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shmakov@rtc.ru

B Hamm aHM HCHONB30BaHME POOOTOTEXHWYECKUX CPEACTB IPH
00€3Bpe)XMBAaHUU U HCCIIEAOBAHWH B3pBIBHBIX ycTpoicTB (BY) crano-
BHTCS Bce 0oJIee aKTyalbHOM U BOCTPeOOBaHHOM 3a1adeid.

HauGonpmiee mpakTHUECKOe PacIpOCTPAHEHHUE IMOIYYHIH MOOHIIb-
HbIe poboTel (MP) mns oGe3BpexuBanus u pazdoopku BY Ha mecre mx
YCTaHOBKH Teppopuctamu. st pabotel ¢ BY oHM ocHamaroTcs MaHu-
MyJIATOPaMH JTOCTaTOYHON Tpy3omoabeMHocT (10...20 xr) ympasise-
MBIMH OIIEPATOPaMH JUCTAHI[HOHHO.

B 0030pHO#i yacTH paboOThI, pacCCMaTPUBAIOTCS CYILECTBYIOLINE PO-
0O0TH3HMpPOBAaHHBIE KOMIUIEKCHI, NpeJHa3HAYECHHbIE CIICIHAIbHO JUIS
B3pBIBOTEXHMYECKUX 33/1a4. B XoJie MX aHanm3a BBISICHWIOCH, YTO TaKo-
T'O poJia TEXHUKA CIIOCOOHA 0OHAPYXKHUTh, IEPEMECTHTh MIIH YHUUTOXKUTH
BY mpoctoit reomerpuueckoil (GopMbl, HaxXOIAIIMECs HAa OTKPHITOH
MectHOCTH. OpmHako Takue MP He B COCTOSIHUM BBINIOJIHUTH Ooiee
CJIOKHBIE OIepanuy 00e3BpeXKMBaHUS M pazdoopkn BY Ha smeMeHTSI,
KOTOpBIE 3aTE€M OTIPABIIAIOTCS B CIEHHUAIBHBIEC LIEHTPHI IS UCCIIE0Ba-
Hust. TakuM 00pa3oMm, TIpH CO31aHUN POOOTOTEXHUUECKHUX CPENICTB, BO3-
MOXXHOCTH KOTOPBIX JOCTATOYHBI IJI BBIIIOJTHCHUA OTHUX 3ajJia4, BbISABJIC-
HBI CIIEIyIOIIHE B3aUMOCBSI3aHHBIE POOJIEMBI:

— HENPHCIOCOOIICHHOCTh MAaHHITYJIATOPOB M 3aXBATHBIX YCTPOHCTB
(3Y) aust paboThI C pa3nU4HBIMHU HElpeAcKkazyeMbiMi BY B y3kux crec-
HCHHBIX 30HaX,
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— amanrarus 3V K crienuduke puzngeckux cBoiicts BY.

3agactyio BY umeror ¢opmy OIHM3KYyIO K TelTaM BpAIIeHHS W MOTYT
MMETh 3aMBICIIOBATHIC BBICTYNAIOIINE HCHOIHUTEIbHBIE MEXaHU3MBI.
Takoke MPUXOANUTCS MAaHUITYJIMPOBATh PA3HOOOPA3HBIMH ANACTUYHBIMU U
HEMpOYHBIMH KOHTEHHEpaMH WM MaKeTaMHu C KUAKOCTAMHU. OOBEKTHI
MaHUITYJIMPOBaHUSl HEPEJKO CBSA3aHBI MEXIY COOOH DIEKTPHYECKUMHU
MPOBO/IaMH, CKOTYEM MJIM KJIEEM, a TaKXe CLEIJICHBI BBICTYIAIOIINMHU
9JIEMEHTaMU KOHCTPYKIIHH.

TecHOTa M TPYIHOAOCTYITHOCTD 30H IPOBENCHUSI PadOT 3aTpyAHSET
3axBaT W MaHMIyIHpoBanue BY. PazHooOpa3Hble npenaTcTBus U mpen-
METBI 3arpOMO’KAAI0T IMPOCTPAHCTBO JUISi MAHUITYJIMPOBAHKS WU MPEBpa-
[IAI0T €T0 B HUIIN C y3KHUM H3BHIIMCTBIM BXOJIOM M BBIXOAOM C OOBEK-
TOM MaHMIYJIHpOBaHWA. Takxke HE MCKIIIOYEHA BEPOATHOCTB, YTO IIPO-
JONbHBIE pasMepsl BY okaxxyTtcst Gonbine pasMepa CEYCHHS BXOAa B
HUIIY, B TAKOM CJy4ae MOSIBUTCS HEOOXOAUMOCTH B JIOTIOJHHUTEILHOM
MaHeBpeHHOCTH 3Y IpU HAXO0XIECHUH HEIIOCPEICTBEHHO B Y3KOU 30HE.

Pemenus npoGiiem HenpucriocobneHHoctd BY k 3axBaty poboTom n
TECHOTHI 30HBI IPOBEJICHUS PA0OT B3aUMOCBSI3aHBI.

[To BO3pacTaHMIO CTENEHHU CJIOXHOCTH B padOTEe MpPOCMaTpHBaETCs
CJICIYIOIMH PsIZi METO/IOB U CPENICTB aanTaiuu K crenupuke BY Taknx
CMEHHBIX pab0OYMX OPraHOB:

— yIOpyrue «aAanTHBHBIE» MANbIBI WIA TYOKH C «IIpOrpaMMHpYe-
MO# medopmanuein;

— cmeHHble 3Y, ucnoip3ylomue dQEeKThl OTBEPKIAEMBIX BaKyy-
MOM 3JIaCTHYHBIX 000JIOYEK C CHITyYHM HAITOJTHUTEIIEM;

— 0c000 KOMIAKTHBIE CMEHHBIE 3Y C Ka4aloIUMHUCS MHOTOCYCTaB-
HBIMH TTAJIBIIAMHY;

— CMeHHBIE 0c000 JUIMHHBIE TYOKH («3Y-uHIeT»);

— Tagblbl WM TyOKH, ITUIACTUYECKH Je(OpPMHUpYEMble BHEIIHUMHU
CpeACTBaMHU PEeKOH(UTYpaLHH;

— TaJgblbl HA TTOJTOPMOXKEHHBIX KMHEMAaTHYECKUX Iapax, clIBUTrae-
MbIE W/WJIM TTIOBOPAYNBAEMbIE BHEIIHIMH CPEJICTBAMHU PEKOH(PHUTYpaLIUH.

Berpeuatores curyanuu, koraa BY HaxoauTcst B CTECHEHHOM HULLE C
Y3KUM BXOJOM, HaIllpuMep, B CyMKe, MakeTe WM TPaHCHOPTHOM KOH-
TeifHepe. B 3TOM citydae Bce MexaHM3MBI KHCTH M 3Y 1ie1ec000pa3Ho
OCTaBIIATh HAa cBOOOJE 0 BXOJA B HHUIIY, a YACPKaHWE W MaHHITYIIHPO-
BaHHE OOBEKTAMH BBIMONHATH ANMHHBIMH, mopsaka 100...300 mm,
nanbiamu. [lomydaercs KOMIOHOBKA, KOTOPYIO IUISi KPaTKOCTH yCJO-
BUMCS Ha3bIBaTh «3Y-ITHHLETY.

B crarbe npejcTaBieHbl BAPHAHTHI KOMIOHOBKH «3Y-IHHIETY VIS
paboThl B TECHOM NPOCTPAHCTBE, YCTAHABIMBAEMbIC HA MaHUITYJISATOPE
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AHTYJISIPDHOI'O THUIIA. B kauectBe AJIBTCPHATUBHOI'O BapuaHTa p€ajn3alun
npeyiaraeMoro Metoza agantanuu 3Y k cnenuduke BY mpeacraBiena
MPUHIMIHAIBHAS CXeMa CUCTEMbI pekoHpurypauuu 3Y cralnyuoHapHbI-
MU JUCTAaHLMOHHO yNPaBIIeMbIMU MEXaHU3MaMU

Takum 00pa3oM, MaHUITYJISITOP C IUCTAHIMOHHBIM YIPABICHUEM I10-
JIYYUT BO3MOXKHOCTH BBINIOJIHATH 33Jady 00€3BPEKHBaHUSI U Pa30OpKH
Herpeckasyemoro BY Ha Mecte ero oOHapyskeHusI.

Pe3ynpTaTe! OBUIH MTOTYYEHBI B paMKax BBITOJIHCHHUS TOCYIapCTBEHHO-
ro 3aganus MunoOpuaykn Poccun FNRG-2022-0012 1021051302301-9-
2.2.2 Ne 075-01623-22-01 «Pa3paboTka KoyutabopaTuBHOTO pobora ¢
ACCHUCTUPYIONIEH ABYPYKOH aHTPONIOMOP(HON MaHUITYJISIIIOHHONW CHCTE-
MO 171 pabOTHI B IPOCTPAHCTBAX MAJIIOTO O0BEMaY.

0.A. I('omoel, .0. Cymenx02 .
INEPCIHEKTHUBBI PA3BBUTHUSA HASEMHOMU
POBOTOTEXHUKU B UTHTEPECAX POCI'BAPJIUN

! Vnpaenenue apmunnepuiickoeo eoopysscenus u pobomomexnuxu PedepanvHoil
CYAHCcObI BOUCK HAYUOHATbHOU 28apouu Poccuiickoii @edepayuu, Mockea;
Iasmoiii yenmp nayunvix uccaedosanuti PedepanvHoli cryorcobl GOUCK
HayuoHanbHou 2éapouu Poccutickoti @edepayuu, Mocksa
dvrh@yandex.ru, orvb@list.ru

0.A. Kozlov', D.O. Suschenko’
PROSPECTS FOR THE DEVELOPMENT OF THE GROUND-
BASED ROBOTICS IN THE INTERESTS OF THE NATIONAL
GUARD OF THE RUSSIAN FEDERATION

"Department of Artillery Armament and Robotics of the Federal Service
of the National Guard of the Russian Federation, Moscow; *Main Center
for Scientific Research of the Federal Service of the National Guard
of the Russian Federation, Moscow
dvrh@yandex.ru, orvb@list.ru

HaygHo-TexHIUECKHiT Tporpecc, a Takke ocodasi pois Pocreapanu B
obactu obecnieueHnst OOMIECTBEHHON W rocyaapcTBEHHOW Oe30macHo-
CTH, TIPENoiIaracT HeoOX0ANMOCTh TOUCKA HOBBIX (P (PEKTHBHBIX CIIO-
cO0OB JICHCTBUI1 BOICK C MPUMEHEHHEM MEPCIEKTUBHBIX 00pa3loB BO-
OpY’KEHHs, BOGHHOM U CHelualbHON TeXHUKH. B CBOIO odepenb ONbIT
BOOPYKCHHBIX KOH()IMKTOB M KPH3HMCHBIX CHUTYAlMH MOCICTHUX HeCs-
TWJIETHH, B3MJIAABI BOGHHOro pykoBozacTBa Poccuiickoil denepanyu Ha
MOJTOTOBKY M BEEHUE BOCHHBIX JEMCTBUH, aHAIU3 IEHCTBUI TeppopH-
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CTHYECKUX OpTraHU3alrii CBUICTEIHCTBYIOT O BO3PACTAIOLIECH POJIH IIep-
CHEKTHBHBIX CPEJICTB BEACHHS BOOPYKEHHOH OOpBOBI, OOPEOEI ¢ Teppo-
pU3MOM, TIpeceueHHs] M JUKBUIAINN MAaCCOBBIX OECHOPSIIKOB B TOM
yucie poboToTeXHMYECKUX KoMIuiekcoB (nanee — PTK).

3HaunTeNIbHOE MECTO B 3TOM Bompoce orBoauTcs PTK, mpumenenune
KOTOPBIX MOTEHIMATBHO MO3BOJUT YMEHBIINTh WM HCKIIOYUTH TOTEPH
JIUYHOTO COCTaBa B XOJI€ BBIMOJHEHMS MOCTABJICHHBIX 3a/1a4; CHU3UTh
CTETICHB €0 YYacTUs B HAaHOOJIee OMACHBIX OMEPAIUsIX; MOBBICHTH OOCBbIC
BO3MOXKHOCTH TIOZIpa3/Ie/ICHU BOMCK 0€3 YBEIMUYCHUSI X YUCIICHHOCTH.

B nepcnekruse HazeMHble PTK npeacTaBiisitoT MHTEpEC i BOMCK B
YaCTH PEIICHUS CICIYIOIINX OCHOBHBIX TPYII 3a/1a4 (PUCYHOK 1):

— IOpaKeHHe NMPOTHBHHKA, OXpaHa U 000pPOHA OOBEKTOB;

— BCJICHUC Pa3BC/IKH U HAOJIOJICHHS, aHATIN3 00CTaHOBKH;

— TIOUCK M O0HApYKCHHE B3PBIBOOIACHBIX MPEIMETOB, H BBITOJIHE-
HUE B3PBIBOTEXHUYECKUX pador [1].

f (OCHOBHBIE PYNMs! 33734, PELIAEMBIE C MOMOLLIbHO HA3EMHbIX POBOTOTEXHUHECKIX KOMMNEKCoB \
— = . e -

[ p " I Bt
| Habniopenus, awanua obeTaHoBkN “, .

Boiickam HeoGxoanMb! KoMNNeKch! npeacTanaiowme coboit yHueepcansHbie

06 opmbl G yHHHUMP Yy Harpyaku
(Boopyxenue, cp kT p "
NpOBE/EHNA BIPLIBOTEXHUUECKMX paboT)

Pucynok 1 — 3amaun, pemaeMbie pu moMomy HazeMHbIX PTK

[TpoBeneHHbBII aHaNN3 BBISIBICHHBIX HEJOCTATKOB ITO3BOJIMII OTIpeie-
JIUTH TEPCTIEKTHBHBIC HaNpaBieHus pa3sutus HazeMHbIX PTK B unTepe-
cax PocrBapnun, OCHOBHBIMH M3 KOTOPBIX SBJISIFOTCS: CO3JaHHE Majora-
G6aputHbIX 1 MHOrodyHKIHoHANBHBIX PTK; obecnieuenne MogynpHOCTH
MOCTPOEHHS ¥ PEKOH(DUTYPHUPYEMOCTH; TIOBBIIIEHHE HMHTEINICKTYaIbHON
W PECypcHOH aBTOHOMHOCTH; CO3/aHHE YHHU(HIMPOBAHHBIX O0a30BBIX
1aThopM IS BCEX CpeA MPUMEHEHHs; CO3JaHNe THOPUIHBIX CHIIOBBIX
YCTaHOBOK; CO3JaHHE MOJIYJIEH IIOJIE3HOM HArpy3KH, IOBBIIIAIOLIINX
BosmoxkHocT PTK; ocnamenune PTK cpeactBamu HeneTalibHOTO BO3-
JEUCTBHSA; POOOTH3AIMS DKHIAKHBIX, OOMTAEMBIX M IHIOTUPYEMBIX
obpasuoB BBCT; cHmkeHue J0IM NPUMEHSIEMBIX MHOCTPAHHBIX KOM-
TUIEKTYIOIINX; CO3/IaHME W COBEPLICHCTBOBaHWE O00EBBIX (yIapHBIX)
PTK; obecnieuenne koHcTpykTiBHOH yHudukauu PTK [2].
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IIpu sToM ocHOBHBIM acmekToM paspaborku PTK B umHTepecax
Pocrapnuu siBisieTcs 00s13aTeNIbHBIN ydeT crielu(UKU peraeMbix BO-
CKaMM CIIyKeOHO-00eBbIX 3a/1a4, (OpM NPUMEHEHUS] M CIIOCOOOB HX
JeicTBuil, a Taxoke onelta npuMmenenus PTK apyrumu BegomcTBamu.

Takum 00pa3om, HECMOTPSI Ha OTAENBHBIE TPYIHOCTH U (pUHAHCOBEIC
orpaHHYeHUs], paboTa MO OCHAIICHHIO BOMCK MEPCIEKTUBHBIMHU 00pa3a-
vu PTK, B HanbompIei CTENICHN OTBEYAIOIINX TPEOOBAaHHUSIM BOFCK, Be-
JeTCsl CTPYKTYPHBIMU HOApa3ieNieHussMU PocrBapayun ¢ MOI0KUATEIbHON
JIVMHAMHEKOI. B Omipkaiiell mepcreKTrBe B BOWCKAX IUIAHUPYETCS OCYIIe-
CTBUTH MOATANHBIM MEPEXOA OT CO3JAaHHs OTIEIBHBIX 00pa3loB K OCHA-
IICHUIO CEPUITHBIMU ITepCHeKTUBHBIME oOpa3mnamu PTK.

1. Kozmo O.A., IlomsxkoB O.A. CoctosHHE U TEPCHEKTHBHI
pa3BUTUS OECIMIOTHBIX JIETATENIBHBIX ANIapaTOB BOCHHOI'O Ha3HAYCHUS
B Poccuu u B 3apyOexubix crpaHax / O. A. Kosnos // Akagemuueckas
nyosmnucTrka. — ¥Yga: Ne 5-2/2022, — C. 84-90.

2. Cymenko [1.0. IlepcniextuBHble HanpapieHus passutus PTK Bolick
HaIMOHAIILHOM TBapIuu Poccwiickoit ®deneparn [Tekcrt]:
nH(popMaroHHo-aHamTHYeckuit 0030p: HLICH Pocreapauu. — M.: 2018.

A.B. Kyuepenko', A.JI. Kopomkoé®
HNCCJIEJOBAHUE BJIUAHUSA 3AMKHYTOI'O OFBEMA
KAHAJIA CBSI3H BOJIBIION MPOTSI)KEHHOCTH
HA KAYECTBO INEPEJJAYU UTH®OPMALINA IUD®POBBIMU
MOJEMAMHU

'000 «I1JIA3y, Canxkm-Ilemep6ype, a.kucherenko@plazlink.com;
’I'HI] PO 1JHUHU PTK, Canxm-Ilemepbype, a.korotkov@ritc.ru

AV. Kucherenkol, A.V. Korotkov’
INVESTIGATION OF THE EFFECT OF CLOSED VOLUME
OF A LONG-DISTANCE COMMUNICATION CHANNAL
ON THE QUALITY OF INFORMATION TRANSMISSION
BY DIGITAL MODEMS

'«PLAZ», St. Petersburg, a.kucherenko@plazlink.com; *Russian State Scientific
Center for Robotics and Technical Cybernetics, St. Petersburg, a.korotkov@rtc.ru

OnHMM U3 MEepPCHEeKTUBHBIX HANpaBJIeHUH HCIIOIb30BaHHsI POOOTOTEX-
Hryeckux komiurekcoB (PTK) siBisiercst uccnenoBanne 00bEKTOB, pa3Me-
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IICHHBIX BHYTPH 3aMKHYThIX 00BeMOB. OTHENBHO CIEIyeT BBIACIHTH
3aMKHYTbIe 00bEMbI 0OJIBIION NPOTSKEHHOCTH (BOJHOBbIE KaHAJIbI).

B yka3aHHBIX YCIOBUSIX yIpaBieHHe POOOTOM IIeleco00pa3HO peain-
30BBIBATh 10 PAJMOKAHATY C UCITIOIb30BaHUEM [IU(POBBIX MOAEMOB.

PazpaboTunkam anmnapaTypbl IPUXOAUTCS CTAJIKUBATHCS C PSIOM TIPO-
071eM, OOYCJIOBJICHHBIX OCOOEHHOCTSIMH PacHpOCTPAHEHHs DJIEKTpOMar-
HHUTHBIX BOJIH B IAHHBIX YCIIOBHSIX.

OnHOM M3 HepeIIeHHbIX 3a/1a4 SBJISIETCS YUeT BIMSHHUS MHOTOIYYEBO-
IO paclpoCTpaHEHHs SHEPIrHU B KOHKPETHBIX YCJOBHSX Ha KadyeCTBO
(YHKIMOHMPOBAHNUS KaHaJIa CBSI3H.

Hmerorasicss B COBPEMEHHBIX JIMTEPATYPHBIX HCTOYHHKAX TEOPETHYC-
ckast 0a3a He TI03BOJIIET B MOJTHOM Mepe OTBETUTH Ha ATOT Botpoc [1], [2].

Hpezlnal“aeMbIe MCTOJbI pacucTa aaallTUPOBAHBI K YCJIOBUAM MHOI'O-
JIY4E€BOr'0 pacrpOCTPaHCHHSA, BBI3BAHHOTO OTPAXXCHUAMHU OT OTACJIBHBIX
IPeIMETOB.

3amaueil HACTOSIIErO MCCIENOBaHUs SBJISETCS cOOop M 00paboTKa
CTaTUCTUYECKOr0 Marepuasa Juisi pa3paboTKU INPHUKIaTHON METOIUKH
pacuera BIMSHHMS BOJIHOBOTO KaHalla Ha XapaKTEPUCTHKUA CUCTEMBI
yhpaBieHus: poOOTOM. B KadecTBe KpuTepusi NpHHATA peauzyemas
CKOPOCTb Hiepeaayn nHdopMarmu.

DKCIEepUMEHTHI NTPOBOAMINCH NPH Pa3MEIIEHUH aHTEeHH MOJIEMOB B
ra3oBoit Tpyode quamerpom 1,5 M Ha pacctosauE 5000 M. Ouenka pado-
TOCTIOCOOHOCTH BBITIOJMHEHA Ia paboumx dwactor 1190, 2334, 2586
MI'u. Tun moaymsiuu BPSK u QPSK.

Pe3ynpTaThl HCIIBITAaHUH [TPUBEEHBI B Ta0IHIE 1.

Ta6ﬂ1/1ua 11— Pe3yJ'II)TaTLI OKCIIEpUMEHTA 10 UBMEPCHUIO CKOPOCTHU €pE€aavu

nadopmarmu PTK
Moayasinus RSSI, nbm FES FER FES interation
BPSK -25 0 1
QPSK -25 1 20

BausiHus Hecy1leil 4acTOThI Ha PE3yJIbTAaThl UCIIBITAHUI HE BBISIBIICHBL.

BriBoabr:

— YCTaHOBIJICHA KOJMYECTBEHHAs! 3aBHCHMOCTh CKOPOCTH Iepeaadn
nH(pOpMaIUH OT THITA MOIYJIALH;

— 000cHOBaHAa HEOOXOANMOCTH YBEIMUYECHHUS TTOJIOCH curHana 1o 20
MTI'1, 9TO MO3BOJIUT YBENUIUTH CKOPOCTH 0OMeHa Ha 80%;

— TOATBEpK/IeHa HEOOXOANMOCTb M3MEHECHHUS BEIMUMHBI [IUKIIYC-
CKOTo mpedukca 1 ONTUMH3ALNH (HYHKIIMOHUPOBAHUS KaHANIa CBA3H.
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Pabora Beimonnena B pamkax HUOKTP, Bemonnsembix [IITHUU PTK
Ipu pe€aIn3anvi KOMIIIEKCHOT'O IMPOCKTA 10 CO3JaHUIO BBICOKOTEXHOJIO-
TUYHOI'O IIPOMU3BOJICTBA «Pa3pa60TKa pO60TH3HpOBaHHOF0 JHUArHOCTH-
YCCKOI'0 KOMIUICKCA Jid BHyTpI/Ipr6HOFO KOHTPOJIA TPY6OHp0B0)IOB»
npu GuHaHCOBOW mojiepKKe MUHHCTEPCTBOM HayKH M BhICIIEro o0Opa-
3oBaHus Pocculickoi (Denepaunn; COTJIalICHUE O NPEaOCTaBICHUU Cy6-
cuanu Ne 075-11-2022-035.

1. A. CemenoBa PazpaboTka Meronma OUIEHKH 3(PQPEKTHUBHOCTH
npueMa MHOTOYACTOTHBIX CHTHAJIOB B YCJIOBHSAX MHOIOJYYE€BOIO pac-
npoctpanenns. CIIGBHTOPOC: Tpyas exxerognoit HTK, Nel, 2020.

2. TlepoB A.U Cratuctrudeckas TeOpus PaIuOTEXHUICSCKUX CHCTEM.
M.: Pagnorexnuka, 2003.400 c.

C.M. Cokonos
AHAJIMN3 CIIEHBI B COCTABE AJITOPUTMHUYECKOI'O
OBECIIEYEHUA CUCTEMbI TEXHUYECKOI'O 3PEHUSA
ABTOHOMHBIX HASEMHBIX POBOTOTEXHUYECKHNX
KOMIIJIEKCOB

HUIIM um. M.B. Kenoviua PAH, Mockea, sokolsm@list.ru

S.M. Sokolov
SCENE ANALYSIS AS PART OF THE ALGORITHMIC
SUPPORT OF THE VISION SYSTEM OF AUTONOMOUS
GROUND-BASED ROBOTIC COMPLEXES

KIAM RAS, Moscow, sokolsm@list.ru

[Tpu3HaHHOW TEHACHIMEH W, Jake TPeOOBaHHWEM COBPEMEHHOW MO-
OMJIBHOW POOOTOTEXHUKH SIBJISIETCS IIEPEXO/ K aBTOHOMHBIM POOOTOTEX-
nuueckuM komrutekcam (PTK). Uem Oomnbiryto cTeneHb aBTOHOMHOCTH B
pa3IMuHBIX YCIOBUAX (YHKIMOHMPOBAHUS MBI XOTUM nepenath PTK,
TeM OoJiee pa3HOOOpa3HbIE 3HAHUS U CHOCOOBI MONYYEHHS JaHHBIX 00
ycnoBusAX (pyHKIMOHUPOBAHMS JIOJDKHBI OBITH IIPEJCTABICHBI U peau-
30BaHbl B OOPTOBOH MH(pOPMAaIMOHHO-YIIpaBItomiei cucreme. Ha stom
IyTH WUCIIOJIb30BaHNE CYIEPBU30PHOIO YIPABICHUS C Iepegadeil BcE
6onpmero uncna GyHKIMA OOpTOBOI MH(POPMAIIMOHHO-YIIPABISIOMIEH
cHCTEMeE SIBIIeTCA TEeKylIel 3anadeil. DTa 3aaada, B CBOIO OUepesib, pac-
MalaeTcs Ha s 1MO/A3aAad, OMHON M3 KITFOUEBBIX CPEIH KOTOPBIX, SBJIS-
eTcsi obecrevueHrne CUTyallnOHHONW OCBEIOMIIEHHOCTH. B cuTyalmoHHON
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OCBEZIOMJIEHHOCTH, MTOMUMO (P (QEKTUBHOTO NPEICTABICHUS allPHOPHBIX
3HaHUW U MOJIeJIeH OKPY’Kalollero Mupa Tpedyercsi cucrema Bepuduka-
MK 3TUX Mogeliei. Takyto 3aady MpU3BaHbl peliaTh CUCTEMbI HHDOP-
MalMOHHOTO o0ecIieueH s, CPeu KOTOPHIX LEHTPAJIbHOE MECTO 3aHU-
MalOT CHCTEMbI TEXHHYECKOTO 3pEHHUs. 3pHUTENbHBIC JIaHHBIE BO BCEX
JMana3oHax JIydHuCTOH OSHEpPTUH, C OJHOW CTOPOHBI MPEIOCTAaBISIOT
6oJIbIIIOE KOJIMYECTBO MH(pOPMAIMK 00 00BEKTaX OKpPY’KarolIero MHpa,
HO, C JIPYTOH, JUIs MOJy4eHHsI 3TOH nHpopMannu TpeOyIoTCsl HHTEIIEK-
TyaJbHBIE aJTOPUTMBI 0OPaOOTKH W BBICOKOTIPOM3BOAMUTEIBHbIE BBIUHC-
JUTENbHBIE cpencTBa. Pa3paboTKe anropuTMOB aHAIN3a CIIEHBI B COCTa-
BE aNropuTMHYEcKoro obecredeHus: 6oproBeix CT3 ¢ mensio nHpopMa-
LMOHHOTO OOeCTeUeHNs LENCHANPABICHHBIX MEPEMEIICHNII aBTOHOM-
HbIX HazeMHBIX PTK mocBsimena HacTosmas padora.

AHanu3 clieH UMeeT JONTYI0 UCTOPHIO, TPAKTHUECKH COBIAIAIOIIYIO
C HCTOpPHEN KOMIBIOTEPHOTO 3peHus. Eciu mnepBble HcCIeqoBaHUSA B
9TOM 00JaCTH paccMaTPUBAIM MOJENBHBIE CLEHBI M aKLEHTHPOBAJIH
JIOTHUYECKUH ypoBeHb paccMoTpeHusd [1, 2], To B HacTosIee BpeMs Ha
NEepBBIA IUIaH BBIXOJUT aHAJM3 €CTECTBEHHBIX CIIEH C IEJIbI0 M3BIICUe-
HUsI MTHQOPMAIMH, HEOOXOANMOH, B YACTHOCTH JUISL CUCTEM YIIPaBJICHHS
ABTOHOMHBIX pOOOTOTEXHHUYECKIX KOMITIEKCOB [3, 4].

B nameit rpynme nccnenyercs NpUMEHEHHE aHalli3a CIEH sl To-
BEIIICHUS d(PQPEKTHBHOCTH pemIeHust Takux 3afgad ooptoBoit CT3 kak
ompenenenne odux ycmoBuid nsrkeHms PTK (xakas cpema: ypOanm-
CTHYECKasi, €CTeCTBCHHAs, CMEIIaHHas); IOTOJHbIC YCIOBHSA; BpeMs
CYTOK; aBTOMaTHYECKHU TOUCK/BBI/ICICHHE OPUEHTUPOB B OKPYKaIOILEM
MPOCTPAHCTBE; ONpPEIEICHUE MOJIOCHl JBIXCHHUSI TPAHCIIOPTHOTO Cpe/l-
cTBa. Mccneyrorest anropuTMbl pa3innyHON TPUPOIBL: TPAUIIMOHHEIE (C
MOIIATOBBIM  OOBSCHEHHWEM THIIAa 00paboTkM U €€ pe3ylbTaToB),
HelpoceTeBkle.

Cam aHaiM3 CIEHBI COCTOMT M3 HECKONbKMX moazanad. Ilepsoil u3
9THX T0J3a/1a4 SIBJISIETCS CErMEHTAlMsl M300pa)KeHUs! CLEHbl Ha OJHO-
poanbie obmacti. COBMECTHO C ampHOpHON HHGpOpMaImeil 0 BO3MOX-
HBIX 00BEKTax MHTEpeca B MOJE 3PEHUS PE3yNbTAaThl CETMEHTAINH 1103~
BOJISIIOT 00Jiee TOYHO M HaAEKHO HMCCIIEN0BATH OOBEKTH MHTEpECa, CO-
cpefoTauynBas BHUMAHHE HAa TEX OOJIACTAX, B KOTOPBIX MOTYT COZIEp-
KATBCA TOTOJIHUTEIIbHBIC XapaKTCPUCTHUKH 3TUX O6'beKTOB. HpI/IBO)]ﬂTCSI
PE3yJbTaThl SKCIIEPUMEHTOB 110 00pabOTKe 3PUTEIBHBIX AaHHBIX, MOJY-
YEHHBIX C PA3JIMYHBIX IIOJIEH 3pEHUS B IIPOLIECCE IBUKEHUS TPAHCIOPT-
Horo cpexcTBa. Jaércsi CpaBHUTENBHBIM aHAIW3 NMPUMEHEHHs pa3ind-
HBIX aJITOPUTMOB M Psii PEKOMEHIAMI K UX UCIIOJIb30BAaHHIO B 3aBUCH-
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MOCTH OT pelIaeMoil 3ajaui U JOCTYIHBIX CEHCOPHBIX U BBIYMCIUTEINb-
HBIX CPE/ICTB.

1. Minsky M., Papert S. Perseptrons. - Cambridge, Mass.: MIT
Press, 1969. [Pycckuit nepeBoa: Munckuit M., Ileiinept C. [lepcentpo-
HBL - M.: Mup, 1971.].

2. Nyna, P. PacmosHaBanne o0pa3oB u aHamm3 cieH / P. Jlyna, I1.
Xapt. — M.: Mup, 1976.

3. Razavian A. S., Azizpour H., Sullivan J., and Carlsson S., “Cnn
features off-the-shelf: an astounding baseline for recognition,” CVPR
workshop, 2014.

4. Liang-Chich Chen, Yukun Zhu, Papandreou G.,  Schroff
Florian, Hartwig Adam. Encoder-Decoder with Atrous Separable Con-
volution for Semantic Image Segmentation, ECCV, 2018, Corpus ID:
3638670.

B.®. ®unapemos™’, A.A. Kauypun®
CHUCTEMA COI'JTACOBAHHOM MMOJTYABTOMATHYECKOMN
PABOTHBI IBYX MOBUIBHBIX POBOTOB

IHHcmumym asmomamuxu u npoyeccos ynpaeienus JBO PAH, Braougocmox;
?lanvnesocmounviti hedepanvhpiii yrusepcumem, Bradusocmox; *Hrucmumym
npobrem mopckux mexnonoeuti IBO PAH, Bradusocmok
filaretov@inbox.ru, katsurin@mail.ru

V.F. Filaretov"z, A.A. Katsurin®®
THE SYSTEM OF COORDINATED SEMI-AUTOMATIC WORK
OF TWO MOBILE ROBOTS

!Institute of Automation and Control Processes FEB RAS, Viadivostok; *Far East-
ern Federal University, Viadivostok, *Institute of Marine Technology Problems
FEB RAS, Vladivostok
filaretov@inbox.ru, katsurin@mail.ru

Cosnanne >(QeKTHBHBIX MOOWIBHBIX POOOTOTEXHHMYECKHX KOM-
IUIEKCOB, TPEIHA3HAYEHHBIX Ul HPOBEACHHUS PabOT B TPYTHOAOCTYII-
HBIX yCJIOBHSX OCTAaeTCs aKTyallbHOM 3aqadeii COBpeMEHHOW po0OTOTEX-
HUKHU. [Ipy 3TOM 0OBIYHO MPUMEHSIETCS OJIyaBTOMATHYCCKOE YITPaBiie-
HHUE, KOTJa YeJOBEeK-omeparop oOecrneurBaeT IepeMelleHne pabodero
oprana (PO) mHorocrenenHoro Manumnynsropa (MM) ¢ momoiisio 3a-
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nmatormero ycrtpoiictBa (3Y), OpHEHTHPYSICH TONBKO MO H300paKEHHIO
pabodero MpoCTpaHCTBA HA SKPaHE TEIEMOHHUTOPA.

B pabote pemraercs 3agada co3aHNsA CHCTEMBI IOITyaBTOMAaTHIECKO-
ro yrpasieHuss MM, ycTaHOBIICHHBIM Ha OCHOBHOM MOOMIJIBHOM po0OTe
(MP), c momomsto creraigsHoro 3Y. Ilpu 3ToM ucnonb3yemas cuctema
MO3BOJISIET ONEPaTOpy padoTaTh Jaxe ¢ 00bEKTaMU, HAXOASIINMHUCS BHE
30HBI BUJMMOCTH cucteMbl TexHuueckoro 3penus (CT3) ocHoBHOrO MP,
3a cyer (popMHUpOBaHMS M300paKEHUsI paboUero MPOCTPAHCTBA HA Telle-
MoOHHUTOpe onepaTtopa ¢ nomoiupto CT3, ycTaHaBnMBaeMOW Ha BCIOMO-
raTeJibHOM - Oosiee MaHeBpeHHOM MP.

OOmmit Bua cucteMsl MoKazaH Ha pucyHke 1. B mpomecce paGoTs
ocHoBHoro MP 1, ocnamennoro MM 2 ¢ PO 3 u CT3 4, MoryT BO3HHK-
HyTh cutyarmn, korgqa CT3 4 He mo3BomuT BUIETh 00BEKT pabor 5. B
9TOM CIIydae JJIs HaOIIFoJeHHS 32 00BEKTOM 5 MOXKET OBITh HCITOIB30BaH
BCIIOMOTATENbHBIN, OoJiee MaHEBPEHHBIH W, BO3MOXHO, MEHBIIHAN IO
rabapurtam BTOpoit MP 6, ocnamenusiii CT3 7. Dtot manbeiii MP moxer
MOIXOANUTh K 00BEKTY 5 ¢ yIOOHOrO pakypca Tak, 4TOObI OIepaTop Ha
JKpaHe MOHHUTOpa 8 OHOBPEMEHHO BHET 3TOT 00BheKT ¥ PO 3 maHwmIy-

nsitopa 2.
I e
2 Q h Vo C. _
X, ¥, .

6

!

Pucynox 1 — Cucrema corjiacoBaHHOTO I10JIyaBTOMaTHYECKOTO YIIPaBICHHS
MOOWIBHBIMU poboTaMu

[Ipennaraemas cuctema ympasieHuss MM MmoxeT paboTaTh B JBYX
yepeayromuxcs pexumax [1, 2]: crabunmzanuu (BCIIOMOTaTeILHOM) U
cnexenus (pabouem). B pexxume cradumusanu MM HemoABIMKHO (PHK-
CUpYyeTCs B MPOCTPAHCTBE, a OMEPAaTOP UMEET BO3MOXKHOCTH M3MCHSTH
koHpuryparmo 3Y 9 u opuenrarmo CT3 7. B pexxume crnexxeHus uc-
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TIOJIHSIOTCS JTIOOBIE BUXKEHHUS, onpezaenseMble 3Y, U MOAEPKUBAETCS
B3aWMHas OpHeHTauus pyKosTku 3Y u nzobpaxenuss PO MM na skpane
TeneMoHuTopa § npu b0 opuentannu CT3 7.

B pabote mpesyiokeHa CUCTEMa MOTYaBTOMATHUECKOTO YIPABICHUS
MM, ycTaHOBJICHHBIM Ha OJJHOM U3 MP poOOTOTEXHUYECKOTO KOMILICK-
ca, BKJtroyaromiero Asa MP. OHa no3BonsgeT ylydluTh 3KCILTyaTalluoOH-
HBIC XapaKTEPUCTUKHA 3TOTO KOMIUIEKCA, OOecrednBas HEMPEpPBIBHOEC
MOJy4eHHEe BU3YaIbHOH MH(pOpMamu 00 00bekTe paboT ¢ HECKONBKUX
pakypcoB, maxe korma 3ToT o0bekT He BuaeH CT3 ocHoBHoro MP, a
Habmomaercs CT3 BcomoratenpHoro MP.

Pabora BemomHsTace npu QuHAHCOBOM mommepxkke PH® (rpanT
PH® 22-29-01156).

1. ®unaperos B. @., Kauypun A. A. MeToj 101yaBTOMaTHIECKOTrO
MO3ULHOHHOIO YIPaBJICHUS MaHUIIYJISITOPOM C IOMOIIBIO TEJIEKaMepsbl,
U3MEHSAIOLIEH IPOCTPAHCTBEHHYIO OPHEHTALHIO CBOEH ONTHYECKOH ocH //
MexatpoHuka, aBToMarusanus, ynpasienue. —2008. —Ne 9. — C. 15-22.

2. ®wunaperoB B. @., Kanypun A. A. Cucrema TeieynpaBieHUsI
MHOTO3BEHHBIM MAaHUITYJIITOPOM, YCTaHOBJICHHBIM Ha MOOWIBHOM pO-

6ote // UnbopMannoOHHO-N3MEPHUTENbHBIE H YIPABIISIOIINE CHCTEMBL. —
2018. — Ne 12. — C. 40-48.

B.II. Hockoe, H.0. Kucenes, A.H. Kypvanoe
BUAEO-JAJIBHOMETPUYECKUE JECKPUIITOPHI
MNJIOCKHUX TEKCTYP B HABUT'ALIUU POBOTOB

MI'TY um. H.D. baymana, Mockesa, noskov_mstu@mail.ru

V.P. Noskov, 1.0O. Kiselev, A.N. Kuryanov
RGB-D DESCRIPTORS OF FLAT TEXTURES
FOR ROBOTS NAVIGATION

Bauman Moscow State Technical University, Moskow, noskov_mstu@mail.ru

PaccmoTpena akTyanpHas 3aa4a ONPENEICHHUS TEKYILETO MOJIOXe-
HUST MOOMIBHOTO po0oTa (OECMIIOTHOTO JIETATEIBHOTO amiapara) o
BHJC0-TATFHOMETPHUYECKUM H300pakeHMsIM (0OBEMHBIM pacKparieH-
HBIM 00JlakaM To4eK), (OpMHUPYEMbIM OOPTOBOW KOMIUIEKCHPOBAHHOM
CHCTEMOIl TEXHHMYECKOTO 3peHHs, IIOCTPOSHHOH Ha 6a3e Juaapa M LBeT-
HOW BHIECOKaMepHl, IIPH JIBIDKEHUH (T0JIeTe) B ypOaHU3UPOBAaHHOM cpe-
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Jie, comeprKaiieil MmIocKue 0ObeKThI (CTEHBI, MOTOJKH, TPOTYyaphl, A0PO-
rH,...) [1-3]. IlpeanoxeH adropuTM BHICO-HABUTALMU, OCHOBAaHHBIN Ha
HCTIONBb30BaHUH TUTOCKHUX KOMILIEKCUPOBaHHBIX (Bumeo-
JATbHOMETPUYECKHX ) JIECKPUIITOPOB, BBIJIENSIEMBIX Ha IIOCKUX TEKCTY-
PpUpOBaHBIX 00BEKTaX BHEUIHEH Cpe/bl, Ul OMUCAHHUSI KOTOPHIX MCIOJb-
3YIOTCSl SIPKOCTHBIE M TeoMeTpuyeckue mnapamerpbl. ChopMyIHpoBaHbl
npaBwiia (POPMHUPOBAHUS TUIOCKOTO KOMIUIEKCHPOBAHHOTO JECKPHIITOPA,
obecrieunBaroNIve BBIICIICHHE ¢ MOMOIIbI0 onepaTopa Cobenst ocoboit
(ueHTpanbHOM) TOYKM NECKPHITOPA M BBIYHMCICHHE SIPKOCTHBIX M T'€O-
METPHUYECKHX ITapaMeTPOB B €€ IUIOCKOH JIOKabHOH oOmacTu. [JomomHe-
HHE SPKOCTHBIX MapaMETPOB IUIOCKOTO JECKPHNTOPA, (OPMHUPYEMBIX
BHCOKaMEpPOH, TEOMETPHUECKUMH NapaMeTpamMy, (POPMHUPYEMBIX IaJlb-
HOMETPHYECKUM CEHCOPOM, CHHMAeT NpoOJieMy HWHBAapUAHTHOCTH Jie-
CKpHIITOpa K MacmTaldy M TEM CaMbIM CYIIECTBEHHO CHIDKAET TPYI0EeM-
KOCTh BBIUMCIICHUH TIpH ero Boiaenennu [4]. ChopMynupoBaHbl IpaBuiia
HaXO0JXK/ICHHUsI COOTBETCTBYIOIIUX JIPYT JPYTY NECKPUITOPOB HA BBIIEIS-
€MBIX B IpoLecce IBIKEHUS IUIOCKUX TEKCTYPHPOBAHHBIX OOBEKTaXx,
OCHOBaHHbIE Ha BBIYHMCIEHUHM Pa3HOCTU SPKOCTHBIX M T'€OMETPHUYECKUX
rapaMeTpoB CPaBHUBAEMBIX JAECKPUITOPOB. BhIMoONHEHa oLeHKa OmMo-
KM peIICHHs HABUTAI[MOHHOW 33Ja4M C WCIOJIb30BAHUEM IIOCKUX KOM-
TUIEKCUPOBAHHBIX JIECKPUIITOPOB B 3aBUCHMOCTH OT OIIMOKH CEHCOpPOB
CHCTEMBI TEXHHIECKOTO 3PEHHUS U TEOMETPUIECKUX Pa3MEPOB AECKPHUII-
TOpa. 3a CYeT HOCTPOEHMS THCTOTPaMM PEIICHUS] HaBUI'aLMOHHOM 3a/1a-
YH 110 KaXKI0M KOOpIUHATE 00BbEKTa YIPaBICHHS JUIsl BCEX I1ap COOTBET-
CTBYIOIIUX JPYr JAPYrY JECKPUITOPOB JOCTHIHYTa CTATHCTHYECKH
YCTOWYMBAs BBICOKAS IOCTOBEPHOCTh PELICHUs IIOJHOW HABUTALIMOHHON
3amaud. TOYHOCTH pelleHHs HABUTALMOHHOW 3aJaud MOJIy4yujach He
xyxe TouHoct CT3. Mcnonp3oBaHME IUIOCKMX KOMIUIEKCHPOBAHHBIX
JECKPHUIITOPOB MO3BOJIMIIO TIPU CPABHUTEIFHO MaJOM 00bEMe BBIYHCIIE-
HUH C IpUEeMIIEMOH TOYHOCTBIO U OBICTPOJCHCTBHEM DEIIUTH IMOJTHYIO
HaBUTaMOHHYIO 3a7jady Ha OOPTOBBIX BBIYMCIHUTENAX B TEMIIE JBHXKE-
Husl (monera) oOBeKTa ympaieHHs. DPPEKTUBHOCTH NPEUIOKEHHBIX
ITOPUTMUYECKUX U Pa3pabOTaHHBIX MIPOTPAMMHO-ANINAPATHBIX CPEICTB
MTOATBEPK/ICHA HATYPHBIMH 3KCIIEPUMEHTAMH, ITPOBEJCHHBIMHU B PEaJlb-
HBIX YCIOBHUSX ypOaHU3UpPOBaHHOH cpensl. Ha puc. 1a mokazansr ocoObie
TOYKH Ha TEKCTYPHUPOBAHHOM ILJIOCKOM 00BEKTe, Ha puc. 10 u 1B moka-
3aH OJUH U TOT € JECKPUIITOP, HAMIEHHBIH Ha COOTBETCTBYIOLIUX JPYT
JIPYTY TEKCTYPUPOBAHHBIX IUIOCKUX OOBEKTaX, BBIACICHHBIX M3 JBYX
KOMIUIEKCUPOBAPHHBIX M300pPa)KCHUH, MMOJYYEHHBIX IPHU PasHbIX MOJI0-
wenusax CT3 (pobota).
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a) 0) B)

Pucynok 1 — Oco0ble TOUKH ¥ KOMIDIEKCHPOBAHHBIH JECKPHIITOP HA INIOCKUX
TEKCTypPHPOBAHHBEIX 00BEKTaX

Ha pucynke 2a mNpHBEAEHO HCXOJHOE BHACO-JATBHOMETPHIECKOE
M300pakeHne TNOMeEIleHus, a Ha puc. 10 pesymprar peienus SLAM-
3aj1a4u C MCIIOJIb30BaHUEM KOMIUIEKCHPOBAHHBIX IUIOCKHX JIECKPUIITOPOB,
Haﬁ)leHHbIX B TCKCTYPUPOBAHHBIX INIOCKHUX O6’BCKT3.X, BBIJICIIACMBIX B I10-
CJIEIOBATEIILHOCTH KOMILJIEKCHPOBaHHBIX HM300paKeHUH, (DOPMHUPYEMBIX
6oproBoii CT3 B mpouecce ABMKEHMS (T0JieTa) 00BEKTa yIpaBIeHHSI.

Pucynok 2 — Pemenune SLAM-3anauu ¢ HCTIONB30BaHIE KOMIUIEKCUPOBAHHBIX
IUIOCKHX JIECKPUIITOPOB

Vcnonp30BaHue IUIOCKUX KOMIUIEKCUPOBAHHBIX JECKPUITOPOB IMO3-
BOJIMJIO CBECTH TPYIJOEMKYIO TPEXMEpHYIO 3ahady ONTHMH3alHUU COB-
MEIIEHUS TEKCTYP IIOCKUX TEKCTYPHPOBAHHBIX 00BEKTOB [3] K IpocTo-
My COBMEUIEHUIO COOTBETCTBYIOUIUX APYT APYTy JECKpPUNTOPOB[4].

1. Hockos B.IT., Kucenes 1.0. TpexmepHBIit BapranT Metona Xada
B PEKOHCTPYKIMU BHEIIHeW cpenbl u HaBurauuu. / M.: «HoBble TexHO-
noruny, «MexaTpoHHKa, aBTOMaTu3alus, ympasienue» Ne§, 2018. c.
552-560.

2. Hockos B.II., Kucenes 1.O. Beinenenue MmIOCKUX OOBEKTOB B
JMHEHHO CTpYKTypupoBaHHBIX 3D-m3obpaxenusix. // C-IlerepOypr:
PobororexHuka u TexHuyeckas kubepHeruka Ne2(19), 2018. C. 31-38.
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3. Hockos B.IL., Kucenes M.0. Hcnosb30BaHHe TEKCTYPhI JHHEH-
HBIX 00BEKTOB JIJIsl IIOCTPOCHUS MOJICNI BHEIIHEH CpeAbl U HaBUT AU //
M.: «HoBble TexHOIOTUM», MexaTpoHHKa, aBTOMaTH3allUs, YIIpaBICHHE.
2019. Neg, 1. 20. C. 490-497.

4. Hockos B.II., KypesaoB A.H. Hcnonp3oBaHue KOMILIEKCHPO-
BaHHBIX IECKPHUITOpOB B peurennn SLAM-3anaun. // Taranpor, W3Be-
ctust FODVY. Texuuueckue Hayku. Nel, C. 268-278.

®.M. benvuenko, H.J1. Epmonos
BHEAPEHUWE TEXHOJIOT YU MPEOBPA30BAHUSA
MNEPCIIEKTUBBI HA BUJEOU30BPAKEHUSAX
BO BCTPAUBAEMbBIX CUCTEMAX POBOTOTEXHUYECKHUX
KOMILUIEKCOB

Hucmumym npobrem mexanuxu um. A.FO. Muwnunckoeo PAH, Mocksa,
philepp@mail.ru, ermolov@ipmnet.ru

F.M. Belchenko, I.L. Ermolov
IMPLEMENTATION OF PERSPECTIVE CONVERSION
TECHNOLOGY ON VIDEO IMAGES IN EMBEDDED SYSTEMS
ROBOTIC COMPLEXES

Ishlinsky Institute for Problems in Mechanics RAS, Moscow, philepp@mail.ru,
ermolov(@ipmnet.ru

B pabote uccienyioTcs BO3MOKHOCTH CHCTEMBI TEIEMETPHH, BHO-
CSILEH IIeJeBble MCKKEHHU B IEpelaBacMoe BHICOM300paKeHue, MpH
(hYHKIIMOHMPOBaHNHU BO BCTPaWBaeMBIX cHcTeMax. MccienoBaHa pabora
b.B. Paymen6axa o paboTe kamMep KOCMHYECKIX CITyTHHKOB [1].

[IpennoxeH psn peleHuid MO COBEPUIEHCTBOBAHUIO CUCTEM TeEJe-
metpun PTK [2]. B kauectBe 1ieneBoi IuaThoOpMbl ISl UCIBITAHUN
npemiokeHo wucnons3oBath NVIDIA Jetson Nano (puc.l). [lannas
matpopMa MMeeT BO3MOXKHOCTD 3aIlyCKa IIOJHOIIEHHON ONepanioHHON
CHCTEMBI U Y/IOBJIETBOPSIET BCEM TPEOOBAHMSM IO POU3BOIUTEIBHOCTH
annapaTHbIX PECypPCOB.

Jnst pa3paboTKy mporpaMMBbl HCTolb30BajIack ondmrorexka OpenCV
JUIsL paboTBI C CHCTEMaMH TEXHHYECKOro 3peHus. s nmpeoOpa3oBaHuMii
MEPCIEKTUBBI BHYTPH OMOINOTEKN HCTIONB3YETCS MAaTPHIIA, TIO3BOJISIOIIAS
OCYIIECTBIISITH MOBOPOTHI, IIEPEHOCHI M MacIITaOMpOBaHWE PA3TMYHBIX
TUIAaHOB m300pakeHus. Jlanee OBIIO peaii30BaHO BHECCHHUE LIENICBBIX HC-
Ka)KEHHH, TIO3BOJIMBILEE PEIINTH PS MPOOJIeM Ha M300paKEeHUIX, TAKHUX
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Kak: qucTopeus (puc. 2), m3MEHeHne 0TOOPaKeHUS pa3INIHbIX IUIAHOB Ha
BHZICO0, BUPTYAIBHBIA IOBOPOT TUIOCKOCTH [3, 4].

Pucynok 2 — VcnipaBiienne nmpo0ieMbl IUCTOPCHH TIPH BHECEHUH IIEIEBOTO
HCKa)KEHHsI IEPCIIEKTUBBL

B nacTosiiee Bpemst IIPOBOJSITCSL UCTIBITAHUS 110 pa3padaThiBAeMOMY
npoekty. COBMECTHO C TEXHOJIOTHEW INpeoOpa3oBaHUs IEPCIEKTHBBI
BHEJIPSIETCSL Psl TEXHOJIOTMH CErMEHTAlMU M300pakeHHUH, AJISI OLEHKH
3¢ PEKTUBHOCTH TEXHOJOIMU MPU BO3MOXHOM BHEJPEHHH B CHCTEMax
TEXHUYECKOTO 3PEHHUS.

Jlokian mpencraBieH B paMKax BBITOJIHEHHUS roc3agaHust MuHoOOp-
Hayku PO Ne AAAA-A20-120011690138-6.

1. Paymen6ax b.B. 'eomMeTpust KapTHHBI 1 3pUTEIBHOE BOCIIPHSTHE.
— CII6. Azbyka-knaccuka, 2002. — 320 c.

2. benpuyenko @.M., Epmonos MN.JI. Pa3paboTka KOHIEMIIUK CHCTE-
™Mbl TeneMeTpud PTK ¢ BO3MOXHOCTRIO BHECEHHS IEIEBBIX MCKaKEHHHA
0TOOpakaeMoro MpoCTPaHCTBa, POOOTOTEXHUKA M TEXHUUECKas KuOep-
Heruka. — T. 9. - Nel. — Cankr-IlerepOypr : HTHUU PTK. — 2021. — C.
26-31.
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3. benpuenko ®.M., Epmornos N.JI. BHecenne 1eneBbIx CUTyalu-
OHHBIX MCKa)XCHUH B cucTemax tenemeTpun// Marepuansr XIV Beepoc-
CHICKOW MyJIbTHUKOH(EPEHIMHU 1o mpodiieMaM yrpasieHus. — PocTos-
Ha-/lony: Taranpor, 2021. —c.119-121.

4. benpuenko ®.M., Epmosos U.JI. HoBerit moaxon k npeodpa3opa-
HUIO TICPCICKTHBBI M300paKEHHWI B CHCTEMaX TEIEMETPUU POOOTOB.
MexaTtponnka, aromaru3anus, ympasineHue. 2021;22(12):644-649.
https://doi.org/10.17587/mau.22.644-649.

AM. Boﬁkol, A.A. Ey03a2, A.T. Keacxos, I1.B. Kocmbtpunz,
K.A. MaKCMMOBZ, J.B. Ti Kauem(oz, 11.10O. llIaMpaﬁz
BbICOKOITPOU3BOJAUTEJBHAS OIITO3JEKTPOHHA I
CUCTEMA OTCJIEXKUBAHMSI ITOJIOXEHUS
BECIMMJIOTHBIX JIETATEJIBHBIX AITITAPATOB (BJIA)

' OTH un A.®. Hoppe, Canxm-Ilemepbpye, boiko@theory.ioffe.ru;
’HHAL] « BHUMIKTy, Canxm-Ilemepopye; “1]3H 000 «Koupudenmy,
Canxm-Ilemepbpye

A.M. Boiko’, A.A. Budza, A.G. Kvasko, P.V. Kostyrin,
K.A. Maksimov, D.V. Tkachenko, P.Yu. Shamray
HIGH-PERFORMANCE OPTOELECTRONIC TRACKING
SYSTEM FOR AERIAL ROBOTICS (UAV’s)

'Toffe Institute, St. Petersburg, boiko@theory.ioffe.ru; *JSC Railway Research
Institute (VNIIZHT), St. Petersburg; *Information security center «Confidenty,
St. Petersburg

CoBpeMeHHbIE HCCIIEIOBaHUS B 00JIACTH TEOPUH YIIPABJICHHS B NPU-
MEHCHMH K OeCImIOTHBIM JietaTenbHbiM anmapat™ (BJIA), TpeOyrot
COBPEMCHHOI J1abopaTopHON mHpuOOpHO# 0a3bl. CaMbIM TPOCTHIM, U
JOCTYIHBIM CIIOCOOOM H3MEpUTH MOJ0XKeHHe M KoopauHatel BJIA Bo
BpeMs1 uccienoBanuil sBistrorcest cucremsl HCC, kotopeie obecrieun-
BAalOT TOYHOCTb MO3HWIIMOHUPOBAHMUS B €IMHUIBI CAHTHMETPOB U OIpesie-
JICHHE CKOPOCTH C TOYHOCTHIO E€MHUI] CAHTHMETPOB B CEKyHAYy ( mpH
HaJIMYUH CUCTeMbI Koppekinu). Ho Takue mcciaenoBaHus MOXKHO MPOH3-
BOAWTH TOJIBKO Ha OTKPBITOM BO3IyXe, UTO TpedyeT obecrieueHus pabdo-
THI BEChMa 3aTPaTHOW MOJIEBOH TabopaTOPHH C OAHOM CTOPOHEL, C ApY-
ro#f - TpedyeT pa3pelieHus] Ha MOJIETHI B BO3AYIITHOM IIPOCTPAHCTBE IS
OECHMJIOTHUKOB, KOTOpbIE ellle HE HMEIOT HHKAKOIr0 PHUIMYECKOrO
ctaryca. Ecinu MBI XOTUM IIPOBOJIUTH HUCCIIEAOBAHMS MOJ KpHIIeH B 00-
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nee KOM(MOPTHBIX YCIOBHSX, HE Hapyllasi paBHia UCIIOJIb30BaHUS BO3-
AYIIHOTO TIIPOCTPAHCTBA, TO TaM CTAHOBATCA HCEAOCTYIIHbBI HOaHHBIC
I'HCC. CnenoBarenbHO, NPUXOJUTCS HUCIOJIB30BATh CUCTEMBI, paboTa-
IoLIMe N0 Kamepam, IO yJIbTpa3ByKy, 1o paauo. Kaxknas w3 Takux cu-
CTEM HMEET CYLIECTBEHHBIE ISl MOJIb30BaTelIsl HEJAOCTaTKH — HauWHast
OT LIEHBI B JECSATKH M COTHM pa3 MPEBOCXOASAILIECH LIEHYy HCCIEeTyeMbIX
BJIA wn 3akaHuMBas HEBO3MOXKHOCTb HANpPSMYI HU3MEPHUTh JTHHEHHYIO
CKOPOCTbH 0€3 IPUMEHEHHUS JONOIHUTENbHBIX N3MEPHUTEIBHBIX CHCTEM H
ITOPUTMOB.

B nameii pabote moka3aHo, KaKk MOXHO CO3[IaTh ONTORJIEKTPOHHYIO
CUCTEMY, OOJaIafoIIy0 HEOOXOAWMOW HPOM3BOAUTEIHHOCTRIO (Ooiee
25000 «chIpbIX» M3MEPEHUI B CEKyHIY), KOTOPOH HE TpeOyeTcs HHKa-
KHX JTOMOJIHUTEIIbHBIX MHEPHHUATIbHBIX M0)1yne171 " paauocCBA3U, IJId O/11-
HOBPEMEHHOTO OIpeieeHus monoxeHusa u ckopoctu BJIA B mpenenax
JIeHCTBUS JTOKAJILHOTO HABUTalTMOHHOTO 1o [1-3].

KiroueBast uest COCTOMT B TOM, 4TOOBI UCIIOIB30BATh KJIACCUUECKUN
MIPUHIMI M3MEPEHHs yIila HalpaBlIeHHs Ha OOBEKT, UCIOJIb3yEMBIH B
MOHOMMITYJIbCHON pasinosiokannu [4]. A MOCKOIBKY AJIs pajuouana3o-
Ha XapakTepHb! KPYHMHOTabapUTHBIE aHTEHHBI, TO MBI UX 3aMEHIIM Ha
MasiorabapuTHBIEC CBETOIUOAHBIC MasIKK ¥ (POTONPUEMHHIKH. DTO TO3BO-
JWJIO YMEHBIIUTH rabapuThl M CTOMMOCTh MOAYJICH H3MEPHUTEIHHOM
CHCTEMBI 10 rabapuTOB M CTOMMOCTH, IPHEMIIEMBIX B J1a0OpPaTOPHOM
HCIIOJIb30BAHHH.

[TonyuyeHHass TOYHOCTh U3MEPEHHUN COMEPXKUT OIMKOKY (36) He Oosee
0.1 rpagyca, 4TO COOTBETCTBYET JMHEHHOMY OTKJIOHEHHIO 3 MM Ha JH-
CTaHIMK 2 METpa OT Maska. A omIKOKa ONpeae/ICH ST CKOPOCTH HE Ipe-
BOCXOAUT 2cM/ceK Ha TOM e paccrosHud. CrenoBaTenbHO, Takas CH-
cTeMa ro3BosisieT uMuTHpoBaTh nokazanus ' HCC B nmaGoparopHoM mo-
MEILEHNH, HE BHOCS JIOMOJHUTEIbHBIX H3MEHEHUI HU B JIOTHKY padoTy,
HU B KOHCTPYKIHIO.

1. «Pa3paboTKa 3JI€MEHTOB CHCTEMBI ONTHYECKOTO HHCTPYMCHTAIb-
HOTO 3aX0Za Ha I0CaJKy OECIMIOTHOIO JIeTaTeIbHOro anmapara», A.A.
Bynza, numnomuas pabdora, CIIOITY, 2016.

2. «Pa3paboTKa aBTOHOMHOI'O allapaTHOrO KOMIUIEKCA BHICOKOTOY-
HOT'O M3MEPEHUsI MTPOIOJILHOM CKOPOCTH Ha OCHOBE (ha30BOrO METOJay,
I1.B. Kocteipun, Marucrepckas auccepranus, CII0ITY, 2017.

3. «PaspaboTka ycTpoicTBa MpuéMa M 06pabOTKH CHUTHAJIOB OITH-
YEeCKOM CHCTEMBl HHCTPYMEHTAIIBHOTO 3aX0la Ha MocauKy OecIIOTHOrO
JieTaTeNbHOrO anmapara», A.A. Bynaza, BbilycKHas KBanu()UKaLHOHHAS
pabota maructpa, CIIOITY, 2016.
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4. «OGecneyeHre MPOCTPAHCTBEHHOM YCTONYMBOCTH POSI ABTOHOM-
HBIX OECHIJIOTHBIX JIETaTeIbHBIX anmnaparoBy, A.M. boiiko, P.A. I'upru-
noB, PoboToTexHuka u TexHu4yeckas kubepHeruka, 9(2)2021.

B.I1. Anopees
OBECIIEYEHUME BE3OITACHOCTHU PABOTbI KHUHO-
U TEJIEX)KYPHAJIMCTOB CPEJICTBAMM YKCTPEMAJIBHOM
POBOTOTEXHUKHA

Mockosckuii cocyoapcmeennviii mexnonocuueckuti ynusepcumem « CTAHKHUH»,
Mockea, andreevvipa@yandex.ru

V.P. Andreev
SAFETY OF THE WORK OF FILM- AND TV-JOURNALISTS
BY MEANS OF EXTREME ROBOTICS

Moscow State University of Technology «STANKIN», Moscow,
andreevvipa@yandex.ru

B Hacrosmee BpeMs 0€30MacHOCTh KHHO- U TEJIEONEpaTopoB, pado-
TAIONIMX B «TOPAYMX» TOYKaX, OOECHEeYMBAETCS WHIWBHIYaTbHBIMU
CPEICTBaMHU 3aIIUTHl — KackaMH U OpOHEeXHIeTaMH. DTH CpEeACTBA HE
MO3BOJISIOT 3AIUTUTHCS OT CHAMIIEPCKOrO OTHS M MUHOMETHBIX CHaps-
noB. B cuy cBoeit mpodeccuu BOeHHBIE JKypHAIHCTBHI M ONEPaTOPEI
paboTaroT B TOH k€ 30HE, I'/Ie ¥ COJIAThI, TOJIBEPIaloTCs TEM XKE PHC-
KaM, 9TO U OOMIIBI.

[ento poboTuzanmy BoopykEHHBIX cuil PD sBisiercst ocBoeHHne 0e3-
JIFOJTHBIX TEXHOJIOTHH, 00ECHeYMBAIONINX IOJHOE WM YacTUYHOE HC-
KITIOUEHHE JJMYHOTO COCTaBa IpH peleHnr 00eBbIX 3a71a4d. Heooxommumo
JaHHYIO LIeJIb PACHPOCTPAHUTh M HA BOCHHBIX )KypHAJIHMCTOB U OIIEPATO-
pOB W co3maTh cHenuaibHble podoToTexHmueckne koMmruiekchl (PTK)
JUIS KYPHAIIICTOB, OCBEINAIOINX OoeBbIe AeiicTBus. [y 3TOTO TMpeuia-
raeTcs HCIOJb30BaTh COBPEMEHHBIE CPEIICTBA SKCTPEMalIbHOW POOOTO-
TEXHUKH — JMCTAHIIMOHHO yrpasisemble MoOmibHbie PTK, ocHaménHble
CTepEOCKOIMMYECKIMH cucTeMamu Texaudeckoro 3penus (CT3) u coot-
BETCTBYIOIIIMMU CPEACTBAMH KHHO-TEJIECHEMKH.

[TpumepaMu Takux SKCTpeManbHBIX poOoToB Moryt ciyxuth PTK ¢
JVCTaHIIMOHHBIM ympaBieHueM (puc. 1), paspaborannsie B LleHTpans-
HOM Hay4YHO-UCCIIEOBATEIbCKOM U OINBITHO-KOHCTPYKTOPCKOM HHCTH-
TyTe POOOTOTEXHUKH U TexHUUecKkoi knbepuetukm» (LITHUU PTK).
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a)
Pucynox 1 — Mob6unsasie po6oTtsr «KATIUTAH» (a) u «kKYPCAHT» (6)

JlucTaHIMOHHOE yrpaBiieHHe MOOHIbHBIME poboTamu (MP) mo pa-
JIMOKAHATY yXKe He SBJISeTCs 00NbIIoN mpobiemMoit. OTHAKO TaKOH KOM-
MYHUKaIMOHHBII KaHaJl, KaK IPaBWIo, He NpeJHa3Ha4YeH JUIsl Mepeaadn
10 paJroKaHaly MHOTOIOTOKOBOro BHieo. OcHaileHue poOOTOB CTe-
peockonmueckoit CT3 u crienuansHON ONepaTOpcKoi TeneKkaMepon Tpe-
Oyer OoJiee MUPOKOMOIOCHOTO KOMMYHHKAI[HOHHOTO KaHaia, MOCKOJIb-
Ky HeoOX0IMMO IepeaBaTh HECKOJIBKO BHIEOIIOTOKOB OJHOBPEMEHHO.
Kpome Toro, omeparopckasi Tenekamepa MOXeT paboraTh B (opmate
BBICOKOTO Pa3pelleHusi, YTO CYLIECTBEHHO MOBBIIIAET 00bEM MepeaaBa-
eMOoil HHpOpPMAaIIMK B €IMHUILY BPEMEHHU.
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Pucynok 2 — CrpykrypHas cxema CT3 111 KUHO- U TEJIEKYpPHAIUCTA
Pemenne nanHoM mpodieMbl pepoxkeHo B [1]. Paspaborantas u us-
rotoBneHHas CT3 Obuta mpeaHa3HavYeHa /Il MOJIYYCHUS U OECPOBOIHOM

nepenauyn BuaeonH(opMmauuy Ha mynsT ynpasinenus (I1Y) omeparopa on-
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HOBPEMEHHO C IIeCTH Teekamep, ycraHoBineHHbIX Ha PTK BROKK-110D
1 BROKK-330 (IlIsernms). Ananoruanoe ynpouiénHoe pemenne CT3 mis
PTK MOXHO NPEATIOKHUTD JUIS KUHO- U TEJIEKYPHAIICTOB (pHC. 2).

B CT3 M0OXHO MCHONB30BaTh CTAHJAPTHHIE AaHAJIOTOBBIC TEJIEKaMe-
P, BUIEOCHTHAJ KOTOPBIX C MOMOLIBIO BHIEOCEpBEpa rpeodpasyercs B
mdpoByo (opMy M BBINOJNHSETCS CXKAaTUE BUAEONOTOKA. Bce anek-
TpoHHbIE 37eMeHTHl CT3 00beMHEHBI B JIOKAIBHYIO BBIYUCIUTEIbHYIO
ceTb. KOMMYHHKAIIMOHHBIA KaHall MEeXly OOPTOBBIMU CHCTEMaMH pobo-
ta n I1Y oneparopa ¢opMupyercst Ha 0OCHOBE OECIPOBOAHOTO CETEBOTO
coequaeHuss Wi-Fi. Mcnomnb3oBanme creka mportokonoB TCP/IP cran-
nmaprta Ethernet u pa3zpaboranroe 1O obecriedunBaroT HaIEKHYIO BBICO-
kockopocTtHyHo (30 k/ceK) mepenady BceX BHICOTIOTOKOB OJJHOBPEMEHHO
[0 pajJMoKaHajly B 30HE MPSIMOH BHIMMOCTH Ha PAcCTOSHHE HE MEHee
200 meTpoB.

1. CuctemMa TEXHHYECKOTO 3pEHHS Uil CYNEPBH30PHOTO YIpaBile-
HHS pOOOTH3MPOBAHHBIX CPEJCTB, MOCTPOEHHAS C MCIIOJIb30BaHHEM Oec-
npoBoaHoi TexHonorun Wi-Fi / Aunpees B.I1., Kupcanos K.b., u ap. //
Marepuansl XX MextyHapoJHOI HayYHO-TEXHHUECKOH KOH(EpEHIINH:
OkcrpemainbHas pobororexnuka (OP-2009). — Taranpor: Usn-so TTU
0DV, 2009. — C.364-368.

A.U. ®eoomos, /.A. Aumonos, U.B. bozosuna
CUCTEMA TEXHUYECKOI'O 3PEHUS (OBHAPYKEHUS
BO3I'OPAHNS), HABUT'ALIUN, CTBIKOBKHU U CBSI3U B
ITPOTUBOIIOKAPHOM KOMIIJIEKCE HA OCHOBE
MOBMJIBHOTI' O ITOKAPHOTI'O POBOTA

000 «Asmomamuueckue Cucmemvr Cnacenusy, Cankm-Ilemepoype,
fedotov@acc-project.ru, antonov@acc-project.ru, bogovina@acc-project.ru

A.L Fedotov, D.A. Antonov, I.V. Bogovina
THE SYSTEM OF TECHNICAL VISION (FIRE DETECTION),
NAVIGATION, DOCKING AND COMMUNICATION IN A FIRE-
FIGHTING COMPLEX BASED ON A MOBILE FIRE ROBOT

Automatic Rescue Systems Ltd, St. Petersburg, fedotov@acc-project.ru,
antonov@acc-project.ru, bogovina@acc-project.ru

B Hacrosiiiee BpeMsi CTOMT BOIIPOC O 3aIUTE KPYIHBIX 3/IaHUH U CO-
OpY’XEHHH OT Io>kapa.
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Jna takux o0bektoB kommaHus ACC pa3pabaTbIiBaeT MPOTHBOIIO-
JKapHBIA KOMIUIEKC Ha OCHOBE MOOMIBHBIX poO0TOB. OH ycTaHAaBIMBa-
eTcs Ha OOBEKTE Ha CTaJUH CTPOUTEIHCTBA MIIM MOJCPHHU3ALUH, U TIPE-
Ha3Ha4eH Jyisi 00pbOBI C I0YKapaMu Ha paHHEH CTajuu.

Hama cucrema npezcraBisier co6oi (cM. puc. 1) MoOMIIBHBII poOOT,
KOTOPBII IBIKETCS 10 HarpasistomuM (10 400 M), pacTiyioxKeHHBIM O]
noroiakoM. OH BbIE3XKAET K MECTY I0)Kapa, HaXOJIUT €ro, MOJIKII0YaeTCs
K Marucrpanu (Ipy IOMOIIY pa3pabOTaHHOTO y3Ja CTHIKOBKH) C BOJIOM
WJIY TIEHOH U MPOU3BOJUT HANPABJICHHOE Ha MOXap TYIICHHE.

Jy1st TaHHOTO KOMIUIEKCa HaMH pa3paboTaHbl:

— Cucrema obOHapysxeHust noxapa Ha ocHoBe MK n3Berarens. Ona
yCTaHABJIMBACTCS Ha poOOTE W IO3BOJISIET HANPABIATH CTPYIO OTHETY-
IIAIIero BellecTBa TOYHO Ha MoKap. B HacTosIiee BpeMst MpakTHIecKast
JAITBHOCTH TakoW cucTeMsl 10 50 M. B HacTosmiee Bpemst BemyTces pado-
THI 110 yBEJHYEHHE NAIBHOCTH OOHapykeHHs moxkapa mo 75-100 m c
TOYHOCTBIO *+ 0,5 M, a Tak k& aBTOMaTHYECKOTO ONPE/EICHHs PaccTos-
HUS JI0 TToKapa (cedgac crcteMa TOJBKO HANpPaBIseT CTPYIO).

PucyHok | — OOwmuii Buji MpOTHBOIOKAPHOTO KOMILIEKCA HA OCHOBE
MOOMIBHBIX poboToB ACC

— Pazpaborana cucrema HaBurarmu podora. Tak Kak poOOT IBIDKET-
Cs1 II0 HaIPaBJIAIOLIEH, TO OH OPUEHTHPYETCSI IIPU IIOMOILU METOK Ha HEM.
B Hacrosimiee BpeMst IUisl 3TOTO MCHOJB3YIOTCS WHIYKTHBHBIA O€CKOH-
TaKTHBIN JaT4YHUK Ha po60Te 1 METAJUIMYCCKUC TUIACTUHBI Ha HaAIIpaBJIAIO-
mux. B Hacrosimee Bpemst BeayTcsi paOOTBI MO Pa3pabOTKU aJIpPEeCHBIX
METOK, KOTOpbIE POOOT MOXKET CUMTHIBATH HA CKOPOCTH 110 8 M/C.
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— Pa3pabortana aBromaTideckas CHCTEMa CTHIKOBKHU € TPYOOIPOBO-
JOM Ul MOJauyMl TyIIAIeH >KUAKOCTH Ioj AaBieHueM 6 atMm. Tak xe
JaHHBIN y3€JI IO3BOJISAET MOABOANTH MUTAHHUE ISl poOOTA MPH TYIIEHHH,
YTO MO3BOJISIET €My paboTaTh 0e3 OrpaHU4eHHs M0 eMKOCTH aKKyMyJisi-
TOPOB.

— PazpabarbiBaeTcsi KOMIIGKCHAsE CUCTEMa CBSI3M M TNEpeAavyd WH-
(dopmaryu (B TOM 4KCIie BUIEO), TaKk Kak ucronb3oBanue Wi-Fi Ha pac-
crostauu 400 M B IPOM3BOACTBEHHBIX TTOMEIIEHHUIX (B T.4. IPH MOXKape)
3aTpynHeHo rnoMexamu. KoMIuiekcHasi CBsI3b OCHOBaHA Ha WCIIOJIb30Ba-
HUM PaJHOCBSI3M MErareploBOr0 Iuana3oHa /s Mepefadd KOMaHI |
nepefavya MHGOPMAIMH 110 TPOBOIAHON CBSI3H B MECTE CTHIKOBKH C TPY-
0OIPOBOIOM.

O.H. I' anaxmuouoe', M. T omcxuxz, C.A. 3aeb;moe’,
I.3. Pezo’, J.2K. Kopsyn'

O KOHCTPYKIIMHM KOJIECHOI'O IITACCH U CEHCOPHOM
CUCTEMBI U151 ABTOHOMHOI'O AIBU/KEHUSI 1O
TPYJHOIIPOXOJIMMOM MECTHOCTH C TPEOJOJIJEHUEM
M OBXO/IOM IPEISAATCTBHUM ITPHU BBINTIOJTHEHUN
JECOXO3SMCTBEHHBIX PABOT

'Iempl'y, 2. Ilemposasodck, ong66@mail.ru, szal23@list.ru, regogr@yandex.ru,
dkorzun@cs.karelia.ru; Z,ZIPOHCXAE, Mocxkea, info@droneshub.ru

O.N. Galaktionov', M. Tomskil’, S.A. Zavyalovl,
G.E. Rego’, D.Zh. Korzun'

ON THE DESIGN OF WHEELED CHASSIS AND SENSING
SYSTEM FOR AUTONOMOUS MOVEMENT ON DIFFICULT
TERRAIN WITH OVERCOMING AND BYPASSING
OBSTACLES WHEN PERFORMING FORESTRY WORK

!PetrSU, Petrozavodsk, ong66@mail.ru, szal 23@list.ru, regogr@yandex.ru,
dkorzun@cs.karelia.ru; ’DRONESHUB, Moscow, info@droneshub.ru

B necHoMm komiuiekce P@ cnoxunach KpUTHYECKasi CUTYalusl B YaCTH
BOCHPOHM3BO/ICTBA M OPraHHU3AIMU YXOJIOB 32 JIECOM, OOYCIIOBJICHHAs! CHU-
YKEHHEM YHCIICHHOCTH paOOTHUKOB, IPUBJICKAEMbIX HA CE30HHBIE PAOOTHI.
OnHuM U3 MyTel peleHnsT MOXKeT CTaTh BHEAPECHHUE B JIECOXO03SIICTBEHHOE
MPOU3BOJICTBO poOOTH3MpOBaHHOW TexHUkH [1]. PaccMoTpum paboThl,
CBSI3aHHBIE C JIECONOCAJKaMU M YXOJOM 3a JIECOM Ha PaHHUX BO3pac-
tax [2]. OcHOoBHOe TpeOOBaHME HA JBIDKEHHE TEXHHUKH - CIIOCOOHOCTH
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ABTOHOMHO TIEPEABUTATECS 10 TPYIHOIPOXOAUMOI MECTHOCTH C TIPEO0-
JIeHneM M 00X0/I0M IpersTCTBuii [3].

[TpuponHbIe YCIOBHUS B 30HE YXOJa M JIECOMOCAJOK XapaKTEPU3yIOTCs
MaJIOTIEPECEUCHHON MECTHOCTBIO, O0JIafaroleii BhIPAXKEHHBIM MHUKPOpe-
J'H)e(bOM, HaJIMYUEM NIEPCYBJIAXKHCHHBIX 1 3a00JI0YEHHBIX Y4acCTKOB, OTXO-
JIOB JIECO3arOTOBUTENILHOTO MPOIlecca — OOJIOMKOB U LIEJIbIX CTBOJIOB Jie-
peBbeB, BETBEH, Kojeu, chpopMHUPOBAaHHOM JIECO3arOTOBUTEIBHBIMH Ma-
muHamu. [Ipy moaroToBKe K JIECOMOCa04HbBIM paboTaM JIOTOIHUTEIBHO
(opMUPYIOTCS TPSAAbI, CHOPMHUPOBAHHBIE TPYHTOM M OTXOJIAMU JIECO3aro-
TOBOK.

[Tpu nBWXEHUN MO TaKOW MECTHOCTH pOOOTH3MpOBaHHAs IIaT(opma
OylleT CTaKMBaTHCS C MPOOIIEMON MPEOIONCHNS MPEHSATCTBUS WM IS
o0xoza TIPEmSATCTBHA, YTO TpeOyeT KOppEeKIHH paHee pa3paboTaHHOTO
MapIIpyTa 110 X0y IBIKEHHUS. TakuM 00pa3oM, IPUXOIUM K CIIETYIOIINIM
JIBYM 3a[adaM Io pa3paboTke poOOTH3NPOBAHHOM TIAT()OPMEIL:

a) KOHCTPYKIHS KOJIECHOTO IIACCH, 00ECIIEYNBAIOLIEI0 BO3MOXKHOCTh
TIEPEBIDKEHUS C PEOJI0JIEHUEM U 00XO00M MPENATCTBUM;

0) ceHcopHasi cucTema, o0ecleurBarollas pPaclo3HABaHUE IMPETIsT-
CTBHS JIJIsI OTIPEZAEIICHUs ClI0c00a MPeoI0IeHNs WM 00X0/1a.

B noknane npencraBieHbl TeXHHYECKHE TPeOOBaHUS M 00CyKaaeTcs
BapHaHT KOHCTPYKIMH KOJIECHOTO IIACCH U CEHCOPHOM CHUCTEMBI.

KonecHoe maccu nommkHO o0ecnieunBaTh ABM)KCHHE B COOTBETCTBHH C
33JlaHHBIM MapILIPyTOM, CO CKOPOCTHIO CPaBHHMOM HJIM IPEBOCXOSIICH
CKOPOCTH MEPEIBHKEHHS YEIIOBEKA, a TAKXKE OCTABKY TEXHOJIOTHIECKOTO
000pyZOBaHUS IUIS1 BBITOTHEHUS PaObOT ¢ SKOHOMUYECKH 3(P(PEeKTHUBHBIMU
3atparamu. KoHnenrtyanpHas cxema npeacTaBieHa Ha puc. 1.

Pucynok 1 — Cxema maccu. Bo3amoxHa ycTaHOBKa ABYX
[apaieNbHbIX GhepM Ha MOTOP-KOJIECO

CeHcopHas cucTeMa JO/DKHA 00ecleunBaTh Kak TEXHUIECKOe 3pEHHe
(HabnrozieHHe Ha OCHOBE BHJIEOKaMep, B T.Y. TEIUIOBU3MOHHBIX), TaK U
KOMIIJICKCHOE MCIOJIb30BaHUE IPYIMX CIOCOOOB paclo3HaBaHUS IIpe-
IATCTBUHA. B 4acTHOCTH, MpeayaracTcsi HHTETPUPOBATH B CHCTEMY JIHJIa-
pBl, MUKpO(OHBI M MaT4MKK Jedopmanuii, aKTHBHO HCIIOJIb3yeMbIE B
OMOHNYECKNX KOMIIOHEHTaX POOOTOTEXHUKH M TAKTHIBHOM HHTEPHETE.
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1. BecnuioTHbIe MAIIMHBI U aNmaparhl B jiecHoM xo3siictse / 10. B.
Cyxanos, I1. O. Ulykun, O. U. I'aBpusiosa [u np.] // Hayka, rexnonorumu,
o6mmectBo - HTO-11-2022 : cOopHuK Hay4HBIX cTarel o Marepuanam 11
Bcepoccuiickoii HayuHO# koHpepenimu, KpacHosipek, 2022. C. 46-66.

2. Luiz F. P. Oliveira, Antonio P. Moreira, Manuel F. Silva. Ad-
vances in Forest Robotics: A State-of-the-Art Survey // Robotics, 2021,
Ne 10(2). DOI 10.3390/robotics10020053.

3. Features of Building a Forestry Intelligent Robotic System /
O. Galaktionov, S. Zavyalov, L. Shchegoleva, D. Korzun // Conference of
Open Innovations Association, FRUCT. — 2021. — No 29. — P. 433-436.

C.I'. Hemuunos, A.A. Typosckuii, P.B. IIpuxoouenxo
CUCTEMA TEXHUYECKOI'O 3PEHUSA J1JIsA
POBOTU3NPOBAHHBIX YCTAHOBOK INIOKAPOTYIIEHUSA

000 «Hncenepnuiii yenmp nodxcapuou pobomomexuurxu «IDIPy,
2. Illempo3sasoock, info@efer.pro

S.G. Nemchinov, A.A. Turovskiy, R.V. Prikhodchenko
TECHNICAL VISION SYSTEM FOR IMPLEMENTATION
IN ROBOTIC FIRE SUPPRESSION SYSTEMS

«Engineering centre of fire robots technology «FR» LLC, Petrozavodsk,
info@efer.pro

B pabote paccMmaTpuBaercst poOOTH3MPOBAaHHASI YCTAHOBKA OXKAPO-
TYLIEHUSI C CUCTEMOH OIPEAEIEHHS MECTOIOIOXKEHHUS U KOPPEKTUPOBKH
HalpaBlCHUS MOJAYl CTPYM OTHETYIIANIEro BellecTBa. lIpemioskeHsl
cnocoObl  ymyumennus 3()(eKTHBHOCTH paboTHl poOOTH3MPOBAHHON
YCTaHOBKHU MOXAPOTYHICHUA 3a CYHET IMOBBIIICHUA TOYHOCTU ITONaJaHUA
MOYKApHOTO po0oTa CTPYEH OTHETYINAIIEro BEIIeCTBA B IENIb MyTEM
KOPPEKTUPOBKY TPAECKTOPUH CTPYU IO HH(PAKPACHOMY H BHIUMOMY
kaHaiy. [IpuBoaMTCsl cXema YCTaHOBKHM, aJTOPHTM IIOWCKa MPOEKLUH
TpPaeKTOpuu M janbHelniero 3D-BOCCTAHOBIICHHSI TPACKTOPUHM CTPYH
OTHETYNIAIEro BellecTBa Uil pacuéra KOppeKTHUpoBKU. [lomydyeHHas
KOPPEKTHPOBKA KOMIICHCHPYET CMEIICHHE CTPYH B ONPENCIEHHOM Jana-
1a30HE BETPOBBIX HArPy30K.

PaccmoTpeHs! s1Ba crioco®a HCMONIB30BaHUS OOpaTHOW CBSI3M IpH
TYLIEHHH OYaroB BO3TOpPaHMs: 1O MH(paKpacHOMY M BUANMOMY JHara-
30Hy. McmplTanusi Ha MOJUTOHE MOKAa3alW IMPAaKTHYECKYIO 3((eKTHB-
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HOCTBh 000ux MeToj0B. JlopaboTka cucTeMbl JJisl paboThl PacCMOTPEH-
HEIX CITOCOOOB B KOMIIEKCE IO3BOJIUT 6BICTpee 1 TOYHEC JIOKAJIN30BaTh
oyar BO3ropaHus 1npu He6HaFOHpI/I${THBIX TMOTOAHBIX YCIIOBUAX.

U.A. IIlunos .
MOJAEJUPOBAHUE HABUTAIITMOHHOU CUCTEMbI
HA3EMHOI'O POBOTOTEXHUYECKOI'O KOMIIVIEKCA

AO «BHUH «Cuenany, 2. Kospos, pill4@inbox.ru

IL.A. Shipov
NAVIGATION SYSTEM SIMULATION OF UNMANNED
GROUND VEHICLES

VNII Signal JSC, Kovrov, pill4@inbox.ru

IIpu mpoextupoBanum pobdoTtoTexHHUecKknx kKomiuiekcoB (PTK) B
HEJIOM U OTpabOTKE TEXHMYECKMX PELICHUH HAa YPOBHE MX IOJCHUCTEM
3¢ eKTUBHBIM UHCTPYMEHTOM SIBJISIETCSI TIPOrPaMMHO-aNNapaTHOe MOJIe-
npoBanue. [Ipu 3TOM 3HaYMMOCTH 3Tala MOJEIMPOBAHHS BO3pacTaeT
BMECTE CO CJIOXHOCTBIO CTPYKTYpPBI M pacUIMpeHHeM Habopa (yHKIHO-
HaABHBIX 337324 HazeMHOro PTK. YuuTeiBas SKOHOMHYECKYIO IIEJIECO00-
Pa3HOCTb, JUINTENBHOCTh 3aKynku OPU M CIOXXHOCTH MPOEKTUPOBAHUS
COBPEMEHHBIX aIllapaTHBIX CpeAcTB [l] mpoBeneHHEe HMMHUTAIMOHHBIX
9KCTICPIMEHTOB MOXKET CYIIECTBEHHO CHU3HTh PHUCKH KOHCTPYKTHBHBIX
nedeKkToB IpH OTHOBPEMEHHOM COKpAIIEHHH CPOKOB Pa3pabOTKH.

CpencrsaMu MOJICIHMPOBAHUS MOTYT OBITH OTPaOOTaHBI OCHOBHEIE Oa-
30BbIC QJITOPUTMBI PEIICHUS 3aJadd OPHEHTHPOBAHUS W OIPEICNCHUS
MECTOIOJIOKEHHSI O0BEKTa, CKOPPEKTUPOBAHBI OCHOBHbIE (YHKIMH C
Y4ETOM CrHeU()UKH IPUMEHEHUSI U OTIPE/ICNIeH OOJIMK CUCTEMBI B LIEJIOM.

Mertonpl MOAENTHPOBAHMS HABUTAIIMOHHBIX cHUCTeM Ha3eMHBIX PTK
MOYKHO pa3JIeJIUTh Ha JBa OCHOBHBIX THIIA:

— MOJIETUPOBaHKE apXUTEKTYPHI;

— MOJIETUPOBaHKE TIOBEIICHNUSI.

[TpoBeneHue MoMENMPOBAHUSI APXUTEKTYPBI MO3BOJISIET CHOPMHUPO-
BaTh 00JMK OyayIleil HABUTallMOHHON CHCTEMBI C Y4€TOM THIIOBBIX OCO-
OCHHOCTEH KaXJIOT0 CTPYKTYPHOTO 3eMeHTa [2]. i npoBeneHus 00b-
€KTHBHOTO CPaBHUTEJBHOIO aHalnW3a BapHaHTOB HEOOXOJMMa MaKCH-
MaJIbHO JOCTOBEpHAs pEAIN3alusl AJTOPUTMOB (YHKIMOHUPOBAHUS
BCEX ITOJICHCTEM.
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D¢ GeKTUBHOCTh MOJEIUPOBAHUS TOBE/ICHHS HABUTAIIMOHHOW CH-
CTEMBI 3aBUCHUT OT IOJHOTHI (PYHKIUI HCIIONb3YEMbIX MOJeEJel, HeMa-
JIOBAXXHYIO POJIb WTPACT peanu3alys UMUTALUK B3aUMOCBA3EH MEXIy
3JI€MEHTaMHU C Y4eTOM IPUBSA3KH K €UHOM IIKajle BPEMEHH.

Pa3paboTaHHbIi TpOrpaMMHO-aNNapaTHbIi KOMIUIEKC MOZEIMpOBa-
HUS COCTOUT U3 CJIEAYIOUIUX TUIOBBIX MOTYJIEH:

— MOIyJNb HWMHTAIMU (YHKIMOHHUPOBaHUS OecruiaThopMeHHOH
HMHEPIHUAIBFHON HABUTAITMOHHON CHCTEMBI;

— MOAYJIb UMUTAIUH anapaTypbl CITyTHUKOBON HaBUTaLIUU;

— TpOrpaMMHO-aIMapaTHbIl MOJyNlb UMHUTAIUU OJIOMETPUUYECKUX
JIaTYUKOB;

— MOJYJIb UMUTALUK OJIOKa UyBCTBUTENIBHBIX DJIEMEHTOB;

— MOJy/ib YHH(UIMPOBAHHOTO MOTPEOUTENsS] HABUTAIIMOHHOW WH-
dhopmaruu.

HaGop nporpaMMHBIX KOMIIOHEHTOB JaeT BO3MOXHOCTH pa3paboTdu-
Ky TMPOBOJWTH TIyOOKHH aHamu3 (PYHKIMOHHUPOBAHUS KAaK CHUCTEMBI B
LIEJIOM, TaK M OTIEJbHBIX ee yacreil. TakuM o0pa3oM MOyJIb MMHUTALUH
anroputMoB (pyrkumonupoBanuss BMHC mMoxkeT B3anMOJeHCTBOBATh Kak
C amnmapaTHBRIM OJIOKOM YyBCTBHUTEIBHBIX AJIEMEHTOB IT0 KaHaiIaM HHQOP-
MAIIMOHHOTO B3aMMOJICHCTBHS, TaK W MOJICIUPOBATH (PYHKIIMOHUPOBAHIE
M0 YHU(HIMPOBAHHBIM 3aITUCSIM TEIEMETPHUN TOTYYSHHBIX TPU PasiIid-
HBIX YCIOBHAX JKCIUTyaTtarmu. OyHkums paboTel ¢ (aiimamu JaHHBIX
JieJaeT BO3MOXKHBIM aHAIUM3 alroputMoB (yHkiuonupoBanus BUHC,
MOCTPOEHHBIX Ha YyBCTBUTENIBHBIX IEMEHTaX PAa3IMYHOTO THIIA, a TAKKe
HOBBIIIAET 3(P(PEKTUBHOCTH aHATHM3a MOJIEIT KOMIICHCAIIUN CHCTEeMaTHYe-
CKHUX rnorpemHocTelt. [IporpamMmmHbIe MOy OJJOMETPUYECKUX JATUMKOB
B COYETaHMU C UMHUTAIMEH anmapaTypbl CIIyTHHKOBOW HaBHMTanuu odec-
MIEYHBAIOT IIPOBEJICHHUE UCCIIEI0BaHMA B 00J1acTH co31aHMs (P PEKTHBHBIX
anropuT™MoB KomriekcupoBanus BUHC B coctaBe moIBIXKHBIX 00BEKTOB,
MIPU PA3JTUYHBIX YCIOBHUIX SKCILTyaTalUH.

B pamkax mporpaMMHO-anmapaTHOrO KOMIUIEKCAa peaju30BaHa BO3-
MOKHOCTB BOCIIPOM3BEICHNUS CIIeHApHeB (yHKIIMOHUPOBaHUS. B cBsi3m ¢
STUM OJHHM M3 BO3MOXKHBIX TOIXOIOB K PacCIIMPEHHI0 (yHKIHOHATIA
SBIISICTCS HAKOIJICHNE 0a3bl CTATHCTHYECKUX JaHHBIX.

Pa3zpaboTaHHBIT KOMIUIEKC MMHTAI[IOHHOTO MOJEINPOBAHMS HABU-
TallMOHHBIX CHCTEM IMO3BOJSIET pEIIaTh IIUPOKUI CHEKTp HCCIeI0Ba-
TENbCKHUX 33/1a4 Ha PA3MUYHBIX 3Tamax >XU3HEHHOTO IUKJIAa Ha3eMHBIX
POOOTOTEXHUUECKHX OOBEKTOB.
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1. IlIumos M.A., Peanmzamms pacnpeneleHHBIX BBIYMCICHHUN Ha
OTEUECTBEHHBIX MHKPOIIPOLIECCOPHBIX ycTpoiicTBax. // U3Bectust IODY.
Texauueckue Hayku. - 2022. - Nel (225) — C. 218-226.

2. IumnoB U.A., Beromkun E.B., KoMiuiekcupoBanHasi HaBUTalust
HAa3eMHBIX POOOTOTECXHUUCCKUX KOMIUICKCOB. // POOOTOTEXHUKA U TeX-
HUYecKas knoepHeruka. - 2021. — T.9 No2 (225) — C. 127-132.

A.H. ZKupabok, A.B. 3yee, Kum Yxyn Hp
HUHTEPBAJIBHOE OHIEHUBAHUWE INEPEMEHHbBIX
JIEKTPOIIPUBOJA POBOTA

Jlanvnesocmounwiii ghedepanvhuiii yuusepcumem, 2. Braousocmorx; Hnemumym
npobrem mopckux mexnonoeutl JJBO PAH, 2. Bradusocmox
zhirabok@mail.ru, alvzuev@yandex.ru

A.N. Zhirabok, A.V. Zuev, Kim Chung Ir
INTERVAL ESTIMATION OF ELECTRIC ACTUATOR ROBOT
VARIABLES

Far Eastern Federal University, Viadivostok; Institute of Marine Technology
Problems, Vladivostok
zhirabok@mail.ru, alvzuev@yandex.ru

Knaccnueckast 3amada WHTEPBAJIGHOTO OIEHHBAHUS COCTOHWT B IIO-
CTPOCHUHU MHTEPBAIBHOTO HaOIIOAaTeNsI, (OPMUPYIOIIETO OLEHKY MHO-
JKECTBa JIOMYCTHMBIX 3HAYCHHH BEKTOPAa COCTOSHHS IS Pa3IHIHBIX
KJIACCOB ITHHAMHUYECCKHX CHCTEM C HEOMPEACICHHOCTAMH; 0030p MOJy-
YEHHBIX pe3yJbTaToOB cofepxurcs B [1]. B HacTosmeit pabore craBUTCA
W pelIaeTcst 3agada IMOCTPOCHHUS HWHTCPBAIBbHBIX HaOMtomaTenci s
JUHENHBIX JUHAMHYECKHUX CHUCTEM C HEOMPENETCHHOCTSIMH, MO3BOJISIO-
IIUX OIEHUTh MHOXECTBO JOMYCTUMBIX 3HAUEHUHN 3aJaHHOW JTUHEIHHON
¢byHKIMU BekTOpa cocTosiHus. COOTBETCTBYIOIICE PEIICHUE MOXKET OKa-
3aThCs CYIIECTBEHHO Ipole, Hexkend B [1], a ximacc cuctem, I KOTO-
PBIX TaKO¥ HAOIIOAATENb MOXKET OBITH IIOCTPOCH, PACIITHPHUTCS.

PaccmarpuBaemasi cucremMa OnUChIBa€TCSl ypaBHEHUSIMU

X(0) = (F+ AF(u)x(t) + Gu() + L), y(0) = Hx(1) +v(0), (1

rae x(t), u(t) u y(t) — BEKTOPHI COCTOSIHUS, YIPABICHUS U BBIXOJA;
F, G, L v H — noCTOsIHHBIE MaTpHLbl; O(f) — HEW3BECTHAsl OTpaHH-
4yeHHass (YHKIMS BPEMEHH, ONMCHIBAIONIAas BO3MYIICHHS Ha CHUCTEMY,
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|| o(t)||I€ po+; v(t) — HewsBecTHas orpaHWYcHHAs (YHKIHS BpEMEHH,
ONUCHIBAMONIAs IIYMbl W3MepeHud, ||v(¢)||<vs; marpuunas GyHKUHS
AF () onmchiBaeT TapaMETPHUECKYIO HEOTPE/ICICHHOCTh, OHA OTPAHH-
YeHa JUIsi U3BeCTHBIX AF U AF - AF SAF(u) < AF .

TpeOyercst OCTPOUTh WHTEPBAIbHBIN HAOIIOATENb MHUHUMAIBHOU
pa3MepHOCTH, GOPMUPYIOLINN HWKHIOIO z(f) ¥ BEPXHIOIO Z(f) TpaHu-
Il U3BECTHON TMHEWHOW (YHKIIMH BEKTOpA COCTOSHUS X(f), 3aJaHHOM
MaTpunier M B Bune z(¢f)= Mx(t), A KOTOPBIX CIpaBEAIHBO Hepa-
BeHCTBO z(¢)<z(t)<Z(¢t) mpu Bcex ¢=0. [IpuBeneHHbIE BBINIE OTHO-
meHust < Ui BEKTOPOB M MaTPHIl IIOHUMAFOTCS TT03JIEMEHTHO.

Pemenune ocHOBaHO Ha Mojeu cucTeMbl (1) MUHHUMAaTBLHOM pa3Mep-
HOCTH, HE YyBCTBUTEIBHOW K BO3MYIIECHUIO 0O+, OLIEHHBAIOIIEH Iepe-

MeHHYI0 z(?):
Xe(t) = (Fe + AF)x« () + J«Hx(¢) + Gru(t), z(t)=H.()+0y(?),

rae x«(f) € R* — Bexrop cocrosuus, J+, G+, H., Q, H. — marpupl,

MOJJIC)KAIIME OMMPEACICHNIO, MaTprla Fx HUIICTCA B BUAC

A 0 - 0
O R P
0 0 - A

AF, = DAFDT(@DT), AF+=DAFOT(ODT)!, e marpnma P

Takas, uto x«(¢) = ®x(¢) . [lokazano [2], uro MmaTpuiia F+ cyIliecTByerT.
B [2] 3amaua pemanachk B MpeANoNoKEHUH, YTO MapaMEeTPUIECKHE He-

OIIPEIEIICHHOCTH OTCYTCTBYIOT, B HACTOSIIIIEH Pab0Te OHM YYUTHIBAIOTCS.
HaOGmonarens onuceiBaeTcsl ypaBHEHUSIMA

£.(0)= (Fe = PHe+ AE )x. (1) + Py + J-y(t)+ Gau(0)=| J- | Exve,

¥ () = (Fs = PHo + AF X (£) + Py + Joy(t) + Gou(t)+ | J+ | Egve,

Z(N=H:x.(0)+0p(1),  Z(1)=H:X:(t)+ (1),

2.(0)=x,, %(0)=TFu.

)

3nmech |J+| COCTOMT M3 aOCONIOTHBIX 3HAYCHUN DSJIEMEHTOB MATPHIIBI
Je«, Ex=(11..1)T, P u P — HEKOTOpbIe MaTPHILBI, y» = Rxy JUIs HE-
KOTOPOW MaTpuLbl R« , Takoi, uto R«H = H+® .
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Teopema. ITycts H. =0, AF, 20 u 0<x,(0)<x+(0)< X+(0), TO-
r/1a JJ1s1 HHTEPBaJIbHOTO HaOMoaaTe s (2) BRIOIHICTCSA COOTHOIIICHHE

X.(O)Sxe()SX(t), z@)<z()<Z(1).

[oyyeHHBIE TEOPETHUECKUE DPE3yJbTaThl NPUMEHEHBI K OICHKE
KOMIIOHEHTHI BEKTOpa COCTOSHUS JIEKTponprBoa podora. Pabora moa-
nepxana PoccuiickuM HaydHBIM (poHIOM (TIpoekT Ne 22-29-01303).

1. Edumor /I.B. IlocTpoeHne MHTepBalbHBIX HaOIO#ATENICH LIS
JMHAMHYECKUX CHCTEM C HEOINPEesICHHOCTSIMU // ABTOMAaTHKa U Tele-
MmexaHuka. 2016. Ne 2. C. 5-49.

2. JXKupabox A.H., 3yes A.B., Kum Uxyn Mp Meron moctpoeHus
WHTEPBAIBHBIX HaOJIIOAATeNeH I CTAllMOHAPHBIX JIMHEWHBIX CHCTEM //
W3sectus PAH. Teopus u cucremsl ynpasnenus. 2022. Ne 4 C. 22-32.

A.JO. Ucxaxoe, A.O. Ucxaxoea, P.B. Mequpm(oe
O BE3OINACHOCTU BEB-UHTEP®ENCOB
B KUBEPOUBNYECKUX CUCTEMAX

HUITY PAH, Mockea, iskhakovandrey@gmail.com

A.Y. Iskhakov, A.O. Iskhakova, R.V. Meshcheryakov
ABOUT WEB-INTERFACE SECURITY IN CYBER-PHYSICAL
SYSTEMS

ICS RAS, Moscow, iskhakovandrey@gmail.com

Kubepduznueckue cucreMsl B IIEJIOM H pOOOTOTEXHUKA B YaCTHOCTH
TpeOyIOT TapaHTHPOBAHHOTO OOECIIeYEeHHs HAJEKHBIX M Oe30MacHBIX
KaHaJIOB yIIPaBJIEHUs CO CTOPOHBI orepatopoB. [Ipu aTom 3avactyro npu
CO3JJaHUH MPOTOTHUIIOB CUCTEM YIPABICHUS POOOTOTEXHUUECKHIMHU KOM-
mwiekcamu (PTK) pa3paboTdnky orpaHMYMBAIOTCS MPUMEHEHHEM 0a30-
BBIX METOZOB MIM(POBaHMSA KaHAJTa CBSI3M W HE YJIENIIOT JOJDKHOTO
BHUMaHMUs 3aj1a4e 3allUThl HHTep(eiica B3auMOIeHCTBHSI.

Ananmuz paboT mo cucremam obecredenus 6e3omacHocTH PTK 1mo3-
BOJIICT YTBEP>KIaTh, YTO OCHOBHOM MPOOIEMOiA, CBSI3aHHOM C pa3paboT-
KOIi cHCTEeM 06ecnequ1/151 3al0UThI JJI1 CCTU pO6OTOB, SABIISICTCA OTIIMYHC
JaHHOT'O THIIa CETU OT MPUBBIYHBIX KOMIIBIOTCPHBIX ceteii. 910 Tpe6yeT
pa3paboTKu 0COOBIX METOIOB U MOAX0/I0B, KOTOPBIE JOJDKHBI yYUTHIBATh
orpeziesieHHble (hPaKTOPbl: OTPaHWYEHHOCTh BBHIYMCIUTENBHBIX U YHEpre-
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THYECKHUX pecypcoB poboroB [1]. Mexay TeM B XOj€ BBINOJIHEHHS O]
HOM M3 0a30BBIX 33/1a4 IMPOCKTUPOBAaHUs MOOMIBHOTO YCTpOiicTBa C
HEOOXOAMMOCTBIO YIIPaBJICHHs Ha OOJIBIIMX PACCTOSIHUSX Iepe] paspa-
0OTYMKaMHU BCTAaeT BOIPOC O BHIOOPE TEXHOJIOTUH, TTO3BOJISIONIEH obec-
MIEYUTh YHUBEPCAIBHBIH MHCTPYMEHTApH sl TIepeiaud KOMaH]| U To-
ny4deHust oOpaTHOH CBsi3M oT Kubeppusnueckoit cucremsl. U 3agacryio,
TaKUMH TEXHOJIOTHSIMU SIBJISIIOTCS BEO-OPHEHTHPOBAHHBIC MHTEPQENCHI,
MTOCTPOEHHBIE C TOMOIIBI0 BeO-cimyx0 u SOA [2].

Jns opranmzanmm B3auMmojeicTBus ¢ Web-cinyx00if HE0OX0IUMO
3HaTh €e CeTeBOM anpec, nmonyuuth XML-onucanue unrepdeiica u me-
penaBars/mpuauMars coodbmenuss HTTP (HTTPS), cocraBneHHbie B
COOTBETCTBMM C OIlMCaHWEeM uHTepdelica. SI3pIK peayn3anyu W IUIat-
(dbopma pysKIOHUpOBaHUS 111 Web-Cciryk0 He periaMeHTHPYIOTCS.

MexaHu3M IOMCKa W YCTAHOBJIEHHS CBSI3H C KOHKpeTHoW Web-
cimyxo6oi 6asupyercs Ha crerudukanua UDDI (Universal Description
Discovery & Integration) u npennonaraer nanmmuue UDDI-cepBepa, Ha
KOTOPOM Da3BEpHYTHI CIIEIHAJIbHAS pEerucTpanust HoBbIX Web-ciyx0 u
(yHKIIMOHAJT OTBETA Ha ITOMCKOBBIE 3aIIPOCHI O PACIIOJIOKEHUH CITYXO0
3aJaHHBIMH aTpuOyTamu. B nokmane pazOHparoTCss OCHOBHBIE ACHEKTHI
WH(POPMAIIMOHHOH 6e30MmacHOCTH (YSI3BUMOCTH, METO/IBI aTaK ¥ 3aIUTHI)
U BeO-UHTEPPEHCOB pa3IIHBIX KHOSP(HU3NIECKUX CHCTEM.

HccnenoBanue BBIMOJIHEHO MPU YaCTUYHOW (DUHAHCOBOM MOAEPIKKE
PODU B pamkax HayuHoro npoexra Nel9-29-06-44, coBera 1o rpanTam
IIpesunenta Poccuiickoil Penepaliiu B pamMKax HAYyYHOI'O IPOEKTa
NeMK-3172.2021.1.6

1. Bacan Anexcaunp Cepreesud, bacan Enena Cepreena, Maxape-
Bua Oner BopucoBnu Anamu3 u Pa3pabotka cpenctB obecricueHus Oe3-
OIIACHOCTH I CUCTEM TPYIIIOBOTO YIPABJICHUS aBTOHOMHBIMU MOOWJIb-
HbeIMH pobotamu // Bonpocs! knbepdeszomacHoctu. 2017. Ne5 (24).

2. Munees Cepreii Anekceeud [Ipumenenne Web-ciy:x6 B po6oTto-
texnuke // Becrank HHI'Y. 2010. Ne5-2.

3. Xamuer C.Y., ITaxaes X.X. Mudopmanuonnas 0e30IMacHOCTL B
pobororexnuke // UBM. 2019. Ne4 (55). URL: https://cyberleninka.ru/
article/n/informatsionnaya-bezopasnost-v-robototehnike (mara obparue-
Hus: 21.04.2022).
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H.JI. Epmonos, M.M. Kuazvkos, E.A. Cemenos,

A.H. Cyxanos, @.M. benvuenxo

AJITOPUTM HACTPOMKHA YYBCTBUTEJIBHOCTH

CUT'HAJIA YIIPABJIEHUA MEXATPOHHBIM ITPUBO/1I0OM
3K30CKEJETA K OCOBEHHOCTSIM OT'MBAIOIIEN
SJIEKTPOMUOI'PAMMBI OITEPATOPA

Deodepanvroe 2ocyoapcmeaennoe rdxcemHoe yupexcoeHue Hayku Mucmumym
npoonem mexanuxu um. A.FO. Hwnunckoeo Mockea, sukhanov-artyom@yandex.ru

LL. Ermolov, M.M. Knyazkov, E.A. Semenov,
A.N. Sukhanov, A.V. Belchenko
ALGORITHM FOR ADJUSTING THE SENSITIVITY
OF THE CONTROL SIGNAL OF THE MECHATRONIC DRIVE
OF THE EXOSKELETON TO THE PECULIARITIES
OF THE OPERATOR'S EMG ENVELOPE

Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences,
Moscow, sukhanov-artyom@yandex.ru

OTnenbHAs CKeJleTHas MBI padoTaeT UCKIIOYNTEIBHO Ha COKpa-
mienre. [1o3ToMy AJsl MOJHOLIEHHOTO YIPAaBJICHHs IABHKEHHEM KOHEY-
HOCTH (XOT4 OBI B OTHOM IJIOCKOCTH) HEOOXOIMMO ABa MYCKYJla aHTaro-
HHUCTA. B HaIeM HUCCJICAOBAHUU MbI HUCCJICAOBAJIN I[ByFJ'laByIO MI)I]_HLIy
ieya 4esioBeKa MM OWIIETIC, aHTArOHUCTOM KOTOPOW SBJISICTCS TPEX-
IJIaBas MBIIIIA IJIeya, UMEHyeMas enié TpuierncoM. Pabotas B mape,
JAaHHBIC MEBIIIIE KOMICHCUPYIOT IBIDKCHUS JIPYT JAPYra, TEM CaMbIM,
MTO3BOJISAS YIIPABIIATH ABIKCHHEM MPEIUICYbs B JIOKTE. Takum oOpa3zom,
B2)KHO YYUTHIBATh OJHOBPEMEHHEIA BKJIAJ]] OOCHX MEIIII] B YIIPABICHHUE
nBikenneM. OHAKO TIOCIE YKOPOUCHHS MBIIICYHBIE BOJIOKHA JOJIXKHBI
pacciadbuthces. B pacciabieHHON MbIIIiie KaabIIUeBbIe KaHAIBI 3aKPBITHI,
HO MO 3aKOHY CYNEPKOMIICHCAI[MH B OKOJOKJIETOYHOM MPOCTPAHCTBE
CHOBa TMOSIBJSIFOTCSI HOHBI, 00pa3ysl TOK, KOTOPBI PErUCTPUPYETCs AaT-
YUKaMU OHOIOTEHIIMAIIOB U MOXET ObITh WHTEPIPETHPOBAH CHCTEMO
YIpaBJICHUS KaK CUTHAJ K ICHCTBUIO.

Ecnu peann3oBbIBaTh YIPaBICHUE MEXATPOHHBIM IIPUBOAOM, MC-
noJib3yst MH(OPMAIMI0 O OWOMOTEHI[MAAX MBI AHTArOHUCTOB, TO
KpaiiHe He0OXOAUMO YUUTHIBATh HAKOTUICHHYIO HH(POPMALIUIO O COCTOSI-
HUU CHUCTEMBI Ha HEKOTOPOM BPEMEHHOM OKHE U, aHATM3HUPYS €€, yKe
MPUHUMATH pEIICHHEe O KOMIIGHcCAnuu yrpaBieHus. Cpeau MeTOJOB,
KOTOPBIE MOKHO TPUMCHHUTH JUII KOMIICHCAIIMU CUTHANA YIPaBICHHUS
MOXXHO Ha3BaTh IMHAMUYECKOC HM3MEHEHUE YPOBHS MEPTBOW 30HBI, a
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TaKKe JUHAMUIECKOE N3MEHEHHE YyBCTBUTEIBHOCTH CHCTEMBI K YIIPaB-
JISIFOIIMIM CHTHAJIAM.

B pabote nmpuBoasTCS pe3ynbTaThl SKCIEPUMEHTOB, IIPOBEAEHHBIX C
LEJIBIO BBIABIICHUA OCOOCHHOCTEH MOBEACHUS OrMOaroIeil 31eKTpOMHUo-
rpaMMbl OIIEPATOPA IPU Pa3JIMYHBIX [apaMeTpax, 3aHECEHHBIX B aJro-
PHATM 9yBCTBUTEIBLHOCTH CUCTEMEI YIIPABICHUS YK30CKEIETOM.

JanHas paGoTa HoKa3bIBaeT OCOOCHHOCTH M3MEHEHUs orubaroeil
9JIEKTPOMHUOTPAaMMBI B IPOLIECCE PEaln3aliy OBICTPBIX M MEIJICHHBIX
JIBIDKEHUI U BIUSHUE I€aKTHUBAIIMU MYCKyJia Ha 3aTyXaHHE aMILIUTY b
orubaromiei AMeKTPOMHOTPaMMBI Ha TIPHMEpE ABYTJIABON MBIIIIIBI IIeda
omeparopa (puc. 1).

70 0
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Pucynok 1 — PaGora anroputma HaCTPOMKH 4yBCTBUTEIEHOCTH

IIpuBoaMTCS aHANM3 DIEKTPOMHOIPAMMBI TP B3aUMOJEHCTBUU C
TSOKENBIM OOBEKTOM B MPOCTpaHCTBE. [IpuBOIUTCS pe3ynbTaT MpUMEHe-
HUsI aJITOpPUTMA, KOMIIEHCUpYIoUIero BiusHUe d((deKTa 3aTyXaHus am-
TUIMTY/Ibl 3JIEKTPOMHUOTPAMMBI TIPH pacciabieHnl MyCKyna Ha (opMu-
pOBaHUE CUT'HAJIA YIIPABICHUS.

1. Holobar, Ales & Zazula, Damjan. Gradient Convolution Kernel

Compensation Applied to Surface Electromyograms. 617-624.
10.1007/978-3-540-74494-8 77.(2007).
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2. Jebara, Sofia. Electromyogram signal enhancement in FMRI
noise using spectral subtraction. European Signal Processing
Conference. 1980-1984.(2014).

3. Fougner, Anders & Stavdahl, @yvind & Kyberd, Peter & Losier,
Yves & Parker, Philip.. Control of Upper Limb Prostheses: Terminology
and Proportional Myoelectric Control-A Review. IEEE transactions on
neural systems and rehabilitation engineering : a publication of the IEEE
Engineering in Medicine and Biology Society. 20. 663-77.
10.1109/TNSRE.2012.2196711. (2012).

B.C. JIanun', H.JI. Epmonoé’
PACIHIPEJEJIEHHOE IIVTAHUPOBAHUE ABU/KEHUSA
JJIA T'PYIIIIbI COBMECTHO IHEPEHOCAIIUX I'PY3

POBOTOB C YYETOM CBOMCTB OIIOPHBIX
MOBEPXHOCTEM

‘Mrry CTAHKHH, Mocksa, mail@borislap.ru; ’UIIMex PAH, Mocksa,
ermolov@ipmnet.ru

B.S. Lapin’, I.L. Ermolov’
DISTRIBUTED MOTION PLANNING FOR A GROUP
OF ROBOTS CARRYING A LOAD JOINTLY, CONSIDERING
THE PROPERTIES OF SUPPORTING SURFACES

'MSUT STANKIN, Moscow, mail, @borislap.ru; 2IPMech RAS, Moscow,
ermolov@ipmnet.ru

3amada TIIAHUPOBAHUS TPACKTOPHH SIBISICTCS OJHOM W3 CaMBIX HC-
CIIeIyeMBIX 33/1a4 B COBPEMEHHON POOOTOTEXHUKE, €KEMECIIHO BBIXO-
IST CTaThU 10 3TOW TeMe, B KOTOPBIX MPEUIaraloTCs PeIIeHHs STOH 3a-
Jauu JUIE KOHKPETHBIX YCJIOBHU WJIM TPEAJIArarOTCs JIYYIIHE METOJIbI
wianupoBanus. CaMoil ucciaeIyeMoil B TOCIEIHEe BpeMsl 00J1acThio
UCITIOJIB30BaHUs PEIICHUS 33Jaudl IUIAHHUPOBAHUS TPACKTOPUH MOXKHO
Ha3BaTh IUIAHUPOBAHUEC TPACKTOPHH JUIS OSCITHIOTHBIX aBTOMOOWIICH H
BILIA [1]. IIpu aTOM, CYIIECTBYIOT MCCIEA0BAHUS, MOCBALICHHBIE IBU-
YKEHUIO IPYII poOOTOB, B TOM YHCIIE CTpoeM [2].

YmpaBieHre cTpoeM TPYIITEI poOOTOB MPEACTaBIAeT COO00M OHY U3
BaXHEUIHX 3a7ad B aKTUBHO Pa3BUBAIOMICHCS B MOCIICTHUE TOMBI TPYII-
moBo#i (poeBoit) pobororexauke [3]. [ImaHupoBaHue MBIKEHUS Ha3eM-
HBIX MOOMJIBHBIX POOOTOB OCIIOXKHSETCA BIHMSHHEM XapaKTEPHUCTUK
OTIOPHOM TOBEPXHOCTH Ha pealu3yeMoe pPOoOOTOM [BW)KEHHE, BHOCA
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BBICOKYIO CTENICHb HEONPEAEICHHOCTH B CBA3b MEXAY YIPABISIOIINM
BO3JICiICTBHEM Ha JBIDKUTENb POOOTa M HENOCPEICTBEHHBIM JBIKECHUEM
pobora. Ilpu ABMXEHUH CTPOEM AAaHHYIO HEOIPEIEICHHOCTh OCOOCHHO
BR)XHO YYHUTHIBATh, & BIIMSHUE XapaKTEPHCTHK OINOPHON IOBEPXHOCTH
npezckaspiBaTh. CTENeHb TaHHOW HEONPEAEIeHHOCTH 0COOCHHO BBICOKA
HA MEPECEYEHHON MECTHOCTU B YCJIOBHSIX M3MEHSIOLINXCS TUIIOB OIOP-
HBIX TIOBEPXHOCTEH M WX MapaMeTpoB. KpuTmueckoii mpobiremMa CTaHO-
BUTCA B 33ja4ax, rae TpeOyercss oOecleurBaTh BBICOKYIO CKOPOCTD
JBIDKCHUS! Tpynmsl poOoToB. I[lmaHupoBaHWe ABMKEHHS MOOWMIBHBIX
poOOTOB Ha MEPECEUEHHON MECTHOCTH SIBIISICTCSI OUCHB NEPCHIEKTUBHBIM
HalpaBJICHUEM, YTO IIOATBEP)KIAETCS HEAABHO AHOHCHPOBAHHOW IIPO-
rpammoii DARPA Robotic Autonomy in Complex Environments with
Resiliency (RACER) [4].

Panee, OBbIIO paccMOTPEHO JBIDKEHHE IPYNIBI pOOOTOB BJOJIb 3a-
JAaHHOI TPaeKTOpHU ¢ MaKCUMAaJbHON CKOPOCTBIO B YCIIOBHSX HU3MEHS-
FOLIMXCS THITOB TIOBEPXHOCTEH M MX XapakTepucTHK [5]. B manHoit pabo-
T€ pacCMaTpUBAETCs IUIAHUPOBAHUE TPACKTOPHUU ABMKEHUS TPU TEX XKe
YCIIOBHSIX.

Kak npaBuiio, 4em Clio)XHee yCIOBHS, TEM BBIYHCIUTEIBHO CIO0KHEE
WX YYUTHIBATh IPH IUIAHUPOBAHWH. BOPTOBBIC BBIYMCIMTEIN MOOWIIB-
HBIX POOOTOB TPAJUIMOHHO CTAJIKUBAIOTCS C HEXBATKON BBIYMCIIHTEINb-
HBIX PECYPCOB, IOTOMY B I'PYIIIIOBOM YIIPABIECHHH aKTyalbHO pacIipe-
JEISITh BBIYHCIICHNS MeXly poboTtamu. B paboTte paccMOTpeHo pelieHue
3aJ]a4y¥ IJIaHUPOBAHUS TPACKTOPHHU IPYIIIBI POOOTOB C pacrpe/eiIeHHbI-
MU MEX1y poOOTaMH I'PYTIIbl BEIYUCICHUSIMH.

Yacte paboThl HaJ JaHHBIM MaTEPHAIOM BBINIOJIHEHA TI0 TEME ToCy-
JIapCTBEHHOI'O 3a1aHus (Ne rocpeructpauun  AAAA-A20-
120011690138-6).

1. Tanmycrar H.K. [eneHtpann3oBaHHOE YIpaBICHUE TPYIIOH
KBaZpokonTepoB. MockBa: ABropedepaT muccepTanun K.1.H., 2017. 17 c.

2. UsanoB [1.5. ®opmupoBaHHe CTpOs TPYHIOH OCCHIIOTHBIX
JeTaTeNbHBIX alllapaToB MPH PEeLISHUH 3a1ad MOHUTOpHHTa // VI3BecTus
IO®Y. Texunueckue Hayku. 2012. Ne 4. C. 219-224.

3. Dorigo Marco. Swarmanoid: A Novel Concept for the Study of
Heterogeneous Robotic Swarms // IEEE Robotics and Automation
Magazine, Vol. 20, No. 4, 2013. pp. 60-71.

4. Robotic Autonomy in Complex Environments with Resiliency
(RACER) [Onextponnsiii pecypc] // DARPA: [caiir]. [2022]. URL:
https://www.darpa.mil/program/robotic-autonomy-in-complex-
environments-with-resiliency
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5. Hpagenxuit B.I'., Epmonos N.JI., Kuszpkos M.M., Jlanun b.C.,
CemenoB E.A., CoOompuukoB C.A., CyxanoB A.H. Cucrema
TPYIIOBOTO TPAHCIOPTHOTO YIPABICHUSA MOOHIBHBIMH Ha3eMHBIMH
poboTamMu Ha pa3MUUYHBIX TpyHTaX // POOOTOTEXHHWKAa W TEXHHYECCKAs
kubepHeTHKa., T. 8, Ne 1, 2020. C. 61-71.

B.I1. Anopees, I1.®. IInemenes
METO/1bl JUHAMUYECKOI'O
MEPEIIPOI'PAMMMPOBAHUSI I1JIS1 MOBUJIBHOI'O POBOTA
C MOJYJIbHOU APXUTEKTYPOM

MI'TY « CTAHKHH», Mockea, andreevvipa@yandex.ru, cpp.create@gmail.com

V.P. Andreev, P.F. Pletenev
DYNAMIC REPROGRAMMING METHODS FOR A MOBILE
ROBOT WITH MODULAR ARCHITECTURE

MSTU «STANKINy», Moscow, andreevvipa@yandex.ru, cpp.create@gmail.com

[Tpu npoBeneHun paboT B 3KCTpPEMaJbHBIX YCIOBHAX M B HeleTep-
MHUHHUPOBAHHBIX CPEAaX BO3HHMKAeT MOTPEOHOCTh B peKoHpuUrypupye-
MBIX MOAYJIBHBIX MOOWIBHEIX pobotax [1], [2], [3]. Cucremsl ympasie-
Hus (CY) MoOmsHBIX po6oToB (MP) ¢ MOHOKOMITEIOTEPOM, Ha KOTOPOM
BBINOJTHSIOTCSI BCE BBIUMCIHMTENBHBIE ONepanuy (Kak BHICOKOYPOBHEBO-
r0, TaK ¥ HU3KOYPOBHEBOTO YIPABJICHHSA) HE MOMYCKAIOT OMEPATHBHOM
MIEPEHACTPONKH POOOTOTEXHUYECKOH CHCTEMBI; OOecleueHHe MHepeHa-
crpoiiku CY Takmx poOOTOB Ha NMpPaKTHUKE O3HAYAET CO3IJAHHE HOBOTO
poboTa ¢ 3ajaHHOM HOBO# (yHKIMOHAIBHOCTHIO. Kak oTtmedeHo B [4],
[5], pemienue 3To#t mpobaeMbl BUAWTCA B co3maanuu MP ¢ MomynbHOM
ApXHUTEKTYpOW CHCTEMbI YIPABJICHHs, B KOTOPOW Ka)blii MO/yJIb 00J1a-
naet coOCTBEHHOM CUCTEMOI! yIIpaBiIeHUs U, B PE3yJIbTaTe, Peau3y0TCs
pacripesenéHHble BEIYUCICHHS. B Takux cHTyalMsx BO3SHHMKAeT HOTpeO-
HOCTb B OBICTPOM (BO3MOXHO, TUCTAaHIIMOHHOM) M3MEHEHUH IPOrpaMM-
HOro o0ecrieueHns] BEIYUCINTENBHBIX ycTpoiictB CY Momynel — nuHa-
MHUYECKOM NEPENPOrpaMMUPOBAHNN — YIAIEHHON U yIIPaBIIIEMON U3BHE
aJanTaluyu, HACTPOMKH U MOACTPOUKH K CUTYaIUH.

Lenp paboThl — aHATH3 CYIIECTBYIONINX M MEPCIIEKTHBHBIX METOJIOB
JUHAMHYECKOTO MEPEnporpaMMUpPOBAHUS, IPUTOAHBIX IJIsI UCTIOIB30Ba-
HHSA B MOOWJIBHOM pO0OOTE ¢ MOAYJIBHON apXUTEKTYypPOH CHCTEMBI yIIpaB-
nenus. OcHoBHas mpoGJieMa HCIOJIB30BaHUS JHHAMHYECKOTO Iepenpo-
IrpaMMHUPOBAHUsI Ui MOAYJIBHOTO po0oTa — HE0OOXOIMMOCTh HCIOJb30-
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BaHus B CY Monyneil BCTpauBaeMbIX MUKPOKOHTPOJUIEPHBIX CHCTEM U
OOHOBIJIEHHE MTPOTPAMMHON YacTH «Ha JIETY» 0€3 OTKIIOYCHUS U JIEMOH-
Taka OJIOKOB 4epe3 OCHOBHYIO LIMHY JIAHHBIX, MCHOJIb3YEMYI0 MHKpPO-
KOHTPOJUIEPOM.

ABTOpBI BBIJICIISIIOT HECKOJIBKO TaKUX METOJIOB:
(a) mapamerpudeckoe mepernporpaMmupoBanue, (0)3ameHa Koja MHK-
poKoHTpoIuIepa, (B) 3aMeHa OaiiTkona, (T)3aMeHa CKpHIITa HAa WHTEp-
MIPETHPYEMOM $SI3bIKE IPOTPaMMHUPOBAHHUSL.

AHanm3 Kax[I0ro W3 METOIOB IIPEAJIaracTcsl BHIMOIHATH IO CIEIy-
IOIIAM KpUTEpusM: 00BEM TpeOyeMOl OmepaTHBHOW MaMATH, HMaMSTH
MPOrpaMM, CKOPOCTh BBIYHCICHUH, TEOPETHUECKAs CIIOKHOCTh CO3IaHUS
peanu3anyy MeTo1a B BUAE 0a30BOH YIPaBIIIOMIEH IPOTpaMMBbI, Teope-
THYECKasl CJI0XKHOCTb HCIOJb30BAHUS KOHEYHBIM II0JH30BATENIEM MpO-
mMBKH. Takke KaXablil METOJ aHAIM3UPYETCs MyTEM HKCIEpUMEHTANb-
HOW peanu3allMd Ha MHUKpOKOHTposuiepax cemeiicte STM32F103,
GD32VF103, ESP32 u mukpokommsiotepax Raspberry Pi n Orange Pi.

Ha ocHOBe nocTaBleHHBIX 3KCIIEPUMEHTOB JENAeTCa BBIBOJ O MpHU-
TOJHOCTH Ka)KJOrO U3 PACCMOTPEHHBIX METOJOB JUIS MCIOJB30BAHUS B
cucreMe ympasieHuss MoxyiapHOoro MP. Ipeanmararorcsi peKOMEeHIANH
[0 MPUMEHEHHMIO TEX HWJIM HHBIX METOIOB JHHAMHYECKOTO Ieperpo-
TPaMMHUPOBAHUS C YIETOM HX JOCTOMHCTB M HEIOCTATKOB.

1. TIpombinuiennas po6ortorexuuka / A.B. Ba6buu, A.I'. Bapanos,
W.B. Kanabuu u ap. // Ilox pen. S.A. Hludpuna — M.: MamuHocTpoe-
Hue, 1982 — 415 c., v

2. Ko3ssipes FO.T'. [IpombliuieHHbIE POGOTHI ArperaTHO-MOYIBHOTO
tuna / Bopoosés E.U., Kozeipes 10.I'., Iapenko B.U. // ISBN: 5-217-
00166-6. — M.: MamuHocTpoenue,1988. — 240 c.

3. Jlomora A.B., IOpeBuu E.W. Drambsl ¥ NEpCHEKTHUBBL Pa3BUTHS
MOJYJBHOTO TPHHIMIA IOCTPOCHHS POOOTOTEXHUYECKUX CHCTEM //
Hayuno-texunueckue Bempomoctu CIIOITIY. Uudopmaruka. Tenexom-
MyHuKaiun. Ynpasinenue. —2013. — Ne 1. — C. 98-103.

4. HOpesuu E.U. Po6ore [THUU PTK nHa YepuoObuibeckoin ADC u
pa3BUTHE dKCTpeManbHON poboToTexHuku: Monorpadwus // CII6.: U3n-
Bo [lonurexuunueckoro yH-ta, 2004.

5. Awngpees B.I1., [Tnerenes [1.®. Meton MHGOPMAMOHHOTO B3aH-
MOJICHCTBHA U CHUCTEM DPAaCIpeNeNIEHHOTO YIpPaBieHUS B PoOOTax C
MOIyIbHOU apxutekrypoir. WHbpopmatnka u aBTroMaTm3anus (Tpynmsr
CIIMMNPAH). ISSN 2078-9181. — Cankt-Ilerep6ypr: CIIMHMPAH. —
2018. — Ne2(57). — C.134-160.
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E.B. bosa, B.B. Jleywiuna
K BOITPOCY OB OIIEHKE DO®EKTUBHOCTH
MOJAJIBHOCTEMN YEJIOBEKO-MAIIIMHHOI'O
UHTEP®ENCA TIPU YIIPABJIEHUY MOBUJIbHBIM
POBOTOTEXHUYECKHM YCTPOMCTBOM

HUL] «Kypuamosckuii uncmumymy, Mockea, bova.ev@phystech.edu,
wandbpand@gmail.com

E.V. Bova, V.V. Leushina
ON THE ISSUE OF EVALUATING THE EFFECTIVENESS OF
THE MODALITIES OF THE HUMAN-MACHINE INTERFACE
IN THE MANAGEMENT OF A MOBILE ROBOTIC DEVICE

National Research Centre «Kurchatov Institutey, Moscow, bova.ev@phystech.edu,
wandbpand@gmail.com

D¢ddekTuBHOE yIpaBIcHUEe MOOMIBHBEIME pOOOTaMU C JICICTHPOBAaH-
HOW aBTOHOMHOCTBIO TPeOyeT He CTOJBKO MaKCUMAaJIBbHO MOJHBIX Tele-
METPHUYECKHUX JAHHBIX, CKOJIBKO KaUECTBEHHOT'O IMOHUMAHUSI COCTOSHUS
CHCTEMBI, 3a4acTyl0 MPEACTABICHHOTO B BUJE MYJIbTUMOJAIBHBIX BO3-
neucrtBuil. Ilupokoe pacnpocTpaHEHUE MONTYUYHIM PELIEHUs,, OCHOBAH-
HbIE Ha TEXHOJNOTHSAX BHPTyallbHOW peaidpHOCTH [1] W BO3HEWCTBHUAX
TaKTHJIbHBIX HHTepQericoB [2,3,4]. st onleHKH 3 (GEKTUBHOCTH Pa3HBIX
MOJANIbHOCTEH B KOHTYpE YNpPaBIEHUs HEOOXOAWM WHCTPYMEHT, NpH
MIOMOIIM KOTOPOTO MOKHO 3a7[aBaTh Pa3IMYHBIC MpPaBUJIa BO3JICHCTBHA
Pa3IMYHBIX MOAAJIBHOCTEH CHCTEMBI.

B noknane mpencraBieHa CHCTEMa 4YeJIOBEKO-MAalIMHHOTO HHTEp-
¢eiica (UMN), nepenaromiasi nHGpOPMALIUIO MyTEM BHU3yaJbHBIX (TEXHO-
JIOTHSI BUPTYAJIbHOM PEealbHOCTH) M TaKTWIBHBIX BO3JeiHcTBHIA (BHOpO-,
ANIEKTPO- U TepMouHTepdeiic). OCHOBOW TOH CHCTEMBI CTala TaK HA3bI-
BaeMasi (DYHKIHSI TPAHCISIIMM COCTOSIHUSI poOOTa B BOCIIPHHHUMAEMBbIE
OIIEPaTOpOM MYJBTHMOJAIBHBIC BO3JICHCTBHS: BU3yalbHBIC, TeMIlepa-
TypHBIE, IEKTPUUECKHE U BuOpanmoHHbIe. [TocKkoMbKY IpaBmiia Takoi
TPaHCISIIMHU 3a/al0TCS Ha KAa4ECTBEHHOM, JIMHIBHCTHYECKOM YPOBHE,
JUISL MX OIIMCAHMSA L1eJIeCO00pa3sHO NPHUMEHHUTh HEYETKYIO JIOruKy. biaro-
Japsi 3TOMy ONEpaTop AOJKEH MPUMEPHO MOHMMAaTh OKPY>KCHHE U CO-
CTOSIHHE YIPABISIEMOT0 O0BEKTA.

YMMU Obut anpoOHMpoBaH Ha 3ajiaye, CBS3AHHOW C yIpaBjeHHEM MO-
IBWKHON natdopmoii. B kauectBe BXoaHbIX NaHHBIX UMM cumthiBad
MOKa3aTes JaTYuKOB poOOTa: BOCHMH JAIILHOMEPOB M JaTdMKa OCBe-
IIEHHOCTH. [laHHBIE C JaIbHOMEPOB HCTIOIB30BAINCH JJIsl PEKOHCTPYKIIUH
cpenbl B BUPTyanbHOH peanbHOcTH. OOHApy)eHHbIe 00BEKTH 0TOOpaxka-
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JHCh B BUAE cep, OKpaAIICHHBIX B 3€JI€HBIH, JKENITHII MIIN KPAacHBIH IBET,
0003HaYaIOMKil CTeNeHb OIM30CTH MpensaTcTBHA. [ mpenoTBpamieHus
JIE30pHEHTAINN OIepaTopa B CPeAe BHPTYaJbHOW peabHOCTH OTOOpa-
JKaJICSL TIPOMJCHHBIM MyTh 3a MOCIEAHNE IISTh CEKyHIl U KOHEUHAsl TOUKa
MyTH B BUJIE IPO3PAavHOM 3enéHoii nmomycdeps (cM. puc. 1).

Pucynox 1 — OtobpaskeHne 00bEKTOB B BUPTYaIbHOH PEalbHOCTH: CI€Ba — BUJL
OT TPETHEro JIUIIA, CIIPaBa — OT IEPBOrO JIULA

Taxxe JaHHBIE ¢ JaJbHOMEPOB HCIIONB30BANIUCH HEKOTOPBIMH TaK-
TUJIBHBIME HHTepheficaMu Ui 0TOOPaKEHHUS OMACHON OJIM30CTH 00BEK-
TOB, BO3JICHCTBYsl Ha orepaTopa BUOpaluend U ciaadbiM 3JIeKTPUISCKUM
TOKOM B 3aBHCUMOCTH OT CTENIEHHU OIAaCHOCTH CTOJIKHOBEHHS C TPEIIsT-
crBueM. [Ipu goctaTouHO OIM3KOM HaX0XKJIEHUH K OOBEKTY Ha OIepaTo-
pa BO31EHCTBOBAIM CIIAOBIM 3JIEKTPUYECKUM TOKOM, B IIPOTHBHOM CITy-
yae — BUOpauuei pa3Hoii MHTEHCHBHOCTH. J[aTYMK OCBEIIEHHOCTH (DUK-
CHPOBAJI NOTIaJaHNE YIPABISEMOro OOBEKTa B OIACHYIO 30HY, AJIUTEIb-
HOE HaxOXJICHWE B KOTOPOH HETaTMBHO BIIMSUIO HA COCTOSHHE poOoTa.
CreneHp HarpeBa TepMoMHTEpdelica 3aBrceNa OT yuiepoa, I0JIy4YeHHOTO
OT TIpeOBIBaHUS B 3TOH 30HE.

B xope skcriepuMeHTa, B KOTOPOM OIlepaTopy HEOOXOIMMO OBLIO J10-
CTHYb KOHEUHOH 00IaCTH B HEU3BECTHOW €My MECTHOCTH, OLICHHBAIOCh
BIMSIHAE CHCTEMbl Ha IIPOLECC BBHINONHEHUs 3a/aud, MOCTABICHHON
nepe UCIBITYEMbIM.

PabGora Bemonnena npu nojuepxke HUIL[ «KypuaToBckuii nHCTH-
Ty™ (puka3 Ne 2754 ot 28.10.2021).

1. T. Williams, N. Tran, and J. Rands, «A Hands-Free Virtual-
Reality Teleoperation Interface for Wizard-of-Oz Control», 2018.

2. Y. Yamauchi, «Vibro-tactile Notification in Different Environ-
ments for Motorcyclists», no. ¢, pp. 59-65, 2020.

3. Z. Zhao, M. Yeo, S. Manoharan, S. C. Ryu, and H. Park, «Elec-
trically-Evoked Proximity Sensation Can Enhance Fine Finger Control
in Telerobotic Pinch», Sci. Rep., vol. 10, no. 1, pp. 1-12, 2020, doi:
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10.1038/s41598-019-56985-9.
4. S. W. Kim et al., «Thermal display glove for interacting with vir-
tual reality», Sci. Rep., vol. 10, no. 1, pp. 1-12, 2020, doi:
10.1038/s41598-020-68362-y.

A.JO. 'emmanuyes
CUCTEMA BOPTOBBIX UBMEPEHUI
POBOTU3UPOBAHHOI'O ABTOMOBUJISI-MUIIIEHUA:
TPEBOBAHMUS, ACIEKTHBI U ITIEPCITEKTHUBbI

TJ7IAL um. B.I1. Ykanosa MO P®, 2. Axmybunck, tomamens@mail.ru

A.Yu. Getmantsev
THE SYSTEM OF ON-BOARD MEASUREMENTS
OF UNMANNED TARGET CARS: REQUIREMENTS, ASPECTS
AND PROSPECTS

State Flight Test Center V.P. Chkalova Ministry of Defense of Russia, Akhtubinsk,
tomamens@mail.ru

B nocnennee Bpemsi 3HAYMTENLHO BO3POCIIA aKTYallbHOCTh UCIIBITA-
HUH aBHAIIMOHHOI'O BOOPY)KEHHMS, PUMEHSEMOI0 110 BBICOKOCKOPOCT-
HBIM ITOJIBMDKHBIM LIEJISIM.

[Ipn ocHamieHny aBHAIMOHHBIX MOJHUIOHOB IEPCHEKTUBHBIMU I10-
JBIDKHBIMHA MHIIEHHBIMH CPEICTBaMHU Ha 06aze pOOOTH3MPOBAHHBIX WIIH
JVCTaHIIMOHHO-YTIPABISIEMBIX aBTOMOOWIIEH-MHIIICHEH BO3HUKAET HEOO-
XOIUMOCTh B IIOJY4YE€HHH BBHICOKOTOYHON M3MEPHUTENbHON MH(pOpMAIN
MpY MOMOIIM CUCTEMBI 0OpTOBBIX M3MepeHuii (nanee - CBU), xoropas
SIBIISIETCS] BAKHOW 4acCThI0 U3MEPHUTENILHOTO KOMITIIEKCA HCIIBITATEILHOTO
nonurona. [lo cpaBuenuto ¢ CBU, mpyrue cuctembl U3MepeHuii o0ia-
JIAfOT WJIM MEHBIIEH NAbHOCTBIO, WIIM MEHbIIeH NH()OPMAaTHBHOCTBIO.

B cBsi3u ¢ pazpaborkoii aBToMoOMIIEii-MuIIIEeHEH TpedyerTcs ajanTa-
uus cyuectBytouiet HomeHkiarypsl CbU ¢ nenbio BHeOpeHHs 3THX
HE3aMEHHMMBIX CPE/ICTB OOBEKTUBHOTO KOHTPOJIS JUIsl MTOJIY4EHHS JIOCTO-
BEepHOH MH(OPMAIMKM O COOCTBEHHBIX KOOpAWHATaX BBICOKOMAaHEBPEH-
HOW MHIIEHH M O KOOpJWHATaX aBHAIL[OHHBIX CPEACTB MOpakKeHus (na-
nee — ACII) 3a cuer 3anucu nHGOPMANUHU ¢ BUACOKAMEP HATPYIHHOTO
TUIa ¢ MakCHMalbHO OnM3Koro paccrosHus. IlocienoneTHeld aHamm3
9Toi MH(pOPMaLUK MO3BOJIAET cAenaTh BeiBox o mpomaxe ACII u ome-
HHUTb Pe3yJbTaTUBHOCTH OoeBoro nmpumeneHus ACII, T.e. B 1eJoM ore-
HUTB 3 HexkTHBHOCTH PabOTh 0OEBOr0 aBUAIIMOHHOTO KOMILIEKCA.
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Takum 00pa3oM, UMeETCsS MOTCHIMATbHAS BO3MOXKHOCTh TOBBICUTH
KaueCTBO HCIIBITAHUNA CHUCTEM M KOMILJIEKCOB aBHAIIMOHHOTO BOOPYXKe-
HUS Pa3IMYHBIX THIIOB, a TAKXKE YCOBEPIICHCTBOBATH MPOIlECC OOCBOU
MOJITOTOBKH JIETHOTO COCTaBa, OIEPAaTOPOB OCCHIUIOTHBIX JICTATEIHHBIX
anmnapaTroB U BOGHHOCIY>KaIUX JPYTHX BUJOB U POJOB BOMCK.

KiroueBble XapaKTePUCTUKU TEPCICKTUBHON CHCTEMBI OOPTOBBIX
WU3MEpPEHUN:

— BBICOKAs HAJIGKHOCTh U paOOTOCTIOCOOHOCTh B YCIIOBHSIX B3PHIBA;

— JIOCTATOYHAs EMKOCTh HAKOMUTENA WH(OPMAIMH, YTOOBI 3aru-
caTh MOTOKHA WH(OPMAIIUH OT HECKOJBKHX BBICOKOCKOPOCTHBIX Kamep
0OJBIIIOTO pa3peIICHIS,

— CHHXpOHM3AlMs OTOKOB JaHHBIX CO IIKaJOW €MHOTO BPEMEHU
U PETUCTpAIHS TPEX PA3HOCKOPOCTHBIX MOTOKOB WH(POPMALIUHU: MEJICH-
HOTO, CPEIHETr0 M OBICTPOTO, COOTBETCTBCHHO:

— MEJICHHBIM MOTOK — 3TO TEKYIIHE KOOPJAUHATHI, OCTATOK TOIUIU-
Ba, 3apsAla aKKyMyJIsTOpa, IPUHATAs KOMaHIHast HH(popManys,

— CpeIHUI MO0 CKOPOCTH MOTOK — HH(OpPMAIWsI OT JAaTYUKOB Tic-
PETPY3KH, JaTYUKOB TIOMaIaHIH, BUOPOJATINKOB,

— BBICOKOCKOPOCTHOM IMOTOK MH(OpPMAIUU OONBIIOr0 00beMa —
MIOTOKOBOE BUJEO OT BHUJICOKAMEpP YIIPABJICHUS U BHUAECOKaMEp
NaTPyJIbHOrO TUIA JUIS ONPENEIEHUsI IPOMaxa,

— MacmTadupyeMOCTh JUII BO3MOXKHOCTH PACHIMPCHUS IIEICBOM
Harpy3Ku;

— TMpUEMIICMO HH3Kas CTOMMOCTH Pa3pabOTKH, DKCIUTyaTalllH, pe-
MOHTA, 3aMCHEL.

OTnenpHbIe aCTIEKTHI, TPEOYIOIIHe 0c000Tr0 PacCMOTPEHUS:

— HCKJIIYHUTEIBHO OTCUCCTBEHHAS SJIEMEHTHAs 0a3a;

— ONTHMAJBHEIA BBIOOP: «JICHICBBIC OTHOPA30BEIC JIEMEHTHD» MPO-
THUB «IOPOTHE JIEMEHTHI 1 HEyOMBaeMbIe y3IIbI MHOTOKPATHOTO TIpHUMe-
HCHUS,

— CIIyTHUKOBas MHQOPMAIUS UCKIIOYUTEIHHO OT OTCUYSCTBEHHBIX
HABUTALIHOHHBIX CHUCTEM;

— TPUMEHEHHE CPEICTB KPHUIITO3AIIUTHI, pa3perieHHbXx MuHO00-
pousl Poccuu, HEe TpeOYIOMNX MOUCKA W CIHCAHUS MOCIIE YHUYTOKEHUS
B3PBIBOM aBTOMOOMIISI-MHIIICHU;

— nemeBu3Ha CBU npu cpenHecepuitHoM MPON3BOJICTBE;

— CBU cTaHOBUTCSA INTATHON COCTaBHOW YacThbi0 aBTOMOOMIIS-
MUIICHH (B COOTBETCTBYIOIIEH KOMILICKTAIINHN).

Ilepcnextussl coBeprencTBoBanus CbU:

— yBEJNHMYCHHE YNCIIA KAaHAJIOB U TIOBHIIICHAE HH(POPMATHBHOCTH;
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— COBEpIICHCTBOBAHHUE IIPOTOKOJIOB M CTAaHIAPTH3ALHS aJITOPHTMOB
00paboTky HHpOpPMAIHH;

— CHH)XEHHE MaccorabapUTHBIX Pa3MEpPOB U SHEProNOTPeOICHHS;

— TIOBBIILICHUE )KUBYYECTH;

— TIOBBILICHUE CKPBITHOCTH paJfoOKaHalla KOHTPOJIBHOH OOpTOBOIA
nH(pOpMAIIHY;

— JMCTaHLMOHHOE JWArHOCTHPOBAHHE M yIpaBlieHUWEe paboToil He-
cKoJbKkHuX OopToBBIX yacTeir CBU ¢ oxHOro padodero mecra omneparopa
10 KOMaHIHOH PaJUOINHHUH.

A.H. I'opox
HNEPCNEKTUBHBIA OBJIMK POGOTU3UPOBAHHOI' O
MOJABNKHOT'O MUINEHHOI'O KOMIIJIEKCA

TN um. B.I1. Yxanoea MO P®, . Axmybunck, artur.gorokh@mail.ru

A.L Gorokh
PERSPECTIVE IMAGE OF A ROBOTIZED
MOBILE TARGET COMPLEX

State Flight Test Center V.P. Chkalova Ministry of Defense of Russia, Akhtubinsk,
artur.gorokh@mail.ru

IIpakTuka nMpuMeHEHUs YIPaBISCMOro aBHAIMOHHOTO BOOPY>KCHHS B
KOH(IMKTaX W KOHTPTEPPOPUCTHICCKUX OIEPANUIX CBHUICTEIECTBYET O
pocTe 3HAYEHHS BBICOKOTOYHOTO YIPABIIEMOTO aBHAIIMOHHOTO OPYXKHUSL
TIPY TIOPAKCHUHM BHICOKOMAHEBPEHHBIX MOJBIDKHBIX OJUHOYHBIX U TPYII-
MOBBIX IENEH.

Jlisi TIOATOTOBKM JIETHBIX SKHUNAKEH B MPUMEHEHHH aBHAIIMOHHBIX
CPEACTB TMOpaKeHUS IO TIOABM)KHBIM IIEJSIM, a TaKoke JUIS WCTIBITaHHA
HOBBIX (MOJEPHH3MPOBAHHBIX) 00Pa3lOB BOOPY)KEHHS HEOOXOIMMO CO-
3AHHAC CHCTEMbI TOABMKHOW MHIICHHON OOCTAHOBKH, MAaKCHMAaJIbHO
MTOJTHO UMHUTHUPYIOIICH XapaKTEPUCTHKH PEATbHBIX IIeeH MOTCHINATBHO-
TO MPOTHBHUKA.

Taroke onmucpiBacMasi MHIICHHAS CHCTEMa MOXET OBITh BOCTpeOOBa-
Ha JUIE OOEBOW TOATOTOBKH OIEPATOPOB NMPOTHBOTAHKOBEIX YIIpaBIIsic-
MBIX paKeT U YKUMAXKeH TaHKOB (OOCBBIX MAIIINH).

Taxkas cucTema JOIDKHA BKITFOYATE B CEOS:
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— JMCTaHIIMOHHO-YIIPABIEMbIC WJIM IMOJHOCTHIO aBTOMATHUECKHE
MumieHn (Oykcupyemble, poOOTH3MPOBAHHBIE CEPHIHBIE aBTOMOOWIIH,
MOJYJIbHBIE HU3KOOIODKETHBIE);

— CHEUHaJIbHO MMOATrOTOBICHHYIO TPYHTOBYIO TPACCY;

— KOMIUIEKC YIIPaBJICHHS;

— KOMIUIEKC BU3YaJH3allH, OLEHKN U JOKYMEHTHPOBAHUS PE3yiIb-
TaTOB IPUMEHEHHS CPEJICTB MOPAKEHHSL.

ITogpoOHee paccMOTpHM TNIEPBBII BAPHAHT - OYKCHpPYEMbIC MUILCHU.
OueBunHO, ecnu peus uzaet o maccoBoM npuveHennn ACII, HeoOxoanmo
CTPEMHTBCSI K MAKCUMAaJIbHOMY Y/ICIICBICHHIO MHIIICHEH [IPU COXPaHEHUH
BO3MOXKHOCTEH MPaBAONOA00HONH UMHUTAIMH CHTHATYP PEabHBIX IEIICH.
Hawubonee 3¢ peKTUBHBIM B 3TOM cilydae OyaeT MpUMEHEHHE MHOTOpa30-
BOTO JICTAaHIIMOHHO YIPaBISIEMOTro0 OyKCHPOBIIMKA MHUIICHH, OyKCHPYIO-
IIEro JIErKyl0 U JICHIEBYI0O MHIIEHHYIO KOHCTPYKIMIO Ha MaKCHMaJIbHO
0e30I1acCHOM PAcCTOSIHUM, OTPaHUYMBAEMOM [UIMHOW OYKCHPOBOYHOM
CIICTIKH.

OcHOBHBIE TPeOOBaHUS K AWCTAaHIIMOHHO YIIPABISIEMOMY OYKCHPOB-
MIUKY:

— JIOCTaTOYHAs MOILIHOCTH JUIsl OYKCHPOBKH C BBICOKOI CKOPOCTBIO
pa3NuYHBIX IO Macce U rabapuTamM MUILICHEH;

— TIOBBIIIEHHAs MPOXOAUMOCTH (B CIIy4ae KOJECHOTO HCIIOIHEHUS)
JUISL IBVDKEHHMS TI0 TIEPECEYSHHON MECTHOCTH;

— 3aIIMIIEHHOCTh Han0oJiee BayKHBIX M JOPOTOCTOSIINX Y3/I0B;

— BO3MOXXHOCTb YNpPaBJICHUS BOJHUTEIIEM BO BPEMsI TPAHCHOPTH-
POBKH Ha TIOJIUTOH.

B xadecTBe IMCTAHIMOHHO YIPABISEMbIX OyKCHPOBIIMKOB MUIICHEH
MOT'YT BBICTYNaTh CHELHAIbHO pa3pabOTaHHbIC WIN CEPHHHO BBITYCKa-
eMbI€ TPaHCIIOPTHBIE CPEJCTBA, OCHAIIECHHbIC CIECHUAIBHON ammapary-
poii. Ilo 3TOMy myTH MOLUTH aMEPUKAHCKHE Pa3pabOTUNKK TOABMKHBIX
mumeneit n3 ¢pupmel «Kairos Autonomi». OHU MPOU3BOAAT IPOTPaMM-
HO-aInmapaTHbli  KOMIUIEKC, ITO3BOJISIIONIMH 32 HENPOAOIIKUTEIBHOE
BpeMsi poOOTH3UPOBATH OOBIYHOE CEPUIHOE TPAaHCIIOPTHOE CPEICTBO
(JlerkoBble, TPy30BbIE aBTOMOOWIIM) JJISl JUCTaHIIMOHHOTO YITPaBJICHUS
yepe3 CHCTEMY TPOCOB M cepBonpuBojoB. Ha pucynke | mokasaH crie-
LUaJIbHO TTOJIOTOBIICHHBIH OYKCHPOBIIMK C BHIHOCHBIMH BHJCOKaMepa-
MH 1 B MaTOBOM OKpace, MOTJIOIMIAIOIIEM Ja3epPHOE U3ITydECHHE.
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Pucynok 1 — Po6oTu31poBaHHbIH OyKCHPOBIIMK C MUIICHBIO

H.A. 3enxos, T.B. Menvmarxosa
OIIPEJIEJIEHUE 30H HA3BEMHOM BE3OIACHOCTH
IIPU IMMYCKAX YIIPABJSAEMBIX PAKET IO ABWXYIIUMCSA
POBOTHU3UPOBAHHBIM ABTOMOBWJISIM-MUINEHAM

TV um. B.11. Ykanosa MO P®, e. Axmybunck, a.zenkov2012@yandex.ru,
tttvvwvmmm1234@mail.ru

1.A. Zenkov, T.V. Menshakova
DETERMINATION OF GROUND SAFETY ZONES DURING
GUIDED MISSILE LAUNCHES ON MOVING ROBOTIC
TARGET VEHICLES

State Flight Test Center V.P. Chkalova Ministry of Defense of Russia, Akhtubinsk,
a.zenkov2012@yandex.ru, tttvwwmmml234@mail.ru

[Tpn maHupoBaHUM NETHBIX UCIIBITAHUI aBUALMOHHBIX CPEJICTB I10-
paxenus (nanee — ACII) nmo NoABMKHBIM HAa3€MHBIM MUILIEHSM Ha Iep-
BBIH IUIaH BBIJBHUTraercs npobiiema obecrieueHus 0€30MacHOCTH OOBEK-
TOB, PACIIOJIOKCHHBIX BHE ITOJMTOHHON MH(QPACTPYKTYpPbI: HACEICHHBIX
ITyHKTOB, KOMMYHHKAIMi, COOPYXCHUH M NPYrHX Ha3eMHBIX 00BHEKTOB
0€301acHOCTH, KOTOpBIE JOJDKHBI OBITh 3alIWIIEHBl OT MOpPaKECHHS
OCKOJIKAaMH HWCHpaBHBIX wWiu aBapuitHeIXx ACIL. OOpgHO camoner-
HOCHTENb He BXOAWT B 30HY AeiicTBus [IBO nmporuBHnka. HoBoe moko-
nerne — muaHupyromue yrpasisemble ACII sBisrorcs Hambonee 3¢-
(DeKTUBHBIMM U IEPCHEKTHBHBIMH IO CPaBHEHHUIO C paKeTaMM Kiacca
BO3/lyX-IIOBEPXHOCTh, TAK KaK OTCYTCTBHE JIOPOIOCTOSAIIETO PAKETHOTO
JBHUTaTeId M €ro TOIUIMBA MO3BOJIIET OoJsiee 4eM B JiBa pa3a yBEIMYUTh
Maccy 00eBOil 4acTH NpH TOH ke AaTbHOCTH M TOYHOCTH OOEBOTO MpH-
MeHeHus. Kpome Toro, camu JMCTaHIMOHHO-YIpaBIsieMble aBTOMOOU-
JM-MHIICHH SIBISIFOTCS TIOTEHIIMAIBHO ONACHBIMU VISl JIIOZIeH, HaceJeH-
HBIX ITyHKTOB, 00BEKTOB HH(PACTPYKTYPbI, TOCKOIBbKY 00JIaal0T BBICO-
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KOI CKOpPOCTBIO, OONBIION MaccOil M 3HAUUTEIIBHOW MHEpLHUEH, a BHIeo-
MOTOK OT MX BUAeOKamep orpaHudeH. HecoOmtozenue HopMm Oe3omacHo-
CTH NPHUBOJIUT K HEOOPATUMBIM KaTacTpO(QUUECKHM ITOCIeCTBUsIM. J{u-
PEKTHBHBIN ypOBEHb 0€30ITaCHOCTH MOPAXKEHHsI OOBEKTOB HACEIICHHBIX
ITyHKTOB M HA3eMHOW WMHQPacCTPyKTyphl 33/1aH IMpeJeIbHOH BEpOSTHO-
cthi0 107

OcHOBHBIMHU (paKkTOpaMu, ONPEEISIONIMMH pa3Mephl 30HBI HA3eMHOU
omacaoctH (manee — 3HO) mma ACII, saBusroTcs: paKTHUECKHIE TaKTUKO-
TexHnaeckne xapakrepuctiuku ACII, pe3ynbTaThl pacdeToB I'PaHHIl 30HEI
HAa3eMHOW OMACHOCTH, BBITIOJNHAEMbIC KaK HA 3Talle MOATOTOBKH, TaK U
HETIPEPBIBHO B XOJIE JIETHOTO AKCIIEPUMEHTA; HOPMATHBHO 33aHHBIC Me-
TOJIBI 1 METOIMKH TIPOBEICHHS JIETHBIX 3KCIIEPUMEHTOB (Hajee — JID) mpu
ucneitanusax ACII n peanbHble yCIoBHS X O0OEBOro NMPUMEHEHUS C y4e-
TOM BHEUIHHX BO3JCHUCTBYIOIIMX (DaKTOPOB; HANM4YME W HUCIPABHOCTD
OOpPTOBOTO M3MEPHUTENHHOIO O0OPYIOBaHUS, CUCTEMbl M3MEPEHUI U CH-
crembl ukBuaannu ACIL; BpeMst NpUHATHS PEIICHHs ONepaTHBHBIM PY-
koBoauteneM JID Ha nukupanuio ACII. [Ijis aBTOMOOHIIS-MUIIEHNA OC-
HOBHBIMU (haKTOpPaMH IIPH OIIPE/ICIICHUH 30HBI HA3€MHOW ONAacHOCTH SIB-
JSTIOTCS: (PAaKTHIECKHE XapaKTEePHCTHKH aBTOMOOHIIS-MHUIICHH, TPEK €To
JBIKEHHMS, TIPUMEHSIEMBIE CHCTEMBI OOPTOBBIX, BHEITHETPACKTOPHBIX HITH
paaroTeNeMETPUIECKUX U3MEPEHNH, NCIIPAaBHOCTD M HAJEKHOCTH OOpTO-
BOro obopymosanus. Jlo Hadana JID pacCUHTHIBAIOTCSA TPaHUIBI KOPHIOPA
6€30I1acHOCTH, BBIXOJ 3a KOTOpBIC NPUBOAWT K NPUHYIUTEIBHON JHOO
aBTomaruueckoi juksumanuu ACIL. J{ns aBToMOOWIIS-MUIIICHH IO Hava-
Jla JIETHOTO dKCIepUMeHTa (OPMHUPYETCS TPEK €ro JBMKEHUS C Y4EeTOM
BO3MOYKHOH CKOPOCTH B COOTBETCTBHH C JIAHHBIMH O pelnbede, HCXos U3
uHpopManmu 1(poBoi KapThl MecTHOCTU. [Ipy McIpaBHBIX GOPTOBOM
000pyJIOBaHNM M CHCTEME HM3MEPEHHH B XOJE JIETHOTO AKCIEPUMEHTa
TPACKTOPHUS IBIKEHHS aBTOMOOWJIA-MHUIICHW HE BBIXOJMT 32 I'DAHUIIBI
rmonuroHa. B ciydae 0Tka3oB OOpPTOBOrO 0OOpPYIOBaHHS WIIM CPEICTB
WU3MEPEHNH, OIPEIEISIONINX TOI0KEHHE aBTOMOOWIA-MHUIIIEHH, OH CTa-
HOBHUTCSI OOBEKTOM ONACHOCTH C PaANyCOM 30HBI Ha3MHOH OIIACHOCTH,
paBHOI 001aCTH ZOCTHRUMOCTH ero koopauHat. [Ipu pacuere Hemocpen-
CTBEHHOH ONACHOCTH IJIABHBIM KpuTepueM Oe3omacHoro mnposeaeHus JIO
SIBTIIETCS. BEPOATHOCTh OTPHLIATENIBHOTO HMCXO0Ja, KOTOpasi JOJKHA ObITh
MeHbIe, yeM 10, DTa BepOATHOCTb CKJIA/BIBACTCS U3 YCIOBHBIX BEPOST-
HOCTEH, Omnpe/essieMbIX HEUCIPABHOCTSAMH OOpTOBOrO OOOpYHOBaHHUS U
cuctembl usMmepenuit ACII ¥ aBTOMOOWIA-MHUIIICHH, & TAKXKE CHUCTEMBI
mukBugauuu ACIL [{ns pacuera BepoATHOCTEH NpUMEHsSETCS MaTeMaTu-
yeckas MOJIEIb B BHIE JJPEBa BEPOSTHOCTEH, YUUTHIBAIOIIAsl BCE BO3MOX-
HBIE TPYIIIBI COOBITHH.
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PaccmaTpuBaercs BapuMaHT HECUMMETPUYHOM IIJIOTHOCTH paclpenc-
neHust koopauHaTt Todyek npuMmeHeHus ACII mo MoaBHMKHOW MHUIIIECHH.
i ompenesieHUsT 30HBI Ha3eMHOM OMACHOCTH OBLIM B3aWMOYBS3aHBI
pa3iuyHble MaTEMaTHYECKUE MOJIETN U CMOJIETUPOBAH SKCIIEPUMEHT IO
ONpEeIeTICHUIO TPAHULL 30H HA3€MHOM OMACHOCTH.

AnpropHO W3BECTHAS MHPOPMAIIUSI O KOOPMHATAX 30HBI pa3pelicH-
HOTO IyCKa, MpEeIrojaraéMbiX KOOpPAMHATAX LENH, BO3MOXKHBIX TpacK-
TOPUSIX TIOJIETA U3JETHUS U BEPOSATHOCTIX OTKAa30B CHCTEMbI U3MEPEHMS
ACII nnu aBTOMOOUIS-MuIlieHd, cucteMbl TMkBugannn ACII mo3BonseT
MIOCTPOUTH 30HY Ha3eMHOM omacHocTH 10 Hawana JIO. Kaxasrit pa3 mo-
Clle KOPPEKTHPOBKM MCXOJHBIX JaHHBIX BBIYMCIEHUE TPAHULl 30H
Ha3eMHON OMAacHOCTH MPOM3BOIATCSA 3aHOBO. B xoxme BwimonHenus JIOD
undpopmanws, nocrynaroimas ot ACIT 1 aBTOMOOWIIS-MHILICHH, YTOYHSICT
TpaHUIlbl BO3MOKHOTO TajaeHus sneMeHToB ACII u Bo3zaeicTBHsS ero
MOPAYKAIOIIHX (PaKTOPOB.

U.B. I'ypun, M.C. Kpacuno, I.I'. Ckyoax
YCTPOMCTBO ABTOMATHYECKOI'O YIIPABJEHUSA
MEXAHUYECKON KOPOBKOM NEPEKJIIOUEHU S
MEPEJAY

Jlonckoii eocydapcmeennbiii mexnuueckutl ynugepcumem, 2. Pocmoe-na-/{ony,
GurinlV86@yandex.ru, mihailkrasilo@yandex.ru, skubak.pavel92@gmail.com

LV. Gurin, M.S. Krasilo, P.G. Skubak
AUTOMATIC CONTROL OF THE MANUAL TRANSMISSION

Don State Technical University, Rostov-on-Don, GurinlV86@yandex.ru,
mihailkrasilo@yandex.ru, skubak.pavel92@gmail.com

B coBpeMeHHOH NPOMBINUIEHHOCTH YETKO ONpeAeriiach MoTped-
HOCTB B yJICIIEBICHUN TEXHOIOTHH POU3BOACTBA OECIIMIIOTHBIX TPAaHC-
HOPTHBIX CPEACTB U CIICLMAIM3UPOBAHHBIX MaluH. [logoOHBIE TexHO-
JIOTUH HAXOJAT MPUMEHEHHE B TPAHCIIOPTHBIX CPEACTBaX MPUMEHAEMBIX
B CTPYKTYPHUPOBAaHHOH Cpefie, TeNeyIpaBIsieMOi TEXHUKE CIIEIIMaIbHOTO
Ha3HAYCHUS] U aBTOMOOWJISIX JUIS JIMII C OTPaHWYEHHBIMH BO3MOYKHOCTSI-
Mu. Ha ocHOBaHMM HM3y4eHUS CTaTUCTUYECKHMX JAHHBIX MO JECHCTBYIO-
oieMy MapKy TPAaHCHOPTHBIX CPEACTB IpakJaHCKOro HasHaueHus Poc-
cuiickoil deaepanuu BbISICHUIOCH, YTO 99,5%( 1] naHHON TEXHUKU HMe-
et mexanmueckyro KIIIT. Ha ocHOBaHWYM BEIIENEPEUHCICHHBIX (aKTO-
poB, OBUIM HadaTHl PAOOTHI MO Pa3padOTKE W HCHBITAHUSIM HABECHOTO
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YCTpOMCTBA aBTOMAaTHYECKOIro yrpaBieHus Mmexanudeckodl KIIIT ms
CCPUIHBIX TPAHCIIOPTHBIX CPEACTB.

Pucynok 1 — Kunemarnueckas cxema yCTpoHCTBa aBTOMAaTHUECKOTIO
ynpasneHus Mmexannueckoi KITIT

B pamkax maHHOM pa®oThI OBLT MPOU3BEIEH AHAIN3 CYIIECTBYIOIINX
BHJIOB CHCTEM [IByXKOOPAWHATHOTO MO3MIHOHHMpoBaHUsA [2]. Ha ocHo-
BaHWM NPOAHAIN3UPOBAHHBIX JAHHBIX U KPUTEPHEB K pa3padaTbiBaeMo-
MY YCTPOWCTBY, OBUIO NPHHATO pEIleHHE O NMPUMEHEHHH CHCTEMBbI Ha
ocHoBe kuHeMaTHku CoreXY (cM. puc. 1).

Hayunsim  kosutektuBoM «Pecypcroro Ilentpa Po6oToTexHUKH
ATTY» u HUJT «MDCMuK» Ob11 pa3zpaboTaH MpoTOTHI OECIUIOTHOTO
TPaHCIIOPTHOTO CPE/ICTBA Ha OCHOBE cepuitHoro aBromobwist Lada Gran-
ta FL. OnucanHoe ycTpoicTBO aBTOMATUYECKOIO YIPABICHHUS MEXaHU-
yeckod KIIII sBnsieTcst y310M MporpaMMHO-alnapaTHOrO KOMILIEKCA
aBTOMATHU3alNH CEPUIHOTO TPAHCIIOPTHOTO CPEACTBA.

Amnpobannst manHoro OecrmiorHoro TC mpoBoAMINCH B paMKax
Bcepoccwuiickuii moneBsIx ucnbITannii «Pobokpoce 2022, B Xo1e KOTO-
pBIX OBIIM BBISBICHBI MPEHUMYIECTBA W HEAOCTAaTKH Pa3pabOTaHHOTO
yCTpoOiicTBa MEPEKITIOYCHUS MIepeiad.
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1. Tpudonos H.IO., Jlusunckas B.A., Kopxykos B.B. Perpeccu-
OHHasi MOJIeJIb OLICHKH aBTOMOOWJIEH Ha OCHOBE IapCHHra MHTEPHET-
JaHHBIX // CHCTEeMHBIN aHalM3 U NpHKIanHas HHGopMmaTiuka. — MUHCK:
2020. — Ne2. — C. 4-9.

2. Tapmmn A.IT., Anuckosud JI.A., Tubeiikun B.B. O630p kuHeMa-
traeckux cxeM 3D npunTepos / MexmyHapoIHas HayqHO-TEXHUYECKas
koHpepenms Monoapix yueHsix BI'TY mm B.I'. IllyxoBa. COopHHK
MaTepHaJioB Hay4HO-NIPAaKTUUECKON KoH(pepenuun. — benropoa: 2018. —
C. 2089-2093.

I'M. Hcpaenan, A.A. Hazapoes, E.O. I'apanun
CUHTE3 U IPUMEHEHUE MHOT OYPOBHEBOM
APXUTEKTYPbI CUCTEMBI YIIPABJIEHUSA Y3JIAMU
BECIIWJIOTHOI'O TC

Honckoii 2ocyoapecmeentbiil mexnuveckuil ynugepcumen, 2. Pocmos-na-ZJony,
Israelyan-harry@mail.ru, sasha.nazarov.nazarov@mail.ru,
garaninl392@gmail.com

H.M. Israelyan, A.A. Nazarov, E.O.Garanin
SYNTHESIS AND APPLICATION OF A MULTI-LEVEL
ARCHITECTURE OF AN UNMANNED VEHICLE NODE
MANAGEMENT SYSTEM

Don state technical university, Rostov-on-Don, Israelyan-harry@mail.ru,
sasha.nazarov.nazarov@mail.ru, garaninl392@gmail.com

Pa3paboTka MOIHOIEHHOTO OECTIMIIOTHOTO TPAHCIOPTHOTO CPEACTBA
SIBISIETCSl OJHUM W3 HanOoJee aKTyaJlbHBIX M MPOTPECCHBHBIX HAIPaB-
JICHUH pa3BUTHSA aBTOMOOWIBHOW oTpaciu. Ha maHHBI MOMEHT peaiu-
30BaHbl HEKOTOPBIE CHCTEMBI BCIIOMOTATENILHOTO YIPABJICHHS IS 4eTI0-
Beka [1, ¢.8], o MOJIHOIIEHHOM aBTOMWJIOTE, Ha JAAHHBI MOMEHT, TOBO-
puTh paHo. TeM He MeHee, OOJIBIIOE KOJMUECTBO KOMIIAHUH BBIIEIAIOT
pecypchl Ha pa3paboTKy M TECTHPOBAHUE PEIICHHH, CTPEMSIIUXCS BbI-
HOJIHATH TakoW HaOOp (YHKIMH, KOTOPHIA MOKHO OBLTO 00OOIIUTH CIIO-
BOM «aBTOIMJIOT.

Joxman mocssimieH pa3paboTKe CHCTEMBI YIIPABICHHS HaBECHBIMH
MEXaTPOHHBIMU MOJYJISIMH, B3aUMOAEHCTBYIOIMIMU C OpraHaMH YIpaB-
nenus apwxenrueM TC. OpraHsl yIpaBiIeHHs BKJIIOYAIOT B ce0s: menanu
rasa, CUEIUICHUs, TopMOo3a, pbryar Mexanuueckoi KIIII u pyneBoe koxe-
co. IlepBuuHOit 11€TBI0 pa3pabOTKHM OBLIO CO3MAHUE CHCTEMBI, KOTOpas
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OBl obecreuniia BO3MOXKHOCTH TENEYNPaBICHHUSI OECHIIOTHOTO TpaHC-
MOPTHOTO CPENCTBA.

[IpencraBneHHass cuctema YIpaBlIeHHsS MUMEET BEPXHUM M HWKHUU
nporpamMMmHo-anmnapaTaeie ypoBHH (puc. 1). Csizb Mex1y HUMH obecrie-
YUBAaeTCS NPU MOMOIIM THoOcieaoBaTenbHBIX TopToB U UART-
MIPOTOKOJIOB TIEpEelayy JaHHBIX, B YACTHOCTH HCIIOJIB30BAJICSA MPOTOKOJI
ModBus ASCIL

MyneT ynpasnexus
TC

v

MepcoHansHsIn
KOMNbIOTEp

1

v v

STM32F407VG PIC33EP64C206

T A
v v :

Mpueoa neganu Mpueop neganu Mpueop 3YPa
cuennexua TopMo3a pynesoro koneca

A 4

Mpueogs!
Mpusoa nepanu rasa MEXaHu4ecKomn
KopoSku nepeaay

Pucynok 1 — Cucrema ynpasnenus ysnamu TC

Bepxuuii ypoBenp - omeparmionHas cucrema Ubuntu 20.04, ¢ pas-
BEPHYTHIM B Hell ¢petimBopkoM ROS2, ycraHOBNIEHHAs Ha MEPCOHAH-
HOM KoMmIbloTepe. HuxHuil ypoBeHb - MUKPOKOHTPOJIJIEPHI C MOAKIIO-
YCHHBIMHU HCIIOJIHUTCIIBHBIMH MCXaHU3MaMH U JIMHUAMU 06paTHOﬁ CBs-
3u. YIpaBisiomias OporpaMma JUisi OJHOTO M3 MHUKPOKOHTPOJUIEPOB
Obuta pa3zpaboTaHa ¢ IPUMEHEHUEM NPOJBHHYTHIX CPEICTB Pa3padOTKH
BCTPaMBaEMbIX CHUCTEM - ONEPAIMOHHOW CHUCTEMBI PEaJbHOTO BPEMEHH
(OCPB) FreeRTOS [2].

OnwucanHas BBINIE CUCTEMa ObLIa CHPOEKTHPOBAHHA W M3TOTOBJICHA
Ha y4eOHOH Bepcuu aBToMoOms Jlaga I'panTa, B paMKax IOATOTOBKH K
BCEPOCCHICKUM HCITBITAHUSIM OECIMIOTHBIX TPAHCIIOPTHBIX CPENCTB
«Pobokpocc 2022» [3]. B xome ucmsiTaHmii ObLTa TIPOBEEHA CEPUS Te-
CTOB, KOTOpast BSBWJIA PsIJ IOCTOMHCTB U HEAOCTATKOB pa3pabOTaHHOTO
I10. 1 mo3Bommia onpeaenuTs JadbHEUIIHN Ty Th pa3BUTHS IPOEKTA.
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1. HHremekTyanbHble CHCTEMbI MOMOIIM BOAMTENIO. TeXHUYeCKHe
TpeOoBaHus U MeTOAbI UctibiTanuii / A. M. MBanos, C. P. KpucransHebrii,
H. B. Tlomos, C. C. Hlagpun. — MockBa : MOCKOBCKHIT aBTOMOOMIBHO-
JIOPOXXHBIN TOCyIapCTBEHHBIH TexHM4YecKni yHuBepceuter (MAJIN), 2019.
—100 c. —ISBN 978-5-7962-0260-9. - EDN QWUWKC.

2. Bypmuctpos, A. B. OnepanioHHble CHCTEMBI PEabHOTO BpeMe-
HU 715 MEKPOKOHTpoIUIepHbIX cucteM / A. B. bypmuctpos, 1. B. ®u-
nuH // Ycnexu coBpeMeHHOro ecrectBo3Hanus. — 2012, — Ne 6. — C. 87-
88.— EDN PBIJTBIJ.

3. POBOKPOCC // RussianRobotics URL:
https://www.russianrobotics.ru/competition/robocros/ (qara oOpamicHus:
15.07.2022).

H.B. /Iyopoeckuii
PA3BPABOTKA IMIPOTOTHUIIA BECIIMJIOTHOI'O
BYJIBJO3EPA JIUIsI MIPOBEJAEHUSI PABOT 11O
IJIAHUPOBAHHUIO HA MIEPECEYEHHOM MECTHOCTH

00O «/[CT-YPAJI», o. Yensabunck, dubrovsky@tml0.ru

N.V. Dubrovsky
DEVELOPMENT OF A PROTOTYPE OF UNMANNED
BULLDOZER FOR RELATED WORK ON RUGGED TERRAIN
PLANNING

LTD «DST-URAL», Chelyabinsk, dubrovsky@tml0.ru

CoBpeMeHHBIE CHCTEMBl YIPABICHUS CTPOUTEIBHOW TEXHHUKOW, HH-
(hopMaliOHHbIE TEXHOJIOTHH U AJIEKTPOHHMKA B TEKYILEM CBOEM JBOJIIOIIHU-
OHHOM Pa3BUTHH JIOCTUIIIN TAaKOTO YPOBHSI, YTO aBTOMATH3aIMs U POOOTH-
3a1Msl JOPOKHO-CTPOUTEIEHOM TEXHUKHU OCTaBajIach BOIPOCOM BPEMEHH.

HenpepriBHast MoAepHU3AIMA U yIyYIIEHHE CHCTEM YIPaBICHHS TEX-
aukoit OO0 «ACT-YPAJD» mONTONKHYNIO K BHEOPEHHWIO W PA3BUTHIO
TEXHOJIOTHI ANCTaHIIMOHHOTO yNpaBieHWs. Pa3BHTHE BHEUIHMX CHCTEM,
KOTOpBIE MO3BOJISIIOT YIPABISATh TEXHUKOW BHE KaOMHBI Hadayock B 2017
TOZly ¥ C TEX MOP HE OCTaHABIMBACTCSL.

[IpuMmeHeHne TaKuX TEXHOJOTHII MO3BOJSAET BOBCE OTKA3aThCA OT HC-
TOJTb30BaHMsT KaOWHBI (CM. puc. 1), 4TO MPUBOAUT K CHIKEHHIO cebecTo-
HUMOCTU TMPOAYKIUHU, a TAKXKC MHNCHTP TAKECCTHU MalIWHbI MEPEMEIIACTCA
OJrDKe K 3eMJIe, YTO MOBBIIIAET €€ YCTOHYMBOCTD 110 OIPOKUIBIBAHHIO.

B 2021 roay Ha BbICTaBKE CTPOMJIOPAKCIIO komnauueit BIEP-
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BbIE ObLIa TPEICTABIEHA TEXHOIOTHSI OECIMIIOTHOTO yIpaBieHus. byib-
nmo3ep 0e3 KaOWHBI CAaMOCTOSITENTFHO TIepeMeIIalcs B Ipeaenax BHIOpaH-
HOW TEeppUTOPHUU MO TPACKTOPHH, 3aJaHHOU yHAIEHHO (CM. puC. 2) ¢
UCIIOJIb30BaHHEM DPa3pabOTaHHOIO CHEHUATUCTAMU TPEINPHATHS MO-
OmIBHOTO NPHIOXKEHHA. Tak ke B 3TOM HPWIOKEHHH 3aJaeTCs yToil
HaKJIOHa OTBajia OyJIbI03€epa M €ro BBICOTA HAJl YPOBHEM MOPSI.

Pucynox 2 — MoOuiipHOE npHiIoKeHne 471 paboThI ¢ OECTIMIIOTHBIM
OyIBI03epOM

Jlns obOecrieueHnss 6€30MACHOCTH Ha OyJIbI03epe YCTAHOBJICHBI I10-
IIOJIHUTCJIIBHBIC KHOIIKH II0 6OKaM, Ha)XaTue€ KOTOPBIX MPUBEACT K HE3a-
Me}IﬂHTCHLHOﬁ OCTaHOBKC MalllMHBI, © CHUCTEMa ONPCACICHUA TMPCIAT-
CTBHUil TIepe/l OTBAJIOM C TEXHHYCCKHM 3PCHHEM W BO3MOXHOCTBIO Ka-
TUOPOBKY 30HBI ICHCTBUSL.

JIyist KoppeKTHO paboThl CUCTEMBI yITpaBiieHHs ObUT pa3paboTaH ai-
TOPUTM IBIDKCHHS I TepeMellieHns 00beKTa K 1IeNeBOi KOOpAWHATE.
IIpu 3TOM KOOpOMHATA MOXKET M3MEHATBHCS YXKE BO BpEMs IBIKCHHS
MamuHbl. Hibke mpejicTaBiieHa TEOPETHYECKH IOJYYCHHAs TPAacKTOPHS
IBIOKCHUST OCCTIMIIOTHOM MAIIWHBI (CM. puC. 3) MpH yKa3aHHM HOBOM
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KOOPIUHATHI [IEJIM B MOMEHT JIBHXKEHHsSI. MECTHOCTh — HCIIBITATENbHBIH
nosmrod OO0 «JICT-YPAJI».

PucyHok 3 — Teoperudeckasi TpaeKTOPHS IBWKEHHS, HATIOXKEHHAs HA KapTy

A.B. Muxainuuenxo, H.b. Ilapawyk
HAJEKHOCTb KOMIIOHEHTOB XPAHEHUSA
N OBPABOTKHU JAHHBIX JJIs1 CUCTEM YIIPABJIEHUA
HA3ZEMHBIMU POBOTOTEXHUYECKUMMU
KOMIINIEKCAMHUW BOEHHOT'O HASHAYEHUSA

Boennas akademus ceszu um. Mapwana Cosemckoeo Corosza C.M. Byoennoeo,
Cankm-Ilemep6ype, shchuk@rambler.ru

A.V. Mikhailichenko, I.B. Parashchuk
RELIABILITY OF DATA STORAGE AND PROCESSING
COMPONENTS FOR CONTROL SYSTEMS OF GROUND-
BASED ROBOTIC COMPLEXES FOR MILITARY PURPOSES

Marshal of the Soviet Union S.M. Budyonny Military Academy of Communications,
St. Petersburg, shchuk@rambler.ru

BoeHnHo-nonuTHYeCcKast 0OCTaHOBKA, CIIOXKUBIIASICA B COBPEMEHHOM
MHpe, TpeOyeT NPUHATUS CPOYHBIX Mep B IUIAHE IIOCTPOEHMS U COBEp-
IICHCTBOBAaHMs Ha3eMHbIX podoroTexHuueckux kommuiekcoB (HPTK)
BoeHHoro HasHaueHus (BH), a Takxe cucrem ynpasienus umu [1].

VimeHHO mo3TOMY BCe OOJBLIYIO 3HAYUMOCTH NPHOOPETAIOT HAYyYHO-
MpaKTUUECKUE HAIPABJICHUS HCCIIeIOBaHUH, OPUEHTHPOBAHHbIE Ha pa3pa-
0OTKY BBICOKOTEXHOJIOTHYHBIX M OTKa30yCTOHUYHMBBIX CHCTEM YIPABICHUS
(CY) xak OOBIYHBIX 3KCTPEMAIBHBIX POOOTOTEXHHYECKHX KOMILIEKCOB,
tak 1 HPTK BH [2]. KirtoueBsiMu koMrioHeHTaMu Takux CY SBISTIOTCS
almapaTHO-NPOTPaMMHBIE CPEACTBA XPaHEHUsS M 00pabOTKM ITaHHBIX
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(XOH). Komnonentst XO/[ — B3auMOCBsI3aHHasi COBOKYITHOCTb armapat-
HO-ITPOIPaMMHBIX CPEJICTB Ul CO3JaHUsI MPOW3BOAUTENHHON U OTKa30-
YCTONYMBOW MH(PACTPYKTYpBI, OTBEYAIOIIEH 32 00pabOTKy W XpaHEHHUE
nH(OpPMaIMK B MHTEpecaxX yIpaBieHus: 00eBBIMU poOOTaMHu.

Komnonentsr XO/I siBsttorcst 3¢)(eKTUBHBIM HHCTPYMEHTOM B BOEH-
HOI MHPpacTpyKType [uisi 00€BOH (IKCTpEeMaIIbHOW) POOOTOTEXHHUKH, @ OT
MX HaJISKHOCTH MHOTOE 3aBHCHT B YCTOWYHMBOM, HEIPEPHIBHOM M OIEpa-
tuBHOM ynpasinenun HPTK BH. Bmecre ¢ TeM, noka He cylecTByeT eu-
HOTO MTOJIX0/1a B BOMPOCAX OIEHKH MX HAJEKHOCTH, YTO JICNAI0T aKTyalb-
HOIl mpoGseMy BBIPaOOTKM CHCTEMHOTO MOAXOJAA B BOIPOCAX OLEHKH
HanesxxHoctn komroreHToB XO/[ mmst CY HPTK BH B ycnoBusx Heompe-
JICTICHHOCTH.

HeormpeneneHHOCTh U 3alTyMJICHHOCTh MCXOJHBIX JIAHHBIX, BaYKHBIX
I O0OOIIEHHOM, KOMIIIEKCHOM OIEHKM HAaJIeKHOCTH KOMIIOHEHTOB
XO/J mis CY HPTK BH, oOycnanuBaeT HEOOXOAUMOCTh MPUBIICUECHUS
JUISL 3a7ad aHaJIn3a HOBBIX METOJIOB M CPEJCTB, HAlpUMep, TaKuX, Kak
MaTeMaTHYeCKHE METO/IbI U alTOPUTMBI TPaHyJISIPHBIX BBIYMCIEHUH [3].

I'panynspabie Beraucienus (I'pB) MoryT OBITH MCHOJIB30BaHBI Kak Ha
JTale CHHTE3a MOACHUCTEMBI IIaPaMETPOB HA/ISKHOCTH KOMIOHEHTOB XOJ]
1 CY HPTK BH, tak u 114 3a1a4 HeOCPEACTBEHHOTO aHAIN3a HaeK-
HOCTH JJaHHBIX KOMIIOHEHTOB B YCJIOBHSIX HEOPE/IETICHHOCTH.

Ipennaraercst NCTIONB30BaTh COBPEMEHHBIE «TPaHYJIAPHBIC» MaTeMa-
THYECKHE MOAXO/bI, CIOCOOHBIE OCYILECTBIISITh CIMSHUE MaCCHBOB HEYET-
KO 33JIaHHBIX, 3alIyMJICHHBIX JJAHHBIX B TPYNIbl (MHQOpPMAIMOHHBIE «Tpa-
HYJIBD)) 10 MPUHIMITY CEMaHTUYECKOTO M (DYHKIIMOHAIBFHOTO CXOJCTBA M
peaT30BbIBaTh MATEMaTHIECKU KOPPEKTHYIO 00pabOTKY STHX JIaHHBIX.

Peanuzyemsbie ¢ momomipto I'pB aTanbl clHTE3a CHCTEMBI ITapaMeTpoB
HaJIeKHOCTU M COOCTBEHHO OLICHKH HanexHocTH cpeacts XO/l, Hauenen-
HblE Ha IOBBIIIEHUE JIOCTOBEPHOCTH YNPABIEHUS OOEBBIMH POOOTAMHU C
YUETOM Pa3INYHBIX acCHEKTOB HEONPEIENICHHOCTH (HEYEeTKOCTH) U 3allyM-
JICHHOCTH HMCXOAHBIX JAHHBIX, COAEP)KAT MPOLEIyphl HH(POPMAIMOHHOTO
TpaHyJIMPOBAHUS, TPAHYJSIPHOTO CYMMHPOBAHMS, pacueTa (GyHKLIUH cliesa
TpaHyJISPHOI CYMMBI 1 MUHUMI3AIHA CJIe[ia TPaHy SIPHON CyMMHI [3].

Takum 00pa3oM, prUMeHeHne aropuTMoB ['pB 103BoJISET OBBICUTH
JIOCTOBEPHOCTD OLICHKH HanekHocTH KomioHeHToB XO/[ mmst CY HPTK
BH 3a cuer yrouneHus (Bepu(MKaIy) HETOYHBIX, 3alTyMJICHHBIX U He-
YEeTKHX HWCXONIHBIX JaHHBIX OOJBINON pa3MepHOCTH. JlaHHBIE METOABI
MO3BOJISIIOT YCTPaHUTh HEYETKOCTh M 3aLTyMJICHHOCTh MCXOJHBIX JAaHHBIX
JUIS OLIEHKH HajJexxHocTu komrnoHeHnTtoB XO/I. 3To, B cBOIO o4epeb, Mo3-
BOJISIET TIOBBICUTh OOBEKTUBHOCTD 3aJJaHHs 3THX UCXOMIHBIX JaHHBIX, U, B
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1. Ilepemer NU.b., Pymuanos H.A., PsiGos A.B., Xpymes B.C. O
HEOOXOMMOCTH pPa3pabOTKM KOHIEIIMKA HOCTPOCHHS U NPUMEHEHHS
ABTOHOMHBIX POOOTOTEXHHMYECKUX KOMIUICKCOB BOGHHOTO Ha3HAuYCHHUS //
OkcTpemanbHast poOoToTexHWKA. Tpynsl MexayHapoqHOW HaydHO-
texand. koHpepeHnuu — CI16.: OO0 «AIl4IIpunaT», 2016. C. 35-39.

2. Amngpees B.IL., Kupcanos K.B., TTogypaes FO.B. TeppuropuanbHo-
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npaktideckoii kongpepenimu. — CI16.: BAC, 2021. C. 110-115.

10.C. Konecos, P.b. Tapacos, B.E. Ilpanuunukoe
PA3PABOTKA CUCTEMBbBI HEITPEPBIBHOT O
PA3BEPTBHIBAHUS ITIPOT'PAMMHOWM CPE/JIbI

JJIsI CEPBUCHBIX POBOTOB

HIIM um. M.B.Kenoviwa PAH, Mocksa, fencer.modl(@gmail.com,
radtarasov@gmail.com, v.e.pr@yandex.ru

Y.S. Kolesov, R.B. Tarasov, V.E. Pryanichnikov
DEVELOPMENT OF A SYSTEM FOR CONTINUOUS
DEPLOYMENT OF A SOFTWARE ENVIRONMENT
FOR SERVICE ROBOTS

KIAM Russian Academy of Sciences, Moscow, fencer.modl(@gmail.com,
radtarasov@gmail.com, v.e.pr@yandex.ru

Ha 6aze mabopatopun «CeHcopuka» pa3pabaTbIBaeTCsi MHOTOLEIE-
BOH cepBHCHBIH poboT Amyp-307 [1]. OxHolf M3 akTyanbHBIX 3ajad,
CTOSAIIMX Mepel KOMaHIOH pa3pabOTYNKOB, SBISCTCS ONEPATHBHOE TIep-
BUYHOE pa3BepTHIBAHUE NUCTPHOYTHBA C CO3JAHHBIM OOPTOBBIM IIPO-
rpammHbIM obecnieuenniem (I10). B manHOW craThe paccMaTpuBaeTcs

76



ABSTRACTS of the 33 International Scientific and Technological Conference
«EXTREME ROBOTICS»

MEXaHM3M aBTOMATHUYECKOTO Pa3BEPTHIBAHUS, OOHOBJICHHS CHCTEMbI H
MEXaHHU3M yAaJCHHOW OTJIAJKU B Cllydae KpUTHYECKUX cUTyaluil. Pea-
JM30BaHHBIA MEXaHH3M MPEIOCTaBIACT HOBBIE BO3MOXKHOCTH ISl yCTa-
HOBKH 00pToBOrOo I1O M OT/IaZAKU CHCTEMBI. B OT/IIMYHMK OT CYIIECTBYIO-
MX pemieHui [2], KOTopBIe 3arpy’KaloT ONEPAlMOHHYI0 CUCTEMY 4epe3
MPOBOJIHON CETEBOM MHTEpQElc, TaHHBIN MOIXO0/1 MO3BOJISIET 33JIeHCTBO-
BaTh OecrpoBOAHON MHTEp(Eiic I TepBOHAYAILHOTO Pa3BePTHIBAHMUS.
Hcnonp3oBaHue 3arpy3udka BTOPOrO YpPOBHSI IMO3BOJISIET BOCIHOJIB30-
BaThCsl MOAYISMU U HPOTrPAMMHBIMU KOMIIOHEHTaMH, PEaIu3yOLUIMMU
TIOJHBIA CTEK CETEBOrO YPOBHS M BCe HEOOXOJMMBIE ApaiBepa Al Hc-
nosp3oBanust WiFi.

B kauecTBe BBIYHMCIMTEIHHOTO MOIYJIS POOOTOTEXHWYECKOW ILIAT-
dopmsr AMyp-307 ncnonezyetcs Raspberry Pi4. Texauueckue xapakre-
PHUCTHKH JTAHHOTO MOZYJISI MO3BOJISIOT OCYIIECTBUTH 3arpy3Ky IENeBOi
OTIEpPAIIMOHHOM CHCTEMBI HAIIPSMYIO B ONIEPAaTHBHYIO maMsTh yepe3 WiFi
CeTh C IOMOIITBI0 MEXaHU3Ma 2-X CTaIuitHO 3arpy3ku (puc.1).

BoruucnuresHbIi MOIYJIb OcHaieH untepdeiicom cetn WiFi, oqHa-
KO, BCTPOEHHbII 3arpy3urk U-boot He MMeeT BCTPOCHHBIX MEXaHHU3MOB
JUIsl paboThI C JaHHOW ceThIo JuIst 3arpy3ku obpasa OC U ero NmpoIIMBKH
[3], moaromy nnst oOHOBienust [1O TpebGoBarock NPOIIMBATH MOJIYIH
BPY4YHYIO, YTO 3aHUMAJIO NMPOAOJLKUTENbHOE BpeMs. Ilpu cepuitHom mpo-
M3BOJICTBE HOBBIX POOOTOTEXHMYECKHX CHCTEM HEOOXOIUMO MMETh MeXa-
HU3MBI 3arpy3KH TEKyIIel cTaOMiIbHON Bepcuy MporpaMMHOTo odecrnede-
HUS, IPOBEPKH Ha IIETIOCTHOCTH ¥ OIMHHOCTD, a TAK)KE €r0 OOHOBIICHHE.

2-nd stage loader
u-boot —> (Linux deployment server —>| firmware
kernel+initramfs)

Pucynok 1 — Jlnarpamma craauii pabotsl cuctemsl pa3sépreiBanus [10. Ha
JTAHHOI cXeMe 0003HaueHBI: U-boot — MepBUYHBIN 3arpy34HK, MepeaatoIuii
yHpaBieHUE 3arpy34uKy 2-Iro YpoBHs; 3arpy34uK 2-ro ypoBHS C BCTPOCHHBIMU
JpaiiBepaMHu, KOTOPBIH 3arpyxaeT ¢ cepBepa pa3BepThIBaHUSA 00pa3
OTIEpallMOHHON CUCTEMBI U NepelacT yNpaBIeHNE MIPOLINBKE MOCIE e&
pa3MeIeHns B ONePATHBHOM MaMsATH

IIpennaraercs cneayronuil MEXaHU3M 3arpy3Ku: 3arpy34uk MepBOro
stana U-boot mepexaér ynpasieHue 3arpy3duKy 2-TO 3Tama, AJsl KOTO-
poro paspaborano MuHHatiopHOoe Aapo OC ¢ MOAKIIOUYEHHBIMH JpaiiBe-
pamu WiFi u BcTpoeHHOH HaudalbHON KOpPHEBOW (aiioBOM CHCTEMBI
(manee initramfs). YMeHpIeHue siapa moTpeboBagoch B CHITy psizia MPH-
YHMH: BO-TIEPBBIX, MECTO HA MHUKPOCXEME, KyJa IUIAaHUPYIOTCS 3aIcaTh
3arpy34K 2-ro YpOBHE CHJIBHO OTPAaHHYEHO, a, BO-BTOPBIX, MEHBIIUH
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pasmep yckopsieT Bpems 3arpy3ku. Initramfs - 5To nepBoHauanbHas Kop-
HeBasi (aiioBasi cucTeMa, KOTOpas HCIONB3YeTCS Ha paHHEM OJTarle
MHHUILMANA3ALUI OTIepalluOHHON cucTeMbl. OHa COIEPXKUT B cebe HEeKO-
TOpOe KpaliHe OrpaHW4YeHHOE 10 (PyHKIMOHATY KOJIWYECTBO IpaiiBepoB,
CKPUITOB U YTHJINT, KOTOPBIE HCIOJIB3YeTCs JUIsl (PMHAIBHOM 3arpy3KH.
VYnanock crnenarb CBOM BapuaHT initramfs ¢ BCTpoeHHO# mporpammoit
IUAarHOCTHUKH, npaiiBepamu WiFi W cKpuUNTaMu, CKaYABAOIIAMU [TUC-
TpubyTB OC M pa3MemamnMy €ro B ONEPaTHBHON MaMSITH C IMOCIe-
JyIOIIeil OKOHYATEeNBbHOM 3arpy3Koi. JTO pelIeHne 4acTo HUCTIONb3yeTCs
npu 3arpy3ke pasHbix live o0pa3oB [4], HO B HalieM ciydae 3arpyska
MIPOUCXOUT, BO-TIEPBBIX, IO OECIIPOBOAHON CETH, BO-BTOPBIX, SABISIETCS
3BEHOM KOHBeWepa IociiefoBaTeNpHOro pasBepTeiBanus [5]. Ilocne 3a-
rpy3ku sapo OC, KOTOpoe u MPEICTaBIsAeT cO00i 3arpy34rk 2-To 3Tamna,
yepe3 WiFi 3arpyxaer B OnepaTuBHYIO IaMsTh OCHOBHYIO NPOIIUBKY
BBIYUCIIUTECIIBHOI'O MOIYJIA.

3arpy3ka IpOU3BOJIUTCS C CEPBEPA, IIPU ITOM LIEJIOCTHOCTH 00pas3a mpo-
BepsieTcs 110 KOHTPOJIBHOM CyMMe, a [rpoBast MOINCH UCHIONB3YETCs UL
MPOBEPKU €ro IOJJIMHHOCTH. DTO TO3BOJSIET TaKXKe MPOBEPSTH KOPPEKT-
HOCTb IPIMEHEHHMS! CHCTEMBI M HACHTH(HIMPOBATH €€ TOIb30BaTeNeH.

Co3maHHOE TIPOTPaMMHOE PEIICHHUE SIBISICTCS JIEMEHTOM IOCIENO-
BaTEIBHOTO Pa3BEPTHIBAHUS MPOIIMBKH, B pe3yibTaTe pabOThl cO31aH-
HOTO MEXaHH3Ma, IOCJIe TOSIBJIICHHMS Ha cepBepe OOHOBICHUH HOBOM
MIPOLIMBKK IPOUCXOJUT €€ aBTOMATHYECKOE pa3BEpPTHIBAHHE HAa BCEX
CEpPBHUCHBIX pO0OTaX, MOJKIIIOYEHHBIX K CETH M CIEIAIIUX 32 OOHOBIIE-
HUSIMH Ha cepBepe. B manmpHeleM BO3MOKHA MHTErpanus MOIyJeH
PYTOKEH Jyisl LCIIOJIb30BaHus BMecTe ¢ 1eneBbM [10.

B pesynbrare Oblia cipoeKTHpOBaHa M pa3paboTaHa CHCTEMa Hempe-
PBIBHOTO pa3BEPTHIBAHUS TPEIOCTABIISIONIAs CIEAYIONINE MEXaHU3MBbI:
MIEPBUYHOTO Pa3BEPTHIBAHUS AUCTPUOYTHBA C IPOBEPKOH €ro LEeJIOCTHO-
CTH ¥ NOIJIMHHOCTH, MPEJOCTABICHHS yIaIEHHOTO OCTyIa A OTIal-
KM B KPUTHYECKHX CHUTYalHAX W AJS TTOJHOTO OOHOBJIECHHSI CHCTEMBI.
JlaHHas cucTeMa HEeNpephIBHOTO Pa3BEPTHIBAHUS, SIBISETCS JIOTMIECKUM
MPOJIOJKECHUEM paHee pa3pabOoTaHHOM CHCTEMbl HENPEPBIBHONW HHTE-
rparu 6optoBoro 10 ms po6ota Amyp-307 [1].

1. Aryskin, A[lexander]; Bogdanovich, A[lena]; Davydov, O[leg];
Grigoriev, A[leksey]; Khelemendik, R[oman]; Kharin, K[onstantin];
Kuvshinov, S[ergey]; Petrakov, M[aksim]; Plotnikov A[leksey], Pryanich-
nikov, VJ[alentin]; & Tarasov R[adomir] (2019). Control algorithms for
service and industrial transport robots, Proceedings of the 30th DAAAM
International Symposium, pp.1166-1173, B. Katalinic (Ed.), Published by
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DAAAM International, ISBN 978-3-902734-22-8, ISSN 1726-9679, Vi-
enna, Austria. DOI: 10.2507/30th.daaam.proceedings.164.
2. MaleHbKue «MaIMHKK B KPYIHOM Jara-IeHTpe. — TEeKCT : diek-

TpoHHbld // habr.com : [caiir]. — URL: https://habr.com/ru/
company/selectel/blog/580398/ (mara odparenus: 14.08.2022).
3. U-Boot Reference Manual. — TekcT : 3neKTpOHHBIH //

hub.digi.com : [caiiT]. — URL: https://hub.digi.com/dp/path=/support/
asset/u-boot-reference-manual/ (nara odparenus: 14.08.2022).

4. BootToRAM. — Tekcr : amekrponnsii // : [caiit]. — URL:
https://wiki.ubuntu.com/BootToORAM (xara obparenus: 14.08.2022).

5. Feoktistov A.G., Gorsky S.A., Sidorov I.A., Kostromin R.O.,
Fereferov E.S., Bychkov 1.V. Continuous integrating modules of distribut-
ed applied software packages in Orlando Tools. Trudy ISP RAN/Proc. ISP
RAS, vol. 31, issue 2, 2019. pp. 83-96.
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Ipu co3naHuu MOOMIIBHBIX CEPBHCHBIX POOOTOB BO3HUKAET 3aKOHO-
MepHas mpo0JieMa UCHOIb30BaHHUsI pa3pabOTOK MPOrpaMMHOrO obecreye-
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Hust (I1O) oT pazaM4HBIX aBTOPOB VISl MHTEIUIEKTYaIH3alli, 00paboTKH
CCHCOPHBIX TOTOKOB M ympaBiieHus. [1ockonbKy emé u KoHpUrypauus
arnmapaTHO-POrPaMMHBIX CPEJCTB U KOHCTPYKIHUI POOOTOB OTIIMYAIOTCS
GonbIIMM pa3HOOOpa3neM, TO LEHTPAJIbHOW 33/1aueii CTAaHOBUTCS paspa-
60Tka mHTEerpanonHoro 110 u cpeacTB TeCTUPOBAaHMS OTACIBHBIX 00b-
enunsembix nakeroB I10 u ycrpoiicte. UIIM mm.Kennemma PAH ¢
MUHOT PITY pemaer 3Ty akTyalbHYIO TpOOJIEMY CTaHIApPTU3AINN H
3¢ (EeKTUBHON HHTEIUIEKTYaIn3aliy PAa3HOPOIHBIX CEPBHCHBIX M TIPO-
MBIIUIEHHBIX POOOTOB, MEXATPOHHBIX YCTPOWCTB ITyTEM BBICTPAUBAHMSA
€IMHON TEXHOJIOTMH CO3/IaHUSI MHTETPALMOHHOTO codra [UIsi 0ObeIUHE-
HUS Pa3HOPOIHBIX 3arOTOBOK OT/EIBHBIX KOMIIOHEHT M MPOEKTOB, BBI-
TIOJIHEHHBIX C Pa3HOM CTENEHBIO MPOPaOOTKH M PEaM30BAHHBIX Ha pa3-
HBIX SI3bIKaX MporpammupoBanus. Hampumep, mis pa3paOaTbiBacMbIX
HaMH MOOWJIBHBIX pOOOTOB cepur AMyp (pabOTaromuX B MOMENICHHSX)
peanuszoBbiBaiocs ciaenyromee [10.

Ha ocHOBe cOpMHUpPOBAHHBIX OOYYAIOIIUX BHEIOOPOK W aJalTallud
HEWpPOHHBIX ceTel OBbUIM MCCIIeJOBaHbl M PELIEHbI 33/1aull PACcTIO3HABAHUS
MapkepoB Aruco-ko0B pazmepoM 150x150mm g HaBuramuu u 50x50Mm
JUISL Pa3IMdeHus MPEAMETOB MaHMITYIMpoBaHMs. Jlaske MO HEKadeCTBEH-
HBIM M300paKeHHUSAM OT HauOoJee MPOCTHIX BUACOKaMEpP YIaJloch CO3/aTh
ynporreraoe [10 s HanexxHO# naeHTH(OUKAINN PYIeK U ABEpei, pasiu-
YeHMs1 UL (HarpuMep, pY WACHTH(UKAIMY MENCPCOHAIA U MAIUEHTOB
TOCIIUTANIA), IUIs1 BEAECHHS TOJI0COBOI0 AMAjora Mpy HaBEICHUH U KOMaH/I-
HOM YIIPaBJICHHH, a TAKXKe JUIs CHHTE3a PeYeBBbIX OTBETOB POOOTOB. Yja-
JI0ck obecneunThb peanusaruio 3toro [10 Ha pacnpocTpaHeHHBIX OOPTOBBIX
MHKpoIIporeccopax. bosbire BO3MOXKHOCTH MHTEIUICKTYaIM3allly MOBe-
JieHuss poOOTOB Jlajla HAaBHTAIMOHHAs IIPOrpaMMa BBIYMCIIEHMS Tacc-
(peiiMOB (TEXHOJIOTHS TEHEPAIU CIIMCKOB IPOXOJIOB/ABEpEN B IoMelie-
HUSX) 110 JJaHHBIM OT JIMJapa ¥ 10 JTaHHBIM OT aJITOPHTMAa aIllpOKCUMarIi|
MIPETISITCTBUI HA OCHOBE JIOTHYECKOTO COIOCTABIICHNUS TOKAa3aHUH pasHO-
HAaIpaBJICHHBIX YJIBTPA3BYKOBBIX CEHCOPOB.

[lepeuncrienHble TPOrpaMMHBIE BO3MOXKHOCTH aIlapaTHO 00ecredn-
BAIOTCS pa3pabOTaHHBIM U THPAKUPYEMBIM JTOCTATOYHO YHHBEPCATBHBIM
SIIEKTPOHHBIM OJIOKOM, KOTODBIA CONpsATaeT CHIIOBBIe Kifoun 6x30Ax12-
248, onometpbl, UK- n Y3B-narunku ¢ Rasbery-Pi, ¢ kaHajgamu cBsizu u
CHCTEMOI OOpTOBOro 3yeKTponuTaHus. ['yceHMuHoe Imacc poOoTa
Amyp-307 ¢ nByMsl HapaJUlelIbHBIMH MaHUITYJISTOpaMH coOHpaercsi Ha
OCHOBE TPEJIOKEHHOW TEXHOJIOTMH OBICTPOrO IPOTOTUITUPOBAHUS,
TIpelyCMaTPHUBAIOIIETO MCIOJIB30BaHNE KOMOWHALIMH JIA3€pHOM PE3KU U
(pe3epoBanys, MPUMEHEHHE TUITOBBIX KOMIUICKTYIOIIMX MacCOBOTO TIPO-
M3BOJICTBA M UX BCTPAaUBAHUE B M3MENUS 33 CUET IEPEXOAHBIX y3JIOB, U3-
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TOTOBJICHHBIX Ha 3D afquTUBHBIX MPUHTEpaX. YIpaBIeHHE MaHUITYIISATO-
paMu CTPOUTCSI C UCTOJIB30BAHUEM YIPABIIAIOMIMX ABUTATEIIBHBIX CHHEP-
I'MH, TIONCKOBBIX M TECTOBBIX JBW)KEHHUI; pa3pabaThIBAIOTCS TAKKE CMEH-
HBIE 3aXBaTHBIE YCTPOICTBA C TEH30CEHCOPAMHU.

[TonoOHBIE TEXHOIOTHH HMHTEIUIEKTYaIM3ali MPUMEHSIOTCS HaIluM
KOJUIEKTUBOM U JUISl pealu3aliy YNpaBJeHUS MPOMBIIUICHHBIMU YyCTa-
HOBKaMM/IIEXaMH W CO3IaHMS LIEXOBBIX TPAHCIIOPTHBIX CHCTEM IS TEK-
CTWJIBHOW M YMaKOBOYHOW WHIYCTpUH, JIA oOecredeHus paboThl KOM-
MAKTHBIX YCTAaHOBOK JIa0OpaTOpHON OTPabOTKH pa3MMYHBIX XUMHUYECKHX
peLenTyp Ui IOCIETYIOUIETO IIEPEHOCAa B IPOMBIIIICHHBIE YCIOBUSL.

Bonee moapobHyro nH(OpMAIMIO MOXKHO HAalTH B HEKOTOPBIX HAIINX
MyOMMKanusaX, TpUBEICHHBIX HIDKe [1-6]. PexmamHble crimcku pa3zpaboT-
YHUKOB U MHTErPaTOPOB MOOWIILHBIX POOOTOB MOXKHO HalTH B pabote [7],
uccrenoBanue [8] MOCBAIIEHO anmapaTHBIM Mpo0iemMaM CO3JaHus pac-
NpeJIeSICHHBIX BBIYUCIUTENBHBIX CHCTEM Uil poOoTtoB. IIpoBeneHHbIH
aHaNM3 3TUX padOT MOKa3bIBaeT, YTO NpEAIaraeMblii HAMHU KOMIUIEKCHBIH
TMIO/IXOJ1 OTIINYAETCSI HOBU3HOM M 9 (PEKTUBHOCTBIO PELICHHUI.

1. Intelligent robotronics — methodology for solving logical prob-
lems of service robots / V. E. Pryanichnikov, V. V. Chernyshev, O. I.
Davydov [et al.] / Annals of DAAAM and Proceedings of the Interna-
tional DAAAM Symposium: 30, — Zadar, 2019. — P. 1131-1135. — DOI
10.2507/30th.daaam.proceedings.158.

2. B.E. [lpsununukos, E.A. [llunosanos, P.B. Tapacos. uTewiexTy-
anbHOE O0CCTICUCHHE JIOTUCTUYECKHX MHCCHH B MEIYYPEHKACHHAX MO-
OwtpHBIME cepBUCHBIMU poboTamu AMYP-307 / POBOTOTEXHUKA wu
TEXHUYECKAS KUBEPHETUKA / ROBOTICS and TECHNICAL
CYBERNETICS 2021; N 9(2), C. 121-126, ISSN 2310-5305, DOLI:
10.31776/RTCJ.9206, RSCI / Web of Science.

3. Plotnikov, Afleksey] & Pryanichnikov, V[alentin] (2021). Ki-
netostatic Analysis of the Service Mobile Robot with Manipulator, Pro-
ceedings of the 32nd DAAAM International Symposium, pp.0446- 0453,
B. Katalinic (Ed.), Published by DAAAM International, ISBN 978-3-
902734-33-4, ISSN 1726-9679, Vienna, Austria DOI:
10.2507/32nd.daaam.proceedings.065/

4. Chernyshev V.V., Pryanichnikov V.E., Arykantsev V.V. (2021)
Algorithms of Self-control of the Underwater Walking Device Accord-
ing to Information on a Collision of Feet with an Unorganized Support
Surface. In: Yuschenko A. (Eds) Modern Problems of Robotics. MPoR
2020. Communications in Computer and Information Science, vol 1426.
Springer, Cham. DOI https://doi.org/10.1007/978-3-030-88458-1 14,
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5. JaseigoB O.U. ApxuTeKTypa CUCTEMbI YIPaBICHHS MOGHIBHOTO
cepBucHoro pobora / Jlassinos O.U., Ilpsununukos B.E. // Undopma-
LMOHHO-U3MEPUTENbHBIC ¥ YIPABISIIOMINE CUCTEMBL. — M.: Pannorexuu-
Ka, 2015, 1.13 Ne 7. - C.41 -50.

6. TpsanunnkoB B.E., Apeickun A.A., Kcensenko A 4., Ilerpakos
M.C., UrnarseB B.A., Xenemenmuk P.B. Iloctpoenne cepBucHoro as-
TOHOMHOT'O MOOHMJIEHOTO POOOTa Ha OCHOBE YIPaBICHUS, HCIOJIB3YIOLIE-
ro JIOTMYECKHUil aHanu3 peanu3yemMocTu onepaiuii / HayuHblil cepBuc B
cern UHrepHer: Tpyasl XX Bcepoccuiickoll HaydHOH KOH(epeHLUH
(17-22 cenrsi6pst 2018 1., r. HoBopoccuiick). — M.: UIIM wum.
M.B.Kengemma, 2018. -528c., C.428-438, DOI:10.20948/abrau-2018
https://keldysh.ru/abrau/2018/proc.pdf.

7. https://bespilot.com/robots/robots-developers Pa3paboTunku- uH-
TErpaTopbl POOOTOTEXHUIECKUAX CUCTEM (TI0 cocTosHHIO Ha 27.09.2022).

8. Ceuenos C.U. Meromuka pa3paboTKu OONAYHON apXUTEKTYPHI
pacnpeneseHHbIX BBIYMCIUTENBHBIX KOMIUIEKCOB MOOMIIBHBIX POOOTOB.
Astopedepar auccepranmu no cren. 05.13.15, M.: BAK P®, 2021,
https://www.dissercat.com/content/metodika-razrabotki-oblachnoi-
arkhitektury-raspredelennykh-vychislitelnykh-kompleksov-mobiln
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B UIIM um.Kennpiua PAH coBMecTHO ¢ psiAoM opraHu3aluii BeIyTcst
paboTHI TIO0 CO3JAHMIO MOOWIIEHBIX CEPBUCHBIX POOOTOB, CIIOCOOHBIX aBTO-
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HOMHO pemaTh TaKue 3aJaudl KaK HaBHUTAINS B MOMEIMICHHUSX, 3aXBaT H
TIepeHoC 0OBEKTOB B YCIOBHX, I7Ie IPEOBIBAHNE YETIOBEKa HEXKEIATEIHHO.
Hampumep, omHON W3 BO3MOXHBIX OOJacTed MPUMEHEHHS CEPBHUCHOTO
pobor AMVYP-307 sBnsercs paboTa B KpacHBIX 30Hax rocruraneii [1].

B pabote mpeiaraetcsi allrOpUT™ 3axBaTa 00BEKTOB, C IPUMCHCHHU-
€M JIOMOJTHUTENHLHOTO YCKOpeHUs: MOOWIbHOHN 6a3bl (puc. 1). Jlns ocy-
LIECTBJICHUS] ONEpalii OIEHKM MacChl OOBEKTa MaHHITYyJHpPOBAaHHUS H
OCYIIECTBJICHHSI CIIOKHOTO JIBW)KEHMsI 3aXBaTa HE0OXOIUMO ObLIO pe-
LINTH 3a/la4y UCCIIEIOBAaHUS JMHAMHUKU CHCTEMBI «TEJIeXKa - MaHUITyJIsI-
TOop». Pemenne 3amaun TUHAMHUKHA OCYIIECTBIUIOCH pOOOTOM, HCITOIB-
3ysl aHAJIATUYECKHE PEIICHHUS 110 METO/Ly KHHETOCTATHKH.

Jns ompeneneHust AOIMYCTUMOTO IBWMXKEGHHUSI TPAHCIOPTHOW ILIAT-
¢dopmBl poboTa, ompeneNeHHus IUIOCKOCTH, Ha KOTOPOH pacIIoNOKeH
00BEKT, HEOOXOANMO COTIIACOBAHHE C ANTOPHUTMAMH HABHTALMU M Kap-
torpadupoBanus pobora. OcymecTBUTh KapTorpadupoBaHue OIKaii-
LIEro OIEpPalMOHHOTO IPOCTPAHCTBA MOXKHO Pa3HBIMH CHOCOOaMHU.
Hanpumep, auaapsl o0ecrieunBarOT OTHOCHUTEIbHO BBICOKOE KauecTBO
CKaHMPOBAHHUS, HO ATO JIOCTATOYHO JOPOTOCTOSIIHME XPYIKHE YCTpPOW-
CTBa, y KOTOPBIX €CTh MPOOJIEMBI C UICHTU(HUKALIUEH CTEKISIHHBIX Tepe-
rOpOJIOK W 3epkajl. [IpiMeHeHue COHAapOB CYIIECTBEHHO JEIIEBIE, HO
OHU OTJIMYAIOTCSl XYALIEH TOYHOCTHIO CKaHUPOBAHHS M3-33 IIUPOKOI
JUarpaMMbl HalpaBJICHHOCTH U3MydeHus. [loaToMy HEoOXomuMmo Mpo-
TPaMMHBIM CIIOCOOOM YBEIHYHUTH YTJIOBOE pa3pelicHrE 3a CUET JOTIOJN-
HUTETBHBIX aJITOPUTMOB OOpaOOTKM W COIOCTABICHHS IMOKAa3aHUU OT
HECKOJBKUX CIEIHaIbHBIM 00pa3oM OpHEHTHPOBAHHBIX JAaTIUKOB. DTH
TIOTXO/BI aKTyaJIbHBI 7S IPAMEHEHHS W Ha TIOJBOTHBIX ammaparax [2].

Pucynok 1 — Crparerus 3axBaTa 00beKTa MOOMIIEHBIM POOOTOM

Kak mokasanu nmpoBeneHHbIE MCCIEOBAHUS C HCIIONBb30BaHHEM Ma-
TEMaTUYECKOT0 MOJAETUPOBAHUS U MAKETUPOBAHUS, YAAJIOCH TOCTPOUTH
NTOPUTM KapTorpadUpOBaHUs IS TPEXMEpPHOro ciydas. VaeHtudu-
KalMsl MPersiTCTBUA MPOBOAUTCS 32 CUET CONOCTABJICHUS MAapHBIX U3MeE-
PCHHIA, IOTHYECKOTO aHAIN3a MX MOKa3aHUH W 3arpyOJIeHUs IMOKa3aHMHA
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JokatopoB. Pa3paboTaHa HOCTaTOYHO HETPHUBHAIBHAS CHCTEMa IPaBUI
U TeHepanuy Todek B 2D (kapTa MECTHOCTH TOIydaeTcsl B Buae obia-
Ka IIATeH). JTa CHCTeMa MPaBHJ IOTOJHACTCS aJrOPUTMOM YIaJCHHS
Touek B 2D, HaGmro1aeMBIX ¢ pa3HBIX pakypcoB. [l cOBMEIeHHs MoKa-
3aHUN HECKOJIBKHX JATYUKOB MPOBOIUTCA MEPEXO B TPEThE U3MEPEHHE,
BBINOJIHSIETCST ajanTanus anropurma Ha ciydaii 3D. Ilpumep pabots
aJropuTMa MpUBEJIEH Ha PUCYHKE 2.

BHu3y Ha pucyHke mpeicTaBlieH pe3yibTaT anmpOKCHMaluu Ipe-
MATCTBUHA MHOTOTPAHHUKAMH — STOT BapHaHT ajropuTMa padoTaer
cymecTBeHHO MemieHHee. C MOMOMIBI0 00JaKa IMATEH OKa3aloCh BO3-
MOJKHBIM OIIPENEIATh MNPEIATCTBUS, TPEOYIOIIUE CIICIUABHBIX aro-
PUTMOB WX TPEOJOJICHUS, HAIPUMEP, NPH HACHTHU(PHUKAINNA BBEICOKOTO
Iopora, ero MpoxoXkKJaeHne TpedyeT OCTOPOKHOCTH - HEOOXOAUM TIepe-
XOJI Ha MaJIble CKOPOCTH IBWKEHUs. [Ipy HCIOIh30BaHUU BEPTUKAIBHO-
ro mpuBoAa (WU IPU pa3MEIIeHUS AaTYMKa HA MAHHITYJISTOPE) CTaHO-
BUTCSI BO3MOXHBIM OMpEJIETICHUE HE TOJBKO PACHOJIOKEHHUS MIOCKOCTH
CTOJIa, HO U TMPEJMETOB Ha HEM JIJIsl pelIeHHs 3a7a4 ux 3axBata. U3 pu-
CYHKa 2 TaKKe IMOHATHO, YTO BU3yallu3alus paboThl alropuTMa HeoOXo-
JIUMa TIPEXKJIE BCETO IS €0 OTJIAJKH, B TO BpeMs Kak OOPTOBOW BBIYHUC-
JIUTEh poOOTa ONEPUPYET CITUCKAMH U CHCTEMaMH TIPaBUIL.

€ Game.

00
Pesv’b‘ra'r 06paboTku
nokasaHuii: 061aKo nAaTeH,
aNNPOKCMMUPYIOLMUX
npenAaTcTBuA

Mogaenb
II _ pobora

PucyHOk 2 — Pe3ynbTaThl paboThI IBYX aITOPUTMOB IIPOCTPAHCTBEHHOTO
COIIOCTABJICHUS TIOKA3aHUH yJIbTPa3ByKOBBIX CEHCOPOB — BBIIIOJIHACTCS
anmpoKCcUMANus MPENATCTBUN 00JaKOM IATEH (BBEPXY) WM Huielihom u3
Tpanenuii (BHU3Y)
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B pabore moapoOHO oOcyxIaroTcst U Apyrue Metonsl 3(heKTHBHON
MHTEJUIEKTyaIn3allid CEPBUCHBIX MOOMJIBHBIX POOOTOB IPHU PELICHUH
3amau KapTorpadUpoBaHKUs W HABUTAIMK Ha OCHOBE 0OpabOTKH IOCIe-
JIOBATEIbHBIX CKAHOB MECTHOCTH, CACIAHHBIX JIMIAPOM, U C TIOMOLIBIO
CHCTEMBI YJIbTPAa3BYKOBBIX JIOKATOPOB MPH COMOCTABICHUH JTMHHBIX
nieigoB u3MepeHuid. OCOOCHHOCTSAMH MPEIIOKECHHBIX aJITOPUTMOB
SIBJISTIOTCS. X BBICOKOE OBICTPOACIHCTBHE W JOCTATOYHAS KOMIAKTHOCTb.
Amnpobanusi IpoBOAMIACE KaK HA MAaTEMaTHYSCKUX MOJCINAX, TaK U Ha
peabHBIX MOOWIIBHEIX pOOOTaX.

1 Plotnikov, A[leksei] & Pryanichnikov, V[alentin] (2020). Map-
ping Algorithm, Simulating Lidar and Sonars on Mobile Robots, Pro-
ceedings of the 31st DAAAM International Symposium, pp.0986-0993,
B. Katalinic (Ed.), Published by DAAAM International, ISBN 978-3-
902734-29-7,  ISSN 1726-9679,  Vienna,  Austria  DOL:
10.2507/31st.daaam.proceedings.136.

2 V.V. Chernyshev, V.E. Pryanichnikov, V.V. Arykantsev, LP.
Vershinina, Ya.V. Kalinin, «Research of the walking type of movement
in underwater conditions», OCEANS 2019 — Marseille, IEEE, Marseille,
France, 2019, pp- 1-6, https://doi.org/10.1109/
OCEANSE.2019.8867233
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I[Tpu pazpaboTke pOOOTOTEXHUISCKUX CHCTEM OIHOM U3 IIIaBHEHIINX
3aJ1a4 BCTAIOMMX Iepel pa3paboTuuKaMu SIBISIETCS 3ajadya O4yBCTBIIC-
HUS pa3pabaTbiBaeMoOil cHCTeMbl. [ mepeMeniaromerocs B IpoCcTpaH-
cTBe poboTa Hambosee 0cTPo BCTAET MpobIeMa COBMEIICHNUS TOKa3aHUH
JUCTAaHIMOHHBIX CEHCOPOB M [aTYMKOB BHYTpPEHHEH WH(OpMaUuH,
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HaXOXKJCHUS AITOPUTMOB CKAaHUPOBAHHS OKPY)KAIOIIEro MPOCTPAHCTBA,
MTOWCKA IMyTel 1 00X0/1a/yKIIOHEHHUS OT MPETSTCTBHUIA.

B maHHOIi cTaThe paccMaTpHBAaeTCs peau3alys MEXaHH3MOB KapTo-
rpadupoBaHMs OKPYKAMOIIETO MPOCTPAHCTBA pOOOTA HA OCHOBE TaHHBIX
JUIapa, MacCHBa yJIbTPa3BYKOBBIX COHAPOB, aKCEJICPOMETpa, THPOCKOTA
U DHKOACPOB MOTOPOB, YCTAHOBJICHHBIX Ha CEPBHUCHOM T'yCCHUYHOM
pobote cepuu AMYP-307 [1], cTpykTypa alrOPUTMOB TPE/ICTaBIICHA HA
pucyHke 1.

Jlist perreHust 3a7a4d kKapTorpadUpOBaHUS U MTO3UITUOHUPOBAHUS ObI-
T peau30BaHbl aJrOPUTMEI, MTO3BOJMBIIUE CBA3aTh JaHHBIC OT Pa3HO-
POIHBIX JATYNKOB M XPAHWUTh WX B YIPOUIEHHOM BHUAE IS CHIDKCHUS
BEIYHCIIATENIFHOW HArpy3Kd [2] B BU/IE TaK HA3BIBAEMOTO «HH(OpMAITH-
OHHOTO TIOJISH - CHENUANBbHOW 2D-CTPYKTYpHl JaHHBIX. DTH aNTOPUTMEI
MOJKHO Pa3JIeNuTh Ha 3 OJIoKa:

Lidar US sensors Mic array
nodes[8192] Frame Settings

Info Settings

\_vL »L_/ ODAS
MPU-9250+BMP-280

Gyro[3] Point mapping

Acc[3]

Mag([3]

Baro + Temp

World positioning
Position analyzer
Internal sensor
positioning

acceleration 3) Result map

Encoder Position localmap

1) Mapping
angle

2) Localization
speed

Pucynox 1 — CrpykTypa anropuTMoB KapTorpapupoBaHHs
1 TIO3HUIIHOHNPOBAHHSI.

(1) Areopummer nosuyuonuposanus poooma. OCHOBHAS 4acTh JaH-
HBIX QJITOPUTMOB Pa0OTAeT MO JAaHHBIM OT JATYUKOB BHYTPEHHETO CO-
CTOSIHUS: OJIOMETPOB M WHEPIHAIBHBIX CCHCOPOB. Jlpyras 4acTh airo-
PUTMOB IO M3MCHEHHIO PACCTOSHHU IO MPEMATCTBHU BHIYUCISACT TPHU
MOMOIIIA HEMPEPHIBHOW TPUAHTYJISIHUU OO0JIAKO WHBAPUAHTHBIX TOYCK,
MoJTy4aeMbIX u3 OJoka KaprorpadupoBaHHs OKpyxKaromied cpensl. [o-
Clie MONyYeHHs BHYTPSHHUX U BHEIIHUX JAHHBIX MPOUCXOIHT UX COMO-
CTaBJICHHE, OCHOBBIBAsCh HA TAOJMIE MPABIJI, B KOTOPOH HAXOMASATCS
TaKkKe KOAPPUIUESHTHI TOBEPHUS K PA3TUYHBIM IPYIIIAM JTaHHBIX.
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(2) Aneopummer kapmoepaghuposanus oxkpysxcaiowell cpedst. Ha po-
0oTe YCTaHOBJICHBI JIU/IAp, MACCUB YJIbTPAa3BYKOBBIX CEHCOPOB M MAacCHB
MHKPO(OHOB, 3TH JATYMKH BHIJIAIOT oOnaka Touek. Bee moyueHHble qaH-
HBIE COXPAHSIOTCS B KOHTEHHEp JaHHBIX KapThl C TIOMETKOM THIa JlaT4u-
ka. [lnst paboThl ¢ nugapom Obuta MoAMGHIMPOBaHA OpUTHHAJIBHAS Bep-
cust Oubmmorekn ot komnanuy RPLidar. [lnst paboTel ¢ MaccMBOM COHa-
pOB KoMaHza pa3paboTdnkoB pobora AMYP peammsoBana 6nOIHOTEKY
SPM, mpemocTaBiISIONyI0 BO3MOXHOCTh KOH(HIYpalUH W TOJydECHHS
JAHHBIX ¢ MaccuBa coHapoB [3,4]. [ms mukpodoHHOrO MaccmBa ObLia
MpUMeHeHa ONOIIOoTEeKa ¢ OTKPBITHIM HCXOAHBIM KofoM ODAS.

(3) Koumeitinep nnst XpaHeHHS BCEX IOJTyUYEHHBIX JaHHBIX Ha KapTe U
oOpabaTpIBatomye anropuTMel. [ XxpaHeHus: KapThl 3JaHUs ObLIa BBI-
OpaHa ciietyromas MoJielb:

— Kaxnaplil 3Tak npeacTaBieH IByMEPHOU KapToii;

— Kaxpgast kapra 3Taxa IOAeNeHa Ha KBaJpaTHBIC CEKTOpa paBHBIC
v 0oJIbliKe, YeM HanOOJIBIIUI U3 pa3MepoB Kopiyca po0oTa;

— Kaxzaplil cexTop NpeacTaBieH NMPOrPaMMHOM sUEHKOHM, KOTOpas
HE XpaHUT BECh MacCHB TOYEK, a TOJIBKO 00OOIIEHHBIE TIOKa3aTeI! Mpo-
XOAMMOCTH, UCTOPHIO ITpoe3/ia poOOTOM OKPECTHOCTEH CEKTOPOB U TPO-
YyI0 JOCTATOYHO MPOCTYI0 HH(HOPMALHIO.

W3 nepeuncieHHbIX Mojylieil Obuia coOpaHa W IMPOTECTHPOBaHA
SLAM-cucrema. Ota pa3paboTaHHasi cUCTeMa MPEJOCTABIIET BCE HEOO-
XOAVMMBIE JaHHBIE ISl PeasIU3alny CIIEIYIONIET0 YPOBHS — HaBHTALUH
poboTa 1o Kapre mpocTpaHcTBa. J|aHHOW TOYHOCTH XpaHEHHs JaHHBIX
XBaTaeT ¢ M30BITKOM ISl TTIOCTPOCHHS TPACKTOPUIl BIDKCHUS HA OOJIb-
M€ PacCTOSHMS, OJJHAKO JJIsI HABUTAIMH TIPH JBM)KEHUN TaKOKe IIPOHC-
XOAUT 00paboTKa MacchBa TOYEK B KaKAOM IMKIIE YIIPABICHHS I
OOHApyXeHHs IepeMENIAOINXCs MPEISATCTBUH B ONMKHEH 30HE MO-
6upHOTO poboTa.

1. Aryskin, A[lexander]; Bogdanovich, A[lena]; Davydov, O[leg];
Grigoriev, A[leksey]; Khelemendik, R[oman]; Kharin, K[onstantin];
Kuvshinov, S[ergey]; Petrakov, M[aksim]; Plotnikov A[leksey], Pryanich-
nikov, V[alentin]; & Tarasov R[adomir] (2019). Control algorithms for
service and industrial transport robots, Proceedings of the 30th DAAAM
International Symposium, pp.1166-1173, B. Katalinic (Ed.), Published by
DAAAM International, ISBN 978-3-902734-22-8, ISSN 1726-9679, Vien-
na, Austria. DOI: 10.2507/30th.daaam.proceedings.164.

2. Aryskin, A[lexander]; Davydov, O[leg]; Eprikov S[tanislav]; Ksen-
zenko Aflexander]; Pryanichnikov, V[alentin]; Punenkov Olleg];
Shipovalov E[gor]; Solovyova MJariia]; Stepanova Dlaria]; Tarasov
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R[adomir] & Tikhomirov A[lexey] (2020). Robotariums implementations
witn the Elements of Artificial Intelligence Control, Proceedings of the 31st
DAAAM International Symposium, pp.0973-0985, B. Katalinic (Ed.),
Published by DAAAM International, ISBN 978-3-902734-29-7, ISSN
1726-9679, Vienna, Austria DOI: 10.2507/31st.daaam.proceedings.135.

3. Plotnikov, A[leksei] & Pryanichnikov, V[alentin] (2020). Mapping
Algorithm, Simulating Lidar and Sonars onMobile Robots, Proceedings of
the 31st DAAAM International Symposium, pp.0986-0993, B. Katalinic
(Ed.), Published by DAAAM International, ISBN 978-3-902734-29-7,
ISSN  1726-9679, Vienna, Austria DOI:  10.2507/31st.daaam.
proceedings.136.

4, AB. IlnoraukoB, B.E.  IIpsamunukoB.  AJITOPUTM
KAPTOI'PA®MPOBAHUA OIIEPAIIMOHHOI'O ITIPOCTPAHCTBA
POBOTA TIO VIIbTPA3BYKOBbBIM JTAHHBIM Tpynsl MexxayHapoaHoii
Hay4YHO-TEXHUYECKOU KOH(epEeHIINI OKCTPEMAJIbHAA
POBOTOTEXHUKA (Proceedings of the International scientific and
technological conference EXTREME ROBOTICS). — Cankr-IlerepGypr:
000 «M3narenpcko-onurpaduaeckuii komrureke «arry», 2020. — c. 34.

A.A. Taukos
HAYYHO-TEXHHUYECKAS ITPOBJIEMA CUHTE3A
CUCTEMBI YIIPABJIEHUS TPYIIIION HABEMHBIX PTK

HYI] «Pobomomexuuxay MI'TY um. H.O. baymana, Mocksa, tachkov@bmstu.ru

A.A. Tachkov
THE PROBLEM OF SYNTHESIS OF THE CONTROL SYSTEM
FOR A GROUP OF UNMANNED GROUND VEHICLES

Science and educational center «Roboticsy Bauman Moscow State Technical
University, Moscow, tachkov@bmstu.ru

B pobGoToTexHuke mpobieMy rpymioBOro yIpapieHHS poOOTOTEX-
HugecknMu komiutekcamu (PTK) 3agactyro cBOIsIT K 4acTHBIM 3ajadam,
HalpyMep, COBMECTHOTO JIBIDKCHHMS, paclpelelicHUs] elell B TpyIIe,
KOOpAHMHAINH eHCTBUN U T.1I0. [1, 2], 9TO MO3BOJIAET OCYIIECCTBUTH CHH-
Te€3, HO TOJIKO OTJIENIBHBIX MOACHUCTEM CHCTEMBI IPYIIIOBOTO YIIpaBIIe-
Hus. [IpoGiema cuHTe3a MONOOHOW CHCTEMBI HANpsMYIO CBsi3aHa C
HEOOXOIMMOCTBIO OIIEPHPOBAHMS OONBIINM YHCIOM KOOPIUHAT COCTOS-
HUS KaK O0OBEKTOB YIPaBIICHHUS, TAK U CAMOW CHCTEeMBI [3, 4].
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B dopmanuzoBaHHOM BHJIE TIPOOIEMa CHHTE3a CHCTEMBI YIIPABICHUSI s
rpymmnoi HazemHbIx PTK 3akmrouaercst B onpeaeieHn cOCTaBa BHIUMCIIHU-
TENBHBIX (TEXHUYCCKUX), WH(DOPMAIMOHHBIX W TPOTPAMMHBIX CpPEJICTB
cuctemsl ynpasienus no PTK u nyHkTy ynpasieHus, pU KOTOPBIX J10-
CTHATAcTC MakcuMaibHas 3(P()EKTHBHOCTE MPUMEHEHHS TPYIIIHI 14 npu
3aJ]aHHBIX CTOMMOCTHBIX OrpaHdeHUsIX Cy Ha pa3pabOTKy CUCTEMEI:

" =(Uy,Fy, 0, Ey') = argmax W (S,B,C, ), (1)
el

rae Us ={u1,u2} — MHOXECTBO LIEJIEH CUCTEMBI yNPABIEHUS I'PYNIION
PTK; u; — oOecrieueHne omepaTMBHOTO (OPMHUPOBAHUS OIEpaly;
u — obecrieueHre ONTHMAIIBHOCTH pe3yJsbTara B IPYIIIIOBOM JICHCTBUM;
Fg — MHOXecTBO (pyHKIMI cHCTeMbI ynpasieHHs; Os — CTPYKTypa CH-
CTeMBl ympaBieHus; Eg — 3MEpIPKCHTHOCTh (HECBOIMMOCTH CBOWCTB
CHCTEMBI K CyMME CBOICTB €€ KOMIIOHEHTOB) CHCTEMBI YIIPaBJICHHS;
{QS (CO)}a — aNbTEPHATUBHBIE BAPUAHTHI CTPYKTYPbl CHCTEMBI YIIPAB-
JICHUS; {Es}a — JIONyCTHMBIE BapHaHTBl SMEPKECHTHOCTH CHUCTEMBI
ynpaBieHus] (TEXHOJIOTUYECKHE OTpaHUYCHU); B - BEKTOp YCJIOBHH

(yaxororupoBanus rpymnmsl PTK.

OCcoOEHHOCTSIMH JTaHHOHM HayYHO-TEXHUYECKON ITPOOIIEMBI SIBIISIFOTCSL:

—  croXacTHuecKHii XapakTep rokasarens s dexrusrocTH W

— HEOIPEeAENeHHOCTh yciaoBuii nmpumeneHust rpynmsl PTK (3apanee
HEW3BECTHBI YCIIOBHS IPUMEHEHHS TPYIIII), IIO9TOMY Ha 3Tare NPOeKTH-
pOBaHUs CUCTEMBI YIpaBJCHUs (10 MPUMEHEHHs TPYIIb) TpeOOBaHUS K
3HAYCHISIM W/ HOCAT TAaKKe HEOIPEICIICHHEIH (CyOBheKTHBHBIN) XapakTep;

— OONBIIOH pa3Mep NMPOCTPAHCTBA COCTOSIHME MapaMeTpoB MPOEK-
TUPYEMOM CUCTEMBI YIIPaBJICHUS.

B noxnane paccmarpuBaercs moaxoJ K €€ pelleHHI0, B YaCTHOCTH,
METOJl YMEHBIIEHHUS POCTPAHCTBA COCTOSIHUI ITapaMeTpOB MPH BBIOOpE
KJlacca aJbTEPHATUBHBIX BapUAaHTOB CTPYKTYpPbl CHUCTEMBI YIPABICHHUS.
‘YMeHbllIeHre MTPOCTPAHCTBA JOCTUrAETCS 3a CUET COBMECTHOIO IpUMeE-
HEHMs «METOJIa TPYIIOBOro yIpaBieHus»' [5] i IpHHIMIA HepapXiue-
CKOW CTPYKTYpPH3aIMH CUCTEMBI TPYTIIOBOTO yrpasieHus [3].

! Merox IPYIIIOBOTO YIPABIEHUS — COBOKYIHOCTH IIPHEMOB H CIIOCOOOB ITAHHPOBAHUS
(popmupoBanust) onepauuu (OpraHu3aldy TPYNHOBBIX JEWCTBHI), a TaKxke Croco0oB
Bo3zeiictBus Ha rpyny PTK (opranusamus poOOTOTEXHHYECKON CHCTEMBI) JUIs JOCTHIKE-
HHSL [eITH OTIePalliH.
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Pucynok 1 mosicHsieT cyTh MeTOJa TpyNmoBoro ynpasieHus. Ha pu-
CYHKE IMyHKTHPHOMW JINHHEW MOKa3aHbl TPAHUIBI OTBETCTBEHHOCTH MEX-
Iy pa3paboT4MKaMH pa3HbIX YPOBHEH CHCTEM YNPaBICHUS W OIEpaTo-
poMm (wiu omepaTopamu), KoTopble B3auMmoaeicTBytoT ¢ PTK Bo Bpems
npoBefeHus: onepauuu. Oneparop oTBedyaeT 3a (OPMHUpPOBaHHE IUIAHA
onepanuu (MOTEHIMATBHOW TIOCTENOBATENBHOCTH TPYMIIOBBIX JCH-
CTBHMI) MPUMEHUTENBHO K ycloBusM npuMeHeHus rpymnmsl PTK. ®op-
MHPOBaHHE TAKOTO IJaHAa BO3MOXKHO TOJBKO NPH HAJIUYUU KOHEYHOTO
CIHCKa FPYNIOBBIX JEHCTBUIN U JOCTYMHBIX JJI HUX IapaMeTpoB.

Jlro6oe rpymmoBoe aevicteue mis i-ro PTK, peanmu3opanHoe B BUe
HEKOTOPOTO aJrOpUTMa pa3pabOTINKOM IPYTIIOBEIX aITOPUTMOB, pel-
CTaBJsIET COOO0H MOAMHOXECTBO BBHINOJHIEMBIX MHANBUIYaJIbHBIX JACH-
crBuil F'' w3 MHOKeCTBa F;' BCeX AOCTYMHBIX JeicTBHil [6]. Boimosne-
HYle HHIMBUIYATbHEIX JCHCTBHI CBA3aHO ¢ MOABIeHHEeM HHbopMaruu I’
006 stom neiictBun. [Ipu pa3paboTke TPyHITOBBIX aIrOPUTMOB pa3paboT-
YUK KCIOJIb3yeT KOHEYHOE MHOKECTBO MoJieliell padoThl IOJICHCTEM
PTK (MHIUBUIYaTbHBIX NEHCTBUI) W MOTYYCHHYIO HH(popMammoo. Tak-
e Bo3MOkeH obOmeH wuHpopmarmed I mexxny PTK Ha rpymnmoBom
YPOBHE (WJIN MEX]y OIepaTopaMy, JaHHBIA BapUaHT He ITOKa3aH, YTOOBI
HE 3arpOMOX/IaTh PUCYHOK) B 3aBHCHMOCTH OT KJacca CHCTEMBI yIIpaB-
neHus. B cimywae, eciim MMeeTCsl BO3MOJKHOCTb Ha YPOBHE OTACIBHBIX
PTK ompenemnsts B mporiecce paboTH IOKa3aTeNb KauecTBa BHITOTHEHHS
3aauu rpynnoi ((pyHKIHOHAT), TO MOSBIAETCS BO3MOXHOCTh aBTOMa-
THYECKH TOJICTPauBaTh pabOoTy IpyIbl MO YCIOBHS MPUMEHEHHUs 0e3
BMEIIaTeNIbCTBA ONepaTopa.

Yerpoticras 1pyunonoro)
yupawacuu

PTK 1

BHewsist
cpena

netcrnah)

Pucynok 1 — OGo0uieHHas CTPYKTypHasi CXeMa CUCTEMBI TPYIIIOBOTO
ynpasnenus PTK
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Takum 00pazoM, B 3aBHCHMOCTH OT YCJIOBHH (DyHKIMOHHPOBAHHMS
rpynnbl PTK MokHO 000CHOBaHHO BBIOpaTh OJMH M3 METOJOB IPYIIIO-
BOT0 yIpaByieHHs (MOIIHOCTh MHOXKECTBA METOOB OIpeeNseTcs pas-
MEPHOCTBIO IPU3HAKOBOI'O IIPOCTPAHCTBA JUId ONUCAaHUA METOAA,
HarpuMmep, B pabote [5] ompeneneno 16 meronoB mist 4-x OMHAPHBIX
npusHakoB). [Ipu 3ToM MeTox TPYNIIOBOTO YIpaBIEHHS 337aeT BIIOJIHE
OIPENEICHHBIN KIACC AIbTEPHATUBHBIX BAPUAHTOB MOCTPOCHHS CUCTEM
YIOPaBJIEHUs, ONTUMH3ALMS NapaMeTPOB KOTOPBIX Aajee MPOBOAMTCS B
cootBercTBUH C (1).

1. TImmxomor B.X., Mensenes M.IO. ['pymimoBoe yripaBieHne IBHKe-
HHEM MOOWJIBHBIX POOOTOB B HEOMPENICIICHHON Cpeae ¢ MCIOJb30BAaHUEM
HeycrorumnBbix pexxumos // Tpyaslt CITIMMPAH, 2018, Beim. 60, C. 39-63.

2. Mertoa pacrpenerneHus 1ejiell B IPyIax HUHTE/UIEKTYaIbHBIX MO-
OowtpHBIX poboToB / [I.A. Benornasos u ap. / Uzsectust Tynl'Y. Texuuue-
ckue Haykwu, 2016, Bem. 11, 4.3, C. 122 — 133.

3. Becenos T'.E., CxisipoB A.A. COBpeMEHHBIC METO/IbI CUHTE3a CH-
CTeM TPYIIOBOro YIpaBieHus: MoOMIbHbIME poboTamu // IX Beepoccuii-
ckas Hay4yHas KoH(epeHIHs: «CUCTeMHBIH CHHTE3 M IPUKIIaHAs CHHEpre-
tuka» (. Hwkamit Apxen, Poccus, 24-27 centsops 2019 r.), C. 30-40
(DOI: 10.23683/978-5-9275-3228-5-2019-30-40).

4. Durand J-G. A methodology to achieve microscopic/macroscopic
configuration tradeoffs in cooperative multi-robot systems design // A thesis
of the Degree Doctor of Philosophy, Georgia Institute of Technology, 2017,
666 p.

5. TaukoB A.A. TIpH3HAaKOBOE OIMCAHKE METO/a IPYIIIOBOTO yIPaB-
JeHUsT POOOTOTEXHWYECKMMH KOMIUIEKCAMH BOEHHOTO Ha3HaueHus //
Coopuuk matepuanoB VI Bcepoccuiickoil Hay4qHO-TIPaKTHUECKON KOH(pe-
peHimn «Bompockl KOHTPOIIST XO3SHCTBEHHON JESITENBHOCTH M (pUHAHCO-
BOrO ay/JuTa, HalMOHAJIBLHOW OE30MacHOCTH, CHCTEMHOTO aHall3a |
ynpasieHus», M.: ®I'BHY «3kcneprHo-anamuTryeckuii nentpy, 2021, C.
550-553.

6. Tomxon Kk GpopManM3alMi TAKTHIECKON 3a/[a4u JUTsl TPYIINBI Ha3eM-
HBIX pOOOTOTEXHHYECKIX KOMILUIEKCOB BOGHHOTO HasHaueHus / A.A. Mak-
cuMmoB U 1p. // Borpocsr o6oponnoii Texanku. Cepust 16, 2017, Bem. 7-8
(109-110), C. 88 — 96.
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/.C. Akoenes, A.A. Tauxos
METOJ OBECHHEYEHUSA BE3OITACHOCTH
BECHMWJIIOTHOI'O ABU/KEHUSA HASEMHBIX MOBUJIbBHBIX
POBOTOB

HYI] «Pobomomexnuxay MI'TY umenu. H.O. Baymana, Mocksa,
yvakovlevds@bmstu.ru, tachkov@bmstu.ru

D.S. lakovlev, A.A. Tachkov
METHOD OF ENSURING MOVEMENT SAFETY OF GROUND
UNMANNED MOBILE ROBOTS

Science and Educational Center «Robotics» Bauman Moscow State Technical
University, Moscow, yakovlevds@bmstu.ru, tachkov@bmstu.ru

Jloknaa MOCBSINEH METOAY OOCCICYCHUsT OC30MACHOCTH JBUKCHUS
MoOmIbHOTO poboTta (MP), KOTOpBIN MO3BONSET MPUHIMATH B3BEIICHHOE
pelieHne Mpu BBIOOpE ONTUMAJIBHOTO W 0e3aBapHiiHOTO IOBEICHUS
(ctparerum) MP.

IloBenenue unu crparerus asuxenuss MP st =<r,V > omnpenenser-
Csl KOPTEXKEM M3 TPACKTOPHH I ¥ 0€30IacHON CKOpOCTH V  NBH)KEHHA
MP. CnoxHOCTh 3amaun oOecrieueHus Oe3aBapuitHOTO ABIKeHHS MP
COCTOMT B 0OOCHOBaHHOM BBIOOpE MapaMeTpoB CTpaTeruy st Ui CHU-
JKESHUSI 0)KUIaeMOT0 yiiepoa (prcka) OT MOTCHIMAIBHOTO CTOJIKHOBEHHS
MIPY YCIIOBUM MUHHMMH3ALUHN OTKJIOHEHUS CPEIHEH CKOPOCTH JBM)KCHHSA
MP ot 3a1aHHOI OIIEpPaTOpOM.

[IpencraBneHHBIl B MOKJIafe METOJ OOecredeHuss Oe30MacHOCTH
nekeHuss MP (puc. 1) mo3BossieT BEIOMPATh ONTUMANBHYIO CTPATETHIO,
BBINOJIHSISL OLICHKY TEKYIIEH CUTyallHu.

Ha mepBom arare BBINOJHSAETCS aHAIM3 OKpY)Karomel 00CTaHOBKH,
BKJIIOYAIOIINKA B Ce0sl BEPOSTHOCTHYIO OLICHKY HaJIWYWs TPETSTCTBHH B
30He JBmxeHus MP 72 (Qh,cl ) Ha OCHOBE MH(OPMAIIH U3 KapThl BHEII-
HuX 00bekTOB Lo (Qh ,cl ) . Beruncnstercst BeposITHOCTb CTONKHOBeHUsI MP
P!, nmst kaxmoro HaiiieHHOTO B 30He jaBIKeHuss MP npersitcteust ob; ¢
MIOMOIIBIO NIPEIBAPUTENBLHON OLICHKU BEpOSTHOCTH Hae3na MP Ha mpe-
MIATCTBUS PW(Q;I,r,-) IIPU JBWXKEHUM II0 TPACKTOPUU r,-(t) C Yy4eTOM
TEKYIIEro MPOCTPaHCTBEHHOTo mosoxkeHus MP q”(#) 1 KoopauHATHOTO
3aKOHA p((oi,- |9) BEPOSITHOCTH OTKIOHEHUs MP or Tpaekropun r,-(t),
KOTOpBIM TOJIy4eH U3 aHAIN3a JUHAMHYECKHUX XAPAKTEPUCTUK CHCTEMBI
OecruIIoTHOTO yrpasieHus aikeHreM MP [1].
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Pucynox 1 — CrpykTypHas cxeMa MeToa obecredeHns: 6e30I1acHOCTH
OecnuIoTHOrO ABMKeHuss MP

Bropoit sTan noapasymeBaeT ompenesieHHe MapaMeTpoB BCEX J0-
CTYNHBIX cTpareruii nswxeHus MP {st;|i=1,n} B coorBercTBUM C
MHO>KE€CTBOM JIOCTYIIHBIX B JIaHHBI MOMEHT BPEMEHHU TPACKTOPUI JIBU-

sxeHust {r;(¢)|i=1,n} mMyTeM B3BELICHHOTO aHAJIM3a OKUJIAEMBIX yIIEep-

00B (PUCKOB) C IOMOIIIBIO MOJICITU TIPUHSITHS pelieHui [2].
Ha tpeTtbem aTame BBINOJNHAETCS OLEHKA 3HAUEHUSI CPEJAHETO pUCKa

R(st;) nmns xaxmod crparernu U3 MHOXecTBa {st;|i=1,n} u BBIOOD
ONTUMAJILHOM cTpaTeruu IBuxkeHHss MP, nns KOTopoil BBIMOJIHSAETCS

yCIOBHE MUHUMAIBLHOCTH CPENHEro pucka st™ = argmin R (sti) .
i€{l...n}

1. SxosneB J.C., TaukoB A.A. BeposSTHOCTh CTOJIKHOBEHHS aBTO-
HOMHOT'0 MOOHJIBHOTO p00OTa C MPEHSITCTBHEM. MeXaTpOHUKA, aBTOMa-
Tu3amus, ympasineHue. 2021;22(3):125-133. https://doi.org/10.17587/
mau.22.125-133.

2. lakovlev D. S., Collision Risk Analysis to Ensure the Safety of
Autonomous Vehicle Motion Control, 2021 International Russian Auto-
mation Conference (RusAutoCon), 2021, pp. 644-649, doi:
10.1109/RusAutoCon52004.2021.9537403.
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C.1O. Kypoukun, A.A. Tauxos
CTATUCTHUYECKAS UMUTALIMOHHASA MOJEJIb
reynmoBoOro B KEHUA MOBUJIBHBIX POBOTOB C
YYETOM BEPOSITHOCTHO-BPEMEHHBIX
XAPAKTEPUCTHUK CUCTEMBI CBA3U 1 ABTOHOMHOT' O
YIIPABJIEHUSA ABUXKEHUEM

HYI] «Pobomomexnuxay MI'TY umenu. H.O. baymana, Mocksa,
kurochkin.smn@gmail.com, tachkov@bmstu.ru

S.Yu. Kurochkin, A.A. Tachkov
STATISTICAL MODEL OF A MULTI-ROBOT FORMATION
CONTROL SYSTEM WITH RESPECT TO COMMUNICATION
AND AUTONOMOUS MOTION CONTROL SYSTEM
PROBABILISTIC AND TIME CHARACTERISTICS

Science and educational center «Robotics» Bauman Moscow State Technical Uni-
versity, Moscow, kurochkin.smn@gmail.com, tachkov@bmstu.ru

Jlokimazn mocBsIIeH 3a/1aue CTaTHCTHYECKOTO0 UMHTAMOHHOTO MOJie-
JUPOBAHMUS TPYIIIOBOTO JABIKCHHUS MOOWIBHBIX poboToB (MP), ocHa-
IICHHBIX CUCTEMOM aBTOHOMHOTO ympasienus nsmwxennem (CAV]) [1],
¢ coxpaHeHueM 3aganHoi ¢popmbl ctpos. OOMeH nHdopMmalmei o cBoem
NOJIOKEHHH B NPOCTPAHCTBE, TEKYIIEH CKOPOCTH W COCTOSHHM B IPO-
Lecce JABWKeHHs Mexay MP ocymiecTBisiercss mpu MOMOIIM CHCTEMBI
CBSI3W, KOTOpasi MMEET BEpPOSTHOCTHO-BPEMEHHBIE XapaKTEPHUCTHKH
(BBX), OCHOBHBIMH M3 KOTOPBIX SIBJISIOTCS IPOITyCKHAsi CIIOCOOHOCTB
KaHaJIOB CBSI3M, BEPOSITHOCTH JJOCTaBKU COOOILECHUI M BpeMS 3a/lepKKH
COOOIIEeHNH B CeTH. BepOSATHOCTHBIMU XapaKTEPUCTUKAMH 00Ja/lacT U
CAVY/l u3-3a BOSHHKHOBCHHS CIyYalHBIX OIMIMOOK B MH(POPMAIMOHHO-
M3MEpPUTEIBHON CHCTEME M KOHTYype ympasieHus. Kak crnencrsue, BXo-
nsmias B CAY/Jl moacucteMa 0€301MacHOCTH MOYKET OIMOOYHO HICHTH-
¢uLpoBaTh NOTEHIUATIBHOE CTOIKHOBeHHE MP ¢ mpenstcTBHeM U BbI-
JlaTh CUTHAJ CHIDKCHUS CKOPOCTH BIIJIOTH JO IOJHOW OCTaHOBKM HIIH
CMEHBI TpaeKTopuu ABikeHus [2]. [ToaToMy 32 OCHOBHYIO BEpOSTHOCT-
HO-BpeMeHHYI0 xapakTepucTuky CAVY ][ npuHsATa HHTEHCUBHOCTH OCTa-
HOBOK MP, a 1151 cHCTEMBI CBSI3M — BpeMsl 3aJJep>KKH COOOIICHUI B CETH.

C nenbio onpeneneHus BIMSHUS NepeuncieHHbIx Boime BBX Ha ka-
4YecTBO JBWKeHMs Tpymrsl MP (coxpaneHue 3ajaHHON (OPMBI CTPOs)
pa3paboTaHa HMHTAIIMOHHASI MOJIEIb, CTPYKTYpa KOTOPOH Ipe/cTaBIeHa
Ha pucyHke 1. IMuTannonHas Mozens Bxonsiiero B rpynmy MP cocro-
UT W3 CIEAYIOIUX 3JIEMEHTOB: MOJEIN MMUTALUM 3ala3AblBaHUN I0-
CTaBKM COOOIICHWI B KaHayse OOMEHa NaHHBIMH, MOAYJIS YIpPaBICHHS
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nekenneM MP B rpymme, a Taxoke momenun CAY]l, B KOTOPYIO BXOIAT
MOJIENIA TPAeKTOPHOTO peryisaropa [3], auHamukn MP ¢ ydetom mpu-
BoHOTO ypoBHS [4] 1 moacucremsl 6e3omacHocTH CAV/]. CoriacoBan-
Hoe JBIKeHue rpynnsl MP B cTporo 3ananHO#M (hopmbl oOecrieunBaeTcs
JITOPUTMOM, PEANU3YIOUIUM METOJl NELEHTPAIN30BaHHON BUPTYalbHOU
cTpykTypbl [5]. PaspaboraHHas Mojenb I03BOJSIET OCYILECTBUTH
HACTPOWKY BBIOPAHHOTO ajJropuTMa IPYIIIOBOTO YIIPABJIECHHS, a TaKXkKe
uccnenoath BiausHue BBX cucremsl cBsizu u CAVY ][ Ha KauecTBO JABHU-
skeHust rpynnsl MP. B kadectBe mokaszaTened KauecTBa ABHXKEHUS
rpynnsl MP BeIOpaHa cpefHssi CKOPOCTh JBIDKEHUS TPYIIIBI M OTKJIOHE-
HHE OT 337aHHON (OPMBI CTPOs. 3aBHCUMOCTD MOKa3aTeIeld KauecTBa OT
ykazaHHbIX BBX mosydeHa npu moMouy cTaTuCTH4eCKOro HUMHTANOH-
HOT'0 MOJennpoBanus MerogoM Moure-Kapio.

WmuTannonHas Monens peann3oBana B makete MATLAB ¢ ucmosns-
3oBaHueM OmOimmorek Simulink, Parallel Computing Toolbox u Coder.
BrImonHeHo cTaTHCTHYECKOe UMHUTAI[IOHHOE MOJIENHPOBAaHUE TSI Baphb-
upyembix BBX cucrtemsl csizu u CAY [l (3ameprxku cooOrienuit ot 0 1o
10 ¢ mpu pa3nuYHON MHTEHCUBHOCTH 0cTaHOBOK MP [2]). B pesynbrarte
00paboTKH 3KCIIEPUMEHTAIBHBIX JaHHBIX MTOJy4eHa 3aBUCHMOCTH IOKa-
3arenell kauecTBa JIBHkeHuUs rpynisl MP ot Bapsupyemsix BBX cucre-
Mbl cBsi3u U CAV]I.

Pob6or i

b N wmogens CAY/]

Mogenb
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Pucynok 1 — CTpykTypa HMUTAIIHOHHOW MOAETH Tpynsl MP

1. TaukoB A.A. IIpUHIMIIBI HOCTPOCHHS CHCTEM ABTOHOMHOIO
yIpaBieHUs JIBIJKCHHEM Ha3eMHBIX POOOTOTEXHHUYECKHX KOMILIEKCOB
cnenranbHOTr0 HasHadeHus // COOpHHK Te3ucoB 32-i MexayHapoIHOU
HAYYHO-TEXHHYECKON KOH(pepeHITHH «OKCTPEMAIJIbBHAA
POBOTOTEXHUKA. Canxt-Ilerepbypr, 2021. C. 49-51.

2. Takovlev D. S., Collision Risk Analysis to Ensure the Safety of
Autonomous Vehicle Motion Control, 2021 International Russian Auto-
mation Conference (RusAutoCon), 2021, C. 644-649.
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POBOTAMHU

MITY um. H.D. baymana, Mocksa, alexey.kozov@gmail.com,
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A.V. Kozov, M.V. Melnikova
APPLICATION OF SUPERVISOR SYNTHESIS METHODS
IN DESIGNING A DISCRETE-EVENT GROUP CONTROL
SYSTEM FOR MOBILE ROBOTS

Bauman Moscow State Technical University, Moscow, alexey.kozov@gmail.com,
mashamelnikoval 2@mail.ru

Joxnan mNOcBAIEH OCOOCHHOCTSAM METOZOB CHHTE3a JIMCKPETHO-
COOBITHIHOTO CyIIEpBH30pa JUIsl CHCTEMBI rpymmosoro ynpasieHus (CIY)
MOOWMIBHBIMU poboToTexHrmaeckiMu komrniekcamu (MPTK). CnoxxHOCT
cozgarms CI'Y mrsa rpyrmmer MPTK, meiicTByromeit B HeleTepMIHHUPOBAH-
HOM cpefie, 00yCOBIeHa BEICOKUMH TPEOOBAHHUAMU 110 OBICTPOIEHCTBHIO,
a/IalTUBHOCTH M HAJE&KHOCTH CUCTEMBI, a TakKe MPOoOIeMON «IIPOKIISTHUS
pasmepHocTn». Hamnbonee octpo 3ta mpobiieMa MposIBISIETCS! IPU TTPOEK-
TUPOBAaHMM BEpXHHUX YpoBHeH wuepapxudeckoir CI'Y, obecreunBarorieit
cornacoBaHue 1 koopauHauuio nerictsuit MPTK rpymmsl 1t qocTikeHus
NIOCTABJIEHHOM 4€I0BEKOM-0IepaTopoM 1ienu [1].

IIpencraBnenue BepxHux ypoBHed CI'Y B BHJE IUCKPETHO-
COOBITHIHOM CHCTEMBI ITO3BOJISICT IPUMEHHUTD NPU UX MTPOCKTUPOBAHUH
TEOpHUIO CYIIEPBH30PHOTO ympasieHus [2]. B mokmaze paccMoTpeHBI
HEKOTOpBIE METOBI CHHTE3a CYNEPBU30pa B paMKax 3TOW TEOPHH, MPHU-
BECHBI OIIEHKH WX BBIYMCIUTEIHHON CI0XKHOCTH M TIPIMEHUMOCTH TIPH
MIPOCKTUPOBAHNM W pEaIN3alMi JUCKPETHO-COOBITUAHON CHCTEMBI
rpymmoBoro ympasienus (ACCI'Y) mms MPTK. Meroxn momuHO
A.A. AmbaprymsHa [3] oTMedeH Kak HanboJiee MOIXOMSIINI IO KpUTe-
PHMIO BBIYMCIMTENILHOM CIIOXKHOCTH JUIs TNPUMEHEHUs] B JAWHAMUYECKH
pexondurypupyemoit JJCCI'Y. IIpoaeMOHCTpHUPOBAHBI OrpaHUUCHHUS
9TOTO METO/1a, CBS3aHHBIE C NapauIeIbHBIMU (HE3aBUCHMBIMH) A€HCTBHU-
svmu MPTK npu BbemonHeHMM rpynmoBoro neiicteus. IIpennoxeHbl
pacuMpeHue CHHTaKcHca ONHcaHusi TpedyemMoro noseneHus (crenudu-
KaluK) 1 MoAn(HKaLUs METO/Ia TOMUHO, TIO3BOJISIONINE CHATH yKa3aH-
HBIE OTPaHUYCHNUS 0€3 YBEIMUCHHUS BBIYNCIUTEIEHON CI0XKHOCTH.

96



ABSTRACTS of the 33 International Scientific and Technological Conference
«EXTREME ROBOTICS»

[Tpumenerne MOAU(UIMPOBAHHOTO METOAA MPOJIEMOHCTPHUPOBAHO
Ha IIpUMEpe CHHTE3a CYNEpBU30pa Ul BBHIIOJHEHHS TPYIIIOBOTO JEH-
CTBHS BBIXOJAa Ha pPyOeX C MOCIEAYIOUIMM TYIIEHHEM odara IHoxkapa
tpemsi MPTK (puc. 1). OmnmcaHbl JUCKPETHO-COOBITHIIHAs MO
yuacTBymomero B rpymnmnoBom aevicteun MPTK, cneuudukanus tpebye-
MOTO TTOBEICHUS TPYIIBI U3 TPEX poOOTOB, a TaKKe 0OBETUHEHHAS CETh
[Terpu cynepBu3opa u 0OBEKTa yNpaBieHUs, MOJy4YE€HHas B COOTBET-
CTBHH C NPE/IIIOKEHHOH MOAN(UKALINEH.

1

Pucynok 1 — ITo3unuu poOOTOB TpyNIEI HA pyOeke TymieHus PP, mis
JMKBUIAIAY O4ara moxkapa F mpH BEIOTHEHUH TPYIIIOBOTO JIEHCTBUS

B 3aknroueHue yka3aHbl BOZMOXHBIC HAlpaBIEHUS JalbHeHIe Mo-
quduKauy MeToa TOMUHO JUIsl €r0 MPUMEHEHHUS TIPH TPOEKTHPOBAHUH
u peanuzanuu JJCCT'Y MPTK.

1. BomocaroBa T.M., Ko3oB A.B., TaukoB A.A. Cucrema rpyIio-
BOTO YNPAaBJICHUs] MOOMIBHBIMH POOOTAMM C TO3HIHH aBTOMAaTH3HPO-
BaHHOTO TpoekTupoBanus // NHpopmarmonssle TexHomoruu. T. 26, Ne
5. C.274-282.

2. Wonham W.M., Cai K. Supervisory Control of Discrete-Event
Systems. Cham: Springer, 2018. 502 p.

3. AmGapuymsa A.A. CeTeUEHTPUYECKOE YIPABICHHE HA CETAX
[Tetpu B CTpyKTYpHpOBaHHOMN AMCKPETHO-cOOBITHIHOM cucteme // YBC,
2010, Beimyck 30.1, C. 506-535.
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N.A. Buzlov
SOLUTION OF THE PROBLEM OF LOCALIZATION OF
GROUND ROBOTICS SYSTEMS IN URBAN ENVIRONMENT
AND OFF ROAD TERRAIN

Bauman Moscow State Technical University, Moscow,
nikita_buzlov@outlook.com

Pemenne 3amaun onpenesieHus MOJIOKEHUS U OpUEHTAlMU poOOoTO-
texHuyecknx komruiekcoB (PTK) siBnsiercst HanGosiee BakHOW 1uist 10-
CTI)KEHUSI TIOCTABJIEHHOM LIENU JUISi CHCTEM aBTOMAaTH4eCKOTro yIpaBlie-
aus apmwkerneM (CAVY]D). B kadecTBe MCTOYHUKOB JIOKATU3AIMHA B OC-
HOBHOM HCIIOJIB3YIOT OJIOMETPHIO, WHEPHUAIbHYIO HABHUTAIMOHHYIO
cucremy (MHC) u rmob6anpHy0 HABUTAIIHOHHYIO CITyTHHKOBYIO CHCTEMY
(FHCC). Takxke ompeneneHue monoxkenus u opueHtamun PTK ocy-
IIECTBIISIOT C TIOMOIIBIO METOIOB BU3YyaIbHOW HaBuranuu [1].

B nmoxmazme paccmarpuBaroTcs 4YacTHBIE HPOOJIEMBI MOCTPOSHHS CH-
CTEMBI JIOKAIM3AIMK MIPU CO3JaHUM CHCTEMBI aBTOHOMHOTO YIPaBJICHHS
nBwxkeHreM. Ha pucynke 1 nokasaHo norpe0sieHre OOpPTOBBIX BBIYHCIIH-
TENbHBIX pecypcoB coBpeMeHHbIX CAVY]l mpu peleHud KIacCHUecKuX
3ajau:

Tpouite
cayKeGHbI %
Sazasu

"

Vnpanzenie 8%

Jloxamsatuns 8%

Inamporanie 15%

Kaprorpaguposanue 25%

OBpaGoTKa RITYATLITHX MCTOMIITKOR THIdOpMATIT 30%

Pucynox 1 — KonmndecTBo noTpebiisieMbIx G0PTOBBIX PECYpCOB BHIUMCITATENS
npu pewtenuu 3axad B CAV ][
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[TosTOMy B yCHOBHSIX PE3KO OIpaHHYEHHOTO KOJMYECTBA PECYPCOB
OOpPTOBOTO BBIYMCIHTENSI ISl MOJTYYSHUs] HauOoJiee KaueCTBEHHOIO pe-
3yJbTaTa MPUXOIUTCS HCIOJIB30BATh ONTUMAJIBHYIO CTPaTeTHIO Ui pe-
LIEHUS 331a41 JIOKATU3ALUH.

bnok uHepLuanbHON HABUTalMOHHON CHUCTEMBI M OJJOMETpHS KaK HC-
TOYHHUKU OTHOCHUTENBHOM YIJIOBOM U JMHEHHOW CKOPOCTEH IO3BOJISIOT
pemIaTh 3a1ady JOKIN3alny C TIOMOIIBI0 cuuciIeHns myTH. CTouT otMme-
TUTh, YTO HECMOTPSI HAa MPOCKANB3bIBAHUE JBIDKUTEINS, a TAKKE HAINYNE
IIyMOB, Apedda u (uIyKTyaruii JaHHBIX - 3TH HWCTOYHUKH ITO3BOJISIOT
pelmars 3afady JIOKANIM3alUd B OTHOCHTEJIBHOM CHUCTEME KOOpPAMHAT C
JOCTaTOYHON TOYHOCTHIO C LIEIIBIO MCHOJIB30BAaHUS JAaHHOW MH(pOpManuu
npu paboTe KOHTpoOJUIepa ABHXKEHHS [2], MOy JOKAJIBHOTO TLIAHHPO-
BaHUsl, TIOCTPOEHHSI KapThl NPOMUIHLHON IPOXOJMMOCTH, a TAKXKE YyCTpa-
HEHHS TUCTOpCcHU Juaapa. IIpu ucronp30BaHUM MaTeMaTHYECKUX olepa-
LM, K IpUMEpy MHTETPUPOBAHMS, JaHHBIE UCTOYHHKU HE MOTPEOISIOT
00JIBIIIOE KOJIMYECTBO PECYPCOB.

s TimoGanpHOTO ompesencHus monokeHus u opueHTanun PTK, B
ocHOBHOM, ucnonb3ytoT ['HCC. TouHOCTh 1aHHOrO pelieHus Kak npaBH-
JIO CUJIBHO 3aBHCUT OT CaMOro YCTPOMCTBa, a TaKXke OT OKpPY>Karolei
Cpebl, TIO3TOMY JUISl PEIICHMS HCIONB3YIOT Jpyrue Mmeroapl. Otcrona
TIOSIBIISIETCST TVIABHAS TpoOIeMa: Kakoi METO MCIIONb30BaTh IIPH OTPAHH-
YEHHOM KOJINYECTBE PECYPCOB.

Jloknaz ocBemaeT JOCTYIIHbIE METOIbI MNIOOATBHOH JIOKaIN3aluy, B
YCJIOBHSIX OTPAaHUYEHHOTO KOJM4ecTBa OOPTOBBIX pecypcos. [Ipemnaraer-
cs1 pexomenaanust s komriekcuposanust ' HCC, MHC u onometpun.

1. JessatepukoB E.A., MuxaiinoB b.b. Cucrema ynpaBneHust nBu-
JKEHHEM MOOMJIBHOTO po0OTa ¢ BU3yalbHBIM ojgoMeTpoM. MHpopmaTu-
Ka, TeJIeKoMMYyHUKaruu 1 yrpaeierue. 2013(5 (181)):103-8.

2. TaukoB A.A., KozoB A.B, Kypoukmn C. 1O., Sxosmes /.C.,
BysnoB H. A. Peanuzarus TpaeKTOpPHOTO peryisTopa Ha3eMHOTO pobo-
TOTEXHUYECKOTO KOMIUIEKCA HA OCHOBE MOJIEIIBHOTO IPOrHO3HPYIOIIETO
yrnpaBieHus.  PoOOTOTeXxHMKa M TexXHHYECKas  KHOepHETHKa,
2022(1(10)):43-54.
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E.V. Ivanov
SHEME OF A CABLE DRIVEN PARALLEL MANIPULATOR
OF INCREASED ENERGY

Bauman Moscow State Technical University, Moscow, egorvladivanov@mail.ru

B cratbe paccMaTpuBarOTCS MaHHITYJIATOPHI C TMOKMMH 3BCHBSIMU.
OHu BBI3BIBAIOT BBICOKHI MHTEPEC y Pa3padOTINKOB KPYITHOMACIITAOHBIX
POOOTOTEXHNYECKNX CHUCTEM, MOCKOJIBKY OOJAIar0T TaKMMH IOJIC3HBIMHU
Ka4yecTBaMH, Kak 0oJblIoe pabouee MPOCTPAHCTBO, BBICOKAS TPYy30IOIb-
€MHOCTb M CKOPOCTh, OBICTPOE pa3BEepTHIBAHHE W MacCIITaOHpPyeMOCTb.
Pabounii MHCTPYMEHT TaKOrO MaHUITYJISATOPAa NPHBOAUTCS B JBI)KCHHUE
Ha0OpOM THMOKHX 3BEHBEB, POJb KOTOPBIX MOTYT BBINOJHSTH TPOCHL. B
JMTEpaType 3TOT POOOTOTEXHHYECKHH KJIacC Ha3bIBAETCs IUIOCKOMapali-
JIETbHBIMU MaHUIYJIATOPaMu ¢ TpocoBbM npuBogoM (ITTM). Ha nanusi
MOMEHT 3TH POOOTHI SBISIOTCS TOIXOSIIMM BEIOOPOM IS IPHIIOKEHHH,
B KOTOPBIX MOJXKET IOTPeOOBaTHCS NepeMelieHne pabouero HHCTpyMeHTa
6omee yem Ha 100-300 metpoB. [IprMepoM MOTYT CITy>KUTH 3aJa4d TPO-
BE/ICHNS] OHJIAWH-CHEMKH CIIOPTUBHBIX MEPONPHATHH Ha CTAJAMOHAX, A
paboTBI CO CTEemIaXaMH B JIOTUCTHYECKHX LEHTpax, OOCITyXMBaHUS
OOJIBIINX PAIHOTENECKONIOB U MHOTOTO Apyroro [1]. Cnexyer oTMeTuTsh,
YTO JOCTH)KEHHE TAaKoro OOJIBIIOro pabodero MpOCTPAHCTBA HEOCYINe-
CTBUMO Uil OONBIIMHCTBA poOOTOB. OONAacTH NPUMEHEHHS TPOCOBBIX
MaHUITYJISITOPOB MOCTOSIHHO pacimpstoTes. OnHako, HECMOTpPSI Ha BCe
CBOU TMPECUMYIIECTBA, 3TU CUCTEMbI UMCIOT CBOU HCJIOCTATKHU, OJJHUM M3
KOTOPBIX SIBJISIETCS] HEBBICOKAs! TOYHOCTh M YNPaBISIEMOCTh CUCTEMBI, W3-
3a BJIMSIHUSI CBOMCTB YIPYIMX TMOKHX 3BEHBEB M OOJIbIlee MOTpEeOSICHUE
9JIEKTPOIHEPTHH 10 CPABHEHHIO C KIACCHYECKUMH JKECTKMMH MaHHITYJIsI-
topamu. IToaToMy mpoOGnema ymnpaBisieMOCTH M 3HEprodpdexTHBHOCTH
IITM ceroaHs O4eHb aKTyalbHa [2].

B mepBoii gactu Hamiei paboTHl MBI IPOAHAIH3UPOBATHN CYIICCTBY-
IOIIHE TIPOSKTHBIE PEIICHNs U BRISIBIIIN UX HemocTatkd [3]. [Tocme sToro
MBI HCIIOJIB30BAJIN TEOPHIO pelneHns nzodperatensckux 3a1ad (TPU3) u
CHHTE3MPOBAIM HOBYIO KHHEMaTHUECKyIO cxeMmy (cM. puc. 1), mo3Bos-
IOUIYyI0 pasTpy3uTh NPUBOJ MaHUIYJIATOPA, YBEIWYUTHh PabOdyro IIIO-
IaJb U TOBBICUTH 3HEProd(p(EeKTUBHOCTh M YIPABISEMOCTb, COXPAHHB
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[IPOCTOTY KOHCTPYKUMHU. Bo BTOpOH 4acTh Mbl NPOBENM OLEHOYHBIN
JHEPropacyeT MaHUIYJSATOPOB PA3NUYHBIX CXEM, ONPEACIMIN 3aBUCH-
MOCTH Harpy304HOTO MOMEHTA Ha TAHYIUMX MPUBOAAX B 3aBUCUMOCTHU
OT IOJIOXKEHHS Paboyero HHCTpyMeHTa. B 3akiioueHrne Mbl IPEACTAaBUIIN
pe3yJibTaTbl CPaBHEHMS] MOAEPHU3UPOBAHHOI CXEMbI MO CPABHEHHUIO C
KJIaCCUYECKOU.

(1= an (]

[ ] 2]

a) 0) B)

Pucynok 1 — Kondurypannonnsie cxems!: a) kinaccndeckuii [ITM (monHOCTBIO
OrpaHNYEHHBII); 0) BIOJHE OrpaHUYCHHBIH (TEXHOJIIOTHU TPOCOBBIX KPAaHOB);
B) MoJiepHU3HpoBaHHas cxema [ITM

[IpencrapnerHas HaMH CXeMa MaHHUIYJIATOpAa MOXET HaWTH CBOE
MpUMEHEeHHEe B POOOTH3MPOBAHHBIX IPOEKTAX, TAe TpedyeTcs OonbIas
pabouasi 30Ha ¥ BBICOKAs TPY30MOABEMHOCTh. [IprMepoM MOTYT Cily-
JKUTH 3aJa4d aBTOMAaTU3UPOBAHHONW MOWKH HEOOCKPEOOB M MPOBEICHUS
BBICOTHBIX KpacsIIuX paboT, a TaK)Ke BO3MOXKHO MPUMECHEHHE HA CKIIaJ-
CKHX TOMEIUICHUSAX, Ui OOCIyKUBaHUs creiviaxkeit. s manpHennen
MPOBEPKH PabOTOCIIOCOOHOCTH TPEACTABICHHOW KMHEMATHYSCKOU CXe-
MBI M JIOKa3aTelbCTBa €€ 3(P(HEKTUBHOCTH HEOOXOMUMO MPOBECTH TIOJI-
HOIIGCHHOE MaTeMaTHYECKOe MOJEIUPOBAHIE C YIETOM THOKUX H YIPY-
THX CBOWCTB TPOCOB.

1. BopucoB, B. A. MexaHu3Mbl NEPCIEKTUBHBIX POOOTOTEXHUYE-
ckux cucteM|[ Tekcr]. M.: Texunocdepa, 2020. c. 297.

2. Anemxo A.B., fIxoBenko /.M., /Iy6oBckoB B.B. Mexann3mel ma-
paJUIeIbHON CTPYKTYPBI: 0030p COBPEMEHHOI'O COCTOSIHUSI, 00J1aCTh IpUMe-
HEHHs] MAHUITYJIITOPOB B IPOMBIIIICHHOCTH Y aHAJIN3 MEPCIEKTUB Pa3BH-
tus// ynnamenTanshble uccnenoanus. —2016. — Ne 2-1. — C. 13-17.

3. T'anonenko E.B., Pribak JI.A.,Xomnowmesckas JI.P. CtpykrypHbIid
aHaJ M3 U KIacCUPUKAIKs POOOTU3UPOBAHHBIX CHUCTEM C IIPHBOJHBIMH
MeXaHH3MaMH Ha OCHOBE KaOeibHbIX aseMeHToB//BectHux BI'TY um.
B.I'. [llyxos.a, r. benropox - 2019 - Ne9 — C. 126-134.
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A.B. Ko3oe
PEAJIM3AIINA KOMIIBIOTEPHOM MOJIEJIN JTUCKPETHO-
COBBITUIHON CUCTEMBI T'PYIIIIOBOI'O YIIPABJIEHUS
MOBWJIBHBIMU POBOTAMUN

HYI] «Pobomomexnuxay MI'TY um. H.O. Baymana, Mocksa,
alexey.kozov@gmail.com

A.V. Kozov
A COMPUTER MODEL OF DISCRETE-EVENT GROUP
CONTROL SYSTEM FOR MOBILE ROBOTS

Science and Educational Center «Robotics» Bauman Moscow State Technical
University, Moscow, alexey.kozov@gmail.com

Jlokmaa mocBsIIEH OJHOM peanu3alyy KOMIBIOTEPHOH MOJENu, Hc-
TIOJIE3yEeMOM TP pa3pabOTKe CHCTEMBI TPYIIIOBOTO YIIPABICHUS ISl MO-
OwIbHBIX poOoToTexHHYecknx komruiekcoB (MPTK), neiictByrommx B
HEJIETepMUHUPOBAHHON cpene. CucremMa TpyMHIIOBOIO YIPABICHUS Kak
00BEKT TPOEKTUPOBAHUS SBILICTCS MEPApXIUECKON pacrpenenéHHoN Tu-
HAMHUYECKH PEKOH(MUTYPUPYEMOH CHCTEMOMH, ISl BEpXHUX YPOBHEH KOTO-
poit XapakTepHO IHCKpEeTHO-cOOBITHIHOE mpencTasienue [1, 2]. Ilpoek-
TaHT ITUX yPOBHEH, T.e. AUCKPETHO-COOBITHHHON CHCTEMBI TPYIIIOBOTO
ynpasnenus (JJICCI'Y), crankuBaercsi ¢ mpoOaeMOi «IIPOKIIATHS pa3Mep-
HOCTW» U OTPAaHMYECHUSAMH CYILECTBYIOLIMX METOMOJIOTH MPOEKTHPOBaA-
HUS peKoH(UTrypupyembix cucrteM ynpasieHus [3]. OgHuUM U3 orpaHude-
HUI SBISIETCSl OTCYTCTBHE HPSMOrO COOTBETCTBHS MEXKIY IUCKPETHO-
COOBITHITHOI MOZENBIO CHCTEMBI (HanpuMep, B Buae cetu Ilerpm) u eé
ImporpaMMHON peanmmsanuei kak kommnoHeHta [JCCIY — ympasmistomero
KOHEYHOTO aBTOMAara. AKTYallbHOM IPOONeMON sBISETCS pa3paboTKa
MOJIENH, TI0 KOTOPOH BO3MOXKHA aBTOMATHYECKas TeHEpanusi MporpaMM-
Holt peamm3anuu komrioneHTa JJCCI'Y Ha meneBoM s3bIKe.

B rnokmame mpemtokeHa MaTeMaTHUYECKash MOJEIb KOMIIOHEHTa
JCCI'Y, omuchIBaromias BEIYACIUTEIBHBIN rpad aaroputMa ero paboThl.
Takast MozeNb CBS3BIBAET COCTOSIHUSI M COOBITHSI AUCKPETHO-COOBITHIHOTO
Npe/ACTaBICHUST € MPUMHTUBAMU peanm3aiuu komnoHeHTa J[CCTY —
nH(popManmoHHO-pacyéTHbIMU  3aiadamu (UP3) un uHpopManoHHbIM
CBsI3SIM Mex 1y HUMH. [IpencraBieHo MaTeMaTHYeCKOe OMKUCaHue aTpHoy-
Ta TOBEJCHUS — JaHHBIX, HEOOXOJUMBIX JUIS 3aIlyCKa WIIM BBIOJHECHUS
WP3. Maremarnueckasi MOJEib, BKIIIOYAIONIas aTpuOyTHl ITOBEACHMS,
MO3BOJISIET peaIr30BaTh KoMIbloTepHyto Mojenb JCCIY.

PaccmoTpeHs! CylecTBYIONIE MOAXO/ABI K IIPOrPaMMHOM peann3aniu
YIPaBISIOMNX KOHEYHBIX aBTOMATOB Ha S3bIKaxX IPOrPAMMHPOBAHUS
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pa3nuuHBIX ypoBHEH. OOOCHOBaH BBIOOP MOIXOMA C KCIOJIB30BAHHUCM
MIPEIMETHO-OPUEHTUPOBAHHOTO S3bIKAa B Ka4€CTBE OCHOBBI JUJIsI peann3a-
i KomibroTepaoit Moxaenu JICCI'Y. Paspaborannas Ha si3eike CH ¢
UCIIOJTF30BaHUEM YKA3aHHOTO TIOAX0a OMOIHMOTEKa TIO3BOJISIECT YIPOCTHTh
CO3JTAaHMEC KOMITBIOTEPHBIX Mopenei. [IprMeHeHne OWMOMMOTEKH WILTIO-
CTpUpyeT KoMmmbroTepHas monens komroneHta JICCIY, obecreunBaro-
LIEr0 BBINOJHEHUE WHAMBUAYalbHBIX JneiictBuii MPTK: aBTOHOMHOE
JIBU)KEHUS B 3a/IaHHYIO TOUKY M TYILIEHHE ouyara noxapa.

1. Bonocarosa T.M., Ko3zoB A.B., TaukoB A.A. Crcrema rpyrrmo-
BOTO YNpPAaBICHUsS] MOOMIBHBIMH POOOTAaMM C MO3UIUH aBTOMAaTH3HUPO-
BaHHOTrO npoektupoBanus // Nudopmannonnsie TexHonoruu. T. 26, Ne
5. C. 274-282.

2. Kozos A.B. /lunaMuueckas peKoH(GUIypalys CUCTEMBI yIIpaBIIe-
HUSI MOOWJIBHBIMH pOOOTaMHU MU BBIITOIHEHUH TPYIIIIOBOTO IEHCTBHS //
OkcrpemanbHas pobororexnuka. CI10., 2020. C. 78-83.

3. KoszoB A.B. Mozenmu u MeTOABI MPOEKTUPOBAHUS THHAMHYECCKA
PEKOH(PUTIYPUPYEMOH CHUCTEMBI T'PYNIIOBOTO YIPABICHUS MOOMIBHBIMU
po6oTamu // ABTomaru3anus npoieccos ynpasineHus. 2021. Ne 1(63). C.
130-139.

E.K. Henamuaou, H.K. Ilemywiok
CUCTEMA NIOJAI'OTOBKHA OITEPATOPOB
N OBCJYKUBAIOHIEI'O ITEPCOHAJIA
JJIAA ITIEPCIIEKTUBHBIX PTK

THI] P® [JHUU PTK, Canxkm-Ilemepbype, i.petushok@rtc.ru

E.K. Ignatiadi, 1. K. Petushok
TRAINING SYSTEM FOR OPERATORS AND MAINTENANCE
PERSONNEL ON PROMISING RTCS

Russian State Scientific Centre for Robotics and Technical Cybernetics,
St. Peterburg, i.petushok@rtc.ru

Pa3Butne poOOTOTEXHHKY B HAILCH CTPAHE B YCIOBUSIX CAHKLIMOHHO-
ro JaBJICHHs CTpaH 3araja HEBO3MOXKHO 0€3 B3aMMOJCHCTBHS MEKIY
pa3paboTyMKaMK U MEPCOHAIOM IO OOCHYKUBAHHUIO M YIPABICHHIO
poboramu. IInanupyemoe yBenuueHHe BHOBb pa3pabaThBacMbIX po0o-
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TorexHudeckux komiuiekcoB (PTK) co3maer ompeneneHHble CI0KHOCTH
IPU MTOJITOTOBKE 00CITYKHMBAIOILETO MEpCOHaa.

HUU PTK npeanaraer u3MEHUTHh MOAXOJl B CUCTEME IMOJTOTOBKH
OIIEepaToOpOB, IIPU KOTOPOM OLICHUBAETCSA HE TOJIBKO YPOBEHb IOJTOTOB-
KM OIlepaTopa, HO M €ro TOYkKa 3peHHs O BO3MOXHOCTSX pobora, anro-
pUTMax YNpaBJIeHHsS M €ro MHTepdelce ¢ MOMOIIBI0 CHCTEMBI HOBBIX
TEXHHUYECKHUX CPEACTB O0yUCHUSI.

IIpu noaroroBke onepatopos nepcrnekThBHbIX PTK B3aumoneiicTyior,
KaK 9KCIUTyaTHPYIOIIast OpraHu3aIys, TaK ¥ IPEATIPHATHE pa3pabOTIHK:

Opraamsanus, sxkciuryatupytomas PTK, mponsBoaut:

— DSKCIEPTHYIO OLIEHKY;

— DProHOMHUYECKYIO dKCIEPTU3Y;

— TMOATOTOBKY nepcoHana Ha HoBble PTK;

— Opranu3zanus - pa3pabOTYUK TPOU3BOINT:

— uHTerpauuio  nUQpPOBBIX  JBOMHUKOB  POOOTOTEXHHMYECKUX
CPEJCTB BO BHEIIHION CPEY;

— paspabotky 3D Mojeneit 00beKTOB;

— pa3paboTKy MaKeTOB JUIsl SPrOHOMHUYECKHUX UCCIICJOBAHHH.

[ToaroroBka oneparopoB HaUMHAETCS HAa PAHHHUX CTaJUiIX pa3padoT-
ku PTK, Ha aTOM e srane nudposas moaens PTK BHenpsieTcs B BUpTY-
AJIBHYIO CpeLy.

Takum 00pa3om, cHcTeMa MOATOTOBKH OMNEPATOPOB JOJDKHA BKIIFO-
4aTh HECKOJIBKO KOMIIOHEHTOB:

— aBTOMAaTH3MPOBAHHYIO CHCTEMY OOYYEHHS! C MHTEPAKTHBHBIMH PY-
KOBOJICTBaM OIEPATOPA, KOMITBIOTEPHBIMH 00yJaIOIIUMU ITPOTpaMMaMH;

— TIPOUEIYpHBIM TPEHaKep Ul MPOBEPKU MPAaBUIIBHOCTU JEUCTBUI
PTK u spronomuku uaTEepdetica U MyabTOB yIIPABICHUS,

—  psiI crienMaiM3upOBaHHBIX TpeHaxepos st PTK onbrTHbIe 00pas-
116 KOTOPBIX OJIM3KH K 3aBEPILICHUIO;

— BBIYUCIUTEIBHO MOAETHUPYIOIIMI KOMIUIEKC, WMMTHPYIOUIUI
BHEILHIOK CPeJy, CTATUCTUYECKHE U AUHAMUYECKUE MOJICTIH;

— CHCTeMy KOJUIEKTHBHOTO OTOOpa)XeHHs1 HHPOpMaIHH.

B Toxxe BpeMs M cama NOArOTOBKA OMEPATOPOB JOJDKHA OTIMYATCS OT
TPaAULOHHON, NPEUIaracTcsl HaYMHATh C ONEPaTOpPOB, UMEIOIIUX OIBIT
skcmoryatarmu PTK Ha mponenypHoM TpeHakepe, IpeaCTaBIITIOMNM CO-
60ii mdposoro asoinnka PTK, Ha kKoTOpOM OTpadaThIBacTCsi 3proHOMHUKA
1 aTOPUTMBI yIpaBieHus poootom. I1pyu 3TOM OHM JOIDKHBL, KPOME MOITY-
yeHwus1 3HaHnit 00 PTK, BbIcTynaTh B poiii TECTUPOBIIMKOB IIPOrPAMMHOIO
o0ecrieueHust U JiaBaTh SKCIIEPTHYIO OLIEHKY Ha dTane pazpadorku PTK. B
JaJgbHEHIIeM MOArOTOBKAa OIEpPaTOpoB JAOJDKHA MPOXOAWUTh Ha IOJ-
HO(YHKIHOHAIBHOM CIIeIMaIN3UPOBAHHOM TpeHakepe. Ha jnanHOM 3Tamne
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MO/ITOTOBKU oriepatop ortpabarbiBaer HaBbikk ympasienus PTK u ero
BO3MO>KHOCTH IIPU B3aUMOJIEICTBUHU C IPYTUMU TEXHHYECKUMH CPEICTBa-
MH U TNPUPOJHbIMH OOBbekTamu. [Ipu 3TOM, KpoMe OOBIYHOW TMOJTrOTOBKH
OIIepaToOpOB, HA TPEHAXKEpaxX IpeIyIaraeTcsi BOCIIPOU3BOAUTE OOCTAHOBKY
1o nHdopmanuy, norydeHaoi or PTK B peasibHBIX YCIOBHSIX.

[epcnexktuBubie PTK He MoryT cosnaBaTbhest 0€3 HCIIONIB30BaHUS
IU(POBHIX TBOWHUKOB, a TIOATOTOBKA ONEPATOPOB JOHKHA TPOBOIUTHCS
Ha paHHHUX CTAAUSIX pa3paboTKH pOOOTOB C IETHI0 YMEHBIIECHHS CPOKOB
nx BHeapeHus. COTpyAHNYECTBO Pa3pabOTIMKOB C ONEPATOPaMH ITIOMO-
XKeT OoLeHHTh d¢dexTuBHOCTH mepcnektuBHoro PTK u moxroroButs
OTIepaToOpOB €MIE 0 CO3JaHUS CEPUITHBIX 00Pa3IoB.

H.O. Konvimos, B.M. bumnbtii-Illnaxmo
MNMPOBJIEMHBIE BOITPOCHI CO3JAHUSI HASEMHbBIX
POBOTOTEXHUYECKHNX KOMIIJIEKCOB

THI] P® [JHUU PTK, Canxkm-Ilemepbype, n.kopytov@rtc.ru

N.O. Kopytov, V.M. Bitnyi-Shliakhto
PROBLEMS AND PROSPECTS FOR THE DEVELOPMENT
OF ROBOTIC COMPLEXES OF HIGH TRAFFIC

Russian State Scientific Centre for Robotics and Technical Cybernetics,
St. Peterburg, n.kopytov@rtc.ru

Jlo Hacrosiero BpeMEHH He peméH psia MPOOJEeMHBIX BOIPOCOB,
CBSI3aHHBIX C PEAN3alMeil OTHONW TEXHOJIOTUH Pa3pabOTKH U U3TOTOB-
JeHus Ha3eMHBIX pobotoTexHmuecknx komriekcoB (PTK). TpeGyercs
OpraHM3alysl [EHTPAIN30BAHHOTO IIporecca (OPMUPOBAHUS EAMHBIX
TpeboBaHuiil (¢ obecrieueHneM pa3pabOTKH IOCYIapCTBEHHBIX CTAaHIAp-
TOB), OoOBenuHEeHHe MoaxomoB K cozmanmio PTK Ha 6a3e ycmeurHeIx
pa3paboToK paznuyHbIX mpeanpusituii PO, dopmuposanue rocynap-
CTBEHHOI1 CTpaTeruu pa3BUTUsI POOOTOTEXHUKH.

[TpoBen€HHbBIl aHaNM3 pPBIHKA TIOKa3al, YTO OOJIBIIMHCTBO IPOHM3BO-
JMMBIX MOJIYJICH M YCTPOMCTB, HEOOXOJUMBIX UISl CO3IaHHsI COBPEMEH-
HbIX PTK, 6a3upyroTcst Ha IMIIOPTHO# ArieMeHTHOM 6aze. Takum oOpazom,
B TEKYLIUX I'€ONOJIUTHYECKHX YCIOBHSAX HACYIIHBIM BOIIPOCOM SIBIISIETCS
HMITOpTO3aMelIeHHe 0a30BbIX KOMIIOHEHTOB POOOTOTEXHHKH, IS CO37a-
HUSI KOTOPBIX TPEOYETCsT ONpEAeICHne KOMIUIEKCa MPEeIIpHUATHH, CIeIHa-
JM3UPYIOMNXCS HA X Pa3pabOTKe U N3TOTOBICHUH.

Jns co3maHus COBPEMEHHBIX HAa3eMHBIX POOOTOTEXHHYECKHX KOM-
IUIEKCOB BBISIBIIEHA HEOOXOANMOCTD peaIH3alliy CIEAYIOIUX yHUDHUIHU-
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POBaHHBIX PELICHUI Ha OTEYECTBEHHOI JIEMEHTHOM Oase:

— pa3paboTKa 1 CO3JaHNE yCTOWYMBOTO KaHaJa CBS3H;

— pa3paboTKa M CO3/IaHHE COBPEMEHHBIX OITHKO-3JIEKTPOHHBIX
CPEACTB;

— pa3paboTka NPHUBOJIOB, ABUTATEICH M aKTyaTOpOB, NpEIHA3HA-
YEHHBIX JJIs1 IEPEMEIICHUS] MAaHUITYIISITOPOB C BBICOKON TOUHOCTHIO (TIpH
Pa3INYHBIX Harpy3Ke U CKOPOCTSIX JIBIKCHHUA);

— pa3paboTKa W Cco3gaHHe HaOOPOB HMHCTPYMEHTOB, HEOOXOIMMBIX
JUTSL BBITIOJTHEHHS TEXHOJIOTHUECKHX omepanuii HaseMHbiMu PTK u pacmo-
JlaraeMbIx Ha poOOTH3MPOBaHHBIX IUIaThopmax. Paspaborka cnenuanb-
HBIX PELIeHHH 10 UX radapuTam, pa3MeIleHHUIO, 3aXBaTy U YCTaHOBKE;

— pa3paboTka W co3maHHE MOPTATHUBHBIX 3-D ckaHEepOB MOBEPXHO-
CTeﬁ, npe€aHa3HauYCHHbIX JIA MMPUMCHCHHSA MHCTPYMCHTOB B aBTOMAaTH-
YEeCKOM peXuMe (CBEpJICHUE, pe3Ka U T.I1.);

— CO3/1aHHe BBICOKOIPOU3BOJMTEIBHBIX CHCTEM OOpPaOOTKH M Xpa-
HEHUs HHPOpMaIIUH.

Pe3ynbraTel nomydeHs! B paMKax BBIIOJIHEHUS] TOCYJAPCTBEHHOIO 3a-
naHuss  MunoOpHaykun Pocemm  FNRG-2022-0008 1021051101732-4-
1.2.1;2.2.2 Ne 075-01623-22-01 «MccnenoBanre MeTONOB M pazpaboTka
TEXHOJIOTHHA CO3MAaHMS OTJIaJOYHO-MOJCIHUPYIONINX KOMIUIEKCOB  JUIS
(YHKIMOHANEHOTO W TOBeneHdeckoro moxemupoBanusi PTK wu rpymm
PTK».

I1.B. Abpamos
CUCTEMA IINIAHUPOBAHMS JIBUKEHUSI POBOTA
C U3BBITOYHOM APXUTEKTYPOM

T'HI] P® [JHUU PTK, Cankm-Ilemepbype, p.abramov@rtc.ru

P.V. Abramov
MOTION PLANNING SYSTEM FOR ROBOT WITH
REDUNDANT ARCHITECTURE

Russian state scientific center for robotics and technical cybernetics,
St. Petersburg, p.abramov@rtc.ru

HccnenoBanne OTHOCHTCS K OOJIaCTH CHCTEM YNPpaBJICHHS C TpelcKa-
3piBatomer Mozensto (MPC — model predictive control). MPC siBisiercs
(byHIaMEHTaJbHOH YacThIO CHCTEM YCOBEpIICHCTBOBAHHOTO YIIPABJICHHUS
TEXHOJIOTHYECKUMH MPOLIECCaMHU M Yallle BCETO NPUMEHSCTCS Ha BEPXHEM
YpOBHE aBTOMAaTH3AIlMH TPOU3BOJICTBEHHBIX mporieccos [1]. B MPC uc-
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MOJIB3YCTCA YUCIICHHAsA ONTHUMH3alNA JId HAXOXKICHHA OITHMAJIbHOT'O
YIIpaBJICHUS] Ha HEKOTOPOM BPEMEHHOM TOPU30HTE B OYyIIeM Ha OCHOBE
MOJIEJH Tpoliecca.

OCOOCHHOCTBIO TIPEJIaraéMoro aBTOPOM PpELICHHS SBISIIOTCS €ro
NPUMEHEHHE JIIs Kilacca MOOMIIBHBIX POOOTOB C M30BITOYHOM apXUTEKTY-
pOH B yCIIOBHSIX HAIWM4YMsI OOJIBILIOTO YKCIIA HEONpeeTIeHHbBIX (akTopos,
BIMSIOIMX Ha ABIKeHHUE. [1og M30BITOYHOCTRIO TIOIPa3yMeBaeTCsl M30bI-
TOYHOCTB TI0 CTEIEHSIM CBOOOBI, BEIPAXKAIOIIASsICS B TOM IHCIIE B TOM, UTO
JOCTIKEHHUE LIENIEBOH TOUYKH BO3MOXKHO OECKOHEYHBIM YHCIIOM CIOCOOOB.
Ion HeompenenéHHOCTHIO Cpebl ITIOHUMAIOTCSI HEM3BECTHBIE MapaMeTpPhI
TPEeHUs, CONPOTUBIICHUSI BO3/IyXa, YIPYTUX CHII U IPyTHE.

B nanHO#1 061acTH M3BECTEH PAI MCCIICIOBAHM 110 YIPABIICHHUIO C I10-
Mmoo MPC kBagpokonrepamu [2] 1 MOOHIBHBIMU poboTamu [3]. B aTnx
myOnuKanusx omnucaHo npuMmeHenre MPC uist yripaBieHUsl JBIDKEHHEM
poOOTOB MO 3apaHee ompeneiaeHHOW TpaekTopuu. Hama pabota craBuUT
riepez; co0OH 111 OTHOBPEMEHHOM TeHepaly U 0TPaOOTKH TPaeKTOPHUH.

B noknane yka3aHHBIH IOJXOJA pPaccMaTpHBAECTCS HA IPHUMEPE MO-
OouneHOro pobora B KoH(urypaumun 4WS4WD. Asrtopom pazpaboraHo
MporpaMMHOE oOecIiedeHne CHCTEMBI yIpaBieHus.. B kauecTBe pe3ynbTa-
TOB HMCCJICIOBaHUS MPOBEICHO MOAEIMPOBAHHUE, TOATBEPKIAIOIIEE TIeiIe-
c000pa3HOCTh MPHUHATOTO METOAA IJIS YIpaBICHHS POOOTOM ¢ M30BITOU-
HOU apXUTEKTYpOil.

Pe3ynpTaThl MOMy4YeHB! B paMKaxX BBITIOIHEHHS TOCYIapPCTBEHHOIO 3a-
nanuns MunoOpuayku Poccun FNRG-2022-0026 1022031700007-3-2.2.2
Ne 075-01623-22-03 «HccnenoBanue myTed peaqu3aldd  aganTHBHOM
YCTOWYHMBOCTH HAa3eMHOTO MOJYJBHOTO PEKOH(PHUIYPUPYEMOro poOOTO-
TEXHUYECKOTO IIACCH JIETKOTO Kilacca MpH JBWKEHUU B HEICTEPMHHHPO-
BaHHOH CpeJie ¢ Pa3IMIHBIMHU ITOJIE3HBIMH Harpy3KaMm».

1. Konomun A.A., Enmun B.B. "Pa3paGoTka U HccleJoBaHHE Pery-
JATOpa Ha OCHOBE MporHosupyromieil Moxenu" BectHuk Camapckoro
rOCyIapCTBEHHOTO TeXHH4YecKoro yHusepcurera. Cepus: TexHuueckue
Hayku, vol. 29, no. 1 (69), 2021, pp. 36-45.

2. M. Greeff and A. P. Schoellig, "Flatness-Based Model Predictive
Control for Quadrotor Trajectory Tracking," 2018 IEEE/RSJ Interna-
tional Conference on Intelligent Robots and Systems (IROS), 2018, pp.
6740-6745.

3. M. Xu, B. Liu, J. Zhou, Z. Zhou and Z. Weng, "Trajectory Track-
ing of Wheeled Soccer Robots Based on Model Predictive Control,"
2021 6th International Conference on Control and Robotics Engineering
(ICCRE), 2021, pp. 50-54.
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A.0. foxoe, U.H. Caumos, /I.H. Hosukoe, H.B. 3apyykuii
AHTPOIIOMOP®HASA KUCTb

THI] P® [JHUU PTK, Canxkm-Ilemepbype, d.dohov@rtc.ru

D.O. Dokhov, I.1. Saitov, D.N. Novikov, N.V. Zarutskii
ANTHROPOMORPHIC HAND

Russian state scientific center for robotics and technical cybernetics,
St. Petersburg, d.dohov@rtc.ru

3axBaTHBIC YCTPOHCTBA MAHUIYJIATOPOB, paOOTAIOIINX B aBTOMAaTHYC-
CKOM PCKHMME U PCKHUME TCIICYIIPABJICHUA, UCIIOJIB3YIOTCA IS BBIIIOJIHE-
HUS Onepalyii ¢ 00beKTaMM, UMEIOIINMH Pa3IndHble GOpMY U pasMephl.
[Tpu BbICOKOM pa3HOOOpa3uM OOBEKTOB IETIECO00Pa3HBIM SIBISETCS MPHU-
MEHEHHE aHTPOIIOMOP(HBIX 3aXBaTOB (KHUCTEH), MMEIOINX TpH U Oolee
majbleB W Oosiee OMHOTO COWICHEHHS Ha KaKIOM maible. B Takmx
YCTpOHCTBaxX CYIIECTBEHHO YCIOXKHSETCS KOMIIOHOBKA C TOYKH 3PEHUS
pacIoIoKeHusT TPHUBOAHBIX MexaHn3MoB [ 1-3].

Hemnbio manHON pabOTHI SABISIETCS pa3padOTKa KOHCTPYKIUH aHTPOIIO-
MOpP(HO# KHCTH, yCTaHABIMBAGMON Ha MAaHHUITYISITOP, U paboTarolell B
KOIUPYIOIIUM PEXUME, IPH ITOM KHCTb JIOJDKHA OBITH BBINIOJIHEHA B Ka-
yecTBe OBICTPOChEMHOTO MoayJIs. C yueToM pexxnma paboThl KUCTH, KOH-
CTPYKIMS YCTPOICTBa Mojpa3yMeBaeT HaJW4He ISITH NajlbleB, MpUOIHU-
KEHHBIX K YeJOBEYECKOH KHUCTH IO (DYHKIMOHATIGHBIM BO3MOXHOCTSM H
rabaputam. B Hacrosmieil paboTe NMpOM3BENEH MOMCK CYIIECTBYIOLINX
peanu3anuii aHTPOITOMOP(MHBIX KUCTEH M BBIIOJIHEH aHAIUTUYECKUI 00-
30p cymiecTByromux pemreHnid. [To pesynbraram aHamm3a HamboJee mep-
CHEKTHBHBIX BAPUAHTOB yCTPOMCTB MPOBEIEHHI pabOTHI MO pa3paboTKe U
OINMMCAaHMIO0 KMHEMAaTHYECKOW CXEMBbI M KOHCTPYKILHH pa3padaThIBaEMOro
YCTpOMCTBA.

OTnrunTenbHOH  0COOEHHOCTBIO — pa3pabaThiBaeMOil  KOHCTPYKIIUH
MaJbLEB SBISIETCS BO3MOXHOCTb OCYIIECTBICHMS aJalTHBHOTO CHKATHS
MOCPEJICTBOM OJIHOTO INMPUBOAA. Takoro pesysbTrara yAaJloch TOOUTHCS C
HCTIOJIb30BAHUEM YIIPYTUX 3JIEMEHTOB, COCAMHAIONMNX IITOK U TPpU HE3a-
BUCHMBIE CUCTEMBI PhIYaroB I Kaxaoi ¢ananru. Eciu npokcumanbHast
WIM TIPOMEKYTOYHasl (pajlaHry BCTPEYaron Ha ITyTH CONPOTHBIICHUE, TO
ocraBlIMecs: (ajaHrd MPOJOIDKAT JIBIDKEHHE, oOxBaTbiBasi 00bekT. Ilo-
JTOOHBIA TTOAXO0J O0ECIIEUMBAET 3aXBaT ¢ HAMOOJIBIINM KOJIMYECTBOM TO-
YeK KacaHWs He3aBUCHUMO OT (hopMel o0bekTa. Ha pucynke 1 mpencrasie-
HO TIOIIIAroBO€ CTHOaHME MaNIbIa IIPY 3aXBaTe MMIMHAPA.

Takxe B KOHCTPYKIIMN PEaIN30BaH MEXaHU3M MOBOPOTA OT KaXKAOTO
najblia B OTAGIBHOCTH OT JPYrMX. OTO MO3BOJIAET NO3HULIMOHHUPOBATH
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Majblbl B XBaT€ KUCTH, aHATOTHYHO TOMY, KaK pa3/lBUracT MalbIbl Yelo-
Bek. Ha pricyHke 2 mpencTaBiieH MOBOPOTHBIH MPUBOJ B pa3pese.

Fee

Pucynok 1 — Crubanue namsna

Pucynox 2 — IloBopoTHBIIT IpHUBOA B pazpese

Pe3ynbraThl MmojydeHbl B paMKaxX BBIIOJHEHUS TOCYIapCTBEHHOTO
3amanus Munobpuayku Poccun FNRG-2022-0012 1021051302301-9-
2.2.2 Ne 075-01623-22-03 «Pa3paboTka KoyumabopaTHBHOTO poboTa ¢
ACCHUCTHPYIOIEH ABYpYKOH aHTponoMop(HONH MaHHITyJSIMOHHOH CH-
CTEMOM I paboThI B IPOCTPAHCTBAX MAJIOTO 00BEMay.

1. Yoon D., Choi Y. Underactuated finger mechanism using con-
tractible slider-cranks and stackable four-bar linkages // IEEE/ASME
Transactions on Mechatronics. —2017. — T. 22. — Ne. 5. — C. 2046-2057.

2. Figliolini G., Rea P. Overall design of Ca. UM Ha. robotic hand
for harvesting horticulture products //Robotica. — 2006. — T. 24. — Ne, 3.
—C. 329-331.

3. JinJ. et al. LISA Hand: Indirect self-adaptive robotic hand for ro-
bust grasping and simplicity /2012 IEEE International Conference on
Robotics and Biomimetics (ROBIO). — IEEE, 2012. — C. 2393-2398.
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/J.H. Hosukos, /1.0. /loxos, H.U. Caumos, H.B. 3apyuxuii
MEXAHHW3M OBE3BEIINBAHUSA 3ATAIOIIEN
MAHUIYJISIITAOHHOM CUCTEMBI C TAKETOM
JUCTOBBIX ITPYKUH

THI] P® [JHUU PTK, Canxkm-Ilemepbype, novikov.dn@edu.spbstu.ru

D.N. Novikov, D.O. Dokhov, I.1. Saitov, N.V. Zarutskii
COMPENSATION MECHANISM FOR CONTROL-POINT
SETTING DEVICE WITH A PACKAGE OF LEAF SPRINGS

Russian state scientific center for robotics and technical cybernetics,
St. Petersburg, novikov.dn@edu.spbstu.ru

VYnpasiieHre MaHUIYJIATOPaMH B COBPEMEHHBIX CHCTEMaX B PEXXHUME
TEJICYIIPABICHHS OCYLIECTBIISIETCS IBYMS TPYNIIAMH YCTPONCTB:

— TAaHeJSIMU YNPABJICHUS C HJIEMEHTaMH THIA PYKOSTKH, JXKOHCTH-
KH ¥ KHOIIKH;

—  33IAONIMMH MaHHITYJITHOHHBIMEU cucTeMaMu (3MC).

3MC, B cpaBHEHHH C NEPBOW TIPYIION YCTpPOMCTB ynpaBieHHs, 00-
JIalal0T HU3KMM YPOBHEM HETaTHBHOTO BO3/EHCTBUS Ha paboTOCIIOCO0-
HOCTh omeparopa [1]. 3MC pa3nmu4aroT MO NPUHIUITY KOIMHUPOBAHHS
JBYDKCHUS:

— CHCTEMBI, KOIMPYIOMNEe KHHEMATHKY HCTIOIHUTEIFHOTO MaHHITY-
JATOPA;

— CHCTEMBI, KONHpPYIOIIME KHHEMAaTHKy oIepaTopa (HOCHMBIC
YCTpPOMCTBA).

ITepsrie Tun 3MC, B cBOtO ouepens, nenutcs Ha 3MC napamensHON
U TocienoBaTenbHON CcTpyKTypsl [1]. Takue cucTemMBl MMEIOT HEIo-
JBI)KHOE OCHOBAHHE M MOABIKHYIO IUIaT(GOpMy, ¢ IOMOLIBI0 KOTOPOH
orepaTop 3aaeT ABMKEHUE UCTIOIHUTEILHOTO MaHUITYJISITOPA.

OnHoii u3 3aaa4 npu co3ganuu 3MC nepBoro THMa SBISETCS pa3pa-
6oTka cuctembl oOe3BemmBaHus. CHCTEMBI 00€3BEIIMBAHUS OBIBAIOT
JBYX TUIIOB: aKTHBHBIE (C IPUBOAAMH) U MaccuBHBIE. [lanee paccmarpu-
BaeTcs 3a/ada pa3pabOTKU MAcCUBHOM CHCTEMBI OOE3BEIIMBAHMS JUIA
3MC. B kauecTBe HCIIONHUTEIHFHOTO MAHHUITYISATOpPAa BEIOpaH KOOOT
URS5e ¢. Universal Robots [2]. Kunemarnueckas cxema 3MC npencras-
JIeHa Ha pUCYHKE 1, OHa MOBTOpseT KuHeMaTHKy kobota URSe.

PaGota pa3pabaTbiBaeMOro MoAynsi 00€3BELIMBAHUS OCHOBBIBAETCS
Ha CO3/laHMM KOMIIEHCALIMOHHBIX CHII 3a CUeT AeHCTBUS TMOpUAHON CH-
CTEMBI, COCTOSMIEH 13 OIOKA ¢ MPYKUHAMH CXKATHS U IaKeTa JUCTOBBIX
npyxun [3]. Pesynbratel uccnemoBanusa [3] mexaHmsma B ANSYS
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Workbench nokazanu, uto npu TpeOyeMbIx radapuTax KOMICHCAIMOH-
HBI MOMEHT, CO3/1aBaeMbIii THOPHUIHON CHCTEMOM, Ha MOPSAO0K MEHBIIIE
TpeOyeMoro s KOMIIEHCAIMM CHJI TSDKECTH 3BEHBEB 3a/af0IIEeTo
YCTPOWCTBA, a YBEIUYCHHE KECTKOCTH MPYKUHHOTO OJIoKa 11 odecrie-
YeHHs TPeOYyeMOro YCHIIUS MPUBOIUT K YBEIMUCHHUIO Ta0apUTOB MOIYJIS
00C3BCIINBAHUS.

Pucynox 1 — Kunemarnueckas cxema 3MC

B paMkax KOHLENIMH HCCIEN0BaHA BO3MOXKHOCTh NPHMEHEHHS B
MOAyJie OOe3BEHIMBAHMUS JIMCTOBBIX MPYXKHH, OOBECAMHIEMBIX B MaKeT
(puc. 2). Pa3paboranHasi KOHCTPYKIMS NpPEACTaBIsIET COOOM KyJadok,
JKECTKO COCAMHEHHBIH CO 3BEHOM 3aJalOIlero yCTPOHCTBA MyTeM IUTH-
LIEBOI'0 COSIUHECHUS, TOJKATEIb phlyara ¢ HalpapJIsIOIICH, caM pblyar ¢
3aKPEIUICHHBIM B HEM MAKETOM JIHCTOBBIX MPYXKHUH, a8 TAKKE PErylupye-
MYI0 KOPIyCHYIO 4acTbh-ynop. IloclenHss CIyXUT Ui BO3SMOXKHOCTH
PETYJIMPOBKH KOMIIEHCAIIUOHHOTO YCHIIMS, CO3aBaeMOro MOIyJIeM
00€3BEIINBAHYSL.

Pucynok 2 — Monynb o6e3BemnBaHus

ITpenBapuTenbHBIH pacdEéT MOJOOPAHHBIX JIMCTOBBIX IPYKHH ITOKa-
3aJ1, 4TO, IPY U3MEHEHUH KOHPHUTYypaluu MexaHn3ma [3] ¢ mepexonoM K
MPSMOYTOJIBHOMY KOPITYCY C YCTAaHOBKOH JINCTOBBIX MPYXHH, MEXaHH3M
IIPU CXOKUX PA3MEPHBIX MapaMeTpax AEMOHCTPHUPYET JIydIINe XapaKTe-
PUCTUKU KOMIIEHCALlMOHHOTO MOMEHTa. B pamkax nanbpHemen mpopa-
0OTKH U COBEPLIEHCTBOBAHUS MEXaHW3Ma MPEAIONAracTcs TOYHBIN pac-
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YET KOMIIEHCAI[MOHHOTO MOMEHTA, CO3/1aBaeMOT0 MOJIYJIeM, IPOpadboTKa
TEOMETPUH COCTABHBIX YacTeH M yMEHBIICHUE Ta0apHUTOB.

Pe3ynpraThl mosyueHsl B paMKaxX BBINOJIHEHHS T'OCYJapCTBEHHOTO
3aganusi MunoOpHayku Poccun FNRG-2022-0012 1021051302301-9-
2.2.2 Ne 075-01623-22-03 «Pa3paborka kommabopaTHBHOTO podoTa ¢
aCCUCTHpYIOLIEH JBYpYKOH aHTPONOMOpP(HONH MaHMITYJISILIMOHHON CH-
CcTeMO# [Tt pabOTHI B IPOCTPAHCTBAX MAJIOTO 00BEMa.

1. Xapysun C. B., llImakoB O. A. OCHOBHbBIC TEHACHIMH U TIEP-
CIIEKTHBHBIE PEIICHUs B 00JaCTH pa3pabOTKH 3aJarolIUX MaHHITYJISLH-
OHHBIX cucteM // IHpopmaTHKa, TeIEKOMMYHHKAIIMN U yIpaBieHHE. —
2017.-T. 10. - Ne. 2. - C. 7-21.

2. OdunmanbHbiii caiit komnanun Universal Robots [DnexkTpoHHbIH
pecype] // URL: https://www.universal-robots.com/products/ur5-robot/
(mata obpamenus 20.07.2022).

3. Kim J. et al. CVGC-II: A New Version of a Compact Variable
Gravity Compensator With a Wider Range of Variable Torque and En-
ergy-Free Variable Mechanism / IEEE/ASME Transactions on Mecha-
tronics. —2021. — T. 27. — Ne. 2. — C. 678-689.

/I.C. ITonos
IOO®EKTUBHOCTb CUCTEM JUCTAHIIMOHHOT' O
YHPABJEHUS HASEMHBIMHA MOBWJIbHBIMU POBOTAMMU
B YCJIOBUSIX JIEMCTBUS BPEMEHHBIX 3AJIEPKEK
B KAHAJIAX IIEPEJJAYU UHO®OPMAILIUU

T'HI] P® [JHHUU PTK, Canxm-Ilemepoype, d.popov@rtc.ru

D.S. Popov
EFFICIENCY OF REMOTE CONTROL SYSTEMS FOR
GROUND-BASED MOBILE ROBOTS UNDER CONDITIONS
OF TIME DELAYS IN DATA TRANSMISSION CHANNELS

Russian State Sctntific Centre for Robotics and Technikal Cybernetics,
St. Petersburg, d.popov@rtc.ru

B pabote paccMOTpEHBI BOIIPOCH! TENEYIPABICHHs Ha3eMHBIMH MO-
OWIBHBIMH POOOTaMU B AKCTPEMANIbHBIX YCIOBHAX JdKCIuTyaranun. Cy-
IIECTBEHHOE BIIMSHKE Ha 3()(EKTUBHOCTh YIPABICHHS OKa3bIBACT HAJIU-
Yyre BpEMEHHBIX 3aJIep)KeK B MHPOPMAIIMOHHBIX KaHaJaX.
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HcTounuku 3a7epikek JOCTaTOYHO Pa3sHOOOpa3Hbl: 00pabOTKa BXOJ-
HBIX JAaHHBIX, MOJIy4aeMbIX C JaTYMKOB M TEICBU3MOHHBIX Kamep, Oyde-
pu3anus W Tepejada JaHHBIX MEXIYy BHYTPEHHUMHU Yy3JIaMHU KaK MoO-
OWIBHOTO PO0OTA, TaK W IyJbTa YIPABICHUS, PAIHO U KaOCIbHBIC JIH-
HUU CBSI3W, MOTEPH HHOOPMAIIMOHHBIX ITAKETOB U3-3a MTOMEX, HCIIOIB30-
BaHUC JIONOJHUTEIFHBIX OJIOKOB, TAKMX KaK CHCTEMBI KpUITOTpaduye-
CKOIl 3amuThl HHPOpPMANUU. 3HAYCHUS 3aJCPKEK MOTYT COCTaBIATH OT
COTEH MWJITHCEKYH]I 10 €AWHUI] CEKYH]]; TOCTATOYHO OOJBIINE BEINIH-
HBI SIBJISIIOTCS] IPUYMHAMMU [IOTEPU YCTONUYHUBOCTH CUCTEM YIPABJIECHHUSL.

VYunThiBas cielu(pHUKy YCIOBUN IPUMEHEHUS] MOOWIIBHBIX POOOTOB B
HECTPYKTYpUPOBAHHOHN Cpene IUIA ONEeHKH 3(P(PEeKTHBHOCTH CHUCTEM IH-
CTaHLIMOHHOT'O YIPaBJICHUsSI IPEJIaracTcsl UCIO0Ib30BaTh METOI, B OCHO-
BE€ KOTOPOTO JIEKUT HEMOCPEJCTBEHHO TeNeyNpaBieHHe YeTOBEKOM-
orepaTopoM poOOTOM C BH3YaIBHOW OOpaTHOM CBsI3bI0. 3ajaya yIpaB-
JIEHUS 3aKII0YaeTcsl B JBMKEHHM [0 3apaHee 3aJaHHOW TpPaeKTOPHH,
OTMEUEHHOM Ha 3eMJie, OT HA4aJbHOM TOUKH 7O KOHEUHOH. Pe3ynpTaTsl
OIICHUBAIOTCSI TI0 COBOKYITHOCTH 3a()KCHPOBAHHOTO BPEMCHH BBITION-
HEHUS 33J1a4M U CXOXKECTH MOJIyYeHHON TPACKTOPUH C 3TAJTOHHOM.

B pabote mpuBeneHBI pe3ynbTaThl MOACIHPOBAHUS YIIPABICHUS MO-
OWITBHBIM POOOTOM B PA3IMYHBIX YCIOBHUSAX C PA3TUYHBIMA 3HAYCHUSIMU
BPEMEHHBIX 3a/epkeK. [IpeasioxkeHbl METOIbl YACTUYHON KOMIIEHCAlUU
HETaTUBHOTO BIIMSHIS 3aJIepKeK Ha 3PPEKTUBHOCTD yIIPABICHHS.

Pe3ynpraTel OBUIH MTOMYyYSHBI B paMKaX BBITOJHEHUS TOCYAAPCTBEH-
HOT'O 3a/laHus MuHoOpHayKH Poccun FNRG-2022-0026
1022031700007-3-2.2.2 Ne 075-01623-22-03 «HMccnenoBanue myTei
peanuzalnuy aJanTUBHOW YCTOMYMBOCTH HA3€MHOTO MOJYJBHOTO pe-
KOHQUTYPUPYEMOTO POOOTOTEXHHUYCSCKOTO IIACCH JIETKOTO Kilacca IMpH
JIBIKEHUHM B HEJETEPMUHUPOBAHHON Cpelie ¢ pa3iHYHbIMU MOJIE3HBIMU
Harpy3Kamm».

13



CBOPHUK TE3NCOB 33 MesxayHapoAHON Hay4HO-TEXHUYECKOWM KOHbepeHLmnm
«IKCTPEMA/IbHASA POBOTOTEXHUKA»
H.B.Ipamuyvir’, M.T. Kopomxux?’, /.C. Ilonos’
PACIIPEJEJIEHHASA CUCTEMA IIOY3JIOBOT'O
HUCHBITAHUSA TPU CBOPKE JIETKUX POBOTOB
CIHHEIIUAJIBHOT'O HABHAYEHUSA

'THI] P® I[HUHU PTK, Canxm-Ilemep6ype; *CIIGIITY, Canxkm-Ilemep6ype
pib@rtc.ru, kmt4d6@mail.ru, d. popov@rtc.ru

LB. Pryamitsyn’, M.T. Korotkih’, D.S. Popov'
DISTRIBUTED SYSTEM OF NODE TESTS IN THE ASSEMBLY
OF LIGHT ROBOTS FOR SPECIAL PURPOSES

'Russian State Sctntific Centre for Robotics and Technikal Cybernetics,
St. Peterburg; °SPBST! U, St. Peterburg
pib@rtc.ru, kmt46@mail.ru, d. popov@rtc.ru

Ipu mpou3BoACTBE POOOTOB CICIMAILHOTO Ha3HAUCHUS, OCYIIICCTBIIS-
€MOM B YCIIOBUSX CIMHUYHOTO U MEIKOCCPHUIHOTO MMPOU3BOJICTBA, 3HAYM-
TEJFHYIO JOJTI0 3aTpaT TPYAa, OCOOCHHO MaJONPOU3BOAUTEIBHOIO PYYHO-
T'0, 3aHUMAFOT MPOIIECCHI COOPKH U UCTILITAHUS TOTOBO PO TYKITHH.

OC0OEHHOCTBIO 3THX MPOIECCOB SBISICTCS BO3MOXKHOCTH UCITBITAHHS
OT/AENBHBIX arperaTtoB TOJBKO MOCIE COOPKH FOTOBOTO U3JEIHS, TaK Kak
(YHKIMOHATIBHOCTh OT/ACNBHBIX Y3JI0B 3aBHUCHT OT ()YHKIIMOHHPOBAHHS
CBSI3aHHBIX C HUMH Y3JIOB M arperatoB. DTO 3aTPYAHSET MOUCK MPUYUH
OTKa30B M HEYAOBJICTBOPUTEIHHOTO (YHKIMOHHUPOBAHUS H3/ENUsT Ha
JTare OKOHYATENbHBIX HCIBITAHUNA. YCTpaHEHHE K€ OTKAa30B CBSI3aHO C
YpE3BBIYAHHO TPYAOCMKUMH STanamMu pPa3OOpKH H3ICIHs, 4YTO IOCIe
yCTpaHEHHUs OTKA30B HE TapaHTUPYET BBISIBJICHHUS OTKA30B B IPYTUX y31aX
YCTpOICTBA.

VcnbITanre OTIEMBHEIX XKE Y3JI0B M arperaToB MOXeET OBITh IPOBEIC-
HO TIpH MPUMEHEHHUH CIICIMATLHOTO UCIBITATEIFHOTO 000PYIOBaHUSI, KaK
B HOPMAJILHOM, TaK U YCKOPEHHOM PEKHMaX.

[osneMeHTHAasT cXeMa HCMBITAaHUH 00eCHeYrBaeT MPEEMCTBEHHOCTD
MOJTyYSHHBIX XapaKTEPUCTHK HAJIKHOCTH B CIy4ac MPUMEHEHHs B HOBOM
KOHCTPYKIIMH YK€ OTpabOTaHHBIX 3JEMEHTOB U KOMIUICKTYIOmMX. [Ipu
MPUMEHEHHH HOBBIX OIBITHBIX 00OPAa3IOB OTAEIbHBIX Y3JIOB U UX UCIIBITA-
HHH TOSIBIISIETCS 0a3a CpaBHEHMsI MX TI0 HAJIGKHOCTH C paHee MPUMEHSIB-
IIMMUCS 00pa3IaMu.

CTeH}IOBI)Ie HCHBITaHHUA BO3MOXHO IHPOBOJAUTL Ha HCIBITATCIBHOM
000py/IOBaHUM, TO3BOJISIIONIEM B MIMPOKHUX MpEAEiaX H3MEHATh IpO-
TPaMMBI, PSKHMBI M YCIIOBHS HCHBITAaHWNA, TIOATOMY OCOOCHHO Ba)KHOC
3HAYCHHE MPUOOPETACT OMNpENe/ICHHE BO3MOXKHOCTEH W TpeOOBaHWHA K
TaKOMY CIICIIaTEHOMY CTEHIOBOMY 000pY/I0BAHHIO.
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Bp160p 00BEKTa UCTIBITAHUI MPU AHATU3E JIETKMX POOOTOB CIIEIHAIIb-
HOT'O Ha3HAYEHUS OMPEIENSETCS UX CTPYKTYPOU M BBINOIHSIEMBIMH (DYHK-
USMH OT/ICNIBHBIX Y3JIOB M arperaroB. Pa3pa0arbiBaeMoe CTEHIIOBOE HC-
MIBITaTEIbHOE 00OPY/IOBaHHE JIOJDKHO ITO3BOJISITH KOHTPOJIMPOBATH BCE
(YHKIMOHAJBHBIE ITapaMeTphl y3ja, arperara B YCJIOBHSIX MaKCHMaIIbHO
MPUOMKEHHBIX K pealbHBIM YCIOBHMSM JKCIUTyaTalldy, aBTOMAaTH3UPO-
BaTh 00pabOTKY SKCIIEPIMEHTAIIBHBIX JAHHBIX. B TO ke Bpemst OHO TOJIK-
HO 00JagaTh MHUPOKUMH (DYHKIIMOHAIBHBIMH BO3MOXXHOCTSIMH, TIO3BOJISI-
IOLIMMH HUCTIBITBIBATH BCIO TaMMy pa3padaThIBAEMBIX M IPOM3BOIUMBIX
M3JIENNH ¢ Y9eTOM HX OyIyIero pa3BUTHA.

Ecin paccMOTpeTh CTPYKTYpy JIETKUX POOOTOB CIIEIHATIBHOTO Ha3Ha-
YEHUs], IPOU3BEICHHBIX 3a MPOLLIBIA MEPUOJ, TO MOKHO BUJIETh, YTO OHH
COCTOSIT U3 OTPaHUYEHHOTO HabOpa 3JIEMEHTOB: XOJI0BOI 4acTH (11accu),
MaHUIYJIATOPA, ONTUKO-3JIEKTPOHHBIX YCTPOMCTB, CHCTEMbI JUCTAHIHOH-
HOT'O YNpaBJICHHs, CUCTEMBI ayHO-BHICO HaOmoneHus. [isi Kaxxaoro us
9JIEMEHTOB CYIIECTBYET CBOI HaOOp KpUTEpHEB MX pabOTOCIIOCOOHOCTH U
HaJIe)KHOCTH. B yCIIOBHSIX NPOU3BOJCTBEHHBIX CTEHIOBBIX UCIBITAHUN 110
ycKopeHHOM MeTozuke [1,2] MOXKHO OIpe/ieNTuTh YpOBEHb 0€30TKa3HOCTH,
a OCTallbHbIE KPUTEPUU HAJEKHOCTH ONPEIEISIOTCA TOIBKO B YCIOBHUSIX
OTHOCHUTENIBHO JUIUTEIBHON SKCILTyaTalliu.

IIpennoxkeHa KOHCTPYKIMS M CHCTEMA YIPABICHUS YHHBEPCAIBHOIO
CTeHAA JUI WCIBITAHWI XONOBOM YacTH M HABECHOTO 00OpYAOBaHU,
UMUTHPYIOLIEr0 YCIOBHs Oymymieil SKCIUTyaTaldyd U MO3BOJIAIOILETO W3-
MepsITh OOJIBIIMHCTBO XapaKTEPHUCTHK MOOWIBHBIX POOOTOB B COOTBET-
ctBuu ¢ 'OCT [3].

1. Bentuens E. C., OBuapoB JI. A. Teopus cirydallHBIX MPOLIECCOB U
e¢ WHXXCHEepHBIC MPHIIOXKeHHs: YdeOHoe mocobme. M.: M3marenbckuit
LeHTp «Akagemusy, 2003.

2. lMamrypun B. /1., Berpoa H. A., Hazapos B. B., Ceperun H. T.
YcKkopeHHBIE UCTIBITAHUS HA HAJCKHOCTh TEXHUYCCKHUX CHCTEM: YdeO-
Hoe mocobne. M.: M3natensctBo MI'TY um. H. D. baymana, 2016.

3. TOCT P 60.6.3.14— 2019/ UCO 18646-1:2016 PoboTsl u pobo-
TOTEXHHYECKHE yCTpoiicTBa. Paboume XapaKTepHCTUKU U COOTBETCTBY-
FOII[IE METOBI HCIIBITAHNH CEPBUCHBIX MOOMIBHBIX pOOOTOB.
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HU.H. Caumos, /[.H. Hoeuxos, /1.0. /loxoe, A.H. Tumoghees
PA3BPABOTKA YHUBEPCAJIbBHOI'O IOBOPOTHOT' O
MOJY.JISI C CHJIIOBOM OBPATHOM CBSI3bIO

T'HI] P® [JHUU PTK, Canxm-Ilemepbype, i.saitov@rtc.ru

L1 Saitov, D.N. Novikov, D.O. Dokhov, A.N. Timofeev
DEVELOPMENT OF A UNIVERSAL ROTARY MODULE
WITH FORCE FEEDBACK

Russian State Scientific Center for Robotics and Technical Cybernetics,
St. Petersburg, i.saitov@rtc.ru

3anmaromye MaHUIMYJBIIHOHHBIE cucTeMbl (3MC), Konupyromue ABU-
JKEHUS OTIepaTopa, BHITIOJHEHHBIE B BH/IE€ HOCUMBIX YCTpoucTB [1] oba-
JIAf0T HAUMEHBIIUM YPOBHEM HEraTHMBHOTO BO3JEWCTBHS Ha paborocmo-
COOHOCTB OIepaTopa u UMEIOT MHTYHTHBHO MOHATHYIO CTPYKTYpY. Ilox
3MC Takoro THna NOHUMAETCS COBOKYIMHOCTb YCTPOMCTB BBOAA (YIIpaB-
JSIFOIIMX OPTaHOB), MpEeAHA3HAYCHHBIX AJISI YNPABICHUS HCIIOJHHUTEINb-
HBIM MaHUITYJIATOpPOM. Takue yCTpoHCTBa YacTo HMMEIOT Pa3IMYHOIO
poza oOpaTHbIe CBS3H: CHIIOBBIE, TAKTWIIbHBIE, BHOpAlMOHHEIE, YTO T103-
BOJIIET TepefaTh oOmeparopy HHPOPMAIMI0 O COCTOSHHH OOBEKTa
ynpasienus (OY) u mpuKiIagsIBaeMbIX K €r0 CHCTEMaM BO3MYIIAIOIIHM
BO3JIEHCTBUSIM CO CTOPOHBI OKPY KAIOIIEH Cpelbl.

PaccmarpuBaercs 3MC, pacronaraemass Ha Tele 4eJIOBeKa-
oreparopa ¥ 00eCIeurBarolas ero CHUjIoBOi 00paTHOM CBsA3bi0. BHer-
Hu#t Bua 3MC npencraBieH Ha pucyHKe 1.

Pucynok 1 — 3anaromiast MaHUIYJISIIMOHHAS CHCTEMA

OcuoBHBIM 351eMeHTOM 3MC sIBIS€TCS YHUBEPCATBHBIN TOBOPOTHBIN
MOJIYJb C CHJIOBOW OOpaTHOH CBsA3bI0. MOIyJh TO3BOJNAET OMPEAEITUTH
yTOJI IOBOPOTa B CYCTaBe ONEpaTopa, MepeaTh YCHINEe OOpaTHOM CBS3H
OT HMCIIOJTHUTEJIbHOI'O MAaHUIIYJIATOpa, a TaKXe 0o0ecIeynBaeT BO3MOXK-
HOCTb OJIOKHPOBKH MOJIyJIsi B HEKOTOPOM 3aJ[aHHOM MoJioxkeHHH. OCHOB-
HbIMH TpeGOBaHI/IHMI/I, NPpECABABIIEMBIMU K TaKOMY MOJYJIIO, SABJIAIOTCSA
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KOMIIAaKTHBIA pa3zMep 1 Bec, Tak kak 3MC pacrionaraercs Ha TeJe 4eloBe-
Ka-oreparopa.

Cy1ecTByeT HECKOIBKO MOIXOA0B K MOCTPOCHHUIO MOJOOHBIX MOIYJIEH.
B pabote [2] paccmarpuBaercss MOJIyJb C 4epBsidHOM mepenaued. Taxoid
MOJyJIb UMEET IPOCTYI0 KOHCTPYKIHIO, a TAKXKe 00ECIedrBaeT JOCTaTOY-
HBIII MOMEHT Ha BBIXOJJHOM 3BEHE, OJJHAKO MMEET TPYIHOCTH C BBEIOOPOM
3a30pOB, YTO 3HAUUTEIILHO BIIUSIET HA TOUHOCTh MAHUITYJIMPOBAHMUS.

AJBTEpHaTUBHBIM MOAXOJIOM K IOCTPOCHUIO MOJOOHOr0 MOJIYJIS SIB-
JIsIeTCsl IPUMEHEHUe MPUBOJOB KBasumpsamoro aerctsus [3]. Takoil mo-
JIyJIb COCTOUT W3 BBICOKOMOMEHTHOTO 3JIEKTPOABUTATEINSI M PEIyKTOpa C
HepeaaTouyHbIM OTHOIIEHHEM MeHpIMM deM 1:10, Moxyns obnmangaer no-
CTaTOYHBIM MOMEHTOM, OOJIBIION TOYHOCTHIO, HO UMEET 3HAUHTEIbHbBIC
rabapuThl U Maccy.

B Hacrosmmeir paboTe paccMaTpuBaeTcsi MOBOPOTHBIM MOIYJb, MO-
CTPOEHHBIN C MPUMEHEHHEM PHIYaXKHOTO MEXaHI3Ma (pHc. 2).

Peann3oBaHHBII MEXaHHU3M HE JaeT BO3MOXKHOCTb OCYIIECTBUTH
MOJTHBIN TTOBOPOT MOJAYJIEM, OJHAKO MO3BOJAT MOIYYHTH JIBYKPaTHOE
YBEJINUCHHE MOMEHTA Ha BBIXOJHOM 3BEHE IO CPABHEHUIO C YEPBIYHBIM
NPUBOJIOM IIpH TeX ke radapurax, uMeer Oosiee Bbicokuid KIIJ| u He
HUMEET TPYIHOCTEH ¢ BEIOOPOM 3a30pOB.

Pucynox 2 — IToBOpOTHBIH MOAYJIb: 1 - MOTOP-peayKTOp; 2 - IIapUKO-BUHTOBAs
nepenaya; 3 - KapeTka; 4 - IaTyH ¢ UHTErPUPOBAHHBIM JIaTYMKOM YCHIIHSL;
5 - KpUBOLIMII

[TpuMmeHeHne KPUBOLIMITHO-TION3YHHOTO MEXaHM3Ma HMEET CBOH
ocobeHHOCTH. Tak MOMEHT Ha BBIXOJHOM 3BE€HE HEJIMHEHHO 3aBHUCHUT OT
CHJIBI, TIPUKJIAJBIBAEMON K MON3YyHY. [ COXpaHEHHs XapaKTEepUCTHK
MEXaHM3Ma B MPUEMIIEMBIX MpPEAETaXx HEOOXOAMMO OOecneynBaTh MU-
HUMAaJbHBIA YroJl JaBieHHA. B NaHHOM KOHCTPYKIMM OH OrpaHUyYeH
3nayeHreM 30°, a ATHMHBI 3BEHHEB MEXaHU3Ma MM0J00paHbl TaKUM 00pa-
30M, 4T0OBI OOECIeYrBaTh BEIMUYMHY X0/ BbIXoAHOTrO 3BeHa 90° u me-
penaToyHoe OTHOIIEHUE, OIU3K0E K TOCTOSTHHOMY 3HaueHHIO.

B xauecTBe npuBoAa MOy UCHOIB3YETCSI MOTOP-PEAYKTOP € LIapH-
KO-BHHTOBOH Tepeiaueii U (QPUKIMOHHBIM JJIEKTPOMAarHUTHBIM TOPMO-
30M. IIpuMeHeHne BUHTOBOTO MEXaHH3Ma IO3BOJISIET MOIYyYUTh HEOOXO-
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JUMYIO BCJIMYMHY MOMCHTA Ha BbIXOJJHOM 3B€HE IPU MUHUMAJIBHBIX 3a30-
pax, a (QpUKIMOHHBIH TOPMO3 00ECIIEUMBAET BO3MOKHOCTh OJIOKHPOBKH
HIapHUPA B IIPOMU3BOJIBHOM TNOJIOKeHHH. [Iisi obecrieueHusl CUIoBoi 00-
paTHO! CBSI3M B KOHCTPYKLUIO IIaTyHa MHTETPUPOBAH AATUYUK YCUIIHS.
BcnenctBue Toro, 4ro maTyH UCHBITHIBAET TOJIBKO CXKaTUE-PACTSKEHUE,
pa3BUBAEMOE YCUJIME BO3MOXHO H3MEPHUTh OJHOKOMIIOHEHTHBIM TEH30-
METPUYECKUM JAaTYMKOM, a BEIMYMHY MOMEHTa Ha BBIXOZHOM 3BEHE
OIPEJEINUTH NIEPECUETOM C YUETOM MEPETATOUHOTO OTHOILIECHUSL.

Pe3ynbraThl MONMy4eHBl B paMKax BBIIOIHEHHUS TOCYNapCTBEHHOIO
3amaans MunobOprayku Poccun FNRG-2022-0012 1021051302301-9-
2.2.2 Ne 075-01623-22-03 «Pa3paboTka KOJIabOpPaTHBHOTO pPo0dOTa C
ACCHUCTUPYIOLIEH JBYPYKOIl aHTPONOMOP(MHONH MaHMITYJISIIIMOHHON CH-
CTEMO JIjIsl padoTHI B IPOCTPAHCTBAX MaJIOT0 00beMay.

1. Xapysun C. B., IlIlmakoB O. A. OCHOBHbIE TEHIEHIMH U TEP-
CIICKTHUBHBIC PEIICHUS B 00JAaCTH pa3pabOTKH 3aMAr0LIMX MAHHITYJISIH-
OHHBIX cucteM // HpopmaTHKa, TeICKOMMYHHKAIIMK U YIpaBJICHHE. —
2017.—T.10. — Ne. 2. - C. 7-21.

2. Kim G. H., Lee J. W., Seo T. L. Durability characteristics analysis
of plastic worm wheel with glass fiber reinforced polyamide // Materials.
—2013.—-T.6.—Ne. 5. — C. 1873-1890.

3. Gealy D. V. et al. Quasi-direct drive for low-cost compliant ro-
botic manipulation // 2019 International Conference on Robotics and
Automation (ICRA). — IEEE, 2019. — C. 437-443.

B.O. I'onuapos, H.C. Cno6003an
PABPABOTKA CUCTEMbI YIIPABJIEHUSI
SJIEKTPOITPUBOAOM KOCMUYECKOI'O HABHAUYEHMUSI
BE3 IPUMEHEHUSI MUKPOKOHTPOJUIEPA

BI'TY « BOEHMEX» um. /I.®@. Yemunosa, Cankm-Ilemepbype, vog97@yandex.ru
V.0. Goncharov, N.S. Slobodzyan
DEVELOPMENT OF A CONTROL SYSTEM FOR AN

ELECTRIC DRIVE FOR SPACE PURPOSE WITHOUT THE USE
OF A MICROCONTROLLER

BSTU «VOENMEH» named after D.F. Ustinov, St. Petersburg, vog97@yandex.ru

[[lupokoe npUMEHEHUE CUHXPOHHBIX ABUIATENIEH C IOCTOSHHBIMU
marautamu (CAIIM) B KOCMUYECKOH M aBHAIIMOHHOH TEXHHKE 00Y-
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CJIOBJICHO HMX BBICOKMMH IIOKA3aTEIsIMH MOIIHOCTH, OTHOCHUTEIBHO
MaccorabapuTHBIX XapaKTEPUCTUK. J[JIs yCTpOWCTB, MPUMCHICMBIX B
JaHHBIX cdepax, MPeIbsIBISIOTCS MOBBIIICHHbIE TPEOOBAHUS K HaJIEK-
HOCTH U IIEpHOLy 0€30TKa3HOM pabOoTHI.

Vnpasnenue CIAIIM Bo3MOXKHO peanu30BaTh pa3IMYHbBIMUA METOJAMU:
ckaysipHoe, no npotuBo-O/IC, mo curHamam jgaruvkoB Xomna. OpHako
HaJIMYMe MUKPOKOHTPOJJIEPA B COCTABE CHCTEMBI YIPABICHHS CHIDKACT
nepuox Oe30Tka3zHOM paboTel. 1lo 3TOM mpuurHE B MTaHHOW padoTe pac-
cMmotpeH Meton ynpasnenust C/IIIM no curnanam ¢ nat4ukoB Xoiia 6e3
MIPUMEHEHHNs MHKPOKOHTpOJIIEpa B KOHType ympasieHus. /s ynpasie-
Husg CJIIIM mo parumkam Xoiia HEOOXOIUMO OICHMBATh CHTHAJBI C
JaTYMKOB TOJIOXKEHUS PoTOpa, (JOPMHUPOBATH M MOAABATH YIPABIIOLIYIO
KOMOMHAIHIO Ha 00OMOTKH (ha3 aBuratens. B manHol paboTe uccienyercs
CHCTeMa yIpaBJIeHuUs], B KOTOPOI N3MEpPEHHE CUTHAJIOB C JATYUKOB I10JIO-
JKEHHs poTopa ¥ (OPMHUPOBAHKE YIPABISIOIINX CHUTHAIOB PEalN30BAHO
IIPU MOMOILY MYJBTUIUIEKCOPOB, IIMPOTHO-UMITYJIBCHAS MOMYJIALMS
(hopMupyeTcst IpH TIOMOIIM MHTEIrpAIbHOM MHUKpocxeMbl. [ljist perymupo-
BaHMS JBUTaTelsl IO CKOPOCTH COPMHUPOBAH OJIOK M3MEPEHUs YacTOTHI
CHUT'HAJIOB C IaTYUKOB TIOJIOXKEHHS POTOpa.

KomnprorepHas MMHTAIIMOHHAS MOZETh CUCTEMBI yIIPAaBICHUS Pa3-
pabotana B cpeie KoMIbloTepHOro wmonenupoBanus MATLAB®
Simulink®. Pe3ynbTaThl MOJENTUpOBaHHS MOKA3bIBAIOT, YTO O0ECIEUH-
BaeTCs BHICOKOE KauyeCTBO pabOThI CUCTEMBI.

M.B. Ilpowymunckuii, H.I'. fIkoséenko
KOMITEHCAIUS MIOI'PEITHOCTH JAHHBIX
HABUT' AIIUOHHOW CUCTEMBI ABTOHOMHOTI'O
MAJIOTABAPUTHOI'O TIOJABUKHOI'O POBOTA

BbI'TY « BOEHMEX» um. . ®. Yemunosa, Cankm-Ilemepoype,
mikhail proshootinsky@gmail.com, yakovenko _ng@mail.ru

M.V. Proshutinsky, N.G. Yakovenko
COMPENSATION OF THE ERROR OF THE NAVIGATION
SYSTEM DATA OF AN AUTONOMOUS SMALL-SIZED
MOBILE ROBOT

Baltic State Technical University « VOENMEH, St. Petersburg,
mikhail proshootinsky@gmail.com, yakovenko _ng@mail.ru

B TIPOLECCE TPOCKTUPOBAHNA ABTOHOMHBIX MaJ'IOFa6apI/ITHBIX I10-
JBHKHBIX p06OTOB JUIA OTIPEACIIEHUA MECTOIIOJIOKECHUA U HpOﬁ,HéHHOFO
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NyTH pa3pabaThIBaIOTCs CIelMalibHbIe OecruiaTGOopMEHHbIE UHEPIHAIIb-
Hble HaBuranmoHuele cucreMbl (BUHC) Ha 6a3e MUKpOAJIeKTpOMEXaHnYe-
ckux (MOMC) 1aTynKOB: THPOCKOIIOB U aKCEICPOMETPOB.

Opnako MOMC-aaTyvkyl UMEIOT 3HAUUTENIbHBIA yXOJ MOKa3aHUuil,
HeNpeCcKasyeMO HM3MEHSIOIUXCS BO BPEMEHH, a MOTPEHIHOCTh U3Mepe-
HHUH CO BPEMEHEM BO3PACTaeT BCIEICTBHE HENOMYCTHMO OOJBIIOro col-
CTBEHHOTO Jpeiia v CHIBHOTO BIMSHUS BHEITHEH cpenb [1].

B Hacrosimmee BpeMs B MHUKPOHABUTAMK ISl HAYAJIBHOW BBICTABKH
BMHC u xoMmmeHcanuy HaKaIUTMBAOIIUXCS TOTPEIIHOCTEH Yarie BCEero
HCTIONIB3YIOTCS TaHHBIE CITyTHUKOBBIX HABUTAIIMOHHBIX cucteM [2]. Ho B
YCJIOBHSIX IOJHOTO OTCYTCTBHSI BO3MO>KHOCTH KOPPEKIMH W3MEPEHHBIX
BEJIMYMH MO0 JQHHBIM OT CIIyTHHKOB WJIM IO M3BECTHBIM OPHEHTHpaM Ha
MECTHOCTH TpedyeTcs nmoBbiath TouHocts BUHC npyrumu criocobamu.

C uenpio pelreHus JaHHOW NpoOIeMbl TIpejyIaraeTcs Cle IO Me-
TOJ] BO3MO>KHOT'O YMEHBIIIeHHs norpeHoctd MOMC-aaT4nkoB.

3apaHee Ha MOJIMTOHE HAOWPAETCs CTATHCTUKA Ha KOHKPETHOM po0oTe
¢ KOHKpeTHbIMU MOMC-aTurkamMy, Ha KOHKpETHBIX Iaccu. HabpaHnHble
CTAQTUCTUYECKUE JaHHbIE 00pabaTHIBAIOTCS B OOPTOBOM BBIYMCIIMTENIC
poboTa u B JaJbHENIIEM HCIIONB3YIOTCA Kak MOMPaBOYHBIC a0COIIIOTHBIC
3HaueHus. 1o mokazaHusIM GJIOK BBIOMpAET IPyYIITy MOTPENIHOCTEH, OTO-
OpaHHBIX BO BpeMsI MIOJUTOHHBIX UCITBITAHUH. 3aTeM HH(OPMAITHS ITOCTY-
naeT B OJIOKM CPaBHEHUsSI 10 JMHEHHOMY M yIJIOBOMY IepeMelleHHIo. B
HHUX MPOUCXOAUT BBIYUTAHHUE MATEMATHUECKOIO OKHIAHUS TTOTPEIIHOCTH
13 U3MEPEHHOTO 3HaueHus. B nTore, morpenHocTs M3MEepeHU yMeHbIIa-
€Tcs Ha BEJIMYMHY MaTeMaTHUeCKOTro OJKUIaHUS.

EnuHCTBEHHOE JIOIyIIEHHE, KOTOPOEe BBOJUTCS B IaHHOM aJITOPUTME,
COCTOUT B TOM, YTO 3HAUECHHUS, IIOJyUYCHHBIE Ha TIOJIUTOHE, SIBIIIIOTCS BEp-
HBIMH TOJIBKO JJIsl KOHKPETHBIX YCIIOBHH.

B pamkax mojHOMacmTabHOTO 3KCHEPUMEHTa C LIENbIO MOATBEPIK/IC-
HUS WIEH, BRICKa3aHHBIX BBIIIE, OBUIO MOCTAaBICHO 20 OJHOTHITHBIX OIIBI-
TOB Ha 3KCIIEPUMEHTAILHONH YCTAHOBKE B CTAIIMOHAPHOM COCTOSIHHM JIJIH-
TENFHOCTBI0 § YacOB KaKABIA. XapakTep pacrhpeleNicHHs OIIMOOK pac-
CMaTpHUBAJICS C Pa3IMYHBIMH JOBEPUTEIBbHBIMUA HMHTEPBAIAMU PAaOOTHI
JIATYNKOB, HAYHMHAS C TIEPBON MUHYTHI paOOTHI.

Tabnuna 1 — MaTtemaTHueckoe 0KuiaHle U3MEPEHNUil 110 BEIOOpKe
I'upockon AkcesnepomeTp
Bpewsi Ocb X Ocp Y Ocb Z Ocb X Ocp Y Ocb Z
1 MuH 2,81 0,41 1,17 -0,34 -0,53 9,53
2 MUH 2,81 0,40 1,17 -0.34 -0.53 9.53
8 yacoB 2,79 0,40 1,12 -0.33 -0.51 9.54

120



ABSTRACTS of the 33 International Scientific and Technological Conference
«EXTREME ROBOTICS»

Tabmuna 2 — Jlucnepcus mo BEIOOpKe

I'upockon AkcesepomMeTp
Ocpb X Ocb Y Ocb Z Ocp X Ocb Y Ocb Z
1 MunH 0,02 0,03 0,04 0,00 0,00 0,00
2 MUH 0,02 0,03 0,03 0,00 0,00 0,00
8uaco 0,03 0,19 0,04 0,00 0,00 0,00

Bpems

ITo mepBBIM MOIY4YEHHBIM pE3yJbTaTaM JKCIIEPUMEHTa ObUIO ycTa-
HOBIIEHO, 4TO MAaTEMAaTHYECKOE OXXHMJIAaHHWE [aHHBIX, IOIYYEHHBIX C
MOBOMC-aTUuKOB, U UX AUCHEPCHs MEHSIOTCS HE 3HAYUTEIBHO B TEUe-
HHE BCEro BpeMeHH paboThl MHEPIHUAILHOIO U3MEPHUTEILHOTO MOJYJIS.
CrnenoBarenbHO, UX MOXHO UCIOJIb30BATh Ul KOPPEKLUH MTOKa3aHUN B
Ka4yecTBe MOMPAaBOYHBIX KOA(P(UIIEHTOB.

1. Makcrommu I'.B. Yuér morpemmocreii MOMC-akcenepoMerpa
IPU €ro MOJCIUPOBaHUH. [IOMUTEXHUYECKUI MOJOACKHBIH KypHAIL.
2019. Ne 02. C 1-7.

2. Anp Burtap H., I'aBpunos A.W. CpaBHWTEIBHBIN aHAIHU3 airo-
PUTMOB  KOMIUIEKCHUPOBaHHMsS B  CJIaDOCBA3aHHON  HMHEpIMAIBHO-
CIIyTHUKOBOI CHCTeMe Ha OCHOBE OOpaOOTKH peajbHbIX JaHHbIX. «['Hn-
pockorust u Hauranus». Tom 27, Ne 3 (106), 2019.

/.A. Bonog
MPOI'PAMMHAS BUBJIUOTEKA /UISI T'PYIIIIOBOT'O
YHPABJIEHUSA JIBUTATEJISIMU ITIOCTOSIHHOI'O TOKA

Hucmumym npobnem ynpaenenus um. B. A. Tpanesnuxosa Poccuiickoii akademuu
Hayx, Mockea, runsolar@mail.ru

D.A. Wolf
THE SOFTWARE LIBRARY FOR GROUP ENGIN
CONTROLLING OF DC MOTORS

V.A. Trapeznikov Institute of Control Sciences of Russian Academy of Sciences,
Moscow, runsolar@mail.ru

B Hacrosimiee BpeMsi PBIHOK DJIEKTPOHHBIX MOMYJICH YHpaBICHHS
JBUTaTeIIMU TOCTOSIHHOTO TOKa (ZIpaiBepsl IBHUraTeleil) NOCTaTOYHO
obmmpeH. st cOOPKH KOJIECHBIX POOOTOB MOTYT IIPUMEHSTHCS Pa3Iny-
Hble THIIBI JpaiiBepoB. Hambosee mocTymHbl Takue JpailBepbl Kak
L298N, TB6612, MX1508. OTauuuTeabHOil OCOOECHHOCTELIO KaXJ0r0
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THNA OpaiiBepa SBISIETCS MPUHIWI BHEITHETO 3JIEKTPHYECKOTO YIIPaB-
nenns [1]. Tak, Hanpumep, ynpasnenue npaiisepom L298N ocymiecTs-
JSETCS C TIOMOIIBIO TPEX MIEKTPUIECKUX BXOJIOB, Ui Apaiieepa TB6612
HEOOXOJMMO HCIOJIb30BaTh BCero aBa, a apaiisep MX1508 mynbTH-
TUIEKCUPYET 4 OTHEJbHBIX YNPABISIONIMX CUTHANA Ha JiBa (HPU3UYECKUX
BXoja. Ha srane pa3paboTKM U MONAEPKKH AITOPUTMOB TPYIIIOBOTO
yIpaBieHus], IPH UCIIOJIB30BAaHUH Pa3IMYHBIX THIIOB JIpaliBEpOB B OJI-
HOM TNPOEKTE MPUXOIUTCS YUUTHIBATH CICHU(PUKY YIIPABICHHUS KAXIOTO
TUma apaisepa [2, 3].

HHrepdeiic Bricokoyp X Hizkoyp 1e QYHKLVM YIpaBIeHns
byHKLMI ynpaBneHys |

IporpamMmHas cpesia yrpaeieHna MOTOPaMMu Tereporertan dimirieckas
KaK OJTHOPOIHBIMH OOCTPAKLIA MU cpefia yrpaeieHns MOTOpaMH

OO6BeKT KOLTeKLIM
moTopoe MotorList

O6sekT K1acca
> Motor #1

: (rpynmna 1)
1
I ObsexT Kacca
O6sekT K1acca ] Motor #2
TPYIIIIOBOT O : (rpyrmna 2)
L : O6sekT Kacca
R H—»{  Motor#3
1 (rpynmna 2)
; I
Ynpagazsomie ! ObpekT K1acca
KOMaHIbI 0T AP Motor #4
2 ST OPMIMB eogingess (rpyrma 1)

Pucynok 1 — CBs13b IporpaMMHBIX U pU3HYECKNX 0OBEKTOB JUIS TPYNIIOBOTO
YIpaBIeHHS YETHIPbMSI MOTOPAaMHU ITOCTOSHHOT'O TOKa, MOIKIIFOYEHHBIX K Pa3HbIM
TUIIAM ApaiBepoB JBUTaTeeH

s pereHust taHHOH Tpo6IeMbl OblIa pa3paboTaHa CHEIHATH3HPO-
BaHHAsl IPOTrpaMMHAas OMOIHOTEKa, KOTOpas IO3BOJAET IPEICTABUTH
KaXIyl0 CBA3KY JpaiiBepa M MOTOpa MOCTOSHHOTO TOKa KakK OJHOPOJI-
HYIO yIPaBJIIEMYIO IPOrPaMMHYO a0CTpakiuio [4].

Ha pucynke 1 mokaszaHa CBsI3b MPOTPAMMHBIX U (PU3UYECKUX O0OBHEKTOB,
KOTOpbIE CO3MAI0TCs OMOIMOTEKOM Ul TPYNIIOBOrO YIPaBIeHUS MOTOpa-
MH, TIOJIKJIIOUEHHBIX K Pa3iM4HbIM JpaiBepam. Kaxplii aOCTpakTHBIH
MOTOp TIPE/ACTABISIET CO00I HE3aBUCUMBIN IIPOrpaMMHBIA OOBEKT YIpaB-
JIeHHs1, KOTOPBIA MOXET ObITh OOBbEANHEH B TPYIILYy BHE 3aBUCUMOCTU OT
TOT'O C KaKMM JIpaiiBepOM OH CBsi3aH (husmdecku (rpynmsl 1 ¥ 2 Ha pUCyHKe
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1). Anst oObenuHEHUs U YIIpaBIeHUs TPyIIIaMyd MOTOPOB pa3padoTaH Crie-
MAITbHBIN BBICOKOYPOBHEBbIE MHTEP(EHC MOIB30BaTEIIs.

Slnpom OMOIMOTEKH SIBIISIOTCS JIBa IPOTPaMMHBIX Kiacca — Motor u
MotoDriver. IIporpamMmublii kiacc Motor oTBedaeT 3a cO3JaHuE IIPO-
IrpPaMMHBIX OOBEKTOB aOCTpaKIMii pealbHBIX MOTOPOB M pean3yeT HU3-
KOYpOBHEBbIe (DYHKIMH yIpaBieHus npaiiBepamu nsurareneii. Kiacc
MotoDriver ocymiecTBisieT ympaBieHHe OoO0BeKTaMu Kiacca Motor,
MIPEJOCTaBNIAS BBICOKOYPOBHEBBIE METOIBI MPOrPAMMHUPOBAHUS  JUIS
TPYNIIOBOTO YIPABIEHUS MOTOPaMHU.

1. Xamenko B. MuKpocxeMsI paifBepoB peBEPCHPYEMBIX JBUTATC-
nel mocrosHHOro Toka Gupmbl Rohm. Kommonentsr 1 Texnonoruu, Ne
48,2005, C. 92-94.

2. Hayur e, Illarun A.B, 30 Mun Kxansr. PexxuMbl yrnpasieHus
JIBUTATENIIM MOCTOSIHHOIO TOKA C 3aMKHYTBIM KOHTYPOM B BBICOKOTOY-
HBIX CHCTEMax MO3WIMOHUPOBaHus // «I3BecTHs By30B. DICKTPOHHUKA)
T.23, Ne 3, uronb-uroas 2018 C. 304-308.

3. Wlaruu A. B., Wxo Ty. Cucrema yrpaBieHus: CKOPOCTBIO BpaIIle-
HUS BaJla aCHHXPOHHOTO 3JIEKTPOABUIATENS C MCIOJIB30BAHUEM CKAJISp-
HOro Merofa. V3BecTusi BBICIIMX y4YeOHBIX 3aBEACHHH. DJIEKTPOHUKA,
no. 2 (106), 2014, pp. 83-85.

4. TIporpammuas 6ubnuorexka MotoDriver. [DneKTpoHHBIH pecypc].
2022. [Hara oOuoBmenus: 30.07.2022. URL: https://github.com/
Runsolar/motodriver.

10.®. Henes
MMPOBJEMBI B CO3JJAHUU 'EKKOHOITIO/JOBHbIX
POBOTOB

Hucmumym npobnem sxonoeuu u seomoyuu um. A.H. Cesepyosa PAH, Mocksa,
yuvertb@sevin.ru

Yu.F. Iviev
KEY ISSUES IN GECKO-INSPIRED ROBOTICS

A.N. Severtsov Institute of Ecology and Evolution of the Russian Academy of
Sciences, Moscow, yuvertb@sevin.ru

I'ekkoHOTIOMOOHBIE POOOTHI — 3TO MEXaHHYECKHE YCTPOMCTBA, CIIO-
CO6H]:I€ WM CaMOCTOATCIIBHO ABUTAaTbCA 110 HAKJIOHHBIM U BEPTUKAJIbHBIM
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MOBEPXHOCTSIM, WM 3aXBaThIBaTh M IEPEMEIAaTh MPEAMETHI 3a CUET UC-
TIOJIb30BAHUS aJIT€3UOHHBIX MaTEPHAIOB, MPOTOTHIIOM KOTOPBIX CIIyXKaT
GuOpWUISIpHBIC AATe3MOHHBIC CTPYKTYpPhl HAa IOJOIIBEHHOH CTOPOHE
MAJTBIICB TEKKOHOB. B3pBIBHON HMHTEpEC K M3YYCHHIO TAKHX CTPYKTYP B
HAa4YaJic BeKa ¥ MHOTOYHCIICHHBIC MOIBITKA BOCIIPOM3BECTH UX B TCXHHKE
TTOPOXK/ICHBI HCCIICIOBAHUSIMY, TIOKA3aBIINMU, YTO JOCTATOYHO OOJbIIAs
aares3ust y rekkoHoB (o 10 H/CMZ) MOKET OBITH OO€ECIIEUeHa 3a CUET CHUJI
Ban-nep-Baansca [1]. «Cyxas» npuposaa Takux MaTepualioB, He TpeOyro-
[UX JOTIOJHUTEBHBIX CYOCTaHIMA B OOJIAaCTH aATe3MOHHOTO KOHTAKTa,
OTKPBIBACT MIMPOKHUE MEPCIEKTHUBBI UX MCIOJIb30BaHus. TeM He MeHee, 3a
JIBa C JMIIHUM Jecsatuierust uHreHcuBHbIX HUP He ynanoch co3path HU
IeKKOHOIOAO0HbIe aJre3uBbl, HHU, TeM Ooyiee, POOOTOTEXHUUYECKUE
YCTPOMCTBAa Ha WX OCHOBE, KOTOpBIE ObLIM OBl CPaBHUMBI 110 (DYHKIIMO-
HAJILHOCTHU C OMOIOTUYECKHM POTOTHITOM.

Pa3nuunble BapuaHThl KMCKYCCTBEHHBIX (DHOPWILIAPHBIX aare3MBOB
«CYXOroy» THIIa 00ECIICUYMBAOT aJI'C3UI0, CXOHYIO C aJre3ueii OnoIoruye-
CKOT0 MPOTOTHUIIA WK JaXKe Ha MOPSJIOK MpeBblaonyto ee [2]. Oanako,
HU OJIMH U3 HHUX HE 00JIaJIacT XapaKTePHOU VI TEKKOHOB YCTOWYHUBOCTEHIO
K €CTECTBEHHOMY ITBIIEBOMY 3arps3HEHUIO. 3a CUET CBOCH CIOCOOHOCTH K
CaMOOYHCTKE aJIr'e3UB TeKKOHOB TIPH IBIDKCHUH KUBOTHOTO TI0 €CTECTBEH-
HBIM HAKJIOHHBIM TTIOBEPXHOCTSIM MOJKET BBIIEP)KaTh HE MCHEE 10* uuxsos
«KOHTaKT-OTPBIBY» 0€3 MOTepH aAre3MOHHBIX CBOICTB. B CXOAHBIX yCIOBH-
SIX TEKKOHOIIO/I00HBIE POOOTHI CIIOCOOHBI C/IEIATh JIMIIh HECKOJIBKO I1aroB.
CymiecTBytomue (GU3NUECKUe MOJCIH, IPU3BAHHBIC OOBSICHUTH MPHUYHHBI
BBICOKOM IMbIICYCTONYMBOCTH €CTECTBEHHBIX aIr€3UBOB, TAIICKH OT TCXHH-
yeckoi peanmzanuu. Jlo cUx mop He SCHO, B KaKOW CTETIEHU MbIJICYyCTOMYH-
BOCTh OOYCIIOBJICHA CTPYKTYpOU W (PH3UKO-XUMHICCKUMHU CBOWCTBAMHU
CaMoro aJiIre3MOHHOTO TMOKPHITHS U B KaKOW — KHHEMATHKOW U JJMHAMUKOU
KOHEYHOCTEH KMBOTHOTO BO BPEMsI KOHTAKTA.

Oco0eHHOCTH JTUHAMHMKNA KOHTAKTHOI'O B3aMMOIEHCTBHUS HEOOXOIHUMO
YYUTBIBATH U IJIS pa3peleHus eme oaHoN (TIoKa He BIIOJTHE OCO3HAHHON)
3arajiky, UMEIOMIeH HEMOCPEJICTBCHHOE OTHOIICHHE K IPOSKTHPOBAHUIO
IeKKOHOIOA00HBIX MexaHn3MoB. [IpenBapuTesbHas Harpyska, Tpedyemast
JUISL JIOCTHXKEHHSI HAJIeKHOTO aJIr€3MOHHOTO KOHTAaKTa C CcyOCcTpaTroM y
TeKKOHOB CUHTaeTcsi HU3Koi — mopsiaka 10% ot Bemrumasl aare3uu. Co-
OTBETCTBCHHO, HHU3Kas MpEIHATPy3Ka aAre3rBa KOHTAKTHBIX ILIOIIATI0K
3aKJIaJIBIBACTCS KaK MapaMeTp «I0 YMOJYaHHIO» BO BCeX pa3paboTKax
TFeKKOHOTOZOOHBIX YCTpOUCTB. OnHaKo, (GaKThl, B TOM YHCIIC PE3YJIbTAThI
M3MEPCHUI CHIIOBOTO B3aUMOJICHCTBUS C OMOPOH y CBOOOMHO Oerarommx
[0 BEPTHUKAIU KUBOTHBIX, & TAKXKE Y H30JIMPOBAHHBIX 00Pa3IIOB UX ajre-
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3mBa (puc. 1), CBUACTENHCTBYIOT O TOM, YTO B PEATbHOCTH IIpeIHATPY3Ka B
HECKOJIKO pa3 0oJIblire KOHEYHOH aJre3uH.

0.008
npegHarpyska

T 0.004

una,

O 0.000

cuna agresuun

-0.004 T T T
o 0.1 0.2 0.3 0.4 0.5

Bpemsi, ¢

Pucynok 1 — Cuna aaresun u nmpeaHarpyska nIpu KOHTakTe 00pasia aare3usa
rekkoHa Gekko gecko co CTEKISTHHON TTOBEPXHOCTHIO

MexaHu3MBbI, TOCPEJCTBOM KOTOPBIX FeKKOHBI 00CCIICYHBAIOT TAKYHO
NpeHArpy3Ky B Ipolecce aJreé3MOHHOI0 KOHTAaKTa, B HACTOsIIEe BPEMs
HE U3BECTHBI M HE SICHO, MOXHO JIK MX BOCIPOHM3BECTH B POOOTOTEXHU-
4yecKuXx ycrpoiicTtBax. Ho MOCKONBKY BBICOKasl MpeaHarpys3ka Iyis 10-
CTHDKEHUSI aJI'€3MOHHOI0 KOHTAKTa y TeKKOHOB TaK WJIM WHAYE peau3y-
eTCsl, €CTh HAJAeXK/a, YTO IPH MPOSKTHUPOBAHUU T'€KKOHOMOMO00HBIX PO-
0OO0TOB MOXKHO OY/IET UCIIOJIb30BATH HCKYCCTBEHHbBIE «CYXUE» aJII€3UBBI C
aaresueit 6ojiee BBICOKOM, YeM y TeKKOHOB [2]. PaHee ux He HMCIOJB30-
BaJIM H3-3a HCBBI'OAHOI'O, KAaK CYHMTAJIOCh, COOTHOIICHUA aAIrC3WMHU H
npeanarpysku. OnHaKo, MPUMEHEHHE TaKUX aAre3UBOB B MEPCIEKTUBE
CYJIUT CYIIECTBEHHOE YBEIMYCHUE MACCHI, Pa3MEPOB M TPY30I0HEMHO-
CTH FeKKOHOIOZOOHBIX MEXaHH3MOB.

1. Autumn K. et al. Adhesive force of a single gecko foot-hair //
Nature. 2000. T. 405. C. 681-685.

2. Qu L. et al. Carbon Nanotube Arrays with Strong Shear Binding-
On and Easy Normal Lifting-Off // Science. 2008. T. 322. C. 238-242.
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/A.B. bopowzos, JI.E. Koznosa, O.A. Hlaponosa
Ob YIPABJIEHUU ABU/KEHUEM MOBUJIBHOT'O POBOTA
C ABUKUTEJAMU, PABOTAIOLIUMM HA DODEKTE
HEPUOINYECKOI'O « IMHAMUWYECKOI' O
3AKJIMHUBAHUS»

000 «HIIO «IIPUMA», Borzoepao, denklopuk@gmail.com

D.V. Bordyugov, L.E.Kozlova, O.A. Sharonova
THE MOTION CONTROL OF A MOBILE ROBOT WITH THE
PROPULSION DEVICES WITCH WORKING ON PERIODIC
«DYNAMIC JAMING» EFFECT

00O «PRIMA», Volgograd, denklopuk@gmail.com

B ycnoBusix HEOpraHHM30BaHHOM Cpelbl, pOOOTHI, IUCKPETHO B3anMO-
JIEICTBYIOIME C ONOPHOM IMOBEPXHOCTHIO, UMEIOT CYLIECTBEHHBIE Ipe-
MMYILECTBA [0 CPAaBHEHUIO C MAaIIMHAMM, HCIOJB3YIOIUMHU TPaJUIHOH-
HBIE THITBI IpUBOOB [1, 2]. Jlazaromme poOOTHI, peTHa3HAYEHHBIEC [T
NEepEeMEUICHUS 110 BEPTUKAJIIbHBIM NOBEPXHOCTAM CTCH, CTOJ'I63.M, 6aﬂKaM u
T.JI. 3aHUMAIOT 0CO00€ MECTO CPEH HUX.

PaccmarpuBaercsi poOOT, TepeMenaomuicsl M0 TOPU30HTaIBHO pac-
TIOJIOKEHHOMY CTepkHIO [3, 4]. KoHCTpyKIms BKitodaer B ceOst 1B BTYII-
KH, OJIHA W3 KOTOPBIX 3a CUET CHJI TPEHHS B PE3yJIbTaTe 3aKIMHHBAHUS
00XBaTHIBACT CTCPIKEHb M YAEPXKUBACTCS HA HEM, B TO BpeMS KaK Apyras —
cBoOoHO nepemeniaercs. PacyeTHas cxema npezacTaBieHa Ha puc. 1.

CraButcst 3aa4a onpenesIeHuss HeoOX0JUMOTo ycuius P, pa3BuBae-
MOTO MPHUBOJIOM B 3aBUCHMOCTH OT T€OMETPUUYECKUX IapaMeTpOB BTYII-
ku, ee Beca (G;, Beca JOTOJIHUTENHHOTO Tpy3a G M €ro MOI0KEHUs, Xa-
pakTepu3yronieecs paccTOsTHHEM /, (PUKINOHHBIX CBOMCTB BTYJKH H
CTEpIKHS, XapakTepu3yeMblx kodduumeHramu tpenus f — kod3¢hdunu-
€HT TPEHUS U 3aKIIMHUBAHUU BTYIIKH, f; — KOOQdUIMEHT TpeHus npu
JABWKCHUU BTYJIKH.

PesynbraThl MogenbHo# 3amaun. Ilycte G; = 3,92 H; G, = 3 H;
a=065wmm; h =30 mm; d=30wmm; /=15 mm; = 0,36.

[IpencraBnena mMaTemMaTnieckas MOAENb po0OTa, MPOJIBIKEHHE KO-
TOPOTO OCHOBaHO Ha 3(¢eKTe MepuoaMYecKoro 3aknuHuBaHus. Ormpe-
JIelieHa 3aBUCHUMOCTb CHJIbI, JEMCTBYIOLIEH CO CTOPOHBI mpuBoaa P ot
Beca rpy3a G Impu pa3nYHbBIX 3HAYeHUSIX K03 uitmenTor Tpenus f, f;.
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Pucynok 2 — 3aBucHMOCTB CHIIBL, IeiicTBYOLIEH co cTopoHBI puBoaa P, H ot

Beca rpysa G, H

1. OO0 ynpaBiieHHH IBMXCHHEM MOOMIIBHBIX POOOTOB C ABHKHTEIS-

MH, TUCKPETHO B3aWMOAEHCTBYIOIIMMHU C ONOPHOW moBepxHOcThIO / E.
C. bpuckun, H. T'. lllaponos, 5. B. Kanuaun [u ap.] / DxcrpemanbHas

pobororexnnka. —2017. — T. 1. — Ne 1. — C. 265-275.
2. bpuckun, E.C. CpaBHUTEIBHBINA aHATU3 KOJECHBIX, I'YCEHUIHBIX

n waraouwmx MmammH / bpuckun E.C., Uepnbimes B.B., Manoneros
A.B., HlaponoB H.I'. // PoboToTexHuka U TexHUYEeCKash KUOepHeTHKa. -

2013.-Ne 1 (1). - C. 6-14.
3. Mathematical Modelling of Mobile Robot Motion with Propul-

sion Device of Discrete Interacting with the Support Surface / Briskin,
E.S., Kalinin, Y.V., Maloletov, A.V., Sharonov, N.G. // (2018) IFAC-
PapersOnLine, 51 (2), pp. 236-241. DOI: 10.1016/j.ifacol.2018.03.041
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4. O BbIOOpPE TEOMETPUYECKMX MAPaMETPOB  3aKIMHUBAIOLIE-
MOBOPOTHBIX IBHKUTENeH MOOMIbHBIX poboToB / E. C. Bpuckun, H. T'.
[Maponos, FO. C. Ksanra, M. O. Ckobenes // 3Bectus Bonrorpaackoro
TOCYAapCTBEHHOTO TeXHHYecKoro yHusepcurera. — 2017. — Ne §(203). —
C. 108-112.

/.A. Kopnuenko, 10.C. /[younos
PA3BPABOTKA HOBOI'O TPAHCIIOPTHOI'O CPEJICTBA
JIJIs1 HIEPEMEIEHUSA 1O 3ABOJIOYEHHOM U
OBBOJJHEHHOM MECTHOCTH C UICHIOJIb30BAHUEM
BUBPAIIMOHHOM TSI

PI'Y nepmu u eaza (HUY) umenu U.M.Tyoxuna, Mockea, ankoroff>7@gmail.com,
dubinov.y@gubkin.ru

D.A. Kornienko, Y.S. Dubinov
INVENTING A NEW VEHICLE FOR MOVING OVER ROUGH
TERRAIN USING VIBRATION TRACTION

RSU of Oil and Gas (NRU) named after I M. Gubkin, Moscow,
ankoroff5 7@gmail.com, dubinov.y@gubkin.ru

s pa3pabOTKH, CTPOMTENBCTBA M IKCIUTyaTal[Ml MECTOPOXKICHUN
He()TH U Ta3a B TPYAHOMOCTYIHBIX MECTaX TPeOYyeTCs TPaHCIOPT, UMe-
FOIUA BBICOKYIO MPOXOAMMOCTh. OTOenbHOW TPOOIEMO CTaHOBUTCS
JIOCTaBKa 00OPYIOBaHUS Ha MPOMBICIEI 3amanHoii CuOupH, OKpyKeH-
HbIe MHOTOYHCJICHHBIMU OonotaMu. [losiBIiIach HEOOXOAUMOCTE B YHU-
BEPCATBHOM TPAHCIIOPTE CHOCOOHOM TIepEeMEeNIaThesl 10 IePeCeUCHHON
MECTHOCTH, 00510TaM, 00BOIHEHHON MECTHOCTH OJHOBPEMEHHO.

HccnenoBanus mokasaiy, 4TO JaHHYIO 337ady MOYKHO PEIIUTh C II0-
MOIIBIO TPAHCTIIOPTHOTO CPEZCTBA, WCIOJB3YIOMIEr0 B KAyeCTBE TATH —
HarnpaBJIeHHbIE BUOPAINH, C TOMOIIBI0 W3MEHEHUS YaCTOTH U YIJIa TpH-
JIOXKEHHSI KOTOPBIX OYIET JOCTUTaThCsl IEPEMEIIICHUE B 4-X HAIIPABIICHUSAX.

M3roToBNIeHHBIA OMBITHBIA 00pa3el] BKIKOYACT B ceOs KOPIyC, C
KpeIJIeHUEM ISl CUIIOBOM YCTaHOBKHU (BUOPOJMHAMMKA) M TUIATY YIpPaB-
JIEHUS, ¢ KOTOPOW OCYILECTBISIETCS JUCTAHLIMOHHOE YIIPaBJI€HUE CEPBO-
MIPUBOJAMH, U3MCHSFOIIUMHE YTOJI OTKJIOHCHHUS TUTACTHHBI OTHOCUTEIEHO
KOpITyCa, B CIEICTBUE YETO U3MEHICTCS HAIMPaBIICHUE ABIKCHHS MOJIC-
mu. [TpoBeneHHBIE HWCIBITAaHUA TOKA3alll BO3MOXKHOCTH TEPEMEIICHUS
MTOJIE3HOW HArpy3KH ¢ TIOMOIIBIO OMBITHOTO 00pasia, Oblia mocTpoeHa
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3aBHCHMOCTh CKOPOCTH IIEPEMEILICHHUS TPy3a OT 3aJaHHON YacTOTHI KO-
nebanmii BHOponnHamMuKa (cM. puc. 1)
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PucyHok | — I'pauk 3aBUCHMOCTH CKOPOCTHU HMEPEMEILEHHS OT YaCTOThI
KosiebaHmii BUOpOANHAMUKA

1. Kmoe B.B. Hepazpymaronuii KoHTpoJIb ¥ AuarHoctuka: Ma-
muHocTpoeHue, 2003.

2. TOCT 24346-80 «Bubpauust. Tepmussl u onpeeneHusy. - Jara
BeegeHusa 1981-01-01.

3. BuGpamuu B Texuuke: CripaBouHuk: B 6- Tv T. — M.: Mamuso-

crpoenue. —T. 1. Konebanust nmuneiinbix cucrem / [lon pea. B.B. Boio-
tHa, 1999. — 504 c.

HU.H. Hecmepos, H.B. Manveun, A.b. Kymman, A.A. Toponkos
BbICOKOTOYHBIE MOMC MHEPIIUAJIbHBIE
HABUT'AIIMOHHBIE CUCTEMBI
C T'NPOKOMITIACUPOBAHUEM

00O «l'uponaby, 2. [lepmvb, inbox@gyrolab.ru
LI Nesterov, N.V. Malgin, A.B. Kutman, A.A. Toropkov

HIGH-PRECISION MEMS INERTIAL NAVIGATION SYSTEMS
WITH GYROCOMPASSING

LLC «Gyrolaby, Perm, inbox@gyrolab.ru
Msuoronernuii onbitT pazpadorku MHC Ha 6aze MOMC, BOIOKOHHO-

OMNTUYCCKUX U KOJBUEBLIX JIA3CPHBIX THPOCKOIIOB CIICHUAINCTOB <<FHpO-
1aby» u ycuiusa pa3p360T‘II/IKOB IO NOBBIMICHUIO TOYHOCTU MUKpPpOMEXaA-
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HUYECKUX CHUCTEM TpHUBENH K mosBieHuto B muHelike UTHC MOMC wmo-
neneit «['JI-BI'110-XX” co creaylommuMy TOYHOCTSIMHU:

— HWcrunHEI Kype (TUpoKoMIIacupoBanue 5 MuH.): 1%/cos(¢)

— TlorpemHocts KOOpaUHAT: 5 MUIB / 30 MUH.

— Tlotpebnsiemast MmomrHOCTS: 1,6 BT

— Pasmepsi: 89mm X S1mm X 23MMm

— Macca: 0,12 xr

Xapakrepuctukn MOMC HHepUUaIbHBIX HABUTAIIUOHHBIX CHUCTEM
HE TONBKO IOCTHUIJIHM, HO JaKe IPEB3OILIH HapaMeTphl BOJOKOHHO-
ONTUYECKUX THPOCKOIOB C Pa3OMKHYTHIM KOHTypoM, npu 3tom WHC
MOMC obnanaroT MEHBIIMMHU TabapuTaMH, BECOM M 3HEpPromnorpeodsie-
HHEM, Ha 9TO JaBHO CYIIECTBOBAJl 3allpoOC pPHIHKA - ABHALMOHHOTO-
KOCMHYECKOT'0, MOPCKOTO, HA3€MHOTO — B YAaCTHOCTH JJISI IPUMEHEHHUS
B MAJIOTAKHO-HABUTAIIMOHHBIX KOMIUIEKCAX, B KOCMUYECKHX ammaparax,
pPaKeTHOHN TeXHUKE, MHKIMHOMETPHH, CHCTeMaX HaBUTallUU Pa3IHYHOIO
pona oecrmiotHbIX 00bekTOB (BITJIA, AHITA, OecniuaoTHBINA Ha3eMHBIH
TPaHCIIOPT), CUCTEMax CTaOMIM3aLUH.

Pucynox 1 — MHC MOMC OEM wmopeneit «I'JI-BI'110-XX"

MuKkpoMeXaHNIECKHE THPOCKOIBI HOBOTO IOKOJIEHHSI 00ECTICUUBAIOT
BBICOKYIO YCTOHYMBOCTDh M TOYHOCTb IIPH CAMOM BBICOKOM pecypce cpe-
IV TBEPAOTENBHBIX JaTINKOB.

T'upoxomnacuposanue

NHC MOBOMC cocTosST W3 HHEPUUAIBHO H3MEPHUTENBHOTO OJIoKa
(MB), BKIIIOYAIOIIETO TpUAAy THPOCKOIOB U MacCHUB aKCEIEPOMETPOB,
TOYHOCTh KOTOPBIX OOECIIEYMBAET ONpe/e/ieHHE HAIpaBJICHUsS Ha HC-
TUHHBII CeBep B PEXUME I'MPOKOMIIACUPOBAHUS. DTO MPEUMYIIECTBO
MO3BOJISIET OOXOJUTHCS 0€3 MarHUTHOTO JaT4HKa Ul OIpeAeIeHHS
Kypca, ¥ B yCIOBHAX, KOTAa AaTYUK MAarHUTHOTO Kypca HeJb3sl IpHMe-
HHUTH U3-32 TIOMEX.
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B.H. Jlosyckun
noaxoabl PACHETHO-OHU®POBOT'O MOAEJIMPOBAHUA
N ITPAKTUKA KOHTPOJISI DKCTPEMAJIBHOI'O
3ATPA3HEHNUSA BO31YXA OT TPAHCIIOPTA B I'OPOJAX
POCCHUHA

DI'FOY BO «Canxm-IlemepbOypeckuii ynugepcumeni 20cyOapcmeeHHol npomueo-
nooicaproti cayscovt MYC Poccuuy, Canxm-Ilemep6ype, vnlogkin@yandex.ru

V.N. Lozhkin
APPROACHES TO COMPUTATIONAL-DIGITAL MODELING
AND THE PRACTICE OF CONTROL OF EXTREME AIR
POLLUTION FROM TRANSPORT IN RUSSIAN CITIES

St. Petersburg university of State fire service of EMERCOM of Russia,
St. Petersburg, vnlojkin@yandex.ru

[IpaBuTenscTBa TOCyAapcTB [1], M mporpeccuBHAs OOMICCTBEHHOCTh
CBSI3BIBAIOT MEPCIEKTHBY COXPAHEHHUS YCTONUMBOCTH PA3BUTHS LUBUIIH-
3alUM C paJuKaIBLHBIM IIPE0Opa30BaHUEM YKIaZa MHPOBOW SKOHOMHKH
MyTeM JIeKapOOHM3AIMK TPOLIECCOB TMOMYUYECHUs] W MOTPEOICHUs! 3Hep-
THH, a TaKKe CHIKEHHS TOKCHYHOCTH oTpaboTaBmux razoB (OI) mpu
MOJTy4€HHUU 3HEPTHU OT CXKUTAHMA yIiIeBoJopoaoB. [To MHEHUIO yIEHBIX
aTa riI00ankHas npodiieMa He MOXKET OBITh pellieHa B Ommxaiimue 50 ner
6e3 KOHTPOJIs Ype3BbIYAHOTO 3arps3HeHHs Bo3ylHON cpeasl Ol nBu-
raTeyei TOPOJCKOro TpancnopTa [2].

Hay4Ho-MeTorueckoe 1 MHCTPyMEHTaIbHOE O0ecleyeHne JTUarto-
CTHKH M pacdyeTHO-IU(poBOro Moaenuposanus smuccun Ol B mpakTu-
KaxX KOHTPOJISI KX BO3/IEUCTBUS COBEPIIEHCTBYIOTCS [2].

B nokmame mpuBomuTcs MHPOpMAIUS O aBTOPCKUX pa3paboTKax
YHHUKaIBHOTO JHAarHOCTHYECKOTO 000pYOBAaHHSA JIA3€PHOTO HHAMIIHPO-
BaHMS, MO3BOJIUBILIETO TOMYYUTh YHHBEPCATbHBIE MOAETH VIS pacdera
JIOKaJIbHOW TEMIIEpaTyphl IJIAMEHH, CKOPOCTH OOpa30BaHMS U BHITOpa-
HUS 9acTHUI] YepHOTO yTiieposa onacHeIX pasmepoB PM, s u NO. Hosrie
3HaHUS O MEXaHM3Max 00pa30BaHMS 3arps3HAIOIINX BEIIECTB B IHJIMH-
Jpax JBUTaTeNed CTaiM MpeaTeueii OpUrHHaNIbHBIX TEXHOJIOTHH yIIpaB-
JeHus aekapOonu3anueii. [Tomyyuiu npuMeHeHHe CIOCO0b! «JIaBHHHOM
aKTUBAIM{ FOPEHUSN», B YACTHOCTH, C TIOMOIIbIO KaTaJIN3aTOPOB; BOIHO-
TOIUIMBHOTO MHKPO-OMYJIbTUPOBaHMS, OCIAOJISIOMEr0 BOAOPOIHBIC
CBI3M  C 3((PEeKTaMH  «MHUKpPO-B3PBIBHOTO  HCIAPEHUs»;  Ta3o-
HaCHIIIEHHBIX TOPIOYHNX; 0e3pa300pHOi AuarHocTHkH 1o coctay OI')
pasBuTHe MH()OPMALMOHHBIC TEXHOJIOTHH KOHTPOJs 3ddekra 3K0m0ro-
I0KapOOTIACHOTO BO3/ICHCTBUS HA HACEJIICHUE M KIIMMAT IIyTeM UHTETPH-
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poBaHus U mpeoOpa3zoBaHus HUGPOBBIX NaHHBIX B [ MC-kapThl 3arpss-
HeHus Bo3ayxa B ponsix ITIKyp [2].

1. ®enepanbnsiii 3akoH ot 02.07.2021 N 296-03 «O6 orpaHnyeHHn
BEIOPOCOB MapHHUKOBBIX Ta3oB». - URL: http://publication.pravo.gov.ru/
Document/View/0001202107020031.

2. Jloxkun B.H., Jloxkkuna O.B. MH(OpMauHOHHBIE HPOLECCH B
YIIPaBICHUN KOMIUIEKCHOI 0€30MacHOCTBIO TPaHCHOPTA: CTPATErnIecKoe
mwraHupoBanue U MozpeiupoBanue. — CII0 : Cankr-IletepOyprekuit yHu-
BepcuteT ['TIC MUC Poccun, 2022. — 164 c. ISBN 978 -5-907489-15-8.

M.T. Il]epoaxos
YHUBEPCAJIBHBIE T'A3OAHAJIM3ATOPBI

AO «l'ocHUHxumananumy, Cankm-Ilemep0Oype, mail@himanalit.ru

M.G. Shcherbakov
UNIVERSAL GAS ANALYZERS

JSC «GosNIlhimanality, St. Petersburg, mail@himanalit.ru

AO «l'ocHNWxuMaHanuT» TMpOBEICHBl HAYYHBIC MCCICIOBAHUS IO
CO3JIaHUIO YHHBEPCAJbHBIX Tra30aHAIN3aTOPOB, KOTOPHIE MOTYT OBITH
WHAWBUIYaTbHBIMH (HOCHMEIC), CTAIMOHAPHBIMHU, YCTAHABINBAaEMbIC Ha
MayiorabapuTHbIE OECITMIIOTHBIC JIETAaTEIbHbIC alllapaThl 1 aBTOMOOWIIH-
HYIO TeXHUKY.

YHUBepcallbHbIE Ta30aHATIN3ATOPHI MTPEeTHA3HAYCHBI JUIS:

— oOHapyXeHHs napoB oTpaBitonux BemecTs (OB);

— OOHapy>XeHHsS MOPOTOBBIX M IPEISIFHO JOIyCTUMBIX KOHIICH-
Tpanuii MapoB aBapUHHO-XUMHUECKUX OmacHBIX BemecTB (AXOB);

— W3MEpeHHs PagualioOHHOTO (OHA MO SKBUBAJICHTHOW JT03€ TaM-
Ma-(PEHTIC€HOBCKOT0) U3IY4YCHHUS, I3MEpPEHIe HAaKOTUICHHON BO BpEMEHH
MOIIIHOCTH 3KBHBAJICHTA J03bI raMMa- (PEHTTEHOBCKOTO) M3Ty4YCHHUS Ha
MECTHOCTH;

— BBIJAYM CHTHAJIOB OMOBEUICHHUS O MIOPOTOBBIX U MPEAEIHFHO JOITY-
cTuMbIX KoHueHTparmii OB u AXOB, NOBBIIIEHHOM paadaliOHHOM
(one (cBeTOBas, 3ByKOBas, rpauuecKasi CHCTEMa OITOBCIICHHMS );

— Tepenayd B aBTOMATH3HMPOBAHHOM PEXHUME MapaMeTpOB U KOH-
nerTpauuit OB u AXOB ¢ nmoMmoIpio MOCTOSIHHOM pajinoCBS3H U MpH-
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Ba3KH K cucremMe GPS, rpaduueckoro oroOpaxeHHs pe3ylbTaToB Ha
AIIEKTPOHHOHN KapTe U rpadUuecKoi cucTeMe y4éra pe3yIbTaToB.

B kauecTBe mpmMepa MHCTUTYTOM pa3pabOTaHbl I'a30aHAIN3ATOPHI
«IImens» u «Ocay», KOTOpble MOTYT NPHUMEHSATHCS Ha OECIMIOTHBIX
neratesnbHbIX anmnaparax (BI1JIA) Tuna «Phanton 4 Pro (Phanton 4)».

Buemmnuii Bun rasoananuzatopoB «llImens» u «Ocay mpuBeneH Ha
pucyHke 1.

«Imeany» «Oca»

Pucynok 1 — Buemnuit Buz razoananuszaropa «llmens» u «Ocay

I'azoananuszarop «IlmMens» cocToUT U3 ABYX OJIOKOB: OJIOK yrpasiie-
HUSI ¥ OJIOK CEHCOPHBIX MoayJiei. B razoananmsarope ycraHoBiieHO 6-8
XHUMHYECKUX JaTYMKOB JUIs ONPE/eIeHHs] KOHICHTPALUH 3arPSA3HIIOLINX
BEIIECTB, a TAKKe I U3MEPEHHs PaJualloOHHOTO (OoHA IO IKBUBA-
JICHTHOH J03¢ TraMMa-(peHTICHOBCKOIO) H3JIYYeHUs] M H3MEpEHHE
HAaKOIIGHHOW BO BPEMEHH MOIITHOCTH KBHBAJICHTA JO3bI raMMma- (PeHT-
T€HOBCKOI'0) W3JIy4EeHHs] Ha MECTHOCTH.

B razoanammzatope «Ocay» ycraHaBmuBaeTcs oT 6 10 8§ XMMHUYECKHX
JATYMKOB JUIS OINPEJEICHUS] KOHIIEHTPALWHU MapOB BPEIHBIX BEILECTB.
['azoaHann3aToOpbl MOTYT KOMILUIEKTOBATHCS JAaTUMKAMM Ul OIpeere-
Hust Oosiee 80 OMacHBIX BEHIECTB 110 TPEOOBAHUIO 3aKa3unKa.

[MpuHuMD paboThl razoaHaiM3aTopa 3aKIOYaeTCs B MPUHYAUTEIb-
HOW Tmojaye 3arpsA3HEHHOrO BO3JyXa C IOMOIIBIO YCTaHOBJIEHHOTO
Hacoca Ha XMMHMYECKHE NAaTYMKU JUIsd ONpEeAEIeHHs KOHLEHTPalUH C
nocnenywleid nepegadeil uapopmanuu. Kpome Toro, razoaHainzaTop
«Oca» ¢ TOMOIIBIO JIOTIOJHUTENLHOTO YCTPOIHCTBA (PUCYHOK 2) MOKET
HPOBOJIUTb:

— ot0Oop mpobd Bo3oyXa B MOJIETE WM CTALMOHAPHOM PAaCIIOJIONKe-
HHE Ha MECTHOCTH B IPOOOOTOOpPHBIE MEMIKU (CM. pUC 2) ¢ TMOCIEIYI0-
UM aHAJIU30M B XUMHUYECKOH J1abopaTopuy;

— oT00p mpoO BO3IyXa C UCIIONBE30BAHIEM COPOIIMOHHBIX TPYOOK C
HOCIEeIYIOIINM aHAJIU30M B XUMHYECKOIT TabopaTopu;
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— U3MEpeHHe KOHLCHTpPALWK MapoB BO3JyXa C HCIOJb30BaHHEM
HMHIMKaTOPHBIX TPYOOK (cM. puc.2).

Pucynok 2 — I'azoanannzatop «Oca» ¢ TONONHUTEIBHBIM YCTPOXCTBOM

Koncrpykuus razocurnanuzatopos «llImens» n «Ocay» MoxeT ObITh
M3MeHeHa (yBEJIMYEH pa3Mep ra3oaHaIn3aTopa U yCTAaHOBICHO OoJblee
KOJIMYECTBO JATYMKOB /IS ONPEIENICHHUs KOHIIEHTPAUH 3arpsI3HIAIOMINX
BEMIECTB) MMOA JIO0YI0 MOIU(MUKAINIO OSCIMIOTHBIX JEeTAaTeIbHBIX all-
MapaToB W UL PA3TUIHBIX BHIOB TPAHCIOPTHBIX CPEICTB, B TOM YHCIE
POOOTOTEXHHYECKHX CPEICTB BO3IYITHOTO M HA3eMHOTO 0a3UpOBaHUS.

PazpaboTaHHBIe Ta30aHATN3ATOPHI MIPOILIN MPAKTHYECKYIO POBEPKY
paboTOCIOCOOHOCTH NPH HPOBENIEHUH OIBITHO-UCCIIEA0BATENBCKIX yde-
Huit MUC Poccum 10 BBITIOJHEHUIO MEPOIPUATHI O 3allUTe TePPUTO-
puii, BXoAAIuX B APKTHYIECKYT0 30HBI PD, 0T upe3BbIUaiiHbIX CUTYaIMi B
r. Jynunka KpacHosipckoro kpas B cenrsiope 2021 roga. [To pesynpratam
OITBITHO-HMCCIIEIOBATENILCKUX YYSHUH ra30aHaIM3aTOpPhl MOIYYMIH T10JI0-
JKHUTEIbHYIO OLIEHKY CBOEH pabOTOCIIOCOOHOCTH M OBUIM PEKOMEH/I0BAHEI
JUTS TIPUHATHS HA CHaO)KEHHE TP KOMIUICKTOBAHWH TIOApa3IeIiCHHI aBa-
puiiHO-criacatenbHbIX popmupoBanuii MUC Poccun.
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A.A. Bopooves, B.B. Cepzeeg
OBOCHOBAHHME BbIBOPA 1 OCOBEHHOCTH PABPABOTKHA
JIONMOJHUTEJIBHBIX KOMIUVIEKTYIOIIMX U3AEJUMI 115
OPI'AHU3AIINU YIIPABJIEHUS HASEMHBIMH
POBOTOTEXHUYECKNMU KOMIIVIEKCAMU BOEHHOT'O
HA3BHAYEHMUS

Boennas akademus mamepuansHo-mexnuuecko2o obecneuenus,
Canxm-Ilemep6ype, maestro265@yandex.ru

A.A. Vorobiev, V.V. Sergeev
JUSTIFICATION OF THE CHOICE AND FEATURES OF THE
DEVELOPMENT OF ADDITIONAL COMPONENTS
TO ORGANIZE THE MANAGEMENT OF GROUND-BASED
ROBOTIC COMPLEXES FOR MILITARY PURPOSES

Logistics Military Academy of Army, St. Petersburg, maestro265@yandex.ru

Jnsa npumenenns 6azoBoro maccu BAT (Beiopannoro u3 Ilepedns u
cepuitHO BBIyckaeMoro) mpu cozgannu HazeMHbIXx PTK BH ero mamo
JOIIOJIHUTEIBHO 000pYAOBaTh PAJOM CHCTEM, IO CYTH TPaHC(HOPMHUPY-
onmx 0aszoBoe maccu B Moayib jaBmwkeHus PTC u MO3BOJSIONIHX
YOpaBJATbL UM. HO}IO6HbII71 noaxoa HE ABJISICTCSA MHHOBAIIMOHHBIM M Ha
CErOJHALIHUI JIeHh XOPOIIO arpoOUpOBaH B YacTH KaK METOJMYECKHX
Ppe3yIIbTaTOB, TAK U TEXHOJIOTUYECKUX PEIICHUH.

B o0miem ciydae nepedeHb JTOMOTHUTEIBHBIX KOMIUICKTYIOIUX H3-
JIeTNid, HEOOXOAMMBIX JUIs TpaHchopMaluu 0a30BOro IIaccH B aBTO-
HOMHBIA PTK, MOXET CyIIECTBEHHO pPa3inyaTbCsi, B 3aBUCUMOCTH OT
0COOEHHOCTEH IIeJICBOT0 Ha3HAYCHUS KOMIUIEKCA, YCIOBHHA €ro TpHMe-
HEeHHS M (PYHKIMOHUPOBAHMS, BO3MOKHOCTEH IKCILUTyaTallil B COCTaBe
rpymnbel. OfgHAKO MUHHMAaJIbHO HEOOXOAMMBIA (OCHOBHOW) IepeyeHb
KOMIUIEKTYIOIIMUX U3AEIUN ONpPENeNsieTcs caMOl CTPYKTYpOil Ha3eMHBIX
PTK u BKIIOYaeT CHCTEMBL: YNpPaBICHUS HPUBOAAMH, TEXHHUYECKOTO
3pCHUA, HaBUT'all U CBA3U.

B nureparype pasziuuHble acleKThbl CO3aHUS U IIPUMEHEHUs yKa3aH-
seIX cucteM PTK paccmatpuBarorcst BecbMa moipo0oHo. OHAKO arpuop-
HOe WrHopupoBaHue 0a3oBoil cTpykrypsl PTK B GonmbmmHCTBE cirydaeB
CYILIECTBEHHO OTPaHMYHMBAET BO3MOXKHOCTH IIPAKTHYECKOTO HCIOJIB30Ba-
HUS TIOJTyI€HHBIX PE3YIIbTATOB.

CrnpaBeIMBOCTH pajy CIEAyeT OTMETHTh, YTO B ITyOJNHMKAIMAX [0
HACTOSIIETO BPEMEHH HE MPEICTABICHBI B IBHOM BHJIE COCTAB U CTPYKTY-
pa moxysst ynpasienus asmwkenneM (MY /[]) PTK, a Taxoke TunoBsie 3a/1a-
41 ¥ 0a30BbIE APXUTEKTYPHBIC PELICHHS HA3BaHHBIX cHCTeM. [IpakTude-
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ckas peammsanust MY]J[ PTK Bo3moxHa 1o ogHOMY U3 TPEX BapHaHTOB:
JIUCTAHIIMOHHOE (py4YHOE) YIpaBlieHHE, BBHITIOJHEHUE 3apaHee 3aJaHHON
HporpaMmbl (COBOKYIHOCTH MPOTPaMM), YIIPABJIEHUE C UCIIOIb30BaHUEM
METOJIOB UCKycCTBeHHOTO MHTeInekTa (M) [1].

CoBeplIeHHO MHAsl CUTyalsl BO3HUKAET IIPU OpPraHU3aluy yIpasiie-
Hus Heckonbkumu ogHopoansiMu PTC. Hapsany ¢ Bapuantamu peanusa-
UM MOAYJICH YIIPaBICHUS, IPUXOANTCS YIUTHIBATh M TaK Ha3bIBAEMYIO
«CXEeMy» YIPaBIICHHS: ICHTPAIN30BAHHYIO (MEpapXHUEcKylo), IEIeH-
TPAJIM30BAHHYIO (CETEHEHTPUYECKYIO) U CMEIIAHHYIO.

IIpu meHTpaM30BaHHON CXeMe YIpaBleHHE COBOKYITHOCTHIO (OZHO-
pomueix) PTC ocymectBister ogao cpenctBo. i wazemusix PTC a3to
MOJKET OBITh, HAIIPUMEp, CPEACTBO ¢ yaydreHHpME TTX, wim criennas-
Ho BbiZieNieHHbIN BJIA. JlenienTpanu3oBaHHas cxema YIpaBIeHUs MPeIo-
JlaraeT BO3MOXKHOCTH CO3/aHHsI HECKOJIBKUX LIEHTPOB YIPABICHUS OHO-
BPEMEHHO (TaK Ha3bIBAEMOE «POEBOE YIPABJICHUE»), HIIH, B YACTHOM CIIy-
4yae — BO3MOXKHOCTH NEpeAady yNpaBIeHUs APyroMy CPEICTBY IPU BO3-
HUKHOBEHHMH ONpeeIeHHbIX CoObITHH. CMelaHHash cxema YIpaBlICHUS
MOXET IT0/Jpa3yMeBaTh Kak KOMOMHUPOBAaHHOE YIIPABJICHUE, TaK U BapHa-
TtuBHOE. TaA 00pa3om, opraHu3aysl yIpaBiI€HHUs COBOKYITHOCTBIO O/IHO-
poxubix PTC cymecTBeHHO yeaoKHUTCS (CM. TadI. 1).

Tabmuna 1 — Opranuszauus ynpasneHus oqHopoasasimu PTC

Cxema ynpaBJieHUS

Bapuant
HEHTPAJIM30BAHHAS  JICIEHTPAIN30-  CMelIaHHAs
yIpasBJieHUs
BaHHas1
OUCTAHIIMOHHOE  + + ?
10 IporpamMmme + + ?
metoasl MU ? ? ?
[Ipumeyanus: + — oTpabOTaHBI TEXHOJOTHUCCKUE PCIICHHS,;
9 _

MMPOBOAATCA TCOPECTUICCKUE NCCIICAOBAHMA.

[TogoOHast BapuabenbHOCTh METOJOB OPraHW3allMK  YIpaBIICHHS
uMeeT MecTo Kak st MY/, Tak u Juid MOAyNsl yNpaBlIeHHs LEJIEeBOU
Harpy3koid PTK. OueBuaHO, UTO B ciIy4ae COBMECTHOIO NPUMEHEHHS
PTK, pa3HOpOAHBIX IO METOJIaM OPraHM3alMU YIPaBJICHUS, BOSHUKAIOT
emé Gosee cnoxHbIe 3a7a4. C y4eTOM PacCMOTPEHHBIX METOIOB Opra-
Hu3au yrupasieHus npmxkerneM PTK, mpemmoskenus mo paszpaboTke
KOMIUTEKTYFOINX m3enuit as peanmsannu ¢pyakaunit MY J] PTK Oynem
(hopmupoBath 1151 HanboJIee PacCIPOCTPAHEHHOTO Ha IpakTuke (10 90%
Bcex HazeMmHBIX PTK) mpocreiimero BapuanTa — JUCTaHIIMOHHOE YIIPaB-
JICHUE OTHUM KOMIUIEKCOM.
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1. Bopooner A.A., Ceprees B.B. IIpob6iemsl popmupoBanus 00iu-
Ka CHELUUaJH3HUPOBAaHHBIX POOOTOTEXHHYECKUX KomiuiekcoB / PoGoto-
TEXHHKa M TexHuueckas kubepHeruka. — 2021. — Tom 9. — Ne 4. — C.
312-320.

A.C. Bopouosl’z, J.M. I(oponee’, A.C. Anexceenko'
CUCTEMA KOHTPOJIA U YITPABJIEHUS
AKKYMYJSITOPHBIMU BATAPESIMUA

'000 «KPABT», Canxm-Ilemepbype, avoronov@kravt-studio.com,
info@kravt-studio.com; > Yuusepcumem HTMO, Canxm-Ilemep6ype

A.S. Voronov”z, D.M. Korolev’, A.S. Alekseenko
BATTERY MONITORING AND MANAGEMENT SYSTEM

'LLC «KRAFT», St. Petersburg, avoronov@kravt-studio.com,
info@kravt-studio.com; “ITMO UNIVERSITY, St. Petersburg

[TpaButenscTBo PP naBHO mocTaBMIIO 33mady yXOMUTh OT HMIIOPTA,
[1], ocobenHO B 00JacTsX crienuaibHOro obopynoBanus [2]. Onnaxo,
O4YEHb HEMHOTHE KOMIIAHHUH IIUTH 110 3TOMY ITyTH, IBITASICh 10 HOCIIEJHETO
IOJIb30BATHCA UMIIOPTHBIMU KOMIIOHCHTaMM. le/l‘iI/IH])I 6bIJ'II/l IIPOCTBI U
IIOHSITHBI: ITJIaBHBIMH HEJOCTAaTKAMH pOCCMﬁCKHX KOMIIOHCHTOB ABJIAIOTCS
OosbIlie pa3Mephl, 10 CPaBHEHHIO C WHOCTPaHHBIMH aHaJIoOraMH, MEHb-
i QyHKIMOHAN U XyAmIee yI00CTBO pa3pabOTKH, MPU 3TOM CTOUMOCTb
9THUX KOMIIOHCHTOB 3HAUUTEIILHO BBIIIE UMITOPTHBIX.

Ceifyac, Korzia JIOCTyIl K HHOCTPaHHBIM KOMITOHEHTaM IOYTH IIOJIHO-
CTBIO HEPEKpPHIT, CTAJl0 SICHO, YTO HEOOXOIMMO HCIIONb30BATH OTEUe-
CTBEHHBIC KOMIOHEHTHI ¥ YIHUTHCSI C HUIMH PaboTaTh.

Hama xommaHusi siBIsieTCs NPHU3HAHHBIM JIMJIEPOM B IIPOW3BOICTBE
HAJIS)KHBIX M BBICOKOIPOM3OJUTENBHBIX aKKyMYyJSATOpHBIX Oartapeit [3].
Bcee mpempinynme cuctemsl koHTpona u yrpasieHus (CKY) akkymyns-
topabIME OaTapesimu (AKB) y Hac nenanick Ha HHOCTPaHHBIX KOMITOHEH-
tax. IlosTromy mepex Hamu crouT 3anmada crenatb CKY, oreuaromryro
BBICOKHM TpeOoBaHMsM, mpeabssisieMbiM K AKB, HO monHOCTBIO Ha poc-
CHHMCKUX KOMIIOHEHTAX.

B nHacrosmiem /0Kiaze NMpuBEICHBI MEpPBBIE Pe3yJIbTaThl pa3paboTKH
CKY, xoTopas OyJeT COCTOSTh N3 POCCHUCKIX KOMIUIEKTYIOIINX.

B mepByro ouepenp, B paspadarsiBaemoit CKY OynyT peann3oBaHbI
CIIETYIOINE PETICHHS:

137



CBOPHUK TE3NCOB 33 MexayHapoaHOM Hay4YHO-TeXHUYECKOWN KOHdepeHLmmn
«9KCTPEMAJIbHASA POBOTOTEXHNKA»

1. 3amuTa meneil OT MepPexXOTHBIX IPOILECCOB BO BpEMs 3apsIKy,
TIOIKITFOYEHUS HaTPY3KH U €€ PE3KOT0 OTKIIFOUCHHUS;

2. AmnmapaTHBIE 3alUTHl «BTOpPOTO YypoBHs» (secondary level
protection), akTyajbHBIX NMpH OTKa3e BcTpoeHHOro I1O wiu BhIxoxme U3
CTpoOsA OI[HOI>’I W HECKOJIBKUX U3MCPUTEIIBHBIX ueneﬁ;

3. Ilemu, nerexktupyromue neperpy3ky win K3 B mensax Harpysku.

[IpoBeneH MOMCK ANEKTPOHHBIX KOMIIOHEHTOB, MO3BOJISIONIMX pea-
JU30BaTh HEOOXOJUMBIC CXEMOTEeXHHYeckue perreHus. OcylecTBiecHa
pasBoaka twratel. Ha pucynke 1 mpexcraien oomuit Bun miatel CKVY,
MOJITOTOBJICHHOW ISl IPUMEHEHUS OTCUSCTBEHHBIX KOMIIOHEHTOB.

Pucynok 1 — O6mwuit Bua riatet CKY

Ha cnenyromem srtane, mocie 3aKkylnkd KOMIIOHEHTOB, OyJZeT ocy-
IIECTBJICHO Hamucanue nporpammuoro obecneuenuss CKY, nanpHelinme
TECTUPOBAHUSI U YCTPAHEHHs BBISBJICHHBIX HEIOCTAaTKOB. Pe3ynbTaThl
OKOHYATEIBHOW pa3paboTKu OymyT MPEICTABICHBl B MOCIEIYFONIUX
HAYYHBIX ITyOINKAIUIX.

1. Tlocranosienue IlpaButenscra Poccuiickoit denepannu ot 30
anperrst 2020 1. Ne616.  (http://static.government.ru/media/files/
H8041g3uSKhLHLY7ABI3b3;EDHGDhaDE.pdf)

2. Kocmoc, rinyOuna u paguanys, sxypaan «IlomynspHas MexaHuKa»
(Nell, Hosiops 2018). (https://www.popmech.ru/technologies/455982-
gde-rabotayut-samye-smelye-roboty/).

3. http://arpe.ru/aboutassociation/founders/?SECTION ID=9&ELE
MENT ID=1235
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CEKLMA «MOPCKAS POBOTOTEXHUKA»

O.B. Tpemuvakoé', ILT. Tenuwes', B.A. Tyzonyxos’
CO3JAHUE POBOTU3UPOBAHHOT'O CKOPOCTHOI'O
MOPEXOJHOT'O KATEPA B IINTAHAPHOM KOPITYCE

'BM® BYHI] «BMA um. H.I'. Kysneyosay, Canxm-Ilemepbype, *HL] «Mopckoii»
TJIAL MO P® um. B.11. Ykanosa, o. @eodocus
vunc-vmf-3fil@mil.ru, tenisheffflwyandex.ru, variant_co@mail.ru

O.V. Tretiyakov', V.A. Tugolukov', P.G. Tenisheff’
ROBOTIC FAST SEAKEEPING CRAFT
IN PLANAR HULL DESIGN

INTSC of the Naval Academy named N.G.Kuznetzov, St. Petersburg; *Leading
Researcher at the Marine Test Center of the SFTC of the MD RF named
V.P.Chkalov, Feodosia
vunc-vmf-3fil@mil.ru, tenishefffl@yandex.ru, variant_co@mail.ru

[TepBoouepenHO# 3aqaueii IpoekTanTa pPOOOTHU3MPOBAHHOTO KaTepa
SIBIISIETCS] Pa3pelIeHue MpoOIeMbl INTOPMOBOH 0O€30IMacHOCTH KaTepa 3a
CUET CHIDKCHHUS Harpy30K OT yAapa BOJH ITyTeM PallMOHAJIBLHOTO BBIOOPA
(hopMBI KOpIyca W HOCOBOW OKOHEYHOCTH KaTepa. Jlis mpenmonarae-
MBIX paifOHOB 3KCILTyaTallui KaTepa — JaJbHEBOCTOYHOTO THXOro okea-
Ha ¥ CEBEpHOTO MOpckoro myTH JlemoBuToro okeana — 3Ta mpoOiiema
OCJIOKHSIETCS] HEOOXOIMMOCTBIO Y4eTa TSDKEIIBIX YCIOBU SKCILTyaTallK
KaTepa — 4acThIX IITOPMOB, OOJIEACHEHNS, IABAHKS BO JIbAX U APYTUX
MOOOYHBIX SIBJICHUI BHEUIHEH CpeIbl.

st mpoexTupoBaHus GOpMBI KOpITyca M HOCOBOH OKOHEYHOCTH Ka-
Tepa Ha yAapHble Harpy3KH IpeJlaraeTcsi MPOEeKTHPOBAHHE TPEyrojib-
HOHW (hOpMBI HINTAHTOYTOB HA HArpy3Ku mpu ciemuHre. [1pu aToM QyHK-
oMel eId NMpU MPOSKTHPOBAHWM HOCOBBIX OOBOJIOB SIBIISIETCSI COIPO-
THUBJICHHE BOJbI JBIKCHUIO KaTepa.

B cBasu ¢ oatum mpeanaraeTcd  NPUMEHUTH  TPEYTOJIBHO-
ro)pupoBaHHOE JHHIIE B HOCOBOM YacTH M Ha BCIO UIMHY IUIAHAPHOTO
kopiryca. Yepe3 (hyHKIMOHAIBHBIE KPUTEPHU M aJTOPUTMBI IIEPBOOYE-
pEeIHOro pacuera KOpIyca NMPOBOJUTCS Pa3BEPThIBAHHE KOHCTPYKTHB-
HBIX peIIeHWi Karepa B  IIOCIEIOBAaTENbHOCTH M TOPSAKE
(DYHKIIMOHAJIBHOTO IPOEKTUPOBAHUS IUIAHAPHBIX (IPOCTPAHCTBEHHO
TUIOCKUX) TPEYTOJbHBIX KOHCTPYKIUI Kopmyca. IIpocToit mo mpoexTu-
POBaHMIO, NTOCTPOWKE M IKCIUTyaTallid MacIITaOUpyeMblid KOpITyC Karte-
pa MO3BOJISIET 3HAYMTEIBHO CHU3WUTH 3aTPaThl, CPOKH U TPYIOEMKOCTb
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H3TOTOBIICHUS, COOPKH M MOHTa)kKa KOPITYCHBIX KOHCTPYKIHH HapyKHOU
OOIMMBKY M BHYTPEHHETO KOPITyCHOTO HACHIIIEHHsS KaTepa oObeMaMu
OTCEKOB JIBHTATEIbHOIN YCTaHOBKH, TOIUTMBA M OOEMPHIIAcOB, 000pyI0-
BaHMS U CIY)KEOHBIX IOMEIICHHH, TEXHUYECKHX CHCTEM M CPEICTB 00-
cinyxuBaHus. Jsg  3TOro  KaTep JODKEH HMETh  alaparHo-
MPOTPAaMMHBIA KOMITJIEKC YIPaBJIECHUs, MO3BOJIOMNI peaan30BaTh
JUCTAaHIIMOHHOE U aBTOMATHUYECKOE YIPABIEHUE KaTePOM, C COXPAHEHH-
€M IITaTHOTO PYYHOTrO yIHpaBieHus. JMCTaHIMOHHOE yNpaBlIeHHE OCY-
IIECTBIISIETCS. C BBIHOCHOTO IyJbTa YIpaBleHHs. ABTOMaTHUYECKOE
VIpaBJICHUE OCYIIECTBISIETCS IIyTeM MPOTPaMMHOTO Ha3HAYCHHS pella-
eMBIX 3aJ1ad.

[InanapHbIii  KOpIyc, Omaromapss TPEYTOJIBHBIM KOHCTPYKIIHSM,
o0ecreunBaeT BBICOKYIO MPOYHOCTH, KECTKOCTh U OTHOCUTEIBHYIO JIeT-
KOCTh KaTepa. biaromaps BBICOKHM THAPOIUHAMHYECKHM KadecTBaM
KpPEIKOTO TPEYTOJILHOTO KOPITyca M BBICOKOW CKOpOCTH (IO 65 y310B),
obecrnieunBaeMoit nByMs ausenabHbiME nBurarensma MTU 8§V2000M61
noTpebHON cymmapHoi MomiHOCThI0 1200 kBT u ABYX BOJZOMETHBIX
newxuteneir FF340 mommuocteio mo 530 xBt, xatep cpaBHHTETHHO
HeOosbmoro BojousmenieHust (20 T), OCHAIUEHHBIH CIEIMAIBEHBIMU
TEXHUYECKMMH CHUCTEMaMH M CpPEACTBaMHU, OOECIEeYMBaeT pPELICHUE
BO3JI0’KEHHBIX Ha HETO 3a7a4.

-

Pucynok 1 — PoGoTu3upoBaHHbIil CKOPOCTHOMH MOPEXOAHBII KaTep
B IIJJTaHAPHOM KOpITyce
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H.JI EpMOJIOBI’Z, M.M. I(mwbl(oeI, E.A. Cemenoel, A.H. nyauoe’
HCCJIEJJOBAHUSI OCOBEHHOCTEM AJANITAIIUU
INHEBMATHUYECKOI'O POBOTA BEPTUKAJIBHOI'O

NEPEMEIIEHUSA OJ51 PABOTBI HA KOPITYCE CYJITHA
B BOJIHOM CPEJIE

IHHcmumym npobnem mexaruxu um. A FO. Huwinuncrkoeo PAH, Mocksa; 2«Canxm-
Tlemepbypeckuii cocyoapcmeentvlil MOPCKOU MEXHUYECKULL YHUBEPCUMEN »
Ipm_labrobotics@mail.ru

LL. Ermolovl’z, M.M. Knyazkovl, E.A. Semenovl, A.N. Sukhanov'
RESEARCH ON THE ADAPTATION ISSUES
OF A PNEUMATIC WALL CLIMBING ROBOT WORK
ON THE HULL OF A SHIP IN AN AQUATIC ENVIRONMENT

Ilshlinsky Institute for Problems in Mechanics RAS, Moscow; 2St. Petersburg
State Marine Technical University (MTU)

Ipm_labrobotics@mail.ru

B nmanHOI! cTaThe MPUBOAATCS PE3YJIBTATHI UCCIEIOBAHNH IIPOIIECCOB
(opMupoBaHHUS BaKyyMa B 3aXBaTHBIX YCTPOHCTBax poOOTa BEPTHKAIb-
Horo nepemenienust (PBIT) [1]. Paccmotpensl cutyaium, korga pooor
MEepEeMEIIacTCsl 10 HE OYMINEHHOW IOBEPXHOCTH KOpIyca CygHa (CM.
puc. 1), kak B BO3IYIIHOM, TaK U B BOJHOW cpefie, ¢ HEU3BECTHBIMU Jie-
(bexTaMH TIOBEPXHOCTH TepeMernieHusx [2]. s mMomenupoBaHus IO-
JNOOHBIX CHUTyaluid, ObUTH TPOBEACHBI HATypHBIE HCIBITAHUS Ha pa3pa-
6oTtanHOM crenpe. MccnenoBaincst ypoBeHb BakyyMa IIpU BapHalliH Ia-
pameTpoB 1e(eKTOB, MOJECIHPYEMBIX C MOMOIIBIO KaTMOPOBAaHHBIX OT-
BEepCTUIl ITHEBMoApoccenell. bbuln noaydeHsl JaHHbIE, KOTOPLIE 03BO-
naT (opMHUpOBaTh B 3aXBaTHBIX ycrpoiictBax PBII mocraTounsrii ypo-
BEHb BaKyyMa, Al HA/JEXKHOTO CHEIUICHHS po0OTa C IMOBEPXHOCTHIO
mepeMerieHus (cM. puc. 2). B maHHOM »KCHepMMEHTe BapHaTHBHOCTH
JUaMeTpa IHEBMOJPOCCENs 3MYJNUpPOBajda TEOMETPUIO TPEIIUHbBI HIIH
CKBO3HOTO Ae(eKTa, B 00JIaCTH KOTOPOro MPOUCXOIUT (ukcanus podota
K noBepxHocTH. M3 3Toro rpaduka BUAHO, 4TO y MPEACTABICHHOIO Ie-
HepaTopa BaKyyMa €CTh YPOBHHM BXOJHOIO JABJIEHHUS, NPU KOTOPBIX
(uKcays Ha MOBEPXHOCTH Oy/eT HAJEKHON Jlake PU HAJIMYUU CKBO3-
HOro Jiedekta wiK TpemuHbl. OJHAKO NMPU YBEJIMYEHUN Pa3MepoB Tpe-
IIMHBI WK CKBO3HOTO JIe)eKTa MPOUCXOUT PE3KOE CHIIKEHHE XapaKTe-
PHUCTHKH ypOBHS BaKyyMa, CO371aBaeMOr0 B 30HE (prukcanuu.

HccnenoBanus poBOAATCSA B PaMKax MPOTrPaMMBbl CTPATErHYECKOTro
akagemmuaeckoro muaepctsa «[Ipuoputet-2030».
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53 3
Yposenb
Bakyyma, -Bap

N
o

PucyHok 2 — 3aBUCHMOCTb ypOBHS BaKyyMa, CO3/1aBacMOro B KaMepe
BaKyyMHPOBaHHs yCTPOHCTBa pUKCcalMu poOOTa Ha IIOBEPXHOCTH

1. T'pageuxmnii B.I'., KasspkoB M.M., CemenoB E.A., Cyxanos A.H.
JluHamMu4eckue Mpolecchl B BaKYyMHBIX KOHTaKTHBIX YCTPOMCTBaxX po-
0OTOB BEPTUKAILHOIO IEPEMELICHUs] B BOJHOI cpexe// B IKypHa-
ne MexaTpoHHKa, aBTOMaTH3anus, yrmpasieHue, ToMm 20, Ne 7, c. 417-

421 DOI: 10.17587/mau.20.417-421
2. Balashov, V.S., Gromov, B.A., Ermolov, LL., Roskilly, A.P.

Cleaning By Means of the HISMAR Autonomous Robot// Russian En-
gineering Research 31(6), 2011, c. 589-592 DOI
10.3103/S1068798X11060049
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Aec Axmao, A.C. Owenko
JUHAMMNYECKAS MOJEJIb MIOJABOAHOI'O MOBUJIBHOTI'O
POBOTA C BOJTHOOBPA3HBIMU JIBUXKUTEJISIMA

MITY um. H.D.baymana, Mockea, aws.ahmad3 18@gmail.com,
arkadyus@mail.ru

Aws Ahmad, A.S. Yuschenko
DYNAMIC MODEL OF AN UNDERWATER MOBILE ROBOT
WITH UNDULATING PROPULSORS

Bauman Moscow State Technical University, Moscow,
aws.ahmad318@gmail.com, yusch@bmstu.ru

B HacTosiiee BpeMsi 00JIbIIOe BHUMaHHUE MCCIIEA0BaTeNeH yaenseTcs
pa3paboTKe M yIpaBJIeHUIO ITOIBOJHBIX POOOTOB ISl U3yUCHUS U 3allU-
TOW MOJBOJHOW CpeJbl, IPOBEACHHS ITOMCKOBO-CIIacaTeNbHBIX PadoT U
pa3BebIBaTEIbHBIX Olnepannii. Benercs akTUBHBIN MOMCK HOBBIX THIIOB
JIBUTATEIbHBIX MEXaHNW3MOB, CIIOCOOHBIX paboTaTh B BOJHOI cpere, a
TaKKe W Ha cylle, B IpHOpeXHOH nonoce. B pesynbrare HaOmMOACHNS 1
aHaJIM3a MEXaHU3MOB JIBI)KEHHS KHBBIX CYIIECTB HAYAINCh Pa3pabOTKH
POGOTOB C BOTHOOOpPA3HBIM MEXaHU3MOM JIBXKEHUS [ 1], CBOHCTBEHHOTO
ckataM «batoids», 1 HEKOTOPBIM JPYTUM IOJBOIHBIM CYLIECTBaM. DTOT
CHoco0 JBIKEHUS TO3BOJSIET OOECHEYMTh 3HAUMTENBHYIO MaHEBPEH-
HOCTb, PEIKUM CTa6l/L]'Il/ISaLII/lI/I IIpyu HAJIUYNUU TCUCHUSA, U TAKKE o6na}1aeT
OTHOCHTEJIFHON OECIIYMHOCTBIO MO CPaBHEHUIO C ajbTePHATUBHBIMH
Croco0amMM JIBIDKCHHUSI TTOJBOIHBIX POOOTOB, KOTOpBIE HCIOJIB3YIOT
KJIACCUUECKHE MEXaHU3MBI.

Jannas pabora mocBsIeHa M3Y4YEHHIO ITOJIBOJHOTO poOOTa ¢ BOJI-
HOooOpasueiMu nBuTaTesiMu (Puc. 1) ¢ menpro onpeaennuTs AUHAMUYE-
CKYIO MOJEIb JBIKCHHs Takoro podota (1) [2], mapameTpsl asis ompe-
JICIICHUS THAPOCTATHUSCKON CHUITBI, IEHCTBYIOIIEH Ha poOOT, 1 TUAPOIHU-
HAMUYECKHE TapaMeTpsl (MaTpully J00aBICHHOW Macchl M MAaTpHILY
nemiupoBanus) ¢ ucnonbzoBanueM merona CFD SolidWorks. Ypas-
HEHHE TUHAMHUKH MPUBEJICHO HIKE!

M,.v+C,(W)v+D(WV)v +g(n) =T+ 1% (1)

rJie: 1| BEKTOP KOOPJIUHAT MOJOKEHHs M yriIoB Diliiepa poOdoTa B HHEp-
nuansHoil cucreme orcuera OgXgYpZp. v =[u, v, w, p,q,7 |7 Bekro-
PBI JIGHEHUH U YTJIOBOM CKOPOCTH, T YIIPABIIAIONINE BXOJbI B CHCTEME
KOOpPJHMHAT, CBA3aHHOH ¢ poboToM 0, X,Y,Zp, Ty - CUIIBI BO3MYIICHUS,
JEHCTBYIOIINE HA MOKaYMBaHue U moxbeM, D(V) — nuHeiiHas marpuia
nemrdupoBanus, BekTop g(1)) ompenenseT KOMOMHUPOBaHHbIE d(deK-
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Thl TPABUTALMKM W IUIABYYECTH B HMHEPLMAIBHOM CHCTEME KOODAMHAT,
C, (v) -marpura Kopuonuca, M, - maTpuiia 106aBIeHHOM MaCCHI.

Tanrax
(Pitch)

Of
Kpen
(Roll) Xg
Pbickanue Ze
Yaw

Zp

Pucynox 2 — Mogens po60oTa U CHCTEMBI KOOPUHAT

B pesynbrate ananmnza moxaenu merogom CFD, Obutn mosydeHs! co-
OTHOIIIEHUS, IPUBECHHbIE B Ta0mMIe 1:

Tabnmma 1.
Surge (Bnepen) (H) F, =157u*+0,5-0,13
Sway (Packaunpanue) (H) F, = 39,50* + 1,98v-0,4
Heave (ITogsem) (H) F, = 62,3w% + 5w+1,62
Pitch (Tanrax) (H.M) T, = 3,93¢> - 0,339 + 0,3
Yaw (Prickanme) (H.M) T, = 2,98r% — 0,0987r+0,04

Pe3ynbraThl THAPOCTATHYECKOTO aHaiM3a W THAPOJMHAMUYECKOTO
aHajM3a ObLIM KCIOJIb30BaHbl B Oubnnoreke Simscape MATLAB s
peanuzanyu MOJEeNN podOTa U U3YUYEHHs BIUSHHS TUIPOCTATHYECKON U
JMHAMMYECKOH CHIIBI Ha po0oTa, a TakxKe ISl pa3paboTKU aJrOPUTMOB
yhnpaBieHusl. AHanu3 pe3yJbTaToB MOJEINPOBAHUS, NPHBEACHHbBIH B
JOKJIaJie, TI0Ka3al, B YaCTHOCTH, YTO IPH NPSIMOJIMHEHHOM JBIKCHHH
pobota 6e3 oOpaTHOM cBs3u 10 ocu OXg poOOT IBMXKETCS HE TOJIBKO T10
9TOM OCH, KaK 3TO MPEIOIaraeTcsi TCOPETUUECKHU, HO H 110 JIBYM APYTHM
0CsIM. DTH pe3yJIbTaThl 00YCIIOBIICHBI, B IEPBYIO OYepelb, OTCYTCTBHEM
HOeaTbHON cHMMeETpHH poboTta 1o miockoctd O Zg Xp 1 HeCOBEpILeH-
CTBOM pa3MeLIeHHs IUIABHUKOB OTHOCHTEIBHO LEHTPa TKECTH poboTa.
Takum 00pa3oM, ObUIM TONYyUYEHBI PEKOMEHIALNH KaK M0 OpraHU3aluu
YIPaBJICHUS, TaK U COBEPILIEHCTBOBAHUS KOHCTPYKIIMU pOOOTA.
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1. T.J. Hu, L. C. Shen, L. X. Lin, and H. J. Xu, “Biological inspira-
tions, kinematics modeling, mechanism design and experiments on an
undulating robotic fin inspired by gymnarchus niloticus,” Mech. Mach.
Theory, vol. 44, no. 3, pp. 633—645, Mar. 2009.

2. Antonelli G., Antonelli G. Underwater robots. — Switzerland :
Springer International Publishing, 2014. — T. 3 23-48.

A.Il. Abenenues
POCCHUMCKHUE CPEJICTBA MMOJABOJJHOM HABUTAIIUU U
CBSI3U: ITPAKTUKA UCITOJIb3OBAHUS U NIEPCITEKTUBbBI

000 «Jlabopamopus no08o0HouU césa3u u Hagueayuuy, Mockea,
hello@unavlab.com

A.P. Abelentsev
RUSSIAN UNDERWATER NAVIGATION
AND COMMUNICATION INSTRUMENTS: PRACTICE
AND PROSPECTS

LLC Underwater Communicztions & Navigation Laboratory, Moscow,
hello@unavlab.com

B coBpeMEHHBIX YCIOBHSIX 0COOYI0 BaKHOCTb MPEACTABISET paspa-
00TKa OTEUECTBEHHBIX CPEJCTB MMAPOAKYCTHUCCKON CBA3H U HABHIALHY,
obecrevnBaInX paboTy MOBOIHBIX POOOTOTEXHUYECKUX KOMILICKCOB
Pa3IMYHON CTEIICHW aBTOHOMHOCTH: OT MaJIbIX TeJeyIpaBIsIeMbIX arlma-
partoB 10 TI00aNbHBIX INIAHAEPOB H 0OMTAEMBIX MOABOJHBIX aIllIapaToB.
B nanHO# paboTe mpeacTaBiieH 0030p aKTyalbHbBIX TEKYIIUX U MEepPCIeK-
THBHBIX 33/1a4 THAPOAKYCTHYECKOH CBSA3M MIPUMEHHUTENHHO K OABOJHON
POOOTOTEXHHUKE M CPENICTB UX PELICHHS.

C TOYKHM 3peHHs pa3pabOTKH, MPAKTUYCCKH JIF00ash HABUTAIMOHHAS
3aJa4a COAEPXKUT B cebe 3a1auy obecneueHus: HUQpoBON rHIPOaKyCTH-
YECKOW CBSI3U, YaCTO C pa3JieliecHneM a0OHEHTOB, K KOTOPOW J00aBIsieT-
sl 3a/1a4a U3MEPEHUS BPEMEHH B IIMPOKOM CMBICIIC 3TOTO TEPMHHA: OT
OMpeNIeNICHUs] BpEMEHH PaclpOCTPaHEHHs CHUTHANa MEXIy OByMs abo-
HEHTaMH JI0 omnpeenceHus (a3 curHaia, NPUHAMaeMOro Ha (a3upoBaH-
HYIO aHTCHHYIO PELICTKY.

IIpenHa3HaueHHas paboOTaTh B €CTECTBEHHBIX BOJOEMax THIPOAKY-
CTHUYECKasi CHCTEMa CBSI3H JOJDKHA IPOCKTHPOBATHCA B MEPBYIO OUEpPelb
C YYETOM «HEAPYKEeIIOOHBIX» yCIOBHUI PabOTHL: KpaiHe y3Kas IOCTYII-
Hasl 110JI0CA 9acToT, pedpakuusi, HHTepHEPEHIs U Ip.
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C ToYkM 3peHusi ke TpeOOBaHHM MOJNb30BATElNs, COBPEMEHHAs CH-
CTeMa CBS3M JIOJDKHA UMETh BCTPOCHHBIE MEXaHU3MBI 00ECIIEUCHUS ECITU
HE MHO)XECTBEHHOTO JOCTyNa K Cpeie, TO KaK MUHUMYM MEXaHH3MBI
paszeneHus aOOHEHTOB.

[MpousBopumeie OO0 «Jlaboparopueil MOABOIHON CBS3M M HaBUTra-
UU» TUAPOAKYCTHIECKUEe MoneMbl cemeiicTB uWave u RedLine, x npu-
Mepy, IMEIOT BCTPOEHHYIO CHCTEMY KOJOBOTO pa3jeiieHHs aOOHEHTOB U
00€eCTIeunBarOT MOJIB30BATENS TaK HA3bIBAEMBIMHU «H30JIUPYIOIINMHA KOJO-
BBIMH KaHAJIAaMI»: W30JMPYIOMNI KOTOBBIH KaHaT TapaHTHPYET, YTO JIIO-
0011 aDOHEHT HEe MOXKET MPUHSITH COOOIIEHUE, KOTOpPOoe ObUIO IepeaaHo B
KOJIOBOM KaHaJjIe, OTNINYHOM OT TOTO, B KOTOPOM OH BEJET IIPUEM.

O0a Tuma MoieMOB pa3pabaThiBaJINCh HA OCHOBE LU(PPOBrO IHIyMO-
moT00HOr0 CHUTHAIa, 00ECIeUNBAIONIEr0 paboOTy B YCIOBHSIX MHOTOITY-
YEeBOT'0 PaCHpPOCTPAHEHHS U IIPU 3HAUUTEIFHOM YPOBHE ITOMEX.

YcrpoiicTBa pemaroT 3a1auu:

— IepeAavyy MPOU3BOJIbHBIX HU(PPOBBIX TAHHBIX;

— paszeneHus U N30JIIUU aO0OHEHTOB;

— JIOTMYECKOH aapecanuu

— TapaHTHUPOBAHHOW NOCTaBKH (IIOIY4EHHs MOATBEP)KICHUS O II0-
JIydEeHHUH U TIOBTOPHOI Nepenayn).

OTnenbHO CTOUT CKa3aTh O TpeOOBaHMM K MaccorabapUTHBIM IOKa-
3arensiM M dHeproddexkruBHOCTH. MUHHATIOPH3ALMUS CPEACTB THUAPO-
aKyCTHYECKOI CBA3M JejaeT BO3MOXKHBIM B NPUHIIMIIE OCHAILI[CHHE Ta-
KHMH CPEJCTBAMH CaMbIX MaJbIX allapaToB, B 0COOEHHOCTH aBTOHOM-
HeIX HeoOuTaeMblx (AHITA), 3HaYMTENBPHO pacIIUpssi TEM CaMbIM HX
(YHKIIOHAT U 0071aCTh IPUMEHEHHSI.

Hanpumep, caMblii Malslii U3 yCTPOUCTB cemeiicTBa uWave, SIBIISIO-
IIMICS HA JaHHBIH MOMEHT CaMbIM MaJICHBKHM U3 TIOJ00HBIX yCTPOWCTB
B mupe [1][2] mpu pa3zmepe 45x42 MM oOecrieuymBacT CBSA3b Ha NAIBHO-
ctsx o 1000 merpoB (mOATBEpXkKAEHHAs B €CTECTBEHHOM BOJIOEME
nmanpHOCTh - 1092 Metpa).

Takux BBIAAIOIIMXCS MaccorabapUTHBIX TOKas3aTenedl yaanoch A0-
CTHYb IPY IOMOIIY 3aIaTeHTOBAHHOTO [3] peleHus, Koraa BeCbh MOJEM,
BKJIIOYasl aHAJIOTOBbIE TPaKThl NpUEMa M mepefayd U 1udpoBol cur-
HaJIBHBIN TPOLIECCOpP, PACHOJararoTcsi BHYTPH MbE30KEpaMHUECKONW aH-
TCHHBI.

Haeuzayuonnvie 3a0auu

Ha ceromHsmHui AeHb UCTIONB30BaHUE MU(DPOBBIX CUTHAIIOB B Kade-
CTBE HaBUTAIMOHHBIX CTAJIIO CTAHAAPTOM Jie-(paKTo, U B CAMOM IIHPOKOM
CMBICJIC HAaBUTAIIMOHHBIC 3a/1a4l BKIIOYAIOT B ce0s 3aJ1aun 00eCIIcueHUs
CBSI3H.
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Onpeodenenue cobcmeeHHbIX HABUZAUUOHHBIX NAPAMEMPOE

B OO0 «JlabopaTopusi MOABOAHOW CBSI3U M HaBHTallUM» pa3pabora-
Ha u ¢ 2015 roxa Beimyckaercsi cucreMa T.H. moasogHoro GPS [4][5],
SIBIISIIOILAsICS. HA JIAHHBIH MOMEHT OJIMDKAWIIMM aHaJIOrOM IJI00aIbHBIX
CIIyTHUKOBBIX HaBHTI'alIHOHHBIX CUCTEM M PEasIU3yeT MX KIIOUEBYIO 0CO-
OEHHOCTB: YeThIpEe IUIaBY4MX Oysl B aKBAaTOPHH IMO3BOJISIOT ONPEIEISTh
coOcTBeHHOE Teorpadudeckoe (aOCOMOTHOE) MECTOMOIOKEHNE HEOTpa-
HUYCHHOMY YHCIY MOJBOJHBIX OOBEKTOB, OCHAIICHHBIX MAJIOra0aphT-
HBIMH HaBUTalMOHHBIMH TPHEMHUKaMH. [IpH 3TOM HaBHIallMOHHBIC
MPUEMHHUKH SMYJIUPYIOT MPOTOKON 0O0brdHBIX GNSS-mpreMHHKOB, 9TO
H03BOJIIET MAKCHMAJILHO YIIPOCTUTH HUHTETPALIHIIO.

Onpedenenue HABUAUUOHHBLIX  NAPAMEMPOE  YRPABIACMOZ0
obvexma

3ajgaya B OOJblLICH CTENEHU aKTyajbHA JJIsl Pa3lIMuHbIX TeleyIpaB-
JIAEMBIX alIrapaToB U OCYHICCTBJICHUA IMTOUCKA B aBapHﬁHLIX ClIyJasx.

TeneynpasnsieMblii anmapar, Kak MPaBUJIO HE COJACPKUT CEPbEe3HOU
JIOTMKN oOecredeHus] cOOCTBEHHOTO IBIDKCHUS, B JIy4IIEM CIIydae OH
MOXET MMETh CHCTeMYy CTaOWIM3alM{ TJIyOMHBI, W, YTO 3HAYUTEIHHO
pexe - Kypca. TeneymnpasieHne OCyIIECTBISIETCS 1O kaberno, a obpar-
Has  CBSI3b ~ OpPraHW3yeTcss IpH  TOMONIM  BHUJICOM300pake-
HUSI/3BYKOBHICHUS/ THAPOJIOKALIHH.

Ha cymecTBeHHBIX 715l TAKMX KOMIIIEKCOB AMCTAHIMHN - 60jiee COTHH
METpPOB, TEICylpaBlcHuEe 0€3 OnpenesieHnss Kak MUHUMYM OTHOCHTEIb-
HOTO (OTHOCHTEJBHO CylIHa OOECIedYeHUs) MOJOKEHHs ammapara 3a-
TPYIHEHO M CONPSIKEHO C PUCKAMHU, OCOOEHHO B pailOHax C aKTUBHBIM
CYZOXOJICTBOM W/WIIM Pa3IMYHBIMU TPUPOJHBIMU (aKTOpaMH (CIIOKHBIH
JIOHHBIH TaHmadT, TEISHUs, TUI0Xask BUIUMOCTD H T.I1.).

B 00O «JIabopatopus 1oJBOAHON CBSI3U M HABUTAlMM» pa3padoTaH
LEJIBII PsIJl CUCTEM JUTS pellieHHs] 0003HaYeHHOH 3a1au.

B wactHOCTH, HaMU pa3paboTaHa, MPOU3BOANUTCS M MPOAAETCS yilb-
TpakopoTKoOa3ucHas cucrteMa Zima2 [6], KOTopas IO3BOJIIET OCY-
IIECTBISITH CIEKEHUE 32 IMOJBOAHBIMH OOBEKTaMH, 00OPYHZOBaHHBIMH
MasiKaMU-OTBETUYMKAMH, TIPU TTOMOIIM HEJICHTalIOHHOW aHTEHHBI, yCTa-
HaBJIMBAIOLICHCSI HA OIYCKHOM IIITAHTe Ha Cy/JHE 00eCIIeYeHHs.

1. Zia, M.Y.I., Poncela, J. & Otero, P. State-of-the-Art Underwater
Acoustic Communication Modems: Classifications, Analyses and De-
sign Challenges. Wireless Pers Commun 116, 1325-1360 (2021).

2. Quraishi, Anwar Ahmad, Cooperative Multi-Robot Systems for
Aquatic Environmental Sensing: pour I’obtention du grade de Docteur es
Sciences, EPFL, Lausanne, 170p, (2021).
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3. Ilarent RU2659299CI1.

4. https://docs.unavlab.com/documentation/RU/RedWAVE/RedWA
VE DataBrief ru.html.

5. Harenter US10989815B2, W02017044012A1, EP3349040A4,
RU2599902C1.

6. https://docs.unavlab.com/navigation and_tracking systems_ru.ht
ml#zima2.

B.B. Cepzeee’, C.Hu. I(oc;muykl, AJL II]udﬂoecmu?z,
K.C. Tanuposckuii’
CUCTEMA ®OTO U BUJAEO CBbEMKH
JUIS1 BYKCHUPOBIIIMKA BOJAOJA30B

'40 «HUH menesudenusny, Canxm-Ilemep6ype; *OI'BY BO
Canxm-Ilemepbypeckuii yHugepcumem npomusonoAICapHoL Cyxicowl
MYC Poccuu, Canxm-Ilemepbype
npk62ypr@niitv.ru, shaten7575@inbox.ru

V.V. Sergeev', S.I. Kosyanchuk', A.L. Shidlovsky’, K.S. Talirovskiy’
PHOTO AND VIDEO SHOOTING SYSTEM FOR DIVING TOW

1JSC «Television Scientific Research Institutey, St. Petersburg; *St. Petersburg
University of the State Fire Service of the Ministry of Emergencies of Russia
npk62ypr@niitv.ru, shaten7575@inbox.ru

B Hacrosmiee BpeMs OyKCHPOBIIMKH BOJ0IA30B IIUPOKO HCIONB3YIOT-
Csl B MHPOBOH BOJIOJIA3HOM MPAKTUKE, TIOCKOIBKY MX IPHUMEHEHHE TI03BO-
JISIET B KpaT4ailiiie CPOKH BBINOJHHUTH MMOUCKOBO-CHACATENbHbIE pabOThI
Ha OONBINMX IUIOMAIAX C IPUBICYCHHEM MHHHMAJIBHOTO KOJIHYECTBA
JIMYHOTO COCTaBa BOJIOJIA30B U, TEM CaMbIM, CIIACTH YeJIOBEYECKHUE )KU3HH,
BOBpEMSI BBITIOJIHUTh PEMOHTHO-BOCCTaHOBHUTENbHBIE PAabOTHl Ha 3aTo-
HYBIIUX 00BEKTaX WIH MPEJOTBPATHTH DKOJIOTHYECKHE KaTacTPOQBbI.

B noxnazne npuBOASTCS OCHOBHBIE TEXHHUYECKHE MapaMeTphbl paspa-
6otanHoro aiust MUC OykcupoBIyKa Boo1a30B «DakTop» ¢ Tpy30BbIM
KOHTCHHEPOM Ha THOKOW CIENKe Ui TPAHCIOPTHPOBKH TPY30B IIPH
MIPOBEACHNH Pa3IMYHBIX BUIOB MOJIBOJHBIX Pa0OT:

— TIIOWCK 3aTOHYBIIMX OOBEKTOB M IOCTP3AaBIINX B AKBATOPUH
OKCaHOB M MOpeH Ha OONBIINX TUIOMIATISX;

— JocTaBka 000pyIOBaHUS HA TIYOHHY paOOTAIOIIUM BOIOIA3aM;

— JIOCTaBKa CHapsDKEHHS M OaJUIOHOB C KHCIIOPOJIOM IUISl CIIaCEeHHS
JI0/IeH Ha 3aTOHYBIINX 0OBEKTAaX;
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— TPaHCIOPTHPOBKA IPY30B, MOCTPANABIIUX WM HOTUOIIKX;

— 0CMOTp TPYOOIPOBOIOB U MOBOIHBIX OOBEKTOB;

— MpPOBEACHHUE aHTH TEPPOPUCTUYUCCKUX OIMEPAlHid, pa3BEIKH,
OXpaHbl, MUHUPOBAHUS/PA3MHUHUPOBAHUS M PYTHX CIICIHATIBHBIX paboT
CHJIOBBIMH BEJIOMCTBAMH.

[TpuBOaMTCS CPaBHUTENBHBIN aHATIU3 TAKTUKO-TEXHUYECKUX Xapak-
TEPUCTUK OyKCHpOBIIMKA Bojonaza «®DakTopy ¢ aHAJIOTHYHBIMH
yCTpOﬁCTBaMPI, MMpeACTaBJICHHBIMU Ha MHWPOBOM PBIHKE, TaKUMH Kak:
«Rotinory, «Seabob», «Bonex», «Dive x-tras Piranhay.

[TokazaHo, uto y OykcupoBiuka «Dakrop» Oimarogapsi OpUrHHaIb-
HOMY pPa3MEIICHHIO BOAONA3a Ha OYKCHPOBIIHMKE OTCYTCTBYIOT CYILeE-
CTBEHHBIE HEOCTATKH JYUIIHNX 3apyOSKHBIX aHAJIOTOB, KOTOPBIE HMEIOT
«TSHYLIMI» TPUHIMI JSHCTBHSA, I BOAONA3 ACPKUTCA PyKaMH 3a Pbi-
yaru OyKCHPOBIINKA, & HIMEHHO:

— B Mpoliecce MepeMenieHUs Y BOJ0JIa3a YCTAIOT PYKH U MO MPUOBI-
THIO K MECTy pabOoThI eMy HEOOXOMMO BpeMs [l BOCCTAHOBIICHHSI CHIT;

— BCTPEYHbIA MOTOK BOJABI HAMPABICHHBIA B JIUIO 3aTPyJHSACT BU-
JIIMOCTh B BOJIC;

— HeT BO3MOXHOCTH JIJIs1 TPAHCTIOPTHPOBKHU MOCTPAIABILETO U IPy3a.

Eme oaH0 nipenMyIiecTBo OykcupoBiuka «DakTop» B TOM, Y4TO BO-
JI0J1a3 BO BpEMsI JIBUOKEHHST MMEET CBOOOJHBIC PYKH JUISl YIIPABICHUS
OYKCHPOBIINKOM U MOKET BBITIOJIHSATD JOMOIHUTEIbHBIC (DYHKIUH.

B nokiane npeaioxeHo ocHaCTUTh OYKCUpoBIIHK «DakTop» 000py-
JIOBaHHEM Jijisi POTO M BHJIEO CHEMKH OOBEKTOB HAOJIIOACHHS C CUCTe-
MOW TOJICBETKU ISl PACIIUPEHUsT (YHKIIMOHATBHBIX BO3MOXKHOCTEH H
IIOBBIIIICHUSA 3(1)(1)6KTI/IBHOCTI/I IMOUCKOBO-CIIaCATCIbHBIX WU OCMOTPOBBIX
paboT, paboT MO COCTABJICHUIO TOHHBIX KapT, MACIOPTOB OE30MaCHOCTH
MOZBOIHBIX OOBEKTOB U MX OXPaHBI, BBINOJHCHHS CIICHUATBHBIX BHOB
pabor, a Takxe y4eOHOTo nporecca 00y4eHHs BOJ0JIA30B.

[onyuyeHHsle B mpouecce paboThl POTO M BHICO MaTepHalbl MO3BO-
JSIT KOHTPOJIUPOBATh KAYECTBO BBIMOIHIEMBIX MOJBOJHBIX PaboT, CO-
KpaTuTh BpeMsl IPeObIBaHKs BOJOJIA30B B BOJHON Cpeie, IPUBJICYb IS
aHaimu3a (OTO M BHJCO MATEPUATIOB SKCIEPTOB HA CyIIE W, IPU HEOOXO-
JMMOCTH, BBIIIOJHUTH MOBTOPHYIO BHJEO ChEMKY HPOOJIIEMHBIX MECT
00BEKTOB, HCKIIIOYHUTH MPH MOUCKE U OCMOTpPE YeNIOBEUECKUH (hakTop u
MIPOITYCK y4aCTKOB OOBEKTOB HIIH TOBEPXHOCTH JIHA.

B Jnokmaze paccMaTpuBaeTCs CTPYKTYpa U TPUBOISTCS OCHOBHBIC
TEXHUYECKHE TapaMeTphbl 000PYIOBaHHUS TS BBITIOIHEHHUs OTO U BHICO
CheMKH OOBEKTOB HAOJIIOACHHMS Ha CKOPOCTH Xoaa Oykcuposuruka. J{ys
obecrieyeHns1 TpeOyeMOro YpOBHSI OCBELICHHOCTH YCTAHOBJICHBI /[Ba CBE-
TOJMOIHBIX CBETUJIBHUKA C BO3MOXKHOCTBIO TUIABHOM PEryJIMPOBKU MOII-
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HOCTH U3JTy4€HHs1 BOJIOIa30M. J[Jisi KOHTPOJIS MOTydaeMbIX H300pasKeHUi
TB kamepoii ¥ BbIBO/IA CITy)KeOHOM HH(DOPMALIUH CITYKHUT AUCILICH 5.

s pacumperus QyHKIIMOHAIBHBIX BO3MOXKHOCTEH OYKCHPOBIIHKA
B 4acTH 0€30I1aCHOCTH U HaBUragu pacCMaTpuBarOTCd BOIIPOCHI OCHA-
mCHUA 6yKCI/IpOBHH/IKa FHY6I/IHOMepOM C HHﬂHKaHHeﬁ JOCTUIKCHUSA TIPEC-
JIeNTbHOI paboyel rryOHHBI M KOMITacOM.

A.A. Kypnocos
BJIUSITHUE HAPYIIEHUI CUMMETPUA
HA ONPEJEJEHUE OIITUMAJIbHBIX TPAEKTOPUIA
YHOPABJIEHUS CJIOKHBIMUA POBOTOTEXHUYECKUMHAU
CUCTEMAMUA

AO «CIIMBM « MAJIAXUT», Canxm-Ilemepbype, info-ckb@malachite-spb.ru

A.A. Kurnosov
THE IMPACT OF SYMMETRY VIOLATIONS
ON DETERMINING OPTIMAL CONTROL TRAJECTORIES
FOR COMPLEX ROBOTIC SYSTEMS

JSC «SPMBM «MALAHIT», St. Petersburg, info-ckb@malachite-spb.ru

[oBbimenne 3pPEeKTUBHOCTH U KOHKYPEHTOCTIOCOOHOCTH TE€XHOTEH-
HBIX CHCTEM OJHO3HAYHO CBSI3aHO C MX YCIIOKHEHHEM, UYTO SIBISETCS
MIPU3HAKOM YPOBHSI TEXHOJIOTHYECKOTO Pa3BUTHS CTPaHbl. POCT ciioxxHO-
CTH CHCTEM NIPUBOJAUT M K POCTY KaTacTpOPHUIECKOro MOTEHIIHANA, MIPO-
MTOPIIMOHAIEHOTO CIIOKHOCTH CUCTEMHI [ 1].

Crnoxusle cucteMbl (CC) — 30HTUYHBIA TEPMHUH, OTHOCSIINICA K ClIa-
00 ompeneneHHoi MoIMMOpP(GHON CYIIHOCTH, MPOSIBJICHHS KOTOPOil mpe-
BOCXOJISIT Hallle MOHMMaHWe MPHUHIMIOB e€ (QyHkuuoHnposanus. Cdop-
MYJIMPOBaHbI yCJIOBUSI OTHECEHHUSI CUCTEM K KJIACCy CJIOXKHBIX Ha OCHOBE
5-TH CBOWCTB: OTKPBITOCTH, HEM30MOP(HONW M3MEHYMBOCTH TPEX BHJIOB
(cTpyKTYpHOH, NPOCTPaHCTBEHHOM 1 MH(OPMAIIMOHHOW), ABOMHOTO KOJ1a,
arperupoBaHusi COOBITHI M HapyIIeHHs! PU3NUECKUX CUMMETpPHIL.

TpaguionHsle npuHIMIGI pazpadorkn CC 6a3upyroTcs Ha psae 3a-
KOHOB COXPaHEHUsI, COOTBETCTBYIOIINX HENPEPHIBHBIM CHMMETPHAM (-
3U9ecKuX mponeccoB. 11IMpoko MCronb3yIoTCs 3aKOHBI COXPAaHEHHs YHEP-
THW/MMITYJIbCa, TUIIOTE3a SPTOJMYHOCTH, 0OPaTUMOCTH BPEMEHH B (H3H-
4yecKHx mporeccax u T.1. KiaccudukarmonnsimM npuzHakom CC mpemia-
raeTcs CYUTaTh MMEHHO HAPYLICHUS HEKOTOPBIX (PU3HUECKNX CHMMETPUH
- 3aKOHA COXpaHEHHs SHepruu, yciuoBus CIymKOro Iuisi 3proAWYEcKHX
CHCTEM, HEOJHOPOJHOCTH M AHW3OTPOITHOCTH BPEMEHH, NPUYMHHOCTH,
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CUMMETPUH H30MOP(HOCTH arpernpoBaHHBIX COOBITHH U IIp.

DTO MPHUBOAUT K HEOOXOAMMOCTH Pa3pabOTKU CIICHHATBHBIX METO-
JIOB ONpeesieHNs ONTUMANbHBIX TpaekTropuil s3omonuun CC ¢ nensto
BEIPAOOTKH BO3MOKHBIX yIIpaBiicHUH. bazoBas rumore3a merona - He-
MpeJCKa3yeMble KaTacTpO(bl U MPOSBICHUS Kay3aJbHOW HECOBMECTH-
Moct CC cBsizaHbl ¢ TeM, 4TO peanbHass MeTpuka CC mpeBOCXOAUT
METPHUKY, 3AI0KEHHYIO TIPH WX MPOCKTUPOBAaHUH. ba3oBble IOCTYIATHI :
SHEeprust UMeeT (PyHIaMEeHTaIbHOE 3HA4YCHHE; BpeMs HEoOpaTHMO; BCE
sBomorun CC TpeAcTaBiIAioT co00i MOTOK YHHUKAIBHBIX COOBITHI; KO-
OpAMHATHL B IPOCTPAHCTBE-BPEMEHH MOXKHO HCIIOJIB30BaTh, YTOOBI OA-
HO3HAYHO WICHTU(HUIUPOBATH KAKA0E COOBITHE, IPH ATOM PA3MEPHOCTb
MIPOCTPAHCTBA-BPEMEHH JIOJDKHA 00ecreunBaTh BIOKEHHE BCEX COOBI-
THH, KaK YHUKAJIBHBIX, TO €CTh COOTBETCTBOBATH KOJHUCCTBY CTCIICHEH
HU3MEHYMBOCTHU CHCTEM; HAOIIOIaTeNsl He CYIIECTBYET, KaK U TII00ATbHO-
rO CIICHApUs TMOBEACHUS WHAMBUIOB, BCE COOBITHS BOCHPHUHHMAIOTCS
WHJIUBUJAMH B CBOMX HMHIUBUAyalbHBIX BpemeHax [2]. ba3opas cymi-
HOCTh — JIIM - 3HEepreTHYecKoe MPUIYNHHOES MHOKECTBO (IBOJOI[MOHH-
pyrommii  runeprpad), MOPOXKIACMOE COBOKYITHOCTHIO HHIVBHIOB —
anemeHToB CC. B HekoTophix y3max OI1IM BO3MOXHO yIpaBIeHHE dBO-
JIOIME CHCTeM ISl OTHCNBHBIX WHAWBHAOB B Tpeeliax 3aJaHHBIX
orpaHHYeHHii 110 ynpasieHnio. Merpuka 1M - T°L’[3].

BbazoBeie mMomenm - (HU3UKO-MaTeMaTHYECKash MOJENb B3aMMOACH-
CTBUSI; HEHPOJIMHIBUCTUYECKAas MOJAETh M MOJENb ympaBieHHus. Pac-
CMaTPHUBAIOTCS CTPYKTYPBI U OCOOCHHOCTH MoOJelied npu  (HU3HIECKOM
UMHUTAIMOHHOM MOJCIUPOBaHUK. KpUTEpHil ONTHUMAIbHOCTH — MHUHH-
MyM DHEPreTHYeCKuX (MH(OPMAIIMOHHBIX) 3aTpar MO TPACKTOPHH HpPU
MaKcUMyMe OJIM30CcTH (DMHAIBHOTO MATTEPHA COCTOSHHS K IICTICBOMY,
ONPENENIEHHOMY TEKCTOM. TEOopeTHUECKHE MONOKEHHS WITFOCTPUPYIOT-
sl pe3yJIbTaTaMH MCCICIOBAHUH U DKCIICPUMEHTATEHBIMHU OI[CHKAMH.

[IpuMeHeHNE W3TOKEHHOTO TOAXO0Ia MOXKHO PEKOMEHAOBATH IS
CIIOKHBIX CHCTEM C TpoOJIeMaMH COBMECTHMOCTH, BBI3BAHHBIMH Mac-
mTa0HON Koomepamueil pa3paboTKu cO CIa0BIMH TOPHU3OHTANBHBIMU
CBSI3SIMHU, CJIOKHOCTBIO OTJAENBHBIX 3JIEMEHTOB, HATM4HWEM TpeOoBaHHI
[0 pPasTpaHHYCHUIO JOCTyNna K HWH(GOpMAIHH, MYJIETHIOMEHHOCTHIO
MIPUMEHEHHUS AIEMEHTOB CIIOXKHBIX CHCTeM. Peanm3anus moaxoaa mo3Bo-
JISIeT 00CCTICYNTh YCTPAHEHUE KOH(IUKTOB Kay3aJbHOH COBMECTUMOCTH
HAa PAaHHMUX CTAIMSIX MPOCKTHPOBAHHUS M Pa3padOTaTh ONTUMAIIbHBIC ai-
TOPUTMbI KOMIUIEKCHOT'O IIPUMCHEHUS Pa3HOPOIHBIX CPEICTB.

1. Charles Perrow. Normal Accidents. Living With High-Risk
Technologies. USA, Basic Books, 1984.

151



CBOPHUK TE3NCOB 33 MesxayHapoAHON Hay4HO-TEXHUYECKOWM KOHbepeHLmnm
«IKCTPEMA/IbHASA POBOTOTEXHUKA»

2. Kurnosov A. Predictive Temporal Analytics Method in Situation-
al Modeling of the Evolution of Complex Systems, Journal of Physics:
Conference Series / Intelligent Information Technology and Mathemati-
cal Modeling 2021, 2131 (2021) 032026 doi:10.1088/1742-
6596/2131/3/032026.

3. Smolin Lee, The dynamics of difference. Perimeter Institute for
Theoretical Physics, 31 Caroline Street North, Waterloo, Ontario N2J
2Y5, Canada June 4, 2019.

C.A. ITonosko, A.C. Ilpoyeniox, B.B. Ilenyiiko
ONbIT CO3JAHUA CUCTEMBI IIOABOJTHOHU CTBIKOBKH
JJIs1 OPTAHU3ALIIM COBMECTHBIX JIEMCTBUU

T'HI] POLIHUU PTK, Canxm-Ilemepbype, a.procenyuk@rtc.ru

S.A. Polovko, A.S. Procenyuk, V.V. Tceluyko
EXPERIENCE IN CREATING AN UNDERWATER DOCKING
SYSTEM FOR ORGANIZING JOINT ACTIONS

Russian State Scientific Center for Robotics and Technical Cybernetics,
St. Petersburg, a.procenyuk@rtc.ru

B xone co3manus M 3KCIUTyaTalliy aBTOHOMHBIX HEOOMTAEMBbIX ITOJ-
BOJHBIX allapaToB BBIABIEHA HEOOXOAMMOCTH CTHIKOBKH armmapara C
HOCHUTEJIEM WJIM AOHHOW CTaHIMEH, AJIS 3apsAAKH aKKyMYyJSTOPHBIX Oa-
Tapel, nepenaun codpaHHoW MHGOPMAIMHU, 3arpy3KH OYEPEHON MHC-
CHUH, NPOBEJCHUS TUATHOCTUKU U TEXHUYECKOTO OOCITyKHBAHUSL.

3ajaya CTBIKOBKH C IIOJIBOJHBIM HOCUTEIEM SBISIETCSI OJHOW W3
HauboJee CIIOKHBIX, TaK KaK MpelycMaTpuBaeT TECHOE B3aUMO/IeiiCTBIE
TIOJIBM)KHBIX OOBEKTOB B YCJIOBUSAX MOABIKHON cpeibl. OCOOEHHOCThIO
CTBIKOBKHU pazpadarsiBaemoro AHITA ¢ moiBoIHBIM OOBEKTOM SIBISIETCS
HEOOXO0JMMOCTh TIPUBE/ICHUS alllapaTa B pailoH HaXOXKICHUS 00BEKTa C
OOJIBIIOTO PACCTOSIHUS, TOYHOTO ITO3UIIMOHUPOBAHUS M oOOecrieueHus
BEPTUKAJIBHOIO JBI)KEHHUS 0 MOMEHTAa CTBHIKOBKU C OJHOBPEMEHHBIM
yZIepKaHHEM IO3WIMN B TOPH30HTANBHON IuTockocTH. Ilpu 3ToM HEoO-
XOANMO OOECIeYNTh BO3MOKHOCTH PabOTBHI CHCTEMBI MPH YACTHIHOM
BBIXOZIE €€ KOMITOHEHTOB M3 cTpost. IlomoOHast crcTeMa CTBHIKOBKHU IT103-
BOJISIET 00ECHEUNTh CKPBITHOCTH BBIIIOJIHEHHMS ONepanuii, BO3MO>KHOCTb
UX BBINOJHEHHS HAa 3HAYUTEIBHOM PACCTOSIHUM OT Ha3eMHBIX 0a3, a
TaKXC HC3aBUCHUMOCTD OT ITIOI'OHBIX yCHOBMﬁ.
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[Ipomecc npuBeAeHUS W CTHIKOBKH HAYMHAETCSA C OOJBIIOTO PAaCcCTO-
SIHUSL 1 COCTOMT M3 IOCIICIOBATEILHOCTH 3TAIOB:

1. CoOmmkeHue

2. JlanpHee mpuBeaEHUE

3. bmmwkHee mpuBeneHUE

4. CrbhIKOBKa

Drtanbl BHIOPAHBI C YYETOM XapaKTEPUCTUK CEHCOPOB, OOeCIeunBa-
IONIUX Pa3IMYHbIC TUATA30HbI ¥ TOUHOCTH ONPEACICHHUS TOJI0KCHUS.

COnmKeHre MPOU3BOIUTCS 1O JaHHBIM aBTOHOMHBIX HABUTAIlUOH-
HbIx cucteM AHITA. JlanpHee npuBeaeHUEe HAYMHAECTCS C TPAHULIBI AeH-
CTBUS TUAPOAKYCTHUCCKON CBSI3U. bikHee mpuBeeHUE OCYIECTBIIACT-
cs B 30He paguycoMm 110 500 metpoB. Ha ¢uHanbHOM cramuu (CTHIKOBKA)
MPUMEHSETCS ONTHUKO-TEIEBU3NOHHBIA MPHUHIAII OIPEACTICHUS TOJ0XKe-
HUS, 00ECIeUnBaOMMA BBICOKYI0 YacTOTy W TOYHOCTh H3MEPCHHM.
Haubomnee r¢pdexTHBHOI cXeMON U ONTUIECKOTO HABEIEHHUS SIBIISETCS
MPUMEHEHNE CIEIUAIbHBIX aKTUBHBIX CBETOBBIX MapkepoB. Takoe pe-
IICHHE 00eCIeYnBaeT MPEAS/IbHYO JaIbHOCTh HaBeACHU OT 5 10 20 M.

o4

Pucynox 1 — CBeToBbIe MapKepsI

@DaKT CTHIKOBKM OIpEJENsieTcs] M0 CpadaThIBAaHUIO KOHIIEBHIX BbI-
KJIFoYaTeNned, Mo TOSBICHHIO CBS3U IO CHCTEME BBICOKOCKOPOCTHOTO
ONTHYECKOT0 OOMEHa JMO0 MO CTaOMIBHOMY IIOJIOKEHHIO MapKepoB B
N300pKEHHSIX OT TEIEBU3UOHHBIX KaMep.

Pe3ynpTaThl MOIy4eHB! B pPaMKaxX BBIIOJHEHUS TOCYIAPCTBEHHOTO
3amanmst MunoOpHaykun Poccnn FNRG-2022-0025 1021101316168-7-
2.2.2 Ne 075-01623-22-01 «ANrOpUTMBI TPYMIIOBOTO YTIPABIECHHUS aBTO-
HOMHBIMH HEOOHMTaeMbIMHU MOABOJHBIMY alllapaTaMd B YCIOBHAX Orpa-
HUYCHHON MPOMYCKHON CIIOCOOHOCTH THAPOAKYCTUYCCKUX KaHAJIOB
CBSI3U.
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H.A. Ilyp', H.B. Mumun’, P.A. Kopomaeg’, B.H. Muponoé’,
B.b. Kasanueel’z
SKCHEPUMEHTAJIBHOE UCCJIIEJOBAHUE
N YUCJEHHOE MOAEJINPOBAHUE T'NAPOJINHAMUKHA
PBIBOINIOAOBHOI'O ITOABOJHOI'O POBOTA

'THI] P® LTHUH PTK, Canxm-Ilemep6ype, koliambos@mail.ru;
ZHuofcezopodCKuﬁ eocyoapcmeennviil yuugepcumem um. H.U. Jlobauesckoeo,
Huowenui Hogeopoo

N.A. T schurl, LV. Mitinz, R.A. Korotaevz, V.1 Mironovz,
V.B. Kazantsev'’
EXPERIMENTAL STUDY AND NUMERICAL SIMULATION
OF HYDRODYNAMICS FOR FISH-LIKE UNDERWATER
VEHICLE

'Russian State Scientific Center for Robotics and Technical Cybernetics,
St. Petersburg, koliambos@mail.ru; > National Research Lobachevsky State
University of Nizhny Novgorod, Nizhny Novgorod

B Hacrosiueii craTbe mpencTaBieHbl pe3ysbTaThl IKCIEPUMEHTAIBHO-
rO ¥ PacyeTHOTO MOJICJIMPOBAHUS JIBIKEHHS PHIOOIIOJOOHOTO T10JIBOIHO-
ro pobora. s uccnenoBanus QyHIaMEHTAIBHBIX MPUHIUIIOB JIOKOMO-
Ul peid OBUT pa3paboTaH MakeT OHMOMOP(HOTO TOABOTHOTO pPOOOTA.
[Ipu ero mpoekTrpoBaHUK B KadecTBe pedepeHca ObiIa BeIOpaHa prIOa
ceMelicTBa CKyMOpHeBbIe: THXOOKeaHCKHi roimy6oit Tynen. Ilo ¢ororpa-
¢usam OblIa ckoHCTpyHpoBaHa 3D Monenb Kopityca, KoTopasi 3aTeM Oblia
CKOppEKTHpOBaHa (yBEJMYCHA INMPHHA IONEPEYHOrO CEUYEHMs), IS
obecrieueHuss TpeOyeMol BMECTHTEIILHOCTH IO HEOOXOAMMOE OOPTOBOE
obopynoBanue. J[Buwkurenb podora umeer Gpopmy XBOCTa U COCTOUT M3
rMOKOM IUIACTHHBI C 3aKPEIUICHHBIM Ha HEW XBOCTOBBIM IUIaBHHKOM. C
JIBYX CTOPOH OT TMOKOH IUIaCTWHBI pacloJiaratorcs TSArH, ne(opMHUpYIO-
e ee IpH BpallleHuH CepBONpHBOAa. [t IpHIaHus AOTOIHUTENHHOH
CTENEeHH CBOOOJBI XBOCTOBOW IUIABHUK YCTAaHABJIMBAETCS Ha IOIIPYXKHU-
HEeHHBIM mapHup. J{aHHass MOJENb MO3BOJISIET HCCIIeNoBaTh bnomMopghHoe
IUTABaHKE C PA3IMYHBIMH IIApaMETPaMU JIBIDKEHHS, @ UMEHHO: aMILTUTY 4
M YacToTa B3MAaxOB 3a[JaeTcsl YIPABILIONMM CHIHAJIIOM CEPBOIPHBOA,
YTOJlI MEXIy XBOCTOBBIM IUIABHHUKOM W YIPYIOH IJIacCTUHOM 3a/1aeTcs
KOJIMYECTBOM H ’KECTKOCTBIO IIPYXKHH B IIAPHUPE.

brun npoBeneHs! ucnbiTanus paspaboTaHHoro Makera. Ha mHo Gac-
ceiiHa MMOMeIANach IUIACTHHA C HAHECEHHOW KOOPAWHATHON CETKOW C
pasmepom stueek 100 x 100 mm. Ha kakgoMm 1mare skcrepuMeHTa ocy-
IIECTBJISUICS 3aITyCK MaKeTa C 3aJaHHbIMH ((PMKCUPOBAHHBIMH B TEYCHUH
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OJTHOW WUTEpaIMi) YIPABISIOMINME ITapaMeTpaMy aMIUTHTY Bl X 9aCTOTHI
B3MaxoB xBocTa. [locie crapra m Habopa CKOPOCTH MAKeT, ABHKYIITHIACS
Ha (hOHE KOOPIMHATHON CETKH, CHUMAIH Ha Kamepy. [1o moixydeHHBIM
BUACOJAHHBIM OIPEACIIAIN CKOPOCTh M XapaKTEp MABWKCHUA MOACIN
IIPY Pa3JIM4HBIX [1apaMEeTpax aMIUIMTYAbl U 4acTOTHI B3MaxoB XBocTa. B
}IaJ’[BHeﬁH.IeM TNOJIYYCHHBIC SKCIIEPUMCHTAJIIBHBIC JaHHBIC HCIIOJIB30Ba-
JIMCh JI1 OUE€HKH JOCTOBEPHOCTU paC‘IeTHOﬁ MOACIIN.

a) 06)

Pucynox 1 — I'eomerpust (a)3xkcriepuMeHTaNbHOI 1 (0) pacueTHOM Mozaeneit

PacuerHast MeTOIMKa MOJICIMPOBAHUS JMHAMUKH OMOMOP(HBIX MMOJ-
BOJIHBIX poOoTOB paszpadorana B 911 na6. [THUU PTK u anpoGupoBana
B padote [3]. [Jus MopenupoBaHUsl IMHAMHUKH PHIOOIIONOOHOTO poboTa
paspaboraH anroputm aedopMaly MOBEpXHOCTH U CETKU AJIsl phIOOMO-
JoOHOM nedopmaliy, aHaIOTHYHOM TOH, YTO HAOJIIOJAETCs B AKCIIEPH-
MeHTe. YpaBHEHHs IMHAMUKH poOOTa U JTUHAMHKH JKUAKOCTH PellaroT-
csi coBMeCTHO. JIaHHBIA MOAXOM MO3BOJISET IONYYUTh JeTajbHbIC NaH-
Hble O JAWHAMHKE JIBIDKCHHS PHIOOMONOOHOrO podoTa, Takhe Kak, am-
IUTHTY/a KoJeOaHuil Kypca KpeHa U nuddepenTa, a Takxke UX OCpeHEH-
HbIE 3HAYCHHUS.

B reomerpudeckoit Momenu pobGoTa A IMPOBEACHHUS PACcUETOB CHe-
7aH pan ynpomeHuil. OTCYTCTBYIOT TATH, WAYIIHE OT CEPBOIPHUBOMAA K
XBOCTOBOMY IUIaBHMKY. IIOBEpXHOCTH pacueTHOW MOZAEIU HE HUMEET
TCXHOJIOTHYCCKHUEC OTBepCTI/Iﬁ IIOJ KPETICK. CyH_[eCTBeHHI)IM MOMCHTOM B
9KCIIEPUMEHTE SIBJISIETCS] TIPOBOJI, MAYIINI OT omneparopa K MOJENH, Ha
KOTOPBIN MPHUKPEIJICHBI TOTUIABKH IS TTOJIEPKaHUS ero HeHTpaIbHOM
riaBydecTd. JlaHHBIM MPOBOJ, HECMOTPSl HAa Malloe cedeHue (Tpu OT-
JeJIbHBIC JKUIBl JHAMETPOM | MM) MOXET BHOCHTBH CYILECTBEHHBIH
BKJIaJI B THAPOIMHAMUYECKOE COMPOTUBIICHHE POOOTa, OJHAKO BO3MOXK-
HOCTb Y4Y€CTh 3TOT (paKTOP B pacueTHOW MOJEIU OTCYTCTBYeT. B naib-
HEUIINX SKCHEPHMEHTaX MPEATIONAaraeTcsi HCIOIb30BaHHE OECIPOBOA-
HOI MOZIENIN ¢ aKKyMYJIATOPOM H paJHoIepeaTInKOM.
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Pucynok 2 — YeTpoiicTBO 3KCIIEpUMEHTAIbHON MOJICIIH.

Pacuer mpennonaraer, yro aedopmaius XBocTa 3alaeTcs, Kak
(hyHKIMS OT BPEMEHH, a JBIKCHHE PO00Ta MOJHOCTHIO OMPEACSIeTCS
napameTpamu 3aaHHoi gedopmarin. B skcriepuMeHTaIbHON MOJICTH B
Ka4eCTBE «XBOCTa» HMCIIOJB30BaJaCh ympyras Oajka MpsSMOYroJbHOTO
CCYCHUS C 3aKPEIUICHHBIM Ha KOHIIE XBOCTOBBIM IUIaBHUKOM. Jledopma-
LU0 YOPYroi Oajkyd MOXKHO OMUCATh (POPMYJION AYTM OKPYXKHOCTH, a
TIpH HEOOIBIINX aAMIUTATYJaX (GOPMYIOH IS TapaOoIIbL:

dz=A-x?-sin(2m-f-t) 6))

B coorBercTBHu ¢ nmaHHOHM (hopmyIoil 3amaéres GOKOBOE cMelle-
HUe dz a7 MOBEPXHOCTH XBOCTOBOM Oallkm M XBOCTOBOTO IUIABHHKA B
3aBHCHMOCTH OT IPOJIOJIBHON KOOPIMHATHI X M BpeMeHH t. HacTora Ko-
nebanmii f=2.46 I'u, a xkoapduureHT 4 moxgbupaeTcss TakKUM 00pa3zoMm,
YTO aMIUTUTyZa KoJjieOaHMiI KOHYMKAa XBOCTa paBHA 12.6 cM, YTO COOT-
BETCTBYCT YCJIOBUAM SKCIICPUMCEHTA.

[Mony4yennast B pacuere AMHAMHKA JBHXXEHHS PbIOONOAOOHOrO po-
00Ta BH3yaJbHO XOPOILO COINIACYETCS C BHIEO3aIKChIO, CIENaHHOH BO
BpeMsl SKCIIEPUMEHTa, YTO TOBOPUT O IIPUMEPHOM COBIAJICHUH aMILIUTY-
Ibl KoneOanuid Kypca. CKOpocTh po0OTa B pacueTe TakKe COTNACyeTcs C
9KCTIEPUMEHTAIILHON C YUETOM CJIEIaHHBIX T€OMETPHUYECKUX YIIPOILICHUH.

Pe3ynbTaTel MoydeHBl B paMKax BBINOJHEHUS IOCYIApCTBEHHOTO
3amannst MunoOpHayku Poccnm  FNRG-2022-0013 1021060307689-7-
1.2.1;2.2.2 Ne 075-01623-22-03 «MccnenoBanue myTel co3iaHus u 00Ja-
cTell BO3MOKHOTO IPUMEHEHHUST OMOMOP(HBIX TOABOAHBIX POOOTOBY.

1. Guan, Zhenying & Gao, Weimin & Gu, Nong & Nahavandi,
Saeid. (2011). 3D hydrodynamic analysis of a biomimetic robot fish.
11th International Conference on Control, Automation, Robotics and
Vision, ICARCV 2010. 793 - 798. 10.1109/ICARCV.2010.5707359.

2. Marianela M. Macias, Igor F. Souza, Antonio C.P. Brasil Jun-
ior, Taygoara F. Oliveira, Three-dimensional viscous wake flow in fish
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swimming - A CFD study, Mechanics Research Communications, Vol-
ume 107, 2020.
3. yp H. A., T'nasynosa E. B. OnpIT 4ucIeHHOro MOAEANPOBa-
HUS THAPOJMHAMUKN OMOMOP(HBIX ITOABOAHBIX poO0TOB, PoOoTOTEXHU-
Ka ¥ TeXHH4ecKas kuoepHeTnka, 2022, tom10, Ne2, C 104-112.

. A. ®ponos, C.A. Ilonoexo, H.A. I]yp
OTPABOTKA TEXHOJIOI'M CUHTE3A CUCTEMBI
YIIPABJIEHUS AHITA C UCITOJIB3OBAHUEM METO/I0OB
YUCJEHHOM I'MIPOJJUHAMUKHA U KUBEPHETUYECKHX
MOJIEJEA

T'HI] P® [J[HUU PTK, Canxm-Ilemepbype, d.frolov@rtc.ru

D.A. Frolov, S.A. Polovko, N.A. Tschur
DEVELOPMENT OF THE TECHNOLOGY FOR AUV
CONTROL SYSTEM SYNTHESIS USING COMPUTATIONAL
FLUID DYNAMICS AND CYBERNETIC MODELS

Russian State Scientific Center for Robotics And Technical Cybernetics,
St. Petersburg, d.frolov@rtc.ru

CHHTE3 CUCTEMBI YIIPaBIICHHUS aBTOHOMHBIMU HEOOUTAEMBIC MOIBOJI-
HBIMH ammapaTtaMi — aKTyajbHas M JOCTaTOYHO CJIOKHAs 3amada. [lo-
CTPOCHHE U HMCIOJIb30BAHUE MOJIENeH JMHAMUKYA aBTOHOMHBIX HeoOHTa-
eMBIX moaBoAHBIX ammapatoB (AHITA) ¢ 6 ctemeHsMu cBoOOABI Ha OC-
HOBE NPUOIMKEHHBIX BBIPAXKEHUH ISl TUAPOANHAMUYECKHX CHJI U MO-
MEHTOB Pa3JIMYHOTO TOJKA COMPSIKEHO C OOJBIIMM KOJIUYECTBOM TPY/I-
HOCTEH, B T.4. TpeOyeT MpOBeACHHS UACHTU()UKAIMOHHBIX HUCIBITAHHUM.
B TO K€ BpeMH, COBpeMeHHI)Ie BBIYHUCIUTCIBHBIC MOIITHOCTHU ITO3BOJAKOT
HpOBO}lI/ITb COBMCCTHOC MO}IeHI/IpOBaHHe, I/ICHOJ’II)Syﬂ METOAbI YUCJICH-
HOM TUIPOJUHAMUKY JUIsSI ONIPEACNEHUS] Pe3yIbTUPYIOIIEH CHIIbI, KOTO-
pasi 3aTeM TOJCTaBJSCTCA B YPaBHEHUS ABIDKCHHS JUISI TBEPAOTO Tela.
JlaHHBIC BBIYMCIICHUSI, OJHAKO, 3aHUMAIOT JOCTATOYHOE BpEMs, U HE
MTO3BOJIAIOT YJOBICTBOPUTEIFHO ITOCTPOUTH IPOIECC Pa3padOTKU CH-
cremsl ynpasierus (CY).

Hamu u xomeramu panee B paborax [1]-[3] Obl1a mpenoxeHa Tex-
HOJIOTHSI HCIIOJBb30BaHUS YIPOIICHHBIX KHOCPHETHYECKUX MOJICTICH.
CoryacHO JaHHO#M MeToluKe, TpeOyeTcss Ha OCHOBE MOIPOOHON MoJenH
MOJIY4UTh MapamMeTpbl NEPEXOJHBIX MPOIECCOB M0 CTENEHSIM CBOOO/IBI
AHITA u mpencTtaBuTh WX B BHIE JHHEHHBIX 3BEHHEB. 3aTEM JaHHBIC
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yYpaBHEHHs JTUHAMHKH MOXHO IOMOJIHUTh ypaBHEHHSIMH KHHEMaTH4e-
ckoil cBs3u. C HCIONB30BaHMEM JaHHOW METOAWKH ObUT pa3paboTaH
MO/ICTTUPYIOIINI KOMILIEKC JUIs OTPAOOTKH TEXHOJIOTHYECKOH Orepaiun

nmocazkud AHITA B koHTeliHEp JOHHOTO Oa3MPOBAHUS C UCIIOJIb30BAHHEM
cucTeMbl Texanueckoro 3penus [4] (Puc.1).

o oveniew - o x|=
Fi Viewpoints  Navigation Rendering _Sim Recording Help » [0 chen. mageprocessigpols finageirponts] e
dPjao|ddleB@E>

[Posi8.96.-1193 10 05] D048 0.8 .43 [ showlegend (] ind. chamets O Orignalsze © prop. sze O Tied sze

Pucynok 1 — Busyanuzauus nonoxxenust AHITA, pazpemieHHON 30HbI
u xazapoB CT3

B nanHo# pabore, B kauecTBe (pUHAIBHOTO 3Tara, paspaboTaHHas Ha
ynpouieHHo# Mojenu CY [4] Obuta HCIbITaHA ISl YIIPaBICHHS TOAPOO-
HOW THAPOAMHAMHUYECKOM MOAEeNblo. YJaloch MOKa3aTh, YTO CHUCTEMA
YIpaBJIeHUs MTOJHOCTBHIO BBIMOJHIET ITOCTAaBICHHYIO 33/1a4y: MPOBECTH
JIOCTATOYHO OBICTPYIO CTHIKOBKY, yaepkuBas mpu 3tom AHITA B mpene-
Jax pa3penieHHON 30HBI, pa3Mepbl KOTOPOH yMEHBIIAIOTCS NpPU IpHU-
OMKEeHUN K TepMUHAIBHOHN Touke (cM. Puc.1). CpaBHeHHE TIOKa3bIBaeT,
YTO KHOEpHETHYECKast MOJIENb TT03BOJISIET B MEPBOM NPHOIMKEHUH 0-
CTOBEpHO mpencTaBuTh paboty AHIIA u ero peaxiuro Ha yIpaBIsSIOIne
¥ BO3MYUIAIOIIUE BO3AeHCTBUA. JlaHHBINA pe3ynabTaT 3aBepIliaeT coOoi
CepHUI0 PadOT, MOCBSIIECHHBIX TEXHOJOTHH HCIIOJIb30BAHMs KHOCpHETH-
YECKHX Mojened, ¥ MOATBEep)KIaeT yA00CTBO ee NMPUMEHEHHs AN pas-
pabotku cuctem ynpasnenust AHITA.

Pe3ynbTaThl MoMydeHs! B paMKax BBINOJIHEHHS I'OCYIapCTBEHHOIO 3a-
nmanuss  MwunoOpHaykn Poccum FNRG-2022-0017 1021060307691-2-
1.2.1;2.2.2 Ne 075-01623-22-00 «Pa3Burue TeopruH CHHTE3a ONTUMAJIBHO-
IO YIpaBJIE€HHs TUIEPU30BITOUHBIX POOOTOB MOJBOIHOTO OAa3UPOBaHUS B
YCIIOBHSX HEMPOTHO3UPYEMBIX HECTAIIOHAPHBIX TEUCHHH U TIOTOKOBY.

158



ABSTRACTS of the 33 International Scientific and Technological Conference
«EXTREME ROBOTICS»

1. N. Tschur, S. Polovko, and A. Deulin, Robotics and Technical Cy-
bernetics, vol. 8, no. 4, 2020, doi: 10.31776/rtcj.8405.

2. S. Polovko and D. Frolov, Robotics and Technical Cybernetics,
vol. 8, no. 4, 2020, doi: 10.31776/rtcj.8403.

3. V. Goryunov, S. Polovko, and N. Tschur, Robotics and Technical
Cybernetics, vol. 8, no. 4, 2020, doi: 10.31776/rtcj.8407.

4. D. Frolov and S. Polovko, in Journal of Physics: Conference Series,
Dec. 2021, vol. 2131, no. 3. doi: 10.1088/1742-6596/2131/3/032068.

K.K. 3abenno, H.A. Llyp
PA3PABOTKA TEXHOJIOI'MM COMNPS)KEHHBIX PACULETOB
JNHAMMKHU TEJIA, COBEPHIAIOIIEI'O BBMAXOBBIE
KOJIEBAHUSI, U THAPOAUMHAMMKHU, OBTEKAIOIIEA ET'O
KNJIKOCTHA

THI] P® [JHUU PTK, Canxkm-Ilemepbype, kosnay@mail.ru, koliambos@mail.ru

K.K. Zabello, N.A. Shur
DEVELOPMENT OF A TECHNOLOGY FOR COUPLED
CALCULATIONS OF THE DYNAMICS OF A BODY
PERFORMING WAVE OSCILLATIONS AND
HYDRODYNAMICS OF A FLUID FLOWING AROUND IT

Russian State Scientific Center for Robotics and Technical Cybernetics,
St. Petersburg, kosnay@mail.ru, koliambos@mail.ru

Ha cerognsimHmil 1eHp CYIIECTBYET LENBIA KIIAacC 3a1ad — 3a1a4 Ono-
MOpGHOTO JBWKEHHS 32 CUET KPYITHOMACIITAOHOH aedopMariy JacTeit
TeNa WM TeNa IeJMKOM. B MaHHBIX 3amad m3ydaeTcs B3aMMOJICHCTBHE
MEXIy JBIKYIMMCS (WK 1e(OpMUPYIOLIMMCS) TBEP/bIM TEJIOM (CHCTe-
MOH Te) M TIOTOKOM JKHAKOCTH WiH ra3a. OcoObIif MHTEpecC MpeACTaBIsaeT
MeXaHHKa T10JIeTa HACEKOMBIX, TUIaBaHus peI0. J{is obonx ciydaeB xapak-
TEpHO HAJIMYHME B3aMaXOBBIX KOJICOAHWI KPbUIbEB, IUIABHUKOB, XBOCTA U
T.0. VM3BeCTHO, YTO JaHHBIA MEXaHU3M JBWXKCHHUSI 00JIaJlaeT BHICOKUM
KITH, noxoasiium a0 80 %, 4TO 3HAYUTENBHO MPEBOCXOIUT CYIIECTBYIO-
mue ananoru, Tak KIIJ] BuHTa B cpenHem umeer 3Hadenue B 45 % [1].
[MomMumoO 3TOTO, TaKOH MEXaHW3M IBIDKEHHUS TO3BOJSIET ONPEICIICHHBIM
BHAAaM PBIO pa3BHBaTh CKOpocTh Ooee 100 KM/4, 9TO 3HAYUTENBHO TIpe-
BOCXOJUT CKOPOCTH CYIIECCTBYIOIINX ITOIBOTHBIX aIlapaToB.

Takum 00pa3oM, U3ydeHHs JaHHOTO BHUJA JABIDKCHHS SBILSICTCS Iep-
CHEKTHBHBIM HAIIPABJICHUAM PAa3BUTHSA KaK MOABOJHBIX, TaK W BO3MYII-
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HBIX JIeTaTeIbHbIX anmnapaToB. C 3TOH LeNbo MpeasaracTcs TEXHOIOTUS
CONpPSDKEHHOIO pacuéra AMHAMMKY JKUJKOCTH UJIU T'a3a U TBEPAOIO Tena,
COBEPIIAIOIIET0 B3MaX0Bble KOJICOAHHSI.

OnHOHN U3 OCHOBHBIX CIOXKHOCTEH pELIeHMs NaHHOIO Kilacca 3aaad
SIBIISIETCS] HEOOXOIMMOCTh BECTH PAcUeThl B 00JIACTH C M3MEHSIOLICHCS
n/mim aBKymielcst reomerpuei. CyIiecTByeT HECKOJBKO MOIXOOB,
YUNTHIBAIONINX JBIDKCHUE TPAHUI] pacyeTHOH oOsactu. Meron Hakma-
JBIBAIOLINXCS CETOK MPEANOIAracT peUIeHHue cpasy Ha JIBYX CETKaX, Ie
OJHa SIBISIETCA HEMOJBW)KHOM, a BTOpas, COAEprKallas IBIKYIIHECS
TPaHHUIBI, IBIKETCS MOBepX Apyroi. OHAKO, B 3TOM Clly4ae BO3HUKAET
npo0iemMa MEePEeHHTEPIOALUN JaHHBIX, KOTOpas MOXKET NPHUBOIUTH K
YXYIIICHUIO Ka4decTBa pEIIeHHUA. AHaIOrM4Has NpoOjeMa HMMeeTcs y
Jpyroro MeTofia afanTUPYIOMIUXCA CETOK, MPEAIOarariiero nocTpoe-
HHUE HOBOI CETKM Ha Ka)KJ|OM IIare Mo BPEMEHH, YTO SBISIETCS pecypco-
€MKOH ormepalyed. YIOMSHYTBIX BBIILE HEIOCTATKOB JIMILIEH METOJ
nedopmupyemMbIx ceTok. JlaHHBIH TTOAXOA NpeAroaraeT, 4YTo MpH JBHU-
JKCHUH TPAaHUIIBl CETKa BHYTPH PAacueTHOW 00JACTH TaKkKe CMeElaeTcs
(medopmupyercs). Ilpn 3TOM KOJNMYECTBO SYEEK M TOMOJIOTHS CETKH
OCTalOTCsl HEU3MEHHBIMU.

B manHOit pabote ucmonp3yeTcs anredpandecKuii anroputM aedop-
MAalW¥, yCTAHABJIMBAIONIMNA SIBHBIE COOTHOIICHUS MEXIY IBIKEHHEM
rpanul U aedopmanmeii cetku. [lpemnaraemplii anropuT™ sBIsETCS
MoJiepHH3alell criocoba nedopmaruu, npempioxkenHoro H.A. Hlypom
[2]. HoBbIil anropuT™ MO3BOJISAIOT YYHUTHIBATh JBMDKEHHUS! TPAaHUI[ pac-
4ETHOI1 00J1aCTH ITPU B3MaXOBBIX KOJIeOaHUAX, KWHETHKA KOTOPBIX COOT-
BETCTBYET NpPENNUCAHHOMY JABMXEHHUI0. Peanu3aius 1 pacuéTsl MpoBO-
JISIT C UCTIONTb30BaHMeM kKomMepueckoro maketa ANSYS Fluent.

Anpobarys peyio)keHHOH METOIUKH pacuéra MpOU3BOJMTCS Ha 3a-
Jlade o MmojeTe KoMapa B HENMOJABIKHOM cpene. IlocTaHoBKa 3agaunl moj-
HOCTBIO COOTBETCTBYET ycnoBusiM akcniepumenta u CFD pacuéra [3].

B nacrosmeit pabote MpHUBOIATCS paclpeAeIeHHs NABJICHHUS W I10-
JIOXKEHUs BUXpEll Ha KpbUIe, a TAaKXKe IPOYre MO TeUECHHUs BOIM3M Ma-
LIyIIMX KPBUIbEB U B OrkHeM ciienie. Kpome Toro, momy4eHsl XxapakTe-
PUCTHKH CHJIOBOTO BO3AEHCTBHA CO CTOPOHBI JKUAKOCTH Ha Malllyllee
Kpbuto. CpaBHEHHE TATOBOTO YCHJIMS C BECOM HACEKOMOTO IIOKa3allo
XOpOIIlee COOTBETCTBHUE JAHHBIX BEJTMUUH.

Pe3ynbTaThl MOMy4eHB! B paMKaxX BBIOJIHEHHS TOCYIapCTBEHHOTO 3a-
nanuss MunoOpaayku Poccun  FNRG-2022-0013 1021060307689-7-
1.2.1;2.2.2 Ne 075-01623-22-00 «MccnenoBanue myTer co3aanus U o0ua-
cTelt BO3MOXHOTO ITPUMEHEHHsT OMOMOP(HBIX TIOIBOJHBIX POOOTOBY.
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1. M. Kpacuomepues, A. [llankun, HoBble THIBI IBHKHTENEH ISt
mraBcpencTs. XKypaan @uznka, Ne1/2006 (2005).

2. lyp, H. A. Yncnennoe uccnegoBaniue CBOOOIHBIX M BBIHYKIEH-
HBIX KOJICOAHU# Tea B MOTOKe / AuC. : KaHAd. ¢us.-mar. Hayk : 01.02.05 —
CII6., 2008. — 105 c. oubmuorp. : 93-105.

3. Bomphrey, R., Nakata, T., Phillips, N. et al. Smart wing rotation
and trailing-edge vortices enable high frequency mosquito flight. Nature
544, 92-95 (2017). https://doi.org/10.1038/nature21727.

A.A. Heanos
K BOITPOCY Ob YIIPABJIAEMOCTU I'NIIEPU3BBITOYHOI'O
PEKOH®UTYPUPYEMOI'O HEOBUTAEMOI'O
IMOABOJHOI'O AIIITAPATA

LJHUHU PTK, Canxm-Ilemepoype, al_ivanov@rtc.ru

A.A. Ivanov
ON THE ISSUE OF CONTROLLABILITY
OF A HYPER-REDUNDANT RECONFIGURABLE UNMANNED

Russian state scientific center for robotics and technical cybernetics,
St. Petersburg, al_ivanov@rtc.ru

Ha npumepe npeanokeHHOM KOHIENIUU KOHCTPYKIUM THIIEPH3-
OBITOYHOTO PEKOHPHUTIYPHUPYEMOTO HEOONTAEMOTO ITOIBOAHOTO anmapaTa
(TPHITA) [1, 2] paccMOTpeHBI BOIIPOCH aHANIN3a YIPABIIEMOCTH B pas3-
JMYHBIX KOHQUIYpAIMiX, OIpEAeIsieMBbIX KaKk H3MEHEHHeM (HOPMEI
BHEIITHETO KOPITyca ammapara, Tak N3MEHEHHEM HallpaBJIeHUs] OCEH BHH-
TOMOTOpPHBIX ABxHTeNeH. [Ipoanann3npoBaHHbIE BapHaHTHl KOH(UTY-
pammu BHemHero kopiryca ' PHITA nmpuBenens! Ha pucyHke 1.

Pucynok 1 — Koungurypauuu ['PHITA

Bapuanr a) npeamnonaraer padory HITA B pexume nanpHero nepe-
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MEIeHUs, BapHaHT 0) Mpearoaraercsl Ajs MaHEBPUPOBaHUs BOJIH3H
O6'I)€KTOB BHUMaHMA. B HaCTOAIIEM HCCICAOBAHUN PACCMOTPEHBLI BO-
mpocs! ynpasiasiemoctd HITA ¢ momoripsio cTallioHapHOTO U TUHAMUYE-
CKOTO M3MEHEHHUs HAaNpaBJI€HUH OCEH BMHTOMOTOPHBIX JBHXHUTEIEH
HUMIIEJUIEPHOro TUMA.

Jl1s BBINOJIHEHUS aHAJIN3a MPHUHATO, YTO JUHAMMKA JBMKEHHS CBO-
6omuoro I'TIMP IIK B koH}pHUTryparwn ¢ 3adUKCHPOBAHHBIMH TOJI0KEHH-
SIMH y3JI0B MOAyJel pexoH(puryparun (OpMBI OIHCHIBACTCS CHCTEMOMN
mectn AndQepeHInaIbHBIX YPaBHEHNH IWHAMHUKH TBEpAOro Tena. B
¢dopme Jlanambepa-Ditiepa ypaBHEHHE AUHAMHKA TBEPIOrO Tela UMEET
Buz (1)

—Tiontra +T =0, )

rae T- rnaBHBIA BEKTOP-TOPCEP OTHOCHUTEIBHO LIEHTPAa MAacc Teja CHUII
HWHEPLMU U BHCHIHUX 00BEMHELIX U MOBEPXHOCTHBIX CTATUYCCKUX U OU-
HaMUYECKUX CUTL

T= Tvolume + Tsurface,static + Tsurface,dinamic + Tinertiala (2)

a Teonwol - TIIABHBINA BEKTOP-TOPCEP CHII B MOMEHTOB, CO3/1aBAEMbIX HM-
neJuiepaMy, OTHOCHUTENBHO IIeHTpa Macc. Kakiplii uMmmemiep co3maér
BO3JICHICTBUE HA Cpely SKBUBAJICHTHOE TOPCEPY OTHOCUTENHHO LEHTpA
macc HITA

Ty = giF = ((ex), (defek + @ —71) X ek)T)TFk~ 3)

VYcnosue ympasmsgemoctn HITA kak TBEpIOTO Tena BO3ACHCTBUSMHU
HMIIEIJIEPOB COCTOUT B BO3MOXKHOCTH Habopa MMIIEIUIepoB copmupo-
BaTh PEAKLMIO HAa IPONU3BOJIBHOE HIECTH KOMIIOHEHTHOE CHIIOMOMEHTHOE
BO3ACUCTBHE, T.€. B OJHO3HAYHOCTHU CBs3U F={F} } u T, KOTOpas MOXeT
OBITH 3aIliCaHa B BUJIE

A-F=T. “4)

Ycnoeue ynpasiasiemoctr HITA cBoautcst kK TpeOOBaHHUIO MOJHOTHI
panra matpuisl A (rank=6), a pelreH|e OnpPeaesIeTCs] COOTHOLICHUEM

F=A"T=A"(4-A")"-T. %)

IceBnoobparuas Marpuna A= A™(4-A")" umeer pasmeproCcTs 1 X 6
3aBUCHUT OT IIOJIOXKCHUSI UMITCIUIEPOB, HAINPABICHUH OCEH PYJIEBBIX KO-
JOHOK, K03(QHIMEeHTa CBSI3HOCTH yIOpa W MOMEHTa HUMIIeIuiepa,
HAIPaBJICHUS] OPUSHTALUH JIONATOK BHHTA W TOJIOXKCHUS LIEHTpa Macc
HIIA, T.e. s BEIOPAHHOTO B3aWMHOTO PACIIOJIOKEHUS U OPHUCHTALUH
KOPITyCOB MOJYJICH — IIOCTOSIHHA.

162



ABSTRACTS of the 33 International Scientific and Technological Conference
«EXTREME ROBOTICS»

B noknane oOCyXIaroTcsi pe3ysbTaThl UCCIEIOBAHUS BIIMSIHUS BbI-
0opa HampaBJIeHUs Oceil MMITEIICpOB Ha ympasisemocts HITA B coot-
BETCTBUU C MOJienbio (1-5).

Pe3ynbTaThl MOTy4YeHB B paMKaxX BBIIOJHEHHS TOCYAPCTBEHHOTO 3a-
nanuss  MwuHoOpHaykn Poccum FNRG-2022-0017 1021060307691-2-
1.2.1;2.2.2 Ne 075-01623-22-00 «Pa3Burue TeOpuH CHHTE3a ONTUMAJIBHO-
TO YIIPaBJICHUS THIEPU3OBITOYHBIX POOOTOB MOABOTHOTO Oa3MpOBaHUS B
YCIIOBHSAX HEMPOTHO3HUPYEMbIX HECTAMOHAPHBIX TEUCHNUH 1 TIOTOKOBY.

1. UBanor A.A., llImakoB O.A. PexoHdpurypupyemsiit rumnepusobi-
TOYHBIH MOJYJbHBIN HeoOHMTaeMblid TOABOAHBIN ammapar// COOpHHK
Te3ucoB 32-d MexayHapoaHOH HaydyHO-TEXHHUYECKOH KOH(pepeHIUH
«OKCTPEMAJIbHASL POBOTOTEXHUKA». — Cankr-IletepOypr:
000 «PA ®OPTYHAWw, 2021. C. 173-174.

2. WBanoB A.A. MozenipoBaHne IMHAMEKH JIBIXKCHHST HEOOHTAEMOTO
MOABOIHOTO  ammapara TIpd  PeKOH(QHUIyparu  OKHUIKOM  cpene
//PoboToTexXHMKA 1 TeXHUYECKas knoepHeTHka. T. 9, Ned, 2021. C. 271-279.

JI.A. Mapmuinosa, H.B. ITawkeeuu, I'.A. Iloowueanos,

I'.B. Konwxoe, H.U. I'opoaues, T.A. I punenxosa, A.U. Cmapuxos
noaxoa K UCCJIEAJOBAHUIO AJITOPUTMOB
YIHPABJIEHUS AHITA ITPU BOSHUKHOBEHHWH
HEWCIPABHOCTEM B ETO OBOPYJIOBAHUH

AO «Konyepu « L [HHUU «Onexmponpubopy, Cankm-Ilemepoype,
martynowa999@bk.ru, iv@bk.ru, 930730@mail.ru, kongvl@yandex.ru,
nlck-gl@yandex.ru, t_silina@bk.ru, alstarwar@yandex.ru

L.A. Martynova, L.V. Pashkevich, G.A. Podshivalov,

G.V. Konyukhov, N.I. Gorbachev, T.A. Grinenkov, A.l. Starikov
APPROACH TO THE STUDY OF AUV CONTROL
ALGORITHMS IN THE EVENT OF FAULTS IN ITS
EQUIPMENT

State Research Center of the Russian Federation Concern CSRI Elektropribor,
JSC, St. Petersburg, martynowa999@bk.ru, iv@bk.ru, 930730@mail.ru,
kongvI@yandex.ru,nlck-gl@yandex.ru, t_silina@bk.ru, alstarwar@yandex.ru

Pemaercst 3ajaya uccienoBaHus pabOTOCIIOCOOHOCTH ajrOPUTMOB
yIpaBieHUs] ABTOHOMHOTO HEOOMTAaeMOro TOABOJHOTO ammapara
(AHITA) [1, 2] Ha cTenme MojaenupoBaHus [3] HE TOJIBKO B INITATHBIX
YCIIOBUSIX €ro paboThl, HO U B YCJOBHUSIX BOSHUKHOBEHHS HEHCIPABHO-
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cTeit obopymoBanus nmoacuctem AHITA.

BBuny orcyrctBus npumenurenbHo k AHITA roToBeIX perieHuii,
CBSI3aHHBIX C ()OPMUPOBAHUEM OTKA30B 0€3 BMEIIATEIbCTBA B LITATHOE
IIpOrpaMMHOE 0OecriedeHre 1 HapyIIeHUs IITaTHOro oOMeHa uHpopmMa-
nuell Mexay NOoACHUCTEMaMM Ha CTEHJE MOJEIUPOBAaHMA, B JOKIAJE
MIPEAJIOKEH IIOX0/ K OpraHM3alMi HCCIIENAOBaHUI M HEo0X0IMMOTo
Habopa Cpe/ICTB CUMYJISIIINN HEUCTIPABHOCTEH.

s obecriedeHNsT BO3MOKHOCTH MCCIIEAOBAHUS aITOPUTMOB YIIPaB-
JICHU B HEINTATHBIX CUTyalWsX 1Mo Kaxkmoi moacucteme AHITA cdop-
MHpOBaH IEpeuyeHb BO3MOXKHBIX HEHCIIPABHOCTEH €ro o0OpyZOBaHUS.
Paspaboran anroput™ QopmupoBanus HeucnpaBHocteii B AHITA: Ha
MIEPBOM 3Tafe CIydalHbIM 00pa3oM pasbIrphIBA€TCS MOMEHT BPEMEHH
MOSIBJICHUS HEUCIPABHOCTH, Ha BTOPOM 3Tale pa3bIlPhIBAETCS IOJCH-
ctema AHITA, B koTOpoii Mpon3011U1a HEUCIIPABHOCTh, Ha TPETHEM FTaIle
pasbITpeIBaeTCs ciydaiiHoe 000pyJoBaHKeE OIpEeeICHHON paHee Mo/ICH-
CTEMBI, B KOTOPOM TPOM30IILIa HEUCTIPABHOCT. ANTOpUTM (hopMHpOBa-
HUSI HEHMCHPABHOCTEH MPOrpaMMHO peann3oBaH, pa3paboTaH aApyxke-
CTBEHHBIM HMHTep(eic NmporpaMmbl 3aJaHusl PEKUMOB CHUMYJISILIMU C
BO3MOXKHOCTBIO 33JJaHUSI MCXOAHBIX JaHHBIX W OTOOpaKeHMS pe3yibTa-
TOB MOJICITMPOBaHMS HEMCIIpaBHOCTEH. Pa3paboTansl criennaibHbIe po-
TOKOJIBI MH(OPMAIMOHHO-TEXHNYECKOTO B3aUMOJAEHCTBHUSI MPOTPaMMBbI
3aJlaHusl PSKUMOB CHMYJISIIIMM C MMUTATOPOM KaKIOH M3 MOJACHCTEM
AHIIA, no xoTopbIM nepeaaercs copMUpOBaHHasI B IPOrpaMMe HEeHc-
NpaBHOCTb U ee TUIl. [IpuHsAB Takoe coolleHre, UMHTATOp 000pYI0Ba-
HUSI BBIAAET 110 IITATHOMY IPOTOKOJY OOMEHA B CHUCTEMY YIPaBJICHUS
AHIIA npu3Hak HeMCIPaBHOCTH 00OPYIOBaHHS U MapaJUIEIbHO UMUTH-
pyeT IpoLECChl, COMPOBOXKIAIOIINE HEUCIPABHOE COCTOSIHUE ITAHHOTO
o0opynoBaHusL.

Peanusanus mpeAnokKeHHOTo MOAXOAA B CTEHJE MOAEIMPOBAHUS
pa3pabareiBaemoro AHITA mo3Bonmia mMpoBECTH TECTUPOBAHHE IIPEI-
JIOXKEHHBIX aJITOPUTMOB 0 CUMYJISIIMH HEUCIIPAaBHOCTEH 000pyAOBaHNUS
AHITA, npoBect TectupoBanne anroputMmoB ympasieHuss AHITA mpu
BO3HMKHOBEHHH HEWCIIPAaBHOCTEH, IMPOBECTH aHAIN3 BO3MOXKHOCTH 3a-
MEHbI HEHCIIPaBHBIX YCTPOWCTB Ha AyOJHMpPYIOIIHE, a NMPU OTCYTCTBUH
IyOIMpOBaHMSA M PE3CPBHPOBAHMS HEHUCIPABHBIX YCTPOHCTB — BO3MOX-
HOCTh PEKOH(UTypaluKi CUCTEMBI YIIPABICHUS JBIKEHUEM [4].

Pe3ynbTaThl TeCTHpOBaHHS pa3paOOTaHHBIX aJTOPUTMOB CUMYIISIIHH
HEHUCTIPaBHOCTEH U MPOTOKOJIOB 3a/laHMsI PEKUMOB CUMYJISAIMU MOKa3a-
JIY IPaBHJILHOCTH NMPEUI0KEHHOTO OAX0/1a.

Pabora BrimonHeHa npu ¢uHaHcoBoi noanepxke PODU mpoekr Ne
20-08-00130.
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1. O BO3MOXHOCTH M HEOOXOAWMOCTH CO3[aHUS CBEPXOOJBIIOrO
HeoOHTaeMoro mozBoaHoro ammapata / E.M. Anmomnonos [u ap.] //
Coopuuk marepuaioB XIII Bcepoccuiickoil Hay4HO-IPAKTHYECKOI
koH(pepeHumn «I[lepcrieKTUBHBIE CHCTEMBI M 3aJadydl yIpaBieHHus». Po-
ctoB-Ha-Jlony — Taranpor, IO®Y. 2018. C.34-42.

2. AnroputMmsl, peaau3yeMble MHTETPUPOBAHHOW CHCTEMOH yIpaB-
nenust AHITA / JI.A. MaprsiHoBa [u ap.] // U3sectus FODY. Texunue-
ckue Hayku. —2015. — Ne 1 (162). — C. 50-58.

3. CreHn mns OTpabOTKH CHUCTEMBI YIPABJICHHS aBTOHOMHOTO He-
oburaemoro noasojHoro amnmnapara / B.C. beikoBa [u ap.] // Matepuainst
koH(pepeHnu «YpasieHue B Mopckux cucremax» (YMC-2020). CII6.:
AO «Konnepn «HTHNU «Dnexrponpudop». 2020. c. 42-44.

4. MapreHoBa JLLA., Posenrays M.b. Ilonxon k pexoHpurypauuu
CHCTEMbI YMpaBJICHUS JIBUWKEHHEM aBTOHOMHOIO HEOOMTaeMOro Ioj-
BojHOrO anmnapara // I'mpockonus u Hapuramust. 2020. T. 28. Ne 2 (109).
C. 131-146.

B.C. bvixosa, A.H. Mawowun, I A Iloowueanos, A.C. Cmupnos
OINITUMU3ALIUA PEINEHUS 3AJTAYU ITIOUCKA JOHHOI'O
OBBEKTA IIPU TIOMOIIIA AHITA HA OCHOBE
MNPUMEHEHUWSA HE3ABUCUMBIX KAHAJIOB HABJIFOJIEHUSA

AO «Konyepn « [ [HUU «Snexmponpubop, Cankm-Ilemepoype,
zvs.201 1 @yandex.ru, aimashoshn@mail.ru, 930730@mail.ru,
elpribor012@mail.ru

V.S. Bykova, A.I. Mashoshin, G.A. Podshivalov, A.S. Smirnov
OPTIMIZATION OF THE SOLUTION OF THE PROBLEM
OF SEARCHING FOR A BOTTOM OBJECT USING AN UAV
BASED ON THE USE OF INDEPENDENT OBSERVATION
CHANNELS

Concern CSRI Electropribor, St. Petersburg, zvs.201 1(@yandex.ru,
aimashoshn@mail.ru, 930730@mail.ru, elpribor012@mail.ru

3ajaya noucka Ha3HaYeHHBIX TOHHBIX 00beKTOB ([10O) BO3HMKaET:

— TIpH IIOHCKE 3aTOHYBIIUX KOpaOiel, HOABOIHBIX JIOAOK, CaMoE-
TOB U JIPYTHX OOBEKTOB, OKAa3aBUINXCS HA JIHE;

— IIpH IOHMCKE U HEeWTpaIM3allui JOHHBIX MHH;

— TIpU WHCIEKIHMHU MOJBOAHBIX COOPYKECHHH, TOOBIBAIOIINX ILIAT-
(hopM, TOIBOAHBIX TPYOOIIPOBOIOB U Kabemel.
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CH0XHOCTh pelIeHHs 3THX 3a/1ad COCTOUT B TOM, YTO IOHMCK Ha3Ha-
YEHHOTO 00BEKTa OCYILECTBIIAETCS MMyTEM €ro BbIsIBICHHUS (pacro3HaBa-
HUSI, MACHTHU(UKAIMN) CPed MHOXECTBA JIOHHBIX OOBEKTOB €CTECTBEH-
HOT'0 U UCKYCCTBEHHOI'0 IpoucxoxaeHus. [Ipu sToM miis peuenus 3aga-
YM HUCIIOJIB3YIOTCS CPEJICTBA MOHUTOPHHTA JIHA, paboTaromue Ha pa3HbIX
(U3MUECKUX TPHHIMIAX W MMEIONIHE OTpaHHYeHHBIE BO3MOXKHOCTH. B
YaCTHOCTH:

— TuUApoaKkycTHueckue cpeiacTa npu apwxeHnu AHITIA nossonstoT
MMPOCMATPHUBATh JOCTATOYHO IMHUPOKYyIO monocy (50-200 M), HO UMEIOT
HU3KYIO Pa3pelIalonIyl0 CHOCOOHOCTh, KaK IPaBHIIO, HE MO3BOJISIONIYIO
JIOCTOBEPHO HICHTU(HUIIMPOBATH OOHAPYKEHHBIH 00BekT. Kpome Toro,
BBICOKOYACTOTHBIE THPOAKYCTHUECKHE CPEJCTBA HE IO3BOJIIOT OOHa-
PYKUBaTh OOBEKTHI M0]] CJIOEM UIJIa;

—  JIEKTPOMArHUTHBIE CPEACTBA MO3BOJAIOT OOHAPYKUBATH OOBEKTHI
¢ 60IBIIION Maccoi MeTasIa, HO HE MO3BOJIIOT HACHTU(PUIIMPOBATH UX;

— ONTHYECKHE CPEACTBa 00Jagar0T BBICOKMM pa3peuieHHEM, II0-
TEHIIMAJIBHO JOCTATOYHBIM ISl MACHTH(PHUKANIUN 00BEKTa, HO TPeOyroT
MIPUOIIKEHUST K OOBEKTY Ha PAacCTOSHHE B HECKOJIBKO METPOB U HaJU-
ynsi noacBeTkd. Kpome Toro, oHM Oecriojyie3Hbl, eclii O0BEKT IOHCKa
HAXOJAUTCS TOJT CJIOEM HIIa.

Llesnpto 1aHHOI pabOoTHI SIBISETCS MOIBITKA OTBETUTH Ha JIBa BOIPOCa:

— KakK OCYUIECTBJISITh TMOMCK HAa3HAUYEHHBIX JIOHHBIX OOBEKTOB INPH
MOMOIIM HECKOJIBKUX HE3aBUCHMBIX KaHAJIOB HAOJIOJICHUS] HAa NpUMEpe
MHOTOJIy4€BOI'0 3X0JI0Ta U JIEKTPOMArHUTHOIO UCKATENs;

— Kak pacro3HaBaTh OOHAPYKCHHBIC JOHHBIC OOBEKTHI.

B pesynbrate npoBeNEHHBIX MCCIICA0BAHUMI OBUTH MOJTYYEHBI CIEmy-
IOIIHE PE3YNbTAThI:

— pa3paboTaHbl MPOTrPaMMHBIE MOJIENH, PEANTU3YIOLINE HUMUTAIHIO
MOHMTOpPUHIa JOHHOW MOBEPXHOCTH C NMOMOIIBIO MHOTOJIy4€BOIO HXO-
JIOTa ¥ AEKTPOMArHUTHOTO UCKATEIs;

— paspaboran anroput™ ynpasieHus AHITA B pamkax 3amaud mowc-
Ka JIOHHBIX OOBEKTOB, HAIPABJICHHBIN Ha COKpAIl[EHHE MapIIpyTa MOHCKa
Ha3HAYEHHOTO JIOHHOTO OOBEKTa 3a CUET ITOOYEPETHOTO M COBMECTHOTO
HCTIONB30BaHMUS MHOTOJIYYEeBOTO 3X0JI0Ta U JIEKTPOMArHUTHOTO HCKATEIS;

— pa3paboTaHO MporpaMMHOE OOECHeYeHHWEe MOJECIUPOBAHUS IPO-
Iecca MOWCKa JIOHHOTO OOBEKTa C HCIOJIB30BAHUEM MHOTOJIyYEBOTO
9X0JIOTA U 3JIEKTPOMArHUTHOTO MUCKATEIS;

—  BBIIOJHEHO MOJIEJIMPOBAHNE aITOPUTMOB TIOMCKA M PACIIO3HABAHUS
Ha3HAYECHHBIX JIOHHBIX OOBEKTOB, B XOJE KOTOPOro OBUIM OMpENeeHbI Ipa-
HMIIbI IPUMEHUMOCTH MX MCIIONIb30BAHMS, IPEUMYILIECTBA U HEOCTATKU.
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1. HO}IBOHHI)IC pO6OTOTeXHI/I‘IeCKI/Ie KOMIIJICKCBI: CUCTCMbI, TCXHO-
soruu, npumenenue /A.B. Muzapues [u ap.] / [ors. pex. JI.B. Kuceres].
Bnaguoctok: JanbHayka. 2018. 368 c.

2. ChappleP.B. Unsupervised detection of mine-like objects in sea-
bed imagery from autonomous underwater vehicles // Proc. IEEE Oceans
Conf.Biloxi, Mississippi, USA. 2009.

3. Kacarkun B.A., Kocapes I'.B. Pe3synsTatsl npuMeHeHHs aKyCcTh-
yeckoro mpodmnorpada AIS MOHHTOPHHTa MOPCKHX aKBaTOPHHA C HC-
MOJIb30BAaHUEM aJTOPUTMOB CUHTe3upoBaHus u (okycuposku // Ioa-
BOJIHBIE UCcieqoBaHus 1 podororexHuka. 2014. Nel(17). C.33-38.

4. MopaenbHOE peUICHUE 3aJaull MHCIEKIUH OOBEKTOB MPOMBIII-
JIeHHOTO 00opynoBanus ¢ momouipio AHITA Ha 6aze MeTOAMKH BUIIEO-
pacrio3HaBaHus XapakTepHbix Touek / A.B. Nu3apues [u np.] // [TlogBox-
HBIC UCclieioBaHus U podororexnuka. 2021. Ne3 (37). C.23-35.

A.B. 3yes, A.A. Ilpouenxo, A.A. Tumowenko, /I.B. Konvinos
METO/JA ITOCTPOEHUSI CAMOHACTPOAUBAKOIINUXCSI
KOPPEKTUPYIOIIUX YCTPOMUCTB JJIsI
SJIEKTPOIIPUBOAOB ITOABOJHbBIX MAHUITYJISAATOPOB,
HNUCHOJIB3YIOIUX BECKOJJEKTOPHBIE IBUT'ATEJIN
MNOCTOSHHOT' O TOKA

Janbnesocmounwiil hedepanvhbiil yHusepcumem, 2. Biaousocmor; Hnemumym
npobaem mopckux mexronoeuti /{BO PAH, 2. Bradusocmok
zuev.av@dvfu.ru, protsenkoAlAn@yandex.ru

A.V. Zuev, A.A. Protsenko, A.A. Timoshenko, D.V. Kopylov
METHOD FOR CONSTRUCTION OF SELF-ADJUSTING
CORRECTION DEVICES FOR ELECTRIC DRIVES OF
UNDERWATER MANIPULATORS WITH BLDC MOTORS

Far Eastern Federal University, Viadivostok; Institute of Problems of Marine
Technologies, FEB RAS, Viadivostok
zuev.av@dvfu.ru, protsenkoAlIAn@yandex.ru

B noknaje onucaH HOBBIN METOZ MOCTPOCHUSI CaMOHACTPaUBAOIINXCS
KOPPEKTHPYIOLIMX YCTPOHCTB I YIIPaBICHHS JEKTPONPHBOAAME ¢ Oec-
KOJUIEKTOpHbIMU aBUratesimu nocrosiuHoro Toka (BAIT) [1], xortopbie
YCTaHABIIMBAIOTCS B COWICHEHHSIX MOIBOAHBIX MaHuUIyssiTopos (IIM). Ipu
nepemeneHussx [IM Ha BBIXOAHBIE BaJIbl 3THX JIEKTPOIPUBOAOB ACHCTBY-
IOT HEHM3BECTHBIC BHEIIHHE MOMEHTHBIE BO3/ICHCTBUS, OOYCIIOBJICHHBIC
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BIIMSTHHEM BSI3KOH cpepl [2]. DTO MPUBOANT K 3HAYUTEIEHOMY YXYALICHHIO
IoKazaTtenel kauectsa ynpasieHusa 1IM, a cienoBarelibHO, K CHYKEHUIO
Ka4eCTBA BHITIOIHAEMBIX TEXHOJIOTHIECKHUX OMEPALTHH.

Jliist pertieHust 3TOM MPOOIEMBbI 00BIYHO HCIIOJB3YIOT PA3IHYHbIC CaMO-
HacTpauBaroiecs: koppektupytomue ycrpoiicta (CKY) [3], mo3Bossito-
e CTa6I/IJ'[I/ISI/IpOBaTI) JUHAMHUYCCKUEC CBOMCTBa IMpUBOJOB HAa HOMHUHAJIb-
HOM ypoBHe. OnHako i peanmmsaimu 3tux CKY Tpedyercst Tounoe ompe-
JIEJICHUE B PealbHOM BPEMEHM BEIIMYMH JISHCTBYIOLIMX Ha IPHUBOJBI MO-
MEHTOB. J[JIs1 OLIEHKH 3TUX BEJIMYMH MOTYT OBITh MCIOJIb30BaHbl HAOJIO1a-
temn ¢ nepemenHoi crpykrypoit (HIIC) [4]. Ho usBectHble Meromsl [5]
paccmatpuBarot moctpoerre HIIC ToNbKO IS SIIEKTPOIPUBOIOB MaHHITY-
JSITOPOB € KOJUIEKTOPHBIMH 3JIEKTPOIBUTATEISIMH, OCHAMEHHBIMU JaTYH-
KaMH TOKa, ¥ He MOTYT OBITh HAPsIMYO rcnok3oBans! st B/IIIT.

Takum oOpazom, B paboTe CTaBUTHCA 3a/ada CO3AaHUS METOoZa TO-
ctpoernss CKY mns snexrponpusonos IIM Ha ocHoBe BIIT, koTopsie
ucnonb3yior ¢ dextuupic HIIC myist onpenencHus BEIHYNH BHEITHHX
MOMEHTHBIX BO3JE€HCTBUM.

[IpeqmaraeMplii METOJT COCTOMT M3 ABYX JTAmoB: 1) MOCTpOeHHE Ha OC-
HoBe peayuupoBanHoi Mopenu B/IIIT nerxkopeanusyemsix HIIC, ne uc-
MOJB3YIOMUX JAaT4AKUA TOKA, JUIA OLEHKU BHEIIHUX MOMEHTOB MBH(t),
JedctByromux B npuBogax [IM; 2) ¢dbopMmupoBaHue 3aKOHOB CaMOHa-
crpoiiku U(t), BKIIOYAIOMINX I[OJYYCHHBIC pPaHEEe OICHKH BEIMYMH
BHEIIHMX MOMEHTOB M YYHTHIBAIOIIMX BCE OCOOCHHOCTH IEPEKIIIOUCHUM
YIPaBISIIONIMX HanpshkeHni Ha (aszax snekrpoasuratens. [loxyueHHble
3aKOHBI I03BOJISIIOT Npuaarh B/IIIT xenaemble TMHAMUYECKHE CBOMCTBA.

CTpykTypHasi cxema CO3JaHHOW CHCTEMBI YIPABJICHHUS DIICKTPOIPH-
Bomamu [IM nokasana Ha puc. 1.

Harunki
Xomna

Ug

DneKkTpo-
ABuraTens

uL
T Wm
My, Jlarank
HIIC ) NONOKEHIA
o

Pucynok 1 — CrpykrypHas cxema snexrponpusoga [IM: IKY —
JOIOJIHUTEIIFHOE KOPPEKTHpYIomiee yeTpocTBo; OY — 00BeKT yrpaBieHNs

U U
JIKY CKY Huseprop

Jlns uccnenoBanus pabOTOCIIOCOOHOCTH U 3PPEKTHBHOCTH TPEIIIO-
JKEHHOTO METO/la ObUIO BBINMOJHEHO MOJICIMPOBAHUE CHHTE3MPOBAHHBIX
CKY mns anexrponpuBonoB TpexcreneHHoro IIM. PesynpraTs! mokasa-
oM, 4To wucnosb3oBaHue mnpemiokeHHslx CKY ¢ HIIC mnosBomser
YMEHBIINTh 3HAaUYCHHE JWHAMUYECKOW OLIMOKHM IBIKEHUS pPabodero
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uHcTpyMeHTa IIM o mpocTtpancTBeHHOMI TpaekTopuu Ha 39 % (¢ 9.4 Mm
110 5.8 MM) 10 cpaBHEHUIO cucteMoii yrpasienus 6e3 CKY.
PaGora BeimonHeHa npu noxazaepkke Poccuiickoro HayuHoro ¢onpa,
npoekT Ne 22-29-01303.

1. Hernandez-Guzman V.M., Orrante-Sakanassi J. PID control of ro-
bot manipulators actuated by BLDC motors // International Journal of
Control. —2021. — P. 267-276.

2. Kyade @. Bzammoneiicteue poGota ¢ BHemrHe#t cpemoit // M.:
Mup. — 1985. - 285 c.

3. OunaperoB B.®. CaMOHACTPaMBAIOIIMECS CHUCTEMBI YIPABICHHS
NPHBOZaMU MaHUITYJIsITopoB // Bnagusoctoxk: m3a. ABI'TY. —2000. —304 c.

4. Edwards C., Spurgeon S., Patton R. Sliding mode observers for fault
detection and isolation // Automatica. — Vol. 36. —2000. — P. 541-553.

5. 3yes A.B., XKupabokx A.H., IIporenko A.A. Cucrema akkomoza-
U K geeKTam B 3JIeKTPONPHUBOIAX MOJBOIHBIX MaHumysitopoB // XII
Bceepoccuiickas Hay4HO-TexHHUYecKass KoHpepeHuus: «Pobororexnuka u
HCKYCCTBEHHBIN HHTe/uIeKT». — 2020. — C. 40-45.

B.B. ’Iepubuueel’z, B.B. Apbmanueel, A.B. KaJIMHMHZ,
A.X. Hacapu 3adezan’, H.I'. Ilaponos’
OTPABOTKA METO/IOB YIIPABJIEHUA JIBUKEHUEM
IMATAIOIUX POBOTOTEXHUYECKUX CUCTEM
NEPEJABUTAIOIIUXCS ITO JHY

Ji . . .
Boneoepaockuii cocyoapcmeentblii mexnuueckuil ynusepcumem, Boneozpao;
2 o N
Bcepoccuiickuil HayuHo-uccie008amenbCKull UHCIMUMym opouaemoz2o
semnedenus, vad.chernyshev@mail.ru

V.V. Chernyshevl’z, V.V. Arykantsevl, Ya.V. Kalinin’,

A.H. Nasari Zadegan', N.G. Sharonov'
DEVELOPMENT OF METHODS FOR CONTROLLING THE
MOVEMENT OF WALKING ROBOTIC SYSTEMS MOVING

ALONG THE BOTTOM

"Volgograd State Technical University, Volgograd, *All-Russian Research Institute
of Irrigated Agriculture, vad.chernyshev@mail.ru

PoGoToTexHUYIeCKHE CHCTEMbI MEpeIBUTAIOIIUECS 110 JHY (TIOJBOI-
Hble OyNbI03ephl, KaOeleyKIa 4nKy, KCKaBaTOPbl, JOHHBIE CAaMOXOA-
HbIC TOOBIYHBIC arperarsl U Jp.) UIMEIOT, KaK MPaBUIIO, IYCEHUYHBIN WIIH
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KOJIECHBIH JBIKHTENb. BMecTe ¢ TeM B yCIIOBHS MOPCKOTO JHA, OTIIH-
YArOIIErocsl CIOXKHBIM peilbe)oM W HU3KOH Hecymell crocoOHOCTEHIO
TPYHTOB, TPaAWIMOHHBIC THITbI IBIDKUTEIEH 3a4acTyl0 CTAaHOBSTCS He-
s pexTuBHbIMH. JaXke IyCeHHUUYHbIE MallMHbBI MOT'YT paboTaTh MoJ BO-
JIOM TOJIBKO Ha CPAaBHHUTEIILHO POBHBIX M JIOCTATOYHO IUIOTHBIX TPYHTaX
¢ HEeOOJIBIIMMH yKJIOHAMH AHA. [Ipudem u 3/1ech OHU MOTYT JBUTaThCs
JIMIIb Ha TIpeJieNie cuerieHus. MaHeBpeHHOCTh I'yCeHUYHBIX MAIIUH 0]
BOJIOW TakK K€ OrpaHM4YeHa — ITOBOPOT C MAJBIMU pajlycaMi peau3y-
eTcsl 110 CLEIJICHUIO HEe Ha BCEX TPYHTax.

[araromye MammHBI U poOOTH 007a1al0T O0Jee BBHICOKUMHU TATO-
BBIMH CBOWCTBAMH W IIPOXOJMMOCTHIO B CPaBHEHHH C KOJECHBIMH H
TryCeHWYHBIMH MamuHamu. C JOpyroil CTOPOHBI, IIAraroIine MallfHEI
OTIMYAIOTCS 00JIee CIOXKHBIM yNpasieHHEM. B nokmane oOcykmaroTcs
PE3yNbTaThl MOJBOAHBIX HCIIBITAHUI 6-TH HOTOTO IIAraroliero anmapara
MAK-1 [1, 2]. Anmapar paspaboran B Bomr['TY nmnsa umccrnemoBaHus
IIaraloIIero crnocoda nepeBKeHUs B IOABOIHBIX ycloBusX. Vcnpita-
Hus poBoauauch Ha benom mope u o3epe baiikan (puc. 1).

Koncrpykrusho ammapatr MAK-1 Bkirouaer B ce0s 2 MIararoimux
MOJyJIsI COEIMHEHHBIX CMEHHOH pamoi. Illararomume MOy BBINOJIHE-
HBl B BHJE 0aJOK, Ha KOTOPHIX YCTAHOBJIEHBl MEXaHU3MBI IIAaraHusi U
00pTOBOI CHIIOBOW PUBOA. MeXaHU3MBbI LIaraHusl — IUKJIOBOTO THIIA C
BO3MOXKHOCTh KOPPEKTHPOBKH IPOTPaMMHBIX JIBH)KEHHH HOT. boproBoii
NpUBOJ — Ha 0a3e ACHHXPOHHBIX AJIEKTPOABUTATENCH C YaCTOTHBIM
perylInpoBaHMEM CKOPOCTH BpalleHMs. [IuTaHme W ymnpaBieHHE OCy-
mecTBIsieTcsl Mo Kabemo. LIMKIoBOH IBIKUTENb MO3BOJISIET HE 3a00-
TUTHCSI O COXPAHEHUH MOXOAKH M yCTOWYNBOCTH. B pe3ynprare anmapat
MMEET BCEro JIMIIb 2 YIpaBIsSeMbIX PUBOJIA U CTAHOBHUTCS NPOILIE aHa-
JIOTOB C aJIaiTUBHBIM yIpaBiieHueM Hor. Hanpumep, y kopelickoro 6-tu
Hororo mojBoaHoro podora Crabster CR2000 mrararomue IBHKATEIN
aJIalITUBHOTO THUIIA HACYUTHIBAIOT 32 ympaBisieMbIX IpUBOJIOB [3].

PI/ICyHOK 1— HO}IBOZ{HLIG UCHbITAHUA HIararoniero amnmapara

OcHoBHas 3aJa4ya IOJBOAHBIX HCIBITAHUM — 0Tpa60T1<a METOOO0B
yYOpaBJC€HUA JABUKXCHHUEM IIOJABOAHBIX MHIararomiux pOGOTOB C Yy4€TOM
CHeHI/I(I)I/I'-{eCKI/IX oco0eHHOCTEH IIOABOJHBIX YCHOBHﬁ. Taxxe HUCCJICa0-
BaJIUCh BO3MOKHOCTHU HHUKJIOBOI'O MIAraromero ABMKHUTEIIA allliapara 1o
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caMoaJanTalil U CaMOyMNpaBIEHUIO B YCJIOBUAX HEOPraHM30BaHHON
MOBEPXHOCTH MOPCKOTO JIHA.

Pe3ynbrarel paboThl MOTYT OBITH BOCTPEOOBAHBI MIPU CO3JAHUH TIOA-
BOJIHBIX POOOTOB IMEPEIBUTAIONIMXCS IO JHY, MPEeIHA3HAYCHHBIX IS
Pa3IMYHOTO BUAA ITOJBOJHO-TCXHUYECKHX pabOT W Ui HOBBIX IIPO-
MBIIIJICHHBIX TEXHOJOTUH OCBOEHUS PECYPCOB MOPCKOTO JIHA.

HccnenoBanme BBHIMONHEHO TpH (QuHAHCOBOHM moxanepxke PHD u
AnmuauCcTparmu Bonrorpaackoit 06, mpoekt Ne 22-21-20115.

1. Yepnsiues, B. B. MAK-1 — noaBoaHsiil miaratooumii poooT /
B. B. Yepnbiiies, B. B. Apbikaniie // Po6oTOTexHHKAa U TEXHHUYECKAs
kubepueTnka. 2015. Ne 2. — C. 45-50.

2. Design and underwater tests of subsea walking hexapod MAK-1 /
V. V. Chernyshev, V. V. Arykantsev, A.E.Gavrilov Y.V. Kalinin,
N. G. Sharonov // Proc. of the ASME 2016 35th Int. Conf. on Ocean,
Offshore and Arctic Engineering OMAE 2016. Busan, 2016. — 9 p.

3. Design of static gait algorithm for hexapod subsea walking robot
Crabster / S.Y. Yoo, B.H. Jun, H. Shim // Transactions of the Korean
Society of Mechanical Engineers. Vol. 38, Issue 9. 2014. P. 989-997.

A.A. Kabanos, B.A. Kpamapy, /1.A. Toxkapee, M.M. Maiicmpuwiun
APXUTEKTYPA INIAT®OPMbI B3AUMOIENCTBUS
MOPCKHUX POBOTU3UPOBAHHBIX ATEHTOB HA BA3E
MOPCKOI'O UHTEPHETA BEIIER

Cesacmononvckuii 20cyoapemeenviil yrusepcumemn, 2. Cesacmonon,
kabanovaleksey@gmail.com

A.A. Kabanov, V.A. Kramar, D.A. Tokarev, M.M. Maystrishyn
ARCHITECTURE OF THE PLATFORM FOR INTERACTION
OF MARINE ROBOTIC AGENTS BASED ON THE MARINE
INTERNET OF THINGS

Sevastopol State University, Sevastopol, kabanovaleksey@gmail.com

Peannzanms xoHUenmn HHGOPMALMOHHON CeTH (QU3MYECKUX Mpen-
METOB, OCHALIEHHBIX TEXHOJOTHIMH B3aUMOJCHCTBHUS APYT C IPYTOM H C
BHemHe# cpenoit (xonmermms «/HTepHET Bemiei», Internet of Things,
[oT) stBnsieTcst yCTOWYMBBIM TPEHAOM Pa3BUTHS COBPEMEHHOTO OOIIeCTBa
W OJHMM M3 3HAYMMBIX MHIUKATOPOB TpaHC(OpPMAIUK MHUPOBOH 3KOHO-
MHKH K IIECTOMY TEXHOJIOTHYeCKOMYy ykiamy. IIpoerrpoBaHie KOHIE-
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mun 10T Ha Mopckyro oTpacib obecredar paJvKalbHBIA POCT M JIOJITIO-
CpOYHOC Pa3BUTUEC NTEPCIIEKTUBHBIX MOPCKUX TEXHOJIOTMYCCKUX PBIHKOB.

MoskHO 0003HAYHTh CJIEYIOIINE OCHOBHBIE BO3MOYKHBIC HATIPABJICHHS
npuMeHeHus TexHosoruii 1oT: HayuHble, TPOMBINIUICHHbBIE, BOCHHBIE U JIP.
Hayunsle npunokeHus CBsi3aHbI C HAaOJIOJCHUEM 3a OKpY)KaloIleH cpe-
JI0H, TO €CTb MOHMTOPHHIOM TI'€0JIOTMUECKUX MPOIECCOB HA JIHE OKEaHa,
XapaKTEPUCTUK BOJAbI U MOpPCKOW >ku3HU. TexHonoruu loT mo3BosstoT
BHEJPSTH HOBBIE MOJIEN IO/BOJHBIX HCCIEIOBAHUN B 3a/adax IOJBOJI-
HOHM apXeoJIoTHH, B 337a4ax KapTrorpadupoBaHHs MOPCKOrO AHA, B 3aia-
Yax MOMCKa IPUPOAHBIX HCKOMAEMbIX 1 MHOYKECTBE APYTUX MPUIIOKECHHH.

Yka3aHHbIE BBIIIE CIIEHAPUH MPUMEHEHUS B JINTEPAType OTHOCAT, KaK
npaBuiio, kK TexHonorusMm «VHrepHer momBoaHbix Berei» (Internet of
Underwater Things, IoUT, nnu Underwater Internet of Things, UloT) [1].
Cnenyer cka3ath, uto kpome IoUT B murepaType BcTpedaeTcsi MOHSTHE
Internet of Things Ocean (IoTO) [2]. Camy TexHosoruto [oTO omuceiBa-
IOT KaK CETh B3aMMOCBSI3aHHBIX MHTEJUICKTYaJIbHBIX ITOJBOIHBIX OOBEK-
TOB, paccMaTpuBasl Kak IIEPCIEKTHBHYIO TEXHOJOTHS /Il CHCTEMaTH4e-
CKOT'0 YIIpaBJIeHUsI pa3HOOOPa3HBIMA MOPCKUMH JTaHHBIMU.

OTAenbHO CTOMT BBIIENUTH CETMEHT MOPCKOTO CYJIOXOJICTBA, JUIS KO-
TOPOTO B HAyYHOW JMTEpaType IIMPOKO pACIPOCTPAHEHO IIOHATHE
Maritime Internet of Things (Maritime IoT) [3], mogpa3ymeBaromiee To,
YTO BCE YCTPOICTBa, CBS3aHHBIC C HAJBOJHBIMH MOPCKHMH OOBEKTaMH
CBsI3aHBl HH(OPMALIIOHHON CeThl0 1A OecrepeOoiHOro o0CTyKUBaHHS
mo BceMy mupy. Maritime IoT mpencraBisier coOoi pacmpeneieHHbINH
NPOrPaMMHO-aIapaTHBI KOMILIEKC Tepeiadyd MH(POPMALUOHHBIX JaH-
HBIX OT pa3JIMYHbIX yCT‘pOﬁCTB HaABOAHBIX OKCAHOTECXHUYCCKUX CUCTEM U
00BEKTOB Uepe3 NHPOPMAIMOHHYIO CHCTEMY.

OTTankuBasch OT paccMaTpuBaeMbIX cdep NMPUMEHEHUS M paclimpe-
HUS M3-32 9TOro 00jacTh oOMeHa JaHHBIMH, BKJIIOYas B PACCMOTPEHHE
nepenady WH(GOPMAIMOHHBIX JAHHBIX (CIOAA BKIFOYAIOTCS B TOM YHCIE
BU/ICOMH(pOPMANUs, Pe3ylbTaThl U3MEPEHUH W Jp.) OT pPOOOTH3HPOBAH-
HBIX YCTPOWCTB M OOBEKTOB, PACIIOJIOKEHHBIE IO BOJIOH W IMOITyYECHUS
MU YTIPABILIONIMX KOMaHA pacmupsiercs: oonacts npumenerns 1oT. [o
Haiemy npezcrapieHuto oobenunenne Maritime 10T u loUT npuBoaut k
PAaCCMOTPEHUIO IPYIIITBI TEXHOJIOTHH, KOTOpbIe Mbl Ha3biBaeM Marine [oT.

IMox Marine IoT (MIoT) O6ynem noHMMaTh pa3HOCPEAHYIO MPOrPaMM-
HO-amnmapaTtHylo cucreMy oOMeHa WH(OPMAalMOHHBIMU JIaHHBIMH |
YIPaBISIOIMMI KOMaHaMH MEX/ITy HaJBOIHBIMU M TOJBOJIHBIMH POOO-
TH3UPOBaHHBIMU OOBbekTaMu. [t peanmzannu texHosnornd MIoT nHeoo-
XO/IMMO Ha Ha4aJIbHOM 3Talle OIPE/IeNIUTh UACOJIOTHIO apXUTeKTypsl MI-
oT, B 3aBUCHMOCTH OT LieJIeH peraeMoi 3a1auu.
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Tax ouH U3 MOX0/I0B OCHOBAH Ha ceTeBoi uneonoruu Moaenu OSI u
TCP/IP [1], xoTopast COCTOMT U3 5 OTACIBHBIX YPOBHEH: MPHIOKCHHUS,
TPAHCIIOPTa, CETH, KaHaJa Iepeliadn AaHHbIX U (usmyeckoro yposHs. Kak
anpTepratiBa TCP/IP akTHBHO HCHONB3YeTCsl MMOIXOJl, OCHOBAHHBIN Ha
WCIIOJIb30BaHUN YCTOHUMBOM K 3aaepkkam cetd (DTN), koTtopas pemaer
TEXHUYECKHE TPOOJIEMBbl B TE€TEPOr€HHBIX CETSX 0e3 MOCTOSHHOTO IT0JI-
KoyeHus K cetd. pyrum moaxonoMm K mnoctpoeHuto MIoT sBnsercs
apXUTEKTypa Ha OCHOBE CLIEHApHs COBMECTHOH Iepeiaull JTaHHBIX MEXIY
Pa3BEpHYTHIMU CEHCOPHBIMHU y3JIaMH POOOTH3HUPOBAHHBIX OOBEKTOB, IZIE
OJIH CEHCOPHBIH y3€I PacChUIaeT CBOU MAKEThl JaHHBIX COCEAHUM Y371aM.
Eme omHUM OYEBUIHBIM MOAXOAOM SIBJISIETCSI IOCTPOCHUE APXUTEKTYPBI
MIoT Ha ocHOBe (yHKIMOHAILHOCTH, BBLIEINSSI TPU CIIOS, OCHOBHbBIE
(YHKIMOHAJIBHBIE BO3MOXKHOCTH KOTOPBIX MOYKHO NPEJCTaBUTHh YPOBHEM
BOCIIPUSTHS, CETEBBIM YPOBHEM U MPHUKIIAIHBIM YPOBHEM.

Pabota BbInonHeHa npu nojep:kke MuHoOpHayku Poccun.

1. Jahanbakht, M.; Xiang, W.; Hanzo, L.; Rahimi Azghadi, M. Internet
of Underwater Things and Big Marine Data Analytics—A Comprehensive
Survey. IEEE Commun. Surv. Tutorials 2021, 23 (2), 904-956.

2. Salhaoui, M.; Molina-Molina, J. C.; Guerrero-Gonzalez, A.;
Arioua, M.; Ortiz, F. J. Autonomous Underwater Monitoring System for
Detecting Life on the Seabed by Means of Computer Vision Cloud Ser-
vices. Remote Sensing 2020, 12 (12), 1981.

3. T. Xia, M. M. Wang, J. Zhang, and L. Wang, «Maritime Internet
of Things: Challenges and Solutions», IEEE Wireless Commun., vol. 27,
no. 2, pp. 188-196, Apr. 2020.

B.K. Aopocumos
HUHTEJJEKTYAJIBHBIU IOMOIIIHUK BO/I0OJIA3A

Inasmwitl HayuHo-UCcIe008amenbCKull UCHbIMAMENbHbIL MeNC8UO060U Llenmp
nepcnekmugHozo goopyacenus, Mockea, avk787@yandex.ru

V.K. Abrosimov
INTELLIGENT DIVER'S ASSISTANT

Federal state-owned institution «Main research and testing interspecific center
for advanced weaponsy, Moscow, avk787@yandex.ru

Bononassl 3a4acTyro paboOTalOT B CypOBBIX M IUIOXO KOHTPOJIHpYe-
MBIX YCIIOBHUSIX, B KOTOPBIX Majeilliee HEOKHIAHHOE HapylLIeHHUE, TeX-
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HUYECKasA HCUCIIPAaBHOCTb HWJIM HEBHUMATCIBbHOCTb MOI'YT UMETL KaTa-
cTpoduueckue mociaeactsusi. OHU MaHEBPUPYIOT B CIIOKHBIX TPEXMeEp-
HBIX Cpelax M HECyT I'POMO3JKOE 00OpYyIOBaHUE MPH PEIICHUU CBOMX
3amad. Bo3melicTBue MOABOIHON Cpenbl - TCUCHHsS, B3BECH, TEMHOTA,
3aTOIUICHHBIC HEU3BECTHBIC OOBEKTHI- CYIICCTBCHHO CHUXKAIOT BO3MOXK-
HOCTH BOJI0JIa3a.

OYHKIIMOHAIEHO BOZOJA3 HAOMIOAAET, paCcIO3HACT, HACHTHPHUIIUPY-
€T, OOBEKTHI, COOBITHS, CUTYaIllH, IPUHIMAET HA OCHOBE CBOETO OITHITa
peunieHus B moaBomHOW cpeme. Ho mo akcmepTHBIM HaHHBIM, Poccus
IIOCTENICHHO YTPAa4YMBAET CBOM KOMIETEHIIMH W BO3MOXKHOCTH JJISI TIPO-
M3BOJICTBA MOABOJAHBIX pabOT BojosazamMu. YHCIEHHOCTh BOJOJIA30B,
paboTaronmx B HHTEpECax Pa3BUTUS SKOHOMHUKHU CTPAHBIL, 32 MOCIICIHIE
roJIbl COKpaTUiach B pa3bl. KonmndyecTBo BOJ10J1a30B, YPOBEHb UX MOJATO-
TOBKH, OCHAIICHHOCTh BOJIOJIA3HBIM CHApPSIKCHUEM U 000pYyIOBaHUEM,
HAJIMYKME BOJOJNA3HBIX CYJOB M KaTEepOB YK€ HE IMO3BOJSIOT PeliaTh
MHOKECTBO HEOOXOIIMBIX HAPOTHO-XO3SHCTBEHHBIX 3a/1a4.

CoBpeMeHHBIE METOJIbI UCKYCCTBEHHOTO MHTEIUICKTA C YCIIEXOM pe-
[IAF0T AHAJIOTHYHBIC 33/1a4M C HCIOJIH30BAHUEM CHUCTEM TEXHHYECKOTO
3peHus (HaOIoAeHNe, OOHAPYKEHHE), IIPOLIECCOB OO0YICHUS, HAIPAMED,
Ha CBEPTOYHBIX HEHPOHHBIX CETAX (paclo3HaBaHWE, WICHTH(MUKAIINS,
Kimaccu(ukanms), UCTIONb30BaHMsI 0a3 3HAHWN ¥ MPELEACHTOB UIS TIOJ-
JEPKKHU MPUHATHS perreHus [1].

IIpemmnaraercs npuaaTh BOJ0JIA3y B TIOMOIIs COOTBETCTBYIOIIUM 00-
pa3oM OOYYCHHBIH ABTOHOMHBIAH HEOOWTACMBIH IOJBOAHBIA armapar.
HHOBaIMOHHOCTH MJIEU COCTOUT B CO3JaHUU €AUHOU Cpejbl CUTyallu-
OHHOM OCBEIOMJICHHOCTH BOI0J1a3a M COMPOBOXK/AIONIETO €r0 TOBO/I-
HOro po0OTa, KOTOPBIH OOYYEeH PEUICHUIO 3ajad, MPEXKIC BCEro, IO-
BOJIHOTO MOHHTOpPWHra ¥ JIOJDKCH B TICPCICKTHBE aJalTHUPOBATHCA K
KOTHUTHBHOMY ITOBEJICHHUIO M (PH3MUYECKOMY COCTOSHHIO Bojoia3a. [lo-
JMydeHHash B pe3yNbTare KuOeppHU3MUecKass CHCTeMa UTPaeT TPOWHYIO
pOJb, AaHATIOTHYHYIO TOH, KOTOPYIO MOJDKEH MMETh HAITapHHUK-BOIOJA3:
a) HamapHUK-«HAOIIOMATENb), KOTOPEIA IMOCTOSITHHO HaOIOIaeT 3a BO-
nona3oM; 0) HaapHHUK-IIOMOIIHHUK», KOTOPBIN SIBIAETCS «aKTHBHOM
PYKOI» BOAONa3a IS BBHIIOIHEHHUS THIIOBBIX OIEpaIdil («OCMOTPETHY,
«cororpapupoBaThy», OCBETUTHY», KIPUHECTH») U B) HAIIAPHUK-KTUI»,
KOTOPBIM BeJET BOJO7Ia3a 4Yepe3 CIOKHYI0 U BO3MOXHO arpecCHBHYIO
MOJIBOIHYIO Cpeny.

O06ocHOBaHAa HEOOXOJUMOCTH Pa3pabOTKU CIEAYIOUIMX 3JICMCHTOB
TaKO# MmoBOIHOW KuOephu3nveckoil cucteMsl: ba3a 3HaHWi BojOiIa3a,
Mopens cUTyallMOHHOM OCBEAOMJIEHHOCTH BojoJia3za, 3D-monens moa-
BOJIHOTO TPOCTPAHCTBA MMOTCHIMAIHHO AKTUBHBIX 30H PabOTHI BOJOJA-
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30B, aBTOMATH3MPOBAaHHAs pa3MeTKa, oOydJaromue BeIOOpKH u HelipoH-
Hasi MOJIEJIb paclo3HaBaHUs MOABOJHBIX cUTyalul, « CHHT€3UpOBaHHbBIE
MOIBOIHBIE OOBEKTHIY.

C TOYKHM 3pCHUS CPaBHCHHUSA C 3apyOC)KHBIMU JOCTHXKCHHUAMHU HIICS
MOMOILITHUKA BOJ0JIa3a HOCUT JIOTOHSIOLIUI XapakTep [2], HO B mepcriek-
THBE OHA OoJiee YeM aKTyabHa.

1. AbpocumoB B.K., [Narreneir E., Mouankur A.H. [ToaroroBka
WCXOJHBIX JaHHBIX U1 MAaIIMHHOTO OOYYCHHS CHCTEM YIIPABJICHHS aB-
TOHOMHBIX HEOOHMTAeMBIX MOJBOJHBIX ammaparoB / COOPHHUK TE3HCOB
XIV Bceepoccuiickoit MynbTHKOH(pEPEHIMH 1O Mpo0iieMaM yIpaBieHHs
(MKIIY-2021, Tom 1 cTp. 67-69.

2.N. Miskovi¢ et al., «CADDY project, year 3: The final validation
trials», OCEANS 2017 - Aberdeen, 2017, pp. 1-5, doi:
10.1109/0CEANSE.2017.8084715.

A.A. Axoenes, /I.C. Kyopsasuyes, P.B. Caxadoyounos, A.C. I'onocuit
OBECIHEYEHUE ®YHKIIMOHUPOBAHUSI
POBOTOTEXHUYECKOUN CUCTEMBI «xABTOHOMHBI
I'JTIYBOKOBO/HbBIN AIIITAPAT» B PEXKUME AKTUBHOM
KOMIIEHCAIIMU KAUKH

AO «KPB Apcenan um.M.B.@pynsze», Cankm-Ilemepbype, kbarsenal@kbarsenal.ru

A.A . Yakovlev, D.S. Kudryavtsev, R.V. Sakhabudinov, A.S. Golosiy
HOW TO OPERATE THE ROBOTIC SYSTEM «<-AUTONOMOUS
DEEPDIVING VEHICLE» IN THE DYNAMIC ROLLING

Arsenal Design Bureau JSK, St. Petersburg, kbarsenal@kbarsenal.ru

IIpu obecrnieyeHUU MOABOJHO-TEXHUYCCKHX pabOT TpebyeTcs cTadu-
JHU3anusl BEPTUKAIBHOTO MOJIOKEHHST aBTOHOMHOTO TJIyOOKOBOJHOTO
anmaparta (AI'A), maxomsmierocs Ha noasece y cynHa-Hocurens (CH).
IIpu Bo3mymaromemM BozaeiicTBuu kauku Ha AT'A paccMmoTpeHO nel-
CTBUE CJIEIYIOMIEH JUHAMUYECKON CHIIbI

2 2
3 Ps " Viipus
ELLHH =P Vara- |anpm3| ' (1 + knpnc.Maccm) + Cy ' VA3FA ' > . ;(1)

TIE Pyoge — TUIOTHOCTE MOPCKOH BOIBI, Vara — 00beM AT'A; Qppus —
yckopenne AT'A; kypucmace— KOIDOULIMEHT NPUCOSAMHEHHONH MaCChI;

Cy— koo unment conporusienus AI'A; vy, , — ckopocts ATA.

175



CBOPHUK TE3NCOB 33 MexayHapoaHOM Hay4YHO-TeXHUYECKOWN KOHdepeHLmmn
«9KCTPEMAJIbHASA POBOTOTEXHNKA»

Pazpaboran amopTm3arop muHammdeckux Harpy3ok (AJH), cxema
(YHKIMOHHPOBAHHS KOTOPOTO IMPEICTaBICHA HAa PUCYHKe 1, M cuctema
YIIpaBJICHUSL.

F1poc

Fpoc |

Fomp . e 5

F
Pucynok 1 — Cxema QyHKIIMOHUPOBAHUS aMOPTH3aTOPa JUHAMHYECKHUX
Harpys3oK IpH MOJbeMe CyIHA-HOCUTEINS HA BOJTHE
1 — G110k GaJUTOHOB; 2 — pa3AeIHUTENb CPell; 3 — MACCHBHBIA aMOPTH3aTOP; 4 —
aKTUBHBIA KOMIIEHCATOP; 5, 6 — mkuB; 7 — AT'A; 0, B — TOJIOCTH THIPOLMIAHIPA
aKTUBHOI'0O KoMIeHcaTopa; Forp — orpunaTensHas miaBydects AI'A; a —
BepTuKaibHOoe yckopenue CH npu kauxe; Faun -nuHamuueckoe ycuiue,
BO3HHUKaroIIee pu Kauke; Frpoc — ycuine HaTsbkeHus tpoca; Frpen — cuia
Tpenus; FuH — nnepuionnas cuiia noABmKHbBIX s1aeMeHToB AJIH; Fiac — ycunue
MacCHBHOTO aMOpTH3aTopa; FakT — ycuiane akTHBHOTO KOMIIEHCATOPA.

ITpu nonseme CH Ha BostHE OCHOBHas pacdyeTHas 3aBucuMocTb AJIH
UMeeT BUJ

E)Tp + Ezudﬂ = Frpoc (2)
4-F"I‘]ZIOC + P;lKT = E/[H + FI‘peH + E‘laC

[IpoBeneH aHanu3 ycTOMYMBOCTH MCXOAHOM CIEISIIEH CUCTEMBI, €€
JMUHeapH3anus, CHHTE3UpOBaHa cucTeMa yrpasieHus ¢ [I-perymsaropom
(puc.2). BBIIONTHEHO MOAETHPOBAHHE IO CaMOMY HEOIarOMpHUATHOMY
XapakTepy BO3MYINAIOMIETO BO3MEHCTBHA C JABYMS BHIAMH OOpaTHOM
CBSI3W: TI0 YCKOPEHHIO U 10 CHJIe HATsHKCHUS KaHata. MccienoBaHbl BO-
MIPOCHI TMOBBIIEHUSI HHBAPUAHTHOCTH CUCTEMBI YIIPABIICHHS.

B pesynbTaTte oTianKu CUCTEMBI YIpPaBIEHUS MOJYYEeHO, YTO JMHA-
MUKa MU3MEHEHUsI JaBIE€HUS B MOJIOCTAX TUAPOIMIMHIPA UCTIOJIHUTENb-
HOTO MEXaHW3Ma O0JIaJacT XOPOIIMM KayeCTBOM, KaK MpPU TPHUBUAIb-
HOM, TaK U IPHU CIOXKHOM XapaKTepe BXOAHOTO BO3JEHCTBUSI.

[IpoBeneHo MoeaMpOBAaHUE CUCTEMBI MPU pa3auuHbIX Maccax Al'A.
JlaBiieHUs B MOJIOCTSAX THAPOUMIMHAPOB BO BCEM IHAIAa30HE HArPY3KH
YIOBJICTBOPUTEIHHEI.

VcnonHUTENPHBI MEXaHW3M CIPOCKTHPOBAH HA OTCYSCTBEHHBIX
THIPABINIECKUX KOMIOHEHTaX. CHCTeMa aBTOMaTHYECKOTO YIIPABICHHS
¥ KOHTPOJISI - HA OCHOBE IIPOTPaAaMMHPYEMOT0 JJOTHIECKOT0 KOHTPOJIIepa
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cemeiictBa Fastwel (OOO «IIpocodpT-Cricrembl») B KadecTBe sapa U
COBOKYITHOCTH MOAYJiel BBOJa-BBIBOAA.
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Pucynok 2 — Monens AJIH ¢ II-perynstopom

C.C. Kaempes, E.FO. Cmupnosa, B.A. Jleonmuves, A.C. Ilpoueniok,
M. H. IThasunckuii
MO/JIEJIM IPUMEHEHMS I'PYIIIIBI HITA, OPTAHU3ALIUSA
CBSI3U U BBITIOJIHEHUE OCHOBHBIX
TEXHOJIOTMYECKHUX OIEPALIMI

T'HI] P® [J[HUU PTK, Canxkm-Ilemepbype, s.kavtrev@rtc.ru

S.S. Kavtrev, E.Y. Smirnova, V.A. Leontiev, A.S. Procenyuk,
M.N. Plavinskiy
APPLICATION MODELS OF THE UUV GROUP,
COMMUNICATION ISSUES AND EXECUTION OF COMMON
TECHNOLOGICAL OPERATIONS

Russian State Scientific Center for Robotics and Technical Cybernetics,
St. Petersburg, s.kavtrev@rtc.ru

[Tpu BeIMONHEHNK pabOT B MOJBOAHON cpelie Bce OOJIBIIYIO POJIb HI-
patot pobororexunueckue cpeacrsa (PTC). [Ipumenenne PTC nozBosier
CHM3UTh WM MCKJIIOYUTH (DaKTOPBI PHCKA, CBSI3aHHBIE C HAXOXKACHHEM
YeJI0BEKa I10]1 BOAOMH, a TakKe YMEHBUINTH CTOMMOCTh padot. PTC mmpo-
KO IIPUMEHSIOTCS IS PEIICHNUS IBYX KJIaCCOB 33/1a4: BBIIIOJHEHHE OCMOT-
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POBO-TIOUCKOBBIX MHCCHI C NPUMEHEHHEM aBTOHOMHBIX HEOOHUTaeMbIX
nozaBoHbIX annapatoB (HITA), v BeIIONHEHNE OTAEIBHBIX TEXHOJIOTHYE-
CKUX oIlepaluii ¢ mpuMeHeHneM TeneynpasisieMblx HITA. Tem He meHee,
KOMIUIEKCHBIE 33Jlaud pellaroTcsi ¢ NpUMEHeHHeM BojonazoB, a PTC
MPUMEHSIOTCA HA OTAENBHBIX Y4acTKaxX LEMNOYKH TEXHOJOTUYECKHX OIe-
pauuii.

BonsImmoit moteHmnuan 3axkirodaet B ceOe 3a1a4a aBTOMATH3AINN 1IETT0-
TO KOMIUIeKca omepanuid. [lmst pemreHust Takux 3amgad TpeOyeTcs yke
rpymnmna poOOTOB, KaKABIH W3 KOTOPBIX HAJENCH COOTBETCTBYIOLIHMHU
(YHKIIMOHATEHBIMI BO3MOXHOCTSIMU.

Hanpumep, npencrasisercss NEpPCHEKTHBHON 3aJada aBTOMAaTU3aLUH
JEMOHTa)Xa U MOABEMA KPYNHBIX MOJBOIHBIX KOHCTPYKIMH, B KOTOPOH
3azneiictBoBanbl ocMotpoBele HITA, Tteneympasisiembie HITA paGouero
KJIacca, Cpe/ICTBa MOoAbeMa JacTeil KOHCTPYKIMHU, CPEACTBA CBA3U C IEH-
TpoM IiaHupoBaHus omneparuid. Ocmotpossie HITA onpenensioT KoHTY-
pBl O0BEKTa, BBIIBIAIOT MECTa Pa3beMHBIX COCIMHEHUH W MpPEeNIouTH-
TeNbHBIC 00JIACTH pe3a UCXO/s U3 KOHCTpYKIMH oObekTa. Teneynpasiste-
mble HITA, ocHamienHble paboYMM HHCTPYMEHTOM, BBIIOJHSIIOT JIEMOH-
Ta)X JIEMEHTOB KOHCTPYKIIHH.

Takast mocTaHOBKA BOMpOca TpeOyeT yTOYHEHHOTO aHalN3a IPOBOIH-
MBIX pabOT Ha MpeIMET BOZMOXKHOCTH U IIEI€CO00Pa3HOCTH UCKIFOUCHHS
y4yacTHsl 4elloBeKa, M pa3pabOTKy MOJEIH IMPUMEHEHHs ISl KaXIOoro
KJacca 3aj1ad.

OTaepHyI0 TIPO0OJIeMy MPEACTABISIET COO00W OpraHu3alys CBs3H, 00-
MeHa HMH(pOpMalUeld MeXIy WICHAMU TPYIIbl B YCIOBHSX IOIBOJHOM
CpenplL.

B nmokname Oymyt paccMOTpeHBI MOAeTH npuMeHeHus rpymmsl HITA
JUTSL BBIIOJTHEHHS Pa3iIMYHBIX paboT, MPEUIOKEHNS 110 OpraHNu3alny CBS-
34, IPUMEPHI BBIMOTHEHHS LIEIOYEK TEXHOJIOTUUECKHX ONEpalid ITPyIIon
pobotoB. BymyT mokazaHsl OCOOEHHOCTH CHCTEMBI YIIPABICHUS W KOH-
crpykuun HITA, mponukToBaHHBIE HEOOXOAUMOCTBIO B3aUMOACHCTBUS B
rpymnre.

Pe3ynbpTaThl MOMy4YeHB! B PaMKaxX BBIIOIHEHHS TOCYIapPCTBEHHOIO 3a-
nmaaust MunoOpHaykn Poccun FNRG-2022-0025 1021101316168-7-2.2.2
Ne 075-01623-22-01 «ANTOpUTMBI TPYIIIIOBOTO YIPABICHUS aBTOHOMHBI-
MH HEOOMTaeMbIMH I0JIBOIHBIMH aIlliapaTaMy B yCJIOBUSIX OIPaHUYCHHOM
HPOMYCKHON CIIOCOOHOCTH THIPOAKYCTHYECKUX KaHAIIOB CBSI3M.
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JI.A. FOxumey', C.B. Kapmanosa’

PAZPABOTKA METOJA COINIPAKEHUA
MPAMOJIMHENHBIX T'AJICOB C YYETOM
JJAHAMMYECKHUX CBOMCTB AHIIA 1 OTPAHUYEHUN UX
JABUKUTEJIBHBIX KOMIIVIEKCOB

! Cesacmononvcxuii 2ocydapemeennviii yuusepcumem, Cegacmonons,
yukhimets.da@dvfi.ru; *Hucmumym asmomamuiu u npoyeccos ynpasnetus JJBO
PAH, Braousocmox, karmanova.svia@dvfu.ru

D.A. Yukhimetsl, S.V. Karmanova’
DEVELOPMENT OF THE METHOD FOR FORMING SMOOTH
TRAJECTORIES OF AUV MOTION BASED ON ITS DYNAMIC
PROPERTIES AND CONSTRAINTS OF PROPULSION SYSTEM

!Sevastopol State University, Sevastopol, yukhimets.da@dvfir.ru; *Institute of
Automation and Control Processes FEBRAS, Viadivostok,
karmanova.svia@dvfu.ru

B Hacrosiiiee Bpemst 00J1acTh IPUMEHEHUSI aBTOHOMHBIX HEOOHTaeMbIX
noasoanelx ammapatoB (AHITA) Bkimouaer B ceOsi 3agauu HOMCKA H
o0cieoBaHus Pa3IMYHBIX IMOJBOAHBIX OOBEKTOB, KapTOrpadUpoBaHUs
JIOHHOW MOBEPXHOCTH, IKOJIOIMUYECKU MOHUTOPHHT U T.[. B mponecce
BBIMOJTHEHUsS yKa3zaHHBIX 3amad AHITA nomkHBI mepeMernaTtbes ¢ 3a-
JTAaHHOW TIOCTOSTHHOW CKOPOCTBIO IO TPAEKTOPHSM, KOTOpbIe obOecreun-
BalOT MOKpHITHE ceHcopHbIMU cucTeMamu AHITA 3anannoit 30HbL [Ipn
stoM muccun AHITA, omuceIBaiomue BBITOJHEHHWE YKa3aHHBIX padoT,
COCTOSAT M3 COBOKYITHOCTH HPSIMOJIMHEHHBIX TPaeKTOPHH (rajicoB), oopa-
3YIOIIMX TUIOBBIE TPACKTOPUH JJIsl IOKPHITUS 33JJaHHOW 00yacTu: Me-
aH/p, 3Ur3ar u T.1.

JInsl KauecTBEHHOTO BBINIOJIHEHUS] MHUCCHUI 4acTto TpeOyeTrcs paBHO-
MepHoe aBmxeHre AHITA Brosb 3aJaHHBIX TPaeKTOPUH U IUIaBHBIE IIEpe-
XOABI MEXY rajicaMl HCKIIOYAIOIIME pe3KHe M3MEHEHUs yIila Kypca.
Opnako u3-3a orpanundeHuil tsr aswkutened AHITA u kuHeMaTHyeckux
0COOEHHOCTEH MX ABW)KUTEIIBHBIX KOMIUIEKCOB B IPOIIECCE IEpexofa C
rajca Ha Tajc MPOUCXOAAT PE3KHE M3MEHEHHUS YITIOBBIX KOOPIWHAT, YTO
TIPUBOJUT K YBEITMYCHHUIO HETATUBHBIX B3aNMOBIIHMSIHUN MEXIy KaHAJIaMH
ynpasnenust 3tux AHITA u ko Bxomy nswxkuteneit AHITIA B pexim
HaceimeHus. B pesynbprate nmepexox AHIIA Ha crnemyromuii ranc 6ynet
MPOUCXOAUTH C OOJIBLIMMH MEPEPETYIHPOBAHUSIMHI U KOJNCOAHUSIMH, UTO
MOXET HEIaTUBHO CKa3aThCs HAa KAYECTBE MOTyYaeMbIX JaHHBIX.

Jlis Toro, 4toObl M30EKaTh OMUCAHHOM MPOOJIEMBbI, HEOOXOIMMO BbI-
TIOJIHATH COMPsDKEHUE NPSMOJIMHENHbIX raicoB Muccuu AHITA rnaakuvu
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TPAaEeKTOPHUSIMH C Y4eToM JuHaMuueckux cBoiictB AHITA, knHemMaTHKH ux
JIBIDKUTENTBHBIX KOMIUIEKCOB U BEJTHUMHBI JKEIAeMON CKOPOCTH JIBUIKEHHUSL.

B pabore paccmarpuBactcs AHITA, mepeMelnaroniuiicss B TOPU30H-
TAJILHOM IDIOCKOCTH, YTO SIBIIICTCSA HAWOOJIeC PacIpOCTPaHCHHBIM JUIS
OoJIBIIIOTO KOJMIMYeCTBa MUCCHi. [Ipearmornaraercs, 4To IBUKUTCIBHBINA
komimieke AHITA cocTouT W3 ABYX NMBIKUTENEH, KOTOPBIE (DOPMUPYIOT
CUIIy TATH B IIPOJIOJILHOM HAIPaBJIE€HUM U MOMEHT 1O yriy kypca AHITA.
[pu sTOM cmiel TATH, (QOPMEpPYEMBIC ABWKUTEISIMH, OTPAHIYCHBI W3-
BECTHBIMU 3apaHee BenuunHamu. Tpaektopust neuxenuss AHITA 3anaercs
MOCIIeIOBATENILHOCTBI0 6a30BbIX Touek W = {W;, W,, ..., W, }, cocennue
napbl KOTOPBIX 3aJ@l0T MNPAMOIMHEHHBIE ydacTku (rancer) L, (rme

p=1n-1). /Iswkenne AHIIA 1o yka3aHHBIM NPAMOJMHEHHBIM
y4acTKaM JIOJDKHO TIPOMCXOJMTH C JKEJIAEMOH CKOPOCTBIO U™, KOTOpas
3a/1aeTCsl Ha 3Tare IUNIAaHUPOBAHNS MUCCHU.

CornpshkeHNE COCEHUX TaJICOB MPEUIAracTcs OCYIIECTBISITh C IIOMO-
LIBIO YT OKPY>KHOCTEH Tak 4TOOBI IIPU BXOJE Ha YTy 3TOH OKPY>KHOCTH
He mpoucxoauia Ovl pe3kas cmena kKypca AHIIA, aro obecnieunBaer To4-
HYIO OTpabOTKy OGopTOBOIi cuctemoii ynpasienus AHITIA chopmupoBan-
HBIX TpaekTopuil. [Ipy 3ToM mapaMeTpbl yKa3aHHBIX OKpYXKHOCTEH ¢op-
MHPYIOTCS C y4ETOM AnHaMu4decKux xapaktepuctuk AHITA u orpanudve-
HUM uX JBWKuUTened. s 3TOro Ha OCHOBE MAaTeMaTHM4YeCKOM Mopaenu
newxeHnss AHITA B ropr30HTaIbHOM TUIOCKOCTH OBUTH HOJIy9YEHBI BBIpa-
JKEHUSI, TO3BOJISIIOIINE OLIEHUTh MUHUMaJbHBIN paauyc noBopora AHIIA,
JBIKYIIETOCS C 33JlaHHOM CKOPOCTHIO, KOTOPBIM HPHBOIUT K BBIXOILY
OJTHOTO W3 JIBIKHTENEH B IPeTHACHIIIEHHOE cocTostHNEe. Ha ocHoBe moy-
YEHHBIX OIIEHOK pajiyca YT Ul CONpPSHKEHMsS TaJcoB B paboTe mpes-
JIO)KEH METOJ| pacyeTa KOOPAMHAT TOYEK MEpexofa ¢ TajicoB Ha yKa3aH-
HYIO IyTy, a TakKe IPEMTOKEHBI BEIPKSHUS I (GOPMUPOBAHMS TIPO-
rpaMMHBIX curHasioB nBuwkeHus AHITA no atoii myre.

Jnst mpoBepkn pabOTOCIIOCOOHOCTH pa3pabOTaHHOTO MeToza ObUIo
BBIIIOJITHEHO MaTeMaTHYecKoe MoJeIupoBaHue. Pe3ynbTaTsl MoaenupoBa-
HUS OATBEP/IMIIN, YTO YKa3aHHBIH METOJ ITO3BOJISIET oOecTieunBaTh nepe-
XOJI MEXIy 33JJaHHBIMH B MHCCHU TaJICaMH II0 JIyraM OKpPYXHOCTEH C
MHHUMAJIBHBIMU PaJiilyCaMH, KOTOpbIE HE IIPUBOASAT KO BXOMY JBHKUTE-
neit B HachiueHust, cxony AHITA ¢ 3agaHHBIX TpaeKTOpUI U TOSBICHUIO
KoJie0aHMi B TIPOIIECCE TIEPeX0a MEeXIY rajJcaMu.

PaGoTa BpIMONHEHA NpU (QUHAHCOBOM NOIIEpkKke MUHHCTEpPCTBA
HayKH W BbIcIero ooOpaszoBanusi Poccuiickoit ®enepanuu, Cornamienue
Muno6puayku PO Ne 075-03-2022-104/1 or 31.01.2022, FEFM-2021-
0014 Ne 121111600136-3».
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BJAUSHUE NAPAMETPOB MOJIEJIX TIOABOJHOT'O
ANIITAPATA YIIPOIIEHHOM ®OPMBbI HA ET'O YI'JIOBBIE
KOOPJIUHATHI: TPSIMOYT OJIbHBIN IMTAPAJIJIEJIEITUIIE]T
N IUJINHAP

@I'A0Y BO Cesacmononvckuii cocyoapcmeenviil yuugepcumem, Cegacmonony,
ivanlipko@yandex.ru

LU. Lipko, K.V. Dementiev
THE INFLUENCE OF THE PARAMETERS OF THE
SIMPLIFIED UNDERWATER VEHICLE MODEL ON ITS
ANGULAR COORDINATES: A RECTANGULAR
PARALLELEPIPED AND A CYLINDER

Sevastopol State University, Sevastopol, ivanlipko@yandex.ru

Cratbsl MOCBAIIEHA BOIIPOCY MOJEIMPOBAHMS TTOJIBOJHOTO arapaTa
(ITA), a IMEHHO BIMAHHUIO H3MEPSEMBIX IapaMETPOB, HCIOIB3YEMBIX
npu (GOPMHUPOBAHUH MOJENH, Ha pe3yibTaThl MonenupoBaHus. Co3na-
HHUE MOJBOJHOTO allapara, CHHTE3 CUCTEMBbI YIIPABICHHUS TECHO CBs3a-
HBI C MaTEeMaTHYECKOM MOAebi0. AKTyaJIbHBIMH BONPOCAMH SIBJISIOTCS
aIeKBaTHOCTb MOJIENIM peaIbHOMY allapary, BBIIBICHUE CTETIEHH BIIHA-
HUS TapaMeTpoB Ha aJeKBaTHOCTh MOJIEIH.

IIpu co3panum Mozenel NpUMEHSIOTCS Pa3InYHbIe METObI, HAUMHAS
0T (PU3MYECKUX U MaTEMaTHYECKUX OIMCAHUH /IO YNCIICHHBIX 0acceifHOB
[1,2,3]. [lepBbie 00bIYHO OoOJIEe MHTEPIPETUPYEMBI, HO MEHEE TOYHBI, a
BTOpbIe HaoOopoT. UeM mporie Mozaenb, TeM Jierde MOTydUTh KOHKPET-
HBIC YUCIIOBBIEC 3HauCHMS Al m3ydaemoro [1A, HO XyXe COOTBETCTBHE
peanbHBIM 3KCHEpUMEHTaM. Tak WM WHade PEeaTMCTUIHOE MOJIEITHPO-
BaHME C TIOMOILBI0 MaTEMaTHIECKUX MOJIeNeil HE0OX0ANMO, MOCKOIIbKY
OHO ropa3zo JCIIEBIIE, YeM UCTIBITAHUE ITPOTOTHIIOB.

OcCHOBHas MOTHBALIUSI MCCIIEJOBAHNS — 3TO BBUICHUTH BIIMSIHUE H3-
MepseMBIX TapaMeTPOB MOJETH Ha MoBeAeHue anmapara. Eciu umeercs
peanbHBIN ammapaT, A8 KOTOPOIo CTPOUTCS MaTeMaTHuYecKash MOJENb,
TO clexyeT 3HaTb, TJ€ NMPOSBUTH BBICOKYIO TOYHOCTb U3MEPEHU, a rae
MOXKHO CAKOHOMHTB. 16 MOXKHO BOCIIOJIB30BAaThCsS MOJEIBHBIMU JIaH-
vbiMu U3 CATIP, a rie He00X0AMMO TOYHOE U3MEPEHIE I TIPOBEICHHE
HaTypHbIX 3kcnepuMeHToB? Ilpeamnonaraercs, 4To, 3Has BIUSHUE Mapa-
METPOB Ha MOBEICHHUE, MOKHO IIOCTPOHUThH CTPATETHIO ITPOBEJCHHUS JKC-
TICPUMEHTOB.

[IpenctaBneHHass CTaThsi COJNEPKUT PE3YNbTaThl MOJEIHPOBAHMS
MOJBOJHOTO armapara NpH BapbHPOBAaHMM H3MEPSEMbIX MapaMeTpOB
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JUTA TIPU3MATHYECKOW W MUIMHAPUIECKOH (hopM, BIHMSIHHWE HA YTIOBBIC
KoopauHaThl. I1oka3aHel IpUMeEpPHl TPACKTOPHN, YKa3aHbl (PAKTOPHI BIIH-
AOMHUE HA N3MECHEHUE TPACKTOPHUN ABUKCHUA.

Cumynsuust npoBonutcst uisi uzBectHod mognenu ITA SF-30k [4].
PaccmarpuBaroTcs mepexoHble MPOLEcCH, TPAeKTOPHH JBHXKEHHUS, OT-
KJIOHEHUSI OT HOMUHAJIBHOTO JIBUKCHUS.

y(t)

6 07 08 09

x(t)

Pucynok 1 — Ilyuku TpaekTopHii HOABOAHOTO amnapaTa Ipy BapHaLldl MacChl
ammapara 110 50%

B pesynbprate MojenupoBaHMs MOKa3aHO, YTO 00e GOopMBbl 4yBCTBH-
TeNbHBl K Bapualuu napamerpos. IIpu 3TOM MOABOAHBIN ammapar Iu-
JMHAPHYECKOH (OpMBI 00MaiaeT XyJIIUMH THIPOJIUHAMHUYECKUMH Ka-
YecTBaMU B CPaBHEHHMH C NPSIMOYTOJBHOM (TOTO e 00beMa M IJIHHBI),
nuMest GoJbliiee CONPOTHBIICHNE NIPH JBIDKEHUH. B Merone pacuera au-
HAaMHUKU MOJEIM 4epe3 IUIOMANH MPOEKUUil BaKHO TOYHO PacCUUTATh
wromany s Becex (Gopm. Herognoctn B BBIOOpE IEHTpa IUIABYYECTH
OJIMHAKOBO BIMAIOT Ha 00e paccMaTpuBaeMble ()OPMbBI HETATHBHO, BbI-
3BIBasl HEMIPEICKA3yeMOCTh OTKJIOHEHHUH MIPU ABMKCHHH.

PabGora BeImojHEeHa Npu (QUHAHCOBOI moaiepkke MHHUCTEPCTBA
HayKd W BhIcliero odopasoBanusi Poccuiickoii ¢enepauuu, CoriamnieHnue
Munobpuayku P® Ne 075-03-2021-092/5 ot 29.09.2021, FEFM-2021-
0014 Ne121111600136-3, a Taxxe IIporpamma «IIpuoputer 2030».

1. Fossen T.I. Guidance and Control of Ocean Vehicles. John Wiley
& Sons Ltd, 1994. ISBN. 0-471-94113-1.

2. Antonelli G. Underwater robots, 4th edition. Springer Tracts in
Advanced Robotics, 2018. 374 p.

3. Kramar V. Investigation of changes and development of mathe-
matical model for a drilling vessel. Annals of DAAAM and Proceedings
of the International DAAAM Symposium, 2015. pp. 49-55.

4. O.A. Eidsvik, “Identification of hydrodynamic parameters for
ROVs: master thesis”, Trondheim, 185 p., 2015.
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SDRE PETYJISATOPA

DI'A0Y BO «Cesacmononbckuil 20CY0apCmeeHHblll YHUBEPCUMEn,
Cesacmononw, mash.saigon.89@gmail.com

K.V. Dementiev, A.A. Kabanov
DYNAMIC PARAMETERS CALCULATION METHOD OF THE
UNDERWATER ROBOT MANIPULATOR AND SYNTHESIS OF
THE SDRE CONTROLLER

Sevastopol state university, Sevastopol, mash.saigon.89@gmail.com

CoBpEMEHHOCTh CJIOKHO TPEICTaBUTh 0€3 pa3lIn4HbIX pPOOOTOB B
ObITy 1 mpoMbIIUIeHHOCTH. [Ipy 3TOM ceroaHst HanOONbIINE Pa3HOBHU-
HOCTH MMEIOT MaHHIYJIALHOHHbIE POOOTHI, KOTOPBIE NMPUMEHSIOTCS HE
TOJBKO AJISI BBITIOJIHEHUS! TEXHOJOTMYECKUX OINEpaIiiaX Ha MPOU3BOJI-
CTBE, HO M B MHO)XECTBE MOABOAHBIX mpuioxeHuid [1]. CoBpemMeHHBIE
HO/IBOJJHBIE MAHHUIIYJIITOPHBIE POOOTHI B OOJBIIMHCTBE CIy4aeB ycTa-
HaBJIMBAIOTCSI Ha ABTOHOMHBIE HIIM TeJeylpaBiisieMble HeoOUTaeMble
noasoansle anmapatsl (HITA). C ux momompio pemaroTes 3a1adu 00-
CJIC/IOBaHUSI MOPCKOTO JIHA, B3SITUSl PAa3IM4HBIX P00, 0O0CIYyKHBaHHS
TOABOJIHBIX COOPYKEHUI U MHOTHUE ApyTHe [2].

I'mapoauHamMuveckue nmapameTpbl MaHUITYJISITOPA BIMSIOT Ha €ro I10-
BeZieHHE 1pH paboTe B BOJIE M OKa3bIBAIOT CYIIECTBEHHOE BIIMSIHUE Ha
paboty HITA. 3HaHme »THX mapaMeTpoB BaKHO HE TOJBKO HA JTame
9KCIUTyaTalllH, HO ¥ Ha 3Tale NMPOEKTHPOBAHUS, ITOCKOJIBKY IMTO3BOJISET
ONTHMHU3UPOBATh KOHCTPYKIMIO, YIYyUIINTh XapPaKTEPUCTHKH, CHHTE3HU-
poBaTh ympasicHHE. B OONBIIMHCTBE CIy4acB TEOPETUUECKHH BBIBOA
9THUX 3HAYCHMUH NPAKTUUECKH HEBO3MOXKEH, a JKCIIEPUMCHTAIIbHBIC U3-
MEpEeHUs, KaK MPaBHJIIO, CIIOKHBI M JOporH [2].

B HacTosmiel paboTe MpeaioKeH METO UACHTU(DUKAIIMKA THIPOIU-
HAMUYECKUX MapaMeTpoB MOJBOIHBIX MAaHUMYJIATOPOB, OCHOBAaHHBIA Ha
CHeLaIbHON pacdeTHOH Npolenype, NCXOJHBIMU JaHHBIMH JUIS KOTO-
pO¥ SBJIAIOTCSI M3MEpsieMble (PU3MYECKUE  TEOMETPUIECKUE TTapaMeTphl
MaHUIYJISATOPA.

[IpenBapuTenbHO CTOMT OTMETHUTH PSiT IOMYIICHUH, CICTaHHBIX MPH
pa3paboTKe TpoLexypsl pacdera JUHAMHYECKHUX IapaMeTpoB MOJEIH
MaHHMITYJISITOpa:

— KaXJ10€ 3BCHO allPOKCUMHUPYETCS MIMITHHAPUIECKON (GopMoi;
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— IEHTPBI Macc YCIOBHO COBIAJIAIOT C LIEHTPAaMH IIJIaBY4eCTH;

— BCE THIBI CHJI TPSHUS B pacyeT He BKIIIOUCHBL;

— JMHaMHKa pabovero opraHa ¥ MPUBOJIOB HE YUYUTHIBAOTCS;

— HE YYUTHIBAIOTCS] OTPaHUYCHUS YIIIOB ITIOBOPOTA.

Jsl IpeayioKeHHOTO METola pacyeTa MmapaMeTpoB JHHAMUYCCKOM
MOJIENH MOJIBOJHOTO MaHHITYJIATOpa TPEOYESTCs BBIOJHHUTD PSIA IIArOB:

— ompeneneHue napamerpos JlenaBura-XapreHOepra;

— pacder MaTpuIl TpaHC(HOPMAIMHN TS KaXKJ0T0 3BEHA;

— TIOWCK KOOPJHMHAT LIEHTPOB MACC 3BEHbEB OTHOCHTEIILHO MHEPLIHU-
aJIbHOUM CUCTEMBI,

— BblYHCIIeHUE SIKOOMAaHOB CKOPOCTEH ISl LIEHTPOB MacC KaXJO0ro
3BEHA;

— pacdeT NPUCOEAMHEHHBIX Macc JUI KaXKIO0TO 3BEHa;

— pacyer TEH30pOB MHEPLUI W MaTpUIbl HHEPLUUH (BKIIOYAs MpPU-
COE/IMHEHHBIE MacChl);

— OIpeleseHUe NMOTEHIMAIBHOM SHEPIruy U MaTpPULbl CUJI IT'paBUTa-
LUH/TUTaByYECTH;

— PpacucT MaTpulbl KOPHUOJIUCOBBIX U HEHTPOCTPEMUTECIILHBIX CUJI.

B pesynbrare peanu3anuyl yKa3aHHBIX IIaroB Ha BBIXOJIE MOJydaeM
3HA4YEHHs NapaMeTpoB, HEOOXOIMMBIX Ul MOCTPOCHUSI MOJENIN JIUHA-
MUKH TIOJBOJAHOTO MAHUITYJSATOPA. 3aTeM IIOJNyYeHHAs MOIETH MOXKET
HCIIOJIB30BATHCS [UISl CHHTE3a CUCTEMBI YIIPaBIICHHS.

CuHTE3 CcHCTeM YNpaBleHHsS ABW)KCHHEM TaKUX MaHHIIYJISTOPOB
BO3MOYKHO OCYIIECTBUTH Ha OCHOBE Pa3NWYHbIX 1moaxozoB [1]. B Hacto-
Ame paboTe B KaueCTBE OCHOBHOTO METOAA CHHTE3a YIpaBICHUH HC-
none3yercss MeTon IuddepeHInanbHOro ypaBHeHUs PUKkarty, 3aBHCS-
mero ot cocrosius (state-dependent Riccati equation, SDRE), ocno-
BaHHBIN Ha peaACTaBIICHUU HEJINHEWHOM MoA€I AMHAMUKHA MaHUITYJIs-
TOpa B JUHEHWHOW (hopMe C MmapameTpaMu, 3aBHCSAIIMMU OT COCTOSHHS
[3]. D10 mo3BoNsET CTPOUTH HPOCTHIE O KOHCTPYKLMH (ONU3KKE K M-
HEWHBIM) TPAeKTOPHBIE PETYJISATOPHI JUIS 3aXBaTHBIX MOJYJIEH MaHUITy-
JATOpOB B (hopMe 0OpaTHOW CBSA3M C MOMOLIBIO TaKk HasbiBaeMoro. B
paboTte mokasan npumep cuHteza SDRE perymnsaropa B 3amgade ynpasie-
HUS TIOIBOJHBIM MaHUITYJISITOPOM.

PaGora BbimonHeHa npu (UHAHCOBOM MNOAJepKKe MHHHCTEPCTBA
HayKH U BbIcIIero obpasoBanus Poccuiickoit @enepanun (FEFM-2021-
0014 Ne 121111600136-3).

1. Bruno Siciliano and Oussama Khatib. Springer Handbook of Rob.
Springer Berlin Heidelberg, 2008.
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2. Fossen T.I. Handbook of Marine Craft Hydrodynamics and Mo-
tion Control. John Wiley & Sons, Ltd, 2021.

3. Aleksey A. Kabanov, Vadim A. Kramar. Cooperative Control of
Underwater Manipulators Based on the SDRE Method. 2021 Interna-
tional Russian Automation Conference (RusAutoCon), 2021

JI.U. Hukonaes
OLIEHKA HAJIEXKHOCTH KOMIIJIEKCOB CBSI3U
ABTOHOMHBIX HEOBUTAEMBIX IMOJABOJHBIX
ATIIIAPATOB ITPU UX TEPEMEHHOM CTPYKTYPHOM
MN3BBITOYHOCTHU

HUL] TT BM®, Canxm-Ilemepbype, nikolaev.d.i@yandex.ru

D.I. Nikolaev
RELIABILITY ASSESSMENT OF COMMUNICATION
COMPLEXES OF AUTONOMOUS UNMANNED
UNDERWATER VEHICLES WITH THEIR VARIABLE
STRUCTURAL REDUNDENESS

Research Center of the Naval Telecommunication Technology
St. Petersburg, nikolaev.d.i@yandex.ru

D¢ HEeKTHBHOCT MPAKTUUECKOTO HCIIONB30BAaHUS JIIO00H CIIOKHON
TEXHUYECKOH CHCTEMBI MOXKET OBITh CBEJCHAa K MUHUMYMY, €CIIH OHa Oy-
JeT paboTate HeHaneXHO. [ Toro, 9ToOb ABTOHOMHBIN HEOOMTACMBbIHA
TIOIBOJTHBIN armapar ObII CIIOCOOEH BBIMOIHATH CBOM OCHOBHBIC IIEJICBBIC
3a7a4n, HEOOXOANM KOMIUIEKC CBS3M, MMEIOIIMN HaJIeKHOCTh COITIACHO
YCTaHOBJICHHBIM TpeOoBaHus. [lo3TOMy akTyaJbHOHM 3amaueil sBisieTcs
WCCIIE/IOBAaHUE CIIOCOOOB OLEHKM HAJIEKHOCTH TaKMX CHUCTEM, a TaKKe
pa3paboTKa peKOMEH/Iallnii, HAIPaBJICHHBIX Ha €€ MOBBIIICHUE.

O0bekT nuccnenoBanus — komruieke cBsizu (KC) aBTOHOMHBIX HeoOH-
TaeMbIX NMOABOAHBIX armapaToB (AHITA), KoTopsIil paccMaTprBaeTCst Kak
COBOKYITHOCTh B3aMMOCBSI3aHHBIX CpEJIICTB CBSI3H, JHEProoOecreueHus,
KOHTPOJIA, TIpeAHa3HadeHHas Ui paboThl B Ny KaHanmax cBs3u [1].

AHanm3 CyIIECTBYIOIMX METOAMK TI0 OIEHKE HaJIeKHOCTH CIIOXKHBIX
cucteM [2-7] mokasai, 9To OHU HE CHIOCOOHBI KOPPEKTHO OLICHHUTH BPEMs
paborocniocodHoct KC  AHITA B ycnoBusi nepeMeHHON CTPYKTYpPHOI
M30BITOYHOCTH, a TAKXKE MPU JUHAMUYECKH W3MCEHSIOLIUXCS BEPOSITHO-
CTSIX NPABUJILHOTO IpHeMa cooOlLIeHnH B KaHanax cBs3u. [lox nepemen-
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HOI CTPYKTYpPHOW M30BITOYHOCTHIO IOHUMAETCSl HEJOCTYITHOCTD IS 9KC-
IUTyaTalliy OIpPENICNICHHBIX JJIEMEHTOB KOMILIEKCA CBS3M B HEKOTOPBIC
MOMEHTHI BpeMeHH. Hanprmep, npy IBHKEHHU B ITOJJBOHOM I0JI0KEHUH
YacTh aHTEHHBIX YCTPOMCTB OKa3bIBAETCS HEAOCTYITHOM.

Hems paboter — onenka HanexxHoctu KC AHITA B ycrmoBusix mepe-
MEHHOH CTPYKTypHOH W30BITOYHOCTH.

Ilepen pa3paboOTKONM METOAWMKH OLEHKH HAAEKHOCTH (DYHKIMOHHPO-
Bauusa KC, To ecTh CIOCOOHOCTH B T€UEHHE BPEMEHH COXPAHATH paboTO-
crocobHoCTh, ObUTO ompenerneHo moHATHEe oTKa3za KC. Ilox orkazom KC
MIOHUMAETCS COCTOSIHIE, B KOTOPOM OH HeE crocobeH obecneduts Tpedye-
MYIO BEPOSTHOCTh IPABIIIBHOTO TIPHEMa COOOICHUSL.

Pa3pabarsiBacMast METO/IMKA OLIEHKH HAJICKHOCTH OCHOBaHA Ha METO-
Jie IMUTAIIMOHHOTO MOJIEIMPOBaHUs Tpoliecca (PyHKIIMOHUPOBAHUS KOM-
miekca. C MOMOIIBbI0 METO/Ia CTaTHCTHYECKOTO MOAETMPOBAHMUS, UCTIONb-
3ys pa3paboTaHHYI0 MMHTAIIOHHYIO MOJEJb, HAXOAATCS HEOOXOAUMBIC
rapaMeTpbl HaJIeKHOCTH.

Mertox cratuctideckoro MozeupoBanus (v meron Monte-Kapio)
MIPUMEHSETCS. I WCCIIEA0BAaHMsS TOBEJICHUSI BEPOSATHOCTHBIX CHUCTEM B
YCIIOBHSIX, KOT/Ia HEM3BECTHBI B IIOJHOM Mepe BHYTPEHHHE B3aMMOJICH-
CTBUSI B 9THX CHUCTEMaX. JTOT METOJ 3aKJIF0YaeTcsi B BOCIIPOMU3BEICHUH
HCCIEAYyeMOro (M3MYECKOro IIpolecca MpH IMOMOINM BEPOSITHOCTHOM
MaTeMaTH4eCKOH MOZIENIN U BBIYMCIEHUN XapaKTEPHCTHUK 3TOTO Ipoliecca.
MeTon OCHOBaH Ha MHOTOKPATHBIX HCIIBITAHUSIX MOCTPOCHHOW MMHTAIH-
OHHOM MOJICSIM C TMOCICAYIONICH CTATUCTUYCCKONH 00pabOTKOM MOydeH-
HBIX JIaHHBIX C IEJIBI0 ONpEJIeTICHHs YUCIOBBIX XapaKTEePHCTHK paccMar-
pHBaEMOro Iporecca B BUIE CTATUCTHYECKUX OLICHOK €r0 MapaMeTpoB.

[onyuu uacTpymenT s onenku HajneskHoct KC AHITA Obita pas-
paboTaHa METONMKa, IMO3BOJISIONIAS 33 CYET YIPAaBJIEHHs CTPYKTYPHOH
N30BITOYHOCTBIO KOMIUIEKCA, CYIIECTBEHHO MTOBBICHTEH BpeMst ero paboTo-
criocobHocTr. Ha nprMepe 1moka3aHo, 4ToO C IIOMOIIBIO JAHHON METOIUKH
BO3MOXKHO yBENIMUHTH Bpems padborocriocodnoctn KC AHITA Ha 32%.

Takum 00pazom, B Xoz1e pabOTHI OblIa pa3paboTaHa METOANKA, TI03BO-
nstrorast oneHuTs HagexHocts KC AHITA mpu ero mepemMeHHOH CTpyK-
TYPHOH M30BITOUHOCTH. [[aHBI P peKOMEHIALNH, TTO3BOJISIONINX TTOBHI-
cuth BpeMeHsa pabdorocniocooHoctn KC AHITA 3a cuer ympaBieHHsS €ro
CTPYKTYPHOU M30BITOYHOCTHIO.

1. KaranoBuu A.A., EpmoB B.H.KoMIIeKCHl M CHCTEMBI CBSI3H
BM®. — CII6.: Cymoctpoenue, 2014. —256 c.

2. bypennn B.B. HamexHOCTh TEXHHYECKHX CHCTEM OOBEKTOB
HA3eMHBIX KOMIDIEKCOB: yuel. mocodue //— M.: MAJIN, 2017. — 88 c.
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3. Bukroposa B.C., Crenansain A.C. Mogenu U MeTojbl pacyera
HAJISOKHOCTH TEXHHMYECKUX cUcTeM /. - M3n. 2-e, ucnp. - Mocksa : URSS :
Jlenanp, cop. 2016.

4. Aunpees A.B. Teoperrueckie OCHOBbI HAJIE)KHOCTH TEXHUUIECKHX
cucteM /ydebHoe mocobue/ A,B. Aunpees, B. B. fIxosnes, T.}O. Kopor-
kast. — CII6.: Uzn-Bo [ommrexH. yH-Ta, 2018. — 164 c.

5. CesepueB H. A. Teopusi HaZEKHOCTH CIOXKHBIX CHCTEM B OTpa-
0oTke U 3KcIuTyaraimu : Yueonoe nocoobue / H. A. CeBepues. — 2-e u3.,
nep. u gom. — Mockaa : M3narensctso IOpaiit, 2019. — 435 c.

6. Crporonos A., XXnanos B., ITonecckuii C. O030p NporpamMMHBIX
KOMIUIEKCOB T10 pacdeTy Haa&KHOCTH CIIOXKHBIX TEXHUYECKHUX chUcTeM //
KommnonenTs! u texnonorum. - 2007. - Ne 5. - C. 183 - 190.

7. Konece C. I'. MeTozpl OIICHKH MOKa3aTeNei HaJACSKHOCTH CIOXK-
HbIX KoMnoHeHToB U cucteM / C. I'. Koneces, P. T. Xazuesa // CoBpemen-
HBIE ITpo0IeMbl Hayku U oOpazoBanus. —2015. — Ne 1-1. - C. 57.

M.A. anxpaMtle}lHI, E.B. Hasﬂosl, B.M. Eumetﬁ-llImemoz,
ILK. lIy6un’, M.B. Kynewosda’, M.C. Kpawenunnuxos’
PASBUTUE POBOTU3UPOBAHHBIX CPEJICTB IIOUCKOBO-
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'@orE5y BHUUIIO MUYC Poccuu, e. banawuxa, 7283763@mail.ru,
paviov-vp@mail.ru;’THL] P® [JHUH PTK, Canxkm-Tlemep6ype, v_bitny@rtc.ru,
shubin@rtc.ru, kuleshova@rtc.ru; *HHI'Y um. H.H. Jlo6auesckozo,
Huoicnuit Hoeeopoo, maxim.krasheninnikov@mail.ru

M.A. Shakhramanyan', E.V. Pavlov', V.M. Bitny-Shlyakhto’,
P.K. Shubin’, M.V.Kuleshova’, M.S. Krasheninnikov’
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'FGBU VNIIPO EMERCOM of Russia, Balashikha, 7283763@mail.ru,
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Coznanne 3(¢GEeKTUBHBIX POOOTH3UPOBAHHBIX KOMIUICKCOB IS IIO-
WCKa ¥ CIacaHusl JIroJeH, Teprsiux OelcTBHe Ha MOpE, SBISIETCS aKTy-

anpHOM 3amaueii [1]. OcoOeHHO akTyajbHa 3Ta 3ajada Uil yCJIOBHU
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ADKTUKH, B KOTOPBIX NIOUCK U CIIaCaHHWE HAa MOPE CYILECTBEHHO OCJIOX-
HSIFOTCS TSHKEJIBIMU TUAPOMETCOPOJIOTUYCCKUMU YCIIOBUAMU, CIIOKHOM
JIeIOBOM 00CTaHOBKOM M (haKTOPOM HHU3KHX TEMIIEPATYP.

3HAYUTEIBHO TOBBICUTH 0E30ITaCHOCTh U BBDKMBAEMOCTD JIIOJICH Ha
MOPCKHX TEpPPUTOPHsIX ApKTHueckoro iuenbga, CeBepHOro MOPCKOTO
IyTH, B Cilydyae BOSHWKHOBEHHS TEXHOT€HHBIX M INPHUPOJIHBIX YPE3BBI-
YaWHBIX CHUTYaIli, MOXKET BHEIPEHHE POOOTH3MPOBAHHBIX CIIACATEINb-
HBIX CPEZCTB.

B xone pa3paboTku MpOEKTa pemIeHbI CIEAYIONINE KIIOYEBbIC HAYd-
HO-TEXHUYECKHE U MPUKIAJHbIC 3a/1a4H:

1. Pa3paboTan TeXHHYECKHH OONHK OTIOENBHBIX AIIEMEHTOB Ha3EM-
HOTO POOOTH3MPOBAHHOTO KOMILIEKCA YHHBEPCAIBHBIX CIIACaTEIbHBIX
cpencts (HPK YCC) [2].

2. TIpoBeneHo KOMIBIOTEPHOE MOJAEIUPOBaHUE (PYHKIMOHUPOBAHHS
HPK YCC B TUIIOBBIX YCTIOBHAX SKCIUTyaTaIlUH.

3. HsroroBnen skcnepuMmeHTanbHBINH obpasery YCC U mpoBeneHsb
HCCIIeIOBATEbCKUE HCIBITAHUS TI0 OLEHKE €ro AKCIUTyaTallMOHHBIX
rokasarenei [3].

4. PazpabotaHa yHU(UIMPOBAaHHAS HWHTEIUIEKTyalbHas CHCTEMa
ynpasienus [4], obecrieunBaromas yrpasieHHe B aBTOMAaTHIECKOM HIIH
CYIEPBU30PHOM PEXUME

5. PaszpaboraHa KOHCTpyKuusi aM()UOMIHBIX TPAHCIIOPTHBIX MOJY-
JIeH, CHOCOOHBIX IEpeMelIaThCsl MO BOAE, TBEPAOMY TPYHTY, JEIO-
BI)IM/CHe)KHbIMI/I I0JIsIM, BCCTHU BHSyaﬂbeIﬁ OCMOTp 30HBI aBapuu HJisd
IMOUCKA, CIIaCCHUA U 3BAKyallluU TCPIIAIIUX 6eI[CTBl/Ie Ha 3HAYUTCJIIbHBIC
paccrosiaus [5].

6. Pazpaborana Mozenb HCHOJNB30BaHUS  POOOTOTEXHUYECKUX
cpeactB (PTC) B coueranunu co cracaTelbHBIMH KOHTEHHEpaMH IpH
criaceHnu (momdope) Teprsimux OencTBHe, MOTEPSBIINX (PHU3NYECKYIO
AKTHBHOCTD.

7. TlpopaboTaHna BO3MOXXHOCTh ABHATPAHCIIOPTHPOBKH W aBHUaJe-
carTupoBanus Bxosamux B coctaB HPK YCC PTC [6].

8. IIpopaboran cocraB HPK YCC. Ilpemmaratorcs kK DampHeWIen
pas3paboTke crnemyromue podotuzupoBanasie YCC:

— am(¢uOHNifHOE MONCKOBO-CIIacaTeIbHOE POOOTU3MPOBAHHOE CPE.-
ctBO (AIICPC), mpemHa3sHaueHHOE TSI 0OecreueHus paboT 1Mo MMOUCKY U
CIaCaHHUIO IEPCOHANA aBAPUIHBIX OOBEKTOB,;

— amdubuitHOe 3BaKyallMOHHO-CIIacaTeIbHOE pPOOOTH3HPOBAHHOE
cpeacteo (ADCPC);

— KOMIUIEKC JIOKanbHOW Bo3mymHOW pa3Benku (KJIBP) na 0Gaze
BJIA, obecnieunBaromuii BU3yaabHYIO Pa3BEIIKY, TOUCK IMOCTPAIABIINX C
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BO3/lyxa, COpPOC WMHIUBHIYAIbHBIX CIIACATENbHBIX CPEICTB U CPEICTB
0003HaUEHHsT MECTOIOJIOKEHHUS TEPILIIUX OSNCTBHE, a TAK)KE PeTpaHC-
JISIIMIO CBA3M C LIGHTPOM YIPaBIICHUS criacaTeIbHOH omeparueit.

[TporHo3HBIil pacder KOHKYpPEHTOCHOCOOHOCTH M 3IKOHOMHYECKOTO
a¢dekTa moKazan, YTO IMpeaiaraeMblii a3pOMOOWIIBHBIN, amM()UOMIHBIHN
HPK YCC umeet 3HauMTENIBHBIE IPEUMYIIECTBA MEPEN CYLIECTBYOILIUMHU
¥ MIEPCIICKTUBHBIMH aJIbTEPHATHBHBIMH CIIACATEIHBIMU KOMIUIEKCAMH.

HPK YCC sBnsercs KoMIurekcoM JTBOHHOTO HazHaueHus. OH mpume-
HUM Kak B MHpHOe (crmacenue teprsinmx Oencrue B YC), Tak u B BOCH-
HOE BpeMs Ul 3BaKyallld M CIIACEHMS PAHEHBIX M MOPaKCHHBIX IIPU Be-
JeHnH OOEBBIX JIEMCTBHUN B apKTHUYECKOi 30He. IloTeHImanpHbpIe TOTpeOu-
TENU pe3yiapTaToB mpoekTa: Munobopons! Poccnn, MUC Poccrn, Mun-
tpaHc Poccun, Munsnepro Poccun, ITAO «I"a3npom», [TAO «HK «Poc-
HedTH» U T.1.

IIpoext mpexncrasneH Ha Bcepoccuiickuif KOHKypC MO TOHCKY Hayd-
HBIX, MHHOBAI[MOHHBIX, INPOM3BOACTBEHHBIX TPYNI HWIU KOJJIEKTUBOB,
CIIOCOOHBIX K 3(QEKTHBHON pealu3aliy NEpPCHEKTUBHBIX IPOEKTOB B
unTepecax Boopyxennsix Cun Poccuiickoit @enepanuu.

1. Jlomora A.B., llyomn I1.K. KonmenryanpHBIE BOIIPOCHI pa3pa-
OO0TKHM pOOOTH3MPOBAHHBIX CHCTEM AJISI TIOMCKA U CIACaHMs JIIOJEH, Tep-
X OeAcTBHe, B YCIOBUSAX ApPKTUKH. // POOOTOTEXHMKA U TeXHUYeE-
ckas kubepreruka. 2018. Ne 1 (18) C. 45-50.

2. Kymnuenko A.Jl. lly6un I1.K. IlepcriekTuBbl npuMeHeHus Oec-
MIJIOTHBIX JIETaTENIbHBIX alNapaToB JJIsl peIIeHUs] 0030pHO-IIOUCKOBBIX
U TIOMCKOBO-CIIacaTeNbHBIX 33/1a4 Ha Mope // POOOTOTeXHHKa M TEXHU-
yeckas kubepHeTnka. 2017. Ne 1 (14) C. 45-50.

3. KpamenunnuxoB M.C., Komypuna A.A., Illmenes A.B. YHusep-
callbHOE KOJIJIGKTUBHOE CIacaTelIbHOE CPEACTBO C POTOPHO-BUHTOBBIM
IBIDKHATENEM. // AKTyallbHBIC BOTIPOCHI MAaIlllMHOBEICHUS.CO. HAyd. Tp. /
O6wenus. na-T MamuHocTpoenust HAH benapycu (Munck). 2013. Baim.
2. C. 77-80.

4. Jlomora A.B., llly6un I1.K. IlepcriekTuBBI pa3BUTHS WHHOBAIIH-
OHHBIX POOOTOTEXHUYECKHX CPEACTB IS IIOUCKA U CIIacaHWs Ha Mope //
Tpynst XVII Bcepoccuiickoll Hay4qHO-TIPAKTHUECKOH KOH(EPEHIINH.
Cankr-IlerepOypr. HI1O Crnenuansubix Marepuainos. 2014. C. 139-149.

5. Komypuna A.A., Ilameue B.B., Ulymkun M.A. PazpaboTka
KOHLIEMIIMHK YHUBEPCAILHOT'O CIIAcaTeIbHOTO CPEACTBA ISl POCCUIICKOTO
apktuueckoro menbda // Monorpadus. Hikeropoackuii rocynap-
CTBEHHBI Neparorndeckuil yHuBepcuteT umeHu Ko3smbl MuHuHA.
Hwuxunit Hosropog, 2018. 338 c.
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6. Illyoun I1.K. KoHuenTyaibHbie BOIIPOCH CO3MaHUs POOOTHU3UPO-
BaHHBIX CHCTEM JUIs MOKMCKA U CIIaCaHUs JIO/EH, TepIsIuX OeICTBHE Ha
Mope // Borpockl o6oponHO# TexHukHu. Cepusi 16. TexHudeckue cpen-
CTBa mpoTHBOneicTBUS Teppopusmy, 2016. Bem. 11-12 (101-102)
C. 141-146.

JI.K. Cepos
HNCCJUIEJOBAHUE AJITOPUTMOB YIIPABJIEHU S
JABUXEHUEM HEOBUTAEMOI'O IIO/IBOJJHOI'O
AIIIMAPATA B BEPTUKAJIBHOM IIVIOCKOCTH

THL] PO I[[HUHU PTK, Canxm-Ilemep6ype, d.serov@rtc.ru

D.K. Serov
STUDY OF UNMANNED UNDERWATE VEHICLE MOTION
CONTROL ALGORITHMS IN THE VERTICAL PLANE

Russian State Scientific Centre for Robotics and Technical Cybernetics,
St. Peterburg, d.serov@rtc.ru

B Hacrosiiee BpeMsi 001acTh NMPUMEHEHUs] aBTOHOMHBIX HEOoOHTae-
MBIX TOABOAHBIX ammapaToB (AHIIA) akTuBHO paciuiupsieTcsi, U OHH
HaXOJAT IPUMEHEHHUE Il PeIIeHUs] MHKCHEPHBIX U UCCIIEI0BATEIbCKUX
3ajad [1], mpu sToM HeoOxommmo Haimuuue 3(PQEeKTHBHON CHCTEMBI
yIOpaBJIEHUs, MO3BOJAIOIIEH ammapaTy MepeJBUTraThCs MO 3aJaHHOU
TPAeKTOPUU C MUHUMAIBHBIMH YHEPTro3aTpaTaMU.

Jlns ympaBieHUs! CIIOKHBIMH JTUHAMHYECKHMH CHCTEMaMH CyIIle-
CTBYIOT pa3iu4Hble peryistopbl, Takue kak PID [2], MPC [3] u LQR-
peryisTopsl [4], a Taxke pa3In4HbIe PEryIsSTOPHl HA OCHOBE STAJTOHHBIX
Mozenel [5]. OmHako BBIOOP KOHKPETHOTO ANrOpPHTMA YIIPaBICHUS
OCJIOKHSIFOT HECTaI[MOHAPHOCTh BOJHOM cpeasl M MaTeMaTHYecKas
CJIO’KHOCTB CO37IaHUSI aJICKBATHOI MOJIENN €€ TIOBEICHHUS, OKa3bIBAIOILUE
CYIIIECTBEHHBIE BIUSHHS HA KAU€CTBO YIIPABIICHHUS.

B noknane npencraBieHsl pe3ysbTaThl YUCICHHOTO MOJEITUPOBAHUS
JUHAMUKK JBIKEeHUs ynpomeHHod monenu AHITA npu ynpasneHun
Pa3IMUHBIME pEryyisiTopaMu. B kadecTBe ympomeHHOH MozeNu BIOpaH
00BEKT HWIMHIPUYECKON (OpMBbI, UMEIOMINI BEPTHKAJIbHBIC IOIPYIIHU-
BaIOIINE YCTPOMCTBA M MEPEMENIAIONINICS MPEUMYIIIECTBEHHO B BEPTHU-
KaJbHOM HaIIPaBJICHHH.

Jln1s1 pacCMOTPEHHBIX PETYIISATOPOB MIPOBEJECHO M3MEPEHHE MOKa3aTe-
Jel kadecTBa ymnpaBieHHs ITyOMHOHW M audQepeHToM B yCIOBUSX H3-
MEHSIOMINXCS C MOTPYKEHHEM IMapaMeTpoB cucTeMbl. Ha ocHoBaHuM
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NPOBEJCHHBIX ~ M3MEPEHHH  BBISBICHBI  (DAKTOPhL, OKa3bIBAIOIIHUEC
HauOoJblIIee BIUSHUE HA KAUeCTBO YIPABICHUS, & TAKXKE MPOU3BEICHO
CpaBHEHHUE PACCMOTPEHHBIX PETyJISTOPOB.

Pe3ynbpTaThl NONMyYeHB! B paMKaxX BBITOJHEHUS TOCYIapCTBEHHOTO 3a-
nanns  MwuHoOpHaykn Poccum FNRG-2022-0017 1021060307691-2-
1.2.1;2.2.2 Ne 075-01623-22-00 «Pa3BuTHE TEOpUH CUHTE3a ONTUMAJIBHO-
TO YIIpaBJICHUs THIEPU3OBITOYHBIX POOOTOB MOABOTHOTO Oa3MpOBaHUS B
YCIIOBHSIX HEMPOTHO3UPYEMBIX HECTAIOHAPHBIX TEUCHHH W TIOTOKOBY.

1. Baxapes C.A., Kapaces B.B., Kapaces A.B. Hcnons3oBanne aB-
TOHOMHBIX HEOOMTaeMbIX MMOJBOMHBIX ANIapaToOB B MPOLECCe W3yYEHHs
Mupogoro okeana // Hayunsie Tpyast JlanepeioBry3a. — T. 26 — 2022 —
C. 63-72.

2. Y. Li, Y. Jiang, L. Wang, et al. Intelligent PID guidance control
for AUV path tracking. // J. Cent. South Univ. — Vol. 22 — 2015 —
pp- 3440-3449.

3. A. Afram, F. Janabi-Sharifi. Theory and applications of HVAC
control systems — A review of model predictive control (MPC). // Build-
ing and Environment — Vol. 72 — 2014 — pp. 343-355.

4. S. Wang, H. Jin, L. Meng, G. Li. Optimize motion energy of
AUV based on LQR control strategy. // 35th Chinese Control Confer-
ence (CCC), — 2016, — pp. 4615-4620.

5. Boituyk JL.M. MeTo CTPyKTYPHOTO aHAIN3a CHHTE3a HEJIMHEHHBIX
CHCTEM aBTOMAaTHYECKOro ympasieHusi, Mocksa: Dueprus — 1971. — 112 c.

C.A. Connvluukun
HUCCJIEJOBAHHUE AJITOPUTMA YIIPABJIEHUSA
JABUKXEHUEM I'MINEPU3BBITOYHOI'O AHITIA ITPU ETO
PEKOH®UT'YPAIIMU B ITPOLECCE ABUKEHUSI

T'HI] P® [JHHUU PTK, Cankm-Ilemepbype, solnyshkinsa@rtc.ru
S.A. Solnyshkin

STUDY OF MOTION CONTROL ALGORITHM FOR
OVERACTUATED RECONFIGURABLE AUV

Russian State Scientific Centre for Robotics and Technical Cybernetics,
St. Petersburg, solnyshkinsa@rtc.ru

B nanHO# paboTe uccienyercs aaropuTM YNpaBlIeHHUs IBIKEHHEM
Tpex3BeHHOro runepu3obrounoro AHITA, cocoOHOrO M3MEHSATh KOH-
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(urypanuio 3a cyer BpaleHUs 3BeHbeB. Ha Ka10M 3BeHE pacrosioxe-
HO TI0 2 BPAIIAOIINXCS IBIKATEINS (CM. puc. 1).

Pucynok 1 — Bug AHITA

YnpaBiieHne JBM)KEHHEM OCYIIECTBISIETCSI C IIOMOINBIO METoJa
(hopMHpOBaHUS YIIPABIAIONINX BO3JCHCTBUI Ha OCHOBE KOH(UTypalu-
OHHOW Matpuubl nBmkuteneil. Kondurypannonnas matpuma HeceT B
cebe nH(pOpManHMIO 00 OPHUEHTAINH M PACIOJIOKECHUN IBIDKHATENEH OT-
HocuTenbHO neHTpa macc AHITA. Vcmons3oBaHHe TaKOTO METOAA TMO03-
BOJISIET abCTParupoBaThCsi OT PEaJbHOTO PACIIONIOKECHUS BIDKUTENEH U
(bopMyIIMpOBaTh YIpaBIstolee 3aJJaHue B TEPMUHAX CTeNeHeld CBOOO/IbI
AHITA (Hanpumep, ABW)KEHHE B HAaIlPaBIEHHHM COOCTBEHHOW ocH X,
BpallleHre BOKpYr ocu Z W irobast ux komOuHanus). PaccmarpuBaemblii
METOJl OOBIYHO HMPUMEHSETCS Ul HE PEeKOH(PHUTYPHUPYEMBIX HaJBOIHBIX
CYZIOB M HIOABOJHBIX aIlIIapaTOB, B CIydae KOTOPHIX KOH(UTypannoHHas
MaTpHIa IBIDKUTENEH MOCTOSIHHA BO BPEMEHHU W 3aKJIaJbIBACTCS B CH-
CTEMyY yNpaBJeHUs B BHJE KOHCTaHTHOTo mapamertpa [1]. B nanHoii pa-
60Te paccMaTpUBaeTCs CiIydail JUHAMHYECKH M3MEHAEMOH KoH(urypa-
LMOHHOM MaTpHIIBI, KOTOPasi 3aBUCUT OT TEKYIIETO PacloioXeHHs 3Be-
HbeB AHITA.

Ha uyncneHHBIX 3KCIEpUMEHTaxX IOKa3aHO, YTO PaccMaTpUBAEMbIH
MeToll GOPMHUPOBAHMS YIPABIISIOIINX BO3AEHCTBHI oOecrnieunBaetr (mpu
OTCYTCTBUH CONPOTHUBIEHUS) 337aBaeMO€ ABIKCHHE, KaK NP Pa3iInd-
HBIX CTQTMYHBIX KOH(UTypauusx, Tak U NPH PEKOH(PUTYpaLUH B IPO-
LleCCce JBIDKEHUS.

MexaHnuueckast MOJEINb JOMOIHEHA MOJEINBIO THAPOAUHAMHUECKUX U
THPOCTAaTUYECKMX CHJI 1 MOMEHTOB C LENIbI0 MOJEIMPOBAHMS Iepe-
nerxeHus: AHITA B KUAKOCTH. DKCIIEPUMEHTBI B AKUAKOCTU MPOBEIEHBI
JUISL IBYX CIIy4acB:
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— «uAeaNbHBIN» ciaydaid, B KoTopoM ¢opma 3BeHseB AHITA mmeer
BUJI KPYTJIBIX LWJINHIPUIECKUX 3BCHbEB,

— TpUOIIDKEHHBIN K pealbHOCTH ciiydaif, B koTopoM AHIIA mmeer
HEKOTOPYIO CIOXKHYIO 00TeKaeMyto (opMy, KOTOpask allpOKCUMHUPYETCS
IWIMHAPAMHU Pa3In4HON JUTMHBI U Paanyca.

B pesynbrare 4MCICHHBIX 3KCIEPUMEHTOB BBISBICHO, YTO IPU He-
KoTOpbIX KoH(purypanusx AHITA nBwxeHHe CTaHOBHUTCS HEYCTOWYM-
BBIM. DTO 00BsICHSAETCS TeM, 4uTo neHTp Macc AHITA mMoxer He coBma-
JaTh ¢ TOYKOM IMPHUIIOKEHUS PE3yNbTUPYIONEN CUIBI CHII CONIPOTHUBIIE-
HUS (JlaJiee TOYKa CONPOTUBIICHHUS ), YTO CO3/1aeT Mapy CHII, pa3BOpayu-
Baromytro AHITA. PaccuuraTh monokeHue TOYKA CONPOTUBICHUS IS
KOMITCHCAITUH 3TOTO 3PPeKTa B PeallbHOCTH MOXKET OBITH 3aTPYIHEHO
WIH HEBO3MOXXHO BBUIY CioxkHOCTH Gopmbel AHITA (3TO Takke 3aBH-
CHUT OT TOYHOCTH U3TOTOBJICHUA J€TaleH, TEPMETHYHOCTH U T.JI.).

BBenenne nponopiuoHanbHON OTPULIATENIbHONW 00paTHOM CBSI3U O
CKOpPOCTH TIO3BOJIIET CBECTH K HYJIIO CKOPOCTH IO KOOpPAMHATaM,
yIpaBlieHUE KOTOPHIMHU B JaHHBIH MOMEHT HE OCyIIecTBiseTcs (T.e.,
KOTOpbIE B BEKTOpE TEKYILEro ympasjsiolnero 3axanus pasuel 0). B
pe3yibTare CHUCTEMa BHOBb CTAHOBHMTCS YNPaBIsI€MOH NpU JIIOOBIX
KOH(UTrypanusx, B TOM YHCiIe IpU peKOH(UTYypalluy B Ipolecce JIBH-
xeHus. Kpome Toro, 3a cuer oOpaTHOM CBSI3M OCYILIECTBISIETCS AMHA-
MHUYEcKasi CTaOMJIM3alsi B TOYKE MPOCTPAHCTBA M aBTOMAaTHYECKOE
TOPMOXXEHHE.

PazpaboTanHas Ha JaHHOM 3Tale CHUCTEMa YIIPABICHHUS MOXKET
OBITH HCIIONIB30BaHA NJIsl YOpPOIICHWs pydHOro ympasiueHus AHITA
OIIEpPaTOpPOM, & TAKXKE SIBIATHCS 0a301 Ik MOCTPOCHHS aBTOMAaTH3UPO-
BaHHOHN CHCTEMBI YIPaBICHUSI.

Pe3ynbTaThl MoSy4YeHbl B paMKax BBINOJHEHHUS T'OCYIapCTBEHHOTO
3aganHusi Munoopuayku Poccun FNRG-2022-0017 1021060307691-2-
1.2.1;2.2.2  Ne 075-01623-22-00 «Pa3BuTHe TeopuH CHHTE3a OINTHU-
MaJIGHOTO YIpPaBJIEeHUs TUIEPU30BITOUHBIX POOOTOB MOABOAHOTO Oa3u-
pOBaHUs B YCIOBHSIX HEMPOTHO3UPYEMBIX HECTALIMOHAPHBIX TEUEHUH U
TIOTOKOBY.

1. Fossen T.I. Handbook of Marine Craft Hydrodynamics and Mo-
tion Control. — John Wiley & Sons, 2011.
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A.K. I'onybes, B.A. Ilo30nakos, M.B. Muxaiinos
PA3PABOTKA KOMILIOTEPHBIX MOJEJIEN
CIIYCKO-IOABEMHOI'O ATPET'ATA

T'HI] P® [JHUU PTK, Canxm-Ilemepbype, antohin_989@mail.ru

A.K. Golubev, V.A. Pozdnyakov, M.V. Mikhailov
DEVELOPMENT OF COMPUTER MODELS
OF THE LOWERING AND LIFTING MECHANISM

Russian State Scientific Centre for Robotics and Technical Cybernetics,
St. Peterburg, antohin_989@mail.ru

B Hacrosmiee Bpewmsi, Oyiaromapsi CTPEMHUTCIFHOMY Pa3BUTHIO HH-
(hopMaIIMOHHBIX TEXHOJIOTHH, KOMITLIOTEPHOE MOJCIHPOBAHUC SBISCTCS
HEOTHEMJICMOH YacThIO JFOOOTO MPOU3BOACTBEHHOTO mporiecca [1]. He-
BO3MOJKHO TIPEJICTABUTh COBPEMEHHBIC KOMILUICKCHI MOpa3IeIieHI 0e3
WCTIOJH30BAHUSI CHUCTEM, TPEIHA3HAUYEHHBIX IS BBHIIOJHEHHUS CaMbIX
pasHBIX MoOAened. DTO W CHUCTEMBI TBEPAOTENBHOTO MOJEITHPOBAHUS,
HCTOJb3yeMble KOHCTPYKTOpaMu. W cucTeMbl MPOEKTHPOBAHUS pajIno-
ANEKTPOHHBIX CPEACTB, YTO HCHOJB3YIO IEKTPOHHUKH. W npyrue, Kyma
Oosiee CcBOeOOpa3HbIC, CHUCTEMbl MOJEIHPOBAHMS, YTO HCIOIb3YIOTCS
HH)KEHEpaMHu I10 BCEMY MUDY.

B pesynbraTe MomenupoBaHUS IOJIy4YalOT JaHHbBIE, KOTOPBIM 3aTeM
KOHBEPTUPYIOT B COOTBETCTBYIOIIYI0 MH(popManuio. Hanpumep, mpou-
HOCTHO€ MOJICJIMPOBAHUE U3ICIHS U €ro 3JIEMEHTOB CIIOCOOCTBYET €ro
JABHEHIIEH MOIEPHU3AIUY WIH MOJU(PHUKAINN C TEIBI0 YBEIHMUCHHS
3HAYCHHUHN pa3IMYHBIX MTOKa3arenel, Kak 3(p(QeKTUBHOCTH, TaK M HAIEXK-
HOCTH. MaTeMaTHdeckoe MOJENUpOBaHHUE [2] MOMOTaeT palrOHAII3H-
poBath mporecc moAdopa COCTABHBIX YacTel m3menws. MMuTanmoHHOE
MO/JICTUPOBAHHE MOXKET OOJIErYUTh KOMIUIEKCHOEe HOHMMAaHHUE MPOUCXO-
JSIIMX B CHCTEME MPOLECCOB M N3MEHEHHH €€ BO BPEMEHH.

Opnako, pu pa3paboTKe KOMIBIOTEPHBIX MOJEICH BBOIUTCSA P
JIOTYIICHHH, YOpOIIEHUH U mpeHeOpexxkenuit. IlogoOHBI MmomX0n
OTpaBABIBACTCS OO HEBO3MOXKHOCTHIO MOJICTUPOBAHMS KAKUX-TO (hak-
TOPOB, JIN0OO CIIOKHOCTBHIO MPHUHATH UX B pacdyeT. TakuM 00pa3oM, Kax-
Jask MOJICNb TIONTHA PSAJOM a0CTpaKIMid W HETOYHOCTCH. BEBIBUTE H
YYeCTh X MOXHO IYTEM CPaBHCHHUS JAHHBIX, IMOTYYCHHBIX MO PE3yilb-
TaTaM MOJCITUPOBAHUS U MPOBEACHHBIX UCIIBITAHUI Ha OMBITHOM 00pas3-
me. Tak mosiBIsieTcs 3a1a49a BepuQUKanm.

Henpro maHHOW pa®oOTHI sBISAETCA: pa3padOTKa KOMITBIOTEPHBIX MO-
JIeJIed CIIyCKO-TIOABEMHOIO arperarta [yl JajJbHEHMIIEro BhIIIOIHEHNS UX
BepupHUKALIUH.
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B pamkax naHHOW paOOoThI BHIIONHSIOTCS CICAYIONINE 3aJa4uK:

— Pa3zpaboTka mMaTtemaTHYecKOW MOJIETH ACHHXPOHHOTO AIIEKTPO-
NPUBOJIA C BEKTOPHBIM yripaBiieHueM B cpesie Simulink MATLAB;

— Pa3paboTka MMHUTAIMOHHOW MOJEIH CITyCKO-IOJBEMHOTO arpe-
rara B IporpaMMHOM Komiuiekce Adams;

— Peanuszanuss BO3MOXXHOCTH IHEpeNauyd YIPaBISIIOIIMX BO3IEH-
CTBHUH MEXly MOJIENSAMU;

— CpaBHUTENbHBIN aHAIN3 JAHHBIX, TOJYYCHHBIX 10 Pe3yiabTaTaM
paboThI MOzIeNel M CTEHIOBOH YCTaHOBKH;

— Bepu¢ukanus KOMIBIOTEPHBIX MOJENEH CITyCKO-IIOJbEMHOTO ar-
perara.

B PE3YyJIbTAaTE BBINIOJIHCHHA IOCTABJICHHBIX 3a1a4 6])1_]'[[/1 BBISIBJICHBI
MNEPCICKTUBHBIC HAIIpaBJICHUA JIA uanbﬂeﬁmeﬁ MOACpHU3allU MOJeC-
neit. JlocTmkeHue e UCCIIe0BaHuUs M0Ka3aJl0 MPaBUIBHOCTD BBIMOJ-
HEHHBIX 3a1a4. MccienoBanue crajgo xopolled OTHpaBHON TOUYKOHW Jis
3HAYNTEIHLHOTO YBEINYEHHS KOMIIETEHIINH pa3paboTUNKOB.

1. TOCT P 57412-2017. KomnbeloTepHbIE MOJEIH B IpOLiEccax pas-
paboTKH, IPON3BOJICTBA M 3KCIUTyaTanny u3nenuii. OOmue moxoKeHHs.
—Bgen. 01.07.2017. — M.: Crangaptuadopm, 2018. — 15 c.

2. Bboprosixosa T.I'., Jlosuukas K.B. MaTtemaTudeckoe MOAEIHPO-
BaHHUE: ONPEACNICHUE, IPUMEHIEMOCTh IIPH MOCTPOSHUH 00pa30oBaTelb-
Horo mpouecca. Mutepuer xxypHan «HAYKOBEJIEHUE» Tom 9, Ne2
(moctyn cBOOOIHBI)
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CEKLMA «MCKYCCTBEHHbIA MHTENNEKT U LLUDPOBBIE
TEXHOJTIOTUW B SKCTPEMAJIbHOM POBOTOTEXHUKE»

B.A. llomunosa, U.K. Ilemyuiox
noaxoabl K HCCJIEJOBAHNWIO METO/JOB CO3JAHUS
OTJIAJOYHO-MOJEJIHUPYIOIINX KOMIIVIEKCOB
IS @YHKIOUOHAJIBHOI'O U TIOBEJEHYECKOT'O
MOJAEJINPOBAHMUSA PTK U I'PYIIII PTK

T'HI] P® [JHUU PTK, Canxm-Ilemepbype, v.pominova@rtc.ru

V.A. Pominova, I.K. Petushok
APPROACHES TO THE STUDY OF METHODS
FOR CREATING DEBUG AND MODELING COMPLEXES
FOR FUNCTIONAL AND BEHAVIORAL MODELING
OF RTC AND RTC GROUPS

Russian State Scientific Centre for Robotics and Technical Cybernetics,
St. Peterburg, v.pominova@rtc.ru

CoBpeMeHHbIE POOOTU3MPOBAHHBIE TEXHOJIOTMYECKUE KOMIIIEKCHI
(PTK) npenna3HadeHb! Ui aBTOMAaTH3allMM BBINOJHEHHS MHOTOKPATHO
HOBTOPSIFOLIMXCS 33JjaHUl, TOrJa Kak pPOOOTH3UPOBAHHBIE TEXHOJOTUH
Oynymiero OyIyT CO37aBaThCsl JUIsl BBIMOJHEHUsI OOJIBILIOIO KOJMYECTBO
3aJaHHH, MOBTOPSIONIMXCS TI0 HECKOJIbKY pa3. Takol MporHo3 maer pas-
BUTHIO POOOTH3MPOBAHHBIX TexHoNormii Mangpen ['ynmens (Manfred
Gundel), renepanphblii aupexrop KUKA Roboter (I'epmanmst) [1].

IToBeneHUECKOE MOAEIMPOBAHUE 3TO OTHOCHTEIHHO HOBBIH METO.
00ydeHUs] HaBbIKaM MEXIIMYHOCTHOTO OOIIEHWS M M3MEHEHHS YCTaHO-
BOK. MeTOJ YYUT KOHKPETHBIM HaBBIKAM M YCTAHOBKAaM, CBS3aHHBIM C
BBINOJTHEHUEM IPO(ECCHOHAIBHOM JESTENbHOCTH, M MIPEATOaracT Bbl-
MIOJTHEHHE CJICIYIOLINX IaroB:

— TIPEIbsBICHHE «IIOBEICHYECKOW MOIEIN» NPOoEeCCHOHATBLHOTO
TIOBEICHUSI, KOTOPOE MIPEAJIaracTcsi OCBOUTH;

— TIPaKTHKa 0OyYarOLIUXCsI, IPY KOTOPOH MpPeUIaraeTcsi MaKCHMAIbHO
TOYHO BOCIIPOU3BECTH IPEATIOKEHHYIO (ITOBEJEHUECKYIO MOJIEbY;

— ofecrieueHre 0OpaTHOM CBSI3M M ITOJIKPEIUICHHs, CBHICTEIbCTBY-
IOIIMX O CTENCHM YCIEHIHOCTH OBIAJCHHS COOTBETCTBYIOIIUMHU MOJE-
JISIMM TIOBEJICHHSI.

OyHKIMOHAIBHOE MOJCIMPOBAHUE paccMaTpuBaeT  OTIAI0YHO-
MOJICIIUPYIOIIMH KOMIUIEKC Kak (yHKIuIo (j1at. functio — coBepiieHue,
WCIIOJIHEHUE) WIIM MHBIMHU CJIOBaMH «UEpHBIHN smK». B QpyHKunonans-
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HOW Mojenu (YHKIMsS HE MMEET BPEMEHHOW IOCJIEJOBATEIbHOCTH, a
TOJIBKO TOYKY BXOJia 1 TOYKY BbIXOJ4d.

B ¢dyHKIMOHANBHOM MO U3HAYaIbHO M3BECTHBI TOYKA BXOAA U
JKEeJIaeMBIH pPe3yJIbTaT, a IOCJIEOBATEIbHOCTh JICHCTBUH U SIBISETCS
o0bekToM paszpaboTku. [Ipu 3TOM wHcHoiIb30BaHME (YHKIMOHAIBHBIX
MOJIeNIe KaK «YEepHBIX SIIUKOBY» ITO3BOJISAET NETATM3UPOBATH KAXKIBIH
dTalm 1Mo Mepe HEeoOXOMUMOCTH. A Bcs paboTa MpH MOIEIHPOBAHUH
HaIpaBsJieHa Ha TIOMCK ONTHMAIIBHOTO PELICHUS ISl TOCTHKECHUS LEITH.

[enpio co3gaHust OTIIAAOYHO-MOJACIUPYIONINH KOMIUIEKCa SIBIISETCS
HOBBILEHUS 3(PEKTUBHOCTH IPOM3BOJICTBA 32 CUET CHIDKCHHS 3aTpar,
YHU(UKAIUS yIpaBICHYECKUX pEeLIeHHH, H Ooee KayecTBEHHAs IIOAr0-
ToBke nepconana PTK [2].

PazpaboTtka 0TIa104HO-MOIETUPYIOIIEr0 KOMIUIEKCA II03BOJIHUT:

— IPOM3BECTH IMEPCIEKTUBHBIC HCCIECIOBAHMS MPOM3BOACTBEHHBIX
IUIOINA0K, M0 BO3MOXXHOCTH U 3()(HEKTUBHOCTH UX pa3pabOTKH B pas-
JIMYHBIX MPUPOJHO-KIMMATHYCCKHUX 30HAX U MCTCOYCIIOBUAX

— MPOM3BECTH IUIAHUPOBAHHE M ONTHMHU3HPOBATh IMPOU3BOJCTBEH-
HbIC MPOLCCChl HA PCAJIbHBIX IMOJHUIOHAaX C NCJIbIO CHUXXCHHUA 3aTpar U
Ka4eCTBEHHOT'O YIPABJICHUS PECypCcamH;

— 0OoJee KauyeCTBEHHO MOJTrOTOBUTH CHEIUATHCTOB K BBIOJIHEHHIO
3aJa4 Mo YIPaBJICHUIO MPOM3BOACTBEHHBIMH OOBEKTAMU U TEXHHYECKHU-
MU CpEJICTBAaMH, B TOM YHCJIe POOOTOTEXHHYECKUMU;

— HCCJICAOBATH aJIOPUTMbI JABUKCHHA, BBIINOJIHCHHUA TEXHOJIOIMYC-
CKMX OIEepalii M CHCTEM TEXHHYECKOTO 3peHUsI POOOTOTEXHHUUYECKHX
CpEICTB.

— CHHU3UTDH 3aTpaThl HA UCIBITAHUA HOBOM TEXHHMKH 3a CUET CHUCTE-
MBI MOJICIIUPOBAHUSI BUPTYAIEHOTO OKPY>KEHHSI.

Hcnonp3oBaHe OTIIAJ0YHO-MOACIHPYIOMIETO KOMILIEKCA JIO0JDKHO
CrocoOCTBOBAThH MOBHIMICHUIO YPPEKTHBHOCTU PabOTHI MPEATIPUATUS U
MIPOBEJICHNIO TEPCIEKTHUBHBIX HCCIEAOBAHUN B 00JAcTH YIpPaBICHUA
CJIOKHBIMH TIPOM3BOJICTBEHHBIMH CHCTEMaMH C NPUMEHEHHEM poOOTO-
TEXHUUYECKUX CPE/ICTB.

Pe3ynbrathl MOMydeHbI B paMKaxX BBIIOJIHEHHs TOCYAapCTBEHHOTO 3a/1a-
Hust MunoGpHayku Poccun FNRG-2022-0008 1021051101732-4-1.2.1;2.2.2
Ne 075-01623-22-01 «HccnenoBanre MeTofoB M pa3pabOTKa TEXHOJIOTHA
CO3/aHusI OTJIA/I0YHO-MOJIETUPYIOIINX KOMIUIEKCOB ULl (DYHKIMOHATILHOTO
noBeaeH4yeckoro mozaenmposanust PTK u rpynm PTK».

1. Peibanbuenko /1. Tumossle pemeHns: poOOTOTH3NPOBAHHBIX KOM-

wiekcoB / 1. Peibampuenko // Control Engineering Poccus. — 2013,
1(43). — C. 68-74. — TekcT: HETIOCPEICTBEHHBIH.
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2. Urnarnamm E.K. BupTyanbHbIi MOJUIOH Ui MOPCKHX POOOTO-
texanueckux cpencts / E.K. Urnatuamu, N.K. IMerymoxk // XVI Beepoc-
cHiicKas Hay4yHoO-IIpakTHueckas koHpepeHuus «llepcrekTuBHbIE cHCTe-
MBI U 337a4M ynpasineHus», 2021. — C. 18. — TekcT: HenocpeACTBEHHBIH.

C.A. Kosanenxo, H.C. @omun
NPUMEHEHUE TEHETHYECKUX AJITOPUTMOB B
CBEPTOYHbBIX HEMPOHHBIX CETAX KJIACCUPUKAILIUA
H30BPAKEHUM

THI] P® I[[HUU PTK, Canxm-Ilemepbype, s.kovalenko@rtc.ru, i.fomin@rtc.ru

S.A. Kovalenko, 1.S. Fomin
APPLICATION OF GENETIC ALGORITHMS IN
CONVOLUTIONAL NEURAL NETWORKS FOR IMAGE
CLASSIFICATION

Russian State Scientific Center for Robotics and Technical Cybernetics (RTC),
St. Petersburg, s.kovalenko@rtc.ru, i.fomin@rtc.ru

CoBpeMeHHbIE CBEPTOYHBIC HEHPOHHBIE CETH 00YYarOTCS IyTEM H3Me-
HEHHs T1apaMeTPOB — BECOBBIX KOd(duimeHToB. [l 1oCTXeHHsT KOp-
PEKTHOI paboThl ceTn, HEOOXOUMO TOIYYUTh HEKOTOPYIO KOMOMHAIUIO
3HaUeHUH 3THX MapameTpoB. Hanbomee pacripocTpaHeHHbIE U UCIIONB3Ye-
MBI METOJIbI JIOCTIDKEHHS TAaKOTO pe3ysibTara — alrOpUTMBI Ha OCHOBE
00paTHOTO pacTpocTpaHeHus OomuOku. HecMoTpst Ha To, YTO TakoW MOA-
XOJ[ SIBIISIETCS OCHOBHBIM IIpH OOYYeHHH HEWPOCETH M HE pa3 JIOKa3bIBall
CBOIO IPUIOTHOCTB, OH MMECT PsA HEJOCTATKOB: Mapajny CETH — OCTa-
HOBKa 0Oy4YeHHSI HEHPOCETH, BCIIEACTBUE YMEHBLICHUS 3HAYCHHUS MPOU3-
BOJHO (PyHKIMH aKTHBALUH; JIOKAIbHbIE MHHHMYMBI — IONAJAHUE TIPH
IPaAUECHTHOM CITyCKE B JIOKQJbHBIH MHHHMYM, U3 KOTOPOTO CETh Y)Xe He
CMOXKET BBIOPATHCSl CAMOCTOSITENILHO; BHIOOP CKOPOCTH 00y4eHwus (1ara)
— pa3Mep Iara ONpeZeNseTcss BPYYHYIO M SIBISIETCSl THIIEpIapaMeTpoM
CETH — IapaMeTpOM, He N3MEHIEMBIM BO BpeMsl 00y4eHHsI, €CIIU BHIOPATh
[Iar CJIMIIKOM MaJIeHbKHH — OyZeT MeIyIeHHas CXOAMMOCTh allTOPHTMa,
eciy OOJBIION — MOXET BOSHUKHYTH Mapajny CETH.

OIHMM W3 pelIeHHH JAHHBIX MPOOJIEM SIBIISETCS TeHEeTUYSCKUI ai-
roput™. [IpHyemM TeHETHYeCKHe AITOPHTMBI MOTYT HPHMEHSATHCS Kak
JUTSL HACTPOMKH TUIIEPIIapaMeTPOB CETH, TaK U HETIOCPEICTBEHHO IS €€
o0yueHns. ['eHeTHUECKHE aNTOPUTMBI IIPUMEHSIIOT MEXaHU3MbI OHOIIO0-
THYECKOTO0 €CTECTBEHHOTO 0TOOpa B KOHTEKCTE MAIIMHHOTO O0y4YeHHS.
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Onwupasich Ha HBOJIOLMOHHYIO TEOPHIO €CTECTBEHHOI'O 0TOOpa Hanboee
MPUCIIOCOOIEHHBIX U CHUIIBHBIX 0COOEH, TeHETHUECKHE aITOPUTMBI Ibl-
TAIOTCSl CKOIIMPOBATh ABOJIOLMOHHBIA 0TOOp, TaKUM 00pa3oM, 4TOOBI B
UTOTE OCTAINCH TOJIBKO JIYUIIHE MOJIEIIH.

B pabore npou3BOAMTCS MCCIICIOBAHUE NTPUMEHEHHS TeHETHYECKUX
ITOPUTMOB K CBEPTOYHBIM HEHPOHHBIM CETSM KiacCU(HKALUK H300-
pakeHHIl M CpaBHEHHE IOMYYEHHBIX PE3yNbTaToB C Oojee Kiaccude-
CKUMH METO/IaMH, HallpHMep MpH 1Mo100pe TUIIEPIIApAMETPOB AINTOPUTM
CPaBHMBAJICS ¢ TAKUMH METOJAMHU KaK IOHMCK IO CeTKe, CIy4ailHbIH I1o-
UCK 1 OaiiecoBCKas onTUMHU3AIMA. B 9acTHOCTH, pacCMOTpPEHO MpHMe-
HEHHE TEHETHYECKOrO AJrOpuTMa K CICIYIOHMIMM 3afadaM: Moa0opy
THIIEpIapaMeTPOB CETH; 00YUYEHHs ITOJTHOCTHIO HEOOYUEeHHON HeHpoceTH
¢ HyJs1; (PMHUIIHOTO 0OyuYeHHs (MCIIOJIb30BaHHUE MPEJOO0YUEHHOM CEeTH);
noA0Op apXUTEKTYpPbl HEHPOCETH.

HccnenoBanusi, CBA3aHHBIE 110 JJAHHOW TeMaTHKE MPOBOJIMINCH pa-
Hee, U eCTh JJOCTaTOYHOE KOJIMYECTBO MATEpHaIOB IPUMEHEHHUS T€HETH-
YECKUX aJITOPUTMOB K HEHPOHHBIM CETSAM, HallpUMeEp TI'€HETHYECKHUE
ITOPUTMBI NPUMEHSIOTCS JUIA T0A0O0pa apXUTEKTypsl cet [1], wim
APXUTEKTYPHI U BECOB OTHOBpeMeHHO [2]. Takxke ecTh 1 CpaBHUTEIFHBIC
TECTBI, TIPMYEM DPE3YJIBTATHI SIBISIOTCA PAa3IMYHBIMU, B YaCTHOCTH HC-
CJICZIOBAHUS MO MPUMEHEHHIO TeHETHUECKUX aJITOPUTMOB ST O0Y9IEHHS
CeTH KaK MOATBEP)KIA0T MPEBOCXOJCTBO MeToaa [3], Tak U ompoBepra-
10T ero [4]. Ho cTouT oTMeTHTh, 9TO GOIBIIMHCTBO MCCIEAOBAHUN IIPO-
BOJIMIIMCH HE JUIsS CBEPTOUHBIX HEHpOCETEH M HET pe3yJIbTaToB IJIsl CO-
BPEMEHHBIX apPXUTEKTYp 1 HAOOPOB JIAaHHBIX.

JanHast paboTa BBINOJHSIIACH C 1IEJIBIO ONPEICICHUH BO3MOKHOCTH
MIPUMEHEHHsI TEHETHYECKHX aJITOPUTMax B CBEPTOYHBIX HEHpOCeTsX
KJIacCU(UKAINK M300paKeHNH, a UIMEHHO NPUMEHEHHUS JUIl O0y4eHHS
MTOJTHOCTHIO0 HEOOYYEHHOW CEeTH, HACTPOHKH THIIEpIapaMeTpoB MOJEIH,
JI000ydeHus U 1mooopa apXuUTEKTypsl ceTu. MccnenoBanue ObLIO TIpo-
BE/ICHO, TaK KaK I'€HETHYECKHE ANTOPUTMBI MTOIXOIAT Ul MCIIOIh30Ba-
HUSI B HEHPOHHBIX CETAX W B NEPBOM NPHOIDKEHUN MX BHEIPEHUE MO-
JKET OKa3aTbCsl MEPCHEKTUBHBIM, a UCCIEIOBAHUH, KOTOPBIE YETKO IOJ-
TBEPKJIAIOT 3TO MIIM ONPOBEPraroT, HAWTH HE yaloCh.

PesynbraThl mosydeHsl B paMKax BBIIIOJIHEHUS! TOCYJapCTBEHHOTO
3amanuss MunoOpHayku Poccun FNRG-2022-0015 1021060307687-9-
1.2.1 Ne 075-01623-22-00 «VccnenoBaHre METOIOB CO3[aHUs CaMO00y-
Jaromuxcsa CUCTEM BMI[COHa6J'IIO[[eHI/ISI U BUJCOAHAJIMTUKU Ha 63,36 KOM-
TUIEKCUPOBAaHKS TEXHOJOTHI IPOCTPaHCTBEHHO-BPEMEHHOH (uibTpa-
LIMH BU/ICOTIOTOKA M HEMPOHHBIX CETen.

199



CBOPHUK TE3NCOB 33 MesxayHapoAHON Hay4HO-TEXHUYECKOWM KOHbepeHLmnm
«3KCTPEMAJIbHASl POBOTOTEXHUKA»

1. HK Lam, SH Ling, Frank HF Leung, and Peter Kwong-Shun
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pages 25-30. IEEE, 2001.

2. Najmeh Sadat Jaddi, Salwani Abdullah, and Abdul Razak
Hamdan. A solution representation of genetic algorithm for neural
network weights and structure. Information Processing Letters,
116(1):22-25, 2016.

3. A. R. M. Kattan, R. Abdullah, and R. A. Salam. Training feed-
forward neural networks using a parallel genetic algorithm with the best
must survive strategy. In 2010 International Conference on Intelligent
Systems, Modelling and Simulation, pages 96-99, Jan 2010.
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JI.A. Cmanxesuu', A. Kypasckan’
YIIPABJIEHUE MOBUJIBHBIM POBOTOM HA OCHOBE
HEHPOUHTEP®ENCA

'THI] P® [JHUH PTK, Canxm-Ilemep6ype, Stankevich_lev@inbox.ru; >CII6ITY,
Canxm-Ilemepbype, hella94@mail.ru

L.A. Stankevich', A. Zuravska®
MOBILE ROBOT CONTROL BASED ON NEUROINTERFACE

!Russian state scientific center for robotics and technical cybernetics,
St. Petersburg, Stankevich_lev@inbox.ru; *SPbSPU, St. Petersburg,
hella94@mail.ru

B nocnennne roxsr naTEpdEticsr «mo3r-kommbiorep» (MMK) aktus-
HO Pa3BHBAIOTCS M HCIIONB3YIOTCS, B YaCTHOCTH, Ui OECKOHTAKTHOTO
YIpaBICHUS] Pa3IMdHBIMH POOOTU3MPOBAHHBIMH ycTpoiicTBamu. C mo-
momipio MK mtonn ¢ 1BUraTenbHBIMU HAPYIICHUSMH MOTYT YIPaBIISATh
POOOTH3MPOBAHHBIMHM IPOTE3aMM, WHBAIUIHBIMU KOJISICKAMH M 00CITy-
JKUBAIOIIUMHU UX MOOMJIBHBIME poOoTamu [1,2].

WnTepec npeacTaBisior, B MepByI0 ouyepeab, HeuHBasuBHbe VMK,
KOTOPBIE IEKOUPYIOT 3jIeKkTpo3HIedanorpadudeckue (3317) curnasst B
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KOMaH/Ibl YIpaBlieHus: POOOTU3UPOBAHHBIMH yCTpoiicTBamMu. | aBHas
3agau takux UMK — knaccugukanus 930 -nartepHOB BOOOpaskaeMbIX
JBIOKEeHUI monp3oBatens [3]. B maHHOM cTaThe paccMaTpuBaeTcs Kiiac-
cudukanus OO -naTTepHOB BOOOpakaeMbIX IBIKEHUH PyK M HOT, 3a-
pEerUCTpUPOBaHHBIX C momomipio anmaparypsl NeuroPlay-8Cap. s
KJaccU(UKalMi  WCIIONB3YeTCs ajIrOPUTM MHUHHMAIBHOTO PHUMaHOBa
paccrosaua 0 cpenuero [4]. KnaccudukaTopsl Ha puMaHOBOH TeOMET-
pUH JEMOHCTPHUPYIOT XOPOIIHNE PE3yIbTaThl, 0COOEHHO NMPH 3HAYUTEINb-
HOW BapuaTWBHOCTH curHaioB D3I, 3a cyeT MCIoIp30BaHMs B KAYECTBE
MPU3HAKOBON MH(OPMAIK KOBAPUAILIMOHHBIX MaTpHLl. B nurepaTypHbIX
MCTOYHMKAX IIOKAa3aHO, YTO HCIIOJIb30BAHUE TaKHX KIaCCH(UKATOPOB
Juist OOI-1aHHBIX TO3BOJISIET JOCTUYb cpeaneit TouHoctu B offline pe-
xume 85+6%, a B online pexxume — 75+5%. Takol TOYHOCTH, B NPHH-
I, JOCTATOYHO JJISl YIIPaBJIeHUS! MOOMIIBHBIMU YCTPOHCTBAMH.

DKCIIepUMEHTHI POU3BOIMIINCH B BUPTyalbHO# cpee Gasebo. B akc-
MIEPUMEHTE Y4YacTBOBAJIM 5 370pPOBBIX HCIBITYeMBIX. [IpeaBapurenbHO
npousBoamwiock odydenne MK Ha pacnoznaBanne D9I-narrepHOB BO-
00pakaeMbIX JIBIDKCHHH PYK, KHCTEH PYK, HOT M CTYIHEH HOT OTIEIBHO
JUTSL KaKZIOTO M3 UCTIBITYeMbIX. CHavana MCIBITYeMble B 33JaHHOM PUTME
HEKOTOpPOE BPEMS BBINOJHSUIM pealbHbIC IBIKEHUS, a 3aT€M — TOJBKO
BOOOpakalll IBIDKCHHUS B TOM ke put™Me. Bece D3OI -naHHbBIe peructpupo-
BaJIMCh M pa3MEyalliCh METKAMH, COOTBETCTBYIOIIMMH HA4aJIbHBIM MO-
MEHTaM BOOOpa)KeHUsI KaXkJI0T0 U3 ABMKCHUH. Best mporenypa oOyueHus
OJTHOTO HCTIBITYEMOI'0 3aHHMMaja OKOJIO Yaca. J[anee mpoBOAMINCH UCTIBI-
TaHust 00y4YEeHHOTrO Kilaccu(pUKaTopa Ha paclio3HaBaHUS KaXKIOTO U3 8-MU
BoOOpakaeMbIX ABWKeHWH. [Ipy 5ToM ObUIa JOCTUTHYTa CpEIHSs TOY-
HocTh Knaccupukanum it offline pexxuma 72%, a st online pexxuma —
67%. Ilo cpaBHEHMIO C NUTEPATypHBIMHU JAHHBIMH IOJyYEHHBIE PE3yiib-
TaThl OBUIM XYy’Ke, HO TPEIoJaraeTcs, YTo MpH TIIATEIbHON HacTpoiKe
KJIacCH(HMKATOPA, OHH JIOJDKHBI YITyUIIUTHCS.

DKCIIEPUMEHT T10 YIPABICHUIO MOJEIBI0 MOOIIBFHOTO poOoTa aBTO-
MOOMIIBHOM CXeMBI (3aHHe KoJeca — BEeAyIIHe, a epeJHIE — PYIICBBIC)
npoBoamics B cpeae Gasebo ¢ ucnoip3oBaHHeM HelpouHTepdeiica Ha
6aze UMK c¢ npenBaputenbHO 00y4YeHHBIM Kiaccudukaropom. Jlis
yrOpaBieHus: ObUT pa3paboTaH MPOrpaMMHBIN MOIYb, MPEeoOpa3yIONIHii
pacno3HaHHbIe ¢ ToMonsio UMK BooOpaxaeMbie IBHKEHHS B KOMAHIbI
ympasieHusi B cooTBeTcTBuu ¢ Tabmuuei 1. Ilpu ynpaBieHU TBUKEHU-
smu: Briepen, Hazan, BripaBo, BieBo ObII0 BO3MOYKHO BBITNOJIHATE BO-
oOpakeHHe BBIOPAHHOTO JIBW)KEHHS HEOJHOKPATHO ISl YCKOPEHHS
JIBIDKCHUSI WM YMEHBIICHHSI pajuyca MOBOPOTa MOOHMJIBHOTO podora.
Ha stom sTame ucmbiTyeMble HEKOTOPOE BpeMsl YUWIHNCh YIPABISTH
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MOJCJIBIO po60Ta, 13006pa>1<a51 JOBUKCHHUA, COOTBETCTBYIOIINEC KOMaHAaM.
[epBbie MOMBITKH yHpaBieHHs IBIKEHHEM po0OTa IOKa3alH, YTO IS
YBEPECHHOT'O IIPOXOXKACHUA TPACCHI OBLUIO HENOCTATOYHO pacrio3HaBaHHUA
OIHOH TOMIBITKH B006pa>K€HI/I$I BLI6paHHOl"O I[eﬁCTBPIH, u p060T Mor
yﬁTH B CTOPOHY OT TpacCCHI. D10 OBLIO CBSA3aHO C MaJlOil TOYHOCTBIO
pacrio3HaBaHUs. I[anee YAaJloCh HECKOJIBKO YJIYYIIHUTH PE3YyJIbTaT IPO-
XOXKICHUA TpacChl 3a CYCT YCPCOAHCHHUSA TPEX IMOIBITOK BOO6pa)KeHI/I$[
BLI6paHHOF O IBMKCHUA.

Tabnuua 1 — CooTBeTcTBHE BOOOpaXkaeMbIX ABM)KCHUIT M KOMaH]| yIIpaBICHHs

Homep BooOpaxaembie Komanabi

KOMAH/IbI JABHIKEHHSI yHpaBJIeHHs]
1 IToxwem mpaBoil pyku Bmnpaso
2 ITonbem neBoil pyku Bneso
3 CrxkaTHe KUCTH IPaBOil pyKu Cron BrpaBo
4 C>xaTHe KUCTH JIEBOM PYKH Cron B1€BO
5 IToxsem mpasoil Horu Cron Boepes
6 [ogbeM n1€BOI HOTH Cron Hazan
7 Haxarue ctynHeil npaBoii Horu Brnepen
8 Haxxatue crynneil a1eBoii Horu Hazan

B cooTBeTCTBUHM C TECTUPOBAHHEM CHCTEMBI YNPABICHHUS MOOMIIb-
HBIM pOOOTOM, IOCTPOEHHOH Ha ocHoBe HeifpouHrtepdeiica ¢ MK,
knaccuunupyromuM I3 -naTTepHB BOOOpakaeMbIX IBHKCHUH PYK H
HOT Ha PUMAaHOBOW T€OMETpHH, NpH peructpanuu I -curaanos ¢ mno-
Momsio npudopa NeuroPlay-8Cap, moxy4eHsl pe3ynbTaThl, CBHICTEIb-
CTBYIOII[IE O BO3MOKHOCTH PeaJIu3allii Takoro ympasieHus. [lokasaHo,
YTO JOCTUTHYTOH CpelHEH TOYHOCTH KiacCH(UKamuu BOOOpaskaeMbIX
IBWXKEHHI B online pexume 67% HEOOCTATOYHO I YBEPEHHOI'O
yIpaBJeHUs ABMKEHHEM poboTa o tpacce. OfHAKO MPUMEHEHHE Bapu-
aHTa YIPABJICHUS C YCPCIHCHHEM HECKOJBKUX IOIBITOK BOOOPaKECHUS
BBIOPAHHOT'O JIBM)KEHHS TO3BOJISIET HECKOJIBKO YIYYIIUTH YIpaBlICHHUE.
B nanpHeiimem mnpearnosaraercst BbIOpaTh ONTHUMAaJbHBIC MapamMeTphl
HaCTPOMKHM pUMaHOBa KiacCH(UKaTOpa C LEJIbI0 MOBBIIICHUS €ro TOY-
HOCTH W peajn3aly 0ojiee yBEpPEHHOTO YNpPABICHUS IBIKCHUEM MO-
ompHOTO pobOTa 1O Tpacce.

PesynbraTsl moiydeHsl B paMKaxX BBIIOJHEHHS TOCYJapCTBEHHOTO
3amaans MunoOprayku Poccun FNRG-2022-0016 1021060307690-3-
1.2.1;2.2.2 Ne 075-01623-22-00 «HMccnenoBanue u pa3paboTka Ouoro-
JOOHON CHCTEMBI YIPAaBJICHHS ITOBEIEHHEM MOOWIBHBIX POOOTOB Ha
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E.A. Epemelmo"z, A.M. Kopcakoe', A.B. Baxwued®
PA3PABOTKA AJITOPUTMA CTPYKTYPHOI'O OBYUEHUS
CErMEHTHOM CHAMKOBOM MOJIEJIM HEHPOHA

'THI] P® [JHUH PTK, Canxm-Ilemep6ype, elizaveta.yeremenko@gmail.com,
a.korsakov@rtc.ru; *CIT6ITY IHempa Benuxozo, Canxm-Ilemep6ype,
palexab@gmail.com

E.A. Eremenko"?, A.M. Korsakov’, A.V. Bakhshiev’
DEVELOPMENT OF LEARNING ALGORITHM
OF COMPARTMENTAL SPIKING NEURON MODEL

!Russian state scientific center for robotics and technical cybernetics,
St. Petersburg, elizaveta.yeremenko@gmail.com, a.korsakov@ric.ru; >SPbSPU,
St. Petersburg, palexab@gmail.com

CermenTHas crnaiikoBas mojieib HeiipoHa (CSNM — Compartmental
Spiking Neuron Model), npeanoxennas aBropamu B [1], Oblia paspado-
TaHa KakK JJIEMEHT HEHPOMOPQHBIX CHCTEM, IpeIHa3HAYeHHBIX JIS CH-
CTeM yIpaBJeHUs ¥ 00paboTku nHpopManmu. B Hacrosmiee BpeMs: BO3-
MOXXHOCTH NMPHMEHCHHS MOJICIHU elIé HCCAeayrTes [2], oaHaKo Ommyo-
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JIMKOBaHHBIE PaboThI [3] yXkKe ceifyac MOKa3bIBaIOT, YTO MOJIENIb HEHpPOHa
MO3BOJISIET pellaTh 33/1a4y KiIacCUPUKaMKU Ha MajloM KOJIM4ecTBe 00Y-
yaromux npumepoB. [lanHas ocobeHHocTh CSNM MO3BOJIUT MCHONB30-
BaTh e€ B 337a4ax C HU3KOM JOCTYIHOCTHIO 00y4Yaromiel BEIOOPKH, BBI-
COKOM CIIO’)KHOCTBIO OLIEHKHM COCTOSIHHSI CHCTEMBI, WM JaKe C OTCYT-
CTBHEM BO3MOXXHOCTH TAaKOW OLICHKH, HallpuMep — B 33/1a4ax aBapUitHOM
JMAarHOCTHKH CIIOKHBIX CHCTEM.

Hacrosmias pabota nocesimieHa pa3paboTKe U HCCIEI0BAHUIO HOBOTO
anropuT™Ma cTpyKTypHOTo 00ydeHHss CSNM, KOTOpBIH MO3BOJIAET Ipe-
OJIIOJIETh OTPAaHWYCHHUS MPEIBIAYIICH peaan3auy Takoro anroputma [4]:
o0ydeHue HEHpOHA TOJIBKO M3 MCXOAHOTO COCTOSIHUS, HEBO3MO>KHOCTD
00y4YHUTh MOJENb APYrOMYy IIPHMEpPY, HEBO3MOXHOCTb OOYYUTH OJUH
HEWPOH HECKOJILKUM 00yYaroluM IIpHMepaMm.

Jlyist TecTUpOBaHMS KOPPEKTHOCTH M JAEMOHCTPAIMH BO3MOXHOCTEH
HOBOT'O QJrOpuTMa OOYYCHHs HCIOJB30BAIKMCh paHee pa3paboTaHHAs
aBTOpaMH IporpaMMmHas miardopma [5] u garacer Iris [6]. B xone skc-
NepUMEeHTa U3 Jaracera Obuto BeIOpaHo 10 oO0ydarommux HNpUMEpOB K3
pa3HbIX KiaccoB. B mepBoii yacTu skcnepuMeHTa s KaKI0Tro BHIOpaH-
HOTo OOYy4YaroIlero mpuMepa CO3IaBalCs CBOH COOCTBEHHEBIM HEHpOH,
00y4aBIIMICS TaHHOMY TPHMEpPY HOBBIM METOAOM CTPYKTYpHOTO 00Y-
yeHusi. Ha Bropom aTarie SKCreprMenTa co3/1aBajicst JIMIIb OWH HEHPOH,
KOTOPBIH MOCIIEA0BATENHHO 00yyancs kaxaomy u3 10 BEIOpaHHBIX MpHU-
MEpPOB BO BCEX BO3MOJKHBIX IIOCIIEAOBATENBHOCTAX. B pe3yibraTe cepun
TaKUX TECTOB JJIsl KAXKJIOTO MpHUMepa 110 3aBeplleHnH o0y4yeHus 3aduk-
CHUpOBaHa TOXXIECTBEHHOCTh NPHOOPETEHHON B X0Ji¢ 00y4eHHs HOBBIM
METOJIOM CTPYKTYPHI HEHpOHa CTPYKType HEHpOHa, MpuoOpeTEHHOH B
X01e 00y4eHHs] HeHpOHa CTapbIM METOZIOM.

Heo0x0auMo OTMETHTB, YTO TaKXKe IOKa3aHO 3HAYNMOE yBEINYCHHE
OBICTPOICICTBHSI IPH HOBOM CIIOCO0E CTPYKTYpHOTO OOYYEHUsI MOJICIIH
HelipoHa. Kpome Toro, HOBBIi anroput™ 00y9IeHHs! TO3BOIUT HCIIOIb30-
BaTh HEWPOHHBIE ceTH, mocTpoeHHble Ha CSNM, He TONBKO IpU MaioM
KOJINYECTBE O0y4aroNIMX HPHMEPOB, HO M aJalTUPOBAThCA K IOCTYIIA-
IOLIMM HOBBIM JaHHBIM, T.€. OCYILIECTBIISITh OH-JIAH 00ydeHHe.

Pe3ynbTaTsl momydeHs! B paMKax BBINOIHEHHUS TOCYJapCTBEHHOTO 33/1a-
Hust Muno6paayku Poccnn FNRG-2022-0016 1021060307690-3-1.2.1;2.2.2
Ne 075-01623-22-00 «VccnenoBanue u pa3paboTka OMOMOIOOHOH CHCTEMBI
yIIpaBIIeHHs! OBEICHHEM MOOIIILHBIX pOOOTOB Ha 0ase SHeprod(heKTUBHBIX
NPOrPaMMHO-AINTAPaTHBIX HEHPOMOP(HBIX CPEZICTBY.
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