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A.M. BOXOHCKUI, H.U. BAPMUHCKAS
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OIITUMAJIBHOT O YIIPABJIEHUA
B 9KBUBAJIEHTHOE 110 DQHEPI'OEMKOCTH
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A.I. BOKHONSKY, N.I. VARMINSKAYA

TRANSFORMATION OF A REVERSIONLY CONSTRUCTED OPTIMAL
CONTROL INTO AN EQUIVALENT CONTROL BY ENERGY INTENSITY

Abstract. On the example of an object with one degree of freedom, an algorithm is shown for equivalent
(according to the accepted conditions) transformation of the initial optimal control of the “acceleration-deceleration”
type into another, which facilitates the simplification of practical implementation using DC or AC motors. Achieving the
goal of movement is similar to the original prototype with a minimum energy consumption.

Keywords: optimal control, energy consumption, equivalent transformation, identical dynamic behavior of
objects.
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(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁ.TleMbI TCXHUKH U TCXHOJIOTUH

HNPOBOJHASA CUCTEMA NIEPEJAYU BUOJJIEKTPUYECKHUX
HOTEHIHHUAJIOB JABOPATOPHOT O ’KUBOTHOI'O B YCJIOBHUAX
I'MIIEPBAPUYECKOI'O CTEHJIA

AHHOTamMsl. B cmamve npedcmagienvl KOHCMPYKMUGHbLE O0COOEHHOCMU NPOBOOHOU CUCHeMbl nepedauil
OUOIIEKMPULECKUX NOMEHYUATL08 TADOPAMOPHO20 HCUBOMHO20. Paspabomannoe u CKOHCMPYUPOBAHHOe MeXHUYECKoe
YCMPOUCMEO  NPeOHA3HAYEHO OAsl  OCYWECMELeHUS  ONbIMHO-IKCNEPUMEHMANbHbIX  pabom npu  UCCIed08aHuUU
HCUOKOCMHOU UCKYCCMEEHHOU 6EHIMUNAYUU TE2KUX OUOLO2ULECKUX 00DEKMOB 8 YCA0BUAX U3OLIMOUHO20 0ABLCHUS 600HOU
cpeovi cunepbapuieckozo cmerod.

KiioueBble ClI0Ba: 1a6opamophbvie HCUGOMHbIE, MEXHOA02US HCUOKOCMHO20 ObIXAHUA, 2unepbapuyeckuil
cmeHno

Paboma evinonnena npu noooepicke npozpammol Ilpuopumem-2030 ®IAO0Y BO "Cesacmononvckuii
2ocyoapcmeennslil ynugepcumem' (cmpamezuyeckuii npoexkm Ne2 "Ilpopwienvie uccnedosanus u papadomku 6
obnacmu HcuOKOCMHO20 Obixanus'").
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G.N. SOBYANINA, S.U. MALKOV, M.I. PAVLOV

WIRED SYSTEM FOR TRANSMISSION OF BIOELECTRIC POTENTIALS
OF A LABORATORY ANIMAL UNDER THE CONDITIONS
OF A HYPERBARIC STAND

Abstract. The article presents the design features of a wired system for the transmission of bioelectric potentials
of a laboratory animal. The developed and constructed technical device is intended for the implementation of
experimental work in the study of liquid artificial ventilation of light biological objects under conditions of excess pressure
of the aquatic environment of a hyperbaric stand.

Keywords: laboratory animals, liquid breathing technology, hyperbaric stand.
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SL.H. TAUHYJUJIMHA, M.U. KAJIMHUH

OLHEHKA JIE®OPMATUBHOCTHU 3JEMEHTOB I'V1YBOKOBO/JIHbBIX
CUCTEM IIPHU CJIOKHOM HAI'PY XEHUHU

AHHOTaNMsL. Jehopmamusrocme 2py30Hecyuyux 2NeMeHmos 2y060K080OHBIX CUCHEM ONPedesouUM 00pa3om
eauUsilem Ha O00JI208EYHOCMb IKCNILYamupyemozo unepbapuieckozo obopyoosanus. Oyenxa (akmopos, Komopule
CYUIeCMBEHHO GIUSIIOM HA Pecypc 00PO2OCMOAW el OCHACHKU U UX KA4eCMEEeHHOe U KOJIUYeCMEeHHoe OnpedeieHue 0aiom
B03MOJCHOCIb  3HAYUMETLHO NOBbICUMb  IPOEKMUGHOCb NPUMEHEHUs. 2/IYOOKOBOOHBIX MEXHUUECKUX CPedCms,
3a0eliCmMBOBAHHBIX 8 CNeYUAIbHBIX UCCTIeO08AHUSAX.

KawueBsble ciioBa: depopmamuenocms, 2py30Hecywds OpoHsi, useud, Kpyierue, pacmsicenue, 2y00Kko800Hble
UCCIe008aAHUSL, HCUOKOCMHOE ObIXAHUE.

Paboma  evinonnena  npu  noooepiycke  npozpammol  Ilpuopumem-2030  Cesacmononvckozo
20Cy0apcmeennozo0 ynugepcumema (cmpamezuueckuii npoekm Ne2 "Ilpopwignvie ucciedoéanus u papadoomku 6
oonacmu HcuOKOCMHO20 Oblxanus'").
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YA.N. GAINULLINA, M.I. KALININ

ASSESSMENT OF DEFORMABILITY OF ELEMENTS OF DEEP-WATER
SYSTEMS UNDER COMPLEX LOADING

Abstract. The deformability of the load-bearing elements of deep-sea systems has a decisive effect on the
durability of the operated hyperbaric equipment. Assessment of factors that significantly affect the resource of expensive
equipment and their qualitative and quantitative determination make it possible to significantly increase the effectiveness
of the use of deep-sea technical means involved in special research.

Keywords: Deformability, load-bearing armor, bending, torsion, stretching, deep-sea research, liquid
respiration.
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A.C.TYCBKOBA, E.B. CA®POHOB, A.JI. HOCKO

TOPMO3HOM POJIMK PEKYIIEPATUBHOI'O TOPMOZKEHHAA
JJIA TAJIVIETHBIX 'PABUTAIIMOHHBIX CTEJIJIA’KEU

AHHoOTanust. OOHUM U3 OCHOBHBIX DJIEMEHMOG 0e30NACHOl IKCHAYAMAYUU 2PasUMAayUOHHbIX POTUKOGBIX
KOHGelepos, NPUMEHAEMbIX 6 CMEeLNAdNcax Ois Naiem, AGIAemcs MmopMo3Hol poauk. Haubonee nepcnekmugHoll
KOHCMpYKYuetl A614emcsi MOPMO3HOU POIUK PEKYNePamueHo20 MOPMOHCEHUs, NPUHYUN padOmbl KOMOPO20 OCHOBAH HA
UCNOTBL308AHUL OBYX NPOYECCO8 NPOMEKAIOWUX OOHOBPEMEHHO - NpOYecca 2eHepayull d1eKmpUuveckoll dHepeuu u
npoyecca CHUdMCeHUs CKOPOCMU epaujeHus 0beyaiku poauka, d, cie008amenbHo, U CKOPOCMU NALNemyl, 3a Cuem
npeoooneHUs. INEKMPOMAHUMHO20 NOJIA 2eHepamopos, 6CMpPOeHHbIX 8 00eualiKy poauka. Paspabomana koncmpykyus u
U320MMO6NIEH  ONBIMHYINL  OMeYecCmeen bl 00pasey MOPMO3H020 PONUKA  PeKynepamusHo20 mopmodicenus. B
3a8UCUMOCIU OM BbINONHAEMBIX PYHKYUIL U Chepbl NPpUMEHEeHUs POTUKA B03MOHCEH PACHEN! e20 8bIXOOHBIX NAPAMEMPOS,
onpeoensieMblX Xapakmepucmukamyu 2eHepamopos u Myremuniukamopda. B cmamve npeodnazaiomcsa eapuanmul
UCNONL30BAHUA  MOPMO3HO20 PONUKA  PEKYNEPaAmUBHO20 MOPMOJICEHUsL 6  AGMOMAMUUPOBAHHBIX — CUCTNEMAX
@yHKyuoHUposanus ckiaoa.

KutoueBble cioBa: mopmo3HOU pOUK, 2pABUMAYUOHHBIN DOIUKOBBIU KOHEeUep, Nallemad, 2eHepayus
INEKMPOIHEPUU.
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A.S. GUSKOVA, E.V. SAFRONOV, A.L. NOSKO

REGENERATIVE BRAKE ROLLER FOR PALLET GRAVITY RACKS

Abstract. One of the main elements of safe operation of gravity roller conveyors used in pallet racks is a brake
roller. The most promising design is a regenerative braking brake roller, the principle of operation of which is based on
the use of two processes occurring simultaneously - the process of generating electrical energy and the process of
reducing the speed of rotation of the roller shell, and, consequently, the speed of the pallet, by overcoming the
electromagnetic field of generators built into the roller shell. A design has been developed and an experienced domestic
sample of a regenerative braking brake roller has been manufactured. Depending on the functions performed and the
scope of application of the roller, it is possible to calculate its output parameters determined by the characteristics of the
generators and the multiplier. The article offers options for using a regenerative braking brake roller in automated
warehouse operation systems.

Keywords: brake roller, gravity roller conveyor, pallet, power generation.
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INPUMEHEHHUE OBBEKTHOM MOJIEJIA AJ151 KOHCTPYUPOBAHUSI
YCTPOUCTB UIA YBEJIMYEHUA CHEIVIEHUA BEAYIUX KOJIEC
JIOKOMOTHUBA C PEJIbCAMMU

AHHOTanusl. Paccmompena 603MONCHOCHb NPUMEHEHUsT 00beKMHOU MOOeN MEeXHUYECKUX peuleHuil
Yempoucme Oisk NOGbIULEHUSL CYENJIeHUsT KOeC JIOKOMomusa ¢ peabcamu. Ilpeodnosicena KOHCMpYKyus Ycmpoucmea Oist
YCMPOUCME Y8eIUYeHUst CYENIeHUsL 8eOVUUX KOJLEC TOKOMOMUBA C PelbCAMU, NOLYYEHHAS. C UCTIONb308AHUEM 00bEKMHOU
Mmooenu.

KirueBble CJI0BA: MacHUMHbLU YCUIUMENb, KOIPOUYUESHMA CYENIeHUs, YEeNUUeHUs CYeNieHUs], 00beKmHas
MOO€/b, MASHUMHDBIL NOMOK.
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S.N. ZLOBIN, M.A. MASLOV, S.0. KOPYLOV

APPLICATION OF AN OBJECT MODEL FOR THE DESIGN OF DEVICES
TO INCREASE THE COUPLING OF THE DRIVING WHEELS
OF A LOCOMOTIVE WITH RAILS

Abstract. The possibility of using an object model of technical solutions of devices to increase the coupling of
locomotive wheels with rails is considered. The design of a device for devices for increasing the coupling of the driving
wheels of a locomotive with rails, obtained using an object model, is proposed.

Keywords: magnetic amplifier, coupling coefficient, coupling increase, object model, magnetic flux.
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N.E. IOMUHAPCKUM, C.E. IOMUHAPCKUM, E.C. IIOMUHAPCKAS

AHAJIN3 HANIPSIDKEHHO-AE®@OPMHUPOBAHHOI'O COCTOSIHUS
I'MBKOT'O KOJIECA BOJIHOBOU 3YBYATOMU IIEPEJIAYHN

AnHoTanuss. O0beKmoMm UCCIe008aHUS ABTLEMCS 80IHO8AS 3yOUAMAsl Nepeoayd ¢ KylauKosblM 2eHepamopom
601H. OOHUM U3 mMpeboaHull, NPeobABIAEMbIX K BOJIHOBbIM  3Y0UAMbIM Nepeoayam, s6IAemcs HOBblUleHUEe UX
Haepyzounou cnocobrnocmu. Haepyzounas cnocobHocms 60 MHO2OMONPEOeNsiemcst YCmMailoCmHOU NPOYHOCIbIO 2UOKO20
Kolleca u 00J1208€4HOCHIbIO 2UOK020 NOOWUNHUKA.B cmambe paccmompena Memoouxa onpeoeienus HanpsdiceHull Ha
nepexooHoll nosepxHocmu 3y6vee 2ubkoeo koneca. Memoouxa yuumovieaem ynpyeue oegopmayuu 2ubK020 Koaeca u
JHCECMKO20 KOEC, HAPYIICHO20 KOMbYd 2ubK020 NOOWUNHUKA, 6dld KYIAuKd, 6ald 2UuDKo20 Koaecd, d MaKoice
KOHmMaxkmuvle degpopmayuu 3y0ves, uwapuros 2ubK020 NOOWUNHUKA, O0PONCEK KAYEHUsL HAPYICHO20 U GHYMPEHHe20
Koey 2ubko2o noowunnuxa. Pacuem nanpsiiceHuil 6bINOIHAEMCS ¢ UCROIb308AHUEM JUHEUHOU meopuu 00010YeK U
Memooa KoHeuHvix dnemenmos. 1o npednodceHHou Memoouxe UCCie008aHO USMEHEHUE HANPSJICEHUN 8 0Ce80M U

OKDYIHCHOM HANPpABIEHUAX.

KurwueBble cjioBa: 601HO8As nepedaw, 2ubxroe KoJieco, oJiceCcmkKkoe KoJjeco, ceHepamop 60JIH, 2ld6Hble
HANPANCEHUS, Mampuya y3106blx noo0amaueoCmel.
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L.LE. LUMINARSKY, S.E. LUMINARSKY, E.S. LUMINARSKAYA

ANALYSIS OF THE STRESS-STRAIN STATE OF A FLEXIBLE WAVE
GEAR WHEEL

Abstract. The object of the study is a wave gear transmission with a cam wave generator. One of the
requirements for wave gears is to increase their load capacity. The load capacity is largely determined by the fatigue
strength of the flexible wheel and the durability of the flexible bearing.The article considers the method of determining
stresses on the transition surface of the teeth of a flexible wheel. The method takes into account elastic deformations of
the flexible wheel and rigid wheels, the outer ring of the flexible bearing, the cam shaft, the shaft of the flexible wheel, as
well as contact deformations of the teeth, balls of the flexible bearing, raceways of the outer and inner rings of the flexible
bearing. The stress calculation is performed using linear shell theory and the finite element method. According to the
proposed method, the stress changes in the axial and circumferential directions are investigated.

Keywords: wave transmission, flexible wheel, rigid wheel, wave generator, main voltages, matrix of nodal
compliance.
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JI.B. MOMCEEB, A.A. BPIOXOBELIKUIA

MOJAEJIA PACIIPEAEJIEHUSA PECYPCOB 3ALIUTHBI AJIA CMATYEHUSA
OTKA3OB Y3J10B HA OCHOBE METO/IA BEKTOPA CITAJTA
B YCJIOBUSAX JEMCTBUA ATAK B CETAX 5G

AHHoOTauus. Pewaemcs 3a0aua pacnpedeneHus 3aujumnsiX pecypcos8 0 CMASYeHUs. OMKA308 V37108 8 08X
Oeticmeusi amax 8 UHMELIEeKMYyanbublx mpancnopmuwlx cemsax 5G.  Ionyuunu Oanvuetiwee paszeumue Memoosl
O0OHapycenus yazgumocmell uHmepghelicog OeCnUIOmMHbIX MPAHCNOPMHBIX CPEOCME, NO360AWUE OYEeHUMb GIUHUE
muna amax, UHMeHCUBHOCTU AMAK U 8b10eNAEMO20 00beMa 3AUUMHBIX PECYPCO8 HA BEPOAMHOCIb OMKA3A YCIMPOUCMS.
Peanuzosana npoepammnas cucmema pacnpedenenus 3aWUmMHbIX pecypco8 HA OCHO8e MOOUDUUUPOBAHHO20 Memood
eexkmopa cnada. Ilpeocmaenenvi pe3yrbmamvl UCCIEO08AHUS MOOenell, NoOmeepHcoanuue YeiecooopazHocmy
npUMeHeHUs NPeOI0ACEHHO20 N00X00a OJi CMASHEHUS OMKA308 V3108 8 YCA08UAX 0eliCeus amax.

KuaroueBble ciioBa: pacnpedenenue pecypcos, 6eposimHoCns OMKA3a YCMpoucmed, 6eKmop cnaod, npuHsmue
peutenu.
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D.V. MOISEEV, A.A. BRYUKHOVETSKIY

PROTECTION RESOURCE ALLOCATION MODELS TO MITIGATE
NODE FAILURES BASED ON THE METHOD OF THE DECLINE VECTOR
IN THE CONDITIONS OF ATTACKS IN 5G NETWORKS

Abstract. The problem of distributing protective resources to mitigate node failures in the condi-tions of attacks
in intelligent 5G transport networks is being solved. Methods for detecting vul-nerabilities in the interfaces of unmanned
vehicles have been further developed, which allow us to assess the impact of the type of attacks, the intensity of attacks
and the amount of protective resources allocated on the probability of device failure. A software system for the distribution
of protective resources based on a modified method of the decline vector is implemented. The re-sults of a study of models
confirming the feasibility of using the proposed approach to mitigate node failures under attack conditions are presented.

Keywords: resource allocation, probability of device failure, decline vector, decision-making.
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J.B. MOUCEEB, 10.B. JOPOHNHA

ATHIIHYHAS HEONTPEJAEJEHHOCTH PEINEHUIA
IIPU CTOXACTHYECKUX HAYAJIBHBIX YCJIOBUAX
JTAD®DOEPEHIIMAJIBHBIX MOJEJENA HCKYCCTBEHHBIX
NMMMYHHBIX CUCTEM

AHHOTanMs1. Pazeumue clodcHbIX cUCmeM ¢ pAcnpeoereHbiyM Ul YOANeHHbIM YNPAGLeHUeM OCYWeCmEsemcs
6 MOM YUCILE 8 HANPABIICHUU COBEPULCHCMBOBANUSL KAHAILO8 UHMOPMAYUOHHO020 0OMena. B amoil cesizu akmyanen 6bi60p
VAPAGNAIOWUX PEUEeHUll HeONPeOeIeHHOCMU PEUleHUTl NPU CMOXACMUYECKUX HAYAIbHBIX YCI06UsX Oupdepenyuanvivix
MoOenell  UCKYCCMBEHHbIX — UMMYHHbIX — cucmem. [Ipednojceno  paccmampueamsv — amunuuuylo  (JAUNCHYIO)
HeonpeoeieHHOCMU pewenutl, NPUBOOMCs Pe3yibmambsl MOOEIUPOSAHUS HA NpuMepe 00ecnedenus KaueCmeenHo2o
UHPOPMAYUOHHO20 0OMEHA MeNHCOY GEeCnULOMHBIMU MPAHCHOPMHBIMU CPEOCMEAMU U OUCNEMHYEPCKUM YEHMPOM.
Ilpeonooicen kaprac 08YXKOHMYPHOU cUCmeMbl NOOOEPICKU NPUHAMUSL PEUeHUll NO YNPAGLeHul0 3auumoi KaHaios
UHpOpMayUoHH020 0OMeEHA.

KaroueBble cI0Ba: ucCKyccmeenHvle UMMYHHbIE CUCHEMbl, OeCnuiomHoe MpAHCROPMHOe CPedCmeo,
oucnemuepckui yeHmp, KAHal UHDOPMAYUOHHO20 O0OMeHd, CMOXACMUYHOCb HAYATbHLIX VCI08UL, AMUNUYHAS
HeonpeoenieHHOCb peueHull.
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D.V. MOISEEV, YU.V. DORONINA

ATYPICAL UNCERTAINTY OF SOLUTIONS UNDER STOCHASTIC
INITIAL CONDITIONS OF DIFFERENTIAL MODELS OF ARTIFICIAL
IMMUNE SYSTEMS

Abstract. The development of complex systems with distributed or remote control is carried out, among other
things, in the direction of improving information exchange channels. In this regard, the choice of control solutions for
the uncertainty of solutions under stochastic initial conditions of differential models of artificial immune systems is
relevant. It is proposed to consider atypical (elliptical) uncertainty of solutions, the results of modeling are given on the
example of ensuring high-quality information exchange between unmanned vehicles and the dispatch center. The
framework of a two-circuit decision support system for managing the protection of information exchange channels is
proposed.

Keywords: artificial immune systems, unmanned vehicle, dispatch center, information exchange channel,
stochasticity of initial conditions, atypical uncertainty of solutions.

BIBLIOGRAPHY

1. Denning D., An Intrusion-Detection Model, IEEE Transactions on Software Engineering, Vol. SE-13, No. 2,
pp.222-232, 1987. 6. KDD Cup 1999

2. H. Yang, T. Li, X. Hu, F. Wang, Y. Zoul. A Survey of Artificial Immune System Based Intrusion Detection.
The Scientific World Journal. 2014.

3. Dasgupta D. Iskusstvennye immunnye sistemy i ikh primenenie [Artificial Immune Systems and Their
Applications]. Moscow, FIZMATLIT Publ., 2006, 344 p.

4. Bryuhoveckij A.A., Skatkov A.V. Aadaptivnaya model obnaru-zheniya vtorzhenij v kompyuternyh setyah na
osnove iskusstvennyh im-munnyh sistem / Elektrotekhnicheskie i kompyuternye sistemy. 2013. Ne 12 (88). S. 102-111.

5. D. V. Moiseev, A. A. Bryukhovetskiy, A. V. Skatkov / Intelligent decision - making support on the level of
encryption of information trans-mitted in the UMYV information exchange channels D. V. Moiseev et al 2020 IOP Conf.
Ser.: Mater. Sci. Eng. 734 012086 https://doi.org/10.1088/1757-899X/734/1/012086

6. A. V. Skatkov, A. A. Bryukhovetskiy, D. V. Moiseev / Adaptive vulnerability detection model for unmanned
vehicles drugs based on artificial immune systems et al 2020 IOP Conf. Ser.. Mater. Sci. Eng. 734 012028
https://doi.org/10.1088/1757-899X/734/1/012028

7. Bardachev YU.N., Didyk A.A. Ispolzovanie polozhenij teorii opasnosti v iskusstvennyh immunnyh sistemah
/I Avtomatika, avtomati-zaciya, elektrotekhnicheskie kompleksy i sistemy. 2007. Ne 2. S. 107-111.

8. Stankevich L.A., Kazanskij A.B. Immunologicheskaya sistema obespecheniya bezopasnosti gumanoidnogo
robota // Aktualnye proble-my zashchity i bezopasnosti: tr. 9-j Vseros. nauch.-praktich. konf. 2006. Ne 5. S. 145-152.

9. Hunt J.E., Cooke D.E. Learning using an artificial immune system. Journ. of Network Computing
Applications, 1996, vol. 19, pp. 189-212.

10. Matematicheskie modeli v immunologii. Vychislitelnye metody i eksperimenty / red. G.I. Marchuk. M.:
Nauka, 1991. 299 s.

11. Knight T., Timmis J. Aine: An immunological approach to data mining. IEEE Intern. Conf. on Data Mining,
2001, pp. 297—-304.

12. Kim J., Bentley P. Towards an artificial immune system for net-work intrusion detection: An investigation
of dynamic clonal selection. In Proc. Congress on Evolutionary Computation, Honolulu, HI, USA, 2002, pp. 1244-1252.

13. Castro L.N. Artificial immune systems: The past, the present and the future? Proc. 5th Intern. Conf. ICARIS-
06. Springer, Berlin, Heidel-berg, 2006, p. 460.

14. Owens N., Timmis J., Greensted A., Tyrrell A. Modeling the tunability of early t cell signalling events.
Artificial Immune Systems, P.J. Bentley, D. Lee, S. Jung Eds., Springer, Berlin, Heidelberg, 2008, vol. 5132, pp. 12-23.

15. Kushnir, N.V. Iskusstvennye immunnye sistemy: obzor i sov-remennoe sostojanie / N.V. Kushnir, A.V.
Kushnir, E.V. Anackaja, P.A. Katysheva, K.G. Ustinov // Nauchnye trudy Kubanskogo gosudarstvennogo
tehnologicheskogo universiteta. - Ne 12, 2015. — S. 382-391.

20 Ne 4 (360) 2023




(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁ.TleMbI TCXHUKH U TCXHOJIOTUH

16. Skatkov A., Bryukhovetskiy A., Moiseev D., Litvinova R. De-tecting changes simulation of the technological
objects information states / MATEC Web Conf. Volume 224, 2018, Number 02072, International Con-ference on Modern
Trends in Manufacturing Technologies and Equipment (ICMTMTE 2018)
https://doi.org/10.1051/matecconf/201822402072

17. Mak-Kallok U. S., Pitts V. Logicheskoe ischislenie idej, ot-nosyashchihsya k nervnoj aktivnosti // Avtomaty
/ pod red. K. E. SHennona i Dzh. Makkarti. — M.: Izd-vo inostr. lit., 1956. — S. 363— 384. (Perevod anglijskoj stati 1943
g.)

18. Iskusstvennye immunnye sistemy i ih primenenie / Pod red. D. Dasgupty: per. s angl. - M.: Fizmatlit, 2006.
-344s.

19. H. S. Javitz and A. Valdes. The SRI IDES Statistical Anomaly Detector. In Proceedings of the IEEE
Symposium on Security and Privacy, May 1991.

20. P. Helman and J. Bhangoo. A statistically based system for pri-oritizing information exploration under
uncertainty. IEEE Transactions on Systems, Man and Cybernetics, Part A: Systems and Humans, 27(4):449-466, July
1997.

21. Yeung D.Y., and Ding Y. Host-Based Intrusion Detection Using Dynamic and Static Behavioral Models,
(2003), Journal of Pattern Recogni-tion, No. 36, pp. 229 - 243.

22. C. C. Michael And Anup Ghosh, Simple, State-Based Ap-proaches to Program-Based Anomaly Detection,
ACM Transactions on In-formation and System Security, Vol. 5, No. 3, August 2002.

23. CHernoruckij I. G. Metody optimizacii. Kompyuternye tekhnologii. SPb.: BHV-Peterburg, 2011. — 384 s.

24. Modeling of monitoring processes of structurally heterogeneous technological objects / A. Skatkov, V.
Shevchenko, D. Voronin, D. Moiseev / MATEC Web of Conferences (Sevastopol, 11-15 September, 2017). —2017. —
Vol. 129. — P. 03022.

Moiseev Dmitry Vladimirovich Doronina Yulia Valentinovna
FGAOU VO "Sevastopol State University", Sevastopol FGAOU VO "Sevastopol State University", Sevastopol
Doctor of Technical Sciences, Associate Professor, Head Doctor of Technical Sciences, Associate Professor,

of the Department of Information Technology and Professor of the Department of Information Technology
Computer Systems and Computer Systems

299053, Sevastopol, st. University, 33 299053, Sevastopol, st. University, 33

Tel. +7862417741 (ext. 1384), Tel. +7862417741 (ext. 1384),

DVMoiseev@sevsu.ru Yu.V.Doronina@mail.sevsu.ru

© I.B. Moucees, }0.B. Jloponuna, 2023

YIK 621.22 DOLI: 10.33979/2073-7408-2023-360-4-66-72

B.II1. [TIOJIMBLIEB, M.1. TAPMATIOK, B.B. IIOJINBLIEB

NCCIEAOBAHUE MAPAMETPOB KUJIAKOCTHOI'O IbIXAHUA
AIIITAPATA C 3BAMKHYTbBIM JAbIXATEJIBHBIM KOHTYPOM

AHHOTaUMA. [Ipednacaromcsi ucciedo8anus MexHON0UU HCUOKOCMHO20 ObIXaHusl 0 npoyecca nooayu u
yoaneHus OvbIXamenvHou dcuoKkocmu u3 Jneekux. Paspaboman u ucneiman meouyuHcKuil JHCUOKOCMHbBIL ANNApam
uckyccmeenHou gemmunsayuu neekux. Mccnedosamvl OuHamuyeckue Hpoyeccovl U peicumvl YUKIO08 800X/8b100X O/is
PA3UYHbIX NAPAMEmpPO8 ObIXAMENbHO20 00beMd, 4acmomsl ObIXAHUSL U COOMHOULeHUs. 6DEeMeHU B00X/8bl00X.
DKCcnepumMeHmanbHblll annapam HCUOKOCMHO20 ObIXaHUs 0becnevusaem 3aMKHYmMbll Yuki padomvl 3AMKHYMO2O
ObIXamenbHo20 KoHmypa. /s pasiuunblx ObIXAmelbHbIX 00beM08 NPUEeOeHbl XAPAKMEPUCIUKU OAGLEHUSL U PACX00d
YUuK108 800xa U 8b100XA. L[uxivli 60oxa u 8b100Xa Npu NepexIyeHul Kianaios u Hacocog obecneyusaiom pabomy be3
CKA4K08 OdGNeHUsl U pPAGeHCmee OblXamelbHo2o o0bvema. I[lpusedenvl pesyibmamovl UCCICO08AHUN MEXHUYECKUX
Xapaxmepucmuk Yukia 600X/8bl00X 6 GUOe XAPAKMEPUCIUK OA6leHUsl U pacxood om pemeHu. Xapakmepucmuku
Pacxooa noomeepicoaom pageHCmME0 ObIXameabHblX 00beM08 YUKILA 800XA U 8bl00XA.

KuroueBble ¢J10Ba: a30m, KUCI0POO, B030YX, HCUOKOCHOE ObIXAHUe, ObIXAMENbHASL ICUOKOCTL, OKCULEHATOD,
annapam % uOKOCMHO20 ObIXAHUSL.

Paboma evinonnena npu noooepicke npozpammut Ilpuopumem — 2030 Cesacmononvckozo
20cyoapcmeennozo ynugepcumema (cmpamezuueckuii npoekm Ne2 «Ilpopwvienvie uccnedosanusn u papadbomku 6
00nacmu HeuOKOCMHO20 ObIXAHUAY).
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V.P. POLIVTSEV, M.I. GARMATYUK, V.V. POLIVTSEV

STUDY OF LIQUID BREATHING PARAMETERS DEVICE WITH CLOSED
BREATHING CIRCUIT

Abstract. Research of liquid breathing technology for the process of supplying and removing respiratory fluid
from the lungs is proposed. A medical liquid ventilator was developed and tested. The dynamic processes and modes of
inhalation/exhalation cycles for various parameters of tidal volume, respiratory rate and inhalation/exhalation time ratio
have been studied. The experimental apparatus for liquid breathing provides a closed cycle of operation of a closed
breathing circuit. For various tidal volumes, pressure and flow characteristics of inspiratory and expiratory cycles are
given. Inspiratory and expiratory cycles when switching valves and pumps ensure operation without pressure surges and
equal tidal volume. The results of studies of the technical characteristics of the inhalation/exhalation cycle in the form of
characteristics of pressure and flow over time are presented. The flow characteristics confirm the equality of the tidal
volumes of the inspiratory and expiratory cycles.

Keywords: nitrogen, oxygen, air, liquid breathing, respiratory liquid, oxygenator, liquid breathing apparatus.
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N.A. IITAPUOYJIJIMH, A.JI. HOCKO, E.B. CA®POHOB

METO/ BBIBOPA TOPMO3HbBIX POJIMKOB MAT'HUTHOI'O THUITA
JJIA TAJIVIETHBIX TPABUTALTMOHHBIX CTEJIJIAZKEA

AuHoTanusi. [Ipedcmagnen memoo pacuema u 6bl00pa MOPMO3HbIX POIUKOE MASHUMHO20 MUNA OUCKOBO20
UCNOTHEHUSl, NO3BONAIOWUL cPAPUYECKUM CROCOOOM NPOBOOUMb OYEHKY 0e30nacHou u 3@p@exmuenol pabomoi
2PABUMAYUOHHO20 POSUKOBO20 KOHBEUEPA 6 pabodeMm OUANA30He MACC U CKOPOCHel NaLIen, Onpeoeisims PAYUOHAIbHbIE
napamempol  OUCKOBbIX MASHUMHbIX POIUKOS. B 0cHO8Y npednazaemo2o memooa NONONCEHA pa3paboOmanHas
MAMEMAMUYECKAsT MOOCIb OBUICEHU. NALLEMbl N0 OUCKOBOMY MAZHUMHOMY DOJUKY U NOAYYEHHblE PACHemHble
3A6UCUMOCIU CKOPOCMU OBUICEHUSL NATUIETBL NO HEMY 6 3A8UCUMOCHIU OM UX KOHCIMPYKMUGHBIX NAPAMEMPOs, YKIOHA
2PABUMAYUOHHO20 POIUKOBO20 KOHEelepd, MAccbl nailemsl, Kodpuyuenma macnumnou eszxocmu. Ilpugsedenvl
npUMepbl UCRONb308AHUS MEMOOd U pa3pabomansl NPAKMULEeCKUe PeKOMEHOAYUL NO NPUMEHEHUIO MOPMO3HO20 POJUKA
MACHUMHO20 MUNA.

KaroueBble ciioBa: nautema, 2pagumayuonHbll POIUKOGBIL KOHEEUEp, 2PAGUMAYUOHHBIL CMELIANC,
MASHUMHbBLL (8UXPEMOKOGbIIL) MOPMO3HOU POIUK, PACYEm POIUKOBO20 KOHGelepd, MAZHUMMHBIL POAUK, NPOoGoIsiuyee
meno, NOCMOSIHHbIL MASHUM, GUXPEMOKOBbIIL MOPMO3.
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ILA. SHARIFULLIN, A.L. NOSKO, E.V. SAFRONOV

SELECTION METHOD FOR MAGNETIC TYPE BRAKE ROLLERS
FOR PALLET FLOW RACK

Abstract. A method is presented for calculating and selecting brake rollers of a magnetic type of disk design,
which allows graphically assessing the safe and efficient operation of a gravitational roller conveyor in the operating
range of masses and speeds of pallets, and determining the rational parameters of disk magnetic rollers. The proposed
method is based on the developed mathematical model of the movement of a pallet along a disk magnetic roller and the
obtained calculated dependences of the speed of movement of a pallet along it, depending on their design parameters,
the slope of the gravity roller conveyor, the weight of the pallet, and the coefficient of magnetic viscosity. Examples of
using the method are given and practical recommendations for the use of a magnetic brake roller are developed.

Keywords: pallet, gravity roller conveyor, gravity rack, magnetic (eddy current) brake roller, roller conveyor
calculation, magnetic roller, conductive body, permanent magnet, eddy current brake.

BIBLIOGRAPHY

1. Metod vybora tablichnym sposobom tormoznykh rolikov magnitnogo tipa dlya palletnykh gravitatsionnykh
stellazhey / I.A. Sharifullin [i dr.] // Fundamentalnyye i prikladnyye problemy tekhniki i tekhnologii. 2022. Ne 5 (355). P.
130-143.

2. Pat. 198420 Rossijskaya Federaciya, MPK B65G 13/075. Rolik tormoznoj magnitnyj dlya rolikovyh
gravitacionnyh konvejerov / Nosko A.L., Safronov E.V., Potapov V.A., Sharifullin [.A.; zayavitel i patentoobladatel
Zakrytoe akcionernoe obshchestvo «Inzhenerno-tekhnicheskij centr «kKROS» - Ne 2020106638; zayavl. 12.02.2020;
opubl. 06.07.2020. Byul. Ne 02-2020.

3. Sharifullin I.A., Safronov E.V., Nosko A.L. Razrabotka konstruktsii i otsenka rabotosposobnosti tormoznogo
rolika magnitnogo tipa gravitatsionnykh konveyyerov dlya poddonov s gruzom // Transport: nauka, tekhnika, upravleniye.
Nauchnyy informatsionnyy sbornik. 2019. no. 4. P. 47-51.

24 Ne 4 (360) 2023




(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁ.TleMbI TCXHUKH U TCXHOJIOTUH

4. Safronov E.V., Sharifullin I.A., Nosko A.L. Ustroystva bezopasnoy ekspluatatsii gravitatsionnykh rolikovykh
konveyyerov palletnogo tipa: monografiya / E.V. Safronov, I.A. Sharifullin, A.L. Nosko. - M.: Universitetskaya kniga,
2018 - 72 p.

5. Sharifullin ILA. Metod rascheta i vybora tormoznykh rolikov magnitnogo tipa dlya palletnykh
gravitatsionnykh stellazhey: dis.... kand. tekhn. nauk: 05.05.04 / Sharifullin Ildar Azatovich. M., 2022. 159 p.

6. Nosko A.L., Safronov E.V. Metodika opredeleniya maksimalno dopustimoy skorosti dvizheniya poddona na
gravitatsionnom rolikovom konveyyere / [zvestiya vysshikh uchebnykh zavedeniy. Mashinostroyeniye. 2017. no. 8 (689).
pp- 33-41.

7. Sharifullin I.A., Nosko A.L., Safronov E.V. Sravnitelnyy analiz raschetnykh i eksperimentalnykh issledovaniy
skorosti dvizheniya pallety po tormoznomu roliku magnitnogo tipa // Vestnik SibADI. 2021. T. 18, Ne 2(78). P. 148-159.

8. Sharifullin I., Nosko A., Safronov E. Mathematical model of the pallet motion on a magnetic brake roller of a
gravity flow rack // Acta Mechanica et Automatica. 2022. V.16, Ne 1. P. 34-39.

Sharifullin Ildar Azatovich Nosko Andrey Leonidovich Safronov Evgeniy Viktorovich
Bauman Moscow State Technical Bauman Moscow State Technical Bauman Moscow State Technical
University, Moscow University, Moscow University, Moscow

Ph.D. of Engineering Sciences, D.Sc. of Engineering Sciences, Ph.D. of Engineering Sciences,
Associate Professor of the Professor of the Department «Lifting  Associate Professor of the
Department «Lifting and Transport and Transport Systems» Department «Lifting and Transport
Systems» 105005, Moscow, 2-ya Systems»

105005, Moscow, 2-ya Baumanskaya ul,, 5, str. 1 105005, Moscow, 2-ya
Baumanskaya ul., 5, str. 1 Ph.: (499) 263-65-92 Baumanskaya ul., 5, str. 1

Ph.: (499) 263-65-92 E-mail: nosko@bmstu.ru Ph.: (499) 263-65-92

E-mail: sharifullin@bmstu.ru E-mail: safronov@bmstu.ru

© U.A. Hlapudymun, A.JI. Hocko, E.B. Cadponos, 2023

YK 519.6 DOI: 10.33979/2073-7408-2023-360-4-81-88

[1.M. LIKAITIOB, A.B. CYJIMUMOB, B./l. CYJIUMOB

AHAJIN3 YCTOUUYUBOCTHU IO IKOBU U BOCCTAHOBJIEHUE
IHAPAMETPOB JUVIMIITUYECKOI'O MAATHHUKA
C AEMII®PUPOBAHUEM

AuHoTanusi. Paccmampusaiomess  3a0auu  UCCie008aHUs.  YCMOUMUBOCIU  OUHAMUYECKOU CUCTeMbl 6
xoumexcme meopuu Kocambu—Kapmana—Yepra. Onucanue 360m0yun cucmemvl 60 EpeMeHU NpedCmAasileHo 8
MEPMUHAX 2EOMEMPUYECKUX CIMPYKIYD, YMO NO360JSIem ONpedeiumy Nsimb 2eOMEMPUYECKUX UHBAPUAHMOE CUCIMEMb.
Cobcmeennple 3HAUEHUsT 8MOPO20 UHBAPUAHMA OQIOM OYEHKY YCmouyusocmu cucmemvl no Axobu. @opmyiupyemcs
06pamuas 3a40a4a 60CCMAHOBNICHUSL NAPAMEMPOE CUCMEMbL NO 3A0AHHbIM COOCMEEHHBIM 3HAYEHUSIM MEeH30PA KPUBU3HBI
omkaonenus:. Pewenue pezynapuzoeannot 06pamuoil 3a0a4u onpeoensemcs ¢ UCNONb308AHUEM ONMUMUZAYUOHHO2O
nooxoda. Ckansipuvle KpumepuaibHvle @YHKYUU npeononazaromes HenpepbleHbiMU, MHOZOMEPHbIMU, TOKAIbHO
JUNUUYEBLIMU, MHO20IKCMPEMATbHLIMU, He 00s3amenvHo 6ciody oupgepenyupyemvivu. Ilpu noucke enob6anvhvix
peutenuti UCNONbL3YEemCsl HOBbIU 2UOPUOHBIL ANCOPUMM, O00BbEOUHAIOWUL CIOXACMUYECKUL MemoOd CKaHUposaHue
NPOCMPANCMEA NEPEMEHHBIX U OCMEPMUHUPOBAHNYIO NPOYEIYPY LOKANbHO20 noucka. [Ipueodumcs wuciennvli npumep
B80CCMAHOBIEHUSL CYWECTBEHHBIX NAPAMEMPOE IIIUNMUYECKO20 MASIMHUKA C 0eMNDUPOBAHUEM.

KarwueBble cioBa: dunamuyeckas cucmema, OemMnguposanue, ycmouuugocms no HAxkobdu, seomempuyeckull
UHBAPUAHM, BOCCMAHOGIEHUE NAPAMEMPOS, KPUMEPUAIbHAS (DYHKYUs, 2100a1bHAsS ONMUMU3AYUS, 2UOPUOHDBIL
aneopumm.
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P.M. SHKAPOV, A.V. SULIMOV, V.D. SULIMOV

JACOBI STABILITY ANALYSIS AND RESTORATING PARAMETERS
OF THE DAMPED ELLIPTICAL PENDULUM

Abstract. Consideration is being given to problems of dynamical system stability studies in the context of
Kosambi—Cartan—Chern theory. The description of the time evolution of a system is presented in terms of geometric
structures. This makes it possible to determine five geometrical invariants of the system. Eigenvalues of the second
invariant give the estimation of the Jacobi stability of the system. The inverse problem of restorating parameters of the
system from given eigenvalues of the deviation curvature tensor is stated. The solution of the regularized inverse problem
is obtained using the optimization approach. Scalar criterion functions are supposed being continuous, Lipschitzian,
multiextremal, not necessary everywhere differentiable. Global solutions are searched for by use of new hybrid
algorithms that combine the stochastic algorithm for scanning the search space and the deterministic procedure for local
searching.. A numerical example on restoring essential parameters of the damped elliptic pendulum is presented.

Keywords: dynamical system, damping, Jacobi stability, geometrical invariant, restorating parameters,
criterion function, global optimization, hybrid algorithm.
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A.B. HEMEHKO, M.M. HUKUTUH

HEINIPAMBIE OHEHKHN KAYECTBA TIOBEPXHOCTHU BTOPOI'O
MOPAJIKA ITPU ®UHUIIIHONU OBPABOTKE

AnHoOTanus. [lpu uzeomognenuu nosepxXHoCmeli 6mopo2o NOPsiOKA ¢ MAAbIMU COBMECHHbIMU OONYCKAMU HA
Gopmy u yucmomy 6o3nuKaem npodiIEMA OCMAMOYHBIX PENAKCAYUll Mamepuad, UCKANCaAwux (opmy 20mosozo
usoenus nocie 3asepuienus oopabomku. Imom 3¢hhekm HaAKIAObIBACM JHCECMKUEe 0SPAHUYEHUs HA Mamepudnvl O/is
NPEYUIUOHHBIX Oemaell U ROCIe008AMELbHOCHb ONEPAYULL C HUMU, YCAOINCHSIS U YOOPOICAsL RPOYECC NOLYHUeHUsT MAKUX
uzdenuii. Henocpedcmeennuiii MOHUMOPUHS HANPSICEHUTI OCYUeCMEUM MOIbKO 68 UB0EUSIX U3 NPO3PAYHBIX MAMEPUATIOS,
07151 KOMOPBIX NPUMEHSIIOMCS NOJSAPUZAYUOHHBIE MEMOObl, GMeCe C MeM CYyuecmsyem nompedHoCms U 8 HEeNPO3PAYHbIX
(6 wacmunocmu, 6 memanniuieckux) uzoeiusx. B nacmosweii pabome npednosicen cnocob KoC8eHHO20 MOHUMOPUHEA
GHYMPEHHEU CMPYKMYPbl U30€1Ust U3 NPOU3BOIbHO20 MAMEPUANA NYMEM YCIAHOGIEHUSL CTOXACMUYECKOU C83U MENCOY
CKDPBIMbIM (PEON02UYECKUM) U KOHMPOTbHBIM (USMEPUMBIM) NAPAMEMPAMU C NOMOWBIO CKPLIMOU MAPKOBCKOU MOOENU C
HenpepvleHbIM (Pa306bIM NPOCPAHCMEOM cocmosHuli. IIpoyecc cosmecmno2o usmenenus 3Havenull 08yx napamempos
8 BblOC/ICHHbIE MOMEHMbL BPEMEHU, COOMBEMCMBYIOWUE MOMEHMAM KOHMPOIS UHMEPNPemupyemcsi Kax 08yMepHblil
MApKOBCKULL Npoyecc, HA OCHOBAHUU KOMOPO2O CMPOUMCSl CKPbIMAs MAapKOGCKas Mmooenv. s adexeamnozo
NPOSHOZUPOBAHUSL DA MOOETb mpebyem 00yUeHUs: HA HeNOCPEOCMBEHHBIX POAX USMEPEHUTI CKPbIMO20 U KOHMPOIbHO20
napamempa, nocie 4e20 OHA MOJICem OblMb UCHOIb308AHA 8 NPOSHOCIMUYECKUX YEISX.

KuaroueBble ciioBa: mexanuueckas oopabomxa, KOHMPOIb NO KOCGEHHbIM NAPAMEMPAM, CKPbIMAs MaAPKOGCKAsl
MOOelb, MAPKOBCKAsL NOCIEO08AMENbHOCb, HENPEPBIBHOE (PA3080€ NPOCMPAHCMEO COCMOSHUIL.
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A.V.NEMENKO, M.M. NIKITIN

INDIRECT EVALUATIONS OF SECOND-ORDER SURFACE QUALITY
DURING FINISHING

Abstract. In the manufacture of second-order surfaces with small joint tolerances for shape and cleanliness, the
problem of residual relaxations of the material arises, distorting the shape of the finished product after processing is
completed. This effect imposes severe restrictions on materials for precision parts and the sequence of operations with
them, complicating and increasing the cost of obtaining such products. Direct monitoring of stresses is feasible only in
products made of transparent materials, for which polarization methods are used, however, there is a need for opaque
(in particular, metal) products. In this paper, we propose a method for indirect monitoring of the internal structure of a
product made of an arbitrary material by establishing a stochastic relationship between the hidden (rheological) and
control (measurable) parameters using a hidden Markov model with a continuous phase space of states. The process of
joint change in the values of two parameters at selected points in time corresponding to the points of control is interpreted
as a two-dimensional Markov process, on the basis of which a hidden Markov model is built. For adequate prediction,
this model requires training on direct series of measurements of the latent and control parameter, after which it can be
used for prognostic purposes.

Keywords: robotic machining, control by indirect parameters, hidden Markov model, continuous phase state
space, random walk.
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AHHOTanMsl. B cmambe paccmompenvl Cywecmeyiowue Memoobl OUACHOCMUKY DIeKmpoodguecamenet,
OCHOBAHHBIX HA AHANU3E BUOPAYULL INEMEHMOE INEKMPOOGULAMENsl, AKYCMUYECKUX KOAeOAHUTl, MACHUMHO20 NOMOKA 8
3a30pe d0gucamerisl, GMOPULHBIX DJIEKMPOMASHUMHBIX NONEU MAUUHBL, MEMNEPAMYPbl ONMOENbHbIX INEMEHMNO0E MAUUHDL,
INEKMPUUECKUX U Opyeux napamempos mawiunsl. I[lokazano, umo naubonee NPUMEHIEMbIMU OCMAIOMCS ACUHXPOHHbIE
odgucamenu. Yxasvleaemcsi Ha Mo, YmMo MENCEUMKOBble 3AMbIKAHUL 8 0OMOMKe CMAmopa ACUHXPOHHO20 O8U2amels.
OCMAIOMCst OOHUM U3 CAMbIX PACNPOCMPAHEHHbIX OepeKmos, KOmopuvle 00OHOBPEMEHHO AGNAIOMCS U Hauboiee mpyoHo
BbIAGNAECMbIMU HA PAHHEU cmaouy HeucnpagHocmsamu. Ilpaxmuxa 3Kcnayamayuu NOKA3aid, Ymo 0adice npu 3aMulKaHuu
HeOOIbUI020 KOIUUECmBA GUMKO8 6 00MOmKe cmamopa, osueamelv npoooJicaem pabomams, HO Oegekm Oyoem
VBEIUHUBAMBCS U BbI3bIBAMb MECMHbIU Nepecpesd U30IAYUU 8 IMUX BUMKAX, NOIMOMY €20 HYICHO He3aMeONUMENbHO
OUAsHOCMUPOBAMb U NPUMEHAMb Mepbl ONIsl YNPeXICOeHUusi 803HUKHOGeHUs asapuiinou cumyayuu. Cywecmeyroujue
MemoObl OUASHOCIMUKY MEINCEGUMKOBLIX 3AMbIKAHUL ACUHXPOHHBIX O8Ucameet, No3601sI0m ooHapyscums degexm yoice
Ha nosouet cmaouu pazeumust. IIpeonosicennvliii Memood OCHOBbIBACMCA HA CPABHEHUU USMEPAEMO20 (PA3HO20 MOKA 6
0OMOMKAX C pACYEMHBIM MOKOM, KOMOPbIl ONPedeisiemcsi ¢ Y4enom U3MeHeHUNl CONPOMUGIEHUL CXeMbl 3aMeUeHUs.
ACUHXPOHHO20 O8U2AMesi NPU 803HUKHOGEHUU 3UMbBIKAHUSL COOMBEMCMBYIOUe20 Yucia sumxkog oomomku. Ilomyuenul
Kpumepuu 6bisi6JIeHUs. HAYAIbHO20 MOMEHMA 603HUKHOBEHUSL BUMKOB020 3AMbIKAHUSL 6 06MomKe cmamopa. [Ipednosceno
YCMPOUCME0 OUACHOCIUKY ACUHXPOHHBIX Ogu2ameineti OJisi ONPeOeNeHUsl MeNCEUMKOBbIX 3AMbIKAHULL HA PAHHel cmadull,
U 3awumol 0gu2amelist Om HEenoOAHOGA3HbIX pedcumos. Onucan areopumm pabomsl YCmpolucmaa.

KiioueBble CJ10Ba: aCUHXPOHHBIIL O8U2amenb, GUMKOGbIE 3AMbIKAHUSL, OUACHOCHUKA, NAPAMEmpbl CXeMbl
3ameujeHus, Memoo OUAZHOCMUKY, YCMPOUCMEO.
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FOR MONITORING, DIAGNOSTICS AND PROTECTION
OF ELECTRIC MOTORS

Abstract. The article discusses the existing methods of diagnostics of electric motors based on the analysis of
vibrations of electric motor elements, acoustic vibrations, magnetic flux in the gap of the motor, secondary
electromagnetic fields of the machine, the temperature of individual elements of the machine, electrical and other
parameters of the machine. It is shown that asynchronous motors remain the most widely used. It is pointed out that inter-
turn short circuits in the stator winding of an asynchronous motor remain one of the most common defects, which at the
same time are the most difficult to detect malfunctions at an early stage. Operational practice has shown that even when
a small number of turns in the stator winding are closed, the motor continues to work, but the defect will increase and
cause local overheating of the insulation in these turns, so it must be immediately diagnosed and measures must be taken
to prevent an emergency. The existing methods of diagnostics of inter-turn circuits of asynchronous motors allow
detecting a defect already at a late stage of development. The proposed method is based on comparing the measured
phase current in the windings with the calculated current, which is determined taking into account changes in the
resistances of the asynchronous motor replacement circuit when the corresponding number of winding turns occurs. The
criteria for identifying the initial moment of occurrence of a winding circuit in the stator winding are obtained. A device
for diagnosing asynchronous motors is proposed to determine inter-turn circuits at an early stage, and to protect the
motor from incomplete phase modes. The algorithm of the device operation is described.

Keywords: asynchronous motor, winding circuits, diagnostics, parameters of the replacement circuit,
diagnostic method, device.
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A.B. I1OJIOI'JIOHAH, B.T. MATBEEHKO, A.I'. KIINMMEHKO

TEPMOANHAMMNYECKHUE XAPAKTEPUCTHUKH
I'MBPUJHBIX COJTHEYHBIX KOMBUHHUPOBAHHBIX
MHUKPOI'ASOTYPBUHHBIX YCTAHOBOK

AuHoTanust. [Ipeomemom paccmompenus 6 cmanmue s6110MCst 6APUAHNTBL KOMOUHAYUU COTHEYHBIX 2UOPUOHBIX
MUKDO2A30MYPOUHHBIX YCMAHOBOK ¢ YCMAHOBKAMU opzanuyeckozo yukna Penxuna (OL[P) ¢ pazauunvivmu paboyumu
menamu. Hccrnedosanvl 2ubpuoHble CONHEUHble MUKPO2A30MypOuHHble YCMAHOBKU HA Od3e MUKDPO2A30mypOUHHbIX
dsueamenei (MI'T/) npocmoeo yuxna (I1L]), IIl] ¢ pecenepayueii meniomor (P), III] ¢ mypb6oxomnpeccopHvim
ymuauzamopom (TKY) u I1L] ¢ TKY u P 6 kombunayuu ¢ ycmanosxamu OL[P, pabomarowumu na 6ode, ammuaxe, R123
u RI1233zd onsn xnumamuueckux ycaosuii Kpwimckozo nomyocmposa. Onpedeneno, umo Haubolee noOXoosuell
xoughueypayuett MI'T]] ons unmezpupoganusi poxycupyowe2o coaneurozo koarekmopa (OCK) aersemcs kombunayus
1] ¢ TKY u P. Yemanoeneno, umo xomounayus MI'T/] I11] ¢ TKY u P ¢ unmeepuposannvin @CK 6 kombunayuu ¢ OLP,
pabomaroweni na R123, nozeonsiem yseauuumo cpedne200060u s¢pghexmuenviii KII/[ maxux ycmanogok 0o 48...55 % 6
sasucumocmu om pasmepos @CK, npu smom coxpanums Ko2eHepayuoHHble B03MONCHOCIMU 30 CYem 2UOKO20 YRPAGIeHUs
2enepayueti meniomsl Ha HOMUHATLHOM pedicume.

Knioueevte cnosa:  muxpozazomypOunHas, — YCMAHOBKA,  MUKPOMYpOUHA, — pezenepayusi  mMenjiomol,
Gokycupyrowuii conHeuHbll KOEKmMop, mypooKOMAPECCOPHbLIL YIMUIU3AMOP, op2aHuyeckuti yuki Penxuna, xaadazenm.
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A.V.DOLOGLONYAN, V.T. MATVIIENKO, A.G. KLIMENKO

THERMODYNAMIC CHARACTERISTICS OF HYBRID SOLAR
COMBINED MICROGAS TURBINE PLANTS

Abstract. The subject of consideration in the article is the options for combining solar hybrid micro-gas turbine
plants with units of the organic Rankine cycle (ORC) with various working fluids. Hybrid solar micro-gas turbine plants
based on a simple cycle of micro-gas turbine engines MGTE (SC), SC with heat regeneration (R), SC with a
turbocompressor utilizer (TCU) and SC with TCU and R in combination with ORC units operating on water, ammonia,
R123 and R1233zd have been investigated for the climatic conditions of the Crimean Peninsula. It has been determined
that the most suitable MGTE configuration for integrating a focusing solar collector (FSC) is a combination of a SC with
TCU and R. It has been established that the combination of a MGTE SC with TCU and R with an integrated FSC in
combination with an ORC operating on R123 allows an increase in the average annual efficiency of such plants to 48...
55%, depending on the size of the FSC, while maintaining cogeneration capabilities due to flexible control of heat
generation at nominal mode.

Keywords: micro-gas turbine plant, microturbine, heat regeneration, concentrating solar collector,
turbocompressor utilizer, organic Rankine cycle, refrigerant.
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A.B. I1OJIOI'JIOHAH, B.T. MATBEEHKO, A.I'. KIIMMEHKO

XAPAKTEPUCTUKU I'MBPUIHBIX COJTHEYHbIX
KOMBHUHHUPOBAHHBIX MUKPOI'A3OTYPBUHHBIX YCTAHOBOK
HA YACTUYHBIX HAT'PY3KAX
ITPHU PA3JIMYHBIX CIITOCOBAX HAT'PY/KEHUSA

AHHOTanusl. Paboma 2ubpuoHblX COIHEUHLIX dHEPeMUYecKUx YCMAaHOBOK HYACMO OCYWeCmeniemcsa Ha
YACMUYHBIX  HAZPY3KAX 6 3asucumocmu om ycaoguti dxcnayamayuu. Iloomomy Heodxooumo oyenumo ux
Xapakmepucmuky u mONniuGHyIo dIKOHOMUYHOCMb HA NePeMeHHbIX pedicumax pabomsi. IIpedmemom paccmompenus 6
cmamove A6NAEMCA UCCIe008aHUe BIUAHUA CXeM 2a30mypOuHHblx Ogueameneli HA MONIUSHYIO IPHeKmusHocms
SUDOPUOHBIX COHEUHBIX KOMOUHUPOBAHHBIX MUKpo2a3omypounnvlx ycmanosok (MI'TY) npu pabome na wacmuunvix
HA2pY3Kax Npu 2eHepamopHOM U GUHIMOBOM PEJCUMAX HASPYIICEHUS. YCMAaHOoGNeHO, 4mo npu CHUJCEHUU HA2PY3KU
2ubpuoHoU conneunoll komounuposanto MI'TY, 6 omauuue om 0ObIYHOU, 8 CONHEYHOE 8peMs NPUBOOUM K pocmy ee
apdexmusnocmu 0a 11000l cxemvl NpU NIAOWAOAX ANEPMYPbl POKYCUPYIOUe20 CONHEUHO20 KOoaneKmopa 0Oonbule
nopozosuix. Ilposedennvle UCcie008aHUs NOKA3ANU, YMO OMHOCUMENbHBI KOIPhUYuenm ucnons308anus moniuead Ha
00/1€8bIX HASPY3KAX 2UOPUOHBIX CONHEUHbIX KoMOUuHUposannvix MI'TY 6 bonvueti cmenenu 3agucum om cxemvl 6a308020
MUKDO2A30MYpOUHHO20 d8Uucamensa u YCmanosku opeanuyeckozo yukna Penxuna (OL[P), wem om pooa pabouezo mena
OLP.

KarodeBble ciaoBa:  MuxpocasomypOuHHas — YCMAHOBKA, MUKPOMYPOUHA,  peceHepayusi meniomol,
@oxycupyrowuii conHeyHblll KOANeKMop, MmypOOKOMHPECCOPHbIIL YMUAUZAMOD, YACMUYHbIE HAZPY3KU, Op2aHUYecKull
yuxn Penxuna, pabouee meno.

Paboma evinonnena no 2ocowoxcemuon meme HIITC «Cozdanue HayuHvIX OCHO8 pA3PAbOMKU 2UOKUX
MYTbMUZEHEPAUUOHHBIX YCHIAHOB0K C UCHOIb308AHUEM G0300HOBNAEMBIX UCHOYHUKOS IHEPIUU U MECHIHBIX
Pecypcoe xonooa 6 yciosuax Kiumamuieckux usmeHenuiny (Ne zocpecucmpayuu 121122300068-6).
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A.V. DOLOGLONYAN, V.T. MATVIIENKO, A.G. KLIMENKO

CHARACTERISTICS OF HYBRID SOLAR COMBINED MICROGAS
TURBINE PLANTS FOR PARTIAL LOADS UNDER DIFFERENT
LOADING METHODS

Abstract. The operation of hybrid solar power plants is often carried out at partial loads, depending on the
operating conditions. Therefore, it is necessary to evaluate their characteristics and fuel economy in variable operating
modes. The subject of consideration in the article is the study of the influence of gas turbine engine circuits on the fuel
efficiency of hybrid solar combined micro-gas turbine plants (MGTP) when operating under generator and screw loading
modes. It has been established that with a decrease in the load of a hybrid solar combined MGTP, in contrast to the usual
one, in solar time leads to an increase in its efficiency for any scheme with aperture areas of the focusing solar collector
greater than the threshold ones. The completed studies have shown that the relative fuel utilization factor at partial loads
of hybrid solar combined MGTPs depends to a greater extent on the scheme of the basic micro-gas turbine engine and
the Rankine Organic Cycle (ORC) unit than on the type of ORC working fluid.

Keywords: micro-gas turbine plant, microturbine, heat recovery, concentrating solar collector, turbocharger
utilizer, partial loads, Rankine Organic Cycle, working fluid.
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POBOTU3UPOBAHHOE HIVIM®OBAHUE JIOITATOK
I'A3OTYPBUHHBIX /IBUT'ATEJIEN

AnHotanusi. Cmambvs noceswena pewenuro 3a0aiu pobomusupo8aHHo20 WAUGOAHUs U NOAUPOBAHUS
JIONamox 6 asmomamuyeckom pedxcume. Maccosoe npouzso0cmeo doemanetl u cHOpoOuHbIX eOUHUY asuadguecamenei
axmyanvo 8 Poccuiickoti @edepayuu 6 cesa3u ¢ 0OHOGIEHUEM CAMONIEMHO20 OMedecmeeHHo20 napka. M3 cpedcms
Maccosoll ungopmayuu uzeecmno, wmo no 2oczakasam 3axasano k 2030 e. oxono 300 cpeonemacucmpanvhvix
camonemos muna MC-21, coomeemcmeenHo 0151 GbINOAHEHUS DMO20 NIAHA nompebyemcs 6 08a pasza 0Oonvuie
ABUAYUOHHBIX  2a30mMypouHHbIX Ogucameneu. IIpu nocmanoéke J1ONAMOK HA NOMOYHOE ABMOMAMUIUPOSAHHOE
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npoU3800CME0 MO2ym Oblmb peuleHbl MmexHoao2uyeckue npooiemvl 00YCI06/eHHbIE KAK Yel08eH4eCKUM (QaKmopom,
B03HUKAIOWUE NPU PYUHOM MPYOe HA ONePaYUsX WAUGOanus, max u opyeue npou3eo0CcmeenHble 60NpPoCh.

Mna peanusayuu pobomusuposanHo2o waugosanus 8 cmamse npediodicer KOMNieKc, pabomarowull 8 nape ¢
JIeHMOYHO-WUAUPOBATLHBIM 000pYOO8aHuem. Abpasusnas 0bpabomka pabomarwas no NPUHYUNY BbICOKOCKOPOCTMHOZ0
08uUdCEHUAL OeCKOHeUHOU WAUDOBATLHOU NIeHMbl OMHOCUMCA K 8blCOKUM mexHonozuam. Komniexc pabomaem no
npoepamme. C nomowblo 00NOIHUMENLHO20 JEHNMOYHO20 CINAHKA 603MOJICHO GbINOTHEHUE ONEPayUU NOAUPOBAHUS.

KaroueBrble cioBa: pobom, ronamka, wiaugosanue, NOIUPOBaHue.
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A.S. DUDAREV, E.V. BAYANDIN

ROBOTIC GRINDING PROCESS OF BLADES
OF GAS TURBINE ENGINES

Abstract. The article is devoted to solving the problem of robotic grinding and polishing of blades in automatic
mode. Mass production of parts and assembly units of aircraft engines is relevant in the Russian Federation in connection
with the renewal of the domestic aircraft fleet. It is known from the media that by 2030 about 300 medium-haul aircraft
of the MS-21 type have been ordered under state orders, respectively, to fulfill this plan, twice as many aircraft gas
turbine engines will be required. When putting the blades on the flow of automated production, technological problems
can be solved due to both the human factor that arise during manual labor in grinding operations, and other production
issues.

To implement robotic grinding, the article proposes a complex that works in tandem with belt grinding
equipment. Abrasive processing, working on the principle of high-speed movement of an endless grinding belt, belongs
to high technology. The complex works according to the program. With the help of an additional belt machine, a polishing
operation is possible.

Keywords: robot, blade, grinding, polishing.
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JI.C. EOPEMOBA, T.JI. HEMAKHWHA

INPUMEHEHUME BETOHA N KXEJIEBOBETOHA
B KOPITYCHBIX KOHCTPYKILUAX

AHHOTaIMs. B cmamvbe npusedena Kpamkas UCmMopuiecKas Cnpaska 0 paseumuu 6emona u dicene300emona
KAK anbMepHaAmueHo20 MAmepuaid cnocoOHo20 3amMeHums 00pO2OCMOAWUL, a MAKXHCe ONbIM NpumMeHeHus bemoua u
JHcene300emona 8 CoOBPEMEHHON NPOMBIUIEHHOCU 8 KAYecmee He MOIbKO KOPNYCHIX KOHCMPYKYUL, HO U ONOPHO2O
OCHOBAHUA U OpY2UX dHcene300emOonHbIX Oemaneli cmankos. IIpoananusuposanvl naCl U MUHYCbl NpUMeHeHus bemona
u Jcene300emona 8 MawuHocmpoeHuu u cyoocmpoeruu. OOHUM U3 NPeUMYUeCms UCROIb308AHUS 0emdaiell U3 OGHHO20
Mamepuana sA61Aemcs B03MONCHOCMb CO30aHUA DONIee NTecKUX U KOMNAKMHBIX KOHCIPYKYULL, 4O NO360i1en IKOHOMUTNb
Ha Mamepuanax u 3ampamax Ha mpascnopmuposky. IIpoananusupoeanvl ceolicmea cocmagisiowux b6emoua 0ns
JHcene300emoHHbIX KOHCIMPYKYUL KOPNYcog cy008 U Niagcoopyxcenull. Bvidenenvl ocHogHvle nokasamenu Kauecmed
Oemona npu NPOeKMUpoBaHUY KOPRYCHbIX KOHCmpykyuti. Paccmompenvt xapaxmepucmuxu 6emoua, npumenaemozo 0is
U320MO6NEHUs KOPRYCHbIX KOHCMpYKyull. Ilepeuuciensl KOHMpoaupyemvle npouHOCHHbIE XAPAKMEPUCUKY OEMOHO8
011 KOPNYCHbIX KOHCMPYKYUU, A UMEHHO — NPOYHOCMb HA 0Ce8oe Cocamue U NpouHOCMb HA 0Ce80e PAcCHmAdCeHUe.
Onpedenenvl munvl KOHCMPYKYuil u3 6emoHo8 6 MauuHocmpoenuu. Paccmompenvl pasnuunvle memoowl, ucnonibsyemvle
071 U320MOBNEHUSL  JHcene300emonnblx  Konempykyutl.  Ilepeuucaenvt  dcenesobemonnvie  0emanu CMAHOYHOZO
000py008aHUs, UCNOIb3YeMble OISl CO30AHUS OA308bIX JNIEMEHMO8.

KiloueBble cioBa: bemouuvie KopnycHvle KOHCMPYKYUY, MeXAHUYECKAA NPOUYHOCMb, HCeae300emoH,
Jrcene30bemonnvie 0emany CMAHOUHO20 060PYOO8AHUS, NOAUMEPOEMOHHbIE CIIAHUHDI.
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L.S. EFREMOVA, T.L. CHEMAKINA

THE USE OF CONCRETE AND REINFORCED CONCRETE
IN HOUSING STRUCTURES

Abstract. The article provides a brief historical background on the development of concrete and reinforced
concrete as an alternative material capable of replacing expensive, as well as the experience of using concrete and
reinforced concrete in modern industry as not only hull structures, but also the supporting base and other reinforced
concrete machine parts. The pros and cons of using concrete and reinforced concrete in machine building and
shipbuilding are analyzed. One of the advantages of using parts from this material is the possibility of creating lighter
and more compact structures, which allows you to save on materials and transportation costs. The properties of the
components of concrete for reinforced concrete structures of ship hulls and floating structures are analyzed. The main
indicators of concrete quality in the design of hull structures are highlighted. The characteristics of concrete used for the
manufacture of housing structures are considered. The controlled strength characteristics of concrete for hull structures
are listed, namely, axial compression strength and axial tension strength. The types of concrete structures in mechanical
engineering are determined. Various methods used for the manufacture of reinforced concrete structures are considered.
The reinforced concrete parts of machine tools used to create basic elements are listed.

Keywords: Concrete hull structures, mechanical strength, reinforced concrete, reinforced concrete parts of
machine equipment, polymer concrete frames.
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AnHoTanusi. [Ipusedenvl pe3yibmamvl CMPYKMYPHBIX U MPUOOIOSUYECKUX UCCIe008AHUL cmaell U CHAA808
NEPAUMHO20 U MAPMEHCUTNHOZO KIACCO8 NOCAe XUMUKO-mepmuueckou odopabomku. Ilpoananusuposano usmenenue
UBHOCOCMOUKOCMU  NOBEPXHOCHHbIX CI0€8 CMANel U Xapakmepucmux pabomocnocooHocmu napbl MpeHus 8
3a6UCUMOCIU OM YCIO8ULL MpubomexHuueckux ucnvimanutl. Tpubomexnuueckue UCHbIMAHUsL NPOBOOULU NO CXEMAM
OOHOHANPABIEHHO20 CKOMbIICEHUS], 6036PAMHO-NOCMYNAMENbHO20 CKONbICEHUS, KAYeHUs ¢ MNPOCKAIb3bI6AHUECM.
Toxkazano, umo ¢ mpubomexHu4ecKou MmoyKku 3peHusi 8bICOKAsL USHOCOCMOUKOCMb A30MUPOSAHHBIX CIANEU MOJICem
ObImb 00CUSHYMA He MOJbKO ONMUMU3AYUell MeXHOI02UYeCK020 Npoyecca XUMUKO-mepmMuieckoli oopabomku, HO u
VIpaeieHuem NpoyeccoMm NAACMUYecKol oOegopmayuu 6 30He KOHMAKMA, YO Onpeoeisemcs YCao8usmMu

mpubomexnuyeckux ucnvimanuti. Oyenxka mpubOMeXHUUeCKUX XapaKkmepucmuk cmanei pasHoz0 No cxemam
CKOTIbIHCEHUS U KAYEHUs C NPOCKANb3bI8AHUEM NOKA3ANA, YMO PA3TUYUS 8 8eIUUUHE USHOCOCHOUKOCU A30MUPOBAHHOU
CMany mecHo C6:A3aHbl C XAPAKMEPUCMUKAMU CHPYKIMYPHO20 COCMOAHUS NOBEPXHOCHIHO20 CN0s, OMPANCAIOUUMU
npoyecc KOHMaKmuoul 0ehopmayuil U NOBEPXHOCTHOZ0 PA3PYULEHUSL.

KiroueBble cJI0Ba: KOHCMPYKYUOHHbIE Mamepuansl, CMany U CHIAGbl, A30MUposanue, CMpyKmypa,
NOBEPXHOCHIHbIE CNIOU, USHOCOCMOUKOCb, CXeMbl UCNbIMAHUL
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L.I. KUKSENOVA, M.S. ALEKSEEVA, D.A. KOZLOV

WEAR RESISTANCE OF NITRIDED STEELS AT DIFFERENT
TRIBOTECHNICAL TEST CONDITIONS

Abstract. The results of structural and tribological studies of steels and alloys of pearlitic and martensitic
classes after chemical-thermal treatment are presented. The change in the wear resistance of the surface layers of steels
and the performance characteristics of the friction pair are analyzed depending on the conditions of tribotechnical tests.
Tribotechnical tests were carried out according to the schemes of unidirectional sliding, reciprocating sliding, rolling
with slipping. It is shown that from the tribological point of view, high wear resistance of nitrided steels can be achieved
not only by optimizing the technological process of chemical-thermal treatment, but also by controlling the process of
plastic deformation in the contact zone, which is determined by the conditions of tribological tests. Evaluation of the
tribological characteristics of steels with different sliding and rolling patterns with slip showed that the differences in the
wear resistance of nitrided steel are closely related to the characteristics of the structural state of the surface layer,
reflecting the process of contact deformation and surface destruction.
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Keywords: structural materials, steels and alloys, nitriding, structure, surface layers, wear resistance, schemes
of tests
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P.P. LTAT'AJIEEB, B.1O. IABPUHEHKO

PA3PABOTKA TEXHOJOI'MYECKOI'O ITPOLHECCA U3T'OTOBJIEHUA
AETAJIA «3AILIUBKA» HA JIMCTOLITAMIIOBOYHOM MOJIOTE
C BABOU C HAITOJHUTEJIEM

AnHotauusi. Ha ocnoge pe3ynbmamos 3KCHepUMeHMAIbHO-MeoPemuyeckux Uccie008anull npoyecca 2uOKu
JIUCMOBBIX 30A20MOBOK HA MOAOMAX Obll pa3paboman HOSbIll MEXHOIOSUHEeCKUN NPOYeCC U320MOSIeHUs. Oemaiu
«3awueray, nosgonuswiull yMeHbuUMb 6 2 paza KOIUYecmeo yoapos MOIoma npu 2ubke HA JAUCHOUWMAMNOBOUYHOM
monome moodenu MJI-1,5 npu ucnonvzoeanuu 6adbl MOIOMA C HANOJHUMENEM, UCKTIOYUMb MPYOOeMKUe Onepayuu
PYUHOU NPAGKU U OMIAHCUSA OeMATU, a MAKIHCe YMEHbums 6 2 — 3 paza o6uyio mpyooemMKocns U 6pemsi U320MmoeiLeHus
demanu. Takoce cnpoekmuposana KOHCmMpyKyus 6abvl (cmecceist) ¢ HanoIHUmenem IUCOUMAMNOB0YHO20 MOJIOMA
mooenu MJI-1,5.

KiroueBble C10Ba: 1UCMO8As WMAMNOBKA, 2UOKA, YAPY20€e NPYHCUHEHUE, TUCTOUMAMNOBOUHbLI MOIom, 6aba
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R.R. SHAGALEEV, V.Yu. LAVRINENKO

THE DEVELOPMENT OF A TECHNOLOGICAL PROCESS
FOR MANUFACTURING THE PART «SHELL» ON SHEET STAMPING
HAMMER USING A HAMMER HEAD WITH A FILLER

Abstract. The new technological process for manufacturing the part “Shell” was developed by means of the
results of experimental and theoretical studies of the process of bending sheet blanks on hammers. It allows to reduce the
number of hammer blows by 2 times when bending on a sheet-forming hammer model ML-1.5 by using a hammer head
with filler, exclude a manual straightening and annealing of the part, as well as reduce the total labor intensity and time
of manufacturing the part by 2—3 times. The design of a hammer head with a filler of a sheet-forging hammer of the ML-
1.5 model was also offered.

Keywords: sheet-forming, bending, springback, sheet forming hammers, hammer head with filler.
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A.A. MYXAMEJ3AHOBA, P.T. AIIIIAPOB, N1.A. UXCAHOB

BJAUSAHUE I'PYIIIIOBOI'O COCTABA HE®TAHBIX OCTATKOB
HA CKJIOHHOCTbD K PACCJIOEHHUIO
B YCJIOBUAX BBICOKOTEMIIEPATYPHOI'O HAI'PEBA

AHHOTanus. Paccmompena ycmouusocms K KOKCOOOPA3068anuio 2yOpoH08 pAsiuyHblX Heqpmetl u IKCmpakma
npoyecca 0yocon 6 YCIOGUAX OUHAMUYECKO20 BblCOKOMeMnepamypHo2o Hazpesa. Onpedenenvl npeoeivbhvle
memnepamypsl Hazpeéa 2yOpoHO8, IKCMPAKmMa npoyecca OyOCOL U UX cMecel, 6bliie KOMOpwulx Habrodaemcs
3AKOKCOBbIBAHUE PEAKYUOHHO20 3MeesuKa neyu. B kxauecmee napamempa azpe2amugho-KUHEmu4ecKkol yCmouuugocmu
NPEONOANCEHO OMHOULeHUe ADCOIOMHO20 CHUNCEHUS. MeMNEPAamypbl NPOOYKMO8 KPEeKUH2a Ha eblxode u3 neuu At ko
8peMenU T, 3a KOMOpoe Npoucxooum 3mo crudicenue At/r. Paccmompeno enusinue acghaibmenos Ha azpecamueHyio
YCMOUYUBOCHIb HePMAHBIX OCMAmKO8. [lIsi yMeHbUIeHUsL KOKCOOMILOMCEHUSL 8 NeYaX YCMAHO8OK MEePMUYECKO20 KPEKUH2A
U 3AMEONEHHO20 KOKCOBAHUSI PEKOMEHOOBAHO CbIPbe C HUSKUM COOEPIUCAHUEM ACPHATLMEHO8 U NOBLIUEHHOT CMENneHbIO
APOMAMUYHOCIIU, PEICUM OBUIICEHUSL CHIPbsL NO 3MEEGUK) eyl 00JIdHCeH Oblmb MypOYIeHMHbIM.

KaroueBble clioBa: 2yopousi, 9KCMpakm, KOKCOOMIOJICEHUe, acpe2amueHO-KUHemU4eckds: YCmouyusoco,
BbICOKOMEMNEPAMYPHBILL OUHAMUYECKUL HA2pes, 2PYNNOBOU COCMAB.
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INFLUENCE OF THE GROUP COMPOSITION OF OIL RESIDUES
FOR TENDENCY TO DELAMINATION
IN CONDITIONS OF HIGH-TEMPERATURE HEATING
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Abstract. The resistance to coke formation of tars of various oils and the extract of the duosol process under
conditions of dynamic high-temperature heating is considered. The limiting temperatures for heating tars, the extract of
the duosol process and their mixtures, above which coking of the reaction coil of the furnace is observed, are determined.
As a parameter of aggregate-kinetic stability, the ratio of the absolute decrease in the temperature of cracking products
at the outlet of the furnace At to the time t during which this decrease At/t occurs is proposed. The influence of asphaltenes
on the aggregative stability of oil residues is considered. To reduce coking in the furnaces of thermal cracking and delayed
coking units, feedstock with a low asphaltene content and a high degree of aromaticity is recommended; the feedstock
movement mode along the furnace coil must be turbulent.

Keywords: tars, extract, coke deposition, aggregative-kinetic stability, high-temperature dynamic heating,
group composition.
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M.S. DENISOV, P.A. CHEBOTAREV, K.E. DAVYDOV, SM. PETUKHOVA, [LA. PYLINOV

CALCULATION AND DESIGN OF TECHNOLOGICAL EQUIPMENT
FOR THE PRODUCTION OF BLANKS OF INTERNAL COMBUSTION
ENGINE PISTONS ON HYDRAULIC PRESS EQUIPMENT

Abstract. In the presented work, a calculation was carried out and a set of technological equipment was
designed for the production of blanks of internal combustion engine pistons on hydraulic press equipment. A horizontal
hydraulic press of the original design was chosen as the equipment for the production of piston blanks, a vertical
hydraulic press is used for isothermal stamping of blanks. The paper presents diagrams and calculates the volume of
pressed metal, a sketch of the LPD billet is developed.

Keywords: technological equipment, internal combustion engine piston, hydraulic pressure equipment,
pressure, isothermal stamping, crystallization.
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M.A. CEPEXKHWH, M.®. TPOCCMAH

ONPEJEJEHUE MEXAHUYECKHUX CBOVMCTB BBITSI2KHOI'O
HHCTPYMEHTA, U3I'OTOBJIEHHOI'O METOAOM FDM IIEYATH

AHHOTAUMSI. B cmamve npedcmagienvl pe3yibmamvl UCCLEO08AHUSL 3A6UCUMOCTIU NPOUHOCIMU U30eAUll
uzeomoenennvix memooom FDM neuamu ¢ 3asucumocmu om napamempos npoyecca neuamu:. MOIYUHA CMeHKU,
KOIUYECMB0 CNIOWHBIX CNIOE8 CEEPXY U CHU3Y U30eaus, NPOYeHm 3anoiHeHus, Kodpouyuenm sxempysuu. Hannoe
ucciedoganue O6vL10 npPosedeHo Oas oyeHku pabomocnocoonocmu FDM uncmpymenma 0715 XOMOOHOU IUCHOBOU
WMamnogku (015 peanu3ayuu MmexHoL02UYecKoll Onepayuu olmaxicka). /s oyeHKu npouHOCmu Onpeoensics YCloGHblI
npeden mexkyuecmu no GeluyuHe KOmopo2o MOJNCHO oyeHums pabomocnocobrocmv FDM uncmpymenma. Ilpogeos
noanwil pakmopuvii (IIP3) sxcnepumenm Oviia nOIYUeHa MameMamuyeckdas Mooeib (VpasHeHue pespeccuu) 6
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KOMOpou npeocmasiena 3asucumocms YClo8Ho20 npedena mexyuecmu om napamempos FDM neuamu. Ilokazamnwi
pe3yrbmamsl ucnvlmanuii 06pasyos na paspwis. Ilpeocmasnenvt pesyromamsl [1DD no memooduke OucnepcuoHHozo
ananusa Jlana oyeHka 6IUAHUA Kanc0020 U3 napamempos neuamu U ux CO8MeCcmHo20 6IUsHU.

Kutouesslie cnosa: FDM neuamo, FDM uncmpymenm, 1ucmoeas wmamnogra, 8blmsadicKa, MamemMamuieckas
MoOenb, NONHBIL PAKMOPHDILL IKCHEPUMEHM, UCHbIMAHIE HA PACANCEHUE.
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M.A. SEREZHKIN, M.F. GROSSMAN

DETERMINATION OF MECHANICAL PROPERTIES OF DRAWING
TOOLS MADE BY THE FDM PRINTING METHOD

Abstract. The article presents the results of the study of the dependence of the strength of products made by the
FDM printing method depending on the printing process parameters: wall thickness, the number of continuous layers on
the top and bottom of the product, the percentage of filling, the extrusion coefficient. This study was conducted to evaluate
the performance of FDM tooling for cold sheet stamping (to implement the technological operation of drawing). To
estimate the strength, we determined the yield strength, the value of which can be used to evaluate the performance of
FDM tools. By carrying out a full factor (PFE) experiment the mathematical model (regression equation) in which
dependence of the conditional yield strength on parameters of FDM tool has been received. The results of tensile tests of
the samples are shown. The results of FEM by the method of analysis of variance are presented. The estimation of the
influence of each of the printing parameters and their joint influence is given.

Keywords: FDM printing, FDM tooling, sheet stamping, drawing, mathematical model, full factor experiment,
tensile test.
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A.O. XAPYEHKO, B.1. I'OJIOBUH, E.A. BJIAJIELTKAA

IMOBBIIIEHUE 2PPEKTUBHOCTHU CBEPJIEHUSA
N PE3BbBOHAPE3AHUA DJIEKTPOUHCTPYMEHTOM
B MAIHINMHO- U CYJOCTPOEHNH

AHHOTAUMA. B cmamve npugedenvl pe3yiomamol MeEPORPUSMULL NO HOGbLUEHUIO 3D dexmusHocmu
MEXHON02UHECKOU  CUCTEMbl  NPOYecca C8epaeHUs INeKMPOUHCIMPYMEHMOM, A MaKdce pe3bOOHApe3anus 6
mMpyoOHOO6GPAbAMbIEAEMbIX MAMEPUALAX 8 VCIOBUAX MAUUHO- U CYOOCMPOeHUsL.. JIIsl NOGbLULeHUS. HAOEHCHOCMU U
Kauecmea 06pabomku npu  ceepieHuu 2AyOOKUX OmEepCmull MedxicOy NAMPOHOM U  CEEePIOM  PAZMEUAemcsl
OONONIHUMENLHOE YCMPOUCHE0, NPEOOXPAHSIOUee UHCIPYMEH 0N NOJOMOK NYymeM YCMPAHEHUs €20 PACKPYUUBAHUSL O
OnuHe paboueri 4yacmu NPU paziuyHelX 3a2iy0NeHUsX. Y MeHbuenue Y800da, U3MeHeHUs KPUGU3HbL OCU KAHALA U OUaMempa
omeepcmust 06ecneuuny pocm mexHoOI0SUYECKOU HA0EeNCHOCMU, CHUIICEHUE YUCLA NOJIOMOK C8ePd NO360IUN0 NOBICUMb
IKCRLYAMAYUOHHYI0 Hadedchocms. Hoeas cunosas pesvbonapesnas 20106Ka dNeKMPOUHCPYMERMA KPOMe 2AA6HO20
O0BUDICEHUSL NO360ISIE MEMYUKY COOOWAMb MOYHYIO NPUHYOUMETLHYIO NPOOOIbHYIO HOOAYY, PABHYIO WA2y HAPe3aemMou
pe3voul 3a Kaxicovil e2o obopom. Taxou eéapuanm pe3vbOOHAPE3HOU 20708KU INEKMPOUHCPYMEHMA obecneyusaem
HOBbLLUEHHYIO d(hpekmUsHOCmb npoyecca npu OCHAUEHUU 8bICOKOHAOENCHBIM KAYECTNBEHHbIM UHCIPYMEHMOM 6 8Ude
cbopHo2o naacmuuecku OepOpMuUpyrOueco Memuukd. Ycmanoeka makoz2o UHCMPYMeHmd 8 CHeyudibHOM
Pe3bOOHAPe3HOM NAmpoHe, 3AKPEeneHHOM 6 WNUHOele pPe3bOOHAPE3HOU 20/106KU,  NO360JSem NPeOOXPAHIND
UHCMPYMEHm Om  NOJOMKU U KOMNEHCUPOBAMb PACCO2NACO8ANHUSL NO a2y pe3bObl U pAOUdbHble CMEUJeHUS.
Ilposedennvie na ochose peuwileHus 3a0ay CUHMeE3d MePONPUAMUL NO MOOEPHUZAYUU MEXHONOSUYECKUX CUCTeEM
NO360JAI0M  NOBbICUMb  IPPEKMUSHOCb U HAOEHCHOCHb — NPOYECco8  ceepileHusi U  pe3bOoHape3anus
INEKMPOUHCIPYMEHIOM.

KaroueBble cinoBa: mawuno- u cyoocmpoenue, ceepieHue 21yO0Kux omeepcmuti, I1eKmpOuHCmpyMeHm,
pesvbonapesanue, HAOENCHOCMb, NAPAMEMPUYECKUe OMKA3bl, OMKA3bl (QYHKYUOHUPOBAHUS, C8epPIO0, MEemUuUK,
Pe3bboHapesHol namponu.
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A.O. KHARCHENKO, V.I. GOLOVIN, E.A. VLADETSKAYA

INCREASING THE EFFICIENCY OF DRILLING AND THREADING
WITH ELECTRIC TOOLS IN MACHINE- AND SHIPBUILDING

Abstract. The article presents the results of measures to improve the efficiency of the technological system for
the process of drilling with power tools, as well as threading in difficult-to-machine materials in the conditions of machine
and shipbuilding. To improve the reliability and quality of processing when drilling deep holes, an additional device is
placed between the chuck and the drill, which protects the tool from breakage by eliminating its untwisting along the
length of the working part at various depths. Reduction of drift, changes in the curvature of the channel axis and hole
diameter ensured an increase in technological reliability, a decrease in the number of drill breakages made it possible to
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increase operational reliability. The new power thread-cutting head of the power tool, in addition to the main movement,
allows the tap to report an accurate forced longitudinal feed, equal to the pitch of the thread being cut for each of its
revolutions. This version of the threading head of the power tool provides increased process efficiency when equipped
with a highly reliable high-quality tool in the form of a prefabricated plastically deforming tap. The installation of such
a tool in a special threading chuck fixed in the spindle of the threading head makes it possible to protect the tool from
breakage and compensate for mismatches in thread pitch and radial displacements. Based on the solution of synthesis
problems, measures for the modernization of technological systems make it possible to increase the efficiency and
reliability of the processes of drilling and thread cutting with power tools.

Keywords: machine- and shipbuilding, deep hole drilling, power tools, thread cutting, reliability, parametric
failures, functional failures, drill, tap, threading chuck.
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A.O. XAPYEHKO, A.A. XAPYEHKO

OHEHKA 3®®EKTUBHOCTHU I'HBKOI'O IPOU3BOACTBEHHOI'O
MOAYJSA HA OCHOBE PEHIEHUSA OBPATHOU 3ATAYN MACCOBOI'O
OBCJIYKUBAHUA

AHHOTAUUsA. B cmambe npedcmasienvl pe3yibmamsl OYeHKU 3PHeKmusHOCmU mexHoI02UYeCKOU CUCTEMbl
Ha npumepe 2ubKo20 NPOU3BOOCMBEHHO20 MOOYis. Paccmompen cmamucmuueckuii nooxod x awanuzy sggexma
6030€liCMBUsL  He3d8UCUMBIX CIVHAUHBIX (DAKMOPOs, CEA3AHHBIX ¢ MEeXHONo2Uel NPOU3B0OCmEa azpe2amos, C
MEPONPUSIMUSMU 1O OOCIYICUBAHUIO, C YVCIOBUAMU IKCHAYAMAayuu u psaoom Opyeux @Qakmopos, eIusiomux Ha
PabomocnocobHOCMb  MEXHOA02UYECKOU  cucmemvl. [ nood0epicanuss MexHOIOSUYECKOU CUcmemvl MOOYIs 8
UCHPABHOM COCMOSIHUU NPEONPUHUMAIOMCS. MePbl N0 80CCMAHOGIEHUIO OMKA3ABWUX V3108. J1sl nocmpoenus Mooenu
COCMOSIHUSL MEXHUYECKOU 20MOBHOCMU CUCTNEMbL YEeNeCcO0OPA3HO OCNOIb308AMbCS MEOPUEH MAPKOBCKUX NPOYECCOS.
Teopusi cucmem Macco6o20 0OCIYICUBAHUSL NO3BOJISLEM NOLYHUMb OYEHKY 00020 U3 COCMOSHUL, 8 KOMOPbIX MOJICem
HAX00umoCsi CUCmeMd, eciu U36eCnHbl 3HAUEHUsT UHMEHCUBHOCTEN 8CeX UHDOPMAYUOHHBIX NOMOKOS. 3ampyonenus
npoucxoosam 6 ciayuae HeobxoouUMocmu 6600d KOPPEKYuUu Npu USMEHEHUsX Rapamempos CUCmeMbl 6CLedCmEUe
NPUMEHEHUsT HOBbIX MEeXHONI02Ull 06pabomKu, 0onee COBEPUICHHBIX MEXHUUECKUX CPeOCme U Opyeux Meponpusimull,
CA3AHHBIX C UBMEHEHUEeM UHMEHCUBHOCMel NOmoKo8. Hamenenue unmencusnocmu 106020 u3 nomoKos npusooum K
UBMEHEHUIO BEPOSIMHOCMEN COCMOSHULL 8Cell CUCMEMbl, YMO OCI0JdCHAem peanusayuto koppekyuu. IIposedenHvie
MEPORPUSIMUSL NO360II0OM  Pelums 3a0ayy KOPPeKyuu UHMEHCUBHOCMEl NOMOK08, 00eCneuusaioujux 3a0aHHble
CBOUCMBA CUCMEMbL MACCOB020 OOCIYHCUBAHUS, NOKA3AHA BOZMONCHOCHb PeuleHUs 00pamHoul 3a0ayu OJisl TUHEUHOU
cucmembl YpasHeHUIl NPSIMbIM MemoOOM.

KiroueBble cjioBa: mexuonocuueckas cucmema, 2ubKuii npousgoocmeentuiii mooyns (I'TIM), eeposmuocms,
PAa3MeyenHblll 2pagh COCMOSIHULL, CUCMEMA MACCO8020 0OCIYIHCUBAHUSL, KOPPEKYUsl, 0OpAmHast 3a0ayd.
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EVALUATION OF THE EFFECTIVENESS OF A FLEXIBLE PRODUCTION
MODULE BASED ON SOLVING THE INVERSE QUEUING PROBLEM

Abstract. The article presents the results of evaluating the effectiveness of the technological system on the
example of a flexible production module. A statistical approach to the analysis of the effect of the influence of independent
random factors related to the technology of production of aggregates, with maintenance measures, with operating
conditions and a number of other factors affecting the operability of the technological system is considered. To maintain
the technological system of the module in good condition, measures are being taken to restore the failed nodes. To build
a model of the state of technical readiness of the system, it is advisable to use the theory of Markov processes. The theory
of queuing systems makes it possible to obtain an estimate of any of the states in which the system may be located, if the
values of the intensities of all information flows are known. Difficulties occur if it is necessary to enter a correction for
changes in system parameters due to the use of new processing technologies, more advanced technical means and other
measures related to changes in flow intensities. A change in the intensity of any of the flows leads to a change in the
probabilities of the states of the entire system, which complicates the implementation of the correction. The measures
carried out make it possible to solve the problem of correcting the flow intensities that provide the specified properties of
the queuing system, the possibility of solving the inverse problem for a linear system of equations by a direct method is
shown.

Keywords: technological system, flexible production module (FPM), probability, marked up state graph,
queuing system, correction, inverse problem.
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C.A. TUITAJIVH, H.A. KYIIPUAHOBA

IMPABKA C)KATHEM JIMCTOBbIX BUMETAJJVIMYECKHUX 3ATOTOBOK
MAJIOU KPUBU3HbI

AnHoTanus. [lonyuenue KxauyecmeeHubix u30enuti Hanpsamylo C8A3aHO ¢ UCXOOHOU Gopmot mamepuana. /s
NOMYHeHUs. UCAPABGIEHUS UCKANCEHUSI NIOCKOU (opMbl 015l WUMYHHbIX 3A20MOB0K NPUMEHAEMC NPABKA CHCATNUEM.
Bosnuxaiowue nanpsocenus u deghopmayuu 8 pazHopooOHoM GUMEMAITULECKOM Mamepuaie cyuecmgeHHo Omiudaomecs
Om MaxKoewvix 8 00HOPOOHOM Mamepudaie. B pabome npednodcena meopus paciema npasku 0agieHuem moHKOIUCMO8020
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mamepuajia ¢ pasHbiMU ceoticmeamu 8 e2o cuosx. llokazamnwvi pesyibmamsl pacuema mexHON0cUHECKUX napamempoes
npoyecca npasku cotfcamuem Jucmoeozco bumemaina ¢ Manou UCXOOHOU Kpu6u3H012.

KnrwueBrble ciioBa: npaeka, coicamue aucma, 6uM€maJm, npyotCuHerue, ocmamovHtvle HanpsAsCerusd, Kpueu3na
aucma
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S.A. TIPALIN, N.A. KUPRIYANOVA

CORRECTION BY COMPRESSION OF SHEET BIMETALLIC
BILLETS OF SMALL CURVATURE

Abstract. Obtaining high-quality products is directly related to the initial shape of the material. Correction by
compression is used to correct the distortion of a flat shape for piece blanks. The resulting stresses and deformations in
a heterogeneous bimetallic material differ significantly from those in a homogeneous material. The paper proposes a
theory for calculating the pressure correction of thin-sheet material with different properties in its layers. The paper
shows the results of the calculation of technological parameters of the process of correction by compression of sheet
bimetal with a small initial curvature.

Keywords: correction, sheet compression, bimetal, springing, residual stresses, sheet curvature.
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J.B. BYCAJIAEB, M.B. JISIIEHKO, B.B. HIEXOBIIOB,
I1.B. IIOTAIIOB, M.B. MOPCKOB, E.B. KIIEMEHTBEB

PE3SMHOMETAJ/IVIMHMECKHUE BUBPOU30JATOPBI B CUCTEMAX
HOAPECCOPUBAHUA KABUH KOJIECHBIX
N I'YCEHUYHBIX MAIIIUH

AHHOTamMsl. B cmamve paccmompenvi KOHCMPYKYUU PE3UHOMEMAIIULECKUX SUOPOUSONAMOPOS CUCMEMbl
noopeccopusanus Kabun ome4ecmeeHHbiX KOJIECHbIX U 2YCeHUUHbIX Mawiun. [Ipusedensl cxemvl u mexHuyeckue peuenus
BUOPOUZONIAMOPOE KAOUHBL 2YCeHUYHBIX mpakmopos — 0ynwoosepa b11 npouzeoocmea OO0 «YT3 — VYpanTpaxy u
cenvckoxozstcmeenno2o mpakmopa Aepomawi-150TI. Paccmompenvl mexHuyeckue peuerus ubpousosamopos KaOuH
KoaecHvix mpakmopog —JIT3-55 npouszsoocmea Jluneykozo mpaxmoproeo 3a8o0a u K-700 Jlenunepaockoeo Kuposckozo
3a600a. I[Ipoananuzuposanvt makoice YCmMpoOUCmea cucmem NoOpeccopusanus Kabumn 3epHOYyOOPOUHBIX KOMOAUHOS
npouszeodcmea Pocmosckoeo Kkombaiinogozo 3a600a. IlpusedeHvl cxembl U MeXHUYecKue peuwleHus Ccucmem
noopeccopusanusi Kabun omeuecmseeHuvix epy306vix asmomoounen — KamA3-4308, 3UJI-133, 3UJI-5301 («bwviuoxy),
I'A3-3307 u I'A3env NEXT. Ommeuenvl HeOoCmamxu 3mux UOPoU3oIamopos, Kacaouwuecs He0oCmamoyHulx cOUCMS
8UOPO3aAWUMbBL OM CPEOHe- U HUZKOUACTOMHBIX 8ubposo3deticmeuil. Onucano npeonodceHHoe asmopamy mexHu4ecKoe
pewenue sUOPOU30IAMOPA € YAVHUULEHHBIMU XAPAKMEPUCTNIUKAMU 8UOPO3aWUMbL, NO360AI0Ujee AOANMUEHO USMEHAMb
ynpyeue u OUCCUNamugHbvle C80UCMBA GUOPOUIONAMOPA 8 3ABUCUMOCIU O YACIOM U AMIIUMYO BUOPOBO30EUCHEUL.
Bubpouzonamop exmouaem 8 cebs HeCKOAbKO OJI0OKO8 deMeHmo8 U3 daacmomepd, KOHmaxmupyowue ¢ KOpnycom
8UOPOUZONAMOPA NOBEPXHOCHIU KOMOPLIX BbINOJHEHbL 80IHOOOPASHLIMU. Dmu OJIOKU 8bINOJIHEHbl U3 INACTNOMEPOS C
PA3HBIMU YNPY2UMU U OUCCURAMUBHBIMU c8oticmeamu. TexHuueckoe peulerue npeosioHceHHO20 8UOPOUZONAMOPA UmMeen
HeoOuHaxosvie ynpyaue u OUCCUNAMUBHBIE CEOLICMBA 8 0CEBOM U DOKOBLIX HANPABNEHUAX, 3d CUem 4e20 Ad0anmueHo
peazupyem Ha BUOPOBO3OEUCMEUS C PAZHBIMU AMIIUMYOAMU U YACHOMAMU.

KnioueBble cioBa: Kkonecnvie U 2yCeHUuHble  MAWUHBL,  CUCHEMA  NOOPeccOpueamusi  KaOumbl,
PE3UHOMEMANTUYECKUT BUOPOUZONIAMOP, BUOPO— U WYMOUZOTUPYIOWUE CBOUCMEA, YRpYaUe U OUCCUNAMUBHbIE CEOUCMEA,
adanmueroe usmMeHeHue CGOUCms.
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D.V. BUSALAEV, M.V. LYASHENKO, V.V. SHEKHOVTSOV, P.V. POTAPOV,
M.V. MORSKOV, E.V. KLEMENTIEV

RUBBER-METAL VIBRATION ISOLATORS FOR CABIN SUSPENSIONS
OF WHEELED AND TRACKED VEHICLES

Abstract. This article describes designs of rubber-metal vibration isolators in cabin suspension systems of

domestic wheeled and tracked vehicles. Authors presents schemes and technical solutions of cabin vibration isolators of
crawler tractors: bulldozer Bl1 produced by LLC “CHTZ — Uraltrack” and agricultural tractor Agromash-150TG. Also,
technical solutions of cabin vibration isolators of wheeled tractors: LTZ-55 produced by Lipetzk tractor factory and K-
700 produced by JCS “Peterburg tractor factory” are presented. Schemes and technical solutions of cabin suspensions
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of grain-harvesting combines produced by Rostov combines factory are presented. Authors analyzed designs of cabin
suspension systems of domestic trucks: KamAZ-4308, ZIL-133, ZIL-5301(“Bychok”), GAZ-3307 and GAZel NEXT.
Disadvantages of mentioned vibration isolators referring to insufficient vibration protection characteristics in mid- and
low-frequency diapason are noted. This paper describes scheme of the vibration isolator with improved characteristics
of vibration protection proposed by authors. This vibration isolator provides adaptive changing of'its elastic and damping
characteristics in accordance with frequencies and amplitudes of excitations. The vibration isolator structure includes
several element blocks made of elastomer. These blocks contact with the vibration isolator case and blocks surfaces are
made undulating. Also, blocks produced from elastomers with various elastic and damping parameters. The proposed
scheme of the vibration isolator has unequal elastic and damping characteristics both in axial and lateral directions and
thus adaptively reacts on vibration excitations with various amplitudes and frequencies.

Keywords: wheeled and tracked vehicles, cabin suspension, rubber-metal vibration isolator, vibration and noise
protection characteristics, elastic and damping parameters, adaptive characteristic change.
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J.B. BYCAJIAEB, M.B. JISIIIEHKO, B.B. LHIEXOBIIOB,
I1.B. IIOTAIIOB, M.B. MOPCKOB, E.B. KIIEMEHTBEB

CTOUKA NEPEJHEN MOJABECKH ABTOMOBWJISI C YIYUIIEHUEM
XAPAKTEPUCTHUK IIVTABHOCTH XOJJA 1 BUBPO3AIIIUTHI

AHHOTanMsl. B cmamve npueooumcsi nOOpoOHoe ONUCAHUE NPEOTONCEHHBIX ABMOPAMU MEXHUYECKUX PDEeUeHUl]
YCMPOUCmE KpenieHust NPYJICUHHOU CMOUKU NnepedHel NodecKu ne2koso2o asmomoduns. Ilpouzsodumensimu
OMeUecmeeHHbIX 1e2KOBbIX ABMOMOOULET CO30AH0 MHONCECHBO KOHCMPYKYUIL NPYICUHHOU CIOUKU nepeoHell NO08eCKU,
O0OHAKO KAJHCOAst U3 HUX He C80O00HA Om HedOCmamKos. B uacmuocmu, He Ha Kaxcoom pedicume 08UNCEeHUst a8MoMOoOUs
noogeckoll 06ecneyusaromcs KOMGOpmHule YCio8us Ol NACCANCUPOS U 600UMEISL 8 CAIOHE, He 00eCneuU8aencs uymo-
BUOPO3AUWUMA 80 8CeM OUANA30HE IKCHILYAMAYUOHHBIX SUOPOBO30CLICMBUL CO CHOPOHBL X000680U cucmembl. Takoce He
Kaxcoas nooeecka NOJIHOCMbIO obecneuugaem MWIAGHOCHb X00d A8MOMOOUNISL HA 6CEX PEeNCUMAX OBUNCEHUS.
Yemoiiuusocmo 0sudicenust amomoOusis u Xopoutasi ynpaesuisieMocmy 60 8PEMsi CAMbBLX KDUMUYHBIX PEHCUMOE OGUINCEHUSL
makdice He 6cez0a obecnewugaemcs. ABmMopamu cmamvu NPeoLoNCEHO HECKOAbKO MEXHUYECKUX PEUleHUll KpenieHusl
CMOUKU nepednetl RPYJICUHHOU ROOBECKU JLe2KOBO20 AGMOMOOUISL, HANPAGIEHHbIX HA YCMPAHEHUEe YACTU NEPEYUCTEHHBIX
Hedocmamko8. B wacmnocmu, nepsoe mexnuueckoe peuieHue HANPAGIEHO HA YIyYUeHue GUOPO— U WYMOUZOIUPYIOUWUX
CB0LCME YCMpoUcmea KpenieHuss NPYJICUHHOU CMOUKU NOOBeCKU aA8MOMOOUISE Npu OOHOBPEMEHHOM 00ecnedeHuu
BbICOKOU  JCECMKOCMU KOHCMPYKYUU 6 PAOUAbHOM HANPAGIeHUU OJisl YAYHUEHUS KAYeCme YNpasisieMocmu u
YCMOUYU8OCMU ABMOMOOUNA, A MAKICEe 00ECNeyeHUe 803MONCHOCIU YCIMAHOGKU NPYICUH C PASTUYHBIM NOCAOOUHBIM
OUMempoM U pA3IULHOU 2e0OMeMpPUieckoil Qopmbl (Hanpumep, NPYAHCUH YUTUHOPUYECKOU, OOUKOOOPA3ZHOU U KOHUYECKOU
Gopmbt). Bmopoe mexnuueckoe peuienue HanpasieHo HA YIyHuieHue ynpasisieMocmu i yCmoudugocmu agmomoouis npu
MAnbIX yenax y8ooa ynpaesisieMblX KOeC agmoMOOUNs, a MAKI’Ce NOGblUeHUe 8UOPO- U ULYMOUZOIUPVIOWUX CEOICE
NO0BECKU NPU 2AULEHUU HUSKOAMMIIUMYOHBIX 8blCOKOYACHOMHBIX KOJeOAHUIL.

KaioueBble ci10Ba: ycmpolicmeo KpenjieHusl, NPYsICUHHAL CHOUKA NO08eCKU, SUOPO— U UWYMOUZOIUPYIOUUE
CBOLICMBA,  JCECMKOCMb  KOHCMPYKYUL, YAPAGISEMOCHb U YCMOUYUBOCHb  AGMOMOOUNS,  HUBKOAMIIUMYOHbLE
8bICOKOUACMOMHbBLE KOJIeOAHUS, MAJIbLIL Y207 Y800d YNPAGIAEMbIX KOLEC.
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D.V.BUSALAEV, M.V. LYASHENKO, V.V. SHEKHOVTSOV, P.V. POTAPOV,
M.V. MORSKOV, E.V. KLEMENTIEV

VEHICLE FRONT SUSPENSION STRUT FOR IMPROVEMENT OF RIDE
COMFORT AND VIBRATION PROTECTION CHARACTERISTICS

Abstract. This article presents the detail description of schemes of the upper mount for car front spring
suspension strut. Domestic car manufacturers propose various designs of the front spring suspension strut mounts, but
every design has own disadvantages. Particularly suspension doesnt provide high ride comfort for a driver and
passengers and also noise and vibration protection in a whole diapason of operational excitations from the chassis. Also,
some suspension designs negatively affect on stability and steering of a car in all motion conditions. Authors proposed
several schemes of the upper mount for the car front spring suspension strut aimed to solve some of mentioned problems.
Specifically, the first scheme provides improvement of vibration and noise protection characteristics of the front spring
strut suspension in addition to high stiffness of the strut upper mount for improvement of car stability and steering. Also,
this scheme allows installing springs with various external diameter and various types of springs (cylindrical, conical,
barrel-shaped form). The second scheme is aimed to improve car steering and stability at small slip angles of car steering
wheels and also to improve vibration and noise protection characteristics of suspension in damping of low-amplitude
high-frequency vibrations.

Keywords: McPherson strut upper mount, McPherson strut, vibration and noise protection, structure stiffness,
car steering and stability, low-amplitude high-frequency vibrations, car steering wheels small slip angle.

BIBLIOGRAPHY

1. Rotenberg, R. V. Podveska avtomobilya. Kolebaniya i plavnost hoda / R. V. Rotenberg. — 3-¢ izd., pererab. i
dop. — M.: Mashinostroenie, 1972. — 392 s.

2. Deboli, R. Whole-body vibration: Measurement of horizontal and vertical transmissibility of an agricultural
tractor seat / R. Deboli, A. Calvo, C. Preti // International Journal of Industrial Ergonomics. —2017. — Vol. 58. — P. 69-
78.

3. Vibrozashchitnye sistemy s kvazinulevoj zhestkostyu: monografiya / P. M. Alabuzhev [i dr.]; pod red. K. M.
Ragulskisa. — L.: Mashinostroenie, 1986. — 96 s.

4. P. m. 177004 Rossijskaya Federaciya, MPK B 60 N 2/52. Podveska sidenya transportnogo sredstva / M. V.
Lyashenko, V. V. Shekhovcov, P. V. Potapov, A. L. Iskaliev; VolgGTU. 2018.

5. Lyashenko, M. V. Analysis of vibroprotection characteristics of pneumatic relaxation seat suspension with
capability of vibration energy recuperation [Elektronnyj resurs] / M. V. Lyashenko, P. V. Potapov, A. L. Iskaliev //
MATEC Web of Conferences. Vol. 129: International Conference on Modern Trends in Manufacturing Technologies and
Equipment (ICMTMTE 2017) (Sevastopol, Russia, September 11-15, 2017) / eds.: S. Bratan [et al.]; Sevastopol State
University, National University of Science and Technology «MISIS», Polzunov Altai State Technical University, Inlink
Ltd. and International Union of Machine Builders. — [Publisher: EDP Sciences], 2017. — 5 p. — URL: https://www.matec-
conferences.org/articles/matecconf/pdf/2017/43/matecconf icmtmte2017 06018.pdf.

6. P.m. 100962 RF, MPK V60G 15/06. Ustrojstvo krepleniya pruzhinnoj stojki podveski avtomobilya / D.V.
Busalaev, V.V. Shekhovcov, M.V. Lyashenko, K.V. Shekhovcov. — 2011.

7. P.m. 136391 RF, MPK V60G 15/00. Ustrojstvo krepleniya pruzhinnoj stojki podveski avtomobilya / D.V.
Busalaev, V.V. Shekhovcov, M.V. Lyashenko. — 2014.

Busalaev Dmitriy Viktorovich  Liashenko Mikhail Volfredovich Shekhovtsov Viktor Viktorovich
phone number 8-919-541-08-72,  doctor in technical science, professor, doctor in technical science, professor,
busalaev_adres@mail.ru professor of «Technical operation and professor of «Technical operation and

repair of cars» department, Volgograd repair of cars» department, Volgograd
state technical university, 400005, RF, state technical university, 400005, RF,

Volgograd, Lenin ave. 28, Volgograd, Lenin ave. 28,
tel. (8442) 24-81-62, tel. (8442) 24-81-62,
tslmv@vstu.ru shehovtsov@vstu.ru
Potapov Pavel Viktorovich Morskov Maksim Vladimirovich Klementiev Evgeniy Vladimirovich

candidate of technical science, student at Volgograd State Technical postgraduate student Volgograd State
docent at «Technical operation University, 400005, RF, Volgograd, Technical University, 400005, REF,
and repair of cars» department, Lenin ave.,28, Volgograd, Lenin ave.,28,

Ne 4 (360) 2023 59




Cexkuus «TeXHOJ'lOl"l/lI/I, MaTepuajabl  UTHCTPYMEHTLD)>

Volgograd state technical phone (8442) 24-81-62, phone (8442) 24-81-62,
university, 400005, RF, shehovtsov@vstu.ru e-eevgenii@mail.ru
Volgograd, Lenin ave. 28,

tel. (8442) 24-81-62,

pvicpotapov(@gmail.com

© 1.B. bycanaes, M.B. Jlsmenko, B.B. lllexoBuos, I1.B. Iloranos, M.B. Mopckos, E.B. Knementses, 2023

VK 621.822 DOI: 10.33979/2073-7408-2023-360-4-230-239

A.C. DETNCOB, M.I'. IMTOBYEHKO, /I.B. HIYTUH

I'EHETUYECKHUE AJIT'OPUTMBI IJIs1 OITUMAJIBHOI'O
INPOEKTUPOBAHUSA TPUBOTPOHHBIX OITIOP POTOPOB

AHHOTanusi. B pabome ucciedyiomes OnpoCsl NPUMEHEHUS. 2eHeMUYECKUX AI20PUMMO8 OJisl peuleHust 3a0ay
ONMUMATILHO20 NAPAMEMPULECKO20 CUHME3Ad AKMUBHBIX MPUbOmpoHHbIX onop pomopos. Ha ocnose uuciennoti mooenu
2UBPUOH020 MPUOOMPOHHO20 NOOWUNHUKA ObLL PA3pPAOOMAH NPOSPAMMHBLIL MOOYilb, KOMOPWIL 015 3a0AHHO20 HADOPA
KOHCMPYKMUBHBIX NAPAMEMPO8 ONOpbl paccuumviédaem HaOOp ee mMpubOLoUNecKUx U CUNOBbIX NAPAMEMPOs.
Coomeemcmeylowjast  ONMUMUZAYUOHHASL — 3A0AYA  PEeUdemcs NOCPeOCmEOM — 2EHEMU4ecKo20  aicopumma 6
MHO2OKpUmMepuanvbhou eapuayuu. Pezynomamol nokaszvieaiom enusinue YCMano8IeHHO20 3HaA4eHUsL OONYCKA 6 pacyeme
yeneswix YHKYULl Ha 6pemMs U MOYHOCMb PeUenUs, NOCKONIbKY 3a0a4d mpebyem 3HAYUMenbH020 00beMa 6bl4UCICHULL.
Kpome mozo, npeonosiceno maroice npumenenue yco8epuleHCmeo8AHHON ePCUY 2EHEMUYECKO20 AN2OPUMMA HA OCHOBE
HedoMuHanmuol copmupoeku peutenuil. Coenamnvl 6bl800bl 0 BOZMONCHOCMSX U NEPCHEKMUBAX PACCMOMPEHHO20
nooxooa.

KaroueBble cioBa: mpubomponuvie 0nopwvl, NOOWUNHUKU CKOLbICEHUE, NAPAMEMPUYECKUl CUHME3,
2eHemu4eCKull aneopumm, ONMUMUIAYUOHHbLE 3A0a4U
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A.S. FETISOV, M.G. LITOVCHENKO, D.V. SHUTIN

GENETIC ALGORITHMS FOR THE OPTIMAL DESIGN
OF TRIBOTRON ROTOR BEARINGS

Abstract. The paper presents the application of genetic algorithms for solving problems of optimal parametric
synthesis of active tribotron rotor bearings. On the basis of a numerical model of a hybrid tribotron bearing, a software
module was developed that, for a given set of bearing design parameters, calculates a set of its tribological and power
parameters. The corresponding optimization problem is solved by means of a genetic algorithm in multicriteria variation.
The results show the influence of the set tolerance value in the calculation of objective functions on the time and accuracy
of the solution, since the task requires a significant amount of calculations. In addition, the use of an improved version
of the genetic algorithm based on non-dominant sorting of solutions is also proposed. Conclusions are drawn about the
possibilities and prospects of the considered approach.
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A.B. HEMEHKO, M.M. HUKUTUH

OIITUMMBALNA TEXHOJIOI'MYECKOI'O ITPOLUECCA TITOJIYYEHUA
ACOEPUYECKHUX NOBEPXHOCTEM BPAIIIEHUSA BTOPOI'O IMTOPSAJIKA

AHHOTamMs. B pabome paccmompena 3a0aua ONMUMUZAYUU NAPAMEMPO8 MEXHOIOSUYECKO20 npoyeccd,
npugodsae20 K NOAYYEHUIO U30enus ¢ 3A0aHHOU NOBEPXHOCMbIO 6PAUWeHUs GMOPO20 NOPAOKA NO KPUMEPUI) UX
MUHUMATLHO20 KOIUYeCmBd, KOmopoe mpedyemcs usMeHums npu u320MmosneHul Ho8ol NOBEPXHOCHU MO20 Jice KAACcd.
Hcxoonou nosepxnocmuro, komopas npu obpadbomre npeobpazyemcs 6 NOGEPXHOCHb 3a0aHHO20 U0, MOdcem ObiNmb
MaKdice YeHmpaibHas NOBEPXHOCMb 6DAUEHUs GMOPO20 NOPAOKA, 6 HACMHOCMU chepuyecKkas, NIO0CKOCHb, b0
NPOU3BONLHAS NOBEPXHOCMb HEeKOmopo2o Kiacca. Paccmompen ciyuaii o6pabomku Oemanu 6 HeNOOBUNCHBIX OCAX
2UOKUM NPOPUAUPOBAHHBIM OUCKOM CO CBA3aHHbIM abpaszusom. Ilomyuenvl coomuowenus mexcoy napamempamu
MEXHOI02UHECKO20 Npoyecca: 0asieHueM, UHMEHCUBHOCBIO CbEMA MaAMepuanad u y2i080ti CKOpOCmbvio UHCMPYMEHma,
N0360AI0UjUE NOTYUUNDG CUMMEMPUYHBLI NPODULD.

KawueBble cioBa: guuuwnas obpabomka, cea3anHblil adpasue, napadonioud, 2unepboioud, 31AUNcCouo,
NOBEPXHOCb 8MOPO20 NOPAOKA, 06PAOOMKA 8 HENOOBUICHBIX OCAX

CIIUCOK JIMTEPATYPBbI

1.Kaompua B.M. OcHoBBI (hopM0o0Opa3oBaHUs ONTHYSCKUX MOBEpXHOCTEH: Kypce neknwii / B.W. Kamupun//
ExarepunOypr: 'OV BIIO YI'TVY — VIIH, 2006.

2. D.Malacara. Optical shop testing. John Wiley & Sons, 2017 - 855 p.

3.MakapoB B.®. Bribop aOpa3suBHBIX MHCTPYMEHTOB M PEKHMOB JUIsl BBICOKO((HEKTHBHOTO NUIM(OBaHUS
3arotoBok/ B.®. Makapos — Ilepmb: [lepMckuii HalMOHAIBHBIN HCCIIE0BATEIbCKUI MOINTEXHUIECKUH YHHUBEPCUTET,
2011.-231c.

4 HosocénoB H0.K. JlmHamuka ¢opmooOpa3oBaHus TOBEpXHOCTeH mpum abpasuBHOU oOpabotke/ HO.K.
Hosocénos — Cesacronois: U3a-so CesHTY, 2012. - 304 c.

5.Jackson M. Machining With Abrasives/ M. Jackson, M. Hitchiner, J.Davim — Springer, 2011 - 423 p.

6. Ban-nep-Bapaen b.JI. Anrebpa. /b. JI. Ban-nep-Bapaen — M.:Mup, 1976. — 648 c.

7. bponmrreitn M.H. CipaBouHMK 110 MaTeMaTHKe JUIsl HHXeHepoB U ydamunxcs BTy308/WU.H. bponmreiin, K.A.
Cemenpses - C-T160: Jlaus, 2010. — 608 c.

8. Hemenko A.B. YmpasieHue mnporeccoM IOJydEeHHUs MOBEPXHOCTEH BTOPOro MHopsaka Npu (GUHUITHOH
obpabotke/A.B. Hemenko, M.M. Hukntnn//@yHaaMeHTalbHbIE W TIPHUKIIAIHBIE MTPOOIEMBI TEXHUKH W TEXHOJIOTHH,
2020, Ne4(342),C.52 - 58.

9. Hemenko A.B. VYmpasnenwe ¢GuHHIIHONH 00pabOTKONW KPHUBOJIMHEHHON IOBEPXHOCTH IO KPUTEPHUIO
reomerpuueckoro coorsercTBus/A.B. Hemenko, M.M. Huknrtun//@yHnaMeHTanbHble W NPUKIAAHBIE MPOOIEMBI
TEXHUKHU U TexHoyoruu, 2019, Ne4-1(336),c.191 - 196.

10. Hemenko A.B. JluneliHass peKOHCTPYKLMS MOJIOKEHHsT KOHTposupyemMoro oobsekra/A.B. Hemenko, M.M.
Huxkurun//@yHnamMeHTanbHbIe 1 IPUKIAJAHBIE TPOOIEMBI TEXHUKH U TexHoaoruy, 2020, Ne4-2(342), C.136 — 140.

Hemenko Ajsekcanapa BacuibeBHa HuxnTnan Muxana Muxaiijiopuua

Ne 4 (360) 2023 63




Cexkuus «TeXHOJ'lOl"l/lI/I, MaTepuajabl  UTHCTPYMEHTLD)>

OI'AOY «CeBacTonosnbCKuil rocy1apCTBEHHbII OI'AOY «CeBacTononbCKuil rocy1apCTBEHHBIH
yHUBepcuTeT», T. CeBacTononb yHHUBEpCUTET», I. CeBacTonob

KananaaTt TexHUYeCKUX HayK, JOLEHT Kadeapbl Crapumii npernonaBarelns kadeapsl «Boicias
«{udpoBoe npoeKTHpOBaAHHE) MaTeMaTHuKa

299053, r. CeBacTormoinb, yia. YHUBepcUTeTcKas, 33 299053, r. CeBacToroib, yia. YHUBEpCUTETCKasl, 33
Ten. +79788330519 Ten. +79788150316

E—mail: valesan@list.ru E—mail: m.nikitin.1979@gmail.com

A.V.NEMENKO, M.M. NIKITIN

OPTIMIZATION OF SECOND ORDER
SURFACE TECHNOLOGICAL PROCESS

Abstract. We consider the problem of optimizing the parameters of the technological process, leading to
obtaining a given central surface of rotation of the second order on the product according to the criterion of their
minimum number, which needs to be changed when manufacturing a new surface of the same class. The initial surface,
which during processing is transformed into a surface of a given type, can also be a central surface of rotation of the
second order, in particular, a spherical one, a plane, or an arbitrary surface of a certain class. The case of processing a
part in fixed axes with a flexible profiled disk with a bonded abrasive is considered. Relationships between the parameters
of the technological process are obtained: pressure, intensity of material removal and the angular velocity of the tool,
which make it possible to obtain a symmetrical profile.

Keywords: finishing, fixed abrasive, paraboloid, hyperboloid, ellipsoid, second order surface, machining with
fixed axis
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