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1. ABTOMaTHM3auis NPOLECIB NPUrOTYBaHHA 3aMmicy i3 3epHOBOI CHPOBHHU Ta HOr0 BOLHO-TEIJIOBOi 06pobkn y
CIMPTOBOMY BUPOOHMIITBI

2. Automation of processes of kneading from grain raw materials and its water-heat treatment in alcohol
production

Pedepar:

1. lucepraniitna po6oTa npucBsueHa MiIBUILEHHIO € eKTMBHOCTI BUrOTOB/IEHHS €THJIOBOTO CIIUPTY i3 3ePHOBOI
CyMmimwi misixom 3abeanevenHs cTabinbHOCTI napameTpis HaniBaGp1KaTy Ha MOYATKOBIil CTa/ji IPUrOTYBaHHS
3aMicy 3 HOro BOJHO-TENIOBOIO 06po6Koio. ITporec [IPUrOTYBAHHS 3aMICy CYIMPOBOMKYETHCS CHIBHUMMU
36YPEHHSIMH, WO YCKIaHIOE TOYHE JOTPMMAHHS NOKA3HUKIB SKOCTI 3amicy. BincyrHicTs edexkruBHoro
dBTOMATH30BAHOrO KOHTPOJIIO 33 [IOKA3HHKaMK SKOCTI 3amicy B nepeBaHiil 6ibuocTi [PU3BOAMTD [0 NOPYIIEHHS
TEXHOJIOTMHUX PEXUMIB HA HACTYIHUX Ji/IbHULSAX, MO 3HIDKYE SKICTb €THIIOBOTO CIMPTY Ta BUKJIMKaE
TEPEBUILEHHS BUTPAT €HEPropecypciB Ta BUXiAHMX MaTepianis. TOMy 3aa4a aBTOMAaTH3aLL npouecis



NPHUrOTyBaHHS 3aMicy i3 3epHOBOI CHPOBHHH Ta i10r0 BOJHO-TENIOBOI 06PO6KH Y CIIMPTOBOMY BUPOGHULTBI €
aKTyanbHOI0, IO 03BOJIUTh 3MEHIINTH BUTPATH BXiJHMX MaTepiaiB Ta 3a6e3neyuTs CTabilbHICTh HaCTYMHUX
eranis BUPOGHMLTBA. Y pOGOTI MPoaHasnizoBaHO CTaH aBTOMATU3ALLi Ha AiNSHKaX MPUTOTYBaHHS CIIMPTY Ta
OTPUMAHO 3a/IEXHICTb MDK KOHUEHTPALLi€l0 CYXUX PEYOBHH, I'YCTHHOIO Ta B'I3KICTIO, 110 JO3BOJIHIIO CTBOPHUTH
eeKTUBHY CHCTEMY KepPYBaHHS NPOLECOM TMIPUTrOTYBaHHSA 3aMicy i HOro BOAHO-TEMIOBOI 06po6Ky. 3a
PE3YNbTATAMH EKCIIEPUMEHTANIBHUX NOCTIIKeHb COPMOBAHO 3aJIeXKHICTh KOHLEHTpallii PO3YMHEeHOT0 KPOXMAJIio B
3aMici Big rycTHHU, B'I3KOCTI, 2 TAKOXK TEMIIEPATYDH, L0 N0 MOXKIIMBICTb 06paTH KOOPIMHATH KepyBaHHA Ta
PO3pO6KTH 6araTOKOHTYPHY CHCTEMY KepyBaHHS NpOLEeCcOM NPUIoTyBaHHS 3aMicy i 10ro BOJHO-TEIIOBOi 06pO6KHU.
TIpoBesieHo nopiBHANBLHMI aHaNi3 QYHKIIOHANBHUX CXEM aBTOMAaTH3aLlil NPOLeCY MPUrOTYBaHHs 3amicy Ta
PO3pOG/IEHO i peani3oBaHO aJrOPUTMHM, 1O AaJH 3MOry 06'e€iHATH Bei cTaii MPUrOTYBaHHS 3aMicy Ta Oro BOgHO-
Terns0Boi 06pPOGKH B €JUHY aBTOMATH30BaHy CHCTEMY. 3anponoHoBaHO MiAXiz MOJENOBAHHA NpoLecy
IPUTOTYBAaHHS 3aMiCy Ta #Oro BOJHO-TEN0BOi 06pOo6KH, a came CTBOPEHO y3arajibHeHy MOJIe/Ib 3MilyBaHHs AK
06'eKTy KepyBaHHS, 3a6€3Me4UB MOXKIIMBICT CHHTE3Y KepPyIOuMX BIUIMBIB i KiIbKICHOI oLiHKK iHOpMaTUBHUX
napaMeTpiB: KOHLEHTpaLii Kpoxmao Ta 06'emy 3amicy. BUKOPHUCTaHO CHIOXKMBaHY MOTYKHICTh MIllIaJIKu K
HeMNpAMHIT METOJ BUMIPIOBAHHA B'A3KOCTI, 1110 3a6€3MeYnI0 MOXIIMBICTD €(EeKTUBHOrO KOHTPOJIIO MOKA3HUKA, SKHil
€ KPUTHHO BOXKJIMBUM JJIsi CTabiIbHOCTI NpoLiecy NpuroTyBaHHs 3amicy. 3a pesysbTaTaMM MPOBEEHUX
€KCMIEPUMEHTIB MiATBEPIPKEHO JONUINBHICTb YPaXyBaHHS TEMIIEPAaTyPH Ta B'A3KOCTi B CHCTEMI PEryJIioBaHH:A
TPOLECY NPUTOTYBAHHS 3aMiCy Ta BOIHO-TEIIOBOI 06p06KM. Briepuie poapo6iena CHCTEMY aBTOMAaTHUYHOIO
KEPYBaHHS KOMIUIEKCHUM IPOLIECOM IPUTOTYBAHHS 3aMicy i fOro BOAHO-TenI0B8oi 06pO6KH, IO a0 MOXKIIMBICTL
MiABUIIUTH ePEeKTHBHICTh TEXHONOTIYHOr0 npouecy Ta AKicTh Hanisdabpukary. [IpoBeieHO JOCTIIKEHHS CUCTeMU
KEpyBaHHA 3 3actocysaHHaM [11]]-perynsTopa i LQR-peryastopa, mo f03BOMMI0 06paTy 3aKOH PerysioBaHHs SKUii
3abesneyye TOYHICTb PEryIOBaHHsS Ta NiBUILYE AKICTh KEPYBaHHSA ¥ JUHAMIYHUX PeXUMaX. CUHTE30BaHO LQR-
PETyJIATOp A1 aBTOMATH30BAHOI CHCTEMM KEPYBaHHs POLIECOM NPUIOTYBaHHSA 3aMicy Ta i10ro BOOHO-TEnna0Boi
06p06KH i MPOBEJEHO ONTHMI3aLiio iHoro napameTpiB, 110 3a6e3MeYmsIo NOKPALEHHS MOKA3HUKIB SKOCTi CUCTEMHM
KEpyBaHHS Ta MiABUIIAJIO WIBUIKOMIIO PEryIIOBAHHS 06'eMy i KOHLIEHTPALii PO3YMHEHOr0 KPOXMAasio B 3aMici.
OTpuMaHi pileHHs 3aCTOCOBaHi y BUPOGHMYNK yMoBax (3okpema Ha Jlyuskomy, Mapusiscskomy Ta Bopoxkcbkomy
CIMPTOBUX 3aBOJIAX), IO MiATBEP/MIIO 3HUKEHHS BUTPAT 3epHa, ¢pepmeHTiB i eHeprii, a TaKOXK NigBUMEHHS
3arabHOI ePeKTMBHOCTI npolecy 10 5% 3a paxyHoK cTabinizauii apameTpiB 3aMicy Ta onTuMisanii BogHO-
TEM0B01 06po6ku. KmoyoBi coBa: 3amic, BOJHO-TENI08a 06po6Ka, KOHLIEHTPALis PO3YMHEHOTO Kpoxmanio,
CHCTEMA aBTOMATHHOTO KEPYBAHHS, PETY/ATOD, MaTeMaTUYHA MOJEb, aTOPHTM.

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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