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TEOPETUYECKASA MEXAHUKA U EE lNPUJTIOXXEHUA

YJIK 531.8 DOI: 10.33979/2073-7408-2020-343-5-3-11

W.IT. IIOITIOB

NMIIEJAHCBI U AIMUTAHCBI MEXAHNYECKHUX CUCTEM

AuHoTamust. Ommeueno, umo mpaouyUOHHbII PACHEn MEXAHUZMOB NPU BbIHYHCOCHHBIX KONCOAHUAX 3a4ACTYIO
npedcmagnsiem coboi Henpocmyio 3adauy. Yawe 6ceco pacuemuuxog UHMepecyiom YCMAHOGUGUIUECS PENCUMbL
konebanuil. Llenvio pabomul s671emcs 3HAUUMeNbHOe YNPOoujeHue GbINUCIEHULL YMeM 3aMeHbl He0OX00UMOCHU PeueHUs.
ougppepenyuanvhvix  ypaerenuil Ha ancedopauyeckue memoovl. I10000HBIL NOOX00 WUPOKO UCNONb3YEMCS 8
anexmpomexuure. Hcnoaw306anue  CUMBOIUUECKO20  (KOMIAEKCHO20) ONUCAHUS MEXAHUYeCKUX CUCmeM npu
BUIHYHCOCHHBIX 2APMOHUYECKUX KONCOAHUAX (8 YCMAHOBUBUIEMCSL Pedicume) NO38OUL0 OMKA3AMbCS OM UPE3EbIYAIHO
2POMO30K020 U MPYOOEMKO20 ANOPUMMA PACHEMA, CEA3AHH020 C peueHuem Oup@epenyuanvivlx ypasHenui u
3aMeHumb €20 NPOCMmblMuU U HAAAOHBIMU ancebpauveckumu onepayusmu. Brazooaps smomy epems pacuemos
YMeHnbluaemcs 6 pasol. Bexmophvie ouazpammpl, He AGIAACH HeOOX0OUMOU COCMABAIOUCU UCCLEO08AHUSL MEXAHUHECKUX
cucmem, UMEIOM CYWECMEEHHOe MeMOOUHecKoe 3HAYeHUe, NOCKOAbKY NOKAZbIBAIOM KOAUYECmEeHHble U (asnvie
coomuowienus mexicoy napamempamu CUCIme.

KiroueBble ci0Ba: nompeoumenu Mexamuieckol MOWHOCMU, GbIHYICOCHHbIE KOACOAHUA, NAPALIENbHOE,
nOCIE008aMENbHOE COCOUHEHUE, PE3OHAHC CUL, PE3OHAHC CKOPOCME.
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KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUE KAY€CTBOM

IMPEDANCE AND ADMITTANCE OF MECHANICAL SYSTEMS

Abstract. It is noted that the traditional calculation of mechanisms in forced oscillations is often a difficult task.
Most often, calculators are interested in steady-state oscillation modes. The aim of the work is to significantly simplify
the calculations by replacing the need to solve differential equations with algebraic methods. A similar approach is widely
used in electrical engineering. The use of a symbolic (complex) description of mechanical systems under forced harmonic
oscillations (in the steady state) made it possible to abandon the extremely cumbersome and time-consuming calculation
algorithm associated with solving differential equations and replace it with simple and clear algebraic operations. Due
to this, the calculation time is reduced significantly. Vector diagrams, not being a necessary component of the study of
mechanical systems, have significant methodological significance, since they show quantitative and phase relationships
between the parameters of systems.

Keywords: consumers of mechanical power, forced vibrations, parallel, series connection, force resonance,
speed resonance.
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W.IT. IIOITIOB

AJITEBPANYECKHUE METO/IbI PACUETA PA3BETBJIEHHBIX
MEXAHUYECKHUX CUCTEM ITPU BBIHY KJIEHHBIX KOJTEBAHUAX

AHHOTaUMsA. Paccmompenvt napanienvrHo- nociedosamenbHoe u noCcie008amenbHO- NAPAIEIbHOe COCOUHEHUs.
nompebumeneti Mexanuyeckou mowpocmu. 1o uzeecmuvlym napamempam cucmem u GO3MyWAOUeMy 2apMOHULECKOMY
6030€licBuI0 aneedpauiecku Onpeoensitomes, CKOPOCmu dNEeMEHNO08 MeXAHUYECKUX CUCMEM U NPUTONCEHHbIE K HUM
cunvl. Mcnonvzyemcesa komniekcHoe npedcmasienue apMOHUYECKUX U C8A3AHHbIX ¢ HuMU eenudut. 110000mbIl n0OX00
WUPOKO UCNOTB3YENCA 8 dNeKmpomexHuke. [ pacCMOMPEHHbIX PA36emBIeHHbIX MeXAHUYeCKUX cxem KIdccuyeckue
Memoobvl, OCHOBAHHbBIE HA peleHUU OUDPepeHyualbHbIX ypasHeHull 6Mopo2o NopAOKd, MHO2OKPAMHO YCAOHMCHAIOMCS U
mpebylom peuwienus cucmem YpasHeHuil, Komopbvie c800AMCA K OugepeHyuanbHvim ypagHeHusm 0Oojaee 6bICOKUX



nopsaokos. Hcnonb3oeanue cumMeoiuyecko2o (KOMNIEKCHO20) ONUCAHUA MEXAHUYECKUX NPOYeCccos U CUCTEM NO36015em
NPUMEHAMb 6MECTO 3MO020 NPOCmble U KOMAAKMHble aneebpauyeckue Memoovl, mpyooeMKoCns KOMOPbIX MeHblie 6
odecamku pas.

KiioueBble ci10Ba: nompedumenu Mexamuyeckol MOWHOCMU, 6bIHYHCOeHHble KOAeOaHus, NnapaiieibHoe,
nociedogamenvHoe coeOUHeHUe, Pe3OHAHC CUTL, Pe3OHAHC CKOPOCMEll.
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|.P. POPOV

ALGEBRAIC METHODS FOR CALCULATING BRANCHED
MECHANICAL SYSTEMS FOR FORCED OSCILLATIONS

Abstract. Parallel-serial and serial-parallel connections of consumers of mechanical power are considered.
According to the known parameters of systems and the disturbing harmonic effect, the velocities of the elements of
mechanical systems and the forces applied to them are algebraically determined. A comprehensive representation of
harmonic and related quantities is used. This approach is widely used in electrical engineering. For the considered
branched mechanical schemes, the classical methods based on the solution of second-order differential equations become
many times more complicated and require the solution of systems of equations, which are reduced to higher-order
differential equations. The use of a symbolic (complex) description of mechanical processes and systems makes it possible
to use instead simple and compact algebraic methods, the complexity of which is ten times less.

Keywords: consumers of mechanical power, forced vibrations, parallel, series connection, resonance of forces,
resonance of speeds.
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A.B. IOJIOI'JIOHAH, A.C. CTPEBKOB, B.T. MATBEEHKO, N.H. CTAIIEHKO

TEPMOANHAMMNYECKHUE XAPAKTEPUCTHUKH
KOMBHUHHNPOBAHHBIX IUKJIOB BAKY YMHbBIX
MUKPOI'ASOTYPBUHHbBIX YCTAHOBOK
TEIVIOJEKTPOCHABKEHUSA JTOKAJIBHBIX OBBEKTOB

AHHoTauus. [Ipedomemom paccmompenus 8 cmamoe AGNAIOMCA UCHONL30BAHUE YCAHOBOK OP2AHUYECKO20
yukna Penxuna (OL[P) Ona nogviwienuss sghexmusHocmu 6aKyyMHbIX YUKIO8 MUKPOLA30MYPOUNHBIX O8ucamerell
(BMI'T]]). Hccredosanwt kombunuposannwvie ycmarnosku BMITI] ¢ OLIP npocmozo yukia u ¢ pecenepayueti meniomaol.
Haiioenvl onmumanvhvle napamempsi yCmaHoB8OK 6 pedcume Nepekmiodaione2ocs NOMoKa Meniomol Oas PA3IUYHbIX
pabouux men OL[P. Ycmanoeneno, umo xomounayus BMI'TI ¢ OIIP nosgsonsem yseauuumsv s¢gexmusnviic KIT/[
yemanosok Ha 4,2..12,5 %, npu smom coxpanume KO2EHEPAYUOHHbIE B03MOdICHOCMU. Beudy ocobennocmeil
KOHCMPYKYU KOMOUHUPOBAHHAS YCMAHOBKA HA Oa3e NpOCmo20 YUKIA Modcem Oblmb NpumeHeHa Oas YMuIusayuu
BMOPUUHBIX IHEP2OPECYPCO8 M0D020 NOMEHYUAIA.

KiroueBble cj10Ba: MUKpo2ca3omypoOuHHas yYCmaHo8Kd, MUKpOmypouna, peceHepayus meniomol, 6aKyyMHbIU
Yuka, opeanudeckul yukn Penkuna.
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A.V. DOLOGLONYAN, D.S. STREBKOV, V.T. MATVIIENKO, I.N. STACENKO

THERMODYNAMIC CHARACTERISTICS OF COMBINED CYCLES
OF VACUUM MICRO-GAS TURBINE PLANTS OF HEAT AND POWER
SUPPLY OF LOCAL OBJECTS

Abstract. The subject of this article is the use of organic Rankine cycle (ORC) plants to improve the efficiency
of vacuum cycles of micro-gas turbine engines (VMGTE). Combined installations VMGTE with ORC of a simple cycle
and with heat regeneration have been investigated. The optimal parameters of the plants in the mode of the switching
heat flow are found for various working fluids of the ORC. It has been established that the combination of VMGTE with
ORC allows to increase the efficiency of plants by 4.2 ... 12.5%, while maintaining cogeneration capabilities. Due to the
design features, the combined plant based on a simple cycle can be used for the utilization of secondary energy resources
of any potential.

Keywords: microgas turbine plant, microturbine, warmth regeneration, vacuum cycle, organic Rankine cycle.
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B.B. JIEOHTLEB, E.B. KOHJIPATOBA, B.I1. KOJJOMUHNYEHKO

CPABHUTEJIbHBIN AHAJIN3 CUCTEMBI APM WINMACHINE U CAE
ABAQUS IIPU PACYETE TPOYHOCTHU CBAPHOI'O COEAUHEHUA

AHHOTAUMA. Tpaduyuonuvie Memoovl pacuema CEAPHLIX COCOUHEHUN OA3UPYIOMcs HA NPUOIUICCHHBIX
cnocobax onpeoenenust CUi, 603HUKAIOWUX 8 COeOUHeHuu. Dmo edem K HeMOYHOCMAM 6 ONPeOeNeHUU HANPSIHCEHU.
Kpome moeco, npu maxom nooxooe OMCYMCMEYem G03MOICHOCHb NONYYEHUsT NOAHOU KAPMUHbL HANPSIICEHHO-
0ehopMupo8anHo20 cocmosiHus coeourerust. Bce smo npugooum x neobxooumocmu nogvlutenus Kodg@uyuenma 3anaca
APOHHOCIU U, KAK CIeOCmEUe, K YOOPOICanulo KoHempykyuu. [Ipednodcennslii cnocod paciema coeounenus Memooom
KOHEUHbIX 9NEeMEHMO8 NO360JIsIeN 6eCbMd MOYHO ONPEeOeumb HANPANCEHUS 0 8CEX INEMEHMAx COeOUHeHUs. Dmo daem
603MONCHOCHIb NOAYHUMb OOCIMOBEPHYIO KAPMUHY HANPANCEHHO-0eDOPMUPOBAHHO20 COCMOSHUSL 6CEX INEMEHMO8
coedunenus. Kax crneocmeue, 603MOXCHO CHUdICEHUE MPYOOEMKOCMU CO30aHUSL COeOuHeHus u e2o maccol. Memoo
KOHEUHbIX 3JIeMEHMO8 Cledyem NPUMEeHAmMb 01 pacyema OMEenCMEeHHbIX COCOUHEHUL CO CLONCHLIMU VCIO8UIMU
pabomul. Paccmompen npumep pacuema maxoz2o coeOuHeHus. Bvlnonnen cpasHumenvbhblii aHAIU3 pe3yibmamos
pacuema masposoco coeounenuss ¢ nomowwbio mooyas APM Joint cucmemvr APM Winmachine u xoneuHod1eMeHMHO20
naxema Abaqus.
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KioueBble cioBa: ceaproe coeduneHue, MemoO KOHEYHbIX DJIeMeHMO8, HANPAMCeHHO-0ehopMUposanHoe
coCmosiHue, IKBUBALEHMHbIEe HANPANCEHU, KACAMENbHbLE HANPANCEHU.
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Abstract. Traditional methods for calculating welded joints are based on approximate methods for determining
the forces that occur in the joint. This leads to inaccuracies in the definition of stress. In addition, this approach does not
allow obtaining a complete picture of the stress-strain state of the joint. All this leads to the need to increase the coefficient
of safety margin and, as a result, to increase the cost of construction. The proposed method of calculating the connection
using the finite element method allows us to determine the stresses in all the elements of the connection very accurately.
This makes it possible to obtain a reliable picture of the stress-strain state of all elements of the connection. As a result,
it is possible to reduce the complexity of creating a compound and its mass. The finite element method should be used for
calculating critical connections with complex operating conditions. An example of calculating such a connection is
considered. A comparative analysis of the results of calculating the t-joint using the arm Joint module Of the WinMachine
arm system and the Abaqus finite element package is performed.

Keywords: welding, finite element method, stress-strain state, equivalent stresses, tangent stresses.
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NPUMEHEHUE OFBbEKTHOM MOJIEJIM JIJISI YCTPOUCTB
IHHPEJOTBPAIIEHUA BOKCOBAHUSA JIOKOMOTHUBA

AHHoOTanus. Paccmampusaemcs 3adaua 66l6opa 00beKMHOU MOOeU MEeXHUYECKUX peleHuti YCmpoucme o
npedomepaujenust DOKCOBAHUA MA208020 Npueoda 1okomomuea. Ilpeonosicena mooens 6 gude MHONCECME ONUCAHUL C
PAa3HOU CMenenvlo cxemamuzayuy u Oubauomex ONUCAHUSA MUNOBLIX 00BLEKMOE 6 8Ude UEePAPXUYECKOU CMPYKMYpbl
DYHKYUOHANLHO20 83AUMOOCUICMBUSL INEMEHMOB.

KioueBble ciioBa: Mamemamuueckoe mooeauposatue, OOKCosamue, msazo8bvill HPUEOO NOOBUNCHO20 COCMASA,
A6MOMAMU3ayUs NPOEeKMUpOEaHUsl.
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O.V. DOROFEEV, V.I. VOROBYEV, M.l. BORZENKOV, S.N. ZLOBIN, S.0. KOPYLOV

APPLICATION OF THE OBJECT MODEL FOR LOCOMOTIVE BOXING
PREVENTION DEVICES

Abstract. The problem of choosing an object model of technical solutions for devices to prevent skidding of a
traction drive of a locomotive is considered. A model is proposed in the form of sets of descriptions with varying degrees
of schematization and libraries for describing typical objects in the form of a hierarchical structure of functional
interaction of elements.

Keywords: mathematical modelling, skidding, railroad traction drive, computer-aided design.

BIBLIOGRAPHY

1. Avtokolebatelnyye protsessy v transportnykh sistemakh: monografiya / V.I. Vorobyev, O.V. Dorofeev, O.V.
Izmerov, M.1. Borzenkov, A.A. Pugachev, S.N. Zlobin, S.0. Kopylov. — Orel: OGU imeni I.S. Turgeneva, 2016. — 127 s.

2. Sokolov, Ju.N. Povyshenie nadezhnosti uzlov tjagovogo privoda passazhirskih jelektrovozov JeP1M i JeP10
/ Ju.N. Soko-lov, A.S. Ponomarev, V.E. Degtjarev // Lokomotiv-inform. — 2010. — Ne 6. — S. 4-11.

3. Vahromeeva T.O. Snizhenie dinami-cheskih nagruzok v tjagovyh provodah jelektrovozov s ramnym
podveshivaniem tjagovyh dvigatelej i kardannymi muftami. Avtoreferat dissertacii na soiskanie uchenoj stepeni k.t.n./
T.O. Vahromeeva // MGUPS, Moskva, 2014 — 24 s.

4. Kornev, A.M.. Modernizacija sistemy podveshivanija TJeD jelektrovoza postojannogo toka 2JeS6 / A.M.
Kornev, D.V. Lipunov // Jekspluatacionnaja nadezhnost lokomotivnogo parka i povyshenie jeffektivnosti tjagi poezdov
/ Omskij gos. un-t putej soobshhenija. Omsk, 2016. C. 237-242.

5. Koller, R. Konstructionsmethode fur den Mashinen-, Gerate- und Apparatebau: monorpagus / R. Koller //
Springer, Verlag, 1976 — 191p.

6. Roth, K. Konstruieren mit Konstruktionskatalogen. Band 1: Konstruktionslehre: monorpadus / K.Roth //
3.Aufl. Springer, Berlin 2000 — 440p.

7. Averchenkov, V.I. Osnovy matematicheskogo modelirovanija tehnicheskih sistem: ucheb. posobie / V..
Averchenkov, V.P. Fedorov, M.L. Hejfec // Brjansk, lzd-vo BGTU, 2004. — 271s.

8. Nikitin, S.V. Modelirovanie novyh tehnicheskih reshenij lokomotivov: uchebnoe posobie / S.V. Nikitin //
Brjansk, BITM, 1988 — 84 s.

9. Zaporozhce, A.V. Modelirovanie tehnicheskih sistem: statja / A.V. Zaporozhcev // Fundamentalnye
issledovanija. — 2014. — Ne 8-6. — S. 1288-1294.

10. Izmerov, O.V. Klassifikacija kak instrument sinteza mehanicheskoj chasti tjagovyh privodov
zheleznodorozhnogo podvizhnogo sostava/ O.V. 1zmerov, G.S. Mihalchenko // Mir transporta i tehnologicheskih mashin.
— Orel, GU-UNPK (Gosuniversitet-UNPK), 2012. - Ne4 (39). - S. 53-60.

11. Vorobev, V.1. Obshhie principy Kklassifikacii mehanicheskoj chasti tjagovyh privodov lokomotivov [Tekst]
+ [Jelektronnyj resurs] / V.I. Vorobev, O.V. Izmerov, A.A. Pugachev, D.A. Bondarenko // Sovershenstvovanie
jenergeticheskih mashin: sb. nauch. tr. / pod red. V.V. Roga-ljova. — Brjansk: BGTU, 2015., S. 241-248.

12. 1zmerov, O.V. Kiberneticheskie aspekty metodov sinteza jelektromehanicheskih sistem: monografija / O.V.
Izmerov [i dr.]; pod red. akademika Akademii jelektrotehn. nauk Ros. Federacii, d-ra tehn. nauk, prof. A.S.
Kosmodamianskogo. — Orel: Gosuniversitet - UNPK, 2015. — 234 s.

13. Buch, Gradi. Obektno-orientirovannyj analiz i proektirovanie s primerami prilozhenij, 3-e izd: Per. s angl. /
Gradi Buch, Robert A. Maksimchuk, Majkl U. Jengl, Bobbi Dzh. Jang, Dzhim Konallen, Kelli A. Hjuston // M.: OO0
«I.D. Viljams», 2008. — 720 s.

14. Vorobyev, V.l1. Vybor ob"yektnoy modeli tyagovogo privoda lokomotiva / V.I. Vorobyev, O.V. Izmerov,
M.A. Maslov // Vestnik BGTU. —2017. — Ne6(59). —S. 69-75.

15. Antipin, D.Ya. Application of the object model in the modelling process of locomotive drive units /
D.Ya. Antipin, V.1. Vorobiev, S.0. Kopylov // IOP Conf. Series: Materials Science and Engineering 450 (2018).

16. Ustrojstvo dlya predotvrashheniya boksovaniya lokomotiva: pat. 172 435 Ros. Federaciya: MPK B61C15/08
/ Antipin D.Ya., Vorobev V.1, Izmerov O.V., Maslov M.A., i dr.; zayavitel i patentoobladatel” FGBOU VO "Bryanskij
gosudarstvenny'j texnicheskij universitet". — Ne 2016117355; opubl. 07.07.2017, Byul. Ne19.

Dorofeev Oleg Vasilevich Vorobyev Vladimir lvanovich Borzenkov Mikhail Ivanovich
Orel State university, Orel Bryansk State Technical University,  Orel State university, Orel
Candidate of technical sciences, Bryansk

Associate Professor at the



Department of “Mechanical Candidate of Engineering Sciences, Candidate of technical sciences,

engineering” Associate Professor at the Associate Professor, head of the

E-mail: olegdor57@gmail.com Department of «Railroad rolling department of scientific publications
stock» E-mail: bim5155@yandex.ru
E-mail: vladimvorobiev@yandex.ru

Zlobin Sergey Nikolaevich Kopylov Stepan Olegovich

Orel State university, Orel Bryansk State Technical University,

Candidate of technical sciences, Bryansk

Associate Professor at the Graduate student of the Department

Department of “Mechanical «Railroad rolling stock»

engineering” E—mail: kopylov.stepan@gmail.com

E-mail: zsn2@rambler.ru
VK 621.941.025 DOI:10.33979/2073-7408-2020-343-5-41-45

N.B. TUTOBA, A.H. KOHOIJIMH

TEXHOJIOTMYECKH MPOIIECC OBPABOTKHU KOMITIO3UTOB
C IPUMEHEHUEM PA3BPABOTAHHON KOHCTPYKIIUH PE3IIA
JJIA HEPHOBOI'O TOYEHUA

AHHOTanMsl. B cmamue paccmompen mexHoL02ULeCKUull Rpoyecc Mexanuieckou 0opabomku KOMNO3UYUOHHbIX
mamepuanos. Jlana Xxapakmepucmuka KOMRO3UYUOHHBIX MAMEPUAN0S, UX QUIUKO-MEeXAHUYeCKUXx cgotcms. Jlano
000CHOBAHUE HeOOXOOUMOCTU COBEPULCHCMBOBAHUSL KOHCIMPYKYUU peXcywe20 uHcmpymenma. s ocyujecmenenus
npoyecca pe3anus pazpabomana KOHCMpPYKyusi pe3yoeoil 20106ku. OHa cOCMOUm u3 4epHo6o20 U YUCMOB020 Pe3yos.
s onpedeneHusi ONMUMAIbHOU 2eOMempPUU YKA3AHHBIX pe3yos 0blio uzeomoeieHo no 20 pesyos Kaxncoozo euda ¢
usmenenHou eeomempueti. Ilposedenvl onvimol ¢ UMEHEHUEM GeNUUUH 3A0He20 U nepednezo yenos. Pexomendosansi
MUHUMATIbHbIE 3HAYEHUS. nepedHe20 yena OJisi MsSKUX U meepovix mamepuanos. Pexomenoosan paouyc ckpyenenus
uepH06020 pesya. [an mexnono2uueckuil npoyecc oo6pabomku KOMNOUYUOHHBIX mamepuanos. Tloopobno onucana
KOHCIMPYKYUSL YEPHOBO20 Pe3yd, KOMOPbLIL 8 3HAUUMENbHOU CIMeNneHu YCMpansien HedoCmamKu 00pabomxu, nogvluiaem
nPOU380OUMENLHOCHIb, VIYHUAEN KAYeCME0, NOSbLULAe CIOUKOCHTb.

KaioueBble cJI0Ba: KOMNO3UYUOHHbIE MAMEPUATbL, MAUWUHOCMPOCHUE, DENCYWUTT UHCIMPYMEHN, De3yo8as
207106Kd, MeXaHuueckas oopabomxka.
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.LV. TITOVA, A.N. KONOPLIN

TECHNOLOGICAL PROCESS OF PROCESSING COMPOSITES USING
THE DEVELOPED DESIGN OF THE CUTTER FOR ROUGH TURNING

Abstract. The article considers the technological process of mechanical processing of composite materials. The
characteristic of composite materials and their physical and mechanical properties is given. The rationale for the need
to improve the design of the cutting tool is given. The design of the cutting head has been developed for the cutting
process. It consists of a rough and finishing incisors. To determine the optimal geometry of these incisors, 20 incisors of
each type were manufactured with a modified geometry. Experiments with changing the values of the back and front
corners were carried out. Recommended minimum front angle values for soft and hard materials. The radius of rounding
of the roughing tool is recommended. The technological process of processing composite materials is given. The design
of the roughing tool is described in detail, which largely eliminates the disadvantages of processing, increases
productivity, improves quality, and increases durability.

Keywords: composite materials, mechanical engineering, cutting tools, tool head, mechanical processing.
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A.M. KOJIOCOBCKHI

IIYTHU NOBBIINEHUSI HAJEXKXHOCTH U JOJI'OBEYHOCTH
OTBETCTBEHHbBIX TETAJIEX HA OCHOBE HEPCHEKTUBHBIX
MATEPHUAJIOB U TEXHOJIOI'MAU

AHHOTaUMsl. B cmamve paccmompenvl HOBble MEXHOLO2UU NPOU3BOOCMEA, PEMOHMA OMEEemCMBEeHHbIX
Odemaneii MawiuH, a MAaKxce MaAmepuansl, npuUMeHeHue KOMOopblX MN0360Jsem obecneuums 6blCOKUlL YPOBEHb
HA0eiCHOCmu, 001208€4HOCMU U OPY2UX BANCHLIX IKCNIYAMAYUOHHBIX Xapakmepucmuk boesoli mexnuxu. Ilokasano,
YUMo aKmyanbHbIM U MHO2000eWalowuM HaAnpasieHuem 6 cepe co30anus 6bICOKOIPHEKMUBHbIX NOKpbIMUL (KaK u
MEXHON02ULL UX HAHECEHUs) C 8bICOKUMU DUIUKO-MEXAHUYECKUMU CEOUCMBAMU OMBEMCMBEHHbIX Oemaiell MexaHu3mos
U MAWUH 567I51eMCsl Ta3epHoe Hanece e U CneKanue HAaHONOPOWK08, Opyaue nepedosvie d1eKmpodusudeckue Memoosl
Gopmuposanusi NOKpIMULL ¢ YHUKATbHBIMU CGOUCMEAMU

KiroueBble cjioBa: demanu Mauiu, NOKpblmus, HAHOCMPYKMYpHble MAMePUansl, HAHOOUCNEPCHBIN NOPOULOK,
MoOuguramop, na3epHas Haniaexa.
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A.M. KOLOSOVSKIY

WAYS TO IMPROVE THE RELIABILITY AND DURABILITY
OF RESPONSIBLE PARTS BASED ON ADVANCED MATERIALS
AND TECHNOLOGIES

Abstract. The article discusses new technologies of production, repair of responsible parts of machines, as well
as materials, the application of which allows ensuring a high level of reliability, durability and other important
performance of military equipment. The current and promising direction in the field of creating high-performance
coatings (as well as technologies of their application) with high physical and mechanical properties of responsible parts
of mechanisms and machines is laser application and caking Nano powders, other advanced electro physical methods of
coating formation with unique properties it is shown.

Keywords: machine parts, coatings, Nano structure materials, Nano dispersion powder, modifier, laser
surfacing.
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I''B.FAPCYKOB, A.B. KNPUYEK, K.®. CEJIEMEHEB, E.M.CEJIEMEHEBA

IKCIIEPUMEHTAJIBHBIE HCCJIEJOBAHUS BJIMAHUA
TOHKOIIVIEHOYHBIX ITOKPBITUHN HA CTOUKOCTb HHCTPYMEHTA

AHHOTanusl. B cmamve paccmampugaiomcst npodiemvl NOGbluleHUs. IPDEKMUSHOCMU YEHMPOOEHCHOU
o0bpabomku ¢ dcecmrum Kowmakmom. Ilokazano, ymo npu 63aumMoO0eticmeuu Mamepuailog ¢ PasHblMu C8OUCMEamu
IHEP2eMUIecKu «8bl20OH0» UMEMb HECNJIOUWHBIL KOHMAKI MeNCOY 83AUMOOCICIBYIOWUMU DNEMEHMAMU NOBEPXHOCTEN
UHCIMpYyMenma u 0emani. Ycmauosneno, 4mo dnuiamuposanue paboyux nosepxnocmett UHCIMpYMEHma CywecmeeHHo
U3MeHsem XapaKmep CONPOMUBNEHUsS. A02e3UOHHOMY 63AUMOOECMBUI0 IPPEKMUBHOCb KOMOPO2O 8 3HAUUMENbHOU
cmenenu nogvtuiaemcsi npu npumeneruu COTC (cmazouno — oxaaxcoarouux mexHou02udeckux cpeo).
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G.V. BARSUKOV, A.V. KIRICHEK, K.F. SELEMENEV, E.M. SELEMENEVA

EXPERIMENTAL STUDIES OF THE INFLUENCE OF THIN-FILM
COATINGS ON THE RESISTANCE OF THE TOOL

Abstract. The article deals with the problems of increasing the efficiency of centrifugal processing with a rigid
contact. It is shown that when materials with different properties interact, it is energetically "advantageous" to have a
discontinuous contact between interacting elements of the surfaces of the tool and the part. It has been established that
epilating the working surfaces of the tool significantly changes the nature of the resistance to adhesive interaction, the
effectiveness of which is significantly increased when using cutting fluids (lubricating and cooling technological media).
Keywords: Centrifugal processing, heterogeneity of hardening, epilating.
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OCHOBHBIE 3ATAYHN OBECIIEYEHUA
IOOPEKTUBHOCTU ®YHKIIMOHUPOBAHUA HEPE/IBUXHbBIX
MEXAHU3UPOBAHHBIX KOMIIVIEKCOB

AHHOTAIMSL. B cmambe aémopom ucciedosan npoyece PyHKYuOHUPOSAnUs Neped8UNCHbIX MEXAHUIUDOBAHHBIX
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THE MAIN TASKS OF ENSURING THE EFFECTIVENESS OF MOBILE
MECHANIZED COMPLEXES

Abstract. In the article, the author has studied the process of functioning of mobile mechanized complexes. The
structural indicators of the functioning of mobile mechanized complexes and an enlarged block diagram of its functioning
are presented. As optimizing functions of the structure of mobile mechanized complexes, the author offers two target
functions: technical (temporal characteristics) and economic, in the form of reducing the cost of creating and operating
a complex.

Keywords: mobile mechanized complex, indicator, optimization, target function, functioning.
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M.1O KAPEJIMHA, H.B ATAMAHEHKO, T.1O. YHEPEITHHA

HEPCIIEKTUBBI IIPUMEHEHUSA YEPBAYHBIX IIEPE/IAY
B KOHCTPYKIUAX ABTOTPAHCIHHOPTHBIX CPEJICTB

AHHOTAUMSL. B cmambe npoananusuposanvl nepcnekmugsbl RPUMEHEHUs. YePBSYHbIX nepeday 8 KOHCMPYKYUSX
asmompancnopmuwix cpeocms. IIposeden 0030p MemoOuKu pacuéma uepesunol nepeoauy, NPOAHAIUIUPOSAHDL
nOOX00bl K 6b100pY MAMEPUAIbl YePEIKa U YepssauHo2o Koaecd. IIposeden cpagHumenbHblll aHaIu3 XapaKmepucmux
VIYUULCHHBIX U HOPMATUZ0BAHHBIX CPEOHEY2NepOOUCIbIX cmaell i 4y2ynos. [Ipusedenvl Xxapakmepucmuk Mamepuaios,
OMAUYAIOWUXCS HAULYHWUMY AHMUDGDUKYUOHHBIMU U AHMUAOUPHBIMU CEOUCMEAMU, 6 YACMHOCMU, ONOGSHUCTbIX
bpons. Paccmompenvl MEmoOuKu IPOZHOZUPOSAHUSL HAOEHCHOCIU YEPEIUHOU NAPbl, d MAKHCe MEmoobl NOGbIUEHUSL
pecypca. O6ochosan evbl6op mamepuana 3y04amMo20 6eHYa 4HepesyuHO2O KONeCAd 6 3dGUCUMOCMU OM CKOPOCMU
cronvorcenust. TIpusedenvl pacuemvi Ot npedynpedicOeHuss OMKA308 6 YePEsIuHOl nape. GbIKDAUUBAHUE DADOUUX
noeepxnocmetl 3y6ve8, U3IOM 3y0a 4epesuHO20 Kojecd, 3ae0danue U U3HOC, NONOMKA Mend 4epesKd, nepezpes,
3aKIUHUGAHUE nepedadu u opyaue.

KioueBble CJI0OBa:  uepesunas nepeoaud, HAOENCHOCMb, NPOEKMUposanue, 6bl00p Mamepuaid,
UBHOCOCMOUKOCb.

CIIMCOK JIMTEPATYPBbI



KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUE KAY€CTBOM

1. EvtiukovS., Karelina M., Terentyev A. A method for multi-criteria evaluation of the complex safety
characteristic of a road vehicle characteristic of a road vehicle//Transportation Research Procedia. -36. -2018. -pp. 149—
156.

2. T'pu6 B.B., Kapemnna M.IO., IlerpoBa .M., ®ummmonoB M.A. Pa3zpaboTka anropurMa mporHO3MpPOBAHUS
1 MOHHUTOPHHIA pecypca MexaHudeckux cucteM // CoBpeMeHHbIe pobiembl Teopun Mamua. — 2013, — Ne 1. — C.
77-79.

3. Maksimychev O.l., Ostroukh A.V., Pastukhov D.A., Nuruev Y.E.-O., Karelina M.Y., Zhankaziev S.V.
Technology of monitoring and control algorithm design for earth-moving machine // International Journal of Applied
Engineering Research. — 2016. — Ne T. 11. Ne 9. — C. 6430-6434.

4. Maksimychev O.l., Ostroukh A.V., Pastukhov D.A., Nuruev Y.E.-O., Karelina M.Y., Zhankaziev S.V.
Automated Control System of Road Construction Works // International Journal of Applied Engineering Research. —
2016. — Ne T. 11. Ne 9. — C. 6441-6446.

5. Tepenrse A.B., Epumenko /1.b., Kapenmuna M.}O. Metonapl paliloHMpOBaHHST KaK METOJbI ONTHMHU3AINU
aBTOTPAHCIOPTHBIX MporieccoB // BecTHUK rpaskganckux nHxeHepoB. — 2017. — Ne 6 (65). — C. 291-294.

6. lagonmuna W.B., Kapemuna M.IO., IletpoBa M.M. DOkcrnepuMeHTaJIbHO-pacYETHBI METOJ] OLIEHKH
JIOJTOBEYHOCTH Y3JI0B MAIIMH TIPH MHOTOIMKJIOBOM HAarpyXeHHH // ABTOMaTH3MPOBaHHOE IIPOCKTUPOBAHUE B
MarmHocTpoenun. — 2013. — Ne 1. — C. 14-18.

7. TepentseB A.B., Edumenko /1.b., Kapemmna M.IO. Cucrema ympaBieHHS KadyecTBOM HKCIUTyaTaIlH
aBTomMoOmis // BectHnk MOCKOBCKOTO aBTOMOOHMIIBHO-JOPOKHOTO T'OCYIAPCTBEHHOTO TEXHUYECKOTO YHUBEPCHTETA
(MAJN). — 2019. — Ne 2 (57). — C. 34-42.

8. Taitmap C.M., Kapenuna M.IO. AncopOims ¢GTOp-aB U €€ BIMSHHEC HAa CMa3Ky TPHUOOCONpPSDKCHHU B
YCIIOBUSIX TPAaHUYHOTO U THAPOIMHAMHYECKOTO TpeHNUs // OT HAaHOCTPYKTYp, HAHOMATEPHUAJIOB 1 HAHOTEXHOJIOTHI K
Hanounayctpuu. Tesucs! noknanos [saroit MexayHapoaHoii kondepeHimu. — VbkeBck : VbkeBckuid rocyapCcTBEHHBIN
TexHu4yeckuit yHuBepcuteT uMeHn M. T. Kanamaukosa (Mkesck), 2015. — C. 44-45.

9. Taifmap C.M., BomkoB A.A., Kapemmra M.IO. Apcopbums ¢Top-maB W ee BIHSHHE HA CMa3Ky
TPUOOCOTPSIKEHHUH B YCIIOBUSIX IPaHUYHOTO M TuapoanHaMuueckoro tpenus // Tpyast TOCHUTU. — 2015. — Ne Tom:
118 . —C. 113-124.

10.Kapenmura MLIO., Taiinap C.M. TexHONOIHSA IOBBILEHUS H3HOCOCTOMKOCTH  MOBEPXHOCTEM
TpuboconpsukeHuil Gpusuko-xumuueckum meroaom// I'pyzosuk. —2015. —Ne 3. —C. 12-16.

Kapeauna Mapus FOpbeBna Yepennuna Tarbana IOpbeBHA Artamanenko Haraabs BnagumupoBna
OI'bOY BO «MockoBckuit OI'bOY BO «MockoBckui OI'bOY BO «MockoBckuit
ABTOMOOWIJIEHO-TOPOXKHBIN ABTOMOOMIIEHO-TOPOXKHBIN aBTOMOOWIEHO-IOPOKHBIN
roCylapCTBEHHbIN TEXHUYECKUI  T'OCYJapCTBEHHBIN TEXHUUECKUH TrOCYAapCTBEHHBIN TEXHUYECKUI
yauBepcuteT (MAIN)», T. yauBepcuteT (MAJIN)», r. MockBa  yHuBepcutetr (MAIN)», r. MockBa
Mocksa Kanaungat uctopuyeckux Hayk, Crapiumii npenosaBarens Kageapsl
JIOKTOp TEXHNYECKUX HAYK, JIOLIEHT «JleTay MalIMH ¥ TEOPHS MEXaHU3MOBY
JIOKTOP Me1aroruueckux Hayk, kadeaps! «/letaau MamuH u 125319, r. Mocksa, JleHuHTpagcKkuit
npodeccop, 3aBeAYOIIHIT Teopus MexanusmoB» 125319, r. MPOCIIEKT, 64

kadenpoii «/leranu MaliH 1 Mockga, JIeHnHrpaackuit ten. 8 (916) 625-40-20

TEOPHUsT MEXAHH3MOBY npocmekT, 64 E-mail: natalia6807@mail.ru

125319, r. Mockga, ten. 8 (926) 150-26-15

JlenuHrpaacKuii npocnekt, 64 E-mail: 2783974@gmail.com
tent. 8 (985) 776-23-63
E-mail: karelinamu@mail.ru

M.Yu. KARELINA, N.V. ATAMANENKO, T.Yu. CHEREPNINA

PROSPECTS FOR THE USE OF WORM GEARS IN VEHICLE DESIGNS

Abstract. The article analyzes the prospects for the use of worm gears in the construction of vehicles. A review
of the method of calculating the worm gear has been carried out, approaches to the selection of materials for the worm
itself and the worm wheel have been analyzed. A comparative analysis of the characteristics of improved and normalized
medium-carbon steels and cast irons has been carried out. The characteristics of materials characterized by the best
antifriction and anti-seize properties, in particular, tin bronzes, are given. The methods for predicting the reliability of a
worm pair as well as methods for increasing the resource have been considered. The choice of the material of the worm
gear depending on the sliding speed has been justified. Calculations have been given to prevent failures in the worm pair:
chipping of the working surfaces of the teeth, kinking of the worm wheel tooth, seizing and wear, breakage of the worm's
body, overheating, jamming of the gear and others.

Keywords: worm gear, reliability, design, material selection, wear resistance.
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KJIACTEPHBINA AHAJINA3 1JI51 BBIAABJIEHUWS I'PYIIIT JE®PEKTOB
POTOPHO-OIIOPHOU CUCTEMBbI

AHHOTAUMSA. KnacmepHwitl AHanu3 WupoKo NPUMeHsemcs 8 001acmu OUAZHOCMUKU U MOHUMOPUH2A COCMOSIHUS
Mawun. B Oannoul cmamve paccmampueaemcs 0NpoC pACnO3HABAHUSL COCHOSHULL POMOPHO-ONOPHBIX CUCHEM C
NOOWUNHUKAMU JICUOKOCMHO020 mpenusi. Boui nposeden sxcnepumenm Oisk UCCIe008ANHUS GUSHUE 3AMANICKU OOIMO8
KpenjieHust KOpnyca pomopHO-ONOPHOU YCMAHOBKU K CMAHUuHe, OOIMoe KpenieHus dJ1eKkmpoodgueamens K CMAaHume,
oucbananc pomopa, a maxice codemanue dmux Gaxmopos. [Ipumensiics kiacmepuvliil anaius na ocnose memoda K-
cpeonux. B xauecmee 6x00HbIX OAHHBIX OISl OOVUEHUs UCTIONb30BAIUCL NOKA3AHUSL BUXPENOKOB020 NPeodpa30eamels
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depexmos. Ilpu mecmuposanuu Ha mecmosoil 8b100pKe MouHOCMb onpeodenenus, epynnvt cocmaguia 100%.

KarwueBble clioBa: cucmema MOHUMOPUH2A, MAUWIUHHOE 00YYeHUe, KIACmepu3ayus, pacno3Ha8anue 0eghekmos,
POmMop, NOOWUNHUKU CKObIICeHUS, Memod K-cpednux.

Paboma noozomoenena ¢ pamxax evinonnenus zpanma Ilpesudenma P® NeMJ]-129.2020.8. Aemoput

svipadicarom 6aazo0apuocms pondy 3a okazannyio noooepircky. Taxoce aemoput eviparxcarom onazodaprnocmo A.C.
Demucosy u A.JO. Poouuegy 3a nomoub 6 pazpadomke IKCnEPUMEHMATbHOU YCHAHOBKU.

CIIMCOK JIMTEPATYPBbI



KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUE KAY€CTBOM

1. S.S. Moosavi, A. Kazemi, H. Akbari, A comparison of various open-circuit fault detection methods in the
IGBT-based DC/AC inverter used in electric vehicle // Engineering Failure Analysis. 2019. Volume 96. pp. 223-235.

2. Adam Glowacz, Acoustic fault analysis of three commutator motors // Mechanical Systems and Signal
Processing. 2019. Volume 133.

3. Juan Jose Saucedo-Dorantes, Miguel Delgado-Prieto, René De Jestis Romero-Troncoso, Roque Alfredo
Osornio-Rios, Multiple-fault detection and identification scheme based on hierarchical self-organizing maps applied to
an electric machine // Applied Soft Computing. 2019.Volume 81.

4. Adrian Rodriguez-Ramos, Antdnio José da Silva Neto, Orestes Llanes-Santiago, An approach to fault
diagnosis with online detection of novel faults using fuzzy clustering t ools // Expert Systems with Applications. 2018.
Volume 113. pp. 200-212.

5. Hongtao Zhang, Huanxin Chen, Yabin Guo, Jiangyu Wang, Guannan Li, Limei Shen, Sensor fault detection
and diagnosis for a water source heat pump air-conditioning system based on PCA and preprocessed by combined
clustering // Applied Thermal Engineering. 2019. Volume 160.

6. Han Zhang, Xuefeng Chen, Xiaoli Zhang, Benyuan Ye, Xin Wang, Aero-engine bearing fault detection: A
clustering low-rank approach // Mechanical Systems and Signal Processing. 2020. VVolume 138.

7. pp. Arpaia, U. Cesaro, M. Chadli, H. Coppier, L. De Vito, A. Esposito, F. Gargiulo, M. Pezzetti, Fault detection
on fluid machinery using Hidden Markov Models // Measurement. 2020. Volume 151.

8. Yue Liu, Zhigiang Ge, Weighted random forests for fault classification in industrial processes with
hierarchical clustering model selection // Journal of Process Control. 2018. Volume 64. pp. 62-70.

9. Kun Yu, Tian Ran Lin, Ji Wen Tan, A bearing fault diagnosis technique based on singular values of EEMD
spatial condition matrix and Gath-Geva clustering // Applied Acoustics. 2017. Volume 121. pp. 33-45.

10. Guannan Li, Yunpeng Hu, Improved sensor fault detection, diagnosis and estimation for screw chillers using
density-based clustering and principal component // Energy and Buildings. 2018. Volume 173. pp. 502-515.

11. J. Sokotowski, J. Obuchowski, A. Wylomanska, pp. Kruczek, R. Zimroz, Multiple local damage detection
method based on time-frequency representation and agglomerative hierarchical clustering of temporary spectral content
/I Applied Acoustics. 2019. Volume 147. pp. 44-55.

12. X.J. Luo, K.F. Fong, Y.J. Sun, M.K.H. Leung, Development of clustering-based sensor fault detection and
diagnosis strategy for chilled water system // Energy and Buildings. 2019. Volume 186. pp. 17-36.

13. National Instruments. Odunmaneusiii caiit. URL: https://www.ni.com/ru-ru.html (mara o6paienus
11.07.2020 r.).

14. Buel&Kjaer. Odunuansusiii caiit. URL: https://www.bksv.com (mgara o6parenus 11.07.2020 r.).

15. Python. Odurnansusiii caint. URL: https://www.python.org (nara oopamenust 11.07.2020 r.).

KopnaeB Anexceii BanepbeBnu CrebaxkoB UBan HukosiaeBuu

OI'BOY BO «OpiioBckuit rocy1apcTBEHHbII OI'BOY BO «OpiioBckuit rocy1apcTBEHHbII
yausepcureT umenu U.C. Typrenesa», r Opén yHuBepcurter umenu U.C. Typrenesa», r Opén
JloKTOp TEXHUYECKUX HayK, npodeccop kadeapbt Crynenrt, craxep—uccienosarens HOLL
MEXaTPOHHUKH, MEXaHUKH U POOOTOTEXHHUKH, CTAPIIHii VHTeneKTyaabHbIX TEXHOJIOT Ut MOHUTOPUHTA U
Hay4HbIH coTpyaHuk HOLL MHTemeKTyansHbIX JIUarHOCTHKH SHEPrOr€HEPUPYIOIIEro 000PyI0BaHIU
TEXHOJIOTHIl MOHUTOPUHTA U TUATHOCTUKH 302020, r. Open, Hayropckoe mocce, 29
AHEPrOreHePHPYIOIIEro 000PYA0BaHUS Ten. 8 953 618 08-66

302020, r. Open, Hayropckoe mocce, 29 E-mail: chester50796@yandex.ru

Ten. 8 953 478 15-91
E-mail: rusakor@inbox.ru

IMonos Cepreii I'eoprueBuy4 Ka3zakos IOpuii HukonaeBuu

OI'bOY BO «OpnoBckuii rocynapCcTBEHHBIH OI'BOY BO «OpnoBckuil rocy1apCcTBEHHbIN
yauBepcuteT nmeHn U.C. Typrenesay, T Opén yausepcuteT nmeHn U.C. Typrenesay, r Opén
Acnmpant, Mitaammi Hay4qHbIi cotpyaauk HOL Crynenrt, craxep—uccienosarens HOLL
I/IHTCHHCKTyaHBHBIX TEXHOJIOTUH MOHUTOPHUHIA U HHTGJ’[J’IGKTyaJ’[LHBIX TEXHOJIOTHH MOHHUTOPUHIA U
JUAarHOCTHKY SHEPrOreHEPHPYIOIIEro 000PYIOBaHH JIMarHOCTHKH SHEPTOr€HEPUPYIOIIET0 000PyI0BaHMUS
302020, r. Open, Hayropckoe mocce, 29 302020, r. Opein, Hayropckoe mocce, 29

Texn. 8 906 568 65-01 Texn. 8 920 089 47-19

E-mail: hvunt32@gmail.com E-mail: kazakyurii@yandex.ru

I.N. STEBAKOV, A.V. KORNAEV, S.G. POPOV, Yu. N. KAZAKOV

CLUSTER ANALYSIS FOR DETECTING GROUPS OF DEFECTS ROTARY
SUPPORT SYSTEM



Abstract. Cluster analysis is widely used in the machine diagnostic and monitoring field. This article discusses
the issue of recognizing the states of rotary-support systems with fluid-friction bearings. An experiment was carried out
to investigate the effect of tightening the bolts that connect rotor-support unit body to the frame; to investigate the effect
of tightening the bolts that connect electric motor to the frame; to investigate the rotor imbalance, as well as a
combination of these factors. Cluster analysis based on the K-means method was applied. The readings of the eddy-
current transducer were used as an input data for training. Analysis of the results revealed two groups of defects. During
testing, the accuracy of group identification was 100%.

Keywords: monitoring system, machine learning, clustering, defect recognition, rotor, plain bearings, K-means
method.
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M.3. BOHIAAPEHKO, P.H. [IOJIIKOB, 1.B. POJUYEBA, M.A. I'PAITYHOBA

IKCIIEPUMEHTAJIBHBIE UCCJIEJJOBAHUSA
MHOI'OOITIOPHbBLIX BAJIOITPOBOIOB

AHHOTAIMSl. B cmamve npedcmagnen auanu3 PpAasiuyHbIX MUN0E IKCHEPUMEHMANLHO20 000pY008anus,
MoOenupyrowe2o pabomy eUuOKUX 6ai0npo60008 IHEP2OSEHEPUPYIOWUX MAWUH U acpezamos. 11o pesynvmamam ananusa
npedcmagnena KCNepUMeHMANbHAA YCMAHO8KA O UCCAeO08AHUA OUHAMUYECKUX XAPAKMEPUCIIUK MHO20ONOPHbBIX
pomophvix  cucmem. IIpeodnodcena ungopmayuonno usmepumenvHas —cucmema OnA obecheuenus. pabomvi
OUHAMUYECKO20 CIMEHOA HA OCHO8E NPOSPAMMHO-ANNAPAMHO20 Komnaexca gupmvl «National Instrumentsy. [Ipusedenv
noyyenHvle pe3yIomanmvl IKCHEPUMEHMANLHBIX UCCIe008AHUN MHO20ONOPHBIX POMOPHBIX CUCIEM UCHONb3YEeMbIX 8
9HepeoceHepupyroujem 060pyo08aHui.

KitoueBble ¢JI0Ba: nOOWUNHUK CKOTbIHCEHUA, BUOPAYUS, UCNLIINAMETbHAS YCIAHOBKA, dHepeoceHepupyiouyee
obopyoosanue.
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M.E. BONDARENKO, R.N. POLYAKOV, L.V. RODICHEVA, M.A. GRIADYNOVA
EXPERIMENTAL STUDIES MULTI-SUPPORTED SHAFTING

Abstract. The article presents an analysis of various types of experimental equipment that simulates the
operation of flexible shaft lines of power generating machines and units. Based on the analysis results, an experimental
setup is presented for investigating the dynamic characteristics of multi-support rotor systems. An information-measuring
system is proposed to ensure the operation of a dynamic stand based on a hardware-software complex of the "National
Instruments™ company. The results of experimental studies of multi-support rotor systems used in power generating
equipment are presented.

Keywords: plain bearing, vibration, test rig, power generating equipment.
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MEXATPOHHBIA JMHAMUWYECKHWN CTEH/
JIJISI UCCJEJTOBAHUSI HOAIUITHUKOB CKOJIbKEHUS
ATPETATOB SHEPTOTEHEPUPYIOIIEIO ITPOU3BOJICTBA

AHHOTAUMS. B cmamve Obliu paccmompenvl i Npoanaiu3UpPOSaHsl PA3IUYHbLE MUNbL IKCNEPUMEHMATILHO20
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R.N. POLYAKOV, N.V. TOKMAKOV, A.V. GORIN, M.A. TOKMAKOVA

MECHATRONIC DYNAMIC STAND FOR RESEARCH
OF PLAIN BEARINGS POWER GENERATING UNITS

Abstract. The article considers and analyzes various types of experimental equipment for power generating
machines and aggregates. Based on the results of the analysis, a dynamic stand for the study of plain bearings is
presented. An information and measurement system for ensuring the operation of a dynamic stand based on the software
and hardware complex of the company "National Instruments"is proposed. The results of experimental studies of plain
bearings used in power generating equipment are presented.

Keywords: sliding bearing, dynamic impact, test bench, power generating equipment.
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E.I1. KOPHAEBA, A.10. BABMH, A.B. KOPHAEB, 10.H. KA3AKOB

YIPABJSIEMBINA Y®PEKT TEMIEPATYPHO-BA3KOCTHOI'O KJIMHA
B NOAIIUITHUKAX KUJIKOCTHOI'O TPEHUA:
PE3YJIbTATBI ®USUYECKHUX S9KCIIEPUMEHTOB
N PASPABOTKA IU®POBOI'O IBOMHUKA

AnHOTanusA. Paboma noceésujena 3KCNepUMEHMANbHOU NpogepKe Ihdexma memnepamypHo-653K0CMHO20
KIUHA 8 ROOUUNHUKAX HCUOKOCHHO20 MPEHUsL NPU CMA3Ke MEeMNEPAmyPHO-HE0OHOPOOHOT dcudkocmpio. Taxkot cnocob
CMA3KU NO360JISIem UCKYCCHBEHHO CO30aMb Nepenad 6a3K0CMU N0 HANPAGIEHUIO OBUICEHUSL HCUOKOCHU, YMO Gleuen
B03HUKHOBEHIE OONOIHUMENbHOU NOOLEMHOU CUNbl 8 CMA30YHOM clloe. B xo0e sxcnepumenma Ovin 6biasieH OUanasou
CcKOpocmell Haunyyuie2o Oetcmaus ucciedyemoco pgexma u O6viiu NOIYyHeHbl OAHHbIE O CHUJICEHUU SUOpayull 6
POMOPHOL Mawiune 6 YCI0GUsX Oelicmeusi d(hgexma memnepamypHo-6s3Kk0cmno2o Kkiuna. Taxoce 6 cmamve
npedcmaesiena Memoouxa papabomxu mMooenu yu@dposoco 08OUHUKA POMOPHOU Mauutbl. 110000HbIe MOOenu moeym
ObIMb UCNONBL308AHBL NPU MAUUHHOM 00YYeHUYU UHMENEKMYATIbHBIX CUCTEM YAPAGILEHUSL.

KawueBble c10Ba: pomopras MawiuHa, NOOWUNHUK JCUOKOCIIHO20 MpeHUsi, 3(Pgekm 653K0CMHO20 KIUHA,
UMUMAYUOHHOE MOOETUPOSAHUe, YUPPOBOL 0BOUHUK.
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E.P. KORNAEVA, A.Yu. BABIN, A.V. KORNAEV, Yu.N. KAZAKOV

CONTROLLABLE TEMPERATURE AND VISCOSITY WEDGE EFFECT
IN FLUID FRICTION BEARINGS: RESULTS OF PHYSICAL
EXPERIMENTS AND DESIGN OF ADIGITAL TWIN

Abstract. The paper considers the use of lubricants with different temperatures and multi-zone supply of liquid
for lubrication. The best lubrication combinations were identified, and graphical images of sensors were presented for
better analysis. A simulation model of the rotary support system is designed, which also includes models of motion sensors
and converters.

Keywords: rotating machine, fluid-film bearings, viscosity wedge effect, simulation modeling, digital twin
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A.C. PETUCOB

MAT'HUTOPEOJIOI'MYECKAS OIIOPA CKOJIBXKEHUS:
PE3VJIbTATHI SKCEPUMEHTAJIBHBIX UCCJAEJOBAHUM

AHHOTAUMs. B cmamwee npedcmasnenvt pe3yibmamol IKCHePUMEHMATbHBIX UCCAEO008AHUL GIUAHUSL MOUWHOCTNU
MOKA HA 9NeKMPOMACHUMHOM AKMYyamope MASHUMOPeOoI02UYecK020 NOOWUNHUKA CKOIbIICEHUs HA AMAIUMYOHO-
4ACMOmHble XAPAKMEPUCMUKY POMOpHOU cucmemsl. [Ipedcmasneno onucanue 3KCHEPUMEHMATbHO20 CMeHOd.
Ilpedcmaeneno onucanue UHGOPMAYUOHHO-UIMEPUMETLHOU CUCTEMbI.
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A.S. FETISOV

MAGNETORHEOLOGICAL JOURNAL BEARING:
EXPERIMENTAL STUDY RESULTS

Abstract. The article presents the results of experimental studies of the effect of current power on an
electromagnetic actuator of a magnetorheological journal bearing on the amplitude-frequency characteristics of the rotor
system. The description of the experimental stand is presented. The description of the information-measuring system is
presented.
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PRINCIPLES OF CONSTRUCTING TEST-OBJECTS FOR TECHNICAL
CONDITION CONTROL OF MULTIPARAMETER OPTICAL
DIAGNOSTICS DEVICES

Abstract. Optical methods are one of the most promising non-invasive technologies for diagnosing diseases of
human microcirculatory tissue systems. However, there are several limitations caused by their insufficient metrological
support. This work is devoted to the study of the principles for developing the devices for technical condition control
(TCC) of multiparameter optical non-invasive diagnostic (OND) devices. TCC devices for two main methods of
multiparameter OND (laser Doppler flowmetry and fluorescence spectroscopy) are considered in detail. Classification
schemes for optical phantoms (test-objects) construction principles are synthesized for these methods and versions of
their construction are proposed.

Keywords: optical non-invasive diagnostics, metrological support, technical condition control, laser Doppler
flowmetry, fluorescence spectroscopy, optical phantom, test-object
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JLLA. BOHJAPEBA, M.B. CYXAHOBA, JI./I. KY3HELIOBA

HCIOJIb30BAHUE METO/JIA U3MEPEHUSI 3EPKAJIBHON
COCTABJISIOUEN OTPAYKEHHOI'O U3JIYUEHUS B
KOCMETOJOI'MAU U1 OHEHKW ®YHKIHNOHAJIBHOI'O
COCTOSHUA KOXU JINLHA

AHHOTAUMSA. B cmambe npoananusupo8ana 803MONICHOCMb NPUMEHEHUS Memood UMEpPeHUsi 3epPKATbHOU
COCMABIAWEN OMPANCEHHO20 U3AYYeHUs. Ol OYEHKU (DYHKYUOHAILHO2O COCMOSHUS KOMCU JUYA 4HeloseKd.
Ilpeocmasneno meopemuueckoe obocHosanue npoyecca Qopmuposanus 3epKaIbHO20 OMpaxcenus om OUoI02UUecKou
MKAHU U Pe3)Tbmamyl IKCNEPUMEHMATIbLHO20 UCCTIe008aHUS HA 00OPOBOTLYAX.

KiroueBble cnoBa: cyuewannoe ompasiceHue, 3epKaibHAs COCMABIAIOWAS, 3ePKATIbHOE OMpadiceHue, Koxicd
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L.A. BONDAREVA, M.V. SUKHANOVA, L.D. KUZNETSOVA

USING THE METHOD OF MEASURING THE MIRROR COMPONENT
OF REFLECTED RADIATION IN COSMETOLOGY TO ASSESS
THE FUNCTIONAL STATE OF THE FACE SKIN

Abstract. The article analyzes the possibility of using the method of measuring the mirror component of reflected
radiation to assess the functional state of the human face skin. The theoretical justification of the process of forming a
mirror component from biological tissue and the results of an experimental study on volunteers are presented.

Keywords: mixed reflection, mirror component, mirror reflection, human skin, experimental study.
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C.M. MATIOXUH, J1.0. MAJIbI, A.C. BUILIHSIKOB, E.FO. OPJIOB, B.1. KABAKOB

TEIVIOBOE CONNPOTUBJIEHUE CUJIOBBIX ITOJYIIPOBOJIHUKOBBIX
MOAYJIEU TASSHOU KOHCTPYKIIMHU

AHHOTAUMA. Memooamu KOMnbIOMepHO20 MoOeruposanus 6 npocpammuol cpede Comsol Multiphysics
UCCNeD08aAHbI NPOYECChl MENLONEPEHOCA 6 CUNLOGIX NOJYRPOBOOHUKOGLIX MOOVIAX NAAHOU KOHcmpykyuu. Peuwena
3a0aua 0 Mmenio8oM ConpomueLeHuU maxkux mooyne. Mzyuenvt paxmopol, okasvigaiowue onpedensiouee oelicmsue Ha
omo conpomuénenue. Paspabomana mamemamuieckas MoOeib, RO360AAOWAS NPOUZBOOUMb UHICCHEPHBIE PACYUEmbl
MENnI06020 CONPOMUBTEHUS MOOYEl.
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S.I. MATYUKHIN, D.O. MALYI, AS. VISHNYAKQV, E.Yu. ORLOV, V.I. KAZAKOV

THERMAL RESISTANCE OF POWER SEMICONDUCTOR MODULES
OF SOLDERED CONSTRUCTION

Abstract. The heat transfer processes in power semiconductor modules of soldered construction are studied
using the methods of computer simulation in Comsol Multiphysics software. The problem of the thermal resistance of
such modules is solved. The factors showing the main effect on the thermal resistance of the modules are studied.
A mathematical model allowing engineering calculations of this resistance is developed.

Keywords: power semiconductor module, soldered construction, heat transfer, thermal resistance, computer
simulation, Comsol Multiphysics.
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J.A. BAHbKHH, B.B. MAPKOB, K.B. IIOJIMACTEPLEB

CTEHJ JJISI DKCILTYATAIIMOHHBIX UCTIBITAHUM
CBETOJMUOJHBIX JIAMII

AnHoTauus. [Ipeocmasneno onucauue cmenoa O IKCHIYAMAYUOHHBIX UCHBIMAHUL C8EMOOUOOHBIX IAMH.
Tlpusedennvl pesynrvmamol IKCNIYAMAYUOHHBIX UCHBIMAHUL C8eMOOUOOHBIX Aamn. Hcnbimanus nposedeHbvl 8 peaibHbiX
VCOBUAX KCHAyamayuu. Ycmanosnen gaxm yxyouleHus mexuwuueckux xapaxmepucmux aamn. OOHOU u3 NpuyuH
VXYOWleHUsT MeXHUUEeCKUX XapaKkmepucmux NPUSHAHO 6blOeNeHUe JAAMROU  6O0NbUWO020 KOAUHeCMEad Meniombl.
Ipeonooicenvl gapuanmvl KOHCMPYKYUU CEEMOOUOOHOU NAMNbL, COOepIHCalUe INEeMEHMbl CUCMEMbl OXIAANCOCHUSL.
Tokazanvl nepcnexmugvl pazeumusi CUCmem 0C8ewenuss, NOCMpPOEeHHbIX HA OCHOBE C8EMOOUOOHBIX CEMOK.

KaloueBble ciaoBa: coOepedicenue 51eKmpuueckol dHepaull;, c6emoOUOOHds LAMNA, IKCHLYAMAYUOHHbIE
UCNBIMAHUA, MENIOMA; CUCEMA OXAHCOeHUs, pAOUamop, c6emoOUOOHAs CeMKdA.
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STAND FOR OPERATIONAL TESTS LED LAMP
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Abstract. The description of the stand for operational testing of led lamps is presented. The results of operational
tests of led lamps are presented. The tests were carried out under real operating conditions. The fact of deterioration of
technical characteristics of lamps is established. One of the reasons for the deterioration of technical characteristics is
recognized as the release of a large amount of heat by the lamp. Variants of the led lamp design containing elements of
the cooling system are proposed. The prospects for the development of lighting systems based on led grids are shown.

Keywords: electric energy saving; led lamp; performance tests; heat; cooling system; radiator, led grid.
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C.IL IIETPOB, K.B. IOAMACTEPBLEB, A.B. IMJIMIIEHKO, H.U. MAPKHH,
0O.C. HUKNTEHKO, 10.H. BAPAHOB

OLEHKA BJIUAHUA NTOBBIINEHUSA KAYECTBA YIIPABJIEHUA
TEIUVIOBBIM U THAPABJIMYECKUM PEXKUMAMM HA
IOOEKTUBHOCTbD KOMBUHUPOBAHHOU CUCTEMbI
HEHTPA/IN30BAHHOI'O TEIIVIOCHABKEHUSA

AHHOTamMsA. Paccmampuearomcs 6ORPOCHl 6IUAHUS NOGbIUEHUST KAYeCmed YNPAGIeHUs MenjiosvlM U
2UOPABIUYECKUM PeHCUMAMU HA P DeKmUSHOCb KOMOUHUPOBAHHOU CUCMEMbL YEeHMPATUZ08AHHO20 MENO0CHADIHCEHUSL.
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ASSESSING THE IMPACT OF IMPROVING MANAGEMENT QUALITY
THERMAL AND HYDRAULIC MODES ON THE EFFICIENCY OF THE
COMBINED SYSTEM DISTRICT HEATING

Absrtact. The questions of influence of thermal and hydraulic regime management quality in cogenerated
system of centralized heat supply on its effectiveness are observed.
Keywords. quality, management, efficiency, heat supply.
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N.A. KAITAITOBA, A.B. ®EJIOPOB, P.A. ETTOPOB

OBOCHOBAHHME IPUMEHUMOCTHU METOJA ITMHAMHNYECKOI'O
NHAEHTUPOBAHUA IJ151 KOHTPOJISA TBEPAOCTU MATEPHUAJIOB
IOKPBITUU SJIEMEHTOB KUJIKOCTHbBIX PAKETHBIX IBUT'ATEJIEN

AnHoTauus. [lokazana 6axiCHOCMb KOHMPOJSI MEXAHUYECKUX XAPAKMEPUCMUK NOKPLIMULL OMEEemCmMEeHHbIX
uzoenutl. Ilpugoosamces pacuemuvie popmyavl 05 onpedeseniuss OUHAMUYECKOU MEepOOCm U YKA3bIAIOMCA 02PAHUYEHUS
0711 KOHmMPOJA NOKpblmuil. B cmamve paccmampusaiomest ocobennocmu Memooa OUHAMUYECKO20 UHOCHMUPBOAHUSL U


https://teacode.com/online/udc/62/620.178.151.html

0bocHoBanue €20 NPUMEHUMOCHUA Ol OYEeHKU MEepOOCHU Mamepuaios HOKPLIMULL dJIeEMEHMO8 IHCUOKOCMHOZ0
pakemnozo oOsucamens. Ha ocnose ananusa Mmexamuku KOHMAKMHO20 63AUMOOEUCMEUs JiCeCmKou cgepbl ¢
VHPY2ORAACMUYHBIM — OBYXCIOUHbIM — NOJYNPOCMPAHCMEOM Ol OYeHKU OUHAMUYECKOU MBepOoCmU  NOKPLIMUsL
NPeoNoACeHO UCHONB306AMb CMECesylo M00elb, Npu KOMOPOU USMEpPEHHAsl MEepooCmb npeocmagiiem cooou
KOMNO3UYUOHHYIO MEEPOOCb, UHMESPUPYIOWYIO 8 PA3HOU CIMEeNneHu meepoocms Mamepuand ROKpuImus U Mamepuania
ocnoganus. I1o pe3ynbmamam ucciedosanuii NOIYy4eHa pecpecCuOHHAs 3a6UCUMOCb 6 8UOE NOTUHOMA IMOPOU CIENetuU,
NO360NAIOWAS NPOU3EOOUNL OYEHKY MEEPOOCU  2ANb8AHUYECKO20 HUKeNegoeo nokpuimus. Ilpoeedena oyenxa
MOYHOCMU YPAGHEHUS Pe2pecCul.

KiloueBble cj10Ba: meepoocmb, 2anb8OHUYECKUe HUKeNegble HNOKPLIMUA, Memood OUHAMUYECKO20
UHOEHMUPOBAHUS, PAKEMHO-KOCMUYECKAs TNeXHUKA.
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I.A. KASHAPOVA, AV. FEDOROV, R.A. EGOROV

JUSTIFICATION APPLICABILITY OF THE DYNAMIC INDENTATION
METHOD FOR CONTROL HARDNESS COATING MATERIALS
OF ELEMENTS LIQUID ROCKET ENGINES

Abstract. The importance of controlling the mechanical characteristics of coatings of critical products is shown.
Calculation formulas for determining the dynamic hardness are given and restrictions for the control of coatings are
indicated. The article discusses the features of the dynamic identification method and the substantiation of its applicability
to assess the hardness of coating materials for elements of a liquid-propellant rocket engine. Based on the analysis of the
mechanics of the contact interaction of a rigid sphere with an elastoplastic two-layer half-space, to assess the dynamic
hardness of the coating, it is proposed to use a mixture model, in which the measured hardness is a composite hardness
that integrates the hardness of the coating material and the base material to different degrees. According to the research
results, a regression dependence in the form of a polynomial of the second degree was obtained, which makes it possible
to assess the hardness of a galvanic nickel coating. The accuracy of the regression equation is estimated.

Keywords: hardness, galvanic nickel coatings, dynamic indentation method, rocket and space technology.
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E.O. CABKOBA, O.B. YHEHT'APb, B.11. HIEBYEHKO

CUCTEMA MOHUTOPHUHT A THAPOPU3INYECKHUX
MOJIEA BOJHOM CPEbI

AHHOTanus. B cmamve paccmompenvl (pyHKyull, 8bINOIHSIEMbIE CUCIEMOU MOHUMOPUH2A MOHKOU CIMPYKMYPbl
2uopoghusuyeckux noneti 600HOL Cpeddvl, HAUUHAS C UHUYUATUZAYUL NAPAMEMPOB8 CUCTNEMbL 00 8U3YATUZAYUU NOTYUEHHOU
ungopmayuu. B pesyrvmame 0emanbHO20 aHAIU3A BbIOEIEHHLIX (QYHKYUL, COCMOoAWe20 6 ONpedeneHult 8X0O0HbIX
UHPOPMAYUOHHBIX NOMOKO8, UX NpedCmasienus u npeobpazosanus Oviia pazpabomana @OYHKYUOHALbHAS CXeMd
UBMEPUTNENbHOU CUCTEMbl MOHUMOPUHeA MOHKOU CMPYKMYpbl cUOpousuyeckux noneti 800HOU cpedvl, KOmopas
N0360J5lem HA OCHOBe GbIOPAHHOU CmMpame2ult 30HOUPOBAHUsL C UCNONb308AHUEM 6A3bl OAHHBIX NPOMOOCIUPOBAHHBIX
napamempos mypOyIUUPOSAHHIX C1OeE, CHU3UMb 3amMpamvl HA NpOo8edeHue 30HOUPOSAHUS U 0Decneyums
HeoOX00UMYI0 MOYHOCHb USMEPEHUIL.

KawueBble ciioBa: HeoOHOpoOHOCMU 2uOpOpuU3UYecKUux noell, CMPYKMypHO-alI20PUMMUYECKUL AHAU3,
BEPMUKANLHOE 30HOUPOBAHUE, (DYHKYUOHANbHASL CXEMA

Hccneoosanue evinonneno npu unancoeoit noooeprycke PODU u zopooa Ceeacmononv 6 pamkax
Hayuhozo npoexma Ne 18-47-920005\20.
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E.O. SAVKOVA, 0.V. CHENGAR, V.l. SHEVCHENKO

THE MONITORING SYSTEM OF THE WATER ENVIRONMENT
HYDROPHYSICAL FIELDS

Abstract. The article considers the functions performed by the system for monitoring the fine structure of the
water environment hydrophysical fields, starting from initialization the system parameters to visualization the received
information. As a result of a detailed analysis the selected functions, which consists in determining the input information
flows, their representation and transformation, a functional diagram of the measuring system for monitoring the fine
structure of the water environment hydrophysical fields was developed, which allows reducing the cost of conducting
sounding and ensuring the necessary measurement accuracy, thanks to the chosen sensing strategy and the use of a
database of simulated parameters of turbulated layers .

Keyword. heterogeneities of hydrophysical fields, structural and algorithmic analysis, vertical sounding,
functional scheme
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