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Maxkcumenxko A. O. KoM’ 1oTepHO-IHTErpOBaHa CHUCTEMa YIIPaBIIHHS IPOJIi30M
BIJIXOJIaMH arpOTEXHOJIOTIM 3 BHU3HAYCHHSAM CKJIaay CUHTEe3-razy. — Ksamidikariiina
HayKOBa Iparlsd Ha MpaBax PyKOIUCY.

Huceprartiist Ha 3100yTTs HAYKOBOT'O CTYIIEHS JOKTopa (istocodii 3a criemiaibHICTIO
151 — AsBromaruzaiisi Ta KOMII IOTEpHO-IHTETpOBaHI TexHojorii. —J/lep:kaBHui

yHiBepcuteT «Onecbka nojitexHikay MOH VYkpainu, Opneca, 2021.

Huceprariiina poboTa TMPHUCBSIYEHA YJOCKOHAJCHHIO METOMIB 1 Mojenei
KOMIT FOTEPHO-IHTETPOBAHOTO KEPYBaHHS IMIPOII3HOI0 YCTAaHOBKOIO, sIKa BUKOPUCTOBYE
BIJTHOBJIIOBAJIbHI JKEpeEsa €HEeprii — BIAXOAU arpolpOMHCIOBOTO KOMILJIEKCY, a came
COJIOMY, 3a PaxXyHOK BHU3HAUEHHS CKJIAay COJIOMH, IO MPOXOAUTH MPOIEC Mipodi3y B
peagbHOMY Yaci.

VY nepuiomy pozaun «Po3risg cTaHy aBTOMaTU30BaHOTO KE€PYBaHHS MIPOJII3HUMHU
yCTaHOBKAaMI» IIPOBECHO:

— aHaJli3 MOTOYHOTO CTaHy arpoIpOMUCIOBOIO KOMIUIEKCY YKpaiHHu, 00’eMy 1
€HEPreTUYHOro IMOTEHIIady BIIXO/AIB arpoTEXHOJIOTIHM, MOPIBHSAHHS PI3HUX CHOCOO0IB
EHepreTHyHoi KOHBepcli OloMacu, HaBElIeHI THIOBI TEXHOJOTIYHI CXEMHU MipoJIi3y
pPOCIMHHOT 0loMacu, BWU3HAYEHO OCHOBHI CIIOCOOM KEpyBaHHS MPOIIECOM TMiPOi3y
B1JIXO[IB arpOTEXHOJIOT1M, BUBHAYEHO MOJAIBIINN HAMIPSIM JOCTIXeHb. BU3HaueHo, 1110
MOTEHI[a BIIXOJIB arpoTeXHOJOrid B YKpaiHi — 3HauHuil. BwuzHaueHo HampsiMu
NOTOYHUX JOCHIPKEHb TMpPU BUKOPUCTaHHI KOMII IOTEPHO-IHTETPOBAHUX CHUCTEM
KepyBaHHS JJIs MIpOJi3y BIIXOMIB arpoTEXHOJIOT1H, BUSBIECHO HEIOJIKU B 1ICHYHOUHX
MIIX0JaX BUPIIMICHHS 3ajJadl aBTOMAaTU30BAaHOTO KEPYBaHHS, TaKl SK HEXTyBaHHS
1H(pOopMaIII€I0 TPO CKIIAJ PEUOBUHU, KA € CHPOBUHOIO AJIs MIPOJII3Yy.

— OOTpyHTYBaHHS CTPYKTypu 1 (QOpMyIIOBaHHS 3aBJaHHS JUCEPTAIIITHOTO
JOCITIJIKEHHS, SIKE TIOJIATAE Y PO3POOIIl METOIIB 1 MOJIEe KOMIT FOTEPHO-1HTETPOBAHOTO
YIOPABIIHHS MIPOJII3HOK YCTAHOBKOIO, 1110 BUKOPUCTOBYE BIAXOAM arpOTEXHOJOTIH, a
caMe COJIOMy, 3 CTaOUTI3aIli€l0 TEIUIOTBOPHOI 3JaTHOCTI YTBOPEHOTO CHHTE3-Ta3y.

Cralunizaiisi TemIOTBOPHOI 3/IaTHOCTI YTBOPEHOTO CHHTE3-Tazy B yMoBax 30ypeHb
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XIMIYHOTO CKJIaZy COJOMH BHUKOHYETHCS 3a PaxyHOK BHW3HA4YEHHS 3MIHY CKJIady
CUPOBHHHM, IO TPOXOIUTH TPOIEC MIPOTi3y B peadbHOMYy 4daci, OOYHMCICHHS 1
3aCTOCYBaHHS BIJIMOBIIHOIO KOMIIEHCYIOUOTO BILTUBY JIO MIPOJII3HO YCTAHOBKH.

— KJIacu]iKaiio KylIbTypH, 3 SKOi TOXOJATh BIAXOAM arpoNpOMHUCIOBOTO
MOXO/PKEHHSI YMOBHOIO OpyTTO-(OPMYIIOIO, IO YMOKJIMBUJIO BUKOHAHHS MOJAIBIINX
O0OYHCIIEHb 3 METOIO BU3HAUYCHHS HAWKpaIUX JJIs TIOCATHEHHS! HAaWBUILOT TEIJIOTBOPHOT
3MQTHOCTI YTBOPEHOTO CHHTE3-Ta3y TEXHOJIOTIYHUX [apaMeTpiB, Hacamrepen
temneparypu. Kmacudikaiiss yMoBHOIO OpyTTO-(popmysioro Oyina BHKOHAHA MIJISIXOM
PO3paxyHKy KUIBKOCTI BYTJICIIO, KUCHIO 1 BOJHIO 3aCHOBAHOMY Ha BiJOMHX (opMyIiax
IEJTI0JI03H Ta 1HIINUX J00pe BUBYCHUX CKIIAIOBUX POCITUHHUX KYJIBTYP.

Y napyromy posaini «IloOygoBa mojeni TipoJi3HOI YCTaHOBKM SK 00’ €KTa
KEpyBaHHS » OJIEP’KaHO TaKi pe3yIbTaTH:

— METOJI MOJICJIIOBaHHS MPOIECy TIpPOoJi3y Ta TMEepPEeTBOPEHHS  BiJIXOJIIB
arpoOTEXHOJIOTI B CHHTE3-Ta3, MOJICILHUM YSBIECHHSM YMOBHOIO OpyTTO-(hOpPMYJIOH0.
[eit MeTO1 BUKOPUCTOBYE 3aKOHU XIMIYHOI KIHETUKH, 30€peKEHHS PEUOBUHHU 1 OanaHCy
MaKCUMaJIbHUX BAJICHTHOCTEH OKUCIIOBAIBHUX 1 BITHOBHUX €JIEMEHTIB, 1110 JJAJI0 3MOTY
pO3paxyBaTu I'PaHUYHY TEIJIOTBOPHY 34aTHICTh CyMIIlIe OpraHIYHUX PEYOBUH;

— MOJIEJb YIIPABJIiHHSA, sIKY 3aCHOBAaHO Ha MPOMOPIIHHOMY 3aKOHI1 KEpyBaHHsI, SKa
JIO3BOJISIE  OI[IHUTH BIUIMB PETYJIbOBAHMX MMapaMeTpiB Ha IIJIbOBY BEIUYHHY —
TEIUIOTBOPHY 3/1aTHICTh YTBOPEHOTO CHHTE3-Ta3y.

— MOJIeNIb HEeUITKOI KJIacTepu3ailii Ta kiacudikalli, 3aCHOBaHy Ha BHUKOPHUCTaHHI
BIJIOMMX METOMIB 1 METOJMK HEUITKOl KiacTepu3alii Ta Kiacudikaiii, aHamizi
CTaTUCTUYHHMX JAHUX [P0 YHUCEIBHICTb 1 OpYyTTO-POpMYNH KyJIbTYp BIAXOMAIB
arpoOTEeXHOJIOTIYHOTO BUPOOHMIITBA, sKa JIO3BOJMIA OOWMpaTH HaWKparmm, IS
3a0€3MeUeHHs]  HAWBHUINOI  TEMJIOTBOPHOI  3AaTHOCTI  yTBOPEHOTO  CHHTE3-Ta3y
TEXHOJIOT1YHI MapaMeTpPH, Y BUTIIAII 3aBJaHb JJIS PETYIISTOPIB.

— IMITaliifHy MOJEINb MPOIEeCy MipoJi3y BIAXOJaMH arpoTEXHOJIOTIN K 00’€KTa
KEepyBaHHA y BUTJISAII MAaTPULIl NIepeaaBalbHUX (PYHKIIIH;

— MOJENb TMPOIECy Mipoizy OiloMacu arpoOTEXHOJOTIYHOTO TOXOKEHHS, SKa

3aCHOBaHA HAa BHMKOPUCTAaHHI 3aKOHIB XIMIYHOi KIHETHKH, 30€peKeHHS pPEUOBUHHU 1
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OalaHcy MaKCUMaJIbHUX BaJCHTHOCTEHW OKHCITIOBAIILHUX Ta BITHOBHHX €JIEMEHTIB, 1110
Oyna JOMOBHEHAa BHU3HAYCHHSIM KUIBKOCTI BYTJICIIEBOTO 3AJMIIKY, LIO0 CYMICHO 3
MOIAJIbIIIE PO3BUHEHOIO MOJIEIUTIO KJTacu(iKallii JO3BOIMIIO BU3HAYUTH CKJIaJ] CHPOBHUHH,

— BUSIBJICHO BIUTMB 30ypEeHHS CKJIaly PEYOBHHH, 11O MPOXOAUTH MPOLEC MIPOTi3y
Ha BJIACTHUBOCTI 00’ €KTa yIpaBIiHHS.

B Ttpetbomy po3ginmi «CHHTE3 CUCTEMHU KEpyBaHHS MIpOJII3HOI YCTAaHOBKOIO»
BUKOHAHO HACTYITHE:

— BH3HAYEHO HaMKpaluii MeToj] BUPIIICHHS 3a/Jadl KepyBaHHS 3 ypaxXyBaHHAM
ocoOMBOCTE 00’€KTa KEepyBaHHS, TAKUX, SK HEIIHIWHICTh TEMJIOTBOPHOI 3aTHOCTI
YTBOPEHOI'O CHHTE3-Ta3y 1 TemIepaTrypl B YCTAHOBI, HETOYHICTh 1 HEMOBHOTA
iH(dopmarlrii, a camMme — HEUITKOro KOHTpoOJiepa Ha CHCTEMi HEUITKOTO BBOIY-BHBOIY
Mampaasi.

— po3po0JieHO 3aralibHy CTPYKTYPY CHUCTEMH KEpyBaHHs, IO BKJIIOYAE B cede
HIpOJII3HY YCTAHOBKY, 130€HTAJIbIIAHUNA MPUCTPIM 110 BUKOPUCTOBYETHCS CYMICHO 3
eKCTPEMAIIbHUM PETYJIATOPOM TEMIIEpaTypu 1 OOYHCIIOBAILHUM TMPUCTPOEM IS
BU3HAYCHHS CKJIaJy PEUYOBHUHHU, IO MPOXOAUTH MPOIEC MIpOdi3y, BUAAE 3aBIAHHS
TeMIEepaTypu JJIsl pEryjsaTopa, 00UHCIIOE MOTOYHUM MOKAa3HUK KOEMIIIEHTY HAJJTUIIKY
OKHCHIOBAYA;

— PO3pOOJIEHO CUCTEMY MYyTalliid (PYHKIIIH TPUHAIEKHOCTI, HEUITKOTO PEryaropa,
110 3a0€3MeYye CTANICTh IKOCT1 KEpYyBaHHS 33 KPUTEPISIMU Yacy PETyJIIOBaHHS 1 TOMUIIKU
KEepyBaHHS.

— BUKOHAHO TEPEBIPKY CTIMKOCTI OTPUMAHOI CHUCTEMH 3a KpPUTEPIEM YMOBH
Haiiksicra.

— BHUKOHAHO MOJICIIIOBAHHS PEaKIlii TEIUIOTBOPHOI 3IaTHOCTI YTBOPEHOTO CUHTE3-
ra3y Ha 30ypeHHs CTPHOKOM CKJIaay BIIXOIB arpONpOMHUCIOBUX TeXHOJOTiH ( OpyTTO-
bopMyIH COIOMM)

B gyetBepToMy po3aini «CHHTE3 KOMI IOTEPHO-IHTETPOBAHOI CUCTEMU YIIPaBIIiHHS
MIPOJTI30M BIIXOMAIB arpOTEXHOJOTIA 3 BU3HAYEHHSIM CKJIQJy CHUHTE3-Ta3y» JIOCATHYTO
METy JIMCepTaIliiHoi podoTH, a came:

— PO3pO0JICHO METOJ BHM3HAYEHHS CKJIAy PEYOBHHH, IO MPOXOJUTH MPOLIEC
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HipoJIi3y 3a paxyHOK BUPIIICHHS 3a/1a4l, 00epHEHO1 10 MOENIOBaHHS MPOIIECY MIPOTI3y
3 BUKOPUCTAHHSM 1H(QOpMAIIil PO BYTJICLEBHUI 3aJIUIIOK, Ta yYTBOPEHHU CUHTE3-Ta3, 1 3a
JIOTIOMOTOI0 JIOTIOM1’KHOTO 130€HTJIBIIIHHOTO TIPUCTPOIO;

— BU3HAYECHO CEpeIHE 1 MaKCHUMalIbHE BIIXWICHHS TEIUIOTBOPHOI 3AaTHOCTI
YTBOPEHOTO CHHTE3 ra3zy 3a yMOB 30ypeHHS CKJaay COJIOMH, IO MPOXOAMTH IPOILEC
MIpoITi3y

— BCTAHOBJICHO, II0 HAa BHU3HAYCHHX MEXax 30ypeHHsS CKJIaay COJIOMH, IO
OPOXOAUTH TPOLEC MipoJi3y, CepeaHE BIIXWUJICHHS TEIUIOTBOPHOI 3AaTHOCTI He
nepesutrye 1.5%, a makcumanpae — 5 %, 1110 3a10BOJIBHSIE YMOBI ITOCTaBJICHIN 3a1a4i

Kurouosi ciioBa: ACY, mxepena BITHOBIIOBAJIbHOI €HEPTii; 1AeHTU(IKALis BIXO1B

arporexHosiorii, cunres3-ra3, KICY, HeuiTka jorika, mipoJis.
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ABSTRACT

Maksymenko A. Computer-integrated agrotechnology waste pyrolysis control
system with gas synthesis composition identification. - 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. - Odesa Polytechnic State University, Ministry of
Education and Science of Ukraine, Odesa, 2021.

The dissertation is dedicated to the improvement of methods and models of
computer-integrated control of pyrolysis plant, which uses renewable energy sources -
waste from the agro-industrial complex, straw in particular - by determining the
composition of straw undergoing pyrolysis in real time.

In the first section "Consideration of the state of automated control of pyrolysis
plants" were conducted:

— analysis of the current state of the agro-industrial complex of Ukraine, volume
and energy potential of agricultural waste, comparison of different methods of energy
conversion of biomass, typical technological schemes of biomass pyrolysis plant, the
main methods to control the pyrolysis process of agricultural waste, further research
direction identified. It is determined that the potential of agricultural waste in Ukraine is
significant. The directions of current research in the use of computer-integrated control
systems for pyrolysis of agricultural waste has been analyzed, shortcomings in existing
approaches to solving the problem of automated control has been identified - such as
neglect of information about the composition of the substance that is a raw material for
pyrolysis.

—  substantiation of the structure and formulation of the dissertation research task,
which consists in the development of methods and models of computer-integrated control
of pyrolysis plant that ustilizes waste of agricultural technologies - straw in particular,
with stabilization of calorific value of gas synthesis. Stabilization of the calorific value of
the formed synthesis gas in the conditions of perturbations of the chemical composition
of straw is performed by determining the change in the composition of raw materials

undergoing pyrolysis in real time, calculating and applying the appropriate compensating



effect to the pyrolysis plant.

—  classification of the crop from which the waste of agro-industrial origin
originates by the conditional brutto formula, which allowed further calculations to
determine the best technological parameters to achieve the highest calorific value of the
formed synthesis gas, especially temperature. Classification by conditional brutto formula
was performed by calculating the amount of carbon, oxygen and hydrogen based on
known formulas of cellulose and other well-studied components of crops.

The following results are obtained in the second section "Designing a model of a
pyrolysis plant as a control object":

— method of modeling the process of pyrolysis and conversion of agricultural
waste into synthesis gas, model representation of the conditional brutto formula. This
method uses the laws of chemical kinetics, conservation of matter and the balance of
maximum valences of oxidizing and reducing elements, which allowed to calculate the
maximum calorific value of mixtures of organic substances;

— control model, which is based on the proportional control law, which allows to
assess the impact of adjustable parameters on the target value - the calorific value of the
formed synthesis gas.

— fuzzy clustering and classification model based on the use of known methods
and techniques of fuzzy clustering and classification, analysis of statistical data on the
number and gross formula of crops of agro-technological waste, which allowed to choose
the best to ensure the highest calorific value of synthesis gas in the form of tasks for
regulators.

— simulation model of the process of pyrolysis of agricultural waste as an object
of management in the form of a matrix of transfer functions;

— model of the pyrolysis process of biomass of agro-technological origin, which
is based on the use of the laws of chemical kinetics, conservation and balance of
maximum valences of oxidizing and reducing elements, which was supplemented by
determining the amount of carbon residue.;

— the influence of perturbation of the composition of the substance undergoing the

pyrolysis process on the properties of the object of control is revealed.
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In the third section "Synthesis of the pyrolysis control system" the following is

performed:

— the best method of solving the control problem is determined taking into account
the features of the control object, such as nonlinearity of calorific value of the formed
synthesis gas and installation temperature, inaccuracy and incomplete information,
namely fuzzy controller on Mamdani fuzzy 1/O system;

— developed a general structure of the control system, which includes a pyrolysis
unit, isoenthalpy device used in conjunction with an extreme temperature controller and
a computing device to determine the composition of the substance undergoing pyrolysis,
gives a temperature task for the controller.

— developed a system of mutations of membership functions, fuzzy controller,
which ensures consistency of control quality according to the criteria of control time and
control error.

— the stability of the obtained system was checked according to the Nyquist
condition criterion.

— modeling of the reaction of calorific value of the formed synthesis gas to the
perturbation of the aggregate waste of agro-industrial technologies (gross straw formula)

In the fourth section "Synthesis of computer-integrated pyrolysis management
system of agricultural waste with determination of the composition of synthesis gas" the
purpose of the dissertation is achieved, namely:

— developed a method for determining the composition of the substance
undergoing the pyrolysis process by solving the problem of modeling the pyrolysis
process using information about the carbon residue, and the formed synthesis gas, and
using an auxiliary isoenthalpy device;

— determined the average and maximum deviation of the calorific value of the
formed synthesis gas under conditions of perturbation of the straw composition, which
undergoes the process of pyrolysis

— established that at certain limits of perturbation of straw composition undergoing
pyrolysis process, the average deviation of calorific value does not exceed 1.5%, and the

maximum - 5%, which satisfies the condition of the task.
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