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MOTEHUWUANT MOBUJIbHBIX LOW-CODE MJIATOOPM
B BbICLLIEM OBPA30OBAHUMU
A. A. Angpees

MempozagogCkul 20cygapCmBeNALI JHUBEpEUmEN
Mlempo3asagek
andreev@cs.pctrsu.ru

[TpencrapieHbl apryMeHTbl B M0Jb3y MpenojaBaHus B nporpammax O6axanabpuara MT-
HanpassaeHHocTH low-code nnardopm pazpaboTKi MOOUJILHOTO MPOrpaMMHOTO 00eCreueHH s,
PaccMoTpeH cripoc Ha pbIHKE TPy/Ia B MECTO B 06pa3oBaTeIbHOM TIpPOIlecce.

KimoueBsbie cyioBa: mporpamma oOydeHHs], NepcreKkTuBbl, low-code, MoGUIBLHOE, TTPO-
rpaMMHOe o0ecreueHHue.

POTENTIAL OF LOW-CODE MOBILE APPLICATION PLATFORMS
IN HIGHER EDUCATION
A. A. Andreev

Petrazavadsk State University
Petrazavadsk

The article presents arguments for educating I'T bachelor students with low-code mobile
application development platforms. Overview for labor market demand and a place in educa-
tion process is given.

Key words: education program, low-code, opportunity, mobile software.

CoBpeMeHHble KOMITAHUH, OCHOBHOH JIEATE/ILHOCTBIO KOTOPBIX He sIBJsIeTCs] pagpaboTKa
nporpaMMHoro obecrnedenust uiu npenocrapiaenune MT-yenyr, 3auactyto HykialoTes B pa3pa-
O0TKe CrelMaau3uPOBAHHOTO TPOTPAMMHOIO 06€eCeyeHUs IS Hy K/l CBOMX COTPYAHUKOB. Tak
Kak ganHoe 110 He siBJsieTest CpeICTBOM MOJydeHHs TPSIMON PUObLIK, OU3HEC He TOTOB BKJa-
NbIBATh 3HAYUTEJIbHbIE JICHEKHbIE CPEJICTBA U BpEMEHHbIe pecypehbl B pa3padoTKy TaKUX [PO-
nykToB. B ¢Bsi3K co crnennduKoil KOMIaHUM UMeIOLIMeCs Ha PhlHKe aHajuord Tpedyemoro 110
MOTYT He YIOBJIETBOPSITH BCeM TPeOOBAHUSIM KOHKPETHBIX NoJib3oBatesei. [lepen Gusnecom
BCTAeT 3a/1aua, ¢ OJIHOH CTOPOHbBI, 06eCeunTh CBOUX COTPYAHUKOB crietdnutbim [1O, ¢ npy-
ToM, ¢cjles1aTh 3TO ¢ MUHHMaJIbHBIMU 3aTpaTamMy.

Ha Bbipyuky GU3Hecy B TaKUX Cjiydasix MPUXOJAT Tak HasbiBaeMble low-code nyiatdopmbl,
T. €. IAaTPOPMBbI /151 pa3pabOTKU POrPAMMHOTO 06ecreueHnsi ¢ MUHUMAaJIbHbIM KOJIMUECTBOM
Kojia, peasuayloliero OusHec-aoruky. [Ipumepamu takux naatdopm spasiotes Salesiorce
Lightning [ 1], OutSystems [2], Microsoft Power Apps [3] u n1p. Onu siBasitorcsi Be6-0pHeH-
TUPOBAHHBIMH MJIaThopMaMK-cepBUCaMK U pacnpocTpanstorces no cxeme B2B. Ilosb3osa-
TeJb (MHXKEHEP-NPOrPaMMHUCT ) UMEET BO3MOYKHOCTb € MOMOLLbIO CPABHUTEBHO MPOCThIX MPa-
(hruecknx BeG-HHCTPYMEHTOB U OUGJIMOTEK 3apaHee MPeloTpeie/ieHHbIX KOMIMOHEHT KOHCTPY-
HPOBaTh HHTePMENC MOb30BATENS, CBA3BIBATH MPUJI0KEHHE C JAHHBIMH, ONPeesisiTh GH3HEC-
JIOTHKY Ha BBICOKOM YPOBHE.

OTae/IbHBIM CLieHapHEM B COBPEMEHHOM MHpe siBJsieTcsl pazpadoTka MoGuibHoro [10,
KOTOpOE OTJIMYAeTCs OT BeG-CUCTEM BO3MOXKHOCTBIO JIOCTYIA K allapaTHoMy o6ecreyeHuto
MOOUJILHOTO YCTPOHCTBA (KaMepa, XpaHUJHIIE, IaTIHKH, Pagro-000pyoBaHue ), paboToil 6e3
MOJIK/IIOUEHHsT K ceTH. Tpu nepeunc/ientble Bbillle IAT(QOPMBI TPEIOCTABJISIIOT BO3MOXKHOCTD
cosnapath MyabTHIIaTGopmMertoe 110 (Be6, i0S, Android) ¢ o6uie# uam yacTuaHo 0611l
KOZLOBOH 6a301i.

C noMolIbio TAKMX CHCTEM, KOMMAHHH, MOJIb3YSCh YCJAYraMu NOAPSAUMKOB UJIH CHJIAMH
cobcrBeHHbIX MT-cotpynuukoB (TpeGoBaHus K KBasupUKaluun U 00beMy padodel CHJbl
CYLECTBEHHO CHUAKAIOTCS ), MOTYT MPOU3BOIUThL MPOrPaMMHOE 06ecreueHnst 1Jisi BHYTPEHHHX
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Hy2(71 ObICTpPee U JiellleBse B 1eCATKH Pa3 OTHOCHTE/IbHO HU3KOYPOBHEr0 Kojia niatdopm An-
droid u iOS, u B pasbl aeleBse u 6picTpee MJAATGOPM CPEHETO YPOBHS, Taknx Kak React-
Native u Progressive Web Apps.

Ha rekyiuit MomeHT nporpaMmbl noarotroBku MT-cneuuanucros B [leTpo3aBojckom roc-
Y/1lapCTBEHHOM YHUBEPCHUTETE U MHOTHX APYTHX By3ax Poccuu He BK/IIOYAIOT 00yueHHe KaKUM-
6o low-code nmaropmam. Takum o6pa3oM, MHUPOKUH KPyr BaKAHCHH Ha MO3UIMH 110 pa-
6ote ¢ low-code cucTeMamu SIBJISIETCS 3aKPBITBIM JJIs1 BBITYCKHUKOB, TpeOyeT 1000ydeHus]
1 11epenoJroToBKU. Ha MoMeHT Hanucanus qanHok ctatby Ha Tepputopur CHI noctynno 60-
Jiee 100 OTKpPBITBIX BAKAHCHH, CBSI3AHHBIX C MIepeurCJIeHHbIMU TpeMs low-code nmiatrdopmaMu
(no nanHbIM hh.ru 1 1pyrux npoduabHbIX PeCypcoB).

[Ipu sTom low-code nsatopmbl OTJMUHO TMOAXOASAT JJs1 HEKOTOPHIX Mporpamm Gaka-
JlaBpuaTta B uacTHOCTH W 1151 Bhicliiero M T-o6pazosanus B tiesiom [4]. Tak, PT'OC no nanpas-
qennto noarotoBku 09.03.04 [lporpamMmmuas nHxKeHepusi (B YACTHOCTH, MpPUKJaAHOH Gaka-
JIAaBPUAT) TJIACHUT, UTO MPH pazpaboTKe U peasu3alldi MpOTrpaMMbl OpPraHU3alHs OPHEHTHPY -
eTcsl Ha KOHKPETHBIH BUJL TPO(eCCHOHANBHON IEATEbHOCTH, UCXO/IS U3 TTOTPeOHOCTEN PhIHKA
Tpyna. Cpeay npodeccHoHaNbHBIX KOMIETEHIUH €CTh BJaJleHHe HAaBbIKAMH MCIOJIb30BAHUS
pasJIMUHBIX TEXHOJOTHH paspaboTku nporpammuoro obecrneuenusi (I1K-3); crnocofnocts
Co3/1aBarh rnporpaMmmubie nurepgeficol (11K-22).

[To cBoeii cnenunduke low-code maaTgopmbl ABAAIOTCS He CTOJNLKO OTAEIbHBIM 3bIKOM
1l GpefMBOPKOM, CKOJILKO SKOCHCTEMON CBS3AHHBIX TEXHOJIOTHI pa3paboTKu uHTepdeiica,
Ou3Hec-JIOTUKU U XpaHeHusi Janubix. [1pu sTom low-code naarcopmbl o cBoeil KOHLENIUH
JIOCTATOUHO MPOCThI /U1 OCBOEHUS U Hauasa UCIOJb30BAHUS. DTO MOATBEPAIAETCS, HATIPHU-
Mep, CXeMoil pacrpocTpaHnenus u joctyna Microsoft Power Apps: Bce coTpyiHHKM oprannaa-
MU C JIMLEH3UeH UCMOoJIb30BaHUsT MPUI0KEHUH Ha 3TOH myiaTopMe MUMEIOT JIOCTYI TAKMKE
K HHCTPyMeHTaM pa3pabOoTKH, ClelHaJbHbIM YIIPOIIEHHBIM PYKOBOJACTBAM pa3paboTUMKa,
pecypcam i caMooOyueHHst U OBICTPOro Hauaja MCoJb30BaHus (T. H. training in a day,
KpaTKUi JIHEBHOH KypcC, NOCBSLIAIOIIMEA B 0CHOBBI pa3patotku [10). Takum o6pasom paspa-
60TaThb MPOCTEHUIINE MHCTPYMEHTHI, 00Jerdaluiye noBCeJAHEBHBIE padouue 3aJaul, MOTYT
He TosbKO U T-cnenuanuctel, HO U PojIBUHYThIE TOJIb3oBaTeu [TK.

baaromapsi mpocToTe U CX0KECTH KOHILEMIMH OIHAa WKW HeCKOJbKO low-code miardopm
MOJXOAAT JI/Is1 IPENoJaBaHusi B paMKax KypCcoB 10 BbIOOPY, CMEUKYPCOB WU (aKybTaTHBOB
Ha cTapliux Kypcax OakajiaBpuaTa (TpeTHH W ueTBepThifi rox oOydennsi). Ha sTux kypcax
CTY/IEHTbI y2Ke 3HaKOM ¢ 6a30BbIMH MeToiamMn pazpabotku [10, npoektupoBanus 6a3 1aHHbIX,
KOHCTPYHPOBAHHUS MOJb30BATEbCKUX HHTEP(EHCOB, UTO 00JI€rUNT 03HaKOMJIeH e ¢ low-code
n1aTopMoil B paMKax KpaTKoro Kypca. Takol 1oJxoj NO3BOJUT CTY/IeHTaM U3YUHTh OJIMH WJTH
HECKOJIbKO MHCTPYMEHTOB, BOCTPeOOBAHHbBIX pab0TOAATENSIMU, TO3BOJIUT IPUMEHUTD LIHPO-
KHH KPYT MOJIydeHHBIX paHee 3HaHUH B paMKax ojiHo# miiaTdopmbl paspadotku [10.

Mtuorue naarhopmbl NPEIOCTABJSIOT BO3MOXKHOCTb GeCIJIATHOTO  UCTOJIb30BAHUS
17151 By3oB (Power Apps, aniiensus Office 365 Al), mosHOCTbIO GeCTJIaTHBIA IOCTY /IS pas-
paGoTunkoB (Salesforce) unn orpaHUueHHBIN 10 BpeMeHH OecCTJIaTHBIH J0CTY K TIOJTHOMY
thyHKUMOHa y Jiis o3HakomgeHust (OutSystems). 1o nosBosisieT HCMOAB30BATh WX B MPO-
rpammax o6pasoBaHus 0e3 3HaunTebHbIX 3aTpaT. T. K. Bce miaatdopmbl NPeoCcTaB/IsIoT Be6-
MHCTPYMEHThI JU151 paspaboTKH, /7 06yUeHHs J0CTAaTOUHO TOJIbKO JIHIIb KOMITbIOTEPA C I0CTY -
MOM B MHTEpHET. DTO SIBASETCS B TOM UHCJIE MPEUMYIIECTBOM JUIsl ylaJeHHOro oGydeHust
B YCJIOBUSIX TIAH/IEMUH.

Taxkum o6paszom, low-code mnatdopmbl paspabotkn [1O (B yacTHOCTH, MOGHIBHOTO ),
MOTYT 000TaTUTh NPOrpaMMbl 0aKanaBpuaTa BOCTPeOGOBAHHBIMM Y OU3HeCA TEXHOJOTUSIMH,
MOBBICHTb MOTEHIMAJ TPYAOYCTPOHCTBA BbIMYCKHUKOB, 3a/€eHCTBOBATH W HATPEHHUPOBATH
LIMPOKHUH KPYT MOJIyYeHHbIX B paMKax 0OyueHusi 6a30BbIX 3HAHHI.
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LIUDPOBBLIE TEXHOJIOTMU OBPABOTKU U30BPAXEHUN
HA OCHOBE AHAJIU3A LIBETOBbIX I'PYMMN
B. B. Angpiacenko, H. Jl. Mockun

TIempo3a80qCKl Z0CyGapCmBENAbIE yHuBepCImEn
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B pa6ore onucbiBaeTcsi METO/ /ISl BblleJIeHHsT 1IBETOBBIX TPy HA OCHOBe 00PabOTKHU
Npe/ICTaBJIeHHbIX IBETOBLIX OTTEHKOB B pacTpoBoM H3oOpaxkenuu. I locsie nosydenus u o6pa-
OOTKH KapThl IBETOB KOJUIECTBO MCIOJb3YEMbIX B HUX OTTEHKOB MPUOJMKAETCS K KOJHUE-
CTBY LIBETOBBIX IPYII, UTO MO3BOJUT 3HAUMTENBHO CXKMMATh KapTy LIBETOB, MPEBPATHB €€
B HHJIEKCUPOBAHHOE U300pakeHHe, MPHU 3TOM COXPaHss KaueCTBO HCXOJHOTO H300parkeHHsl.
Ilnsi npoBeieHUsT SKCIIepUMeHTOB Obljla peajin3oBana nporpamMma B cpeiae C++ Builder
nakera Rad Studio 2006.

KutioueBble cyioBa: pactpoBoe uzobpaxkenue, 1etoBas rpynmna, HSL.-npeo6pasopaHue,
CKaTHe.

DIGITAL IMAGE PROCESSING TECHNOLOGIES BASED
ON COLOR GROUP ANALYSIS
V. V. Andryusenko, N. D. Moskin

Peteazavadsk State University
Petrozavadsk

This paper describes a method for selecting color groups based on processing the repre-
sented color shades in a bitmap image. After receiving and processing the color map the num-
ber of shades used in them approaches the number of color groups, which will significantly
compress the color map, turning it into an indexed image, while maintaining the quality
of the original image. To carry out the experiments the program was implemented in the C++
Builder environment of the Rad Studio 2006 package.

Key words: bitmap, color group, HSL-transformation, compression.
[Ipn 06paboTKe W XpaHeHHH PacTPOBbIX M300paxKeHWIH CUMTAETCS! Ba’KHBIM YUMThHIBATh

COOTHOLLUEHHE paSMep/KaquTBo, ﬂpl/lllél\/l 3dBHCHUMOCTDb MpsiMagd: veM BbllIe KavyeCTBO, TEM
60Jsbllle paaMep (M HAOOOPOT, YeM HUXKe KauecTBO, TeM MeHblie pasmep). M3 anroputmos,
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KOTOpbIE MCMOJb3YIOTCS YISl C2KATHST U300PaXKeHHH, MOXKHO BbIIEMTh IBA OCHOBHbIX THMA:
6e3 MoTepy KauecTBa u ¢ norepeil kauectna (Hanpumep, anroputm JPEG)[1].
Ecin paccmaTpuBaTh HEKOTOPble €CTeCTBEHHble W300pakeHusi (T.e. u300paxKeHwus
peasibHO CYLIECTBYIOLIMX OOBEKTOB WJM KOMIO3HLHMIO M3 HHX), TO CTAHOBSTCSl 3aMeTHbI
BIOJIHE ONpe/ie/ieHHble 3aKOHOMEPHOCTH:
e [JIaBHOE M3MEHEHHUE 1[BETOBBIX OTTEHKOB,;
e  CIVIQXKeHHOCTb IPaHULL BHYTPH U MEXKy LIBETOBbIMH TPyINaMHK;
® BO3MOXKHOCTb MaclITaGUpoBaHUs 0e3 CHJbHOH MOTEpH KauecTBa KaK B CTOPOHY
YMEHbIIEeHHs, TaK U B CTOPOHY yBeJIMIeHHUs 300 paxKeHns (JI0 3-X Wi 4-x 6e3 puMe-
HeHM$1 aITOPUTMOB MOBBILIEHNS] KAUECTBA );

®  BO3MOXKHOCTb Oosiee 3(DHeKTHBHOTO MPUMEHEHHs] aITOPUTMOB MOBbILLIEHHS KauecTBa
(/17151 MICKYCCTBEHHBIX OHU MOKA YTO 5(h(DeKTUBHBI B 04€Hb MAJIOH CTEIEHH );

®  CPaBHUTEJBHO MAJIOE KOJMIECTBO IIBETOBBIX MPYIIT U OOJIBIIOE KOJHMIECTBO IBETOBBIX
OTTEHKOB.

IT0 N03BOJISIET C/leNIaTh BbIBOJ, UTO €Cyii pa3paboTaTh airOPUTM ISl BblIeJeH sl IBETO-
BbIX TPyl Ha OCHOBe 06pabOTKM MpPeACTaBJEHHbIX LBETOBbIX OTTEHKOB B H300paxKeHHH,
TO MOYKHO 3HAUNTEJIbHO YMEHBIIUTh 00BEM JAHHBIX, TPeOYEMbIX I XpaHEHHST STOTO U300 pa-
JKeHnsl 6e3 MoTepH KauecTna.

OcHoBHas wjiest JAHHOTO MOX0/1a 3AKJI0UAETCS B TOM, UTOOBI 00bEIMHUTD TTOJHOIBETHBIE
1300paKeHHsl ¢ MHIEKCHPOBAHHBIMU. OT MepBbIX OepeTcst Bce MHOTO0Opa3ne 1IBETOBBIX OT-
TEHKOB (B peasibHOH KU3HHU, KOHEUHO K€, OHO CHJIbHO OTPAHHUYEHO 1IBETOBON HACHILIEHHOCTHIO
00BEKTOB U YCJIOBUSIMM OCBELILEHHUS ), @ OT BTOPBIX - MHAEKCUPOBAHHUE 1IBETOBBIX FPYII BMECTO
KOJIMPOBAHHSI IBETOBOTO Manasona. [lonpoOyem npeactaBuTh, 4To JJ1s1 STOTO NOTPeOyeTCs:

1) ITostydenne uBeToOBOH rpynibl ( MHEKCA 11BeTA) - UCoJib3yeMoe HS.-npeo6paszoBanue
[2] cpasy naet TpeOyeMblil pe3ysibTaT B CBOeH KoMroHeHTe H:

R'=R/255
G'=G/255
B'=B/255

Cmax = max(R', G', B')
Cmin = min(R', G', B')
A = Cmax — Cmin

0°,A=0

GI _ !
60° X (T mod 6>,Cmax =R’
B' — R’ ,
60° X <T+2>,Cmax= G

60° x <T+ 4>,Cmax =B

0,A=0

S =
1—12L -1/’
L = (Cmax + Cmin)/2

2) IloJrydeHue «CBETJIOCTH» - TYT HCIOJIb3yeTCs [ KOMIIOHEHTA B pedyJibTaTe npeobpaso-
BAHMSI.

3) Ilosyuenue kapthl 1BeToB. Jlasi ucnoJibayemoro npoctpanctsa HSL MOXHO B3SITh
yCpeIHEHHbBII LIBET OKPACKH (TO €CTh 6e3 BAHUSHUS KOMITOHEHTHI L)

C'xy = HSL(Hxy, Sxy, 50%),

A<>0
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rae HSL - 310 dyHkius npeodpasoBanusi komnoHeHtoB H, S, L. B peaynbTUpyOLLHii IBET

RGB[3]:
c=(1-12L-1|) xS
x=cx(l-|(H/60° mod?2-1|)
m=L-c/2
( (¢,x,0),0° = H <60°
(x,¢,0),60° = H <120°
R _ ) (0,¢,x),120° = H < 180°
(R, G5 BY=1 (0,x,¢),180° < H < 240°
(x,0,c),240° = H < 300°
\(¢,0,x),300° = H < 360°
(R, G, B) =((R'+ m)x255, (G' + m)*x255, (B' + m)x255)

[Tpun o6paTHOM NPeodPA3OBAHUU JIETKO MOXKHO OYJIEeT MoJyunTh 06paTHO CXy Ha OCHOBA-

HUH yKe u3BecTHbIX C'xy u Lxy:
C'"xy = HSL(H'xy, S'xy, Lxy) = Cxy,
rne H'xy u S'xy nosnyuenst HSL-npeoGpasoBanuem uz C'xy.

Puc. 1. Hexonnoe n3o6paxceHue H KapTa BETOB

4) O6pabGoTKa KapThl IBETOB U yMeHbIIEHHEe LIBETOBOTO 1ManasoHa.

OcHosnas naesd 3akjaroyaeTcd B TOM, 4yTOObI U3 BCETO JHanasoHa noJiydMrMBLIMXCA OTTCHKOB
B (3) OCTaBUTb TOJILKO T€ 1IBE€TA, KOTOPbIe HAa BCEM CBOEM JIMana3oHe MHeK a 1BeTa AatoT 15
HEro nBeTra HUCXOAHOTI'O usoépameHuﬂ, UCKJ/I0Uast U3 HHUX HU3ObLITOUHBIE UBETOBbIE OTTEHKH.
B koneunowm utore nocJsie Tako# 06pabOTKH KOJUUECTBO HCIOJb3YEMbIX 1[BETOBBIX OTTEHKOB
NPUOIUIUTCS K KOJMIECTBY LIBETOBBIX TPYIII, UTO MO3BOJUT 3HAUUTENBHO CKUMATh 3Ty KapTy
[IBETOB, TPEBPATUB ee B HHJIEKCHPOBAHHOE H300paXKeHWe, MPU 3TOM COXpaHsIsl KauecTBO
MCXOJHOTO U300 paXKEHHsI, UETO HENb3ST JOCTHUb OOBIYHBIMU CITOCOGAMH.
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Ha npumepe pesysibTaToB 06paboTKH OJIHOTO U3 U300PAKEHUH MOXKHO 3aMETHUTh, UTO MPH
JIOBOJILHO MaJIOM KOJIMUECTBE TPy LBETOB TEM He MeHee MoJydaeTcsi HeKOTOpoe ApoxKaHH1e
OTTEHKOB B pe3yJibTaTe Takoro npeodpaszoBanusl. ITO B OCHOBHOM 06YCJOBJIEHO HEOIHOPOL-
HOCTbIO OTTEHKOB MEXKIly YUacTKaMH CO CPeJIHeii CBeTUMOCTBIO H yuacTKaMu TeMHee,/cBeT/ee
(4TO BBI3bIBAET OTKJIOHEHHS] B TY WJIH HHYIO CTOPOHY), FPaMEHTHbIMHU Te€pexoiaMi Mex1y
OJIM3KUMU [IBETaMU, a Takke apTedakramu JPEG-Kommpeccny.

Iyt mpoBe/leHus1 SKCIepUMEHTOB Oblila peasn3oBaHa nporpamma B cpete C++ Builder
nakera Rad Studio 2006. Ha puc. 2 nokaszan npumep npeoOpasoBaHust pacTpoBoro uoopa-
JKEHHsI, KOTOPBIH JIeMOHCTPUPYET pe3yJbTaThl aHa/iu3a H300paKeHHsl (cJeBa HampaBo
1 CBEPXY BHU3):

CXy (MCXO/IHbIH LIBET);

(Rxy+ Gxy+ Bxy)/3;

Lxy (cBeTsioCTh);

criaxkuBanue (2) u (3);

HXxy (MHIeKC 1BeTa );

TUCTOrPAaMMa 1IBETOBbIX OTTEHKOB 110 Hxy u LXy;
orsinune (3) ot (2);

orsinune (4) ot (2);

CTaTUCTHUKA LBETOBBIX OTTEHKOB 10 Hxy u Lxy.

LXNOD T W=

O6paiorwa waoBpame uki [@=1l5)

Puc. 2. Pesysbtatsl paboThl HPOTPAMMBbI

Ha[LO OTMETHUTDb, UTO JIAHHBINA MOAXO/ ITOKa YTO HEAOCTATOUHO XOPOIIO MOAXOAUT IJId C2Ka -
THs H306pa}KeHHIL/,I, e HCIOJIb3YIOTCA HEOAHOPOAHbIE LBETOBbLIE TEKCTYPhI HOBerHOCTefI
00bEKTOB U MHOXKECTBEHHbIE HCTOUHUKHU CBETA C PAa3HbIX UBETOBLIX I'PYIII, 4 TAKXKe I'paJueHThI
MEK1y HECKOJIbKUMH UBETOBLIMH I'PYTITTAMH.
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PA3SPABOTKA CEPBUCA KOHTPOJI191 ONEPATOPA
B ONACHOW OBJIACTU CTAHKA
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MempR3380gCKU 20CYGapCMBENRHIE YHUBEpCIMEN
TIEmpa3asoqcK
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CoBpeMeHHble CHCTEMbI JIUATHOCTHKU 00OPYILOBAHHUS MO3BOJSIIOT ONpeesiTh padoune
COCTOSIHUSI MALIIMHHBIX Y3JIOB U KOMIOHEHTOB. COBPEMEHHbBIE CHCTEMbI BUIEOAHATMTHKH 1103~
BOJISTIOT paclo3HaBaTh orepaTopa B OMacHON 00JacTH paboThl cTaHKa. KoMOUHAIMs cucTeM
JIMaTHOCTUKKM M BMICOAHANIMTUKYU T03BOJSET OOHAPYKMBATh M NpeAynpexaaTh oneparopa
B OnacHoi o6JlacTH CTaHKa BO BpeMsi pabOThbl MALIMHHOTO 0GOPYIOBAHHUS, HAXOJSIIErocs
B 2Kcmjyarauuu. B poknane pacemarpuBaercs paspaboTKa CepBUCA KOHTPOJIA ollepaTtopa
B ONACHOW 0OJIaCTH CTaHKa, MO3BOJAIOLIAA ONPEAENsATh PA3JIUUHble COCTOSHUS: «OrepaTop
Ha MecTe», «OolepaTop OTCYTCTBYET», «OMEPaTOp HAXOAUTCS B OMACHOH 30HE», «CTAHOK
0€3 KOHTPOJISI»,

KaioueBble choBa: HpOI/ISBOﬂCTBeHHbIﬁ MOHUTOPHHT, nepncbepnﬁmaﬂ BHJicOKaMepa,
BUJICOAHAJMTUKA, UHTCPHET Bemeﬁ, JHATHOCTHUKA O@O]Z)YI[OBHHI/IF[.

DEVELOPMENT OF A SERVICE FOR MONITORING THE OPERATOR
IN THE DANGEROUS AREA OF THE MACHINE
N. A. Bazhenov, V.A. Averkov, K.A. Kulakov

Petrazavadsk State University
Petrazavadsk

Modern equipment diagnostics systems determine the operating states of machine
assemblies and components. Modern video analytics systems make it possible to recognize
an operator in a dangerous area of the machine. The combination of diagnostics and video
analytics systems allows the operator to be detected and warned in a dangerous area of the
machine while it is running, i.e. in operation. The paper proposes the development of a service
for monitoring the operator in the dangerous area of the machine, which allows you to deter-
mine various states: «operator in place», «operator is absent», «operator is in the danger
zone», «machine without control».

Key words: production monitoring, edge camera, videoanalytics, Internet of Things,
equipment diagnostics.

CoBpeMeHHble CHCTEMbl MOHHTOPHHTA MPOMbILLIEHHOTO 000PYI0BAHHS TTO3BOJSIOT 06€eC-

reyuBaTh HeOOXOJMMYIO HAJIEXKHOCTb H Ge30MacHOCTb Ha 00beKTe. B npoliecce aKcnyaTaluu
Bpalaiollerocsi 060py/l0BaHHsl BO3HUKAIOT aBapHiiHble CHTYallMd, CBsI3aHHble C jedeKTamMu
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M OTKJIOHEHUSIMH B MEXaHUYECKHX y3J1ax, BHYTPEHHUX Y3JlaX CTaHKOB M T. 1. [la1s TOro uroOnl
130e:KaTh aBapuil NpeyCMOTPeHbl Takue 3PpeKTHBHbIe pellieHus [1] B cucTeMax MOHUTO-
pUHra, B KOTOPbIX OPraHU3yeTcs HernpepbiBHOE HAOJIOACHME 3a y3/JaMH BpallaoLerocs
000pYLOBAaHUsA, HA KOTOPbIX YCTAHOBJEHO OOJIbLLIOE KOJHYECTBO AATYHKOB. CBOEBpPEMEHHAs
JIMarHOCTHKA U MPOTHO3HPOBAHHE MO3BOJSIIOT 0OHAPYKUBATh OnacHble AedeKThl B npolecce
MX BO3HUKHOBEHHNS M PA3BUTHUS U 3apaHee NpeaynpekaaTh 00 3ToM 00CTyKUBAIOIINH T1epCo-
HaJl. 3a4actyio e(eKTbl 0OHAPYKHUBAIOTCSA U C UCTIOJb30BAHUEM TTOX0/A HEHPOHHBIX CeTel
Ha OCHOBE JIAHHBIX 0 BUOPALINK U IPYTHX CUUTHIBAEMbIX IJAHHBIX.
PaszBurtue TexHoNOrHiH BHIeOHAOJIOEHHST 32 0O BEKTAMHU BEJIET K TIOBCEMECTHOMY HCIIOJIb -
30BaHUIO YCTPOUCTB PErucTpaLii BUAeO. Kak npaBuiio, BUaCOaHAJUTUKA 3aKI104AETCA B COB-
MECTHOM MCIOJIb30BAHHH MePeIoBOro KommbioTepHoro 3penust (CV) M HCKyCCTBEHHOTO
untennekra (Al) uau matmunoro o6yuenus (ML) [2]. B Tom uncne, anroputmbl BUaeoaHau-
THKH TPeOYIOT GOBIIOTO KOJTHUECTBA BbIUMCANTENLHBIX pecypcos Ha CPU/GPU. B nanHoii
paboTe OyleT MpPeLJTOKEHO apXUTEKTypHOe pellleHne, Ga3upylolleecs Ha paclpeieseHHOM
BBIUUCJIEHHH COOBITHH, CBSI3aHHBIX C IATUMKAMHU U BUJIEO C UCTTOJIb30BAHUEM BLIUMCHUTENbHBIX
pecypcoB JIOKaJILHOTO cepBepa H LeHTpa 00pabOTKH JaHHbIX.
Buneonabimonenne Ha NpoU3BOJACTBEHHBIX 0G'bEKTAX SIBJSETCS BaXKHOW M HEOTbEMJIEMOK
YacThblo KOHTPOJIS EPCOHaNa U MalluHHOTO 060pynoBaHust. B [3] BBISIBJSIOTCS BO3MOYKHOCTH
NPOMBILIJIEHHO! AHAJMTUKH BMJICOJAHHbIX. PaccmartpuBaloTcs BHACOCEPBUCHI, KOTOpbIE
NPEeIOCTABMASAIOT BUACOAHANUTHKY U1 OKA3aHUS MHTEJUIEKTYyaJlbHOM OMOLIM oneparopam
PYKOBOAMTEIAM B IPOMBILIJIEHHbIX CUCTEMaX UHAyCTpUasbHOro MHTepHera Beled. HacTHbiM
pelleHreM ABJSITCS CepPBUC OOHAPYKEHUS NPUCYTCTBUS Ue0BeKa Ha paboueM MecTe Mpous-
BOJICTBEHHOTO 0OOPYOBAHHUS ¢ MOMOILLIO HECKOJIbKUX KaMep BHICOHAOJIONEHHUS: B paMKax
paboThl [4] IpeycMaTpUBaIOCh HAXOXKIEHUST PACCTOSTHUST OT oflepaTtopa CTaHKa JI0 MalllvH-
HOTO 000PY/I0BAHHUS C 11eJIbI0 €r0 HAXOXKJIEHUs B onacHoll soHe. /lanHas paboTa paciumpsiet
NPeJJIOKEHHBINH CEPBUC, HCTTONB3YS B BLIUUCJEHUSIX HE TOJBKO BUAEOTOTOKH, HO M NOKA3aTe /1
C IATYUKOB.
PaccmarpuBaeMblidl cepBUC KOHTPOJIS OflepaTopa B oNacHoi 00J1acTH CTaHKa M03BOJIsSIeT
ABTOMATHUYECKH OTCJIE2KUBATH COCTOSIHME BKJIIOUCHHOTO CTAHKA € TOMOLLBIO IATYHKOB U OOHA-
pPy>KMBaTb MPUCYTCTBHE YeJIOBEKA B OMACHOM OOJACTH CTAHKA C TOMOLUbIO BUACOKAMEPHI.
[Ipepnaraercst onpeaenstsb c/eiylolie COCTOSHUS:
e  «omnepaTop OTCYTCTBYyeT» — Oreparopa HeT Ha pabouyeM MecCTe, a CTAHOK BBIKJIIOUEH.
®  «OIepaTop Ha MecTe» — ONepaTrop MPUCYTCTBYeT Ha padoueM MecTe, HO CTAaHOK
BBIKJTIOUEH.

e  «CTaHOK 6e3 KOHTPOJIs1» — oreparopa HeT Ha paboueM MecTe, HO CTAHOK HaXOIUTCS
B SKCILyaTaluu.

e  «omepaTop HAXOJAUTCS B OMACHON 30HE» — ONEepaTop HAXOAUTCS Ha paGoueM Mecre,
CTAHOK HAXOIUTCS B SKCITyaTallliH.
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