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JIOIIYCTUMMUH PIBEHb CLIOKUBAHHS BIOT'A3Y IIPH BUPOBHUITBI EJEKTPOEHEPT1I
JJIs1 TBAPUHHUIIBKOI ®EPMU

Craanik Mukona IBanoBud, 1.T.H., ipodecop
Bimokpemienuii cTpykTypHUI miapo3ain «JlaamkuHChKui paxoBHi KOJEHK
BiHHHIIEKOTO HaIllOHAIBHOTO arpapHOro YHIBEPCUTETY»
Kouaicank Mukos1a AHATOiHOBHY, ACUCTCHT
BinHMIbKHM HaIllOHATBHANA arpapHAN YHIBEPCUTET

Mykola Stadnik, Doctor of Technical Sciences, Full Professor
Separated structural unit «Ladyzhyn Professional College of Vinnytsia National Agrarian University»
Mykola Kolisnyk, Assistant Professor
Vinnytsia National Agrarian University

B oauiii pobomi posensoacmvca numanns usHAYeHHs OONYCIUMO20 Di6Hs GUKOPUCMAaHHs bieasy 0l
010230801 yCMAano8KU 0711 8UPOOIEHHS eleKMPUYHOL eHepaii 3 yPaxy8aHHAM HAOIIHOCIE pOOOMU 0ONAOHAHHS.
Ilepepobka 6i0xodie meapunHuymea 3 ymeopeHHaM 0io2a3y 0acmv 3MO2Yy HACMKOBO PO38’A3amu
eKONI02IYHI npobieMu, a MAKONC OMpumMamu nepeeasu y 6ueisioi O0eyeHmpanizo8anozo 6UpoodHUYmMea
8i0H08IH08aHOI eHepzii abo eupodHuUymea naiuea. Ponv ioHoeHux Odicepen enepaii y 8upobHUYmMSI eHepeii
HEeBNUHHO 3pOCMAE | HAPA3l AKMYATbHUM € NUMAHHA 30IIbUWENHS YACMKU 6i0HOBHUX 0JdHcepeN 6 eHep20Oananci
KOJICHOI OKpeMmoi Kpainu. ¥ nocmauanti nepeunHoi enepeii Ha Yacmky 8iOHO6II08AHOI eHepeemUuKU NPUnaodae
19% y ceimosomy macwumabi. 3 nux na diomacy npunadae 10 %, abo 258 man. mon Ha pix, moobmo y ceimi
Oiomaca 3abe3neuye HaAUOIbLULY HACMKY NOCHIAYAHHA eHepeii 3 8IOHO6HUX Odicepel. Bimuusnawni aspapwi
nIONPUEMCMEA, € 3HAYHUMU CHOJCUBAYUAMU NATUBHO-EHEPLCMUYHUX DPecypcie MOMY neped HUMu nocmac
00’ eKMU6HA HeOOXIOHICMb BUKOPUCTNAHHS ANbMEPHAMUBHUX 0dicepell eHepeil 6 m.u., OI0N02TUHUX 6UOIE NATUBA
Ma 6NPoBaAONCenHs THHOBAYITIHUX eHepeo3Depieatouux mexHonozitl. Bupoonuymeo 6iocazy ¢ eghexmugnoro ma
iHGeCMUYITIHOIO  NPUGAOIUBOI0 TEXHONOZICIO, WO 3VMOGIIOEMBCS HAAGHICMIO 3HAYHO20 CUPOGUHHO20
nomenyiany, CHPUAMAUSUMU NPUPOOHO-KIIMAMUYHUMY YMoeam ma inwe. [Ipome pigenb 3anpoeadicenis
Ybo2o 6udy enepeii 6 AIIK € nedocmamuim, wo no8 ’a3aHo 3 HU3KOIO NUMAHL, 8 MOMY YUCTI 3 HeOOCMAMHIM
pieHeM NpaKmMuyHux peKOMeHOayill no 6ubopy HOMYI’CHOCMEU 2eHepamopié eleKmpuyHoi eunepeii, ix
KLIbKOCMI, pedcumie pobomu 3 ypaxysanusam 000068020 2pagiKy CNoNCUBAHHS eHepaii, 3a6aHMAaANCEeHHs Ma
onmumanvhum KKJ/[ ycmanosok npu 3a6e3neuenni agmoHOMHO20 HCUBTeHHs nionpuemcemaa. Y yii pooomi
BUZHAUEHO PIGeHb eHepe03a0e3neteHHs: MEAPUHHUYLKUX (epM 3a PAXYHOK GUKOPUCMAHHS 6i02a3y YCMAHOBOK
doicepenom enepeii, AKUX 8UKOPUCTOBYIOMbCS 6I0X00U MEAPUHHUYMEA.
Knrouoei cnosa: 0Oiocas, Oonycmumuil pieeHb CHOJNCUBAHHS, DIGeHb 2eHepayii, O0CHIONCEeHHs,
gepmepcobre 20cnodapcmeo, pieeHs enep2o3abe3neyents, Koeenepayis, HaditiHicmb.
@. 5. Puc. 3. Taéon. 1. JIim. 9.

1. IlocTanoBKa MpodaeMu
[epcrieKTUBHUM HaNpPSMKOM eJIeKTpo3ade3rneueHHs GepMepChbKUX TOCIONAPCTB € AbTePHATHUBHI
JDKepelia eHeprii, B TOMy 4MCIi 1 0ioras, 1o noTpedye BU3HAYCHHs HaIIHHOCTI TAKOTO SJIEKTPOIIOCTaYaHHS.
B TBapuHHUIBEKHX (hepMax 0COONMBY yBary mpUAUISIOTH O10€HEPTeTHYHUM YCTaHOBKaM. Ha misoMy
Oiorasi mpamioe Iu3eNb-TeHepaTop, SKUH BHUPOOJISE ENEKTPUUHY EHEpriio, sika BUKOPUCTOBYETHCS Ha
TBapPUHHUIIBKIH pepmi.

2. AHaJIi3 ocTaHHIX TOCTiIzKeHb Ta MyOJTiKkamii

[IpoananizyBaBiiy nmornepeHi JOCHiKEHHS Ta 3arajibHy KUIbKICTh BUPOOJICHOT IIEPBUHHOI €HEpTii.
Byno Busnavyeno mo cranom Ha 2021 pik y Hac i€ micte 610ra30BUX yCTAaHOBOK, 10 BUKOPUCTOBYIOTH THil
abo mocmin. /[lexinbka mNpoekTiB 0iora3oBHX YCTaHOBOK IMepeOyBaroThb Ha cranii OyxiBHumTBa. IIpote
MOTEHIIIa] OTpUMYyBaTH 0iora3 INUIIXOM aHaepOOHOro 30pOJKYBaHHS BIIXOMIIB TBAPMHHMIITBA HaOarato
Oinpiumii. B Ykpaini moromis’s TBapuH ctanoM Ha 2021 pik ckiiagaio 2,5 MITH rojiB BEIMKOI poraroi Xyzoou
(BPX), 7,9 mnn ceuneii Ta 230,3 MiH nituni. V nepepaxyHKy Ha BiJIXOJIH, 1€ CTAHOBUTUME JI0 15 MiIH M® THOIO
BPX, 166 min M° rHOKO cBUHEH Ta 1725 Ml M° mocltigy nTaxis. 3 IUX BiAXOIiB MOKIMBO OTPUMYBATH Bijl

90
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2831 Hwm® 10 4711 Hwm® Giorasy Ha pik, a6o Big 1779 mmn Hm® 1o 2862 man Hm® GiomeTtany Ha pik.

Tabnuys 1
Ompumannsa biozazy 3 6i0x00ie meapuHHUYMEA
Horois’s Buxin THOIO Buxig Giorazy, Hm®/ 1 Buict Buxin 3610.ra3y, Buxin 6;0M?TaHy,
abo mociny, cyOcTpaty Hwm®/ pik Hwm®/ pik

3 _ .

MJIH TOJIiB M /.TBap HHO ﬂlan??’.OH Cepenne | merany,% | min max min
MicIe/pik BHMIpiB

BPX | 2,5 7,5-21,0 20-30 25 60 485 | 1360 279

OniHKy BUXOAY THOIO, MOCHiAYy Ta 6iorazy Ay)Ke 3aliekaTh BiJi KOHKPETHHUX YMOB Ta TEXHOJIOTII.
3o0kpeMa, BHUXiJ THOIO (Ta MEHIIOI0 MipOI0 TOCHITy) 3ajeXaTh BiJ BiKy TBapWH, a TakKOX BiJ] MICIIEBHX
PaMKOBHX yMOB Ta YMOB YTPUMaHHS.

Hanpuknan, 3anexHo BiJl yMOB YTpUMAaHHs, THIk MOYXE MaTH BHCOKHUI MOKa3HUK BMICTY BOJHM, IO €
OJHHM i3 BHpIMIAILHUX YMHHUKIB MPH 30pOJKYBaHHI, aJ)ke BEJHMKHH BMICT BOAM 3HIKYE iIHTEHCHUBHICTDH
BHUXO[y 6iorasy 3 oauHUII 00’ €My peakTopa. YacTo BMICT OpraHigHOi CyX0i peYOBHUHU € 3HAYHO HIDKYUM, HIXK
Mo/IaHi 3HAYEHHA. |[HIMUMH MPUYUHAMH MOXKYTh OyTH pi3Ha SKICTh KOPMIB 1 3aJIe)KHHH BiJ] IIOTO CKIJIAJ
cyoctpaty. Ha puc. 1 npencraBiieHa NpUHIMIIOBA OJIOK-CXeMa MEPEpOOKH BIiAXOIIB aHAaepOOHUM
30poIKYBaHHSIM JJIsl BAPOOHUIITBA Oiorasy.

Opraniuni
n06pusa
[Monanbiua Heopraniuui 1o6pusa
MeTtaHoreHe3 | m=— Jlure3rar T— ATEE — p e Zop
nepepodka ‘ N:P:K
Bioras KoTau ta naposi Tennosa Ta/abo
Auenorenes CH.+CO — - :
(CH, 2) MalluHH eNeKTPUYHA eHepris
Yrunizauis, BTOpuHHA 0 ! /
Aumjorenes HICHHA
nepe]‘306ka ‘ A 30epexkeHHs
IHwi BUAKM 2 : \’ 5
simxomin [igponis biomeran
Binxoan | mme— Hakonnuenns, AHeopoGHe KoreHnepauiiini Biora3zoBi CroXuBaHHS
30epiraHHs, COPTYBaHHA 30poKYBaHHS YCTaHOBKH JIBUTYHH uepe3 ['TC
[TiaroroBka ; i % oo
ba3oBa cupoBuHa cyberpaKTy ["enepattis eHeprii (e1eKTPUYHOI, TEMIOBOI, MEXaHIUHOI TOLLO)

Puc. 1. IIpunyunoga 610K-cxema eKono2oeheKmueHo20 3a0e3nevents enepzemuiHux nompeo
nionpuemcmea AIIK 3a paxynok nepepooku 6i0xooie anaepooHuUM 30pP00IHCYBAHHAM

BinHOBIIOBANLHUM JKEpENiaM €HEpril MPUCBSYCHO 6araTo poOiT. 30KpeMa MUTAHHS BHKOPHUCTAHHS
Oiora3y BUCBITJICHO B JOCIIKEHHSX aJbTepHATHBHUX JpKepern ereprii [1], [2],[3],[4],[5],[6]. 3 craTeit BugHO,
o He OyJI0 BpaxoBaHO HaNiHHICTh POOOTH OOJIIHAHHS, 10 € BAXJIMBUM (DaKTO-poM B 3B'SI3KY 3 THM, IO
(dbepMu BITHOCATHCS J0 CIIOKUBAUiB MEPIIoi KaTeropii.

3. Mera aociiiaKeHb

HocnimkeHHs piBHS CHOXHUBaHHS Oiorasy 3 ypaxyBaHHSIM HaJiHHOCTI poOOTH 010ra3oBoi yCTaHOBKU
st 3a0e3neveHHst cTabinbHOTI POOOTH CUCTEMH EIEKTPOIIOCTaYaHHs 33 PaXyHOK BUKOPUCTaHHS 010Ta30BHX
YCTaHOBOK B TBaPUHHHIIBKHX (pepmax.

4. BukJsiax 0CHOBHOTO MaTepiairy

[MuTannsM pocmipkeHHS reHepauii nmpucBsueHa poOorta [5]. Ha migcraBi mocnmimkens [6] Oymno
nmoOymoBaHo rpadik (puc.2), i3 SKOro BHUAHO, IO OPOJIHHS CYIPOBOKYETHCS JBOMA TIepiogaMu
MaKCHMaJIbHOT'O BUXO1y Oiorasy.

Cnouatky reHepallis BUCOKa ajie MOTiM BOHA Pi3KO MaJae TOMY IO e HOCTYIIOBE 3aBaHTAKEHHSI THOIO,
aJie BKe MOYMHAIOUM 3 I'ATO1 100K OPOMiHHS CrIOCTepiraeThes pi3ke 301UIbIeHHs reneparii Oiorazy. Ha Bocemy
no0y TeHeparlii BUXij 6i0ra3y cTabimi3yeThes i B OAANBIII JIHI CIIOCTEPITaEThesl BiJHOCHO PIBHOMIpHA TeHEparlis
Oiorazy, ane Ha 21 100y criocTepiraeThCst 3HOBY MaKCUMAIIBLHUH BUXIJ Oiorasy.
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Puc. 2. I'paghix eupobnuymea biozazy npu HOCHyno80My 3A6AHMANHCEHHI CUDOBUHU

st piBHOMIPHOTO pO3MOIIICHHS BUXOAY 0ioras3y B 4aci 3aCTOCOBYEThCS Oe3nepepBHa Mo-Aada THO
B MeTaHTeHK. BoHa BKitOUae B ceOe 1Mojavy BEJIMKOI KIIBKOCTI THOK B HEBEIUKUX TMOPINAX, 3 OJHOYACHUM
BUJIAJICHHSAM BiPaI[bOBaHOTO OioIIIaMy.

3 IFOTO BUTUIHBAE, IO SKIIO SIKOMOTa YacTille OyAyTh 3aBaHTa)KyBaTHUCh HOBI MOPIIii THOIO, TO OLITBIIT
piBHOMipHUM OyJe BULICHHS OioTasy.

3aBaHTa)XCHHSI THOIO B MATAHTECHK BiIOYBA€ThCS 3 MEepioqudHicTiO 1 roqunu [7].

HaniftHicTh mocTauaHHs eNeKTpOeHepril 3alIeKuTh BiJl HAIIWHOCTI MOCTaYaHHS ra3y Ta HaJiHHOCTI
obnamHanHs 0i0rTa30BOi yCTaHOBKW. BukopucToByroum manHi Ha (pHC.2) JAOMOBHHMO iX ITOKa3HHKAMH
HaJIHHOCTI poOOTH 00T THAHHS Ta MoKakeMo Ha (puc.3). Ha nanomy rpadiky mokasamo, 1o B mepiof (t1-12)
BiI0yBajocs BHPOOHUIITBO Oiora3y, Naii MH CIIOCTepiraeMo mo Ha AinsHIi (t2-t3) BupoOineHHs Oiorasy
npusynuHmiocs. Lle mos’s3aH0 3 BUXOZOM 3 J1ajay oOJiaJiHaHHS 4Yepe3 sKe JOBENIOCs 3yIHHUTH poOoTy. Ha
ninstai (t3-t4) Oyno BUpoOHUIITBO Oiorasy BiHOBIIEHO 1 T.JI.

PPc  Ppg Pg2 el I WP
Psl.l Pg2.1 Pg25 P26 Pgn) Pen3 PB;}.-—
Psl3 Ps23 Pend

14 Ps
Psl2 T P24 |
| Pc
W L N—
t1 2t t4 tn-1 tn

Puc. 3. I'paghix eupodbnuymea Giozasy 3 ypaxysannam HaoiitHocmi po6omu 6ioza3zo06of ycmanoeku

PiBeHb criOXXMBaHHS T'a3y BU3HAYAETHCS CTAOLIBHICTIO 11 pOOOTH, a came: MOMEHTaMH MaKCHMAJIBHOTO
BUPOOHMITBAa NpPU IbOMY, YaCTHHA ra3 BiANPABISETHCS Ha PE3EPBYBAaHHs, a iHIIA HAa BUPOOHHUIITBO
enekTpoeHeprii. B MOMeHT HepoOouYoro cTaHy BHUPOOHHITBO ENEKTPOEHEprii BiJI0OYBA€ThCS 3a PaxyHOK
pe3epeiB.

Hns pobotu Oyno chopmynsoBano ymosa (1)[8] mnst crabineHOT poboTH 0iora3oBOi yCTaHOBKH, B
YaCTUHI MOCTauYaHHA Ta3y:

P. <P, @
ne P, — pisens cnoxkuBanns 6iorasy (M?); P, — cepenniii piBenb BupoOienHs 6iorasy (m?)

Jiist TOro 100 3HAWTH JIOIMTYCTUMHIA PiBEHB CIIOKWBAHHS MTPOTIOHYETHCSI CKOpUCTATHCS (HOpMYIIoro (2),
U1 BU3HAYEHHs P, MOXIIMBO CKOPMCTAaTHCS CTATUMHMMM JaHUMH 32 iX HAsSBHOCTI.
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dopmyna Ui po3paxyHKy piBHSI CIIOKUBAHHSL:
pP. = PBl(tZ _t1)+ PBZ(t4 _t3)+---+ PBn(tn _tn—l) (2)
C i
(tz _tl) + (t4 _ts) ot (tn _tn—l)

ne P. — ue nomycrummii piBeHb cnoxusanbs; P, , Py — cepenmili piBeHb BUpOOHHMITBA Giorasy Ha

BINOBI/HII IIAHII Yacy, BU3HauaeThes 3a popmynami (3), (4), (5); (t, —t,); (t, —t,); (t, —t, ;) —gac HopmanbHOI

poboru; (t, —t;); (t, —t, ,) —yac BiHOBNEHHS, {, — HANPAIOBAHHS HA BiJHOBJICHHS POOOTH GiOra30BOi YCTAHOBKH.

PBl — IDBl.l + IDBl.Z Z PBl.S + PB1.4 , (3)
PBZ — I:)BZ.l + PBZ.Z + I:)B2.3 —g PBZ.4 + PBZ‘S + PBZ.G , (4)
PB — PBn.l + PBnA2 + I:>BnA3 + PBn.4 + PBn.5 + PBn.6 . (5)

" 6
Ha mincrasi dopmymu (2) MoxkHa BH3HAYMTH PiBEHb CHOXKHUBAaHHSA 0ioraszy Iu3ellb-T€HEpaTOPHOIO
YCTaHOBKOIO JUTS CTaOLTEHOTO BUPOOIEHHS €JIeKTPUIHOI €HEepTii.

5. BucHoBKkH

i cTabinbHOI poOOTH JTU3elb-TeHepaTopa 3 BUPOOHMIITBA €JICKTPUYHOI €HEpril 3 BHUKOPHUCTAHHAM
6iora3y He0OXiJHO TOTPUMYBATHUCS YMOBH, IIIO PiBEHb CITOYKMBAHHS MEHIITHI PiBHS BUPOOHUIITBA Oiorasy. PizHuis
B BHUPOOHHUIITBI Ta CHOXUBAHHI BHKOPHCTOBYETHCS ISl HAKONMMYEHHS Ta3y, SIKHA BUKOPUCTOBYETBCS IS
BUPOOHUIITBA E€NIEKTPOEHEPrii MiJl Yac MpoCcTOr 0iora3oBoi YCTaHOBKH. B po0OTI 3ampormoHOBaHO MiaXia 10
BU3HAYCHHS PIBHA CIIOKMBAHHS Ta BHPOOHUIITBA 0iorasy 3 ypaxyBaHHAM HaIiHOCTI poOOTH OOagHAHHS
6iorasoBoi ycranoBku [9]. JIoTpuMaHHs 3alpONOHOBAHMX IMiJXOIIB JO3BOJUTH 3a0€3MEUMTH TPOTHO30BAHHI
PiBEHB €JIEKTPONIOCTauaHHsI TRAPUHHHIIBKOT (hepMU.
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PERMISSIBLE LEVEL OF BIOGAS CONSUMPTION IN THE PRODUCTION OF ELECTRICITY
FOR A LIVESTOCK FARM

This work considers the question of determining the permissible level of use of big gas for a biogas plant
for the production of electrical energy, taking into account the reliability of the equipment.

The processing of animal husbandry waste into biogas will make it possible to partially solve environmental
problems, as well as to obtain benefits in the form of decentralized production of renewable energy or fuel production.
The role of renewable energy sources in energy production is constantly growing, and the issue of increasing the share
of renewable sources in the energy balance of each individual country is currently relevant. In the supply of primary
energy, the share of renewable energy accounts for 19% on a global scale. Of these, biomass accounts for 10%, or
258 million tons per year, i.e. in the world, biomass provides the largest share of energy supply from renewable
sources. Domestic agricultural enterprises are significant consumers of fuel and energy resources, therefore they face
an objective need to use alternative energy sources, including biological types of fuel and the introduction of innovative
energy-saving technologies. Biogas production is an efficient and investment-attractive technology due to the presence
of significant raw material potential, favorable natural and climatic conditions, etc. However, the level of introduction
of this type of energy in the agricultural sector is insufficient, which is related to a number of issues, including the
insufficient level of practical recommendations for choosing the power of electric energy generators, their number,
operating modes taking into account the daily schedule of energy consumption, loading and optimal efficiency
installations when providing autonomous power supply of the enterprise. In this paper, the level of energy supply of
livestock farms due to the use of biogas as an energy source of plants using livestock waste is determined.

Key words: biogas, permissible level of consumption, generation level, research, farm, energy supply
level, cogeneration.

F. 5. Fig. 3. Table. 1. Ref. 9.
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