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BIIJIMB CHIBBITHOIIEHHSA MI’K THOKYJIATOM I OPTAHIYHUM CYBCTPATOM
HA BUXI/J BIOT'A3Y

I'.O0. YerBepuk, kanj. TexH. Hayk, H.O. MacioBa

Ictutyt BigHoBMOBaHOI eHepreTukd HAH Ykpainu,
02094, Byn. I'nata XotkeBuua, 20A, m. Kuis, Ykpaina.

Busnavuenns memanosozo nomenyiany opeanivHux CyoCmpamie € 6adCIUSUM 3A60AHHAM HA emani NPOEKMy8anHs
0i02a306UX KOMNIEKCI8, 3a800i6 abo cmawnyiu. Buxioni cybcmpamu, 0coOIueo ye cmocyemovcsi cyocmpamis, sKi
CKAA0aiomsbcsi 3 NOCHioy abo eHOw, SIOPIZHAIOMbC CE0IM CKIA0OM npomseom poky. Tomy Ha bioeazosux 06 ’ekmax
3a38uyaii cmeoproioms 1abopamopii, de nepesipsAIomy XapaKmepucmuky 8Uxionozo cyocmpamy ti 6UKOHYIOMb Mecmu 3
BUBHAUEHHA 11020 Memano8020 nomenyiary. Memow pobomu € Oocniddxcenns 6uxody 6iocazy 3anenHCHO 8i0
cniggioHowenHs Mioc [HOKynamom i cyocmpamom. Hagedeno ymogy, 3a AKOI 3HAUEHHA CNIBGIOHOWEHHS MIdC
IHOKYIAMOM i cyOCMpamom MOJ’CHA 86axcamu payiOHATbHUM, d came. He0OXIOHO, Wob GiOXULeHHs 3HAYEHHS 8UX00Y
0ioecasy 6yn0 He3HAYHUM BIOHOCHO HeBeIUKUX 3MIH CRIBBIOHOWIeHHS Midxc [HoKyaamom i cyocmpamom. Hasedeno
pe3ynomamy  eKCcnepumMenmie 3 Memanogoi anaepoOHoi nepepodKu KOpos auo20 2HOI0 NpU  PISHUX 3HAYEHHAX
CRIGBIOHOWIEHHST MIJIC THOKYJISIMOM | KOPO8 suumM eHOeM. Busnaueno euxio ma cknao 6ioeasy, cmyniHb nepepooOxu
opeaniunoi pevosunu. Bcmanoeneno payionanbHe 3HAYEHHsT CNIBGIOHOULEHHST MIdIC THOKYISIMOM | KOPO8 AUUM CHOEM.
Ilpoananizosano Heobxionicmev nepemiutyeanus cybocmpamy Hnpu GUKOHAHHI mMecmy 3 6USHAUEHHA MemaH08020
nomenyiany 6 1a0OPAMOPHUX YMOB8AX. 3’AC08AHO, WO 0N OP2AHIMHUX CYOCMpamie, AKi 1e2KO 30pooicyiomsbcs abo
documyb po36asieHi 8600010, OOCMAMHLO CIMPYULYBATNU 8MICI peakmopa 8pyyYHy pa3 Ha 000y. YV pasi, akujo y ckiaoi
Opeaniyno20 cybcmpamy nepesajicaioms KOMHOHEHMU, WO BaAXCKO 30p00diCcylombes abo opeauniynuii cyocmpam
Micmume 8UCOKY KIIbKICMb cyxoi peuoguHu, nepemiwyganHs 0008 s3xkoee. Hasedeno cnocib nepemiwiyganus 0ns
npo6edeHHs Mecmy 3 GU3HAYEHHS MEemaHo6020 NOMEHYIANy Op2aHiuHux cybcmpamis, AKi MiCMAMb KOPOE AUUL SHIll.
Haseoeno 0sa xpumepii, 32i0n0 3 AKuMU CII0 BUKOHYEAMU 8UOID CNIBGIOHOWLEHHS MIdC THOKVASAMOM i 00CTI0NCYBAHUM
cybcmpamom O1a pi3HUX 6UOIE OP2aHiUHUX cyOCmMpamie npu GUIHAYEHHI IXHbO2O0 MEMAaH08020 NOMEHYIANY. Nepuiuli
Kpumepill — ye HAABHICMb 81ACHOT KAimuKHOI Oiomacu @ cybcmpami; Opyautl Kpumepill — ye HASGHICMb NePesadiCHO
J1e2Ko  36p00dACYy8anHux KoMnoHenmie y cybcmpami. Pexomenooeano Heo6XiOHi 3HaAueHHA CNIBBIOHOUIEHHS MIdiC
IHOKYIAMOM I O00CHIONCY8AHUM CYOCmMpamom OJid OpPeaHiuHux cybocmpamie, wo € NepPCHeKMUSHUMU [ MOJNCYMb
nepuioyepeogo Oymu 8UKOpUcmani @ bioeasosux cmawnyisx. bion. 20, maon. 3, puc. 1.

Knrouosi cnosa: 6iozas, memanoguii nomenyiau, opeaniuni cyocmpamu, iHOKyAam, 30po0diCcy8aHHs.
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INFLUENCE OF RATIO BETWEEN INOCULUM AND ORGANIC SUBSTRATE ON THE
YIELD OF BIOGAS

H. Chetveryk, cand. of technical science, N. Maslova

Institute of Renewable Energy of the National Academy of Sciences of Ukraine,
02094, 20A Hnata Khotkevycha St., Kyiv, Ukraine.

Determining a methane potential of organic substrates is an important task at the design stage of biogas complex,
plants or stations. The raw substrates differ in their composition throughout the year especially those that contain
droppings or manure. Therefore laboratories are usually set up at biogas plants to check the characteristics of the raw
substrate and perform test to determine its methane potential. The aim of the work is to research the yield of biogas
depending on the ratio between the inoculum and the substrate. The condition under which the value of the ratio
between inoculum and substrate can be considered rational is given, namely: it is necessary that the deviation of the
value of biogas yield was insignificant relative to small changes in the ratio between inoculum and substrate. The
results of experiments on methane anaerobic conversion of cow manure at different values of the ratio between
inoculum and cow manure are presented. The yield and composition of biogas and the degree of degradation of volatile
solids have been determined. The optimal value of the ratio between the inoculum and the cow manure has been
determined. The necessity of substrate mixing during methane potential test in laboratory conditions was analyzed. It
has been found that for organic substrates that are easily digested or sufficiently diluted with water, it is sufficient to
shake the contents of the reactor manually once a day. If the organic substrate is composed of components that are
difficult to digest or the organic substrate contains a high amount of dry matter, mixing is mandatory. The mixing
method for the test for methane potential of organic substrates containing cow manure is given. There are two criteria
according to which the choice of the ratio between the inoculum and the substrate for different types of organic
substrates when determining their methane potential should be performed: the first criterion is the presence of its own
cell biomass in the substrate; the second criterion is the presence of mostly easily fermentable components in the
substrate. The required values of the ratio between the inoculum and the substrate are recommended for organic
substrates that are promising and can be primarily used in biogas plants. Bibl. 20, table 3, fig. 1.

Keywords: biogas, methane potential, organic substrate, inoculum, digestion.
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CKJIaI0BO1 mo0yTOBUX BIIXOMIB METOJIOM
METaHOBOTO 30pO/DKYBaHHS 3 OTPUMaHHIM Oiora3zy €
nepcnekTBHOW. [loCTiiHO MPOBOIUTBCS TOUIYK
HOBHX BHJIB 0i0ra30BoOi CHPOBHHHU Ta PO3pOOICHHS
METO/IIB inTeHcudikarii

HOBHUX nporecy

30pomkyBanHs. CymicHe 30pOJKYBaHHA pPIi3HHX

BUIB CHUPOBHHH, OCOOJNMBO 3 BHKOPHUCTaHHSIM
pocnuHHOI 6iomacH, Jae 3MOTY 3HAYHO MiJBUIIUTH
IHTEHCHBHICTh BUXOMY Oiorasy.

BuznaueHHs METaHOBOT'O HOTEHIIaTy
OpraHiYHUX CyOCTpaTiB € BaKJIMBUM 3aBJaHHSIM Ha
eTam  TPOEKTyBaHHS  0iOra3oBHX  KOMILUIEKCIB,
3aBojiB a00 craHIii. OTpuMaHi eKCIlepUMEeHTaIbHI
pe3ynbTaTH orrTUMi3arii

BUKOPUCTOBYIOTH  IJIA

MOKa3HHUKIB IpoIecy 30pO/DKYBaHHS, IIPH SKHX
CIIOCTEPIra€ThC MaKCUMAIILHUH 1 CTaOITBbHUA BUXI
Oiorady, Ta JUIs TPOTHO3YBaHHS MaTepialbHUX
OaJslaHCIB TIpo1iecy 30pOKyBaHHS.

IMocTtanoBka 3aBmaHHsl. Bigzomo, mo mis
JOCSTHEHHSI MAaKCUMaJIbHOT 1HTEHCHBHOCTI TIPOIIECY
30po/KYBaHHsI OpraHi4Hi CyOCTpaTH 3MIIyIOTh 3

iHOKyJsiTOM. OJHUM 13 YHHHUKIB, SIKAH CYTTEBO

BIUTMBa€ Ha TiepeOir Ta 1HTEHCHBHICTh OpOJiHHS, €

CHIBBIJIHOIICHHST MDK OPTaHIYHOI PEYOBHHOIO
THOKYJIATY Ta OpraHiYHOI0 PEYOBHHOIO
nocmimkysanoro  cyberpary  (I/C).  C. Emxop,
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3HaueHHs [/C mnpuBOaUTH 0  IIBUAKOTO 1

CTaOLILHOTO  30pOJKYBaHHs, aje JO0  MEHII
MOCTIJOBHUX PE3yNbTaTiB 1 € PH3HK TOro, IO
YTBOPUTBCS MEHIe Oiorazy 3 cyOcTpaTy, HiX 3
iHokyssty [1-3]. 1. Anremimaki, XK. Jlingmapk Ta
L. Ilepkonini mokasanu, 10 HU3bke 3HaueHHs [/C
NPUBOJUTH 10 1HTiOyBaHHS Mpolecy 30poaKyBaHHS
IPOMDKHUMHU Tponykrtamu [4—6]. 3Baxkaroun Ha
BiZIMIHHOCTI Tepebiry mporecy OpoIiHHS 32 Pi3HHX
3HaueHs I/C, BaXJIMBHM 3aBIaHHAM € BH3HAYEHHS
HOro panioHaJIbHOTO 3HAYCHHS.

Jins BU3HAYCHHS METAHOBOTO IOTEHIIATY
OpraHiyHUX CcyOCTparTiB 3a3BHYail KOPUCTYIOTHCA
BIJIIIOBIIA€

[7, 8],

MIPOTOKOJIOM CKCIICPUMCHTY, o

BUMOraM  MDKHapOJHUX  CTaHJapTiB
amepukancbknx crapmaptie [9, 10], HiMenbkomy
crarnapry [11] abo pexoMmeHaIisiM, HAaBEICHUM JIS
po0OTH 3 aBTOMATHU30BAHOK) CHCTEMOIO BH3HAUYCHHS
OiorazoBoro moreHiiany cyocrpatis [12]. 3 ormsimy
Ha IMUPOKI MEXi Jiama3oHy BapilOBaHHS 3HAYEHHS
I/C, HaBeneHHX y BUMOTax JI0 TECTY 3 BU3HAYCHHS
METaHOBOI'O IMOTeHIiany [7—12], Oyio mHocTaBIeHO
3aBJaHHsA  JOCHIJUTH  IHTEHCUBHICTH  IPOILECY
30pOJUKYBaHHS 3aJIEKHO BiJ CITIBBIIHOIIEHHS MIDK
OpraHIYHOI0 PEYOBHHOIO IHOKYIIATY 1 CyOCTpaTy Juis
KOPOB’SIMOTO THOIO — CHPOBHHH, IO IIEPEBAXKHO

BUKOPHUCTOBYIOTh Y 010Ta30BHUX CTaHIIISX.
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MeTow PpoGOTH € IOCITIKEHHS BHUXOOY
CIIIBBIMHOIIECHHS  MIX

Jloist

IMOCTABJIEHOI METH BU3HAYECHI TaKl 3aBJaHHIA:

Oiorazy 3aJexHO BiA

iHOKyIsATOM 1 cyOcTpaToMm. JOCATHEHHS

1. [TpoBecTH eKCIIEPUMEHTH 010
30po/KyBaHHsI KOPOB’SIMOTO THOK TPH  Pi3HUX
3HAQYEHHSX CIIBBITHOUICHHS MIX 1HOKYJIATOM 1
cyOcTpaToM.

2. IIpoanainizyBati HEOOXiTHICTb ITEpEMIlITyBaHHS
cyOcTpaTy TNpH BHKOHaHHI TECTy 3 BH3HAUCHHS
METaHOBOTI'0 MOTEHILialy KOPOB’STY0T0 THOIO.

3. HaBectu kputepii, 3rimHO 3 SIKUMH CIIiJ
BUKOHYBaTH BHOIp CITiBBiTHOIIEHHS MiX
IHOKYJISITOM 1 JOCHTIDKYBaHUM CyOCTpaToMm Juis
PI3HHX BHIIIB OpPraHigHUX CyOCTpaTiB.

4. Hagatn pekoMeHparii CTOCOBHO 3HAYEHHS
CHIBBITHOIICHHS MIX 1HOKYJIATOM 1 JOCHIIKyBaHUM
cyOcTpaToM AJisl NMPOBEACHHS TECTy 3 BU3HAUCHHS
METaHOBOTO TMOTEHIiANy JJIsi TUX BHIIB OPTraHIYHUAX
cyOcTpariB, sIKi € TEpPCHeKTUBHUMH 1 MOXYTb
MEPIIOYEProB0 OyTH BHKOPHCTaHI B 0i0ra3oBUX
CTaHIAX.

Buxin Oiorazy 3aJ1€KHO Bij
CHiBBiAHOIIEHHSI MIK iHOKYJATOM i KOpPOB’SIYMM
THOEM. Y  BUIII  BiTHOBJIIOBAHHUX  OPTraHIYHUX
€HEepPTroHOCI{B [HCTHTYTY BiJIHOBIIOBAHOI EHEPTETHKH
HAH VYxkpaiau Oynu mpoBelieHI eKcliepuMEeHTAIbHI
3  METOI0  BHUBYEHHS

JIOCHIDKEHHS BILTHBY

CHIBBITHOIIEHHS MIDK OpPraHiYHOK PEYOBHHOIO

IHOKYJISITY Ta KOPOB’SIMOTO THOIO Ha BUXij Oiorasy.
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ITepepobky cyberpary BHKOHYBaJIH Ha
nabopaTopHiii 0iora3oBiif YCTaHOBIl, CXeMy SKOi
HaBesieHO B pobori [13].

OiorazoBa

JlaboparopHa yCTaHOBKa

CKJIaJa€ThCs 3 HATIOBHEHOTO BOJIOIO
TETJI0130IbOBAHOTO TEPMOCTATY, B SIKOMY PO3MillleHi
peakTopu. HarpiBanHi 1 KOHTPOJIb TeMIlEpaTypH
BOAM B TEPMOCTATi 3AIHCHIOBAM 3a JOMOMOTOI0
CJIIEKTPUYHOTO HarpiBaua 3 TEPMOPETYISATOPOM.
Peaktopu repMeTH4YHO 3’€JHaHI 3 Ta3roJNbJEpamH.
Hepyxoma 49acTHHa Ta3roibaepiB  BHCTaBJICHA
TOPU30HTAJIBHO 1 3amoBHeHa po3unHoM NaCl mis
3armo6iraHHs PO3YMHEHHS BYTJIEKHUCIIOTO Ta3y Y BOJI.
Ha pyxomii wYacTWHI Tra3rojbpIepiB HAHECEHO
BIIMITKA MJII BI3yaJIbHOTO BH3HAUEHHS 00’ eMy
BHPOOIIEHOTO OioTasy.

Juis cTBOpeHHST aHaepOoOHUX YMOB BCEpeInHIi
peakTopa Ta30BHH IPOCTIp CHUCTEMH pPEaKTOp—
ras3rojibaep

Oe3nocepeTHbO MOYaTKOM

nepen
EKCIICpUMEHTY MpOAyBalld a30TOM, 00’€M SKOTO
BTPUYi TEpPEBUINYBaB 00’€M BKA3aHOTO Ta30BOTO
poCTOpYy.

JIJ1s miArOTOBKM OpraHiyHUX CyOCTpaTiB Oyiu
BUKOPUCTaHI Taki MaTepiaju: KOPOB’SIUUI THIH,
JUCTWIBOBAaHA BOJIA Ta IHOKYJIAT, SIKUH MOTEPETHHO
OyB aJJaliTOBaHUH JI0 CXOKUX YMOB 30pOI>KyBaHHS.

Bwmict cyxoi peuoBunu (CP) B rTHOI Ta
iHOKYJIsATI 1 BMicT 304U B CP Bu3Hauaiu MeTonamu,
sKki omwmcaHi B craHmaprax [14] i [15] BiamosigHO,

OTpPHUMAaHi pe3yJIbTaTH HaBelIeHO B TadI. 1.
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Taoauusa 1. XapakTepucTUKH iHOKYJIATY Ta KOPOB’SIY0T0 THOK0

Table 1. Solids and ash value in the inoculum and cow manure

KomnoneHT XapaKkTepuCTHKU
OpraHiTHOro cy6eTpary Bwmicr CP, % Bwmicr 301u 8 CP, %
IHOKymAT 2,0 29,0
Kopos’stuuii rHii 18,5 15,8

06’em peakrtopis cranoBuB 1,5 am3, po6oumii
06’eM peakTopis V, ctanosus 1,05 o>,
ExcriepumeHnTH mpoBefieHO B Me30(iIbHOMY
pexumi ipu Temnepatypi 35 °C. Byno migroroneHo
qotupu cyoctpartu, 3HadeHas I/C B skux: I/C = 0;
I/C =1; I/C = 2; I/C = 4. [1na po3paxyHKy KUIbKOCTI
KOMIIOHEHTIB (1HOKYJISITY Ta KOPOB’SYOrO THOIO) B
OpraHiuHuX cyOCcTpaTax po3B’S3yBalld TaKy CUCTEMY
piBasHb [12]:
m,-VS,-p, + M- VSs-ps =V,

(1)
m,:mg=1/C,

ne: M, — Bara COP iHOKyJIATY Ha MOYATOK MPOLECY

30pomkysanHs, T; Mg — Bara COP mocnimkysanoro
cyOcTpaTy Ha KiHemb MpoIecy 30pOMKyBaHHA, T;

VSI — vactka COP y BuXiZHOMY iHOKYJATI,
VSS —gactka COP y nocnimxyBaHomy cyOcTpari,

P, — rycruna IHOKYJIATY, r/name; Pg — rycruna

JOCTiKYBaHOro cybeTpary, r/am®.
B Tabn. 2 HaBeneHO AaHI MIOAO0 MOYATKOBOTO
BMicTy cyxoi opraniunoi pedoBuHd (COPc) B

IHOKYNSTI Ta B  KOPOB’SUOMY  THOI  JuIA

IiATOTOBIIEHUX CyOCTpAaTiB.

Tadoauus 2. MoyaTrkoBuii BMicT COPc: y BUXinHux cydcTpaTax

Table 2. Initial VSad value in the raw substrate

3HaueHHs Bwmict COP, y Tomy yucii:
I/C B iHOKYJATI, T/ M3 B KOPOB’14OMY T'HOT, /M3
0 0 13,7
1 13,7 13,7
2 14,2 7,1
4 14,4 36
Hagenemo aHai3 HeoOXiHOCTI BUpOONeHoro Oiorasy uepe3 Immap cybcrpary 0e3

nepemilryBaHHsl cyOCTpaTry Nmpu BHKOHAHHI TECTY 3
BHU3HAYEHHs METAHOBOT'O IOTEHILiaIy.

[lepemimyBanus cyocrpary CIIpHsie

MOKpaIIeHHIO e(EeKTUBHOCTI mpouecy OpOoIiHHSA.

Posmag  mepeBaxkHOi  OiNBIIOCTI  OpraHIYHUX

cyOcTparTiB He 3aJeXUTh BiJ MepeMilllyBaHHS,

OCKUIBKM BOHO JIHIIIE crpus€  MpOXOKECHHIO
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MEePEIKOI.

s mpoBeneHHA TecTy 3 BHU3HAYCHHS
METaHOBOTO IMOTEHIialy OpraHidYHHUX CyOCTpaTiB
BUKOPUCTOBYIOTH pi3HI cIIOCOOM TepeMilryBaHHS
cyOcTpary, a camMe pydHe CTPYLIyBaHHS, MIILIAJIKH,
0 TIPUBOJATHCS B [0 TPUBOJHUMH JIBUTYHAMH,

MAarHiTHI MIIIaJKU.



BIOEHEPI'ETHUKA

ISSN 1819-8058 (Print)
ISSN 2664-8172 (Online)

BwmicT BOJIOTH Yy MIATOTOBIACHHUX CyOCTpaTax
cranoButh 96-97 %. [Ipu 1bOMy BMICT OpraHiqHOT
pedoBuHn y cyOctpati ctanoButh 30-40 % ioro
ONTUMAJILHOTO B. Banr,

3HAYCHHS. ®. Panoco,

K. Xomirep, I I[lekomini mnokazamu, 1O IS
OpraHiyHUX CyOCTpaTiB, SKi JOCUTh pPO30aBJICHI
BOJIOIO JIOCTaTHRO CTPYIIYBaTH BMICT peakTopa
BpY4HY pa3 Ha 100y [6, 16-18].

TakuM  4YMHOM, TIOKa3aHo,

mo s

MpOBENEHHS] TECTy 3 BHU3HAUCHHA METaHOBOTO
MOTEHIlialy OpTaHIYHUX CyOCTpaTiB, IO MICTSTh
KOPOB’SYMiA THIH, JOCTAaTHBO CTPYIIYBaTH BMICT
peakTopa BpydYHY pa3 Ha 100y, K i A OpraHIYHUX
CyOCTpaTiB, fKi MEpPEeBaKHO MICTATh KOMIIOHEHTH,

Jost

AKHUX

o JIETKO 30pOKYIOTHCS. OpraHigHUX

cyOcTpatiB, y  cKmami IIePEeBAKAIOTH

KOMITOHEHTH, M0 BaXXKO 30pOKYIOTHCS ab0 BOHHU
KIJIBKiCTB

MICTSATh  BHCOKY

cyxol

[aTEHCUBHICTD

pPEYOBHUHH,
TepeMilTyBaHHS 000B’sI3KOBeE.
MEPEMIIIyBaHHS 3a3BUYall 3aJICKHUTh BiJl B’SI3KOCTI
Cepe/IoBHINA, HA SKYy B MEPIIy Yepry BILUIMBAIOThH
KOMIIOHEHTHHI CKJIaJl OpraHidHoro cyoOcrpary Ta
BMICT  CyXOi KUTBKICTb

pedoBuHu.  Tomy

nepemillyBaHb 3a 100y Ta KUIBKICTH 00epTiB

MIIIAJIKK  HEOOXIAHO MiAOMpaTH 3aJeKHO BiA
KOMITOHEHTHOTO CKJIaJly OPraHi4HOro cyocTpaTy Ta
BMICTY CyX0i PEUOBHHH.

VY mporeci eKCIepruMEHTIB BU3HAYANIM Taki
MMOKa3HUKH: BOJIOTICTh Ta 30JIbHICTH 30pOKEHOI
Macu, 00’em BupoOmeHoro Oiora3zy, o00’eMHY
KOHIIGHTPALl0 METaHy Ta BYIJIEKUCIOTO Ta3y B
Oiorasi, cTymiHb pO3KJIamy Cyxoi OpraHiqHoi
PEYOBHHHU.

Bosnoricte Ta 307bHICTE 30pOKEHOI Macu
BU3HAYaJIM METOJaMHM, sIKi ONHCaHi B CTaHAapTax

[14] i [15] BiamoBigHO.
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O06’eMHY KOHIICHTPAITIIO BYTJIEKHUCIIOTO Ta3y

B Oiorasi CCO2 BU3HAYaJI 3 BHUKOPUCTAHHSAM

razoananizatopa «I'XJI». O0’eMHYy KOHIIEHTpAIiO

MeTaHy B Oiorasi CCH4 BHU3HAYAJIM, MPUILYCKAaKOYH,

1o BMicT iHmmX rasiB (kpim CO2 i CHa4) B Giorasi He

nepeBuIyBas 2 %, 3a 3anexHictio [13]:

— 0f —
Con,=98%-Cq. @
Cryminb  posknany  Kcp OpPraHidHoi pevyoBUHH
BH3HAYAJIHN 3a 3aeKHicTIO [12]:
m —-m
KCOP — COP, COP,x . 100 % ’ (3)
mCOP,n

ne: Megp Bara COP nHa mouarky mporecy

30pomkysanns, T; Mgy Bara COP B xiHIi

npoiiecy 30poJKyBaHHs, T.
[lix uyac BHWKOHAHHS TecTy 3 BH3HAYCHHS
METaHOBOTO TOTEHIANy OpraHiYHuUX cyOcTpaTiB

TaKOXX OTPUMYIOTh JHHAMIKy BHXOJy Oiorasy.
KymynsatuBamii Buxin 6iorasy YBF 00YHCITIOBAITN B

NepepaxyHKy Ha OJMHHUIO CyXOi OpraHigyHoi

PEYOBHHU JOCITi [DKYBaHOTO cybcTtpatry  3a

sanexuictio [13]:
(4)

me: N — KiUIBKICTP TIOKAa3HWKIB 33  Mepiof

30pO/KyBaHHS, VEF (’Ci) — 00’em Oiorasy s i-ro

3HATTA NOKasHWKiB, am°. O6’eM BHpPOOJIEHOTO

Oiorazy BHM3HAUaNIM Bi3yaJbHHUM METOJOM Ta
MPUBOJIMIIN 10 HOPMAJTLHUX YMOB.
Ha puc. 1 moka3zaHo Buxim Oiorasy mis

pizHux 3HadeHs I/C.
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Fig. 1. Yield of biogas depending on the ratioI/C: e —0; m—1; 0-2; 0 -4

JlOCTOBIpHICTE  OJEp)KaHUX  PE3yNbTaTiB
HiATBEP/KYETHCS THM, IO CTAaHJAPTHE BIAXHMICHHS
aKyMyJIbOBaHOTO 00’€My MeTaHy, OJEep)KaHOTO B
peakTopi 3  IOCHiIPKyBaHUM

5%, a

cyOcTpaTtoMm, He

MEPEBUIITY€E TaKOX TOPIBHAHHSAM 3
pe3ysibTaTaMy IHIIUX JOCTIJHUKIB 33 OJHAKOBHX
yMOB 30po/KyBaHHs [2, 12].

VY3arajgpbHUBIIM OTPUMaHI €KCIIepUMEHTAaIbHI
JlaHl, BCTAHOBWJIM, 110 KyMYJISITHBHUN BUXiJ Oiorasy
Ha 34-i1 nenb 30pomKyBaHHS craHoBHMB 141,9 cM®/r
COP.; 286,7 cM®r COP.: 309,6 cM¥r COP., i

3154 cm®r COP., mpu mepepobui cyGerparis, 'y

skux crmiBigHomenHs I/C Oymo 0; 1; 2 i 4
BIJIIOBITHO.
Cknan Oiorazy Oy Ttakmii: 39,2 % COs,

58,8 % CHa; 37,5 % CO2, 60,5 % CHa; 37,4 % COg,
60,6 % CHa 37,6% CO2, 604% CHs npu
nepepoO1ti cyOcTpariB, B sikuX cmiBBigHOIICHHS [/C
Oyno 0; 1; 2 1 4 BignoBigHO.

Cryninb po3nany opratiyHoro cyocrpary OyB
33,5%; 44%; 443% Ta 444%

TaKHu: mpu

nepepoO11i cyOcTpariB, B siIKuX cmiBBigHOIIEHHS [/C
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Oyzo 0; 1; 2 1 4 BignoBiHO.
HaBenemo ymoBy, 3a skoi 3HaueHHs [/C

Jost

pamionanpHOrOo 3HadeHHs I/C  HeoOXxigHO,

MOXHa BB@XaTH PalliOHAIBHUM. BHUOODPY
1100
BIIXWIEHHS 3HAYEeHHS BUXOAy Oiorazy Oymo
HE3HAYHMM JI0 HEBEJIMKHX 3MiH mapamerpy I/C.
KymynaruBauii  Buxin Oiorazy Ha 34-if  1eHb
30po/uKyBaHHs  miaBumuBcA Ha 1,9 %  mpum
nepepobui cyocrpary 3 I/C = 4 y mopiBHsHHI 3
cyocrparom, e I/C = 2, na 8 % mnpu nepepoOui
cyoctpary 3 I/C = 2 y nopiBHsHHI 3 cyOcTparom, je
I/'C = 1, va 202 % npu nepepobiui cyoOcTpary 3
I/C = 1 y nopiBHsHHiI 3 cyocTparom, ae I/C = 0.

BUXIJT

[IpoanamizyBaBmin  KyMyJISTHBHHA

Oiorazy 3ajeXHO BiJl  CHIBBITHOIICHHS  MiX
OpPraHiuHOI0 PEYOBHMHOIO IHOKYNIATY Ta cyOcTpaty,
BCTaHOBUIJIH, L0 BUX1Jl 610Ta3y CYTTEBO HWKYHMMA IS
cyOcTpary, 110 MICTUB BUKJIIOUHO BJIACHY KIIITUHHY
Olomacy KOpOB’SHYOTO THOIO Yy TOpPIBHSHHI 3
cyOcTparamu, sIKi 3MILITyBaJIUCh 3 iHOKyIsTOM. st
3HaueHsb 1/C, ski nopiBHIOIOTH 200 Buie 1, quHaMika

BUXOAY Oiora3y 3MiHHJIACs HEICTOTHO.
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OTxe, MACYMYBaBIIM OTPHMaHI Pe3ylbTaTh
MIPOBEICHUX EKCIIEPUMEHTIB, MOXKHA 3pPOOHTH TaKi
BHUCHOBKH: TO-TIEpIIE, 1HOKYJIAT HEOOXiTHHH HaBiTh
JUISL TUX OPTaHIYHUX CyOCTpaTiB, SKi MICTSTH BIACHY
KIiTHHHY OioMacy; mo-Apyre, Ajis OpraHiuHUX
cyOCTpaTiB Ha OCHOBI TBapUHHUIILKOI OiomacHu, sKi
MICTSTh Yy CBOEMY CKJali KIITHHHY OioMmacy,
J0CTaTHBRO, 00 3HaueHHs I/C Oyno He HMK4Ye 3a 1.

Buoip 3nauennst /C nJst BUKOHAHHA TecTy
3 BU3HAYEHHS] METAHOBOI'0 MOTEHIiaJTY.

Ha ocHoBi

BJIaCHHUX  CKCIICPUMCHTAJIbHUX

IOCTi/DKeHh  OyJlo  MOKa3aHo, IO IJa  dYac

30pO/KyBaHHS KOPOB’SIYOTO THOIO, BAXKIIMBHM IIPH
BuOopi 3HaueHHs I/C Oyma HasBHICTH KIITHHHOI

OioMacu y BUXiJTHOMY CyOCTparTi.

Binomo, 1o: OyKop 1 Kpoxmalb
PO3IICIUTIOIOTECS.  IMIBUAKO — 3aBASKHA  IIPOCTIi
CTPYKTYpi ~Ta BHUMaramoTh KOPOTKOTO  dYacy

nepeOyBaHHS Y PEaKTOpi; HEN0I03a i TeMIIentoa03a

MalTh po3ragyxeHy

CTPYKTYpY,

PO3KIJIaIalOThCS  TOBUIBLHO; JITHIH PO3KIAJAETHCS

TOMY

Oakrepisimu morano. Ockinbku BUuOip BenmnumHu 1/C

3aNeXKUTh BifI IHTEHCHBHOCTI nporiecy

30po/KYBaHHsI, TO TpU IJIaHYBaHHI NPOBEICHHS

TECTY 3 BU3HAYCHHA MCETAHOBOI'O HOTeHHiaHy

OpTaHiYHUX CYOCTpaTiB BapTo 3’SICYBaTH, 3 SKHX
KOMITOHEHTIB CKJIaJalOThCs cyOcTpatn. A came
BHU3HAYUTH BMICT JIETKO- Ta Ba)XKO30POMKYBaHHX
KOMITOHEHTIB y BUX1JIHOMY CyOCTpaTi.

OTxe, UII BUKOHAaHHS TECTY 3 BHU3HAYCHHS
METaHOBOTO IMOTEHIiay OpraHidYHHX CyOCTpaTiB
HeoOxijHO BuOMpatu 3HadeHHs [/C, Buxomsuu 3
HAsBHOCTI BNAcHOI KIITHHHOI OioMacu 1 BMICTY
JIETKO- Ta BaXKO30pOMKYBaHMX KOMIIOHEHTIB Yy
BHXIZHOMY CyOCTpaTi.

TakyM YHHOM, HaBEACHO JiBA KPHTEPi,
BIIHOCHO SKHX Ciix BuKOHyBatu BuOip I/C musa
pPI3HHX  BHIIB  OpraHIYHHX

cyOcTpartiB  Tpu

BH3HAYEHHI iXHHOTO METAHOBOTO TIOTEHINAIY:

MIePIINI KPUTEPiil — I1e HAasBHICTh BIACHOT KIITHHHOL
Olomacu y cyOcTpaTi; Opyruid KpuUTepid — 1Ie
HasIBHICTh TIEPEBAKHO JIETK030pOKYBaHUX
KOMITOHEHTIB y cyOCcTpari.
Pozminmumo  opraniuni cyOcTpaTH, fKi €
NEPCIICKTUBHUMH 1 MOXYTh MEPLIOYEProBO OYyTH

BUKOpPUCTaHI B 0i0ra30BUX CTaHIiAX, HAa YOTHUPU

rpyN¥  BIANOBIAHO JO HABEJACHUX  KPUTEPIiB.
BTabn.3  mpencraBneHo  THIIOBI  OpraHiuHi
cyOcTpatu.

Ta6auus 3. Tunogi opraniuni cyécTpaTu

Table 3. Typical organic substrate

IlepeBaxarTh y CKJIaIi
JIETKO30PO/KYBaHI KOMIOHEHTH

IlepeBaxaroTh y CKIaIi
Ba)KKO30pOI)KyBaHi KOMIIOHEHTH

MicTaTb BacHy KJIITHHHY
6iomacy

KopoB’sumii rHil

Kypsauii nocunizn, cBUHS4M rHIA
TOLIO

He micTsTh Bi1acHOT KIIITHHHOT
6ioMacu

BypsikoBuii xom, xap4oBi
BiZIXO/IY TOIIO

ATrpoBigxoan
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Bukonaemo y3araJbHEHHS BIIOMHX
pe3ynbTaTiB moa0 Bubopy I/C mis BUKOHAHHS TECTy
3 BH3HAYCHHS METAHOBOTO MOTEHI[ially Ui Pi3HUX
BUAIB opraniyHux cyOctpariB. IIpoananizyBaBmn
OTpHMaHi eKCIepHUMeHTallbHI pe3ynpTatn M. Miax,
®. Panoco, P. )Kanr, B. Baur ta P. Jlarye [2, 17-20]
JUIi BUKOHAHHS TECTy 3 BHM3HA4YeHHS METaHOBOTO
MOTEHIlially OpraHiYHUX CyOCTpaTiB, BCTAHOBHWIIU:
JUIL OpraHiuHuUX CyOCTpariB, SIKi MICTATH BIIACHY
KIITHHHY OioMacy 1 B CKali SKHUX TepeBa)kaloTh
JIerKo30po/pKyBaHi KOMITOHEHTH, CITiBBiTHOIICHHS
I/C = 1; nnst opraniyHUX cyOCTpariB, SIKi HE MICTAThH
KIITHHHOI OiomMacu Ta B CKJIami

BJIACHOI SIKUX

MEPEeBAKAIOTh  BAKKO30POKYBaHI  KOMIIOHEHTH,

cmiBBigHomieHuss I/C = 4; B IHIIMX BHUIIAJKax
cuiBBigHomenns [/C = 2. @. Pamoco pekoMeHayBaB
3a HAasBHOCTI y cyOcCTpaTi pPEYOBWH, IO MOXYTh
inriOyBatn mpomec 30poipkyBaHHsS, abo 3a yMOBH
HU3BKOTO METaHOBOTO TOTEHI[ialy OpPraHigHOTO
cyOCTpaTy BHKOPUCTOBYBaTH OUIBINY KiJIBKICTH
THOKYJISATY, 1O 3a0e3nednTh CTaOlIbHUI mnepedir
mporiecy 36pomkyBanus [17].

Hagamo  pexomeHpmaiii  1momo  BUOOpPY
sHaueHHs I/C it THX BUIIB CHPOBHHHU, IO €
MEPCHEKTHBHUMHE 1 MOXYTh IEPHIOYEpProBo OyTH
CTaHLIAX.

BHUKOPHUCTaHI B OiorazoBux

PexoMmeHioBaHo B3sATH Takl 3HaueHus 1/C: mwig
KopoB’siyoro rHowo — I/C = 1; myist CBUHSAYOrO THO¥O,
Kypsl4oro TOCTiy, OYpsIKOBOTO J>XOMY, Xap4OBUX
I/C

BIAXOMIB TOILIO — 2, nmns  CyMiIeBUX

cyOcTpariB, L0 MICTATh POCIUHHY Oiomacy —
VC=4.

Takum  4YuMHOM, Ha  OCHOBI  BJIAaCHHX
EKCHEpUMEHTABHUX ~ JOCH/DKEHb Ta  aHali3y

OTPUMaHHX pe3yJIbTATiB iHIIMX HAYKOBLIB HaBeJeHI

HeoOXigHi 3HaueHHa I/C 1na  pi3HUX  BHZIB

opraHiuHux cyOcCTpaTiB, SIKi € NEpCHEKTUBHUMH 1
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MOXYTh TIEPIIOYEproBO OYyTH BHKOPHCTaHI B
0iora3oBWX CTaHINSAX, IO Ja€ 3MOTY BH3HAYHUTH
IXH1ll METaHOBUI ITOTEHIIAI.

BucHoBku:

1. TlokazaHo, 1O IS TPOBEACHHS TECTy 3
BH3HAUCHHS METAHOBOTO IOTCHINANY OpraHIYHUX
M0  MICTATH THIH,

cyOcTparTiB, KOPOB’ STUHiA

JOCTaTHBO CTPYLIYBaTH BMICT peakTopa BPYUHY pa3

Ha J100y.
2. BcraHOBiIeHO, WO JUIsI  OPraHIYHUX
cyOCTpaTiB Ha OCHOBI TBapuUHHOI  Oiomacw

J0CTaTHBO, 00 3HaueHHs I/C Oymno He HuKue 1.

3. Ha ocCHOBI BIacHUX EKCIIEpUMEHTAIHHIX
JIOCT/DKEHb Ta aHamily OTPHUMAaHUX pe3yJIbTaTiB
IHIIMX HAYKOBIIIB HaBeleHI HeoOXimHi 3HaueHHs 1/C
JUTST PI3HAX BHUJIB OPraHIYHUX CyOCTpaTiB, SKi €
MIEPCTIEKTHBHAMA 1 MOXXYTh IIE€PIIOYEProBO OyTH
BHKOPHCTaHI B 0i0Ta30BUX CTaHINSX, IO JIA€ 3MOTY

BU3HAYUTH IXHIA METAaHOBUH [TOTEHITIAI.

1. Eshore S., Mondal C., Das A. Production of biogas

from treated sugarcane bagasse. International Journal of
Scientific Engineering and Technology. 2017. Vol. 6. Iss. 7.
Pp. 224-227.

2. Miah M., Rahman A., Kalam A. Production of biogas
from poultry litter mixed with the co-substrate cow dung.
Journal of Taibah University for Science. 2016. Vol. 10. Iss. 4.
Pp. 497-504.

3. Gaworski M., Jablonski S. Enhancing biogas plant
production using pig manure and corn silage by adding wheat
straw processed with liquid hot water and steam explosion.
Biotechnol. Biofuels. 2017. Vol. 10. Pp. 259-271.

4. Angelidaki 1., Ahring B. Thermophilic anaerobic
digestion of livestock waste: the effect of ammonia. Appl.
Microbiol. Biotechnol. 1993. Vol. 38. Pp. 560-564.

5. Lindmark J., Eriksson P., Thorin E. The effects of
different mixing intensities during anaerobic digestion of the
organic fraction of municipal solid waste. Waste Management.

2014. Vol. 34. Pp. 1391-1397.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaworski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29151888
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jab%26%23x00142%3Bo%26%23x00144%3Bski%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29151888

BIOEHEPI'ETHUKA

ISSN 1819-8058 (Print)
ISSN 2664-8172 (Online)

Baldi

Biochemical methane potential tests of different autoclaved and

6. Pecorini |, F, Carnevale E., Corti A.
microwaved lignocellulosic organic fractions of municipal solid
waste. Waste Management. 2016. Vol. 56. Pp. 143-150.

7. 1SO-11734. Water quality. Evaluation of the
"ultimate" anaerobic biodegradability of organic compounds in
digested sludge. Method by measurement of the biogas
production. Geneva. 1995.

8. 1S0O-14853. Plastics-Determination of the ultimate
anaerobic biodegradation of plastic materials in an aqueous
system-Method by measurement of biogas production. London.
British Standards Institute. 2005.

9. ASTM-D5210. Standard test method for determining
the anaerobic biodegradation of plastic materials in the presence
of municipal sewage sludge. West Conshohocken.
Pennsylvania. 2007.

10. ASTM-E2710. Standard test method for determining
anaerobic biodegradation potential of organic chemicals under
methanogenic conditions. West Conshohocken.
Pennsylvania. 2008.

11. VDI 4630. Fermentation of organic materials.

Characterisation of the substrate, sampling, collection of material

data, fermentation tests. Dusseldorf: Verein Deutscher
Ingenieure. 2016.
12. Automatical methane potential test system.

Operation and maintenance manual. Lund. Bioprocess control
Sweden AB. 2016. 95 p.

13. Yemsgepux I.O. EHeproedekTHBHE NEpPETBOPEHHS
piakux BimxoniB rasmdikamii 6iomacu B 6iora3oBiii yCTaHOBIII.
ABroped. muc. Ha 3700yTTS HayK. CTYNEHS KaHJA. TEXH. HayK.
crnen. 05.14.08. K. 2018. 21 c.

14. ACTY EN 12048:2005. [loOpuBa TBepai Ta
BallHyBaJbHI ~ MaTepiay. Bu3HadeHHs  BMICTy  BOJOTH
rpaBIMETPUYHAM METOAOM. BuCYIIyBaHHS 3a TeMIepaTypu
105+2°C. K. Jdepxcrnoxucranmapt Ykpainu. 2006.

15. TOCT 26714-85. Y nobpenus opranuueckue. Meton
ompemenernss  3omsl:. M. Toc. kommrer CCCP 1o
cra"gaptam. 1987.

16. Holliger C., et al. Towards a standardization of
biomethane potential tests: a commernaty. Water Science and
technology. 2021. VVol. 83. Ne 1. Pp. 247-250.

17. Raposo F. Biochemical methane potential of solid
organic substrates: evaluation of anaerobic biodegradability
using data from an international laboratory study. Chem.

Technol. Biotechnol. 2011. Vol. 86. Pp. 1088-1098.

BimnosiroBana enepreruka. 2021. Ne 3

18. Wang B. Factors that influence the biochemical
methane potential (BMP) test steps towards the standardization
of bmp test. avtoref. of doctoral dissertation. Lund University.
2020. 48 p.

19. Zhang R,
Characterization of food waste as feedstock for anaerobic
digestion. Bioresource Technology. 2007. Ne 98. Pp. 929-935.

20. Dague R., McKinney R., Pfeffer J. Solids retention in

Hamed M., Hartman K., et al.

anaerobic waste treatment systems. Journal Water Pollution
Control Federation. 1970. Vol. 42. Ne 2. Pp. 29-46.

REFERENCES

1. Eshore S., Mondal C., Das A. Production of biogas

from treated sugarcane bagasse. International Journal of
Scientific Engineering and Technology. 2017. Vol. 6. Iss. 7.
Pp. 224-227. [in English].

2. Miah M., Rahman A., Kalam A. Production of biogas
from poultry litter mixed with the co-substrate cow dung.
Journal of Taibah University for Science. 2016. Vol. 10. Iss. 4.
Pp. 497-504. [in English].

3. Gaworski M., Jablonski S. Enhancing biogas plant
production using pig manure and corn silage by adding wheat
straw processed with liquid hot water and steam explosion.
Biotechnol. Biofuels. 2017. Vol. 10. Pp. 259-271. [in English].

4. Angelidaki 1., Ahring B. Thermophilic anaerobic
digestion of livestock waste: the effect of ammonia. Appl.
Microbiol. Biotechnol. 1993. Vol. 38. Pp. 560-564. [in English].

5. Lindmark J., Eriksson P., Thorin E. The effects of
different mixing intensities during anaerobic digestion of the
organic fraction of municipal solid waste. Waste Management.
2014. Vol. 34. Pp. 1391-1397. [in English].

Baldi

Biochemical methane potential tests of different autoclaved and

6. Pecorini |, F, Carnevale E., Corti A.
microwaved lignocellulosic organic fractions of municipal solid
waste. Waste Management. 2016. Vol. 56. Pp. 143-150.
[in English].

7. 1SO-11734. Water

"ultimate" anaerobic biodegradability of organic compounds in

quality. Evaluation of the
digested sludge. Method by measurement of the biogas
production. Geneva. 1995. [in English].

8. 1S0O-14853. Plastics-Determination of the ultimate
anaerobic biodegradation of plastic materials in an aqueous
system-Method by measurement of biogas production. London.
British Standards Institute. 2005. [in English].

9. ASTM-D5210. Standard test method for determining
the anaerobic biodegradation of plastic materials in the presence


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaworski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29151888
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jab%26%23x00142%3Bo%26%23x00144%3Bski%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29151888

BIOEHEPI'ETHUKA

ISSN 1819-8058 (Print)
ISSN 2664-8172 (Online)

of municipal sewage sludge. West Conshohocken. Pennsylvania.
2007. [in English].

10. ASTM-E2710. Standard test method for determining
anaerobic biodegradation potential of organic chemicals under
methanogenic conditions. West Conshohocken. Pennsylvania.
2008. [in English].

11. VDI 4630. Fermentation of organic materials.

Characterisation of the substrate, sampling, collection of material

data, fermentation tests. Dusseldorf: Verein Deutscher
Ingenieure. 2016. [in English].
12. Automatical methane potential test system.

Operation and maintenance manual. Lund. Bioprocess control
Sweden AB. 2016. 95 p. [in English].

13. Chetveryk H.O. Energoefektyvne peretvorennia
ridkyh vidhodiv hazyfikacii biomasy v biohazoviy ustanovci.
[Energy efficient conversion of liquid waste from biomass
gasification in the biogas plant, abstract of the candidate of
technical sciences]. Avtoref. dys. na zdobuttya nauk. stupenya
kand. tekhn. nauk spets. 05.14.08. K. 2018. 21 p. [in Ukrainian].

14. DSTU EN 12048:2005.
Vyznachennya

Dobryva tverdi ta

vapnuvalni  materialy. vmistu  volohy
hravimetrychnym metodom. Vysushuvannya za temperatury
10542 °C. [State Standard EN 12048:2005. Fertilizers for solid
and lime materials. Determination of moisture content by
gravimetric method. Drying at 105 + 2 °C]. State Committee of
Ukraine for Technical Regula-tion and Consumer Policy Publ.

Kyiv. 2006. [in Ukrainian]

BimnosiroBana enepreruka. 2021. Ne 3

98

15. GOST 26714-85. Udobreniya organicheskie. Metod
opredeleniya zoly. M. Gosudarstvennyy komitet SSSR po
standartam, 1987. 8 p. [in Russian].

16. Holliger C., et al. Towards a standardization of
biomethane potential tests: a commernaty. Water Science and
technology. 2021. Vol. 83. No. 1. Pp. 247-250 [in English].

17. Raposo F. Biochemical methane potential of solid
organic substrates: evaluation of anaerobic biodegradability
using data from an international laboratory study. Chem.
Technol. Biotechnol. 2011. Vol.86. Pp. 1088-1098.
[in English].

18. Wang B. Factors that influence the biochemical
methane potential (BMP) test steps towards the standardization
of bmp test. avtoref. of doctoral dissertation. Lund University.
2020. 48 p. [in English].

19. Zhang R., Hamed M. Hartman K.,
Characterization of food waste as feedstock for anaerobic
digestion. Bioresource Technology. 2007. No. 98. Pp. 929-935.
[in English].

20. Dague R., McKinney R., Pfeffer J. Solids retention in

et al.

anaerobic waste treatment systems. Journal Water Pollution

Control Federation. 1970. Vol. 42. No. 2. Pp. 29-46.
[in English].

Cratts Hagiinuia o penakuii 09.07.21

Ocraroyna Bepcist 17.09.21



