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MNOCTYIOBA IOJJAYA CYBCTPATY B BIOI'A3OBUI PEAKTOP
Hoaimyk B. M., kanauaar TexHiYHUX HayK, JlyopoBin B. O., 10KTOp TeXHiYHUX
HayK, JIo0oako M. M., kaHAUAAT TeXHIYHUX HayK, JIsmxko /1. FO.

HarionansHuii yHiBepcHUTET O10pecypciB Ta MPUPOIOKOPUCTYBaHHS Y Kpainu, Ykpaina, Kuis

Ockinvku npu  nepioOuyHOMY  3A8AHMAJICEHHI cyocmpamy 6 MemaHmeHK
MAKCUMATLHULL 8UXIO 0102a3y CNOCMEPI2AEMbCs NPOMALOM KOPOMKO20 NPOMINCKY UACY,
npeomemom  O00CNIOJHCEHb OYIa  MONCIUBICL  30LIbUEHHA 8UX00y 0ioeazy npu
nocmynogiii. - nooavi cyocmpamy, Memor — 00CLIONCeHb —  eKCnepUMeHmAalbHe
BCMAHOGIEHHS 8NIUBY HA 8UXIO 0io2a3zy 00008020 00’emMy 3a6aHMANCEHHs CYOCmMpamy
npu 1oco nocmynosii nooaui. Ilpeocmaeiena Memoouxa eKcnepuMeHmaibHo20
00Cni0dHCceHHs 8UX0QY 6i02a3y Npu NOCMYN08OMY 3a8anmadicenti peakmopa. Hasedeno
pe3yiomamu  eKCNepuUMeHmaibHux  O00CHi0MceHb  8UpobHUymea  0Oioeazy  npu
NOCMYNo8oMy 3a8anmadiceHti cyocmpamy. Buznaueno 3anescnicmos cepeonbo2o uxoody
bioeazy 6i0 8i0comka OHOBMIO8AH020 cybcmpamy. Bcmanosnena nepesaza nocmynogozo
3A68aHMANCEHHS. MEMAHMEHKA NOPIGHAHO 3 NepioOUUHUM. J{aHi 00CTIONHCEHHS MOIHCYMb
Oymu suxopucmati npu nepepooyi ioxo0dis

Knrouosi cnosa: bioeas, kocyocmpam, nocmynose 3a6aHmaicetHs, Cupuil eiiyepuH,
eHit BPX, 6iozcazosuii peakmop
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nooawa cybocmpama 6 6uoeazosviii peakmop / Hayuonanenviti  ynueepcumem
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Ilockonvky nmpu  nepuoduyeckou  3azpyske cyocmpama 6 — MemaHmMeHK
MAKCUMATLHBIL 8bIX00 Ouoeaza Habaodaemcs 6 medeHue KOPOmKo2o NPOMENCYMKA
8peMeHU, NPeOMemoM UCCIe008aHULL DbLIA BO3MOICHOCb YE8eIUUeHUs 8blX00a OU02a3a

npu nocmenenHou nooaye cy6cmpama, yeavro uccne008anull — IKCnepumernmaibHoe



YCMaHos8eHue GIUAHUS HA 8bIX00 0U02a3a CYMOUHO20 00beMa 3azpy3Ku cyocmpama
npu e2o nocmenewHou nodave. IlIpedcmasnena memoouxa dKCNEPUMEHMATIbHO2O
uccne008anus blx00a Ouoeasza npu NOcmeneHHou 3azpyske peaxmopa. Illpusederuvl
pe3yibmamsl  IKCNEPUMEHMANbHLIX — UCCAe008AHULL  Npou3soocmea buoeasa npu
nocmenenHom 3aepyske cyocmpama. OnpedeneHa 3a8UCUMOCHb CPeOHe20 BblXx00d
buocaza om npoyenma O00OHO8IAEMO20 CcYOCmpama. YcmanoeieHo npeumyuecmeo
NOCMENneHHol 3a2py3Ku MemaHmeHka no CPAGHeHUl0 ¢ nepuoouyeckum. JlanHvie
uccne0o8anus Mo2ym 0vlms UCNONb308AHbL NPU NEPEePAbOmKe 0mxX0008

Knrouesvie cnosa: buoeas, kocybcmpam, nocmeneHHas 3azpy3xa, cColpoul 2IUYepuH,
Haeo3 KPC, buoeazoswiii peakmop

Polischuk V. N, Dubrovin, V. A., Lobodko N. N., Lyashko D. U. Gradual feeding of
the substrate in the biogas reactor / National University of Life and Environmental

Sciences of Ukraine. Ukraine, Kiev

Because of the periodic loading of the substrate in the digester the maximum
biogas yield is observed within a short period of time, the subject of research was the
possibility of increasing the biogas yield with a gradual feed of the substrate, the aim of
the research is the experimental determination of the influence on the yield of biogas
daily workload of the substrate when it is gradual feed. Presents the experimental
methods of biogas yield with a gradual loading of the reactor. The results of
experimental studies of biogas production with a gradual loading of the substrate.
Determined the dependence of the average biogas yield percentage updatable substrate.
Installed the advantage of the gradual loading of the digester compared to periodic.
These studies can be used in the recycling

Keywords: biogas, cosubstrate, progressive download, crude glycerine, cattle

manure, biogas reactor



Beryn. Ilpu mepiogmyHoMy 3aBaHTaXEeHHI cyOcTpaTy B 010ra3oBHil peakTop
MaKCUMaJbHUN BHUXiA 0i0ra3y CIOCTEPIraeThcsl MPOTATOM ACKUIBKOX 10, MICHs 40ro
IHTEHCUBHICTh HOro reHeparii MoCTymOBO 3HUXKYETHCS axX JO MOBHOTO NMPUITMHEHHS.
Boanouwac, yac moBHOro po3kiafaHHs 6loMacu Npu aHaepOOHOMY 30pOKYBaHHI MOXKe
ctaHoBuTu 30-45 ni0, ogHak Buxij 6iorazy B IIbOMY BUIIAJIKY HU3bKUH 1 HE 3a0e3mnedye
MpuOYyTKOBOCT1 010ra30BOi yCTAHOBKH.

AHaJi3 ocTaHHiX gocjixxkenb. B podoTax [1, 2] mpoBeneH1 10CHIIKEHHS BILUTUBY
psagy QakTopiB, 10 SIKUX BIAHOCATHCS TEMIIEPATypHUU PEXUM, BHJ CyOCTpary Ta HOro
nepeMillyBaHHs, J0JaBaHHS KocyOcTpaTiB, Ha NpPOAYKTHBHICTb Oilorasy. OnHak
JOCTIHKEHHST TTPOBOIMIINCH YIS MEPIOANYHOTO 3aBAaHTAXKEHHS peakTopa. PasoMm 13 Tum,
AK 3a3HauyeHo B [3], g pPIBHOMIPHOTO pO3MOAUTY BHUXOHy Oiorazy B uyaci
3aCTOCOBYETHCS TOCTyMoOBa TMoAadya cyOcTtpaTy B 010ra3oBUi peakTop, MpU AKIA
cyOCTpaT TOAAETHCS TMPOTITOM JHS BEIUKOI KIIBKICTIO HE3HAYHUX TOpIiH, 3
OJTHOYACHUM BUJIAJICHHAM BinpanboBaHoro oiounuiamy. [lpu npoMy KokHa HOBa MOpIis
cyOcTpaTy, 110 3aBaHTaXYy€EThCS B METAHTEHK, Oye (hopMyBaTH CBIi MAaKCUMYM BUXOIY
Oiorazy. MakcuMyMu BiJ KOXHOI TOpIIil 3aBaHTaXXEHOro cyocTpaty (HhopMyBaTUMYTh
3araJbHUM BUX1]] 0610ra3y 3 METaHTEHKY.

ToMy MeTOI0 HAIIMX AOCJTIIKEHb € €KCIIEPHUMEHTAJIbHE BCTAHOBJICHHS BIUIMBY Ha
BUXiJ Olora3zy m000BOro 00’eMy 3aBaHTaKEHHS CyOCTpaTy MpH HOTro MOCTYMOBIMA Mmojadi.
3asoanuamu O0ocnioxcenHs €: PO3POOUTH METOAMKY €KCIEPUMEHTATBHOTO AOCITIHKEHHS
BUXOJy 6i0ra3y MmpH MocTyNOBOMY 3aBaHTa)XKEHHI PEaKTOpa; MPOBECTH €KCIIEPUMEHTAIbHE
JOCHTIKEHHS BUXOAY Olorazy MHpu MOCTYNOBOMY 3aBaHTa)XEHHI PEaKTopa; MPOBECTH
00pOOKy pe3yNbTaTiB JOCTIKEHHS Ta CPOPMYITIOBATH BUCHOBKU. Q6 €Km 00CHIOH#CEeH S —
MOCTyMmoBa Tojada cyOcTpaty B peaktop. IIpeomem oOocnidicens — MOXIUBICTD
30UIBIIEHHS BUXOy 610rasy MpH NOCTYIOBIH nojadi cyocTpary.

Pe3yabTraTn pocaigkenb. Hamu mpoBeneHO AOCHIIKEHHS MPOLECY MOCTYNOBOi
nmojadi cyocTpaTy B METAaHTEHK J1abopaTopHOi 010ra30BOi YCTaHOBKH. Y METAHTEHK

3
o0'emom 30 M~ 3aBaHTaxyBajocs 4,2 Kr cyOcTpary, 11O CKJIaaaerbcsa 3 1,7 Kr THOIO



BPX, 2,5 xr Bogu 1 0,05 n nHeoummenoro ruinepuny (3% Bia macu cyOcTpaty).
KoedimienT 3amoBHeHHS MeTaHTeHKA cKiaB 0,5, koedimieHT copoxkaenas — 0,28. Ha 2-
3 100y OpoiHHS crocTepiraBcsa MaKCUMaIbHUM BUX1a Oiorasy. Y 1eil yac B METaHTEHK
o100 mojaBanacs HOBa mopilisi cyocTpaty B po3mipi 1/30, 1/20, 1/10 1 1/5 wactunu
3aBaHTakeHoi mopilii cyOcTpary. Bara cyOcTpaTy 1 OkpeMHX MOro KOMIOHEHTIB MpHU
IIOJICHH1M 3aBaHTa)XKeHH1 NPUBEJEeH1 y Tab. 1.

Taoauns 1

Bara cy0cTpary i okpeMHX i10ro KOMIIOHEHTIB

IpUu IOACHHOMY 3aBaHTaKeHHi MeTaHTEeHKa

[Tokazarenp [IpouieHT OHOBIFOBAHOTO
cybcrpaty

1/30 1/20 1/10 1/5
(3.3%) | (5%) | (10%) | (20%)

[ToyaTkoBe 3aBaHTaXEHHS CyOCTpaTy, KT 42 42 4,2 42
[loneHHe 3aBaHTaXXEHHS CyOCTpaTy, KT, B T.4.: 0,1422 |0,2132 10,4264 | 0,8527

raiit BPX, kr 0,057 | 0,085 | 0,17 0,34

BOJA, KT 0,083 0,125 | 0,25 0,5

CUPHUH TIIIEPHUH, JT 0,0017 | 0,0025 | 0,005 0,01
[loneHHe BUBaHTaKEHHS Oio1LIaMy, KT 0,1422 |0,2132 10,4264 | 0,8527

Pesynbratn pociimkeHHs BuUXoLy Oiorasy mOpu IOCTYHOBOMY 3aBaHTaXEHHI
cyOcTpaTy HaBeJeH1 Ha puc. 1, 3 IKOro BUAHO, IO OpOJIHHS CYMPOBOKYETHCS ABOMA
NiKaMU MakCMMalbHOro Buxony Oiorazy. [lodaTok BimjiiKy crmiBHajae 3 NepIIUM IIKOM,
miciis 4YOro HacTae 3racaHHs TreHepauli Oiora3y, 1 Ha wmocTy 100y OpondiHHA
crocTepiraeThcss Apyruil mik reHeparii. Ha 8 go0y OpoxminHs Buxin Oiorasy
CTaOUIByeThCS 1 B HACTYIHI JHI CIOCTEPIra€ThCsA BIMHOCHO PIBHOMIpHA TEHEpAIlis

Oiloraszy 3 HE3Ha4YHUM 30UIBIICHHSAM Horo Buxonay B yaci. CepeaHiil Buxijg Oiorasy mnpu

njoiecHHoMy oHoBlieHH1 3,3% cyOcTpaTy Bil 3aBaHT@XEHOTO Ha TOYATKy OpOIIHHS



craHoButh 141 cM’/rom., mpu oHOBIeHHI 5% cyGerpary — 226 cwm’/rom., 10% — 317
cM’/rox., 20% — 577 em’/rox. BigxuineHHS BUXOAy 6i0rasy BiX cepemHbOro 3HAYCHHSL,
K TpaBujo, ckilagaroTh 6-8%. Ilpu 30unpIIeHH] uuMcia 3aBaHTaXeHb CyOCTpaty
OPOTArOM J100M BIIXWJIEHHS BHUXOAYy O010ra3sy BIJI CEpeAHbOrO 3HAYECHHS OYyIyTh

SMCHIITYBATHCA.
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Puc 1. I'enepauisi 6iora3y npu nmocTrynoBomy 3aBaHTa;kKeHHi cy0cTparty

Ha puc. 2 HaBeneHa 3al€KHICTh CEPEIHbOrO BUXOJY Olorazy mpu MOCTYHOBIH
nojayi BiA BIACOTKA OHOBIIOBAHOIO CyOCTpaTy, sIKa AampOKCUMYETbCS JIIHIHHOIO
GbyHKII€TO:

O =2504- /7 +75,29 mpu R*=0,9902, (1)
ne O — Buxin 6iorasy, cM’/rog.; J — HONS 3MIHEHOTO CyGCTpATy IO BiXHOIICHHIO
JIO 3aBaHTAKEHOT0, %o.

Cnin 3a3Haunty, wo npu 50% oaHOpa30BOi MIOJAEHHIN 3MiHI cyOcTpaTy OpoIiHHS
NPUNUHAETECS BHACHIZOK BHMHBAaHHS MAaTOYHOI KyJNbTypH METaHOYTBOPIOIOUUX
6aktepiit. IIpu 30% 3MiHI cyOcTpaTy BUXiJ 6i0ra3zy HE 3MEHILYETHCS, ajie MPU LbOMY
TEMJoTa 3ropsiHHS Oiorasy, po3paxoBaHa 3a MeTOAoM [4], B pe3ynbTari 30UIbIICHHS

BMICTy BYIJIEKHCIOro rasy craHoButh 12-13 MJLx/M® (mpotu 25 Mx/m® 3a COY



24.14-3 -561:2007 [5]). Tomy, dbopmyna (1) mificHa pu OJHOPA30BiM MIOACHHIN 3MiHI

cyOcTpaTy B MeTaHTeHKY He Outbiie 30%.

—@— ExcnepvmeHTanbHi aaHi — JliHis anpokcumalii
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Puc. 2. 3ajexHicTh cepeIHBOro BHXOAYy Oiora3y mpu moCTynoBiH mnoaadi

cy0cTpary Bij 10J1i 3MiHEHOr0 cydocTparty

Po3paxyHKoOBI TPOTHO30BaH1 3HAUYEHHS CEPEIHBOr0 BUXOAYy Oiorazy mpu OpoiHHI

rHoro BPX 3 momaBanusam 3% riinepuHy BiJg Macu THOIO, BCTAHOBIIEHI 3a BHpazoMm (1),

HaBeIeHo B Tadi. 2 .

Ta0muis 2

P03paxyHKOBi HpOI‘H03OBaHi SHAYCHHHA CEPECAHBOTI0 BUXO0Y 6i0ra3y npu

OpoainHi ruoro BPX 3 nonaBannsam 3% ririnepuHy Bil MACH IHOIO

[Mloxenna 3mina cyocTpary, % Buxin 6iorasy, Buxin 6iorasy, 1/(kr-100y)
CM°/TOLL.
1 2 3
0 75,29 1,8
2 125,37 3,0
1 2 3
5 200,49 4,8




10 325,69 7,8

20 576,09 13,8

30 826,49 19,8
BucHoBku

[TocTymoBa momada cyOcTpaTy B METaHTEHK 3a0e3medye OUbIIMi 3a 00CSATOM 1
pIBHOMIpHIIIMK BUXif Oiorazy B 4aci B TMOPIBHAHHI 3 MepioauyHOI0 mogadero. [lpu
OJTHOPA30BiM MIOJAEHHIM 3MiH1 cyOcTtpaty Ao 20% Buxig Oiora3y 3poctae go 13,8
1/(xkr-no0y), pu 1IbOMY TETUIOTa 3ropaHHs 0lorasy CTaHOBUTH 25 MK/ 3pocTaHHs
OJIHOPa30BO1 II0JeHHOT 3MiHM cyOcTpaty a0 30% 306utbinye Buxin Oiorasy go 19,8
M/Ix/M’, OHAK TpH [IbOMY BHACIIIJIOK IiABUIICHHS BMICTY B HhOMY BYTJIEKUCIIOTO Ta3y
TEIJIOTa 3rOpaHHS 3HWKyeTbes 10 12-13 MJDx/m’. V pasi 50% sminm cy6erpaty
METaHOBE OpOJIHHA TPHUIHUHSAETHCS BHACIIJOK BHUMHBAHHS MAaTOYHOI KYJIBTYPH
METAaHOYTBOPIOIOUHMX OAKTEPIM.

B mnopanpmiomy miiaHyeThCS PO3IMIUPUTU AOCHIIKEHHS BIUIMBY TIOCTYIIOBOTO
3aBaHTAXEHHS METaHTEHKAa B BHUX1J 0lora3y i3 BpaxyBaHHSM TEMIIEPATypHOTO PEKUMY

METaHOBOTO OPOJIIHHS.
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