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Use of Apple Pomace for Intensification of Biogas Production in the
Anaerobic Digestion of Cattle Manure

"Polishchuk V., 'Shvorov S., ’Kucheruk P., !Zablodskiy M., 'Galchynska Ju.,
!Zubok T., 'Pasichnik N., 'Valiev T.

! 'National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

2 Institute of Engineering Thermophysics of National Academy of Sciences of Ukraine, Kyiv,
Ukraine

Abstract. The goal of the work is to increase the yield of methane in biogas plants due to the joint
methane fermentation of cattle manure with apple pomace. To achieve this goal, the following tasks
were solved: the yield of biogas from cattle manure was determined with the addition of apple pomace to
the substrate and fermentation in psychrophilic and mesophilic temperature conditions of the biogas
plant. Based on the obtained experimental data of fermentation at temperatures of 22+1°C and 36+1°C
of the fermenter, the biogas yield was assessed and the rational temperature regime for the operation of
the biogas plant was determined. The studies were carried out on a laboratory biogas plant, consisting of
a fermenter and a wet-type gasholder. A glass container with a total volume of 3 dm® was used as a
fermenter. The novelty of the chosen topic lies in the fact that the maximum methane output rate was
determined under periodic loading of the fermenter, which for the psychrophilic temperature regime is
0.0033 m*/(kg DOM-day), and in the mesophilic temperature regime mode 4 times more - 0.012 m*/(kg
DOM-day). The significance of the results lies in the fact that based on the results of the dynamics of
methane output during periodic loading of the fermenter, it is possible to predict a constant methane
output in industrial biogas plants that operate in a quasi-continuous mode, which will be equal to the
maximum methane output during periodic loading of the fermenter.
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Utilizarea rumegusului de mere pentru intensificarea productiei de biogaz in digestia anaeroba a
gunoiului de grajd
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Rezumat. Scopul lucrarii este de a creste randamentul de metan in instalatiile de biogaz datorita fermentarii
metanice comune a gunoiului de grajd cu borhot de mere. Pentru a atinge acest obiectiv, au fost rezolvate
urmatoarele sarcini: s-a determinat randamentul de biogaz din gunoiul de grajd al bovinelor cu addugarea de
marc de mere la substrat si fermentarea in conditii de temperatura psihofilad si mezofila a instalatiei de biogaz. Pe
baza datelor experimentale obtinute privind fermentarea la temperaturi de 22+1°C si 36+1°C ale fermentatorului,
a fost evaluatd productia de biogaz si a fost determinat regimul rational de temperaturd pentru functionarea
instalatiei de biogaz. Studiile au fost efectuate pe o instalatie de biogaz de laborator, compusd dintr-un
fermentator si un gasgolder de tip umed. Ca fermentator a fost utilizat un recipient din sticla cu un volum total de
3 dm3. Noutatea subiectului ales constd 1n faptul ca rata maxima de iesire a metanului a fost determinata la
incarcarea periodicd a fermentatorului, care pentru regimul de temperaturd psihofila este de 0,0033m3/(kg
MOU:-zi), (MOU — materie organicd uscatd) iar in regimul de temperatura mezofild de 4 ori mai mult -
0,012m3/(kg MOU-zi). Semnificatia rezultatelor consta in faptul ca, pe baza rezultatelor dinamicii productiei de
metan in timpul incércarii periodice a fermentatorului, este posibil sd se prevada o productie constantd de metan
in instalatiile industriale de biogaz care functioneaza intr-un mod cvasi-continuu, care va fi egald cu productia
maxima de metan in timpul Incarcérii periodice a fermentatorului.

Cuvinte-cheie: biogaz, metan, borhot de mere, gunoi de grajd, fermentator.
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Hcnoab3oBaHue si0109HBIX BHIKUMOK 1JIs1 MHTeHCU(UKALMY POU3BOJCTBA 0M0ra3a npu aHa3pooHOM
cOpaXMBaHHM HAB03a KPYIMHOTO POraToro CKoTa
Toaumyk B., 'IlIBopos C., >Kyuepyk I1., '3a6aoackuii H., 'Tanpunncbkas 10.,'3y6ok T., 'MMacuunux H.,
'Basiues T.

"HauuoHansHbIi yHHBEPCHTET OHOPECYPCOB M IPUPOIONONE30BaHUs Y KpauHbl, Kues, Ykpanna
MHCTUTYT TeXHUYeCKol Temnodusrkn HauponansHOM akageMun Hayk Ykpansel, Kues, Ykpanna
Annomayusn. Tlpu nepepaboTke 00K 00pa3yeTcs OOJBIIOE KOJUIECTBO MOOOYHBIX MPOAYKTOB, K KOTOPHIM
OTHOCATCS] BBDKHMKH, BBITEPKH, OYUCTKH, OOTaThle MUTATEIHHBIMHE W OMONOTHYECKH aKTUBHBIMH BEIIECTBAMU,
HO W3-32 BBICOKOW BJIQXKHOCTH OHU HE YCTONYUBBI MPHU XPAaHCHUH M OBICTPO MOPTATCS, MOITOMY BO3HHKAET
HEOOXOJIUMOCTh MX YTWJIM3ALUHU C MOMOIIBKD OHOTra30BBIX yCTAaHOBOK. Llenbt0 pabOTHI SBIISCTCS TOBBIIICHHE
BBIXOJIa METaHA Ha OMOra30BBIX YCTAHOBKAaX 3a CYET COBMECTHOTO METAHOBOIO COpaKMBAHUS HABO3a KPYITHOTO
poraTtoro CKoTa C BBDKAMKAMH sOJOK. JIJIsI JTOCTMDKCHMS MOCTABICHHOMN IIETM PEHIANIHCh CICAYIOIIUC 3aaduu:
OIpeIeTsUICS BBIXOJ] OMOTa3a U3 HaB03a KPYITHOTO POraToro CKOTa ¢ TOOABICHUEM K CyOCTPaTy BBIKHMOK SIOJIOK U
MCTaHOBOM COpaXMBaHUH B MCUXPO(QUIEHOM U ME30(HIBHOM TEMIIEPATYPHBIX PEKHMaxX pabOThl OHora3oBou
ycTaHoBKH. Ha OCHOBE IMOJIyYEeHHBIX JKCIIEPUMEHTAIBHBIX TAHHBIX COpakMBaHUS TpU Temieparype 22+1°C u
36£1°C depmeHTEpa OCYIIECTBISUIOCH OICHWBAaHWE BBIXOJa OWorasa ¥ ONPENeNsuics PalHOHAIBHBIA
TEeMITEpaTypHBIH pekuM paboThl OHOTa30BOIl yCTaHOBKU. llcciiemoBaHWSI TPOBOIIIINCHE Ha J1abOpaTOpPHOM
Omora3oBOif yCTaHOBKe, cocTosImIel M3 (epMeHTepa W ra3roiibJepa MOKpOro THia. B kauectBe QepmeHTepa
HCTIONE30BAaHO0 CTEKISHHYIO €MKOCTh OOIMM 00heMoM 3 am°. Beixox Guorasa (UKCHpPOBAICS 3a MOJHATHEM
IITHHPA MOKPOTO Ta3rojbJepa ¢ MOMOIIBIO 3aKPEIUICHHOW Ha HEM IIKaJbl, OTTPaayHpOBaHHON B CAHTUMETpaX.
Conepxanue MeTaHa B OHOrase YCTaHABIMBAJIOCH C TIOMOIIBIO Ta3oaHanu3aTopa. M3mepeHue oObema
BBIPa0aThIBAEMOT0 OMOra3a MPOBOJAMIOCH KaXKable CyTKA. HOBH3HA BHIOPAaHHOI TEMBbI 3aKIFOYAFOTCSA B TOM, YTO
ompesie/icHa MaKCHMallbHas CKOPOCTh BBIXOJAa METaHa MPH TEPUOJMYCCKOM PEXKUME 3arpy3Kd (epMeHTepa,
KOTOpBI [/ TICUXpOQMILHOTO TeMIepaTypHoro pexuma coctapaier 0.0033 »/(xr COB-cyrkm), a B
mezopuibHoM pexume — 0.012 M3/(kr COB-cyTkm). 3HauMMOCTL PE3YJILTATOB 3aKIIOYAETCS B TOM, YTO Ha
OCHOBaHHH Pe3yJbTAaTOB TUHAMHUKH BBIXOJa METaHa MPH MEPHUOIIMYECKOM PEXIMeE 3arpy3Ku (hepMeHTepa MOKHO
CTIPOTHO3MPOBATh IIOCTOSIHHBIN BBIXOJ METaHa B IPOMBIIUICHHBIX OHWOTAa30BBIX YCTaHOBKaX, PaOOTAONINX B
KBa3WHETIPEPBIBHOM PEXHUME, KOTOPHIH OyIeT paBeH MaKCHMaJFHOMY BBIXOQY MeTaHa TpPH MEePHOANICCKON

3arpyske pepMeHTepa.
Knrouegwie cnoea: 6voras, Meras, 0J109HBIC BEDKIMKH, HABO3 KPYITHOTO POTATOTO CKOTA, (hepMeHTep.

BBenenne CKOTa 4YacTO MCIOJIb3YETCA [Ji TOJy4YEeHUS

IlocTemenHoe  cokpaimieHWe€  NPUPOAHBIX ~ OWorasa, ®3  KOTOPOTO  BBIpa0aThIBAaETCs
HCKOIAEeMbIX DHEPTeTUUYECKUX PECYpPCOB B MUpPE  dJIEKTpUUecKas W TemioBas 3Heprus. OmaHako,
MPUBOJUT K PACHIMPEHUI0  HCIIOJb30BAHUS BCIICACTBUE HAIW4YUS B HABO3€ OOJIBIIOTO
aJbTEPHATUBHBIX UCTOUYHUKOB SHeprun. K takum KOJTMYECTBA CHIPON KJIETUATKH, BBIXOJ Omorasa
UCTOYHMKAM DHEPIHH OTHOCATCS OHOra3oBbie IIPH €r0 METAaHOBOM COPaKMBAHHM C MOMOIIBIO
YCTaHOBKH. 3a CYET WCIIONBb30BaHUS OTXOJOB 0HMOra30BbIX YCTAaHOBOK OTHOCHUTEIIEHO HU3KHIA.
CEJIbCKOTO XO35MCTBAa M MUIIEBBIX MPOU3BOACTB IlosTroMy  akTyaJibHOW  3ajadeil  ABJISETCA
B OMOTa30BOI YCTAaHOBKE OJHOBPEMEHHO MOYKHO MOBEBIIIICHHE  BBIXOAA OMoOrasa M3 HaBO3a
peuuTh POOJIEMBI JIOTIOTHUTEILHOTO KpPYITHOTO poraroro CKOTa 3a cueT
MOJIYYEHHUS 3IEKTPUUECKON U TEMIOBON SHEPTUU WCITOJIP30BAHUSl PA3JMYHBIX CTUMYJIHPYIOITHX
C MHHHMH3AIlMeH HETaTHMBHOTO BO3MICHCTBHS HA  METaHOBOE OpoxKeHHe J00aBOK (KOCyOCTpaToB).
OKpyXarolyto cpeay. B wactHocTH, Takum  Ecnm ke Takoil cTUMynmpyomas 1o0aBKa
o0pa3oM  MOXHO  YTHJIM3HPOBAaTh  TaKWe  SBJISICTCS OTXOJOM IIPOU3BOJICTBA, MPH 3TOM
BELECTBA, KaK HAaBO3, HAKAIUIMBAIOIIMIICS Ha  peliaeTcsl 3ajadya ee YTWIM3aluU, TEM CaMbIM
JKUBOTHOBOYECKMX  (epmax. Kpome Toro, yIydlllaeTcsl  JKOJIOTMYecKas  CUTyauus B
00BEMBI OTXONIOB THINEBBIX MPOM3BOJICTB HA  pETHOHE.
IJIJAHETE TAKXKE€ 3HAUYMUTENIBHO BO3pPAcTalOT, HX

HEOOXOIMMO TaKKe  YTWIM3UPOBATH u I. NIOCTAHOBKA 3AJJAYHA

HalpaBUTh Ha DSHEPreTUYECKUue MOTPeOHOCTH C wmenplo TOBBIIICHWS BbIXoga Oworasza u
4eJI0BEYECTBa. ITosTomy IIPOM3BOJCTBO  BBIPAOOTKM PHEPIUM Ha JAHHOE BPEMs LIMPOKO
SHEPrOHOCHUTENEH M3 pa3HBIX BHJOB OTXONOB  NPAKTUKYETCS COBMECTHOE METAHOBOE

CTaHOBUTCS OJTHUM M3 BOKHEHIINX MPUOPUTETOB  cOpaknBaHWE HaBO3a KPYMHOTO POraToro CKOTa
IpU PELIEHUU HHEPreTUYEeCKUX, a TaKkKe C CHIOCOM KyKypy3bl. Bmecte ¢ Tem, maHHOE
HKOJIOTHYECKUX MPOOJIEM M MMEeT TTIO0AIBHYI0  ChIPphe MOXKHO HUCIOJIB30BAaTh B KauecTBE KOpMa
MEePCIEKTUBY IS JATHHEHUIIIET0 Pa3BUTHSL. IUTST JKUBOTHBIX W TIPOAYKTOB TIHATAHUS IS

Kak w3BecTHO, HaBO3 KPYIMHOrO poraroro  4ejgoBeka. Cpely allbTEPHATUBHBIX MCTOYHUKOB
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9HEpPruM Bce Oonbliee 3HAYCHHWE NpUoOpeTaeT
Hojgy4yeHue Ouorasa M3 HaBO3a M OTXOJIOB
A0JIOUHBIX TPOM3BOACTB. B VYkpamne Kaxablid
roji oOpa3yercsi OOJBIIOE KOJUIECTBO OTXOAOB
JI0J00BOIIHOM u KOHCEPBHOM
NPOMBIIUIEHHOCTH, OJHWUM U3 HaIpaBICHUH
KOTOpOH sBIsIETCS TiepepaboTka s6mok. Ilo
JaHHbIM ['ockomcTaTa YKpauHbI, TPOU3BOJCTBO
A0JIOK B YKpaWHe €XEerogHO COCTaBisieT
npumepHo 1179.6 Teic. ToHH. IlepepaboTka
S0JIOK 3aKII0YaeTcs B U3BJICUCHUU COKOB, MIOPE,
KOMIIOTOB M JAPYroil NpOAYKLUH, a TaKXe B
NoJdy4eHur modouHoN npoaykiud. K mo6oYHbIM
MMpoOAYKTaM OTHOCATCA BBDKUMKH, BBITCPKHU,
OYHCTKH, Ooratsie MUTaTEIbHBIMU u
6I/IOHOFI/I‘ICCKI/I AaKTUBHBIMH B€IICCTBAMH, HO U3-
32 BBICOKOW BJIQYKHOCTH OHHU HE YCTONYMBBI IIPU
XpaHeHUH W OBICTPO TOPTATCA, TOITOMY
BO3HHUKACT HCO6XOI[I/IMOCTI) X YyTUIU3alUu C
IOMOILIbI0  OMOra3oBbIX  yCTaHOBOK.  Jlist
peUICHUA ILaHHOI\/'I 3aJadu BO3HHUKACT
HEOO0XOIUMOCTh B pa3pabOTKe pPEKOMEHAAINH C
LEeNbI0 TOoNMydeHHss OHorasa M3 CMECH HaB03a
KPYITHOTO  POratoro CKoTa C  OTXOJaMH
S0JIOUHBIX TPOU3BOJCTB, KOTOPbIE HEOOXOIUMO
YTUWIN3HUPOBATh C MHUHHUMAJIIBHBIMHU 3aTpaTaMu,
yiay4ias Tpd 3TOM SKOJOTHUIO M IOBBIIIAS
BBIPAa0OTKY 3JIEKTPO’HEPTUM Ha OHOTra30BBIX
YCTaHOBKAX.

I1. AHAJIM3 MOCJIEJJHUX
HUCCJIEJOBAHUN

[umesas MTPOMBINIIICHHOCTh co3maer
Oonpie 00BEMBI OPraHUYECKUX MOOOYHBIX
MPOJYKTOB, TpeOyIOIIMX HaJIexKaIeH
OKOJIOTWMYECKH  4YnuCTOW  yruinu3amuu. llpum
MONy4YeHUH  S0JIOYHOTO  COKa  00pasyroTcs
SI0JIOYHBIC BBDKUMKH, COJIEPIKAHHUE KOTOPBIX
coctapnseT 28-36% [1], mo npyruM NaHHBIM -
25-30% wucxomHoro Beca siOmok [2; 3]
SlonmounbIe BBDKUMKH OTHOCSTCS K
€axapocoJIepPXKalleMy ChIPbIO, KOTOPOE MOXET
OBITh  WCIONB30BAaHO Ui  TPOWM3BOJICTBA
6mosranona [4]. BmecTe ¢ TeM, 4acTo s0I0YHBIC
BEDKMMKHM ~ 3aXOPaHHMBAIOT B  3EMJIFO, 4YTO
MPUBOJAUT K HEKOHTPOJHPYEMBIM BBIOpOCAM
MapHUKOBBIX Tra3oB [5]. B pabore [6] yka3aHO,

4qTo $I6J'IO‘-IHI)IG BBIDKUMKU MOXKHO
nepepabateiBath B Owora3. [loutm 80%
OpPraHWKd  SIOJOYHBIX  BBDKUMOK  MOXHO

IpPEBpaTUTh B 3aMEHUTENb IPHUPOJHOTO Tasa.
S167104YHBIE BBDKMMKH BMECTE C TpaBaMd B
BecoBOM cooTHomeHun 50:50 pexoMeHmyeTcs
3arOTaBIMBaTh IIyTeM UX CHJIOCOBAHMS IS
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JABHEUIIIETO ~ WCIOJL30BAaHUS B Ka4yeCTBE
cyOcTpara st OMOTa30BBIX YCTAHOBOK [7].

B pabore [8] oTmedaercs, UTO OTXOMBI
sIOJIOYHBIX BBDKMMOK, OOTraThie CBOOOJIHBIMH
caxapaMHl M CTPYKTYPHBIMH YTIIEBOJAMH, MOTYT
CTaTh XOPOIINM CBIPHEM JIISI TPOU3BOJICTBA
OMOTOINTMBA W XWMHUKATOB C J100aBICHHON
CTOUMOCTBhIO. B 3Toli  pabore  s01MOYHBIE
BBDKUMKH HCIOJNB30BANMA ISl TIPOU3BOJICTBA
MeKTHHa ¥ OWOTOINIMBAa IIyTeM OOpaboTKH
pa3baBnenHoii cepHoit kucnoroi (1% macc./00.).
Hawuspicimit Beixo metana (120 mu/r netydux
TBepabIx BemiecTs (VS)) 6b11 momyden nocie 60-
MUHYTHOW 00paboTku kucnoroir mpu 94°C. B
pabote [9] ObUTM OIICHEHHI ABa pPa3HBIX THUIA
SIOTOYHBIX BBDKUMOK: OT TPOM3BOJICTBA COKA H
cunpa. M3 HUX niepBOHAYaNbHO OBbLT MPOH3BEICH
O0uo3TaHON W OWMOOYTaHON U HCCIICIOBAHBI
ocTaTku OpOXKEHUS U MPOM3BOJCTBA OMorasa.
Taxke  OBUIO  HCCIEJOBAHO  COBMECTHOE
METaHOBOEC OpOXKCHHME SOJIOYHBIX BBDKUMOK U
CBUHOTO HaBO3a. Y/IEJbHBIA BBIXOJ METaHA W3
OCTaTKOB  OpPOXEHUST  TpPU  MPOU3BOJICTBE
O0uosTaHona u OuoOyTaHoJa COCTaBIsUT 463 u
290 mn/r VS cooTtBercTBeHHO. BBIXOA MeraHa
Opd  COBMECTHOM METaHOBOM COpaKMBaHUM
S0JOYHBIX BBDKMMOK W CBHHOTO  HaBO3a
coctaisit 596 M/t VS, ¢ IPOLIEHTOM SOJIOUHBIX
BBDKUMOK 14.6% u KOHIEHTpanuei cybcrparta
9.38 r VS/n. B pabote [10] ormewaercs, 4to npu
COBMECTHOM METaHOBOM cOpaxuBanuu 7.5%
SIOJIOYHBIX BBEDKMUMOK M 15% CBHHOTO HaBO3a
BBIXO/J MeTaHa coctaBmsger 412.3 £ 62.6 mu/r
VS:.CyTKH, TIpU TOM, YTO BBIXOJ MeTaHa TMpH
METaHOBOM  MOHOCOp&KMBaHMU  SOJIOUHBIX
BBDKMMOK coctarisier 381.8 £ 134.1 wmi/r
VS-cyTKkH, a mpy METAHOBOM MOHOCOpaKMBaHUU
cBUHOTO HaBo3a — 421.7 = 153.6 mu/r VS-cyTku.
B pabote [11] mpoBeneHa oleHKa aHA3POOHOTO
METaHOBOTO COpaXMBAaHHA SIOJIOYHBIX BBIKHMOK

C TOYKH 3pEeHUS UX MpeaBapUTEIbHOMN
o0paboTku.  PesympraTel  TOKazajam,  4TO
sI0JI0YHBIE BBIKUMKH, 00paboTaHHbIC
yIbTpa3BykoM ¢ dactoroii 53 kI mpwm

temrepatype 60°C B TeueHue 45 MUHYT, UMEIU
HAUBBICIIUI BBIXOA MeTaHa 1519 mu/cytku VS
MOCJIE aHadPOOHOTO COpaKMBAHUS, YTO OBIIO B
cpenneM Ha 40.9% BbIIe, YeM MPU METAHOBOM
cOpakuBaHMM  HEOOPAaOOTaHHBIX  SIOJOYHBIX
BBDKMMOK. Pe3ynmbTaThl  AKCIEPUMEHTAIBHBIX
WCCIIEJOBAHNN METAHOBOTO COpa)kKMBaHUS CMECH
SIOJIOYHBIX BBDKMMOK W KYKYPY3HOTO CHIIOCA
omucaHel B pabore [12]. YcraHoBimeHO, 4YTO
HanboJbLINii BEIX0 Ouorasa (203 aM>/kr cyxoro
Bemectsa (CB)) moirydeHo MpH COAEpKaHUU B
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cyOctpare 75% kykypy3Horo cwioca u 25%
A0OYHBIX BBDKUMOK. [lpm 3TOoM copepikanme
MeTaHa B Omorasze coctaBisio 50.2%, a BBIXOJ
merana — 101.9 am*/kr CB. Ilpu yBenuuenuu B
cybcTpaTe KoJIMYecTBa SIOJNIOYHBIX BBDKHMOK
BbIXO#  Oworaza  cHmwkaercs. Tak, mpum
cogepkanun B cyOctpare 50% KyKypy3HOTrO
ciwioca U 50% A0J0YHBIX BBDKMMOK, BBIXOJ
Ouorasa cocrasysn 195 nv’/kr CB, comepxanue
MeraHa B Omoraze — 53.8%, a BBIXOJ MeTaHa —
1049 am*kr CB. To ecTb, BBIXOA MeTaHA
HECKOJIbKO Bo3pactaeT. llpm comepkanum B
cyOctpare 25% Kykypy3Horo cumoca u 75%
SI0JIOYHBIX BBDKUMOK BBIXOJ] OMOTa3a COCTaBIISII
184 am3/xr CB, coJiepXKaHUe MeTaHa B OMorase —
26.4%, a BeIxox MeraHa — 48.6 nam’/kr CB. B
pabote [13] [IPUBECHBI pe3ynbTaTsl
UCCJIC/IOBAHUS COBMECTHOTO METaHOBOTO
cOpakMBaHHUS KHCJIBIX OTXOJOB IepepaboTKH
¢pykroB (FPW) u akTuBHOro wjia OTXOIOB
(WAS). OkcrepuMeHTH NOpH NEPHOAUYECCKOI
3arpyske dbepmeHTepa MOKa3aju, YTO
COBMECTHOE MeTaHOBoe cOpaxuBanne FPW u
WAS ycTpaHseT HaKOIUICHHE KHUCJIOTHI U
YBEJIIMYMBACT  KYMYJSTUBHOE  IPOU3BOICTBO
6uorasza. Korja COOTHOIIEHUE JIETYUHX TBEPIBIX
BemectB (VS) FPW x WAS cocrasmsio 2:1,
KyMYJSTHBHOE IPOM3BOJICTBO OWOrasa OBLIO
HauBeICTIUM  (4695.47 M), OHO BBIPOCIIO Ha
5.2% u 10.5% 1o cpaBHEHHUIO ¢ COOTHOIIECHUSIMU
VS 3:1 u 1:1, cOOTBETCTBEHHO. DKCIEPUMEHTBI
NpH KBa3WHETPEPBIBHOW 3arpy3ke QepMeHTepa
MoKa3alah, YTO METaHOBOe OpoxeHHe ObLIO
HauboJee cTa0MIIbHBIM, KOT/Ia COOTHOIIEHHE V'S
Opto 2:1, 0e3 HaKOIUIEHUS KHCIOTHI WU
YPE3MEPHOTO MOTPEOJICHUs OOIICH IEeITOYHOCTH.
B pabote [14] yTBEp)KIaeTcs, 49TO
MaKCHUMAJIbHBINA BbIXOO MeraHa 381.8 mu/r VS B
CYTKH OBbLI TOCTUTHYT MpH AoOaBneHuu 1o 15%
sI0JIOYHBIX BBDKMMOK K CyOCTpaTy Ha OCHOBE
CBUHOTO HaBO3a. boiee BBICOKAst KOHIIEHTPAIUS
SIOJIOYHBIX BBEDKMMOK MOXKET MPHUBECTH K Ooiee
HU3KOMY BBIXOZy MeTaHa. Beixom Ouorasza mpu
METaHOBOM COpakWBaHWHU SIOJOYHBIX BBDKHMOK
cocraBysieT B npeaenax 620-980 cm/r CB [15].
B pabore [16] mpuBeneHB pe3yNbTATHI
METaHOBOTO  MOHOCOpaXMBaHHA  SOJOYHBIX
BBEDKHMOK, KYKypy3HOTO CHJIOCAa U COBMECTHOTO
METaHOBOTO COpaXMBAaHHA SIOJTOYHBIX BBIKHMOK
U KyKypy3HOro cuioca B cooTHomeHnu 50/50%
u 75/25%. YCcTaHOBICHO, YTO CaMBI BBICOKUU
o0mmii BeIXOA Ouorasa (210 am*/kr) Obul B
obpasme, B KOTOPOM COOTHOITIICHUE SIOJIOYHBIX
BEDKHMOK M KYKYpY3HOTO CHJIOCA COCTAaBIISIO
50/50%. Kak ykazano B pabore [17], cpemuuit
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BBIXOJ] OMOrasa Ipu METaHOBOM COpa)XKMBaHUH
ouomacchel 050k cocrapiser 1.020 a/r cyxoro
opranmdeckoro BemectBa (COB) mpu BBIXOMIE
metana 0.451 n/r COB, 4ro mnpeBbIIaeT
MOKa3aTenyd BBIXOJa OHOrasa MpU METaHOBOM
cOpaXMBaHUM THIKBEHHON OHMOMacchl (BBIXOJ
ouoraza — 1.095 n/r COB mpu BeIXOAE MeTaHa
0.422 n/r COB) u Ouomacchl KOCTHOTO MO3ra
(BeIXOH Omoraza — 0.768 n/r COB npu BbIxOj€E
merana 0.274 a/r COB). Pesynbprarsl
COBMECTHOT'O METaHOBOT'O cOpaKuBaHUs
S0JIOUHON MSIKOTH C OTXOAaMHu OOWHW (CBUHOMN
KUIIEYHHK M COJICPKUMOE OBIYBEro JKEeNy/IKa)
npuBeneHsl B pabore [18]. IIpomsBoactBo
Ouoraza JOCTHIJIO YIIOBJIETBOPUTEIIBHBIX
3HaueHUii B TeueHue Bcero Ttecta (0.8 MY/kr
COB), MOATBEPK A, 4TO Mpouecc
NOJ/ICPKUBACTCS B CTaOMIBHBIX ycioBusix pH
(oxomo 8.0), a eTy4ne >XKUpHBIE KUCIOTHI BCETAa
opum  Hmke 3000 Mr/m, Korma KOJHYECTBO
nyienbl Obuto MeHee 100 T B Me30(MIBHBIX
ycnoBusix. B pabore [19] yTBepkmaercs, 4To
COBMECTHOE METaHOBOE COpaknBaHNE STOTOUHBIX
BBDKUMOK C OJIMBKOBBIM >KMBIXOM M SIOJIOUHBIX
BBDKUMOK C TOMATHOM MSKOTBIO B MacCOBOM
cootHomennu 1:1 pmator BeIXOm Owuoraza 885
mi/n (62% wmetana) u 574 mu/n (6 meraHa)
COOTBETCTBEHHO, 4YTO TIOYTH BIBOC MECHBIIE
BbIX0J]a OWorasa mpu COBMECTHOM METaHOBOM
COpaKMBaHUM TOMATHOW MSKOTH C OJIMBKOBBIM
*KMbeIxoM - 1096 mn/n (mo 70% wmetana). B
pabote [20] MIPUBEIACHBI pe3yIbTaThl
UCCIIEIOBAHUN  Pa3NIM4HBIX  (QPYKTOBBIX |
OBOIIHBIX OTXOZOB (00K, OaHAHOB, MOPKOBH,
MacJsHBIX OPEXOB, KapTodeis), B COYeTaHUU CO
CTOYHBIMH BOAaMH C  (PYKTOBO-OBOLIHOTO
pBIHKA, HWCIOJB3Ys AaKTHBUPOBAHHBIA W B
Ka4yecTBE HMHOKYJAT. TemmepaTypa METaHOBOTO
cOpaxuBanus cocraBisia 40°C. Hanbonbmmit
BBIXOJ] Ouorasza ObII MOJY4YEH NPH METAHOBOM
cOpakuBanuu 070K (595 Mi/cyTku) U GaHaHOB
(585 wi/cytkm). PesynpraTthl mccienoBaHU
COBMECTHOTO METaHOBOT'O cOpakuBaHUs
KOHCKOT'O HaBo3a, SI0JIOYHBIX BBDKUMOK W KOMa
caxapHOW CBEKJIbI IPEJICTaBIIcHBI B padote [21].
Y CTaHOBIICHO, YTO ONTHMAJIbHOE COOTHOLICHHE
9THX KOCYOCTpaToB mo macce cocrtaBmio 2:1:3.
[Tpu sToM BBIXOA OMorasza coctasinsut 189.7 mn/t

CB. Opnako mpenBapurenbHas o00paboTka
cyOcTpaTa 3HAUMTENHFHO TOBBIMIAET  BBIXOX
onorasa. Hausbiciias 3¢ PEKTUBHOCTD

MPOU3BOJICTBa OHorasa ObuTa OOHapyXeHa Kak
329.4 mu/r CB u3 cybcrpara, peaBapuTeIbHO
TEPMHUYECKH 0OpPabOTaHHOTO MPHU TEMIIEPaType
150°C B Teuenue 60 munyr. B pesynbraTe
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HIETIOYHOM NpeABaPUTEIILHON 00paboTKu
cyoctpara (NaOH o 20% TtBepmoro BemiecTsa)
0BT ycTaHOBIIEH Bbixon Ouorasa 300.9 ma/r CB.
Kak pesynpTaT mnpeaBapuUTENbHON KHCIOTHOM
obpabdotku (HNO3 no 20% TtBepaoro BemiecTsa),
BbIX0J] Onorasa cocrasisut kak 310.4 mu/r CB.

B pabore [22] yka3zaHO, 4TO BBIXOA OHoOrasa
u3 16710k cocTaser 320-490 M/t VS. B pabote
[23] yTBepkmaeTcs, 9To CpeIHU BBIXO ] Ororasza
U3 SOJMOYHBIX OTXOJOB COCTAaBISCT 35 MII/MI
OTXOZOB, a CoOAep)KaHMEe MeTaHa B Ouorase
coctapnsier npumepo 60%. B pabote [24]
YCTaHOBJIEHO, YTO ONTHMAaJbHOE COOTHOIICHHE
KYpUHOTO TIOMETa U SOJIOYHOW TMYINBIIBI B
cyOctpare cocraBisieT 2:1, a CBUHOIO HaBO3a M
SA0TOYHOM ITyJIBIIBI - 4:1. IIpu
KBa3UHETPEPHIBHOM pexxume 3arpy3Ku
(depMeHTepa yrHeTeHuMe OOpa30BaHUSI MeTaHa
NPOUMCXOAMIIO, KOTJ]a YPOBEHb OPraHUYecKOi

Harpy3Kku (OLR) METaHOBOT'O
MOHOCOpakuBaHHs ToMéra Bbime 2.4 T
VS/cytku. OpHako COBMECTHOE METaHOBOE

cOpakMBaHHE KYpPHUHOTO TOMETa C MSAKOTHIO
S0JIOK B yKa3aHHOM COOTHOIIEHHH TO3BOJHIIO
padorats mpu OLR 4.8 r VS/n cyrku u
HOJTyYHTh HAWBBICIIUHA yIICbHbIA BHIXO METaHA
(0.34 n/r VS).

Utak, B paccMaTpUBaeMbIX JIUTEPATYPHBIX
UCTOYHUKAX OIMCAaHO aHa’pOOHOE METaHOBOE
MOHOCOpa)XHBaHHE SIONIOYHBIX BBDKUMOK |
SONMOYHBIX ~ OTXOJOB M  HX  METAaHOBOE
cOpaxxuBaHue COBMECTHO c JIpyTUMHA
KocyOCcTpaTtaMu. YCTaHOBJICHO, 4YTO sIOJOYHBIE
BBDKHMKH XOpOo1IOo cOpaxuBaroTcs B
OMOTa30BBIX YCTAaHOBKAaX KaK CaMOCTOSTEIBHO,

TaKk ¥ COBMECTHO C JAPYTHMHU KocyOcTparamu, B
YaCTHOCTH, C AaKTHUBHBIM HJIOM, CBHHBIM
HABO30M, KYPUHBIM TIOMETOM U JpPYTHUMHU.
Bmecte ¢ Tem, B JmTeparype OTCYTCTBYET
ynoMuHaHue O 3(PQPEKTUBHOCTH METaHOBOTO
cOpaxrBaHUs SOJOYHBIX BEDKUMOK COBMECTHO C
KOPOBBAM HaBO30M.

Iloatomy  yenvto  pabomer  sBIAETCS
JKCIICPUMEHTAIBHOS WCCIIC/IOBAaHNC
BO3MOKHOCTH TIOBBIIIEHUS BbIXOAa Onoraza m3
HaBO3a KPYITHOTO pOTaToro CKOTa IPU €ro
COBMECTHOM METAaHOBOM COpakMBaHHU  C
BBEDKUMKAMH SI0JIOK.

Js mocTHKEeHHUS TIOCTaBICHHOM Ie HeoO-
XOJIUMO PEIIUTh CICAYIOIIUE 3aauu: Ompere-
JUTHh BBIXOJ OMoOTra3a M MeTaHa M3 HaBO3a KPYTI-
HOTO POTaToro CKOTa ¢ J00aBIEHHWEM BBIKHMOK
sIOJIOK B YCJIOBHUSX METAHOBOTO COpaKMBaHHS
cMmeceil B mcuxpoduinbHoM (22+1°C) u me3o-
duabHOM (36+1°C) TeMmepaTypHBIX PEKHMAX
NP TIEPHOINIECKOI 3arpy3ke pepmeHTepa.

III. METOJIUKA UCCJEJTOBAHUI

IIpomecc MeranoBoro OpoKeHHS HaBO3a
KPYIHOTO pOraToro CKoTa ¢ Jo00aBJieHUEM
SOJOYHBIX ~ BBDKMMOK  OCYIIECTBIISICS  Ha
ONBITHOMN Ouora3oBoi YCTaHOBKE npu
MIEPUOIMUECKOM PEKUME 3arpy3Ku GepMeHTepa.

B JKCIIEPUMEHTE MCTIONIb30BAITNCH
OCCIIOICTUIIOYHBI HABO3 KPYIHOTO pPOraToro
CKOTa, S0JIOUYHBIE BBDKHUMKH M WHOKYISAT CO
CTapTOBOM TOMyJsAIMe MeTtaHnoreHoB. CocraB
cyOCTpaToB IpeCTaBiIeH B TaoI. 1.

Ta6auuna 1
Cocras cy0cTaTOB IPH NPOBEIEHUH IKCIIEPHMEHTAILHBIX HCCIIEI0BAHMIA.!
CybcTpar O0BeM, MII | Macca, r | CB,r | COB,r
Tcuxpoghunvrviii memnepamypHulil pexcum
HHOKyISIT 900.0 936.0 31.7 26.930
S165109HBIC BEDKUMKH 80.8 64.65 19.4 18.350
Koposuii HaBo3 769.2 800.00 46.9 41.346
BCEI'O 1 750.0 1 800.7 98.0 86.6
IIpouent SIB B cyOGcTpaTe 3.6% 19.8% 21.2%
IIponeHT B B cMecH ¢ KOPOBBMM HABO30M 7.5% 29.2% 30.7%
Me3zopunbHulii memnepamypHblil pexcum

WHokynsaT 900.0 936.0 31.7 26.930
$167109HBIE BEDKUMKH 80.8 64.65 19.4 18.350
Koposwii HaBo3 769.2 800.00 46.9 41.346
BCEI'O 1750.0 1 800.7 98.0 86.6
[Iponent B B cyOcTpaTe 3.6% 19.8% 21.2%
[IpouenT B B cMecH ¢ KOPOBBMM HaBO30M 7.5% 29.2% 30.7%

! Appendix 1
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OnbiTHass OuorasoBasi ycrtaHoBKa (pwuc.l),
BKJIIOYAET B ce0st pepMeHTep M rasroibiaep A
HakoruieHns: Ouorasza. B kadectBe (hepmenrepa
UCIIOJIB30BAaHO CTEKJSHHYI0 E€MKOCTh OOIIUM
obbemMoM 3 I, KOTOpas yCTaHABIMBAETCS B
0obLIyIO €MKOCTb, HAaIlOJIHCHHYIO
TEIUIOHOCHUTENEM, B  KadecTBE  KOTOPOro
ucrosnbdyercss  Bojxa.  Jna  repmernsanum
ra3oBOro TPOCTPAHCTBA B BEepXHEW dYacTu
CTEKJITHHOMN €MKOCTH HCIIOJIb30BaHO
KallpOHOBYIO KPBIILIKY C INTYLIEPOM Ui OTBOJA
ouorasa. IlTyrep coemuHeH ¢ MOMOIIBIO THOKOMH
TpyOkm u3 mpospauHoro [IBX c amromuHuEBOH
TpyOKOH, TepMETHYHO BCTPOEHHOH B [IHUILE
HETIOABHKHOM 9acTH rasroyipaepa
TUTACTUKOBOM OyThUIKM auamerpoM 100 MM ¢
3arIyIIKOH. AJIOMHHUEBas TPyOKa BBIXOIUT 32

HemonBmxHyt0 9acTh Ta3roipaepa yCTaHOBIEHO
CTallMOHAPHO Ha TOPU3OHTAILHON MOBEPXHOCTH
U 3anoigHeHo 5% BomHbIM pactBopoMm NaCl,
KOTOpPBIA  TIO3BOJNISIET ~ mM30eraTh moTeph
COCTAaBISIIONIMX OHorasa myTeM abcopOuuu.
OtOop Oworaza Ha aHajiM3 U €ro OTBOJ
BBITIONHSIETCS C MOMOIIBIO JIOTIOTHHUTEIHHOMN
OTBOJHON THOKOH TpyOKH, Ha KOHIIE KOTOPOH
BMOHTUPOBaH Tra3oBblii KpaH. Harpes wu
KOHTPOJb TEMIIEPATYpPhl BOABI B €MKOCTH, I[€
HaXOAWTCA (epMeHTep, OCYIIECTBISETCS C
MMOMOIIIBIO TOHa, MOJKJIIOUYEHHOT'O K
TepMoperynsTopy. s HHTEHCUBHOTO OTBOJA U
pPaBHOMEPHOTO  pacmpeleNieHus] Temma  OT
oborpeBaTensi HCIOIB30BAaHO HACOC MOTPY>KHOTO
TUNa, paboTaloUIuii B HENPEPHIBHOM DPEKUME.
W3mepenne TemrepaTypsl BOABI IPOU3BOINTCS C

Kpail marpyOka Ha 5 MM A TPeJOTBpAICHUS TIOMOILBIO 71a00paTOPHOTO pTYTHOIO
[ONaJaHus BOJABI B CHUCTEMY TIa300TBEJICHUS. TEPMOMETPA.
i 7
i
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1 — emkocmb ¢hepmenmepa; 2 — HeNOOBUJICHAS YACMb 2A32060epd, 3 — NOOBUICHASL HACHb
eazeonvoepa, 4 — emxocmv ¢ menioHocumenem;, 5 — mpyoka IIBX; 6 — eazoswiti xpau; 7 —
easzoananuzamop, 8 — pabouas cpeoa epmenmepa; 9 — 6HympeHHnee RPOCMpPAHCMEO 2a3201b0epa C
ouoeazom; 10 — mennonocumens (600a); 11 — 5% 6oonwiti pacmeop NaCl; 12 — pmymusiii mepmomemp;

13 — mepmopeeynamop (AT=+ 1° C).

Puc. 1. CxemMa ONBITHOI YCTAHOBKH /ISl IEPHOAMYECKOT0 METAHOBOI0 GpOsKeH s

HpI/I BBIACIICHUN 6uorasa 3a CUeT HOBBIIICHUS

JaBJieHUsT Ta3a B TEPMETUYHOM  CHUCTEME
(depMeHTep-rasronpaep,  MOJABWXKHAS  4YacTh
rasrojpaepa  MOJHUMAeTca  Ha  BBICOTY,

COOTBETCTBYIOIYIO OMNPEEICHHOMY 3HAaYCHUIO
obbema Omoraza Ha TpaaydpPOBAHHOW IIKaJE.
Odurcanmss 00bEMa  BBIIEJIEHHOIO  Omorasa
OCYIIECTBIISIIACh JTUCKPETHO, myTeM
BU3YQJILHOTO CUUTBIBAHUS C TPaJyHpPOBAHHOMN
IIKajgel  Tasroipiepa. M3MmepeHHBII 00BeM
Ouorasa MPUBOJIUICA K HOPMaJbHBIM YCIIOBHSIM
(273.15 K; 101.3 kPa). Conepxanue CHi B

ouorase OMPEIECIIsIOCH c IIOMOIIIELIO
MOPTATHBHOIO  IHM(POBOro  rasoaHain3aropa
tuna Landtec GEM-500.

CoBMecTHOE METaHOBOE cOpaxuBaHHe

HaBO3a KPYITHOTO POTAaTOTO CKOTa M SOJIOYHBIX
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BBIKUMOK TPOBOJUIIOCH TPU TEPUOTUYECKOM
pexume 3arpy3Kku (dhepmenTepa B
ncuxpoQuiibHOM (TemrepaTypa B (epmeHTepe
22+1°C) u wme3odmwibHOM (Temmeparypa B
depmentepe 36+£1°C) pexxumax. s cpaBHEHUS
pE3yIhTATOB MO CKOPOCTH BBIXOJAa OWorasza ObLI
TaK)KE BBIMOJHEH OMBIT 3 MOHOCOpaKMBaHHEM
KOPOBBETO HaBO3a B MEPUOIUYECKOM
MICUXPO(PHUILHOM pEeXUME.

Crenenp pacrmaja OpraHUYECKOTO BEIeCTBA
OTNpeNesuicsl  KaK  COOTHOIIEHHWE  MAcCCHhI
BBIJIETIEHHOTO Onorasa k Macce BHeceHHOro COB
cybcrpara.

IV. PE3YJIBTATBI U OGCYXJIEHUE
Cpenusist yaenpHasi CKOPOCTh BBIXOJa METaHa
MpU MOHOCOpaXMBaHUM KOPOBBETO HaBO3a B
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NCUXPOPHILHOM  pPEXUME 0,022
7/(J1°CYyTKH).

IIpu coBMECTHOM METaHOBOM COpa’kKUBaHUU
HAaBO3a KPYIHOTO POraToro CKOTa M SIOMOYHBIX
BBDKUMOK B ICUXPO(QUIBHOM PpEXUME IpH
temueparype 22+1°C B pepMeHTEp 3arpyKaaoch
900 mn wuHOkynAta, 900 My CBEXero HaBo3a
KpPYTHOTO poraToro ckora u 63.93 r BBDKHMOK
S0JIOK.

Homss COB s07109HBIX BBDKHMOK B CMECH C
HaBozoM KPC cocrtaBuna 28.1%. Hauanpnas
konmentparsi COB  cmecu HaBoza KPC u
SIOJIOYHBIX BEDKMMOK B peakTope coctaBria 34 /1.

cocCTaBuJia

a Ha pUC. 3 — WX KyMYJSTHUBHBIA BBIXOM, MPHU
COBMECTHOM COpaXMBaHHM HaBO3a KPYITHOTO
poraTtoro Ckotra C sOJIOYHBIMH BBDKUMKaMHU B
NCUXpOPHUILHOM pEXHME TIpU TeMIepaType
22+1°C.

OO6mras cTerneHp pacmaga CMECH cyOCTpaToB B
XOJIe JaHHOTO AKCIIepUMeHTa cocTaBuna 14% 3a

26 CyTOK, TIpA ITOM 3aMETHOE 3aMEIJICHHC
WHTEHCUBHOCTH pacraja OPraHuKHA HaOIIF0Jaoch
Ha 15-11 ek sKcniepuMenTa (puc. 4).

Ha pucyake 2 TOKasaHa JUHAMHKA
N3MCHCHUA CKOPOCTHU BbIXOOa Ouorasa u METaHa,
0.0090 0.0035
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Meproa meTaHOBOro BpOXEHUs, CYTKM
Methane fermentation period, days
=@— CkopocTb Bbixoaa buorasa (Biogas output rate) == CkopocTb Bbixoaa MeTaHa (Methane output rate)

Puc. 2. lunaMmuka u3MeHeHHs CKOPOCTH BbIX0/1a 0HOra3a U MeTaHA P METAHOBOM
cOpakuBaHUM CMecH HaB03a KPYIMHOI0 POraToro cKoTa ¢ sidj10uHbIMU BbIKMMKaMu (28.1% mo
COB) B ncuxpopuiILHOM peskuMe npu Temneparype 22+1°C.?
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Mepuog MeTaHOBOro GpoXeHUsi, CyTKU
Methane fermentation period, days
=@ CkopocTb Bbixoaa buorasa (Biogas output rate) == CkopocTb Bbixofa MeTaHa (Methane output rate)
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Puc. 3. KymyasiTHBHBIN BBIX0J 0MOra3a M MeTaHa NPH METAHOBOM COPa’)KMBAHMHU CMECH
HAB032 KPYNHOIr0 POraToro cKoTa c si0jJ104HbIMH BelxkuMKamu (28.1% no COB) B
nCuxXpodguiILHOM pexkume npu Temmeparype 22+1°C.*

%
N
o

14

on

34 Appendi

12

10

CreneHb pacnaaa opraHuyeckoro seufectsa, %
Degree of organic matter decomposii

8 10

12

14 16 18 20 22 24 26

Mepuoa MmeTaHOBOro 6poXKeHUs, CyTku
Methane fermentation period, days

Puc. 4. JlmHamMuka pacnaja opraHn4ecKoro BelecTsa Npu cOpaKnBaHUM CMeCH HaB03a
KPYIHOI'0 POraToro ckora ¢ 16,J04HbIMH BblkuMKamMu (28.1% no COB) B ncuxpoduiabHom
pexkume npu temneparype 22+1°C.°
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Mepuoa meTaHOBOro GPOXEHUs!, CYTKU
Methane fermentation period, days

-8—-CH4 —-CQO2 =402

Puc. 5. U3meHeHue cocTaBa 0Mora3a Bo BpeMeHH NPU cOPa’kUBAHUU cMeCH HAB03a KPYIIHOIO
poraToro ckorta c si0JJ094HbIMH BbIKHMKaMH (28.1% nmo COB) B ncnxpoduiaibHOM pexxnMe NpH
Temnepatype 22+1°C.6

Kax BumHo u3 puc. 4, B cMecu HaBo3a
KPYITHOTO POraTtoro CKOTa ¢ sIOJIOYHBIMU
BBDKHMKaMH JTIOBOJIBHO MeIJIEHHO
pacmagaeTcsi opranuka. OOBSICHIETCS OTO
HU3KOM  yAenbHOH CKOPOCTBIO pocta
METAaHOTCHHbIX  OakTepuid  HpH  JaHHOU
temneparype. Ilpm sTom, Ooree BbICOKAs
CKOPOCTh POCTa KHCJIOTOT'CHHBIX OaKTepHii,

36 Appendix 1
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HEXEJIU Yy METAHOT€HOB, MOXKET MPHUBOJIUTH K
M30BITOYHOMY  HAKOIUICHUIO MeTaOOoJIUTOB,
TaKuX KaK BBICIIAE KHUCJIOTBI, CIHPTHI, YTO
JIOTIOJIHUTEJIBHO ~ CHIDKAET METabO0JIMYeCKYIo
AKTUBHOCTh METAHOTCHHBIX TPYI OaKTEepHil.
Brixogq MeTaHa CHU3WICA Ha  KOHEIl
OKCIIEPUMEHTA II0 CPAaBHCHUIO C ITHKOBBIM
3HauyeHueM Ha 94.9%, 4To CBHACTEIIHLCTBOBAJIO
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0o 3aBepmieHHM 3((EKTHBHOTO TpoIecca
pacniaga opranuku. CpeHuil BBIX0O OHOTasa B
X0Jie JaHHOTO KcnepuMenTa coctaBmi 0.0044
MY/kr COB-cyrku. KoHueHTpanus MeTaHa B

BBICTIIEMOM OHMOra3e B yCTaHOBHUBIIIEMCS
pexume (Ha 12 CyTKH METaHOBOTO OPOXKEHUS)
kojebanach B mpenenax 62.0-67.0 % (puc. 4).

Taoauna 2

OcHoOBHBIE TOKA3aTeJIN CePUH IKCIIEPHMEHTAIBHBIX Hccae10BaHnii 3(pPeKTHBHOCTH
cOpa’kHBaHHSI CMeCH HAB03a KPYITHOT'0 POraToro cKoOTa ¢ i0JI04YHbIMH BBIKMMKAMH B
NCHXPO(UILHOM peskuMe npu Temmeparype 22+1°C.’

Iloxazarenn
Indicators

Hago3z KPC + Benxumkw 516710k (28.1% COB)

Cattle manure + apple pomace (28.1% VS)

Organic matter decay rate, %
yepes 5 CyToK
in 5 days
yepe3 10 cyTok
in 10 days
yepes 15 cyTok
in 15 days
yepe3 20 cyTok
in 20 days

Crenens pacmnazia OpraHMIecKoro BemecTsa, %

1.3

4.1

7.9

10.8

MakcumasbHasi CKOPOCTh BbIX01a Ouorasa,
m>/(xr COB-CyTKH) / IeHb SKCIIEPUMEHTA
Maximum biogas output rate, m*/(kg
DOM-day)/day of experiment

0.0083/3

MakcumanbHasi CKOPOCTb BBIXOJIa METaHa,
M*/(kr COB-cyTKH) / IeHb DKCIIEPUMEHTA
Maximum metane output rate, m*/(kg
DOM-day)/day of experiment

0.0033 /12

ouorasa 3a cytku, M*/(kr COB -cyTku)

m’/(kg DOM-day)

HporHo3preMa;1 CpeaHsd CKOPOCTh BbIXOda

Predicted average biogas output rate per day,

0.0044

Cpennee conepxanue MeTana, %
Average methane content, %

44.3

COB / neHpb KcIieprUMeHTa

DOM / day of experiment

KyMynsTHBHBIN BBIX0J OMOrasa / MeTaHa, M>/Kr

Cumulative biogas yield / methane yield, m¥/kg

0.106 /0.041/ 26

Kak BumgHo w3 Tabm. 2, B ciydae
METaHOBOTO COpaKUBaHUsI SOJIOYHBIX OTXO0B
3aMETHO OTJIMYAIOTCS WHTEHCHBHOCTH BBIXOZA
Omoraza ¥ MeTaHa, 4YTO YKa3bIBaeT Ha
JIOMHHHUPYIOIIYIO POJIb CTaUN KHUCIOTOT€HE3a
B HayaJbHBINA MEPUO]] IKCIICPUMEHTA.

HeoOxoqumo otmeruTs, uTo AoOaBieHHe
A0JIOYHBIX ~ BBDKMMOK ~ 3aMETHO  MOBBICHIIO
3(h(}EeKTUBHOCTh ~ METAaHOBOTO  COpa’KMBaHMS
HaB03a KPYITHOTO POTaToro CKOTa.

IIpu o>TOM cCpemHsAs CKOPOCTh BBIXOAA
Omorasa TO CpaBHEHHMIO C TakOBOW IIpH
MOHOCOpaXMBaHWHM HaBO3a KPYIHOI'O POraToro
ckota B ncuxpodunbHoM pexume (0.00042
m’/kr  COB-cytkn)) Bepocia B 10.5 pasa.
KymynsatuBHBI BhIxO# Ouoraza Ha 26 JieHb
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uccnenosanus coctaBisr 0.106 mY/kr COB,
KYMYJIATHBHBIA BbIxox Mertana — 0.041 wm?/kr
COB.

Kak BugHO w3 puc. 2, MakcuMaabHas
CKOPOCTh BBIXOJ]a METaHa HPH MEPHOANIECKOM
pexuMe 3arpy3KH (dbepmeHTEpa B
ncuxpoduibHoM peskume  cocramsier 0.0033
MY/kr  COB-cyrku. Takoli BBIXOH MeTaHa
¢ukcupyercss Ha 12 CyTKM  METaHOBOTO
cOpaxuBaamsa cyOctpata. B cooTBeTcTBHE C
HAIlUMKA ~ TPEABIYIIAMH  HCCIICIOBAHUSIMU,
MaKCHUMaJIbHBIN BBIXOJ] Omoraza (WId MeETaHa)
MpA  TEPUOAWYECKOM  PEeKUME  3arpy3KH
METaHTEHKa  COOTBETCTBYET  IOCTOSTHHOMY
BBIXONy  Oworaza (Wi  MeTaHa)  IIpu
KBa3WHETIPEPHIBHOM pexxume 3arpy3Ku
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tdepmentepa.  [lostomy, Ha  OCHOBaHHMH
pe3yIbTaToOB IKCTIEPUMEHTAIIBHBIX
WCCIIEOBAHNI TIPU TEPUOANIECKOM pEKUME
3arpy3ku (pepMeHTepa MOXKEM CIIPOTHO3UPOBATH
TIOCTOSIHHBI BBIXOJT MeTaHa npu
KBa3HHENPEPHIBHOM pexxumMe 3arpy3Ku
(epMeHTEpa, TMpU KOTOpOM pabOTarOT BCe
MIPOMBIIJICHHBIE OHOTa30BbIC YCTAaHOBKH. J[iist
MCUXPOMUIBHOTO  TEMIEPATYpHOTO  PeKUMa
TIOCTOSIHHBIN BBIXOJ METaHa B TMPOMBIIIICHHBIX
OMOTra30BBIX YCTAHOBKAX OYAET COCTAaBIAThH
0.0033 m* merana u3 ogHoro kuinorpamma COB
3a OJTHH CYTKHU pabOTHl YCTAHOBKH.

B cunenyromem skcnepumente k 900 mn
MHOKYJsTa Ob1o nobaBieHo 800 mi cBexero
HaBO3a KPYIHOTO POTaToro CKoTa U 64.65 T
sI011OYHBIX BEDKUMOK. Jlonss COB BBDKUMOK B
cmecu ¢ HaBozom KPC cocrtaBuma 30.7%.
Hauanpnas xornentparus COB cmecn HaBo3a
KPC u s07m0YHBIX BBDKHMOK B pPeaKTOpe
cocraBuina 33.2 r/m.

JuHamuKka W3MEHEHHs] CKOPOCTH BBIXO/a
Ouorasza v MeTaHa IoKa3aHa Ha PUCYHKeE 0, IpH

Ouorasa B IPOLIECCE METAHOBOTO COpaKUBaHUs
—Ha puc. 9.

Kak BumHO U3 prucyHKa 8, XapakTep BbIXOj1a
Ouoraza U MeTaHa BO BPEMCHH HE WU3MCHUIICS
[0 CPaBHEHHUIO C TaKOBBIM INPH COpaXKMBAHHUU
CMECH HaBO3a KPYITHOTO pOraToro CKOTa ¢
SIOJIOYHBIMU BBEDKHMKaMH pu
MCUXPOPUILHOM PEIKUME.

I[luk BeIXOma Ownorasa
COB-cyTkmn)) mpwuiencs
JKCIIEPUMEHTa, TPU ITOM
MeTaHa B HeM cocTaBuia 31.0%.

Ilux BBIXOJA MeTaHa TNpuIleNcs Ha S5-i
neHb dKcnepuMenTta M cocraBun 0.012 m*/(kr
COB'cyTtkm) nipu ero KoHneHTpauuu 76.5%.

Ha 20-if neHp »dKcmepuMeHTa CTEIeHb
pacmaza OpraHM9IecKOoro BEIIeCTBa MO BBIXOIY
MeraHa  coctaBwia  39.7%.  3ameTHoe
3aMeICHHIS WHTCHCUBHOCTH pacmnana
Ha0II0AJIOCh B TAHHOM JKCIepUMEHTe Ha 13-
i neHsb (puc. 6).

Bbixon Metana ymanm Ha KOHEI[ SKCIIEPUMEHTa
Mo cpaBHeHHMIO ¢ THKOM 10 74.2%. Cpenmuss

(0.034  m3/(xr
Ha 2-H [OeHb
KOHIICHTpAITUs

COBMECTHOM COp2)KUBAaHUHM HABO3a KPYITHOTO CKOPOCTh  BBIXOZAa METaHa B  TEUEHWE
poraTtoro CkKora ¢ SIOTOYHBIMH BEDKUMKAMU B AKCIIEPUMEHTA COCTaBWIaA 0.076 M3/(KF
NCUXPOQUIBHOM DEKUME I[PU TEeMIEepaType COB-cytku). Konmentpamust  Merana B
o N
2241°C, a uX KyMyJISATHUBHBIM BBIXOJT HA PUC. 7. VCTAHOBHBIIEMCS ~ POKHME  KOIeOarach B
Jlunamuka pacraia OpraHudeckoro BellecTsa npeaenax 67.6-76.5%, 1 HECKOIBKO CHU3UIACH K
MoKa3aHa Ha pHC. 8, a HM3MEHEHUE COCTaB KOHITY SKCTIEpHUMEHTA (puc 7)
0.040 0.014
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Mepuopn MeTaHOBOro 6poXeHUst, CYyTKU
Methane fermentation period, days
=8— CkopocTb Bbixofa buora3a (Biogas output rate) == CkopocTb Bbixod MeTaHa (Methane output rate)

Puc. 6. lunaMuka n3MeHeHHsI CKOPOCTH BbIX0/1a 0MOTra3a NpM MEeTAHOBOM COpasKUBAHMH
cMeCcH HaB03a KPYMHOT'0 POraToro ckora ¢ s16;104nbiMi BeizkumMkamu (30.7% no COB) B
Me30pHILHOM peskuMe npu Temnepartype 36+1°C.2
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Kax BugHO 13 TabmuIe! 3, cTeneHb pacnaaa
OpPraHMKH 3aMETHO BBIPOCJIA IO CPAaBHEHUIO C
NCUXpOoPHIbHBIM pekuMOM. [Ipu 3TOM TakKe
BEIPOCIIa CpEAHSISI KOHIICHTpAlWsi MeTaHa B
Ouorase.

IIpu noGamneHun SOJIOYHBIX BBDKUMOK K
KOPOBBEEMY HaBO3y CpPEJHMI BBIXOJ Ouorasa B
Me30(MIBHOM pPEXUME TMPU TNEePUOINIECKON

3arpyske (epmenTepa cocrasiser 0.013 m>/(kr
COB-cytkmn), uto B 1.8 pasa Oombmie, dem
CpemHWil BbIXON OWoOrasa TpH METAaHOBOM
cOpaXnBaHUU KOPOBBETO HaBO3a B
Me30huIbHOM  pexume.  KyMynsaTUBHBIN
BBIXOJ] Oworaza Ha 19 JeHb wHcCleOBaHUS
coctasist 0,173 m*/kr COB, KyMyJIsTUBHBIH
BeIxoq merana — 0,095 m*/kr COB.
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Mepuoa meTaHOBOro 6POXEHUsT, CYTKN
Methane fermentation period, days
=@— CkopocTb Bbixoga 6uorasa (Biogas output rate) == CkopocTb Bbixog MeTaHa (Methane output rate)

Puc. 7. KymyJasiTHBHBINBBIX0/ 0MOra3a M1 MeTaHA IPH METAHOBOM COPAKNBAHUM CMeCH
HaB03a KPYIHOI0 poraToro ckorta c siojjounbiMu BelxxkuMkamu (30.7% no COB) B Me30(puabHOM
pexkume npu remneparype 36x1°C.°
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Puc. 8. JlImHamMuka pacnaga opraHn4ecKoro BeecTsa Npu cOpaKnBaHUM CMeCH HaB03a
KPYIHOT0 POraToro ckota c s10;104ubiMu BolxxkuMkamu (30.7% no COB) B Me30(puiibHOM
pexume npu Temneparype 36+1°C.1°
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Mepnon meTaHOBOro 6poXeHus, CyTk1
Methane fermentation period, days
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Puc. 9. U3meHeHne cocTaBa 0Mora3a Bo BpeMeHU NPHU cOPa’KUBAHUU CMeCH HAB03a KPYIHOTO
porartoro ckota c s10;104HbIMH BblkUMKaMU (30.7% no COB) B Me30(puJILHOM pe:xuMe NpH
Temneparype 36+1°C."

Kax BugHO w3 puc. 6, MakcHMaibHas
CKOPOCTh BBIXO/Ia METaHa MPH NEPHUOJUUECKOM
pexume 3arpy3Ku tdepmenTtepa B
Me3omibHOM pexkume  cocTtaBisger 0.012
M*/(kr COB-cyTku), uto Gosee yeM B 1.6 pasa
NPEBHIIIAET MAKCUMAIBHYIO CKOPOCTh BBIXO/A
MeTaHa TpPH METAaHOBOM MOHOCOpaXMBaHHUU
HaBo3a KkpymHOro poraroro ckora (0.0075
mM*/(kr  COB-cytkm)). B coorBercTBUM ¢
HAllUM{ ~ TIPEIBIAYIIAMH  HCCIIeTOBAaHUSIMI,
MaKCUMaJIBHBIA BBIXOJ OHWorasa (WM MeTaHa)
B OMOra3oBOil yCTaHOBKE C NEPHOAMYCCKUM
peKUMOM 3arpy3Ku ¢depmenTepa
COOTBETCTBYET IMOCTOSHHOMY BBIXOIy Omorasa
(mmm MeraHa) B OHMOra3oBOM YCTaHOBKE C
KBa3MHENIPEPUBHBIM  PEKUMOM  3arpy3Ku
dhepmenrtepa. Ilostomy, mis Me30(pHIBLHOIO
TEMIEPATypHOTO PEXXMMA. MOCTOSHHBIN BBIXO.
METaHa B TNPOMBIIUICHHBIX OHOTa30BBIX
ycTraHoBKax Oymer coctaiste 0.012  w?
MeTaHa U3 OIHOTO KT cyOcTpara 3a OJTHU CYyTKH
paboThI GMOTra30BON YCTAHOBKH.

CpaBHUBasi TIOJNyYCHHBIH pPE3yJNbTaThl C
HAyYHBIMHU HCCIICAOBAHUSIMHI Ha aHAJIOTUIHYIO
TEMaTHKy, MOXXHO OTMETHTH clienyromiee. B
pabore [25] mpoBedeHO — HccIeqOBaHHUE
METaHOBOTO MOHOCOPaXHBAHHUSI KOPOBBETO
HaBo3a B Me3ohmwibHOM pexume (37°C).
MaxkcumanbHbIi KYMYJISITUBHBIN BBIXOJ1

' Appendix 1
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Ouoraza Ha 40 CyTKM  METaHOBOTO
cOpaxMBaHHMsA TNpPH OPraHUMYECKOH Harpyske
¢depmentepa 26 T VS/n cocraBnsin 193 mu/r
VS. Ilpu »tomM, Ha 19 CyTKM METaHOBOTO
cOpakuBaHMs BBIXOHA Oumorasa coctaBisul 50
M/t VS, uro mouru B 3.5 pasa HmKe IO
CpPaBHEHHIO C KYMYJSATHUBHBIM  BBIXOJIOM
Ouoraza, MOJy4YCHHBIM HaMU TIPU aHAJOTHYHO
TeMIIepaTypHOM pexume ¢epmentepa Ha 19
CYTKH COBMECTHOTO METaHOBOT'O COpayKUBAHHUS

CMECH KOPOBBETO HaBO3a U  SAOJIOYHBIX
BEDKMMOK. CaMblil BBICOKMH KyMYJISTHBHBIN
BBIXO[ MeTaHa HaOroancs npu

opraHudeckoi Harpyske ¢epmentepa 30 T
VS/n u Ha 40 CyTKH METaHOBOTO COpakKMBaHUSI
cocrapmsin 63.42 m/r VS. Ilpu stom Ha 19
CyTKA METaHOBOTO COpaXMBaHUS  BBIXOJ
MeTaHa coctaBisul 10 Ma/r VS, uro B 9.5 pasa
HIDKE 10 CpaBHEHHIO C KyMYJISITUBHBIM
BBIXOJOM OHOTrasza, MOJIY4YE€HHBIM HaMH IIpH
aHAJIOTHYHO TEeMIIepaTypHOM pexume
¢depmentepa Ha 19 CyTKM COBMECTHOTO
METaHOBOI'O COpPaXMBaHHUS CMECH KOPOBBETO
HaBo3a U s10J1049HBIX BEDKUMOK (95 mui/r VS). B
pabore  [26]  cormacHo  rpadUUECKOro
M300pakeHNsT KyMYJISTHBHBIH BBIXOJ Onorasa
Npd METaHOBOM COpaXMBaHUM KOPOBBETO
HaBo3a mpu Temreparype 36°C Ha 18 cyTtku
cocrapisieT npudnmsurensio 120 mu/r COB,
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yro B 1,4 pasa HmKe, 4eM BBIXOJ Ouorasa,
MONy4YeHHBIH  HAMH  TPA  COBMECTHOM
METaHOBOM COpaXMBaHHH CMECH KOPOBBETO
HaBo3a U A0JOYHBIX BbDKUMOK (0.168 M*/kr
COB). B pa6ore [27] MakCHUMaTbHBIN BBIXOJ
6uoraza npu temmeparype 40°C nabiromancs
Ha 3 CyYTKH METaHOBOTO COpakMBaHUSI W
cocraBisin 0.95 n/(wac-kr COB), 3a cyTku

cocraBisieT 22.8 n/kr COB, uau 0.0228 M*/kr
COB, Torma kak 3a HallUMH PE3yJIbTaTaAMH
MaKCUMaJbHBI  BbIXOJ  Ouoraza  mpw
COBMECTHOM METaHOBOM COpaXMBaHUU CMECH
KOPOBBETO HaBO3a M SOJIOYHBIX BBDKUMOK
(duKcupyercsi Ha BTOpPbIE CYTKH METaHOBOTO
cOopaxusanus u cocrasiser 0.036 m*/kr COB.

Taoaumna 3

OcHOBHBIE MOKA3aTeIN CEPUH IKCIIEPAMEHTANIBHBIX HCCIeI0BaHni 3(PpdeKTHBHOCTH
cOpa’kMBaHUsI cMecell HAaB03a KPYNHOI0 POraToro cKoTa ¢ si0J104HbIMHM BBUKMMKAMU B
Me30HILHOM pesKuMe Npu Temmneparype 36+1°C.12

Tlokazarenn
Indicators

Hago3z KPC + Benxumkwu 16710k (30.7% COB)
Cattle manure + apple pomace (30.7% DOM)

Organic matter decay rate, %
yepes 5 cyTok
in 5 days
gepe3 10 cyTok
in 10 days
gepe3 15 cyTok
in 15 days

Crenens pacmnazia OpraHUMIecKoro BemecTsa, %

14.8

28.3

35.9

yepe3 20 cyTok
in 20 days

1.659/2

MaxkcumanbHasi CKOPOCTh BBIXOJa Onorasa,
M*/(kr COB-cyTKH) / IeHb DKCIIEPUMEHTA
Maximum biogas output rate, m*/(kg
DOM-day)/day of experiment

0.034/2

MakcuManbHasi CKOPOCTh BBIXO/Ia METaHa,
M*/(kr COB-cyTKH) / IeHb DKCIIEPUMEHTA
Maximum metane output rate, m*/(kg
DOM-day)/day of experiment

0.012/5

[Iporuo3upyemast cpeHssi CKOPOCTh BBIXOJIA
ouorasa 3a cytku, Mm>/(kr COB -cyTkn)
Predicted average biogas output rate per day,
m’/(kg DOM-day)

0.013

Cpennee conepxkanue Metana, %
Average methane content, %

57.3

Organic matter decay rate, %

CrereHn pacnaga OpraHn4eCKOro BCIieCTBa, %

65.6

COB / neHb dKcIieprUMeHTa

DOM / day of experiment

KyMynsTHBHBIN BBIX0J OMOrasa / MeTaHa, M>/Kr

Cumulative biogas yield / methane yield, m’/kg

0.173/0.095/ 19

Yro kacaeTcsd HCCIEIOBAHUII COBMECTHOTO
METaHOBOTO COpaXMBaHHs HaBO3a C SIOJOYHBIMU

BEDKMMKamM#, B  pabore [28]  omucasbl
pe3yIbTaThl 9KCIIEPUMEHTAIBHOTO
WCCIIEIOBAHNUS  METAaHOBOIO cOpaKUBaHUS
sIOJTIOYHBIX BBEDKMMOK B Me3ohuiasHOM (37°C)
pexume B JabopatopHoM  (epMeHTepe

emkocthio 600 M 1 paboueii emxocthio 400-500
MJI. YCTaHOBJIEHO, YTO MaKCHUMalIbHOE CYTOYHOE
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NPOU3BOJICTBO OMOTa3a B ME30(MIILHOM PEKUME
HaOmOJAIOCh Ha 22 CyTKM  METaHOBOTO
copaxuBanus (20.16 mu/r VS), Torna xak Hamm
WCCIICIOBAaHUS MaKCUMyM BBIXOJa Ouoraza Ha
BTOpPbIC CYTKM METAHOBOIO cOpaxkuBanus. [Ipu
3TOM MaKCUMAJIbHBIH BBIXOJ OMOTa3a COCTABIISIT
33,5 mi/r COB, uto B mmouru B 1,7 60JblIe YyeM
omucano B pabore [28]. B pabore [29]
NPOBOJMIOCH  HCCIEJAOBAHUE  COBMECTHOTO
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METAHOBOTO COpa)KMBaHUS SONOYHBIX BBIKHMOK
U CTOYHBIX BOJ B ICHXPOQWIBHOM pEXHUME
(22°C). Kak BuaHO 13 rpaduka, KyMyJIsSTHBHBIH
BBIXOJ] MeTaHa Ha 26 CYTKH METaHOBOTO
Oposkenust Haxoautcst Ha ypoBHe 40-50 1/ COB,
YTO COOTHOCHUTCS C HAIIMMH UCCIICIOBAHUSIMH.

V. BBIBO/IbI

1. B pe3ynbTaTre npoBEACHHBIX UCCICAOBAHUI
YCTAaHOBJIEHO, YTO TP METAHOBOM COpa’KMBaHHUU
HaBO3a KPYITHOT'O POraToro CKOTa C BEDKUMKaMU
650K (30.7% mo COB) B Me30(pUIBHOM peXIMe
MaKCUMaJIbHBIM BBIXOJ Ouorasa HaOmromasics Ha
BTOpBIE€ CYTKH METaHOBOTO OPOXKEHHSI U COCTaBUIT
0.034 ™Y(xr COB-cyTkW), TIpH  3TOM
MaKCUMaJIbHBIA BBIXOJ MeTaHa coctaBua 0.012
M*/(kr COB-CyTKH) Ha TATBIE CYyTKH METaHOBOTO
Opoxenus. JIns  TCUXpOQHIBHOIO — pexuMa
MaKCHUMaJbHBIM BBIXOJ OHOra3a COCTaBIISCT
0.0083 wm*/(xr COB-cytkn), merana - 0.0033
m*/(kr COB-cyTKH)

2. CpemHss CKOpPOCTh BEIXOAa Oworasza Ipu
METaHOBOM COpaXMBaHHMM CMECH HaBo3a C
BeDKUMKamMu 10110k (30.7% mno COB) mpum
temneparype 36+£1°C Beipocma B 1.8 1o
CpPaBHEHMIO C MOHOCOpaKMBaHHMEM HaB03a
KpYITHOTO pOTaTroro CKOTa B Me30()HIHLHOM
peXHMe, YTro HE TPOTHBOPEYUT IaHHBIM
W3BECTHBIX JINTEPATypHBIX MCTOYHUKOB. [lpum
STOM CTENEHb pacrajia OPraHUuIECKOro BEIIeCcTBa
gyepe3 15 cyTok coctasnsia 35.9%.

3. Ha ocHoBe ckopocTu razoo0pa3oBaHUs U

KyMYJIITUBHOTO IIPOU3BOJCTBA rasa
UcCleloBaHUEe  IO0Ka3ajlo, 4To  Haumbouee
panroHaIbHBIM PEeKUMOM (dbepmeHTauu

S0JIOUHBIX BBDKMMOK W KOpPOBBETO HaBo3a
ABTISIETCS. ME30()MITBHBIN.

APPENDIX 1
Fig. 1. Scheme of experimental setup for periodic
anaerobic digestion: 1 - fermenter vessel; 2 — non-
movable part of the gas holder; 3 - movable part of
the gas holder; 4 - container with coolant; 5 - PVC
tube; 6 — ball gas valve; 7 - gas analyzer; 8 —
working space of the fermenter; 9 — the inner gas
space of the gasholder; 10 - coolant (water); 11 - 5%
aqueous NaCl solution; 12 - mercury thermometer;
13 - thermostat (AT == 1° C).
3Fig. 2. Dynamics of change in the rate of biogas
yield during methane fermentation of a mixture of
cattle manure with apple pomace (28.1% by DOM) in
a psychrophilic temperature regime at 22+1°C.
4Fig. 3. Cumulative yield of biogas and methane
during methane fermentation of a mixture of cattle
manure with apple pomace (28.1% by DOM) in a
psychrophilic mode at a temperature of 22+1°C.
SFig. 4. Organic matter decay rate during anaerobic
digestion of a mixture of cattle manure and apple
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pomace (28.1% by DOM)
temperature regime at 22+1°C.
®Fig. 5. Composition of biogas over time during the
anaerobic digestion of a mixture of cattle manure and
apple pomace (28.1% by DOM) in psychrophilic
temperature regime at 22+1°C.

8Fig. 6. Dynamics of change in the rate of biogas
yield during methane fermentation of a mixture of
cattle manure with apple pomace (30.7% % by DOM)
in a mesophilic temperature regime at 36+1°C.

Fig. 7. Cumulative yield of biogas and methane
during methane fermentation of a mixture of cattle
manure with apple pomace (30.7% by DOM) in a
mesophilic mode at a temperature of 36+1°C.

Rjg. 8. Organic matter decay rate during anaerobic
digestion of a mixture of cattle manure and apple
pomace (30.7% by DOM) in mesophilic temperature
regime at 36+1°C.

Rig. 9. Composition of biogas over time during the
anaerobic digestion of a mixture of cattle manure and
apple pomace (30.7% by DOM) in mesophilic
temperature regime at 36+1°C.
ITable 1. Composition of
experimental studies.

"Table 2. The main indicators of a series of
experimental studies of the efficiency of anaerobic
digestion of a mixture of cattle manure and apple
pomace in psychrophilic temperature regime at
22+1°C.

2Table 3. The main indicators of a series of
experimental studies of the efficiency of anaerobic
digestion of a mixture of cattle manure with apple
pomace in mesophilic temperature regime at 36+1°C..

in a psychrophilic

substrates  during

bubauorpadus (References)

[1] Vtorichnye materialnie resursy pishevoj promysh-
lennosti [Secondary material resources of the
food industry]. Moscow: Economics, 1984. 164
p.

[2] Ampese, L.C., Ziero, H., Velasquez Pifas, J.A.,
Sganzerla, W.G., Forster-Carneiro, T. Apple
pomace management by anaerobic digestion and
composting: a life cycle assessment. Biofuels,
Bioproducts and Biorefining. 2022, Vol. 17, no.
1, pp. 29-45. doi: 10.1002/bbb.2446.

[3] Piskunova, L.E., Yeremenko, O.1., Zubok, T.O.,

Serbeniuk, H.A., Korzh, Z.V. Scientific and

methodological aspects of solid biofuel

production processes in compliance with labor
protection and environmental safety measures.

Polityka energetyczna — energy policy Journal.

2022, Vol. 25, no. 1, pp. 143-154. doi:

10.33223/epj/144008.

Volodko O.I., Ivanova T.S., Kulichkova G.I.,

Lukashevych K.M., Blume Ya.B., Tsygankov

S.P. Fermentation of sweet sorghum syrup under

reduced pressure for bioethanol production. The

Open Agriculture Journal. 2020, Vol. 14, pp.

235-245. doi: 10.2174/1874331502014010235.

[5] Kell, CJK. Anaerobic co-digestion of fruit juice
industry wastes with lignocellulosic biomass, 2019.



PROBLEMELE ENERGETICII REGIONALE 4 (64) 2024

Stellenbosch: Stellenbosch University, 112 p.

[6] Jewell, W.J., Cummings, R.J.. Apple Pomace
Energy and Solids Recovery. Journal of Food
Science. 2006, Vol. 49, no. 2, pp. 407-410. doi:
10.1111/5.1365-2621.1984.tb12433 x.

[7] Kuprys-Caruk, M., Podlaski, S. Intensification of
Biogas Production in the Process of Co-
Fermentation of Silages From Perennial Grasses
Blended with Maize or Waste From the Agro-
Food Industry. Polish Journal of Natural
Sciences. 2019, Vol. 34, no. 2, pp. 233-243.

[8] Vaegz, S., Karimi, K., Denayer, J.F.M., Kumar, R.
Evaluation of apple pomace biochemical
transformation to biofuels and pectin through a
sustainable biorefinery. Biomass and Bioenergy.
2023, Vol. 172, am 106757. doi:
10.1016/j.biombioe.2023.106757.

[9]. Molinuevo-Salces, B., Riafio, B., Hijosa-Valsero,
M., Gonzalez-Garcia, 1., Paniagua-Garcia A.L,,
Hernandez, D., Garita-Cambronero, Je., Diez-
Antolinez, R., Garcia-Gonzalez, M.C.
Valorization of apple pomaces for biofuel
production: A biorefinery approach. Biomass and
Bioenergy. 2020, Vol. 142, a/n 105785. doi:
10.1016/j.biombioe.2020.105785.

[10]Gonzalez-Garcia, 1., Berta Riafio, B., Molinuevo-
Salces B., Garcia-Gonzalez M.C. Energy and
Nutrients from Apple Waste Using Anaerobic
Digestion and  Membrane  Technology.
Membranes. 2022, Vol. 12, no. 9, a/n 897. doi:
10.3390/membranes12090897.

[11]Tulun, ., Bilgin, M. Enhanced Soluble Protein
and Biochemical Methane Potential of Apple
Biowaste by Different Pretreatment. Earth
Systems and Environment. 2018, Vol. 2, no. 1,
pp- 85-94. doi: 10.1007/s41748-017-0033-7.

[12]Kuznia, M., Magiera, A., Jerzak W.,
Pielichowska, K., Sikora J. Biogas production
from agricultural and municipal waste. For
results International Conference: Energy and
Fuels 2018 (September 19-21, 2018, Krakow,
Poland), E3S Web of Conferences, 2019. Vol.
108. 02010. doi: 10.1051/e3sconf/201910802010.

[13]Zhang, L., Peng, B., Wang, L., Wang, Q.
Potential of anaerobic co-digestion of acidic fruit
processing waste and waste-activated sludge for
biogas production. Green Processing and
Synthesis. 2022, Vol. 11, no. 1, pp. 1013-1025.
doi: 10.1515/gps-2022-0089.

[14]Blum, J. Anaerobic Digestion and Membrane
Technology for Energy and Nutrient Recovery
from Apple Waste. Journal of Inflammatory
Bowel Diseases & Disorders. 2022, Vol. 7, no. 3,
pp. 163-164.

[15]Bondar S.N., Chabanova O.B., Nedobiychuk T.V.
Study of the process of obtaining biogas from
fruit canning waste. Ecological safety. 2008, Vol.
2,no. 2, pp. 68-72.

[16]Sikora, J, Rutkowski, K. Determining The
Amount of Biogas Derived From Cosubstrate on
Base Executed Corn Silage and Wastes of
Agricultural  Industries. For  results  5th

63

International  Conference on  Trends in
Agricultural  Engineering (September 03-06,
2013, Prague, Czech Republic), Trends in
Agricultural Engineering, 2013. pp. 581-585.

[17] Dubrovskis, V., Plume, I. Biogas from wastes of
pumpkin, marrow and apple. Agronomy
Research. 2017, Vol. 15, no. 1, pp. 69-78.

[18] Coalla, H.L., Fernandez, J.M.B., Moran, M.A.N.,
Bobo, M.R.L. Biogas generation apple pulp.
Bioresource Technology. 2009, Vol. 100, no. 17,
pp. 3843-3847.

[19]Hernandez, D., Pinilla, F., Rebolledo-Leiva, R.,
Aburto-Hole, J., Diaz, J., Quijano, G., Gonzalez-
Garcia, S., Tenreiro, C. Anaerobic Co-Digestion
of Agro-Industrial Waste Mixtures for Biogas
Production: An  Energetically Sustainable
Solution. Sustainability. 2024, Vol. 16, no. 6, a/n
2565. doi: 10.3390/su16062565.

[20]Mkhize, N., Mjoli, N.S., Khumalo, S.M., Tettteh,
E.K, Mahlangu, T.P., Rathilal, S. Enhanced
Biogas Production through Anaerobic Co-
Digestion of  Agricultural Wastes and
Wastewater: A Case Study in South Africa.
International Journal of Energy Production and
Management. 2023, Vol. 8, no. 2, pp. 123-131.
doi: 10.18280/ijepm.080209.

[21]Bayrak Isik, E.H. The Effect of Different
Pretreatment Applications on Biogas Production
from Plant and Animal Wastes. Journal of
Agricultural — Faculty  of  Gaziosmanpasa
University. 2021, Vol. 38, no. 3, pp. 151-156.
doi: 10.13002/jafag4783.

[22]Kulichkova, G.I., Ivanova, T.S., Koéttner, M.,
Volodko, O.I., Spivak, S.I., Tsygankov, S.P.,
Blume, Ya.B. Plant feedstocks and their biogas
production potentials. The Open Agriculture
Journal. 2020, Vol. 14. pp. 219-234. doi:
10.2174/1874331502014010219.

[23]Arachchige, U., Rasenthiran, K., Madurap-
peruma, L.L., Madalagama, L., Pathirana, P.,
Sandupama, S. The Potential of Biogas from Ap-
ple Juice. International 2019, Vol. 11, no. 4, pp.
2349-3585.

[24]Li, K., Liu, R., Cui, Sh., Yu, Q., Ma, R. Anaero-
bic co-digestion of animal manures with corn
stover or apple pulp for enhanced biogas produc-
tion. Renewable Energy. 2018, Vol. 118. pp. 335-
342. doi: 10.1016/j.renene.2017.11.023.

[25]Hamzah, A.F.A., Hamzah, M.H., Man, H.Ch.,
Nur Syakina Jamali, N.S., Siajam, S.I., Ismail,
M.H. Effect of organic loading on anaerobic di-
gestion of cow dung: Methane production and ki-
netic study. Heliyon. 2023, Vol. 9, no. 6, a/n
e16791. doi: 10.1016/j.heliyon.2023.16791.

[26]Ouahid, E., Elamin, A.M. Optimization of Treat-
ment and Energetic Valorization of Chicken
Droppings by Anaerobic Digestion. Chiang Mai
Journal of Science. 2017, Vol. 44, no. 4, pp.
1347-1355.

[27]1Rogovskii I.L., Polishchuk V.M., Titova L.L.,
Sivak I.M., Vyhovskyi A.Yu., Drahnev S.V.,



PROBLEMELE ENERGETICII REGIONALE 4 (64) 2024

Voinash S.A. Study of Biogas During Fermenta- [29]White, T.E., Malecki, D.J., Jewell, W.J. Anaero-
tion of Cattle Manure Using A Stimulating Addi- bic Treatment of Apple Pomace and Wastewater.
tive In Form Of Vegetable Oil Sediment. ARPN For results 43rd Industrial Waste Conference
Journal of Engineering and Applied Sciences. (May 10-12, 1988, Purdue University, West
2020. Vol. 15, no. 22. pp. 2652-2663. Lafayette, Indiana, USA), CRC Press, 1989. pp.
[28]Sami, M., Akram, A., Sharifi, M. Potential 551-560. eBook ISBN9781351076012.

Evaluation and Modeling of Biogas Production
from Apple Pomace. Journal of Agricultural
Machinery. 2021, Vol. 11, no. 2, pp. 305-316.
doi: 10.22067/jam.v11i2.80322.

Caenenus 00 aBToOpax.

i

¥

Mommmyx Bukrop.
HannonansHbIH YHUBEPCUTET
oropecypcos u

MPHUPOJIOTIONH30BAHUS Y KPAHHBIL,
JIOKTOP TEXHUYECKHUX HAYK,
npodeccop. OcHoBHast 00JacCTh
HCCIENOBAHUI: TEXHOJOTMH M
TEXHUYECKHE cpencTaa
TIPOU3BOJICTBA OMOTOTLTHBA.
E-mail:

polischuk.v.m.@gmail.com

IBopoB Cepreii. HaumonansHbli
YHHBEpCUTET  OHOpPECYpcoB  H
MPUPOJIOTIONH30BAHUS. Y KPaHHBI,
JIOKTOP TEXHHYCCKUX HayK,
npodeccop. OcHoBHast  00JaCTh
HUCCIICIOBAHUN: CO3JIaHUE
POOOTOTEXHMYECKUX CHCTEM IS
cbopa u nepepaboTKu
OPTaHMYECKOTO CBHIPHSI.

E-mail: sosdok@nubip.edu.ua

Kyuepyk Ilerp. Uucturyr Ttex-
Hudeckor Tterodmsukn  HAH
VYkpaunsl, Kanaupar texaude-
ckux Hayk (PhD). OcHoBHas
001acTh MCCIIEIOBAHUN: TEXHOJIO-
THH ¥ SKOHOMHKA MPOM3BOJCTBA U
JHEPreTUYCCKOM YTUJIH3AIUN
Oumorasza, OIICHKa BO3JCHCTBUS
MAPHUKOBBIX Ta30B Ha aTMOCheEpy,
nepepabotka orxo08 ATTK.
E-mail: pitku@i.ua

3absoackmii Hukouaii.
HanpoHansHbIH YHUBEPCUTET
6ropecypcoB u
TIPUPOOTIONL30BAHUST Y KPauHbl,
JIOKTOD TEXHUYECKIX HayK,
npodeccop. OcHoBHast  007acTh
HCCIICIOBAHMIA: TEXHOJIOTHI
KOHBEpCHH OMOMAcChl B OHoras rmojy
BO3JICHCTBHEM  AJICKTPOMATrHUTHOTO
moysi,  mepepaboTka  TOOOYHBIX
MPOAYKTOB ~ KMBOTHOBOJACTBA B
TOILIUBO. E-mail:

zalodskiynn@gmail.com

64

lanbunHckasn HOmms.
HanuonanpHbIl  yHUBEPCUTET
oropecypcos u
IPUPOJONOIb30BAHUS

Ykpaussl, TIOKTOP
SKOHOMHYECKUX HayK,

npodeccop. OcHOBHas 00IacTh
HCCIIEIOBAaHUI:  yCTOMYUBBII
MapKeTHHI,  CTpaTerHYeCKhit
MapKeTHHT, ONOdHEePTreTHKA.
E-mail:

galchynskaya@gmail.com

3y6ok TarbsiHa.
HarmonansHbIi YHUBEPCUTET
oropecypcoB u

MPUPOJIOTIONE30BAHUS Y KPAUHBI,
KaHIUIAT  CEJNbCKOXO3IMCTBEH-
HBIX HayK, AoueHT. OCHOBHas
00J1aCTh HCCIIENOBAHNIA:
0e301acCHOCTh TpyzAa B
OMOTOIUTMBHUX MPOM3BOJICTBAX.

E-mail: tanyzubok@gmail.com

IMacnunuk Harammus.
HanuonanbHelii  yHMBEpCUTET
OMOPecypcoB W TPHPOJIOIIONb-
30BaHus YKpauHbl. Kanmupar
CEeNTbCKOXO3SMCTBEHHBIX ~ HAYK,
noueHr. OcHoBHasg  00JacTh

HCCIIeIOBAHUIA: TEXHOJIOTUU
KOHBEpCHU OHOMAcChl B Ouoras
1o COKpAIIeHHOM
(depmeHTanuy,. E-mail:
N.Pasichnyk@nubip.edu.u
Banues Tumyp.
HanumonaneHelif  yHMBEPCUTET
OGropecypcoB u
MIPUPOOTIOTIH30BAHUS

VYkpaunsl, kadempa oOXpaHbI
TpyZa W OHOTEXHHUYECKHX
CHCTEM B IKHBOTHOBO/ICTBE,
acripanT. OCHOBHas 00JacTh
UCCJIEJOBAaHUN: TEXHOJOTHU W
TEXHUYECKHE cpeacTBa
MIPOM3BOJICTBA OHoTasa.

E-mail:timuraliev(@gmail.com


mailto:polischuk.v.m.@gmail.com
mailto:galchynskaya@gmail.com
mailto:sosdok@nubip.edu.ua
mailto:tanyzubok@gmail.com
mailto:pitku@i.ua
mailto:N.Pasichnyk@nubip.edu.u
mailto:zalodskiynn@gmail.com
mailto:timuraliev@gmail.com

	III. методИКА ИССЛЕДОВАНИЙ
	V. Выводы

