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CONSTRUCTION OF MATHEMATICAL MODEL
THE COMBUSTION OF BIOGAS
TO REDUCE GREENHOUSE GAS EMISSIONS

Abstract. This paper shows the environmental and economic efficiency of biogas. An analysis of the prospects
for world energy development shows a marked shift of priority issues in a comprehensive assessment of the possible
side effects of the impact of major sectors of energy on the environment, the life and health of the population. Energy
conservation measures and environmental security are aimed at increasing the use of CHP and renewable energy
sources. The main advantages of CHP are: low cost of energy, low return on investment, the ability to quickly build,
and reducing environmental pollution. The main advantage of renewable energy sources is the use of the inexhaus-
tible source of energy, such as solar, wind and biofuels. The paper discusses the various sources of energy capacity
of 1 MW mini-thermal power station with diesel, gas piston and turbine engines, as well as renewable energy-gene-
ration plant with a gas-piston engines running on biogas, solar and wind power. It was found that all sources parti-
cipate in the emission of greenhouse gases. Gas turbine engines emit more greenhouse gases than other motors. The
most environmentally friendly way to produce electricity is solar panels. This paper shows the environmental and
economic efficiency of biogas in the brewery. The article used the standard method for determination of greenhouse
gas emissions through the levels. Calculations for natural gas and biogas were made. The results of the calculations
showed that the amount of greenhouse gas emissions from the combustion of natural gas and biogas in the boilers
reduced. The efficiency of co-combustion of these fuels was determined. It is shown that co-combustion of natural
gas and biogas will reduce the emission of gases by 10%.

Keywords: bioreactor, biogas, bacteria, adjusting, mathematical model, distributed system, optimal control,
integration, aggregation, computer simulation.
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MOCTPOEHHUE MATEMATHUYECKOI MOJIEJIN
INPOLECCA C’)KUT'TAHUA BUOT'A3A
JJIA CHUKEHHWSA BBIBPOCA ITAPHUKOBBIX I'A30B

Annoranusa. B padoTe moka3aHa 3KOJIOTHUCCKAT U SKOHOMHYCCKAA 3(P(PECKTHBHOCTD HCIOB30BAHMA OHOTA3A.
Anamas NCPCIICKTUB PA3BUTHA MPIpOBOfI OHCPTCTUKU CBHACTCIBCTBYCT O 3aMCTHOM CMCIICHHH NPHOPUTCTHBIX
mMPoOIeM B CTOPOHY BCCCTOPOHHCH OLCHKH BO3MOIKHBIX IOCIICICTBHI BIHAHHSA OCHOBHBIX OTPACIICH SHCPTCTHKH HA
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OKPY>KafOIIy 10 CPEy, KU3Hb W 3J0POBbE HACCICHMA. MEpPONPUATHS IO JHEProCOEPEKEHIIO M IKOJIOTHUCCKOH 0e3-
OTMACHOCTH HAMPABICHBI HA YBCIHYCHHC HCHOJIB30BAHHA MHHH-TOL] W BO30OHOBIACMBIX HCTOYHHKOB SHCPTHH.
OCHOBHBIMH JOCTOHHCTBAMH MUHH-T L] ABIAFOTCA: HH3KASA CTOMMOCTD BBIPAOATHIBACMOI 3HCPTHH, HA3KAS OKyTIac-
MOCTb, BO3MOKHOCTh OBICTPOTO CTPOMTEIBCTBA, CHIDKCHHE YPOBHS 3aTPsI3HCHHS OKpy>Karomer cpeabl. OCHOBHBIM
NPEUMYIICCTBOM BO300HOBIICMBIX HCTOYHHKOB OHCPIrur ABJLICTCA HMCHOJIB30BAHUC HCHCUCPHMACMBIX HCTOYTHHKOM
SHEPTHH, TAKUX KAaK COJIHEYHAS 3HEPTHWs, BETCp M OMOTOIIMBO. B paboTe paccMOTPEHBI PA3IMIHBIC HCTOUHHKH
3Hepruu MOIMHOCTHI0 | MBT: MuHH-TILl ¢ AM3eIbHBIMH, TA30MOPITHEBBIMH U TA30TYPOMHHBIMH JBHTATCIUIMH, a
TaKXe BO30OHOBIIEMBIC MCTOUHHKH SHEPTHH MHHH-13L] ¢ ra3omopmriHeBbIMH JBUraTesIMH, PaOOTAIOIIMME HA
Omorase, COTHEYHBIC U BETPOBBIC 3TCKTPOCTAHIMH. Y CTAHOBJICHO, YTO BCC HCTOYHHKH MPHHAMAIOT YYACTHE B IMUC-
CHM TIAPHHUKOBBIX Ta30B. ['a30TypOMHHBIC JBUraTeiIn BHIOPACHIBAIOT MAPHWKOBBIX Ta30B OONbBIIE, UEM OCTATIBHBIC
meuratemd. CaMbIM SKOJIOTHYHBIM CITOCOO0M MPOM3BOICTBA ICKTPOIHCPTHH ABIIOTCA COJMHCUHBIC Oarapen. B pa-
60Te MOKa3aHA 3KOJIOTHYCCKAT U SKOHOMHIYECKASA 3(P(PEKTHBHOCTH UCTIOIB30BAHI OHOTA3a HA MMUBOBAPCHHOM ITPE-
TPUATHH. B crarse mcnonp3oBana CTAaHAAPTHAA MCTOAWKA ONMPCACICHUA SMUCCHH IMAPHUKOBBIX T'd30B IO YPOBHAM.
BrImosHEeHBI pacyeTs! A1 MPUPOJHOTO Ta3a W Omorasza. [loxyueHHBIC pe3yabTaThl MOKA3AIH, YTO KOJMUYECTBO BbI-
OpOCOB MAPHHUKOBBIX TA30B OT CKUTAHMS MPUPOJHOTO Ta3a u OMorasa Ha KOTiax yMeHpmarorcs. Jloka3aHa s¢dek-
THBHOCTH COBMECTHOTO C’KUTAHMS JAHHBIX BUIOB TOIUIHBA. [10Ka3aHO, YTO COBMECTHOE CXKMTAHHE ITPHPOITHOTO Ta3a
7 OMOTAa3a MO3BOINT CHU3UTH BHIOPOCH! SMHCCHOHHBIX ra30B Ha 10%.

KmoueBnie ciioBa: Omnopeakrop, Onoras, OAKTCpHH, PEryIHPOBAHHS, MATCMATHUCCKAS MOJIC/b, PACIPEACICH-
Has CHCTEMA, ONTUMAJIBHOE YIIPABJICHNE, HHTETPALUS, aTPETHPOBAHAC, KOMIIBIOTEPHOE MOJICTHPOBAHHUC.

Beeaenue. [loBbimenne 3 PpekTHBHOCTH PA0OTHl HCTOYHHKOB TCIUIA SIBISCTCS OJHHUM W3 OCHOBHBIX
MPUOPUTETOB MPH Pa3paboTKE HOBBIX M MOJACPHU3ALNH CYIICCTBYIOLIMX TCILIOTCHEPUPYIOIUX VCTPOU-
CTB. YXYIIIAIOIMALCH SKOMIOTHS, & TAKKEC MHPOBOH KPHU3HC MPUBOAMUT K MOUCKAM HOBBIX METOAOB VIIPaB-
JICHUS TCIIOCHAOXKCHUEM, KOTOPBIC MOLTH OBl OOCCHEYHTH SKOJOIMYHOCTh M SKOHOMHYHOCTH TCILIO-
cHaOxxeHus. s pa3paOOTKH HOBBIX, SKOJOTHYSCKH YHCTBIX TEXHOJIOTHH MONYYCHHS H HepepaboTKu
OGroMacchl HY’KHO CHauaja paspaboTaTe OCHOBBI 3THX MPOLIECCOB. XOTA OHOTa3 B KAUCCTBE HCTOYHHKA
SHCPTUM M3BECTCH HA MPOTSDKCHHH MHOTHUX BEKOB, OH MO-TIPEKHEMY BBI3BIBACT UHTCPEC MHXKCHCPOB U
y4EHBIX B OOJACTH Kak 3KCHepUMEHTa pHbIX [1-3], Tak u Teopermueckux uccneaoBanuii. llosromy
pa3paboTka MaTCMATHUYCCKUX MOJCICH M MPOLECCa CKUTaHHs OHorasa SBJBICTCS MHTCPCCHOH 3aaaduci,
KOTOpasl 4acTO MPOBOIHUTCSA HCCICAOBATEIAMHU. UHCICHHOE MOICTHPOBAHUE SBISACTCS MPHBICKAIOINAM
BHUMAHHE, HEIOPOTUM H OBICTPBIM METOJOM AHAIN3A MPOOIECM U MPUBOAMUT K MOHUMAHUID MEXAHHU3MOB,
VIPaBIIIOMNX JaHHBIM npoueccoM. Ho uncnenHoe MoaenupoBaHue JOKHO MPEAMIECTBOBATE CO3AHHIO
MaTEMaTHICCKOH MOJETH, OMUCHIBAIOIICH H3VUacMbIe SBJICHUA. B 3aBHCHMOCTH OT CIIO’KHOCTH paccMart-
PHBACMBIX 3aJa4, MaTeMaTH4YeCcKas MOJETb MOMKET ONMCHIBATE HCCICAYECMBIH MPOLIECC C Pa3aMIHOMN
CTCIICHBIO JOCTOBEPHOCTH. Takum 00pa3oM, YHCICHHOC MOJCTHPOBAHME CICAYET COUYETATh € IKCICPHU-
MCHTAJIHBIMUA KCCJICIOBAHUSIMHU, YTOOBI CPABHHTh M OLICHUTh OOOCHOBAHHOCTH Moxacau. Hunke Oyaet
MPEACTABICHA MATEMATHIECKAA MOJCTL NPOLIECCa CKUraHus OHorasa. 3ateM, Ha OCHOBAHUH PE3yIIbTATOB
SKCIICPUMCHTAIBHBIX UCCICAOBAHUN € LETIbIO POBEPKH MPABUIBHOCTH pa3paboTaHHOH MaTeMaTHICCKOH
MOJETH OVACT MPOBEACHO YUCICHHOC MOACTIHPOBAHUE HpoLecca ckuranusg ouorasza. [Ipouece cxuranus
Ouorasa SIBIICTCS CNOKHBIM MPOLIECCOM T'ETEPOTCHHOTO W TOMOTCHHOTO cropanus. ['oproume rasel - B
ocHosHoM CO, H,, CH, - xoTopeie, Hapsaay ¢ ApyruMH HeroprounMu raszamu, tTakumu kak CO,, H,O, N,
BBIJCIISIIOTCS B OKPYIKAOLIECE Ta30BOC OTOUCHUE YACTHIBI BO BPEMS ACTa3aliy, - OJBCPKCHBI TOMOTCH-
HOMY CcropaHmio. ['oproure KOMIOHEHTH TBEPAOTO MaTepyala, B OCHOBHOM YTOJb, OCTABIIMNCS B YacTH-
e, TaK 3BaHHBIH KapOOHHU3AT, MOCTIC MPOLECcca ACTa3aluH MOABEPKEHBI TETCPOTCHHOMY cropanmio. M3-3a
CITO’KHOCTH TPOLIECCOB, MPOUCXOAAIINX B MPOLIECCE TOMOTCHHO-TCTEPOICHHOTO CTOPaHMs, IPUHATO, YTO
MareMaTHIecKas MOACTb MPOLECcca CKUraHus Ororaza OyJeT OMUCHIBATh MPOLIECC B YIPOIIEHHOM BHAC,
TO €CTh C MOMOILIBI0 MeToAa Jinepa-Jlarpanika, KOTOPHIA B HACTOSIIEE BPEMs SBISCTCSA CTaHIAPTHBIM
METOAOM, HCIIOTb3YEMBIM IS YHCICHHOTO MOJCITUPOBAHIS MTPOLECCCOB CKUTAHHUI OHUOrasa M YacTHL WU
Kareb roprodero Marepuana [2-5]. B Moxean npeanosaracTes, 4to yacTrna OunomMacchl OyIeT paccMar-
PHBATBCS KaK AMCKPETHAS NArpaHKUaH YacTULA, KOTOPas CBOUM MPHUCYTCTBHEM CO3AAET TPAHUYHBIC
VCIIOBHS /ISl Ta3000pasHOi cpeabl, paccMaTpuBacMoil kak cpeaa Jiiepa. [lo anajgorum ¢ razoobpasHoi
CpeaoH, DBOTIOLMS YACTHLBI OIMMCHIBACTCH YPABHCHISIMH COXPAHCHHS MAcChl, UMIYJIbCA H JHCPTHUH.
Taxum 06pazoM, e JaHHOU pabOTHl CTada aJANTAUd MAaTCMATHICCKONH MOJCTH MPOLIECca CrOpaHus
TOIUTHBA, OCHOBaHHOU Ha Teopuu U. Y. Bube, k mporueccy cropanus Guoraza.
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