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I''B.T'OI'OJIEB

ITOBBIINIEHUE HAJTEKHOCTH PABOTBI CUCTEMbI
PEI'YJIMPOBAHUS HACTOTbI BPAIIIEHHA
CYAOBBIX /IBUT'ATEJIEM KAMMMHI'C

AHHOTAUMA. Buvinoanen ananuz 603MOJNCHOCMU NPUMEHEHUS OXAANCOAIOWUX YCMPOUCME HA OCHO8e
08yx@hazuvlx MepMOCUPOHO8 8 CUCeMAX DeSyIUPOSAHUs YACMOMbl BPAWEHUs CYO08bIX OU3ETbHbIX Oguzameinell
Kammumnec.

KiawueBble ciaoBa: peeyiuposanue uacmomvl 8paujenus, Ccy008das NeKMPOCMAaHYUs, 31eKmpOHHbIL
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G.V. GOGOLEV

INCREASED OPERATIONS RELIABILITY OF THE « CUMMINS» MARINE
ENGINE SPEED CONTROL SYSTEM

Abstract. The analysis of using cooling devices possibility on the basis of two—phase thermal siphons in
«Cumminsy marine diesel engine speed control systems is carried out.

Keywords: speed control, marine power station, electronic adjuster, cooling, actuator, heat pipes, two—phase
thermal siphons, maintenance safety.
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KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUEC KAYE€CTBOM

VIAK 51.72; 533; 537 DOI: 10.33979/2073-7408-2020-340-2-9-18

JI.A. TYKMAKOB

YUCJIEHHOE MOJEJIMPOBAHUE PACITPOCTPAHEHUSA YIAPHOM
BOJIHbI U3 I'A3A B QJIEKTPUYECKU 3APS’KEHHY IO
N HEUTPAJIBHYIO I'A3OB3BECH B IINIOCKOM KAHAUJIE

AHHOTanMsl. B oaunoii pabome paccmMampueaemcs pacnpocmpanenue yOapHou 60aHbl U3 YUCMO20 2d3a 6
2emepocenHnyI0 CMeCb, COCMOSWYIO U3 MEEPOLIX HYACMUY, 636CUIEHHBIX 6 2a3e U UMEIOWUX dNeKMmpuyeckull 3apso.
Ipumensiemas mamemamuyeckas MOOeNb YUUmbvleaem CKOpOCMHOe U Meniogoe e3aumooelicmeue Hecyujeu u
oucnepcroti komnonenm cmecu. Cunosoe g3aumooeticmeaue 4acmuy u 2aza onucwbieanocs cunoti Cmoxca. Hecywas cpeoa
ONUCHIBANACH KAK BA3KULL COHCUMACMBIL MENIONPOBOOHbIIL 2a3. YpasHeHus mamemMamuieckol MOOenu pemanrich S6HbIM
KOHEeUHO—PA3HOCMHbIM MEMOOOM 6MOpo20 NOPAOKA MOYHOCMU, C NPUMEHEHUeM CXeMbl HeIUHEeluHOl Koppexyuu
cemounoti @pynkyuu. Cucmema ypasHeHUll MAMEMAMUYecKoln MoO0eu OONOIHANACL ZPAHUYHBLIMU U HAYATLHLIMU
YCAOBUAMU OISl UCKOMBIX QYHKYUll. B pe3ynomame uucienno2o mMooeauposanus Obiio 6bIsANEHO, YMO 8 dNEKMpUiecKu
3apSAACEHHOU 2a30836eCU HADNIOOAEMCs OMauyUe 8 OA6leHUU U CKOPOCMU 2a3d, «CpeoHel NAOMHOCIUY U CKOPOCMU
OucnepcHoli KOMNOHEHMbL, 6 CPABHEHUU C AHANOSUYHBIMU BETUHUHAMU 6 2030636€CU C INIEKMPUUECKU HEeUmpanbHOU
OUCNEPCHOUl KOMNOHeHmoOU.  Buvlagnenuvie omauuus 6 OuHamuke HEUMPANbHOU U IAEKMPUYECKU 3APAHCEHHOU
3ANBIIEHHBIX CPEO MOXHCHO OOBACHUMb MeM, MO OUCNEPCHASA KOMNOHEHMA IAEKMPUUECKU 3aPAICEHHOU 2a30638ecU
ucnvimuléaem Ha cebe 8030eticmsue KaKk CUibl adPOOUHAMULECKO20 CONPpOmMuUGIeHus, max u cuivl Kynona. Beaedcmesue
MedHchaznozo 83aumooelicmaus nPoUCXo0um usMeHenue napamempos OUHAMUKY Hecyuyell cpeobl.

KaroueBble ciioBa: munocogasuvie cpeosl, medcgasnoe e3aumooelicmaue, yoapHvie 80nbl, ypasuenue Hasve—
Cmokca, 31eKmpocudpoOuHamuKa.
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D.A. TUKMAKOV

NUMERICAL SIMULATION OF THE PROPAGATION OF A GAS SHOCK
WAVE IN ELECTRICALLY CHARGED AND NEUTRAL GAS
SUSPENSION IN A FLAT CHANNEL

Abstract. In this paper, we consider the propagation of a shock wave from a pure gas into a heterogeneous
mixture consisting of solid particles suspended in a gas and having an electric charge. The applied mathematical model
takes into account the speed and thermal interaction of the carrier and dispersed components of the mixture. The force
interaction of particles and gas was described by the Stokes force. The carrier medium was described as a viscous
compressible heat—conducting gas. The equations of the mathematical model were solved by the explicit finite—difference
method of the second order of accuracy, using the non—linear correction of the grid function. The system of equations of
the mathematical model was supplemented by boundary and initial conditions for the desired functions. As a result of
numerical simulation, it was found that in an electrically charged gas suspension there is a difference in gas pressure
and velocity, “average density” and velocity of the dispersed component, compared with similar values in a gas
suspension with an electrically neutral dispersed component. The revealed differences in the dynamics of neutral and
electrically charged dusty media can be explained by the fact that the dispersed component of an electrically charged gas
suspension is affected by both aerodynamic drag forces and Coulomb forces. Due to interfacial interaction, the dynamics
of the carrier medium changes.

Keywords: multiphase media, interfacial interaction, shock waves, Navier-Stokes equation, electro
hydrodynamics.
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MEXAHUKA JE®OPMUPYEMOI'O TBEPLOIO TEJIA,
ANHAMUKA U [TIPOYHOCTbH

VYK 534.014 DOI: 10.33979/2073-7408-2020-340-2-19-25

ITIOIIOB N.IL

MYJbTUMHEPTHBIN KOJEBATEJBHBII MEXAHWU3M

AHHoTanusi. Paccmampusaemes mexanuyeckas KoieOamenbHas CUCmeMa ¢ 0OHOPOOHBIMU IIeMEHMamu, a
UMEHHO, ¢ N MACCUBHBIMU 2PY3AMU (MYTbMUUHEPMHbLI OCYUIIImMop). Tloxazana 603MONCHOCHb GO3HUKHOBEHUS 6 MAKOU
cucmeme C60000HbIX 2APMOHUYECKUX KOAeOAHUll 2py308. B omauuue om Kiaccuwecko2o NPYIHCUHHO20 MASMHUKA,
KOJIeOanust Komopoz2o 00YCI06IeHbl G3AUMHBIM NPeodPa306aAHUeM KUHEMUYECKOU SHepeuu 2py3a 6 NOMEeHYUAIbHYIO
IHEPIUIO NPYICUHDL, 8 MYTbIMUUHEPMHOM OCYUWLIMOPE KOLeOaHust 00YCLOGIEHbl 83AUMHBIM NPEOOPAZ08AHUEM TOTILKO
KUHemu4eckux dHepauti 2py306. Ilpu >mom yckopenue O0OHUX 2pPY308 NPOUCXOOUM 3d CHem MOPMONCEHU OpPYUx
OcobeHHoCmbI0  MYTLMUUHEPMHO20 OCYULIAMOPA SGNAEMCs Mo, 4MO YACmoma e20 C80O00HbIX Kolebauuil He
Quxcuposana u onpeodensemcs: NPeUMyujeCmeeHHO HAYATbHLIMU YCA0GUAMU. DMa 0COOEHHOCMb MOJCem OKA3ambCsi
6eCoMA NOJIE3HOU OISl MEXHUYECKUX NPUTONCEHUL, Hanpumep, 015l CAMOHEUMPAIU3AYUU MEXAHULECKOU PeaKmueHou
(UHEPYUOHHOU) MOUWHOCTU 8 KOAeOAMENbHBIX CUCEMAX.

KawueBble ciioBa: ocyuniamop, UHEPMHBIU, 2APMOHUYECKULl, PeaKmueHOCHb, NPOCMPAHCMBEHHbIU CO8Ue,
azoewiil cOBU2, KUHEMUYECKAS. IHEPRUSL.
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|.P. POPOV

MULTI-INERT OSCILLATORY MECHANISM

Abstract. A mechanical oscillatory system with homogeneous elements, namely, with n massive loads (multi—
inert oscillator), is considered. The possibility of the appearance of free harmonic oscillations of loads in such a system
is shown. Unlike the classical spring pendulum, the oscillations of which are due to the mutual conversion of the kinetic
energy of the load into the potential energy of the spring, in a multi—inert oscillator, the oscillations are due to the mutual
conversion of only the kinetic energies of the goods. In this case, the acceleration of some loads occurs due to the braking
of others. A feature of the multi—inert oscillator is that its free oscillation frequency is not fixed and is determined mainly
by the initial conditions. This feature can be very useful for technical applications, for example, for self-neutralization of
mechanical reactive (inertial) power in oscillatory systems.

Keywords: oscillator, inert, harmonic, reactivity, spatial shift, phase shift, kinetic energy.
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B.P. DJIUTAPOB

TEXHOJOI'UsI KOMBUHUPOBAHHOU
JEKTPOMEXAHOYJIbTPA3BYKOBOM OBPAEOTKH
MNOBEPXHOCTHBIX CJIOEB JETAJIEM MAIIIMH

AHHOTauMA. [Ipedcmasniena mexHonro2usi KOMOUHUPOBAHHOU IIEKMPOMEXAHOYILMPA3BYKOBOU 00pabOmMKuU
(OMY30), seraowasncs KomOunayuel 21eKMpoOMEXaHu4eckol o006pabomKy u HnOBEPXHOCMHO20 NIACHMUYECKO2O
dehopmuposanus yiempaszeykoeou obpabomrou. Hccredosanvl Mukpomeepoocms U OCMAMOYHbIE HANPSANCCHUS 6
ynpounennom IMY30 nogepxnocmuom cioe oemanei MAuiuH.

KaloueBble cioBa: mexnonocusi, Ocmamoumvlie HANPANCEHUS, MUKPOMBEEPOOCMb, INIeKMPOMEXAHUYECKAs
obpabomka, yibmpaseyKosdas oopabomxa.
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V.R. EDIGAROV

TECHNOLOGY OF COMBINED ELECTROMECHANOULTRASONIC
TREATMENT OF SURFACE LAYERS OF MACHINE PARTS

Abstract. The technology of combined electro—mechanical-acoustic treatment is presented, which is a
combination of electro-mechanical treatment and surface plastic deformation by ultrasonic treatment. Microhardness
and residual stresses in strengthened EMUzO surface layer of machine parts investigated.

Keywords: technology, residual stress, microhardness, electromechanical, ultrasonic.
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C.I0. PAJJMEHKO, B.A. TOJIEHKOB, /J1.0. IOPOXOB,

YIIPABJSIEMOE ®OPMHUPOBAHWE 3ATAHHBIX MEXAHUYECKHAX
CBOWICTB JIETAJIEIl MAIIINH JE®OPMAIIMOHHBIM
YIIPOUHEHUEM B YCJOBUSIX KOMILIEKCHOT'O JIOKAJILHOT'O
HATPYKEHMS OUAT A TE®OPMAIINHA

AHHOTaUMsA. Paccmompen npoyecc KOMIIEKCHO20 IOKATIbHO2O HASPYJICeHUs ouaza Oehopmayuu Ha npumepe
06pabomku 6MYIKU U3 OPOH306020 CHAABA, ObLIU ONPEOETIeHbl MEXAHUUECKUE CBOUCMEA UCCLe0YeMO20 TUMO20 CRIA6A U
UCCED08AHbL NAPAMEMPLL PACPEOENIeHUSL MUKPOMBEPOOCMU NO CeyeHuio obpabomannol 3a2omosku. Ilocmpoenvl
epapuru 3a8UCUMOCU PACIPedeNeHUs. PA3IUYHbIX NAPAMEempos MUKPOMEepOOCmu NO CeYeHUI0 8 3A8UCUMOCTU OMm
yucia yuxnog obpadbomku. Iloxkazana mamemamuieckas MoOeib PACCMAMPUBAEMO20 NPOYeccd U e20 CPAGHEeHUe C
IKCNepUMeHMAanbHuIMU OanHbiMu. [Ipusedeno onucanue Memoouxku 6 uoe Ancopumma Oelucmeuti no HA3HAYEeHUI
mexHoo2ueckux napamempos. IIpedcmasnen npumep 6 sude 20Mogoll HOMOSPAMMbL Ol HAZHAYEHUE KOHKDPEMHbIX
napamempog 0opabomxu 018 NOLYYEHUS 3A0AHHO20 NO 2YOUHe U BeTUdUHe YIPOUHEeHUs.

KiawueBble cjoBa: o6pabomka memanios OaeileHueM, KOMNIEKCHOe JOKAAbHOe Ha2pyXceHue ouazd
dehopmayuu, ynpaeieHue mexHoro2uieckum npoyeccom, napamemp OOKeUCma, MUKPOMEepOOCmy, YAPOUHEHUe.
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S.Yu. RADCHENKO, V.A. GOLENKOV, D.O. DOROKHOV

CONTROLLED FORMATION OF THE DESIGNED MECHANICAL
PROPERTIES OF MACHINE PARTS BY DEFORMATION HARDENING
IN THE CONDITIONS OF COMPLEX LOCAL LOADING
OF THE DEFORMATION ZONE

Abstract. The process of complex local loading of the deformation zone is considered using the example of
processing a sleeve made of a bronze alloy, the mechanical properties of the cast alloy under study were determined, and
the parameters of the microhardness distribution over the cross section of the processed workpiece were investigated.
Plots of the distribution of various microhardness parameters over the cross section are plotted depending on the number
of processing cycles. A mathematical model of the process under consideration and its comparison with experimental
data is shown. The description of the technique in the form of an algorithm of actions for the appointment of technological
parameters. An example is presented in the form of a finished nomogram for the assignment of specific processing
parameters to obtain a given hardening depth and value.



Keywords: metal forming, integrated local loading of the deformation zone, process control, Oqvist parameter,
microhardness, hardening.
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HCCJEJTOBAHUE MMPOIIECCA MHOI'OCJIOMHOM
SJIEKTPOJYTOBOM HATIJIABKY C IPUMEHEHUEM
®EPPOMATHUTHOM HINUXTHI JIVII BOCCTAHOBJIEHUS JTETAJIEN
XOJ0BOM YACTH SKCKABATOPOB

AnHoOTanus. Hacmoswas paboma nocéiweHa onpeoeieHuio KOauuecmea HAanideisemvlx Cloeé CnocoOom
INEKMPOOY20601l HANIAABKU C NPUMEHEHUEM QePPOMACHUMHOU WUXMbL @ CIVYde YCIMPAHEHUs USHOCA KYIAUKA 6e0yeco
xoaeca sxckagamopa IKI—-5A4 uz cmanu 35XMJI, a maxoice oyenka pacnpedeneHus meepoocmu 1 Haiuyus 0eghexmos
no 8blcome Cllosi NPU NOCIE008AMENLHOM OXIANCOCHUU HANIAGIAEMbIX 6AIUKOS U NPU OMCYMCMBUU UX OXIANCOEHUs
nepeo HaHecenuem nociedyoule2o 6aIuKa npu MHO2OCIOUHOU HaANIAsKe.



KnarodeBble ciioBa: sedywee Koneco, KyrauKu, 2NeKMpooy208ds HANNAGKA, MHO2O0CIOUHAS HANIAGKd,
GeppomazHumnas wuxma.

CIIMCOK JIMTEPATYPbI

1. Cepexxun M.A. BoccraHoBiieHHE 3JIEKTPOJYroBOH HAIUIABKOH € (peppOMarHUTHON HIMXTOW KyJIayKoB
BemyIiero koseca 3kckaBatopa IKI-5A / M.A. Cepexkun, JI.B. Aunpeepa // ®dyHnamMeHTalbHbIC U MPUKIATHBIC
npobaembl TexHukd U TexHomoruu. —2019. —No 1 (333). —C. 46-52.

2. T'mazynoB, C.H. MopaepHusupoBanHoe 00OpyIOBaHHE Il BOCCTAHOBJIEHHMS JeTaleiiMalinH c
ropu3oHTanbHO#M ocbio Bpamienus / C.H. ['masynos, B.I'. Bsnkos, IT.A. Iupkos // Tpyast TOCHUTH. —2014. -T. 117.
—C.256-261.

3. Bsnxos, B.I'. BoccraHoBneHHe 37EKTPOAYTrOBOH HAIUIABKOH ¢ ()EPPOMArHUTHON IIMXTOW KOPEHHBIX H
MIATYHHBIX IIEeK KOJEHYaTroro Baja jasurarensi aBromobmnst «kKAMA3» [/ B.I'. Bsuikos., C.H. I'masynos, JI..
Bapnamosa, I1.A. Iupkos // Tpyast TOCHUTH. —2016. -T. 123. —C.140-152.

4. Bsanxos, B.I'. Pacuer XmMHYeckoro cocTaBa HAIDIABOYHBIX MAaTEpHANIOB W HAIUIABICHHOTO CIIOS TIPH
JNIEKTPOYroBoil HarmaBke ¢eppomaruutHoi muxtoii / B.I'. Bsnkos, C.H. T'masynos, I1.A. Hupkos // Tpymsl
I'OCHUTU. —2018. -T. 130. —C.232-237.

5. Lupxkos, I1.A. Croco® BbIOOpa HAINIABOYHBIX MaTEPHAIOB M PEKUMOB HAIUIABKU TJIaJKHX HOBEPXHOCTEH
1/13£[em/1171 n3 JICTUPOBAHHBIX CTaJ’Ieﬁ, pa60Ta}ome B arp€CCMBHBIX Cp€aax B YCIOBUAX MUKIUYECKOI'O
Tepmomexannueckoro Harpyxenus / IL.A. Hupkos, B.I'. Bsnkos, C.H. I'masyuos, b. ®. fAxyumn // Tpynst TOCHUTH.
—2018. -T. 130. -C.159-162.

Cepesxxkxknn Muxauia Anexcanaposud  Anapeesa Japbsa Baagumuposaa I'nasynos Cepreii HukosnaeBuu

MockoBCKui Tocy1apCTBEHHBIN MockoBCKU# ToCy1apCTBEHHBII MockoBCKU# Tocy1apCTBEHHBII
TEeXHHYeCKU yHuBepcuteT um. H.O. TEXHUYECKUN YHUBEPCUTET UM. TEXHUYECKUN YHUBEPCUTET UM.
baymana H.D. baymana H.D. baymana

Kanauaatr TeXHUYECKUX HayK, JOLEHT Marwuctp xadenps! «TexHonoruu KanauaaTt TeXHUYEeCKUX Hayk,
kadeaps! «TexHomoruu 00paboTKU 00pabOTKH MaTepPHAaIOB)» JoteHT Kadeapsl « TeXHOIOTHH
MaTepuagoBy» 105005, MockBa, 2—st baymanckass ~ 00pabOTKM MaTepHaIoBy
105005, Mocksa, 2—st baymanckas yi., yi., 5, ctp. 1 105005, Mocksa, 2—s

5,crp. 1 Ten.: +7 (499) 267-00-96 Baymanckas yi., 5, ctp. 1

Texn.: +7 (499) 267-00-96 E-mail: Ten.: +7 (499) 267-00-96
E—mail: serezhkin@bmstu.ru andreeva2797 @outlook.com E-mail: mt13@bmstu.ru

M.A. SEREZHKIN, D.V. ANDREEVA, S.N. GLAZUNOV

RESTORATION OF CAMS OF THE DRIVING WHEEL AN EXCAVATOR
EKG-5A BY MULTI-LAYER ELECTRIC ARC WELDING USING
FERROMAGNETIC CHARGE

Abstract. The article is devoted to determining the number of deposited layers by the method of electric arc
welding using a ferromagnetic charge in the case of eliminating wear on the cam of the drive wheel of the EKG-5A
excavator from 35KhML steel. As well as assessing the distribution of hardness and the presence of defects along the
layer height during sequential cooling of the deposited rollers and in the absence of cooling before by applying a
subsequent roll in multilayer surfacing.

Keywords: drive wheel, cams, electric arc welding, multilayer welding, ferromagnetic charge.
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MATEMATHYECKASA MOAEJIb CJIOKHOITPO®UJIBHBIX
PABOYUX NOBEPXHOCTEMH

AHHOTauusl. B cmamve paccmompenvl onepayuu 61axcHo — mennosoil oopabomku (BTO) sensowuecs
cneyuanbHol 06pabomkol demanei meniom u oasneHuem. Hzyuenvl 3aKOHOMEPHOCHU USMEHEHUS 2e0MeMPUEeCKUX
PAa3Mepo8 CLOACHONPOPUAbHBIX pabouux nosepxHocmeil npu IKcnayamayuu. Paspabomanvr mamemamuueckue mooenu
HeIKBUOUCTNAHMHOCIU CLOHCHONPODUILHBIX PAOOUUX NOBEPXHOCMEIL.

KioueBble cioBa: mamemamuyeckas MoOeNb, HEIKGUOUCIAHMHOCIb, CIOHCHONPO@DUIbHbIE pabouue
NOBEPXHOCHU.

CIIUCOK JIMTEPATYPbI

1. Ommens C. C. ObopymoBaHue IS BIAKHO—TEILIOBOH 00pabOTKH B MIBEHHOM mpou3BoiacTBe. — M.: Jlerkas
uaayctpust, 1970. — 152 c.

2. bypmucrenkoB A. II. HccnemoBanue Teruionepenadn OT PabOYMX OpPraHOB OOOPYAOBAHHS C IEIBIO
COBEpIICHCTBOBAHUS IPOIIECCa TEIUIOBOM 0OpaOOTKH IMIBEHHBIX HM31eNuii ABTOpedepar AuccepTaluyd Ha COMCKaHHE
YYeHOU CTeTleHN KaauaaTta TexH. Hayk. — Kues: KTWJIIL, 1972. — 33 c.

3. Jlangay JI. M., Jlusnmi E. M. Teopus ynpyroctu. — M.: Hayka, 1987. — 250 c.

4. Bananua A. J| CurTes v aHaM3 MOBEPXHOCTEN ¢ioskHOM (hopmbl // Ctanku uHCTpyMeHT — 1988. — Ne3. — C. 16-18.

5. Pamesckuii 1. K. PumanoBa reomerpust n TeH30pHBIH aHanmm3. — M.: Hayka, 1966. — 648 c.

6. IToropenos A. B. luddepennmansras reomerpust. M.: TUTTII, 1956 — 259 c.

7. Beiroackuit M. S1. CripaBo4HUK 110 BhICIICH MaTematuke. — M.: Hayka, 1958. — 263 c.

8. Mpyxwuncknit Y. A. CioxHBIE TIOBEPXHOCTH: MaTeMaTHYECKOE OIMCAHNE M TEXHOJIOTHYECKOE OOecTieyeHHe:
CnpaBoynuk. — JI.: MammHocTpoenue. Jlenunrpasackoe oraenenue, 1985. — 263 c.

9. Ams6epr k., Hunbcon 3., You JIx. Teopust crutaiiHOB U ee npuiiokenus. M.: Mup, 1972, — 316 c.

10. Pozend6emsn b. A. Muoromepasie npoctpanctsa. M.: Hayka, 1974. — 176 c.

CenemeneBa Esnena MuxaiisioBHa YepeneHbko Apkaauii AHATOJIbEBUY
OpioBcKHii TOCYAaPCTBEHHBIN YHUBEPCUTET OpiOBCKHH TOCYAAPCTBEHHBI YHUBEPCUTET
nmenn U.C. Typrenesa, cTyneHTKa nmern U.C. TypreHeBa, JOKTOp TEXHHYECKUX
Temn.: +79102036687 HayK, podeccop kadeapsl ManmHOCTpOCHHE
E-mail: SelemenevalL @mail.ru Ten.:+79107486625

E—mail: arkan@nxt.ru
Trkauyenko Aprem Hukosaesna ®poaenkosa Jlapuca IOpbreBHa
OpnoBckuii TOCYAapCTBEHHBIN YHUBEPCUTET OpnoBckuii TOCYAAPCTBEHHBIN YHUBEPCUTET
nmenu U.C. TypreneBa, KaHIHIAT TEXHUIECKIX nmenu U.C. Typrenesa, TOKTOp TEXHUIECKUX
HayK, TOIICHT Kadeapbl MaITHHOCTPOCHHS HayK, mpodeccop kadeapbl MantmHOCTpoeHHE

Ten: +79606436332 Ten.:+79103017320




artyom270286@yandex.ru E—mail: larafrolenkova@yandex.ru

E.M. SELEMENEVA, A.A. CHEREPENKO, A.N. TKACHENKO, L.Yu. FROLENKOVA

MATHEMATICAL MODEL OF NON-EQUILIBILITY OF COMPLEX
PROFILE WORKING SURFACES

Abstract. The article deals with the operation of wet — heat treatment (WTQ), which are special processing of
parts by heat and pressure. The regularities of changing the geometric dimensions of complex—profile work surfaces
during operation are studied. Mathematical models of non—equidistance of complex—profile work surfaces have been
developed.

Keywords: mathematical model, nonequidistance, complex profile work surfaces.
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I''B. BAPCYKOB, B.C. IIOPKHMH, O.I'. KOXYC, T.A. XYPABJIEBA

PACYET KOHTAKTA KOMIIO3UTHOI'O ABPA3ZUBA CO CTEHKAMMU
COILTA, OBECIIEYUBAIOIINA CHUKEHHUE U3HOCA
OOKYCUPYIOLIEN TPYBKU I'NIPOABPAZUBHOU YCTAHOBKHA

AHHOTAUMSA. Aémopamu cmamovu OAA peuwieHuss npoodiemvl NOAYHeHUs IPHeKMuUsH020 KOMNOZUMHO20
abpasugno2o mamepuana, no360A0UE20 COXPAHUMb QOKYCUPYIOWYI0 MPYOKY U NOBLICUMb PeXCyuie 803MOHCHOCIIU
2u0poabpasusHoll cmpyu, NOIYyHeHbl meopemuiecKue 3d8UCUMOCMU, VYCMAHABIUBAIOWUE B3AUMOCEA3b NPOYHOCU
coeOuneHUs abpa3ue—noIuMep C PENCUMAMU €20 NOJIYYeHUS.

KoaloueBble cioBa: cudpoabpasusnoe peszanue, abpazueroe 3epHo, QoKycupylowas mpyoxa, nokpvimue,
noaumepHas 060104Ka.
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G.V. BARSUKOV, V.S. SHORKIN, O.G. KOZHUS, T.A. ZHURAVLEVA

CALCULATION OF CONTACT OF COMPOSITE ABRASIVE WITH
NOZZLE WALLS, ENSURING REDUCING THE WEAR OF THE
FOCUSING TUBE OF AN ABRASIVE WATERJET INSTALLATION

Abstract. The authors of the article to solve the problem of obtaining an effective composite abrasive material
that allows preserving the focusing tube and increasing the cutting capabilities of the hydroabrasive jet, obtained
theoretical dependences that establish the relationship between the strength of the abrasive—polymer joint and the modes
of its production..

Keywords: Abrasive waterjet cutting, abrasive grain, focusing tube, coating, polymer coating.
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C.B. KYJPABLEB, A.C. TAPAITAHOB, /1.0. 30JIKMH

OIMPEJAEJIEHUE TEMIIEPATYPbBI IIPOLHECCA PA3ZBEPTBIBAHUSA
B PEXXUME PEAJIBHOI'O BPEMEHH

AHHOTanMsl. B cmamve npueedeH CPAGHUMENbHBIL AHAIU3 MEMOO08 USMEPEHUs MeMNepamypbl,
2UOPABTUYECKUTI U MEePMOOUHAMUYECKULL paciembl YCMAHOGKY OJis ONpedeleHuss meMnepamypvl npu pa3eepmuléanuu
paboueii vacmu uncmpymenma. Pazpaboman agmomamuzupo8anHblil 1aO0PamopHblil KOMIIEKC. YCManose1eHo, ymo e2o
paboma no3eonsiem NOIYYAMb 6 PeNCUME DPedabHO20 6PEeMEHU U3MEHeHUe MeMNepamypvl 6 30He Pe3anusi npu
CPasHUMeNbHO HUSKUX CcKopocmsx pesanus. Onucan npoyecc pabomvl a8MOMAMUSUPOBAHHO2O KOMNJIEKCA,
Xapaxmepucmuky mamepuaia mpybonpogooa u menyiorocumens npu pabouei memnepamype. Ilodobpan mamepuan
mpyoonpoeoda U BbICOKOMEMNEePAMYpPHbI MENJOHOCUMENb, Omeeyawue napamempam pabomsl KOMNIIEKCA.
IIpeocmasnena 6Or0Kk—cxema @QYHKYUOHANbHBIX IAEMEHMO8 KOMNIEKCA, epaguxu 3asucumocmeli nomepsb OAeieHUs
Hanopa om KoOI(puyuenma MecCmHbIX CONPOMUBTICHUL, MENL0GbIX NOMEPb OM MeMnepamypvl MenioHOCUMEsL.
Hocmoseprnocms pezynbmama npoeepsiacy ¢ NOMOWbIO ASMOMAMUSUPOSAHHO20 KOMNILEKCA 8 PencuMe peaibHO20
BPeMeEHU, NO360ISIIOUIe20 OYEHUBAMb OMHOCUMENbHOE USMEHEHUEe MEeMNEPAMypbl 8 30He PE3aAHUsL.

KoaloueBble cioBa: pesanue, pasgepmviéanue, HUKOCKOPOCMHbIE NPOYECCbl MEXAHUYECcKou obpabomku,
memnepamypa pe3anus, agMoMamusupOB8anHblll KOMIIEKC, Meni000MeHHUK, 6bICOKOMEMNePanypHblil MenioHOCUmMeb,
MemoObl onpedeneHuss memMnepamypbl
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S.V. KUDRYAVTSEV, A.S. TARAPANOV, D.O. ZOLKIN

DETERMINATION OF TEMPERATURE OF THE DEPLOYMENT
PROCESS IN REAL TIME

Abstract. The article provides a comparative analysis of temperature measurement methods, hydraulic and
thermodynamic calculations. An automated laboratory complex has been developed. It has been established that its
operation makes it possible to obtain a temperature change in real time. The operation process of the automated complex,
the characteristics of the pipeline material and the coolant at the operating temperature are described. Similar pipeline
material and a high—temperature coolant that meets the parameters of the complex. A block diagram of the functional
elements of the complex, graphs of the dependences of the pressure loss on the coefficient of local resistance, heat loss
on the temperature of the coolant are presented. The reliability of the result was checked using an automated system in
real time, allowing to evaluate the relative temperature change in the cutting zone.

Keywords: cutting, deployment, low—speed machining processes, cutting temperature, automated complex, heat
exchanger, high—temperature coolant, methods for determining temperature.
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A.H. TKAYEHKO, E.M. CEJIEMEHEBA, A.B. IIAMPHH,
A.A. YEPEIIEHBKO, JL.IO. ®POJIEHKOBA

MATEMATHUYECKASI MOJEJIb OTIPEJAEJIEHUSA HIEPOXOBATOCTH
HOBEPXHOCTHU JIEKTPOTEXHUYECKHUX AETAJIEU U3 ME/IN
OBPABOTAHHBIX KOMBUHUPOBAHHBIM HHCTPYMEHTOM

AHHOTAIMS. B cmamve paccmompena MamemMamuyeckas MoOelb UepPOXO8AMOCmU  NOBEPXHOCHU
2NeKMPOMeXHU4eckux Oemaneil U3 meou, 00pPaAOOMAHHBLIX KOMOUHUPOBAHHbIM UHCHPYMEHMOM C NPOOOIbHbIM
DPACNonodceHueM UHCHMPYMENMos O/l  MOKApHOU — 00pabomxu U  aIMA3HO20 — BbICIANCUBAHUA € U3VUEHUeM
3aKOHOMEPHOCIeEl QOPMUPOBAHUS. MUKPOPenbeda npu MeXaHuueckoli oopabomre u NAACMUIECKOM 0eqhopMUpo8anuu
MeOHoll  nosepxHocmu. IKCNepuMeHmanbHo OO0KA3AHA AKMYAIbHOCMb U HAYYHAA  3HAYUMOCMb  pabomul U
HeoOxX00uMoCmb  yuema OOHOU U3 COCMABTAIWUX WEPOXOBAMOCeEN Npu pacuémax opyaux KOMOUHUDOBAHHbIX
UHCIMPYMEHNOS.

KinroueBble ciioBa: wepoxosamocnmsv 06pabOMAHHOU NOBEPXHOCHIU, KOMOUHUPOBAHHBIU UHCIPYMEHN,
anmasHoe gvlenaxcusanue, moieHue, 0opabomra meou.
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AN. TKACHENKO, E.M. SELEMENEVA, A.V. SHAMRIN,
A.A. CHEREPENKO, L.Yu. FROLENKOVA

MATHEMATICAL MODEL FOR DETERMINING THE SURFACE
ROUGHNESS OF ELECTROTECHNICAL DETAILS FROM COPPER
PROCESSED BY COMBINED TOOL

Abstract. The article considers a mathematical model of the surface roughness of electrotechnical details from
copper processed by combined tool with a longitudinal arrangement of tools for turning and diamond smoothing with a
study of the patterns of microrelief formation during machining and plastic deformation of a copper surface.
Experimentally have been proved the relevance and scientific significance of the work and the need to take into account
one of the component roughnesses in the calculations of other combined tools

Keywords: surface roughness, combined tool, diamond smoothing, turning, copper processing.
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H.B. KAHATHUKOB, I1.A. KAHATHUKOBA, A.C. ITAIIIMEHTOBA

METO/IUKA PACUETA CIJIbI PE3AHUS BOSHUKAIOIIEN
ITPU OBPABOTKE PE3AHUEM HESBOJIBBEHTHBIX 3YBYATBIX
KOJIEC HA OCHOBE BUPTYAJIBHBIX DKCIHEPUMEHTAJIbBHBIX

UCCJEJOBAHUN

AHHOTAIMSL. B cmamve nokazana 603mMoicHOCMb ORpedeserius RONPABOUHbIX KOIPOHUYUEHMOE He0OX0OUMbIX
ons pacuema cunbl pesanus. s pacuema NONPAGOYHBIX KOIDHUUUEHMOE UCNOIb3Yemcs MOOeHb MeXAHUYeCKOU
06pabomKu He360IbEEHMBIX 3y0UAMBIX KOJec, NPeonoxcennas asmopamu. Mcnonvzoeanue makozo nooxooa no3eoisem
omKazamecs om  uacmu  00PO2OCMOAWUX IKCHEPUMECHMANbHbIX UCCACO06AHUTL U COKPAMUMb 3ampamel  Ha
KOHCMPYKMOPCKO—MEXHOIOSUHECKYIO N0O020MOSKY npouzeoocmeda. Paboma evinonnena npu nododepoiicke 2panma
Poccuiickozo ¢onoa pynoamenmanvuvix uccredosanuii Ne 18-38-00037\18.

KiioueBble €J10Ba: Hed6ob6eHmHble 3)0Uamble KOAECA, AHAIUMUYECKOe MOOCTUPOBAHUE PEe3AHUSL, YUCIEHHOEe
MOOeIUPOBanUe Pe3anus, CUIA Pe3aHUsl, 0Cedble COCMABIAIOUUE CUNbL PE3AHUS

Paboma évinonnena npu noooepicke zpanma Poccuiickozo ponoa pynoamenmanvuuix uccneoosanui Nel8—
38-00037\18.

CITUCOK JIMTEPATYPbI

1. Recent advances in modelling of metal machining processes / P. J. Arrazola et al. // CIRP Annals—
Manufacturing Technology. — 2013. — T. 62. — Ne. 2. — C. 695-718.

2. An analytical predictive model and experimental validation for machining with grooved tools incorporating
the effects of strains, strain-rates, and temperatures / N. Fang, I. S. Jawahir // CIRP Annals—Manufacturing Technology.
—2002. - T.51. — Ne. 1. — C. 83-86.



KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUEC KAYE€CTBOM

3. Recent advances in plasticity applications in metal machining: slip—line models for machining with rounded
cutting edge restricted contact grooved tools / X. Wang, I. S. Jawahir // International Journal of Machining and
Machinability of Materials. — 2007. — T. 2. — Ne. 3-4. — C. 347-360.

4. Prediction of micro—milling forces with finite element method / X. Jin, Y. Altintas // Journal of Materials
Processing Technology. — 2012, — T. 212. — Ne. 3. — C. 542-552.

5. A hybrid cutting force model for high—speed milling of titanium alloys / Z. G. Wang et al. // CIRP Annals—
Manufacturing Technology. — 2005. — T. 54. — Ne. 1. — C. 71-74.

6. Predictive cutting force model in complex—shaped end milling based on minimum cutting energy / T.
Matsumura, E. Usui //International Journal of Machine Tools and Manufacture. — 2010. — T. 50. — Ne. 5. — C. 458-466.

7. Cutting force prediction in drilling of titanium alloy / S. Tamura, T. Matsumura, P. J. Arrazola // Journal of
Advanced Mechanical Design, Systems, and Manufacturing. — 2012. — T. 6. — Ne. 6. — C. 753-763.

8. DKcnepuMeHTaNIbHOE HCCIeIOBAHNE CHIT pe3anis Ipu 00paboTke 3y6uaThix kojec nepenayun Houkosa / FO.
H. CrebneunoB, A. C. TapamanoB, I'. A. MuxaiinoB //@yHaaMeHTambHBIE M NPUKIATHBIE HPOOIEMBI TEXHUKH H
texHonoruu. — 2011, — Ne. 6. — C. 95-101.

9. OmpeneneHre CUII pe3aHs IpoIiecca Hape3aHus 3y0UaThIX KoJec epenadn HoBukoBa 4epBSIHBIMA (hpe3amMu
/ 1O. H. Crebenios, A. C. Tapananos //DyH1aMeHTAIBHbIE W TIPUKJIAIHBIE IPOOIEMBI TEXHUKH U TexHOmoruu. — 2010.
—No. 5-2. - C. 31-34.

10. Cuinbl pe3anusi pu 3y0010J0JICHHUS KOJIEC C BHYTPEHHUMH 3yObsiIMU HEIBOJbBEHTHOTO mpoduis / P. B.
Anncumos, A. C. TapanaHoB //DyHaaMeHTaIbHBIC U IPUKIIAJHBIE TIPOOIEMbI TEXHUKU B TexHOJoruu. — 2012, — No. 5. —
C. 86-93.

11. Discrete Cutting Force Model for 5-Axis Milling with Arbitrary Engagement and Feed Direction / L.
Berglind, D. Plakhotnik, E. Ozturk //Procedia CIRP. — 2017. — T. 58. — C. 445-450.

12. Xapnamos, I'. A. Teopusi MPOESKTHPOBAHHS MPOIECCOB JIe3BHiiHOM 06pabotku / I'. A. Xapmamos, A. C.
TapamanoB. — M.: MammaOCTpoeHue, 2003.

13. Improving Efficiency of Gear Shaping of Wheels with Internal Non—involute Gears / A. Tarapanov et al.
/NOP Conference Series: Materials Science and Engineering. — I0OP Publishing, 2016. — T. 127. — Ne. 1. — C. 012052.

14. Cuinbl pe3anust mpu 3y00J0I0NICHNST KOJIEC ¢ BHYTPEHHUMHU 3yObsiMU HedBoJbBeHTHOTO mpodus / H. B.
Kanataukos, I1. A. Kanaraukosa, C.B. Koxyc, A.C. [TammentoBa //OyHaaMeHTaIbHbIE W TPUKIATHBIE TTPOOIEMBI
TeXHUKHU U TexHojoruu. — 2019, — Ne, 2. — C. 27-33.

KanarnukoB Huxkura Baagumuposnu Kanatnukosa Ilosmna AnuapeeBna  IlammentoBa Anna CepreeBHa

OI'BOY BO «OI'Y nm. U.C. OI'BOY BO «OI'Y um. U.C. OI'BOY BO «OI'Y nm. N.C.
TypreneBa» r. Open Typrenesa» r. Open TypreneBa» r. Open
KaHJU/IaT TEXHUIECKUX HayK, TOIEHT Maructp kadenpsr «[Iporpammuas acTmpaHT Kaderpsl
Kadepbl MaIIHHOCTPOCHUS WHXKCHEPHS MaIIMHOCTPOEHUS

302026, r. Open, yn. Komcomomnmbckas, 302026, r. Opemn, yi. 302026, r. Opemn, yi.

95 Komcomonsckas, 95 Komcomormnckas, 95

Ten.: + 7 (4862) 419895 ten.: + 7 (4862) 419895 ten.: + 7 (4862) 419895
e-mail: NKanatnikov@yandex.ru e— e-mail: adjourn@yandex.ru

mail:polinakanatnikova@yandex.ru

N.V. KANATNIKOV, P.A. KANATNIKOVA, A.S. PASHMENTOVA

THE METHOD OF CALCULATION OF THE CUTTING FORCES
BY MACHINING NON-INVOLUTE GEARS GEARS ON THE BASIS
OF VIRTUAL EXPERIMENTAL RESEARCHES

Abstract. The article shows the possibility of determining the correction coefficients necessary for calculating
the cutting force. To calculate the correction coefficients, we use the model of mechanical processing of nonvolvent gears
proposed by the authors. Using this approach allows you to eliminate some of the expensive experimental research and
reduce the cost of design and technological preparation of production.. This work was supported by the grant of the
Russian Foundation for Basic Research No. 18-38-00037 \ 18.

Keywords: non-involute gears, analytical modeling of cutting, numerical modeling of cutting, cutting force,
axial components of cutting force
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II.A. BESMEH

PACIIUPEHHBINA ®UJIBTP KAJIMAHA, JIOIIOJTHEHHBIN
AJAIITUBHBIM IU®POBBIM ®UJIBTPOM, JIA
KOMINVIEKCUPOBAHUA JTAHHBIX CUCTEMbI YIIPABJIEHUSA
MOBWJIBHBIM POBOTOM

AHHOTAUMA. B cmamve npednodxceno obveournenue pacuiupennozo ¢uivmpa Kaimana u adanmuenozo
yupposo2o urvmpa ¢ yervlo KoMneHcayuu owubku pabomvl pacwupenno2o guivbmpa Kanmana npu 6blnonHeHuu
KOMNJIEKCUPOBAHUSL OAHHBIX CUCTHEMbL YAPAGIEHUsT MOOUIbHbIM pobomom. Cmambsi uziazaem cmpykmypy u pabomy
maxkozo 00veOUuHeHuUs, NoKasvieaem Koupuaypayuio 6y@eproi namamu adanmusrHo2o Yyu@pposeoco urbmpa.

KoaloueBble cioBa: poOomomexuuka, mMobunvbhvlii pobom, KoMniekcuposauue oaunuwlx, guiemp Kaimana,
adanmuenwlil yugppoeol guremp.
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P.A. BEZMEN

THE EXTENDED KALMAN FILTER AUGMENTED
BY AN ADAPTIVE DIGITAL FILTER FOR DATA FUSION
OF A MOBILE ROBOT CONTROL SYSTEM

Abstract. The paper proposes the combination of the extended Kalman filter and an adaptive digital filter to
compensate an operational error of the extended Kalman filter during data fusion of a mobile robot control system. The
paper describes the structure and operation of such combination, shows the buffer memory configuration of an adaptive
digital filter.

Keywords: robotics, mobile robot, data fusion, Kalman filter, adaptive digital filter.
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C.1. CABHUH, JI.IO. BOPOYAEBA

METOA YIIPABJIEHUSA IBYHOI'MMH ITAT'AIOIIUMHA POBOTAMU
C UHTEI'PUPOBAHHbBIMHA YIIPYI'UMU 3JIEMEHTAMU

AHHOTAUMSA. B cmamve paccmampueaiomest 60npocyl ynpasieHusi 08YHOSUM WaA2aiowum pooomom ¢ Yupyumu
oNeMeHmami, UHMEZPUPOBAHHLIMU 8 €20 38EHbsl MeHCOY COOMBEMCMEYIOWUMU AKMYAMOpamu U peoyKmopami.
Paspabomana mamemamuueckas M0o0enb OBUINCEHUS YCMPOUCMEA 8 CASUMMANbHOU NIOCKOCMU, A MAKdHCe MOOelb
nPUE0008 ¢ NOCIEO0BAMENLHO PACNOLONCEHHBIMU OMHOCUMENLHO HUX Ynpyaumu snemenmamu. Tlpeonosicen areopumm
ynpaesnenust pobomom, ochosannwlil Ha ucnorwvszosanuu CLQR—pezynamopa. B pezymvmame uucieHno20 Mooeiuposanus
VCMAHOBILEHO GIUSHUE YIPY2UX DNIEMEHNO8 U UX NAPAMEMPO8 HA OUHAMUKY POHOMA, MAKI’CE NPOBEOCHA OYEHKA yiemda
02PAHUYEHUTI MOMEHIMO8 NPUBOD0E (MOMEHM HACHIUEHUs,) U HANUYUS HETUHEIIHOCMEll 8 CEHCOPHOU cucmeme 00beKma
Ha Kayecmeo pabomvl CUCMeMbl YAPAGIeHUs. U ee npouzsooumenvHocms. Modenuposanue nposedeno npu yueme
VCI08USL, YUMO CUCMEMA YRPABGIeHUS He uMeem 00CMYNa K MOOeIU NPUeoOd ¢ ynpyumu 31eMeHmami.

KirueBble CJI0Ba: 08yHO2UU wia2aiowuli pooom, UHMezpuposanHble Ynpyeue 3J1eMeHnbl, Memoobl YNpaeieHus,
ynpy200eMnupyouue Cucmemsl, 02PAHULEHUsL KDYMAWUX MOMEHMO8, AKMYAmopbl

Paboma evinonnena npu noooepycxke I'panma Ilpesudenma Poccuiickoii @edepayuu MK-1537.2019.8,
Casun C.H. paboman npu noooepcke PO DU, npoexm Nel8-38-00140\18.
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S.I. SAVIN, L.Yu. VOROCHAEVA

CONTROL METHOD FOR BIPEDAL ROBOTS WITH INTEGRATED
ELASTIC ELEMENTS

Abstract. The study deals with the control of a two—legged walking robot with elastic elements integrated into
its links between the respective actuators and gearboxes. A mathematical model of the movement of the device in the
sagittal plane, as well as a model of series elastic actuators, have been presented. A robot control algorithm based on the
use of the CLQR controller is proposed. As a result of numerical simulation, the influence of elastic elements and their
parameters on the robot dynamics has been established, taking into account the limitations of the drive torque (torque
saturation) and the presence of nonlinearities in the sensor system of the object. The simulation was performed taking
into account that the control system does not have access to a drive model with elastic elements.
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Keywords: two-legged walking robot, integrated elastic elements, control methods, spring—damper system,
torque limits, actuators
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M.E. BONDARENKO, A.S. FETISOV, S.G. POPQV, V.O. TYURIN

INFORMATION-MEASUREMENT SYSTEM AND CONTROL SYSTEM
OF THE BEARING UNIT WITH MAGNETOREOLOGICAL FLUID

Abstract. The paper presents a description of the design and principle of operation of the bearing unit with
magnetorheological lubrication. A test rig for the study of the dynamic and tribological characteristics of the bearing
unit is presented. The information—measuring system for collecting and processing information is described. The control
system of the mechatronic bearing assembly is presented.

Keywords: journal bearing, magnetorheological fluid, measurement system, test rig, control system.
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TEOPETHYECKHE OCHOBBI PACYETA CNJI THEPIIN
ITPU HAHECEHHMMU IMTOKPLITHUSA HA BHEIHTHIOIO IIOBEPXHOCTbD
TEJI BPAIIEHUA

AHHOTa[Il/lﬂ. B cmamuve npedcma@zxez-tbl pesyibmanivl UCCNe008AHUS GNIUSAHUSA CUJL uHepyuu Ha cyenjienue
HOKpblmMusl ¢ eHeutHell noeepxrnocmvio mejl epaujenus npu mepmudecKom HanvlierHuu. Hpe()/zo:)fceH mamemamuyeckuil
annapam ons pacuema cuil uHepyuu ()ezftcmeyiou/;ux HA Yacmuyy nOoKpblmus npu Hanecenuu Ha 6HEeUHRIO0 NOBEPXHOCHb
me epawerusl. B pesyibmame 6blAA6/IeHbl 3A6UCUMOCMU  NO360JIAIOWUEe NPOCHO3UPOB8ANb NPOYHOCMb CYENIeHUs
HOKpbLMuUs Co CMAIbHOU OCHOBOUL npu mepmudecKom HanvlileHuu.

KuroueBblie ciioBa: cyenjienue, deud?puKquHHO@ noKpvlmue, unepyust, cuia, npo4vHocmao.

CIIMCOK JIMTEPATYPbI

1. l'azoTepMuUecKre MOKPBITHS U3 MOPOMKOBBIX MarepuanoB. Cipasounuk / FO.C..Bopucos, 10.A. Xapnamos,
C.JI. Cunopenko, E.H. Apnarosckas — Kues: Haykosa nymka, 1987

2. ITopomkoBasi METaJUTypTHsl ¥ HAITBUICHHBIE TOKPBITHS: YueOonuk as BY30B. B.H. Aummudepos, I'.B. Boopos,
JLK. dpyxunuH u 1p. — M.: Metr—s, 1987.

3. Slpomesnu B.K., Benopenxuit M.A. AHTU(QPUKIIMOHHBIE TOKPBITHS U3 METAIUIMYECKUX ITOPOIIKOB. — MUHCK:
Hayka u Texnnka,1981. — 175 c.

4. Kyp6aroBa .A. TexHomnorus, cTpyKTypa ¥ CBOICTBa aHTU(QPUKIIMOHHBIX MAaTEPHAIOB HA OCHOBE CHCTEMBI
JKeJie30—Meib, coaeprkamux rpadut. JIuccepramus K. 7.H.—M., 1986.

5. KytbkoB A.A. M3HOocOCTO#KHE 1 aHTU(PUKIIMOHHBIE MTOKPBITH.— M.: MammmHoctpoenue, 1976. — 152 c.

6. Rodichev, AY., Sytin, A.V., Barabash, V.V., Technological increase of adhesion strength between anti—
friction coating and base in bimetal fluid—film bearings / Solid State Phenomena: International Conference on Industrial
Engineering, ICIE-2017. Volume 265 SSP, 2017, Pages 284-289.

7. Welding and spraying / Hasuy A., Morigaki O,. — M.: Engineering 1985. — 240 p.

8. 3umon A.Jl. Anre3us TuieHOK W HOKpBITHA. M.: Xumus, 1977. — 345c¢.

9. llepsirun b.B., Kpotosa H.JI., Cmunra B.I1. Anresus tBepasix Ten. — M.: Hayka, 1973. — 279c.

10. Kopo6og, 10.C. AHanu3 cBOMCTB ra3oTepMUYECKUX MOKPBITHI: [y4eb. nocodue]: B 2 4. — ExarepunOypr:
W3a—Bo Ypan. ya—ta, 2016. 4. 2 /. — 92 c.

11. Barsukov G. Barabash V., Rodichev A., Kozhus. O. Technology of powder coatings application by gas—
flame spraying using oxyhydrogen flame / Materials Science Forum, Vol. 906, pp. 80-87, 2017.

12. Suslov, A.G. Technological provision of operation properties and quality of machines 1997 Trenie i Iznos
18(3), pp. 311-320.

Ponnues Anexceii FOpneBny Iannukun AHTOH BanepbeBuu
DOI'BOY BO «OpiioBckuii TOCYIapCTBEHHBIN ®I'BOY BO «OproBckuii rocynapcTBEHHBII
yauBepcuteT umenu M.C. Typreresay, r. Open yauBepcuteT umenu M.C. Typrenesay, r. Open



https://www.scopus.com/authid/detail.uri?authorId=8842083700&amp;eid=2-s2.0-85031103713

Kanaunar TeXHHYECKUX HayK, TOUEHT Kadeaps Kanaupat TeXHUYeCKHX HayK, OIICHT Kadenppl MoabeMHO—

MexaTpoHUKa, MEXaHUKA 1 POOOTOTEXHUKA TPAHCIOPTHBIX, CTPOUTEIBHBIX U JOPOXKHBIX MAIIMH
302020, r.Opén, Hayropckoe mrocce, 29 302020, r.Opén, Hayropckoe mocce, 29

E—mail: rodfox@yandex.ru E—mail: gorin57@ mail.ru

I'psinynosa Esiena HukoJiaeBHa ToxmakoBa Mapusi AHApeeBHA

OI'bOY BO «OpnoBckuil rocynapcTBEHHBIH ®I'BOY BO «OpnoBckuil rocyiapcTBEHHBIHN
yausepcuteT uMenu U.C. Typrenesay, r. Open yausepcuteT uMmenu U.C. Typrenesa»
Kanannart TexHHYeCKHUX HayK, JOLECHT Kadeaphl AcnupaHT

«MexaTpoHHKa, MEXaHIKa U POOOTOTEXHHIKA 302020, r.Opén, Hayropckoe mocce, 29

302020, r.Opén, Hayropckoe mocce, 29 E—mail: tokmakovn2303@gmail.com

E—mail: gorin57@mail.ru

A.Yu. RODICHEV, A.V. PANICHKIN, E.N. GRIADYNOVA, V.A. TOKMAKOVA

THEORETICAL BASES OF CALCULATION FORCES INERTIA WHEN
DRAWING A COVER ON AN EXTERNAL SURFACEBODY OF ROTATION

Abstract. The article presents the results of a study of the influence of inertia forces on the adhesion of a coating
to the outer surface of bodies of revolution during thermal spraying. A mathematical apparatus is proposed for
calculating the inertia forces acting on a coating particle when rotation bodies are applied to the outer surface. As a
result, dependences are revealed that make it possible to predict the adhesion strength of the coating to the steel base
during thermal spraying.

Keywords: adhesion, anti—friction coating, inertia, force, strength.
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CUCTEMA BUBPO3AIIUTA C YIIPYT'UM 3BEHOM NIPEPBIBUCTOI'O
JAEUCTBUA KOHCTPYKTUBHBIE PEIIEHUA U UX OITPOBALIA

AHHOTanus. B cmamve paccmampugaemcs SUOpO3AWUMHAA CUCEMA C YNPY2UM 36EHOM NPePbIEUCHIOZ0
Oeticmeus. Ilpedcmagneno KoHCMpYKMugHoe peuienue 8 8uoe MexaHuuecko2o OCYULIAMOPA, MOOeIupylowezo npoyecc
pabomvl paccmampusaemotl sudbpo3awumnoi cucmembvl. lIpusedensi pe3yibmamvl IKCHEPUMEHTNATLHBIX UCCAEO08AHUL
npoyecca pabomvl MEXAHUHECKO20 OCYULIAMOPA. Buinoanenvl 6180061 0 NEPCHEKMUBHOCMU  UCNONb308AHUSL
BUOPO3AWUMHOU CUCTEMbL C YIPYUM 36EHOM NPEPLISUCTNO20 0eUCMBU.
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E.E. PROKOPQV, A.V. GORIN, A.V. PROSEKOVA, N.V. TOKMAKOV

VIBRATION PROTECTION SYSTEM WITH AN ELASTIC
INTERFERENCE RING CONSTRUCTIVE
SOLUTIONS AND THEIR TESTING

Abstract. The article considers a vibration protection system with an elastic intermittent link. A constructive
solution is presented in the form of a mechanical oscillator simulating the process of operation of the considered vibration
protection system. The results of experimental studies of the operation of a mechanical oscillator are presented.
Conclusions have been drawn on the prospects of using a vibration protection system with an intermittent elastic link.
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OB30P KOHCTPYKIHUI NOJINUIHUKOB CKOJIbXKEHUSI
C PEI'YJIUPYEMBIMU XAPAKTEPUCTUKAMM: CPABHUTEJIBHBIN
AHAJIN3 U BOSMOKHOCTHU IPUMEHEHUA

AHHOTAUMA. B cmamve npugooumcs 0030p HEKOMOPHLIX KOHCMPYKYUL NOOWUNHUKOB CKONbICEHUSL C
pezynupyemvimu xapaxmepucmuxamu. Taxue KOHCMPYKyuu Mo2ym paccmampuéamscsi Kak OCHO8A CUCMEM YRPAGIEHUs
pabouuMu Xapakxmepucmukamy pomopHulX MAWUH, MAKUX KaK mypoozenepamopul u 2a30mypouHHble YCMAHOBKU, 6
peodicume peanbHo20 epeMeHu OJid NOBbIULeHUS IKCNIYAMAYUOHHOU HAOENCHOCMU U HPeO0OmEpauieHus asapuiiHbIX
cumyayu.

KiarueBble ¢j10Ba: nOOWUNHUK CKObICEHUS], KOHCIMPYKYUS, PECYPC, HA0EHCHOCb, OUCOANAHC.
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komnnexcay @Il «Hccredosanus u pazpadbomku HO HNPUOPUMEMHLIM HANPAGICHUAM DA3GUMUS HAYYHO —
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N.E. GRISHCHENKO, R.N. POLYAKOV

AN OVERVIEW OF ADJUSTABLE BEARING DESIGNS: COMPARATIVE
ANALYSIS AND APPLICATIONS

Abstract. The article provides an overview of some designs of sliding bearings with adjustable characteristics.
Such designs can be considered as the basis of performance management systems for rotary machines, such as turbine
generators and gas turbine units, in real time to increase operational reliability and prevent emergency situations.
Keywords: plain bearing, design, resource, reliability, imbalance.
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B.B. MAPKOB, K.B. IOAMACTEPLEB

CTEH]I KOHTPOJISI TIOKA3ATEJIEH KAUECTBA MNPAMOYTI'OJIbHBIX
IAJIEKTPUYECKUX COEAUHUTEJIEN

AHHoOTanusi. Paccmompenvt cmpykmypa u npunyun Oeticmeusi cmeHod KOHMpOJsi NoKa3amenel Kauecmed
NPAMOY2ONbHLIX dNleKmpuyeckux coeounumeneu. Cmeno npeoHasHauen 01 NPOo8eoeHUss MexXHOI0SUUECKO20 NPO2OHA
INEKMPUYECKUX COCOUHUMENEU U KOHMPOIS. COBOKYRHOCTIU MEXAHUYECKUX U INeKMPUUECKUX XAPAKMEPUCTIUK: CUTb
COUJIeHeHUs. U PACUACHEeHUS] KOHMAKMHbIX nap, Nepexo0H020 CONPOMUGLEHUSL KORMAKMAa 0emaiei 00HOU KOHMAKMHOU
napol; OJIHOB020 CONPOMUGLIEHUST OOHOU KOHMAKMHOU Napvl;, 00BEMHO20 U NOBEPXHOCMHO20 CONPOMUGLEHUS
usoAMOpaA; dMeKmpuieckoi npounocmu uzoaamopa. Cmeno modicem Obimb UCHOAb308AH 0151 KOHMPOJISL COeOuHUmenel
npu npoeedeHur 008000HHbIX U NPUEMO—COAMOYHBIX UCILIMAHUL, A MAaKdice Ol KOHMPOLbHbIX UCHbIMAHUL HA
HAOENCHOCb.

KawueBble clioBa: mperue, usHawiugaHue; 31eKMpUieckull COeOUHUmeb;, CMeHO KOHMPOJs, NepexoOHoe
conpomusiienie KOHMAaKkma, 80JHO080e CONPOMUBIIeHUE, CONPOMUBGILEHIUEe US0IMOPA, INEKMPULECKAS NPOUHOCHb.
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V.V.MARKOV, K.V. PODMASTERYEV

QUALITY CONTROL STAND
FOR RECTANGULAR ELECTRICCONNECTORS

Abstract. The structure and principle of operation of the stand for quality control of rectangular electrical
connectors are considered. The stand is designed to conduct a technological run of electrical connectors and control the
totality of mechanical and electrical characteristics: articulation and dismemberment of contact pairs; contact transition
resistance of parts of one contact pair; wave resistance of one contact pair; volumetric and surface resistance of the
insulator; dielectric strength. The stand can be used to control connectors during lapping and acceptance tests, as well
as for control reliability tests.

Keywords: friction; wear; electrical connector; control stand; transient contact resistance; wave impedance;
insulator resistance; dielectric strength.

BIBLIOGRAPHY

1. Electrical reference book. In 3 vols. T.2. Electrical devices [Text] / Under the general. ed. V.G. Gerasimova,
P.G. Grudinsky, L.A. Zhukov [et al.]. — M.: Energoizdat, 1981. — 640 p.

2. Fundamentals of the theory of electrical apparatus [Text] / Ed. ed. I.S. Taeva. — M.: Higher School, 1987. — 352 p.

3. Namitokov, K.K. Electroerosive phenomena [Text]. — M.: Energy, 1978. — 456 p.

4. Butkevich, G.V. Electrical erosion of high—current contacts and electrodes [Text] / G.V. Butkevich, G.S.
Belkin, N.A. Vedeshenkov, M.A. Zhavoronkov. — M.: Energy, 1978. — 256 p.

5. Komarov, A.A. Traction and transformer substations [Text]: Teaching aid / A.A. Mosquitoes. — Samara:
SamlIT, 2001. — 51 p.

6. Holm, R. Electrical contacts [Text] / R. Holm. — M.: Publishing house of foreign countries. lit. 1961. — 464 p.

7. Meshcheryakov, V.P. A new method for assessing contact erosion under the influence of an arc discharge.
Exposition [Text] / V.P. Meshcheryakov // Energy. — 2009. — No. 1. — P. 56-64.

8. Bondarenko, 1.B. Connectors and switching devices [Text]: Training manual / I. B. Bondarenko, Yu.A.
Gatchin, N.Yu. Ivanova, D.A. Shilkin. — St. Petersburg: St. Petersburg State University ITMO, 2007. — 151 p.

Markov Vladimir Vladimirovich Podmasteriev Konstantin Valentinovich
OSU named after I.S. Turgenev, Oryol OSU named after I.S. Turgenev, Oryol
Ph.D., Associate Professor, Acting head of department Doctor of Technical Sciences, Professor, Director of the
instrument engineering, metrology and certification Institute of Instrumentation, Automation and Information
Phone (4862)41-98-76; Technology
E-mail: pms35vm@yandex.ru Phone. (4862)41-98-76;
E-mail: asms—orel@mail.ru
YK 536.3+621.362.1 DOI: 10.33979/2073-7408-2020-340-2-132-135
O0.1. MAPKOB

MOJAEJIUPOBAHUE BJIMSAHUA TEIIVIOBMEHA HA DO@PEKTUBHOCTD
TEPMOJJIEKTPUYECKOI'O OXJIA/IUTEJIA

AHHOTANMsI. Bbinonneno yuciennoe MoOeruposanue meniogbix u mepmModINeKmpuieckux npoyeccos 6 6emeu
MBepOOMenbHO20 MepMOdIeKmpuiecko2o oxaaoumens Ilenbmve ¢ yuemom meniooOMeHa KOHGeKyuell u uiyyeHuem.
Yucnennulil paciem 6emsu NPOBOOUICS 8 PeACUME MAKCUMATLHO20 Nepenada memnepamyp.

KnaroueBble cioBa: mamemamuyeckoe MoOenupogamue, memnepamypHoe noxe,  meepoomenbHbie
mepmoanekmpuyeckue oxaaoumenu llerbmove, napamemp mepmod1eKmpuieckoll 3¢ exmueHocmu.
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O.l. MARKOV

MODELING THE EFFECT OF HEAT EXCHANGE
ON THE EFFICIENCY OF A THERMOELECTRIC COOLER

Abstract. Numerical modelling thermal and thermoelectric processes in a branch of solid—state thermoelectric
of Peltier cooler is performed, taking into account heat exchange by convection and radiation. The numerical calculation
of the branch was carried out in the mode of the maximum temperature difference.

Keywords: mathematical modelling, a temperature field, solid-state thermoelectric of Peltier coolers, of
thermoelectric figure of merit.
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B.B. JIPEMMH, E.B. )KAPKHX

MATEMATHYECKOE MOJEJUPOBAHUE B3AUMOJIEHCTBUS
IOJAPU30BAHHOI'O CBETA C BUOJIOTUYECKUMU TKAHAMUAU

AHHOTaUMsl. B pabome npedcmasnen Kpamkuii 0030p NOOX0008 018 MOOEIUPOBAHUS B3AUMOOEUCHIBUS
NONAPU30BAHHO20 C8ema ¢ MYMHbIMU paccesaiowumy cpedamu. B odannoii pabome npedcmagienvl HECKOMbKO
peanusayuii npozpamm Monme—Kapno, omcnedcusaiowux cocmosanue noaspuzayuy paccesannozo céema. Paccmompeno
HECKObKO  K1accos Mmooenel, ochoganuvix na Gopmarusme Cmokca—Mionnepa u  opmanusme [ouconuca.
IIpoananuzuposansl ux npeumyujecmsa u HeOOCmMamxu.

KimoueBble ciioBa: moodenuposanue, nonapuzayus, eekmop Cmokca, mampuya Mionnepa, memoo Monme—
Kapno.

Paboma eévinonnena npu punancosoit noooepiicke zpanma Poccuiickozo nayunozo ¢ponoa (npoexm Ne 19—
79-00082).
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Abstract. This paper provides a brief overview of approaches for modeling the interaction of polarized light
with turbid media. This paper presents several implementations of Monte Carlo programs that track the polarization state
of scattered light. Several classes of models based on the Stokes—Muller formalism and the Jones formalism are
considered. Their advantages and disadvantages are analyzed.

Keywords: simulation, polarization, Stokes vector, Muller matrix, Monte Carlo method.
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KOHTPOJIb, AUATHOCTUKA, UCIIBITAHUA
N YIIPABJIEHUE KAYECTBOM

YK 006 DOI: 10.33979/2073-7408-2020-340-2-148-156

A.H. IIMTUKOB, C.B. CAITPOHOB

PEKOMEHJALIUUA 11O AKTYAJIU3AIIUA JTOKYMEHTOB
O CTAHIAPTU3AIIUU CUCTEM INTO’KAPHOMU BE3OITACHOCTHU

AHHOTAamMsl. B cmamwe paccmompen GONPOC O HEOOXOOUMOCMU —aAKMYyaiu3ayuu OOKYMEHmO8 no
CManoapmu3ayuy, onpeoersiowux mpeboanus no YCMAaHo8Ke >JeMEHMO8 CUCHeM HOICApHOU Oe3onacHocmu Ha
npumepe HNOJNCAPHBIX U36ewameneil, 6blAGNIEeHO Hecoomeemcmeue mpebosaHull HOPMAMUSHOU OOKYMEeHmayuu u
MEXHUYECKUX 603MOACHOCMEL COBPEMEHHBIX NONCAPHBIX U3Gewameneil, npeosiodiCeHbl KOPPEKMUPOBKU 8 OelCmEyouull
€800 Npasun ucxo0s u3 npakmuueckozo onvima. Llers pabomul: noeviuleHue Kawecmeda Cucmem NONCAPHOU
bezonacHocmu nymém co8epuleHCmeo8anus OOKYMEHMO8 no cmandapmusayuu Oanuvix cucmem. Hcnonvsyemovie
Memoobl: 8 pabome NPUMEHAINCA QOPMATUZ0BAHHBIUL MO0 pa3dopa U aHAIU3A HOPMAMUGHBIX U MEMOOUHEeCKUX
O0okymenmos. Hosuzna: K 21eMeHmam HOBU3HbL OMHOCAMCA YCOBEPUIEHCMBOBANHbIE NYHKMbL 0eliCmByIowe2o c600a
Npasun  cucmem NPOMUBONONCAPHOU  3awumsl. Pesynomam: 6 cmamve npugedeHo cpasHeHue MeXHUYECKUX
B03MOJNCHOCHIEU COBPEMEHHBIX NOJCAPHBIX U3sewjamenei ¢ mpeboGanuaAMU NYHKMOG Oelicmeyiowezo c800d Npagu
cucmem npomugonodicapro sawumel. Cpasnenue noxaszano, ymo mpebosaHus Oelicmeyiouezo c6o0d Npauil He
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VUUMBIBAIOM MEXHUYECKUE 803MONCHOCIU COBDEMEHHBIX INEMEHMO8 CUCIEM NONCAPHOU 6e30nACHOCIU, A MAKiCe
0COOEHHOCIU YCMAHOBKU OAHHBIX DIEMEHMO8 8 NOMEWEHUAX PA3IUYH020 Ha3Hayenus. [Ipakmuueckas 3HAYUMOCMb:
NpeoNodHCeHHble USMEHEHUs 8 C800 NPABUI CUCHEM NPOMUBONONCAPHOU 3AUUMbl NO380JIAM NOBLICUMb P DEKMUBHOCTb
COBPEMENHBIX CUCTNEM NOANCAPHOU HE30NACHOCIU, UCKTIOUAM HEOOHO3HAYHOe MOAKO8AHUe MPebo8anUll C800A NPABUIL 6
npoyecce NpoeKmupoB8anus U MOHMANCA CUCTEM NONCAPHOU Oe30NACHOCIU, d MAaKice NPedoCmassam 803MONHCHOCHb
COOMBEMCmMEYIoOuUM  TUYEHIUPOBAHHLIM OP2AHUZAYUAM WIUPE UCNONb308AMb COBPEMeHHble, mexHuuecku Ooiee
cogepuieHHble I1eMeHmbl BbIUEYKAZAHHBIX CUCTEM.
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RECOMMENDATIONS FOR UPDATING DOCUMENTS
ON STANDARDIZATION FIRE SAFETY SYSTEMS

Abstract. The article considers the need to update the documents on standardization, defining the requirements
for the installation of elements of fire safety systems on the example of fire detectors, revealed the discrepancy between
the requirements of normative documentation and technical capabilities of modern fire detectors, proposed adjustments
to the current body of rules based on practical experience. Objectives: Improving the quality of fire safety systems by
improving the documents for standardization of these systems. Methods Applied: In the work, a formalized method of
analysis and analysis of normative and methodological documents was used. Originality: The novelty elements include
improved clauses of the current body of rules of fire protection systems. Findings: The article compares the technical
capabilities of modern fire detectors with the requirements of the points of the current body of rules of fire protection
systems. The comparison showed that the requirements of the current body of rules do not take into account the technical
capabilities of modern elements of fire safety systems, as well as the features of installing these elements in rooms for
various purposes. Practical Relevance: The proposed changes to the body of rules for fire protection systems will increase
the efficiency of modern fire safety systems, eliminate the ambiguous interpretation of the requirements of the body of
rules in the design and installation of fire safety systems, and also provide an opportunity for the relevant licensed
organizations to make wider use of modern, more technologically advanced elements of the above systems.

Keywords: Standardization, standardization documents, body of rules, fire safety systems, fire detector.
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SA.H. 'YCEHULA, B.JI. PPXABUTHH, C.A. ITEPCTOBUTOB

K BOIIPOCY OHEHUBAHUWA KPUTUYHOCTH 3JIEMEHTOB
IPTATUYECKOU CUCTEMbI

AHHOTaUMs. B pabome npedcmasien HAy4yHO—Memoou4ecKuti n00X00, KOMOpblll N03605em POpMarU308ams
onpeoenenue HAVOENHCHOCMU 3P2AMUYECKOU CUCTeMbl nymem onpedeienuss eé Kpumuueckux nemeHmos. B ocHose
NPeONOJNCEHHO20 N00X00d NeHCUM MAMPUUHBIL MemOO0 OnpedeleHus Kauecmea @OYHKYUOHUPOBAHUA CIOHCHOU
apeamuyeckoll cucmemvl. Hnmezpanvhbvlii nOKazameib A61AEMCs YUCIEHHBIM 8bIPAdCEHUEM BEPOATNHOCHU De30MKA3HOU
pabomvl cucmemvl. Buiuucienue e2o Ona 6cex pasiuyHblX 8APUAHMOS PA3MEWjeHUs «UCMOKAY» DYHKYUOHUPOBAHUSA
cucmemul NO360J51em GblAGUMb HAUDOIee KpUmuueckue d1emMenmsl 015 06ecneyenus MaKkCumManbHoll 0e30MmKa3sHOCHIU.
Ha xonxpemmnom npumepe noxazamno 0eticmeumensHas 3asUucUMoCcinG 3HaueHus 0e30mKa3sHOCHU CUCTEMbl 0T UCXOOHO20
epaga ee GyHKYUOHUPOBAHUSL.

KinoueBble cli0Ba: speamuueckas cucmemd, 6€30mMKA3HOCMb, 06e30WO0UHOCMY, 8EPOSMHOCb 0e30MKA3HOI
(be3owubounol) pabomel, MAMPUUHBIL MemoO, KPUMUYECKULl 3leMeHMm, OPUEeHMUPOSAHHbll 2pag, mampuya
CMEAHCHOCMU, CIOXACMUYecKull epagp.
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Ya.N. GUSENITSA, V.L. RZHAVITIN, S.A. SHERSTOBITOV

TO THE QUESTION OF EVALUATING CRITICITY OF ELEMENTS
OF ERGATIC SYSTEM

Abstract. The paper presents a scientific and methodological approach that allows to formalize the definition
of the reliability of the ergatic system by determining its critical elements. The proposed approach is based on a matrix
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method for determining the performance of a complex ergatic system. The integral index is a numerical expression of the
system performance. Calculating it for all the different variants of placing the «source» of the system operation allows
you to identify the most critical elements to ensure maximum performance. The actual dependence of the value of the
integral index of the system on the initial graph of its functioning is shown on a specific example.

Keywords: ergatic system, system performance, uptime probability, matrix method, critical element, oriented
graph, adjacency matrix, stochastic graph.
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