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___ 2.55. TEXHONOr 1A 1 OBOPY0BAHVE MEXAHUYECKOW 1 ®3NKO-TEXHWYECKOW OBPABOTKN —

Hayunas cmamos Becrank MI'TY «Crankuny». 2024. Ne 3 (70). C. 8-14.

YIK 67.02 Vestnik MSUT “Stankin”. 2024. No. 3 (70). P. 8-14.

A.A. Bepewaxa' =, H.C. bapanoea’, .M. IlImaxoé’

! MHCTUTYT KOHCTPYKTOPCKO-TeXHOMOrnueckoi nadopmaruku PAH; 2 PTY MUPDA
™ ABTOp IS KOPPECTIOHACHIIUK

WCCNEAOBAHUE CTPYKTYPbl U ®A30BOI0 COCTABA MMKPOYACTHL,
®OPMUPYIOLLMXCSA B NPOLECCE OCAXAEHUA PVD NOKPbITUN,
U X BIIUAHNA HA YCIIOBUA PE3AHUA

AHHOTaUUSA

B crarbe nccnenyrorcs 0COOEHHOCTH CTPYKTYPBI B ()a30BOr0 COCTaBa MUKPOYACTHI] PA3THYHOTO IIEMEHTHOTO
cocraBa— Cr u AIN, a Takxe BIMSHUE MUKPOYACTHUI] HA CTPYKTYPY HAaHOCJIOMHBIX MOKpbITUi ZrN-(Zr,Mo,Al)
N u CrN-(Cr,Mo,Al)N. YcTaHOBI€HO, YTO MUKPOYACTHIEI MOTYT (OPMHUPOBATHCS KaK YUCTHIMH METa-
JlaMH, TaK 1 HUTPpHUJaMH METaJJIOB. PaCCMOTpCH MPUMEP BO3MOKHOI'O ITO3UTUBHOTO BIIUAHUSA MUKPOYACTHULL
Ha MMPOLECC Pe3aHus 3a c4eT GOPMUPOBAHUS MPOMEIKYTOYHOTO CIIOSI TBEPAOH CMa3KU MEXKIY MOKPBITHEM
1 00pabaThIBaEMBIM MaTEPHATIOM.

KnioueBble ci10Ba: HUTPUIHbIE TOKPBITUS, MUKPOYACTHLbL, (a30BbIil cOCTaB, HAHOCIOHHASI CTPYKTYpa,
HPOIECC Pe3aHus

Jas uurupoBanms: Bepemiaka A.A., bapanosa H.C., [lImakoB .M. HccnenoBanue cTpyKTypsbl 1 (ha30BOTO
coCTaBa MUKPOYACTHUIL, GOPMHUPYIOIINXCS B Tipoliecce ocaxaeHus: PVD MOKpBITHIA, U MX BIUSHUS HA YCIOBHS
pe3anus // Bectauk MI'TY «Crankuny». — 2024. — Ne 3 (70). — C. 8-14.

A.A. Vereschaka' 2, N.S. Baranova?, .M. Shmakoy’

! Institute of Design and Technological Informatics of RAS; 2 RTU MIREA
® Corresponding author

STUDY OF THE STRUCTURE AND PHASE COMPOSITION
OF MICROPARTICLES FORMED DURING THE DEPOSITION
OF PVD COATINGS AND THEIR INFLUENCE ON CUTTING CONDITIONS

Abstract

The article examines the features of the structure and phase composition of microparticles of different elemental
compositions — Cr and AIN, as well as the influence of microparticles on the structure of nanolayer coatings
ZrN-(Zr,Mo,Al)N and CrN-(Cr,Mo,AD)N. It has been established that microparticles can be formed by both
pure metals and metal nitrides. An example of the possible positive effect of microparticles on the cutting
process due to the formation of an intermediate layer of solid lubricant between the coating and the material
being processed is considered.

Keywords: nitride coatings, microparticles, phase composition, nanolayer structure, cutting process

For citation: Vereschaka A.A., Baranova N.S., Shmakov [.M. Study of the structure and phase composition
of microparticles formed during the deposition of PVD coatings and their influence on cutting conditions.
Vestnik MSUT “‘Stankin”. 2024. No 3 (70). P. 8-14. (In Russian)
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B.A. I'peuuwmnuxos, I'.A. Camconenro ®, A.B. Koues

dI'BOY BO «kMI'TY « CTAHKHWH»
™ ABTOp 1/ KOPPECTIOHAEHIMN

NMPO®UNNPOBAHUE N U3TOTOBJIEHUE PE3bBOBbIX NMMNACTUH
CBOPHOI0O UHCTPYMEHTA ANnA OBPABOTKW TPYB
HE®TAHOIO COPTAMEHTA MO CMOCOBY MNMIMAHETAPHOIO
PE3bBO®PE3EPOBAHUA

AHHOTAIUSA

Croco6 mraHeTapHOTro pe3bbodpesepoBaHys HApYKHBIX pe3b0 IPUMEHseTCs B IPOMBIIUIEHHOCTH U1 00pa-
GOTKU TPYJHOJOCTYIHBIX YUaCTKOB Pe3b0, B YACTHOCTH, Ha KOPILYCHBIX JETaNISAX, IIOMYYEHHbIX ¢ IpUMEHE-
HHEM CBapKH, 00paboTKa KOTOPBIX HEBO3MOXKHA C MCIIOJIb30BaHUEM PE3bOOBBIX PE3LIOB U Itamek. OCHOBHAs
npo0eMa 3Toro METOo/1a 3aKTI0YaeTCs B CJI0AKHON KMHEMaTHKe 00paboTKH, HEOOMbIIOHN KeCTKOCTH COOPHOTO
UHCTPYMEHTA U UCKaXXeHHHU poduist pe3bObl Ipu 06padotke. [Tpu npoekTrpoBaHuu cOOPHOro pe3pboodpa-
3yIOIETr0 HHCTPYMEHTa 0COOCHHOE BHUMAHUE YAENIACTCS FTeOMETPUUECKUM ITapaMeTpaM CMEHHBIX Pe3bOOBBIX
IUIaCTHH, (GOpMUPOBaHUIO MPOoGUIL Pe3b0OBBIX IUIACTHH € LENbI0 obecnedeHus TpedyeMoil pazMepHOH
CTOMKOCTH M TOYHOCTH NPOoGUIIs Hape3aeMoil pe3bObl. PaccMaTpuBaloTCsl MOrPeIIHOCTH POQGUIs pe3bObl
py 06pabOTKe C y4ETOM XKECTKOCTH HHCTPYMEHTA, U3MEHEHHsI KHHEMaTHUECKUX YIIOB PE3aHUs, U3MEHEHUS
reOMETPUHU NepeHel TOBEPXHOCTHU MOCIIe NEPEeTOUKH. B cTarthe 00CyxIaeTcs BIUSHUE TUHAMUYIECKHX
Harpy3ok 1 BUOpanuii Ha kKauecTBO Hape3aeMoi Pe3bObl, a TAKKE MPEAIAraloTCsl METOIbI KOMIICHCALIUU 3TUX
(haxTOpOB JUIS IOBBILIEHUS TOYHOCTH U JIOJI'OBEUHOCTH pe3b00(pe3epHOro HHCTPyMEHTa.

KuaioueBble cioBa: cOOpHBII HHCTPYMEHT, NPpOQMINPOBAHKE, IIIEPOXOBATOCTD, (hpe3epoBaHHE.

Jons uurnpoBanus: ['peuntinukoB B.A., Camconenko [ A., Koue A.B. IIpoduiupoBaHie 1 U3roTOBICHHE
Pe3b0OBBIX IIACTHH COOPHOTO HHCTPYMEHTA /I 00paboTKH TpyO HE(TIHOro copraMeHTa 1o crocoOy IuiaHe-
TapHoro pe3sbodpeseposanus / Bectuk MI'TY «Crankun». — 2024. — Ne 3 (70). — C. 15-22.

V.A. Grechishnikov, G.A. Samsonenko =, A.V. Kochev

MSUT “STANKIN”
™ Corresponding author

PROFILING AND MANUFACTURING OF THREADED PLATES
FOR PROCESSING OF OIL PIPES BY PLANETARY MILLING METHOD

Abstract

The method of planetary thread milling for external threads is used in industry to process hard-to-reach thread
sections, particularly on body parts produced by welding, where processing with threading tools and dies is
impossible. The main problem with this method lies in the complex processing kinematics, low rigidity of
the assembled tool, and thread profile distortion during processing. When designing the assembled thread-
forming tool, special attention is paid to the geometric parameters of the replaceable thread inserts and the
formation of the thread insert profile to ensure the required dimensional stability and accuracy of the machined
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2.5.5. TEXHONOIMs N OBOPYAOBAHUE MEXAHWYECKOW 1 ®U3WKO-TEXHUYECKOW OBPABOTKM

thread profile. The article considers thread profile errors during processing, taking into account tool rigidity,
changes in kinematic cutting angles, and changes in the geometry of the front surface after regrinding. The
article discusses the influence of dynamic loads and vibrations on the quality of the machined thread, as well
as proposes methods to compensate for these factors to improve the accuracy and durability of the thread
milling tool.

Keywords: prefabricated tool, profiling, roughness, milling.

For citation: Grechishnikov V.A., Samsonenko G.A., Kochev A.V. Profiling and manufacturing of threaded
plates for processing of oil pipes by planetary milling method . Vestnik MSUT “Stankin”. 2024. No 3 (70).
P. 15-22. (In Russian)
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YIK 621.941.1 Vestnik MSUT “Stankin”. 2024. No. 3 (70). P. 23-30.

E.IO. Kponomkuna', B.JI. I'ypun', A.II. Ky3neyoé’, A.A. Ilonosa'™

' OT'BOY BO «MI'TY «CTAHKHWH»; 2 MI'TY um. H.D. Baymana
™ ABTOp AJIsl KOPPECTIOHIEHIIUH

BbIBOP NAPAMETPOB NMOBEPXHOCTHOI'O NIACTUYECKOIO
NEPOPMUPOBAHUNA OBKATBIBAHUEM C NMOMOLLBIO METOOA
BECOBbIX KOQ®PULIUEHTOB

AHHOTAUUSA

OmnrcaHa BO3MOKHOCTh 0OBEKTUBHO OIIEHUBATH MPOIIECC MOBEPXHOCTHOTO IUIACTHYECKOTO Je(hOpMHPO-
BaHMsI OOKATHIBAHUEM C ITOMOIIIBI0 METOAA BECOBHIX KoddduumenTos. J{ist pemenus 3Toi 3aaadu Gopmu-
pyeTcsl MaTpHIla MapHBIX CPaBHEHUI M PacCUNTHIBAIOTCS BECOBBIE KOI(D(MHUIUEHTHI C y4eTOM KOHKPETHBIX
TpeOYIOLINXCS XapaKTEePUCTHK 00padaThIBaeMOil MOBEPXHOCTH, YTO MO3BOJISIET OBBIIATE 3)(PEKTUBHOCTD
U Ka4eCcTBO 00pabOoTKH.

KuioueBblie c10Ba: MOBEPXHOCTHOE MIAacTHYECKOE Ae(OPMHPOBaHHE, OOKAaThbIBaHKE, TAPHOE CPaBHEHHE
KPUTEPHEB, BECOBBIE KOI(DDUIIUEHTBI, TBEPAOCTD, IIEPOXOBATOCTD.

Jas uutupoBanusi: Kponorkuna E.1O., I'ypun B. /1., Ky3uenos A.II., [TonoBa A.A. BeiGop napamerpos
MOBEPXHOCTHOTO TIACTUYECKOTO e(hOpMUPOBaHUS OOKATBIBAHHEM C TIOMOIIIBIO METO/Ia BECOBBIX KOA(D(H-
uentoB // Bectauk MI'TY «Crankuny. — 2024. — Ne 3 (70). — C. 23-30.

E.Yu. Kropotkina', V.D. Gurin', A.P. Kuznetsov’, A.A. Popova'*>

' MSUT “STANKIN”; 2 Bauman Moscow State Technical University
® Corresponding author

SELECTION OF PARAMETERS OF SURFACE PLASTIC DEFORMATION
BY ROLLING USING THE METHOD OF WEIGHTING COEFFICIENTS

Abstract

The possibility of objectively assessing the process of surface plastic deformation by running-in using the
method of weight coefficients is described. To solve this problem, a matrix of paired comparisons is formed
and weights are calculated taking into account the specific required characteristics of the treated surface,
which allows you to increase the efficiency and quality of processing.

Keywords: surface plastic deformation, rolling, paired comparison of criteria, weight coefficients, hardness,
roughness.

For citation: Kropotkina E.Yu., Gurin V.D., Kuznetsov A.P., Popova A.A. Selection of parameters of surface
plastic deformation by rolling using the method of weighting coefficients. Vestnik MSUT “Stankin”. 2024.
No 3 (70). P. 23-30. (In Russian)
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VK 621.735.016.2 Vestnik MSUT “Stankin”. 2024. No. 3 (70). P. 31-37.

A.IO. Ilonoé'®, H.H. /Ipo30oé’, E.E. Ilonosa’

' ®TAOY BO «Omckuit rocymapcTBeHHBIN TeXHUIECKHi yHIBepcuTeT»; 2 AO HITL] «IIporpecey
B ABTOp IS KOPPECTIOHACHIIUK

NMNOBbIWEHWE TOYHOCTU MUKPODPE3EPOBAHUA HA CTAHKAX
C Yny HA OCHOBE PA3PABOTKN YCTPOUCTBA C NPUMEHEHUEM
KPMBOLUUMNHO-WWATYHHOIO MEXAHU3MA

AHHOTALUSA

[Ipu pabote Mukpodpezamu HEOOXOTUMO 00ECIICYHBATh TOYHBIC U TUIABHBIC MEPEMEICHHSI HHCTPYMEHTA
OTHOCHTEJIFHO AeTani. MUHUMAIEHO BO3MOKHOE KOHTPOIUPYEMOE MepeMenIeH e 1Mo JTMHEHHBIM KOOPIH-
HaTaM cOBpeMeHHbIX cTaHkoB ¢ UITY (muckpera) OOBIYHO HAXOMUTCS B MpeAeaax 5 MKM, 4TO OObSCHSETCS
HEBO3MOXXHOCTBIO Ch€Ma MEHBILETO MPHITyCKa JIE3BUIHHBIM HHCTPYMEHTOM OOIIEero Ha3HAYeHUsS U 4acTo
U30BITOYHON TOYHOCTBIO OTHOCHTEIIBHO YEPTEKHBIX TpeOOBaHUil OONBIIMHCTBA AeTaieid. Mukpodpesepo-
BaHHE TpeOyeT YMEHbBLICHHs BEIMUUHBI TUCKPETHI 10 1 MKM 1 MeHee. [IpeanokeHa cxema yCTpoHCTBa ISt
MHUKpO(hpe3epoBBaHMS Ha OCHOBE KPHBOLIUITHO-IIATYHHOTO MEXaHH3Ma.

KuroueBble ciioBa: IMpUBOJ, TOYHOCTH MPII(pO(i)pCSI/IpOBaHI/ISI, JANCKpETa, KpI/IBOI_HI/IHHO-IHaTyHHHﬁ MCXaHHU3M.

Jos uurupoBanus: [Toros A 1O., [lpo3nos U.H., ITonosa E.E. [ToBbiieHrne TOUHOCTH MUKPOQPE3EPOBAHHS

Ha craikax ¢ YITY Ha 0cHOBe pa3paboTKH yCTPOMCTBA C IPHMEHEHHEM KPHUBOILIHMITHO-IIATYHHOTO MEXaHU3Ma
// Bectauk MI'TY «Crankuny. —2024. — Ne 3 (70). — C. 31-37.

A.Y. Popov' %, I. N. Drozdov’, E.E .Popova’

! Omsk State Technical University; 2 JSC NPC “Progress”
™ Corresponding author

INCREASING THE ACCURACY OF MICRO-MILLING ON CNC MACHINES
BASED ON THE DEVELOPMENT OF A DEVICE USING A CRANK
MECHANISM

Abstract

When working with micro milling cutters, it is necessary to ensure precise and smooth movements of the
tool relative to the workpiece. The minimum possible controllable movement in linear coordinates of modern
CNC machines (discrete) is usually within 5 microns, which is due to the impossibility of removing smaller
allowances with general-purpose blade tools and often excessive accuracy relative to the drawing require-
ments of most parts. Micro milling requires a reduction of the discrete to 1 micron or less. A scheme of a
micro-milling device based on a crank mechanism is proposed.

Keywords: drive, microfretting accuracy, discrete, crank mechanism.

For citation: Popov A.Y. Drozdov . N., Popova E.E. Increasing the accuracy of micro-milling on CNC
machines based on the development of a device using a crank mechanism . Vestnik MSUT “Stankin”. 2024.
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®OI'BOY BO «MI'TY «CTAHKHH»
™ ABTOp IJIs KOPPECTIOHAEHIU

MOBbLIWEHUE 3PPEKTUBHOCTU SKCMITYATALUNU

CTAHOYHOIo O6OPYOAOBAHUA HA OCHOBE UCINOJIb3OBAHUA
COBPEMEHHbIX UHOOPMALIMOHHbIX TEXHOJIOIMX YNPABIEHUSA
KAOPOBbIMAU PECYPCAMU

AHHOTAUS

OmnuceIBalOTCs pa3paboTaHHBIE aBTOPAMU CPENCTBA U TEXHOJIOTUU MOCTPOSHUS aBTOMaTH3UPOBAHHBIX
CHCTEM YIIPABJICHUS TEXHOJIOTHUECKUMHU TPOLECCAMU U MPOU3BOACTBAMH, a TAKKE TEXHUIECKOH MOIT0-
TOBKOHM MaIIMHOCTPOHUTEIHHOTO NMPOU3BOACTBA, KOTOPEIE MOTYT d((GEKTHBHO PEIINTh IPOOIEMBI YIIpaB-
JICHUS TEXHOJIOTHYECKIMH NPOLECCaMH B COBPEMEHHOM MalIMHOCTpoeHHH. [IpuBeneH 00630p 6a30BbIX
9JIEMEHTOB YIIPABJICHUS KaIPOBBIMH (TPYIOBBIMH) peCypcaMy Ha COBPEMEHHOM MAIIMHOCTPOUTEIEHOM
npeanpuatu. OnucaHbl CIoCOOb! yIpaBleHUs KaAPOBEIMU PECYpCaMy Ha OCHOBE MIMPOKOTO BHEIPEHUS
MEPEIOBBIX METOJ0B HH()OPMAIIMOHHBIX TEXHOJIOTHIA (€IMHOM OECIIPOBOJHON KOMMYHHUKAIIMOHHOHN CETH,
panuo-opacieToB, CIeHaIN3HPOBAHHBIX CMAPT(OHOB, OYKOB JOMIOIHEHHON PEATbHOCTH HA OCHOBE TEXHO-
JIOTUH TPOCKIIHOHHOTO JHCILIES ) C IeIbio o0eceueHus 0oiiee KaueCTBEHHOTO, OBICTPOTO U A3PPEKTHBHOTO
BBIITOJTHEHHSI TPOU3BOACTBEHHBIX 3a/1a4 IIPH SKCIUTyaTalliy CTAHOYHOTO 000pynoBaHus. [IpuBeeHbI cxeMbl
IUTAHUPOBAHUS TPYAOBOH AEATEIHHOCTH, CXeMa OPTaHMU3allMi MOHUTOPHHTA U CBA3M Ha MAIIMHOCTPO-
UTEIBHOM NPEeANnpHUATHH, 3D-MoeNnn 1eX0Boro MpoCcTPaHcTBa ¢ TpaduuecKUM OTOOpaKEHUEM MECTO-
MIOJIOKEHUS COTPYIHHUKOB B Lexe. [IpencTaBieHbl WILTIOCTPAlMK HCIIOJIB30BaHUS OUYKOB JOTIOJHEHHON
peanpHOCTH ¢ 0TOOpaskeHneM HHGOPMAIMHU 110 TEXHOJIOTHIECKUM 33/1a4aM Ha JTMH3e 04KoB. [IpuBoautcs
puMep 0TOOPaKEHHS TOCTABIEHHBIX 3a/a4d Ha 9KpaHe cMapT(HOHOB COTPYAHUKOB NPEANIPUATHS. YKa3aHbI
BO3MOKHOCTH CIIELIHATIEHOTO Web-ITPUI0KEHHS 11 KOHTPOJIS BBITOTHEHHU S TEXHOIOTHYECKHX ONepaLui.
JlaHbl 001IKe cBeaeHus 0 Bompocax obecneueHus: nH(HOPMAIIHOHHOW 0€30MacCHOCTH MPHU IKCILTyaTalluK
CHUCTEMBI, pazpaboTaHHON aBTOpamu. [IpUBOATCA TeXHHUECKUE NAaHHbIE O MJIAHWPYEMOM ISl MCIIOIb30-
BaHMs 000pynoBaHUH [UIsl 00ecTieueHus (yHKINOHUPOBAHUS CHCTEMBI, €€ PACIIOJIOKEHUH Ha COTPYIHUKAX
MIPOMBIIUICHHOTO MPEAIPHUATHS B CPABHEHUH C HCIIOIb30BAaHUEM aHAJOTHYHBIX M3JEIUH B APYTHX chepax
JIeSITeTBHOCTH JIIOJCKUX PecypcoB. B 3akimroueHun npencTaBaeHbl HEOOXOANMBIE BEIBOJBI 110 PE3yIbTaTaM
paboTHI ¥ MEPCIIEKTHBAM €€ YIyUIIeHHs 1 MOAEPHU3ALHH.

KiarwueBrble ciioBa: YIpaBJICHUC TPYAOBbBIMHU pECypCaMU, MOHUTOPUHI, CBA3b Ha IIPCANIPUATUH, KOHTPOJIb
TEXHOJOTHYCCKUX OHepaHHﬁ, O4YKH HOHOJ’IHQHHOﬁ PCAIBbHOCTH.

s uurupoBanusi: Co6oner A.H., Hekpaco A.{., PuBkun A.B. IToBbiienue 3 (heKTHBHOCTH SKCILTYya-
TaIMU CTAHOYHOTO 000PYA0BaHHS Ha OCHOBE MCIIOIb30BaHUS COBPEMEHHBIX HH(OPMALMOHHBIX TEXHOIOTHHA
ynpasieHus kaxposbiMu pecypcamu // Bectauk MI'TY «Crankun». —2024. — Ne 3 (70). — C. 38-48.
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INCREASING THE EFFICIENCY OF OPERATION OF MACHINE
EQUIPMENT BASED ON THE USE OF MODERN INFORMATION
TECHNOLOGIES FOR HUMAN RESOURCE MANAGEMENT

Abstract

The authors describe the means and technologies for constructing automated control systems for technological
processes and production, as well as technical preparation of mechanical engineering production, which can
effectively solve the problems of controlling technological processes in modern mechanical engineering. An
overview of the basic elements of human resource (labor) management at a modern machine-building enter-
prise is given. Methods for managing human resources are described based on the widespread introduction of
advanced information technology methods (unified wireless communication network, radio bracelets, special-
ized smartphones, augmented reality glasses based on projection display technology) in order to ensure better,
faster and more efficient performance of production tasks when operation of machine equipment. Schemes
for planning work activities, a diagram for organizing monitoring and communication at a machine-building
enterprise, 3D models of the workshop space with a graphical display of the location of employees in the
workshop are presented. Illustrations of the use of augmented reality glasses with display of information on
technological tasks on the lens of the glasses are presented. An example of displaying assigned tasks on the
screen of smartphones of enterprise employees is given. The capabilities of a special web application for
monitoring the execution of technological operations are indicated. General information is given on issues
of ensuring information security during operation of the system developed by the authors. Technical data is
provided on the equipment planned for use to ensure the functioning of the system, its location on employees
of an industrial enterprise in comparison with the use of similar products in other areas of human resource
activity. In conclusion, the necessary conclusions are presented on the results of the work and prospects for
its improvement and modernization.

Keywords: labor management, monitoring, enterprise communications, control of technological operations,
augmented reality glasses.

For citation: Sobolev A.N., Nekrasov A.Ya., Rivkin A.V. Increasing the efficiency of operation of machine
equipment based on the use of modern information technologies for human resource management. Vestnik
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dI'BOY BO «kMI'TY « CTAHKHWH»
™ ABTOp AJIsl KOPPECTIOHIEHIIUH

O NPOYHOCTWU N MOAYIE YMNPYIOCTU
BE3BOJIb®PAMOBbLIX TBEPAbIX CIMJIABOB

AHHOTALMSA

PaccMmoTpeHno BinsiHUe coctaBa 6e3BoabGpaMoBbix TBepabix ciutaBoB (BBTC) Ha oO0beMHOE coepkaHue
CBSI3KH M MOJYJIb YIPYTOCTH — (DAKTOPBI, ONPECIIIONINE MPOYHOCTh TBEP/IBIX CIIABOB. YCTAHOBIICHBI
MIPUYUHBI MOHKeHHOU TpouHocTi BBTC, orpanmuunBaroiei nx mpuMeHeHue 1T PEXKYIIero HHCTPYMEHTa.
O06acTH UX PalMOHAILHOTO MCIIOIB30BAHUS: XOJIOAHOIITAMIIOBBIA HHCTPYMEHT, pecc-(hOpMBbI TepepadoTKu
IUTACTHYECKUX MACC M PE3UHBI, KOHTPOJIbHO-U3MEPUTEIILHBIN HHCTPYMEHT.

KuioueBble cjI0Ba: TBepIble CIIaBbl OE3BOIL(YPAMOBLIE U BOIb(paMcoepKallie, IPOYHOCTh, 00beMHAs
M MaccoBasi JI0Jsl KepaMUIECKHX (a3 U CBI3KU.

Joas uurupoBanus: Anackud A.M., [IlupokoB A.A. O IpoYHOCTH U MOAYJIE YIIPYTOCTH 0€3BOJIL(YPAMOBBIX
TBepabiX cruiaBoB // Bectauk MI'TY «Crankuny. — 2024. — Ne 3 (70). — C. 49-56.

A.M. Adaskin, A.A. Shirokov =

MSUT “STANKIN”
® Corresponding author

ON THE STRENGTH AND MODULUS OF ELASTICITY
OF TUNGSTEN-FREE HARD ALLOYS

Abstract

The influence of the composition of tungsten-free hard alloys on the volumetric bond content and elastic
modulus — factors that determine the strength of hard alloys — is considered. The reasons for the reduced
strength of tungsten-free hard alloys, which limits their use for cutting tools, have been established. Areas of
their rational use: cold-forming tools, molds for processing plastics and rubber, control and measuring tools.

Keywords: tungsten-free and tungsten-containing hard alloys, strength, volume and mass fraction of ceramic
phases and binders.

For citation: Adaskin A.M., Shirokov A.A. On the strength and modulus of elasticity of tungsten-free hard
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™ ABTOp IS KOPPECTIOHACHIIUH

AKCMNMEPUMEHTAJIbHOE UCCNEOOBAHUE AEKBATHOCTH
MATEMATUYECKUX MOLOENEN PACYETA YBOOA OCU OTBEPCTUA
MPU OBPABOTKE YETbIPEX3YBbIM 3EHKEPOM C CMI

AHHOTALMSA

B nanHOIi crarbe paccMaTpuBaroTCs Ipouecchl GopMooOpa3oBaHUs OTBEPCTHH YETHIPEX3yObIM 3€HKEPOM
¢ CMII (cmennble MHOTOTpaHHBIE TUTACTHHB). OTIHYHe JAaHHOTO Mpollecca 3eHKEPOBaHMS OT Iporecca
CBEpJICHHUS B CIUIOITHOM MaTepualie B TOM, YTO MMPUCYTCTBYET MOTPEITHOCTD MPEANISCTBYIOMEH 00pa0OTKH.
[orpenrHoCTh NpeAIEeCcTBYIOMIETo NepPexoia MOXXET 3HAUUTEIbHO CKa3aThCsl Ha pe3yibTaTe 00paboTKH OTBEp-
CTHS B 1IEJIOM, ITO3TOMY HEOOXOAMMO YYHUTHIBaTh OCOOCHHOCTH MapaMeTPOB pE3aHusl U TeOMETpPHUYECKUE
rapameTpsl PeXyIIero HHCTPYMEHTa KaK Ha MpeJIIIeCTBYIOIIEM IIepexo/ie, TaK U Ha MOClenyomuX. YeTol-
pex3yOble 3eHKephl MPUMEHSIOT sl 00padOTKH OTBEpCTHH OT 20 MM, KOXKIBIH U3 YEThIPEX 3yObeB MOXKET
HECTH F€OMETPUYECKYIO MOIPEIIHOCTD, TPEBHIIIAOIYIO TOMYCTUMbIC 3HAYCHUS, HAIIPUMEP, TIaBHBIA yTroJT
B myaHe ¢. bbuia paspaborana MaTeMaTHYeCKast MOJIEIb pacieTa yBojia OCH OTBEPCTHS IIPH 00pabOTKE YeThI-
pex3yObIM 36HKEPOM CO CMEHHBIMH MHOTOTPAHHBIMH ITUIACTHHAMH, B KOTOPOH YUHTHIBAIOTCS pajlajibHbIC
COCTABJISIIOIINE CHII pe3aHwsl, CHIIBI, IeHCTBYIOMIHE Ha Kaxaoe Je3Bue. Llens. Onpenennuts anekBaTHOCTh
pa3paboTaHHBIX MaTeMaTHYECKUX MOJIETIeH pacyeTa yBOAa OCH OTBEPCTHS TP 00pabOTKe YeThIPEX3yObIM
3EHKEPOM CO CMEHHBIMH MHOTOTPaHHBIMHE T1acTHHaMU. MeTtojbl. [IpoBeieHre 3KCIIepUMEHTATBHBIX UCCIIC-
JIOBaHHUI HA 3arOTOBKAX M3 pa3IMYHOro Marepuaina. Pe3ynsrarel. PazpaboTanHas MatemMaTHyecKast MOJICIb
pacdera yBoJa OCH OTBEPCTHS MpH 00paboTKe deThipex3yOoniM 3eHkepoM ¢ CMII, peannzoBaHHas B BUJIE
nporpammsl st DBM, ajiekBatHa nporeccy o0paboTK U BO3MOXHA JIJIsl IPUMEHEHHUS TIpU pa3paboTke
TEXHOJIOTUYECKUX MPOIECCOB TEXHOMoraMu. 3akirodeHue. [IpuMeHeHne pa3paboTaHHON TPOTPaMMBI ITO3BO-
JIIET YMEHBIIUTh YBOJ| OCH TIOCIIE Omepaiuu cBepiicHus Ha 15-35% sddekTuBHee, 4eM Mpu HUCIOIb30BaHUH
JTAaHHBIX 110 PEKUMAM PE3aHuUs 10 CIIPABOYHMKAM TEXHOJIOTA.

KiioueBbie ¢10Ba: YBOJ OCH OTBEPCTHS, TOUHOCTH 00pabOTKH, YeTHIPEX3yObIil 3eHKED, 0CCBOI HHCTPYMEHT,
COOpHBIIA 3eHKEP.

Js nutupoBanus: I'ysees B.1., Jleps6un W.I1., TokapeB A.C. DKcliepUMeHTaNbHOE UCCIEI0BAHUE aJIEK-
BaTHOCTU MaTeMaTHYECKUX MOJelIel pacyeTa yBoJa OCH OTBEPCTHS IIPU 00PabOTKE UETHIPEX3YObIM 36HKEPOM
¢ CMII // Bectauk MI'TY «Crankuny. — 2024. — Ne 3 (70). — C. 57-65.
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AN EXPERIMENTAL STUDY OF THE ADEQUACY OF MATHEMATICAL
MODELS FOR CALCULATING THE DEFLECTION OF THE HOLE

AXIS DURING PROCESSING WITH A FOUR-PRONGED COUNTERSINK
WITH A RMP

Abstract

This article discusses the processes of forming holes with a four-tooth countersink with replaceable multi-
faceted plates. The difference between this countersinking process and the drilling process in a solid material
is that there is an error in the previous processing. The error of the previous transition can significantly affect
the results of hole processing as a whole, therefore, it is necessary to take into account the features of the
cutting parameters and geometric parameters of the cutting tool both at the previous transition and at subse-
quent ones. Four-pronged countersinks are used to process holes from 20 mm, each of their four teeth can
carry a geometric error exceeding acceptable values, for example, the main angle in the plan. A mathematical
model has been developed for calculating the deflection of the hole axis when processing with a four-tooth
countersink with replaceable polyhedral plates, which takes into account the vector forces acting on each
blade, as well as the radial component of these forces. Goal. To determine the adequacy of the developed
mathematical models for calculating the height of the hole axis when processing with a four-pronged coun-
tersink with replaceable polyhedral plates. Methods. Conducting experimental studies on blanks made of
various materials. Results. The developed mathematical model for calculating the deflection of the hole axis
during processing with a four-pronged countersink with an RMP, implemented as a computer program, is
adequate to the processing process, and is possible for use in the development of technological processes by
technologists. Conclusion. The application of the developed program makes it possible to reduce the removal
of the axis after the drilling operation by 15-35% more efficiently than when using data on cutting modes
according to the manuals of the technologist.

Key words: hole axis deflection, machining accuracy, four-pronged countersink, axial tool, prefabricated
countersink

For citation: Guzeev V.1, Deryabin I.P.,, Tokarev A.S. An experimental study of the adequacy of mathematical
models for calculating the deflection of the hole axis during processing with a four-pronged countersink with
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PTY MUPDA
™ ABTOp JUIsi KOPPECTIOHACHIIUH

PELLEHUE 3A0AY KOHCTPYKTOPCKO-TEXHONOIrMYECKOW NOArOTOBKU
NMPON3BOACTBA CTIOXHbIX AETANEN MALUIMHOCTPOEHUA
C UCMNMONb3OBAHUEM PEBEPC-MHXUHUPUHTA

AHHOTALUSA

B nanHOM cTaThe MpOBE/IEH aHAIN3 METOIOB OOPATHOTO MPOSKTUPOBAHMS, X IPIMEHEHHE B MALLIMHOCTPO-
€HHU ¥ BIUAHUE Ha 3()(HEeKTUBHOCTH NPOU3BOACTBA. PaccMoTpeHa cyTh U chepbl IPUMEHEHHUS PEBEPC-UHKH-
HUpHUHTA. PeBepc-MHXUHUPUHT — 3TO MPOIECC aHAIN3a MPOAYKTA WIIM TEXHOJIIOTHH C LEIbI0 TIOHUMAHUS
€ro paboThl, CTPYKTYPHI U KOMITIOHEHTOB. OCHOBHAs Hiesl PeBePC-UHKMHUPHHTA 3aKITI0YACTCSl B U3YUSHHU
YK€ CyIIECTBYIOIIEro 00beKTa I MOIXy4YeHUsI HHYOPMAIMU O er0 KOHCTPYKIMH, IPUHINIIAX PaOOTHI
1 0COOCHHOCTSIX MPOEKTUPOBAHUSA. JTOT IMPOLECC MOXKET IPUMEHATHCA B PA3IMUHBIX cepax, B JaHHOH
CTaThe ONMMCHIBACTCS NPUMEHEHHE B MAIIMHOCTPOUTEIHLHOM Ipon3BoAcTBe. OmncaH crocobd odpaTrHoro
WHXWHUPHHTA [UIS1 OTBETCTBEHHBIX IETANICH MAIIMHOCTPOCHUS C YKa3aHUEM OCHOBHBIX TOYHOCTHBIX BO3MOX-
HocTel npouecca. OOpaTHBIM MHXUHUPUHT JUIS JeTajleid MAalIMHOCTPOSHHS MPECTABIIsIET CO00 mpoliecc
BOCCO3JaHUsI KOHCTPYKIIMH W TEXHOJIOTHUECKHUX MTApaMeTPOB M3/IENUs HA OCHOBE €ro (hM3HIECKOH MOIEIH.
OCHOBHBIE TOYHOCTHBIE BO3MOXKHOCTH 3TOTO TPOIiecca BKIIOYAIOT B ce0s aHAJIN3 TEOMETPUH, MaTepHajIoB
Y TEXHOJIOTMYECKHX 0COOEHHOCTE! AeTany. PaccMOTpeHBI OCHOBHBIE METO/IBI U3MEPEHHS ACTaNIEH IS peBepc-
WHKUHUPHUHTA. 11 peBepCc-NHKHHUPUHTA, TO €CTh AJISI CO3MaHuUs IH(POBOH MOzIeIN 00BEKTa Ha OCHOBE €T0
(m3naeckoit GopMBI, HCTIONB3YIOTCS Pa3IMYHBIE METOIBI N3MEPEHHS, TAKHE KaK KOOPIMHATHO-M3MEPHUTENbHEIE
MamnHbl (KMM), 3D-ckanupoBanue u pyuyHoe usMepenue. s npoBeaeHus 00paTHOro MpoeKTHPOBAHUS
KOMOWHUPYIOT Pa3IM4HbIe METOIBl M3MEPEHHUS B 3aBUCHMOCTH OT KOHKPETHBIX XapaKTEPUCTHK 00bEKTa
1 TpebGyeMoii TouHOCTH MofeaH. KoMOuHaIMs 3THX METOI0B IO3BOJISIET CO3/1aTh HAaHOOIee TOUHYIO U IOITHYIO
dpoByto Mozenb 00bekTa. Ha 0cHOBE TBepIOTEIbHON MOJENH B CTaThe MOKa3aH MPUMEp aBTOMATU3UPO-
BaHHOT'O OOPAaTHOTO MPOEKTHPOBAHUS B YCIOBHAX NMPOM3BOACTBA AeTaiau. CocTaBiIeH aJlTOPUTM O0OpPaTHOTO
IIPOEKTHPOBAHUS C YUETOM NPEAIaraeéMbIX CTPATEeruil U yCIOBUH pean3alui KOHCTPYKTOPCKO-TEXHOJIOTH-
YeCKOH MOATOTOBKU MPOM3BOCTBA.

KarwueBble cjaoBa: PEBEPCUBHOC NMPOCKTUPOBAHUC, CKAHUPOBAHUE, KOHTPOJIb Ka4€CTBA, TBEPAOTCIILHOC
MOICIMPOBAaHUE, CbaKTOpHI:IfI AHaJIN3, UBMEPUTCIIBHBIC U UCIIBITATCIIbHBIC MAIlIMHBI.

s uurupoBanus: 3ye B.B., Kucnosa A.B. Pemenne 3a1a4 KOHCTPYKTOPCKO-TEXHOJIOTHYECKON TIOATO-
TOBKH IPOU3BOJACTBA CIIOXKHBIX AeTalled MAIIMHOCTPOEHUS C UCIOJIB30BAHUEM PEBEPC-HHKUHUPHUHTA//
Becthuk MI'TY «Crankuny. — 2024. — Ne 3 (70). — C. 66-74.
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SOLVING PROBLEMS OF DESIGN AND TECHNOLOGICAL PREPARATION
FOR THE PRODUCTION OF COMPLEX MECHANICAL ENGINEERING
PARTS USING REVERSE ENGINEERING

Abstract

This article analyzes reverse engineering methods, their application in mechanical engineering and their
impact on production efficiency. The essence and scope of reverse engineering are considered. Reverse
engineering is the process of analyzing a product or technology to understand its operation, structure, and
components. The main idea of reverse engineering is to study an existing object to obtain information about
its design, operating principles and design features. This process can be used in various fields; this article
describes the application in mechanical engineering. A reverse engineering method for critical mechanical
engineering parts is described, indicating the main precision capabilities of the process. Reverse engineering
for mechanical engineering parts is the process of recreating the design and technological parameters of a
product based on its physical model. The main precision capabilities of this process include analysis of the
geometry, materials and technological features of the part. The main methods for measuring parts for reverse
engineering are considered. For reverse engineering, that is, to create a digital model of an object based on
its physical form, various measurement methods are used, such as coordinate measuring machines (CMMs),
3D scanning and manual measurement. To carry out reverse engineering, various measurement methods are
combined depending on the specific characteristics of the object and the required accuracy of the model. The
combination of these methods allows you to create the most accurate and complete digital model of the object.
Based on a solid model, the article shows an example of automated reverse engineering in a part production
environment. A reverse engineering algorithm has been compiled taking into account the proposed strategies
and conditions for the implementation of design and technological preparation for production.

Keywords: reverse engineering, scanning, quality control, solid modeling, factor analysis, measuring and
testing machines.
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000 «PH-Pemont HITO»; 2®I'BOY BO «Y GpuMCKuil yHHBEPCUTET HAYKH M TEXHOIOTHIDY
™ ABTOp /17 KOPPECIIOHAEHIMH

WCCINEOOBAHUE NMAPAMETPA AnA OLEHKK 3ACAJNNEHHOCTH
ABPA3UBHOIO MHCTPYMEHTA MPU ANEKTPOXUMUYECKOM AJIMA3HOM
LUNNP®OBAHUN OETANEN U3 XXAPOMPOYHOI O CMNNIABA BKHA-1B-BU

AHHOTALUSA

B crarbe paccMoTpeH criocod 00paboTku Aeraneld u3 KaporpoyHOro HHTepMeTauuaHoro craBa BKHA-
1B-BU ¢ nepuoanyeckoit ynpasisieMOi OUUCTKOM PeKyIIEro HHCTPYMEHTA B IPOLIECCEe BHITTOTHEHHS TEXHO-
JIOTHYECKOH ONepaIiy Mpope3ku IIyOOKHX, Y3KUX, IPOTSHKCHHBIX Ma30B. [Ipu 0O6paboTKe >KaporpodHbIX
CIUIaBOB IPOMCXOAMT OBICTPOE HABOJIAKMBAHKME MaTepHaa JeTaad Ha aOpa3suBHBIM KPYT, 4TO NMPUBOAUT
K YBEINYCHUIO TEPMOMEXaHUIECKOTO BO3ZACHCTBHS B 30HE 00PAaOOTKH, COKPALICHUIO MEXIIEKTPOIHOTO
IIPOMEXYTKA U YXYALUICHUIO YCIOBHH JUISl DBaKyalld Lu1amMa, 00pa30BaHMIO0 METANINYECKOr0 KOHTAKTa
MEXIY KPyroM u o0pabaTbiBaeMOi JeTanblo, HHTEHCU(DUKAIIMN IIEKTPOIPO3UOHHBIX, IIEKTPOUCKPOBBIX
IIPOLIECCOB, B CBS3HU C UM YXYIIIAETCS Ka4eCTBO IOBEPXHOCTHOTO CIIOS U LIEPOXOBATOCTH OOKOBBIX OBEPX-
HocTei oOpabaTbiBaeMoii feTany. Kak nokasany nceinenoBanus, py MOIyYeHHH IPOTSHKEHHBIX 1a30B OYUCTKA
Kpyra HeoOXoaumMa J0 TOro, Kak 3aKOHYHUTCS Iporece 00padoTku. I1pu 3ToM BO BpeMsi HOCTOSHHOM OYUCTKU
MMPOUCXOaAUT 6BICprIﬁ HU3HOC MHCTPYMEHTA, MO3TOMY IPOLCCC OYUCTKHU OOJKCH OBITh pPeTIIaMCHTUPOBAH
1 IIPOMCXOIUTH TOJBKO TOT/A, KOrAa 3To Tpedyercs. [Ipeanaraercs ananTUBHLINA c1oco0 adpasuBHOTO AEKTPO-
XMMHYECKOTO IITH(OBAHMS C IEPUOINUECKON YIPaBIsSeMOH OYUCTKOH PEXyIero HHCTPYMEHTA Ha OCHOBE
napaMeTpa OLEHKHU 3aCaJICHHOCTH KPyTa, ONPEAEIIeMOro Kak OTHOLIEHHE YCUIINS PEe3aHHs K ATUTEIbHOCTH
(ha3bl IEKTPOXUMHUIECKOTO PACTBOPEHHS 32 OAUH 000POT BpaleHus mnuHaens. J{ns peanusanuu ciocoba
CTAHOK OBLI YKOMIUICKTOBAH AOIOJHUTCIIBHBIM JJICKTPOAOM-UHCTPYMEHTOM, UCTOYHUKOM TEXHOJIOTMYC-
CKOTO TOKa ¥ CUCTEMOM NMOAAuH 3JIEKTPOINTA B 30HY OYMCTKH. MccnenoBanus Mokasaiy, YTo NPUMEHEHHE
IIPEIOKEHHOT0 crioco0a MO3BOISAET CHU3UTh TEPMOMEXaHUIECKUE YCHINS B 30HE 00pabOTKH, COKPATUTh
BIIMSTHHE HJIEKTPOIPO3UOHHBIX, JIEKTPOUCKPOBBIX COCTABILIIONIMX Ipoliecca aOPa3uBHOIO 3MEKTPOXUMHYE-
CKOTO HITH(OBaHMS, 3a CUET Uero o0ecreunTs TpedyeMyIo IepOXoBaTOCTh, KaueCTBO MOBEPXHOCTHOTO CIIOS
OGOKOBBIX MMOBEPXHOCTEH U TOYHOCTH 00padaThIBAEMBIX [A30B.

KaioueBrble cioBa: abpasuBHOE NUTM(OBAHUE, KAPOIPOIHBIH HHTEPMETALTHIHBIA CIUIAB, MEXaHHIEeCKOe
pe3aHue, MEKTPOXUMHUUECKOe aHOJHOE PACTBOPEHHUE, IIEKTPOIPO3MOHHAST 00pabOTKa, OYMCTKA M ITPpaBKa
a0pa3WBHOTO MHCTPYMEHTA.

Jos uutupoBanus: Talimacosa JI. A., Pamaszanos K. H. VccnenoBanue napameTpa Juist OLIEHKH 3aCaJICHHOCTH
a0bpa3uBHOTO MHCTPYMEHTA NPHU AJIEKTPOXUMHYECKOM aJIMa3HOM IUIH()OBAHUU AETajlel U3 KapONpOYHOTO
ciaBa BKHA-1B-BU // Bectiuk MI'TY «Crankuny. — 2024. — Ne 3 (70). — C. 75-82.
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L.A. Taimasova'®, K.N. Ramazanov’
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™ Corresponding author

INVESTIGATION OF A PARAMETER FOR ASSESSING THE GREASINESS
OF AN ABRASIVE TOOL DURING ELECTROCHEMICAL DIAMOND
GRINDING OF PARTS MADE OF HEAT-RESISTANT ALLOY VKNA-1V-VI

Abstract

The article describes a method for processing parts made of heat-resistant intermetallic alloy VKNA-1B-VI
with periodic controlled cleaning of the cutting tool during the technological operation of cutting deep, narrow,
extended grooves. When processing heat-resistant alloys, the material of the part is rapidly wrapped on the
abrasive wheel, which leads to an increase in thermomechanical effects in the processing zone, a reduction
in the interelectrode gap and deterioration of conditions for sludge evacuation, the formation of metal contact
between the circle and the workpiece, intensification of electroerosion, electric spark processes, which worsens
the quality of the surface layer and the roughness of the side surfaces the processed part. As studies have
shown, when obtaining extended grooves, cleaning the circle is necessary before the processing process
is completed. At the same time, during constant cleaning, rapid tool wear occurs, so the cleaning process
should be regulated and occur only when required. An adaptive method of abrasive electrochemical grinding
with periodic, controlled cleaning of the cutting tool is proposed based on the parameter for estimating the
contamination of the circle, defined as the ratio of the cutting force to the duration of the electrochemical
dissolution phase per rotation of the spindle. To implement the method, the machine was equipped with an
additional electrode-tool, a process current source and an electrolyte supply system to the cleaning zone.
Studies have shown that the application of the proposed method allows to reduce thermomechanical forces
in the processing zone, reduce the influence of electroerosive, electric spark components of the abrasive
electrochemical grinding process, thereby ensuring the required roughness, the quality of the surface layer
of the side surfaces and the accuracy of the grooves being processed.

Keywords: abrasive grinding, heat-resistant intermetallic alloy, mechanical cutting, electrochemical anodic
dissolution, electroerosion treatment, cleaning and straightening of abrasive tools.

For citation: Taimasova L. A., Ramazanov K. N. Investigation of a parameter for assessing the greasiness of
an abrasive tool during electrochemical diamond grinding of parts made of heat-resistant alloy VKNA-1V-VI.
Vestnik MSUT “Stankin”. 2024. No 3 (70). P. 75-82. (In Russian)
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1' YO «Benopycckuii ToCyIapCTBEHHBINH TEXHOIOTHUCCKUI YHHBEPCHTET,
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KATOAHBIE MATEPUATNbI ANA HAKONWUTENEW SHEPTUA
HA OCHOBE ®EPPOLUWAHMUOOB NEPEXOOHbLIX METANIIOB

AHHOTALUSA

B Hacrosieid pabote arpoOupoBaH yCOBEPIICHCTBOBAHHBIH KHIKOCTHBIN METO/ CHHTE3a (heppoLMaHuoB
Fe, Co, Mn u Ni co cTpyKTypo# OEpIHMHCKO# Ja3ypu 1 CYOMUKPOHHBIMH pa3MepaMu. AHaJIU3 OTy4YEeHHBIX
(heppolMaHUI0B OCYILIECTBISUIA METOJJOM PAacTPOBOM AIIEKTPOHHON MuKpockonuu (POM) ¢ ucnonb3oBa-
HUEM MHUKPOCKOIIa BICOKOTO paspeuienus Zeiss (lepmanusi) ¢ Hanecennem Au—Pd crost; MmeTonoM peHT-
renogasosoro ananusa (P@A) na nuppaxromerpe Bruker D8 ADVANCE (I'epmanus) B CuK -usinydenuu;
MeTonoM uHppakpacHoit Dypre-cniekrpomerpun (MK-Dyphbe) ¢ ncnonb3oBaHneM crieKTpoMeTpa Spectrum
Two (Perkin Elmer, CIIIA) u npucTaBKyd HapyUICHHOTO MOJHOTO BHYTPEHHETO OTPAXKEHHS C aJMa3HbIM
kpucrtasiom (HIIBO).

HccnenoBaHbl 3JEKTPOXUMUYECKHE CBOWCTBA 3TUX COCIHMHEHUI B KaTOlaX HATPHI-MOHHBIX Oarapei.
HaunbGonbmiei ynensHol emrxocthbio B 136 MA4/r obnanan obpasen Na,Co[Fe(CN),]. Haumenbuieit ynenbHoi
eMKocTbi0 B 103 MAY/T o6nanan obpasen Na Fe[Fe(CN),].

KuroueBnle ci0Ba: aHaoru OSpIMHCKON Ta3ypH, (eppOUUaHIBl, CHHTE3, CTPYKTypa, HaTpHil-MOHHBIH
aKKyMYILITOP.

Jast umtupoBanus: Cunopos U., XKununckuit B.B., Ps3anos U.B., [Ipockypuna E.M. Karonusie mare-
pHaIIBL IJ1s1 HAKOTIMTENEH SHEPrHK Ha OCHOBE (peppolMaHuIoB NepexoaHbIXx MeTamioB // Bectauk MI'TY
«Crankun». — 2024. — Ne 3 (70). — C. 83-92.

L Sidorov'?, V.V. Zhylinski', I.V. Ryazanov’, EM. Proskurina®™

! Belarusian State Technological University; 2 National Academy of Sciences of Belarus for Materials Science;
3 MSUT “STANKIN”

™ Corresponding author

CATHODE MATERIALS FOR ENERGY STORAGES BASED
ON TRANSITION METAL FERROCYANIDES

Abstract

In this article, we tested an improved liquid-based method for the synthesis of ferrocyanides Fe, Co, Mn and
Ni with a Prussian blue structure and submicron sizes. The analysis of the obtained ferrocyanides was carried
out by scanning electron microscopy (SEM) using a high—-resolution Zeiss microscope (Germany) with an
Au-Pd layer; by X-ray phase analysis (XRD) on a Bruker D8 ADVANCE diffractometer (Germany) in CuKa
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radiation; by infrared Fourier spectrometry (IR Fourier) using a Spectrum spectrometer Two (Perkin Elmer,
USA) and the prefixes of the disturbed total internal reflection with a diamond crystal (NPVO).
The electrochemical properties of these compounds in the cathodes of sodium-ion batteries were studied. The

sample Na, Co[Fe(CN),] had the highest specific capacity of 136 mAh/g. The sample Na Fe[Fe(CN),] had
the lowest specific capacity of 103 mAh/g.

Keywords: prussian blue analogues, ferrocyanides, synthesis, structure, sodium-ion battery.

For citation: Sidorov 1., Zhylinski V.V., Ryazanov 1.V., Proskurina E.M. Cathode materials for energy storages
based on transition metal ferrocyanides. Vestnik MSUT “Stankin”. 2024. No 3 (70). P. 83-92. (In Russian)
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OI'AOY BO «Cubupckuii penepabHBIN YHUBEPCUTET)

CUCTEMA NPOrHOCTUYECKOIO TEXHUYECKOIO ObCNYXUBAHUA
C UCMONIb3OBAHUEM TEXHONOIMMKU ONONTHEHHOW PEANIbHOCTHU

AHHOTALUS

CoBpeMeHHBIE JOCTH)KEHHUS B 00JIaCTH HHTEJUIEKTYaJIbHBIX JaTYMKOB U MPOMBIIIIEHHOTO MHTepHeTa Beneit
MPEIOCTABISIOT BO3MOXHOCTD HEMPEPHIBHOTO KOHTPOJISI PAOOTHI TEXHOIOTUYECKOTO 000PYIOBAHHS, OLIEHKH
€r0 MIPOU3BOANTEIBHOCTH B 3P PEeKTHBHOCTH QYHKIIMOHUPOBAHHS. MEeTOA MPOTHOCTHIECKOTO TEXHUIECKOTO
00CITy>KMBaHUS TTO3BOJISIET TPOTHO3UPOBAThH TEHICHIIMY H3MEHEHHS U JIeTPaIaliiy SKCIUTyaTallHOHHBIX XapaK-
TEPUCTHUK C HCTIOIB30BAaHUEM METOIOB CTATUCTUYECKOTO aHAIN3a M MOJIeNIe MalIMHHOTO o0y4eHus. Takxe
JUIS peILIeHHS aKTyaJIbHOM MPOOIeMbI aBTOMATH3aLMU OIIEPATUBHOTO KOHTPOJISI IPOM3BOJCTBEHHOTO 000PYHO0-
BaHUS, TPOTHO3UPOBAHUS €T0 COCTOSHUS U BU3YaJIH3al[M1 PEKOMEH AL IT0 TEXHUIECKOMY 00CITyKMBaHUIO
MOT'YT MCIOJIB30BaThCS YEIOBEKO-MaIIMHHBIE HHTEP(HEHCH ¢ NCIIOIB30BaHNEM TEXHOJOTHH JOTOITHEHHON
peanbpHOCTH. Llenp JaHHOM pabOTHI 3aKIIOYAETCS B PEANTU3AINH MEXaHU3MOB ITPOTHOCTHIECKOTO OOCITYKH-
BaHMS B YCIIOBUSX MEXaHOOOpa0baThIBAIOIIETO MPOU3BOACTRA. JIJIs JOCTHKEHHS ATO# 1ienu Obuia pa3paboTana
cUCTeMa MPOTHOCTHYECKOTO TEXHUUECKOTO 00CITYKUBaHHUS € UCIIOIb30BAHUEM TEXHOJIIOTHH JOTIOJIHEHHON
peanbHOCTH, obecneunBaronias coop JaHHBIX O (PyHKIIMOHUPOBAHUHM TEXHOJOTHYECKOTO 000pY/IOBaHMS,
MIPOTHOCTUYECKYIO aHAIUTHKY U BBIBOJ PE3YJIBTaTOB C HCIOIB30BAaHUEM TEXHOJIOTUH JOIOIHEHHOH peab-
HOCTH B IOCTYITHOM JyIsl iepcoHaia opmare. ITonpoGHO paccMOTpEHBI TEXHUUECKAs peaTn3alyis U pe3yilb-
TaThl MPOrPaMMHO-AIIIaPaTHOTO MOJAETUPOBAHMS (PyHKIMOHATBFHOTO MPOTOTUIIA MPEJIaraeMoOi CHCTEMBI
MIPOTHOCTHYECKOTO TEXHHYECKOTO O0CTy)KUBaHUs. Peann3yemast mpu 3TOM HpoLenypa MpOrHOCTHIECKOTO
TEXHUYECKOTO 0OCTY)KMBAHUS MIPEANONAraeT IepBuIHOe (POPMUPOBAHNE PEKOMEHAAIMN 110 TEXHUYECKOMY
00CITy)KMBaHUIO, PETUCTPALIMIO U ONIEPAaTUBHYIO 00paboTKy rpaduuecknx MapKepoB IeJIeBOr0 000pyI0BaHHS
¢ hopMaTHPOBaHIEM H BEIBOJOM ITOTYUCHHBIX PEKOMEHIAINI C HCTIOIb30BaHIEM TEXHOJIOTHHU JOTIOTHEHHON
peanbHOCTH. Pe3ynsraTsl MOIEIMPOBAHYS IOKA3aJIH, YTO HCIIOIb3YEMbIE METOABI CTATUCTHUECKOTO aHAIH3a
HE 00€CIeYMBAIOT MPOTrHO3UPOBAHHUS 3HAYCHHH (DYHKIIMOHAIBHBIX TAPAMETPOB 00BbEKTa TEXHUUECKOTO 00CTy-
*uBaHuA. [Ipy 5TOM [U1S penieHns JaHHOH 3aJa49i MOYKET UCTIONB30BaThCsl KOMOMHUPOBaHHAsI MOJIETIb MallIiH-
HOTO 00y4eHus B (hopMe MOCIIeJ0BATEIBHOTO COSIMHEHUSI CBEPTOYHOM U PEKYPPEHTHON HEHPOHHBIX CETEH.

Kuarouesble cjioBa: MIPOrHOCTHYCCKOC TEXHUICCKOC 06CJ'Iy)I(I/IBaHI/Ie, JOIIOJIHEHHAs pe€aJIbHOCTD, obOecrieucHe
MeX&HOO6pa6aTLIBaIOHIeFO IMPpOU3BOACTBA, MAIIIMHHOC 06y‘IeHI/I€.

Joas uurupoanus: Ipo3n O.B. CucreMa mporHocTHYECKOro TEXHHYECKOTO 00CTyKUBaHUS C HCITOIh30Ba-
HHUEM TEXHOJIOTHH JAOTONHEeHHOH peanbHocTh // Becthuk MI'TY «Crankuny. —2024. — Ne 3 (70). — C. 93-103.
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0.V, Drozd

Siberian Federal University

PREDICTIVE MAINTENANCE SYSTEM USING AUGMENTED REALITY
TECHNOLOGY

Abstract

Modern advances in the field of smart sensors and the Industrial Internet of Things provide the opportunity to
continuously monitor the operation of process equipment, assess its performance and operational efficiency.
Predictive maintenance allows performance trends and degradation using statistical analysis techniques and
machine learning models. Also, to solve the actual problem of automating the production equipment operational
control, predicting its condition and visualizing recommendations for maintenance, human-machine interfaces
using augmented reality technology can be used. The aim of the work is to implement predictive maintenance
mechanisms in machining production conditions. To achieve this aim, the predictive maintenance system was
developed using augmented reality technology, which provides data collection on the operation of the process
equipment, predictive analytics and output of the results obtained using augmented reality technology in a
format accessible to personnel. The technical implementation and results of hardware and software modeling
of the proposed predictive maintenance system functional prototype are considered in detail. The simulation
results showed that the statistical analysis methods used do not provide functional parameters values predic-
tion of the maintenance object. At the same time, the use of a combined analysis method with combination
of Convolutional Neural Network (CNN) and Recurrent Neural Network (RNN) provides sufficient accuracy
in predicting parameters for practical use. The introduction of the proposed system into existing production
planning and management software for manufacturing makes it possible to increase the overall efficiency of
operational planning and production management.

Keywords: predictive maintenance, augmented reality, machining manufacturing support, machine learning.

For citation: Drozd O.V. Predictive maintenance system using augmented reality technology. Vestnik MSUT
“Stankin”. 2024. No 3 (70). P. 93—103. (In Russian)
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ILE. Kopnees

EropweBckuii TexHonornueckuit tHCTHTYT (prmnan) ®I'BOY BO «MI'TY « CTAHKWH»

COBEPWEHCTBOBAHME NEPEAAYUN LN®PPOBLIX AAHHbIX
B ABTOMATU3UPOBAHHbLIX CUCTEMAX YINPABJIEHUA
TEXHONOMMYECKUMU NPOLIECCAMU C YHETOM ®AKTOPA
YOANEHHOCTHU NMPOU3BOACTBA

AHHOTALMSA

Enunoe nH(OpMAMOHHOE TIPOCTPAHCTBO TEPPUTOPUATBHO PACCPEAOTOYCHHBIX ITPOMBIIIICHHBIX 00bEKTOB
IIpH CO3JaHUHM aBTOMAaTH3MPOBAHHBIX CHCTEM YIPAaBJICHHS UIPAaeT KIIOUEBYIO pOJib B BOIPOCAX yIpPaB-
JICHUs TEXHOJOTMYECKUMH IMpoLieccaMy U Mpou3BoacTBaMu. DakTop ynan€HHOCTH 00beKTa yIpaBiIeHUS
U IMCIETYEPCKOrO MYHKTA Ha IECATKH — COTHU KMJIIOMETPOB JIPYT OT JIpyra He JJOJDKEH OKa3bIBaTh BIUSHHE
Ha OTIEPATHMBHOCTh W TOYHOCTH MEPE/laud B peajbHOM MaciiTabe BPeMEHH TEXHOJOTHYECKHX U(POBBIX
JIAHHBIX ¥ YIPaBISIOMUX KOMaHI. B craTbe paccMOTpeH BOmpoc OecIpoBOIHON Nepenayn TeXHOIOTHYe-
CKOM MH(pOPMAITUH TIOCPEICTBOM JUTUITHYCSCKH TOJIIPU30BAHHOMN SJICKTPOMArHUTHON BOJIHBI C TPUMEHE-
HUEM METOJ1a KBaIpaTyPHON aMILTUTYIHO-NIOIAPU3aLMOHHON MaHUITY MY, M crionp30BaHKUe SIUIMNTHYECKH
MOJISIPU30BAHHON AJIEKTPOMArHUTHON BOJIHBI B KAY€CTBE MEPEHOCUYMKA TEXHOJOIMUYECKON HH(pOpMAIMK Ha
PACCTOSIHHUS TO3BOJIAET YBEJIUYUTh TOMEX03aNUIIIEHHOCTh aBTOMAaTH3UPOBAHHBIX CHCTEM YIPaBJICHHUS,
(QDYHKIMOHHMPYIOLIUX B OYE€Hb CIOKHOM MOMEX0BOH 00CTaHOBKe. B paboTe Takke MpeyIOKEeHbI aHATUTH-
YECKUE BBIPAKCHHUS JUIS KBAJPATYPHBIX COCTABIISIFONIUX MOISPU3AIHOHHO-MAHUITYTUPOBAHHBIX CHTHAJIOB,
MPOM3BENICHO MaTEMaTHUYECKOE MOJICIIMPOBAHUE JIAHHBIX KBAJ[PATypHBIX COCTABIISIIONIUX TIPH BApHATHBHBIX
3HAUCHUSX T€OMETPUUYCCKHIX MapaMeTPOB JUTUIICA MOJSAPU3AIIUH SJICKTPOMArHUTHOM BOJIHBL. Pe3ynbpraroM
MaTeMaTHYECKOTO MOJICIIMPOBAHUS BUIIACH TpaduuecKast HHTEPIPETAIUs CUTHAIILHOTO CO3BE3/IHsI, KOTOPOE
MpeICTaBNIsIeT CO00H 0000IIEHIE CUTHAIBHBIX CO3BE3/IUI IPUMEHAEMBIX CETOIHS METOIOB IU(PPOBOIi HIepe-
naun nHopManuu. B cTarthe npuBeieHa CTPYKTYpHAs CXeMa MOYJIATOPA MPH repesade nupoBbIX JaHHBIX
METOJIOM KBa/IPaTyPHOM aMILTUTYIHO-MIOISIPH3aIHOHHON MaHU Y AU, [IpakTHYecKas 3SHAUUMOCTh paOOThI
3aKJIF0YAETCS B YHUBEPCAILHOCTH MPEUIOKEHHOTO BUa MAHUITYJISIIIMKA CUTHAJIOB, KOTOPBIi MOXET OBbITh
MPUMEHEH BMECTO TPAJAUIIMOHHBIX KBAJAPATypHBIX BHIOB MAHUIYJISALUU B CUCTEMaX Mepenadd udpoBhIX
TEXHOJIOTMUECKUX JTaHHBIX.

KitroueBble ci10Ba: aBTOMaTH3alMs TEXHOJIOITMYECKUX MIPOLIECCOB, MOJIAPU3ALMOHHO-MaHUITYIMPOBaHHbIN
CUTHAaJI, METO/ KBaJpaTypHOH aMIUIUTYIHO-TIOJIAPU3ALMOHHON MaHUMYJISALMH.

Jns untupoBanusi: Kopuees I1.E. CoBepieHCTBOBaHUE mepeaadd HU(POBBIX JaHHBIX B @aBTOMATH3UPO-
BaHHBIX CHCTEMaX YMPaBJICHUS TEXHOJOTUIECKUMH MPOIIECCAMH C y4eTOM (haKTopa yIaJIeHHOCTH MPOU3-
BonctBa // Bectauk MI'TY «Crankuny. — 2024, — Ne 3 (70). — C. 104-113.
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Yegoryevsk Institute of Technology (branch) MSUT “STANKIN”

IMPROVEMENT OF DIGITAL DATA TRANSMISSION IN AUTOMATED
PROCESS CONTROL SYSTEMS, TAKING INTO ACCOUNT THE FACTOR
OF REMOTENESS OF PRODUCTION

Abstract

The unified information space of geographically dispersed industrial facilities plays a key role in the creation
of automated control systems in the management of technological processes and production facilities. The
factor of remoteness of the control facility and the control room for tens to hundreds of kilometers from each
other should not affect the efficiency and accuracy of real-time transmission of technological digital data and
control commands. The article considers the issue of wireless transmission of technological information by
means of an elliptically polarized electromagnetic wave using the method of quadrature amplitude-polarization
manipulation. The use of an elliptically polarized electromagnetic wave as a carrier of technological informa-
tion over distances makes it possible to increase the noise immunity of automated control systems operating in
a very difficult interference environment. Analytical expressions for quadrature components of polarization-
manipulated signals are also proposed in the work, mathematical modeling of these quadrature components
is performed for variable values of geometric parameters of the ellipse of polarization of an electromagnetic
wave. The result of mathematical modeling was a graphical interpretation of the signal constellation, which is
a generalization of the signal constellations of the methods of digital information transmission used today. The
article presents a block diagram of a modulator in the transmission of digital data by quadrature amplitude-
polarization manipulation. The practical significance of the work lies in the universality of the proposed type
of signal manipulation, which can be used instead of traditional quadrature types of manipulation in digital
technological data transmission systems.

Key words: automation of technological processes, polarization-manipulated signal, method of quadrature
amplitude-polarization manipulation.

For citation: Korneev P.E. Improvement of digital data transmission in automated process control systems,
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KOMNbIOTEPHOE MOAENTMPOBAHUE NMPOLIECCA OBECINEYEHUA
WHTEPOMEPABENBHOCTU BECMPOBOAHbLIX CEHCOPHbIX CETEN

AHHOTAIHSA

Pa3paboraH mporpaMMHBIH SMyIATOD UL MOJEIUPOBAHUS IIPOLIECCa UHTEPONepadeIbHOCTH OECIIPOBOIHBIX
CEHCOPHBIX ceTell. PaboTa mporpaMMHOro SMynsATOpa OCHOBaHA HA MOJENUPOBAHUHK Mporiecca 00paboTKu
KaJIpOB IaHHBIX OT MHOXKECTBA y3J10B OecIipoBoHOM ceHcopHol cetu ZigBee u WirelessHART no meToauke
«IIOCPEAHUKIY. DMYISATOP YHUDUKAIIUY IIOCTPOEH C IIOMOLIBIO OIX0/1a, CXOIHOIO ¢ COOBITUHHOM MOZIENbIO,
C HCIOJIb30BAHUEM AaCUHXPOHHBIX U CHHXPOHHBIX LIUKJIOB U APYrUX (yHKIMIH U1 00paOOTKU pa3HbIX COOBITUH,
CBSI3aHHBIX ¢ IIpolieccoM yHUUKauy. COCTaBIEH U IPEICTAaBIEH aJlTOPUTM pabOThI CKPUITA YHUDHUKALIUU
Ka/IpOB AaHHBIX OT MHOXKECTBa y3710B. OcyliecTBICHA IPOrpaMMHasi pealn3aliys SMYIAITopa IIyTeM UCIIONb-
30BaHUs A3bIKa mporpamMmuposanus Python u cpenst Visual Code Studio. O6ocHoBaHa 3 PeKTUBHOCTD
Pa3paboTaHHOIO IPOrPaAMMHOIO SMYJSITOPA IIyTeM IPOBEACHHS MOEIIBHBIX 3KCIIEPUMEHTOB IIPU Pa3IUUHbIX
napaMmeTpax U cleHapusx. PaccMOTpeHsI cienyrolye CLieHapyuu: 3aBUCUMOCTh BpeMeHH 00paboTKu Kajpa
OT HAaCTpauBacMOW HHTEHCUBHOCTU IIAKETOB U OT KOJMYECTBA y3JI0B, 3aBUCUMOCTb Kod(dulirenTa norepu
KaapoB cranaaproB WH/ZB 0T HHT€HCHBHOCTHU NAKETOB. 3aJaHbl CIEIYIOLUIME TapaMeTPhl: KOIUUECTBO
YCTPOMICTB, 3HAUCHUE IOJIE3HONH HArpy3KU U MHTEHCUBHOCTh IAKETOB (4aCTOTAa FEHEPUPYEMBIX I1AKETOB).
PaccmoTpens! nokaszareny 3QpQekTUBHOCTH 6eCIIPOBOAHON CEHCOPHOH ceTH: K03 (ULUEHT IOTEPHU KaAPOB
u o01ee 3aTpaueHHOE BpeMs 00paboTku Kajapa (BpeMs uUcIonHeHus). IIpoaHamu3upoBaHbl MOIY4EHHBIE
PEe3yAbTaThl SMYILIUY U CEaH BBIBOJL, UTO YBEJIMUEHUE PETYIHPYEMOTO 3HAUEHUSI HHTEHCUBHOCTH N1AKETOB
U KOJIMYECTBA y3JIOB YBEIIMYMBACT 3HAUCHHE BpeMeHH 00pabOoTKH Kajipa U 3Ha4YeHue K03 duunenTa morepu
KazpoB. Jloka3aHa aleKBaTHOCTb Pa3pabOTaHHOIO IPOrPAMMHOI0 AIMYIIATOPA, TAK KaK OIy4CHHbIH pe3ylbTar
IMYISIUN KO3 PUINEHTA HOTEPH KaJPOB CXOAUTCS C PaHee IOITyYeHHBIM Pe3yJIbTaTOM IIPH MOJCINPOBAHIN
aHaJIOTUYHBIX IPOLIECCOB U CLIEHAPHUEB B CPEe MIMUTAIIMOHHOIO MozAenuposanus OMNeT++.

KuaroueBsbie cjI0Ba: IPOrpaMMHBII 3MYJSITOP, HHTEPOIEPabeIbHOCTh, OECIIPOBOAHBIC CCHCOPHBIE CETH,
nokasaresiu 3()HEKTUBHOCTH.

Jost nuTupoBanus: IOced @. KomnbioTepHoe MosienMpoBaHue mpouecca odecrnedeHus HHTeponepadess-
HOCTH OecrpoBOIHBIX ceHCOpHBIX ceTell // Becthuk MI'TY «Crankuny. — 2024. — Ne 3 (70). — C. 114-121.

E Yousef
MSUT “STANKIN”

COMPUTER MODELING OF THE PROCESS OF ENSURING
THE INTEROPERABILITY OF WIRELESS SENSOR NETWORKS

Abstract

A software emulator to simulate the process of interoperability of wireless sensor networks has been devel-
oped. The operation of the software emulator is based on modeling the process of handling data frames from
multiple nodes of the ZigBee/WirelessHART wireless sensor network using the “intermediary” technique.
The unification emulator is built with an approach similar to the event model, where asynchronous and
synchronous cycles and other functions are used to handle various events, related to the unification process.
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The operation algorithm of the script of data frames unification from multiple nodes has been created and
presented. The programming implementation of the software emulator is carried out using the Python
programming language and Visual Code Studio environment. The effectiveness of the developed software
emulator is justified by conducting model experiments under various parameters and scenarios. The following
scenarios are considered, such as the dependency of the frame processing time on the configurable packet
intensity and the number of nodes, and also the dependency of the frame loss coefficient of the WH/ZB
standards on the packet intensity. The following parameters are given, such as the number of devices, the
payload value and the packet intensity (the frequency of generated packets). The following performance
indicators of a wireless sensor network have been studied, such as the frame loss coefficient and the total spent
frame processing time (execution time). The obtained emulation results are analyzed, where it is concluded
that an increase in the regulated value of packet intensity and the number of nodes increases the value of
frame processing time and the value of the frame loss coefficient. The adequacy of the developed software
emulator was proven, where it was noted that the obtained result of emulating the frame loss coefficient
converges with the earlier obtained results at modeling similar processes and scenarios in the OMNeT++
simulation environment.

Keywords: software emulator, interoperability, wireless sensor networks, performance indicators.

For citation: Yousef F. Computer modeling of the process of ensuring the interoperability of wireless sensor
networks. Vestnik MSUT “Stankin”. 2024. No 3 (70). P. 114—121. (In Russian)
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MOBbIWEHUE ONEPATUBHOCTU PACYHETA TPYAOEMKOCTHW
NU3roTOBNEHUA KOPMYCHOW AETANU HA ®PE3EPHOM CTAHKE C 4ny
Mo METOAY ONPEAENEHUA OB BEMA MATEPUAIJIA, CPE3SAEMOIO
MATEPWUANA NHCTPYMEHTOM

AHHOTALUSA

B craTbe paccMaTpHUBarOTCs BOIPOCHI pacueTa TPYAOEMKOCTH U3TOTOBIIEHUS KOPIYCHBIX JleTanel Ha
(pe3epHBIX CTaHKaX C YUCIOBBIM NPOrpaMMHBIM yNpaBiIeHUEM. Bo3MOXXHOCTH pacueTa TpyL0eMKOCTH Ha
paHHEW cTaguu MOATOTOBKU NPOM3BOJCTBA. IIpeacTaBier HOBBIM METO onpesesieHus TPYJOEMKOCTH Ha
OCHOBE OIIpeieNICHNs 00beMa MaTepHalla, Cpe3aeMoro nHeTpyMeHToM. [IpecTaBneHHbIH METO yIUTHIBACT
B pacueTax Takue napamMeTpsl JeTalH, Kak: TEXHOJIOTHYeCKuil mpolecc, MaTepual, KOJIM4eCcTBO B APTHH,
PEKUMBI pe3aHus C IPUBSI3KOH K KOHKPETHOMY 000pYIOBaHHUIO, TEPMUUECKYIO 00pabOTKY, rajJbBaHHYECKHE
U JIAKOKPACOYHEIE IIOKPHITHS, a TAKXKE 00BEM CpPe3aeMoro HHCTPYMEHTOM MaTtepraina. Pacaer TpymoemMkocTn
IIPOM3BOJUTCS HA OCHOBAHUY UepTexka U He TpeOyeT pa3paboTKu TEXHOIOTMYECKOro IPoIiecca, 4To, B CBOIO
odepeb, MO3BOJISIET PA3TPy3UTh TEXHOJIOTHUYECKYIO CIY)KOy HMPEANpPUATHS Al OLEHKH PeHTaOeIbHOCTH
3aka30B. [l pacyera TPyZOEMKOCTH He TpeOyeTcs BRICOKOH KBaNIU(UKaii HOPMHPOBIIIKOB, TaK KaK BCe
JIaHHbIE OepyTCs U3 CIPaBOYHUKOB IPENPUATUS U KOHCTPYKTOPCKOM OKyMeHTanuu. B nanbHeiiem fanHbIi
METOJ MOXKET OBbITh UCTIOIB30BaH /IS CO3/1aHMsI aBTOMaTU3MPOBAaHHON CHCTEMBI TPEABAPUTEIBHOTO pacyeTa
TPYNOEMKOCTH M3TOTOBIICHHUS KOPITYCHBIX JeTalnelt Ha (pe3epHbIX cTaHkax ¢ UITY Ha panHHeit cragum moaro-
TOBKH IIPOU3BOACTBA, KOTOPAs IO3BOJIHUT OLIEHUTh PEHTa0eIbHOCTh IPOU3BOACTBA IPOAYKIHH, PACCMOTPETh
BO3MOKHOCTb U3TOTOBJICHUS JIETaJIeH B yKa3aHHbIE CPOKH, PACCUUTATh TPYIOEMKOCTh U3TOTOBIICHHS JeTajIel
Ha Pa3INYHOM 000pyIOBaHUH, IMEIOIIEMCS Ha MPEIPUSITHH, TaK KaK TPYJOEMKOCTb Ha 5TOM 000pyIOBaHUH
MOXET OBITh Pa3HOH U, KaK CIEJCTBUE, OTINYATHCS 110 CTOMMOCTH. CTaHKH, Ha KOTOPBIX JaHHAs! IIPOAYKIIUS
M3TOTABIIMBACTCS, MOTYT OBITh 3arpy’KEHBI B YCTAHOBJICHHBIC CPOKH M3TOTOBJICHUS aeTanei [1].

KiroueBbie cjioBa: TpyI0EMKOCTh, METAIUI000PAOOTKA, TEXHOJIOTHYESCKUE MTEPEIEIbI, IOArOTOBKA IIPOH3-
BOJICTBA, METOIbI PacueTa TPYIOEMKOCTH.

Jos untupoanusi: ®eodanor A.H., [llnangapyk B.A. TToBbliiieHIe OMIEPAaTUBHOCTH PACUETa TPYJTOCMKOCTH
U3rOTOBIICHUS KOPITyCHOI! ieTanu Ha ¢ppezepHoM cTanke ¢ UITY nmo meTony onpeaeneHus o0bema Marepuara,
cpezaemoro uHcTpymeHToM // Bectauk MI'TY «Crankuny». — 2024. — Ne 3 (70). — C. 122—-131.
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INCREASING THE EFFICIENCY OF CALCULATING THE LABOR
INTENSITY OF MANUFACTURING A BODY PART ON A CNC MILLING
MACHINE USING THE METHOD OF DETERMINING THE VOLUME

OF MATERIAL CUT BY THE TOOL

Abstract
The article discusses issues of calculating the labor intensity of manufacturing body parts on milling

machines with numerical control. Possibility of calculating labor intensity at an early stage of production
preparation. A new method for determining labor intensity through the instrumental processing volume is
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described. Based on the described method, labor intensity is calculated. The presented method takes into
account in the calculations such parameters of the part as: material, quantity, cutting modes with reference
to specific equipment, heat treatment, galvanic and paint coatings, as well as the volume of processed
material. The calculation of labor intensity is carried out according to the drawing and does not require the
development of a technological process, which in turn allows you to relieve the enterprise’s technological
service for assessing the profitability of third-party orders. To calculate labor intensity, highly qualified
standard setters are not required, since all data is taken from enterprise reference books and design docu-
mentation. In the future, this method can be used to create an automated system for preliminary calculation
of the labor intensity of manufacturing body parts on CNC milling machines at an early stage of produc-
tion preparation, which will allow assessing the profitability of production, considering the possibility of
production within the specified time frame, calculating the labor intensity of manufacturing products on
various available equipment at the enterprise, because the labor intensity of this equipment can be different
and, as a result, differ in cost, and also the machines on which these products can be manufactured can be
loaded within the required production time [1].

Keywords: labor intensity, metalworking, technological processes, production preparation, methods of calcu-
lating labor intensity.

For citation: Feofanov A.N., Shpandaruk V.A. Increasing the efficiency of calculating the labor intensity of
manufacturing a body part on a CNC milling machine using the method of determining the volume of material
cut by the tool. Vestnik MSUT “Stankin”. 2024. No 3 (70). P. 122—-131. (In Russian)

BECTHUK MI'TY « CTAHKWH» Ne 3 (70) - 2024 / VESTNIK MSUT «STANKIN» No. 3 (70) « 2024



