BinbHi eHeprii peakyiii amigyBaHHa TpunanbMiTuHYy EJLA po3paxoBaHi agu-
TUBHO-TPYNOBKM METOLOM 3 ypaxyBaHHAM BOJHEBUX 3B°A3KiB HaBefieHi B Tabn. 2

Tabnuugs 2
3MiHM BiIlbHUX EHEpriil peakwili amigyBaHHs aumnraiuepuHie (R = CisHsy) EOA T AA 3
ypaxyBaHHAM BOJHEBWX 3B’A3KiB

BinbHa eHepris peakuii, KIK/Monb
Pearytoua monekyna
rylota Monekyn TAM [AT MAI
EOA -21,63 -16,63 -6,63
AA -11,63 -6,63 3,37

AK BMAHO 3 Tabn. 2 Ana peakuii amigyBaHHS 3 BpaxyBaHHSAM BOJHEBOIO
3B’A3KY Bi/IbHI eHeprii peakuiin amigyBaHHa aumnrniuepuHis EQA B pagy TAl —
LA — MATI 36inbwwytoThes. Tak cepef peakuiii aumnarniuepuHis 3 EAA HalibinbL
EHepreTM4yHO BUTIfHOK € peakuis nepeTBopeHHs TAI B OAI. lMepeTBOpeHHS
OATI B MAI noTpebye Aewlo 6inblumx BUTPAT eHeprii, a nepetBopeHHs MAI B
rNiLepuH € HainbiNbll eHepreTMYHO YCKMaJHEHOK peakuieto. [Ana  peakuiit
aupnrniuepuHie 3 AA, sk i 3 EOA, BifbHi eHeprii peakuii amigyBaHHs
aumnraiuepuHis B pagy TAIM — OAT — MAID Takox 30inbliytoTbes. OgHak
peakuia aumnrniuepuHis 3 EAA nopiBHAHHO 3 AA € 6ifbll eHepreTUYHo
BUTIHILLIOK peakuieto, OCKINIbKM KOHLEHTpauis peakuiiHUX LEHTPIB Y MOMeKyi
ELA Buwa, HXX Y monekyni AA.

BucHoBKM:

1. BCTaHOBMEHO, WO 3MiHW BiJIbHUX EHEPriii peakuiil amigyBaHHs, po3paxo-
BaHUX PI3HUMM METOAAMMU, OHAKOBI.

2. 3HalifeHo, WO i3 BpaxyBaHHAM BOAHEBMX 3B’A3KIB Bi/lbHi eHEPrii peakwiii
B3aemogii aumnrniuepuHis 3 EQA, AA pisHi, npu yomy y psagy TAM-QAC-MAI
BOHW 36i/bLLYHOTHCA.

3. T1OpiBHAHHS BiNbHUX EHEPriil peakuiin B3aeMOAii aunnraiuepuHy 3 EQA i
AA cBigunTb Npo Te, Wo 3 EJA peakuisi eHepreTuyHo 6ifbLu BUTigHa.

Cnincok nitepatypu: 1. Nle6eges H.H., Monakos M.H., LLisel, B ®. Teopus XuMmuecknx npoLieccos
OCHOBHOI0 OpPraHM4ecKoro 1 Hedprexummuyeckoro cuHtesa // Mog. pen. H. H. Jlebegesa. 2-e usg. nepe-
pa6. — M.:Xumus, 1984. — 376 ¢ 2. TioTroHHMKOB B.H, ByxwTab 3./. u gp. Xvmus xmpos. - M.: Ko-
noc, 1992, 448c. 3. Kynne MN.A., MenbHuk A.MN., MaHaes HO.[l. CBo6ogHas 3Heprus Kak afauTuBHas
Be/MYMHA CBOOOAHBIX 3HEPruidi aToMoB W cBa3eil. / C6. MaTemaTuyeckoe MOLENMPOBaHUE B Hayke U
TexHuke. — J1.: ITW, 1974, B. 2, Y. 2. — C.35 - 58. 4. KapaneTsaHy M.X., KapaneTsaHy M.M. OcHos-
Hble TePMOANHAMUYECKNE KOHCTaHTbl HEOPraHWYEeCKUX U OpraHnyecknx BelecTs. - M.: Xumus, 1968.
— 472 c. 5. Xumunyeckas aHuuKnonegus. N3a-so “Cosetckas aHUMKNoneans”, Mocksa, 1988.
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YCOBEPLUEHCTBOBAHUE MNPOLUECCA NEPEPABOTKUN
TBEPABLIX BbITOBbIX OTXO40B HA CAHUNTAPHbBIX
MNnonnNroHAX

Po3rnsaaeTbes TEXHONOTiYHMIA NPOLLEC KOMMIEKCHOT Nepepobkmn TBepanx NobyTOBWX BifX0A4iB Ha noni-
roHax, fKuii 403BONSE 3aN06IrTV HAAXOMKEHHIO LIKIAMMBMX ra3onogibHMX peyoBuH B aTMoctepy Ta
iHTeHCKdikyBaTV 6iOpo3Knag OpraHiuHoi CKMafoBoi 3 OTPUMaHHAM 6iorasy sK nanmea Ans BUPOOGITKM
e/IeKTPOeHEpriT Micns NPOXOMKEHHS HAM HaNEXHOT OUMCTKM.

The technological process of the complex processing of hard domestic wastes on grounds, allowing to
eliminate the receipt of harmful gaseous matters in an atmosphere and to intensify biodecomposition of
organic constituent with the receipt of biogas as fuels for making of electric power, is examined.

B HacTosiLee Bpems OAHMM M3 Hambosiee pacnpoCTpaHeHHLIX METOAOB YTU-
nM3aummn TBepAbIX 6bIToBbIX 0TX0A0B (TBEO) ABNAETCS 3aXOPOHEHME Ha CaHWTap-
HbIX MOJINrOHax, rAe B TeYEHWe 4/IMTE/IbHOTO BPEMEHM MPOTEKAKOT COXKHbIE Pu-
3MKO-XMMUYECKUE N BMOXMMUYECKME MPOLLECCHI Pa3noXeHns. HEKOHTponnpyemble
amuccum buorasa B 3aBMCMMOCTM OT BO3pacTa MOAMroHa cocTtosT us CO,, H,0,
NHjz, H,S, CHy4, a Takke AypHO NaxHyLWmMx BeLlecTB MepkantaHoB RSH. Smuccus
BblLLIeyKa3aHHbIX COefMHEHWI NPUBOAUT K 3arpA3HEHUIO aTMOCHepbl TOKCUYHBIMM
N LYPHO NaxHYWWMW COEAMHEHWSIMU, HaKoMneHWe 6uorasa B 3aMKHYTbIX MPO-
CTpaHCTBax NPUBOAUT K TOKCWUIOMMYECKOM U MOXapHON OMacHOCTK.

3aKOHOMepHOCTM 06pa3oBaHNs 1 ABWXEHWS B1Orasa B TOMLLE CKIaAMPYEMbIX
OTXOJ0B B HacTOsLLEe BPeMS U3yUeHbl HegoCcTaTO4HO. OCHOBHOWM MPUYMHOL 3TOrO
ABNSETCA COXHOCTb WU ANTENBHOCTb MOYyYeHUS JOCTOBEPHbIX 3KCMEPUMEHTaSTb-
HbIX laHHbIX, @ TaKXKe TO, YTO camn TEO B 6O/LLUMHCTBE C/Ty4aeB HE paccMaTpu-
BalOTCA KaK TEXHOTEHHOE CbIPbe C/I0KHOIO OpraHOMMHepasibHOro coctasa. CaHu-
TapHbIA NO/IMIOH JO/HKEH PacCcMaTpPMBaTLCA KakK XMMMUKO-OMON0MMYECKMiA peakTop,
a TeXHOMormyeckunii npouecc nepepaboTkn TEO B HEM KaK METOA MHXXeHepHOU
3almMTbl OKpyXatolleit cpeabl. C 3TOW TOUYKM 3PEHMSt TEXHONOTMYECKMIA npouecc
nepepaboTkn TBO A0MKeH BKAKOYaTb KOMMIEKCHYHO MepepaboTKy ¢ 060CHOBaH-
HbIM BbI6OPOM KOMOWHALMOHHBLIX TEXHUYECKUX PELUEHWI, OPUEHTUPOBAHHBLIX Ha
1Ccnosb3oBaHMe Hambosnee NPOrPeccUMBHbLIX Pa3paboToK, U UX CUCTEMHOE 00beau-
HeHVe MeXay OTAeNbHbIMU TEXHOMOTMYECKUMI OnepauusMm Kak afemeHTamm 06-
LLeld cMcTeMbl COPTMPOBKM 1 NepepaboTkn TEO.



B gaHHOM COO6LLEHWMN paccMaTpuBaeTC KOMIMIEKCHbBIA TeXHOMOrMYecKuil
npovecc NpsAMoit thepMeHTaumMn TBO Ha CaHUTAPHBIX MOMIMIOHAX C PE3KUM CHIKE-
HWeM OTPULATENbHOIO 3KOMIOMMYECKOrO BAMAHWA Ha OKpYy>KatoLlyto cpegy. B oc-
HOBY KOMIMJIEKCHOr0 TeXHO/0rMYEeCKOro MpoLiecca rMosoXKeHo TO, YTO Ha AenoHu-
pOBaHWE B CAHUTAPHbINA MOMMIOH NOCTYNalT He ucxofHble TEO, a nx oborateH-
Has (pakums, U3 KOTOPOI B OCHOBHOM YfaneHbl MeTa/ibl, MO/MMEPbI, MaKynary-
pa, CTPOUTENbHBI MYCOp, UCMO/b3YeMble B KAQYECTBE CbIPbSi B U3BECTHBIX TEXHO-
norusx. Mpm 3TOM Macca oboralleHHON Gpakummn B ABa pa3a MeHbLLe YeM UCXO[-
Hble TBO. O6oralleHHble (pakumn TEO nosyyaloT Npu npouecce COPTUPOBKU
TBO, B TOM uucre Ha OCHOBEe CEeNeKTMBHOrO cbopa OTXOA0B. TeXHONMOrMyeckue
MpoLieccbl COPTUPOBKN U 060pyAoBaHME (MYCOPOCOPTMPOBOYHBIE SIMHKKM) fOCTa-
TOYHO LLUMPOKO NPUMEHSIOTCSA 3a pyoeXoM [1, 2], n3BecTHa NnpakTuKa NpuMeHeHus
3TUX NPOLIECCOB B YKpaunHe [3, 4], n nx peanusaups He NpeAcTaBaseT 0CobbIX TeX-
HUYECKMX TPYAHOCTEN. BbileoTMEUEHHbIE TEXHOOrNYecKMe npoueccol [1-4] oT-
NNYAKTCH MeXy COO0M CTeneHbl0 MexaHu3auum U aBTomaTM3aumm npowecca u,
COOTBETCTBEHHO, CTEMEHbI0 MCMO/Mb30BaHUA PyYHOro Tpyaa. Beibop mycopocop-
TUPOBOYHOI NIMHMK 3aBUCUT OT MaCChl NepepabaTbiBaeMbIX 0TXOA0B, X MOPGOo-
rMYeCKOro CoCTaBa W psafa 3KOHOMUYECKUX NokasaTesield. B obwem cnyyae opra-
HM3aums npouecca copTpoBkn TEO M co3A4aHMe MyCOPOCOPTUMPOBOYHONM SIMHUK
He MPeACTaBfeT 3HAUNTENbHBIX TEXHUYECKMX NMPOB/IEM.

Mocne COPTMPOBOYHON IMHMKU HA MOMMIOH MOCTyMaeT (pakums meHee 100
mMM. B aToli thpakuum gona 6uopasnaraemoin coctasaswoweidi 70-85% OT macchl
TBO nocne COpTUPOBKY C BAXXHOCTbIO 45-50%. Bropa3naraemas coCTaBnatoLLas
COCTOMT W3 MULLEBLIX, CAfOBO-MapKOBbIX OTXOAO0B, bymaru, ApeBecuHbl, HEKOTO-
pbIX BUAOB TEKCTWUAA. Mpn 3TOM [5] KOAMYECTBO NIErKo pasnaraembix (hpakuuii B
opraHuyeckoi coctasnsoLeit TBO nocne COPTUPOBKM OLEHMBAETCA B Npefenax
25-30% OT BCeW opraHuku. TpygHO pasfnaraemast [0Ns OpraHuKy npeacTaBnseT
cob0i1 Lennno3y, KoTopas, Kak U3BeCTHO [6], pasnaraeTcs Ha NOCneAHMX aTanax
XXM3HEHHOTO LMK/a noiuroHa. B uenntonose [7] monekysnbl pacrosnoxeHbl napan-
NefbHO ApYT APYrY W COefHEHbI MeX Ly c060i BOAOPOAHBIMU CBA3SAMU B NEPBUY-
Hble pmbpunsbl. N3 nepBuYHbIX HMopUI chopMmpoBaHbl MUKPOUOPpUAILI (Ce-
yeHreM 10x20 HM 1 givHol 60 HW). MpoMeXyTKM (Kanuansapbl) MEXAY HUMM LWn-
PUHOR 10 HM 3an0fIHEHbI IMTHUHOM U FemMuuentono3aMu. CTpyKTypa nepBuiHbIX
(hnbpunN He OQHOPOLHA MO UX AJIMHE, B HUX €CTb 30Hbl, KOTOPbIE YNOPSAA0YEHbI
(KpucTanmMyeckas CTPYKTypa) M aMopgHble 30HbI — C PbIX/I0M CTPYKTYPOIA. YUT06bI
VHTEHCU(NLMPOBATL JECTPYKLMIO LIEN0N03bI U, COOTBETCTBEHHO, COKPATUTL UK
UCKNMIOUNTL CTabubHYIO (ha3y MeTaHoreHesa B XXW3HEHHOM LMK/IE MOMUIOHa, KO-
Topast MOXeT anntbea go 100 net [8], Heo6Xx0AMMO pa3opBaTh CBA3W B LIENNH0103€
C BbIAENEHNEM CBEXEro IMrHWHa 1 remMmuLenonosbl. B pesynbtarte pesko yBenun-
YMBAETCA PeaKLMOHHasi CNOCOBHOCTbL (PPaKLMK, a CBEXMI IUTHWH, reMULEN0N03a
W Lpyrue NpoayKTbl 4eCTPYKLMM NErKo LOCTYMHbI 411 METaHOTeHHbIX GakTepuii. B
Halumx uccnegosaHuax [9] nokasaHo, YTO MexaHOXMMMYeckas 06paboTka (pak-
LMK Noc/ne COPTUPOBKM, BKTHOYAIOLLAA TOMOreHM3auUmio, UICTUpaHue, YraoTHeHWe C

4aCTUYHbIM 06E3BOXXMBAHMEM W TpaHY/MPOBaHMEM, MO3BOMSET PaspyLUNTbL Mep-
BUYHYIO CTPYKTYPY LeNNt0N03bl N0 aMOPMHbLIM CBA3AM M TEM CaMbIM MOBbLICUTb ee
PEaKLMOHHYHO CNOCOBHOCTb, CeNaTb JOCTYNHOW Ans MUKPOOPraHu3MoB W, COOT-
BETCTBEHHO, YCKOPUTb MpoLecc buoaectpykumm pakuyum TBO. CornacHo [9] pea-
nn3aums MexaHoXMMMUYecKol 06paboTkm (pakumm TEO BO3MOXHA B BYXBa/lbHbIX
LLIHEKOBbIX MalunHax Tuna CH npu gaBneHMn Ha Bbixoge M3 hunbepbl oT 3 go 8
MnMa.

Mpu gaeneHun 3-4 MMMa o6bem (pakumn ymeHbluaetcs B 10-15 pas, nniort-
HoCTb gocTturaeT 1,3-1,5 T/M%, BnaxHOCTb 6pUKeTOB yMeHbluaeTes B 1,1-1,2 pasa.
Kak nokasaHo B [10], MMKpOGMONIOrnyeckas >KusHb B TaKOM GpPUKETE He 3amefis-
eTcq. Mpu faBneHumn 6-8 Mra Ha BbIXofe U3 (hu/bepbl NAOTHOCTL MaTepuana Aoc-
TUraeT 3Hauenuii 1,7-1,9 T/m°, BnaxHocTb 6puKeTa ymMeHbluaeTcs B 2,0-2,2 pasa,
aKTMBHAs YKM3HELEeATENIbHOCTb MWKPOOPraHU3MOB Ha MepPBOM XXM3HEHHOM 3Tare
NnosMroHa 3amefnseTcs M3-3a HefgocTaTka Bnarv U anddy3noHHbIX OrpaHnYeHni
no Kucnopoay. B pa6ote [10] HaMn yCTaHOBNEHO, YTO MOC/E YBAAXHEHWS OpUKe-
TOB [0 BNaXXHOCTU 50-55% aKT1BHasA XU3HeLeATeNbHOCTb MUKPOOPraHW3MOoB NoJ-
HOCTbIO BOCCTaHaB/IMBAETCA.

TakuM 06pa3oM, MeXaHOXMMUYECKas 06paboTKa 0TCOPTMPOBaHHbIX (hpaKLMii
TBO no3BONSAET: FOMOrEHU3NPOBATL U YCPELHWUTL COCTaB (pakumn ¢ OAHOBPEMEH-
HOVi aKTMBaLMen TpygHOpa3naraeMbIX KOMMOHEHTOB; YMIOTHWUTb U CrpaHyIupo-
BaTb (hpakuMO NPU CHUXEHNUM ee obbema B 10-15 pas, npyu HeobxoamMmocTu (re-
pVoAbl TPaHCMOPTMPOBKKM, 3anofIHEHUE MOMUIOHA) 3aMefnTb Guoderpagauuto,
YTO NPaKTUYECKN UCK/OYAeT 3MUCCMI0 BpefHbIX BbiopocoB. Kpome Toro, nocne
MeXaHOXMMUYECKO 06paboTKM CTOMMOCTb MEPEBO3KW OTXOAOB Ha MOSIMFOH CHU-
»kaeTca B 4-5 pas.

[Janee KOMMMEKCHbIA TEXHONOrMYECKUA MPOLIECC MepepadboTKM rpaHynmpo-
BaHHOI (hpakumm TEO npeaycMaTpmnBaeT NPOLECC NPAMON (hepMeHTaLuM Ha CaHK-
TapHOM NonmroHe. MNpu 3TOM CaHUTapHbIA NOMIOH 06YCTPanBAETCA KaK XMMUKO-
6ronornyeckuii peakTop. Kak npuHAaTo no ctaHaapTam [11], caHMTapHbI NOAMIOH
pa3buBaeTcs Ha oyepeAn 3kcnayatauuu. CornacHo Halleli KOHUENuuu, Kaxgas
oyepeb 3KcnyaTauuMn NOAMIOHA A0/MKHA ObiTb 060pYAOBaHa Kak repMeTUYHbIN
peakTop. [n1s 3TOro KOT/10BaH NOAMIOHA JO/DKEH MMETb TMAPOM30NALMI0 OCHOBa-
HMSt U BOKOBbIX CTEHOK U3 MOMM3TUIEHA HW3KOTO AaB/EHNS, OT/IMYAIOLLEroCcs Bbl-
COKOI XUMWYECKOI CTOMKOCTLIO M NPOYHOCTLIO. MMAPOU30IALMA UCKHOYaeT Mo-
TOK (hMnbTpaTa K HWKenexalimm rpyHTOBbIM BOAaM W MpefoTBpaliaeT Nogbem
FPYHTOBbIX BOZ Ha YPOBEHb OCHOBaHMSA nonuroHa. CknagmposaHue 6pukeTos ThO
Ha KaXXgoi ouepean Npom3BoaUTCS MO pabouelt KapTe 6e3 N30AALUMKN YNIOTHEHHBIX
C/IOEB TPYHTOM. BPUKETBI CKNaaMpytoTCsa C 3aMef/IeHHbIM LIMK/IOM XXU3HeaeaTeNb-
HOCTWM MWMKpOOpraHn3moB. Mpu Habope pabouyeli BbICOTbI MNOAUIOHa CeKTop (ouve-
pefb) N30NMPYETCS OT BHELLHEN cpedbl MOKPLITUEM U3 NOIMITU/IEHA HU3KOMO AaB-
neHvs. Mepes MOMEHTOM MU30AALMUM NOMMIOHA OT BHELLHEN cpefpbl B Tene Noamro-
Ha MO M3BECTHOW METOAMKE W B M3BECTHOM MOPSAKE YCTaHAB/IMBAKTCS CKBaXKWHbI
4na BblgeneHns 6uorasa [12]. 3a nepuog 3amosiHeHWs MOMWIOHa, 3a CYET aTMo-



cthepHbIX ocagkoB, TBO HabupatoT Bnary, HEOOXOAMMYK ANA Hayana akTUBHOM
XN3HEAEATENbHOCT MUKPOOPraHW3MOB, KOMIMYECTBO BO3A4YXa, KOTOPbIA Hakaniu-
BAETCA B C/IOE MeXAy BpuKeTamm, JOCTATOYHO A/ HaYana >KU3HeLeAaTeNlbHOCTY B
nepBsoii ase. Mpu n30n9UUM OT BHELLIHEW Cpeabl NeHKa YKIaAbIBaeTCA Ha KOHCT-
PYKUMIO U3 NOSIMMEPHbIX TPYB-NMOHTOHOB, COEAVUHEHHBIX MEXY COO0M 1 nexalynx
Ha nosepxHocTM TBO. YacTb Tpy6, KOTOpas NEXWUT Ha MNOBEPXHOCTU OTXOA0B,
nMeeT nepdopaumio, a HernephoprpoBaHHas YacTb TPYObl BLIBOAUTCS Yepe3 0bBa-
NOBKY Y MPUCOEAMHAETCA K KONMIEKTOPY, MO KOTOPOMY M3-MOJ MOKPbLITUS OTKauu-
BaeTcs 6umoras. OCO6EHHOCTb KOHCTPYKLMM COCTOUT B TOM, YTO Ha 6GO/bLueid vac-
T, MEXJy onopamu, MOSMMEPHOE MOKPbLITWE YKIaAblBAaeTCA Ha MOBEPXHOCTb OT-
XO[0B, YTO VUCK/THOYAET pa3pbiB NMOKPbITHSA. OTKauMBaeMblii 61oras, B 3aBUCUMOCTY
OT >KM3HEHHOMO LMK/Ia MOMMIoHa, MOCTyrnaeT UM Ha 6MOorMyecknin agcopoep,
WK B rasronbaep.

MprHLUMIMaIbHas CXemMa KOHCTPYKLUMWM peakTopa-XpaHunuLia npreefeHa Ha
puc. 1. MprHUMNManbHas KOHCTPYKUMA peakTopa BK/OYAeT BCE 3/IEMEHTbI, ONu-
CaHHbIE BblLLE, KOTOPbIe 06eCMeYnBatoT 3KO0rMYECKYH0 6e30MacHOCTb MpoLecca.

Puc. 1. MpyHuMnuanbHas cxema KOHCTPYKLMMW 3aKPbITOr0 XPaHWUMLLA Ha «KYLLEBOM>»
NO/NTOHe.
1 — 06BasioBKa XpaHnuLLa; 2 — 6puKeTMpoBaHHble TEO; 3 — NOAMMEPHOE MOKPLITHE;
4 — Tpy6bI-NOHTOHLI C Nepdiopauyeit; 5 — nepoprpoBaHHbIe TPYObI 4N 0TBOAA 61orasa;
6 — NoNMaTUNEHOBAsA rMapPon30NALNS; 7 — TpyObl ANA 0TBOAA (PUNbTPATA;
8 —konnekTop rasa; 9 — CKBaXMWHbI AN BbleNeHNs 61orasa, CoejHEHHbIE C NO3ULMEN 4.

[na nHAMBUAYaNbHbIX XO3AMWCTB MPU 3KOCTPOUTENLCTBE PEAKTOp ANA KOM-
NNEKCHOI NepepaboTKM OpraHUYecKnx 0TX0A0B (FHOW, (heKanbHble CTOKW, NuLe-
Bble OTXOAbl, CO/IOMa, IMCTbS U [P.) MOXET OblTb KOHCTPYKTUBHO OhOPMIIEH Che-
Ayrowmm obpasom [13]; npuHumMnuanbHas KOHCTPYKLUMS MpUBESEHa Ha puc.2.

OCHOBHasi TeEXHWYECKasi XapaKTepuCcTMKa peakTopa MpuBefeHa Huke. Peak-
TOp MpeACTaBnsieT coboi yriy6neHHbIi B 3eM/I0 GMOPEaKTOp, BbIMOMHEHHbIN 13
cTanm.

O6bem 6ropeakTopa — 6,0 M°, Macca — 5,8 T, MaTepuan — cTanb 3.

MpoayKTUBHOCTL Mo oTxogam — 200 Kr/cyT, NPOAYKTMBHOCTb No 6uorasy —
4,5-5 M*/cyT, No opraHnyeckum yao6pennam — 10 T/rog.

Kak B nepBoMm, TaK 1 BO BTOpOM cny4ae (puc.1, 2) 6ruoras u3 peakropa gon-
XKEH MOCTYnaTb B rasrofibep Yepes CMcTeMy oumcTkU. OCHOBbLIBaACh Ha paboTax
[14, 15], ncnonb3ys METOAMKY NPOBEAEHMSI 3KCNEPUMEHTA/IbHBIX PaboT Ha CTeH-
[OBOI YCTAaHOBKE M MAaTeMaTUYeCKYl0 MOAE/b AN OLEHKW KOMMYecTBa Bblaense-
J
) . o 47 .
POCTb BblAeNIeHMs 610orasa, a Takke MCcCefoBaHa KMHETMKA MOTIOLWEHNS KOMMO-
HeHTOB 6uorasa Ha aTane aspo6bHOro pasnoXxeHus. Mopdonornyecknii coctas 0T-
XO[0B, KOTOPbIE UCMO/b30BA/INCH NPU IKCMEPUMEHTax NpUBEAEH B Tabs. 1.
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Puc. 2. PeakTop KOMM/IEKCHOI NepepaboTKM OPraH1YecKrX 0TX00B

Tabnuua 1
Moponornyeckumin coctaB 0TX040B

| Hanmerosanme | Copepxanve | MeTaHOBbIV NoTeHLMan |




KOMMOHEHTOB KOMMOHEHTOB B | Be3 MexaHo-xMmmnyeckon | MexaHo-XrMu4eckas
CMeCcu 0TX0A08, % 06paboTKN 06paboTka
MuweBble 17,2 0,0620 0,0710
Bymara 53,0 0,1288 0,1866
CafioB0-NapKoBble 27,8 0,0889 0,1240
L, = 0,2796 c yyeTom L,=0,3130
Bfiaru C YYETOM Bnaru

MeTaHOBbI NOTeHUWan, NpuUBEAEHHbI B Tabn. 1, paccumTbiBaeTCs No ypas-
HeHuto [14]:

n
L, =11088 -HC(l— A)-B,

n 1
LOZZ(Li'Xi) ()

rAe N — YNC0 MOJER yrnepoda, cogepkawerocs B 1 T dpakuymu;

i — MonsipHas macca hpakumm, Kr/Monb;

A — [0N14 30/1bHOCTH;

B — hakTop 6uopasnoxkeHns (CTeneHb).

dakTop B; gna hpakuuii, He MOABEPXKEHHBIX MEXaHOXMMUNYECKO 06paboTke,
COOTBETCTBEHHO MepeyHto KOMMNOHeHTOB B Tabn.1l npvHumaetcs [14]: 0,83; 0,45;
0,50. MNocne MexaHOXUMMWYECKOW 06paboTKM (hakTop B; MpuHMMaeTcs ANA BCeX
thpakumin — 0,82.

CkopocTb 06pazoBaHus 6rorasa oLUeHVBaNach No ypasHeHuto [14]:

VCH4 = (1_W)' L, -Mg, ket _tE)l
Ve =(1-W)-L, Mg, -k-e™

rae W — BNnaXkKHOCTb OTXOZ0B, LOMN e4UHULbI;

Mgy — Macca BNaXHbIX 0TX0L0B, Kr;

K — KOHCTaHTa CKOPOCTY pasnoXxeHus 1/cyTku;

T. — BPEMSI, HEOOX0AMMOe A/t YCTaHOBNEHWS aHAaePOOHbIX YCNOBWIA;

Vg — CKOpPOCTb BblAeneHnst 6vorasa B Nepeblii Nepuog aepobHOro pasnoxe-
Hus.

3HaueHus Vepg U Vg 38BUCAT OT Ly, K, T, HA KOTOPbIE BIMAIOT YC/OBUA MeXa-
HOXMMUYECKO 06paboTKM. Mo gaHHbIM [15] gns TBEO ¢ MOpgoNorMyeckum co-
CTaBOM, O6/IM3KMM K COCTaBy, MPUBELEHHOMY B Tab/. 1, 1 He NOABEPXKEHHbIX Mexa-
HOXMMUYECKOM 00paboTKe, KOHCTaHTa pa3noXeHus K oueHMBaeTCs 3HauYeHnem k =
1,72 10™ 1/cytku (6,28 10 1/ron), nepuos T oueHuBaeTcs 3-4 rofa, a nepuop,
aKTUBHOW (hasbl MeTaHoreHesa T = 15 neT. Mpu NpoBeAeHNN CTEHA0BLIX 3KCMepu-
MEHTOB 0TX0Abl, MOP(ONOrMYECKNIA COCTaB KOTOPbIX MOKasaH B Tabn. 1, npefga-
pUTENbHO MOABEPra/ICh a3POBHOMY Pas3NOXEHMIO B HATYPHbLIX YCOBUAX B CTEK-
NAHHOM peakTope B TedeHue 90 CYTOK, 3aTeM OHW Oblan M3BneYveHbl. Mpoba mac-
Ccoi 1 Kr 6bl1a MOMeLLEHa B repMETUYHbIN CTEKNSAHHBI peakTop, KOTOPbIN, B CBOHD
oyepefb, OblN NOMeLLEH B TepmocTaT. PeakTop npefsapvTenbHO Nocie MomeLle-
HWs Npo6bI BakyymmpoBascs. Mpy co3gaHny aHaspobHbIX YCI0BWIA TeMnepaTypa B

O]

peakTope noajepXxueanacb Ha ypoBHe 28-32°C, uTo, corfiacHo [16], cOOTBeTCTBY-
eT CpefHeil TemnepaType B Tefie NonuroHa. rocne atoro B TeyeHne 120 cyTok
NpoBOAWIN HabNAEeHME 3a BblAeNEHMEM rasa, pe3ybTaTbl HAGMOAEHNIA CpaBHU-
Ba/ICb C PAaCYETHbIMM 3HAYEHUAMU MO ypaBHEHUAM (2). O6beM BblAeNMBLLErOCS
rasa onpegenssncs no ypasHeHuo [14]:

_ 3
Qz(l_w)'MBJ'I'Z(Loi'Xi'fol_e kt) ®
Pe3ynbTaTbl HAOMHOAEHNI NPeacTaBeHb! B Tabn. 2, 3.
Tabnuua 2.
Pe3ynbTaTbl CTEHA0BbLIX UCCMEA0BaHMWIA B MEPUOA a3p06HOI thepmeHTaumn thpakumin TEO
Bpewms be3 MexaHOXMMMNYeCKo 06paboTkn | MexaHoX1MmUYeckas 06paboTka
pasnoxeHus, | O6beM BblgenmB- | PacyeTHoe Ko- | O6beM Bblgenms- | PacueTHoe
CYTKM werocs rasa (H. y.),| myecTBo, N/Kr | Lwerocsirasa (H. | KOMMYECTBO,
n/Kr cyxoro CyXoro y.), N/Kr cyxoro | A/Kr cyxoro
5 0,3 0,29 0,16 0,5
10 0,8 0,77 1,9 1,77
15 1,4 1,33 3,57 3,33
25 4,8 4,56 9,1 8,43
50 10,2 9,69 15,4 14,0
60 18,3 17,3 20,5 19,0
70 21,2 20,1 20,5 20,0
80 20,1 19,1 28,4 26,5
90 35,4 33,6 42,3 39,34
b2 113,0 106,8 142,2 132,9

CocTaB rasoBoii cpeapl, 06pasyHoLLeics B MPoLecce AeCTPYKLMM opraHuye-
CKNX BELLECTB NPU a3pobHOI hepmeHTaLMKW, KOHTPONMPOBaIN B 0TOMPaeMbIX Mpo-
6ax ¢ UCMonb30BaHMEM CTaHAAPTHbLIX MeTofoB [17, 18]. B cpeaHem, 3a BeCb nepu-
07 rasosas cpefia cogepxana (Mr/m°): metaH — 3,1 + 0,2; ammmak — 14,0 + 0,3; ce-
posogopog — 0,045 £ 0,005; ceHon — 0,025 £ 0,001; mepkanTtaH — 0,057.

Tabnuua 3
Pe3ynbTaTbl CTEHA0BLIX UCCEL0BaHWI B aHa3p06HbIX ycnosusx (Mgp — 0,001 1)
Bpewms Be3 MexaHOXMMUYecKoii 06paboT- MexaHoxrMuyeckas 06paboTka
pasnoxeHus, Kn
CYTKM O6bem Bbige- PacueTHOe O6bem Bbige- PacueTHOe
NMBLLIErOCs rasa KOJINYECTBO, NMBLLErocs rasa KONNYeCTBO,
(H.y.), nikr n/Kr cyxoro (H.y.), nikr N/Kr cyxoro
Cyxoro CyXoro
3 0,0736 0,0536 0,0930 0,0884
7 0,1476 0,1250 0,1880 0,1786
10 0,1844 0,1786 0,2344 0,2227




15 0,2580 0,2678 0,3105 0,2950
21 0,1342 0,318 0,51 0,4845
30 0,6556 0,609 1,05 0,9975
53 1,5088 1,403 3,74 3,553
75 2,1840 2,013 5,01 4,7595
120 7,0104 6,520 10,80 10,26
2 12,40 13,50 21,93 20,84

CpegHuin cocTaB 6uoraza B aHaspOOHbIX YCMOBUAX Obin  CAEAYHOLNWIA,
O mMare CH. —R?2+ K- CO. -4+ H.OO -2 N AHANI? NAHHKIY MANURAMNAHHKIY R
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a3po6Hble MPOLECChI NPOTEKAKOT 3HAUKUTENbHO GbicTpee. MOXHO MPeanonoXuThb,
yTo B (hase rmaponmsa tpakunii TEO, NOABEPrHYTLIX MEXaHOXMMWNYECKOI 06pa-
60TKe, MHTEHCMAMLMPYETCS AeCTPYKUMSA LENNH0M03bl N0 YPaBHEHMIO:
(CeH1005)n*+(n-1)H20 — n CeH1,06

Mpy 3TOM peakums rMaponn3a He ToNbKO UHTEHCU(ULMPYETCS, HO U B peak-
LMI0 BCTYMAeT 3Ha4yMTeNbHO 60/bLuee KonmyecTBo (CgH1Os),, 0 Uem CBUAETENLCT-
BYIOT 06bEMbI BbIENSAOLLIErOCA rasa. To e MOXHO YTBePXAaTb 1 0 UHTEHCUBHO-
CTW aLUeTOreHHOM 1amn Kucnow as. MNpouecc aleToreHe3a MOXHO YC/I0BHO OMNMCaTb
YpaBHEHMEM:

Celeoe + 4H20 — C2H402 + 4002 + 8H2
Mpu 3TOM, NO-BUAMMOMY, YMEHbLUAETCA BPEMS HACTYNieHUs (hasbl MeTa-

reHesa, 0 YeM MOXHO CyAWTb NO TOMY, YTO B COCTaB GMorasa npu pPasnoxeHWn
(hpakuuii, NoaBePrHyTbIX MeXaHOXUMUYECKO 06paboTKe, B TMAPONM3HON 1 aue-
TOreHHOW (hasax NPUCYTCTBYET MeTaH. MpoLEecc pasnoXeHNs B pacCMaTpPMBaEMOM
neproae NoOAUYNHSETCA KMHETUYECKOMY YPaBHEHMIO NepBOro nopsaka [15]:

oC
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KoHCTaHTa CKOpPOCTM pasfioxeHus K onpesenseTcs No BpemMeHy nonypacnaga
OCHOBHbIX (hpaKLmMil 0TX0LOB (OTHECEHHbLIX K MUX BnarocogepxaHuto), k = 1/ 1ys,
1/roa. CornacHo [15] ana palioHOB C rofoBbIM KOMNMYECTBOM ocaakoB 6onee 500
MM k = 0,098 1/rog. [aHHble, NpuBeAeHHbIE B Tabn. 2 417 CMeCeld, He NoABEPrHy-
ThIX MEXaHOXUMUYECKol 06paboTke, k = 1,2 107 1/cyT, a Ans cmeceil, NoABeprHy-
TbiX 06pa6oTKe, 1,6 107 1/cyT. U pesynbTaThl CBUAETENLCTBYIOT O TOM, YTO WH-
TEHCVBHOCTb MpoLecca B MocneAHeM ciyyae B 1,3 pasa BbiLLe.

AHanornyHble BbIBOALI MOXHO cfenatb 1 ans asbl MeTaHoreHesa, Tabn. 3.
KoHCTaHTa pa3noXxeHus (pakumii, He MOABEPrHYTHIX MEXaHOXMMUYeCcKol obpa-
60TKe, paBHa k = 1,72 1/cyT. ®pakumm, NOABEPrHYTbIE MEXAHOXMMUYECKON 0bpa-
60TKe, pasnaratotcs B 1,6 pasa 6bicTpee, k = 2,752 10 1/cyT. MonyyeHHble 3Have-
HMS1 KOHCTaHT KOPPEeNMpyoTes ¢ pesynbTaTtamu paboT [14, 15]. PesynbTatbl onpe-
[eneHnst KONMYeCcTBa rasa npu CTEHA0BbLIX SKCNepUMeHTax M NoslyYeHHbIe pacyeT-
HbIM NyTeM Mo ypaBHeHMsM (1-3) npvBefeHbl B Tab. 2, 3. PerpecCMOHHbI aHanm3
MONyYeHHbIX Pe3ynbTaToB C MCMO/b30BaHMEM Nporpammbl Statistica mokasan coB-

NafieHne PacyeTHbIX M SMMMPUYECKUX PE3Y/bTaTOB C KO3PHULMEHTOM Koppens-
umm r = 0,975. Kak BUAHO U3 NpYBEAEHHbIX Pe3ybTaToB, MPOAYKLUMOHHLIN 6uoras
reHepupyeTcs TONMbKO Ha CTaaumn MeTaHoreHesa. B cBA3n ¢ aTum 6uoras, reHepu-
pyemblIli Ha CTagusaX, NPeALIECTBYIOWMX METaHOTeHe3y, JO/KEH ObITb OUNLLEH OT
BPeAHbIX NpUMeceli nepes BbIGPOCOM B OKPYXKaHOLLLYHO Cpeay MaM nogayeli B ras-
ronbaep. OCHOBbLIBAsACb Ha MOMIOXKEHMAX, U3NOXEHHBIX B paboTax [19, 20], 6uoras,
nony4aemblii B 3TOM Nepuoje, LenecoobpasHo noasepratb COPOLMOHHOM 0UMCTKE
C MCMO/b30BaHMEM OUOMIOTMYECKM aKTUBHOTO (IMLTPYHOLWEro cnosl. B Hawweli pa-
60Te mnccnefoBaH NPOLECC OYMCTKM rasa B KO/IOHHOM arnnapaTte ¢ KOMOuHauuen
61OMOrMYECKN aKTUBHOIO C/O0S, COCTOSALLErO U3 APEBECHON LUENbl U CTPYXKK, a
TaKXKe C/10si KOMOBOW M3BECTU, YNIOXKEHHOWM Ha KO/TOCHUKOBYH PELLETKY.

[nuHy pabouero cnos 6uounbTpa NOLOGMPaIM 3KCNEPUMEHTANILHO WY
cuntann ee aPEKTUBHON NPU LOCTUIKEHWUMN CTEMNEHW MOTIOLLEHNA BPEAHbLIX KOM-
MOHEHTOB He MeHee 95%. [lIMHY CNosi KOMOBOWA M3BECTW NOAGUPaANIUN TaKXKe TaKoi,
yToObI 6MOra3, BbIXOAAWMIA B (haze MeTaHOreHesa, ounwanca ot CO, He MeHee,
uem Ha 25%. CKOpoCTb Nogayn o4MLLaeMoro rasa obecrneuvsana ero (pUnbLTPoBa-
HVe Yepe3 HenoaBwXHbIW cnoit, V = 0,003 m/c. B Tabn. 4 npuBeaeHbl pesynbTathbl
CTEHA0BbIX UCNbITaHUIA annapaTa-6momnnbTpa.

Tabnuua 4
MapameTpbl COPOLMOHHBIX MaTEPUAIOB Ha 3Tane aepoBbHOro PasfoXKeHUs
WHrpeauneHT Cop6LMOHHBIi Bpems pabotbl | [nnHa paboye- CreneHb no-
marepuan cnos, yac ro cnos, cm rnoieHus, %
AMMMaK LLlena+cTpy»xKa 150 85,0 98,5
NH; KpyrnHas
Ceposogopog | Llena+cTpyxka 150 85,0 99,6
H,S KpynHas
deHon LLlena+cTpy»xKa 150 85,0 91,8
KpynHas
MepkanTaH LLlena+cTpy»xKa 150 85,0 715
KpynHas

Kak BMaHO 13 Tabn. 4, uccnefoBaHMs Nokasain, YTO COPOLMOHHBIA MaTepuran
[peBecHas Liena co CTPYXKOM (cooTHoweHue 1:1) appeKTMBHO oumLlaeT buoras
Ha 3Tanax g0 MeTaHOreHesa OT BpPeAHbIX npumeceil. CTeneHb OUYMCTKU OT MHrpe-
OVEeHTOB, Tabn. 4, NO3BONSET YTBEPXKAATb, YTO B OYMLLEHHOM rase mocne 6uo-
(hunbTpa coaepkaHne BpeaHbIX npumeceid Hmke MAK.

Takum 06pa3om, ycTaHOBKa 6MOGMAbTpa MO3BOMSET UCKIOUYUTL 3MUCCUIO
BpefHbIX BbIOPOCOB NpU 3KCnIyaTalymn NonroHa.

B nepuog, CTeHAOBbIX 3KCMEPVMEHTOB, KOrja MMUTMpOBasiach haza MeTaHo-
reHesa, Nofly4aemblii 6muoras nocne hunbTpa UMen cnegyroumin coctas: CH, — 70-
71%, CO, — 29-30%, Bnara — 0,5%. Takoli cocTaB 6vorasa no3BonseT ero agekx-
TUBHO UCNOMb30BaTh B FeHepaTopax 3/IEKTPMYECKOro Toka Ha 6ase fBurartenei
31N-130 nam 3A3 [21].




OcCHOBbIBasICb Ha pe3y/bTaTax MCCNeA0BaHWA U NUTepaTypPHbIX AaHHbIX, TeX-
HO/IOTMYECKYHO CXEMY KOMMEKCHOW nepepaboTkm TEO MOXHO NpeacTaBuTh cre-
Ayrolmm obpasom (puc. 3).

BbiBOAbI

e OnpefeneHa BO3MOXHOCTb W MPESIOXKEH TEXHOMOrMYECKU npouecc
KOMM/IeKCHOV nepepaboTkn TBO MeToAoM NpsiMOi hepMeHTaLUMN Ha MOMIOHE C
NCK/TOYEHMEM 3MMUCCUM BPEAHbIX a30B B OKPY)XKatOLLyl Cpefy W MoslydyeHnem
MPOAYKLMOHHOIO 61orasa 4/1st BbIpaboTKM 3/1EKTPO3HEPTUN.

OneKTpoaHeprvs
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B
amoctpepy rasronbaep 3MEKTPUYECKOTO)
ToKa MycopocopTu

D POBOYHbIiA
L/ Bo3ayxoayBKa y4acTok UepHblii

OuncTka| \—>MET3””

6vorasa | OTpaboTaHHbIM Makynarypa
CcopBeHT Mexato op TeKCTU/Ib

XxuMuueckas | -100mm Mnactmacca

06paboTka L|BeTHbIE MeTaN b

Crekno

L CTekno
CT1pouTtenbHble
0TX0fbl

Monvrox-peaxTop,

Puc. 3. MprHuunuanbHas TEXHOOrMYeckas CxeMa KOMMJ/EKCHOM nepepaboTkm TEO

e [lpeanoxkeHa KOHCTPYKLMS peakTopa-xpaHuauia Ans OCYLLEeCTBIEHMS
npamoi (epmeHTauum TEO ana peanusaummn npouecca KOMMNIEKCHOW nepepadoT-
Ku.

e YCTaHOBNEHa BO3MOXHOCTb WCMO/Ib30BaHMA BUODUALTPA ANS OUMCTKM
6umorasa 0T BpeAHbIX NPUMECEN U NPeAIoXKeHa ero KOHCTPYKLKS.

e OnpepfeneHbl pauMoHanbHble napameTpbl U 3(EKTUBHOCTb MEXaHOXUMU-
yeckoit 06paboTky TBO nepen MX 3aKNafKoi B peakTop-XpaHnIuLLE.
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TEXHONOMYHI ®YHKUIT TA MEPCMEKTUBN
BUKOPUCTAHHA JEKCTPVHIB KPOXMAJTIO MPOPOLLEHNX
3EPHOBUX MNPV BUPOBHNLUTBI EMY/TIbCIMHWX OECEPTIB

B po6oTi npeacTasneHi pe3ynbTaTyi BUBYEHHS TEXHONOTIYHUX BMACTUBOCTEN Ta NepCcneKTVBY BUKOpHC-
TaHHS AEKCTPUHIB KPOXMasTH0 NMPOPOLLEHUX 3ePHOBYMX MPU BUPOGHWLITBI eMY/bCIHUX fecepTiB 06rpyH-
TOBaHi ONTVMasbHI TEPMiHM NPOPOLLYBAaHHS 3ePHOBUX A1 OTPUMaHHS LEKCTPUHIB HEOOXigHOT Mone-
KynspHoi Macy. [locnigkeHi MOXIMBOCTI AEKCTPUHIB Y CKagdi 6iHapHOT CUCTEMU ,,KPOXMasTbHUIA KNeld-
CTep-AEeKCTPUH” YTBOPHOBATU eMY/LCil0 Ta 3a6e3neyyBaTi CTabifbHICTb 1 Npu 36epiraHHi. JoseseHo,
L0 BMKOPWCTaHHA CTabinisauiiiHoi cucteMn ,,KPOXMasbHWIA KnelcTep-AeKCTPUH” [O3BONSE 3anyunTn



