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3amicy 3 1Oro BOJHO-TEIJIOBOI0 06POOKOI0. [Ipoliec MpUroTyBaHHs 3amicy CylpOBOIKY€ETbCS CUJIbHUMU
30ypEHHSIMHY, 110 YCKJIa[IHIOE TOUHE JOTPUMaHHS IIOKa3HUKIB SIKOCTi 3aMicy. BifgcyTHicTh epeKTUBHOTO
ABTOMAaTH30BaHOTO KOHTPOJIIO 33 TOKA3HMKAMU SKOCTi 3aMiCy B IepeBakHii 6iJIbIIOCTi MPU3BOAUTD A0 NOPYILIEHHS
TEXHOJIOTIYHUX PEKMMIB Ha HACTYITHUX IibHULX, M0 3HIKYE SKICTh €TUJIOBOTO CIIMPTY Ta BUKJINKAE
[IEPEBULIEHHS BUTPAT EHEPrOPECYPCiB Ta BUXiIHUX MaTepiaiB. ToMy 3aza4a aBTOMaTU3Aallil IPOLIECIB
IIPUTOTYBaHHS 3aMicCy i3 3epHOBOI CUPOBMHMU Ta 1OT0 BOJHO-TEIJIOBOi OOPOOKM y CIUPTOBOMY BUPOOHUIITBI €
aKTyaJIbHOIO, 10 JO3BOJIUTh 3MEHIINTY BUTPATH BXiIHUX MaTepiasiB Ta 3a6e3MeYnTh CTabiIbHICTh HACTYITHUX

eTaIliB BUPOOHUIITBA. Y pOOOTi IpoaHasi3oBaHO CTaH aBTOMATU3aLlii Ha JiIsIHKax IPUrOTYBaHHS CIIUPTY Ta



OTPMMAHO 3aJIEKHICTb MK KOHLIEHTpAIli€l0 CyXUX PEYOBUH, TYCTUHOIO Ta B'S13KiCTIO, IO JO3BOJIUJIO CTBOPUTHU
eeKTUBHY CUCTEeMYy KepyBaHHs [IPOLIeCOM IIPUTOTYBAaHHS 3aMicy i HOro BOJHO-TeIJI0BOi 06pooKu. 3a
pe3yJbTaTaMu eKCIIEPUMEHTAIbHUX JOCiIKeHb C(DOPMOBAHO 3aJI€KHICTh KOHLIEHTPAllii pO3YNHEHOT0 KPOXMaJlio B
3aMici Bif T'yCTHHY, B'SI3KOCTI, @ TAKOXX TEMIIEPATYPH, L0 JATI0 MOXJIUBICTb 0OpaTH KOOPIVMHATUA KEPyBaHHS Ta
pO3pobuTH 6araTOKOHTYPHY CUCTEMY KePyBaHHS IIPOLIECOM IIPUTOTYBaHHS 3aMiCy i HOro BOGHO-TEIJIOBOI 0OPOOKH.
[TpoBeneHo nopiBHNbHUI aHaNi3 QYHKIIOHATBHUX CXEM aBTOMAaTU3allil Ipolecy IpUroTyBaHHS 3aMicy Ta
PO3p0o6JIEHO i peasnizoBaHO aITOPUTMU, 1O JAJIM 3MOTy 00’€JHATH BCi CTalii NpUroTyBaHHS 3aMiCy Ta 1OT0 BOGHO-
TENJI0BOi 0OPOOKY B €MHY aBTOMATHU30BaHy CUCTEMY. 3alIpOIIOHOBAHO MifXi/l MOJIeII0BaHHS IIPOLIECY
IIPUTOTYBaHHS 3aMicy Ta 10ro BOAHO-TEIJIOBOI 06POOKY, a CaMe CTBOPEHO y3arajlbHeHy MOJeJib 3MIIIyBaHHS SIK
00'€KTy KepyBaHHSI, 3a06€31€YMB MO>KJIMBICTb CUHTE3Y KEPYIOUMX BIUIUBIB i KiJIbKiCHOI OLIiHKY iHPOpPMaTUBHUX
IlapaMeTpiB: KOHIEHTPallil KpOXmaslio Ta 06'emMy 3amicy. BUKOpHCTaHO CIIOKMBaHY MOTYKHICTh MillIaJIKA SIK
HETIPSIMUI MeTOJ, BUMipIOBaHHS B'SI3KOCTI, 1110 3a6€3I1e4nII0 MOKIIMBICTh €(DeKTUBHOTO KOHTPOJIIO ITIOKa3HUKA, SIKAN
€ KpUTUYHO BAXJIMBUM JJ1s1 CTabi/IbHOCTI NpolLiecy NPUroTyBaHHS 3aMicy. 3a pe3yJibTaTaMU IIPOBEeLEeHNX
€KCIIEPMMEHTIB MiATBEPAKEHO AOLIJIbHICTh ypaxyBaHHS TEMIIEPATYPU Ta B'SI3KOCTI B CUCTEMI PEryJIIOBaHHS
IIpOLIECy IPUTOTYBAHHS 3aMiCy Ta BOJHO-TEIJIOBOI OOpOOKU. Briepiie po3pobiieHa CUCTEMY aBTOMATUYHOTO
KepyBaHHS KOMILJIEKCHUM ITPOLIECOM IIPUTOTYBaHHS 3aMicy i HOro BOJHO-TEIJIOBOi 0OPOOKH, 1110 [1aJ10 MOSKJIMBICTh
NiABUIMTY €(PEKTUBHICTb TEXHOJIOTIYHOTO NPOLECY Ta SIKiCTh HamniBdabpukary. [IpoBeeHO NOCIiIKEHHS CUCTEMU
KepyBaHH4 3 3actocyBaHHAM [II]]-peryngropa i LQR-perymsTopa, 10 N03BOJINIIO 00PAaTH 3aKOH PETYJIIOBAHHS SIKAM
3abe3revyye TOUYHICTb PEryJIIOBAHHS Ta MiIBUIIYE SKiCTh KEPYBaHHS y AMHAMiuYHMX pexxumax. CuHnTe3oBaHo LQR-
PETrya4aTOop 1151 aBBTOMAaTU30BaHOI CUCTEMU KEPYBaHHS IIPOLLECOM IIPUTOTYBAHHS 3aMiCy Ta MOr0 BOLHO-TEIJIOBOI
00pOOKY i IpOBEIEHO ONTUMI3allilo 10ro IapaMeTpiB, 1110 3a0€31€UnIIO IOKPAlEHHS TOKAa3HUKIB SIKOCTi CUCTEMU
KepyBaHHS Ta MiABULIWIIO WBUAKOLII0 PETYIIOBAHHS 00'€MY i KOHLIEHTpALlil pO3YMHEHOT0 KPOXMAJIIO B 3aMiCi.
OTpumaHi pilieHHs 3aCTOCOBaHi y BUPOOHUYMX YMOBax (30kpema Ha Jlyubkomy, MapusiiBcekomy Ta BOpokcbkomy
CIIMPTOBUX 3aBOJAX), L0 MiATBEPANIIO 3HUKEHHS BUTPAT 3epHa, GEepPMEHTIB i eHeprii, a TaKOX IiABUIEHHS
3arajbHOI €(PEKTUBHOCTI NIpoLeCcy 0 5% 3a paxyHOK cTabisizallii mapameTpiB 3aMicy Ta onTUMizallii BOAHO-
TEI0BOi 06po6Ku. KitouoBi cj10Ba: 3amic, BOGHO-TEMNI0Ba 06POOKA, KOHLEHTPallisi PO3YMHEHOT0 KPOXMAJIIO,

CHUCTEMA aBTOMATUYHOTI'O KEPYBAHHS, PETYJIATOP, MaTEMATUYIHA MOJEJIb, AJITOPUTM.

2. The dissertation is devoted to improving the efficiency of ethyl alcohol production from grain mixtures by
ensuring the stability of semi-finished product parameters at the initial stage of mash preparation with its water-
thermal treatment. The mash preparation process is accompanied by strong disturbances, which complicates the
accurate compliance with mash quality indicators. The lack of effective automated control over the quality
indicators of the mash in the vast majority of cases leads to a violation of technological modes at subsequent
stages, which reduces the quality of ethyl alcohol and causes an excess consumption of energy resources and raw
materials. Therefore, the task of automating the processes of preparing mash from grain raw materials and its
water-thermal treatment in alcohol production is relevant, which will reduce the consumption of input materials
and ensure the stability of subsequent stages of production. The paper analyzes the state of automation in alcohol
preparation areas and obtains a relationship between the concentration of dry substances, density, and viscosity,
which made it possible to create an effective system for controlling the process of preparing mash and its water-
thermal treatment. Based on the results of experimental studies, the dependence of the concentration of dissolved
starch in the mash on density, viscosity, and temperature was established, which made it possible to select control
coordinates and develop a multi-loop control system for the mash preparation process and its water-thermal
treatment. A comparative analysis of functional diagrams for automating the dough preparation process was
conducted, and algorithms were developed and implemented that made it possible to combine all stages of dough
preparation and its water-thermal treatment into a single automated system. An approach to modeling the dough
preparation process and its water-heat treatment was proposed, namely, a generalized mixing model was created
as a control object, which made it possible to synthesize control influences and quantitatively evaluate informative
parameters: starch concentration and dough volume. The power consumption of the mixer is used as an indirect
method of measuring viscosity, which has made it possible to effectively control this indicator, which is critical for



the stability of the dough preparation process. The results of the experiments confirmed the feasibility of taking
into account temperature and viscosity in the system for controlling the dough preparation and water-heat
treatment process. For the first time, an automatic control system was developed for the complex process of
dough preparation and its water-heat treatment, which made it possible to increase the efficiency of the
technological process and the quality of the semi-finished product. A study of the control system using a PID-
controller and an LQR-controller was conducted, which made it possible to select a control law that ensures
control accuracy and improves control quality in dynamic modes. An LQR controller was synthesized for the
automated control system of the dough preparation process and its water-thermal treatment, and its parameters
were optimized, which improved the quality indicators of the control system and increased the speed of regulation
of the volume and concentration of dissolved starch in the dough. The solutions obtained were applied in
production conditions (in particular at the Lutsk, Marylivka, and Boroksky distilleries), which confirmed a
reduction in grain, enzyme, and energy costs, as well as an increase in the overall efficiency of the process by up to
5% due to the stabilization of mash parameters and optimization of water and heat treatment. Keywords: mash,
water-heat treatment, concentration of dissolved starch, automatic control system, regulator, mathematical
model, algorithm.
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