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AHHOTanusa. AKmya/ibHOCmM®b. 3arpsi3HeEHHe OKpY»Kalollel cpesibl MyCOpOM /10 CUX IOP OCTAaeTCsl OJHOH U3 CaMbIX aKTyaJlb-
HBIX IP06JIEM COBpEMEHHOI0 MUpa. BaxkHOH yacThio ee pelleHus sIBJsSETCA NpaBUIbHAas COPTUPOBKA Mycopa, KOTopas 1o3-
BOJISIET CHU3UTb 00'b€M OTXO/I0B, @ TAaKXKe YIIPOLIaeT UX NepepaboTKy U YTUAU3aLHI0. ABTOMaTH4YecKasi COpTHUPOBKa Mycopa
M03BOJISIET CHU3UTb UCII0/Ib30BaHME PYYHOI0 TPYZa, a TaKKe BO3MOKHOCTb MHQULMPOBAHUSA PabOTHUKOB. [IpoekTHpoBa-
HUe aBTOMaTH4YeCKOro K/aaccHPUKaLMOHHOTO MyCOPHOro 6aKa NO3BOJIMT PeIlUThb 3ala4y COPTUPOBKH y»Ke Ha CTaZuu o6pa-
30BaHMsA OTXO/0B, yCKOpss npouecc o6e3BpexxuBanus. IJesas. ABToMaTHYecKoe pacno3HaBaHUe MaTepuasia OTXOJ0B U IOo-
clefylollee pacrnpe/eseHle Mycopa 10 COOTBETCTBYIOLIMM KOHTeHepaM CTaHeT BaXKHbIM IIAaroM B HalpaBJIeHUU CO3/JjaHusA
60Jiee YCTOMYNBOM 1 3KOJIOTHUYECKH YUCTON CUCTEMbI yIIpaBjeHus1 0TxoAaMU. Memodsl Pa3paboTKa cUCTeMbl aBTOMaTH4e-
CKOM COpTHPOBKH Mycopa Ha ocHoBe Arduino. I[Ipy nmomomu gaTunkoB Arduino o6pabaTbiBaeT NoJIy4eHHbIE JJAHHBIE U OT-
HpaBJ/sieT KOMaH/Yy UCIOJHUTEJbHOMY yCTPOMCTBY Ha NepeMellieHHe Mycopa B COOTBETCTBYIOLINI KOHTeliHep. Pe3y1bma-
mul U 8b1800b1. CO3/1aHO /iBa IPOTOTHUIIA CUCTEMbI COPTUPOBKH Mycopa. [IepBbIii IpOTOTHII ObLI OCHALLEH MEHBIIUM KOJIH-
YeCTBOM JIaTUYHUKOB, YTO CHMXKAJIO €ro CHOCOGHOCTh TOYHO pa3/vyaTh TUIBI Mycopa. [locjie BHeceHUs 3HAaUHUTEIbHbIX YJIyY-
IIeHHWH 6bla pa3BepHyTa paboTa HaJl BTOPBIM NMPOTOTUIIOM. DTOT NPOTOTHI OTJIMYAETCS HA/EXHOCTBIO 3JIEKTPOHHOH 06-
pabOTKH ¥ MOXKET NMPOAYKTHBHO QYHKIMOHHUPOBATH B JIIOOBIX NOTO/IHBIX YCJA0BUAX 6J1arofaps TIATENbHO NPOAYMAHHOMY
Kopnycy. OTHOCUTEIbHO BbICOKAsi TOYHOCTb ITPH TECTHUPOBAHUH MTOKA3bIBAET, YTO MIPE/JIOKEHHAs MO/JesIb CIIOCOOHA 3ddek-
THBHO COPTUPOBATb OTXO/bl, COKpALlas pyYHOH TPYA U yCKOPss npoliecc yTuan3anuu. OHa UMeeT )KU3HEHHO BaXKHOe Hayy-
HOe 3HaYeHUe U NPUKJIAJHYIO0 IEHHOCTb.

KirroueBble cj10Ba: TBep/jble KOMMYHaJIbHbIe 0TX0/bl, CODPTUPOBKA MycOpa, pacno3HaBaHHe OTXO0/[0B, aBBTOMaTHYeCKasi Cop-
THUPOBKa 0TX0/0B, Arduino

Jia purupoBanmd: XacaHoBa JIL.H., CkypaTtoBa II1.H., Mycuna C.A. Paspa6oTka cucTeMbl aBTOMaTHYeCKOW COPTUPOBKU MY-
copa Ha ocHoBe Arduino // W3BecTusi TOMCKOT0O NOJIUTEXHUYECKOTO YHUBepCcUTETA. MHXKUHUPUHT reopecypcoB. — 2025. -
T.336.-Ne 2.-C.66-78.DO0I: 10.18799/24131830/2025/2 /4632

UDC 628.4
DOI: 10.18799/24131830/2025/2 /4632

Development of an Arduino-based automatic waste sorting system
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Abstract. Relevance. Environmental pollution by waste is still one of the most pressing problems of the modern world. An
important part of its solution is the proper waste sorting, which reduces its volume, as well as simplifies its processing and
disposal. Automatic waste sorting reduces the use of manual labor, as well as the possibility of infecting workers. Designing
an automatic classification trash can solve the problem of waste sorting already at the stage of its generation, speeding up
neutralization. Aim. Automatically recognizing the waste material and then assigning the trash to the appropriate bins will be
an important step towards a more sustainable and environmentally friendly waste management system. Methods. Develop-
ment of an Arduino-based automatic waste sorting system. Using sensors, the Arduino processes the received data and sends
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a command to the executive device to move the waste to the appropriate container. Results and conclusions. Two prototypes
of the waste sorting system were created. The first prototype was equipped with fewer sensors, which reduced its ability to
accurately distinguish between waste types. After significant improvements, the work on the second prototype was deployed.
This prototype is characterized by robust electronic processing and can function productively in all weather conditions due
to its carefully designed housing. Relatively high accuracy in testing shows that the proposed model can sort waste efficiently,
reducing manual labor and speeding up the recycling process. It has vital scientific significance and application value.
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BBeaeHue

Kaxnprii sxutens 3eMi JOJDKEH IOHUMAaTh, YTO
OH, SABJISISICH TIOTPEOUTENIEM U MPOU3BOAUTENEM, HECET
OTBETCTBEHHOCTh 3a MOJeNIb CBOETO IMOBEJAEHUS 0
OTHOIICHUIO K OOpa3yoMmMMCS OTXOAaM B IIpolecce
ero xusHenesaTenbHOcTU. B ctatbe 1 denepanbHOro
3akoHa oT 24.06.1998 1. Ne 8§9-@3 «O6 oTxomax mpo-
W3BOJCTBA W MOTPEOICHUS» OTXOOBI IMPOU3BOICTBA U
MOTPEOJICHUS ONPENEISIOTCA CISAYIONMM 00pa3oM:
BEIleCTBA WJIM MPEIMETHI, KOTOpble OOpa30BaHBl B
mpoIiecce MPOU3BOJACTBA, BEHIIONHEHHS paboT, oKasa-
HUS YCIYT WM B IpoIecce MOTpeOIeHNs, KOTOphIe
YIAIAIOTCS, TPEIHA3HAYCHBI IS YAAJICHUS WIA TOJ-
JIeKaT YIAICHUIO B COOTBETCTBHH ¢ HacTosmuM Dere-
pamBHBIM 3aKOHOM». TakuMm 00pa3oM, OTXOIBI SBIIS-
IOTCS 3JIEMEHTOM TMpolecca >KU3HEIESATeIbHOCTH, KO-
TOPBI HEBO3MOKHO paccMaTpUBaTh OTACIBHO OT APY-
THX MIPOIIECCOB.

Mo mamueiM Poccrarta [1], B 2021 r. poccuiickas
9KOHOMHUKA IIpou3Bena 8,5 MJpA T OTXOJO0B, IPEUMy-
[IECTBEHHO MPOMBIIIICHHBIX, KOTOPHIE OTIMYAIOTCS OT
ObITOBOTO Mycopa. OOBIYHO MYCOPOM Ha3bIBAIOT TBEP-
nbie ObiToBBIE 0TX0/ABI (TBO) M TBepble KOMMYHAIb-
Hele otxonel (TKO), xoTopble coctaBisoT okoio 50
MIH T B Tox B Poccun [2]. O0bemMBl OBITOBOTO Mycopa
MOCTOSIHHO YBEJIMYHMBAIOTCS, MPUMEPHO YIBOUBIIKCH
3a TIOCJICAHUE ABA JCCATIIIETHSI ONaromaps MHpOKOMY
HCTIOJIE30BAHUIO YIIAKOBOYHBIX MaTEPHAIIOB, TAKMX KaK
MOJIMATUJICH, TUIACTHK U OyMara.

CpennectatucTiueckuii >kutenb Poccum co3maer
MpUMEPHO 2 KyOOMETpa Mycopa B TOJl, YTO COCTABIISIET
oxomno 400 kr, wimm 1,1 kr B cytku. bonee onHoii 4eT-
BepTH OT 00IIero oobsemMa Mycopa IPUXOTUTCS HA TTH-
IIeBBIE OTXOJBI, OyMara W KapTOH COCTAaBIIIOT HOYTH
20 %, a crekino — 17 % [3]. B pa3HbIX cTpaHax 3TH CcO-
OTHOIIICHUS 3HAUUTENLHO paznnyaroTcs: B Kutae u
Bpazwmun Oonpinas 4acTh Mycopa COCTOHUT W3 IHIIE-
BBIX 0TX0110B, B CIIIA — u3 Oymaru, a B BemukoOpura-
HUH — U3 TUIACTHKA.

Bo BceM Mupe KOIHYECTBO OTXOI0B, 00Pa3yFOIIHX-
Cs Ha 4YeJNOBeKa B JCHB, COCTaBISIET B CpEIHEM
0,74 xkunorpamMma, HO KOJIEOJIETCS B IIMPOKHUX Tpeie-
nax — ot 0,11 go 4,54 kunorpamma [3]. ExxerogHo 06-
pazyercss He MmeHee 21 % KOMMYyHAIIBHBIX OTXOJIOB
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(T. €. OTXOJOB W3 JKWIIBIX, KOMMEPYECKIUX U WHCTUTY-
IUOHAFHBIX MCTOYHHKOB), KOTOPBIC HE YTHIH3HPY-
IOTCSL DKOJIOTHYECKH Oe3omacHeIM crocoboM. Ecmm
HBIHEITHIE TEMITBI MPOM3BOACTBA TOBAPOB U 00pa3o-
BaHUS OTXOJIOB coxpausrcs, To K 2050 r. obmuii 06b-
€M eKeTOTHBIX HEePaMOHAIbHO OOpAIEHHBIX OTXOIOB
BO BCEM MHpE YBEIUIHTCS OoJiee ueM B JIBa pasa.

W3 ananu3a NPHBEICHHBIX BBINIC JaHHBIX CTaHO-
BUTCS OUYCBHUIHBIM, YTO MPOU3BOJICTBO MycOopa Koppe-
JUPYeT C YPOBHEM HAIIMOHAIBHOTO IoXoha. Haue
roBOpsi, B OOraThbIX CTpaHax B IepecyeTe Ha IyIry
HACEJICHUsI ero BhIpabaThiBacTCs Oouibie. B mocen-
HUE NECATHIICTHS MEXKIyHapOJHOE COOOIIECTBO CO-
CPEIOTOYMIO CBOC BHHUMAHHE Ha BONPOCAX yCTOHYH-
BOTO Pa3BUTHSA U TPEOMOJICHUS IKOJOTMYCCKUX IIPO-
OJieM, CBSI3aHHBIX C KOHTPOJIEM HaJ OTXOZaMH. Takum
00pa3zoM, yIpaBIIeHHE TBEPIBIMH OTXOHAMH SBIISIETCS
r100aNbHOM IpoOIeMOi, KOTopast 3aTparuBaeT Kaxo-
'O YeJIOBEKa U MPABUTEIBCTBA PA3HBIX CTPaH B IIETIOM.

B akTyanbHOCTH JaHHON MPOOJIEMBI MOXHO YyOe-
OUTBCA CaMOCTOATCIIBHO, B3IJIAHYB Ha OTPOMHOE€ KO-
JUYECTBO CIIEUATFHBIX 0aKOB IS pa3ieiabHOro coopa
OTXOJIOB B TOPOJICKOH MH(pacTpykType. Tem He MeHee
JTAHHBIN METO/1 PEIICHNsI UMEET CBOM HECOBEPIIICHCTRA.
VY py4HOrO crocoda COPTHPOBKH OTXOIOB CYLIECTBYET
TaKOH HEJOCTATOK, KaK YeloBeYeCKHi (haKkTop, KOTO-
pBI 4aCTO UTHOPHUPYETCS B IIEPBUYHOM pa3AciCHUH
OTXOJI0B B TopoJickoii cpexe [4]. BombumHCTBO JrOICH
HE 3aQyMBIBAIOTCS HaJ TEM, B KaKOW KOHTEHHEP BHI-
OpOCUTH MyCOp, M3-32 YETO OTXOJBI YaCTO OKA3hIBAIOT-
csi BBIOPOIIEHHBIMU «Kyda momano». Kpome Toro,
rpakJaHaM, KOTOpBIE XOTST MPaBWIIHO COPTHPOBATH
MyCOp, TNPHUXOIUTCS TPATUTh BpeMs HA TO, YTOOBI
pa3oOpaTbes B JaHHOW cucTeMe. /11 MOBBIIEHUS -
(PEKTUBHOCTH COPTHUPOBKH W PEIICHUS BO3HUKIIEH
MpOOIEeMBI TIPEIIaracTcsl aBTOMATH3AIMS BCETO IHKIIA
COPTHPOBKH H MiepepaboTKu Mycopa.

JIuTepaTypHbIii aHAIU3

s momydeHust JaHHBIX 00 aBTOMAaTHYeCKOH cop-
THPOBKE Mycopa OBLI OCYIIECTBICH CHCTEMaTHYCCKHUI
MOWCK PEeleH3UpYyeMOH JIUTepaTypsl B 0a3e JaHHBIX
Web of Science (W0S), kotopast siBisieTcst Benynieil B
Mupe 06a30i1 JaHHBIX HUTHPOBAHUS M BKIIOYACT B CEOs
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MHOXKECTBO aBTOPUTETHBIX MEXKIYHApOIHBIX aKaje-
MUYECKHX >KypHAJIOB II0 Pa3IU4HOM TemaTuke. Temon
morcka Obiaa (automatic) AND (“sorting™ OR “classi-
fication") AND ("garbage" OR "waste"). SI3bIk moncka
OBbII OTpaHNYeH aHTJIMHCKUM, U B HET0 OBUIN BKIIFOYE-
HBl PpeICH3WpYEeMble HAay4YHBIC CTaTh U 0030pHBIE
JKYPHAIIBI, OIyOIMKOBaHHbIE 10 stHBaps 2024 r. B pe-
3ynabpTaTe OBUTO MONMy4deHo B oOmied cinoxxHoctn 307
myOIMKaIHH.

Breun UcIonp30BaHel 1Ba METOLA aHainu3a OnOIMo-
rpaduyeckoit mHpOpMaUK 0TOOPAHHBIX ITyOIHKALIMIA:
OMOIMOMETPUYCCKUI aHAIM3 U BU3yalU3aIus pa3jind-
HBIX KaTeropuii. B paMkax OuOIMOMETpHUYecKOro aHa-
JIM3a TPUMEHSIINCH OLleHKa 3P (EeKTHBHOCTH M HAyYHOE
KaptupoBanue. Mmeercs MHOro mokazatened Juid
OIIEHKH MPOTYKTUBHOCTH HCCIICAOBATENBCKUX dIEMEH-
ToB. B Hactosmeil pabote rpadudeckoe npencraie-
HUE PE3y/IbTAaTOB aHalu3a €XETrOJHOW Hay4yHOH Ipo-
IYKOUH, CPEOHEr0 KONWYEeCTBa HUTHPOBAHUN B TOM,
COTPYIHHYECTBA MEXAY CTpaHAMH WM MPOYEro OBLIH
nonydeHsl ¢ momomipto makera biblioshiny B cpene
paspaborku RStudio. CereBo#t aHanM3 COBIaICHHS

Aticles

KJIFOUEBBIX CIIOB OBLI BBHIIOJHEH HPH HCIOIb30BAHUH
nporpamMmHoro uHctpymeHta VOSviewer.

EjcecodHble meHOeHyuu 8 ny6aukayusix

B pesynbrare nioncka Obuio HavineHo 307 crareit 00 aB-
TOMATUYECKOM COpPTHpOBKE Mycopa. B meprox ¢ 1990 mo
1996 rr. naHHad Tema He ObLIa aKTyaIbHOM B CBSI3U C Orpa-
HUYEHHOCTBIO PECYPCOB TOTO BPEMEHH U CIIOKHOCTBEO pea-
JIM3ALIFH TTIONOOHOTO TIPOLIECca C TEXHUYECKOH TOUKH 3PSHIL
B 1997 r. ObU10 OIMYOIMKOBAHO 5 CTAaTeH, OfHA U3 KOTOPBIX
ObUTa MOCBSIICHA OLICHKE BUXPETOKOBOM TEXHOJIOTHH B Kaue-
CTBE METOJIa JUTS OT/IENICHUS [IBETHBIX METAIIOB OT CMEIIIaH-
HBIX MOTOKOB OTXOIOB M OT MPEABAPUTEIBHO OTIEIEHHOTO
ynakoBounoro mMarepra. C 1998 mo 2011 rr. B cBeT ObLIO
BhIyIIIeHO 33 myormkarmy. B 2012 1. 6bu10 3aUKCHpOBaHO
pe3Koe yBEIMYCHUE YKC/a IyOMKAIMK 10 JAaHHOH TeMe:
ObUI0 co371aHO 14 TPYAOB, YTO 3aMETHO OTIIMYACTCS OT CTaTH-
CTHIKH 3a TpebIayIme ropl (prc. 1, A). K coxanenuro, cra-
TBH HE COXPAHIIT TIPSKHIX TEMIIOB POCTa M TIOCTIC YOS
JiBa TOZla IEMOHCTPHUPOBATN CHIDKEHUE. OTHAKO HAYMHASI C
2015T. ¥ O CEeroHsIIHUI JICHb TPOCIICKUBACTCS CTAOWITb-

Hasl TeH/ICHLIVS TIOBBIILICHHS 3aHTEPECOBAHHOCTH K aBTOMa-
TH3AIUA TIpoIiecca COPTHPOBKK Mycopa: B 2015 1. Obuio
OIyOITMKOBaHO 7 cTareit, B 2022 — 59.
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CpenHee KOIMYECTBO IIUTUPOBAHUN B TOJ MOKA3bI-
BaeT (DIYKTyalMIo MO ToJaM ¢ MaKCHMAIIbHBIM 3Hade-
HueM B 2022 1., B TO BpeMsl KaK MEPBBINA MUK MPHUIIEIICS
Ha 2003 r. (puc. 1, B). TenaeHius Takxke CBHICTEIb-
CTBYET 00 YBEIMYCHUHM HHTEpeca K aBTOMATHUECKOMN
COPTHUPOBKE Mycopa KakK K Ccroco0y perreHus mpoosie-
MBI YTHIIH3AIAN Mycopa.

TI'eozpaghuueckue mendeHyuu 8 ucc.1e008aHUsIX

B reorpaduueckom koHTekcTe ydeHble u3 Kwras,
I'epmanuy, Mamum, Utamun n Mcnanuy 3aHAMArOT JIH-
JIUPYIOIIYI0 POJb M MPOAOIDKAIOT OCYILIECTBIISITh HCCIIe-
JIOBaHUS 1O pa3paboTKe aBTOMaTU3UPOBAHHOTO MpoLiecca
COPTHUPOBKM Mycopa M TOCIEAYIOIIEH €ro yTHIN3aluu
(puc. 2, A). 3a ocneHAE TPH ACCATHIIETUS OOJIBIIIE BCE-
ro pabor ObuIO omyOimkoBaHo B Kurae (256 crateit),

3ateM B ['epmanuu (45 crareii) u Uugum (37 crareid), B
TO BpeMs KaK B JPYTHX CTpaHaX 3Ta TeMa U3ydaiaach pe-
xke. [lo manHOMy mokazaremo Poccust Haxonutes Ha 14-m
MecTe, MOCKOJIbKY OBUIO CO31aH0 Beero 12 TpynoB.

COBMECTHBIC HCCIICIOBAHUS MEXKIY CTpaHAMHU ObI-
JI1 BEChbMa OTrpaHWYeHHbIMHU (puc. 2, b). AHanu3 cere-
BBIX CBsI3eil mpomemMoHcTpupoBan, uro Kwuraii, Ucna-
Husi, CLOA, BenukoOpuranus u ['epmanHus mokasaiu
BBICOKHI YpOBEHb Koollepaniud B pabote. JlaHHBIC
CTpaHbI SBISIOTCS JTHIEPaMH B OOJIaCTH HAYYHBIX HC-
CJICZIOBAaHUN W MHHOBAIIUIA, YTO 0OECIEYMBACT ILIO0-
TBOPHOE COTPYIHHYECTBO B pa3padOTKE COBPEMEHHBIX
u Hanbolee 3(h(HEKTUBHBIX CIIOCOOOB PEIICHHS JKOJIO-
THYECKUX TMPOOJeM, a TaKKe B COBEPUICHCTBOBAHHU
YK€ CYIIECTBYIOIINX PELICHUI.
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CognadeHue K/1104€8bIX C/108
u memamu4eckasi kKapma e ucc/1e008aHusIX

CereBoil aHajaM3 M COCTaBIEHUE TEMATUYECKON
KapTbl HA OCHOBE KIIFOUEBBIX CJIOB (KJIIOUEBBIC CIIOBA
aBTOPOB M KiroueBbie cioBa PIlUS) WMrparoT BakHYIO
POJb B IOHUMAaHUH W3MEHEHHH U BO3HUKAIOLIUX TEM B
uccienoBaHusix. Jlng omnpeneneHus TeMaTH4ECKOU
CTPYKTYpHI TOJsI OBUT MPOBEICH aHATU3 COBMAICHHUN
KIIIOYEBBIX CIIOB aBTOpOB (puc. 3, A). Beero 0110 BbI-
SIBICHO UeThIpe KJIACTepa, CBSI3aHHBIX C aBTOMaTHUYe-
CKOH copTupoBKOU Mycopa. KpacHslii KiacTep sABIAET-
Csl OCHOBHBIM H COJICPXKHT CEMb KITFOUEBBIX CIIOB, 000-
3HAYAIOIIUX OCHOBHYIO LIE/b UCCIICIOBAHUS, TAKUX KaK
«TepepaboTKay, «COPTUPOBKA» M «aBTOMATHYCCKAs
COPTHPOBKAY.
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Fig. 3.

3eneHbIi CCKTOP COCTOUT U3 ICCTH TCPMHUHOB, CBA-
3aHHBIX C FJ'Iy6OKI/IM MalllMHHBIM O6y‘IeHI/IeM, CUHUN —
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Y3 TATH TEPMUHOB, IIOCBAIICHHBIX CBEPTOYHOU
HEWPOHHOM CETH, KEJITHIN — U3 IATH TEPMUHOB O KOM-
MBIOTEPHOM 3peHuH. Haumbonbias yactora BcTpevae-
MOCTH MPUXOIUTCS Ha TEPMHUH «TITyOOKOe 00ydIeHHUE»,
TaK KaK aBTOMAaTHYECKas COPTHPOBKA MycOpa TECHO
CBs3aHA C KOHIICIIUEH TIyOOKOTo oOydeHus. ITo
MTOJIBHJ] MAITUHHOTO OOYYeHHs, OCHOBAHHBIA Ha HC-
KYCCTBEHHBIX HEWPOHHBIX CETSIX, KOTOPBIE COCTOST U3
MHOKECTBA CJIOEB, UTO MO3BOJISET UM 00padaThiBaTh U
AHAJIM3UPOBATh CIIOKHBIE NaHHBIC. TakuM 00paszoMm,
riyOokoe o0ydeHue MO3BOJIIET CO3/aBaTh Oojee TOod-
HbIC MOJEIH, MMO3BOJISIS CUCTEMaM aalTHPOBAThCS K
Pa3IUYHBIM THITAM MYCOpa ¥ YCIOBHSAM PabOTHI.

CereBoii aHaIM3 C HCIOJIL30BAHMEM KIIFOUEBBIX
cioB plus BeisiBun uethipe kimacrepa (puc. 3, B). Oc-
HOBHOW KpacHbIH (28 TepMWUHOB) M 3elleHbIA (25 Tep-
MHHOB) KJIaCTepPhl OTPAKAIOT HAMPABICHHOCTh HCCIIC-
JIOBaHMI Ha MOJICIIA aBTOMATUYECKOH KiIacCH(DUKAIMU
mycopa. CuHuit (23 TepMuHA) U JKEATHIH (6 TEpPMUHOB)
KJIACTEPBI CBSA3aHBI C YIIPABIICHUEM OTXOJIaMH B IIEJIOM:
«OTXOIIBI», «IUTACTHKY», «aToMuHui». Cpemu Apyrux
4acTO BCTPEYAIONIMXCS TEPMHHOB OBUIN «KIIACCH(U-
Kalus», «HICHTH(QHKAIAS» H «CTIEKTPOCKOTIHS.

J1s1 BBISBJICHUS] TEMAaTHUECKON CTPYKTYpBI KITFOUe-
BBIX CIIOB OBUT TIOCTPOCH JBYMEpHBIN rpaduk (puc. 4).
HccnenoBarenbckue TEMBl, HaXOMISIIUMECS B IPaBOM
BEPXHEM VYINIy M XapaKTePU3YIOUIHECs BBICOKHMU
BHYTPEHHHMH ¥ BHEIIHUMH ACCOIMAIMSIMHU, CUHTAIOT-
Cs1 OCHOBHBIMH B JuTepaType. TakuM oOpa3oM, MOKHO
BBIJICJIUTh TPH KJIIOYCBBIX HAMPABICHHS B HCCIICIOBA-
HUAX M0 JAHHOM TeMe.

system
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recagnition

separation
environmantakmpact waste
fabrics classification
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spectroscopy

jler
artficiaBggmgBttwOks
i remaoval

systems.
model
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L enn

demoktian waste
OnTyacton

o
C5)

Relevance degree

(Centrakty)
Puc. 4. KonyenmyaivHass memamuyeckas kapma
Fig. 4. Conceptual thematic map

ITepBoe HampaBlIeHHE COMPOBOXKIAACTCS KITFOUEBBI-
MU CJIOBaMHU «CHCTEMAY, «YIPABICHHUEY, «PaclO3HaBa-
Hue». Bropoe HampaBlieHHE — «OTXOJIbI», IIACTHUK,
«paszneneHue». TpeTbe HampaBlieHUE — «Kiaccu(prKa-
U, «UISHTHQUKAIVSD U «CIIeKTpocKonus». Hampo-
THUB, TCMBbI PICCHeJIOBaHI/Iﬁ B JICBOM HUXHEM KBaJIpaHTe,
C HU3KUMH 3HAYCHUSMHU TUIOTHOCTH W IIEHTPAIbHOCTH,
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SIBISIIOTCS  ¢1a00 pa3pabOoTaHHBIMH HIH (POPMHUPYIO-
IIMMHCA TeMaMH, TPeOyIOIUMH JallbHEHIero pa3Bu-
Tuia. B 3TOT KjacTep Bomia TeMa «BO3ACHCTBHE Ha
OKPYKAIOILYIO Cpemy».

Buigod

Hcxons U3 nuTepaTypHOro aHanusa MyONIUKalui B
0aze mamueix Web of Science, cranosurcs ouesuaHoO,
YTO TEMa aBTOMATUYECKON COPTHPOBKU W YTHUIIM3AIUU
Mycopa ABIsieTCs KpaliHe akTyanbHOH. C KaXIbIM Tro-
JIOM Bce OOJbllle MCCIEHOBAHMI IIOCBSIIAETCS 3TOM
TeMe, ¥ 3TO HEYJAWBHUTEIHHO, BEIb NpobieMa Mycopa —
OJTHA M3 CaMBIX OCTPBIX MPOOIEM COBPEMEHHOTO MHUPA,
KoTopas TpeOyeT HEMEJIEHHOTO PeLeHHs.

B Hacrosiimee Bpemsi CyIIecTByeT MHOKECTBO HC-
CJIeTOBaHWM, HANPABICHHBIX Ha pPa3pabOTKy HOBBIX
METOJIOB aBTOMATUYECKOH COPTUPOBKH MycOpa, Hadu-
Has OT HCIIOJIb30BaHUS pOOOTOB IO NMPUMCHEHUS WH-
HOBallMOHHBIX TexHoJorui. HexoTtopsie M3 HUX yKe
YCIIEUTHO MPUMEHSAIOTCA Ha MPaKTUKE, HO ellleé MHOTO
MIPEJICTOUT CIIeNaTh.

0630p cylecTBYIOLIUX METOAOB

CylIecTBYIOT aBTOMATHYECKUE CHUCTEMBI JJIs pa3-
JCTCHUST TBEPABIX OBITOBBIX OTXOIOB, B KOTOPBIX
OOBIYHO MPUMEHSIOTCS JBa METOAa COPTHPOBKH [5]:
(1) mpsmast copTHPOBKa, KOTOpasi MCIHOJIb3YyeT CBOM-
CTBa MaTEPHAJIOB ISl pa3lieieHus, TaKHe KaK MarHUT-
Has BOCHPUUMYHBOCTB, DJICKTPOIPOBOIHOCTh WIIH
IJIOTHOCTh MaTepuaia, U (2) KOCBEHHas COPTUPOBKA,
KOTOpasi WCIONB3YeT JAaTIUKU IUI OOHAPYKECHHUS M
KJIacCU(PUKAIMA OOBEKTOB IO KaTETOPUSAM BTOPHYHON
nepepaboTKH.

[Ipomecc pasmeneHuss MOXKET OBITH BBIOJIHEH B
IIBYX MECTaX:
1. B mecte oOpa3oBaHHs OTXOJIOB, TJ€ TOIH30BATENb
HCMOCPCACTBEHHO  YTWJIM3UPYET CBOU OTXOJbI.
[Ipomecc 30HIMPOBAHUS OOBIYHO IPOBOIUTCS B Ka-
Mepe, U coOpaHHass MHQpoOpManus oOpabaThiBaeTCs
IUIA OTIIPABKH CUT'HAJIOB ABUTATEIIAM WJIM UCIIOJIHU-
TENEHBIM MEXaHM3MaM, HalpaBILIONM OTXOJBI B
COOTBETCTBYIOLIHH KOHTEHHep [6].
B HCHTPAJIN30BAHHOM MECTE, T/IC BBIIIOIHAOTCA
MocyIenoBaTeIbHbIEC MIPOIECCH CUNTHIBAHMS MO Me-
p€ TPaHCHOPTHUPOBKM OTXOAOB IO KOHBEHEPHOU
nente. Jlns cObopa wHpOpMamuum o0 oTXomax uc-
MONB3YIOTCSI PAa3UYHBIE TEXHOJOTHH, TaKUe Kak
WHIYKTUBHBIC TATYMKH, NATYHKH IIBETOBOW HICH-
TU(UKALMY WIKA TATYNKA Ha OCHOBE W300pakeHU.
OTH nmaHHBIE 00pabaTHIBAIOTCS IS HICHTU(UKA-
UM OTXOJOB U MOMEHICHHS UX B COOTBETCTBYIO-
1yt KoHTeliHep [7].
MHuorue HCCIICA0BATCIIN MMPUMCHAIN METOAbI TITy-
0okoro o0y4deHHs B OOJIACTH YIPABICHUS OTXOIAMH.
B uwactHocTH, P. Nowakowski u np. [8] ucnons3zoBanu
ceeprounble HelipoHHble ceTh CNN u R-CNN c nenbro
00HApYXEHUS U KIacCH(DUKAIIMA dJIEKTPOHHOTO MYCO-
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pa, 9TOOBI TOMOYb KOMITAHHSM, CIICIHATH3UPYIOIINM-
cst Ha cOope oTXonoB. I'pynmna y4eHBIX 1OJ pyKOBOJ-
crBoM Q. Zhang [9] ucnons3oBana tparcheproe o0y-
4yeHue Ha ocHoBe DenseNet ans knaccudukauu u
Habopa nmanHbeix TrashNet Ha Makynmatypy, IUIACTHK,
TKaHb, METAJUI U CTEKJIO C TOYHOCTBHIO, JOCTHTAIOUICH
83 %. Ning Kai u np. [10] ucons3oBamm YOLO v2
Kak 0a30BBIi CETEBOW MOIYJIb U UHTEIPUPOBAIH C HUM
MOJIYJIM TITyOOKOH TUIOTHOCTH, pa3paboTaB MHTEIUICK-
TyaJbHOTO POOOTA-TIOIMETAIIBINKA, CIIOCOOHOTO pa3-
JENSATh Mycop Ha 25 MOaKaTeropuii, BKIIOYAs TyaleT-
Hyr0 Oymary, 6aHKy, MOJIOKO H T. II., HA OCHOBE ()OPMBI
u oobema. Chen Yuchao u ap. [11] npemmoxumm wc-
nosb3oBath OpenCV urs peann3anuy aaropuTMa pas-
HOCTH (poHA: BEIpe3aTh OOBEKT, KOTOPBIH HEOOXOIMMO
O0OHAPY)XUTh, U3 H300PKEHHUS, a 3aTEM HCIIOJIE30BaTh
MobileNet nist pasneneHust H300paXKeHUs Ha MINPULIBL,
KPOBOOCTAHABIIMBAIOIIUE IIMMIIBI, MAKEThI 11 HHY-
3UH U IEPYATKH.

Knaccudukanuss OyTHUIOK, OJHAKO, MPEACTABIISIET
co00# CIOXHYIO 3aJauy, IOCKOJIBbKY OYTBUIKH MOTYT
AMETh Pa3iIyYHbIe pa3MepHl, BeTa, GopMy U CTEeIeHb
nedopmarmu. OTpaKeHHBIH OT TOBEPXHOCTH OYTHUIOK
CBET MOXKET CO3/1aBaTh CJOKHOCTH IIPH BBIJEICHUU
XapakTepHBIX TPHU3HAKOB. lcciemoBaTenn HUCIIONB3Y-
OT U1 Kiaccu(UKaluu OYTBUIOK KaK METOJBI Ma-
MIMHHOTO OOy4YeHHs, TaKk U TIyOOKOro OOy4YeHHS.
Y. Tachwali u ap. [12] wucHons30Baiu XUMHYECKHH
COCTaB W IBET IS KIACCH(UKAINK TUIACTUKOBBIX OY-
TBUIOK.

B pab6ore [13] ucnons3oBamu Arduino UNO R3 B
Ka4eCcTBE OCHOBHOH IUIATHI YIPABICHISI H MOIYJb pac-
MMO3HABaHUI [[BETA JJIS peali3anui QYHKIHNA KIacCH-
¢ukanuu. Takoit MmeTon (OCHOBaHHBIN Ha aHAJIN3E [BE-
Ta) O0NIamacT OrpaHWMYCHHBIMH BO3MOXKHOCTSIMH pac-
MMO3HABaHUsI, TO3BOJISISL COPTHPOBATH JIMIIB OTHOCH-
TCJIBHO IIPOCTBHIC O6’beKTI:I. ABTOMaTHUECKas COpTH-
POBKa CIIOXHOTO MycCOpa B 3TOM CIIydae 3aTpyZHEHA.
OpmHaKO MOXXKHO KOMOWHHPOBAThH pPA3IMIHBIC METOIBI
JUIS TIOBBIIEHUST 3 (EKTUBHOCTH UX PAOOTHI.

B a710i1 pabore mpeayaraeTcsi HaAEKHOE PELICHUE
COOCTBEHHOTO TPOW3BOJICTBA, MPOCTOE B BOCHPOU3BE-
ACHUH, C OTKPBLITBIM HCXOAHBIM KOIOM. Bnaro;[apﬂ
COOCTBEHHOI pa3paboTke cucteMa OyneT MOAJEepKH-
BaThCsI ¢ MUHIMATBHBIMHU 3aTpaTaMy 0 CPABHEHHIO C
WHOCTPAaHHBEIMH aHAJIOTaMH, OOCIY>KUBaHHE KOTOPHBIX
MOXKET 6I>ITB AOPOTOCTOAIIUM.

lpeasaraemMoe penieHne

OcHOBHOI Hjeell pelieHus sIBJIAETCS paclo3HaBa-
HHE MaTepHana OTXOJO0B U pealli3alys pacipeacICHHUs
Mycopa [0 COOTBETCTBYIOIIMM KOHTEiHEpaM Ha OCHO-
Be Arduino [14]. TIpeumyrecTBa UCTIONB30OBAHUS AT-
4yukoB Arduin0 1sist aBTOMaTHYecKoil COPTHPOBKHU Iie-
pel podOTaMu 3aKITI0YACTCS B CIICIYFOLIEM:
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e THOKOCTH M MaciutabupyemocTb: Arduino crmoco6-
CTBYET CO3IIaHHMIO KACTOMHBIX JATYUKOB U oOecrie-
YUBaeT WX AaJaNTHPOBAaHUE O] KOHKPETHBIE IIO-
TpeOHOCTH COPTHPOBKU MyCOpa, YTO MO3BOJISIET
JIETKO TOOABIATH HOBBIC THUIIBI MYyCOpa Ul COPTHU-
POBKH WJIM M3MEHSTH MapaMeTphl CYyIIECTBYIOMINX
JaT4ukoB [15];

MPOCTOTA UCTOB30Banus: Arduino umeer mpocToit
Y WHTYUTUBHO TIOHATHBIA MHTEpdEHc, TeM caMbIM
MPEIOCTABIIISL TS IMUPOKOTO KPyra MOJIB30BaTeIeH
BO3MOXKHOCTB JIETKO TPOTPaMMHPOBATh M HACTPaH-
BaTh NATYUKH IS OTIPEACIICHHS U COPTHPOBKH pas-
JIMYHBIX THTOB Mycopa [16];

HU3Kast CTOUMOCTh: Arduing siBiseTCss OTHOCHUTEb-
HO HEIOPOTUM M JOCTYITHBIM PELICHHEM U CO-
3MaHHUS CHUCTEM aBTOMATHUECKONH COPTHPOBKH MY-
copa, YTO CYLIECTBEHHO CHIDKAeT 3aTpaThl Ha pas-
paboTKy 1 BHEPEHHE TAKUX CUCTEM;

BO3MOXKHOCTh HMHTerparmu: Arduin0 Moxer ObITH
JITKO WHTETPHPOBAaH C JPYTUMH KOMIIOHEHTAMHU
CHCTEMBI COPTHPOBKH MYCOpa, TAaKUMH KaK KOH-
BeHeprl, POOOTHI-MAHUITYJISITOPEI M KOHTPOJBHBIE
CHCTEMBI, MO3BOJISAS CO3]aBaTh IOJHOICHHBIC aB-
TOMATHYCCKHE CHUCTEMBI COPTHPOBKH MycCOpa, KO-

TOpBIE MOTYT PabOTaTh BMECTE C IPYTUMH KOMIIO-

HEHTaMH MTPOU3BOICTBEHHOrO Ipoliecca [17].

TaxkuM 00pa3oM, BBIIICTIEPEUHCICHHBIE IPEUMYIIIE-
ctBa gemaroT Arduin0 mpuBieKaTeNbHBIM BBIOOPOM
JUIL pa3pa0OTKH U BHEAPCHUS aBTOMATH3HPOBAHHBIX
CHCTEM COPTHPOBKH Mycopa.

Pa6oma cucmemuwl

[Ipormecc aBTOMaTHYECKON COPTHUPOBKH HAUMHAETCS
C MOMEHTa, KOIrJja MycOp IONajaeT B CHELUAIbHBII
0ak M BBI3BIBaET cpabareiBaHue kHomkH. [locne 3Toro
3allyCcKaeTcs 3Tall paclo3HaBaHMs IPU NOMOILU JaT-
gnkoB Arduino. [latunku coOuparoT MHGOPMAIUIO O
TUIIE MycOpa U IepelaloT €€ Ha MHKPOKOHTPOJIIEp
Arduino [18].

[Tocne naeHTUGUKAIE Mycopa IaTgopma, Ha KO-
TOpPOM YCTAHOBIIEHBI KOHTEWHEPHI JJISl Pa3HbIX BUIOB
Mycopa, IIOBOPAayMBAaeTCs Ha OIpeIesIeHHOe KOoJnde-
CTBO TpagycoB, B 3aBUCHUMOCTH OT THIIA Mycopa, U
MOJICTABJISIET COOTBETCTBYIOLIMI KOHTEHHED Uil cOpo-
ca Mycopa. 3areM Iu1aThopMa BO3BPALIAETCS B UCXO-
HOE€ TIOJIOKEHHUE, OXKUZasl CIEeIYyIOLIEro LMKIA COPTH-
POBKH.

AnropuT™ paboThI CUCTEMBI IPECTABIICH Ha PHC. 5.
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Fig. 5. Block diagram of the automatic system operation

AnnapamHas peaauszayus

Jnst co3maHms CHCTEMBI aBTOMAaTHYECKOW COPTH-
poBKH Mycopa Ha ocHoBe Arduino ObuUTO BBIOpaHO
obopynoBaHue, MpeacTaBieHHoe B Tabnuie. Cucrema
IaT4nkoB ObUTa pa3paboTaHa HA OCHOBE aHAIM3a

CBOWCTB Pa3UYHBIX MAaTEPHANIOB, TAaKUX Kak Oymara,
CTEKJIO, IJIACTUK U MeTai [19].

[IpuHIMIMANTBEHAS cXeMa TOJKIIOYCHUS JaTYMKOB
MpeJicTaBlieHa Ha puc. 6.

72



HsBecTusi TOMCKOro MOJIMTEXHUUECKOTO YHUBepcUTeTa. MHXKUHUPUHT reopecypcoB. 2025. T. 336. Ne 2. C. 66-78
XacaHoBa JL.H., CkypaTtoBa I1.H., MycuHa C.A. Pazpa6oTka cucTeMbl aBTOMaTH4Y€CKOM COPTUPOBKU Mycopa Ha ocHoBe Arduino

Ta6auya. Heobxodumoe o6opydosaHue U e20 xapakmepucmuku
Table. Required equipment and its characteristics
06opynoBa- HasnaueHue B cucreme
[IpuHIMO paGoThI -
HHe H3o6pakeHue/Image . o Appointment
. Operation principle .
Equipment in the system
[l1aTa MUKPOKOHTPOJIIEPA, KOTOPast NpeAHa3HayeHa AJsl
paspaboTKH U NPOTOTUIMPOBAHUS PA3/IUYHbBIX 3JIEKTPOH- [opxitoyeHne
Arduino UNO HBIX YCTPOUCTB JIaTYMKOB
Microcontroller board, which is designed for the develop- Connecting sensors
ment and prototyping of various electronic devices
[IpyHLMI AeHCTBUS OCHOBAH HAa H3MEHEHUH apaMeTPOB
HUHAayKTUB- PHHLMI A p p

HBIN TaTYUK
PS2
Inductive
sensor PS2

MarHMTHOTO MOJIS1 KATYIKA HHAYKTUBHOCTH, B 30HY KOTO-
poil monaZiaeT MeTalJIMYeCKUI 00 bEKT

Operation principle is based on changing the parameters
of the magnetic field of the inductor, into the zone

of which a metal object falls

O6Hapy»eHHe MeTaslIa
cpeau Mycopa
Metal detection among
waste

Mini Photocell
LDR

®oTOPE3UCTOP, U3MEHSIOLINI CBOE CONPOTUBI/IEHHE B 3a-
BHUCHMOCTH OT HHTEHCHBHOCTH MOMA/[AI0IEr0 Ha HEro
cBeTa

Photoresistor that changes its resistance depending on the
intensity of the light hitting it

OueHKa Npo3pavyHOCTH
Mycopa
Waste transparency
assessment

JaT4uk npe-
natcTBus KY-
032

Obstacle sen-
sor KY-032

YcrpoiicTBo uMeeT nepegatyuk (IR LED), ussyuaromui
rHpaKpacHbIi J1y4d yacToTo# 38 KI'1l, KOTOPBIN NpHUHKMa-
eTcsl npueMHUKoM (IR receiver) Ha nsiate

Device has a transmitter (IR LED) emitting an infrared
beam with a frequency of 38 kHz, which is received by a
receiver (IR receiver) on the board

IR Receiver

WH}pakpacHbIH MPUEMHHUK COAEPKHUT CIELHaTbHY0 MUKPO-
CXeMy, KOTopast IeMOAYINPYeT MPUXOASLIMNA CUTHAJ U Jie-
KOAUpYeT NpUHUMaeMble JaHHBIE C TOMOILBI0 BCTPOEHHOTO

OT/in4Me MIACTUKA
oT Gymaru
Difference between
plastic and paper

Diode PIN avoja, npeiBapUTENIbHOIO YCUJIUTEJISA U 10JI0COBOTO
TSOP38238 ¢dunbTpa/Infrared receiver contains a special chip that de-

modulates the incoming signal and decodes the received data

using a built-in PIN diode, a preamp and a bandpass filter

Y®-aaT4yMK oCHallleH BHYTPEHHUM YCUIUTeseM, KOTOPBIH

npeo6pasyeT GOTOTOK B Hallpsi2KeHHe B 3aBUCHMOCTH OT OT/nyMe NJIaCTHUKA
UV Sensor
Breakout I/IHTeHCI/IBl-.IOCTI/[ .ch-I/I3J1.y‘{eHI/I.H N . OT CTeKJia
ML8511 UV sensor is equipped with an internal amplifier that con- Difference between

verts the photocurrent into voltage depending on the inten-
sity of UV radiation

plastic and glass

Water Level
Sensor Module

Ha nevaTHoU maTe JaTYMKa PACIOIOMKEHDI IJIMHHbIE
MpOBOASALIME MJIACTUHBI U MPU JOCTHXKEHUH BOJIOHM onpe-
JIeJIEHHOTO YPOBHSA IPOBOJUMOCTb MEX/y JBYMs IJIaCTH-
HaMmu usMeHsieTcs/There are long conductive plates on the
sensor circuit board and when water reaches a certain level,
the conductivity between the two plates changes

OueHka niaBy4yecTy
Mycopa
Waste buoyancy
assessment

Mopaynb Tak-
TOBOW KHOTIKH
KY-004

Clock button
module KY-
004

Mogy/ib MMeeT HOPMaJIbHO PA30MKHYThI€ KOHTAKThI, TO
€CTb KOHTAKTbI 3aMbIKAIOTCA ITPU HAXKATUHX HA KHOHKy, a Ha
BbIXO/[l€ JAaTYH KA MNOABJIAETCA HallPpAMXKEHUEe HU3KOT0 ypOBHH
Module has normally open contacts, that is, the contacts
close when the button is pressed and a low level voltage
appears at the sensor output

3amnyck COpTUPOBKU
Start sorting

9G Micro Servo

CepBOMOTOD MMeET BCTPOEHHbIH IOTEHLMOMETD, O AKIIIO-
YeHHbIH K BbIXOZAHOMY Basly. [loBopauuBast BaJi, CEpBO U3-
MeHsleT HanpsiKeHHe Ha oTeHuyoMmeTpe. [l1aTa aHaan3u-
pyeT HampsiKeHHe BXOJHOTO CUTHaJIa U CPaBHUBAET €ro C
HanpsXeHUueM NNoTeHUuoMeTpa

Servo motor has a built-in potentiometer connected to the
output shaft. By turning the shaft, the servo changes the
voltage on the potentiometer. The board analyzes the volt-
age of the input signal and compares it with the voltage of
the potentiometer

C6poc Mycopa
B COOTBETCTBYIOLIUH
KOHTelHep
Dumping waste into the
appropriate container

Small Reduc-
tion Stepper
Motor with
Easy Driver
5VDC 32-Step
1/16 Gearing

O/HOTIOJ/ISIPHBIN IBUTaTeb KMeeT BCTPOEHHYI0 MOHTAaX-
HYI0 [JIACTUHY C IByMSI MOHTQXXHbIMH OTBEPCTHSIMHU.

Ha o6opoT npuxoauTcs Bcero 32 mwara (11,25 rpagyca),

a BHYTpHY HaxouTcs 1/16 HaGop peyKTOpOB

Unipolar motor has an integrated mounting plate with two
mounting holes. There are only 32 steps per revolution
(11.25 degrees), and inside there is a 1/16 set of gearboxes

[ToBOpOT KOHTeHHEpPOB
Rotating containers
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Takum oOpa3oM, aBTOMAaTHYecKasi CHCTeMa COPTHU-
POBKH Mycopa TpeICcTaBisieT co0oil ycTpoiicTBo, co-
CTOIIEe U3 HECKOIBKUX OCHOBHBIX KOMIIOHEHTOB:

1. Bak ¢ koHrteliHepamu. bak sBIsSETCS OCHOBHBIM
KOMIIOHEHTOM cucTeMbl. OH COCTOMT M3 HECKOJb-
KHX KOHTEHHEpOB, KaXJbli W3 KOTOPBIX MpeaHa-
3HA4YeH JJIsl ONpEJNIeNICHHOro BHUa Mycopa. B oauH
KOHTEHHEep cOpachIBaeTCs IUIACTHK, BO BTOPOH —
Oymara, B TPETHIA — CTEKJIO U TaK Jajiee.

Knonka 3amycka coptupoBkd. KHomka mo3BossieT
3alyCTUTh Hpolecc COpTUpOBKH Mycopa. Korna
YIaBOIMA B 0ak MycOp 3a)KHMaeT KHOMKY, CHCTEMa
HAa4YMHAET COPTHUPOBATh MYCOpP IO COOTBETCTBYIO-
LM OTIEJEHUSM.

Hatanku. Cuctema ocHaIeHa JaTIYUKaMHU, KOTOPhIE
OTIPENIEIISIOT THIT MyCOpa U OTIPABISIOT HHPOpMa-
LIUIO0 HA KOHTPOJLIED.

Konrpomnep. Korrpomiep monydaer nHGpOpMAIHIO
OT JIaTYMKOB W YIpaBlseT paboroil cuctembl. OH
Takke 00pabaThiBaeT JaHHBIE O TOM, CKOJBKO MY-
copa HAaxOOUTCA B KaKJIOM OTHEJIEHMH W Korjaa
HY>KHO 3aMEHUTh KOHTEHHEp.

JBuratens. JIBuratrenb MCHONB3yeTCs AJiA MOBOPO-
Ta KOHTEHHEPOB, YTOOBI IIEPEMECTUTH B HETO COOT-
BETCTBYIOLUI MycOp, IO CUTHATY KOHTPOJIEpA.
[MpumepHast 3D-Moemb aBTOMAaTHYECKON CHCTEMBI
COPTHPOBKHU Mycopa IpeCcTaBiIcHa Ha puc. 1.
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Puc. 7. 3D-modenb asmomamuyeckoll
copmuposKU Mycopa
3D model of automatic waste sorting system

cucmembwl

Fig. 7.

B KadecTBe MPAaKTHYECKOTO acrekTa ObUIa CO3/IaHa
YIPOLICHHAs CHCTEMa ABTOMATHYECKOHW COPTUPOBKH
Mycopa Ha OCHOBE HUMEIOIIErocss o6opymoBanus (puc.
8). MexaHu3M CHCTEMBI pabOTAN HCIPABHO: PACTIO3HAB
C HOMOIIBI0 JATYMKOB THI Mycopa, Arduin0 akTHBU-
poBajia MOTOpP, KOTOPBIH TIEpeMEIIal Mycop B COOTBET-
CTBYIOIIHI KOHTEHWHEP.
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Puc. 8. Ilpoyecc c6opku asmomamu4eckoll cucmembl
copmupoeKu mycopa

Fig. 8. Assembly process of the automatic waste sorting
system

Pe3ysbTaThl U 06CY:KAEHUE

IIpu moaroroBke 3TOH cTaTbU OBUIO CO3[AHO IBa
MPOTOTHIIA CHCTEMBI COPTHPOBKH Mycopa. I[lepBbiid
MPOTOTHIT OBIJI OCHAIIEH MEHBIIUM KOJMIECTBOM IaT-
YHKOB, YTO CHIDKAJIO €ro CIIOCOOHOCTh TOYHO pasiiv-
4aTh TUIBI Mycopa. KpoMe Toro, 3ToT nmpoToTun ObuI
000pyIOBaH JAaTYMKOM JbIMa, KOTOPBIA TpeOoBaj
HarpeBaHUs Mycopa, 4TO SBISIETCS HEOe30MacHBIM U
9KOJIOTHYECKU OTPHIATENILHBIM TIporieccom [20].

OpHako Tocie BHECEHHS 3HAYUTEIBHBIX YIydIle-
HUH OblIa pa3BepHyTa paboTa HaJl BTOPHIM MPOTOTH-
IIOM — UMCHHO OH ABJISICTCA NPEAMETOM OGCY}KZ{GHI/IH B
JTAaHHOM cTaThe. DTOT MPOTOTHUII O0JIee TOUHO COPTUPY-
€T MYyCOp, OTIMYAeTCS HaIeKHOCTHIO DJIEKTPOHHOMH
00paboTKH 1 MOXKET 3 PEeKTUBHO (PYHKIIMOHUPOBATH B
TMOOBIX TOTOMHBIX YCIIOBUSIX Onarogapsi TIIATEIBHO
MPOIYMaHHOMY KOPITYCY.

Pe3yibmamut 06HApYHCEeHUs Mycopa

B pexume peampHOTO BpeMeHH ObLTa MpOBeneHA
MPOBEpPKa MEXaHW3Ma aBTOMATHYECKOW COPTHPOBKHU
Mycopa. DTo mpoBepka coctosna u3 200 moBTOpeHui
CTPOTOTO TECTHPOBAHHUS C PA3TUIHBIM THIIOM MyCOpa.

[TepBoHavanbHO CHUCTEMa COPTHUPOBKU Mycopa Obl-
Ja TOJHOCTRIO  (DYHKIIMOHAJIBHO MPOTECTHPOBAHA
100 pa3. B mporecce TectupoBaHUsl OBLIH BEISBICHEI
OImMOKA MOJETH B COPTHPOBKE OTXOJOB: B 29 cirydasx
MOJIeJIb HEMpPaBUIBHO copTHUpoBaia Mycop. OmmoOku
BKJIIOYAJIM B Cce0sl: HECITOCOOHOCTh OOHAPYXHTh OYy-
MaxkHble 0TXozbl (3 pasza), omMOOYHOE ONpeaeIeHHue
CTEKJSIHHBIX OTXOJIOB Kak IJIacTUKOBBIX (17 pa3) um
HEBepHAast UICHTU(DUKAINS CTEKIIa KaK HECOPTUPYEMO-
ro mycopa (9 pa3). 1o ObUIO CBSI3aHO C HEJAOCTATOY-
HOW pPa3pabOTKOM CHUCTEMBI JATYNKOB W IPOITYyCKOM
BO3MOXKHBIX CIICHApHEB pa3BUTHA cOOBITHH. Jlns mc-
MpaBJIEHUs] 3TOW CYIIECTBEHHOW MNPOOJIEMBI TOT K€
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HA0Op JaHHBIX OBLT IPOTECTUPOBAH MTOBTOPHO, HA 3TOT
pa3 ¢ UCIoab30BaHHEeM 0oJiee IMUPOKOH CHCTEMBI IaT-
YHKOB, KOTOpAs MO3BOJIMJIA IPOCUUTATE OOJBIIE BapH-
AHTOB M YJIYYIIIUTh TOYHOCTH COPTHPOBKH Mycopa. DT
M3MEHEHUE CHU3WIO KOJIUYECTBO HEMPABIIBHBIX COP-
TUPOBOK ¢ 29 1o 13. U3 atux 13 ommbok: B 2 cirydasx
ObUTH OIMMOOYHO KITACCH(HUIMPOBAHBI OyMaXKHBIE OT-
XOIBI, B 7 CITy9asiX CTEKJISTHHBIC OTXOJBI OBUTH OIpee-
JCHBl KaK IUTACTUKOBEIC, B 4 ciydasx CTEKIO OBLIO
OTIPENENICHO KaK HECOPTHPYEMBIE OTXOIBL. DTOT IIPO-
[eCC TECTHPOBAHMS MPOJCMOHCTPUPOBAT HEOOXOIH-
MOCTh JaJbHEHINEr0 YCOBEPIICHCTBOBAHHS CHCTEMBI
COPTHPOBKH Mycopa.

,Zla/u,HeﬁuleeycoeepweHcmeoeaHue cucmembaol

B Oyaymem mmanupyercsl yIydIlIeHHE W ONTHMH-
321Ul CUCTEMBI:
1. YcraHoBka WH(MOPMAIIMOHHOTO JHUCIUICS MO3BOJIUT
MIPEIOCTaBUTH IIOJIE30BATEISIM  JTOTIONHUTEIBHYIO
UHGPOPMAIHIO O MPOIECCe COPTUPOBKU M MPABHIIb-
HOM pa3MeIleHHH OTXO/IOB.
Hcnons3oBanne SMS it epenadn TaHHBIX 103-
BOJIUT B PEXKHUME PEaTbHOIO BPEMEHHU OTCIIC)KUBATh
3aMOJHEHHOCTh KOHTEHHEPOB M COCTOSIHUE CHUCTe-
MBL. braromapss BO3MOXKHOCTH TOJIy4YaTh yBEIOM-
JICHUS O 3aIOJIHCHHBIX KOHTEHHEpax U ONepaTHBHO
OTIPABJIATH KOMaH/bl HAa UX OMYCTOIICHHUE MOXKHO
MIPEIOTBPATHTE IEPETIOTHEHNE KOHTEHHEPOB U TIO-
BBICUTB 3 (PEKTUBHOCTH paOOTHI CHCTEMBI.
Pacmmpenue accopTMEHTa JAaTYMKOB VIS PACIIO-
3HaBaHUS ITOMOXKET HMOBBICUTh TOYHOCTH M HaJEeXK-
HOCTh CHCTEMBI COPTHPOBKH Mycopa. JlobaBieHue
JAaTYUKOB IJI OMPCACIICHUSA HOBBIX BHI0B OTXOJ0B
WK YIy4IICHUE YK€ CYIIECTBYIONIMX Ui Oojee
TOYHOH HIEHTH(HUKAINK THIIA MYyCOpa IIO3BOIHUT
u30exaTh OMMNOOK B COPTHPOBKE U MOBBICUTH (-
(DEeKTHUBHOCTh YTHIM3ALIUH.

3akro4yeHue

JanHoe wuccienoBanue oOpamiaeT BHUMaHUE Ha
OCTPOTY BOIIpOCa 3arpsA3HEHUs] OKpY’KaloUlel cpeabl
OTXOJIaMH U MOTYEPKUBAET HEOOXOAMMOCTh UX COPTH-
POBKHM Uil YCIIENIHON TMepepadOoTKu W YTUJIM3AIlH.
ABTOMaTH3MpPOBAHHAS CHCTEMa HICHTU(HUKAIUHN THIIA
Mycopa Ha 6a3e Arduino IeMOHCTPUPYET CPaBHHUTEb-
HO BBICOKYIO CTENIEHb TOYHOCTH W CIIOCOOHA BHECTH
CBOY CKJIaJ] B peIICHHE 3TOH MpoOiieMbl. YTIIyOIeHHOe
W3yYCHHUE M COBEPIICHCTBOBAHUE MOOOHBIX TEXHOIIO-
THUH B COCTOSHUM 3HAYUTEIBHO YIPOCTHTH MPOLEAYPY
COPTHPOBKH Mycopa U obecrneuuTh Oojiee 3(h¢PeKTHB-
HOE€ €0 HCIIOJIb30BAHUE C TOYKH 3PEHHS COCPEIKCHHUS
PECYpPCOB M OXPaHbI OKPYKAIOIIEH Cpelibl.

B pabote Ha OCHOBaHWM JIUTEPATYPHBIX MCTOYHH-
KOB OBUIM TPOaHATU3UPOBAHBl PA3THIHBIC METOJIBI
pacro3HaBaHUsT MycCOpa, CYTh KOTOPBIX CBOJUTCA K
IByM nogxoxaM. IlepBblii, KOTOpBIi MOXKHO Ha3BaTh
TPaIWIMOHHBIM, OCHOBAaH Ha aHaum3e (OHU3UICCKUX
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CBOMCTB 0OBekTa (LBET, MPO3PAYHOCTb, TBEPAOCTS,
MarHuTHass W JU3JIEeKTpUYecKas HpPOHHIAEMOCTh H
T. 11.). BTOpo#, Oonee coBpeMeHHBIN, OCHOBaH Ha aHa-
nu3e U300paxkeHus (BHEIIHUM BU) Mycopa B pasjind-
HBIX JWana3oHax (BHAMMBIN, MH(ppPaKpacHOH, yibTpa-
(bMOJIETOBBIN) M UCIIOIB30BAHUN MAIIMHHOTO 3PEHUS C
oOyueHHeM Ha OCHOBE HEWpOCeTeW WM IOJOOHBIX
texHosoruid. [lepBriit MeTon Gonee NeméEBbIN, BTOPO
6onee 3¢ dekTuBHEIN, HO TpeOyeT Oojiee TOPOTHX arl-
MapaTHBIX W TPOrpaMMHBIX perneHuil. [Ipenmyme-
CTBOM BTOPOTO METOJa SIBIISIETCS €r0 YHHMBEPCAIb-
HOCTh, OJTHAKO YYHTHIBas OJHOOOPA3HOCTh OBITOBOTO
Mycopa MO €ro IPEIMETHOMY COCTaBY, HOBBIIICHHBIC
anmnapaTtHele TPeOOBaHUS, a TaKKe CIOXKHOCTH C JKC-
TuTyaTaned (Takas SJIEeKTPOHMKA JIIOOWUT YHCTOTY H

KOM(OPTHYIO TeMIeparypy), STOT METOA yXe He Ka-
JKETCS CTOJIh ONITUMAJIBHEIM.

[IpoBenenHbIii aHaMM3 MOKA3bBIBAET, YTO W TPaIH-
OUOHHBI METOJ MOXHO HCIOJIb30BaTh JOCTATOYHO
3G GEKTHBHO. DKCIEPUMEHTANBHBIC  HCCIICIOBAHUS
aBTOPOB, NIPUBEICHHEIC B CTAThE, MOATBEPKAAIOT, UTO
HCTIONB3yEeMBIi MMH TPOCTOM aJITOPUTM IOIIArOBOTO
aHanm3a (PU3UYECKUX CBOWMCTB Mycopa JaeT JI0CTaTo4-
HYIO UIS TIPAKTUYECKOTO HCIONB30BaHUS TOYHOCTH
copTupoBkH. Bonpoc B a3 pekrruBHOM coueTaHnu aHa-
JTU3UPYEMBIX (PU3NIECKUX CBOUCTB OOBEKTA U MOPSIIKA
WX TpoBepkH. A ammapatHas Tuiatdpopma Arduino u
MPOCTHIC JATYMKKM (PU3MUECKUX BEIHYUH HE TPEOYIOT
0COOBIX YCIIOBHI B OJKCILUTyaTallud W WMEIOT MUHH-
MaJIbHYIO CTOMMOCTb.

CITMCOK JINTEPATYPbI

1.

2.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

OTxompl  TPOM3BOACTBA M MOTPEOICHUS: ®denepanpHas CTaTUCTHUKU. URL:
https://rosstat.gov.ru/folder/11194# (nara o6pamenus: 01.03.2024).

Mycuna C.A., Haymmpsanosa 3.P., SIkoBneBa A.A. IToBbIIeHHnE SKOJIOTHYIECKOI 6E€30MaCHOCTH MSICOKOHCEPBHOTO KOMOMHATA
[MyTeM YTHIIH3allMH OTXOIOB >KHBOTHOTO mpoucxoxiaeHus // IlpoGiaemsr obGecrnieuenus GesomacHoctH (BesomacHocTh-21):
Mmarepuaisl 111 MexayHaponHoil HaydHO-TIpakTHYecKod KoH(pepeHIuH. — Yda: YPpuMcKkuil rocynapCTBEHHBIH aBHAIIMOHHBIH
TexXHH4IeCcKuil yauBepcutert, 2021. — T. 2. — C. 119-123.

What a waste 2.0: a global snapshot of solid waste management to 2050 / S. Kaza, L. Yao, P. Bhada-Tata, F. van Woerden // Urban
Development, World Bank Publications. — Washington, DC, USA, 2018. DOI: https://doi.org/10.1596/978-1-4648-1329-0.

Koctun C.B., lllampaeB A.A., Sxumaitnen [1.C. Apromarmueckas KiIacCH(pUKAIMs U COPTHPOBKA OBITOBBIX OTXOIOB //
CoBpeMeHHBIE HayKoeMKHe TexHoorun. — 2022. — Ne 5-2. — C. 204-208.

CanpankoBa M.E., 3enmnnckas E.B. Meroabl COpPTHPOBKH TBEpABIX KOMMYHAIBHBIX OTXOJOB // VIHHOBAaIlMOHHBIC Hay4YHBIE
uccnenoBanus. — 2022. — Ne 4-2 (18). — C. 5-15.

Computer vision based two-stage waste recognition-retrieval algorithm for waste classification / S. Zhang, Y. Chen, Z. Yang,
H. Gong // Resources, Conservation and Recycling. — 2021. — Vol. 169. DOI: https://doi.org/10.1016/j.resconrec.2021.105543.
laxyp A.A., benozepoB M.A. YMHBII KOHTEHHEp AJIS1 aBTOMATHYECKOW COPTUPOBKH Mycopa // CoBpeMeHHbIe HHHOBALIMOHHBIE
TEXHOJIOTHH B KOHOMHUKE, HayKe, 00pa3oBaHHM: Marepuansl V MexIyHapoIHOH HaydHO-TIpaKTHYecKoil KoHpepeHmun. — M.:
Poccuiickuit sxoHOMuyecknii yHuBepcuteT umeHu ['.B. [lnexanosa, 2022. — C. 198-2009.

Nowakowski P., Pamula T. Application of deep learning object classifier to improve e-waste collection planning // Waste
Management. — 2020. — VVol. 109. — P. 1-9.

Waste image classification based on transfer learning and convolutional neural network / Q. Zhang, Q. Yang, X. Zhang, Q. Bao,
J. Su, X. Liu // Waste Management. — 2021. — Vol. 135. — P. 150-157.

Kai N., Dongbo Z., Feng Y. Rubbish detection and classification of intelligent sweeping robot based on visual perception //
Journal of Image and Graphics. — 2019. — Vol. 24 (8). — P. 1358-1368.

Yuchao C., Xiaoxiao B. Medical garbage classification system based on machine vision and deep learning // Computer
Programming Skills and Maintenance. — 2019. — VVol. 5. — P. 108-110.

Tachwali Y., Al-Assaf Y., Al-Ali A. Automatic multistage classification system for plastic bottles recycling // Resources,
Conservation and Recycling. — 2007. — Vol. 52. — P. 266-285.

Xiang Z., Peng X., Huanping G. Intelligent sorting trash can based on Arduino // Electronic World. — 2020. — Vol. 4. — P. 160-161.
Makapos A.A., Conoakos b.E. Pa3pabotka nporpaMMHOro odecrnedeHus A mporpaMMupyemoit miathopmel Arduino Ha 6ase
mukpokonTpoiepa ATMEGA 328P // Tuzaiin u Texnonoruu. — 2014, — Ne 44 (86). — C. 88-91.

MenpmmkoB C.B., Bamyk E.C. OcymectBnenne mporpammupoBaHus Ha Tuatdopme Arduino: crmocoObl W BO3MOXXHOCTH
ncnonb3oBaHus TiaTel Arduino UNO // CoBpeMeHHBIE BOMPOCHI €CTECTBO3HAHHMS M SKOHOMHKH: COOpHUK TpyaoB [V
MexayHaponHOH HaydHO-TIpakTH4eckoil KkoH(pepeHmmu. — IIpokombeBck: @umman @exepanbHOr0 ToCyIapCTBEHHOTO
OI0/PKETHOTO 00pa30BaTENILHOTO YUPEXKIEHHS BBICHIEr0 HpodeccHoHANbHOTo oOpasoBanHus «Ky30acckuil TocyqapCTBEHHBIH
TexHuueckuil ynusepcuret umenu T.®D. T'opbaueay, 2022. — C. 256-262.

Vuaiibaes b.)K., [Tak B.I"., 303yns E.C. KpaTkuii 0630p 1 nepcrneKTHBbI IPUMEHEHUs] MUKPOIPOLieccOpHO# miatdopmel Arduino
B yueOHOM niporiecce // Mexanuka u Texnosorun. — 2019. — Ne 4 (66). — C. 193-198.

beikosa A.B. Ilepenaua AuHAMUYIECKUX MOKa3aTeNel ¢ MUPPOBBIX AaTYUKOB uepe3 KoHTposiep Arduino NANO Ha KOHTpoJuiep
Arduino UNO // IHHOBanmoHHbIe HayuHble uccienoBanus. — 2021. — Ne 6-3 (8). — C. 264-269.

AcradpeB B.IO. Bosmoxuoctn mmatel Arduino i modydeHHs HWH(OpManMH U3 OKpykaromied cpens! // CoBpeMeHHEIE
MpoOJIEeMBI TE€OMETPHIECKOTO MOJECIHPOBAHUS M MH()OPMAIIMOHHBIE TEXHOJIOTHU: MaTepHansl | MexpernoHaabHOH HaydHO-
MIPaKTHIECKO KOH(EpEeHINH MperofaBaTeneil n cTyfaeHTos. — Memutonouns: ['ocygapcTBeHHOE 00pa30BaTeNIbHOE YUPEXKICHHE
BBICIIIEr0 00pa3oBaHus «MenuTONOoNbCKHI rOCYIapCTBEHHBII yHIBEpcuTeT», 2023. — C. 121-129.

Jlykaumk E.SI. Ucnone3oBanue miuatgopmsl Arduino i H3ydeHus IPHHIMIA paboThl MapaMeTpudeckux nat4ukoB // COOpHHK
MartepuanoB PecnyOinkaHCKol Hay4HO-TIPAKTHUECKON KOH(EPEHINH C MEXTyHAPOIHBIM y4acTHEM, TIOCBSIIEHHOMN 85-JIeTHIO €O

cryxxb6a  rocynapCTBEHHOM

76


https://rosstat.gov.ru/folder/11194

HsBecTusi TOMCKOro MOJIMTEXHUUECKOTO YHUBepcUTeTa. MHXKUHUPUHT reopecypcoB. 2025. T. 336. Ne 2. C. 66-78
XacaHoBa JL.H., CkypaTtoBa I1.H., MycuHa C.A. Pazpa6oTka cucTeMbl aBTOMaTH4Y€CKOM COPTUPOBKU Mycopa Ha ocHoBe Arduino

IHS poxkaeHHus npogeccopa bopucioka Muxanna Bragumuposuda — I'pogHo: ['poIHEHCKHI rocynapCcTBEHHBIH MEIHMIMHCKUN
yuauBepcuret, 2022. — C. 160-161.

20. BaryrauHoB P.A. TIpoekTupoBaHHe MOIYIBHOH MYJIBTHCEHCOPHON CHUCTEMBI AJIS 33/1lad MOHHUTOPHHIA OKPYXKAIOIIeil cpe/ibl Ha
6a3ze Arduino // Hayunsie BemomocTtr Benropoackoro rocynapcrseHnoro yuuepcurera. Cepust: DxoHomuka. MHpopmaTuka. —
2019. - T.46.—Ne 1. - C. 173-180.

UHdopmanusa 06 aBTopax

Jius Hay¢anbeBHa XacaHOBa, 6akanaBp, kadpeapa 6€301aCHOCTH MPOU3BO/ICTBA U MPOMBIIIJIEHHON 3KOJIOTHH,
WHCTUTYT XMMHUU U 3aLMThI B Ype3BbIYAWHBIX CUTYalUsAX, Y PUMCKUN YHUBEPCUTET HAYKU U TexXHoJoTuH, Poc-
cus, 450076, r. Yda, ya. 3aku Banuay, 32, liyahasanovaa@mail.ru, https://orcid.org/0009-0006-3276-8630
INonuHa HukosaesHa CKypaToBa, 6akaiaBp, Kapegpa 6e30NacHOCTH NPOU3BOACTBA M NPOMBIILJIEHHON 3KO-
JIOTUH, UHCTUTYT XMMHUHU U 3aLUTBl B Ype3BblYalHbIX CUTyalusX, Y PUMCKUHA YHUBEPCUTET HAayKU U TEXHOJIO-
ruii, Poccusg, 450076, r. Yda, ya. 3aku Banuay, 32, polina-skuratova@list.ru, https://orcid.org/0009-0003-2318-
130X

CeeT/1aHa AlipaToBHa MycHuHa, cTapuIvdil npenoaBaTesb, Kadpeapa 6€30MaCHOCTH MPOU3BOACTBA U MPOMBIIII-
JIEeHHOU 3K0s10TUH, MTHCTUTYT XUMUH Y 3aLIUThI B Ype3BbIYAHHbBIX CUTyalUaX, Y PUMCKUN YHUBEPCUTET HAYKU U
TexHoJsioru#, Poccus, 450076, r. Yoa, yia. 3aku Banuay, 32, musina.sa@ugatu.su, https://orcid.org/0009-0000-
1117-1049

[Toctynuaa B pefakyuio: 26.03.2024
[ocTynua nmocse penersupoBanust: 25.10.2024
[IpyHsaTa K My6ankanuu: 24.12.2024

REFERENCES

1. Production and consumption waste: Federal State Statistics Service. (In Russ.) Available at: https://rosstat.gov.ru/folder/11194#
(accessed 1 March 2024).

2. Musina S.A., Naushirvanova E.R., Yakovleva A.A. Improving the environmental safety of the meat canning plant by recycling
animal waste. Problems of safety (Safety-21): materials of the Ill International Scientific and Practical Conference. Ufa, Ufa
State Aviation Technical University Publ., 2021. Vol. 2, pp. 119-123. (In Russ.)

3. Kaza S, Yao L., Bhada-Tata P., Van Woerden F. What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050.
Urban Development, World Bank Publications. Washington, DC, USA, 2018. DOI: https://doi.org/10.1596/978-1-4648-1329-0

4. Kostin S.V., Shamraev A.A., Yakimajnen D.S. Automatic classification and sorting of household waste. Modern high-tech
technologies, 2022, no. 5-2, pp. 204-208. (In Russ.)

5. Salnikova M.E., Zelinskaya E.V. Methods of sorting municipal solid waste. Innovative scientific research, 2022, no. 4-2 (18),
pp. 5-15. (In Russ.)

6. Zhang S., Chen Y., Yang Z., Gong H. Computer vision based two-stage waste recognition-retrieval algorithm for waste
classification. Resources, Conservation and Recycling, 2021, vol. 169. DOI: https://doi.org/10.1016/j.resconrec.2021.105543.

7. Gazhur A.A., Belozerov I.A. Smart container for automatic garbage sorting. Modern innovative technologies in economics,
science, and education. Proc. of the V International Scientific and Practical Conference. Moscow, Plekhanov Russian University
of Economics Publ., 2022. pp. 198-209. (In Russ.)

8. Nowakowski P., Pamula T. Application of deep learning object classifier to improve e-waste collection planning. Waste
Management, 2020, vol. 109, pp. 1-9.

9. Zhang Q., Yang Q., Zhang X., Bao Q., Su J., Liu X. Waste image classification based on transfer learning and convolutional
neural network. Waste Management, 2021, vol. 135, pp. 150-157.

10. Kai N., Dongho Z., Feng Y. Rubbish detection and classification of intelligent sweeping robot based on visual perception.
Journal of Image and Graphics, 2019, vol. 24 (8), pp. 1358-1368.

11. Yuchao C., Xiaoxiao B. Medical garbage classification system based on machine vision and deep learning. Computer
Programming Skills and Maintenance, 2019, vol. 5, pp. 108-110.

12. Tachwali Y., Al-Assaf Y., Al-Ali A. Automatic multistage classification system for plastic bottles recycling. Resources,
Conservation and Recycling, 2007, vol. 52, pp. 266—285.

13. Xiang Z., Peng X., Huanping G. Intelligent sorting trash can based on Arduino. Electronic World, 2020, vol. 4, pp. 160-161.

14. Makarov A.A., Solodkov B.E. Software development for the Arduino programmable platform based on the ATMEGA 328P
microcontroller. Design and technology, 2014, no. 44 (86), pp. 88-91. (In Russ.)

15. Men'shikov S.V., Vashchuk E.S. Implementation of programming on the Arduino platform: ways and possibilities of using the
Arduino UNO board. Modern issues of natural science and economics: proceedings of the IV International Scientific and
Practical Conference. Prokopyevsk, Branch of the Gorbachev Kuzbass State Technical University Publ., 2022. pp. 256-262.
(In Russ.)

16. Unajbaev B.Zh., Pak V.G., Zozulya E.S. A brief overview and prospects of using the Arduino microprocessor platform in the
educational process. Mechanics and technology, 2019, no. 4 (66), pp. 193-198. (In Russ.)

17. Bykova A.V. Transmission of dynamic indicators from digital sensors via the Arduino NANO controller to the Arduino UNO
controller. Innovative scientific research, 2021, no. 6-3 (8), pp. 264-269. (In Russ.)

77


mailto:liyahasanovaa@mail.ru
mailto:polina-skuratova@list.ru
mailto:musina.sa@ugatu.su
https://rosstat.gov.ru/folder/11194

Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2025.V. 336. 2. P. 66-78
Khasanova L.N., Skuratova P.N., Musina S.A. Development of an Arduino-based automatic waste sorting system

18. Astafev V.Yu. Capabilities of the Arduino board for obtaining information from the environment. Modern problems of geometric
modeling and information technologies. Materials of the | Interregional scientific and practical Conference of teachers and
students. Melitopol, Melitopol State University Publ., 2023. pp. 121-129. (In Russ.)

19. Lukashik E.Ya. Using the Arduino platform to study the principle of operation of parametric sensors. Collection of materials of
the Republican scientific and practical conference with international participation dedicated to the 85th anniversary of the birth
of Professor Mikhail Vladimirovich Borisyuk. Grodno, Grodno State Medical University Publ., 2022. pp. 160-161. (In Russ.)

20. Bagutdinov R.A. Designing a modular multi-sensor system for environmental monitoring tasks based on Arduino. Scientific
Bulletin of Belgorod State University. Series: Economics. Computer science, 2019, vol. 46, no. 1, pp. 173-180. (In Russ.)

Information about the authors

Liia N. Khasanova, Bachelor, Ufa University of Science and Technology, 32, Zaki Validi street, Ufa, 450076, Rus-
sian Federation, liyahasanovaa@mail.ru, https://orcid.org/0009-0006-3276-8630

Polina N. Skuratova, Bachelor, Ufa University of Science and Technology, 32, Zaki Validi street, Ufa, 450076,
Russian Federation, polina-skuratova@list.ru, https://orcid.org/0009-0003-2318-130X

Svetlana A. Musina, Senior Lecturer, Ufa University of Science and Technology, 32, Zaki Validi street, Ufa,
450076, Russian Federation, musina.sa@ugatu.su, https://orcid.org/0009-0000-1117-1049

Received: 26.03.2024

Revised: 25.10.2024
Accepted: 24.12.2024

78



