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look at. The technical indicators of the kneading bowl machine of the L4-XTV periodic action are
described. The technological indicators of the recipe of white bread «Tavrichesky» were established.
During a series of experiments, the relationship between the technical and technological indicators of
the dough kneading in the batch mixer L4-HTV of periodic action with a standard and a new knead-
ing organ was assessed. The improvement indicator of the dough mixing machine is in the range from
+3.8 % to +11.5 %. The minimum performance indicator for the dough mixer test +3.8 % is due to
the fact that in the technological step of its operation it does not constantly carry out the process of mix-
ing the raw materials and dough. The maximum value of the amount of cooked dough +11.5 %, due
to the fact that due to the intensification of the preparation the kneading time of the dough is reduced.
The indicator of a comprehensive assessment of the operation of the dough mixing machine L4-HTV
is generally improved according to 5 data and totals 39.2 %. The indicator of dough mixing machines
L4-HTV with various kneading bodies for a technical assessment of its work is 7.54 %.
Key words: Mixing machine, technology, dough kneading, mixing organ, energy power.
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STUDY OF CLUSTERING METHODS MATCHING FOR IDENTIFICATION
AND SELECTION OF APPLES IN THE CONVENTIONAL LINE SORTING PROCESS

Mema — Odocaidoicenus 30incHocmi memodie Kaacmepusauii 04 po3ni3HABAHHS ma 8i06opy
A61yK Y npoueci copmy8aHHs HA KOHBEEPHILL ATHII.

Memoou. Y pobomi 3acmocoséano memoodu uimkoi ma Heuimkoi Kaacmepu3zauyii 0151 nepeuHHoi
Haaauwmyeants nidcucmemu po3nizHa6anHs pizHosuUdie A04yK npu Gopmy8anHi agmomamu308aHo20
VIPABAIHHS COPMYBAHHAM NA00I8 Y NOMOUI HA KOHBEEPHIIl NIHIl.

Pesyavmamu. 3aznaueno, wo memoodu i 3acobu anreopummiunoco ma iHgopmauyitinoeo 3abe3ne-
UeHHS ABMOMAMU308AHUX CUCMEM YNPABGAIHHA He 00380A80Mb 00CUMb eheKmueHo ioeHmugikysamu
i sidbupamu s64yKa 8ionogiono 0o ix xapakmepucmuk. YHacaiook uboeo 006804i CKAAOHO ompumamu
AKIiCHe YNPasaiHHSA MeXHOA0IMHUMU npoyecamu copmyeants gpykmis. Pozeasnymo cmpykmypy cuc-
memu YRpaeAiHHs COPMYBAHHAM SOAYK 3 YPAXYBAHHAM 00MedceHOi WeUuoKo0il BUKOHABH020 MEeXAHI3-
MY, 3a 00NOMO20H0 SKOI 8UOUPAEMbCS 0eKinbKa A0AYK 3 HaUKpawumu xapakmepucmuxkamu. Cucmema
3a6e3neuye OUiHKY pO3MIiueHHs 00 €EKMie 00paHux pi3HO8UOI6 3 YPaXYy8AHHAM WEUOKO0OIi 6UKOHABYO-

Hapiiimna no pegakmii 20.03.2019 p.  © JI. O. Lsipkyn, C. JI. LiBipkyH, O. O. OctpoBuyk, 2019
94



Ne 1(38) 2019

20 MEXAHI3MY, GU3HAYEHHS PO3MIPY, KOAbOPY | MiCUs pO3MAULY8aHHA 8I3YANbHUX 00 €KMi6 V Kaopi; Ha
0CHOGI Yiel inghopmauyii 30iticHroembcs ubip 06 exmia, wjo nioasearoms 8i0060py 3 NOMOKY A0AYK, cee-
MeHmauis Kaopy (Nouyk 8i3yanbHux 00 ekmig). 3a3Ha4eHo, Wo HaAedcHicmy 04yK 00 NeGHO0 Pi3HO-
8uU0Y BU3HAYAEMbCA 34 CYKYnHIcmI0 xapakmepucmuk. Tomy 0as euznauenns 204yk, sKi nidisgearoms
8i000pY Ha KOHBEEPHII NIHII, HeOOXIOHO docaidumu memoodu Kaacmepusauii HatlbinbuW ICMOMHUX Xa-
pakmepucmuk s10ayK, ockinbku idenmucpikayis ma 6id0ip s104yK 30IlICHIOIOMbC HA OCHOBI 3A0aHUX
xapakmepucmuk {d, m, g}. Jlocaioxcerno mMoxcaugicms 3acmocyeanHs memoodie 4imkoi i Hewimkoi Kaac-
mepu3ayii 015 nepeUHH020 HAAAUMYBAHHS nIOCUCMeMU PO3NI3HABANHS PI3HOGUOIE A0AYK npu hopmy-
BAHHI ABMOMAMU308AH020 YNPABAIHHA COPMYBAHHAM naodie y nomoui. Ilpoananizoeano 30ixcHicms
aneopummise Kaacmepusauii xapakmepucmuk 00 eKmie, aKa nepegipsaiacsa npu po3oummi Ha OAU3bKI
00 ONMUMANbHOI KiNbKOCMI Kaacmepie, wo 003604UA0 OUIHUMU He MIAbKU NOKA3HUKU 30IdCHOCMI, a [
dodamkoeo nepegipumu 0ouinbHicms 30ilicHeH020 paHiuie 8UOOPY ONMUMANbHOI KinbKocmi Kaacmepis.
byno ecmanosaero, wo 015 opmysants aBMomMamu308aH020 YNPAGAiHHSI COPMYBAHHIM S0AYK Y NO-
moui nepeuHHe HANAWMYBAHHs NiOCUCMeMU PO3NIZHABAHHS Pi3HO8UDI6 JoUiNbHO 30IlCHI0AMU 3 GU-
KOPUCMAHHAM aneopummy Hewimikoi kaacmepu3zauii Iycmagcona-Keccens.

Karouosi caosa: kracmep, kaacmepusayia, agmomamusayis, copmy8anHs 101yK, KOHBEEPHA
NIHI, NOKA3HUKU AKOCMI.

ITocTranoBka npo0Osemu. SIKicTh IIPOMYKTIB Ta BUTPATH HA iX BUPOOHMIITBO OaraTo B YOMY 3a-
JIeXXaTh Bifl e(peKTUBHOCTI TEXHOJIOTIH, MPOLIECiB Ta anapartiB, piBHS X MeXaHi3allil Ta aBTOMaTH3a-
1ii, 1o 3a0e3mneuye iHTeHCcUpiKallilo pO3BUTKY XapuoOBOi Ta ITepepoOHOI MPOMUCTIOBOCTI. 3 ypaxy-
BaHHSIM 3pOCTar04Y0i KOHKYPEHIIil Ha CBITOBUX PUHKAaX BaXKJIMBUM 3aBJAHHSIM € YIOCKOHAJICHHS
MPOLIECiB COPTYBAHHS OBOYiB Ta (DPYKTiB 3 METOIO 3HIKEHHS BiTXOMiB i BTPAT IKOCTi IMPOMYKIIii.

CopTyBaHHS € CKJIAIHUM i TPYIOMiCTKMM IiporiecoM. OOHI€I0 3 TOJJOBHUX OIepalliii MiCIIsI-
30MpaabHOI 00pPOOKHU SAOJYK € IX COPTYBAHHS 3a SIKiCTIO. 30BHIlIHI MOIITKOIKEHHS, HATTPUKJIIAI,
3a0UTi MicLSl, BAABJACHHS, OIMiKU 3HWXYIOTh TOBApHY SIKiCTh IUIOMIB i 3MEHILYIOTh TePMiH 30¢e-
piranasg. OcTaHHIM YacoM JJIsT BUPIIIEHHS 1€l TPOOJIeMU YIOCKOHAIOIOTECS BiflcOmaTInKM, a
TaKOX eJIEKTPOHHI 3aco0u 00poOKu BigeocurHamiB [1, 2]. Cuctemu po3mizHaBaHHS TSI COPTY-
BaJIbHUX MPUCTPOIB HAOYBAIOTh AeAali OiIbII aKTyaJIbHOTO 3HaYeHHs. [1pu 1iIboMy MeToau i 3aco-
O aITOpUTMIYHOTO Ta iH(OpMAaIliifHOTO 3a0e3ITeUyeHHS] aBTOMATU30BaHNX CUCTEM YITPABITiHHS He
TIO3BOJISTIOTH IOCUTh €(DEeKTUBHO iIeHTU(IKYBaTH i BimOMpaTy si0JyKa BiIIOBITHO 0 iX XapaKTe-
pUcCTUK |3, 4]. YHACITiZOK LIOTO JOBOJIi CKJIATHO OTPUMATH SIKICHE YIIPaBIIiHHS TEXHOJOTTYHIMU
mnpolecaMy CopTyBaHHS (pyKTiB. OTXe, aKTyaJbHUM CTa€ TMMTaHHS PO3POOKU METOMIB COPTY-
BaHHS SI0JIyK HA KOHBEEPHI JIiHil HA OCHOBI OMEPAaTUBHOIO PO3ITi3HABAHHS 1X XapaKTePUCTHUK.

AHaJIi3 OCTaHHIX TOCTiMKeHb Ta mMyOmikamiii. HamexxHicTh S01yK 10 IEBHOTO Pi3HOBUIY BU-
3HAYAETHCA 32 CYKYITHICTIO XapaKTepucTuK. ToMy it BUBHAYEHHS SI0JTYK, SIKi MiJUISITaloTh Bifl-
0Opy Ha KOHBEEPHIN JIiHil, HEOOXiIHO MOCHIAUTA METOAM KJacTepM3allii HalOiIbIl iCTOTHUX
XapaKTepucTHK s10JyK. OCKiIbKY pO3ITi3HABaHHS Ta BimOip A0JIyK 30iliCHIOIOTHCS HAa OCHOBI 3a-
JMAaHUX XapaKTEepUCTUK {d, m, g}, TO IJII BUKOHAHHS Ili€l omnepallii TOIiJIbHO BUKOPUCTOBYBATU
orepallito Kjaactepusallii. BUTbIIiCTh AJITOPUTMIB KJTaCTEpU3allil HE CIIMPAOThCS Ha TPAAULIiAHI
JUISI CTATUCTUYHUX METOMIB JTOMYIIEHHS; BOHU MOXYTh BUKOPHUCTOBYBATUCS B YMOBaX Maiixe
LJIKOBUTOI BiICYTHOCTI iH(bopMallii Tpo 3aKOHU PO3MOALTY AaHuX [5].

JIis1 30iiCHEHHST KilacTepu3allil XapaKTepUCTUK SI0IYK OYJIU PO3IJISIHYTI METOAU YiTKO1 i He-
YiTKOI KJIacTepu3allii. 3-TTIOMiX METO/IiB YiTKOI KJIacTepu3allii JU1sl BUPILLIEHHS 3aBIaHHS PO3ITi3-
HaBaHHS Pi3HOBU/IB SI0JIYK ITiJ1 Yac COPTyBaHHSI HA KOHBEEPHil JTiHil HANOIIbII €(PeKTUBHUMMU €
metonn K-means Ta K-medoid, siki BU3Ha4al0Th HaJIEKHICTh KOXKHOTO HA0OPY XapaKTEePUCTUK
SIOJIYK JUIST OMHOTO 3 KJlacTepiB, 00 MiHIMi3yBaTH B paMKax KjlacTepa CyMy KBaapartis [5, 6].
AnroputMm Kinacrepmisaiii Fuzzy C-means, 3acHOBaHUIA Ha MiHiMi3amii (pyHKIioHama C-means,
TaKOX BUKOPUCTOBYETHCS IS KJIacTepu3allii XapaKTepUCTUK.

Js knacugikauii xapakKTepUCTUK SI0JyK 3aCTOCOBYEThCS airopuTM Iycradcona-Keccensa
(Gustafson-Kessel), skuit ynockonamoe Fuzzy C-means anroputM, BUKOPUCTOBYIOUM amarl-
TUBHY HOPMY BiZCTaHi JIJIsT KOXHOTO Kiactepa |6, 8]. Tak, y mpaui [7] 3anponoHOBaHO HOBY
(yHKIIiIO BiICTaHi HA OCHOBiI HEUiTKMX OLIiIHOK MaKCUMAaJIbHO1 MPaBAONOAiOHOCTi.
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Mera ctaTTi — JOCTiIKEeHHS 301KHOCTI METO/IiB KJIaCTepU3allii IJIs1 po3Mi3HaBaHHS Ta Bifl-
Oopy s10J1yK y mpolieci COPTyBaHHSI HA KOHBEEPHIit JIiHi1.

Buknan ocHoBHOro marepiamy nociuimkeHHsa. Ilim yac ¢dbopMyBaHHSI aBTOMAaTH30BaHOIO
VIIpaBIiHHS COPTYBAaHHSM SI0JIYK 3 ypaxyBaHHSIM 0OMeXKeHOI IBUAKO/Ai1 BUKOHABYOIO MeXaHi3-
My IOLIJIBHO BUOMpPATH KiJIbKa 3pa3KiB 3 HAUKPAIIMMU XapaKTePUCTUKAMM, SIKIIIO IX PO3TaIIly-
BaHHS Ha CTPIiulli He JTO3BOJISIE BiTiOpaTh 3 TTIOTOKY Bci ssomyka [9, 10, 11]. CTtpykTypy cucteMu
YIIpaBIIiHHS, 1110 peali3ye TaHWi Miaxim, moka3aHo Ha puc. 1.
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Pucynok 1 — Cucrema yrnpaBJiiHHSI COPTYBaHHSIM SIOJIYK 3 ypaxyBaHHSIM OOMEXXEHOCTi IIBUIKOIT
BUKOHABYOT0 MEXaHi3My

MeToaurka MpoBeACHHS AJOCiIXKEHHS MoJisiraia y Takomy. SIK BXiaHi JaHi JJ1s1 aIrOpUTMiB
KJlacTepu3allii B3ITO JBOBUMIipHUI MacUB XapaKTepUCTUK s10JyK. Ha nmepiiomy erami 3aiiicHIO-
Bajlach HOpMaJi3allis JaHUX Y MacuBi (MpUBeACHHS 3HaueHb 10 iHTepBaiy [0,1]). Hami nst Kox-
HOT0 JOCJIiIXXYBaHOTO aJITOPUTMY KJlacTepu3allil BAKOHYBajach LHUKJIiUYHA Mpolieaypa po30UTTs
MAaCHUBY XapaKTepMCTHUK SI0JIYK Ha KiacTepu. Ha KoxXHOMY Kpolli TaHO1 LIUKJIIYHOI TPOoLEeaypr
KUJIBKICTb KJIaCTepiB 3MiHIOBalach y Aiana3oHi Bifg 5 10 9 3 kpokoM 1. 3a pe3yibraTamMu KjiaacTe-
pu3allii Ha TIeBHY KiJIbKICTh KJIaCTepiB 0Jep>KyBaJli 3HaYEeHHS LiJIbOBOI (DYHKIIiT JOCITiIKyBaHO-
ro aiTOpUTMY KJIacTepu3allii Ha KOXHil iTepatiii. Ciif 3a3Ha4YMTH, 1O AJIST KOKHOTO 3HAYEHHS
KiJTBKOCTI KJIACTepiB KiIbKiCTh iTepalliii BinpizHsiach (MEHIIA KiJIBKICTb iTepalliil CBiTYUTh PO
LIBUIIIE 3aBEPILICHHS MPOLIeNypHy KiaacTepu3aliii).

Otxe, 1J1s1 OLIIHIOBAaHHS SIKOCTi aJITOPUTMIB KJIacTepU3allii BAKOPUCTAHO TaKi MOKA3HUKMU:
3HAYEHHS IiJTbOBOI (PYHKIIIT aITOPUTMY KJ1acTepr3ailii (¢) Ta KiTbKiCTh HEOOXiTHUX IS KIacTe-
pu3arii itepariii (7).

30iKHICTh aIrOPUTMIB KJIacTepU3allii xapaKTepUCTUK SIOJyK MepeBipsiacsl mpu po3-
OUTTI Ha OJIM3BKY JO ONTUMAaJIbHOI KITBKICTh KJIaCTEePiB — BiJI I’ SITH 10 AeB’ITH. Pesynbrat
OILIiHIOBaHHS 30iXKHOCTI aAropuTMy Kiaactepmsallii K-means 103BoJISIIOTh 3pOOUTH TaKi BU-
CHOBKH, 1110 3 MOTJISIAY IIBUAKOCTI 301>KHOCTi ONTUMAaIbHUM € PO30UTTS Ha AEB’ATh Kj1acTe-
piB (puc. 2).

Haii6inp1u 6JU3bKHUM 10 ONTUMAIBHOTO € PE3YJbTaT PO3OUTTS Ha CiM KJ1acTepiB, 3a IKOTO
JIOCATAEThCI HaliMEHIIIe cepeaHe 3HAaUYeHHS IIiJThoBOI (pyHKIIi. OUiHKM 301KHOCTI aaTOpuTMy
knactrepu3sallii K-medoids HaBeneHi Ha puc. 3. OnHaKOBI pe3yabTaTH 3a IIBUAKICTIO OTpUMaHi B
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K-means
3 ! . ! ! ! ! ! !
L oo A S B -
] SRR S O SN N S Sesenss SO
R B e e e Mt Sttt
© 15 - K | —+— b knacTepis ||
; —+— & knacTepis
10F-- —#— ¥ knacTepis H
—&— 8 knacTepie
S —— 9 knacTepia ||
n | |
0 14 16 18
i
Pucynok 2 — 30iXXHiCcTh aITOPUTMIB UiTKOI KJ1acTepu3ailii K-Means
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Pucynok 3 — 30ixkHicTh anropuTMiB UiTKoi Kiiactepusauii K-Medoids

pe3yJIbTaTi po30UTTS Ha IT’SITh, IIICTh i CiM KJ1acTepiB. Pa3om 3 TUM, HaliMEHILIOMY CEpeTHbOMY
3HAYEHHIO LIJIbOBOI (PYHKILiT aATOPUTMY BiAIOBiAa€ PO3OUTTS HA CiM KJIaCTepiB.

PesynbraT owiHKM 30iXKHOCTI anropuTtMmy Kiactepu3salii Fuzzy C-Means HaBemeHO Ha
puc. 4. 3 TOUKM 30py IIBUAKOCTI 3013KHOCTi, ONTUMAJIbLHUM € PO3OUTTS Ha CiM i JeB’ATh Kjac-

Fuzzy C-means
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Pucynok 4 — 30iXHicTb alropuT™MiB HewiTKoi Kinactepusauii Fuzzy C-means
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TepiB. HaltGinbir OJIM3bKUM 0 ONTUMAJIBHOIO € Pe3yJbTaT po30MTTS Ha IT’ITh KiacTepis. [1pu
LIbOMY HaliMEHILIOMY CEpeHbOMY 3HAUEHHIO LiIbOBO1 (DYHKIIiT aITOPUTMY BiATOBiAA€ pO30OUT-
TS Ha CiM, BiCiM i IeB’ITh KJIacTepiB.

OuiHky 30iXHOCTI anroputMmy Kiaactepusauii Iycradcona-Keccensa momaHo Ha puc. 5.
Haiikpaiii pe3yabraTv 3a IIBUAKICTIO 30i>KHOCTI OTpUMMAaHi yHACIiIOK PO3OUTTS Ha CiM i Bicim
KJ1acTepiB.

Gustafson-Kessel
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Pucynok 5 — 30ixHiCTh aJITOPUTMIB HeUiTKOI Ki1acTepu3aii [ycrtadpcona-Keccemns

TTopiBHSIIBHE OLIIHIOBAHHSI PE3YJILTATiB JOCIIIIXKEHHST LIBUAKOCTI 301)KHOCTI aJiTOPUTMIB
KjacTepu3aliii (pyc. 6) mokasaio, 110 anroputm Iyctadcona-Keccenst 306ira€Tbest B cepeHbOMY
3a 50—55 itepauiit, 1110 TPOXU MEPEBUIIYE pe3yJIbTaTH iHIIUX aJropuTMiB. Pazom 3 TuM, yac Ha
BMKOHAHHS 3a3HAYEHOI KiJIBKOCTI iTepaliii He MepeBUILyE TONYCTUMOro 3Ha4YeHHS IS 00po-
OJeHHS B pexXXuMi peanbHOro yacy. OCKilbKH, 3TiIHO 3 pO3MJISTHYTUMM BUIIE pe3yJbTaTaMu, 3a
SIKICHUMM TTIOKa3HMKaMu aaroputm Iyctadcona-Keccens npesaiioe Had iHIIMMU, JOLIBHICTh
IOT0 BUKOPUCTAHHS ITiATBEPIKYETHCSI.
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Pucynok 6 — I[TopiBHSIHHS 301XKHOCTi aJITOPUTMIB KJacTepu3alii

Coim 3a3HaYMTH, IO YaCc Ha BUKOHAHHS 3a3HAYCHOI KiJTbKOCTI iTepalliif He IepeBUIILYE JT0-
IMYCTUMOTO 3HAUEHHS JIJ11 00pOOJeHHS JaHUX Y peXXuMi peanbHoro yacy. OcKiabKu, 3riIHO 3 pO3-
[JISHYTUMM BUIIE pe3yJIbTaTaMu, 3a SKICHUMHU ITOKa3HMKamu anroputM Iycradcona-Keccemns
MpeBaIIOE HAJ IHIIMMMU, MiATBEPIXKYETHCS JOLIbHICT HOr0 BUKOPUCTAHHS 1151 TIEPBUHHOTO Ha-
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JIALITYBaHHS ITiCUCTEMM PO3ITi3HABaHHS SI0JYK Y CUCTeMi aBTOMaTU30BaHOIO COPTYBaHHSI IUIO-
JIiB y TIOTOLI].

BucnoBku. OTxe, 11t (oOpMyBaHHSI aBTOMAaTU30BAHOTO YIIPaBIIiHHSI COPTYBaHHSIM S0JIyK
B TOTOLIi MEepBMHHE HalAITyBaHHS MiACUCTEMM PO3IMi3HABaHHS DPi3HOBUIIB OOLIBHO 3Miii-
CHIOBAaTM 3 BUKOPMCTaHHSIM aJrOpUTMYy HeuiTKol kiactepu3salii Iyctadcona-Keccenst, skuit
30iraeTbcs B cepenHboMy 3a 50—55 itepamiit. OTpuMaHi pe3yabTaTh KiaacTepu3allil JOIJIBHO
BUKOPUCTOBYBATHU JJIs1 MOOYA0BU (PYHKIIiHI HAJIEKHOCTI B CUCTeMi HEYiTKOTO JIOTiYHOTO BUCHO-
BKY TIpM peaizalii DiAcucTeMu po3Mi3HaBaHHS Pi3HOBUAIB y aBTOMAaTU30BaHiil CUCTEMi yIpaB-
JIIHHSI COPTYBaHHSIM SI0JTyK Y TIOTOLII HA KOHBEEPHIl JIiHil.
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Ileaw. Ileavro cmamou s64semcs uccaedoganue cxooumMocmu mMemooos Kiacmepuzauuu ons
pacno3nasanus u omoopa 610K 6 npouyecce COpmMUpPOBKU HA KOHBELIePHOU AUHUU.

Memoovt. B pabome npumererbt memodvl YemKoll U HeuemKoil KAacmepu3auuu 011 nepeuyHol
HAcmpouKu noocucmemvl pacno3HA8AHUs PA3HOBUOHOCMell 010K NpU POPMUPOBAHUU ABMOMAMU-
3UPOBAHH020 YNPABAEHUS COPMUPOBKOLL NA000E8 6 NOMOKEe HA KOHBEUePHOU AUHUU.

Pezyavmamur. Ommeueno, umo memodst U cpedcmea areopummu4ecKoe0 U UHGOPMayUoHHO-
20 obecneyeHuss a8MOMAMuU3UPOBAHHbIX CUCMeEM YRPABAEHUS He N0360A8I0m 00CMamo4Ho 3¢pgex -
MUBHoO udeHMu@UUUpPosams u omoupams S040KU 6 COOMEEMCMEUL ¢ UX XapaKkmepucmukamu. B
pesyavmame 0080AbHO CAOICHO NOAYHUMb KA4eCMBEeHHOe YNpaesieHue MeXHOA02UYeCKUMU npoyec-
camu copmuposku gpykmos. Paccmompena cmpykmypa cucmemol ynpasaeHus cCOpmuposKoil 1610k
C yHemom 02paHu4eHHo20 Obicmpodelicmeusi UCHOAHUMENbHO20 MEXAHUIMA, C NOMOUbIO KOMOPO2O
8blOUpaemcs HecKoabKo 040K ¢ ayuuumu xapakmepucmukamu. Cucmema obecneuusaem OUeHKY
PAacnonodceHus: 00eKmos U30PaAHHbIX PA3HOBUOHOCMELL ¢ Y4emom OblcmpoOelicmaus UCHOAHUMEeNb-
H020 MexXanusma, onpedeneHue pasmepa, yeema u Mecma pacnonodceHus 8U3VaAAbHbIX 006eKmMo8 8
Kadpe; HQ 0CHOBe 3MOll UHHOPMAUUU OCYULeCMBASIEMCS 8bLIOOD 006eKmM08, nodaedcaujux omoopy u3
nomoka 010K, ceemenmauusi Kaopa (NOUCK 8U3YANbHbIX 006eKM08). AKUeHmMUposaro, 4mo npu-
HaonexcHocmbs 610K onpedeseHHo20 suda onpedeasemcs no cOGOKynHocmu xapakmepucmuk. Ilo-
2momy 045 onpedenenus 610K, KOmMopwvle nooaexcam omoopy Ha KOHEeUepHOU AUHUU, Heo0X00UMO
uccaedosamos Memoobl Kaacmepusauuu Haudonee CyuecneeHHbIX XapaKkmepucmuk 1010k, NOCK0Ab-
Ky udenmuguxauyus u omoop 610K oCyulecmeastomes Ha 0CHo8e 3A0aHHbIX XapaKkmepucmuk {d,
m, g}l. Hccaedosana 603modcHocms npumerenuss Memooos Hemkoll U Hewemkoi Kaacmepusauuu o1
nepeutHoOll HACMPOUKU NOOCUCMeMbl PACNO3HABAHUS PA3HOBUOHOCMell 010K NpU opMUposaHuu
asmomamu3upo8anHo20 ynpasieHus copmuposkoil n1odoé ¢ nomoke. Ilpoanasusuposansvi cxoou-
MOCMb AN20PUMMO8 KAACMepU3auUlU XapaKkmepucmuk 006eKmos, Komopas npoeepsnace npu pas-
buske Ha bau3KUe K ONMUMAALHOMY KOAUYeCMaEYy KAACmepo8, 40 NO360AUA0 OUEHUMb He MOAbKO, HO-
Kasameau cxo0umocmu, Ho U OONOAHUMENbHO NPOBEPUMb UeAeCO00PA3HOCMb NPOU3Be0eHH020 paHee
8b100pa ONMUMANBHO20 KoauYecmea Kaacmepos. bvino ycmanoeaeno, umo 043 opmuposanus ag-
MOMAmu3upo8aHHo20 YNPasAeHus COpmupo8Koil 1040K 8 NOMOKe NepeUHHYI0 HACMPOUKY nodcucme-
Mbl pACNO3HABAHUS PA3HOBUOHOCMELL 1eAecO00Pa3HO 0CYUeCmensimy ¢ UCNOAb308AHUEM AN0PUMMA
Hewemkoll karacmepuzauuu I'yemaghcona-Keccens.

Karueevie caosa: kaacmep, kaacmepusauus, aemomMamu3ayus, copmuposka 1010k, KOHEel-
epHasi AUHUSA, NOKA3amenu Kavecmad.

Objective. The purpose of the paper is to study clustering methods matching for identifying and
selecting apples in the process of sorting on a conveyor line.

Methods. In this work, the methods of clear and fuzzy clustering are used for the initial setup of
the subsystem recognition of apple varieties when forming the automated control of sorting fruits in a
stream on a conveyor line.

Results. It is noted that the methods and means of algorithmic and informational provision of
automated control systems do not allow to identify and select the apples sufficiently effectively in accor-
dance with their characteristics. As a result, it is quite difficult to get high quality control of the process
of sorting fruits. The structure of the system for managing the sorting of apples is considered, taking into
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account the limited speed of the actuator, with the help of which several applets with the best charac-
teristics are selected. The system provides an estimation of the location of objects of selected varieties,
taking into account the speed of the executive mechanism, determining the size, color and location
of the visual objects in the frame; On the basis of this information, the objects to be selected from the
stream of apples, the segmentation of the frame (search of visual objects) is selected. It is emphasized
that the affiliation of certain types of apples is determined by the aggregate of characteristics. There-
fore, for the determination of apples to be selected on the conveyor line, it is necessary to investigate
clustering methods for the most essential characteristics of apples, since the identification and selection
of apples are carried out on the basis of the specified characteristics {d, m, g}. The possibility of apply-
ing clear and fuzzy clustering methods for initial adjustment of the subsystem of the recognition of apple
varieties was studied in the formation of the automated control of the sorting of fruits in the stream.
The convergence of the clustering algorithms of the characteristics of objects, which was checked by
the breakdown into the optimal number of clusters, was analyzed, that allowed to evaluate not only the
convergence indices, but also to check the expediency of the choice of the optimal number of clusters
previously made. It was found that in order to form an automated control of the sorting of apples in the
Sflow, it is advisable to implement the primary setting of the subsystem of the recognition of varieties us-
ing the Gustafson-Kessel fuzzy clustering algorithm.
Key words: cluster, clustering, automation, sorting apples, conveyor line, quality indicators.
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