in such cases, it is necessary to ensure sufficiently large
deformations of the liner during the installation of the head. The work evaluates the efforts applied to the head required for its mating
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with the liner; the results of numerical simulation of elastic deformation of a liner with a groove during the installation of the head are
presented.
Keywords: total hip replacement (THR), THR head, THR acetabular component, liner deformation.
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B.H. 3UMMH, A.B. KPbIJIOB, I''H. KYBbIPKHNH, A.O. ITAXBEP/IOB

MNPUBOJ U3 MATEPUAJIA C DOPEKTOM ITAMATU ®OPMbI
HJIS1 PACKPBITUSA TPAHCOOPMUPYEMOHU
KOCMHNYECKOU KOHCTPYKIIUHN

AuHoranusi. Kpynnozabapumnsle Kocmuueckue KOHCMPYKyuu OOCMAGISIOMCS HA KOCMUYecKue opoumol 6
CILOJCEHHOM  NJIOMHOYNAKOGAHHOM — GUde, OONYCKalowjeM MmMpanchopmayuio KOHCMPYKYUu U3  MmMpaHCHOPmHO20
noaodceHuss 8 packpeimoe pabouee cocmosinue. Ilpoyecc pazeepmoiéanuss mMpanc@oOpmMupyemvix KOHCMPYKYUL
npouUcxooum noo 8030eticmauem CULOBbIX NPUBOD08, 8 KAUeCMBEe KOMOPbIX 00bIUHO UCHONb3YIOMCA PA3IUYHO20 Podd
npyscunsbl unu dnexmpoosueament. Ilpu npoekmuposanuu maxkoeo Kiacca KOCMUYECKUX KOHCMPYKYUL Heobxooumo
VUUMbIBAMb G03HUKAIOWUE NPU MPAHCHOPpMayUYU OUHAMUYECKUEe HA2PY3KU YOapHo2o Xxapakmepd. /s uckuoverus
OUHAMUYECKUX HAZPY30K HA DNEeMEHmbl PACKPLIBAIOWENCS. KOHCMPYKYUU NPedaazaemcsi UCnoIb308ams HPUGOObl U3
mamepuana ¢ spgexmom navsmu opmul. B npusode npumenen axmueHwlil d1eMeHmM, U320MOGIEHHbII U3 NP OBOJIOKU
Mamepuana HuKenuoda mumand, Ha2peeaembvlll 8 npoyecce pabomul nymem NPonyCKAHUsl Yepe3 He20 INEeKMPULEcKo20
moKa. DKCnepumMeHmanbHble UCCLeO08AHUSL AKMUBHBIX JNEMEHNO8 NpUeodd NOOMEEPOUNL BO3MONCHOCHL €20
UCNONb306AHUsL OJIsL PACKPLIMUSL MPAHCHOPMUPYEMOU KOCMUYECKOU KOHCIPYKYUUL.

KawueBble cii0Ba: mparcopmupyemvle KOCMUYECKUE KOHCMPYKYUU, Npueood, spgexm namsmu Gopmol,
IKCHEPUMEHMATIbHbIE UCCTIeO08AHUSL.

Paboma evinonnena npu nooodepicke Munucmepcmea Hayku u evicuiezo oopasoeanus Poccuu (npoexm
0705-2020-0047).
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V.N. ZIMIN, A.\V. KRYLOV, G.N. KUVYRKIN, A.O. SHAKHVERDOV

ACTUATOR MADE OF MATERIAL WITH SHAPE MEMORY EFFECT
FOR DEPLOYMENT OF TRANSFORMABLE SPACE STRUCTURE

Abstract. Large-sized space structures are delivered into space orbits in a folded, tightly packed form allowing
transformation of the structure from the transport position to the unfolded operating state. Deployment of the
transformable structure is fulfilled by force drives which are usually various types of springs or electric motors. Designing
such space structures, it is necessary to take into account dynamic impact loads that arise during the transformation. To
avoid dynamic loads on the deploying structure elements, it is proposed to use actuators made of material with a shape
memory effect. An active element made of titanium nickelide wire, which is heated during operation by the electric current
passing through it, is used in the actuator. Experimental studies of the actuator active elements have proved that such
actuators can be used for deployment of the transformable space structures.

Keywords: transformable space structures, actuator, shape memory effect, experimental studies.

BIBLIOGRAPHY

1. Lopatin A.V., Rutkovskaya M. A. [Overview of structures of the modern transformable space antennas (Part
1)]. Vestnik Sibirskogo gosudarstvennogo aerokosmicheskogo universiteta imeni akademika M.F. Reshetneva, 2007, No.
2, P. 51-57 (In Russ.).

2. Footdale J. N., Banik J. System Design Study of a Deployable Reflector Antenna with Flexible Shell
Segments. 3rd AIAA Spacecraft Structures Conference, 2016, P. 0698.

3. Banichuk N.V., Karpov I.1., Klimov D.M., et al. Mekhanika bolshikh kosmicheskikh konstruktsiy [Mechanics
of Large Space Structures]. Moscow, FAKTORIAL Publ., 1997, 302 p.

4. Zikun Z., Zimin V.N., Krylov A.V., Churilin S.A. Investigation of dynamics of transformable space structure
movement. AIP Conference Proceedings, 2019, 2103, 020020. Available at: https://doi.org/10.1063/1.5099884

5. Schiedeck F., Hemsel T., Wallaschek J. The use of shape memory alloy wires in actuators. Solid State
Phenomena, 2006, Vol. 113, P. 195-198.

6. Riad A., Ainamany A., Benzohra M. The shape memory alloy actuator controlled by the Suns radiation.
Materials Research Express, 2017, Vol. 4(7), 075701.

7. Likhachev V.A., Razov A.l., Cherniavsky A.G., Kravchenko Y., Trusov S.N. Truss mounting in space by
shape memory alloys. Proceedings of the First International Conference on Shape Memory and Superelastic
Technologies, 1994, California USA, P. 245-248.

8. Karla S., Bhattacharya B., Munjal B.S. Design of shape memory alloy actuated intelligent parabolic antenna
for space applications. Smart Materials and Structures, 2017, 26(9), 095015.

9. Liang C., Rogers C.A. Design of shape memory alloy actuators. Journal of Intelligent Material Systems and
Structures, 1997, Vol. 8(4), P. 303-313.

10. Barvinok V.A., Bogdanovich V.1., Groshev A.A., et al. [Method of designing force actuators made of shape
memory material for rocket and space technology]. Izvestiya Samarskogo nauchnogo tsentra Rossiyskoy akademii nauk,
2013, Vol. 15, No. 6, P. 272-277 (In Russ.).

Zimin Vladimir Nikolaevich Krylov Aleksey Vladimirovich

Federal state budgetary institution of higher Federal state budgetary institution of higher professional
professional education "Bauman Moscow state education "Bauman Moscow state technical University"
technical University" Ph.D. in Engineering, Associate Professor

Doctor of Technical Sciences, Senior Researcher, 5/1, 2-nd Baumanskaya street, Moscow,

Head of the Department 105005 Russian Federation

5/1, 2-nd Baumanskaya street, Moscow, Tel. +7(499)261-0107

105005 Russian Federation E-mail: kav1982@bmstu.ru

Tel. +7(499)261-0107
E-mail: zimin@bmstu.ru

Kuvyrkin Georgy Nikolaevich Shakhverdov Artur Olegovich

Federal state budgetary institution of higher Federal state budgetary institution of higher professional
professional education "Bauman Moscow state education "Bauman Moscow state technical University"”
technical University" Assistant

Doctor of Technical Sciences, Professor, 5/1, 2-nd Baumanskaya street, Moscow,

Head of the Department 105005 Russian Federation

5/1, 2-nd Baumanskaya street, Moscow, Tel. +7(499)261-0107

26 Ne 4 (348) 2021




(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁJ'leMbI TCXHUKH U TCXHOJOI'MA

105005 Russian Federation E-mail: shah@bmstu.ru
Tel. +7(499)261-4571
E-mail: gnk1914@mail.ru

VK 621.983 DOI:10.33979/2073-7408-2021-348-4-103-107

B.1IO. IABPUHEHKO, A.O. IIOJISIKOB

PECYPCOCBEPEI'AIOIIIASI TEXHOJIOTI'MA U3I'OTOBJIEHUA
KOJIBLHEBBIX TETAJIEU METOAOM C/KATUA

AunHotanusi. Ha ocrose pazpabomannoti Memoouku npoeKmupo8aniisi MexHOI02UYeCKUX NPOYECCo8 NOIYUEHUs
KOIbYesblX Oemalel cocamuem paspabomamnbl MexHOL02UYecKue npoyeccul uzeomosienusi oemaneti « Pnaneyy» u
«Konvyo ynopnoey, nossonsiowue nosvicums kodgguyuenm ucnoavsosanus mamepuaia (KUM) u cnusumov pacxoo
mamepuana. Ilpogeden cpasnumenvhviii ananuz KUM npu uzeomosnenuu xonvyesvix demanetl Memooamu eblpyoKu u
npobusKka Koaey ¢ 8bipyoKol U NPOOUBKOU 0B8AILHOU 3A20MOBKU U NOCAECOVIOWUM CHCAMUEM.

KaroueBble cioBa: aucmogas wmamnosKkd, 08aibHAs 3A20MOBKA, MENOO CHCAmusi, KOAbYe8ds Oemdlb,
pecypcocbepezaiowast MexHoN02Us.
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V.Yu. LAVRINENKO, A.O. POLYAKQOV

THE RESOURCE-SAVING TECHNOLOGY FOR MANUFACTURING
RING-TYPE PARTS BY THE COMPRESSION METHOD

Abstract. On the basis of the developed methodology for designing technological processes for producing
annular parts by compression, technological processes for manufacturing parts "Flange™ and "Thrust ring" have been
developed, which make it possible to increase the material utilization factor and reduce material consumption. A
comparative analysis of material utilization factor in the manufacture of ring parts by punching and punching rings with
punching and punching of an oval blank and subsequent compression.

Keywords: sheet stamping, oval billet, compression method, annular part, resource-saving technology.
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B.B. JJEOHTBEB, B.I1. KOJJIOMUMYEHKO

YUCJIEHHOE MOJAEJIUPOBAHUE BOJTIOYEHUSI
CTAJIBHOMU ITPOBOJIOKHA

Annortanusi. C nomowwro npoepammsl ANSYS memodom xoneunvix snemenmog ucciedyemcs HaANpA#CeHHO-
O0eopMuposantoe cocmoanus CMAIbHOU NPOBOIOKU 8 npoyecce 6onodenus. Pewena 3aoaua niacmuyeckozo mevenus
Memania 6 KOHuueckol mampuye-6onoke. Ilocmanoska 3a0auu — 0CECUMMEMPUUHAS OIS PA3TUYHBIX NOJONCEHUL
NPOBONOKU  OMHOCUMENbHO Mampuyel. Tlonyyenvl noas paouanbHelX HANPANCEHUL, O0CEEbIX HANPANCEHUL U
IKBUBANEHINHBIX NAACMUYEcKUx depopmayuii. Pezyromamul nozeonaiom nepeimu K uccie008aHuIo BAUAHUA PASTUYHBIX
napamempos 80J104eHUs HA HANPSHCEHHOE COCMOAHUE NPOBONIOKU. MO OACH 803MOICHOCb ONMUMUSUPOBAMb NPOYECC
80710YeHUsL U NPEONIOAHCUMN HOBblE KOHCMPYKYUU BOJIOK U CHOCODbI CMA3KU, CHUMCAIOWUE USHOC U Y8ENUNUBATOWUEe CPOK
CYAHCOBL IMO20 UHCMPYMEHMA.

KnroueBble ci10Ba: Mmemo0d KOHEUMbIX JJeMEHIO8, 6010YeHue, HNIACTHUYecKoe meueHue, paoudibHvle
HANPAJICEHUsl, 0CeBble HANPAICEHUS, IKGUBANCHNIHbIE NIACmuYecKue dedhopmayuu.
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NUMERICAL SIMULATION OF STEEL WIRE DRAWING
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Abstract. Using the ANSYS program, the stress-strain state of steel wire in the drawing process is investigated
by the finite element method. The problem of plastic flow of metal in a conical matrix-fiber is solved. The problem
statement is axisymmetric for different positions of the wire relative to the matrix. The fields of radial stresses, axial
stresses and equivalent plastic deformations are obtained. The results allow us to proceed to the study of the influence of
various drawing parameters on the stress state of the wire. This will make it possible to optimize the drawing process and
offer new drawing designs and lubrication methods that reduce wear and increase the service life of this tool.

Keywords: finite element method, drawing, plastic flow, radial stresses, axial stresses, equivalent plastic
deformations.
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B.B. JIEOHTBEB, E.B. KOH/IPATOBA

MOJAEJINPOBAHUE KOHTAKTHOI'O CJ1051 IIPH HCCJIIENJOBAHUN
INPOLECCA BOJIOYEHUSA CTAJIBHOU ITPOBOJIOKHA

Annortanus. C nomowwio npoepammer COMSOL MULTIPHYSICS memoodom koneunvix snemenmos pewaemces
3a0a4a 0 HANPANCEHHO-0ePOPMUPOBAHHOM COCMOAHUA CMATLHOU NPOBOIOKU 6 npoyecce 60a04eHUs. [isi onucanus
KOHMAaKma mesicoy nposoaoKOU U Mampuyel 6600umcs ocoowlli  Konmakmuwitl ciou. On cocmoum u3z mamepuana,
MOOYIb  NPOOONLHOU YNPY20CMU KOMOPO20 8 HANPABGIeHUlY, NEPHEHOUKYIAPHOM KOHMAKMUPYIOWUM Oemaisim,
cosnadaem ¢ MOOyieM NPOOOILHOU YNPY2OCMU MAMPUYbL UTU NPOBOTIOKU, d 8 OPY2OM HANPABLEHUU — MAT, KAK U MOOYb
cosuea. Ilpu pacueme nonyuenvl NOJA paOUANbHBIX HANPAICEHUT, OCEGIX HANPANCEHUU U IKGUBANEHMHBIX HANDAHCEHU.
Pezynomamul pewienus 3a0a4u n03601410Mm nepeimu K uccie008anuio 0CmMamouHbIx HanpadiCenull HOCae 80J104eHUs, d
Makdice GIUAHUS UZYHEHUIO BIUAHUSA PAZIULHBIX NAPAMEMPOE BOJIOYEHUS HA HANPAICEHHOE COCMOAHUE NPOBOJIOKU.

KnroueBble cj10Ba: memoo KOHeuHbIX d/IeMeHmMo8, KOHMAKMHAs 3a0ayd, GojloYeHue, niacmuieckoe meyenue,
paouanbuble HanpANCEHUs, 0CeGble HANPAICEHUS, IKGUGANECHMHbLE HANPIHCEHUSL.
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V.V. LEONTYEV, E.V. KONDRATOVA

MODELING OF THE CONTACT LAYER IN THE STUDY
OF THE STEEL WIRE DRAWING PROCESS

Abstract. Using the COMSOL MULTIPHYSICS software, the problem of the stress-strain state of a steel wire
during drawing is solved by the finite element method. A special contact layer is introduced to describe the contact
between the wire and the matrix. It consists of a material whose modulus of longitudinal elasticity in the direction
perpendicular to the contacting parts coincides with the modulus of longitudinal elasticity of the matrix or wire, and in
the other direction is small, as is the shear modulus. During the calculation, the fields of radial stresses, axial stresses
and equivalent stresses are obtained. The results of solving the problem allow us to proceed to the study of residual
stresses after drawing, as well as to study the influence of various drawing parameters on the stressed state of the wire.

Keywords: finite element method, contact problem, drawing, plastic flow, radial stress, axial stress, equivalent
stress.
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JLA. JIV3I'MH, X.1II. 'A3U30B, P.11I. BAJIMEB

HAIIPAXKEHHO-JE®@OPMUPOBAHHOE COCTOAHHUE
OCECUMMETPUYHOI'O UHCTPYMEHTA

AHHoTanus. Mccnedosanvt nymu nogvluieHus NPOYHOCU U O0N208EUHOCU OCECUMMEMPUUHBIX KOHCIPYKYULL
8 8U0e COCMABHBIX YUTUHOPOB COOPAHHBIX C HAMALOM, HA NpUMepe Mampuy O 6blcAOKU 0emaneli 0CecUMMempuiHou
CTIOJHCHOU (POPMBI; CMOOENUPOBAH NPOYECC XON0OHOU 8bICAOKU OCECUMMEMPUUHBIX Oemanel CIONCHO20 Npouis u
uccnedosan Xapaxkmep UsMeHeHUus GHYMpeHHe20 OdelleHus No OAuHe UHCMPYMEeHma, paspabomana paciemuas
MemoouKa U RNpocpaMmuvl 0N CUCEM ABMOMAMUIUPOSAHHOZ0 NPOEKMUPOBAHUSA COCHABHBIX KOHCIPYKYUIL
npeonodcenvl Mepbl U PEKOMEHOayuu Nno NPOeKMUPOBAHUI0 MHOSOCTIOUHBIX YUNUHOPO8 Ol NOGLIUEHUS UX
0o1206euHOCHU.

KiroueBble c10Ba: cocmaghuvie Mampuysl coopanmvle ¢ Hama2oM, NPOYHOCMb U 00J1208€4HOCNb COCMABHIX
YUTUHOPOB COOPAHHBIX C HAMASOM; MAmpuywvl OJid XOA0OHOU WMAMNOBKU, NPOEKMUPOBAHIUe MAMmpuy Ol XOJOOHOU
WMamMnogKu.
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L.A. LUZGIN, H.SH. GAZIZ0OV, R.SH. VALIEV

STRESS-STRAIN STATE AXISYMMETRICAL DIE

Abstract. The ways to increase strength and durability of axisymmetric pre-stressed multilayer cylinders were
studied in this article. Cold forging dies for extrusion of complex shape parts is an example of such equipment. The
process of complex shape part cold extrusion was modeled; the internal contact pressure along the interface between die
and forged part is studied. In the result, the design procedure and specialized software were developed to allow automated
design of complex multilayer equipment and structures. Several approaches and recommendations are proposed for
multilayer cylinders design in order to increase it durability
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Keywords: Assembled multilayer pre-stressed cylinders, strength and durability of multilayer pre-stressed
cylinders; cold forging dies, cold forging dies design.

BIBLIOGRAPHY

1. Kh.Sh. Gazizov, R.Sh.Valiev, A.N.Ermolenko. Study of cold forging dies stress-state for complex parts
extrusion. Russian scientific and technical conference dedicated to 80-th anniversary of proff. R.R.Mavlutov: Vol 3. -
Ufa: USATU, 2006. — P.300-305

2. Ovchinnikov S.V, Valiev R.Sh, Gazizov Kh.Sh. et al. About stress state of a multilayer cylinders with
alternating rigidity. —Ufa: Vestnik USATU, 2011. Vol.5, Issie Ne 4 (44). —P.95-97.

3. Jernakov V.S. Faizov Yu.R., Gazizov Kh.Sh. Multilayer cylinder design. Sofware. 2015, registration
Ne2015616826

4. Faizov Yu.R., Valiev R.Sh., Gazizov Kh.,Sh., About durability of cold forging multilayer dies for
axisymmetric parts. IVUZ Mashinostroenie, 2014, Issue Ne8, P.13-19.

5.Vorobyev A.Z. Olkin B.I. Stebnev V.N. et al. Fatigue resistance of structures. -M.: Mashinostroenie. -1990.
239 p.

6.Serensen S.V., Kogaev V.P., Shneiderovich R.M. Strength and design of machinery and equipment. — M.:
Mashinostroenie, 1975. —488 p.

7. Jernakov V.S, Gazizov Kh.Sh, Valiev R.Sh et al, Contact interaction between tool and manufactured parts
during cold extrusion of round shaped parts. Vestnik USATU, 2006. Vol.7, Issue Ne 1 (14). P.192 —195.

8. Ganago O.A., Marchenko V.L. Kovtun V.V. Design and optimization of cold forging dies// Journal Forging
and blanking manufacturing. 1985.Issue Ne 9. — P.21-24,

9. Shevelev L.P., llin M.I. Patent RF Ne 2198761, cl. B 21 J 13/02, B 23 P11/02. Assembled die., Published.
20.02.2003.

10. Valiev R.Sh., Faizov Yu.R., Jernakov V.S. et al. Patent RF No2553736, cl. B 21 J 13/02, B 21 J 5/08. Die for
forging complex shaped parts., Published 27.09.2015.

11. Jernakov V.S., Valiev R, Sh, Faizov Yu. R. et al. Patent RF No2647434, cl. B 21 J 13/02, B 21 J 5/08. Die
for forging complex shaped parts. Published 15.03.2018.

Luzgin Leonid Andreevich Gazizov Khatib Sharifzyanovich Valiev Rafail Shamilevich

JSC “Ufa Aggregate Production Ufa State Aviation Technical JSC “Ufa Aggregate Production
Association” (“Tekhnodinamika” University Association” (“Tekhnodinamika”
holding), general director Professor, holding),

450076, Ufa, Russia, Aksakov 97 450008, Ufa, Russia, K.Marks 12 Ph.D., chief specialist

Ph.: (347) 229-22-39 Ph.: (347) 272-80-69 450076, Ufa, Russia, Aksakov 97
E-mail:uapo@tdhc.ru E-mail: sm.ugatu@mail.ru Ph.: (347) 229-20-59

E-mail: valievrsh@tdhc.ru

YJIK 666.3 DOI: 10.33979/2073-7408-2021-348-4-124-130

A.A. MYXAMEJ[3AHOBA, V.III. LTAAXMETOB, H.X. ABAYI'MJIb/IUHA, N1.A. UXCAHOB

N3MEHEHUE ®U3NKO-XUMHNUYECKHUX CBOI/'ICTB
HAHOKEPAMMNYECKHUX KOMITIO3UIINU
HA OCHOBE ITUPOOUIVINT-COLEPKALIEI'O CBIPbHA

Aunoranusi. [Ipumenenue mMunepaia nUpoQUAIUMA 6 NPOU3E0OCMee KePaMUKU U O2HEYNOPO8 ONPeesemcs
PAOOM YEHHBIX MEXHOLOSUHECKUX CBOUCME: XOpoulell MeXanuieckol o0padbamviéaemocmpio, blCOKOU XUMUYECKOU
CMOUKOCMbIO, HUZKUM COOEPIHCAHUECM OKCUOO8 WEIOUHBIX MEMAIO8 U KPACSUUX OKCUOOS8, NPUMEHEHUEM 8 KAYeCmee
omowaioweli 0obasku u m.n. Ilpedcmagnenvt pesyrbmamuvl UCCACO08AHUSL  QUIUKO-XUMUUECKUX NPOYECCO8,
NPOMEKAIOWUX NPU  HASPEBAHUU KOMUOUYULL HA OCHOG8E  RUPOPUITUMCOOEPIHCAUE20  ChiPbsl  PAIUYHBIMU
UHCMPYMEHMANbHLIMU MEMOOaMU. YCmanosieHvl memnepamypul 0e2uopamayuy OUacnopa, Cepuyuma U KaoauHuma,
00pa306aHUs. MYIIUMA U3 KAOJUHUMA U Nepexooa y—>0-oKcuo aniomunus. Onpeodelienbl memMnepamypbl HA4ald
deghopmayuu kepamuueckux KOMRO3UYUL HA OCHOBE NUPODUITUMCOOEPAHCAWE20 ChiPbsl npU Hazpese 06pasyos 0o 750°C
u 1300°C. Paccuuman Ko3ghpuyuenm pacuiuperusi Kepamuiecko2o Mamepuaid Ha 0CHO8e NUPOMUILIUMCOOePHCAu e20
coipbsi. B pesynomame cozoana 6e3000cu206as MexHON02UsL NOAYYEHUS. MOHKOCIEHHbIX APMUPOSAHHBIX MPYyOUamvLx
uzoenutl ¢ UCnoIbL308anuem Gocghamnozo ceasyroweo. Jlannas mexnoio2us NPUMEHeHa 015 U320MoGAeHUs. OONbUUX
Ppazmepos no ouamempy u OauHe mpyouamvix u npoPUIUPOSAHHBIX UZ0EIUTL CLONCHOU KOHPU2YPAYUU 02HEYNOPHO20
HA3HAYCHUS.

KawueBble caoBa: ocneynoprvlie mMamepuannl, HAHOKePAMUYECKUe KOMNOZUYUU, NUPODUITUMCooepacauyee
coipbe, mepmoodpabomra, PuU3UKO-XumMuiecKue Memoobl aHaIu3d, USMEeHeHue CMPYKMypol, NPOYHOCMb, 0ehopmayus,
6e30001cu206a5 MEXHONIO2USL.
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A.A. MUKHAMEDZYANOVA, U.Sh. SHAYAKHMETOV, N.Kh. AZAUGILDINA, I.A. IKHSANOV

CHANGES IN THE PHYSICAL AND CHEMICAL PROPERTIES
OF NANOCERAMIC COMPOSITIONS BASED
ON PYROPHYLLITE-CONTAINING RAW MATERIALS

Abstract. The use of the pyrophyllite mineral in the production of ceramics and refractories is determined by a
number of valuable technological properties: good machinability, high chemical resistance, low content of alkali metal
oxides and coloring oxides, use as a thinning additive, etc. The results of a study of physico-chemical processes occurring
when heating compositions based on pyrophyllite-containing raw materials by various instrumental methods are
presented. The temperatures of dehydration of diaspore, sericite and kaolinite, the formation of mullite from kaolinite
and the transition of y—a-aluminum oxide are determined. The temperatures of the beginning of deformation of ceramic
compositions based on pyrophyllite-containing raw materials were determined when the samples were heated to 750°C
and 1300°C. The coefficient of expansion of a ceramic material based on pyrophyllite-containing raw materials is
calculated. As a result, an annealing-free technology of thin-walled reinforced tubular products using a phosphate binder
was created.

Keywords: refractory materials, nanoceramic compositions, pyrophyllite-containing raw materials, heat
treatment, physico-chemical methods of analysis, structure change, strength, deformation, non-firing technology
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T.JI. HEMAKHWHA, C.A. CUMEHEHKO

HHYTHU COBEPIHEHCTBOBAHUA
KOPITYCOOBPABATBIBAIOLIEI'O ITPOU3BOJACTBA B IEXAX
CYJOCTPOUTEJIBHO-CYAOPEMOHTHOI'O IIPEAIIPUATHUSA

AHHOTanMsi:  Msznacaromcesi  60NMpPOChl  COBEPUIEHCMBOBAHUSL  MEXHONIOSUU  CYOOCMPOUMENbHO20 U
CYOOPEMOHMHO20 NPOU3BOOCMBA C YENbIO YEeIUUEeHUs. 00beMd 8bINYCKAEMOU NPOOVKYUU U VIYYUEHUS] ee Kauecmed 8
3a6UCUMOCU OM YPOGHSL MEXHUYECKOU 6a3bl NPpouU3800cmea.

KitoueBble ¢JIOBA: onmumanvbHas cxema, mexuolo2uueckoe 000pyoosanue, HIAHUPOBKA 000PY008aHUS,
ABMOMAMUZUPOBAHHASL MPAHCROPMHASL CUCTEMA, PAYUOHATbHAS NIAHUPOBKA 000PYO08AHUS YHACMKOS YeXa
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DEVELOPMENT OF THE OPTIMAL LAYOUT OF THE EQUIPMENT
IN THE DIVISIONS OF THE BODY-PROCESSING SHOP

) Abstract: The issues of improving the technology of shipbuilding and ship repair production in order to
increase the volume of products and improve their quality, depending on the level of the technical base of production,
are presented.

) Keywords: optimal scheme, technological equipment, equipment layout, automated transport system, rational
equipment layout of workshop sections.
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N.A. ITAPUDVYJIJINH, A.JI. HOCKO, E.B. CA®POHOB, /1.B. KHPUJIJIOB

NCCJIEJOBAHUE PABOTbBI TOPMO3HbIX MAI'HUTHBIX POJIMKOB
I'PABUTAIIMOHHBIX POJINKOBBIX KOHBEUEPOB

AnHotauusi. OOHUM U3 OCHOBHBIX J]IeMEHMO8 O€30NACHOU IKCHIYAMmayuu 2pasumayuoOHHbIX DOJUKOGBIX
KOHBellepos, NPUMEHSeMbIX 8 CMeLIaxcax Os Naiiem, seisiemcs mopmosHou poaux. Haubonee nepcnexmugHoil
KOHCMpYKyuel A61Aemcsa MOPMO3HOU POIUK MASHUMHO20 (8uxpemokogozo) muna. OCHOBHbIM napamempom,
onpeoeniowum Mmopmo3Hsie QYHKYUU MmOpMO3HO20 MASHUMHO20 POIUKA, d 3HAUUM U CKOPOCMb 08UNCEHUS NALIembl NO
2PaAsUMayUOHHOMY POTUKOBOMY KOHBelepy ABNAemcs KoIh@uyuenm mazHumuou eazkocmu. Ilpoeedena cpasnumenvras
IKCNEPUMEHMANIbHASA OYEHKA KOIPDPuyueHma MazHUmMHOU 8A3K0CMU BUXPEMOKO8bIX MOPMO308 08YX KOHCIMPYKIMUBHBIX
UCNOTHEHULI — OUCKOB020 U YEHMPOOEICHO20. YCcmanoseneHo, ymo Kodpouyuenm MacHUmMHOU 6A3KOCMU OA51 000UX
KOHCMPYKMUGHBIX UCHOIHEHUL MOPMO308 C Yy8elutdeHuemM 6030YULHO20 3d30Pa MeNCOY NPOEOOSUUM MELOM U MACHUMAMU
VMEHbULAemMC sl NPU pasmMeujenult MaeHUmo8 KaK ¢ OOHOU, MaK U ¢ 00eux CMOpOH Nposodsiye20 meid, npuiem 3ma
3A6UCUMOCHIb UMEeNm IKCNOHEHYUANbHBII Xapakmep, 07 OUCKO8020 MOPMO3Ad NPU PA3MeUujeHuu MAeHUmos ¢ odeux
cmopon npogoosauezo meaa 8 2,5-3 pasa boavuue, Yem ¢ MAZHUMOM, PACHOJIONCEHHLIM ¢ OOHOU CMOPOHbL OUCKA, OISl
YEHMPOOEINCHO20 MOPMO3a NPU PASMEWEHUU MACHUMOS ¢ 00eux CMOPOH Npoeoosiwezo meia 6 4-4,5 pasa menvuie no
CPasHeHUI0 ¢ NPOBOOSUIUM MENOM 8 hopme OUcKa ¢ mMazHumamu ¢ obeux cmopon u 6 1,5-2 paza no cpasnenuro ¢
npoBOOSWUM METOM 8 PopMe OUCKA C MASHUMOM C 0OHOU CHOPOHbL.

KaroueBble cioBa: naniema, 2epasumayuoOHHbIll POIUKOBBIU KOHGeUep, MACHUMHbLIL (8UXPEMOKOBblL)
MOPMO3HOU POAUK, KOIPDuyueHm MazHUMHOU 8A3KOCHU, NPO8oOAujee Meio, NOCMOAHHBINL MASHUM, BUXPEnOKO8bil
Mopmo3.
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I.LA. SHARIFULLIN, A.L. NOSKO, E.V. SAFRONOV, D.V. KIRILLOV

RESEARCH OF THE OPERATION OF MAGNETIC BRAKE ROLLERS
OF GRAVITY ROLLER CONVEYORS

Abstract. One of the main elements of safe operation of gravity conveyors used in gravity racks for pallets is
the brake roller. The most promising design is a brake roller of magnetic (eddy current) type. A mathematical model of
the process of moving pallets on a magnetic brake roller is developed. The equation of the speed of movement of the
pallets on the brake magnetic roller obtained. The main parameter that determines the braking functions of the brake
magnetic roller, and therefore the speed of movement of the pallet on the gravity roller conveyor is the coefficient of
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magnetic viscosity. A comparative experimental evaluation of the magnetic viscosity coefficient of eddy-current brakes
of two designs - disk and centrifugal - has been carried out. It has been established that the coefficient of magnetic
viscosity for both designs of brakes decreases with an increase in the air gap between the conductive body and the magnets
when the magnets are placed on one and on both sides of the conductive body, and this dependence is exponential; for a
disc brake, when magnets are placed on both sides of a conductive body, 2.5-3 times more than with a magnet located on
one side of the disc; for a centrifugal brake when magnets are placed on both sides of a conducting body, 4-4.5 times less
compared to a conducting body in the form of a disc with magnets on both sides and 1.5-2 times less than a conducting
body in the form of a disc with a magnet one side.

Keywords: pallet, gravity roller conveyor, magnetic (eddy current) brake roller, magnetic viscosity coefficient,
conductive body, permanent magnet, eddy current brake.
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M.C. JEHHNCOB

PA3PABOTKA MATEMATHUYECKOM MOJEJIA YITPABJISIEMOI'O
ITPOLECCA JINTHA C KPUCTAJVIM3ALIMEN 11O JABJJEHUEM

AHHoOTamMs. Pasnuunsle 6U0bl 8030eticmeuti, KOmopble 6 MEPMUHAX NPOYECCHO20 NOOX00A HANPAGIEeHbl HA
co30anue YyeHHOCmuU, Ha NPUOaHue MemanionpoOyKyuu KomMniekca boiee 8biCoKux nompeodumenbcKux ceoticms,
UBMEHAIOM 3HAYeHUe MmepMOOuHamuyeckux napamempos. K ux yucny omnocames memnepamypa, dasnetue,
sHmanvnus, sumponus, snepeus Iudoca u op. Ipoyeccol 06pabomku cesA3anbl ¢ 3AMPAMAMU IHEP2ULL, C OBUICEHUEM,
NOIMOMY U 3a0a4u YNpasieHus npase npeocmasiams Kax 3a0auu OUHAMUKY, peuiaemble ¢ UCHOTb308AHUEM
oughgepenyuanbHvIX ypasHeHuu.

B pabome npeonazaemcs mamemamuueckas Mooenb npoyecca Iumbvs ¢ KpUucmaiiusayuel noo 0agienuem, 2oe
oaegienue svicmynaem Kax (haxmop, KOMopbiM MONMCHO 6apbuposams 6 WUPOKUX Npedenax HA pasiuyHblX Manax
npomexanus npoyecca. Modensb ynpagisiemozo npoyecca nocmpoena Ha hpazosvix KoOpOUHamax. I8on10yus COCMOAHUSL
paccmampusaemol cucmemul npedcmasiena oupgepenyuanoHbimMu ypasHenusmu. Paspabomana cmpykmypras cxema
cucmemul ynpaeieHus.

KinioueBble caoBa: cucmema ynpasieHus, asmoMamusayus, npoyecc Iumbvs, KPUCMALIu3ayus, O0deieHue,
Mamemamuyeckas Mooeib, 00beKm YnpasieHus.
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M.S. DENISOV

DEVELOPMENT OF A MATHEMATICAL MODEL
OF A CONTROLLED INJECTION MOLDING PROCESS
WITH CRYSTALLIZATION UNDER PRESSURE

Abstract. Various types of impacts, which in terms of the process approach are aimed at creating value, at
giving metal products a complex of higher consumer properties, change the value of thermodynamic parameters. These
include temperature, pressure, enthalpy, entropy, Gibbs energy, etc. Processing processes are associated with energy
costs, with movement, and therefore control problems can be represented as problems of dynamics, solved using
differential equations.

The paper proposes a mathematical model of the casting process with crystallization under pressure, where the
pressure acts as a factor that can be varied widely at different stages of the process. The controlled process model is
based on phase coordinates. The evolution of the state of the system under consideration is represented by differential
equations. A block diagram of the control system has been developed.

Keywords: control system, automation, casting process, crystallization, pressure, mathematical model, control
object.

BIBLIOGRAPHY

1. Bernstein M. L. Thermo-mechanical processing of metals and alloys. 1968. 596 p.

2. Veynik A. . Method of application of thermodynamics of irreversible processes to the solution of problems
of foundry production. Collection "Heat exchange between casting and mold". Edited by A. I. Veynik. - Minsk: Higher
School. 1967. p. 5-17.

3. Denisov, M. Development of Computerized Control System for Applying Pressure to Liquid and Crystallizing
Metal. Proceedings-2020 International Russian Automation Conference, RusAutoCon 2020, 2020, pp. 110-114, 9208166.

4. Kirilin V. A., Sychev V. V., Sheidlin A. E. Technical thermodynamics. - M.: Energoatomizdat, 1983, - 416 p.

5. Balandin G. F. Theory of casting formation: Fundamentals of thermal theory. Solidification and cooling of
the casting. Textbook for universities. - Moscow: MSTU Publishing House, 1998. - 359 p.

6. Novikov I. I. Theory of heat treatment of metals. Textbook (3rd ed.). Moscow: Metallurgiya, 1978. 391 p.

7. Korostelev V. F. Theory, technology and automation of casting with pressure application. Moscow: Publishing
House "New Technologies", 2004. 224 p. ISBN.

8. Korostelev V. F. Control of processes of processing of metals and alloys on a given trajectory in the space of
states / / Zh. Mechatronics, automation, control. 2013. No. 11. p. 37-40.

9. Korostelev V. F. Technology of casting with software pressure overlay. M.: Mashinostroenie, 2000. 204 p.
ISBN 5-217-03063-1.

10. Denisov M. S. Control of the process of forming the properties of cast blanks from alloy B95 in the process
of pressure testing of crystallizing metal. Bulletin of the MOSCOW State Technical University "STANKIN", Nel (52),
2020, pp. 38-45.

11. Denisov M. S. Automated system of software control of the process of applying pressure to liquid and
crystallizing metal. Automation. Modern Technologies, 2020 No. 5, pp. 234-240.

12. M. S. Denisov, "Modeling of Processes of Solidification of Metals under Conditions Imposing Pressure”,
Materials Science Forum, Vol. 945, pp. 603-610, 2019

13. Denisov M.S. The Control-and-Measuring System Built-in Automatic Control System by the Technical
Casting Process with Piezocrystallization. Springer Nature Switzerland AG 2020 A. A. Radionov and A. S. Karandaev
(Eds.): RusAutoCon 2019, LNEE 641, pp. 852-860, 2020. https://doi.org/10.1007/978-3-030-39225-3 92

14. Krutko P. D. Inverse problems of dynamics in the theory of automatic control. Moscow: Mashinostroenie.
2004. 576 p.

15. Trubetskov D. 1., Mchedlova E. S., Krasichkov L. V. Introduction to the theory of self-organization of open
systems. - Moscow: Publishing House of Physical and Mathematical literature, 2002. - 200 p.

16. Malinetsky G. G., Potapov A. B. Modern problems of nonlinear dynamics. - 2nd ed., ispr. And supplement.
- M.: Editorial of the Ukrainian SSR, 2002. - 360 p.

Denisov Maxim Sergeevich

Vladimir State University named after A. G. and N. G. Stoletov,

Candidate of Technical Sciences, Associate Professor of the Department of Automation,
Mechatronics and Robotics, 87 Gorky Street, VVladimir,

+7-915-798-28-74,

Ne 4 (348) 2021 39




Cexkuus «TeXHOJ'lOl"l/lI/I, MaTepuajabl  UTHCTPYMEHTLD)>

denisovmaxim90@mail.ru

YK 621.891 DOI: 10.33979/2073-7408-2021-348-4-152-163

JL.U. KYKCEHOBA, C.A. ITAXOMOBA, M.C. AJIEKCEEBA, JI.A. KO3JIOB

BJIMSIHUE A3OTUPOBAHUSI
HA ITPOTUBO3AZIMPHY IO CTOUKOCTDb KOHCTPYKIIMOHHBIX
CTAJIEN TP KOHTAKTHOM B3AMMOJEVICTBUA

AHHoTanus. Mcciedosanu napvl pesepcugno20 mpenusi CKOIbICEHUS. U NAPbl, UMUMUpYIowue YCiogust pabomol
3Y0Uamplx KOIeC Npu TUHEUHOM KOHMAKMe C NPOCKANb3bIGAHUEM PONUKO8bIX 00pa3yos. OyeHuganu uHmMeHCUSHOCHb
usnawueanus (Iy), xoagppuyuenm mpenusi (f), npedervno donycmumyro nacpysxky (Po), onpedensiiowyro necyusyio
CROCOOHOCMb KOHMAaKma, u kpumudeckoe oaenenue (Pxp), npu xomopom ¢hopmupyromcs 3a0upvl u cxeamvléaHue.
Toxaszano, umo npu ckopocmu ckonvoicenusi 0,19 m/c ons napel ¢ asomupogannvim cioem Py = 40 Mna, Py, > 40 Mna, |y
=0,8.10° f = 0,10; ¢ yemenmosannvim - Py = 20 Mna, Py, = 25 Mna, In = 1,4.10° f = 0,13. IIpomueosadupnas
CmMouKocms, 015 nNap ¢ asomupoamnHvim obpasyom Ha 25-30% eviute. DKCnepumMeHmManibHAs OYeHKA Hecyujell
CROCOOHOCU CONPSNCEHUSL, KPUMUHECKOU HASPY3KU, NPU KOMOPOU OPMUPYIOMCs 3a0upbl, NOKA3aaa 6ojee 6biCOKYIO
appexmusnocmos  azsomupoganus no cpagnenuio ¢ yemenmayuei. Copmynuposanvl NON0NCEHUS NO CMPYKMype
A30MUPOBAHHO20 Cl0s, 0becneuusaiowell nosviuieHue pabomocnoCOOHOCMU NApPbl MPeHus: GopMUposanue Hao
Ough@y3uonHoll 30HOU NOBEPXHOCMHO20 €0, cocmoauje2o uz e-gasvi (Fez3N) 6 nanoxpucmaniuveckom cocmosHuu.
Beickazana mepmoounamuueckas 2unomesa GIUsHUsL A30MUPOSAHUSL HA NPOMUBO3AOUPHYIO CIMOUKOCHb CHIALbHBIX
nogepxHocmer mpeHus.

KuaroueBble cii0Ba: mpenue, usHoc, NPOMuGo3a0UpHAsi CIMOUKOCb, A30MUPOSAHUe, YeMEHMAayusl, CMAJ.
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L.l. KUKSENOVA, S.A. PAKHOMOVA, M.S. ALEKSEEVA, D.A. KOZLOV

INFLUENCE OF NITRIDING ON SEIZURE RESISTANCE
OF STRUCTURAL STEELS DURING CONTACT INTERACTION

Abstract. We investigated pairs of reverse sliding friction and pairs that simulate the operating conditions of
gear wheels in linear contact with sliding of roller samples. The intensity of wear (1), the coefficient of friction (f), the
maximum permissible load (Pq4), which determines the bearing capacity of the contact, and the critical pressure (Pcr), at
which seizure are formed, were evaluated. It is shown that at a sliding speed of 0.19 m / s for a pair with a nitrided layer
P4 =40 MPa, P¢r > 40 MPa, I = 0.8.10-9, f = 0.10; cemented - P4 = 20 MPa, P = 25 MPa, I, = 1.4.10-9, f = 0.13. Anti-
seize resistance for pairs with a nitrided sample is 25-30% higher. An experimental assessment of the bearing capacity
of the interface, the critical load at which scuffs are formed, showed a higher efficiency of nitriding in comparison with
carburizing. The provisions on the structure of the nitrided layer are formulated, providing an increase in the performance
of the friction pair: the formation of a surface layer above the diffusion zone, consisting of the e-phase (Fez3N) in the
nanocrystalline state. A thermodynamic hypothesis of the effect of nitriding on the seizure resistance of steel friction
surfaces is formulated.

Keywords: friction, wear, seizure resistance, nitriding, carburizing, steels.
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A.B. HEMEHKO, M.M. HUK1UTHUH

OHEHKA UBMEHEHUA CTPYKTYPbl MATEPUAJIA U3JIEJIUSI
ITPU EI'O MEXAHUYECKOHU OBPABOTKE

AHHOTaUMs. B pabome npednodicen Memoo oyeHKu cmpyKmypHbIX XapaKxmepucmux Mamepuanda uzoenus npu
e20 mexanuueckol oopabomxke. Paccmampugaemcs npoyecc, npu Komopom cmpyKmypHbvle OKa3ameu He Mo2ym Obimb
mouHo onpedeienvl b6e3 paspyuieHus 0emani, Ho ¢ HeKOMOPOU CMeneHbi0 00CMOBEPHOCIU MO2YM DbIMb YCHAHOBIEHbI
no koceennvim napamempam. Cywecmayem (8 4aCmHOCmU, N0 Pe3Vabmamam paspyuaiouux UCNbIMAaHull) ces3b MenHcoy
U3BECTNHBIM KOCBEHHBIM U HEU3BECIMHBIM (CKPBIMbIM) UCKOMbIM NApaAMempamu, npuiem 8 Hauboiee obuem uoe sma
CB513b HOCUM UHOeMEPMUHUPOBAHHBIN Xapakmep. V36ecmHblil napamemp noiazaemcs HenpepblieHbIM, KOIUYeCmE8eHHOU
Xapaxmepucmukol paccmampueaemoli Cea3u CAyHCUm QYHKYus pacnpeoeneHus 8eposmHOCU NPUHAMUSL CKPbLMbLM
napamempom 3a0aHHO20 3HAYEHUS NPU U3BECHOM 3HAYeHUU USMEPUMO20 napamempa. B makoii nocmanoske 3a0auu
CMPYKMYpHAsi peopeanu3ayusi. Mamepuaila O0emaiu 6 medeHue 00pabomku modxcem Obimb ONUCAHA MAPKOBCKUM
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CAYHAUHBIM OTYHCOAHUEM MEHCOY NOTOWAIOWUMU YPOBHAMU, KOMOPLIM COOMBEMCmeyem npuobpemenie 0emanvio
mpeOyembIX C8OUCME U HEYCMpaHumoe ux uckasicenue. /s HenocpeocmeenHol OYeHKU CKPbIMbIX XAPaKmepucmux
npoyecca no e20 u3geCnHbIM NPOSAGLEHUAM NPEOOHCEHA CKPLIMAA MAPKOBCKASL MOOETb PACCMAMPUBAEMOU CIMPYKMYPHU
peopaanuzayuu, UCNOIbL3VIOWds HenpepvisHoe ¢azoeoe npocmpancmso cocmoanutl. Ha eé ocnose nonyuenvt popmynsi
ona eeposmuHocmell OIALONPUAMHO20 U HeONA2ONPUAMHO20 UCX0008 00pabOMKU 8 CMbICAe NOJYYeHUs Uuzoenus ¢
3a0aHHBIMU XAPAKMEPUCTNUKAMU, NO38ONAIOWUE 6HECU YNPABIAIOWee 8030€eliCmeue 6 NPOYecc Ha e20 PAHHUX CMAOUAX
€ Yebio nosblueHUs Q0L 8bIX00A 200HBIX U30EaUL.

KiroueBble cl10Ba: mexanuyeckas 06padbomxa, KOHMpOb nO KOCGEHHBIM NAPAMEMPAM, CKPLIMAL MAPKOBCKAA
MOOenb, HenpepvisHoe ha3060e NPOCTPAHCIEO COCTOAHUI, CYHAliHOe ONYXHCOaHue.
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A.V. NEMENKO, M.M. NIKITIN

EVALUATION OF PRODUCT STRUCTURE TRANSFORMATION
WHILE MACHINING

Abstract. The paper proposes a method for evaluation of the structural and mechanical characteristics of the
product material during machining. A process is considered in which the indicators of interest cannot be accurately
determined without destroying the part, but with a certain degree of reliability can be established by indirect parameters.
There is (in particular, according to the results of destructive tests) a connection between the known indirect and unknown
(hidden) sought parameters, and in the most general form this connection is of an indeterminate nature. The known
parameter is assumed to be continuous, the quantitative characteristic of the considered connection is the distribution
function of the probability that the hidden parameter will accept a given value with a known value of the measurable
parameter. In this formulation of the problem, the structural and mechanical reorganization of the material of the part
during processing can be described by a Markov random walk between absorbing levels, which corresponds to the
acquisition of the required properties by the part and their irreparable distortion. For a direct assessment of the hidden
characteristics of the process by its known manifestations, a hidden Markov model of the considered structural and
mechanical reorganization is proposed, using a continuous phase space of states. On its basis, formulas were obtained
for the probabilities of favorable and unfavorable outcomes of processing, which make it possible to introduce a control
action into the process at its early stages in order to increase the proportion of the yield of suitable products.

Keywords: robotic machining, control by indirect parameters, hidden Markov model, continuous phase state
space, random walk
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A.B. HEMEHKO, M.M. HUKUTUH

INPOI'HO3 TPEIIII/IHOYCTOP'I‘{J/IBOCTI/I N3 AEJUA
HOCJIIE MEXAHUYECKOU OBPABOTKHA

AnHOTaUMA. [Ipednodicena memoouxa npocHO3HOU OYEHKU 6ePOSMHOCIU MPEWUH000pa308anus 8 deman,
U320MOBNICHHOU C NOMOWbIO MeXaHUYeckol oopabomku, npu eé danvhetiwen sxcniyamayuu. Paccmompena mooens
HAaKomieHuss 0e@exmos npu MHO20CMYNeHUamou ob6pabomke, npu KOMopou un@opmayus 0O ux Koauvecmee Ha
Qukcupogannoil cmaduu OOCMYRHA MONbKO NO KOCEEHHbIM napamempam. [[ns onucawus npoyecca odpabomku
NPUMEHEHA CKPbIMas MAPKOBCKAsL MOOelb C OUCKDEMHbIM 8PEMEHEM U HEeNnpepbiGHOl NePEeMEHHOU, 8 POiu KOMOpOl
sbICMYnAen peoiocUYecKull napamemp, onpeoessiowull mpewunoobpasosanue. Omom napamemp 6 MoOenu
paccmampusaemcsi Kax —CKpolmblil, OOCMYNHbIM CUUMAEMCS MOAbKO CUSHAL, NPUXOOAWUll Om KOHMPOIbHO-
usMepumenbHo20 0060py008anus No 3aeepuleHult ouepeoHou cmaouu obpabomku. Ilonyuennas ckpvimas Mooeib
uccnedosana Onsi CAY4auHo2o OAYHCOAHUSI PeOslo2UdecK020 napamempa mexncoy 08yMs NOIOWAIOWUMY VPOBGHAMU,
COOMBEMCMBYIOWUMU  COOLIMUSIM — U320MOGIEHUSL  MPEUUHOYCIMOUYUBOL  demanu U  NOLYHEeHUs. 3a20MOGKOU
HeycmpaHumbvlx 0eghekmos 6 xode oopabomxu. I[Ipednacaemolii n0OOX00 Modxcem 6bimb NPUMEHEH KAK K YCMANL0CHHbIM
mpewunam, max u K mpeujunam, UMeowum opyeyio Qusuueckylo npupooy.

KaroueBble cioBa: peonocusi, MexHoL02UHeCKdss YCMALOCHb, MeXaHuyeckds obpabomia, CcKpbimas
MApPKOBCKAsL MOOEb, HENPEPBIGHOE (hA3080€ NPOCMPAHCEO COCMOSIHULL, CIyHaliHoe OIycoanue.
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AV. NEMENKO, M.M. NIKITIN
FORECAST OF DETAIL CRACK STRENGTH AFTER ITS MACHINING

Abstract. A method is proposed for predicting the probability of cracking in a machined part during its further
operation. A model of accumulation of defects in multistage processing is considered, in which information on their
number at a fixed stage is available only by indirect parameters. To describe the processing process, a hidden Markov
model with a discrete time and a continuous variable is used, in the role of which is a rheological parameter that
determines fracturing. This parameter in the model is considered as hidden, only the signal coming from the control and
measuring equipment at the end of the next stage of processing is considered available. The resulting hidden model is
investigated for a random walk of the rheological parameter between two absorbing levels corresponding to the events
of manufacturing a crack-resistant part and obtaining unrecoverable defects by the workpiece during processing. The
proposed approach can be applied to both fatigue cracks and cracks of a different physical nature.

Keywords: rheology, process fatigue, machining, latent Markov model, continuous phase space of states,
random walk.
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A.B.IIOABUHIEB, A.C. IYJIAPEB

HNPUMEHEHUE ITPOT'PAMMHOI'O OBECIHEYEHHUSA DEFORM J1JIA
MOIEJUPOBAHUA TPOLHECCA CBEPJIEHUA KOMITIO3ULIMOHHBIX
MATEPHUAJIOB HA OCHOBE METOJA KOHEYHBIX 3JIEMEHTOB

AHHOTanMsl. B Hacmosuyell cmamve NOKA3AHO peueHUue CLOJNCHOU CEA3AHHOU 3a0ayu  YUCTEHHO20
MOOEIUPOBAHUL NPOYECCA CEEPLeHUSI NONUMEPHBIX KOMHOZUYUOHHBIX MAMEPUdnos na 6aze Memood KOHEeUHbIX
anemenmos (MK3), ¢ nomowwio unacenepnoco naxema Deform. Ilpedmemom uccredosanusi npu nocmamnogke 3a0ad
AGNAIUCH (PYHKYUOHATbHBIE XAPAKMEPUCIUKY NPOYECCa C8EPIeHUs. COCMASISIOuUE CUTbL PE3aHUsl, MEMNEPamypa 6
30He pe3anusi, 6 3AGUCUMOCIU OM PA3IUYHO20 COYEMAHUsi YNPAGISeMblX NApaAMEempos pedcuma obpabomxu u
2e0MemMpPUUECKUX NAPAMEMPOE CEEPIL, C YUEMOM CHeYUPUUECKUX CEOUCNE NOTUMEPHBIX KOMUOZUYUOHHBIX MAMEPUAILO8.
Benuuuna ocesoti cunvl pezanus npu céepaeHul UMeent 8adiCHOe 3HAYEeHUe, MAK KAK N0 9MOU 6eIUNUHE PACCYUMBIEAIOM
MOWHOCb  NPUBOOA MEXHOIOSUYECK020 000pYy008aHUsl, NPOGEPSIOM RPOYHOCHb pedxcywe2o uncmpymenma, Ilo
memnepamype pe3anusi MOJICHO CRPOSHO3ZUPOBANb KAYeCmEo (hopmoodpasyemvix omeepcmuil. Beiuuunvl cunoevix u
MENOBbIX XAPAKMEPUCTIUK BO3MOICHO NOLYUUMb  DASHBIMU MEMOOaMU, MeoPemuyecKUMY U NPAKMUYeCKUMU,
Hanpumep, 6 X00e HamypHo2o sxKcnepumenma. Ho 0ns namypnozo sxcnepumenma neobxoouma cepbesnas NHO020mosKd,
Hanuyue aabopamopHoll  6asvl. J{1s  meopemuyuecko20 peulenus, HeobXo0uMo eiadenue U  HpUMeHeHue
MAMEMAMUYEcKo20 annapama il UCHONb308AHUE COBPEMEHHbIX UHMICeHepHbIX nakemos. Ilocnednee u npoderano 6
Hacmosuyeti pabome.

KoaioueBble coBa: ceepienue, Mooenuposanue, Memoo KOHEYHbIX INEMEHMO8, NOAUMEPHbIE KOMNOZUYUOHHDLE
Mamepuansl, KOMROUM, PECYWULl UHCIMPYMEHM, CUTbL Pe3AHUSL.
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A.V.PODVINTSEV, A.S. DUDAREV

APPLICATION OF THE DEFORM SOFTWARE FOR MODELING
THE DRILLING PROCESS OF COMPOSITE MATERIALS BASED
ON THE FINITE ELEMENT METHOD

Abstract. This article shows the solution of a complex related problem of numerical simulation of the drilling
process of polymer composite materials based on the finite element method (FEM), using the Deform engineering
package. The subject of the study in setting the tasks was the functional characteristics of the drilling process: the
components of the cutting force, the temperature in the cutting zone, depending on the different combination of controlled
parameters of the processing mode and the geometric parameters of the drills, taking into account the specific properties
of polymer composite materials. The value of the axial cutting force during drilling is important, since this value is used
to calculate the drive power of technological equipment, check the strength of the cutting tool, and the cutting temperature
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can predict the quality of the shaped holes. The values of the power and thermal characteristics can be obtained by
different methods, theoretical and practical, for example, in the course of a full-scale experiment. But for a full-scale
experiment, serious preparation is necessary, the presence of a laboratory base. For a theoretical solution, it is necessary
to know and apply the mathematical apparatus or use modern engineering packages. The latter is done in this work.

Keywords: drilling, modeling, finite element method, polymer composite materials, composite, cutting tool,
cutting forces.

BIBLIOGRAPHY

1. Suslov A.G. Kachestvo poverhnostnogo sloya detalej mashin. M.: Mashinostroenie, 2000. — 320 s.

2. Bobrov V.F. Osnovy teorii rezaniya metallov. M.: Mashinostroyeniye. 1975. — 344 s.

3. Dudarev A.S., Podvitsev A.V. Determing torque when drilling carbon fiber//Fundamental and Applied
problems of Engineering and Technology. Ne4-2 (342) 2020. Pp. 33-39.

4. Vinogradov A.A. Fizicheskiye osnovy protsessa sverleniya trudnoobrabatyvayemykh metallov
tverdosplavnymi sverlami / A. A. Vinogradov. Kiyev: Nauk. dumka. 1985. — 263 s.

5. Dudarev A.S. Lomayev V.l.. Svirshchev V.I. Teoreticheskoye opredeleniye summarnykh sil rezaniya pri
sverlenii polimernykh kompozitsionnykh materialov // Shlifabraziv: Mater. nauchn.—tekhn. konf. - Volzhskiy: VISTekh
(filial) VolgGASU «Yugaoligrafizdat». 2007. S. 266-268.

6. Dudarev A.S. Povysheniye effektivnosti i kachestva obrabotki otverstiy na osnove stabilizatsii protsessa
sverleniya izdeliy iz polimernykh kompozitsionnykh materialov. Avtorefer. dis. ...kand. tekhn. nauk. — Perm: PGTU.
2009. - 20s.

7. Heisel, U.; Krivoruchko, D. V.; Zaloha, W. A.; Storchak, M.; Stehle, T.: Die FEM-Modellierung als moderner
Ansatz zur Untersuchung von Zerspanprozessen. In: ZWF - Zeitschrift fiir wirtschaftlichen Fabrikbetrieb, Jg. 104 (2009),
H. 7-8, S. 603-616.

8. V.A. Phadnis, F. Makhdum, A. Roy and V.V. Silberschmidt, Drilling in carbon/epoxy composites:
Experimental investigations and finite element implementation, Composites Part A: Applied Science and Manufacturing
47 (2013), Pp. 41-51.

9. Dudarev A.S., llyushkin M.V., Nikolaev I.F. Modelirovanie processa sverleniya sloistogo materiala v LS-
DYNA//Vestnik PNRPU. Mashinostroenie, materialovedenie. 2020. T. 22. Ne 2. S. 64-74.

10. Leontyev V.L. O konechno-elementnom modelirovanii protsessa sverleniya plastiny// Sistemy upravleniya
aviastroitelnym predpriyatiyem 16-17 oktyabrya 2014: Materialy konferentsii. - Ulianovsk. 2014. S. 1463-1466.

11. Sokolkin YU.V., Volkova T.A. Mnogotochechnye momentnye funkcii raspredeleniya deformacij i
napryazhenij v stohasticheskih kompozitah//Mekhanika kompozitnyh materialov, 1991. Ne 4. S. 662.

12. Tsyplakov O.G. Nauchnyye osnovy tekhnologii kompozitsionno-voloknistykh materialov. Chast 1. Perm:
Permskoye knizhnoye izdatelstvo. 1974. - 316 s.

13. Stepanov A. A. Obrabotka rezaniyem vysokoprochnykh kompozitsionnykh polimernykh materialov. —
Leningrad: Mashinostroyeniye. 1987. -176 s.

14. Petrov V.M. Reologicheskaya model razrusheniya ugleplastikov pri rezanii lezvijnym
instrumentom//Voprosy materialovedeniya, 2002, Ne3 (31). S. 104-109.

15. Buzyurkin A.E., Gladkij I.L., Kraus E.l. Opredelenie parametrov modeli Dzhonsona-Kuka dlya opisaniya
processov deformirovaniya i razrusheniya titanovyh splavov//Prikladnaya mekhanika i tekhnicheskaya fizika, 2015. Vol.
56, Ne2. S. 188-195.

16. Ustinov A.M., Klopotov A.A., Potekaev A.l. i dr. Eksperimentalnoe issledovanie napryazhenno-
deformirovannogo sostoyaniya poverhnostnyh sloev ugleplastika pri osevom rastyazhenii metodom korrelyacii cifrovyh
izobrazhenij/Izvestiya Altajskogo gos. universiteta. 2018. Ne1-10. S. 58-63.

Podvitsev Aleksandr Victorovich Dudarev Aleksandr Sergeevich
”Perm National Research Polytechnics University” (PNRPU), “Perm National Research Polytechnics University”
Perm (PNRPU), Perm
PhD student of the Department PhD in Engineering sciences, associate Professor of the
”Innovative engineering technologies” Department “Innovative engineering technologies”
29 Komsomolsky prospect, Perm, 614990 29 Komsomolsky prospect, Perm, 614990
Ph.: 8 (342)219-82-36 Ph.: 8 (342)239-15-08
E—mail: podvintsev_ktn@mail.ru E—mail: fanta88@mail.ru
YK 681.5: 621.432.3 DOI: 10.33979/2073-7408-2021-348-4-183-189

B.II1. ITOJIMBLEB, B.B. ITOJIMBLIEB

Ne 4 (348) 2021 47




Cexkuus «TeXHOJ'lOl"l/lI/I, MaTepuajabl  UTHCTPYMEHTLD)>

NCCIEJOBAHUE TEXHOJIOI'MA ) KUJIKOCTHOI'O AbIXAHUSA
METOAOM IOI'PYKEHUS/BCILIBITUSA BUOJIOTMYECKOI'O
OBBEKTA B I'MIPABJIMYECKOU KAMEPE
C BBICOKHUM JJABJIEHUEM

AHHOTaUMA. [lpednacaromcs ucciedoganue MeXHONOSUU — IHCUOKOCMHO20 Obixanusi Ol npoyecca
NO2PYIACEHUS/BCNABIMUS OUOTO2ULECKUX 00bekmo8 6 cmende Ha enyounst 500, 1000 u 1500 m. Hzyuaromes bezonachvie
pedcumbl U 2nyOuHa nozpyxcerus/scnavimusa 6uoobvekmos. Paspabomanvl u ucnvimansvl cUOpAIU4ecKuti cmeHo u
Kancyia Oas  nozpydjcenus/scnavimus  ouoobvekma 6 ummepcuu. Ilpusedenvi O0CHOGHBIE XAPAKMEPUCTNUKU
2UOPABIUYECKO20 CIMEHOd, UMUMUPYIOWe20 nogpyicenue/scnivimue 00 2nyoun 1500 mempos. Onpedenenvl bezonachwvlie
PedACUMBL ROZPYICEHUS/BCIIBIMUSA U NpedesbHble 2YOUHbBL NOSPYAHCEHUSL HA CNOHMAKHOM Obixanuu cobaku. [Ipueedenvi
pe3yrpmamol MEOUYUHCKUX UCCTIe008anUll OU000bekma no maxum ochosHoim napamempam DK, 0T, yrempazsykoeozo,
PEHMEEHON02UYECKO20 U Op. UHCIPYMEHMATLHBIX MEMOO08 UCCICO08AHUIL

KuaroueBble ciioBa: cuopoxamepa, dasnenue, nponopyuoHaIbHvle Kiananvl 0a8ieHus u pacxood, 6uooovexm,
ObIXamenbHas HCUOKOCb.

Hccneoosanusn ovinu nposedenvt no cpaumy Ceel'Y uoenmugpuxamop 26/06-31, oozoeop 62/16 om
01.07.2016.
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RESEARCH OF LIQUID RESPIRATION TECHNOLOGY
BY THE METHOD OF IMMERSION/ASCENT OF A BIOLOGICAL
OBJECT IN A HYDRAULIC CHAMBER WITH HIGH PRESSURE
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Abstract. The study of liquid respiration technology for the process of immersion/ascent of biological objects in
the stand at depths of 500, 1000 and 1500 m is proposed. Safe modes and the depth of immersion/ascent of biological
objects are studied. A hydraulic stand and a capsule for immersion/ascent of a biological object were developed and
tested. The main characteristics of a hydraulic stand that simulates diving/surfacing to a depth of 1500 meters are given.
Safe diving/surfacing modes and maximum diving depths on the spontaneous breathing of the dog are determined. The
results of medical studies of the biological object on such basic parameters of ECG, EEG, ultrasound, X-ray, and other
instrumental methods of research are presented.

Keywords: hydraulic chamber, pressure, proportional pressure and flow valves, biological object, respiratory
fluid.
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C.A.TIOJISIKOB, H.B. ®EJIOPOB, A.A. ITATYJILCKHUM

HOBBIIIEHUE HAJTEXXHOCTHU U SKCITYATAHHOHHbIX CBQfICTB
AETAJIEU I'TI HA OCHOBE 'NBPUIHBIX TEXHOJIOI'MH

AHHoOTaMs: [Ipogedervl Meponpusmust no CO8EPUICHCMBOBAHUIO MEXHOL02UU U320MOGIeHUs Oemaeli Kamepol
ceopanus I'T[[ memodamu adoumueHvIx mexHoIO2Ul, GKIOYAWUe 6 cebs NnogvluieHue 3PHeKmusHOCmU 6X00H020
KOHMPOISE MEMATIONOPOUKOBOU KOMNOZUYUU, 8bLO0D MEXHOIOSUYECKUX NAPAMEMPOS8 CUHmMe3a Oemaneil, Ha3HAYeHUs
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pedxcumMa mepmuyeckou 06pabomku U C8APOUHBIX pAOOM CUHME3UPOBAHHLIX U MPAOUYUOHHBIX MAMEPUANO8, U0
N03601UN0 0becneyums 8blnoIHeHue Mpebo8aHULl N0 MeXAHUYEeCKUM U IKCHIYAMAYUOHHBIM C80UCMBEAM

KiaoueBble cioBa: xkamepa ceopanus, x#apogas mpyoa, HAOe’CHOCMb, MemalionopouKo8das KOMNO3UYU,
6XOOHOU KOHMPO.b, CeleKMUBHOe ld3epHoe CHIdsIe e, mepMuieckds 00pabomKa, ceapka.
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S.A. POLYAKOV, N.V. FEDOROV, A A. SHATULSKY

IMPROVING THE PROCESSES OF INCOMING CONTROL OF METAL
POWDER COMPOSITION, SYNTHESIS AND HEAT TREATMENT
OF THE Co-Cr-Mo ALLOY FOR USE IN GAS TURBINE ENGINE UNITS

Abstract: Measures were taken to improve the technology of manufacturing of parts of the combustion chamber
of the gas turbine engine using additive technologies, including improving the efficiency of the incoming control of the
metal powder composition, choosing the technological parameters of the synthesis of parts, assigning the mode of heat
treatment and welding of synthesized and traditional materials, which allowed to meet the requirements for mechanical
and operational properties.

Keywords: combustion chamber, flame tube, reliability, metal powder composition, incoming control, selective
laser melting, heat treatment, welding.

50 Ne 4 (348) 2021




(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁJ'leMbI TCXHUKH U TCXHOJOI'MA

BIBLIOGRAPHY

1. GTE combustion chambers [Electronic resource] URL.: https://znatock.org/s3709t1.html Published 2017-2019
Accessed 16.11.2019.

2. S. A. Polyakov, N. V. Fedorov, A. A. Shatulsky The use of additive technologies for the manufacture of critical
parts of GTU /. - Journal "Bulletin of the Russian State Technical University named after P. A. Solovyov" VAK, No. 4 (51),
2019. - Rybinsk, 2020. - p. 101-104.

3. Selective laser melting (SLM) [Electronic resource] URL.: https://3dtoday.ru/wiki/SLM_print/ Published 2013-
2021 Accessed 25.11.2019.

4. Simsa, Ch. T. Superalloys 2. Heat-resistant materials for aerospace and industrial power plants: [trans. ed. by C.
T. Sims, N. S. Stolof, and W. K. Hagel: in 2 books. / edited by R. E. Shalin. - M.: Metallurgy, 1995. - Book 1 — - 385 p.

5. Datasheet for EOS powder materials [Electronic resource] URL:
http://3dimpuls.com/sites/default/files/dok_book/m_materials_ en. pdf. Published 2013 Accessed 25.10.2019.

6. Popovich V. A., Borisov E. V., Popovich A. A., Sufiyarov V. S., Masaylo D. V., Alzina L., 2017. Functionally
graded Inconel 718 processed by additive manufacturing: crystallographic texture, anisotropy of microstructure and
mechanical properties. Master. Des. 114, pp. 441-449.

7. Kajima, Yu., Takaichi, A., Nakamoto, T., Kimura, T., Yogo, Yu., Ashida, M., Doi, H., Nomura, N., Takahashi,
H., Hanawa, T., Wakabayashi, N., 2016. Fatigue strength of fasteners made of Co-Cr-Mo alloy obtained by selective laser
melting. Behave yourself. Biomed. Mater. 59, pp. 446-458.

8. Glebus, E., Gruber, K., Kuznitsa, B., Kurzak, J., Kurzinovsky, T., 2015. The effect of heat treatment on the
microstructure and mechanical properties of Inconel 718 treated with selective laser melting. Mater. Sciences. A 639, pp.
647-655.

9. Yuka Kajima, Atsushi Takaichi, Nattafon Kittikundecha, Takayuki Nakamoto, Takahiro Kimura, Naoyuki
Nomura, Akira Kawasaki, Takao Hanawa, Hidekazu Takahashi, Noriyuki Wakabayashi Effect of heat treatment temperature
on the microstructure and mechanical properties of Co-Cr—Mo alloys obtained by selective laser melting /. - Materials
Science and Engineering A 726 (2018) 21-31. - 11 p.

10. S. A. Polyakov, R. A. Shestikov, E. M. Bardinov, A. A. Shatulsky Research and development of the technology
of welding of synthesized samples / Journal "Bulletin of the Russian State Technical University named after P. A. Solovyov"
VAK, No. 1 (52), 2020. - Rybinsk, 2020. - pp. 66-71.

Polyakov Sergey Alekseevich Federov Nikita Vladimirovich Shatulsky Alexander Anatolyevich
Rybinsk State Aviation Technical PJSC "UEC-Saturn", Rybinsk. Rybinsk State Aviation Technical
University Engineer-technologist of the University

named after P. A. Solovyov (RGATU),  Department of Additive named after P. A. Solovyov (RGATU),
Rybinsk. Technologies Rybinsk.

Postgraduate student of the Department 152903, Rybinsk, Lenin ave., 163  Doctor of Technical Sciences, Professor,
"Materials Science, Casting and Tel. (4855) 32-63-95 Head of the Department "Materials
Welding" Science, Casting and Welding"
152934, Rybinsk, Pushkin str., 53 152934, Rybinsk, Pushkin str., 53

Tel. (4855) 21-39-64 Tel. (4855) 21-39-64

E-mail: sergey.polyakov@uec-saturn.ru E-mail: shatulsky@rsatu.ru

Ne 4 (348) 2021 51




Aopec uzoamens:
denepanbHOE rocy1apCcTBEHHOE OI0/KETHOE 00pa30BaTEeIbHOE YUPEXKICHUE
BhIcIero oOpa3oBanust «OpiIoBCKHii rocyaapcTBeHHbIN yHuBepcuteT umeHu M.C. TypreneBa»
302026, r. Open, yn. Komcomonbckas, 95
Ten. (4862) 75-13-18
http://oreluniver.ru
E—mail: info@oreluniver.ru

Aodpec pedakyuu:
denepalibHOE TOCYAAPCTBEHHOE OI0PKETHOE 00pa30BaTEIbHOS YUPEIKICHHE
BhIcIIero oopazoBanus «OpioBckuii rocynapctBeHHbIl yHuBepcuteT uMenu N.C. Typreneay
302030, r. Open, yn. MockoBckasi, 34
+7(920)2806645, +7(906)6639898

http://oreluniver.ru
E-mail: radsu@rambler.ru

MaTepI/IaJ'ILI cTaTel mmevyaTarTcs B aBTOpCKOﬁ peaaknnun

[TpaBo ncnonp30BaHUs IPOU3BEIEHUHN MPEJOCTABICHO aBTOPaMU Ha OCHOBaHHUH
1. 2 ct. 1286 Yerseproii yactu I'paxnanckoro Konekca Poccuiickoit denepannn

Texnnueckuit penakrop Troxra A.B.
Komnerorepnast Bepctka Troxta A.B.

ITonmmcano B mevats 16.08.2021 r.
[Hara Beixona B cBet 23.08.2021 1.
®opmar 70X108/16. Y. neu. 1. 12,5
ena ceobomnas. Tupax 1000 sk3.
3aka3 Nel06

oTmevyaTaHo Ha 6aze
OI'bOY BO «OI'Y um. U.C.Typrenesay,
302026, r.Open, yn.Komcomonbckast, 95





