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34/1A94 CAMOHABEJEHHA ABTOHOMHBIX ITOJBOJHBIX AITIIAPATOB B IIPHCYTCTBHH
MOABOAHBIX TEYEHWUH

Kunaxoe I1.B.

THE TASK OF SELF-GUIDING AUTONOMOUS UNDERWATER VEHICLES IN THE PRESENCE
OF UNDERWATER CURRENTS

Zhilyakov P.V.

Annomayusa. Paccnampusaemes  3a0aua  npugeoeHus: Aa8MOHOMHBIX NOOBOOHLIX —annapamos K
3a0aHHOU yenu npu OBUICEHUU 6 20PUSOHMANLHOU NIOCKOCMU U OeUCMBUU CUTLHO20, USMEHSIOue20Cs 6O
epemenu meuenus. Ynpaenenue opmupyemcs no u3o0pajdceHusm, HOCMYNAOWUX ¢ BUOCOKAMepbl UIU
auopoakycmuueckoeo oamuuxa. [Hus  npugedenus AIIA K yeau UCHONbL3YeMCA HECKOAbKO Memooo8
camonagedenus, Habniooamenb meueHus ¢ Koppekyueu meuenus. Pesynomamuvl  uii0CmMpupyiomcs
KOMAbIOMEPHBIM MOOETUPOBAHUECM.

Abstract. This article considers the problem of bringing autonomous underwater vehicles to a given
target when moving in a horizontal plane and under the action of a strong, time-varying current. The control is
formed from images coming from a video camera or a sonar sensor. To bring the APA to the target, several
homing methods are used, a flow observer with flow correction. The results are illustrated by computer
modeling.

Knrouesvie cnosa. Aemonommuvie no08ooHvie annapamol, CUCMEMA YAPAGLEHUs. ¢ 0OPAMHOU C853b10,
MemoOobl HagedeHUsl Ha Yelb, HAOI00amenb HOOBOOHO20 MeYeHUsl, KOMNEHCAYUss NOOBOOHO20 MedeHUs..

Keywords. Autonomous underwater vehicles, feedback control system, aiming method, underwater
current observer, underwater current compensation.

JKunsikoe  Iagen Bradumupoeuu, mnadwuii Hayuwelii compyonuk, yany @mail.ru, Poccus,
Cesacmonons, PI'AOY BO «Cesacmononbckuii 20cy0apCcmeeHHblil YHU8epcumen »

Zhilyakov Pavel Vladimirovich, research assistant, yany @mail.ru, Russia, Sevastopol, Sevastopol
State University
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AHA/IN3 OCHOBHBIX METO/JOB H CIIOCOBOB YIIPAB/IEHUA BIVIA B TOM YHUCJIE C
HCIOJIB30BAHHEM TEXHOJIOTHH HCKYCCTBEHHOI'O HHTEJ/IJIEKTA

Bunvcon HI'., Bonooun A.H.

ANALYSIS OF THE BASIC METHODS OF UAV CONTROL, INCLUDING USING ARTIFICIAL
INTELLIGENCE TECHNOLOGIES

Wilson N.G., Volodin A.N.

Annomayun. B cmamve npuseden 0030p cywecmeyiowux cucmem ynpagienus BIIJIA, memooos u
€cnoco606 npumeHeHUs HelUpPOHHLIX cemell 8 3a0a4ax YnpasieHus, Hagueayuu u pacnosuasanus. Paccmompeni
Memoobl U Cnocodbl COBEPULEHCMBOBANUSA CYWECMBYIOWUX cucmem ynpasienus nosuyuonupoganus BIIJIA 6
MOM HUCTIe C NOMOWbIO HEUPOHHBIX cemeli (UCKYCCMBEHH020 UHMENIeKMA).

Abstract. The article provides an overview of existing UAV control systems, methods of using neural
networks in control, navigation and recognition tasks. The methods and methods of improving existing UAV
positioning control systems, including using neural networks (artificial intelligence), are considered.

Knrouesvie cnosa. Heiiponnvie cemu, nosuyuoHuposauue, Oecnuiomusle jlemameibHble annapamsi,
cucmemvl Hagu2ayuu, 08YX4acmomHubvlll Memoo.

Keywords. Neural networks, positioning, unmanned aerial vehicles, navigation systems, two-frequency
method.
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Wilson Nina Gennadievna, lecturer, nina0506@mail.ru, Russia, Sevastopol, Black Sea Higher Naval
School named after P.S. Nakhimov

Volodin Andrey Nikolaevich, candidate of technical sciences, associate professor, associate professor,
331007andrey@mail.ru, Russia, Sevastopol, Black Sea Higher Naval School named after P.S. Nakhimov


mailto:nina0506@mail.ru
mailto:331007andrey@mail.ru
mailto:nina0506@mail.ru

OBECIHIEYEHHUE YCTOHYUBOCTH CHCTEMBI ABTOMATHYECKOI'O YIIPABJIEHUA
ITPOMBIIIVIEHHOI'O POBOTA

Tpywyn A.U., I'pywyn T.A4, Ocaouenxo A.E., Kapanemvsn B.A.

ENSURING STABILITY OF THE AUTOMATIC CONTROL SYSTEM OF AN INDUSTRIAL
ROBOT

Grushun A.l., Grushun T.A., Osadchenko A.E., Karapetyan V.A.

Annomayusn. Paccmampusaemcs anecebpauiecxkuil Memoo nocmpoeHus obnacmei c
2APAHMUPOBAHHLIM — NOKA3amenemM  ycmouuusocmu — cucmem  agmomamuyeckoeo  ynpagienus (CAY)
npomviuiienHvix pobomos. Knaccuueckoe pewenue maxoi sadauu mpe@yem MHO2OKPAMHO2O NOCMPOEHU
YACMOMHBIX 20002paAP06, KOMOPble UMEIOM HEPeSYIAPHbIIL XapaKmep U3MEHeHUs, U Ol CIOHCHBIX CUCIEeM UX
ROCMPOEHUe MOdHCem NPespamumspcs 6 CyWecmeeHHyl0 npooaemy, CEA3aHHYI0 ¢ 8blO0OPOM Wa2a USMEHeHUs U
MAKCUMATLHO20 3HAYeHUs Yacmomul. B ceoro ouepeds, 0is pewienus 3a0auu HyxcHvl 20002pagul He 8 yenom (He
80 8CceM OUANA30He HACMOm), a TUWDL UX OMOENbHble MOUYKU, C NOMOWBIO KOMOPLIX ONPeOensiomcs paHuybl
UCKoMbIX obnacmeti u 3nayenus Heodxooumvlx napamempos. Ilpednacaemces onpedenims HAUYUE IMUX MOYEK
nO  NOJOHCUMENLHLIM —~ 6eUJeCNBEHNbIM KOPHAM —CHeYUanbHblM  00pA30M NOCMPOEHHbIX —aneedpauieckux
ypasHenuil, ymo He mpedyem nepebopa 3HaAUeHUll YACMOMHBIX XAPAKMeEPUCTUK, MeM CAMbIM He mpebyem ux
HEeNnoOCPeoCmeenno2o0 nocmpoenus. Bviuucienue noaodcumenvnvix 6eujecmeennvbix KopHell, 6 omauuue om
BLIYUCTEHUA KOMNIEKCHBIX KOPHell, He npedcmagiiem croxchocmu. Ilpednacaemoe pewenue 3a0auu no3eosem
NOHOCMbIO ASMOMATUZUPOBATNL NPOYECC NOJYYEHUs pe3yIbmama, no8blCUmy CloXHCHOCMb uccredyemvix CAY
NPOMBIWAEHHBIX POOOMO8 U COKPAMUTNG 8peMEHHbIe 3amPambl NpU HOCMPOEHUU UCKOMBIX obracmell.

Abstract. An algebraic method for constructing areas with a guaranteed stability indicator for
automatic control systems (ACS) of industrial robots is considered. The classical solution to such a problem
requires repeated construction of frequency hodographs. These hodographs have an irregular pattern of change,
and for complex systems their construction can turn into a significant problem associated with the choice of the
change step and the maximum frequency value. In turn, to solve the problem, hodographs are needed not as a
whole (not in the entire frequency range), but only their individual points, with the help of which the boundaries
of the sought areas and the values of the necessary parameters are determined. It is proposed to determine the
presence of these points by positive real roots of specially constructed algebraic equations, which does not
require enumeration of the values of frequency characteristics, thereby not requiring their direct construction.
Calculating positive real roots, unlike calculating complex roots, is not difficult. The proposed solution to the
problem allows you to fully automate the process of obtaining the result, increase the complexity of the studied
ACS of industrial robots and reduce the time costs when constructing the required areas.

Knrouesvie cnosa. HpOMbluL/leHHblfl po6om, JUHEUHAs. cucmema asmomamuyeckozo ynpaeiernus,
yCWlOlZ‘luGOCWlb, obnacmo ycmoﬁuueocmu, nojoasfcumelsibHble 6eecmeentHble KOpHU.

Keywords. Industrial robot, linear automatic control system, stability, stability area, positive real roots
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CHHJKEHHE 3HEPTOEMKOCTH YIIPABJIAEMOTO JABHXEHHS OBBEKTA
boxouckuit A.U., Bapmunckas HHU., Kapmawoe JL.E., Maticmpuwun M.M.
REDUCING THE ENERGY CAPACITY OF CONTROLLED MOVEMENT OF AN OBJECT
Bokhonsky A.l., Varminskaya N.I., Kartashov L.E., Maistrishin M.M.

Annomayusn. Ha npumepax penetinozo ynpagieHusl, KiacCuueckozo, OCHOBAHHO20 HA BAPUAYUOHHOM Memooe
meopuu ONMUMATLHO20 YNPAGIEHUS, U PEBEPCUOHHO KOHCPYUPYeMO20 NOKA3AHA MEHOSHYUS CHUMICEHUS DHepeUU npU
O00CMUdICEHUU  Yea ONMUMATbHO20 OBUMICEHUs. (Muna paseon-mopmodicenue). Paccmompen  eounviii  nooxoo,
OCHOBAHHbIL HA 3a0aHUU NepeMewjerUss 8 GUoe NOTUHOMA C BbIYUCICHUEM €20 KOID@UYUenmos npu ucnoib306aHuu
Kpaesvix yCcioeull (Kpumepuii OnmuManbHOCmu 3apanee He 3adaemcs)). IIpu pesepcuoHHOM KOHCMPYUpOSaHuu
VAPAGIEHUs! BbIAGIEHO CHUJICEHUE DHEPSUU ONMUMATLHO20 YNPABIEHUS 34 CHEm YMEHbUEHUS UMNYIbCO8 YCKOPEeHUl
NEPEeHOCHO20 OBUIICEHUS KAK NPU pa32ote, MAK U NP MOPMOACEHUU.

Abstract. The tendency of energy reduction upon achieving the goal of optimal motion (such as acceleration-
braking) is shown using examples of relay control, classical control, control based on the variational method of optimal
control theory, and reverse-designed control. A unified approach based on specifying the motion as a polynomial with
calculation of its coefficients using boundary conditions (the optimality criterion is not specified in advance) is considered.
Reverse-designed control reveals a decrease in the energy of optimal control due to a decrease in the impulses of
acceleration of the translational motion both during acceleration and braking.

Kniouesvie cnoea. Onmumanvhoe nepeHocHoe YcKopeuue (ynpasienue), penelinoe ynpaesnenue,
Kaccuyeckoe ynpagieHue, peeepcuonHo KOHCMpyupyemoe, 3Hepe0eMKoCb YRPAGIEeHU.

Keywords. Optimal transfer acceleration (control), relay control, classical control, reversibly
constructed, energy intensity of controls.
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KOMITPOMHUCCHBIH XAPAKTEP 3AJJAYH ®HIIbTPAIIHH IIIYMOB B CHCTEMAX C
OBPATHOH CBA3BIO

JKmyow B.A.
COMPROMISE NATURE OF THE NOISE FILTERING PROBLEM IN FEEDBACK SYSTEMS
Zhmud V.A.

Annomauusn. [llupokoe npumenenue cucmem ¢ ompuyamenibHOU 0OPAMHOU CE53bI0 OOBICHACMC L UX
HECOMHEHHbIMU OOCMOUHCIMEAMU. BbIXOOHOU CUCHAL 8 HUX 6eCbMd MOYHO NOGMOpsiem npeonucauue (CucHau
3a0anus), a nomexa, Oeucmeylowds Ha 00beKm, KaKk u HebOIbue USMEHEHUsl NAPaAMEMpPO8 MAMeMamuy ecKoll
Modenu 0bvekma, Npakmuvecku He eiusiem Ha pesylbmam ynpaeieHus maxkum obvekmom. Kax npasuno,
APUHAMO Pe3yTbMam UMepeHusi bIXOOH020 CUSHAIA, KOMOPbLU UCHONb3Yemcss Ol YNpAaeienus 00beKmom,
npedgapumenvHo Guibmposams Ol NOAYHEeHUs OOCMAMOYHO20 OMHOUWleHUs. cueHan/uym. borvuwuncmeo
Paspabomuuxos pyKkogoOCMeEYIOmcs NPAGULOM ONMUMALLHO20 6bIOCIeHUsl CUSHALA HA (DOHe wyMda, Mo echb
UCHONL3VIOM MAKOU (PUIbMpP, YACmMoma cpe3a KOMopo20 NPOXoOum uepe3 MOUKY nepeceyeHusi Cnekmpog
cuenana u uiyma. OOHAKO MeopemuyecKu MONCHO NPedCcKasamo U Ha NPAKMUKe 4acmo noOmeepiIcoaemcs, Ymo
nooobHas Qurvmpayus xoms U CnocoOCMEyem NOSbIUEeHUI) OMHOULCHUS CUSHAT/WYM 6 QUIbMPOSAHHOM
CUcHane 3a C4ém NOOAGNIeHUS. WYMO8 3d NPeOelaMil OCHOGHOU 4aACMU CNEeKMpa CUSHANA, UH020a He Yiydulaem
603MONCHOCIU YRPABIIEHUS, A HA0OOPOM 6PeOUm SMUM BO3MONCHOCMAM, NPUBOOS K CHUNCCHUIO YCIMOUYUBOCIU
cucmemvl U K HEOOX0OUMOCU CHuUdiceHusi eé Ovicmpoodeticmeus. Ilpuuunou smoco saensemcs ympama
6bICOKOUACTOMHOU KOMNOHEHMbl CUSHALA, XOmsl Obl dadice 8 Mo 06acmu 4acmom OMHOWEHUE CUSHAL/UYM
HAMHO20 Hudice eOuHuyvl. JKeramenbno coxpaHsmv 3HAYUMENbHYIO YACMb MO20 CHeKMpa Cuchald. Dmu
meopemuyecKkue ymeepicoeHus: He NOOKPENSLIUCh CUCIEMAMUYECKUMU UCCTIe008AHUSMU U HOIMOMY 3A4ACTYIO
He BbI3bl8AIOM O0JIHCHO20 008epUsi CO CHMOPOHLL PA3PAOOMUUKO8 MAKUX CUCmeM, d K020d Nno00OHOe 8cé ice
nomyuaem 3IKCNepUMEeHmAlbHble OOKA3AMENbCMEA 6 YACMHbIX CAYYdsX, O9MO  Gbl3bledem YOusieHue y
paspabomuuxos. Onvlm asmopa NOKA3bIEAL, YMO HPU UCNONb306AHUU DACHPOCMPAHEHHO20 MPebOBANUs,
cocmoswe2o 8 mom, umobvl uyacmoma cpe3a Quibmpa npesvluaila Hacmomy co30a6aeMOou  CUCTeMbl
ABMOMAMULECKO20 Pe2yIUPOSAHUs, KAK MUHUMYM, HA NOPAO0OK, Hedocmamouno. Tpebyemcs, umobvl yacmoma
@urempa 6vina ¢ 50 u 6onee paz evluie, Yem YACMOMA, OSPAHULUBAIOWAsL PAOOUYIO NOJOCY cucmemsl. [[aHHas
cmamosi npeoaazaem UcCie008aHue 3Mo2o Meopemuyecko20 NOA0NCEHUSI MEMOOOM YUCIEHHO20 MOOEIUPOBAHUS
C yenvio 00Ka3amenbemea U 0eMOHCMPayuu HeobXo0uMoCmu NPeodOieHUss RPOMUEOPEUUEOCIU MPeOOBAHUL
ayuwen uibmpayuy u COXpPAHeHust Maio2o 3ana3obl8AnUs N0 USMEPIEMOMY CUSHALY, YMO mpedyem peueHus.
KOMRPOMUCCHOU 3A0a4U C Yelblo OMbICKAHUSL ONMUMAILHO20 PEeUleHUs IMoil npoobiembl.

Abstract. The widespread use of negative feedback systems is explained by their undoubted advantages:
the output signal in them very accurately repeats the prescription (setting signal), and the interference acting on
the object, as well as small changes in the parameters of the mathematical model of the object, practically does
not affect the result of controlling such an object. As a rule, it is accepted to pre-filter the result of measuring the
output signal, which is used to control the object, to obtain a sufficient signal-to-noise ratio. Most developers are
guided by the rule of optimal signal isolation against the background of noise, that is, they use a filter whose
cutoff frequency passes through the intersection point of the signal and noise spectra. However, it can be
theoretically predicted and is often confirmed in practice that such filtering, although it helps to increase the
signal-to-noise ratio in the filtered signal due to the suppression of noise outside the main part of the signal
spectrum, sometimes does not improve control capabilities, but on the contrary harms these capabilities, leading
to a decrease in the stability of the system or to the need to reduce its speed. The reason for this is the loss of the
high-frequency component of the signal, although even in this frequency range the signal-to-noise ratio is much
lower than unity. It is desirable to preserve a significant part of this signal spectrum. These theoretical
statements have not been supported by systematic studies and therefore often do not inspire due confidence on
the part of developers of such systems, and when something similar does receive experimental evidence in
particular cases, it surprises developers. The author's experience has shown that when using a common
requirement that the filter cutoff frequency exceed the frequency of the automatic control system being created
by at least an order of magnitude, it is not enough. It is required that the filter frequency be 50 or more times
higher than the frequency limiting the operating band of the system. This article proposes a study of this
theoretical position using the numerical simulation method in order to prove and demonstrate the need to
overcome the inconsistency of the requirements for better filtering and maintaining a small delay in the
measured signal, which requires solving a compromise problem in order to find an optimal solution to this
problem.



Kniouesvie cnoga. Pezynsimop, ounamuueckas ouubra, cmaburuzayus, ynpasienue, Mooenuposanue,
onmumuszayus, TTAT, T2
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AIIITPOKCHMAILIHA KBAJPATHYHOH ®YHKILHEH HEJIHHEHHOH 34BHCHMOCTH «BXOJ-
BBIXO/I» IIPH CEJEKTHBHOH CBOPKE JIBYX JJIEMEHTOB

Qununosuu O.B., Kamyes B.A.

APPROXIMATION BY A QUADRATIC FUNCTION OF THE NONLINEAR INPUT-OUTPUT
RELATIONSHIP FOR SELECTIVE ASSEMBLY OF TWO ELEMENTS

Filipovich O.V., Kamtsev V.A.

Annomayusa. Paccmompen mexnono2uyeckuii npoyecc 00HONApamempuieckoli ceieKmusHol coopxi ¢
U36ECMHOU HETUHEUHOU 3A8UCUMOCIIBIO MeXHCOY BXOOHBIMU U BLIXOOHBIM napamempamu. [Ipednoxcen sapuanm
AnnpoKcUMayuu UCXOOHOU MOOeIU «BX00-8bIX00» KeaOpamuuHot @yHKyuel 011 cayyas cOOpKu 08yx
anemMenmos. B kawecmee memooa annpoxcumMayuu UCHOIb308aH MHOZOMEPHBIL MEMOO HAUMEHbUUUX K8dOpamos.
Buigeoenvl  3asucumocmu, cesasviearouue npeoeivbHvle 3HAUEHUs, NpeoebHble OMKIOHEHUs U OONyCcKu
napamempos cooupaemvix 3dnemenmos. Ilpugedenvl npumepsvl MOOEIUPOBAHUS, O0DO3HAYEHBI NEPCHEKIMUBDL
0anbHENUX UCCIe008aHUU.

Abstract. The technological process of one-parameter selective assembly with known nonlinear
dependence between input and output parameters is considered. A variant of approximation of the initial model
‘input-output’ by a quadratic function for the case of assembly of two elements is proposed. The multivariate least
squares method is used as an approximation method. Dependences linking limit values, limit deviations and
tolerances of parameters of assembled elements are derived. Modelling examples are given and prospects for
further research are outlined.

Knrouesvie cnosa. Cerexmusnas c60pKa, HeAUHEUHAS 3A8UCUMOCHIb, aNNPOKCUMAYUS, KEAOPAMUYHAS
dyHryus.

Keywords. Selective assembly, nonlinear dependence, approximation, quadratic function.
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MOJEJIb OIIEHKH OCTATOYHOTO PECYPCA MAIIHHOCTPOHTEJIbHBIX H3JEJIHH
OBIHJETEXHHYECKOI'O HA3SHAYEHHUA

Ocunos K.H., Hosuxoes B.B.

MODEL FOR ASSESSING THE RESIDUAL RESOURCE OF GENERAL-PURPOSE
ENGINEERING PRODUCTS

Osipov K.N., Novikov V.V.

Annomayusa. [Ipeonazaemcs mamemamuieckas 6epoOAMHOCHHO-CIAMUCIUYECKAs MO0elb pacuemd
geposmHocmu 6e30mKa3HoU pabomul usoenull 0OUeMexHu4ecKko20 MauHOCMpPOeHUs, Hanpumep, MmaKux Kax
PEOYKmMOpbl, HACOCHL, dNIEKMPUIecKue MOMopsl U m.0. NO Pe3yabmamam UsmMepeHull 6eKmopa UH@GOPMayuOHHbIX
napamempos 6 pedjicume peanibHo20 8pemMenU IKCHIYAmayuu, m.e. 8 yCloeusax, ko2oa peuenue 0 npoooIHCeHuU
npoyecca SKCHIyamayuy O0IHCHO OblMb RPUHAMO 00 MOMEHMA BPeMeHU NOCMYNIEHUS HOB020 HAOMIOOEHUS.
IIpeonazaemasn mooensb He NPUBA3AHA K KOHKPEMHOMY U30ETUI0 U NOIMOMY MOdcem Oblmb UCNONb308AHA Ol
WUPOKO20 Kpyea MAWUHOCIPOUMENbHBIX U30eaUll.

Abstract. A mathematical probabilistic-statistical model is proposed for calculating the probability of
failure-free operation of general engineering products, such as gearboxes, pumps, electric motors, etc. based on
the results of measurements of the vector of information parameters in real-time operation, i.e. under conditions
when the decision to continue the operation process must be made before the time of receipt of a new
observation. The proposed model is not tied to a specific product and can therefore be used for a wide range of
engineering products.

Knroueswie cnosa. Mooenuposanue, anaius pe3yiomamos usmepeHuil, QyHKyus 6€30mrkasHoCmu.
Keywords. Modeling, analysis of measurement results, failure-free function.
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IIPHBEOP JUUIA HMITYIbCHBIX HCIIBITAHHH TPAH3UCTOPOB MOSFET H IGBT
bypraxa B.B., I'viaxos C.B., I'onosun A.FO.
PULSE TESTING DEVICE FOR MOSFET AND IGBT TRANSISTORS
Burlaka V.V., Gulakov S.V., Golovin A.Yu.

Annomauus. [Ipednosicen npubop Onsi UMNYILCHBIX UCHBIMAHUL CUTO0BbIX N-KAHATLHBIX MPAH3UCHIOPOS
IGBT u MOSFET. Illpusedena npunyunuanbHas 21eKmMpuiecKkas cxeMa u OaHO ONUcaHue pabomvl ee OmoeibHbIX
y3n08. Ilpumenenue UMNYIbCHBIX USMEPEHUll NO360IUNO CO30AMb  MAN02A0APUMHBLL NPUGOpP ¢  HEDONLLULOL
nompe0.isiemotl mowHocmuto (numarue om wiurvl USB). Ilpu smom umeemca 6o3moscHocms onpedensims npoougHoe
Hanpsdicerue kaunana ¢ ouanasote 00 1000 B u conpomusnerue Kanaua OMKpuimo20 mpansucmopa npu moxe 0o 80
A. Hmeemca maxoce B03MONCHOCHb OYEHKU NOPO208O2O HANPANCEHUSA, 3apA0d 3aMEOpa U 6XOOHOU eMKOCH
ucnvimyemozo mpausucmopa. Coxpanenue u oopabomka dauuvix usmepenuti npouzsooumcs va 11K nocpedcmeom
CNeYUanbHoO paspadomanHOU YmuaumoL.

Abstract. A device for pulse testing of power n-channel IGBT and MOSFET transistors is proposed. The
device schematic diagram is shown and the operation of its individual blocks is described. The use of pulse
measurements made it possible to create a small-sized device with low power consumption (the device is
powered from the USB bus). At the same time, it is possible to determine the breakdown voltage of the transistor
under test in the range of up to 1000 V and the channel resistance of the switched-on transistor under test at a
current of up to 80 A. It is also possible to estimate the threshold voltage, gate charge and input capacitance of
the transistor under test. Saving and processing of measurement data is performed on a PC using a specially
developed utility.

Knrueswte cnosa. Hsmepenue napamempos, MOSFET, IGBT, 3aps0 3ameopa, conpomusierHue Kanaid,
HANPAdCeHUe HACLIWeHUsl, NPOOUBHOE HANPAJICEHUE.

Keywords. Parameters measurement, MOSFET, IGBT, gate charge, on-state resistance, saturation
voltage, breakdown voltage.
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MOIE/IHPOBAHUHE CTATHYECKHX XAPAKTEPUK PBIYA’KHOI'O ITHEBMATHYECKOI O
IIPEOBPA3OBATEJIA

Bacromenxo A.Il, bBanaxun A.U.
MODELING OF STATIC CHARACTERISTICS OF LEVER PNEUMATIC TRANSDUCER
Vasyutenko 4.P., Balakin A.l.

Annomayus. [lpusedenvi  cxema u  onucauue  pabomvl  PbLIYANCHO20 — NHEBMAMUYECKO2O0
npeobpaszosameiss O1s TUHEUHbIX USMEPEHULl C Pe2yIupyembiMu NPOXOOHbIMU CeYeHUAMU KAHAN08 UcmeyeHus
6030yxa uepe3z 6x00HOe U UMepumenbHoe conia. [lana cmpykmypHas cxema npeoopasosanusl UsmepumenbHo2o
cuenana, cgopmyruposana yenv pabomel — OnpeoeneHue MemponoUHecKUx Napamempos Uccie0yemozo
npeobdpasosamens (OUanazoHo8 UsMepeHuil U Yy8CmeuUmenbHOCmu) Ha OCHO8E MOOEIUPOBANUS UX CIMAMUYECKUX
Xapakxmepucmuxk npu PAasiudHbIX 3HAYEHUAX KOHCMPYKMUGHbIX napamempos. IIpusedenvt pesyivmamol
CPABHUMENLHO20 AHANUIA MEMPONO2UYECKUX XAPAKMEPUCMUK UCCTIe0YeMO20 U U3BECHIHO20 Npeodpa30eameis
MUNA CONNO-3ACIOHKA C Pe2YIUPYEMbIM USMEPUMENLHBIM CONIOM.

Abstract. The scheme and description of lever pneumatic transducer for linear measurements with
adjustable cross-sections of air flow channels through the inlet and measuring nozzles are given. The structural
scheme of measuring signal conversion is given, the aim of the work is formulated - determination of
metrological parameters of the investigated transducer (measuring ranges and sensitivity) on the basis of
modeling of their static characteristics at different values of design parameters. The results of comparative
analysis of metrological characteristics of the investigated and known transducer of the nozzle-flap type with
adjustable measuring nozzle are presented.

Knrouesvie cnosa. HHeeMamuKa, npeo6pa306ameﬂb, uyecmeumesbHocnmby, UsMepeHue, ouanazon
U3MepeHnusl, Modeﬂuposanue.

Keywords. Pneumatics, transducer, sensitivity, measurement, measurement range, modeling.
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CPABHEHHE AJITOPHTMOB KJIACTEPHOH CETMEHTAIIHH JAHHBIX PEHTTEHOBCKOH
KOMIIBIOTEPHOH TOMOI'PA®HH IOJHMEPHBIX KOMITOSHITHOHHBIX MATEPHAJIOB

Hlupwun A.B., @edopos A.B.

COMPARISON OF ALGORITHMS FOR CLUSTER SEGMENTATION OF POLYMER
COMPOSITES X-RAY COMPUTED TOMOGRAPHY DATA

Shirshin A.V., Fedorov A.V.

Annomauusn. Penmeenosckas xomnvromepras momoepagus (PKT) sensemces oOnum u3 Haubonee
UHPOPMAMUBHBIX MEMOO08 HEPA3PYUaAiouje20 KOHMpOia NOAUMEPHBIX KOMNO3UYUOHHbIX Mamepuanos (IIKM) u
uzdenutt uz nux. Oonum u3 eascuvix asmanosé PKT uzdenuu uz [IKM sensemcs ceemenmayusi, asmomamusayus
KOMOpOoU npedcmasisiem uccie0o8amenvckuti unmepec. HMcnonv3oeansvl cunmemuyeckue OaHHble U OAHHblE
PKT, nonyuennvie om oopaszyoe I[IKM c pasnuunou eHympenneu cmpykmypou. Buwibpano osa ancopumma
mpéxmepHoll Knacmepuzayuu: 800opasdenos (BP) u cynepnuxceneil (cynepsokceneii) ¢ TUHEUHOU UmMepamusHol
kaacmepusayueti (CJIUK) u oyenena ux s¢ghekmusnocms no napamempam: OO0 HeCO8NAOEHUll 2paHul
KIAcmepog u chepuyHoCmb K1acmepos, d maKdice npou3so0UmenbHOCHb No epemMenu pazouenus damacema Ha
Heobx00umoe yucno kiacmepos. Tounocms cognadenus epanuy Ha peanbHbiX OaHHbIX npu pazouenuu Ha 250
kracmepog cocmaensiem 92 % (CJIIUK) u 85 % (BP). Cghepuunocmo rnacmepog 0nsi 060uUx ancopummos
npesviaem 50 %, umo noseonsem 6 OanbHeuuleM KIACCUPUYUPOBAMb UX Memooamu PaouOMUYecKo2o
ananusa. Ommeuen pocm epemenu knacmepuzayuu aneopummom C/IHUK npu ygeruuenuu yucia kriacmepos, npu
9MOM NPOUZBOOUMENBHOCHIb AN2OPUMMA 8000PA30EN08 3HAUUMO He USMEHSLACL 80 8CEM OUANA30He pa3OUEeHUsL.

Abstract. X-ray computed tomography (XCT) is one of the most informative methods of non-destructive
testing of polymer composite materials (PCM) and products made from them. One of the important stages of the
XCT of PCM products is segmentation, the automation of which is of research interest. Synthetic data and XCT
data obtained from PCM samples with different internal structures are used. Two algorithms of three-
dimensional clustering were selected: watershed (WS) and simple linear iterative clustering (SLIC) and their
effectiveness was evaluated according to the parameters: the proportion of mismatches of cluster boundaries
and the sphericity of clusters, as well as the time performance of splitting the dataset into the required number of
clusters. The accuracy of matching boundaries on real data when divided into 250 clusters is 92% (SLIC) and
85% (WS). The sphericity of clusters for both algorithms exceeds 50%, which makes it possible to further
classify them using radiomic analysis methods. The increase in clustering time by the SLIC algorithm was noted
with an increase in the number of clusters, while the performance of the watershed algorithm did not
significantly change over the entire partition range.

Kniouegvie cnoea. llonumepnvie  KOMNO3UMHblE  MAMEPUATbL,  PEHIM2EHOBCKAS  KOMNbIOMEPHAS.
momozpaus, cecmeHmayus, aropumm 6000pa30en0s, ArOpUmM Cynepnuxceneil ¢ JUHeUHOU UMepamueHoll

Kracmepusayuel.

Keywords. Polymer composite materials, X-ray computed tomography, segmentation, watershed
algorithm, simple linear iterative clustering algorithm.
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