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2.54. POBOTbI, MEXATPOHWKA 1 POBOTOTEXHUYECKWE CUCTEMBI
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B.B. Cepeopennutit, H.B. Ilempoe

MI'TY um. H.O. baymana

ANrOPUTMbI NOCTPOEHUA 3D-MOJENU OKPYXAIOLLEWN CPE[bI
MOBWUINbHOINO POBOTA HA OCHOBE CTEPEOKAMEPbI

AHHOTaNMUSA

P06OTOTEXHUKA SIBISIETCS OTHMM U3 CAMBIX aKTYalIbHBIX HAMPABICHU I COBPEMEHHOCTH U MO3BOJISIET PEIIaTh
MHOECTBO 33]]a4 — OT 3aMEHbI YeJIOBeKa Ha MPOU3BOJICTBE /10 MPOBEJCHUS Pa3Be/IbIBATEIbHBIX PabOT
U NaTpyJIupoBaHus. BHeApeHNE CHCTEM TEXHHUYECKOTO 3PEHHS B COCTaB MOOMIbHBIX POOOTOB MO3BOJISIET
UM TOJy4aTh NOAPOOHYI0 HH(MOPMAIHIO 00 OKpPYIXKAIOIIEH cpesie, YTO TaeT BO3MOXXHOCTh OPraHH30BbIBATH
aBTOHOMHYIO paboTy 3TuX poboToB. Hanbomnee 3HaurMoi nHpopMalueii, monydaemMoii Giaroaaps cucreMam
TEXHUYECKOT0 3PEHHSI, SIBISICTCSI HH(OPMALIUS O TEOMETPHH OKPYIKaIOIeH cpesibl. B paboTe paccMaTpuBaroTest
CYLIECTBYIOIIHE alMapaTHbIe MOIXO/bI K MOCTPOCHUIO FEOMETPHUYECKOI KapTHHBI OKPYIKAIONIEH CpPeJIbl,
a TaKoKe 0COOCHHOCTH AJITOPUTMA MOCTPOSHUSI KAPThI ITyOHHBI C HCIIONIb30BaHHEM CTepeokamepsl. Kpome Toro,
B paboTe pacCMaTpPUBAIOTCS Pe3YJIbTaThl TECTUPOBAHUS AJITOPUTMa TOCTPOeHUs 3D-Mo1eNu OKpysKaromiei
cpelbl MOOHIIBHOTO po00Ta Ha OCHOBE M300paXKeHUIA, MMOTyYaeMbIX CO CTepPEOKaMephl B CPEJie MOISTUPOBAHNS
CoppeliaSim u crepeoxameps! RealSenceT265.

KiroueBsbie ciioBa: MOOWIBHBIE POOOTHI, KOMIBIOTEPHOE 3PEHHE, CUCTEMBl TEXHUUYECKOTO 3PEHUS,
crepeokamepsl, 3D-kaprorpadupoBanue.

Jast uuruposanusi: Cepebpennsiii B.B., [Terpos H.B. Anropurmsl noctpoerus 3D-Monenu okpyKaromei
cpeabl MOOMIIBHOTO poboTa Ha ocHOBe cTepeokamepsl / BectHuk MI'TY «Crankuny. —2024. — Ne 2 (69). —
C. 8-15.

V.V. Serebrenny, N.V. Petrov

Bauman Moscow State Technical University

MOBILE ROBOT ENVIRONMENT 3D-MODEL CONSTRUCTION
ALGORITHMS BASED ON STEREO CAMERA

Abstract

Robotics is one of the most relevant areas of our time and allows us to solve many problems - from replacing
aperson in production to conducting reconnaissance work and patrolling. The use of technical vision systems
as part of mobile robots allows them to receive detailed information about the environment, which makes it
possible to organize the autonomous operation of these robots. The most significant information obtained from
vision systems is information about the geometry of the environment. The paper discusses existing hardware
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approaches to constructing a geometric picture of the environment, as well as features of the algorithm for
constructing a depth map using a stereo camera. In addition, the paper discusses the results of testing an algo-
rithm for constructing a 3D model of a mobile robot’s environment based on images obtained from a stereo
camera in the CoppeliaSim modeling environment and the RealSenceT265 stereo camera.

Keywords: mobile robotics, computer vision, vision systems, stereo cameras, 3D-mapping.

For citation: Serebrenny V.V., Petrov N.V. Mobile robot environment 3D-model construction algorithms
based on stereo camera // Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 8—15. (In Russian)
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A.JO. Ilonusanos, 0. /ladyn
®I'BOY BO «MI'TY « CTAHKH»

METO[ NMPEOBPA30OBAHUA KOOPOAUHAT
B NMPOMBbILJIEHHOM POBOTE KUKA KR16
C CUCTEMOW TEXHUYECKOIO 3PEHUA

AHHOTAIUS

B crarbe paccMaTpuBaeTcs METO/ peoOpa3oBaHus KOOpAUHAT B ipoMbliieHHOM podote KUKA KR 16
¢ cuctemoii Texauueckoro 3penust (CT3). [Ipumenenne CT3 nmo3BosiseT caenarh poOoT aIalTHBHBIM, B PE3YJiThb-
TaTe 4Yero NMeeTcss BO3MOKHOCTD ONPeNeIsITh O6CKOHTAKTHBIM CITIOCOO0OM KOOPIMHATHI 00BEKTOB B paboueit
30HE MaHUIy IMpoBaHus. KoopnHarel mpeodpasyroTces B 6a30BYH0 CUCTEMY KOOpauHAaT pobora. J{is odecre-
YEeHUSI TOYHOCTH Pe0OPa30BaHus B CTaThe PACCMATPHUBAIOTCS BHELIHSS U BHYTPEHHSIS KATHOPOBKH KaMephl
CT3.

[IpeoOpaszoBaHre KOOPAWHAT B MPOMBIIICHHOM po0oTe ¢ cuctemMoit Texuuueckoro 3penus (CT3) umeer
HECKOJIBKO I1eNeil. Bo-niepBhIX, OHO 1O3BOIISIET pOOOTY TOYHO OTIPEAEIUTH ITOI0KSHUE U OPUEHTAINIO 00BEKTOB
B IIPOCTPAHCTBE. DTO BaXKHO JJISI BBHITOJHEHHS 3314, TAKUX KaK cOOpKa, MO3UIIMOHUPOBAHUE HITH 00paboTka
MarepHuasos.

Bo-BTOpHIX, Mpeobpa3oBaHue KOOPANUHAT TTO3BOJISIET pOOOTY paboTaTh B Pa3IMIHBIX CHCTEMax KOOPHMHAT.
Hanpumep, 00beKThI MOTYT OBITh ITPEACTABICHBI B ITI00ATBLHOM CHCTEME KOOPIMHAT, 2 pOOOT MOKET HCITOIb-
30BaTh JIOKAJILHYIO CHCTEMY KOOPJIMHAT ISl BBIOMHEHU 3a1a4d. [IpeoOpazoBaHie KOOPIMHAT MTO3BOJISIET
CBSI3aTh AT JIBE CHCTEMbI U 00ECIICUNTh MPABUIBHOE B3aMMOJICHCTBHE POOOTA C OKPYKAIOIICH CpeIon.
[TpeoOpaszoBaHKe KOOPAMHAT pEIIACTCs B CUCTEME yIipaBiieHus: podotom. Ho, eciit podot ocHamaercst CT3,
TO peoOpa3oBaHKe KOOpAUHAT TpeOyeT coracoBanHor pabotsel CT3 1 npombIiieHHOTo podora. OCHOBHAsS
3aj1a4a, KOTOpast pelaeTcs B 9TOM Cllydae — onpezeeHre KOOpJHHAT 00beKTa B 0a30BOi cHCTeMe KOOPAHHAT
poboTa Ha OCHOBaHMH U300paXKEHUsI, onydeHHOro kamepoit CT3.

ITpu npeobpazoBaHNM KOOPIUHAT HEOOXOANMO YUUTHIBATh M KOMIIEHCHPOBATH MOTPEITHOCTH U HETOYHOCTH,
KOTOpbIe BO3HUKAKOT B crcteMe CT3 — po6oT. KoMmieHcalus morpenHocTeld 0CymecTBIsSeTCs MyTeM Kalk-
OpOBOK — BHYTPEHHEH U BHEIIHEH.

KitroueBble cj10Ba: cucTeMa TEXHHYECKOTO 3peHHs], poOoT, Ipeodpa3oBaHye KOOpANHAT, 6a30Bas CHCTEMa
KOOPJIMHAT.

s uuruposanus: [Tomusanos A 1O., /laGyn FO. Mertox npeoGpa3oBanus KOOPJMHAT B IPOMBIIIIICHHOM
podore KUKA KR16 ¢ cucremoii Texamdeckoro 3penust // Bectank MI'TY «Crankumy. —2024. — Ne 2 (69). —
C. 16-23.
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A.Y. Polivanov, Y. Daboul
MSUT “STANKIN”

METHOD OF COORDINATE CONVERSION IN INDUSTRIAL ROBOT
KUKA KR16 WITH COMPUTER VISION SYSTEM

Abstract

The article discusses the method of coordinate transformation in the KUKA KR16 industrial robot with a
computer vision system. The use of computer vision system makes it possible to make the robot adaptive,
as a result of which it is possible to determine the coordinates of objects in the manipulation working area
in a non-contact manner. The coordinates are converted to the robot’s base coordinate system. To ensure the
accuracy of the conversion, the article discusses the external and internal calibrations of the computer vision
system’s camera.

Coordinate transformation in an industrial robot with a computer vision system has several purposes. Firstly,
it allows the robot to accurately determine the position and orientation of objects in space. This is important
for tasks such as assembly, positioning, or material handling.

Secondly, coordinate transformation allows the robot to work in different coordinate systems. For example,
objects can be represented in a global coordinate system, and a robot can use a local coordinate system to
complete a task. The coordinate transformation allows you to connect these two systems and ensure the correct
interaction of the robot with the environment.

Coordinate transformation is solved in the robot control system. But, if the robot is equipped with a computer
vision system, then coordinate transformation requires coordinated work of the computer vision system and
the industrial robot. The main task that is solved in this case is to determine the coordinates of the object in
the basic coordinate system of the robot based on the image obtained by the computer vision system’s camera.
When converting coordinates, it is necessary to take into account and compensate for errors and inaccuracies
that occur in the computer vision system — robot system. Error compensation is carried out by calibrations —
internal and external.

Keywords: computer vision system, robot, coordinate transformation, basic coordinate system.

For citation: Polivanov A. Y., Daboul Y. Method of coordinate conversion in industrial robot KUKA KR16
with computer vision system // Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 16-23. (In Russian)
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B.B. @unamos™, M.B. Yymaeea, C.H. Monozapoe

OI'BOY BO «MI'TY « CTAHKHWH»
™ ABTOp 1/ KOPPECTIOHAEHIMN

UMUTALNOHHBLIE MOAENN 3NEKTPOHHbIX B/IOKOB MEXATPOHHOM
CUCTEMbI BECKOHTAKTHOIO ABUIrATENA MOCTOAHHOIO TOKA

AHHOTAIUS

BbeckonrakTHbIi aBurarens noctostHHoro Toka (BAINT) kak KOHCTPYKTHBHO 3aBEPLISHHbIH MOYIIb SIBIISETCS
CJIOXKHOU CHUCTEMOH, 00bEAUHSIONIEH OECKOUIEKTOPHBINA ABUraTeIb U AIEKTPOHHYIO CUCTEMY YIIPABJICHMUS.
OCHOBHBIM CHJIOBBIM YIIPABIIIEMBIM 3JIEMEHTOM SIBJIIETCSI COOCTBEHHO OECKOJIEKTOPHBII ABUrarelns. MimuTa-
LIMOHHAsI KOMIIBIOTEPHAs MOZIeNIb OECKOIEKTOPHOTO BUraTess mpeacTasieHa 6inokoM EMP. MexarponHas
cuctema B/IIIT conepkut psia ycTpoHCTB, CO3AIOIINX CUIIOBBIE YIIPAaBIIAIOIINE CUTHANBL. B crarke npuse-
JICHbl IMUTAI[OHHBIE MOJIEJIU IIEKTPOHHBIX OJI0KOB, (POPMUPYIOLIUX 3TUX CUrHaIbL. Mepapxudeckuil 610k
COMPARATOR (xoMIiapatop) MOAENIUPYET paboTy CUCTEMBI AaTUUKOB HONIOKeHUs poTopa. biiok DECODER
(memmdgparop) MOIEIHPYET POLECC MPeoOpa30BaHUsI TOCIEI0BATEIBHOCTH CUTHAJIOB C IATYUKOB MOJIOKEHHS
POTOpa B CTPOro ONPEEICHHYIO [I0C/IE10BAaTeIbHOCTb CUTHAIOB (KOJ), KOTOpast 3a/1aeT HEOOXOUMBIi ajiro-
PUTM THOKIFOYeHUsT 00MOTOK sikopsi nsurarens. biiok COMMUTATOR (xoMMyTaTop) MOJIEIUPYET MPOLECC
peoOpa3oBaHus KoJla B CHMMETPUUHYIO Tpex(asHyto cucTeMy yIpaBisiOIIUX HanpsbkeHUi. biiok PWM 3 %2
MOZENUPYET IPOLECChl UPOTHO-uMITynbcHoro ynpasiaenus BJAIIT. buok PI REGULATOR Ttpexda3Horo
[IPONOPLIUOHAIBHO-UHTEI PATILHOTO PEryIaTopa (JOPMUPYET CUIIOBBIE YIPABIAIOMINE CUTHANBL. BbhIXoaHbIE
NepeMEHHbIE MOCTPOeHHON nMHUTanMoHHON Moaenu BJIIIT nocTtaTouHO TOUHO OTpa)xkaroT JUHAMUYECKUE
U CTaTUYECKHUE MIPOLIECCHI PEATbHOM CUCTEMBI, UTO MOATBEPKIAET aI€KBaTHOCTb MOJIEIH.

KuaioueBble cji0Ba: OECKOHTAKTHBIA JBUTATEIb MOCTOSIHHOTO TOKA, MEXaTPOHHAsI CHCTEMa, MMUTAMOHHAS
KOMIIBIOTE€PHAsl MOJIEJIb, YIPABIIAIOUINNA CUTHAJI, JIEKTPOHHAS CUCTEMa YIIPaBJICHUS.

s uutupoanus: Ouiaros B.B., Uymaesa M.B., Monorapos C.l1. IMUTallMOHHBIE MOAEIH JJIEK-
TPOHHBIX OJIOKOB MEXAaTPOHHOM CUCTEMBI OECKOHTAKTHOTIO JIBUraTelIs IOCTOSIHHOTO ToKa // BectHuk MI'TY
«Crankuny. — 2024, — Ne 2 (69). — C. 24-32.

V.V, Filatov™, M.V. Chumaeva, S.I. Monogarov

MSUT “STANKIN”
™ Corresponding author

SIMULATION MODELS OF THE MECHATRONIC SYSTEM ELECTRONIC
COMPONENTS OF ACONTACTLESS DC MOTOR

Abstract

The contactless DC motor (BDPT) as a structurally complete module is a complex system combining a brush-
less motor and an electronic control system. The main power-driven element is the brushless motor itself. The
simulation computer model of a brushless motor is represented by the EMP block. The BDPT mechatronic
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system contains a number of devices that create power control signals. The article presents simulation models
of electronic blocks that form these signals. The hierarchical COMPARATOR block simulates the operation
of the rotor position sensor system. The DECODER block simulates the process of converting a sequence of
signals from rotor position sensors into a strictly defined sequence of signals (code), which sets the necessary
algorithm for connecting the motor armature windings. The COMMUTATOR block simulates the process of
converting the code into a symmetrical three-phase control voltage system. The PWM_3x2 block simulates
the processes of pulse-width control of the BDPT. The PI. REGULATOR block of the three-phase proportional
integral regulator generates power control signals. The output variables of the constructed BDPT simulation
model accurately reflect the dynamic and static processes of the real system, which confirms the adequacy
of the model.

Keywords: the contactless DC motor, mechatronic system, simulation computer model, control signal, elec-
tronic control system.

For citation: Filatov V.V., Chumaeva M.V., Monogarov S.I. Simulation models of the mechatronic system
electronic components of a contactless dc motor // Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 24-32. (In
Russian)
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Hayunas cmamos
Bectauk MI'TY «Crankuny. 2024. Ne 2 (69). C. 33-39.
VIK 621.941 Vestnik MSUT “Stankin”. 2024. No. 2 (69). P. 33-39.

E.B. Apmamonoé’, B.B. Boponun’*, T.E. Kocmue', A.C. Illmun’

' ®T'BOY BO «TroMEHCKHI HHIYCTpUANBHBINA YHUBEPCUTET; * [IAO « TFHOMEHCKHE MOTOPOCTPOUTEIIN
™ ABTOp 715l KOPPECTIOHAEHIINH

OMPEOENEHUE CKOPOCTWU PE3AHUSA, OBECMNEYMBAIOLLEEN
MAKCUMAIIbHYIO PABOTOCMOCOBHOCTb CBOPHbIX PE3LIOB
MO NAPAMETPAM BUBEPOYCKOPEHUA, NPU TOYEHUW OETANEN
U3 TPYOHOOBPABATbLIBAEMbIX CTANIEM U CNNIABOB

AHHOTAIUS

B cTarbe mpHBOAATCS pe3yabTaThl YKCIEPHUMEHTAIBHBIX HCCIEIOBAHUI MO OTPEIENICHUIO Ahana3oHa
CKOpOCTEH pe3aHust, 00€CIIeUnBaIOIIETO YCIOBUS MAKCUMAaIbHOM paboTOCOCOOHOCTH CMEHHBIX PEXYIIIX
TBEPOCIIIABHBIX TUIACTHH COOPHBIX PE3IOB, IIPH TOUYSHHUH AeTajel U3 TpyIHOOOpadaTeIBaeMbIX cTael
U criaBoB. VccinenoBaiock ToueHHE MPH Pa3HBIX CKOPOCTSIX Pe3aHUsl Hapy)KHOH MOBEPXHOCTH 3aro-
ToBOK n3 ctanu 14X17H2 u cruitasa XH78T Ha TOKapHOM CTaHKE C YUCIOBBIM IMPOTPAMMHBIM yTIpaBIie-
HueM Viktor VTurn 26, mpu TOM OTCIICKHBAIOCH U3MECHEHHUE BUJIAa CTPYKKHU CO CIIMBHOM B 3JIEMEHTHYIO,
MIPOU3BOIMIIACH 3AIHCh TIABHOM COCTaBIIsIONIEH BUOPOYCKOpEHHs cOOPHOTO pe3na U KOHTPOIUPOBAJICS
OTHOCHUTEJIBHBIN H3HOC pe3lia Mo 3aJHei MoBepXHOCTH. Pa3paboTaHHBI aBTOpaMH METOJI OIPE/ICIICHUS
Juana3oHa CKOpoCTel pe3aHus, 00ecIeuynBaromero yClIoBHs MaKCHMalbHOH paboToCIOCOOHOCTH
CMEHHBIX PEXYIIUX TBEPAOCIUIaBHBIX IUTACTHH, OCHOBAH Ha 0a30BOM MaTeMaTHYeCKOM aHAIIN3e 3aBUCH-
MOCTH CpEeIHEKBaJpaTHYHOTO 3HAYCHHUS TJIABHOW COCTABIIAIONIEH BUOPOYCKOPEHHsI COOPHOTO pe3la OT
CKOPOCTH pe3aHusi. Pe3ynpraTroM MaTeMaTHIeCKOTO aHaIM3a SIBISIETCS] BEPXHSISI M HYDKHSISI TPAHHIIBI HCKO-
MOTO JHana3oHa CKOPOCTEH pe3aHws, onpeaeiieMble COOTBETCTBEHHO M0 KPUTHUSCKUM TOYKaM IEepPBOH
U BTOPO# MpOU3BOAHBIX. PazpaboTaHHbIil cr10COO MOXKET OBITh B MOJIHOW MEpe pealin30BaH B YCIOBHIX
ABTOMATH3UPOBAHHOTO MPON3BOACTBA. OTKIOHEHHNE CPEIHUX 3HAYCHUH THaNa30HOB CKOPOCTEH pe3anHus,
MOJTYYEHHBIX TI0 METO/LY aBTOPa, COCTABIISIET B CpeiHEM He Ooiee 7,5% OT ONTUMAaNIbHBIX, ONPEAETICHHBIX
no metonuke A.Jl. MakapoBa u B cpeaneM He 6onee 6,5% no metonuke C.C. Cununa. /namnazon ckopo-
cTell pe3aHusl, yCTAaHOBJICHHBIN MO0 METOY aBTOPA, MO3BOJISIET YTOUHUTH MIUPOKUAN IUATMa30H CKOPOCTEH
pe3aHusi, peKOMEHIOBaHHBIN MPOU3BOIUTEIEM CMEHHBIX PEXKYIIUX TBepaociiaBHbix miactul (K3TC,
ISCAR), B cpenuem Ha 69%.

KuroueBble cyioBa: paboToCiocoOHOCTh, BUOPAIHsl, TOYCHHE, TPYAHOOOPaOaThIBACMBIC CTAJIM H CIUIABEI,
cOOpHBII pe3er.

s uutupoBanus: Apramonos E.B., Bopouun B.B., Koctus T.E., IlItun A.C. Onpenenenue ckopocTu
pe3aHusi, 00ecIeunBaoIeil MaKCHMaIbHYI0 Pab0TOCIIOCOOHOCTE COOPHBIX PE3LIOB 10 ITapaMeTpaM BHOPO-
YCKOpEHHs, IPU TOUEHUH JeTalell U3 TpyIHOooOpabaTbiBaeMbIX cTayiedl u craBoB // Becthuk MI'TY
«Crankun». —2024. — Ne 2 (69). — C. 33-39.
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E.V. Artamonov', V.V, Voronin**, T.E. Kostiv', A.S. Shtin’

"' Tyumen Industrial University; 2 PAO “Tyumenskie motorostroiteli”
™ Corresponding author

DETERMINATION OF THE CUTTING SPEED THAT ENSURES MAXIMUM
PERFORMANCE OF PREFABRICATED CUTTERS BASED ON THEIR
VIBRATION WHEN TURNING DIFFICULT-TO-CUT STEELS AND ALLOYS

Abstract

The article presents the results of experimental studies to determine the range of cutting speeds that provide
conditions for maximum performance of replaceable carbide cutting plates of prefabricated cutters when
turning parts made of hard-to-work steels and alloys. Turning at different cutting speeds of the outer surface of
workpieces made of 14X17H2 steel and HN78T alloy was studied on a numerically controlled Viktor VTurn
26 lathe, while the change in the type of chips from drain to element was monitored, the main component of
the vibration acceleration of the prefabricated cutter was recorded and the relative wear of the cutter along the
back surface was monitored. The method developed by the authors for determining the cutting speed range,
which provides conditions for maximum operability of replaceable carbide cutting plates, is based on a basic
mathematical analysis of the dependence of the RMS value of the main component of the vibration acceleration
of a prefabricated cutter on the cutting speed. The result of a mathematical analysis is the upper and lower
limits of the desired cutting speed range, determined respectively by the critical points of the first and second
derivatives. The developed method can be fully implemented in an automated production environment. The
deviation of the average values of the cutting speed ranges obtained by the author's method is on average no
more than 7.5% of the optimal values determined by the method of A.D. Makarov and on average no more
than 6.5% by the method of S.S. Silin. The range of cutting speeds established by the author's method makes it
possible to clarify the wide range of cutting speeds recommended by the manufacturer of replaceable carbide
cutting plates (KZTS, ISCAR) by an average of 69%.

Keywords: workability, vibration, turning, difficult-to-cut steels and alloys, split-design tooling.

For citation: Artamonov E.V., Voronin V.V., Kostiv T.E., Shtin A.S. Determination of the cutting speed that
ensures maximum performance of prefabricated cutters based on their vibration when turning difficult-to-cut
steels and alloys. // Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 33-39. (In Russian)
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A.A. Bepewaxa', H.C. Bapanosa’, H.M. IlImaxoé’, E.C. Comosa’™

! THCTHUTYT KOHCTPYKTOPCKO-TexHOJTOTHueckoi nadopmariku PAH; 2 PTY MHUPDA,;
3 ®I'OY BO «MI'TY « CTAHKUWH»

™ ABTOp /s KOPPECTIOHAEHIMN

WCCNEOQOBAHUE CTPYKTYPbl U ®A30BOO COCTABA MUKPOYACTUL
COEPUYECKOU ®OPMbI, POPMUPYIOLLUXCS B MPOLEECCE OCAXOEHUA
PVD NOKPbITUA

AHHOTaUUSA

B cratbe uccnenyorcst 0COOCHHOCTH CTPYKTYPBI U (pa30BOTO COCTaBa MUKPOUYACTHIL PA3IUYHOTO IEMEHT-
HOTO COCTaBa — TUTAH U LIMPKOHUH, a TAKoKe BIMSIHUE MUKPOYACTHIL HA CTPYKTYPY HAaHOCJIOWHBIX MOKPBITHI
TiN-(Ti,AI)N u TiN-(Ti,Mo,Al)N. YcranoBieHsl 0cOOCHHOCTH AedopManuyu HAHOCIOWHONW CTPYKTYpPHI
MIOKPBITUS IPH YIApHOM BO3/I€HCTBUHU BPE3aIOIINXCSI B €T0 IOBEPXHOCTh MUKpouacTull. Onpenenens (assl,
(hopMupyromuecss B MUKpOYaCcTUIIAX Pa3IndHOro cocTasa. Mccnenosansl aAudQy3HoHHbBIE IPOLECCHI, IPU
KOTOPBIX B MIOBEPXHOCTHBIX CIIOSAX SIIpa U3 OCHOBHOI'O JIEMEHTA MUKPOYACTUIIBI PACTBOPSIIOTCS METAIUIBL,
BXOJISIIIIUE B COCTAB ITOKPBITHSA (B YACTHOCTH, MOJIHO/ICH).

KiarwueBble ciioBa: HUTPUAHBIC TOKPBITUA, MUKPOYACTULIBI, (1)a30131>1171 COoCTas, HaHOCJIONHas CTPYKTYypa.

Jast nmtupoBanusi: Bepemaka A.A., bapanosa H.C., [lImakos .M., CotoBa E.C. HccnenoBanne CTpyKTypbI
1 (a3oBOro cocraBa MHUKpo4acTull cepuueckoii Gopmbl, GOPMUPYIOIIUXCS B Mpolecce ocaxaeHus PVD
nokpeituit// Becthuk MI'TY «Crankun». — 2024. — Ne 2 (69). — C. 40-52.

A.A. Vereschaka', N.S. Baranova?, .M. Shmakov?, E.S. Sotova’®

! Institute of Design and Technological Informatics of RAS; 2 RTU MIREA; * MSUT “STANKIN”
™ Corresponding author

STUDY OF THE STRUCTURE AND PHASE COMPOSITION
OF SPHERICAL MICROPARTICLES FORMED DURING THE DEPOSITION
OF PVD COATINGS

Abstract

The article examines the features of the structure and phase composition of microparticles of different elemental
compositions — titanium and zirconium, as well as the influence of microparticles on the structure of TiN-
(Ti,A)N and TiN-(Ti,Mo,Al)N nanolayer coatings. The features of deformation of the nanolayer structure of
the coating under the impact of microparticles cutting into its surface have been established. The phases that
form in microparticles of various compositions have been determined. Diffusion processes have been studied
in which metals included in the coating (in particular, molybdenum) are dissolved in the surface layers of the
core from the main element of the microparticle.

Keywords: nitride coatings, microparticles, phase composition, nanolayer structure.

For citation: Vereschaka A.A., Baranova N.S., Shmakov .M., Sotova E.S. Study of the structure and phase
composition of spherical microparticles formed during the deposition of PVD coatings // Vestnik MSUT
“Stankin”. 2024. No 2 (69). P. 40-52. (In Russian)
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A.A. Bepewaka', H.C. bapanosa’

! UHCTUTYT KOHCTPYKTOPCKO-TeXHONMOrn4Yeckoi nupopmaruku PAH; > PTY MUPDA

XAPAKTEP U3HALLUBAHMUSA U PA3PYLLEHUA
HAHOCTPYKTYPUPOBAHHbBIX NOKPbITUH TI-TIN-(TI,AL,CR)N
C UBMEHSAIOLWEWUCS BEIMYUHOWN NEPUOJA MOaOYNALMU
B UI3BHOCOCTOWKOM CNOE

AHHOTAUUSA

[IpencraBieHbl pe3ysibTaThl HCCIICAOBAHUS CBOWCTB HAHOCTPYKTYpUpoBaHHBIX TIOKpbITHI Ti-TiN-(Ti,Al,Cr)
N ¢ U3MEHSIOMMMCS TIEPHOIOM MOAYJSIHHU A. PaccMaTpUBaIvCh MOKPHITHS € yBeTHIUBaOMIAMCS OT 20
110 300 HM 1 ymeHnblinaronpmes ot 300 1o 20 HM epruoaOM MOAYJISIHUA. B kadecTBe 00bEKTa CpaBHCHHUS
paccmatpuBaicsi 00pasel ¢ HOCTOSIHHOM BENMYMHOM neproga Moy sinun A = 50 HM. BrisBrneHs! pazinnans
B XapakTepe TPEIINHO00pa30BaHus Y UCCIIETyEeMbIX MOKPHITHI. BBIIO HCCIen0BaHO KPHCTAIUTHUECKOE CTPO-
€HHE MOKPHITUH. YCTAaHOBJIEHO, YTO IPU HAESHTHYHOM pa3Mepe 3¢peH IMOKPHITHS UMEIOT 3aMETHBIE pa3indus
C TOYKH 3PEHHsI BEIPA)KEHHOCTH TEKCTYPBHI.

KuroueBble ciioBa: Gpuznueckoe ocakaeHue U3 naposoii Gpassl (PVD), TpemmnoobpazoBaHue, IepUOA CTOH-
KOCTH PEXKYILEr0 HHCTPYMEHTA, HAHOCJIOMHBIE IOKPBITHSI, U3HOC.

Jis nutupoBanus: Bepemaka A.A., bapanosa H.C. XapakTep uzHalIMBaHUs U Pa3pylleHUs HAHOCTPYK-
typuposaaHbIX MOKpITHif Ti-TiN-(Ti,Al,Cr)N ¢ n3meHsromeiics BeTMYNHON eproa MOAYISIUH B U3HO-
cocroiikom cioe // Becthuk MI'TY «Crankuny». — 2024, — Ne 1 (68). — C. 53-62.

A.A. Vereschaka', N.S. Baranova’

! TInstitute of Design and Technological Informatics of RAS; 2RTU MIREA

THE CHARACTER OF WEAR AND DESTRUCTION OF NANOSTRUCTURED
TI-TIN-(TI,AL,CR)N COATINGS WITH A VARIABLE VALUE
OF THE MODULATION PERIOD IN THE WEAR-RESISTANT LAYER

Abstract

The study results of the properties of nanostructured Ti-TiN-(Ti,Al,Cr)N coatings with a varying modula-
tion period A are presented. Coatings with a modulation period increasing from 20 to 300 nm and decreasing
from 300 to 20 nm were considered. A sample with a constant value of the modulation period A = 50 nm was
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considered as an object of comparison. Differences in the cracking character in the studied coatings were
revealed. The coatings crystal structure was investigated. It was found that with identical grain sizes, the
coatings have noticeable differences in terms of texture severity.

Keywords: physical vapor deposition (PVD), cracking, cutting tool durability period, nanolayer coatings, wear.

For citation: Vereschaka A.A., Baranova N.S. The character of wear and destruction of nanostructured
Ti-TiN-(Ti,Al,Cr)N coatings with a variable value of the modulation period in the wear-resistant layer //
Vestnik MSUT “Stankin”. 2024. No 1 (68). P. 53—-62. (In Russian)
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™ ABTOp /s KOPPECTIOHIEHIMN

BIUAHUE PEXXUMOB NE3BUAHOW OEPABOTKW OETANEN NPUBOPHbBIX
noawnnHUKOB U3 3AKATTEHHbIX U HE3AKAJIEHHbIX CMELUWAIBbHbIX
CMJ1IABOB HA BbICOTHbIE MAPAMETPbI LIEPOXOBATOCTU
OBPABOTAHHbIX MOBEPXHOCTEMN

AHHOTANMSA

[Mockonbky ne3BuitHas 00pabOTKa 3aroTOBOK M3 TPYAHOOOpaOaThIBAEMBIX CTAJICH M CIUIABOB SIBIISICTCS
CJIOXKHOM TEXHOJIOTMYECKON 3a7aueii, akTyaJbHBIM BOIIPOCOM SIBJISIETCS] Pa3pabOTKa BEICOKOI(M()EKTUBHBIX
TEXHOJIOTUUECKUX IIPOLIECCOB JIE€3BUHHON 00pabOTKH 3ar0TOBOK JeTalel MOMIIUITHIKOB U3 TPYAHO0OpadaThI-
BaE€MBIX CTaJIel U CIUIABOB, YTO MOXKET OBITh PEaIU30BaHO Ha OCHOBE JOCTOBEPHO YCTAHOBIECHHBIX 3aKOHO-
MEPHOCTEH BIUSHUS TEXHOJOIMYECKUX YCIOBUH U PEKUMOB JIE3BUIHON 00pabOTKH 3ar0TOBOK IPUOOPHBIX
HOJLIMITHUKOB Ha JOCTUI'AE€MBIC TapaMeTPhl Kaue€CTBA IOBEPXHOCTH U (PU3UKO-MEXaHUUECKUE XapaKTCPUCTUKH
HOBEPXHOCTHOTO CJIOSL.

B nanHO# cTaThe paccCMOTPEHBI 3aKOHOMEPHOCTH BIMSHUS PEKUMOB JIE3BUHHOM 00pabOTKN TOKapHON
IUTACTUHON ¢ HamalHBIMU BCTaBKaMH U3 KyOuueckoro Hurpuia 6opa (CBN-100) 3arotoBok npuOOpHBIX
MOJIIIMITHUKOB M3 3aKaJICHHBIX M He3aKaJICHHBIX CHeUaibHbIX cruaBoB (95X 18-111, 110X 18M-11/1, 40XHIO-
BU) Ha BBICOTHBIE TapaMeTPhI LIEPOXOBATOCTH 0OPAOOTaHHBIX TOBEPXHOCTEH, BHISIBICHHBIE B XO/I€ IPOBE-
JICHUS! 9KCIICPUMEHTAIbHBIX UCCIIE0BaHUN 00pabOTKHY ClieNUalbHbIX MOALIIMITHUKOBBIX CIIJIaBOB. BhIsBICH
psii 0cOOEHHOCTEH, BIUAIOMUX Ha (JOPMHUPOBAHUE MIEPOXOBATOCTH MOBEPXHOCTHU [AeTaleill MPUOOPHBIX
MOAIIUITHUKOB NOCIe Je3BUiHOM 00paboTky. [TosryyeHHbIe pe3ynbTaThl SKCIEPUMEHTAIBHBIX HCCIIEI0BAaHNIT
MOTYT OBITh UCIIOIb30BaHbI 15 (JOPMHUPOBAHMS TEXHOJIOIMYECKUX PEKOMEHAALNI 110 00ecIeeHHIO KauecTBa
Je3BUHHOI 00paboTKy.

W3BectHO, uTo KyOnueckuit Hutpuna 6opa (KHB) Hamen mupokoe npuMeHeHne il YUCTOBOM JIC3BUMHOMN
00pabOTKH 3aKaJICHHBIX CTaJIeH, UMEIOIIUX TBEpAO0CTh cBbilIe 45 HRC, cnocoOHO# 3aMEHNUTh TPAAUIIUOHHO
UCIIOJIb3yEMbIE ONlepalluy YepHOro nutndosanus [6].

TpaaunnoHHO U 00pabOTKE 3aKaJICHHBIX CTajIel U CILUIABOB HOBBIILICHUE IPOU3BOAUTEILHOCTH JOCTUIACTCS
3a CUeT BHECEHUS] U3MEHEHUH B KOHCTPYKLHUIO PEKYIIEro HHCTPYMEHTA U YCOBEPIIECHCTBOBAHUS 000pyn0-
BaHUsA. B HacTosiee BpeMsl IPUMEHEHUE PEXYIIUX HHCTPYMEHTOB U3 HOBBIX MHCTPYMEHTAJIbHBIX MaTepU-
aJioB, B YACTHOCTHU, KyOUUECKOro HUTpUaa 60pa, IOo3BOJIseT 00pabaThIBaTh ClICLUAIbHbIE CTAIH U CIUIAaBbI
B PeXKUME BBICOKUX CKOpOCTeil u nogau [6].

Ilenbio JaHHOTO UCCIIEI0BAHNUS SIBIISIETCS BBISBIICHUE 3aKOHOMEPHOCTEN BIIMSIHUSL PEKUMOB JIe3BUITHON 00pa-
OOTKH TOKapHOU IUTACTHHOM C HAAHBIMU BCTaBKaMM U3 Kyondyeckoro HuTpuaa 6opa (CBN-100) 3aroroBok
IpUOOPHBIX NOAIIUIIHUKOB U3 3aKaJICHHBIX M HE3aKaJICHHBIX CIIENUaNIbHbIX cIIaBoB (95X 18-111, 110X 18M-
1, 40XHIO-BU) Ha BBICOTHBIE TApaMETPhI IIEPOXOBATOCTH 00pabOTaHHBIX TTOBEPXHOCTEH.

Ki1roueBble c/10Ba: 3aKajieHHbIE CIICIMATIbHbBIC CIUIaBbl, HE3aKaJICHHbIE CIIEUAJIbHbIC CIUIABBI, JIe3BUITHAS
00paboTka, TOKapHas IJIAaCTHHA, KyOMYeCKHid HUTPHJI OO0pa, BHICOTHBIE MapaMeTphl HIEPOXOBATOCTH,
PUOOPHBIE TTOAIIHITHHKH

Jast nmtupoBanus: Kyzuernos B.A., Bonkos P.b., [IpokomnseB A.1O., CricoeB /I.A., I'yceitnosa O.T. Bausinue
PEXKMUMOB JIE3BUHHON 00pabOTKH eTaneil MpHOOPHBIX HOAIIMITHIKOB U3 3aKaJICHHBIX M HE3aKaJICHHBIX CIICIIH-
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INFLUENCE OF TURNING MODES OF PARTS OF TOOL BEARINGS
MADE OF HARDENED AND NON-HARDENED SPECIAL ALLOYS
ON THE HEIGHT PARAMETERS OF THE ROUGHNESS

OF THE MACHINED SURFACES

Abstract

Since blade machining of workpieces made of hard-to-cut steels and alloys is a complex technological task,
an urgent issue is the development of highly efficient technological processes for blade machining of blanks
of bearing parts made of hard-to-cut steels and alloys, which can be implemented on the basis of reliably
established patterns of influence of technological conditions and modes of blade machining of instrument
blanks bearings on the achieved parameters of surface quality and physical and mechanical characteristics
of the surface layer.

The regularities of the influence of the modes of blade processing with a turning plate with soldered inserts
made of cubic boron nitride (CBN-100) of instrument bearing blanks made of hardened and non-hardened
special alloys (95H18-SH, 110H18M-SHD, 40HNYU-VI) on the high-altitude roughness parameters of the
treated surfaces revealed during experimental studies of processing of special bearing alloys are considered.
A number of features have been identified that influence the formation of surface roughness of parts of instru-
ment bearings after blade processing. The obtained results of experimental studies can be used to formulate
technological recommendations for ensuring the quality of blade processing.

It is known that cubic boron nitride (CBN) has found wide application for the finishing of blade processing
of hardened steels with a hardness of over 45 HRC, capable of replacing traditionally used black grinding
operations.

Traditionally, when machining hardened steels and alloys, productivity gains have been achieved through
changes in cutting tool design and equipment improvements. Currently, the use of cutting tools made from
new tool materials, in particular cubic boron nitride, makes it possible to process special steels and alloys at
high speeds and feeds.

The purpose of this study is to identify the patterns of influence of the modes of blade machining with a
turning plate with soldered inserts made of cubic boron nitride (CBN-100) blanks of instrument bearings
made of hardened and non-hardened special alloys (95H18-SH, 110H18M-SHD, 40HNY U-VI) on the height
parameters of the roughness of the treated surfaces.

Keywords: hardened special alloys, non-hardened special alloys, blade processing, turning plate, cubic boron
nitride, height roughness parameters, instrument bearings.

For citation: Kuznetsov V.A., Volkov R.B., Prokopiev A.Yu., Sysoev D.A., Guseynova O.T. Influence of
turning modes of parts of tool bearings made of hardened and non-hardened special alloys on the height
parameters of the roughness of the machined surfaces // Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 63-72.
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OBECMEYEHUE KAYECTBA ABPA3VUBHOW OEPABOTKU OIETANEN
NMPMBOPHbLIX NOALWWMHUKOB NPU NPOAONIBHOM LUNN®OBAHUAU
HA OCHOBE BbIBOPA OMNTUMAIBbHbLIX PEXXUMOB PE3AHUA

AHHOTALIMS

B xo0j1¢ BBINMOMHEHNS pabOT OBLUTH ONPE/ICIICHBI eI PA00THI, MATEPHAIIBI 3aTOTOBOK M X (PH3HUKO-MEXaHHUC-

CKHE CBOMCTBA, TEXHOJIIOTMYECKOE 000PYJ0BAaHHE U MHCTPYMEHT, BHIIIOJIHEHBI PACUEThI TPEAETbHBIX PEXKUMOB

UM OBaHMs, a TAKXKE COCTABJICH IJIaH TIOJHOTO (haKTOPHOTO SKCIIEPUMEHTA.

Ilo pe3ynbraram MpoBeEHHBIX pa0OT BHIITOJIHEH aHAJIN3 3aBUCUMOCTEH 1apaMeTpoB IEPOXOBAaTOCTH, OTKIIO-

HEHUSI OT KPYIIOCTH M BOJTHUCTOCTH OT PEXKUMOB 00pabOTKHY JUIS IPOIOIBHOTO NUTH(OBAHNS 3aTOTOBOK U3

criaBoB 110X 18M-IIJT, 95X 18-111, 40XHIO-BU u momyueHsr:

— pe3yJIbTaThl HATYPHBIX HKCIIEPUMEHTOB U SMITUPUYECKHE 3aBUCUMOCTH BBICOTHBIX ITApaMETPOB LIEPOXOBa-
toctH Ra, Rz, Rt 0T 3HaYeHUIT CKOPOCTH pe3aHusl, TOAauy U ITyOHHBI pe3aHus py abpasuBHOM 00paboTKe
IIPY IPOJOITEHOM HITH(OBAHHUH 3aroTOBOK U3 crutaBoB 110X 18M-1J1, 95X18-111 u 40XHIO-BU;

— Ppe3yJIbTaThl HATYPHBIX SKCIIEPUMEHTOB M SMITHPHUCCKAs 3aBHCUMOCTD [TApaMeTpa OTKIIOHEHHUS OT KPYTIIOCTH
OT 3HAYCHHU I CKOPOCTH pe3aHusl, OIauu U TIIyOHHBI pe3aHus [IpU a0pa3uBHOM 00PaOOTKE MPH MPOI0TBHOM
Ui oBaHKK 3aroToBoK U3 crtaBoB 110X 18M-IIJT, 95X18-111 u 40XHIO-BU;

— Ppe3yJIbTaThl HATYPHBIX SKCIIEPUMEHTOB U AMITUPHYECKAs 3aBUCMOCTh MapamMeTpa BOJHUCTOCTH OT 3HAYCHHI
CKOPOCTH pEe3aHHUsl, TIO/IauH U [ITyOUHBI pe3aHust TIPH aOpa3uBHOI 00pabOTKe MPOAOIBEHBIM HUTH(OBAHHEM
3aroToBok 3 cmiaBoB 110X 18M-I11J1, 95X18-111 n 40XHIO-BU;

B pesynbrare aHasu3a MojaydeHHBIX Pe3yJIbTaTOB ObLJIO YCTAHOBIICHO:

— HaIpaBJICHHEM TTOBBIIICHHUS KA4eCTBa ACTaICH MPUOOPHBIX TOIIUITHUKOB SIBIISICTCS ONTHMHU3AIINS PSKUMOB
abpas3uBHOIT 00pabOTKH, YTO TpeOyeT MPOBECHNUS TaTbHEHIIINX UCCIICIOBAHHIA,

— MOJIYYCHHBIC PE3YJIbTAThl SKCTIEPUMCHTAIILHBIX HCCIICAOBAHUN MOTYT OBITh HCIIOJIB30BAHBI JIJIsl (HOPMHUPO-
BaHUsI TEXHOJIOTMYCCKUX PEKOMEHIAIN# 110 00ECIICUCHU IO KauecTBa abpa3uBHONW 00paOOTKH.

KuioueBble ciioBa: mponosipHoe Ui oBaHue, Bpe3Hoe NuIn(OBaHNe, CKOPOCTh MITM(OBAHNS, BETHYHHA
[Of1auH, TTyOrHa MU (OBaHUS, OTKIOHEHHE OT KPYIVIOCTH, BOJTHUCTOCTb, IIEPOXOBATOCTb.

Jnsa nutuposanusi: Kyzunenos B.A., Tpery6os B.B., T'ono6okos A.B., IIpokonbses A.JO. O6ecneueHue
KauecTBa aOpa3uBHOI 00pabOTKU AeTanell NPUOOPHBIX MOJAIIUITHUKOB IPH IPOLOILHOM HIIM(OBAHUU Ha
OCHOBE BBbIOOpA ONTUMAIbHBIX pexuMoB pesanus // Becthuk MI'TY «Crankun». — 2024. — Ne 2 (69). —
C. 73-82.

BECTHUK MI'TY « CTAHKW/H» Ne 2 (69) - 2024 / VESTNIK MSUT «STANKIN» No. 2 (69) « 2024



2.5.5. TEXHONOIMs N OBOPYAOBAHWUE MEXAHWYECKOW 1 ®U3WKO-TEXHUYECKOW OBPABOTKM

V.A. Kuznetsov', V.V. Tregubov'**=, A.V. Golobokov, A.Yu. Prokopyev’

' MSUT “STANKIN”; 2 OJSC “OK-LOZA”; 3 LLC “New Technologies and Materials”;
* Moscow Polytechnic University

™ Corresponding author

ENSURING THE QUALITY OF ABRASIVE MACHINING
OF INSTRUMENT BEARING PARTS DURING LONGITUDINAL GRINDING
BASED ON THE SELECTION OF OPTIMAL CUTTING MODES

Abstract
In the course of the work, the purpose of the work, workpiece materials and their physical and mechanical
properties, technological equipment and tools were determined, calculations of the limiting grinding modes
were performed, and a plan for a full factorial experiment was drawn up. Based on the results of the work
carried out, an analysis of the dependences of the parameters of roughness, deviation from roundness and wavi-
ness on processing modes for longitudinal grinding of workpieces from alloys 95H18-SH, 110H18M-SHD,
40HNYU-VI was carried out and the following was obtained:

— results of full-scale experiments and empirical dependences of the height parameters of roughness Ra, Rz,
Rt on the values of cutting speed, feed and depth of cut during abrasive processing during longitudinal
grinding of workpieces made of alloys 95H18-SH, 110H18M-SHD and 40HNYU-VI;

— results of full-scale experiments and empirical dependence of the deviation from roundness parameter on
the values of cutting speed, feed and depth of cut during abrasive longitudinal grinding of workpieces made
of alloys 95H18-SH, 110H18M-SHD and 40HNYU-VI,

— the results of full-scale experiments and the empirical dependence of the waviness parameter on the values
of cutting speed, feed and depth of cut during abrasive processing by longitudinal grinding of workpieces
made of alloys 95H18-SH, 110H18M-SHD and 40HNYU-VI,

As a result of the analysis of the results obtained, it was established:

— the direction of improving the quality of parts of instrument bearings is the optimization of abrasive
processing modes; further research is required,

— the obtained results of experimental studies can be used to formulate technological recommendations for
ensuring the quality of abrasive processing.

Keywords: longitudinal grinding, mortise grinding, grinding speed, feed amount, grinding depth, out of
roundness, undulation, roughness.

For citation: Kuznetsov V.A., Tregubov V.V., Golobokov A.V., Prokopyev A.Yu. Ensuring the quality of
abrasive machining of instrument bearing parts during longitudinal grinding based on the selection of optimal
cutting modes // Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 73-82. (In Russian)
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UCNOJIb3OBAHUE METOA TBEPOOTEJIbHOIO MOAEJIMPOBAHUA
MO ONPEQENEHUIO CUIl PE3AHUA NPU TOKAPHON OEPABOTKE
U NPU OBPABOTKE MO CNOCOBY ®PE3OTOYEHUA

AHHOTAIUS

OJHUM U3 CYIIIECTBEHHBIX HEJIOCTATKOB HCIOJIB30BAHMUS IIPOIecca TOUCHHS TIPY M3TOTOBJICHHH JIeTallel THITa
«TEJI0 BPAIICHUS» SBJISCTCS BOSHUKHOBEHUE OOJBIINX CHII PE3aHUs B 30HE 00pabOTKHU, YTO OTPHIATEIEHO
BIIMSICT HA H3HOC HHCTPYMEHTA, IEPOX0BATOCTh HOBEPXHOCTH JACTAJIH M MPOTHO JUIMHHOMEPHOTO BaJla HHCTPY-
MEHTA, YTO IPUBOJAUT K CHIDKCHHIO PEKHMOB PE3aHUS H YMCHBIICHHUIO TPOU3BOAUTEILHOCTH 00PaOOTKH.
IenecooOpa3Hee UCNONb30BaTh clI0c00 (hpe3oToueHus npu oOpadoTke Tel BpaueHus. Juckosas ¢pesa no
CPaBHEHUIO C PE3IOM, TIPH UCIIOJIL30BAHHUH €€ KaK PeXkKYIIEro HHCTPYMEHTa, OyeT NMETh IPEHMYILEeCTBa 0
CTOMKOCTH, IIPOM3BOANUTEIFHOCTH, TOYHOCTH H IIEPOXOBATOCTH 00pabOTaHHOI ITOBEPXHOCTH, B TOM UYHCIIE
npu 06paboTKe TPyAHOOOPadATHIBACMBIX MaTEPHAJIOB 1 JUIMHHOMEPHBIX BaJIOB. OIHAKO JUTS HCHOJIb30BAHUS
MeTojia (Pe30TOUCHNUS KaK 3aMEHbI TPAIUIIMOHHOMY TOUYCHHIO HEOOXOIMMO OIPEACIICHUE CHII Pe3aHHs IIpU
00paboTke (hpe3oit 1 pe3loM K UX CpaBHCHUE. B TaHHOW cTaThe CHIIBI Pe3aHUs ONPECIIOTCS PACUSTHEIM
MyTeM U C UCTIONb30BaHNeM 3D-Monenu npomecca TOUCHUS ¥ (PE30TOUCHUSL.

KiroueBble ciioBa: (pe3oToucHue, TokapHas 00paboTka, 3D-mMomens.

Jist nurupoBanus: IpeuninnukoB B.A., Pomanos B.b., [Tpuxonsko A.C., ITpuxonsko [1.C. Mcnonb3oBaHue
MeToJia TBEPIOTEIEHOTO MOJICIMPOBAHMS [0 ONPE/CICHHUIO CHJI Pe3aHHs PH TOKApHOH 00paboTKe U mpu
o0pabotke 1o criocoly ppeszoroyenus: // Bectauk MI'TY «Crankun». —2024. — Ne 2 (69). — C. 83-89.

V.A. Grechishnikov, V.B. Romanov, A.S. Prikhodko®, D.S. Prikhodko

MSUT “STANKIN”
™ Corresponding author

USING THE SOLID MODELING METHOD TO DETERMINE CUTTING
FORCES DURING TURNING AND WHEN PROCESSING USING
THE TURN-MILLING METHOD

Abstract

One of the significant disadvantages of using the turning process in the manufacture of parts of the “body of
rotation” type is the occurrence of large cutting forces in the processing area, which negatively affects tool
wear, surface roughness of the part and deflection of the long shaft of the tool, which leads to a decrease in
cutting modes and a decrease in processing productivity. It is more expedient to use the turn-milling method

BECTHUK MI'TY « CTAHKW/H» Ne 2 (69) - 2024 / VESTNIK MSUT «STANKIN» No. 2 (69) « 2024



2.5.5. TEXHONOIMs N OBOPYAOBAHWUE MEXAHWYECKOW 1 ®U3WKO-TEXHUYECKOW OBPABOTKM

when processing bodies of rotation. A disc milling cutter compared to a cutter, when used as a cutting tool,
will have advantages in durability, productivity, accuracy and roughness of the treated surface, including when
processing difficult-to-process materials and long shafts. However, in order to use the turn-milling method
as a substitute for traditional turning, it is necessary to determine the cutting forces during turn-milling and
cutter processing and compare them. In this article, the cutting forces are determined by calculation and using
a 3D model of the turning and turn-milling process.

Keywords: turn-milling, turning process, 3D-model.

For citation: Grechishnikov V.A., Romanov V.B., Prikhodko A.S., Prikhodko D.S. Using the solid modeling
method to determine cutting forces during turning and when processing using the turn-milling method //
Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 83-89. (In Russian)
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COBPEMEHHbIE METOAbl MOOAN®UKALIUXA MOBEPXHOCTU PEXYLLUUX
WHCTPYMEHTOB: OB30P, AHAJTU3 U NMEPCMNEKTUBDI

AHHOTaLMS

B nacrosuieii cratbe npeacTaBieH 0030p COBPEMEHHBIX METOJI0B MOJAM(PHUKALINN TOBEPXHOCTH PEKYILIUX
WHCTPYMEHTOB C LEJbI0 YJIYUYLICHUS WX HMPOU3BOAUTEIBHOCTH M XapakTepucTuk. Jluis o60CHOBaHUS
aKTyaJIbHOCTH HCCIJICJIOBAHUS MPEJICTABICH aHaIu3 MyOnukanuid B 001acTu MoM(UKAUN TOBEPXHOCTH
pexyIero HHCTpyMeHTa. [Ipoanan3aupoBaHbl OCHOBHBIE TEXHOJIOTUH MOJU(UKAIIMN TOBEPXHOCTH, TaAKHE
KaK MOKPBITHE TBEPJAbIMH ILNIEHKaMH, TEPMOXHUMHUYECKast 00paboTKa, JIa3epHOE U 3JIEKTPOIPO3NOHHOE
MHUKpOTEKCcTypupoBanue u apyrue. Ocodoe BHUMaHHUE YAEISAETCSI MUKPOTEKCTYPUPOBAHUIO KaK OJTHOMY
13 HanboJee MePCIeKTUBHBIX METOIOB MOJU(HUKALNH, €r0 TEXHUUYECKUM aCIeKTaM U MPEHMYIIeCTBaM
nepes IpyruMU MeToJaMu. B craTbe paccMaTpuBaeTcs BIMSHUE Pa3IMYHBIX METOAO0B MoaAH(UKanuu Ha
XapaKTEPUCTUKHU U IPOU3BOAUTEIBHOCTD PEXKYIINX HHCTPYMEHTOB, a TAK)KE MPEACTABIECHBI PEKOMEHAALNN
10 BIOOpPY METOAOB B 3aBUCHUMOCTH OT KOHKPETHBIX TPEOOBAaHUI NpUMEHEHHs. 3aKII0YUTEIbHAs YacTh
CTaThH CO/ICPIKHUT UTOTOBBIE BHIBO/IbI, PEKOMEH/IAIIMY 1 IIEPCIIEKTUBHI JATbHEHIINX UCCIeJOBaHUI B 001acTH
MOJH(UKAIUHI TOBEPXHOCTH PEKYIIUX HHCTPYMEHTOB.

KioueBsble cioBa: MoanduKanns MOBEPXHOCTH, PEXKYIIHE HHCTPYMEHTBI, MUKPOTEKCTYpUPOBAHUE,
MTOKPBITHS.

Js nuruposanus: Kosanes H.A., [Tankosa 10.C., [llextman C.P. CoBpeMeHHBIE METObl MOAUDHKALIN
MIOBEPXHOCTH PEXYLIUX MHCTPYMEHTOB: 0030p, aHanu3 U nepcrekTussl // Becthuk MI'TY «CraHkun». —
2024. — Ne 2 (69). — C. 90-97.

N.A. Kovalev®, Y.S. Pankova, S.R. Shekhtman

MSUT “STANKIN”
™ Corresponding author

MODERN METHODS OF SURFACE MODIFICATION FOR CUTTING TOOLS:
REVIEW, ANALYSIS, AND PERSPECTIVES

Abstract

The present article provides a review of modern methods for modifying the surface of cutting tools to enhance
their performance and characteristics. It starts with an introduction to the issue of surface modification and
justifies the relevance of the research through an analysis of publications in the area of cutting tool surface
modification. The main modification technologies such as coating with hard films, thermochemical treat-
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ment, laser and electroerosion microtexturing, among others, are analyzed. Special attention is given to
microtexturing as one of the most promising methods of modification, its technical aspects, and advantages
over other methods. The article discusses the impact of various modification methods on the characteristics
and performance of cutting tools and provides recommendations for selecting methods depending on specific
application requirements. The concluding part of the article contains final conclusions, recommendations,
and prospects for further research in the field of surface modification of cutting tools.

Keywords: surface modification, cutting tools, microtexturing, coatings.

For citation: Kovalev N.A., Pankova Y.S., Shekhtman S.R. Modern Methods of Surface Modification for
Cutting Tools: Review, Analysis, and Perspectives // Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 90-97.
(In Russian)
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OMHAMUKA PA3BUTUA UCCNEQOBAHUN B OBJTACTU ADOUTUBHOIO
NMPOU3BOACTBA C UCTMOJIbBOBAHUEM TUTAHOBbIX CIJIABOB

AHHOTALMSA

IIpencrasnen 0030p HAyYHO-TEXHHUCCKONH MH(POPMALIMHU O JUHAMHKE PA3BUTHS UCCIIEIOBAHUN B 00JIacTH
aJTMTUBHOTO MTPOM3BOJICTBA C MCIIOIh30BAHUEM THTAHOBBIX CILIABOB. [IpoBeieH aHAN3 MyOIMKAIIMOHHON
AKTUBHOCTH 10 3TOMY HAIPABJICHHIO B MEKIYHAPOIHOW HayKOMETpHUYECKO# 0a3e maHHbIX. [IpeacraBieHb
MEXaHUYECKHE CBOMCTBA TUTAHOBOIO CIuiaBa cucteMbl Ti—Al-V B 3aBUCHMOCTH OT cI0Cc00a aJTHTHBHOTO
MPOM3BO/ICTBA. PaccMOTpeHa HOMEHKJIATypa MapOK THTAHOBBIX CILIABOB, UCIIOJIb3YEMbIX B aJIUTHBHOM
MTPOM3BOCTBE aBUAIIMOHHBIX U MEAUIIUHCKUX U3/ICITHIA.

KuroueBble ciioBa: AOAAUTUBHOC MPOU3BOACTBO, TUTAHOBBIC CIUIABbI, METAJUNIMYCCKUEC TOPOIIKH.

Jost murupoBannsi: Gunarosa A.A., Tapacosa T.B. Jlunamuka pa3BUTHs HCCISIOBaHUl B 00IACTH aJi-
THUBHOTO TIPOM3BOJICTBA C UCIIOJIb30BAHUEM TUTAHOBBIX cIu1aBoB // BectHuk MI'TY «Crankun». — 2024, —
No 2 (69). — C. 98-108.

A.A. Filatova, T.V. Tarasova

MSUT “STANKIN”

DEVELOPMENT DYNAMICS OF RESEARCH IN ADDITIVE
MANUFACTURING USING TITANIUM ALLOYS

Abstract

This review presents scientific and technical information on the development dynamics of research in the
field of additive manufacturing with titanium alloys. An analysis of publication activity related to this area is
conducted using an international scientometric database. Additionally, the mechanical properties of the titanium
alloy system Ti—Al-V are discussed, considering the method of additive production. The study also covers
the nomenclature of titanium alloy grades used in additive manufacturing for aviation and medical products.

Keywords: additive manufacturing, titanium alloys, metal powders.
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B MHOTOHOMEHKNATYPHOM MEXAHOOBPABATbLIBAIOLWLEM
NMPON3BOACTBE HA OCHOBE MOOQU®ULIMPOBAHHOM
KBAOPATUYHOM 3AOAYUN O HASHAYEHUAX

AHHOTALMS

AHanusupyercs 3a/1a4a HOCTPOSHHS ONTHMAJIBHBIX JJOTUCTHYECKUX MIOTOKOB C TOMOIIbIO BEIOOpa BapuaHTa
pasMerieHnus 00opy/IoBaHus Ha MPOU3BOJACTBEHHOM y4YacTKe, IIPH KOTOPOM MHHHMMHU3HPYETCS BEJIMYHHA
MarepuabHOro 1MoToka noydadpukaros. [1lupoko pacnpocTpaneH METO/ CBEACHUS 3a1a4i O paCCTAaHOBKH
00opyioBaHUs K KBaJpaTH4YHOI 3a/1aue 0 Ha3HaueHusx (K3H), onHako oHa He BIOJIHE a/IeKBaTHO OITMCHIBAET
paboTy COBpEMEHHOTO MAIIMHOCTPOUTEIHHOTO IPOU3BO/ICTBA, TAK KAaK HE YYUTHIBACT MPOIIECC OTIePATHBHO-
KaJIEHIApHOT0 IJIAHUPOBAHMSL, TIPY KOTOPOM IIPOUCXOAUT IEPEPACTIPEICTICHUE TEXHOIOIMUECKHUX ONepaluil
MexXy 00opynoBaHueM. B CBsI31 ¢ 3TUM NpeUIoKeHa MaTeMaTn4yecKast MOJIeNb PadOTHI IPOU3BOACTBEHHOTO
Y4acTKa, YYUTHIBAIOIIEr0 YaCTHYHYIO B3aMO3aMEHIEMOCTh Pa3MeIaeMoro 000py/10BaHusl, OCHOBaHHAs HA
Moau(UKaK KBaApaTHYHOM 3a7a4i O HA3HAYCHUSIX.

[Tpu nanHoi MoaMUKAIMHY [T KAXKOH TEXHOJIOTHYECKOH Olepalny, BHIIOIHAEMOM Ha TPOU3BOACTBEHHOM
y4acTKe, YKa3blBaeTCsl HE OJHA €JIMHUIA 000PYIOBaHMS, T1€ OHA MOXKET ObITh UCIIOJIHEHA, a CIUCOK U3
HECKOJIBKMX BO3MOKHBIX CTAHKOB-HCIIOJIHUTENEN. B pe3ynprare Belnr4yrHa rpy3010TOKa B IPOU3BOCTBEHHOMN
CHUCTEME MOXKET IPUHUMATh PA3INYHOE 3HaYeHue. [Ipeanoxken anropuT™, Mo3BOJISIOINN OLIEHUTh HHKHUE
1 BEPXHHUE OLIEHKH BEJIMYMHBI MATEPUAIILHOTO ITOTOKA 1101y(habpurkaros. [Ipearaercst HCIoab30BaTh HIKHIOK
OLIEHKY KaK KpUTEpUil U1t BEIOOpa ONTUMAIbHOW PacCTaHOBKH 000PYJOBaHMUS Ha MPOU3BOACTBEHHOM yYacTKe.
[epe6op BO3MOKHBIX BAPUAHTOB PACCTAHOBOK 000PYAOBAHUS MOXKET OBITh IPOBE/ICH Pa3IMYHbIMHU 3BPUCTH-
YECKMMU METOJaMH. BBl MPOBEAEH YNCIIEHHBIN SKCIIEPUMEHT, KOTOPBIN MOKa3al, 4To Ul JAHHOH 3aJadu
Hanbonee 3PHEKTUBHBIM METOJIOM Tepedopa SBISETCST METO/ OTXKHTa. J{JIsi MOATBEPIKACHHS aIeKBATHOCTH
npeaIaraeMoi MaTeMaTH4eCKON MOJIENN MPOU3BOJCTBEHHOTO yyacTKa ObLI POBEIEHO HMUTAIIMOHHOE MOJIE-
muposanue B [10 Anylogic. [Ipu nporonax UMHUTaIMOHHON MOJIENT U3MEPEHHOE 3HAYCHHUE BEJTMYMHbI MaTe-
PHATIBHOTO MOTOKA MOTY()aOpHKaTOB BCEria MOMAaaaio B IUana3oH, KOTOPBIA ObLT MPEICKa3aH ¢ MOMOLIBIO
MpeIaraeMoi MaTeMaTHYeCKOM MOJIENH, UTO MOJTBEPIUIO €€ aJJIEKBaTHOCTb.

KuioueBble cjioBa: KBaJpaTHyHasI 33/1a4a O HA3HAYCHHSX, pa3MelleHre 000pyI0BaH s, TUCKPETHAS ONTH-
MU3a1Ms, TNIAHUPOBKA MPOU3BOJICTBEHHOIO Y4acTKa, METO] OT/KUTa, UMUTALIMOHHOE MOJIEIIMPOBaHHUE.

Juist uutuposanusi: Boponenko B.IL., lapudymnun K.A. TTocTpoenne onTUMaIbHBIX JIOTHCTHYECKUX IOTOKOB
B MHOTOHOMEHKJIATYPHOM MeXaHO00OpabaThIBatoIeM IPOU3BOACTBE Ha OCHOBE MOIU(DUIIMPOBAHHOM KBaApa-
TUYHOU 3a7a4uu 0 HazHaueHMsX // Becthuk MI'TY «Crankuny. — 2024, — Ne 2 (69). — C. 109-116.

BECTHUK MI'TY « CTAHKW/H» Ne 2 (69) - 2024 / VESTNIK MSUT «STANKIN» No. 2 (69) « 2024



2.5.6. TEXHONOIrNA MAWMHOCTPOEHMA

V.P. Voronenko, K.A. Garifullin
MSUT “STANKIN”

CONSTRUCTION OF RATIONAL LOGISTIC FLOWS
IN MULTI-NOMENCLATURE PRODUCTION BASED ON A MODIFIED
QUADRATIC ASSIGNMENT PROBLEM

Abstract

The problem of building optimal logistic flows is analyzed by choosing the option of placing equipment
at the production site, in which the capacity of the cargo flow is minimized. The method of reducing the
problem of equipment placement to the quadratic assignment problem (KZN) is widely used, however,
it does not adequately describe the work of modern machine-building production, since it does not take
into account the process of operational scheduling, in which technological operations are redistributed
between equipment. In this regard, a mathematical model of the work of the production site is proposed,
taking into account the partial interchangeability of the equipment being placed, based on a modification
of the quadratic assignment problem.

With this modification, for each technological operation performed at the production site, not one piece of
equipment is indicated where it can be performed, but a list of several possible machine tools. As a result, the
capacity of the cargo flow in the production system can take on different values. An algorithm is proposed
to estimate the lower and upper estimates of the capacity of the cargo flow. It is proposed to use the lower
estimate as a criterion for choosing the optimal arrangement of equipment.

A search of possible equipment placement options can be carried out using various heuristic methods. A
numerical experiment was conducted, which showed that for this task, the annealing method is the most
effective method of sorting. To confirm the adequacy of the proposed mathematical model of the production
area, simulation modeling was carried out in Anylogic software. During runs of the simulation model, the
measured value of the freight traffic capacity always fell into the range that was predicted using the proposed
mathematical model, which confirmed its adequacy.

Keywords: quadratic assignment problem, equipment placement, discrete optimization, production site layout,
annealing method, simulation modeling.

For citation: Voronenko V.P., Garifullin K. A. Construction of rational logistic flows in multi-nomenclature
production based on a modified quadratic assignment problem // Vestnik MSUT “Stankin”. 2024. No 2 (69).
P. 109-116. (In Russian)
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A.B. Pvioaros'?, A.A. Kpacnose'™, C.A. Esooxumos’, A.H. Illypno’

' OT'BOY BO «MI'TY «CTAHKHWH»; > MHCTUTYT KOHCTPYKTOPCKO-TEXHOMOrnueckoi nadopmaruku PAH

™ ABTOp JIsl KOPPECTIOHIEHIINH

LWDPPOBAA TPAHCO®OPMALIUA CPE[Ibl OBYYEHUA

U OEATENBbHOCTHU NPU NEPEXOAE K KOMMNbIOTEPHBLIM BA3AM
3HAHUA B MALULMHOCTPOEHUA

(HA NPUMEPE NPOEKTUPOBAHUA TEXHONOMMYECKOM OCHACTKWN)

AHHOTAUUSA

Crarbsl MOCBSIIIEHA OTBETY HA JBa BOIPOCA: KaK B YCIOBHAX HMH(POBOW TpaHC(HOpPMAIMH TOJDKHA U3Me-
HUTBCS J1€ATEIbHOCTh KOHCTPYKTOPA (M, COOTBETCTBEHHO, cpefa 00yueHus) B MAIIMHOCTPOCHUHU U KakK
MOXXHO OCYIIECTBHUTH IIEPEHOC HAKOIUIEHHONH HOPMAaTHBHO — cripaBouHoil uHdopmannn (HCH) B manm-
HOCTPOCHUH B KOMITBIOTEPHYIO Cpelly ¢ MUHHMAJIbHBIM TPUBICYCHUEM MPOPECCHOHATBHBIX MTPOTPaMMH-
cros? Ceronuss HCU B mammnocrpoenun npencrasiesa 'OCTamu, crannapramu npeanpusitust (Ctll),
npodecCHOHATBHBIMU CIIPABOYHUKAMU U y4EOHBIMH ITOCOOHMSMU, OOBIYHO CYIIECTBYIOIIMMHU B ITIEYaTHOM
Buje. Co3naBaeMyr0 KOMIIBIOTEPHYIO cpeny, ucronb3ytomyto HCU st mpoekTHpoBaHus u 00y4eHusI,
Oy/ieM Ha3bIBaTh CHCTEMOM aBTOMaTU3UPOBaHHOM Mmoaiep kku nHdopmanuonusix pemenuit (CAITNP/CrIT).
TepMUH «KOMITBIOTEpHAs MOAIEPIKKA» B HA3BaHUH ITPU3BAH 000CHOBATH PACIIUPEHHE MPUMEHEHHS BEIUHC-
JIATENBHBIX METO/IOB B TPOSKTHPOBAHHH U ITOKA3aTh IOTIOJHUTEIBHBIE BOBMOXXHOCTH 00€CIIeYeHHS IEHHOCTH
JUTSL TIOJIb30BaTeNel (B HaIlIeM CiIydae KOMILIEKTa KOHCTPYKTOPCKO-TEXHOJIOTUYECKOI JOKyMEHTAIH) Ha
OCHOBE IU(POBBIX TEXHOJIOTHI 1 UCTIONB30BAaHHsI KOMITBIOTEPHBIX 0a3 3HaHMiA [1].

Kumouessle cioBa: i posas TpaHCchopManus IeaTeTbHOCTH KOHCTPYKTOpa M 00y4aeMoro, NepeHocC paHee
HaKOIUIEHHBIX 3HAHUH B KOMIIbIOTepHYIO cpeny, CAITHP.

Jas uurupoBanusi: Pridakos A.B., Kpacuor A.A., Esnokumon C.A., lyprno A.H. Iudposas tpanchop-
Manus cpeasl 00yueHUs U AEATEIBHOCTH IIPH Iepexose K KOMITBIOTEPHBIM 0a3aM 3HaHUI B MAaIIHHOCTPO-
eHUH (Ha MpUMepe MPOCKTUPOBAHUS TeXHONOTHUeckor ocHacTkn) // Becthuk MI'TY «Crankuny. —2024. —
Ne 2 (69). - C. 117-128.
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A.V. Rybakov'?, A.A. Krasnov'*, S.A. Evdokimov', A. N. Surpo’

' MSUT “STANKIN”; ? Institute of Design and Technological Informatics of RAS
™ Corresponding author

DIGITAL TRANSFORMATION OF THE LEARNING ENVIRONMENT
AND ACTIVITIES IN THE TRANSITION TO COMPUTER KNOWLEDGE
BASES IN MECHANICAL ENGINEERING

(BY THE EXAMPLE OF TOOLING DESIGN)

Abstract

The article is devoted to answering two questions: how should the activities of a designer (and, accordingly,
the learning environment) in mechanical engineering change in the context of digital transformation, and
how can the accumulated normative reference information (RNI) in mechanical engineering be transferred
to a computer environment with minimal involvement of professional programmers? Today, reference data
in mechanical engineering is represented by GOSTs, enterprise standards (StP), professional reference books
and textbooks, usually available in printed form. The created computer environment that uses reference data
for design and training will be called an automated information decision support system (SAPIR/StP). The
term “computer support” in the title is intended to justify the expansion of the use of computing tools in design
and to show additional opportunities for providing value (a set of design and technological documentation)
based on digital technologies and the use of computer knowledge bases.

Keywords: digital transformation of designer’s and trainee’s activity, transfer of previously accumulated
knowledge into computer environment, automated information decision support system.

For citation: Rybakov A.V., Krasnov A.A., Evdokimov S.A., Surpo A. N. Digital transformation of the
learning environment and activities in the transition to computer knowledge bases in mechanical engineering
(by the example of tooling design)// Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 117-128. (In Russian)
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H.0. Capkucosa

dI'BOY BO «MI'TY « CTAHKHWH»

PA3BUTUE LUN®POBbLIX KOMNETEHLUWA YEPE3 KPOCCMNAT®OPMEHHYIO
PA3PABOTKY. UHCTPYMEHTbI U METO[bI

AHHOTAUUSA

B crarbe paccMOTpeHBI BOIIPOCHI TIOATOTOBKH crieranuctoB B odmactu ACYII ¢ yueTom ObICTPO MEHSIO-
UXCs TEHACHIMH 1 moTpeOHocTel priHKa. [Ipoanann3nposansl mpodeccroHaNbHbIe CTAHAAPTEL, UX CBSI3b
¢ OI1 BO no nampasienuio noarotosku 15.03.04 « ABromMaTn3anus TEXHOJIOIMYECKUX IPOLECCOB U IIPOU3-
BOZICTBY. [Toka3aHo BiusiHHE TpeOOBaHMIT paboToareeil Ha IPOQeCcCHOHATEHbIC KOMIIETCHIINH U BaXKHOCTh
(hopmupoBaHus HaBBIKOB pa3paboTku [10 B ycinoBusx orpanmdeHuit. [IpeaokeHo HCoIb30BaHNe KPOCCILIAT-
(hopMeHHOI pa3paboTKH Ha HAYaJILHOM 3Tare 00yueHHs porpaMMUpoBaHuto. [TpoBeieH aHanu3 u BEIOOD
IDE, xpoccmnardopMeHHBIX GpeiiMBOPKOB IJIs1 HanboJiee IPOCTOro BBOAA JONMOIHUTEILHOTO MaTepuaa
B yueOHBIif poriecc. PaccMOTpEHbI IPAKTHYECKHE U METOJHYECKHE aCIIeKThI KPOCCIUIaThOpMEHHOI paspa-
6otku ¢ ucnonb3oBanuem .NET Multi-platform App Ul mis ananu3za pazoMkHyTol cranmnonapuoi CITV.
IMpemnoxeHa MeTOAMKA JIEraIu3aliy KOZOTEHEPAIMH C HCIIOJIb30BaHNEM TeHEePAaTHBHBIX HEHPOHHBIX ceTei
B IIpo1iecce 00yUYeHHUSI.

KuroueBsble ciioBa: 1u)poBbiec KOMIIETEHINH, TIPO(ECCHOHABHBII CTAHAAPT, KPOCCILTaTOPMEHHas pa3pa-
6otka, .NET Multi-platform App UI (MAUI), neiipocereBas moxaenb GigaChat, CITVY.

Jas uurupoBanus: Capkucosa M.O. PazBuTre nuppoBbIX KOMIETEHIMN Yepe3 KpoccIuiaTOpMEHHYIO
paspabotky. Uuctpyments! u metons // Bectauk MI'TY «Crankumy. —2024. — Ne 2 (69). — C. 129-140.

1.0. Sarkisova
MSUT “STANKIN”

DEVELOPMENT OF DIGITAL COMPETENCIES THROUGH CROSS-
PLATFORM DEVELOPMENT. TOOLS AND METHODS

Abstract

The article discusses the issues of training specialists in the field of automated control systems, taking into
account rapidly changing trends and market needs. The professional standards and their connection with the
educational program in the field of training 15.03.04 “Automation of technological processes and productions”
are analyzed. The influence of employers’ requirements on professional competencies and the importance of
developing software development skills in conditions of restrictions are shown. The use of cross-platform
development at the initial stage of programming training is proposed. The analysis and selection of IDE,
cross-platform frameworks for the simplest input of additional material into the educational process is carried
out. The practical and methodological aspects of cross-platform development using are considered .NET
Multi-platform App UI for analysis of an open stationary software control systems. A method of legalizing
code generation using generative neural networks in the learning process is proposed.

Keywords: digital competencies, professional standard, cross-platform development.NET Multi-platform
App UI (MAUI), GigaChat neural network model, software control systems.

For citation: Sarkisova [.O. Development of digital competencies through cross-platform development. Tools
and methods// Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 129-140. (In Russian)
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A.B. Ko3znoea, I1.B. Ilonyos
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®OPMUPOBAHUE KPUTEPUEB BbIBOPA HAUBOIJEE NMOAXOAOALLUEIO
CNOCOBA UHTErPALMN UHOOPMALIMOHHBIX CACTEM NPEANPUATUA

AHHOTaL U

B naHHOI1 cTaThe paccMaTpUBacTCs MPOIECC MHTETPALMU, €ro 0COOCHHOCTH, TPEOOBAHUS U MOAXO/bI K
peanu3anyu. B CBs3M ¢ pa3BUTHEM TEXHOJIOTHI M YBEJIMYCHHUEM CPEIIHET0 KOJIMYECTBA MHPOPMAIMOHHBIX
CHCTEM Ha MPEANPUITHSIX, BBICTpAaMBaHUE OOMEHA JaHHBIMU MEXIY BCEMH CHCTEMaMH CTAHOBUTCS
HEO00X0IUMOCTBIO.

[Iporecc nHTErpaK paccMaTprUBaeTCs B pabOTe C pa3IMYHBIX PAKypCOB: OT aHaJK3a U CHCTEMaTH3aIlH
OCHOBHBIX CHTYAIIUH, B KOTOPBIX MPEIANPHUSITHS CTAJIKMBAIOTCS C HEOOXOANMOCTBIO HHTETPALIUH, 10 Pa3IHUHbIX
ee HampaBJICHUH U METOZIOB. B cTaThe Takke MpeicTaBieHbl OCHOBHBIC MOAXObI K pealn3alui JaHHOTO
mpolecca ¢ akIleHTOM Ha UX TEXHMYECKHE OCOOCHHOCTH, aHaJHM3 CHIIBHBIX M CIa0bIX CTOPOH, a TAKXKe
IPUMEHUMOCTb B On3Hec-Kehcax.

Hawubosee nogpoOHO paccMaTpUBaIOTCS CaMbIe YaCTO BCTPEUAIOIIUECS Ha MPAKTUKE TTOIXO/IbI, TPUMEHSEMbIC
nipu uHTerpayn cucteM — 310 REST API u gRPC, a rakxe GraphQl, kak onuH U3 nepeioBbIx ppeiiMBOPKOB
nepeaayr JaHHbIX. Ha OCHOBE MPOBEICHHOTO aHaIM3a U COOCTBEHHOTO MPOM3BOACTBEHHOTO OIBITA OBLIH
pa3o0paHbl HanboJIEe YaCTO BCTPEYAIOIINECS KEHChI MHTETPAIMH, JJISl KAXKI0TO U3 HUX MPEUIOKEH BApUAHT
TEXHUYECKOH peain3aluu, UCXO0/Is U3 UMEIOIINXCsl TpeOOBaHUH K IpoIieccam.

KarueBble c10Ba: HMHTErpamus, OpPOKEpHl NaHHBIX, HHGOPMAMOHHEIE CHCTEMBI, aBTOMAaTH3aNNs,
npemqnpustue, REST API, gRPC, hub-and-spoke, end-to-end, data management.

Jost marupoBanus: Kossnosa A.B., [Tomos I1.B. ®opmupoBanue kputepreB BLIOOpa HANO0JIee MOIXOSIIETO
croco0a MHTerpanuu HHPOPMAMOHHBIX cucteM npennpustus // Bectauk MI'TY «Crankun». — 2024. —
Ne 2 (69). — C. 141-149.

A.V. Kozlova, P.V. Poptsov

MSUT «STANKIN»

FORMATION OF METHODS FOR SELECTING THE MOST SUITABLE
CHANNEL FOR MANAGING ENTERPRISE INFORMATION SYSTEMS

Abstract

This article discusses the integration process, its features, requirements and approaches to implementation.
In connection with the development of technology and the increase in the number of information systems in
enterprises, building data exchange between all systems becomes a necessity.

The integration process is considered in the work from various angles: from the analysis and systematization
of the main situations in which enterprises are faced with the need for integration, to its various directions
and methods. The article also presents the main approaches to implementing this process, with an emphasis
on their technical features, analysis of strengths and weaknesses, as well as applicability in business cases.
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The most commonly used approaches in practice when integrating systems are discussed in more detail — these
are REST API and gRPC, as well as GraphQ], as one of the advanced data transfer frameworks. Based on
the analysis and our own production experience, the most common integration cases were analyzed, and for
each of them a technical implementation option was proposed, based on the existing process requirements.

Keywords: integration, information systems, automation, enterprise, REST API, gRPC, GraphQl, SOAP,
hub-and-spoke, end-to-end, data management.

For citation: Kozlova A. V., Poptsov P.V. Formation of methods for selecting the most suitable channel for
managing enterprise information systems // Vestnik MSUT “Stankin”. 2024. No 2 (69). P. 141-149. (In Russian)
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' ®I'AOY BO «CesepHblii (Apkruueckuii) dpenepanbhblii ynuBepcuter umMern M.B. JlomoHocoBay;
2 ®unnan PIAOY BO «OxHBIH (emepaabHblil yHHBEPCHTET» B T. [ eICHIKIKE

™ ABTOp 111 KOPPECTIOHAEHIMN

PA3PABOTKA METOOA ABTOMATU3NPOBAHHOIO
KAPTOrPA®UPOBAHNA MECTHOCTU HA OCHOBE
MYJIbTUCNEKTPAJIbHbIX CITYTHUKOBbLIX CHUMKOB

AHHOTAIUS

ITpeasoskeH METO PacIiO3HaBaHUs 00BbEKTOB Ha MYJIBTHCIICKTPAIBHBIX CITyTHHKOBBIX H300pasKeHHSIX, OCHO-
BaHHBIA HA MHOTOMACIITAOHON CErMEHTAIMHU, CeTMEHTAlUH C MCIOIb30BAaHUCM CIIEKTPAIBHBIX Pa3HOCTEH
M KJIACCH(HKALMH C TOMOII[BIO OHTOJIOTHYECKOM Mozl . Ipe/IoikeH allrOpUTM ITOCTPOCHHS OHTOIOINUECKOH
MOJIEJIN JUTSl OCHOBHBIX KJIACCOB OOBEKTOB CITyTHUKOBOTO CHUMKA M MX JICIIN(POBOYHBIX TPU3HAKOB, IIPEJIITO-
JIararoIINi PeABAPUTEIIBLHYI0 00pabOTKY CITy THHKOBOTO CHUMKA, ()OPMHUPOBAHUE TECTOBOTO HAOOPA JaHHBIX,
CO3JJaHHE OHTOJIOTUYECKON Mozenu B nporpaMMHoM obecneuenun eCognition Developer u e€ nposepky
Ha TecToBOM Habope naHHbIX. C ucnonb3oBaHueM reorHpopmannonHoi cucremsl QGIS ocymectpnsercs
npeaBapuTeIbHas 00padoTKa CIlyTHUKOBOTO CHUMKA, IPENOJararlas paJioMeTPUICCKYI0 KOPPEKIIHIO
1 KaTHOPOBKY, TCOMETPHUYECKYIO X aTMOC(HEPHYIO KOPPEKIIHIO, TOBBIIICHHE TPOCTPAHCTBEHHOTO Pa3peICHHs
cuumKka. C ucnons3oBaHueM nporpammuoro odecneuenus eCognition Developer ocymectsisiercst popmu-
pOBaHHE TECTOBOIO HAOOpa JAHHBIX ITyTEM CEIMCHTAIMU MYJIBTHCICKTPAIBHOTO CITyTHUKOBOIO CHUMKA
Ha OCHOBE METO/I0B MHOTOMACINTA0HO! CErMEHTAllMH U CETMEHTAIMHU C MCIIOIb30BAHHEM CIICKTPATbHBIX
pasHoCTeil, pacyera Jen(pPOBOYHBIX IPU3HAKOB CETMEHTOB U PYYHOIT KJIACCH(HUKALINK CerMEHTOB H300pa-
sxeHnst. C MCIOIb30BaHIEM ITPOrPaMMHOro obecrnedcHus Protégé ocyrecTBIsieTcs IOCTPOCHUE OHTOIOTHYe-
CKOW MOJIEIIH, COCTOSIIICH U3 HepapXUH KIaCCOB, HEPAPXUH CBOMCTB KJIACCOB, OTHOILICHHUH MEX/Ty KlaccaMu
U JIUAIa30HOB JOIYCTUMBIX 3Ha4eHUH CBOMCTB. C HCIIOIB30BaHUEM CEMAHTHYECKOTO MEXaHU3Ma PACCyKACHUH
Fact++ Protégé Ha 0CHOBE NOJTOTOBJIICHHOIO TECTOBOTO HAOOpa JAHHBIX OCYIIECTBIISICTCS IPOBEPKA OHTONIO-
TUYECKOM MOJICIH Ha MOJTHOTY U KOPPEKTHOCTh. PazpaboTan mporpaMMHBINA MOIYITb JUIS TEOMH(OPMAIIOHHO
cuctemsl QGIS, peanu3yronuii Npe/UIOKCHHBII MeTo/. Pe3ymbraTsl paboThl MOIYIISl CBHACTEIBCTBYIOT O
TOM, YTO METOJl MOXKET 3(P(hEKTHBHO MCIIOIB30BATHCS JUIS aBTOMATH3AIIH MpoIiecca KapTorpadupoBaHus
MECTHOCTH 10 JaHHBIM MYJIBTUCIICKTPAIIBHON CITyTHHKOBOI CHEMKH.

KuioueBble cjioBa: MyIBTHCIIEKTPATbHBIE CITy THHKOBBIE CHUMKH, TeONH()OpPMaMOHHOE KapTorpagupoBaHue,
OHTOJIOTHSI, METOJ, AJITOPUTM.
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DEVELOPMENT OF AMETHOD FOR THE AUTOMATED TERRAIN
MAPPING BASED ON MULTISPECTRAL SATELLITE IMAGES

Abstract

A method for recognizing objects in multispectral satellite images is proposed, based on multi-scale segmenta-
tion, segmentation using spectral differences and classification using an ontological model. An algorithm has
been proposed for constructing an ontological model of object classes in a satellite image and their decryption
features, which involves pre-processing the satellite image, generating a test data set, creating an ontological
model in the eCognition Developer software and testing it on a test data set. Using the QGIS geographic
information system, the satellite image is preprocessed, which involves radiometric correction and calibration,
geometric and atmospheric correction, and increasing the spatial resolution of the image. Using eCognition
Developer software, a test data set is generated by segmenting a multispectral satellite image based on multi-
scale segmentation and segmentation methods using spectral differences, calculating decoding features of
segments and manually classifying image segments. Using Protégé software, an ontological model is built,
consisting of a class hierarchy, a hierarchy of class properties, relationships between classes and ranges of
valid property values. Using the Fact++ semantic reasoning engine of the Protégé software, the ontological
model is checked for completeness and correctness based on the prepared test data set. A software module
for the QGIS geographic information system has been developed that implements the proposed method. The
results of the module indicate that the method can be effectively used to automate the process of mapping
terrain using multispectral satellite imagery data.

Keywords: multispectral satellite images, geoinformation mapping, ontology, method, algorithm.
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AHAJIU3 COBPEMEHHbLIX METOAOB ABTOMATU3ALIUA
HEPA3PYLIAIOLWEINO KOHTPONA KAYECTBA U AUATHOCTUKH
ANEKTPOHHbLIX KOMIMOHEHTOB

AHHOTAIUS

Ha ceronusiauii nens B Poccun, cormacHo Ctpareruu pa3BUTHA SJIEKTPOHHON POMBIIIJIEHHOCTH Ha MEPUOJI
110 2030 rona, HayYHO—HMCCIIEJ0BATEIbCKUI KOMIUIEKC U IM3aiH-LIEHTPBI OTPACIIM HE B ITOJIHOI Mepe obecrie-
YMBAIOT PEIICHNE OTpacieBbIX 3a1a4 [ 1]. OCHOBHBIM MPOOIEMHBIM BOIIPOCOM ITPOU3BOICTBEHHO-TEXHOJIOT e~
CKOT'0 XapakTepa B OTPACIIH AIEKTPOHHON POMBIIIJIEHHOCTH OCTaeTCs Ae(QUIIUT COBPEMEHHOTO POCCHICKOTO
MIPOM3BOJICTBEHHOT0, KOHTPOJIbHO-M3MEPUTENILHOTO M HCIIBITATENILHOTO 000pynoBaHus. iMerorcs npobiemMsl
obecrnieyeHHs OpraHu3alMid OTPACIM POCCUHCKUMU CPEACTBAMHU aBTOMATH3UPOBAHHOTO NMPOEKTUPOBAHMS,
CHUCTEMHBIM IIPOrPaMMHBIM 00€CIIEUeHHEM 1 CHCTEYTIpaBlieHHst 0a3aMu JaHHBIX. [I[puMeHeHne aBTOMaTH3H-
POBaHHBIX CUCTEM YIIPABJICHUS U KOHTPOJIS TEXHOJIIOTMUECKUX MTPOLIECCOB HOCUT (parMeHTapHBIN XapakTep,
a UCTIOJIb30BaHNe UH(DOPMAIIMOHHBIX TEXHOJIOTHI 03 CBSI3M C TEXHOJIOTMYECKUM 000PYyI0BaHHEM HEJI0CTa-
T04HO 3P dexTrBHO. OCOOCHHO 3HAYMMBIMU HATIPABICHUSIMH I UMIIOPTO3aMELICHUS SIBIISIOTCS TEICKOM-
MYHUKAIIMOHHOE 000pYI0BaHHE, BEIUNCIUTENbHAS TEXHUKA, CUCTEMbl aBTOMAaTH3UPOBAHHOTO M MHTEIIIEK-
TyaJbHOTO yripasieHus [1]. B ¢Bs3u ¢ TUM BBICOKOH aKTyaJbHOCTHIO 00JIQIat0T 3a/1a4M, HallpaBJICHHbIC HA
pa3BUTHE COBPEMEHHBIX aBTOMAaTH3HPOBAHHBIX METOIOB HEPA3PYILIAOIIEr0 KOHTPOJIS KAUECTBA U AUATHOCTUKA
JIEKTPOHHBIX KOMIIOHEHTOB, ITOBBIIIEHUS UX TOCTOBEPHOCTH, YyBCTBUTEILHOCTH U TOMEXOYCTONYHBOCTH.
B crarbe paccMaTpuBaroTCs OCHOBHBIE METO/IBI HEPA3PYIIAIOLIET0 KOHTPOJISI KAYeCTBA, UCIIONIb3YEMBIE B COBPE-
MEHHOH 3JI€KTPOHHOW IMPOMBIIIJIEHHOCTH, B YaCTHOCTH, IIPU NMPOU3BOACTBE HHTETPAIBHBIX MHUKPOCXEM.
Onucansl PU3HYECKUE TPUHIIUIIEL, COCTABIIIOIINE OCHOBY OIMMCAHHBIX METOOB. [IpoBe/ieH cCpaBHUTEIBHBIN
aHaJu3, B X0JI€ KOTOPOTO BBISBICHBI KIIOUEBBIE JOCTOMHCTBA U HEJOCTAaTKU METOA0B HEPA3PYIIAOLIETO
KoHTpoJsL. [IpoBeneH aHaau3 COBPEMEHHOI'O COCTOSIHUS OT€YE€CTBEHHON aKyCTHYECKOM MUKPOCKOIIMHY U aBTO-
MaTH3alUH [IPoIecca UCCIENOBaHNUA OOBEKTOB C IIOMOIIbIO CKAaHUPYIOLINX aKyCTHYECKUX MHKPOCKOIIOB.
[IpuBeneHo onmcanue nporpaMMHOro obecrnedeHus s 9BM, nmo3Bostomiee aBTOMaTu3upoBarh Mpolece
HCCIIEIOBAHUS OOBEKTOB € TIOMOIIBIO CKAaHUPYIOIIUX aKyCTHYECKUX MUKPOCKOIIOB.

KuaioueBble c10Ba: aBTOMaTH3aIMs IPOIECCOB, Hepa3pyLIAIOIINI KOHTPOIb, aKyCTHUECKast ToMorpadus,
CKaHMPYIOIIMI aKyCTHYECKHI MUKPOCKOTI, SJIEKTPOHHAsi KOMIIOHEHTHas 0a3a
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ANALYSIS OF MODERN METHODS OF AUTOMATION
OF NON-DESTRUCTIVE QUALITY CONTROL AND DIAGNOSTICS
OF ELECTRONIC COMPONENTS

Abstract

Today in Russia, according to the Development Strategy of the electronics industry for the period until 2030,
the research complex and design centers of the industry do not fully provide solutions to industry problems [1].
The main problematic issue of a production and technological nature in the electronics industry remains the
shortage of modern Russian production, control, measuring and testing equipment. There are problems in
providing industry organizations with Russian computer-aided design tools, system software and database
management systems. The use of automated control and monitoring systems for technological processes is
fragmentary. The use of information technology without communication with technological equipment is not
effective enough. Particularly significant areas for import substitution are telecommunications equipment,
computer technology, automated and intelligent control systems [1]. In this regard, tasks aimed at developing
modern automated methods of non-destructive quality control and diagnostics of electronic components,
increasing their reliability, sensitivity and noise immunity are of high relevance. The article discusses the
main methods of non-destructive quality control used in the modern electronics industry, in particular in the
production of integrated circuits. The physical principles that form the basis of the described methods are
described. A thorough analysis was carried out, during which the key advantages and disadvantages of non-
destructive testing methods were identified. An analysis of the current state of domestic acoustic microscopy
and automation of the process of studying objects using scanning acoustic microscopes has been carried out.
A description of computer software is given that allows you to automate the process of studying objects using
scanning acoustic microscopes.

Keywords: process automation, non-destructive testing, acoustic tomography, scanning acoustic microscope,
electronic component base
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