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CHUHTE3 3AKOHA TEPMUHAJIBHOI'O YITPABJIEHUA OCTAHOBOM
SJIEKTPOIIPUBOJA METOJAOM SDRE

Ko3sipes B.I'.

Annomayun. Ilocmpoen 3aKOH MEPMUHANLHO20 YAPAGICHUS CKOPOCMbIO INEKMPONPUBOOd ¢
ogueamenem NOCHMOSAHHOZO MOKA NOCAe008AMENbHO20 6030ydicoenus ¢ npumenenuem memooa SDRE.
Ocobennocmob 3a0auu cOCMoum 8 HeIuHeluHoOM Xapakmepe OUHAMUKU dNIeKmponpueooa. Hzeecmuuvle memoovl
AHATUMUYECKO20 KOHCMPYUPOBAHUSL Pe2YNIIMOPO8 8 OAHHOM Ciyyae He npu2oonsl. Ilpumenenue memooa SDRE
NO36OUNO HAUMU 3AKOH YAPAGIeHUsl, pabomanowuii. no NPUHYUnY OOpPamHOU Cés3U U 0becneuusaowull
PABHOMEPHOE U ObLICMPOE YMEeHbUIEHUE CKOPOCIU NPUB0Jd 6NI0Mb 00 €20 OCMAHO8A 30 3A0AHHOE BPEMSL.

Kniouesvie cnosa. Tepmunanvhoe ynpaenenue, memoo SDRE, nenuneiinvlie cucmembl, 31eKmponpusoo,
nociedosamenvhoe 6030ydicoenue.

Kosvipes Bnaoumup ['eopeuesuu, k.m.H., Ooyenm, vidr.kzrv@yandex.ru, Poccus, Cesacmononw,
Cesacmononbckuii 20Cy0apcmeeHHblll YHUGEpCUumen

SYNTHESIS OF THE LAW OF TERMINAL CONTROL OF ELECTRIC DRIVE STOP BY THE SDRE
METHOD

V.G. Kozyrev

The law of terminal speed control of an electric drive with a DC motor of sequential excitation is
constructed by applying the SDRE method. The peculiarity of the problem is the nonlinear nature of the dynamics
of the electric drive. The known methods of analytical design of regulators are not suitable in this case. The
application of the SDRE method made it possible to find a terminal control mechanism that works on the feedback
principle and ensures a uniform and rapid reduction in the speed of the drive up to its stop in a given time.

Key words: terminal control, SDRE method, nonlinear systems, electric drive, sequential excitation.

Kozyrev Viadimir Georgievich, candidate of technical sciences, docent, vidr.kzrvi@yandex.ru, Russia,
Sevastopol, Sevastopol State University



JUHAMMWYECKHUE YCUJINA B QJIEMEHTAX IIOJIBECA ITPU KOJIEBAHUAX
MASITHUKA BOJTHOBOM SHEPTOYCTAHOBKHU

boxonckuii A.1., PeixkoB A.1

Annomayun. C ucnoiv3o8anuem YAPOWEHHOU OUHAMUYECKOU MOOenu B0JHOB0U IHEP20YCMAHOBKU
UCCIe008aHbl KONCOAHUA BHYMPEHHUX NPOOOIbHLIX YCUIUNL 8 HeCYWux CMepiCHAX noogeca MASAMHUKA Npu
2OPUBOHMANLHBIX BOTHOBbIX B030CUCMBUAX. 3HAYEHUS NePUOOUHECKUX OUHAMUYECKUX YCUTUL NO360AI0OM
OYeHUMb NPOYHOCIb CHI0EK C NO3UYUIL YCIATIOCMU MaAmepuana.

Knwuesvle cnoea: e6onnosas I9HepeoyCcmaHoB8Ka, Konebanus MaAMHUKA, KOHCMPYKYUs nodeeca,
ouHamuueckue GHYMPEHHUE )Y CUTIUAL.

boxonckuii Anexcandp Heanosuu, 0.m.H., npogheccop, bohon.alex@mail.ru, Poccus, Cesacmononw,
Cegacmononbckutl 20Cy0apcmeennblil yHusepcumen

Puisickos  Anexcandp  Heopesuu, cmapwuti  npenodasamensv, — ryzhkov2206@mail.ru, Poccus,
Cesacmononw, Ce8acmononbCKuii 20Cy0apCmeer bl YHUSepCcumen

DYNAMIC FORCES IN THE SUSPENSION ELEMENTS DURING OSCILLATIONS OF THE
PENDULUM IN A WAVE POWER PLANT

A.I. Bokhonsky, A.I. Ryzhkov

Using a simplified dynamic model of a wave power plant, the oscillations of internal longitudinal forces
in the bearing rods of a pendulum suspension under horizontal wave effects are studied. The values of periodic
dynamic forces make it possible to evaluate the strength of the posts in terms of material fatigue.

Key words: wave power plant, pendulum oscillations, suspension design, dynamic internal forces.

Bokhonsky Alexander, doctor of technical sciences, professor, professor of the department «Digital
Designy, bohon.alex@mail.ru, Russia, Sevastopol, Sevastopol State University,

Ryzhkov Aleksandr, senior lecturer of the department «Digital Designy, ryzhkov2206@mail.ru, Russia,
Sevastopol, Sevastopol State University



HNCCIHEJOBAHUE TOYHOCTHU NOBTOPAEMOCTHU IIO OCHU Z MO YJISA HA BA3E
MAHUITYJATOPA THUIIA SCARA

Ckursie JI.U., [Ipoouteko A.U., Jloces /.B., Yanenkos H.U., 3amopénos .M.

Annomayusn. Buinonneno ucciedoganue MOYHOCMU NOSMOPAEMOCMU NO ocu Z MoOyis Ha 0Oase
manunynamopa muna SCARA. Ocobennocmvio MaHunyiamopos 0anHo20 Mund s6Isemcsi peliadiCHas cucmemd,
Komopas obecneyusaem nepemeujerie KOHeuHo2o 36ena 6 niockocmu XY 3a cuem @pawjamenbHulx npugooos
poiuazos mexanusma. Onucana konempyxkyus Mooyas na oase manunyiamopa muna SCARA, cxemvi ucciedosanus
MOYHOCMU NOBMOPAEMOCHU (NOBMOPHO20 8bIX00A paboue20 Op2anHa MAHURYIAMOpPA HA mouky). Ilpugedenvl
pe3yibmamul UCCIE008aHUSL NOBMOPHO20 GbIX00A paboUe2o Opeana MAHUNYISMOPA HA MOYKY.

Knroueswie cnosa: manunynamop, SCARA, mounocmos, nodmopsaemocho.

Crkumses [Hanuun Heanosuu, cmyoenm, skittles.dan@mail.ru, Poccua, Cesacmononvckuii
20¢cy0apcmeeHHblIl yHugepcumem

Jlpobumexko Apmem Heopesuu, cmyodeum, artemdko@gmail.com, Poccus, Cesacmononvckuil
20¢cy0apcmeeHHblIl yHugepcumem

Jloces  /lanuun  Banepvesuu,  cmydenm, ldaniil02@mail.ru,  Poccus,  Cesacmononvbckuil
20cy0apcmeeHHblIl yHugepcumem

Yanenkoe Huxuma Heoepsuu, accucmenm, chalenkov-nikita@yandex.ru, Poccus, Cesacmononvckuii
20Cy0apCcmeeHHbLIL yHUGepcumen

3amopénoe Hnvs Muxatinosuu, cmyodenm, ilia.zamoryonov@gmail.com, Poccusa, Cesacmononvckuti
20Cy0apCcmeeHHbLIL yHUGepcumen

STUDY OF REPEATIABILITY ACCORDING TO THE Z-AXIS OF A MODULE BASED ON A SCARA
TYPE MANIPULATOR

D.I. Skityaev, A.I. Drobitko, D.V. Losev, N.I. Chalenkov, I.M. Zamoryonov

The article studies the repeatability accuracy along the Z axis of a module based on a SCARA type
manipulator. A feature of manipulators of this type is the lever system, which ensures the movement of the final
link of the manipulator in the XY plane due to the rotational drives of the levers of the mechanism. The description
of the design of the module based on the SCARA type manipulator, the scheme for studying the accuracy of
repeatability (repeated exit of the working body of the manipulator to a point) is given. And also the results of the
study of the repeated exit of the working body of the manipulator to the point are presented.

Key words: manipulator, SCARA, accuracy, repeatability.

Daniil Ivanovich Skityaev, student, skittles.dan@mail.ru, Russia, Sevastopol State University

Drobitko Artem Igorevich, student, artemdko@gmail.com, Russia, Sevastopol State University

Losev Daniil Valerievich, student, ldaniil02@mail.ru, Russia, Sevastopol State University

Chalenkov Nikita Igoervich, assistant, chalenkov-nikita@yandex.ru, Russia, Sevastopol State University

Zamoryonov Ilya Mikhailovich, student, ilia.zamoryonov@gmail.com, Russia, Sevastopol, Sevastopol
State University



CTAIIUOHAPHBIE XAPAKTEPUCTHUKHU JIBYXKOMIIOHEHTHOM CUCTEMBI
OBCIIYKUBAHUA C HOTEPAMU U KOHTPOJIEM KAYECTBA OBCJIY) KUBAHUA

Ilecuanckmii A. .

Annomayun. O6vekmom UCCIe008AHUA  AGIACMCS  OBYXKOMNOHEHMHAS CUCMEMAd — MACCO8020
00CTYIHCUBAHUSL C NOMEPAMU, NPOCIEUUUM BXOOAUUM HOMOKOM U BPEMEHAMU OOCIYICUBAHUS 3A5AB0K 00Uje20
suoda. Ilpeononacaemcs, ymo nocie 3a8epuleHus 0OCIYHCUBAHUS 3AABKU KAHCObIM NPUOOPOM OCYUleCmBIAemcs
KOHMPOIb HAO KAYecmeoMm e20 nposederus. B ciyuae Hey0081emeopumenbHo20 00CIYHCUBAHUA 3AA8KA CPA3Y JHce
HANpasisemcs Ha NOBMOPHOe O00CIYHCUBAHUE, KOMOopoe Nosmopsaemcs 00 mex nop, noka obcayxicusamie He
6ydem npusHano yoogiemeopumenvHuim. Ilocmpoena mamemamuyeckas Mooenb QYHKYUOHUPOBAHUS CUCTNEMbI,
Hati0eHbl QuHATbHBIE 8EPOIMHOCIU U CPeOHUe CMAYUOHAPHbIE 8peMeHa Npebbi8anUs CUCEeMbl 8 PA3TUUHBIX
Qusuueckux cocmoanusx.

Knwuesvie cnosa. ﬂGyXKOMI’lOHeHmH(lﬂ cucmema, KOHmpoJb Kadvecmeda 06C]ly.7f€u6aHM}l, d)uH(l]leble
eeposiimuocmu cocmomtud, cpe()Hue cmayuoHapHsvle 6pemena np€6b16aHuﬂ 6 COCMOAHUAX

Hecuanckuii Anexceu Hseanosuu, 0.m.u., npogheccop, peschansky sntu@mail.ru, Poccus, Ceséacmonony,
Cesacmononbckuii 20Cy0apcmeeHHblll YHUGEpCumen

STATIONARY CHARACTERISTICS OF A TWO-SERVER LOSS QUEUING SYSTEM WITH REGARD
TO SERVICE QUALITY CONTROL

A.I Peschansky

The object of the study is a two-server loss queuing system. Poisson incoming flow and arbitrary
distributions of service times are considered. After each request service its quality control is carried out. In case
of unsatisfactory service quality, the request undergoes recurrent service immediately. The service is repeated
until it is regarded as satisfactory. The mathematical model of the queuing system operation is constructed. The
final probabilities and the average stationary sojourn times in the system physical states are obtained.

Keywords: two-server queuing system, service quality control, final probabilities of states, average
Stationary sojourn times in states

Peschansky Alersey Ivanovich, doctor of technical sciences, professor, peschansky sntu@mail.ru,
Russia, Sevastopol, Sevastopol State University



CUCTEMA NNOJAEPKKU MPUHATHUA PEHIEHUSA ITO YIIPABJIEHUIO CTPYKTYPHO-
CJOXHBIMHU OPTAHU3AIIMOHHO-TEXHUYECKUMHU CUCTEMAMHU CIIEHHUAJIBHOT' O-
HA3HAYEHUA

ITonskoB A.A., Moucees /[.B., Mamenko E.H.

Annomayun. B cmamve noonumaemces onpoc o HeodX0OUMOCmu paspabomxu cucmemvbl HOOOEPI’CKU
NPUHAMUSL PeUeHUsl N0 YAPAGLEHUIO CMPYKMYPHO-CLONCHBIMU OP2AHU3AYUOHHO-INEXHUYECKUMU CUCTEeMaMU
B0CHHO20-HA3HAYEHUsL HA Dase 00ue20 J102UKO-8ePOMHOCMHO20 Memodd. B kauecmee npomomuna 6 cucmembl
NOOOEPIHCKU NPUHAMUSL PEULCHUS NPUMEHAEMCsL 00WUll 102UKO-8EPOSIMHOCHHbIIL MEeMO0 C 803MONCHOCHAMU
yuema ycroeuil U OSPAHUYEHUNl UCCAeOVeMblX CUCMEM, HOCAWUX BEPOSMHOCMHbI Xapakmep, a maxxice
BKIIOUEHUE OONOTHUMETLHBIX UHCIPYMEHMO8, MAKUX KAK UMIIUKAMUBHBIL 00K, NPeOCAasienHbll O10KOM
BbINOAHEHUS 3A0AHHO20 YC08US U (DYHKYUOHANLHBLIL DNEMEHM C HAKATUBAIOWUM NOKA3AMETIEM.

Knruesvie cnosa. Memoouxa evibopa 3¢pghexmusHoii cmpameeuu pewieHus, cucmema noooepi KU
NPUHAMUS PEUEeHUs, AGMOMAMU3AYUS NOOOEPIHCKU NRPUHAMUSL PeUleHUsl, 0OWULl 102UKO-8EPOAMHOCTHbIN MEmOoo,
MOOenuposanue, HeCOBMeCMHbLE U COBMECHbIE COObIMUSL.

Honakoe Anexcandp Anexcanoposuu, x.m.H., doyenm, sansanich44@mail.ru, Poccus, Ceeacmonony,
Yeprnomopcxoe svicutee goenno-wopckoe yuunuwe um. 11.C. Haxumosa.

Moucees [mumpuii Braoumuposuu, 0.m.H., Ooyenm, npogeccop, dvmoiseev@sevsu.ru, Poccus,
Cesacmononw, Ce8acmononbCKkuili 20Cy0apCmeeH bl YHUBEpCumen

Mawenxo Enena Huxonaesna, x.m.H., Ooyeum, elmachenko@mail.ru, Poccua, Cesacmonony,
Cesacmononbckuti 20Cy0apcmeenHulil YHUsepcumem

DECISION SUPPORT SYSTEM FOR MANAGING STRUCTURALLY COMPLEX ORGANIZATIONAL
AND TECHNICAL SYSTEMS OF SPECIAL PURPOSE

A.A. Polyakov, D.V. Moiseev, E.N. Mashchenko

The article raises the question of the need to develop a decision support system for the management of
structurally complex organizational and technical systems for military purposes based on a common logico-
probabilistic method. As a prototype, a general logical-probabilistic method is used in decision support systems
with the possibility of taking into account the conditions and limitations of the systems under study, which are
probabilistic in nature, as well as the inclusion of additional tools, such as an implicative block represented by a
block of fulfillment of a given condition and a functional element with a heating display.

Key words. Methodology for choosing an effective decision strategy, decision support system, automation
of decision support, general logic-probabilistic method, modeling, incompatible and joint events.

Polyakov Alexander Alexandrovich, Candidate of Technical Sciences, Assoc., sansanich44@mail.ru,
Russia, Sevastopol, the Black Sea Higher Military-Naval School named after P.S. Nakhimov.

Moiseev Dmitry Viadimirovich, Doctor of Technical Sciences, Assoc., prof. Departments of ITICS,
dvmoiseev(@sevsu.ru, Russia, Sevastopol, Sevastopol State University

Mashchenko Elena Nikolaevna, candidate of technical sciences, docent Professor, elmachenko@mail.ru,
Russia, Sevastopol, Sevastopol State University



HOJIYMAPKOBCKASI MOJIEJIb YYACTKA UHTEJUIEKTY AJIBHOM
PACHPEJIEJIMTEJABHOM CETHU

Cunopos C.M., Ooxepus 10.E., denopenko C.H.

Annomayun. Idnekmpuyeckas cemv NPeOCMAGIAem CIONCHYIO CUCMEMY, COCMOAWYIO U3 OOIbUO20
YUCIa MEPPUMOPUATILHO PACIPEOCTEHHBIX DNIEMEHIO8, MAKUX KAK JUHUU dJleKmponepeoayu, mpancgopmamopul,
nOOCMaHYuu, KOMMYMAYUOHHbIE ANNApamol, 3awumusle ycmpoicmea u m.0. B c¢ea3u ¢ 2n06anvholl
yupposuzayueil U UHMELIEKMYAIU3AYUEU COBPEMEHHO20 MUPA U POCMOM HOMPeONseMOl dNeKMPOIHEPSUU,
0000 AKMyanbHOU CMAHOBUMCS 3A0aY¥d COBEPUICHCTNBOBAHUSL INEKMpuyeckux cemeil. HumennexmyanbHule
yugpposwvle cemu npuzeanvl pewums smy 3adaqy. C ROMOWbIO HOBbIX MEXHOAO2UL B0ZMONCHO MOOEPHUZUPOBAMb
cywecmgyrowue  cemu  (00bluHO  ycmapeswiue),  umo — obecneuugaem — NOGbIUEHUE — HAOEHCHOCHU,
OMKA30YCMOUMUBOCIIU, 2UOKOCIU U IPDEKMUBHOCTNIU CUCTIEMbL  DJIeKMPOCHADICEHUS, MpeOysi MeHbUIUX
IKOHOMUYECKUX 3ampam, yYem NOJHas 3ameHa cemu. HMumennexmyanvuvie yughpogvie cemu CHOCOOHBL 6
ABMOMAMUYECKOM PedCUMe UMEHAMb C80U NAPAMEempbl U YHpAasiamb 000py00GaHUeM U INeMEHMAMU.
Ilocmpoena noaymaprosckas mooenb YHacmKd pacnpedeiumensHol cemu Yugpogozo yueOH020 Noau2oHda
Cegl'Y, npedcmasnsiioujeco uz ce6s unmerreKmyanoHyro cemo. Onpeoensitomes CmayuoHapHvle Xapakmepucmuxu
HAOEIHCHOCMU, PACCMAMPUBAEMO20 YYACMKA CEmU.

Kniouegvle cnosa. Onekmposnepeemuieckas cucmemd, pacnpeoeiumenbias cemy, UHMeNLIeKmyaIbHAs.
yugposas cemn, yugposoit POC, norymapkosckas mooenb, CMayuoHapHule XapaKkmepucmuK Ha0elICHOCMU.

Cudopos Cmanucnag Muxaunoeuy, K.m.H., Ooyenm, xaevec@mail.ru, Poccua, Cesacmonony,
Cesacmononbckutl 20Cy0apcmeenHulil YHUusepcumem

Obocepun FOpuii  Eecenvesuu, o.m.H., npogheccop, objsev@mail.ru, Poccus, Cesacmonois,
Cesacmononbckutli 20Cy0apcmeenHulil YHUsepcumem

@eodopenxo Cepeeri  Huxonaesuu, cmapwuii  npenooasamens, sergey.fedor@mail.ru, Poccus,
Cesacmononb, CesacmononbCKuil 20Cy0apCmeeH bl YHUSepCUmem

SEMI-MARKOV MODEL OF AN INTELLIGENT DISTRIBUTION NETWORK SECTION
S.M. Sidorov, Yu.E. Obzherin, S.N. Fedorenko

The electrical network is a complex system consisting of a huge number of territorially distributed
elements, such as power lines, transformers, substations, switching devices, protective devices, etc. In connection
with the global digitalization and intellectualization of the modern world and the growth in electricity
consumption, the task of improving electrical networks becomes especially relevant. Intelligent digital networks
are designed to solve this problem. With the help of new technologies, it is possible to upgrade existing networks
(usually obsolete), which provides an increase in the reliability, fault tolerance, flexibility and efficiency of the
power supply system, requiring less economic costs than a complete replacement of the network. Intelligent digital
networks are able to automatically change their parameters and control equipment and elements. In this article,
a semi-Markov model of a section of the distribution network of the digital training ground of SevGU, which is an
intelligent network, is built. The stationary reliability characteristics of the considered section of the network are
determined.

Key words: electric power system, distribution network, intelligent digital network, digital RES, semi-
Markov model, stationary reliability characteristics.

Sidorov Stanislav M., candidate of technical sciences, associate professor, xaevec@mail.ru, Russia,
Sevastopol, Sevastopol State University,

Obzherin Yuriy E., doctor of technical sciences, professor, objsev@mail.ru, Russia, Sevastopol,
Sevastopol State University,

Fedorenko Sergey N., senior lecturer, sergey.fedor@mail.ru, Russia, Sevastopol, Sevastopol State
University.



NHO®OPMAINIMOHHASA CUCTEMA INOJAEP KK TPAHCIIOPTHOI'O
OBCIIY KUBAHUSA MTAPKOBO — PEKPEAIIMUOHHBIX 30H C IPUMEHEHUWUEM
BECHUJIOTHBIX TEXHOJIOT Ui

Hoponunna 10.B., Mycradaesa M.1.

Annomayun. B pabome paccmompernvl npunyunvl GopMupoeanus cmpykKmypvl U 0cobenHocmell
dyHKyuoHUpoBanUs UHDOPMAYUOHHOU CUCMEMbl NOOOEPAHCKU MPAHCHOPMHO20 OOCIYHCUBAHUS  KPYNHBIX
NPOCMPAHCMBEHHO PACNPEOECTICHHbIX, HO eOUHbIX C JIOSUCMUYECKOU MOYKU 30H HA Npumepe NapKogo-
pexpeayuonnoii 30nbl. IIpednoscenvt nymu peuwienuss HA OCHO8E NPUMEHEHUs OGeCRUTOMHBIX MEXHOL02ULl
HeCKOMbKUX MUN08: OeCNUIOMHbIX 1emamenbHblX annapamos u OecnulomHblX MpAaHCHOPMHBIX CPEOCS.
Ipeonoosicennvle peuteHuss NO3GONULU NOCMPOUND KAPKACHYIO UMUMAYUOHHYIO MOOelb, NOIYYUMb OYEHKU
npPoU3B00UMENbHOCIU 0a3bl OAHHBIX 8 COCMAge UHOOPMAYUOHHOU CUCTEMbl HOOOEPIHCKU MPAHCNOPMHO20
06cnycusanust u 060CHOBANMb NYMU PA3GUMUS NPEOTIONHCEHHOU MOOETU.

Knrouesvie cnosa. mpancnopmuoe 00CHysCUBAHUE, UHDOPMAYUOHHAS —cucmemd NOOOEPI’CKU,
becnunommvle MpaHcnopmusie cpeoCcmsd, 2UOPUOHAs MOOeb.

Hoponuna FOnus Banenmuwnosna, 0.m.H., Oooyemwm, YVDoronina@sevsu.ru, Poccus, Ceséacmonony,
Cegacmononbckuti 20Cy0apcmeennblil yHusepcumen

Mycmagpaesa Mepvem Hopaumosna, acnupanm, Poccus, Ceeacmononv, Cesacmononbckull
20¢y0apcmeeHHblIl yHugepcumen

INFORMATION SYSTEM FOR SUPPORT OF TRANSPORT SERVICES OF PARK AND
RECREATION AREAS WITH THE USE OF UNMANNED TECHNOLOGIES

Yu.V. Doronina, M.I. Mustafaeva

Annotation. The paper considers the principles of the formation of the structure and features of the
functioning of the information system for the support of transport services of large spatially distributed, but unified
from a logistical point of view zones on the example of a park and recreation zone. Solutions based on the use of
unmanned technologies of several types are proposed: unmanned aerial vehicles and unmanned vehicles. The
proposed solutions made it possible to build a frame simulation model, to obtain estimates of the database

performance as part of the transport service support information system and to justify the ways of development of
the proposed model.

Keywords: transport services, information support system, unmanned vehicles, hybrid model.

Doronina Yulia Valentinovna, doctor of technical Sciences, docent, YVDoronina@sevsu.ru, Russia,
Sevastopol, Sevastopol State University
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UEPAPXUYECKHUE MOJIEJIA ONITUMU3AIIMU PACIIMCAHUM OBPABOTKHU ITAPTUI
B MEJIKOCEPUMHBIX ITPOU3BOICTBAX

Kporos K.B.

Annomayusn. 3aoauu onmumuzayuu pacnucanuii oopabomxu napmuil demaneli 8 MeIKOCEePUIHbIX
nPoOU3800CMEAX AGNSIOMCS HEPA3PEUUMBIMU 3a 02PAHUYEHHOE 8peMsi. B cesaszu ¢ smum akmyanvha paspabomka
HOBbIX NO0X0008 O/ peulenus YKA3aHHbIX 3a0ay O0abulol pasmepHocmu. B moowce eépems npaxmuyeckue
nompedHocmu  00YCIABIUBAIOM  HEOOXO0UMOCMb  yduema O0COOeHHOCmel NPOU3800CMBEHHbIX NPOYECCcos
obpabomxu napmuil, C6A3aHHbLIX C OPMUPOBAHUS KOMNIEKMO8 U 3A0AHUEM 0SDAHUYEHUU HA OAUMETbHOCTNU
UHMeEPBAN0s pemeH PYHKYUOHUPOBAHU 0OPAOAMBIBAIOWUX CUCTIEM.

B pabome paszeusaemcs uepapxuueckuii nooxo0 K MamemMamuiecKomy MOOeIUpO8aHUIo npoyeccos
0b6pabomku napmui 0emaiell 8 MeIKOCEPULHbIX NPOU3EOOCMBAX, UMO NO360AULO CUHMEIUPOBANb MOOETU IMUX
npoyeccos, UCNOIb3yeMble NPU peueHul pasiudtblx 3a0a4 onmumuzayuy pacnucanuil. Paseum uepapxuyeckuii
n00X00 K ONMUMU3AYUU PACNUCAHUL 0OpAOOMKU NAPMUL, YMO HO3BOAUNO CHOPMUPOBAMb MAMEMAMUYECKUe
MOOenU UepapxuiecKux uep Oasl peuleHus pasiudtbix 3a0a4 YNpasieHus npou3eo00CmMEeHHLIMU NPOYeCcamu, ¢
yuémom ocobenHocmell, CeA3AHHbIX ¢ (OpMUpOBAHUEM KOMIIAEKMOG8 U OPAHUYEHUSMU HA Pecypcbl
00pabamvl8awux cucmem.

Knrwouesste cnosa. I'ubkaa npousgo0cmeenHas cucmema, napmuu oemanel, pacnucanus, KOMNIeKmsi,
02paHUYeHUs Ha pecypchl, uepapxuyeckue Mooeiu npou3so0CmEeHHbIX NPOYECCO8, MOOeNU UEPAPXULEeCKUX USD
ONMUMU3AYUU PACNUCAHUIL.

Kpomos Kupunn Buxmopoguu, k.m.H., doyenm, Ce8acmononbCKuil 20Cy0apCmeeHHblil YHUgepcumen

HIERARCHICAL MODELS OF SCHEDULE OPTIMIZATIONBATCH PROCESSING IN SMALL-
SCALE PRODUCTION

K.V. Krotov

The tasks of optimizing the schedules for processing batches of parts in small-scale production are
unsolvable for a limited time. In this regard, the development of new approaches for solving the above problems
of large dimension is relevant. At the same time, practical needs make it necessary to take into account the features
of the production processes of batch processing associated with the formation of kits and the setting of restrictions
on the duration of the time intervals of the processing systems. The paper develops a hierarchical approach to
mathematical modeling of the processes of processing batches of parts in small-scale production, which allowed
synthesizing models of these processes used in solving various tasks of optimizing schedules. A hierarchical
approach to optimizing batch processing schedules is also being developed, which has made it possible to form
mathematical models of hierarchical games for solving various tasks of managing production processes, which
also take into account the features associated with the formation of kits and restrictions on the resources of
processing systems.

Keywords: flexible production system, batches of parts, schedules, kits, resource constraints, hierarchical
models of production processes, models of hierarchical games of schedules optimization

Krotov Kirill Viktorovich, candidate of technical sciences, docent, Sevastopol state University



JATYUKHU YETBIPEX OCEBOI'O THPOCKOIINYECKOI'O BJIOKA U BEJIMUYNHA HIYMA
Msmectoes U/, llensrckuit A.B.

Annomayusn. Paccmompenul 6apuanmul pacnonodtcerus oceti 2UpocKkonuuecko2o OaoKka, BKuoyYanwyezo 6 ceos
yemvipe 4YBCMBUMENbHBIX JIeMEHMA MBEPOOMENbHbIX BOIHOBbIX 2UPOCKON08 8 Kauecmee oamuuxos. Memodom
HAUMEHbWUX KBAOPAMO8 OnpedeneH NOJNONCUMENbHbIU I @eKm om KOMIAEKCUPOBanUs u30bImouHou ungopmayuu 6
CyHasx ucnpasHou u asapuiinoii pabomsl. Ilpogedeno mooenuposanue pabomvl YyECMEUMETbHLIX INEMEHMO8 U
paccmompenvl  nepsvie Mool Koaebanutl. Onpedenenvl d¢hghekmuguvie yenvl, Onpeoersiowue PAacnoioiceHue
UBMEPUMENbHBIX OCell 8 CUCTEMe KOOPOUHAM 2UPOCKORUYECK020 OIOKA.

Kniouesvie cnosa: TBI, cupockon, uyS8CcmGUMENbHLIL JAeMeHM, M00d Kolebanutl, u30bIMmoyYHOCMb,
KOMNJIEKCUPOBAHUE, MEMOO0 HAUMEHLIUUX K8AOPAMO8

Hsmecmoves Hean [Imumpuesuu, macucmpaum, i.d.izmestev@mail.ru, Poccus, Hocesck, Howcesckuii
eocyoapcmeennblii mexnuueckutl yHusepcumem umenu M.T. Karawnuxosa

LJenamckuii Anexceti Banepveguu, 0.m.H., npogheccop, bkkupol@istu.ru, Poccus, Houcesck, Howcesckuii
eocyoapcmeennblii mexnuueckutl yHusepcumem umenu M.T. Karawnuxosa

SENSORS OF THE FOUR-AXIS GYROSCOPIC UNIT AND THE AMOUNT OF NOISE
L.D. Izmestyev, A.V. Schenyatsky

The variants of the arrangement of the axes of the gyroscopic unit, which includes four sensing elements of solid-
state wave gyroscopes as sensors, are considered. The least squares method has determined the positive effect of
combining redundant information in cases of serviceable and emergency operation. The simulation of the operation of
sensitive elements is carried out and the first modes of oscillations are considered. The effective angles determining the
location of the measuring axes in the coordinate system of the gyroscopic unit are determined.

Keywords: HRG, gyroscope, redundancy, aggregation, least squares method, sensing element, oscillation mode

Izmestyev Ivan Dmitrievich, master's student, i.d.izmestev@mail.ru, Izhevsk, Izhevsk State Technical University
named after M.T. Kalashnikov, Russia

Shenyatsky Alexey Valeryevich, doctor of technical sciences, professor, bkkupol@istu.ru, Izhevsk, Izhevsk State
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PACIIO3HABAHUSI HEUCIIPABHOCTEN MAILIMHOCTPOUTEJBHBIX U3AEJIUI
Ocunos K.H., Hosukos B.B.

Annomayusn. Ilpednrazaemcsi nooxo0 K pacho3HABAHUIO MEXHUYECKUX COCMOSHUL MAUWUHOCMPOUMEIbHbIX
usdenuii 0OUEMeXHUUecKo20 NPeOHA3HAYEHUsl, UCHONb3YSI MeMOOOJI02UI0 UCKYCCMBEHHBIX C8EPMOYHbIX HeUpOHHbL
cemetl. Hosusna npednazaemozo nooxooa 3axkiodaemcs 8 NpUMeHeHUU 8 Kayecmee s0pa c6epmKu Habopa HeAUHelHbIX
DunLbmpos, MUHUMUSUPYIOWUX UHPOPMAYUOHHOE DACXONCOEHUE MeHCOY UCXOOHOU U pPedyYuposamHou mampuyer
QUASHOCMUYECKUX NPUSHAKO8 MEXHUYECKUX COCMOSHUIL.

Knroueswie cnosa. Mooenupoganue, OuazHoCmuxa, 00beKmHo-coObIMUIHOE MOOETUPOSAHUE.

Ocunoe Koncmanmun Hukonaesuy, k.m.n., cmapwuii Hayunviti compyonux HUJI-1 Yepromopckozo vicuiezo
soenHo-mopckoe yuuruwa, Ceeacmononn

Hoesuxoe Braoumup Bumanvesuu, 0.m.n., npogeccop, HYepromopckoe svicuiee 80EHHO-MOPCKOE YHULUWE UM.
II.M. Haxumosa, Cesacmononv

FAULTS RECOGNITION OF MACHINE-BUILDING PRODUCTS
K.N. Osipov, V.V. Novikov

An approach is proposed to recognize the technical conditions of engineering products for general technical
purposes, using the methodology of artificial convolutional neural networks. The novelty of the proposed approach lies
in the use of a set of nonlinear filters as a convolution kernel, minimizing the information discrepancy between the original
and reduced matrix of diagnostic features of technical conditions. The issues of forming the rules for constructing an
output classifier in the form of a fully connected neural network are not considered within the framework of this work,
since they are considered trivial.

Key words: modeling, diagnostics, object-event modeling.

Osipov Konstantin Nikolaevich, candidate of technical sciences, senior researcher at NIL-1 of the Black Sea
Higher Naval School, Sevastopol

Novikov Vladimir Vitalievich, doctor of technical sciences, professor, Black Sea Higher Naval School named
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