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HayyHs1¯ pykOBonMTeJTL KaHIHIaT 

Opnos Mrops AneKcaH1pOBMY paboran 
yupexneHHH "OenepanbHbIÄ HCcIeNOaTeNLCKHÄü neHTp HHCTHTYT npuKialHOd 
MaTeMaTHKH HM. M.B. KenbIua PoccHGCKOÄ akaneMHH HayK» - aBHbI� HayYH5IG 

cOTpYIHHK B OTIeJIe No 5 <MexaHHKa KOCMHYeCKOro IIOJIETa H yItpaBIeHHe 

npoueccOB». 

u3HKO-MaTeMaTHYECKHX Hayk, 10[eHT 

DenepaTbHOM TocynapcTBeHHOM 

Ilo HToraM o6cykIEHHA NPHHATO CIeTyomee 3akIIO4eHHe: 

OneHKa paboTbI, BbInOJHAeMod conCKareleM yeHOH cTeneHH. Jlucceprana 
IlogonpoCBeTOBa AJeKceA BanepbeBH4a IIOCBAmeHa aKTyaTbHOH TeMe 

6nOMexaHHYeCKOÄ oueHKH AeATeJIBHOCTH YeIOBeKa. B HacTOAIee BpeMa cymecTEYeT 

HapaBIEHHE pazBHTHA KOMINaHHö, IOCBAIEHHOe HHÊyCTpHH 4.0, naHHas paboTa 

OTHOCHTCA K TaKHM ee TeMaM Kak «aBTOMaTH3aL|HA H poQoTH3aHA», «HHTerpaHA 

IT-cHCTeM» H «CHMy1AUHA H MOIEJIHPOBaHHE». 

Kak 

B paboTe npeJIOKEHa cHCTeMa pasHoCTOPOHHero aHaIH3a nocIenOBATeJTBHOCTeH 

IBHKEHHM YeJIOBeKa, B KOTopyro BX0IAT MeTOIBI aHaJIH3a 

MHHaMHTECKHX xapakTepHcTHK, MeTOIBI cóopa 1aHH6IX o BHKeHHH 4eJIOBEKa, 

MeTOIBI KIaCTepusaHH, KJIacCHVHKaHH H mpenCKazaHHA IOCHeFOBaTeJIbHOCTeG 

IBHKEHHÝ 4eIOBeKa. laHHaA cHCTeMa MOKET I03BOJIHTH BHIBeCTH Ha HOBbI� ypOBeHL 

6e3oaCHOCTH paõoTbI JIHONE�, Tak KOJIIaÐoparHBHYIO poõoroTeXHHKY 

HeoPxoIHMBIe B HHIycTPHH 4.0. 

KHHeMaTHYeCKHX 

COHCKaTeJieM ObJIH Co31aHbI CIIOCOPbI OnpeneneHHA AHHAMHYECKHX IlapaMETPOB H 

9Hepro3aTpaT IIpH IBHKeHHH HCIHOJIL3OBaHHeM 

MHKPOMexaHHYeCKHX AaTYHKOB Ha oCHOBe 6uoMexaHHYeCKOG MONeIH. Mano 

TeopeTHHeCKOe o60CHOBAHHe paspaboraHHSIM CIOCO6aM onpeneneHHA JHHaMHHe CKHX 
xapakrepuCTHK. 

cerMeHTOB Tena YeJIOBeKa 

PaspaboraH MeTOA nonyasroMarHHeCKoC kanuQpoBKH cHeTeMBI, cocTOAuIeH n3 
HHePLHAIbHbIX AaTIHKOB H cerMeHTOB TeJTa YCIOBeKa, Ha KOTOPbIX OHH pasMemeHbI. 

PaspaboraHa annaparTHO-IPOrpaMMHas CHCTeMa no3BOnaeT KOppeKTHO CO6Hparb, 
xpaHHTB, þuNBTPOBATb 1aHHHIe c AaTYHKOB JUA nocnexyIomeH BH3yanHsanuH B 
MONEJIBHO} CHCTeMe KOOPAHHaT. 

IBHKEHHEM)») ceKTOP I «MaTeMaTHYeCKOe MOIeIHpOBaHHe KOCMH4eCKHX CHCTeM H 



BsmoNHeHO cpaBHeHHe aIropuTMOB openeneHHA NOCHeNOBaTeJIBHOCTH ABHKeHHE Ha 
OCHOBe 9KCNepHMeHTa c maHH5IMH H3 pa3HbIX HCTOYHHKOB C eTBIO IIOJIYyeHHI 

A0CTOBepHbIX naHHLIX cpaBHeHHe BEIIIOJIHeHO MeTOIHKax 

noTy4eHHA KOHEYHOrO pe3ynBTaTa. Ha ocHOBE KOTOPBIX MOKHO CIeMaTb BbIBOI YTO 

HCIIOJIb30BAHHe MHKPOMeXaHHYeCKHX naTYHKOB 1aeT cymecTBeHHBIC IpupocT B 

TOYHOCTH NO MeTPHKe TOYHOCTH 10 98.61%. Bonee TOrO 3aTpaTbI BpemeHH Ha 

BLI4HCIeHHA ynaIH B IeCAT5 pas H PbJ1a HcKIIOYEHa o6paQoTKa 1aHHBX Ha GPU, H3 

3a yero B5Ipocna cKOpOCTH 06paboTKH naHHbIX C 16Tu no 100Tu. 

OHHaKOBBIX 

PaspaboTaH aropHTM aBTOMaTHYeCKoro BOCCTaHOBJIEHHA TpexMepHbIX 1aHHLIX 0 

IBHDKeHHH CerMeHTOB TeJIa YeJIOBeKa (CKeIETHSIX IaHHLIX) Ha oCHOBe BHIeO. 

IIpeioKEHHHI� aroprTM n03BOIAET H3BJIeKaTB TpeXMepHyo HHHopMaMIO 

BHKEHHH YeNOBeKa H3 IBYx M PoJIee BYXMepHbIX HeKOMIJTAHapHbIX H306paxeHH�. 

PaspaboTaHa CHCTeMa MOJeneH JIA aHaIH3a nOcHeNOBaTeJTbHOCTeA BHKEHHM 

4eIOBeKa. B paMKax aHHOd CHCTeMbI QbIIH nocTpoeHEI MeTOI5I MauIHHHOTO 

obyueHHA Ha OCHOBe 1aHHBIX MHKPOMexaHHYeCKHX 1aTHKOB H 1aHHbIX BHIeo 

þuKcamnn. Meronsi cnocoQHbI HÊeHTH)HIHpOBaTs TeKyutyo nOcHENOBATENBHOCTE 
IBHKEHHÝ (neHCTBMe) yeIOBeKa, npencKa3BIBATH nOcIeryKomee neHCTBHe u 

OIipeneIATH MOMeHT Ha4aNa nOcIEyrOIero AeHcTBHA. Takas cHCTeMa MOKET ObITH 

HCHOJIB3OBaHa B pasJTHYHBIX o61acTAx, BKIIOYAs paspaQoTKY HHTepakTHBHLIX CHCTeM 

BHPTyaIBHOÝ H 10nOIHCHHOH peabHOCTH, KOHrpob 3a MBHKEHHCM B CHOpre IH 
MeIHIHHe. 

PaspaQoraHbI nporpaMMHbIe cpexCTBA JIA 

ycKopeHHö cerMeHTOB TeJNa yenOBeKa Ha 1 ceKkyHIy BIepen, KoTopas yunTBIBACT 
IOCIENOBATEJTBHOCTB ABHXeHH� CerMeHTOB Tena YeNOBeKa B IIpeABIIyIOMHe MOMeHTbI 
BpeMeHH. 

nporHo3HpOBAHHA I0IOKEHH� 

IIposegeH naÑoparopHÄ KCHepHMeHT nO anpoQaun CHCTeMLI MONeNeH .JLA aHaNH3a 
nOCIeNOBareJIbHOCTeH MBHKEHH� HeIOBeKa. B KcnepuMeHTax nonyyeHa 10CTaTOYHO 

xopoInÄA pesy1srar no MerpHKe TO4HOCTH JIA KIaCCHHKaHH 99\%, JIA 
npenckasaHHe cneyIOmero neHcTBHA 93\% H IIpeICKa3aHHe MOMeHTa HaYaJia 

CJIEIYIOmero neHCTBHA ---91\%. 



AocTOBepHOcTE pesybTaTOB. BaxHOH OcooeHHOCTbO npeioKEHHOÄ cHCTeMBI 
ABJIAETCA HCIOIB3OBAHHe H3BecTHbIX nporpamMHLIX nakeTOB OuOMexaHHKH JIA 

BBIYHCJIeHHA IHHAMHYeCKHX napameTpOB cerMeHTOB MONeI Tena yeIOBeKa. STO 

nO3BOJIHIO npaQMH3MTb TO9HOCT5 paspaboraHHbIX MeTOIOB K IpOMBIILIIEHHLIM 

CraHIapTaM M B AaNBHeÄIIeM O6ecnewTB BO3MOKHOCTB IHpOKOro pacrrpocTpaneHHA 
paspaQoraHHEIX Iyua nocTOBePHOCTH pe3yjibTaTOB TaKKe 6bIIH 

H3BeCTHLIe MaTeMaTHYECKHe MeTOIbl TeopeTHYeCKOG MexaHHKH, 

MaTeMaTHYECKOH craTHCTHKH, MaTeMaTHYECKoro aHaIH3a, TeopHH BepoxTHOCTeH, 

YHCHCHHbIe MeTOIBI H MeTONLI OTHMU3ALHH. IIa aranuTHYeCKHX H yHcHeHHbIX 
pacuëtoB HCIHOJIE3OBaHbI CTaHnapTHEIe, H3BeCTHLIe MaTeMaTHYeCKHe METOIbI. 

PesybTaTbI IIOJIyYeHHEIe cOHCKaTeJIEM IOITBePKNArOTCA B peueH3HPyeMBIX HayTHbIX 

H31aHHAX, a TaKKe anpobaneH Ha poccuHcKHX H MeKIYHapoIHLIX KOHHepeHIAAX H 

HCnOJIb3OBaHbI 

MeTOIOB. 

TakHM oQpasoM, B paÑoTe ipenCTaBJIeHO IOCTPoCHHe CHCTeMbI, IIO3BOJIAIOIIee 

+ipOBoNHT5 pasHOCTOPOHHMA aHaJTH3 THIHYHbIX nOHEnOBATEIBHOCTeH BHKeHHÄ 
4eNOBEKa, KOTOPbI� HeO6xOIAMEI JIA OLCHKH paóo4ero MecTa, 31op0OBbA, 9prOHOMHKH 

H ipH OCTPOCHHA CHCTeMbI yupaBIeHHA DK30 CKeNETOM. THaBHOH oco6eHHO CTBKO 
IIpeIOKeHHO� CHCTeMBI ABJIAETCA IIHpOkas IipHKJIaNHaA InpHMeHHMOCTb, Tak Kak 

CHCTeMa IipHoJIHKEHaK IIpOM5ILJIEHHLIM CTaHnapTaM HCIIOJIL30BaHHA. 

Haynas HOBH3Ha o6ycIOBJICHa TeM, YTO paQoTa n0 CBAIEHa aHaH3y 

II0CJIENOBATeJTbHOCTeG ABHKeHHM YeIOBeKa B y3KO�, HO He IIpeICTaBJICHHO� B 

JIHTepaType o6nacTH: B yCIOBHAX paboTbI Ha mpoMbIIIJIEHHOM ipeAmpHATHH. 

IIpeyiOKEH MeTOI6I BBI4HCIeHHA AHHaMHYeCKHX IapamerpoB H OueHKH 

9HePro3arpaT Tena YeOBeKa Ha OCHOBe nOKa3aHH� MHKpOMexaHHYeCKHX 

naTYMKOB H HX TeopeTHYeCKOe o60CHOBaHHe. 

B pabore IipencTaBJIeHO IiporpaMMHO-ainapaTHoe peueHHe 

TeopeTHKO-IipakTHYECKOA 3a1a4H no co31aHHIO HHCTPYMeHTa AJIA CÑopa H 
XpaHeHHA naHHLIx, HeO6xoIHMOrO JIA o6HapykeHHA H 

nOcIEIOBareJTBHOcTem IBHXeHH� JIOIe�. 
OnpeneIEHHA 

IIpenioKeH HOBbI� MeTOA KaIHQpOBKH MaTYHKOB, pacnOJJOKEHH5IX Ha TeJIe 
yeJIOBeKa, OCHOBaHHbI� Ha ipHMeHeHHH CTaTHYeCKHX MeTOIOB H 

hyHKIHOHaJIBHBIX IOJKONOB KanópoBKH. 

ceMHHapax. 



" IpeiOKEH HOBbIÄ CBOÐOIHHIÄ OT BEIpOKICHHí MeTOI BOCCTaHOBICHHA 
IipocTpaHCTBEHHOro noN0KEHHA OobeKTa IIO ero HeCKoJILKHM IIJIOCKHM 

HeKOMIJIaHapHbIM H306paxeHHAM. 

BsI paspaboraH HHCIpyMerT npoMBIJIeHHOro oópasua JA CÑopa, xpareHHA H 
oopaboTKH HHepL;HaTbHbIX naHHbIX 

KHHEMaTHYECKHX CKeIeTH5IX 1aHHbIX (naHHbIe o NBHKeHHH OCHOBHbIX yacTeH 

TeJia yeJIOBEKa H cycraBOB HX coeHHAKOuIHX B TpeXMepHOM CBKIHIOBOM 

ipoc+paHCTBe). ABTopOM IipeyiaraeTCA aJtroprrM, o606marOIIH� 

cymecTBYIOIIHe MeTONBI BOCCTaHOBJICHHA KHHEMaTHKH MBHKeHHÄ YeJIOBeKa. 

PaspaboTKa H anpo6aua HOBbIX KJacCHþHKaropOB nocHeIOBaTeTBHOcre� 
ABHKEHHÀ H3 pazHbIX HCTOYHHKOB 1aHHbIX H IIporHO3HpOBAHHe BHKEHHA 

cerMeHTOB TeJMa TeNOBEKa Ha oCHOBe naHHbIX MHKPOMexaHHYeCKHX naTHKOB, 

cOOTBeTCTBYIOIHX THIIOB6IM naTTepHaM YenOBeYECKHX IBHKeHHÄ. CoHCKaTeJIO 

yaanocs o6o6nTb pemeHHe nocrpoeHHOG MOJEIH Ha cneIuamuSHpOBaHHLIe 
neHCTBMA paQounx Ha npoMbIUIeHHOM IpenpusTHH cnabo npenCTaBICHHBIe B 

lpakTYeCKas H TeopeTWYeCKaA 3HaUHMOCTH. Bce MeTOJ5I MamHHHOro o6y4eHHA 
6BUIH onyQHKOBaHLI JIA OTKPBIToro HCIIOJIL3OBaHHA, TaKKe, Kak 

ycoBepueHCTBOBAHHBI� HOJIyaBTOMaTHYeCKH� auropTM KaHopoOBKH MaTHKOB K 
cerMeHTY TeMa YeJIOBeKa Ha KOTOPOM OHH pacnonOKeHbI. YHHBepcaTbHOCT 

+pejioKEHHOTO HHCTPYMeHTa JIA côopa aaHHLIX IIO3BOJIHJIA HCIHOJIL3OBaTb 

6oIBIIHHCTBO cymecTBYIOLIHX o6yyaromx HaóopoB IaHHEIX JIA nOCTpoeHHA 

Pesy1bTaTbI HayHOrO HCcHeNOBAHHA IPHMeHHMEI B pasBHBaKOIHXCA o6J1acTX 

KOJIJNaõoparHBHOG poQororeXHHKH ycoBep1IeHCTBOBAHHA B3aHMONeHCTBHA 

TeXHOJIOTHYCCKHM o6opyjoBaHHeM H poõoraMH. PaspaboraHHLI} 
pa3BHTHA OTpac1H aHanH3a 3proHOMHKH 

paboTHHKOB Ha npoMbIJIEHHOM ipennpHATHH. IIpoBeneHHBIe HayYHEIe 

9KCIePHMeHTEI n03B0JIAIOT oueHHBaTB ipon3BOJHTeIBHOCTH H KOHTPOIHpOBATE 

6esonacHOCTH pab09HX Ha npexnpaATHH. 

YeJIOBeKa C 

KayecTBe BOCCTaHOBJIeHHLIX 

HHCTPYMeHT HMeeT 3HaYEHHe AJIA 

CooTBETCTBHe HCcepTaWH CHeIHaIBHOCTH. 

JIHTeparype. 

MeTOIOB MaHHHOrO o6yeHHA JJI pasHbIX neneH. 



AuccepTaHA cOOTBETCTByer nacnopry cneL;HaTbHOCTH (IIC) 1.1.7 - TeopeTHYeCKag 

MexaHHKa, HHaMHKa MaHH. IlpenJIOKEHSI MeTONLI BLIYHCIeHHA IHHAMHeCKHX 

IlapaMeTpOB H OeHKH 9Hepro3aTpaT TeNa YeIOBeKa Ha oCHOBe 6HOMexaHHYeCKOd 

MONENH Tena yenoBeKa, yTO cooTBeTeTByeT HanpaBneHHIO 7 M HX TeopeTHYeCKOe 

o60CHOBaHHe HanpaB1eHIO 1. 

JIuYHbIG BKJJAJI coHCKaTeIA. PezynbTaTEl, H3/10KEHHbIe B pabore, TIOIYyeHBI 

arTopOM THYHO, ARIAKOTCA HOBbIMH H npencraBIAKOT HayTHBIÄ HHTepec. OcHOBHHIe 
pesynsraTEI IHCCepTaHH noHO OTPaKeHGI B CeMH paborax. 
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1. AuropHTM KaIHOpoBKH rpynns1 MIMU narunKOB / A. B. IlogonpocBeTOB (H up.] / 
IIpenpuHTBI MHCTHTYTa npuKJIaNHOH MareMaTHKH HM. M.B. KenFbIHa PAH. 
2021. 

2. IIpuMEHEHHe HeipOHH5IX ceTeH 

yenOBeKa / A. B. IlogonpoCBeTOB [u 
MaTeMaTHKH HM. MB KenIbIIIa PAH. 

A npencka3aHHA ¢u3H4eCKHX 1eHcTBH� 

Ap.] / IIpenpurTEI HHCTHTYTa ipHKIaTHOH 
2021. 

3. MeToBI yupaBJIeHHA ABHKEHHEM HCKyccTBeHHOÝ MBIIEI H 9K30CKEJIeTa BepxHe� 

qacTH TeJna Ha ee oCHOBe / yMH4eB M.A., IlogonpocBeTOB A.B., [H Ip.|/ 

IlpenpuHTEI MIIM HM. M.B. KenFsIa. 2021. No 37. C. 1-24 

4. Comparison of action recognition from video and imus /Podoprosvetov A.V., Orlov 
LA., Alisejchik A.P. B coopAHKe: Procedia Computer Science. 14. Cep. "14th 
International Symposium "Intelligent Systems", INTELS 2020" 2021. C. 242-249. 

5. IIporpaMMHas CHCTeMa o6paborKH w306paxeuHÄ 

BLI4HCICHHAMH KHÄ K.M., IlononpocBeTOB A.B. [u Ap.] IIporpamMMHPOBAHHe. 2020. 
napauieJIBH5IMH 

6. HoKyccTBeHHIE MBIILI;SI (o63opHan craTBA) AnHceHYHK A.II., IpuÑKOB ALA., 
E<þuMOs A.P., Opnos H.A., IlasioBCKHÄ B.E., IlozonpocseTOB A.B., Xaäuyxosa 
HB. M3BecTHA PoccHÄCKO� akaneMHH Hayk. TeopHA H CHCTeMBI ynpaB1eHHA. 2022. 

No 2. C. 137-161. 

7. AkTyaIBHOCTE HCIOIB3OBAHHA IpoMbIIIIICHH5IX 9K30CKeIeTOB IJIA CHHKeHHA 
KOJIHYeCTBa mpooeccHOHaJILHbIX 3ab0JICBaHHÄ OnopH0-BHraTeJIbHOTO animapara 

No 6. C. 41-54. 



BepXHeH yacTH TeNa Opnos M.A., AnuceHyHK A.JI., MepkynOBa A.I., KoMapoBa 
C.B., Benas O.B., IpHoKoB 1.A., IlononpocBeTOB A.B., IlasnOBCKHÄ B.E., E¢uMOB 

A.P., BeTI K.B. MenHHHa Tpyla H npOMbIIJNeHHaA 9KONOrHA. 2019. T. 59. No 7. 
C. 412-416. 

OCHOBHbIe pe3yIBTATbI PaQoTbI AoKNanbIBanHCb Ha: 

1. Procedia Computer Science. 14. Cep. "14th International Symposium 
"Intelligent Systems", INTELS 2020 

2. 21st International Conference "Complex Systems: Control and Modeling 
Problems", CSCMP 2019. 

3. XII BcepoccnHcKHH CHe31 no ¢yHNaMeHTaIbHLIM Ipo6neMaM TeopeTHYeCKOD H 
InpHKJ+aIHO} MexaHHKH. 2019 

Iucceprauua «OnpeneneHne napameTpOB IBMKeHH� YEIOBeKa» IlojonpocBeTOBa 

AnekceA BanepbeBHYa peKOMeHIyeTCA K 3auuTe Ha coHCKaHHe yyeHoH CTerneHH 

KaHAHJara ou3HKO-MaTeMaTHYECKHX Hayk IIO CneHaNbHOCTH 1.1.7 - TeopeTH4eCKas 

MexaHHKa, IHHaMHKa MaiH. 

3akJIIO4eHHe IIpHHATO Ha 3acenaHHH CeMMHap «MexaHHKa H yipaBieHHe IBHKeHHeM» 

(CeMMHap 5 oTIena) 
IIpucyTCTBOBaNO Ha 3acenaHHH 15 yen. 
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