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KOHOENIWA NPUMEHEHUSA AJITOPUTMOB YITPABJIEHUSA
MAHHUIIYJIAAHIUOHHBIMHU POBOTAMM J1JI51 BBIITIOJTHEHU S CJIOKHBIX
TEXHOJIOTUYECKHUX ONEPAIIAN B TIPOMBIIIJIEHHOCTH

bopucoe B.B., Cuskog B.C.
Tosonoicckuii cocyoapcmeernusill yHugepcumem menekommyHuxayui u ungpopmamuxu, Camapa, P®
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Crarbs MOCBAIICHA U3YYCHUIO AJITOPUTMOB YIIPABJICHUA MAHUITYIAITMOHHBIMU pO6OTaMI/I JUJIs1 BBITIOJTHCHUS CJIOKHBIX TCXHO-
JIOTUYECKUX OTEpaIuii Ha MPeANpHATHN C IETbI0 ONTHMH3AIMN MPOAODKUTEILHOCTH pabouero mporecca. B coBpeMeHHoi
OusHec-cpesie s TOCTKEHHS] MAKCUMaNbHON 3(p()EKTHBHOCTH YIPABICHHS TPOU3BOJCTBOM B YCIIOBHUSIX )KECTKOH KOHKY-
PEHIMU TPENPUATUIM HEOOXOIUMO TTOCTOSTHHO COBEPIICHCTBOBATH CIOCOOB aBTOMATH3AIMH pabOvMX MPOIECCOB € MOMO-
B0 POOOTOB U UCKYCCTBEHHOTO MHTEIUIEKTA. ABTOPHI CTaThH MOAPOOHO PACCMATPUBAIOT PEasibHBIC MTPOOIEMBI, C KOTOPBIMU
CTAJIKMBAIOTCA MAHUITYIAITMOHHBIC pO6OTI)I IPU BBIMTOJHECHUHN CJIOKHBIX onepaunﬁ B HpOMLIHIJ'[eHHOﬁ cpene. B cratne pac-
CMaTpUBAIOTCA PA3JIMYHBIC MOAXOAbI K YIIPABJICHUIO MAHUITYIAIIMOHHBIMU pO60TaMI/I. K takum noaxogaM OTHOCATCA MCTOQ
AJIANITHBHOTO YIIPABICHUS, METO/l MPOTPAMMHOTO YIIPABICHHUS, METOA CEHCOPHOTO YIPABJICHHUS, METO/ KOJIIAaOOPaTHBHOTO
ynpaBinenus. [IpuMeHenne NCKyCCTBEHHOTO MHTEIUICKTA B YIIPABICHIHM MAHUIY/IAHOHHBIMUA POOOTaMHU MO3BOJIACT TPHHH-
MaTh PCIICHUA Ha OCHOBE aHaIn3a 00JIBIIOr0 00BeMa JTAHHBIX, O6y‘IaTI)C$[ Ha MOJTYYCHHOM OMNBITEC U aJallTUPOBATHECA K yCJI0-
BUSIM OKpYXKAIOLIEH Cpelbl.

Kniouegvie cnosa: ancopummvl ynpasnenus, ManHunyiayuoHuvle poobomul, Memoo npOSPAMMHOZ0 YNPAGIeHUs, Memoo
adanmueno2o Ynpasienus, Memoo CeHCOPHO20 YNpAagieHus, Memoo KONIAOOpaAmusHo20 YNpasieHus, npocpammuble
MOOYIU

BBenenue W alNrOpUTMOB KOHTPOJS M KOOPIMHAIIMW JIBMKCHUH
POOOTOB B IMTPOMBIILICHHOH cpee.

B nanHO# cTarbe paccMaTpuBalOTCS Kak KIIACcCH-
YeCcKre METO/bl YIPABICHHs, TaK U WHHOBAIIMOHHBIC
MOAXOMBI, BKIIOYAas TOYHBIE AJNTOPUTMBI, OCHOBAaH-
Hble Ha TPUMEHEHHH COBPEMEHHBIX MPOTPAMMHBIX
KOMITIeKcOB. K KilacCHUECKMM MEeToaM YIpaBICHU
OTHOCSTCS: METOJl AaJanTHBHOTO YIPABJICHUS, Me-
TOJl TIPOTPAMMHOTO YIPABJIEHUs, METOX CEHCOPHOTO
yIIpaBJIeHHs, METOJl KOJUITAOOpATHBHOTO YIPaBICHUS.
[IpumeHeHne amganTUBHBIX ANTOPUTMOB YIPABICHUS
poboTamu Ha MTPOM3BOJICTBE AAeT 3HAYUTEIBHBIC TIpe-
MMYIIECTBA, TaKMe KaK MOBBIMICHHUE TOYHOCTH M CKO-

CoBpeMeHHast IPOMBIIUIEHHOCTh BCTYNWIIA B 3Py
1 poBoi TpaHchopMaIKH, TIe aBTOMATH3AIHS HTPa-
€T KJTIOYEBYIO POJb B TIOBBIICHUHN dPPEKTHBHOCTH U
KOHKYPEHTOCIOCOOHOCTU — IPOM3BOACTBA.  lcmois-
30BaHWE MAHHIYJSIHOHHBIX POOOTOB, OCHAIEHHBIX
MepeJOBBIMI allTOPUTMaMH YIIPABICHUS, CTAHOBUTCS
HEOTHEMJIEMON YacThI0 MPOU3BOACTBEHHBIX IMPOIEC-
coB. KoHuenmuus mpuMeHeHUs! alropuTMOB YIpaBiie-
HUSI MAHUTTYJISIIHOHHBIMU pOOOTAaMHU [IJ1S BBITIOJTHEHHSA
CIIO)KHBIX TEXHOJOTHYECKUX OMEpAIfii SBIAETCS aK-
TyalbHBIM HCCIIEJIOBATEILCKAM HaIlpaBlIeHUEM, Ha-
HEeNeHHBIM Ha pa3paboTKy W ONTHMH3AIII0 METO/IOB
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POCTH BBITIOJIHEHUSI OTEpaIvii, CHWKEHHE 3aTpar Ha
00CITy’)KUBaHHE 1 HACTPOMKY CHCTEM, a TAK)KE BO3MOXK-
HOCTh MHTETpaluy poOOTOB B TMOKWE W aJalTHBHbIE
MIPOU3BOACTBEHHBIE CHCTEMBI.

OntuMuzanusi  TEXHOJNOTHYECKHUX  IMPOIECCOB
Ha MpEeNNpUATHN SABISETCS KIIOUEBOM 3ajaueit amns
yCIIemHoTo (PyHKIIMOHUPOBAHHUA W Pa3BUTHA OHM3HE-
ca. Konnenmuus OepexnmuBOro mpom3BOACTBA MPEATIO-
JlaraeT ONTUMAaJbHOE HCIIONb30BAHHE BCEX PECYPCOB,
MaKCUMHU3AIMI0 MTPOM3BOJUTENFHOCTH, MHHUMHU3a-
MO 3aTpaT W JIOCTIDKEHUE HAWIYYIIHX PEe3yJIbTaToB
B paMKax MOCTaBJeHHbIX Ienel. OcHOBHas 1enb Oe-
PEKITMBOTO TPOU3BOJICTBA 3AKIIOYAETCSA B YCTPAHEHUH
NOTEpPh U YBEeIMUYEeHUH dPPEKTUBHOCTH TIPOU3BOJICTBA
3a CYET COKpAIEHHUS 3allacoB, YMEHBIICHNUS BPEMEHH
MIPOU3BOJCTBEHHOTO IMKJIAa W IOBBIIIEHHUS KadecTBa
npoaykiuu. Vcronp3oBaHne KOHIENINN OepexITHBO-
r0 TIPOM3BO/CTBA HA MPEINPHATHH CIOCOOCTBYET CO-
KpAIIEHHIO MEPUOIOB MPOCTOSI 00OPYIOBAaHHSA U pac-
MIMPEHHIO TIPOU3BOICTBEHHBIX MOIITHOCTEH.

BuenpeHnue HOBBIX TEXHOJIOTUN M METO/IOB YIIPaB-
JICHUS] MaHWUITYJISIIMOHHBIMA POOOTaMH Ha TPOU3BOJI-
CTBE JJaeT BO3MOXXHOCThH Hamboliee TPAMOTHO pacrpe-
TIeTISITh pecypcehbl U pabouee BpeMsi epcoHaa.

AHanu3 METOAUK yIIPpaBJICHUSA

1. Memoo adanmuenozo ynpagnenus. Meton
aJIANITUBHOTO YIPABICHUS MaHUMYJIAIMOHHBIME PO0O-
TaMH — 3TO CTpaTerys YIPaBIeHHUs, KOTOPas TI03BOJISIET
poboTaM aganTUpPOBAThCS K M3MEHSFOIIUMCS YCIOBH-
M ¥ TpeOOBaHUSIM B TIPOIIECCE BBHITIONHEHHUS TPOU3-
BOJICTBEHHBIX 3a1ad4. JlaHHBIH METOJ MOojpa3yMeBaeT
MCTIONB30BAHKE PA3INYHBIX alTOPUTMOB U TEXHHK, KO-
TOpBIE TIO3BOIISFOT POOOTAM 00y4aThCs Ha OCHOBE TMOJTY-
YeHHON MH(OPMAIU U KOPPEKTUPOBATh CBOE TIOBEJIE-
HHE B COOTBETCTBUH C TEKYIIEH CUTyaIHEH.

Harmpumep, ecTh MPOMBINIICHHBIH 3aBOJ 110 MPO-
W3BOJICTBY BHUCOKapT. B mpomecce mnpon3BojicTBa
BO3HHUKAET MpoliieMa TOUeYHO! COOPKH W3/IENHUi, CO-
CTosAmMX U3 Menkux feranei. [Ipennonoxum, Ha 3a-
BOJIE €CTh HECKOIBKO CTAHIMH 10 COOpPKE BUIICOKAPT,
W KaKAas CTaHIWA OCHAIleHa MaHWMYISIMOHHBIM
poboToM. DTH POOOTHI MOTYT BBHITIONHSTH Pa3INIHbBIE
oTiepainuy, Takhue Kak yCTaHOBKA MHUKPOCXEM, Taiika,
YCTaHOBKA OXJIAXKIAIOIINX CUCTEM M TECTHPOBAHHUE TO-
TOBOW TIPOTYKITUH.

Hcmionp3oBanne MeTona alaliTHBHOTO YIIPaBICHUS
JUISL peIieHns] JTaHHOHM 3a/1audl BKIJIFOYAeT HECKOJBKHX
JTAIIOB.

Oman 1. COOp aHaNUTHYECKUX JaHHBIX. Ha sToM
JTamne coOMpaTCS aHHBIE O IMPOIECCcax MPOHM3BOI-
CTBa BUJICOKAPT M HCIOJB3YEMBIX pecypcax Uil UX
MPOU3BOJICTBA: TEXHUUECKHE TTapaMeTphbl BUIECOKAPTEHI,
JIeTaJu JUTS TIPOU3BOJCTBA BUICOKAPTHI, TAHHBIE O CO-

CTOSHHH 000PYJI0OBaHMUS U CHCTEMBI aBTOMAaTH3aIINH.

Oman 2. AHanu3 NaHHBIX U pa3pabOTKa CTpaTerhu
aJIaNTUBHOTO yIipaBineHus. [lomydeHnsie qaHHbIe aHa-
JM3UPYIOTCS C TETBI0 BBIABICHHS Y3KHX MECT, Hed-
(DEKTHBHBIX MPOIECCOB WM BO3MOXHBIX YTyUIICHHH.
Ha manHOM 3Tamne mpoMCXOANT BBISBICHHE MATTEPHOB
B pabote poOOTOB, WAECHTU(HKAIMS OIMIMOOK W HECOo-
OTBETCTBHI B MPOM3BOJICTBEHHBIX Mporeccax. Ha oc-
HOBE aHalM3a JAHHBIX Pa3padaThIBAlOTCA CTPATeTHH
aJIaNTUBHOTO YNPABIEHHSA. JDTO MOTYT OBITh aJIrOpUT-
MBI ONITUMHU3AIMK PAOOTHI POOOTOB, aBTOMATHYECKAs
KOppEKIUs TapaMeTpoB pabOThl WM AWHAMHYECKOE
nepepacripesie/iecHie pecypcoB B 3aBHCUMOCTH OT Te-
KyILUX YCIOBUI IPOU3BOACTBA.

Oman 3. BHenpeHne aaropuTMOB U CHCTEM YIPaB-
nenus. PaspaboTanHple CTpaTermy  aJanTHBHOTO
yIpaBJIeHHsl pean3yloTcs Ha mpakThke. OObIYHO Ha
9TOM 3Tare MPOUCXOMUT BHEAPEHHUE CIEIHANIBLHOTO
MIPOTPaMMHOT0 00eCTIeueHn s, a TaK)Ke OOHOBIICHHUE all-
MapaTHOTO 00eCTIeueHUS MAHUTTYIISIIOHHBIX POOOTOB.

Pesynbrarel MCHoONb30BaHKS METONIA AJalTUBHOTO
yIIpaBJIE€HHs BKIIOYAIOT B ceOs:

— TIOBBIIIEHNE TOYHOCTH COOPKHU TPOTYKIIUH;

— 9YKOHOMHUS TIPOM3BOJICTBEHHBIX PECYPCOB U Bpe-
MEHU;

— TruOKOe W aJanTHBHOE YIpPaBICHUE MPOM3BOI-
CTBEHHBIMH ITPOLIECCAMH;

— COKpalleHHe BpeMEHH MpOoCcTosi 000PYIOBAHUS;

— MHUHAMH3AIHA TPYA03aTpar.

2. Memoo npozpammnozo ynpasnenus. [Iporpamm-
HOE yIpaBieHHE MaHUMYIALHMOHHBEIM pOOOTOM OCY-
IIECTBIISAETCS C MCITIONB30BAaHMEM 3apaHee pa3paboTaH-
HBIX YTPABISAIONIKX POTPAMM, aHAIOTHYHO TOMY, Kak
9TO TIPOUCXOAWT B CIydae CTAHKOB C YHCIOBBIM TPO-
rpamMMHbIM ynpasierneM (UI1Y).

Peanuzamms mMetona mporpaMMHOTO YIIPaBICHHS:
B MIEPBYIO OYEpeAb MPOBOMUTCSA aHAIM3 TPeIoara-
eMoil 3amadun u cOop MEepBUYHBIX AaHHBIX. Ha sToM
JTare ONpeesIoTCs TPEOOBAHUS K 3a/1a4€ U €€ IeITH.
Omnpenensiercss THN poOOTa, HAOOP HEOOXOAUMBIX
(byHKIMHA, mapamMeTpsl OKpyxaromiel cpensl. lamee
OTIPEAENSAIOTCS ONTHMANbHBIE ANTOPUTMBI B3aMMO-
JEWCTBHSA CO CTIEIMATN3UPOBAHHBIME IIPOTPAMMHBIMH
CUCTEMAaMHM JUJIsl KOOPAMHALIMKA JEHCTBUM MaHHUITys-
IIHOHHBIX POOOTOB C IIETBIO BBITIONHEHUS KOHKPET-
HOM NpOU3BOACTBEHHOM 3aaaun. [lepeueHp anropur-
MOB yTIpaBJIeHHUsI poOOTaMH Ha MPOMU3BOJICTBE MOKET
BKJTIOYATh B ceOs:

— QNTOPUTM TUTAHUPOBAHMS JBM)KEHWH: TeHepa-
IUsT ONITHMAJIBHBIX TPAEKTOPHH ABMKEHHH poboTa ¢
y4eToM psza (pakTopoB, TAKMX KaK KMHEMaTnka podo-
Ta ¥ OTpaHIUYCHHE paboueit odnacTu;

— QITOPUTM ONTHUMAJBHOTO YIPABIECHHA: MOMCK
ONITUMAJIBHBIX YTPABJIAIONINX CHTHAIOB C YYETOM

«Infokommunikacionnye tehnologii» 2023, vol. 21, no. 4 (84), pp. 8289



84 Bbopucos B.B., Cuskos B.C.

KpPHUTEpPHEB ONTHMAIBLHOCTH, TAKUX KaK MUHUMH3AIHS
BpPEMEHH MPOHU3BO/ICTBA, YHEPTONOTPEOICHHS, a TAKIKE
HW3HOCA COCTABHBIX JCTAJICH;

— QIrOpUTM KOOPAMHALIMU JIEHCTBUM MHOMXKECTBA
MaHUMYJSIHOHHBIX POOOTOB: pacmpereseHne 3a1aq
MEX/Ty HECKOIIBKUMHU POOOTaMH IS OCTHKEHHS MaK-
CUMAaJIbHOH 3 (EKTHBHOCTH U CHHXPOHHOCTH.

[lpumep mpuMeHEHHSA: pACCMOTPUM MPOHM3BOI-
CTBEHHYIO JIMHUIO JUTsl COOPKH CIOKHBIX HEKTPOHHBIX
YCTPOWMCTB, HalpUMep, COBPEMEHHBIX cMapT(oHOB. B
MEePBYI0 OuYepenb, MPOU3BOAUTCS IMPOrPAMMUPOBAHHUE
PoOOTOB 1St BBITIOTHEHHMS 3a]1a4 110 COOPKE YCTPOMCTB,
COCTOANIMX U3 MEJIKUX JeTanei. J[ng atoro unxxenepa-
MH CO3aeTCs CIIeNaIn3NPOBAHHOE ITPOTpaMMHOe 00e-
CTIEYEeHHE, C TIOMOIIBI0 KOTOPOTO OTIPEENSIOTCS TOUKH
MO/Ia4M KaXk/I0r0 KOMITIOHEHTa Ha KOHBeiepe. 3aTem pas-
paboTaHHOE TPOTPaAMMHOE 00ECTICUECHHE JOTIOTHICTCS
MOJIYIISIMH, TIO3BOJISIOIINMHI T€HEPUPOBATH ONTHUMAIb-
HBIE TPAEKTOPUH JUTS TIepeMelieHns eTanel OT TOUKH
K TOYKE, MUHUMHU3HUPYS ITPU ATOM SHEPro3arparsl U Bpe-
Ms cOOpKu ofHOTO ycTpoiicTa. [locie mpoxoskmaeHus
BBIIICOTTIMCAHHBIX 3TAIOB BBIMOIHACTCS MHTETpaIis C
MPOU3BOACTBeHHON ymHMeH. [IporpamMHoe obecrieue-
HHE€ HHTETPHPYETCS C CHCTEMOM yIPaBICHHS ITPOU3BOI-
cTBeHHBIMH TIponieccamu (MES) ¢ nenbio cuHXpoHH3a-
IIW JeHCTBUN poOoTa C APYTUMHU MPOU3BOCTBEHHBIMH
omneparsamu. [locne 3TOro MaHWMYNAIMOHHBIA POOOT
MOJKET 3aITyCKaThCs M OCTAHABIIMBATHCS B COOTBETCTBUH
¢ TpeOOBaHHUAMHY TTPOM3BOICTBCHHON JIMHHUM. 3aKITIOUH-
TENBHBIM 3TAllOM SBJIAETCS BHEAPEHHE CHUCTEMBI MO-
HUTOPUHTA M ONTHMH3AINH, KOPPEKTHPYIOMIEH IIaHbI
JBYOKEHUS TIPU HEOOXOANMOCTH, HAIIPHMED, €CITH POOOT
CTaJIKUBAETCS C MPETATCTBHEM.

3. Memoo cencopnozo ynpasnenus. CeHCOpHOE
yIpaBieHNe MaHHUIYISIHOHHBIMUA pPOOOTaMH Ha MpO-
M3BOJICTBE OCHOBBIBAETCS HA BHEAPEHHH M HCIOIB30-
BaHWH PA3INYHBIX THIOB CEHCOPOB A YETKOTO BOC-
NPUATHS OKPYKAIOIIEH Cpespl, a TaKkKe I TTOTyYeHUs
00paTHON CBS3M O BBHITIOJHEHWH MOCTABICHHBIX 3371a4.
CyTp TaHHOTO METO/A 3aKJTI0YAaeTCs B TOM, YTOOBI T10-
3BOJIUTH POOOTAM aJaNTHPOBATHCS K W3MEHSIOIINMCS
YCJIOBHSAM Ha TIPOHM3BOJCTBE B PEXXUME PEabHOTO Bpe-
MeHH. MeToj1 CeHCOPHOTO YIpaBIeHHs BKIIOYAET B ce0s
CIIEYIOIIHE ACTIeKTHI:

— TpPUMEHEHHE JATIYUKOB U CEHCOPOB JIJISl BOCIIPH-
ATHSI POOOTAMHU OKPY’KAIOIIEH CPEbI B PEKIME Pealtb-
Horo BpeMmeHu: MK-parumku, nupapsl, ynbTpa3BYKO-
BBI€ JIATYNKH, JATIYNKH CHJIbI,

— 00paboTka ceHCOpHON HMH(pOpPMAaNWK: TaHHBIE,
MIOJTyYeHHBIE OT CEHCOPOB 00pabaThIBArOTCS C MOMO-
MIBI0 CHENHAT3UPOBAHHBIX aJTOPUTMOB 00pabOTKH
CHT'HAJIOB M KOMIIBIOTEPHOTO (MAaIIMHHOTO) 3PEHUS;

— WCTIONB30BaHWE  AJaNTHBHOTO  YIPABICHUS:
CEHCOPHOE YTpaBJeHHE MO3BOJSAET pobOTaM ajanTH-

POBAThCSl K M3MEHEHUSIM OKpY)Karollel cpenpl B yc-
JIOBUSIX BBITIOJHSAEMOM 3a7audl B PEKHME PEaNBHOTO
BpPEMEHH, HAallPHMeED, ECITH TOJIOKeHnEe 00BheKTa 3Me-
HSIETCS, WIIM TOSIBJISIFOTCSL HOBBIE TIPETISITCTBUSI, pOOOT
MOXET TIOBTOPHO MPOCYUTATh CBOM ACHCTBHS M IPO-
JIOJDKUTH BBITIOTHEHHE MTOCTABICHHOH 3a/1a4H.

[lpumep mNpUMEHEHHUS: PACCMOTPUM MPOU3BOJI-
CTBEHHYIO JIMHUIO TI0 COOpKE aBTOMOOMJIBHBIX KY30-
BOB. Jlyist cOOpKH OT/IENBbHBIX KOMIOHEHTOB KPYMHON
Ky30BHOM JI€Tajl HEOOXOMMO UCIIONB30BaTh MAaHUITY-
JSAHOHHOTO poboTta. PoboT ocHameH kamepoii ¢ KoMm-
MBIOTEPHBIM 3PEHHEM U CEHCOPHBIMH JIATYUKaAMU, UC-
TIONB3YIOIIUMUCS Ul OOHAPYKEHHS U PACTIO3HABAHUS
Ky30BHBIX TIaHeNel, KOTOpBIe MOCTYMAlT HA TPOH3-
BOJACTBEHHYI0 JHMHHIO. lIpexnae Bcero, MPOMCXOIUT
00paboTKa M300paskeHil ¢ KaMepsl T ONpeeTIeHHs
TOJIO’KEHHST ¥ OPUEHTAIINK KY30BHBIX MaHes el Ha KOH-
Beliepe. Jlanee, Ha OCHOBE JAHHBIX, MOJYYEHHBIX C Ka-
MEpBI 1 IATYMKOB, POOOT MOXKET BBIOPATh AITOPUTM UX
00pabOTKU 1 CKOPPEKTHPOBATH CBOE MOJIOKEHUE 1 OPH-
SHTAIMIO B TIPOCTPAHCTBE TAaKMM 00pa3oM, 4TOObI Tpa-
BUJIHO 3aXBaTUTh Ky30BHYIO MaHenb. Eciu Ky30BHas
MaHeNb PAcToNio’KeHa Ha KOHBEHepe He Tak, KaK OXKu-
JIa7I0Ch, MOYKHO HCTIONB30BaTh MH(POPMAIHIO O HOBOM
TIOJIOKEHNH JIETANTN B PEKIME PEANHOTO BPEMEHH.

4. Memoo xonnabopamuenozo ynpasnenus. CyTh
MeTo/1a KOITabopaTUBHOTO YIIPABICHNUS 3aKII0YaeTCs B
00ecCIieYeHIN B3aUMOJICHCTBHS MKy MAHHITYJISAIIMOH-
HBIMH pOOOTaMH U YEJIOBEKOM B MPOIIECCE BHITIOTHEHHS
Pa3NIUYHBIX TEXHOJOTUUESCKHX 3a/1a4 Ha MpPEINpPHITHH.
JlaHHBIN METOJI MO3BOJIAET PEUIATh CIEAYIOIIUE TIPOU3-
BOJICTBEHHBIE 33/1a4H:

— oOecrieueHne B3aWMOJEHCTBHSA MEXKIY pas3iiind-
HBIMU POOOTAMHU JIJIS BBITIOJTHEHUS CIIOKHBIX TEXHOJIO-
THYECKHX 3a]1a4;

— oOecrieueHne B3anMOJIEHCTBHS MEXITy podoTa-
MH U Y4eJOBEKOM: COBMECTHasi paboTa C oreparopamMu
WM JIPYTUM TEPCOHANIOM MPOU3BOJICTBEHHBIX TIPEJI-
MIPUATHIA TO3BOINIsIET Hawmbosee 3(Pp(HEeKTHBHO pemarh
MOCTaBJICHHBIE 33/1a4H;

— BO3MOXHOCTH peIlaTh HETPUBUAIBHBIC MPOM3-
BOJICTBEHHBIC 3a]1auil, OOMEHUBAsACh MHPOpMAIUEel U
CHHXPOHH3UPYS IeHCTBHS poOOTA 1 YENIOBEKA B PEIKH-
M€ pPeaJbHOTO BPEMEHH;

— ajanTanys K W3MCHEHUSIM Ha MPOU3BOJCTBE:
JIAHHBIA METOJI IO3BOJISIET pOOOTaM aJlalTUPOBAThCS K
W3MEHSIIOIMMCS YCIIOBHSM MTPOU3BOJICTBA M TpeOOBa-
HUSIM B 3aBUCHMOCTH OT TEKYIIEH CHTYallu;

— BO3MOXHOCTb HCIOIIb30BaTh BBIIICONHCAHHbIC
METOJIBI JUISl IOCTHIKCHHS HAMITYYIINX PE3yIIbTaTOB,;

— HCTIONH30BAHUE COBPEMEHHBIX CHCTEM 0e30-
MACHOCTH: KOJUTAOOpATHBHOE YIpaBICHHE BKIIOYAET
B ce0s1 cCcTeMBI 0€30TIaCHOCTH, KOTOPBIE 00eCIeunBa-
10T 0e30macHOe B3anMOJIEHCTBIE MEXITy podoTaMu u
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MIEPCOHAIOM TIPEIIPUATHS, HAIIPHIMEpP, POOOTHI MOTYT
OBITH OCHAIICHBI JaTYMKaMU 0€301MacHOCTH, KOTOPHIE
00HAPYKUBAIOT MPUCYTCTBHUE JIIOEH B OTPENEICHHOMN
30HE M ABTOMAaTHYECKH OCTAHABIMBAIOT CBOM JIEH-
CTBHS VIS NIPEIOTBPAICHHS aBAPUHHBIX CHUTyaluil U
HECUACTHBIX CTyJaeB Ha MPOM3BOJICTBE.

KoHuenuus co3nanus kapkaca
(framework) MmeToauk ynpasjieHnust

Hcxonst U3 pe3ynbTaToB, NPUBEICHHBIX BBIIIE, aB-
TOPBI MPEeUIaraloT KOHIENINIO CO30aHus TaK Ha3bIBa-
eMoro kapkaca (aHr1. TepmuH framework) meromnk
yTpaBieHus 1t popMupoBaHus HanOonee dphexTus-
HOTO TIOJX0a B 00JIacTH yHpasieHHsI poOoTaMH, Hc-
TOJIB3Ysl PACCMOTPEHHBIE BBIIIE METOJMKH B Ka4eCTBE
0a30BBIX.

ApXHUTEKTypa TaKoro Kapkaca npejcTaBieHa Ha pH-
cyHke 1.

[3auaqa 1 } {3a,uaqa 2 } {3aaaqa 3 }

gl

Jducneryep METOAUK yIpaBIeHUS

YpoBeHsb 3anau

YPOBCHB AUCIIETUCpHU3aAlIUHU

Metoauka 1 MeTtoaguka 2

YpoBeHb peanu3aluii METOOUK

Jducneryep ynpaBiasoI[UX BO3AEHCTBUHI

YpoBeHb abCTpaKkIuyU anmaparypbl

AmnmapaTtHOoe obecneueHHE

Pucynok 1. ApxutexTypa kapkaca METOAMK YIIPaBJICHUS

CTpyKTypa Kapkaca MHOTOCJIOHHAS, YTO MO3BOJIS-
eT JOCTAaTOYHO HPOCTO PelIaTh 331a4y M0 MaCIITaOu-
POBAHUIO CHCTEM YIPABICHUS HA OCHOBE TaKOW apXH-
TEKTYPBL.

[lepBbIii ypOBEHb apXUTEKTYphl — CHMCOK 3ajad,
KOTOpbIe (POPMUPYIOTCSI MOJIB30BATENSAMH CHCTEMBI.
3ajauM TOCTYNAIOT Ha BXOH AWCIETYEPA METOAUK
yIpaBlIeHus, KOTOPBIM 3aHUMaeTCs ToA00poM Hanbo-
nee 3 HeKTUBHON METOAMKHY T0J] AAHHYIO 3a/1a4y.

Hucneryep METOIUK yIIpaBieHus paboTaeT ¢ CepBH-
caMM METOAMK ynpasieHus. Kaxiplii cepBuc MeToqu-
KM yIIpaBJIeHUs MIpeacTaBisieT co0oi Moaens 00padoT-

K1 JJAHHBIX, TIOCTYMAIOMIUX OT 33/1a4, ¥ OT aIlliapaTHOTo
obecrieueHns (IaTINKOB, aKTYyaTOPOB H T.1I.).
CdopmupoBaHHbIE KOMaHIBI YIPABIEHUS MOCTYIIa-
0T Ha JUCHETYEp YHPABISIOLIMX BO3AEUCTBUH, KOTO-
PBIii BBITIOMHSAET POJIb YPOBHS aOCTPaKIMK OT anmapar-
Horo obOecmeuenus. Takas KOHCTPYKIMS TMO3BOINSET C
OIHOU CTOPOHBI UCIIONB30BATh €IMHbIH YHUBEPCATIbHBIN
(opmar B3aMMOJIEWCTBUS C aIaparypor, cO CTOPOHBI
cepBucoB MeToauK. C pyroil CTOpOHbI, TAKOW MOAXO[
yIIpOIIaeT Jo00aBIeHIEe HOBBIX THIIOB allapaTHOTo 00e-
criedeHus (HOBBIX THITOB JIATYMKOB, AKTYyaTOPOB H T.1I.).
Peanmsanust JaHHOTO Kapkaca AJIsi CHCTEMBI YIIPaB-
JeHUsT PpoOOTaMHU-MaHUITYIATOPAMH MOXET  OBITH
BHINIOJTHEHAa Ha 0a3e KiacTepa M3 BBIYHCIUTEIBHBIX
YCTPOWCTB, MIPUYEM BAXXKHYIO POJIb B OPTaHHU3AINH Ta-
KOTO Kiactepa OylyT Urparh IpaBUIBHO TOJJ00paHHbIE
KOMITOHEHTHI B BHJIE ONIEPAIIHOHHBIX CHCTEM U CPEJICTB
B3aUMOJCHUCTBHS BHYTpHU Kiactepa. Ha pucynke 2
MIPE/ICTaBIeH BO3MOXKHBIA BapUaHT pPacIpeleTeHus
YpPOBHEW apXUTEKTYpHl KapKaca METOJUK YIIPABICHHSI.

/ VYpoBeHb 3az[atm

OC o01mero HazHaYeHUS
(GNU/Linux)

YpoBeHb AucneTyEpU3aLnn

YpoBeHb peanu3anuii MeTO@

OC peanbHOTO BpeMeHH
(FreeRTOS, Zephyr)

YpoBeHb abCTpaKIK anmaparypsl

ArmmapaTHoe o0ecTieueHIe

Pucynox 2. Pacnpenenenue ypoBHel apXUTEKTYPbI
Kapkaca

Ha pucyHke BUITHO, YTO 332Ukl HEMIOCPECTBEHHO-
TO yIpaBJIeHHs poOOTaMH, a TaKkKe cOOp HHPOPMATUH
C JIATYNKOB MOXKET OBITh BBITMOJHEH Ha 0a3e Crielnan-
3UPOBAHHBIX CHCTEM peajbHOTO BpeMeHH. Toraa kak
EeTH JTUCTICTYCPU3AIMH 33]1ad ¥ PEasTH3al[ii METOIUK
yIpaBICHUsS MOTYT OBITh JOCTHIHYTHI C HUCIOJIB30BA-
HHEM OIEPAllMOHHBIX CUCTEM OOINIEero Ha3HAYCHWUS.
OnHako Takoe pacnpe/ieiieHue He SBIsSeTCs 00s3aTerb-
HBIM YCJIOBUEM PEaTU3aI[11 KapKaca — caMa apXHuTeK-
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Tabmuma 1. [IpenmymiecTBa METOIOB YIIPABICHUSI MAHUITYIISIIHOHHBIME POOOTaMH Ha MIPOU3BOJICTBE

Meton

HpeI/IMyHIeCTBa MPUMCHCHUSA

MeTo 1 a7anTUBHOTO
yIIpaBJICHUS

1. HpI/IMeHeHI/le ANalTUBHBIX AJTOPUTMOB I YIIpaBJICHUA TPOU3BOJACTBCHHLIMU
MOIIHOCTSMM.

2. OnTuMansHOe pacrpeieicHUe SHEPropecypcoB U BPEMEHHU MPOU3BO/ICTRA.

3. BBICOKasi TOUHOCTh COOPKH M HU3KUE TPY103aTPAThI [IEpCOHAIA.

4. Haubosnee 3¢ (hekTUBHOE HCIIOIb30BaHHE 000PYI0BaHUs HA KOHBEHeEpe.

Metoa mporpaMMHOTO
YIOpaBICHUSA

1. AnanTUBHOCTh U TUOKOCTB: MPUMEHEHHE aJrOPUTMOB IJIAHUPOBAHUSI JJIsI TEHEPAIUN
ONTHUMAJIbHBIX TPACKTOPHI ABMIKEHHsI poOOTa ¢ y4eTOM (paKTOPOB OKPYKAIOIIEH CpeIbl.
2. OnTUMaNbHOE YIpaBiIeHUe W IPOrHO3MPOBAHUE: TTOUCK ONTHMAIIBHBIX YIIPABIISIOIINX
CUTHAJIOB U BO3MOXKHOCTH IMPOTHO3UPOBAHUS JIBWKEHHH B HM3MEHSIOLIMXCS YCIOBHUSIX
MIPOM3BO/ICTBA.

3.KoopauHanusi JBWKEHHH M paclpeseleHre MPOM3BOJICTBEHHBIX 337a4  MEXIY
HECKOJIbKUMHU pOOOTaMHU.

MeTtoz1 cCEeHCOpPHOTO
YIpaBICHUSA

1. Ucnionp3oBanne MK-qaTamkoB, ceHCOPOB M KOMITHIOTEPHOTO 3PSHHS JIIsI TOYHOTO OTIpe-
JICIICHUS TTapaMeTPOB OKPYKAIOIICH CPEIIBI C IIEeIhI0 MOBEIIEHHS () heKTHBHOCTH padOTHI
pOOOTOB B peXMME PEATBHOTO BPEMEHH.

2.CokpamieHne BpeMEHH COOpKH BBICOKOTEXHOJIOTHYHBIX YCTPOWCTB 3a  CYET
WCTIONB30BaHMS METO/Ia AIAITHBHOTO YIIPABICHNUSI.

3. Vayuymennas 0€30IacHOCTh: BO3MOXKHOCTH OBICTPO pearupoBaTh Ha OIACHBIC
M3MEHEHHS OKPYKaIOIIEH Cpempl.

Merton KOmIab0paTHBHOTO
yTpaBIIeHUS

1. BO3MOXHOCTh pemaTth HETPUBHAJIBbHBIC IMPOU3BOJCTBCHHBIC 3a/laud, OOMEHHUBAsCh
nH(popManne 1 CHHXPOHU3UPYS JICHCTBHUS MaHUIYJISIHOHHBIX POOOTOB M UYEJIOBEKa B
PEKHME peabHOTO BPEMEHH.

2.1IpuMeHeHre HECKOIBKUX METOJIOB YIPaBICHUS poOOTaMHU U JOCTHKEHHs Oosee

BBICOKOH TOYHOCTH C60pKI/I 1 MMOBBIICHUSA ITPOU3BOAUTCIIBHOCTH 060py,Z[OBaHI/I$I.

Typa TpeArnoiaraeT TMOKoe MaHEBPUPOBAHHE B TIJTaHE
pacmpeneneHnsi ypoBHEH apXHUTEKTYphI 1O KOHKPET-
HBIM BBIYHCIUTEIBHBIM YCTPOHCTBAM.

3akjaueHmne

[IpumeHeHue onucaHHBIX BBIIIE METO/IOB Ha MPEA-
MNPUATUAX 110 MPOU3BOJICTBY BBICOKOTEXHOJIOIMYHBIX
TEXHUYECKUX CHCTEM C OpUEHTAlMed Ha IIMPOKUH
PBIHOK cOBbITa, mpeacTaBisercss 000cHOBaHHBIM. KoH-
LENIMs HCIONb30BaHUS TaK Ha3bIBAEMOIo Kapkaca
METOAMK IO OIIEHOYHBIM NPOTHO3aM TO3BOJIUT COKpa-
TUTH BPEMEHHBIE 3aTPaThl HAa MPOMBIIIJIEHHBIX Mpes-
OPUATHAX 10 COOPKE CIIOXHBIX BBICOKOTEXHOJIOTUY-
HBIX YCTPOUCTB B cperHeM Ha 20%. 3aTparsl 110 YacTH
pecypcoB NPOM3BOJICTBA HA JAHHBIX MPEANPUATHAX
cokpamatorces B cpeaaeM Ha 15%. Kpome Toro, Takoit
MOIXO K YHPaBICHUIO MAHUIYISLMOHHBIMH POOO-
TaMM TMO3BOJISIET CHU3MTH 3aTpaTbl HA WHCTAJISLUIO
HOBBIX POOOTU3MPOBAHHBIX KOMILIEKCOB, U TIOPTUPO-
BaHME HAa HUX MpOrpaMM yIpaBieHHs. PesynbTaTtoMm
NPUMEHEHHUS STUX METOJIOB SIBJISIETCS TIOBBILIEHHE 00-
el 3¢ PEeKTHBHOCTH TPOM3BOACTBEHHBIX MPOLIECCOB,
ylydlIeHHe KadecTBa COOPKM MPOAYKLHH, a TaKkKe
MOBBIILIEHHE KOHKYPEHTOCTIOCOOHOCTH TPEANPHUATHS B
OTJIENTBHBIX OTPACIIAX POU3BOICTBA.
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CONCEPT OF APPLICATION OF CONTROL ALGORITHMS FOR MANIPULATION
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The article is devoted to the study of control algorithms for manipulation robots to perform complex
technological operations at enterprises in order to optimize working process time. In today's business
environment, in order to maximize efficiency of production management in highly competitive envi-
ronment, enterprises need to constantly improve work process automating methods using robots and
artificial intelligence. Authors of this article take an in-depth look at the real-world challenges that
manipulation robots face in performing complex operations in industrial environment. The work dis-
cusses various approaches to control manipulation robots. These approaches include adaptive control
method, program control method, sensor control method andcollaborative control method. Application
of artificial intelligence in the control of manipulation robots allows making decisions based on ana-
lyzing of large data amounts, learning from experience and adapting to the environment.

Keywords: control algorithms, manipulation robots, program control method, adaptive control method,
sensor control method, collaborative control method, software modules
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HA MIEPEKPECTKE TEXHOJIOTWI U MEJUIIMHBI: MTEPCIIEKTUBLI
ABTOMATHM3AIIMY B MEJUIIMHCKOM MPAKTUKE C TIPUMEHEHUEM HEMPOCETEM

benos K.C., Xapumonos A.C., Yeprosa C.B.
Tosonoscckuii cocyoapcmeenubill yHugepcumem menekommyHuxayui u ungpopmamuxu, Camapa, P®
E-mail: frozent.03@mail.ru

[TpuMeHeHre HEHPOHHO CeTH B MEAMIIMHE SIBISIETCSl HA CErO/HSIIHMIT JI€Hb OJIHUM M3 HanOoJiee IePCIeKTHBHBIX HaIlpaBlie-
HHH pa3BUTHS 3[PaBOOXPAHEHHs. ABTOMATH3AIIMs IIPOLIECCOB U 3aMeHa uesloBeka Ha Oosiee ((heKTHBHbBIE M TOUHBIE HHCTPY-
MEHTBI YK€ aKTUBHO PAcCMaTpUBACTCSI CErO/HS, U JaKe MCIONB3YeTCsl B 00JaCTH MEAMLIMHCKOM JNa-THOCTHKH U JICUCHUS.
OJHaKO TAKUE CHCTEMBI TAKKe HYXKJAIOTCS B UCIIBITAHUM Ha O(QUIMATBHBIX MEMIMHCKUX TE-CTax, Ul TOr0, YTOObI MOXKHO
ObLIO OLEHNUTH UX A(PPEKTUBHOCTD M TOYHOCTH CHCTEM. [l03TOMY B JaHHOU cTarThe Uc-cienyercs 3pPpeKTUBHOCTh paboThI
HEUPOHHOI CeTH, Ha NPUMEpe MPOXOXKICHHS UCIIBITAHUS ¢ O(UIMANIBHBIMA MEU-IIMHCKUMHU TecTaMi. CpaBHUBAIOTCS pe-
3yJIBTAThI IIPOXOXK/ICHUS TeCTa HEHPOHHOM CEThI0, C pe3yJIbTaTaMHt, OJIyueH-HbIMHU OT PeajbHbIX Jtoei. B 3akimoueHnn noj-
YEpKHMBAETCSl, YTO ABTOMATU3ALMS U 3aMeHa YelloBeKa B cpepe Me[i-IIMHbI OTKPHIBAIOT HOBbIE BO3MOXKHOCTH /ISl ITOBBILICHUS
KauyecTBa ¥ 3QPEKTUBHOCTU MEAUIIMHCKOTO 00CIY)KUBAHUSI, YTO SBIISICTCS BAKHBIM I1aroOM B Pa3BUTUH 3][PABOOXPAHEHHUSL.

Knwuesvie cnosa: Mec)ub;uHa, MexXHoI02Ul, Heﬁpocemu, cucmema, ouazHocmuxa

Beenenue

AKTyaJ’IBHOCTL TCMBbI UCCJICIOBAHUS CBA3aHaA C pa3-
BUTUEM COBPCMCHHBIX TexHojorui. B nociacaHucE nec-
CATHIICTUA HeﬁpOHHLIe CCTH CTPEMUTCIIBHO BOPBAJIUCH
B pa3JIMIHbIC C(l)epbl Hamen JKHU3HHU, CTaB €€ HCOTHbEM-
JIeMOit YaCTbIO, U MCUIIMHA TYT HC CTajla MCKIIKOYC-
HueM. C UCnojab30BaHuEM TNEPEAOBBIX TEXHOJIOTUH UC-
KYCCTBECHHOI'O MHTCIIJICKTA, B YaCTHOCTHU HeﬁpOCGTCﬁ,
MCINIUHCKAA HayKa CTOUT IEPEI HOBBIMU IICPCIICKTU-
BaMHM aBTOMAaTH3allnH U 3aMCHBI YCJIOBCKA.

HGHLIO HCCICNOBAHUA SBIIACTCA H3YUCHUC TICP-
CIICKTHBBI 3aMCHBI YC€JIOBCKaA HeﬁpOCGTﬁIMH, d TaKXeC
BBII'OAbI M BBI3OBBI, KOTOPBIC MOI'YT BO3HHKHYTbH Ha
9TOM IIYTH.

VYcenexom Hamiero HCCIICIOBAHUA 6y,£[6T ITOJIY4YCHHEC
HaHHBIX, [0 KOTOPBIM MOXXHO 6y;[eT CICJIaTb BBIBOJKBI O
COBPCMCHHBIX Heﬁpocemx, HX BO3MOXHOCTAX U IEP-
CIICKTHBax Ha ,I[aHHLIfI MOMCHT BPEMCHHU.

Bo3moxHbIe cepbl IpUMEHEHUs

1. Jluaznocmuka 3abonesanuii. C oMOIIbI0 HEH-
POHHBIX CeTell MOXKXHO pa3paboTaTh CUCTEMbI, KOTOPHIC
OyIyT caMOCTOSITEJIPHO aHAJIU3UPOBATh MEIUIIMHCKHE
JIaHHBIE TTAIIUCHTOB, TAKUE KAK PE3YJIbTaThl OIIEHKU CO-
CTOSTHUS 3]I0POBbSI, CUMIITOMBI, JTUarHO3bl. DTO MOXKET
MOMOYb YCKOPHUTH TIPOIIECC TUATHOCTUKH M MOBBICUTH
TOYHOCTh KOHEUHBIX BBIBOJIOB [3].

2. Paspabomka nexapcmeennvix cpeocme. Heii-
POHHBIC CETH MOTYT OBITh MCIIOJB30BaHbI JJIs MPO-
THO3UPOBAHUS B3aMMOJICHCTBUSI MEKIY DPa3IUYHBIMU
XUMUYECKHMH COCJMHEHUSMHU U TIOMCKA HOBBIX JICKap-
CTBEHHBIX IMPENapaToB. ITO MOXET YCKOPUTh MPOIIECC
pa3paboTKH HOBBIX JICKAPCTB U TIOMOYb CHU3UTh 3aTpa-
ThI HA HCCIIEIOBaHuU [2].

3. Monumopunz nayuenmos. HelipoHHble ceTH
MOTYT OBITH 00y4eHbl 00pabaThIBaTh U AaHATH3UPOBATH

JIAHHBIE O COCTOSHUU TIAIIMEHTA, TAKUE KaK CePIICUHBIH
pPHUTM, YPOBEHb caxapa B KpoBHU, MaBieHue u T.14. OHU
MOTYT aBTOMAaTHYECKH MPENyNpPeRIaTh MEIUIIMHCKUIN
MIEPCOHAI 0 BO3MOXHBIX TIPOOJIeMax I U3MEHEHHUSX B
COCTOSIHUM 3710POBBs Manuenta [4].

4. Aemomamuzayua Xupypeuueckux npoueoyp.
HelipoHHble ceTH MOTYT OBITh HMCIIOJNB30BAHBI IS
yIpaBieHus pOOOTU3HPOBAaHHBIMU CUCTEMAMHU BO Bpe-
M IPOBENICHUS XUPYPIUIECKHUX OTepaIiii. ITO MOXKET
MOMOYb TIOBBICUTH TOYHOCTh ¥ CHU3UTh PHCK COBEpIIIE-
HUSI OIHO0K [4].

5. Iloooepiicka nayuenmos. HelipoHHBIE CETH MO-
I'yT OBITH WCIIOJB30BAHbI JUIS CO3JaHUS BUPTYAIBHBIX
ACCHCTEHTOB, KOTOPbIE OYyT OTBEYaTh Ha BOIPOCHI IMa-
[IMEHTOB, TPEAOCTABIATh HHPOPMAIIHIO O 3200JICBaHNU-
SIX U JICUCHUH, a TAKXKE J]aBaTh PEKOMEH/IAINH 110 YITy4-
LIEHUIO COCTOSHUS 310pOBbA [4].

DTO JMIIE HEKOTOPhIE MPUMEPHI TOTO, KaK HEi-
POHHBIE CETH MOTYT 3aMEHHUTHh WM OONer4uTh pado-
Ty 4denoBeka B chepe meautuHbl. OHAKO HEOOXOMH-
MO y4ecTh, YTO YeJOBEYEeCKUI (paKkTop M IKCIEPTHOE
MHEHHE Bpavell UrparoT B MEIUIINHE BaXXHYIO POJIb, U
HEMPOCEeTH HE MOTYT MOJHOCTHIO 3aMEHHTH YeTIOBEKa
BO BCEX aCIIeKTax.

[epcriekTHBBI aBTOMATU3AIUK U 3aMEHBI YeTIOBEKa
B MEJIMIIMHE NPEJICTABISIOT OTPOMHBIN MOTSHIHAN JIJIsT
COBEPIIEHCTBOBAHUS C(Epbl 3APaBOOXPAHECHUS H JIO-
CTH)KEHHS Jy4YIIUX Pe3yJbTaroB JiedeHus. Heipocetn
MOTYT CTaTh HE3aMEHHUMBIMH MOMOIIHUKAMH BpaveH,
COKpaIllasi PUCKH M ONTUMHU3UPYS mpoliecchl. OHAKO,
9TH TEPCIEKTHUBBI BJICKYT 3a CO00M HEOOXOAUMOCTH
BHUMATEJIHLHOTO PETYJIHPOBAHUS U COONIOICHHS DTH-
YeCKUX IMPUHIUNIOB. BaxxHO, 4TOOBI 3TH TEpenoBbIC
TEXHOJIOTUHU CITYKHJIH MUCKIFOUUTEIBHO JUTsd Onara ma-
LUUEHTOB U MEAULMHCKON HayKH [5].

Bce BblIlecKa3aHHOE IOpa3yMeBA0 BO3MOXK-
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