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ABTOMATHU30BAHA CUCTEMA KEPYBAHHSA NPOIUECOM
CYHIIHHA 3EPHOBUX KYJIBTYP

BiHHMUBKKNI HaLioOHaNbHUI TEXHIYHUI YHIBEPCUTET;

Anomauis

3a pe3ynbTaTaMu JOCTIHKEHb Y poOOTi 3alPOIIOHOBAHO HOBHH IUISIX BUPIIIEHHS NPOOIEMH CYILiHHS
3€pHa, SIKMH MOJIArae y CTBOPEHHI aJanTUBHOI ONTUMI3aliliHOT CHCTEMH ISl aBTOMaTUYHOTO KePYBaHHS
MPOIIECOM CYIIIHHS 3 METOI0 OTPHMAaHHS KOHIUIIHOBAHOTO 3€PHA JIJISl ITOJJANIBIIOTO 30epiraHHsI.
[IpoananizoBaHO BIACTHBOCTI 3€pHA SIK 00'€KTa CYIIiHHS, JOCIIIKEHO eKCIIEPUMEHTAIbHI 3aKOHOMIPHOCTI,
METOAM CYIIIHHS Ta CIIOCOOM NpOLIeCy CYIIiHHS 3epHa. 3a pe3yJibTaTaMH aHalli3y XapaKTepHCTHK 3epHa Ta
MIpOLIeCy CYIIiHHS BU3HAUEHO, 0 OajaHC SKOCTI Ta BApTOCTI MOBHHEH 0a3yBaTncs Ha po3poOIii HOBOTO THITY
MIKpPOCYLIapKH TiPHUYOI 3epPHOCYIAPKH MOCTIHOTO cTpyMy. BcTaHOBIIEHO MaTeMaTu4yHy MOJIENb, IO OMUCYE
MIPOCTOPOBHI PO3MOALI MAPaMETPiB, 0 BUKOPUCTOBYIOTHCS AJIs CYLIiHHA 3€pHA B IIAXTHIA NPOXiAHIN
3epHOCymIapui. Busnaueno [[ns cnpomieHHs noOynoBU CHCTEM aBTOMAaTHYHOT'O KEPYBAaHHS TEXHOJOTTUHUMH
polecaMy PeKOMEHY€EThCS TIEPEHTH BiJI CHCTEMH 3 PO3IMOIIICHHMH JI0 CUCTEMH 3 IIEHTPali30BaHUMH
napamMeTpaMu, PeACTaBICHUMH y BUTJISIAI MAaTPUUYHOI iepenaTHol GpyHKLIT 1uis i-ro BXoay, A€ j-Ta BUXigHA
3MiHHA € IEPBUHHUAM MIEPETBOPEHHSAM. TEMIIEPATypa i BOJIOTICTh KUIBKICTh PHIIAIiB.

Crpyktypa Ta anroputMu podotu 6araToBuMipHoro aBToHOMHOTO CAK 3 €TalioHHOI0 MOJIEIITIO
HEeOoOXiAHOT AKOCTI 1l BAKOHAHHS 3aBAaHb CYIIiHHS 3epHa. Pe3yabpTaT JOCi)KeHHS BU3HAYWIIH, 10
J0ZIaBaHH aBTOHOMHHUX ONTHUMAaJIbHUX MPAMHUX 1 IEPEXPECHUX 3B A3KIB B 00’ €KTU KEpyBaHHS 103BOJISIE
cTBOpIoBaTH GyHKIIOHANRHO HadiitHi CAK 3a HecTarmioHapHUMH Ta BUAAKOBUMH XapaKTEPUCTHKAMU 00’ €KTIB.

Kirouosi cioBa: 3epHOCyIIapka, CylmmiibHa KaMmepa, CUCTeMa 3 PO3MOJIIICHUMH NapaMeTpaMu, aJanTHBHA
ONTUMaJIbHA CHCTEMa aBTOMATUYHOT'O KEPYBaHHS.

Abstract

According to the results of research, a new way to solve the problem of grain drying is proposed, which is
to create an adaptive optimization system for automatic control of the drying process in order to obtain
conditioned grain for further storage. The properties of grain as an object of drying are analyzed, experimental
regularities, methods of drying and methods of grain drying process are investigated. According to the results
of the analysis of grain characteristics and drying process, it is determined that the balance of quality and cost
should be based on the development of a new type of microdryer mountain grain dryer DC. A mathematical
model describing the spatial distribution of parameters used for grain drying in a mine grain dryer has been
established. Defined To simplify the construction of automatic process control systems, it is recommended to
move from a system with distributed to a system with centralized parameters, presented as a matrix transfer
function for the i-th input, where the j-th output variable is the primary transformation. temperature and
humidity number of devices.

Structure and algorithms of multidimensional autonomous SAC with a reference model of the required
quality to perform grain drying tasks. The results of the study determined that the addition of autonomous
optimal direct and cross-links in the control objects allows to create functionally reliable SAC for non-
stationary and random characteristics of the objects.

Using a systems approach, structures and algorithms to run a multi-adaptive identification system, a
subsystem for the identification of drying processes was built. As a result of the use of IMNK, an unbiased and
efficient assessment of the transfer function of the dryer is obtained, which allows to implement the optimal



adaptive algorithm of self-regulation of the single wet-temperature channel of the dryer as a multidimensional
object with crosslinking.

Key words: grain dryer, drying chamber, system with distributed parameters, multidimensional model,
adaptive optimal automatic control system, identification.Using a systems approach and the structure and
algorithms of operation of a multi-adaptive identification system, a subsystem for the identification of processes
in the dryer was built. As a result of the use of IMNK, unbiased and efficient estimates of the transfer functions
of the dryer were obtained, which allowed to implement optimal adaptive algorithms for autonomous control of
individual humidity temperature channels of the dryer as a multidimensional object with cross-links.

Keywords: grain dryer, drying chamber, system with distributed parameters, adaptive optimal automatic
control system, identification.

Beryn

AKTyanbHICTh pOOOTH. ATpapHHN CEKTOp €KOHOMIKH, BaXKJIMBOIO YaCTHHOIO SKOTO € CLIBChKE
TOCIIOAapcTBO, (OPMYE IMPOIOBOIHYIY 1 IEBHOIO MipOI0 €KOHOMIUHY, €KOJIOTIUHY Ta CHEpPreTHIHY Oe3meky. Lle
3a0e3redye po3BUTOK MOB'I3aHUX 13 TEXHOJIOTIEI0 raTy3eil HalllOHATbHOI EKOHOMIKH Ta CTBOPIOE COIIialIbHO-
€KOHOMIYHI YMOBH JUIsI PO3BUTKY. ATPONPOMHUCIIOBUN KOMIUIEKC CTAHOBUTH OJIM3bKO 12% 3aranbHoi qoganoi
BapTOCTi YKpaiHHU i € OJHIEI0 3 OCHOBHUX OIOJKETOYTBOPIOIOYHX Taly3eil HalioHaubHO1 ekoHoMiku. 3 2007 mo
2018 pix BUpOOHHUIITBO arpobi3Hecy Maibke moasoinocs. [Ipu mboMy moJTOBHHA 3aralIbHOT TIPOYKITi |
BHPOOJISIETHCS B MPUBATHHUX TOCIIOAAPCTBAX, JIe € CEPHO3HI MPOOJIEMH 3 MEPEPOOKOI0 Ta 30€PIraHHAM BPOXKALO.
Cupi 3epHa He MOXHa 0BT 30epiratu, ix HeoOXigHO BHUCYIIUTH Ha coHL . [Ipote HeBenmki hepmepchbki
rocrofapcTBa He MaloTh IS IIbOTO HEOOXITHUX TEXHIYHUX 3ac00iB. ToMy po3poOka HeaZOopOTux
MaJIOTIOTY>KHHUX 3€PHOCYIIApOK 3 aBTOMATH3AIIIEI0 Ta ONTUMI3AIIIEI0 TIPOIECY CYIIIHHS 3epHA € aKTyaIbHOIO.
Uepes He3aBepILEHICTh MPOIECY aJanTallii 10 €BpONelChKUX BUMOT JI0 SIKOCTI Ta O€3MEKH XapuoOBUX MPOAYKTIB
HecTaOUThHI TOPTOBEIbHI BiTHOCHHHY 3 KpalHaMHU-IMITIOpTepaMH, HecTaliabHa KOHKYPEHTHA MTO3HUIIIS BITYN3HIHOL
CLITBCHKOTOCIIOIAPCHKOT MPOAYKIIIi HA 30BHIMIHIX prHKaX. ToMy Ha HEBENMMKUX (pepmMax BaKJIMBO PO3BUBATH
BJIacHi MeTo ¥ 30epiranHs Ta IepepoOKH CHPOBHUHH Ta BUPOOHHUIITBAa BTOPUHHOI Npoaykmii. Lle motpedye
MOJIepHi3aIlil TexHiuHOoi 0a3u, aBTOMATH3AIlil Ta ONTUMI3allii IPOIleCcy CYIIIHHS 3epHa.

MeTta po0oTH : nonArae B NigsuLLeHHI ebeKTMBHOCTI Npouecis nepepobkmn Ta 36epiraHHA 3epHa WAAXOM
pPO3p06KM ONTUMANbHOT a4aNTUBHOT CUCTEMM YNPABAIHHA CYLWIHHAM 3epHa 3 iaeHTMdiKaTopamu Ta
€Ta/IoOHHUMW MOAENAMM.

Pe3yabTaTtu gocaixxeHHs

AHaui3 BJIacTUBOCTEH 3epHa K 00€KTa CYIIiHHS NI0Ka3aB 1110 3ePHA SBJISIOTH COOOI0 aHI30TPOITHI KONOTAHI
KaIliJIApHI OPHCTI Tijia 31 CKIaJHUMHU CTPYKTypaMu. MatoTh KiJibKa IapiB 000JIOHKH, EHIOCTIEPM - OCHOBHUH,
3apoJIoK - Ti0. HaciHHs 371aKiB cKiagaeTbes 3 O1IKiB, BYTJIEBO/IB, KHUPIB MiHEpaJH, BiTaMiHU Ta (hepMEHTH.
Kpeiina MicTUTB BYTTICBOJM Y BUTJIS/II BOJIOKOH 1 CHIOPiTHEHUX PEYOBUH (IICHTO3aHH, 30J1a); B ACHPOHI y
mapax Oarato 0inka i xupy. OCHOBHY KUIBKICTh BYIJIEBOJIB MICTUTH eHaocnepM . JlocTynHui y BUMIIA A1
KPOXMAJTIO Ta 3allacHOro OiJIKa, ajie 3 HU3bKUM BMICTOM 30JIM Ta KIIITKOBUHH. [CHYI0Th eMOpioHHn Oarati
OinKaMu 1 ByTJIeBOAAMH y BHUTIISIIII TIFOKO3H 1 KHPIB.

lNapaBiiuHMiA oMip 3epPHOBOTO APy 3aJIEKUTH BiJ] TOBIIUHH IIAPY, II0 MPOYBAETHCS, IIBUIKOCTI Ta
apaMeTpiB MOBITPS, MITAPYBaTOCTi 3€PHOBOI MacH, CTaHy (IIOPCTKOCTI) MMOBEPXHi 3epHUH.

Bogora y 3epHi € Ha IOBEpXHi, Y KaIlJisgpax, ycepeauHi KIIITHH 3epHa. BoHa Mae BayxiBe 3HAYCHHS JIJIS
KUTTEISUTBHOCTI 3epHa, ajie ii Ha/UTUIIIOK MPU3BOJIUTH 10 iIHTeHCH(DIKAIT )KUTTEBUX MPOIIECIB, CAMO3IrpiBaHHS
Ta MOTiPLICHHS SIKOCTI 3epHa.

3aneXHO Bil BMICTY BOJIOTH 3€pHO MOJUISIOTH Ha cyxe (1o 14 %), cepenunoi cyxocti (Bix 14 1o 16 %),
Bosiore (Big 16 1o 18 %), cupe (monan 18 %). Y 3epHOBIiil Maci Bojiora po3noiiisieThess HepiBHOMIpHO. [Tpu
cepenHiil Bosorocti 3epHa 22 % 0nm3bko 10 % marots Bosoricts Hrxue 17 %, a moHan 20 % — Bume 25 %. Y
3epHHUHI BOJIOTA PO3MOAUISETHCS TAKOK HEPIBHOMIPHO: HaOLIbIIE 11 € B 3apOJIKy, MEHIIIE — B €HAOCIIEPMI, a IIe
MeHIie — B obononkax. [Tpu cepeaniit Bosorocti 3epHa 17 % 3apoaok mae Bosoricts 19,4 %, enpocnepm — 16,7
%.



3a OCHOBHUMH BUMOTaMH , CIOCO0aMHM Ta THIA CYIIKH 3epHA OyJI0 MPOBEICHO MaTEMAaTHIHE
MOJIEITIOBAHHSI CYIITKHU 3epHa K 00EKTa 3 PO3MOIICHIMH MMapaMeTPaMH.

MoenroBaHHsI CyIIAPKH SIK TEXHOJIOTTYHOTO 00’ €KTa 3 IPOCTOPOBUM PO3MOIUICHHSM TapaMeTpiB
MOB’A3aHO 3 BPaxXyBaHHSM HaNpPSIMKiB 3MiHU TEXHOJIOTIYHUX TTApaMETiB.

Buxoasau 3 TEXHOJIOTIYHAX Ta EKOHOMIYHUX YMOB OyJ10 BUOpaHO HAHOUIBI HOMITEHUN THI CYIIapKH
3epHa Ta HallePEeKTUBHIIY CUCTEMY KEPYBaHHS JaHOIO CYIIAPKOIO.

BucHoBok

3a[u1s IonepeIKeHHs eperpiBy 3epHa OyJ0 BIPOBAIKEHO BIABATHCS 10 3aXOIB, 110 MONEPEIHKAIOTH
IIeperpiBaHHs 3e€pHA: IOKPUTTS TapsINX ITOBEPXOHD CYIMIAPKH TEIUIOBOIO 130JIAITi€10; BUTOTOBIICHHS iX i3
MaTepiaiiB 3 HU3bKOIO TETJIONPOBIIHICTIO; YCYHEHHS IPAMOTO KOHTAKTy 3epHa B HEOE3MeUHil 30H1 3 rapsiauMu
ra3amu; 341iCHEHHS PalliOHAIEHOTO PEXXUMY POOOTH BUITyCKHOTO MEXaHi3My Ta iH.

Jlist 3amo0iraHHs MOKPAIIeHHS MIBUAKOAIl OTPUMaHHS CUTHAJIIB 3 1aBadiB 0yJI0 BU3HAYEHO O1JIBII
JIOTUTBHAM BUKOPHUCTAHHS NMU(DPOBUX MBUIKOMIIOYNX CUCTEM JUCTAHIIIITHOTO 1 MiCIIEBOTO KOHTPOITIO
TEMIIEpaTypH 3epHa Ta Ta3iB y 3epHOCYLIAPLI.

[I{o6 30eperTu SKICTH CBIXO0310paHOro 3epHa, OyJI0 BU3HAYEHO 110 JOLIIbHA TEMIEpaTypa CyIIiIbHOTO
arerra Mae Oytu 3MmermreHa (Ha 20...30°C) Ta remnepatypy 3epHa (Ha 10°C).A Takox 0yJ10 BU3HAYEHO IO IS
OiTbII e(h)eKTUBHOTO MPOIIECY OXOJIOKEHHS , TEMIIepaTypa 3epHa Mae MEePEBUIIYBATH TEMIICPATYPY
HaBKOJHUIIHBLOTO MOBITPs He Oinbiue Hix Ha 10°C.

BcTanoBneHo, 1o npu CyIIiHHI MTOTePeTHL0 HarpiTOro 3epHAa MMOBEPXHEBHMA IPATi€HT BOJIOTOBMICTY
MEHIINH, Hi’K IPH 3BUYAaifHOMY KOHBEKTHBHOMY CYIIiHHI, TOOTO 30Ha BHITAPOBYBAaHHS PO3TAIIOBY€ETHCS
mo0IM3y 30BHIIIHBOI TOBEPXHI MaTepially, 10 SIKO1 BoJIOra pyxaeThcs y BUTIsAL pingunu. Lle 3anobirae
TIepEeTrpiBaHHIO TIOBEPXHI MaTepialy Ta CIpuse 30epiraHHIO 1 MOJIIMIIEHHIO SIKOCTI 3epHa.

3a pe3ynpTaTaMy aHaJli3y BIACTUBOCTEH 3€pHA 1 MPOIIECiB CYIIiHHS, SIK KOMIIPOMIC IO SIKOCTi Ta BapTOCTI
MpUHMaEMO 32 OCHOBY CTBOPEHHS HOBOI MiHi— CYHIapKH LIAXTHY MPSIMOTOYHY 3€PHOCYIIAPKY.

Buxoasun 3 hi3ndHAX OCHOB IpOLECy CYIIKH OyJI0 BUPIIIEHO NEPEHTH Bi CUCTEMH 3 PO3NOIIICHUMH 10
CHCTEMH 3 30CEepeKEHUMH TapaMeTpaMu.

3a aHaJi30M ICHYIOUHX CUCTEM KepyBaHHS 0yJI0 po3p00IeHO CTPYKTYPY 1 alrOpUTM (DyHKIIOHYBaHHS
aBToHOMHOI CAK , sika 3 HE0OX1THOIO SIKICTIO BiIPAaIlbOBY€ 3aBAaHHs CyIIiHHS 3€pHA.
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