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A.B. I1OJIOI'JIOHAH, B.T. MATBEEHKO

YIPABJIEHUE TEHEPAIIUEN TEILTA B IIMKJIAX _
MUKPOT'A3OTYPBUHHbBIX YCTAHOBOK C PETEHEPAIIUEHN
TEIIJIOTbI

AHHoOTALMS. [Ipeomemom paccmompenus 6 cmamove AGIAEMCs MAMeMAMU4eckas Mooenb paciema 0OCHOSHbIX
napamempos pezenepamusnvix MI'T/] npu ucnoav3oeanuu 6atinacuposanus Yukio8o2o 6030yxXa MUMO pezenepamopa
02151 ynpasnenus eenepayuetl menia 0as kocenepayuounvix MI'TY. Yemanoeneno, umo ucnonvzosanue 6ainacuposanus
6030yXa MUMO pezeHepamopa No380sAen MeHAmMb KOIUHecmeo zenepupyemozo kozenepayuonnoi MITY menna 6
wupokux npeoenax (0o 75...80 %). Imo nozsonsiem obecnenusams NOMpeOHOCMU IOKANbHBIX 00bEKMOE 8 MEeNniome npu
YUKTUYECKOU UnU NepeMeHHOU Mennosol Hazpyske, obecneuusas CmMabUIbHOCMb NOCMABKU AEKMPOIHepeuu. Ima
MOOenb Modicen Oblmb UCHOTLI08AHA NPU YNPOUWEHHBIX U npedsapumenvhbix paciema MI'TY .

KiroueBble c1oBa: Oaiinacuposanue yukioso2o 6030yXa, MUKpO2A30MypOUHHAS YCMAHOBKA, MUKPOMYPOUHA,
pezeHepayus meniomvl, mypouHa nepepacuupenst, mypooKOMnpeccopHblil Ymuau3amop.
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A.V. DOLOGLONYAN, V.T. MATVIIENKO

HEAT GENERATION CONTROL IN MICROGAS TURBINE PLANTS
WITH WARMTH REGENERATION

Abstract. The subject of consideration in the article is a mathematical model for calculating the main
parameters of regenerative MGTPs when using bypassing cyclic air past the regenerator to control heat generation for
cogeneration MGTPs. It has been established that the use of air bypassing past the regenerator makes it possible to
change the amount of heat generated by the cogeneration MGTP over a wide range (up to 75...80%). This makes it
possible to meet the needs of local facilities for heat at cyclic or variable heat load, ensuring the stability of the supply of
electricity. This model can be used for simplified and preliminary calculations of MGTP.

Keywords: cycle air bypass, microgas turbine plant, microturbine warmth regeneration, overexpansion turbine,
turbocompressor utilizer.
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AWM. BOXOHCKMUI, H.1. BAPMUHCKAS, A. 1. PBIKKOB

IMPUHIUII U TEOPEMbBI PEBEPCHMOHHOI'O NHCYHUCJIEHUA

Annorauusi. Copmynuposan pesepcuonusitl npunyun onmumanvrocmu (PIIO), onucan aneopumm ezo
UCNONBL308AHUSL OISl KOHCIMPYUPOBAHUSL ONMUMATIbHBIX NEPEHOCHbIX YCKopenuli 0obvekmos. Ha npumepe npoeepenwvi
docmamoymvie YCI08UsL IKCMPEMATbHOCIU 80CCHAHOGLEHHbIX (QYHKYUOHAIO8—KpUmMepUes npu KOHCMPYUpOBSaHuu
ONMUMANLHO20 YRPAGIEHUS. MUNA «pazeoH—mopmodiceruey. Chopmyruposanvt u 0OKA3aHbI MEOPEMbl. O YUCIEHHOM
Ppasencmee uHme2panos ¢ PaiudHbIMy o0 UHMESPAIbHbIMU (DYHKYUSAMU, O MUHUMATbHOU SHep2uu Oisk OOCHUICEHUS
yenu OnmuMAnbHO YNPAGIseMo20 OBUNCEHUs  «pazeoH—mopmodicenuey. Ha ocnosanuu 0600wenuss pesynomamog
KOHCIMPYUPOBAHUST ONMUMATbHBIX YIPAGIEHULL TMUNA «PA320H—TNOPMOIICEHUEY HAUOEHA YHUBEPCANbHASL AHATUMUYECKAs]
Qynryus ynpasnenust (nepeHOCHO20 YCKOPEHUs,), U3 KOMOPOU CedVIom U36eCnHble YaCmHble CyYau. AHAIUmMuYecKu u
YUCTIEHHO NOOMBEPIHCOCHO CYWECBOBANIUE NPEOENbHOU MUHUMATbHOU JHEP2UU YNPABLEHUsL, OJisL KOMOPOU 0CYUWeCmEUMO
nepemewenue 00beKma U3z UCXOOHO20 COCMOANUSL NOKOSL 8 HOBOE COCMOSANUE NOKOSL NPU (PUKCUPOBAHHOM PACCMOSHUU U
BDeMEHU OBUINCEHUSL.

KaroueBble clioBa: pegepcuonHoe KOHCMPYUpo8aHue YAPAGIeHUll, IKCMpeMyM (QYHKYUOHANA, MmeopeMd O
MUHUMATLHOU DHEP2UU.
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A.l. BOKHONSKY, N.I. VARMINSKAYA, A. |. RYZHKOV

PRINCIPLE AND THEOREMS OF REVERSIONAL CALCULATION

Abstract. A reverse optimality principle (ROP) is formulated and an algorithm for its use for constructing
optimal portable object movements is presented. Using an example, sufficient conditions for the extremality of the restored
criterion functional are verified when constructing an optimal control of the «acceleration—deceleration» type. The
following theorems were formulated and proved: on the numerical equality of integrals with different integral functions,
on the minimum energy to achieve the goal of optimally controlled motion in the form of «acceleration—decelerationy.
Basing on the generalization of the results for optimal controls designing of the «acceleration—decelerationy» type of
motion, whence the known special cases follow, universal analytical control function (translational acceleration) was
found. Analytically and numerically was confirmed the existence of the limiting minimum control energy at which the
movement of an object from the initial state of rest to a new state of rest is possible at a fixed distance and time of motion.

Keywords: reverse design of controls, extremum of a functional, minimum energy theorem.
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H.. BAPMUHCKAA

JAAHAMUKA AHTPOITIOMOP®HOI'O MAHUITYJIATOPA
C YIIPYI'NMM 3BEHbAMM ITPU NCITOJIB3OBAHUHU
ONTUMAJILHBIX YIIPABJIEHUI ABUKEHUEM

AHHOTAUMA. M CCe008ano onmumaibHoe 08UNCEHUE PYKU AHMPONOMOPEPHO20 MAHUNYISAMOPA C YAPYSUMU
36EHLAMU U3 UCXOOHO20 6 KOHEeUHoe COCMOSHUE aOCONIOMHO20 NOKOSI HPU UCNOAb308AHUU KOHCIPYUPYEMbIX
KOCOCUMMEMPUYHbIX — YAPABNICHULl MUNd  «Pa3eOH—mMOpMOdiceHuey. JleudiceHue paszodeneHo Ha  NepeHOCHoe,
obecneuugaioujee Yeib OBUNCEHUST MAHUNYISMOPA C HeOeOPMUPYEeMbIMU 36EHbAMU, U OMHOCUMENbHOEe (ynpyaue
Konebanus 36enves). A6CoNOMHubIL NOKOU 8 KOHYE 0BUINICEHUS OOCMULACMCSl KAK CYMMA NePEeHOCHO20 U OTMHOCUMENLHO20
noKosl.

KawueBble clI0Ba: aHmponomop@Hulii MAHUnyIsamop, 36eHbs KOHEUHOU JiCeCMmKOCMU, HNEePeHOCHOe U
OMHOCUMENbHOE 08UNCEHUE, OOCIMUNCEHUE AOCONIOMHO20 NOKOS, ONMUMALbHOE YNPAGICHUE.
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N.I. VARMINSKAYA

DYNAMICS OF ANTHROPOMORPHIC MANIPULATOR WITH ELASTIC
LINKS IN USE OPTIMUM MOTION CONTROL

Abstract. The optimal rotational motion of the anthropomorphic manipulator with elements of finite rigidity is
investigated from the initial to the final state of absolute quiescence using skew—symmetric controls of the "acceleration—
deceleration™ type. The motion of the links is divided into figurative (providing the purpose of the movement) and relative
(elastic oscillations of the links). Absolute quiescence at the end of motion is achieved as a sum of figurative and relative
quiescence.

Keywords: anthropomorphic manipulator, finite rigidity links, figurative and relative motion, absolute quiescence
achieving, optimal control.
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A.O. XAPYEHKO, E.A. BJIAJIEHHKA

AHAJIM3 U UCCIIEAOBAHUE IKCILTYATAIIMOHHON
U TEXHOJIOTHYECKOHM HAJEKHOCTH ObOPYTOBAHUS IS
BHYTPEHHEU MEJIKOPASMEPHOMU PE3bBOOBPABOTKH

AHHOTanMsl. B cmamve npedcmagnenvl pe3yibmamvl AHAAU3A U UCCIEO068AHUL 8 HANPAGLeHUU
COBEPUICHCMBOBAHUSL MEXHOIOSUHeCK020 000py0osanus OJid GHYMpeHHell pe3bb0obpabomku Oemanell 8 YCI0GUSX
2UOK020  aBMOMAMU3UPOBAHHO20 — NPOU3B0OCcmed. Paccmompenvt  memoovl  OYeHKU — IKCNAYAMAYUOHHOU U
MEeXHOI02UYECKOU HAOEHCHOCMU 2ubKo20 npou3godcmeennozo mooyna (I'TIM) pezvboobpabomku, komopvie Mmozym
ObIMb NONOICEHBL 8 OCHOBY PA3PAOAMBIBAEMOU MEMOOUKU CUHME3A €20 dNeMeHmo8. TexHonroeuueckylo cucmemy subko2o
npousgoocmeennoco mooyas (I'TIM) pe3vboobpabomiu NpeonrodliceHo paccmampusams KaxK cucmemy, 6 KOmopou
nepexoobl U3 COCMOSHUSL @ COCHOSIHUE NPOUCX00Sim NoO Oelicmeuem NpoCmeluux HOmMoKo8 ¢ napamempamu
6EPOSIMHOCMEN Nepexo0a HenpepbleHO MapKOBCKoll yenu. Paspabomannas mamemamuueckas Mooenb, ORUCLIEAIOWAsL



cocmosanus I'TIM ¢ yuemom omkazo8 yHKYUOHUPOBaHUs €20 deMEeHMO8, NaApaAMempuiecKux OmKazos, a maxice ¢
VYemom 60CCAHOBLEHUTE NOCe SMUX U008 OMKA308 NO3605em OMPAUMb GIUAHUE HA pabomy MOOYIsA NAPAMEmpos
NOMOK08 OMKA308 U 80CCMAHOBICHUI UHCIMPYMEHMA, CMAHKA, NPUCNOCOOAEHUS, 3aepy304H020 ycmpoticmea. Pewenue
NONYYEHHBIX CUCTNEM YPABHeHUll (DUHATBHBIX 8ePOSAMHOCEN NO0360JAem OAsl 3A0aHHBIX (WU NOTYYEeHHbIX
9IKCNEPUMEHMANbHO) UHMEHCUBHOCHel NOMOK08 OMKA308 (QyHKyuonuposanus u napamempuueckux) oaa I'TIM
pe3b0000pabomxy NOIYUUMb 3HAYEHUS 8ePOAMHOCIIU OE30MKA3HOU padoOmbl, A MAKdHCe 8ePOAMHOCIEN HAXOHCOEHU
cucmemul 8 Hepabouem COCMOAHUU NO NPUYUHE COOBEMCMEYIOWUX 0mKa308. IIposedenivle Meponpuamus HO360aAI0M
peuiums 3a0auy cunmesa Ha yposne CMpyKmypHo—KOMHOHO80UHOU ONMUMUAYUY, YOObL HA SIMane NapamempuiecKo2o
cuHme3a onpedenumy ya36umsle no 6blpabOMAHHOMY KPUMEPUIO INeMENMbl, YCOBEPUIEHCNBO8AHIE KOMOPbIX npugedem
K c030anuio Haubonee 3¢pghpekmusHoll cucmembl.

KiioueBble €JI0Ba: 3KCHIYAMAYUOHHAS U MEXHOIOUHECKAS HAOEHCHOCMb, GHYMPEHHAS MEeIKOPA3MepHAA
pe3bboobpabomka,  mexHosocuueckue — NeMeHmuvl  MOOYAA,  2uOKull  npoussoocmeeHHvl  mooyav  (ITIM)
pe3vb00bpabomku, npocmeliuiull ROMOK, MAPKOBCKASL YeNb, BePOAMHOCb Oe30MKA3HOU padombl.
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A.0. KHARCHENKO, E.A. VLADETSKAYA

ANALYSIS AND RESEARCH OF OPERATIONAL
AND TECHNOLOGICAL RELIABILITY
OF EQUIPMENT FOR INTERNAL SMALL-SIZED THREADING

Abstract. The article presents the results of analysis and research in the direction of improving technological
equipment for internal threading of parts in a flexible automated production. Methods for assessing the operational and
technological reliability of a flexible manufacturing module (FMM) of thread processing are considered, which can be
used as the basis for the developed method of synthesis of its elements. It is proposed to consider the technological system
of the flexible manufacturing module (FMM) of thread processing as a system in which transitions from state to state
occur under the action of the simplest flows with parameters of the transition probabilities of a continuous Markov chain.
The developed mathematical model describing the state of the FMM taking into account the failures of the functioning of
its elements, parametric failures, as well as taking into account the recovery after these types of failures, makes it possible
to reflect the influence on the operation of the module of the parameters of the flows of failures and restorations of the
tool, machine tool, fixture, loading device. The solution of the obtained systems of equations of final probabilities allows
for given (or experimentally obtained) intensities of failure streams (functioning and parametric) for FMM threading to
obtain the values of the probability of failure—free operation, as well as the probabilities of finding the system in an
inoperative state due to corresponding failures. The measures taken make it possible to solve the synthesis problem at the
level of structural and layout optimization, so that at the stage of parametric synthesis to determine the elements that are
vulnerable according to the developed criterion, the improvement of which will lead to the creation of the most efficient
system.

Keywords: operational and technological reliability, internal small-sized thread processing, technological
elements of the module, flexible manufacturing module (FMM) for thread processing, simplest flow, Markov chain,
probability of failure—free operation.
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AN. TIECYAHCKMI, A.0. XAPYEHKO, C.M. EPATAH

JABYXKOMIIOHEHTHASA BOCCTAHABJ/IMBAEMAS
NHCTPYMEHTAJIbHAS CUCTEMA MHOI'OLHEJIEBOI'O CTAHKA
C MIT'HOBEHHO IHOINOJHAEMbIM BPEMEHHBIM PE3EPBOM

AnHotanusi. OObeKmom UCCIe008aHUs SGIAAeMCsl MEXHUYEeCKds, CUCMeMd MHO20Yene8020 CMAHKA,
UHCIPYMEHMbL KOMOPOU MO2YW 8bIXO0UMb U3 CMPOsi U 60CCMANHAGIUCAMbCS. Bviwedwuil uz cmpos uncmpymenm
ocmaemcst HeKOmopoe 8peMsi (PYHKYUOHAbHO PABOMOCHOCOOHBIM 34 CYEN 6DEMEHH020 pe3epéa 00 HACMYNAEHUs
napamMempuiecko20 OmKa3d, 6eIUMUHA KOMOPO20 uMeem CIyYyatinwiil xapaxmep. Bce cnyuaiinvie genuuunl,
onucwlealowue Cucmemy, UMelom pacnpeoeiierust 0ouje2o eudda. Annapamom Oist ROCHMpPOeHUs. MAMEMAMULECKOU MOOeU
ONUCAHHOU CUCEMbL SGISAEMCS NOIYMAPKOGCKULL NPOYECC ¢ OUCKPEMHO—HENPEPLIGHbIM (A308bIM NPOCHPAHCINEOM
cocmosinuil. B sisHom eude maxooumcsi cmayuonaphoe pacnpedenenue enodicennol yenu Maprosa. [[ns cucmem ¢
NApANIeNbHBIM COCOUHEHUEM, NOCLe008AMENbHbIM COCOUHEHUEM C OMKIIOYeHUeM U 0e3 OMKIIOYeHUs IIeMEHMO8
HAX008mcsl CMayuoHapHoe epemst HapabomKu CUCMEMbl HA OMKA3, CMAYUOHAPHOEe 8PEMsl NPeObIBaAHUsL 6 COCMOSIHUU
OmMKA3a U CMAYUOHAPHLLL KOdpduyuenm 2omoenocmu cucmemvl. Ha wucrnennom npumepe nokazama 3a6UCUMOCHIb
CMAYUOHAPHBIX XAPAKMEPUCUK CUCTEMbL 0N 8ETUNUHBL BPEMEHHO020 Pe3epad.

KaloueBble cioBa: mexuuueckas cucmema MHO2OYENEB020 CMAHKA, UHCIMPYMEHMANIbHOE De3epsuposanue
6DEMEHHOIUl pe3eps, CMAyUoOHapHoe pacnpedeieHue 610%ceHHou yenu Maprosa, cmayuoHapHulili Kod@duyuenm
20MOBHOCMU.
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A.l. PESCHANSKY, A.0. KHARCHENKO, S.M. BRATAN

TWO-COMPONENT RESTORABLE TOOL SYSTEM MULTI-PURPOSE
MACHINE WITH AN INSTANTLY REFILLED TIME RESERVE

Abstract. The object of the research is the technical system of a multipurpose machine tool, the tools of which
can fail and be restored. A failed tool remains functional for some time due to a temporary reserve until a parametric
failure occurs, the magnitude of which is random. All random variables describing the system have general distributions.
The apparatus for constructing a mathematical model of the described system is a semi—Markov process with a discrete—
continuous phase space of states. The stationary distribution of the embedded Markov chain is found explicitly. For
systems with parallel connection, series connection with disconnection and without disconnection of elements, the
stationary time between failures of the system, the stationary time spent in the state of failure and the stationary system
availability factor are found. A numerical example shows the dependence of the stationary characteristics of the system
on the size of the time reserve.

Keywords: technical system of a multi—purpose machine, instrumental redundancy, time reserve, stationary
distribution of the nested Markov chain, stationary availability factor.
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A.B. HEMEHKO, M.M. HUKUTUH

IHPEAJOTBPALLIEHHUE TEXHOJIOFH‘IECKOFI YCTAJIOCTHA
HHPU ®PUHUIINTHOU OBPABOTKE JETAJIN

AHHOTanusi. Paccmompenvt 803MOJNCHOCHU NPeOOMEPAWEHUs. NOSGLEHUSL YCHALOCHIHbIX MPewul npu
Qunuwinoli obpabomke Oemanu NO USMEHEHUIO YNPY2O—MEXAHUYECKUX XApaKmMepucmux mamepuania u3oenus.
Hccneoosanus nposoosamces 6 npeonoiodcenull, Ymo mMamepuail U30mponen U XapaKxmepusyemcs npu 3mom Mooyiem
ynpyeocmu u coguea. HMcciedosanust npou3eo0smes ¢ UCKOIb308AHUEM YPAGHEHUSL KOACOAHUT, BO3HUKAIOWUX 8 Npoyecce
NPOU3B0OCMEEHHBIX HacpydiceHuti o6vekma. [lonyuennvie nocie008amenbHOCMU OYEHOK MEXAHUYECKUX XAPAKMEPUCIUK
Mamepuana npeocmagienvl 6PeMEHHbIMU PIOAMU, NO KOMOPbIM NPOU3BOOUMCsl OAIbHUU NPOSHO3 U GbIYUCIEHUE
NPeOesbHbIX 3HAYEHULL NPU HEOSPAHUYEHHOM 803pacmanuu epemenu. Kpumepuem ycmanocmu npunumaemcs: usmeHenue
IMUX GENUYUH 6 HACMOSWULL UTU OYOyuuUe MOMEHMbL PEMEHU C GbIXOOOM YCMAHOGIEHHOU 0OAACMU OONYCIUMBIX
3Hauenull. B 3asucumocmu om cmenenu OMKIOHEeHUs: MOJICEm Oblmb NPUHSIMO peuletue 06 omopakoeke demanu 1ubo o
KOPPEeKYUU MeXHOIOSUYECKO20 NpOYecca ¢ UMEHEHUeM 3aKOHA OBUdICEHUs — 0bpabamuléaioweco UHCMpyMenmad.
[Ipednazaemviii cnocob KOHMPOJISL MOJICEM NPUMEHAMBCS NPU NOCIMPOEHUU 2UOKUX NPOUZBOOCEEHHBIX CUCTIEM.

KiroueBble clioBa: cubKue npouzso0CmeeHmble CUCTNEeMbl, MEXHOI02uYecKas Junus, unuwnas oopabomxa,
MEXHON02UYECKAsl BLIHOCIUBOCHID.
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A.V. NEMENKO, M.M. NIKITIN

PREVENTING PROCESS FATIGUE WHEN FINISHING A PART

Abstract. Possibilities of preventing the appearance of fatigue cracks during finishing processing of a part by
changing the elastic-mechanical characteristics of the workpiece due to the accumulation of fatigue defects preceding
the appearance of a crack are considered. Modules of elasticity and shear are considered as characteristics to be
controlled under the assumption that the material of the part is isotropic. To control these values, the equation of
vibrations of the part is used, which is solved by the numerical method, and the values of E and G are selected,
corresponding to the measured displacements of surface points that occur during a given movement of the processing
tool. The movements are proposed to be measured remotely. The obtained sequences of estimates of the elasticity and
shear moduli form two time series, according to which a long—range forecast is made, and the limiting values of the
sequences are calculated with an unlimited increase in time. The fatigue criterion is the reduction of these values at the
present or future points in time below a preset value. Depending on the degree of reduction, a decision can be made to
reject the part or to correct the technological process with a change in the law of the machining tool motion. The proposed
control method can be used in the construction of flexible production systems.

Keywords: robotic technology systems, technology line, latent failures, predictive recovery, artificial
intelligence.
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BBIBOP TEIIVIOBBIX TPYDb JJIS1 OXJVIAKIAEHUSA ®OPM
HPU JIUTBE INTACTMACC IOA JABJIEHUEM

AHHOTALMS. Buinonnen auaiuz 603MOMCHOCHEN NPUMEHEHUs UCHONb306AHUA  HUSKOMEMNEPaAmypHbIX
mennosvix mpyo u 08yxghasHvix mepmocughoHos npu npoussoocmae NIACmMMAce Iumvem noo 0asneHuem u KOKUIbHOM
JUmMbe YUHKOBbIX cniasos. Takue npeumywecmea meniogulx mpyo, Kax 6blcOKas dQ@exmuenas menionpogooHOCHb,
HAO0EHCHOCMb, NO360AAIOM UCNONB306AMb UX 051 OME00A MENIombl U3 MPYOHOOOCTHYNHBIX MECT 8 TUMEHbIX PopMax
CTIOMHCHOU KOHQUEYpayuu 6Mecmo npumMeHaemMulx 015 JMol yenu memaniuieckux cmepocnell. Ilpusedensi pesynomanivi
CPASHUMETLHBIX IKCHEPUMEHMATLHBIX UCCIe008AHUT PA3TUYHBIX MUNOE MENN08bIX MPYD, 8 XapaKmepHOM OUanazone
pabouux memnepamyp. HJanvl pekoMeHOAyuu O 8blOOPY KANULIAPHO—NOPUCTBIX CIMPYKIYD U padouux dcuoxocmell
Menioeuix mpyo 8 memMnepamypHuixX OUANA30HAX XAPAKMepHbIX Olsl OXAadxcOeHus aumvesvix Gopm. Ilpusedena
KOHCMPYKYUsL ~ apmepuaibHou — HU3KOMEeMnepamypHol — mpybvl, OnpedeieHa  ONMUMAIbHble —2eoMempuyecKue
XapaxkmepucmuKy cemouHou KanuuispHO—NOPUCON CIPYKIYDbI.

KawueBble ciaoBa: sumve niacmmacc noo OagieHuem, OXaancoeHue Aumelnvlx Qopm, mennosvle mpyowl,
KANULIAPHO—NOPUCHIble CIMPYKMYpbl. 08yx@asnvle mepmocugonsl, pabouue scuoxocmu TT.
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G.V. GOGOLEV

OPTION OF HEAT PIPES FOR COOLING OF MOLDS DURING
INJECTION MOLDING PLASTICS

Abstract. In the article analyzed possibility using of heat pipes and two—phase thermal siphons in production
plastic injection molding and die casting of zinc alloys. The advantages of heat pipes make it possible to use them to
remove heat from hard-to—reach place of casting molds. Results of the comparative analyses of the work of various
heat pipes are presented. The experimental researches were in the real temperature range of work carried out. The
article gives recommendations on the option of capillary—porous structures and working fluids of heat pipes. The
arterial heat pipe design proposed. The optimal geometric characteristics of mesh porous structure of this heat pipe are
determined.

Keywords: plastic injection molding, cooling of forms for casting, heat pipes, two—phase thermal siphons,
capillary—porous structures, working fluids of heat pipes.
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J.T. CAO®APOB, A.I'. KOH/IPAIIIOB

YMEHBIIEHUE NOTPEHTHOCTEN MPO®WUJIA 3YEBEB 3YBUATBIX
KOJIEC B TIPOIUECCAX 3YBO®PE3EPOBAHUA YEPBAYHbBIMHA
OPE3AMU

AHHOTAUMA. B cmamve paccmompern no0xo0 K yMeHbUeHUIO ROZPEUWHOCHEN I80JIbEEHMHO20 U NPOOOJIbHO2O
npoghuneti 3youamuix Koaec. YMmeHvlenue nozpeuHocmu npoQuiis GbINOTHAEMC U3 HECKONbKUX WA208 — OYEHKU
nokazameineti OMHOCUMENIbHO NPEOeNbHbIX 3HAYEHUT, BbIAGNIEHUE MEXHOIOSULECKOU CIPYKMYPbl, IKCHEPMHO20 AHANU3A
npogunozpamm & pezyivmame KOmMopoz2o ¢hopmupyemcs cooepiscanue Koppekmupytowux oeticmeuii. Ilocmosnnoe
nosmopenue wazo8 Npugooum K NOCMOSHHOMY YMeHbUuleHUuto Haubonee 3HAYUMBIX nozpewiHocmell npoguasa, 4mo
SHAYUMENbHO CHUNMCAEm PUCKU U320MOBIeHUs KOJleC ¢ Hecoomeemcmsyrowumy nozpewHocmamu npoguneu. Cxema



VHUBEPCANbHA U NpUMEHUMA OAs J06bIX onepayuti 3y6006pabomku. B cmamve paccmampueaemcs ymenvuieHue
nogpewnocmu npouneii Ha npumepe 3y00@ppe3eposanus YUIUHOPUYECKUX KOCO3YObIX KOaeC 4ep8AuHOll 3Y00pe3HOU
dpesoul.

KiioueBble cioBa: yununopuyeckoe 3y6uamoe Koneco, 3y00¢peseposanie, 4epesaunasn pesa, noespeuHocns
npoguas, ynyuwenue.
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D.T. SAFAROV, A.G. KONDRASHOV

REDUCTION OF ERRORS IN THE PROFILE OF THE TEETH OF GEARS
IN THE PROCESSES OF GEAR MILLING WITH WORM CUTTERS

Abstract. The article considers an approach to reducing the errors of the involute and longitudinal profiles of
gears. The reduction of the profile error consists of several steps — evaluation of indicators relative to the limit values,
identification of the technological structure, expert analysis of profilograms, which results in the content of corrective
actions. Constant repetition of steps leads to a constant reduction of the most significant profile errors, which significantly
reduces the risks of manufacturing wheels with inappropriate profile errors. The scheme is universal and can be used for
any tooth processing operations. The article deals with the reduction of the error of profiles on the example of gear
milling of cylindrical skew—toothed wheels with a worm gear cutter.

Keywords: cylindrical gear, gear milling, worm milling, profile error, improvement.
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A.B. HEMEHKO, M.M. HUKUTUH

KOMIIEHCAIIUA YIIPYT'UX MNEPEMEIIEHUNA
IHPU MEXAHUYECKOU OBPABOTKE JETAJIN

AHHoOTAamMs. Paccmompensl 603MOMCHOCU KOMREHCAYUY OWUOKYU NOZUYUOHUPOSAHUA NPU MEXAHUYECKOl
0bpabomke MOHKOCMeEHHOU 0emanu 3a cuem coobujerHus 06padbamuléarouemy UHCMpyMeHmy 08UICEHUsL 8 NPOMusodase
Konebanuto 3acomosku. Ilpednooicern cnocob YCMAamoBIeHUsT 0XHCUOAEMO20 AMIIUMYOHO20 CHeKmpa KoaeOaHull
3020MOBKU UCX005L U3 PA3NONCEHUS PeeHUss OuPpeperyuaibHoeo ypasHeHus: Koiebanuil 0emanu 6 psio o CmeneHsm
spemenu. Paccmompensl 603Huxaiowue nepexooHvie onpedesumeny U noayueHsvl Gopmynsl ux ObICmpo2o GbIHUCTEHUS]
0J11 peuerUst NnepexoOHOl CUcmeMbl ypasHeHuil 01 K03 @uyuenmog 08yx psoos no memoody Kpawepa. Ilpednrazaemviti
CnOCob npumMeHUM K nA0CKOU 00pabomxe npeumyujecmeeHio Ha eé QUHUWHBIX CMAOUSX, HO MOJIcem Oblmb PACUUPEH U
Ha Opyeue 6udbl 06PAbOMKU NYyMeM PACCMOMPEHUs BbIHYICOEHHbIX KOACOAHUL 3A20MO6KU 6 COOMBEMCMEYIOUUX
NAOCKOCMIAX.

KaioueBble cinoBa: cubkue npouzsoocmeennvie CUCMEMbl, MEXHON02UHeCKas TUHUA, QuUHUWHAA 06pabomKa,
060710YeuHAsl KOHCMPYKYUS, NPEYUZUOHHBIE NOBEPXHOCHU, 0OPAOOMKA 8 NOOBUNCHBIX OCSX.
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A.V. NEMENKO, M.M. NIKITIN

COMPENSATION OF ELASTIC MOVEMENT WHEN MECHANICAL
PROCESSING OF THE PARTS

Abstract. The possibilities of compensating for distortions during the machining of a thin—walled part by
communicating to the processing tool movement in antiphase to the oscillation of the workpiece are considered. A method
is proposed for establishing the expected amplitude spectrum of oscillations of the workpiece based on the expansion of
the solution of the differential equation of oscillations of the part in a series in powers of time. The emerging transient
determinants are considered and formulas for their fast calculation are obtained for solving the transient system of
equations for the coefficients of two series by Cramer's method. The proposed method is applicable to flat processing
mainly at its finishing stages, but it can be extended to other types of processing by considering the forced vibrations of
the workpiece in the corresponding planes.

Keywords: robotic technology systems, technology line, finishing, shell construction, precision surfaces,
machining in moving axes.
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C.B. KYJPABLEB, M.®. CEJIEMEHEB, E.A. ITPOCOJIOB,
I'.b. TAHKOB, A.C. TAPAITAHOB

YIPABJIEHUE TEMIIEPATYPOH KOHTAKTHBIX TIOBEPXHOCTEM
PEXYIIEN YACTHU PASBEPTOK C HAHOIIOKPBITHEM

Annomayusn. I[lposeden ananus usMeHeHUs MeMNEPamyp KOHMAKMHLIX NOBEPXHOCMeEN pedxcyuel 4acmu
pazeepmru U Meopemudeckull paciem npu pPAasIuyHbIX YCI08USAX 00pabomKu Oasi npoyecca pazeepmvleaHusl.
Ilpedcmaenena 610K—cxema yCmaHo8Ku NO360AAIOWAS DUKCUPOBAMDb UIMEHEHUEe MeMnepamyp 6 30He pe3anus Ha
KOMNblomepe 6 pedicume peanrbHo20 8peMeHu. Ycmanosneno, umo npu 3¢@dekmusHom npumenenuy HaHoONOKpblmutl
(anunamos) crhusicaemcsi KodQpuyuenm mpenus, mem CAmMbiM YMEHbUIASL MEMNEPAMYPY NPOYEcca pa3eepmuléanus U

nosviuas pecypc UHCMmpymMeHma.

Knroueevie cnosa: pesanue, paszeepmbsledrue, HUZKOCKOPOCHHbIE NPOYECccsyl MeXaHUu4eckou 06pa60m1<u,
memnepamypa pe3atus, aemoxwamus*uposa;wwﬁ KOMNJeKc, menﬂ006M€HHuK, eblcom)meMnepamyprlﬁ menJjioHoCcUumeis,
Memoobl onpe()eﬂeHuﬂ memnepamypbl, HONOKPbIMus, SNU1adMbl.
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S.V. KUDRYAVTSEV, M.F. SELEMENEV, E.A. PROSOLOV,
G.B. PANKOV, A.S. TARAPANOV

TEMPERATURE CONTROL OF THE CUTTING SURFACES
OF THE CUTTING PART OF NANO-COATED SCANS

Abstract. The analysis of the temperature change of the contact surfaces of the cutting part of the reamer and
the theoretical calculation under various processing conditions for the reaming process are carried out. A block diagram
of the installation is presented, which allows recording the temperature change in the cutting zone on a computer in real
time. It was found that with the effective use of nanocoatings (epilams), the friction coefficient decreases, thereby
decreasing the temperature of the deployment process and increasing the tool life.

Keywords: cutting, reaming, low—speed machining processes, cutting temperature, automated complex, heat
exchanger, high—temperature coolant, methods for determining temperature, but coatings, epilams.
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OIITUMU3AIIUA IIUDGPOBOI'O MIPOEKTUPOBAHUA CJTOXKHON
TEXHOJIOTHYECKON CUCTEMBI

AHHoOTaUMs. B cmamve UCCre008an esonpoc onmumusayuu CNOJICHOU MEXHUYECKOU CUCmeMbl HA Cmaduu ee
npoekmupoeanus ¢ npumeHeruem 96pucmuK0*¢eHOM€H0]102u’l@CKOZO nooxooa. Hpoeeden aHaau3z npuHyunoe
KOMNIEKCHOUL onmumuzayuul CI10HCHbIX MEXHUUECKUX CUCMEM. HPGOJZOJK‘eHa uembslpexyposeHeesast CmpyKkmypa cunmesa

Memoouuecko2o,

MHQbOpMCIb]MOHHOZO u npoecpammmnoco obecneuenusi KOMNIEKCHOU onmumuzayuu - CJ10IHCHbLX

MEXHUYECKUX cucmem, Komopas no3eoaunt ynpaeisms npocpammupyemvbimu napamempamut ClONHCHbIX MEeXHUYEeCKUX

cucmem Ha Kaxcoom smane ux NPOEeKmMupOo6aHus.

KarwueBble cioBa: mexuHuueckas cucmema,

960IHOYUOHHBIU PEHOMEHOIOZUHEeCKUT NOOXOO.

06’b€l<'m, npoekmupoeanue, onmumuzayusl, I6pUCmMuUuKoO—
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A.R. ABLAEV, E.V. KHROMOQOV, R.R. ABLAEV, A.P. POLYAKOV

DIGITAL DESIGN OPTIMIZATION OF A COMPLEX
TECHNOLOGICAL SYSTEM

Abstract. The article investigates the issue of optimization of a complex technical system at the stage of its
design using a heuristic—phenomenological approach. The analysis of the principles of complex optimization of complex
technical systems is carried out. A four—level structure for the synthesis of methodological, informational and software
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support for complex optimization of complex technical systems is proposed, which will allow controlling the
programmable parameters of complex technical systems at each stage of their design.
Keywords: technical system, object, design, optimization, heuristic and phenomenological approach.
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O.I'. KOXYC, I'.B. BAPCVYKOB, B.C. IlIOPKHH, 10.C. CTEITIAHOB, JI.}O. ®POJIEHKOBA

IHOBBIIIEHUE 9@PEKTUBHOCTU PABOTbl YCTAHOBKH
I HAHECEHUA ITIOJIMMEPHOU OBOJIOYKHN HA ABPA3UB
IIPU KPUTUYECKUX TEXHOJIOT'HMYECKHUX PEXXKUMAX

AHHOTAUMA. B cmamve pewaiomcs 60npocvl nosvbluleHUs NPOU3800UMENTbHOCMU HPOYeccd HAHeCeHUs.
NOAUMEPHOU 000104YKU Ha abpasus. Ycmawnosneno, umo Npou3800UMENbHOCHb UHKANCYIAyuY abpasusa 6
NCeBA00ICUINCEHHOM CI0e OOCMULAEMCSL 30 cuem noobopa 060py008ans, Muna noauMepd, NApPaMempos pachblieHUs U
ceolicme abpazugHo2o mamepuana. Aemopamu paspabomana MemoouKa nowydeHus: abpasusHO20 3epHa ¢ NOIUMEPHBIM
HOKpbImMueM ¢ UCHOIb308AHUEM YCMAHOBKU, NO38OsIOWel 06pabampléams UCX0OHble YACMUYbL 8 NCEBO00HCUNCEHHOM
cnoe.

KuroueBble ciioBa: adpasus, 2udpoabpaszugroe pezanue, Nce@000ICUNICEHHBIU CLOU, NOIUMePHOe NOKpulmue,
HOKpbIMue, KPUMUYECKUe PeNCUMB.
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0.G. KOZHUS, G.V. BARSUKOQV, V.S. SHORKIN, Yu. S. STEPANQV, L.Yu. FROLENKOVA

IMPROVING THE EFFICIENCY OF THE INSTALLATION
FOR APPLYING THE POLYMER SHELL TO THE ABRASIVE UNDER
CRITICAL TECHNOLOGICAL CONDITIONS

Abstract. The article deals with the issues of increasing the productivity of the process of applying the polymer
shell to the abrasive. It is established that the performance of the abrasive encapsulation in the fluidized bed is achieved
due to the selection of equipment, the type of polymer, the spray parameters and the properties of the abrasive material.
The authors have developed a method for producing abrasive grain with a polymer coating using an installation that
allows processing the initial particles in a fluidized bed.

Keywords: abrasive, waterjet cutting, fluidized bed, polymer coating, coating, critical modes.
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B.1. I'OJIOBUH, C.1O. PAJJTMEHKO

TEOPETUYECKOE UCCJIEJOBAHUE BJIVSIHUS U3HOCA
WHCTPYMEHTA HA TAPAMETPbI JUHAMUYECKOU CUCTEMBbI
IIPU OBPABOTKE OTBEPCTUM CBEPJIEHUEM

AnHoTanusi. Kauecmeo npedeapumenbHuiX CEEPAULbHBIX ONepayuil HanpaMyl0 3a6UCUm om yCmoudueocmu
npoyecca obpabomku. B pabome uccredyemcsi 63auMocCessb Medcoy NpeOebHbIM UZHOCOM UHCMPYMEHMA U
BUOPOYCIMOTUMUBOCTBIO CUCTEMbL, KOMOPAs 8 C80I0 0Uepedb 3a6UCUm Om Pa0d COOCMBEHHBIX NAPAMEMPOS8 CUCEMbL U
yenosuil npoyecca pe3anus. /s yemanogneHus YKa3auHblx 63aUMOCEs3el UCHOIb308AHbL HAYYHBLE NOJIONCEHUS MeoPUU
OUHAMUKU CIMAHKO8, NPOBEOeH AHANU3 NPOYECCO8 8 OUHAMUYECKOU cucmeme npu ceepienuu omeepcmuil. Ilonyueno
svIpadcenue UsHoOcd, npu OOCMUNCEHUY KOMOPO20 OUHAMUYECKA CUCINEMA HAYUHAenm mepsmy YCmMou4U80Cb.

KiroueBble ¢JI0Ba: ycmouyugocms cucmemyl, USHOC UHCIPYMEHING, ceepaeHue, OUHAMUYecKue napamempul.
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V.I. GOLOVIN, S.YU. RADCHENKO

THEORETICAL RESEARCH OF THE TOOL WEAR INFLUENCE
ON THE PARAMETERS OF THE DRILLING DYNAMIC SYSTEM

Abstract. The quality of pre—drilling operations directly depends on the stability of the mechanical process. The
paper examines the relationship between the ultimate tool wear and the vibration resistance of the system, which in turn
depends on a number of the system's own parameters and the conditions of the cutting process. To establish these
relationships, the scientific provisions of the theory of machine tool dynamics are used, and the analysis of processes in
the dynamic system when drilling holes is carried out. An expression of wear is obtained, at which the dynamic system
begins to lose stability.

Keywords: system stability, tool wear, drilling, dynamic parameters.
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0O.B. JIOPO®EEB, B.11. BOPOGBEB, M.11. bOP3EHKOB, C.H. 3JIOBMH, O.B. U3SMEPOB

METO/IbI BE3BIHEPIIUOHHOI'O YIIPABJIEHUSI CBOMICTBAMU
¥Y3J10B OKUITAKA TPAHCIHHOPTHOI'O CPEACTBA

AuHoTamust. [Ipedcmasnenst pezynomamol UCCie008anus MEMo008 pA3GUMuUs KOHCMPYKYuu 9KUNANCA
HCENe3HOOOPOICHBIX IOKOMOMUBOE C UCHOb308AHUEM OE3bIHEPYUOHHO20 YNPABICHUS CEOUCMEAMU Y3108 U demanetl. /s
YAyumenus  OUHAMUYECKUX CBOUCME MA206020 NPUGOOA U  ONMUMUZAYUU PENCUMO8 €20 pabomvl nymem
0E3bIHePYUOHHO20 PE2YIUPOSAHUs MO2ym OblMb UCHOIB308AHLL Makue Gusuieckue dpgexmol, Kax usmenenue
Koo puyuenma mpenus nymem 6030€UCMEUs INEKMPUHECKO20 TMOKA UL MASHUMHO20 NOJA HA 30HY KOHMAKMA Nap
mpenus. Fcnonv3o06anue npunyuna 6e3oiHepyuoHHO20 Pecyiuposaniis Oisi ONMUMUAYUU CEOUCME V3108, GIUSIOUUX HA
OUHAMUYECKUEe CBOUCMBA IKUNAIICA, NO360IUNO NOJYUUMb PAO NAMEHMOS, NPEOIONCEHHBIX AGMOPAMU.

KioueBble ci0Ba: ms206bill  NPUEOO JNOKOMOMUBA, DKUNAJICHAS YACMb  JOKOMOMUBA, OUHAMUKA,
K03 duyuenm cyennenus, Qusureckue s¢ghpexmot, meopusi ynpasieHus.

CIIUCOK JIMTEPATYPbI

1. KubepHeTnueckne acrieKThl METOI0B CHHTE3a 3JIEKTPOMEXaHIMIeCKHuX cucteM: MoHorpadus / O.B. M3mepos
[m mp.]; monm penm. akamemuka AKageMHH OSJEKTpoTeXH. Hayk Poc. ®eneparmum, m—pa TexH. Hayk, npod. A.C.
Kocmopamuanckoro. — Open: I'ocynusepcuter — YHIIK, 2015. — 234 c.

2. Iar. 156444 Poccuiickas ®Penepanus, MIIK B61C 15/08. YcrpoiicTBO [uisi peoTBpalleHns: OyKCOBaHUs
nokomotusa / Bopooses B.U., Autunun [.51., [Tyraues A.A., Msmepos O.B., bougapenko J[.A., Kopuaruu B.O.; omy01.
10.11.2015, brom. Ne 31.

3. ITat. 161336 Poccwuiickas ®enepauust, MITK B61C 15/08. YcTpoiicTBo ajist IpeoTBpalieHus 0yKCoBaHUs
nokomoTuBa / Bopooses B.U., Autunun J1.4., Usmepor O.B., [Tyraues A.A., bounapenxo I.A., Hopukos A.C.; omy0u.
20.04.2016, brom. Ne 11.

4. ABTOKOJIEOATENBHBIC TIPOIIECCH B TPAHCIIOPTHEIX cHCTeMax: MoHorpadus / Bopooses B.U., opodeer O.B.,
Uzmepos O.B., bop3enkos M.U., [Tyraues A.A., 3mob6un C.H., Konsuto C.O. — Open: OI'Y um. U.C. Typrenesa, 2016.
-127c.

5. Tar. 2529066 Poccuiickas ®enepauums, B61F5/06, B61G11/14, F16F11/00. ®pHKIHOHHEIA TracUTENb
konebanuit / Jlyko H.M., Pomamkosa O.H., Kocmonamuanckuit A.C., ITonos 10.B., Crpekanos H.H., Cepun C.A.,
Uzmepos O.B., Muxansuenko I'.C., Bopoorser B.1., [Tyraues A.A., HoBuxos B.I".; omry6um. 27.09.2014.

6. ITat. 2586435 Poccuiickas ®enepanust, F16F7/08, B61F5/12  dpukiMoHHBIM racuTes Kojebanuii. / B.T.
Hosukos, O.B. Usmepos, B.1. BopoOneB, A.A. Ilyraues, J.A. Bougapenko, A.C. HosukoB, A.A. bopucos, B.H.
Kosznosckuit; omy6s. 10.06.2016.

7. Mar. 2587195 Poccuiickass ®Denepanus, B61F5/12, F16F7/08. ®puKuMOHHBIM racuTenb KojeOaHuii /
Bopo6ses B.U., U3mepos O.B., Hosukos B.I'., [Tyraues A.A., bougapenko /I.A., Muxanpuenko I'.C., HoBukos A.C.,
Bopucos A.A., Kosnosckuii B.H.; omry6i. 20.06.2016.

8. ITat. 153297 Poccuiickas ®enepanmst, MIIK B61F5/12. [lnckoBbiii (pUKIMOHHBIN racuTenb KoyeObaHui /
Bomnoxos C.I'., ITyraueB A.A., bopsenkos M.I., 3no6un C.H., Hdopodeer O.B., M3mepos O.B., Bopooser B.1; omy0.
10.12.2014.

9. Mar.2529305 Poccuiickas Penepanus, B61F5/14, B61F5/24. Bokosas omopa Ky3oBa Ha Tenexky / JIykos
H.M., PomamkoBa O.H., Kocmogamuanckuii A.C., [Tonos }0.B., CrpekanoB H.H., Cepun C.A., Muxanpuyenko I'.C.,
Uzmepos O.B., Bopo6ser B.1., [Tyraues A.A.; omy6u. 27.09.2014.

10. ITat. 156680 Poccuiickas ®@enepauns, MIIK B61F 5/14. BokoBas omopa Ky3oBa Ha Tenexky / Bopoobe
B.W., Autunun [1.51., HoBukos B.T'., ITyraues A.A., bougapenko J[.A., M3mepos O.B.; omy6:1. 10.11.2015, Brom. Ne 31.

11. ITat. 156950 Poccwuiickas ®enepanus, MIIK B61F 5/14. BokoBas omopa Ky30Ba Ha Tenexky / BopoOser
B.M., Muxampuenko I'.C., U3mepoB O.B., Hosukor B.T'., IlyraueB A.A., bonmapenko JI.A., Amamenko B.C.,
Kosnosckuit B.H. Omy6u1. 20.11.2015, Bro. Ne 32.

12. ITar. 156447 Poccuiickas ®enepauns, MIIK B61F 5/24. YcrpoiicTBO Uit ynpaBieHUs] HAKIOHOM Ky30Ba
KEJIE3HOJIOPOXKHOTO TpaHCHOPTHOTO cpeactBa / Bopooses B.M., Autunun [.51., U3mepos O.B., Muxansuenko I'.C.,
Bonnapenko I.A.. Omy6u. 10.11.2015, 6rom. Ne 31.


http://www.freepatent.ru/MPK/B/B61/B61F/B61F5/B61F506
http://www.freepatent.ru/MPK/B/B61/B61G/B61G11/B61G1114
http://www.freepatent.ru/MPK/F/F16/F16F/F16F11
http://www.freepatent.ru/MPK/F/F16/F16F/F16F7/F16F708
http://www.freepatent.ru/MPK/B/B61/B61F/B61F5/B61F512
http://www.freepatent.ru/MPK/B/B61/B61F/B61F5/B61F512
http://www.freepatent.ru/MPK/F/F16/F16F/F16F7/F16F708
http://www.freepatent.ru/MPK/B/B61/B61F/B61F5/B61F514
http://www.freepatent.ru/MPK/B/B61/B61F/B61F5/B61F524

KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUE KAY€CTBOM

Hopodees Oner BacnibeBuu
OproBcKHii TOCyAapCTBEHHBIN
yauBepcuteT nmeru 1.C.
Typrenesa, . Open

KananpaTt TexHUIeCcKnX HayK,
JOLICHT,

nupekrop busnec—napka
E-mail: da_shy@inbox.ru

BopoobeB Biaagumup BanoBu4
BpsHckuii rocyrapcTBEHHBIN
TEXHUYECKUH YHUBEPCHUTET, T.
Bpsanck

KangunaTt TeXHUYECKHX HayK,
JoneHT Kadenpsl «[lonBrmkHON
COCTaB JKEJIE3HBIX JIOPOT

E—mail: vladimvorobiev@yandex.ru

Bop3enkoB Muxaunja UBanoBu4
OpnoBcKHii TOCYAapCTBEHHBIN
yauBepcurteT nmeHn 1.C.
Typrenesa, . Open

KannunaTt TexHUIEeCKNX HayK,
JIOLIEHT, HAYaJIbHHUK OT/IeNa HayYHbIX
W3IaHUHN

E—mail: bim5155@yandex.ru

3106uH Cepreii HukosiaeBu4
OprnoBckuil rocyAapCTBEHHBIIN
yauBepcuteT nmeru 1.C.
Typrenesa, . Open

KangunaT TeXHU4ECKHX HayK,
JOLEHT KaeaAphl MAITHHOCTPOCHNUS
E-mail: zsn2@rambler.ru

H3mepoB OJier BacuibeBuu
bpsHCKuMii rocy1apCTBEHHBII
TEXHUYECKUM YHUBEPCUTET, T.
Bpsanck

Comuckarens no kadeape
«IToaBMXXHOM COCTaB JKEJIE3HBIX
JIOpOr»

E-mail: izmerov@yandex.ru

O.V. DOROFEEV, V.I. VOROBYEV, M.l. BORZENKOV, S.N. ZLOBIN, O.V. IZMEROV

METHODS FOR INERTIA-FREE CONTROL
OF NODE PROPERTIES VEHICLE CREW

Abstract. The results of the study of methods for the development of the construction of the crew of railway
locomotives using inertialess control of the properties of units and parts are presented. To improve the dynamic properties
of the traction drive and optimize the modes of its operation by means of inertialess control, such physical effects as a
change in the friction coefficient by the action of an electric current or a magnetic field on the contact zone of friction
pairs can be used. The use of the principle of inertialess control to optimize the properties of nodes that affect the dynamic
properties of the crew, has made it possible to obtain a number of patents proposed by the authors.

Keywords: traction drive of a locomotive, undercarriage of a locomotive, dynamics, coefficient of adhesion,
physical effects, control theory.
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A.A. XBOCTOB, O.P. IOPHSIK, A.A. )KYPABIJIEB, E.A. TATAPEHKOB, O.A. TKAYEB

TEPMOFI/II[POI[I/IUHAMI/I‘IECKHﬁUAHAﬂH3 PABOTbBI
BAJIKOBOU ®OPMYIOIIEU MAIIINUHbI
KOHAUTEPCKOI'O IPOU3BO/JCTBA HA OCHOBE CFD-IIOJAXOJA

AuHoTammMsl. Ha ocnosanuu ypagnenuii cOXpamemusi MAccbl, OSHepeuu U UMNYIbCA  COCMABNEHA
Mamemamuyeckas Mooeib YCmaHo8UBUIe2oCs HeU30MePMULECKO20 TAMUHAPHO20 MeYeHUs. HeTUHeUHO—6A3KOl cpedbl &
3a30pe Mexcoy 08yMaA BPAWAIOUWUMUC BAIKAMU POpMYIOUell MAuUHbL KOHOUMEPCcKo20 npou3soocmea. B kauecmse
PeoN0cUNeCKO20 YPABHEHUsL UCNOTb308AHA MOOUDUYUPOBAHHAS Yemblpexnapamempuyeckas mooens Kappo, 6 komopyio
BKIIOYUEHA MeMnepanypHas NONpaska K éaskocmu. Mooens yuumuvieéaen 2eoMempuiecKue napamempsl 6aiK08020 3a30pd
Gopmyrowell MawuHbl, KUHEMAMUYecKue pedlcumvl ee pabomvl, peonozuyeckue U MenaousuiecKue napamempol
KOHGhemHOU Mmaccel u ux memnepamypHvie 3agucumocmu. C  UCNOTL3I0GAHUEM  GbIYUCIUMETbHOO NAKemda
mynvmugusuyeckoeo mooenupoganusi Comsol Multiphysics npogeden @viuuciumenvuvliil IKCHEPUMEHM, NO360TUSUIUL
OYeHumsv NOAA  MeMnepamyp, CKOPOCmu U 6A3KOCMU KOHQEMHOU MAcchl, Xapakmepuzyroujue npomeKaHue
2UOPOOUHAMUYECKUX U MENTO00OMEHHBIX NPOoYeccos Nnpu POpMOBAHUU KOHPEMHBIX MACC HA BANKOBLIX MAUUHAX.
Yemanosneno, umo npu onpedenennom KuHeMamuieckom pexcume pabomol popmyroueis MauuHbl 8 MeXC8AIKOM 3a30pe
obpazyemcs 001aCMb  YUPKVIAYUOHHO2O MEYeHUsi CO 3HAYUMENTbHbIMU U  PASHOHANDABIEHHLIMU  COBUL0SLIMU
Ooepopmayuamy, yYmo NO360JAem UCNONL308AMb BAIKOBbIE MAWUHBL 0N  CMEWUBAHUA, NiacmuuKayuy U
oucnepeuposanus.

KuroueBble ciioBa: cmenennou 3axon Ocmeanvoa—oe Buns, mooenv Kappo, 8ankoswiil 3a30p, Gbl4UCIUMENbHAS
eudpoounamura, CFD—moodens, popmosanue, yupkynsyuonnoe meuenue.
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A.A. HVOSTOV, O.R. DORNYAK, A A. ZHURAVLEV, E.A. TATARENKOV, O.A. TKACHEV

THERMOHYDRODYNAMIC ANALYSIS OF THE WORK
ROLL FORMING MACHINE
CONFECTIONERY PRODUCTION BASED ON THE CFD APPROACH

Abstract. On the basis of the equations of conservation of mass, energy and momentum, a mathematical model
of the steady non-isothermal laminar flow of a nonlinear viscous medium in the gap between two rotating rolls of the
forming machine of confectionery production is compiled. As a rheological equation, a modified four—parameter Carro
model is used, which includes a temperature correction to the viscosity. The model takes into account the geometric
parameters of the roll gap of the forming machine, the kinematic modes of its operation, the rheological and
thermophysical parameters of the candy mass and their temperature dependences. A computational experiment was
carried out using the Comsol Multiphysics multiphysics computational modeling package, which made it possible to
estimate the temperature, velocity, and viscosity fields of the candy mass that characterize the flow of hydrodynamic and
heat exchange processes during the molding of candy masses on roller machines. It is established that at a certain
kinematic mode of operation of the rolls in the inter—roll gap, a region of circulating flow with significant and
multidirectional shear deformations is formed, which allows the use of roll machines for mixing, plasticizing and
dispersing.

Keywords: Ostwald—de Ville power law, Carreau model, roll gap, computational fluid dynamics, CFD-model,
forming, circulation flow.
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I.N. KORNAEVA, S.G. STEBAKOV, E.P. POPOV, V.V. DREMIN, D.D. STAVTSEV

THE TEST RIG FOR STUDYING THE RHEOLOGICAL PROPERTIES
OF PHYSIOLOGICAL FLUIDS

Abstract. This article presents the results of work on the rig for studying the rheological properties of
physiological fluids. The hardware and software components of the test rig is described. The test results of the fluid flow
detection in the capillary were obtained on the basis of the laser speckle contrast visualization method.

Keywords: rheology, viscosity measurement, test rig, physiological fluids, laser speckle contrast imaging.
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OBOCHOBAHMUME NOCJJIEAJOBATEJIBHOCTHU NTPOEKTUPOBAHMUSA
KOMBHUHHWPOBAHHBLIX OIIOP
C UBMEHSEMBIMU XAPAKTEPUCTUKAMUA



AHHOTanusl. B cmamve npeocmasnena NOCIe008AMENbHOCIb pacyema KOMOUHUPOBAHHOU ONOpbL C
UMeHseMbIMU napamempamu 6 euoe aneopumma. /lano onucanue npumenenue cpaguueckozo peoaxmopa CAE—
cucmemvt APM Win Shaft ozs moderuposanus pomopa, epawarowezo 6 KOMOUHUPOBAHHBIX OROPAX C UMEHACMBIMU
xapaxmepucmuxamu. IIpugedenuvl pe3ynbmamsi paciemnozo mooyis. Paccmompenst nonyuennvle ouazpammer Kembena.
Han ananuz ouazpammam nepexmodenuss KOMOUHUPOBAHHOU ONOPLL C USMEHAEMbIMU XAPAKMEPUCMUKAMU npu pabome 6
nepexooHvix npoyeccax no onpeoenenHomy aneopummy. IIpedcmasnennviii aneopumm UCKIOUAem 03MOICHOCHDL
yeenuueHus: amMnaumyosl Koaebanull npu npoxodrcoeHuu Kpumuueckux yacmom. Coenansl 8b1800bl 00 3¢ghekmusHocmu
NPUMEHeHUs YKA3AHHOU NocnedosamenbHocmu pacyema. [Janvl pekoOMeHOayuu no UCHOIb30BAHUI) NPEONONHCEHHOU
nociedogamenvHocmu  paciema O NPOEKMUPOBAHUSA AHATOSUYHBIX KOMOUHUPOBAHHBIX ONOP C UMEHAEMbIMU
XapaxmepucmuKamu.

KiioueBble ¢10Ba: KOMOUHUPOBAHHASA ONOPA, USMEHAEMAS XAPAKMEPUCMUKA, NOCTe008AMETbHOCHb paciemd,
ouazpamma, npoyecc nepexioyerus, OUHAMUYEeCKUe XapaKmepucmuxu.
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M.E. BONDARENKO, R.N. POLYAKOQV, A.V. GORIN, I.V. RODICHEVA

JUSTIFICATION OF THE DESIGN SEQUENCE
COMBINED SUPPORTS WITH VARIABLE CHARACTERISTICS

Abstract. The article presents the sequence of calculating a combined support with variable parameters in the
form of an algorithm. The application of the graphical editor of the CAE—system APM Win Shaft for modeling a rotor
rotating in combined supports with variable characteristics is described. The results of the calculation module are
presented. The obtained Kembel diagrams are considered. An analysis is given to the switching diagrams of a combined
support with variable characteristics during operation in transient processes according to a certain algorithm. The
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presented algorithm eliminates the possibility of increasing the amplitude of oscillations when passing through critical
frequencies. Conclusions are drawn about the effectiveness of using the specified sequence of calculations
Recommendations are given on the use of the proposed calculation sequence for the design of similar combined supports
with variable characteristics.

Keywords: combined support, variable characteristic, calculation sequence, diagram, switching process,
dynamic characteristics.
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A1O. POUYEB, M.A. TOKMAKOBA, C.C. BHYKOB, M. A. I'PAIYHOBA

W3YUEHUE MEXAHUYECKHX CBOMCTB ®UJIAMEHTA
B 3ABUCUMOCTH OT IMTPOLUEHTA 3AIIOJIHEHUS TTPU
HPOTOTHUIIMPOBAHUU JETAJIEN MEXATPOHHBIX KOMIIVIEKCOB

AnHotranusi. Cmamvesi  colepoicum  aHATU3 — NPUMEHSAEMbIX — MEPMONIACHO8  NPUMEHSeMbIX — Npu
NpOMOMUNUPOBarHuYU Oemainel MexampoHHbIX KoMNiexkcos. IIpedcmasneno HecKONbKo 6U008 IKCHePUMEHMANbHBIX
obpaszyos  pasznuunoeo  npoyenma  3anoinenus. Ilokasamo  0bopyooganue, Ha  KOMOPOM — NPOGOOUNUCH
9KCHepUMeHmMAlbHble UCCIe008aHus. Bo epems nposedeHus 3KCNEPUMEHMO8 NPUMEHANACh CHeYUAIUsUpOB8aAHHAS
PAa3peléHas MAawuHa. DKcnepumeHmanvhvle 00pasybl  YCMAHAGIUSAIUCL 6 pPA3pabOMAHHOe YeHmpupyujee
npucnocobaenue. Bo epema ucneimanuil cobaodanuce HapmantvHvle ycaosus. Ilpeocmaenenvt  pe3ynbmamul
IKCNEPUMEHMATLHO20 UCCAe008aHUs 00pa3yos uz PLA— niacmuxa na pacmsiicenue. Onucana xapakmepHas ouazpamma
pacmsaxiceHuss IKCNEPUMEHMANbHO20 00pa3yd, ONUCLIBAIOWAs 3AB8UCUMOCb HANPAXNCEHU OM OMHOCUMENbHOU
oeghopmayuu.  Cocmaeieno ypaeHeHue IUHEUHOU 3ABUCUMOCMU Npedeid NPOYHOCHU OM NPOYEHMA 3anOIHeHUs.
Gunamenma, xomopoe nosgoiiem onpeoeiums npeoel NPOYHOCU U30eIUs NPpU J0O0M NPOYEHMOM 3aNOJHEHUU
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naacmuxogoeo guramenma. Oyenka adexéamHocmu npogepeHa no kpumeputro Quuiepa [lanvl pekomeHoayuu no
3ANOHEHUN) DUIAMEHMOM NPU NPOMOMURUPOBAHUL OeMANell MAUIUH.

KiroueBble clioBa: mexanuueckue xapakmepucmuxu, 3D neuamo, mepmoniacmuk, HOCIOUHOE HANLAGICHUE,
Gunamenm.
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A.Yu. RODICHEV, M.A. TOKMAKOVA, S.S. VNUYKOV, M.A. GRYADUNOVA

STUDY OF THE MECHANICAL PROPERTIES OF THE FILAMENT
DEPENDING ON THE PERCENTAGE OF FILLING WHEN
PROTOTYPING THE PARTS OF MECHATRONIC COMPLEXES

Abstract. The article contains an analysis of the applied thermoplastics used in prototyping parts of mechatronic
complexes. Several types of experimental samples with different percent of filling are presented. Shown is the equipment
on which the experimental studies were carried out. During the experiments, a specialized tensile testing machine was
used. Experimental samples were installed in the developed centering device. Normal conditions were observed during
the tests. The results of an experimental tensile study of PLA-plastic samples are presented. A characteristic stress—strain
diagram of an experimental sample is described, which describes the dependence of stress on relative deformation. An
equation of the linear dependence of the tensile strength on the percentage of filament filling has been compiled, which
makes it possible to determine the ultimate strength of the product at any percentage of the filling of the plastic filament.
Adequacy assessment is verified by Fisher's criterion. Recommendations are given on filament filling when prototyping
machine parts.

Keywords: mechanical properties, 3D printing, thermoplastic, fused deposition, filament.
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A.B. CbITHUH, A.A. KUPUYEK, H.B. TOKMAKOB, O.B. AKOBJIEHKO

PACYET JIEHECTKOBOI'O NOAUINITHUKA
C PEPPOMATHUTHOU ’KNJAKOCTBIO TYPBOT'EHEPATOPOB
CUCTEM DHEPI'OPACHPEJAEJEHUA

AHHOTanMs. B cmamve paccmompenst cnocobwvl peuienusi npodiembl USHOCA ONOP POMOpPos mypboazpecamos
6 MOMeHmbl nycka u ocmanosa. Ilpednoscena Konyenyust H08020 8UOA YRPY20—O0eMNPEPHBIX KOMOUHUPOBAHHBIX ONOD
CKObIICEHUS, 00BEOUHSIOUAsL 8 cebe NPUMEHeHUe (PepPOMACHUMHBIX HCUOKOCHEN 8 KOHCIMPYKYUU MHO20AENECTKOBbIX
noowunnuxos. Ha ocnosanuu smo2o npeonodicena KOHCMpPYKyus J1enecmrKo8020 NOOWUNHUKA C IAEKMPOMASHUNHbIM
6030elicmeuem Ha ynpyaue d1eMeHmbl U eppoMAasHUMHbIL CMA304HbIlL Mamepual. Onucauvl c8olcmea u 0coOeHHOCmuU
NPUMEHEHUs. (DEPPOMASHUMHBIX JHCUOKOCMEN 6 NPeyUusUOHHOU MeXHUKe 6 Kayecmee CMA304HO20 MAmepudid.
IIpednodcena mamemamuueckas MOOenb INEKMPOMASHUMHOZ0 AENECMKO8020 NOOUUNHUKA C  (DeppoMAaCHUMHOL
JHCUOKOCMBIO HA OCHOBAHUU YpasHenus Pelinonvoca uz kypca macnumnoii euopoounamuku, ypasnenuti Maxceeana 01
MASHUMHO20 NOJISL, CUCHEMbl YPAGHEHULL 8 NEPEMEUJeHUSIX HA OCHOBAHUU Meopuu YUIUHOpuyeckux obonouex. [lpuseden
aneopumm  pabomel ONOpvLL POMOPA 60 6peMs NYCKd, OCMAHO8d, d MAKdHCe NpU OMKIOYEHUU NUMAHUs
INEKMPOMACHUTNOS.

KaloueBble cioBa:  MHO20enecmKoGulll  NOOWUNHUK — CKOMbICEHUsl,  MASHUMHASL  2UOPOOUHAMUKA,
heppomazHumnast HCUOKOCMb, MUHUMUZAYUSL USHOCA, MASHUMHASL 8S13KOCHb, OUHAMUYECKUE XAPAKMEPUCTIUKU.
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AV.SYTIN, A.A. KIRICHEK, N.V. TOKMAKOV, O.V. YAKOVLENKO

CALCULATION OF FLOOR BEARING WITH FERROMAGNETIC LIQUID
OF TURBOGENERATORS OF POWER DISTRIBUTION SYSTEMS

Abstract. The article discusses ways to solve the problem of wear of the rotor bearings of turbine units at the
moments of start—up and shutdown. The concept of a new type of elastic-damping combined sliding bearings, which
combines the use of ferromagnetic fluids in the design of multi-blade bearings, is proposed. On the basis of this, a design
of a petal bearing with an electromagnetic effect on elastic elements and a ferromagnetic lubricant has been proposed.
The properties and features of the use of ferromagnetic fluids in precision engineering as a lubricant are described. A
mathematical model of an electromagnetic petal bearing with a ferromagnetic fluid is proposed on the basis of the
Reynolds equation from the course of magnetohydrodynamics, Maxwell's equations for a magnetic field, a system of
equations in displacements based on the theory of cylindrical shells. An algorithm for the operation of the rotor support
during start-up, shutdown, as well as when the power supply of the electromagnets is turned off.

Keywords: multi-blade plain bearing, magnetohydrodynamics, ferromagnetic fluid, wear minimization,
magnetic viscosity, dynamic characteristics.
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O0.1. MAPKOB

BJIUAHUE ®OPMbI UMITYJIBCA TOKA
HA TUHAMUKY TEMIIEPATYPHOI'O I1OJISA BETBU
TEPMOJJIEKTPUYECKOI'O OXJIAIMTEJIA

AHHOTaIII/lH. Boinonneno YUCIEeHHoe MO()@JZMPOGCZHue MepMOIJIEKMPUUECKUX  npoyeccoe 6 eemeu
meepdomeﬂbl—toec mepmOIIEeKmMpU4eCcKoco oxnaoumens Ilenbmove 6 HECMAayuUOHAPHOM  pedtcume. Ha HEKOmMopbwvlx
npumepax noKasdano eiuslHue USMEeHEeHUs aM}’Ulumy()bl umnyibca moKa CcO 6pemeHeM Ha X00 memnepamypsl 6 6emeu
mepmoaiemenma



KnwueBble cjoBa: mamemamuyeckoe Modeﬂuposayue, memnepamypHoe  no.e, meepaomeﬂbnble
mepmodsieKkmpuiecKkue oxaaoumenu Heﬂbmbe, umnyJjieC moka HeCWlaquHaprlﬁ peaicum.
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O.l. MARKOV

INFLUENCE OF THE CURRENT PULSE SHAPE
ON THE DYNAMICS OF THE TEMPERATURE FIELD
OF THE THERMOELECTRIC COOLER BRANCH

Abstract. Numerical simulation of thermoelectric processes in a branch of a solid—state thermoelectric Peltier
cooler in a non-stationary mode is performed. Some examples show the effect of changes in the amplitude of the current
pulse over time on the temperature in the branch of the thermoelectric element.

Keywords: mathematical modeling, temperature field, solid—state thermoelectric Peltier coolers, current pulse,
non-stationary mode.
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A.T'. ETOPOB, E.M. TJTYXOBCKUI

PA3PABOTKA TEXHOJIOI'MA U3T'OTOBJIEHUA U TPOU3BOACTBO
UMITIOPTO3AMEHSAIOIEN MHOT'O®YHKIIMOHAJIbHOM CUCTEMBbBI
KOXJIEAPHOM UMILJIAHTAITAM JIJISI PEABMJIMTALIAU ITAITMEHTOB

C CEHCOHEBPAJIbHOM TYT'OYXOCTbIO

AnHoOTanms. B naweil cmamove u0ém peuv 0 pesyabmamax pabom no CO30aHUIO UMROPMO3amMewaioujel
MEXHON02UY ~ NPOU3BOOCMBA  OMEYUECMBEHHbIX — KOXAeapHulx — umnianmamos.  Koxneapnas — umnianmayus
paccmampusaemcsi KaxK paoukaibHulll Memoo peuieHus: npooaemyl Cyxa, Kak y 0emeil, Max u y NOACULLIX epaxcoat. buin
NPOAHANUZUPOBAH ONBIM OMEYECMBEHHbIX ONepayull, Nymém onpoca nayueHmos, NepeHeécuux npoyeoypy KoxaeapHou
umnaaumayuy. Jus pewteHuss 3a0a4u UCCIe008aAHUA Mbl NPOAHATUSUPOBANU HAKONIEHHbIU ONbIM OMe4ecmEeHHblX
onepayuiu, nymém onpoca RAyueHmos, KOmopwvle nepeHecau npoyeoypy KoxaeapHou umniaumayuu. Moer videnum
Kpumepuu yCHewHOCMU VIyYuWeHUs Kaiecmea JICUSHU NAYUenmos, U HAWIU KOPPelAYuro YCReuwHocmuy YayyueHus
Kauecmea JiCU3HU NayueHma nocie onepayuu ¢ 0coOeHHOCMAMU UCHONb306auie20cs umnianmama. Ha ocnosanuu
aHanuza dmux KOPPENAYUOHHbIX 3AGUCUMOCMEL U OemalbHO20 U3YHeHUs Ha 1abopamopHom cmende, Haubosee
CnOCOOCMBOBABULIEO YIIVUUIEHUIO KAYeCBA JICUSHU NAYUEHMO8 UMNIAHMAMA, Mbl HPEONOACUTU KOHDUISYpayuio
omeuecmsenHo20 YCmpocmea NPU3BaAHHO20 3aMeCmums 8 MeOUYUHCKOU NPaKmuKe 3apy0edicHblil aHanoe.

KaioueBble ci10Ba: ciyxogeie annapamul, KOXAeApHAs UMNIAHMAYUS, PeadUIUMAayu Ciyxa.

Paboma evinonnena na oaze «JIabopamopuu meduyunckozo npubéopocmpoenusn MOTH — I'onoenozo
ucnonnumena HUOKTP unu ezo coucnonnumena. /lannasa cmamopa noozomoenena npu npogedenuu HUOKTP no
meme «Paspabomka mexnonocuu u320moe6neHuas U NOCIMAHOGKA HA RPOU3EOOCME0 UMNOpMO3AMeuarouell
MHO20QYHKUUOHAIbHOT CUCIEMbL KOXTIEAPHOU UMNIAHMAYUY 017 PeaduIumayuu NayueHmos ¢ CEHCOHEGPAIbHOU
myzoyxocmuion ¢ M®TH. @Dunancosas noooepiricka ocywiecmenanace Munucmepcmeom HaAyKu u 6blcuiezo
oopazoeanusa Poccuiickoii Dedepayuu.
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A.l. EGOROQV, E.M. GLUKHOVSKIY

DEVELOPMENT OF MANIFACTURING TECHNOLOGY
AND PRODUCTION OF AN IMPORT-SUBSTITUTING
MULTIFUNCTIONAL COCHLEAR IMPLANTATION SYSTEM
FOR THE REHABILITATION OF PATIENTS WITH SENSORINEURAL
HEARING LOSS

Abstract. This article deals with the results of work on the creation of an import—substituting technology for the
production of domestic cochlear implants. Cochlear implantation is considered as a radical method for solving hearing
problems, both in children and in the elderly. The experience of domestic operations was analyzed by interviewing
patients who underwent the procedure of cochlear implantation. To solve the research problem, we analyzed the
accumulated experience of domestic operations by interviewing patients who underwent the procedure of cochlear
implantation. We will highlight the criteria for the success of improving the quality of life of patients, and we found a
correlation between the success of improving the quality of life of a patient after surgery with the characteristics of the
implant used. Based on the analysis of these correlations and a detailed study at the laboratory bench of the implant that
most contributed to the improvement of the quality of life of patients, we proposed a configuration of a domestic device
designed to replace a foreign analogue in medical practice.

Keywords: hearing aids, cochlear implantation, hearing rehabilitation.
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E.B. TOCTEHKOB, B.B. MUIIINH, /I.A. HETBEPUKOB

METO/J KOHTPOJISA TEMIIEPATYPBI IGBT KPUCTAJUUIA
B PEXXUME PEAJIBHOI'O BPEMEHH

AnHOTanmsi. Paboma nocesujena uccie008aHUio mMepmovyecmeumensuuix napamempog cunogvlx IGBT
mpansucmopos. Paccmompen  cnocob  usmepenus memnepamypor |GBT na ocnose mepmouyscmeumenvhvix



napamempos. IIpogedena >KCNepUMEHMANbHAA OYEeHKA MEeMNepamypHoll 3a8UCUMOCIU  MePMOUYECHEUMENbHO20
napamempa Rgint.

Kawuesbie caoBa: Cunosvie |GBT mooyau, anekmpo—mepmouyecmeumenvhvle napamempul, usmepeHue
memnepamypul |\GBT kpucmannos, scmpoennoe conpomusenenue sameopa RQint, usmepenue memnepamyper 6 pexcume
PeanvHO20 BpeMeHU.
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E.V. GOSTENKOV, V.V. MISHIN, D.A. CHETVERIKOV

IGBT CHIP TEMPERATURE CONTROL METHOD IN REAL TIME

Abstract. The work is devoted to the study of temperature—sensitive parameters of power IGBT transistors. A
method for measuring IGBT temperature based on temperature—sensitive parameters is considered. An experimental
estimate of the temperature dependence of the temperature—sensitive parameter Rgint.
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