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AHHOTauuA. B nocnegHee gecAtTuneTve NPoOUCXOAWUT aKTUBHaA LMbpoBU3aLUA
MPOMbILLJIEHHOr0 NPOU3BOACTBA Ha OCHOBe 6YpHO pPa3BMBAIOLLMXCA MHPOPMALMOHHBIX
TEXHOJOT M1, B TOM YMCIIe TEXHOMOM MM UICKYCCTBEHHOMO MHTeIeKTa. Bo MHOroM 3To cBA3aHo
C pasBUTMEM METOLOB FyO0oKOro 06y4YeHUa U UX NPUMEHEHUA B KOMMbIOTEPHOM 3pEHUU.
C cepeauHbl 2010-x cBEPTOYHbIE HEMPOHHbLIE CETU AEMOHCTPUPYIOT UCKITIOUUTENBbHYIO
30 PEKTMBHOCTb NMpU pelleHnN Takux 3ahay, Kak obHapyreHue, KnaccupuKaumn
M CerMeHTaLuMA pas/inyHblX 06beKTOB. B pesynstate MeTo4bl KOMMbIOTEPHOIO 3peHuA
HaYyMHalOT aKTUBHO MCMOMb30BaTbCA B 3a[avax KOHTPOJIA KayecTBa CbipbA M FOTOBOM
npodyKuuu. Bce 3To oTHOCUTCA K ropHofobbiBaLLeit npoMbineHHocTU. OgHako
B 0TeYeCTBEHHOWN Hay4yHOW NMTepaType NpaKTUYeCKM OTCYTCTBYIOT cUCTeMaTUYecKue
0630pbl MPUIOKEHUA KOMMBIOTEPHOIO 3pPEeHUA B 3Toi obnacTu. HacToAwee UccneqoBaHue
NPU3BaHO BOCMONIHUTL 3TOT Npoben. B gaHHoi paboTe faeTcA cucTeMaTUYecKuin 0b63op
WCTOPWU Pa3BUTUA U COBPEMEHHOIO COCTOAHNA METOA0B U TEXHOSIOM M1 MALLMHHOMO 3peHus,
NnpyYMeHsAeMbIX B FrOpHO406bIBaloLLEM MPOMBILLIIEHHOCTU AJ1A aHanM3a TBepabIX MaTepuarnos,
LEeMOHCTPUPYIOTCA NocsiefHWe OOCTUKEHUA B 3TON 06/1aCTU U NpUMepbl UX NPUMEHEHUA
B ropHOM [Jesie. ABTOpbl NpoaHanM3upoBanu 29 Hay4yHbix paboT B 06/1aCTU NMPUMEHEHMA
KOMMbIOTEPHOI0 3peHMA B rOpHOA06bIBaOLLLEM MPOMBILLIEHHOCTM U KnaccuduumnpoBanm
3Tanbl pasBUTUA TEXHOMOMMM, HAYMHaA ¢ cepeanHbl 1980-X IT., KOr4a KOMMblOTepHOe 3peHre
MCMonb30Banocb 6e3 NpMMeHeHWA MalLUMHHOMO 06yYeHWA, U 3aKaHYMBaA COBPEMEHHbIMU
nccnefoBaHNAMU Ha OCHOBE UCMOJb30BaHWA My6OKMX CBEPTOYHbIX HEMPOHHbIX ceTel OnA
pelleHunA 3aday KnaccuouKaumm u cerMeHTauun. MpueoamTca cpaBHeEHWE 3QPEKTUBHOCTU
NpUMeHAEMbIX MeTO0B, 06CYHOATCA UX 4OCTOMHCTBA U HEQOCTATKK, AAOTCA NPOrHO3bI
pa3BUTMA METOAO0B KOMMbIOTEPHOr0 3peHMA B FOpHOL400ObIBAOLLEN MPOMbBILLIIEHHOCTU
Ha 6nuaiwee 6yaywee. MprBedeHbl NpUMepbl, NOKa3biBalolMe, YTO UCMONb30BaHNe
CBEePTOYHbIX HEMPOHHLIX CETEM MO3BOMUO0 NEepPerTH Ha KaueCcTBeHHO 60/1ee BbICOKMIN YpoBeHb
B peLUeHnn 3aay KlaccMPUKaLMM U CerMeHTaLMm NpUMEHUTENBHO K aHanM3y 06beMoB
BbIMyCKa NPoayKL MM ropHoA06bIBaloLLLEN NPOMBILLIEHHOCTM, FPaHyIOMETPUYECKOro COCTaBa,
B TOM YuCJie NeL,agHoCTK, YroBaToOCTM U LLePOX0BaTOCTH, COAEPHKAHUA NbIU U TNHbI,
HaCbINHOM NIOTHOCTU U MYCTOTHOCTU U Ap.
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Abstract. In the last decade, there has been an active digitalization of industrial production
based on rapidly developing information technologies, including artificial intelligence
technologies. This is largely due to the development of deep learning methods and their
applications in computer vision. Since the mid 2010s convolutional neural networks demonstrate
exceptional efficiency in solving problems such as the detection, classification and segmentation
of various objects. As a result, computer vision methods are beginning to be actively used in
the problems of quality control of raw materials and finished products. All this applies to the
mining industry. However, in the Russian scientific literature there are practically no systematic
reviews of computer vision applications in this area. The present study aims to fill this gap. The
paper provides a systematic review of the history of development and the current state of the
methods and technologies of machine vision used in the mining industry for the analysis of solid
materials, demonstrates the latest achievements in this area and examples of their application
in the mining industry. The authors have analyzed 29 research papers in the field of application
of computer vision in the mining industry and classified the stages of technology development
from the mid-1980s, when computer vision was used without the use of machine learning,
and ending with modern research based on the use of deep convolutional neural networks for
solving problems of classification and segmentation. The effectiveness of the methods used is
compared, their advantages and disadvantages are discussed, and forecasts are made for the
development of computer vision methods in the mining industry in the near future. Examples
are given showing that the use of convolutional neural networks made it possible to move to
a qualitatively higher level of quality in solving problems of classification and segmentation as
applied to the analysis of output volume, particle size distribution, including flakiness, angularity
and roughness, dust and clay content, bulk density and emptiness, etc.
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BBepneHue

IIOCJICAHEC ACCATUIICTUEC NACT aKTUBHAA
B L[H(i)pOBI/ISaLII/IH MMPOMBIIIJICHHOTO IIPO-

M3BOJICTBA HA OCHOBE OBICTPO pa3BUBa-
FOLTUXCS UH(OPMAIIMOHHBIX TEXHOJOTHH, B TOM
quclie TCXHOHOFHI)'I I/ICKyCCTBeHHOI‘O HNHTCII-
JIeKTa. ITO BO MHOTOM CBSI3aHHO C OypHBIM pa3-
BUTHUEM MECTOI0OB FJ'Iy6OKOFO 06y‘16HI/I$I " UX 1Ipu-
J'IO)KGHI/II71 B KOMIIBIOTCPHOM 3pPCHUMU. Hauunas

¢ cepeaunbl 2010-X IT. cBEpTOUYHBIE HEUPOHHBIE
CEeTH JEMOHCTPUPYIOT UCKITFOYUTENBHYIO0 S (eK-
TUBHOCTbH B PEUICHUU TaKUX 3a/1a4, KaK 00HApY-
KCHHUC, KJIaCCI/I(bI/IKaHI/ISI " CerMeHTalus pas3jiny-
HBIX 00BEKTOB.

Panb1ie nHTEIEKTYaTbHBIE TEXHOIOTHH aK-
THUBHO BHEJPSJIHCH B TIPOIIECCHI, Te MOXKHO 00€-
CIICUUTH HJICATbHYIO MIOBTOPSEMOCTh YCIOBHM
BHEINIHEH cpeapl. B yacTHOCTH, CUCTEMBI KOM-
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