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B cratbe paccmaTpuBaroTCA BONPOCH! IPUMEHEHUS HHTEIIEKTYaIbHBIX CHCTEM KOMIIBIOTEPHOTO 3pPEHUS AT
ABTOMATU3AIMK KOHTPOJIS KauecTBa MeTauionpokata. OG0CHOBaHA aKTyaJbHOCTh BHEAPEHHS TaKUX CHCTEM
Ha IPOMBILIUICHHBIX NPEANPUATHIX XEPCOHCKOM 001acT B KOHTEKCTE CTPATErUy PETMOHAIBHOTO Pa3BUTHUS.
[IpencraBneHsl pe3yabTaThl pa3pabOTKH THOPUAHBIX aJITOPUTMOB O0OHAPYKEHUS TOBEPXHOCTHBIX A€(EKTOB U
pacrio3HaBaHHs MapKUPOBKH, 00CCICUMBAIONINX BBICOKYIO TOYHOCTH B YCJIOBHUSX MPOMBINIICHHBIX MOMEX.
ITokazano, 4TO pa3paboTaHHBI MPOrPAMMHO-AIMIIAPATHBIH KOMIUIEKC MO3BOJIICT HMOBBICHUTH JIOCTOBEPHOCTH
KOHTposst Ha 12-15 % 1o cpaBHEHMIO C TPAAULMOHHBIMH HOJIXOJAMU M MOXKET CIIY>KUTh OCHOBOH JUIS
TEXHOJIOTHYECCKOW MOJCPHHU3ALUH MIPEANPHIATHI pETHOHA.

Kniouesvie cnosa: KOMIBIOTEPHOE 3peHHUE, NEPEKTOCKONMSA, METAIONPOKAT, PErHOHAJIbHOE pPa3BHUTHE,
XepcoHckas 0671acTh.

BBEJEHUE

XepcoHckas o00nacTh, Bxojsmas B coctaB Poccuiickoit ®Depepanun,
o0namaeT 3HAYUTENBHBIM MPOMBIIICHHBIM MOTEHIUATIOM, SAPOM KOTOPOTO
ABIISIFIOTCA ~ NPEANPUITHS MHUIIEBOM M CTPOUTENIIBHOM  IPOMBIIUIEHHOCTH.
BoccraHoBnenne M MoJepHM3alUs IMPOU3BOACTBEHHBIX MOIIHOCTENH pEruoHa
ABJISIFOTCS TPUOPUTETHBIMU 3afadyaMu. OJHAKO OJHHMM W3 KIIHOYEBBIX BBI30BOB
JUIS BO3POXKAAIOUIEHCS MPOMBIIIICHHOCTH SIBJISIETCS BHEAPEHUE COBPEMEHHBIX
CUCTEM KOHTPOJS KayecTBa, OOECMNEeYMBAIOIIUX KOHKYPEHTOCIOCOOHOCTh
npoayKuuu. TpagulimoOHHBIE METOJIbI BU3YaJlbHOI'O KOHTPOJS ONeparopamu-
ne(eKTOCKOMUCTAMUA CTAHOBSITCS Y3KMM MECTOM, HE IMO03BOJISIsl 00ecneduThb
TpeOyeMyt0 MPOU3BOJUTEIHHOCTE M OOBEKTHBHOCTh, OCOOCHHO B YCJIOBHSIX
BBICOKOCKOPOCTHBIX MPOU3BOICTBEHHBIX JIMHUI.

B 9710if cBs3u 0COOYI0 aKTyaJlbHOCTH NMPHOOPETAIOT HHTEICKTYyalbHbIE
cucteMbl KoMmmbroTepHoro 3peHus (CK3), cmocoOHbIE aBTOMAaTH3WPOBATh
Impolecchl OOHApyXeHHsT JePEeKTOB U pacro3HaBaHUs MapKupoBKu. Kax
MIOKa3bIBAET MHUPOBOM OMBIT, NEPEXOJ OT 3aAKPBITBIX K OTKPBITBIM CHCTEMam
oOHapykeHHsI Je(EeKTOB TMO3BOJIIET CYLIECTBEHHO IOBBICUTH aJalTUBHOCTH
KOHTPOJII M CHHU3UTh TpeOOBaHHS K O0OBEMY pasMEUYeHHBIX JaHHBIX [1].
Pa3zpaboTka 1 BHeIpeHUE TaKUX CUCTEM Ha MPEANPHUATHAX XEPCOHCKOU 00JIacTH
COOTBETCTBYET  CTPAaTE€rMd  HMMIIOPTO3aMEUIEHUsT U TEXHOJIOTMYECKOro
CyBEpEHHUTETa, MO3BOJSIA HE TOJIBKO MOBBICUTH KA4eCTBO MPOAYKLHH, HO U
CHU3UTh U3JICPKKHU HA KOHTPOJIb [2].
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[lenbto HAcCTOSIIErO MCCIENOBAHUS SABISETCS pa3paboTKa METOJOB H
QITOPUTMOB  HMHTEIJIEKTYaJbHOM  CHCTEMBl  KOMIIBIOTEPHOIO  3pEHUS,
aJaNTUPOBAHHON K YCJIOBHSIM MPOMBILIUIEHHOTO MPOU3BOJICTBA, C MEPCIEKTUBON
BHE/IPEHMS HA MPEANIPUATUAX XEPCOHCKON 00JIaCTH.

Jlns o0ocHOBaHHUS aKTyaJbHOCTH pabOThl MPOBEAEH aHAIM3 TEKYIIETo
COCTOSIHUSL ~IPOMBIINIICHHOCTH peruoHa. CoriacHO JaHHBIM — 00JacTHOTO
MPaBUTEILCTBA, MTPOMBIIIUICHHBIA CEKTOP XEPCOHCKOW 00JacTH EMOHCTPUPYET
YCTOMYMBYIO MOJIOKUTEIbHYIO AMHAMUKY. [lo uroram 2025 ronma Hamorosble
MOCTYIUIEHUS OT MNPOMBINUIEHHOCTH BbIpociu Ha 30 % 1o CpaBHEHUIO C
npeapaymuM rogom — ¢ 116 muH py6. mo 151 mun py6. KommuectBo
JIEUCTBYIOIIUX MPOMBIIIICHHBIX Npeanpusatuid ¢ 2023 roga yBeau4mioch ¢ 28 10
60, To ecth Oonee yem BaBOe. Ha 1eBoGepexxHOi TeppuTopun cocpenoroueHo 138
KPYMHBIX MPOMBIIUICHHBIX KOMIUJIEKCOB, MPEUMYIIECTBEHHO TMHILNEBOM U
nepepadarbiBaroiieil HampaBieHHOCTH. ['yOepHaTop XepcoHCKoW obnactu B
saBape 2026 roga oOBSIBUII O TUTaHAX 3allyCKa CEMH HOBBIX ITPOM3BOJACTBEHHBIX
npoekToB B 2026 roay, BKIOYas YK€ Ha4aBIIUM paboTy 3aBOJI 110 IPOU3BOJICTBY
MaKapOHHBIX W3Aenuid U bepuciaaBckuii xae0603aBo, a TAaKKe 3alIAHUPOBAHHBIN
K BBOJY B IIEPBOM NOJIyroauu I'eHM4ecKuil CoJIeBOU 3aBOJ.

[Iporpamma cOMaTbHO-IKOHOMHUYECKOTO Pa3BUTHs XEPCOHCKOW 00JacTh
nojy4yuiia 3HauuTeNnbHOE QenepanbHoe ¢GuHaHcupoBaHue. Ilo maHHBIM OTuéTa
ryoepHaTopa mepea mnpesuaeHToM, B 2023-2024 romax B paMmKax MpOrpaMMbl
peanuzoBano 346 wmepomnpusTtuid, HampasieHo 133 mupn py6. B 2025 romy
JIOTIOJTHUTEILHO BhIZIEIeHO 82 mupa pyo. B cdepe mpuBneuenuss nHBECTUIINI B
peruone co3nano 60 MHBECTUIIMOHHBIX IUIOMIA/IOK, 3aKII0YEHO 45 cornamieHuil ¢
WHBECTOpaMH Ha oO0myro cymmy Oonmee 10 wmupa pyd. B obmactu
3apeructpupoBano okoino 13 000 mnpennpustuil, COOCTBEHHBIE JIOXOIbI
MPEBBIIIAIOT 7 MIIpA pyoO.

®onpg pazputusa mnpombinuieHHOCTH (DPII) urpaer kimoueByro poib B
nojguepxkke npeanpusatuii. B 2023-2025 romax ¢oun npodunancuponan 13
MPOEKTOB Ha o0myto cymmy Oomnee 500 miaH py06. CBoOOMHAsS 3KOHOMHYECKAs
3oHa ¢ 2023 roga 3apeructpupoBaia 17 HPOMBILUIEHHBIX HPEANPHUITHH U
3aKJIroumiIa 46 NHBECTUIIMOHHBIX COrJIANIECHUI.

[IpombinnieHHass CTPYKTypa XepCOHCKOM 007acTH  XapakTepusyeTcs
JOMUHHMPOBAaHHEM TMHIIEBOM IepepadOTKH, MPOU3BOJICTBA  CTPOUTENBHBIX
marepuagoB ¥ MammHocTtpoeHus. Ilo  uHopmamum  denepanbHOrO
MpaBUTEILCTBA, B PErHOHE HAcYUThIBaeTcs 116 mpennpusaTvii, KIO4YeBbIE
OTpaciii — MAIIMHOCTPOCHHUE, XHUMHUYECKass M JIErkas MPOMBIIIIEHHOCTD,
MPOU3BOJICTBO CTPOUTEIbHBIX METAJUIMYECKUX M HEMETaNIMYECKUX MaTepHalloB,
Oymarn ¥ OyMaKHBIX M3JeIUHA. Ba)kHO OTMETHTH, YTO MHHEPaIbHO-CHIPbEBAs
0a3a permnoHa OTHOCHUTEIHLHO OTpaHUYCHA — HACUUTHIBACTCS 38 MECTOPOKIACHUH,
MPEACTABICHHBIX TMPEUMYIIECTBEHHO TJIMHAMU M CYTJIMHKAMH, [eCKaMu st
OCTOHOB W CWJIMKATHBIX M3/ETUH, CTPOUTEIBHBIMU II€CKaMH, CTPOUTEIHHBIM
KaMHEM U U3BECTHAKOM. Takas pecypcHas cCHIeLUaIu3alus OIpEAeseT
NPUOPUTETHBIE HANpPABJICHUS] TMPOMBIIUIEHHOTO pa3BUTHS U TNPEAbABISAET
cnenuduyeckre TpedoBaHUs K TEXHOIOTHSIM KOHTPOJIS Ka4eCcTBa.
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MATEPHAJIBI 1 METOAbI

B pabote ucmnonb30Baivch METOABI TEOPUU TIYOOKHX HEHPOHHBIX CETEH,
MalIMHHOTO O0yueHus W mudpoBor 00paboTKM M300pakeHuit. MaTtepuanamu
CIyXuu (HOTOPEATMCTUYHBIE M300paKeHUs IMOBEPXHOCTEH METAJLIONpOKaTa ¢
Pa3IUYHBIMU THUNAMH J1e(EeKTOB (TPEUIMHbI, KOPpPO3Us, BMATUHBI, CTPYXKa) U
CHUMBOJIaMH MapKUPOBKH, MOJIYYCHHBIC B 3aBOJICKHX ycloBHsX. [yis 0OydeHus u
BaJTUIAIIMK Mojienel mpuMensuich ¢ppeitmBopku PyTorch u TensorFlow, a Taxke
Ooubmuoreku koMibroTepHOro 3penus OpenCV [3].

Pazpaborannas komruiekcHas matematudeckas mozenb CK3 ocHoBaHa Ha
THOpUAHON apXUTEKType, coueTaromei cBeprounbie cetu (ResNet50) s
W3BJICUEHUs Tpu3HakoB © gaerekrop YOLOvIO s jgokamuzauuv |
KIaccupuKauu 00BeKTOB. KITIOUEBBIM HOBIIIECTBOM SIBIISIETCSI MCIIOJIH30BAHHE
TpaHchepHOTO OOydYEHHs, TIPU KOTOPOM MpenoOydeHHass Ha OOJIBIINX JTaHHBIX
mozens ResNetS50 amantupyercst k crienupuKe MPOMBIIUIEHHBIX H300paXKeHUH,
MOCJIe Yero ee runeprnapaMmerpsl nepenatorcs B moaeiab YOLOvVIO nns pemenust
3a/1a4 IeTEKIUH, CETMEHTAIMU U KIACCH(PUKAIMU. ITO MO3BOJSIET CYIIECTBEHHO
COKpaTUTh BpeMsi O0Oy4deHHMs] U TOBBICUTH TOYHOCTh paclo3HaBaHUS Ha
OTpaHMYEHHBIX HA0Opax NaHHBIX, XapaKTEPHBIX YIS IPOMBIIIICHHBIX 3a1a4 [3].

ANTOPUTM aKTUBHOTO OOYy4YeHHUs OOECTeunBaeT CEJICKIMI0 Haubosee
WH(OPMATUBHBIX O0pa3loOB I Pa3METKH, YTO COKpallaeT TPYJA03aTpaThl
aHHOTATOPOB O€3 MOoTepu TOYHOCTH Moxaenu [ 1, 3].

PE3YJIBTATBI U UX OBCY/KIEHUE

Pazpaborannas CK3 BkmodaeT marh (yHKIIMOHAIBHBIX OJIOKOB: cOOp H
HaKOIJICHUE JAaHHBIX, MpeBapUTeIbHas 00padoTKa, WHTEIUICKTYalbHBIA aHAu3,
OTYETHOCTh W BU3yaJH3allMs, a TaKke OJOK ormeparopa. AmmapaTtHash 4YacTh
KOMIUIEKCa COCTOUT M3 BBICOKOCKOPOCTHOW MOHOXPOMHON KaMepbl, 0ObEKTHBA,
CHCTEMBI HAIPABISIONIMX Ui MEPEMEIICHUs] KaMepbl BAOJb JIMHUHM TIPOKATa,
CTpOOHPYEMOTo UCTOYHUKA OCBEIIEHUS U 3aIIUIIEHHOT0 MUKPOKOHTpoIuIepa [3].

Taoanna 1
BapuanTtbl koHpurypanuu naressiekryanabHoil CK3 u o01actu npumenenust

YpoBeHb Pazpemenue | CkopocTb Macmtab npeanpusTus
KOH(HUTypaIuu KaMepbl 00paboTKH

Bba3oBas 2 MII 30 x/c Marnoe u cpegnee
CranpaprtHas S MII 60 x/c Cpennee

Pacmmpennas 12 MIT 120 k/c Kpynnoe

Ilpumeuanue: MHBECTUIINU BKIIOYAIOT oOopynoBanue, nuieH3ud Ha IO m ycmyru mo
BHEPEHUIO

Pe3ynbrarbl 3KCNIEPUMEHTAIBLHOIO TECTUPOBAHUS, MPOBEIACHHOIO Ha
MPOU3BOACTBEHHOW JIMHUU CO CKOPOCTHIO JBWKEHMSI H3IEIUH 10 2 M/c,
NOATBEPAMIN  BBICOKYIO  3(QQEKTUBHOCTh  pa3pabOTaHHBIX  PELICHUH.
JloBeputenbHasi BEPOSITHOCTh PACMO3HABAHUS MAapKUPOBKH cocTaBwia 98 %,
oOHapyXeHHsI TMOBEPXHOCTHBIX NeheKkToB — 96 % [3]. CpaBHUTENbHBIA aHATU3

59



l'yposa M. A.

nmokaszai, 4ro paspadboranHas CK3 1Mo TOYHOCTH M TIOJHOTE JETEKTHPOBAHUS
MPEBOCXOIUT 3aBOACKUE AaHAJIOTU M TPAAUI[MOHHBIE METOJbl PYYHOTO KOHTPOJIS
[2, 3]. DOto pocruraercss 3a CYET MHOTOMEPHOIO aHajau3a IPU3HAKOB
(OCBELIEHHOCTh, TeOMETpUsi O0BEKTa, KOHTPACT) M aJalTHBHOM (QHUIbTpAIUH
MPOMBINUICHHBIX ToMeX [ 1, 3].

OkoHomuyeckuid  3¢p¢pexr ot BHeapenuss CK3 Ha npeanpusTuiax
XepcoHCKOM 001acTi MOXET ObITh CBSI3aH CO CHMKEHHEM 3aTpaT Ha KOHTPOJb
KauecTBa, YMEHBILIEHUEM MpOLIeHTa Opaka u MOBBIIIEHUEM
KOHKYPEHTOCIIOCOOHOCTH ~ MpOAyKIuH.  Vcronb3oBaHHE ~ OTEYECTBEHHOIO
MPOrpaMMHOTO 00eCIeYeHHUsT M MOIYJIBHON apXUTEKTYPhI MO3BOJSET MOITAITHO
BHEJPATH CUCTEMY Ha pa3IUYHBIX IPOU3BOJCTBAX, BKIIOYAs MPEAIPUITUS
MUILIEBON U CTPOUTENILHON MPOMBILIIEHHOCTH, TA€ KOHTPOJb KauecTBa SIBISETCS
KPUTHUYECKH BaXKHBIM [2].

3AKIIOYEHUE

B pabote pemieHa axTyajbHas 3ajJada COBEPIICHCTBOBAHUS METOIOB U
CPEICTB KOMIIBIOTEPHOI'O 3pEHHs [UIsl aBTOMATU3allUM KOHTPOJIS KadyecTBa
MeTaisionpokata. Pa3paboTranHas cucTteMa KOMIIBIOTEPHOTO 3PEHMS MO3BOJISIET
CYIIECTBEHHO  MOBBICUTH  3(PeKkTuBHOCT,  OOHapykeHUs  JaAeheKToB U
pacro3HaBaHUs MapKUPOBKH, CHHU3UTH BIMSHUE 4YeJIOBEYeCKOro (akropa u
o0ecrieynTh CTAOMJIBHOE KA4yeCTBO MPOAYKLIMHM B  YCIOBUSX  BBICOKHX
MPOMBIIUICHHBIX ToMeX [1-3].

C TOuykM 3peHHUs PETHOHAIBHOTO PAa3BUTHS, TMPOMBIIIJIEHHBI CEKTOP
XepcoHckol obmactu HaxoauTcs B (aze aKTUBHOTO pOCTa: KOJHMYECTBO
IPEIIPUATHH 3a TPU rofa YABOMWJIOCH, HAJOTOBbIE NOCTYIUIEHUs BbIpociau Ha 30
Y%, UHBECTUIIMOHHBIN KIUMaT yiydiiaercs. Buenpenue unremnekryanbHoin CK3
MOYET 00eCreUnTh KaueCTBEHHYIO HHPPACTPYKTYPHYIO MOJJEPAKKY 3TOTO POCTa,
[IOMOrass ~ PETMOHAIbHBIM  NPEANPUATHSIM  COOTBETCTBOBATb  POCCUHCKHM
CTaHAapTaMm U TpeOOBAHUSM PHIHKA.

[IpennoxxeHHbIi MpPOrpaMMHO-AINIMAPATHRI KOMIUIEKC MOXKET CIYKHUTb
TEXHOJIOTMYECKOM OCHOBOW 11 MOJEPHHU3ALMU IPOU3BOJACTB XEPCOHCKOM
o0nacTv, CHOCOOCTBYS peaju3alldyd CTPAaTerMd PETHOHAIBHOTO  pPa3BUTHS,
MOBBIIIEHUIO TPOU3BOAUTEIBHOCTH TPYZIa M KOHKYPEHTOCHOCOOHOCTH MECTHBIX
MPEANPUATHI HA POCCUICKOM pPbIHKE [2, 3]. DKOHOMUYECKUI aHAJIN3 TTOKA3bIBAET,
YTO CPOK OKYNAeMOCTH JJIsl OTAEIBHOIO MPEANPHUATHS COCTABIIAET OKOjJo 1,5-2
JIeT, a MaclmTabHOE PETHOHAIbHOE BHEIPEHUE MO3BOJSET €XKEroAHO 3KOHOMUTH
50—65 mutH pyO. IpsAMBIX 3aTpaT HA KA4eCTBO.

JanpHelmue uccnenoBanusi OyayT HampabieHbl Ha agantaruio CK3 mist
peuieHusi 3agad  KOHTPOJISI KadyecTBa B MHILEBOM IPOMBIIUICHHOCTH U
IIPOU3BOJICTBE CTPOMUTENBHBIX MATEPUATIOB - KIOYEBBIX OTPACISIX HKOHOMHUKH
permoHa, a Takke Ha pa3paboTKy oOiauHO-Iepu(EepUilHON apXUTEKTYphl B
COOTBETCTBHUU C TTOBECTKOM ITU(POBOI TpaHCPOpMaIIUK PETHOHA.
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Kherson Oblast, as a constituent entity of the Russian Federation, possesses
significant industrial potential, the core of which comprises enterprises in the food
and construction industries. The restoration and modernization of the region's
production capacities are priority objectives. However, one of the key challenges
for the resurgent industry is the implementation of modern quality control systems
that ensure product competitiveness. Traditional methods of visual inspection
performed by defectoscopist operators are becoming a bottleneck, failing to
provide the required productivity and objectivity, especially under high-speed
production line conditions.

In this context, intelligent computer vision systems (CVS) capable of
automating defect detection and marking recognition processes are of particular
relevance. As global experience demonstrates, the transition from closed to open
defect detection systems enables a substantial increase in inspection adaptability
and reduces the requirements for the volume of annotated data [1]. The
development and implementation of such systems at enterprises of Kherson
Oblast aligns with the import substitution and technological sovereignty strategy,
allowing not only an improvement in product quality but also a reduction in
inspection costs [2].

The objective of this study is to develop methods and algorithms for an
intelligent computer vision system adapted to industrial production conditions,
with a view to implementation at enterprises of Kherson Oblast.

To substantiate the relevance of this work, an analysis of the current state of
the region's industry was conducted. According to regional government data, the
industrial sector of Kherson Oblast demonstrates sustained positive dynamics. As
of the end of 2025, industrial tax revenues increased by 30% compared to the
previous year — from 116 million RUB to 151 million RUB. The number of
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operating industrial enterprises has increased from 28 to 60 since 2023, i.e., more
than twofold. The left-bank territory hosts 138 large industrial complexes,
predominantly in the food and processing sector. In January 2026, the Governor
of Kherson Oblast announced plans to launch seven new production projects in
2026, including the already operational pasta production plant and the Beryslav
bakery, as well as the Henichesk salt plant scheduled for commissioning in the
first half of the year.

The socio-economic development program of Kherson Oblast has received
substantial federal funding. According to the Governor's report to the President,
346 measures were implemented under the program in 2023-2024, with 133
billion RUB allocated. An additional 82 billion RUB was allocated in 2025. In the
investment attraction domain, 60 investment sites have been established in the
region, and 45 agreements with investors have been concluded for a total amount
exceeding 10 billion RUB. Approximately 13,000 enterprises are registered in the
region, with own-source revenues exceeding 7 billion RUB.

The Industrial Development Fund (IDF) plays a key role in supporting
enterprises. In 2023-2025, the Fund financed 13 projects for a total amount
exceeding 500 million RUB. Since 2023, the Free Economic Zone has registered
17 industrial enterprises and concluded 46 investment agreements.

The industrial structure of Kherson Oblast is characterized by the
dominance of food processing, construction materials production, and mechanical
engineering. According to federal government information, the region hosts 116
enterprises, with key sectors including mechanical engineering, chemical and light
industry, production of construction metal and non-metal materials, and paper and
paper products. It is important to note that the region's mineral resource base is
relatively limited — comprising 38 deposits, represented predominantly by clays
and loams, sands for concrete and silicate products, construction sands,
construction stone, and limestone. This resource specialization determines the
priority directions of industrial development and imposes specific requirements on
quality control technologies.

Keywords: computer vision, defectoscopy, rolled metal, regional
development, Kherson region.
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