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HucepramiitHa po0OoTa TpHUCBSYCHA YAOCKOHAJIEHHIO MOJEIeH 1 METOMiB
ABTOMATH30BAaHOI CUCTEMH KEpPYBaHHS YCTAHOBKOIO TIPOJII3y JJIsl TEPMIYHOT yTHIII3aIlli
TBepAux mnoOyroBux BiaxoxiB (TIIB) 3a paxyHok inenTudikamii ix ckiagy nopu
HaJaniadaTUYHOMY pO3KJIQJaHHI Il OTPUMaHHS NPOAYKT-Ta3y MAaKCHUMAaJIbHOT
TEIJIOTBIPHOI 37aTHOCTI. lle cTae MOXJIMBUM IUIIXOM BUKOHAHHS OOEPHEHOro 1
HEKOPEKTHO MOCTaBJICHOTO 3aBJaHHA MOIIYKY HAaWKpal[oro pillleHHs CKJIaay MpPOayKT-
raszy npu Tepmiunuii yrumizamii TIIB.

VY mepmomy po3aim «AHami3 crany nutaHHs yrtwinizanii TIIB gk 06'ekta
KepyBaHHS»!

— MPOBEJICHO aHaji3 CBITOBOTO JOCBiAY, KM MOKa3aB, 10 HAWJIOCTYIHIIIUM 1
€KOHOMIYHO JIOIUIbHUM crocoboMm yrtumzamii TIIB € TexHonorii pi3HOMaHITHOI
TepMiuHOi 0O0poOKHu. AjbTepHaTHBOIO cramtoBaHHiO TIIB BBakaeTbcs aBTOMATUYHO
KEpOBaHUM MPOLEC ABOCTAAIMHOTO MipOJi3y 3 NOAAIBIIUM BUKOPUCTAHHIM OTPUMAHHUX
pPEUYOBMH B EHEPreTUYHOMY ycTaTKyBaHHI. OO'€eqHaHHS TEXHOJOrIl Mipoi3y,
moOy/10BaHOi Ha OCHOBI MeToAy razudikailii B HagaAiabaTHIHOMY PEKUMI, 3 METOJ0M
BHU3HAUEHHS B PEXMMI pPEajbHOr0 4Yacy CKJIaay MPOIYKT-Ta3y CTBOPIOE MOKIHUBICTH
aBTomaruzyBatu mporec rnepepoOku TIIB. Hapa3i Hemae eguHOrO MeTOIY
aBTOMATH30BAaHOTO KEpyBaHHS IporiecoM TepmiyHoi yrtwm3zamii TIIB HeBimomoro
ckiamy. Jlyis boro moTpiOHO pO3paxoBYBaTH CHTAJIBINIIO 1 BU3HAYATH OPYTTO-PopMyIy.

Taxka 3a7a4a € 3BOPOTHBOIO 1 HEKOPEKTHO TIOCTABIICHOIO.



[ocTpoTra 1 BaXIWBICTH BUPIMIEHHS TaKOi 3a/a4dl BU3HAYAETHCS THUM, IO Ha
ChOT'OJIHI BIJICYTHE 11 pO3B’si3aHHSI HA HAYKOBOMY PiBHI. BogHOYac nmpakTHYHO BiICYTHI
MOJCNII Ta METONH, 5Kl Jal0Th MOJKJIMBICTH CTBOPUTH aBTOMATH30BaHY CHUCTEMY
KEepyBaHHs YCTAaHOBKOIO Mipoii3y A Tepmiunoi yrumzanii TTIB noBinpHOTO CcKilamy;

— II0Ka3aHO, IO ICHYIOYUW KpUTEPid OI[IHKM €HEepProe(PpeKTHUBHOCTI TEPMIYHOI
nepepoOku TIIB no3Bonsie knacugikyBaTH yCTaHOBKM HA YTWIII3alliiiHI ¥ Ha Ti, 11O
MarOTh MOKJIMBICTh BUPOOJIATH TEIJIOBY a00 €JIEKTPUYHY €HEPrito JIsl CIIOKMBAYa;

— MOKa3aHo MeToau U 3acobu miaBuieHHs edextuBHOCcTI ACK mipu ympaBiiHHI
C€HeproTeXHOJOrIYHUMH  TpouiecamMu  nepepodku TIIB  Ta mpomemoHCTpoBaHO
MEPCHEKTUBHICTh BUKOPUCTAHHS aBTOMAaTUYHUX CUCTEM KEPYBAHHS Ta YNPABIIHHSA JJIs
YTUII3aliHUX TEXHOJOTIYHUX YCTaHOBOK Ha 0asi mipoiidy, $KI JO3BOJSTH
BukopuctoByBaTd TIIB noBinbHOTO CKIIafy;

— OOIpyHTOBAHO CTPYKTYpy H c(QOpMyJIbOBAaHO 3aBJIaHHS JUCEPTAIIAHOIO
JOCHIIKEHHS, SIKE MOJISIrae B po3poO1ll METOAY BHUPILICHHS 3BOPOTHHOI i1 HEKOPEKTHO
MOCTaBJICHOI 3aja4i, 10 3pOOUTh MOXKJIMBUM BH3HAYCHHS OpyTTO-GOpPMYJIH PEUYOBUHU
Ta BUKOPUCTAHHS BIJIOMUX METOJIB KE€pyBaHHS B aBTOMaTUYHOMY peryistopi. Ckman
CHUPOBUHU MOK€ 0araTopa3oBO BHIIaJKOBO 3MIHIOBATHUCSA, IO XapaKTEPHO AJII CUHTE3-
razy, orpuMaHoro npu TtepmiuHid nepepodui TIIB. Tomy ne pobuth HEOOX1THUM
PO3pOOKY HOBOTO METO Ty PO3B'ss3aHHSI 00€pHEHOT 1 HEKOPEKTHO TTOCTABJICHOI 3a/1a4i ISt
PO3B’sI3aHHS 3aBAaHHS aBTOMATU30BaHOTO KepyBaHHs IpoliecoM miposizy TIIB.

VY npyromy posaini «Imitamiiitna moaens TIIB sk 00’ekTa KepyBaHHS» y XO/Il
BUKOHAHHS TIEPIIIOTO 3aBJIaHHS JIOCTIIPKEHHS OTPUMAHO TaKi pe3yJIbTaTH:

— po3po0sieHo MeTo ] MojeoBaHHs ckiany TIIB 3a sskicHUM CKJ1aJioM €JIEMEHTIB
Ta MPOBEJEHO IMiTalliiiHe MOIeMoBaHHs pi3HUX Tpyn TIIB B MomensHOMY ysIBICHHI iX
YMOBHOI0 popMyiioro. MeTos 1aB 3mory npoBectu iaeHTudikarito TI1B, mo qo3Bonuno
PO3pOOUTH OCHOBHI TEXHOJIOTTUHI TPUHOMU MPOIIECY TEPMIUHOI MEPEPOOKH 3a PaxXyHOK
BUKOPHUCTAHHA TEXHOJIOTII Mipoi3y. B 0CHOBY MeTOAy MOKIaACHO 3aKOHH 30€peKEHHS

PEYOBHHH 1 0ajlaHCy MaKCUMaJIbHUX BAJICHTHOCTEH OKMCTIOBAIBHUX 1 BITHOBIIIOBAIBLHUX



€JIEMEHTIB, XIMIYHOT KIHETHKH, IO JaJ0 3MOTY PO3paxyBaTu T'PAaHUYHY TEIJIOTBIPHY
3IaTHICTh CyMIIlIEH OPTaHIYHUX PEUOBUH;

— pOo3po0IIeHO Ta OOTPYHTOBAHO IMiTaIiiHy Mojienb TIIB, 0CHOBOO sIKO1 € MeTOT
oOuuCIeHHST YMOBHOI (hOPMYJIH, IO JO3BOJIMIO BBECTH Kiacu(DikaIliiHi O3HAKU IS
TIIB, sike TEpMIYHO YTHIII3YIOTHCSA 3a JOTIOMOTOI0 TEXHOJIOTIT MepoJIizYy;

— TIJ Yac PO3B’S3aHHSA pEaTbHUX TEXHOJIOTIYHMX 3aBlaHb 3 aBTOMATH3aIlii
IpoIiecy mipoii3y O0yso po3po0eHO TEXHOJOTIYHY cXxeMy TepMiuHoi nepepooku TIIB
YCTaHOBKOIO MIPOJIi3y B a/11adaTUYHOMY MOTOIl TIpU (GUIBTPaLiifHOMY TOPIHHI.

VY tperboMy po3aim «Meroa 06i0M10TEKH [UIsi BU3HAUEHHS CKJIaay MPOIYKTIB
miponizy TIIB» 1 BUKOHAHHSA APYroro 3aBJaHHS JOCHIIKEHHS OTPHUMAHO Taki
pE3yNIbTATH:

— 1] 9ac JOCIIHKEHb BU3HAYCHO 3araJIbHUN THIT 33]1a41 SIK 3BOPOTHHO HEKOPEKTHO
MTOCTaBJICHOT ¥ BUJIICHO OLIBII BY3bKHH ii KJlac — CKJIaJiHa 3aja4a iHTeprperarii. s
BUKOHAHHS JAHOTO 3aBJaHHs 00paHO MeTo] 010J110TEKH;

— 3HaICHO CIOC10 3amoBHEHHS 010110TEKH PO3B’I3KaMU MIPSIMOI 3aJ1aul y BUTJISII
po60Yoro TpUBHMIpPHOTO MacHBy. [ 1IpOTO 3ampomnoHOBaHO ABa Metoau. [lepuit —
NepPEeTBOPEHHS Koe]illieHTa HaITTUIIKY OKHCHIOBAYa 0 SIK BUX1HOTO JTAHOTO JJIS IPSIMOT
3amadi, J¢ oJep)kaHa BEJIMYMHA BUKOPHUCTOBYETHCS B SKOCTI BHMIPIOBAHOTO
TEXHOJIOTIYHOTO MapaMeTpa IpHU BUPIIIEHHI 3BOPOTHHOI 3ajlauyl BU3HAUEHHS CKJaay
nanuBa. Jpyruii — mepeTBOpPEHHs BHUXIJIHMX JaHUX MPSIMOI 3a7adi B YHCIO-3TOPTKY
(KIJTBKICTh aTOMIB XIMIYHUX €JIEMEHTIB B OpyTTO-(OPMYJIOI0 M €HTaJbIIli MajanuBa), siKe
(opMyeThCss Ha OCHOBI O3UIIITHOTO MPUHIIMITY 3aITUCY AECSITKOBUX YHCEI;

— po3po0JICHO METOJI TMOIIYKY PO3B’si3aHHS CKJIQJHOI 3ajayl 1HTeprpeTarii 3
JaHuX, SKI OTpuMaHi 31 cPopMOBaHOTO POOOYOTO TPUBUMIPHOTO MACHBY MUISIXOM
3aCTOCYBaHHS 0OMEXEHb 1 TOCIIJOBHOTO BUAUICHHS 001acTei 301ry JaHuX;

— TIOKa3aHa BIACYTHICTb TMOXMOOK, 10 BHOCSThCS TPU  PO3B’sI3aHHI
3aMpONOHOBAHUM MeTO/IoM. llpu MoOjenOBaHHI TOYHHMX TEXHOJOTIYHUX BUMIPIB

pPO3paxyHKOBI MOXMOKM 3yMOBJIEHI TIJIbKM AMCKPETH3ALIE€I0 BUXITHUX JaHUX MpU



PO3B’s3aHHI MPSAMOI 3a7a4l Ta BU3HAYEHO BIJIUB TOYHOCTI BUMIPIOBAHb TEXHOJIOTTIYHUX
napaMmeTpiB Ha MOXUOKY BU3HAYEHHS CKJIaTy MaJbHOTO.

Y uerBepromy po3auti «CuctemMa aBTOMAaTUYHOTO KEPyBaHHS YCTaHOBKOIO
mipomizy ans  TepmiuHoi mepepoOku  TIIB» nmocsrHyTo MeTH OucepTauiiHOro
JOCIIIKEHHS, a CaMe:

— OTPUMMAaHO IMITalIHYy MOJENb 00'€KTa KepyBaHHS YCTAHOBKOIO MIPOdi3y MpH
HaJaa1a0aTUYHOMY PEXHMI MOro MpOBEACHHS, IO J03BOJSE PO3paxyBaTU CKIIAJ
MPOAYKT-Ta3y 3 MaKCHUMAaJIbHOIO TEIJIOTBIPHOIO 3JaTHICTIO MIPU MIHIMAJIbHIA KIJTBKOCTI
BYTJIUCTOTO 3aJIMIIKY 3a Oynb-sikoro ckiany TIIB. MakcumanbHa TemaoTBipHA 31aTHICTh
MPOAYKT-Ta3y 3yMOBJICHa TUIbKK mporiecoMm mepepodku TIIB B HagagiabaTHuHOMY
peXUMI 3 MOMJIMBUM MIHIMAJIBHO PETyJIbOBAaHUM BUKOPHUCTAHHSM TOBITPS SIK
OKHCHIOBaYa;

— BHU3HAYEHO MOXJIMBICTh ICHYBaHHS PIIIEHb MOJIeNl O0O0'€eKTa KEepyBaHHS 3
eHepreTuyHoro Oamancy. OTpuMaHe CIIBBITHOIICHHS €HEPrii, 30CepeKeHOl B
MPOAYKTaX peakilii, 1Mo HEOOXIAHO IS MIATPUMKU MpOLecy Mipotidy, 3abe3rneuye
MO>KJIUBICTh OpraHizaiii npouecy 0e3 moBiTps. MiHiMalbHA KUIBKICTH J10aTKOBOTO
noBiTps abo Bucoka BoJoricte TIIB 3a0e3neuyioTh MakcUMajdbHY TEIIOTBIPHY
3JIaTHICTh MPOIYKT-Ta3y, IO YTBOPIOETHCS;

— pO3poOJIEHO METOJ] aBTOMAaTH30BaHOIO KepyBaHHs miponizom TIIB s
3a0€3MeUeHHs 3aJaH0i BUTpATH MPOAYKT-Ta3y IPU HAHECEHHI 30ypeHb BHUTPATOIO
MPOAYKT-Ta3y, CKJIagoM 1 BojoricTio BuxigHoroTIIB;

— CHUHTE30BaHO IMITallliiHy MOJEJIb aBTOMAaTU30BAHOI CHCTEMU KEpyBaHHS
MIpPOJII3HOKD YCTAHOBKOIO, WO JIO3BOJISIE CTa0LII3yBaTW TEXHOJIOTITYHHUM MpOIEC
OTpUMaHHS NPOAYKT-Ta3y Ha 3aJaHUX TEXHOJOTIYHUX 3HaYeHHsIX. B 00'exTi kepyBaHHs
PEryJIbOBaHUMU MapaMeTpaMu €: PIBEHb PIIUHU B ra3roJibJepi; BUTpATa MPOIYKT-Tasy;
TeMIieparypa MpoTiKaHHS Mipoiizy (MPOAyKT-ra3y); CKiaj MpoaykT-razy. Kepyrounmu
BIuMBamu €: Butpata TIIB; BuTpaTa moOBITps; BUTpaTa PEHUPKYIALIl MPOIYKT-Ta3y.

30BHIIIHIMY 30ypEeHHSIMHU Ha 00'€KT €: 3a7jaHa BUTpaTa NpoayKT-rasy i ckiaa TTIB.
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ABSTRACT

Butenko O. Automated control system for pyrolysis plant based on identification
of solid waste composition. - Qualifying scientific work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 151 - automation
and computer-integrated technologies. - Odessa Polytechnic State University, Ministry
of Education and Science of Ukraine, Odesa, 2021.

The dissertation is devoted to the improvement of models and methods of the
automated control system of the pyrolysis plant for thermal utilization of solid household
waste (SHW), due to the identification of their composition during superadiabatic
decomposition to obtain the product gas of maximum calorific value. This is made
possible by solving the inverse and incorrectly set task of finding the best solution for the
composition of the product-gas in the thermal utilization of SHW.

In the first section "Analysis of the state of SHW disposal as an object of
management":

- the analysis of the world experience which has shown that the most accessible
and economically expedient way of utilization of SHW is technologies of various thermal
treatment. An alternative method of combustion of SHW is an automatically controlled
process of two-stage pyrolysis with subsequent use of the obtained substances in power
equipment. The combination of pyrolysis technology, built on the basis of the method of
gasification in the superadiabatic mode, with the method of determining in real time the
composition of the product-gas creates an opportunity to automate the process of SHW

processing. Currently, there is no single method of automated control of the process of



thermal utilization of SHW of unknown composition. To do this, you need to calculate
the enthalpy and determine the gross formula. This task is reversible and incorrectly set.

The urgency and importance of solving such problem is determined by the fact that
today there is no solution at the scientific level. At the same time, there are almost no
models and methods that make it possible to create an automated control system for the
pyrolysis plant for thermal utilization of SHW of any composition.

- itis shown that the existing criterion for assessing the energy efficiency of thermal
processing of SHW allows to classify plants for utilization and those that have the ability
to produce heat or electricity for the consumer;

- methods and means of increasing the efficiency of ACS in the management of
energy processes of SHW processing are shown and the prospects of using automatic
control and management systems for utilization technological plants based on pyrolysis,
which will allow the use of SHW of any composition.

- substantiated the structure and formulated the task of dissertation research, which
Is to develop a method for solving the inverse and incorrectly set task, which will make
it possible to determine the gross formula of the substance and use known control
methods in the automatic controller. The composition of the raw material can change
many times by chance, which is typical for synthesis gas obtained by thermal processing
of SHW. Therefore, it is necessary to develop a new method of solving the inverse and
incorrectly set task to solve the problem of automated control of the process of pyrolysis
of SHW.

In the second section "Simulation model of SHW as a control object™ to solve the
first problem of the study obtained the following results:

- the method of modelling of structure of SHW on qualitative composition of
elements is developed and the simulation modelling of various groups of SHW in model
representation by their conditional formula is carried out. The method made it possible to
identify SHW, which allowed to develop the main technological methods of the thermal
processing process through the use of pyrolysis technology. The method is based on the

laws of conservation of matter and the balance of maximum valences of oxidizing and



reducing elements, chemical kinetics, which made it possible to calculate the maximum
calorific value of mixtures of organic substances;

- developed and substantiated a simulation model of SHW, the basis of which is
the method of calculating the conditional formula, which allowed to introduce
classification features for solid waste, which is thermally utilized using pyrolysis
technology;

- during the solution of real technological problems on automation of pyrolysis
process, the technological scheme of thermal processing of SHW by pyrolysis installation
in adiabatic stream at filtration combustion was developed.

In the third section "Library method for determining the composition of products
of pyrolysis of SHW" to solve the second problem of the study obtained the following
results:

- during the research the general type of the problem is defined as inversely
incorrectly set and its narrower class is singled out - a difficult task of interpretation. To
solve a certain problem, the library method is chosen;

- the solution of the problem of filling the library with solutions of the direct
problem in the form of a working three-dimensional array is found, for this purpose two
methods are offered. The first is the conversion of the excess oxidant coefficient a as the
source data for the direct problem, where the obtained value is used as a measured
technological parameter in solving the inverse problem of determining the fuel
composition. The second conversion of the original data of the direct problem into a
convolution number (the number of atoms of chemical elements in the gross formula and
the enthalpy of fuel), which is formed on the basis of the positional principle of writing
decimal numbers;

- the method of search of the decision of a difficult problem of interpretation from
the data which are received from the generated working three-dimensional array by
application of restrictions and consecutive allocation of areas of coincidence of data is

developed.
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- shows the absence of errors made in solving the proposed method. When
modeling accurate technological measurements, the calculation errors are due only to the
discretization of the initial data when solving the direct problem and the influence of the
accuracy of measurements of technological parameters on the error in determining the
fuel composition is determined.

In the fourth section "System of automatic control of the pyrolysis plant for thermal
processing of SHW" the purpose of dissertation research is reached, namely:

- obtained a simulation model of the control object, the installation of pyrolysis in
the superadiabatic mode of pyrolysis, which allows to calculate the composition of the
product gas with maximum calorific value with a minimum amount of carbonaceous
residue in any composition of SHW. The maximum calorific value of the product gas is
due only to the process of processing SHW in the superadiabatic mode with the possible
minimum controlled use of air as an oxidant.

- the possibility of the existence of solutions of the model of the control object on
the energy balance is determined. The obtained ratio of energy, which is concentrated in
the reaction products, which is necessary to support the pyrolysis process provides the
ability to organize the process without air. The minimum amount of additional air or high
humidity of SHW provide the maximum calorific value of the product gas formed.

- the method of automated control of pyrolysis of SHW for maintenance of the set
composition of product gas at drawing disturbances by a composition of product gas,
structure and humidity of initial SHW is developed.

- the simulation model of the automated control system of the pyrolysis installation
Is synthesized, which allows to stabilize the technological process of obtaining product-
gas at the set technological values. The object of control of adjustable parameters is: the
liquid level in the gasholder; product gas consumption; the temperature of the pyrolysis
(product gas); product-gas composition. Control effects are: SHW consumption; air
consumption; product gas recirculation consumption. External disturbances to the object

are: the set consumption of product-gas and the composition of SHW.
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