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

TEOPETUYECKASA MEXAHUKA U EE lNPUTIOXXEHUA

YK 539.3 DOI: 10.33979/2073-7408-2023-362-6-3-10

B.C. lIOPKHH, JI.IO. DPOJIEHKOBA, C.H. POMAIILIMH, A.1. KOHUIIIEBA

O CBSA3U MOJIEJIEV IOBEPXHOCTHOI'O CJIOSI U HEJIMHEMHOM
3ABUCHUMOCTHU YACTOTBI OT BOJJHOBOI'O YUCJIA
BBICOKOUYACTOTHBIX AKYCTUUYECKHX BOJIH

AHHOTanmsi. B pabome paccmampusaemcs 603MOJHCHOCHb KOHMUHYAIbHO20 ONUCAHUS CBOUCME MOHKO20
NOZPAHUYHO20 COSL MAMEPUANA U HeTUHEeUHOCMU OUCNEPCUOHHO20 3AKOHA BbICOKOYACOMHBIX AKYCIMUYECKUX GOH 6
pamkax o0OHou Mmamemamuyeckou mooenu. Iloepanuymelli CIoU umeem amOMHO-MONEKVIAPHYIO CMPYKMypy U
KOHMUHYANbHblE CBOUCEA, OMIUUHbIE OM CMPYKMYPbl U CBOUCME, Habiodaemvlx 6 2nybune mamepuaird. s
00bACHEHUSL IMO20 YACMO UCNOAL3YEMCA MOO0eNb MOMEHMHOU Ynpy2otl cpedvl 6mopo2o nopadka. Ilpu onucanuu
HeIUHeuHOCmU 3a8UCUMOCIU YACMOMbL PACHPOCIPAHAIOWUXCS 8 OOHOPOOHOU JUHENHO YNPY2oll cpede aKyCMUu4ecKux
B0JIH OM UX BOTHOB020 YUCIA MAKICEe 0ObIYHO NPUMEHAIOm mydice Modensb. B pabome noxasano, umo maxou nooxoo ne
6ce20a OONYCMUM, YKA3AHbl YCI06US, KO20d 9O 603MOIUCHO.

KnroueBble ciioBa: aozesus, Mmexanuueckue C60UCMEA, HENOKANbHbIE NOMEHYUANbHbIE 63AUMOOELCMEUS,
2paouenmuas meopus ynpy2ocmu.

Paboma evinonnena ¢ OI'Y umenu U.C. Typzenesa é pamkax zocyoapcmeennozo 3adanua N 075-01466-23-
07 na 2023 200 u na naaunoewviii nepuod 2024 u 2025 20006 om 24.11.2023 2., npoexm Ne FSGN-2023-002
(1023082800024-8-1.3.2).
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V.S. SHORKIN, L.Yu. FROLENKOVA, S.N. ROMASHIN, A.I. KONISHEVA

ON THE CONNECTION OF SURFACE LAYER MODELS
AND THE NONLINEAR DEPENDENCE OF FREQUENCY
ON THE WAVE NUMBER OF HIGH FREQUENCY HARMONIC WAVES

Abstract. The paper examines the possibility of a continuum description of the properties of a thin boundary
layer of a material and the nonlinearity of the dispersion law of high-frequency acoustic waves within the framework of
one mathematical model. The boundary layer has an atomic-molecular structure and continuum properties that are
different from the structure and properties observed deep within the material. To explain this, a second-order moment
elastic medium model is often used. When describing the nonlinearity of the dependence of the frequency of acoustic
waves propagating in a homogeneous linearly elastic medium on their wave number, the same model is also usually used.
The work shows that this approach is not always acceptable; the conditions when this is possible are indicated.

Keywords: adhesion, mechanical properties, nonlocal potential interactions, gradient theory of elasticity.
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B.JI. BAPAHOB, A.C. JJEBUH

KBABUCTATUYECKOE U IUHAMMNYECKOE U3I'UBHOE
JAE®OPMUPOBAHUE CTEPKHEBBIX YIIPYI'UX QJIEMEHTOB
AMOPTHU3ATOPOB C COCPEAOTOYEHHBIMUN MACCAMHA

AHHOTanmsl. B cmamve nposedeno moodenupoeanue u npeoCmasienvl pe3yibmamvl paciémos U aHaIu3
K8A3UCMAMU4ecKko20 U OUHAMUYECKO20 U32UOHO20  0ehopMUpOBanUss YNPYeUx CMEpPICHEBbIX DIEMEHmO8 C
3aUKCUPOBAHHBIMU COCPEOOTNOYEHHBIMU MAcCamu. AHanu3upyemcs enusanue 3Qgexma HAMUYUs cocpedomoueHHbIX
Macc Ha pe3yibmamyl paciémos 0Jisi paziuiHbIX 8aPUAHTNOE UCXOOHBIX OUHHBIX.

KaroueBble ci10Ba: cocpedomouennas Macca, ynpyeuil CmepiCcHesoll d1eMenm, u32uo, MUuHUMU3ayusl.
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QUASI-STATIC AND DYNAMIC BENDING DEFORMATION
OF ROD ELASTIC ELEMENTS OF SHOCK ABSORBERS
WITH CONCENTRATED MASSES

Abstract. In the article modeling and results of calculations and analysis of quasi-static and dynamic bending
deformation of elastic rod elements with fixed concentrated masses are presented with fixed concentrated masses. The
influence of the effect of the presence of concentrated masses on the results of calculations for different variants of initial
data is analyzed.

Keywords: concentrated mass, elastic rod element, bending, minimization.
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N ObOPYLIOBAHUE

VIK 621.792 DOI: 10.33979/2073-7408-2023-362-6-20-27

P.P. XABBATYJIJIMH, A.C. KOHOHEHKO

UCCJEJOBAHME CTOMKOCTH MUAHAKPUJIATHBIX KJIEEB
K BO3JEVICTBHAIO BUBPALIMIA 1 ATPECCUBHBIM CPEJIAM
P BE3JIE®OPMALIMOHHON ®UKCALIUU 3ATOTOBOK
HA METAJUJIOPEKYIIMX CTAHKAX

AHHoOTAamMs.  Paccmompenvl  803MONCHOCMU — UCNONB306AHUA — NOAUMEPHOZO — KIeegozo  coCcmasd,
MOOUDUYUPOBAHHO20 —~ HAHOPA3MEPHBIMU — Yacmuyamu 01 0e30epOpMayuonHol  Qukcayuu  3a20Mo6oK  HA
memannopexcywux cmankax. IIpusedenvl Memoouku u pe3yibimamvl UCCAeO08AHUL AO2e3UOHHOU NPOYHOCHIU
NONUMEPHBIX COCMABO8 NOCIE BUOPAYUOHHOZO B030€UCEUSL U CIMOUKOCU NOIUMEPOS K B030€UCBUI0 CMA30YHO-
OXTAAHCOAIOUJUX TNEXHOTIOSUYECKUX CPEO.

KatoueBble cuaoBa: [Juanaxpunamuulii noaumep, ao2e3usi, HAHOKOMRO3UYUS, CMOUKOCMb K 6ubpayul,
bezdedpopmayuonnas uxcayusi.
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STUDY OF THE RESISTANCE OF CYANACRYLATE ADHESIVES
TO VIBRATIONS AND AGGRESSIVE ENVIRONMENTS
FOR DEFORMATION-FREE FIXATION OF WORKPIECES
ON METAL CUTTING MACHINES

Abstract. The possibilities of using a polymer adhesive composition modified with nano-sized particles for
deformation-free fixation of workpieces on metal-cutting machines are considered. The methods and results of studies of
the adhesive strength of polymer compositions after vibration exposure and the resistance of polymers to the effects of
lubricating and cooling technological media are presented.
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Annoranusi. O030p noceawén nauboiee mpyOHbIM U HEPEUEHHBIM 00 CUX NOp NPOOIEMAM MEXHOI0UU
unmencusHol naacmuyeckou oegpopmayuu (M), omuocswumces k ooracmu HUIIJ mamepuanogedenus, smo: 3aKoH
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nonoc cosuea; npedenvHoe YNpouHmeHue u npedenvrHoe Opobnenue 3epna. Ilpedcmaenenvt gomoepaguu HII]
MUKDOCIPYKIYD U Pe3Vabmambl UCCIe008anusi Mexanuueckux ceotcmg. Obpawaem na cebsi 6HUMAHUe pe3KUl
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P.G. MORREV, K.I. KAPYRIN, S.Y. RADCHENKO, V.A. GOLENKOV

MODERN PROBLEMS OF SPD TECHNOLOGY
(based on periodicals)

Abstract. The most difficult and unresolved so far problems in severe plastic deformation technology (SPD) are
reviewed. These are mainly problems of SPD materials science: the Hall-Petch law, the behavior and role of the plasticity
carries — dislocations, declinations, twins, and shear bands; ultimate strengthen, and ultimate grain refinement. The
photo of proper microstructures and the measurement results of their mechanical properties are adduced. Noteworthy is
the sharp contrast between the diversity and complexity of these structures and the relative simplicity of describing the
evolution of their mechanical properties in SPD processes. The possible ways of solution the problems under
consideration are outlined.
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AM. KOJIOCOBCKUI, A.C. POXXKOB, H.M. OXKET'OB, B.E. YEPKACOB

YITPOUYHEHHUE PABOYUX OPT'AHOB
CEJIbCKOXO3SIMCTBEHHBIX MAIIIMH

AHHOTanMsl. B cmamve paccmompeno coeepuieHCmeo8anue MexHOL02UU 80CCMAHOGIEHUsS. U NOGbIUEHUS
HAOEIHCHOCU U 00JI208EHHOCHIU OLICMPOUSHAWUBAIOWUXCSL Oemaiell NOY8000PAbAMBIBAIOWUX MAULUH, KAKUM S16/ISLeMCsL
MexXHoN02Usl 0Y2060U HANLAGKU MEEPOLIMU CHAABAMU, GKIIOYUAIOWAs HAHeCeHUue 0ehopMUPYIoWUx nOKpulmull 8 8uoe
0mMOeNbHbIX NOAOC, BANUKOS UTU MOYeK. Yemanosenena naubonee cmouikas K UsHOCY cxema HaHecenus meepoblx Cnilaeog
Ha meno 0010ma Kyibmugamopa u iemexa niyed npu u36eCnHomM mune nouebl - 0epHO80-cAab0N00301UCMAs, 21eesamas
U 2paHyIoOMempuyecKkoM cocmage — J€eKull cyenuHox. Hannaeku usHococmoukux mamepuanios Ha pabouue opeaHbl
CENbCKOXO3ANUCMBEHHBIX MAUUK pabOmaiom u OKA3bl6AION CONPOMUGIEHUE OUIUYECKOMY U3HOCY, obecneyusaem
npupocm pecypca 0o 40%, umo obecneuugaem cywecmgeeHHy0 IKOHOMUIO NPU 3aKynKe OAHHbIX pabo4ux opeanos 0is
CeNbXOZMAUUH.
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AM. KOLOSOVSKIIL A.S. ROZHKOV, N.M. OZHEGOV, V.E. CHERKASOV

THE HARDENING OF AGRICULTURAL MACHINES WORKING BODIES

Abstract. The article discusses the improvement of the technology for restoring and improving the reliability
and durability of wearing parts of tillage machines, which is the technology of arc surfacing with hard alloys, including
the application of deforming coatings in the form of separate strips, rollers or dots. The most wear-resistant scheme of
applying hard alloys to the body of the cultivator bit and the ploughshare has been established with a certain type of soil
- sod-weakly podzolic, gleyish and granulometric composition - light loam. Surfacing of wear-resistant materials on the
working bodies of agricultural machines work and resist physical wear, provides an increase in resource up to 40%,
which provides significant savings in the purchase of these working bodies for agricultural machines.

Keywords: technology, restoration, surfacing, coating, alloy, chisel, ploughshare, wear, resource.
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B.B. [IETYXOBA, A.11. O'OPOHMKOB

PEIIEHUE OBPATHOM 3AJIAYH TEILIOIIPOBOJHOCTH
B KOMIIBIOTEPHOM MOJAEJINPOBAHNU
TEXHOJIOI'MYECKHUX ITPOLHECCOB

AHHOTAUMA. B Oannoil pabome OvlLIU NPOAHATUUPOBAHBL PA3IUYHbBIE MEmMOObl peueHuss 00pamuol 3adauu
MENIONPOBOOHOCHU OJisl 80CCMAHOBNIECHUsL CBOUCME NEeCUAHOU CMECU, NPUMEHSEMOU 6 MEXHONO2UU U320MOGIEeHUs.
aumeunvix gpopm cnocobom 3D-neuamu. HcxooHvie OanHvle 01 peuleHus 00pamHoll 3a0a4u NOJYYeHbl 8 HAMYPHBIX U
BbIUUCTUMENbHBIX IKCHEpUMeHmax. B unamypunvix oxcnepumenmax nabmodanu 3a Kpucmaiiusayuelu cmaiu 6
YUTUHOPUYECKOU Tumelnou popme, BbINOTHEHHOU U3 UCCAEOYEMOU NECHAHOU CMeCU, U Pecucmpuposany NoKa3aHus
VCMAHOBIEHHbIX 8 hopMe mepmonap. B eviuuciumenvruix sxcnepumenmax pewany npamyro 3a0a4y menionpoeoOHOCmU,
CUMYTUPOBATYU AHATOSUUHBIU HAMYPHOMY IKCHEPUMEHNY MeNI0GUUYECKUll NPOYecc Ha KOHEYHO-PA3HOCMHOU cemKe U
Qukcuposany usmenenue memMnepamypsvl 8 MoyKax pasmewenus mepmonap. Pewenuem obpamnoi 3adauu memooom
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Jlesenbepea-Mapreapoma cosmecmunu IKCnepuMeHmanbHole U paciemnuvle memMnepamypHoie Kpugbie.
KiloueBble cioBa: obpamuaa 3adaua, ypasHeHue mMenionpoO8OOHOCU, MEXHOIOSUYecKUe Npoyeccyl,
Jumetinvie popmul, A0OUMUBHbIE MEXHOTIOSUU.
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V.V. PETUKHOVA, A.I. OGORODNIKOV

SOLVING THE INVERSE PROBLEM OF HEAT CONDUCTION
FOR SIMULATION OF TECHNOLOGICAL PROCESSES

Abstract. In this work, various methods for solving the inverse problem of heat conduction were investigated to
restore the properties of the sand mixture used in the technology of manufacturing molds by 3D printing. The initial data
for solving the inverse problem were obtained in natural and computational experiments. In natural experiments, the
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crystallization of steel was observed in the cylindrical mold made from the sand mixture, and the temperatures from the
thermocouples installed in the mold were recorded. In computational experiments, the direct problem of heat conduction
was solved, and a thermos—physical process similar to a natural experiment was simulated on a finite—difference mesh.
Then the changes in temperature at the points, where real thermocouples were placed, were recorded. By solving the
inverse problem, the experimental and calculated temperature curves were combined.

Keywords: inverse problem, heat equation, technological processes, casting molds, additive technologies.
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AHHOTAIMA. B cmamve paccmampueaemcs MeXHONO2UA U MEXHONO2UYECKUe NPUHYUNbL CUHMe3d
oughdysuonnozo croa kapbuoda KpemHus Ha NOBEPXHOCMU YACMUYbI MEOHO20 WIAAKA O CO30aHUs HO8020 Abpa3ued
nogviuienHol npoynocmu. Onpeoenenvl pelcumvbl XUMUKO-MEPMULECKOU 00pabomKu yacmuysl MeOHO20 WiaKa & cpeoe
KpUCMANIUYECK020 U amMop@nozo yenepooa ¢ 000askamu MuHepanu3amopos 6 sude Kapoonama 6apus, Kpuoauma u
XA0puUOa HaAmMpus, YUMo NO380AEM HANPABIEHHO Pe2yIuposanms hazoevlii COCMA8 U CMPYKNYPY NOGEPXHOCHIHOZ0 CLO.

KiioueBble cioBa: abpasus, MeOuwill wiiax, 2uopoabpasueroe pesanue, Ou@@ysuonHoe noKpwvimue,
sbICOKOmMeMnepamypHas obpabomxa, kapoiopu3ayusi.

Paboma evinonnena é pamkax npoekma PH® Ne 22-29-01599.

CIIUCOK JIMTEPATYPBbI

1. Bapcykos I'.B., Cremanos 10.C., Koxyc O.I'., Xypasnera T.A. OnTuMu3anus mapaMmeTpoB KOMIIOHECHTOB
o0opymoBaHUS IS THApoaOpa3sMBHOM pe3Kd, OO0eCleunBaioias MOBBIIEHHEe A(PQPEKTHBHOCTH 0O0paboTKu //
dyHgaMeHTaNbHbIE U MPUKIIaHbIE TPoOIeMbl TeXHUKH U TexHooruu. 2020. Ne 3 (341). C. 50-58.

2. Koxyc O.I'., Bapcykos I'.B., Ilpaconos E.A., Jlanmwieuenko C.I'. Co3manue abpasuBa ¢ THOJTUMEPHOM
000II09KO0, 00ECIIEYNBAONIETO TMOBHIIICHHE >((HEKTUBHOCTH THApoadpa3suBHOTO pe3aHus // dyHmaMeHTaJIbHBIE U
IIpUKJIaHbIe IPOOIEeMbl TEXHUKHU U TexHosoruu. 2021. Ne 6 (350). C. 38-44.

3. Kaya, Serkan Aydin, Gokhan Karakurt, Izzet. An experimental study on the cutting depth produced by
abrasive waterjet: how do abrasive and rock properties affect the cutting process?. The International Journal of Advanced
Manufacturing Technology. 2023. 125. 1-13. doi:10.1007/s00170-023-11053-5.

4. Aydin, Gokhan Kaya, Serkan Karakurt, I1zzet. Effect of abrasive type on marble cutting performance of
abrasive waterjet. Arabian Journal of Geosciences. 2019. 12. doi: 10.1007/s12517-019-4475-0.

5. Aydin, Gokhan Kaya, Serkan Karakurt, [zzet. Utilization of solid-cutting waste of granite as an alternative
abrasive in abrasive waterjet cutting of marble. Journal of Cleaner Production. 2017. 159. 241-247. doi:
10.1016/j.jclepro.2017.04.173.

6. Ponomarev V.B., Kataev A.V., Postovoi .V. Technical Solution for the Disposal of Solid Slag from
Metallurgical Plants with Production of Abrasive Powders. KnE Materials Science. Vol. 2020. 2020, pp. 78—83

7. Hongyu Tian, Zhengqi Guo, Jian Pan, Deqing Zhu, Congcong Yang, Yuxiao Xue, Siwei Li, Dingzheng Wang
Comprehensive review on metallurgical recycling and cleaning of copper slag // Resources, Conservation and Recycling,
Volume 168, 2021.

8. Agus, M., Bortolussi, A., Ciccu, R., Imolesi, E., Vargiu, A. Stone cutting with Diajet // The International
Mining Congress of Turkey, pp. 29-35., Ankara, Turkey, 1995.

9. Zhang, W. Tao, P., Chen, Y. et al. Study on isothermal crystallization kinetics of
Zr55,7Cu22,4Ni7,2Al114,7. Sci Rep 12, 5060 (2022). https://doi.org/10.1038/s41598-022-08848-z

10. Lelito, J. Crystallization Kinetics Analysis of the Amorphouse Mg72Zn24Ca4 Alloy at the Isothermal
Annealing Temperature of 507 K. Materials 2020, 13, 2815. https://doi.org/10.3390/mal13122815

11. Cheng, Sixue, McKenna, Gregory B. Isothermal Crystallization and Time-Temperature Transformation of
Amorphous Nifedipine: A Case of Polymorphism Formation and Conversion. Mol. Pharmaceutics 2021, 18, 7, 2786-
2802.

12. Sarfo, P.; Wyss, G.; Ma, G.; Das, A. Carbothermal Reduction of Copper Smelter Slag for Recycling into Pig
Iron and Glass. Miner. Eng. 2017, 107, 8-19.

13. Wang, J.-P.; Erdenebold, U. A Study on Reduction of Copper Smelting Slag by Carbon for Recycling into
Metal Values and Cement Raw Material. Sustainability 2020, 12, 1421. https://doi.org/10.3390/sul12041421

14. Koconanosa T.4. Hemertamnuueckue TyromnaBkue coequnenus. / T.51. Koconanosa, T.B. Auapeesa, T.b.
Bapthunkas u ap. — M.: Merannyprus, 1985.-224 c.

15. Jlaitnep A.U. IIpousBoncrso rimnosema/ A.W. Jlaituep, H.W. Epemun, 10.A. Jlaitnep, U.3. IleB3nep.— M.:
Mertammyprus, 1978. — 344c.

16. bapcykos I'.B., Ilopkun B.C., ®ponenkosa JL.IO., XKypasnesa T.A., Koxyc O.I'., IIpaconos E.A.
Hccnenosanne tBepaocTr abpasusa ¢ auddy3HOHHBIM clloeM KapOuaa KpeMHHMs ISl THAPOoaOpa3sMBHOTO pe3aHus Mo
3HAUEHMSIM ITOBEPXHOCTHOM »JHepruu //DyHIaMeHTaIbHbIE W MNPUKIAJHBIE MPOOJIEMbl TEXHHUKH U TEXHOJIOTHH.

2023. Ne 3 (359). C. 68-76.

BapcykoB I'ennannii BanepseBnu Tapananos Ajsexcanap Cepreesuy
OprnoBckuii rOCYAapCTBEHHBIN YHUBEPCUTET OpinoBckuii TOCYAapCTBEHHBIN YHUBEPCUTET
nmenu U.C. Typrenena, nmenu U.C. Typrenesa,

JOKTOp TEXHUIECKUX HAYK, JOKTOP TEXHUYECKUX HayK,

npodeccop kadeapsl MaITHHOCTPOCHHS npodeccop kadeapsl MaITHHOCTPOCSHHSI

r. Opén yi. MockoBckast 1. 34 r. Opén yin. MockoBckas 1. 34

Tem: +79038806976 Tem: +79038806976

Ne 6 (362) 2023 19



https://elibrary.ru/contents.asp?id=43034363
https://elibrary.ru/contents.asp?id=43034363&selid=43034370
https://elibrary.ru/contents.asp?id=47485851
https://elibrary.ru/contents.asp?id=47485851
https://elibrary.ru/contents.asp?id=47485851&selid=47485856
https://pesquisa.bvsalud.org/portal/?lang=esSiqueira&q=au:%22Cheng,%20Sixue%22
https://pesquisa.bvsalud.org/portal/?lang=esSiqueira&q=au:%22McKenna,%20Gregory%20B%22
https://elibrary.ru/contents.asp?id=54256363
https://elibrary.ru/contents.asp?id=54256363&selid=54256371

KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUEC KAYE€CTBOM

awj@list.ru tarapanov(@rambler.ru

Kypasiaesa TaTbsiHa AJleKCaHIPOBHA Koxyc Oabra I'ennaabeBHa

Kamyxcknit prmmanr MI'TY um. H.O. baymana OpnoBCKHl TOCYAaPCTBEHHBIN YHUBEPCUTET
KannupaTt TexHUUECKHX HAYK, JOKTOPAHT umernn U.C. Typrenesa,

r. Kanyra, yn. baxxenosa, a. 2. KaHIUAAT TEXHUYECKUX HAYK,

Ten.: + 7 (4862) 413295 BEJYIIMH HHXKEHEP OT/AeNa OPTaHU3alMOHHOTO
E-mail: awj@list.ru comnpoBoxaenus HIP

r. Opén yn. Hayropckoe 1. 29
Ten: +79038806976
okozhus@mail.ru

IIpacoJioB Erop Anexcanaposuy Herpyxun AHTOH Biagumuposuy
OproBCcKHii TOCYAapCTBEHHBIN YHHBEPCUTET OpnoBCKH TOCYAAPCTBEHHBIN YHUBEPCUTET
nmenn U.C. Typrenesa, umernn U.C. Typrenesa,

acTIMpaHT Kadeapsl MAITMHOCTPOCHHS acTMpaHT Kadeapsl MaTHHOCTPOCHHS

r. Opén yin. MockoBckas 1. 34 r. Opén yn. MockoBckas 1. 34

Ten: +79038806976 Ten: +79038806976

awj@list.ru awj@list.ru

G.V. BARSUKOV, A.S. TARAPANOV, T.A. ZHURAVLEVA, 0.G. KOZHUS,
E.A. PRASOLOV, A.V. PETRUKHIN

DEVELOPMENT OF TECHNOLOGY AND TECHNOLOGICAL
PRINCIPLES FOR INCREASING THE STRENGTH OF COPPER FEED
PARTICLES FOR HYDROABRASIVE CHOCKING

Abstract. The article discusses the technology and technological principles of synthesis of a diffusion layer of
silicon carbide on the surface of a copper slag particle to create a new abrasive of increased strength. The modes of
chemical-thermal treatment of a copper slag particle in a medium of crystalline and amorphous carbon with additives of
mineralizers in the form of barium carbonate, cryolite and sodium chloride are determined, which allows directional
control of the phase composition and structure of the surface layer.

Keywords: abrasive, copper slag, waterjet cutting, diffusion coating, high temperature treatment, carburetion.
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K.M. IIJTAEB

JJUHAMMUYECKUE XAPAKTEPUCTUKH YTJIOBOM ®PE3EPHOM
I'OJIOBKU B IPOI'PAMMHBIX CPEJJAX 3D MOJAEJIMPOBAHUSA

AHHOTANMS. /151 pacuiupenusi mexHoai02Udeckux 03MONCHOCHEN MEMALIOPENCYUUX CIMAHKO8 UCTIONb3YIOMCS
yenosvle hpesepuvie 20106Ku, KOMOPble 00eCneuu8arm 603MOACHOCHb 00pabomku demaneti ciodicHoU Gopmol. OOHaKo,
HeoOX00uMo yuecmy GlusiHUe Maxo2o 0b60pyo08anusi Ha OUHAMUYECKUE XAPAKMepUCMuKU CmaHuka. B nekomopwix
CYHAsIX UCNONb308AHUe Y2NI0BbIX 20060K CHUMNCAEM OUHAMUYECKOe Kauyecmeo cmanka. B nacmosweu pabome
paccmompenvl  pe3yibmamsl  MOOEIUPOBAHUS  OUHAMUHECKUX XAPAKMEPUCMUK  Yel080U  (Dpe3epHOll  20108KU 6
npoepammueix cpedax 3D moodenuposanus NX CAD, Solid Works u Autodesk Inventor. Bwinoaneno cpagnenue
NONYHUEHHbIX Pe3YIbMAMo8 ¢ IKCHePUMEHMATbHBIMU OAHHBIMU. Bbiasnena pasHuya cmoOoeruposaniblx coOCMEEHHbIX
YACMom u Yacmomol, NOJYYEHHOU MEMOOOM NPSIMO20 IKCNEPUMEHMA.
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K.I. SHLAEV

SIMULATION EXPERIMENT TO DETERMINE THE DYNAMIC
CHARACTERISTICS OF AN ANGULAR MILLING HEAD
IN 3D MODELING PROGRAMS

Abstract. Angular milling heads expand the capabilities of machine tools. It is necessary to take into account
the impact of such equipment on the dynamic characteristics of the machine. In some cases, the use of angular milling
heads reduces the dynamic quality of the machine. In this paper, the results of modeling the dynamic characteristics of
an angular milling head in NX CAD, Solid Works and Autodesk Inventor 3d modeling programs are considered. The
results obtained were compared with experimental data. The data obtained by simulation modeling differ from the data
obtained by the experimental method. This is due to the different ways of obtaining the equation of motion in program
solvers.

Keywords: angular milling head, vibroacoustic diagnostics, dynamic characteristics, simulation modeling,
natural frequency.
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JL.IO. ®POJIEHKOBA, B.C. IIOPKHNH, A.C. TAPAITAHOB, A.11. KOHUILIEBA

PABPABOTKA AJITOPUTMOB U METOJIUK PACYETA
JNPPY3ZNOHHBIX ITPOLHECCOB B 3JIEMEHTAX
BUMETA/UVIMYECKOI'O ITPOBOJA

AHHOTAUMA. B pabome npeonodxcena memoouxa u anreopumm npogepKu GIUAHUA ad2e3uu Ha Ougdysuontsle
npoyeccvl 015 GUMEMAanIuiecko2o npogoda. Memoouka basupyemcs Ha U3BECMHBIX NPEOCMAGIEHUAX O NAPHBIX U
MPOUHbIX NOMEHYUATLHBIX HETOKATbHBIX 83AUMOOCUCTNBUAX OECKOHEYHO MAMbIX YACUY CHIOWHBIX MEepoblX mell.
IIpogedenvl pacuemvi, n0360aAI0WUE OYEHUMb CIIENEHb GIUAHUA ad2e3uu HA OUP@Y3uUOHHbIE NPOYecchl PA3HbIX nap
Mamepuanos.

KnroueBble cioBa: aodeesus, Ougdysuonnvlie npoyeccel, Mexanuyeckue CEOUCMBd, HeIOKANbHble
NOMEHYUATbHBIE 83AUMOOCUCIBUSA, WEPOX0BATNOCHTb, CHIOWHAA YRPY2ds cpeod.
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L.Yu. FROLENKOVA, V.S. SHORKIN, A.S. TARAPANOV, A.I. KONISHEVA

DEVELOPMENT OF ALGORITHMS AND METHODS FOR CALCULATION
OF DIFFUSION PROCESSES IN ELEMENTS OF BIMETAL WIRE

Abstract. The paper proposes a method and algorithm for testing the influence of adhesion on diffusion
processes for a bimetallic wire. The technique is based on the well-known concepts of paired and triple potential nonlocal
interactions of infinitesimal particles of solid solids. Calculations have been carried out to evaluate the degree of
influence of adhesion on the diffusion processes of different pairs of materials.

Keywords: adhesion, diffusion processes, mechanical properties, nonlocal potential interactions, roughness,
continuous elastic medium.

Ne 6 (362) 2023 23




KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUEC KAYE€CTBOM

BIBLIOGRAPHY

1 Severin V.I. Davlenie para i teplota sublimacii medi [Tekst] / V.I. Severin, A.V. Ceplyaeva, Yu.A. Priselkov,
L.P. Ryabceva// Teplofizika vysokih temperatur. — 1986. — T. 24. — V. 3. — S. 487 — 492.

2 Pat. 2611054 Rossijskaya federaciya, MPK N HO1B 7/29. Provod obmotochnyj termozharostojkij /
Belosludcev K.I., Vitkovskij 1.V. 1 dr.; zayavitel i patentoobladatel: Akcionernoe obshchestvo «NII EFA im. D.V.
Efremova (AO «NIIEFA»). Zayavl. 27.08.2015; opubl. 21.02.2017, Byul. Ne 6. — 2 s.

3 Romashin S.N. Variant svyazi mekhanicheskih i adgezionnyh svojstv tverdyh materialov [Tekst] / S.N.
Romashin, V.S. Shorkin // Prikladnaya matematika i mekhanika. —2020. — T. 84. — Vyp. 3. — S. 387 — 404.

4 Vitkovskij L[.V. Adgezionno-diffuzionnoe formirovanie mnogoslojnoj stenki zhidkometallicheskogo
protochnogo trakta blanketa termoyadernogo reaktora [Tekst] / /I.V. Vitkovskij, L.Yu. Frolenkova, V.S. Shorkin //
Zhurnal tekhnicheskoj fiziki. — 2012. - T. 82 - Ne 7. - S. 117 — 122.

5 Frolenkova L.Yu. Poverhnostnaya energiya i energiya adgezii uprugih tel [Tekst] / L.Yu. Frolenkova, V.S.
Shorkin // Izv. RAN. MTT. —2017. —Ne 1. - S. 76 - 91.

6 Frolenkova L.Yu. Method of calculating the surface and adhesion energies of elastic bodies [Text] / L.Yu.
Frolenkova, V.S. Shorkin // PNRPU Mechanics Bulletin. —2013. — Ne 1. — P. 235 — 259.

7 Presnetsova V.Yu. A variant of describing adhesion interaction in the probe sample system of an atomic-force
microscope [Text] / V.Yu. Presnetsova, S.N. Romashin, L.Yu. Frolenkova, V.S. Shorkin, S.I. Yakushina // Nanoscience
and Technology: An International Journal. - 2018. - V. 9. — Iss. 4. - P. 299 - 323.
http://dx.doi.org/10.1615/NanoSciTechnollnt].2018026714.

8 GOST 25142-82 Sherohovatost poverhnosti [ Tekst]. — M.: Izd-vo standartov, 2018. — 16 s.

9 Belov P.A. Teoriya idealnyh adgezionnyh vzaimodejstvij [Tekst] / P.A. Belov, S.A. Lure / Mekhanika
kompozicionnyh materialov i konstrukcij. — 2007. — T. 13. — Ne 4. — S. 519 — 536.

Frolenkova Larisa Yuryevna Shorkin Vladimir Sergeevich

Orel State University, Orel Orel State University, Orel

Doctor of Technical Sciences, Associate Professor,  Doctor of Physical and Mathematical Sciences, Professor,
Head of the Department of Mechanical Professor of the Department of Technical Physics and
Engineering, Mathematics

302026, Orel, Komsomolskaya st, 95 302026, Orel, Komsomolskaya st, 95

Ph.: +7 (906) 568-11-18 Ph.: +7 (960) 655-00-77

E-mail: Larafrolenkova@yandex.ru E-mail: v.s.shorkin@yandex.ru

Tarapanov Aleksandr Sergeevich Konisheva Alena Igorevna

Orel State University, Orel Orel State University, Orel,

Doctor of Technical Sciences, Professor student

Professor of the Department of Mechanical Engineering, 302026, Orel, Komsomolskaya st, 95

302026, Orel, Komsomolskaya st, 95 Ph.: +7(920) 725-03-77

Ph.: + 7 (920) 287-77-74, E-mail: konishevaalenal23@gmail.com

E-mail: tarapanov@rambler.ru

© JI.IO. ®ponenkona, B.C. Illopkun, A.C. Tapananos, A.J. Konumesa, 2023

MALUNHOBEAONEHUE U MEXATPOHUKA

VK 621.822.6 DOLI: 10.33979/2073-7408-2023-362-6-79-87

B.B ITO3/1HAKOB, P.H. [TIOJISIKOB, A.}1O. KOPHEEB

BJIMSIHUE PEXKUMOB PABOTHI HIECTEPEHHOI'O HACOCA
HA TPEHHUE B POJIMKOBBIX NIOAUINITHUKAX U UX OTKA3bI

AHHOTanMs1. B cmamve npogooumcst ananu3 KpUmu4ecKkux Y3108 wmecmepéHHbX Hacocos OJis NePeKadKi Macel
muna HMIII npouszeoocmea AO «I'MC Jluseuopomaws». Onucanvt 0COOEHHOCMU PEAHCUMOE CMA3BIGAHUSL POJUKOBHIX
HOOWUNHUKO8 8AI08 HACOCA, 0OOCHOBAHBL NPUYUHBL OMKA306 U3-34 NEPEMEHH020 00béMa cma3ouno2o mamepuania. Ha
OCHOBAHUU U3BECINHBIX MEMOOUK BbINOJHEHA OYEHKA MOMEHMA MPeHusi HA PA3IUYHbIX PedlcuMax pabomel Hacocd,
000CHOBAHO GIUSHIE MUNA CMA3KU HA YPOBEHb NOMEPb MOWHOCHU, 8 MOM YUCie npu dpgexme 3ameueHis UCXOOHOU
NIACMUYHOU CMA3KU POIUKOBHIX NOOUWUNHUKOS HA CMA3KY NePeKAuU8aemMoll cpedoll.

KarwueBble ci10Ba: wecmepennslil HACOC, OMKA3, NOOWUNHUK KAYeHUS, CMA3KA, KUHEMAMUYeCKds 6513K0CHb,
MOMEHmM mpeHusi, Nomepu MOWHOCMU.
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V.V.POZDNYAKOV, R.N. POLYAKOV, A.YU. KORNEEV

INFLUENCE OF OPERATING MODES OF A GEAR PUMP ON FRICTION
IN ROLLING ELEMENT BEARINGS AND THEIR FAILURES

Abstract. The article is devoted to the influence of lubrication on the temperature mode of operation of roller
bearings in oil pumps. Causes and frequency of bearing failures are estimated and expediency of thermal calculation of
heat losses on different types of lubricating liquids is substantiated. On the basis of known methods the estimation of heat
quantity release in the process of operation is made. The influence of lubrication level and pump geometry on the friction
torque of rolling bearings in the process of operation when the liquid seeps into the cavity of the unit has been investigated.

Keywords: rolling bearings, thermal calculation, grease, self-lubricating liquid, oil bath, kinematic viscosity.
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A.B.T'OPUH, P.H. ITIOJISIKOB, JI.C. YIIIAKOB, A./l. CEPEEPEHHUKOB

CTPYKTYPHBINA AHAJIN3 U CUHTE3 MEXATPOHHOI'O MEXAHU3MA
HA OCHOBE IMITYJIbCHOI'O I'MIPOITHEBMATHUYECKOI'O ITPUBO/JIA

AHHOTaUMsl. 6 cmamve paccmampueaemcsi KNamkuu aHaIu3 paséumus UHICEHEPHLIX KOMMYHUKAYUL 6
VCNOGUAX NIOMHOU 20pOOCKOU 3ACMPOUKU. OCHOGHbIE NPUHYUNLL NOCMPOeHUs Ounamuieckol modenu. Onucvleaemcs
mMamemamuyeckdas MoO0enb MeXampoHHO20 MeXAHUIMA HA OCHOBE UMNYIbCHO20 2UOPONHEBMAMUYECKO20 HPUB0Od.
Ilpedcmasnen ananuz cmpyKmypHuIX cXem MexampoHHO20 MeXAHUIMA HA OCHOBE UMNYTbCHO2O 2UOPONHEEMAMUYECKO20
npusoda. [loxazanel pesynomamol Cunmesa MexampoHHOZO MeXAHUSMA, NPUMEHUMO20 Ol CIMAMUKO-OUHAMUYECKOU
Mawunbl. TIpeonodicena cxema MexampoHHO20 MeXaAHU3MA 051 6eCMpaAHeniHO20 CMPOUMensCmed mpyoonposooos Ha
OCHOBE UMNYIbCHO20 2UOPONHEBMATNULECKO20 NPUBOOd.

KnrodeBble cioBa: awanus, cuwmes, CHMPYKMypd, MeXAHUusM, 2UOPAGIUYECKUll HPUBOO, MexampoHHbIU
MEXAHUM.
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A.V. GORIN, R.N. POLYAKOV, L.S. USHAKOV, A.D. SEREBRNIKOV

STRUCTURAL ANALYSIS AND SYNTHESIS OF MECHATRONIC
MECHANISM BASED ON PULSE HYDROPNEUMATIC DRIVE

Abstract. The article discusses a detailed analysis of the development of engineering communications in dense
urban areas. basic principles of building a dynamic model. A mathematical model of a mechatronic mechanism based on
a pulse hydropneumatic drive is described. An analysis of the structural diagrams of a mechatronic mechanism based on
a pulse hydropneumatic drive is presented. The results of the synthesis of a mechatronic mechanism applicable to a static-
dynamic machine are shown. A scheme of a mechatronic mechanism for trenchless construction of pipelines based on a
pulsed hydropneumatic drive is proposed.

Keywords: analysis, synthesis, structure, mechanism, hydraulic drive, mechatronic mechanism.
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IBOJTIOLUA IIOBEPXHOCTH AJIIOMHUHUA ITPHU ET'O
HPEABAPUTEJIBHOU ITIOATI'OTOBKE N AHOJIUPOBAHUU
B CHJIMKATHO-IMEJTOYHOM 2JIEKTPOJIMTE

AHHOTanusi. B pabome cucmemamuyecku u3y4eHO GIUSHUE MEXAHUYECKOU, XUMUYECKOU U MepMUuecKoul
NOO20MOGKU NOGEPXHOCMU  AIOMUHUSL HA €€  MOpPHONO2U0  Memodamu AamoMHO-CUNOB0U, IJeKMPOHHOU U
MEMANIoepapuueckol. MUKpOCKONUU. Ycmanosnen Mexawusm QopmMuposanus MOHKUX WIEHOK AIOMOCUIUKAMOS,
NOYHEHHbIX IJIEKMPOXUMUYECKU HA NOBEPXHOCMU NPed8apumenbHo 00paboOmanHOl alOMUHUESOT NOOLOICKU
(Mexanuueckas wnupoeKa, mpagieHue ¢ cMecu KUCION U MepMUYecKutl 00cue) u3 600HbIX CUTUKAMHO-WETOUHbIX
Pacmeopos. YcmanogneHo, 4mo Ha nepeom dmane CUHmMe3ad NPOUCXooum mpaeileHue NOGEPXHOCMU ATIOMUHUEBO20
anooa, a obpasylowuecs: A4elKy GblICMynarm 6 Kavecmee nop, 6 KOMopuix (opmupyemcs (hasza amoMOCUIUKama.
Coenarno npednonodicenue 0 QopmMuposanus NIeHOK No NYymu A8MOKAMAIUMUYECKO20 3apo0blue0Opa308aHus, NPImou
3A6UCUMOCIU CKOPOCMU (POPMUPOBANUST KPUCMALTUYECKOU (ha3bl O HANPSANCEHUS], NPU KOMOPOM NPOSEOEH CUHME3.

KuaroueBble ci10Ba: aniomMunuil, anoMOCUIUKAMbL, 3AUWUMHOE NOKPLIMUE, NEKMPOXUMULECKOE AHOOUPOBAHUE.
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E.N. GRIBANOV, A.I. GORSHKOV, E.Yu. YUSHKOVA, M.A. YAKUNINA

EVOLUTION OF THE ALUMINUM SURFACE DURING
ITS PRELIMINARY PREPARATION AND ANODIZING
IN A SILICATE-ALKALINE ELECTROLYTE

Abstract. The influence of mechanical, chemical and thermal preparation of the aluminum surface on its
morphology by atomic force, electron and metallographic microscopy methods has been systematically studied. The
mechanism of formation of thin films of aluminosilicates obtained electrochemically on the surface of a pretreated
aluminum substrate (mechanical grinding, etching in a mixture of acids and thermal firing) from aqueous silicate-alkaline
solutions has been established. It is established that at the first stage of synthesis, the surface of the aluminum anode is
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etched, and the resulting cells act as pores in which the aluminosilicate phase is formed. An assumption is made about
the formation of films along the path of autocatalytic nucleation, a direct dependence of the rate of formation of the
crystalline phase on the voltage at which the synthesis is carried out.

Keywords: aluminum, aluminosilicates, protective coating, electrochemical anodizing.

BIBLIOGRAPHY

1. Yasakau K.A., Tedim J., Zheludkevich M.L., Ferreira M.G.S. Handbook of Smart Coatings for Materials Protection:
Smart coatings for corrosion protection: an overview. Cambridge: Woodhead Publishing, 2014, pp. 224-274.

2. Banturabi, S. A. The global aluminum market and the role of the state in the development of the aluminum
industry / S. A. Banturabi // XXX International Plekhanov Readings: Collection of articles by graduate students and young
scientists, Moscow, March 14, 2017. — Moscow: Russian Economic University named after G.V. Plekhanov, 2017. — P.
267-271.

3. Khazanov, L. G. Prospects for the growth of aluminum consumption, including in the automotive industry /
L. G. Khazanov // Technology of wheeled and tracked vehicles. —2012. — No. 3. — P. 39-41.

4. Properties and application of mechanical connections of the pin type with a crimp head for freight cars made
of aluminum alloy grade 1565ch / A. D. Konyukhov, A. M. Drits, A. K. Shurtakov, T. N. Vorobyova // Bulletin of
Scientific Research Institute of Railway Transport. —2014. — No. 3. — P. 9-16.

5. C50L HuckBolt. Huck-engineered lockbolts for the most challenging applications. Waco, Alcoa Fastening
Systems, 2012. 8 p.

6. Mori, R. A new structured aluminum-air secondary battery with a ceramic aluminum ion conductor / R. Mori
// RSC Advances. — 2013. — Vol. 3, No. 29. — P. 11547-11551. — DOI 10.1039/c3ra42211a.

7. Jinsub Choi. Fabrication of monodomain porous aluminum using nanoimprint lithography and its applications:
Dissertation. .. Doktor-Ingenieur. - 2004. - 103 p.

8. Pometun E.V., Tishkov V.I., Pometun A.A. Practical aspects of pre-treatment of aluminum surfaces in
industrial technologies of electrochemical oxidation // Bulletin of Moscow University. Episode 2: Chemistry. — 2018. -
No. 6 — P.445-449.

9. Gorshkov A.lL., Gribanov E.N., Markov O.I., Oskotskaya E.R. Structure and photocatalytic properties of films
based on aluminosilicates // Proceedings of the South-Western State University. Series: Equipment and technology. -
2022.-T.12.-No. 1. - P.131-145.

10. Gribanov E.N. Physico-chemical characteristics and mechanism of sorption of some metal ions from aqueous
solutions by aluminosilicate // Sorption and chromatographic processes. - 2020. - T.20. - No. 6. - pp. 719-725.

11. Crini G., Lichtfouse E. Green Adsorbents for Pollutant Removal: Fundamentals and Design. Switzerland:
Springer International Publishing. - 2018. - 399 p.

12. Deng, Z. Pulsed laser deposition of zeolite NaX thin films on silica fibers / Z. Deng, K.J. Balkus //
Microporous and Mesoporous Materials. — 2002. — V. 56. — 1. 1. — P. 47-53.

13. Li, Q. Photochemical template removal and spatial patterning of zeolite MFI thin films using UV/ozone treatment
/ Q. Li, M.L. Amweg, C.K. Yee et al. / Microporous and Mesoporous Materials. —2005. — V. 87.— 1. 1. — P. 45-51.

14. Hao, J.-N. Hybrid polymer thin films with a lanthanide-zeolite A host-guest system: coordination bonding
assembly and photo-integration / J.-N. Hao, B. Yan // New Journal of Chemistry. —2014. — V. 38. — 1. 8. — P. 3540-3547.

15. Bosnar, S. Influence of anions on the kinetics of zeolite A crystallization: A population balance analysis / S.
Bosnar, T. Antonié-Jeli¢, J. Broni¢ et al. // Journal of Crystal Growth. — 2004. — V. 267. — 1. 1-2. — P. 270-282.

16. Koltsova, T.N. Zeolites mutinatie, terranovatie, and boggsite: Structure-composition relationship / T.N.
Koltsova // Inorganic Materials. — 2006. — V. 42. — 1. 6. — P. 658-664.

17. Ribeiro, F.R. Structure-activity relationship in zeolites / F.R. Ribeiro, F. Alvarez, C. Henriques et al. //
Journal of Molecular Catalysis A: Chemical. — 1995. — V. 96. — 1. 3. — P. 245-270.

18. Gao, X. State of acidic center and acidity of dealuminated HY zeolites investigated by solid-state NMR spectroscopy /
X. Gao, Y. Zhang, L. Lu et al. // Acta Petroleum Sinica (Petroleum Processing). —2012. — V. 28. —1. 2. — P. 180-187.

19. Choi, J. Fabrication of monodomain porous aluminum using nanoimprint lithography and its applications:
Doctoral thesis / Choi Jinsub. — Halle (Saale): Universitits und Landesbibliothek Sachsen-Anhalt, 2004. — 109 p. DOI:
10.25673/3398.

20. Gribanov E.N., Gorshkov A.L., Khripunov Y.V. et al. On the synthesis and morphology and formation
peculiarities of an alumosilicate film on a substrate // Journal of Surface Investigation: X-Ray, Synchrotron and Neutron
Techniques. —2021. - V. 15. - 1. 1. - P. 16-23.

Gribanov Evgeny Nikolaevich Gorshkov Aleksander Igorevich

Oryol State University named after I.S. Turgenev Oryol State University named after I.S. Turgenev
Address: 302026, Russia, Oryol, st. Komsomolskaya, 95  Address: 302026, Russia, Oryol, st. Komsomolskaya, 95
Candidate of Chemical Sciences, senior lecturer

associate professor, head of the department of Chemistry  E-mail: gorshkov.a.i@yandex.ru
E-mail: gribanoven@gmail.com

Yushkova Eleonora Yurievna Yakunina Maria Andreevna
Oryol State University named after [.S. Turgenev Oryol State University named after I.S. Turgenev

30 Ne 6 (362) 2023



mailto:gorshkov.a.i@yandex.ru

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

Address: 302026, Russia, Oryol, st. Komsomolskaya, 95  Address: 302026, Russia, Oryol, st. Komsomolskaya, 95
senior lecturer E-mail: savally2@gmail.com student
E-mail: griadunova6565@gmail.com

© E.H. I'pubanos, A.U. I'opmikos, 3.10. FOmkosa, M.A. fIkynuna, 2023
V]IK 62-932.4 DOI: 10.33979/2073-7408-2023-362-6-101-107

A.1O0. POJUYEB, A.B. TOPUH

CUCTEMA MOHUTOPHUHI'A COCTOSAHUA
Y3JI0B U ATPET'ATOB TPOMBIINVIEHHOT'O OBOPYIOBAHUA

AHHOTAamMsl. B cmamwe npedcmasnen  Kpamkuili - aHAAU3  pazgumusi  Npeonpusmuti U - Qupm
MAUUHOCMPOUMENbHOU OMPACTU C MOYKU 3DEHUsT PA3GUMUSL CUCEMA MOHUMOPUH2A COCMOSHUSL Y3108 U Aepe2amos
npoOMbLUIEHH020 000pydoeanus. Paccmampusaiomest nociednue docmudicenus 6 obnacmu yOanieHHOU OUASHOCHMUKY,
KII04eable KOMHOHEHMbL OUCHAHYUOHHOU OUAZHOCMUKU MeXAmpOHHbIX YCMPOUCME, 6KIIOYdAs MeXanusmvl coopa,
nepedauu, ananuza Oanuvlx. Bulsenssiomes npeumyuecmea u npodiemvl HeOPeHuUst Cucmem YOALeHHOU OUACHOCTUK,
VUUmMbIEArOmcs makxue Qaxmopul, Kax Kubepbe3onacHocmsv, KoH@uoenyuamrbHocms OanHwuix. Ilpugedensl npumepsi
UCNONBL30BAHUSL PACCMAMPUBAEMOL MEXHOL02UU 8 UHOYCIPULL.

KaroueBble cioBa: ouacrnocmuka, napamemp, CUCHEMA MOHUMOPUHA, MEXHON02Us, Kubepbe30nacHocmo,
ananus.

Ilpeocmagnennsliit mamepuan evinonunen 3a cuem zpanma Poccuiickozo nayunozo ¢onoa Ne22-79-00289,
https://rscf.ru/project/22-79-00289/.
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A.Yu. RODICHEV, A.V. GORIN

CONDITION MONITORING SYSTEM
UNITS AND UNITS OF INDUSTRIAL EQUIPMENT

Abstract. The article presents a brief analysis of the development of enterprises and firms in the engineering
industry from the point of view of the development of a system _for monitoring the condition of components and assemblies
of industrial equipment. The latest advances in the field of remote diagnostics, key components of remote diagnostics of
mechatronic devices, including mechanisms for collecting, transmitting, and analyzing data are considered. The
advantages and problems of implementing remote diagnostic systems are identified, factors such as cybersecurity and
data confidentiality are taken into account. Examples of the use of the technology in question in industry are given.

Keywords: diagnostics, parameter, monitoring system, technology, cybersecurity, analysis.
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PACYHET XAPAKTEPUCTHUK PATUAJIBHOI'O JIEHECTKOBOI' O
I'ABOAUHAMHUYECKOI'O NOAUIMITHUKA C UBMEHSIEMOU
I'EOMETPHUEU OITOPHOU ITOBEPXHOCTH

AHHOTanmsi. B cmamve npedcmaegien 0030p ynpyeo-0eMn@epHbiX ONOp CKOAbIUCEHUS POMOPOS GblCO-
KOCKOPOCHMHbIX MYyPOOMAWUH, ¢ AKYEeHMOM HA JeNnecmKosbie 2a300UHamuieckue noowuniuky. JJaisuetiuee pazsumue
O0aHHO20 6UOA KOHCMPYKYUTL 3AKII0YAEMCA 8 NPUMEHEHUU MEXAMPOHHBIX CUCMEM, KOPPEKMUPYIOWUX opMy OROPHOU
nogepxnocmu Ol MUHUMUSAYUU USHOCA 6 npoYyecce NYCKA U OCMAaH06d, KOHMPOJA U Peazupo8anus Ha HenpeosuoeHHble
cumyayuu 6 npoyecce pabomul.

KnaroueBble  cll0Ba:  mexampoHHvle — Jlenecmkogvle  NOOWUNHUKU, — Yhpyeo-Oemngepuvie  onopul,
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A.V.SYTIN, V.S. VLASOVA, I.A. SERENKO, A.D. SEREBRENNIKOV

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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I'MBPUJHBIE NIOAIIUITHUKHA )KUJIKOCTHOI'O TPEHUA

Aunnoranusi: [Ipogeden ananuz ocobennocmeri 2uOPUOHBIX U KOMOUHUPOBAHHBIX ONOP pomopos. Paccmompenbi
nokazamenu pabomocnocoOHOCmu u Kiaccuurayus 2u6PUOHbIX NOOUUNHUKOB JHCUOKOCTHO20 mpeHusl. [Ipedcmasnenul
KOHCMPYKMUBHbIE CXEMbl, MAMEMAMUYECKAs MOOeLb U Pe3yIbmamyl pacyema 2py30n00beMHOCIU U IHEPeMUIECKUX
Xapakmepucmuk pasiudHblX 6U008 2UOPUOHBIX NOOWUNHUKOS. Buisenenvl 3axonomepHocmu  GYHKYUOHUPOBAHUS
2UOPUOHBIX NOOWUNHUKOS 0151 ONPEOeeHUsl ONMUMATILHBIX 2eOMEMPUYECKUX PA3MEPOS, 0DeCneyusauux Heobxooumbie
OUHAMUYECKUe U IHEP2emUYecKIe NAPaAMempbl ONop.

KawueBble ciaoBa: Onopvi pomopos, cubpuduvie NOOWUNHUKY HCUOKOCHMHO20 MPEHUs., YUIUHOpUYecKue u
KOHUYeCKUe  NOOWUNHUKU — CKONBICEHUSl, — SUOPOOUHAMUYECKULl U 2UOPOCAMUYECKULl  PEdNCUM  CMA3KU,
2PY30N00bEMHOCb, IHEpeemuiecKue U OUHAMUYECKUE XAPAKMEPUCTNUKU, MOOETUPOBAHUe.
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L.A. SAVIN, N.A. MARAKHIN, NGUYEN THAI HA, LIU YIFAN, YU.N. KAZAKOV

HYBRID FLUID FILM BEARINGS

Abstract. An analysis of the features of hybrid and combined rotor bearings was carried out. The performance
indicators and classification of hybrid fluid film bearings are considered. Design diagrams, a mathematical model and
the results of calculating the load capacity and energy characteristics of various types of hybrid bearings are presented.
The key relations of functioning of hybrid bearings have been identified to determine the optimal geometric dimensions
that provide the necessary dynamic and energy parameters of the bearings.

Keywords: rotor bearings, hybrid fluid film bearings, cylindrical and conical plain bearings, hydrodynamic
and hydrostatic lubrication modes, load capacity, energy and dynamic characteristics, modeling.
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P.H. IIOJISIKOB, K.K. HACTEITAHUH, JI.A. ABAKAPOBA, M.D. BOHJIAPEHKO

IKCIIEPUMEHTAJIBHASA YCTAHOBKA V151 UCCIIEJOBAHUA
AJAIITUBHBIX ITOAHIMUITHUKOB CKOJIBKEHUSA

AHHOTAUMA. AKXmuenoe ynpasienue 2udpOoOUHAMUYECKUMU NOOUWUNHUKAMU NO3BOAAEM 8030€UCmMB068AMb HA
OuHamuyeckue u mpubosocudecKue XapakKmepucmuky POMOPHO-ONOPHOU CUCHEMbL NOCPEeOCBOM Pe2yluposanus
Gopmbl u pazmepa paduaibHo2o 3azopa. s uccie008anus C6OUCME AKMUBHO20 YPAGICHUSL SUOPOOUHAMULECKUM
NOOWUNHUKOM CKOIbIICEHUSL OblIa pazpabomana NOOWUNHUKOSAs. ONOPA C pPe2YlupoSanuem (opmvl u pazmepa
MACHAH020 KIUHA. [l OMCIeNCUBAHUS KAYeCMBEHHBIX CEOUCME NPEeOCMABIEHHO20 NOOUUNHUKA MOOEPHUIUPOBAHA
KOHMPOAbHO-UBMEPUMENbHAS.  cucmemMa Ha 6aze  npozpammuo-annapamuvlx  cpedcme National —Instruments.
Chopmuposarna eunomesa IKCHEPUMEHMA NO U3YHEHUIO OUHAMUYECKUX XAPAKMEPUCMUK DOMOPHO-0NOPHOU CUCTEMbL 8
npoyecce ynpasienus. Bnepevie 66edeno nowsmue adanmuHo20 CAMOYECHMPUPOBAHU KAK CAMOCMOSMENbHO20
ahpexma, xapaxmepuszyiowe2o yMeHbUeHUE AMIIUMYO KOJNeOAHUT NPU NPUHYOUMETbHOM USMEHEHUU JHCECTKOCIbIX
Xapakmepucmur nOOUUNHUKA CKOJbICEHUSL.

B pezynomame npoeedénnoeo sxcnepumenma 6yoem npedcmasiena A4X pomopnoii cucmemul u 6yoem coenan
861600 0 PAOOMOCNOCOOHOCIU CUCMEMbL C AKIMUBHBIM YAPAGLCHUEM (POPMbL U PAZMEPOM 3A30PA 2UOPOOUHAMUYECKO20
NOOWUNHUKA.

KiwueBble ¢J0Ba: NOOWUNHUKU — CKOJIbICEHUS, —POMOPHbIE  CUCMEMbl,  KDUMUYECKAs
camoyenmpuposanue, aKMueHoe YRpasieHue, usmenenue opmul u pasmepa paouaibHo20 3a30pa.
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R.N. POLYAKOV, K.K. NASTEPANIN, D.R. ABAKAROVA, M.E. BONDARENKO

TEST RIG FOR THE STUDY OF SLIDING ADAPTIVE BEARINGS

Abstract. Active control of hydrodynamic bearings makes it possible to influence the dynamic and tribological
characteristics of the rotor-support system by adjusting the shape and size of the radial clearance. To study the active
control properties of a hydrodynamic sliding bearing, a bearing support with control of the shape and size of the oil
wedge was developed. To monitor the quality properties of the presented bearing, the control and measuring system based
on National Instruments sofiware and hardware has been modernized. A hypothesis has been formed for an experiment
to study the dynamic characteristics of the rotor-support system during the control process. For the first time, the concept
of adaptive self-centering was introduced as an independent effect that characterizes a decrease in vibration amplitudes
with a forced change in the rigid characteristics of a sliding bearing.

As a result of the experiment, the frequency response of the rotor system will be presented and a conclusion will
be drawn about the operability of the system with active control of the shape and gap size of the hydrodynamic bearing.

Keywords: fluid-film bearings, rotor systems, critical frequency, self-centering, active control, changing the
shape and size of the radial clearance.
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B.B. CUJIOPUH, H.b XAJIMJIFOJIMHA

MATEMATHYECKASA MOAEJb U METO/ TIPOI'HO3NPOBAHUA
PECYPCOEMKOCTHU U OLIEHKHW IMPOU3BOJCTBEHHO-
YIIPABJIEHYECKOI'O ITIOTEHIHUAJIA B CUCTEME MEHE//KMEHTA
KAYECTBA OPI'AHU3ALIUU

AnHoTauus. Cmamos noceaujena paspabomre MamemMamuyeckou Mooeiu NPoSHO3UPOBAHUS NOMPEOHOCMU 6
obecneuenuu pecypcamu npoyeccog cucmemvl MeHeoxcmenma kawecmea (CMK) opeanuzayuu u oyeHxku eé
NPOU3800CHIBEHHBIX 803MONCHOCEl NO UX ocsoeHuto. Ilpeocmasien paspabomanubvlil HA OCHO8E MAMEMAMU4ecKol
Modenu MmemoO auanusa nompebHocmeti 6 pecypcax npoyeccoe CMK opeanusayuu u oyeHKU B03MONCHOCHU
OpeaHu3ayuy  GuINOIHUMbL MPeOOBAHUs.  3AKA3YUKO8 pabom 6 ycmaHoeieHHvle cpoku. ILlenv paspabomxu
MAMeMamuyecKol Mooenu u Memooa -Qopmuposanue 0CHO8bl 05l pa3pabomKi CReYUaIUupOBaAHHO20 NPOSPAMMHOSO
obecneuenus ynpasieHus npoyeccamu u pasiudnsvimu euoamu desmensnocmu 6 CMK opeanuzayuil na ocHose yugposwix
ungopmayuonnvix mexuvoroeuti (LLUT). Mamemamuueckas mooenb npOSHOZUPOBAHUSL PeCYPCOEMKOCIU NIAAHUDYeMbIX
pabom u OyeHKU NPou3BOOCHBEHHBIX BO3MOICHOCMEN OP2AHUIAYUU NO OCBOCHUI0 MPebYyeMblX Pecypco8 8 aHaau3e
BHYmMpeHHel U 6HeulHell cpedbl OPSAHUIAYUU SGTACTNCA TMAKICE UHCMPYMEHMOM NPUHAMUS PEUeHUll HA 8CeX YPOGHAX
ynpaenenus opeanuzayuei. Onmumusayus NPUHUMAEMbIX peuleHuti 8 pe3yibmame NPUMeHeHUs NpPeoCimaeieHHbIX
MAmemMamuyeckol MOOeiu U Memood Moxdcem BblNOIHAMbCA Kak ¢ npumenenuem L[HT, max u ucnonv3osanuem
MPAOUYUOHHBIX IKCNEPTNHBIX MEMO008.
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KarodeBble ci10Ba: cucmema MeHeoNCMeHma Kayecmea, Mamemamuyeckas Mooes, pecypcol, Npoyeccsl,
npoSHO3UPOBAHUE, NPOU3BOOCHBEHHbII NOMEHYUAI, PECYPCOEMKOCHb, YUPPOsble UNDOPMAYUOHHBIE MEXHOIO2UU,
npuHAmMUe peueHull.

CIIMCOK JIMTEPATYPbI

1. Cugopua B.B. Cucrema MeHeKMeHTa KadecTBa B MU(POBOH SKOHOMUKE // MeToAbI MCHE)KMEHTa KauecTBa,
2018, Ne2, - C.28-35.

2. Kospurun E.A. MHTerpauusi cCOBpeMEHHBIX IU(POBBIX TEXHOJOTHUH B CHUCTEMY MEHEKMEHTa KauecTBa
BBICOKOTEXHOJIOTMYHBIX npennpuaruit: Juc. k.T.H.: 05.02.23, [Mecto 3aumrei: ®I'AOY BO «Cankr-IlerepOyprekuii
Ionurexuuyeckuii yausepcutet Ilerpa Benukoro»]. — CII6.: 2020. — 144 c.

3. Cupopun B.B., Xamumonuaa H.b. Cucrema ynpasiieHHs TPOEKTHPOBaHHEM U pa3pa0OTKON HayKOEeMKOMH
BBICOKOTEXHOJIOTHYHOW MPOJYKIUH Ha OCHOBE IM(MPOBBIX HH(OOPMALMOHHBIX TEXHOJOIrWi // ABTOMAarH3aunus B
npomsinuieHHocTH — 2023, — Ne 3. — C. 23-31.

4. TOCT P UCO 9001-2015. Cucrems! MeHemKMeHTa KadecTBa. TpedoBarns. M.: Ctanmaptuadopm, 2015. -18
c.

5. TOCT P 58876-2020 Cucrempl MEHEI)KMEHTAa KauecTBa OpraHM3aluil aBUALMOHHON, KOCMHMYECKOH M
00opoHHOI oTpaciuei npombiiieHHOCTH. Tpedoanus/M.:DI'VII « CTAHIAPTUH®OPM », -38c.

6. TOCT PB 0015-002-2020. Cucrema pa3paOOTKH M IOCTAaHOBKH HAa IPOW3BOACTBO BOCHHON TEXHHKH.
CuctemMbl MEHEDKMEHTa KadecTBa. TpedoBaHMs

7. Bepexxnas E.B. Marematudyeckne METOIbI MOJICIIMPOBAHUS IKOHOMHYECKHUX cHCTeM: yuel. mocodue/ E. B.
Bbepexnas, B. 1. BepexHoii. - u3a. 2-e, nepepad. u gomn. - M: @unancs! 1 cratuctuka, 2008. — 430 c.

8. I'myxoB B.B., MenuukoB M./I., Kopobko C.b. MaTemaTiueckiue METOAbI U MOAEIH Ul MEHEIKMEHTA. 3-¢
n3n. — CII0.: U3matennctBo «Jlanby», 2007. — 528 c.

9. Kansuoe I'. H. MonenupoBanue, aHaau3, peopraHu3alys M aBTOMAaTHU3aIMs OH3HEC-MPOIECCOB: yueO.
ITocobue. — M.: ®unance! u cratuctuka, 2007. — 240 c.

10. Cuutko O.A. @OpMUPOBAHHE CHUCTEMBI YIpPABICHUS pecypcaMd HNpeanpusThs [DIeKTpOHHBIN
pecypc]//Bectank Benropoackoro yHHBepcHTeTa Koomepamnud, 3koHomukH u mpaBa/ O. A. CHutko — Pexnm
nmocryma: http://vestnik.bukep.ru/articles....

11.Cunopun B.B. IIponecc obecrieueHust MPOAYKITUEH, TOCTABISEMBIX BHEITHUMH THocTaBmukamu, B CMK
OpraHu3aIIii aBHAIMOHHOW, KOCMIYECKON 1 000POHHOH OTpaciell MpoMBINIEHHOCTH // BecTHHK KadecTBa, BhIL.2, 2022
r., - C.3-32.

12. Topnoe B.H. HccnenoBanue M NpPOEKTUPOBAaHHE aBTOMAaTHU3MPOBAHHOW WH(OPMALMOHHOI CHCTEMBI
MEHEIKMEHTA KauecTBa // BecTHUK KauecTBa, BIN.5/6, 2022 1., - C.18-27.

13. XKeneznor O.I'., Komuccapos I1.B., Ilsimait FO.B. MccnenoBanue spraTu4eckux CHUCTEM YIIpaBJICHUS //
CoBpemeHHbIe HaykoeMkue TexHomoruu. — 2021, — Ne 4. — C. 37-41;

14. Tyrenes A.B., Xamemko A.H. MojenupoBaHue INEHTpAIU3alMA YIPaBIEHYECKHX MPOILECCOB
pETYIUPOBaHMS Ka4eCTBa MPOIYKINHU B IEJISIX ONTHMU3anuy // BecTHHK KadecTBa, BhILS, 2021 1., - C.13-16.

Cugopun Buxrop Bukroposuu Xamumwoanna Hanexxna bopucosna
ABTOHOMHasl HEKOMMeEpYECKasi OpraHu3anus denepanbHOE TOCYIapCTBEHHOE OIOKETHOE
«VHCTUTYT UCTIBITAaHNH 1 CEPTU(UKALIH BOOPYKEHUS U Hay4yHoe yupexaeHue «DenepanabHblii

BoeHHOH TexHukm» (AHO «MHC BBT»), r. Mocksa UCCIeA0BaTeNIbCKUi HeHTp HCTUTYT npuKiIaiHON
PykoBoauTens YueOHOTO LeHTpa JOKTOP TEXHUYECKUX ¢usuku uM. A.B. I'anonoBa-I"'pexosa Poccuiickoit
HayK, ipodeccop, akagemuu Hayk» UI1® PAH, r. Hwkxauit Hosropon
npodeccop kadeaps! aeKTpoHnkn MHCTHTYTA 3aBeryromnasi CEBKTOPOM CHCTEMBI MEHEPKMEHTA
MEePCHEKTUBHBIX TEXHOJIOTUH ¥ HHAYCTPHAIHLHOTO Ka4yecTBa, aCMUPAHT Kaeaphl SIEKTPOHUKH
nporpammupoBanus PTY Mockosckoro MUPDA, HMucTtutyTa nepcrneKTUBHBIX TEXHOJIOTUN U
111524, Mocksa, DnextpoaHas ynuua, 1.10 HMHAYCTPHAIBHOIO Nporpammuposanust PTY
e-mail: wwsid@yandex.ru; sidorin@inis.ru MUPDA, r. Mocksa

603950, r. Huxuuit Hosropoa, BOKC-120,
yi. YbsiHOBa, 46
e-mail: nbh@jipfran.ru

V.V. SIDORIN, N.B. KHALILULINA

MATHEMATICAL MODEL AND FORECASTING METHOD
RESOURCE INTENSITY AND EVALUATION OF PRODUCTION
AND MANAGEMENT POTENTIAL IN THE QUALITY MANAGEMENT
SYSTEM OF THE ORGANIZATION

Ne 6 (362) 2023 41



http://vestnik.bukep.ru/articles_pages/articles/2012/2012-2/Articles_330-334.pdf

KOHTpOJIb, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUEC KAYE€CTBOM

Abstract.The article is devoted to the development of a mathematical model for predicting the need to provide
resources for the processes of the quality management system (OMS) of an organization and assessing its production
capabilities for their development. The paper presents a method developed on the basis of a mathematical model for
analyzing the resource needs of the organizations QMS processes and assessing the organizations ability to fulfill the
requirements of work customers in a timely manner. The purpose of developing a mathematical model and method is to
form the basis for the development of specialized software for managing processes and various types of activities in the
OMS of organizations based on digital information technologies (CIT). The mathematical model of forecasting the
resource intensity of the planned work and assessing the production capabilities of the organization for the development
of the required resources in the analysis of the internal and external environment of the organization is also a decision-
making tool at all levels of management of the organization. Optimization of the decisions made as a result of the
application of the presented mathematical model and method can be performed both with the use of CIT and using
traditional expert methods.

Keywords: quality management system, mathematical model, resources, processes, forecasting, production
potential, resource intensity, digital information technologies, decision-making.
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AHAJIM3 METOJOB KOHTPOJIA
MUKPOITPOBOJIOYHBIX COEJIVHEHUM

Aunnorauusi. Cmamos nocesuiena anaiusy Memooos KOHMpOJsl MUKPONPOBOJIOYHbBIX coeounenull 6 npoyecce
C60pKM MUKPOCXEM. PaccmompeHbz BU3YAJIbHbIE, MEXAHUYEeCKUue u JjleKkmpudecKue Memoobl KOHmMPpOJIAl, 6bli6JIeHbl
OCHOBHble npUu4UHbl 603HUKHOBEHUSL ()84)6‘70’1’[06 npu pazeapkKe MuKponpoeolo4Hblx coeouHenull.
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A.S. TUGAREV, O.A. VORONINA, K.S. KHARLANOVA, V.V. MISHIN

ANALYSIS OF CONTROL METHODS FOR MICRO-WIRE CONNECTIONS

Abstract. The article is devoted to the analysis of methods of control of micro-wire connections in the process
of chip packaging. The main causes of defects during the boiling of micro-wire connections have been identified.
Keywords: micro-wire connections, control methods, visual control, instrumental control, connection defects.
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MATEPUAJIbI MEXXOYHAPOOHOU
HAYYHO-TEXHUYECKOU KOH®EPEHLIUU
«AUNHAMUKA, HAOE)XXHOCTb Y JOJIFTOBEYHOCTb
MEXAHUYECKUX U BUOMEXAHUYECKUX CUCTEM>»

VK 539.3 DOI: 10.33979/2073-7408-2023-362-6-160-171

X. XYJIOUHA3APOB, X. ICMOMJIOB

MATEMATHUYECKAS MOJEJb KPYTHJIBHBIX KOJJEBAHUM
YCEUYEHHOI'O KOHUYECKOI'O CJIOS1, B3AUMOJIEMCTBYIOUIETI'O
C JE®@OPMUPYEMOU CPEJ10OHN

AHHOTAUMA. B npednazaemou cmamve pazpabomana mamemamuieckas Mo0elb HeCmayuoOHaAPHbIX
KPYMUIbHBIX KOLeOaHUli KOHUYeCKOU Ynpyeol 00010YKu, Haxooauelica 6 oOedopmupyemoti cpede. BovigedeHvl
VMOUHEHHbLE YPAGHEHUSL KPYMUTbHBIX KOJLeOAHUT KOHUYECKOU 000NI0UKU U3 OOHOPOOHO20 U U30MPONHO20 MAMEPUANA, U3
KOMOPbIX, 8 YACMHOM CIYHae, MONCHO NOJLYYUNb HEKOMOPble U36ECHIHbLE YPAGHEHUsL KOLeOAHUsL KIACCUYECKO20 MUnd.
Ipeonoosicen  aneopumm, NO36ONAOWUL NO NOMO UCKOMBIX (DYHKYULL OOHOHAYHO ONPeOeiumb HANPANCEHHO -
deghopmuposantoe cocmosiHue mo4ex npousBoIbHO20 CEUeHUs. PACCMAMPUBAEMOU 0D0IOUKYU HO NPOCMPAHCMEEHHOU
KoopOuHame u epemenu. [Ipoanaruzuposansl HeKOmMopvle NPeOeibHble U YACTHble CIYHaU, CLedVIouUe U3 NOLYYEHHbIX
pesyibmamos. B uacmnocmu, xax npedenvHwiil cayuail ypasHenull KoneOanus 00010YKU, GbleeOeHbl YPAGHEHUs
KPYMUIbHBIX KOLeOAHUT YCeUEHHO20 KOHUYECKO20 CEPIICHSL U KPY20B8OU YUTUHOPUUECKOU 0D0NIOYUKU.

KawueBble cioBa: koHuueckas 000J0YKA, MAMEMAMUYECKas MoOeilb, Kojebanus, deopmupyemas cpeoa,
Hanpscerue, depopmayust, peakyus OKpyscaroueti cpeovl.
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KH. KHUDOYNAZAROV, KH. ISMOILOV

MATHEMATICAL MODEL OF TORSIONAL VIBRATIONS
OF A TRUNCATED CONICAL LAYER INTERACTING
WITH A DEFORMABLE MEDIUM

Abstract. In this article, a mathematical model of unsteady torsional vibrations of a conical elastic shell located
in a deformable medium is developed. Refined equations for torsional vibrations of a conical shell made of a homogeneous
and isotropic material are derived, from which, in a particular case, some well-known vibration equations of the classical
type can be obtained. An algorithm is proposed that makes it possible to unambiguously determine, from the field of
required functions, the stress-strain state of points of an arbitrary section of the shell under consideration in spatial
coordinates and time. Some limiting and special cases are analyzed, following the results obtained. In particular, as a
limiting case of shell vibration equations, equations of torsional conical vibrations of a truncated conical rod from a
circular cylindrical shell are derived.

Keywords: conical shell, mathematical model, vibrations, deformable medium, stress, deformation,
environmental reaction

BIBLIOGRAPHY

1. Khayrulla Khudoynazarov, Dilshod Kholikov and Jamshid Abdurazakov Torsional vibrations of a conical
elastic shell, AIP Conference Proceedings, 2637,030024 (2022); https://doi.org/10.1063/5.0118846

2. A. H. Sofiyev. “Large-amplitude vibration of non-homogeneous orthotropic composite truncated conical
shell”. In: Composites Part B: Engineering 61 (2014), pp. 365-374.

3. Filippov, I.G., Kudajnazarov, K. (1998) Boundary value problems of longitudinal oscillations of the circular
cylindrical shells Gongye Jianzhu/Industrial Construction, 28(12). 34—40.

4. Khudoynazarov, K., Yalgashev, B. 2021 Longitudinal vibrations of a cylindrical shell filled with a viscous
compressible liquid. E3S Web of Conferences 264, 02017. https://doi.org/10.1051/e3sconf/202126402017

5. Farbod Alijani, Marco Amabili. Non-linear vibrations of shells: A literature review from 2003 to 2013.
International Journal of Non-Linear Mechanics, Elsevier, 2014.

6. Sofiyev. A.H. The non-linear vibration of FGM truncated conical shells. June 2012.Composite
Structures 94(7):2237-2245.DOI: 10.1016/j.compstruct.2012.02.005

7. ®panuecko [Tenmukano. KomebGanus KpyroBBIX IUIMHAPHYECKUX OOOJOYEK: TEOPHS M HKCHEPUMEHTHI
Journal of Sound and Vibration. 2007. Volume 303, Issues 1-2, r., ctpanutpt 154-170

8. Khayrulla Khudoynazarov, Jamshid Abdurazakov and Dilshod Kholikov Nonlinear torsional vibrations of a
circular cylindrical elastic shell, AIP Conference Proceedings, 2637, 020003 (2022); https://doi.org/10.1063/5.0118844.

9. Mapko Amabwmm, IIpaGakapan banacyOpamansH, HenuHeiHble BBIHYXICHHBIE KOJICOAHMS CIIOHUCTBIX
KOMITO3UTHBIX KOHHYECKUX 000JIOUEK C UCIOIb30BAaHNEM YTOUYHEHHON TEOpUH CABUTOBOM aedopmarmu. Mions 2020 .
Komnosumuwvie xoncmpyxyuu 249: 112522. DOI: 10.1016 / j.compstruct.2020.112522

46 Ne 6 (362) 2023



http://books.google.com/books?hl=en&lr=&id=k9ifqUt5CvIC&oi=fnd&pg=PR11&dq=info:J3GR7Y_F4cgJ:scholar.google.com&ots=OaNAZCCYAd&sig=5qs4xVNYNY3Q4D3K9JuAUZCDRek
http://books.google.com/books?hl=en&lr=&id=k9ifqUt5CvIC&oi=fnd&pg=PR11&dq=info:J3GR7Y_F4cgJ:scholar.google.com&ots=OaNAZCCYAd&sig=5qs4xVNYNY3Q4D3K9JuAUZCDRek
http://books.google.com/books?hl=en&lr=&id=k9ifqUt5CvIC&oi=fnd&pg=PR11&dq=info:J3GR7Y_F4cgJ:scholar.google.com&ots=OaNAZCCYAd&sig=5qs4xVNYNY3Q4D3K9JuAUZCDRek
mailto:h.khudoyn@gmail.
mailto:hursandbek.1989@mail.ru
https://aip.scitation.org/author/Khudoynazarov%2C+Khayrulla
https://aip.scitation.org/author/Kholikov%2C+Dilshod
https://aip.scitation.org/author/Abdurazakov%2C+Jamshid
https://aip.scitation.org/doi/abs/10.1063/5.0118846
https://aip.scitation.org/doi/abs/10.1063/5.0118846
https://aip.scitation.org/journal/apc
https://doi.org/10.1063/5.0118846
https://www.scopus.com/authid/detail.uri?authorId=7006282473
https://www.scopus.com/authid/detail.uri?authorId=57221229444
https://www.scopus.com/authid/detail.uri?authorId=57221229444
https://www.scopus.com/authid/detail.uri?authorId=57221233065
https://doi.org/10.1051/e3sconf/202126402017
https://www.researchgate.net/scientific-contributions/AH-Sofiyev-2162277704
https://www.researchgate.net/journal/Composite-Structures-0263-8223
https://www.researchgate.net/journal/Composite-Structures-0263-8223
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.compstruct.2012.02.005
https://www.sciencedirect.com/science/article/abs/pii/S0022460X07000247#!
https://www.sciencedirect.com/science/journal/0022460X/303/1
https://aip.scitation.org/author/Khudoynazarov%2C+Khayrulla
https://aip.scitation.org/author/Kholikov%2C+Dilshod
https://aip.scitation.org/doi/abs/10.1063/5.0118844
https://aip.scitation.org/doi/abs/10.1063/5.0118844
https://aip.scitation.org/journal/apc
https://doi.org/10.1063/5.0118844
https://www.researchgate.net/profile/Marco_Amabili
https://www.researchgate.net/profile/Prabakaran_Balasubramanian2
https://www.researchgate.net/journal/Composite-Structures-0263-8223
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.compstruct.2020.112522

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

10. M.Bakhtiari, A.A. Lakis, Y.Kerboua, Nonlinear Vibration of Truncated Conical Shells: Donnell, Sanders
and Nemeth Theories. International Journal of Nonlinear Sciences and Numerical Simulation 2019. 21(1).
DOI: 10.1515/ijnsns-2018-0377

11. Hamid Aris, Habib Ahmadi Nonlinear vibration analysis of FGM truncated conical shells subjected to
harmonic excitation in thermal environment. Mechanics Research Communications. Volume 104, March 2020, 103499

12. Amir Shekari, Faramarz Ashenai Ghasemi, Keramat Malekzadehfard, Free Damped Vibration of Rotating
Truncated Conical Sandwich Shells Using an Improved High-Order Theory, Lat. Am. j. solids struct. vol.14 no.12 Rio
de Janeiro Dec. 2017. https://doi.org/10.1590/1679-78253977

13. @unummos W.T'., ®umurnmos C.U. KonebaTensHbIe 1 BOJTHOBBIE ITPOIECCH B CIUIOMIHBIX CKIMAaEMBIX Cpeaax
— Mocksa: «BUHUTHN», 2007, 429 c.

14. AxmenoB A.b., llemenun C.B. O mocTpoeHNN HETHMHEHHBIX YPaBHEHUH IBHKEHUS OPTOTPOITHBIX TUIACTHH,
Becmuux Mockoeckozo zocydapcmeennozo ynusepcumema, cepusa Mexanuka 2012, 67(3), C. 66—68.

15. Kushnarenko V.M., Beridze S.P. Free longitudinal vibrations of a conical rod, Bulletin of OSU Technical
Sciences, Mechanical Engineering, transport and Energy, 2000, no.3 (In Russian).

16. Beridze S.P. Free torsional vibrations of a conical rod, Bulletin of OSU Technical Sciences, Mechanical
Engineering and Transport, 1999, no.3 (In Russian).

17. Khalmuradov, R.I., Khudoynazarov, K., Nishanov, U.A. Elastic-plastic deformation of a round plate
reinforced with stiffeners. Magazine of Civil Engineering. 2022. 116(8). Article no. 11613. DOI: 10.34910/MCE.116.13

18. Khudoynazarov Kh.Kh. Transversal vibrations of thick and thin cylindrical shells, interacting with
deformable medium. Shell structures. Theory and applications: proceedings of the 8th international conference on shell
structures (SSTA 2005), 12-14 October 2005, Jurata, Gdansk, Poland. Shell Structures: Theory and Applications. 2006.
London: Taylor & Francis Group, pp.343-347

19. Khudoynazarov Kh.Kh., Khalmuradov R.I., Yalgashev B.F. Prodolno-radialnye kolebaniya uprugoy
tsilindricheskoy obolochki s vyazkoy sjimaemoy jidkostyu [Longitudinal-radial vibrations of a elastic cylindrical shell
filled with a viscous compressible liquid]. Vestnik Tomskogo gosudarstvennogo universiteta. Matematika i mekhanika —
Tomsk State University Journal of Mathematics and Mechanics. No 69. pp. 139—154. DOI: 10.17223/19988621/69/11.

Khairulla Khudoynazarov Khursandbek Ismoilov

Samarkand State University named after Sharof Samarkand State University named after Sharof Rashidov.
Rashidov. Professor of the Department of Theoretical and Doctoral student of the Department of Theoretical and
Applied Mechanics. 100104, 15 University Boulevard, Applied Mechanics100104, 15 University Boulevard,

Samarkand, Uzbekistan. Samarkand, Uzbekistan.
Texn. +998(97) 751-72-50 Temn. +998(94) 473-39-89
e-mail: kh.khudoyn@gmail.com E-mail: hursandbek.1989@mail.ru

© X. Xynoitnazapos, X. Ucmouios, 2023
YK 004.891.2:621.165:621.224 DOI: 10.33979/2073-7408-2023-362-6-172-178

E.B. TEOPTMEBCKAS, H.B. TEOPTUEBCKUIA

HUPPOBBIE I[BOIZIHI/IKI/I MATPUYHOI'O TUITA
JJIA TIPEJJUKTUBHOU AHAJIMTUKHU TEXHUYECKOI'O
COCTOSAHUSA TYPBOMALINH

AHHOTAUMA. B nocieonue 2001 6 sHepeemuke 6ce uawye O PEUWEHUs. PATUYHBIX 3A0a4 UCNOTb3VIOMC
yugposvle 08olHuKU npoyeccos u 0bvexkmos. OOHAKo, 051 MOWHBIX MYPOOMAWUH DIMOM NPOYECC CMATKUBAEMCS C
pAodom crodxcHocmell, Komopuvle 00 CuUx nop He yoanocv 00 Kouya npeodoiemv. IIpednodcenusiii 6 cmamve nooxoo0 K
NPeOUKMUBHOU AHATUMUKE MEeXHUYECKO20 COCMOAHUA MYPOOMAWUH C UCNONb308AHUEM YUPDPOBLIX OBOUHUKOS
MAMPUYHO20 MUNA NO3608em OMKA3AMbCA OM KOHYenYulu UpmyaibHo20 Oau3Heyd peaibHo2o 00beKkma u nepetimu K
Mmampuye 20mo8uLx peutenull, yuecms 8ce UHOUBUAYATbHbIE 0CODEHHOCMU U PEeXCUMbL PAbOmbl 000PYO08AHUsL, 8bIAGUMb
HebNazonpuamHole pexcumMHbie QaKmopul, 3HAYUMENbHO PACUWUPUING 20PU3OHMbI NPOZHO3UpPOBaHus. B cmamuve
npeoCcmagieHbl OCHOGHbIE NOJIOJCEHUSI KOHYEeNnYUU CO30aHUsl YUPPo68o2o 08OUHUKA MAMPUYHO2O MUNA, APXUMEKMYPA U
ONUCAHUE ANOPUMMO8, A MAKIHCe MEeXHOL02Usl npocHo3uposanus. [Ipeodnosicennvle peuterus onpobo8anvl Ha 0OHOU U3
poccuiickux I'IC, u 6 danvuetivem mozym 6blms HEOPEHbL HA MHO2UE 2EHEPUPYIOUUE 0OBLEKNbI.

KoaioueBble cioBa: mypbomawiuna, npeouKmusHas aHaiumuxa, yu@dposou 080UHUK, HAOEHCHOCb, PeCypC.

Ilpeocmagnennsvie 6 cmamope mamepuaibl HOIYUEHbl 6 PAMKAX GbINOTHEHUSA HAYUHO-UCCE008AMENbCKUX
pabom no zpanmam Donoa cooeiicmeus unnosayuam Ne 3288IC1/55639 om 27.11.2019 u Ne 4373I'C2/55639 om
01.12.2021 npu mexnuueckoii u punancoeoii noooepricke @onoa Ckonkoeo.

Ne 6 (362) 2023 47



https://www.researchgate.net/scientific-contributions/Mehrdad-Bakhtiari-2165151102
https://www.researchgate.net/profile/A_Lakis
https://www.researchgate.net/profile/Youcef_Kerboua
https://www.researchgate.net/journal/International-Journal-of-Nonlinear-Sciences-and-Numerical-Simulation-2191-0294
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1515%2Fijnsns-2018-0377
https://www.sciencedirect.com/science/article/abs/pii/S0093641320300288#!
https://www.sciencedirect.com/science/article/abs/pii/S0093641320300288#!
https://www.sciencedirect.com/science/journal/00936413
https://www.sciencedirect.com/science/journal/00936413/104/supp/C
https://doi.org/10.1590/1679-78253977
http://books.google.com/books?hl=en&lr=&id=k9ifqUt5CvIC&oi=fnd&pg=PR11&dq=info:J3GR7Y_F4cgJ:scholar.google.com&ots=OaNAZCCYAd&sig=5qs4xVNYNY3Q4D3K9JuAUZCDRek
http://books.google.com/books?hl=en&lr=&id=k9ifqUt5CvIC&oi=fnd&pg=PR11&dq=info:J3GR7Y_F4cgJ:scholar.google.com&ots=OaNAZCCYAd&sig=5qs4xVNYNY3Q4D3K9JuAUZCDRek
http://books.google.com/books?hl=en&lr=&id=k9ifqUt5CvIC&oi=fnd&pg=PR11&dq=info:J3GR7Y_F4cgJ:scholar.google.com&ots=OaNAZCCYAd&sig=5qs4xVNYNY3Q4D3K9JuAUZCDRek

MaTtepuaJibl MeKIYHAPOAHOH HAYUYHO-TEXHUYECKO KOH(pepeHUMHU

CIIMCOK JIMTEPATYPbI

1. BenmomcrBennsiii mnpoekt «LludpoBas osHepreruka» JloctymHo B wuHTepHere (mara 09.10.2023)
https://minenergo.gov.ru/node/14559.

2. I'pabuak E.I1. OueHka TEXHUYECKOTO COCTOSHHSI IHEPIeTUUECKOT0 000pYyJOBaHMS B YCIOBHUIX IH(POBOI
sxoHOMUKY //HagexHocTs 1 6e30nmacHOCTh 3HepreTuku. — 2018. — T. 10. — Ne. 4. — C. 268-274.

3. Borym B.b. O monepHm3amuu o00pyIOBaHUS W BHEAPCHUH COBPEMEHHBIX WH(POPMAIMOHHBIX TEXHOJOTHH
i obecniedeHns YHeprode3onacHocT U 3HeprodppexruBHOCTH padoter 'OC u T'ADC. // MexayHapoaHsiii popym
POH-2019, «DueproaddekTnBHOCTS W 3HEProOE30MacCHOCTh THAPOIHEPTETHUECKUX OOBEKTOB B KOHTEKCTE
MOJIEPHU3AINH YHEPTETHIECKOTO 000pyI0BaHUS U IUPPOBOH TpaHCHOPMAITIID.

4. Tonosmna, E.}O., Camapkuna, E.B., byiinosa, H.E., EsmoeBa, M.B. IudpoBuzamus u nudposas
TpaHcopMmanus TEIUIOIHEPreTUKU Kak (akTop mMoBbImeHUsT 3()(EKTHBHOCTH TEIIOBOH HHQPACTPYKTYphl (0030p)
//Tennosuepreruka. — 2022. — Ne. 6. — C. 3-16.

5. Muxaiinos B.E. [{udpoBoii TpeH 0TpacieBOro MHKMHUPUHTA B LIEJISIX YCTOMYMBOTO Pa3BUTHUS SHEPTETHKH
W 9HeproMaimHoctTpoeHus //Bonpocs anekrporexnonoruu. — 2021. — Ne. 1 (30). — C. 24.

6. JI Maccenn JI. B., Maccens A. I'., Konaiiropoackuit A. H. DBouoniys TeXHOIOTHN UCCIeI0BAaHUI YHEPTETUKU
U IIPUMEHEHUS UX PE3yJbTaTOB: OT MaTEMaTUYECKUX MOJIENEH U KOMIBIOTEPHBIX MPOTPaMM K HU(POBBIM TBOWHHKAM U
mudpoBeIM 00pazam //MHPOpMAIMOHHBIE 1 MATEMAaTHYECKHE TEXHOJIOTHU B Hayke U ympasieHnd. — 2019. — Ne. 4 (16).
—C. 5-19.

7. Topckuit F0.A., TlayroBa T.A., T'apunos [1.A., Tamm A 1O., BopoBkoB A.U. // B ¢6.: KnumoBckne uTeHHs -
2022: mepcreKTUBHBIC HANpaBICHUS pa3BUTHS aBuaaBHrarenecTpoeHus. COOpHUK CcTaTell HayYHO-TEXHHYECKOU
koHpepermuu. Cankt-IlerepOypr, 2022. C. 189-196.

8. Hemenko A. B., Hukutua M. M. IIporHo3Has olieHKa TEXHUYECKOTO COCTOSHHS CIO0XHOM MEXaHHYeCKOi
cucreMsbl //OyHnaMeHTaIbHbIE U TIPUKIIaIHBIE TPOOIEeMbl TeXHUKH U TexHonoruu. — 2021. — Ne. 1. — C. 39-44.

9. Grieves M., Vickers J. Digital twin: Mitigating unpredictable, undesirable emergent behavior in complex
systems // in Transdisciplinary perspectives on complex systems: Springer, 2017, pp. 85-113.

10. ITPAHA. Cucrema NpOoTrHOCTHKHU U yJajdeHHOro MoHuTOpuHra. JloctynmHo B untepuere (mata 10.10.2020)
https://prana-system.com/.

11. Teopruesckas E. B., ['eopruesckuit H. B. LludpoBoii 1BOMHUK rHIpoarperara: CTCPEOTHUIIBI U «TPI3HBIE
nannsie» //M3Bectust Beepoceniickoro HayqHO-HCCIIEI0BAaTENCKOTO HHCTUTYTA ruapoTexHukn M. BE BeneneeBa. —
2021.—T. 299. - C. 69-76.

12. T'eopruesckas E. B., I'eopruesckuii H. B. LlugpoBoii 1BOMHKK THApOarperara: HOBOE WIH XOPOIIO 3a0BITOS
crapoe? //Tuaporexnuka. — 2021. — Ne. 2. — C. 62-65.

I'eopruesckast EBrenust Bukropossna I'eopruesckuii Hukonaii Baagumuposuy
00O «lleHTp KOHCTPYKTOPCKO- 00O «lleHTp KOHCTPYKTOPCKO-
TEXHOJIOTHYECKUX NHHOBAIIUI» TEXHOJIOTHYECKUX MHHOBALIUI

Kanannar pusnko-MareMaTHuecKuX HayK KangunaTt TexHU4ECKHUX HAyK

HupekTop no Hayke I'enepanbHbIi 1UpPEKTOP

Anpec: 197022, Cankr-IletepOypr, Anpec: 197022, Cankt-IletepOypr,

Ha0. pexu Kaprnoskwu 1. 5 nut. S Ha0. pexu Kapnoskw 1. 5 nut. S

Ten. +7(921)971-64-43 Ten. +7(921)971-64-43

E-mail: sciencedir@cdti.ru E-mail: gendir@cdti.ru

E.V. GEORGIEVSKAIA, N.V. GEORGIEVSKY

MATRIX-TYPE DIGITAL TWINS FOR PREDICTIVE ANALYTICS
OF THE TECHNICAL CONDITION OF TURBOMACHINES

Abstract. In recent years, digital twins of processes and objects have been increasingly used to solve various
problems in the energy industry. However, for powerful turbomachines this process faces a number of difficulties that
have not been completely overcome so far. The article proposes the approach to predictive analytics of turbomachinery
technical condition using matrix-type digital twins. It allows to abandon the concept of virtual duplicate of a real object
and move to the matrix of ready-made solutions, to take into account all individual features and modes of equipment
operation, to identify unfavorable mode factors, to significantly expand the horizons of forecasting. The article presents
the main provisions of the concept of creating a digital twin of matrix type, architecture and description of algorithms,
as well as forecasting technology. The proposed solutions have been tested at one of the Russian HPPs, and in the future
can be implemented at many generating facilities.

Keywords: turbomachine, predictive analytics, digital twin, reliability, lifetime.
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UCCJIEJOBAHUE HAJEXHOCTH CYJOBBIX JIBUTATEJIEN
1O YCJIOBHUIO ®POPCUPOBAHUA

AHHOTAUMSA. B cmamoee paccmompervl yciosus (hopcupo8anusi cyo0osvix 0gueamenell BHymMpeHHe20 C2OPaHUs C
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Abstract. The article discusses the conditions for boosting marine internal combustion engines from the
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COBEPHIEHCTBOBAHUE IMPOLECCA 3ATBIJIOBAHUS 3YBbEB
PABOYEUN YACTHU MEJIKOPASMEPHBIX METYUKOB

AnHoTanus. Cmambvs noceéaueHa 60npoOCcam CO8ePUIEHCMBOBANHUA NPOYecca 3amblio8anus 3y0ves pabouei
yacmu MenKopasmMepHelx Memuuxos. Paccmampusaiomces cywecmsyiowue Kongueypayuu nonepeunvix ceveHull
MemuuKos, cnocoowl u cxemuvl ux gopmoobpazosanuii. Tpaduyuonno, npoyecc 3amolioganus 3yovee pabouell yacmu
MEMYUKO8 OCYWeCmEIAemcss NOCPeOCmEOM paoUaibHO20 NepemelyeHus UHCMPYMeHma, 4mo eieyem 3a coOou
uckasicenust npoguas pe3vbul. B cmamve paccmampusaemcs cnocoobl 3ambulilo8aHUs MEIKOPAZMEPHBIX MEMUUKOS, NpU
KOMOPbIX UHCHMPYMEHNY CcO0DWaemes ocesoe B8036pAMHO-NOCMYNAmenbHoe nepemewenue, a makdce couyemanue
0Ce8020 ¢ 8036PAMHO-NOCMYNAENLHLIM PAOUANLHLIM, YO 0becneyusaem 6blCOKYI0 MOYHOCHb 00pabomxu u npu
SHAUUMENbHLIX N0  6enudune Kodguyuenmax 3amvinoganus. Ilpedcmasnenvt cxemvl npoyecca U ORUCAHUA
KOHCMPYKYUU CIAHOYHO020 000pYO08AHUL, NO3BOIAIOUE20 Peani308amb 6bIUUEYKA3AHHYIO MEXHOT02UIO.

KnaroueBble cinoBa: npoyecc 3amulio8anus, MeIKOpA3MepHblil MEemuux, pabouas 4acms MeIKOpazMepHo2o
Memuuxa, moYHOCmyb U Ka4ecmeo pes3bobvl, Cnocob 0ces020 3ambli08aHUsl, pe3bOOUIUPOBANbHBIL CHIAHOK.
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A.O0. KHARCHENKO, S.V. KORCHEVSKI

IMPROVING THE PROCESS OF BACKING
THE TEETH OF THE WORKING PART OF SMALL-SIZED TAPS

Abstract. The article is devoted to the issues of improving the process of backing the teeth of the working part
of small-sized taps. The existing configurations of cross-sections of taps, methods and schemes of their shaping are
considered. Traditionally, the process of backing the teeth of the working part of the taps is carried out by means of radial
movement of the tool, which entails distortion of the thread profile. The article discusses the methods of backing of small-
sized taps, in which the tool is informed of axial reciprocating displacement, as well as a combination of axial and
reciprocating radial, which ensures high processing accuracy and with significant coefficients of backing. The process
diagrams and descriptions of the design of the machine tool equipment that allows the implementation of the above
technology are presented.

Keywords: the process of backing, a small-sized tap, the working part of a small-sized tap, the accuracy and
quality of the thread, the method of axial backing, a thread grinding machine.
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