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ONITUMU3ALIUA ITPOLIECCA CBPAXNBAHNA
O0TXO0J0B KNBOTHOBOJCTBA TP NCITOJIb30OBAHUN
METAHOTEHEPUPYIOIIEN MUKPOBHOU ACCOLTUALIII

A.1I0. BUHAPOB, J.I1. COKOJIOB, B.H. CMUPHOB, 3.H. POBBIIIIEBA

W3BecTHO, 4TO C IKONIOrHYECKOH TOYKHM 3PeHHs KUBOTHOBOAYECKHE W NTUIIEBOIYECKHE KOM-
IUIEKCBI, 3arpsi3Hss MOYBY, BOLY, BO3IYX, NPEACTABJISIOT A OKpYXKalomieil cpeabl Jaxe OOJbLIYIO
ONACHOCTb, YeM KpYNHbIe MPOMbILLIeHHbIe npeanpusaTus. IloxyyeHne pa3anyHbIX BHIOB OHOTOILIMBA M3
Pa3HOOOPA3HBIX OPraHMYECKHX OTXOAOB MO3BOJISIET pemaTh KaK KOJOrHYecKHe 3a/1ayd, TaK W dHepre-
THYECKHE MPoOJIeMbl HA YPOBHE PETHOHAJIBHBIX HYXKJ C OJXHOBPEMEHHBIM CO3JaHHEM 0E30TXOAHBIX arpo-
NPOMBILLIEHHBIX CXeM. 3HAYUTEJbHOE YHMCJIO MPOMBIILIEHHBIX YCTAHOBOK IJIsi METAHOBOrO OpOKEHHs
cocpenoToyeHbl B crpanax Adpuku, Jlatunckoit AmMepuku, A3un U BmkHero Bocroka. Boabmioii uH-
Tepec K MOJy4eHHI0 OMOra3a M3 Pa3MYHBIX OPTAaHMYECKHUX OTXO/OB MPOSBISAIOT TAKXKe CTpaHbl 3amaj-
Hoii Esponbi — I'epmanus, ®@panuusa. Hamu paccMorpeH MeTon mHTeHCH(UKAIMHA HENPEPHIBHOTO MpoO-
Hecca noJyyeHusi 6uorasza 3a cyer 3aMelleHHs] HCXOAHOI eCTeCTBEHHO MHKPO()JIOpbl HABO3HOTO CTOKA
0osiee 3()(eKTHBHLIM MHKDPOOHBIM KOHCOPIMYMOM MeTaHOreHepupyomux Oakrepuii. B ocHoBy mpu-
MepOB MOJIOKEHbI Pe3yJbTaThl IKCIEPUMEHTOB MO COPAXKMBAHMIO HABO3a B TEPMOQUIbHBIX YCJIOBUSX.
IIpennoKeHHblii MOIX0] MO3BOJIMI PEKOMEHIOBATH ISl MPAKTHYECKOTO MPUMEHEHUs] ONTUMU3UPOBAH-
HYI0 TEeXHOJOTMYECKYI0 CXeMy COeJMHEHHS! METAHTEHKOB, 00ecneYHMBAIOLIYI0 YCKOpeHHe mpouecca
cOpaKMBaHUsI M TNOBbILIEHHE BbIX0AA OMOraza npu nepepadoTKe HABO3HBIX CTOKOB € HMCHOJb30BAHHEM
KOHCOpUMYMa MUKpoopranu3moB (Methanobacterium omelianskii, Methanococcus mazei, Corynebacte-
rium sp., Pseudomonas sp. u Arthrobacter simplex).

KioueBble Cli0Ba: 9KOJIOTHsI, HABO3HBIN CTOK, aHA3POOHOE COpaKMBaHWE, OMOTOILIMBO, OMO-
ras, ecrecTBeHHasi MUKpPodJiopa HaB03a, KOHCOPIMYM MHKPOOPIaHH3MOB, ONTHMH3AIMA PEXKHAMA, 3aMe-
HIeHHE KYJbTYPbl MUKPOOPraHM3MOB, METAHTEHKH, ONTHMAJIbLHAS CXeMa COPaKHBAHMS.

Keywords: ecology, dungy stock, anaerobic digestion, biofuels, biogas, natural microflora of
manure, a consortium of microorganisms, process optimization, the replacement cultures of microor-
ganisms, anaerobic digester, the optimal scheme of fermentation.

MeToabl NpOMBIIIJIEHHOH OMOTEXHOJIOTUM BCE IIMPE BHEAPSIOTCS B XO-
3IUCTBEHHYIO JeSTebHOCTh. [Ipu 3TOM HCMOIb3yeMble MUKPOOMOJIOTUYECKUE
MIpoLEeCcChl HaMpaBieHbl KaK Ha IIOJyYeHUE LEHHBIX OMOIIPOAYKTOB, TaK U Ha
OMOYTWIM3ALIMIO PAa3IWYHBbIX OTXOIOB IS PELICHUST aKTyaJbHBIX 3KOJOTMYECKUX
3agayd (1). 3BecTHO, UTO C 3KOJOTMYECKOM TOUKU 3PEHUS KMBOTHOBOOYECKUE U
NTULIEBOAYECKNAE KOMILJIEKCHI IPEACTABISIOT UISI OKPYXalOIIeW Cpeabl maxe
OOJIBIIYIO OMACHOCTb, YEM KPYIHbIE MPOMBILUIEHHbIe npeanpusatus. [Tpu satom
KpaliHe BaXKHBIMU OCTAIOTCSI IB€ B3aMMOCBSI3aHHBbIEe Mpobnembl. C OgHOI CTOPO-
HBI, XWJIKAEC HABO3HBIE CTOKM, MOManas B TOYBY W BOMOEMBI, CO3IAIOT CEPHE3HYIO
5KOJIOTMYECKYI0 ONACHOCTb. BcllencTBUE BBICOKOIO COAEpPXKAHMS B HUX OpraHU-
YECKUX M MUHEpaJIbHBIX BEIECTB MOJTHOE OMOPA3I0XKEHUE TaKUX CTOKOB HEBO3-
MOXHO U, KaK CJEACTBUE, IIPOMCXOAUT 3arps3HeHue OJM3JIexXallnuX BOJOEMOB,
OTpaBJieHUE PHIOLI U HapylleHUe OMOJOrMYecKOro paBHoBecus B 1enoM (2). Oxn-
HOBpPEMEHHO 3arpsi3HseTcs aTMocepa — Kak 3a CUeT BPEIHbIX BELIECTB, BbIIe-
JISIEMBIX HEIMOCPEACTBEHHO Ha >XMBOTHOBOAYECKMX KOMILIEKCAX, pacIpoCTpaHe-
HUSI HEIIPUSATHOTO 3amaxa, TaK M B Pe3yJbTaTe Pas3loXEHUS HAaBO3HBIX CTOKOB
Ha MoYyBe C 00pa30BaHUEM CEpOBOAOPOIA, MEPKANTaHOB, ajabaeruaoB. C apyroi
CTOPOHBI, 3TU CTOKM — OOraroe OpraHM4ecKoe ChIphbe, CIEAOBaTENIbHO, WX I1Ie-
JiecooOpa3HO HMCIOJIb30BaTh, MPUYEM C HauOoJibllielt 3KOHOMUYECKOU a3ddek-
THUBHOCTBIO M IIJISI TIOJIyY€HUSI TIPOAYKTA, IMOJIb3YIOIIETOCS CIIPOCOM.

C TeXHNYECKOM M PKOHOMMYECKOI TOYKU 3peHMsI BHIOOP TOM WJIM MHOM
TEXHOJIOTUM YTWJIM3AIlMM HaBO3a W MOMETAa BO MHOIOM OMNpPEAEISETCS €r0 BH-
JIOM M BlIaxXHOCThIO. IIIMpoKo pacmpocTpaHeHbl pa3IW4YHbIE CIIOCOOBI ITOJIydYe-
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HUs ymoOpeHUii, KOMIIOCTOB M3 HaB03a, B TOM UKCIIE Ha OCHOBE IPOTPECCUB-
HOIT OMOTEXHOJIOTUM a3pOOHO TepepadOoTKM HABO3HBIX CTOKOB B OMOOpraHu4e-
ckue ynobpenus (3, 4). [1oaCTWIIOUHBIN TTOMET, UMEIOIINI BiIaxXHOCTh 10 50 %,
HauOoJiee pallMOHAJbHO BBICYLIMBATh, & TAKXKE MCIOJb30BaTh ISl [IPUTOTOBJIE-
HUs OMOKOMIIOCTOB M TOIUIMBHBIX OpukeToB. HaBo3 MIOTHOI KOHCUCTEHLIMU
(BIaxxHOCTh 10 76 %) MOOXOOUT IJIsl Pa3IMYHOTO KOMIIOCTUPOBAHUS M 4aCTUY-
HO 1151 (pepMEHTATUBHOM, TEPMUYECKONM U IPYroil CYLIKU B CMECU C CYXUM Ha-
nojHuteneM. [oayKunKuii ¥ KUAKUK CTOK (BJIAXHOCTb 10 96 %) 3(hbeKTUBHO
MCIOJIB30BaTh IIpU BEIpaOOTKe Oumorasa.

IMpobaema moMyueHNST pa3TUIHBIX BUAOB OMOTOIUIMBA M3 PACTUTEIHLHO-
TO CHIphSI M Pa3HOOOPA3HBIX OPTaHMYECKUX OTXOMOB MOCTATOYHO aKTyaJlbHa U
MO3BOJISIET pelllaTh KaK 9KOJOTMYeCKre 3alaun, Tak U SHepreTuyeckue npoose-
Mbl Ha YPOBHE PETMOHATbHBIX HYXI C OJHOBPEMEHHbBIM CO3IaHUEM OE30TXOMHBIX
arponpoMBbIIUIeHHBIX cxeM (5-7). B aToitl CBSI3M TakkKe aKTyaJdbHbIM IUIS arpo-
KOMILJIEKCOB MOXHO CUMTATh pa3pabOTKy MHTEHCUBHON OMOTEXHOJIOTUM IOJTyde-
HUS OMorasa M3 XKMBOTHOBOAYECKMX OTXOHOB. MeTaHOBO-aHAa’pOOHOE COpazKui-
BaHMUE HABO3HBIX CTOKOB CIYKUT 3(D(MEKTUBHBIM CPENCTBOM 3allUTHI OKPYXKaro-
1LIei cpelbl OT 3arpsI3BHEHUST U CITOCOOOM TMoJiydyeHUs1 3¢ GHEeKTUBHOTO OMOTOIIN-
Ba — Omorasza. M3yuyeHNIO0 TeOprM METAHOBOTO COpaKMBAHUS PA3TMIHBIX BHIIOB
CBIPbSI TIOCBSILLIEH Psia TeopeTuyeckux padot (8-10).

3HaYUTEIbHOE YMCJIO MPOMBIIUIEHHBIX YCTAHOBOK JUISI METAHOBOIO Opo-
KEHUSI cOoCpeloToueHbl B cTpaHax Adpuku, JlaTuHckoi AMepuKH, A3uu u
Bbavxnero Boctoka. Bosblioit MHTepec K MOJyYeHUIO Ouorasa M3 pasIMUHbIX
OpPraHMYECKUX OTXOAOB MPOSBISAIOT Takxke cTpaHbl 3amagHoit EBponbr — I'ep-
manust, @pannmsa. M3 1 Kr cyxoro BellecTBa OPraHMYECKOTO ChIPbS MOXHO ITO-
ayuuthb okono 0,45 M3 6uorasza (0,23 m3 merana). Ilpu 3ToM pepma, Ha KOTO-
poii comepxutcs 30 roj. KpyrmHoro poratoro ckora miau 500 cBUHEH, B COCTOSI-
HUM MOJHOCThIO obecrnieunBaTh cedst aHeprueit (11). Tlonyyaembiit ipu Gpoxe-
HUM GMOTra3 MMeeT B CpeJHEeM TeIUIoTy cropanusa 5340-6230 xkan/m3, To ecThb
1 M3 6uorasa sksuBajienTeH 0,7 1 Ma3yTa. KOJaM4ecTBO 2JIEKTPOSHEPIUU, BhIpa-
6areiBacMoil 13 1 M3 6GMorasa, MOXeT COCTaBUTb OKOJIO 2 KBT * u.

CrenyeT OTMETUTb, UTO 3(PPEKTUBHOCTh pabOThl METAHTEHKOB 3aBUCUT
HE TOJIbKO OT TEXHOJOTMU M MCIIOJIBb3YeMbIX MUKPOOPraHU3MOB, HO TaKXe BO
MHOTOM OIIPENeNISIeTCI KOHCTPYKTUBHBIMU OCOOCHHOCTSIMM aIlllapata W TIOAd-
JepKaHrMeM ONTUMAaJIbHBIX IMapaMeTpoB Mpoilecca ¢pepmeHTauu (12, 13).

ITpoiiecc MeTaHOBOTO OPOXXEHUsI MOXET ObITh MPEACTABICH B BUIE psiaa
OCHOBHBIX (ha3. CHavyasa BHICOKOMOJIEKYJISIDHbIE OPraHUYECKUE COeAMHEHMs (TT0-
Jiicaxapa, MpOTeMHBbI M KUPbI) B pe3yibTare (PepMEeHTATUBHOIO TMAPOJM3a Ie-
pPeBOIATCS B PAaCTBOPUMBIE BbICOKOMOJIEKYJISIDHBIE OpraHUYeCKUEe OKCHUCOEIM-
HEHMS WM COJIM, Jajiee MAeT MX cOpaxuBaHUe (TMAPOJUTHIECKOE paclIerie-
HHUEe) ¢ 00pa3oBaHMEM HHU3KOMOJEKYJSIPHBIX OPraHMYECKUX OKCHUCOSIMHEHUI.
3areM TPOUCXOAUT CUHTE3 JIETYYUX OPTaHMYECKUX KHUCJIOT, a TaKKe Ta30B —
BOJIOpOJa, CepoBolopoaa, aMMHaka. Ilocie 3Toro HU3KOMOJIEKYJISIpHbIE Op-
TaHUYECKUE OKCUCOEIMHEHMs pAacUIEIUISIIOTCS 10 MeTaHa M YIJIEKMCJIOro ra-
3a. buoxuMunueckre U3MEHEHUsI IPU METAHOBOM OPOXEHUM — 3TO CJIEJACTBUE
KM3HEACSATEIbHOCTH Pa3IMYHbBIX MO (PU3MOJOTMYECKUM CBOMCTBAM TpYIIN aHa-
SPOOHBIX OAKTEepUIA.

IMpumepHo 80 % opraHMyecKux BellleCTB cybcTpaTa IpH METAaHOBOM
OpOXEHUM TpeBpallaloTCsl B METaH W YrJeKucablid ra3. KayecTBeHHBIN cocTaB
ra3oB B 3HAYMTEJIBHOM CTENEHU 3aBUCHUT OT cOcTaBa cOpaxkuBaeMmbix cpend. [lo-
JlydaeMblii B TIpoliecce cOpakMBaHMSI HaBO3HBIX CTOKOB W Pa3JWYHBIX pacTH-
TeJbHBIX OTXOIOB OMOTa3 COIEPXKMUT, KaK mpaBuio, oT 56 go 70 % merana, 25-
40 % yraexucioro rasa, 1o 3 % cepoBomopona u clieabl Bogopona (9, 14).

28



Bonbliasg yacTh MPOM3BOACTBEHHBIX MCCJICHOBAHUM Oblla BBIMOJIHEHA
IUTST Me30(MIIBHOTO pekrMa ¥ JINITh HEMHOTHE — JUIST TepMOGMIBHOTO peskMa
copaxuBanus. MmeroTcs gaHHble (15), 4To onmTHMMalibHasl TeMIlepaTypa, Npu
KOTOPOI XKM3HEAESITeJIbHOCTh OakTepuil MmpoTekaeTr Oojiee aKTMBHO, IUISI ME30-
¢dmipHOrO Iporecca cocrapager 34-36 °C, misg tepModuibHoro — 52-54 °C.
XoTa TepMOMUIBHBIN peXUM OOYCIIOBIMBAET YBEeJIMUYEHUE CKOPOCTH pacrana
OpPraHMYECKOTO BEIIECTBa U TOBBIIIIEHUE BbIXOJa Ouoraza, OH TpeOyeT OOJbIINX
TEIUIO3aTpaT Ha TMoJjiepXaHue TeMIIepaTypbl B METAHTECHKE.

COpaxumBaeMOe OPTaHMYECKOE ChIPhe OOBIYHO 3aCeBAIOT alleTOI¢HHBIMU
W METaHOTEHHBIMU OakTepusiMM. B 9acTHOCTM, MOXKET MCITOJIb30BaThCS acCo-
LYamys MUKpOOPraHU3MOB, B KOTOPYIO BXOIST canmpo(UTHbIE aHa3pOOHbIe OaK-
Tepuu, cOpaxkMBalolMe YIIeBOAbl, aMMoHUuuupyolme Oakrepun (Clostridi-
um, Bacillus), aueroreHHble OakTepum (Syntrophobacter, Desulfovibrio), cynb-
(haTBOCCTaHaBIMBAIOLIME U MeTaHOOpa3ywluue Oaktepuu (Mycobacterium, Pse-
udomonas, Methanobacterium) Wi OTCTOW W3 APYroro MeTaHteHka. [Ipu MHTEH-
cuduUKalKy mpolecca METaHOOOpa30BaHUS OIpeAcIeHHOe BHUMAHUE YAEIsIeT-
¢ MUKPOOHMOJIOTMUYECKOMY acCIeKTy M BO3MOXKHOCTH OINTHMM3AIlNM pekuMa 3a
CYET TIPUMEHCHMST CICIMATBHBIX IITAMMOB M MHKPOOHBIX accolMalnii, obia-
JAIOIIMX TIOBBILLIEHHOW COpaXkuBaroIei CIIOCOOHOCTBIO, KOTOPbIE BHOCSIT B Cpely
B KauecTBe MHOKYJISITA.

B Hacrosuieii paboTe mpeacTaBieHbl pe3yJbTaThl CpaBHEHUS ITOKa3aTe-
Jieil cOpaxkuBaHUSI HABO3HOTO CTOKA MPU MCMOJb30BAHUU €CTECTBEHHON M CIie-
LUAJIBLHO II0J00paHHONM MeTaHOT€HepUpYIollell MUKPOOHOI accolaluu C lie-
JIBIO €€ MOCJeAYIolIell peKOMEHIAIUU JIJIs1 IIPOMBIIIJICHHOIO MPUMEHEHUS.

Memoouka. CyOGcTpaToM CIIYXWJIM ABa 00pa3lla HaBO3HOTO CTOKa, II0-
JIY4EHHOTO OT KPYITHOTO pPOTaTOTO CKOTa: B TIEPBOM COAEpPKAaHUE CYXOTO Be-
mecTBa (¢.B.) cocTaBmwio 2,5 %, BmaxHocts — 97,5 %, BO BTOpOM — COOTBET-
ctBeHHO 5,0 % m 95,0 %. VIcXomHBIM HABO3HBIN CTOK 3arpyKajid B peaKTOpPHEIE
KOJIOBI C MpeaBapuUTeIbHO BHECEHHOM CyCIIeH3Uel UcClaeayeMoili MUKpPOOHOI
KYJBTYPBl U TEPMETUYHO 3aKPhIBAIU (KOJIUYECTBO MHOKYISITa — 15-20 M ¢ TUT-
pom kietok 109-1010, pabounii 06beM Kaxaoi Koadel — 700 M) ¥ ITOMEILAIN
B Tepmocrtar. IlepemelnmBaHue (ciaboe) cyoOcTpara B Koj0axX OCYIIECTBIISIIA C
ITOMOIIBI0 MaTHUTHON MeIIIaJIki, KpoMe TOro, 2-3 pa3a B CYTKHM KOJIOBI MHTEH-
CUBHO BCTpsixuBanv. M3 Kaxmoil peakTOpHOU KOJOBI 0oOpa3yeMblii Omoras I1o-
CTynajl B MEpHbIe KOJOBI-COOPHUKHM (aHAJOr Ta3rojibaepa), BLITECHSISI HAXOAUB-
1LIyIOCS TaM BOAY, YTO MO3BOJISIO CYIUTh O KOJIWYECTBE BbIAEJICHHOTO OMorasa.

B I ombiTe cpaBHMBaIU mpolecc cOpakuBaHMs 0Opa3lia HABO3HOTO CTO-
Ka (2,5 % c.B.) eCTeCTBEHHOI OaKTepHaJlbHOM MMKPOGIIOPO U CIELHUaIbHO
OTOOPaHHBIMU METAaHOT€HEPUPYIOIIUMU KYJIbTypaMu (KOHCOPLIMYM MHUKPOOPTa-
HM3MOB M2, Bkmouarommit Methanobacterium omelianskii 1 Methanococcus
mazei). Bo Bce k010b1 moMernanaud no 700 My HaBo3a. Te M3 HMX, B KOTOPBIX
MPUCYTCTBOBAJIa TOJbKO €CTeCTBEHHasi MMKpodiopa croka (3 IUT.), CIyXUIu
KOHTPOJIEM, B OcTajibHbIe (3 1UT.) JOMOJHUTENbHO 3aceBaliv 1O 15 MJI MHOKYJIS-
ta M2. Wuakyouposaim npu 36,0-37,0 °C. OneHuBaaM BBIXOI OHMOrasa U CKO-
POCThb €ro reHepalMu B KaXIoW peakTOpHOM Koybe, 3aTeM ITOJlydeHHbIe 3Haue-
Hus ycpenHsiiu. Bo 11 akcriepyMeHTe cpaBHUIM XapaKTepUCTUKU Ipoliecca Mpu
MCHOJb30BaHUU M2 U ellle OJHOTO KOHCOpLIMyMa MUKPOOPTaHu3MOB — M5, B
KOTOPBIN JOIOJHUTEILHO K MUKPOOPraHM3MaM M2 BKIIIOUMIM IITAMMBI, TaKXKe
B3SITbIC M3 KOJUICKIIMM JIA00OpaTOPHM TEXHOJIOTHI TTPOMBIIIICHHOTO OMOCHMHTE3a
(OAO «T'ocHUHcuuteszbenok») — Corynebacterium sp., Pseudomonas sp. u
Arthrobacter simplex. CyclieH3M10 BBIpallleHHBIX KYJIbTYp (KOHcopuuyM MS)
BHOCWJIM B peaKTOpHBIe KOJOBI (3 mT.) ¢ HaBO3HBIM cTOKOM (5,0 % c.B.). KoH-
TPOJIEM CIYXWIU peaKTOpPHBIE KOJOKI (3 1UT.), B KOTOPBIX MCIOJIb30BaIN KOH-
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copiuuyM M2 Ha ToM ke HaBo3HOM cToke (5,0 % c.B.). KonuyecTBO MHOKYJISI-
Ta — 10 20 MJI Ha KaXaylo Koj0y, 00beM BHOcUMOro cyoctpata — 1o 700 mo,
TeMmriepatypa uHkybamuu — 37,0-37,5 °C.

ITpuBeneHsl cpeaHeapubMeTUUECKHE 3HAYEHUS M3 TpeX OMbITOB. Pe-
3yJIbTaThl BBIMOJHEHHBIX 9KCIEPUMEHTOB UCIOJIb30BAIM [JIsI paCYETOB C LIEJIbIO
TEOPETUYECKOro O0OCHOBAaHUS ONTUMMU3ALIMU Tpoliecca cOpakvMBaHUS U TIpaK-
TUYECKUX PEKOMEHIALINN 1O WHTEHCH(UKAIIMK TEXHOJIOTHH ITONyYeHUsT Ouorasa
13 HaBO3HBIX CTOKOB.

Pezyabmamv. D beKTUBHOCT, METAHOBOTO COpakMBaHUS
HaBO3HOTO CTOKa B JTabopaTOpHBIX 3KcImepumeHTax. Korcop-
HUyM MuKpoopraHudmMoB M2 (I ombIT) BbIOpasM Kak HaumOojiee YCTOMUYMBBIN K
M3MEHsIeMbIM TlapaMeTpaM mpolecca. [Ipyu BU3yaJbHOM CpaBHEHUU ObLIO OTME-
YEHO, YTO YK€ Ha 2-€ CYT NpU I00aBJICHUM METaHOT€HEPHUPYIOLIUX MUKPOOpra-
HU3MOB TMPOUCXOINUJIO MHTEHCHBHOE Ta30BblACNIEHUE, MpUYeM 00beM obpasye-
MOTO OMoraza 0COOEHHO 3aMETHO YBEJIMUMBAJICS TOCJIE BCTPSIXUBaHUS KoJiObl. B
KOHTPOJIbHBIX KOJi0ax (cOpakvBaHWE €CTECTBEHHOW MUKPOGIOpPOIi) MOBBILLIEHWE
KoJIMJecTBa OMora3a B MEPHBIX CTaKaHaX PeTMCTPUPOBAIN TOJBKO Ha 3-4-€ CyT.

350 - B BapuanTe ¢ wucnosb3o-
300 BaHMEM KoHcoplmymMa M2 mpo-
2507 IIeCC METaHOTE€HEepallMM IPOTEeKall
2007 WHTEHCHBHEeEe U obecredyms OOJb-
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Wil BhIxod Ouorasza (puc. 1).

BaXXHBIM PE3YJITATOM OIIbITA CTa-

JIO BBISIBIEHHOE YCKOPEHHE cOpa-

b2 3 4 5 6 7 38 KVBaHUSA C ITOMOIIBIO BEIOPAHHO-
Bpemst cOpaskuBaHust, CyT

ro KoHcopumyma. Tak, B KOHTpPO-

Puc. 1. Boixon Ouorasa npu cOpaxusanmu HasosHoro Jie 1000 Mur 6uorasa BBIIEISIIOCH
CTOKa B KOHTPOJe (a, NPUCYTCTBUE ECTECTBEHHOH 54 Q CYT, B OTBITE — 3a 8 CYT, TO
b b

MUKpOGIOPHI CTOKA) M B onbiTe (0, TOMOJHUTEILHOE
BHECEHHWE MMKPOOHOro KOHcopluymMa M2, BKIIO- CCTh 3TOT IICPHOJT COKPATHICA Ha
yalomero Methanobacterium omelianskii u Metha- 12,5 % .

nococcus mazei). HoBblii KOHCOpLIUYM ObLIT
CKOHCTPYUpPOBAH IJis YJIy4YIEeHHUS IOKa3aTeleil cOpaxkuBaHMUSI U pealu3aliiu
JIBYXCTaIWMHOM CXeMbl Ipoliecca, UCXOAsl U3 UAEU COYeTaHUsI MUKPOOpPraHu3-
MOB M2 ¢ OakTepusMu, 0OeCIEeUMBAIOIIMMI YCKOPEHHYIO IIepepadOTKy MCXO.-
HOTO HaBO3a Ha HAYaJlbHOM CTaAWu METAaHOBOI'O COpaKUBaHUSI.

Brixon 6uoraza, mr

5 5000 , Bo II ombiTe mpu ucnosns-
< 4000 . “  30BaHMM KOHcopuuyma M2 mpo-
g 3000 " - lecc cOpaKMBaHUS MPOTEKAT MH-
& 2000 ‘_,o"' TEHCHUBHEE, 4eM B | OIBITE, 4YTO
gloog =¥ CBS3aHO C OOJBIUMM COACPXKaHM-
& 2 3 4 5 6 7 8 9 10 €M CYXMX BEILIECTB B UCXOAHOM Ha-

Bpemsa cOpaxupaHue, ¢
PEVA COPUKHRATIE, CYT BO3HOM CTOKE M HEKOTOPBIM YBC-

Puc. 2. Jlunamuka BhIXOJa OuMorasa mpu mcmosp3opa- JIATCHUEM obbeMa MHOKyssiTa. B
HHM KOHCOPUMYMOB MMKpoopramusmos M2 (Methano- CBOIO ouepellb, KOHCOpUUYM M5

bacterium omelianskii m Methanococcus mazei) » M5 110 cKOpocTH 0Opa3oBaHUs GUOra-
(Methanobacterium omelianskii, Methanococcus mazei, 32 M 10 €ro KOJMYECTBY 3aMETHO

Corynebacterium sp., Pseudomonas sp. u Arthrobacter
simplex) (cooTBeTcTBEeHHO | 1 2). npeBocxonun M2 (puc. 2). Tak,

CKOPOCTb METaHOIeHEepalluUl yBe-
mmaunack Ha 24 % (Berxom 6wmorasza 3000 mur gmoctmrancst 3a 7,7 CyT MPOTHUB
9,5 cyr).

M3 monmy4eHHBIX 3KCIIePUMEHTATBHBIX JaHHBIX CIISIOBANIO, YTO KO3ddu-
LIMEHT YIOSJBHOM CKOPOCTH pocTa (p) IS eCTeCTBEHHON MUKPOQIIOpPHI HaBo3a
cocrasnsier 0,05 cyr!, Torma kak IS MPEmTOXEHHOro KOHcopuuyma M5 —
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0,08 cyrl.

PacyerT m onTuMu3aluusl TEXHOJOTUUYECKOTO MpoOlec-
ca U CXeMbl METAaHOBOTro cOpaXuBaHUSI HAaBO3HOTO CTOKa.
ITonyyeHHbIe B 1aOOPATOPHBIX SKCIIEPUMEHTAX pe3yabTaTbl, a UMEHHO YBEJH-
YyeHue BbIxoAa Ouoraza 3a (UKCUPOBAHHBIA TMEpUOA, MOCTYXKWIM OCHOBAHHUEM
JUIST peKOMEHAAMI MO ONTMMM3aMU TMPOMBILIUIEHHON OWOTEXHOJOTUM cOpa-
>KMBaHUSI HABO3HOTO CTOKAa C YYETOM BO3MOXKHOIO YCKOPEHHUS Ipollecca MeTa-
HOTeHepalluy TIpY MCIOJb30BaHUM PEKOMEHIOBAHHOTO KOHCOpIuymMa MS.

PaspaGoranHblii HAMU TIPUHLKI ONTUMU3ALMU Tpouecca (16) mpemy-
CMaTpuBaeT BO3MOXHOCTb IPU OMpPENeIeHHOM peXuMe TOCTeleHHO 3aMellaTh
HWCXOIHYIO MOMYJSILIMM MUKPOOPraHM3MOB HABO3HOIO cTOKa Ooiiee 3hdeKTUB-
HBIMU OBICTPOPACTYILIMMU METAaHOTCHEPUPYIOIMMU OaKTEepUsMU (B HALIEM CIIy-
yae KOHCOPLIMYMOM MMKPOOPTaHM3MOB MY).

IIpoBeneM TeopeTMUECKUII aHANIM3 3aMEILCHUS KYJBTyp B METaHTEHKE,
paboTarolieM B HEIPEPHIBHOM pPEXKMME, W BBITTOJTHUM COOTBETCTBYIOIINE pacye-
Thl. 3alMIIEM CKOPOCTb pOCTa MUKPOOPTaHU3MOB B METAHTEHKE Ha IMPOTOKE:

dX/dr = uX - DX, [1]

W3meHeHus1 KonuuecTBa 6uoMacchl B momnynsuusx Xi(t) u Xs(t) co-
CTaBAT:

Xi(r) = X (0)et*~ PO, 2]

Xs(1) = X5 (0)¢ly” PO, [3]
roe X;(0), X5(0) — HavanbHbIe 3HAUEHUSI KOJMYecTBa 6uomacchl mpu t = 0;
U Wy — 3HauYeHus K03 UIIMEHTOB CKOPOCTU pocTa monyssiiuii X; u Xp; D(t) —
TeKylllee 3HaueHNe KoahduimeHTa pa3dasieHus (IIPOTOK), 1/9; t — BpeMs OT
Hayaja 3aMelleHus, Y.

3HayeHue Ko3duIMeHTa CKOPOCTU POCTa MUKPOOPTaHU3MOB OIpele-
JICHHO MOMYJISILIMK 3aBUCUT OT KOHLEHTpAlMU CyOCcTpaTa WM ChIpbsl S, B 4a-
CTHOCTH 10 3aBUCUMOCTU MOHO:

w(S) = py, 28/(Ks + S). [4]

B numamazone m3meHeHmst 3HaueHU u; < D(t) < py, COrTacHO 3aBHCH-
MOCTSIM [2] 1 [3], IPOUCXOOUT YMEHbIIEHUE MOMyJsuryd X; U YBeJIMYEHUE TO-
nyassuun Xs.

YcaoBue coxpaHeHUs! pexXuMa nepepaboTKu cyocTpara (ChIpbsi):

Xi(r) + Xa(r) = a(Sp - Sk), [5]
rae So — KOHLEHTpaLus cyocTpara B MOAaBaeéMOM IOTOKe V., M3/4; S, — ocra-
TOYHAs KOHLEeHTpauusi cyoctpaTa, S<< Sjp; o — Koa(pPuimeHT BbIxoga OUO-
MaccChl MOMYJISLIUA.

W3 cootHomenuii [1]-[3] mocae nmpeobpazoBaHuii Cleayer:

D(r) = i + Z(-)(u2 — wy), [6]
rae
Z = [D(t)/uy = 11/ uao/m1 - 11. [7]
Mpu t = (up — py) [8]
Z(t) = 1/t In[1 + Z(0)X(et - 1)], [9]
rae
Z(0) = 1/[1 + X;(0)/X5(0)]. [10]

Vpasuenus [6]-[10] onpenesioT pacyeTHBIN PEXUM ITPOLECCA B METaH-
TeHKe, 00ecCIeuMBamlIdil 3aMelleHne UCXOOHON momnyasuuu X(t) 0onee a¢-
(exTuBHOI momynsauueit X,(t) U ee HaJbHelIee pa3BUTUE B HEIPEPBHIBHO pa-
OoTalollleM armnapare.
g pacuera cTeneHU 3aMelleHUs MONyJasauuu X nomnyjasuveid X, u3
saBucumocteit [3] u [6]-][10] MOXHO IMOJIYYUTh COOTHOLLEHUE IS Xj:
X5(1) = X5(0)e1-2), [11]
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YucieHHbIE 3HAYCHUSI BEJWYMHBI YAEIbHOM CKOPOCTH POCTa UIST HC-
XOJHOW W HOBOM MOMYJISLUU OMPENesiu U3 JaHHBIX NEPUOANYECKUX MPOLEec-
coB. [lonyyeHHbIE cpelHUE 3HAYEHUS IO MEPUOAUYECKUM pexXuMam cOpaxkuBa-
HUS COCTaBWJIU:

up = 1/X4(dX;/dt) = 0,05 cyr!, [12]
w = 1/X5(dXy/dt) = 0,08 cyrl. [13]

B arom ciygae mpu 3aceBe TpemaraeMoro KOHCOPIIMyMa MHUKpoopra-
Hu3MoB B KojuyectBe 10 %, To ecth korma X,(0) = 10 % X X,(0), misg BHeceH-
HO# MOMyJIsILMU MO MPOMEXYTKaM BPEMEHU TOJYYUM B pe3yJibTaTe pacyera co-
riacHo [11] ciaenylolnme 3HaYCHUS:

X,(10 cyr) = 0,42, v 42 % [14],

X»(20 cyr) = 0,77, v 77 % [15],

X,(30 cyt) = 0,91, umu 91 %, 1o ecth X(0) = 1,0 [16].

IMpakTryeckast 3amaya COCTOUT B TTOJIYUCHUN TEXHUKO-3KOHOMUYECKOTO
a¢ddekTa OT UCTIONB30BAHUS MOMYJISAINN C OOJBIIE CKOPOCTHIO POCTa, B TOM
YUCJIe C TOBBIIEHHBIM BBIXOJOM OMoOrasa Mpu yMEHbIIEHWM KOJIUYECTBA He-
cOpoxeHHoro cyocrpata. s pellleHUs 3TOil 3amayv MpUMEM HavyaJlbHYIO KOH-
LIEHTpalUI0 cOpaxkuBaeMoro coipbs Sy paBHO# 1,0 NMpM KOHEYHON KOHIIEHTpa-
LIMU CBIPBS Sj.

KonuyectBo mepepaboTtaHHOro cybcTpara B ammapaTe MOXeT ObITh pac-
CUMTAHO TP 3aJaBaeMOil MCXOJHOM M KOHEUHOM (Ha BBIXOAE aIllapaTa) KOH-
LIEHTpaLMK JUMUTHUpYIollero cyoctpaTa (S) M M3BECTHON CKOPOCTU POCTa KyJb-
Typbl w(S), HampuMep 1Mo 3aBUCUMOCTU MoHo [4]. PaccMoTpuM BapuaHThI CO-
eIMHEHWS aIlliapaToB B cxeMe. B TUITOBOM ciydyae MeTaHTEHKM pabOTaroT mapai-
JIEIbHO M 00Ilee KOJUYECTBO IepepaboTaHHOro cyocTpaTta (UX IPOM3BOAUTEIb-
HOCTb 1O CBHIpbIO) ONpenensercs Kak cymMma Io BceM ammaparaMm. B mpyrom Ba-
pUaHTe afnmnaparbl COCIMHEHbI MocaenoBaTebHO. Toraa Mmoay4yruM 3aBUCUMOCTD:

V(S = S2) = Viu(S1) (So — S1) + Vau(S2) (So - Sa), [17]
rae Vi, V, — paboure oObeMBI ammapaTos, M3; V., — IIPOTOK 4epe3 ammaparsl,
Mm3/cyr.

s cTalimoHapHOTo HEeMpepbIBHOIO pexxuma padoThl MEPBOro armnapara

nMeeM:

uw(Sy) = V,/Vy =D, [18]
Vi = ViUKs + S1)/[umS1]. [19]

C y4eToM 3TUX 3aBUCUMOCTEN IOIy4aeM:
Vi = Vi(Ks + S5) (S1 = S2)/[UmS2(So — S2)]. [20]

OnTuManbHOe 3HaUCHUE S| MOXET ObITh BHIOpAaHO, UCXOMIsI, HAaIpUMeED,
M3 YCJIOBUSI MUHUMHU3ALIMU CyMMapHOTro oobeMa amrmnapatoB Vi, V,.
CkopocTb obpa3oBaHusi 6uoraza (Q;) B ammapatax (Vi, V;) ¢ ydyeTom
nepepaboTaHHOTO B HUX CHIPbsl PACCUMTHIBAETCSI 10 COOTHOIICHUSIM:
Qr1 = Ki(So = Sp)Vy, M3/4, [21]
Qr2 = Ki(S; = Sp)V., M3/, [22]
rne K, — xoimyecTtBo Ouorasza, oOpasylollerocs mpu yrwiudauuu (cOpaxuba-
Hum) 1 M3 cybeTpaTa, KOTOpPOE 3aBUCUT OT COCTABA ChIPbS M CKOPOCTU CUHTE3a.
PaccMoTpuM TpakTMYeCKUil MpuMep pacyeTa MPUMEHUTENBHO K arpo-
KOMIIJIEKCY, Tle IJIAaHUPYeTCSd BBOJ B JEHCTBUE TpeX IPOMBIIUIEHHBIX MeTaH-
TEHKOB ¢ pabounMm o6beMoM 1o 1200 M3 mpM KOJMYECTBE IMOCTYIMAIOILETO Ha
nepepaboTKy HaBo3a 180 m3/cyr.
IMpu ximaccmyeckoil (TUIIOBOI) TEXHONOTMIECKOM CXeMe BCE METaHTCH-
KM paboTaloT MapajuiebHO, MMPOTOK Yepes3 Kaxkabli anmapar — mo 60 m3/cyT (B
cymme 180 M3/cyr). Mcnonb3yercst ucxomHas (€CTECTBEHHAs1) MUKPOOHAs TIOIY-
JAUUSA CO CpeaHeil yaenbHOoil cKkopocThio pocta py = 1/X;(dX;/dt) = 0,05 cyr L.
Jlnsi crauMoHapHOro HernpepbiBHOro pexmuma D = 180/3600 = 0,05 cyr!, uto
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COOTBETCTBYET YAEJbHOM CKOPOCTU pOCTa 3TOM momyasuuu (u;) corjacHo [18].

W3 ypaBHeHUs MOHO oIpemeM 3HAYCHWE KOJMYECTBA OCTATOYHOTO
cybcTpaTa Ha BBIXOZAE KaXKIOTO M3 MapayljieIbHO pabOTAIONINX aIllapaToB:

S1 = Ks/(um/D - 1), (23]
rne Kg, pm — kKoadpuumentsl mogenu: Kg = 0,09, p, = 0,10 cyr-! (mo maHHBIM
ombIToB). PacueTHas BenmmumHa S cocrasut: S; = 0,09/(0,10/0,05 — 1) = 0,09.

Jns onTMMHU3UPOBAHHOTO TIpoliecca TPU pealn3alii MoTeHIInana 60-
Jilee OBICTPO pacTylleil MOMyJIsSIIMU TP METAaHTEHKa 1EJIeCO00pa3HO MCIOIb30-
BaTh 110 ABYXCTaAUMHON cxeMme (ABa — Ha MEepBOUl CTaauu, OMMH — Ha BTOPOI1).
Kaxnplii anmapar uMeeT TOT Xe pabounii 0obeM (1200 M3) mpu ToM Xe obLeM
npotoke cyocrpara (V. = 180 m3/cyr). B cxeme UCIONb3yeM METOI 3aMELIEHUs
U, COOTBETCTBEHHO, MUKPOOHBII KOHCOpPLIMYM M5 cO cpeiaHeil yneslbHOW CKO-
poCThIO pocTa py = 1/X5(dX,/dt) = 0,08 cyrl.

KuHetnueckue KoapduimeHTs Moaean MOHO, COMIACHO 3KCIEePUMEH-
TaabHBIM JaHHBIM, coctaBwn: Kg = 0,09; p,, = 0,120 cyr!; g craumonapHo-
ro pexuMa ¢ HoBOil Kyibrypoii Dy = 180/(2 x 1200) = 0,075 cyr!, uto coor-
BETCTBYET CKOPOCTHU POCTa HOBOU MOMYJISLUU (up).

OcraTtouHasi KOHLEHTpaLMsl cybcTpara rnocjie nepBoi CTaauu:

S1 = Kg/(um/Dy - 1) = 0,15. [24]

KoagpdpuumenTt paszdaBneHuss Ha BTOPOM CTaaum:

D, = 180/1200 = 0,15 cyrl.

OcraToyHas KOHLEHTpaluMsl cydcTpaTa mocje BTOpOoi CTaauu:

Sy =-b + Vb2 + KsSi/(1 - pm/D2), [25]
rae
b = 0,5[(Ks + pm/Dy = S1)/(1 = pm/Dy)]. [26]

IMocne moacraHoBku 3HauyeHuit B [25] u [26] umeem S, = 0,018 [27].

KoaddpuumeHt K. npu oguHaKOBBIX YCJIOBUSIX MO ChIPbIO 3aBUCUT TaK-
X€ OT CKOPOCTM POCTa MMKPOOHOW MOMYJSILIMK, OINpEAeIsIolIeid 3aTpaThl Ha
SHEPreTUYECKUI 1 TIJIACTUYECKUI OOMEH B KJIeTKaX.

ITpumem 3aBUCUMOCTD BUAA:

Ki(m)/K(up) = [1+ 0,1(uz/p1)]- [28]

3 5

Puc. 3. [IpuHumnuanbHas cxema npeioKeHHOW ONTUMHU3UPOBAHHON YCTAHOBKHU ISl METAHOBOrO cOpa-
JKMBaHHS HABO3HOTO CTOKA W MOJy4YeHMsl Omorasa: | — 3aceBHOU depMmeHTep, 2 — METaHTCHKM 1-it
cranuu, 3 — METaHTeHK 2-i ctanmum, 4 — rasroibaep ouoraza, S — cOOpHMK MepeOpOAMBIIEro Ha-
BO3a (KMIKOE yIoOpeHue).

Ipy ogHOCTamMitHOM TMIpoIecce METAaHOBOTO COpakMBaHWS, COTJIACHO
3KCIIEPUMEHTAILHBIM JaHHBIM, 1ipu D = 0,050 cyr! nmeem 3Hauenue K, = 20 m3
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ouoraza/mM° HaBo3a. B BapuaHTe ¢ KoHcopuuymMoM M35 mo 3aBucumoct [28]
nosy4aem s py = 0,075 cyr! sHauenue K, = 23 M3 6uorasa/m3 HaBoza

OnpenenuM BbIXoA Ouorasza il paCCMOTPEHHBIX BapUAHTOB TEXHOJO-
TUYECKUX CXEM.

Jng kiaaccuyeckoil oMHOCTaAUHOM (TTapasule/IbHOM) CXeMbl BBIXOH, OUO-
raza Q. = Q,K.(Syp — S;) = 180 x 20(1 - 0,09) = 3276 m3/cyr [29] npu ocra-
TOYHOM KOHILEHTpaLuu HecOpoxeHHOoro ceipbsd S; = 0,090 (9 %), Torma kKak
JUTST ONITUMU3UPOBAHHOMN NBYXCTAAUWHOU TEXHOJOTUYECKOW CXEMBI TOJyYaeM
Qo = QK(So— Sy) = 180 x 23 (1 — 0,018) = 4065 m3/cyr [30] nmpu ocraTou-
HO# KOHIIEHTpaIlMM HecOpOXKeHHOro ChIphd S, = 0,018 (~ 2 %). CnemoBatenb-
HO, BBIXOJ OMorasa ypenuuyuicsa Ha 789 m3/cyr, win Ha 24 %.

IIpennaraemast MpUHLMITMAIbLHAS CXeMa OpraHM3allMU JIBYXCTaAMITHOIO
npoliecca cOpaXuBaHUS IO PaCCMOTPEHHOMY BapHaHTy pacyeTa MpuBeleHa Ha
pucyHke 3.

Takum 06pa3oM, JaHHBIE JTAOOPATOPHBIX OMBITOB M PE3YJABTATHI BHITION-
HEHHBIX PacyeToB IOKa3bIBAIOT, YTO MCMOJb30BAHUE PEKOMEHIYEMOIO CIocoba
MHTeHCU(pUKALMU METAHOBOTO COpakKMBaHUS 3a CYET MPUMEHEHUSI ObICTpOpa3M-
HOXalolIehcs MOMyJISILMU METaHOT€HEPUPYIOIIMX MUKPOOPraHM3MOB, peaiu3a-
UM peXXruMa 3aMeIleHUs] KyJbTyp U MpemiaraeéMoil MOIEepHM3NPOBAHHOM CXe-
MBI IBYXCTAaAMIHOM pabOTHI METAHTEHKOB OOeCTIeUMBAaeT MOBBIMICHUE 3(PdeK-
TUBHOCTH TIPOM3BOACTBA OMOraza BCIIEACTBHE COKpPAICHMS TTPOMXOKUTEIIBEHO-
CTH TIpollecca 1 YBEJMUYEHUST BbIXOAA MPOAYKTA.
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OPTIMIZED SCHEMES FOR FERMENTATION OF FARM LIVESTOCK
WASTES USING METHAN GENERATING ASSOCIATION

A.Yu. Vinarov, D.P. Sokolov, V.N. Smirnov, Z.N. Robysheva
Summary

Animal and poultry farms are known to pollute soil, water and air, being even more dan-
gerous for environment then the large industrials complexes. Production of biofuels from different
organic wastes is obviously effective with respect to the environment problems and as a regional
source of energy. It also stimulates the development of wastless chemes in agriculture and farm live-
stock. A significant number of industrial complexes for biomethan production are located in Africa,
Latine America, Asia and the Near East. The countries in the Western Europe, in particular Ger-
many and France, are also very interested in the biofuel produced from wastes. We considered the
approach to intensification of non-stop biogase production by fermentation, using a succession of the
natural microflora of manure with more effective microbial association of methan generating bacte-
ria. The resultes of thermophilic fermentation of manure were used as an experimental base. This
approach allows to recommend for practical use the optimazed technological cheme of methan
tanks connection, which provides for the increased rate of fermentation and biogase output, when
the manure wastes are used as a substrate for bacterial association of Methanobacterium omelianskii,
Methanococcus mazei, Corynebacterium sp., Pseudomonas sp. and Arthrobacter simplex.
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© DaexkmpoHHble OMMUCKU AGAAIOMCA UHMEAIEKMYAAbHOU cobcmeennocmbio pedakyuu ycypraia «Ceabcko-
Xozsiicmeennas Ouonoeusi». Buecenue 6 Hux xaxux 6ot mo Hu 06blL10 usmMeHeHuil u O0onoAHeHuli He 00-
nyckaemcsa. Ilepenevamia, mupascuposanue, pazmewjenue 6 cpedcmeax uUH(opmawuu, 6 mom uucie
aexmponnbix u cemu Humepnem, a maxjce KoMMep4eckoe PacnpoCMPAHeHUe G03MONCHbI MOALKO C
paspeuienus pedaxuyuu.
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