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™ ABTOp AJ1 KOPPECIIOHAEHIMH

WCCNEQOBAHUE TMEPUAHON TEXHONOIMMN MOAU®ULNPOBAHUSA
NMOBEPXHOCTWU HA OCHOBE MUKPOOYITOBOIO OKCUANPOBAHUA
U BAKYYMHOIO MOHHO-MJTASMEHHOI'O HANMbINEHUA

AHHOTAIUSA

Cratbsl IOCBAlIEHA pa3paboTKe U UCCISJOBaHNIO THOPUIHON TEXHOJIOTMH MOANGHUIUPOBAHUS TOBEPX-
HOCTH, COYETAIOIIEeH POLIeCC MUKPOIYTOBOTO OKCHIMPOBAHUS U IIPOLIECC BAKYYMHOI'O HOHHO-TINIA3MEHHOTO
cuHTe3a MOKPHITUs TiN. AKTyalabHOCTh JaHHOTO MCCIIEIOBaHMs 00YCIIOBIE€HA PacTyIIUM HHTEPECOM K
TAKOMY HalpaBJICHUIO PA3BUTHUS TEXHOJOI'MH HAaHECEHUS (YHKIMOHAIBHBIX MOKPBITHH, KaK CO3laHHUe
MHOTOCJIOHHBIX CUCTEM, IIOJTy4E€HHBIX THOPHIHBIMHU TEXHOIOTUSIMU, 0a3UpyIOINXCS Ha KOMOMHALIMY IBYX
WM OoJiee pa3IMYHBIX IpoIieccoB 00padoTKU. B paboTe npuBeieHbI TEXHOIOTHUECKHE TApaMeTPbl COCTaB-
JISTFOLIMX THOPUIHYIO TEXHOJIOTHUIO [IPOLIECCOB MUKPOAYTOBOTO OKCHIMPOBaHus Ha yctaHoBke MJIO 100
¥ BaKyyMHOTI'O HOHHO-IUIa3MEHHOTo HaHeceHus nokpbITus TiN Ha yctanoBke Platit n311. IIpeacTtaBienst
pe3yabTaThl CPaBHUTEIBHOIO aHaIU3a (HU3MKO-MEXaHHUECKUX CBOWCTB MHOTOCIOMHBIX CHCTEM, HONY-
YEHHBIX 110 THOPUIHOM TEXHOJIOTUHN MOIU(DUIIMPOBAHNUS TIOBEPXHOCTH CO CBOMCTBAMU MOKPHITHUS, MONTY-
YEHHOTO METOJJOM MUKPOAYTOBOTO OKCHIUPOBAHUS, a TAKXKE CO CBOMCTBaMU MOKPHITHS TiN, oimydeHHOro
METO/IOM BaKyyMHOTO HOHHO-IIJIa3MEHHOTO HalbUICHUsL. TONMUHY ¥ CTOMKOCTb HOKPHITHH K a0pa3sUBHOMY
W3HOCY ompenensiay npu nomoury npudopa CSM Instrument Calowear ¢ mocieayrommuM aHaJIM30M Ha
ontudyeckoM Mukpockorie CARL ZEISS Axiotech Vario. YcTaHoBn€HO, 4TO BIMSHHUE COUSTAHUS IIpoLiecca
MJIO u nporecca BakyyMHOTO HOHHO-IUIa3MEHHOTO cMHTE3a MOKPbITUs TiN Ha U3MKO-MEXaHUYECKHE
CBOWCTBa MHOTOCJIOWHOM CHCTEMBI He sBJsieTcs anauTuBHBIM. [Tokaszano, yro nporecc MJ1O, nocraTtouHo
XOPOLLO U3y4YEHHBIH U IOKA3bIBAIOIMI BHICOKUE PE3YIBTAThI IPUMEHUTENIBHO K A€TAIAM U3 Al, 171 HCTIONb-
30BaHUs €70 B KOMOMHAIIUY C BAaKYYMHBIM HOHHO-IIJIa3MEHHBIM HallblIeHHEM TpeOyeT 0ojee JeTalbHOro
UCCIIEA0BaHUS IPUMEHUTENBHO K IPYIUM MaTepHanaM BeHTHIbHON rpymnmnsl. KpoMe Toro, HeoOxomuma
JanbHeilas mpopadoTKa BOIIPOca OITUMAIBHOIO I0A00pa coCTaBa AEKTPOJIUTA, a TAKKE TEXHOJIOrnue-
CKHUX PEXHMOB IPOLECCa MUKPOLYTOBOIO OKCUANPOBAHUS C LIEJIbIO MOTYUSHUSI MHOTOCIOMHBIX CUCTEM,
COUYETAOIMUX CUIbHBIE cTOpOHBI MJIO 1 BakyyMHOIO HOHHO-ILIa3MEHHOI'O HAIlbUICHMUS.

KuaroueBsble cjioBa: n3nenus u JACTaJIi MAalIMHOCTPOCHUA, FI/I6pI/I,I[HaH TECXHOJIOTHA, MUKPOIYT'OBOE OKCH-
AUPOBAHUEC, BAKYYMHOC HOHHO-INIA3MEHHOC HANIBIJICHUC, ITIOKPBITHA.

Jsa nutuposanus: ['puropses C.H., Illextman C.P, Ilepersarun IL1O., Cyxosa H.A., Mycradaes 2.C.,
3bikoBa ML.A., @acxytauHoB AW VccnenoBanne ruOpHaHOI TEXHOIOTHN MOAUGDHIIMPOBAHHS ITOBEPX-
HOCTH Ha OCHOBE MHKPOJIYTOBOTO OKCHAMPOBAHMS U BAaKYyMHOIO MOHHO-IUIA3MEHHOTO HAINbIICHUS //
Bectauk MI'TY «Crankun». —2025. — Ne 4 (75). — C. 8-16. — DOI 10.47617/2072-3172_2025 4 8.
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2.5.5. TEXHOMNOT WS 1 OBOPYOBAHUE MEXAHUYECKOW U ®U3NKO-TEXHUYECKOW OBPABOTKM
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™ Corresponding author

RESEARCH ON HYBRID SURFACE MODIFICATION TECHNOLOGY
BASED ON MICROARC OXIDATION AND VACUUM ION-PLASMA
DEPOSITION

Abstract

This article is devoted to the development and study of a hybrid surface modification technology combining
microarc oxidation and vacuum ion-plasma synthesis of TiN coatings. The relevance of this study stems
from the growing interest in the development of functional coatings technology, such as the creation of
multilayer systems obtained using hybrid technologies, which combine two or more different processing
processes and combine their strengths. This paper presents the process parameters of the hybrid technology:
microarc oxidation on an MDO 100 system and vacuum ion-plasma deposition of TiN on a Platit 7311
system. The results of a comparative analysis of the physical and mechanical properties of multilayer
systems produced using a hybrid surface modification technology are presented. These systems compare
the properties of a coating produced by microarc oxidation and a TiN coating produced by vacuum ion-
plasma deposition. The coating thickness and abrasive wear resistance were determined using a CSM
Instrument Calowear, followed by analysis using a CARL ZEISS Axiotech Vario optical microscope. It
was found that the combined effect of microarc oxidation and vacuum ion-plasma deposition of TiN coat-
ings on the physical and mechanical properties of the multilayer system is not additive. It has been shown
that the MAO process, although well-studied and showing excellent results for aluminum components,
requires more detailed research for use in combination with vacuum ion-plasma deposition (VIPD) on
other valve group materials. Furthermore, further study is needed to optimize the electrolyte composition
and process conditions for the microarc oxidation process to produce multilayer systems that combine the
strengths of MAO and VIPD.

Keywords: mechanical engineering products and parts, hybrid technology, microarc oxidation, vacuum
ion-plasma spraying, coatings.

For citation: Grigoriev S.N., Shekhtman S.R., Peretyagin P.Yu., Sukhova N.A., Mustafaev E.S.,
Zykova M.A., Faskhutdinov A.I. Research on hybrid surface modification technology based on microarc
oxidation and vacuum ion-plasma deposition. Vestnik MSUT “Stankin”. 2025. No 3 (74). P. 8-16.
DOI 10.47617/2072-3172_2025 4 8. (In Russian)
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! THCTUTYT KOHCTPYKTOPCKO-TEXHOJIOrn4eckoi nupopmarukun PAH

2 MockoBcKui rocyjapcTBeHHbIN TexHonoruueckuii yuusepcuter «CTAHKWH»
3 OI'BOY BO «MUPDA — Poccuiickuii TEXHOIOTHYECKUN YHUBEPCHUTET»

* LleHTpanbHBIA HAyYHO-HCCIIEIOBATEINbCKUI MHCTUTYT MAIIMHOCTPOCHUS

™ ABTOp A1 KOPPECIIOHAEHIMH

NMPUMEHEHWE NOKPbITUA HA OCHOBE HUTPUOA BAHAUA
AN NOBbIWEHUA U3HOCOCTOMUKOCTU U3OENUN
N3 HEPXXABEIOLLEWN CTANN

AHHOTaI U

HccnenoBanucek cBoiictBa nokpsitTuii VN, (Zr,V)N u (V,Zr,Nb)N, ocaxneHHbIX MeTonoM controlled
accelerated arc PVD Ha cyGctpar Hepxkasetouieit cranu AISI 321. Teepmocts nokpeitust VN 3aMeTHO
MOBBIIIAETCS TIPU BBENIEHUH B ero coctaB Zr uiu Zr-Nb, coorBercTBeHHO. [lokpeitue (Zr, V)N noka-
3aJI0 HAWIYYIIYI0 CTOMKOCTb K pa3pylLIeHUI0 IpU CKPETU-TeCTe, IPU TeCTe «ITU(HT—IUCK» obpasel ¢
JTAaHHBIM MOKPBITHEM II0Ka3aJ Jy4Illee CONPOTHUBIeHNE H3HatmBaHu. [1pu atom nokperrue (V,Zr,Nb)N
obecreurBaeT HauMeHblIee 3HaUeHue ko3 duienta tperus (0,22) u coxpaHeHHe HHTEHCUBHOCTH U3Ha-
MIMBAHUs UHJICHTOPA Ha YPOBHE 00pa3La 0e3 MOKPBITHS IPH ONPEAEICHHOM CHIDKCHUN UHTEHCUBHOCTU
W3HAIIMBaHUA oOpa3na. Y oOpasua c nokpsitueM (Zr,V)N B obnactu uHTepdelica cyocTpar-nokpeITHe
HaOIoaercst GOpMUpPOBaHKE MEPEXOTHOTO €105 TONIHHOM 20—40 HM, COCTaB KOTOPOTO SBIISETCS CMECHIO
351eMeHTOB NOKpbITHA (Z1, V) u cyOcTpara (Fe, Cr). Haubonee akTuBHO B cOCTaB MOKPHITUS U3 cyOcTpaTa
muhdynnupyer xeneszo (Ha n1youny 1o 500 HM), BaHaguit AudGyHIUPYET U3 IOKPBITHA B CyOCTpar Ha
aHajoru4Hyo nryouny. Auddysus apyrux sneMeHToB HOKpbITUs (Zr u Nb) B cyOcTpaT npakTuiecku
OTCYTCTBYET.

KiroueBble ¢/I0Ba: KOHTPOJIHPYEMOE YCKOPEHHOE IyrOBOE OCaXICHUE U3 ra30BOM (a3bl, MOKPHITHS,
W3HOC, HUTPUJI BaHAAUS, TECT KIUTUPT—IHCKY.

Jas uutupoBanus: Bepemaka A.A., Cotosa E.C., Makapesuu K.M., [Toranos IL.1O., boposux T.H.,
IToranos FO.I1. I[lpumeHenne MOKPHITHS HA OCHOBE HUTPHJIA BAaHA M 1715l TIOBBILIEHUS H3HOCOCTOMKOCTH
n3aenuii u3 Hepkaseromei cranu / Bectauk MI'TY «Crankuny. — 2025. — Ne 4 (75). — C. 17-38. —
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USING VANADIUM NITRIDE COATING TO IMPROVE WEAR
RESISTANCE OF STAINLESS STEEL PARTS

Abstract

The properties of VN, (Zr,V)N and (V,Zr,Nb)N coatings deposited by controlled accelerated arc PVD on
an AISI 321 stainless steel substrate were studied. The hardness of the VN coating noticeably increases
with the introduction of Zr or Zr-Nb, respectively. The (Zr,V)N coating showed the best resistance to
destruction in the scratch test, and in the pin-on-disk test, the sample with this coating showed the best
wear resistance. At the same time, the (V,Zr,Nb)N coating provides the lowest value of the friction coef-
ficient (0,22) and ensures that the indenter wear intensity remains at the level of the uncoated sample with
a certain decrease in the sample wear intensity. In the sample with the (Zr,V)N coating, a transition layer
with a thickness of 2040 nm is formed in the substrate-coating interface area. The composition of the
transition layer is a mixture of coating elements (Zr, V) and substrate (Fe, Cr). Iron diffuses most actively
into the coating composition from the substrate (to a depth of up to 500 nm), vanadium diffuses from
the coating into the substrate to a similar depth. Diffusion of other coating elements (Zr and Nb) into the
substrate is practically absent.

Keywords: controlled accelerated arc PVD, coatings, wear, vanadium nitride, pin-on-disk test.

For citation: Vereschaka A.A., Sotova E.S., Makarevich K.M., Potapov P.Yu., Borovik T.N., Potapov
Yu.P. Using vanadium nitride coating to improve wear resistance of stainless steel parts. Vestnik MSUT
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MockoBCKH TocyJapcTBeHHBIN TexHonorndeckuit yausepcuter « CTAHKWH»
™ ABTOp J1JIs1 KOPPECHIOH/ICHIIUN

BIIUAHUE PEXXUMOB NTOPAYEIO

N30CTATUYECKOIO NPECCOBAHUA HA CBOMCTBA CINIABOB,
U3roTOBNEHHbLIX METOAOM CEJIEKTUBHOI'O NA3EPHOIO

U ANEKTPOHHO-NTYYEBOI'O MNMNABNEHUA

AHHOTAIHSA

Topsuee nzocraruyeckoe npeccosanue (I'MIT) — 310 BaxkHBIH 3Tan 1ocToOpadOTKH aJINTHBHBIX H3IENIU,
HO3BOJIIOLIUH 3HAUUTEIBHO YIIYUIINTb UX XapakTepUCTUKU. OCOOEHHO 3TO aKTyallbHO JUIsl M3ACIIHUM, T0ITy-
YEHHBIX TAKUMH METOAAaMH, KaK celekTuBHoe nasepHoe rmiasinenue (CJIIT/SLM), anekrpoHHO-ITyueBoe
wiasnenue (JJIII/EBM) u rpyruMu T€XHONOTUSIMU MOPOLIKOBOM MeTamnypruu. [Ipumenenue I'HIT x
aIIMTUBHBIM U3/IENIUSIM U3 Pa3HbIX MaTepUaIoB UMEET CBOM 0COOEHHOCTHU. PaccMaTpuBalOTCs OCHOBHBIE
ACIIEKTBI IS Pa3JIMUHbIX KI1aCCOB MAaTE€PUAJIOB: TUTAHOBBIE, HUKEJIEBbIE, AJIOMUHUEBbIE CILTIABbI U CILIABBI
Ha OCHOBE XeJe3a.

KioueBble ciioBa: ropsAa4ee U30CTATUYCCKOEC MPECCOBAHUE, CEJICKTUBHOC JIA3CPHOC IUIaBJICHUEC, 3JICK-
TPOHHO-JIYUCBOC IUIABJICHUC, aIAUTUBHBIC TCXHOJIOIUHU.

Jst uutupoBanusi: Mamontos E.K., I'ycapos A.B., Tapacosa T.B., Xmeipos P.C. Biusiane pexxnmon
TOPSTYET0 H30CTaTHYECKOTO IPECCOBAHMUS Ha CBOMCTBA CIUIABOB, H3TOTOBIEHHBIX METO/IOM CEJIEKTHBHOTO
JIA3€PHOTO | 3JICKTPOHHO-Ty4YeBoro riaenenus // Becthuk MI'TY «Crankuny. — 2025. — Ne 4 (75). —
C.39-52.-DOI 10.47617/2072-3172_2025 4 39.
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Evgeny K. Mamontov =, Andrey V. Gusarov, Tatiana V. Tarasova, Roman S. Khmyrov

Moscow State University of Technology “STANKIN”
™ Corresponding author

INFLUENCE OF HOT ISOSTATIC PRESSING MODES
ON THE PROPERTIES OF ALLOYS MANUFACTURED
BY SELECTIVE LASER AND ELECTRON BEAM MELTING

Abstract

Hot isostatic pressing (HIP) is an important stage of post-processing of additive products, which allows to
significantly improve their characteristics. This is especially important for products obtained by methods
such as selective laser melting (SLM), electron beam melting (EBM) and other powder metallurgy tech-
nologies. The application of HIP to additive products from different materials has its own characteristics.
The main aspects for different classes of materials are considered: titanium, nickel, aluminum and iron-
based alloys.

Keywords: hot isostatic pressing, selective laser melting, electron beam melting, additive technologies.

For citation: Mamontov E.K., Gusarov A.V., Tarasova T.V., Khmyrov R.S. Influence of hot isostatic
pressing modes on the properties of alloys manufactured by selective laser and electron beam melting.
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! Muctutyt MammHoBeneHus uM. A.A. Brnaronpasosa PAH
2 MoCKOBCKHiT TocynapcTBeHHbIH TexHonornueckuit yausepeurer « CTAHKWH»

™ ABTOp IJ11 KOPPECTIOHIEHIIUH

LIN®POBLIE IBONHUKM COBPEMEHHOIO
METAJNIOOBPABATbIBAIOWEIO OBOPYJOBAHUA.
CUHEPTETUYECKUNA 3®®EKT MHTEMPALMN KUBEP-®U3NYECKOU
CUCTEMbI U EE BUPTYANIbHOIO AHAJOTA

AnHoTanus

B craTbe 00CyXIal0TCs BONPOCHL, CBI3aHHBIE C peaTi3alueil 1 UCIONb30BaHIEM IU(PPOBBIX JBOMHHKOB
TEXHOJOrn4eckoro ooopynosanus. [lokasaHo, uto Hauboee Moye3Hb! MONOOHBIE BUPTYaIbHbBIC aHAJIOTH
B CJIy4asiX, KOIJ]a CBOICTBA MPOTOTHIIA U3MEHSIOTCS C TEYCHUEM BPEMEHH, M CYILIECTBYET BO3MOKHOCTh
MOJIy4aTh B PEKMME PeabHOro BpeMeHH 00beKTHBHYIO HH(popMaiuio o ero cocrosHur. OTMEUeHO, 4To
MOJTHOIICHHBIC ITU(PPOBBIC IBOMHUKN MOTYT OBITh PEAM30BAHBI TOJIBKO ISl KHOEP-(PU3NIECKIX TEXHOJIO-
THYECKUX CHCTEM, KOTOPBIC PACIIOaratoT MOJIHOLIEHHOH CHCTEMON H3MEPHUTEIbHBIX YCTPOHCTB. APXHUTEK-
Typa HU(PPOBBIX JTBOHHUKOB OMPEALISAETCS CBOWNCTBAMH M COCTABOM 3a]1a4, PEIIaeMbIX HX (HPH3HICCKUMH
MPOTOTUIIAMH, & BAYKHEHIITMM CBOMCTBOM CHCTEMBI MOJIETTMPOBAHUS LIUPPOBOTO IBOMHUKA JIOJDKHA SBIATHCS
CHOCOOHOCTH K 3BOJIIOIMOHHOM aanTalui K M3MEHEHHIO COCTOSHUSI TPOTOTUIIA.

Kirouesble caoBa: nudpoBble IBOMHUKY, HU(DPOBbIE TEHU, KUOEP-PU3NUECKUE CUCTEMBI, IIPOMBIIII-
JICHHBIH MHTEPHET Bellel, TEXHOJIOTHH OOJIBIINX JAHHBIX U O0JaYHBIX BHIUUCICHUH, MyIbTU()U3NUECKUE
MaTeMaTHYeCKHe MOJEIH, apXUTEKTypa, PEKUM PEaIbHOTO BPEMEHH.

Jas uutupoBanus: bposkosa M.b., Bymyes B.B., Mosnoauos B.B., HoBukos B.A. [Tudpossie nBoii-
HHUKH COBPEMEHHOT0 MeTajui000pabarkiBatoiiero ooopynoBanus. CuHepreTudeckuid 5pQeKT HHTEerpauu
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DIGITAL TWINS OF MODERN METALWORKING EQUIPMENT.
THE SYNERGISTIC EFFECT OF INTEGRATING CYBER-PHYSICAL
PRODUCTION SYSTEMS WITH THEIR VIRTUAL COUNTERPARTS

Abstract

This paper explores the implementation and application of digital twins for technological equipment. It
highlights that digital twins are particularly valuable when the properties of a physical prototype change
over time and when real-time access to objective data about its condition is available. The study notes that
fully functional digital twins can only be developed for cyber-physical production systems equipped with
comprehensive measurement systems. The architecture of a digital twin is shaped by the characteristics
and range of tasks performed by its physical counterpart. A critical feature of any digital twin simulation
system must be its ability to adapt and evolve in response to changes in the prototype’s state.

Keywords: digital twins, digital shadows, cyber-physical systems (CPS), Industrial Internet of Things
(IToT), big data and cloud computing technologies, multiphysics mathematical models, architecture, real-
time operation.

For citation: Brovkova M.B., Bushuev V.V., Molodtsov V.V., Novikov V.A. Digital Twins of Modern
Metalworking Equipment. The Synergistic Effect of Integrating Cyber-Physical Production Systems with
Their Virtual Counterparts. Vestnik MSUT “Stankin”. 2025. No 3 (74). P. 53—62. DOI 10.47617/2072-
3172 2025 4 53. (In Russian)

BECTHUK MI'TY « CTAHKWH» Ne 4 . 2025 / VESTNIK MSUT «STANKIN» No. 4 » 2025




2.5.5. TEXHOMNOT VS 1 OBOPYOBAHNE MEXAHUYECKOW U ®U3NKO-TEXHUYECKOW OBPABOTKM

Hayunas cmamos

YVIK 621.9.06-229.333.001.63 Bectauk MI'TY «Crankun». 2025. Ne 4 (75). C. 63-70.
DOI 10.47617/2072-3172_2025_4 63 Vestnik MSUT “Stankin”. 2025. No. 4 (75). P. 63-70.

Hzopv Anexceeeuu 3eepes™, Bnaoucnae Braoumuposuu Cnecapes

MockoBcKHiA TOCYIapCTBeHHBIH TexHOmorndeckuit yauepeuteT « CTAHKWH»
™ ABTOp 1171 KOPPECTIOHACHIIUU

KOMMNNEKCHOE PACYETHO-3KCMNEPUMEHTAJIbHOE UCCNEAOBAHUE
XAPAKTEPUCTUK BbICOKOCKOPOCTHbIX LUMWHAENbHbIX Y3510B

AHHOTaNUSA

IIpencraBneHs! pe3yasTaTsl KOMIUIEKCHOTO paCu€THO-3KCIEPUMEHTAIBHOTO UCCIIEOBAHMS XapaKTEPUCTUK
PpaboTocrocoOHOCTH BEICOKOCKOPOCTHBIX IIMUHIIEIBHBIX Y3JIOB Ha ortopax kadeHus. O60cHOBaHa HEOO-
XOAMMOCTh KOMIIJIEKCHOTO IO/IX0/1a K MOAETIUPOBAHUIO ITOKa3aTeNlel KauyecTBa IIMUHJIENbHBIX y3JI0B IPU
npoekTupoBaHuy. KoMIekcHas Mozienb MpeAHa3Ha4YeHa Ui IPOTrHO3HOM OLIEHKH CTaTUYECKUX, TUHAMU-
YECKHUX M TEIUIOBBIX XapaKTEPUCTHK IIMUHJIEIBHBIX Y3JIOB C YUETOM Pa3IHYHbIX (PaKTOPOB U yCIOBUI UX
skcrutyaranui. CpaBHEHHE Pe3y/IbTaTOB TEOPETUYECKHIX U DKCIIEPUMEHTAIBHBIX UCCIIEJOBAaHHA TOTBEP-
JTUIIO aIeKBaTHOCTH Pa3pabOTaHHBIX MOJIEIIEH U BOBMOXXHOCTh WX UCIIOJIb30BAHUS MPH ITPOEKTHPOBAHUH
HOBBIX M MOJEPHU3ALNY CYLIECTBYIOLUINX KOHCTPYKLIUH.

KuarwueBsle ciioBa: MeTaJ’IHOpC)KyI.HHfI CTaHOK, BLICOKOCKOpOCTHOfI IIMUHACTBHBIN y3€1, IIMMAHACIIBbHBIC
OIIOPBI KAYCHU, KOMIIJICKCHAA MAaTEMATUUYCCKasA MOACIIb, XapaKTCPHUCTHKNA pa6OTOCH0006HOCTI/I HIITHAH-
JACJIbHBIX Y3JI0B.

Jas nuruposanns: 3sepes U.A., Cnecapes B.B. KommiekcHoe pacyeTHO-3KCIIEpUMEHTAIBHOE HCCIle-
JIOBAaHHE XapaKTEPUCTHK BHICOKOCKOPOCTHBIX IIMUHAEIbHBIX y310B // BectHuk MI'TY «Crankun». —
2025. - Ne 4 (75). — C. 63—70. — DOI 10.47617/2072-3172_2025_4_63.

Igor A. Zverev®, Viadislayv V. Slesarev

Moscow State University of Technology “STANKIN”
™ Corresponding author

A COMPLEX SIMULATION AND EXPERIMENTAL STUDY
OF THE CHARACTERISTICS OF HIGH-SPEED SPINDLE UNITS

Abstract

The results of a complex simulation and experimental study of the performance characteristics of high-
speed spindle units running on rolling bearings are presented. The necessity of an integrated approach to
modeling the quality indicators of spindle units during design is substantiated. The complex model has been
designed to predict the static, dynamic, and thermal characteristics of spindle units, taking into account
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various factors and operating conditions. A comparison of the results of theoretical and experimental studies
confirmed the adequacy of the developed models and their applicability for the design of new structures
and the modernization of existing ones.

Keywords: metal-cutting machine, high-speed spindle unit, spindle rolling bearings, complex mathematical
model, performance characteristics of spindle units.

For citation: Zverev LA, Slesarev V.V. A complex simulation and experimental study of the characteristics
of high-speed spindle units. Vestnik MSUT “Stankin”. 2025. No 3 (74). P. 63-70. DOI 10.47617/2072-
3172_2025_4 63. (In Russian)
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AHATN3 KOHCTPYKLMX CMEHHbIX MHOIOIrPAHHbIX
TBEPAOCHMINABHbIX MNACTUH AN TOKAPHOW OBPABOTKHU
ANIOMUHUEBBIX CIMJIABOB

AHHOTaI U

B crarbe npeacTaBicH aHaIN3 KOHCTPYKLUEM COOPHBIX TOKAPHBIX PE3LI0B CO CMEHHBIMU MHOTOIPaHHBIMU
IUTACTUHAMM, NPEeJHA3HAYEHHBIX JJIs1 00paOOTKH alOMUHUS U €TI0 CIUIABOB. AJIIOMUHUEBBIE CILIABBI,
coziepkarue MeHee 6 % KpeMHHUs, OTIMYAlOTCsl OTHOCUTENBHO MaJIof TBEPJOCTHIO, BBICOKOM MIacTHd-
HOCTbIO U CKJIOHHOCTBIO K HAJIUNAHUIO HA PEXYIIYI0 KPOMKY, YTO CIIOCOOCTBYET 00pa30BaHHIO HAPOCTOB
U CHIDKAET CTOMKOCTh MHCTPYMEHTA U KauecTBO 00paboTaHHON MOBEpXHOCTH. Llenbio aHaIUTUYECKOro
UCCIIEI0BaHUS SIBISETCS BBISIBICHHE KOHCTPYKTUBHBIX OCOOEHHOCTEN PEXYIINX IUIACTHH, ONPEAEIISIOIIX
KayecTBO 00paboTaHHOM MOBEPXHOCTH U 0011y 3 heKTUBHOCTb pe3anus. IIpoBejeH NaTeHTHBIH IOUCK
10 OTE€UECTBEHHBIM U 3apyOexHbIM 0a3aM AaHHbIX 3a nepuon 20002025 rr., 4To M03BOJIUIO YCTAaHOBUTh
TEHJICHIIMU COBEPLICHCTBOBAHUS F€OMETPHHU paboueil 4acTu pexxyIluX IaCTUH U Pa3BUTHS HHCTPYMEH-
TaJIbHBIX MaTepUalioB U U3HOCOCTOMKUX MOKPBITUN. BBIABICHBI JOMUHUPYIOLINE MOAXOAbI PA3IUUYHBIX
CTpaH U [IPOaHAIU3UPOBAHBI COBPEMEHHbIE TEXHUUECKUE PELICHNUS, HAlIPpaBICHHbIE Ha OBbIIIEHHUE Y hek-
TUBHOCTH M KaueCTBAa YUCTOBOU TOKapHOH 00pabOTKU allOMUHUS U €70 CIIaBOB. ONpeeneHbl KIIIOUeBbIe
OrpaHUYEHMs] KOHCTPYKIMA TokapHbIX pe3loB 1 CMII i Hux npu 06paboTKe alTlOMUHHUEBBIX CILIABOB,
CBSI3aHHBIE C YCTOHUMBOCTBIO IIPU OONBIINX BBUIETAX, MAJIONOJAYHBIMU PEXKUMAMU U OCOOEHHOCTIMU
00paboTKH BBICOKOILIACTHYHBIX MaTepHanoB. Ha ocHoBe aHanu3a copMyIupoBaHbl NEPCHCKTUBHbIE
HAaIpaBJICHUs COBEPLICHCTBOBAHMS OTEUECTBEHHBIX TBEPAOCILIABHBIX TOKAPHBIX CMEHHBIX MHOTOIPAHHBIX
IUIACTUH JJIS [IOBBIIIEHHS KadecTBa 00paOOTKH alIOMUHUEBBIX CILIABOB.

KiroueBble cj1oBa: cOOpHBIE TOKAPHBIE PE3Lbl, CMEHHBIC PEXYIIHE IUIACTUHBI, TOKapHas 00paboTka
QIIOMMHHEBBIX CIUIABOB, KOHCTPYKLUH PEXKYIIUX HHCTPYMEHTOB.

Jlnst umtupoBanusi: Kysnenos B. A., I'peanmiankos B. A., Hcaes A. B., Mup3omaxmymos A. P., [Ipoko-
meeB A. 10. AHanu3 KOHCTPYKIWH CMEHHBIX MHOTOI'PaHHBIX TBEPIOCIUIABHBIX TUIACTUH JJIsI TOKAPHOM
00padoTku amomuHIEBBIX ciutaBoB // Bectank MI'TY «Crankua». — 2025. — Ne 4 (75). — C. 71-78. —
DOI 10.47617/2072-3172_2025 4 71.
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ANALYSIS OF DESIGN OF INDEXABLE TURNING INSERTS
FOR MACHINING ALUMINUM ALLOYS

Abstract

In present paper, an analysis of the designs of indexable lathe cutting tools with replaceable cutting inserts
for machining aluminum and its alloys is presented. Aluminum alloys containing less than 6% silicon
are characterized by relatively low hardness, high ductility, and a tendency to adhere to the cutting edge,
which contributes to the formation of built-up edges and reduces tool life and quality of surface finishing.
The objective of this analytical study is to identify the design features of cutting inserts that determine the
quality of the machined surface and overall cutting efficiency. A patent search of domestic and international
databases for the period 2000-2025 was conducted, which allowed us to identify trends in improving the
geometry of cutting inserts and the development of cutting materials and wear-resistant coatings. Domi-
nant approaches in various countries are identified, and modern technical solutions aimed at improving
the efficiency and quality of finish turning of aluminum and its alloys are analyzed. Key limitations of
turning tool and indexable inserts for machining aluminum alloys are identified, including stability at long
overhangs, low-feed rates, and the specifics of machining highly ductile materials. Based on this analysis,
promising areas for improving domestic carbide indexable turning inserts are formulated to improve the
quality of machining aluminum alloys.

Keywords: lathe cutting tools, indexable turning inserts, turning of aluminum alloys, cutting tools design.

For citation: Kuznetsov V. A., Grechishnikov V. A., Isaev A. V., Mirzomakhmudov A. R., Prokopyev A. Y.
Analysis of design of indexable turning inserts for machining aluminum alloys. Vestnik MSUT ““Stankin”.
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! IHCTUTYT KOHCTPYKTOPCKO-TeXHOIOrHYeckoit nudopmaruku PAH

2 ®I'BOY BO «MMP3A — Poccuiickuii TEXHOIOTHYSCKHIA YHUBEPCUTET»

* IleHTpaJbHbBIA HAYYHO-HUCCIIEA0BATENILCKUI HHCTUTYT MAIIHHOCTPOCHHS

* MocKkoBcKuit rocynapcTBeHHbIH TexHonornueckuit yausepeurer « CTAHKWH»

> HabepexxaouenHuHckuit HHCTUTYT ((prman) Kasanckoro ¢enepanpbHOro yHuBepcureTa
¢ TIAO «<KAMA3»

™ ABTOp J11 KOPPECTIOHIEHIIUH

OCOBEHHOCTW NPOLIECCA OYNCTKU U TEPMOAKTUBALIUA
NMOBEPXHOCTWU OETANEN U3 TUTAHOBOIO CINJIABA
MNA3MOW TNEIOLLENO PA3PAMA NPU OCAXOEHUU
MOOUOULINPYIOLLNX MOKPLITUIA

AHHOTaIUA

CpaBHUBAIMCh OCOOEHHOCTU OCAXJCHUS MOKPLITUI Ha cyOCTpaT TUTAHOBOI'O CILIaBa IPU IIOArOTOBKE
MIOBEPXHOCTH JBYyMS aJIbTEpPHATUBHBIMU METOlaMU — TIIEIOLIEro pa3psia B noaoM karoae (HCS) u nonnoi
6om6apaupoBku (IB). ITocne ocaxxaenus nokpslTuit ZrN H3HOCOCTOMKOCTh 00pa3LoB yBEINYUBAETCS HA
50-70 % mno cpaBHeHHIO ¢ 0OpaznamMu 0e3 MOKPBITUS, IpU 3ToM npuMeHeHue merona HCS no3somnser
obecneunTs U3HOCOCTORKOCTh Ha 5—30 % Bblie 1o cpaBHeHUI0 ¢ MeToaoM IB. IIpu stom obpasusl ¢
MOKPBITUAMU, OCAXKACHHBIMU C Ucnoib30BaHnueM MeToqoB HCS u IB, 1eMOHCTpUPYIOT OueHb OIU3KUe
3HAYCHUS KOIPPUIIEHTA TPSHNUS, ¢ He3HAYUTEeNbHBIM (Ha 10—15 %) CHI)KeHHEM JaHHOTO TTOKa3aTess y
o6pasuoB HCS. 3MeHeHNe BeITMUMHBI HAIPSDKEHUS cMellieHus Ha cyoctpare (—900, —1200 u —1500 B)
OKa3bIBacT 3aMETHOE BIIMSHUE HA CONPOTUBIIAEMOCTh U3HAIUBAHUIO. [Ipu 3TOM HauydIas COIpPOTHB-
JSIEMOCTb U3HAIIMBAaHUIO HabmonaeTca y oopasua HCS ¢ nanpsixenuem cmenienus —1200 B. Pacuetnoe
ONTUMAJILHOE 3HaUYEHHE HAIIPSHKEHUS CMeIleHNst Ipu ucnonb3oBanuu Merona HCS cocrasnser —1126 B.
B mponecce npenBaputensHoi 00padboTku cydcrpara metonamu HCS u IB MoxxeT hopmupoBatses mepe-
XOIHBIH cloit B obnmactu uHTepdeiica «IOKpBITHE — CyOCTpary, TONHHA JAHHOTO CIIOS BapbUPYeTCs
B npenenax 15-400 HM, a cocTaB NpeacTaBiIsieT CMECh MaTepHajIoB MOKPBITHS (IIMPKOHUI) U cyOcTpara
(TuTaHa, AMOMUHHUS ¥ BaHAIUS).

KuroueBble ci10Ba: 3¢ deKT nonoro karona, HoHHasi 0oMOapaAUpOBKa, IOKPHITHE, U3HOC, THTAHOBBIH CIIIAB.

Jas uurupoanus: Bepemiaka A.A., [lImakoB .M., boposuk T.H., [Toranos I1.1O., Mycradaes 2.C.,
dacxytaunoB A.U., Cynpasiikuna Y.A., [epetsrun I1.}F0. OcobeHHOCTH mpoliecca OYMCTKA U TEPMO-
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FEATURES OF THE PROCESS OF CLEANING AND THERMAL
ACTIVATION OF THE SURFACE OF TITANIUM ALLOY PARTS BY GLOW
DISCHARGE PLASMA DURING DEPOSITION OF MODIFYING COATINGS

Abstract

The features of deposition of coatings on a titanium alloy substrate during surface preparation using two
alternative methods — glow discharge in a hollow cathode (HCS) and ion bombardment (IB). After deposi-
tion of ZrN coatings, the wear resistance of the samples increases by 50-70 % compared to the uncoated
samples, while the use of the HCS method allows wear resistance of 5-30% higher compared to the IB
method. At the same time, coated samples deposited using the HCS and IB methods show very similar
values of the coefficient of friction, with a slight (10—15 %) decrease in this indicator for HCS samples. A
change in the value of the bias voltage on the substrate (—900, —1200, and —1500 V) has a noticeable effect
on wear resistance. At the same time, the best wear resistance is observed in the HCS sample with an offset
voltage of —1200 V. The calculated optimal value of the bias voltage when using the HCS method is —1126
V. During the pretreatment of the substrate by HCS and IB methods, a transition layer can be formed in
the area of the coating—substrate interface, the thickness of this layer varies between 15400 nm, and the
composition is a mixture of coating materials (zirconium) and substrate (titanium, aluminum and vanadium).

Keywords: hollow cathode effect; ion bombardment; coating; wear; titanium alloy

For citation: Vereshchaka A.A., Shmakov .M., Borovik T.N., Potapov P.Yu., Mustafaev E.S., Faskhut-
dinov A.IL., Suldyaikina U.A., Peretyagin P.Yu. Features of the process of cleaning and thermal activation
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MockoBckHi rocygapcTBeHHbIH TexHonorndeckuil yausepcurer « CTAHKHWH»
™ ABTOp AJ1 KOPPECTIOHAEHIMH

COBPEMEHHbIE ®PE3EPHbIE PEXYLUMUE NNACTUHDI:
PbIHOK, MATEPUATIbI U UHHOBALIUOHHBLIE MOKPbITUA

AHHOTAIIUA

B ycnoBusIx pactyliieit KOHKYpEHIIUH U TPeOOBaHUH K POU3BOIUTEIILHOCTH METAIIO00PAOOTKH KITFOUEBBIM
3JIEMEHTOM TEXHOJIOTMYECKOTO ITPOIlecca SIBISIOTCS PEXYIIUe TIAacTUHBL. VX 3 (heKTHBHOCTH orpeaes-
€TCsI CKOPOCTBIO, TOYHOCTBIO M CTOUMOCTBIO U3TOTOBJICHHSI ieTaliei. JlaHHAs cTaThs HCCIIEAYEeT MUPOBOM
W POCCUHCKUN PBIHOK, OCHOBHBIC MaTepUajbl U NMEPEIOBbIC TEXHOJIOTHH (DOPMUPOBAHUS TTOKPBITHIA,
¢ 0cOOBIM aKIICHTOM Ha COCTaBbI JIJIsl 00Pa0OTKHU CIOKHBIX MAaTEPHAJIOB.

KnioueBble cjioBa: Gpe3epHbIe CMEHHbIE MHOTOIPDAHHbIE IUIACTUHBL, HOKPHITHS, 00BEM PHIHKA PEXYIIETro
UHCTPYMEHTA.

Jas nurupoBanus: Cynpasiikuaa Y.A., [Tonensinkus E.IT., Corosa E.C., I'puropses C.H. CoBpemenHbIE
(bpesepHBIe peXyLIHe TUIACTUHBL: PHIHOK, MaTepHANIbl 1 HHHOBAIIMOHHBIE TIOKpHITHs / BectHuk MI'TY
«Crankuny». — 2025. — Ne 4 (75). — C. 100-115. — DOI 10.47617/2072-3172_2025 4 100.
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™ Corresponding author

MODERN MILLING CUTTING INSERTS:
MARKET, MATERIALS AND INNOVATIVE COATINGS

Abstract

In an increasingly competitive and highly productive metalworking environment, cutting inserts are a key
element of the manufacturing process. Their effectiveness is determined by the speed, precision, and cost
of manufacturing parts. This article examines the global and Russian markets, key materials, and advanced
coating technologies, with a particular focus on formulations for processing complex materials.

Keywords: milling indexable multifaceted inserts, coatings, cutting tool market size.

For citation: Suldyaikina U.A., Popelyshkin E.P., Sotova E.S., Grigoriev S.N. Modern milling cutting
inserts: market, materials and innovative coatings . Vestnik MSUT “Stankin”. 2025. No 3 (74). P. 100-115.
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BNMUAHWE COCTABA KATOOOB NPU HAHECEHUMU
W3HOCOCTOUKUX MNOKPbITUA HA PACNPEOENEHUE
MUKPOKAMENbHOW ®A3bl HA NTOBEPXHOCTU OBPA3LIOB

AHHOTAIUS

B paGore mpeacTaBiaeHbl pe3ylbTaThl SKCIIEPUMEHTAIBHOTO UcciieoBaHus PV D-OKPBITHI HUTPHUIOB
METaJUTYECKHUX CIUTaBOB cUCTeMbI Ti—Al-Si, mMpUMeHseMbIX IS MOBBIMICHUS] H3HOCOCTOUKOCTH PEXKY-
mero MHCTpyMeHTa. OCHOBHOE BHUMaHHE yeNeHO mpobiaeme (HOpMUPOBAHUS MUKPOKAIEIbHON (a3sbl,
XapaKTepHOH JJIsl BAKYYMHO-IYTOBBIX METOAOB OCAXJICHUS U CYIIECTBEHHO BIMSIOIICH Ha HKCILIyaTa-
OUOHHBIe XapakTepucTuku nokpbITHH. [Tokpertus TiN, AITiN-G, (Ti,A)N-ML u (Ti,Al,Cr,Si)N Obun
HOJTyYEHBI BAKYYMHO-IyTOBBIM HCIIAPEHUEM KaTOA0B Pa3INuHOIO cocTasa. J{jis KOJIN4eCTBEHHON OLIEHKH
IUIOTHOCTH MHKpOKAIelb MpeIoykeHa METOIMKA aHAIN3a OTPaskaTesIbHON CIOCOOHOCTH MOBEPXHOCTH
Ha OCHOBE 00pabOTKH HU(POBIX CTEPEOCKOINIECKHUX H300paxkeHuit. [IpoBeneHo cpaBHEHHE IIIOTHOCTH
MUKPOKaMNenbHOH (a3bl U1 pa3InuHbIX apXUTEKTYP U XUMUYECKUX COCTaBOB MOKPHITUH. YCTaHOBIEHO
BJIMSTHHE COOTHOIICHUSI TYTOIUTABKUX U JIETKOIUIABKUX KOMIIOHEHTOB Ha (hopMUpOBaHHUE 1e(eKTHON MUKPO-
CTPYKTYpBbl IOBEPXHOCTHOI'O CJIOS.

KaioueBble ci10Ba: TBepIOCIUIaBHbIE 00pa3bl, PVD-MOKPHITHS, INIOTHOCT MHKPOKAIIEIb, CTEPEOCKO-
MUYECKUE U300paKeHNUSI.

Jas umtupoBanus: Corosa E.C., [Tonensiukun E.IT., Yynpos M.B., ®enopos C.B., I'ypun B./.,
Kponorkuna E.1O., Murpanos ML.I1L., I'puropres C.H. Bimsinue coctaBa KaTrogoB IpH HAaHECEHUU H3HO-
COCTOMKHX MOKPBITHIT Ha pacnpenelieHne MUKpOKaIenbHOH (a3bl Ha MOBepXHOCTH 00pa3noB// BecTHuk
MI'TY «Crankun». —2025. — Ne 4 (75). — C. 116-124. — DOI 10.47617/2072-3172_2025 4 116.

Ekaterina S. Sotova™, Egor P. Popelyshkin, Mikhail V. Chuprov, Sergey V. Fedorov,
Vladimir D. Gurin, Elena Yu. Kropotkina, Mars Sh. Migranov, Sergey N. Grigoriev
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™ Corresponding author

THE INFLUENCE OF CATHODE COMPOSITION DURING DEPOSITION
OF WEAR-RESISTANT COATINGS ON THE DISTRIBUTION
OF THE MICRODROPLET PHASE ON THE CARBIDE SAMPLES SURFACE

Abstract
This paper presents the results of an experimental study of PVD coatings of nitrides of Ti—Al-Si metal
alloys used to improve the wear resistance of cutting tools. The focus is on the formation of a microdroplet
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phase, which is characteristic of vacuum-arc deposition methods and significantly affects the performance
characteristics of the coatings. TiN, AITiN-G, (Ti,Al)N-ML, and (Ti,AL,Cr,Si)N coatings were obtained
by vacuum-arc evaporation of cathodes of various compositions. To quantitatively assess the density
of microdroplets, a technique for analyzing the surface reflectivity based on digital stereoscopic image
processing is proposed. The density of the microdroplet phase is compared for various coating architectures
and chemical compositions. The influence of the ratio of refractory and low-melting components on the
formation of a defective microstructure of the surface layer is established.

Keywords: carbide samples, PVD coatings, microdroplet density, stereoscopic images.

For citation: Sotova E.S., Popelyshkin E.P., Chuprov M.V., Fedorov S.V., Gurin V.D., Kropotkina E.Yu.,
Migranov M.Sh., Grigoriev S.N. The influence of cathode composition during deposition of wear-resistant
coatings on the distribution of the microdroplet phase on the carbide samples surface. Vestnik MSUT
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Anopeit Anamonvesuy Kymun, Bnaoumup Ilasnosuu Boponenko

MockoBckHi rocyapcTBeHHBINH TexHonorndeckuil yausepcurer «CTAHKWH»

LUPPOBAA TPAHCOOPMALIUA B MALLUHOCTPOEHUW:
OT CTAHKA C CUCTEMOW ADANTUBHOIO YNPABJEHUA
K LMUOPOBOMY ABOMHUKY MPOU3BOACTBEHHOW CUCTEMBDI

AHHOTALUSA

B cratbe paccmarpuBaeTcs 3BOMIOLMOHHOE PAa3BUTHE HAyYHBIX UCCICA0BAHNH Kaderphl TEXHOIOTUH MaIlIU-
HocTpoeHus MI'TY «CTAHKHWH» ot pa3paboTKu CUCTEM aJaTHBHOTO YIIPABJICHUS CTAHKAMH K CO3/IaHUIO0
1 (POBBIX ABOHHUKOB MPOM3BOJCTBEHHBIX CHCTEM. BEINOIIHEH KpaTKuii aHaIM3 9TAaloB Pa3BUTHS aBTOMa-
THU3aLUH [IPOU3BOJICTBA, HAYMHAS C NIEPBBIX CUCTEM aBTOMATH3ALMH U 3aKaHUMBAsl HHTEIUICKTYa IbHBIMU
HPOU3BOICTBEHHBIMH KOMILIEKcaMH. I10Ka3aHbI KIIIOYEBbIE CLIEHAPUH TPUMEHEHUSI TU(PPOBBIX ABOMHUKOB
B CTAHKOMHCTPYMEHTAJILHON OTpaciu: NPEAUKTUBHOE 00CTY>KHBaHUE, YIIPaBIeHHE TOYHOCTHIO U IIPOM3BO-
JUTENLHOCTBIO, ONTUMHU3AIMS TpackTopuii. [Ipencrasnena apxuTekTypa u yHKLIHOHAIBHBIC BOSMOXKHOCTH
1 (HPOBBIX JBOMHUKOB, MX HHTETPaLUs ¢ KOPHOPaTHBHBIMU CHCTEMaMH yIIpaBieHus. PaccMoTpeno nprme-
HEHHE METOZI0B MOZICIIMPOBAHMS, HHCTPYMEHTOB BUPTYaIbHOM U JOTOIHEHHOH peanbHOCTH. O0Cy X IatoTes
BOIPOCHI 3P PeKTUBHOCTH U (POBBIX IBOHHUKOB IPOM3BOICTBEHHON CUCTEMBI.

Kuarwuesble cioBa: I.[PI(I)pOBOﬁ )1BOI71HI/IK, aJaliTUBHOC YIPABJIICHUC, HHTCIIJICKTYaJIbHOC ITPONU3BOACTBO,
MalIMHHOC 06y‘-IeHI/Ie, aBTOMaTnU3alus IpoOu3BOACTBA, IPECIUKTHBHOC 06CJ'Iy)KI/IBaHI/Ie, MMPpOU3BOACTBCHHBIC
CUCTEMBI, HCKYCCTBCHHBIﬁ HUHTCIICKT, I_II/I(i)pOBI/ISaHI/ISI.

Jas untupoBanusi: Kyrun A.A., Boponenko B.I1. Lludposas Tpancdopmaiins B MAaIIMHOCTPOCHHUHU: OT
CTaHKa C CHCTEMOW aJaNTHBHOTO YIPAaBICHHs K IH(POBOMY JABOMHHUKY MPOU3BOACTBEHHOH CHCTEMBI//
Bectruk MI'TY «Crankuny». —2025. — Ne 4 (75). — C. 125-135. - DOI1 10.47617/2072-3172_2025 4 125.

Andrey A. Kutin, Viadimir P. Voronenko

Moscow State University of Technology “STANKIN”

DIGITAL TRANSFORMATION IN MACHINE-BUILDING:
FROM MACHINE TOOL WITH ADAPTIVE CONTROL TO DIGITAL TWIN
OF MANUFACTURING SYSTEMS

Abstract

The article discusses the evolutionary development of scientific research at the sub-department of “Produc-
tion Engineernig” of the Moscow State University of Technology “STANKIN”, from the development
of machine tools with adaptive control systems to the creation of digital twins of production systems. It
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provides a brief analysis of the stages of development of production automation, starting from the first
automation systems and ending with intelligent production complexes. The article highlights key scenarios
for using digital twins in the machine tool industry, including predictive maintenance, precision and
productivity management, and trajectory optimization. It also discusses the architecture and functionality
of digital twins and their integration with corporate management systems. The article discusses the methods
of simulation, virtual and additional reality. The effectiveness of digital twins of the manufacturing system
is being discussed.

Keywords: digital twin, adaptive control, intelligent manufacturing, machine learning, production automa-
tion, predictive maintenance, manufacturing systems, artificial intelligence, digitalization.

For citation: Kutin A.A., Voronenko V.P. Digital transformation in machine-building: from machine tool
with adaptive control to digital twin of manufacturing systems. Vestnik MSUT “Stankin”.2025. No 3 (74).
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K BOMPOCY NOCTPOEHUA PEXXUMA CUNOBOIO YNPABJIEHUA
B ANEKTPOMNPMBOAE NOAYUHEHHOIO PEIYJINPOBAHUA
TEXHOJIOTMYECKOIO POBOTA

AnHoTanus

B crarbe aHAMU3MUPYETCS BO3MOXHOCTh O0CCIICUCHUS YIPABICHUS TPEXKOHTYPHBIM 3JIEKTPOITPUBOIOM
MTOCTOSIHHOTO TOKA B PEXKHMME 3aMbIKAHUsI POTOPA JIBUTATENS HEYCPKUBAIOIICH MEXaHHUECKOH CBA3BIO
MPH YCJIIOBUM 3aJaHHsI BEJTHYHUHBI CHIIBI peakinu. MOIEIUPOBAHHE JICKTPOMEXaHHUECKOW CHCTEMBI
¢ ucnonb3oBanreM MATLAB Simulink mo3BoJiiio MpoBECTH CEPUI0 BBIYMCIUTEILHBIX SKCIICPUMEHTOB
C UCTIOJIb30BaHUEM MOJICITH CBSI3H B BHJIEC JIMHEHHOTO yriopa. [Ipu 3ToM paccMaTpuBaiach armpoKCHMAaLUs
(DYHKIIMHM TOKA OT BEJTMYUHBI CUIIOBOTO 3a/IaHMS.

YcTaHOBIEHO, YTO yNpaBJICHUE MO TOKY JBUTATeNsl HA OCHOBE CTATHUECKOW XapaKTePUCTUKH JaHHOM
(yHKIIMH HEe 00eCTIeUnBacT YCTOMYMBOM pabOThI SIEKTPOIPHUBOA B TUHAMHUCCKUX PEKUMAX CHIIOBOTO
3ananus. Clienia BHIBOIT O HEOOXOIMMOCTH CO3/IaHHs YeTBEPTOTO KOHTYpa YIIPABJICHHUS Ha OCHOBE CHUIIOBOM
00paTHO# CBSI3M U Mepexo/ia K AJICKTPOIIPUBO/LY C IEPEMEHHOM CTPYKTYPOii, peaTU3yIOIIeMy Kak MO3UIH-
OHHOE yTpaBJicHUE B CBOOOHON 30HE, TaK M CHIIOBOE MPH 3aMBbIKAHUK Ha YIIOP.

Pe3ysbTarhl cTaTh OPUEHTUPOBAHBI TPEX/IE BCETO HA CO3JaHKE MPUBOJA TEXHOIOTHUECKUX pOOOTOB €
CHUIIOBBIM YIIPaBIICHHEM.

KiioueBble cj10Ba: O3UIIMOHHO-CUIOBOE YIIPABICHHE, TOAUYMHEHHOE PETYINPOBAHKE, HIEKTPOIIPUBO/I,
po6oT, MoEeTMpPOBaHUEe, KOHTAKTHOE B3aUMOAECIHCTBHE.

Jins uutuposanus: CreOGynanud M.M., Vinaxko A.E. K Bonpocy nocTpoeHus pexxumMa CUIOBOIO yIIpaB-
JeHHS B JIEKTPOIPHBOAE ITOAIYMHEHHOTO PEryIUPOBAHIS TEXHOIOTHIecKoro podora // Bectauk MI'TY
«Craskuny». —2025. — Ne 4 (75). — C. 136-148. - DOI 10.47617/2072-3172_2025_4 136.

Mikhail M. Stebulyanin, Aleksandr E. Ushakov ™

Moscow State University of Technology “STANKIN”
™ Corresponding author

ON THE ISSUE OF DEVELOPING A FORCE CONTROL MODE
IN AHIERARCHICALLY CONTROLLED ELECTRIC DRIVE
OF TECHNOLOGICAL ROBOT

Abstract
The paper analyzes the possibility of controlling a three-loop DC electric drive in a mode where the motor
rotor is closed through a compliant mechanical connection, with a specified reaction force. Modeling of the

BECTHUK MI'TY « CTAHKWH» Ne 4 . 2025 / VESTNIK MSUT «STANKIN» No. 4 » 2025



2.5.4. POBOTbI, MEXATPOHWKA 1 POBOTOTEXHUYECKUE CUCTEMBI

electromechanical system using MATLAB Simulink made it possible to conduct a series of computational
experiments with a linear stop model used as the connection. The dependence of the armature current on
the force command was approximated and analyzed.

It was found that current-based control relying on the static characteristic of this function does not ensure
stable operation of the electric drive under dynamic force control conditions. The conclusion is made about
the necessity of introducing a fourth control loop based on force feedback and transitioning to an electric
drive with a variable structure, capable of implementing both position control in the free motion zone and
force control when contact occurs.

The results of the study are primarily aimed at the development of force-controlled drives for technological
robots.

Keywords: position-force control, subordinate control, electric drive, robot, modeling, contact interaction.

For citation: Stebulyanin M.M., Ushakov A.E. On the issue of developing a force control mode in a
hierarchically controlled electric drive of technological robot. Vestnik MSUT “Stankin”. 2025. No 3 (74).
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MockoBckuii rocyapcTBeHHBIH TexHonorndeckuit yausepcurer « CTAHKWH»

™ ABTOp AJ11 KOPPECTIOHIEHIIUH

MOLENb ABTOMATU3UPOBAHHOW CUCTEMbI BbIEOPA

METOOA OBPABOTKU U PEXYLWETO UHCTPYMEHTA HA OCHOBE
NAPAMETPU3ALIMM NPUMYCKA B YCNIOBUAX MENKOCEPUUHOIO
NMPOU3BOACTBA

AHHOTaNMSA

B crarbe npencrasieHa MoJeb aBTOMaTU3UPOBAHHON CUCTEMBI JJIsl BBIOOpa MeTo/1a 00pabOTKHU U Pexy-
IEr0 HHCTPYMEHTA NP MEXaHW4Ieckor 00paboTke aeraneid. [IpeioxkeHHast MOJIeITh TIO3BOJISIET OCYIIECT-
BJISITH BEIOOP METOIOB O0PabOTKH M PEXKYILEro MHCTPYMEHTA Ha OCHOBE aHAIN3a MapaMeTPOB TEXHOJIO-
THYECKOTO MPHITYCKa, & TaKXKe WHPOPMAIMH O COCTOSHUH ITPOU3BOJCTBEHHBIX MOIHOCTEH U JAHHBIX O
CKJIaJICKHX 3armacax HHCTPYMEHTA.

Cucrtema BKIIFOYAET B ceOs STarbl JCKOMITO3UIMH MPHUITYCKa U €r0 MapaMeTPU3aIUIO C MOCIEAYOIINAM
BBIOOPOM JIOCTYIIHBIX ¥ ONITHMAIIBHBIX METOIOB 00PaOOTKHU U PEKYIIIEr0 HHCTPYMEHTA Ha OCHOBE KPUTEPHS
MHHHMH3AIAH CTOUMOCTH 00paboTKH. [TpakTHyeckas 3HaYMMOCTh UCCIICAOBAHUS 3aKIIFOUACTCS B BO3MOXK-
HOCTH CHI)KEHHS TPYI0EMKOCTH TEXHOJIOTHUECKOH MOATOTOBKH MPOU3BOICTBA M ONITUMHU3AIIMH 3aTPaT Ha
TIPOU3BOJICTBO.

KiioueBble cj10Ba: TEXHOJIOTHYECKast OATOTOBKA IIPOU3BOICTBA, aBTOMATH3aNs pa3paboTKH TEXHOIIO-
THYECKHX IPOLECCOB, 00padOTKa pe3aHneM, MOJEIb aBTOMATH3HPOBAHHOMN CHCTEMBI.

Jas uutuposanus: YOmun I1.B., @eodanos A.H. Mozenb aBToMaTu3MpoBaHHON CHCTEMBI BRIOOpa METO/1A
00pabOoTKH 1 peXKyYIIEro HHCTPyMEHTa Ha OCHOBE MapaMeTPH3aLliH IIPUITYCKA B YCIIOBHUSIX MEJIKOCEPUIHHOTO
npousBozacTia // Bectauk MI'TY «Crankuny. —2025. — Ne 4 (75). — C. 149-157. - DOI 10.47617/2072-
3172 2025 4 149.
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Denis V. Yudin™, Aleksandr N. Feofanov

Moscow State University of Technology “STANKIN”
™ Corresponding author

MODEL OF AUTOMATED SYSTEM FOR SELECTION OF MACHINING
METHOD AND CUTTING TOOL ON THE BASIS OF ALLOWANCE
PARAMETERIZATION IN CONDITIONS OF SMALL-SCALE PRODUCTION

Abstract

The paper presents a model of an automated system for selecting a machining method and cutting tools in
the machining of parts. The proposed model allows the selection of machining methods and cutting tools
on the basis of analyzing the parameters of technological allowance, as well as information on the state
of production facilities and data on tool stocks.

The system includes the stages of allowance decomposition and its parameterization, selection of avail-
able machining methods and cutting tools and selection of the optimal variant of machining method and
cutting tools based on the criterion of minimization of machining cost. The practical significance of the
research lies in the possibility of reducing the labor intensity of technological preparation of production
and optimization of production costs.

Keywords: technological preparation of production, automation of technological process development,
machining by cutting, model of automated system.
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Bnaoumup Anopeesuu I peunminukos, Illemp Banepvesuu /lomnun

MocCKOBCKHIA TOCyAapCTBEHHBIN TexHoorndecknii yauBepceuteT « CTAHKWH»

HAYYHASA LUKONA UHCTPYMEHTAJbLUUKOB:
TPAOMLMM U B3rNAO B BYAYLLEE

AHHOTALUS

CraTbs OMUCHIBAET HAYIHYIO ACATEINEHOCTD Kaeaphl HHCTPYMEHTAIBHOM TEXHUKH M TEXHOJIOTUH (opMo-
obpazoBanust MI'TY «CTAHKWHy, Bxknroyasi €€ cTaHOBJICHHE M Pa3BUTHE, OCHOBHBIC HAIIPABIICHUS
MCCIIEeI0BaHNHN U OCTIDKEHUSL. PacckaspiBaeTcs 0 pa3paboTKe HOBBIX METOIOB PACUETOB M aBTOMATH3UPO-
BaHHBIX CHCTEM JUIS IPOEKTHPOBAHNS HHCTPYMEHTOB, & TAKOKe O BHEAPEHUN HHHOBALMOHHBIX TEXHOJIOTHH
B NIPOMBIIUIEHHOCTH. Oc000€ BHUMAHUE YIENSETCS IIOATOTOBKE HAyUHBIX KaJIpOB, YIaCTHIO Kadeaps
B TOCYAAPCTBEHHBIX ¥ M&XXIYHAPOJHBIX MMPOEKTAX, & TAKIKE CO3JAHUIO COBPEMEHHBIX HCCIIEI0BATEIbCKUX
IIEHTPOB.

KioueBble ciioBa: Hay4dHas IIKOJIa, Hay4yHas ACATCIbHOCTh, MHCTPYMCHTAJIbHAsA TCXHUKA, PECIKYIINEC
HUHCTPYMCHTBI, THHOBAIIHUOHHBIC UCCJIICNOBaHU, HCTOPUSL Ka(i)e[[pLI.

Jns uutupoBanus: ['peunmankoB B.A., lomaun I1.B. Hayunas mikoma WHCTpYMEHTAIBIIUKOB:
Tpanuiuu U B3 B Oynymiee // BectHuk MI'TY «Crankuny. — 2025. — Ne 4 (75). — C. 158-162. —
DOI10.47617/2072-3172_2025 4 158.

Viadimir A. Grechishnikov, Petr V. Domnin

Moscow State University of Technology “STANKIN”

THE SCIENTIFIC SCHOOL OF INSTRUMENTALISTS:
TRADITIONS AND A LOOK INTO THE FUTURE

Abstract

This article describes the research activities of the sub-department of “Cutting Tools and Form-Generation
Technologies” at MSUT “STANKIN”, including its formation and development, main research areas,
and achievements. It covers the development of new calculation methods and automated systems for tool
design, as well as the implementation of innovative technologies in industry. Particular attention is paid
to the training of research personnel, the department’s participation in national and international projects,
and the creation of modern research centers.

Keywords: scientific school, scientific activity, instrumentation, cutting tools, innovative research, depart-
ment history.
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MockoBckuii rocyapcTBeHHBIH TexHonorndeckuit yausepcuter « CTAHKHWH»

KOrHUTUBHBIE TEXHOJIOITMX MPOEKTUPOBAHUA U YNPABIIEHUA
B UT-MHOYCTPUMU — HOBbIA TEXHONOIMMYECKUA BA3UC

AHHOTAN M

B crarbe npuBeneHb! EPCIEKTUBEI HAYYHBIX HCcaenoBaHui kadenps! « IH(bOpMannOHHbIE TEXHOIOTHH
u Beruncaurensabie cuctemMs» MI'TY « CTAHKWH», npencrasnena nucropust HanpasieHust « KOrHUTHBHBIE
TEXHOJIOTHH NMPOEKTUPOBAHUS U YIIPABIECHHUSD» KaK 00IacTH HaydHOH MIKOIBI « KOHCTPYKTOPCKO-TEXHO-
JoruyecKkas HHPOpMaTHKa B MAIIHHOCTPOSHHUMY, ONMCAHA KOHIIEIIINS HAIPaBICHU, KOTOpast SBISETCS
TEXHOJIOTHYECKO OCHOBOW TPH CO3TaHUU LU(PPOBEIX aBTOMATH3UPOBAHHBIX CHCTEM.

Hayunas mikona « KoHCTpyKTOpCKO-TeXHOMOrMIeckast nHdopmarrka B MammrHocTpoerum» (KTH) chopmu-
pOBaJIa HOBBIE IPOPBIBHBIC HATPABICHUSI HCCIICAOBAHHUI — PE3YIIBTATOM €€ ISSITSIBHOCTH CTalo (hOPMHPO-
BaHME METOJIOJIOIMYECKON U IMTPAKTUUECKOM 0a3bl JJIs CO3aHUS MHTEIPUPOBAHHBIX aBTOMATH3UPOBAHHBIX
CHCTEM, OXBAaThIBAIOIIUX BCE ATAIbl )KU3HEHHOTO IIMKJIa MAIMHOCTPOUTEIbHBIX M3/ICIHNA. DTH HCce-
JTIOBaHUS 3HAUYUTEIHHO MPOJIBUHYIIU MTPOLECCH KOMIUIEKCHON aBTOMATH3allMM B MAIIMHOCTPOUTEIBHOM
IMPOU3BOACTBE CTPAaHbI, YTO MOBBICUIIO KOHKypeHTOCl'lOCO6HOCTI) HaLIPIOHaJ'lLHOfI IPOMBIIIJICHHOCTHU Ha
MEXYHapOJHOM ypPOBHE.

Komextus kadenpbt « THPOpMaIMOHHBIE TEXHOJIOTHH U BhrurciuTenbHbie cuctemby MI'TY « CTAHKH»
TPOJOJKAET HAyYHBIE MCCIENOBaHM 0 psiny HampaBieHui HayuHol mikonsl KTU — npoektupoBanue
1 pa3paboTka nu(poBBIX MPOU3BOJCTBEHHBIX CHCTEM, METOJOJIOTHS aBTOMAaTH3allUH UHTEIJIEKTYalIb-
HOTO Tpy[a U aBTOMAaTU3UPOBAHHOE ITPOM3BOACTBO NMPOIPAMMHBIX KOMILICKCOB, YIIPABICHHE Ka4eCTBOM
MIPOEKTHBIX pabOT HA OCHOBE METOIOB KOTHUTUBHOTO MOJICIMPOBAHHS U HH)KEHEPHOTO aHaIN3a.

KiroueBsbie cjioBa: aBTOMaTu3aluys Npon3BoACTBa, KOTHUTUBHBIC U I/IH(bOpMaLII/IOHHLIe TEXHOJIOI'MH, BBIYUC-
JIMTCJIIbHBIC CUCTEMbI, CUCTEMBI YIIPaBJICHUS.

Jlnsa uutupoBanus: Hosocenosa O.B., Bonkosa I'.]]. KorHUTHBHBIE TEXHOIOTHN MPOEKTUPOBAHUS
u yupasienus B UT-unaycTpun — HOBBIN TexHonornueckuii 6aszuc // Becthuk MI'TY «CraHkuny». —
2025. - Ne 4 (75). — C. 163-169. — DOI 10.47617/2072-3172_2025 4 163.
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Olga V. Novoselova, Galina D. Volkova

Moscow State University of Technology “STANKIN”

COGNITIVE TECHNOLOGIES OF DESIGN AND MANAGEMENT
IN THE IT INDUSTRY — A NEW TECHNOLOGICAL BASIS

Abstract

The article presents the prospects of scientific research of the sub-department of “Information Technolo-
gies and Computing Systems” of MSUT “STANKIN”, presents the history of the direction “Cognitive
Technologies of Design and Management” as a field of the scientific school “Design-Technological Infor-
matics in Mechanical Engineering”, described is a direction concept, which is the technological basis for
creating digital automated systems.

The scientific school “Design-Technological Informatics in Mechanical Engineering” (DTI) has formed
new breakthrough areas of research — the result of its activity was the formation of a methodological and
practical basis for creating integrated automated systems covering all stages of the life cycle of engineering
products. These studies significantly advanced the processes of complex automation in the country’s engi-
neering production, which increased the competitiveness of the national industry at the international level.
The staff of the Department “Information Technologies and Computing Systems” of MSUT “STANKIN”
continues scientific research in a number of areas of the KTI scientific school - design and development of
digital production systems, methodology for automation of intellectual labor and and automated produc-
tion of software complexes, quality management of design work based on methods of cognitive modeling
and engineering analysis.

Keywords: production automation, cognitive and information technologies, computing systems, control
systems.
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MockoBckuii rocygapcTBeHHbIN TexHonorndeckuil yausepcuter « CTAHKHWH»

HAYYHAA LLKOJIA CTOUMOCTHOIO YMNPABJIEHUA - OTBEYAA
HA Bbl3OBbl BPEMEHU

AHHOTAIIUA

B crarbe nccnenyercs cTaHOBJICHHE M Pa3BUTHE HAYYHOM IIKOJIBI CTOMMOCTHOTO yripasiieHus. Ha ocHoBe
aHaIM3a TeMaTHKU AUCCEePTAIMOHHBIX HccaenoBanmii 3a mepuonsl 1999-2007 rr., 2009-2013 rr., 2014—
2018 rr., 2019-2025 rr. 1 paboT, HAXOAAIUXCS B MPOIECCEe MOATOTOBKH, ITOKa3aHa MpsiMasi B3aUMOC-
BSI3b MEXK/Y aKTyaJIbHBIMH MTPOOIEeMaMK Pa3BUTHS POCCUHCKON SKOHOMHKH U (POPMUPOBAHUEM HAYUIHOM
MOBECTKHU. JIOKa3aHO, YTO Hay4Has IIKOJIa CTOMMOCTHOTO YIPABICHHS MOCIEA0BATEILHO H CHCTEMHO
aJIanTHPOBaJIa CBOM MCCIICA0BATEIIbCKUE HAMPABICHUS IS PEIICHUS KITFOUEBBIX HAYYHO-TIPAKTUYCCKUX
3a/1a4 pa3BUTHS MMPOMBIIIIICHHOCTH POCCHH, aHTUKPU3UCHOTO YITPABJICHUS, CTPATETHUCCKOTO YIIPABICHHS
AKTHBaMHU M KaITUTAJIOM MIPEANPHUSATHIA, 00eCTIeueHHs KOHKYPEHTOCIOCOOHOCTH U TEXHOJIIOTHYECKOTO CYyBe-
PCHUTETA CTPAHBI.

Ki1io4eBble cJ10Ba: Hay4Has 11KOJIA, CTOUMOCTHOE YIIPaBJIEHHE, YIIPaBJICHNE UMYIIIECTBEHHBIM KOMIUIEKCOM,
ynpaBieHne (UHaHCaMH, OIIEHKa aKTUBOB, CTPATETHYECKOe YIIPABICHNE, YIPABICHHE KOHKYPEHTOCIIO-
COOHOCTBIO, TEXHOJIOTHUECKHH CyBEPEHHTET.

Jis uurupoBanus: Enenesa 10.51., Aunpees B.H. Hayunas mkosa cTOMMOCTHOTO YIIPABJICHUS — OTBEYast
Ha BbI30BHI BpeMeHH // BectHuk MI'TY «Crankun». —2025. — Ne 4 (75). — C. 170-177. - DOI 10.47617/
2072-3172_2025_4_170.

Yuliya Ya. Eleneva, Viadimir N. Andreev

Moscow State University of Technology “STANKIN”

SCIENTIFIC SCHOOL OF VALUE MANAGEMENT - MEETING THE
CHALLENGES OF TIME

Abstract

The article examines the formation and development of the scientific school of value management. Based
on the analysis of the topics of dissertation research for the periods 1999-2007, 2009-2013, 2014-2018,
2019-2025 and the works in the process of preparation, the direct relationship between the current problems
of the Russian economy and industry and the formation of the scientific agenda is shown. It is proved that
the scientific school of value management has consistently and systematically adapted its research areas to
solve key scientific and practical problems of developing the Russian market economy, crisis management,
strategic asset and capital management of enterprises, ensuring the competitiveness and technological
sovereignty of the country.

Keywords: scientific school, cost management, property complex management, financial management,
asset valuation, strategic management, competitiveness management, technological sovereignty.
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MockoBckH rocyJapcTBeHHBIN TexHonornyeckuit yausepcuter « CTAHKWH»

FEHETUYECKWUWA KOO BY3A: NPEEMCTBEHHOCTb NOKONEHUIA
CO3[OAET bYAYLLUEE NPOMbILLUIIEHHOCTH

AHHOTALUS

B nanHoit cTaThe aHanu3upyercs pazpabotaHHas KoHenus reaeruyeckoro koga MI'TY « CTAHKIHy,
KOTOPBIH (POPMHUPOBAIICS Ha TPOTsHKEeHUH Oosee 95 net cyniecTBoBanus yHuepcutera. CHopMyIupoBaHbI
KITIOYEBBIE COCTABIIIONINE KO/IA: HAYYHBIE U/IeH, YIeOHbIE IUCIUIUINHEI U IPEEMCTBEHHOCTD ITOKOJIEHHH, C
aKIIEHTOM Ha poJib MEeHeDKMEHTA KaK CBSA3YIOIIETo 3BeHa. [Ipoanan3npoBana HCTOPHS yHUBEPCUTETA IS
Oornee HAarJSTHOM JEMOHCTPALIH CTAaHOBJICHHUS TeHETHYECKOT0 Koza. [locTpoeHa MaTeMaTHyecKast MOIENb
Ha OCHOBE TEOPHU MHOXKECTB, Yepe3 KOTOPYIO COCTABIISIOIINE KOAA ObLIN BEIPaXKEHBI KAK COBOKYTTHOCTH
nepeMeHHbIX. CPOpPMUPOBAH TEHETHYECKHUIT KOJ] PEEMCTBEHHOCTH TIOKOJIeHHH VHCTUTYTa COolMaIbHO-
texHosoruyeckoro menemkmenta MI'TY « CTAHKWH» (MCTM).

KiioueBble cjioBa: MIPECMCTBECHHOCThH HOKOHCHHﬁ, HUPKYJIAIns H)Ief[, MCHCP)KMCHT, HAYYHBIC HIKOJIbI,
TCHETUYCCKUI KO/, CaMOBOCIIpOU3BOAAIIAACA CUCTEMA, yCTOfI‘IPIBOCTL YHHUBEPCUTETA.

Jast muruposanus: [lomos J[.B., Kopurynosa E.JI. ['eneTruecknii ko By3a: MpeeMCTBEHHOCTh TIOKOJICHHUIN
cosnaet Oynymiee npombiiieHHOCTH // Bectauk MI'TY «Crankuny. —2025. — Ne 4 (75). — C. 178-184. —
DOI10.47617/2072-3172_2025 4 178.

Dmitriy V. Popov, Elena D. Korshunova

Moscow State University of Technology “STANKIN”

THE GENETIC CODE OF THE UNIVERSITY: GENERATIONAL
CONTINUITY CREATES THE FUTURE OF INDUSTRY

Abstract

This article discusses the concept of the genetic code of the Moscow State University of Technology
“STANKIN”, which has been formed over the course of more than 95 years of the university’s existence.
The key components of the code are formulated: scientific ideas, academic disciplines, and the continuity
of generations, with a focus on the role of Management as a link. The history of the university is analyzed
to provide a clearer demonstration of the development of the genetic code. A mathematical model based
on set theory is constructed, through which the components of the code are expressed as sets of variables.
The genetic code of the ISTM’s continuity of generations is formed.

Keywords: continuity of generations, circulation of ideas, management, scientific schools, genetic code,
self-replicating system, university sustainability.
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HAYYHbIE LWKONbI B AUHAMUKE COBPEMEHHOIO HAYYHOI'O
NMPOCTPAHCTBA

AHHOTALUSA

Cratbs HOCBAIIEHA aHANN3Y OPraHU3ALMOHHBIX (OPM HayKH B KOHTEKCTE COBPEMEHHOTO HAyYHO-TEXHOJIO-
ru4ecKoro pa3Butus Poccun. PaccmarpuBaroTcs TpaguIiOHHbIE HayYHBIE IIKOJIbI, MOOIIbHBIE KOJUICKTHBEI
¥ THOpHUIHbIE MOJETH UX codeTaHus. HaydHble mkoiIsl 00ecnednBaoT MPeeMCTBEHHOCTh, COXpaHEeHHe
HCCIIE0BATENbCKOM KyABTYpHI U (hOpMUpOBaHKE OyIyIINX MMOKOIEHUH yUEHBIX 3a c4eT He(hOpMalbHBIX
KOMMYHHUKAIIUH{ U CHCTEMBI HACTaBHUYECTBA. MOONIIbHBIE KOJUIEKTUBBI OTIAMYAIOTCS BEICOKON a/lalTHB-
HOCTBIO, MEKANCIUILUTHHAPHOCTHIO M CIIOCOOHOCTHIO OTIEPATHBHO PELIaTh aKTyaJIbHbIe HayqHbIE 3a/1a4H,
OIIHAKO UX KPAaTKOCPOYHOCTH U CIa0ble JINYHBIE CBSI3M OTPAaHUYMBAIOT IPEEeMCTBEHHOCTh. | HOpHAHbIE
MOJIETH OOBEIUHSAIOT CUIBHBIE CTOPOHBI 00euX (GopM, HO TPeOYIOT KOOPAWHALMN U TOJACPKAHUS
BHYTPEHHEH HCCIe0BaTeNbCKON HACHTHIHOCTH. Ha OCHOBE CpaBHHUTENBHOTO aHATIHM3a IOKa3aHo, YTO
3((HEeKTUBHOCTh YHUBEPCUTETCKOW HAYKH 3aBHCUT OT OajlaHCa MEX]y CTaOUIBHOCTHIO H THOKOCTBIO,
HPEeMCTBEHHOCTHIO U HHHOBAIIMOHHON TMHAMUKOM. HecMOTpst Ha mosiBleHne HOBBIX OPTraHU3alMOHHBIX
¢dopM, HaydHas LIKOJIA COXPAHSIET KIIOUYEBYIO PONIb KaK MEXaHU3M KOJUIEKTHBHOTO COXPAHEHHS U YMHO-
JKEHUsI 3HaHUH, TOACPKAHUSI KaueCTBa UCCICAOBAHUM U MOATOTOBKU KaJAPOB AJISI HAYKH M BHICOKOTEX-
HOJIOTUYHBIX OTpaciiel.

KiroueBble ci10Ba: HaydHas IIKOJA, MOOUIBHBIN KOJJIEKTUB, UCCIENOBATEIbCKAsl KyJAbTYpa, HAydHOE
HACTaBHUYECTBO, OPraHU3aLMOHHbIE (OPMBI HAyKH.
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Abstract

The article is devoted to the analysis of organizational forms of science in the context of contemporary
scientific and technological development in Russia. Traditional scientific schools, mobile research teams,
and hybrid models combining both approaches are examined. Scientific schools ensure continuity, the
preservation of research culture, and the formation of future generations of scientists through informal
communications and mentorship systems. Mobile teams are distinguished by high adaptability, interdisci-
plinarity, and the ability to promptly address current scientific challenges, although their short-term nature
and weak personal connections limit continuity. Hybrid models combine the strengths of both forms but
require careful coordination and maintenance of internal research identity. Based on comparative analysis, it
is shown that the effectiveness of university science depends in the balance between stability and flexibility,
continuity, and innovative dynamics. Despite the emergence of new organizational forms, scientific schools
continue to play a key role as a mechanism for the collective preservation and expansion of knowledge,
maintaining research quality, and preparing highly qualified personnel for science and high-tech industries.

Keywords: scientific school, mobile research team, research culture, scientific mentorship, organizational
forms of science.
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