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10.B. Ilooypaes, /I./]1. Knumos, A. ZKoxapa
OI'BOY BO «MI'TY « CTAHKHWH»

cumynauna, MOOENMPOBAHUE U SKCNEPUMEHTAJIbHOE
WCCNEOOBAHMUE 3K3OCKENETA HUXHUX KOHEYHOCTEN
ONA HENPOPEABUITUTALINK

AHHOTAIUS

Ota cTaThs HCCIIENyeT UCIOIb30BAHNE CPEICTB MOJICITUPOBAHHS U ONEPAOHHON cucteMbl podotoB (ROS) mis
MOJICTIMPOBAHUS U OLICHKH ITOBEICHUS 3K30CKeIIeTa Ul HepopeaOuInTaluy HIKHUX KoHeuHocTel. [Ipumenenne
CUMYJISIIIUOHHBIX TOAXO0B MO3BOJIET ONTUMU3UPOBATh KOHCTPYKIIMIO 9K30CKEJIETa, aJTOPUTMbI YIIPaBICHUS
Y MEXaHH3MBI IEPEKITIOYESHNSI PEIKIMOB JUIS YITyUIISHUs! pe3yJIbTaToB Helipopeabuurayu. B crarbe 00cyKaatoTcs
MIPEUMYIIECTBAa CUMYIIALIUHU B MIPEJOCTABICHUN BUPTYAIbHOM Cpellbl TECTUPOBAHUS, KOTOPast TIO3BOJISICT OLIEHUTD
MPOU3BOANUTEIBHOCTD IK30CKEIIEeTa B PA3IIMYHBIX YCIOBUAX Oe3 GU3HIecKuX MpoToTHITOB. KpoMe Toro, HHTerpanus
cpenctB MozpenupoBanus 1 ROS obecrieunBaeT BCECTOPOHHEE MOJCIIMPOBAHUE U OLIEHKY MTOBEJCHNUS 3K30CKeIIeTa.
Pa3paboTka BHPTYaNbHON Cpelbl Ul TECTUPOBAHUS M OLICHKH MPOU3BOJUTEILHOCTH dK30CKeIeTa MpeICTaBIeHa
C aKIEHTOM Ha BHEIOOP COOTBETCTBYIOUIMX CIIEHAPHEB U KPUTEPUEB OIICHKU. B cTaThe MoJuepKuBaeTcs 3Ha9eHUEe
CUMYJISILIUM M MOJICIMPOBAHMS B PA3BUTUH TEXHOJIOTUH YK30CKENETOB Il HelipopeaObuinuTay 1 npeiararoTcs
MOTEHIHAITbHbIE HAIPAaBICHUS 15 OyIyIIHX HCcieJoBaHui. CUMYIISIIMOHHBIE TTOIXO0AbI IPEAIaratoT BO3MOKHOCTD
ONITHMU3AINH KOHCTPYKIHH YK30CKEIICTOB M OOJIErYeHUsI IIPHHATHS PEIeHHH Py pa3padboTke 3G HeKTHBHBIX cTpa-
TEruil HelpopeadUITUTAIIH.

Ki1ioueBble c10Ba: SK30CKENEThI, CUMYJISIIINS, MOACIHUPOBAaHUE, ONiepaliioHHas cucteMa pobotoB (ROS), Helipo-
peabunuTanus, BUPTyaiabHasl Cpelia, alfOPUTMbI YIIPABICHHUS, ICPEKIIIOUCHUE PEKUMOB, ONITHMHU3ALINSL.

Oopasen nutuposanus: [loxypaes 10.B., Knmumos JI./1., XKoxapa A. CuMynsaiys, MOAEIUPOBaHUE U SKCIIEPUMEH-
TaJIbHOE HCCIIEA0BaHUE SK30CKEIIETa HIDKHUX KOHeUHO Tell 11 HelipopeaOuutaiuu // BectHuk MI'TY «Crankuny. —

2023. — Ne 3 (66). — C. 8-16. — DOI 10.47617/2072-3172_2023 3 8

Y.V. Poduraev, D.D. Klimov, A. Johara
MSUT “STANKIN”

SIMULATION, MODELING AND RESEARCH EXPERIMENT
OF EXOSKELETON LOWER LIMBS FOR NEUROREHABILITATION

Abstract

This article explores the utilization of simulation tools and Robot Operating System (ROS) in the modeling and
evaluation of exoskeleton behavior for lower limb neurorehabilitation. By employing simulation-based approaches,
exoskeleton design, control algorithms, and mode switching mechanisms can be optimized to enhance neurore-
habilitation. The article discusses the benefits of simulation in providing a virtual testing environment, allowing
for the assessment of exoskeleton performance under various conditions without the need for physical prototypes.
Furthermore, the integration of simulation tools and ROS enables comprehensive modeling and evaluation of
exoskeleton behavior. The development of a virtual environment for testing and evaluating exoskeleton performance
is presented, highlighting the selection of appropriate scenarios and evaluation criteria. This article emphasizes the
significance of simulation and modeling in advancing exoskeleton technology for neurorehabilitation and suggests
potential future directions for research and improvement. Simulation-based approaches offer a promising avenue
for optimizing exoskeleton design and facilitating evidence-based decision-making in the development of effective
neurorehabilitation strategies.
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Key words: exoskeletons, simulation, modeling, Robot Operating System (ROS), neurorehabilitation, virtual envi-
ronment, control algorithms, mode switching, optimization.

For citation: Poduraev Y. V., Klimov D.D., Johara A. Simulation, modeling and research experiment of exoskeleton
lower limbs for neurorehabilitation // Vestnik MSUT “Stankin”. —2023. —No 3 (66). —P. 8-16.— D01 10.47617/2072-
3172 2023 3 8 (In Russian)
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2.5.4. POBOTbIl, MEXATPOHWNKA N POBOTOTEXHUYECKUE CUCTEMBI
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AJO. Honueanos, 10.B. Heanoe
®OI'BOY BO «MI'TY «CTAHKMH»

PACNO3HABAHME YEJNTOBEKA B CUCTEME TEXHUYECKOIO 3PEHUA
MOBUJTIbHOIO POBOTA HA OCHOBE METOJA OMNMOPHbLIX BEKTOPOB

AHHOTAIUS

B crarbe paccMarpuBaeTcsi METOJ paclio3HaBaHUs YeIoBeKa ciucTeMoi TexHuueckoro 3penus (CT3) moouibHOTO
po6ota (MP), KOTOpBIil OTIINYAETCS BEICOKOH TOYHOCTBIO PACIO3HABAHUS IIPH HU3KHUX BBIUMCIUTEIbHBIX 3aTpaTax.
Takoii MmeTon aktyasneH 1y npuMeHenus B CT3 MOOMIBHBIX pOOOTOB 110 IPUYNHE OTPAaHUYEHHBIX BHIUNCIUTEIBHBIX
pecypcoB U sHepronoTpedneHus. B pesynbsrare npeaaokeH MeTO paclio3HaBaHus, OCHOBAHHbIH Ha kiaccudukaTope
Support Vector Machine (SVM, mMeTox ONOpHBIX BEKTOPOB). JlaHHBII METOA MCHONB3YET ONTUMH3AIINIO 3HAUCHUN
napameTpoB SVM-kinaccupukaropa 1 MOBBILIEHUS. TOUHOCTH paclo3HaBaHus. B cTaThe OmHMCHIBAaeTCS MpoLEce
oOyuenust SVM-kilaccudukaropa, ONTUMU3ALUS 3HAYEHUH ero napaMeTpoB, U IIPUBOAATCS PE3YJIbTaThl HKCIICPU-
MEHTOB.

KiiloueBble cj0Ba: MOOUIBHBIH PoOOT, cUCTEMAa TEXHMUYECKOIO 3PEHMs, Paclo3HaBAaHHUE 4YelOBeKa,
SVM-knaccudukarop, ONTUMHU3ALYS.

Oopasen uutupoBanusi: [loausanos A 1O., Msanos FO.B. Pacrio3HaBanue yenoBeka B CUCTEME TEXHUYECKOTO 3pEHHs
MOOMIIBHOTO poOOTa Ha OCHOBE MeTo/Ia ONOPHBIX BeKTOpoB // BectHrk MI'TY «Crankumy». — 2023. — Ne 3 (66). —

C.17-27.-DOI 10.47617/2072-3172 2023 3 17

A.Y. Polivanov, Y.V, Ivanov
MSUT “STANKIN”

SUPPORT VECTOR MACHINE BASED HUMAN RECOGNITION METHOD
FOR THE COMPUTER VISION SYSTEM OF A MOBILE ROBOT

Abstract

The article considers a method of human recognition by a computer vision system of a mobile robot, which is charac-
terized by high recognition accuracy at low computational costs. This method is relevant for the use in the computer
vision system of mobile robots due to limited computing resources and energy consumption. As a result, a recogni-
tion method based on a Support Vector Machine (SVM-classifier) was proposed. This method uses optimization of
SVM-classifier parameter values to improve recognition accuracy. The article describes the process of training the
SVM-classifier, optimization of the values of its parameters, and presents the results of experiments.

Keywords: mobile robot, computer vision system, human recognition, SVM-classifier, optimization.

For citation: Polivanov A.Y., Ivanov Y.V. [Support Vector Machine based human recognition method for the computer
vision system of a mobile robot] // Vestnik MSUT “Stankin”. —2023. —No 3 (66). —P. 17-27.—-DOI 10.47617/2072-
3172 2023 3 17 (In Russian)
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O./1. Ezopoé', M.A. Byinos*
' OI'BOY BO «MI'TY «CTAHKIH»
2000 «Mermut Beaguar»

noaxod K NPOEKTUPOBAHMUIO UCMONMHUTENIbHOIO YCTPOUCTBA
POBOTA NO 3A0AHHOWU NOrPELIHOCTU NO3ULMOHUPOBAHUA

AHHOTaLMS

Paccmotpena Meroauka pasaeseHus 3a1aHHON MOTPEITHOCTH MTO3UIIMOHUPOBAHUS pabouero opraHa UCIIOJIHUTEIb-
HOTO YCTpO#cTBa poOOTa MEX/ly €ro MEXaTPOHHBIMU MOJYJISIMU — [IPUBOJIAMHU CTETNIeHel noaBmKHOCTH. [Tpu aTOM
MOTPEIIHOCTh KA¥KAO0TO MOJIYJIS JI0JDKHA ObITh MEHBIIIE Pac4ETHOI, a 00111ast OrpeIHOCTb, TPUBEIEHHAS K paboueMy
OpraHy, — MEHbIIIE 33J]aHHOM.

KuaroueBble ci10Ba: MorpemHoCcTb, poOOT, MEXaTPOHHBIA MOJYJIb, CTENEHb MOJBIXHOCTH, pabo4nii opraH, 0000-
mEHHAst KOOpAMHATA, MaTPHUIlA, BEKTOP.

Oo6pazen uutupoBanus: Eropos O./1., byitnoB M.A. Iloaxoa k NpoeKTUPOBaHUIO UCTIOTHUTEIHHOTO YCTPOHUCTBA
poboTa 1o 3ajaHHOM NorpenrHocTy no3uimonuposanus / Becthuk MI'TY «Crankuny». — 2023. — Ne 3 (66). —
C.28-32.-DOI 10.47617/2072-3172_2023 3 28

O.D. Egorov', M.A. Buynov*

' MSUT “STANKIN”
2 Megmit Welding Technology Co

DESIGN APPROACH OF THE ROBOT’S EXECUTION UNIT ACCORDING
TO A GIVEN POSITIONING ERROR

Abstract

The methods of dividing the given positioning error of the robot’s execution unit effector between its mechatronic
modules — drives motion freedom. In this case, the error of each module must be less than the calculated one, and
the total error reduced to end-of-arm tooling must be less than the specified one.

Keywords: error, robot, mechatronic module, motion freedom, end-of-arm tooling, generalized coordinate, matrix,
vector.

For citation: Egorov O.D., Buynov M.A. [Design approach of the robot’s execution unit according to a given posi-
tioning error] // Vestnik MSUT “Stankin”. —2023. —No 3 (66). — P. 28-32. - DOI 10.47617/2072-3172_2023 3 28
(In Russian)
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B.C. I'oposey’, M.M. Abdynzacupoé’, 0.3. Bynanoé’, /I./1. Knumoé’,
E.JI. Kopuiynosa®, O.U.Kyounosa’, IO.B. Ilodypaes’

'HUU «Texnoounomeny ®I'BOY BO MI'MCY um. A.N. EBnokumoBa
2 AO «KBanrym Cucreme»

3 ®dI'bOY BO «MI'TY « CTAHKHWH»

4 ®I'eOY BO MI'MCY um. A.M.EBfnokumoBa

CEPBUCHBLIE MOBWUJIbHBIE POBOTbI ANA POBOTU3ALIUN
BU3HEC-MPOLECCOB «YMHOMW BOJIbHULbl»: METOAUYECKUN
noaxod U AHANU3 TEXHUKO-3KOHOMUYECKOU 3OPEKTUBHOCTU

AHHOTALMS

B crarbe nprBOIUTCS ONMCAHNUE METOIMKH U PE3YJIBTATOB TEXHUKO-IKOHOMUYECKOTO aHAJIN3a BHEAPCHHUS POOOTOTEX-
HUYECKUX IU(DPOBBIX TEXHOJIOTHH C TOMOIIBIO CEPBUCHBIX MOOHMIIBLHBIX POOOTOB B CHCTEMY YIIPABJICHHUS Pecypcamu
KIIMHUKHU TIPU OCYIICCTBICHUH BCIIOMOTaTeNIbHBIX OU3HEC-TIPOLIECCOB /sl 3PPEKTUBHON OpraHu3alny e€ esiTelb-
HOCTH. B OCHOBY MOJIOKEHBI IPUHIIMITBI OPTaHU3AIMU TAK HA3bIBAEMON «yMHOW» OOJBHUIIBI.

KiroueBble c10Ba: ymHasi 001bHUIA, OU3HEC-TIPOLIECCHI, CEPBUCHBIE MOOMIIBHbIE POOOTHI, aBTOHOMHBIH MOOUIBHBIH
Po6oT, poboTU3aIUs, TEXHUKO-IKOHOMUUECKas 3(GHEeKTUBHOCT POOOTH3ALHH.

Oo6pa3zen nutupoBanus: [oposen B.C., AGxym3arupos M.M., bynanos O.3., Kimmmos JI./1., Kopmynosa E. /1.,
Kymuaosa O.1., [Toxypaes 10.B. CepBrcHbIe MOOHITEHBIE POOOTHI TSt POOOTH3AIIMI OH3HEC-TTPOLIECCOB «YMHOH 00JTb-
HUILBD): METOIMYECKUH ITOAXO0M M aHAIN3 TEXHUKO-OKOHOMIYecKoi addektrBHOCTH // BectHnk MI'TY «CraHkumy. —
2023. — Ne 3 (66). — C. 33-40. — DOI 10.47617/2072-3172 2023 3 33

V.S. Gorovets', M.M. Abdulzagirov’, O.E.Bulanov’, D.D. Klimov’,
E.D. Korshunova’®, O.1. Kudinova®, Y.V. Poduraey’

! Research Institute «Technobiomed» FSBEI HE A.I. Yevdokimov MSMSU

2 Joint-stock company «Quantum Systems»

3 MSUT «STANKIN».

4 FSBEI HE A.I. Yevdokimov MSMSU

SERVICE MOBILE ROBOTS FOR ROBOTIZATION OF “SMART HOSPITAL”
BUSINESS PROCESSES: METHODOLOGICAL APPROACH AND
ANALYSIS OF TECHNICAL AND ECONOMIC EFFICIENCY

Abstract

The article provides a description of the methodology and results of a feasibility study of the introduction of robotic
digital technologies using service mobile robots into the resource management system of the clinic in the implemen-
tation of auxiliary business processes for the effective organization of its activities. It is based on the principles of
organizing the so-called “smart” hospital.

Keywords: smart hospital, business processes, service mobile robots, autonomous mobile robot, robotization, robot-
ization efficiency.

For citation: Gorovets V.S., Abdulzagirov M.M., Bulanov O.E., Klimov D.D., Korshunova E.D., Kudinova O.1.,
Poduraev Y.V. [Service mobile robots for robotization of “smart hospital” business processes: methodological approach
and analysis of technical and economic efficiency] // Vestnik MSUT “Stankin”. — 2023. — No 3 (66). — P. 33-40. —
DOI 10.47617/2072-3172_2023 3 33 (In Russian)
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2.5.4. POBOTbl, MEXATPOHWKA N POBOTOTEXHWUYECKWE CUCTEMbI

Hayunas cmamos
DOI 10.47617/2072-3172 2023 3 41 VIK 621.865.8

L. INookonzun, C.A. Co6onvnuxos
®dI'bOY BO «MI'TY « CTAHKHWH»

CUCTEMA NMIAHUPOBAHUA OBUXEHUA MAHUNYNATOPA
C UCNONb30OBAHUEM ANNTOPUTMOB HA OCHOBE
CITYYANHOW BbIBOPKU

AHHOTaNUsA

B crarbe mpeacraBiieHbl pe3yabTraTbl pa3pabOTKU CUCTEMbI INIAHUPOBAHUS JBIXKCHUS MAaHUITYJIATOPA C ILECTbIO
CTENEHSIMU IOABHXHOCTH C UCIIONB30BAaHUEM AITOPUTMOB HA OCHOBE CIIy4aiHOH BEIOOPKHU, KOTOPBIE PELIAIOT 3aJa4y
HepeMeIIeHUs U3 HEKOTOPOH HauyallbHON TOYKHU B IIENEBYI0, COOMIONas OTPAHMUYCHHS Ha IBIKCHHE MaHHUITYISATOpa
M Yy9INTHIBasi KOHCTPYKTHUBHBIC 3JIEMEHTHI MOOMIBHOTO poboTa. B Xoze nccnenoBanns mpoBeeH CPaBHUTEIBHBII
aHaJI3 aJITOPUTMOB IUIAHUPOBAHUSI HA OCHOBE CIIy4ailHO! BBIOOPKH: METOJ] BEPOSTHOCTHOM JOpoxkHOH KapThl (PRM)
U ApeBoBUHbIE anropuT™Msl mianuposanus aAsmwxeHus (RRT), EST, RRT, RRT*, RRTConnect. OcHoBHOH upeeit
AJITOPUTMOB SIBJISIETCS CIIy4aiHbIH BEIOOP CBOOOAHBIX TOUEK paboueil 00macTu Juist MOCTPOCHUSI KapThl BO3MOXKHBIX
MapIIpyTOB ABIKCHIS MaHUITYIIsITOpa. PaspaboTaHo mporpaMMHO-anmapaTHoe 00ecedeHne CHCTEeMBbI TITAHHPOBAHHUS
JIBIDKEHIS JTST MAaHUITYIIATOPA MOOMITBHOTO POOOTOTEXHIIECKOTO KOMILIEKCA, TO3BOJISIOIIEE TIPOBECTH KOMITBIOTEPHOE
MOJIEJIUPOBAHUE U SKCIIEPUMEHTAJIbHbIE UCCIIEA0BaHM. Pe3ynbTaThl HCCIeJOBAHUM IOATBEPKAAIOT 3P (HEKTUBHOCTD
IPUMEHEHHsI aJITOPUTMOB Ha OCHOBE CIIy4yaiiHON BBIOOPKHU AJIS IJIAHUPOBAHMS IBHKEHHUS MaHUIYISTOpa B po0o-
TOTEXHHYECKHUX CHCTEMaX, IJie HeOOXOAMMa BBICOKAsl CTETIEHh aBTOHOMHOCTH 1 OBICTPOTa PEaKIMi Ha N3MEHEHHS
OKpYKAIOIIEeH Cpebl.

KuioueBble c10Ba: MaHUITYIIATOD, IIAHUPOBAHUE JIBHKEHHS, aITOPUTMBI, OCHOBAHHbIE HA CITy9aifHOH BBIOOPKE.

O6pazen uurupoBanus: [Togkomsun /1. /1., Co6onbrukoB C.A. Cuctema riiaHUpOBaHUsI AIBHKCHUI MaHUITYIIATOPA
C HCIOJIb30BAHUEM AJTOPUTMOB Ha OCHOBE ciy4aitHoil BeiOopku // BectHuk MI'TY «Crankuny». — 2023. — Ne 3

(66). — C. 41-51. - DOI 10.47617/2072-3172_2023_3_41

D.D. Podkolzin, S.A. Sobolnikov
MSUT “STANKIN”

MANIPULATOR MOTION PLANNING SYSTEM BASED
ON SAMPLING-BASED ALGORITHMS

Abstract

This article presents the results of developing a motion planning system for a manipulator with six degrees of
freedom using random sampling-based algorithms that solve the task of moving from a certain starting point to a
target while observing the constraints on the manipulator’s motion and taking into account the structural elements
of the mobile robot. A comparative analysis of random sampling-based planning algorithms was conducted during
the study: the Probabilistic Roadmap Method (PRM) and tree-based motion planning algorithms (RRT), EST, RRT,
RRT*, RRTConnect. The main idea of the algorithms is the random selection of free points in the working area to
construct a map of possible manipulator movement routes. Software and hardware for the motion planning system
for the manipulator of a mobile robotic complex have been developed, allowing computer simulation and experi-
mental research. The research results confirm the effectiveness of applying random sampling-based algorithms for
manipulator motion planning in robotic systems, where a high degree of autonomy and quick response to changes
in the environment are required.

Keywords: manipulator, motion planning, stochastic sampling-based algorithms.

For citation: Podkolzin D.D., Sobolnikov S.A. [Manipulator Motion Planning System based on Sampling-based
Algorithms] // Vestnik MSUT “Stankin”. —2023. —No 3 (66). —P. 41-51. - DOI 10.47617/2072-3172_2023 3 41
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__ 2.55. TEXHONOr 1A 1 OBOPY0BAHWE MEXAHUYECKOW 1 ®U3NKO-TEXHWYECKOW OBPABOTKN

Hayunas cmamos
DOI 10.47617/2072-3172_2023 3 52 VK 67.02

A.A. Bepewaxal, E.C. Comosa’, A.E. Cenezneé’, I'B. Ozansan’, K.M. Makapeeuu’

' OI'BOY BO «MI'TY «CTAHKIH»
2PTY MUPDA

CPABHEHWE MEXAHUYECKWUX CBOMUCTB NOKPbITUIA CR-CRN,
TI-TIN, ZR-ZRN 1 MO-MON

AHHOTAIUS

CpasnuBatotcst Mmexanuueckue cBorcTsa mokpeituit Cr-CrN, Ti-TiN, Zr-ZrN u Mo-MoN, ocax/JIeHHbIX Ha cyOcTpar
u3 TutaHoBoro cruiaBa Ti-6Al-4V. Onpenenen (a3oBbiit cocTa, TBEPAOCTh, CTOWKOCTh K Pa3pyIICHHIO IPU CKPETY-
TECTE, a TAKXKE MCCIICAOBAHBI CTPYKTYPHBIC 0COOCHHOCTH MOKPBITHIA (€ uctonb3oBanuem COM u [IOM). Benuunna
aJIr€3MOHHOM cocTapisoulel kKoo GuunenTa TpeHus f, , Mapbl «TATAHOBBIH CILIAB ¢ MOKPBHITHEM / 03 MOKPBITHSD
onpenernena B fuana3one temneparyp 20-900 °C. Yeranosneno, uro npu temmneparypax menee 400 °C HanMeHbIIIM

3HaueHueM f , oOnasaer obpasen ¢ nokpbitHeM Zr-ZrN, a npu temneparypax soitie 700 °C — oOpasen ¢ MOKpbITHEM
Mo-MoN.

Ku11oueBble ¢10Ba: HUTPUAHBIE TOKPBITUS, TPUOOJIOINUECKUE CBOICTBA, TUTAHOBBIN CILIAB, TBEPIOCTD.

Oo6paszen nurtupoBanms: Beperaka A.A., CoroBa E.C., Cene3neB A.E., Oransu ['B., Makapesna K.M. CpaBaenune
Mexanndeckux cBoUCTB MOKpbIThii Cr-CrN, Ti-TiN, Zr-ZrN u Mo-MoN // Bectauk MI'TY «Crankuny. — 2023, —
Ne 3 (66). — C. 52-59. —DOI 10.47617/2072-3172 2023 3 52

A.A. Vereschakal, E.S. Sotova', A.E. Seleznev', G.V. Oganyan', K.M. Makarevich’

' MSUT “STANKIN”
2RTU MIREA

COMPARISON OF MECHANICAL PROPERTIES OF CR-CRN,
TI-TIN, ZR-ZRN AND MO-MON COATINGS

Abstract

The mechanical properties of Cr-CrN, Ti-TiN, Zr-ZrN and Mo-MoN coatings deposited on a titanium alloy substrate
(Ti-6Al-4V) are compared. The phase composition, hardness, and resistance to fracture during the scratch test were
determined, and the structural features of the coatings (using SEM and PEM) were investigated. The value of the
adhesive component of the friction coefficient f, of the “coated / uncoated titanium alloy” pair is determined in
the temperature range of 20 — 900 °C. It was found that at temperatures less than 400 °C, the sample with a Zr-ZrN
coating has the lowest f, , value, and at temperatures above 700 °C, the sample with a Mo-MoN coating has the
lowest fadh value.

Keywords: nitride coatings, tribological properties, titanium alloy, hardness.

For citation: Vereschaka A.A., Sotova E.S., Seleznev A.E., Oganyan G.V., Makarevich K.M. [Vereschaka A.A.,
Sotova E.S., Seleznev A.E., Oganyan G.V., Makarevich K.M.] // Vestnik MSUT “Stankin”. — 2023. — No 3 (66). —
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2.5.5. TEXHONOIMs N OBOPYAOBAHUE MEXAHWUYECKOW 1 ®U3UKO-TEXHUYECKOW OBPABOTKM

Hayunas cmamos
DOI 10.47617/2072-3172_2023 3 60 VK 621.9

b.A. Moxkpuuyxuii, I1.A. Cabnun

OI'BOY BO «Komcomonbckuii-Ha-AMype rocyJapCTBEHHBIM YHUBEPCUTET

NOBbIWEHWE NEPUOAA CTONKOCTU TOKAPHbIX PE3LIOB
NPU OBPABOTKE 3AFOTOBOK U3 HEPXABEIOLUX CTANEWN

AHHOTAIUSA

W3105xeHbI pe3yabTaTsl pa3padOTKH HOBBIX MOKPBITUH AJIS1 HHCTPYMEHTAJIbHOTO TBEPAOro ciutasa Mapku BKS.
O0becneueHo NOBBIICHHUE NEPHOa CTONKOCTH TOKApHbIX PE3LIOB P HAPYXKHOM TOUEHHUU TPYIHOOOpadaThIBaEMBbIX
HeprkaBeromux craneil. Borapnens! 10 HanbOosee pannoHaabHBIX HHCTPYMEHTAIBHBIX MaTePHUaIoB, 1aHbl PEKOMEH-
JIAlMHU 110 MapaMeTpaM peKuMa pe3aHus.

KuroueBble c10Ba: TOKapHbIE PE3LIbl, 3arOTOBKH U3 TPYJHOOOPaOaThIBAEMBIX HEPIKABEIOLINX CTaJICH, TOKPBITHS IS
TBEpOTO crutaBa BKS, moBkieHne neproga CTORKOCTH PE3IOB, TapaMeTPhl PEXKUMa pe3aHusL.

O6pazen nurtupoBanusi: Mokpunkuii b.5., Cabaun [1.A. [ToBbIieHHe neproa CTOMKOCTH TOKAPHBIX PE3ILIOB MPU
00paboTKe 3aroToBOK U3 Hepikaperomux cranei // Becthuk MI'TY «Crankuny. — 2023. — No 3 (66). — C. 60—-65. —
DOI 10.47617/2072-3172_2023 3 60

B.Ya. Mokritskii, PA. Sablin

Komsomolsk—on—Amur State University

INCREASING THE TOOL LIFE OF TURNING TOOLS WHEN MACHINING
STAINLESS STEEL WORKPIECES

Abstract

The results of the development of new coatings for VK8 grade tool carbide are presented. An increase in the tool
life of turning tools for external turning of hard-to-machine stainless steels has been provided. The 10 most rational
tool materials have been identified, and recommendations have been given on the parameters of the cutting mode.

Keywords: turning tools, blanks made of hard-to-cut stainless steels, coatings for BK8 hard alloy, increasing tool
life, cutting mode parameters.

For citation: Mokritskii B.Ya., Sablin P.A. [Increasing the tool life of turning tools when machining stainless steel
workpieces] // Vestnik MSUT “Stankin”. —2023. — No 3 (66). — P. 60-65. — DOI1 10.47617/2072-3172_2023 3 60
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2.5.5. TEXHONOIMs N OBOPYAOBAHUE MEXAHWYECKOW 1 ®U3WKO-TEXHUYECKOW OBPABOTKM

Hayunas cmamos
DOI 10.47617/2072-3172_2023 3 66 YJK 621.9.025.7

E.B. Apmamonoe, M.O. Yepnvuuos, T.E. Kocmue, A.C. [llmun

®I'BOY BO «TroMeHCKHIT HHAYCTPUATBHBIN YHUBEPCUTETY

NOBbIWEHUE PABOTOCNMOCOBHOCTU CBEOPHbIX CBEPII
C TBEPAOCNABHbIMU rONTIOBKAMU HA OCHOBE PA3PAEOTAHHOM
MOJENU PA3PYLUEHUA PEXYLWEN YACTH

AHHOTAIUS

B crarbe nokazana pa3zpaboTaHHast MOJIEIb Pa3pyIICHHS M TPOYHOCTH CMEHHOM PEeXyILei TBEPJ0CIUIABHON T'OJIOBKU
cOOPHBIX CBEPII C OIPEICICHIEM 00JIacTei PEACIbHBIX TOBEPXHOCTEH UX Pa3pyIICHHUS: XPYIKOE, XPYIKO-TIACTHYE-
CKO€, INTACTUYCCKOC U KPUTUYECCKasl TCKYUCCTh KOﬁaﬂbTOBOP’l CBS3KU. BhIsiBlIeHA CTENICHD BIMSHUS KOHCTPYKTHUBHBIX
[apaMeTpoB PEXYLIUX TBEPJOCIUIABHBIX I'OJOBOK Ha PACIpeNeICHUe B HUX HampshkeHui u nedopmaruii. Taxxke
MPEJCTABICHBI KOHCTPYKIMH pa3pab0TaHHBIX PEKYIIMX FOJOBOK MOBBIIIEHHON MPOYHOCTH U 3aIaTeHTOBAHHOTO
cOOpHOTO CBepIia MOBBIMIEHHON pad0TOCTIOCOOHOCTH.

KuiaroueBble ciioBa: pazpylieHne, MpOYHOCTD, pacuyeT HaNpsDKeHUH, cOOpHBIE CBepia, PeXyIIHe TBEPIOCIUIaBHbIC
SJIEMEHTHI.

Oo6pazen nutupoBanusi: Apramonos E.B., UepnsbiioB M.O., Koctus T.E., IlItun A.C. TToBblteHHE pab0TOCTIOCO0-
HOCTH COOPHBIX CBEPJI C TBEPAOCIIABHBIMU T'OJIOBKAMU HA OCHOBE Pa3pab0TaHHON MOJETH Pa3pyLIeHUs PexyIeH
yactu // Bectauk MI'TY «Crankumy. — 2023. — Ne 3 (66). — C. 66—73. — DOI 10.47617/2072-3172_2023 3 66

E.V. Artamonov, M.O. Chernyshov, T.E. Kostiv, A.S. Shtin

Tyumen Industrial University

INCREASING THE PERFORMANCE OF ASSEMBLED DRILLS WITH
CARBIDE HEADS ON THE BASIS OF THE DEVELOPED MODEL
OF CUTTING PART DESTRUCTION

Abstract

The article shows the developed model of destruction and strength of a replaceable cutting carbide head of prefabricated
drills with the definition of the areas of limiting surfaces of their destruction: brittle, brittle-plastic, plastic and critical
fluidity of a cobalt bond. The degree of influence of the design parameters of cutting carbide heads on the distribution
of stresses and strains in them is revealed. Also presented are the designs of the developed cutting heads of high
strength and the patented prefabricated drill of increased efficiency.

Keywords: fracture, strength, stress calculation, prefabricated drills, cutting carbide elements.

For citation: Artamonov E.V., Chernyshov M.O., Kostiv T.E., Shtin A.S. [Increasing the performance of assembled
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2.5.5. TEXHONOIMs N OBOPYAOBAHUE MEXAHWUYECKOW 1 ®U3UKO-TEXHUYECKOW OBPABOTKM

Hayunas cmamos
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B.A. Awkoe

Mypomcknit nacTuTyT (prmmran) @I'BOY BO «Bnagunmupckuit rocyaapcTBeHHBIN YHUBEPCUTET
nmMenu Anekcanapa ['puropseBuya u Hukonas I'puropsesrua CTOIETOBBIX»

NMPUMEHEHWE CBOPHOIO UHCTPYMEHTA C PAOUAIIBHO
noaBUXHbIMU ABPA3UBHbBIMU BIIOKAMU ANA WITW®OBAHUA
ANNUNCONOHON NOBEPXHOCTHU

AHHOTALUS

B crarpe paccMoTpeHa BO3MOXKHOCTH IMPUMEHEHHSI COOPHOTO aOpa3sMBHOTO MHCTPYMEHTA JUIS HUIH(OBAHUS
HELIIMHIPUYECKUX IOBEPXHOCTEH Ha TpuMepe HUHHUILIHON 00pabOTKH KOpITyca IIIaCTHHYATOr0 HacoCca ABYKPATHOTO
JEHCTBHUS, MMEIOLIETO AIIUICONIHYI0 (popMy. [InacTuHUATHII HACOC TO3BOMISET NEPEKAYNBATH KUIKOCTH KaIlIHIIEO-
Opas3HOro TUMa C TBEPIABIMU YaCTHLIAMH 1 IMEET BBICOKYIO MOLITHOCTh BCACHIBAHHS, OJHAKO M3TOTOBJIECHHE KOpITyca
HAcOCa yCIOXKHEHO M3-3a AJUIMIICOMIHON (OPMBI, UYTO NPUBOIUT K IPUMEHEHHIO CIOKHOW OCHACTKU M CHHIKEHHIO
PEXKNMOB pe3aHUs IS IPEAOTBPALICHHS TEMIIEPAaTyPHBIX Je(HEKTOB IOBEPXHOCTHOTO CII0s1 00padaThIBACMBIX ITOBEPX-
HocTel. [IpuMenenure cO0pHOro NUIM(OBAILHOTO HHCTPYMEHTA TTO3BOMISAET PEIIUTh HECKOIBKO TEXHOIOIMYECKUX
poOJIeM: 0TKa3aThCsl OT KHHEMAaTHYECKH CIIOXKHBIX Tpucnocobiennii; odecrneunts nogasy COTC B 30Hy 00pa-
60TKH; Oosee MOJIHO MCTIOIB30BaTh A0Pa3UBHBIN MaTepuan. AOpa3uBHbIE OJIOKU MPKUMAIOTCS K 00padaTbiBaeMoi
MOBEPXHOCTH TOJI JICHCTBUEM IICHTPOOECIKHBIX CHUII, YTO 00CCIICUUBACT COXPAHEHUE TIPE/IBAPUTEIILHO MMOTYYCHHON
SIUTUIICONAHON (OpPMBI KOpITyca Hacoca.

KiioueBble cji0Ba: BHyTpeHHee HUIM(OBAHUE HE LMIMHAPUYECKUX IIOBEPXHOCTEH, COOpHBINA aOpa3uBHbINA KPyr
C pauajIbHO IOJBMKHBIMU CEIMEHTaMU.

Oopazen uutupoBanus: Sukos B.A. [IpuMeHeHne cOOPHOTO HHCTPYMEHTA C PaJUAIbHO MOABHKHBIME a0pa3uB-
HBIMH O1oKaMu 7151 i oBanust srutunconnon nopepxHoctu / Becthuk MI'TY «Crankun». —2023. — Ne 3 (66). —
C.74-78.-DOI 10.47617/2072-3172_2023 3 74

V.A. Yashkov

Murom Institute (branch) of the Vladimir State University named after Alexander Grigoryevich
and Nikolai Grigoryevich Stoletov

THE USE OF A PREFABRICATED TOOL WITH RADIALLY MOVABLE
ABRASIVE BLOCKS FOR GRINDING AN ELLIPSOID SURFACE

Abstract

The article considers the possibility of using a prefabricated abrasive tool for grinding non-cylindrical surfaces on
the example of finishing the casing of a double-acting plate pump having an ellipsoid shape. The plate pump allows
pumping slurry-type liquids with solid particles and has a high suction power; however, the manufacture of the pump
housing is complicated due to the ellipsoid shape, which leads to the use of complex tooling and reduced cutting modes
to prevent temperature defects of the surface layer of the surfaces being treated. The use of a prefabricated grinding
tool allows you to solve several technological problems: to abandon kinematically complex devices; to ensure the
supply of STS to the processing zone; to use abrasive material more fully. The abrasive blocks are pressed against
the treated surface under the action of centrifugal forces, which ensures the preservation of the previously obtained
ellipsoid shape of the pump housing.

Keywords: internal grinding of cylindrical surfaces, a prefabricated abrasive wheel with radially movable segments.
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A.P. Mup3zomaxmyoos, A.B. Hcaee
OI'BOY BO «MI'TY «CTAHKIH»

NMOBbIWEHUE 3PPEKTUBHOCTU OBPABOTKU KONECHBIX NMAP
CBOPHbIMN ®ACOHHBLIMU ®PE3AMWU 3A CHET OBECIMNEYEHUA
PABHOMEPHOCTHU ®PE3EPOBAHUA

AHHOTaNHUSA

B crarbe npuBezneH pa3paOOTaHHbIH alroOpUTM pacueTa U PEeKOMEH ALK 110 JOCTIKEHUIO PaBHOMEPHOCTH (pe3epo-
BaHUS [IPU UCTIOIb30BAHUM COOPHBIX (haCOHHBIX (Ppe3 CO CMEHHBIMU MHOTOTPAaHHBIMU IUIACTUHAMM JUI 00pabOTKH
JieTanei xKenesHoI0pOKHON OTPaciH.

KuroueBble cii0Ba: paBHOMEPHOCTB (pe3epoBanusi, cOOpHBIE (hacOHHBIE (Ppe3bl, TPOSKTHPOBAHNE PEIKYIIETO HHCTPY-
MEHTa, BOCCTAHOBJICHHE KOJIECHBIX Map.

O6pazen nurupoBanusi: Mupzomaxmynos A.P., Ucaes A.B. [ToBblieHue 3 peKTHBHOCTH 00paOOTKH KOJIECHBIX
nap cOopHbIME (haCOHHBIMH (pe3amu 3a cueT olOecreueHus: paBHOMEpHOCTH (pesepoBanus / Becthuk MI'TY
«Crankun». — 2023. — Ne 3 (66). — C. 79-85. — DOI 10.47617/2072-3172_2023 3 79

A.R. Mirzomakhmudov, A.V. Isaev
MSUT “STANKIN”

INCREASING MILLING EFFICIENCY OF INDEXABLE FORM
MILLING CUTTERS USED FOR MACHINING RAILWAY WHEELSETS
BY DETERMINATION OF PROCESSING UNIFORMITY

Abstract
In present paper, the developed procedure for calculating the milling process uniformity and recommendations

for achieving the desired processing uniformity when using special indexable form milling for machining railway
components are described.

Keywords: milling process uniformity, indexable form milling cutters, design of cutting tools, railway wheelsets repair.
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Hayunas cmamos
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A.H. 3axaposa’, M.B. ’Kynnoé’, M.I. Axoenes’

' ®I'bOY BO «MI'TY «CTAHKHWH»
2 AO «OIK» «HUN»

NMPUMEHEHMUE 3NEKTPO3PO3UOHHON OBPABOTKHM
anAa ®OPMUPOBAHUA NA30B ENOYHOIO TUMA B AUCKAX TTA

AHHOTAUUSA

OOBEKT UCCIIeOBAHIN — TEXHOJIOTHS SIEKTPOIPO3HOHHOM BBIPE3KH 11a30B eJI0YHOTO TUIIA B TUCKE TypOHHBL. MeTo0-
JI0TUs pabOTHI CTPOHTCS HA SIMITUPUIECKUX UCCIISIOBAHUSX TIPH BBIpe3Ke ((OPMHUPOBAHHN ) TA30B METOIOM HJIEKTPO-
3po3uoHHON 00padoTku (DD0) B ONBITHBIX JUCKaX TYpOUHBI ra30TypOuHHbIX aurarensx (I'TI).

OCHOBHBIE pe3yabTaThl: OTPabOTaHa TEXHOJIOTHS BBIPE3KHU 11a30B €JIOYHOTO TUIIA Ha ONBITHBIX JUCKaX TypOWHBI U3
Mmarepuana BB75111, obecrieunBaroias 3alaHHbIC TOYHOCTh MO KOHCTPYKTOpCKoi gokymenTaiuu (K1) u miyouny
OIUTaBJICHHOTO (M3MEHEHHOT0) CJIOS B 00pab0oTaHHOW TOBEPXHOCTH MeHee 3 MKM; 00pabOoTaHbI a3kl €JI0YHOTO THIIA
B 2-X OIBITHBIX JUCKAaX HOBOTO M3/IEIHS [Vl IPOBEICHUS €r0 HCIIBITAaHHUM.

KiioueBbie ciioBa: aBuaIBUraTesieCTpoeHue, ra3oTypounHslii ipurarens (I'T/I), monaTku TypOUHBL, TypOHHA BBICO-
koro nasneHust (TBJI), masel e104HOTO THIA, 3JIEKTPOIPO3UOHHAS 00pabOTKa, IIEPOXOBATOCTh MOBEPXHOCTH, OCTA-
TOYHBIC HAITPSIIKCHUSA.

Oo6pasen nutuposanus: 3axaposa A.H., )Kymios M.B., SIkones M.I. I[IpuMeHeHue 31eKTpo3pO3UOHHOM 00paboTKu
Juis (popmMupoBaHus na3oB exouHoro tuna B auckax I'T/l // Bectuuk MI'TY «Crankun». — 2023. — Ne 3 (66). —
C. 86-94.-DOI 10.47617/2072-3172_2023_3_86

A.N. Zakharova, M.V. Juplov, M.G. Yakovlev

THE USE OF ELECTRICAL DISCHARGE MACHINING
FOR THE FORMATION OF FIR-FREE SLOT IN DISKS GTE

' MSUT “STANKIN”
2 “UEC” “NIID”

Abstract

Research object is technology of electrical discharge cutting of fir-free type slot in turbine disk. The work methodology
is based on empirical research in cutting (shaping) slots by electrical discharge machining (EDM) in gas turbine test
disks of gas turbine engines (GTE).

Main results: the technology of cutting fri-free slots on the turbine test discs from VV751P material has been worked
out, which provides the specified accuracy according to the design documentation (DD) and the depth of the melted
(changed) layer in the treated surface is less than 3 mkm; fir-free slots were treated in 2 test discs of the new product
for its testing.

Keywords: aircraft engine building, gas turbine engine (GTE), turbine blades, turbine disks, fir-free slot, electrical
discharge machining, surfase roughness, residual stresses.
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Hayunaa cmamus

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

DOI 10.47617/2072-3172_2023 3 95 VK 621.9.08

AMN. Tumywkun, M.M. Cmeobynanun, M.A. Xapvxoe
OI'BOY BO «MI'TY « CTAHKHWH»

CPABHUTENbHbIA AHAN3 NOOXOA0B KOPPEKLMM OB EMHOWN
TOYHOCTU MALUUH C NOPTANTbHON KWHEMATUKOWN

AHHOTaNHUSA

B cTarbe NpoBOIUTCS CPABHUTENBHBINA aHAIU3 MOAXOJO0B K 3a7ade KOPPEeKUUU 00bEMHOM TOUHOCTH MAIlUH C
HOpTaJIbHOM KMHeMaTuKkoi. dusnueckas cucTeMa ocell IBUKEHUs, Peaau3yeMOro UCIIOIHUTEIbHBIMY [IPUBOAAMHU
MallMHBI, PACCMATPUBAETCS IIPH yUeTe IEPBLIX NPUOIMKEHUN €€ pealbHOI reOMeTPUU B YCIIOBUSAX CUCTEMAaTHue-
CKHX MOTPEIIHOCTEN.

KuioueBble ciioBa: 00bEMHAsI TOYHOCTB, JIA3€PHBIN TPEKep, MOpTalbHAs CHCTEMa, MaTpHUIa KaTNOPOBKH, HalpaB-
JISIFOIIME KOCHHYChI, TAHTC€HIIMAIbHBIN BEKTOP.

Oopaseny nurupoBanus: [Tumymkun S.U1., CreOynssaun M.M., XapbkoB M.A. CpaBHUTENbHBII aHATN3 TOJX0/I0B
KOppEeKIUU 00bEMHON TOUHOCTH MAalIMH C MOPTaidbHON kuHeMmaTukoi // Bectuuk MI'TY «Crankuny. — 2023. —

Ne 3 (66). — C. 95-102. — DOI 10.47617/2072-3172_2023_3 95

Ya.l. Pimushkin, M.M. Stebulyanin, M.A. Kharkov
MSUT “STANKIN”

COMPARATIVE ANALYSIS OF VOLUMETRIC ACCURACY CORRECTION

APPROACHES FOR MACHINES WITH PORTAL KINEMATICS

Abstract

In the paper a comparative analysis of approaches to the problem of volumetric accuracy correction of machines with
gantry kinematics is carried out. The physical system of axes of motion realised by the actuators of the machine is
considered while taking into account first approximations of its real geometry under conditions of systematic errors.

Keywords: volumetric accuracy, laser tracker, gantry system, calibration matrix, cosine guides, tangential vector.

For citation: Pimushkin Ya.l., Stebulyanin M.M., Kharkov M.A. [Comparative analysis of volumetric accuracy
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2.5.7. TEXHONOI M  MALLMHBI OBPABOTKI JABNEHWEM

Hayunas cmamos
DOI 10.47617/2072-3172_2023 3 103 YK 621.73.073

M.B. Hlapvikun', T.X. Aronoé’, E.H. Cocenywxun'’, H.C. Tonmaues’

' ®I'OY BO «MI'TY « CTAHKWH»
2 AO «MockoBckuii MatnHOCTpouTenbHbIi 3280 K ABAHT'APJ]» koHiiepHa «Anmas-AHTeii»

UCCNEAQOBAHUE BIIUAHNA ®OPMbI, PASMEPA U PACMOJTIOXEHUA
3ArTOTOBKW B MONTOTOBOM LUTAMIME HA EFO CTOMKOCTb

AHHOTALUS

B crarbe npesicTaBieHo uccieoBaHue BInsHUS (JOPMbI M PACIONOKEHHS 3ar0TOBKH U3 cTaiu Mapku 13X 11H2B2M®-111
B MOJIOTOBOM IITaMII€ Ha €r0 CTOMKOCTD. [IpHuBeeHbI pe3yabTaThl KOMIIBIOTEPHOTO MOJICTIMPOBAHMS TECUCHUS METaJlIa
BO BceM 00beMe 3arOTOBKHM B Pa3IHYHbIe MOMEHTHI Ae()OPMHUPOBAHUS, YTO MO3BOJSET HAaHOOIee TOUHO OLICHUTD
MIOJIOXKEHHE M Pa3Mephl yuacTKa H3HOCA, U CTEIICHb 3TOTr0 U3HOCA.

KuaroueBble cjioBa: MeTaJ’IJ’IOO6pa60TKa, mTaMIIOBKa, MOACIUPOBAHHUEC, He(i)OpMI/IpOBaHI/Ie.

Oo6pazen nutupoBanus: lapsikua M.B., AronoB T.X., Cocenymkun E.H., Tonmaues H.C. MccnenoBanue
BIIMSIHUS POPMBI, pa3Mepa U paCcIOJIOKESHHUS 3aTOTOBKYA B MOJIOTOBOM IIITAMIIE Ha €ro CToiKocTh // Bectauk MI'TY
«Crankun». —2023. — Ne 3 (66). — C. 103-109. — DOI 10.47617/2072-3172_2023 3 103

M.V. Sharykin’, T.H. Ayupov’, E.N. Sosenushkin’, N.S. Tolmachev’
' MSUT “STANKIN”
* Machine-Building Plant “AVANGARD?” of the concern “Almaz-Antey”

RESEARCH OF THE INFLUENCE OF THE SHAPE, SIZE AND LOCATION
OF THE WORKPIECE IN THE HAMMER DIE ON ITS DURABILITY

Abstract

The article presents a study of the influence of the shape and location of a workpiece made of steel grade
13Kh11N2V2MF-Sh in a hammer die on its durability. The results of computer simulation of the metal flow in the
entire volume of the workpiece at various moments of deformation are presented, which makes it possible to most
accurately assess the position and dimensions of the wear area, and the degree of this wear.

Keywords: metalworking, stamping, modeling, deform.
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2.3.3. ABTOMATU3ALINA N YNPABNEHWE TEXHONOM MYECKMIA
MPOLIECCAMM 1 NMPOM3BOACTBAMMU

Hayunas cmamos
DOI 10.47617/2072-3172_2023 3 110 VIK 658.5

E.B. Coxosa, T.I. I puwiuna
dI'BOY BO «kMI'TY « CTAHKHH»

NMPUMEHEHMWE ronocoBOro ACCUCTEHTA
B ABTOMATU3NPOBAHHbLIX CUCTEMAX YMNPABJNEHUA
TEXHWYECKOW NOKYMEHTALMEN NPEONPUATUA

AHHOTALUS

B crarbe paccmaTpuBaeTCst NPEUMYILIECTBO HCIIOJIB30BAHMS TOJIOCOBOTO aCCUCTEHTA Il PaOOTHI C TEXHUYECKOM
JIOKyMEHTaluel B einHoi nHpopmatonnoi cpene (EVC), kak cpeicTBO UCTIONb30BAHUS OTIEPEKAOIINX TEXHOIOTHIA
MPOEKTUPOBAHMS C LIENBIO CO3AAHUS U3AEIHNH, UMEIOIINX YHUKAJIbHBIC CBOMCTBA 10 CPABHEHUIO ¢ aHajoramu. Taxoke
OIMMCAaHBbI Pa3JINYHBIC (byHKI_[I/II/I 1 BO3MOXXHOCTH, KOTOPBIC TOJIOCOBOM aCCHUCTEHT MOKET npeaoCTaBuTh, BKIIIOYas
rOJIOCOBOE PACIIO3HABAHKE, CHHTE3 PEYH U KOHTEKCTHYIO 00pabOTKy KOMaH/I.

KiroueBble ¢/10Ba: aBTOMAaTU3allysl, CUCTEMBI yIIPABIECHHs, FOJOCOBOM acCUCTEHT, LUGPOBO noaxon, uudposas
TpaHchopMaLysL.

Oo6pazen nutupoBanusi: Coxona E.B., ['pummna T.I'. [Ipumenenne romocoBoro acCUCTEHTa B aBTOMAaTH3HPOBAHHBIX
CHUCTEMax YINpaBJICHUS TEXHUYCCKOU JoKyMmeHTanuen npeanpustus // Bectauk MI'TY «Crankuny. — 2023. —
Ne 3 (66). —C. 110-115. - DOI 10.47617/2072-3172_2023 3 110

E.V. Sokova, T.G. Grishina
MSUT «STANKIN»

THE USE OF VOICE ASSISTANT IN AUTOMATED MANAGEMENT
SYSTEMS OF TECHNICAL DOCUMENTATION OF THE ENTERPRISE

Abstract

The advantage of using a voice assistant to work with technical documentation in a Common Data Environment
(CDE) is considered as a means of using advanced design technologies to create products with unique properties
compared to their counterparts. There are also various functions and capabilities that the voice assistant can provide,
including voice recognition, speech synthesis and contextual command processing.

Keywords: automation, control systems, voice assistant, digital approach, digital transformation.
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Hayunas cmamos
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Moe Ynco Txy', K.A. Cumanicenxos’, B.I. Mewxos', E.A. 3opuna’

' ®I'bOY BO «MI'TY « CTAHKWH»
2 OT'YII «BHUU «llenTtp»

METOAMKA ONPEAENEHUA OXKUWOAEMOIO PACXOOA UHCTPYMEHTA
HA OCHOBE JAHHbIX 3A MPOLUEAQLWWK NEPUON

AHHOTaNHUSA
PaccmarpuBaeTcs noacucteMa NporHO3MPOBAHUS PAacXo/ia PEXKyYIIEro MHCTpyMeHTa Jiis ctankoB ¢ UITY B pamkax

0011e aBTOMAaTU3UPOBAHHOM CUCTEMBI YIIPABICHUSI PEXKYIIMM HHCTPYMEHTOM. M3/10:KeHa METOANKA U aJITOPUTMBI
ONPEAEIEHHUS KOJINYECTBA NHCTPYMEHTA.

KnarwueBble cjioBa: HUHCTPYMCHT, MIPOTrHO3UPOBAHUC pacxoda, METOJUKA ITPOrHO3UPOBAHUsA, aJITOPUTM pacxoaa,
JuarpaMmMa pacxojia BO BpEMCHU.

Oo6pazen nuTupoBanusi: Moe Yxo Txy, Cumamkenkos K.A., Memxos B.I",, 3opuna E.A. Mertoauka onpeaeneHus
0XKHMJIAEMOTO pacxojia MHCTPYMEHTa Ha OCHOBE JaHHBIX 3a npoiuneanmid nepuop / Bectauk MI'TY «Crankuny». —

2023. — Ne 3 (66). — C. 116-120. — DOI 10.47617/2072-3172_2023 3 116

Moe Kyaw Thu', K.A. Simanzhenkov', V.G. Meshkov', E.A. Zorina®
'MSUT “STANKIN”
2 Federal state unitary enterprise “All-Russia scientific and research institute “Center”

METHODOLOGY FOR DETERMINING THE EXPECTED TOOL
CONSUMPTION BASED ON DATA FOR THE PAST PERIOD

Abstract

The subsystem of forecasting the cutting tool consumption for CNC machines is considered within the framework
of a general automated cutting tool control system. The methodology and algorithms for determining the number of
tools are described.

Keywords: tool, flow forecasting, forecasting methodology, flow algorithm, flow diagram over time.
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2.3.3. ABTOMATU3ALIUA N YNIPABNEHME TEXHONOTMYECKMMUX MPOLIECCAMU U MPOU3BOACTBAMM

Hayunas cmamos
DOI 10.47617/2072-3172_2023 3 121 VK 621.735.016.2

H.H. ®okun
OI'BOY BO «MI'TY «CTAHKHWH)»

PA3PABEOTKA MEXAHU3MA B3AUMOLEACTBUA YCTAHOBOYHbIX
MAKPOMPOIPAMM, LUMKITOB MNO3UNLUMOHUPOBAHUSA, MOBOPOTA
NMNOCKOCTHU N LUKITOB OBPABOTKW B CUCTEME YNCIOBOIO
MPOrPAMMHOIO YNPABNEHUA

AHHOTAIUS

W3znoxeH crnocod pa3paboTKH MeXaHW3Ma B3aMMOJCHCTBHS YCTAHOBOYHBIX MaKpOIIPOTpaMM, IIHKJIA TOBOPOTA
TUTOCKOCTH U IUKJIOB ITO3UIIMOHUPOBAHUS C IMKIaMHU (hpe3epoBaHUs CTAHIAPTHBIX 2JIEMEHTOB HA BEPTHKAIBHO-
(dpeseprom cranke ¢ cucremoit UITY AkcnOMA KoHTpol1, IMeroIieM Crielialn3upOBaHHbINH TOBOPOTHBIN MEXaHH3M
JUTSl TO3UIIMOHUPOBAHUS HHCTPYMEHTA 10 BEKTOPY HOpMaJi K 00pabarsiBaeMoii TiockocTu. Pazpaborana Metoanka
nepecyera 3HAYCHUH KOOPMHAT Ha HAKIIOHHOM IUIOCKOCTH B KOOPJMHATHI CHCTEMBI KOOPIMHAT CTAaHKA.

KuroueBble ciioBa: TMOBOPOT INIOCKOCTH, CUCTEMA KOOPAWHAT, MpOrpaMMHast pcain3arus.

Od6pasen untupoBanusi: ®oxkun H.H. PazpaboTka MexaHu3Ma B3aMMOACHCTBHS YCTAHOBOYHBIX MaKPOIIPOTPaMM,
IMKJIOB MTO3UIIHOHMNPOBAHIIS, [IOBOPOTA IUTOCKOCTH U [IUKIIOB 0OPAaGOTKHU B CHCTEME YHCIIOBOTO TPOTPAMMHOTO YIIPaB-
aeunst // Bectank MI'TY «Crankumy». —2023. — Ne 3 (66). — C. 121-128. - DOI 10.47617/2072-3172 2023 3 121

N.N. Fokin
OI'BOY BO «MI'TY «CTAHKIH»

DEVELOPMENT OF A MECHANISM FOR THE INTERACTION

OF INSTALLATION MACROPROGRAMS, POSITIONING CYCLES,
PLANE ROTATION AND PROCESSING CYCLES IN ANUMERICAL
CONTROL SYSTEM

Abstract

A method for developing a mechanism for the interaction of setting macro programs, a plane rotation cycle and posi-
tioning cycles with milling cycles of standard elements on a vertical milling machine with the AXiOMA Control CNC
system, which has a specialized rotary mechanism for positioning the tool along the normal vector to the machined
plane, is described. A technique has been developed for converting the values of coordinates on an inclined plane
into the coordinates of the machine coordinate system.

Keywords: plane rotation, coordinate system, software implementation.
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C.B. Banuyoe, O.B. Xomymckasa, E.A. JIuiin

®I'BOY BO «MocKkoBCKHl aBHAIMOHHBIA HHCTUTYT (HAIIMOHABHBIN HCCIIe0BATCIBCKIA YHUBEPCUTET))

HOBbIE BO3SMOXHOCTU ABTOMATU3ALUMNU TEXHONOTMYECKUX
NMPOLIECCOB B NPUBOPOCTPOEHUU

AHHOTaIMS

CoBpeMEHHBIE CpPE/ICTBA KOHTPOJIS U 00pabOTKM CUTHAJIOB O TEXHOJIOTHYECKUX IapaMeTpax M PexUMax Mo3BO-
JISFOT OCYIIECTBHUTD TIEPEXO OT MOJyUYEHUS MO3UIIMOHHBIX JaHHBIX O MOJOXEHUU pabouyuX OpraHOB OCHOBHOTO
Y BCIIOMOT'aTeIIbHOT'O MPOU3BOJICTBEHHOTO 000PY/IOBAHUS K OIICHKE BPEMEHHBIX JJAHHBIX O COCTOSIHUM TEXHOJIOTHYe-
CKOT0 Tpoliecca B 1enom. Mcrnosnb3oBanue nuppoBoit 00paboTKH KOHTPOJIEHBIX CUTHAJIOB [TO3BOJISIET OCYIECTBIISTh
CJIKECHHUE 32 COCTOSTHUEM OBICTPOIPOTEKAIONIMX TEXHOJIOTHUECKUX MPOIIECCOB, XapaKTEPHBIX I OOJIBIINHCTBA
o0acTeld IpuOOPOCTPOUTEIHLHOTO MTPOU3BOACTBA. B cTaThe npuBeAeHbI 00IINE MOIXOAbI K aBTOMATH3UPOBAHHOMY
YIIPaBJIEHUIO COCTOSIHUEM TEXHOJIOTMUECKUX MPOLIECCOB U MPUMEPHI pealn3aluy TaKuX MOAXOJ0B Ha IPUMEpE
orepanuil Moly4eHus: OTBEPCTUH B NEUATHBIX IJIaTax.

KuaroueBble cjioBa: COCTOSTHAE 00BEKTA yupaBJiCHHA, YIIPABIICMOCTb CUCTEMbBI, KOHTPOJIb TapaMETPOB U PCIKUMOB
TEXHOJIOT'MYCCKOIO Mponecca, KBa3u-ACTCPMUHUPOBAHHBIC ITPOLICCCHI, IEYATHBIC IJIATHI.

Oo6pazen nuTupoBanusi: Bannos C.B., Xomyrckas O.B., JIniin E.A. HoBble BO3MOKHOCTH aBTOMaTH3alIUN TEXHO-
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S. V. Vantsov, O.V. Khomutskaya, E.A. Lijn

Moscow Aviation Institute (National Research University)

NEW OPPORTUNITIES FOR AUTOMATION OF TECHNOLOGICAL
PROCESSES IN INSTRUMENTATION

Abstract

Modern means of monitoring and processing signals about technological parameters and modes make it possible to
move from obtaining positional data on the position of the working bodies of the main and auxiliary production equip-
ment to assessing temporary data on the state of the technological process as a whole. The use of digital processing
of control signals makes it possible to monitor the state of fast technological processes that are typical for most
areas of instrument-making production. The article presents general approaches to automated control of the state of
technological processes and examples of the implementation of such approaches on the example of operations for
obtaining holes in printed circuit boards.

Keywords: control object state, system management, control of parameters and modes of the technological process,
quasi-deterministic processes, printed circuit boards.
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