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1. ABTOMaTU4HEe KE€pYyBaHHA IIpOLECaMU ME€EPEBAHTA)KEHHA 3€PHA Ha €JIEBATOPAX: OHTMMiBauiH 3aBaHTakeHHd [1TJI

IIpy OOMEXXEHHSIX TUITY «aBapiliHa CUTyaLlis»

2. Automatic control of grain transferring processes on elevators: optimization of TTL loading with limitations of
«emergency situation» type

Pedepar:

1.V npuceprauii npencraBieHO HOBI KOHLIEIL|l Ta KOHKPETHI pilleHHd 3a4a4i aBTOMAaTUYHOTO KEPYBaHHS
3aBaHTAXXEHHSIM [TIOTOKOBO-TPaHCIOPTHUX JiHil ([1TJI) eneBaTOpiB 3¢pHOM $IK 3aia4i yMOBHOI ONTUMi3aLii pu
0OME>KEHHSIX TUILY «aBapiliHa cUTyallisi» 3 rapaHTOBAaHUM 3arl06iraHHsIM CIIpallbOBYBaHHS aBapiiHUX 3aXUCTiB, SIKY
peasnizyioTh y peanbHoMy uaci. KepysanHs 3aBaHTaxkeHHaM [1TJI, konu aBapiiiny cutyariiio (AC) 06yMOBIEHO
3aBaJIoM 3epHa B 6ammaky ii Hopii (AC1), peamnizyeTbcs cuctemolo aBTomaTuyHoro kepyBanHs (CAK) 3i cTpykryporo,
110 KOMYTYETBCS, SIKA MICTUTB y COOi IBa KOHTYPU PETYJII0OBAHHS 3aBaHTAXXEHHS. B OCHOBHOMY KOHTYpi
PETYJIIOBaHHS 3aBAHTKEHHS 3LiMICHIOETBCS 3MIHOIO BiIKPUTTS MiICUIIOCHOI 3aCYBKY, Y LOIIOMIKHOMY — 3MiHOIO
IIBUJIKOCTI PyXy CTPiYKM MiICUJIOCHOrO KOHBe€epa. [lepeMUKaHHS 3 OCHOBHOI'O KOHTYPY Ha JOIIOMI>KHUMN
BinOyBaeTbCs npu BusiBeHHi ACI, sIka CTBOPIOETHCS a60 1i1IeCIPSIMOBAHO — IIOIYKOBUM QJIFOPUTMOM ONTHMI3allii,

abo MHUMOBIJIBHO — Yepes Aito 30ypioBaHb. [licisa sikBinanii AC1, 115 HoOBEpHEHHS 3 IOIIOMIDKHOIO KOHTYPY



peryJiloBaHHSI HA OCHOBHUIA peasi3yeTbCsl KOHTYP CTabisi3alii 4acToTH >XUBJI€HHS IPUBOJHOTO €JIEKTPOJIBUTYHA
(TTEQ) Ha HOMiHANIPHOMY 3HA4€HHi, PeryJl0BaJIbHUM OPraHOM Y SIKOMY € IiCUI0CHA 3acyBKa. [Jis MigBUILeHHS
SKOCTI peryJyl0BaHHS 3allpOIIOHOBaHeE MEPETBOPEHHS OCHOBHOrO KOHTYpYy CAK 1o kackagHoi CTpyKTypu. KepyBaHHS
3aBaHTaxeHHsM [1TJI, konu AC ob6ymosneno neperpisanssam I1E]] ii konBeepis (AC2), peasnidyeTbcs cTabinisalieto Ha
IIPUIyCTUMOMY PiBHI TEIJIOBOTO CTaHy Hainbinbum neperpitoro IEJ. B ymoBax CAK 3i CTpyKTypoO10, 1110
KOMYTYETHCS, L5l CTabisizallist 3abe3neyyeTbCs BBeIEHHSIM 30BHIIIHbOTO, o0 Liei CAK, KOHTypy 3BOPOTHOTO
3B'SI3KY 3 PETyJISTOPOM TEIJIOBOTO CTaHy. B ekcTpemasbHiill cutyalii, Konu crabinisauis Tenaosoro pexumy ITE]]
BUSIBJISIETHCSI HEMOSKJIMBOIO, 3aI100IrTH aBapiliHy 3yMMHKY J03BOJIsI€ BUIIEPEIKYBAIbHUI 3aI1yCK aJITOPUTMY
TexHOoJIoTiYHOi 3ynnHKU. Ha ocHOBi CAK 3i CTPyKTYypOIO, 1II0 KOMYTY€ETHCS, PO3POOJIEHO aBTOMAaTU30BaHy CUCTEMY
onTumizanii 3aBanTaxxeHHs (ACO3) ITTJ1 BimBaHTaXkeHHs 3epHa e1eBaTopa B M. XMiIbHUKY. [i aropuTMu KepyBaHHS
HaJIaroJI)KEHO Ta [IPOTECTOBAHO Ha iMiTaliliHii Mogei, a npukiagHe [13 — Ha IporpaMHO-TEXHIYHOMY KOMILJIEKCI,
SIKMI1 peastidye TeXHOJIOTiI0 HalliBHAaTypHOTro MoesoBaHHs. ACO3 yBeJieHO B €KCILTyaTallilo, IPOBeeHo ii BcebiuHi
BUPOOHMYI BUNIPOOYBAHHS, pe3yJIbTaTH SIKUX NiATBepAWIN e(PEeKTUBHICTb HAYKOBUX Ta TEXHIYHUX PillleHb,
PO3pO6JIEHUX Y JUCepTallii.

2. The new concepts and specific solutions to the problem of thread transport lines (TTL) grain loading automatic
control are presented. The problem is exa-mined as conditional optimization problem with limitations of
«emergency situation» (ES) type with guaranteed prevention of the emergency protection trips operation in the
real time. TTL loading control, when ES is caused by a grain obstruction in the boot drum of its paternoster (ES1), is
implemented by automatic control system (ACS) with a switching structure, which includes two control loops. The
loading control in the main loop is fulfilled by changing the opening level of the silo gate valve, in the auxiliary loop
- by the speed control of the conveyor belt under the silo. Switching from the main circuit to the auxiliary occurs
when ES1is detected, which is created either purposefully - by the optimization search algorithm or
spontaneously - due to the disturbances action. After ES1 elimination, in order to return from the auxiliary control
loop to the main one, drive electric motor (DEM) feed frequency control loop is implemented at the nominal value
by the gate valve under the silo. To improve the quality of control, it has been proposed to convert the main loop of
the ACS to a cascade structure. Controlling the loading of the TTL, when the ES is caused by overheating of the
DEM of its conveyors (ES2), is implemented by stabilizing at the permis-sible level of the thermal state of the most
overheated DEM. In the ACS with a switching structure, this stabilization is provided by introducing an external
feedback loop with the thermal state controller in relation to this ACS. In the extreme situation, when the DEM
thermal state stabilization is impossible, preemptive start of the technological shutdown algorithm prevents an
emergency stop. Based on the ACS with a switching structure, automated loading optimization system (ALOS) for
TTL of grain transferring on elevator in the Hmelnik city was developed. Its control algorithms have been
debugged and tested on the simulation model, and application software - on the software-hardware complex
(SHC), which implements the technology of semi-industrial trials. ALOS was put into operation, its comprehensive
production trials were carried out, the results of which confirmed the effectiveness of scientific and technical
solutions developed in the thesis.
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