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have been presented. The tools of science and research are to improve its efficiency and technological
reliability. As a result of the training, future engineering specialists are able to independently solve the
design and modernization of the design of the operating equipment. Scientific-methodical approach at
the teaching of dough preparation theory in the educational process of university was improved. Com-
prehensive analysis of knowledge of bakery, pasta, confectionery and processing industries determines
the level of training engineers. It is based on the ability to possess educational tools: technological
schemes of production, algorithms and tables.

Key words: dough mixing theory, pedagogy, university, technology, kneading of dough, energy
impact.
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BLOCK DIAGRAM OF AN ADAPTIVE ENERGY-EFFICIENT MANAGEMENT SYSTEM
IN TERMS OF APPLE SORTING PROCESS

Mema — po3pobaerHs 3a2aabHOI cMPYKMYypu a0anmueHoi cucmemu eHepeoepheKkmueHo2o Ke-
DPYBAHHA NPOUECOM COPMYBAHHA AOAVK HA KOHBEEPHIL NiHII.

Memoou. Y pobomi 3acmocosano memoo asmomamu4yHo20 cynpogody o0 ’cKkmie y nomoui Ha
KOHBEEPHIll AiHii, iHapiaHmHo20 00 nepemilieH s, N0GOPOMY i 2eOMeMPUUHUX NePemBopets 8idcai0-
K08aHUX 00 ekmis.

Pesyavmamu. Pozeasnymo cxemy peanizauyii cucmemu agmomamu3o08anoco ynpaeainHa npo-
yecom copmyeaHHus A04yK, y AKill 00He i3 4inbHUX Micyb nocioae 040K YNPaeaiHH ma OA0K CUHX-
PoHizauii, aKi doyinbHo peanrizosyeamu npoepamto 3 eukopucmarusam 3acobie SCADA. 3anpono-
HosaHa cucmema 30ilCHIOE aKkmyanizayiro iHhopmauii npoyecy copmyeaHHs 3a pe3yibmamamu
ONUMYBAHHS 0AMYUKIE 3 NeBHOK OUCKPEMHICMIO | GHeCeHHAM NOMOYHUX eidomocmeil 0o 6a3u da-
HUX mexHoa02iuH020 npoyecy. Onucano cmpyKmypHo-@QYHKUIOHAAbHY CXeMy CUCMeMU CIeHCeH -
Hs 3a pyXom 0AYK HA KOHBEEPHIll AiHil, AKa 0A3YEMbCA HA 8I0e0CnOCMepedceHHi ma micmumso
gideokamepy, 610K 00pobaeHHs 8ideoinhopmauii, npucmpiil 30epieanHs i npucmpiil 8i0odpaiceHHs
gideoinghopmauii. 3aznauero, wio 610k 06pobaenHs gideoingopmauii ckaadaemopcsa 3 080X niocuc-
mem: nidcucmemu idenmucpikauii 104yKk ma niocucmemu agmMOMAmMu4HO20 CYNPO8O0OY PYXOMUX
00’exkmies. Ilidcucmema asmomamuunoi idenmuixauii a6ayx nepeddbauae nonepedHe oopoodaeHHs
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Kaodpis, sudineHHs nikcenie cynposooxcysanux ob’ekmies. Pezysomamamu uvoeo emany € nonepe-
OHE 00po0AeHHS 300padceHHs 3 gideodamuuxa, nidsuuleHHs AKOCMi 8UXIOH020 300padiceHHs; npu
UYbOMY Kpumepiil sKocmi 300paxicerHHs suOUPaemovcs 8i0N08IOHO 00 NPU3HAYEHHs cucmemu (NOKpa-
WeHHs 30P0BUX XAPAKMEPUCMUK 300PadCeHHs, 8UABACHHS 0esKUX 0c00AUBOCmell 300padceHHs).
Hiocucmema asmomamuunoeo cynposody nepedbauac gidcmedceHns 8i0eonomokKy, nonepeoHe 0o-
PpobaenHs eideokadpie, eudinenHs pyxomux 20ayk. Pezyromamamu uboeo emany € ompumanHs xa-
pakmepucmuk pyxy (mpaekmopis pyxy, Koopounamu s64yK, Kym Hey32004ceHoCmi Mixc 10AyKamu
i onmuunor obaacmro sideodamuuka). byro ecmanosaeno, ujo mounicms i wWeUOK00Is cucmemu
3a6e3neuyomscs A8MoOMamu4HUMU onepayismu: idenmugikauicro, A0Kkarizayicro, cynpogooom
A01YK, @ MAKOIC BUSHAUEHHAM MOMEHMY NOABU PYXOMO020 00 €Kma 6 obaacmi copmyeanHs ma 6u-
daui cueHany Ha GUKOHABUUI MeXAHI3M 0As 8I00iNeHHS Ne@HO20 A0NYKA i3 3a2ANbHO20 NOMOKY, U0
dano 3moecy ompumamu 8 NOMOYHULL MOMeHm acy 0e3aiu 04yK, 6idiopanux 3a 3a0anum Kpumepi-
EM 3 8i0OMUMU KOOPOUHAMAMU NOAONCEHHS HA KOHBEEPHILL NIHII.

Karuosi caosa: sideocuenan, KoHeeepHa AiHis, npoyec coOpmy8ants a0AyK, a6MomMamu3o08ane
ynpaeninHs, cucmema cynposody a0ayk, zacoou SCADA.

ITocTanoBka mpooiaemMu. Buxonsum i3 3apOmOHOBaHUX pillleHb 3 aBTOMAaTU3allil IIPo-
1iecy yIpaBJiHHS COPTYBaHHSAM SIOJIYK 3 YpaXyBaHHSIM iX TEXHOJIOTIUHUX XapaKTepUCTUK,
nocTae npoodjaeMa po3po0JIEHHSI CXeMU peai3allil CHCTEMU aBTOMAaTHU30BaHOIO YIIPaBJIiHHS,
y SKili OCHOBHMM €JIEMEHTOM € amapaTHoO-IIporpaMHe siapo. Bizyanizauis nuHamiku Tex-
HOJIOTiIYHOTO MPOLIECY, BBEACHHS I MOHITOPUHT 0akaHUX 3HAYE€Hb KEPOBAHUX IapaMeTpiB,
¢opMyBaHHS 3BiTHOI AOKYMEHTAllii PO XiJ TeXHOJOTiYHOTO Mpolecy 3a JOMOMOIOI0 Bi3y-
anpHoro intepgeiicy, SCADA MoHiTOpa, cepBepHOI YaCTUHMU € aKTyaJIbHOIO TIPOOJIeMOIO
ChOTOJIEHHS.

AHaJI3 ocTaHHIX J0C/iEKeHb i myoikamiid. Hali0iabin mommpeHnM crrocoooM peajtizarii mo-
JTIOHUX CHUCTEM € apXiTeKTypa «KIJIiEHT—CcepBep», 10 J03BOJSE BUKIIOUUTH AYOIIOBAaHHS TIPO-
IpaMHOTO KOIY CEPBEPHOI YaCTUHU B KIIIEHTCHKUX IIpOrpaMax i 3HU3UTU, BHACIIIOK BUKOHAHHS
0o0uYMCIIeHb Ha cepBepi, BAMOTH JTI0 KOMIT I0TepiB KT€HTIB. KiTieHTaMu B JaHOMY BUTTAIKy MOXKYTh
BUCTYMAaTH aBTOMATU30BaHi poOoui Miclig ¢axiBLiB, a caMe: TeXHOJIora, oriepaTopa COPTYBAIbHOI
ycraHoBKM [1]. ITpu Bubopi o0magHaHHS IJ1s1 CEpBEPHOI YACTUHU JOLIIbHO BUKOPUCTOBYBATHU CY-
YacHi po3po0KM 3 MiABUILIEHUMU BUMOTaMU JI0 3aXMILEHOCTI Bil IIKiJIMBUX BIIMBIB 1 HAOIMHOCTI
30epiranHg iHopMmallii, Harpukian, piBHiB 1P54, IP64. O6MiH iH(opMalli€lo MiX po3noiie-
HUMH eJIeMeHTaMHU JaHOI CUCTeMU JOLUIHHO 3OilICHIOBATH 3a JOIIOMOTOI0 IIPOMUCIOBUX MEpPexX
Modbus (Plus), Unitelway, CAN, Fipio, Fipway, Interbus, Profibus, Ethway [2, 3, 4,5,].

Merta cTarTi — po3pOOKTH 3arajbHy CTPYKTYPY aJallTUBHOI CUCTEMU eHeproeeKTUBHOTO
KepyBaHHS IIPOLICCOM COPTYBAHHS SOJYK.

Buknan ocHoBHOro Marepiany aociimkennsa. CxeMmy peaizallii CUCTeMU aBTOMaTU30BaHOIO
YIIpaBJIiHHS TIPOLIECOM COPTYBAaHHS SI0IyK MTOKa3aHo Ha puc. 1.
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Pucynok 1 — ¥Y3aranbHeHa cTpyKTypHa cxema peajizauii ACY
MPOLIECOM COPTYBAHHSIM SIOIYK
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biok ynpaBniHHS MpU3HAYEHW 1JIsT OTIepaTUBHOTO (DOPMYBAHHS YCTABOK JIJIsSl TOKAJIbHOI
CUCTeMH aBTOMAaTU30BAHOIO YIPaBJIiHHS MPOLIECOM COPTYBaHHS s0ayK. Peanizalito eieMeH-
TiB OJIOKY yIpaBJliHHS AOLIAbHO 3AiMCHIOBATU MIPOrPAMHO 3 BUKOPUCTAHHSIM CIlelliali30BaHUX
MPOTpaMHUX 3ac00iB aHai3y Bineo300pakeHb.

biok cuHXpoHi3alii, IKM MOTPiOHO peanizoByBaTU MPOrpaMHO 3 BUKOPUCTAHHSM 3a-
cobiB SCADA, 3miiicHIOE aKTyaizalio iHpopMallii po XiJ MpoIecy COPTYBAaHHS 3a Pe3yiib-
TaTaMU OMUTYBaHHS JAaTYMKiB 3 TIEBHOIO JUCKPETHICTIO i BHECEHHSI MIOTOYHUX BilOMOCTEN 10
0a3y JaHMX TEeXHOJOriyHoro mpouecy. IIpu3HayeHHSIM CUCTEMU YMPaBJIiHHSI TEXHOJOTiUHOI
0a3u JaHWX € HAKOIMMYEHHS, pe3epBYBaHHS Ta 30epiraHHs iHdopMallii Tpo TMHaMIKy TTapamMeT-
piB TexHOJIOTiYHOTrO Tpoliecy. st peanizallii B pe3yabTaTi aHasi3y ajJbTepHaTUBHUX BapiaHTIB
(Oracle, Firebird, Interbase, Sybase Adaptive Server Enterprise, MySQL) 6yi10 o6paHo mpoMuc-
JIOBY cucTemy yripasiinHs 6azamu gaHux (CKB/1) MS SQL Server [6, 7]. s 6e3nocepesHbOro
KOHTPOJIIO Ta YIPaBJiHHS MPOLECOM COPTYBAaHHSI BUKOPUCTOBYIOThCS MPOrpaMOBAHUI JIOTiY-
HUI KOHTPOJIEP, TaTYMKHU i BAKOHABYI MEXaHi3MU.

CTpyKTYpHO-(PYHKIIIOHAJIbHY CXeMY CUCTEMU CTEXEHHS 3a PyXOM SIOIyK Ha KOHBEEpHil
CTpiulli moka3zaHo Ha puc. 2. CTpyKTypa aBTOMaTU30BaHOI CUCTEMU CYMPOBOMKEHHS SIO0IYK Y
MOTOLI HAa KOHBEEPHII CTpiulli 3aCHOBaHA Ha BiAeOCIIOCTEepEeXXeHHI Ta MICTUTbh Bizeokamepy,
010K 00p0o0JIeHHS BifeoiH(opMallil, MPUCTpiii 30epiraHHs i IPUCTPill BimoOpaXkKeHHs BileoiH-
dopmauii [8, 9]. Biok oOpobiieHHSs BigeoiH(popMallil TaKol CUCTEMU CKIAAAETHCS 3 IBOX Mif-
cucTeM: imeHTndikaiii s0JIyK Ta aBTOCYIIPOBOLY PYyXOMUX 00’ EKTIB.

ITincucrema aBToMaTUYHOI imeHTU(iIKaLii S0ayK (pUc. 2) nepeadavae momnepeaHe oOpoo-
JIEHHSI KaJIpiB, BUAIJIEHHS TiKCeJIiB CyIIPOBOKYBAaHUX 00’ €KTiB TO10. OCHOBHUM 3aBIaHHSIM
OKpECJIEHOTO eTaIly ToTepeIHLOro 00poOIeHHST 300pakeHHs 3 BileoIaTYMKIB € ITiIBUIICHHS
SIKOCTI BMXiTHOTO 300paxkeHHs1. KpuTepiii sIKOCTi 300pakeHHsI BUOMPAETHCS BiIMOBIAHO A0
OpU3HAYEHHSI CUCTEMM i MOJAJIbIIMX €TariB 0OpoOJeHHs (HampuKad, A1l MOKpalleHHs 30-
POBUX XapaKTePUCTUK 300paKeHHSI, BUSIBJIEHHSI 0COOJIMBOCTEl 300pakeHHST).
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ITincrcremMa aBTOMATUYHOTO CYIIPOBOAY Tepeadadae BiICTeXXeHHS BiIeOMOTOKY, TTorepe-
JIHE 0OpOOJIEHHSI BileoKaApiB, BUIIEHHSI PyXOMUX SI0JTyK To110. BUKOpucTaHHS BigeoJaTUMKiB
€ 3PYYHUM, BiTHOCHO HEIOPOTUM CITOCOOOM JJI BiICTeXKEHHS i OijbllI pallioHATLHUM pillleH-
HSIM TIOCTaBJIeHOTro 3aBAaHH4. J[o 3aBAaHb MiACUCTEMU CYMPOBOAY 00’€KTIiB MOXHA BiTHECTU:
JIoKaumi3auiro sI0JyK — i3 MHOXWHU ITiKCeJiB MePeaIHbOI0 TIaHy BUAIISEThCS O0e3J1iu 00’ EKTIB;
CYIPOBIi S0yK — MiXKaapoBe 3B’ s13yBaHHS (MMPOCTEXKYBAHHS Bij Kaapy 10 Kaapy); CETMEHTO-
BaHUI pyX SI0JYK LIJISIXOM TepeadadyeHHs MOJIOXKEeHHsI 00’ €KTiB Ha MOTOYHOMY Kafipi 3a Bimo-
MUM MOJOXEHHSIM Ha MoIepeIHbOMY KaJpi.

PesynbsratamMu IbOro eTary € OTpUMaHHSI XapaKTEPUCTUK pyXy (TPaEKTOPIisl pyxy, KOOPAU-
HaTU SI0J1yK, KyT HEY3roJIXKEHOCTi MiXK sS10JIyKaMU i ONTUYHOI 00JIACTIO BileOIaTYMKIB).

ToYHICTb i IBUIKOMISI CUCTEMU 3a0€3MeUyETHhCSI aBTOMAaTUIHUMM OIlepallisiIMuU; imeHTUi-
Kalli€lo, JJoKadi3ali€lo, CylIpoBOAOM SI0IYK, a TAKOX BU3HAUYEHHSIM MOMEHTY IOSIBU PYyXOMOTO
00’exTa B 00JIACTi COpTYyBaHHS Ta BUAAYi CUTHAJy HA BUKOHABYMI MeXaHi3M IJIsl BiIieHHS
MEBHOrO 0JIyKa i3 3arajibHOro MOTOKY. ¥ pe3yJibTaTi poOOTH aITOPUTMY BiI€OCIIOCTEPEKEHHS
OTPUMMYEMO B IMMOTOYHMIT MOMEHT 4acy 0e3J1iy s10JIyK Ha KOHBEEPHIi CTpivlli BiniOpaHuX 3a 3a-
JTaHUM KPUTEPIEM 3 BiTOMUMU KOOPAMHATAMMU TTOJOKEHHS HA CTPivlli.

BucnoBku. OTXe, 1151 yIOCKOHAJIEHHS TMPOLECY COPTYBAaHHS SIOMYK Ha KOHBEEPHIl JiHii
0yJ10 po3p00JEHO CTPYKTYPHO-(YHKIIOHATIBHY CXeMY CUCTEMM CyIpoBoay 00’ekTiB. Cucrema
3a 3aJJaHUM aJITOPUTMOM OOPOOJISIE CUTHANIM 31 BCTAHOBJIEHUX JATYMKIiB, a KOHTPOJIEP HA OCHOBI
HEYiTKOI JIOTiKM 3[iACHIOE BIUIMB HA BUKOHABYMI MeXaHi3M 115 Binbopy s10J1yK NEBHOIO TEXHO-
JIOTIYHOTO Pi3HOBUJLY 3 KOHBEEPHOI JIiHil.
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Ileav — paszpabomka obueii cmpyKkmypobl a0ANMUBHOL CUCIEMbl IHEP2OIPPeKMUBHO20 YNPas-
AEHUS NPOUECCOM COPMUPOBKU 00K HA KOHEEUEePHOU AUHUU.

Memoowt. B pabome npumernen memoo agmomamu4eckoz2o conpogoscoetus 006eKmos 6 nomo-
Ke Ha KOH@ellepHOl AUHUU, UHBAPUAHMHDLI K NepeMeleHlio, NOGOPOMY U 2e0MempuU4ecKum npeoo-
DA308AHUAM OMCACHCUBACMBIX 00BEKMO8.

Pesyabmamut. Paccmompena cxema peaiuzauuu cucmemsvl A8MoMamu3upo8aHHo2o ynpaesne-
HUSL RPOUECCOM COPMUPOBKU 010K, 8 KOMOPOI 00HO U3 2AAGHbIX MeCh 3aHUMarom 010K YnpasieHus
U 010K CUHXPOHU3AUUU, KOMOPblE UeAeCO0OPA3HO Pearl308bl6ams NPOSPAMMHO C UCHOAb30BAHUEM
cpedcme SCADA. Ilpeonoxcennas cucmema ocyujecmensiem aKkmyanru3auuro uHopmayuu npoyec-
ca copmuposKl No pesyabmamam onpoca 0am4UKo8 ¢ onpedeaeHHoll OUCKPEMHOCHbIO U 6HEeCeHUeM
meKyuux ceedeHuil 6 6a3y 0aHHbIX MmexHoA0cu1eck020 npoyecca. Onucana cmpyKkmypHo-@yHKYUO-
HAAbHASL CXeMA CUCEMbl CAeHCeHUs! 3 08UMCeHUeM A0A0K HA KOHBEUePHOU AUHUU, OCHOBAHHAS HA
8uU0eoHabA0eHUU U codepicauyds sudeokamepy, 610K 0bpabomku eudeouHgpopmayull, ycmpoicmao
XpaneHus u ycmpoicmeo omobpaxcenus: sudeourngopmayuu. OmmeueHo, 4umo 610K 06padbomru eu-
deourghopmayuu cocmoum u3 08yx noocucmem: noocucmemst uoeHmugpukauuu 10410K u noocucme-
Mbl ABMOMAMUYECK020 CONPOBONCOCHUS d8uxcyuuxcs 00sekmos. [lodcucmema asmomamu4eckoll
udenmuguxayuu 1610k npedycmampusaem npeosapumensHyro 00pabomky Kaopos, evioenerue mo-
yeK conpogocoaemvix 0bsexmos. Pezyromamamu smoeo smana seasemces npedeapumensHas 00-
pabomka u300paicenus ¢ 8U0e00amuuK0o8, NOGbluleHUe Ka4yecmea UCX00H020 U300padceHus, npu
2MOM Kpumepuil Kauecmea u3odpajceHus vloupaemes 8 COOMeemcmeul ¢ Ha3Ha4eHuem cucmemol
(VAy4uieHue 3pumenbHbiX XapaKmepucmurk uzo0paxceHus, 6biaeaeHlUe HeKOMOopbiX 0coOeHHocmell
uzobpascerus). Ilodcucmema asmomamuueckoeo conpogodcoenus npedycmampueaem omcaelcu-
8aHuUe 8UOCONOMOKA, NPEOBAPUMENbHYI0 00pabOMKY 8UOCOKAOPO8, 8bl0eseHUe OBUNCYUUXCS 00K,
Pezyasvmamamu 3moeo smana 16451emcs noAy4eHue XapaKmepucmui 0eudicenus (mpaexmopus 06u-
HCeHUST, KOOPOUHAMbL 010K, Y20 paAcco2Aaco8anus Mexcdy s010KamMu U Onmu4ecKkoil 004acmoto Gu-
deodamuukxos). boiio ycmanosaeno, umo mounocms u Ovicmpodeiicmaue cucmemsl odecneuusaem-
Cs ABMOMAMUMECKUMU ONepayuaMu; uoeHmupukayuei, 10Kaiu3auuell, conpogodicoenuem 1040k,
a makoice onpedenseHuem MOMEHMA NOABACHUS OBUICYUee0Cs 00BeKma 6 00Aacmu CoOpmuposKu U
6b10auU CUSHANA HA UCNOAHUMENbHbLI MEXAHU3M 0451 OnpedeneHuUs UCKOMO020 040KU U3 00uje2o no-
MOK @, 4Mo NO380AUA0 NOAVYUMDb 8 MEKYUUI MOMEHN 8PEMEHU MHONCECME0 100K, OMOOPAHHBIX NO
3Q0aHHOMY KPUMEPUIO C U3BECMHbIMU KOOPOUHAMAMU NOA0JICEHUS. HA KOHBEUePHOU AUHUU.

Karouesuvie caosa: sudeocuenan, KoHeellepHas AUHUSL, NPOUECC COPMUPOBKU S0N0K, Aemomamu-
3UPOBAHHOE YNpasaeHle, cucmema conpogodicoerus 160k, cpedcmea SCADA.

Objective. The objective of the article is to develop the general structure of an adaptive system for
energy-efficient management of the process of sorting apples on a conveyor line.

Methods. In the research, the method of automatic tracking of objects in a stream on a conveyor line
is applied, which is invariant to movement, rotation, and geometric transformations of tracked objects.

Results. The implementation scheme of an automated control system for the apple sorting process
is considered, in which one of the main places is occupied by the control unit and synchronization unit,
which is expedient to implement programmatically using SCADA tools. The proposed system updates
the information of the sorting process according to the results of a survey of sensors with a certain dis-
creteness and entering current information into the database of the technological process. A structural
and functional diagram of a system for tracking the movement of apples on a conveyor line based on
video surveillance and containing a video camera, a video processing unit, a storage device and a
video information display device is described. It is noted that the video processing unit consists of two
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subsystems: the apple identification subsystem and the automatic tracking subsystem of moving objects.
The automatic apple identification subsystem provides for the preliminary processing of personnel, the
allocation of points of the accompanied objects. The results of this stage are preliminary processing of
the image from video sensors, improving the quality of the original image, while the criterion for image
quality is selected in accordance with the purpose of the system (improving the visual characteristics
of the image, identifying some features of the image). The automatic tracking subsystem provides for
tracking the video stream, preprocessing video frames, and highlighting moving apples. The results
of this stage are obtaining the characteristics of the movement (the trajectory of movement, the co-
ordinates of the apples, the angle of mismatch between the apples and the optical region of the video
sensor). It was found that the accuracy and speed of the system is ensured by automatic operations:
identification, localization, tracking of apples, as well as determining the moment of the appearance
of a moving object in the field of sorting and issuing a signal to the actuator to determine the desired
apples from the general flow, which made it possible to obtain at the current time many apples selected
according to a given criterion with known position coordinates on the conveyor line.

Key words: video signal, conveyor line, apple sorting process, automated control, apple tracking
system, SCADA tools.
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