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AHoTauis

Merta gocrigeHHs - eKCcriepMeHTasIbHe BCTaHOBJIEHHS BrJIMBY Ha Buxig 6iora3y 4o060BOro ob’e-
MYy 3aBaHTa)>KeHHSI Cy6CTPAaTy 3 MOro rocTyrnoBO rnogadero. [NpakTuuHUM pe3ysibTaToM byae po3pobka
Mofesll TEXHIYHOoO KOHTPOJIHO Buxody 6iorady 4o60BOro ob6’eMy 3aBaHTaAXEHHS CyOCTPaTy 3 KMoro ro-
CTYMOBOIO MOAAYEIO.

Meroan gocnig)xeHHs1. MeTo0/10r4HOO OCHOBOK POBOTU € y3arasibHeHHS Ta aHas1i3 BiJOMUX Ha-
YKOBUX PE3YJ/IbTATIB CYy4YaCHOI opraHi3alii BupobHuLyTBa 6ioraly 4o60BOro o6’eMy 3aBaHTAa)XXE€HHS Cy6-
CTPAaTy 3 MOro MocTyroBoo rnogaqvero. s hopMyBaHHS HaYKOBOI npobsiemMu, BU3HAYEHHS MEeTM | o-
CTaHOBKM 3aBAaHb [OCJIOXEHHS BUKOPUCTOBYBABCS aHAJIITUYHMM METOA | NMOPIBHSIbHUM aHasli3. [
PO3POOKM eMITIPUYHNX MOAETIEN, BUKOPUCTAHO OCHOBHI MOJIONEHHS TEOPII ra3y, CUCTEMOTEXHIKMN, OGJIOK-
CXeM aJIrOpUTMYy PO3NOAILTY BUPOOBHUYMX OrepaLlin.

Pe3ysibTaTv 4OC/IAXEHHS. Y CTaTTI MPpOaHa1i30BaHo Taby/ibOBaHI AaHi Baru Cy6CcTpary [ Moro okpe-
MUX KOMIMOHEHTIB 3i LL{OJEHHUM 3aBaHTAXEHHSIM METaHTeHKA. Pe3yibTaTv JOC/IAXEHHS B1uxoay 6iora3y
3 MOCTYINOBUM 3aBaAHTAXXEHHSIM CYyOCTPAaTY 3aCBIAYMIN, IO B6POAIHHS CYPOBOAXKYETHCS ABOMA MiKaMU
MaKCHUMaJsIbHOIro Buxony 6iorasy. ABTOp rpagiyHO rMpencTaBuB Pe3y/IbTaTUBHY 3aJ/IEXKHICTb CepeaHbOo-
ro Buxopay 6iora3y 3 rocCTyrnoBOr 1ogayero CyoCcTparTy Bifg YaCTKuY 3MIHEHOro cybcrpary. ObroBopeHo
MUTAHHS PO3PaxXyHKY MPOrHO30BaHMX 3Ha4YeHb cepenHboro Buxoay 6ioraly 3 6poaiHHSIM rHoro BPX 3
aogaBaHHAIM 3 % r/iyepuHy Big Macuv rHoro. [1pencraB/ieHo y3arasibHOBaIbHI MOPIBHSIHHS 3@ OCHOBHM-
MU MMOKa3HMKaMuy 6i0ra3oBoOi yCTaHOBKM 3 MeTaHTeHKY ob6’emom 10 M3 3a/1exHO Big 4OGOBOro BUXoAy
6iorasy 3 oguHULI Macu cybCcTpaTy.

BUCHOBOK. Y pe3y/ibTaTi npoBeaeHMX JOCIAKEHb O4EPXKAHO HOBI HaYyKOBO OOrPYyHTOBAHI TEXHIYHI
Ta TeXHOJIOrIYHI PILLEeHHS | MaTeMaTudHIi MOAesll, CrPSMOBAaHI Ha MiABULLIEHHS €EeKTUMBHOCTI BUMPOOHM-
4TBa 6ioraly Job6oBOro ob6’eMy 3aBaHTAXXEHHS CybOCTPATy 3 MOro rnocTyrnoBow rnogadvyero. Y pe3yibrati
aHas1i3y O06’eKTa AOC/IAMEHHS OOrpPyHTOBAHO, LLO MOCTYrNoOBa rogadya CcyoCcTpaty B MeTaHTeHK 3abe3-
reyye 6ibLLUn 3@ OO6CSroM | PIBHOMIPHILLIMK Yy Yaci Buxig 6iora3y rnopiBHIHO 3 repioanyHOK nogayero.
3 04HOPA30BOI LLOAEHHOK 3MIHOK cybcTpaTty Ao 20 % Buxig 6iorasy 3poctac 4o 13,8 n/(kr/noby).
3a Takux YMOB TerioTa 3ropaHHs 6iorasy craHoBuTh 25 M/wx/M>. 3pocTaHHS 04HOPAa30BOI LO4EHHOT
3MiHW cy6CcTpaTy 40 30 % 36ibLLYE Buxin 6iora3y 4o 19,8 MOx/M3, onHak To4l, BHAC/1I4OK MiABULLEHOMY
BMICTY B HbOMY BYIJ/IEKUC/IONO a3y TErioTa 3ropaHHs 3HUKYETLCS 40 12-13 Mw/M3. Y Bunagaxky 50 %
3MiHN Cy6CTPaTy MeTaHoBe 6POAIHHS MPUMMHSIIETLCS BHAC/1[JOK BUMUBAHHS MATOYHOI KYJIbTYPU METa-
HOTBIPHUX BaKTEPI.

Knro4yoBi csroBa: 6ioras, METaAHTEHK, KOCYOCTPAT, MOCTYNOBE 3aBaHTAMEHHS, CUPUI r71iLepunH, 6io-
rasoBu PeaKTop.
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Beryn. Y xomi mepioguyHoro 3a-
BaHTaXK€HHsI CyOCTpaTy B METaHTEHK

BUHUKAE 1-2 1KMW MaKCUMaJIbHOTO -

Buxoay Oiorazy [Romaniuk, 2022a],
i1 yac repexoay 3 €eKCIOHEHIiaJbHOI
a3 1o a3y ymoBUILHEHHS POCTY
[Rogovskii, 2020a].
BUXiJ 0Oiorasy CHOCTEpIira€Tbcsl IIpo-
TIroM JeKinbkox ni6 [Palamarchuk,
2021], micasg 4oro iHTEHCUBHICTb HOTO

Buxip, 6iorasy

MaxkcumanbHUI L=

reHepallii MOCTYIOBO 3HMXKYETBCS axk 0
JI0 TIOBHOTO NpuUNMHEHHS [Mazzanti,
2021]. Yac nmoBHOro poskjaagaHHs Oi-
OoMacH 3a aHaepOOHOTO 30POMXKYBaHHS
Moxke ctaHoBUTH 30-45 ni6 [D’Adamo,
2022], ogHak BuXig 06iorazy B LIbOMY BUIIaJ-
Ky Hu3bkui [Kuzmich, 2021] i He 3a0e3rne-
yye MNPUOYTKOBICTH 0iOora3oBoi YCTaHOBKU
[Parsaee, 2019].

[nsi piBHOMIpHOTO poO3MOJUly B 4aci
BUXOJy 0iorasy 3acCTOCOBYETHCSI IIOCTYIIOBa
nogaya cyocrtpary B MeTaHTeHK |[Rogovskii,
2020], xonm cyOcTpaT TIOJAETLCS IPOTSI-
rOM JIHS BEJIMKOI KIiJIbKICTIO HE3HAUHUX
nopuiii [Voinalovych, 2020] 3 ogHoYacHUM
BUJAJIEHHSIM  BiampalboBaHOro  Oiouia-
My [Miroshnichenko, 2022]. 3a Takux ymoB
KOXHa HOBa MOpLisl cyOCTpaTy, sIKa 3aBaH-
TaXyETbCSI B METAaHTEHK, Oyae (opMyBaTu
CBili MakcMMaJbHUI BuXig Oiorazy (puc. 1)
[Hrynkiv, 2020]. MakcuMyMH Big KOXKHOI I10-
plii 3aBaHTaXkeHOro cyocrtpary ¢opMyBaTH-
MYTb 3araJibHUi BUXiJ 0iorasy 3 MeTaHTEHKa
[Rogovskii, 2019], siKuit iCTOTHO TEepEeBUIILY-
BaTMMe BUXija Oiorasy 3 NepioguyHUM 3aBaH-
TaxkeHHsIM [Romaniuk, 2022b]. Ilinkpecnau-
MO, TakKe 4YacTillie OyayTh 3aBaHTaXKyBaTHUCSI
HOBI TTop1tii cyocTpaty [Rashama, 2019], Tum
OibII piBHOMIpHUM Oyjae CHUIbHUI BMXiJ
biorasy [Nazarenko, 2020].

ITocTtanoBka 3aBaanb. MeTa a0CHiTKEHb
— EKCIIepMMEHTaJIbHO BCTAHOBUTHU BIUIMB Ha
BUXig Giorasy J1000BOro o0’eMy 3aBaHTaXKEH-
Hs1 cyOcTpaTy 3 MOro mocCTYIIOBOIO IOAAuero.
IIpakTuHMii pe3yabTaT nepeadadyae po3pod-
Ky MoAejdi TeXHIYHOro KOHTPOJI0 BUXOAY Oi-
orasy A000BOro o0’eMy 3aBaHTaXKEHHS CyO-
cTpaTy 3 1Oro IMocTyNoBOIO MoAayvelo.

Metomm i maTepiami. MeTomoI0rYHOI OC-
HOBOIO POOOTH € y3araJbHEHHS i aHaJTi3 BITOMUX
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PucyHok 1 - CxeMaTnuHe 306paxxeHHsa (popMyBaHHSA
BMxopny 6iorasy 3 6e3nepepBHUM 3aBaHTaXXEHHAM

cybCTpaTy B MeTaHTeHK

HaYKOBUX pe3yJIbTaTiB cydyacHOI opraHi3allii BU-
poOHMILITBA Giorasy 10OOBOro 00’eMy 3aBaHTa-
JKEHHSI cyOcTpaTy 3 0ro IocTyIIOBOIO MoAaveto
Ta BUKOPUCTAHHS aJITOPUTMY PO3IOALTY BUMOT
i Teopii cucreMoTexHiku. st opMyBaHHS Ha-
YKOBOI ITpo0JieMM, BU3HAYEHHSI METU M MoCTa-
HOBKM 3aBIaHb JOCJIIKEHHSI BUKOPHUCTOBAHO
aHAJITUYHUI MeTOoN 1 TIOPIBHSUIBHUI aHaJIi3.
g po3poOKu eMITipUyHUX MOJEIeil BUKOPH-
CTAaHO OCHOBHI MOJIOXKEHHSI TeOpil eMITipUYHUX
JOCTiIKeHb, CUCTEMU CTalliOHApHMX arapariB
00CJIyroByBaHHSI, 0JIOK-CXEM aJIrOpUTMYy pPO3-
MOy oIepalliid.

PesyabraT. IlpoBemeHO mocCiimKeHHS
MpoleCy MOCTYIMOBOI Moayvi cyocTpary B Me-
TaHTEHK JlabopaTOpHOi 0iora3oBoi YCTaHOB-
KU (puc. 2).

PUCYHOK 2 - EKCcnepuMeHTanbHi
6iorasoBi yCTaHOBKMN
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Ta6nuus 1 - Bara cy6cTpaTty i oKpeMnx Horo KOMNoOHeHTIB 3a WoAeHHOoro
3aBaHTa)XeHHA MeTaHTeHKa

MokasHuK MpoueHT OHOBJIIOBAHOIO cy6CcTpaTy
1/30 (3,3%) | 1/20 (5%) | 1/10 (10%) | 1/5 (20%)
[MouyaTKOBE 3aBaHTaXXeHHA CybCcTpaTy, Kr 4,2 4,2 4,2 4,2
LLlogeHHe 3aBaHTa)XeHHs CyOCTpaTy, Kr, 30KpeMa: 0,1422 0,2132 0,4264 0,8527
rHin BPX, kr 0,057 0,085 0,17 0,34
BOLA, KI 0,083 0,125 0,25 0,5
CUPUI FNiLEepPUH, N 0,0017 0,0025 0,005 0,01
LLlogeHHe BMBaHTa)KeHHSA Biolunamy, Kr 0,1422 0,2132 0,4264 0,8527

Y MeTtaHTeHK 00’eMoM 29 m? 3aBaHTa-
KyBajiocsi4,2 KT cyocTpary, SKMii CKJ1agaB-
ca 31,7 krraoro BPX, 2,5 kr Bogu i 0,05 1
HeouwulleHoro niinepuHy (3 % Bim macu
cyoctpary). Koe@illieHT 3amoBHEHHS
MeTaHTeHKa cTaHOBUTHL 0,5, KoedilieHT
cnopoxHeHHsa — 0,28. Ha 2-3 no0y 6po-
IiHHSI COCTePiraBcsl MaKCUMAaJIbHUM BU-
Xig Giorasy. Y Toii yac y MEeTaHTEHK 110-
100U nopaBajacs HOBA MOPILS cyocTpaTy
B poamipi 1/30, 1/20, 1/10 i 1/5 yacTtu-
HU 3aBaHTaXXeHOI Moplilii cyocTpary. Bary
cyocTparty i ioro OKpeMHMX KOMIIOHEHTIB
3a IIOJEHHOr0 3aBaHTaXK€HHSI HaBEIEHO
B TaOauwi 1.

PesynbraTi gociimkeHHs BUXoay Oiorasy
Ha OCHOBI ITOCTYIOBOI'O 3aBaHTaXKe€HHSI CyO-
CTpaTy HaBeACHO Ha PUCYHKY 3, ae 0auumo,
110 OpPOAIHHS CYIPOBOIXKYETHCS ABOMA ITiKa-
MUY MaKCHUMaJIbHOTO BUXO1y Oiorasy.

ITouaTok BimIiKy 30ira€Tbcsi 3 MEPLIUM
MiKOM, MICJS 4YOro reHepaiis Oiora3 3ra-
cae, a Ha IIOCTYy A00y OpOIdiHHS CHOCTe-
piraetbCcs Opyruil mik reHepamii. Ha 8
00y OpoaiHHS BuXxia Oiorady cra0ifi3y-
€TbCS, 1 B HACTYITHI AHI CHOCTEPIra€Th-
Ccd BiTHOCHO piBHOMipHa reHepaiist Oi-
orazy 3 He3HAaYHUM 30UIbLIEHHSIM WOTO
Buxoay B 4aci. CepenHiii Buxim Oiora-
3y 3a IIOJEHHOro OHOBJIEHHS — 3,3 %
cyOCcTpaty BiJl 3aBaHTaXK€HOTO Ha MTOYaTKy
OponiHHs1 ctaHOBUTH — 141 cm?/ron, 3a
oHOBJIeHHS 5 % cybcTpaty — 226 cMm?/Ton,
10% — 317 cm’/rom, 20% — 577 cm?®/ropn.
BinxunenHsa Buxonmy Oiorasy Bin cepen-
HbOI'0 3HAYEHHSI, SIK MPaBUJIO, CTAHOBUTH
6—8 %. 3i 30iMbLIEHHSIM KiJIBKOCTI 3a-
BaHTaXX€Hb CyOCTpaTy IIpOTSTrOM J00u

Buxig Giorasy, cmslron
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[Lons 3miHioBaHOro cy6eTparty, %: =ii=3,3 =f=5 =8=10 =S=20

1" 15 21 23 25

PuUcyHok 3 - leHepaLia 6ioraly 3a NocTynoBoOro
3aBaHTAa)XEHHA cybCcTpaTy

BiIXUJIEHHS BUXOHY Oiorasy BiJ cepeIHbOIo
3HAYEHHS OyIyTh 3MEHIIYBATUCS.

Ha pucynky 4 nokazaHa 3aJIeXkHICTb
CepelHbOr0 BMXOQy 0Oiorazy 3 ITOCTYIO-
BOIO ITOJAyelo BiJ BiICOTKAa OHOBJIIOBAHOTO
cyocTpary, 10 anpOKCUMYEThCS JIiHIMHOIO
dyHKI1Ii€O:

Q = 2504 - J1 + 75,29 npu R>=0,9902, (1)
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PUCYHOK 4 - 3aneXHiCTb cepeaHboro Bmxony biorasy

3 MOCTYNOBOI Nojgayeto cybCcTpaTy Big YacTKuM
3MiHEHOro cyocTpaTy
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ne: Q — Buxing Oiorasy, cm?/ron; J —
yacTKa 3MiHEHOro cyOcTpaTy BiZHOCHO
JIO 3aBaHTaxeHoro, %.

Ta6nuua 2 - Po3paxyHKOBIi NPOrHo30BaHi
3HaUeHHA cepeaHboOro Buxopy 6iorasy nig vac

6popaiHHa rHotlo BPX 3 popaBaHHAM 3 %

OoroBopeHHs. 3a3HavynMo, 1110 rniuepuHy Big Macu rHoio
pu 50 % onHOpa3oBOi WLIONEHHOI LLioaeHHa 3MiHa Buxip 6iorasy, | Bwuxip 6iorasy,
3MiHM cyOcTpaTy OpOmiHHSI NPUITUHSI- cy6eTpary, % cM3/rop n/(kr - no6y)
€TbCS BHACJIZOK BMMHWBAHHSI MaTO4- o) 75,29 1,8
HOI KyJAbTYpU METAaHOTBIpHMX OakTepii 2 125,37 30
[Romaniuk, 2018]. ¥ Bumanky 30 % 5 200,49 48
3MiHM CyOcTpary BuXia ©Oiorasy He 10 32569 78
3MmeHInyeTbes1 [Nazarenko, 2020], on- 50 576.00 3.8
HaK TeIUioTa 3ropsiHHS Oiorazy, pospa- 20 82649 19.8

xoBaHa 3a MeTojgoMm |[Nazarenko, 2021]
y pe3yabTari 30iJbIUEHHS BMICTy BYIJIe-
KHUCJIOTrO rasy, cTaHoBuUTh 12-13 MJIx/Mm3
(mpotu 25 MIxx/m? 3a COY 24.14-3-561:2007
[6]). Tomy dopmyna (1) miiicHa 3a yMOBM
OJHOPA30BOI 1IOJIEHHOI 3MiHM CyOCTpaTy B
MeTaHTeHKyY He Ourbie, HiX 30 % [Huang,
2022]. Po3paxyHKOBi MpOrHO30BaHi 3HAYEH-
HsI CepelIHbOTr0 BUXOAY Oiorasy Iij yac O6po-
ninHs rHoto BPX 3 nomaBanusam 3 % ririnepu-
Hy Bim macu rHoto [Rabii, 2019], BctaHoBIIeHI
3a BupaszoM (1), HaBegeHO B Tadauui 2. Jus
MNOpiBHSIHHA: TabJuLg 3 MICTUTh OCHOBHI
MOKAa3HMKM 010ra3oBOl YCTAHOBKMU 3 METAH-
TeHKy 00’emoMm 10 M3 3ajieXxHO Big 1000BOrO

BUXOy Oiorasy 3 OJWHHUII Macu cyOcTpaTy
[Kiani, 2021].

BucnoBku. IToctynosa nogaua cyocrparty
B METaHTEHK 3a0e3Ieuye OiJIbIINIA 32 00CITOM
1 Oinb1I piBHOMIpHU Yy Yyaci Buxig 6iora3y 1o-
PIBHSTHO 3 IMEePiOAMYHOI0 mogavyer. 3a OaHO-
pa30Boi 1IoJAeHHOI 3MiHM cyocTpaty 1o 20 %
Buxin Oiora3y 3pocrae ao 13,8 i/(Kr:mo0y).
3a MX yMOB TE€IUIOTa 3ropaHHs Oiorazy cra-
HOBUTH 25 M]JIxx/m3. 30iablleHHsS ogHOpa-
30BOI 1I0J€HHOI 3MiHM cyoctpaty 1o 30 %
migBuUIIye oOcgar BUXOQy Oiorazy o
19,8 MJIxx/M3, ogHaK YHAcigoK OilIbIIOro
BMICTY B HbOMY BYTJIEKMCJIOTO Ta3y TeIUIoTa

Ta6nuua 3 - OCHOBHI NOKa3HUKU 6iorazoBoi YCTAaHOBKMU 3 MeTaHTEeHKY o6’eMmom 10 M3
3aNneXxHo Big po6oBoro Bmxoay 6iorasy 3 oguHuUli Macu cybcTparty

OpHopasoBa wopaeHHa 3MiHa cybécTparty, %
MokasHuk
2 5 10 20 30

Buxin 6uorasy, M3/0oby 221 35,3 57,4 101,5 145,6
O6’eM Biorasy, 9KnMM BUKOPUCTOBYETbLCA A9 KOPUCHUX NoTpeb, %:

CiveHb * * 33,3 62,3 46,5
Jhotnin * * 33,4 62,4 46,6
BepeseHb * * 33,9 62,6 47,0
KBiTeHb * * 34,7 63,1 47,6
TpaBeHb * 7, 42,8 67,7 54,2
YepBeHb * 18,4 49,8 71,6 59,7
JlnneHb * 22,4 52,3 73,0 61,7
CepneHb * 18,8 50,1 71,8 60,0
BepeceHb * 1,0 39,1 65,6 51,2
MoBTeHb * * 34,6 63,1 47,6
JlncTonap * * 34,0 62,7 47,1
MoyoeHb * * 33,6 62,5 46,8
KoemiuieHT TOoBapHOCTI * 0,053 0,393 0,657 0,513
* BUpoONeHoro 6iorasy He BUCTAYaEe oas NigTPMMaHHA TeMMNepaTypPHOro peXxmmMy MeTaHTeHKa
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3ropaHHs 3HUXKYETbcsT g0 12—13 MJIx/M3.
Y Bumnanky 50 % 3MiHM cyOcTpaTy METaHOBE
OpOIiHHSI MPUIUHSIETHCS BHACTIAOK BUMM-
BaHHSI MAaTOYHOI KYyJbTYpU METaHOTBipHUX
OaxkTepiit.
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Summary

Purpose of the study. The purpose of the work is to experimentally establish the influence of the

daily amount of substrate loading on the output of biogas during its gradual supply. The practical re-
sult will be the formation of a model of technical control of the output of biogas of the daily volume of
loading of the substrate during its gradual supply.

Research methods. The methodological basis of the work is the generalization and analysis of
known scientific results regarding the modern organization of biogas production of the daily volume
of substrate loading during its gradual supply. Analytical method and comparative analysis were used
to form a scientific problem, determine the goal and set research objectives. When creating empirical
models, the main provisions of gas theory, system engineering, block diagrams of the algorithm for the
distribution of production operations were used.

The results of the study. The article considered the tabulated data of the weight of the substrate
and its individual components during daily loading of the methane tank. The results of the study of
biogas yield with gradual loading of the substrate allowed us to state that fermentation is accompanied
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by two peaks of maximum biogas yield. The author graphically presented the effective dependence of
the average yield of biogas with gradual feeding of the substrate on the fate of the changed substrate.
A discussion was held regarding the calculated predicted values of the average yield of biogas during
the fermentation of cattle manure with the addition of 3% glycerol by mass of manure. Generalized
comparisons of the main indicators of a biogas plant with a methane tank with a volume of 10 m? are
also presented, depending on the daily output of biogas per unit mass of the substrate.

Conclusions. As a result of the conducted research, new scientifically based technical and techno-
logical solutions and mathematical models were obtained, which are aimed at increasing the efficiency
of biogas production of the daily volume of substrate loading during its gradual supply. As a result of
the performed analysis of the research object, it is substantiated that the gradual supply of the sub-
strate to the methane tank provides a larger volume and more uniform output of biogas over time in
comparison with periodic supply. With a one-time daily change of the substrate to 20%, the yield of
biogas increases to 13.8 |/(kg day), while the heat of combustion of biogas is 25 MJ/m?3. An increase
in the one-time daily change of the substrate to 30% increases the output of biogas to 19.8 MJ/m3
however, due to the increase in the content of carbon dioxide in it, the heat of combustion decreases
to 12-13 MJ/m?>. In the case of a 50% change in the substrate, methane fermentation stops due to the
washing out of the mother culture of methane-forming bacteria.

Key words: biogas, methane tank, cosubstrate, gradual loading, crude glycerol, biogas reactor.
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