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KIHETHUKA BIOI'A30BOI YTUJII3ALII MAIIEPOBOI'O TAKOBAHHSI

Po3spobaeno mamemamuuny moodenv 0i02a308020 nepepobieHHs 6i0X00i6 nanepoozo NAKoB8aAHHs, 00E€PICAHO il
ananimuyHuil po3s’ s130x. Hasedeno meopemuuni ma excnepumMenmanbHi 3a1e#CHOCmI KIbKocmi udiieHo2o bioeasy
8i0 mpusaniocmi nepepobienns 3a pisHux memnepamyp cyocmpamy, 3a Cmanux KOHYEHMpPAyiax cyXux pedoeun i
Gepmenmy ma pe3yrbmamu nepesipku ix a0eKeamHoCmi.
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[ocTranoBka mpodiaemu. B YkpaiHi mOPIYHO yTBOPIOIOTHCSA TUCSYi TOHH BiJXOJIB IAEPOBOrO MaKOBaHHSI,
poskimananus sikux 3aiivae Bim 1 mo 400 pokis. 3 ommsigy Ha 1e, mocrae mpobiiema TXHBOI yTHITI3aMii, 30KpeMa
nepepobneHHss B 6ioras, mo MOXeE CKJIACTH KOHKYPCHINIO TPAAWIifHAM BHIaM MajlvBa 3aBIIKA MiHIMaIbHIH
BapTOCTi CUPOBUHHU.

AHaJi3 momepeaHix gochiqkeHb. [Iporec MeraHoBOro OpOMIHHS 1 BIUIMB HA HBHOTO PI3HUX YHHHHKIB
aHajizyBand aBTopu npans [1-3]. Ane B JiTepaTypi, Mo-nepiie, po3risgaloThcs CyOCTpaTH MEPEBAKHO 3 BiAXOIIB
POCIIMHHUITBA Y TBapuHHHULTBA. [lo-Apyre, He BUSIBICHO 3aJIe)KHOCTEH, IIO AO3BOJSLIM O BECTH PO3pPaxXyHKH
KOHKPETHHX MpOIieciB. TaKuM YHHOM, HEBUPILICHOK YaCTUHOK HAyKOBOI MPOOJIEMH € BU3HAYCHHS TCXHOJIOTIYHUX
napaMeTpiB Ta iXHBOTO BIUIMBY Ha KIHETHKY METaHOBOrO OpOJiHHS uId CyOCTpaTiB i3 BiAXOMIB NarnepoBOro
MAKOBAHHS.

MeTtor0 1i€l cTaTTi € BU3HAUCHHSI aHAII3 KIHETUKU 0i0Ta30BOr0 MPOIECY B OiopeakTopax, M0 MPaIiorTh 0e3
HepeMilryBaHHS.

Buxnang ocHoBHOro Marepiaay. bakrepiampHe MeraOoniuHe pyHHYBaHHS OpraHIYHHX CyOCTpaTiB 3
OTpUMaHHAM 0iora3y € CKIaJHUM 0araToCTaliiHUM MPOIECOM, KW YMOBHO MOKHA MOMITUTH Ha YOTHUPH CTaIil.
Ilepma cramist — rigpoii3, apyra — anujoreHe3 9d O10JOTiYHEe OKWUCHEHHS, TPETS — alleTOTeHe3 Y KHCIOTHE
OpoxinHs, deTBepra — MeTaHoreHe3. Onmep)kaHWid 3aBISIKH IIHOMY Ipoiecy 0iora3 — Iie Ta3oBa CyMIilll, IO
cKiIamaeThes mpubnmsuo 3 55 Y% merany, 40 Y%Byriiekucnoro rasy, 1 % cipkOBOAHIO i HE3HAYHUX JOMIIIIOK a30Ty,
KHCHIO, BOJHIO W dYagHOTO Taly. 3aKOHOMIPHOCTI aHaepOOHOTO METAaHOBOTO OpOMIHHS OPTaHIYHUX PEUOBUH
3aJIeKaTh BiJl 0araTh0X YAHHUKIB, HAWTOJOBHIMIMMU 3 SKHX € TEMIICPATypa, XapaKTePUCTHKH BOIHOTO CEPEIOBUINA
—cy0OcTpary, Horo BOJHEBHIA TOKA3HHK, @ TAKOXK BMICT CyXUX PCUOBHH 1 PepMEHTY.

Haiibinpiumii BINIMB Ha OpoLeC Mae TeMieparypa cyoctpary. 3a Hero BUOKpeMIiorTh Tpu pexkumu (20, 301
50 °C), koxeH 3 SKUX Ma€ CBOKO MIBUIAKICTh PO3IICIUICHHS CyOCTpaTy Ta LIBUAKICTH BHXoxy Oiorasy. Tomy
OJICP)KAHHS 3aJIC)KHOCTI OCHOBHHX HapaMeTPiB BIAHOCHO TEMIIEPATYpH MOXKE SIKICHO XapaKTepH3yBaTH IPOLEC Ta
JIATH MOYIIUBICTbH 32 CTAJIOl KOHIICHTPALIT O0MpaTH TEMIIEPATYPHUI PEKUM 3 MAKCUMAIILHUM BHXOJIOM 0iora3sy.
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y Boxi Ta rasi BiANOBiAHO; C;, C; — KOHIEHTpauii Oiora3sy y BOAl Ta rasi BIIIIOBIIHO; T, — Yac O cradimizawii
MIPOIIECY; C.; — KOHIIEHTpaIlis cTabimizarii; V., —00’em cyocTpary.

Y GiopeakTopi OakTepii mpoAyKytoTh Oiora3, sSIKHH TOTJIMHAETHCSA CyOcTpaToM. ToMmy po3B's3aHHS PIBHSHHS
KIHETUKH KOHIICHTPAI[iIHHOTO TIOJS BIiTHOCHO TEMIIEpaTypyd JO3BOJIUTH 3a CTalol KOHIICHTpallii oOupaTu
TEMITEPATYPHHUHA PEKHUM 13 MAKCUMAJILHAM BUXOJOM Oiora3y.

[TouaTkoBi KOHIIEHTpaIii Oiorazy B pifkii i ra3oBii (azax € cramumu. [Ipu MbOMY IMOYATKOBY KOHIICHTPAIIIIO
Oiorazy B piakiid ¢a3i OepeMo piBHOIO CepelHiii KOHIIEHTpamii MeTaHy Ta BYTJIEKHCIIOTO Ta3y B TPUPOTHOMY
cepeloBuINi C; = Cg = 0,012KF/M3. Ha mexi moniny a3 xoHmeHTpallis O6iorady Ha Io4aTtKy HOro BUXoay Oyne
BU3HAYATHUCS CYMapPHOIO TPAHUYHOIO PO3YMHHICTIO HOTO KOMIIOHEHTIB y CyOCTpaTi:
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Iuroma 06’ €MHa OTYXHICT JpKepena 6iorasy, kr/(M> - rox):
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BanesxuocTi koedimientis audysii, M%/rox, Bix Temmneparypu cyberpary t, °C 3a armoceproro treky [3]:
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OcCKiIbKM TIpoLleC HE € KBa3iCTalllOHApHUM, yMOBHM JuQY3idHOT cTexiomeTpii He BHKOHYIOTBCS. Tomy
MIBUIKICTh MPOLIECY BU3HAYATUMETHCS AH(BY3i€r0 KOMIIOHEHTA 3 HaliMeHIIUM Koediuientom audysii [4].

[ITo6 po3paxyBaTu ToJe KOHIEHTpaIlid Ha Mexi moaury (a3, 3aluIiieMo MaTeMaTHIHy MOJENb y BHTJISAII
U= DU+ my; ko T = 0, U = Ug; kommu X = 0; U = Uq; ko X =1; U = U, 1e T — po3paxyHkoBuii yac; | —Bucora
mapy cyocTpaTy B peakTopi; X — BUCOTa Iapy cyOCTpary, Ha SKOMY po3paxoByeThcsl KoHmeHtparis; Ug, Uy, Uy —
KOHIIEHTpAIlii B TOYaTKOBUH MOMEHT Yacy, Ha MoYaTKy BUXOy Oiora3zy Ta Ha Mexi moaiury ¢as.

[ykatimemo po3B’ 30k y Buristai U = V(X, T) + W(X). Po3risiHeMo KOXHY CKJIaI0BY OKPEMO.

Po3B’si3koM nepinoi kpaiioBoi 3amaui € V(X, 1). IIpu mpomy V(X, 0) = Uy — W(X); V' = DV, V(O, 1) = 0;
V(l, t) = 0. BukopucroByrouu metox Dyp’e, 01epKuMo:
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Po3p’si3koM HacTymHO1 Kpaitool 3amaui € W(X). [Ipu upomy W' = — my/D, W(0) = Uy; W(I) = U,. Tlicna

IHTErpyBaHHS:
W(x)=——m’x2 N = UL AT
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{06 miaTBEepANTH aIeKBATHICTH OJEPIKAHUX 3aJISKHOCTEH, po3p0o0IIeHO TabOPATOPHY YCTaHOBKY, IO
CKJIQIAETHCA 31 3’ €IHAHUX MIXK COOOI0 TEILIOI30IbOBAHOIO GiopeakTopa nepioanuHol aii Ta rasronpaepa (puc. 1).
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1 —peaxmop; 2 —eazeonvoep; 3 —pezyismop memnepamypu,
4 —wmyyep 0na ckudy nosimps; 5 —naepienuku; 6 —wmyyep
0J1 3aN0BHEHHs 2a3201b0epa 600010; T —wmyyep 07 8i08e0eHHS 800U,
8 —wmyyep o5 6i0bopy easzy; 9 —mepmomemp

Puc. 1 -Cxema ekciepMMeHTAIbHOI YCTAHOBKH
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excnepumenm: 1— 20 °C; 3 -30 °C; 5-50° C;
pospaxynok: 2 —20° C; 4 —-30° C; 6 -50° C



Puc. 2 —KineTuka Buxoay oiora3sy 3a pi3Hoi TeMnepaTypu Ha wmiif wuwepes ¢ikcoBani

MPOMIXKKH 4acy BHMIpPIOBJIN BHXIiJ

Oiora3y, mo 30upaBcs B Ta3rojiblIepi W TeMmIeparypy cyOcTpaTy 3a 3aJaHWX KOHIIGHTpAIlii CYXHX PEYOBHH i
(dhepmenTy. Sk CHPOBHHY BUKOPHCTOBYBAIN TOIPiOHEH] BiIX0I1 JIAaMiHOBAHOTO MANlepOBOTO TTAaKOBaHHS.

IMorinpHimme 3a Bce Buxim Giorasy BimOyBaerhes 3a Temmeparypu 20 °C puc. 2). Haiibinbima mBuIKicTh
cnoctepiraerbes 3a Temreparypu 50 °C.IIpu npomMy nurtoMuii BHXin 0iorasy 3a pi3HHX TEMIIEPATyp 3aJIMIIAETHCS
CTaJIUM, 3MIHIOETHCS JIUIIIE IIIBUIKICTh.

[TepeBipka BigMOBIIHOCTI OJEpP)KAHUX AHATITUYHHUX 3aJEKHOCTEH EKCIIEPUMEHTAILHUM JaHUM 33 KPUTEPieEM
dimepa 3acBigumia, 0 MaTeMaTHYHA MOJIEJIb aJIEKBATHO OMKCY€E KIHETHUKY 010ra30BOro Ipolecy.

BucnoBku. Po3pobiieHo MaTeMaTHYHy MOJIeNb 0i0ra3oBOro nepepoOIeHHs BiIXO/IB IarepoBOro MakoBaHH,
olepkaHO 11 aHATHYHWI pPO3B’sI30K. Bu3HaueHO KIHETHMYHI 3aKOHOMIPHOCTI  010ra3oBOro  IpoLECy.
ExcrniepuMeHTaIbHUM HIJISIXOM MiATBEPAXKECHO aJCKBATHICT 3alPOIIOHOBAHOI MOJIEN H MOXJIMBICTh IIPOMHCIIOBOTO
3[ifICHEHHS 3aPONIOHOBAHOTO MPOLECY.

[Momanpmn mocmimkeHHs OyayTh CIPSIMOBaHI Ha CTBOPEHHS METOJIUKH PO3PAXyHKY IMMPOMHCIIOBOTO GiopeakTopa
Ta PO3pOOIEHHS HOTO KOHCTPYKIITii.
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Marchevsky V. M., Voronin L. G., Smirnova V. A.
BIOGAS KINETICS OF RECYCLING PAPER PACKAGING

One of the main objectives of developed countsegmiional and economical use of energy. Despit [tw
development level of renewable energy today aratdantages of energy strategy, Ukraine has goodagomditions
for further development of renewable energy andpamticular bioenergy. Hundreds of tons of waste grap
packaging are annually produced in Ukraine. Timele€omposition of paper packaging is from 1 to ¢@ars in
the case of exclusion of film and foil laminati®iogas released as a result methane fermentaticangforganic
matter. Therefore, studies to solve this problemrégycling paper packaging by means of fermentaton
fermentation anaerobic fermentation in biofuelgmigortant.

Biogas — is a product of metabolism as a resulitdl Functions many groups of organisms of baetgrihat is a
mixture of gaseous substances obtained by anaerobimely without air, and methane fermentation igfaaic
matter. This mixture consists of approximately 65r#thane, 30 % carbon dioxide, hydrogen sulfide &rfid
minor impurities of nitrogen, oxygen, hydrogen @adbon monoxide. Regularities of methane fermeatigirocess
is extremely complex and depends on many factbes,ntost important of which are temperature, pH and
concentration of dry matter.

Highlight the four most important stages, namelydiolysis, acidogenesis or biological oxidationametogenesis
or acid fermentation and the last stage, methanegisn at this stage 90 % methane is synthesizetly @0which
comes from acetic acid.

Among the technological parameters on the speedupdiog most valuable impact is the temperaturethef
substrate, for her, there are three modes, eachhi¢h has the speed of substrate cleavage andptedsof biogas.
Temperature is the main parameter in terms of reeand process optimization for the temperatuigimess.

The aim of this article is analytical research bétkinetics of the concentration field of the ldjand gas phases in
bioreactors operating without stirring.

Developed a mathematical model of the biogas pmoadsrecycling waste of paper packaging, the aiyt
solution of a mathematical model for a given iditend boundary conditions, which provides new b®ga
dependence of selected depending on the time anpetature at a given solids concentration and anmaafn
enzyme.

In order to conduct a pilot study to confirm theegdacy of dependency, the analytical solution efmtathematical
model developed laboratory setup consisting oflated bioreactors periodic operation and the gastainer,
which are interconnected.

From Dependence found that most slow release bipgasess takes place at a temperature of@Qthe maximum
rate is observed at 5@. However, the specific biogas yield at differeerhperatures remains the same, changing
only the rate of release of biogas.

Analysis of the theoretical and experimental depewds shows that temperature influences the rateiogfas
yields during biochemical processing of laminateggr packaging. A mathematical model with sufficescuracy
describes the kinetics of the process at diffef@mperatures of the substrate.

Adequate theoretical dependences experimentalwlasachecked and confirmed by the Fisher criterion.

Keywords: biogas, utilization, biomass.
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