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

MEXAHUKA JE®OPMUPYEMOIO TBEPLOIO TEJIA,
ANHAMUKA U TTIPOYHOCTbH

YK 539.3 DOI: 10.33979/2073-7408-2023-361-5-3-20

A.A.TIOJIAYBHBIN, B.A. TOPJIOH, I'.A. CEMEHOBA

W3I'MBHbIE KOJIEBAHUSA CBAU, BBI3BAHHBIE BHE3AITHOU
OCAIIKOHN YACTHU OCHOBAHUA

AHHOTAUMsA. B Hacmosiwel pabome npedcmasiena Mamemamuyeckas Mooelb 603HUKHOBEHUSL GbIHYIHCOCHHBIX
U32UOHBIX KONEOAHUIl C8AU, HASPYICEHHOU C HEKOMOPLIM IKCUYEHMPUCUMEMOM, GbI36AHHbIMU 6HE3ANHOU O0CAOKOU
ocnoganus. Ilpu smom ceas paccmampusaemcsi KAk KOHCMPYKMUGHO HEIUHEHAss KOHCMPYKYUS, USMEHSIOudsl
pacuémmuyio cxemy noo Haepyskoiu. Ilepeonauanvho onpedensemcs cmamuyeckoe OeQopMuposanHoe cOCmosiHue
WAPHUPHO ONEPMOIl NO KOHYAM C6au, ROJIHOCMbIO NOZPYJICcEHHOU 6 ocHoganue. [locie enezanHol ocadku Ha
onpedenénnylo 2nyouny cedsi pacCMampugaemcs Kak KPUGOIUHEUHBIN CIMEPICEHb, COCMOAWUIL U3 08YX CONPSI2AeMbIX
VUACMKOS: NO-NPENCHEMY NOSPYICEHHO20 8 OCHOBAHUE U C80OOOH020, HAXOOSUUMUCH 6 Osudceruu. Onpedenssiomcs
cobcmeennble uacmomol U (QOpMbl CONPI2AeMbIX YYACMKO8, HA 0aze KOMOPLIX pPAcCUUmMvléaiomes: @opmol
BbIHYHCOCHHBIX KOACOAHUT U U32Ubarowue MOMEHMbL 8 NPOU3BOIbHBIX ceueHusix ceau. TIpu nocmpoenuu onpeoensiouux
COOMHOWEHUT 3A0ayu UCHONb308AICS MeMOO HAUAILHLIX NAPAMEMpPO8 C NPUMEHEHUEM GeKMOPHO-MAMPUYHO2O
npeocmagieHusi COCMOSIHUSL NPOU3BOJIbHBIX CeHeHUll Ceaul.

KiawueBble caoBa: ceas, sKkcyeHmpucumem HASPY3KU, GHE3ANHASL 0CAOKA OCHOBAHUSL, YACMOMbL U GopMbl
Konebarnutl, npocudbL U MOMEHMbI.
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A.A. PODDUBNY, V.A. GORDON, G.A. SEMENOVA

BENDING VIBRATIONS OF THE PILE CAUSED BY SUDDEN
SETTLEMENT OF PART OF THE FOUNDATION

Abstract. This paper presents a mathematical model of the occurrence of forced bending vibrations of a pile
loaded with a certain eccentricity caused by a sudden settlement of the foundation. In this case, the pile is considered as
a structurally nonlinear structure that changes the design scheme under load. Initially, the static deformed state of a pile
hinged at the ends and completely immersed in the foundation is determined. After a sudden settlement to a certain depth,
the pile is considered as a curved rod consisting of two mating sections. still immersed in the foundation and free, in
motion. The natural frequencies and shapes of the mating sections are determined, on the basis of which the shapes of
forced vibrations and bending moments in arbitrary sections of the pile are calculated. When constructing the constitutive
relations of the problem, the method of initial parameters was used using a vector-matrix representation of the state of
arbitrary sections of the pile.

Keywords: pile, load eccentricity, sudden foundation settlement, vibration frequencies and modes, deflections
and moments.
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H.A. 3EMJIIHYIIIHOB

NCCJEJOBAHHUE YIIPABJISIEMOI'O ®OPMUPOBAHUA YIIPYT'OI'O
SIAPA TIPYKUH CKATHUS ITPU YITPOYHEHUUW TIPOBEMETHOMN
OBPABOTKOU U KOHTAKTHBIM 3AHEBOJIMBAHUEM

AnHoTamus. Teopemuyecku ycmaHoeleHaA 3A8UCUMOCb GbICOMbL pabouell yacmu, GenuyuHbl U Gopmul
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VUEMOM NPedsapumenbHol Opobemémuoi obpabomkiu.

KiroueBble cj10Ba: konmakmmuoe 3anesonuganue, opobemémnas o6pabomxa, ynpounenue npyxcuH, ynpyzoe
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N.A. ZEMLYANUSHNOV

INVESTIGATION OF COMPRESSION SPRINGS ELASTIC CORE
CONTROLLED FORMATION DURING HARDENING SHOT BLASTING
AND CONTACT PREDEFORMATION

Abstract. Dependence of working part height, helical cylindrical compression springs elastic core size and
shape previously subjected to shot-blasting treatment on load of contact predeformation during manufacture has been
established theoretically. The conditional boundaries between elastic and plastic zones in cross section of spring coil are
determined, theoretically established by contact predeformation method, taking into account preliminary shot blasting.

Keywords: contact predeformation, shot blasting, springs hardening, elastic core.
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®OPMUPOBAHUE U3HOCOCTOUKUX CJIOEB
HA CTAJISIX U YYT'YHAX HAIIJIABKOM U HAHECEHUEM
U3HOCOCTOMKHUX MOKPBITUI

AnHOTauMA. [Ipogedenvl ucciedosanusi Oemaneu, U32OMOGICHHBIX MeMOOOM YEHMPOOEINCHO20 TUMbS,
BbINOJIHEHHBIX U3 0020 UHOCOCMOUKO20 YY2YHA UNU U3 OBYXCAOUHO20 YY2YHA — Cepblil 4YeyH ¢ OMOeNeHHbIM
nogepxnocmuvim cnoem. Onpedenenvl 0CHOGHbIEe GUObL UBHOCA U HANPAGIEHUs. B0CCIMAHOBNEHUsL NOBEPXHOCHHO20 ClLOS
demainetl 3a cuem HAHeCeHUus U3HOCOCMOUKUX NOKPLIMULL U HANJLABOYHBIX COE8 PAZIUUHBIX COCMABOE.

KaroueBble ci10Ba: u3HOCOCMOUKOCMY, YyeyH, CMAlb, HANAAEKA, HANbLIEHUE, NOKPbImue, MUKPOMEEPOOCnb,
9po3usi, mpenue.
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V.D. KOVALEV, V.P. PANKOV, S.Y. RADCHENKO, M.V. KULIKOV

FORMATION OF WEAR-RESISTANT LAYERS ON STEELS AND CAST
IRON BY SURFACING AND APPLYING WEAR-RESISTANT COATINGS

Abstract. Studies of parts made by centrifugal casting, made of white wear-resistant cast iron or double-layer
cast iron - gray cast iron with a bleached surface layer. The main types of wear and directions of restoration of the
surface layer of parts due to the application of wear-resistant coatings and surfacing layers of various compositions are
determined.

Keywords: wear resistance, cast iron, steel, surfacing, spraying, coating, microhardness, erosion, friction.
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N.A. AJJEKCAH/IPOB, A.H. MYPAHOB, JI.M. YEPBSKOB

BOITPOCHI OBECIIEYEHUA 'NBKOCTHU
MAIINMHOCTPOUTEJBHBIX ITPOU3BOACTB

AnHoTauusi. Paboma nocesiwena ananuzy 3¢@exmusHocmu @QYHKYUOHUPOBAHUS ABMOMAMUUPOBAHHBIX
MEXHONI02UYEeCKUX JUHULL, UCHONIb3YeMbIX 6 KPYNHOCEPUUHOM MAUUHOCMPOUumenibHom npousgoocmee. (OCHOBHbIM
0bopydosanuem Ha MaKoM mMune HpPouU3600CMed AGIAIOMCA 2UOKUe aAGMOMAMUUPOSAHHbIE NUHUU, d YIYYUeHUe
aghgpexmusnocmu 6 pabome ¢ HUMU, AGIAEHCS BAACHOU OPSAHUZAYUOHHO-MEXHOI02uYecKol 3adauel. Ha cecoonswunuil
OJeHb akmyanvHa npoobiema obecnedenuss 6aIanHca MenHcoy YposHeM SUOKOCMU U IKOHOMUUECKOU IPhHeKmusHocmvio
MAaKUX NPouU3600CMBEHHbIX cucmeM. B ceszu ¢ smum yenvio pabomul a6/151€mcst AHAIU3 NAPaAmMempos i XapaKmepucmux,
KOmopble Ccredyem Yyumvléams Hpu HPOEKMUPOSAHUU U HACMPOUKe 2SUOKUX aABMOMAMUSUPOBAHHBIX JIUHUL.
Xapaxmepnoti  uepmoi  MEXHONO2UN  MAUWUHOCIMPOEHUs.  S6TSLeMCs.  HeoOX00UMOCmb  00pabomKu  pasnuyHol
HOMEHKIAMYpbl OemaJiell, 8 MOM YUCie U HeU38eCMHbIX 3apanee hopm-hakmopa u munopazmepa, nod3Momy Heooxooumo
obecneuugams 3A0AHHYI0 PUMMUYHOCMb GbINYCKA Oemdaiell, asmoMamusupo8aHHyl0 NEPeHalaoky Ha o00pabomky
cnedyiowei. MoOupuKayuy, a maxdxice YYumvleams, YmMo MOOUDUKAYUUL UMEIOM AHALO2UYHbIE U OMIUYAIOWUECs]
nogepxHocmu, 06pabomKka KOMopwix MOJCem NpoxXooums HA PA3HbIX MUNax npouzeoocmea. B pesyiemame, — npu
paspabomie mexHor02uu ciedyem pyKogooCmeo8amo st RPUHYUNOM 00ECReUeHUsl BbICOKOU HAOEHCHOCIU OOCIUNCEHUS
mpebyemo2o pe3yibmama npu MUHUMATLHOU nepenanadxke Ha obpabomky. Paccmompennvle 8 pabome acnekmoi
obecneuenusi 2UOKOCMU MAWUHOCTPOUMENbHBIX NPOU3BOOCME MO2ym ObiMb NOLE3Hbl 6 PAMKAX MEPONPUSMUL NO
MEXHON02UHECKOU NOO20MOBKe U OP2AHUZAYUU NPOUBOOCTEA.

KaroueBble cioBa: mexHonozus MAWUHOCMPOCHUS, OP2AHU3AYUL NPOU3BOOCMEA, AGMOMAMUUPOBAHHbIE
JUHUY, 2UOKOCMb, NEPEHANA0KA, PUMMUYHOCMb, KDYRHOCEPUUHOE NPOU3800CHEO.
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[LA. ALEXANDROV, A.NN. MURANOV, L.M. CHERVYAKOV

ISSUES OF PROVIDING FLEXIBILITY
IN MACHINERY ENGINEERING PRODUCTION

Abstract. The work is devoted to analyzing the operating efficiency of automated production lines used in large-
scale machine-building production. The main equipment in this type of production is flexible automated lines, and
improving the efficiency of working with them is an important organizational and technological task. Today, the problem
of ensuring a balance between the level of flexibility and economic efficiency of such production systems is relevant. In
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this regard, the purpose of the work is to analyze the parameters and characteristics that should be taken into account
when designing and setting up flexible automated lines. A characteristic feature of mechanical engineering technologies
is the need to process a different range of parts, including form factors and standard sizes unknown in advance, therefore
it is necessary to ensure a given rhythm of production of parts, automated readjustment for processing the next
modification, and also take into account that modifications have similar and different surfaces, processing of which can
take place in different types of production. As a result, when developing technology, one should be guided by the principle
of ensuring high reliability of achieving the required result with minimal changeover for processing. The aspects of
ensuring the flexibility of mechanical engineering production considered in the work can be useful within the framework
of measures for technological preparation and organization of production.

Keywords: mechanical engineering technology, production organization, automated lines, flexibility,
changeover, rhythm, large-scale production.
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A.10. KOPHEEB, JI1 IIISHEBO, E.B. MUILEHKO, JI.A. CABUH

BJIMAHUE JPDPEKTA TOMAKHNHA HA HECYIIYIO CIIOCOBHOCTbD
KOHNUYECKUX 'TMAPOANMHAMUYECKHUX ITOAIIUITHUKOB

AnHoTamMs. Paccmompenvt ocobennocmu enuanus spgexma Jlomakuna Ha Hecywyio CnocobHocmu
KOHUYeckux euopoounamuyeckux noowunnuxoe (I 4I1). Ilpedocmasnenst pe3yrsmamsl paciema necyujeli CHoCOOHOCMU
¢ yuemom u 0Oe3 yuema GuuAHUA OAaHHO20 3pgexma. [Iposeden cpasHUMENbHBIIL AHATU3 TMEOPeMUYECKUX U
IKCNEPUMEHMANLHBIX OAHHBIX.
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A.YU. KORNEEV, LI SHENGBO, E.V. MISHCHENKO, L.A. SAVIN

THE LOMAKINS EFFECT ON THE LOAD-CARRYING CAPACITY
OF THE CONICAL FLUID FILM BEARINGS

Abstract. The Lomakins effect on the load-carrying capacity of the conical fluid film bearings is considered.
The results of the calculation of the load-carrying capacity with and without Lomakins effect are presented. The
comparative analysis of theoretical and experimental data is carrying out.

Keywords: conical fluid film bearing, load-carrying capacity, Lomakins effect, mathematical model,
experimental results.
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A.I0. POJUYEB, A.B. BHYKOB, 1.B. POIUYEBA, K.B. BACUJILEB

BKCHEPHMEﬂTAﬂBHBIﬁ Y3EJ JJABUPUHTHbBIX
YIIVNIOTHEHUU B MEXATPOHHbBIX MEXAHU3MAX

AHHOTaUMA. B cmamve paccmampusaiomces 0CHO8Hble NPUYUHBL MOOEPHU3AYUU PAHee Pa3pabomanHo2o y3id
JNAOUPUHMHBIX YIIOMHEHU 051 NPOB8eOeHUs IKCNEPUMEHMANbHBIX UCCIe008aHUll. ABMOpbl npediazarom KauecmseHHO
HOBYI0 KOMHOHOBOYHYIO CXeMY VIJIOMHUMENbHO20 V3/d, KOMOPAs NO380Jsen NOLYYams OaHHbLe N0 PAOY NHApaAMempos 8
peanvhom epemenu. Ilpedcmasnena cmpykmypHO-@YHKYUOHATbHAS CXeMA UHGOPMAYUOHHO-UIMEPUMETLHOU CUCTNEMD.
Onucana anemenmuas — 6aza  uHGOpMayUuoHHO-usMepumenvHol  cucmemvl.  Iloxkasanvl  pe3yibmamybsi
IKCHEPUMEHMATIbHBIX UCCAE008AHU NAOUPUHMHBIX YRaomHenull. [Ipedcmasnensi 3a6UcUMOCMU USMEHEHUs. OA8NeHUS 8
Kamepax 1abupunmno20 YRiIomHe Us, d Max Jce 2pagux usmepenus memnepamypvl H0ObEMHbIX HAOUAOOK.

Knroueevie cnosa: nabupunmuoe yniomHerue, NOOUUNHUK CKOJbICEHUS, IKCHEPUMEHM, UCCledo8aHue,
memnepamypa, napamempbul, 0asieHue, HOMoK 8030yXd.
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Abstract. The article discusses the main reasons for the modernization of the previously developed labyrinth
seal assembly for experimental studies. The authors propose a qualitatively new layout scheme of the sealing assembly,
which allows obtaining data on a number of parameters in real time. The structural-functional diagram of the
information-measuring system is presented. The element base of the information-measuring system is described. The
results of experimental studies of labyrinth seals are shown. The dependences of the pressure change in the labyrinth seal
chambers are presented, as well as a graph for measuring the temperature of the lifting platforms.

Keywords: labyrinth seal, plain bearing, experiment, research, temperature, parameters, pressure, air flow.
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MOIEJUPOBAHUE MEXATPOHHOI'O MEXAHU3MA HA OCHOBE
NMITYJbCHOI'O 'MAPOITHEBMATHYECKOI'O IPUBOJIA

AHHOTANMSI: 8 CMamve paccMampusarOmcsi OCHOSHble NPUHYUNBI NOCMPOCHUSI OUHAMUYECKOU MOOelU.
Onucwisaemcs mamemamudeckas MOOelb MEXAMPOHHO20 MEXAHUSMA HA OCHOBE UMNYIbCHO20 SUOPONHEEMAMULECKO20
npugoda. [lpedcmasneno ynpowennoe npeocmasieHue HaspyrHCeHus no38oaAuee BbINOIHUMb PACHemyl Ha mpedyemom
yposue.  Ilokazamvl  3a8UCUMOCMU  NOJYYEHHble 8 X00e  BLINOAHEHUS  BLIYUCTUMETbHO20 — IKCHepUMEeHma
noomeepoicoaroujue a0eK8amHOCHs NOCMPOCHHOU MAMEMAMUYECKOl MOOeU MeXampoHHO20 MEeXAHUIMA HA OCHOGe
UMRYTLCHO20 2UOPONHEBMAMUYECK020 NPUBoId.

KaioueBble ciioBa: moodenupoganue, Mamemamuyeckas Mooeib, UOPonpusoo0, UMNYIbc, MoOelb pyHmd,
cKopocmu, sHepeus yoapa.
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A.V. GORIN, R.N. POLYAKOV, L.S. USHAKOV, A.D. SEREBRNIKOV

SIMULATION OF A MECHATRONIC MECHANISM BASED
ON A PULSE HYDROPNEUMATIC DRIVE

Abstract. The article discusses the basic principles of building a dynamic model. A mathematical model of a
mechatronic mechanism based on a pulsed hydropneumatic drive is described. A simplified representation of the loading
is presented, which allows performing calculations at the required level. The dependences obtained during the execution
of the computational experiment are shown, confirming the adequacy of the constructed mathematical model of the
mechatronic mechanism based on a pulsed hydropneumatic drive.

Keywords: modeling, mathematical model, hydraulic drive, momentum, soil model, speed, impact energy.
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PACYET XAPAKTEPUCTHUK YIIOPHOI'O JIEIECTKOBOI'O
I'ASOAMHAMHNYECKOI'O TIOAHINITHUKA COBMECTHBIM
PEIIEHUEM 3AJJAY 'A3OAUHAMMUKHU U TEOPUHU YIIPYT'OCTH

AHHOTAUMA B Hacmosiweil pabome npedcmasieHo Mamemamuyeckoe MoOeIupO8aHue yCmaHo8UGULENCs]
pabomsvl pOMOPHO-NOOUUNHUKOBOU CUCHEMbI, codepaicaujeli YNOPHBLL enecmKosvlti noowunuux. Modenuposanue
pAccMampusaemozo NOOWUNHUKA OCHOBAHO HA UMEPAYUOHHOM peuleHuu ypagHeHus Petinonvoca u 0onoinumenvHbix
8bIPAdCEHUL, NO3BONAIOWUX onpedenums dedhopmayuro ynpyaux snemenmos. Pe3ynomamol Hacmosue2o uccied08aHus
NOKA3bIBAIOM, KAK U3MEHEHUe 2e0MempuyecKux Napamempos, m.e. MONWUHbL GePXHeU 4acmu U 20Q)pupo8aHHO20
aemMenma, paccmoanus Mexcoy OmoerbHbIMU bICIMYNAMU 8l HA PAOOMY PACCMAMPUBAEMO20 NOOWUNHUKA.

KaroueBble cii0Ba: ynopuwiil 1enecmxogwiil 2az08bii nodwuntux (YJIITI); usnoc ynpyeux snemenmos; pecypc
POMOPHO-ONOPHOTL CUCTHEMbI; MEMOO KOHEUHbIX PA3HOCMeEll.
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A.V.SITIN, V.S. VLASOVA, A.D. SEREBRENNIKOV, K.V. SMIRNOVA

CALCULATION OF THE CHARACTERISTICS OF THE THRUST LEAF
GAS DYNAMIC BEARING BY JOINT SOLUTION OF GAS DYNAMICS
AND ELASTICITY THEORY PROBLEMS

Abstract. This paper presents mathematical modeling of the steady-state operation of a rotor-bearing system
containing a thrust lobe bearing. Modeling of the bearing under consideration is based on the iterative solution of the
Reynolds equation and additional expressions that allow determining the deformation of the elastic elements. The results
of the present study show how changing the geometric parameters, e.g. the thickness of the upper part and the corrugated
element, the distance between the individual protrusions affects the operation of the bearing in question.

Keywords: thrust vane gas bearing (ULGP); wear of elastic elements, service life of the rotor support system;
finite difference method.
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A.10. KOPHEEB, JI1 ISHEBO, E.B. MUIIIEHKO, JI.A. CABUH

OIMMCAHUE UHTEP®ENHCA NIPOT'PAMMHOI'O OBECIIEYEHUSI
IS PACYHETA XAPAKTEPUCTUK KOHUYECKUX TIOAIIUITHUKOB
AKNIKOCTHOI'O TPEHUA

AHHOTAamMs. B cmamve npedcmasneno onucaumue unmepgeiica npospammnozo obecneyenus Ond paciema
Xapakmepucmuk KOHUYECKUX NOOWUNHUKOG dcUOKocmno2o mpenus. OcobenHOCmblo npocpaMMHO20 0becnedeHus
ABNAEMCA BOZMOICHOCb PACUEMA PA3IUYHBIX MUNOE KOHUYECKUX NOOUUNHUKOE KAK NO NPUHYUNY CO30AHUS OAGICHUSA 8
CMA304HOM Cll0€ (2UOPOOUHAMUYECKUX UTU SUOPOCMAMUYECKUX), MAK U PA3TUUHOU 2e0MeMPUYEcKoU opmbl (21a0KUX,
MHOROKNUHOBIX, ¢ Kamepamu). Pesynomamul pacuema xapakmepucmuk (Hecyweti ChoCOOHOCIU, paAcxo0a CMA304HO20
Mamepuana, nomepb MOWHOCMU HA mpeHue U npokauky) é cpede MathCAD npedcmasnensl 8 YyOoOHOM 05t OarbHetiuel
obpabomku eude, 6 m.u. guzyanuzayus 8 euode 3-D pazeepmok noneu OasneHull, memnepamyp, SHMAnbnui u op.
Tpaexmopuu dsudicenus pomopa paccuumuiéaiomes 6 cpede MatLab u mozym 6vimsb npedcmagnenvi Kak 6 08YXMepHOM,
Max u 8 mpexmepHoM npoCmpancmee.

KuroueBble ci10Ba: KoHuyeckuli ROOUWUNHUK HCUOKOCMHO20 mpenus, cuopoournamudeckuil noowunuux (1 7111),
eudpocmamuyueckuti noowunuux (I'CII), necywas cnocodnocms (2py30n00beMHOCHb), pACX00 CMA304YHO20 MAmepuad,
nomepu MOWHOCMU HA MPenue U NPOKAYKY, MpaeKmopuu 08udicenus, npocpammnoe obecneuenue, MathCAD, MatLab.
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A.YU. KORNEEV, LI SHENGBO, E.V. MISHCHENKO, L.A. SAVIN

THE SOFTWARE INTERFACE DESCRIPTION FOR CALCULATION
OF CONICAL LIQUID FRICTION BEARINGS CHARACTERISTICS

Abstract. In paper the sofiware interface description for calculation of the conical liquid friction bearings
characteristics is considered. The feature of software is possibility of calculation different types of the conical bearings -
as on the principle of creating pressure in the lubricating layer (fluid film or externally pressurized bearings), and of
various geometric shapes. The MathCAD results of the characteristics calculation (load-carrying capacity, lubricant flow
rate, friction and pumping power losses) are presented in a form convenient for further processing, visualization in the
3-D scans of pressure, temperature, enthalpy fields, etc. The rotors trajectories of motion are calculated in MatLab and
can be represented both in two-dimensional and three-dimensional forms.

Keywords: conical liquid friction bearing, fluid film bearing, externally pressurized bearing, load-carrying
capacity, flow rate, friction and pumping power losses, trajectories of motion, software, MathCAD, MatLab.
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NNPU6OPbI, BUOTEXHUYECKUE CUCTEMBbI
N TEXHOJIOMnn

VK 504.61:502.53 DOLI: 10.33979/2073-7408-2023-361-5-91-98

B.. KAPAKESH, H.P. XAPJIAMOB, A.C. PABBIIEHKOB

OLIEHKA DKOJIOTMYECKOHN HANIPSIXKEHHOCTHU ATMOC®EPHI
IMPOMBIINIJIEHHOHN 30HBI HAYKOEMKOM ITPUPO/THO-
TEXHUYECKOUN '’EOCUCTEMBbI

AHHOTAUMA. OOHUM U3 XAPAKMEPHBIX NPUSHAKOE HAYKOEMKOU NpupooHo-mexuuveckol eeocucmemvl (HIITTT)
SGNAEMCSL BLICOKASL MEPPUMOPUATIbHASL KOHYEHMPAYUsL NPOUIEOOCHE MUKPOINEKMPOHUKU, MPedYIOWUX YHUKATbHBIX
NPEYUSUOHHBIX YCIO08UIL 0I5l CBOUX CNEYUDUUECKUX MEXHOL02UL, KOMOopble MO2YN CMamb UCMOYHUKAMU He2AMUGHbIX
nocneocmeuii 0nsi ee ammocghepvi. besonacnocmv  ynKyUOHUpPOBAHU 2e0cUCEMbl XAPAKMEPUIYEMCS MAKUMU
Kpumepusimu ee COaNaHCUPOBAHHOCMU, KAK NPUPOOOEMKOCHbL MEXHOCHEPbl U ee IKONOSUYECKasi MeXHoeMKocmb. B
pabome pacuemHvlM nymem HA OCHOBAHUU OOWUPHO2O CHAMUCTIUYECKO20 MAMepudnd no 6alosblM 6blopocam
CMAYUOHAPHBIX U NEPEOBUICHBIX UCIMOYHUKOE 00HOU U3 npombluiiennbix 301 HITTI ycmanoeneno, yumo smu kpumepuu
Ha NpomsidceHuu psoa Jem npu NPAKMuYeckom Kpyelo2oOUYHOM NOCMOSHCMEE HPesbluaiom eOuHuyy. mo
ceudemenbcmeyem 0 KpumuiyeckomM cOCmosHuu ee ammocgepol. Tlokasana 63aumocessb NPUHAMBIX KpUMepUes om
NO20OHO - KIUMAMUYECKUX (PaKmopos pecuonda, ceUuoemeibCmsayrouas 00 ux OnacHoM 0Jisk ammocgepovl 3HAYeHUsX 0axice
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npu  O1a2onpuAMHOU 015l pacceusanusi npumecell 6empogou Hazpyske. Illonyuennvie pesyromamul He0OX00UMO
VUUMBIBAMb NPU PACUUPEHUU MACUWMAO08 NPou3800Cmea U30enutl MUKpOINeKMPOHUKY, HMOo eieyem 3a coool
Heo6X00UMOCMb KpUMU4ecKko20 anausa d@gdexmugrnocmu 0eticmgyiowell cucmembl IK0I02UHECKO20 MOHUMOPUHRA.

KnaroueBble cJI0Ba: HayKoemKas HNPUpOOHO-MEXHUYECKds 2e0CUCmeMd, NpupoooemMKoCms mexHocgepoi,
9KOI02UHECKAsI MEXHOEMKOCIb, 3a2PA3HAIOWUe Belyecmsda, 6ai06ble 8blOpoCsl, ammocgepa.
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V.I. KARAKEYAN, N.R. KHARLAMOYV, A.S. RYABYSHENKOV

ASSESSMENT OF THE DEGREE OF ECOLOGICAL TENSION
OF THE ATMOSPHERE OF THE INDUSTRIAL ZONE OF THE SCIENCE
NATURAL AND TECHNICAL GEOSYSTEM
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Annotation. One of the characteristic features of a science-intensive natural and technical geosystem (NTG) is
a high territorial concentration of microelectronics production, requiring unique precision conditions for their specific
technologies, which can become sources of negative consequences for its atmosphere. The safety of the functioning of the
geosystem is characterized by such criteria of its balance as the nature intensity of the technosphere and its ecological
technology intensity. In the work, by calculation, on the basis of extensive statistical material on gross emissions from
stationary and mobile sources of one of the industrial zones of the NPTG, it was found that these criteria over a number
of years, with practical year-round constancy, exceed one. This indicates the critical state of its atmosphere. The
relationship between the adopted criteria and the weather and climatic factors of the region is shown, indicating their
dangerous values for the atmosphere, even with a favorable wind load for dispersing impurities. The results obtained
must be taken into account when expanding the scale of production of microelectronic products, which entails the need
for a critical analysis of the effectiveness of the current environmental monitoring system.

Keywords: natural and technical geosystem, technospheres natural capacity, ecological technology capacity,
pollutants, gross emissions, atmosphere.
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Abstract. The possibility of detecting PVC microplastics in the model soil samples without sample preparation
and with sample preparation by DSC and TGA methods, as well as the effect of the oxidative process used in sample
preparation on PVC, was studied. The IR spectra of oxidized PVC does not differ significantly from the PVC spectra. The
glass transition temperature also remains practically unchanged, and this circumstance makes it possible to detect PVC
on the DSC curve at a concentration of 0.1% or more in a soil sample during sample preparation, including the stages of
H,0: oxidation in the presence of a Fe*' catalyst and separation using a binary solution of NaCl and Ca(NO3),. To
identify two stages of thermal decomposition of PVC at a concentration of 0.1% or more in a soil sample by the TGA
method, it is necessary to pre-oxidize the sample.

Keywords: microplastics, soil, PVC, thermal methods of analysis, thermogravimetric analysis, differential
scanning calorimetry.
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SELECTION OF THE OBJECT OF STUDY TO ASSESS THE MOISTURE
CONTENT SUPPLY OF THE PLANT

Abstract. The article presents the results of an experimental study of the influence of age-related changes in
plant leaves on their optical characteristics. Mathematical processing of the obtained data showed differences in the
optical properties of deciduous plates, which was manifested in measuring mirror and diffuse reflection coefficients.
Recommendations have been formulated on the choice of the object of study by the optical method in order to obtain more
reliable results.
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K.Y. KANDUROVA

SPECTROPHOTOMETRIC MEASUREMENTS OF THE OPTICAL
PROPERTIES OF LIVER IN THE 350-1300 NM RANGE

Abstract. The article presents the results of experimental and analytical determination of optical characteristics
of liver for further modeling of light interaction with parenchyma under normal conditions and in case of structural and
functional changes due to obstructive jaundice and other pathologies. In order to measure the optical properties of liver
without hemoglobin contribution, we developed and tested a procedure for preparation of rat liver by perfusion with
Hanks balanced salt solution with calcium to reduce the blood content in the vessels. Spectrophotometric measurements
of diffuse reflectance, total and collimated transmittance in tissue slices and human bile samples were performed with
further calculation of absorption and scattering coefficients and anisotropy factor by the inverse addition-doubling
method. The efficiency of the perfusion method in determining the real optical properties of the liver by reducing the
influence of blood on the measured transmittance and reflectance spectra was determined. The experimental data were
compared with the calculated values of the liver absorption coefficient, taking into account the contribution of the major
chromophores. The presented results will be the basis for further development of the technology and criteria for
assessment of the functional state of the liver for timely determination of the degree and prognosis of liver failure.

Keywords: /iver, bile, optical properties, spectrophotometry
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Y1K620.179.1 DOI: 10.33979/2073-7408-2023-361-5-127-133

H.C. KOBAJIb, B.A. JIEBE/IEB, A.A. lIMPUH, O. A. 3AXAPOBA

HNPUMEHEHHUE UHAYKIUOHHOI'O METOJA UBMEPEHUSA
IIPU UCCJIENOBAHHUU ITPOHECCA IIEPEPABOTKH HIVTAMA
B YCTPOUCTBAX C BPAITAIOIINMCHA
QJIEKTPOMATI'HUTHBIM ITOJIEM

AHHOTAUMSA. 3aKIOUUMENbHBIMY ONepPayusmMu npoyecca nepepabomKu ULIAMOBbIX OMX0008 SGIAIMCS
paspyuterue ux ¢ yeavio 8vl0eneHus U PeppoMacHUmMHON cocmasnawell u ee nociedyiowee usmeivyenue. /s smoeo
UCNONL3YIOMCS YCMPOUCMB0, codepiicaujee Kamepy, GHympb KOMOpoU NOMewaemcs nepepadbamoiéaemulii 06vem uwiama
U noosepeaemcs 8030eliCMeUIo 8paaye20cs 2NeKmpomazHumH1ozo nois. Ipu onpedenennvix 3HAYEHUAX UHOVKYUU
Geppomacnumnan cpeda nepexooum 6 MAZHUMOBUOpUpYIOUEe COCMOsAHUe, KUHEMUKd KOmopoz2o onpeodensem
agppexmusnocms npoyecca paspyuieHus Komeiomepamos uiiama. B pabome obocnosana 803modrcHocms npumeHeHus
UHOYKYUOHHO20 Memooa usmepeHusi 01 UCCIe008aHUs NPoYecco8 paspyuleHus KOH2IOMepamos Wiamd 8 YCl08USIX
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IKCNEPUMEHMANLHOU YCMAHOBKU C  6PAWAIOWUMCS  DNIEKMPOMASHUMHbLIM nofem. Onpedenenvl KOHCMpPYKMUGHbLe
napamempvl  USMEPUMENbHOU Kamywku ee uyscmeumenvHocms. Ilpedcmasnenvt  pesyivmamosl  UCCICO08AHUL
sasucumocmu IC om ocHoGHbIX nApaMempPo8 npoyecca, 0OYCAAGIUBAIOWUX PASPYULCHUS KOH2TIOMEPAMO8 WAAMd 80
BPAUAIOWEMCSL DNEKMPOMASHUMHOM NOJE.

KiroueBble ci10Ba: spawyaioujeecs 21eKmpoMasHumnoe noje, UHOYKYUOHHbIN Memoo, usmepenue, MacHumHasi
UHOYKYUS, OAMYUK MPAHCHOPMAMOPHO20 MUna

Hccneoosanue gpinonneno ¢ pamkax yynoamenmanvuplx ucciedosanuii zpanma POOUH Ne. 20-38-90006
«Paspabomka puzuxo-mexnonozuueckux 0CHo8 pazoeieHus MAZHUMHKOU U HEMAZHUMHOI KOMROHEHM WI1AMOBbIX
0MX0006 MEMANIO-NPOU3B00CHEA C RPUMEHEHUEM ITIEKIMPOMAZHUMHOZ0 O,

CIIMCOK JIMTEPATYPbI

1. JleGenes, B. A. DHepreTidecKkue acreKTH U3MENbUeHHS (peppOMAarHUTHBIX YaCTHI] MITH(OBATLHOTO IIIaMa
BO BpamarouieMcsi sjekrpomarauTHoM noie / B. A. Jlebenes, A. A. Illupun, H. C. Kosams // Tpancmoprthoe
MammHocTpoeHue. - 2022, - Nel-2 (1-2). — C. 29-39.

2. JInbencon, I'.A. IIponeccs nopomxk. Mer: B 2-x 1. T.1. IIpou3BoacTBo Metamnyeckux nopomkos / I.A.
JIubencown, Jlonarun B.}O., Komapuunkuii I'.B./ MUCHUC.- M., 2001.-368 c.

3. Bepauropos, 0. M. NHAYKIINOHHBIN METOJ MCCIEIOBAaHUS ITapaMeTPOB AUCIEPCHBIX (heppOMarHEeTHKOB /
1O. M. Bepuuropos, B. A. Jle6enes, K. K. Jlenerko, A. A. Kouyb6eit, I'. B. Iémun // TpancmopTHOE MaIMHOCTPOCHHE. -
2020. - Ne4 (89). — C. 4-10.

4. Bepuuropo, .M. CoynmapeHne dYacTHIl KOMIAKTHOTO (EPpPOMArHUTHOTO MaTepuana B
MarHutoBuOpupytomem cioe / 0. M. BepuuropoB // BectHuk JIOHCKOTO TroCylapCTBEHHOI'O TEXHHYECKOTO
yHHuBepcuteTa. - 2012. - T. 12. Ne 1-1(62). - C. 95-98.

5. Kasix, I'. JI. Pa3spabotka Texnojoruu yTwiusanuu nutndosanbHoro nwiama / I, JL Kask, B. C. ®omenko,
B. B. Aunpee // BecTHuk wuHkeHepHo# mkonbl JlanmpHeBocToyHOro (QenepanbHoro yHuBepcutera. - 2017. - Ne 1
(30). - C. 60-67.

6. IpsxonoB, O. M. Illmamer MetammooOpabateiBatomero mnpomssoactBa / O. M. JlpskonoB // Jlutee u
metamyprus. - 2010. - Ne 1-2. - C. 154-159.

7. TloBcrano, A. FO. Hcnomp3oBaHHE OTXOJOB MPOMBINUIEHHOTO MPOM3BOACTBA Ul H3TOTOBICHHS
MarepualioB KoHCTpykunoHHoro HaszHauenusi / A. 1O. [loscrsnoit, B. JI. Pynp // YcroiuuBoe passutue. - 2014. -
Ne 19. - C. 159-164.

8. bykun, B. U. ITepepaboTka MpoU3BOACTBEHHBIX OTXOJOB M BTOPHUYHBIX CHIPBEBBIX PECYPCOB, COJEpPIKAIIUX
penkue, Onaropojubie u 1BeTHble Metamwibl / B. . bykun, M. C. Urymuos, Ban. Bn. Cadonos, Bi. Ban. Cadonos.
— Mockga: [enoBas ctonuia, 2002. — 224 c.

9. Komapos, O. C. IlepepaboTka M HCIIONB30BaHHE OTXOJOB, conxepkamux IBeTHble Metamnsl / O. C.
Komapos, . O. Komapos, H. U. Ypbanouu. — Munck: BHTVY, 2018. — 114 c.

10. IlIammoBanos, B. A. [lepepaboTka MPOMBIIIICHHBIX OTXOJOB MeTaimionpomsBoacTea / B. A. lllanoaios,
®. K. Buxrarupos, B. P. Byprames [u ap.] // CoBpemennas snmekrpomeramryprus. — 2013. — No 1. — C. 40-44.

11. Kunapucos, C.C., ITaganxo O.B., CapyxanoB P.I". Ouenka 3arpssHeHHOCTH U oTyucTKd 0T COX cTpyx)kn
OBICTPOpPEXKYIIIEeH CTaH 1o nepepaboTke ee B mopomok. — [lopomrkosas metamryprus, 1984, Ne6, c. 14 —17.

12. JlebeneB, B. A. HccnemoBaHue mporiecca MepepabOTKA KOHIVIOMEPATOB NUTH()OBAIBLHOIO IlaMa B
YCTPOWCTBAX C BpaLIAIOIIMMCs diieKTpoMarHuTHbIM nosieM / B. A. Jlebenes, A. A. Illupun, H. C. Kosanp, 10. M.
Bepauropos // Advanced Engineering Research. - 2022. - Ne4. — C. 338-345

JleGeneB Basepuii AjiekcaHIpPOBUY Mupun Anapeil AJieKCAHIAPOBUY

JloHCKOM TOCy1apCTBEHHBIA TEXHUYECKUM YHUBEpCUTET, [IOHCKON rocy1apCTBEHHbBINH TEXHUUYECKUI YHUBEPCUTET,
r.Pocros-na-Jlony r.Pocros-na-Jlony

IIpocdeccop xadeapsr TEXHOTOTHI MAIIHHOCTPOCHUS AcnmpaHT Kadeapsl TEXHOIOTHI MAIIHHOCTPOCHHUS
344004, r. PoctoB-Ha-/lony, 1. ["arapuna, 1 344004, r. PoctoB-Ha-/lony, 1. ['arapuna, 1

E-mail: va.lebidev@yandex.ru E-mail: andrey.shirin.94@yandex.ru

Kosanab Hukouaii Cepreesnu 3axaposa Ouibra AjexkceeBHa

JIOHCKOM rocyAapCTBEHHBIM TEXHUUECKUH YHUBEPCUTET, JIOHCKOM rOCy1apCTBEHHbIN TEXHUUECKUM YHUBEPCUTET,
r.PocroB-Ha-/lony r.PocroB-Ha-Jlony

JlotieHT kadeapsl mpubOopocTpoeHus u OnoMeTuIUHCKON  JlomeHT kadeapbl THPOPMAITMOHHBIE TEXHOJIOTHH
VHXXEHEPUU 344004, r. PoctoB-Ha-/lony, 1. ['arapuna, 1

344004, r. Pocros-Ha-/lony, . I'arapuna, 1 E-mail: 0z64@mail.ru

E-mail: koval-nc@mail.ru

N.S. KOVAL, V.A. LEBEDEV, A.A. SHIRIN, O.A. ZAKHAROVA

APPLICATION OF THE INDUCTION MEASUREMENT METHOD
IN STUDYING THE PROCESS OF SLUDGE PROCESSING USING
A ROTATING ELECTROMAGNETIC FIELD

38 Ne 5 (361) 2023



mailto:oz64@mail.ru

(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁ.TleMbI TCXHUKH U TCXHOJOI'MA

Abstract. The final operations of the sludge waste processing process are the destruction of the entire volume
in order to isolate the ferromagnetic component and its subsequent grinding. For this, an experimental setup is used,
containing a chamber, inside which the processed volume of sludge is placed and exposed to a rotating electromagnetic
field. At certain values of induction, the particles pass into a magneto-vibrating state, the parameters of which determine
the efficiency of the process. The induction method is used to measure the magnetic field induction. In this regard, it is
necessary to substantiate the possibility of using it to study the process of processing sludge.

The paper substantiates the possibility of using the inductive measurement method for studying the processes of
destruction of ferromagnetic aggregates using an experimental setup with a rotating electromagnetic field. The design
parameters of the measuring coil and its sensitivity are determined. The results of studies of the dependence of EMF on
the main parameters of the process of destruction of ferromagnetic aggregates of sludge are presented.

Keywords: rotating electromagnetic field, induction method, measurement, magnetic induction, transformer
type sensor.
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MATEPUAJIbI MEXXOYHAPOOHOU
HAYYHO-TEXHUYECKOU KOH®EPEHLIUU
«AUNHAMUKA, HAOE)XXHOCTb Y JOJIFTOBEYHOCTb
MEXAHUYECKUX U BUOMEXAHUYECKUX CUCTEM>»

VIK 621.039.5:539.4 DOI: 10.33979/2073-7408-2023-361-5-134-142

M.H. EPEEB, K.A. JIJOHUH, J1.0. IOTAMOB, B.JI. ATPVIIIEB,
C.A. COJIOBBEB, /1.B. LLIEKUH

PACYETHO-9KCHHEPUMEHTAJIBHOE OBOCHOBAHUE
CEUCMOCTOHUKOCTHU OBOPYJIOBAHUA ADY

AHHOTamusl. B cmamve npedcmaeiena MemooonocUs PAcYemHO-IKCHEPUMEHMANbHO20 0OOCHOBAHUS
OUHAMUYECKOT  3auUeHHOCMU  000PY008aHUsL SOEPHOL DHEP2EMUYECKOl YCMAHOGKU HA npumepe 000CHOBAHUS
CeuCMoCmoUKOCMU UCNOIHUMENbHbIX MEXAHUZMOS cucmembl ynpasnenus u sawumul (MM CY3) peakmopnwix ycmanogox
(PY) ons amommuvix cmanyuii (AC) manoii mowpocmu. B coomeememeuu ¢ mpebosanusmu HIT-001-15 ceticmocmotuixkas
AC oomdicha obecneuusamv 6e30NACHOCMb NPU CEUCMUYECKUX 8030elicmeusax 00 yposHs MP3 exmouumenvho u
8bIpAOOMKY dHepeul 6n10mv 00 yposhs 113 exmouumenvro. Obecneuenue OUHAMUYECKOU 3aUULeHHOCU 000PY008aHUs
PY om eénewnux 8o30eticmeuil s161s1emcsi OMOeIbHbIM KIACCOM 3A0ay, 8 KOMOPbIX NPOEOOUMCS. MHO2OKPUM EPUATIbHASL
oyeHKa npoyHocmu, 6e30nacHoCmu, pabomocnocoOHOCMU, MO Pe2lamMeHmupoO8ano HOPMAMUGHBIMU OOKYMEHMAMU
Poccutickoii. @edepayuu. CnodcHocms pearu3ayuu dKCNEPUMEHMO8 HA HAMYPHbIX MOOENSX, UX 3HAYUMENbHAs
CMOUMOCMb, U COKpAWEHUEe CPOKO8 HNPOEKMUPOBAHUSI BbIOGUSAIOM HA NEP8bli NIAH KOMNbIOMEPHble Memoobl
NPOEKMUPOBAHUSL U PACUEMHO20 GUPMYATIbHO20 MOOEIUPOSAHUSL. YUUmbléasi CLONCHOCHb HAMYPHO20 0O0CHOBAHUS
npounocmu xowcmpykyuu UM CY3, nocmaenena 3adaua no paciemuomy 00OOCHOBAHUIO UX CEUCMOCHOUKOCMIU.
Pesynomamol pabomvl n03601UNU NPOGECHU 3AMEHY HAMYPHO20 IKCREPUMEHMA NO 0OOCHOBAHUIO CEUCMOCHMOUKOCMU
UM CY3 memodamu pacuemnozo KOMRbIOMEPHO20 MOOEIUPOBAHUSL C PASPAOOMKOU INEMEHMO8 YUPPOBLIX OBOUHUKOE
U ux gepuuKaAyUY HaA BUOPAYUOHHBIX U YOAPHBIX CIMEHOAX NPeONnPUsMusl.

KaloueBble ciioBa: Ounamuyeckas 3aujuyyeHHOCMb, 3eMaAempsicenue, UCNOTHUMETbHbIL — MEXAHUZM,
MemoOoa02Usl, NPUBOO, PEeAKMOPHAsL YCMAHOBKA, CEUCMOCMOUKOCMb, IKCHEPUMEHMANbHOe 000CHO8aNUe, YUPPOsoll
O0BOUHUK, YUCTIEHHBLU IKCNEPUMEHM.
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M.N. EREEV, K.A. LONIN, D.O. POTAMOV, V.L. PATRUSHEV,
S.A. SOLOVIEV, D.V. SHCHEKIN

CALCULATION AND EXPERIMENTAL JUSTIFICATION OF SEISMIC
RESISTANCE OF NPP EQUIPMENT

Abstract. The article introduced a methodology of preparing an analytical and experimental justification of
the atomic energy facility dynamic protection by presenting the seismic resistance justification for the control rod drive
mechanism (CRDM) of small nuclear power plants(NPP) reactor plants. According to the NP-001-15 requirements, a
seismic resistant NPP shall ensure safety during seismic impacts up to a safe-shutdown earthquake and shall continue
power generation during seismic impacts up to a design-basis earthquake. Providing dynamic protection of the reactor
plant equipment from external hazards is a separate kind of tasks that include a multi-criteria assessment of strength,
safety and functional capability, as per the regulatory documents of the Russian Federation. Due to high difficulty of
experiments on mock-up models, high price of such models and tightening designing schedule, computer-aided design
and virtual computational modelling have come to the fore. Considering high difficulty of the CRDM strength justification
made using mock-up models, it was decided to perform an analytical justification of the CRDM seismic resistance. The
results of the study allowed substituting the CRDM seismic resistance justification with the computer-aided design
methods, developing digital twins and performing their verification on vibration resistance testing and impact strength
testing facilities available on-site.

Keywords: dynamic protection, drive mechanism, methodology, drive, reactor plant, seismic resistance,
experimental justification, digital twin, numerical experiment.
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ONTUMU3ALNA IAPAMETPOB MATEMATHYECKOH MOJEJIA
PETEHEPATUBHOU PEABUJIMTAIIMU CYCTABHOI'O XPAIIIA

AHHOTAUMSA. OOHOU U3 8ANCHEUUUX 3A0AY COBPEMEHHOU MEOUYUHbL ABNACMCS PA3PAOOMKA IPOEKMUBHBIX MEXHOIOULL
Jedenus 3a001e8aHUl  CYCMABOS, 00YCNIOBNEHHbIX NOBPeNCOCHUeM CYCMasHo2o Xpswa. Pezynemamul dKcnepumenmanbHbix
UCCIEO06aHULL U PSIO YCNEUWHBIX KIUHUYECKUX NPAKIMUK CGUOeMeNbCIMEYION 0 MOM, YO ee peuleHUe MOXNcen Obinb HAlOEHO 8 PAMKAX
HOB020 MEOUYUHCKO20 HANPABICHUS - PE2eHePAMUBHOL peabUIUMAayuY, CUHEPLeMUYEeCKU COYemaioue20 Memoobl peceHepamusHoll u
peabunumayuonHol meduyunvl. B uacmuocmu, pecenHepamuenas peadbunumayus 0e@ekmos CyCmasHO20 Xpswa npeonoiazaent
UCNONIb306aHUE  KIEMOYHBIX MEXHON02Ull, IDPHEKMUSHOCb KOMOPbIX NOGBIUAEMC Sl 3d  CUem MeXAHUYeCKOU CMmuMYIsyul
XOHOPO2EHHbIX KIeMOK, YCcKopsiowell ux npoaugepayuto, oupgepenyuposky u @opmuposanue 6HEKIeMOYHO20 MAMPUKCA.
Pesynomamor MOOeIuposanust 3mo2o npoyecca CeUOemerbCmeyiom 0 MOM, 4MO €20 UCX00 3a6Ucum He Mmoibko om Habopa
napamempos, OnpeoeisieMplx COCMOHUCM MKAHU 6 30He deghekma, HO u om ux couemanus. Llenvlo OanHOU pabombl A6/emcst
NOUCK HAUTYYULee0 COYeMmAaHus 3HAYEHUU Napamempos, NPAKMUYECKU OOCHUNCUMbBIX 6 NPOYecce pe2eHepamuHoll
peadburumayuu CycmagHo20 Xpawa ¢ UCHONIb308AHUEM KIEMOYHbIX MEeXHOL02UU U MEeXAHUYECKOU CIUMYIAYUU KIeMOK.
Ee pewenue ocnosano na cucmemamuieckom uccie008aHuu RPOCMPARCmed napamempos Mamemamuieckoiu Mooeu
peceHepamueHol  peaburumayuy MKAHU, PACCHUMbIBAEMbIX C UCHOJb308AHUEM NOCIe008AMENbHOCHEl MOYek,
PABHOMEPHO PACIPeOeNeHHbIX 8 MHO2OMEPHOM NPOCMPAHCMEe.

KuroueBbie ciaoBa: CycmagHvliil xpswj, ocmeoapmpo3, UMHIAHMAYUS CMBOJI08bIX KIemOK, MEeXaHudecKas
CMUMYTAYUA KIIeMOK, Pe2eHepamuends peaourumayus, MamemamuiecKkoe Mooeauposanie.
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AM. POLIAKOV, V.I. PAKHALIUK, P.A. BUGAYOV

OPTIMIZATION MATEMATIC MODEL PARAMETERS
OF REGENERATIVE REHABILITATION OF THE ARTICULAR
CARTILAGE DEFECT

Abstract. The most important task of modern medicine is the development of effective technologies for the
treatment of joint diseases caused by damage to the articular cartilage. Results of experimental studies and a number of
successful clinical practices indicate that its solution can be found within the framework of a new medical direction -
regenerative rehabilitation, which synergistically combines methods of regenerative and rehabilitation medicine. In
particular, regenerative rehabilitation of articular cartilage defects involves the use of cellular technologies, the
effectiveness of which is enhanced by mechanical stimulation of chondrogenic cells, which accelerates their proliferation,
differentiation, and formation of an extracellular matrix. The results of modeling this process indicate that its outcome
depends not only on a set of parameters determined by the state of the tissue in the defect zone, but also on their
combination. The aim of this work is to find the best combination of parameter values that are practically achievable in
the process of regenerative rehabilitation of articular cartilage using cellular technologies and mechanical stimulation
of cells. Its solution is based on a systematic study of the parameter space of the mathematical model of tissue regenerative
rehabilitation calculated using sequences of points uniformly distributed in a multidimensional cube.

Keywords: Articular cartilage, osteoarthritis, stem cell implantation, mechanical cell stimulation, regenerative
rehabilitation, mathematical model.
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KOHHEIIIUA CO3JAHUA ATAIITUBHBIX XOAO0OBbIX CUCTEM
CEJIbCKOXO3AUCTBEHHBIX MOBMJIBHBIX DQHEPTOCPEJACTB C
HNPUMEHEHUMEM 2JIEMEHTOB UCKYCCTBEHHOI'O HHTEJIVIEKTA

AHHOTanMs1. B cmamse paccmompeno 00Ho u3 Hauboiee npuopumemuuvix Hanpasienuti npu paspabomxe MIC,
9mo nosviulenue 0oacoseyHocmu mawunvl. Camo no cebe 3mo AeieHue NPUEOOUM K YUKIUYECKOMY HASDYHCEHUIO
2NEMEHMO8 KOHCMPYKYUU, KOMOpble NO08Epeaiomes YUKIUUeCKOMY HASPYICEHUIO, YMO 6bl3bléden MHO2OYUKILOBYIO
yemanocme KoHcmpykyutl. IIposedenuvie uccie008anus NOKA3bI8AIOM, UMO KOIUYECBO MA2080-MPAHCNOPMHBIX
CeNbCKOXO03AUCMBEHHBIX IHepeocpedcme 6 so3pacme 15 nem u 6onee cocmasusiiom 70% om obugeco napka MawuH, mo
nogviuenue ooneogeynocmu MOC nozeonum sKcnayamuposamv ee 8 0Oonee OnumenvHuli cpok. Ilpumenenue
aoanmuerou x0006ou cucmemvl MOC ¢ 2nemeHmamu UCKYCCMBEHHO20 UHMENIEKMd, Npeonoiazaem CHUNCEHUe
oaenenuss Ha nougy Ha 25% u ymenvwenus Oykcogawusi ogudcumensi 00 35%., a makdce CHUdICAMb YPOBEHb
subpoaxmuernocmu dnemenmog kKowcmpykyuu MOC, umo no3eonum cyujecmeeHHo YAYyHulums YCio8usi mpyod
onepamopa,; 3awumume MOIC om 6030elicmsus eudpayuil, NOBLICUMb O00A208EYHOCMb OAA200APS CHUINICEHUIO
OUHAMUYECKUX HASPY30K, d 8 NOCIeOCMBUU NOGBICUMb COnpomueieHue ycmanocmu u naoescnocms MIC.

KiroueBble ci10Ba: dosizoseurnocmy, daemenmol KoHcmpykyuu, MOC, adoanmuenas cucmema, NHe8MO1eMeHM,
HCECMKOCb, UCKYCMBEHHbIL UHMENeKM, HeUPOHHAs Cemb.
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Z.A. GODZHAYEYV, S.Ye. SENKEVICH, V.A. KUZMIN, I.S. MALAKHOV

THE CONCEPT OF CREATING ADAPTIVE RUNNING SYSTEMS
OF AGRICULTURAL MOBILE POWER VEHICLES USING ELEMENTS
OF ARTIFICIAL INTELLIGENCE

Abstract. The article considers one of the most priority areas in the development of MES, this is an increase in
the durability of the machine. By itself, this phenomenon leads to cyclic loading of structural elements that are subjected
to cyclic loading, which causes high-cycle fatigue of structures. The conducted studies show that the number of traction
and transport agricultural power vehicles aged 15 years or more make up 70% of the total fleet of vehicles, then
increasing the durability of the MES will allow it to be operated for a longer period. The use of an MES adaptive running
system with elements of artificial intelligence implies a decrease in pressure on the soil by 25% and a decrease in
propulsion slipping by up to 35%. It also reduces the level of vibration activity of MES structural elements, which will
significantly improve the working conditions of the operator; protect the MES from vibrations, increase durability due to
the reduction of dynamic loads, and subsequently increase the fatigue resistance and reliability of the MES.

Keywords: Durability, Structural Elements, Adaptive System, Pneumatic Element, Stiffness, Artificial
Intelligence, Neural Network.
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KOHCTPYKTUBHBIE OCOBEHHOCTHU INTEPBOI'O KACKAJTA
COJIHEYHOI'O KOJUVIEKTOPA U OIIEHKA KII/JQ

AHHOTamMs. B pabome daemcsi cpasHUMENbHbII AHANU3 COTHEUHbIX KOJIEKMOPO8 NEPeoco KACKAod mund
aUCm-mpy6a u muna 20PUPOBaHHAs NIACMUHA 8 COCMAge MPEXKACKAOHOU 2enuoycmanosku. Ilpusedenuvl peyivbmanmol
svryucaenul sgpgpexmuernocmu u KIIJ smux Koniekmopos, nocmpoenvi epaguku KOHCmMpYKmugHou 3¢hgpexmusnocmu u
KII]l om ckopocmu Osudcenusi ocuokocmu 6 KoLleKmope muna aucm-mpyoa u niaacmuna. Coenan 6v18600 0
YenecoobpasHOCMU  NPUMEHEHUSL COTHEYHbIX KOLIeKMOPO8 Mund WIACMUHA 6 NePeoM KACKaoe MpPEXKACKAOHOU
2e1UOYCINAHOBKU.

KitoueBble ¢J10Ba: conHeuHas SHepeus, CONHEUHblll KOJNIEKMOp, CUCMeMA COTHEeYHO20 MeNnioCHAOMCeHUs,
Kackaouvie eeruoycmanogku, KI1J[.
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E.V. BURKOVA, D.V. BURKOV

DESIGN FEATURES OF THE 1ST SOLAR COLLECTOR CASCADE
AND EFFICIENCY ASSESSMENT

Abstract. The paper provides a comparative analysis of solar collectors of the 1st stage of the sheet-tube type
and the corrugated plate type as part of a three-stage solar installation. The results of calculations of the efficiency and
efficiency of these collectors are presented, graphs of the constructive efficiency and efficiency of the fluid velocity in the
collector type sheet-pipe and plate are constructed. The conclusion is made about the expediency of using solar collectors
of the plate type in the st stage of a three-stage solar installation.

Keywords: solar energy, solar collector, solar heat supply system, cascade solar installations, efficiency.

BIBLIOGRAPHY

1. Burkova E. V., Gorbatykh O.I., Burkov D. V. Basic principles of creating cascade solar installations for
seasonal hot water supply / E. V. Burkova, O.1. Gorbatykh, D. V. Burkov // Fundamental and applied problems of
engineering and technology — 2021. — Ne 6 (350). — Pp. 167-171.

2. Burkova E. V. The use of solar energy for heat supply for individual housing construction objects / E. V.
Burkova, D. V. Burkov // Fundamental and applied problems of engineering and technology — 2022. — Ne 4 (354). — Pp.
101-108.

3. Gershkovich V. Solar installations of hot water supply / V. Gershkovich // Renewable energy. - 2008. — No.
1.—p. 11-24.

4. Solar hot water supply installations. Design standards. VSN 52-86. — Moscow: Stroyizdat, 1988. — 13 p.

5. Duffy J.A. Thermal processes using solar energy / J.A.Duffy, W.A.Beckman; ed. Vishnyakova V. — M.: Mir,
1977. - 420 p.

6. Avezov R.R. Solar heating and hot water supply systems / R.R. Avezov, A. Y. Orlov. — Tashkent. — 1987.
Reference book on heat exchangers: V2 T. T. 1/s74 Trans. from English, edited by B.S. Petukhov, V.K. Shikov. — M.:
Energoatomizdat, 1987. — 560 p.: ill.

8. Kovalenko L. M., Glushkov A. F. Heat exchangers with heat transfer intensification. — M.: Energoatomizdat
1986. — 240 p.: il

9. Thermal calculation of boilers (Normative method), 3rd edition, Ed.: NPO TSKTI-VTI, St. Petersburg, 1998
-257 p.

10. Polunin M. M. Solar fuel system of hot water supply of increased efficiency / M. M. Polunin, V. D. Petra,
A.F. Skrebnev // Environmental technologies and resource conservation. - 2002. — No. 4. — pp. 20-23.

Burkova ElenaViktorovna Burkov Dmitiy Valerievich

Sevastopol State University, Sevastopol Sevastopol State University, Sevastopol

Ph.D., associate professor of the Department Ph.D., associate professor of the Department «Power
«Technogenic safety and metrology» plants of ships and structures»

E-mail: lenalb@mail.ru E-mail: dv.burkov@mail.ru

© E.B. bypkosa, /I.B. Bypxos, 2023

YIK 721.021.22 DOI: 10.33979/2073-7408-2023-361-5-171-178

K.B. IIEPEITAISI, M.I'. BAJIAILIOB, I'.B. JIEKAPEB

MOCTPOEHME OBBO/IOB JIEKAJI CGOPOYHOM NOCTEJIA
Ne 5 (361) 2023 49




MaTtepuaJibl MeKIYHAPOAHOH HAYUYHO-TEXHUYECKO KOH(pepeHUMHU

Annoranusi. Cyoocmpoenue u cyOOpemMoHm OMHOCAMCS K MAWUHOCMPOUMENbHOU Ompacau, nosmomy psio
3a0a4, CEA3AHHbLIX C NOCMPOUKOU C€YO008 U 00BEKMO8 OKEAHOMEXHUKU NePeKIUKAOmcst ¢ Opyeumu obnacmsamu
Mawunocmpoenus. B cmamve paccmompeno nocmpoenue 0080008 JNEKal CNEYUATbHO2O MEXHOIOSUYECKO20
060py008aHUsL CYOOCPOUMENLHO20 NPOUIBOOCMEA (COOPOUHOU NOCmenu), Komopoe obecneuusaen 603MONCHOCHIb
CcOOPKU KOHCMPYKYULL CLONACHOU Kpugounetinot opmvl. [lokazano nosmanuoe 8bInoOIHeHUE NOCMPOCHUSL C NOMOUBIO
CAD-npocpamm na komnviomepe. B pesynomame nocmpoenusi noayiaem 06600vl 1eKan O U320moeieHus cOOpoUHoU
nocmenu.

KiaoueBrble c1i0Ba: kopnyc cyowna, cekyus, coopounas nocmeib, KOHMPOIbHAA NIOCKOCMb, YepyeHue, WNayusl.

CIIUCOK JIMTEPATYPbI

1. Agnepmrerin JI.I[.,, OnTuyeckue METOABI BEITIONHEHHUS MPOBEPOUYHBIX paboT B cymoctpoeHmn / JLLI.
Amnepmrreiin, B.®. Cokomos — JI.: M3n. JIKU, 1978. — 129 c.

2. Nob6ponenckmit B.I1. TIpoBepounple pabOTHl C NpPUMEHEHHEM ONTHYECKHAX IMPHOOPOB. MeTommyeckue
yKkazaHus K 1abopaTtopHoii pabote / B.I1. [Jobponenckuii, A.C. Poranos, B.®. Coxonos — JI.: U3n. JIKY, 1985. — 211 c.

3. Maukesuu B./[. OcHoBbI TexHOMOTHY cyAocTpoeHus, — JI.: Cynoctpoenue, 1980. — 351 c.

4. Hukonos C.H. Cynosas pasmetka / C.H. Hukonos, B.II. [Tankpatos. — JI.: Cymoctpoenue, 1982. — 336 c.

5. Kynuk FO.I'. Texnonorus cynoctpoenust u cynopemonta/lO.I". Kymuk, F0.B. Cymepkun. — M.: Tpancnopr,
1988.-352c.

6. l'apmamer A.Jl. Texuomorust cymoctpoenus/A.J[. I"apmames, B.JI. Anekcanmpos, A.P. Apeto, O.B. I'aHoB,
A.B. Horagus, B.1O. Jleitzepman, A.C. Poranos, 1.A. Cokonosa, [1.W. Hlepounun; mox obmr. pen. A.Jl. Tapmamesa. —
Cr6.: [Ipodeccus, 2003. — 342 c.

Iepenans Koncrantun BacuiabeBuu  banamos Muxaui I'eoprueBuny Jlekapes I'ennaauii BukropoBu4
CeBacTONONbCKUN FOCY1apCTBEHHBIN CeBacTonoabCKUN CeBacToOnoJbCKUN

yHHBepcureT, T. CeBacTonos TOCYAAapCTBEHHBIN YHUBEPCUTET, . TOCYAAPCTBCHHBIN YHUBEPCHUTET, T.
Kananpat TexHudaecknx Hayk, oneHT  CeBacTomoinb CeBacTormob

kadenpsl «OkeaHOTEXHUKA U Kanauaat TeXHHUECKUX HayK, Kanaugat TeXHUUECKUX HayK,
KopabiecTpoeHne» notieHT kadenpsl «OkeaHOTEXHUKA  JOIEHT Kadenpsl «OxeaHOTeXHUKA
299053, r. CeBacTorons, 1 KOpalJIeCTpOCHUE» 1 KOpaOJIeCTPOCHUE»

yi1. YHUBEpcUTETCKas, 33 299053, r. CeBacToI10b, 299053, r. CeBacToI10b,

Ph.: 8(978) 867-70-52 yi1. YHUBEpcHUTeTCKas, 33 yi. YHUBeEpcuTeTckas, 33

E-mail: k_perepadya@mail.ru Ph.: 8(978) 838-27-60 Ph.: 8(978) 103—-80-88

E-mail: 79788382760@yandex.ru E-mail: glek@yandex.ru

K.V. PEREPADYA, M.G. BALASHOV, G.V. LEKAREV

CONSTRUCTION OF THE LINES OF THE ASSEMBLY BED

Abstract. Shipbuilding and ship repair belong to the engineering industry, so a number of tasks related to the
construction of ships and ocean technology objects have something in common with other areas of engineering. The
article considers the construction of contours of patterns of special technological equipment for shipbuilding production
(assembly bed), which provides the ability to assemble structures of a complex curved linear shape. The step-by-step
execution of construction using CAD programs on a computer is shown. As a result of the construction, we obtain the
contours of the patterns for the manufacture of the assembly bed.

Keywords: vessel hull, section, bed, control plane, drawing, shpation
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M.I'. BAJIAIIOB, I'.B. JIEKAPEB

PACUYET KOHCTPYKIIMIA METOJIOM KOHEYHBIX JIEMEHTOB

AunHoranusi. Cydocmpoenue u cyOOpeMoHm OMHOCIMCSL K MAUUHOCIPOUMENLbHOU OMpaciu, HOIMOMY psio
3a0au, CEA3AHHBIX C NPOEKMUPOBAHUEM U NOCMPOUKOU CYO08, U 00bEKMO8 OKeAHOMEXHUKU NePeKIUKAIOMCsL ¢ OpyeUMU
obnacmsamu Mamunocmpoenus. B cmamve paccmompeno ucnonvzosanue memooa KOHEUHbIX NEMEHNO8 8 PACYemax Hd
NPOYHOCIb NPUMEHUMENLHO K CYOO0BbIM U UHBIM KOHCMPYKYUSIM CIEPHCHE8020 MUNA NYyMeM (OPMUPOSAHUST CUCTEMbL
AN2OPUMMUYECKUX YPAGHEHUT U ee peanu3ayuell, CéA3aHHbIX C (opMuposanuem mMampuy napamempos, UHOEeKCos,
Jrcecmrocmu, 0600UEeHHBIX CUL U HANPAICEHUI.

KuaroueBble ciioBa: cyono, pacuem, Memoo KOHEUHbIX JJIeMEHMO8, Cy008asi paMa, cy0080e nepexpuimue.
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M.G. BALASHOV, G.V. LEKAREV

CALCULATION OF STRUCTURES BY THE FINITE ELEMENT METHOD

Abstract. Shipbuilding and ship repair belong to the engineering industry, so a number of tasks related to the
design and construction of ships and ocean technology objects have something in common with other areas of
engineering. The article considers the use of the finite element method in the problems of calculating the strength in
relation to ship and other rod-type structures by forming a system of algorithmic equations and its implementation
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associated with the formation of matrices of parameters, indices, stiffness, generalized forces and stresses.
Keywords: ship, calculation, finite element method, ship frame, ship overlap
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C.1. POIIVIIKHH, A.C. COJIHIEBA

HPUMEHEHHUE TEXHOJIOT'UHW PEBEPC-UH’KUHUPUHI'A
HHPU TIPOEKTUPOBAHHUU U ITPOU3BOACTBE MOPCKHUX
BECIIMJIOTHBIX AIIITIAPATOB

AHHOTanMsl. B cmamve paccmompenvl 8ONPOCHL UCHOIb306AHUSL MEXHOIO2UU PeBEPC-UHICUHUPUHSA NPU
NPOEKMUPOBAHUY U U320MOGLEHUU MOPCKUX OeCnulomHblx annapamos. B xauecmee npumepa npedcmasiena
MEMOO0N02UsL NOLYYEHUSI MPEXMEPHOU MOOelu DOeCnUIOMHO20 ANNApama no Cyuecmsylouemy 20mogomy Maxemy.
Iloopobno paccmompenvt smanvi, a MakKdyice OaHbl NPAKMUHECKUE PEKOMEHOAYUU NO UCHOLb308AHUIO OAHHOU
Memooonocuu.

KaloueBble ciioBa.  mexnonozus,  uMnopmosameujeHue, — MAWUHOCMPOECHUE,  PeBepC-UMHICUHUPUHE,
cyoocmpoenue, mooeaupogarnue, 3D-ckanuposanue, a00Oumughvie mexHoaI0Ul.
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S.I. ROSHCHUPKIN, D.S. SOLNTSEVA

APPLICATION OF REVERSE ENGINEERING TECHNOLOGY IN DESIGN
AND PRODUCTION OF MARINE UNMANNED VEHICLES

Abstract. The article discusses the use of reverse engineering technology in the design and manufacture of
marine unmanned vehicles. As an example, the methodology for obtaining a three-dimensional model of an unmanned
vehicle based on an existing ready-made layout is presented. The stages are considered in detail, as well as practical
recommendations on the use of this methodology are given.

Keywords: technology, import substitution, mechanical engineering, reverse-engineering, shipbuilding,
modeling, 3D scanning, additive technologies.
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AnHoTamus. [lpu obpabomxe uzdenuii ¢ NPeyu3UOHHbIMU NOBEPXHOCMAMU BMOPO20 NOPAOKA OKA3bIBAEMC A
BAJICHBIM He MONbLKO 6blOEPICaAmb  2e0MempUiecKoe COOMEEMCcmaue Mexcoy @akxmuueckou U pacyemuoll
NOBEPXHOCMAMU, HO MAKJICE UCKIIOYUMb PenaKcayuouuvlie I¢h@exmol, npoucxooawue om nepepacnpedeneHus
Hanpsxcenull npu obpabomxe.lx ghakmuueckuui yuem mpebyem anaiu3a noJis HANPAICEHUN GHYMPU Oemanu, umo K
Hacmoswemy 6pemenu mpedyem OOaLWUX MPYOO3Ampam U He Modcem Oblmb peanru308ano Hpu CepuiiHom
npousgoocmee. B npedwvidywux pabomax asmopamu 6bl1a NOKA3aHA NPUMEHUMOCHb K NOCMABNIEHHOU 3a0aie CKpblmou
Maprogckou mooeau. B nacmosweil pabome paccmompenvl 60npocel €€ 00yyeHus Ha MACCUBe UCXOOHbIX OAHHbIX U
NOJYYeHbl HenoCpeOCmeentble paciemHtble GopMYIbl.

Kniouesvle cnoga: mexanuueckas oopabomxa, KOHMPOIb NO KOCGEHHBIM NAPAMEMPAM, CKPLIMAA MAPKOBCKAA
MOOeNb, MapKOSCKAsl NOCIe008AMENbHOCHb, HENPePbIsHOe PA3060€ NPOCTNPAHCMEO COCMOAHU
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A.V.NEMENKO, M.M. NIKITIN

OPTIMIZATION OF FORECASTING AND TECHNOLOGICAL
EVALUATION OF THE FINISHING QUALITY
OF SECOND-ORDER SURFACES

Abstract. When processing products with second-order precision surfaces, it is important not only to maintain
a geometric correspondence between the actual and calculated surfaces, but also to exclude relaxation effects resulting
from the redistribution of stresses during processing. Their actual accounting requires an analysis of the stress field
inside the part, which currently requires a lot of labor and cannot be implemented in mass production. In previous works,
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the authors have shown the applicability of the hidden Markov model to the problem. In this paper, the issues of its
training on an array of initial data are considered and direct calculation formulas are obtained.

Keywords: machining, control by indirect parameters, hidden Markov model, Markov sequence, continuous
phase space of states.
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