MHuHHCTEPCTBO HAYKH M BhICHIEr0 00pa30BaHMs N03 23
Poccuiickoii ®@enepanuu =
2023

®enepajbHOE FOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/IbHOE
yupe:kIeHHe BbICIIero 06pa3oBaHus

«CeBacTomnoJbCKHI rOCYyJapCTBEHHBI YHHBEPCUTET» BoixoauT 4 paza B ro

ISSN 2658-4727

ABTOMATUIALINA 1
N3MEPEHNWA B MAILLIHMHO-
[TPUBOPOCTPOEHNU

HAVYHBIN XKYPHAII

CeBacromoJib, 2023



Hayunslii )xypHan

Ne3(23) (2023)

ABTOMATHU3AIUA U UBSMEPEHUS B
MAHNIMHO- NIPUBOPOCTPOEHHUU

I'nasnvlii peoakmop

Komnn B.A1., 1.1.H., npoo. COI[EP)I(AHI/IE

(r. CeBacromos)

3amecmumens 21A6HO20
pedaxmopa ABTOMATHU3AIUA U YITPABJIEHUE ITPOINECCAMUA U

duwmnosuy O.B., K.T.H., 1011 HPOI/I?-BOI[CTBAMI/I

(r. CeBacronosns)

gjﬁiﬁf;?ﬁ?imu_, pod. Mpeiic B.B.v MopenupoBanue HaJIEKHOCTHU pPOTOpHOI CUCTEMBI 3
(r. CepacTomo) aBTOMATHYECKOW 3arpy3Kd C HATPYXKCHHBIM pPE3epBOM IMIPH HEHAIC)KHOM
OmeemcmeenHblll ceKpemaps HEPEKIIOIATENEC

banakun AWM., K.T.H., 001I.

(r. CeBacromnosb)

MATEMATHYECKOE MOJIEJINPOBAHUE, YACJIEHHBIE

Pedaryuonnas koanezus METOAbI U KOMIIJIEKCBHI ITPOT'PAMM

Bapranos M.B., 1.1.H., 1pod.

(r. Mocksa)

Ipexcos H.A., 1.1, 1pod. AcanoB A.3., Bepkhep A.C. MogenupoBaHnue JUHAMHKU —TIOJBECKH 11
(r. Cenactonons) 0OJIBIIETPY3HOTO aBTOMOOWMJISI B TIPOIIECCE MPEOOTICHUS MPETSITCTBUI

Topounna ¥0.B., 1.7.1., mpod. KaGanoB A.A. BriGop napaMeTpusalMi MaTpull HeluHeilHoH cuctemsl mis 23
(r. CeBacTomOIB) MeToJI0B state-dependent yripaBneHus

Kmyns B.A., 0.T.H., mpod., Orno6onun  A.A., Tpynonommn B.A., Kuazesa C.JO. Cksoznoe 38
(r. HoocuGupck) MIPOEKTUPOBaHKE IU(POBOTO MpHeMHKKA B simulink

Kpacnoxyben JLA., n.1.H., mpod. Moucees /I.B., Illoxkun A.I'. Maremarnueckass MOJEIb ONTUMM3AUA 50
(r. Cesacroriop) MH(OPMAIMOHHOHN JIOTHUCTHKU

Moucees JI.B., 1.1.1., mpoc. Boxonckmii A.W., Yanas E.C. MeToabl CONPOTHBIIEHNS] MATEPUAIIOB B MOAEIN 63
(r. Ceactono) TOKapHOi1 06pabOTKH HEKECTKOro Bajia

O6:xepun F0.E., 1.1.H., mpod.

(r. Cesacronort) NPUBOPBI H METO/IbI U3MEPEHHUS

Mecuanckuii A.HM., 1.1.H., 1pod.

(r. CeBacromnosns)

g.el?; Zl:cf)l AM. AT.1, TPOP. Kpamaps B.A., Kpamaps O.A., Ka6anoB A.A. KoHTpoib caMOCTOJIKHOBEHHMs 71
Mpeiic B.B., 1.1.11., pod. MaHUIYJIATOPOB HA OCHOBE PEIICHUS 33aJaud KJIACCH(PHUKAINUU C MOMOIIBIO

(r. Tyma) HEHPOHHOU CETHU

IMlensitexuii A.B., 1.7.H., mpod. Bacrorenko AIL, banakun AN. PobormsupoBanusiii 84
(r. Cesacrorros) CaMOITOTHACTPAUBAIOLITHICA N3MEPUTEIBHBIN MOAYIIb

3amopénos M.B., x.T.x., non ®ununosuy O.B. Mosens nponecca 0JHOBAPHAHTHOI OfHONAapaMeTpuyeckoii 93
(r Cesactonons) CEJIEKTHBHO COOPKH JIBYX JIIEMEHTOB C yU4eTOM MOTPENIHOCTEH H3MEPEHHS TIPH
Maiicrpumms M.M., K.T.H., 1011

(r. CeBacromnosns) UX COPTHPOBKE

Panauxwnii FO.JL., x.1.H., 1011

(r. CeBacromnosns)

TonnucHolt maAeKc coopHuKa 85768 mo nHTEepHET-Katanory «IIpecca Poccumy.

Hayunsrii xypran Bxoaut B «[lepedeHb pemeH3HpyeMBIX HAyYHBIX H3HaHHH, B KOTOPBIX JOJDKHBI OBITH OITyOJIMKOBAaHBI
OCHOBHBIE Pe3yJbTaThl AUCCEPTAMH HA COMCKAHWE YYEHOH CTENEeHH KaHIugaTra HayK, Ha COUCKAHHE YYEHOH CTENeHH IOKTOpa
Hayk», yTBepxaeHHbIH BAK Muno6pHayku P®, 1o cienyronmmM HayyHbIM CIICIIUAIBHOCTSIM:

1.2.2. MaremaTuueckoe MOJICIIMPOBAHUE, YHCIEHHbBIE METOIbI M KOMIUIEKCHI TPOrpaMM IPOM3BOICTBAMHU (TEXHUUECKHE HAYKH);

2.2.8. Meroasl U MpUOOPBI KOHTPONS U AMArHOCTHKHM MaTepHajoB, M3ENUi, BEIECTB U NMPUPOJHOH Cpeibl MPOU3BOJCTBAMU
(TeXHHUYeCKue HayKn);

2.3.3 ABToMaTH3aLM U YIPABJICHHE TEXHOJIOTHUECKIMH TIPOLIECCAMH U IPOU3BOJACTBAMHE (TEXHUYECKUE HAYKH).

VYupenurens u m3parenb: OIAOY BO «CeBacTOMONBCKHI TOCYNApCTBEHHBIH YHUBEPCHUTET» YI. YHHBEpPCHTETCKas, 33.
Ceacrormoimb, 299053.

© ®I'AOY BO «CeBacTONOIBCKUM TOCYJAPCTBEHHBIH YHUBEPCUTET

© ABTOpEI cTaTei



MOJETHPOBAHUE HAJEXKHOCTH POTOPHOH CHCTEMbBI ABTOMATHYECKOH 3ATPY3KH C
HAI'PYKEHHBIM PE3EPBOM IIPH HEHA/TE’KHOM IIEPEK/IIOYATEJIE

Ipetic B.B.

Aunomayua. Paccmompenvi  8onpocel  MOOeIUPOBAHU — HAOEHCHOCMU  POMOPHOU  CUCTNEeMbl
ABMOMAMUYECKOU  3a2PY3KU  WIMYYHBIX NpeoMemog oOpabomku 6 asmomMamuyeckue pomopHble TUHULU,
PE3epBUPOBANHOL  (MEMOOOM 3AMEWEeHUs]) C HASPYICEHHbIM De3ePEOM, NpPU HEHAOEHCHOM MEXAHUUECKOM
nepexoyamene nOOCUCMeMbl YAPABIeHUsL OMKA30M Om numanus pabouux nosuyui. Ha ocnose meopuu epaghos
paspabomanvl aHaIUMUYecKue MoOeiu, NO360aAuUe HA CMaouu NPOEKMUPOBaHUs 0amv CPAGHUMENbHYIO
OYEHKY KOIDDuUyueHmos 20moeHOCHU POMOPHBIX CUCHEM ABMOMAMUYECKOU 3a2py3Ku Ol cmpamezutl
00CIYIHCUBAHUSL C HAKONIEHUEM OMKA308 pAbo4ux no3uyuil. Ycmanoeieno npedeivbhoe 3HaveHue eposmHocmu
OmMKA3a ~ MeXamuueckozco Nepexnouamens, Gvluie KOMOPO20  pe3epeuposanue  POMOPHOU  CUCHeMbl
ABMOMAMUYECKOU 3a2PY3KU CMAHOBUMbCSL HEIPDEKMUBHBIM.

Knrouesvte cnosa. Pomopuas cucmema agmomamuieckoll 3a2pysKu, WmMyYHblil npeomem oopabomxu,
ABMOMAMUYECKAs. POMOPHAsL  TUHUS, MemoObl Pe3epPEUPOBAHUsL  3aMEWeHUEM, HASPYICEHHBLL  pe3eps,
HAOEIHCHOCMb, MOOETUPOBAHUe, KOIDPuyLeHm 2omosHoCmu.

Ipeiic Braoumup Buxmoposuu, 0.m.1., npogheccop, rabota-preys@yandex.ru, Poccus, Tyna, Tynvckui
20Cy0apCmeeHHbLL YHUBEpCUmen.

SIMULATION OF THE RELIABILITY OF AROTOR AUTOMATIC FEEDING SYSTEM WITH A
LOADED RESERVE WITH AN UNRELIABLE SWITCH

V.V. Preis

The article deals with the issues of modeling the reliability of a rotor automatic feeding system for
automatic loading of piece processing items into automatic rotor lines, backed up by the replacement method
with a loaded reserve, with an unreliable mechanical switch of the power failure subsystem of working positions.
Based on graph theory, analytical models have been developed that allow at the design stage to give a
comparative assessment of the availability coefficients of rotor automatic feeding systems for maintenance
strategies with the accumulation of failures of working positions. The limit value of the probability of failure of
the mechanical switch has been established, above which the redundancy of the rotor automatic feeding system
becomes ineffective.

Keywords: rotor automatic feeding system, piece processing item, automatic rotor line, replacement
redundancy methods, unloaded reserve, loaded reserve, reliability, modeling, availability factor.

Preis Vladimir Viktorovich, doctor of technical sciences, professor, , rabota-preys@yandex.ru, Russia,
Tula, Tula State University.
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MOJEJTHPOBAHHUE THHAMHUKH IIOJABECKH BOJIBIIIETPY3HOI'O ABTOMOBHIIA B
ITPOIIECCE ITPEOJOJIEHHA IIPENIATCTBHH

Acanoe A.3., Bepxnep A.C.

Annomayun. Paspabomana mamemamuueckas yuciogass MoOenb UemblpEXMOUEYHOU HOO8eCcKU
bonvuecpyznozo asmomodbuns. Ilpogedeno uuciennoe mooenuposanue padomvl NOOGECKU aABMOMOOUNS NpU
Hae30ax Koieca HA paziuuHvle  00POJICHble Npensmcmeus. Jlan cnekmpanivHulii  anamu3 — peaxyull
noopeccopennvix mMacc asmomoous. Pezymbmamol uccnedosanuii mozym 6vblms UCNOAb308AHBL NPU paA3PAbOmMKe
U UCHbIMAHUAX CUCTNEM YNPABTIEeHUs ROOBECKOU ABMOMOOUIS, A MAK’CE 68 Y4eOHO- MEMOOUYECKUX YeTsX.

Knwuesvie cnosea. Mamemamuueckas MOOeJlb, yembvlpexmodedHas }1006‘601(51, KomMnviomepHas MOdeﬂb,
cneKmpanbeuZ ananus, nepexodnble Xapakmepucmuku.

Acanos Acxam 3amunosuy, 0.m.n, npogeccop, a.z.asanov@yandex.ru, Poccus, Mocksa, Uncmumym
uckyccmeennozo unmennexkma, MUPOA

Bepxnep Anexceii  Cepeeesuu, accucmenm, aleksverk@mail.ru, Poccus, Mocksa, Hucmumym
uckyccmeaennozo unmennekma, MUPOA

MODELING THE DYNAMICS OF THE SUSPENSION OF A HEAVY-DUTY VEHICLE IN THE
PROCESS OF OVERCOMING OBSTACLES

A.Z. Asanov, A.S. Verkner

A mathematical numerical model of a four-point suspension of a heavy-duty vehicle has been
developed. Numerical simulation of the car suspension operation when the wheel hits various road obstacles is
carried out. A spectral analysis of the reactions of the sprung masses of the car was carried out. The research
results can be used in the development and testing of vehicle suspension control systems, as well as for
educational and methodological purposes.

Key words: mathematical model, four-point suspension, computer model, spectral analysis, transient
characteristics.

Asanov Askhat Zamilovich, doctor of technical sciences, professor, a.z.asanov@yandex.ru, Russia,
Moscow, Institute of synthetic Intelligence, MIREA

Verkner Alexey Sergeevich, assistant, aleksverk@mail.ru, Russia, Moscow, Institute of synthetic
Intelligence, MIREA
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BBIBOP ITAPAMETPH3AITHH MATPHI] HETHHEHHOH CHCTEMBI VI T METOJIOB STATE-
DEPENDENT YIIPABJIEHHA

Kabanos A.A.

Annomayusn. Hccnedosanue noceésujeHo NPUMEHEHUI0 Memo0os, 3a8UCAWUX OM  COCIMOSHUS
rkoaghpuyuenmos  (State-dependent coefficient, SDC), oms pewenus nenuneinvix 3a0ay ONMUMATLHO20
ynpasnenust. Baocnvim smanom npumenenusi memooos SDC sensemcsa napamempusayus (maxoice 2060psim o
@axmopuszayuu) ucxoonou neruretinou cucmemsl k SDC 6udy. B npoutivix ucciedosanusx nokazamo, 4mo OJis
MHO2OMEPHBIX CUCTHEM YUCTO MAKUX napamempuzayuii OeckoneuHo. Bulbop npasunvHoll napamempusayuu
Modicem 0becneyums IyHuLy0 cxooumocms u kavecmea coomgemcmsyiowezo SDC memooa. B dannoii cmamve
npeocmagien pso Kpumepues, KOmopuvle MONCHO UCHOIb306amb Ojisl 6bl060pa nooxodswel napamempusayuu. Ha
npumepe 3a0ayu MOOeIUPOBANUSL KPYNHOMACUIMAOHBIX MYCCOHHbIX GHYMPUCE30HHBIX KONeOAHUUl HA OCHOBE
CUHMe3d ONMUMAIBLHO20 YNPABGNEHUs. HA KOHEYHOM UHMEPBALe GPEMeHU NPOGeOeH AHAIU3 BNUIHUS 68blO0pA
coomeememeyouje2o Kpumepus napamempusayuu Ojis peuwienusi 3a0adi, NoKa3aHa pabomocnocoOHOCHb
Memooa.

Knwouesvie cnosa. 3asucswyuii om cocmosnus xkoagguyuenm, state-dependent  coefficient,
paxmopuzayus, napamempuzayus, ONMUMAIbHOE YNPAeLeHUe, HeIUHEHAS CUCTeMd.

Kabanos Anexceii Anexcanoposuu, x.m.n, ooyenm, Kabanovaleksey@gmail.com, Poccus, Mockea,
QUI] «Hnpopmamuxa u ynpaerenuey PAH, Cesacmonons, Ceeacmonoivckuil 20Cy0apcmeeHHbill
VHUgepcumenm.

THE CHOICE OF PARAMETRIZATION OF NONLINEAR SYSTEM MATRICES FOR THE STATE-
DEPENDENT CONTROL METHODS

A.A. Kabanov

The research is devoted to the methods of state-dependent coefficient (SDC) for solving nonlinear
optimal control problems. An important stage in the application of SDC methods is the parameterization (or
even say factorization) of the original nonlinear system to the SDC form. In past studies, it has been shown that
for multidimensional systems, the number of such parameterizations is infinite. Choosing the right
parameterization can provide better convergence and quality parameters of the corresponding SDC method.
This paper presents a number of criteria that can be used for parameterization. By the example of the problem of
modeling large-scale monsoon intra-seasonal fluctuations based on the solution of the optimal control problem
in a finite time interval, the analysis of the influence of the choice of the appropriate parameterization criterion
on the solution of the problem is carried out.

Key words: state-dependent coefficient, factorization, parameterization, optimal control, nonlinear
system.

Kabanov ~ Aleksey  Alexandrovich, Candidate of  Technical Sciences, Docent,
kabanovaleksey@gmail.com, Russia, Moscow, Federal Research Center "Computer Science and Control" RAS,
Sevastopol, Sevastopol State University
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CKBO3HOE ITPOEKTHPOBAHHE ITH®POBOI' O IPHEMHHKA B SIMULINK
Oenobnun /I.H1., Tpyoonowun B.A., Kuszesa C. 1O

Aunnomayusn. Hanpasnennocms cmamvu —  00yueHue  CmyoOeHmos —MemoouKe — MOOeNbHO-
OPUEHMUPOBAHHO20 NPOCKMUPOSAHUSL HA NpuMepe Yu@dposoil Yacmu u36eCmuo20 MoourbHo2o npuemnuxa GSM.
Lughposas wacmes cocmoum uz ¢usuueckux komnonenmos (AL, sviuuciumens), unmepgheticos u nPocpamm,
ocywecmensaouux nepernoc cuenara I14 na wynegyio wacmomy. Apxumexmypa onucana ¢ System Composer
(Simulink), u cooeporcum sviuuciumens u 6ypepnvie oroxku namamu FIFO, noszsonsiowue eecmu obpabomiy
OQHHBIX NOPYUAMU 6 MHO203a0aunom pedicume. Modens ancopumma npeocmaenena ¢ Simulink, exouaem
nepemMHodcUmens U Habop Yyu@posvix Guibmpos-oeyumamopos. Ilpouszeeden 6vibop uacmomovl QUCKpemu3ayuu
ALl u  Hacmpoiiku  yugposvix  Guibmpos. Peanusayus xoweepmepa npeonodiceHa HA  OCHOBE
muxpoxoumpoanepa STM32xX. HUcnonvzosanut ceoticmea ALII no nepenocy cuenana uz gvicuux 30n Hatikeucma
6 nepeyio. s co30anus NpoSPaAmMMHO20 obecneueHus npousgedeHa asmomamuveckas cenepayus xkoda C

nonyuennou modemu  Simulink ¢ nepexomnunuposanuem 6 ummezpuposannoi  cpede  pazpaboOmKu
STM32CubelDE.

Knroueevie cnoea. Cucmemmuvili  ananus, aHaio2os0-yu@posoi npeobpazosameiv, Yu@pposou
NOHUdICAOWULL KOHBEPMED, MOOETbHO-0PUECHMUPOBAHHOE NPOEKMUPOBAHUE, MUKPOKOMPOILIED.

Oznobnun  [mumpuii  Heopeeuu, k.m.n., ooyenm ogldi@bmstu.ru, Poccus, Mockoeckuii
2ocydapcmeennplii mexuuueckuil ynusepcumem um. H.D. baymana

Tpyoonowur Bradumup Anamonvesuy, k.m.H, doyenm, trudonoshinva@bmstu.ru, Poccus, Mockogckuii
2ocyoapcmeennblll mexnuyeckutl ynusepcumem um. H.O. Baymana

Kuszeea Ceemuana FOpvesna, cmapwuii npenooasamens —Knyazeva@bmstu.ru, Poccus, Mockosckuil
2ocyoapcmeennvlll mexuuyeckuil ynugepcumem um. H.2. baymana

END-TO-END DESIGN OF A DIGITAL RECEIVER IN SIMULINK.
D.l. Ogloblin, V.A. Trudonoshin, S.Yu. Knyazeva

The focus of the article is teaching students the methodology of Model-Based Design using the example
of the digital part of a well-known mobile GSM receiver. The digital part consists of physical components (ADC,
calculator), interfaces and programs that transfer the IF signal to zero frequency. The architecture is described
in System Composer (Simulink) and contains a calculator and buffer FIFO memory blocks that allow processing
data in batches in multitasking mode. The algorithm model is presented in Simulink and includes a multiplier
and a set of digital decimator filters. ADC sampling rate and digital filter settings have been selected. The
implementation of the converter is proposed based on the STM32xx microcontroller. The properties of the ADC
in terms of signal transfer from the higher Nyquist zones to the first are used. To create software, automatic code
generation C of the resulting Simulink model was performed with recompilation in the STM32CubelDE.

Keywords: system analysis, analog-to-digital converter, digital down converter, model-based design,
microcontroller.

Ogloblin Dmitry Igorevich, candidate of technical sciences, docent, ogldi@bmstu.ru, Russia, Moscow
State Technical University N.E. Bauman

Trudonoshin Vladimir Alekseevich, candidate of technical sciences, docent, trudonoshinva@bmstu.ru,
Russia, Moscow State Technical University N.E. Bauman

Knyazeva Svetlana Yurievna, senior lecturer, knyazeva@bmstu.ru, Russia, Moscow State Technical
University N.E. Bauman
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MATEMATHYECKAS MOJEJIb OIITUMHU3AITHH HH®OPMAITHOHHOH JIOTHCTHKH
Moucees ., Hloxun A.T.

Annomayus. Paccmampuseaiomes 80npocvt nocmpoeHus NOAUMOOENbHO20 KOMNIEKca 0N peudeHus
3a0a4 ONMUMU3AYUU UHDOPMAYUOHHOU JNIOZUCMUKU 6 CUCTHEMAX, NOCMPOCHHbIX NO NPUHYUNY «POsLy C
npuMeHeHuemM cemeyenmpuieckozo ynpasnenus. Pewenue 3adau peanvHo2o epemeHu 8 napaoueme
JIO2UCMUYECKUX UHQDOPMAYUOHHBIX MEXHOL02UL, KO20d 0O0CMOSmMenbcmea mpedyom He npocmo peuieHus, d
MAKCUMATLHO  ObICMPO20, B36CUEHHOZ0 U NPU IMOM MAKCUMATLHO dPdekmusnozo nooxoda, mpedyem
PA36UMUSL HOBbIX MEMOO008 NPUKIAOHOU MAMeMamuky u ungopmamuru. B pamkax 0annoii pabomol 6bINOIHEHO
nocmpoeHue KOMNIeKCa MamemMamudeckux mooenetl Oisi pacnpeoeiumenbHblx 3a0ai 6eKmMopHOU ONMUMU3AYUY
10 COBOKYNHOCMU CKANIAPHBIX KPUMEPUEE: CIOUMOCIU nepedadu unpopmayuu, epemen 00CmasKu coooujerutl,
NOMEXOYCMOUYUBOCTU U BEPOSIMHOCHU O€30MKA3HOU pAOOmbI.

Knrouesvte cnosa. Cemeyenmpuueckas mMooeib, 102UCMULECKUE UHPOPMAYUOHHO-UHMEIEKINY A/IbHbLE
cucmema, Mooelb MUHUMUBAYUU —CIMOUMOCMHBIX NoKazamesell UHGOPMAYUOHHO20 mpagura, Mmooeisb
MUHUMUBAYUU ~ 8DEMEHHbIX NOMEpPb, CEA3AHHbIX ¢ obecneyeHuem UH@OOPMAYUOHHO20 OOMEHA MOoOeib
MAKCUMU3AYUU  HAOENCHOCMHLIX  (DYHKYUL 0bOecneyeHus cemeeozo mpagura, Mooelb MAaKCUMU3Ayuu
nokasameineil NOMexoyCmoudugocmu nepedasaemvpix coooujeHull.

Moucees JImumpuii Braoumuposuy, 0.m.u., npogheccop, dvmoiseev@sevsu.ru, Poccus, Cesacmonon,
Cesacmononbckuti 20cy0apcmeenHulil yHugepcumem

Hlokun Anexcanop [I'ennaouesuu, k.m.n. oOoyenm, asshokin@sevsu.ru, Poccus, Cesacmonons,
Cesacmononbckuti 20cy0apcmeenHulil yHugepcumem

MATHEMATICAL MODEL OF OPTIMIZATION OF INFORMATION LOGISTICS
D.V. Moiseev, A.G. Shokin

The article discusses the issues of constructing a polymodel complex for solving problems of optimizing
information logistics in systems built on the "swarm" principle using network-centric management. Solving real-
time problems in the paradigm of logistics information technologies, when circumstances require not just a
solution, but the fastest, most balanced and at the same time the most effective approach, requires the
development of new methods of applied mathematics and computer science. Within the framework of this work,
the construction of a complex of mathematical models for distributive problems of vector

Keywords: network-centric model, logistic information-intelligent system, model of minimizing the cost
indicators of information traffic, model of minimizing time losses associated with ensuring information
exchange, model of maximizing the reliability functions of providing network traffic, model of maximizing the
noise immunity of transmitted messages.

Moiseev Dmitry Vladimirovich, doctor of technical sciences, professor, dvmoiseev@sevsu.ru, Russia,
Sevastopol, Sevastopol State University

Shokin Alexander Gennadievich xandidate of technical science, docent, asshokin@sevsu.ru, Russia,
Sevastopol, Sevastopol State University



METOIBI COITPOTHBJIEHHA MATEPHAJIOB B MOJEJIH TOKAPHOH OFPABOTKH
HEJKECTKOI'O BAJIA

boxonckuii A.U., Yanas E.C.

Annomayus. [{ns Hexcecmko2o 6ana NOCMOSIHHO20 Ouamempa, 3aKpenieHHO20 8 YeHmMpax, noCmpoeHa
MOOelb KOMREHCAYUU YNpyeux nepemMewyeHutl om Cuibl pe3anusi npu asmomMamuyeckol mokapHou obpabomke.
Hcnonv3o6ansl yenosus pasHoeecust NIOCKOU CUCIEMbL CUL U Memo0 HAYalbHbIX napamempos. U3 pasencmea
HYIIO YNPY2020 nepemeujerust N0 HANnpaeieHuio CUbl Pe3aHusi Om KOMNEHCUPYIOWe20 6030eliCeUs U CUTbL
Pe3anust HauOeH 3aKOH USMEHEHUS. TOKAIbHO20 KOMIEHCUpyiowe2o (Ynpasisioue2o) 6030eticmeust Kaxk yHKyuu
KOOPOUHAMbL PACNONONCEHUs. CUNbL PE3AHUSL NPU ee OBUNCeHUU 6001b 3a20mosku. Komnencayus ynpyeozo
nepemewenust (Ui ynpasierus 0eqhropmMuposanuem) npusooUm K CHUNCEHUIO NO2PeUHOCIU OPMbl U PAZMEPO8
demannu.

Knroueswte croea. Toxapuas odpabomka, 6ai KOHEUHOU HCECMKOCMU, MEMOObl NPUKIAOHOU MEXAHUKU,
ynpyzoe deghopmuposanue, MOOeiU KOMREHCAYUuU nepemeujerull, MoYHOCHb 00pabomKuU.

Boxonckuii Anexcanop HMeanosuy, o.m.n., npogheccop, bohon.alex@mail.ru, Poccus, Cesacmonons,
Cesacmononvckuti 20Cy0apcmeenHulll YHusepcumen,

Yanas Enena Cepeeesna, npenodasamens, elenasergeevnae@yandex.ru, Poccus, Ceeacmononw,
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METHODS OF MATERIALS RESISTANCE IN THE MODEL OF TURNING OF A NON-RIGID
SHAFT

A.l. Bokhonsky, E.S. Chalaya.

It was constructed a compensating elastic displacements model from the cutting force during automatic
turning for a non-rigid constant diameter shaft fixed in the centers. The equilibrium conditions for a flat system
of forces and the method of initial parameters are used. From the equality to zero of the elastic displacement in
the direction of the cutting force from the compensating action and the cutting force, the law of change of the
local compensating action as a function of the coordinate of the location of the cutting force as it moves along
the workpiece is found. Compensation of elastic displacement (or deformation control) leads to a decrease in the
error in the shape and dimensions of the part.

Key words: turning, finite rigidity shaft, methods of applied mechanics, elastic deformation,
displacement compensation models, machining accuracy.
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KOHTPOJIb CAMOCTOJIKHOBEHHA MAHHITYJIATOPOB HA OCHOBE PEIIEHHUA 34/JAYH
KIIACCH®HKAITHH C ITIOMOIIbIO HEHPOHHOH CETH

Kpamapwv B.A. , Kpamape O.A., Kabanos A.A.

Annomayus. Cmamwsi onucviéaem npoyeoypy noCmMpOCHUsi HEUPOHHOU cemu Ol PeUleHUs: 3a0aiu KOHMpPOoJs
CAMOCMONKHOBEHUSL  MHO2036EHHbIX ~MAHUNYIAMOPO8 pobomomexnuyeckozo komniekca SAR-401 na ocnoge
knaccugurayuu. Ipeonacaemviii  nROOX00 AGIAEMCS  ANLMEPHAMUBOU  AHATUMUYECKOMY NOOX00Y KOHMPOTs
CAMOCMONKHOBEHUS, OCHOBAHHOMY HA NPUMEHEHUU HEKOMOPLIX Memo008 JUHEUHOU U MAMPUYHOU aneedpbl, a MAKIce
HelpocemesoMy — HA OCHO8e peuleHust pezpeccuonHoll 3adauu. Illpednazaemviii noOX00 N0360/15€m C GblCOKOU
CMENenvio BepOSIMHOCU  0aMb  OOHOCNIOJNCHBIL OMBEM O  BO3MOICHOCHU B03HUKHOBEHUS CAMOCHONKHOBEHUS
MAHURYISAMOPOS NPU BLINOIHEHUU MEXHOIOSUYECKUX ONePayuil.

Knrwouegvie cnosa. Mno2o3eennviti MaHunyasimop, pooom, HelpoHHas cemb, KIAcCupurayusl.
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CONTROL OF SELF-COLLISION OF MANIPULATORS ON THE BASIS OF SOLVING THE PROBLEM OF
CLASSIFICATION USING A NEURAL NETWORK

V.A. Kramar, O.A. Kramar, A.A. Kabanov
The article describes the procedure for constructing a neural network for solving the problem of controlling
the self-collision of multi-link manipulators of the SAR-401 robotic complex based on the classification approach. The
proposed approach is an alternative to the analytical approach to self-collision control, based on the use of some
methods of linear and matrix algebra, as well as to the neural network approach based on solving a regression
problem.

Keywords: multi-link manipulator, robot, neural network, classification.
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POBOTH3HPOBAHHBIH CAMOITIOTHACTPAHBAIOLIHHCSA H3MEPHTEJIbHBIH MOJY/Ih
Bacromenxo A.1l., Baraxun A.H.

Annomayus. Ilpueeden amanuz cxem camonooOHACMPAUBAOWUXCS UIMepUmMenbhblx cucmem. Paccmompenul
Memoobl YopMUposanus KOMAHO Ha NOOHACMPOUKY, UCCIEO08AHbI 3AGUCUMOCTIU CMEUWEHUsI YEHMPA SPYNNUPOSAHUSL 8
MOMEHM  NOOHACMPOUKU OMm CpeOHe20 K8AOPAMUYECKO20 3HAYEHUs. NOZPEUWHOCMU USMEPEHUs U GelUYUHbL ee
cucmemamuyeckoti - cocmasnsiowei. Ilpugedenvl  pe3yibmamvl  MOOEIUPOBAHUSL  3ABUCUMOCIU  NOSPEUHOCMU
NOOHACMPOUKU CPeOCmea usMepenus Oom cnocodoa @opmuposanuss KOMAHObL HA NOOHACMPOUKY U 3HAYEHUs
napamempog  usmepumenvHol — cucmemvl.  Ilpeocmasnena  cxema U Onucamue  NPUHYUNA  OeliCmeuUs
CAMONOOHACMPAUBAIOWE20CS PODOMUUPOBAHHOZ0 MOOYIIsL KOHMPOIS 6HYMPEHHE20 Ouamempa noaymy@dm.

Knwouesvie cnosa. Iloonacmpoiixa, usmepenue, npeobpazosameinsb, NOSPEUHOCMb, OUANAZ0H UIMEPEHUS,
2panuya NOOHACMpPOUKU, CMeweHUe YPOBHS HACMPOUKU.
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ROBOTIC SELF-ADJUSTING MEASURING MODULE
A.P. Vasyutenko, A.l. Balakin

The analysis of schemes of self-adjusting measuring systems is given. The methods of forming commands for
tuning are considered, the dependences of the displacement of the grouping center at the time of tuning on the mean
square value of the measurement error and the magnitude of its systematic component are investigated. The results of
modeling the dependence of the error of the adjustment of the measuring instrument on the method of forming the
command to adjust and the values of the parameters of the measuring system are presented. The scheme and
description of the principle of operation of the self-adjusting robotic control module of the inner diameter of the
coupling halves are presented.

Keywords: adjustment, measurement, converter, error, measurement range, adjustment boundary, adjustment
level offset.
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MOJEJIb ITPOITECCA OTHOBAPHAHTHOH OJJHOIIAPAMETPHYECKOH CEJIEKTUBHOH CEOPKH
JBYX 3JIEMEHTOB C YYETOM IIOT PEIITHOCTEH H3MEPEHHA ITPH HX COPTHPOBKE

Dununosuy O.B.

Annomayus. Paccmampueaemces npoyecc o0nonapamempuieckoi 00HOBAPUAHMHOU CENeKMUSHOU COOPKU
08YX 3]1eMEHMO8 O/l CIYYdsl UCTIONb30BAHUSL TUHEUHOU 3a6UCUMOCIU «8X00-6b1X00». Tlocmpoena mamemamuueckas
MOoOeb U NPedNodNceH MEeMOO, NO3BONIOWULL YHeCmb GIUSHUE NOSPEUHOCTEl USMEPEHUs NPU COPMUPOBKE DNIEMEHMO8
N0 CeNeKMUBHbIM 2PYNNamM U Oonpedeiums nokazamenu Kasecmea cbopounoeo npoyecca. Ilpueeden npumep
MOOENUPOBaHUsL U OYeHeHbl NEPCNEKMUBDI OATbHEUUUX UCCIe008aHUIL.

Knrwuesoie cnosa. Cenexmuenas c60p7<a, nocpeuHoCms UsSMEePerUsl, COpmupoeka, vamemamudecKas Mmooenb.
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MODEL OF THE PROCESS OF SINGLE-VARIANT ONE-PARAMETER SELECTIVE ASSEMBLY OF TWO
ELEMENTS, TAKEN INTO ACCOUNT OF MEASUREMENT ERRORS DURING THEIR SORTING

O.V. Filipovich
The process of one-parameter single-variant selective assembly of two elements for the case of using a linear
input-output dependence is considered. A mathematical model is constructed and a method is proposed to take into
account the influence of measurement errors when sorting elements into selective groups and to determine the quality
indicators of the assembly process. An example of modeling is given and prospects for further research are evaluated.

Keywords: selective assembly, measurement error, sorting, mathematical model.
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