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2 MOCKOBCKHH TOCYIapCTBEHHBIH TexHomornaeckuii yausepcutet « CTAHKWH»
Mocksa, Poccus

AHANN3 BIIUAHUA KOHCTPYKTUBHOIO PACIMONOXEHUA OATYNKOB
B KUBEP-®U3NYECKOU CUCTEME HA NONTHOTY COEMPAEMOW
MM UHOOPMALIUU

AHHOTaIUSA

B crarbe paccmarpuBaeTcs poOiiemMa BIUSHUS PacIIONOKEHHsI BCTPOSHHBIX B KHOEp-(PH3HMUECKUE TEXHO-
JIOTHYECKUE CUCTEMbI U3MEPHUTENBHBIX YCTPOICTB Ha 3(GEKTUBHOCTD UX MCIIONb30BaHus. Ha mpumepe
pelLeHHs 3a/1a4K TapaMeTpUIecKoi HIeHTU(UKALIMY TPUBO/IA CTOJIa 3aT0TOBKH MEXaTpOHHOTO 3y0odpe-
3epHOT0 CTaHKa II0Ka3bIBAETCS, KAK HEYJaYHbIi BBIOOP MECTa YCTAHOBKH JaTYHMKa BpaIEHHs 3aTPYyIHIET
HaXOXKJEHHUE TapaMeTPOB €r0 UIMUTALIMOHHON MOJIEINH, SBIISIOIIEHCS OCHOBOW IU(POBOTO JBOMHUKA LIETTH
oOkara. HeonpenenenHocTs 1 MHOrooOpas3ue BOZMOXHBIX BAPHAHTOB PELICHUS SBISIOTCS CIEICTBHEM
HENOJHOTHI HH()OPMALIMHU O CUCTEME B €€ IIepeJaTOYHOM (QYHKIIMH, CTeHEpUPOBAHHON HA OCHOBE JIaHHBIX
JlaTyyvKa.

KuroueBsble ciioBa: 1udpoBoil 1BOIHHUK, H3MEPUTENIBHOE YCTPOHCTBO, KHOEp-(hr3nueckas cucrema,
MPUBO, UACHTH(UKAIMSL, IepeaToYHast QyHKIHS

Jns yumuposanus: bposkoBa M.B., Bymyes B.B., Mosionuos B.B., HoBukos B.A. Ananu3 Biausinust
KOHCTPYKTHBHOI'O PAacIOJI0KeHHs AATYMKOB B KiOep-pu3nyeckoii cucreme Ha MOJTHOTY coOUpaeMoii
umu uHpopmanuu // Becrnuk MI'TY «Crankun». —2026.—Ne 1 (76). — C. 8-19.— DOI 10.47617/2072-
3172_2026_1_8.
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TEXHONOM A 1 OEOPYAOBAHNE MEXAHUYECKOW W ®N3NKO-TEXHUYECKOW OBPABOTKM

Marina B. Brovkova', Viktor V. Bushuev?, Vladimir V. Molodtsov?, Viadimir A. Novikov?

! Institute of Machines Science named after A.A. Blagonravov of the Russian Academy of Sciences
Moscow, Russia

2 Moscow State University of Technology “STANKIN”
Moscow, Russia

THE INFLUENCE OF THE ARRANGEMENT OF SENSORS
INACYBER-PHYSICAL SYSTEM ON THE COMPLETENESS
OF THE INFORMATION THEY COLLECT

Abstract

The paper deals with the problem of the influence of the location of measuring devices built into cyber-
physical technological systems on the efficiency of their use. Using the example of solving the problem
of parametric identification of the workpiece table drive of a mechatronic gear-hobbing machine, it is
shown how a poor choice of the rotation sensor placement makes it difficult to find the parameters of its
simulation model as the basis of the gear train digital twin. Uncertainty and a great variety of possible
solutions are a consequence of the incompleteness of information about the system in its transfer function
generated on the basis of sensor data.

Keywords: digital twin, measuring device, cyber-physical system (CPS), drive, identification, transfer
function

For citation: Brovkova M.B., Bushuev V.V., Molodtsov V.V., Novikov V.A. The influence of the arrange-
ment of sensors in a cyber-physical system on the completeness of the information they collect.
Vestnik MSUT “Stankin”. 2026. No 1 (76). P. 8-19. DOI 10.47617/2072-3172_2026_1_8. (In Russian)
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WCCNEQOBAHUE ®U3UKO-MEXAHUYECKUX CBOUCTB
KEPAMUYECKUX KOMMNO3UTOB TIB,-TIC-AL,O,

AHHOTaIUSA

B pamkax JaHHOTO UCCIEA0BaHUS A1 IPOrHO3UPOBAHUS (PU3UKO-MEXAaHUUIECKUX XapaKTEPUCTUK (TBEp-
JOCTH ¥ TPEUIMHOCTOMKOCTH) KOMIIO3ULMOHHBIX Marepuaios cuctembl TiB,-TiC-AlL O, 6bu1 npumeneH
METO[] IVTAHUPOBAHUS SKCIIEPUMEHTA. MaTepuaibl ObUTH CHHTE3HPOBAHbI METOIOM HCKPOBOTO MJIA3MEHHOTO
criekaHus npu napamerpax: remmneparypa 1700°C, naBnenue 80 MIla, Bpemst Bbiiepkku 3 MuH. C IOMOIIBIO
HIpOrpaMMHOTO 0becredeHHs OBLTH MOTy4eHbl PETPEeCCHOHHBIE MOJIENH, OMUCHIBAIOIINE 3aBUCHMOCTD
KaXKJIOTO CBOMCTBA OT cocTaBa cMecH. Ha ocHOBe 3Tux Mozenei Obln MOCTPOSHBI KOHTYPHBIE TpaduKu
B CHMIIIEKC-KOOPANHATAX, BU3yaIN3HPYIOIINe IPOTHO3HpyeMble 3HadeHns. Hanoxenue rpadukoB mo3Bo-
JIAIIO HAECHTU(GUINPOBATH OOIIYI0 00JIACTh COCTABOB, 00ECTICYNBAIOIIYI0 COUCTAHNE TPEIIHHOCTOHKOCTH

cBpie 7 MIla-m'"?

u tBeppocty conee 18 ['Tla. Pe3ynbraTbl AeMOHCTPUPYIOT, YTO TIAHUPOBAHHE JKCIIE-
puMeHTa cMeceil siBsieTcst 3h(GEKTUBHBIM HHCTPYMEHTOM JIISL OTIPECTICHUSI IIEPCICKTUBHBIX COCTABOB
C BBICOKMMH MEXaHHYECKHUMH CBOMCTBAMH, I103BOJISAS 3HAUUTEIBHO COKPATUTH 00BEM PECYPCOEMKUX
SKCHEpUMEHTOB. /I MpoBeeHUs IPEABAPUTEIBHOTO aHAIH3a OTPEOOBANIOCH U3TOTOBIEHHE U UCIIbI-

TaHHe JecaTy 00pa3IoB.

Karouesnbie ciiopa: komnosutsl TiB,-TiC-AlO,, miaHupoBaHue SKCNEPUMEHTA, MCKPOBOE IUTA3MEHHOE
CIeKaHUe, MEXaHUIEeCKUE CBOMCTBA, TBEPIOCTH M0 BUKKepCy, TPEIIMHOCTOWKOCTD

Jna yumuposanus: MeaeumkuH S1.P., Coauc [Innaprore H.B. Uccnenopanue ¢puznko-MmexaHm4eckux
cBoiicTB Kepamudecknx komnosutos TiB,-TiC-Al O, // Becthuk MI'TY «Crankun». —2026. — Ne 1
(76). — C. 20-33.— DOI1 10.47617/2072-3172_2026_1_20.
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TEXHONOM A 1 OEOPYAOBAHNE MEXAHUYECKOW W ®N3NKO-TEXHUYECKOW OBPABOTKM

Yaroslav R. Meleshkin, Nestor Washington Solis Pinargote

Moscow State University of Technology “STANKIN”
Moscow, Russia

INVESTIGATION OF PHYSICAL AND MECHANICAL PROPERTIES
OF CERAMIC COMPOSITES TIB,-TIC-AL,0,

Abstract

Within the framework of this study, the experimental planning method was applied to predict the physico-
mechanical characteristics (hardness and fracture toughness) of composite materials of the TiB,-TiC-AlLO,
system. The materials were synthesized by spark plasma sintering at the following parameters: temperature
1700°C, pressure 80 MPa, holding time 3 min. Regression models describing the dependence of each prop-
erty on the composition of the mixture were obtained using the software. Based on these models, contour
graphs in simplex coordinates were constructed, visualizing the predicted values. The superimposition of
graphs made it possible to identify the general area of compositions providing a combination of fracture
toughness above 7 MPa-m'? and Vickers hardness above 18 GPa. The results demonstrate that planning a
mixture experiment is an effective tool for screening promising formulations with high mechanical proper-
ties, allowing for a significant reduction in the volume of resource-intensive experiments. The preliminary
analysis required the production and testing of 10 samples.

Keywords: TiB,-TiC-Al,O, composites, design of mixture experiments, spark plasma sintering, mechanical
properties, Vickers hardness, fracture toughness

For citation: Meleshkin Ya.R. , Solis Pinargote N.W. Investigation of physical and mechanical prop-
erties of ceramic composites TiB,-TiC-ALO,. Vestnik MSUT “Stankin”. 2026. No 1 (76). P. 20-33.
DOI 10.47617/2072-3172_2026_1_20. (In Russian)
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MocKOBCKHI TOCYIapCTBEHHBIN TeXHHUECKUH yHUBepcuTeT uMenu H.O. baymana
(HaMOHANBHBIM HCCIIENOBATEILCKUN YHUBEPCUTET)
Mocksa, Poccus

OBECMNEYEHUE NEPEOAYU KPYTALLETrO MOMEHTA B LLAHTOBOM
NMATPOHE NPU 3AKPEMNEHNN UHCTPYMEHTA C LWITMHAPUYECKUM
XBOCTOBUKOM

AHHOTAIUS

B crarbe paccMaTpuBalOTCs IIAHTOBEIE MATPOHBI, IPUMEHIEMBIE TS 3aKPEeTUICHNS PEXKYIETO HHCTPYMEHTA
Ha METAIUIOPEKYIINX cTaHKaxX. [IpoBemneHo nccienoBanne KPyTSIEero MOMEHTa, KOTOPBI MOKET OBITH
TniepeaH HAHTOBBIM ITATPOHOM 0e3 TIPOCKAIb3bIBAaHMUS PeXYILEro HHCTpyMeHTa. [IpemioxkeH MeTon pacueTa
JOMYCTHMOTO KPYTSIIET0 MOMEHTa, OCHOBAHHBIN Ha aHAIUTHYECKOH 3aBHCHMOCTH MEXITy MOMEHTOM
3aTSDKKU 38KUMHOM TaifiKHl 1 IiepejaBaeMbIM MOMEHTOM. J[J1s1 9KCIIEpUMEHTAIBHOM MPOBEPKH pa3padoTaH
HCTIBITATETIbHBIN CTEH T, TTIO3BOJISIONINI N3MEPSTH KPY TSI MOMEHT, ITepelaBaeMbIil IIaHTOBBIM ATPOHOM
TIPU Pa3TUIHBIX MOMEHTAX 3aTsDKKH 3QKHUMHOM Talikn. B paMkax mpoBenéHHBIX UCTIHITAHUH H3MEPEHUs
BBITIONTHSUTACH B Auana3oHe MoMeHTOB 3aTsokku oT 30 1o 100 Hxm. CpaBHEHHE TEOPETHIECKUX U DKCIIe-
PUMEHTAIBHBIX JTaHHBIX IIPOAEMOHCTPHUPOBAIIO PACXOXKICHHE, 00YCIOBIEHHOE BapHalllel pealbHBIX
YCIIOBHIA KOHTAKTa, IIPH 3TOM SKCIIEPUMEHTAIIBHBIE METOBI O3BOJISIIOT MOMYYHTh OOJiee T0CTOBEPHEIE
3HAUeHHs JOIYCTHUMOTO KpyTsmero MmoMeHTa. Crarbsi OyAeT MoJie3Ha CIIeUaIiCTaM, 3aHUMAIOIIIMCS
TPOEKTHPOBAHNUEM U IKCITTyaTalueld MHCTPYMEHTaJIbHONW OCHACTKH T cTaHKoB ¢ UITY.

KiroueBble cJ10Ba: HAHTOBbIH 32)KUMHON MEXaHU3M, 1[aHT'a, HAHTOBBIN IaTPOH, KPYTAILUN MOMEHT
JIna yumuposanua: Mlynsik S1.A. OdecnedeHne nepenayu KpyTsiero MOMeHTa B IAHTOBOM IIATPOHe

NIPH 3aKPeIVIeHUU HHCTPYMEHTA ¢ IMJIMHAPHYECKHM XBOCTOBUKOM // BectHuk MI'TY «CTaHKuH». —
2026. — Ne 1 (76). — C. 34-42. - DOI 10.47617/2072-3172_2026_1_34.
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TEXHONOM A 1 OEOPYAOBAHNE MEXAHUYECKOW W ®N3NKO-TEXHUYECKOW OBPABOTKM

Yan I. Shulyak

Bauman Moscow State Technical University
Moscow, Russia

ENSURING TORQUE TRANSMISSION IN COLLET CHUCKS WHEN
CLAMPING CYLINDRICAL-SHANK TOOLS

Abstract

The article discusses collet chucks used to clamp cutting tools on metal-cutting machines. A study of
the torque that can be transmitted by a collet chuck without slippage of the cutting tool is carried out. A
method for calculating the permissible torque based on the analytical relationship between the tightening
torque of the clamping nut and the transmitted torque is proposed. For experimental verification, a test
bench has been developed that allows measuring the torque transmitted by the collet chuck at different
tightening torques of the clamping nut. In the tests, measurements were carried out in the torque range
from 30 to 100 Nxm. A comparison of theoretical and experimental data showed a discrepancy due to
variations in real contact conditions, while experimental methods make it possible to obtain more reliable
values of permissible torque. The article will be useful to specialists involved in the design and operation
of tooling for CNC machines.

Keywords: collet clamping mechanism, collet, collet chuck, torque
For citation: Shulyak Ya.l. Ensuring torque transmission in collet chucks when clamping cylindrical-

shank tools. Vestnik MSUT “Stankin”. 2026. No 1 (76). P. 34—42. DOI 10.47617/2072-3172_2026_1_34.
(In Russian)
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MOAEJb NPON3BOAUTEJNIBHOCTWU BHYTPEHHEIO WWITU®OBAHUA
HEUMNUHAPUYECKUX NOBEPXHOCTEN

AHHOTAIUS

B crartpe mpencrasieHa pa3paboTka MaTeMaTHUECKOH MOJAEIH, ONpeaelsIomell TPOU3BOAUTEIHLHOCTD
porecca BHYTPEHHETO NUTM(OBAHHS HEIMINHIPHIECKHX JIUTUTICOUTHBIX TOBEPXHOCTEH. AKTYaIbHOCTD
paboThl 00yCIIOBIEHA CTPOTUMH TPEOOBAHUSAME K TOYHOCTH U Ka4eCTBY 0OpPaOOTKH CIIOKHBIX JIeTaleH,
TaKUX KakK KOpIIyca IUIACTHHYATBIX HAcOCOB. B kadecTBe pemeHus mpoOiieM TpaJuIMOHHBIX METO/IOB,
TakuX Kak 3arpyaHeHHbid noasog COTC u puck TepMudeckux neeKToB, peaaaracTCs HCIoab30BaHHE
cOOpHOTO NUTM(OBATLHOTO HHCTPYMEHTA C PaInalIbHO-TIOABMKHBIME a0pa3uBHBIMU CEITMEHTaMU.
Monens nocTpoeHa Ha psijie JOMYIIEeHH: He YIUTHIBAIOTCS TEIUIOBBIE IIPOLIECCHl  H3HOC CETMEHTA, a
pacueT BeAeTcs Uil OQHOTO abpa3uBHOTO cerMeHTa. KiroueBoit 0COOEHHOCTBIO MOIENH SIBISIETCS yYET
MIepeMEHHOM EHTPOOSKHOM CHIIBI IPIDKMMa CETMEHTA, 3aBUCSAIIEH OT ero MOJIOKEHHS Ha DIUTUIICE Yepe3
a¢dexTuBHBIN pagauyc. s pacyera mIomaad KOHTakTa npuMeHsetcs moaeib [epiia. Ha MukpoypoBHe
MOJIENb OTpeNeNsIeT KOJMUECTBO aKTUBHBIX a0pa3sUBHBIX 3€peH U IIyOMHY MX BHEIPEHHS Ha OCHOBE
kputepust V.B. Kparenbckoro, paznuyasi pe:>KUMbl MUKPOPE3aHHUS U TUTACTHUECKOH e opMaIin.
HHTerpupoBanue 1o Bcell TPaeKTOPHH IBIKEHHUS TO3BOJIMIIO ONYYHTh aHAJTUTHYECKOE BEIPAKEHHUE JIIS
o0BbeMa cheMa MaTepraa 3a OIH 000POT U MPONU3BOAUTEILHOCTH. YCTAHOBIICHO, YTO TPOU3BOIUTEIEHOCTD
IIPOTIOPIIMOHANBHA TUIOIIAIH JUIAICA U KyOy YITIOBOH CKOPOCTH BpaLIeHUs] HHCTPYMEHTA, HO 00paTHO
IIPOTIOPIIMOHATEHA KOPHIO M3 pajuyca cerMeHTa. [IpakTnieckoe mpruMeHeHHe MOIETH TPOJEMOHCTPH-
POBaHO Ha MpUMeEpPE aHaJN3a BIMSIHUA paIiyca CeTMEHTa M YaCTOTHI BPAIlleHUs] Ha TPOU3BOUTENBHOCTS,
YTO NOATBEPIKAAET €€ TPUTOJHOCTD JUIS ONTHMH3AINH PEKUMOB NITH()OBAHMS.

KaroueBble cjioBa: BHyTpeHHee NUTH(OBaHKE, MAaTeMaTHYeCKasi MOJEIb, IPOU3BOIUTEILHOCTh, COOPHBII
nutdoBabHBIN KPYT, Mozienb [epiia, abpa3uBHOE 3epHO
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Murom, Russia

A PRODUCTIVITY MODEL FOR INTERNAL GRINDING
OF NON-CYLINDRICAL SURFACES

Abstract

The article presents the development of a mathematical model for determining the productivity of the
internal grinding process for non-cylindrical ellipsoidal surfaces. The relevance of the work is driven
by strict requirements for the accuracy and quality of machining complex parts, such as the housings of
double-acting vane pumps. To address the problems of traditional methods, such as inefficient coolant
delivery and the risk of thermal damage, the use of an assembled grinding tool with radially movable
abrasive segments is proposed.

The model is based on several assumptions: thermal processes and segment wear are not considered, and
the calculation is performed for a single abrasive block. A key feature of the model is the account of the
variable centrifugal clamping force, which depends on the segment’s position on the ellipse via the effec-
tive radius. The Hertzian contact model is applied to calculate the contact area. At the micro-level, the
model determines the number of active abrasive grains and their penetration depth based on the Kragelsky
criterion, distinguishing between micro-cutting and plastic deformation regimes.

Integration over the entire tool path yielded an analytical expression for the volume of material removed
per revolution and the productivity. It was found that productivity is proportional to the area of the ellipse
and the cube of the tool’s angular velocity but inversely proportional to the square root of the segment
radius. The practical application of the model is demonstrated by analyzing the influence of the segment
radius and rotational speed on productivity, confirming its suitability for optimizing grinding parameters.

Keywords: internal grinding, mathematical model, productivity, assembled grinding wheel, Hertzian
contact model, abrasive grain
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B3AMMOCBA3b LUEPOXOBATOCTWU MOBEPXHOCTU OETANENU U3
3AKATEHHbIX CTANEX U KOHCTPYKTUBHbIX MAPAMETPOB TOKAPHbIX
PEXYLWMUX NNACTUH U3 KYBUYECKOIO HUTPUOA BOPA

AHHOTAIUS

B manHoi#1 cTaTthe paccMaTpuBaeTcs MOMydeHNe MIEPOXOBATOCTH MMOBEPXHOCTH m3nenus 10 Ra 0,63 Mxm
TOKapHO# 00paboTKoil. OCHOBHOE BHUMAaHHE YIEISIeTCS CHIDKEHHUIO [IEPOXOBATOCTH 32 CUET palliOHAIb-
HOTO TI0100pa KOHCTPYKTUBHBIX ITAPAMETPOB CMEHHBIX MHOTOIpaHHBIX 11acTiH (CMIT) ToKapHBIX pe3IioB.
BrinosiHeHa skcniepuMeHTalbHas 00paboTka ToYeHHEM 3aKalieHHOH ctanu mapku [IIX15 TBepaocThio
60-65 HRC mocne Tepmuueckoii 00paboTku. B kauecTBe HHCTPYMEHTAIBHOTO MaTepHralia ObUT IPHHST
KOMITO3UIIMOHHBIH MaTepral Ha OCHOBE KyONUeCcKOro HUTpHAa 00pa, MpHUIassHHEIN Ha TBEPIOCILIABHOE TEJO
CMEHHOW MHOTOTPaHHO! IJIaCTUHBI. JIJ1s1 MPOBEICHUS UCTIBITAHUH MOCTPOCH IUIaH MOJIHOTO (PaKTOPHOTO
JKCIIepUMEHTa. B kadecTBe Hcce yeMbIX KOHCTPYKTHBHBIX ITapaMeTPOB, BIMSIONINX Ha [IEPOXOBATOCTh,
BbIOpansbl: yroa npu Bepuae CMII, nepenuuii yron CMII u paanyc ckpyrienus npu Bepiirnae CMIT.
OTKIIKOM CHCTEMBI SIBIISIETCS IEPOXOBATOCTH 00pabOTaHHON MOBEPXHOCTH. PEXKMMEBI pe3aHus BHIOpaHBI
COIIACHO PEKOMEHANNM (PHPMBI-IPOM3BOAUTEIIS] CMEHHBIX MHOTOTPaHHBIX IUIACTHH. B pesynbrare mpose-
JeHO 16 SKCIIEpUMEHTOB 1 NIOJTyYeHBI 3HAUYSHHUS OTKIIMKOB CHCTeMBI. [locTpoeHa MaTeMaTniecKkast MOZelb,
KOTOpasi MO3BOJIMJIA BBISIBUTH U OLIEHUTH B3aUMOCBSI3b BEJIMYMH KOHCTPYKTHBHBIX mapameTpoB CMII ¢
[IePOXOBATOCTHIO 3aTOTOBKH. YCTAHOBIEHO, YTO HAaMOOJbIIee BIUSIHAE HA KOJINYECTBEHHOE 3HAYCHHUE
IEepPOX0OBaTOCTH OKa3bIBaeT panuyc rnpu BepmuHe CMII, a Haumenbmee — yron npu Bepmuae CMIL.
Jns cCHYKeHUs 3HaUYeHHs [IEPOXOBATOCTH HEOOXOANMO HCIIONB30BATh IUTACTUHBI C OONBIINM paJlyCcoM
TP BEPIIMHE ¥ HAUMEHBIIINM MepeIHnM yIiioM. Yron npu Bepmrae CMII He oka3piBaeT 3HAYUTEITHHOTO
BIUSTHUS.

KiawoueBble cji0Ba: TokapHas 00pabOTKa, CMEHHbIE MHOTOTPAHHbIE TIACTHHBI, HHCTPYMEHT M3 CBEPX-
TBEPJbIX MaTepuanoB, KyOuueckuii HUTpuz 6opa, IepoxoBaTocTh
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CORRELATION BETWEEN SURFACE ROUGHNESS OF HARDENED
STEEL COMPONENTS AND GEOMETRIC PARAMETERS OF INDEXABLE
TURNING INSERTS MADE OF CBN

Abstract

This paper examines achieving a low surface roughness value of Ra 0.63 pm through lathe turning
which is an unconventional method for these values. The study focuses on reducing surface roughness
by optimizing the design parameters of indexable inserts for turning cutters. Experimental turning tests
were performed on hardened ShKh15 (100Cr6) steel with a hardness of 60-65 HRC after heat treat-
ment. The cutting tool used was a synthetic composite material based on cubic boron nitride (CBN) tip
brazed onto a carbide insert body. A full factorial experimental design was employed to investigate the
influence of key insert parameters — tip angle, rake angle, and nose radius — on surface roughness (Ra/
Rz). Cutting conditions followed the manufacturer’s recommendations for the inserts. Sixteen experi-
ments were conducted, and the resulting roughness values were analyzed. A mathematical model was
developed to assess parameter effects and their interactions with surface finish. The results show that the
nose radius has the strongest influence on roughness, while the tip angle has the weakest. To minimize
surface roughness, inserts with a larger nose radius and smaller rake angle should be selected. The tip
angle of the indexable insert does not significantly affect.

Keywords: turning, indexable cutting inserts, tools from superhard materials, cubic boron nitride,
roughness
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TEXHONOIMNMYECKOE OBECMNEYEHUE
LUEPOXOBATOCTHU NMNOBEPXHOCTHW
HA POBOTU3NPOBAHHbIX OTAEJIOYHbIX OMNMEPALIMAX

AHHOTALUSA

Crarbs MOCBSIIEHA PEIICHUIO OHOM M3 KIIFOUEBBIX MPOOIEM pOOOTH3NPOBAHHON MEXaHHYeCKoW o0pa-
OOTKM — HU3KOW CTAaTMYECKOM U JMHAMHYECKOW KECTKOCTH MPOMBIIUIEHHBIX po00TOB. OCOOCHHOCTD,
00yCIJIOBICHHAsI KOHCTPYKIMEH [UIMHHBIX W MOABUKHBIX 3BEHBEB MaHUIYJISITOpa, IPUBOAUT K 3HAYH-
TENBHBIM YIPYTHM OTKJIOHEHHSIM IO JEHCTBUEM CHJI Pe3aHusl, BOSHUKHOBEHHIO BHOpAIMi U, KaK Cclie]-
CTBHE, K CHIDKEHHIO TOYHOCTH U YXYALIEHHIO IIEPOX0BAaTOCTH 00paboTaHHO oBepxHOCTH. MccnenoBanue
chOKYCHPOBaHO Ha ONTUMU3ANUH (GUHUIIHBIX U 3a4MCTHBIX ONEPALNii, e TpeOOBaHMS K IIEPOXOBATOCTH
0COOCHHO BBICOKH, a BIMSHUE BUOpaIuii Hauboee KpUTHYHO.

OCHOBHOM aKLEHT CIIelaH Ha ONpeAesCHHE YKCIEPUMEHTAIbHON 3aBUCUMOCTH IIEPOXOBATOCTU OT
TEXHOJOTMYECKUX PEXHUMOB Pe3aHusl (CKOPOCTh BpaIlleHUsI HHCTPYMEHTA, [ofia4a, ITyOrHa pe3aHus) A
obecrieyeHust CTaOMIBHOCTH Ipouecca. J{ns pemenus npooieMbl HCTIOIb30BaICs KOMIUIEKCHBIN OAX0.
YIpaBIeHUS IPOMBIIITIEHHBIM POOOTOM, COCTOSIIUI M3 aKTHUBHOTO KOHTPOJISI HA OCHOBE CHJIOMOMEHT-
HOIo JaT4yvMKa U Ha3HAYCHUU pAllMOHAJIBHBIX TCXHOJIOIMYCCKUX PEIKUMOB. B X04€ 3KCIICPUMEHTAJIBHBIX
uccIenoBaHui Ha MaTepuane ciasa J[16T Oblin ycTaHOBIEHB! KOMHYECTBEHHBIE B3aUMOCBSI3H MEXKIY
HapaMeTpaMy Pe3aHus U pe3ylbTUPYIOLIeH epOXOBaTOCTHIO HOBEPXHOCTH. METOIOM PEerpecCHOHHOTO
aHa/IN3a MOJy4eHO MaTeMaTH4eCcKoe ypaBHEHNE (ypaBHEHUE OTKIIMKA), TI03BOJISIONIEe Ha3HAYaTh PEXKUMBI
B 3aBUCHUMOCTH OT TpC6OBaHI/II\/’I 110 BEJIMYUHE HIEPOXOBATOCTH.

HpaKTH‘JeCKaﬂ 3HAYUMOCTh pa60T1>1 IMOATBEPIKACHA SKCIIEPUMEHTAJIbHO: IPUMCHCHUEC YCTaHOBJICHHBIX
OIITHUMAJILHBIX PEXHUMOB II03BOJISICT CYIIECTBEHHO CHU3UTh YPOBEHb BUOPALMil U BENUYMHY OTKIOHEHUH
MAaHUIYJATOPa, IOBBICUB TEM CaMbIM CTa0MIBHOCTh TEXHOJIOTMYECKOTo Ipoliecca. Pe3ynbraTsl uccie-
JOBaHHUA q)OpMI/IpyIOT Hay4YHO O6OCHOBaHHbIC MPaKTUYCCKUE PEKOMCHAAIUU I YCIICIIHOT'O BHCAPCHUSA
IPOMBIIIJICHHBIX p060TOB B TECXHOJIOTUYCCKHEC IMTPOLCCChI U3rOTOBJICHUS ﬂeTaneﬁ B Pas3jIMYHBIX OTPACIIAX
MAalLIMHOCTPOCHHUS.

KaroueBble c10Ba: TOHKOE (hpe3epoBaHie, pOOOTU3NPOBaHHAS 00PabOTKa, [IIEPOXOBATOCTH MOBEPXHOCTH,
TEXHOJIOTMYECKHE PEKUMBI
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TECHNOLOGY FOR ENSURING SURFACE ROUGHNESS
IN ROBOTIC FINISHING OPERATIONS

Abstract

The article addresses one of the key challenges in robotic machining — the low static and dynamic stiffness
of industrial robots. This inherent characteristic, stemming from the design of the robot’s long and flexible
links, leads to significant elastic deflections under cutting forces, the onset of vibrations, and, consequently,
reduced accuracy and degraded surface roughness of the machined part. The research focuses on optimizing
finishing and deburring operations, where requirements for surface finish are particularly stringent and the
impact of vibrations is most critical.

The primary emphasis is placed on experimentally determining the relationship between surface roughness
and machining parameters (spindle speed, feed rate, depth of cut) to ensure process stability. To tackle the
problem, an integrated approach to industrial robot control was employed, combining active feedback based
on a force-torque sensor with the assignment of rational machining parameters. Experimental studies on
specimens made of D16T alloy established quantitative correlations between cutting parameters and the
resulting surface roughness. Using regression analysis, a mathematical equation (response surface model)
was obtained, enabling the selection of machining regimes based on specified roughness requirements.
The practical significance of the work is confirmed experimentally: applying the established optimal
parameters significantly reduces vibration levels and the magnitude of robot arm deviations, thereby
enhancing the stability of the technological process. The research results form a scientifically grounded
set of practical recommendations for the successful integration of industrial robots into part manufacturing
processes across various branches of mechanical engineering.

Keywords: finish milling, robotic machining, surface roughness, machining parameters

For citation: Vartanov M.V,, Shvarts A.IL. Technology for ensuring surface roughness in robotic
finishing operations. Vestnik MSUT “Stankin”. 2026. No 1 (76). P. 66—74. DOI 10.47617/2072-
3172_2026_1_66. (In Russian)

BECTHUK MI'TY « CTAHKWH» Ne 1 .2026 / VESTNIK MSUT «STANKIN» No. 1 « 2026



ABTOMATWU3ALIMA U YIMPABIEHWE TEXHONOMAYECKMM NPOLIECCAMW 1 NMPOU3BOACTBAMU

OpuZuHGﬂbHCl}l cmamaous

VK 378.147:004.92:62 Bectnuk MI'TY «Crankuny. 2026. Ne 1 (76). C. 75-84.
DOI 10.47617/2072-3172_2026_1 75 Vestnik MSUT “Stankin”. 2026. No. 1 (76). P. 75-84.

Eezenun I'ennaovesuu Kpornos', Anexceii Bauecnasosuu Kanumanoe’,
Anna Anexcanoposna I'ankuna’, Auna Anopeesna Cmyc!

! Bosrorpa/ickuii roCyIapCTBEHHBII TEXHUUESCKUI YHHBEPCHTET
Bonrorpan, Poccus

2 MocKoBCKHiT TocynapcTBeHHbIH TexHomornaeckuit yansepcurer « CTAHKHUH»
Mocksa, Poccus

* 000 «Kommanust KUTIACO»
Bonrorpan, Poccus

METOOUKA ABTOMATU3UPOBAHHOW MHOIOKPUTEPUATIbHOWN
OLIEHKW KAYECTBA BbIMYCKHbIX KBATMOGUKALIMOHHbIX PABOT
WHXEHEPHOI'O NMPO®UNA

AnHoTanus

B ycnosusax nudpoBuzanuy o6pa3oBaHus U BHEAPCHUS KOMIETEHTHOCTHOTO MOAX0A TPaIULMOHHAS
cHcTeMa OLIEHKH BBIITyCKHBIX KBaU(HUKaIMOHHBIX paboT (BKP) neMoHCTpupyeT KpuTHYECKHEe HEAOCTATKU:
CyOBEKTHBHOCTB, pParMeHTapHOCTb M OPUEHTALIMIO Ha PA30BYIO HTOTOBYIO IPOBEPKY. ITO CO3AET NOTPed-
HOCTb B HOBBIX METOAMKAX, 00€CIEUNBAIOIINX 00bEKTUBHOE, HEIIPEPHIBHOE U KOMIUIEKCHOE YIIPABICHHUE
Ka4eCTBOM MH)KEHEPHBIX NPOEKTOB Ha BCEX JTAlax WX BhIMOJIHEHUS. Llenbro uccnenoBanus ABiIseTcs
pa3paboTKa METOIMKH U APXUTEKTYPbI aBTOMAaTU3UPOBAHHON HH(OPMAIIMOHHO-aHATUTHYECKOH CHCTEMBI
(AMAC) nns cKBO3HOTO MHOTOKPHUTEPHAILHOIO yripasieHus kadectBoM BKP umxenepnoro npoduis.
Mertoauka ocHOBaHa Ha IIPUHIUIIAX CKBO3HOTO YIIPABJIEHHUs KaueCTBOM, MHOTOKPHUTEPHAIbHOTO aHAIN3a
U IPOTrHOCTUYECKON aHAIUTUKU. VICIOIb30BaHbl METOB! (hOPMaAIN3allMU KPUTEPUEB OLICHKHU, aHaIU3a
JUTEPATyPHBIX UCTOYHUKOB U MATEHTHBIX PEIICHHUH, a TaKXKe aJITOPUTMUYECKUH MOAXOA K arperanuu
Pa3HOPOAHBIX MOKa3aTeel ¢ MPUMEHEHUEeM aJANTUBHON LieneBoil pyHkimu. Pazpaborana apxutexTypa
AWAC, Brirouaromas Moy HU(GPOBOTO MOPTHOIHO, MOHUTOPUHTA, TIPOTHO3UPOBAHHUSI, aBTOMATH-
3UpPOBAaHHON NPOBEPKH M pacueTa MHTErpajabHOl oneHkU. HayuHas HOBHU3HA 3aK/II04aeTCs B METOJMKE
CKBO3HOTrO ynpasieHus kadectBoM BKP, kotopas, B omInuue OT CyLIECTBYIOIUX PEIICHUH, OXBAaThIBAET
TIOJTHBIN KU3HEHHBIA LIUKJI MPOEKTa — OT HAKOIUICHHsI KOMIIETEHIIMH /10 UTOTOBOM aTTecTaluu U MocCT-
MPOEKTHOTO aHANIN3a, U peanu3yeTcs yepe3 (opMaTn30BaHHbIH aJITOPUTM MHOTOKPUTEPUAIEHOM OLIEHKH.
BHenpenue npennaraeMoil METONUKH B y4eOHBII IPOLIECC IO3BOIUT CYIECTBEHHO IIOBBICUTh OOBEKTUB-
HOCTh U 000CHOBaHHOCTH olleHKH BKP, CHU3UTH BpeMEeHHBIE 3aTpaThl MpENoAaBareyieli Ha pyTUHHBIC
IPOBEPKHU, 00ECIIEUUTh PAHHEE BBISBICHUE PUCKOB HEYCIIEBAEMOCTH 3a CUET IPOTHOCTUYECKOTO aHAIIH3a,
a TaKke croco0CTBOBaTh (POPMHUPOBAHHIO ETOCTHOTO HHKEHEPHOTO MBIIUICHHS Y CTYJCHTOB.

KuarwueBsble cioBa: BBIITYCKHas KBaIII/I(l)I/IKaL[I/IOHHaH pa60Ta, I/IH)KeHepHLIi/'I IMPOCKT, aBTOMATU3WPOBaHHAA
OIICHKA, O6B€KTI/IBHOCTL, MHOT'OKPUTCPHATIBHOCTD, IIPOrHOCTUYECCKAsA aHAJINTUKA, CKBO3HOC YIIPaBJICHHUC
Ka4€CTBOM
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METHODOLOGY FOR AUTOMATED MULTICRITERIA EVALUATION
OF THE QUALITY OF ENGINEERING THESIS PAPERS

Abstract

In the context of educational digitalization and the implementation of a competency-based approach, the
traditional assessment system for final qualifying works (FQWs) reveals critical shortcomings: subjectivity,
fragmentation, and a focus on a one-time final evaluation. This creates a demand for new methodologies
that ensure objective, continuous, and comprehensive quality management of engineering projects at all
stages of their execution. The aim of this research is to develop a methodology and architecture for an
automated information-analytical system (AIAS) designed for end-to-end multicriteria quality manage-
ment of engineering FQWSs. The methodology is based on the principles of end-to-end quality manage-
ment, multicriteria analysis, and predictive analytics. The methods employed include formalization of
assessment criteria, analysis of literary sources and patent solutions, as well as an algorithmic approach to
aggregating heterogeneous indicators using an additive objective function. The architecture of the AIAS
has been developed, encompassing modules for a digital portfolio, monitoring, forecasting, automated
verification, and calculation of an integral assessment. The scientific novelty lies in the methodology for
end-to-end quality management of FQWs, which, in contrast to existing solutions, covers the project’s full
lifecycle—from competency accumulation to final certification and post-project analysis—and is implemented
through a formalized algorithm for multicriteria assessment. Implementing the proposed methodology into
the educational process significantly enhances the objectivity and validity of FQW assessment, reduces
instructors’ time spent on routine checks, enables early identification of academic failure risks through
predictive analysis, and contributes to the development of holistic engineering thinking in students.

Keywords: graduation thesis, engineering project, automated assessment, objectivity, multi-criteria, predic-
tive analytics, end-to-end quality management
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ANHAMUYECKAA OLIEHKA NMPOU3BOACTBEHHO-TEXHOJIOTMYECKOIO
NOTEHLUMANA NPEONPUATUA EQUHWUYHOIO
N MENKOCEPUAHOIO NPOU3BOACTBA

AHHOTAIIUA

CyIecTByOIIKE TOAXO/BI K OLICHKE MPOU3BOACTBEHHOTO MOTEHIMAA PEATIPUATHI XapaKTepU3yrTCs
CTaTHYHOCTBIO, HEJIOCTATOYHBIM YYETOM TEXHOJIOTHYESCKOM COCTABIISIOIICH U ClIa00H CBS3BIO C IIPOIiecCaMu
nudporoii Tpanchopmanuu. [IpeAnpusTHS STUHUIHOTO U MEIKOCEPUIHOTO IPOU3BOICTBA (DYHKITHOHH-
PYIOT B YCJIOBHSIX BBICOKOH HOMEHKIJIATYPHON U3MEHYHUBOCTH, T03aKa3HOTO TUNIAHUPOBAHUS U KPUTHYHOCTH
TEXHUYECKOTO COCTOSIHUSL 000PY/IOBaHHUS, YTO TPeOyeT MPUHIIUITMATHLHO HOBBIX MOIXO0J0B K OLICHKE HX
MIPOU3BOJICTBEHHBIX BO3MOXKHOCTEH. B paboTe NCTONIb30BaHbI METOIbI CHCTEMHOT0 aHaJi3a JJ1si 000CHO-
BaHUS CTPYKTYPhI IPOU3BOJICTBEHHO-TEXHOJIOTMUYECKOTO MOTCHIIMATA U MAaTEeMaTHUECKOTO MOJICTHPO-
BaHUs 17151 (popManiu3aIy B3aMMOCBSI3€i MEXy KOMITOHEHTaMu. Pa3paboTana MateMaTn4yeckasi MOJICIb
B BUJIe QyHKIIMH B3aUMOCBS3aHHBIX KOMIIOHEHTOB: PECYPCHOTO, OPraHU3allMOHHOTO W HH()OPMAIMOH-
Horo. Hay4Hast HOBH3HA 3aKJIF04aeTCs B pa3paboTKe ONpeAesICHUs POU3BOCTBEHHO-TEXHOIOTHYECKOTO
MOTEHIMAJA KaK JUHAMUYECKONH (DYHKIIMU BPEMEHHU U TIOCTPOCHUH MaTeMaTHyecKoi momenu ¢ Gopma-
JIU30BaHHBIM OIMHCAHUEM MSATH KOMIIOHEHTOB, MO3BOJISIFOIIEH OLIEHUBATh TEKYIIHUE U MTPOTHO3UPYEMBbIC
BO3MOXKHOCTH TPEINPHUATHS B PEKUME PEAIbHOTO BPEMEHH.

KarwueBble ciaoBa: HpOI/ISBO,HCTBeHHO-TCXHOJ'IOFI/I‘-IGCKI/Iﬁ nmoreHuuaja, CAMHUYHOC MPOU3BOJACTBO,
MCHKOCGDHP‘IHOC MMPOU3BOACTBO, IMHAMHNYECCKAA OLICHKA, MaTEMAaTUYCCKasd MOACIIb, PEXKUM PE€AJIbHOTO
BpEMECHU, TEXHUYECKUHN KOMITIOHEHT, CUCTEMbI aBTOMaTU3alluu NPEATIPUATUA
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Sergey M. Antokhin, Alexander N. Feofanov

Moscow State University of Technology “STANKIN”
Moscow, Russia

DYNAMIC ASSESSMENT OF THE PRODUCTION AND TECHNOLOGICAL
POTENTIAL OF SINGLE AND SMALL-SCALE ENTERPRISES

Abstract

The existing approaches to assessing the production potential of enterprises are characterized by static
nature, insufficient consideration of the technological component and weak connection with the processes
of digital transformation. Enterprises of single and small-scale production (EDP and SMEs) operate in
conditions of high nomenclatural variability, order-by-order planning and critical technical condition of
equipment, which requires fundamentally new approaches to assessing their production capabilities. The
paper uses methods of system analysis to substantiate the structure of production and technological potential
and mathematical modeling to formalize the relationships between the components. A mathematical model
has been developed as a function of interrelated components: resource, organizational and informational.
The scientific novelty lies in the development of the definition of production and technological potential as
a dynamic function of time and the construction of a mathematical model with a formalized description of
the five components, allowing to assess the current and projected capabilities of the enterprise in real time.

Keywords: production and technological potential, single production, small-scale production, dynamic
assessment, mathematical model, real-time mode, technical component, enterprise automation systems
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Mockga, Poccust

NMAPAMETPU3ALNA U ONTUMU3ALIUA NMPOLIECCOB
TEXHUYECKOI'O 3PEHUA OANA ArPOMNMPOMbILLJIIEHHOIO
MOHUTOPUHTA

AHHOTaN M

B nanHOM HCcenoBaHUM IIPEACTABIEHa pa3paboTKa 1 OLIEHKa BHICOKOIPOU3BOUTENBEHOM IPOrpaMMHOM
CHCTEMBI IJIs1 aBTOMaTU3MPOBAHHOTO OOHAPYKEHHS IUIOJ0B CIaJKOTO IepLa, TPeAHa3HAYSHHOH IS Cellb-
CKOXO3SHCTBEHHOTO MOHUTOPHHTIA B PEXXHUME PeaabHOTo BpeMeHU. CHcTeMa HCIOob3yeT MOAYIbHYIO
APXUTEKTYPY, OCHOBaHHYIO Ha INTyOOKHX CBEPTOYHBIX HEHPOHHBIX ceTsaX Y OLO, uto no3Bosnsier uaeHTuu-
IIUPOBATh MEJIKHUE OOBEKTHI IPU IIEPEMEHHOM OCBEIICHUH, 3aTEMHEHUN U (JOHOBBIX YCIOBHSAX, THITUYHBIX
JULSL TETUTHI] ¥ TIOJIEBBIX ycI0BUi. [I0TpeOHOCTD B ONOOHBIX pelIeHNsIX 00yCIoBIeHa OBICTPO PacTyIUM
00bEeMOM BHU3YaJIbHBIX JaHHBIX B TOUHOM 3€MIICZIENINY, IIe Kaapbl 4acTo copepxar 10-250 nukcenei,
a cHCTeMbl MOHUTOPUHIa paboTaloT co CKOpocThio 25—60 kaapos B cekyHIy. KoHBeliep oOHapyxeHUs
HOAJEPKUBAET CTaTHUECKUE N300paxKeHus, HabOpbl JaHHBIX HAa OCHOBE KaTajoroB, IPEIBapUTEIBHO
3aMUCAaHHbIE BUJICONIOTOKH 1 BBOJ JaHHBIX ¢ USB-KaMepsl B pe:kuMe peaibHOro BpeMeHH. JDKCIIEPUMEHTBI
IPOJEMOHCTPUPOBAIH CTAOMIBHYIO IPOM3BOAUTEIBHOCTD JIOTHYECKOTO BBIBOJA BO BCeX KOHUTypa-
musx. DPPeKTHBHOCTH Kiaccu(uKauy ObUIa MOBBILICHA Onaronaps THOPUAHOMY MOIXOMY, COYETA0-
ImeMy NPOBEPKY HACHTU(HUKATOpA Kilacca ¢ JICKCHYECKOH (HUIbTpalieil KITI0ueBbIX CIIOB, YTO MOBBICHIIO
HaJIC)KHOCTH B CIICHAX ¢ HEOJHOPOIHBIM ocBetieHrneM (70—1000 1K) 1 4aCTHYHO 3aKPBITHIMU OOBEKTAMH.
ITonyueHHbIe pe3ynbTaThl 3aKJIAABIBAIOT TEXHUYECKYIO OCHOBY AJIs OyAyIIMX HCClIeNOBaHUi B 001acTH
TEXHUYECKOT'O 3PCHHUS B CEJILCKOM XO3SHCTBE, BKJIIOUAs OLIEHKY CHENIOCTH, PACIO3HaBaHUE HECKOIBKUX
KJIaCCOB U CUCTEMBI MOAJICP)KKU MIPUHSTUS PELICHUH U1 TOYHOTO 3eMIIECAENHSL.

KiroueBble cj10Ba: TEXHHUECKOE 3PEHUE, CEITBCKOE XO3IUCTBO, aropuT™ Y OLO, MOHUTOPHHT B peaabHOM
BPEMEHH, PacIo3HaBaHHE 0OBEKTOB, CETMEHTALHS H300paKeHUH, TOUHOE 3eMIICIeITNE
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Maria Yu. Karelina'?, Alexey A. Akulov?, Dmitry S. Taldykin’, Anna V. Grishkina’

! State University of Management
Moscow, Russia

2 Moscow Automobile and Road Construction State Technical University
Moscow, Russia

PARAMETERIZATION AND OPTIMIZATION OF TECHNICAL VISION
PROCESSES FOR AGRO-INDUSTRIAL MONITORING

Abstract

This study presents the development and evaluation of a high-performance software system for auto-
mated detection of sweet pepper fruits, designed for real-time agricultural monitoring. The system uses a
modular architecture based on YOLO deep convolutional neural networks, which allows the identification
of small objects under variable lighting, dimming and background conditions typical of greenhouses and
field conditions. The need for such solutions is driven by the rapidly growing volume of visual data in
precision agriculture, where frames often contain 10-250 pixels and monitoring systems operate at 25-60
frames per second. The discovery pipeline supports static images, directory-based datasets, prerecorded
video streams, and real-time input from a USB camera. Experiments have demonstrated stable output
performance in all configurations. Classification efficiency was improved thanks to a hybrid approach
combining class ID verification with lexical keyword filtering, which increased reliability in scenes with
uneven lighting (70-1000 Iux) and partially enclosed objects. The findings lay the technical foundation for
future research in agricultural vision, including ripeness assessment, multi-class recognition, and decision
support systems for precision agriculture.

Keywords: technical vision, agriculture, YOLO algorithm, real-time monitoring, object recognition, image
segmentation, precision agriculture
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ANTOPUTM YNPABNEHUA OYUCTHOMN NPOU3BOAUTENIBHOCTLIO
NOKAIbHbIX BO3QYXOBOAOB C EAUHbLIM BbITAXHbIM
YCTPONCTBOM

AHHOTALUS

B crarbe paccMaTpuBaIoTCsl BONPOCH! YIIPABICHHUS OYUCTHOM MPON3BOANTEIBHOCTHIO JTOKAJIBHBIX BO3Y-
XOBOJZIOB CHCTEM OYHMCTKH BO3IyXa pabouel 30HBI ¢ €IMHBIM BBITSKHBIM yCcTpoiicTBoM. IIpencraBneHa
cXeMa TaKkol CHCTeMbI OUMCTKHM BO3IyXa pabodel 30HbI M 0COOEHHOCTH ee paboThl. B Takux cucremax
OYHCTHAsI IPOU3BOJAUTENHHOCTh HE 3aBUCHUT OT PEAJbHBIX 3arpsi3HEHHUH BO3Lyxa pabodeli 30HBI U MOXKET
OBITh KaK M30BITOYHOM, TaK U HEAOCTaTOYHOM. [ToKa3aHo, YTO yNpaBiIeHWE OYUCTHON POU3BOUTEIBHO-
CTBIO MOYKHO OCYIIIECTBIISITh, U3MEHSS B aBTOMAaTHYECKOM W/ B HEABTOMAaTHIECKOM PEXUMeE IUIOIAAb
ceueHus Bo3nyxoBoaa. [Ipu 3ToM B paboTe KOHCTPYKIHMS MIPUBOAA U U3MEHEHUS U0 CeUSHUS
BO3IyXOBOAOB HE paccMaTpuBaeTcs. MI3MeHeHue IUIomany CeueH s, a 3HaUNT, 1 OYHCTHOH MPOU3BO-
JUTEIBHOCTH, MOYKHO OCYIIECTBIIATH 3aCJIOHKAMHU Pa3HBIX TUIIOB, HallpuMep, MHOepHOH, BCTPOCHHBIX
B BO3yXOBOIBI. DTO MO3BOJISIET OCYLIECTBISTh YIPaBICHUE OYUCTHON MPOU3BOIUTEIBHOCTHIO B 3aBH-
CHUMOCTH OT peaJIbHBIX 3arpsi3HEHUH BO3yXa paboueii 30HbI. [IpeicTaBieH alropuTM peaan3aiui Takon
CHCTEMBI B aBTOMAaTHUECKOM PEXUMeE U OI0K-cxeMa 3Toro anroputMa. CTpyKTypa alropuT™Ma OCHOBaHa Ha
HpeIBapUTEIbHON OLICHKE BEIMIMHBI PEaNIbHBIX 3arps3HEHUH, KOTOPast SABIISETCS OCHOBOMH JUIs yCTaHOBKH
3aCJIOHOK B KOHKPETHOM JIOKQJIEHOM BO3JYXOBOZE B OIPEECICHHOM MTOJIOKEHUH, YTO ITO3BOJISIET MEHATD
OYHCTHYIO IPOU3BOAUTEIBHOCTH BO3yX0OBOJOB BO BCEH CUCTEME OYMCTKH BO3IYXa C €AMHBIM BBITS)KHBIM
YCTPOMCTBOM — YMEHbBIIIAsI MIIM YBEIUUNBAs €€.

KaioueBble ciioBa: paboyast 30Ha, CHCTEMa OUMCTKH BO3/TyXa, JJOKaJbHBINH BO3AYXOBOA, OYHCTHAS IIPOM3-
BOJIUTEIBHOCTD, IIEpepaclpe/ielieHIe BO3IYLIIHbIX IIOTOKOB, aJITOPUTM YIIPaBICHUS
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Leonid E. Shvartsburg, Yulia V. Tikhonova

Moscow State University of Technology “STANKIN”
Moscow, Russia

ALGORITHM FOR CONTROLLING THE CLEANING PERFORMANCE
OF LOCAL AIR DUCTS WITH A SINGLE EXTRACTION DEVICE

Abstract

The article discusses issues related to controlling the cleaning capacity of local air ducts in air cleaning
systems for work areas with a single exhaust device. A diagram of such a working area air purification
system and its operating features are presented. In such systems, the purification capacity does not depend
on the actual air pollution in the working area and may be either excessive or insufficient. It is shown that
cleaning capacity can be controlled by changing the cross-sectional area of the air duct in automatic and/
or non-automatic mode. The paper does not consider a drive for changing the cross-sectional area of air
ducts. The cross-sectional area, and therefore the cleaning capacity, can be changed using various types
of dampers, such as slide valves, built into the air ducts. This allows the cleaning capacity to be controlled
depending on the actual air pollution in the working area. An algorithm for implementing such a system
in automatic mode and a block diagram of this algorithm are presented. The structure of the algorithm is
based on a preliminary assessment of the actual pollution level, which is the basis for setting the dampers
in a specific local air duct in a certain position, allowing the cleaning capacity of the air ducts in the entire
air cleaning system with a single exhaust device to be changed — by reducing or increasing it.

Keywords: working area, air purification system, local air duct, purification capacity, air flow redistribu-
tion, control algorithm
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OCHOBbI MOCTPOEHUA AQANTUBHOIO AHTPONOMOP®HOIO
3AXBATA C IreynnoBbIiM MPMBOAOM BbIXOAHbIX 3BEHBLEB

AnHoTanus

BelImoHeH aHai3 HOBOTO THIIA TPYIITIOBOTO IMTPUBO/IA UCTIONHUTEIBHOM IPYIIIbI 3BEHBEB, PEaIU3yFOIIHIA
00XBaT HEJIETEPMUHHUPOBAHHOTO 00beKTa. OIpe/ieNieHbl OCHOBHBIC TIPHHIIMITHI ero ocTpoeHust. Chopmupo-
BaHa YHKIIMOHAIbHAS CXEMa aHTPOIIOMOP(HOTO 3aXBaTa ¢ OOIIUM I'PYIIIOBBIM IIPHBOIOM HApaJLICIBHBIX
HCIIOIHUTEIHHBIX TPYTI 3BeHHEB. YCTAHOBJIEHO, UTO JJIsI 00ECTIeUdeHus aJanTHBHOCTH K TIOBEPXHOCTH
00beKTa MPUBOJ JOJIKESH BKJIFOYATH TOTIOJHUTEIBHBIC CHIIOBBIC AJIEMEHTBI — PY>KHHBI, B3aUMOJICHCTBY-
FOIIME C BEAYIIUMHU 3BEHBSIMH KaXKTOW MCIIOJTHUTENHHON Tpymibl. [lokazaHa BO3MOXHOCTh pealin3alliu
KOHCTPYKIIMH 3aXBaTa C MCIOJIh30BAHUEM PA3IMYHBIX MEXaHU3MOB B CHCTEME MEPE/Iauu IBUYKCHHSL.

KimioueBble c10Ba: aHTPOIOMOP(MHBII 3aXBaT, HCIIOTHUTEIIBHAS IPYIINA 3BCHBEB, [ICPEMCHHAs CTPYKTYPHAsI
cxema, (DYHKIHOHAIBHAS CXEMa, YHCII0 CTeHEeHEH MOABIKHOCTH
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Ivan G. Zhidenko
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Moscow, Russia

FUNDAMENTALS OF THE CONSTRUCTION OF ADAPTIVE
ANTHROPOMORPHIC CAPTURE WITH A GROUP DRIVE
OF OUTPUT LINKS

Abstract

The analysis of a new type of group drive of an executive group of links realizing the girth of a non-
deterministic object is performed. The basic principles of its construction are defined. A functional scheme
of anthropomorphic capture with a common group drive of parallel executive groups of links has been
formed. It is established that in order to ensure adaptability to the surface of the object, the drive must
include additional power elements — springs interacting with the driving links of each executive group.
The possibility of implementing a gripper design using various mechanisms in a motion transmission
system is shown.

Keywords: anthropomorphic capture, executive group of links, variable structural scheme, functional
scheme, number of degrees of mobility
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MNOBbLILWEHUNE 3PPEKTUBHOCTU YAEPXAHUA
NMEPCOHANA B NPOMBIWITEHHOCTU HA OCHOBE
NMEPCOHN®ULIUPOBAHHOIO MOAXOAOA

AHHOTAIUS

Crarps mocBsIIeHa pa3padOTKe METOIUYECKUX OCHOB yAEpKaHHUs MEPCOHANA B MIPOMBIIUICHHOCTH Ha
OCHOBE TIEPCOHMU(HUIIPOBAHHOTO TTOAX0A. AKTYaJIbHOCTH pabOTHI CBSI3aHA C MMPOUCXOMIIIUMI U3MEHE-
HUSIMU Ha POCCHICKOM PBIHKE TPYZa: PEKOPIHO HHU3Kas 0e3paboTuIla, CHI)KEHHE YUCIEHHOCTH TPYAOCIIO-
COOHOTO HaceJIeHHS, CTPYKTYPHBIH KBaTHM(DUKAIIMOHHBIH Mepekoc, 1eHIUT nepcoHana. B Takoii cutyarmm
POCCHICKHE MPEANPHUITHS CTONKHYIIUCH ¢ pobiieMoii aedurmra kanuduimpoBanHoro nepconana. Ocodo
0CTpO 3Ta MpodiIeMa BCTajla Mepe]] BEICOKOTEXHOJNIOTHYHBIME ITPOMBIIUICHHBIMA MTPEATPUATHIMY, T/Ie
Ka)KIbIi KBUTU(QHUIIMPOBAHHBIN COTPYTHHK NUMEET BECOMOE 3Ha4e€HHE U €T0 TPYAHO 3aMeHHUTh. OTHUM H3
pelreHuid JaHHOH MPOOIEMBI SBISETCS IEPECMOTP TIOIXO0I0B K yIep KaHHIO ITepCoHalia Ha MPEANPUSITHH.
B pabote npoBezieH aHaITN3 pean3yeMbIX Ha OTEUECTBEHHBIX MPEANPHATHAX TPAIUIHOHHBIX 1 HHHOBAIIU-
OHHBIX METOJIOB yAep>KaHUs mepcoHana. CrenaH BBIBOA O CIIOKHOCTSX HCTIOIB30BaHMUS B CYILIECTBYIOIINX
peaHsXx MHHOBAIMOHHBIX METOJOB YAepKaHUs MepCoHaIa U HeJOCTaTOUHOH 2P (HEKTUBHOCTH TpaIuLu-
OHHBIX 1ToAX010B. Ha 0cHOBe aHasM3a COBPEMEHHBIX TTOJXO0/IOB K YEPKaHHIO IEPCOHANa, a TAKKe aHaIM3a
MIPUYMH KaJIpOBOTO Ne(GHINTa HAa OTEIECTBEHHBIX MPOMBIIIICHHBIX MPEANPUATHIX ObLIH pa3paboTaHbI
METOIMYIECKHE OCHOBHI yep KaHHs IIepcoHalia, 0a3upyromuecs Ha TPeX KIFOYEBBIX MIEMEHTaX: CHCTEM-
HOCTb, THOKOCTb H IiepcoHnuKarys. [IpemmaraemMplii nepcoHnpUINPOBAHHBIH TOIXO0 IPEAYyCMaTPUBAET
CEeTMEHTAIIHIO IEPCOHANIA Ha OCHOBE TPEXMEPHOI MAaTPUIHON MOJIEIH, YIUTHIBAIOIIEH YPOBEHD BHITONHS-
eMbIX (DYHKIHH, cTauio NTpodheCCHOHATN3AaNH H TUIT IIOKOJIEHUS COTpyAHUKA. CerMeHTanus nepcoHana
MIPEANPUSATHS Ha TPYIIIEI HO3BOJISET OOJiee TOYHO BEISABIATH MOTHBATOPHI (IEMOTHBATOPEI) COTPYIHHKOB
Y PallMOHAJIBHO MOIXOAUTH K pecypcaM NPeaNpHATH, HalpaBIeHHbIM Ha yIep)KaHHue IepcoHaa.
Hcnonp30BaHue mpeaaraeMoro moaxoaa B MPaKTHKE MPOMBIIIIEHHBIX TPEIIPHATHIA MO3BOJIHUT PAIHO-
HaJIbHO MCIOJIb30BaTh PECYPCHI IPEATIPHUSTHS, HAIIPABJICHHBIE Ha yepyKaHHe IIePCOHaNa, MOBBICUTD Y dek-
THUBHOCTB MIPOLIECCOB M0 yIEP KaHUIO MEPCOHAa U MEPEHTH OT PEaKTUBHOTO YNpaBIeHUs yAep:KaHuEeM
MIepCOHaNa K MPOAKTUBHOMY, YUUTHIBAIOIIEMY W3MEHSIOIINECs YCIOBHUS Ha PBIHKE TPY/a.

KnroueBnle c10Ba: ynepxaHue IepcoHala, IePCOHU(HUITMPOBAHHEIA MOIXOA, PEIHOK TPyHa, AeQUINT
KaJpoB

Jnsa yumuposanus: Cyxoa H.A TloBbimienne 3¢)eKTHBHOCTH yAepKaHUsI IePCOHAJIA B MPOMBIII-
JIECHHOCTH HA ocHOBe nepcoHuuunupoanHoro noaxoaa // Becrnuxk MI'TY «Crankun». — 2026. —
Ne 1 (76). — C. 126-135. - DOI 10.47617/2072-3172_2026_1_126.
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IMPROVING THE EFFICIENCY OF STAFF RETENTION
IN THE INDUSTRY THROUGH A PERSONALIZED APPROACH

Abstract

This article is devoted to the development of methodological foundations for personnel retention in industry
based on a personalized approach. The relevance of this work is due to ongoing changes in the Russian
labour market: record-low unemployment, a declining working-age population, a structural skills imbal-
ance, and personnel shortages. In this situation, Russian enterprises are faced with a shortage of qualified
personnel. This problem is particularly acute for high-tech industrial companies, where every qualified
employee is crucial and difficult to replace. One solution is to revise approaches to employee retention.
This paper analyses traditional and innovative retention methods used by domestic companies. The study
concludes that innovative employee retention methods face challenges in today’s environment, while
traditional approaches are ineffective. Based on an analysis of modern approaches to employee retention,
as well as an analysis of the causes of personnel shortages at domestic industrial enterprises, a method-
ological framework for employee retention was developed, based on three key elements: consistency,
flexibility, and personalization. The proposed personalized approach involves segmenting employees using
a three-dimensional matrix model that takes into account the level of functions performed, the stage of
professional development, and the employee’s generational type. Segmenting an enterprise’s workforce
into groups allows for a more accurate identification of employee motivators and demotivators and a
rational approach to resource allocation for employee retention. Using the proposed approach in industrial
enterprises will enable a rational approach to resource allocation for employee retention, improve the
effectiveness of retention processes, and move from reactive to proactive retention management, taking
into account changing labour market conditions.

Keywords: staff retention, personalized approach, labour market, personnel shortage
For citation: Sukhova N.A. Improving the efficiency of staff retention in the industry through a

personalized approach. Vestnik MSUT “Stankin”. 2026. No 1 (76). P. 126-135.-DOI 10.47617/2072-
3172_2026_1_126. (In Russian)

BECTHUK MI'TY « CTAHKWH» Ne 1 .2026 / VESTNIK MSUT «STANKIN» No. 1 « 2026



