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yHiBepcureT «Onecpka nositexnikay MOH Ykpainu, Oneca, 2024.

Hucepramiitna  pob6oTa  TPUCBAYEHA  MIABUIIEHHIO  MPOAYKTHBHOCTI  Ta
KOHKYPEHTOCTIPOMOYKHOCTI aBTOMAaTH30BaHOT CUCTEMH KEPYBAHHS yCTAHOBKOIO TEPMIUHO1
JECTPYKIIIT I MepepoOKU OpraHIYHUX BIAXOMAIB JOBUIBHOTO CKJIATy MPHU iX TEPMIUHIM
yrumizanii. [1iBUIIEeHHS MPOAYKTUBHOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI B110yBa€eThCs 3a
paxyHOK ineHTU(]iKalii CKIaAy CHPOBHHU METOJAAMH Ta MOJCISAMH PO3PaXyHKY
PIBHOBa)KHOTO CKJIJy MPOAYKTIB TEPMIYHOI AECTPYKIIIi.

Y nepumiomy po3gun  «MeToau TepMIYHOI JAECTPYKLII OpraHidyHUX pPEYOBHH
PI3HOMAaHITHOTO MOXO/KEHHS Ta CKIaay»:

— Po3miaHyTO MOXJIIMBI JKEepesna MOXOKEHHSI OpraHiuHMX BIAXOJIB. BHOKpemiieHO
JIB1 iXH1 TPYNH: BIXOAU OloMacH Ta TBEpAl MOOYTOBI BIIXO/H.

— IlpoBeneHo OIIHKY €HEepPreTUYHOTo IMOTEHINady POCIMHHOI OlomMacw B YKpaiHi.
Po3misiHyTO MOXIIMBI TEXHOJIOTIYHI CXEMU MPOIECY TEPMOAECTPYKIlli OioMacH Ta crocodu
YIPABIIIHHS HUMH.

— Bu3HaueHO CTPyKTypy TBEpAMX NOOYTOBUX BIAXOAIB. BUSABIEHO 3aleXHICTbH
CITIBBIJTHOIIICHHSI KOMIIOHEHTIB, 110 BXOASTH JO BIAXOMAIB, BiJI MOPU POKY Ta JKepena
MOXO/PKEHHsI. PO3MIISIHYTO MOKJIMBI TEXHOJIOT1YHI CXEMHU MEPEPOOKH TBEPIUX MOOYTOBHX
B1JIXO/IIB.

— 3a3Ha4eHO CKJIAJHICTh PO3POOJICHHS MOJIEN1 MPOIIECY TEPMOISCTPYKITIT I Pi3HUX
BUJIIB CHUPOBUHU. SIK OOWH 31 NUIAXIB PO3B'S3aHHSA 1Ii€i MpoOIeMU BUIIICHO
anmpokcuMaliiiHui crocidé moOymnoBu Momeni. Big3HaueHO HEOOXIIHICTh (dopmaizarii

IIbOTO TIPOIIECY.



Y napyromy posaini «Po3pobka Moneni po3paxyHKy CKJIaay Ta €HEepreTUYHOi
XapaKTEPUCTUKH MPOIYKTIB TEPMOAECTPYKIIIT OPraHIYHUX PEUOBUHY:

— OTpumana nojaibIIui po3BUTOK MOAMMIKAIIS MOJEl Ta aJrOPUTMY PO3PaXyHKY
npolecy pIBHOBAXHOI TEPMOAECTPYKIIlT OpraHiuHuX pedoBUH. OCHOBHOIO 3MIHOIO CTajio
BUKOPHUCTAHHS MOJIBHMX YaCTOK BH3HAUYEHHSI PIBHOBXXHOIO CKJIaay MPOIYKTIB peakilii,
BKJIIOUAIOYM SIK Ta30moJiOHy, 1 KoHJeHcoBaHy a3u. lle Bumarano KopuUTyBaHHS
JiHEapu30BaHUX PIBHSAHb 3aKOHY IIIOYMX Mac 1 PIBHSAHHSA, L0 3aMHKae€, OIS OOJiKYy
KOHJIEHCOBaHOT1 (ha3u.

— KoncranTu XiMi4HOI piBHOBAry, siKi 3a3BHYail HABOJATHCS IS apLiaibHUX THUCKIB,
Oynu ajanToBaHi JUIsi MOJBHUX YacTOK, IO JO3BOJWJIO BHUKOPHCTOBYBAaTH iX ¥y
MoauGIKOBaHIN MOJETI.

— Jlnst mepeBipKy Ta MIATBEPKEHHS TOYHOCTI MeToay Oyia mpoBeAeHa BepuQikailis
Ta BaJliJiallisi HAa MPUKIAIl PO3PAXYHKY CKJIaAy MPOIYKTIB 3rOPSHHA, 10 BKJIIOYAIOThH
ra3onofiOHy Ta KoHAeHCOBaHY (a3u. Pesynpraru mokazanu moOpuii 30ir 3 HassBHUMH
JAHUMHU TpU Ta30nodI0HUMX NPOAYKTax TropiHHA. Takox Oylno MpoIEeMOHCTPOBAHO
aJIeKBaTHE BIJOOpaXXEHHS 3MIH KUTBKOCT1 KOHACHCOBAHOI (pa3u mpu 3MiH1 TEMIIEpATypH.

— [loka3aHo 4yTIMBICTH BU3HAYEHHS KUIBKICHOTO CKJIay Ta TEMIIEpaTypu MPOAYKTIB
3TOpSIHHST TIpU BUOOpP1 iX TEpeniKy, 10 BIAPI3HAETbCS Bij peanbHoro. Lle mo3Bommio
BUSIBUTH BaXXJIMBICTh TPABUIBLHOTO CKJIAJaHHS TEPENliKy KOMIIOHEHTIB JOCTOBIPHOCTI
PO3paxyHKIB.

— Otpumana mnomalbIIMKA PO3BUTOK IMITaIllifHA MOJENb MPOIECIB MIpOMi3y Ta
razudikailii, 10 JO3BOJIIE OTPUMATH CKJIaJ MNPOAYKT-Tazy 3 MaKCUMaJIbHOIO
TEMJIOTBOPHOIO 3JIaTHICTIO MPU MIHIMAJIbHINA KUIBKOCTI BYIJIELIEBOTO 3aJUIIKY MPU PI3BHOMY
CKJIaJll BHUXIJIHOI CHPOBMHHU. MiHIMaJdbHa KUIBKICTh BYIVICIIEBOIO B3JIMINKY BH3HAYAE
MOXJIMBICTh OTPUMaHHS MAaKCUMaJIbHO MOXIJIMBOTO OOCSTY CYyMIIIl TOPIOYMX Ta3iB.
MakcumarnbHa TETIOTBOPHA 3/1aTHICTH OOYMOBJICHA OpTraHI3aIli€l0 MPoIecy mepepoOKu B
CBEpXajladaTHYHOMY PEXKHUMI 3 MIHIMAIbHO MOMKJIMBUM BUKOPHUCTAHHSIM TOBITPS SIK
OKHCITIOBAY.

B Ttperbomy posaim «Po3pobneHHs MeToay MoOyI0BU JIHIMHOI ampOKCHMAIliiiHO1

nudepeHIiaaTbHOT MOENi 00'€KTa KEpyBaHHS»:



— OTpumaHO 3a JOMOMOTOI0 TepeTBopeHHs Jlaruraca Ha OCHOBI ampoKCHUMAINi Y
BUIJIAJIl CTETICHEBOTO DSy EKCIEPUMEHTAIBHOI XapaKTePUCTHUKHA PO3TOHY, ii BUpa3 y
IpOCTOpl 300pa)keHb y BHUIVISIAI CKOPOUCHOTro psay. PesyabratoM BimoOpa)keHHS I[bOTO
pany y Bunmial anpokcumariii Ilage € parmionanbHmii api6 - aHajgor mnepeaaBaibHOI
GyHKIIT AesKoi JIiHIHHOT Mojeni. Y MpocTopi opuriHamiB il MOXKHA BIIOOPa3UTH y BUIIISII
KUIBKOX JIHIMHMX JAudepeHIiaIbHUX PIBHIHB, SAKI € alpOKCUMAalllMHOK MOJIEIIIIO
PO3IISTHYTOTO 00'€KTa KEPYBAHHS.

— ITokazaHo MOXUJTMBICTH MOOYAOBH JBOBUMIPHOI alpOKCUMAIIIMHOT MOJIeJli Ha OCHOBI
OTPUMAaHOI OTHOBUMIPHOI MOfIEN1. 3a APYTUM apTyMEHTOM alpOKCUMAIIisl TPOBOIUTHCS 3a
JIOTIOMOTOI0  yCI4eHOTo psay (MoJiHOMa) METOIOM HaiimeHmux KBaapartiB. Ha wicii
3HaYeHb (YHKIIA BUKOPUCTOBYIOTbCS OTpUMaHi OJHOBUMIpHI wmojem. KinbkicTh
OTHOBUMIPHHUX MOJICIICH BU3HAYAETHCS KITBKICTIO €KCIIEPUMEHTATBPHIX KPUBHX.

— Bmnepmie 3acTtocyBaHHS PO3DISIHYTOTO METOAY TiJi 4Yac HaJalITyBaHHS
ABTOMAaTUYHUX PETYJISATOPIB Ja€ 3MOTY alpOKCUMYBaTH OO'€KTH KepyBaHHS 3 HE
MOHOTOHHOIO KPUBOIO pO3roHy. /[0 TemepilHbOro yacy Takuid MiAXiJ HE PO3[IsIaBcs B
MpaKkTUYHUX 1HXKCHEPHUX  po3paxyHkax. [l 3a3HaueHUX 00'€KTIB  KepyBaHHS
HaJAIITYBAaHHS PETYISTOPIB 3MIMCHIOETHCS €MIIIPHYHUMH METOJaMH, IO HE TapaHTye
3aJ1aHO SKOCTI TIEPEX1THOTO MPOLIECY.

B uerBepromy posmim «CucremMa KepyBaHHS YCTAaHOBKOI TEPMOACCTPYKIIii
OpraHIYHUX PEYOBUH PI3HOTO MOXOHKEHHS:

— byna po3pobnena iMiTaiiifHa MareMaTudHa MOJIEb YCTAaHOBKH TEPMOAECTPYKIIii
OpraHiYHMX PEYOBMH HA OCHOBI ii OMNHUCYy, IO Ja€ 3MOTY JOCHIAMTH 1i JIMHAMIYHI
BJIacTUBOCTI. OCHOBHI KaHaIM PETYIIOBAHHS SIBJISIOTH COOOIO 1HEPIIHY JIAHKY MEpUIOro
MOPSIZIKY 13 3ami3HioBaHHAM. [lapameTpu 1€l MTaHKH, Taki SK MOCTIHA 4Yacy 1 BEJIMYMHA
3aMi3HIOBaHHS, 3ajiekaTb BIJ TE€OMETPUYHHMX pPO3MIPIB YCTAHOBKH 1 MOTPeOYIOThH
1HMBITyaJIbHOTO HAJAIITYBaHHS JUTsI KOYKHOI KOHKPETHOI YCTaHOBKH.

— BcraHoBneHo, mo Ha eTami MOJETIOBAHHS ICHYIOTh PEXKHUMH POOOTH, 33 SKUX
YCTAaHOBKA MOKE MEPEeUTH 31 CTIMKOro CTaHy B HECTIMKHI yepe3 HAasIBHICTb MO3UTHUBHOTO

3BOPOTHOTO 3B'SI3KYy. lle 0OyMOBIEHO CIIBBIIHOIICHHSM MIX BUTparaMu BUXIJTHOI



CUPOBMHHU 1 BHUTPATOI0 PEUUPKYISLIHHOrO Tasy. HasBHICTH peryasTopiB aae 3Mory
cTaOUTI3yBaTH TEXHOJIOTIYHUI MPOILIeC MipOoJi3y Ha 3aJaHUX 3HAYCHHSX.

— IlokazaHo, 10 Ha eTari MOCNIIOBAHHS ABTOMATUYHOI CHUCTEMH pETYIIOBAHHS
JOCTaTHHO BHUKOPHCTOBYBATH OJHOKOHTYPHI perymstopu. BumkHeHHS Oyab-sSKoro 3
PEryliaTopiB MPU3BOJIUTH A0 MOTIPIICHHS SIKOCTI PEryilOBaHHs, MPOTE CHCTEMa 3arajiom
IPOJIOBXKYE (PYHKITIOHYBAaTH CTA0LIBHO.

— BcTranoBneHo, 110 cuctemMa peryioBaHHsS 100pe crpaBisieTbes 31 30ypeHHAMH. 3a
pI3HOCIIPSIMOBaHMX 30ypeHb (3MiHA BHUTpPaTH MPOAYKT-Tazy 1 3MiHa TEIIOTBOPHOL
3MATHOCT1) JOCSTa€ThCS MaKCMMajlbHE 3HAUEHHS MPOIYKT-ra3zy. 3a CIHiBCIPSIMOBAHUX
30ypeHb (3MiHAa BUTpPATU MPOAYKT-Ta3y 1 TEIJIOTBOPHOI 3/1aTHOCTI BHUXIJIHOI CHPOBUHU)
TEIJIOTBOPHA 3/IaTHICTh MMaJiiBa CTAaHOBUTH OMM3BKO 98% BiJl MAKCHMAaJIbHO MOYJIHBOTO
3HAYCHH.

— TloOynoBa moneni rasudikarmii JepeBHOI CHPOBHHHM 3a JOIIOMOTOI0 KHCHEBOTO
OyTTS Jajga 3MOTY MPOJEMOHCTPYBAaTH MOMIJIMBOCTI MPOTOHOBAHOTO TMIAXOMY MpHU
MiHIMI3alli OOYMCIIOBAIBHUX BUTpPAT. 3O0LIBIIEHHS B MOJENI MEPENTIKYy MOMIMBUX
XIMIYHUX peakiiid AacThb 3MOTy B paMKax €JIMHOTO MIAXOAY JOCHIKYBATH MPOIIECH
TOpIHHA, Mipoi3y Ta razudikamii. MoxXyTb BUKOPUCTOBYBATHCS OYJb-SIKI OKHCIIOBAJIbHI
areHtu. Hampukian, moBiTpsiHEe, KHUCHEBE, MApOMOBITPSIHE, MAPOKHUCHEBE, MapOBE IYTTS.
Mosxke OyTH BpaxoBaHO pI3HUM CHOCIO BHECEHHS OJAaTKOBOi 30BHIIIHBOI EHEpTii.
Hanpukinaz, yepe3 oropoKyBajibHI KOHCTPYKIII (TEMJIO00MIHHUKH), 3 TAPOBUM JYTTSM.

— Bnepe 3anpornonoBano croci6 kepyBanns BenuunHoro KK/ razoBoro kotia mpu
3MIHHOMY HABAHTAKEHHI 32 PAaXyHOK 3MIHM 00'€eMy TUMOBHUX rasiB. BenmuumHy iXHbOTO
00'eMy 3ampoOINOHOBAHO PETYJIIOBATH 3a PaxXyHOK 3MIHU CITIBBIJTHOIIEHHS B TaJWBHIN
CyMIiIlll METaHy 1 Ta30Mo0II0HUX MPOAYKTIB TEPMOJIECTPYKIIT OpraHIYHUX BIJAXO/IB.

KawuoBi ciaoBa: koM ’ioTepHa CcUCTEMa aBTOMAaTH3allii, aBTOMAaTHU30BaHE
yOpaBimiHHS, €(OEKTUBHICTb BUKOPUCTAHHS EHEPrOPECypCiB, YIPABIIHHSA TEIJIOBOIO
MOTYXKHICTIO, 3MiHa TETUIOTBOPHOI 37IaTHOCTI MaJIMBa, BUKOPUCTAHHS CUPOBUHU 3MIHHOTO
CKJIaJly, YIIPaBIJIIHHS MPOIIECOM TIPOJIi3y, BIAXOIU 3MIHHOTO CKJIaay, BIUTUB HA HABKOJUIITHE
CEepeloBUIIlE, CKOPOYCHHS BUKHJIIB IMAPHUKOBUX Ta3iB, €EKOJOTiYHA e(EeKTUBHICTh

eKCIUTyaTalli €eHeproycTaHOBOK.
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ABSTRACT

Brunetkin V. O. Increasing processing of organic waste of arbitrary composition due
to automatic control of raw material supply.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in specialty
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Polytechnic" of the Ministry of Education and Culture of Ukraine, Odesa, 2024.

The dissertation work is devoted to improving the productivity and competitiveness
of the automated control system of the thermal destruction installation for the processing
of organic waste of arbitrary composition during their thermal utilization. Productivity and
competitiveness increase due to the identification of the composition of raw materials
using methods and models for calculating the equilibrium composition of thermal

destruction products.
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In the first chapter "Methods of thermal destruction of organic substances of various
origin and composition":

— Considered possible sources of origin of organic waste. Two of their groups are
distinguished: biomass waste and solid household waste.

— An assessment of the energy potential of plant biomass in Ukraine was carried out.
Possible technological schemes of the process of thermal destruction of biomass and
methods of their management are considered.

— The structure of solid household waste was determined. The dependence of the
ratio of components included in waste on the season and source of origin was revealed.
Possible technological schemes of solid household waste processing are considered.

— The complexity of developing a thermal destruction process model for different
types of raw materials is indicated. As one of the ways to solve this problem, the
approximation method of building the model is highlighted. The need to formalize such a
process is emphasized.

In the second chapter "Development of a model for calculating the composition and
energy characteristics of products of thermal destruction of organic substances":

— The modification of the model and the calculation algorithm of the process of
equilibrium thermal destruction of organic substances received further development. The
main change was the use of mole fractions to determine the equilibrium composition of
reaction products, including both gaseous and condensed phases. This required adjusting
the linearized equations of the effective mass law and the closing equation to account for
the condensed phase.

— Chemical equilibrium constants, which are usually given for partial pressures, were
adapted for mole fractions, which allowed their use in the modified model.

— To check and confirm the accuracy of the method, verification and validation was
carried out on the example of calculating the composition of combustion products, which
include gaseous and condensed phases. The results showed a good agreement with the
available data for gaseous combustion products. Adequate representation of changes in the

amount of condensed phase with changes in temperature was also demonstrated.



— The sensitivity of determining the quantitative composition and temperature of
combustion products when choosing their list, which differs from the real one, is shown.
This made it possible to reveal the importance of correctly compiling a list of calculation
reliability components.

— The simulation model of pyrolysis and gasification processes has received further
development, which allows obtaining the product-gas composition with the maximum
calorific value with the minimum amount of carbon residue with different composition of
raw materials. The minimum amount of carbon residue determines the possibility of
obtaining the maximum possible volume of a mixture of combustible gases. The
maximum calorific value is due to the organization of the processing process in the supra-
adiabatic mode with the minimum possible use of air as an oxidizer.

In the third section "Development of the method of building a linear approximation
differential model of the control object":

— Obtained using the Laplace transform based on the approximation in the form of a
power series of the experimental acceleration characteristic, its expression in the space of
images in the form of a reduced series. The result of displaying this series in the form of
the Padé approximation is a rational fraction - an analogue of the transfer function of some
linear model. In the space of the originals, it can be displayed in the form of several linear
differential equations, which are an approximation model of the considered control object.

— The possibility of building a two-dimensional approximation model based on the
obtained one-dimensional model is shown. According to the second argument, the
approximation is carried out using a truncated series (polynomial) using the method of
least squares (MS). The obtained one-dimensional models are used instead of function
values. The number of one-dimensional models is determined by the number of
experimental curves.

— For the first time, the application of the considered method during the setting of
automatic regulators makes it possible to approximate control objects with a non-
monotonic acceleration curve. Until now, this approach has not been considered in

practical engineering calculations. For the specified control objects, the adjustment of the



regulators is carried out by empirical methods, which does not guarantee the given quality
of the transition process.

In the fourth chapter "Control system of the installation of thermal destruction of
organic substances of various origins":

— A simulation mathematical model of the thermodestruction of organic substances
was developed based on its description, which makes it possible to study its dynamic
properties. The main control channels are a first-order inertial link with a delay. The
parameters of this link, such as the time constant and the amount of delay, depend on the
geometric dimensions of the installation and require individual adjustment for each
specific installation.

— It is established that at the stage of modeling there are modes of operation under
which the installation can go from a stable state to an unstable state due to the presence of
positive feedback. This is due to the ratio between the consumption of raw materials and
the consumption of recirculation gas. The presence of regulators makes it possible to
stabilize the technological process of pyrolysis at set values.

— It is shown that at the stage of modeling the automatic control system (ACS), it is
sufficient to use single-loop controllers. Turning off any of the regulators leads to a
deterioration in the quality of regulation, but the system in general continues to function
stably.

— It 1s established that the control system copes well with disturbances. The
maximum value of the product gas is reached under multidirectional disturbances (change
in product-gas flow rate and change in calorific value). Under co-directed disturbances
(change in product-gas consumption and calorific value of raw materials), the calorific
value of the fuel is about 98% of the maximum possible value.

— Building a model of gasification of wood raw materials with the help of oxygen
blowing made it possible to demonstrate the possibilities of the proposed approach while
minimizing computational costs. Increasing the list of possible chemical reactions in the
model will make it possible to study combustion, pyrolysis and gasification processes
within the framework of a unified approach. Any oxidizing agents can be used. For

example, air, oxygen, steam-air, steam-oxygen, steam blowing. A different way of



introducing additional external energy can be taken into account. For example, through
enclosing structures (heat exchangers), with steam blowing.

— For the first time proposed a method of controlling the efficiency of a gas boiler at
variable load by changing the volume of flue gases. It is proposed to regulate their volume
by changing the ratio in the fuel mixture of methane and gaseous products of thermal
destruction of organic waste.

Key words: computer automation system, automated control, energy efficiency,
thermal power management, changes in the calorific value of fuel, use of raw materials of
variable composition, pyrolysis process management, waste of variable composition,
environmental impact, reduction of greenhouse gas emissions, environmental efficiency of

power plants.
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