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1. 1. MaTemaTuyHe Ta IpOrpaMHe 3a6e3NedeHHs [1JIs MOJeJII0BaHH NPOLECiB y 6i0ra3oBUX yCTAHOBKAX Ha OCHOBI

aHaJli3y iHTepBabHUX JAHUX

2. 2. Methods and software tools for modeling processes in biogas plants based on interval data analysis

Pedepar:

1. Y puceprauiiiHiil po60Ti PO3B’s13aHO HAyKOBO-TEXHiYHE 3aBJIaHHS 3a0€3[1eYEHHS JONYCTUMUX 3Ha4€Hb
KHACJIOTHOCTi 6araTOKOMIIOHEHTHOTO CyOCTpaTy B Ipolieci 1oro 6poiiHHS B 6i0ra30BMX YCTAHOBKAX 33 PAXyHOK
PO3POOKM MAaTEMAaTUYHOTO Ta IIPOrPAMHOTO 3a6€3M1eYEHHS 1711 MOJI€JIIOBaHHS IMHAMIKM KMCJIOTHOCT] HA OCHOBI
aHasli3y iHTepBaJbHUX JaHUX. O0'€eKTOM JOCIIiI)KEHHS € MIPOLleCcr aHaepOOHOro MiKpo6ioJIOriYHOro OPOLiHHS Y
6iora3oBUx yCTaHOBKax. [IpegmMeToM IOCIiIPKEHHS € MaTEMaTUYHE Ta IPOrpaMHe 3a6€3MeYeHHs 17151 MOJIEJII0BaHHSI
IVHaAMIK1 KMCJIOTHOCTI Cy6CTpaTy y 6i0ra3oBUX yCTaHOBKAX HA OCHOBI aHAJIi3y iHT€pPBaJIbHUX JaHUX. Y MexKax
IyicepTalifiHOi poOOTH 3allpOIIOHOBAHO Ta OOI'PYHTOBAHO JBOETANIHUI METOJ, ieHTudiKallii MaTeMaTH4YHOI Moieli
IVHaMiKU [I0Ka3HMKA KACJIOTHOCTI CcybCcTpaTy y 6i0peakTopi Ha OCHOBI aHasli3y iHTepBaJIbHUX JAHUX, SIKAM, Ha
BiZIMiHY BiJl BiJOMMX, I'PYHTYETbCSI HA PO3B'I3yBaHHi CII0YaTKy NPOCTilOi 3aAay4i inenTudikalii piBHsSHHS

B32€MO3B’I3Ky MK OCHOBHOIO XapaKT€PUCTUKOIO IIPOLIECY Ta YMHHMKAMM, SIKi Ha Hel BIUIMBAIOTD, i Ha L1iil OCHOBI, Ha



Ipyromy etari — ineHTudikanii MaTemMaTnyHOI MozesIi IMHAMIKU IbOTO TIOKa3HMKA y 6i0peakTopi, o y CyKyHmHOCTI
320€31e4YunsIo CIIPOIEeHHS T0OYA0BY MaTeMaTUYHOI MOJIeJli 3 TApaHTOBAaHMMU [TPOTHOCTUYHUMU BJIACTUBOCTSIMU. 32
pe3yJbTaTaMu 3aCTOCYBaHHSI HOBOT'O JBOETAIIHOTO METOy ieHTHikallii MaTeMaTUyHOI MOJesli OTPUMaHO
MaTeMaTU4HYy MOJeJIb IUHAMIKVM TIOKa3HMKa KMCJIOTHOCTI CyOCTpary y 6iopeakTopi y BUIJIsI ¢ epeHIiaJbHOro
piBHSIHHS, SIKe, HA BiIMiHY BiJl iCHyI0YMX, HaJIalITOBAHO Ha [apaMeTPHU MIPOLECy 1151 KOHKPETHO] 6iora3oBoi
YCTaHOBKU Ha MiJICTaBi [I€pPETBOPEHHS iHTEePBaJIbHUX Pi3HULIEBUX PiBHSHD, 110 3a0e3Ieyye rapaHTOBaHi
IIPOTHOCTHYHI BJIACTUBOCTI [100y10BaHOI MaTEMATUYHOI MOZEJi B M€XKaX TOYHOCT] iHTE€pBaJIbHUX AAHUX i
YMOXJIABIIIOE 3a0€3M1€4€HHS JOMyCTUMUX 3HaY€Hb KUCJIOTHOCTI 6araTOKOMIIOHEHTHOTO Cy6CTPaTy B 610ra3oBUX
YCTaHOBKaX Ha OCHOBI YIIPaBJIiHHS 6ajlaHCOM CYXOi Ta PifIKOi YaCTUH CUPOBUHU. Y Ipoleci po3poOKyu NPpOrpamMHOro
KOMILJIEKCY 3alIpOIIOHOBAHO Ta OOI'PYHTOBAHO BiIKPUTY CEPBICHO-OPi€HTOBaHY apXiTEKTypy NPOrPaMHOr0
3a6e3reyeHHs /171 MOJIEJIIOBaHHS TPOLECIB y 6i0ra30BMX YCTAHOBKAX, KA, HA BiZIMiHY BiJl iCHyIOUMX iHTErpye
[IpPOrpaMHi KOMIIOHEHTH: iHTepIpeTallil iHTepBajibHUX AUCKPETHUX MoJiesiel; ineHTudikaunii nux momenew;
PO3B’13yBaHHs IruQepeHLiaJbHUX PiBHSAHD. Takuil mifxis yMOXINBUB CTBOPEHHS IIPOTOTUILY KOMII'FOTEPHOTO
cepeoBUIIA [J1s1 YIIPaBJIiHHS IIpoliecaMi B 6i0ra3oBHX YCTAHOBKAX, sIKe 0€3 J0aTKOBUX HajalITyBaHb
iHTerpyeTbCs B iCHyIOUi CUCTeMHU yIIpaBJIiHHS 6i0ra30BMMU YCTAHOBKAMU 3 METOIO 3a06€3Me4eHHs KOPUIopy
IOTYCTMMUX 3HAUeHb KUCJIOTHOCTI 6araTOKOMIIOHEHTHOI'O cyoCcTpary. [IpakThyHe 3HaYeHHsI OTPUMaHUX
Pe3yJbTaTiB MoJIsIrae y CTBOPEHHI IPOrpaMHOro CepeloBUIIA 171 MOZIEJIIOBAaHHS ITPOLIECiB y 6i0ra3oBux
yCcTaHOBKax. TeopeTuyHi Ta NpUKIIAJHI pe3ysbTaTu AucepTauiiiHoi pobotu Bukopuctano y TOB «Teodinosbcbka
eHepreTUyHa KoMnasisi», B KomnaHsii «Eleks» (M. TepHomisb), a TaKO>K BIIPOBAIPKEHO B OCBITHIl IPOLEC Ta HAYKOBO-

IocinHy poboTy kadenpy KOMITIOTEPHUX HayK 3axiHOYKpaiHChKOI'O HalliOHAJIbHOI'O YHIBEPCUTETY.

2. The scientific and technical task of ensuring the tolerance values of acidity of a multicomponent substrate
during its fermentation in biogas plants by developing mathematical tools and software for modeling the dynamics
of acidity based on the analysis of interval data was solved in the thesis. The object of the research is the processes
of anaerobic microbiological fermentation in biogas plants. The subject of the research is mathematical tools and
software for modeling the dynamics of substrate acidity in biogas plants based on the analysis of interval data.
Within the scope of the thesis, a two-stage method of identifying the mathematical model of the dynamics of the
substrate acidity indicator in the bioreactor based on the analysis of interval data is proposed and substantiated,
which, unlike the known ones, is based on solving the initially simpler problem of identifying the equation of the
relationship between the main characteristic of the process and the factors, which affect it, and on this basis, at
the second stage, the identification of the mathematical model of the dynamics of this indicator in the bioreactor,
which in aggregate ensured the simplification of the construction of a mathematical model with guaranteed
prognostic properties. Based on the results of the application of a new two-stage method of mathematical model
identification, a mathematical model of the dynamics of the substrate acidity indicator in the bioreactor was
obtained in the form of a differential equation, which, unlike the existing ones, is adjusted to the process
parameters for a specific biogas plant based on the transformation of interval differential equations, which
provides guaranteed prognostic properties of the built mathematical model within the accuracy of the interval
data and makes it possible to ensure the tolerance values of the acidity of the multicomponent substrate in biogas
plants based on the control of the balance of dry and liquid parts of raw materials. In the process of developing the
software complex, an open service-oriented software architecture for modeling processes in biogas plants was
proposed and substantiated, which, unlike the existing ones, integrates software components: interpretation of
interval discrete models; identification of these models; solving differential equations. This approach made it
possible to create a prototype of a computer environment for managing processes in biogas plants, which without
additional settings is integrated into the existing control systems of biogas plants in order to provide a corridor of
tolerance acidity values of a multicomponent substrate. The practical significance of the obtained results is the
creation of a software environment for modeling processes in biogas plants. The theoretical and applied results of
the thesis were used in “Teofipol Energy Company” LLC, in the “Eleks” IT-company (Ternopil), and were also
implemented in the educational process and research work of the Department of Computer Sciences of the West
Ukrainian National University.
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InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
Bsacue IlpisBume Im'st [To-6aThKOBI [NaciHuk Poman MupociiaBosid

TOJIOBH pajgu

BiacHe IIpizBuie Im's I1o-6aTbKOBI [Taciynnk Poman MupocnaBoBuy
TOJIOBYIOYOTO Ha 3acCiaHHi
Bi,I[HOBi,I[aJIbHI/If;I 3a Hi,ZII‘OTOBKy Kocincweka Onbra ApKaﬂllBHa

00JIiIKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuK Bigginy YKpIHTEI, mo €
BiZIOBiZasIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




