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COMPLEX DISPOSAL OF FRUIT AND VEGETABLE WASTE
USING METHANE FERMENTATION

AHOTANIA

MeTa po6oTu. [ocaigpxeHHss MeTaHOBOI ¢epMeHTalii BiIX0JiB MJ0/J00BOYEBOr0 BUPOOHHUIITB], 1[0 MAaE TpHU
rOJIOBHI acmekTH: JiKBijawisa BigxoAiB (eKosioTiuHUI), OTpUMaHHSA aJbTEPHATUBHOTO BUAY MNajuBa - 6iorasy
(6ioeHepreTUYHUI), OTPUMaHHS 610CTUMYAATOPA POCTY POCJIUH — AUTrecTaTy (BiJHOBJIIOBaHE 3eMJIEPOOGCTBO).

MeTogosoris. [IpoBeneHi gocaimkeHHss MeTaHOBOI ¢epMeHTanii BiAX0/iB MJ/I0[00BOYEBOTO0 BUPOOHHUIITBA B
Me30]iTbHUX yMOBax y mnepiogudyHoMy pexxumi. i 37iliCHEeHHs Mpollecy BUKOPHUCTAHO J1abopaTopHi yCTAaHOBKHU:
MEeTaHTeHK, BOJASIHUHM rasrosibJep. BusHaueHa iHTeHCUBHICTh rasoreHeparl, sikicHui ckusaj 6iorasy. [lokasHuKH
npolecy O6poJiHHA BU3HA4yaJd 3a CTaHJAPTHUMU MeTOJMKaMM y JOCHiIJHULbKIN JabopaTopii kadeapu ekosorii Ta
exomeHepxkMeHTy HYXT. Jlocaii>keHU CTUMYJII0BaJIbHUM BIIMB PO3YMUHY AUTeCcTaTy Ha HACiHHA paulrpacy.

HaykoBa HOBU3HA. Y pe3yJbTaTi AOCAiKEHHS BUSABJIEHO, 10 BiJXOAW IIJIOAOOBOYEBOI'O NiJNPUEMCTBA €
JIOCTYIIHUM CyOCTpaTOM JJiIi MeTAaHOBOro OpofiHHA B mnepioguyHoMy pexxuMi (MesodinbHi ymoBu). [Ipu npomy
YTBOPIOEThCS 6ioras i3 BHCOKMM BMICTOM MeTaHy, L0 POOUTH HOTO LIHHMM aJbTePHATUBHUM BHJOM IaJIMBa.
JocnipkeHa MOMJIMBICTb BUKOPUCTAHHSI PO3YMHY JWUreCTaTy /s OioOCTUMYyJIIOBaHHS HACiHHS Ta30HHUX TpaB
(pa#irpacy), 1110 € BaXJIMBUM [IJIsI PO3BUTKY BiZTHOBJIIOBAaHOT'0 3eMJIEPO6GCTBA.

BucHOBKM. MeTaHOBa dpepMeHTallisl TEXHOJOTYHUX BiAXOAiB MJ10400BOYEBOr0 MiZIPUEMCTBA [Ja€ MOKJIUBICTh
KOMIIJIEKCHO BUPIIINUTH KiJibKa Ip06JieM: eKOJIOT{YHUX, eHepreTUYHUX Ta arpapHUX.

Y npoueci MeTaHOBOI dpepMeHTallii MOBHICTIO JIIKBiAY€ETbCS Lied TUM BigxoAiB. [[puuoMy yTBOpPIOEThCS Gioras i3
BUCOKHMM BMICTOM MeTaHy, 10 POOUTH HOro SIKICHUM aJibTEPHAaTUBHUM eHepropecypcoM. 3adikcoBaHa 3Ha4yHa
iHTEeHCUBHICTb razoreHepatlii; y nepepaxyHKy Ha 1 KI CyXyX peq4OBHH IJIO/J00BOYEBHUX BiZIX0/1iB CyMapHUH BUXif 6iorasy
ctaHoBUB 320 M3, BMiCT ropro4oro KOMINOHeHTY — MeTaHy — focAras 60-62 %.

llle oauMH NPOAYKT MeTaHOBOTO OpOJIHHA BiAXOJIB IJIOZOOBOYEBOIO BUPOOGHUIITBA, a CaMe JAUrecTaT, €
NepCrneKTUBHUM [l OGiOCTUMYJIIOBAaHHS POCJHMH, L0 € CyYaCHUM HaNpsIMKOM Bi/lHOBJIIOBAaHOTO 3eMJepo6CTBa.
BiocTuMy/ibOBaHe HaCiHHA XapaKTepU3yBaJIOCh IPUCKOPEHUM POCTOM KOPiHHA Ta NapocTKiB Ha 21-28 % Ta 22-31 %,
BignoBigHo. EHeprisa npopocTanHs nigsumuaach Ha 20,4 % MOpiBHAHO 3 KOHTPOJIEM.

Kio4o0Bi c/10Ba: 1y10/100B04eBi Bi/[x0/11, MeTaHOBe GPOJiHHSA, 6ioTas, AUTeCTaT, CTUMYJIALIS POCJUH

ABSTRACT

Purpose of the work. Research into methane fermentation of fruit and vegetable production waste, which has
three main aspects: waste elimination (ecological), obtaining alternative fuel - biogas (bioenergy), and plant growth
biostimulant - digestate (renewable agriculture).

Methodology. Research on methane fermentation of fruit and vegetable production waste in mesophilic
conditions in a periodic mode was conducted. Laboratory installations were used: methane tank, water gasholder. The
intensity of gas generation, qualitative composition of biogas were determined. Fermentation indicators were
determined using standard methods in the laboratory of the Department of Ecology and Ecomanagement of the NUFT.
The stimulating effect of digestate solution on ryegrass seeds was studied.

Scientific novelty. It has been found that fruit and vegetable waste is an available substrate for methane
fermentation in a periodic mode (mesophilic conditions). This produces biogas with a high methane content, making it a
valuable alternative fuel. The possibility of using a digestate solution for biostimulation of lawn grass seeds (ryegrass),
which is important for the development of renewable agriculture, has been investigated.
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Conclusions. Methane fermentation of technological waste of a fruit and vegetable enterprise makes it possible
to comprehensively solve several problems: environmental, energy and agricultural.

In the process of methane fermentation, this type of waste is completely eliminated. Moreover, biogas with a high
methane content is formed, which makes it a high-quality alternative energy resource. A significant intensity of gas
generation was recorded; per 1 kg of dry waste, the total biogas yield was 320 dm3. And the content of the combustible

component - methane - reached 60-62 %.

Another product of methane fermentation of fruit and vegetable waste, namely digestate, is promising for plant
biostimulation, which is a modern direction of renewable agriculture. Biostimulated seeds were characterized by
accelerated growth of roots and shoots by 21-28 % and 22-31 %, respectively. Germination energy increased by 20.4 %

compared to the control.

Key words: fruit and vegetable waste, methane fermentation, biogas, digestate, plant stimulation

Beryn

[lnozgooBoyeBa rauaysb Xap40BOi
IPOMMCJIOBOCTI BUPOOJIIE LIMPOKHUU acCOpPTHU-
MEHT Pi3HOMaHITHOI KOHCEPBOBAHOI NPOAYKIIiT
i3 pOC/IMHHOI CUPOBUHU. AJie MifIIPUEMCTBA
Takoro npo¢isito XapaKTepU3YIThCHd LOCUTH
3HAaYHUM TUCKOM Ha HaBKOJIMIIHE NPUPOJHE
cepelOBUILle, Ilepll 3a BCe, 3a pPaxXyHOK
YyTBOPEHHSI 3HA4YHUX OOCATIB BHUPOOHUYHUX
BiZIXO/iB POCJIMHHOI'O IOXO/A2KE€HHH.

Tak, npu BHUPOOGHULTBI COKy BUXiJ
ToMaTHUX BUYaBOK Aocarae 20-40 % go macu
N0YaTKOBOI CUPOBHHH, fI6IyYHUX BUYABOK -
24-40 %; nmnpu BUTOTOBJIEHHI O0OBOYeBUX
KOHCEPBIB Bi/IX0/1¥ Bijj mepepo6Ky H6akIaXaHiB i
KabaukiB craHoBaATHL 10 %, meputo - 25 %,
kanyctu — 20-25 %, mopkBu - 20 %, 6ypsika - 25
%, 3esieHorO Tropouky — gm0 80 % (y Burisami
ruyku Ta crpyukiB) (Teplitski et al, 2023,
Chervotkina et al., 2024, Rajapakshe et al., 2025).

3a panumu (Taheri & Hosseini, 2025)
BUPOOHUIITBO M TEXHOJIOriYHA MNepepobka
$pyKTOBO-0BOUEBOI CUPOBUHU MOCIJJa€ TpeETE
Miclle B CBITOBIM Xap4yOBild NPOMMCJIOBOCTI 3a
3araJibHOM KiJIbKicTo BizixoaiB (10 14,8 %).

Taki  Bigxoau MICTATh  INEKTUHOBI
PEYOBHHHY, 1|eJ110J103y, IIPOCTi BYIJI€BOAM, AeAKi
Biixoau (Bif mepepoOKU TOpPOUIKY TOLI0) -
pevyoBUHM OiKOBOro mnoxo/pkeHHd. [Ipuyomy
3HAYHY YaCTUHY BiJIX0/iB MepepoOKU POCIUH-
HOI CHMpPOBHMHH, a caMe IIKIpKy, BHUYaBKH,
HaCiHHfl, TUYKY TOLI0 He BHUKOPHUCTOBYKOTH, a
HalyvacTille BUKHUA0Th Ha 3Baiua. KijibKicTb
HEBUKOPUCTAHUX BiAXO/iB CTAaHOBUTb IOHAJ,
20% (Nirmal et al, 2023). lle cnpuuuHse
NOTipUIeHHA €KOJIOTIYHOI CcuTyalil fAK Ha
JIOKaJbHOMY, TaK 1 TIJI06GaJbHOMY piBHSX.
[ToTpanissHHSA BiAXOJiB MepepobKU POCAUHHOI
CUPOBUHHU y JIOBKIJLJIS 3yMOBJIIOE 3a0pyHEHHS
I'PYHTIB, Ni/I3€MHUX BOJ], IOBEPXHEBUX BOJOUNM,
3MIHIOE ONTUMaJIbHEe CIIiBBIJHOIIEHHA BMICTY
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O0ioreHHUX KOMIIOHEHTIB Yy TIpyHTaxX TOILO.
BHacaigok pO3KJaaHHA BIAXO/IB
YTBOPIOIOTHCA ra30M0Ai10Hi KOMIIOHEHTH, y TOMY
YHCJli MTAPHUKOBI rasy, 1110 CIIPUSIE TT106aIbHOMY
noteminHio (Bain et al, 2024, Taheri &
Hosseini, 2025).

HuHi B CBITI BHUKOPHUCTOBYIOTH Pi3Hi
nigxoAu [0 yTuJisanii BifxoZiB KOHCEpPBHOI
NpOMUCIOBOCTI. Lle ekcTparyBaHHSl IEKTUHY i3
s16JIyYHUX, aneIbCHHOBUX, BUIIITHEBUX BUYaABOK,
BifixoAiB GakJiakaHiB, OTPUMaHHS AHTHUOKCHU-
JIQHTIB Ta iHIIKX 6i0aKTUBHUX crioyK (Taheri &
Hosseini, 2025). 13 $pyKTOBHUX Ta OBOYEBHUX
BiIXOZIB OTPUMYIOTH IOJicaxapuAHi Ta iHIIi
eKCTPaKTH, fKi Hajaji BUKOPUCTOBYIOTb [Ji
BUT'OTOBJIEHHSI €MYJ/IbIaTOPIB, iHKANCYJII0OI0YUX
areHTiB, mnpebioTUKIB, 6iopo3k/j1ajaHoi yma-
KOBKHM, b6ionectunuaiB touo (Abbasi-Parizad et
al., 2023, Gupta et al.,, 2024, Khan et al., 2024,
Ozcan et al., 2024). Taki TexHOJIOTii CKOPOUYIOTb
KiZIBKICTh ~ BIAXOJiB, aJile TNOBHICTIO He
BUDILIYIOTb MpobJieMy, KpiM TOro Take
BUPOOHUIITBO € HEMACOBUM 1 [JIOCTaTHbO
JlOpOrOBApPTICTHUM.

YacTuHy pOCJMHHUX BiAXoZiB mNepepoo6-
JISIOTh HAa KOMILJIEKCHI OpraHo-MiHepaJibHi 7,06-
puBa (y cyMiui i3 BifxojaMu CBUHOKOMILJIEKCIB),
KOMIIOCTYIOTb [iJI1 OJlep>KaHHs 6iof006pHBa
(Chervotkina et al, 2024). Ane ue J0CUTb
PO3TATHYTHUM y 4Yaci mpoluec, SKAM BOJHOYAC
NOTPeOY€E BEJMKHUX 3€eMeJIbHUX JiJNSHOK [Jis
koMmnocTHUX Kyn (Bublienko et al., 2020).

OctaHHiMHM pokaMH Yy CBiTi Habupae
006epTiB BHUKOPHUCTAaHHS 6ioTexXHOJIOTIM i
yTWai3auii BiaxoZiB xap4yoBol Ta mnepepooOHOI
MPOMMUCJIOBOCTI, CiJIbCBKOI'O TOCIOAAPCTBA, a
caMe iX aHaepoOGHOro MEeTAaHOBOI'O 36pPOJKYy-
BaHHA (depMeHTarnii). HallakTuBHille po3BU-
BalOThCsl 6ioTexHoJsiorii MeTaHOBOi ¢depmeH-
Talii BiAX0AiB IyKPOBOi MPOMUCIOBOCTI (?KOM
yKpoBoro  0Oypska, ©6aracca  IyKpOBOIi
TPOCTUHMU), CiJIbCHLKOTO rOCIoJapCcTBa (CoIoMa,
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NOXKHUBHI PENITKY, KYKYPyA3SHUU CUJIOC),
TBapUHHULTBA (THIM BeJIMKOI poraToi XyA06H,
CBUHEH, Kypsayu# nocig touio) (Boldrin et al.,
2016, Senol et al., 2020, Gémez-Quiroga et al,,
2022).

lle nofiIcCHIOETBCA THUM, L0 MeTaHOBA
dbepMeHTAallid TaKUX BIAXOAIB € /KepesoM
YTBOPEHHA aJIbTEPHATUBHOTO JpKepeJia eHepril
- 6iorasy, 1110 0C00JINBO BaXXJIMBO /1 YKpaiHU
B YMOBax 36poiHOI arpecii 3 60Ky pocii, a Takox
JIUrecTaTy, 110 BUKOPUCTOBYIOTb fIK JA0OPUBO
JUIA ciibCcbKOTOCnoapcbkux yrigb (Boldrin et
al, 2016, Bublienko et al., 2020, Song et al,,
2021, Lu & Xu, 2021, Bumharter et al,, 2023,
Ngabala & Emmanuel, 2024). Takox £k
JbKepesio OTpUMaHHA 6iorasy yBary JOCJifi-
HUKIB I[pPUBEPTAOTb BiJAXOAU BUHOKYpPEHb,
dpykTOBUX Ta 0Bo4ueBUX pemIToK (Gebresilasie
etal.,, 2025).

AKTyanbHUM € [OOCHiJPKeHHs1 6ioTexHo-
JIOTiYHOI Nepepo6Ky BiJIX0/IiB M1J10/100BOYEBOI0
BUPOOHUITBA JJis OTpPHMMaHHA Oiorasy fK
aJIbTEePHAaTUBHOrO Ma/iMBa Ta JUrecTary fK
CTUMyJiATOpa pocTy pociauH. Oco6auBy
aKTyaJIbHICTb Ma€ MOXJIUBICTb MOCUJIEHHSA
eHeproHe3aJeXXHOCTi KpalHU B  yMOBax
POCifCbKO-YKpPaiHCbKOI BiMHU.

MeTa po60THU — JOCJIiIKEHHSI METAHOBOI
dbepmeHTaii BiZX0O/IiB IJIOJOOBOYEBOT O
BUPOOHHUIITBA, 110 MA€ TPH TOJIOBHI acHeKTH:
JIiKBifjanisa BigxoiB (eKoJIOriYHUI), OTpUMaH-
HS aJbTepHAaTUBHOrO BUJy MajuBa - bGiorasy
(bioeHepreTUYHHM), OTPpUMaHHA GiOCTUMYJISA-
TOpa POCTy POCAUH - Jurectraty (BifHOBJIIO-
BaHe 3eMJIepOOCTBO).

3aBjaHHSAIMU pPOOOTU € aHali3 CTaHy
NUTAHHS 1[0JI0 OOCATIB, XapaKTEPUCTUK Ta
NOUIMPEHUX CHocob6iB yTwWiaizanili Bigxoni
[J1I0J00BOY€EBOI IPOMHUCJIOBOCTI, AOCHIIKEHHS
NpolLleCcy METaHOBOr'0 OpPOJiIHHS LMX BiAXO/IiB,
BH3Ha4YeHHA  €HepromnoTeHliasy  BiAXOJiB,
JOCJIIPKEHHA CTUMYJIIOBAJIbHOI Ail Aurecrary
Ha POCJIMHM.

06’exTOM JOC/aimKeHHS B JaHii poO6OTi
OyJM  POCJAUHHI  TEXHOJIOTIYHI  Bigxoau
JI0ZJ00BOYEBOTO KOHCEPBHOI'O 3aBOAy
(Yepkacbka 06J1acTh).

Marepiaau Ta METOAM AOCAIAJKEHHSA

JociijpkeHHA 1poBeJeHI HAyKOBLAMU
kadeapu ekosiorii Ta ekoMeHepkMeHTy HYXT y
JOCJAiAHUIBbKIN JJabopaTopii.

MeTaHOBe 6PO/IiHHS POCIMHHUX BiX0AiB
NPOBOJAUIM Y JaboOpaTOpHiN ycTaHOBLi i3
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MeTaHTeHKa, KOPUCHUM o06'emoM 3 aM3, U
BOJISTHOTO ra3roJibjiepa AJjs 30MpaHHs 6iorasy.
MeTaHTeHK mNoMilmaJiu y TepMoCTaT IpHU
Temnepatypi 40-42 °C, 3abe3mnedyrouu
Me300QiIbHUN pexuMm OpojiHHg. Came Taki
TeMIlepaTypHi 3HayeHHA JOCTaTHI 1 JJd
CTBOpPEHHA ONTHUMaJIbHUX yMOB il G
MeTaHOoreHe3y, i € MEeHII eHeproBUTPATHUMHY,
HiDXX TepMoQinbHUM pexuM. BukopucraHo
aHaepo6Hui akTuBHUM My.J i3 OMBK (l03edo-
Mukos1aiBCbKU A 6iorazoBuii KOMILJIEKC,
BinHunbKa 06J1acTh). Lleil ak TUBHUM My 1 IBJISIE
co600 OioleHO3 Ppi3HUX Trpyn 6GakTepiu
(rizposiTUYHUX, FreTepoaleTOTeHHUX, MeTaHO-
reHHUX).

Jns NPUCKOPEHHS MeTaHOBOI
depMeHTAallil TaKUX LEJI0J030BMICHUX BiJIX0-
JiB coepuy IX MeXaHI4YHO MOJPiIOHUINA [0
dparmenTiB poamipom 1-2 cm. Ilicaa doro
no/pi6bHeHi Bigxoau 3aMo4mMIn (MPOTAroM 3-x
Z1i6) y BOAONPOBIiAHIN BOAi TeMnepaTypoto 18-
20 °C. CniBBigHOLLIEHHS POCAMHHUX BiAXO/IB i
BOJM cTaHOBMJIO 1:3.

KoHTpoJib nmpolecy MeTaHOBOTO GpOAiH-
HS IPOBOJMJIN 3a BMICTOM CyXUX pe4yoBuH, pH,
TeMIlepaTypol, BHUXOJOM Oiorasy, BMicTOM
MeTaHy B Oiorasi. Takox 3ailicHIOBaIU
po3paxyHOK e(deKTHUBHOCTI O4YHUILEHHS 3a
cyxuMu pedyoBuHamu (CP), Buxomom 6iorasy
BilHOCHO moyaTkoBoro Bmicty CP (Semenova,
2024).

Buxin 6iorasy BH3Hauya/d y BOJASIHOMY
rasroJibJlepi 3a KuIbKiCTIO BoAH, L0 6yJia
BUTiCHeHa Oiorasom i3 rasroJsibjiepa B
IpUUMaJibHy €MHIicTb. BwMmicTt MeTaHy i
BYTJIEKHCJIOTO ra3dy, IK OCHOBHUX KOMIIOHEHTIB
6iorasy, BU3Ha4ya/Jud NPUCKOPEHUM METOJ0M,
nponyckawdd rasoBy cymim kpisb 10 %-u
po3uuH NaOH (Semenova, 2024).

Jl1s1 KOHTpOJIIOBaHHSA napameTtpa pH 6yB
BUKOpUCcTaHuM pH-MmeTp AZ-86021. [loka3HUKH
npouecy OpoAiHHSA BU3HAYaJIu 3a
CTaHJApTHUMU  MeToAuKaMM  (Semenova,
2024).

Jl11 BUBYEHHS BIUIMBY JWrecTaTy Ha
HAaCiHH pPOCJMH BUKOPUCTAHUW BOJHUH
PO34UH 36pO/PKeHO1 6ioMacH 3 MeTaHTEHKY.

Cnepuly oTpyuMasu 6i0J10riYHO aKTUBHUM
PO34YHMH i3 AUrecrary, A/ 40ro po3BeJd HOro
BOJIONPOBiHOIO BOJ0I0 (Ha 2 cM3 jgurecraty
BukopucrtaHo 10 cm3 Bogu). Hacinuga palrpacy
06po6Jisin 6i0aKTUBHUM po34YMHOM 40 XBU-
JuH. [lapanespHO NpoBefeHO KOHTPOJIbHUU
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J0CJIi[ i3 BAKOPUCTAHHAM BOJOINPOBiAHOI BOAY
JIJ1s1 3aMOYYBaHHS HACiHHA.

[licnga uboro piBHOMIpPHO pO3NOAIIHIIA
00pobJsieHe HACiHHA Ha TOHKOMY Iuapi
INPOMUTOTO JAUCTUILOBAHOIO BO/I010,
MiZicylueHoro i mpocidHOro MmiCKy B 4YalllKax
[leTpi. [TonepegHbO YallKU [leTpi
npokun'aTunu 40 xBUIMH 1 00po6un
CIIUPTOM.

Y koxHi# yamni [TeTpi nomictuau mo 25
HaCiHMH paurpacy. TemmepaTypa OpopolLy-
BaHHA 20 °C, 3B0JIOKEHHS HACiHUH — II[OJIEHHE,
NoOMipHe, piBHOMipHe. BUKOpPUCTOBYBa/sikd IO
Tpu vawku Iletpi pasa o6pobaeHoro i
Heo6pP06/IeHOT0 HACIHHS.

KoHTpoJ1t0BasiM Taki NOKa3HUKU: BUCOTA
IIPOPOCTKIB Ta JJOB)XMHA KOPIHHSA; pO3pax0BaHO
TaKOXX I[IOKa3HUK eHeprili NnpopollyBaHHA
JocaipkyBaHoro HaciHHA (SSTU 4138:2002).

CraTtuctruyHe 00OpOOGJEHHS pe3y/bTaTiB
JOCJiIKeHb 3iHCHEeHO 3 JOIOMOIoK TabJuY-
Horo npouecopa Microsoft Excel 3 Bukopuc-
TaHHAM KpuTepito CThlofleHTa (CTaTUCTUYHA
JLOCTOBIpHICTh 3 piBHeM 3HauyuiocTi p < 0,05)
(Yakymenko & Melnychenko, 2018).

Pe3syabTatH AOCAIA’KEHHA Ta OOroBO-
peHHA

HaykoBui  kadenpu ekoJsiorii  Ta
eKoMeHe/pKMeHTY HarjioHanbHOro yHiBepcu-
TeTy XapyOBHX  TEXHOJIOTIK  BOPOJOBXK
6araTbOX pOKIB JOC/HI/PKYIOTb €KOJIOTiYHO
epeKTUBHI Ta €KOHOMIYHO NpPUBAGJIUBI
crocobu yTuJi3anii 6i0/10riYyHO PO3KJIaJAaHUX
BiZiXo/1iB xap4yoBoi Ta mNepepo6HOI MpPOMMC-
JIOBOCTi, CIJIbCBKOTO TIOCIOJAapCTBa, TBAapHH-
HUIITBA, MyHIUIIAJIbHOTO rOCIOAAPCTBA TOLLO.

[lonepeaHbo 00pOGJIEHI BiAX0AU 3aBaH-
Ta)kyBaJlU y JabOpaTOpPHUM 6iopeakTop, B
SIKOMY i/l BIVIMBOM MiKpOOpraHi3MiB aHaepoo6-
HOTO aKTHBHOIO MyJy Bifj0yBaBcsl mpolec
MeTaHOBOI ¢epMeHTanil B NepiojUYHOMY
pexumi.

TemnepaTypa B aHaepobHOMy Oiopeak-
Topi craHoBuaa 40-42 °C, wo BignoBigae
KIHIIeBUM [TOKa3HUKaM Me30QiJIbHOTO peXUMY
MeTaHOBOI'0 OpOAiHHSA.

Pe3sysibTaT¥ MpoBejeHUX [AOCJAiJKEeHb
npeJCTaBJIeHi HA PUCYHKY 1.
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Tpusaaicte ponecy, A06u

Puc. 1. 3miHa 0CHOBHUX ITIOKa3HHKIB y IIponeci MeTaHoBoi (pepMeHTAIlii BIAXOAIB ITAOAOOBOYEBOIO
miATIpHEMCTBA

MeTaHOBe 36pO/I>)KyBaHHS BiJIXO/IiB
IJIOJIOOBOYEBOI'0 BUPOOHHUIITBA 3iMCHIOBAIU
nporsaroM 22 fi6 4yepe3 BUCOKUH BMICT Y
cy6cTpaTi BaKKHX [0 6ioJioriyHoro po3skJa-
JlaHHA CKJIQJIOBUX, Iepll 3a BCe, LeJI0JI03U.
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[IpoTsirom ychoro nepioay 6poAiHHSA Bifg0ya0ch
3Ha4YHe 3MeHILIeHHS BMICTy CyXUX PE4YOBHH Y
cybctpati, eQdeKTUBHICTb IX  BHJYYEHHA
nocaryaa 74 %.
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pH 36pojxyBaHoi Macu 3MiHIOETbCA
npoTtsarom ¢epMeHTallii, 3poctaryu Big 6,5 10
8,25 oguHuLb. lle XxapakTepu3ye onTUMaJlbHUA

nepeoir npolecy, 6e3 3aKMCaHHS
KyJIbTYpPaJIbHOT'O Cepe/l0BUILA.
JocnigxeHHs 3acBigYMIMn 3HA4yHY

IHTEHCUBHICTb rasoresHeparii, y nepepaxyHky
Ha 1 Kr cyxux pedyoBHUH IIJIOJ00BOYEBUX
BiIXOZAiB CcyMapHHH BuXijJ 6iorasy CTaHOBHUB

320 pam3. Bu3HaueHHs BMICTy OCHOBHHUX
KOMIIOHEHTIB y  6iorasi (mpucCKOpeHUM
MeTOZ0M)  NiATBEpAMJIO BUCOKUM  BMICT
ropr4yoro KOMIIOHEHTY - MeTaHy. Tak,
IpPOTATOM  YCbOTO IpoLecy MeTaHOBOro

360po/J>KyBaHHS BMiCT MeTaHy KoJIuBaBcs Bif 60
o 62 %, a oT>Ke reHepoBaHUK O6ioras Moxxe
OyTH BHKOPUCTAaHHUM $K aJibTEpHATUBHUU
eHepropecypc.

Ha 14-22 p06u iHTEHCUBHICTBH mpolecy
(6ioTpaHcdopmMaliisi cyxux peuoBUH BiAXOJIB y
6ioras) CcyTTEBO CIaJla€E Yepe3 IMPAKTUYHO
NOBHE  BHUKOPUCTAHHA  JOCTYNHUX  JAJid
OpraHiaMiB aHaepo6HOro aKTHUBHOrO MYJy
KOMIIOHEHTIB BigxoZiB. I xoya Hagasi Ie
CIIOCTEpIraeTbCsd He3HayHa TrasoreHepatis,
nojiasibliie 3JiliCHEHHS Tpoliecy He Oyje
€KOHOMIYHO A0LiJIbHUM.

Kpim 6iorasy, me oOAHUM BaKJIUBUM
aKTUBOM MeTaHOBOi ¢epMeHTalii BigxoniB
IJIOZA00BOYEBOI Trajy3i € jJurecrar. 3rifjHO

JlaHux paay pociaigHukiB (Bublienko et al,
2020, Songetal., 2021, Lu & Xu, 2021) aurecrat
MiCTUTb 6iOJIOTIYHO aKTHUBHI KOMIIOHEHTH, €
BiJIbHUM BiJi HACIHHSA Oyp’sIHIB, TEPMOYYTJIUBUX
[IaTOTeHiB. Tomy MepCrneKTUBHUM €
3aCTOCYBaHHSl  pO34YMHIB JUrecrarty s
nepeAnociBHOrO 006pO6ITKY HaCiHHA pi3HUX
KYJIbTYP CTUMYJIFOBAHHAM MOT0 IPOPOCTaHHS.

Bysy npoBezeHi NOMYKOBI AOCIIJKeHHA
110710 MOXKJIMBOCTI 3aCTOCYBaHHSA JUTeCTATY SK
CTUMYJIATOpPA [JJ TPOPOCTAaHHA HACiHHA
ra3oHHUX TpaB (paWrpac Tra3oHHUM COPT
Appiana). Palirpac inpoko BUKOPUCTOBYIOTH B
€KO0JIOTIYHMX/arpoHOMIiYHHX HayKOBHX
JIOCJIIPKEHHAX 4Yepe3 WOro IWBUAKUU PiCT,
BUCOKY MNpOAYKTUBHICTb. llg KyabTypa €
NOUIMPEHUM TeCT-00'€KTOM, SIKMW aKTUBHO
HAKOMNHU4Yy€ a30T, epeKTUBHO 3amobirae epoaii,
CTiIMKMU 10 MeXaHIYHOT 00 BIJIUBY.

Biosioriuno aKTHUBHHUM PO34YUHOM,
OTPMMaHUM 0pPU pO3BEJEHHI JAurecrary
BOJIONPOBiHOIO BO/I010, OOPOO6JISAIM HACiHHSA
paiirpacy 40 xB. I[IpopoilyBaHHsI HacCiHHA
34iMcHI0OBaIM y YawKax [leTpi B onTuMa/bHUX
TeMIepaTypHUX YMOBax i3  NOCTIHHUM
3BOJIOXKEHHSIM.

Yepes aBi 106U 110JleHHO 3iHMCHIOBaIU
BUMIpPIOBAaHHA TaKUX IapaMeTpiB: [JOBXHWHA
KOpiHHSA, BHUCOTa MNapocTkKiB. OTpuMaHi JaHi
npejcraBJeHi y Tabauni 1.

Tatauys 1

OcHoBHIi TapamMeTpy IPOPOCTAHHA HACIHHA

Tpusasicts
npoitecy AoB>xyHA KOPiHHA, CM Bucora mapocrka, cm
IIPOPOINyBaHHA . ; - - - :
HACIHHSA HAaABHICTH BIACYTHICTH HaABHICTH BIACYTHICTH
paiirpacy, Ai6 GioctumyasaTopa | GioctumyaaTopa | GiocTumyaAaTopa | OGiocTHMyAATOpPA
1 - - - _
2 0,80 0,65 035 0.20
3 1,10 0,75 0,90 0,75
4 1,60 1,20 2,15 180
5 2,20 1,35 3,25 2.70
6 2,45 1,70 455 410
7 2,85 2,10 5,50 510
8 3,10 2,25 735 6,70
Yepes Tpu 06U Bij Mo4YaTKy AOC/TiPKEHHS y BigcoTKax. [EHepria mnpopoctaHHda g

[IOpaxyBaJIM  KIJIbKICTb IPOPOCJUX HACIHUH
paulrpacy, Ha OCHOBI 4Or0 po3paxyBa/id eHeprito
npopocTtaHHs. OCTaHHIN IOKa3HUK XapaKTepU3ye
«JPYXHICTb» IOABU HOpPMaJIbHUX IApPOCTKIiB
iC/IA TPUAEHHOTIO IIPOPOIIYBAaHHA | BUPAXKAETHCSA
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6i0CTMMYJILOBAHOI'0 HACiHHA cTaHOBWJA 95,5 %,
JIUI1 KOHTPOJIBHOTO 10C/iy — 76 % (MpopocTaHHs
710 24 1 19 HaciHYH Ha TpeTIo 00y eKCIIEPUMEHTY,
Bi/I[TOBI/JTHO).
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biocTuMy/ibOBaHe HaCiHHA  XapaKTepu- [IppyyoMy yTBOpIOETbCA 6iora3 i3 BHUCOKUM
3yBaJIOCb TNPUCKOPEHUM POCTOM KOPIiHLIB Ta BMICTOM MeTaHy, L0 POOUTb HOro SIKiCHUM
napocTkiB Ha 21-28 % Tta 22-31 %, BianosigHo. aJIbTEpHAaTUBHUM eHepropecypcoM. 3adikcoBaHa
EHepria npopocranHsa nigBuinuiack Ha 20,4 % 3Ha4yHa  IHTEHCUBHICTb  rasoreHepaii; y
IIOPiBHAHO 3 KOHTPOJIEM. nepepaxyHky Ha 1 KI CyXuxX pe4YOBHH

AHaJIOTiYHI TOKa3HUKHA OTpPUMMaHi MpH IJIOAJ0OOBOYEBUX  BiXO/ZIB CyMapHUH  BUXi[
JOCJi/DKEHHI BIJIMBY 6i0CTUMYyJIAATOPIB i3 6iorasy craHoBuB 320 am3. Bwmict roprodoro
JUrectaTy, OTPMMaHOrO NpU 30pOJKyBaHHI KOMIIOHEHTY - MeTaHy - gocAraB 60 - 62 %.
LeJIF0JI030BMICHUX BiAXOAiB LYKPOBOI OTpuMaHui 6ioraz MOXXJIMBO BUKOPUCTOBYBAaTHU
POMHUCJIOBOCTI (3koM OypsikoBuii) (Bublienko & JUli  OTPUMaHHS TeIJIOBOI YU €eJIEKTPHUYHOI
Semenova, 2021). eHeprii abo X y KoreHepauilHUX CUCTEMaX.

OTprMaHi faHi cBif4aTb PO NMO3UTHBHUU lle oauMH NPOAYKT METaHOBOI'O OGPOJiHHSA

CTMMYJIIOBJIbHUM BIUIUB PO3YMUHIB JAUrecTaTy BiZIXOZIiB IJIOZJ00BOYEBOTO BUPOOHHUIITBA, a CaMe
JUIsl TIepeAnoCiBHOTO OOpOOGITKYy HAciHHSI Ta € JIArecTaT, € MepCHeKTUBHUM JJjs 6ioCTUMY-
NepCreKTUBHUM /[1JIs1 BAKOPUCTAHHA Y CYy4aCHOMY JIIOBAaHHA POCJIMH, L0 € Cy4YaCHUM HAIPSIMKOM
3eMJIepOOCTBI. Bi/IHOBJIIOBAHOI'0 3eMJiepoOCcTBa. BukopurcTaHHA
TaKHUX 0i0CTUMYJIATOPIB JJaCTh 3MOTY 3aMiHUTHU
XiMiyHi 106pUBa Ta CTUMYJISITOPU POCTY POCJIUH
MeTaHoBa ¢epMeHTallil TEXHOJIOTIYHUX Ha €KOJIOTiYHi 6i0aKTHBHI PO3YUHH.
BiIXOZIB IJIOZOOBOYEBOr0 IMiANPUEMCTBA [Ja€ bBiocTuMyJ/ibOBaHe HACIHHS XapaKTepu3yBaloCh
MOX/IMBICTb KOMIUIEKCHO BHpIIIUTH KiJIbKa NPHUCKOPEHUM POCTOM KOpIHLIB Ta NApOCTKiB Ha
npo6JieM:  eKOJIOTIYHMX, €HEepreTUYHUX Ta 21-28 % Ta 22-31 %, BignosigHo. EHepris
arpapHHx. npopocTaHHA nigBuinuiack Ha 20,4 % nopiBHAHO
Y npoueci MeraHoBoi  ¢depMeHTali 3 KOHTPOJIEM.
MOBHICTIO JIKBIAYETbCA 1leM THI  BiJXO/iB.
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