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AHHOTAIUA

JlaHHasi cTaThs MOCBAIEHA aHAIMU3Yy Tpolecca MUGPOBU3ALNUUA B MPOU3BOJICTBEHHOM
CEeKTOpEe, OXBaThiBas KJIOUEBBIC AaCHEKThl aBTOMATU3AallMM W  ONTUMH3ALUU
IIPOMBIIUICHHBIX TpoueccoB. B ycnoBusax UeTBepTOM NPOMBILIIIEHHON PEBOIIOLHAH
(Uunyctpun  4.0), 1mudpoBuU3alus CTAHOBUTCS  ONPEICTSAIONIUM  (PaKTOPOM
KOHKYPEHTOCTIOCOOHOCTH ~ TPEANPUSATUN, TO3BOJISASI  CYHIECTBEHHO  IOBBICUTH
3 PEeKTUBHOCTD, KAUE€CTBO MPOAYKIIUU U aJIalITUBHOCTh K PHIHOYHBIM U3MEHEHUsIM. B
paboTe paccMaTpUBarOTCs OCHOBHBIE 3JIEMEHTHI IU(PPOBOH TpaHchopMaIuu, TaKue Kak
BHeapenre MurepHera Bemeii (10T), uckycerBennoro uaresuiekra (M), 6oabmmx
nannbix (Big Data), podororexHukn ¥ HUPPOBBIX ABOWHUKOB. OOCYX)TarOTCS
KOHKPETHbIE TPUMEpPbl NPUMEHEHHS JTUX TEXHOJOIMH ISl aBTOMATH3alNH
MIPOU3BOJICTBEHHBIX JIMHUW, ONTHUMHU3AIMU [ENOYEK IOCTABOK, MPEIUKTUBHOTO
oOcnmykuBaHUs OOOpPYAOBaHUS M TEPCOHATU3ANMKU MPOIYKIUUA. AHATUZUPYIOTCS
3HAQYUTEJIbHBIE TPEUMYINECTBA, BKJIIOYAs COKpAIICHUE U3JIEPKEK, TOBBIIMICHHUE
MPOU3BOJIUTEIIBHOCTH M YJIy4dllleHHWEe TUOKOCTH Mpou3BOACTBA. (OJHOBPEMEHHO
BBISIBJISIIOTCSL M PAacCMaTPUBAIOTCS OCHOBHBIE MPOOJEMbl BHEAPEHUS, TaKHWE Kak
BBICOKME HMHBECTHUIIMH, KHUOEpPOE30MacHOCTh, HEOOXOAUMOCTh MEPEHOATOTOBKU
MepcoHaga U CJIOKHOCTH MHTETpalluM ycTapeBIIMX cucTeM. CTaThsi MOJYEPKUBACT
KPUTHYECKYIO pOJb IU(poBU3aLMKM JII YCTOMYHMBOTO PAa3BUTHSI COBPEMEHHOTO
MIPOU3BO/JICTBA.

KarwueBsbie ciaoBa: [ludpoBuszanus, mpou3BOJCTBEHHBIN CEKTOp, aBTOMAaTH3aIMS,
ontumu3zanus, Uanyctpus 4.0, MUatepuer Bemeir (IoT), nCKycCTBEHHBI WHTEIUIEKT
(M), Oonblume naHHblEe, POOOTOTEXHUKA, LU(PPOBbIE ABOMHUKHU, 3((PEKTUBHOCTH
IIPOU3BO/ICTBA.

1. BBeaenue

HudpoBuszanuss B NPOU3BOACTBEHHOM CEKTOpE MPEJACTaBIsIET COOOW HE MPOCTO
BHEJIPEHUE OTMENbHBIX HU(PPOBBIX HHCTPYMEHTOB, a KOMIUIEKCHYIO TpaHC(HOpMaIIUIO
BCEX AaCIMEKTOB JIEATEIbHOCTH NPEANPUSATHS, HAIMpPaBICHHYI0 Ha TOBBIIICHUE
3¢ pexTUBHOCTH, THOKOCTH U KOHKYPEHTOCIIOCOOHOCTH.
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OTOT mTpolecc SBISETCS KIIOYEBBIM 3JeMEHTOM YeTBepToil NpOMbINILIEHHOM
peBosonuu, niau Uuayerpuu 4.0, kotopasi XapakTepu3yeTcs CIUIHUEM (PU3UIECKUX
U 1upoBbIX TexHonorui. Llenp Takol TpaHchopmanuu — cO3MaHUE TMOTHOCTHIO
WHTETPUPOBAHHBIX, MHTEJUIEKTYAIbHBIX U aBTOHOMHBIX MTPOU3BOJICTBEHHBIX CHCTEM.

TpaaumoHHbBIE TPOU3BOACTBEHHBIE MOJIEIN CTAIKUBAIOTCSA C BBI3OBAMH, TAKUMHU Kak
pacTymas CIOXHOCTb IPOAYKTOB, HEOOXOIMMOCTh OBICTpON ajanTaluu K
MEHSIOUIMMCST TPEOOBAaHUSAM PBIHKA, COKpAIIEHHWE CPOKOB BBIYCKAa MPOAYKLHU U
HOBBIIIEHUE SKOJOTMUECKOM OTBETCTBEHHOCTH. LndpoBuzanus npegiaraet pemeHus
3TUX  NOpobieM, MO3BOJIASL ~ NEPEeUTH  OT  MAacCoBOrO  IPOU3BOJCTBA K
[EPCOHAIIN3UPOBAHHOMY, OT PEAKTUBHOIO OOCIYKMBaHUS K IPEIUKTUBHOMY, U OT
M30JIMPOBAHHBIX  MPOIECCOB K  TOJHOCTHIO  B3aMMOCBSA3aHHBIM  IU(GPOBHIM
sKocucTeMaM. JlaHHas cTaThs MOCBSIIEHA aHATTU3y OCHOBHBIX JOCTH)KEHUN U TTPOOIIEM,
CBA3AaHHBIX C LHU(pPOBHU3ALMEHd MPOU3BOACTBEHHOIO CEKTOpa, C AaKLUEHTOM Ha
aBTOMAaTHU3ALMIO U ONITUMH3ALHUIO IIPOLIECCOB.

2. OCHOBHBIE 3JIEMEHThI umbpommaunn B MMIPOU3BOACTBE

Hudporas TpanchopMammss TPOM3BOJICTBA OMHPACTCA HaA PsAJ B3aUMOCBSI3aHHBIX
TEXHOJIOTUU:

2.1. Nurepuet Bemeii (10T) nas npompimiennoro npumenenus (1107T)

Ipombinuiennblii Uarepuer Bemeit (110T) siBisercs ocHoBo# mudposusarun. OH
BKJTFOYACT B C€0S CETh B3aMMOCBS3aHHBIX JTATYMKOB, YCTPONCTB, MAaIlllUH U CHCTEM,
KOTOpBIE COOMPAIOT U 0OMEHUBAIOTCS TAHHBIMU B PEaTbHOM BpeMEHH. [[aTunku MOTyT
OTCICXKUBATh  TEMIeEparypy, JaBi€HHE,  BHOpalMiO, YPOBEHb  3aIacos,
MIPOU3BOAUTEIIBHOCTH 000PYI0OBAHUS U MHOYKECTBO JIPYTHUX IMapaMeTPOB.

Ipumenenne: MOHUTOPHHT COCTOSIHHSI 000PYI0BaHHS, OTCIICKHBAHKUE MTPOTYKITUN HA
BCEX OJTamax IPOM3BOJICTBA, YIIPaBJICHUEC IEMOYKAMHU ITOCTaBOK, OOECIICUCHUE
0€30I1acHOCTH TPY/a.

2.2. UckyccrBeHHbliT uHTe/LIeKT (M) m1 MmammuuHoe o0yueHue (MO)

HNU n MO 103BOJISIOT aHAJIM3UPOBATH OIPOMHBIE 00bEMBI JJAHHBIX, COOPAHHBIX Yepe3
IIoT, BBIABAATH CKPBITHIE 3aKOHOMEPHOCTH, 1€JIaTh IIPOrHO3bI U IPUHUMATH PELLICHHUS.

IpennkTuBHOEe o0cCay:)kuUBaHMe: MI-airopuTMbl MOTYyT aHaIUM3UPOBATh JAHHBIE O
pabote oOopynoBaHusi (Temmeparypy, BUOpalMM, IIyMbl) W MPOTHO3UPOBATH
BO3MOJKHBIE TIOJIOMKM /IO WX BO3HUKHOBEHHS, UTO TO3BOJSIET MPOBOJUTH
oOcnyKrBaHHUE 3a0JIarOBPEMEHHO U M30€KaTh JOPOTOCTOSIIMX TPOCTOEB.

Ontumusanuss mnpoueccoB: MM MoxeT aHaIM3uMpoBaTh MPOU3BOJACTBEHHBIE
mapaMeTpbl M IpeajaraTb ONTUMalbHBIE PEXHUMBI pabOThl i CHUXKEHUS
HHEPronoTPeOICHUs, YBEIUYEHUSI MPOU3BOJUTEIBHOCTH WM YIIYyYIIEHUS KadyecTBa

MPOAYKIIUU.



Koutpoas kauecrBa: Cucrembl MallMHHOTO 3peHuss Ha ocHoBe WM moryr
ABTOMATHUYECKHU BBISBISATH Je()EKTHI TPOTYKIIMHA C BRICOKON TOYHOCTHIO U CKOPOCTHIO.

2.3. Boabmme nannplie (Big Data) u ananuruka

Konoccanpabie 00bEMBI JAHHBIX, TEHEPUPYEMBIX IUPPOBBIM POU3BOJICTBOM, TPEOYIOT
MOIIHBIX HMHCTPYMEHTOB JJIsi HX XpaHeHHs, o0paborku u ananmmza. Big Data
AHAJIMTHKA TIO3BOJISIET W3BJIEKATh IIEHHYIO HWHGOpMAIMIO, KOTopas paHee Oblia
HEJOCTYIIHA.

IIpumenenune: AHanu3 MPOW3BOJCTBEHHBIX MOKA3aTENICH, BBISIBICHUE Y3KHX MECT,
ONTHUMM3AIUA JJOTUCTUKHU, TIPOTHO3UPOBAHUE CIIPOCA, MEPCOHATM3AIMS MPOIYKIIUN Ha
OCHOBE JaHHBIX O MTOTPEOUTESIX.

2.4. PoOOTOTEXHHKA M ABTOMATH3ALUA

CoBpeMeHHbIE NMPOMBILLIEHHBbIE PO0OTHI CTaiu 0ojiee TMOKMMHU, aBTOHOMHBIMHU U
CIIOCOOHBIMM K B3aUMOJCHCTBHUIO C 4eJIOBEKOM (KOOOTHI). OHM MOTYT BBINOJIHSATH
IIUPOKHUI CHEeKTp 3ajgady: cOOpKa, CBapka, IOKpacka, YMaKOBKa, MEpeMeIleHUe
MaTepUaJIOB.

HpnMeHeHne: [Tonnas dBTOMAaTH3alusg PYTHHHBIX W OIIACHBIX onepaunﬁ, ITIOBBIIICHUC
CKOPOCTH U TOYHOCTH IIPOU3BOJACTBA, CHUXKCHHUC TpaBMaTH3Ma Ha pa60tmx MECTax.

2.5. Hngposseie nBoiinuku (Digital Twins)

HudpoBoii ABoiiHMK — 5TO BUpPTyalbHas Komusg (uamdeckoro oObeKTa (CTaHKa,
MIPOU3BOACTBEHHOM JIMHUM, IIEJIOTO 3aBOJA WJIU TPOIYKTa), KOTOpas OOHOBIISETCS B
peaTbHOM BPEMEHH JaHHBIMH M3 TATIYMKOB. DTO IMO3BOJIIECT MOJCIHPOBATH IMOBEICHUE
00BEKTa, TECTUPOBATH U3MEHEHUS, IPOTHO3UPOBATH MPOU3BOIUTEILHOCTD M BBISBIISTH
npo0JieMbl 0€3 PU3NIECKOTro BO3ACHCTBHUS.

IIpumenenne: Ontumuszanus NPOU3BOJCTBEHHBIX MPOILIECCOB, CHUMYJISIMS HOBBIX
KOH(UTypanuii JIMHUNA, TECTUPOBAHUE HOBBIX MPOIYKTOB, YIAJCHHBI MOHUTOPHUHT U
JIMArHOCTHUKA.

3. [IpenmymecTBa HU(PPOBU3ANNH B MPOU3BOICTBEHHOM CEKTOpe

Buenpenue uppoBbIX TEXHOJIOTHI IPUHOCUT MPOU3BOIACTBEHHBIM MPEITPUATHSIM PSIJT
3HAYUTEIBHBIX IPEUMYILECTB:

3.1. IloBbimieHue 3¢ PeKTUBHOCTH ¥ MPOU3BOAUTEIHLHOCTH

ABTOMAaTH3AIMs U ONTUMM3ALINS TIPOILIECCOB 32 CUeT HU(PPOBLIX TEXHOJIOTUM MPUBOISIT
K  YBEJIMYEHHMI0  MPOU3BOAMTEIBHOCTH  TPyAad, COKPALICHUID  BPEMEHHU
MPOU3BOJACTBEHHOTO  IMKJIa W TIOBBIIEHWIO  TMPOMYCKHOW  CHOCOOHOCTH.



HcnonszoBanue MU A1 OIITUMMU3allMK PECYPCOB, TaKHMX KaK OHCPIrHsa M CbIPhC,
SHAYUTCIBbHO CHHUIKACT OINCPALMOHHBIC U3ACPIKKU.

3.2. YayulleHue KauyecTBa NMPOAYKUMHU U CHHKeHHe Opaka

ToyHOCTH POOOTOTEXHUKH M CHUCTEM aBTOMATH3MPOBAHHOTO KOHTPOJS KadyecTBa Ha
OCHOBE MAITMHHOTO 3PEHHUS TO3BOJISIOT CBECTH K MUHUMYMY YeJIOBEYECKUH (hakTop u
nedeKThl MPOAYKIMHU, oOecreunBas CTA0MJIbLHO BBICOKOE KA4YeCTBO WM COKpalias
00beM Opaka.

3.3. 'ubdkocTh M AJANTUBHOCTH MPOU3BOACTBA

[HudpoBbie TEXHOJOTUU IO3BOJISIOT MPEANPHUATHAM OBICTPO IMEPECTPAUBATHCS IO
U3MEHSIONIMECS  PBIHOYHBIE TpeOOBaHMS, 3alycKaTh HOBBIE  MPOAYKTHI H
aZanTUPOBATHCS K MHIMBUAYAJIBHBIM 3aKa3aM KIMeHTOB. LludpoBbie 1BOMHUKH U
ruoKre poOOTU3UPOBAHHBIE CUCTEMBI JIEJIal0T IPOU3BOJICTBO 00JIE€ OT3HIBUMBLIM.

3.4. COKpameHne IMPOM3BOJACTBCHHBIX 3aTpaT

OnTumu3anus MNpoLeccoB, MPEAUKTUBHOE 00CITy)KUBaHHUE, CHIPKEHUE Opaka, SKOHOMHUS
pPECYypCcOB W TIOBBILIEHHWE IPOU3BOAUTEIILHOCTA B KOHEYHOM HTOr€ MIPHUBOJIAT K
3HAYUTEIPHOMY CHUKEHHIO OOIIMX NPOM3BOJACTBEHHBIX 3aTPAT U YBEIUYEHUIO
MPUOBLIILHOCTH.

3.5. IloBbIlIeHUE 0€30MACHOCTH TPYyaa

ABTOMAaTH3aIMs OMACHBIX U MOHOTOHHBIX 3a/lay C MOMOUIbI0 POOOTOB CYIIECTBEHHO
CHWXAET PHUCKHU JUIsl 3J0pOBbSd M O€30MacHOCTH pabouyux, MEepeBOoJsl MX Ha Oosee
MHTEJJICKTYyalIbHBIE U KOHTPOJIUPYIONUE QYHKITHH.

4. IIpobaeMbl BHeApeHus nu(poBU3anun

HecMoTpst Ha ouyeBUIHBIE MPEUMYIIECTBA, MPOIECC U(POBU3AIMKA B MPOU3BOJICTBE
CTaJIKUBAETCS C PSIIOM CEPbE3HBIX BHI30BOB:

4.1. Boicokue nepBOHAYAIbHbIE HHBECTUIIUN

Buenpenue nepenoBbiX HU(PPOBBIX TEXHOIOTHH TPeOyeT 3HAUNTENbHBIX KalMUTaIbHBIX
3aTpaT Ha OOOpyJOBaHWE, MPOTrpaMMHOE OOECIeueHUe, MHTErpalrio U oO0yueHue
NepCcoHaNa. DTO MOXKET OBITh CEPHE3HBIM OAPBEPOM, OCOOEHHO JJIsl MaJIbIX U CPEAHUX
MPEANPUATUN.

4.2. Kubep0e30nacHOCTh

[To Mepe yBenuueHusi KoiauyecTBa MNOJKIOYeHHBIX ycTpoicTB (IIoT) m crenenu
MHTETpAIlMd CHUCTEM, BO3PACTAIOT PUCKH KHOepaTak. 3alura MNpPOU3BOJICTBEHHBIX
CETeM OT B3JIOMOB, YTEUYEK TAHHBIX U BPEAOHOCHBIX MPOTPAMM CTAHOBUTCSA KPUTUUYECKHU

Ba)KHOU 3aJaueil.
-4 -



4.3. Heo0xoa1umMoCTh NepenoAroToBKM mepcoHasia

Hudposuzanus usmenser TpeOoBaHHs K KBanuduxamuu padouerd cuibl. MHorue
TpaJUIMOHHbIE MPO(ECCHN yCTapeBalOT, B TO BPEMsI KaK BO3HUKAET MOTPEOHOCTH B
CHelUaIuCTaX 10 aHalu3y IaHHbIX, poOoroTrexHuke, UM u kubGepOe3omacHOCTH.
HeoOxomuMel  macmtaOHble  NMpPOTrpaMMbl  Nepeo0ydYeHUs] M TOBBIIIEHUS
KBAJIN(PUKAIUH CYIIECTBYIOUINX COTPYAHUKOB.

4.4, UaTerpaums ¢ ycTapeBIINMHU CUCTEMaMH

MHorue npennpusTHs HWMEIOT YCTapeBinee o000pynoBaHue W WHOOPMAIMOHHBIC
CUCTEMBI, KOTOPBIE CIIOKHO WJIU JIOPOrO HWHTETPHPOBATH C HOBBIMU ITU(POBBHIMH
peHICHUSIMU. DTO MOXKET 3aMeIATh WIM Jaxke OJIOKMpOBaTh mpouecc IudpoBoi
TpaHcopMaruu.

4.5. CJ105KHOCTH YIIPpaBJIeHUs] U3MEHEHUsIMH

LII/I(l)pOBI/ISaHI/ISI — OTO HC TOJBKO TCXHOJOIMYCCKHEC, HO W OpPraHU3allMOHHBIC
HU3MCHCHMUS. COHpOTI/IBHeHI/Ie COTPYAHUKOB, HCO6XOI[I/IMOCTI> HN3MCHCHUA
KOpHOpaTHBHOﬁ KYJIBTYPBI H HGpGCTpOﬁKPI 6H3H€C-HpOH€CCOB MOI'yT CTaTb
CCPBLC3HBIMU IPCITATCTBUAMU.

5. 3akiaouyenue

HudpoBuzamust sBISETCI HEOTHEMJIEMBIM YCJIOBHUEM pa3BUTHUS COBPEMEHHOIO
MIPOU3BOJICTBEHHOTO CEKTOpa, TMpejyiaras Oechperie/ICHTHbIE BO3MOXKHOCTH IS
aBTOMaTU3alMk W onTumusammu nporeccoB. Bueapenue IloT, MU, Big Data,
POOOTOTEXHUKH U ITU(DPOBBIX JBOMHUKOB MO3BOJISET MPEAIPUATHSIM JOCTUTATH HOBOTO
ypoBHS AS(PPEeKTUBHOCTH, KadyecTBa, THOKOCTH M KOHKYPEHTOCIOCOOHOCTH. OTH
TEXHOJIOTMH HE TOJBKO COKPAIIAIOT U3JACP>KKHU U MOBBIIMIAIOT POU3BOIUTEILHOCTD, HO
1 CO3J1al0T OoJiee Oe30MmacHbIe U UHTEJUICKTYalIbHbIE pabo4re MecTa.

Hecmotpss Ha 3HauMTeIbHBIC BBI3OBBI, TaKHE KaK BBICOKHE HWHBECTHMIIMH, YTPO3bI
KrOepOe30nmacHOCTH, HEOOXOAMMOCTh MACIITa0HON TMEepPenoAroTOBKH IEepCcoHala U
CJIOKHOCTH HWHTETpAIiK, TpeuMyIIecTBa mudpoBoil TpaHCHOpPMAIIUU 3HAYUTEIIHHO
MEPEeBEIINBAIOT PHUCKU. [[s1 ycHemHo# peanmm3amui STOro Ipolecca Tpedyercs
CTpaTermyecKoe TIAaHUPOBAHKUE, KOMIUIEKCHBIM TI0JIX0/1, TOCYapCTBEHHAS MOICPIKKa
U TIOCTOSIHHBIC WHBECTUIIMM B TEXHOJIOTMM W YEJIOBCYCCKHHA KaruTai. Y CIenrHas
U(pOBHU3AIKS POU3BOJICTBEHHOTO CEKTOpa SBJIACTCS KIIOYOM K OOECIICUCHHIO
YCTOMYMBOTO SKOHOMHYECKOTO pocTa M (POPMHPOBAHHIO KOHKYPEHTOCIOCOOHOM
MIPOMBIIJICHHOCTH OYAYIIETO.
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