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JOCIIIKEHHSA EOEKTUBHOCTI 3BACTOCYBAHHA IAXTHOI'O METAHY B
AKOCTI MAJIMBA JIsA ABUT'YHIB BHYTPIIIHBOT'O 3IrOPAHHSA
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SnoBcekuii B.B., kanaumat TeXHIYHUX HAyK
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IMocTtanoBka npodaemu. [Iporecu Bu1oOyTKY BYTriJuIs IPUBOATH A0 BUBLJILHEHHSI METaHY,
SIKUM MICTUTBCS y BYTUIBHOMY IUTACTi 1 HABKOJHMIIHIX Mopojaax. [IutaHHsSM po3poOKH IIaXTHOTO
metany (IIIM) B YkpaiHi BiIBOAUTHCS BEJIHMKA yBara, PUUHATO PsiJ] 3aKOHIB i HOPMATUBHHX aKTiB,
SKI MaroTh CIPUSTH peani3alii METaHOBUX EHepPreTMYHHX mpoekTiB. Iliaxing mo ¢opmyBanHS
CTPYKTYpPH TPOEKTY yTWIi3allii MIAXTHOTO METaHy BKIIOYAa€ TPH OCHOBHI HANpPSIMH: BUITYYEHHS
IIAXTHOI'O METaHy 3 MeETOl 3a0e3nedyeHHs Oe3NeYHUX yMOB pOOOTH IIAXT, MOMINIIEHHS
€KOJIOTIYHOT OOCTAaHOBKM 1 TMOAAIBIIOI0 YTHII3AIi€l0 IbOTO Ta3y; IMPOMHUCIOBE BUTSATAHHS
BYTUIBHOTO METaHy 3 METOK TOIMEpPeIHLOTO Jeras3allii BYTUIBHHX POJIOBUIN 1 OTPHUMaHHS
J0JaTKOBUX 00'eMiB eHeproHocis; yrtwmizauis LIIM 3 BuxopucranHsMm MexaHi3miB KioTcbkoro
IIPOTOKOJIy 3 METOK 3MEHILEHHs MapHUKOBOro edekrty. Lli Tpu HampsMu NMOBUHHI PO3BUBATUCS
napajgeinbHO, OCKITbKM 0arato TEXHIYHHMX 1 TEXHOJOTIYHMX MHTaHb peaii3amii mux poOdiT €
3aranbHUMH. KOXKeH 3 TakuX MPOEKTIB Ma€e BUPIIIYBATH JIBl B3a€EMOIIOB'SI3aH1 3a/1a4l — BUITYUCHHS
[IIM 3 ByriibHUX IJIACTIB Ta WOTO BUKOPUCTAHHS Ul TOCHIOAAPCHKUX MOTPED.

BpaxoBytoun 3Haunuii moreniian 3amacie IIIM B Vkpaini [1], muTaHHS TOCTIIKEHHS
e(EeKTUBHOCTI HOro 3acTOCYBaHHS, 30KpeMa B SIKOCTI MajuBa MJIsi JBUTYHIB BHYTPILIHHOTO
3TOPSIHHS € aKTyaJIbHUMHU.

AHami3 OCTaHHIX JOCHiUKeHb 1 myOmikamiid. Bigomuii mocBin Bukopuctanus [1IM  mis
rOCIoaapChKUX MijeH Ha maxTax JloHenpkoi i Jlyrancekoi obmacteit [2, 3]. I3 mux mkepen Bigomo,
mo iHTeHcuBHe BuKopuctanHs IIIM nano MOXIuBICTH 3ekoHOMUTH Ommsbko 10-15 %
IMIIOPTOBAHOIO pifkoro nanusa B JloHeubkoMy perioHi. Pazom 3 TuM, crnemiajibHi AOCTIIKEHHS
MOKa3HUKIB poO0TH ABUrYHIB Ha [1IM nmpakTuyHO HE IPOBOIMINCE.

MeTor CTaTTi € JNOCHIKeHHsSI epeKTUBHOCTI 3actocyBaHHs [IIM B skocTi manwBa yis
ra30BUX JIBUTYHIB.

OcnoBHa vactuna. lllaxTHHil MeTaH sBise cOOOIO Ta30BY CyMIII, IO MOXKE CKJIAIAaTHCS i3
30-90 % mertaHy Ta iHEpTHUX PEUOBHH, B OCHOBHOMY BYTJIEKUCIIOTO a3y Ta a30Ty. Taxuit XiMiuHUII
CKJIaJl BUKIMKAE TOIIOHICTH poOOYOro mporecy i MOKa3HUKIB JBUTYHA, 1m0 mpamroe Ha M i
JIBUT'YHA, 1110 KUBUTbCS MPUPOIHUM I'a30M, SIKMHM TaKOK MICTUTh METaH y KiiabkocTi 10 95 %. Pazom
3 THM, MPHUCYTHICTh y XimiuHomy ckiaai IIIM 3Ha4uHOT KUTBKOCTI BYTJIEKHUCIOTO Tasy, (i3uKo-
XIMIYHI XapaKTEPUCTUKH SIKOTO 3HAYHO BIAPIZHSIIOTHCS BiJI XapaKTEPUCTUK METaHy 1 MOBITpS,
MPU3BOJMTD J0 JEIKUX 0COOIMBOCTEN poOOUYOTro MPOoIiecy ABUTYHA.

OcCKiIbKM JJaHl €KCIIePUMEHTAIbHUX BUMPOOYBAaHb JABUIYHIB BHYTPIIIHBOTO 3TOPSHHS IPH
xwuBneHHi [1IM BincyTtHi, mocnmimkeHHs €(pEeKTHBHOCTI HOTO BHKOPHCTaHHS B SIKOCTI MOTOPHOTO
NaJIMBa JIOLJIBHO MPOBECTH 3 BUKOPUCTAHHAM MaTeMaTHYHOI MoJelll poOoYoro npouecy JBUTYHA,
PO3pOOICHOT s TOCIIKSHHS TOKa3HUKIB ra3oBoro neuryna /1-2401 (tabxn.1l), nepeobiagHaHoro
i3 Au3ens s poOOTH Ha IPUPOAHOMY Ta3i [4].

OxpiM i3WYHUX BJIACTUBOCTEH BUKIMKAaHMX, BMICTOM ByrJekucioro razy B I[IM
3MIHIOIOTBCS 1 TEIJIOTBOPHA 3/IaTHICTh Ta30MOBITPSHOI CyMillll B 3aJI€KHOCTI Bl BMICTY METaHy B
HIM. B Tabn. 2 mpuBeaeHi JesKi MOKa3HUKM MIAXTHOTO METaHy i3 PI3HMM BMICTOM METaHy B
HBOMY.

Po3paxyHOK MOKa3HUKIB IPOBOIUBCS 32 HABAHTAKYBAJIBHOIO XapaKTEPUCTUKOIO IIPU YaCTOTI

© bymara O./1., [{roman M.II., SInoBchkwmii B.B., Kpaxun C.B., 2013
365



obepranHs KojiHwactoro Bairy N = 1400 xB™, MpHU SIKI PO3BUBAETHCS MAKCHUMAJIBHUN KPYTHHI
MOMEHT JIBUTYHA.

BB HaBaHTaXeHHsI Ha e(DEKTUBHI MOKA3HUKHU Ta30BOTO ABUTYHA MPH KUBIICHHI MAXTHAM
METaHOM pI3HOr0 CKJaay HaBeZeHOo Ha puc. 1. OcoOnaMBICTIO pO3paxyHKY MOKa3HHUKIB € Te, 110
XapaKTepUCTHKA 3MiHHA KOe(IIiEHTY HaAMIpy TIOBITPS @ BiJl YacTOTH OOEpTaHHS KOJIHYACTOTO
Baly Ta PpO3PIIUKCHHS Yy BIYCKHOMY KOJEKTOpl Oyjia eKCIepUMEHTaIbHO ONTHMi30BaHa IS
BUTIQ/IKY JKMBIICHHS MTPUPOJHUM Ta30M 1 /IS 1HIIOTO CKJIaay MaluBa MPU PO3PaxXyHKaxX 3aJIMIICHA
6e3 3MiH. XapaKTepUCTHKA KyTa BUIEpPEIKEHHs 3amantoBaHHs € Oyna BU3HAU€HA ONTUMAJIbHOIO
JUIE KOKHOTO CKJaay mnanuBa oOkpeMo. [lpw MeHmoMy BMICTI MeTaHy KyT BHIIEPEIDKCHHS
3aMajloBaHHs 3MEHIIYETbCS, OCKUIBKM IIBUJKICTh 3TOPSHHS BHUINA Ui [aJMBa, 30araue€Horo
METaHOM. 3HAYCHHS BUTPATH TOBITPSA JEmI0 301UIBIIYETHCS MPH 3MEHIICHHI BMICTY METaHy, a
abCoJIIOTHA BUTpaTa MaJMBa 3pOCTA€ 31 3MEHIIEHHSAM BMICTY MeTaHy. [losiCHIOETbCS Lie TuM, II0
IIpU MEHIIIOMY BMICTI METaHy MaJMBO Ma€ MEHIIY TEIJIOTY 3TOPSHHS 1 MOTpedye MEHIIe MOBITps
111 3ropsiHs (Tabi. 2). Lle roBopuTh Mpo HEOOXIAHICTh KOPEKIIil 1o1aui ra3y CHCTEMOIO KUBIICHHS
JBUTYHA TpH 3MiHI BMICTy MeraHy B manuBi. EdekTuBHa BuTpaTa TEIUIOTH B 30HI MajHX
HaBaHTa)XeHb HalIMEHIa JUIs MaluBa 13 BMICTOM MeTaHy 45%, B 30HI BUCOKMX HaBaHTaXEHb — JJIs
MaJiBa 3 HAUBUINIM BMICTOM MeTaHy. HaiiOinpin Giu3bKi 10 MOKAa3HUKIB JIBUTYHA TPH JKUBJICHHI
gucTtuM MeTtaHoM Mae [1IM 13 BMicTOM MeTaHy OJTM3bKO 75 %.

Tabmuus 1. — KopoTka TexHiuHa XapakTepuCcTHKa razoBoro asurysa J[-2400°

é\ﬁ[ HaiiMeHnyBaHHS ITapamMeTpiB 3HaYCHHS ITapaMeTpPiB
1. | Tun nBuryna razoBui
2. | Ywmcno TaxTiB 4
3. | Uncno 1 po3rairyBaHHs [HUIIHAPIB 4, omHOpPSTHE BEPTUKATBHE
4. | Pobounii 00’eM , 1 4,75
5. | Miamerp muutinapa i XiJ| MOPIIHS , MM 110/125
6. | CtyniHb CTUCKaHHS 12
7. | ®a3u ra3zopo3noainy
- BIIYCKHI KJIalaHu:
BiIKPUTTS 16° 10 B.M.T.
3aKpuTTs 46" mmicis H.M.T.
- BUIIYCKHI KJIaNIaHU:
BIIKPHTTS 56° 10 H.M.T.
SaKpHUTT3 18" micist B.M.T.
8. | HominankHa OTYXHICTB, KBm 57,3
9. | MakcuMmanbHUH KpyTHUH MOMeHT, H u 280
10. | IMTanuBo CIIC
11. | Cnocib cymimoyTBOpeHHs 30BHIITHE
12. | Cnoci0 3ananoBaHHs NalbHOI CyMili NPUMYCOBE 3alaJIIOBAaHHS Bifl iCKPH
13. | Tum cucreMu 0XOJIOIKEHHS piauHHA
14. | Cucrema MaleHHs KOMOiIHOBaHa! ITiJl THCKOM i po30pH3KyBaHHIM

Tabmuus 2. — Jleski MOKa3HUKH IAXTHOIO METaHy

0
100 % 75% metany 45% merany
METaHy
TeoperTnyHO HeOOXiJHA KUIBKICTh TOBITPS st
K2 nosimps
MOBHOTO 3ropsiHHs 1 KT nmayiuea, Ke nosimpa 17 9,098 4
Ke naiuea
MIc
Hmxuga Termora 3ropstHHS, L 49,33 26,41 11,6
Ke
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Ha puc. 2. HaBeneHO BIUIMB HABAHTAXXCHHS ABHIYHA HA IOKa3HUKH POOOYOro IHKIY
ra3oBoro jasuryHa. [Ipu pisHomy BMicTi MeTany B I1IM 3anexHicTh KOe]iliEHTY 3aTUIIKOBUX ra3iB
y MIPAKTUYHO OJIHAKOBA. 3HAYEHHs KOE(]IIIEHTY HAMOBHEHHS #y MPU 3MEHUIECHHI BMICTY METaHy B
nanuBi 30U1blIyIOTECS. Lle BiIOyBa€eTbcsi B OCHOBHOMY 4e€pe3 HEOOXITHICTb OUIBIIOrO BiJIKPUTTS
JPOCEIIBHOT 3aCIIHKH JIJIT OTPUMAHHS TOI K TOTYXKHOCTI, 10 1 JUIs OUTBII 30araueHoro METaHOM
ragy. Lle TakoX MO3UTHBHO BIUIMBAa€ 1 Ha JEsIKi IHIIN TMOKAa3HUKU pOOOTY JBMIYHA, 30KpeMa
MPU3BOJNTE 10 3MEHIIEHHS JPOCETIOBAHHS 1 SK HACHIZOK J0 3MEHIIECHHS HACOCHUX BTPAT Py ..
EdextuBaMii Koe(ilieHT KOPUCHOT 1ii 7 NPAKTUYHO HE 3aJIe)KUTh BiJl BMICTY METaHy B HaJIUBI 1
JWIIe B 30HI TMOBHUX HABAHTAXXCHb JEUIO 3MEHINYETHCS BHACTINOK 3MEHIICHHS MaKCHUMAaJbHOI
MOTY>KHOCTI. 3arajaoMm ra3oBuil ABUryH npu podoti Ha IIIM i3 BMmicToM MetanHy 45 % po3BuBae
notyxHicTh Ha 15 % wmenme, a mpu 75 %-koBoMmy BMicTi MeTaHy Ha 5 % MeHIIE HIX TpH
YKUBJICHHI YUCTUM METaHOM. Taka HempornopiiiHICTh 3aJI€KHOCTI MOTY>KHOCT1 JBUTYHA BiJl BMICTY
MeTaHy B HOTO MaJMBi MOSICHIOETHCS (PI3UYHUMH BIACTUBOCTSAMH BYTJIEKUCIIOTO Ta3y, 10 BXOIHUTH
1o ckiany M, 30kpema 3HaYeHHSM I'a30BOi CTaol BYIJIEKUCIIOTO rasy, ska MeHiue B 1,5 pa3u Hix
ra3oBa craya MoBiTps 1 B 2,7 pa3u HIX ra3oBa cTaja YUCTOro MeTaHy. Lle mpu3BoauTh A0 TOTO, 10
TYCTHMHA BYTJIEKHCIIOTO Ta3y Yy BIAMOBIIHY KUIBKICTh pa3 Ouibllla 3a TYCTUHY MOBITPS 1 METaHy Npu
OJTHAKOBHMX yYMOBaX, a 3HaYUTh 25 %-KOBUH BMICT BYIJIEKHCIIOTO ra3y B MaJWBI 3aMilllye€ 3HAYHO
MEHIIIy KUTBKICTh METaHy, TOMY TMOTYKHICTh HE 3MEHINyeTbcs Ha 25 % mpu KUBJIEHHI TaKUM
MAJIUBOM.
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PucyHok 2. — 3anexHicTb MOKa3HUKIB poO0OUOro
IIMKJTy Ta30BOTO IBUTYHA BiJl HABAHTaKCHHS

BucnoBok. OrniHeHO e()eKTUBHICTh 3aCTOCYBAaHHS IIAXTHOTO METaHy B SKOCTI MajuBa Ha
ra3oBux JBUTyHax. ['azoBuit aBuryH mpu poOoti Ha IIIM i3 BmicTrom Mmetany 45% po3BuBae
MOTYXHICTh Ha 15 % MeHIe HiX Ha MpUPOAHOMY ras3i Ta Ha 5 % menme npu 75 %-HoMy BMICTI
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MeTaHy B nanuBi. EdekTrBHA BUTpaTa TEIUIOTH B 30HI MaJMX HABAHTAKCHb HAaMEHIIA JJIs Tazy 13
BMicTOM MeTany 45%, B 30HI BUCOKMX HaBaHTa)KE€Hb — JUJIsl IPUPOTHOTO Tazy.
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3aCTOCYBaHHS IIaXTHOTO METaHy B SKOCTI TajMBa ISl JBUTYHIB BHYTPIIIHBOTO 3rOpsHHS /
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Mera pobGoTu — mociikeHHsT e€()EeKTUBHOCTI 3aCTOCYBaHHsS IIAXTHOTO METAaHYy B SIKOCTI
MajauBa JJIsl Ta30BUX JIBUTYHIB.

MeTtoau AOCHTIHKEHHSI — METOAM MaTEeMaTUYHOTO MOJICIIOBAHHS POOOYOTO UKy JBUTYHA
BHYTPILIHBOTO 3TOPSIHHS.

OriHeHO €(EeKTUBHICTh 3aCTOCYBAHHS INAXTHOIO METaHy B SIKOCTI MajliBa Ha Ta30BUX
nBuryHax. ['a30Buii IBUTYH Tpu poOOTI Ha IMIAXTHHA METaH 13 BMicTOM MeTaHy 45% po3BuBae
MOTYXHICTh Ha 15 % MeHIe HiX Ha MpPUPOAHOMY ras3i Ta Ha 5 % menme npu 75 %-HoMy BMICTI
MeTaHy B najuBi. EdekTrBHA BUTpaTa TEIUIOTH B 30HI MaJIMX HABAHTAKCHb HAaMEHIIA JJIs Tazy i3
BMicTOM MeTany 45%, B 30HI BHCOKMX HaBaHTAKEHb — IS PUPOIHOTO Ta3y.

Pesynbratu cTaTTi MOXKYTh OYTH BUKOPHCTaHI JUIsl PUHAHATTS PIIICHHS TPO JOUUIBHICT
BUKOPHCTAHHSA IIAXTHOTO METAaHy B SIKOCTI MajMBa ISl IBUTYHIB BHYTPILIHBOTO 3TOPSHHS Pi3HOTO
MPU3HAYEHHS, OLIHKA MOXJIMBUX TEXHIKO-€KOHOMIYHHUX MOKA3HUKIB JBUTYHIB, L0 >KUBJISATHCS
IIAXTHUM METAHOM.

[IporHO3HI TpUITYIIEHHST 010 PO3BUTKY 00’€KTa MOCHIKEHHS — po3poOKa Ha OCHOBI
JOCIIJKeHb Ha MaTeMaTHYHOI MOZei poOoYoro MKy JABUIYHA PEKOMEHJAIN Mpo pallioHaNbHI
3HAUEHHS PETYJIOBALHUX MMapaMeTpiB JBUTYHA, IO JKUBUTHCSA IIAXTHUM METAHOM, OIliHKA
OCHOBHUX TEXHIKO-€KOHOMIUHUX MOKA3HUKIB aBTOMOOLJISA MPU HOTO JKUBIEHHI MAXTHAUM METaHOM
Ha OCHOBI PO3paxyHKOBHUX JIOCIII/KEHb 3 BUKOPUCTAHHSIM pO3pO0JIEHOT MaTEMaTUYHOT MOJEIII.

KJIFOUOBI CJIOBA: IIIAXTHUM METAH, ITAJIMBO, JIBUT'YH BHYTPIIIHBOI'O
3I'OPAHHS, TIOKA3HUKU JIBUT'YHA.

ABSTRACT
Bumaga O.D., Tsiuman M.P., Yanovsky V.V., Krahyn S.V. Trial of mine methane as a fuel
for internal combustion engines / Aleksander Bumaga, Nikolay Tsiuman, Vasyl Yanovsky,
Stanislav Krahyn // Herald of the National Transport University. — K.: NTU — 2013. — Issue. 27.
Purpose - studying the effectiveness of mine methane as fuel for gas engines.
Methods - Methods of mathematical modeling workflow internal combustion engine.
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The efficiency of the use of mine methane as a fuel for gas engines was rated. The gas
engine when operating with mine methane for methane content of 45% develops power for 15%
lower from natural gas and for 5% lower at 75% of methane in the fuel. Efficient consumption of
heat in the area of small loads is smallest for gas containing 45% methane, in the area of high loads
- for natural gas.

The results of the article can be used to decide whether to use mine methane as a fuel for
internal combustion engines for different purposes, to assess the technical and economic
performances of engines, used mine methane.

Estimated assumptions about the object of study - the development with researches, based
mathematical model for workflow engine, recommendations on rational values of parameters
regulating engine, used mine methane, assessment of the main technical and economic indicators of
the car when its use mine methane, based studies estimated using developed mathematical model.

KEY WORDS: MINE METHANE, FUEL, INTERNAL COMBUSTION ENGINE,
PERFORMANCE OF ENGINE.
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Llenb paboThl - uccieaoBanue YPGEKTUBHOCTH MPUMEHEHHS IIAXTHOTO METaHa B KaueCTBE
TOIIMBA AJIs1 Ta30BbIX JABUT'AT eJIel.

MGTOI[BI uccjacaoBanud - MCTOAbI MATCMATHUYCCKOI'0O MOJCIUPOBAHUA pa60qer0 IINKJIa
JIBUTATEIsl BHYTPEHHETO CTOpaHus.

OueHeHa 3(1)(1)GKTI/IBHOCTL IMPUMCHCHUS MIAXTHOI'O MCTaHAa B KAYCCTBC TOIUIMBA JIS I'a30BbIX
nBurateneil. ['a30BbI ABUTATENH TIPU padOTe Ha MIAXTHOM METaHE C cojepkaHneM MeraHa 45%
pa3BuBaeT MOIIHOCTh Ha 15% MeHble yeM Ha MpUPOAHOM rase u Ha 5% meHsblie npu /5%-HoM
COJIepKaHUM MeTaHa B ToruiMBe. D((EKTUBHBIA pacxo]l TEIUIOTHI B 30HE MaJbIX Harpy3ok
HaNMEHBIITHH AJid ra3a ¢ COACP)KaHUEM METaHa 45%, B 30HC BBICOKHUX HArpy3oK - IJIs1 IpUPOJHOTO
rasa.

PeByJ'IBTaT bl cTaThbu MOTYT OLITH HCII0JIb30BAaHbI JJIsA IIPUHATHA pEeIICHUA (6]
HCHCCOO6p&3HOCTI/I HUCIIOJIB30BaHUA MIAaXTHOI'O METaHa B KayC€CTBEC TOIJIMBaA HJId I[BHFaTeHeﬁ
BHYTPCHHEI'O CropaHus pas3jiMyHOIro Ha3Ha4YCHHS, OHCHKH BO3MOXHBIX TEXHHKO-DKOHOMHWYCCKHUX
nokasartesei JBuratenei, moTpeOIsIomuX IaXTHBII METaH.

[IporHo3HbBIe IPEANIONIOKEHNS O PA3BUTUU O0BEKTA UCCIEAOBAHUS - pa3pabOTKa Ha OCHOBE
WCCIICIOBAaHMI HA MAaTeMaTW4YecKOW Mojenu padodero IMKIA JBUTATENS PEKOMEHAAUNA O
palMoOHANTBHBIX 3HAYEHUSAX PETyJMPOBOYHBIX IMAPaMETPOB JIBUTATENS TIPH €ro padoTe Ha IIaXTHOM
METaHE, OLICHKA OCHOBHBIX TEXHUKO-3KOHOMHWYCCKUX rnoxkasarejieii aBToOMOOUIIA Ipu €ro pa60Te Ha
IAaXTHOM METaHE€ Ha OCHOBE pACUYETHBIX HCCJEAOBAHMM C HCIOJIB30BAHUEM pa3padOTaHHOU
MaTeMaTU4YECKOU MOOCIN.

KJIFOUEBBIE CJIOBA: IIAXTHBIM METAH, TOIUIMBO, JABUI"ATEJIb
BHYTPEHHEI'O CT'TOPAHU I, IIOKA3SATEJIA IBUT'ATEJIS.
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