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AHHoTanmsi: VccnenoBaHbl JOMOJTHUTENILHBIE BOSMOXKHOCTH HOBBIMECHUS 3(()EKTHBHOCTH KOTCHEPaLlHHBIX
YCTaHOBOK 3a CUET TOOOOPYAOBAHMS MX CHCTEMaMH IIepemnycka OTpaboTaBIINX Ta30B H MOIydeHHs (00 103u-

POBaHMsI) KHCIOPOIa.

B nacrosimiee Bpemsi B 3HEpreTuke
Poccun BcE Gonbliiee MPpUMEHEHHE HAXOJAT
ra3oo0pasHble YIIE€BOJOPOJHBIE TOIUIMBA.
[Tpuuém Oonbllioe BHUMaHUE YAENsSeTCs MO-
BBIIIEHUIO 3(PPEKTUBHOCTU UX HCIOJIB30Ba-
HUS, B OCHOBHOM, 3a CYET KOMILUIEKCHOIO
MIPOU3BOJICTBA TEIJIOBOW U DIEKTPUUECKON
sHepruu. Jns 3TUX Ienedl CIOoXHUBIIMHACS
PBIHOK TIpeJIaracT Tak Ha3bIBA€MbIE «KOTe-
HEpalMOHHbIE» YCTAHOBKU KaK OTE€YECTBEH-
HBIX, TaK 1 3apyO0eKHBIX POU3BOAUTEIEH.

Korenepanuonsbsle ycTaHOBKU (MM
muHU-TOIl) co3narotcs Ha Ga3ze nBuUraTenei
BHYTPEHHET0 CropaHusi, Kak IpaBWJIO, C
BHEITHUM cMeceo0pa3oBaHUEM U TMO3BOJISI-
0T TOBBICUTH KOd()(PUIIMEHT HCIOIB30Ba-
HUS pacrojiaraeMoi (cofepkamencss B yr-
JIEBOJIOPOIHOM TOIUIMBE) PHEPTUH B 2 — 2,5
pasa 3a cuéT yTWJIM3allUU TeIIoThl oTpado-
TaBLIMX ra3oB, HAJyBOYHOTO BO31yXa M OX-
JAXIAOMIEH KUIKOCTH C HCIOJIb30BaHUEM
BCIIOMOTaTeNnpHbIX cucteM. [lpu atom Tpa-
JUIIMOHHO MPOLIECC CKUTAaHUS ra3000pa3Ho-
ro TOIUIMBA PEAU3YIOT MPU KOdPPUIIUEHTE
n30bITKa BO3/yXa, MCIOJIb3YEMOIO0 B Kaue-
ctBe okucnurens, «=1,0 — 1,4 B npenmno-
JIO)KEHUHM, 4YTO CrOpaHHe C JOCTaTOYHOM
cTeneHbio d(HPEeKTUBHOCTH OOECTIeunBaACTCS
JI0 KOHEYHBIX MPOIYKTOB — JIBYOKHUCH YTJIE-
poJla U OKHUCU BOJOPOJA. DTO CUUTAETCS IO-
JIOKUTENBHBIM 3PPEKTOM C TOUKH 3PEHUS
MUHUMU3ALUN 3arpsA3HEHHs] aTMOC(HEPHOTO
BO3/lyXa TOKCUYHBIMH MPOAYKTAaMH HEMOJI-
HOT'O CTOpaHus TOIUTMBA (B OCHOBHOM, OKH-

CBIO YIJIepoJia), HO HE pemaet npooiemy
yYMEHbLIEHUs BbIOpoca B aTMmochepy
JIBYOKHCH YTIIEpO/a, CHOCOOCTBYIOIIEH
BO3HUKHOBEHUIO «ITaPHUKOBOT0» 3P dek-
Ta, a TAK)KE OKUCIIOB a30Ta, SABJSIOIIUXCS
TOKCHYHBIMHU 3arps3HUTEISIMH aTMocde-
pBIL.

OpnHako, He CMOTps Ha IOBBILIE-
HUE K0d((UIMEHTa UCIIOIb30BaHMs pac-
[ojlaraéMoOM 3HEpruM TOIIMBA, MO Ha-
[IeMy MHEHHIO HE BCE BO3MOXKHOCTH IIO-
BBIIIIEHUSI «CyMMapHO» 3¢ (HEeKTUBHOCTH
nporiecca Nnpeodpa3oBaHMsl YHEPrOHOCHU-
TN — ra3000pa3HOro YTIEBOAOPOIHOTO
TOIJIMBA — MCUEPIIaHBbI.

Kak mnoxa3piBaeT aHanu3 MpoBe-
neHubix B KoHie 40-x — gagane 50-x ro-
JIOB TIPOIJIOrO BeKa HCCIEI0BaHUM, BBI-
MOJTHEHHBIX YYeHBIMH [ 0CyIapCTBEHHOTO
HayYHO — HCCIIEOBATEIBCKOTO H IPO-
eKTHOTO HMHCTUTYTa a30THOM NPOMBIII-
aeunoctu (CUAII) [1], cxuranue yrie-
BOJIOPOJIHBIX Ta30BBIX TOIUIMB MOXHO
OCYIIECTBIIAATh C KOX(PPHUIMEHTOM H3-
obiTka Bo3ayxa o = 0,4 ¢ oqHOBpEeMEH-
HBIM TIOJYYCHHEM MEXaHHUYEeCKOW (dIeK-
TPUYECKON) SHEPTUU M TEXHOJIOIMYECKO-
ro ra3a (cMecu OKCHIa yriepoza U BOJO-
pona). [Ipu 5TOM HEOOXOIUMO HCIIOIB30-
BaTh B KAuyeCTBE OKUCIMTENS BO3IYX C
KOHIIEHTpanuen B HEM KUCIIOpOoia B IIpe-
nenax or 56 mo 92% maccossix. Padoro-
CHOCOOHOCTh JIBUTATENsl C TOYKU 3PEHHS
YCTOMUMBOCTH  peanu3anuu  pabouero
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[UKJIA TP U3MEHCHHH ¢ B JHMANa3oHEe OT
0,4 (oOoramEHHBIN KMUCIOPOIOM BO3/yX) 110
1,1 (aTMocdepHBbIii BO3AYX TPU HOPMAIbHOM
KOHIIEHTPAIIMU KUCIIOPOJIa) TI0 pe3ysibTaTtaM
HX DKCIIEPUMEHTOB OCTAETCsI OJMHAKOBOM, a
TEIUIOBOM (P (EKT peakiuud OKUCICHHS H
BBIXOJI TEXHOJIOTHYECKOTO ra3a CBsI3aHBI CO-
OTHOILIEHHUEM

H =8230 — 251506
rne: H— rteruoBoi 3¢ ekt peakuun KOH-
BEpCUHU METaHa, KKQI/M°, G— BBIXOJ TEXHO-
JIOTHYECKOrO Ta3a, v®/M® MeTana.
[Tocneanue, B CBOIO 0Yepe/lb, 3aBUCIT OT O
U MOTyT OBITh OINpeAeNieHbl B HWHTEpBaJe
sHaueHui o= 0,39 — 1,1 Mo 3aBUCUMOCTSAM

c=418-435a,
H =10940 o — 2285 .
DHepreTuyeckas 3 PEKTUBHOCTD

rpoiiecca ¢ TOYKUA 3PEHHS TOJIE3HOM JHEp-

T'UH, BbIpaOaThIBAEMOU JBUTATEIIEM, MOXET

OBITH OLIEHEHA 110 3aBUCUMOCTH
E=2,420—-0/51, kBt u/M° MeTaHa

MIPH IOCTOSTHCTBE MHAMKATOpHOTO M, = 0,24
U MEXaHUYECKOTO M yex = 0,8 K03 Punuen-

TOB MOJIE3HOTO JIEUCTBUA.

HHTEepecHbIM TPEICTABISIETCS BBISB-
JIEHHBIN uccienoBarensiMu GakT mpulIu3u-
TEJIHHOTO PaBEHCTBA KOJUYECTB TEILIOTHI Ha
eIuHUIly 00BhEMa TOprouel cMecH, BbIJIe-
JISIOMICHCS B pEaKIMSIX OKHUCICHHS METaHa
BO3JIyXOM MpPH HOPMAaJbHOM pEXHUME pado-
Th1 asuratens («=1,0) u npu pabore ¢ uc-
MOJIb30BaHUEM  BO3.lyXa, OOOTaIIEHHOTO
kucnopoaoM (a=0,4). D10 00ycIOBICHO
TE€M, YTO MEHBIINNA TETIOBOH 3(PdeKT peak-
muu CHy + Oy + 0,67 N, = CO + Hy + H,O
+ 0,67 N3 + 66400 kay 10 CpaBHEHHIO C Te-
IJIOTOW CropaHusl METaHO-BO3JAYIIHON cMe-
cu CHy +20,+ 7,6 N, =CO, +2 H,O+ 7,6
N> + 191750 xan koMmmeHcupyeTcst OoJbIeH
KOHIIEHTpAallMell TOpIOYero KOMIIOHEHTa B
eauHuIEe 00BEMa TOpIoYei CMEeCH.

Takum 00pa3om, B MPOAYKTaxX Cro-
panus metana (nmpu o.=0,4) comepkurcs 110
77% cMecu okcuaa yriaepoja W BOJIOPOAA,
SBIIAIOIIEHCS KaK Tra3000pa3HbIM MOTOp-

HBIM TOIUIMBOM, TaK U CBIPBEM I CHH-
T€3a aMMHUaKa, CIUPTOB U JKUIKOIO MO-
TOPHOI'O TOIUIMBA. TaKoW Ipolecc OKUcC-
JICHUS YTJIE€BOJOPOAOB HAa3BaH HCCIENO-
BaTEISIMA «B3PBIBHOM KOHBEpPCUEH METa-
Hay.

OKCIIEpUMEHTAIIBHBIE HMCCIIEI0BA-
HUS IPOBOJMINCH KaK Ha  MOJEIbHOU

YCTaHOBKE C Ta3ONOpPIIHEBBIM JBUTATE-
JIEM MOILHOCTBIO 7 JI.C., TAK W Ha IOJY-
MPOMBILUIEHHOW 3HEPrOXUMHYECKON yc-
TAHOBKE C Ta30IMOPILIHEBBIM JIBUTaTEIEM
¢upmbl «MHrepcomn Pana» MOILIHOCTBIO
300 m.c. (tum — 8I'Y 28/32, cremneHb
cKatug & =15, yacToTa BpalleHUs KO-
n=350 o6/MuH). B

MOCIIEAHEM cllydae MpH UCIOIb30BaHUS B
KauecTBE TOIUIMBAa «OOraToro» KOKCOBO-
ro raza (rasza, BO3BpaIlaeMoro KOKCOXH-
MHUYECKOMY 3aBOJy IIOCJE€ BBIJICTICHUS
BOJIOpO/Ia M3 KOKCOBOTO Tra3za M CoJep-
JKalero, B OCHOBHOM, OKCHJ YTJepoa,
METaH W JTHJIEH) BBIXOJ CMECH OKCHIa
yriaepoaa W Bogopoja coctaBuin 830
HM>/4ac, a JONOJHUTEIbHAS BBIpabOTKa
sHepruu cocrasuia 0,2 kBt u/ HM3(CO +
Hj), T.e. okono 166 kBt 4 (226 1n.c.), uto
MPaKTUYECKH COOTBETCTBYET HOMMHAIIb-
HOM MOIIHOCTH JBUrarens. JlBurarenb
paboTan ycToiunBo U 0e3 AETOHAIMH BO
BCEM /Mara3oHe Harpy30K TpH U3MEHe-
Hun « Bupeaenax 0,4 —1,1. Hanuuus
CaXM B COCTaBe OTPaOOTaBIINX Ta3oB HE
Ha0I101a710Ch.

[Ipu cooTHOmIEHUH B KOHBEPTH-
posannom rasze (CO+H,)/N,=31u a

= 0,39 ObuM TIOTYYEHBI CIEAYIOIINE Ma-
tepuanbHbie (0) u sHepreruueckue (E)
NIOKa3aTeNy Mpolecca B3phIBHOW KOHBEP-
CHM MeTaHa, OTHeCSHHBIE K IM° cMecH
(CO + Hp):

- yIENbHBIE PACXO/Ibl METaHa,

JICHYAaTOI'0 Bajia

KHCJIOPO/Ia U BO3yXa:
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so20 M3(6‘0+H2),

- yAebHas BIPaOOTKa AJIEKTPO-
SHEPruu

E=020 DM

m>(co+Hn,)

HccnenoBanusi, NpoBeJEHHBIE B Ha-
yaie 90-x romoB B BoeHHOM HHXEHEpPHO-
TexHUueckoM yHuBepcutere (r. CaHKT-
[TerepOypr) [2], mokasamu, 4TO mpoIEece
KOHBEPCHH METaHa MOYKHO IMPOM3BOIHUTH 0€3
CBSI3M JIBUTaTelNs ¢ aTMocdepoil mo Bo3dy-
x03a00py, HCMIOJB3ysl B KAadecTBE HWHEPTa
BMecTO asora Bo3ayxa cmech (CO + Hp),
MOJIy4aeMyl0 KakK KOHEYHbIH NpoaykT. C
TOYKH 3pPCHUS TEPMOIMHAMHUKH TIpoliecca
CrOpaHusi OHa MOXET OBITh MpeJCcCTaBIcHA
KaK JIBYXaTOMHBIM a3, CyMMa MOJIEKYJIsIp-
HeIX BecoB CO m H, He3HaunTeNILHO OTIH-
yaeTcsi OT MOJEKYJSIPHOrO Beca a3oTa

(“Nz = 28'H(CU+H2) =30 ), IIO3TOMY 3aMelic-

uue azora cmecbio (CO + Hy) mo xomuuecT-
By TEIJIOTHI, YHOCHUMOH W3 IWJIMHIPOB C
MPOJYKTaMH CTOPaHUs HE3HAUUTEIBHO CKa-
JKETCsl Ha TepMOJAUHAMUYecKor 3¢ deKTus-
HOCTH TIpOIlecca, MO3BOJIMB B TO K€ BpeMs
UCKITIIOYUTh OOpa3oBaHHe B HEM OKHCIIOB
a30Ta, SABJISIOMMXCS TOKCHYHBIMHA.  C 3TO#
[ENbI0 CHUCTEMY Ta30BO3MYIIHBIX TPAKTOB
(I'BT) nBurarens HEOOXOIUMO TOOCHACTUTH
MOJICUCTEMON TepermycKka 4acTH MPOJYKTOB
KOHBEPCHH C BBITYCKA JBUTATENS HA BITYCK,
nojiaBas TOCJIETHUE HETMOCPEICTBEHHO B
CMECHUTEND B KOJIMYECTBE, 00ECIIEUNBAIOIIEM
MOJTYdeHHUE 33J]aHHOTO X B CMECH C KHCJIO-
POJIOM U METaHOM.

T.0., TOSABIAIOTCS JOMOJHHUTEIHHEIE
BO3MOXXHOCTH TIOBBITIICHUS d()PEKTUBHOCTU
KOTCHEpAI[MHHBIX YCTAaHOBOK 3a CYET JI0-
0o0opy/loOBaHUsI WX CHCTEMaMHU TMepermycKa
otpabotaBmux razoB (OI') u momydeHus
(mubo no3mpoBanus) kucinopoxaa. [lomydae-
MBIH TEXHOJIOTHYSCKHI ra3 MOYKHO HMCIIOJNIb-

30BaTh MO0 KaK CHIPHE /Ui MPU3BOJICTBA
CHHTETHUYECKOTO YTJIEBOJOPOAHOIO TOI-
JUBa, Hampumep, mo meroay duiiepa —
Tpomma, 1100 B Ipyrom TEIJIOBOM JBU-
rareje Kak ra3oo0pa3HO€ TOIUIUBO st
MPOM3BOJICTBA JOMOJHHUTEIBHOTO KOJIHU-
YyecTBa MeXaHW4eckoi (0o 3yieKTpuye-
CKOI) SHEpIHUHu.

[Ipn peanuzanuu mepBoro Bapu-
aHTa ra3 HeoOXoAuMo MO0 cobuparb B
crierualibHble EMKOCTH, Harpumep, Oai-
JIOHBI BBICOKOTO JIaBIICHHS, JUIsI OTIIPABKU
Ha mepepaboTKy, b0 Ha 0a3e KoreHe-
pPAllMOHHON yCTAaHOBKHM CO37aBaTb MO-
OUIIBHYIO JHEpPrOTEXHOJIOTHYECKYIO YyC-
TAHOBKY /ISl OJHOBPEMEHHOTO MPOMU3-
BOJCTBA DJIGKTPUYECKOM U  TEIJIOBOU
SHEPTUU ¥ MOTOPHOTO TOILJIMBA.

[Ipu peanuzanuu BTOPOro BapwH-
anTa yruiausanuio Terotsl Ol u oxmax-
Jaronie KUIKOCTH 000uX JBHUraTtenen
1eJ1eco00pa3HO  OCYIIECTBIATh EAMHOU
TEXHOJIOTUYECKONW CXEeMOH, a BbIpabaThI-
BAaEMYI0 JJIEKTPHYECKYIO JHEPTUI0 Ha-
MPaBJIATH Ha COOPHYIO CUCTEMY IIWH IS
MMUTAHUS WHIUBHIYAJIBHBIX TOTpEOUTE-
Jen.

O06a BapuaHTa IMO3BOJISAIOT IOJIY-
YUTh JIOTIOJTHUTENbHBINA 3P (dEeKT: B Tep-
BOM CJlydae B BUJE JONOJIHUTENBHO MPO-
M3BEJEHHOTO TEXHOJIOTUYECKOTO Tras3a,
BO BTOPOM CJy4ae B BUJE JOMOJHUTEIb-
HO NPOU3BEIEHHON TEIUIOBOM M AJIEKTPH-
YEeCKOIl PHEepruu 3a BBIYETOM 3aTpaT Ha
MOJydeHHEe Ta3000pa3HOro  KHCIopoJa
JUIA  peall3alliil Tpolecca B3pPHIBHOM
KOHBEpCHH MeTaHa. OTH 3aTparbl 110
JaHHBIM /1/ cocTaBisnu TpU CYIIECT-
BYIOIIIMX B TO BPEeMsI TEXHOJIOTHUSX €ro
nonyuenus 0,16 kBra/m® (CO + H).
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