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2.5.4. POBOTbI, MEXATPOHWKA 1 POBOTOTEXHUYECKWME CUCTEMBI
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Anena Anamonvesna @edoposa, Cepzeii Anamonvesuu Bacuibes™

Uysamickuii rocygapcTBeHHbIl yHuBepcuteT uM. M.H. YibsHosa
™ ABTOp /1JIs1 KOPPECIIOHAEHIMH

MOAENWPOBAHUE CKAHUPOBAHUA
MO CMUPANIbHOU TPAEKTOPUU
MEXATPOHHbIM MPO®PUITIONTPA®OM

AHHOTALUS

AHanu3 HayYHBIX TPYJOB IOKa3bIBALT, YTO IPUMEHEHUE CITUPATIbHBIX TPAEKTOPHI B PA3THIHBIX OTPACIISX
XO3SICTBA aKTYyaJIbHO U OATBEPKAaeT 3 PEKTHBHOCTD NX UCIIONB30BaHUS, B YACTHOCTH, B 001aCTH H3Me-
PEHUsSI pa3IMYHBIX [TOKa3aTeNneil kKauecTBa MOBepXHOCTEH. Llenbio paboThI sIBIseTCs IIIaHMPOBaHUE U MOZIe-
JMPOBaHUE CKAHUPOBAHMS MIOBEPXHOCTEH 110 CIIUPANBEHOM TPaeKTOPHH POOOTH3NPOBAHHOTO YCTPOICTBA
C IIPUBEACHUEM TEOPETUUCCKUX BBIYMCICHUH BHIOPAHHBIX TPACKTOPUI B 3aBUCUMOCTH OT U3MEPSEMBIX
MoKasaresieil ¢ arpoOaluei MPUBEICHHBIX BBIYUCICHUIN B BEIOPAHHOW Cpejie MOJIEIMPOBaHUs U rpadu-
YeCKUM OToOpakeHHueM. [ CKaHMPOBaHHS MOBEPXHOCTEH M KOHTPOJISI OXHOBPEMEHHO HECKOIBKUX
HOKa3aresnel KauecTBa B aBTOMAaTH3MPOBAHHOM PEKUME MpeyIaraeTcs HCIoIb30BaTh MEXaTPOHHBIH podu-
norpad 10 CIUPaIbHBIM TPASKTOPHSIM, KOTOPBIE OIMHMCHIBAIOTCS COOTBETCTBYIOIMMHI MaTeMaTHIECKUMHU
BBIYHCIICHUAMH. [IpuBeneHb! popMybl COMPaIbHBIX TPACKTOPHH B 3aBHCUMOCTH OT ITOCTOSIHHBIX Hapa-
METPOB: MAaKCUMaJILHOTO ¥ MUHUMAJIBHOTO PAaANyCOB YCTPOHCTBA, a TAK)KEe M3MEHSIOIINXCS TapaMeTpoB
CKaHMPOBAaHMS: pa3Mepa HCCIeAyeMOro y4acTKa CKaHUPOBAHUS, THIIA CIIMPAIH, IIara CKaHUPOBAHMS,
KOTOpBIE BBIOMPAIOTCS UCXOIS U3 HccieayeMol noBepxHocTH. [IpoBenena ampobanus pacuera B cpene
Mmozenuposanus SimInTech ¢ momolik0 MoJIEIH, TPECTaBIAONICH COO0W COBOKYITHOCTB JABYX MOAYJICH:
MOZYJIS yIIPABIEHHS U MOZYJISl BBOAA JAHHBIX, CBA3aHHBIX MEXIy cO00H 0a30ii CUTHAJIOB C TpadUueCKUM
0TOOpaKeHHEM CIIMPAIbHBIX TPACKTOPHUHI NMPH PA3IUIHBIX HCXOAHBIX BXOAHBIX JAHHBIX.

KaroueBble ciioBa: cp€aa MOoACIMPOBaHMA, CKAHUPOBAHUC, NaTYUK U3MEPCHUA, CIIMPAJIb CDepMa,
CIiupajibHasg TPACKTOPU.

Jas untupoBanusi: ®enoposa A.A., Bacuiibe C.A. MonenupoBaHue CKaHUPOBAHUS MO CIIUPATIBLHOMN
TpaeKTOpuu MexaTpoHHBIM npoduiorpadom / Becthuk MI'TY «Crankun». — 2025. — Ne 3 (74). —
C. 8-20.-DOI 10.47617/2072-3172_2025_3 8.
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2.5.4. POBOTbl, MEXATPOHWUKA N POBOTOTEXHUYECKWE CUCTEMbI

Alena A. Fedorova, Sergey A. Vasilyey™

I.N. Ulianov Chuvash State University
™ Corresponding author

SIMULATIN OF SCANNING ALONG A SPIRAL TRAJECTORY
WITH A MECHATRONIC PROFILOGRAPH

Abstract

The analysis of scientific works shows that the use of spiral trajectories in various industries is relevant
and confirms the efficiency of their use, in particular in the field of measuring various indicators of surface
quality. The purpose of the work is planning and modeling of surface scanning along a spiral trajectory
of a robotic device with the provision of theoretical calculations of the selected trajectories depending on
the measured indicators with testing of the given calculations in the selected modeling environment and
graphical display. For scanning surfaces and simultaneous control of several quality indicators in automated
mode, it is proposed to use a mechatronic profiler along spiral trajectories, which are described by the
corresponding mathematical calculations. Formulas for spiral trajectories are given depending on constant
parameters: the maximum and minimum radii of the device, as well as changing scanning parameters:
the size of the studied scanning area, the type of spiral, the scanning step, which are selected based on the
studied surface. The calculation was tested in the SimInTech modeling environment using a model that is
a set of two modules: a control module and a data input module, interconnected by a signal base with a
graphical display of spiral trajectories with various initial input data.

Keywords: modeling environment, scanning, measuring sensor, Ferma spiral, spiral trajectory.

For citation: Fedorova A.A., Vasilyev S.A. Simulation of scanning along a spiral trajectory with a
mechatronic profilograph. Vestnik MSUT “Stankin”. 2025. No 3 (74). P. 8-20. DOI 10.47617/2072-
3172 _2025_3 8. (In Russian)
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Anexcandp Pomanosuu Cemenos =, Braoumup Cepzeesuu Konomoiiyes

Canxkr-IlerepOyprekuii roCcyIapCTBEHHBIH YHUBEPCUTET a9POKOCMHYECKOTO ITPHOOPOCTPOCHUS
™ ABTOp J1 KOPPECIIOHAEHIMH

ONTUMU3ALIUA BbIBOPA PEXYWENO NHCTPYMEHTA: OLIEHKA 3ATPAT
HA OBPABOTKY NPUMYCKA B MEXATPOHHbIX CACTEMAX

AHHOTaN U

B coBpeMeHHBIX YCIIOBHSAX IPOU3BOACTBA BHIOOP PEXKYIIIET0 HHCTPYMEHTA SBIISETCS KPUTHYECKH BaXKHBIM
JUIS CHHDKEHUS 3aTpar U NoBbleHus 3¢ dexruBHOCTH 00paboTKH. OCO0yI0 aKTyalbHOCTb 3Ta IpodiemMa
puoOpeTaeT B MEXaTPOHHBIX CUCTEMAaX, e TpeOyeTcsl TOUHOE COOTBETCTBUE HHCTPYMEHTA CIIOXKHBIM
TEXHOJIOrM4YeCKUM mpoueccam. OJTHAKO OTCYTCTBHE YHUBEPCAIBHBIX METOJUK OLIEHKHA SKOHOMUYECKON
3¢ GEeKTUBHOCTH HHCTPYMEHTA IIPUBOANUT K HEONTHMAIBHBIM PELICHUSIM H JIOTIOJIHUTEIbHBIM U3IEPIKKaM.
Ienpro UccleoBaHUs CTaja pa3paboTKa MareMaTH4eCKOW MOJIEIH JIJIsi CPABHUTEIILHOM OIEHKH CTOH-
MOCTH 00paOOTKH IIPHUITYCKa, O3BOJISIOIIEH ONTUMHU3UPOBATh BEIOODP PEXYILEro HHCTPYMEHTA Ha OCHOBE
00BEKTUBHBIX SKOHOMHYECKIX KPUTEPHUECB.

B uccnenoBanuy MCIIONb30BaHbl JaHHBIE IIPOU3BOACTBEHHBIX UCIBITAHUNA MHCTPYMEHTOB, IIapaMeTphl
00pabOTKM TUIOBBIX JeTallell 1 SKOHOMHYECKUE MOKa3aTeNy dKCIuTyaTanuu odopynoBanus. OcHOBON
METOJIUKH CTaJ pa3pad0TaHHBII aBTOPaMH aJITOPUTM pacdeTa CTOMMOCTH CHSTHS €IMHUIBI 00beMa MaTe-
pHana ¢ y4eToM CTOMKOCTH MHCTPYMEHTA, BPEMEHH €ro 3aMEeHbI U CTOMMOCTH CTaHKO-4aca.
TIpemnoxxeHa opuruHanbHas GopMysa pacuera CTOUMOCTH 00paboTKu | M MPHUITyCKa, YUUTHIBAIOIIAS
BCE KITIOYEBBIE MTapaMeTphl MPoIecca. YCTAaHOBICHO, YTO BIMSHUAE CTOMMOCTH MHCTPYMEHTA Ha o0Iue
3aTparkl CYIIECTBEHHO Pa3InyaeTCs Ui SMUHIIHOTO U CEPUITHOTO IMPOU3BOICTBA. BrisiBneHa HennHeHAs
3aBHCHMOCTh MEX]Ty [IEHON MHCTPYMEHTA U ce0eCTOUMOCTHIO 00paOOTKH.

Pa3zpaboranHas METOAMKA TTO3BOJISET NPEANPUATUSAM OOBEKTHBHO CPAaBHUBATh HHCTPYMEHTBI Pa3HbBIX
MIPOU3BOJIMTEINEH, MUHUMH3HPOBATh 3aTPaThl Ha 00pabOTKy 0€3 JOPOroCTOSAIINX UCITBITAHUN, IPUHUMATh
000CHOBaHHBIC PEIlICHHS PU U3MEHEHUH PHIHOYHBIX [IEH HAa MHCTPYMEHT. Mojieslb 0COOEHHO aKTyasbHa
B YCJIOBHSAX UMIIOPTO3aMEICHHS H HEOOXOJUMOCTH OBICTPOM aanTalliy K H3MEHSIOIINMCS SKOHOMHYE-
CKHM yCIIOBUSIM.

KuroueBble c10Ba: peXyIINi HHCTPYMEHT, MEXaTPOHHBIE CHCTEMBI, ONITHMH3ALHs1, CTOMKOCTh HHCTPY-
MEeHTa, cebecTouMocTh 00padoTku, UITY.

Jas untupoBanusi: Cemenos A.P., Kosomoiities B.C. Ontiumuzaiius BpIOOpa pexyIero HHCTpyMeHTa:
OIICHKA 3aTpaT Ha 00paboTKy MmpUIlycka B MeXaTpOHHbIX cucreMax // BectHuk MI'TY «CraHKuHY. —
2025. - Ne 3 (74). — C. 21-28. - DOI 10.47617/2072-3172_2025 3 21.
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Alexander R. Semenov=, Viadimir S. Kolomoitcev

Saint-Petersburg State University of Aerospace Instrumentation
™ Corresponding author

OPTIMIZING CUTTING TOOL SELECTION: ESTIMATING STOCK
MACHINING COSTS IN MECHATRONIC SYSTEMS

Abstract

The selection of cutting tools in modern manufacturing is crucial for cost reduction and processing effi-
ciency. This issue is particularly relevant for mechatronic systems requiring precise tool matching to
complex technological processes. The lack of universal methods for economic evaluation often leads to
suboptimal decisions and additional costs.

Development of a mathematical model for comparative assessment of allowance processing costs, enabling
optimized tool selection based on objective economic criteria.

The study utilizes data from tool performance tests, typical part processing parameters, and equipment
operating costs. The methodology is based on an original algorithm calculating material removal cost per
unit volume, considering tool life, replacement time, and machine-hour rate.

Results and scientific novelty. The authors propose an innovative formula for calculating 1 m* allowance
processing cost, incorporating all key process parameters. The research reveals significant differences in
tool cost impact between custom and mass production. A nonlinear relationship between tool price and
processing cost has been identified.

The developed methodology enables manufacturers to: objectively compare tools from different suppliers,
minimize processing costs without expensive testing, make informed decisions when tool market prices
change.

The model is particularly valuable for import substitution strategies and rapid adaptation to changing
economic conditions.

Keywords: cutting tool, mechatronic systems, optimization, tool life, machining cost, CNC.

For citation: Semenov A.R., Kolomoitcev V.S. Optimizing cutting tool selection: estimating stock machining
costs in mechatronic systems . Vestnik MSUT “Stankin”. 2025. No 3 (74). P. 21-28. DOI 10.47617/2072-
3172 _2025_3 21. (In Russian)
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! MocKkoBCKHi rocynapcTBeHHbIH TexHonornyeckui yausepeutet « CTAHKWH»
2 Kys0acckuil rocyIapCTBeHHBII TexHIMYecKuil yHIBepcuteT umenu T.d. Topbauepa

™ ABTOp JIs1 KOPPECTIOHAEHIIUH

BIIUAHUE OPUEHTALMN ABPA3UBHBLIX 3EPEH

B LWWIN®POBAJIbHbIX KPYTAX HA COCTABNAIOLWWME CUNbl PE3AHUA
U UX COOTHOLUEHUA NPU LUNTUD®OBAHUN 3ATOTOBOK

N3 CTANEN PA3JTUYHbIX MAPOK

AHHOTAIUS

IIpoBeneHbI KOMIUIEKCHBIE HCTIBITaHMs! MUTA(OBABHBIX KPYTOB, IIPY H3TOTOBIEHHH KOTOPBIX a0pa3uBHEIC
3épHa IeJIeHaNPaBIeHHO OPHEHTHPOBAIH B Telle HHCTPYMEHTOB MOCPEICTBOM JIEKTPOCTATHYECKOTO
nonist (TTatent PD Ne 2369474). MccenenoBaHo BIUSHUE OPUCHTHPOBAHHS aOpa3suBHBIX 3EpeH B HUTHDO-
BaJIbHBIX KPYyraXx Ha PEXYIIYI CIIOCOOHOCTh, k03 duuueHT nutudopanus, 3GHEKTUBHYIO MOITHOCTh
pe3aHus IUTH(OBATBHBIX KPYTOB, IIEPOXOBATOCTH 00pabaThIBAeMBIX MOBEPXHOCTEN, TEIIOHANPSHKEHHOCTh
npomecca MITH(OBAHNS, A TAKKE HA BETHIMHBI COCTABIISIOLINX CHIIBI Pe3aHus P 1 P_ 1 ¥X COOTHOIICHHs
IIPU OTPE3HOM IUTN(OBAHUH 3aTOTOBOK M3 PA3IMYHBIX CTaJeH.

YcraHOBIIEHO, UTO yIIpaBIeHHE reoMeTpuelt 3€peH MOCPEICTBOM HX LeJICHAIPaBICHHOTO OPHEHTHPOBAHUS
B IUTH(OBANTBEHBIX HHCTPYMEHTAX ITO3BOJISIET CYILECTBEHHO MOBBICHTE 3(Q(EKTUBHOCTH IpoIiecca MU (o-
BanusL. C yBeIMUCHHEM BEITMUHH ITEPEIHUX YITIOB 36peH NPH NX paJHalbHOH OPUEHTAINH B IUTU(OBAIBHBIX
Kpyrax MOBBIIIACTCS PEKYIas CI0COOHOCTh HHCTPYMEHTOB, CHIDKAIOTCS AeopMaiini 00pabaTkiBacMoro
MarepHaa, TeMIepaTypsl IpH NUTH(OBaHUH, IPH 00pabOTKe MO CXeMe ¢ OCTOSTHHBIM YCHIIHEM MPYDKaTHS
3arOTOBKH K HHCTPYMEHTY (P = const) yBeIHIHBACTCS COCTABIISIOLIAS CHIIBI PE3aHHs P_ 1 yMCHBIIACTCS
coorromrerne P /P . C 1pyroii CTOPOHBI, YMCHBIICHHE [IEPEAHNX YIVIOB 3EPCH NPH MX TAHICHIHATEHOM
OPHEHTHPOBAHHUH B KPyTax IMO3BOJSIET CYIIECTBEHHO CHU3UTD MIEPOXOBATOCTH ILTU(YEMBIX TIOBEPXHOCTEN
Y YMEHBIIUTB U3HOC HHCTPYMEHTOB, IPH 3TOM ITPU 00pabOTKe MO CXeMe C IMTOCTOSTHHBIM YCHITHEM IIPHKATHS
3arOTOBKH K HHCTPYMEHTY (P = const) yMEHBIIACTCS COCTABIIAIONIAs CHIIbI PE3AHMS P, 1 yBEIHYHBACTCS
cootHomIeHne P /P, YCTaHOBICHO, YTO NPH MLTH(OBAHKH 3aTOTOBOK W3 CTanu 10 paloHaIbHbIH yrom
OpHeHTaIH 3EPEeH B KPyrax B COOTBETCTBUH C HAIIPaBJICHUEM JICHCTBHS CHJIBI pE3aHUsI COCTaBIsIeT @ =
75°, a npu nundoBanuu 3arotoBok u3 cranu 12X18H10T u IIX15 (60 HRC) pauroHanbHbIi yro
opueHTanwu 3épeH cocraBisier ® = 78°.

KuroueBsble cj10Ba: opueHTanus abpa3suBHBIX 3€peH, AeopManiuy U TeMIIEpaTypbl MeTaIa npy Huiudo-
BaHUU, CHJIA pe3aHusl P, COCTaBISIONINE CUIIbI pE3aHUS Py u P, cootHouienue P /P, pallMoHalIbHbLH yro
OpUEHTAINH 3EPEH.

Juasa untupoBanus: ['puropees C.H., KoporkoB B.A. Bnusinue opueHTanuu abpa3suBHBIX 3E€peH
B IUTH(OBATIBLHBIX KPyrax Ha COCTABILIONINE CHIIBI PE3aHHS M UX COOTHOLICHUS IPH MUTH(OBAHNH 3ar0-
TOBOK U3 crajiedl pa3nuuHbix Mapok // BectHuk MI'TY «Crankuny. — 2025. — Ne 3 (74). — C. 29-40. —
DOI 10.47617/2072-3172_2025 3 29.
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THE INFLUENCE OF ABRASIVE GRAIN ORIENTATION

IN GRINDING WHEELS ON THE CONSTITUENT CUTTING FORCES
AND THEIR RATIO IN GRINDING WORKPIECES MADE

OF VARIOUS GRADES OF STEEL

Abstract

Complex tests of grinding wheels were conducted, during the manufacture of which the abrasive grains
were purposefully oriented in the body of the tools by means of an electrostatic field (Patent of the Russian
Federation Ne 2369474). The influence of the orientation of abrasive grains in grinding wheels on the cutting
ability, grinding coefficient, effective cutting power of grinding wheels, roughness of the treated surfaces,
heat stress of the grinding process, as well as on the values of the cutting force components P and P_and
their ratios during cut-off grinding of workpieces from various steels was studied. It was found that control
of the grain geometry by means of their purposeful orientation in grinding tools allows to significantly
increase the efficiency of the grinding process. With the increase of the front angles of grains with their
radial orientation in grinding wheels, the cutting ability of the tool’s increases, the deformations of the
workpiece and the temperature during grinding decrease, when processing according to the scheme with
a constant force of pressing the workpiece to the tool (P =const), the component of the cutting force P,
increases and the ratio P /P_decreases. On the other hand, the decrease of the front angles of grains with
their tangential orientation in wheels allows to significantly reduce the roughness of the surfaces being
ground and reduce the wear of the tools, while when processing according to the scheme with a constant
force of pressing the workpiece to the tool (P =const), the component of the cutting force P, decreases and
the ratio P /P_increases. It has been established that when grinding workpieces made of AISI 1010 steel,
the rational angle of grain orientation in circles in accordance with the direction of action of the cutting
force is ®=75°, and when grinding workpieces made of AISI 321 and AISI 52100 (60 HRC) steel, the
rational angle of grain orientation is ®=78°.

Keywords: orientation of abrasive grains, deformations and temperatures of metal during grinding, cutting
force P, cutting force components Py and P, Py/Pz ratio, rational grain orientation angle.

For citation: Grigoriev S.N., Korotkov V.A. The influence of abrasive grain orientation in grinding wheels
on the constituent cutting forces and their ratio in grinding workpieces made of various grades of steel.
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! THCTUTYT KOHCTPYKTOPCKO-TEXHOJIOrn4eckoi napopmaruku PAH
2 MocKOBCKHU# rocyapcTBeHHbIN TexHonoruueckuii yuusepcuter «CTAHKH»
* LleHTpaJbHBIA HAyIHO-NUCCIIEAOBATENLCKUI HHCTUTYT MAIIHHOCTPOCHHS

™ ABTOp AJ1 KOPPECIIOHAEHIMH

OCOBEHHOCTU MOHHOM OUYUCTKM U TEPMOAKTUBALIUA
MOBEPXHOCTU TBEPOOCIJIABHOIO CYBCTPATA
NEPEQ OCAXOEHWEM U3HOCOCTOWNKUX NOKPbLITUN

AHHOTAIUSA

CpaBHUBAIUCh OCOOCHHOCTH MOHHOM OYMCTKM U T€PMOAKTHBALUU ITOBEPXHOCTU TBEPJOCIJIaBHOIO
cyOcTpara ¢ UCIOIb30BAHUEM ABYX METOJI0B: HOHHOI O0MOapANpPOBKOH ¢ TeHepalteil 1a3Mbl 1yTOBBIMU
UCTIApUTENAMH U TICIOLIUM Pa3psaoM. BelIo ycTaHOBIEHO, YTO IPUMEHEHHE TICIOLIEro paspsiaa odecrie-
YMBAET JIYYIITY0 CTOMKOCTb ITOKPBITUS K Pa3pyLIEHUIO IPH LapaaHui U H3HOCOCTOMKOCTh METAJLIOPEXKY-
II€r0 UHCTPYMEHTA P To4eHUU cTanu. C poCTOM CKOPOCTH Pe3aHUs IPEUMYILECTBO B U3HOCOCTONKOCTH
HOKPBITUS, HAHECEHHOTO ¢ UCIOIb30BaHUEM TICIOLIETO pa3psia, yBenuuuBaercs. B nponecce Harpesa
U TPaBJICHUS] HOHHOM 60MOapAMpOBKON HOHAMU METAJITIOB B 00JIacTH UHTEpdelica IOKPHITHS U TBEPAOTO
cIIaBa 00pa3yeTcsl HAHOCIIOM, HAaChIEHHbIH KOOAIbTOM U 2JIEMEHTaMHU OCHACTKU (3KeJie30, MOIUOEH).
IIpu HarpeBe U TpaBICHUM TICIOIIUM PAa3PsIOM TaKo cioit He oOpasyeTcs. [Ipu ucnonpzoBaHUU 000UX
METO/I0B HabmoaeTcst uaeHTH4Has 1uddysus Bonbhpama B oKpbITHE U TU(PdY3UsT XpoMa U, BO3MOXKHO,
TUTaHa B cyOCTpar.

KiroueBble cjioBa: Tiaeronui pa3psa, NOKPBITHSA, TOATOTOBKA MOBEPXHOCTH, HOHHA 60M6apz[1/1p031<a,
PpE3Ka MeTajlIa.

Jas uurupoBanus: Bepemaka A.A., bByonukos 10.U., [lImakos .M., Cotosa E.C., [Toranos I1.1O.
OCO0GEHHOCTH MOHHOW OYMCTKH U TEPMOAKTHBALIMHU [TOBEPXHOCTH TBEPAOCIUIABHOTO CyOcTpara mnepen
ocaxeHreM u3HococToiKuX nokpsiTuid // BectHuk MI'TY «Crankuny». —2025. —Ne 3 (74). — C. 41-55. -
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FEATURES OF ION CLEANING AND THERMAL ACTIVATION
OF THE SURFACE OF A CARBIDE SUBSTRATE BEFORE DEPOSITION
OF WEAR-RESISTANT COATINGS

Abstract

The features of ion cleaning and thermal activation of the surface of a carbide substrate were compared
using two methods: ion bombardment with plasma generation by arc evaporators and a glow discharge. It
was found that the use of a glow discharge provides better resistance of the coating to destruction during
scratching and wear resistance of the metal-cutting tool during steel turning. With an increase in the
cutting speed, the advantage in wear resistance of the coating applied using a glow discharge increases.
During heating and etching by ion bombardment with metal ions, a nanolayer saturated with cobalt and
tooling elements (iron, molybdenum) is formed in the interface area of the coating and the hard alloy.
When heating and etching with a glow discharge, such a layer is not formed. When using both methods,
identical diffusion of tungsten into the coating and diffusion of chromium and, possibly, titanium into the
substrate are observed.

Keywords: glow discharge, coatings, surface preparation, ion bombardment, metal-cutting.

For citation: Vereschaka A.A., Bublikov Yu.I., Shmakov I.M., Sotova E.S., Potapov P.Yu. Features of ion
cleaning and thermal activation of the surface of a carbide substrate before deposition of wear-resistant
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MocCKOBCKHIA TOCyAapCTBEHHBIN TexHoorndecknii yauBepceuteT « CTAHKWH»
™ ABTOp J1 KOPPECTIOHAEHIMH

NOBbILWEHUE CTOMKOCTWU KOHLIEBbIX TBEPOOCM/IABHbIX ®PE3
MNP OBPABOTKE TUTAHOBBIX CIMJIABOB NYTEM KOMBUHUPOBAHUA
N3HOCOCTOMKUX U AHTUGPUKLIMOHHbIX CITOEB

AHHOTAIUSA

B pa60Te NOpEANTPUHUMACTCA IIOTIBITKA CBA3aTh ITapaMETPhI BSaHMO}leﬁCTBMﬂ MaTepuajia MOKpPbITHUA C TUTA-
HOBbIM ciutaBoM BT18Y B npouecce cBepieHus, NposABIAOLIMECS KaK H3MEHEHUE CUIIOBOIO ITapaMeTpa
W IIapaMeTpoB KadyecTBa 00pabOTKH CO CTOMKOCTBHIO KOHIEBBIX (Ppe3 mpu 00paboTKe TOil ke 3ar0TOBKH.
DKCIEepPUMEHTHI TI0Ka3bIBAIOT, YTO [ApaMETPhI, Ha KOTOPHIC OKa3bIBACT BIMSIHUE CKIIOHHOCTH K HAapoO-
CTO00Pa30BaHMIO, OKA3bIBAIOT HAHOOINbIIIEEe BIUSIHUE Ha CTOMKOCTh TBEPAOCILIABHBEIX (pe3, 0 YeM He
MOTY4aeTCsl CyAUTh 110 CUJIOBOM XapaKTepUCTHUKE NpU cBepiaeHuU. 1o TaHHBIM, NOTY4YE€HHBIM TIPH CBEp-
JICHUU ¥ pe3epOBaAHNH, MOKHO CYIUTh O B3aUMOCBSI3M Mexay npoueccamu. Tak, nokpsitie (TiAISi)N
C aHTH(PUKIHOHHEIM CIIOEM U3 dUIaMa, TOKa3aBllee HAMMEHbIINE 3HaYeHNe MapameTpa R Ha menTouke
CBepJia U OTKJIIOHCHHE THaMeTPa OTBEPCTHS OT HOMHHAJIBHOTO Ha OIIEPaLMU CBEPIICHIUSL, TI0KA3aJI0 JIyUIILyO
CTOMKOCTB (hpe3 110 2 pas.

KuarwueBsble ¢j10Ba: TUTAHOBEII CIlIaB, TBepI[OCHHaBHBIfI HHCTPYMCHT, HU3HOCOCTOMKOE IIOKPBITHE, CTOM-
KOCTB, HICPOXOBATOCTH, METOA KJIACTCpU3allN K-CpeHHI/IX.

Jast nurtupoBanus: Genopos C.B., Ter V, Kynmukosa A.C. IloBrlimenne cTOMKOCTH KOHIEBBIX TBEPJIO-
CIUIaBHBIX (ppe3 nmpu 00pabOTKe THTAHOBBIX CILIABOB IyTeM KOMOWHUPOBAHHS W3HOCOCTOMKHUX U aHTU(PPHK-
uoHHbIX cioeB // Bectauk MI'TY «Crankuny. — 2025. — Ne 3 (74). — C. 56-66. — DOI 10.47617/2072-
3172 2025 3 5e.
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INCREASING THE DURABILITY OF CARBIDE END MILLS WHEN
PROCESSING TITANIUM ALLOYS BY COMBINING WEAR-RESISTANT
AND ANTIFRICTION LAYERS

Abstract

The paper attempts to link the parameters of the interaction of the coating material with the VT 18U titanium
alloy during drilling, which manifest themselves as a change in the strength parameter and processing
quality parameters with the resistance of the end mills when processing the same workpiece. Experiments
show that the parameters influenced by the tendency to build-up have the greatest effect on the durability
of carbide cutters, which cannot be judged by the strength characteristics of the cutting process. There
was a correlation between the data obtained in drilling and milling experiments. Thus, the coating based
on (TiAISi)N in combination with epilaming, which provided the best combination of the Rz parameter
on the drill band and the minimum deviation of the hole diameter from the nominal during drilling, led to
an increase in durability up to 2 times during milling.

Keywords: titanium alloy, carbide tool, wear-resistant coating, durability, roughness, K-means clustering
method.

For citation: Fedorov S.V., Thet Oo, Kulikova A.S. Increasing the durability of carbide end mills when
processing titanium alloys by combining wear-resistant and antifriction layers. Vestnik MSUT “Stankin”.
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Tem Haunz Co™, Hecmop Bawiunzmon Conuc IHunapzome

MockoBckuii rocyjapcTBeHHbIH TexHonorndeckuit yausepcurer « CTAHKWH»
™ ABTOp /1JIs1 KOPPECIIOHAEHIMH

WCCNENOBAHUE LLEPOXOBATOCTU OEPAEOTAHHOW NMOBEPXHOCTH
N CTONKOCTW PEXYLLEO UHCTPYMEHTA HA OCHOBE KOMMNO3UTOB
CUCTEMBbI SiC-TiB,-TiC METOAOM NJIAHUPOBAHUA S3KCNEPUMEHTOB

AHHOTaI U

B crarhe paccmarpuBaeTcs BIUSHHAE PEXXUMOB Pe3aHHs Ha MIEPOXOBATOCTH 00pabOTaHHOU MOBEpX-
HOCTHU U CTOMKOCTB PEXYIIET0 HHCTPYMEHTA, U3TOTOBICHHOIO U3 KOMIIO3UTHBIX MaTepUaIOB CUCTEMBI
SiC-TiB,-TiC. Mccnenoanus IpOBOAKIMCH METOIOM OZHO(DAKTOPHOIO U HOJIHOTO ()aKTOPHOTO SKCIIEPH-
meHTa ([1DD), o3BONIONM BBISIBUTH BIMSIHUE PEKIMOB PE3aHUSI TAKUX, KAK CKOPOCTb, 0/1a4a U TITyOuHa
pe3anus. [IpaBHUIIBHBI BBIOOD PEIKHUMOB pPE3aHUsI TIO3BOJISIET JOCTHYb BBICOKOTO Ka4eCTBa IIEPOXOBATOCTH
00paboTaHHOH MTOBEPXHOCTH M YBEIMYUTh CTOMKOCTh MHCTpYMeHTa. Ha 0CHOBE IOJIy4eHHBIX JaHHbBIX
TIPOU3BOJIMJICS aHAJIN3 3HAYMMOCTH (HaKTOPOB U UX B3aUMOJICHCTBHUIA.

Kurouenie caoBa: komnosutsl SiC-TiB-TiC, matepuan pexyuero MHCTpyMEHTa, OAHO(AKTOPHbIIA
9KCIIEPUMEHT, TIOJIHBIH (HaKTOPHBIN SKCIIEPUMEHT.

Juas untupoBanus: Ter Haunr Co, Conuc ITunaprore H.B. HccnenoBanue mepoxoBarocTa o0pa-
00TaHHOI TMOBEPXHOCTH M CTOMKOCTH PEXYILIEr0 MHCTPYMEHTAa Ha OCHOBE KOMIIO3UTOB CHCTEMBI
SiC-TiB,-TiC meromom nnanuposanus skcnepumentos // Becthuk MI'TY «Crankum». — 2025, —
Ne 3 (74). — C. 67-81. — DOI 10.47617/2072-3172_2025 3 67.
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THE ROUGHNESS OF THE MACHINED SURFACE
AND THE TOOL LIFE OF CUTTING TOOLS BASED ON SiC-TiB,-TiC
COMPOSITES BY DESIGN OF EXPERIMENT

Abstract

The article studies the effect of cutting modes on the quality of the roughness surface and the durability
of cutting tools made of composite materials of the SiC-TiB,-TiC system. The research was carried out
using a one-factor experiment and full factorial experiment to identify the influence of cutting tools such as
speed, feed and cutting depth. The correct choice of cutting operation allows you to achieve high quality of
the roughness surface and increase the durability of the tool. Based on the data obtained, the significance
of the factors and their interactions are analyzed.

Keywords: SiC-TiB,-TiC composites, cutting tool material, one factorial experiment, full factorial experi-
ment.

For citation: Thet Naing Soe, Solis Pinargote N.W. The roughness of the machined surface and the tool
life of cutting tools based on SiC-TiB,-TiC composites by design of experiment. Vestnik MSUT “Stankin”.
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Huxuma Anexcanoposuy benos, Braoumup Anexcanopoeuu Epembanuy™,
Baaoumup Bnaoumuposuu Monoouoe, Bnaoumup Anexcanoposeuu Hosukos

MocKoBCKHH TOCYIapCTBeHHBIN TexHOonmorndeckuit yausepcuter «CTAHKWH»
™ ABTOp /171 KOPPECTIOHACHIIUU

UCCNEANOBAHUE BITIUAHUA NMPEPLIBUCTOCTU NPOLIECCA
3YBO®PE3EPOBAHUA METOAOM OBKATA HA TOYHOCTb NPO®UNA
3YBA OBPABATBIBAEMOI'O KONECA

AHHOTANUSA

B crarbe paccmaTpuBaroTCs EPCIEKTUBBI UCTIONIB30BaHUs 3y00(dpe3epoBaHus YepBIYHBIMU (Ppe3aMu Kak
MeToa 00padOTKH IITMHIPUYECKUX KOJIEC BBICOKOCKOPOCTHBIX 3y0UaThIX nepenad. BeirnonHeHa orieHka
TOYHOCTH BBIPAXKEHUS, TPAJULIMOHHO UCTIONB3YEMOTO JUISl pacueTa BHICOTHI IPeOEIIKOB OIPaHKH, BOSHUKA-
IOLIMX Ha pabOo4HX IIOBEPXHOCTSX 3yObeB KOJIEC B pe3ysibTare 00paOdoTKH JaHHBIM MeTooM. [Ipoananmsu-
POBaHO BIMSHUE OIPAaHKH HA TOYHOCTH IOJTy4aeMoro 3youaroro koneca. [TokazaHo, 4To paccMaTprBaeMBblii
METO/]] IIPU KCIIOIb30BaHUH 0OJIee COBEPLICHHOTO 000PYI0BaHHU U MHCTPYMEHTA I03BOJIUT 00ECIeYUTh
BBICOKOIIPOU3BOJIUTENILHYIO YUCTOBYIO 00pab0TKy BOCTPEOOBaHHBIX pa3MEpOB LIMJIMHIIPUYECKUX 3y0UaThIX
KOJIEC BBICOKOW TOYHOCTH 0€3 JOTIOITHUTENbHBIX (DUHUIIHBIX OMESPALUA.

KuaroueBsbie ciioBa: 3y0odpesepoBanue, uepBsiuHas (pesa, 3yduaToe Kojaeco, OrpaHKa, HOrPEITHOCTh
npoduis, CTeneHb TOYHOCTH.

Jst untupoBanus: benos H.A., Epembsnn B.A., Mononros B.B., HoBukos B.A. MccnenoBanne BIustHUS
MIPEPBIBUCTOCTH TIpoIiecca 3y0odpe3epoBaHns METOIOM 00KaTa Ha TOYHOCTD Mpodumiis 3yba 00padaThl-
Baemoro koneca // Bectauk MI'TY «Crankuny. — 2025. — Ne 3 (74). — C. 82-94. — DOI 10.47617/2072-
3172 2025 3 82.
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Moscow State University of Technology “STANKIN”
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RESEARCH ON HOBBING PROCESS DISCONTINUOUS
ISSUE INFLUENCE ON MACHINING GEAR TOOTH PROFILE QUALITY

Abstract

The article deals with the prospects of using hobbing with worm milling cutters as a method of machining
spur wheels of high-speed gears. The accuracy of the expression traditionally used to calculate faceting
peaks height of gear teeth flank surfaces faceting as a result of machining by this method is evaluated. The
influence of faceting on the accuracy of the producing gear wheels is analyzed. The method under consid-
eration, when using more advanced equipment and tools, will allow to provide high-performance finishing
of demanded dimensions of high-precision spur gears without additional finishing operations is shown.

Keywords: hobbing, hob, gear wheel, faceting, profile deviation, flank tolerance class.
For citation: Belov N.A., Eremyants V.A., Molodtsov V.V., Novikov V.A. Research on hobbing process

discontinuous issue influence on machining gear tooth profile quality. Vestnik MSUT “Stankin”. 2025.
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NATEHTHbIA NAHAOLWA®T TEXHONOIMMU NA3EPHOW HAMJTABKU

AHHOTAIIUA

Crarbs nocasieHa pa3paboTke U aHaNIMU3y NaTeHTHOrO JaHamadTa TEXHOIOTUH Ja3epHON HAIIaBKHU C
LCJIbIO BBISIBJICHUS O61)CKTI/IBHI>IX HpellCTaBﬂeHl/Iﬁ 0 €€ TCKYILIEM COCTOSAHNUU U TCHACHIUAX PAa3BUTH KaK B
Poccum, Tak 1 3a pyOexoM. AKTyalIbHOCTb HCCIIEIOBaHUS 00y CIIOBIEHa HEOOXOIMMOCTHIO IIPOBEACHHS Ha
PaHHUX dTanax pa3pa60T1<1/1 HOBBIX TeXHOﬂOFMﬁ, OLCHKH! UX aKTYaJIbHOCTU U HOBU3HBI, 4 TAKXKE BO3MOKHO-
crell v noteHmana. [Ipeamerom nmoucka ObUTH BRIOPaHBI TEXHMYECKUE PEIICHUSI, OTHOCSIIUECS K CIIOCc00aM
BOCCTaHOBJIEHHUS JieTajel J1a3epHON HAIIaBKOM M ycTpoiicTBaM Ais ee peanu3auuu. llpu nposBeneHun
MorcKa ¥ 0T00pa MaTeHTHON HH(OpMAaLINHU UCTIOIB30BAINCH DJICKTPOHHBIE 0a3bl, JOCTYITHBIE Yepe3 CauThI
oUIMATBHBIX MEXAYHAPOIHBIX TATEHTHHIX BeAOMCTB (BceMHupHON opraHM3anuy WHTEIUICKTyalbHOU
cooctBennoct (WIPO), EBponeiickoro narenrHoro Benomcrsa (EPO)) n HamoHa bHBIX MAaTEHTHBIX
BesioMcTB (DenepalibHOro HHCTUTYTA TpoMbllieHHOH coocTBeHHOCTH (PUIIC), maTeHTHBIX BEIOMCTB
Kuras, CIIA, Kananst, SAnonun). [myOuHa nmateHTHOTO noucka cocrasisia 13 set. Beero B mporecce
UH(OPMAaIIIOHHO-aHAIUTHYECKOTO CCIIEJOBAaHMUS TATEHTHOW JJOKYMEHTAlUH ObLI0 0TOOpaHo 224 naTeHTa.
Ha ocHoOBe pe3ynbsTaToB MaTeHTHOTO [TOKCKA MPOBOMIIACh 00pab0TKa JAHHBIX C HCIIOIb30BAHUEM TEMATH-
YECKOT'0, [IPEAMETHOTO, XPOHOJIOTHYECKOT0, Fe0rpaIecKoro METOJJOB CUCTEMATH3AIIH,  TAK)KE METOJIOB
KJIacTepHU3aliy U arperatupoBanust. [IpencraBiensl pe3ynbraTsl TMHAMHUKH, Teorpaduu, TPEHI0B TaTeHTO-
BaHMs B 00JIaCTH CLIOCOOOB U YCTPOWCTB JIJIsl BOCCTaHOBJICHHSI JIeTajlel JJa3epHoi HaraBkoi. OnpeneneHa
Hay4HO-TeXHHYecKas no3uuus Poccun B JaHHOM 00nacTu. YCTaHOBIIGHBI MHIEKCHI TEXHOIOTHYECKON
CrelMaNIn3aliy U NOTeHIHAIbHbIE 00JaCTH IPUMEHEHHUs J1a3epHoil HaruaBku B Poccuu. TIpoBeneHHbIH
aHaJIN3 MOATBEPANII BHICOKYIO aKTYaIbHOCTh NPOBEACHUS HAYYHO-TEXHUYECKHIX UCCIIEJOBAaHUH B 00J1aCTH
JIa3€PHBIX TEXHOJIOTHMH, a TaKKe pa3paObO0TKH 000PYIOBAHUS U CO3AAHUS TEXHOJOTHH BOCCTAHOBJICHHUS
JieTajei cnocoOoM JIa3epHOM HaIIaBKH.

KiioueBble cjioBa: nmareHTHBIN J'IaHJILHad)T, TCXHOJIOTUA H&SGpHOﬁ HaIlJIaBKH, JTUHAMHUKa IIaTCHTOBAaHUA,
TCXHOJIOTUYECKUEC TPCH/IbI

Jas uurupoBanus: Cyxosa H.A., Mycradaes 3.C., 3pikoBa M. A., TropOeesa T.b. [TarentHbli tanmmadpT
TexHoJoruu JiazepHoit HarmaBku // Bectauk MI'TY «Crankuny. — 2025. — Ne 3 (74). — C. 95-104. —
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2.5.5. TEXHONOTMUA 1 OBOPYJOBAHNE MEXAHUYECKOW N ®U3NKO-TEXHUYECKOW OBPABOTKM

Nadejda A. Sukhovaa, Enver S. Mustafaev®, Marina A. Zykova, Tatyana B. Turbeeva

Moscow State University of Technology “STANKIN”
™ Corresponding author

PATENT LANDSCAPE OF LASER CLADDING TECHNOLOGY

Abstract

The article is devoted to the development and analysis of the patent landscape of laser cladding technology
in order to reveal objective ideas about its current state and development trends both in Russia and abroad.
The relevance of the research is conditioned by the necessity to carry out at the early stages of development
of new technologies the assessment of their relevance and novelty, as well as opportunities and potential.
As the subject of the search were chosen technical solutions related to the methods of parts restoration by
laser cladding and devices for its implementation. When searching and selecting patent information, elec-
tronic databases available through the websites of official international patent offices (World Intellectual
Property Organisation (WIPO), European Patent Office (EPO)) and national patent offices (Federal Institute
of Industrial Property (FIIP), patent offices of China, USA, Canada, Japan) were used. The depth of the
patent search was 13 years. A total of 232 patents were selected during the patent search. On the basis of the
patent search results the data were processed using thematic, subject, chronological, geographical methods
of systematisation, as well as clustering and aggregation methods. The results of dynamics, geography,
patenting trends in the field of methods and devices for parts restoration by laser cladding are presented.
The scientific and technical position of Russia in this field is determined. The indices of technological
specialisation and potential areas of application of laser cladding in Russia are established. The analysis
confirmed the high relevance of scientific and technical research in the field of laser technologies, as well as
the development of equipment and the creation of technology for the restoration of parts by laser cladding.

Keywords: patent landscape, laser cladding technology, patenting dynamics, technological trends

For citation: Sukhova N.A., Mustafaev E.S., Zykova M.A., Turbeeva T.B. Patent landscape of laser cladding
technology. Vestnik MSUT “Stankin”.2025. No 3 (74). P. 95-194. DOI 10.47617/2072-3172_2025 3 95.
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2.5.5. TEXHONOMMS 1 OBOPYAOBAHVE MEXAHUYECKOW U ®U3NKO-TEXHUYECKOWM OBPABOTKM

Hayunas cmamos
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! MockoBCKkHit rocynapcTBeHHbI# TexHonornyeckuit yausepeutet « CTAHKWH»
2000 «TseppocrmiaBHasi KOMITAHUSD

™ ABTOp /JIs KOPPECTIOHAEHIMH

TBEPObIE CMJTIABbl BLICOKOW TEMNNTOCTOUKOCTH
C KOBANbT-PEHUEBOW CBA3KOW ANA NE3BUNHON OBPABOTKMU
TPYOHOOBPABATbLIBAEMbIX MATEPUANOB

AHHOTAIUSA

Pazpabotans! cocraBsl TBepAbIX cruiaBoB WC+(Re-Co) BHICOKOH TEIIOCTORKOCTH ISl YUCTOBOM, MOJTY-
YHCTOBOI M 4YepHOBOM 00paboTku. OnpeeneHsl peaes NPOYHOCTH NPU U3rHOe ¥ TBEPAOCTD CIIIaBa Jyis
4epHOBOH 00pabOTKH. BHINONHEHBI CTOMKOCTHBIE UCTIBITAHUS PE3aHUEM IPU TOUYEHHH >KapOoIpOYHOTo
crutaBa XH77THOP.

KaioueBble cji0Ba: TBEp/IbIi CIUIAB, KOOATIBT-PEHUEBAs CBSI3Ka, YUCTOBAS, IOy IUCTOBAsI, YePHOBAst 0Opa-
0OTKa.

Jas untupoBanus: Anackud A.M., Kupunos A K., Koounkoii 11.B., Ilupoxos A.A. TBepsie CIUIaBbI
BBICOKO#1 TEMJIOCTOMKOCTH € KOOAJIBT-PEHUEBO CBA3KOM JUIsl JIE3BUHHON 00pabOTKH TpyAHOOOpadaThIBa-
embix MarepuanoB // Bectauk MI'TY «Crankun». —2025. —Ne 3 (74). —C. 105-112.—-DOI1 10.47617/2072-
3172 2025 3 105.
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2.5.5. TEXHONOT VA U OBOPYAOBAHVE MEXAHUYECKOW U ®U3NKO-TEXHUYECKOW OBPABOTKM

Anatoly M. Adaskin’, Andrey K. Kirillov', Ivan V. Kobitskoy’,
Aleksandr A. Shirokov' =

! Moscow State University of Technology “STANKIN”
2LLC “Hard Alloy Company”

™ Corresponding author

HIGH HEAT RESISTANT HARD ALLOYS
WITH COBALT-RHENIUM BOND FOR BLADE CUTTING
OF HARD-TO-MAINTENANCE MATERIALS

Abstract
Compositions of hard alloys WC+(Re-Co) with high heat resistance for finishing, semi-finishing
and roughing have been developed. The ultimate strength in bending and hardness of the alloy for

roughing have been determined. Cutting tests have been carried out during turning of the heat-resistant
alloy XH77TIOP.

Keywords: hard alloy, cobalt-rhenium binder, finishing, semi-finishing, roughing.

For citation: Adaskin A.M., Kirillov A.K., Kobitskoy I.V., Shirokov A.A. High heat resistant hard alloys
with cobalt-rhenium bond for blade cutting of hard-to-maintenance materials. Vestnik MSUT “Stankin”.
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2.5.6. TEXHONOr A MALNHOCTPOEHWA

Hayunas cmamos
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OI'bOY BO «KoBpoBckas rocyaapcTBeHHasi TEXHOJIOrHMUeckas akagemus umenu B.A. Jlertsapesay
™ ABTOp /1JIs1 KOPPECIIOHAEHIMH

NMPUMEHEHWE TEXHUWYECKOI'O 3PEHUA ANA UWAEHTUPUKALIUN
OWHAMUYECKOW MOJENU OB BbEKTA YNPABNEHUSA
NPU ABTOMATU3UPOBAHHOW CEOPKE

AHHOTALUS

B crarpe u3naraercs METOANKA HACHTUGHUKAINN JTUHAMHUYECKOW MOJENH Ul aBTOMAaTH3UPOBAHHOTO
ynpaBieHus cOOpoIHBIM 000pynoBaHIeM. OOBEKTOM HUCCIETOBAHHS SBISIETCSI MOJEIb ABM)KCHUS COSIHU-
HSEMBIX JeTajeil B mpouecce coopounoit onepanunu. COOpKa — 3TO MPOLECC YIPABICHHUS JIBHKCHUEM
COEIMHSAEMBIX JIeTajeH ¢ LEeNbI0 HX COBMEIIeHHs. [InHaMuiecKie oKa3aTean KadyecTBa 3TOro nporecca
BO MHOTOM OIPENEIISIOT HCcX0A cOopouHoit onepanunu. [Ipn nneHTHGHUKAINT MPELTOKEHO HCIOIB30BATh
CPEACTBA TEXHUUYECKOTO 3PEHUS IJIsl PETUCTPALMN XaPaKTEPUCTHK JBIDKCHHS COCIUHSIEMBIX AeTajel
B TIpoliecce aJanTaliy UX MOJOKeHNsS 1 cOOpKH. CHCTEeMa TEXHHYECKOTO 3pEHUS BBINOIHSACT HYHKIIHIO
pacrio3HaBaHUs ¥ OTCIEKUBAaHHS IBIDKYIIErocs o0bekTa cOOpKu. B 0CHOBY monoxeH alroputM oOHa-
PY’KEHHS [IBETOBBIX CUTHATYp 00bekToB. CO31aH SKCIEPUMEHTANIBHBIN CTEHA U pa3paboTaHa METOANKA
unentudukanyy. Onucana npouenypa KaauOpoBKY BUAeocucTeMbl. OTMCaHBI 3Tallbl BBIIOIHEHHS YKCIIe-
pHUMeEHTa [0 PacHo3HaBaHMIO IIEpeMEIeHNH AeTanell pu cOOpKe ¢ MPUMEHEHHEM TEXHHYECKOTO 3pSHHSI.
Ha ocHoBe coOpaHHBIX SKCTIEPHMEHTATIBHBIX JAHHBIX C IIOMOIIBIO IPOTPAMMHBIX CPEICTB HACHTH(HKALNH
muHamudeckux monener System Identification Toolbox MATLAB omnpenenena cTpykTypa AMHaAMHYE-
CKOM MOJIEeJIH TIpoIiecca U BHIIIOJIHEH pacyueT 3HaueHUH ee K03 HLIHeHTOB. JJOCTONHCTBOM HHCTPYMEHTA
SBJISETCS. BOBMOJKHOCTD MCIOJIB30BaHMS JIIOOOTO 3aKOHAa M3MEHEHHS 3aJalolIero BO3AeHCTBHS. Pe3yib-
TaThl UACHTUGUKALIMN AT MOAENIEH pa3HOro NOpsAKa NpelCTaBIeHb rpaduyecky. BrlmonHeHa oneHKa
HOTPEIIHOCTEH ampOKCUMALlK AMHAMUKY IPOIIecca afanTalliy AeTaIl IpH cOOpKe ero MaTeMaTH4ecKon
Mozienbl0. Hammyuniryto cXomuMOoCTh 9KCIEPUMEHTANIBHBIX JAHHBIX 1 MOJETIHPOBAHUS TO3BOJISECT HOMYIUTh
MozieJb BToporo nopsaaxa. [lomyuennas myTeM nuaeHTUGUKAMN JUHAMAYECKast MOJIeNb OyeT MOOKeHa
B OCHOBY CHHTE32 yIIPABIISIONINX BO3IEHCTBUH, 00€CIICUNBAIONINX JKeJIaeMble JUHAMUYECKHE OKa3aTeIn
npolecca aBTOMAaTU3UPOBAHHOM COOPKH.

KuarwueBrble ciioBa: aBTOMaTI/ISPIpOBaHHLIfI pacucT KOSCD(I)I/IHI/ICHTOB, JUHaAaMHUYC€CKasd MOJCIIb, I/I,HGHTI/I(bI/I-
Kanus, 00BEKT yrpaBJI€HUA, IEpEaaTOIHAsA d)yHKHI/IH, NOTrpE€IIHOCTD alllIpOKCUMAIINH, c60p011Ha$1 Orepanuysi,
CpeacTBa TEXHUYECKOI'O 3pCHU.

Jis nutupoBanusi: Kysuenosa C.B., CumakoB A.JL. IIpuMeHeHre TEXHUYECKOTO 3peHUsI Ul UAeHTH(U-
Kalluy JUHAMUYECKOM Moienu 00beKTa yIpasieHus [IpU aBTOMaTU3UpoBaHHOM cOopke // BectHuk MI'TY
«Crankuny». —2025. — Ne 3 (74). — C. 113-122. - DOI 10.47617/2072-3172_2025_3_113.
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2.5.6. TEXHONOrNA MAWMHOCTPOEHNA

Svetlana V. Kuznetsova =, Alexander L. Simakov

The Kovrov State Technological Academy named after V.A. Degtyarev
™ Corresponding author

APPLICATION OF TECHNICAL VISION FOR IDENTIFICATION
OF ADYNAMIC MODEL OF ACONTROL OBJECT DURING AUTOMATED
ASSEMBLY

Abstract

The article presents a methodology for identifying a dynamic model for automated control of assembly
equipment. The object of the study is a model of the movement of connected parts during the assembly
operation. Assembly is the process of controlling the movement of connected parts in order to combine
them. The dynamic quality indicators of this process largely determine the outcome of the assembly
operation. During identification, it is proposed to use technical vision tools to record the characteristics
of the movement of the connected parts during the process of adapting their position and assembly. The
machine vision system performs the function of recognizing and tracking a moving assembly object. It is
based on an algorithm for detecting color signatures of objects. An experimental stand was created and
an identification method was developed. The procedure for calibrating the video system is described. The
stages of the experiment on recognizing the movements of parts during assembly using technical vision
are described. Based on the collected experimental data, using the software tools for identifying dynamic
models System Identification Toolbox MATLAB, the structure of the dynamic model of the process was
determined and the values of its coefficients were calculated. The advantage of the tool is the ability to
use any law of change of the reference action. The identification results for models of different orders are
presented graphically. An assessment of the errors in approximating the dynamics of the adaptation process
of a part during its assembly using a mathematical model was made. The best convergence of experimental
data and modeling can be obtained using a second-order model. The dynamic model obtained through
identification will form the basis for the synthesis of control actions that ensure the desired dynamic indi-
cators of the automated assembly process.

Keywords: automated calculation of coefficients, dynamic model, identification, control object, transfer
function, approximation error, assembly operation, technical vision equipment.

For citation: Kuznetsova S.V., Simakov A.L. Application of technical vision for identification of a dynamic
model of a control object during automated assembly. Vestnik MSUT “Stankin”. 2025. No 3 (74). P. 113-122.
DOI 10.47617/2072-3172_2025_3 113. (In Russian)

BECTHUK MI'TY « CTAHKWH» Ne 3 . 2025 / VESTNIK MSUT «STANKIN» No. 3 » 2025



2.5.7. TEXHONOI M 1 MALLMHBI OBPABOTKI JABNIEHWEM

Hayunas cmamos

VIK 621.735.016.2 Becruuk MI'TY «Crankumy. 2025. Ne 3 (74). C. 123-129.
DOI 10.47617/2072-3172_2025_3 123 Vestnik MSUT “Stankin”. 2025. No. 3 (74). P. 123-129.

Jle Yyne 3ynz *, Onuan Kupunnosuu @uaunnoe

OI'AOY BO «MoCKOBCKUI TOTUTEXHUYECKUI YHUBEPCUTET)
™ ABTOp /Il KOPPECIIOH/ICHIINN

PA3PABOTKA TEXHOJIOTMYECKOIO NMPOLECCA XONOAHON
OBbEMHOW LUTAMNOBKU AETANN «CTYNULUA» C NPUMEHEHUEM
KOMMNbKOTEPHOIMO UMUTALIMUOHHOIO MOAENTMPOBAHUA

AHHOTALUS

IIpon3BOACTBO NeTanei THIA «CTYNHUIIA JUCKA CLETUICHNS] aBTOMOOKIISI B HACTOSILIEE BPEMsI OCYILIECTBIIS-
eTcsl Ha MIPeNPHUATHH Ha KOHCTPYKTUBHO CJIOKHOM M TPYZIOEMKOM B HaJaaKe, 00CITy>KHBAHUHU U PEMOHTE
000pYIOBaHUH € MCHOJIL30BAHUEM YCTAPEBILNX TEXHOJIOT Ui, C OONBIINMYI HEPro3aTpaTaMy U BHICOKHM
OTXOZIOM MeTasuIa. XoJoHast 00beMHasl INTAMITOBKA 3aHIMAET 3HAUUTENNBHYIO IPOU3BOICTBEHHYIO ILIOIIA Ib.
B nanHo# pabote pa3pabarbiBacTCs HOBBIN TEXHOIOTHYECKHUIT MPOLIECC XOJIOAHOW OOBEMHOMN ILITAMITIOBKH
JETallN «CTYIHLA» ¢ TOMOLIBI0 KOMITBIOTEPHOTO HIMUTAIMOHHOTO MOAEIMUPOBAHUS. JTO IPUBOIUT K MOBBI-
mIeHNI0 3G GEKTHBHOCTH MPOU3BOACTBA, CHIDKCHHUIO 3aTPAT U ONTHMH3ALIY HCIIOIb30BAHHS PECYPCOB.

KiroueBble c10Ba: CTynuua, XoJoAHas 00bEMHas MITaMIIOBKA, KOMIIBIOTEPHOE UMUTAL[MOHHOE MOJC-
JMpOBaHUE.

Jinst nuruposanus: Jle Uynr 3ynr, @ununnos 10 .K. PazpaboTka TeXHOIOrHYECKOro npolecca X0IoAHOH
00BEMHOM MITAMIIOBKH JETAIH «CTYNUIIAa» C IPUMEHEHHEM KOMIIBIOTEPHOTO UMUTALIMOHHOIO MOJEIH-
poBanust // Bectauk MI'TY «Crankun». — 2025. — Ne 3 (74). — C. 123-129. — DOI 10.47617/2072-
3172 2025 3 123.

Le Trung Dung =, Yulian K. Filippov

Moscow Polytechnic University
™ Corresponding author

DEVELOPMENT OF THE TECHNOLOGICAL PROCESS OF COLD
FORGING FOR THE “HUB” PART USING COMPUTER SIMULATION
MODELING

Abstract

The production of automobile clutch disc «hub» parts is currently carried out using complex and labor-
intensive equipment that is difficult to set up, maintain, and repair. It relies on outdated technologies, leading
to high energy consumption and significant metal waste. Cold forging occupies a large production area.
This study develops a new technological process for cold forging of the hub part using computer simulation
modeling. This approach enhances production efficiency, reduces costs, and optimizes resource utilization.

Keywords: hub, cold forging, computer simulation modeling.
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MockoBckuii rocygapcTBeHHbIH TexHonornyeckuid yausepeuter « CTAHKWH»

CTPYKTYPUPOBAHUE NAHHbIX
B ABTOMATU3NPOBAHHbLIX CUCTEMAX YNPABJIEHUA OAHHBIMU
Ob U3AENUAX

AHHOTAIUS

PaccMOTpeHBI BOIIPOCH! CTPYKTYPHPOBAHUS JaHHBIX B aBTOMAaTH3UPOBAHHBIX CUCTEMaX YIPAaBICHHUS
JaHHBIMH 00 M3JENUSAX M UCIONB30BaHHUE JJIS OTUX IIeJIed dJEKTPOHHBIX CTPYKTYp, Pealu3yeMbIX B
coBpeMeHHBIX PDM-cucreMax U cucTeMax aBTOMaTH3WPOBAHHOTO MPOSKTUPOBAHUS TEXHOIOTHUECKUX
nponeccoB. O0pamieHo BHUMaHUE Ha KCIIOPT/UMIIOPT SIEKTPOHHBIX CTPYKTYp B MHTEIPUPOBAHHOM
unpopmaimonHoi cpeae npeanpusitus (MUC). [Ipoananu3upoBaHbl MOJI0KEHHUS OTCYSCTBEHHBIX CTaH-
JApTOB B paCCMOTPEHHOHN 001acTH. B HUX BBISBIICHEI TPOTHBOPEUHS B OTIPEIEIICHUH CTaTyCa IEKTPOHHBIX
CTPYKTYP M3IEJHH 1 SNEKTPOHHBIX CTPYKTYP TEXHOJIOTHUECKHX MpoueccoB. CHopMyTUpOBaHEI IPEIO-
JKEHHS IT0 U3MEHEHHUIO CTaTyca IEKTPOHHBIX CTPYKTYD U3/IENUH M TEXHOJIOTHIECKUX MPOLIECCOB B OTEUe-
CTBEHHBIX CTaHAapTax. Peann3anms momoOHBIX NpeIIoKEHUH, TI0 MHEHHIO aBTOpa, JacT HOPMAaTHBHBIE
OCHOBAHHS MPOMBIIUICHHBIM MPEANPHUSATHIM JUISI UCTIONBb30BaHUS UMH IPEUMYIIECTB 3JIEKTPOHHOTO
000poTa TEXHUYECKUX JOKYMEHTOB.

KuiroueBble ¢J10Ba: CTPYKTYPUPOBAaHUE JaHHBIX, JIEKTPOHHBIE CTPYKTYPbI U3AEIUN U TEXHOJIOTHYECKUX
IIPOLIECCOB.

Jas nuruposanus: bepeszanckuii [I.I1. CTpykTypupoBaHue JaHHBIX B aBTOMAaTH3UPOBAHHBIX CHCTEMAX
yIpaBieHus JaHHbIME 00 n3aenusix // Bectauk MI'TY «Craakuay. — 2025. — Ne 3 (74). — C. 130-140. —
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BECTHUK MI'TY « CTAHKWH» Ne 3 . 2025 / VESTNIK MSUT «STANKIN» No. 3 » 2025




2.3.3. ABTOMATU3ALIMA W YNIPABNIEHWE TEXHONIOrMYECKMMW NMPOLIECCAMM Y MPOW3BOACTBAMM

David P. Berezansky

Moscow State University of Technology “STANKIN”

DATA STRUCTURING IN AUTOMATED PRODUCT DATA
MANAGEMENT SYSTEMS

Abstract

The issues of data structuring in automated product data management systems and the use of electronic
structures implemented in modern PDM systems and computer-aided process design systems for these
purposes are considered. Attention is paid to the export/import of electronic structures in the integrated
information environment of the enterprise. The provisions of domestic standards in the considered area are
analyzed. They revealed contradictions in determining the status of electronic structures of products and
electronic structures of technological processes. Proposals have been formulated to change the status of
electronic structures of products and technological processes in domestic standards. The implementation
of such proposals, according to the author, will provide regulatory grounds for industrial enterprises to
use the advantages of electronic circulation of technical documents.

Keywords: data structuring, electronic structures of products and technological processes.
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Huxuma Cepzeesuu I'puzopves =, Mapmunoe I'eopzu Mapmunoe

MockoBckuii rocyjapcTBeHHbIH TexHonorndeckuit yausepcurer « CTAHKWH»
™ ABTOp /1JIs1 KOPPECIIOHAEHIMH

AHATIN3 TEXHOJIOIUU NEYATH
ana ARAUTUBHOIO NPOU3BOACTBA C NMO3ULIUKA
CUCTEM YNPABINEHUA

AHHOTALUS

IIpousBeneH aHaIM3 CyIIECTBYIOIINX METOIOB, MAaTepUaoB U cucteM 3D-neuaru. J{ist 6onee 1eTaabHOTo
HCCIIEI0BAaHMS BBIOPAaHBI PAaCIIPOCTPaHEHHAsI TEXHOJIOTUS CENEKTHBHOTO JIa3ePHOT0 TUIABJICHUS U T1e9aTh
IUTa3MOHHBIMH HaHOCTPYKTYPaMH, SIBISIOMIAsACS OXHOM 13 Hambojee MEePEeIOBHIX M MEPCHEKTHBHBIX
OTEYECTBEHHBIX TEXHOJIOTHI CyXOH a3po301bpHOM nmeyatu. CrucTeMaTH3UpOBaHbI TapaMeTPhl YIPaBICHHS
TEXHOJIOTHYECKUM IPOLIECCOM aAJUTUBHOTO MTPOU3BOJCTBA, BHIJENICHA IPYIIa yCTAHOBOYHBIX MapamMe-
TPOB U MHTEPIIOIUPYEMBIX MapamMeTpoB (YIpasisieMbIx B Tipotiecce 3D-nedarn). BeisiBiieHO 0TCYTCTBHE
CHCTEMHOT'0 TTOX0/a B 00JIaCTH MOCTPOSHHMS CHUCTeM ynpasieHus 3D-neyarsio 1 000CHOBaHa HEOOX0-
JMMOCTh pa3paboTKu 000OIIEHHOTO aPXUTEKTYPHOTO PEICHHUS AL TIOCTPOCHUS Ha €r0 OCHOBE CIELH-
QIN3UPOBAHHBIX CHCTEM YHCIOBOTO IPOrPaMMHOTO ynpasiaeHus 3D-medarsio.

KuarwueBsle ciioBa: cucrteMa YyIipaBJICHUA, 3D-He‘-IaTI>, AJJIMTUBHOC IMTPOU3BOJICTBO, MOCJIOMHOE BbIpalin-
BaHUC.

Jast uutupoBanus: ['puropses H.C., MaptunoB I'M. Ananu3 TexHonoruii ne4atu Ajias aJaUTUBHOTO
IPOU3BOJCTBA C MO3ULIMU cucTeM ynpasieHus // Becthuk MI'TY «Crankun». — 2025. — Ne 3 (74). —
C. 141-151. - DOI 10.47617/2072-3172_2025_3 141.
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ANALYSIS OF PRINTING TECHNOLOGIES
FOR ADDITIVE MANUFACTURING FROM THE PERSPECTIVE
OF CONTROL SYSTEMS

Abstract

The results of the analysis of existing methods, materials and systems of 3D-printing are presented.
Selected as representatives for a more detailed study of the technology is selective laser melting as one of
the most common and printing by means of plasmon nanostructures as one of the newest and most prom-
ising domestic dry aerosol printing technology. The parameters of management of the process of additive
manufacturing have been systematized, a group of setting parameters and integrated parameters (controlled
in the 3D-printing process) has been selected. The lack of a system approach in the field of construction
of 3D-printing control systems has been identified and the necessity of a generalized architectural solu-
tion for development on its basis specialized of numerical control systems of 3D-printing was justified.

Keywords: control system, 3D-printing, additive manufacturing, layer-by-layer synthesis.

For citation: Grigoriev N.S., Martinov G.M. Analysis of printing technologies for additive manufac-
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Baoum Cepzeesuu Tetnuenxo', Cepeeii Onezosuu Kypawixkun®®,
Enuzasema Bauecnasosna Illymkuna’

! Cubupckuii rocynapcTBeHHBIH YHUBEPCUTET HAYKU U TEXHONIOTUI UMeHHU akaneMuka M.®D. Pemernesa
2 MOCKOBCKHiT TOCYTapCTBEHHBIH TeXHUYECKHIA yHUBepcuTeT uMeHn H.D. Baymana

™ ABTOp /1JIs KOPPECIIOHAEHIUH

NOBbIWEHUE KAYECTBA TOHKOCTEHHbIX U3OENUNA
NPU UHOYKLMOHHOW NAUKE HA OCHOBE 3KCNEPUMEHTANBbHOW
WHTENNEKTYANNbHOU CUCTEMbI

AHHOTAIUSA

C pa3BUTHEM KOCMHMYECKOH TEXHUKH IOSBISACTCS HEOOXOAUMOCTE B HanOoJIee COBPEMEHHBIX METOIAX
CO3/IaHHMS DJIEMEHTHOHN 0a3bl 000PYIOBaHUS UCKYCCTBEHHBIX CITyTHHKOB. PacTyT TpeGOBaHUS K TEXHO-
JIOTHYHOCTH, TOYHOCTH ¥ Ka4eCTBY KaK IMPOM3BOJICTBA B IIEJIOM, TaK M K (POPMHPOBAHHIO HEPA3bEMHBIX
COCIMHEHUH 3JIEMEHTOB 000PYI0BaHUS, B YACTHOCTH. VIHTyKIIMOHHAs aiika sIBIISIETCS OTHUM U3 HanboJee
COBPEMECHHBIX, BBICOKOTEXHOIOTUYHBIX ¥ 3()(hEKTUBHBIX IIPOLIECCOB JUIS CO3AHMS IEMECHTOB KOHCTPYKIIHIT
TIOJIC3HOH HAarpy3KH MCKYCCTBEHHBIX CITyTHHMKOB. B cTaTbe paccMaTpuBaeTcs IpodiieMa BIHMSHHUS MCIa-
peHnii, 00pa3yomuxcs B Mpolecce HHAYKIIMOHHON Maifky, Ha TOYHOCTh U3MEPEHHH TEeMIIepaTypsl,
OCYIIECTBIACMBIX OCCKOHTAaKTHBIMH IHpOMeTpaMH. JIJIst aiKu 3JIEeMEHTOB BOJTHOBOHOTO TPAKTA HCIIONb-
3yeTcs IPUIIOH 1 (uTroc B 30HE coeAnHeHs. [IpH 3TOM POMCXOAUT IUTABJICHHUE (IITI0Ca, COIPOBOXKIAIOIIEECS
BBIJICJICHUEM [aPOB, KOTOPHIEC HCKaXAIOT JaHHBIE, OJy4acMble MUPOMETPAaMU. DTH OTKJIOHSHHS B IIOKa-
3aHMAX TEMIIEPaTyPhl MOTYT IIPHBECTH K Pa3IMYHBIM Je(eKTaM Iaifku, BKIIF0Yast pacIliaBbl, HEIPOTPEBBI
u iporekanus. Llenbro TaHHO# paboTHI SBJIETCS CO3AaHNE MOJICIBHO-AITOPUTMHUYECKOTO aniapara, II03Bo-
JSIOIIETO OCYIIECTBIATh HACHTU()UKAIIMIO TAIIOB TEXHOJIOTHYECKOTO Mpoliecca HHIYKIIMOHHONW MaliKu
B CHCTEMax aBTOMAaTH4eCKOro ympasieHus. [Ipeuiaraemas cucrteMa ynpasieHHs OyJeT OCYIIECTBIATh
KOHTPOJIb BEITIOJIHEHHS IIPOLiecca MOCPEACTBOM METOAOB MAIIMHHOTO O0YYCeHYIS, B YaCTHOCTH, CBEPTOYHBIX
HEeHpOHHBIX ceTeil. Pa3paboTaHHas cHcTeMa OIpeelsieT 3Tal TEXHOIOTHIESCKOTO IIPorecca M MOXKeT ObITh
BCTPOEHA B TEXHOJIOTHYECKHH IIpoIiecc, Oarofapst 4eMy CMOXKeT 0oJiee TOUHO PeryJInpoBaTh apaMeTphl
TEMIIePaTyphl, YTO MO3BOJIUT CHU3UTH MPOLECHT Opaka, a TaKXKe COKPATUTh MaTepUaIbHBIC H TPYIOBEIC
3aTpaThl IIPH U3TOTOBJICHHUH JeTallell TOHKOCTEHHBIX KOHCTPYKIUH ITOCPEACTBOM HHIYKIIMOHHOI MaiKH.
Pe3ynbTaThl MPOBEICHHBIX HATYPHBIX 9KCHEPUMEHTOB Ha TPHUALATH BUJEO IPOIECCOB MAHKN MOKa3aIn
3¢ (heKTHBHOCTE pa3pabOTaHHOI cHCTeMBL. BEpOsATHOCTH BEPHOTO OIPEAEIICHHUS ITala TEXHOJIOTHYECKOTO
mpolecca B cpefiHeM cocTapiseT 99,8%.

KuroueBble c10Ba: MHIYKIIMOHHAS NaliKka, aBTOMaTU3alUs, TEXHOJOTMYECKUH MPoLecc, TOHKOCTCHHBIE
MaTepHabl, MaIIMHHOE 00yUYeHUE, HCKYCCTBEHHbIE HEHPOHHbIE CETH.

Jas uurupoBanus: Teinuenko B.C., Kypamkun C.O., Hlytkuna E.B. [loBbinienne kagecTBa TOHKO-
CTEHHBIX W3JIEeJIUI NMpU WHIYKIHNOHHOW IMaiiKe Ha OCHOBE JKCIIEPUMEHTAJIbHON HMHTEIJIECKTyaIbHON
cuctemsl // Bectauk MI'TY «Crankuny. —2025. — Ne 3 (74). — C. 152-162. - DOI 10.47617/2072-3172_
2025 3 152.
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IMPROVING THE QUALITY OF THIN-WALLED PRODUCTS
DURING INDUCTION SOLDERING BASED ON AN EXPERIMENTAL
INTELLIGENT SYSTEM

Abstract

With the development of space technology, there is a need for the most modern methods of creating an
element base for artificial satellite equipment. The requirements for manufacturability, accuracy, and
quality are increasing both for production as a whole and for the formation of permanent, non-removable
connections of equipment elements in particular. Induction soldering is one of the most modern, high-
tech and efficient processes for creating structural elements of the payload of artificial satellites. The
paper addresses the issue of the impact of vapors formed during the induction soldering process on the
accuracy of temperature measurements performed by contactless pyrometers. Solder and flux are used
at the joint zone for soldering waveguide tract elements. During this process, the flux melts, releasing
vapors that distort the temperature data obtained by pyrometers. These deviations in temperature read-
ings can lead to various soldering defects, including melts, incomplete heats, and leaks. The goal of
this work is to develop a model-algorithmic system that enables the identification of the technological
process stages in automatic control systems. The proposed control system will monitor the process
execution using machine learning methods, specifically convolutional neural networks. The developed
system determines the stage of the technological process and can be integrated into the production
process, allowing for more precise regulation of temperature parameters, which will help reduce the
defect rate, as well as decrease material and labor costs during the fabrication of thin-walled structural
components via induction soldering. The results of field experiments on thirty video-soldering processes
demonstrated the effectiveness of the developed system. The probability of correctly identifying the
stage of the technological process averages 99.8%.

Keywords: induction soldering, automation, technological process, thin-walled materials, machine learning,
artificial neural networks.
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